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Warranty Disclaimer 
 
5RFNFKLS�(OHFWURQLFV�&R�� /WG�PDNHV�QR�ZDUUDQW\��UHSUHVHQWDWLRQ�RU�JXDUDQWHH��H[SUHVVHG��LPSOLHG��VWDWXWRU\��RU�RWKHUZLVH��E\�
RU�ZLWK�UHVSHFW�WR�DQ\WKLQJ�LQ�WKLV�GRFXPHQW��DQG�VKDOO�QRW�EH�OLDEOH�IRU�DQ\�LPSOLHG�ZDUUDQWLHV�RI�QRQ�LQIULQJHPHQW��
PHUFKDQWDELOLW\�RU�ILWQHVV�IRU�D�SDUWLFXODU�SXUSRVH�RU�IRU�DQ\�LQGLUHFW��VSHFLDO�RU�FRQVHTXHQWLDO�GDPDJHV��  
 
,QIRUPDWLRQ�IXUQLVKHG�LV�EHOLHYHG�WR�EH�DFFXUDWH�DQG�UHOLDEOH��+RZHYHU��5RFNFKLS�(OHFWURQLFV�&R��/WG�DVVXPHV�QR�UHVSRQVLELOLW\�
IRU�WKH�FRQVHTXHQFHV�RI�XVH�RI�VXFK�LQIRUPDWLRQ�RU�IRU�DQ\�LQIULQJHPHQW�RI�SDWHQWV�RU�RWKHU�ULJKWV�RI�WKLUG�SDUWLHV�WKDW�PD\�
UHVXOW�IURP�LWV�XVH��  
 
5RFNFKLS�(OHFWURQLFV�&R�� /WG¶V�SURGXFWV�DUH�QRW�GHVLJQHG��LQWHQGHG��RU�DXWKRUL]HG�IRU�XVLQJ�DV�FRPSRQHQWV�LQ�V\VWHPV�
LQWHQGHG�IRU�VXUJLFDO�LPSODQW�LQWR�WKH�ERG\��RU�RWKHU�DSSOLFDWLRQV�LQWHQGHG�WR�VXSSRUW�RU�VXVWDLQ�OLIH��RU�IRU�DQ\�RWKHU�DSSOLFDWLRQ�
LQ�ZKLFK�WKH�IDLOXUH�RI�WKH�5RFNFKLS�(OHFWURQLFV�&R�� /WG¶V�SURGXFW�FRXOG�FUHDWH�D�VLWXDWLRQ�ZKHUH�SHUVRQDO�LQMXU\�RU�GHDWK�PD\�
RFFXU��VKRXOG�EX\HU�SXUFKDVH�RU�XVH�5RFNFKLS�(OHFWURQLFV�&R�� /WG¶V�SURGXFWV�IRU�DQ\�VXFK�XQLQWHQGHG�RU�XQDXWKRUL]HG�
DSSOLFDWLRQ��EX\HUV�VKDOO�LQGHPQLI\�DQG�KROG�5RFNFKLS�(OHFWURQLFV�&R�� /WG�DQG�LWV�RIILFHUV��HPSOR\HHV��VXEVLGLDULHV��DIILOLDWHV��
DQG�GLVWULEXWRUV�KDUPOHVV�DJDLQVW�DOO�FODLPV��FRVWV��GDPDJHV��H[SHQVHV��DQG�UHDVRQDEOH�DWWRUQH\�IHHV�DULVLQJ�RXW�RI��HLWKHU�
GLUHFWO\�RU�LQGLUHFWO\��DQ\�FODLP�RI�SHUVRQDO�LQMXU\�RU�GHDWK�WKDW�PD\�EH�DVVRFLDWHG�ZLWK�VXFK�XQLQWHQGHG�RU�XQDXWKRUL]HG�XVH��
HYHQ�LI�VXFK�FODLP�DOOHJHV�WKDW�5RFNFKLS�(OHFWURQLFV�&R�� /WG�ZDV�QHJOLJHQW�UHJDUGLQJ�WKH�GHVLJQ�RU�PDQXIDFWXUH�RI�WKH�SDUW��  
 
&RS\ULJKW�DQG�3DWHQW�5LJKW 
,QIRUPDWLRQ�LQ�WKLV�GRFXPHQW�LV�SURYLGHG�VROHO\�WR�HQDEOH�V\VWHP�DQG�VRIWZDUH�LPSOHPHQWHUV�WR�XVH�5RFNFKLS�(OHFWURQLFV�
&R��/WG�¶V�SURGXFWV��7KHUH�DUH�QR�H[SUHVVHG�DQG�SDWHQW�RU�LPSOLHG�FRS\ULJKW�OLFHQVHV�JUDQWHG�KHUHXQGHU�WR�GHVLJQ�RU�IDEULFDWH�
DQ\�LQWHJUDWHG�FLUFXLWV�RU�LQWHJUDWHG�FLUFXLWV�EDVHG�RQ�WKH�LQIRUPDWLRQ�LQ�WKLV�GRFXPHQW��  
 
5RFNFKLS�(OHFWURQLFV�&R�� /WG�GRHV�QRW�FRQYH\�DQ\�OLFHQVH�XQGHU�LWV�FRS\ULJKW�DQG�SDWHQW�ULJKWV�
QRU�WKH�ULJKWV�RI�RWKHUV��  
$OO�FRS\ULJKW�DQG�SDWHQW�ULJKWV�UHIHUHQFHG�LQ�WKLV�GRFXPHQW�EHORQJ�WR�WKHLU�UHVSHFWLYH�RZQHUV�
DQG�VKDOO�EH�VXEMHFW�WR�FRUUHVSRQGLQJ FRS\ULJKW�DQG�SDWHQW�OLFHQVLQJ�UHTXLUHPHQWV� 
 
7UDGHPDUNV�  
5RFNFKLS�DQG�5RFNFKLS70�ORJR�DQG�WKH�QDPH�RI�5RFNFKLS�(OHFWURQLFV�&R�� /WG¶V�SURGXFWV�DUH�WUDGHPDUNV�RI�5RFNFKLS�(OHFWURQLFV�
&R�� /WG��DQG�DUH�H[FOXVLYHO\�RZQHG�E\�5RFNFKLS�(OHFWURQLFV�&R�� /WG��5HIHUHQFHV�WR�RWKHU�FRPSDQLHV�DQG�WKHLU�SURGXFWV�XVH�
WUDGHPDUNV�RZQHG�E\�WKH�UHVSHFWLYH�FRPSDQLHV�DQG�DUH�IRU�UHIHUHQFH�SXUSRVH�RQO\��  
 
&RQILGHQWLDOLW\ 
7KH�LQIRUPDWLRQ�FRQWDLQHG�KHUHLQ��LQFOXGLQJ�DQ\�DWWDFKPHQWV��LV�FRQILGHQWLDO��7KH�UHFLSLHQW�KHUHE\�DFNQRZOHGJHV�WKH�
FRQILGHQWLDOLW\�RI�WKLV�GRFXPHQW��DQG�H[FHSW�IRU�WKH�VSHFLILF�SXUSRVH��WKLV�GRFXPHQW�VKDOO�QRW�EH�GLVFORVHG�WR�DQ\�WKLUG�SDUW\� 
�  
5HYHUVH�HQJLQHHULQJ�RU�GLVDVVHPEO\�LV�SURKLELWHG��  
 
52&.&+,3�(/(&7521,&6�&2��/7'��5(6(59(6�7+(�5,*+7�72�0$.(�&+$1*(6�,1�,76�352'8&76�25�352'8&7�
63(&,),&$7,216�:,7+�7+(�,17(17�72�,03529(�)81&7,21�25�'(6,*1�$7�$1<�7,0(�$1'�:,7+287�127,&(�
$1'�,6�127�5(48,5('�72�81'$7(�7+,6�'2&80(17$7,21�72�5()/(&7�68&+�&+$1*(6��  
 
&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG� 
$OO�ULJKWV�UHVHUYHG��1R�SDUW�RI�WKLV�SXEOLFDWLRQ�PD\�EH�UHSURGXFHG��VWRUHG�LQ�D�UHWULHYDO�V\VWHP��RU�WUDQVPLWWHG�LQ�DQ\�IRUP�RU�
E\�DQ\�PHDQV��HOHFWULF�RU�PHFKDQLFDO��E\�SKRWRFRS\LQJ��UHFRUGLQJ��RU�RWKHUZLVH��ZLWKRXW�WKH�SULRU�ZULWWHQ�FRQVHQW�RI�5RFNFKLS�
(OHFWURQLFV�&R�� /WG��  
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Chapter 1 DMC (Dynamic Memory Interface) 
1.1 Overview 
7KH�'0&�LQFOXGHV�''5�HQKDQFHG�PHPRU\�FRQWUROOHU�80&7/���DQG�''53+<�ZKLFK�DUH�D�
FRPSOHWH�PHPRU\�LQWHUIDFH�VROXWLRQ�IRU�''5�PHPRU\�VXEV\VWHPV� 
7KH�80&7/��6R&�DSSOLFDWLRQ�EXV�LQWHUIDFH�VXSSRUWV�$;,�LQWHUIDFH��ZLWK�IOH[LEOH�DGGUHVV�
PDSSHU�ORJLF�DOORZ�DSSOLFDWLRQ�VSHFLILF�PDSSLQJ�RI�URZ��FROXPQ��EDQN��EDQN�JURXS�DQG�UDQN�
ELWV�WR�DFKLHYH�LQGXVWU\�OHDGLQJ�KLJK�HIILFLHQF\��ORZ�ODWHQF\�DQG�KLJK�SHUIRUPDQFH�IURP�
PHPRU\�LQWHUIDFH� 
7KH�''5�3+<�SURYLGHV�FRQWURO�IHDWXUHV�WR�HDVH�WKH�FXVWRPHU�LPSOHPHQWDWLRQ�RI�GLJLWDOO\�
FRQWUROOHG�IHDWXUHV�RI�WKH�3+<�VXFK�DV�LQLWLDOL]DWLRQ��'46�JDWH�WUDLQLQJ��ZULWH�OHYHOLQJ�WUDLQLQJ�
DQG�SURJUDPPDEOH�FRQILJXUDWLRQ�FRQWUROV��  
7KH�'0&�VXSSRUWV�WKH�IROORZLQJ�IHDWXUHV� 
z 6XSSRUW�''5��''5�/�''5��/3''5��/3''5� 
z 6XSSRUW�XS�WR���UDQNV�DQG�XS�WR��*%�FDSDFLW\ 
z 6XSSRUW����ELW�����ELW�''5�GDWD�EXV�ZLGWK 
z 6XSSRUW�XS�WR����W\SH�DGGUHVV�PDSSLQJ 
z 6XSSRUW�XS�WR����EDQN��LQFOXGLQJ�EDQN�JURXS� 
z 6XSSRUW�''5�EXUVW��IRU�''5��''5�/�''5��/3''5��DQG�EXUVW���IRU�/3''5� 
z 6XSSRUW�GLIIHUHQW�&/�:/�ODWHQF\ 
z 6XSSRUW�''5��''5�/�''5��/3''5��/3''5��6:�IUHTXHQF\�FKDQJH 
z 6XSSRUW�''5��''5�/�''5��/3''5��/3''5��+:�IUHTXHQF\�FKDQJH 
z 6XSSRUW�DXWR�JDWHG�FORFN�WKURXJK�''5&�DQG�$;,�ORZ�SRZHU�LQWHUIDFH 
z 6XSSRUW�DXWR�SXW�''5�3+<HQWU\�RU�H[LW�VHOI�UHIUHVK�E\�'),�ORZHU�SRZHU�LQWHUIDFH 
z 6XSSRUW�DXWR�RU�6:�LVVXH�HQWU\�RU�H[LW�FORFN�VWRS�SRZHU�GRZQ�VHOI�UHIUHVK�GHHS�SRZHU�

GRZQ�PD[�SRZHU�VDYLQJ�PRGH 
z 6XSSRUW�6:�RU�308�DXWR�FRQWURO�''5�3+<�HQWU\�RU�H[LW�UHWHQWLRQ�VHOI�UHIUHVK 
z 6XSSRUW�RSHQ��FORVH��LQWHOOLJHQW�SUHFKDUJH�SDJLQJ�SROLF\ 
z 6XSSRUW�DGYDQFH�UHIUHVK�FRQWURO 
z 6XSSRUW�$3%�LQWHUIDFH�IRU�80&7/��DQG�3+<�VRIWZDUH�DFFHVVLEOH�UHJLVWHUV 
z 6XSSRUW�DXWRPDWLF�5;�'46�JDWH�WUDLQLQJ�DQG�DXWRPDWLF�ZULWH�OHYHOLQJ�WUDLQLQJ 
z 6XSSRUW�''5�PRQLWRU�IRU�GHEXJ� 

� $0%$����ELW�$3%�VODYH�LQWHUIDFH�  
� 6XSSRUW�WR�PRQLWRU�''5�UHDG�RU�ZULWH�DGGUHVV�  
� 6XSSRUW�WR�REVHUYH�ZKHWKHU�''5�DFFHVV�DGGUHVV�ZLWKLQ�D�VSHFLILHG�UDQJH 
� 6XSSRUW�WR�GR�WKH�VWDWLVWLFV�DERXW�''5�UHDG�QXPEHU��ZULWH�QXPEHU�DQG�DFWLYH�

QXPEHU 
� +DUGZDUH�PRGH 
� 6RIWZDUH�PRGH 

� 6XSSRUW�PRQLWRU�LQWHUUXSW 
 

1.2 Block Diagram 

AXI2HIF DDRC DDR PHY

LPDDR4
/LPDDR3
/DDR3
/DDR3L
/DDR4
SDRAM

HIF DFI DDR

UMCTL2

AXI 
Port0

 
Fig.1-1 DMC Block Diagram 
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1.3 Function Description 
1.3.1 80&7/� 
80&7/��VXSSRUWV�RQO\�RQH�$;,�3RUW���LW�UHFHLYHV�$;,�WUDQVDFWLRQV�IURP�PHPRU\�VFKHGXOH�RI�
LQWHUFRQQHFW��7KHVH�WUDQVDFWLRQV�DUH�TXHXHG�LQWHUQDOO\�DQG�VFKHGXOHG�IRU�DFFHVV�LQ�RUGHU�WR�
WKH�6'5$0�ZKLOH�VDWLVI\LQJ�6'5$0�SURWRFRO�WLPLQJ�UHTXLUHPHQWV��,W�LQ�WXUQ�LVVXHV�
FRPPDQGV�RQ�WKH�'),�LQWHUIDFH�WR�WKH�''5�3+<�EORFN�ZKLFK�ODXQFKHV�DQG�FDSWXUHV�GDWD�WR�
DQG�IURP�WKH�6'5$0��80&7/��FRQWDLQV�WKH�IROORZLQJ�PDLQ�FRPSRQHQWV� 
z $;,�+,)�EORFN��7KLV�EORFN�SURYLGHV�WKH�$;,�LQWHUIDFH�WR�V\VWHP�OHYHO�DQG�+,)�LQWHUIDFH�WR�

''5&�EORFN��,W�SURYLGHV�EXV�SURWRFRO�KDQGLQJ��GDWD�EXIIHULQJ��GDWD�EXV�VL]H�FRQYHUVLRQ�
DQG�PHPRU\�EXUVW�DOLJQPHQW��5HDG�LV�VWRUHG�LQ�D�65$0��UHDG�UH�RUGHU�EXIIHU�DQG�UHWXUQ�
LQ�RUGHU�WR�WKH�$;,�3RUW� 

z ''5&�EORFN��7KLV�EORFN�LVVXHV�WKH�UHDG�ZULWH�FRPPDQGV�LQ�RUGHU��FDUULHV�RXW�WKH�'5$0�
SDJH�PDQDJHPHQW��LVVXHV�'5$0�PDLQWHQDQFH�FRPPDQGV��DQG�LPSOHPHQW�WKH�'),�
LQWHUIDFH��:ULWH�GDWD�LV�VWRUHG�LQ�DQ�65$0�XQWLO�LWV�DVVRFLDWHG�FRPPDQG�LV�LVVXHG�WR�WKH�
3+<��5HDG�GDWD�LV�KDQGOHG�E\�WKH�UHVSRQVH�HQJLQH�LQ�WKH�''5&�DQG�LV�UHWXUQHG�LQ�RUGHU�
RQ�WKH�+,)� 

1.3.2 ''5�3+< 
''5�3+<�VXSSRUWV�''5��''5�/�''5��/3''5��/3''5��6'5$0�DQG�SURYLGHV�WXUQNH\�
SK\VLFDO�LQWHUIDFH�VROXWLRQV�IRU�,&V�UHTXLULQJ�DFFHVV�WR�-('(&�FRPSDWLEOH�6'5$0�GHYLFHV�,W�LV�
RSWLPL]HG�IRU�ORZ�SRZHU�DQG�KLJK�VSHHG��XS�WR�����0ESV�IRU�''5��''5�/�/3''5��DQG�XS�
WR����0ESV�IRU�''5��/3''5���DSSOLFDWLRQV�ZLWK�UREXVW�WLPLQJ�DQG�VPDOO�VLOLFRQ�DUHD�
LQ��QP�SURFHVV��,W�VXSSRUWV�DOO�-('(&�''5��''5�/�''5��/3''5��/3''5��6'5$0�
FRPSRQHQWV�LQ�WKHPDUNHW��7KH�3+<�FRPSRQHQWV�FRQWDLQ�''5�VSHFLDOL]HG�IXQFWLRQDO�DQG�
XWLOLW\�667/�,�2VXS�WR�����0+]�LQ�60,&���QP��FULWLFDO�WLPLQJ�V\QFKURQL]DWLRQ�PRGXOH��760��
DQG�D�ORZ�SRZHU�MLWWHU'//V�ZLWK�SURJUDPPDEOH�ILQH�JUDLQ�FRQWURO�IRU�DQ\�6'5$0�LQWHUIDFH� 
1.3.3 ''5�0RQLWRU 
7KH�''5�0RQLWRU�0RGXOH�KDV�WKUHH�IXQFWLRQV��WKH�ILUVW�IXQFWLRQ�LV�XVHG�ZKHQ�GHEXJ��LW�ZLOO�
PRQLWRU�WKH�''5�UHDG�RU�ZULWH�DGGUHVV��7KH�VHFRQG�IXQFWLRQ�LV�DOVR�XVHG�ZKHQ�GHEXJ��LW�ZLOO�
REVHUYH�ZKHWKHU�''5�DFFHVV�DGGUHVV�ZLWKLQ�D�VSHFLILHG�UDQJH��7KH�WKLUG�IXQFWLRQ�LV�XVHG�WR�
GR�WKH�VWDWLVWLFV�DERXW�''5�EDQGZLGWK�DQG�XWLOL]DWLRQ� 

APB Slave 
Interface

dfi timer

dfi monitor_lp

nif monitor 

APB

int

dfi monitor 

 
Fig.1-2 DDR Monitor Block Diagram 

7KH�KRVW�SURFHVVRU�JHWV�DFFHVV�WR�''5�0RQLWRU�5HJLVWHU�%ORFN�WKURXJK�WKH�$3%�VODYH�
LQWHUIDFH�ZLWK����ELW�EXV�ZLGWK��DQG�DVVHUWV�WKH�DFWLYH�KLJK�OHYHO�LQWHUUXSW� 
''5�0RQLWRU�GRHV�WKH�PRQLWRU�DQG�VWDWLVWLFV�E\�GIL�PRQLWRU�PRGXOH��QLI�PRQLWRU�PRGXOH�DQG�
GIL�PRQLWRUBOS�PRGXOH� 
1.3.4 +:))&�%/2&. 
7R�VXSSRUW�KDUGZDUH�IDVW�IUHTXHQF\�SURWRFRO��D�KDUGZDUH�EORFN�ZKLFK�LV�QDPH�+:))&�LV�
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LPSOHPHQWHG�LQ�5.������7KH�+:))&�LV�IXOO\�FRPSDWLEOH�ZLWK�''5&�ORZ�SRZHU�LQWHUIDFH�
ZKLFK�LV�VHQG�+:))&�UHTXHVW�WKURXJK� 

HWFFC DDRC DDRPHY

 
'XULQJ�WKH�+:))&��D�WLPLQJ�SURFHGXUH�LV�UHTXHVW�DV�IROORZV� 
���7KH�V\VWHP�UHTXHVWV�IUHTXHQF\�FKDQJH�E\�GH�DVVHUWLQJ�FV\VUHTBGGUF��FV\VPRGHBGGUF� �
���FV\VIUHTXHQF\BGGUF�DQG�FV\VGLVFDPGUDLQBGGUF�PXVW�UHPDLQ�DW�FRQVWDQW�YDOXHV�ZKLOH�
FV\VUHTBGGUF 
 ����FV\VUHTBGGUF�PXVW�EH�KHOG�GH�DVVHUWHG�XQWLO�FV\VDFNBGGUF�LV�GH�DVVHUWHG� 
���7KH�''5&�LVVXHV�65(�WR�SXW�6'5$0V�LQWR�VHOI�UHIUHVK��ZLWKRXW�SRZHU�GRZQ���DQG�WKHQ�
VHQGV�VHYHUDO�05:�FRPPDQGV�WR�XSGDWH�WLPLQJ�SDUDPHWHUV�IRU�RSSRVLWH�VLGH�RI�FXUUHQW�)63��
DQG�ODVWO\�LW�VZLWFKHV�)63�23�WR�WKH�RSSRVLWH�VLGH� 
���7KH�''5&�GH�DVVHUWV�GILBFNH�WR�SXW�6'5$0V�LQWR�65�3RZHUGRZQ� 
���7KH�''5&�UHTXHVWV�IUHTXHQF\�FKDQJH�WR�WKH�3+<�E\�DVVHUWLQJ�GILBLQLWBVWDUW�GILBIUHTXHQF\�
LV�VHW�WR�WKH�IUHTXHQF\�YDOXH�LQGLFDWHG�E\�FV\VIUHTXHQF\BGGUF��DQG�KROGV�LW�GXULQJ�
GILBLQLWBVWDUW� ���� 
���7KH�3+<�UHVSRQGV�WR�WKH�IUHTXHQF\�FKDQJH�UHTXHVW�E\�GH�DVVHUWLQJ�GILBLQLWBFRPSOHWH� 
���7KH�''5&�GH�DVVHUWV�FDFWLYHBGGUF�DQG�WKHQ�GH�DVVHUWV�FV\VDFNBGGUF��)UHTXHQF\�FKDQJH 
UHTXHVW�LV�DFFHSWHG�� 
���7KH�V\VWHP�FKDQJHV�FORFN�IUHTXHQF\� 
���7KH�V\VWHP�DVVHUWV�FV\VUHTBGGUF��VWDEOH�FORFN�LV�UHTXLUHG�KHUH�� 
���7KH�''5&�GH�DVVHUWV�GILBLQLWBVWDUW� 
����7KH�3+<�DFNQRZOHGJHV�GILBLQLWBVWDUW�E\�DVVHUWLQJ�GILBLQLWBFRPSOHWH� 
����7KH�''5&�DVVHUWV�FDFWLYHBGGUF� 
����7KH�''5&�DVVHUWV�GILBFNH�WR�H[LW�65�3RZHUGRZQ��DQG�VHQGV�DQ�05:�FRPPDQG�WR�
SURJUDP�05���95&*� ���LI�UHTXLUHG� 
����7KH�''5&�DVVHUWV�FV\VDFNBGGUF��FDFWLYHBGGUF�VWDUWV�WR�EHKDYH�DJDLQ�DV�GHVFULEHG�LQ�
RWKHU 
VHFWLRQV� 
����7KH�''5&�LVVXHV�65;�WR�H[LW�VHOI�UHIUHVK� 
$QG�DOO�FV\VBGGUF�VLJQDOV�LV�FRQWUROOHG�E\�+:))&�GXULQJ�IUHTXHQF\�FKDQJH�DQG�FORFN�
IUHTXHQF\�FDQ�EH�FRQWUROOHG�E\�+:))&�EORFN�RU�XQGHU�VRIWZDUH�FRQWURO� 
1.4 Register Description 
6ODYH�DGGUHVV�FDQ�EH�GLYLGHG�LQWR�GLIIHUHQW�OHQJWK�IRU�GLIIHUHQW�XVDJH��ZKLFK�LV�VKRZQ�DV�
IROORZV� 
1.4.1 5HJLVWHUV�6XPPDU\�  

�1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ �  

''5&B0675 �[���� : �[�������� 0DVWHU�5HJLVWHU�� 
''5&B67$7 �[���� : �[�������� 2SHUDWLQJ�0RGH�6WDWXV�5HJLVWHU 

''5&B05&75/� �[���� : �[�������� 0RGH�5HJLVWHU�5HDG�:ULWH�&RQWURO�5HJLVWHU�� 

''5&B05&75/� �[���� : �[�������� 0RGH�5HJLVWHU�5HDG�:ULWH�&RQWURO�5HJLVWHU�� 

''5&B0567$7 �[���� : �[�������� 0RGH�5HWJLVWHU�5HDG�:ULWH�6WDWXV�5HJLVWHU 

''5&B05&75/� �[���F : �[�������� 0RGH�5HJLVWHU�5HDG�:ULWH�&RQWURO�5HJLVWHU�� 

''5&B'(5$7((1 �[���� : �[�������� 7HPSHUDWXUH�'HUDWH�(QDEOH�5HJLVWHU 
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�1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ �  

''5&B'(5$7(,17 �[���� : �[�������� 7HPSHUDWXUH�'HUDWH�,QWHUYDO�5HJLVWHVU 
''5&B3:5&7/ �[���� : �[�������� /RZHU�3RZHU�&RQWURO�5HJLVWHU 
''5&B3:570* �[���� : �[�������� /RZHU�3RZHU�7LPLQJ�5HJLVWHU 

''5&B+:/80&7/� �[���� : �[�������� +DUGZDUH�/RZHU�3RZHU�&RQWURO�5HJLVWHU 

''5&B+:))&&7/ �[���F : �[�������� +DUGZDUH�)DVW�)UHTXHQF\�&KDQJH�&RQWURO�5HJLVWHU 

''5&B+:))&67$7 �[���� : �[�������� +DUGZDUH�)DVW�)UHTXHQF\�&KDQJH�6WDWXV�5HJLVWHU 
''5&B5)6+&7/� �[���� : �[�������� 5HIUHVK�&RQWURO�5HJLVWHU 
''5&B5)6+&7/� �[���� : �[�������� 5HIUHVK�&RQWURO�5HJLVWHU�� 
''5&B5)6+&7/� �[���� : �[�������� 5HIUHVK�&RQWURO�5HJLVWHU�� 
''5&B5)6+70* �[���� : �[�������F 5HIUHVK�7LPLQJ�5HJLVWHU 
''5&B&5&3$5&7/� �[��F� : �[�������� &5&�3DULW\�&RQWURO�5HJLVWHU�� 
''5&B&5&3$5&7/� �[��F� : �[�������� &5&�3DULW\�&RQWURO�5HJLVWHU�� 
''5&B&5&3$567$7 �[��FF : �[�������� &5&�3DULW\�6WDWXV�5HJLVWHU 
''5&B,1,7� �[��G� : �[�������H 6'5$0�,QLWLOL]DWLRQ�5HJLVWHU�� 
''5&B,1,7� �[��G� : �[�������� 6'5$0�,QLWLDOL]DWLRQ�5HJLVWHU�� 
''5&B,1,7� �[��G� : �[�����G�� 6'5$0�,QLWLDOL]DWLRQ�5HJLVWHU�� 
''5&B,1,7� �[��GF : �[�������� 6'5$0�,QLWLDOL]DWLRQ�5HJLVWHU�� 
''5&B,1,7� �[��H� : �[�������� 6'5$0�,QLWLDOL]DWLRQ�5HJLVWHU�� 
''5&B,1,7� �[��H� : �[�������� 6'5$0�,QLWLDOL]DWLRQ�5HJLVWHU�� 
''5&B,1,7� �[��H� : �[�������� 6'5$0�,QLWLDOL]DWLRQ�5HJLVWHU�� 
''5&B,1,7� �[��HF : �[�������� 6'5$0�,QLWLDOL]DWLRQ�5HJLVWHU�� 
''5&B',00&7/ �[��I� : �[�������� ',00�&RQWURO�5HJLVWHU 
''5&B5$1.&7/ �[��I� : �[�������I 5DQN�&RQWURO�5HJLVWHU 
''5&B'5$070*� �[���� : �[�I���E�I 6'5$0�7LPLQJ�5HJLVWHU�� 
''5&B'5$070*� �[���� : �[�������� 6'5$0�7LPLQJ�5HJLVWHU�� 
''5&B'5$070*� �[���� : �[�������G 6'5$0�7LPLQJ�5HJLVWHU�� 
''5&B'5$070*� �[���F : �[�������F 6'5$0�7LPLQJ�5HJLVWHU�� 
''5&B'5$070*� �[���� : �[�������� 6'5$0�7LPLQJ�5HJLVWHU�� 
''5&B'5$070*� �[���� : �[�������� 6'5$0�7LPLQJ�5HJLVWHU�� 
''5&B'5$070*� �[���� : �[�������� 6'5$0�7LPLQJ�5HJLVWHU�� 
''5&B'5$070*� �[���F : �[�������� 6'5$0�7LPLQJ�5HJLVWHU�� 
''5&B'5$070*� �[���� : �[�������� 6'5$0�7LPLQJ�5HJLVWHU�� 
''5&B'5$070*� �[���� : �[�������G 6'5$0�7LPLQJ�5HJLVWHU�� 
''5&B'5$070*�� �[���� : �[���F���D 6'5$0�7LPLQJ�5HJLVWHU��� 
''5&B'5$070*�� �[���F : �[���F���F 6'5$0�7LPLQJ�5HJLVWHU��� 
''5&B'5$070*�� �[���� : �[�������� 6'5$0�7LPLQJ�5HJLVWHU��� 
''5&B'5$070*�� �[���� : �[�F������ 6'5$0�7LPLQJ�5HJLVWHU��� 
''5&B'5$070*�� �[���� : �[������D� 6'5$0�7LPLQJ�5HJLVWHU��� 
''5&B'5$070*�� �[���F : �[�������� 6'5$0�7LPLQJ�5HJLVWHU��� 
''5&B'5$070*�� �[���� : �[�������� 6'5$0�7LPLQJ�5HJLVWHU��� 
''5&B=4&7/� �[���� : �[�������� =4�&RQWURO�5HJLVWHU�� 
''5&B=4&7/� �[���� : �[�������� =4�&RQWURO�5HJLVWHU�� 
''5&B=4&7/� �[���� : �[�������� =4�&RQWURO�5HJLVWHU�� 
''5&B=467$7 �[���F : �[�������� =4�6WDWXV�5HJLVWHU 
''5&B'),70*� �[���� : �[�������� '),�7LPLQJ�5HJLVWHU�� 
''5&B'),70*� �[���� : �[�������� '),�7LPLQJ�5HJLVWHU�� 

''5&B'),/3&)*� �[���� : �[�������� '),�/RZHU�3RZHU�&RQILJXUDWLRQ�5HJLVWHU�� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �20 

�1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ �  

''5&B'),/3&)*� �[���F : �[�������� '),�/RZHU�3RZHU�&RQILJXUDWLRQ�5HJLVWHU�� 
''5&B'),83'� �[��D� : �[�������� '),�8SGDWH�5HJLVWHU�� 
''5&B'),83'� �[��D� : �[�������� '),�8SGDWH�5HJLVWHU�� 
''5&B'),83'� �[��D� : �[�������� '),�8SGDWH�5HJLVWHU�� 

''5&B'),0,6& �[��E� : �[�������� '),�0LVFHOODQHRXV�&RQWURO�5HJLVWHU 
''5&B'),70*� �[��E� : �[�������� '),�7LPLQJ�5HJLVWHU�� 
''5&B'),70*� �[��E� : �[�������� '),�7LPLQJ�5HJLVWHU�� 
''5&B'),67$7 �[��EF : �[�������� '),�6WDWXV�5HJLVWHU 
''5&B'%,&7/ �[��F� : �[�������� '0�'%,�&RQWURO�5HJLVWHU 
''5&B'),3+<0675 �[��F� : �[�������� '),�3+<�0DVWHU 
''5&B$''50$3� �[���� : �[�������� $GGUHVV�0DS�5HJLVWHU�� 
''5&B$''50$3� �[���� : �[�������� $GGUHVV�0DS�5HJLVWHU�� 
''5&B$''50$3� �[���� : �[�������� $GGUHVV�0DS�5HJLVWHU�� 
''5&B$''50$3� �[���F : �[�������� $GGUHVV�0DS�5HJLVWHU�� 
''5&B$''50$3� �[���� : �[�������� $GGUHVV�0DS�5HJLVWHU�� 
''5&B$''50$3� �[���� : �[�������� $GGUHVV�0DS�5HJLVWHU�� 
''5&B$''50$3� �[���� : �[�������� $GGUHVV�0DS�5HJLVWHU�� 
''5&B$''50$3� �[���F : �[�������� $GGUHVV�0DS�5HJLVWHU�� 
''5&B$''50$3� �[���� : �[�������� $GGUHVV�0DS�5HJLVWHU�� 
''5&B$''50$3� �[���� : �[�������� $GGUHVV�0DS�5HJLVWHU�� 
''5&B$''50$3�� �[���� : �[�������� $GGUHVV�0DS�5HJLVWHU��� 
''5&B$''50$3�� �[���F : �[�������� $GGUHVV�0DS�5HJLVWHU��� 
''5&B2'7&)* �[���� : �[�������� 2'7�&RQILJXUDWLRQ�5HJLVWHU 
''5&B2'70$3 �[���� : �[�������� 2'7�5DQN�0DS�5HJLVWHU 
''5&B6&+(' �[���� : �[�������� 6FKHGXOHU�&RQWURO�5HJLVWHU 
''5&B6&+('� �[���� : �[�������� 6FKHGXOHU�&RQWURO�5HJLVWHU�� 

''5&B3(5)/35� �[���� : �[�I�����I /RZ�3ULRULW\�5HDG�&$0�5HJLVWHU�
� 

''5&B3(5):5� �[���F : �[�I�����I :ULWH�&$0�5HJLVWHU�� 
''5&B'%*� �[���� : �[�������� 'HEXJ�5HJLVWHU�� 
''5&B'%*� �[���� : �[�������� 'HEXJ�5HJLVWHU�� 
''5&B'%*&$0 �[���� : �[�������� &$0�'HEXJ�5HJLVWHU 
''5&B'%*&0' �[���F : �[�������� &RPPDQG�'HEXJ�5HJLVWHU 
''5&B'%*67$7 �[���� : �[�������� 6WDWXV�'HEXJ�5HJLVWHU 

''5&B6:&7/ �[���� : �[�������� 6RIWZDUH�5HJLVWHU�3URJUDPPLQJ�&RQWURO�(QDEOH 

''5&B6:67$7 �[���� : �[�������� 6RIWZDUH�5HJLVWHU�3URJUDPPLQJ�&RQWURO�6WDWXV 

''5&B32,621&)* �[���F : �[�������� $;,�3RLVRQ�&RQILJXUDWLRQ�5HJLVWHU 
''5&B32,62167$7 �[���� : �[�������� $;,�3RLVRQ�6WDWXV�5HJLVWHU 
''5&B367$7 �[��IF : �[�������� 3RUW�6WDWXV�5HJLVWHU 

''5&B3&&)* �[���� : �[�������� 3RUW�&RPPRQ�&RQILJXUDWLRQ�5HJLVWHU 

''5&B3&)*5B� �[���� : �[�������� 3RUW���&RQILJXUDWLRQ�5HDG�5HJLVWHU 

''5&B3&)*:B� �[���� : �[�������� 3RUW���&RQILJXUDWLRQ�:ULWH�5HJLVWHU 
''5&B3&75/B� �[���� : �[�������� 3RUW���&RQWURO�5HJLVWHU 
Notes:Size:B- Byte (8 bits) access, HW- Half WORD (16 bits) access, W-WORD (32 bits) access�  
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

''53+<B5(*� �[���� : �[�������� 5(*� 
''53+<B5(*� �[���� : �[�����(�� 5(*� 
''53+<B5(*� �[���� : �[�������� 5(*� 
''53+<B5(*� �[���& : �[�������� 5(*� 
''53+<B5(*� �[���� : �[�������� 5(*� 
''53+<B5(*� �[���� : �[�������� 5(*� 
''53+<B5(*� �[���� : �[)))))))) 5(*� 
''53+<B5(*� �[���& : �[��&����� 5(*� 
''53+<B5(*� �[���� : �[����(��� 5(*� 
''53+<B5(*� �[���� : �[��)���)& 5(*� 
''53+<B5(*�� �[���� : �[�����)�) 5(*�� 
''53+<B5(*$ �[���& : �[�������� 5(*$ 
''53+<B5(*% �[���� : �[�������� 5(*% 
''53+<B5(*& �[���� : �[�)������ 5(*& 
''53+<B5(*' �[���� : �[�������� 5(*' 
''53+<B5(*( �[���& : �[��))���� 5(*( 
''53+<B5(*) �[���� : �[�������� 5(*) 
''53+<B5(*�� �[���� : �[�������� 5(*�� 
''53+<B5(*�� �[���� : �[�������) 5(*�� 
''53+<B5(*�� �[���& : �[�������� 5(*�� 
''53+<B5(*�� �[���� : �[�������� 5(*�� 
''53+<B5(*�� �[���� : �[�������� 5(*�� 
''53+<B5(*�� �[���� : �[�������� 5(*�� 
''53+<B5(*�� �[���& : �[�����$�% 5(*�� 
''53+<B5(*�� �[���� : �[�&�'�(�) 5(*�� 
''53+<B5(*�� �[���� : �[�������� 5(*�� 
''53+<B5(*�� �[���� : �[�������� 5(*�� 
''53+<B5(*�$ �[���& : �[�������� 5(*�$ 
''53+<B5(*�' �[���� : �[�������� 5(*�' 
''53+<B5(*�( �[���& : �[�������� 5(*�( 
''53+<B5(*�) �[���� : �[�������� 5(*�) 
''53+<B5(*�� �[���� : �[�������) 5(*�� 
''53+<B5(*�� �[���� : �[�������� 5(*�� 
''53+<B5(*�� �[���& : �[�))�)&�� 5(*�� 
''53+<B5(*�� �[���� : �[�(�(���� 5(*�� 
''53+<B5(*�� �[���� : �[�������� 5(*�� 
''53+<B5(*�� �[���� : �[�����$�& 5(*�� 
''53+<B5(*�� �[���& : �[�������� 5(*�� 
''53+<B5(*�� �[��$� : �[�������� 5(*�� 
''53+<B5(*�� �[��$� : �[�������� 5(*�� 
''53+<B5(*�� �[��$� : �[�����&�� 5(*�� 
''53+<B5(*�$ �[��$& : �[�������� 5(*�$ 
''53+<B5(*�% �[��%� : �[�������� 5(*�% 
''53+<B5(*�& �[��%� : �[�������� 5(*�& 
''53+<B5(*�' �[��%� : �[�������� 5(*�' 
''53+<B5(*�( �[��%& : �[�������� 5(*�( 
''53+<B5(*�) �[��&� : �[�������( 5(*�) 
''53+<B5(*�� �[��&� : �[���)�)�) 5(*�� 
''53+<B5(*�� �[��&& : �[�������) 5(*�� 
''53+<B5(*�� �[��'� : �[�������� 5(*�� 
''53+<B5(*�� �[��'� : �[�������� 5(*�� 
''53+<B5(*�� �[��'& : �[�������� 5(*�� 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

''53+<B5(*�� �[��)� : �[�������� 5(*�� 
''53+<B5(*�� �[��)� : �[�����(�( 5(*�� 
''53+<B5(*�% �[���� : �[�������� 5(*�% 
''53+<B5(*�& �[���� : �[�������� 5(*�& 
''53+<B5(*�' �[���& : �[�������� 5(*�' 
''53+<B5(*�( �[���� : �[�������� 5(*�( 
''53+<B5(*�) �[���� : �[�������� 5(*�) 
''53+<B5(*�� �[���� : �[�������� 5(*�� 
''53+<B5(*�� �[���& : �[�������� 5(*�� 
''53+<B5(*�� �[���� : �[�������� 5(*�� 
''53+<B5(*�� �[���� : �[��$�&��& 5(*�� 
''53+<B5(*�� �[���� : �[))����$$ 5(*�� 
''53+<B5(*�� �[���� : �[����)��) 5(*�� 
''53+<B5(*�� �[���& : �[��$�&��& 5(*�� 
''53+<B5(*�� �[���� : �[))����$$ 5(*�� 
''53+<B5(*�� �[���� : �[����)��) 5(*�� 
''53+<B5(*�& �[��%� : �[�������� 5(*�& 
''53+<B5(*�( �[��%� : �[�������) 5(*�( 
''53+<B5(*�& �[��)� : �[�������� 5(*�& 
''53+<B5(*�' �[��)� : �[�������� 5(*�' 
''53+<B5(*�( �[��)� : �[�������� 5(*�( 
''53+<B5(*�) �[��)& : �[�������� 5(*�) 
''53+<B5(*�� �[���& : �[�������� 5(*�� 
''53+<B5(*�� �[���� : �[�������� 5(*�� 
''53+<B5(*�� �[���� : �[�������� 5(*�� 
''53+<B5(*$' �[��%� : �[�������� 5(*$' 
 
Notes:Size:B- Byte (8 bits) access, HW- Half WORD (16 bits) access, W-WORD (32 bits) access 
1.4.2 'HWDLO�5HJLVWHU�'HVFULSWLRQ 
''5&B0675�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

GHYLFHBFRQILJ 
&RQILJXUDWLRQ�RI�GHYLFH�XVHG 
�
E����[��GHYLFH 
�
E����[��GHYLFH 
�
E����[���GHYLFH 
�
E����[���GHYLFH 
3URJUDPPLQJ�0RGH��6WDWLF 

�� 5: �[� 

IUHTXHQF\BPRGH 
&KRRVH�ZLFK�UHJLVWHU�DUH�XVHG� 
�
E���2ULJLQDO�UHJLVWHUV 
�
E���)5(4��UHJLVWHUV 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS�� 

����� 52 �[� UHVHUYHG 

����� 5: �[� 

DFWLYHBUDQNV 
�
E����2QH�5DQN 
�
E����7ZR�5DQNV 
2WKHUV��5HVHUYHG 
3URJUDPPLQJ�0RGH��6WDWLF 

�� 52 �[� UHVHUYHG 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

IUHTXHQF\BUDWLR 
VHOHFWV�WKH�IUHTXHQF\�UDWLR 
�
E�������PRGH�  
�
E�������PRGH 
3URJUDPPLQJ�0RGH��6WDWLF 

����� 5: �[� 

DFWLYHBORJLFDOBUDQNV 
1XPEHU�RI�ORJLFDO�UDQNV�IRU�''5���'6 
�
E����0RQROLWKLF��QR�VWDFN� 
�
E�����+�VWDFN 
�
E�����+�VWDFN 
�
E�����+�VWDFN 
3URJUDPPLQJ�0RGH��6WDWLF 

����� 5: �[� 

EXUVWBUGZU 
6'5$0�EXUVW�OHQJWK�XVHG� 
�
E������%XUVW�OHQJWK�RI�� 
�
E������%XUVW�OHQJWK�RI�� 
�
E������%XUVW�OHQJWK�RI�� 
�
E������%XUVW�OHQJWK�RI��� 
3URJUDPPLQJ�0RGH��6WDWLF 

�� 5: �[� 
GOOBRIIBPRGH 
�
E���'OO�RII�PRGH�IRU�ORZHU�IUHTXHQF\�RSHUDWLRQ 
�
E���'OO�RQ�PRGH�IRU�QRUPDO�IUHTXHQF\�RSHUDWLRQ 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS�� 

�� 52 �[� UHVHUYHG 

����� 5: �[� 

GDWDBEXVBZLGWK 
�
E����)XOO�'4�EXV�ZLGWK�WR�6'5$0 
�
E����+DOI�'4�EXV�ZLGWK�WR�6'5$0 
2WKHUV��5HVHUYHG 
3URJUDPPLQJ�0RGH��6WDWLF 

�� 5: �[� 
JHDUGRZQBPRGH 
�
E���(QDEOH�JHDUGRZ�PRGH 
�
E���1RUPDO�PRGH 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS�� 

�� 5: �[� 
HQB�WBWLPLQJBPRGH 
�
E���8VH��7�WLPLQJ 
�
E���8VH��7�WLPLQJ 
3URJUDPPLQJ�0RGH��6WDWLF 

� 5: �[� 
EXUVWFKRS 
�
E���(QDEOH�EXUVW�FKRS 
�
E���'LVDEOH�EXUVW�FKRS 
3URJUDPPLQJ�0RGH��6WDWLF 

� 5: �[� 
EXUVWBPRGH 
�
E���6HTXHQWLDO�EXUVW�PRGH 
�
E���,QWHUOHDYHG�EXUVW�PRGH 
3URJUDPPLQJ�0RGH��6WDWLF 

��� 52 �[� UHVHUYHG 

� 5: �[� 
OSGGU� 
�
E���/3''5� 
�
E���1RQ�/3''5� 
3URJUDPPLQJ�0RGH��6WDWLF 

� 5: �[� 
GGU� 
�
E���''5� 
�
E���1RQ�''5� 
3URJUDPPLQJ�0RGH��6WDWLF 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
OSGGU� 
�
E���/3''5� 
�
E���1RQ�/3''5� 
3URJUDPPLQJ�0RGH��6WDWLF 

� 5: �[� 
OSGGU� 
�
E���/3''5� 
�
E���1RQ�/3''5� 
3URJUDPPLQJ�0RGH��6WDWLF 

� 5: �[� 
PRELOH 
�
E���0RELOH�/3''5 
�
E���1RQ�0RELOH 
3URJUDPPLQJ�0RGH��6WDWLF 

� 5: �[� 
GGU� 
�
E���''5� 
�
E���1RQ�''5� 
3URJUDPPLQJ�0RGH��6WDWLF 

 
''5&B67$7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

�� 52 �[� 

VHOIUHIBFDPBQRWBHPSW\ 
6HOI�UHIUHVK�ZLWK�&$0V�QRW�HPSW\��6HW�WR���ZKHQ�6HOI�5HIUHVK�LV�
HQWHUHG�EXW�&$0V�DUH�QRW�GUDLQHG��&OHDUHG�DIWHU�H[LWLQJ�6HOI�
5HIUHVK� 
3URJUDPPLQJ�0RGH��'\QDPLF 

����� 52 �[� UHVHUYHG 

��� 52 �[� 

VHOIUHIBVWDWH 
6HOI�UHIUHVK�VWDWH��7KLV�LQGLFDWHV�VHOI�UHIUHVK�RU�VHOI�UHIUHVK�SRZHU�
GRZQ�VWDWH�IRU�/3''5���7KLV�UHJLVWHU�LV�XVHG�IRU�IUHTXHQF\�
FKDQJH�DQG�055�05:�DFFHVV�GXULQJ�VHOI�UHIUHVK� 
�
E����6'5$0�LV�QRW�LQ�6HOI�5HIUHVK� 
�
E����6HOI�UHIUHVK�� 
�
E����6HOI�UHIUHVK�SRZHU�GRZQ 
�
E����6HOI�UHIUHVK�� 
3URJUDPPLQJ�0RGH��'\QDPLF 

��� 52 �[� UHVHUYHG 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 52 �[� 

VHOIUHIBW\SH 
)ODJV�LI�6HOI�5HIUHVK��H[FHSW�/3''5���RU�65�3RZHUGRZQ�
�/3''5���LV�HQWHUHG�DQG�LI�LW�ZDV�XQGHU�$XWRPDWLF�6HOI�5HIUHVK�
FRQWURO�RQO\�RU�QRW� 
�¶E����6'5$0�LV�QRW�LQ�6HOI�5HIUHVK��H[FHSW�/3''5���RU�65�
3RZHUGRZQ��/3''5����,I�UHWU\�LV�HQDEOHG�E\�
&5&3$5&75/��FUFBSDULW\BUHWU\BHQDEOH��WKLV�DOVR�LQGLFDWHV�65(�
FRPPDQG�LV�VWLOO�LQ�SDULW\�HUURU�ZLQGRZ�RU�UHWU\�LV�LQ�SURJUHVV� 
�
E����6'5$0�LV�LQ�6HOI�5HIUHVK��H[FHSW�/3''5���RU�
653RZHUGRZQ��/3''5����ZKLFK�ZDV�FDXVHG�E\�$XWRPDWLF�6HOI�
5HIUHVK�RQO\��,I�UHWU\�LV�HQDEOHG��WKLV�JXDUDQWHHV�65(�FRPPDQG�
LV�H[HFXWHG�FRUUHFWO\�ZLWKRXW�SDULW\�HUURU� 
�
E����6'5$0�LV�LQ�6HOI�5HIUHVK��H[FHSW�/3''5���RU�
653RZHUGRZQ��/3''5����ZKLFK�ZDV�QRW�FDXVHG�VROHO\�XQGHU�
$XWRPDWLF�6HOI�5HIUHVK�FRQWURO��,W�FRXOG�KDYH�EHHQ�FDXVHG�E\�
+DUGZDUH�/RZ�3RZHU�,QWHUIDFH�DQG�RU�6RIWZDUH�
�3:5&7/�VHOIUHIBVZ���,I�UHWU\�LV�HQDEOHG��WKLV�JXDUDQWHHV�65(�
FRPPDQG�LV�H[HFXWHG�FRUUHFWO\�ZLWKRXW�SDULW\�HUURU� 
�
E����6'5$0�LV�LQ�6HOI�5HIUHVK��ZKLFK�ZDV�FDXVHG�E\�3+<�
0DVWHU�5HTXHVW� 
3URJUDPPLQJ�0RGH��'\QDPLF 

� 52 �[� UHVHUYHG 

��� 52 �[� 

RSHUDWLQJBPRGH 
2SHUDWLQJ�PRGH��7KLV�LV���ELWV�ZLGH�LQ�FRQILJXUDWLRQV�ZLWK�
P''5�/3''5��/3''5��/3''5��''5��VXSSRUW�DQG���ELWV�LQ�DOO�
RWKHU�FRQILJXUDWLRQV� 
QRQ�P''5�/3''5��/3''5��/3''5��DQG�QRQ�''5��GHVLJQV� 
�
E����,QLW 
�
E����1RUPDO 
�
E����3RZHU�GRZQ 
�
E����6HOI�UHIUHVK 
P''5�/3''5��/3''5��RU�''5��GHVLJQV� 
�
E�����,QLW 
�
E�����1RUPDO 
�
E�����3RZHU�GRZQ 
�
E�����6HOI�UHIUHVK 
�
E�[[��'HHS�SRZHU�GRZQ�0D[LPXP�3RZHU�6DYLQJ�0RGH 
/3''5��GHVLJQV� 
�
E�����,QLW 
�
E�����1RUPDO 
�
E�����3RZHU�GRZQ 
�
E�����6HOI�UHIUHVK�6HOI�UHIUHVK�SRZHU�GRZQ 
3URJUDPPLQJ�0RGH��'\QDPLF 

 
''5&B05&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

PUBZU 
6HWWLQJ�WKLV�UHJLVWHU�ELW�WR���WULJJHUV�D�PRGH�UHJLVWHU�UHDG�RU�
ZULWH�RSHUDWLRQ��:KHQ�WKH�05�RSHUDWLRQ�LV�FRPSOHWH��WKH�X0&7/��
DXWRPDWLFDOO\�FOHDUV�WKLV�ELW��7KH�RWKHU�UHJLVWHU�ILHOGV�RI�WKLV�
UHJLVWHU�PXVW�EH�ZULWWHQ�LQ�D�VHSDUDWH�$3%�WUDQVDFWLRQ��EHIRUH�
VHWWLQJ�WKLV�PUBZU�ELW��,W�LV�UHFRPPHQGHG�127�WR�VHW�WKLV�VLJQDO�
LI�LQ�,QLW��'HHS�SRZHU�GRZQ�RU�0360�RSHUDWLQJ�PRGHV� 
3URJUDPPLQJ�0RGH��'\QDPLF 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

SEDBPRGH 
,QGLFDWHV�ZKHWKHU�3%$�DFFHVV�LV�H[HFXWHG��:KHQ�VHWWLQJ�WKLV�ELW�
WR���DORQJ�ZLWK�VHWWLQJ�SGDBHQ�WR����X0&7/��LQLWLDWHV�3%$�DFFHVV�
LQVWHDG�RI�3'$�DFFHVV� 
�
E���3HU�'5$0�$GGUHVVDELOLW\�PRGH 
�
E���3HU�%XIIHU�$GGUHVVDELOLW\�PRGH 
7KH�FRPSOHWLRQ�RI�3%$�DFFHVV�LV�FRQILUPHG�E\�0567$7�SGDBGRQH�
LQ�WKH�VDPH�ZD\�DV�3'$� 
3URJUDPPLQJ�0RGH��'\QDPLF 

����� 52 �[���� UHVHUYHG 

����� 5: �[� 

PUBDGGU 
$GGUHVV�RI�WKH�PRGH�UHJLVWHU�WKDW�LV�WR�EH�ZULWWHQ�WR� 
�
E������05� 
�
E������05� 
�
E������05� 
�
E������05� 
�
E������05� 
�
E������05� 
�
E������05� 
�
E������05� 
'RQ
W�&DUH�IRU�/3''5��/3''5��/3''5���VHH�05&75/��PUBGDWD�
IRU�PRGH�UHJLVWHU�DGGUHVVLQJ�LQ�/3''5��/3''5��/3''5��� 
,Q�FDVH�RI�''5���WKH�ELW>���@�FRUUHVSRQGV�WR�WKH�EDQN�JURXS�
ELWV��  
3URJUDPPLQJ�0RGH��'\QDPLF 

���� 52 �[�� UHVHUYHG 

��� 5: �[� 

PUBUDQN 
&RQWUROV�ZKLFK�UDQN�LV�DFFHVVHG�E\�05&75/��PUBZU��1RUPDOO\��LW�
LV�GHVLUHG�WR�DFFHVV�DOO�UDQNV��VR�DOO�ELWV�VKRXOG�EH�VHW�WR����  
�
E����VHOHFW�UDQN���RQO\ 
�
E����VHOHFW�UDQN���RQO\ 
�
E����VHOHFW�UDQN���DQG�� 
3URJUDPPLQJ�0RGH��'\QDPLF 

� 5: �[� 

VZBLQLWBLQW 
,QGLFDWHV�ZKHWKHU�6RIWZDUH�LQWHUYHQWLRQ�LV�DOORZHG�YLD�
05&75/��05&75/��EHIRUH�DXWRPDWLF�6'5$0�LQLWLDOL]DWLRQ�
URXWLQH�RU�QRW� 
)RU�''5���WKLV�ELW�FDQ�EH�XVHG�WR�LQLWLDOL]H�WKH�''5��5&'��05���
EHIRUH�DXWRPDWLF�6'5$0�LQLWLDOL]DWLRQ� 
)RU�/3''5���WKLV�ELW�FDQ�EH�XVHG�WR�SURJUDP�DGGLWLRQDO�PRGH�
UHJLVWHUV�EHIRUH�DXWRPDWLF�6'5$0�LQLWLDOL]DWLRQ�LI�QHFHVVDU\� 
1RWH�WKDW�WKLV�PXVW�EH�FOHDUHG�WR���DIWHU�FRPSOHWLQJ�6RIWZDUH�
RSHUDWLRQ��2WKHUZLVH��6'5$0�LQLWLDOL]DWLRQ�URXWLQH�ZLOO�QRW�UH�
VWDUW� 
�
E���6RIWZDUH�LQWHUYHQWLRQ�LV�QRW�DOORZHG� 
�
E���6RIWZDUH�LQWHUYHQWLRQ�LV�DOORZHG� 
3URJUDPPLQJ�0RGH��'\QDPLF 

� 5: �[� 

SGDBHQ 
,QGLFDWHV�ZKHWKHU�WKH�PRGH�UHJLVWHU�RSHUDWLRQ�LV�056�LQ�3'$�
PRGH�RU�QRW 
�
E���056 
�
E���056�LQ�3HU�'5$0�$GGUHVVDELOLW\�PRGH 
1RWH�WKDW�ZKHQ�SEDBPRGH ���3%$�DFFHVV�LV�LQLWLDWHG�LQVWHDG�RI�
3'$�DFFHVV� 
3URJUDPPLQJ�0RGH��'\QDPLF 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

PSUBHQ 
,QGLFDWHV�ZKHWKHU�WKH�PRGH�UHJLVWHU�RSHUDWLRQ�LV�056�RU�:5�5'�
IRU�035��RQO\�VXSSRUWHG�IRU�''5�� 
�
E���056 
�
E���:5�5'�IRU�035 
3URJUDPPLQJ�0RGH��'\QDPLF 

� 5: �[� 

PUBW\SH 
,QGLFDWHV�ZKHWKHU�WKH�PRGH�UHJLVWHU�RSHUDWLRQ�LV�UHDG�RU�ZULWH��
2QO\�XVHG�IRU�/3''5��/3''5��/3''5��''5�� 
�
E���:ULWH 
�
E���5HDG 
3URJUDPPLQJ�0RGH��'\QDPLF 

 
''5&B05&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[����� 

PUBGDWD 
0RGH�UHJLVWHU�ZULWH�GDWD�IRU�DOO�QRQ�/3''5��QRQ�/3''5��QRQ�
/3''5��PRGHV� 
)RU�/3''5��/3''5��/3''5���05&75/�>����@�DUH�LQWHUSUHWHG�DV 
>����@�05�$GGUHVV 
>���@�05�GDWD�IRU�ZULWHV��GRQ
W�FDUH�IRU�UHDGV��7KLV�LV����ELWV�
ZLGH�LQ�FRQILJXUDWLRQV�ZLWK�''5��VXSSRUW�DQG����ELWV�LQ�DOO�RWKHU�
FRQILJXUDWLRQV� 
3URJUDPPLQJ�0RGH��'\QDPLF 

 
''5&B0567$7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� 52 �[� 

SGDBGRQH 
7KH�6R&�FRUH�PD\�LQLWLDWH�D�05�ZULWH�RSHUDWLRQ�LQ�3'$�3%$�PRGH�
RQO\�LI�WKLV�VLJQDO�LV�ORZ��7KLV�VLJQDO�JRHV�KLJK�ZKHQ�WKUHH�
FRQVHFXWLYH�056�FRPPDQGV�UHODWHG�WR�WKH�3'$�3%$�PRGH�DUH�
LVVXHG�WR�WKH�6'5$0��7KLV�VLJQDO�JRHV�ORZ�ZKHQ�
05&75/��SGDBHQ�EHFRPHV����7KHUHIRUH��LW�LV�UHFRPPHQGHG�WR�
ZULWH�05&75/��SGDBHQ�WR���DIWHU�WKLV�VLJQDO�JRHV�KLJK�LQ�RUGHU�WR�
SUHSDUH�WR�SHUIRUP�3'$�RSHUDWLRQ�QH[W�WLPH� 
�
E���,QGLFDWHV�WKDW�PRGH�UHJLVWHU�ZULWH�RSHUDWLRQ�UHODWHG�WR�
3'$�3%$�LV�LQ�SURJUHVV�RU�KDV�QRW�VWDUWHG�\HW� 
�
E���,QGLFDWHV�WKDW�PRGH�UHJLVWHU�ZULWH�RSHUDWLRQ�UHODWHG�WR�
3'$�3%$�KDV�FRPSHWHG� 
3URJUDPPLQJ�0RGH��'\QDPLF 

��� 52 �[�� UHVHUYHG 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 52 �[� 

PUBZUBEXV\ 
7KH�6R&�FRUH�PD\�LQLWLDWH�D�05�ZULWH�RSHUDWLRQ�RQO\�LI�WKLV�VLJQDO�
LV�ORZ��7KLV�VLJQDO�JRHV�KLJK�LQ�WKH�FORFN�DIWHU�WKH�X0&7/��
DFFHSWV�WKH�05:�055�UHTXHVW��,W�JRHV�ORZ�ZKHQ�WKH�05:�055�
FRPPDQG�LV�LVVXHG�WR�WKH�6'5$0��,W�LV�UHFRPPHQGHG�QRW�WR�
SHUIRUP�05:�055�FRPPDQGV�ZKHQ�0567$7�PUBZUBEXV\�LV�
KLJK� 
�
E���,QGLFDWHV�WKDW�WKH�6R&�FRUH�FDQ�LQLWLDWH�D�PRGH�UHJLVWHU�
ZULWH�RSHUDWLRQ 
�
E���,QGLFDWHV�WKDW�PRGH�UHJLVWHU�ZULWH�RSHUDWLRQ�LV�LQ�SURJUHVV 
3URJUDPPLQJ�0RGH��'\QDPLF 

 
''5&B05&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

PUBGHYLFHBVHO 
,QGLFDWHV�WKH�GHYLFH�V��WR�EH�VHOHFWHG�GXULQJ�WKH�056�WKDW�
KDSSHQV�LQ�3'$�PRGH��(DFK�ELW�LV�DVVRFLDWHG�ZLWK�RQH�GHYLFH��
)RU�H[DPSOH��ELW>�@�FRUUHVSRQGV�WR�'HYLFH����ELW>�@�WR�'HYLFH���
HWF� 
$�
�
�VKRXOG�EH�SURJUDPPHG�WR�LQGLFDWH�WKDW�WKH�056�FRPPDQG�
VKRXOG�EH�DSSOLHG�WR�WKDW�GHYLFH� 
$�
�
�LQGLFDWHV�WKDW�WKH�056�FRPPDQGV�VKRXOG�EH�VNLSSHG�IRU�
WKDW�GHYLFH� 
3URJUDPPLQJ�0RGH��'\QDPLF 

 
''5&B'(5$7((1�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[������ UHVHUYHG 

���� 5: �[� 

UFBGHUDWHBYDOXH 
'HUDWH�YDOXH�RI�W5&�IRU�/3''5� 
�
E�����'HUDWLQJ�XVHV���� 
�
E�����'HUDWLQJ�XVHV���� 
�
E�����'HUDWLQJ�XVHV���� 
�
E�����'HUDWLQJ�XVHV���� 
3UHVHQW�RQO\�LQ�GHVLJQV�FRQILJXUHG�WR�VXSSRUW�/3''5���7KH�
UHTXLUHG�QXPEHU�RI�F\FOHV�IRU�GHUDWLQJ�FDQ�EH�GHWHUPLQHG�E\�
GLYLGLQJ�����QV�E\�WKH�FRUHBGGUFBFRUHBFON�SHULRG��DQG�URXQGLQJ�
XS�WKH�QH[W�LQWHJHU� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS���DQG�*URXS�� 

��� 5: �[� 

GHUDWHBE\WH 
'HUDWH�E\WH�3UHVHQW�RQO\�LQ�GHVLJQV�FRQILJXUHG�WR�VXSSRUW�
/3''5��/3''5��/3''5�� 
,QGLFDWHV�ZKLFK�E\WH�RI�WKH�055�GDWD�LV�XVHG�IRU�GHUDWLQJ� 
3URJUDPPLQJ�0RGH��6WDWLF 

��� 52 �[� UHVHUYHG 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

GHUDWHBYDOXH 
'HUDWH�YDOXH 
�
E���'HUDWLQJ�XVHV���� 
�
E���'HUDWLQJ�XVHV���� 
3UHVHQW�RQO\�LQ�GHVLJQV�FRQILJXUHG�WR�VXSSRUW�
/3''5��/3''5��/3''5� 
6HW�WR���IRU�DOO�/3''5��VSHHG�JUDGHV�DV�GHUDWLQJ�YDOXH�RI�
�������QV�LV�OHVV�WKDQ�D�FRUHBGGUFBFRUHBFON�SHULRG��)RU�
/3''5�����LI�WKH�SHULRG�RI�FRUHBGGUFBFRUHBFON�LV�OHVV�WKDQ�
�����QV��WKLV�UHJLVWHU�ILHOG�VKRXOG�EH�VHW�WR����RWKHUZLVH�LW�VKRXOG�
EH�VHW�WR��� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS���DQG�*URXS�� 

� 5: �[� 

GHUDWHBHQDEOH 
(QDEOHV�GHUDWLQJ 
�
E���7LPLQJ�SDUDPHWHU�GHUDWLQJ�LV�GLVDEOHG 
�
E���7LPLQJ�SDUDPHWHU�GHUDWLQJ�LV�HQDEOHG�XVLQJ�05��UHDG�
YDOXH� 
3UHVHQW�RQO\�LQ�GHVLJQV�FRQILJXUHG�WR�VXSSRUW�
/3''5��/3''5��/3''5� 
7KLV�ILHOG�PXVW�EH�VHW�WR���IRU�QRQ�/3''5��/3''5��/3''5��
PRGH� 
3URJUDPPLQJ�0RGH��'\QDPLF 

 
''5&B'(5$7(,17�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

PU�BUHDGBLQWHUYDO 
,QWHUYDO�EHWZHHQ�WZR�05��UHDGV��XVHG�WR�GHUDWH�WKH�WLPLQJ�
SDUDPHWHUV� 
3UHVHQW�RQO\�LQ�GHVLJQV�FRQILJXUHG�WR�VXSSRUW�
/3''5��/3''5��/3''5���7KLV�UHJLVWHU�PXVW�QRW�EH�VHW�WR�]HUR��
8QLW��'),�FORFN�F\FOH� 
3URJUDPPLQJ�0RGH��6WDWLF 

 
''5&B3:5&7/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� 5: �[� 

OSGGU�BVUBDOORZHG 
,QGLFDWHV�ZKHWKHU�WUDQVLWLRQ�IURP�65�3'�WR�65�DQG�EDFN�WR�65�
3'�LV�DOORZHG� 
7KLV�UHJLVWHU�ILHOG�FDQQRW�EH�PRGLILHG�ZKLOH�
3:5&7/�VHOIUHIBVZ  �� 
�
E���65�3'��!�65��!�65�3'�QRW�DOORZHG 
�
E���65�3'��!�65��!�65�3'�DOORZHG 
3URJUDPPLQJ�0RGH��'\QDPLF 

� 5: �[� 

GLVBFDPBGUDLQBVHOIUHI 
,QGLFDWHV�ZKHWKHU�VNLSSLQJ�&$0�GUDLQLQJ�LV�DOORZHG�ZKHQ�
HQWHULQJ�6HOI�5HIUHVK� 
7KLV�UHJLVWHU�ILHOG�FDQQRW�EH�PRGLILHG�ZKLOH�
3:5&7/�VHOIUHIBVZ  �� 
�
E���&$0V�PXVW�EH�HPSW\�EHIRUH�HQWHULQJ�65� 
�
E���&$0V�DUH�QRW�HPSWLHG�EHIRUH�HQWHULQJ�65� 
3URJUDPPLQJ�0RGH��'\QDPLF 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

VWD\BLQBVHOIUHI 
6HOI�UHIUHVK�VWDWH�LV�DQ�LQWHUPHGLDWH�VWDWH�WR�HQWHU�WR�6HOIUHIUHVK�
SRZHU�GRZQ�VWDWH�RU�H[LW�6HOI�UHIUHVK�SRZHU�GRZQ�VWDWH�IRU�
/3''5�� 
7KLV�UHJLVWHU�FRQWUROV�WUDQVLWLRQ�IURP�WKH�6HOI�UHIUHVK�VWDWH� 
�
E���3URKLELW�WUDQVLWLRQ�IURP�6HOI�UHIUHVK�VWDWH 
�
E���$OORZ�WUDQVLWLRQ�IURP�6HOI�UHIUHVK�VWDWH 
3URJUDPPLQJ�0RGH��'\QDPLF 

� 5: �[� 

VHOIUHIBVZ 
$�YDOXH�RI���WR�WKLV�UHJLVWHU�FDXVHV�V\VWHP�WR�PRYH�WR�6HOI�
5HIUHVK�VWDWH�LPPHGLDWHO\��DV�ORQJ�DV�LW�LV�QRW�LQ�,1,7�RU�
'3'�0360�RSHUDWLQJBPRGH��7KLV�LV�UHIHUUHG�WR�DV�6RIWZDUH�
(QWU\�([LW�WR�6HOI�5HIUHVK� 
�
E���6RIWZDUH�(QWU\�WR�6HOI�5HIUHVK 
�
E���6RIWZDUH�([LW�IURP�6HOI�5HIUHVK 
3URJUDPPLQJ�0RGH��'\QDPLF 

� 5: �[� 

PSVPBHQ 
:KHQ�WKLV�LV����WKH�X0&7/��SXWV�WKH�6'5$0�LQWR�PD[LPXP�
SRZHU�VDYLQJ�PRGH�ZKHQ�WKH�WUDQVDFWLRQ�VWRUH�LV�HPSW\��7KLV�
UHJLVWHU�PXVW�EH�UHVHW�WR�
�
�WR�EULQJ�X0&7/��RXW�RI�PD[LPXP�
SRZHU�VDYLQJ�PRGH� 
3UHVHQW�RQO\�LQ�GHVLJQV�FRQILJXUHG�WR�VXSSRUW�''5���)RU�QRQ�
''5���WKLV�UHJLVWHU�VKRXOG�QRW�EH�VHW�WR��� 
3URJUDPPLQJ�0RGH��'\QDPLF 

� 5: �[� 

HQBGILBGUDPBFONBGLVDEOH 
(QDEOH�WKH�DVVHUWLRQ�RI�GILBGUDPBFONBGLVDEOH�ZKHQHYHU�D�FORFN�LV�
QRW�UHTXLUHG�E\�WKH�6'5$0��,I�VHW�WR����GILBGUDPBFONBGLVDEOH�LV�
QHYHU�DVVHUWHG� 
$VVHUWLRQ�RI�GILBGUDPBFONBGLVDEOH�LV�DV�IROORZV� 
,Q�''5��''5���FDQ�RQO\�EH�DVVHUWHG�LQ�6HOI�5HIUHVK� 
,Q�''5���FDQ�EH�DVVHUWHG�LQ�WKH�6HOI�5HIUHVK�DQG�0D[LPXP�
3RZHU�6DYLQJ�0RGH 
,Q�P''5�/3''5��/3''5���FDQ�EH�DVVHUWHG�LQ�WKH�6HOI�5HIUHVK��
3RZHU�'RZQ��'HHS�3RZHU�'RZQ�DQG�1RUPDO�RSHUDWLRQ��&ORFN�
6WRS� 
,Q�/3''5���FDQ�EH�DVVHUWHG�LQ�WKH�6HOI�5HIUHVK�3RZHU�'RZQ��
3RZHU�'RZQ�DQG�1RUPDO�RSHUDWLRQ��&ORFN�6WRS� 
3URJUDPPLQJ�0RGH��'\QDPLF 

� 5: �[� 

GHHSSRZHUGRZQBHQ 
:KHQ�WKLV�LV����X0&7/��SXWV�WKH�6'5$0�LQWR�GHHS�SRZHUGRZQ�
PRGH�ZKHQ�WKH�WUDQVDFWLRQ�VWRUH�LV�HPSW\� 
7KLV�UHJLVWHU�PXVW�EH�UHVHW�WR�
�
�WR�EULQJ�X0&7/��RXW�RI�GHHS�
SRZHU�GRZQ�PRGH��&RQWUROOHU�SHUIRUPV�DXWRPDWLF�6'5$0�
LQLWLDOL]DWLRQ�RQ�GHHS�SRZHU�GRZQ�H[LW� 
3UHVHQW�RQO\�LQ�GHVLJQV�FRQILJXUHG�WR�VXSSRUW�P''5�RU�/3''5��
RU�/3''5���)RU�QRQ�P''5�QRQ�/3''5��QRQ/3''5���WKLV�
UHJLVWHU�VKRXOG�QRW�EH�VHW�WR��� 
3URJUDPPLQJ�0RGH��'\QDPLF 

� 5: �[� 

SRZHUGRZQBHQ 
,I�WUXH�WKHQ�WKH�X0&7/��JRHV�LQWR�SRZHU�GRZQ�DIWHU�D�
SURJUDPPDEOH�QXPEHU�RI�F\FOHV��PD[LPXP�LGOH�FORFNV�EHIRUH�
SRZHU�GRZQ��3:570*�SRZHUGRZQBWRB[���� 
7KLV�UHJLVWHU�ELW�PD\�EH�UH�SURJUDPPHG�GXULQJ�WKH�FRXUVH�RI�
QRUPDO�RSHUDWLRQ� 
3URJUDPPLQJ�0RGH��'\QDPLF 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

VHOIUHIBHQ 
,I�WUXH�WKHQ�WKH�X0&7/��SXWV�WKH�6'5$0�LQWR�6HOI�5HIUHVK�DIWHU�D�
SURJUDPPDEOH�QXPEHU�RI�F\FOHV��PD[LPXP�LGOH�FORFNV�EHIRUH�
6HOI�5HIUHVK��3:570*�VHOIUHIBWRB[������7KLV�UHJLVWHU�ELW�PD\�EH�
UH�SURJUDPPHG�GXULQJ�WKH�FRXUVH�RI�QRUPDO�RSHUDWLRQ� 
3URJUDPPLQJ�0RGH��'\QDPLF 

 
''5&B3:570*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[�� 

VHOIUHIBWRB[�� 
$IWHU�WKLV�PDQ\�FORFNV�RI�WKH�''5&�FRPPDQG�FKDQQHO�EHLQJ�LGOH�
WKH�X0&7/��DXWRPDWLFDOO\�SXWV�WKH�6'5$0�LQWR�6HOI�5HIUHVK��7KH�
''5&�FRPPDQG�FKDQQHO�LV�FRQVLGHUHG�LGOH�ZKHQ�WKHUH�DUH�QR�
+,)�FRPPDQGV�RXWVWDQGLQJ��7KLV�PXVW�EH�HQDEOHG�LQ�WKH�
3:5&7/�VHOIUHIBHQ� 
8QLW��0XOWLSOHV�RI����'),�FORFNV� 
3URJUDPPLQJ�0RGH��6WDWLF 

���� 5: �[�� 

WBGSGB[���� 
0LQLPXP�GHHS�SRZHU�GRZQ�WLPH� 
)RU�P''5��YDOXH�IURP�WKH�-('(&�VSHFLILFDWLRQ�LV���DV�P''5�
H[LWV�IURP�GHHS�SRZHU�GRZQ�PRGH�LPPHGLDWHO\�DIWHU�
3:5&7/�GHHSSRZHUGRZQBHQ�LV�GH�DVVHUWHG� 
)RU�/3''5��/3''5���YDOXH�IURP�WKH�-('(&�VSHFLILFDWLRQ�LV�
���XV� 
8QLW��0XOWLSOHV�RI������'),�FORFNV� 
3URJUDPPLQJ�0RGH��6WDWLF 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 

SRZHUGRZQBWRB[�� 
$IWHU�WKLV�PDQ\�FORFNV�RI�WKH�''5&�FRPPDQG�FKDQQHO�EHLQJ�LGOH�
WKH�X0&7/��DXWRPDWLFDOO\�SXWV�WKH�6'5$0�LQWR�SRZHUGRZQ��7KH�
''5&�FRPPDQG�FKDQQHO�LV�FRQVLGHUHG�LGOH�ZKHQ�WKHUH�DUH�QR�
+,)�FRPPDQGV�RXWVWDQGLQJ��7KLV�PXVW�EH�HQDEOHG�LQ�WKH�
3:5&7/�SRZHUGRZQBHQ� 
8QLW��0XOWLSOHV�RI����'),�FORFNV 
3URJUDPPLQJ�0RGH��6WDWLF 

 
''5&B+:/80&7/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[��� 

KZBOSBLGOHB[�� 
+DUGZDUH�LGOH�SHULRG��7KH�FDFWLYHBGGUF�RXWSXW�LV�GULYHQ�ORZ�LI�WKH�
''5&�FRPPDQG�FKDQQHO�LV�LGOH�IRU�KZBOSBLGOH�����F\FOHV�LI�QRW�
LQ�,1,7�RU�'3'�0360�RSHUDWLQJBPRGH��7KH�''5&�FRPPDQG�
FKDQQHO�LV�FRQVLGHUHG�LGOH�ZKHQ�WKHUH�DUH�QR�+,)�FRPPDQGV�
RXWVWDQGLQJ��7KH�KDUGZDUH�LGOH�IXQFWLRQ�LV�GLVDEOHG�ZKHQ�
KZBOSBLGOHB[�� �� 
8QLW��0XOWLSOHV�RI����'),�FORFNV� 
3URJUDPPLQJ�0RGH��6WDWLF 

���� 52 �[���� UHVHUYHG 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

KZBOSBH[LWBLGOHBHQ 
:KHQ�WKLV�ELW�LV�SURJUDPPHG�WR���WKH�FDFWLYHBLQBGGUF�SLQ�RI�WKH�
''5&�FDQ�EH�XVHG�WR�H[LW�IURP�WKH�DXWRPDWLF�FORFN�VWRS��
DXWRPDWLF�SRZHU�GRZQ�RU�DXWRPDWLF�VHOI�UHIUHVK�PRGHV� 
1RWH��LW�ZLOO�QRW�FDXVH�H[LW�RI�6HOI�5HIUHVK�WKDW�ZDV�FDXVHG�E\�
+DUGZDUH�/RZ�3RZHU�,QWHUIDFH�DQG�RU�6RIWZDUH�
�3:5&7/�VHOIUHIBVZ�� 
3URJUDPPLQJ�0RGH��6WDWLF 

� 5: �[� 
KZBOSBHQ 
(QDEOH�IRU�+DUGZDUH�/RZ�3RZHU�,QWHUIDFH� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS�� 

 
''5&B+:))&&7/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� 
WDUJHWBYUFJ 
6HW�WDUJHW�YDOXH�RI�95&*��05���23>�@���7KLV�ILHOG�YDOXH�LV�XVHG�
ZKHQ�+:))&�UHTXHVW�KDV�EHHQ�LVVXHG� 
3URJUDPPLQJ�0RGH��6WDWLF 

� 5: �[� 
LQLWBYUFJ 
6HW�LQLWLDO�YDOXH�RI�95&*��05���23>�@���7KLV�ILHOG�YDOXH�LV�XVHG�
ZKHQ�+:))&&7/�KZIIFBHQ�KDV�EHHQ�FKDQJHG�WR��
E��� 
3URJUDPPLQJ�0RGH��6WDWLF 

� 5: �[� 
LQLWBIVS 
6HW�LQLWLDO�YDOXH�RI�)63�23��05���23>�@���7KLV�ILHOG�YDOXH�LV�XVHG�
ZKHQ�+:))&&7/�KZIIFBHQ�KDV�EHHQ�FKDQJHG�WR��
E��� 
3URJUDPPLQJ�0RGH��6WDWLF 

��� 52 �[� UHVHUYHG 

��� 5: �[� 

KZIIFBHQ 
(QDEOH�+:))&�WKURXJK�+DUGZDUH�/RZ�3RZHU�,QWHUIDFH��7KH�RWKHU�
ILHOGV�RI�WKLV�UHJLVWHU�DUH�XVHG�RQO\�ZKHQ�FKDQJLQJ�WKLV�ILHOG�WR�
��� 
�
E����'LVDEOH�+:))& 
�
E����,QWHUPHGLDWH��VHW�RQO\�ZKHQ�GLVDEOLQJ�+:))& 
�
E����(QDEOH�+:))& 
�
E����1RW�DOORZHG 
3URJUDPPLQJ�0RGH��'\QDPLF 

 
''5&B+:))&67$7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[������ UHVHUYHG 

� 52 �[� 
FXUUHQWBYUFJ 
,QGLFDWHV�FXUUHQW�YDOXH�RI�95&*��05���23>�@�� 
3URJUDPPLQJ�0RGH��'\QDPLF 

� 52 �[� 
FXUUHQWBIVS 
,QGLFDWHV�FXUUHQW�YDOXH�RI�)63�23��05���23>�@�� 
3URJUDPPLQJ�0RGH��'\QDPLF 

��� 52 �[� UHVHUYHG 

� 52 �[� 

FXUUHQWBIUHTXHQF\ 
,QGLFDWHV�WKH�FXUUHQW�IUHTXHQF\� 
�
E���)UHTXHQF\���1RUPDO 
�
E���)UHTXHQF\���)5(4� 
3URJUDPPLQJ�0RGH��'\QDPLF 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
��� 52 �[� UHVHUYHG 

� 52 �[� 

KZIIFBRSHUDWLQJBPRGH 
2SHUDWLQJ�PRGH�RI�+:))&� 
�
E���1RUPDO 
�
E���6HOI�5HIUHVK�RU�65�3RZHUGRZQ 
3URJUDPPLQJ�0RGH��'\QDPLF 

� 52 �[� 
KZIIFBLQBSURJUHVV 
,QGLFDWHV�+:))&�LV�LQ�SURJUHVV� 
3URJUDPPLQJ�0RGH��'\QDPLF 

 
''5&B5)6+&7/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[� 

UHIUHVKBPDUJLQ 
7KUHVKROG�YDOXH�LQ�QXPEHU�RI�'),�FORFN�F\FOHV�EHIRUH�WKH�FULWLFDO�
UHIUHVK�RU�SDJH�WLPHU�H[SLUHV��$�FULWLFDO�UHIUHVK�LV�WR�EH�LVVXHG�
EHIRUH�WKLV�WKUHVKROG�LV�UHDFKHG��,W�LV�UHFRPPHQGHG�WKDW�WKLV�QRW�
EH�FKDQJHG�IURP�WKH�GHIDXOW�YDOXH��FXUUHQWO\�VKRZQ�DV��[���,W�
PXVW�DOZD\V�EH�OHVV�WKDQ�LQWHUQDOO\�XVHG�WBUIFBQRPB[����1RWH�
WKDW��LQ�/3''5��/3''5��/3''5���LQWHUQDOO\�XVHG�
WBUIFBQRPB[���PD\�EH�HTXDO�WR�5)6+70*�WBUIFBQRPB[��!!��LI�
GHUDWLQJ�LV�HQDEOHG��'(5$7((1�GHUDWHBHQDEOH ����2WKHUZLVH��
LQWHUQDOO\�XVHG�WBUIFBQRPB[���ZLOO�EH�HTXDO�WR�
5)6+70*�WBUIFBQRPB[��� 
8QLW��0XOWLSOHV�RI����'),�FORFNV� 
3URJUDPPLQJ�0RGH��'\QDPLF���5HIUHVK�5HODWHG 

����� 52 �[� UHVHUYHG 

����� 5: �[�� 

UHIUHVKBWRB[�� 
,I�WKH�UHIUHVK�WLPHU��W5)&QRP��DOVR�NQRZQ�DV�W5(),��KDV�H[SLUHG�
DW�OHDVW�RQFH��EXW�LW�KDV�QRW�H[SLUHG��5)6+&7/��UHIUHVKBEXUVW����
WLPHV�\HW��WKHQ�D�VSHFXODWLYH�UHIUHVK�PD\�EH�SHUIRUPHG��$�
VSHFXODWLYH�UHIUHVK�LV�D�UHIUHVK�SHUIRUPHG�DW�D�WLPH�ZKHQ�UHIUHVK�
ZRXOG�EH�XVHIXO��EXW�EHIRUH�LW�LV�DEVROXWHO\�UHTXLUHG��:KHQ�WKH�
6'5$0�EXV�LV�LGOH�IRU�D�SHULRG�RI�WLPH�GHWHUPLQHG�E\�WKLV�
5)6+&7/��UHIUHVKBWRB[���DQG�WKH�UHIUHVK�WLPHU�KDV�H[SLUHG�DW�
OHDVW�RQFH�VLQFH�WKH�ODVW�UHIUHVK��WKHQ�D�VSHFXODWLYH�UHIUHVK�LV�
SHUIRUPHG��6SHFXODWLYH�UHIUHVKHV�FRQWLQXHV�VXFFHVVLYHO\�XQWLO�
WKHUH�DUH�QR�UHIUHVKHV�SHQGLQJ�RU�XQWLO�QHZ�UHDGV�RU�ZULWHV�DUH�
LVVXHG�WR�WKH�X0&7/�� 
8QLW��0XOWLSOHV�RI����'),�FORFNV� 
3URJUDPPLQJ�0RGH��'\QDPLF���5HIUHVK�5HODWHG 

���� 52 �[� UHVHUYHG 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[�� 

UHIUHVKBEXUVW 
7KH�SURJUDPPHG�YDOXH�����LV�WKH�QXPEHU�RI�UHIUHVK�WLPHRXWV�
WKDW�LV�DOORZHG�WR�DFFXPXODWH�EHIRUH�WUDIILF�LV�EORFNHG�DQG�WKH�
UHIUHVKHV�DUH�IRUFHG�WR�H[HFXWH��&ORVLQJ�SDJHV�WR�SHUIRUP�D�
UHIUHVK�LV�D�RQH�WLPH�SHQDOW\�WKDW�PXVW�EH�SDLG�IRU�HDFK�JURXS�RI�
UHIUHVKHV��7KHUHIRUH��SHUIRUPLQJ�UHIUHVKHV�LQ�D�EXUVW�UHGXFHV�WKH�
SHU�UHIUHVK�SHQDOW\�RI�WKHVH�SDJH�FORVLQJV��+LJKHU�QXPEHUV�IRU�
5)6+&7/�UHIUHVKBEXUVW�VOLJKWO\�LQFUHDVHV�XWLOL]DWLRQ��ORZHU�
QXPEHUV�GHFUHDVHV�WKH�ZRUVWFDVH�ODWHQF\�DVVRFLDWHG�ZLWK�
UHIUHVKHV� 
�
K���6LQJOH�UHIUHVK 
�
K���%XUVW�RI���UHIUHVK 
�
K���%XUVW�RI���UHIUHVK 
)RU�''5�����WKH�UHIUHVK�LV�DOZD\V�SHU�UDQN�DQG�QRW�SHUEDQN��7KH�
UDQN�UHIUHVK�FDQ�EH�DFFXPXODWHG�RYHU��W5(),�F\FOHV�XVLQJ�WKH�
EXUVW�UHIUHVK�IHDWXUH��,Q�''5��PRGH��DFFRUGLQJ�WR�)LQH�
*UDQXODULW\�IHDWXUH����UHIUHVKHV�FDQ�EH�SRVWSRQHG�LQ��;�PRGH��
���UHIUHVKHV�LQ��;�PRGH�DQG����UHIUHVKHV�LQ��;�PRGH��,I�XVLQJ�
3+<�LQLWLDWHG�XSGDWHV��FDUH�PXVW�EH�WDNHQ�LQ�WKH�VHWWLQJ�RI�
5)6+&7/��UHIUHVKBEXUVW��WR�HQVXUH�WKDW�W5)&PD[�LV�QRW�YLRODWHG�
GXH�WR�D�3+<�LQLWLDWHG�XSGDWH�RFFXUULQJ�VKRUWO\�EHIRUH�D�UHIUHVK�
EXUVW�ZDV�GXH��,Q�WKLV�VLWXDWLRQ��WKH�UHIUHVK�EXUVW�ZLOO�EH�GHOD\HG�
XQWLO�WKH�3+<LQLWLDWHG�XSGDWH�LV�FRPSOHWH� 
3URJUDPPLQJ�0RGH��'\QDPLF���5HIUHVK�5HODWHG 

� 52 �[� UHVHUYHG 

� 5: �[� 

SHUBEDQNBUHIUHVK 
�¶E���3HU�EDQN�UHIUHVK 
�¶E���$OO�EDQN�UHIUHVK 
3HU�EDQN�UHIUHVK�DOORZV�WUDIILF�WR�IORZ�WR�RWKHU�EDQNV��3HU�EDQN�
UHIUHVK�LV�QRW�VXSSRUWHG�E\�DOO�/3''5��GHYLFHV�EXW�VKRXOG�EH�
VXSSRUWHG�E\�DOO�/3''5��/3''5��GHYLFHV� 
3URJUDPPLQJ�0RGH��6WDWLF 

 
''5&B5)6+&7/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[��� 

UHIUHVKBWLPHU�BVWDUWBYDOXHB[�� 
5HIUHVK�WLPHU�VWDUW�IRU�UDQN����RQO\�SUHVHQW�LQ�PXOWL�UDQN�
FRQILJXUDWLRQV���7KLV�LV�XVHIXO�LQ�VWDJJHULQJ�WKH�UHIUHVKHV�WR�
PXOWLSOH�UDQNV�WR�KHOS�WUDIILF�WR�SURFHHG��7KLV�LV�H[SODLQHG�LQ�
5HIUHVK�&RQWUROV�VHFWLRQ�RI�DUFKLWHFWXUH�FKDSWHU� 
8QLW��0XOWLSOHV�RI����'),�FORFN�F\FOHV� 
3URJUDPPLQJ�0RGH��'\QDPLF���5HIUHVK�5HODWHG 

����� 52 �[� UHVHUYHG 

���� 5: �[��� 

UHIUHVKBWLPHU�BVWDUWBYDOXHB[�� 
5HIUHVK�WLPHU�VWDUW�IRU�UDQN����RQO\�SUHVHQW�LQ�PXOWL�UDQN�
FRQILJXUDWLRQV���7KLV�LV�XVHIXO�LQ�VWDJJHULQJ�WKH�UHIUHVKHV�WR�
PXOWLSOH�UDQNV�WR�KHOS�WUDIILF�WR�SURFHHG��7KLV�LV�H[SODLQHG�LQ�
5HIUHVK�&RQWUROV�VHFWLRQ�RI�DUFKLWHFWXUH�FKDSWHU� 
8QLW��0XOWLSOHV�RI����'),�FORFN�F\FOHV� 
3URJUDPPLQJ�0RGH��'\QDPLF���5HIUHVK�5HODWHG 

 
''5&B5)6+&7/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �35 

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[� 

UHIUHVKBPRGH 
)LQH�*UDQXODULW\�5HIUHVK�0RGH 
�
E�����)L[HG��[��1RUPDO�PRGH� 
�
E�����)L[HG��[ 
�
E�����)L[HG��[ 
�
E�����(QDEOH�RQ�WKH�IO\��[��QRW�VXSSRUWHG� 
�
E�����(QDEOH�RQ�WKH�IO\��[��QRW�VXSSRUWHG� 
(YHU\WKLQJ�HOVH���UHVHUYHG 
1RWH��2QO\�)L[HG��[�PRGH�LV�VXSSRUWHG�LI�
5)6+&7/��GLVBDXWRBUHIUHVK� ��� 
1RWH��7KH�RQ�WKH�IO\�PRGHV�DUH�QRW�VXSSRUWHG�LQ�WKLV�YHUVLRQ�RI�
WKH�X0&7/�� 
1RWH��7KLV�PXVW�EH�VHW�XS�ZKLOH�WKH�&RQWUROOHU�LV�LQ�UHVHW�RU�ZKLOH�
WKH�&RQWUROOHU�LV�LQ�VHOI�UHIUHVK�PRGH��&KDQJLQJ�WKLV�GXULQJ�
QRUPDO�RSHUDWLRQ�LV�QRW�DOORZHG��0DNLQJ�WKLV�D�G\QDPLF�UHJLVWHU�
ZLOO�EH�VXSSRUWHG�LQ�IXWXUH�YHUVLRQ�RI�WKH�X0&7/�� 
1RWH��7KLV�UHJLVWHU�ILHOG�KDV�HIIHFW�RQO\�LI�D�''5��6'5$0�GHYLFH�
LV�LQ�XVH��0675�GGU�� ���� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS�� 

��� 52 �[� UHVHUYHG 

� 5: �[� 

UHIUHVKBXSGDWHBOHYHO 
7RJJOH�WKLV�VLJQDO��HLWKHU�IURP���WR���RU�IURP���WR����WR�LQGLFDWH�
WKDW�WKH�UHIUHVK�UHJLVWHU�V��KDYH�EHHQ�XSGDWHG��
UHIUHVKBXSGDWHBOHYHO�PXVW�QRW�EH�WRJJOHG�ZKHQ�WKH�''5&�LV�LQ�
UHVHW��FRUHBGGUFBUVWQ� �����7KH�UHIUHVK�UHJLVWHU�V��DUH�
DXWRPDWLFDOO\�XSGDWHG�ZKHQ�H[LWLQJ�UHVHW� 
3URJUDPPLQJ�0RGH��'\QDPLF 

� 5: �[� 

GLVBDXWRBUHIUHVK 
:KHQ�
�
��GLVDEOH�DXWR�UHIUHVK�JHQHUDWHG�E\�WKH�X0&7/���:KHQ�
DXWR�UHIUHVK�LV�GLVDEOHG��WKH�6R&�FRUH�PXVW�JHQHUDWH�UHIUHVKHV�
XVLQJ�WKH�UHJLVWHUV�'%*&0'�UDQNQBUHIUHVK��:KHQ�
GLVBDXWRBUHIUHVK�WUDQVLWLRQV�IURP���WR����DQ\�SHQGLQJ�UHIUHVKHV�
DUH�LPPHGLDWHO\�VFKHGXOHG�E\�WKH�X0&7/���,I�''5��&5&�SDULW\�
UHWU\�LV�HQDEOHG��&5&3$5&7/��FUFBSDULW\BUHWU\BHQDEOH� �����
GLVDEOH�DXWRUHIUHVK�LV�QRW�VXSSRUWHG��DQG�WKLV�ELW�PXVW�EH�VHW�WR�

�
���''5��RQO\��,I�)*5�PRGH�LV�HQDEOHG�
�5)6+&7/��UHIUHVKBPRGH�!�����GLVDEOH�DXWR�UHIUHVK�LV�QRW�
VXSSRUWHG��DQG�WKLV�ELW�PXVW�EH�VHW�WR�
�
� 
7KLV�UHJLVWHU�ILHOG�LV�FKDQJHDEOH�RQ�WKH�IO\� 
3URJUDPPLQJ�0RGH��'\QDPLF���5HIUHVK�5HODWHG 

 
''5&B5)6+70*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
WBUIFBQRPB[�BVHO 
6SHFLILHV�ZKHWKHU�WKH�WBUIFBQRPB[�B[���UHJLVWHU�YDOXH�LV�[��RU�
[��� 

����� 52 �[� UHVHUYHG 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[��� 

WBUIFBQRPB[�B[�� 
W5(),��$YHUDJH�WLPH�LQWHUYDO�EHWZHHQ�UHIUHVKHV�SHU�UDQN�
�6SHFLILFDWLRQ�����XV�IRU�''5���''5��DQG�''5���6HH�-('(&�
VSHFLILFDWLRQ�IRU�P''5��/3''5���/3''5��DQG�/3''5��� 
)RU�/3''5��/3''5��/3''5�� 
LI�XVLQJ�DOO�EDQN�UHIUHVKHV��5)6+&7/��SHUBEDQNBUHIUHVK �����
WKLV�UHJLVWHU�VKRXOG�EH�VHW�WR�W5(),DE 
LI�XVLQJ�SHU�EDQN�UHIUHVKHV��5)6+&7/��SHUBEDQNBUHIUHVK� �����
WKLV�UHJLVWHU�VKRXOG�EH�VHW�WR�W5(),SE 
:KHQ�WKH�FRQWUROOHU�LV�RSHUDWLQJ�LQ�����IUHTXHQF\�UDWLR�PRGH��
SURJUDP�WKLV�WR��W5(),�����QR�URXQGLQJ�XS� 
,Q�''5��PRGH��W5(),�YDOXH�LV�GLIIHUHQW�GHSHQGLQJ�RQ�WKH�UHIUHVK�
PRGH��7KH�XVHU�VKRXOG�SURJUDP�WKH�DSSURSULDWH�YDOXH�IURP�WKH�
VSHF�EDVHG�RQ�WKH�YDOXH�SURJUDPPHG�LQ�WKH�UHIUHVK�PRGH�
UHJLVWHU� 
1RWH�WKDW�LI�5)6+70*�WBUIFBQRPB[�BVHO  ���
5)6+70*�WBUIFBQRPB[�B[���PXVW�EH�JUHDWHU�WKDQ�
5)6+70*�WBUIFBPLQ��LI�5)6+70*�WBUIFBQRPB[�BVHO  ���
5)6+70*�WBUIFBQRPB[�B[�����PXVW�EH�JUHDWHU�WKDQ�
5)6+70*�WBUIFBPLQ��5)6+70*�WBUIFBQRPB[���PXVW�EH�JUHDWHU�
WKDQ��[�� 
1RQ�''5��RU�''5��)L[HG��[�PRGH�5)6+70*�WBUIFBQRPB[�B[���
PXVW�EH�OHVV�WKDQ�RU�HTXDO�WR��[))(� 
''5��)L[HG��[�PRGH��5)6+70*�WBUIFBQRPB[�B[���PXVW�EH�OHVV�
WKDQ�RU�HTXDO�WR��[�))� 
''5��)L[HG��[�PRGH��5)6+70*�WBUIFBQRPB[�B[���PXVW�EH�OHVV�
WKDQ�RU�HTXDO�WR��[�))� 
8QLW��&ORFNV�RU�PXOWLSOHV�RI����FORFNV��GHSHQGLQJ�RQ�
5)6+70*�WBUIFBQRPB[�BVHO� 
3URJUDPPLQJ�0RGH��'\QDPLF���5HIUHVK�5HODWHG 

�� 5: �[� 

OSGGU�BWUHIEZBHQ 
8VHG�RQO\�ZKHQ�/3''5��PHPRU\�W\SH�LV�FRQQHFWHG��6KRXOG�RQO\�
EH�FKDQJHG�ZKHQ�X0&7/��LV�LQ�UHVHW��6SHFLILHV�ZKHWKHU�WR�XVH�
WKH�W5()%:�SDUDPHWHU��UHTXLUHG�E\�VRPH�/3''5��GHYLFHV�ZKLFK�
FRPSO\�ZLWK�HDUOLHU�YHUVLRQV�RI�WKH�/3''5��-('(&�VSHFLILFDWLRQ��
RU�QRW� 
�
E���W5()%:�SDUDPHWHU�QRW�XVHG 
�
E���W5()%:�SDUDPHWHU�XVHG 
3URJUDPPLQJ�0RGH��6WDWLF 

����� 52 �[�� UHVHUYHG 

��� 5: �[��F 

WBUIFBPLQ 
W5)&��PLQ���0LQLPXP�WLPH�IURP�UHIUHVK�WR�UHIUHVK�RU�DFWLYDWH� 
WBUIFBPLQ�VKRXOG�EH�VHW�WR�5RXQG8S�5RXQG8S�W5)&PLQ�W&.����� 
,Q�/3''5��/3''5��/3''5��PRGH� 
LI�XVLQJ�DOO�EDQN�UHIUHVKHV��WKH�W5)&PLQ�YDOXH�LQ�WKH�DERYH�
HTXDWLRQV�LV�HTXDO�WR�W5)&DE 
LI�XVLQJ�SHU�EDQN�UHIUHVKHV��WKH�W5)&PLQ�YDOXH�LQ�WKH�DERYH�
HTXDWLRQV�LV�HTXDO�WR�W5)&SE 
,Q�''5��PRGH��WKH�W5)&PLQ�YDOXH�LQ�WKH�DERYH�HTXDWLRQV�LV�
GLIIHUHQW�GHSHQGLQJ�RQ�WKH�UHIUHVK�PRGH��IL[HG��;��;��;��DQG�
WKH�GHYLFH�GHQVLW\��7KH�XVHU�VKRXOG�SURJUDP�WKH�DSSURSULDWH�
YDOXH�IURP�WKH�VSHF�EDVHG�RQ�WKH�
UHIUHVKBPRGH
�DQG�WKH�GHYLFH�
GHQVLW\�WKDW�LV�XVHG� 
8QLW��'),�&ORFNV� 
3URJUDPPLQJ�0RGH��'\QDPLF���5HIUHVK�5HODWHG 
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''5&B&5&3$5&7/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��F���  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� :2 �[� 

GILBDOHUWBHUUBFQWBFOU 
'),�DOHUW�HUURU�FRXQW�FOHDU��&OHDU�ELW�IRU�'),�DOHUW�HUURU�FRXQWHU��
$VVHUWLQJ�WKLV�ELW�ZLOO�FOHDU�WKH�'),�DOHUW�HUURU�FRXQWHU��
&5&3$567$7�GILBDOHUWBHUUBFQW��:KHQ�WKH�FOHDU�RSHUDWLRQ�LV�
FRPSOHWH��WKH�X0&7/��DXWRPDWLFDOO\�FOHDUV�WKLV�ELW� 
3URJUDPPLQJ�0RGH��'\QDPLF 

� :2 �[� 

GILBDOHUWBHUUBLQWBFOU 
,QWHUUXSW�FOHDU�ELW�IRU�'),�DOHUW�HUURU��,I�WKLV�ELW�LV�VHW��WKH�DOHUW�
HUURU�LQWHUUXSW�RQ�&5&3$567$7�GILBDOHUWBHUUBLQW�ZLOO�EH�FOHDUHG��
:KHQ�WKH�FOHDU�RSHUDWLRQ�LV�FRPSOHWH��WKH�X0&7/��DXWRPDWLFDOO\�
FOHDUV�WKLV�ELW� 
3URJUDPPLQJ�0RGH��'\QDPLF 

� 5: �[� 

GILBDOHUWBHUUBLQWBHQ 
,QWHUUXSW�HQDEOH�ELW�IRU�'),�DOHUW�HUURU��,I�WKLV�ELW�LV�VHW��DQ\�
SDULW\�&5&�HUURU�GHWHFWHG�RQ�WKH�GILBDOHUWBQ�LQSXW�ZLOO�UHVXOW�LQ�
DQ�LQWHUUXSW�EHLQJ�VHW�RQ�&5&3$567$7�GILBDOHUWBHUUBLQW� 
3URJUDPPLQJ�0RGH��'\QDPLF 

 
''5&B&5&3$5&7/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��F���  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 

UHWU\BDGGBUGBODW 
5HWU\�DGGLWLRQDO�UHDG�ODWHQF\�YDOXH��'HOD\�YDOXH�XVHG�LV�
UHWU\BDGGBUGBODW����2QO\�XVHG�LI�
&5&3$5&7/��UHWU\BDGGBUGBODWBHQ�LV�HQDEOHG� 
6HOHFWV�WKH�QXPEHU�RI�SLSHOLQH�VWDJHV�WR�
GILBUGGDWDBYDOLG�GILBUGGDWD�GILBUGGDWDBGEL�EHIRUH�UHVW�RI�LQWHUQDO�
X0&7/��ORJLF�REVHUYHV�LW� 
5HTXLUHG�WR�FRPSHQVDWH�IRU�IDFW�GHOD\�LQ�3+<�3&%�IRU�JHQHUDWLQJ�
GILBDOHUWBQ�IRU�UHWU\�PD\�EH�PRUH�WKDQ�WKH�GHOD\�LQ�3+<�3&%�RQ�
UHDG�GDWD�SDWK� 
5HFRPPHQGHG�VHWWLQJV��LQ�WHUPV�RI�FRUHBGGUFBFRUHBFON���
�0D[LPXP�$OHUW�GHOD\�WKURXJK�3+<�3&%�IURP�HUURQHRXV�UHDG�
FRPPDQG�LQFOXGLQJ�W3$5B81.12:1�����0LQLPXP�5HDG�GDWD�
GHOD\�WKURXJK�3+<�3&%�IURP�HUURQHRXV�UHDG�FRPPDQG�����3+<
V�
PD[�JUDQXODULW\�RI�GILBUGGDWD�EHDWV�WKDW�PD\�EH�FRUUXSWHG�EHIRUH�
HUURQHRXV�5HDG� 
1RWH��7KLV�FDOFXODWLRQ�GHSHQGV�RQ�YDULRXV�LWHPV�VXFK�DV�5/��
W3$5B$/(57B21�W3$5B81.12:1�5&'�3+<�3&%�EHKDYLRU� 
8QLW��'),�FORFN�F\FOHV� 
3URJUDPPLQJ�0RGH��6WDWLF 

�� 5: �[� 

UHWU\BDGGBUGBODWBHQ 
5HWU\�DGGLWLRQDO�UHDG�ODWHQF\�HQDEOH��1XPEHU�RI�SLSHOLQH�VWDJHV�
VHOHFWHG�LV�GHILQHG�DV�&5&3$5&7/��UHWU\BDGGBODW����2QO\�VHW�LI�
&5&3$5&7/��FUFBSDULW\BUHWU\BHQDEOH� �� 
3URJUDPPLQJ�0RGH��6WDWLF 

����� 52 �[� UHVHUYHG 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

FDSDULW\BGLVDEOHBEHIRUHBVU 
,I�''5��6'5$0
V�&$�SDULW\�LV�HQDEOHG�E\�,1,7��PU�>���@� ��
DQG�WKLV�UHJLVWHU�LV�VHW�WR����&$�SDULW\�LV�DXWRPDWLFDOO\�GLVDEOHG�
EHIRUH�6HOI�5HIUHVK�HQWU\�DQG�HQDEOHG�DIWHU�6HOI5HIUHVK�H[LW�E\�
LVVXLQJ�05�� 
�
E���&$�SDULW\�LV�GLVDEOHG�EHIRUH�6HOI�5HIUHVK�HQWU\ 
�
E���&$�SDULW\�LV�QRW�GLVDEOHG�EHIRUH�6HOI�5HIUHVK�HQWU\ 
,I�*HDUGRZQ�LV�XVHG�E\�0675�JHDUGRZQBPRGH ���WKLV�UHJLVWHU�
PXVW�EH�VHW�WR��� 
,I�WKLV�UHJLVWHU�VHW�WR����'5$070*��WBFNHVU�DQG�
'5$070*��WBFNVUH�PXVW�EH�LQFUHDVHG�E\�3/�3DULW\�ODWHQF\� 
3URJUDPPLQJ�0RGH��6WDWLF 

���� 52 �[� UHVHUYHG 

� 5: �[� 

FUFBLQFBGP 
&5&�&DOFXODWLRQ�VHWWLQJ�UHJLVWHU 
�
E���&5&�LQFOXGHV�'0�VLJQDO 
�
E���&5&�QRW�LQFOXGHV�'0�VLJQDO 
3UHVHQW�RQO\�LQ�GHVLJQV�FRQILJXUHG�WR�VXSSRUW�''5�� 
3URJUDPPLQJ�0RGH��6WDWLF 

��� 52 �[� UHVHUYHG 

� 5: �[� 

FUFBHQDEOH 
&5&�HQDEOH�5HJLVWHU 
�
E���(QDEOH�JHQHUDWLRQ�RI�&5& 
�
E���'LVDEOH�JHQHUDWLRQ�RI�&5& 
7KH�VHWWLQJ�RI�WKLV�UHJLVWHU�VKRXOG�PDWFK�WKH�&5&�PRGH�UHJLVWHU�
VHWWLQJ�LQ�WKH�'5$0� 
3URJUDPPLQJ�0RGH��6WDWLF 

��� 52 �[� UHVHUYHG 

� 5: �[� 

SDULW\BHQDEOH 
&�$�3DULW\�HQDEOH�UHJLVWHU 
�
E���(QDEOH�JHQHUDWLRQ�RI�&�$�SDULW\�DQG�GHWHFWLRQ�RI�&�$�SDULW\�
HUURU 
�
E���'LVDEOH�JHQHUDWLRQ�RI�&�$�SDULW\�DQG�GLVDEOH�GHWHFWLRQ�RI�
&�$�SDULW\�HUURU 
,I�5&'
V�SDULW\�HUURU�GHWHFWLRQ�RU�6'5$0
V�SDULW\�GHWHFWLRQ�LV�
HQDEOHG��WKLV�UHJLVWHU�VKRXOG�EH��� 
3URJUDPPLQJ�0RGH��6WDWLF 

 
''5&B&5&3$567$7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��FF��  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 52 �[� 

GILBDOHUWBHUUBIDWOBLQW 
)DWDO�SDULW\�HUURU�LQWHUUXSW� 
2QH�RU�PRUH�WKHVH�VLWXDWLRQ�EHORZ�KDSSHQV��WKLV�LQWHUUXSW�ELW�LV�
VHW�0360;�FDXVHG�SDULW\�HUURU���5&'
V�SDULW\�HUURU�GHWHFWLRQ�
RQO\�3DULW\�HUURU�KDSSHQV�DJDLQ�GXULQJ�VRIWZDUH�LQWHUYHQWLRQ�
WLPH�056�ZDV�LQ�UHWU\BILIRBPD[BKROGBWLPHUB[��ZLQGRZ�IURP�
DOHUWBQ ��RU�67$7�RSHUDWLQJBPRGH�LV�,QLW� 
,W�UHPDLQV�VHW�XQWLO�FOHDUHG�E\�&5&3$5&7/��GILBDOHUWBHUUBIDWOBFOU��
,I�WKLV�LQWHUUXSW�LV�DVVHUWHG��V\VWHP�UHVHW�LV�VWURQJO\�
UHFRPPHQGHG� 
3URJUDPPLQJ�0RGH��6WDWLF 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 52 �[� 

GILBDOHUWBHUUBLQW 
'),�DOHUW�HUURU�LQWHUUXSW� 
,I�D�SDULW\�&5&�HUURU�LV�GHWHFWHG�RQ�GILBDOHUWBQ��DQG�WKH�LQWHUUXSW�
LV�HQDEOHG�E\�&5&3$5&7/��GILBDOHUWBHUUBLQWBHQ��WKLV�LQWHUUXSW�ELW�
ZLOO�EH�VHW��,W�ZLOO�UHPDLQ�VHW�XQWLO�FOHDUHG�E\�
&5&3$5&7/��GILBDOHUWBHUUBLQWBFOU 
3URJUDPPLQJ�0RGH��6WDWLF 

���� 52 �[���� 

GILBDOHUWBHUUBFQW 
'),�DOHUW�HUURU�FRXQW� 
,I�D�SDULW\�&5&�HUURU�LV�GHWHFWHG�RQ�GILBDOHUWBQ��WKLV�FRXQWHU�EH�
LQFUHPHQWHG��7KLV�LV�LQGHSHQGHQW�RI�WKH�VHWWLQJ�RI�
&5&3$5&7/��GILBDOHUWBHUUBLQWBHQ��,W�ZLOO�VDWXUDWH�DW��[))))��DQG�
FDQ�EH�FOHDUHG�E\�DVVHUWLQJ�&5&3$5&7/��GILBDOHUWBHUUBFQWBFOU� 
3URJUDPPLQJ�0RGH��6WDWLF 

 
''5&B,1,7��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��G���  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

VNLSBGUDPBLQLW 
,I�ORZHU�ELW�LV�HQDEOHG�WKH�6'5$0�LQLWLDOL]DWLRQ�URXWLQH�LV�VNLSSHG��
7KH�XSSHU�ELW�GHFLGHV�ZKDW�VWDWH�WKH�FRQWUROOHU�VWDUWV�XS�LQ�ZKHQ�
UHVHW�LV�UHPRYHG 
�
E����6'5$0�,QWLDOL]DWLRQ�URXWLQH�LV�UXQ�DIWHU�SRZHU�XS 
�
E����6'5$0�,QWLDOL]DWLRQ�URXWLQH�LV�VNLSSHG�DIWHU�SRZHUXS��
&RQWUROOHU�VWDUWV�XS�LQ�1RUPDO�0RGH 
�
E����6'5$0�,QWLDOL]DWLRQ�URXWLQH�LV�VNLSSHG�DIWHU�SRZHUXS��
&RQWUROOHU�VWDUWV�XS�LQ�6HOI�UHIUHVK�0RGH 
�
E����6'5$0�,QWLDOL]DWLRQ�URXWLQH�LV�UXQ�DIWHU�SRZHU�XS� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS�� 

����� 52 �[� UHVHUYHG 

����� 5: �[��� 

SRVWBFNHB[���� 
&\FOHV�WR�ZDLW�DIWHU�GULYLQJ�&.(�KLJK�WR�VWDUW�WKH�6'5$0�
LQLWLDOL]DWLRQ�VHTXHQFH� 
8QLW�������'),�FORFN�F\FOHV� 
''5��W\SLFDOO\�UHTXLUHV�D�����QV�GHOD\��UHTXLULQJ�WKLV�YDOXH�WR�EH�
SURJUDPPHG�WR���DW�DOO�FORFN�VSHHGV� 
/3''5��/3''5��W\SLFDOO\�UHTXLUHV�WKLV�WR�EH�SURJUDPPHG�IRU�D�
GHOD\�RI�����XV� 
/3''5��W\SLFDOO\�UHTXLUHV�WKLV�WR�EH�SURJUDPPHG�IRU�D�GHOD\�RI���
XV� 
:KHQ�WKH�FRQWUROOHU�LV�RSHUDWLQJ�LQ�����IUHTXHQF\�UDWLR�PRGH��
SURJUDP�WKLV�WR�-('(&�VSHF�YDOXH�GLYLGHG�E\����DQG�URXQG�LW�XS�
WR�WKH�QH[W�LQWHJHU�YDOXH� 
3URJUDPPLQJ�0RGH��6WDWLF 

����� 52 �[� UHVHUYHG 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[��H 

SUHBFNHB[���� 
&\FOHV�WR�ZDLW�DIWHU�UHVHW�EHIRUH�GULYLQJ�&.(�KLJK�WR�VWDUW�WKH�
6'5$0�LQLWLDOL]DWLRQ�VHTXHQFH� 
8QLW�������'),�FORFN�F\FOHV� 
''5��VSHFLILFDWLRQV�W\SLFDOO\�UHTXLUH�WKLV�WR�EH�SURJUDPPHG�IRU�D�
GHOD\�RI�! �����XV� 
/3''5��/3''5���W,1,7��RI�����QV��PLQ� 
/3''5���W,1,7��RI���PV��PLQ� 
:KHQ�WKH�FRQWUROOHU�LV�RSHUDWLQJ�LQ�����IUHTXHQF\�UDWLR�PRGH��
SURJUDP�WKLV�WR�-('(&�VSHF�YDOXH�GLYLGHG�E\����DQG�URXQG�LW�XS�
WR�WKH�QH[W�LQWHJHU�YDOXH� 
3URJUDPPLQJ�0RGH��6WDWLF 

 
''5&B,1,7��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��G���  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[��� 

GUDPBUVWQB[���� 
1XPEHU�RI�F\FOHV�WR�DVVHUW�6'5$0�UHVHW�VLJQDO�GXULQJ�LQLW�
VHTXHQFH�7KLV�LV�RQO\�SUHVHQW�IRU�GHVLJQV�VXSSRUWLQJ�''5���
''5��RU�/3''5��GHYLFHV�:KHQ�WKH�FRQWUROOHU�LV�RSHUDWLQJ�LQ�����
IUHTXHQF\�UDWLR�PRGH��SURJUDP�WKLV�WR�-('(&�VSHF�YDOXH�GLYLGHG�
E\����DQG�URXQG�LW�XS�WR�WKH�QH[W�LQWHJHU�YDOXH� 
8QLW�������'),�FORFN�F\FOHV� 
3URJUDPPLQJ�0RGH��6WDWLF 

���� 52 �[��� UHVHUYHG 

��� 5: �[� 

SUHBRFGB[�� 
:DLW�SHULRG�EHIRUH�GULYLQJ�WKH�2&'�FRPSOHWH�FRPPDQG�WR�
6'5$0� 
8QLW��&RXQWV�RI�D�JOREDO�WLPHU�WKDW�SXOVHV�HYHU\����'),�FORFN�
F\FOHV�7KHUH�LV�QR�NQRZQ�VSHFLILF�UHTXLUHPHQW�IRU�WKLV��LW�PD\�EH�
VHW�WR�]HUR� 
3URJUDPPLQJ�0RGH��6WDWLF 

 
''5&B,1,7��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��G���  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[�G 

LGOHBDIWHUBUHVHWB[�� 
,GOH�WLPH�DIWHU�WKH�UHVHW�FRPPDQG��W,1,7���3UHVHQW�RQO\�LQ�
GHVLJQV�FRQILJXUHG�WR�VXSSRUW�/3''5�� 
:KHQ�WKH�FRQWUROOHU�LV�RSHUDWLQJ�LQ�����IUHTXHQF\�UDWLR�PRGH��
SURJUDP�WKLV�WR�-('(&�VSHF�YDOXH�GLYLGHG�E\����DQG�URXQG�LW�XS�
WR�WKH�QH[W�LQWHJHU�YDOXH� 
8QLW�����'),�FORFN�F\FOHV� 
3URJUDPPLQJ�0RGH��6WDWLF 

��� 52 �[� UHVHUYHG 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

PLQBVWDEOHBFORFNB[� 
7LPH�WR�ZDLW�DIWHU�WKH�ILUVW�&.(�KLJK��W,1,7���3UHVHQW�RQO\�LQ�
GHVLJQV�FRQILJXUHG�WR�VXSSRUW�/3''5��/3''5�� 
/3''5��/3''5��W\SLFDOO\�UHTXLUHV���[�W&.�GHOD\� 
:KHQ�WKH�FRQWUROOHU�LV�RSHUDWLQJ�LQ�����IUHTXHQF\�UDWLR�PRGH��
SURJUDP�WKLV�WR�-('(&�VSHF�YDOXH�GLYLGHG�E\����DQG�URXQG�LW�XS�
WR�WKH�QH[W�LQWHJHU�YDOXH� 
8QLW��'),�FORFN�F\FOHV� 
3URJUDPPLQJ�0RGH��6WDWLF 

 
''5&B,1,7��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��GF��  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 

PU 
''5���9DOXH�WR�ZULWH�WR�05�UHJLVWHU��%LW���LV�IRU�'//�DQG�WKH�
VHWWLQJ�KHUH�LV�LJQRUHG��7KH�X0&7/��VHWV�WKLV�ELW�DSSURSULDWHO\� 
''5��''5���9DOXH�ORDGHG�LQWR�05��UHJLVWHU� 
P''5��9DOXH�WR�ZULWH�WR�05�UHJLVWHU� 
/3''5��/3''5��/3''5����9DOXH�WR�ZULWH�WR�05��UHJLVWHU 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS���DQG�*URXS�� 

���� 5: �[���� 

HPU 
''5���9DOXH�WR�ZULWH�WR�(05�UHJLVWHU��%LWV�����DUH�IRU�2&'�DQG�
WKH�VHWWLQJ�LQ�WKLV�UHJLVWHU�LV�LJQRUHG��7KH�X0&7/��VHWV�WKRVH�ELWV�
DSSURSULDWHO\��  
''5��''5���9DOXH�WR�ZULWH�WR�05��UHJLVWHU�6HW�ELW���WR����,I�
3+<�HYDOXDWLRQ�PRGH�WUDLQLQJ�LV�HQDEOHG��WKLV�ELW�LV�VHW�
DSSURSULDWHO\�E\�WKH�X0&7/��GXULQJ�ZULWH�OHYHOLQJ� 
P''5��9DOXH�WR�ZULWH�WR�(05�UHJLVWHU� 
/3''5��/3''5��/3''5����9DOXH�WR�ZULWH�WR�05��UHJLVWHU 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS�� 

 
''5&B,1,7��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��H���  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 

HPU� 
''5���9DOXH�WR�ZULWH�WR�(05��UHJLVWHU� 
''5��''5���9DOXH�WR�ZULWH�WR�05��UHJLVWHU 
/3''5��/3''5��/3''5���9DOXH�WR�ZULWH�WR�05��UHJLVWHU 
P''5��8QXVHG 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS�� 

���� 5: �[���� 

HPU� 
''5���9DOXH�WR�ZULWH�WR�(05��UHJLVWHU� 
''5��''5���9DOXH�WR�ZULWH�WR�05��UHJLVWHU 
P''5�/3''5��/3''5���8QXVHG 
/3''5���9DOXH�WR�ZULWH�WR�05���UHJLVWHU 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS���DQG�*URXS�� 

 
''5&B,1,7��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��H���  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� 

GHYB]TLQLWB[�� 
=4�LQLWLDO�FDOLEUDWLRQ��W=4,1,7��3UHVHQW�RQO\�LQ�GHVLJQV�FRQILJXUHG�
WR�VXSSRUW�''5��RU�''5��RU�/3''5��/3''5�� 
''5��W\SLFDOO\�UHTXLUHV�����6'5$0�FORFN�F\FOHV� 
''5��UHTXLUHV������6'5$0�FORFN�F\FOHV� 
/3''5��/3''5��UHTXLUHV���XV� 
:KHQ�WKH�FRQWUROOHU�LV�RSHUDWLQJ�LQ�����IUHTXHQF\�UDWLR�PRGH��
SURJUDP�WKLV�WR�-('(&�VSHF�YDOXH�GLYLGHG�E\����DQG�URXQG�LW�XS�
WR�WKH�QH[W�LQWHJHU�YDOXH� 
8QLW�����'),�FORFN�F\FOHV� 
3URJUDPPLQJ�0RGH��6WDWLF 

����� 52 �[�� UHVHUYHG 

��� 5: �[��� 

PD[BDXWRBLQLWB[���� 
0D[LPXP�GXUDWLRQ�RI�WKH�DXWR�LQLWLDOL]DWLRQ��W,1,7���3UHVHQW�RQO\�
LQ�GHVLJQV�FRQILJXUHG�WR�VXSSRUW�
/3''5��/3''5��/3''5��/3''5��W\SLFDOO\�UHTXLUHV����XV� 
8QLW�������'),�FORFN�F\FOHV� 
3URJUDPPLQJ�0RGH��6WDWLF 

 
''5&B,1,7��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��H���  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
PU� 
''5���9DOXH�WR�EH�ORDGHG�LQWR�6'5$0�05��UHJLVWHUV� 
/3''5���9DOXH�WR�EH�ORDGHG�LQWR�6'5$0�05���UHJLVWHUV� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS���DQG�*URXS�� 

���� 5: �[���� 
PU� 
''5���9DOXH�WR�EH�ORDGHG�LQWR�6'5$0�05��UHJLVWHUV� 
/3''5���9DOXH�WR�EH�ORDGHG�LQWR�6'5$0�05���UHJLVWHUV� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS���DQG�*URXS�� 

 
''5&B,1,7��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��HF��  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
PU� 
''5���9DOXH�WR�EH�ORDGHG�LQWR�6'5$0�05��UHJLVWHUV� 
/3''5���9DOXH�WR�EH�ORDGHG�LQWR�6'5$0�05���UHJLVWHUV� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS�� 

���� 5: �[���� 
PU�� 
/3''5���9DOXH�WR�EH�ORDGHG�LQWR�6'5$0�05���UHJLVWHUV� 
8VHG�LQ�/3''5��GHVLJQV�RQO\� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS�� 

 
''5&B',00&7/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��I���  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �43 

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

PUVBEJ�BHQ 
(QDEOH�IRU�%*��ELW�RI�056�FRPPDQG� 
%*��ELW�RI�WKH�PRGH�UHJLVWHU�DGGUHVV�LV�VSHFLILHG�DV�5)8�
�5HVHUYHG�IRU�)XWXUH�8VH��DQG�PXVW�EH�SURJUDPPHG�WR���GXULQJ�
056��,Q�FDVH�ZKHUH�'5$0V�ZKLFK�GR�QRW�KDYH�%*��DUH�DWWDFKHG�
DQG�ERWK�WKH�&$�SDULW\�DQG�WKH�2XWSXW�,QYHUVLRQ�DUH�HQDEOHG��
WKLV�PXVW�EH�VHW�WR����VR�WKDW�WKH�FDOFXODWLRQ�RI�&$�SDULW\�ZLOO�QRW�
LQFOXGH�%*��ELW� 
1RWH��7KLV�KDV�QR�HIIHFW�RQ�WKH�DGGUHVV�RI�DQ\�RWKHU�PHPRU\�
DFFHVVHV��RU�RI�VRIWZDUH�GULYHQ�PRGH�UHJLVWHU�DFFHVVHV� 
,I�DGGUHVV�PLUURULQJ�LV�HQDEOHG��WKLV�LV�DSSOLHG�WR�%*��RI�HYHQ�
UDQNV�DQG�%*��RI�RGG�UDQNV� 
�
E���(QDEOHG 
�
E���'LVDEOHG 
3URJUDPPLQJ�0RGH��6WDWLF 

� 5: �[� 

PUVBD��BHQ 
(QDEOH�IRU�$���ELW�RI�056�FRPPDQG� 
$���ELW�RI�WKH�PRGH�UHJLVWHU�DGGUHVV�LV�VSHFLILHG�DV�5)8�
�5HVHUYHG�IRU�)XWXUH�8VH��DQG�PXVW�EH�SURJUDPPHG�WR���GXULQJ�
056��,Q�FDVH�ZKHUH�'5$0V�ZKLFK�GR�QRW�KDYH�$���DUH�DWWDFKHG�
DQG�WKH�2XWSXW�,QYHUVLRQ�DUH�HQDEOHG��WKLV�PXVW�EH�VHW�WR����VR�
WKDW�WKH�FDOFXODWLRQ�RI�&$�SDULW\�ZLOO�QRW�LQFOXGH�$���ELW� 
1RWH��7KLV�KDV�QR�HIIHFW�RQ�WKH�DGGUHVV�RI�DQ\�RWKHU�PHPRU\�
DFFHVVHV��RU�RI�VRIWZDUH�GULYHQ�PRGH�UHJLVWHU�DFFHVVHV� 
�
E���(QDEOHG 
�
E���'LVDEOHG 
3URJUDPPLQJ�0RGH��6WDWLF 

 
''5&B5$1.&7/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��I���  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

���� 5: �[� 

GLIIBUDQNBZUBJDS 
2QO\�SUHVHQW�IRU�PXOWL�UDQN�FRQILJXUDWLRQV� 
,QGLFDWHV�WKH�QXPEHU�RI�FORFNV�RI�JDS�LQ�GDWD�UHVSRQVHV�ZKHQ�
SHUIRUPLQJ�FRQVHFXWLYH�ZULWHV�WR�GLIIHUHQW�UDQNV� 
7KLV�LV�XVHG�WR�VZLWFK�WKH�GHOD\V�LQ�WKH�3+<�WR�PDWFK�WKH�UDQN�
UHTXLUHPHQWV��7KLV�YDOXH�VKRXOG�FRQVLGHU�ERWK�3+<�UHTXLUHPHQW�
DQG�2'7�UHTXLUHPHQW� 
3+<�UHTXLUHPHQW� 
WSK\BZUFVJDS��VHH�3+<�GDWDERRN�IRU�YDOXH�RI�WSK\BZUFVJDS� 
,I�&5&�IHDWXUH�LV�HQDEOHG��VKRXOG�EH�LQFUHDVHG�E\��� 
,I�ZULWH�SUHDPEOH�LV�VHW�WR��W&.�''5��RQO\���VKRXOG�EH�LQFUHDVHG�
E\��� 
,I�ZULWH�SRVWDPEOH�LV�VHW�WR����W&.�/3''5��RQO\���VKRXOG�EH�
LQFUHDVHG�E\��� 
2'7�UHTXLUHPHQW� 
7KH�YDOXH�SURJUDPPHG�LQ�WKLV�UHJLVWHU�WDNHV�FDUH�RI�WKH�2'7�
VZLWFK�RII�WLPLQJ�UHTXLUHPHQW�ZKHQ�VZLWFKLQJ�UDQNV�GXULQJ�
ZULWHV� 
)RU�/3''5���WKH�UHTXLUHPHQW�LV�2'7/RII���2'7/RQ���%/������ 
:KHQ�WKH�FRQWUROOHU�LV�RSHUDWLQJ�LQ�����PRGH��SURJUDP�WKLV�WR�
WKH�ODUJHU�YDOXH�GLYLGHG�E\�WZR�DQG�URXQG�LW�XS�WR�WKH�QH[W�
LQWHJHU� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS�� 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

GLIIBUDQNBUGBJDS 
2QO\�SUHVHQW�IRU�PXOWL�UDQN�FRQILJXUDWLRQV� 
,QGLFDWHV�WKH�QXPEHU�RI�FORFNV�RI�JDS�LQ�GDWD�UHVSRQVHV�ZKHQ�
SHUIRUPLQJ�FRQVHFXWLYH�UHDGV�WR�GLIIHUHQW�UDQNV� 
7KLV�LV�XVHG�WR�VZLWFK�WKH�GHOD\V�LQ�WKH�3+<�WR�PDWFK�WKH�UDQN�
UHTXLUHPHQWV� 
7KLV�YDOXH�VKRXOG�FRQVLGHU�ERWK�3+<�UHTXLUHPHQW�DQG�2'7�
UHTXLUHPHQW� 
3+<�UHTXLUHPHQW� 
WSK\BUGFVJDS��VHH�3+<�GDWDERRN�IRU�YDOXH�RI�WSK\BUGFVJDS� 
,I�UHDG�SUHDPEOH�LV�VHW�WR��W&.�''5��RQO\���VKRXOG�EH�LQFUHDVHG�
E\��� 
,I�UHDG�SRVWDPEOH�LV�VHW�WR����W&.�/3''5��RQO\���VKRXOG�EH�
LQFUHDVHG�E\��� 
2'7�UHTXLUHPHQW� 
7KH�YDOXH�SURJUDPPHG�LQ�WKLV�UHJLVWHU�WDNHV�FDUH�RI�WKH�2'7�
VZLWFK�RII�WLPLQJ�UHTXLUHPHQW�ZKHQ�VZLWFKLQJ�UDQNV�GXULQJ�
UHDGV� 
:KHQ�WKH�FRQWUROOHU�LV�RSHUDWLQJ�LQ�����PRGH��SURJUDP�WKLV�WR�
WKH�ODUJHU�YDOXH�GLYLGHG�E\�WZR�DQG�URXQG�LW�XS�WR�WKH�QH[W�
LQWHJHU� 
3URJUDPPLQJ�0RGH��6WDWLF 

��� 5: �[I 

PD[BUDQNBUG 
2QO\�SUHVHQW�IRU�PXOWL�UDQN�FRQILJXUDWLRQV� 
%DFNJURXQG��5HDGV�WR�WKH�VDPH�UDQN�FDQ�EH�SHUIRUPHG�EDFN�WR�
EDFN��5HDGV�WR�GLIIHUHQW�UDQNV�UHTXLUH�DGGLWLRQDO�JDS�GLFWDWHG�E\�
WKH�UHJLVWHU�5$1.&7/�GLIIBUDQNBUGBJDS��7KLV�LV�WR�DYRLG�SRVVLEOH�
GDWD�EXV�FRQWHQWLRQ�DV�ZHOO�DV�WR�JLYH�3+<�HQRXJK�WLPH�WR�VZLWFK�
WKH�GHOD\�ZKHQ�FKDQJLQJ�UDQNV��7KH�X0&7/��DUELWUDWHV�IRU�EXV�
DFFHVV�RQ�D�F\FOH�E\�F\FOH�EDVLV��WKHUHIRUH�DIWHU�D�UHDG�LV�
VFKHGXOHG��WKHUH�DUH�IHZ�FORFN�F\FOHV��GHWHUPLQHG�E\�WKH�YDOXH�
RQ�5$1.&7/�GLIIBUDQNBUGBJDS�UHJLVWHU��LQ�ZKLFK�RQO\�UHDGV�IURP�
WKH�VDPH�UDQN�DUH�HOLJLEOH�WR�EH�VFKHGXOHG��7KLV�SUHYHQWV�UHDGV�
IURP�RWKHU�UDQNV�IURP�KDYLQJ�IDLU�DFFHVV�WR�WKH�GDWD�EXV� 
7KLV�SDUDPHWHU�UHSUHVHQWV�WKH�PD[LPXP�QXPEHU�RI�UHDGV�WKDW�
FDQ�EH�VFKHGXOHG�FRQVHFXWLYHO\�WR�WKH�VDPH�UDQN��$IWHU�WKLV�
QXPEHU�LV�UHDFKHG��D�GHOD\�HTXDO�WR�5$1.&7/�GLIIBUDQNBUGBJDS�
LV�LQVHUWHG�E\�WKH�VFKHGXOHU�WR�DOORZ�DOO�UDQNV�D�IDLU�RSSRUWXQLW\�
WR�EH�VFKHGXOHG��+LJKHU�QXPEHUV�LQFUHDVH�EDQGZLGWK�XWLOL]DWLRQ��
ORZHU�QXPEHUV�LQFUHDVH�IDLUQHVV� 
7KLV�IHDWXUH�FDQ�EH�',6$%/('�E\�VHWWLQJ�WKLV�UHJLVWHU�WR��� 
:KHQ�VHW�WR����WKH�&RQWUROOHU�ZLOO�VWD\�RQ�WKH�VDPH�UDQN�DV�ORQJ�
DV�FRPPDQGV�DUH�DYDLODEOH�IRU�LW� 
0LQLPXP�SURJUDPPDEOH�YDOXH�LV����IHDWXUH�GLVDEOHG��DQG�
PD[LPXP�SURJUDPPDEOH�YDOXH�LV��[)� 
3URJUDPPLQJ�0RGH��6WDWLF 

 
''5&B'5$070*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 52 �[� UHVHUYHG 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�I 

ZU�SUH 
0LQLPXP�WLPH�EHWZHHQ�ZULWH�DQG�SUHFKDUJH�WR�VDPH�EDQN� 
8QLW��'),�&ORFNV 
6SHFLILFDWLRQV��:/���%/�����W:5� �DSSUR[LPDWHO\���F\FOHV������
QV� ����FORFNV�#���0+]�DQG�OHVV�IRU�ORZHU�IUHTXHQFLHV 
ZKHUH� 
:/� �ZULWH�ODWHQF\ 
%/� �EXUVW�OHQJWK��7KLV�PXVW�PDWFK�WKH�YDOXH�SURJUDPPHG�LQ�WKH�
%/�ELW�RI�WKH�PRGH�UHJLVWHU�WR�WKH�6'5$0��%67��EXUVW�WHUPLQDWH��
LV�QRW�VXSSRUWHG�DW�SUHVHQW� 
W:5� �:ULWH�UHFRYHU\�WLPH��7KLV�FRPHV�GLUHFWO\�IURP�WKH�6'5$0�
VSHFLILFDWLRQ� 
$GG�RQH�H[WUD�F\FOH�IRU�/3''5��/3''5��/3''5��IRU�WKLV�
SDUDPHWHU� 
:KHQ�WKH�FRQWUROOHU�LV�RSHUDWLQJ�LQ�����IUHTXHQF\�UDWLR�PRGH���7�
PRGH��GLYLGH�WKH�DERYH�YDOXH�E\����1R�URXQGLQJ�XS� 
:KHQ�WKH�FRQWUROOHU�LV�RSHUDWLQJ�LQ�����IUHTXHQF\�UDWLR�PRGH���7�
PRGH�RU�/3''5��PRGH��GLYLGH�WKH�DERYH�YDOXH�E\���DQG�URXQG�LW�
XS�WR�WKH�QH[W�LQWHJHU�YDOXH� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS���DQG�*URXS���DQG�
*URXS�� 

����� 52 �[� UHVHUYHG 

����� 5: �[�� 

WBIDZ 
W)$:�9DOLG�RQO\�ZKHQ���RU�PRUH�EDQNV�RU�EDQNV�[�EDQN�JURXSV��
DUH�SUHVHQW� 
,Q���EDQN�GHVLJQ��DW�PRVW���EDQNV�PXVW�EH�DFWLYDWHG�LQ�D�UROOLQJ�
ZLQGRZ�RI�W)$:�F\FOHV� 
:KHQ�WKH�FRQWUROOHU�LV�RSHUDWLQJ�LQ�����IUHTXHQF\�UDWLR�PRGH��
SURJUDP�WKLV�WR��W)$:����DQG�URXQG�XS�WR�QH[W�LQWHJHU�YDOXH� 
,Q�D���EDQN�GHVLJQ��VHW�WKLV�UHJLVWHU�WR��[��LQGHSHQGHQW�RI�WKH�
��������IUHTXHQF\�PRGH� 
8QLW��'),�&ORFNV 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS���DQG�*URXS�� 

�� 52 �[� UHVHUYHG 

���� 5: �[�E 

WBUDVBPD[ 
W5$6�PD[���0D[LPXP�WLPH�EHWZHHQ�DFWLYDWH�DQG�SUHFKDUJH�WR�
VDPH�EDQN��7KLV�LV�WKH�PD[LPXP�WLPH�WKDW�D�SDJH�FDQ�EH�NHSW�
RSHQ�0LQLPXP�YDOXH�RI�WKLV�UHJLVWHU�LV����=HUR�LV�LQYDOLG� 
:KHQ�WKH�FRQWUROOHU�LV�RSHUDWLQJ�LQ�����IUHTXHQF\�UDWLR�PRGH��
SURJUDP�WKLV�WR��W5$6�PD[��������1R�URXQGLQJ�XS� 
8QLW��0XOWLSOHV�RI������'),�FORFNV� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS���DQG�*URXS�� 

��� 52 �[� UHVHUYHG 

��� 5: �[�I 

WBUDVBPLQ 
W5$6�PLQ���0LQLPXP�WLPH�EHWZHHQ�DFWLYDWH�DQG�SUHFKDUJH�WR�
WKH�VDPH�EDQN� 
:KHQ�WKH�FRQWUROOHU�LV�RSHUDWLQJ�LQ�����IUHTXHQF\�PRGH���7�
PRGH��SURJUDP�WKLV�WR�W5$6�PLQ�����1R�URXQGLQJ�XS� 
:KHQ�WKH�FRQWUROOHU�LV�RSHUDWLQJ�LQ�����IUHTXHQF\�UDWLR�PRGH���7�
PRGH�RU�/3''5��PRGH��SURJUDP�WKLV�WR��W5$6�PLQ�����DQG�
URXQG�LW�XS�WR�WKH�QH[W�LQWHJHU�YDOXH� 
8QLW��'),�&ORFNV 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS���DQG�*URXS�� 

 
''5&B'5$070*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[�� 

WB[S 
W;3��0LQLPXP�WLPH�DIWHU�SRZHU�GRZQ�H[LW�WR�DQ\�RSHUDWLRQ� 
)RU�''5���WKLV�VKRXOG�EH�SURJUDPPHG�WR�W;3'//�LI�VORZ�
SRZHUGRZQ�H[LW�LV�VHOHFWHG�LQ�05�>��@� 
,I�&�$�SDULW\�IRU�''5��LV�XVHG��VHW�WR��W;3�3/��LQVWHDG� 
,I�/3''5��LV�VHOHFWHG�DQG�LWV�VSHF�KDV�W&.(/3'�SDUDPHWHU��VHW�WR�
WKH�ODUJHU�RI�W;3�DQG�W&.(/3'�LQVWHDG� 
:KHQ�WKH�FRQWUROOHU�LV�RSHUDWLQJ�LQ�����IUHTXHQF\�UDWLR�PRGH��
SURJUDP�WKLV�WR��W;3����DQG�URXQG�LW�XS�WR�WKH�QH[W�LQWHJHU�
YDOXH� 
8QLWV��'),�&ORFNV 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS���DQG�*URXS�� 

����� 52 �[� UHVHUYHG 

���� 5: �[�� 

UG�SUH 
W573��0LQLPXP�WLPH�IURP�UHDG�WR�SUHFKDUJH�RI�VDPH�EDQN� 
''5���W$/���%/�����PD[�W573�������� 
''5���W$/���PD[��W573���� 
''5���0D[�RI�IROORZLQJ�WZR�HTXDWLRQV��W$/���PD[��W573�����RU��
5/���%/�����W53���� 
P''5��%/�� 
/3''5���'HSHQGV�RQ�LI�LW
V�/3''5��6��RU�/3''5��6�� 
/3''5��6���%/�����W573������/3''5��6���%/�����PD[�W573������
�� 
/3''5���%/�����PD[�W573������� 
/3''5���%/�����PD[�W573������� 
���:KHQ�ERWK�''5��6'5$0�DQG�67�05$0�DUH�XVHG�
VLPXOWDQHRXVO\��XVH�6'5$0
V�W53�YDOXH�IRU�FDOFXODWLRQ� 
:KHQ�WKH�FRQWUROOHU�LV�RSHUDWLQJ�LQ�����PRGH���7�PRGH��GLYLGH�
WKH�DERYH�YDOXH�E\����1R�URXQGLQJ�XS� 
:KHQ�WKH�FRQWUROOHU�LV�RSHUDWLQJ�LQ�����PRGH���7�PRGH�RU�
/3''5��PRGH��GLYLGH�WKH�DERYH�YDOXH�E\���DQG�URXQG�LW�XS�WR�
WKH�QH[W�LQWHJHU�YDOXH� 
8QLW��'),�&ORFNV� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS���DQG�*URXS�� 
DQG�*URXS�� 

� 52 �[� UHVHUYHG 

��� 5: �[�� 

WBUF 
W5&��0LQLPXP�WLPH�EHWZHHQ�DFWLYDWHV�WR�VDPH�EDQN� 
:KHQ�WKH�FRQWUROOHU�LV�RSHUDWLQJ�LQ�����IUHTXHQF\�UDWLR�PRGH��
SURJUDP�WKLV�WR��W5&����DQG�URXQG�XS�WR�QH[W�LQWHJHU�YDOXH� 
8QLW��'),�&ORFNV� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS���DQG�*URXS�� 

 
''5&B'5$070*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� 

ZULWHBODWHQF\ 
6HW�WR�:/��7LPH�IURP�ZULWH�FRPPDQG�WR�ZULWH�GDWD�RQ�6'5$0�
LQWHUIDFH� 
)RU�P''5��LW�VKRXOG�QRUPDOO\�EH�VHW�WR��� 
:KHQ�WKH�FRQWUROOHU�LV�RSHUDWLQJ�LQ�����IUHTXHQF\�UDWLR�PRGH��
GLYLGH�WKH�YDOXH�FDOFXODWHG�XVLQJ�WKH�DERYH�HTXDWLRQ�E\����DQG�
URXQG�LW�XS�WR�QH[W�LQWHJHU� 
7KLV�UHJLVWHU�ILHOG�LV�QRW�UHTXLUHG�IRU�''5��DQG�''5���H[FHSW�LI�
0(0&B75$,1,1*�LV�VHW���DV�WKH�'),�UHDG�DQG�ZULWH�ODWHQFLHV�
GHILQHG�LQ�'),70*��DQG�'),70*��DUH�VXIILFLHQW�IRU�WKRVH�
SURWRFROV 
8QLW��'),�FORFNV 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS���DQG�*URXS���DQG�
*URXS�� 

����� 52 �[� UHVHUYHG 

����� 5: �[�� 

UHDGBODWHQF\ 
6HW�WR�5/��7LPH�IURP�UHDG�FRPPDQG�WR�UHDG�GDWD�RQ�6'5$0�
LQWHUIDFH� 
:KHQ�WKH�FRQWUROOHU�LV�RSHUDWLQJ�LQ�����IUHTXHQF\�UDWLR�PRGH��
GLYLGH�WKH�YDOXH�FDOFXODWHG�XVLQJ�WKH�DERYH�HTXDWLRQ�E\����DQG�
URXQG�LW�XS�WR�QH[W�LQWHJHU� 
7KLV�UHJLVWHU�ILHOG�LV�QRW�UHTXLUHG�IRU�''5��DQG�''5���H[FHSW�LI�
0(0&B75$,1,1*�LV�VHW���DV�WKH�'),�UHDG�DQG�ZULWH�ODWHQFLHV�
GHILQHG�LQ�'),70*��DQG�'),70*��DUH�VXIILFLHQW�IRU�WKRVH�
SURWRFROV 
8QLW��'),�FORFNV 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS���DQG�*URXS���DQG�
*URXS�� 

����� 52 �[� UHVHUYHG 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�� 

UG�ZU 
''5����P''5��5/���%/���������:/ 
''5���5/���%/���������:5B35($0%/(���:/ 
/3''5��/3''5���5/���%/�����58�W'46&.PD[�W&.��������:/ 
/3''5��'4�2'7�LV�'LVDEOHG���5/���%/�����58�W'46&.PD[�W&.��
��:5B35($0%/(���5'B3267$0%/(���:/ 
/3''5��'4�2'7�LV�(QDEOHG����5/���%/�����58�W'46&.PD[�W&.��
��5'B3267$0%/(���2'7/RQ���58�W2'7RQ�PLQ��W&.� 
0LQLPXP�WLPH�IURP�UHDG�FRPPDQG�WR�ZULWH�FRPPDQG� 
,QFOXGH�WLPH�IRU�EXV�WXUQDURXQG�DQG�DOO�SHU�EDQN��SHU�UDQN��DQG�
JOREDO�FRQVWUDLQWV��3OHDVH�VHH�WKH�UHOHYDQW�3+<�GDWDERRN�IRU�
GHWDLOV�RI�ZKDW�VKRXOG�EH�LQFOXGHG�KHUH� 
8QLW��'),�&ORFNV� 
:KHUH� 
:/� �ZULWH�ODWHQF\ 
%/� �EXUVW�OHQJWK��7KLV�PXVW�PDWFK�WKH�YDOXH�SURJUDPPHG�LQ�WKH�
%/�ELW�RI�WKH�PRGH�UHJLVWHU�WR�WKH�6'5$0 
5/� �UHDG�ODWHQF\� �&$6�ODWHQF\ 
:5B35($0%/(� �ZULWH�SUHDPEOH��7KLV�LV�XQLTXH�WR�''5��DQG�
/3''5�� 
5'B3267$0%/(� �UHDG�SRVWDPEOH��7KLV�LV�XQLTXH�WR�/3''5�� 
)RU�/3''5��/3''5��/3''5���LI�GHUDWLQJ�LV�HQDEOHG�
�'(5$7((1�GHUDWHBHQDEOH ����GHUDWHG�W'46&.PD[�VKRXOG�EH�
XVHG� 
:KHQ�WKH�FRQWUROOHU�LV�RSHUDWLQJ�LQ�����IUHTXHQF\�UDWLR�PRGH��
GLYLGH�WKH�YDOXH�FDOFXODWHG�XVLQJ�WKH�DERYH�HTXDWLRQ�E\����DQG�
URXQG�LW�XS�WR�QH[W�LQWHJHU� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS���DQG�*URXS���DQG�
*URXS�� 

��� 52 �[� UHVHUYHG 

��� 5: �[�G 

ZU�UG 
''5���&:/���3/���%/�����W:75B/ 
/3''5�������:/���%/�����W:75���� 
2WKHUV��&:/���%/�����W:75 
,Q�''5���PLQLPXP�WLPH�IURP�ZULWH�FRPPDQG�WR�UHDG�FRPPDQG�
IRU�VDPH�EDQN�JURXS��,Q�RWKHUV��PLQLPXP�WLPH�IURP�ZULWH�
FRPPDQG�WR�UHDG�FRPPDQG��,QFOXGHV�WLPH�IRU�EXV�WXUQDURXQG��
UHFRYHU\�WLPHV��DQG�DOO�SHU�EDQN��SHU�UDQN��DQG�JOREDO�
FRQVWUDLQWV� 
8QLW��'),�&ORFNV� 
:KHUH� 
&:/� �&$6�ZULWH�ODWHQF\ 
:/� �:ULWH�ODWHQF\ 
3/� �3DULW\�ODWHQF\ 
%/� �EXUVW�OHQJWK��7KLV�PXVW�PDWFK�WKH�YDOXH�SURJUDPPHG�LQ�WKH�
%/�ELW�RI�WKH�PRGH�UHJLVWHU�WR�WKH�6'5$0 
W:75B/� �LQWHUQDO�ZULWH�WR�UHDG�FRPPDQG�GHOD\�IRU�VDPH�EDQN�
JURXS��7KLV�FRPHV�GLUHFWO\�IURP�WKH�6'5$0�VSHFLILFDWLRQ� 
W:75� �LQWHUQDO�ZULWH�WR�UHDG�FRPPDQG�GHOD\��7KLV�FRPHV�
GLUHFWO\�IURP�WKH�6'5$0�VSHFLILFDWLRQ� 
$GG�RQH�H[WUD�F\FOH�IRU�/3''5��/3''5��/3''5��RSHUDWLRQ� 
:KHQ�WKH�FRQWUROOHU�LV�RSHUDWLQJ�LQ�����PRGH��GLYLGH�WKH�YDOXH�
FDOFXODWHG�XVLQJ�WKH�DERYH�HTXDWLRQ�E\����DQG�URXQG�LW�XS�WR�QH[W�
LQWHJHU� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS���DQG�*URXS���DQG�
*URXS�� 
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''5&B'5$070*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[��� 

WBPUZ 
7LPH�WR�ZDLW�DIWHU�D�PRGH�UHJLVWHU�ZULWH�RU�UHDG��05:�RU�055�� 
3UHVHQW�RQO\�LQ�GHVLJQV�FRQILJXUHG�WR�VXSSRUW�/3''5���/3''5��
RU�/3''5�� 
/3''5��W\SLFDOO\�UHTXLUHV�YDOXH�RI��� 
/3''5��W\SLFDOO\�UHTXLUHV�YDOXH�RI���� 
/3''5���6HW�WKLV�WR�WKH�ODUJHU�RI�W05:�DQG�W05:&.(/� 
)RU�/3''5���WKLV�UHJLVWHU�LV�XVHG�IRU�WKH�WLPH�IURP�D�05:�055�
WR�DOO�RWKHU�FRPPDQGV� 
:KHQ�WKH�FRQWUROOHU�LV�RSHUDWLQJ�LQ�����IUHTXHQF\�UDWLR�PRGH��
SURJUDP�WKLV�WR�WKH�DERYH�YDOXHV�GLYLGHG�E\���DQG�URXQG�LW�XS�WR�
WKH�QH[W�LQWHJHU�YDOXH� 
)RU�/'3'5���WKLV�UHJLVWHU�LV�XVHG�IRU�WKH�WLPH�IURP�D�05:�055�
WR�D�05:�055� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS���DQG�*URXS�� 

����� 52 �[� UHVHUYHG 

����� 5: �[�� 

WBPUG 
W05'��&\FOHV�WR�ZDLW�DIWHU�D�PRGH�UHJLVWHU�ZULWH�RU�UHDG��
'HSHQGLQJ�RQ�WKH�FRQQHFWHG�6'5$0��W05'�UHSUHVHQWV� 
''5��P''5��7LPH�IURP�056�WR�DQ\�FRPPDQG 
''5�����7LPH�IURP�056�WR�056�FRPPDQG 
/3''5���QRW�XVHG 
/3''5�����7LPH�IURP�056�WR�QRQ�056�FRPPDQG� 
:KHQ�WKH�FRQWUROOHU�LV�RSHUDWLQJ�LQ�����IUHTXHQF\�UDWLR�PRGH��
SURJUDP�WKLV�WR��W05'����DQG�URXQG�LW�XS�WR�WKH�QH[W�LQWHJHU�
YDOXH� 
,I�&�$�SDULW\�IRU�''5��LV�XVHG��VHW�WR�W05'B3$5�W02'�3/��
LQVWHDG� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS���DQG�*URXS�� 

����� 52 �[� UHVHUYHG 

��� 5: �[��F 

WBPRG 
W02'��3DUDPHWHU�XVHG�RQO\�LQ�''5��DQG�''5���&\FOHV�EHWZHHQ�
ORDG�PRGH�FRPPDQG�DQG�IROORZLQJ�QRQ�ORDG�PRGH�FRPPDQG� 
,I�&�$�SDULW\�IRU�''5��LV�XVHG��VHW�WR�W02'B3$5�W02'�3/��
LQVWHDG� 
,I�035�ZULWHV�IRU�''5��DUH�XVHG��VHW�WR�W02'���$/��RU�
W03'B3$5���$/�LI�&�$�SDULW\�LV�DOVR�XVHG�� 
6HW�WR�W02'����URXQGHG�XS�WR�QH[W�LQWHJHU��LI�FRQWUROOHU�LV�
RSHUDWLQJ�LQ�����IUHTXHQF\�UDWLR�PRGH��  
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS���DQG�*URXS�� 

 
''5&B'5$070*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� 

WBUFG 
W5&'���W$/��0LQLPXP�WLPH�IURP�DFWLYDWH�WR�UHDG�RU�ZULWH�
FRPPDQG�WR�VDPH�EDQN� 
:KHQ�WKH�FRQWUROOHU�LV�RSHUDWLQJ�LQ�����IUHTXHQF\�UDWLR�PRGH��
SURJUDP�WKLV�WR���W5&'���W$/�����DQG�URXQG�LW�XS�WR�WKH�QH[W�
LQWHJHU�YDOXH� 
0LQLPXP�YDOXH�DOORZHG�IRU�WKLV�UHJLVWHU�LV����ZKLFK�LPSOLHV�
PLQLPXP��W5&'���W$/��YDOXH�WR�EH���ZKHQ�WKH�FRQWUROOHU�LV�
RSHUDWLQJ�LQ�����IUHTXHQF\�UDWLR�PRGH� 
8QLW��'),�&ORFNV� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS���DQG�*URXS���DQG�
*URXS�� 

����� 52 �[� UHVHUYHG 

����� 5: �[� 

WBFFG 
''5���W&&'B/��7KLV�LV�WKH�PLQLPXP�WLPH�EHWZHHQ�WZR�UHDGV�RU�
WZR�ZULWHV�IRU�VDPH�EDQN�JURXS� 
2WKHUV��W&&'��7KLV�LV�WKH�PLQLPXP�WLPH�EHWZHHQ�WZR�UHDGV�RU�
WZR�ZULWHV� 
:KHQ�WKH�FRQWUROOHU�LV�RSHUDWLQJ�LQ�����IUHTXHQF\�UDWLR�PRGH��
SURJUDP�WKLV�WR��W&&'B/���RU�W&&'����DQG�URXQG�LW�XS�WR�WKH�
QH[W�LQWHJHU�YDOXH� 
8QLW��'),�FORFNV� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS���DQG�*URXS�� 

����� 52 �[� UHVHUYHG 

���� 5: �[� 

WBUUG 
''5���W55'B/��0LQLPXP�WLPH�EHWZHHQ�DFWLYDWHV�IURP�EDQN��D��
WR�EDQN��E��IRU�VDPH�EDQN�JURXS� 
2WKHUV��W55'��0LQLPXP�WLPH�EHWZHHQ�DFWLYDWHV�IURP�EDQN��D��WR�
EDQN��E�� 
:KHQ�WKH�FRQWUROOHU�LV�RSHUDWLQJ�LQ�����IUHTXHQF\�UDWLR�PRGH��
SURJUDP�WKLV�WR��W55'B/���RU�W55'����DQG�URXQG�LW�XS�WR�WKH�
QH[W�LQWHJHU�YDOXH� 
8QLW��'),�&ORFNV� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS���DQG�*URXS�� 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 

WBUS 
W53��0LQLPXP�WLPH�IURP�SUHFKDUJH�WR�DFWLYDWH�RI�VDPH�EDQN� 
:KHQ�WKH�FRQWUROOHU�LV�RSHUDWLQJ�LQ�����IUHTXHQF\�UDWLR�PRGH��
WBUS�VKRXOG�EH�VHW�WR�5RXQG'RZQ�5RXQG8S�W53�W&.��������� 
:KHQ�WKH�FRQWUROOHU�LV�RSHUDWLQJ�LQ�����IUHTXHQF\�UDWLR�PRGH�LQ�
/3''5���WBUS�VKRXOG�EH�VHW�WR�5RXQG8S�5RXQG8S�W53�W&.����� 
8QLW��'),�&ORFNV� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS���DQG�*URXS�� 

 
''5&B'5$070*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

WBFNVU[ 
7KLV�LV�WKH�WLPH�EHIRUH�6HOI�5HIUHVK�([LW�WKDW�&.�LV�PDLQWDLQHG�DV�
D�YDOLG�FORFN�EHIRUH�LVVXLQJ�65;��6SHFLILHV�WKH�FORFN�VWDEOH�WLPH�
EHIRUH�65;� 
5HFRPPHQGHG�VHWWLQJV� 
P''5��� 
/3''5���� 
/3''5���� 
/3''5���W&.&.(+ 
''5���� 
''5���W&.65; 
''5���W&.65; 
:KHQ�WKH�FRQWUROOHU�LV�RSHUDWLQJ�LQ�����IUHTXHQF\�UDWLR�PRGH��
SURJUDP�WKLV�WR�UHFRPPHQGHG�YDOXH�GLYLGHG�E\�WZR�DQG�URXQG�LW�
XS�WR�QH[W�LQWHJHU� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS���DQG�*URXS�� 

����� 52 �[� UHVHUYHG 

����� 5: �[� 

WBFNVUH 
7KLV�LV�WKH�WLPH�DIWHU�6HOI�5HIUHVK�'RZQ�(QWU\�WKDW�&.�LV�
PDLQWDLQHG�DV�D�YDOLG�FORFN��6SHFLILHV�WKH�FORFN�GLVDEOH�GHOD\�
DIWHU�65(� 
5HFRPPHQGHG�VHWWLQJV� 
P''5��� 
/3''5���� 
/3''5���� 
/3''5���W&.(/&. 
''5���� 
''5���PD[�����QV����W&.� 
''5���PD[�����QV����W&.�����3/�SDULW\�ODWHQF\���� 
��2QO\�LI�&5&3$5&7/��FDSDULW\BGLVDEOHBEHIRUHBVU ���WKLV�
UHJLVWHU�VKRXOG�EH�LQFUHDVHG�E\�3/� 
:KHQ�WKH�FRQWUROOHU�LV�RSHUDWLQJ�LQ�����IUHTXHQF\�UDWLR�PRGH��
SURJUDP�WKLV�WR�UHFRPPHQGHG�YDOXH�GLYLGHG�E\�WZR�DQG�URXQG�LW�
XS�WR�QH[W�LQWHJHU� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS���DQG�*URXS�� 

����� 52 �[� UHVHUYHG 

���� 5: �[�� 

WBFNHVU 
0LQLPXP�&.(�ORZ�ZLGWK�IRU�6HOI�UHIUHVK�RU�6HOI�UHIUHVK�SRZHU�
GRZQ�HQWU\�WR�H[LW�WLPLQJ�LQ�PHPRU\�FORFN�F\FOHV� 
5HFRPPHQGHG�VHWWLQJV� 
P''5��W5)& 
/3''5���W&.(65 
/3''5���W&.(65 
/3''5���PD[�W&.(��W65� 
''5���W&.( 
''5���W&.(���� 
''5���W&.(��������3/�SDULW\�ODWHQF\���� 
��2QO\�LI�&5&3$5&7/��FDSDULW\BGLVDEOHBEHIRUHBVU ���WKLV�
UHJLVWHU�VKRXOG�EH�LQFUHDVHG�E\�3/� 
:KHQ�WKH�FRQWUROOHU�LV�RSHUDWLQJ�LQ�����IUHTXHQF\�UDWLR�PRGH��
SURJUDP�WKLV�WR�UHFRPPHQGHG�YDOXH�GLYLGHG�E\�WZR�DQG�URXQG�LW�
XS�WR�QH[W�LQWHJHU� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS���DQG�*URXS�� 

��� 52 �[� UHVHUYHG 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[�� 

WBFNH 
0LQLPXP�QXPEHU�RI�F\FOHV�RI�&.(�+,*+�/2:�GXULQJ�SRZHU�
GRZQ�DQG�VHOI�UHIUHVK� 
/3''5��/3''5��PRGH��6HW�WKLV�WR�WKH�ODUJHU�RI�W&.(�RU�W&.(65 
/3''5��PRGH��6HW�WKLV�WR�WKH�ODUJHU�RI�W&.(�RU�W65� 
1RQ�/3''5��QRQ�/3''5��QRQ�/3''5��GHVLJQV��6HW�WKLV�WR�W&.(�
YDOXH� 
:KHQ�WKH�FRQWUROOHU�LV�RSHUDWLQJ�LQ�����IUHTXHQF\�UDWLR�PRGH��
SURJUDP�WKLV�WR��YDOXH�GHVFULEHG�DERYH����DQG�URXQG�LW�XS�WR�WKH�
QH[W�LQWHJHU�YDOXH� 
8QLW��'),�&ORFNV� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS���DQG�*URXS�� 

 
''5&B'5$070*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[� 

WBFNGSGH 
7KLV�LV�WKH�WLPH�EHIRUH�6HOI�5HIUHVK�([LW�WKDW�&.�LV�PDLQWDLQHG�DV�
D�YDOLG�FORFN�EHIRUH�LVVXLQJ�65;��6SHFLILHV�WKH�FORFN�VWDEOH�WLPH�
EHIRUH�65;� 
5HFRPPHQGHG�VHWWLQJV� 
P''5��� 
/3''5���� 
/3''5���� 
/3''5���W&.&.(+ 
''5���� 
''5���W&.65; 
''5���W&.65; 
:KHQ�WKH�FRQWUROOHU�LV�RSHUDWLQJ�LQ�����IUHTXHQF\�UDWLR�PRGH��
SURJUDP�WKLV�WR�UHFRPPHQGHG�YDOXH�GLYLGHG�E\�WZR�DQG�URXQG�LW�
XS�WR�QH[W�LQWHJHU� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS���DQG�*URXS�� 

����� 52 �[� UHVHUYHG 

����� 5: �[� 

WBFNGSG[ 
7KLV�LV�WKH�WLPH�EHIRUH�'HHS�3RZHU�'RZQ�([LW�WKDW�&.�LV�
PDLQWDLQHG�DV�D�YDOLG�FORFN�EHIRUH�LVVXLQJ�'3';��6SHFLILHV�WKH�
FORFN�VWDEOH�WLPH�EHIRUH�'3';� 
5HFRPPHQGHG�VHWWLQJV� 
P''5��� 
/3''5���� 
/3''5���� 
:KHQ�WKH�FRQWUROOHU�LV�RSHUDWLQJ�LQ�����IUHTXHQF\�UDWLR�PRGH��
SURJUDP�WKLV�WR�UHFRPPHQGHG�YDOXH�GLYLGHG�E\�WZR�DQG�URXQG�LW�
XS�WR�QH[W�LQWHJHU� 
7KLV�LV�RQO\�SUHVHQW�IRU�GHVLJQV�VXSSRUWLQJ�P''5�RU�/3''5��
GHYLFHV� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS���DQG�*URXS�� 

���� 52 �[��� UHVHUYHG 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

WBFNFV[ 
7KLV�LV�WKH�WLPH�EHIRUH�&ORFN�6WRS�([LW�WKDW�&.�LV�PDLQWDLQHG�DV�D�
YDOLG�FORFN�EHIRUH�LVVXLQJ�&ORFN�6WRS�([LW��6SHFLILHV�WKH�FORFN�
VWDEOH�WLPH�EHIRUH�QH[W�FRPPDQG�DIWHU�&ORFN�6WRS�([LW� 
5HFRPPHQGHG�VHWWLQJV� 
P''5��� 
/3''5���W;3���� 
/3''5���W;3���� 
/3''5���W;3���� 
:KHQ�WKH�FRQWUROOHU�LV�RSHUDWLQJ�LQ�����IUHTXHQF\�UDWLR�PRGH��
SURJUDP�WKLV�WR�UHFRPPHQGHG�YDOXH�GLYLGHG�E\�WZR�DQG�URXQG�LW�
XS�WR�QH[W�LQWHJHU� 
7KLV�LV�RQO\�SUHVHQW�IRU�GHVLJQV�VXSSRUWLQJ�P''5�RU�
/3''5��/3''5��/3''5��GHYLFHV� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS���DQG�*URXS�� 

 
''5&B'5$070*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

���� 5: �[� 

WBFNSGH 
7KLV�LV�WKH�WLPH�DIWHU�3RZHU�'RZQ�(QWU\�WKDW�&.�LV�PDLQWDLQHG�DV�
D�YDOLG�FORFN��6SHFLILHV�WKH�FORFN�GLVDEOH�GHOD\�DIWHU�3'(� 
5HFRPPHQGHG�VHWWLQJV� 
P''5��� 
/3''5���� 
/3''5���� 
/3''5���W&.(/&. 
:KHQ�XVLQJ�''5������6'5$0��WKLV�UHJLVWHU�VKRXOG�EH�VHW�WR�WKH�
VDPH�YDOXH�DV�'5$070*��WBFNVUH��:KHQ�WKH�FRQWUROOHU�LV�
RSHUDWLQJ�LQ�����IUHTXHQF\�UDWLR�PRGH��SURJUDP�WKLV�WR�
UHFRPPHQGHG�YDOXH�GLYLGHG�E\�WZR�DQG�URXQG�LW�XS�WR�QH[W�
LQWHJHU� 
7KLV�LV�RQO\�SUHVHQW�IRU�GHVLJQV�VXSSRUWLQJ�P''5�RU�
/3''5��/3''5��/3''5��GHYLFHV� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS���DQG�*URXS�� 

��� 52 �[� UHVHUYHG 

��� 5: �[� 

WBFNSG[ 
7KLV�LV�WKH�WLPH�EHIRUH�3RZHU�'RZQ�([LW�WKDW�&.�LV�PDLQWDLQHG�DV�
D�YDOLG�FORFN�EHIRUH�LVVXLQJ�3';��6SHFLILHV�WKH�FORFN�VWDEOH�WLPH�
EHIRUH�3';� 
5HFRPPHQGHG�VHWWLQJV� 
P''5��� 
/3''5���� 
/3''5���� 
/3''5���� 
:KHQ�XVLQJ�''5������6'5$0��WKLV�UHJLVWHU�VKRXOG�EH�VHW�WR�WKH�
VDPH�YDOXH�DV�'5$070*��WBFNVU[��:KHQ�WKH�FRQWUROOHU�LV�
RSHUDWLQJ�LQ�����IUHTXHQF\�UDWLR�PRGH��SURJUDP�WKLV�WR�
UHFRPPHQGHG�YDOXH�GLYLGHG�E\�WZR�DQG�URXQG�LW�XS�WR�QH[W�
LQWHJHU� 
7KLV�LV�RQO\�SUHVHQW�IRU�GHVLJQV�VXSSRUWLQJ�P''5�RU�
/3''5��/3''5��/3''5��GHYLFHV� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS���DQG�*URXS�� 

 
''5&B'5$070*��  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 52 �[� UHVHUYHG 

����� 5: �[�� 

WB[VBIDVWB[�� 
W;6B)$67��([LW�6HOI�5HIUHVK�WR�=4&/��=4&6�DQG�056��RQO\�&/��
:5��573�DQG�*HDUGRZQ�PRGH�� 
:KHQ�WKH�FRQWUROOHU�LV�RSHUDWLQJ�LQ�����IUHTXHQF\�UDWLR�PRGH��
SURJUDP�WKLV�WR�WKH�DERYH�YDOXH�GLYLGHG�E\���DQG�URXQG�XS�WR�
QH[W�LQWHJHU�YDOXH� 
8QLW��0XOWLSOHV�RI����'),�FORFNV� 
1RWH��7KLV�LV�DSSOLFDEOH�WR�RQO\�=4&/�=4&6�FRPPDQGV� 
1RWH��(QVXUH�WKLV�LV�OHVV�WKDQ�RU�HTXDO�WR�WB[VB[��� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS���DQG�*URXS�� 

�� 52 �[� UHVHUYHG 

����� 5: �[�� 

WB[VBDERUWB[�� 
W;6B$%257��([LW�6HOI�5HIUHVK�WR�FRPPDQGV�QRW�UHTXLULQJ�D�
ORFNHG�'//�LQ�6HOI�5HIUHVK�$ERUW� 
:KHQ�WKH�FRQWUROOHU�LV�RSHUDWLQJ�LQ�����IUHTXHQF\�UDWLR�PRGH��
SURJUDP�WKLV�WR�WKH�DERYH�YDOXH�GLYLGHG�E\���DQG�URXQG�XS�WR�
QH[W�LQWHJHU�YDOXH� 
8QLW��0XOWLSOHV�RI����'),�FORFNV� 
1RWH��(QVXUH�WKLV�LV�OHVV�WKDQ�RU�HTXDO�WR�WB[VB[��� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS���DQG�*URXS�� 

�� 52 �[� UHVHUYHG 

���� 5: �[�� 

WB[VBGOOB[�� 
W;6'//��([LW�6HOI�5HIUHVK�WR�FRPPDQGV�UHTXLULQJ�D�ORFNHG�'//� 
:KHQ�WKH�FRQWUROOHU�LV�RSHUDWLQJ�LQ�����IUHTXHQF\�UDWLR�PRGH��
SURJUDP�WKLV�WR�WKH�DERYH�YDOXH�GLYLGHG�E\���DQG�URXQG�XS�WR�
QH[W�LQWHJHU�YDOXH� 
8QLW��0XOWLSOHV�RI����'),�FORFNV� 
1RWH��8VHG�RQO\�IRU�''5���''5��DQG�''5��6'5$0V� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS���DQG�*URXS�� 

� 52 �[� UHVHUYHG 

��� 5: �[�� 

WB[VB[�� 
W;6��([LW�6HOI�5HIUHVK�WR�FRPPDQGV�QRW�UHTXLULQJ�D�ORFNHG�'//� 
:KHQ�WKH�FRQWUROOHU�LV�RSHUDWLQJ�LQ�����IUHTXHQF\�UDWLR�PRGH��
SURJUDP�WKLV�WR�WKH�DERYH�YDOXH�GLYLGHG�E\���DQG�URXQG�XS�WR�
QH[W�LQWHJHU�YDOXH� 
8QLW��0XOWLSOHV�RI����'),�FORFNV� 
1RWH��8VHG�RQO\�IRU�''5���''5��DQG�''5��6'5$0V� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS���DQG�*URXS�� 

 
''5&B'5$070*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 52 �[� UHVHUYHG 

�� 5: �[� 

GGU�BZUBSUHDPEOH 
''5��:ULWH�SUHDPEOH�PRGH 
�
E����W&.�SUHDPEOH 
�
E����W&.�SUHDPEOH 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS���DQG�*URXS�� 

����� 52 �[��� UHVHUYHG 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

WBFFGBV 
W&&'B6��7KLV�LV�WKH�PLQLPXP�WLPH�EHWZHHQ�WZR�UHDGV�RU�WZR�
ZULWHV�IRU�GLIIHUHQW�EDQN�JURXS��)RU�EDQN�VZLWFKLQJ��IURP�EDQN�
�D��WR�EDQN��E����WKH�PLQLPXP�WLPH�LV�WKLV�YDOXH����� 
:KHQ�WKH�FRQWUROOHU�LV�RSHUDWLQJ�LQ�����IUHTXHQF\�UDWLR�PRGH��
SURJUDP�WKLV�WR��W&&'B6����DQG�URXQG�LW�XS�WR�WKH�QH[W�LQWHJHU�
YDOXH� 
3UHVHQW�RQO\�LQ�GHVLJQV�FRQILJXUHG�WR�VXSSRUW�''5�� 
8QLW��'),�FORFNV� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS���DQG�*URXS�� 

����� 52 �[� UHVHUYHG 

���� 5: �[� 

WBUUGBV 
W55'B6��0LQLPXP�WLPH�EHWZHHQ�DFWLYDWHV�IURP�EDQN��D��WR�EDQN�
�E��IRU�GLIIHUHQW�EDQN�JURXS� 
:KHQ�WKH�FRQWUROOHU�LV�RSHUDWLQJ�LQ�����IUHTXHQF\�UDWLR�PRGH��
SURJUDP�WKLV�WR��W55'B6����DQG�URXQG�LW�XS�WR�WKH�QH[W�LQWHJHU�
YDOXH� 
3UHVHQW�RQO\�LQ�GHVLJQV�FRQILJXUHG�WR�VXSSRUW�''5�� 
8QLW��'),�&ORFNV� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS���DQG�*URXS�� 

��� 52 �[� UHVHUYHG 

��� 5: �[�G 

ZU�UGBV 
&:/���3/���%/�����W:75B6 
0LQLPXP�WLPH�IURP�ZULWH�FRPPDQG�WR�UHDG�FRPPDQG�IRU�
GLIIHUHQW�EDQN�JURXS��,QFOXGHV�WLPH�IRU�EXV�WXUQDURXQG��UHFRYHU\�
WLPHV��DQG�DOO�SHU�EDQN��SHU�UDQN��DQG�JOREDO�FRQVWUDLQWV� 
3UHVHQW�RQO\�LQ�GHVLJQV�FRQILJXUHG�WR�VXSSRUW�''5�� 
8QLW��'),�&ORFNV� 
:KHUH� 
&:/� �&$6�ZULWH�ODWHQF\ 
3/� �3DULW\�ODWHQF\ 
%/� �EXUVW�OHQJWK��7KLV�PXVW�PDWFK�WKH�YDOXH�SURJUDPPHG�LQ�WKH�
%/�ELW�RI�WKH�PRGH�UHJLVWHU�WR�WKH�6'5$0� 
W:75B6� �LQWHUQDO�ZULWH�WR�UHDG�FRPPDQG�GHOD\�IRU�GLIIHUHQW�
EDQN�JURXS��7KLV�FRPHV�GLUHFWO\�IURP�WKH�6'5$0�VSHFLILFDWLRQ� 
:KHQ�WKH�FRQWUROOHU�LV�RSHUDWLQJ�LQ�����PRGH��GLYLGH�WKH�YDOXH�
FDOFXODWHG�XVLQJ�WKH�DERYH�HTXDWLRQ�E\����DQG�URXQG�LW�XS�WR�QH[W�
LQWHJHU� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS���DQG�*URXS���DQG�
*URXS�� 

 
''5&B'5$070*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�F 

WBV\QFBJHDU 
,QGLFDWHV�WKH�WLPH�EHWZHHQ�056�FRPPDQG�DQG�WKH�V\QF�SXOVH�
WLPH� 
7KLV�PXVW�EH�HYHQ�QXPEHU�RI�FORFNV� 
)RU�''5�������DQG�''5��������WKLV�SDUDPHWHU�LV�GHILQHG�DV�
W02'�PLQ���Q&. 
W02'�PLQ��LV�JUHDWHU�RI���Q&.�RU���QV 
��QV������QV� ��� 
0D[�YDOXH�IRU�WKLV�UHJLVWHU�LV������ ��� 
:KHQ�WKH�FRQWUROOHU�LV�RSHUDWLQJ�LQ�����PRGH��SURJUDP�WKLV�WR�
�W6<1&B*($5����DQG�URXQG�LW�XS�WR�WKH�QH[W�LQWHJHU�YDOXH� 
8QLW��'),�&ORFNV 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS���DQG�*URXS�� 

����� 52 �[� UHVHUYHG 

���� 5: �[�� 

WBFPGBJHDU 
6\QF�SXOVH�WR�ILUVW�YDOLG�FRPPDQG� 
)RU�''5�������DQG�''5��������WKLV�SDUDPHWHU�LV�GHILQHG�DV�
W02'�PLQ���  
W02'�PLQ��LV�JUHDWHU�RI���Q&.�RU���QV 
��QV������QV� ��� 
0D[�YDOXH�IRU�WKLV�UHJLVWHU�LV��� 
:KHQ�WKH�FRQWUROOHU�LV�RSHUDWLQJ�LQ�����PRGH��SURJUDP�WKLV�WR�
�W&0'B*($5����DQG�URXQG�LW�XS�WR�WKH�QH[W�LQWHJHU�YDOXH� 
8QLW��'),�&ORFNV 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS���DQG�*URXS�� 

��� 52 �[� UHVHUYHG 

��� 5: �[� 

WBJHDUBVHWXS 
*HDUGRZQ�VHWXS�WLPH� 
0LQLPXP�YDOXH�RI�WKLV�UHJLVWHU�LV����=HUR�LV�LQYDOLG��)RU�''5��
�����DQG�''5��������WKLV�SDUDPHWHU�LV�GHILQHG�DV���FONV� 
:KHQ�WKH�FRQWUROOHU�LV�RSHUDWLQJ�LQ�����IUHTXHQF\�UDWLR�PRGH��
SURJUDP�WKLV�WR��W*($5BVHWXS����DQG�URXQG�LW�XS�WR�WKH�QH[W�
LQWHJHU�YDOXH� 
8QLW��'),�&ORFNV 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS���DQG�*URXS�� 

��� 5: �[� 

WBJHDUBKROG 
*HDUGRZQ�KROG�WLPH� 
0LQLPXP�YDOXH�RI�WKLV�UHJLVWHU�LV����=HUR�LV�LQYDOLG��)RU�''5��
�����DQG�''5��������WKLV�SDUDPHWHU�LV�GHILQHG�DV���FONV� 
:KHQ�WKH�FRQWUROOHU�LV�RSHUDWLQJ�LQ�����IUHTXHQF\�UDWLR�PRGH��
SURJUDP�WKLV�WR��W*($5BKROG����DQG�URXQG�LW�XS�WR�WKH�QH[W�
LQWHJHU�YDOXH� 
8QLW��'),�&ORFNV 
9DOXH�$IWHU�5HVHW���[� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS���DQG�*URXS�� 

 
''5&B'5$070*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 52 �[� UHVHUYHG 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� 

SRVWBPSVPBJDSB[�� 
W;03'//��7KLV�LV�WKH�PLQLPXP�([LW�0360�WR�FRPPDQGV�UHTXLULQJ�
D�ORFNHG�'//� 
:KHQ�WKH�FRQWUROOHU�LV�RSHUDWLQJ�LQ�����IUHTXHQF\�UDWLR�PRGH��
SURJUDP�WKLV�WR��W;03'//����DQG�URXQG�LW�XS�WR�WKH�QH[W�LQWHJHU�
YDOXH� 
3UHVHQW�RQO\�LQ�GHVLJQV�FRQILJXUHG�WR�VXSSRUW�''5�� 
8QLW��0XOWLSOHV�RI����'),�FORFNV� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS���DQG�*URXS�� 

����� 52 �[� UHVHUYHG 

����� 5: �[�F 

WBPS[BOK 
W03;B/+��7KLV�LV�WKH�PLQLPXP�&6BQ�/RZ�KROG�WLPH�WR�&.(�ULVLQJ�
HGJH� 
:KHQ�WKH�FRQWUROOHU�LV�RSHUDWLQJ�LQ�����IUHTXHQF\�UDWLR�PRGH��
SURJUDP�WKLV�WR�5RXQG8S�W03;B/+������ 
3UHVHQW�RQO\�LQ�GHVLJQV�FRQILJXUHG�WR�VXSSRUW�''5�� 
8QLW��'),�FORFNV� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS���DQG�*URXS�� 

����� 52 �[�� UHVHUYHG 

��� 5: �[� 

WBPS[BV 
W03;B6��0LQLPXP�WLPH�&6�VHWXS�WLPH�WR�&.(� 
:KHQ�WKH�FRQWUROOHU�LV�RSHUDWLQJ�LQ�����IUHTXHQF\�UDWLR�PRGH��
SURJUDP�WKLV�WR��W03;B6����DQG�URXQG�LW�XS�WR�WKH�QH[W�LQWHJHU�
YDOXH� 
3UHVHQW�RQO\�LQ�GHVLJQV�FRQILJXUHG�WR�VXSSRUW�''5�� 
8QLW��'),�&ORFNV� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS���DQG�*URXS�� 

��� 52 �[� UHVHUYHG 

��� 5: �[�F 

WBFNPSH 
W&.03(��0LQLPXP�YDOLG�FORFN�UHTXLUHPHQW�DIWHU�0360�HQWU\� 
3UHVHQW�RQO\�LQ�GHVLJQV�FRQILJXUHG�WR�VXSSRUW�''5�� 
8QLW��'),�&ORFNV� 
:KHQ�WKH�FRQWUROOHU�LV�RSHUDWLQJ�LQ�����IUHTXHQF\�UDWLR�PRGH��
GLYLGH�WKH�YDOXH�FDOFXODWHG�XVLQJ�WKH�DERYH�HTXDWLRQ�E\����DQG�
URXQG�LW�XS�WR�QH[W�LQWHJHU� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS���DQG�*URXS�� 

 
''5&B'5$070*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

����� 5: �[� 

WBFPGFNH 
W&0'&.(��'HOD\�IURP�YDOLG�FRPPDQG�WR�&.(�LQSXW�/2:� 
6HW�WKLV�WR�WKH�ODUJHU�RI�W(6&.(�RU�W&0'&.(� 
:KHQ�WKH�FRQWUROOHU�LV�RSHUDWLQJ�LQ�����IUHTXHQF\�UDWLR�PRGH��
SURJUDP�WKLV�WR��PD[�W(6&.(��W&0'&.(�����DQG�URXQG�LW�XS�WR�
WKH�QH[W�LQWHJHU�YDOXH� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS���DQG�*URXS�� 

���� 52 �[��� UHVHUYHG 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[�� 

WBPUGBSGD 
W05'B3'$��7KLV�LV�WKH�0RGH�5HJLVWHU�6HW�FRPPDQG�F\FOH�WLPH�LQ�
3'$�PRGH� 
:KHQ�WKH�FRQWUROOHU�LV�RSHUDWLQJ�LQ�����IUHTXHQF\�UDWLR�PRGH��
SURJUDP�WKLV�WR��W05'B3'$����DQG�URXQG�LW�XS�WR�WKH�QH[W�
LQWHJHU�YDOXH� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS���DQG�*URXS�� 

 
''5&B'5$070*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 52 �[� UHVHUYHG 

����� 5: �[�F 

RGWORII 
/3''5���W2'7/RII��7KLV�LV�WKH�ODWHQF\�IURP�&$6���FRPPDQG�WR�
W2'7RII�UHIHUHQFH� 
:KHQ�WKH�FRQWUROOHU�LV�RSHUDWLQJ�LQ�����IUHTXHQF\�UDWLR�PRGH��
SURJUDP�WKLV�WR��W2'7/RII����DQG�URXQG�LW�XS�WR�WKH�QH[W�LQWHJHU�
YDOXH� 
8QLW��'),�&ORFNV� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS���DQG�*URXS�� 

����� 52 �[� UHVHUYHG 

����� 5: �[�� 

WBFFGBPZ 
/3''5���W&&'0:��7KLV�LV�WKH�PLQLPXP�WLPH�IURP�ZULWH�RU�
PDVNHG�ZULWH�WR�PDVNHG�ZULWH�FRPPDQG�IRU�VDPH�EDQN� 
:KHQ�WKH�FRQWUROOHU�LV�RSHUDWLQJ�LQ�����IUHTXHQF\�UDWLR�PRGH��
SURJUDP�WKLV�WR��W&&'0:����DQG�URXQG�LW�XS�WR�WKH�QH[W�LQWHJHU�
YDOXH� 
8QLW��'),�&ORFNV� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS���DQG�*URXS�� 

���� 52 �[���� UHVHUYHG 

��� 5: �[� 

WBSSG 
/3''5���W33'��7KLV�LV�WKH�PLQLPXP�WLPH�IURP�SUHFKDUJH�WR�
SUHFKDUJH�FRPPDQG� 
:KHQ�WKH�FRQWUROOHU�LV�RSHUDWLQJ�LQ�����IUHTXHQF\�UDWLR�PRGH��
SURJUDP�WKLV�WR��W33'����DQG�URXQG�LW�XS�WR�WKH�QH[W�LQWHJHU�
YDOXH� 
8QLW��'),�&ORFNV� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS���DQG�*URXS�� 

 
''5&B'5$070*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

���� 5: �[�D� 

WB[VU 
W;65��([LW�6HOI�5HIUHVK�WR�DQ\�FRPPDQG� 
:KHQ�WKH�FRQWUROOHU�LV�RSHUDWLQJ�LQ�����IUHTXHQF\�UDWLR�PRGH��
SURJUDP�WKLV�WR�WKH�DERYH�YDOXH�GLYLGHG�E\���DQG�URXQG�XS�WR�
QH[W�LQWHJHU�YDOXH� 
1RWH��8VHG�RQO\�IRU�P''5�/3''5��/3''5��/3''5��PRGH� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS���DQG�*URXS�� 

 
''5&B'5$070*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

HQBGILBOSBWBVWDE 
�
E���(QDEOH�XVLQJ�W67$%�ZKHQ�H[LWLQJ�'),�/3��1HHGV�WR�EH�VHW�
ZKHQ�WKH�3+<�LV�VWRSSLQJ�WKH�FORFN�GXULQJ�'),�/3�WR�VDYH�
PD[LPXP�SRZHU� 
�
E���'LVDEOH�XVLQJ�W67$%�ZKHQ�H[LWLQJ�'),�/3� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS���DQG�*URXS�� 

���� 52 �[������ UHVHUYHG 

��� 5: �[�� 

WBVWDEB[�� 
W67$%��6WDELOL]DWLRQ�WLPH� 
,W�LV�UHTXLUHG�LQ�WKH�IROORZLQJ�WZR�FDVHV�IRU�''5��''5��5',00�� 
ZKHQ�H[LWLQJ�SRZHU�VDYLQJ�PRGH��LI�WKH�FORFN�ZDV�VWRSSHG��DIWHU�
UH�HQDEOLQJ�LW�WKH�FORFN�PXVW�EH�VWDEOH�IRU�D�WLPH�VSHFLILHG�E\�
W67$%�LQ�WKH�FDVH�RI�LQSXW�FORFN�IUHTXHQF\�FKDQJH��''5��DIWHU�
LVVXLQJ�FRQWURO�ZRUGV�WKDW�UHIHUV�WR�FORFN�WLPLQJ��6SHFLILFDWLRQ��
�XV�IRU�''5����XV�IRU�''5��:KHQ�WKH�FRQWUROOHU�LV�RSHUDWLQJ�LQ�
����IUHTXHQF\�UDWLR�PRGH��SURJUDP�WKLV�WR�UHFRPPHQGHG�YDOXH�
GLYLGHG�E\�WZR�DQG�URXQG�LW�XS�WR�QH[W�LQWHJHU� 
8QLW��0XOWLSOHV�RI����'),�FORFN�F\FOHV� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS���DQG�*URXS�� 

 
''5&B'5$070*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[�� 

WBYUFJBHQDEOH 
/3''5���W95&*B(1$%/(��95()�KLJK�FXUUHQW�PRGH�HQDEOH�
WLPH�:KHQ�WKH�FRQWUROOHU�LV�RSHUDWLQJ�LQ�����IUHTXHQF\�UDWLR�
PRGH��SURJUDP�WKLV�WR��W95&*B(1$%/(����DQG�URXQG�LW�XS�WR�WKH�
QH[W�LQWHJHU�YDOXH� 
8QLW��'),�FORFNV 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS�� 

���� 52 �[��� UHVHUYHG 

��� 5: �[�� 

WBYUFJBGLVDEOH 
/3''5���W95&*B(1$%/(��95()�KLJK�FXUUHQW�PRGH�GLVDEOH�
WLPH�:KHQ�WKH�FRQWUROOHU�LV�RSHUDWLQJ�LQ�����IUHTXHQF\�UDWLR�
PRGH��SURJUDP�WKLV�WR��W95&*B',6$%/(����DQG�URXQG�LW�XS�WR�
WKH�QH[W�LQWHJHU�YDOXH� 
8QLW��'),�FORFNV 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS�� 

 
''5&B=4&7/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

GLVBDXWRB]T 
�
E���'LVDEOH�X0&7/��JHQHUDWLRQ�RI�=4&6�03&�=4�FDOLEUDWLRQ��
FRPPDQG��5HJLVWHU�'%*&0'�]TBFDOLEBVKRUW�FDQ�EH�XVHG�LQVWHDG�
WR�LVVXH�=4�FDOLEUDWLRQ�UHTXHVW�IURP�$3%�PRGXOH� 
�
E���,QWHUQDOO\�JHQHUDWH�=4&6�03&�=4�FDOLEUDWLRQ��FRPPDQGV�
EDVHG�RQ�=4&7/��WB]TBVKRUWBLQWHUYDOB[����� 
7KLV�LV�RQO\�SUHVHQW�IRU�GHVLJQV�VXSSRUWLQJ�''5��''5��RU�
/3''5��/3''5��/3''5��GHYLFHV� 
3URJUDPPLQJ�0RGH��'\QDPLF 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

GLVBVU[B]TFO 
�
E���'LVDEOH�LVVXLQJ�RI�=4&/�03&�=4�FDOLEUDWLRQ�FRPPDQG�DW�
6HOI�5HIUHVK�65�3RZHUGRZQ�H[LW��2QO\�DSSOLFDEOH�ZKHQ�UXQ�LQ�
''5��RU�''5��RU�/3''5��RU�/3''5��RU�/3''5��PRGH� 
�
E���(QDEOH�LVVXLQJ�RI�=4&/�03&�=4�FDOLEUDWLRQ�FRPPDQG�DW�
6HOI�5HIUHVK�65�3RZHUGRZQ�H[LW��2QO\�DSSOLFDEOH�ZKHQ�UXQ�LQ�
''5��RU�''5��RU�/3''5��RU�/3''5��RU�/3''5��PRGH� 
7KLV�LV�RQO\�SUHVHQW�IRU�GHVLJQV�VXSSRUWLQJ�''5��''5��RU�
/3''5��/3''5��/3''5��GHYLFHV� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS���DQG�*URXS�� 

�� 5: �[� 

]TBUHVLVWRUBVKDUHG 
�
E���'HQRWHV�WKDW�=4�UHVLVWRU�LV�VKDUHG�EHWZHHQ�UDQNV�0HDQV�
=4LQLW�=4&/�=4&6�03&�=4�FDOLEUDWLRQ��FRPPDQGV�DUH�VHQW�WR�
RQH�UDQN�DW�D�WLPH�ZLWK�W=4LQLW�W=4&/�W=4&6�W=4&$/�W=4/$7�
WLPLQJ�PHW�EHWZHHQ�FRPPDQGV�VR�WKDW�FRPPDQGV�WR�GLIIHUHQW�
UDQNV�GR�QRW�RYHUODS� 
�
E���=4�UHVLVWRU�LV�QRW�VKDUHG� 
7KLV�LV�RQO\�SUHVHQW�IRU�GHVLJQV�VXSSRUWLQJ�''5��''5��RU�
/3''5��/3''5��/3''5��GHYLFHV� 
3URJUDPPLQJ�0RGH��6WDWLF 

�� 5: �[� 

GLVBPSVP[B]TFO 
�
E���'LVDEOH�LVVXLQJ�RI�=4&/�FRPPDQG�DW�0D[LPXP�3RZHU�
6DYLQJ�0RGH�H[LW��2QO\�DSSOLFDEOH�ZKHQ�UXQ�LQ�''5��PRGH� 
�
E���(QDEOH�LVVXLQJ�RI�=4&/�FRPPDQG�DW�0D[LPXP�3RZHU�
6DYLQJ�0RGH�H[LW��2QO\�DSSOLFDEOH�ZKHQ�UXQ�LQ�''5��PRGH� 
7KLV�LV�RQO\�SUHVHQW�IRU�GHVLJQV�VXSSRUWLQJ�''5��GHYLFHV� 
1RWH��'R�QRW�LVVXH�=4&/�FRPPDQG�DW�0D[LPXP�3RZHU�6DYH�
0RGH�H[LW�LI�WKH�80&7/�B6+$5('B$&�FRQILJXUDWLRQ�SDUDPHWHU�LV�
VHW��3URJUDP�LW�WR��
E���7KH�VRIWZDUH�FDQ�VHQG�=4&6�DIWHU�H[LWLQJ�
0360�PRGH� 
3URJUDPPLQJ�0RGH��6WDWLF 

�� 52 �[� UHVHUYHG 

����� 5: �[��� 

WB]TBORQJBQRS 
W=4RSHU�IRU�''5��''5���W=4&/�IRU�/3''5��/3''5���W=4&$/�
IRU�/3''5���1XPEHU�RI�'),�FORFN�F\FOHV�RI�123�UHTXLUHG�DIWHU�D�
=4&/��=4�FDOLEUDWLRQ�ORQJ��03&�=4�6WDUW��FRPPDQG�LV�LVVXHG�WR�
6'5$0� 
:KHQ�WKH�FRQWUROOHU�LV�RSHUDWLQJ�LQ�����IUHTXHQF\�UDWLR�PRGH� 
''5��''5���SURJUDP�WKLV�WR�W=4RSHU���DQG�URXQG�LW�XS�WR�WKH�
QH[W�LQWHJHU�YDOXH� 
/3''5��/3''5���SURJUDP�WKLV�WR�W=4&/���DQG�URXQG�LW�XS�WR�
WKH�QH[W�LQWHJHU�YDOXH� 
/3''5���SURJUDP�WKLV�WR�W=4&$/���DQG�URXQG�LW�XS�WR�WKH�QH[W�
LQWHJHU�YDOXH� 
7KLV�LV�RQO\�SUHVHQW�IRU�GHVLJQV�VXSSRUWLQJ�''5��''5��RU�
/3''5��/3''5��/3''5��GHYLFHV� 
3URJUDPPLQJ�0RGH��6WDWLF 

����� 52 �[�� UHVHUYHG 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[��� 

WB]TBVKRUWBQRS 
W=4&6�IRU�''5��''��/3''5��/3''5���W=4/$7�IRU�/3''5���
1XPEHU�RI�'),�FORFN�F\FOHV�RI�123�UHTXLUHG�DIWHU�D�=4&6��=4�
FDOLEUDWLRQ�VKRUW��03&�=4�/DWFK��FRPPDQG�LV�LVVXHG�WR�
6'5$0�:KHQ�WKH�FRQWUROOHU�LV�RSHUDWLQJ�LQ�����IUHTXHQF\�UDWLR�
PRGH��SURJUDP�WKLV�WR�W=4&6���DQG�URXQG�LW�XS�WR�WKH�QH[W�
LQWHJHU�YDOXH�7KLV�LV�RQO\�SUHVHQW�IRU�GHVLJQV�VXSSRUWLQJ�
''5��''5��RU�/3''5��/3''5��/3''5��GHYLFHV� 
3URJUDPPLQJ�0RGH��6WDWLF 

 
''5&B=4&7/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[��� 

WB]TBUHVHWBQRS 
W=45HVHW��1XPEHU�RI�'),�FORFN�F\FOHV�RI�123�UHTXLUHG�DIWHU�D�
=45HVHW��=4�FDOLEUDWLRQ�5HVHW��FRPPDQG�LV�LVVXHG�WR�
6'5$0�:KHQ�WKH�FRQWUROOHU�LV�RSHUDWLQJ�LQ�����IUHTXHQF\�UDWLR�
PRGH��SURJUDP�WKLV�WR�W=45HVHW���DQG�URXQG�LW�XS�WR�WKH�QH[W�
LQWHJHU�YDOXH�7KLV�LV�RQO\�SUHVHQW�IRU�GHVLJQV�VXSSRUWLQJ�
/3''5��/3''5��/3''5��GHYLFHV� 
3URJUDPPLQJ�0RGH��6WDWLF 

���� 5: �[����� 

WB]TBVKRUWBLQWHUYDOB[���� 
$YHUDJH�LQWHUYDO�WR�ZDLW�EHWZHHQ�DXWRPDWLFDOO\�LVVXLQJ�=4&6��=4�
FDOLEUDWLRQ�VKRUW��03&�=4�FDOLEUDWLRQ��FRPPDQGV�WR�
''5��''5��/3''5��/3''5��/3''5��GHYLFHV� 
0HDQLQJOHVV��LI�=4&7/��GLVBDXWRB]T �� 
8QLW�������'),�FORFN�F\FOHV� 
7KLV�LV�RQO\�SUHVHQW�IRU�GHVLJQV�VXSSRUWLQJ�''5��''5��RU�
/3''5��/3''5��/3''5��GHYLFHV� 
3URJUDPPLQJ�0RGH��6WDWLF 

 
''5&B=4&7/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 

]TBUHVHW 
6HWWLQJ�WKLV�UHJLVWHU�ELW�WR���WULJJHUV�D�=4�5HVHW�RSHUDWLRQ��:KHQ�
WKH�=4�5HVHW�RSHUDWLRQ�LV�FRPSOHWH��WKH�X0&7/��DXWRPDWLFDOO\�
FOHDUV�WKLV�ELW��,W�LV�UHFRPPHQGHG�127�WR�VHW�WKLV�VLJQDO�LI�LQ�,QLW��
6HOI�5HIUHVK�H[FHSW�/3''5���RU�653RZHUGRZQ�/3''5���RU�'HHS�
SRZHU�GRZQ�RSHUDWLQJ�PRGHV� 
7KLV�LV�RQO\�SUHVHQW�IRU�GHVLJQV�VXSSRUWLQJ�
/3''5��/3''5��/3''5��GHYLFHV� 
3URJUDPPLQJ�0RGH��'\QDPLF 

 
''5&B=467$7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

]TBUHVHWBEXV\ 
6R&�FRUH�PD\�LQLWLDWH�D�=4�5HVHW�RSHUDWLRQ�RQO\�LI�WKLV�VLJQDO�LV�
ORZ��7KLV�VLJQDO�JRHV�KLJK�LQ�WKH�FORFN�DIWHU�WKH�X0&7/��DFFHSWV�
WKH�=4�5HVHW�UHTXHVW��,W�JRHV�ORZ�ZKHQ�WKH�=4�5HVHW�FRPPDQG�
LV�LVVXHG�WR�WKH�6'5$0�DQG�WKH�DVVRFLDWHG�123�SHULRG�LV�RYHU��,W�
LV�UHFRPPHQGHG�QRW�WR�SHUIRUP�=4�5HVHW�FRPPDQGV�ZKHQ�WKLV�
VLJQDO�LV�KLJK� 
�
E���,QGLFDWHV�WKDW�WKH�6R&�FRUH�FDQ�LQLWLDWH�D�=4�5HVHW�
RSHUDWLRQ� 
�
E���,QGLFDWHV�WKDW�=4�5HVHW�RSHUDWLRQ�LV�LQ�SURJUHVV� 
3URJUDPPLQJ�0RGH��'\QDPLF 

 
''5&B'),70*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[�� 

GILBWBFWUOBGHOD\ 
6SHFLILHV�WKH�QXPEHU�RI�'),�FORFN�F\FOHV�DIWHU�DQ�DVVHUWLRQ�RU�GH�
DVVHUWLRQ�RI�WKH�'),�FRQWURO�VLJQDOV�WKDW�WKH�FRQWURO�VLJQDOV�DW�WKH�
3+<�'5$0�LQWHUIDFH�UHIOHFW�WKH�DVVHUWLRQ�RU�GH�DVVHUWLRQ��,I�WKH�
'),�FORFN�DQG�WKH�PHPRU\�FORFN�DUH�QRW�SKDVH�DOLJQHG��WKLV�
WLPLQJ�SDUDPHWHU�VKRXOG�EH�URXQGHG�XS�WR�WKH�QH[W�LQWHJHU�
YDOXH��  
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS�� 

�� 5: �[� 

GILBUGGDWDBXVHBGILBSK\BFON 
'HILQHV�ZKHWKHU�GILBUGGDWDBHQ�GILBUGGDWD�GILBUGGDWDBYDOLG�LV�
JHQHUDWHG�XVLQJ�+'5��'),�FORFN��RU�6'5��'),�3+<�FORFN��YDOXHV��
6HOHFWV�ZKHWKHU�YDOXH�LQ�'),70*��GILBWBUGGDWDBHQ�LV�LQ�WHUPV�RI�
+'5��'),�FORFN��RU�6'5��'),�3+<�FORFN��F\FOHV� 
�
E���,Q�WHUPV�RI�+'5��'),�FORFN��F\FOHV��2QO\�VXSSRUW�+'5�'),�
FORFN� 
�
E���,Q�WHUPV�RI�6'5��'),�3+<�FORFN��F\FOHV 
3URJUDPPLQJ�0RGH��6WDWLF 

����� 5: �[�� 

GILBWBUGGDWDBHQ 
7LPH�IURP�WKH�DVVHUWLRQ�RI�D�UHDG�FRPPDQG�RQ�WKH�'),�LQWHUIDFH�
WR�WKH�DVVHUWLRQ�RI�WKH�GILBUGGDWDBHQ�VLJQDO��5HIHU�WR�3+<�
VSHFLILFDWLRQ�IRU�FRUUHFW�YDOXH��7KLV�FRUUHVSRQGV�WR�WKH�'),�
SDUDPHWHU�WUGGDWDBHQ��  
8QLW��'),�FORFN�F\FOHV�  
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS���DQG�*URXS�� 

�� 5: �[� 

GILBZUGDWDBXVHBGILBSK\BFON 
'HILQHV�ZKHWKHU�GILBZUGDWDBHQ�GILBZUGDWD�GILBZUGDWDBPDVN�LV�
JHQHUDWHG�XVLQJ�+'5��'),�FORFN��RU�6'5��'),�3+<�FORFN��YDOXHV�
6HOHFWV�ZKHWKHU�YDOXH�LQ�'),70*��GILBWSK\BZUODW�LV�LQ�WHUPV�RI�
+'5��'),�FORFN��RU�6'5��'),�3+<�FORFN��F\FOHV�6HOHFWV�ZKHWKHU�
YDOXH�LQ�'),70*��GILBWSK\BZUGDWD�LV�LQ�WHUPV�RI�+'5��'),�FORFN��
RU�6'5��'),�3+<�FORFN��F\FOHV 
�
E���,Q�WHUPV�RI�+'5��'),�FORFN��F\FOHV��2QO\�VXSSRUW�+'5�'),�
FORFN� 
�
E���,Q�WHUPV�RI�6'5��'),�3+<�FORFN��F\FOHV 
3URJUDPPLQJ�0RGH��6WDWLF 

�� 52 �[� UHVHUYHG 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�� 

GILBWSK\BZUGDWD 
6SHFLILHV�WKH�QXPEHU�RI�FORFN�F\FOHV�EHWZHHQ�ZKHQ�
GILBZUGDWDBHQ�LV�DVVHUWHG�WR�ZKHQ�WKH�DVVRFLDWHG�ZULWH�GDWD�LV�
GULYHQ�RQ�WKH�GILBZUGDWD�VLJQDO��7KLV�FRUUHVSRQGV�WR�WKH�'),�
WLPLQJ�SDUDPHWHU�WSK\BZUGDWD��5HIHU�WR�3+<�VSHFLILFDWLRQ�IRU�
FRUUHFW�YDOXH��1RWH��PD[�VXSSRUWHG�YDOXH�LV��� 
8QLW��'),�FORFN�F\FOHV� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS�� 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 

GILBWSK\BZUODW 
:ULWH�ODWHQF\ 
1XPEHU�RI�FORFNV�IURP�WKH�ZULWH�FRPPDQG�WR�ZULWH�GDWD�HQDEOH�
�GILBZUGDWDBHQ���7KLV�FRUUHVSRQGV�WR�WKH�'),�WLPLQJ�SDUDPHWHU�
WSK\BZUODW��5HIHU�WR�3+<�VSHFLILFDWLRQ�IRU�FRUUHFW�YDOXH� 
)RU�/3''5���GILBWSK\BZUODW!���LV�QRW�VXSSRUWHG� 
8QLW��'),�FORFN�F\FOHV 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS���DQG�*URXS�� 

 
''5&B'),70*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

GILBWBFPGBODW 
6SHFLILHV�WKH�QXPEHU�RI�'),�3+<�FORFN�F\FOHV�EHWZHHQ�ZKHQ�WKH�
GILBFV�VLJQDO�LV�DVVHUWHG�DQG�ZKHQ�WKH�DVVRFLDWHG�FRPPDQG�LV�
GULYHQ��7KLV�ILHOG�LV�XVHG�IRU�&$/�PRGH��VKRXOG�EH�VHW�WR�
�
�RU�
WKH�YDOXH�ZKLFK�PDWFKHV�WKH�&$/�PRGH�UHJLVWHU�VHWWLQJ�LQ�WKH�
'5$0��,I�WKH�3+<�FDQ�DGG�WKH�ODWHQF\�IRU�&$/�PRGH��WKLV�VKRXOG�
EH�VHW�WR�
�
� 
9DOLG�5DQJH�����������������DQG�� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS���DQG�*URXS�� 

����� 52 �[� UHVHUYHG 

����� 5: �[� 

GILBWBSDULQBODW 
6SHFLILHV�WKH�QXPEHU�RI�'),�3+<�FORFN�F\FOHV�EHWZHHQ�ZKHQ�WKH�
GILBFV�VLJQDO�LV�DVVHUWHG�DQG�ZKHQ�WKH�DVVRFLDWHG�GILBSDULW\BLQ�
VLJQDO�LV�GULYHQ� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS�� 

����� 52 �[� UHVHUYHG 

����� 5: �[�� 

GILBWBZUGDWDBGHOD\ 
6SHFLILHV�WKH�QXPEHU�RI�'),�FORFN�F\FOHV�EHWZHHQ�ZKHQ�WKH�
GILBZUGDWDBHQ�VLJQDO�LV�DVVHUWHG�DQG�ZKHQ�WKH�FRUUHVSRQGLQJ�
ZULWH�GDWD�WUDQVIHU�LV�FRPSOHWHG�RQ�WKH�'5$0�EXV��7KLV�
FRUUHVSRQGV�WR�WKH�'),�WLPLQJ�SDUDPHWHU�WZUGDWDBGHOD\��5HIHU�WR�
3+<�VSHFLILFDWLRQ�IRU�FRUUHFW�YDOXH� 
9DOXH�WR�EH�SURJUDPPHG�LV�LQ�WHUPV�RI�'),�FORFNV��QRW�3+<�
FORFNV��,Q�)5(4B5$7,2 ���GLYLGH�3+<
V�YDOXH�E\���DQG�URXQG�XS�
WR�QH[W�LQWHJHU��  
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS�� 

����� 52 �[� UHVHUYHG 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�� 

GILBWBGUDPBFONBGLVDEOH 
6SHFLILHV�WKH�QXPEHU�RI�'),�FORFN�F\FOHV�IURP�WKH�DVVHUWLRQ�RI�
WKH�GILBGUDPBFONBGLVDEOH�VLJQDO�RQ�WKH�'),�XQWLO�WKH�FORFN�WR�WKH�
'5$0�PHPRU\�GHYLFHV��DW�WKH�3+<�'5$0�ERXQGDU\��PDLQWDLQV�D�
ORZ�YDOXH��,I�WKH�'),�FORFN�DQG�WKH�PHPRU\�FORFN�DUH�QRW�SKDVH�
DOLJQHG��WKLV�WLPLQJ�SDUDPHWHU�VKRXOG�EH�URXQGHG�XS�WR�WKH�QH[W�
LQWHJHU�YDOXH� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS�� 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 

GILBWBGUDPBFONBHQDEOH 
6SHFLILHV�WKH�QXPEHU�RI�'),�FORFN�F\FOHV�IURP�WKH�GHDVVHUWLRQ�RI�
WKH�GILBGUDPBFONBGLVDEOH�VLJQDO�RQ�WKH�'),�XQWLO�WKH�ILUVW�YDOLG�
ULVLQJ�HGJH�RI�WKH�FORFN�WR�WKH�'5$0�PHPRU\�GHYLFHV��DW�WKH�
3+<�'5$0�ERXQGDU\��,I�WKH�'),�FORFN�DQG�WKH�PHPRU\�FORFN�DUH�
QRW�SKDVH�DOLJQHG��WKLV�WLPLQJ�SDUDPHWHU�VKRXOG�EH�URXQGHG�XS�
WR�WKH�QH[W�LQWHJHU�YDOXH� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS�� 

 
''5&B'),/3&)*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[�� 

GILBWOSBUHVS 
6HWWLQJ�LQ�'),�FORFN�F\FOHV�IRU�'),
V�WOSBUHVS�WLPH��6DPH�YDOXH�LV�
XVHG�IRU�ERWK�3RZHU�'RZQ��6HOI�5HIUHVK��'HHS�3RZHU�'RZQ�DQG�
0D[LPXP�3RZHU�6DYLQJ�PRGHV� 
'),�����VSHFLILFDWLRQ�RQZDUGV��UHFRPPHQGV�XVLQJ�D�IL[HG�YDOXH�
RI���DOZD\V� 
3URJUDPPLQJ�0RGH��6WDWLF 

����� 5: �[� 

GILBOSBZDNHXSBGSG 
9DOXH�LQ�'),�FORFN�F\FOHV�WR�GULYH�RQ�GILBOSBZDNHXS�VLJQDO�ZKHQ�
'HHS�3RZHU�'RZQ�PRGH�LV�HQWHUHG� 
'HWHUPLQHV�WKH�'),
V�WOSBZDNHXS�WLPH� 
�
K������F\FOHV 
�
K������F\FOHV 
�
K������F\FOHV 
�
K�������F\FOHV 
�
K�������F\FOHV 
�
K�������F\FOHV 
�
K��������F\FOHV 
�
K��������F\FOHV 
�
K��������F\FOHV 
�
K��������F\FOHV 
�
K$��������F\FOHV 
�
K%��������F\FOHV 
�
K&��������F\FOHV 
�
K'���������F\FOHV 
�
K(���������F\FOHV 
�
K)��8QOLPLWHG 
7KLV�LV�RQO\�SUHVHQW�IRU�GHVLJQV�VXSSRUWLQJ�P''5�RU�
/3''5��/3''5��GHYLFHV� 
3URJUDPPLQJ�0RGH��6WDWLF 

����� 52 �[� UHVHUYHG 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

GILBOSBHQBGSG 
(QDEOHV�'),�/RZ�3RZHU�LQWHUIDFH�KDQGVKDNLQJ�GXULQJ�'HHS�3RZHU�
'RZQ�(QWU\�([LW� 
�
E���'LVDEOHG 
�
E���(QDEOHG 
7KLV�LV�RQO\�SUHVHQW�IRU�GHVLJQV�VXSSRUWLQJ�P''5�RU�
/3''5��/3''5��GHYLFHV� 
3URJUDPPLQJ�0RGH��6WDWLF 

����� 5: �[� 

GILBOSBZDNHXSBVU 
9DOXH�LQ�'),�FOSFN�F\FOHV�WR�GULYH�RQ�GILBOSBZDNHXS�VLJQDO�ZKHQ�
6HOI�5HIUHVK�PRGH�LV�HQWHUHG� 
'HWHUPLQHV�WKH�'),
V�WOSBZDNHXS�WLPH� 
�
K������F\FOHV 
�
K������F\FOHV 
�
K������F\FOHV 
�
K�������F\FOHV 
�
K�������F\FOHV 
�
K�������F\FOHV 
�
K��������F\FOHV 
�
K��������F\FOHV 
�
K��������F\FOHV 
�
K��������F\FOHV 
�
K$��������F\FOHV 
�
K%��������F\FOHV 
�
K&��������F\FOHV 
�
K'���������F\FOHV 
�
K(���������F\FOHV 
�
K)��8QOLPLWHG 
3URJUDPPLQJ�0RGH��6WDWLF 

���� 52 �[� UHVHUYHG 

� 5: �[� 

GILBOSBHQBVU 
(QDEOHV�'),�/RZ�3RZHU�LQWHUIDFH�KDQGVKDNLQJ�GXULQJ�6HOI�
5HIUHVK�(QWU\�([LW� 
�
E���'LVDEOHG 
�
E���(QDEOHG 
3URJUDPPLQJ�0RGH��6WDWLF 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

GILBOSBZDNHXSBSG 
9DOXH�LQ�'),�FORFN�F\FOHV�WR�GULYH�RQ�GILBOSBZDNHXS�VLJQDO�ZKHQ�
3RZHU�'RZQ�PRGH�LV�HQWHUHG� 
'HWHUPLQHV�WKH�'),
V�WOSBZDNHXS�WLPH� 
�
K������F\FOHV 
�
K������F\FOHV 
�
K������F\FOHV 
�
K�������F\FOHV 
�
K�������F\FOHV 
�
K�������F\FOHV 
�
K��������F\FOHV 
�
K��������F\FOHV 
�
K��������F\FOHV 
�
K��������F\FOHV 
�
K$��������F\FOHV 
�
K%��������F\FOHV 
�
K&��������F\FOHV 
�
K'���������F\FOHV 
�
K(���������F\FOHV 
�
K)��8QOLPLWHG 
3URJUDPPLQJ�0RGH��6WDWLF 

��� 52 �[� UHVHUYHG 

� 5: �[� 

GILBOSBHQBSG 
(QDEOHV�'),�/RZ�3RZHU�LQWHUIDFH�KDQGVKDNLQJ�GXULQJ�3RZHU�
'RZQ�(QWU\�([LW� 
�
E���'LVDEOHG 
�
E���(QDEOHG 
3URJUDPPLQJ�0RGH��6WDWLF 

 
''5&B'),/3&)*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[� 

GILBOSBZDNHXSBPSVP 
9DOXH�LQ�'),�FORFN�F\FOHV�WR�GULYH�RQ�GILBOSBZDNHXS�VLJQDO�ZKHQ�
0D[LPXP�3RZHU�6DYLQJ�0RGH�LV�HQWHUHG� 
'HWHUPLQHV�WKH�'),
V�WOSBZDNHXS�WLPH� 
�
K������F\FOHV 
�
K������F\FOHV 
�
K������F\FOHV 
�
K�������F\FOHV 
�
K�������F\FOHV 
�
K�������F\FOHV 
�
K��������F\FOHV 
�
K��������F\FOHV 
�
K��������F\FOHV 
�
K��������F\FOHV 
�
K$��������F\FOHV 
�
K%��������F\FOHV 
�
K&��������F\FOHV 
�
K'���������F\FOHV 
�
K(���������F\FOHV 
�
K)��8QOLPLWHG 
7KLV�LV�RQO\�SUHVHQW�IRU�GHVLJQV�VXSSRUWLQJ�''5��GHYLFHV� 
3URJUDPPLQJ�0RGH��6WDWLF 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
��� 52 �[� UHVHUYHG 

� 5: �[� 

GILBOSBHQBPSVP 
(QDEOHV�'),�/RZ�3RZHU�LQWHUIDFH�KDQGVKDNLQJ�GXULQJ�0D[LPXP�
3RZHU�6DYLQJ�0RGH�(QWU\�([LW� 
�
E���'LVDEOHG 
�
E���(QDEOHG 
7KLV�LV�RQO\�SUHVHQW�IRU�GHVLJQV�VXSSRUWLQJ�''5��GHYLFHV� 
3URJUDPPLQJ�0RGH��6WDWLF 

 
''5&B'),83'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

GLVBDXWRBFWUOXSG 
:KHQ�
�
��GLVDEOH�WKH�DXWRPDWLF�GILBFWUOXSGBUHT�JHQHUDWLRQ�E\�
WKH�X0&7/���7KH�FRUH�PXVW�LVVXH�WKH�GILBFWUOXSGBUHT�VLJQDO�
XVLQJ�UHJLVWHU�'%*&0'�FWUOXSG��:KHQ�
�
��X0&7/��LVVXHV�
GILBFWUOXSGBUHT�SHULRGLFDOO\� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS�� 

�� 5: �[� 

GLVBDXWRBFWUOXSGBVU[ 
:KHQ�
�
��GLVDEOH�WKH�DXWRPDWLF�GILBFWUOXSGBUHT�JHQHUDWLRQ�E\�
WKH�X0&7/��DW�VHOI�UHIUHVK�H[LW��:KHQ�
�
��X0&7/��LVVXHV�D�
GILBFWUOXSGBUHT�EHIRUH�RU�DIWHU�H[LWLQJ�VHOI�UHIUHVK��GHSHQGLQJ�RQ�
'),83'��FWUOXSGBSUHBVU[� 
3URJUDPPLQJ�0RGH��6WDWLF 

�� 5: �[� 

FWUOXSGBSUHBVU[ 
6HOHFWV�GILBFWUOXSGBUHT�UHTXLUHPHQWV�DW�65;� 
�
E���6HQG�FWUOXSG�DIWHU�65; 
�
E���6HQG�FWUOXSG�EHIRUH�65;�,I�
'),83'��GLVBDXWRBFWUOXSGBVU[ ���WKLV�UHJLVWHU�KDV�QR�LPSDFW��
EHFDXVH�QR�GILBFWUOXSGBUHT�ZLOO�EH�LVVXHG�ZKHQ�65;� 
3URJUDPPLQJ�0RGH��6WDWLF 

����� 52 �[� UHVHUYHG 

����� 5: �[��� 

GILBWBFWUOXSBPD[ 
6SHFLILHV�WKH�PD[LPXP�QXPEHU�RI�'),�FORFN�F\FOHV�WKDW�WKH�
GILBFWUOXSGBUHT�VLJQDO�FDQ�DVVHUW��/RZHVW�YDOXH�WR�DVVLJQ�WR�WKLV�
YDULDEOH�LV��[��� 
3URJUDPPLQJ�0RGH��6WDWLF 

����� 52 �[�� UHVHUYHG 

��� 5: �[��� 

GILBWBFWUOXSBPLQ 
6SHFLILHV�WKH�PLQLPXP�QXPEHU�RI�'),�FORFN�F\FOHV�WKDW�WKH�
GILBFWUOXSGBUHT�VLJQDO�PXVW�EH�DVVHUWHG��7KH�X0&7/��H[SHFWV�WKH�
3+<�WR�UHVSRQG�ZLWKLQ�WKLV�WLPH��,I�WKH�3+<�GRHV�QRW�UHVSRQG��WKH�
X0&7/��ZLOO�GH�DVVHUW�GILBFWUOXSGBUHT�DIWHU�GILBWBFWUOXSBPLQ�����
F\FOHV��/RZHVW�YDOXH�WR�DVVLJQ�WR�WKLV�YDULDEOH�LV��[�� 
3URJUDPPLQJ�0RGH��6WDWLF 

 
''5&B'),83'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� 

GILBWBFWUOXSGBLQWHUYDOBPLQB[���� 
7KLV�LV�WKH�PLQLPXP�DPRXQW�RI�WLPH�EHWZHHQ�X0&7/��LQLWLDWHG�
'),�XSGDWH�UHTXHVWV��ZKLFK�LV�H[HFXWHG�ZKHQHYHU�WKH�X0&7/��LV�
LGOH���6HW�WKLV�QXPEHU�KLJKHU�WR�UHGXFH�WKH�IUHTXHQF\�RI�XSGDWH�
UHTXHVWV��ZKLFK�FDQ�KDYH�D�VPDOO�LPSDFW�RQ�WKH�ODWHQF\�RI�WKH�
ILUVW�UHDG�UHTXHVW�ZKHQ�WKH�X0&7/��LV�LGOH��0LQLPXP�DOORZHG�
YDOXH�IRU�WKLV�ILHOG�LV��� 
8QLW�������'),�FORFN�F\FOHV 
3URJUDPPLQJ�0RGH��6WDWLF 

���� 52 �[�� UHVHUYHG 

��� 5: �[�� 

GILBWBFWUOXSGBLQWHUYDOBPD[B[���� 
7KLV�LV�WKH�PD[LPXP�DPRXQW�RI�WLPH�EHWZHHQ�X0&7/��LQLWLDWHG�
'),�XSGDWH�UHTXHVWV��7KLV�WLPHU�UHVHWV�ZLWK�HDFK�XSGDWH�UHTXHVW��
ZKHQ�WKH�WLPHU�H[SLUHV�GILBFWUOXSGBUHT�LV�VHQW�DQG�WUDIILF�LV�
EORFNHG�XQWLO�WKH�GILBFWUOXSGBDFN[�LV�UHFHLYHG��3+<�FDQ�XVH�WKLV�
LGOH�WLPH�WR�UHFDOLEUDWH�WKH�GHOD\�OLQHV�WR�WKH�'//V��7KH�'),�
FRQWUROOHU�XSGDWH�LV�DOVR�XVHG�WR�UHVHW�3+<�),)2�SRLQWHUV�LQ�FDVH�
RI�GDWD�FDSWXUH�HUURUV��8SGDWHV�DUH�UHTXLUHG�WR�PDLQWDLQ�
FDOLEUDWLRQ�RYHU�397��EXW�IUHTXHQW�XSGDWHV�PD\�LPSDFW�
SHUIRUPDQFH��0LQLPXP�DOORZHG�YDOXH�IRU�WKLV�ILHOG�LV��� 
1RWH��9DOXH�SURJUDPPHG�IRU�
'),83'��GILBWBFWUOXSGBLQWHUYDOBPD[B[�����PXVW�EH�JUHDWHU�
WKDQ�'),83'��GILBWBFWUOXSGBLQWHUYDOBPLQB[����� 
8QLW�������'),�FORFN�F\FOHV 
3URJUDPPLQJ�0RGH��6WDWLF 

 
''5&B'),83'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 

GILBSK\XSGBHQ 
(QDEOHV�WKH�VXSSRUW�IRU�DFNQRZOHGJLQJ�3+<�LQLWLDWHG�XSGDWHV� 
�
E���'LVDEOHG 
�
E���(QDEOHG 
3URJUDPPLQJ�0RGH��6WDWLF 

 
''5&B'),0,6&�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��E���  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

���� 5: �[�� 

GILBIUHTXHQF\ 
,QGLFDWHV�WKH�RSHUDWLQJ�IUHTXHQF\�RI�WKH�V\VWHP��7KH�QXPEHU�RI�
VXSSRUWHG�IUHTXHQFLHV�DQG�WKH�PDSSLQJ�RI�VLJQDO�YDOXHV�WR�FORFN�
IUHTXHQFLHV�DUH�GHILQHG�E\�WKH�3+<� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS�� 

��� 52 �[� UHVHUYHG 

� 5: �[� 
GILBLQLWBVWDUW 
3+<�LQLW�VWDUW�UHTXHVW�VLJQDO�:KHQ�DVVHUWHG�LW�WULJJHUV�WKH�3+<�
LQLW�VWDUW�UHTXHVW� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS�� 

� 5: �[� 

FWOBLGOHBHQ 
(QDEOHV�VXSSRUW�RI�FWOBLGOH�VLJQDO��ZKLFK�LV�QRQ�'),�UHODWHG�SLQ�
VSHFLILF�WR�FHUWDLQ�6\QRSV\V�3+<V��6HH�VLJQDO�GHVFULSWLRQ�RI�
FWOBLGOH�VLJQDO�IRU�IXUWKHU�GHWDLOV�RI�FWOBLGOH�IXQFWLRQDOLW\� 
3URJUDPPLQJ�0RGH��6WDWLF 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

VKDUHBGILBGUDPBFONBGLVDEOH 
,QGLFDWH�GILBGUDPBFONBGLVDEOH�LV�VKDUHG�IRU�WZR�FKDQQHOV�RU�QRW� 
�
E���6KDUH�PRGH 
�
E���1RW�VKDUH 
,Q�6KDUHG�PRGH��&RQWUROOHU�GRHV�QRW�UHTXHVW�3+<�VWRS�FORFN�
ZKLOH�DQ\�UDQN�RI�DQ\�FKDQQHO�KDV�QRW�GLVDEOH�FORFN��1RWH��ZKHQ�
GILBGUDPBFONBGLVDEOH�LV�VKDUHG�E\�WZR�FKDQQHOV��DQ�DGGLWLRQDO�
'))�LV�LQVHUWHG��WKDW�ZLOO�FDXVH�GUDP�FORFN�HQDEOH�LV�GHOD\�RQH�
F\FOH� 
6XJJHVW�VHW�GILBWBGUDPBFONBHQDEOH�YDOXH�WR�
7GUDPBFONBHQDEOH����7GUDPBFONBHQDEOH�YDOXH�LV�IURP�3+<��
ZKLFK�LQGLFDWH�KRZ�PDQ\�F\FOHV�IURP�GILBGUDPBFONBGLVDEOH�GH�
DVVHUW�WR�GUDP�FORFN�RXWSXW� 
3URJUDPPLQJ�0RGH��6WDWLF 

� 5: �[� 

GILBGDWDBFVBSRODULW\ 
'HILQHV�SRODULW\�RI�GILBZUGDWDBFV�DQG�GILBUGGDWDBFV�VLJQDOV� 
�
E���6LJQDOV�DUH�DFWLYH�ORZ� 
�
E���6LJQDOV�DUH�DFWLYH�KLJK� 
3URJUDPPLQJ�0RGH��6WDWLF 

� 5: �[� 

SK\BGELBPRGH 
'%,�LPSOHPHQWHG�LQ�''5&�RU�3+<� 
�
E���''5&�LPSOHPHQWV�'%,�IXQFWLRQDOLW\� 
�
E���3+<�LPSOHPHQWV�'%,�IXQFWLRQDOLW\��3UHVHQW�RQO\�LQ�GHVLJQV�
FRQILJXUHG�WR�VXSSRUW�''5��DQG�/3''5�� 
3URJUDPPLQJ�0RGH��6WDWLF 

� 5: �[� 

GILBLQLWBFRPSOHWHBHQ 
3+<�LQLWLDOL]DWLRQ�FRPSOHWH�HQDEOH�VLJQDO��:KHQ�DVVHUWHG�WKH�
GILBLQLWBFRPSOHWH�VLJQDO�FDQ�EH�XVHG�WR�WULJJHU�6'5$0�
LQLWLDOLVDWLRQ� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS�� 

 
''5&B'),70*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��E���  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

���� 5: �[�� 

GILBWSK\BUGFVODW 
1XPEHU�RI�'),�3+<�FORFN�F\FOHV�EHWZHHQ�ZKHQ�D�UHDG�FRPPDQG�
LV�VHQW�RQ�WKH�'),�FRQWURO�LQWHUIDFH�DQG�ZKHQ�WKH�DVVRFLDWHG�
GILBUGGDWDBFV�VLJQDO�LV�DVVHUWHG��7KLV�FRUUHVSRQGV�WR�WKH�'),�
WLPLQJ�SDUDPHWHU�WSK\BUGFVODW��5HIHU�WR�3+<�VSHFLILFDWLRQ�IRU�
FRUUHFW�YDOXH� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS���DQG�*URXS�� 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 

GILBWSK\BZUFVODW 
1XPEHU�RI�'),�3+<�FORFN�F\FOHV�EHWZHHQ�ZKHQ�D�ZULWH�FRPPDQG�
LV�VHQW�RQ�WKH�'),�FRQWURO�LQWHUIDFH�DQG�ZKHQ�WKH�DVVRFLDWHG�
GILBZUGDWDBFV�VLJQDO�LV�DVVHUWHG��7KLV�FRUUHVSRQGV�WR�WKH�'),�
WLPLQJ�SDUDPHWHU�WSK\BZUFVODW��5HIHU�WR�3+<�VSHFLILFDWLRQ�IRU�
FRUUHFW�YDOXH� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS���DQG�*URXS�� 

 
''5&B'),70*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��E���  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[�� 

GILBWBJHDUGRZQBGHOD\ 
7KH�GHOD\�IURP�GILBJHDUGRZQBHQ�DVVHUWLRQ�WR�WKH�WLPH�RI�WKH�
3+<�EHLQJ�UHDG\�WR�UHFHLYH�FRPPDQGV��5HIHU�WR�3+<�VSHFLILFDWLRQ�
IRU�FRUUHFW�YDOXH� 
:KHQ�WKH�FRQWUROOHU�LV�RSHUDWLQJ�LQ�����IUHTXHQF\�UDWLR�PRGH��
SURJUDP�WKLV�WR��WJHDUGRZQBGHOD\����DQG�URXQG�LW�XS�WR�WKH�QH[W�
LQWHJHU�YDOXH� 
8QLW��'),�&ORFNV 
3URJUDPPLQJ�0RGH��6WDWLF 

 
''5&B'),67$7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��EF��  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 
GILBOSBDFN 
6WRUHV�WKH�YDOXH�RI�WKH�GILBOSBDFN�LQSXW�WR�WKH�FRQWUROOHU� 
3URJUDPPLQJ�0RGH��'\QDPLF 

� 52 �[� 

GILBLQLWBFRPSOHWH 
7KH�VWDWXV�IODJ�UHJLVWHU�ZKLFK�DQQRXQFHV�ZKHQ�WKH�'),�
LQLWLDOL]DWLRQ�KDV�EHHQ�FRPSOHWHG��7KH�'),�,1,7�WULJJHUHG�E\�
GILBLQLWBVWDUW�VLJQDO�DQG�WKHQ�WKH�GILBLQLWBFRPSOHWH�IODJ�LV�SROOHG�
WR�NQRZ�ZKHQ�WKH�LQLWLDOL]DWLRQ�LV�GRQH� 
3URJUDPPLQJ�0RGH��'\QDPLF 

 
''5&B'%,&7/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��F���  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 

UGBGELBHQ 
5HDG�'%,�HQDEOH�VLJQDO�LQ�''5&� 
�
E���5HDG�'%,�LV�GLVDEOHG� 
�
E���5HDG�'%,�LV�HQDEOHG� 
7KLV�VLJQDO�PXVW�EH�VHW�WKH�VDPH�YDOXH�DV�'5$0
V�PRGH�UHJLVWHU� 
''5���05��ELW�$����:KHQ�[��GHYLFHV�DUH�XVHG��WKLV�VLJQDO�PXVW�
EH�VHW�WR��� 
/3''5���05�>�@ 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS�� 

� 5: �[� 

ZUBGELBHQ 
:ULWH�'%,�HQDEOH�VLJQDO�LQ�''5&� 
�
E���:ULWH�'%,�LV�GLVDEOHG� 
�
E���:ULWH�'%,�LV�HQDEOHG� 
7KLV�VLJQDO�PXVW�EH�VHW�WKH�VDPH�YDOXH�DV�'5$0
V�PRGH�UHJLVWHU� 
''5���05��ELW�$����:KHQ�[��GHYLFHV�DUH�XVHG��WKLV�VLJQDO�PXVW�
EH�VHW�WR��� 
/3''5���05�>�@�  
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS�� 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

GPBHQ 
'0�HQDEOH�VLJQDO�LQ�''5&� 
�
E���'0�LV�GLVDEOHG� 
�
E���'0�LV�HQDEOHG� 
7KLV�VLJQDO�PXVW�EH�VHW�WKH�VDPH�ORJLFDO�YDOXH�DV�'5$0
V�PRGH�
UHJLVWHU� 
''5���6HW�WKLV�WR�VDPH�YDOXH�DV�05��ELW�$����:KHQ�[��GHYLFHV�
DUH�XVHG��WKLV�VLJQDO�PXVW�EH�VHW�WR��� 
/3''5���6HW�WKLV�WR�LQYHUWHG�YDOXH�RI�05��>�@�ZKLFK�LV�RSSRVLWH�
SRODULW\�IURP�WKLV�VLJQDO� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS�� 

 
''5&B'),3+<0675�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��F���  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 

GILBSK\PVWUBHQ 
(QDEOHV�WKH�3+<�0DVWHU�,QWHUIDFH� 
�
E���'LVDEOHG 
�
E���(QDEOHG 
3URJUDPPLQJ�0RGH��'\QDPLF 

 
''5&B$''50$3��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[�� 

DGGUPDSBGFKBELW� 
6HOHFWV�WKH�+,)�DGGUHVV�ELW�XVHG�DV�GDWD�FKDQQHO�DGGUHVV�ELW����
9DOLG�5DQJH����WR�����DQG�����7UDIILF�FRQVWUDLQWV�DSSO\�EDVHG�RQ�
WKH�UHJLVWHU�YDOXH�ZKHQ�80&7/�B(;&/B$&&(66!�� 
6HH�([FOXVLYH�$FFHVV�VHFWLRQ�IRU�GHWDLOV�� 
,QWHUQDO�%DVH��� 
7KH�VHOHFWHG�DGGUHVV�ELW�LV�GHWHUPLQHG�E\�DGGLQJ�WKH�LQWHUQDO�
EDVH�WR�WKH�YDOXH�RI�WKLV�ILHOG��,I�XQXVHG��VHW�WR����DQG�WKHQ�
FKDQQHO�ELW�LV�VHW�WR��� 
3URJUDPPLQJ�0RGH��6WDWLF 

����� 52 �[� UHVHUYHG 

���� 5: �[�� 

DGGUPDSBFVBELW� 
6HOHFWV�WKH�+,)�DGGUHVV�ELW�XVHG�DV�UDQN�DGGUHVV�ELW����9DOLG�
5DQJH����WR�����DQG��� 
,QWHUQDO�%DVH��� 
7KH�VHOHFWHG�+,)�DGGUHVV�ELW�LV�GHWHUPLQHG�E\�DGGLQJ�WKH�LQWHUQDO�
EDVH�WR�WKH�YDOXH�RI�WKLV�ILHOG��,I�XQXVHG��VHW�WR����DQG�WKHQ�UDQN�
DGGUHVV�ELW���LV�VHW�WR��� 
3URJUDPPLQJ�0RGH��6WDWLF 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 

DGGUPDSBFVBELW� 
6HOHFWV�WKH�+,)�DGGUHVV�ELW�XVHG�DV�UDQN�DGGUHVV�ELW����9DOLG�
5DQJH����WR�����DQG��� 
,QWHUQDO�%DVH��� 
7KH�VHOHFWHG�+,)�DGGUHVV�ELW�LV�GHWHUPLQHG�E\�DGGLQJ�WKH�LQWHUQDO�
EDVH�WR�WKH�YDOXH�RI�WKLV�ILHOG��,I�XQXVHG��VHW�WR����DQG�WKHQ�UDQN�
DGGUHVV�ELW���LV�VHW�WR��� 
3URJUDPPLQJ�0RGH��6WDWLF 
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''5&B$''50$3��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[�� 

DGGUPDSBEDQNBE� 
6HOHFWV�WKH�+,)�DGGUHVV�ELW�XVHG�DV�EDQN�DGGUHVV�ELW����9DOLG�
5DQJH����WR����DQG��� 
,QWHUQDO�%DVH��� 
7KH�VHOHFWHG�+,)�DGGUHVV�ELW�LV�GHWHUPLQHG�E\�DGGLQJ�WKH�LQWHUQDO�
EDVH�WR�WKH�YDOXH�RI�WKLV�ILHOG��,I�XQXVHG��VHW�WR����DQG�WKHQ�EDQN�
DGGUHVV�ELW���LV�VHW�WR��� 
3URJUDPPLQJ�0RGH��6WDWLF 

����� 52 �[� UHVHUYHG 

���� 5: �[�� 

DGGUPDSBEDQNBE� 
6HOHFWV�WKH�+,)�DGGUHVV�ELWV�XVHG�DV�EDQN�DGGUHVV�ELW����9DOLG�
5DQJH����WR����DQG��� 
,QWHUQDO�%DVH��� 
7KH�VHOHFWHG�+,)�DGGUHVV�ELW�IRU�HDFK�RI�WKH�EDQN�DGGUHVV�ELWV�LV�
GHWHUPLQHG�E\�DGGLQJ�WKH�LQWHUQDO�EDVH�WR�WKH�YDOXH�RI�WKLV�ILHOG��
,I�XQXVHG��VHW�WR����DQG�WKHQ�EDQN�DGGUHVV�ELW���LV�VHW�WR��� 
3URJUDPPLQJ�0RGH��6WDWLF 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 

DGGUPDSBEDQNBE� 
6HOHFWV�WKH�+,)�DGGUHVV�ELWV�XVHG�DV�EDQN�DGGUHVV�ELW����9DOLG�
5DQJH����WR����DQG��� 
,QWHUQDO�%DVH��� 
7KH�VHOHFWHG�+,)�DGGUHVV�ELW�IRU�HDFK�RI�WKH�EDQN�DGGUHVV�ELWV�LV�
GHWHUPLQHG�E\�DGGLQJ�WKH�LQWHUQDO�EDVH�WR�WKH�YDOXH�RI�WKLV�ILHOG��
,I�XQXVHG��VHW�WR����DQG�WKHQ�EDQN�DGGUHVV�ELW���LV�VHW�WR��� 
3URJUDPPLQJ�0RGH��6WDWLF 

 
''5&B$''50$3��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[� 

DGGUPDSBFROBE� 
)XOO�EXV�ZLGWK�PRGH��6HOHFWV�WKH�+,)�DGGUHVV�ELW�XVHG�DV�FROXPQ�
DGGUHVV�ELW��� 
+DOI�EXV�ZLGWK�PRGH��6HOHFWV�WKH�+,)�DGGUHVV�ELW�XVHG�DV�FROXPQ�
DGGUHVV�ELW��� 
9DOLG�5DQJH����WR����DQG��� 
,QWHUQDO�%DVH��� 
7KH�VHOHFWHG�+,)�DGGUHVV�ELW�LV�GHWHUPLQHG�E\�DGGLQJ�WKH�LQWHUQDO�
EDVH�WR�WKH�YDOXH�RI�WKLV�ILHOG��,I�XQXVHG��VHW�WR����DQG�WKHQ�WKLV�
FROXPQ�DGGUHVV�ELW�LV�VHW�WR��� 
3URJUDPPLQJ�0RGH��6WDWLF 

����� 52 �[� UHVHUYHG 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

DGGUPDSBFROBE� 
)XOO�EXV�ZLGWK�PRGH��6HOHFWV�WKH�+,)�DGGUHVV�ELW�XVHG�DV�FROXPQ�
DGGUHVV�ELW��� 
+DOI�EXV�ZLGWK�PRGH��6HOHFWV�WKH�+,)�DGGUHVV�ELW�XVHG�DV�FROXPQ�
DGGUHVV�ELW��� 
9DOLG�5DQJH����WR����DQG��� 
,QWHUQDO�%DVH��� 
7KH�VHOHFWHG�+,)�DGGUHVV�ELW�LV�GHWHUPLQHG�E\�DGGLQJ�WKH�LQWHUQDO�
EDVH�WR�WKH�YDOXH�RI�WKLV�ILHOG��,I�XQXVHG��VHW�WR����DQG�WKHQ�WKLV�
FROXPQ�DGGUHVV�ELW�LV�VHW�WR��� 
3URJUDPPLQJ�0RGH��6WDWLF 

����� 52 �[� UHVHUYHG 

���� 5: �[� 

DGGUPDSBFROBE� 
)XOO�EXV�ZLGWK�PRGH��6HOHFWV�WKH�+,)�DGGUHVV�ELW�XVHG�DV�FROXPQ�
DGGUHVV�ELW��� 
+DOI�EXV�ZLGWK�PRGH��6HOHFWV�WKH�+,)�DGGUHVV�ELW�XVHG�DV�FROXPQ�
DGGUHVV�ELW��� 
9DOLG�5DQJH����WR�� 
,QWHUQDO�%DVH��� 
7KH�VHOHFWHG�+,)�DGGUHVV�ELW�LV�GHWHUPLQHG�E\�DGGLQJ�WKH�LQWHUQDO�
EDVH�WR�WKH�YDOXH�RI�WKLV�ILHOG� 
1RWH��LI�80&7/�B,1&/B$5% ���0(0&B%8567B/(1*7+ ����)XOO�
EXV�ZLGWK��0675�GDWDBEXVBZLGWK ����DQG�%/���
�0675�EXUVWBUGZU �������LW�LV�UHFRPPHQGHG�WR�SURJUDP�WKLV�WR�
�� 
3URJUDPPLQJ�0RGH��6WDWLF 

��� 52 �[� UHVHUYHG 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �74 

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

DGGUPDSBFROBE� 
)XOO�EXV�ZLGWK�PRGH��6HOHFWV�WKH�+,)�DGGUHVV�ELW�XVHG�DV�FROXPQ�
DGGUHVV�ELW��� 
+DOI�EXV�ZLGWK�PRGH��6HOHFWV�WKH�+,)�DGGUHVV�ELW�XVHG�DV�FROXPQ�
DGGUHVV�ELW��� 
9DOLG�5DQJH����WR�� 
,QWHUQDO�%DVH��� 
7KH�VHOHFWHG�+,)�DGGUHVV�ELW�LV�GHWHUPLQHG�E\�DGGLQJ�WKH�LQWHUQDO�
EDVH�WR�WKH�YDOXH�RI�WKLV�ILHOG� 
1RWH��LI�80&7/�B,1&/B$5% ��DQG�0(0&B%8567B/(1*7+ ���LW�
LV�UHTXLUHG�WR�SURJUDP�WKLV�WR���XQOHVV� 
LQ�+DOI�RU�4XDUWHU�EXV�ZLGWK��0675�GDWDBEXVBZLGWK� ����DQG�
3&&)*�EOBH[SBPRGH  ��DQG�HLWKHU 
,Q�''5��DQG�$''50$3��DGGUPDSBEJBE�  ��RU 
,Q�/3''5��DQG�$''50$3��DGGUPDSBEDQNBE�  � 
,I�80&7/�B,1&/B$5% ��DQG�0(0&B%8567B/(1*7+ ����LW�LV�
UHTXLUHG�WR�SURJUDP�WKLV�WR���XQOHVV� 
LQ�+DOI�RU�4XDUWHU�EXV�ZLGWK��0675�GDWDBEXVBZLGWK� ����DQG�
3&&)*�EOBH[SBPRGH  ��DQG 
,Q�''5��DQG�$''50$3��DGGUPDSBEJBE�  � 
2WKHUZLVH��LI�0(0&B%8567B/(1*7+ ��DQG�)XOO�%XV�:LGWK�
�0675�GDWDBEXVBZLGWK  �����LW�LV�UHFRPPHQGHG�WR�SURJUDP�
WKLV�WR���VR�WKDW�+,)>�@�PDSV�WR�FROXPQ�DGGUHVV�ELW��� 
,I�0(0&B%8567B/(1*7+ ���DQG�)XOO�%XV�:LGWK�
�0675�GDWDBEXVBZLGWK  �����LW�LV�UHFRPPHQGHG�WR�SURJUDP�
WKLV�WR���VR�WKDW�+,)>�@�PDSV�WR�FROXPQ�DGGUHVV�ELW��� 
,I�0(0&B%8567B/(1*7+ ���DQG�+DOI�%XV�:LGWK�
�0675�GDWDBEXVBZLGWK  �����LW�LV�UHFRPPHQGHG�WR�SURJUDP�
WKLV�WR���VR�WKDW�+,)>�@�PDSV�WR�FROXPQ�DGGUHVV�ELW��� 
3URJUDPPLQJ�0RGH��6WDWLF 

 
''5&B$''50$3��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[�� 

DGGUPDSBFROBE� 
)XOO�EXV�ZLGWK�PRGH��6HOHFWV�WKH�+,)�DGGUHVV�ELW�XVHG�DV�FROXPQ�
DGGUHVV�ELW��� 
+DOI�EXV�ZLGWK�PRGH��6HOHFWV�WKH�+,)�DGGUHVV�ELW�XVHG�DV�FROXPQ�
DGGUHVV�ELW��������LQ�/3''5��/3''5��PRGH�� 
9DOLG�5DQJH����WR����DQG�����  
,QWHUQDO�%DVH��� 
7KH�VHOHFWHG�+,)�DGGUHVV�ELW�LV�GHWHUPLQHG�E\�DGGLQJ�WKH�LQWHUQDO�
EDVH�WR�WKH�YDOXH�RI�WKLV�ILHOG��,I�XQXVHG��VHW�WR����DQG�WKHQ�WKLV�
FROXPQ�DGGUHVV�ELW�LV�VHW�WR��� 
1RWH��3HU�-('(&�''5����P''5�VSHFLILFDWLRQ��FROXPQ�DGGUHVV�
ELW����LV�UHVHUYHG�IRU�LQGLFDWLQJ�DXWR�SUHFKDUJH��DQG�KHQFH�QR�
VRXUFH�DGGUHVV�ELW�FDQ�EH�PDSSHG�WR�FROXPQ�DGGUHVV�ELW�����,Q�
/3''5��/3''5���WKHUH�LV�D�GHGLFDWHG�ELW�IRU�DXWRSUHFKDUJH�LQ�
WKH�&$�EXV�DQG�KHQFH�FROXPQ�ELW����LV�XVHG� 
3URJUDPPLQJ�0RGH��6WDWLF 

����� 52 �[� UHVHUYHG 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �75 

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� 

DGGUPDSBFROBE� 
)XOO�EXV�ZLGWK�PRGH��6HOHFWV�WKH�+,)�DGGUHVV�ELW�XVHG�DV�FROXPQ�
DGGUHVV�ELW��� 
+DOI�EXV�ZLGWK�PRGH��6HOHFWV�WKH�+,)�DGGUHVV�ELW�XVHG�DV�FROXPQ�
DGGUHVV�ELW��� 
9DOLG�5DQJH����WR����DQG�����  
,QWHUQDO�%DVH��� 
7KH�VHOHFWHG�+,)�DGGUHVV�ELW�LV�GHWHUPLQHG�E\�DGGLQJ�WKH�LQWHUQDO�
EDVH�WR�WKH�YDOXH�RI�WKLV�ILHOG��,I�XQXVHG��VHW�WR����DQG�WKHQ�WKLV�
FROXPQ�DGGUHVV�ELW�LV�VHW�WR��� 
1RWH��3HU�-('(&�''5����P''5�VSHFLILFDWLRQ��FROXPQ�DGGUHVV�
ELW����LV�UHVHUYHG�IRU�LQGLFDWLQJ�DXWR�SUHFKDUJH��DQG�KHQFH�QR�
VRXUFH�DGGUHVV�ELW�FDQ�EH�PDSSHG�WR�FROXPQ�DGGUHVV�ELW�����,Q�
/3''5��/3''5���WKHUH�LV�D�GHGLFDWHG�ELW�IRU�DXWRSUHFKDUJH�LQ�
WKH�&$�EXV�DQG�KHQFH�FROXPQ�ELW����LV�XVHG� 
3URJUDPPLQJ�0RGH��6WDWLF 

����� 52 �[� UHVHUYHG 

���� 5: �[�� 

DGGUPDSBFROBE� 
)XOO�EXV�ZLGWK�PRGH��6HOHFWV�WKH�+,)�DGGUHVV�ELW�XVHG�DV�FROXPQ�
DGGUHVV�ELW��� 
+DOI�EXV�ZLGWK�PRGH��6HOHFWV�WKH�+,)�DGGUHVV�ELW�XVHG�DV�FROXPQ�
DGGUHVV�ELW��� 
9DOLG�5DQJH����WR����DQG�����  
,QWHUQDO�%DVH��� 
7KH�VHOHFWHG�+,)�DGGUHVV�ELW�LV�GHWHUPLQHG�E\�DGGLQJ�WKH�LQWHUQDO�
EDVH�WR�WKH�YDOXH�RI�WKLV�ILHOG��,I�XQXVHG��VHW�WR����DQG�WKHQ�WKLV�
FROXPQ�DGGUHVV�ELW�LV�VHW�WR��� 
3URJUDPPLQJ�0RGH��6WDWLF 

��� 52 �[� UHVHUYHG 

��� 5: �[� 

DGGUPDSBFROBE� 
)XOO�EXV�ZLGWK�PRGH��6HOHFWV�WKH�+,)�DGGUHVV�ELW�XVHG�DV�FROXPQ�
DGGUHVV�ELW��� 
+DOI�EXV�ZLGWK�PRGH��6HOHFWV�WKH�+,)�DGGUHVV�ELW�XVHG�DV�FROXPQ�
DGGUHVV�ELW��� 
9DOLG�5DQJH����WR����DQG��� 
,QWHUQDO�%DVH��� 
7KH�VHOHFWHG�+,)�DGGUHVV�ELW�LV�GHWHUPLQHG�E\�DGGLQJ�WKH�LQWHUQDO�
EDVH�WR�WKH�YDOXH�RI�WKLV�ILHOG��,I�XQXVHG��VHW�WR����DQG�WKHQ�WKLV�
FROXPQ�DGGUHVV�ELW�LV�VHW�WR��� 
3URJUDPPLQJ�0RGH��6WDWLF 

 
''5&B$''50$3��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �76 

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�� 

DGGUPDSBFROBE�� 
)XOO�EXV�ZLGWK�PRGH��6HOHFWV�WKH�+,)�DGGUHVV�ELW�XVHG�DV�FROXPQ�
DGGUHVV�ELW��������LQ�/3''5��/3''5��PRGH�� 
+DOI�EXV�ZLGWK�PRGH��8QXVHG��7R�PDNH�LW�XQXVHG��WKLV�VKRXOG�EH�
WLHG�WR��
K)� 
9DOLG�5DQJH����WR����DQG�����  
,QWHUQDO�%DVH���� 
7KH�VHOHFWHG�+,)�DGGUHVV�ELW�LV�GHWHUPLQHG�E\�DGGLQJ�WKH�LQWHUQDO�
EDVH�WR�WKH�YDOXH�RI�WKLV�ILHOG��,I�XQXVHG��VHW�WR����DQG�WKHQ�WKLV�
FROXPQ�DGGUHVV�ELW�LV�VHW�WR��� 
1RWH��3HU�-('(&�''5����P''5�VSHFLILFDWLRQ��FROXPQ�DGGUHVV�
ELW����LV�UHVHUYHG�IRU�LQGLFDWLQJ�DXWR�SUHFKDUJH��DQG�KHQFH�QR�
VRXUFH�DGGUHVV�ELW�FDQ�EH�PDSSHG�WR�FROXPQ�DGGUHVV�ELW�����,Q�
/3''5��/3''5���WKHUH�LV�D�GHGLFDWHG�ELW�IRU�DXWRSUHFKDUJH�LQ�
WKH�&$�EXV�DQG�KHQFH�FROXPQ�ELW����LV�XVHG� 
3URJUDPPLQJ�0RGH��6WDWLF 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 

DGGUPDSBFROBE�� 
)XOO�EXV�ZLGWK�PRGH��6HOHFWV�WKH�+,)�DGGUHVV�ELW�XVHG�DV�FROXPQ�
DGGUHVV�ELW��������LQ�/3''5��/3''5��PRGH�� 
+DOI�EXV�ZLGWK�PRGH��6HOHFWV�WKH�+,)�DGGUHVV�ELW�XVHG�DV�FROXPQ�
DGGUHVV�ELW��������LQ�/3''5��/3''5��PRGH�� 
9DOLG�5DQJH����WR����DQG�����  
,QWHUQDO�%DVH���� 
7KH�VHOHFWHG�+,)�DGGUHVV�ELW�LV�GHWHUPLQHG�E\�DGGLQJ�WKH�LQWHUQDO�
EDVH�WR�WKH�YDOXH�RI�WKLV�ILHOG��,I�XQXVHG��VHW�WR����DQG�WKHQ�WKLV�
FROXPQ�DGGUHVV�ELW�LV�VHW�WR��� 
1RWH��3HU�-('(&�''5����P''5�VSHFLILFDWLRQ��FROXPQ�DGGUHVV�
ELW����LV�UHVHUYHG�IRU�LQGLFDWLQJ�DXWR�SUHFKDUJH��DQG�KHQFH�QR�
VRXUFH�DGGUHVV�ELW�FDQ�EH�PDSSHG�WR�FROXPQ�DGGUHVV�ELW�����,Q�
/3''5��/3''5���WKHUH�LV�D�GHGLFDWHG�ELW�IRU�DXWRSUHFKDUJH�LQ�
WKH�&$�EXV�DQG�KHQFH�FROXPQ�ELW����LV�XVHG� 
3URJUDPPLQJ�0RGH��6WDWLF 

 
''5&B$''50$3��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[� 

DGGUPDSBURZBE�� 
6HOHFWV�WKH�+,)�DGGUHVV�ELW�XVHG�DV�URZ�DGGUHVV�ELW���� 
9DOLG�5DQJH����WR�����DQG��� 
,QWHUQDO�%DVH���� 
7KH�VHOHFWHG�+,)�DGGUHVV�ELW�LV�GHWHUPLQHG�E\�DGGLQJ�WKH�LQWHUQDO�
EDVH�WR�WKH�YDOXH�RI�WKLV�ILHOG��,I�XQXVHG��VHW�WR����DQG�WKHQ�URZ�
DGGUHVV�ELW����LV�VHW�WR����  
3URJUDPPLQJ�0RGH��6WDWLF 

����� 52 �[� UHVHUYHG 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �77 

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

DGGUPDSBURZBE�B�� 
6HOHFWV�WKH�+,)�DGGUHVV�ELWV�XVHG�DV�URZ�DGGUHVV�ELWV���WR���� 
9DOLG�5DQJH����WR�����DQG��� 
,QWHUQDO�%DVH�����IRU�URZ�DGGUHVV�ELW��������IRU�URZ�DGGUHVV�ELW�
��������IRU�URZ�DGGUHVV�ELW����HWF�LQFUHDVLQJ�WR�����IRU�URZ�
DGGUHVV�ELW���� 
7KH�VHOHFWHG�+,)�DGGUHVV�ELW�IRU�HDFK�RI�WKH�URZ�DGGUHVV�ELWV�LV�
GHWHUPLQHG�E\�DGGLQJ�WKH�LQWHUQDO�EDVH�WR�WKH�YDOXH�RI�WKLV�ILHOG��
:KHQ�YDOXH����LV�XVHG�WKH�YDOXHV�RI�URZ�DGGUHVV�ELWV���WR����DUH�
GHILQHG�E\�UHJLVWHUV�$''50$3���$''50$3����$''50$3��� 
3URJUDPPLQJ�0RGH��6WDWLF 

����� 52 �[� UHVHUYHG 

���� 5: �[� 

DGGUPDSBURZBE� 
6HOHFWV�WKH�+,)�DGGUHVV�ELWV�XVHG�DV�URZ�DGGUHVV�ELW��� 
9DOLG�5DQJH����WR��� 
,QWHUQDO�%DVH��� 
7KH�VHOHFWHG�+,)�DGGUHVV�ELW�IRU�HDFK�RI�WKH�URZ�DGGUHVV�ELWV�LV�
GHWHUPLQHG�E\�DGGLQJ�WKH�LQWHUQDO�EDVH�WR�WKH�YDOXH�RI�WKLV�ILHOG� 
3URJUDPPLQJ�0RGH��6WDWLF 

��� 52 �[� UHVHUYHG 

��� 5: �[� 

DGGUPDSBURZBE� 
6HOHFWV�WKH�+,)�DGGUHVV�ELWV�XVHG�DV�URZ�DGGUHVV�ELW��� 
9DOLG�5DQJH����WR��� 
,QWHUQDO�%DVH��� 
7KH�VHOHFWHG�+,)�DGGUHVV�ELW�IRU�HDFK�RI�WKH�URZ�DGGUHVV�ELWV�LV�
GHWHUPLQHG�E\�DGGLQJ�WKH�LQWHUQDO�EDVH�WR�WKH�YDOXH�RI�WKLV�ILHOG� 
3URJUDPPLQJ�0RGH��6WDWLF 

 
''5&B$''50$3��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

OSGGU�B�JEB��JE 
6HW�WKLV�WR���LI�WKHUH�LV�DQ�/3''5��6'5$0��*E�RU���*E�GHYLFH�LQ�
XVH� 
�
E���/3''5��6'5$0��*E���*E�GHYLFH�LQ�XVH��(YHU\�DGGUHVV�
KDYLQJ�URZ>�����@  �
E���LV�FRQVLGHUHG�DV�LQYDOLG� 
�
E���1RQ�/3''5���*E���*E�GHYLFH�LQ�XVH��$OO�DGGUHVVHV�DUH�
YDOLG� 
3UHVHQW�RQO\�LQ�GHVLJQV�FRQILJXUHG�WR�VXSSRUW�/3''5�� 
3URJUDPPLQJ�0RGH��6WDWLF 

����� 5: �[� 

OSGGU�B�JEB��JEB��JE 
,QGLFDWHV�ZKDW�W\SH�RI�/3''5��6'5$0�GHYLFH�LV�LQ�XVH� 
�
E����1R�/3''5��6'5$0��*E���*E���*E�GHYLFH�LQ�XVH��$OO�
DGGUHVVHV�DUH�YDOLG� 
�
E����/3''5��6'5$0��*E�GHYLFH�LQ�XVH��(YHU\�DGGUHVV�KDYLQJ�
URZ>�����@  �
E���LV�FRQVLGHUHG�DV�LQYDOLG� 
�
E����/3''5��6'5$0���*E�GHYLFH�LQ�XVH��(YHU\�DGGUHVV�
KDYLQJ�URZ>�����@  �
E���LV�FRQVLGHUHG�DV�LQYDOLG� 
�
E����/3''5��6'5$0���*E�GHYLFH�LQ�XVH��8QVXSSRUWHG� 
3UHVHQW�RQO\�LQ�GHVLJQV�FRQILJXUHG�WR�VXSSRUW�/3''5�� 
3URJUDPPLQJ�0RGH��6WDWLF 

�� 52 �[� UHVHUYHG 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �78 

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

DGGUPDSBURZBE�� 
6HOHFWV�WKH�+,)�DGGUHVV�ELW�XVHG�DV�URZ�DGGUHVV�ELW���� 
9DOLG�5DQJH����WR�����DQG��� 
,QWHUQDO�%DVH���� 
7KH�VHOHFWHG�+,)�DGGUHVV�ELW�LV�GHWHUPLQHG�E\�DGGLQJ�WKH�LQWHUQDO�
EDVH�WR�WKH�YDOXH�RI�WKLV�ILHOG��,I�XQXVHG��VHW�WR����DQG�WKHQ�URZ�
DGGUHVV�ELW����LV�VHW�WR��� 
3URJUDPPLQJ�0RGH��6WDWLF 

����� 52 �[� UHVHUYHG 

����� 5: �[� 

DGGUPDSBURZBE�� 
6HOHFWV�WKH�+,)�DGGUHVV�ELW�XVHG�DV�URZ�DGGUHVV�ELW���� 
9DOLG�5DQJH����WR�����DQG��� 
,QWHUQDO�%DVH���� 
7KH�VHOHFWHG�+,)�DGGUHVV�ELW�LV�GHWHUPLQHG�E\�DGGLQJ�WKH�LQWHUQDO�
EDVH�WR�WKH�YDOXH�RI�WKLV�ILHOG��,I�XQXVHG��VHW�WR����DQG�WKHQ�URZ�
DGGUHVV�ELW����LV�VHW�WR��� 
3URJUDPPLQJ�0RGH��6WDWLF 

����� 52 �[� UHVHUYHG 

���� 5: �[� 

DGGUPDSBURZBE�� 
6HOHFWV�WKH�+,)�DGGUHVV�ELW�XVHG�DV�URZ�DGGUHVV�ELW���� 
9DOLG�5DQJH����WR�����DQG��� 
,QWHUQDO�%DVH���� 
7KH�VHOHFWHG�+,)�DGGUHVV�ELW�LV�GHWHUPLQHG�E\�DGGLQJ�WKH�LQWHUQDO�
EDVH�WR�WKH�YDOXH�RI�WKLV�ILHOG��,I�XQXVHG��VHW�WR����DQG�WKHQ�URZ�
DGGUHVV�ELW����LV�VHW�WR��� 
3URJUDPPLQJ�0RGH��6WDWLF 

��� 52 �[� UHVHUYHG 

��� 5: �[� 

DGGUPDSBURZBE�� 
6HOHFWV�WKH�+,)�DGGUHVV�ELW�XVHG�DV�URZ�DGGUHVV�ELW���� 
9DOLG�5DQJH����WR�����DQG��� 
,QWHUQDO�%DVH���� 
7KH�VHOHFWHG�+,)�DGGUHVV�ELW�LV�GHWHUPLQHG�E\�DGGLQJ�WKH�LQWHUQDO�
EDVH�WR�WKH�YDOXH�RI�WKLV�ILHOG��,I�XQXVHG��VHW�WR����DQG�WKHQ�URZ�
DGGUHVV�ELW����LV�VHW�WR��� 
3URJUDPPLQJ�0RGH��6WDWLF 

 
''5&B$''50$3��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

���� 5: �[� 

DGGUPDSBURZBE�� 
6HOHFWV�WKH�+,)�DGGUHVV�ELW�XVHG�DV�URZ�DGGUHVV�ELW���� 
9DOLG�5DQJH����WR�����DQG��� 
,QWHUQDO�%DVH���� 
7KH�VHOHFWHG�+,)�DGGUHVV�ELW�LV�GHWHUPLQHG�E\�DGGLQJ�WKH�LQWHUQDO�
EDVH�WR�WKH�YDOXH�RI�WKLV�ILHOG��,I�XQXVHG��VHW�WR����DQG�WKHQ�URZ�
DGGUHVV�ELW����LV�VHW�WR��� 
3URJUDPPLQJ�0RGH��6WDWLF 

��� 52 �[� UHVHUYHG 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

DGGUPDSBURZBE�� 
6HOHFWV�WKH�+,)�DGGUHVV�ELW�XVHG�DV�URZ�DGGUHVV�ELW���� 
9DOLG�5DQJH����WR�����DQG��� 
,QWHUQDO�%DVH���� 
7KH�VHOHFWHG�+,)�DGGUHVV�ELW�LV�GHWHUPLQHG�E\�DGGLQJ�WKH�LQWHUQDO�
EDVH�WR�WKH�YDOXH�RI�WKLV�ILHOG��,I�XQXVHG��VHW�WR����DQG�WKHQ�URZ�
DGGUHVV�ELW����LV�VHW�WR��� 
3URJUDPPLQJ�0RGH��6WDWLF 

 
''5&B$''50$3��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

���� 5: �[�� 

DGGUPDSBEJBE� 
6HOHFWV�WKH�+,)�DGGUHVV�ELWV�XVHG�DV�EDQN�JURXS�DGGUHVV�ELW��� 
9DOLG�5DQJH����WR�����DQG��� 
,QWHUQDO�%DVH��� 
7KH�VHOHFWHG�+,)�DGGUHVV�ELW�IRU�HDFK�RI�WKH�EDQN�JURXS�DGGUHVV�
ELWV�LV�GHWHUPLQHG�E\�DGGLQJ�WKH�LQWHUQDO�EDVH�WR�WKH�YDOXH�RI�WKLV�
ILHOG��,I�XQXVHG��VHW�WR����DQG�WKHQ�EDQN�JURXS�DGGUHVV�ELW���LV�
VHW�WR��� 
3URJUDPPLQJ�0RGH��6WDWLF 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 

DGGUPDSBEJBE� 
6HOHFWV�WKH�+,)�DGGUHVV�ELWV�XVHG�DV�EDQN�JURXS�DGGUHVV�ELW��� 
9DOLG�5DQJH����WR����DQG��� 
,QWHUQDO�%DVH��� 
7KH�VHOHFWHG�+,)�DGGUHVV�ELW�IRU�HDFK�RI�WKH�EDQN�JURXS�DGGUHVV�
ELWV�LV�GHWHUPLQHG�E\�DGGLQJ�WKH�LQWHUQDO�EDVH�WR�WKH�YDOXH�RI�WKLV�
ILHOG��,I�XQXVHG��VHW�WR����DQG�WKHQ�EDQN�JURXS�DGGUHVV�ELW���LV�
VHW�WR��� 
3URJUDPPLQJ�0RGH��6WDWLF 

 
''5&B$''50$3��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[� 

DGGUPDSBURZBE� 
6HOHFWV�WKH�+,)�DGGUHVV�ELWV�XVHG�DV�URZ�DGGUHVV�ELW��� 
9DOLG�5DQJH����WR��� 
,QWHUQDO�%DVH���� 
7KH�VHOHFWHG�+,)�DGGUHVV�ELW�IRU�HDFK�RI�WKH�URZ�DGGUHVV�ELWV�LV�
GHWHUPLQHG�E\�DGGLQJ�WKH�LQWHUQDO�EDVH�WR�WKH�YDOXH�RI�WKLV�ILHOG��
7KLV�UHJLVWHU�ILHOG�LV�XVHG�RQO\�ZKHQ�
$''50$3��DGGUPDSBURZBE�B���LV�VHW�WR�YDOXH���� 
3URJUDPPLQJ�0RGH��6WDWLF 

����� 52 �[� UHVHUYHG 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

DGGUPDSBURZBE� 
6HOHFWV�WKH�+,)�DGGUHVV�ELWV�XVHG�DV�URZ�DGGUHVV�ELW��� 
9DOLG�5DQJH����WR��� 
,QWHUQDO�%DVH���� 
7KH�VHOHFWHG�+,)�DGGUHVV�ELW�IRU�HDFK�RI�WKH�URZ�DGGUHVV�ELWV�LV�
GHWHUPLQHG�E\�DGGLQJ�WKH�LQWHUQDO�EDVH�WR�WKH�YDOXH�RI�WKLV�ILHOG��
7KLV�UHJLVWHU�ILHOG�LV�XVHG�RQO\�ZKHQ�
$''50$3��DGGUPDSBURZBE�B���LV�VHW�WR�YDOXH���� 
3URJUDPPLQJ�0RGH��6WDWLF 

����� 52 �[� UHVHUYHG 

���� 5: �[� 

DGGUPDSBURZBE� 
6HOHFWV�WKH�+,)�DGGUHVV�ELWV�XVHG�DV�URZ�DGGUHVV�ELW��� 
9DOLG�5DQJH����WR��� 
,QWHUQDO�%DVH��� 
7KH�VHOHFWHG�+,)�DGGUHVV�ELW�IRU�HDFK�RI�WKH�URZ�DGGUHVV�ELWV�LV�
GHWHUPLQHG�E\�DGGLQJ�WKH�LQWHUQDO�EDVH�WR�WKH�YDOXH�RI�WKLV�ILHOG��
7KLV�UHJLVWHU�ILHOG�LV�XVHG�RQO\�ZKHQ�
$''50$3��DGGUPDSBURZBE�B���LV�VHW�WR�YDOXH���� 
3URJUDPPLQJ�0RGH��6WDWLF 

��� 52 �[� UHVHUYHG 

��� 5: �[� 

DGGUPDSBURZBE� 
6HOHFWV�WKH�+,)�DGGUHVV�ELWV�XVHG�DV�URZ�DGGUHVV�ELW��� 
9DOLG�5DQJH����WR��� 
,QWHUQDO�%DVH��� 
7KH�VHOHFWHG�+,)�DGGUHVV�ELW�IRU�HDFK�RI�WKH�URZ�DGGUHVV�ELWV�LV�
GHWHUPLQHG�E\�DGGLQJ�WKH�LQWHUQDO�EDVH�WR�WKH�YDOXH�RI�WKLV�ILHOG��
7KLV�UHJLVWHU�ILHOG�LV�XVHG�RQO\�ZKHQ�
$''50$3��DGGUPDSBURZBE�B���LV�VHW�WR�YDOXH���� 
3URJUDPPLQJ�0RGH��6WDWLF 

 
''5&B$''50$3���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[� 

DGGUPDSBURZBE� 
6HOHFWV�WKH�+,)�DGGUHVV�ELWV�XVHG�DV�URZ�DGGUHVV�ELW��� 
9DOLG�5DQJH����WR��� 
,QWHUQDO�%DVH���� 
7KH�VHOHFWHG�+,)�DGGUHVV�ELW�IRU�HDFK�RI�WKH�URZ�DGGUHVV�ELWV�LV�
GHWHUPLQHG�E\�DGGLQJ�WKH�LQWHUQDO�EDVH�WR�WKH�YDOXH�RI�WKLV�ILHOG��
7KLV�UHJLVWHU�ILHOG�LV�XVHG�RQO\�ZKHQ�
$''50$3��DGGUPDSBURZBE�B���LV�VHW�WR�YDOXH���� 
3URJUDPPLQJ�0RGH��6WDWLF 

����� 52 �[� UHVHUYHG 

����� 5: �[� 

DGGUPDSBURZBE� 
6HOHFWV�WKH�+,)�DGGUHVV�ELWV�XVHG�DV�URZ�DGGUHVV�ELW��� 
9DOLG�5DQJH����WR��� 
,QWHUQDO�%DVH���� 
7KH�VHOHFWHG�+,)�DGGUHVV�ELW�IRU�HDFK�RI�WKH�URZ�DGGUHVV�ELWV�LV�
GHWHUPLQHG�E\�DGGLQJ�WKH�LQWHUQDO�EDVH�WR�WKH�YDOXH�RI�WKLV�ILHOG��
7KLV�UHJLVWHU�ILHOG�LV�XVHG�RQO\�ZKHQ�
$''50$3��DGGUPDSBURZBE�B���LV�VHW�WR�YDOXH���� 
3URJUDPPLQJ�0RGH��6WDWLF 

����� 52 �[� UHVHUYHG 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[� 

DGGUPDSBURZBE� 
6HOHFWV�WKH�+,)�DGGUHVV�ELWV�XVHG�DV�URZ�DGGUHVV�ELW��� 
9DOLG�5DQJH����WR��� 
,QWHUQDO�%DVH���� 
7KH�VHOHFWHG�+,)�DGGUHVV�ELW�IRU�HDFK�RI�WKH�URZ�DGGUHVV�ELWV�LV�
GHWHUPLQHG�E\�DGGLQJ�WKH�LQWHUQDO�EDVH�WR�WKH�YDOXH�RI�WKLV�ILHOG��
7KLV�UHJLVWHU�ILHOG�LV�XVHG�RQO\�ZKHQ�
$''50$3��DGGUPDSBURZBE�B���LV�VHW�WR�YDOXH���� 
3URJUDPPLQJ�0RGH��6WDWLF 

��� 52 �[� UHVHUYHG 

��� 5: �[� 

DGGUPDSBURZBE� 
6HOHFWV�WKH�+,)�DGGUHVV�ELWV�XVHG�DV�URZ�DGGUHVV�ELW��� 
9DOLG�5DQJH����WR��� 
,QWHUQDO�%DVH���� 
7KH�VHOHFWHG�+,)�DGGUHVV�ELW�IRU�HDFK�RI�WKH�URZ�DGGUHVV�ELWV�LV�
GHWHUPLQHG�E\�DGGLQJ�WKH�LQWHUQDO�EDVH�WR�WKH�YDOXH�RI�WKLV�ILHOG��
7KLV�UHJLVWHU�ILHOG�LV�XVHG�RQO\�ZKHQ�
$''50$3��DGGUPDSBURZBE�B���LV�VHW�WR�YDOXH���� 
3URJUDPPLQJ�0RGH��6WDWLF 

 
''5&B$''50$3���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[� 

DGGUPDSBURZBE�� 
6HOHFWV�WKH�+,)�DGGUHVV�ELWV�XVHG�DV�URZ�DGGUHVV�ELW���� 
9DOLG�5DQJH����WR��� 
,QWHUQDO�%DVH���� 
7KH�VHOHFWHG�+,)�DGGUHVV�ELW�IRU�HDFK�RI�WKH�URZ�DGGUHVV�ELWV�LV�
GHWHUPLQHG�E\�DGGLQJ�WKH�LQWHUQDO�EDVH�WR�WKH�YDOXH�RI�WKLV�ILHOG��
7KLV�UHJLVWHU�ILHOG�LV�XVHG�RQO\�ZKHQ�
$''50$3��DGGUPDSBURZBE�B���LV�VHW�WR�YDOXH���� 
3URJUDPPLQJ�0RGH��6WDWLF 

 
''5&B2'7&)*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[� 

ZUBRGWBKROG 
'),�3+<�FORFN�F\FOHV�WR�KROG�2'7�IRU�D�ZULWH�FRPPDQG��7KH�
PLQLPXP�VXSSRUWHG�YDOXH�LV��� 
5HFRPPHQGHG�YDOXHV� 
''5���%/����[���''5�����������������[���''5��������
�[��''5���������%/����[���''5�����������������[���''5��
�������[���''5������� 
''5���%/����[� 
''5���%/�������:5B35($0%/(���&5&B02'(��:5B35($0%/(� �
����W&.�ZULWH�SUHDPEOH�������W&.�ZULWH�SUHDPEOH���&5&B02'(� �
���QRW�&5&�PRGH������&5&�PRGH� 
/3''5���%/�������58�W2'7RQ�PD[��W&.� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS���DQG�*URXS�� 

����� 52 �[� UHVHUYHG 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� 

ZUBRGWBGHOD\ 
7KH�GHOD\��LQ�'),�3+<�FORFN�F\FOHV��IURP�LVVXLQJ�D�ZULWH�
FRPPDQG�WR�VHWWLQJ�2'7�YDOXHV�DVVRFLDWHG�ZLWK�WKDW�FRPPDQG��
2'7�VHWWLQJ�PXVW�UHPDLQ�FRQVWDQW�IRU�WKH�HQWLUH�WLPH�WKDW�'46�LV�
GULYHQ�E\�WKH�X0&7/�� 
5HFRPPHQGHG�YDOXHV� 
''5���&:/���$/������''5����������������&:/���$/�����
�''5��������&:/���$/������''5���������,I��&:/���$/�����������
X0&7/��GRHV�QRW�VXSSRUW�2'7�IRU�ZULWH�RSHUDWLRQ� 
''5����[� 
''5���'),70*��GILBWBFPGBODW��WR�DGMXVW�IRU�&$/�PRGH� 
/3''5���:/�������58�W2'7RQ�PD[��W&.�� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS���DQG�*URXS�� 

����� 52 �[� UHVHUYHG 

���� 5: �[� 

UGBRGWBKROG 
'),�3+<�FORFN�F\FOHV�WR�KROG�2'7�IRU�D�UHDG�FRPPDQG��7KH�
PLQLPXP�VXSSRUWHG�YDOXH�LV��� 
5HFRPPHQGHG�YDOXHV� 
''5���%/����[���QRW�''5����������[���''5���������%/����[��
�QRW�''5����������[���''5������� 
''5���%/�����[� 
''5���%/�������5'B35($0%/(��5'B35($0%/(� �����W&.�ZULWH�
SUHDPEOH�������W&.ZULWH�SUHDPEOH� 
/3''5���%/�������58�W'46&.�PD[��W&.����
5'�W'46&.�PLQ��W&.����58�W2'7RQ�PD[��W&.� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS���DQG�*URXS�� 

� 52 �[� UHVHUYHG 

��� 5: �[�� 

UGBRGWBGHOD\ 
7KH�GHOD\��LQ�'),�3+<�FORFN�F\FOHV��IURP�LVVXLQJ�D�UHDG�FRPPDQG�
WR�VHWWLQJ�2'7�YDOXHV�DVVRFLDWHG�ZLWK�WKDW�FRPPDQG��2'7�
VHWWLQJ�PXVW�UHPDLQ�FRQVWDQW�IRU�WKH�HQWLUH�WLPH�WKDW�'46�LV�
GULYHQ�E\�WKH�X0&7/�� 
5HFRPPHQGHG�YDOXHV� 
''5���&/���$/������QRW�''5���������&/���$/������''5���������
,I��&/���$/�����������X0&7/��GRHV�QRW�VXSSRUW�2'7�IRU�UHDG�
RSHUDWLRQ� 
''5���&/���&:/ 
''5���&/���&:/���5'B35($0%/(���:5B35($0%/(���
'),70*��GILBWBFPGBODW��WR�DGMXVW�IRU�&$/�PRGH���
:5B35($0%/(� �����W&.�ZULWH�SUHDPEOH�������W&.�ZULWH�
SUHDPEOH���5'B35($0%/(� �����W&.�ZULWH�SUHDPEOH�������W&.�
ZULWH�SUHDPEOH���,I��&/���&:/���5'B35($0%/(���
:5B35($0%/(�������X0&7/��GRHV�QRW�VXSSRUW�2'7�IRU�UHDG�
RSHUDWLRQ� 
/3''5���5/���5'�W'46&.�PLQ��W&.��������
58�W2'7RQ�PD[��W&.� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS���DQG�*URXS�� 

 
''5&B2'70$3�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

UDQN�BUGBRGW 
,QGLFDWHV�ZKLFK�UHPRWH�2'7V�PXVW�EH�WXUQHG�RQ�GXULQJ�D�UHDG�
IURP�UDQN����(DFK�UDQN�KDV�D�UHPRWH�2'7��LQ�WKH�6'5$0��ZKLFK�
FDQ�EH�WXUQHG�RQ�E\�VHWWLQJ�WKH�DSSURSULDWH�ELW�KHUH��5DQN���LV�
FRQWUROOHG�E\�WKH�/6%��UDQN���LV�FRQWUROOHG�E\�ELW�QH[W�WR�WKH�/6%��
HWF��)RU�HDFK�UDQN��VHW�LWV�ELW�WR���WR�HQDEOH�LWV�2'7� 
3URJUDPPLQJ�0RGH��6WDWLF 

����� 52 �[� UHVHUYHG 

��� 5: �[� 

UDQN�BZUBRGW 
,QGLFDWHV�ZKLFK�UHPRWH�2'7V�PXVW�EH�WXUQHG�RQ�GXULQJ�D�ZULWH�
WR�UDQN����(DFK�UDQN�KDV�D�UHPRWH�2'7��LQ�WKH�6'5$0��ZKLFK�
FDQ�EH�WXUQHG�RQ�E\�VHWWLQJ�WKH�DSSURSULDWH�ELW�KHUH��5DQN���LV�
FRQWUROOHG�E\�WKH�/6%��UDQN���LV�FRQWUROOHG�E\�ELW�QH[W�WR�WKH�/6%��
HWF��)RU�HDFK�UDQN��VHW�LWV�ELW�WR���WR�HQDEOH�LWV�2'7��  
3URJUDPPLQJ�0RGH��6WDWLF 

��� 52 �[� UHVHUYHG 

��� 5: �[� 

UDQN�BUGBRGW 
,QGLFDWHV�ZKLFK�UHPRWH�2'7V�PXVW�EH�WXUQHG�RQ�GXULQJ�D�UHDG�
IURP�UDQN����(DFK�UDQN�KDV�D�UHPRWH�2'7��LQ�WKH�6'5$0��ZKLFK�
FDQ�EH�WXUQHG�RQ�E\�VHWWLQJ�WKH�DSSURSULDWH�ELW�KHUH��5DQN���LV�
FRQWUROOHG�E\�WKH�/6%��UDQN���LV�FRQWUROOHG�E\�ELW�QH[W�WR�WKH�/6%��
HWF��)RU�HDFK�UDQN��VHW�LWV�ELW�WR���WR�HQDEOH�LWV�2'7� 
3URJUDPPLQJ�0RGH��6WDWLF 

��� 52 �[� UHVHUYHG 

��� 5: �[� 

UDQN�BZUBRGW 
,QGLFDWHV�ZKLFK�UHPRWH�2'7V�PXVW�EH�WXUQHG�RQ�GXULQJ�D�ZULWH�
WR�UDQN����(DFK�UDQN�KDV�D�UHPRWH�2'7��LQ�WKH�6'5$0��ZKLFK�
FDQ�EH�WXUQHG�RQ�E\�VHWWLQJ�WKH�DSSURSULDWH�ELW�KHUH��5DQN���LV�
FRQWUROOHG�E\�WKH�/6%��UDQN���LV�FRQWUROOHG�E\�ELW�QH[W�WR�WKH�/6%��
HWF��)RU�HDFK�UDQN��VHW�LWV�ELW�WR���WR�HQDEOH�LWV�2'7� 
3URJUDPPLQJ�0RGH��6WDWLF 

 
''5&B6&+('�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 52 �[� UHVHUYHG 

����� 5: �[�� 

UGZUBLGOHBJDS 
:KHQ�WKH�SUHIHUUHG�WUDQVDFWLRQ�VWRUH�LV�HPSW\�IRU�WKHVH�PDQ\�
FORFN�F\FOHV��VZLWFK�WR�WKH�DOWHUQDWH�WUDQVDFWLRQ�VWRUH�LI�LW�LV�QRQ�
HPSW\��7KH�UHDG�WUDQVDFWLRQ�VWRUH��ERWK�KLJK�DQG�ORZ�SULRULW\��LV�
WKH�GHIDXOW�SUHIHUUHG�WUDQVDFWLRQ�VWRUH�DQG�WKH�ZULWH�WUDQVDFWLRQ�
VWRUH�LV�WKH�DOWHUQDWLYH�VWRUH��:KHQ�SUHIHU�ZULWH�RYHU�UHDG�LV�VHW�
WKLV�LV�UHYHUVHG���[��LV�D�OHJDO�YDOXH�IRU�WKLV�UHJLVWHU��:KHQ�VHW�WR�
�[���WKH�WUDQVDFWLRQ�VWRUH�VZLWFKLQJ�ZLOO�KDSSHQ�LPPHGLDWHO\�
ZKHQ�WKH�VZLWFKLQJ�FRQGLWLRQV�EHFRPH�WUXH� 
3URJUDPPLQJ�0RGH��6WDWLF 

����� 52 �[��� UHVHUYHG 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[� 

OSUBQXPBHQWULHV 
1XPEHU�RI�HQWULHV�LQ�WKH�ORZ�SULRULW\�WUDQVDFWLRQ�VWRUH�LV�WKLV�
YDOXH�������0(0&B12B2)B(175<����6&+('�OSUBQXPBHQWULHV���
����LV�WKH�QXPEHU�RI�HQWULHV�DYDLODEOH�IRU�WKH�KLJK�SULRULW\�
WUDQVDFWLRQ�VWRUH��6HWWLQJ�WKLV�WR�PD[LPXP�YDOXH�DOORFDWHV�DOO�
HQWULHV�WR�ORZ�SULRULW\�WUDQVDFWLRQ�VWRUH��6HWWLQJ�WKLV�WR���
DOORFDWHV���HQWU\�WR�ORZ�SULRULW\�WUDQVDFWLRQ�VWRUH�DQG�WKH�UHVW�WR�
KLJK�SULRULW\�WUDQVDFWLRQ�VWRUH��  
3URJUDPPLQJ�0RGH��6WDWLF 

��� 52 �[�� UHVHUYHG 

� 5: �[� 

SDJHFORVH 
,I�WUXH��EDQN�LV�NHSW�RSHQ�RQO\�ZKLOH�WKHUH�DUH�SDJH�KLW�
WUDQVDFWLRQV�DYDLODEOH�LQ�WKH�&$0�WR�WKDW�EDQN��7KH�ODVW�UHDG�RU�
ZULWH�FRPPDQG�LQ�WKH�&$0�ZLWK�D�EDQN�DQG�SDJH�KLW�ZLOO�EH�
H[HFXWHG�ZLWK�DXWR�SUHFKDUJH�LI�6&+('��SDJHFORVHBWLPHU ���
(YHQ�LI�WKLV�UHJLVWHU�VHW�WR���DQG�6&+('��SDJHFORVHBWLPHU�LV�VHW�
WR����H[SOLFLW�SUHFKDUJH��DQG�QRW�DXWR�SUHFKDUJH��PD\�EH�LVVXHG�
LQ�VRPH�FDVHV�ZKHUH�WKHUH�LV�D�PRGH�VZLWFK�EHWZHHQ�:ULWH�DQG�
5HDG�RU�EHWZHHQ�/35�DQG�+35��7KH�5HDG�DQG�:ULWH�FRPPDQGV�
WKDW�DUH�H[HFXWHG�DV�SDUW�RI�WKH�(&&�VFUXE�UHTXHVWV�DUH�DOVR�
H[HFXWHG�ZLWKRXW�DXWR�SUHFKDUJH� 
,I�IDOVH��WKH�EDQN�UHPDLQV�RSHQ�XQWLO�WKHUH�LV�D�QHHG�WR�FORVH�LW�
�WR�RSHQ�D�GLIIHUHQW�SDJH��RU�IRU�SDJH�WLPHRXW�RU�UHIUHVK�
WLPHRXW����DOVR�NQRZQ�DV�RSHQ�SDJH�SROLF\��  
7KH�SDJHFORVH�IHDWXUH�SURYLGV�D�PLGZD\�EHWZHHQ�2SHQ�DQG�
&ORVH�SDJH�SROLFLHV� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS�� 

 
''5&B6&+('��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 

SDJHFORVHBWLPHU 
7KLV�ILHOG�ZRUNV�LQ�FRQMXQFWLRQ�ZLWK�6&+('�SDJHFORVH��,W�RQO\�KDV�
PHDQLQJ�LI�6&+('�SDJHFORVH  ���,I�6&+('�SDJHFORVH  ��DQG�
SDJHFORVHBWLPHU  ���WKHQ�DQ�DXWR�SUHFKDUJH�PD\�EH�VFKHGXOHG�
IRU�ODVW�UHDG�RU�ZULWH�FRPPDQG�LQ�WKH�&$0�ZLWK�D�EDQN�DQG�SDJH�
KLW��1RWH��VRPHWLPHV�DQ�H[SOLFLW�SUHFKDUJH�LV�VFKHGXOHG�LQVWHDG�
RI�WKH�DXWR�SUHFKDUJH��6HH�6&+('�SDJHFORVH�IRU�GHWDLOV�RI�ZKHQ�
WKLV�PD\�KDSSHQ��,I�6&+('�SDJHFORVH  ��DQG�
SDJHFORVHBWLPHU!���WKHQ�DQ�DXWR�SUHFKDUJH�LV�QRW�VFKHGXOHG�IRU�
ODVW�UHDG�RU�ZULWH�FRPPDQG�LQ�WKH�&$0�ZLWK�D�EDQN�DQG�SDJH�KLW��
,QVWHDG��D�WLPHU�LV�VWDUWHG��ZLWK�SDJHFORVHBWLPHU�DV�WKH�LQLWLDO�
YDOXH��7KHUH�LV�D�WLPHU�RQ�D�SHU�EDQN�EDVLV��7KH�WLPHU�
GHFUHPHQWV�XQOHVV�WKH�QH[W�UHDG�RU�ZULWH�LQ�WKH�&$0�WR�D�EDQN�LV�
D�SDJH�KLW��,W�JHWV�UHVHW�WR�SDJHFORVHBWLPHU�YDOXH�LI�WKH�QH[W�
UHDG�RU�ZULWH�LQ�WKH�&$0�WR�D�EDQN�LV�D�SDJH�KLW��2QFH�WKH�WLPHU�
KDV�UHDFKHG�]HUR��DQ�H[SOFLW�SUHFKDUJH�ZLOO�EH�DWWHPSWHG�WR�EH�
VFKHGXOHG� 
3URJUDPPLQJ�0RGH��6WDWLF 

 
''5&B3(5)/35��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�I 

OSUB[DFWBUXQBOHQJWK 
1XPEHU�RI�WUDQVDFWLRQV�WKDW�DUH�VHUYLFHG�RQFH�WKH�/35�TXHXH�
JRHV�FULWLFDO�LV�WKH�VPDOOHU�RI� 
�D��7KLV�QXPEHU 
�E��1XPEHU�RI�WUDQVDFWLRQV�DYDLODEOH� 
8QLW��7UDQVDFWLRQ� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS�� 

����� 52 �[�� UHVHUYHG 

���� 5: �[���I 

OSUBPD[BVWDUYH 
1XPEHU�RI�'),�FORFNV�WKDW�WKH�/35�TXHXH�FDQ�EH�VWDUYHG�EHIRUH�
LW�JRHV�FULWLFDO��7KH�PLQLPXP�YDOLG�IXQFWLRQDO�YDOXH�IRU�WKLV�
UHJLVWHU�LV��[���3URJUDPPLQJ�LW�WR��[��ZLOO�GLVDEOH�WKH�VWDUYDWLRQ�
IXQFWLRQDOLW\��GXULQJ�QRUPDO�RSHUDWLRQ��WKLV�IXQFWLRQ�VKRXOG�QRW�
EH�GLVDEOHG�DV�LW�ZLOO�FDXVH�H[FHVVLYH�ODWHQFLHV� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS�� 

 
''5&B3(5):5��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�I 

ZB[DFWBUXQBOHQJWK 
1XPEHU�RI�WUDQVDFWLRQV�WKDW�DUH�VHUYLFHG�RQFH�WKH�:5�TXHXH�
JRHV�FULWLFDO�LV�WKH�VPDOOHU�RI� 
�D��7KLV�QXPEHU 
�E��1XPEHU�RI�WUDQVDFWLRQV�DYDLODEOH� 
8QLW��7UDQVDFWLRQ� 
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS�� 

����� 52 �[�� UHVHUYHG 

���� 5: �[���I 

ZBPD[BVWDUYH 
1XPEHU�RI�'),�FORFNV�WKDW�WKH�:5�TXHXH�FDQ�EH�VWDUYHG�EHIRUH�LW�
JRHV�FULWLFDO��7KH�PLQLPXP�YDOLG�IXQFWLRQDO�YDOXH�IRU�WKLV�UHJLVWHU�
LV��[���3URJUDPPLQJ�LW�WR��[��ZLOO�GLVDEOH�WKH�VWDUYDWLRQ�
IXQFWLRQDOLW\��GXULQJ�QRUPDO�RSHUDWLRQ��WKLV�IXQFWLRQ�VKRXOG�QRW�
EH�GLVDEOHG�DV�LW�ZLOO�FDXVH�H[FHVVLYH�ODWHQFLHV��  
3URJUDPPLQJ�0RGH��4XDVL�G\QDPLF�*URXS�� 

 
''5&B'%*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� 

GLVBFROOLVLRQBSDJHBRSW 
:KHQ�WKLV�LV�VHW�WR�
�
��DXWR�SUHFKDUJH�LV�GLVDEOHG�IRU�WKH�IOXVKHG�
FRPPDQG�LQ�D�FROOLVLRQ�FDVH��&ROOLVLRQ�FDVHV�DUH�ZULWH�IROORZHG�E\�
UHDG�WR�VDPH�DGGUHVV��UHDG�IROORZHG�E\�ZULWH�WR�VDPH�DGGUHVV��
RU�ZULWH�IROORZHG�E\�ZULWH�WR�VDPH�DGGUHVV�ZLWK�'%*��GLVBZF�ELW�
 ����ZKHUH�VDPH�DGGUHVV�FRPSDULVRQV�H[FOXGH�WKH�WZR�DGGUHVV�
ELWV�UHSUHVHQWLQJ�FULWLFDO�ZRUG�� 
3URJUDPPLQJ�0RGH��6WDWLF 

 
''5&B'%*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

GLVBKLI 
:KHQ����X0&7/��DVVHUWV�WKH�+,)�FRPPDQG�VLJQDO�KLIBFPGBVWDOO��
X0&7/��ZLOO�LJQRUH�WKH�KLIBFPGBYDOLG�DQG�DOO�RWKHU�DVVRFLDWHG�
UHTXHVW�VLJQDOV��7KLV�ELW�LV�LQWHQGHG�WR�EH�VZLWFKHG�RQ�WKH�IO\� 
3URJUDPPLQJ�0RGH��'\QDPLF 

� 5: �[� 

GLVBGT 
:KHQ����X0&7/��ZLOO�QRW�GH�TXHXH�DQ\�WUDQVDFWLRQV�IURP�WKH�
&$0��%\SDVV�LV�DOVR�GLVDEOHG��$OO�WUDQVDFWLRQV�DUH�TXHXHG�LQ�WKH�
&$0��1R�UHDGV�RU�ZULWHV�DUH�LVVXHG�WR�6'5$0�DV�ORQJ�DV�WKLV�LV�
DVVHUWHG��7KLV�ELW�PD\�EH�XVHG�WR�SUHYHQW�UHDGV�RU�ZULWHV�EHLQJ�
LVVXHG�E\�WKH�X0&7/���ZKLFK�PDNHV�LW�VDIH�WR�PRGLI\�FHUWDLQ�
UHJLVWHU�ILHOGV�DVVRFLDWHG�ZLWK�UHDGV�DQG�ZULWHV��VHH�8VHU�*XLGH�
IRU�GHWDLOV���$IWHU�VHWWLQJ�WKLV�ELW��LW�LV�VWURQJO\�UHFRPPHQGHG�WR�
SROO�'%*&$0�ZUBGDWDBSLSHOLQHBHPSW\�DQG�
'%*&$0�UGBGDWDBSLSHOLQHBHPSW\��EHIRUH�PDNLQJ�FKDQJHV�WR�DQ\�
UHJLVWHUV�ZKLFK�DIIHFW�UHDGV�DQG�ZULWHV��7KLV�ZLOO�HQVXUH�WKDW�WKH�
UHOHYDQW�ORJLF�LQ�WKH�''5&�LV�LGOH��7KLV�ELW�LV�LQWHQGHG�WR�EH�
VZLWFKHG�RQ�WKH�IO\� 
3URJUDPPLQJ�0RGH��'\QDPLF 

 
''5&B'%*&$0�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

�� 52 �[� 

ZUBGDWDBSLSHOLQHBHPSW\ 
:KHQ����LQGLFDWHV�WKDW�WKH�ZULWH�GDWD�SLSHOLQH�RQ�WKH�'),�
LQWHUIDFH�LV�HPSW\��7KLV�UHJLVWHU�LV�LQWHQGHG�WR�EH�SROOHG�DW�OHDVW�
WZLFH�DIWHU�VHWWLQJ�'%*��GLVBGT��WR�HQVXUH�WKDW�DOO�UHPDLQLQJ�
FRPPDQGV�GDWD�KDYH�FRPSOHWHG� 
3URJUDPPLQJ�0RGH��'\QDPLF 

�� 52 �[� 

UGBGDWDBSLSHOLQHBHPSW\ 
:KHQ��LQGLFDWHV�WKDW�WKH�UHDG�GDWD�SLSHOLQH�RQ�WKH�'),�LQWHUIDFH�
LV�HPSW\��7KLV�UHJLVWHU�LV�LQWHQGHG�WR�EH�SROOHG�DW�OHDVW�WZLFH�
DIWHU�VHWWLQJ�'%*��GLVBGT��WR�HQVXUH�WKDW�DOO�UHPDLQLQJ�
FRPPDQGV�GDWD�KDYH�FRPSOHWHG� 
3URJUDPPLQJ�0RGH��'\QDPLF 

�� 52 �[� UHVHUYHG 

�� 52 �[� 

GEJBZUBTBHPSW\ 
:KHQ����DOO�WKH�:ULWH�FRPPDQG�TXHXHV�DQG�:ULWH�GDWD�EXIIHUV�
LQVLGH�''5&�DUH�HPSW\��7KLV�UHJLVWHU�LV�WR�EH�XVHG�IRU�GHEXJ�
SXUSRVH��$Q�H[DPSOH�XVH�FDVH�VFHQDULR��:KHQ�&RQWUROOHU�HQWHUV�
6HOI5HIUHVK�XVLQJ�WKH�/RZ�3RZHU�HQWU\�VHTXHQFH��&RQWUROOHU�LV�
H[SHFWHG�WR�KDYH�H[HFXWHG�DOO�WKH�FRPPDQGV�LQ�LWV�TXHXHV�DQG�
WKH�ZULWH�DQG�UHDG�GDWD�GUDLQHG��+HQFH�WKLV�UHJLVWHU�VKRXOG�EH���
DW�WKDW�WLPH� 
3URJUDPPLQJ�0RGH��'\QDPLF 

�� 52 �[� 

GEJBUGBTBHPSW\ 
:KHQ����DOO�WKH�5HDG�FRPPDQG�TXHXHV�DQG�5HDG�GDWD�EXIIHUV�
LQVLGH�''5&�DUH�HPSW\��7KLV�UHJLVWHU�LV�WR�EH�XVHG�IRU�GHEXJ�
SXUSRVH��$Q�H[DPSOH�XVH�FDVH�VFHQDULR��:KHQ�&RQWUROOHU�HQWHUV�
6HOI5HIUHVK�XVLQJ�WKH�/RZ�3RZHU�HQWU\�VHTXHQFH��&RQWUROOHU�LV�
H[SHFWHG�WR�KDYH�H[HFXWHG�DOO�WKH�FRPPDQGV�LQ�LWV�TXHXHV�DQG�
WKH�ZULWH�DQG�UHDG�GDWD�GUDLQHG��+HQFH�WKLV�UHJLVWHU�VKRXOG�EH���
DW�WKDW�WLPH� 
3URJUDPPLQJ�0RGH��'\QDPLF 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 52 �[� 
GEJBVWDOO 
6WDOO 
3URJUDPPLQJ�0RGH��'\QDPLF 

����� 52 �[� UHVHUYHG 

����� 52 �[� 

GEJBZBTBGHSWK 
:ULWH�TXHXH�GHSWK 
7KH�ODVW�HQWU\�RI�:5�TXHXH�LV�UHVHUYHG�IRU�(&&�6&58%�RSHUDWLRQ��
7KLV�HQWU\�LV�QRW�LQFOXGHG�LQ�WKH�FDOFXODWLRQ�RI�WKH�TXHXH�GHSWK� 
3URJUDPPLQJ�0RGH��'\QDPLF 

����� 52 �[� UHVHUYHG 

���� 52 �[� 

GEJBOSUBTBGHSWK 
/RZ�SULRULW\�UHDG�TXHXH�GHSWK��7KH�ODVW�HQWU\�RI�/SU�TXHXH�LV�
UHVHUYHG�IRU�(&&�6&58%�RSHUDWLRQ��7KLV�HQWU\�LV�QRW�LQFOXGHG�LQ�
WKH�FDOFXODWLRQ�RI�WKH�TXHXH�GHSWK� 
3URJUDPPLQJ�0RGH��'\QDPLF 

 
''5&B'%*&0'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� 

FWUOXSG 
6HWWLQJ�WKLV�UHJLVWHU�ELW�WR���LQGLFDWHV�WR�WKH�X0&7/��WR�LVVXH�D�
GILBFWUOXSGBUHT�WR�WKH�3+<��:KHQ�WKLV�UHTXHVW�LV�VWRUHG�LQ�WKH�
X0&7/���WKH�ELW�LV�DXWRPDWLFDOO\�FOHDUHG��7KLV�RSHUDWLRQ�PXVW�
RQO\�EH�SHUIRUPHG�ZKHQ�'),83'��GLVBDXWRBFWUOXSG �� 
3URJUDPPLQJ�0RGH��'\QDPLF 

� 5: �[� 

]TBFDOLEBVKRUW 
6HWWLQJ�WKLV�UHJLVWHU�ELW�WR���LQGLFDWHV�WR�WKH�X0&7/��WR�LVVXH�D�
=4&6��=4�FDOLEUDWLRQ�VKRUW��03&�=4�FDOLEUDWLRQ��FRPPDQG�WR�
WKH�6'5$0��:KHQ�WKLV�UHTXHVW�LV�VWRUHG�LQ�WKH�X0&7/���WKH�ELW�LV�
DXWRPDWLFDOO\�FOHDUHG��7KLV�RSHUDWLRQ�FDQ�EH�SHUIRUPHG�RQO\�
ZKHQ�=4&7/��GLVBDXWRB]T ���,W�LV�UHFRPPHQGHG�127�WR�VHW�WKLV�
UHJLVWHU�ELW�LI�LQ�,QLW�RSHUDWLQJ�PRGH��7KLV�UHJLVWHU�ELW�LV�LJQRUHG�
ZKHQ�LQ�6HOI5HIUHVK�H[FHSW�/3''5���DQG�65�
3RZHUGRZQ�/3''5���DQG�'HHS�SRZHU�GRZQ�RSHUDWLQJ�PRGHV�
DQG�0D[LPXP�3RZHU�6DYLQJ�0RGH� 
3URJUDPPLQJ�0RGH��'\QDPLF 

��� 52 �[� UHVHUYHG 

� 5: �[� 

UDQN�BUHIUHVK 
6HWWLQJ�WKLV�UHJLVWHU�ELW�WR���LQGLFDWHV�WR�WKH�X0&7/��WR�LVVXH�D�
UHIUHVK�WR�UDQN����:ULWLQJ�WR�WKLV�ELW�FDXVHV�
'%*67$7�UDQN�BUHIUHVKBEXV\�WR�EH�VHW��:KHQ�
'%*67$7�UDQN�BUHIUHVKBEXV\�LV�FOHDUHG��WKH�FRPPDQG�KDV�EHHQ�
VWRUHG�LQ�X0&7/�� 
7KLV�RSHUDWLRQ�FDQ�EH�SHUIRUPHG�RQO\�ZKHQ�
5)6+&7/��GLVBDXWRBUHIUHVK ���,W�LV�UHFRPPHQGHG�127�WR�VHW�
WKLV�UHJLVWHU�ELW�LI�LQ�,QLW�RU�'HHS�SRZHU�GRZQ�RSHUDWLQJ�PRGHV�RU�
0D[LPXP�3RZHU�6DYLQJ�0RGH� 
3URJUDPPLQJ�0RGH��'\QDPLF 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

UDQN�BUHIUHVK 
6HWWLQJ�WKLV�UHJLVWHU�ELW�WR���LQGLFDWHV�WR�WKH�X0&7/��WR�LVVXH�D�
UHIUHVK�WR�UDQN����:ULWLQJ�WR�WKLV�ELW�FDXVHV�
'%*67$7�UDQN�BUHIUHVKBEXV\�WR�EH�VHW��:KHQ�
'%*67$7�UDQN�BUHIUHVKBEXV\�LV�FOHDUHG��WKH�FRPPDQG�KDV�EHHQ�
VWRUHG�LQ�X0&7/�� 
7KLV�RSHUDWLRQ�FDQ�EH�SHUIRUPHG�RQO\�ZKHQ�
5)6+&7/��GLVBDXWRBUHIUHVK ���,W�LV�UHFRPPHQGHG�127�WR�VHW�
WKLV�UHJLVWHU�ELW�LI�LQ�,QLW�RU�'HHS�SRZHU�GRZQ�RSHUDWLQJ�PRGHV�RU�
0D[LPXP�3RZHU�6DYLQJ�0RGH��  
3URJUDPPLQJ�0RGH��'\QDPLF 

 
''5&B'%*67$7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 52 �[� 

FWUOXSGBEXV\ 
6R&�FRUH�PD\�LQLWLDWH�D�FWUOXSG�RSHUDWLRQ�RQO\�LI�WKLV�VLJQDO�LV�
ORZ��7KLV�VLJQDO�JRHV�KLJK�LQ�WKH�FORFN�DIWHU�WKH�X0&7/��DFFHSWV�
WKH�FWUOXSG�UHTXHVW��,W�JRHV�ORZ�ZKHQ�WKH�FWUOXSG�RSHUDWLRQ�LV�
LQLWLDWHG�LQ�WKH�X0&7/���,W�LV�UHFRPPHQGHG�QRW�WR�SHUIRUP�
FWUOXSG�RSHUDWLRQV�ZKHQ�WKLV�VLJQDO�LV�KLJK� 
�
E���,QGLFDWHV�WKDW�WKH�6R&�FRUH�FDQ�LQLWLDWH�D�FWUOXSG�RSHUDWLRQ� 
�
E���,QGLFDWHV�WKDW�FWUOXSG�RSHUDWLRQ�KDV�QRW�EHHQ�LQLWLDWHG�\HW�
LQ�WKH�X0&7/�� 
3URJUDPPLQJ�0RGH��'\QDPLF 

� 52 �[� 

]TBFDOLEBVKRUWBEXV\ 
6R&�FRUH�PD\�LQLWLDWH�D�=4&6��=4�FDOLEUDWLRQ�VKRUW��RSHUDWLRQ�
RQO\�LI�WKLV�VLJQDO�LV�ORZ��7KLV�VLJQDO�JRHV�KLJK�LQ�WKH�FORFN�DIWHU�
WKH�X0&7/��DFFHSWV�WKH�=4&6�UHTXHVW��,W�JRHV�ORZ�ZKHQ�WKH�
=4&6�RSHUDWLRQ�LV�LQLWLDWHG�LQ�WKH�X0&7/���,W�LV�UHFRPPHQGHG�
QRW�WR�SHUIRUP�=4&6�RSHUDWLRQV�ZKHQ�WKLV�VLJQDO�LV�KLJK� 
�
E���,QGLFDWHV�WKDW�WKH�6R&�FRUH�FDQ�LQLWLDWH�D�=4&6�RSHUDWLRQ� 
�
E���,QGLFDWHV�WKDW�=4&6�RSHUDWLRQ�KDV�QRW�EHHQ�LQLWLDWHG�\HW�LQ�
WKH�X0&7/�� 
3URJUDPPLQJ�0RGH��'\QDPLF 

��� 52 �[� UHVHUYHG 

� 52 �[� 

UDQN�BUHIUHVKBEXV\ 
6R&�FRUH�PD\�LQLWLDWH�D�UDQN�BUHIUHVK�RSHUDWLRQ��UHIUHVK�
RSHUDWLRQ�WR�UDQN����RQO\�LI�WKLV�VLJQDO�LV�ORZ��7KLV�VLJQDO�JRHV�
KLJK�LQ�WKH�FORFN�DIWHU�'%*&0'�UDQN�BUHIUHVK�LV�VHW�WR�RQH��,W�
JRHV�ORZ�ZKHQ�WKH�UDQN�BUHIUHVK�RSHUDWLRQ�LV�VWRUHG�LQ�WKH�
X0&7/���,W�LV�UHFRPPHQGHG�QRW�WR�SHUIRUP�UDQN�BUHIUHVK�
RSHUDWLRQV�ZKHQ�WKLV�VLJQDO�LV�KLJK� 
�
E���,QGLFDWHV�WKDW�WKH�6R&�FRUH�FDQ�LQLWLDWH�D�UDQN�BUHIUHVK�
RSHUDWLRQ� 
�
E���,QGLFDWHV�WKDW�UDQN�BUHIUHVK�RSHUDWLRQ�KDV�QRW�EHHQ�VWRUHG�
\HW�LQ�WKH�X0&7/�� 
3URJUDPPLQJ�0RGH��'\QDPLF 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 52 �[� 

UDQN�BUHIUHVKBEXV\ 
6R&�FRUH�PD\�LQLWLDWH�D�UDQN�BUHIUHVK�RSHUDWLRQ��UHIUHVK�
RSHUDWLRQ�WR�UDQN����RQO\�LI�WKLV�VLJQDO�LV�ORZ��7KLV�VLJQDO�JRHV�
KLJK�LQ�WKH�FORFN�DIWHU�'%*&0'�UDQN�BUHIUHVK�LV�VHW�WR�RQH��,W�
JRHV�ORZ�ZKHQ�WKH�UDQN�BUHIUHVK�RSHUDWLRQ�LV�VWRUHG�LQ�WKH�
X0&7/���,W�LV�UHFRPPHQGHG�QRW�WR�SHUIRUP�UDQN�BUHIUHVK�
RSHUDWLRQV�ZKHQ�WKLV�VLJQDO�LV�KLJK� 
�
E���,QGLFDWHV�WKDW�WKH�6R&�FRUH�FDQ�LQLWLDWH�D�UDQN�BUHIUHVK�
RSHUDWLRQ� 
�
E���,QGLFDWHV�WKDW�UDQN�BUHIUHVK�RSHUDWLRQ�KDV�QRW�EHHQ�VWRUHG�
\HW�LQ�WKH�X0&7/�� 
3URJUDPPLQJ�0RGH��'\QDPLF 

 
''5&B6:&7/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 

VZBGRQH 
(QDEOH�TXDVL�G\QDPLF�UHJLVWHU�SURJUDPPLQJ�RXWVLGH�UHVHW��
3URJUDP�UHJLVWHU�WR���WR�HQDEOH�TXDVL�G\QDPLF�SURJUDPPLQJ��6HW�
EDFN�UHJLVWHU�WR���RQFH�SURJUDPPLQJ�LV�GRQH� 
3URJUDPPLQJ�0RGH��'\QDPLF 

 
''5&B6:67$7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 52 �[� 

VZBGRQHBDFN 
5HJLVWHU�SURJUDPPLQJ�GRQH��7KLV�UHJLVWHU�LV�WKH�HFKR�RI�
6:&7/�VZBGRQH��:DLW�IRU�VZBGRQH�YDOXH���WR�SURSDJDWH�WR�
VZBGRQHBDFN�DW�WKH�HQG�RI�WKH�SURJUDPPLQJ�VHTXHQFH�WR�HQVXUH�
WKDW�WKH�FRUUHFW�UHJLVWHUV�YDOXHV�DUH�SURSDJDWHG�WR�WKH�
GHVWLQDWLRQ�FORFN�GRPDLQV� 
3URJUDPPLQJ�0RGH��6WDWLF 

 
''5&B32,621&)*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

�� 5: �[� 

UGBSRLVRQBLQWUBFOU 
,QWHUUXSW�FOHDU�IRU�UHDG�WUDQVDFWLRQ�SRLVRQLQJ��$OORZ�����FORFN�
F\FOHV�IRU�FRUUHFW�YDOXH�WR�SURSDJDWH�WR�FRUH�ORJLF�DQG�FOHDU�WKH�
LQWHUUXSWV� 
3URJUDPPLQJ�0RGH��'\QDPLF 

����� 52 �[� UHVHUYHG 

�� 5: �[� 
UGBSRLVRQBLQWUBHQ 
,I�VHW�WR����HQDEOHV�LQWHUUXSWV�IRU�UHDG�WUDQVDFWLRQ�SRLVRQLQJ� 
3URJUDPPLQJ�0RGH��'\QDPLF 

����� 52 �[� UHVHUYHG 

�� 5: �[� 
UGBSRLVRQBVOYHUUBHQ 
,I�VHW�WR����HQDEOHV�6/9(55�UHVSRQVH�IRU�UHDG�WUDQVDFWLRQ�
SRLVRQLQJ� 
3URJUDPPLQJ�0RGH��'\QDPLF 

���� 52 �[�� UHVHUYHG 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� :2 �[� 

ZUBSRLVRQBLQWUBFOU 
,QWHUUXSW�FOHDU�IRU�ZULWH�WUDQVDFWLRQ�SRLVRQLQJ��$OORZ�����FORFN�
F\FOHV�IRU�FRUUHFW�YDOXH�WR�SURSDJDWH�WR�FRUH�ORJLF�DQG�FOHDU�WKH�
LQWHUUXSWV� 
3URJUDPPLQJ�0RGH��'\QDPLF 

��� 52 �[� UHVHUYHG 

� 5: �[� 
ZUBSRLVRQBLQWUBHQ 
,I�VHW�WR����HQDEOHV�LQWHUUXSWV�IRU�ZULWH�WUDQVDFWLRQ�SRLVRQLQJ� 
3URJUDPPLQJ�0RGH��'\QDPLF 

��� 52 �[� UHVHUYHG 

� 5: �[� 
ZUBSRLVRQBVOYHUUBHQ 
,I�VHW�WR����HQDEOHV�6/9(55�UHVSRQVH�IRU�ZULWH�WUDQVDFWLRQ�
SRLVRQLQJ� 
3URJUDPPLQJ�0RGH��'\QDPLF 

 
''5&B32,62167$7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 52 �[� 

UGBSRLVRQBLQWUB� 
5HDG�WUDQVDFWLRQ�SRLVRQLQJ�HUURU�LQWHUUXSW�IRU�SRUW����7KLV�
UHJLVWHU�LV�D�$3%�FORFN�FRS\��GRXEOH�UHJLVWHU�V\QFKURQL]HU��RI�WKH�
LQWHUUXSW�DVVHUWHG�ZKHQ�D�WUDQVDFWLRQ�LV�SRLVRQHG�RQ�WKH�
FRUUHVSRQGLQJ�$;,�SRUW
V�UHDG�DGGUHVV�FKDQQHO��%LW���
FRUUHVSRQGV�WR�3RUW����DQG�VR�RQ��,QWHUUXSW�LV�FOHDUHG�E\�UHJLVWHU�
UGBSRLVRQBLQWUBFOU��WKHQ�YDOXH�SURSDJDWHG�WR�$3%�FORFN� 
3URJUDPPLQJ�0RGH��'\QDPLF 

���� 52 �[���� UHVHUYHG 

� 52 �[� 

ZUBSRLVRQBLQWUB� 
:ULWH�WUDQVDFWLRQ�SRLVRQLQJ�HUURU�LQWHUUXSW�IRU�SRUW����7KLV�
UHJLVWHU�LV�D�$3%�FORFN�FRS\��GRXEOH�UHJLVWHU�V\QFKURQL]HU��RI�WKH�
LQWHUUXSW�DVVHUWHG�ZKHQ�D�WUDQVDFWLRQ�LV�SRLVRQHG�RQ�WKH�
FRUUHVSRQGLQJ�$;,�SRUW
V�ZULWH�DGGUHVV�FKDQQHO��%LW���
FRUUHVSRQGV�WR�3RUW����DQG�VR�RQ��,QWHUUXSW�LV�FOHDUHG�E\�UHJLVWHU�
ZUBSRLVRQBLQWUBFOU��WKHQ�YDOXH�SURSDJDWHG�WR�$3%�FORFN� 
3URJUDPPLQJ�0RGH��'\QDPLF 

 
''5&B367$7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��IF��  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 52 �[� 
ZUBSRUWBEXV\B� 
,QGLFDWHV�LI�WKHUH�DUH�RXWVWDQGLQJ�ZULWHV�IRU�$;,�SRUW��� 
3URJUDPPLQJ�0RGH��'\QDPLF 

���� 52 �[���� UHVHUYHG 

� 52 �[� 
UGBSRUWBEXV\B� 
,QGLFDWHV�LI�WKHUH�DUH�RXWVWDQGLQJ�UHDGV�IRU�$;,�SRUW��� 
3URJUDPPLQJ�0RGH��'\QDPLF 

 
''5&B3&&)*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

EOBH[SBPRGH 
%XUVW�OHQJWK�H[SDQVLRQ�PRGH��%\�GHIDXOW��L�H��EOBH[SBPRGH  ���
;3,�H[SDQGV�HYHU\�$;,�EXUVW�LQWR�PXOWLSOH�+,)�FRPPDQGV��XVLQJ�
WKH�PHPRU\�EXUVW�OHQJWK�DV�D�XQLW��,I�VHW�WR����WKHQ�;3,�ZLOO�XVH�
KDOI�RI�WKH�PHPRU\�EXUVW�OHQJWK�DV�D�XQLW��7KLV�DSSOLHV�WR�ERWK�
UHDGV�DQG�ZULWHV��:KHQ�0675�GDWDBEXVBZLGWK  ����VHWWLQJ�
EOBH[SBPRGH�WR���KDV�QR�HIIHFW��  
7KLV�FDQ�EH�XVHG�LQ�FDVHV�ZKHUH�3DUWLDO�:ULWHV�LV�HQDEOHG�
�80&7/�B3$57,$/B:5 ����LQ�RUGHU�WR�DYRLG�RU�PLQLPL]H�WBFFGBO�
SHQDOW\�LQ�''5��DQG�WBFFGBPZ�SHQDOW\�LQ�/3''5���+HQFH��
EOBH[SBPRGH ��LV�RQO\�UHFRPPHQGHG�LI�''5��RU�/3''5���  
1RWH�WKDW�LI�'%,&7/�GPBHQ ���IXQFWLRQDOLW\�LV�QRW�VXSSRUWHG�LQ�
WKH�IROORZLQJ�FDVHV� 
80&7/�B3$57,$/B:5 � 
80&7/�B3$57,$/B:5 ���0675�GDWDBEXVBZLGWK ����
0(0&B%8567B/(1*7+ ��DQG 
0675�EXUVWBUGZU ������/3''5��RQO\� 
80&7/�B3$57,$/B:5 ���0675�GDWDBEXVBZLGWK ����
0(0&B%8567B/(1*7+ ��DQG 
0675�EXUVWBUGZU ������''5��RQO\���ZLWK�HLWKHU�
0675�EXUVWFKRS ��RU�&5&3$5&7/��FUFBHQDEOH � 
3URJUDPPLQJ�0RGH��6WDWLF 

��� 52 �[� UHVHUYHG 

� 5: �[� 

SDJHPDWFKBOLPLW 
3DJH�PDWFK�IRXU�OLPLW��,I�VHW�WR����OLPLWV�WKH�QXPEHU�RI�
FRQVHFXWLYH�VDPH�SDJH�''5&�WUDQVDFWLRQV�WKDW�FDQ�EH�JUDQWHG�
E\�WKH�3RUW�$UELWHU�WR�IRXU�ZKHQ�3DJH�0DWFK�IHDWXUH�LV�HQDEOHG��,I�
VHW�WR����WKHUH�LV�QR�OLPLW�LPSRVHG�RQ�QXPEHU�RI�FRQVHFXWLYH�
VDPH�SDJH�''5&�WUDQVDFWLRQV� 
3URJUDPPLQJ�0RGH��6WDWLF 

��� 52 �[� UHVHUYHG 

� 5: �[� 

JR�FULWLFDOBHQ 
,I�VHW�WR����HQDEOHG���VHWV�FRBJVBJR�FULWLFDOBZU�DQG�
FRBJVBJR�FULWLFDOBOSU���FRBJVBJR�FULWLFDOBKSU�VLJQDOV�JRLQJ�WR�
''5&�EDVHG�RQ�XUJHQW�LQSXW��DZXUJHQW��DUXUJHQW��FRPLQJ�IURP�
$;,�PDVWHU��,I�VHW�WR����GLVDEOHG���FRBJVBJR�FULWLFDOBZU�DQG�
FRBJVBJR�FULWLFDOBOSU���FRBJVBJR�FULWLFDOBKSU�VLJQDOV�DW�''5&�
DUH�GULYHQ�WR��E
�� 
3URJUDPPLQJ�0RGH��6WDWLF 

 
''5&B3&)*5B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

�� 5: �[� 

UGBSRUWBSDJHPDWFKBHQ 
,I�VHW�WR����HQDEOHV�WKH�3DJH�0DWFK�IHDWXUH��,I�HQDEOHG��RQFH�D�
UHTXHVWLQJ�SRUW�LV�JUDQWHG��WKH�SRUW�LV�FRQWLQXHG�WR�EH�JUDQWHG�LI�
WKH�IROORZLQJ�LPPHGLDWH�FRPPDQGV�DUH�WR�WKH�VDPH�PHPRU\�
SDJH��VDPH�EDQN�DQG�VDPH�URZ���6HH�DOVR�UHODWHG�
3&&)*�SDJHPDWFKBOLPLW�UHJLVWHU� 
3URJUDPPLQJ�0RGH��6WDWLF 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

UGBSRUWBXUJHQWBHQ 
,I�VHW�WR����HQDEOHV�WKH�$;,�XUJHQW�VLGHEDQG�VLJQDO��DUXUJHQW���
:KHQ�HQDEOHG�DQG�DUXUJHQW�LV�DVVHUWHG�E\�WKH�PDVWHU��WKDW�SRUW�
EHFRPHV�WKH�KLJKHVW�SULRULW\�DQG�
FRBJVBJR�FULWLFDOBOSU�FRBJVBJR�FULWLFDOBKSU�VLJQDO�WR�''5&�LV�
DVVHUWHG�LI�HQDEOHG�LQ�3&&)*�JR�FULWLFDOBHQ�UHJLVWHU��1RWH�WKDW�
DUXUJHQW�VLJQDO�FDQ�EH�DVVHUWHG�DQ\WLPH�DQG�DV�ORQJ�DV�UHTXLUHG�
ZKLFK�LV�LQGHSHQGHQW�RI�DGGUHVV�KDQGVKDNLQJ��LW�LV�QRW�
DVVRFLDWHG�ZLWK�DQ\�SDUWLFXODU�FRPPDQG�� 
3URJUDPPLQJ�0RGH��6WDWLF 

�� 5: �[� 
UGBSRUWBDJLQJBHQ 
,I�VHW�WR����HQDEOHV�DJLQJ�IXQFWLRQ�IRU�WKH�UHDG�FKDQQHO�RI�WKH�
SRUW� 
3URJUDPPLQJ�0RGH��6WDWLF 

����� 52 �[� UHVHUYHG 

��� 5: �[��� 

UGBSRUWBSULRULW\ 
'HWHUPLQHV�WKH�LQLWLDO�ORDG�YDOXH�RI�UHDG�DJLQJ�FRXQWHUV��7KHVH�
FRXQWHUV�ZLOO�EH�SDUDOOHO�ORDGHG�DIWHU�UHVHW��RU�DIWHU�HDFK�JUDQW�WR�
WKH�FRUUHVSRQGLQJ�SRUW��7KH�DJLQJ�FRXQWHUV�GRZQ�FRXQW�HYHU\�
FORFN�F\FOH�ZKHUH�WKH�SRUW�LV�UHTXHVWLQJ�EXW�QRW�JUDQWHG��7KH�
KLJKHU�VLJQLILFDQW���ELWV�RI�WKH�UHDG�DJLQJ�FRXQWHU�VHWV�WKH�
SULRULW\�RI�WKH�UHDG�FKDQQHO�RI�D�JLYHQ�SRUW��3RUW
V�SULRULW\�ZLOO�
LQFUHDVH�DV�WKH�KLJKHU�VLJQLILFDQW���ELWV�RI�WKH�FRXQWHU�VWDUWV�WR�
GHFUHDVH��:KHQ�WKH�DJLQJ�FRXQWHU�EHFRPHV����WKH�FRUUHVSRQGLQJ�
SRUW�FKDQQHO�ZLOO�KDYH�WKH�KLJKHVW�SULRULW\�OHYHO��WLPHRXW�
FRQGLWLRQ��3ULRULW\����)RU�VLQJOH�SRUW�FRQILJXUDWLRQV��WKH�DJLQJ�
FRXQWHUV�DUH�RQO\�XVHG�ZKHQ�WKH\�WLPHRXW��EHFRPH����WR�IRUFH�
UHDG�ZULWH�GLUHFWLRQ�VZLWFKLQJ��,Q�WKLV�FDVH��H[WHUQDO�G\QDPLF�
SULRULW\�LQSXW��DUTRV��IRU�UHDGV�RQO\��FDQ�VWLOO�EH�XVHG�WR�VHW�WKH�
''5&�UHDG�SULRULW\����SULRULW\�OHYHOV��ORZ�SULRULW\�UHDG���/35��KLJK�
SULRULW\�UHDG���+35��RQ�D�FRPPDQG�E\�FRPPDQG�EDVLV��1RWH��
7KH�WZR�/6%V�RI�WKLV�UHJLVWHU�ILHOG�DUH�WLHG�LQWHUQDOO\�WR��
E��� 
3URJUDPPLQJ�0RGH��6WDWLF 

 
''5&B3&)*:B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

�� 5: �[� 

ZUBSRUWBSDJHPDWFKBHQ 
,I�VHW�WR����HQDEOHV�WKH�3DJH�0DWFK�IHDWXUH��,I�HQDEOHG��RQFH�D�
UHTXHVWLQJ�SRUW�LV�JUDQWHG��WKH�SRUW�LV�FRQWLQXHG�WR�EH�JUDQWHG�LI�
WKH�IROORZLQJ�LPPHGLDWH�FRPPDQGV�DUH�WR�WKH�VDPH�PHPRU\�
SDJH��VDPH�EDQN�DQG�VDPH�URZ���6HH�DOVR�UHODWHG�
3&&)*�SDJHPDWFKBOLPLW�UHJLVWHU� 
3URJUDPPLQJ�0RGH��6WDWLF 

�� 5: �[� 

ZUBSRUWBXUJHQWBHQ 
,I�VHW�WR����HQDEOHV�WKH�$;,�XUJHQW�VLGHEDQG�VLJQDO��DZXUJHQW���
:KHQ�HQDEOHG�DQG�DZXUJHQW�LV�DVVHUWHG�E\�WKH�PDVWHU��WKDW�SRUW�
EHFRPHV�WKH�KLJKHVW�SULRULW\�DQG�FRBJVBJR�FULWLFDOBZU�VLJQDO�WR�
''5&�LV�DVVHUWHG�LI�HQDEOHG�LQ�3&&)*�JR�FULWLFDOBHQ�UHJLVWHU��
1RWH�WKDW�DZXUJHQW�VLJQDO�FDQ�EH�DVVHUWHG�DQ\WLPH�DQG�DV�ORQJ�
DV�UHTXLUHG�ZKLFK�LV�LQGHSHQGHQW�RI�DGGUHVV 
KDQGVKDNLQJ��LW�LV�QRW�DVVRFLDWHG�ZLWK�DQ\�SDUWLFXODU�FRPPDQG�� 
3URJUDPPLQJ�0RGH��6WDWLF 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
ZUBSRUWBDJLQJBHQ 
,I�VHW�WR����HQDEOHV�DJLQJ�IXQFWLRQ�IRU�WKH�ZULWH�FKDQQHO�RI�WKH�
SRUW� 
3URJUDPPLQJ�0RGH��6WDWLF 

����� 52 �[� UHVHUYHG 

��� 5: �[��� 

ZUBSRUWBSULRULW\ 
'HWHUPLQHV�WKH�LQLWLDO�ORDG�YDOXH�RI�ZULWH�DJLQJ�FRXQWHUV��7KHVH�
FRXQWHUV�ZLOO�EH�SDUDOOHO�ORDGHG�DIWHU�UHVHW��RU�DIWHU�HDFK�JUDQW�WR�
WKH�FRUUHVSRQGLQJ�SRUW��7KH�DJLQJ�FRXQWHUV�GRZQ�FRXQW�HYHU\�
FORFN�F\FOH�ZKHUH�WKH�SRUW�LV�UHTXHVWLQJ�EXW�QRW�JUDQWHG��7KH�
KLJKHU�VLJQLILFDQW���ELWV�RI�WKH�ZULWH�DJLQJ�FRXQWHU�VHWV�WKH�LQLWLDO�
SULRULW\�RI�WKH�ZULWH�FKDQQHO�RI�D�JLYHQ�SRUW��3RUW
V�SULRULW\�ZLOO�
LQFUHDVH�DV�WKH�KLJKHU�VLJQLILFDQW���ELWV�RI�WKH�FRXQWHU�VWDUWV�WR�
GHFUHDVH��:KHQ�WKH�DJLQJ�FRXQWHU�EHFRPHV����WKH�FRUUHVSRQGLQJ�
SRUW�FKDQQHO�ZLOO�KDYH�WKH�KLJKHVW�SULRULW\�OHYHO��)RU�VLQJOH�SRUW�
FRQILJXUDWLRQV��WKH�DJLQJ�FRXQWHUV�DUH�RQO\�XVHG�ZKHQ�WKH\�
WLPHRXW��EHFRPH����WR�IRUFH�UHDG�ZULWH�GLUHFWLRQ�VZLWFKLQJ��1RWH��
7KH�WZR�/6%V�RI�WKLV�UHJLVWHU�ILHOG�DUH�WLHG�LQWHUQDOO\�WR��
E��� 
3URJUDPPLQJ�0RGH��6WDWLF 

 
''5&B3&75/B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 
SRUWBHQ 
(QDEOHV�$;,�SRUW��� 
3URJUDPPLQJ�0RGH��'\QDPLF 

''53+<B5(*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

�� 5: �[� UHJBUDQN�BHQ 
HQDEOH�WKH���UDQN�RI�OSGGU��DQG�OSGGU� 

����� 52 �[�� UHVHUYHG 

���� 5: �[�� 

UHJBFKDQQHOBHQ 
7KH�E\WH�HQDEOH�VLJQDO�RI�WKH�3+<��+LJK�LV�YDOLG��7KH�GHIDXWO 
PRGH�ZLOO�RSHQ�WKH�IRXU�E\WHV�DW�WKH�VDPH�WLPH� 
>�@��7KH�E\WH��HQDEOH�VLJQDO��FRUUHVSRQGLQJ�WR 
$B'4�a$B'4�� 
>�@��7KH�E\WH��HQDEOH�VLJQDO��FRUUHVSRQGLQJ�WR 
$B'4�a$B'4��� 
>�@��7KH�E\WH��HQDEOH�VLJQDO��FRUUHVSRQGLQJ�WR 
%B'4�a%B'4�� 
>�@��7KH�E\WH��HQDEOH�VLJQDO��FRUUHVSRQGLQJ�WR 
%B'4�a%B'4��� 
>�@��7KH�E\WH��HQDEOH�VLJQDO��FRUUHVSRQGLQJ�WR 
&B'4�a&B'4� 
,I�WKH�XVHU�RQO\�ZDQWV�WR�XVH�WZR�E\WHV��ZH�VXJJHVW�WR�FKRRVH 
WKH�E\WH��DQG�E\WH�� 

� 5: �[� 

UHJBEXUVWBVHO 
$FFRUGLQJ�WR�WKH�6'5$0�W\SH�WR�FKRRVH�WKH�EXUVW�W\SH�WKDW 
WKH�3+<�QHHGV�WR�VXSSRUW� 
���6XSSRUW�WKH�%/��%/�� 
���5HVHUYHG� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� PHPBVHOHFWBW 
5HVHW�GLJLWDO�FRUH��DFWLYH�ORZ� 

� 52 �[� UHVHUYHG 

� 5: �[� VRIWBUHVHW� 
7KH�UHVHW�VLJQDO�RI�GLJLWDO�FRUH��$FWLYH�ORZ� 

� 5: �[� VRIWBUHVHW� 
7KH�UHVHW�VLJQDO�RI�DQDORJ�ORJLF��$FWLYH�ORZ� 

� 5: �[� VRIWBUHVHW 
7KH�UHVHW�VLJQDO�RI�GLJLWDO�FRUH�DQG�DQDORJ�ORJLF��$FWLYH�ORZ� 

 
''53+<B5(*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 

UHJBZOBORDGPRGH 
>�����@:ULWH�OHYHOLQJ�ORDG�PRGH�>���@� 
7KH�3+<�QHHGV�WR�FRQILJXUH�WKH�ORDG�PRGH�WR�HQDEOH�WKH�ZULWH�
OHYHOLQJ�IXQFWLRQ��,Q�FDVH�RI�WKDW�ZULWH�OHYHOLQJ�RSHUDWLRQ�FKDQJV�
WKH�ORDG�PRGH�YDOXH�LQ�WKH�6'5$0�ZKLFK�LV�ZULWWHQ�E\�WKH�0&��VR�
ZH�QHHG�WR�XVH�WKLV�UHJLVWHU�WR�NHHS�WKH�VDPH�VHWWLQJ�ZLWK�WKH�0&�
IRU�WKH�PRGH�UHJLVWHU�ZKLFK�LV�UHODWHG�WR�WKH�ZULWH�OHYHOLQJ��7KLV�LV�
WKH�ORZ��ELWV�RI�WKH�PRGH�UHJLVWHU�ZKLFK�LV�UHODWHG�WR�WKH�ZULWH�
OHYHOLQJ� 
)RU�''5��''5���WKLV�UHJLVWHU�VKRXOG�NHHS�WKH�VDPH�YDOXH�ZLWK�
WKH�05�>���@� 
)RU�/3''5��/3''5���WKLV�UHJLVWHU�VKRXOG�NHHS�WKH�VDPH�YDOXH�
ZLWK�WKH�05�>���@��3OHDVH�UHIHUHQFH�WR�WKH�VHFWLRQ�������WR�JHW�
PRUH�LQIRUPDWLRQ��>�����@�:ULWH�OHYHOLQJ�ORDG�PRGH�>����@��
5HODWH�WR�WKH�UHJLVWHU���¶K����>�@��7KH�3+<�QHHGV�WR�FRQILJXUH�
WKH�ORDG�PRGH�WR�HQDEOH�WKH�ZULWH�OHYHOLQJ�IXQFWLRQ��,Q�FDVH�RI�
WKDW�ZULWH�OHYHOLQJ�RSHUDWLRQ�FKDQJV�WKH�ORDG�PRGH�YDOXH�LQ�WKH�
6'5$0�ZKLFK�LV�ZULWWHQ�E\�WKH�0&��VR�ZH�QHHG�WR�XVH�WKLV�
UHJLVWHU�WR�NHHS�WKH�VDPH�VHWWLQJ�ZLWK�WKH�0&�IRU�WKH�PRGH�
UHJLVWHU�ZKLFK�LV�UHODWHG�WR�WKH�ZULWH�OHYHOLQJ��7KLV�LV�WKH�ORZ��ELWV�
RI�WKH�PRGH�UHJLVWHU�ZKLFK�LV�UHODWHG�WR�WKH�ZULWH�OHYHOLQJ� 
)RU�''5��''5���WKLV�UHJLVWHU�>����@�VKRXOG�NHHS�WKH�VDPH�YDOXH�
ZLWK�WKH�05�>����@�DQG�WKLV�UHJLVWHU>�����@�VKRXOG�VHW��
E��� 
)RU�/3''5��/3''5���WKLV�UHJLVWHU�VKRXOG�VHW�WR��
K�� 
3OHDVH�UHIHUHQFH�WR�WKH�VHFWLRQ�������WR�JHW�PRUH�LQIRUPDWLRQ� 

����� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[H 

UHJBZOFVBVHO 
7KH�UDQN�VHOHFW�VLJQDO�RI�WKH�ZULWH�OHYHOLQJ�IXFWLRQ��/RZ�LV�YDOLG� 
�
E������7KH�ZULWH�OHYHOLQJ�UHVXOW�ZLOO�DXWR�VZLWFK�EHWZHHQ�WKH�
5$1.���5$1.��5$1.��5$1.��DFFRUGLQJ�WR�WKH�'),�LQWHUIDFH�
FRPPDQG�DIWHU�WKH�ZULWH�OHYHOLQJ�WUDLQLQJ� 
�
E������&KRRVH�WKH�5$1.���7KH�FKLS�ZKLFK�FRQQHFWV�WR�&6��ZLOO�
EH�FKRRVHV�WR�HQDEOH�WKH�ZULWH�OHYHOLQJ�WUDLQLQJ� 
�
E������&KRRVH�WKH�5$1.���7KH�FKLS�ZKLFK�FRQQHFWV�WR�&6��ZLOO�
EH�FKRRVHV�WR�HQDEOH�WKH�ZULWH�OHYHOLQJ�WUDLQLQJ� 
�
E������&KRRVH�WKH�5$1.���7KH�FKLS�ZKLFK�FRQQHFWV�WR�&6��ZLOO�
EH�FKRRVHV�WR�HQDEOH�WKH�ZULWH�OHYHOLQJ�WUDLQLQJ� 
�
E������&KRRVH�WKH�5$1.���7KH�FKLS�ZKLFK�FRQQHFWV�WR�&6��ZLOO�
EH�FKRRVHV�WR�HQDEOH�WKH�ZULWH�OHYHOLQJ�WUDLQLQJ� 
�
E������5HVHUYHG� 
1RWH��&DQ
W�VHW�WR��
E�����ZKHQ�HQDEOH�WKH�ZULWH�OHYOHLQJ�
WUDLQLQJ�IXQFLWRQ��,I�WKH�3+<�QHHGV�WR�VXSSRUW�WZR�UDQNV��WKLV�
UHJLVWHU�VKRXOG�VHW�WR��
E���DIWHU�WKH�ZULWH�OHYHOLQJ�WUDLQLQJ 

� 5: �[� 

UHJBZOBE\SDVV 
7KH�W[�SHUELW�VNHZ�E\SDVV�IXQFWLRQ�HQDEOH�VLJQDO��+LJK�LV�YDOLG� 
�¶E���8VH�WKH�ZULWH�OHYHOLQJ�WUDLQLQJ�UHVXOW�WR�FRQWURO�WKH�W[�
SHUELW�VNHZ�GHOD\�7KH�$B'4�a$B'4��$B'0��ZLOO�XVH�WKH�
$B'46��WUDLQLQJ�UHVXOW�7KH�$B'4�a$B'4���$B'0��ZLOO�XVH�WKH�
$B'46��WUDLQLQJ�UHVXOW�,1126,/,&21�,112�''5�3+<�)RU�760&�
���QP 
����,1126,/,&21�7(&+12/2*<�&2�/7'�7KH�
%B'4�a$B'4��$B'0��ZLOO�XVH�WKH�%B'46��WUDLQLQJ�UHVXOW�7KH�
%B'4�a$B'4���$B'0��ZLOO�XVH�WKH�%B'46��WUDLQLQJ�UHVXOW� 
�¶E���8VH�WKH�UHJLVWHU�WR�FRQWURO�WKH�W[�SHUELW�VNHZ�GHOD\��(DFK�
GDWD�SDG�KDV�DQ�LQGHSHQGHW�FRQWUROOHU�UHJLVWHU� 

� 5: �[� 
UHJBZOBHQDEOH 
7KH�ZULWH�OHYHOLQJ�WUDLQLQJ�HQDEOH�VLJQDO��+LJK�LV�YDOLG� 
�¶E���.HHS�FXUUHQW�VWDWH�RU�H[LW�WKH�ZULWH�OHYHOLQJ�WUDLQLQJ�VWDWH� 
�¶E���(DQEOH�WKH�ZULWH�OHYHOLQJ�WUDLQLQJ�IXQFWLRQ� 

��� 5: �[� 

UHJBFDOFVBVHO 
7KH�UDQN�VHOHFW�VLJQDO�RI�WKH�U[�GTV�FDOLEUDWLRQ�IXFWLRQ��/RZ�LV�
YDOLG� 
�
E������7KH�U[�GTV�FDOLEUDWLRQ�UHVXOW�ZLOO�DXWR�VZLWFK�EHWZHHQ�
WKH�5$1.���5$1.��5$1.��5$1.��DFFRUGLQJ�WR�WKH�'),�LQWHUIDFH�
FRPPDQG�DIWHU�WKH�U[�GTV�FDOLEUDWLRQ�WUDLQLQJ� 
�
E������&KRRVH�WKH�5$1.���7KH�FKLS�ZKLFK�FRQQHFWV�WR�&6��ZLOO�
EH�FKRRVHV�WR�HQDEOH�WKH�DXWR�U[�GTV�FDOLEUDWLRQ�WUDLQLQJ� 
�
E������&KRRVH�WKH�5$1.���7KH�FKLS�ZKLFK�FRQQHFWV�WR�&6��ZLOO�
EH�FKRRVHV�WR�HQDEOH�WKH�DXWR�U[�GTV�FDOLEUDWLRQ�WUDLQLQJ� 
�
E������&KRRVH�WKH�5$1.���7KH�FKLS�ZKLFK�FRQQHFWV�WR�&6��ZLOO�
EH�FKRRVHV�WR�HQDEOH�WKH�DXWR�U[�GTV�FDOLEUDWLRQ�WUDLQLQJ� 
�
E������&KRRVH�WKH�5$1.���7KH�FKLS�ZKLFK�FRQQHFWV�WR�&6��ZLOO�
EH�FKRRVHV�WR�HQDEOH�WKH�DXWR�U[�GTV�FDOLEUDWLRQ�WUDLQLQJ� 
�
E����5HVHUYHG� 
1RWH��&DQ
W�VHW�WR��
E���ZKHQ�HQDEOH�WKH�U[�GTV�FDOLEUDWLRQ�
WUDLQLQJ�IXQFLWRQ��,I�WKH�3+<�QHHGV�WR�VXSSRUW�WZR�UDQNV��WKLV�
UHJLVWHU�VKRXOG�VHW�WR��
E���DIWHU�WKH�U[�GTV�FDOLEUDWLRQ�WUDLQLQJ� 

� 5: �[� UHJBFDOLEBE\SDVV 
5HVHUYHG� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

UHJBVWDUWBFDOLE 
7KH�DXWR�U[�GTV�FDOLEUDWLRQ�WUDLQLQJ�HQDEOH�VLJQDO��+LJK�LV�YDOLG� 
�¶E���.HHS�FXUUHQW�VWDWH�RU�H[LW�WKH�DXWR�U[�GTV�FDOLEUDWLRQ�
WUDLQLQJ� 
�¶E���(QDEOH�WKH�DXWR�U[�GTV�FDOLEUDWLRQ�WUDLQLQJ�IXQFWLRQ� 

 
''53+<B5(*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[�� 

$/B)5(B23� 
6HWWLQJ�WKH�$/�YODXH�RI�WKH�3+<�IRU�IUHTXHQF\�SRLQW����:KHQ�
HQDEOH�WKH�)DVW�)UHTXHQF\�&KDQJH�0RGH��WKH�3+<�ZLOO�FKRRVH�
$/B)((B23��DV�WKH�$/�VHWWLQJ�RI�WKH�3+<�ZKHQ�WKH�IUHT  ��
E��� 
)RU�/3''5Q��WKLV�UHJLVWHU�VKRXOG�NHHS�GHIDXOW�YDOXH� 
)RU�''5Q��WKLV�UHJLVWHU�VKRXOG�NHHS�WKH�VDPH�$/�VHWWLQJ�ZLWK 
WKH�6'5$0� 

����� 52 �[� UHVHUYHG 

����� 5: �[�� 

$/B)5(B23� 
6HWWLQJ�WKH�$/�YODXH�RI�WKH�3+<�IRU�IUHTXHQF\�SRLQW����:KHQ�
HQDEOH�WKH�)DVW�)UHTXHQF\�&KDQJH�0RGH��WKH�3+<�ZLOO�FKRRVH�
$/B)((B23��DV�WKH�$/�VHWWLQJ�RI�WKH�3+<�ZKHQ�WKH�IUHT�  �
�
E���� 
)RU�/3''5Q��WKLV�UHJLVWHU�VKRXOG�NHHS�GHIDXOW�YDOXH� 
)RU�''5Q��WKLV�UHJLVWHU�VKRXOG�NHHS�WKH�VDPH�$/�VHWWLQJ�ZLWK�WKH�
6'5$0� 

����� 52 �[� UHVHUYHG 

���� 5: �[�� 

$/B)5(B23� 
6HWWLQJ�WKH�$/�YODXH�RI�WKH�3+<�IRU�IUHTXHQF\�SRLQW����:KHQ�
HQDEOH�WKH�)DVW�)UHTXHQF\�&KDQJH�0RGH��WKH�3+<�ZLOO�FKRRVH�
$/B)((B23��DV�WKH�$/�VHWWLQJ�RI�WKH�3+<�ZKHQ�WKH�IUHT�  �
�
E���� 
)RU�/3''5Q��WKLV�UHJLVWHU�VKRXOG�NHHS�GHIDXOW�YDOXH� 
)RU�''5Q��WKLV�UHJLVWHU�VKRXOG�NHHS�WKH�VDPH�$/�VHWWLQJ�ZLWK�WKH�
6'5$0� 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 

$/B)5(B23� 
6HWWLQJ�WKH�$/�YODXH�RI�WKH�3+<�IRU�IUHTXHQF\�SRLQW����:KHQ�
HQDEOH�WKH�)DVW�)UHTXHQF\�&KDQJH�0RGH��WKH�3+<�ZLOO�FKRRVH�
$/B)((B23��DV�WKH�$/�VHWWLQJ�RI�WKH�3+<�ZKHQ�WKH�IUHT�  �
�
E���� 
)RU�/3''5Q��WKLV�UHJLVWHU�VKRXOG�NHHS�GHIDXOW�YDOXH� 
)RU�''5Q��WKLV�UHJLVWHU�VKRXOG�NHHS�WKH�VDPH�$/�VHWWLQJ�ZLWK�WKH�
6'5$0� 

 
''53+<B5(*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� 

&/B)5(B23� 
6HWWLQJ�WKH�&/�5/�YODXH�RI�WKH�3+<�IRU�IUHTXHQF\�SRLQW���:KHQ�
HQDEOH�WKH�)DVW�)UHTXHQF\�&KDQJH�0RGH��WKH�3+<�ZLOO�FKRRVH�
&/B)((B23��DV�WKH�&/�5/�VHWWLQJ�RI�WKH�3+<�ZKHQ�WKH�IUHT�  �
�
E��� 
)RU�/3''5Q�WKLV�UHJLVWHU�VKRXOG�NHHS�WKH�VDPH�5/�VHWWLQJ�ZLWK�
WKH�6'5$0� 
)RU�''5Q��WKLV�UHJLVWHU�VKRXOG�NHHS�WKH�VDPH�&/�VHWWLQJ�ZLWK�WKH�
6'5$0� 

����� 52 �[� UHVHUYHG 

����� 5: �[�� 

&/B)5(B23� 
6HWWLQJ�WKH�&/�5/�YODXH�RI�WKH�3+<�IRU�IUHTXHQF\�SRLQW���:KHQ�
HQDEOH�WKH�)DVW�)UHTXHQF\�&KDQJH�0RGH��WKH�3+<�ZLOO�FKRRVH�
&/B)((B23��DV�WKH�&/�5/�VHWWLQJ�RI�WKH�3+<�ZKHQ�WKH�IUHT�  �
�
E��� 
)RU�/3''5Q�WKLV�UHJLVWHU�VKRXOG�NHHS�WKH�VDPH�5/�VHWWLQJ�ZLWK�
WKH�6'5$0� 
)RU�''5Q��WKLV�UHJLVWHU�VKRXOG�NHHS�WKH�VDPH�&/�VHWWLQJ�ZLWK�WKH�
6'5$0� 

����� 52 �[� UHVHUYHG 

���� 5: �[�� 

&/B)5(B23� 
6HWWLQJ�WKH�&/�5/�YODXH�RI�WKH�3+<�IRU�IUHTXHQF\�SRLQW���:KHQ�
HQDEOH�WKH�)DVW�)UHTXHQF\�&KDQJH�0RGH��WKH�3+<�ZLOO�FKRRVH�
&/B)((B23��DV�WKH�&/�5/�VHWWLQJ�RI�WKH�3+<�ZKHQ�WKH�IUHT�  �
�
E��� 
)RU�/3''5Q�WKLV�UHJLVWHU�VKRXOG�NHHS�WKH�VDPH�5/�VHWWLQJ�ZLWK�
WKH�6'5$0� 
)RU�''5Q��WKLV�UHJLVWHU�VKRXOG�NHHS�WKH�VDPH�&/�VHWWLQJ�ZLWK�WKH�
6'5$0� 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 

&/B)5(B23� 
6HWWLQJ�WKH�&/�5/�YODXH�RI�WKH�3+<�IRU�IUHTXHQF\�SRLQW��� 
:KHQ�HQDEOH�WKH�)DVW�)UHTXHQF\�&KDQJH�0RGH��WKH�3+<�ZLOO�
FKRRVH�&/B)((B23��DV�WKH�&/�5/�VHWWLQJ�RI�WKH�3+<�ZKHQ�WKH�
IUHT�  ��
E����)RU�/3''5Q�WKLV�UHJLVWHU�VKRXOG�NHHS�WKH�VDPH�5/�
VHWWLQJ�ZLWK�WKH�6'5$0��)RU�''5Q��WKLV�UHJLVWHU�VKRXOG�NHHS�WKH�
VDPH�&/�VHWWLQJ�ZLWK�WKH�6'5$0� 

 
''53+<B5(*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[�� 

&:/B)5(B23� 
6HWWLQJ�WKH�&:/�:/�YODXH�RI�WKH�3+<�IRU�IUHTXHQF\�SRLQW����:KHQ�
HQDEOH�WKH�)DVW�)UHTXHQF\�&KDQJH�0RGH��WKH�3+<�ZLOO�FKRRVH�
&:/B)((B23��DV�WKH�&:/�:/�VHWWLQJ�RI�WKH�3+<�ZKHQ�WKH�IUHT�
  ��
E����)RU�/3''5Q�WKLV�UHJLVWHU�VKRXOG�NHHS�WKH�VDPH�:/�
VHWWLQJ�ZLWK�WKH�6'5$0��)RU�''5Q��WKLV�UHJLVWHU�VKRXOG�NHHS�WKH�
VDPH�&:/�VHWWLQJ�ZLWK�WKH�6'5$0� 

����� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� 

&:/B)5(B23� 
6HWWLQJ�WKH�&:/�:/�YODXH�RI�WKH�3+<�IRU�IUHTXHQF\�SRLQW����:KHQ�
HQDEOH�WKH�)DVW�)UHTXHQF\�&KDQJH�0RGH��WKH�3+<�ZLOO�FKRRVH�
&:/B)((B23��DV�WKH�&:/�:/�VHWWLQJ�RI�WKH�3+<�ZKHQ�WKH�IUHT�
  ��
E����)RU�/3''5Q�WKLV�UHJLVWHU�VKRXOG�NHHS�WKH�VDPH�:/�
VHWWLQJ�ZLWK�WKH�6'5$0�)RU�''5Q��WKLV�UHJLVWHU�VKRXOG�NHHS�WKH�
VDPH�&:/�VHWWLQJ�ZLWK�WKH�6'5$0� 

����� 52 �[� UHVHUYHG 

���� 5: �[�� 

&:/B)5(B23� 
6HWWLQJ�WKH�&:/�:/�YODXH�RI�WKH�3+<�IRU�IUHTXHQF\�SRLQW����:KHQ�
HQDEOH�WKH�)DVW�)UHTXHQF\�&KDQJH�0RGH��WKH�3+<�ZLOO�FKRRVH�
&:/B)((B23��DV�WKH�&:/�:/�VHWWLQJ�RI�WKH�3+<�ZKHQ�WKH�IUHT�
  ��
E����)RU�/3''5Q�WKLV�UHJLVWHU�VKRXOG�NHHS�WKH�VDPH�:/�
VHWWLQJ�ZLWK�WKH�6'5$0��)RU�''5Q��WKLV�UHJLVWHU�VKRXOG�NHHS�WKH�
VDPH�&:/�VHWWLQJ�ZLWK�WKH�6'5$0� 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 

&:/B)5(B23� 
6HWWLQJ�WKH�&:/�:/�YODXH�RI�WKH�3+<�IRU�IUHTXHQF\�SRLQW����:KHQ�
HQDEOH�WKH�)DVW�)UHTXHQF\�&KDQJH�0RGH��WKH�3+<�ZLOO�FKRRVH�
&:/B)((B23��DV�WKH�&:/�:/�VHWWLQJ�RI�WKH�3+<�ZKHQ�WKH�IUHT�
  ��
E����)RU�/3''5Q�WKLV�UHJLVWHU�VKRXOG�NHHS�WKH�VDPH�:/�
VHWWLQJ�ZLWK�WKH�6'5$0��)RU�''5Q��WKLV�UHJLVWHU�VKRXOG�NHHS�WKH�
VDPH�&:/�VHWWLQJ�ZLWK�WKH�6'5$0� 

 
''53+<B5(*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[�� 
UHJBIE�[FONBLQYGHOD 
8VHG�WR�DGMXVW�WKH�KROG�WLPLQJ�RI�WKH�GLJLWDO�WR�DQDORJ�
LQWHUIDFH�:KHQ�LQFUHDVH�WKLV�UHJLVWHU��LW�ZLOO�LQFUHDVH�WKH�KROG�WLPH�
RI�WKH�GLJLWDO�WR�DQDORJ�LQWHUIDFH� 

���� 52 �[������ UHVHUYHG 
 
''53+<B5(*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[IIIIIIII 

UHJBFPGBSK��HQBE 
7KH�FRPPDQG����GHJUHH�FRQWURO�VLJQDO� 
+LJK�PHDQV�HDQEOH�WKH�FRPPDQG����GHJUHH�FRQURO�DQG�ORZ 
PHDQV�WKH�GLVDOEH�WKH�FRPPDQG����GHJUHH�FRQWURO� 
>�@�$� 
>�@�$� 
>�@�$� 
>�@�$� 
>�@�$� 
>�@�$� 
>�@�$� 
>�@�$� 
>�@�$� 
>�@�$� 
>��@�$�� 
>��@�$�� 
>��@�$�� 
>��@�$�� 
>��@�$�� 
>��@�$�� 
>��@�$�� 
>��@�$�� 
>��@�$&71 
>��@�%$� 
>��@�%$� 
>��@�%*� 
>��@�%*� 
>��@�&. 
>��@�&.% 
>��@�&.(� 
>��@�&6%� 
>��@�&6%� 
>��@�2'7� 
>��@�2'7� 
>��@�&.(� 
>��@�5(6(71 
>�@�5(6(71 

 
''53+<B5(*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

�� 5: �[� 

UHJBU[BORFNBFRGHBESBHQ 
7KH�U[�GOO�ORFN�YDOXH�E\SDVV��$FWLYH�+LJK� 
�¶E���XVH�WKH�GOO�ORFN�YDOXH�IURP�WKH�UHJLVWHU�
UHJBU[BORFNBFRGHBESBYDOXH>���@� 
�¶E���XVH�WKH�GOO�ORFN�YDOXH�IURP�GOO�PRGXOH�DXWRPDWLFDOO\� 

�� 5: �[� 

UHJBW[BORFNBFRGHBESBHQ 
7KH�W[�GOO�ORFN�YDOXH�E\SDVV��$FWLYH�+LJK� 
�¶E���XVH�WKH�GOO�ORFN�YDOXH�IURP�WKH�UHJLVWHU�
UHJBW[BORFNBFRGHBESBYDOXH>���@� 
�¶E���XVH�WKH�GOO�ORFN�YDOXH�IURP�GOO�PRGXOH�DXWRPDWLFDOO\� 

����� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
UHJBYWBFRPSBES 
7KH�U[�YW�FRPSHQVDWLRQ�GLVDEOH�VLJQDO��$FWLYH�+LJK� 
�¶E���'LVDEOH�WKH�U[�YW�FRPSHQVDWLRQ�IXQFWLRQ� 
�¶E���(QDEOH�WKH�U[�YW�FRPSHQVDWLRQ�IXQFLWRQ� 

�� 5: �[� 

UHJBFPGRXWBPX[ 
7KH�WLPLQJ�FRQWURO�RI�WKH�FRPPDQG�SDWK�EHWZHHQ�WKH�GLJLWDO�SDUW�
DQG�DQDORJ�SDUW� 
�¶E���7KH�FRPPDQG�VLJQDO�IURP�WKH�GLJLWDO�SDUW�WR�WKH�DQDORJ�SDUW�
LV�DOLJQ�WR�WKH�SRVHGJH�RI�WKH�GILBFON�[� 
�¶E���7KH�FRPPDQG�VLJQDO�IURP�WKH�GLWLDO�SDUW�WR�WKH�DQDORJ�SDUW�
LV�DOLJQ�WR�WKH�QHJHGJH�RI�WKH�GILBFON�[� 

�� 5: �[� 

SK��HQBES 
7KH����GHJUHH�FRQWURO�E\SDVV�HQDEOH�VLJQDO�RI�WKH�FRPPDQG�
SDWK� 
,Q�WKH�QRUPDO�PRGH��WKH����GHJUHH�FRQWURO�RI�WKH�FRPPDQG�SDWK�
LV�VHWWLQJ�DXWRPDWLFDOO\�EDVHG�RQ�WKH�VGUDP�W\SH��7KH�XVHU�DOVR�
FDQ�XVH�WKLV�UHJLVWHU�WR�FKRRVH�WKH�E\SDVV�PRGH��WKHQ�XVH�WKH�
UHJLVWHU�UHJBFPGBSK��HQBES�WR�FRQWURO�WKH����GHJUHH�RI�HDFK�
FRPPDQG�SDG� 
�¶E���&KRRVH�WKH�E\SDVV�PRGH� 
�¶E���&KRRVH�WKH�DXWR�PRGH� 

�� 5: �[� 

SK��HQBESBGT 
7KH����GHJUHH�FRQWURO�E\SDVV�HQDEOH�VLJQDO�RI�WKH�GDWD�SDWK�,Q�
WKH�QRUPDO�PRGH��WKH����GHJUHH�FRQWURO�RI�WKH�GDWD�SDWK�LV�
VHWWLQJ�DXWRPDWLFDOO\�EDVHG�RQ�WKH�VGUDP�W\SH��7KH�XVHU�DOVR�FDQ�
XVH�WKLV�UHJLVWHU�WR�FKRRVH�WKH�E\SDVV�PRGH��WKHQ�XVH�WKH�
UHJLVWHU�
UHJBD�E�FBO�KBGTBSK��HQBES��UHJBD�E�FBO�KBGTVBSK��HQBES�WR�
FRQWURO�WKH����GHJUHH�RI�HDFK�GT�SDG� 
�¶E���&KRRVH�WKH�E\SDVV�PRGH� 
�¶E���&KRRVH�WKH�DXWR�PRGH� 

�� 5: �[� 

UHJBUGHQBE\SDVV 
7KHQ�HQDEOH�VLJQDO�RI�WKH�U[�ILIR�UHDG�FRQWURO�E\SDVV�PRGH�+LJK�LV�
YDOLG� 
�¶E���'LVDEOH�WKH�E\SDVV�PRGH� 
�¶E���(QDEOH�WKH�E\SDVV�PRGH�DQG�XVH�WKH�UHJBUGHQBGHOD\�WR�
FRQWURO�WKH�U[�ILIR�UHDG�WLPLQJ� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

UHJBUGHQBGHOD\ 
7KLV�UHJLVWHU�LV�XVHG�WR�FRQWURO�UHDG�WLPLQJ�RI�WKH�U[�ILIR�ZKHQ 
HQDEOH�WKH�U[�ILIR�UHDG�FRQWURO�E\SDVV�PRGH��:KHQ�WKH 
GILBUGGDWDBHQ�FKDQJH�WR�KLJK��WKH�SK\�ZLOO�UHDG�RXW�WKH�U[GDWD�
IURP�WKH�U[�ILIR�DIWKHU�WKH�IROORZLQJ�GHOD\� 
����PD[�UHJBDUBF\FVHO�UHJBDOBF\FVHO�UHJBEUBF\FVHO�UHJBEOBF\FV
HO� 
�����PD[�UHJBDUBF\FVHO�UHJBDOBF\FVHO�UHJBEUBF\FVHO�UHJBEOBF\F
VHO� 
�����PD[�UHJBDUBF\FVHO�UHJBDOBF\FVHO�UHJBEUBF\FVHO�UHJBEOBF\F
VHO� 
�����PD[�UHJBDUBF\FVHO�UHJBDOBF\FVHO�UHJBEUBF\FVHO�UHJBEOBF\F
VHO� 
�����PD[�UHJBDUBF\FVHO�UHJBDOBF\FVHO�UHJBEUBF\FVHO�UHJBEOBF\F
VHO� 
�����PD[�UHJBDUBF\FVHO�UHJBDOBF\FVHO�UHJBEUBF\FVHO�UHJBEOBF\F
VHO� 
�����PD[�UHJBDUBF\FVHO�UHJBDOBF\FVHO�UHJBEUBF\FVHO�UHJBEOBF\F
VHO� 
�����PD[�UHJBDUBF\FVHO�UHJBDOBF\FVHO�UHJBEUBF\FVHO�UHJBEOBF\F
VHO� 
)RU�DXWR�PRGH��WKH�GHOD\�
 ���PD[�UHJBDUBF\FVHO�UHJBDOBF\FVHO�UHJBEUBF\FVHO�UHJBEOBF\FV
HO�� 

�� 52 �[� UHVHUYHG 

�� 5: �[� 

UHJBUGRGWBE\SDVV 
7KH�E\SDVV�HQDEOH�VLJQDO�RI�WKH�U[�RGW�E\SDVV�IXQFWLRQ� 
:KHQ�HQDEOH�WKLV�IXQFWLRQ��WKH�XVHU�FDQ�XVH�WKH�UHJLVWHU�
UHJBD�E�FBO�KBUGRGW�������BGHOD\>���@�HJ�
UHJBDBOBUGRGW�BGHOD\>���@���UHJBD�E�FBO�KBUGRGW�������BRSKVHO>
���@�UHJBD�E�FBO�KBUGRGW�������BGOOVHO>���@�WR�DGMXVW�WKH�WLPLQJ�
RI�WKH�U[�RGW�� 

�� 5: �[� 

UHJBU[RGWBVWBE\SDVV 
7KH�HQDEOH�VLJQDO�RI�WKH�U[�RGW�VWDUW�SRLQW�E\SDVV�PRGH� 
ZKHQ�HQDEOH�WKLV�IXQFWLRQ���XVLQJ�WKH�UHJLVWHU�UHJBU[RGWBVWGHOD\�
WR�FRQWURO�WKH�VWDUW�SRLQW�RI�WKH�U[�RGW��+LJK 
LV�YDOLG� 

�� 52 �[� UHVHUYHG 

���� 5: �[� 

UHJBU[RGWBVWGHOD\ 
8VLQJ�WR�FRQWURO�WKH�U[�RGW�VWDUW�SRLQW�ZKHQ�HQDEOH�WKH�U[�RGW�
VWDUW�SRLQW�E\SDVV�PRGH�UHJBU[RGWBVWBE\SDVV��'HFUHDVH�WKLV�
YDOXH�ZLOO�OHIW�VKLIW�WKH�U[�RGW�ZLQGRZ��LQFUHDVH�WKLV�YDOXH�ZLOO�
ULJKW�VKLIW�WKH�U[�RGW�ZLQGRZ��8QLW�GILBFON�[�)RU�DXWR�PRGH��WKH�
VWDUWBSRLQW� ��5/���!!�� 

��� 5: �[� 

UHJBU[RGWBOHQJWK 
8VHG�WR�FRQWURO�WKH�OHQJWK�RI�WKH�5;�2'7��7KH�VWHS�LV��[�FORFN�
F\FOH�:KHQ�WKH�YDOXH�����WKH�OHQJWK�RI�5;�2'7�ZLOO�LQFUHDVH��[�
FORFN�F\FOH�5HODWHG�UHJLVWHU��[��I�,W�FRPELQHV�ZLWK�WKH�UHJLVWHU�
UHJBU[RGWBVWDUWBSRLQW�WR�GHFLGH�WKH�UDQJH�RI�WKH�5;�2'7�7KH�
GHIDXOW�5;�2'7�OHQJWK�LV��GILBFON�[�F\FOHV� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

UHJBU[RGWBVWDUWBSRL 
8VHG�WR�FRQWURO�WKH�VWDUW�SRLQW�RI�WKH�5;�2'7��:KHQ�WKH�YDOXH�����
WKH�VWDUW�SRLQW�RI�5;�2'7�ZLOO�LQFUHDVH��[�FORFN�F\FOH��,I�WKH�XVHU�
ZDQWV�WR�NHHS�WKH�OHQJWK�RI�WKH�5;�2'7�XQFKDQJHG��WKH�XVHUV�
QHHG�WR�LQFUHDVH��[�FORFN�F\FOH�RI�WKH�OHQJWK�RI�WKH�5;�2'7�XVLQJ�
WKH�UHJLVWHU�UHJBU[RGWBOHQJWK� 
7KH�GHIDXOW�5;�2'7�VWDUW�SRLQW�LV�5/���LQ�UHJDUG�WR�WKH�UHDG�
FRPPDQG� 

 
''53+<B5(*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

����� 5: �[� 

UHJBFDWBUDQNBQXP 
'HILQH�WKH�UDQN�QXPEHU�RI�WKH�FRPPDQG�EXV�WUDLQ�VKRXOG�
VXSSRUW� 
�¶E����7ZR�UDQNV� 
�¶E����UDQN��� 
�¶E����UDQN��� 
2WKHUV��1RW�VXSSRUW 

����� 5: �[� 

UHJBFDWBFKDQQHOBQX 
7KH�FRPPDQG�FKDQQHO�HQDEOH�VLJQDO�RI�FRPPDQG�EXV�WUDLQ�+LJK�
LV�YDOLG� 
�¶E����(QDEOH�&KDQQHO�$�DQG�&KDQQHO�%� 
�¶E����2QO\�HQDEOH�&KDQQHO�$� 
�¶E����2QO\�HQDEOH�&KDQQHO�% 

���� 5: �[�� 

UHJBFONBGLYBFQW 
7KLV�UHJLVWHU�LV�XVHG�WR�FRQWURO�WKH�GLYLGHU�RI�WKH�GILBFON�[�ZKLFK�
XVHG�IRU�WKH�LQLWLDOL]DWLRQ�RI�WKH�6'5$0�DQG�FRPPDQG�EXV�
WUDLQLQJ�7KH�GILBFON�[�ZLOO�EH�FORFN�GLYLGHG�WR�WKH�ORZ�VSHHG�EDVHG�
RQ�WKLV�UHJLVWHU� 
7FONLQLW� �7GILBFON�[���UHJBFONBGLYBFQW�� 

��� 5: �[� 

UHJBFDWBESBUDQNBV 
8VHG�WR�FKRRVH�WKH�UDQN�ZKHQ�HQDEOH�WKH�E\SDVV�FRPPDQG�EXV�
WUDLQ�RU�RQO\�HQDEOH�RQH�UDQN�RI�DXWR�FRPPDQG�EXV�WUDLQ� 
�¶E����&KRRVH�WKH�5DQN��WR�GR�WKH�FRPPDQG�EXV�WUDLQ� 
�¶E����&KRRVH�WKH�5DQN��WR�GR�WKH�FRPPDQG�EXV�WUDLQ� 

� 5: �[� 

UHJBFDWBESBFPGBVHQG 
8VHG�WR�VHQG�WKH�FRPPDQG�EXV�WUDLQ�FRPPDQG�ZKHQ�HQDEOH�WKH�
FRPPDQG�EXV�WUDLQLQJ�ESDVV�PRGH��3RVHGJH�LV�YDOLG�:KHQ�WKLV�
VLJQDO�FKDQJH�IURP�ORZ�WR�KLJK��LW�ZLOO�VHQG�WKH�FRPPDQG�EXV�
WUDLQ�FRPPDQG�WR�WKH�6'5$0��7KH�FRPPDQG�EXV�YDOXH�GHSHQGV�
RQ�WKH�UHJBFDWBESBPRGH��UHJBFDWBFVBWUDLQBYDOXH�DQG�
UHJBFDBWUDLQBYDOXH 

� 5: �[� 
UHJBFDWBESBPRGH 
&KRRVH�WKH�FRPPDQG�EXV�WUDLQ�VWDJH�IRU�WKH�E\DVV�PRGH� 
�¶E���&XUUHQW�LV�&6�E\SDVV�FRPPDQG�EXV�WUDLQ� 
�¶E���&XUUHQW�LV�&$�E\SDVV�FRPPDQG�EXV�WUDLQ� 

� 5: �[� 

UHJBFDWBESBHQ 
7KH�%\SDVV�FRPPDQG�EXV�WUDLQ�HQDEOH�VLJQDO��+LJK�LV�YDOLG�:KHQ�
WKLV�ELW�VHW�WR�KLJK��WKH�FRPPDQG�SDWK�ZLOO�FKRRVH�WKH�FRPPDQG�
EXV�WUDLQ�PRGXOH�DQG�WKH�W[�GHOD\�OLQH�RI�FRPPDQG�ZLOO�EH�
FRQWUROOHG�E\�WKH�UHJLVWHU�GLUHFWO\�WKURXJK�WKH�ORJLF�LQ�WKH�
FRPPDQG�EXV�WUDLQLQJ�ORJLF� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
UHJBFDWBESBVWDUW 
7KH�%\SDVV�FRPPDQG�EXV�WUDLQ�VWDUW�VLJQDO��+LJK�LV�YDOLG�:KHQ�
WKLV�ELW�VHW�WR�KLJK��WKH�FRPPDQG�EXV�PRGXOH�ZLOO�JR�LQWR�WKH�
E\SDVV�FRPPDQG�EXV�WUDLQ�IORZ� 

� 5: �[� 
UHJBFDWBVWDUW 
7KH�$XWR�FRPPDQG�EXV�WUDLQ�VWDUW�VLJQDO��+LJK�LV�YDOLG�:KHQ�WKLV�
VLJQDO�HQDEOH��LW�ZLOO�EHJLQ�WKH�FRPPDQG�EXV�WUDLQ� 

� 5: �[� 
UHJBFDWBHQDEOH 
7KH�$XWR�FRPPDQG�EXV�WUDLQ�HQDEOH�VLJQDO��+LJK�LV�YDOLG�:KHQ�
WKLV�VLJQDO�HQDEOH��WKH�FRPPDQG�SDWK�ZLOO�VZLWFK�WR�WKH�FRPPDQG�
EXV�WUDLQ�PRGXOH� 

 
''53+<B5(*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[�� 
UHJBW[FEW 
8VHG�WR�FRQWURO�WKH�WLPLQJ�SDUDPHWHU�WFVB95()�W&.&.(+�W05=� 
7KH�GHOD\�VKRXOG�! �0$;����QV��Q&.� 

����� 5: �[�I 
UHJBWDGU 
8VHG�WR�FRQWURO�WKH�FKHFN�WLPH�RI�WKH�UHDG�EDFN�GDWD�IURP�WKH�
'4� 
7KH�GHOD\�VKRXOG�! ���QV 

����� 5: �[�� 
UHJBWFNHOFN 
8VHG�WR�FRQWURO�WKH�FORFN�DQG�FRPPDQG�YDOLG�DIWHU�&.(�
ORZ�W&.(/&.���7KH�GHOD\�VKRXOG�! �PD[����QV��Q&.� 

����� 5: �[�� UHJBWGVWUDLQ 
'DWD�6HWXS�+ROG�IRU�9UHI�&$��7UDLQLQJ�0RGH� 

��� 5: �[�I 
UHJBWPUZ 
8VHG�WR�FRQWURO�WKH�GHOD\�EHWZHHQ�WKH�05:�FRPPDQG�DQG�YDOLG�
FORFN�&6�UHTXLUHPHQW�DIWHU�&.(�LQSXW�/2:�DIWHU�05:�FRPPDQG� 
7KH�GHOD\�! �0$;����QV����Q&.�� 

��� 5: �[�F 
UHJBWFDFG 
8VHG�WR�FRQWURO�WKH�&$�%XV�7UDLQLQJ�&RPPDQG�WR�&$�%XV�7UDLQLQJ�
&RPPDQG�'HOD\��W&$&'�� 
7KH�GHOD\�VKRXOG�! �58���QV�W&.�� 

 
''53+<B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[�� UHJBWYUHIFDBORQJ 
8VHG�WR�FRQWURO�WKH�9UHI�&$��VWHS�WLPH 

���� 5: �[�I 
UHJBWFDHQW 
8VHG�WR�FRQWURO�WKH�ILUVW�&$�%XV�7UDLQLQJ�&RPPDQG�IROORZLQJ�&.(�
/RZ�W&$(17���7KH�GHOD\�VKRXOG�! ��� 

��� 5: �[�I 
UHJBWIF 
8VHG�WR�FRQWURO�WKH�IUHTXHQF\�VHW�SRLQW�VZLWFKLQJ�WLPH�W)&�� 
7KH�GHOD\�VKRXOG�! ����QV� 

 
''53+<B5(*$�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� 
UHJBPU� 
8VHG�WR�FRQWURO�WKH�/3''5��ORDG�PRGH�YDOXH�RI�05��ZKHQ�
FRPPDQG�EXV�WUDLQ� 

����� 5: �[�� 
UHJBPU� 
8VHG�WR�FRQWURO�WKH�/3''5��ORDG�PRGH�YDOXH�RI�05��ZKHQ�
FRPPDQG�EXV�WUDLQ� 

���� 5: �[�� 
UHJBPU� 
8VHG�WR�FRQWURO�WKH�/3''5��ORDG�PRGH�YDOXH�RI�05��ZKHQ�
FRPPDQG�EXV�WUDLQ 

��� 5: �[�� 
UHJBPU�� 
8VHG�WR�FRQWURO�WKH�/3''5��ORDG�PRGH�YDOXH�RI�05���ZKHQ�
FRPPDQG�EXV�WUDLQ� 

 
''53+<B5(*%�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[�� 
UHJBPU�� 
8VHG�WR�FRQWURO�WKH�/3''5��ORDG�PRGH�YDOXH�RI�05���ZKHQ�
FRPPDQG�EXV�WUDLQ� 

���� 5: �[�� 
UHJBPU�� 
8VHG�WR�FRQWURO�WKH�/3''5��ORDG�PRGH�YDOXH�RI�05���ZKHQ�
FRPPDQG�EXV�WUDLQ� 

��� 5: �[�� 
UHJBPU�� 
8VHG�WR�FRQWURO�WKH�/3''5��ORDG�PRGH�YDOXH�RI�05���ZKHQ�
FRPPDQG�EXV�WUDLQ� 

 
''53+<B5(*&�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 52 �[� UHVHUYHG 

�� 5: �[� 

UHJBFDWBYUHIBVFDQB 
'LVDEOH�WKH�&$B95()�WUDLQ�ZKHQ�GR�WKH�$XWR�FRPPDQG�EXW�WUDLQ��
+LJK�LV�YDOLG�� 
�¶E���2QO\�VFDQ�WKH�WLPLQJ�ZLQGRZ�RI�WKH�&$�DQG�&6�EDVHG�RQ�
WKH�FXUUHQW�&$B95()�VHWWLQJ� 
�¶E���:LOO�VFDQ�WKH�&$B95()�WR�ILQG�WKH�EHVW�SRLQW� 

����� 5: �[�I 
UHJBFDWBYUHIBVFDQB 
6HW�WKH�PD[�YDOXH�WKDW�WKH�9UHI�WUDLQ��:KHQ�WKH�9UHI�VFDQ�DUULYH�
WR�WKH�UHJBFDWBYUHIBVFDQBPD[��LW�ZLOO�VWRS�WKH�9UHI�VFDQ� 

����� 52 �[� UHVHUYHG 

����� 5: �[�� 
UHJBFDWBYUHIBVFDQBPLQ 
6HW�WKH�PLQ�YDOXH�WKDW�WKH�SHUELW�VNHZ�WUDLQ��7KH�W[�GHOD\�OLQH�
VFDQ�ZLOO�VWDUW�IURP�WKLV�GHOD\�SRLQW 

���� 52 �[���� UHVHUYHG 
 
''53+<B5(*'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

UHJBFVBSHUELWBVNHZBRIIVHWBIVS� 
7KH�)63>�@�FRPSHQVDWLRQ�YDOXH�RI�&6%�W[�GHOD\�DIWHU�WKH�
FRPPDQG�EXV�WUDLQ��:KHQ�WKH�3+<�GR�WKH�FRPPDQG�EXV�WUDLQ�WR�
VFDQ�WKH�&6%�GHOD\�ZLQGRZ��WKH�&6%�KDV�����8,� 
6R�DIWHU�WKH�FRPPDQG�EXV�WUDLQ��ZH�QHHG�WR�PDNH�WKH�
FRPSHQVDWLRQ�IRU�WKH�����8,��7KH�FRPSHQVDWLRQ�YDOXH�LV�WKH�
KDOI�RI�WKH�ORVW�SXOVH�ZLGWK� ����8,� 

����� 5: �[� 

UHJBFVBSHUELWBVNHZBRIIVHWBIVS� 
7KH�)63>�@�FRPSHQVDWLRQ�YDOXH�RI�&6%�W[�GHOD\�DIWHU�WKH�
FRPPDQG�EXV�WUDLQ��:KHQ�WKH�3+<�GR�WKH�FRPPDQG�EXV�WUDLQ�WR�
VFDQ�WKH�&6%�GHOD\�ZLQGRZ��WKH�&6%�KDV�����8,� 
6R�DIWHU�WKH�FRPPDQG�EXV�WUDLQ��ZH�QHHG�WR�PDNH�WKH�
FRPSHQVDWLRQ�IRU�WKH�����8,��7KH�FRPSHQVDWLRQ�YDOXH�LV�WKH�
KDOI�RI�WKH�ORVW�SXOVH�ZLGWK� ����8,� 

����� 5: �[� 

UHJBFVBSHUELWBVNHZBRIIVHWBIVS� 
7KH�)63>�@�FRPSHQVDWLRQ�YDOXH�RI�&6%�W[�GHOD\�DIWHU�WKH�
FRPPDQG�EXV�WUDLQ��:KHQ�WKH�3+<�GR�WKH�FRPPDQG�EXV�WUDLQ�WR�
VFDQ�WKH�&6%�GHOD\�ZLQGRZ��WKH�&6%�KDV�����8,� 
6R�DIWHU�WKH�FRPPDQG�EXV�WUDLQ��ZH�QHHG�WR�PDNH�WKH�
FRPSHQVDWLRQ�IRU�WKH�����8,��7KH�FRPSHQVDWLRQ�YDOXH�LV�WKH�
KDOI�RI�WKH�ORVW�SXOVH�ZLGWK� ����8,� 

����� 5: �[� 

UHJBFVBSHUELWBVNHZBRIIVHWBIVS� 
7KH�)63>�@�FRPSHQVDWLRQ�YDOXH�RI�&6%�W[�GHOD\�DIWHU�WKH�
FRPPDQG�EXV�WUDLQ��:KHQ�WKH�3+<�GR�WKH�FRPPDQG�EXV�WUDLQ�WR�
VFDQ�WKH�&6%�GHOD\�ZLQGRZ��WKH�&6%�KDV�����8,� 
6R�DIWHU�WKH�FRPPDQG�EXV�WUDLQ��ZH�QHHG�WR�PDNH�WKH�
FRPSHQVDWLRQ�IRU�WKH�����8,��7KH�FRPSHQVDWLRQ�YDOXH�LV�WKH�
KDOI�RI�WKH�ORVW�SXOVH�ZLGWK� ����8, 

����� 5: �[� 
UHJBOSGGU�BFDBRGW 
:KHQ�HQDEOH�WKH�UHJLVWHU�FRQWURO�PRGH�RI�&$�2'7��WKH�3+<�ZLOO�
XVH�WKLV�UHJLVWHU�WR�FRQWURO�WKH�&$B2'7� 

�� 5: �[� 
UHJBOSGGU�BFDBRGWBVHO 
&KRRVH�WKH�&$�2'7�FRQWURO�PRGH�LQ�/3''5��PRGH� 
�¶E���8VH�WKH�UHJLVWHU�UHJBOSGGU�BFDBRGW>���@�WR�FRQWURO� 
�¶E���8VH�WKH�GILBRGW�WR�FRQWURO� 

���� 5: �[� 

UHJBFDWBYUHIBVFDQBVWHSV 
8VHG�WR�FRQWURO�WKH�&$B95()�VFDQ�VWHSV� 
:KHQ�WKH�UHJBFDWBYUHIBVFDQBGLVDEOH�LV�VHW�WR��
E��WR�RSHQ�WKH�
&$B95()�VFDQ�PRGH��WKH�XVH�FDQ�XVH�WKLV�UHJLVWHU�WR�FRQWURO�WKH�
VFDQ�VWHSV�WR�GHFUHDVH�WKH�VFDQ�WLPH� 

� 5: �[� 

UHJBFVBSZFBGLVDEOH 
7KH�GLVDEOH�VLJQDO�RI�SXOVH�ZLGWK�FRQWURO�RI�&6��+LJK�LV�YDOLG� 
)RU�FRPPDQG�EXV�WUDLQ��ZKHQ�WKH�3+<�GR�WKH�FRPPDQG�EXV�WUDLQ�
RI�&6��LI�HQDEOH�WKH�SXOVH�ZLGWK�FRQWURO�IXQFWLRQ��WKH�SXOVH�ZLGWK�
ZLOO�GHFUHDVH�����IRU�FRPPDQG�EXV�WUDLQ��%HIRUH�HQWHU�FRPPDQG�
EXV�WUDLQ�DQG�DIWHU�H[LW�FRPPDQG�EXV�WUDLQ��WKH�SXOVH�ZLGWK�RI�&6�
ZLOO�NHHS�WKH�QRUPDO�SXOVH�ZLGWK� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

UHJBFDWBVNLSBIVS\ 
)RU�WKH�FRPPDQG�EXV�WUDLQ��WKH�XVHU�FDQ�FKRRVH�WR�VHW�WKH�
)63><@��DVVXPH�WKDW�WKH�FXUUHQW�LV�)63>;@��DW�WKH�ORZ�VSHHG�
EDVHG�RQ�WKH�VHWWLQJ�LQ�WKH�UHJLVWHU���UHJBPU�aUHJPU�����7KLV�
UHJLVWHU�LV�XVHG�WR�FRQWURO�WR�HQDEOH�WKLV�IXQFWLRQ�RU�QRW� 
�¶E���(QDEOH�WKH�IXQFWLRQ�WR�VHW�WKH�)63><@�EHIRUH�WKH�FRPPDQG�
EXV�WUDLQ� 
�¶E���'LVDEOH�WKH�IXQFWLRQ�WR�VHW�WKH�)63><@@�EHIRUH�WKH�FRPPDQG�
EXV�WUDLQ��:KHQ�WKH�XVHU�FKRRVHV�WKLV�PRGH��WKH�XVHU�QHHG�WR�VHW�
WKH�)63><@�EHIRUH�WR�HQDEOH�WKH�FRPPDQG�EXV�WULDQ� 
1RWH��)RU�WKH�ILUVW�WLPH�RI�KLJK�VSHHG�FRPPDQG�EXV�WUDLQLQJ��WKH�
SK\�ZLOO�FRPSOHWH�WKH�VGUDP�LQLWLDOL]DWLRQ�DQG�VNLS�WKLV�RSHUDWLRQ�
DXWRPDWLFDOO\� 

��� 5: �[� 

UHJBFDWBIVS\BUDQN 
,I�WKH�XVHU�FKRRVHV�WR�VHW�WKH�)63><@�LQ�WKH�FRPPDQG�EXV�WUDLQ�
IORZ�E\�VHW�WLQJWKH�UHJBFDWBVNHBIVS\� ��
E���WKH�XVH�FDQ�XVH�WKLV�
UHJLVWHU�WR�FKRRVH�WKH�5$1.�ZKLFK�QHHG�WR�EH�VHW� 
�
E����&KRRVH�5$1.��DQG�5$1.�� 
�
E����&KRRVH�5DQN�� 
�
E����&KRRVH�5DQN�� 
�
E����'LVDEOH�WKH�VHWWLQJ� 

� 52 �[� UHVHUYHG 

� 5: �[� 

UHJBFDWBVNLSBFVBWUDLQ 
7KH�GLVDEOH�VLJQDO�WR�VNLS�WKH�FV�WUDLQ�IORZ�RI�WKH�DXWR�FRPPDQG�
EXV�WUDLQ� 
�¶E���6NLS�WKH�&6�WUDLQ�DQG�JR�WR�WKH�FD�WUDLQLQJ�GLUHFWO\� 
�¶E���%HJLQ�WKH�&6�WUDLQ�ILUVWO\�DQG�JR�WR�WKH�FD�WUDLQLQJ� 

� 5: �[� 

UHJBFPGBSHUELWBVNHZBES 
7KH�W[�GHOD\�OLQH�RI�WKH�FRPPDQG�SDG�E\SDVV�HQDEOH�VLJQDO� 
�¶E���)RU�/3''5��PRGH��LW�FDQ�XVH�WKH�UHJLVWHU�WR�FRQWURO�WKH�W[�
GHOD\�OLQH�RI�WKH�FRPPDQG�SDG� 
�¶E���)RU�/3''5��PRGH��LW�ZLOO�XVH�WKH�FRPPDQG�EXV�WUDLQLQJ�
PRGXOH�WR�FRQWURO�WKH�W[�GHOD\�OLQH�RI�WKH�FRPPDQG�SDG� 
1RWH��)RU�RWKHU�VGUDP�W\SHV��WKH�W[�GHOD\�OLQH�LV�DOZD\V�FRQWURO�
E\�WKH�UHJLVWHU�GLUHFWO\��7KLV�UHJLVWHU�LV�XQVHG� 

� 5: �[� 

UHJBFDBSHUELWBVNHZ 
8VHG�WR�XSGDWH�WKH�SHUELW�VNHZ�RI�WKH�FRPPDQG�LQ�WKH�FRPPDQG�
EXV�WUDLQ�PRGXOH�WKURXJK�WKH�UHJLVWHUV��3RVHGJH�LV�YDOLG� 
:KHQ�WKLV�VLJQDO�FKDQJH�IURP�ORZ�WR�KLJK��LW�ZLOO�XSGDWH�WKH�
SHUELW�VNHZ�YDOXH�VHWWLQJ�E\�WKH�UHJLVWHU�WR�WKH�FRPPDQG�EXV�
WUDLQ�PRGXOH�DFFRUGLQJ�WR�WKH�FXUUHQW�IUHTXHQF\�SRLQW� 

 
''53+<B5(*(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[II 
UHJBFDWBFDBVFDQBPD[ 
6HW�WKH�PD[�YDOXH�WKDW�WKH�SHUELW�VNHZ�WUDLQ��:KHQ�WKH�SHUELW�
VNHZ�VFDQ�DUULYH�WR�WKH�UHJBFDWBFDBVFDQBPD[��LW�ZLOO�VWRS�WKH�W[�
GHOD\�OLQH�VFDQ�RI�WKH�FRPPDQG� 

����� 52 �[� UHVHUYHG 

���� 5: �[�� 
UHJBFDWBFDBWUDLQBYDOXH 
7KH�VLJQDO�LV�XVHG�WR�FRQWURO�WKH�&$�FRPPDQG�EXV�WUDLQ�SDWWHUQ� 
7KH�XVHU�FDQ�XVH�WKLV�UHJLVWHU�WR�FRQWURO�WKH�WUDLQLQJ�SDWWHU�IRU�&$�
FRPPDQG�EXV�WUDLQ� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
��� 52 �[� UHVHUYHG 

��� 5: �[�� 
UHJBFDWBFVBWUDLQBYDOXH 
7KH�VLJQDO�LV�XVHG�WR�FRQWURO�WKH�&6�FRPPDQG�EXV�WUDLQ�SDWWHUQ� 
7KH�XVHU�FDQ�XVH�WKLV�UHJLVWHU�WR�FRQWURO�WKH�FRPPDQG�EXV�WUDLQ�
SDWWHU�IRU�FV�WUDLQ�VWDJH� 

 
''53+<B5(*)�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[�� UHJBFKDBFDWBFVBFKHFNBYDOXH 
7KH�FKHFN�SDWWHUQ�RI�FV�WUDLQ�PRGH�IRU�FKDQQHO�$ 

����� 52 �[� UHVHUYHG 

����� 5: �[�� UHJBFKEBFDWBFVBFKHFNBYDOXH 
7KH�FKHFN�SDWWHUQ�RI�FV�WUDLQ�PRGH�IRU�FKDQQHO�%� 

����� 52 �[� UHVHUYHG 

���� 5: �[�� UHJBFKDBFDWBFDBFKHFNBYDOXH 
7KH�FKHFN�SDWWHUQ�RI�FD�WUDLQ�PRGH�IRU�FKDQQHO�$� 

��� 52 �[� UHVHUYHG 

��� 5: �[�� UHJBFKEBFDWBFDBFKHFNBYDOXH 
7KH�FKHFN�SDWWHUQ�RI�FD�WUDLQ�PRGH�IRU�FKDQQHO�%� 

 
''53+<B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

UHJBIUHTBFKRRVHBW 
8VHG�IRU�)DVW�)UHTXHQF\�&KDQJLQJ��9DOLG�RQO\�ZKHQ 
UHJBIUHTBFKRRVHBE\SDVV�LV�KLJK� 
�¶E����)UHT�3RLQW��� 
�¶E����)UHT�3RLQW��� 
�¶E����)UHT�3RLQW��� 
�¶E����)UHT�3RLQW��� 
,Q�WKH�QRUPDO�PRGH��WKH�FXUUHQW�IUHTXHQF\�SRLQW�LV�VHW�E\�WKH�
GILBIUHTXHQF\>���@�DW�WKH�LQLWLDOL]DWLRQ�DQG�IUHTXHQF\�FKDQJH��,I�
WKH�XVHU�ZDQW�WR�FKDQJH�WKH�FXUUHQW�ZRUNLQJ�IUHTXHQF\�RU�XSGDWH�
WKH�UHJLVWHUV�ZKLFK�XVHG�WR�FRQWURO�RWKHU�IUHTXHQF\�SRLQWV��7KH�
XVHU�FDQ�XVH�WKLV�UHJLVWHU�WR�VHW�WKH�IUHTXHQF\�SRLQW�ILUVWO\� 
$IWHU�FKRRVH�WKH�IUHT�SRLQW�XVLQJ�WKLV�UHJLVWHU��WKH�XVHU�FDQ�VZLWFK�
WKH�WUDLQLQJ�UHVXOW�EHORQJ�WR�WKLV�IUHT�SRLQW�IDVWO\ 

�� 5: �[� 
UHJBOSGGU�BUGBSUHD 
&KRRVH�WKH�UHDG�SUHDPEOH�PRGH�ZKHQ�3+<�LV�LQ�/3''5��PRGH� 
�¶E���6WDWLF� 
�¶E���7RJJOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

UHJBZOBIUHTBXSGDWH 
7KH�GDWD�W[�GHOD\�OLQH�FRQWURO�YDOXH�XSGDWH�VLJQDO��$FWLYH�KLJK��,Q�
WKH�GHIDXOW�PRGH��WKH�W[�GHOD\�OLQH�LV�FRQWUROOHG�E\�WKH�ZULWH�
OHYHYOLQJ�ZULWH�WUDLQLQJ�UHVXOW�DFFRUGLQJ�WR�WKH�IUHTXHQF\�SRLQW��,I�
WKH�XVHU�ZDQWV�WR�FKDQJH�WKH�YDOXH�WR�DGMXVW�WKH�GHOD\�OLQH��WKH�
XVHU�FDQ�XVH�WKH�E\SDVV�UHJLVWHUV��LQYGHOD\BW��WKDW�VKRZ�LQ�WKH�
7DEOH��'DWD�3HUELW�'H�VNHZ�&RQWURO�5HJLVWHUV�)RU�7;�$QG�5;��WR�
VHW�WKH�YDOXH�DQG�VHW�WKLV�VLJQDO�£��£���7KHQ�WKH�E\SDVV�UHJLVWHU�
YDOXH�ZLOO�EH�XSGDWHG�WR�WKH�FRQWURO�UHJLVWHU�RI�WKH�W[�SHUELW�VNHZ�
EDVH�RQ�WKH�FXUUHQW�IUHTXHQF\�SRLQW�3OHDVH�UHIHUHQFH�WKH�VHFWLRQ�
�������'DWD�3HU�ELW�SKDVH�WXQLQJ�&RQWURO��WR�JHW�PRUH�
LQIRUPDWLRQ� 
1RWH��3OHDVH�UHFRYHU�WR�£��£��DIWHU�WKH�VHWWLQJ 

�� 5: �[� 

UHJBFDOLEBIUHTBXSG 
7KH�5;�'46�*DWLQJ�FRQWURO�YDOXH�XSGDWH�VLJQDO��$FWLYH�KLJK�,Q�
WKH�GHIDXOW�PRGH��DIWHU�WKH�5;�'46�*DWLQJ��WKH�WUDLQLQJ�YDOXH�ZLOO�
FRQWURO�WKH�5;�'46�*DWLQJ�GHOD\��,I�WKH�XVHU�ZDQWV�WR�FKDQJH�WKH�
YDOXH�WR�DGMXVW�WKH�5;�'46�*DWLQJ�ZLQGRZ�WKH�XVHU�FDQ�XVH�WKH�
E\SDVV�UHJLVWHUV�WKDW�VKRZ�LQ�WKH��7DEOH�WKH�UHODWHG�UHJLVWHU�RI�
E\SDVV�PRGH�'46�JDWLQJ�FDOLEUDWLRQ�WR�VHW�WKH�FRQWURO�YDOXH���,I�
WKLV�ELW�VHW�WR�£��£���WKHQ�WKH�VHWWLQJ�YDOXH�ZLOO�EH�XSGDWH�WR�WKH�
FRQWURO�UHJLVWHU�RI�WKH�5;�'46�*DWLQJ�EDVH�RQ�WKH�FXUUHQW�
IUHTXHQF\�SRLQW�3OHDVH�UHIHUHQFH�WKH�VHFWLRQ����������%\SDVV�5;�
'46�JDWLQJ�WUDLQWR�JHW�PRUH�LQIRUPDWLRQ� 
1RWH��3OHDVH�UHFRYHU�WR�£��£��DIWHU�WKH�VHWWLQJ 

����� 52 �[� UHVHUYHG 

�� 5: �[� 

UHJBFDOLEBPRGHBVHO 
7KH�'46�*DWLQJ�PRGHO�VHO� 
�¶E���8VH�WKH�5HDG�3UHDPEOH�7UDLQLQJ�PRGH��2QO\�XVHG�IRU�
''5��� 
�¶E���8VH�WKH�1RUPDO�5HDG�PRGH��&DQ�XVHG�IRU�''5������DQG�
/3''5�����:KHQ�WKH�'46�*DWLQJ�PRGH�FKRRVHV�WKH�1RUPDO�5HDG�
PRGH�IRU�''5���WKH�5HDG�'46�ZLOO�EH�SXOOLQJ�GRZQ�WR��£ĀE�� 
6R�WKH�UHJLVWHU�UHJBD�E�FBO�KBZHDNSXEBUHJ>���@�VKRXOG�VHW�WR�
�¶E���WR�SXOO�GRZQ�WKH�5HDG�'46�ZKHQ�LW�LV�LQ�£�KLJK�]£��VWDWH� 

����� 52 �[��� UHVHUYHG 

�� 5: �[� 

ELVWBFNBVHOHFW 
7KH�UHJLVWHU�XVHG�WR�FKRRVH�WKH�FON�ZKLFK�XVHG�WR�VDPSOH�WKH�ELVW�
FRPPDQG�ZKHQ�HQDEOH�WKH�SK\�QRUDPO�ELVW� 
�¶E���&KRRVH�WKH�IHHGEDFN�VLJQDO�IURP�WKH�&.�SDG�DV�WKH�FORFN� 
�¶E���&KRRVH�WKH�IHHGEDFN�VLJQDO�IURP�WKH�&.%�SDG�DV�WKH�FORFN 

���� 52 �[��� UHVHUYHG 
 
''53+<B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

�� 5: �[� 

UHJBUDPBYUHI�BSG 
7KH�SRZHU�GRZQ�VLJQDO�RI�5$0�95()� 
�¶E���3RZHU�'RZQ� 
�¶E���2SHQ� 
1RW�XVHG�LQ�WKLV�GHVLJQ 

���� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[�I 
UHJBPSUBFQW 
8VHG�WR�FRQWURO�WKH�WLPLQJ�RI�WKH�035�FRPPDQG�IRU�''5��U[�GTV�
FDOLEUDWLRQ�7LPLQJ�LQWHUYDO�EHWZHHQ�035� �UHJBPSUBFQW��
GILFON�[� 

 
''53+<B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[�� 

UHJBPD[BUGYDOXH 
8VH�WR�VHW�WKH�PD[�QXPEHU�RI�WKH�UHDG�FRPPDQG�ZKHQ�GR�WKH�
'46�*DWLQJ��:KHQ�WKH�UHDG�FRPPDQGV�DUH�PRUH�WKDQ�WKH�PD[�
QXPEHU��LW�LV�WKH�'46�*DWLQJ�(UURU�DQG�WKLV�VWDWH�FDQ�EH�UHDG�
IURP�WKH�UHJLVWHU��[��>�@ 

���� 5: �[���� 
UHJBFDOLEBWLPHRXW 
7KH�ELW>����@�RI�WKH�WLPHU�XVHG�IRU�'46�*DWLQJ��:KHQ�WKH�FORFN�
F\FOH�H[FHHG�WKH�ELWV>����@�RI�WKH�WLPHU��LW�LV�WKH�'46�*DWLQJ�
(UURU�DQG�WKLV�VWDWH�FDQ�EH�UHDG�IURP�WKH�UHJLVWHU�FDOLEBHUURU� 

 
''53+<B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[������ UHVHUYHG 

�� 5: �[� 

UHJBUUDQNGO\B�[BGHF 
7KH�GHOD\�FRQWURO�VLJQDO�RI�WKH�UHDG�UDQN�VZLWFK��8QLW� 
GILBFON�[� 
�¶E���'HFUHDVH���GILBFON�[�GHOD\�IRU�WKH�UHDG�UDQN�VZLWFK 
�¶E���.HHS�FXUUHQW�VWDWH� 

��� 52 �[� UHVHUYHG 

� 5: �[� 
UHJBUGUDQNBGHOD\BES 
7KH�E\SDVV�PRGH�RI�UHDG�UDQN�VZLWFK�SRLQW�DW��[�FORFN�F\FOH 
SUHFLVLRQ��7KH�XVHU�FDQ�XVH�WKH�UHJLVWHU��[D��DQG��[G��WR 
DGMXVW�WKH�UHDG�UDQN�VZLWFK�SRLQW 

��� 52 �[� UHVHUYHG 

��� 5: �[� 
UHJBZUUDQNB�[GO\ 
7KH�GHOD\�FRQWURO�VLJQDO�RI�WKH�ZULWH�UDQN�ZLWFK� 
8QLW�GILBFON�[� 

 
''53+<B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

�� 5: �[� UHJBFPG�BZUDSBVHO 
7KH�SLQ�ZUDS�VHO�RI�SDG�$��IRU�''5Q�/3''5Q 

����� 52 �[� UHVHUYHG 

����� 5: �[�� UHJBFPG�BZUDSBVHO 
7KH�SLQ�ZUDS�VHO�RI�SDG�$��IRU�''5Q�/3''5Q 

����� 52 �[� UHVHUYHG 

���� 5: �[�� UHJBFPG�BZUDSBVHO 
7KH�SLQ�ZUDS�VHO�RI�SDG�$��IRU�''5Q�/3''5Q 

��� 52 �[� UHVHUYHG 

��� 5: �[�� UHJBFPG�BZUDSBVHO 
7KH�SLQ�ZUDS�VHO�RI�SDG�$��IRU�''5Q�/3''5Q 
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''53+<B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[�� UHJBFPG�BZUDSBVHO 
7KH�SLQ�ZUDS�VHO�RI�SDG�$��IRU�''5Q�/3''5Q 

����� 52 �[� UHVHUYHG 

����� 5: �[�� UHJBFPG�BZUDSBVHO 
7KH�SLQ�ZUDS�VHO�RI�SDG�$��IRU�''5Q�/3''5Q 

����� 52 �[� UHVHUYHG 

���� 5: �[�� UHJBFPG�BZUDSBVHO 
7KH�SLQ�ZUDS�VHO�RI�SDG�$��IRU�''5Q�/3''5Q 

��� 52 �[� UHVHUYHG 

��� 5: �[�� UHJBFPG�BZUDSBVHO 
7KH�SLQ�ZUDS�VHO�RI�SDG�$��IRU�''5Q�/3''5Q 

 
''53+<B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[�� UHJBFPG�BZUDSBVHO 
7KH�SLQ�ZUDS�VHO�RI�SDG�$��IRU�''5Q�/3''5Q 

����� 52 �[� UHVHUYHG 

����� 5: �[�� UHJBFPG�BZUDSBVHO 
7KH�SLQ�ZUDS�VHO�RI�SDG�$��IRU�''5Q�/3''5Q 

����� 52 �[� UHVHUYHG 

���� 5: �[�D UHJBFPG��BZUDSBVHO 
7KH�SLQ�ZUDS�VHO�RI�SDG�$���IRU�''5Q�/3''5Q 

��� 52 �[� UHVHUYHG 

��� 5: �[�E UHJBFPG��BZUDSBVHO 
7KH�SLQ�ZUDS�VHO�RI�SDG�$���IRU�''5Q�/3''5Q 

 
''53+<B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[�F UHJBFPG��BZUDSBV 
7KH�SLQ�ZUDS�VHO�RI�SDG�$���IRU�''5Q�/3''5Q 

����� 52 �[� UHVHUYHG 

����� 5: �[�G UHJBFPG��BZUDSBV 
7KH�SLQ�ZUDS�VHO�RI�SDG�$���IRU�''5Q�/3''5Q 

����� 52 �[� UHVHUYHG 

���� 5: �[�H UHJBFPG��BZUDSBVHO 
7KH�SLQ�ZUDS�VHO�RI�SDG�$���IRU�''5Q�/3''5Q 

��� 52 �[� UHVHUYHG 

��� 5: �[�I UHJBFPG��BZUDSBV 
7KH�SLQ�ZUDS�VHO�RI�SDG�$���IRU�''5Q�/3''5Q 

 
''53+<B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[�� UHJBFPG��BZUDSBV 
7KH�SLQ�ZUDS�VHO�RI�SDG�$���IRU�''5Q�/3''5Q 

����� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� UHJBFPG��BZUDSBV 
7KH�SLQ�ZUDS�VHO�RI�SDG�����IRU�''5Q�/3''5Q 

����� 52 �[� UHVHUYHG 

���� 5: �[�� UHJBFPG��BZUDSBV 
7KH�SLQ�ZUDS�VHO�RI�SDG�$&71�IRU�''5Q�/3''5Q 

��� 52 �[� UHVHUYHG 

��� 5: �[�� UHJBFPG��BZUDSBV 
7KH�SLQ�ZUDS�VHO�RI�SDG�%$��IRU�''5Q�/3''5Q 

 
''53+<B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[�� UHJBFPG��BZUDSBV 
7KH�SLQ�ZUDS�VHO�RI�SDG�%$��IRU�''5Q�/3''5Q 

����� 52 �[� UHVHUYHG 

����� 5: �[�� UHJBFPG��BZUDSBV 
7KH�SLQ�ZUDS�VHO�RI�SDG�%*��IRU�''5Q�/3''5Q 

����� 52 �[� UHVHUYHG 

���� 5: �[�� UHJBFPG��BZUDSBV 
7KH�SLQ�ZUDS�VHO�RI�SDG�%*��IRU�''5Q�/3''5Q 

��� 52 �[� UHVHUYHG 

��� 5: �[�� UHJBFPG��BZUDSBV 
7KH�SLQ�ZUDS�VHO�RI�SDG�&.�IRU�''5Q�/3''5Q 

 
''53+<B5(*�$�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[�� UHJBFPG��BZUDSBV 
7KH�SLQ�ZUDS�VHO�RI�SDG�&.%�IRU�''5Q�/3''5Q 

���� 52 �[������ UHVHUYHG 
 
''53+<B5(*�'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

UHJBFNHBFNBFPGBS 
%HFDXVH�WKH�SK\�VXSSRUWV�WKH�FRPPDQG�UHDPS��VR�WKH�FN�FNH�
PD\�UHPDS�WR�WKH�RWKHU�SDGV��VR�WKH�XVHU�QHHG�WR�XVH�WKLV�
UHJLVWHU�WR�WHOO�WKH�SK\�ZKLFK�SDG�LV�FN�FNH��)RU�WKH�FN�FNH�RXWSXW�
SDG��WKH�ELWV�VKRXOG�VHW�WR��
E�� 
>�@�$� 
>�@�$� 
>�@�$� 
>�@�$� 
>�@�$� 
>�@�$� 
>�@�$� 
>�@�$� 
>�@�$� 
>�@�$� 
>��@�$�� 
>��@�$�� 
>��@�$�� 
>��@�$�� 
>��@�$�� 
>��@�$�� 
>��@�$�� 
>��@�$�� 
>��@�$&71 
>��@�%$� 
>��@�%$� 
>��@�%*� 
>��@�%*� 
>��@�&. 
>��@�&.% 
>��@�&.(� 
>��@�&6%� 
>��@�&6%� 
>��@�2'7� 
>��@�2'7� 
>��@�&.(� 
>��@�5(6(71 

 
''53+<B5(*�(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[��� UHJBSOOIEGLYBGTFPG 
7KH�FRQWURO�VLJQDO�RI�IHHGEDFN�GLY�VLJQDO 

���� 52 �[�� UHVHUYHG 

��� 5: �[�� 

UHJBSOOSUHGLYBGTFPG 
,QWHUQDO�3//�FKDUJH�EXPS�ZRUN�IUHTXHQF\�DGMXVWV��LW�FDQ�EH 
XVHG�WR�DGMXVW�3//�EDQG�ZLGWK���£ĀK��KDV�PD[LPXP�EDQG 
ZLGWK� 
3OHDVH�UHIHUHQFH�WKH�VHFWLRQ�����WR�JHW�PRUH�LQIRUPDWLRQ�RI 
3//� 

��� 52 �[� UHVHUYHG 
 
''53+<B5(*�)�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� 
UHJBORFNHQEBGTFPG 
7KH�SRZHU�GRZQ�HQDEOH�VLJQDO�RI�WKH�SOO��$FWLYH�ORZ� 
�¶E���(QDEOH�WKH�SOO� 
�¶E���'LVDOEH�WKH�SOO 

��� 52 �[� UHVHUYHG 

� 5: �[� UHJBSOOFONRXWHQBGTFPGBW 
7KH�FORFN�RXWSXW�HQDEOH�VLJQDO�RI�SOO��$FWLYH�KLJK 

� 5: �[� UHJBSOOSGBGTFPGBW 
,QWHUQDO�3//�SRZHU�GRZQ��6HW�WR�£��£��WR�HQDEOH�WKH�3//� 

 
''53+<B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 5: �[� 

UHJBWUDLQBUHJBXSGDWHBHQ 
'LVDEOH�WKH�FORFN�JDWH�RI�WKH�WUDLQ�ORJLF��$FWLYH�KLJK� 
�¶E���,W�ZLOO�HQDEOH�WKH�FORFN�RI�WKH�WUDLQ�ORJLF� 
�¶E���$XWRPDWLFDOO\�JDWH�WKH�FORFN�ZKHQ�WKH�WUDLQ�ORJLF�LV�LQ�LGOH 
VWDWH� 
,I�WKH�XVHUV�ZDQWV�WR�XVH�WKH�UHJLVWHU�WR�XSGDWH�WKH�WUDLQLQJ�UHVXOW�
WKURXJK�WKH�E\SDVV�PRGH��7KLV�UHJLVWHU�VKRXOG�VHW�WR��¶E��WR�
HQDEOH�WKH�FORFN�RI�WKH�WUDLQLQJ�FRQWURO�ORJLF��WKHQ�WKH�E\SDVV�
YDOXH�FDQ�EH�XSGDWHG�WR�WKH�ORFN�UHJLVWHU 

�� 5: �[� 

UHJBGTFONHQBW 
7KH�HQDEOH�VLJQDO�RI�FORFN�IRU�'4�SDWK�LQ�WKH�DQDORJ�FLUFXLW�7KLV�
VLJQDO�ZLOO�EH�XVHG�WR�GLVDEOH�WKH�FON�RI�WKH�'4�PRGXOH�WR�VDYH�
WKH�SRZHU�ZKHQ�WKH�''5������6'5$0�JRHV�WR�SRZHU�GRZQ�
PRGH� 
�¶E���.HHS�WKH�FORFN�RI�WKH�'4�SDWK�LQ�WKH�DQDORJ�FLUFXLW� 
�¶E���*DWH�WKH�FORFN�RI�WKH�'4�SDWK�LQ�WKH�DQDORJ�FLUFXLW 

�� 5: �[� 

UHJBRXWFONHQ 
7KH�JDWLQJ�FRQWURO�VLJQDO�RI��[�FORFN�RI�3+<��$FWLYH�/RZ� 
�¶E���,W�ZLOO�JDWH�WKH��[�FORFN�RI�WKH�3+<� 
�¶E���7KH��[�FORFN�RI�WKH�3+<�ZLOO�EH�JDWH�DXWRPDWLFDOO\�LQ�GIL�ORZ�
SRZHU�PRGH� 

�� 5: �[� 
UHJBOSBE\SDVV 
7KH�GIL�ORZ�SRZHU�GLVDEOH�VLJQDO��:KHQ�VHW�WR�KLJK��LW�ZLOO�LJQRUH�
WKH�VLJQDOV�RI�GIL�ORZ�SRZHU�LQWHUIDFH� 

�� 5: �[� 
UHJBGHHSBOSBHQ 
7KH�GHHS�ORZ�SRZHU�PRGH�HQDEOH�VLJQDO� 
�¶E���(QDEOH�WKH�GHHS�ORZ�SRZHU� 
�¶E���'LVDEOH�WKH�GHHS�ORZ�SRZHU 

�� 52 �[� UHVHUYHG 

�� 5: �[� 

UHJBOSBYUHIBFWUOBHQ 
'LVDEOH�WKH�E\SDVV�PRGH�RI�WKH�95()�FRQWURO� 
�¶E���8VLQJ�DXWR�PRGH�WKH�GLVDEOH�95()�DW�GIL�ORZ�SRZHU�PRGH� 
�¶E���8VLQJ�WKH�UHJLVWHU��[���>�@��[���>�@��[���>�@��[���>�@�
WR�GLVDEOH�WKH�95()� 

���� 5: �[� 

UHJBOSBZDNHXSBWKUHKROG 
&RQILJXUH�WKH�ORZ�SRZHU�PRGH�WKUHVKROG�:KHQ�WKH�
GILBOSBZDNHXS� �WKUHVKROG��LW�ZLOO�JR�LQWR�WKH�QRUPDO�ORZ�SRZHU�
PRGH��ZKHQ�GILBOSBZDNHXS!�WKUHVKROG��LW�ZLOO�JR�LQWR�WKH�GHHS�
ORZ�SRZHU�PRGH� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 
UHJBOSBLRBGLVBFWUO 
$GMXVW�WKH�WLPLQJ�IURP�GLVDEOH�WKH�,2�WR�GLVDEOH�WKH�FORFN�ZKHQ�
EHJLQ�WKH�ORZ�SRZHU�IORZ� 

� 5: �[� 

UHJBOSBGTBFONBFWUOB 
&KRRVH�WKH�FRQWURO�PRGH�RI�WKH�'4�FORFN�SDWK�ZKHQ�LQ�ORZ�SRZHU�
PRGH� 
�¶E���$XWR�PRGH� 
�¶E���%\SDVV�PRGH��8VH�WKH�UHJLVWHU��[��>�@�WR�FRQWURO� 

� 5: �[� 
UHJBOSBGLJBUVWBFWUOBHQ 
&KRRVH�WKH�FRQWURO�PRGH�RI�WKH�UHVHW�RI�WKH�GLJLWDO�FRUH� 
�¶E���$XWR�PRGH� 
�¶E���1RW�UHVHW� 

� 5: �[� UHJBOSBVSOOBFONWUHHB 
 

� 5: �[� 
UHJBOSBGLJBFONBFWUOBHQ 
&KRRVH�WKH�FRQWURO�PRGH�RI�WKH�FORFN�RI�WKH�GLJLWDO�FRUH� 
�¶E���$XWR�PRGH� 
�¶E���1RW�FORVH� 

� 5: �[� 
UHJBOSBLRBFWUOBHQ 
&KRRVH�WKH�FRQWURO�PRGH�RI�WKH�,2� 
�¶E���$XWR�PRGH� 
�¶E���1RW�FORVH� 

� 5: �[� 
UHJBOSBSOOSGBFWUOBHQ 
&KRRVH�WKH�SRZHU�GRZQ�PRGH�RI�WKH�3//� 
�¶E���$XWR�PRGH� 
�¶E���1RW�SRZHU�GRZQ� 

 
''53+<B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[� 
UHJBOSBVWYDOXH 
7KH�UHVSRQVH�WLPLQJ�ZKHQ�KLJK�WKH�GILBOSBDFN��8QLW� 
GILBFON�[� 

����� 5: �[� 
UHJBOSBDFNYDOXH 
7KH�UHVSRQVH�WLPLQJ�ZKHQ�GHWHFW�WKH�GILBOSBUHT�LV�KLJK��8QLW� 
GILBFON�[� 

���� 5: �[���� 

UHJBZDLWBFQW 
7KH�ELW>���@�RI�SOO�ORFN�ZDLW�VLJQDO��7KHUH�DUH�WZR�ZD\V�WR�
JHQHUDWH�WKH�SOO�ORFN��7KH�ILUVW�ZD\�LV�XVLQJ�WKH�SOOBORFN�IURP�WKH�
SOO�PRGXOH�GLUHFWO\��WKH�VHFRQG�ZD\�LV�XVLQJ�WKH�FRXQWHU�WR�
FDOFXDWH�WKH�F\FOH�DIWHU�HQDEOH�WKH�SOO�)RU�WKH�VHFRQG�ZD\��DIWHU�
HQDEOH�WKH�SOO��WKH�SK\�ZLOO�VWDUW�WR�FRXQW�XQWLO�WKH�FRXQWHU�HTXDO�
WKH�UHJBZDLWBFQW>����@��WKH�KLJK�WKH�SOO�ORFN�7KH�ELW>����@�RI�SOO�
ORFN�ZDLW�VLJQDO��7KHUH�DUH�WZR�ZD\V�WR�JHQHUDWH�WKH�SOO�ORFN��7KH�
ILUVW�ZD\�LV�XVLQJ�WKH�SOOBORFN�IURP�WKH�SOO�PRGXOH�GLUHFWO\��WKH�
VHFRQG�ZD\�LV�XVLQJ�WKH�FRXQWHU�WR 
FDOFXDWH�WKH�F\FOH�DIWHU�HQDEOH�WKH�SOO�)RU�WKH�VHFRQG�ZD\��DIWHU�
HQDEOH�WKH�SOO��WKH�SK\�ZLOO�VWDUW�WR�FRXQW�XQWLO�WKH�FRXQWHU�HTXDO�
WKH�UHJBZDLWBFQW>����@��WKH�KLJK�WKH�SOO�ORFN� 

 
''53+<B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�II 
UHJB]TBFKJBLQWHUYDO 
7KH�WLPLQJ�LQWHUYDO�RI�WKH�]TFDOLE�WUDLQLQJ�YDOXH�FKDQJLQJ�ZKHQ�
ZH�GR�WKH�]T�FDOLEUDWLRQ�8QLW��GILBFON�[ 

�� 52 �[� UHVHUYHG 

����� 5: �[��I 
UHJBSXBLQWHUYDO 
7KH�WLPLQJ�LQWHUDYDO�RI�WKH�]TFDOLE�EHWZHHQ�WKH�SXOO�GRZQ�WUDLQLQJ�
VWDWH�WR�SXOO�XS�WUDLQLQJ�VWDWH��8QLW�GILBFON�[� 

��� 52 �[�� UHVHUYHG 

� 5: �[� 

UHJBSGB]TFDOL 
7KH�SRZHU�GRZQ�VLJQDO�RI�]TFDOLE�PRGXOH�ZKHQ�HQDEOH�WKH�]TFDOLE�
IXQFWLRQ� 
�¶E���3RZHU�GRZQ�PRGH� 
�¶E���1RUPDO�ZRUN�PRGH� 

� 5: �[� UHJB]TFDOLBFOHDU 
7KH�FOHDQ�VLJQDO�RI�]TFDOLE�PRGXOH��+LJK�LV�YDOLG� 

� 5: �[� 

UHJB]TFDOLBE\SDVV 
7KH�E\SDVV�HQDEOH�RI�]TFDOLE�IXQFWLRQ��$FWLYH�KLJK� 
�¶E���7KH�SK\�ZLOO�XVH�WKH�UHJLVWHU�
UHJBGUYOHJQB]TFDOL�UHJBGUYOHJSEB]TFDOL�UHJBRGWOHJQB]TFDOL�UHJBR
GWOHJSEB]TFDOL�WR�FRQWURO�]TFDOLE� 
�¶E���,W�ZLOO�XVH�WKH�]TFDOL�PRGXOH�WR�FRQWURO 

� 5: �[� UHJB]TFDOLBHQ 
7KH�HQDEOH�VLJQDO�RI�]TFDOLE�IXQFWLRQ� 

 
''53+<B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[�H 
UHJBGUYOHJSGB]TFDOL 
7KH�GULYLHU�SXOO�GRZQ�YDOXH�ZKHQ�UHJB]TFDOLBE\SDVV�VHW�WR��
E��
WR�HQDEOH�WKH�]TFDOLE�E\SDVV�IXQFWLRQ� 

����� 52 �[� UHVHUYHG 

����� 5: �[�H 
UHJBGUYOHJSXB]TFDOL 
7KH�GULYLHU�SXOO�XS�YDOXH�ZKHQ�UHJB]TFDOLBE\SDVV�VHW�WR��
E��WR�
HQDEOH�WKH�]TFDOLE�E\SDVV�IXQFWLRQ� 

����� 52 �[� UHVHUYHG 

���� 5: �[�� 
UHJBRGWOHJSGB]TFDOL 
7KH�RGW�SXOO�XS�YDOXH�ZKHQ�UHJB]TFDOLBE\SDVV�VHW�WR��
E��WR�
HQDEOH�WKH�]TFDOLE�E\SDVV�IXQFWLRQ� 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 
UHJBRGWOHJSXB]TFDOL 
7KH�RGW�SXOO�XS�YDOXH�ZKHQ�UHJB]TFDOLBE\SDVV�VHW�WR��
E��WR�
HQDEOH�WKH�]TFDOLE�E\SDVV�IXQFWLRQ� 

 
''53+<B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

�� 5: �[� 
UHJBUGBWUDLQBSHUGHIBHQ 
7KH�HQDEOH�VLJQDO�RI�WKH�UHDG�SUHGHI�WUDLQLQJ��SUHGHILQH�0RGH� 
�¶E���(QDEOH�WKH�SUHGHI�WUDLQ�RI�WKH�UHDG�WUDLQ� 
�¶E���([LW�WKH�SUHGHI�WUDLQ�RI�WKH�UHDG�WUDLQ 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

UHJBWUDLQBYUHIBHQ 
7KH�HQDEOH�VLJQDO�RI�WKH�YUHI�WUDLQLQJ� 
�¶E���(QDEOH�WKH�YUHI�WUDLQ�RI�WKH�UHDG�WUDLQ�SUHGHILQH�
PRGH��ZULWH�WUDLQ� 
�¶E���([LW�WKH�YUHI�WUDLQ�RI�WKH�UHDG�WUDLQ�SUHGHILQH�PRGH��ZULWH 
WUDLQ�UHXVH�IRU�UG�SHUGHI�WUDLQLQJ�DQG�ZU�WUDLQLQJ 

�� 5: �[� UHJBGGU�BGEL 
 

���� 5: �[� 

UHJBUGWUDLQBFVBVHO 
&KRRVH�WKH�UDQN�RI�WKH�UHDG�WUDLQ� 
�¶E������&KRRVH�5DQN�� 
�¶E������&KRRVH�5DQN�� 
�¶E������&KRRVH�5DQN�� 
�¶E������&KRRVH�5DQN� 

� 5: �[� UHJBU[BYUHIBYDOXHBXSGDWH 
 

� 5: �[� UHJBUGBWUDLQBGTVBUD 
 

� 5: �[� 
UHJBE\SDVVBUGBWUDLQBFPGBVWDUWBHQ 
*HQHUDWH�WKH�UHDG�WUDLQ�FRPPDQG�ZK�WUDLQLQJ�PRGH��+LJK�SXOVH�
YDOLG��HQ�HQDEOH�E\SDVV�UHDG 

� 5: �[� 
UHJBE\SDVVBUGBWUDLQBHQ 
(QDEOH�WKH�E\SDVV�UHDG�WUDLQ�IXQFWLRQ� 
�¶E���(QDEOH�WKH�UHDG�WUDLQ�E\SDVV�PRGH� 
�¶E���'LVDEOH�WKH�UHDG�WUDLQ�E\SDVV�PRGH� 

� 5: �[� 

UHJBUGBWUDLQBFKHFNBYDOXHBHQ 
&KRRVH�WKH�FKHFN�YDOXH�RI�WKH�UHDG�WUDLQ� 
�¶E���8VH�WKH�IL[�PRGH� 
''5�� ��£ĀE�������� 
/3''5�� ���£ĀKFF�� 
/3''5�� �05����05��� 
''5�� ��£ĀKDD��£ĀKFF��£ĀKI���£ĀK�� 
�¶E���8VH�WKH�UHJLVWHU�WR�FRQILJXUH 

� 5: �[� UHJBUGBWUDLQBIUHTBXSGDWH 
 

� 5: �[� UHJBGTVBUGBWUDLQBHQ 
 

� 5: �[� 
UHJBGTBUGBWUDLQBHQ 
7KH�HQDEOH�VLJQDO�RI�WKH�UHDG�WUDLQLQJ�$XWR�0RGH� 
�¶E���(QDEOH�WKH�DXWR�WUDLQ�RI�WKH�UHDG�WUDLQ� 
�¶E���([LW�WKH�DXWR�WUDLQ�RI�WKH�UHDG�WUDLQ� 

 
''53+<B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� 
UHJBOSGGU�BPU��BYDOXH 
7KH�ORDG�PRGH�YDOXH�RI�05���ZKHQ�GR�WKH�UHDG�WUDLQ�RI�
/3''5��LI�\RX�ZDQW�WR�FKDQJH�WKH�FKHFN�SDWWHUQ�RI�/3''5����\RX�
FDQ�FKDQJH�WKH�YDOXH�RI�WKLV�UHJLVWHU�EHIRUH�UGWUDLQLQJ 

����� 5: �[�� 
UHJBOSGGU�BPU��BYDOXH 
7KH�ORDG�PRGH�YDOXH�RI�05���ZKHQ�GR�WKH�UHDG�WUDLQ�RI�
/3''5��LI�\RX�ZDQW�WR�FKDQJH�WKH�FKHFN�SDWWHUQ�RI�/3''5����\RX�
FDQ�FKDQJH�WKH�YDOXH�RI�WKLV�UHJLVWHU�EHIRUH�UG�WUDLQLQJ� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�D 
UHJBOSGGU�BPU��BYDOXH 
7KH�ORDG�PRGH�YDOXH�RI�05���ZKHQ�GR�WKH�UHDG�WUDLQ�RI�
/3''5��LI�\RX�ZDQW�WR�FKDQJH�WKH�FKHFN�SDWWHUQ�RI�/3''5����\RX�
FDQ�FKDQJH�WKH�YDOXH�RI�WKLV�UHJLVWHU�EHIRUH�UG�WUDLQLQJ� 

��� 5: �[�F 
UHJBOSGGU�BPU��BYDOXH 
7KH�ORDG�PRGH�YDOXH�RI�05���ZKHQ�GR�WKH�UHDG�WUDLQ�RI�
/3''5��LI�\RX�ZDQW�WR�FKDQJH�WKH�FKHFN�SDWWHUQ�RI�/3''5����\RX�
FDQ�FKDQJH�WKH�YDOXH�RI�WKLV�UHJLVWHU�EHIRUH�UG�WUDLQLQJ� 

 
''53+<B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 

UHJBGGU�BPU�BYDOXH 
8VHG�WR�FRQWURO�WKH�''5��ORDG�PRGH�YDOXH�RI�05��ZKHQ�WKH�
UHJLVWHU�UHJBFDOLEBPRGHBVHO� ��
E���ZKHQ�GGU��FDOLE��VHW�WKLV�
UHJLVWHU�DV�FXUUHQW�6'5$0�05��$��a$���YDOXH��7KH�FDOLE�
RSHUDWLRQ�ZLOO�ZULWH�QHZ�GDWD�WR�WKH�05���VR�ZH�VKRXOG�NHHS�WKH�
RWKHU�ELWV�WKH�VDPH�ZLWK�WKH�FXUUHQW�05� 

���� 52 �[�� UHVHUYHG 

��� 5: �[�� 

UHJBGGU�BPU� 
8VHG�WR�FRQWURO�WKH�''5��ORDG�PRGH�YDOXH�RI�05��ZKHQ�UHDG�
WUDLQLQJ�035���ZKHQ�GGU��UHDG�WUDLQLQJ��VHW�WKLV�UHJLVWHU�DV�
FXUUHQW�6'5$0�05��$��a$���YDOXH��7KH�UHDG�WUDLQLQJ�RSHUDWLRQ�
ZLOO�ZULWH�QHZ�GDWD�WR�WKH�05���VR�ZH�VKRXOG�NHHS�WKH�RWKHU�ELWV�
WKH�VDPH�ZLWK�WKH�FXUUHQW�05�� 

 
''53+<B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

�� 5: �[� 
UHJBZUWUDLQBOSGGU�BYUHIBUDQJH 
&KRRVH�WKH�DGMXVW�UDQJH�RI�6'5$0
V�YUHI�UHIHUHQFH�WR�-(6'�
/3''5� 

����� 5: �[�� 

UHJBSELWBGHVNHZBRIIVHWBIRUBOSGGU� 
7KH�W[�GHOD\�OLQH�DGMXVW�VLJQDO�RI�WKH�'46�'46%�DIWHU�WKH�ZULWH�
OHYHOLQJ�7KH�W[�GHOD\�OLQH�YDOXH�ZLOO�HTXDO�WKH�ZULWH�OHYHLQJ�
UHVXOW�UHJBSELWBGHVNHZBRIIVHWBIRUBOSGGU��DQG�DSSO\�WR�WKH�
'4�'0 

����� 52 �[� UHVHUYHG 

�� 5: �[� 

UHJBGTVBZUBWUDLQBHQ 
7KH�HQDEOH�VLJQDO�RI�WKH�'46�6FDQ��:KHQ�WKLV�ELW�VHW�WR�£��£���LW�
ZLOO�HQDEOH�DGMXVW�WKH�'46�WR�ILQG�WKH�EHVW�ZLQGRZ�RI�WKH�'4��
2QO\�XVHG�IRU�GHEXJ��EHFDXVH�LW�ZLOO�FKDQJH�WKH�ZULWH�OHYHOLQJ�
UHVXOW�LI�WKH�XVHU�HQDEOH�WKH�ZULWH�OHYHOLQJ�IXQFWLRQ� 

�� 5: �[� 

UHJBZUWUDLQBFKHFNBGDWDBYDOXHBUDQGRPBJHQ 
�¶E���3+<�JHQHUDWH�UDQGRP�GDWD�DQG�ZULWH�WR�6'5$0�GXULQJ�
ZULWH�WUDLQLQJ� 
�¶E���WKH�XVHU�FRQILJ�GT���BWUDLQBFKHFNBGDWDBYDOXH����DQG�3+<�
ZULWH�LW����%/���WR�6'5$0�GXULQJ�ZULWH�WUDLQLQJ� 

��� 5: �[� 

UHJBZUWUDLQBFVBVHO 
&KRRVH�WKH�UDQN�RI�WKH�ZULWH�WUDLQ� 
�¶E������&KRRVH�5DQN�� 
�¶E������&KRRVH�5DQN�� 
�¶E������&KRRVH�5DQN�� 
�¶E������&KRRVH�5DQN� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
UHJBZUBWUDLQBUVW 
7KH�ZU�WUDLQ�IVP�FOHDU�VLJQDO� 
�¶E���5HVHW�WKH�ZULWH�WUDLQ�IVP� 
�¶E���.HHS�WKH�FXUUHQW�VWDWH� 

� 52 �[� UHVHUYHG 

� 5: �[� 

UHJBZUBWUDLQBGTVBUDQJHBE\SDVV 
7KH�HQDEOH�VLJQDO�WR�VHWWLQJ�WKH�'46�VFDQ�UDQJH�XVLQJ�WKH�
UHJLVWHU��ZU�WUDLQLQJ� 
�¶E���(QDEOH�WR�XVH�WKH�UHJLVWHU�WR�VHW�WKH�'46�VFDQ�UDQJH� 
�¶E���8VH�WKH�GHIDXOW�'46�VFDQ�UDQJH>�a�¶K�I@� 

� 52 �[� UHVHUYHG 

� 5: �[� 
UHJBGTBZUBWUDLQBHQ 
7KH�HQDEOH�VLJQDO�RI�WKH�ZULWH�WUDLQLQJ�$XWR�0RGH� 
�¶E���(QDEOH�WKH�DXWR�WUDLQ�RI�WKH�UHDG�WUDLQ� 
�¶E���([LW�WKH�DXWR�WUDLQ�RI�WKH�UHDG�WUDLQ� 

� 5: �[� 
UHJBGTBZUBWUDLQBDXWR 
&KRRVH�WKH�PRGH�RI�WKH�ZULWH�WUDLQ�����&KRRVH�WKH�ZULWH�WUDLQ�
DXWR�PRGH�\RX�VKRXOG�VHW�LW�WR��
E��EHIRUH�ZULWH�WUDLQ 

 
''53+<B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 52 �[� UHVHUYHG 

����� 5: �[� 
UHJBZUBWUDLQBEDBDGGU 
7KH�ELW>���@�RI�EDQN�DGGUHVV�IRU�ZULWH�UHDG�RSHUDWLRQ�LQ�''5����
DQG�/3''5��ZULWH�WUDLQLQJ�PRGH�@�UHXVH�IRU�UG�SHUGHI�WUDLQLQJ�
DQG�ZU�WUDLQLQJ� 

����� 52 �[� UHVHUYHG 

����� 5: �[��� 

UHJBZUBWUDLQBFROBDGGU 
7KH�ELW>���@�RI�FRO�DGGUHVV�IRU�ZULWH�UHDG�RSHUDWLRQ�LQ�''5����
DQG�/3''5��ZULWH�WUDLQLQJ�PRGH�@�UHXVH�IRU�UG�SHUGHI�WUDLQLQJ�
DQG�ZU�WUDLQLQJ�7KH�ELW>���@�RI�FRO�DGGUHVV�IRU�ZULWH�UHDG�
RSHUDWLRQ�LQ�''5����DQG�/3''5��ZULWH�WUDLQLQJ�PRGH��UHXVH�IRU�
UG�SHUGHI�WUDLQLQJ�DQG�ZU�WUDLQLQJ�� 

���� 5: �[���� 

UHJBZUBWUDLQBURZBDGGU 
7KH�ELW>���@�RI�URZ�DGGUHVV�IRU�ZULWH�UHDG�RSHUDWLRQ�LQ�''5����
DQG�/3''5��ZULWH�WUDLQLQJ�PRGH��UHXVH�IRU�UG�SHUGHI�WUDLQLQJ�DQG�
ZU�WUDLQLQJ�7KH�ELW>����@�RI�URZ�DGGUHVV�IRU�ZULWH�UHDG�RSHUDWLRQ�
LQ�''5����DQG�/3''5��ZULWH�WUDLQLQJ�PRGH��UHXVH�IRU�UG�SHUGHI�
WUDLQLQJ�DQG�ZU�WUDLQLQJ� 

 
''53+<B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 52 �[� UHVHUYHG 

����� 5: �[���� UHJBSK\BWUHIL 
7KH�YDOXH�LV�7UHIL�GILBFON�[ 

���� 5: �[��F 

UHJBSK\BWUIF 
KH�UHJLVWHU�LV�XVHG�WR�FRQWURO�WKH�DXWR�UHIUHVK�LQWHUYDO�ZKHQ�WKH�
SK\�GR�WKH�WUDLQLQJ��7KH�UHJBSK\BWUIF>���@� �
UHJ�[�H>���@�UHJ�[��>���@��7KH�DXWR�UHIUHVK�LQWHUYDO� �
UHJBSK\BWUIF�7GILBFON�[�7KH�ELW��DQG�ELW���RI�WKH�UHJBSK\BWUIF��
7KH�UHJBSK\BWUIF�LV�XVHG�WR�FRQWURO�WKH�LQWHUYDO�RI�WKH�DXWR�
UHIUHVK�7KH�3+<�ZLOO�VHQG�WKH�DXWR�UHIUHVK�ZKHQ�LW�LV�LQ�WKH�
WUDLQLQJ�PRGH��$XWR�UHIUHVK�LQWHUYDO� �UHJBSK\BWUIF�7GILBFON�[ 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

UHJBPD[BUHILBFQW 
WKLV�UHJLVWHU�XVHG�LQ�ZU�UG�WUDLQLQJ�LI�\RX�VHW�UHJBSK\BUHIUHVKBHQ�
WR��¶E���WKLV�UHJLVWHU�PHDQV�KRZ�PDQ\�DXWR�UHIUHVK�FPG�FDQ�EH�
DFFXPXODWHG�DW�RQH�WLPH�WKH�PD[LPXP�LV���DQG�WKH�ODUJHU�WKH�
YDOXH��WKH�OHVV�WLPH�WUDLQLQJ�WDNHV� 

��� 52 �[� UHVHUYHG 

� 5: �[� 
UHJBSK\BUHIUHVKBHQ 
:KHQ�\RX�ZDQW�WR�HQDEOH�SK\�DXWR�UHIUHVK�IXQFWLRQ�LQ�WUDLQLQJ��
\RX�VKRXOG�VHW�WKLV�UHJ�WR���DW�IULVW� 

 
''53+<B5(*�$�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� 

UHJBIUHTBFKRRVHBE 
7KH�E\SDVV�VLJQDO�RI�WKH�IUHT�SRLQW�FKRRVH��$FWLYH�+LJK� 
�¶E���,W�ZLOO�XVH�WKH�UHJBIUHTBFKRRVHBW�WR�FKRRVH�WKH�IUHT�SRLQW� 
�¶E���7KH�SK\�ZLOO�FKRRVH�WKH�IUHT�SRLQW�EDVHG�RQ�WKH�
GILBIUHTHXQF\�DW�WKH�SK\�LQLWLDOL]DWLRQ�DQG�IDVW�IUHTXHQF\�FKDQJH� 

� 52 �[� UHVHUYHG 

� 5: �[� 

UHJBSOOBORFNBE\SDVV 
&KRRVH�WKH�ZD\�WR�ZDLW�IRU�WKH�SOO�ORFN�DIWHU�WKH�SOO�HQDEOH� 
�¶E���:DLW�WKH�SOO�ORFN�IURP�WKH�SOO�PRGXOH� 
�¶E���:DLW�WKH�SOO�ORFN�E\�HQDEOH�WKH�SOO�ORFN�FRXQWHU�DIWHU�WKH�SOO�
HQDEOH 

� 5: �[� 
UHJBSOOSGBE\SDVV 
&KRRVH�WKH�ZD\�WR�FRQWURO�WKH�SOO�SG�VLJQDO�RI�WKH�SOO�PRGXOH� 
�¶E���2QO\�FDQ�XVH�WKH�UHJLVWHU�WR�FRQWURO� 
�¶E���$XWRPDWLFDOO\�FRQWURO�LQ�WKH�GIL�ORZ�SRZHU�PRGH� 

� 5: �[� 

UHJBOSGGU�BZULWHBSRVWDPEOHBVHO 
7KH�ZULWH�SRVWDPEOH�FRQWURO�VLJQDO�RI�WKH�/3''5��PRGH�3OHDVH�
NHHS�WKH�VDPH�VHWWLQJ�ZLWK�WKH�/3''5��05�>�@� 
�¶E�����W&.� 
�¶E�����W&. 

 
''53+<B5(*�%�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 5: �[� UHJBD�BOS�[BHQ 
ZKHQ�XVH�OSGGU�[��WKLV�UHJLVWHU�VKRXOG�EH�VHW�WR��� 

�� 5: �[� UHJBD�BSYWBFRPSBHQ 
HQDEOH�WKH�SYW�FRPSHQVDWLRQ�IXQFWLRQ 

�� 5: �[� UHJBD�BOS�[BHQ 
ZKHQ�XVH�OSGGU�[��WKLV�UHJLVWHU�VKRXOG�EH�VHW�WR��� 

�� 5: �[� UHJBD�BSYWBFRPSBHQ 
HQDEOH�WKH�SYW�FRPSHQVDWLRQ�IXQFWLRQ 

�� 5: �[� UHJBD�BOS�[BHQ 
ZKHQ�XVH�OSGGU�[��WKLV�UHJLVWHU�VKRXOG�EH�VHW�WR��� 

�� 5: �[� UHJBD�BSYWBFRPSBHQ 
HQDEOH�WKH�SYW�FRPSHQVDWLRQ�IXQFWLRQ 

� 5: �[� UHJBD�BOS�[BHQ 
ZKHQ�XVH�OSGGU�[��WKLV�UHJLVWHU�VKRXOG�EH�VHW�WR��� 

� 5: �[� UHJBD�BSYWBFRPSBHQ 
HQDEOH�WKH�SYW�FRPSHQVDWLRQ�IXQFWLRQ 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� UHJBD�BOS�[BHQ 
ZKHQ�XVH�OSGGU�[��WKLV�UHJLVWHU�VKRXOG�EH�VHW�WR��� 

� 5: �[� UHJBD�BSYWBFRPSBHQ 
HQDEOH�WKH�SYW�FRPSHQVDWLRQ�IXQFWLRQ 

� 5: �[� UHJBD�BOS�[BHQ 
ZKHQ�XVH�OSGGU�[��WKLV�UHJLVWHU�VKRXOG�EH�VHW�WR��� 

� 5: �[� UHJBD�BSYWBFRPSBHQ 
HQDEOH�WKH�SYW�FRPSHQVDWLRQ�IXQFWLRQ 

� 5: �[� UHJBD�BOS�[BHQ 
ZKHQ�XVH�OSGGU�[��WKLV�UHJLVWHU�VKRXOG�EH�VHW�WR��� 

� 5: �[� UHJBD�BSYWBFRPSBHQ 
HQDEOH�WKH�SYW�FRPSHQVDWLRQ�IXQFWLRQ 

� 5: �[� UHJBD�BOS�[BHQ 
ZKHQ�XVH�OSGGU�[��WKLV�UHJLVWHU�VKRXOG�EH�VHW�WR��� 

� 5: �[� UHJBD�BSYWBFRPSBHQ 
HQDEOH�WKH�SYW�FRPSHQVDWLRQ�IXQFWLRQ 

 
''53+<B5(*�&�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 5: �[� UHJBD��BOS�[BHQ 
ZKHQ�XVH�OSGGU�[��WKLV�UHJLVWHU�VKRXOG�EH�VHW�WR��� 

�� 5: �[� UHJBD��BSYWBFRPSBHQ 
HQDEOH�WKH�SYW�FRPSHQVDWLRQ�IXQFWLRQ 

�� 5: �[� UHJBD��BOS�[BHQ 
ZKHQ�XVH�OSGGU�[��WKLV�UHJLVWHU�VKRXOG�EH�VHW�WR��� 

�� 5: �[� UHJBD��BSYWBFRPSBHQ 
HQDEOH�WKH�SYW�FRPSHQVDWLRQ�IXQFWLRQ 

�� 5: �[� UHJBD��BOS�[BHQ 
ZKHQ�XVH�OSGGU�[��WKLV�UHJLVWHU�VKRXOG�EH�VHW�WR��� 

�� 5: �[� UHJBD��BSYWBFRPSBHQ 
HQDEOH�WKH�SYW�FRPSHQVDWLRQ�IXQFWLRQ 

� 5: �[� UHJBD��BOS�[BHQ 
ZKHQ�XVH�OSGGU�[��WKLV�UHJLVWHU�VKRXOG�EH�VHW�WR��� 

� 5: �[� UHJBD��BSYWBFRPSBHQ 
HQDEOH�WKH�SYW�FRPSHQVDWLRQ�IXQFWLRQ 

� 5: �[� UHJBD��BOS�[BHQ 
ZKHQ�XVH�OSGGU�[��WKLV�UHJLVWHU�VKRXOG�EH�VHW�WR��� 

� 5: �[� UHJBD��BSYWBFRPSBHQ 
HQDEOH�WKH�SYW�FRPSHQVDWLRQ�IXQFWLRQ 

� 5: �[� UHJBD��BOS�[BHQ 
ZKHQ�XVH�OSGGU�[��WKLV�UHJLVWHU�VKRXOG�EH�VHW�WR��� 

� 5: �[� UHJBD��BSYWBFRPSBHQ 
HQDEOH�WKH�SYW�FRPSHQVDWLRQ�IXQFWLRQ 

� 5: �[� UHJBD�BOS�[BHQ 
ZKHQ�XVH�OSGGU�[��WKLV�UHJLVWHU�VKRXOG�EH�VHW�WR��� 

� 5: �[� UHJBD�BSYWBFRPSBHQ 
HQDEOH�WKH�SYW�FRPSHQVDWLRQ�IXQFWLRQ 

� 5: �[� UHJBD�BOS�[BHQ 
ZKHQ�XVH�OSGGU�[��WKLV�UHJLVWHU�VKRXOG�EH�VHW�WR��� 

� 5: �[� UHJBD�BSYWBFRPSBHQ 
HQDEOH�WKH�SYW�FRPSHQVDWLRQ�IXQFWLRQ 
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''53+<B5(*�'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 5: �[� UHJBUHVHWQBOS�[BHQ 
ZKHQ�XVH�OSGGU�[��WKLV�UHJLVWHU�VKRXOG�EH�VHW�WR��� 

�� 5: �[� UHJBUHVHWQBSYWBFRPSBHQ 
HQDEOH�WKH�SYW�FRPSHQVDWLRQ�IXQFWLRQ 

�� 5: �[� UHJBEJ�BOS�[BHQ 
ZKHQ�XVH�OSGGU�[��WKLV�UHJLVWHU�VKRXOG�EH�VHW�WR��� 

�� 5: �[� UHJBEJ�BSYWBFRPSBHQ 
HQDEOH�WKH�SYW�FRPSHQVDWLRQ�IXQFWLRQ 

�� 5: �[� UHJBEJ�BOS�[BHQ 
ZKHQ�XVH�OSGGU�[��WKLV�UHJLVWHU�VKRXOG�EH�VHW�WR��� 

�� 5: �[� UHJBEJ�BSYWBFRPSBHQ 
HQDEOH�WKH�SYW�FRPSHQVDWLRQ�IXQFWLRQ 

� 5: �[� UHJBED�BOS�[BHQ 
ZKHQ�XVH�OSGGU�[��WKLV�UHJLVWHU�VKRXOG�EH�VHW�WR��� 

� 5: �[� UHJBED�BSYWBFRPSBHQ 
HQDEOH�WKH�SYW�FRPSHQVDWLRQ�IXQFWLRQ 

� 5: �[� UHJBED�BOS�[BHQ 
ZKHQ�XVH�OSGGU�[��WKLV�UHJLVWHU�VKRXOG�EH�VHW�WR��� 

� 5: �[� UHJBED�BSYWBFRPSBHQ 
HQDEOH�WKH�SYW�FRPSHQVDWLRQ�IXQFWLRQ 

� 5: �[� UHJBDFWQBOS�[BHQ 
ZKHQ�XVH�OSGGU�[��WKLV�UHJLVWHU�VKRXOG�EH�VHW�WR��� 

� 5: �[� UHJBDFWQBSYWBFRPSBHQ 
HQDEOH�WKH�SYW�FRPSHQVDWLRQ�IXQFWLRQ 

� 5: �[� UHJBD��BOS�[BHQ 
ZKHQ�XVH�OSGGU�[��WKLV�UHJLVWHU�VKRXOG�EH�VHW�WR��� 

� 5: �[� UHJBD��BSYWBFRPSBHQ 
HQDEOH�WKH�SYW�FRPSHQVDWLRQ�IXQFWLRQ 

� 5: �[� UHJBD��BOS�[BHQ 
ZKHQ�XVH�OSGGU�[��WKLV�UHJLVWHU�VKRXOG�EH�VHW�WR��� 

� 5: �[� UHJBD��BSYWBFRPSBHQ 
HQDEOH�WKH�SYW�FRPSHQVDWLRQ�IXQFWLRQ 

 
''53+<B5(*�(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 5: �[� UHJBRGW�BOS�[BHQ 
ZKHQ�XVH�OSGGU�[��WKLV�UHJLVWHU�VKRXOG�EH�VHW�WR��� 

�� 5: �[� UHJBRGW�BSYWBFRPSBHQ 
HQDEOH�WKH�SYW�FRPSHQVDWLRQ�IXQFWLRQ 

�� 5: �[� UHJBRGW�BOS�[BHQ 
ZKHQ�XVH�OSGGU�[��WKLV�UHJLVWHU�VKRXOG�EH�VHW�WR��� 

�� 5: �[� UHJBRGW�BSYWBFRPSBHQ 
HQDEOH�WKH�SYW�FRPSHQVDWLRQ�IXQFWLRQ 

�� 5: �[� UHJBFVE�BOS�[BHQ 
ZKHQ�XVH�OSGGU�[��WKLV�UHJLVWHU�VKRXOG�EH�VHW�WR��� 

�� 5: �[� UHJBFVE�BSYWBFRPSBHQ 
HQDEOH�WKH�SYW�FRPSHQVDWLRQ�IXQFWLRQ 

� 5: �[� UHJBFVE�BOS�[BHQ 
ZKHQ�XVH�OSGGU�[��WKLV�UHJLVWHU�VKRXOG�EH�VHW�WR��� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� UHJBFVE�BSYWBFRPSBHQ 
HQDEOH�WKH�SYW�FRPSHQVDWLRQ�IXQFWLRQ 

� 5: �[� UHJBFNH�BOS�[BHQ 
ZKHQ�XVH�OSGGU�[��WKLV�UHJLVWHU�VKRXOG�EH�VHW�WR��� 

� 5: �[� UHJBFNH�BSYWBFRPSBHQ 
HQDEOH�WKH�SYW�FRPSHQVDWLRQ�IXQFWLRQ 

� 5: �[� UHJBFNH�BOS�[BHQ 
ZKHQ�XVH�OSGGU�[��WKLV�UHJLVWHU�VKRXOG�EH�VHW�WR��� 

� 5: �[� UHJBFNH�BSYWBFRPSBHQ 
HQDEOH�WKH�SYW�FRPSHQVDWLRQ�IXQFWLRQ 

� 5: �[� UHJBFNEBOS�[BHQ 
ZKHQ�XVH�OSGGU�[��WKLV�UHJLVWHU�VKRXOG�EH�VHW�WR��� 

� 5: �[� UHJBFNEBSYWBFRPSBHQ 
HQDEOH�WKH�SYW�FRPSHQVDWLRQ�IXQFWLRQ 

� 5: �[� UHJBFNBOS�[BHQ 
ZKHQ�XVH�OSGGU�[��WKLV�UHJLVWHU�VKRXOG�EH�VHW�WR��� 

� 5: �[� UHJBFNBSYWBFRPSBHQ 
HQDEOH�WKH�SYW�FRPSHQVDWLRQ�IXQFWLRQ 

 
''53+<B5(*�)�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 52 �[� UHVHUYHG 

����� 5: �[� 

UHJBSOOSRVWGLYBOV 
7KH�UHLJLVWHU�XVHG�WR�FRQWURO�WKH�SRVW�GLY�IRU�ORZ�VSHHG��ZKLFK�ZLOO�
EH�XVHG�IRU�&$�7UDLQLQJ�DQG�3+<�LQLWLDOL]DLWRQ���)RU�GLIIHUHQW�
IUHXHQF\�UDQJH��WKH�YDOXH�RI�SRVW�GLY�HQDEOH�VWDWH�LV�GLIIHUHQW��
7KH�XVHU�QHHGV�WR�EDVHG�RQ�WKH�IUHTXHQF\�RI�WKH�ORZ�VSHHG�WR�VHW�
WKLV�UHJLVWHU��3OHDVH�UHIHUHQFH�WR�WKH�FKDSWHU���WR�JHW�PRUH�
LQIRUPDWLRQ�DERXW�KRZ�WR�VHW�UHJLVWHU�EDVHG�RQ�GLIIHUHQW�
IUHTXHQF\� 

�� 5: �[� 

UHJBSOOSRVWGLYHQBOV 
7KH�UHLJLVWHU�XVHG�WR�FRQWURO�WKH�SRVW�GLY�HQDEOH�IRU�ORZ�
VSHHG��ZKLFK�ZLOO�EH�XVHG�IRU�&$�7UDLQLQJ�DQG�3+<�LQLWLDOL]DWLRQ���
)RU�GLIIHUHQW�IUHXHQF\�UDQJH��WKH�VWDWH�RI�SRVW�GLY�HQDEOH�VWDWH�LV�
GLIIHUHQW��7KH�XVHU�QHHGV�WR�EDVHG�RQ�WKH�IUHTXHQF\�RI�WKH�ORZ�
VSHHG�WR�VHW�WKLV�UHJLVWHU��3OHDVH�UHIHUHQFH�WR�WKH�FKDSWHU���WR�JHW�
PRUH�LQIRUPDWLRQ�DERXW�KRZ�WR�VHW�UHJLVWHU�EDVHG�RQ�GLIIHUHQW�
IUHTXHQF\ 

����� 52 �[�� UHVHUYHG 

�� 5: �[� 
UHJBFPGBGHOD\BRQHBXL 
GHOD\�WKH�FPG�IRU�RQH�XL�EDVH�RQ�WKH�FPG��W�
PRGH�UHJBFPGB�WBPRGH ��� 

�� 5: �[� UHJBFPGB�WBPRGH 
HQDEOH�FPG��W�PRGH 

�� 5: �[� 
UHJBSK\BVGUDPBLQLWLDO 
LQLWLDO�WKH�VGUDP�WKURXJK�SK\��:KHQ�OSGGU��FD�WUDLQLQJ��UHJLVWHU�
VKRXOG�EH�VHW�WR��
E���SK\�ZLOO�LQLWLDO�WKH�VGUDP�LWVHOI 

���� 5: �[�� UHJBZOBGTVBVWDUWBSRLQW 
ZULWH�OHYHOLQJ
V�GTV�W[�GHOD\�VWDUW�SRLQW 

��� 5: �[�I UHJBUGBWUDLQBGTVBVFDQBPD[ 
WKH�PD[�U[�GTV�GHOD\�ZKHQ�GR�UG�WUDLQLQJ�GTV�VFDQ� 

� 5: �[� UHJBSYWBFRPSBGLV 
GLVDEOH�SYW�FRPSHQVDWLRQ�IXFWLRQ 
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''53+<B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� 
UHJBGGUFBWUHVHWBKB[���� 
ZKHQ�OSGGU��LQLWLDO���UHVHW�QHHG�NHHS�KLJK��PV��VR�WKLV�UHJLVWHU
V�
YDOXH� ��PV������GIL�[FON� 

����� 5: �[�I 
UHJBGGUFBWUHVHWBOB[���� 
ZKHQ�OSGGU��LQLWLDO���SK\�QHHG�WR�ZDLW��XV��VR�WKLV�UHJLVWHU
V�YDOXH�
 ��XV������GIL�[FON� 

���� 5: �[�I UHJBGGUFBWFNHK 
ZKHQ�OSGGU��LQLWLDO���WKLV�UHJLVWHU
V�YDOXH� �WFNHK����GIL�[FON� 

��� 5: �[�I UHJBGGUFBW]TODW 
ZKHQ�OSGGU��LQLWLDO���WKLV�UHJLVWHU
V�YDOXH� �W]TODW��GIL�[FON� 

 
''53+<B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�I UHJBGGUFBW]TLQLW 
ZKHQ�OSGGU��LQLWLDO���WKLV�UHJLVWHU
V�YDOXH� �W]TLQLW��GIL�[FON� 

 
''53+<B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 52 �[� UHVHUYHG 

����� 5: �[� 

UHJBSOOSRVWGLYBIVS� 
7KH�UHLJLVWHU�XVHG�WR�FRQWURO�WKH�SRVW�GLY�IRU�ORZ�VSHHG�ZKLFK�ZLOO�
EH�XVHG�IRU�&$�7UDLQLQJ�DQG�3+<�LQLWLDOL]DLWRQ���)RU�GLIIHUHQW�
IUHXHQF\�UDQJH��WKH�YDOXH�RI�SRVW�GLY�HQDEOH�VWDWH�LV�GLIIHUHQW��
7KH�XVHU�QHHGV�WR�EDVHG�RQ�WKH�IUHTXHQF\�RI�WKH�ORZ�VSHHG�WR�VHW�
WKLV�UHJLVWHU��3OHDVH�UHIHUHQFH�WR�WKH�FKDSWHU���WR�JHW�PRUH�
LQIRUPDWLRQ�DERXW�KRZ�WR�VHW�UHJLVWHU�EDVHG�RQ�GLIIHUHQW�
IUHTXHQF\� 

�� 5: �[� 

UHJBSOOSRVWGLYHQBIVS� 
7KH�UHLJLVWHU�XVHG�WR�FRQWURO�WKH�SRVW�GLY�HQDEOH�IRU�ORZ�
VSHHG��ZKLFK�ZLOO�EH�XVHG�IRU�&$�7UDLQLQJ�DQG�3+<�LQLWLDOL]DWLRQ���
)RU�GLIIHUHQW�IUHXHQF\�UDQJH��WKH�VWDWH�RI�SRVW�GLY�HQDEOH�VWDWH�LV�
GLIIHUHQW��7KH�XVHU�QHHGV�WR�EDVHG�RQ�WKH�IUHTXHQF\�RI�WKH�ORZ�
VSHHG�WR�VHW�WKLV�UHJLVWHU��3OHDVH�UHIHUHQFH�WR�WKH�FKDSWHU���WR�JHW�
PRUH�LQIRUPDWLRQ�DERXW�KRZ�WR�VHW�UHJLVWHU�EDVHG�RQ�GLIIHUHQW�
IUHTXHQF\ 

����� 52 �[� UHVHUYHG 

����� 5: �[� 

UHJBSOOSRVWGLYBIVS� 
7KH�UHLJLVWHU�XVHG�WR�FRQWURO�WKH�SRVW�GLY�IRU�ORZ�VSHHG��ZKLFK 
ZLOO�EH�XVHG�IRU�&$�7UDLQLQJ�DQG�3+<�LQLWLDOL]DLWRQ���)RU�GLIIHUHQW�
IUHXHQF\�UDQJH��WKH�YDOXH�RI�SRVW�GLY�HQDEOH�VWDWH�LV�GLIIHUHQW��
7KH�XVHU�QHHGV�WR�EDVHG�RQ�WKH�IUHTXHQF\�RI�WKH�ORZ�VSHHG�WR�VHW�
WKLV�UHJLVWHU��3OHDVH�UHIHUHQFH�WR�WKH�FKDSWHU���WR�JHW�PRUH�
LQIRUPDWLRQ�DERXW�KRZ�WR�VHW�UHJLVWHU�EDVHG�RQ�GLIIHUHQW�
IUHTXHQF\� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

UHJBSOOSRVWGLYHQBIVS� 
7KH�UHLJLVWHU�XVHG�WR�FRQWURO�WKH�SRVW�GLY�HQDEOH�IRU�ORZ�
VSHHG��ZKLFK�ZLOO�EH�XVHG�IRU�&$�7UDLQLQJ�DQG�3+<�LQLWLDOL]DWLRQ���
)RU�GLIIHUHQW�IUHXHQF\�UDQJH��WKH�VWDWH�RI�SRVW�GLY�HQDEOH�VWDWH�LV�
GLIIHUHQW��7KH�XVHU�QHHGV�WR�EDVHG�RQ�WKH�IUHTXHQF\�RI�WKH�ORZ�
VSHHG�WR�VHW�WKLV�UHJLVWHU��3OHDVH�UHIHUHQFH�WR�WKH�FKDSWHU���WR�JHW�
PRUH�LQIRUPDWLRQ�DERXW�KRZ�WR�VHW�UHJLVWHU�EDVHG�RQ�GLIIHUHQW�
IUHTXHQF\ 

����� 52 �[� UHVHUYHG 

����� 5: �[� 

UHJBSOOSRVWGLYBIVS� 
7KH�UHLJLVWHU�XVHG�WR�FRQWURO�WKH�SRVW�GLY�IRU�ORZ�VSHHG�ZKLFK�ZLOO�
EH�XVHG�IRU�&$�7UDLQLQJ�DQG�3+<�LQLWLDOL]DLWRQ���)RU�GLIIHUHQW�
IUHXHQF\�UDQJH��WKH�YDOXH�RI�SRVW�GLY�HQDEOH�VWDWH�LV�GLIIHUHQW��
7KH�XVHU�QHHGV�WR�EDVHG�RQ�WKH�IUHTXHQF\�RI�WKH�ORZ�VSHHG�WR�VHW�
WKLV�UHJLVWHU��3OHDVH�UHIHUHQFH�WR�WKH�FKDSWHU���WR�JHW�PRUH�
LQIRUPDWLRQ�DERXW�KRZ�WR�VHW�UHJLVWHU�EDVHG�RQ�GLIIHUHQW�
IUHTXHQF\� 

�� 5: �[� 

UHJBSOOSRVWGLYHQBIVS� 
7KH�UHLJLVWHU�XVHG�WR�FRQWURO�WKH�SRVW�GLY�HQDEOH�IRU�ORZ�
VSHHG��ZKLFK�ZLOO�EH�XVHG�IRU�&$�7UDLQLQJ�DQG�3+<�LQLWLDOL]DWLRQ���
)RU�GLIIHUHQW�IUHXHQF\�UDQJH��WKH�VWDWH�RI�SRVW�GLY�HQDEOH�VWDWH�LV�
GLIIHUHQW��7KH�XVHU�QHHGV�WR�EDVHG�RQ�WKH�IUHTXHQF\�RI�WKH�ORZ�
VSHHG�WR�VHW�WKLV�UHJLVWHU��3OHDVH�UHIHUHQFH�WR�WKH�FKDSWHU���WR�JHW�
PRUH�LQIRUPDWLRQ�DERXW�KRZ�WR�VHW�UHJLVWHU�EDVHG�RQ�GLIIHUHQW�
IUHTXHQF\ 

���� 52 �[� UHVHUYHG 

��� 5: �[� 

UHJBSOOSRVWGLYBIVS� 
7KH�UHLJLVWHU�XVHG�WR�FRQWURO�WKH�SRVW�GLY�IRU�ORZ�VSHHG�ZKLFK�ZLOO�
EH�XVHG�IRU�&$�7UDLQLQJ�DQG�3+<�LQLWLDOL]DLWRQ���)RU�GLIIHUHQW�
IUHXHQF\�UDQJH��WKH�YDOXH�RI�SRVW�GLY�HQDEOH�VWDWH�LV�GLIIHUHQW��
7KH�XVHU�QHHGV�WR�EDVHG�RQ�WKH�IUHTXHQF\�RI�WKH�ORZ�VSHHG�WR�VHW�
WKLV�UHJLVWHU��3OHDVH�UHIHUHQFH�WR�WKH�FKDSWHU���WR�JHW�PRUH�
LQIRUPDWLRQ�DERXW�KRZ�WR�VHW�UHJLVWHU�EDVHG�RQ�GLIIHUHQW�
IUHTXHQF\� 

� 5: �[� 

UHJBSOOSRVWGLYHQBIVS� 
7KH�UHLJLVWHU�XVHG�WR�FRQWURO�WKH�SRVW�GLY�HQDEOH�IRU�ORZ�
VSHHG��ZKLFK�ZLOO�EH�XVHG�IRU�&$�7UDLQLQJ�DQG�3+<�LQLWLDOL]DWLRQ���
)RU�GLIIHUHQW�IUHXHQF\�UDQJH��WKH�VWDWH�RI�SRVW�GLY�HQDEOH�VWDWH�LV�
GLIIHUHQW��7KH�XVHU�QHHGV�WR�EDVHG�RQ�WKH�IUHTXHQF\�RI�WKH�ORZ�
VSHHG�WR�VHW�WKLV�UHJLVWHU��3OHDVH�UHIHUHQFH�WR�WKH�FKDSWHU���WR�JHW�
PRUH�LQIRUPDWLRQ�DERXW�KRZ�WR�VHW�UHJLVWHU�EDVHG�RQ�GLIIHUHQW�
IUHTXHQF\ 

��� 52 �[� UHVHUYHG 
 
''53+<B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[�� 
UHJBU[BORFNBFRGHBESBYDOXH 
ZKHQ�UHJBU[BORFNBFRGHBESBHQ ����WKH�YDOXH�RI�UHJLVWHU�
UHJBU[BORFNBFRGHBESBYDOXH�LV�GOO�ORFN�YDOXH 

���� 5: �[�� 
UHJBW[BORFNBFRGHBESBYDOXH 
ZKHQ�UHJBW[BORFNBFRGHBESBHQ ����WKH�YDOXH�RI�UHJLVWHU�
UHJBW[BORFNBFRGHBESBYDOXH�LV�GOO�ORFN�YDOXH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[�� 
UHJBSYWBFRPSBUHTBZDLWBFQW 
ZKHQ�SK\�VHQG�D�SYW�UHT�GILBSK\PVWUBUHT��LW�QHHG�JHW�D�SYW�
DFN�GILBSK\PVWUBDFN��IURP�FWUO��WKLV�UHJLVWHU�LV�XVHG�WR�FKDQJH�
WKH�WLPH�RI�WLPHRXW 

 
''53+<B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[������ UHVHUYHG 

�� 5: �[� 
UHJBRVFBVHO 
7KH�RVF�VHOHFW�VLJQDO� 
�¶E���WUDQVIRUP�UHJBLQYGHOD\VHOBRVFBUHJ�ZLWK�GOO�GHFRGH�� 
�¶E���&KRRVH�WKH�UHJLVWHU�UHJBLQYGHOD\VHOBRVFBUHJ�GLUHFWO\ 

��� 52 �[� UHVHUYHG 

��� 5: �[�� UHJBLQYGHOD\VHOBRVFBUHJ 
XVHG�WR�PHDVXUH�WKH�GHOD\�FDSDELOLW\�RI�LQYGHDO\VHO 

 
''53+<B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 5: �[� 
UHJBFPGBGUYB]TFDOLEBHQ 
7KH�FRPDQG�GULYHU�FRQWURO�VLJQDO� 
�¶E���&KRRVH�WKH�]TFDOLEUDWLRQ�UHVXOW�DV�WKH�FRQWURO�VLJQDO� 
�¶E���&KRRVH�WKH�UHJLVWHU�DV�WKH�FRQURO�VLJQDO� 

�� 5: �[� 
UHJBFPGBIEVHOBUHJ 
7KH�SK\�ELVW�FRPPDQG�SDWK�VHOHWF�VLJQDO� 
�¶E���&KRRVH�WR�DUULYH�WKH�SDG� 
�¶E���&KRRVH�WKH�LQWHUDO�DV�WKH�HQG� 

�� 5: �[� 
UHJBFPGBIEHQBUHJ 
7KH�SK\�ELVW�FPPDQG�IHHEEDFN�HQDEOH�VLJQDO��$FWLYH�KLJK� 
-XVW�XVHG�IRU�GHEXJ� 

�� 5: �[� UHJBFPGBDEXWZHDNBSXEBUHJ 
7KH�HQDEOH�VLJQDO�RI�&0'�3$'�ZHDN�SXOO�XS��$FWLYH�/RZ� 

���� 5: �[�� 
UHJBFPGBDEXWVOHZSXBUHJ 
&0'�&.�ULVLQJ�HGJH�VOHZ�UDWH�FRQWURO��ODUJHU�YDOXH�PHDQV�ODUJHU�
ULVLJQ�VOHZ�UDWH� 

��� 52 �[� UHVHUYHG 

� 5: �[� UHJBFPGBDEXWZHDNSGBUHJ 
7KH�HQDEOH�VLJQDO�RI�&0'�3$'�ZHDN�SXOO�GRZQ��$FWLYH�KLJK� 

��� 5: �[�� 
UHJBFPGBDEXWVOHZSGBUHJ 
&0'�&.�IDOOLQJ�HGJH�VOHZ�UDWH�FRQWURO��ODUJHU�YDOXH�PHDQV�ODUJHU�
IDOOLQJ�VOHZ�UDWH� 

 
''53+<B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

�� 5: �[� 
UHJBFPGBDEXWQUFR 
7KH�SXOO�GRZQ�UHVLVWDQFH�RI�&.�DQG�&.%�7KH�UHVLVWDQFH�UHODWLRQ�
ZLWK�WKH�FRQILJXUDWLRQ�VKRZ�LQ�WKH�WDEOH��&0'�GULYHU�VWUHQJWK�
WDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
UHJBFPGBDEXWQUFRPS�BFN�BUHJ 
7KH�SXOO�GRZQ�UHVLVWDQFH�RI�&.�DQG�&.%�7KH�UHVLVWDQFH�UHODWLRQ�
ZLWK�WKH�FRQILJXUDWLRQ�VKRZ�LQ�WKH�WDEOH��&0'�GULYHU�VWUHQJWK�
WDEOH� 

�� 5: �[� 
UHJBFPGBDEXWQUFRPS�BFN�BUHJ 
7KH�SXOO�GRZQ�UHVLVWDQFH�RI�&.�DQG�&.%��7KH�UHVLVWDQFH�UHODWLRQ�
ZLWK�WKH�FRQILJXUDWLRQ�VKRZ�LQ�WKH�WDEOH��&0'�GULYHU�VWUHQJWK�
WDEOH� 

� 5: �[� 
UHJBFPGBDEXWQUFRPS�BFN�BUHJ 
7KH�SXOO�7KH�UHVLVWDQFH�UHODWLRQ�ZLWK�WKH�FRQILJXUDWLRQ�VKRZ�LQ�WKH�
�GRZQ�UHVLVWDQFH�RI�&.�DQG�&.%��WDEOH��&0'�GULYHU�VWUHQJWK�
WDEOH� 

� 5: �[� 
UHJBFPGBDEXWQUFRPS�BFN�BUHJ 
7KH�SXOO�7KH�UHVLVWDQFH�UHODWLRQ�ZLWK�WKH�FRQILJXUDWLRQ�VKRZ�LQ�WKH�
�GRZQ�UHVLVWDQFH�RI�&.�DQG�&.%�WDEOH��&0'�GULYHU�VWUHQJWK�
WDEOH� 

��� 52 �[� UHVHUYHG 

� 5: �[� 
UHJBFPGBDEXWSUFRPS�BFN�BUHJ 
7KH�SXOO�7KH�UHVLVWDQFH�UHODWLRQ�ZLWK�WKH�FRQILJXUDWLRQ�VKRZ�LQ�WKH�
�XS�UHVLVWDQFH�RI�&.�DQG�&.%� 
WDEOH��&0'�GULYHU�VWUHQJWK�WDEOH� 

� 5: �[� 
UHJBFPGBDEXWSUFRPS�BFN�BUHJ 
7KH�SXOO�7KH�UHVLVWDQFH�UHODWLRQ�ZLWK�WKH�FRQILJXUDWLRQ�VKRZ�LQ�WKH�
�XS�UHVLVWDQFH�RI�&.�DQG�&.%�WDEOH��&0'�GULYHU�VWUHQJWK�WDEOH 

� 5: �[� 
UHJBFPGBDEXWSUFRPS�BFN�BUHJ 
7KH�SXOO�7KH�UHVLVWDQFH�UHODWLRQ�ZLWK�WKH�FRQILJXUDWLRQ��XS�
UHVLVWDQFH�RI�&.�DQG�&.%��VKRZ�LQ�WKH 
WDEOH��&0'�GULYHU�VWUHQJWK�WDEOH� 

� 5: �[� 
UHJBFPGBDEXWSUFRPS�BFN�BUHJ 
7KH�SXOO�7KH�UHVLVWDQFH�UHODWLRQ�ZLWK�WKH�FRQILJXUDWLRQ�VKRZ�LQ�WKH�
�XS�UHVLVWDQFH�RI�&.�DQG�&.%�WDEOH��&0'�GULYHU�VWUHQJWK�WDEOH� 

� 5: �[� 
UHJBFPGBDEXWSUFRPS�BFN�BUHJ 
7KH�SXOO�7KH�UHVLVWDQFH�UHODWLRQ�ZLWK�WKH�FRQILJXUDWLRQ�VKRZ�LQ�WKH�
�XS�UHVLVWDQFH�RI�&.�DQG�&.%� 
WDEOH��&0'�GULYHU�VWUHQJWK�WDEOH� 

 
''53+<B5(*�%�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

�� 5: �[� 
UHJBD�BLQYGHOD\VHOBES 
7KH�UHJLVWHU�XVHG�WR�FRQWURO�WKH�W[�GHOD\�OLQH�RI�WKH�$��(DFK�VWHS�
LV��8,����� 

����� 52 �[�� UHVHUYHG 

�� 5: �[� 
UHJBD�BLQYGHOD\VHBES 
7KH�UHJLVWHU�XVHG�WR�FRQWURO�WKH�W[�GHOD\�OLQH�RI�WKH�$��(DFK�VWHS�
LV��8,���� 

���� 5: �[�� 
UHJBD�BLQYGHOD\VHOBES 
7KH�UHJLVWHU�XVHG�WR�FRQWURO�WKH�W[�GHOD\�OLQH�RI�WKH�$��(DFK�VWHS�
LV��8,���� 

��� 5: �[�� 
UHJBD�BLQYGHOD\VHOBES 
7KH�UHJLVWHU�XVHG�WR�FRQWURO�WKH�W[�GHOD\�OLQH�RI�WKH�$��(DFK�VWHS�
LV��8,���� 

 
''53+<B5(*�&�  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

�� 5: �[� 
UHJBD�BLQYGHOD\VHOBES 
7KH�UHJLVWHU�XVHG�WR�FRQWURO�WKH�W[�GHOD\�OLQH�RI�WKH�$��(DFK 
VWHS�LV��8,����� 

����� 52 �[�� UHVHUYHG 

�� 5: �[� 
UHJBD�BLQYGHOD\VHOBES 
7KH�UHJLVWHU�XVHG�WR�FRQWURO�WKH�W[�GHOD\�OLQH�RI�WKH�$��(DFK 
VWHS�LV��8,���� 

���� 5: �[�� 
UHJBD�BLQYGHOD\VHOBES 
7KH�UHJLVWHU�XVHG�WR�FRQWURO�WKH�W[�GHOD\�OLQH�RI�WKH�$��(DFK 
VWHS�LV��8,���� 

��� 5: �[�� 
UHJBD�BLQYGHOD\VHOBES 
7KH�UHJLVWHU�XVHG�WR�FRQWURO�WKH�W[�GHOD\�OLQH�RI�WKH�$��(DFK 
VWHS�LV��8,���� 

 
''53+<B5(*�'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

�� 5: �[� 
UHJBD�BLQYGHOD\VHOBES 
7KH�UHJLVWHU�XVHG�WR�FRQWURO�WKH�W[�GHOD\�OLQH�RI�WKH�$��(DFK�VWHS�
LV��8,����� 

����� 52 �[�� UHVHUYHG 

�� 5: �[� 
UHJBD�BLQYGHOD\VHOBES 
7KH�UHJLVWHU�XVHG�WR�FRQWURO�WKH�W[�GHOD\�OLQH�RI�WKH�$��(DFK�VWHS�
LV��8,���� 

���� 5: �[�� 
UHJBD��BLQYGHOD\VHOBES 
7KH�UHJLVWHU�XVHG�WR�FRQWURO�WKH�W[�GHOD\�OLQH�RI�WKH�$��(DFK�VWHS�
LV��8,���� 

��� 5: �[�� 
UHJBD��BLQYGHOD\VHOBES 
7KH�UHJLVWHU�XVHG�WR�FRQWURO�WKH�W[�GHOD\�OLQH�RI�WKH�$��(DFK�VWHS�
LV��8,���� 

 
''53+<B5(*�(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

�� 5: �[� 
UHJBD��BLQYGHOD\VHOBES 
7KH�UHJLVWHU�XVHG�WR�FRQWURO�WKH�W[�GHOD\�OLQH�RI�WKH�$��(DFK�VWHS�
LV��8,����� 

����� 52 �[�� UHVHUYHG 

�� 5: �[� 
UHJBD��BLQYGHOD\VHOBES 
7KH�UHJLVWHU�XVHG�WR�FRQWURO�WKH�W[�GHOD\�OLQH�RI�WKH�$��(DFK�VWHS�
LV��8,���� 

���� 5: �[�� 
UHJBD��BLQYGHOD\VHOBES 
7KH�UHJLVWHU�XVHG�WR�FRQWURO�WKH�W[�GHOD\�OLQH�RI�WKH�$��(DFK�VWHS�
LV��8,���� 

��� 5: �[�� 
UHJBD��BLQYGHOD\VHOBES 
7KH�UHJLVWHU�XVHG�WR�FRQWURO�WKH�W[�GHOD\�OLQH�RI�WKH�$��(DFK�VWHS�
LV��8,���� 

 
''53+<B5(*�)�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

�� 5: �[� 
UHJBD��BLQYGHOD\VHOBES 
7KH�UHJLVWHU�XVHG�WR�FRQWURO�WKH�W[�GHOD\�OLQH�RI�WKH�$��(DFK�VWHS�
LV��8,����� 

����� 52 �[�� UHVHUYHG 

�� 5: �[� 
UHJBD��BLQYGHOD\VHOBES 
7KH�UHJLVWHU�XVHG�WR�FRQWURO�WKH�W[�GHOD\�OLQH�RI�WKH�$��(DFK�VWHS�
LV��8,���� 

���� 5: �[�� 
UHJBED�BLQYGHOD\VHOBES 
7KH�UHJLVWHU�XVHG�WR�FRQWURO�WKH�W[�GHOD\�OLQH�RI�WKH�$��(DFK�VWHS�
LV��8,���� 

��� 5: �[�� 
UHJBED�BLQYGHOD\VHOBES 
7KH�UHJLVWHU�XVHG�WR�FRQWURO�WKH�W[�GHOD\�OLQH�RI�WKH�$��(DFK�VWHS�
LV��8,���� 

 
''53+<B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

�� 5: �[� 
UHJBEJ�BLQYGHOD\VHOBES 
7KH�UHJLVWHU�XVHG�WR�FRQWURO�WKH�W[�GHOD\�OLQH�RI�WKH�$��(DFK�VWHS�
LV��8,����� 

����� 52 �[�� UHVHUYHG 

�� 5: �[� 
UHJBEJ�BLQYGHOD\VHOBES 
7KH�UHJLVWHU�XVHG�WR�FRQWURO�WKH�W[�GHOD\�OLQH�RI�WKH�$��(DFK�VWHS�
LV��8,���� 

���� 5: �[�� 
UHJBFNH�BLQYGHOD\VHOBES 
7KH�UHJLVWHU�XVHG�WR�FRQWURO�WKH�W[�GHOD\�OLQH�RI�WKH�$��(DFK�VWHS�
LV��8,���� 

��� 5: �[�� 
UHJBFNH�BLQYGHOD\VHOBES 
7KH�UHJLVWHU�XVHG�WR�FRQWURO�WKH�W[�GHOD\�OLQH�RI�WKH�$��(DFK 
VWHS�LV��8,���� 

 
''53+<B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

�� 5: �[� 
UHJBFNEBLQYGHOD\VHOBES 
7KH�UHJLVWHU�XVHG�WR�FRQWURO�WKH�W[�GHOD\�OLQH�RI�WKH�$��(DFK�VWHS�
LV��8,����� 

����� 52 �[�� UHVHUYHG 

�� 5: �[� 
UHJBFNBLQYGHOD\VHOBES 
7KH�UHJLVWHU�XVHG�WR�FRQWURO�WKH�W[�GHOD\�OLQH�RI�WKH�$��(DFK�VWHS�
LV��8,���� 

���� 5: �[�� 
UHJBRGW�BLQYGHOD\VHOBES 
7KH�UHJLVWHU�XVHG�WR�FRQWURO�WKH�W[�GHOD\�OLQH�RI�WKH�$��(DFK�VWHS�
LV��8,���� 

��� 5: �[�� 
UHJBRGW�BLQYGHOD\VHOBES 
7KH�UHJLVWHU�XVHG�WR�FRQWURO�WKH�W[�GHOD\�OLQH�RI�WKH�$��(DFK�VWHS�
LV��8,���� 

 
''53+<B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

�� 5: �[� 
UHJBFVE�BLQYGHOD\VHOBES 
7KH�UHJLVWHU�XVHG�WR�FRQWURO�WKH�W[�GHOD\�OLQH�RI�WKH�$��(DFK 
VWHS�LV��8,����� 

����� 52 �[�� UHVHUYHG 

�� 5: �[� 
UHJBFVE�BLQYGHOD\VHOBES 
7KH�UHJLVWHU�XVHG�WR�FRQWURO�WKH�W[�GHOD\�OLQH�RI�WKH�$��(DFK�VWHS�
LV��8,���� 

���� 5: �[�� 
UHJBUHVHWQBLQYGHOD\VHOBES 
7KH�UHJLVWHU�XVHG�WR�FRQWURO�WKH�W[�GHOD\�OLQH�RI�WKH�$��(DFK�VWHS�
LV��8,���� 

��� 5: �[�� 
UHJBDFWQBLQYGHOD\VHOBES 
7KH�UHJLVWHU�XVHG�WR�FRQWURO�WKH�W[�GHOD\�OLQH�RI�WKH�$��(DFK�VWHS�
LV��8,���� 

 
''53+<B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� 

GT�BWUDLQBFKHFNBGDWDBYDOXH� 
)RU�WKH�ZULWH�WUDLQLQJ�RI�''5���LW�LV�WKH�GDWD�SDWWHUQ�RI�WKH�ILUVW�
EXUVW��ZKLFK�ZLLO�EH�ZULWHQ�WR�WKH�6'5$0�WKURXJK�WR�WKH�
$B'4��$B'4��%B'4��%B'4��)RU�WKH�SUHGHI�UHDG�WUDLQLQJ�RI�
''5���LW�LV�WKH�FKHFN�SDWWHUQ�XVHG�WR�FKHFN�WKH�UHDG�EDFN�GDWD�RI�
WKH�ILUVW�EXUVW��ZKLFK�ZLOO�UHDG�IURP�WKH�6'5$0�WKURXJK�WKH 
$B'4��$B'4��%B'4��%B'4��)RU�WKH�ZULWH�WUDLQLQJ�RI�/3''5���
LW�LV�WKH�GDWD�SDWWHUQ�RI�WKH�SUHYLRXV���ELWV�RI�ILUVW�EXUVW���ZKLFK�
ZLLO�EH�ZULWHQ�WR�WKH�6'5$0�WKURXJK�WR�WKH�
$B'4��$B'4��%B'4��%B'4��)RU�WKH�SUHGHI�UHDG�WUDLQLQJ�RI�
/3''5���LW�LV�WKH�FKHFN�SDWWHUQ�XVHG�WR�FKHFN�WKH�UHDG�EDFN�GDWD�
RI�WKH�SUHYLRXV���ELWV�RI�ILUVW�EXUVW���ZKLFK�ZLOO�UHDG�IURP�WKH�
6'5$0�WKURXJK�WKH�$B'4��$B'4��%B'4��%B'4�� 

����� 5: �[D� 

GT�BWUDLQBFKHFNBGDGDBYDOXH� 
)RU�WKH�ZULWH�WUDLQLQJ�RI�''5���LW�LV�WKH�GDWD�SDWWHUQ�RI�WKH�
VHFRQG�EXUVW��ZKLFK�ZLLO�EH�ZULWHQ�WR�WKH�6'5$0�WKURXJK�WR�WKH�
$B'4��$B'4��%B'4��%B'4��)RU�WKH�SUHGHI�UHDG�WUDLLQJ�RI�
''5���LW�LV�WKH�FKHFN�SDWWHUQ�XVHG�WR�FKHFN�WKH�UHDG�EDFN�GDWD�RI�
WKH�VHFRQG�EXUVW��ZKLFK�ZLOO�UHDG�IURP�WKH�6'5$0�WKURXJK�WKH 
$B'4��$B'4��%B'4��%B'4��)RU�WKH�ZULWH�WUDLQLQJ�RI�/3''5���
LW�LV�WKH�GDWD�SDWWHUQ�RI�WKH�ODVW���ELWV�RI�ILUVW�EXUVW���ZKLFK�ZLLO�
EH�ZULWHQ�WR�WKH�6'5$0�WKURXJK�WR�WKH�
$B'4��$B'4��%B'4��%B'4��)RU�WKH�SUHGHI�UHDG�WUDLLQJ�RI�
/3''5���LW�LV�WKH�FKHFN�SDWWHUQ�XVHG�WR�FKHFN�WKH�UHDG�EDFN�GDWD�
RI�WKH�ODVW���ELWV�RI�ILUVW�EXUVW���ZKLFK�ZLOO�UHDG�IURP�WKH�6'5$0�
WKURXJK�WKH�$B'4��$B'4��%B'4��%B'4�� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[F� 

GT�BWUDLQBFKHFNBGDWDBYDOXH� 
)RU�WKH�ZULWH�WUDLQLQJ�RI�''5���LW�LV�WKH�GDWD�SDWWHUQ�RI�WKH�WKLUG�
EXUVW��ZKLFK�ZLLO�EH�ZULWHQ�WR�WKH�6'5$0�WKURXJK�WR�WKH�
$B'4��$B'4��%B'4��%B'4��)RU�WKH�SUHGHI�UHDG�WUDLLQJ�RI�
''5���LW�LV�WKH�FKHFN�SDWWHUQ�XVHG�WR�FKHFN�WKH�UHDG�EDFN�GDWD�RI�
WKH�WKLUG�EXUVW��ZKLFK�ZLOO�UHDG�IURP�WKH�6'5$0�WKURXJK�WKH�
$B'4��$B'4��%B'4��%B'4���)RU�WKH�ZULWH�WUDLQLQJ�RI�/3''5���
LW�LV�WKH�GDWD�SDWWHUQ�RI�WKH�SUHYLRXV���ELWV�RI�VHFRQG�EXUVW���
ZKLFK�ZLLO�EH�ZULWHQ�WR�WKH�6'5$0�WKURXJK�WR�WKH�
$B'4��$B'4��%B'4��%B'4���)RU�WKH�SUHGHI�UHDG�WUDLLQJ�RI�
/3''5���LW�LV�WKH�FKHFN�SDWWHUQ�XVHG�WR�FKHFN�WKH�UHDG�EDFN�GDWD�
RI�WKH�SUHYLRXV���ELWV�RI�VHFRQG�EXUVW���ZKLFK�ZLOO�UHDG�IURP�WKH�
6'5$0�WKURXJK�WKH�$B'4��$B'4��%B'4��%B'4� 

��� 5: �[�F 

GT�BWUDLQBFKHFNBGDWDBYDOXH� 
)RU�WKH�ZULWH�WUDLQLQJ�RI�''5���LW�LV�WKH�GDWD�SDWWHUQ�RI�WKH�IRXUWK�
EXUVW��ZKLFK�ZLLO�EH�ZULWHQ�WR�WKH�6'5$0�WKURXJK�WR�WKH�
$B'4��$B'4��%B'4��%B'4��)RU�WKH�SUHGHI�UHDG�WUDLLQJ�RI�
''5���LW�LV�WKH�FKHFN�SDWWHUQ�XVHG�WR�FKHFN�WKH�UHDG�EDFN�GDWD�RI�
WKH�IRXUWK�EXUVW��ZKLFK�ZLOO�UHDG�IURP�WKH�6'5$0�WKURXJK�WKH�
$B'4��$B'4��%B'4��%B'4��)RU�WKH�ZULWH�WUDLQLQJ�RI�/3''5���
LW�LV�WKH�GDWD�SDWWHUQ�RI�WKH�ODVW���ELWV�RI�VHFRQG�EXUVW���ZKLFK�
ZLLO�EH�ZULWHQ�WR�WKH�6'5$0�WKURXJK�WR�WKH�
$B'4��$B'4��%B'4��%B'4��)RU�WKH�SUHGHI�UHDG�WUDLLQJ�RI�
/3''5���LW�LV�WKH�FKHFN�SDWWHUQ�XVHG�WR�FKHFN�WKH�UHDG�EDFN�GDWD�
RI�WKH�ODVW���ELWV�RI�VHFRQG�EXUVW���ZKLFK�ZLOO�UHDG�IURP�WKH�
6'5$0�WKURXJK�WKH�$B'4��$B'4��%B'4��%B'4�� 

 
''53+<B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[II 

GT�BWUDLQBFKHFNBGDWDBYDOXH� 
)RU�WKH�ZULWH�WUDLQLQJ�RI�''5���LW�LV�WKH�GDWD�SDWWHUQ�RI�WKH�ILUVW 
EXUVW��ZKLFK�ZLLO�EH�ZULWHQ�WR�WKH�6'5$0�WKURXJK�WR�WKH 
$B'4��$B'4��%B'4��%B'4��)RU�WKH�SUHGHI�UHDG�WUDLQLQJ�RI�
''5���LW�LV�WKH�FKHFN�SDWWHUQ�XVHG�WR�FKHFN�WKH�UHDG�EDFN�GDWD�RI�
WKH�ILUVW�EXUVW��ZKLFK�ZLOO�UHDG�IURP�WKH�6'5$0�WKURXJK�WKH 
$B'4��$B'4��%B'4��%B'4��)RU�WKH�ZULWH�WUDLQLQJ�RI�/3''5���
LW�LV�WKH�GDWD�SDWWHUQ�RI�WKH�SUHYLRXV���ELWV�RI�ILUVW�EXUVW���ZKLFK�
ZLLO�EH�ZULWHQ�WR�WKH�6'5$0�WKURXJK�WR�WKH�
$B'4��$B'4��%B'4��%B'4��)RU�WKH�SUHGHI�UHDG�WUDLQLQJ�RI�
/3''5���LW�LV�WKH�FKHFN�SDWWHUQ�XVHG�WR�FKHFN�WKH�UHDG�EDFN�GDWD�
RI�WKH�SUHYLRXV���ELWV�RI�ILUVW�EXUVW���ZKLFK�ZLOO�UHDG�IURP�WKH�
6'5$0�WKURXJK�WKH�$B'4��$B'4��%B'4��%B'4�� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� 

GT�BWUDLQBFKHFNBGDGDBYDOXH� 
)RU�WKH�ZULWH�WUDLQLQJ�RI�''5���LW�LV�WKH�GDWD�SDWWHUQ�RI�WKH�
VHFRQG�EXUVW��ZKLFK�ZLLO�EH�ZULWHQ�WR�WKH�6'5$0�WKURXJK�WR�WKH�
$B'4��$B'4��%B'4��%B'4�� 
)RU�WKH�SUHGHI�UHDG�WUDLLQJ�RI�''5���LW�LV�WKH�FKHFN�SDWWHUQ�XVHG�
WR�FKHFN�WKH�UHDG�EDFN�GDWD�RI�WKH�VHFRQG�EXUVW��ZKLFK�ZLOO�UHDG�
IURP�WKH�6'5$0�WKURXJK�WKH�$B'4��$B'4��%B'4��%B'4�� 
)RU�WKH�ZULWH�WUDLQLQJ�RI�/3''5���LW�LV�WKH�GDWD�SDWWHUQ�RI�WKH�ODVW�
��ELWV�RI�ILUVW�EXUVW���ZKLFK�ZLLO�EH�ZULWHQ�WR�WKH�6'5$0�WKURXJK�
WR�WKH�$B'4��$B'4��%B'4��%B'4�� 
)RU�WKH�SUHGHI�UHDG�WUDLLQJ�RI�/3''5���LW�LV�WKH�FKHFN�SDWWHUQ�
XVHG�WR�FKHFN�WKH�UHDG�EDFN�GDWD�RI�WKH�ODVW���ELWV�RI�ILUVW�EXUVW���
ZKLFK�ZLOO�UHDG�IURP�WKH�6'5$0�WKURXJK�WKH�
$B'4��$B'4��%B'4��%B'4�� 

���� 5: �[�� 

GT�BWUDLQBFKHFNBGDWDBYDOXH� 
)RU�WKH�ZULWH�WUDLQLQJ�RI�''5���LW�LV�WKH�GDWD�SDWWHUQ�RI�WKH�WKLUG�
EXUVW��ZKLFK�ZLLO�EH�ZULWHQ�WR�WKH�6'5$0�WKURXJK�WR�WKH�
$B'4��$B'4��%B'4��%B'4�� 
)RU�WKH�SUHGHI�UHDG�WUDLLQJ�RI�''5���LW�LV�WKH�FKHFN�SDWWHUQ�XVHG�
WR�FKHFN�WKH�UHDG�EDFN�GDWD�RI�WKH�WKLUG�EXUVW��ZKLFK�ZLOO�UHDG�
IURP�WKH�6'5$0�WKURXJK�WKH�$B'4��$B'4��%B'4��%B'4�� 
)RU�WKH�ZULWH�WUDLQLQJ�RI�/3''5���LW�LV�WKH�GDWD�SDWWHUQ�RI�WKH�
SUHYLRXV���ELWV�RI�VHFRQG�EXUVW���ZKLFK�ZLLO�EH�ZULWHQ�WR�WKH�
6'5$0�WKURXJK�WR�WKH�$B'4��$B'4��%B'4��%B'4�� 
)RU�WKH�SUHGHI�UHDG�WUDLLQJ�RI�/3''5���LW�LV�WKH�FKHFN�SDWWHUQ�
XVHG�WR�FKHFN�WKH�UHDG�EDFN�GDWD�RI�WKH�SUHYLRXV���ELWV�RI�VHFRQG�
EXUVW���ZKLFK�ZLOO�UHDG�IURP�WKH�6'5$0�WKURXJK�WKH�
$B'4��$B'4��%B'4��%B'4� 

��� 5: �[DD 

GT�BWUDLQBFKHFNBGDWDBYDOXH� 
)RU�WKH�ZULWH�WUDLQLQJ�RI�''5���LW�LV�WKH�GDWD�SDWWHUQ�RI�WKH�IRXUWK�
EXUVW��ZKLFK�ZLLO�EH�ZULWHQ�WR�WKH�6'5$0�WKURXJK�WR�WKH�
$B'4��$B'4��%B'4��%B'4�� 
)RU�WKH�SUHGHI�UHDG�WUDLLQJ�RI�''5���LW�LV�WKH�FKHFN�SDWWHUQ�XVHG�
WR�FKHFN�WKH�UHDG�EDFN�GDWD�RI�WKH�IRXUWK�EXUVW��ZKLFK�ZLOO�UHDG�
IURP�WKH�6'5$0�WKURXJK�WKH�$B'4��$B'4��%B'4��%B'4�� 
)RU�WKH�ZULWH�WUDLQLQJ�RI�/3''5���LW�LV�WKH�GDWD�SDWWHUQ�RI�WKH�ODVW�
��ELWV�RI�VHFRQG�EXUVW���ZKLFK�ZLLO�EH�ZULWHQ�WR�WKH�6'5$0�
WKURXJK�WR�WKH�$B'4��$B'4��%B'4��%B'4�� 
)RU�WKH�SUHGHI�UHDG�WUDLLQJ�RI�/3''5���LW�LV�WKH�FKHFN�SDWWHUQ�
XVHG�WR�FKHFN�WKH�UHDG�EDFN�GDWD�RI�WKH�ODVW���ELWV�RI�VHFRQG�
EXUVW���ZKLFK�ZLOO�UHDG�IURP�WKH�6'5$0�WKURXJK�WKH�
$B'4��$B'4��%B'4��%B'4�� 

 
''53+<B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[I� 

GT�BWUDLQBFKHFNBGDWDBYDOXH� 
)RU�WKH�ZULWH�WUDLQLQJ�RI�''5���LW�LV�WKH�GDWD�SDWWHUQ�RI�WKH�WKLUG�
EXUVW��ZKLFK�ZLLO�EH�ZULWHQ�WR�WKH�6'5$0�WKURXJK�WR�WKH�
$B'4��$B'4��%B'4��%B'4�� 
)RU�WKH�SUHGHI�UHDG�WUDLLQJ�RI�''5���LW�LV�WKH�FKHFN�SDWWHUQ�XVHG�
WR�FKHFN�WKH�UHDG�EDFN�GDWD�RI�WKH�WKLUG�EXUVW��ZKLFK�ZLOO�UHDG�
IURP�WKH�6'5$0�WKURXJK�WKH�$B'4��$B'4��%B'4��%B'4�� 
)RU�WKH�ZULWH�WUDLQLQJ�RI�/3''5���LW�LV�WKH�GDWD�SDWWHUQ�RI�WKH�
SUHYLRXV���ELWV�RI�VHFRQG�EXUVW���ZKLFK�ZLLO�EH�ZULWHQ�WR�WKH�
6'5$0�WKURXJK�WR�WKH�$B'4��$B'4��%B'4��%B'4�� 
)RU�WKH�SUHGHI�UHDG�WUDLLQJ�RI�/3''5���LW�LV�WKH�FKHFN�SDWWHUQ�
XVHG�WR�FKHFN�WKH�UHDG�EDFN�GDWD�RI�WKH�SUHYLRXV���ELWV�RI�VHFRQG�
EXUVW���ZKLFK�ZLOO�UHDG�IURP�WKH�6'5$0�WKURXJK�WKH�
$B'4��$B'4��%B'4��%B'4� 

��� 5: �[�I 

GT�BWUDLQBFKHFNBGDWDBYDOXH� 
)RU�WKH�ZULWH�WUDLQLQJ�RI�''5���LW�LV�WKH�GDWD�SDWWHUQ�RI�WKH�IRXUWK�
EXUVW��ZKLFK�ZLLO�EH�ZULWHQ�WR�WKH�6'5$0�WKURXJK�WR�WKH�
$B'4��$B'4��%B'4��%B'4�� 
)RU�WKH�SUHGHI�UHDG�WUDLLQJ�RI�''5���LW�LV�WKH�FKHFN�SDWWHUQ�XVHG�
WR�FKHFN�WKH�UHDG�EDFN�GDWD�RI�WKH�IRXUWK�EXUVW��ZKLFK�ZLOO�UHDG�
IURP�WKH�6'5$0�WKURXJK�WKH�$B'4��$B'4��%B'4��%B'4�� 
)RU�WKH�ZULWH�WUDLQLQJ�RI�/3''5���LW�LV�WKH�GDWD�SDWWHUQ�RI�WKH�ODVW�
��ELWV�RI�VHFRQG�EXUVW���ZKLFK�ZLLO�EH�ZULWHQ�WR�WKH�6'5$0�
WKURXJK�WR�WKH�$B'4��$B'4��%B'4��%B'4�� 
)RU�WKH�SUHGHI�UHDG�WUDLLQJ�RI�/3''5���LW�LV�WKH�FKHFN�SDWWHUQ�
XVHG�WR�FKHFN�WKH�UHDG�EDFN�GDWD�RI�WKH�ODVW���ELWV�RI�VHFRQG�
EXUVW���ZKLFK�ZLOO�UHDG�IURP�WKH�6'5$0�WKURXJK�WKH�
$B'4��$B'4��%B'4��%B'4�� 

 
''53+<B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� 

GT�BWUDLQBFKHFNBGDWDBYDOXH� 
)RU�WKH�ZULWH�WUDLQLQJ�RI�''5���LW�LV�WKH�GDWD�SDWWHUQ�RI�WKH�ILUVW�
EXUVW��ZKLFK�ZLLO�EH�ZULWHQ�WR�WKH�6'5$0�WKURXJK�WR�WKH�
$B'4��$B'4��%B'4��%B'4�� 
)RU�WKH�SUHGHI�UHDG�WUDLQLQJ�RI�''5���LW�LV�WKH�FKHFN�SDWWHUQ�XVHG�
WR�FKHFN�WKH�UHDG�EDFN�GDWD�RI�WKH�ILUVW�EXUVW��ZKLFK�ZLOO�UHDG�
IURP�WKH�6'5$0�WKURXJK�WKH�$B'4��$B'4��%B'4��%B'4�� 
)RU�WKH�ZULWH�WUDLQLQJ�RI�/3''5���LW�LV�WKH�GDWD�SDWWHUQ�RI�WKH�
SUHYLRXV���ELWV�RI�ILUVW�EXUVW���ZKLFK�ZLLO�EH�ZULWHQ�WR�WKH�6'5$0�
WKURXJK�WR�WKH�$B'4��$B'4��%B'4��%B'4�� 
)RU�WKH�SUHGHI�UHDG�WUDLQLQJ�RI�/3''5���LW�LV�WKH�FKHFN�SDWWHUQ�
XVHG�WR�FKHFN�WKH�UHDG�EDFN�GDWD�RI�WKH�SUHYLRXV���ELWV�RI�ILUVW�
EXUVW���ZKLFK�ZLOO�UHDG�IURP�WKH�6'5$0�WKURXJK�WKH�
$B'4��$B'4��%B'4��%B'4�� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[D� 

GT�BWUDLQBFKHFNBGDWDBYDOXH� 
)RU�WKH�ZULWH�WUDLQLQJ�RI�''5���LW�LV�WKH�GDWD�SDWWHUQ�RI�WKH 
VHFRQG�EXUVW��ZKLFK�ZLLO�EH�ZULWHQ�WR�WKH�6'5$0�WKURXJK�WR 
WKH�$B'4��$B'4��%B'4��%B'4�� 
)RU�WKH�SUHGHI�UHDG�WUDLLQJ�RI�''5���LW�LV�WKH�FKHFN�SDWWHUQ�XVHG�
WR�FKHFN�WKH�UHDG�EDFN�GDWD�RI�WKH�VHFRQG�EXUVW��ZKLFK�ZLOO�UHDG�
IURP�WKH�6'5$0�WKURXJK�WKH�$B'4��$B'4��%B'4��%B'4�� 
)RU�WKH�ZULWH�WUDLQLQJ�RI�/3''5���LW�LV�WKH�GDWD�SDWWHUQ�RI�WKH�ODVW�
��ELWV�RI�ILUVW�EXUVW���ZKLFK�ZLLO�EH�ZULWHQ�WR�WKH�6'5$0�WKURXJK�
WR�WKH�$B'4��$B'4��%B'4��%B'4�� 
)RU�WKH�SUHGHI�UHDG�WUDLLQJ�RI�/3''5���LW�LV�WKH�FKHFN�SDWWHUQ�
XVHG�WR�FKHFN�WKH�UHDG�EDFN�GDWD�RI�WKH�ODVW���ELWV�RI�ILUVW�EXUVW���
ZKLFK�ZLOO�UHDG�IURP�WKH�6'5$0�WKURXJK�WKH�
$B'4��$B'4��%B'4��%B'4�� 

���� 5: �[F� 

GT�BWUDLQBFKHFNBGDWDBYDOXH� 
)RU�WKH�ZULWH�WUDLQLQJ�RI�''5���LW�LV�WKH�GDWD�SDWWHUQ�RI�WKH�WKLUG�
EXUVW��ZKLFK�ZLLO�EH�ZULWHQ�WR�WKH�6'5$0�WKURXJK�WR�WKH�
$B'4��$B'4��%B'4��%B'4�� 
)RU�WKH�SUHGHI�UHDG�WUDLLQJ�RI�''5���LW�LV�WKH�FKHFN�SDWWHUQ�XVHG�
WR�FKHFN�WKH�UHDG�EDFN�GDWD�RI�WKH�WKLUG�EXUVW��ZKLFK�ZLOO�UHDG�
IURP�WKH�6'5$0�WKURXJK�WKH�$B'4��$B'4��%B'4��%B'4�� 
)RU�WKH�ZULWH�WUDLQLQJ�RI�/3''5���LW�LV�WKH�GDWD�SDWWHUQ�RI�WKH�
SUHYLRXV���ELWV�RI�VHFRQG�EXUVW���ZKLFK�ZLLO�EH�ZULWHQ�WR�WKH�
6'5$0�WKURXJK�WR�WKH�$B'4��$B'4��%B'4��%B'4�� 
)RU�WKH�SUHGHI�UHDG�WUDLLQJ�RI�/3''5���LW�LV�WKH�FKHFN�SDWWHUQ�
XVHG�WR�FKHFN�WKH�UHDG�EDFN�GDWD�RI�WKH�SUHYLRXV���ELWV�RI�VHFRQG�
EXUVW���ZKLFK�ZLOO�UHDG�IURP�WKH�6'5$0�WKURXJK�WKH�
$B'4��$B'4��%B'4��%B'4�� 

��� 5: �[�F 

GT�BWUDLQBFKHFNBGDWDBYDOXH� 
)RU�WKH�ZULWH�WUDLQLQJ�RI�''5���LW�LV�WKH�GDWD�SDWWHUQ�RI�WKH�
VHFRQG�EXUVW��ZKLFK�ZLLO�EH�ZULWHQ�WR�WKH�6'5$0�WKURXJK�WR�WKH�
$B'4��$B'4��%B'4��%B'4�� 
)RU�WKH�SUHGHI�UHDG�WUDLLQJ�RI�''5���LW�LV�WKH�FKHFN�SDWWHUQ�XVHG�
WR�FKHFN�WKH�UHDG�EDFN�GDWD�RI�WKH�VHFRQG�EXUVW��ZKLFK�ZLOO�UHDG�
IURP�WKH�6'5$0�WKURXJK�WKH�$B'4��$B'4��%B'4��%B'4�� 
)RU�WKH�ZULWH�WUDLQLQJ�RI�/3''5���LW�LV�WKH�GDWD�SDWWHUQ�RI�WKH�ODVW�
��ELWV�RI�ILUVW�EXUVW���ZKLFK�ZLLO�EH�ZULWHQ�WR�WKH�6'5$0�WKURXJK�
WR�WKH�$B'4��$B'4��%B'4��%B'4�� 
)RU�WKH�SUHGHI�UHDG�WUDLLQJ�RI�/3''5���LW�LV�WKH�FKHFN�SDWWHUQ�
XVHG�WR�FKHFN�WKH�UHDG�EDFN�GDWD�RI�WKH�ODVW���ELWV�RI�ILUVW�EXUVW���
ZKLFK�ZLOO�UHDG�IURP�WKH�6'5$0�WKURXJK�WKH�
$B'4��$B'4��%B'4��%B'4�� 

 
''53+<B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[II 

GT�BWUDLQBFKHFNBGDWDBYDOXH� 
)RU�WKH�ZULWH�WUDLQLQJ�RI�''5���LW�LV�WKH�GDWD�SDWWHUQ�RI�WKH�HLJKWK�
EXUVW��ZKLFK�ZLLO�EH�ZULWHQ�WR�WKH�6'5$0�WKURXJK�WR�WKH�
$B'4��$B'4��%B'4��%B'4�� 
)RU�WKH�ZULWH�WUDLQLQJ�RI�/3''5���LW�LV�WKH�GDWD�SDWWHUQ�RI�WKH�ODVW�
��ELWV�RI�IRXUWK�EXUVW���ZKLFK�ZLLO�EH�ZULWHQ�WR�WKH�6'5$0�
WKURXJK�WR�WKH�$B'4��$B'4��%B'4��%B'4�� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� 

GT�BWUDLQBFKHFNBGDWDBYDOXH� 
)RU�WKH�ZULWH�WUDLQLQJ�RI�''5���LW�LV�WKH�GDWD�SDWWHUQ�RI�WKH�HLJKWK�
EXUVW��ZKLFK�ZLLO�EH�ZULWHQ�WR�WKH�6'5$0�WKURXJK�WR�WKH�
$B'4��$B'4��%B'4��%B'4�� 
)RU�WKH�ZULWH�WUDLQLQJ�RI�/3''5���LW�LV�WKH�GDWD�SDWWHUQ�RI�WKH�ODVW�
��ELWV�RI�IRXUWK�EXUVW���ZKLFK�ZLLO�EH�ZULWHQ�WR�WKH�6'5$0�
WKURXJK�WR�WKH�$B'4��$B'4��%B'4��%B'4�� 

���� 5: �[�� 

GT�BWUDLQBFKHFNBGDWDBYDOXH� 
)RU�WKH�ZULWH�WUDLQLQJ�RI�''5���LW�LV�WKH�GDWD�SDWWHUQ�RI�WKH�HLJKWK�
EXUVW��ZKLFK�ZLLO�EH�ZULWHQ�WR�WKH�6'5$0�WKURXJK�WR�WKH�
$B'4��$B'4��%B'4��%B'4�� 
)RU�WKH�ZULWH�WUDLQLQJ�RI�/3''5���LW�LV�WKH�GDWD�SDWWHUQ�RI�WKH�ODVW�
��ELWV�RI�IRXUWK�EXUVW���ZKLFK�ZLLO�EH�ZULWHQ�WR�WKH�6'5$0�
WKURXJK�WR�WKH�$B'4��$B'4��%B'4��%B'4�� 

��� 5: �[DD 

GT�BWUDLQBFKHFNBGDWDBYDOXH� 
)RU�WKH�ZULWH�WUDLQLQJ�RI�''5���LW�LV�WKH�GDWD�SDWWHUQ�RI�WKH�HLJKWK�
EXUVW��ZKLFK�ZLLO�EH�ZULWHQ�WR�WKH�6'5$0�WKURXJK�WR�WKH�
$B'4��$B'4��%B'4��%B'4�� 
)RU�WKH�ZULWH�WUDLQLQJ�RI�/3''5���LW�LV�WKH�GDWD�SDWWHUQ�RI�WKH�ODVW�
��ELWV�RI�IRXUWK�EXUVW���ZKLFK�ZLLO�EH�ZULWHQ�WR�WKH�6'5$0�
WKURXJK�WR�WKH�$B'4��$B'4��%B'4��%B'4�� 

 
''53+<B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[I� 

GT�BWUDLQBFKHFNBGDWDBYDOXH� 
)RU�WKH�ZULWH�WUDLQLQJ�RI�''5���LW�LV�WKH�GDWD�SDWWHUQ�RI�WKH�QLQWK�
EXUVW��ZKLFK�ZLLO�EH�ZULWHQ�WR�WKH�6'5$0�WKURXJK�WR�WKH�
$B'4��$B'4��%B'4��%B'4�� 
)RU�WKH�ZULWH�WUDLQLQJ�RI�/3''5���LW�LV�WKH�GDWD�SDWWHUQ�RI�WKH�
SUHYLRXV���ELWV�RI�ILIWK�EXUVW���ZKLFK�ZLLO�EH�ZULWHQ�WR�WKH�6'5$0�
WKURXJK�WR�WKH�$B'4��$B'4��%B'4��%B'4�� 

��� 5: �[�I 

GT�BWUDLQBFKHFNBGDWDBYDOXH� 
)RU�WKH�ZULWH�WUDLQLQJ�RI�''5���LW�LV�WKH�GDWD�SDWWHUQ�RI�WKH�WHQWK�
EXUVW��ZKLFK�ZLLO�EH�ZULWHQ�WR�WKH�6'5$0�WKURXJK�WR�WKH�
$B'4��$B'4��%B'4��%B'4�� 
)RU�WKH�ZULWH�WUDLQLQJ�RI�/3''5���LW�LV�WKH�GDWD�SDWWHUQ�RI�WKH�ODVW�
��ELWV�RI�ILIWK�EXUVW���ZKLFK�ZLLO�EH�ZULWHQ�WR�WKH�6'5$0�WKURXJK�
WR�WKH�$B'4��$B'4��%B'4��%B'4�� 

 
''53+<B5(*�&�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� 

UHJBZUWUDLQBYUHIBZDLWBYUHIBFQWB��QV 
WKH�UHJLVWHU�LV�XVHG�LQ�ZULWH�WUDLQ��LI�\RX�HQDEOH�W[�YUHI�VFDQ�
IXQFWLRQ��\RX�QHHG�WR�FRQILJXUH�WKLV�UHJLVWHU�:KHQ�VHW�D�QHZ�W[�
YUHI�YDOXH�WR�VGUDP���ZH�VKRXOG�ZDLW��������QV��WKHQ�LW�ZRUNV��
\RX�VKRXOG�VHW�WKLV�UHJLVWHU�WHOO�3+<�KRZ�ORQJ�LV���QV�WKHQ�WKH�
SK\�KDYH�D�UHIHUHQFH�6R�WKH�UHJ£ĀV�YDOXH� ���QV�GILB�[FON 

����� 5: �[� 

UHJBWUDLQBYUHIBVWHSBPLQ 
WKH�UHJLVWHU�LV�XVHG�LQ�UHDG�SUHGHI�WUDLQ�RU�ZULWH�WUDLQ��LI�\RX�
HQDEOH�YUHI�VFDQ�IXQFWLRQ��\RX�FDQ�FRQILJXUH�WKLV�UHJLVWHU�WKLV�
UHJLVWHU�PHDQV�+RZ�PDQ\�VWHS�DW�D�WLPH��ZKHQ�GRLQJ�$�ILQH�YUHI�
VFDQQLQJ� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� 

UHJBWUDLQBYUHIBVWHSBPD[ 
WKH�UHJLVWHU�LV�XVHG�LQ�UHDG�SUHGHI�WUDLQ�RU�ZULWH�WUDLQ��LI�\RX�
HQDEOH�YUHI�VFDQ�IXQFWLRQ��\RX�FDQ�FRQILJXUH�WKLV�UHJLVWHU�WKLV�
UHJLVWHU�PHDQV�+RZ�PDQ\�VWHS�DW�D�WLPH��ZKHQ�GRLQJ�$�URXJK�
YUHI�VFDQQLQJ 

����� 5: �[�� 

UHJBFPGBLQYGHOD\VHOBVHO 
7KH�FRPPDQG�W[�GHOD\�OLQH�YDOXH�REV�VLJQDO� 
7KH�XVHU�FDQ�XVH�WKLV�UHJLVWHU�WR�JHW�WKH�FXUUHQW�FRQWURO�YDOXH 
RI�HDFK�FRPPDQG�SDG� 
�¶E��$� 
�¶E��$� 

��� 5: �[��� 

UHJBUGWUDLQBZDLWBYUHIBYDOLGBFQW 
WKH�UHJLVWHU�LV�XVHG�LQ�UHDG�SUHGHI�WUDLQ�LI�\RX�HQDEOH�U[�YUHI�VFDQ�
IXQFWLRQ�\RX�QHHG�WR�FRQILJXUH�WKLV�UHJLVWHU��:KHQ�VHW�D�QHZ�U[�
YUHI�YDOXH�ZH�VKRXOG�ZDLW����QV�WKHQ�LW�ZRUNV�6R�WKH�UHJ¶V�YDOXH�
 ����QV�GILB�[FON 

 
''53+<B5(*�(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[�I UHJBUGBWUDLQBGTBVFDQBPD[ 
FRQWURO�WKH�VFDQ�UDQJH�RI�GT
V�UG�WUDLQLQJ 

 
''53+<B5(*�&�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� 52 �[� 

WUDLQBDOOBVWHSBGRQH 
7KH�FRPSOHWH�VLJQDO�RI�WKH�ZULWH�WUDLQLQJ�UG�SHUGHI�WUDLQLQJ�$FWLYH�
KLJK�7KH�XVHU�QHHG�WR�ZDLW�WKLV�ELW�FKDQJH�WR�KLJK�DIWHU�HQDEOH�
WKH 
ZULWH�WUDLQLQJ���UHXVH�IRU�UG�SHUGHI�WUDLQLQJ�DQG�ZU�WUDLQLQJ� 

� 52 �[� 
WUDLQBVWHS�BGHOD\BGRQH 
7KH�FRPSHOWH�VLJQDO�RI�WKH�GHOD\�VFDQ�EHIRUH�WKH�YUHI�VFDQ�ZKHQ�
ZULWH�WUDLQLQJ�UG�SHUGHI�WUDLQLQJ��$FWLYH�KLJK��UHXVH�IRU�UG�SHUGHI�
WUDLQLQJ�DQG�ZU�WUDLQLQJ� 

� 52 �[� 
WUDLQBVWHS�BYUHIBGRRQH 
7KH�FRPSHOWH�VLJQDO�RI�WKH�YUHI�VFDQ�ZKHQ�ZULWH�WUDLQLQJ�UG�
SHUGHI�WUDLQLQJ��$FWLYH�KLJK���UHXVH�IRU�UG�SHUGHI�WUDLQLQJ�DQG�ZU�
WUDLQLQJ� 

� 52 �[� 
WUDLQBVWHS�BGHOD\BGRQH 
7KH�FRPSHOWH�VLJQDO�RI�WKH�GHOD\�VFDQ�DIWHU�WKH�YUHI�VFDQ�ZKHQ�
ZULWH�WUDLQLQJ�UG�SHUGHI�WUDLQLQJ��$FWLYH�KLJK���UHXVH�IRU�UG�SHUGHI�
WUDLQLQJ�DQG�ZU�WUDLQLQJ�� 

� 52 �[� WUDLQBVWHS�BHUURU 
 

� 52 �[� 
WUDLQBVWHS�BHUURU 
ZKHQ�WUDLQ�GRQH�\RX�QHHG�WR�FKHFN�WKLV�UHJLVWHU�WKLV�UHJ¶V�YDOXH�
HTXDO�WR��¶E��PHDQV�VWHS��KDYH�HUURU�LQ�UG�SHUGHI�WUDLQLQJ�RU�
ZULWH�WUDLQLQJ��UHXVH�IRU�UG�SHUGHI�WUDLQLQJ�DQG�ZU�WUDLQLQJ� 

� 52 �[� WUDLQBVWHS�BHUURU 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 52 �[� 
WUDLQBWUXHBGRQH 
7KH�FRPSOHWH�VLJQDO�RI�WKH�UHDG�WUDLQLQJ�PSU�PSF�PRGH��$FWLYH�
KLJK� 

 
''53+<B5(*�'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� KDOIXLBORFNBFRGHBWRBUHJ 
GOO�ORFN�YDOXH 

���� 52 �[������ UHVHUYHG 

� 52 �[� 
ORFNBSOOBGTFPG 
7KH�ORFN�VLJQDO�RI�WKH�SOO��$FWLYH�KLJK� 
7KH�SOO�ZLOO�EH�ORFNHG�LQ������UHIHUHQFH�FORFN�F\FOHV�DIWHU�WKH�SG�
RSHUDWLRQ� 

 
''53+<B5(*�(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[�� 
GUYOHJSGB]TFDOLB�UHJ 
7KH�]TFOLEUDWLRQ�UHVXOW�RI�GULYHU�SXOO�GRZQ�DIWHU�WKH�]TFDOLE�
WUDLQLQJ� 

����� 52 �[� UHVHUYHG 

����� 52 �[�� GUYOHJSXB]TFDOLB�UHJ 
7KH�]TFOLEUDWLRQ�UHVXOW�RI�GULYHU�SXOO�XS�DIWHU�WKH�]TFDOLE�WUDLQLQJ� 

����� 52 �[� UHVHUYHG 

���� 52 �[�� RGWOHJSGB]TFDOLB�UHJ 
7KH�]TFOLEUDWLRQ�UHVXOW�RI�RGW�SXOO�GRZQ�DIWHU�WKH�]TFDOLE�WUDLQLQJ� 

��� 52 �[� UHVHUYHG 

��� 52 �[�� RGWOHJSXB]TFDOLB�UHJ 
7KH�]TFOLEUDWLRQ�UHVXOW�RI�RGW�SXOO�XS�DIWHU�WKH�]TFDOLE�WUDLQLQJ� 

 
''53+<B5(*�)�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 52 �[� UHJB]TFDOLBGRQH 
7KH�FRPSOHWH�VLJQDO�RI�WKH�]DFDOLE�WUDLQLQJ��$FWLYH�KLJK� 

� 52 �[� UHJBGUYSGBRYHUIORZ�  
7KH�IDLO�IODJ�RI�GULYHU�SXOO�GRZQ�]DFDOLE�WUUDLQLQJ��$FWLYH�KLJK� 

� 52 �[� UHJBGUYSXBRYHUIORZ 
7KH�IDLO�IODJ�RI�GULYHU�SXOO�XS�]DFDOLE�WUUDLQLQJ��$FWLYH�KLJK� 

� 52 �[� UHJBRGWSGBRYHUIORZ 
7KH�IDLO�IODJ�RI�RGW�SXOO�GRZQ�]DFDOLE�WUUDLQLQJ��$FWLYH�KLJK� 

� 52 �[� UHJBRGWSXBRYHUIORZ 
7KH�IDLO�IODJ�RI�RGW�SXOO�XS�]DFDOLE�WUUDLQLQJ��$FWLYH�KLJK� 

 
''53+<B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�� 

ZOBGRQHBE\WH 
7KH�ZULWH�OHYHOLQJ�FRPSOHWH�VLJQDO�RI�HDFK�FKDQQHO��$FWLYH�KLJK� 
>�@��7KH�ZULWH�OHYHOLQJ�FRPSOHWH�RI�E\WH�� 
>�@��7KH�ZULWH�OHYHOLQJ�FRPSOHWH�RI�E\WH�� 
>�@��7KH�ZULWH�OHYHOLQJ�FRPSOHWH�RI�E\WH�� 
>�@��7KH�ZULWH�OHYHOLQJ�FRPSHOWH�RI�E\WH�� 
>�@��7KH�ZULWH�OHYHOLQJ�FRPSHOWH�RI�E\WH� 

� 52 �[� UHVHUYHG 

� 52 �[� 
FDOLEBHQG 
7KH�U[�GTV�FDOLE�FRPSOHWH�VLJQDO��$FWLYH�KLJK��2QO\�FKDQJH�WR��
E��
ZKHQ�DOO�RSHQ�FKDQQHO�KDYH�FRPSHOWH�WKH�U[�GTV�FDOLEUDWLRQ� 

� 52 �[� FDOLEBHUURU 
7KH�HUURU�IODJ�RI�WKH�U[�GTV�FDOLE��$FWLYH�KLJK� 

��� 52 �[�� 

FDOLEBGRQHBE\WH 
7KH�U[�GTV�FDOLE�FRPSOHWH�VLJQDO�RI�HDFK�FKDQQHO��$FWLYH�KLJK� 
>�@��7KH�U[�GTV�FDOLE�FRPSOHWH�RI�E\WH�� 
>�@��7KH�U[�GTV�FDOLE�FRPSOHWH�RI�E\WH�� 
>�@��7KH�U[�GTV�FDOLE�FRPSOHWH�RI�E\WH�� 
>�@��7KH�U[�GTV�FDOLE�FRPSHOWH�RI�E\WH�� 
>�@��7KH�U[�GTV�FDOLE�FRPSHOWH�RI�E\WH�� 

 
''53+<B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 52 �[� 

FKDBUDQNBFDWBESBFPGBVHQGBUG\ 
>�@�7KH�UHD\�VLJQDO�RI�WKH�FRPPDQG�EXV�WUDLQLQJ�E\SDVV�PRGH�RI�
FKDQQHO�E�5$1.���$FWLYH�KLJK� 
$IWHU�WKH�XVHU�HQDEOH�WKH�FRPPDQG�EXV�WUDLQLQJ�E\SDVV�PRGH��
\RX�QHHG�WR�ZDLW�WKLV�ELW�FKDQJH�WR�KLJK��:KHQ�WKLV�ELW�FKDQJH�WR�
WR�KLJK��LW�PHDQV�WKH�VGUDP�KDV�DOUHDG\�JR�LQWR�WKH�FRPPDQG�
EXV�WUDLQLQJ�PRGH��7KHQ�WKH�XVHU�FDQ�XVH�WKH�UHJLVWHU�WR�VHQG�WKH�
&%7�FRPPDQG�WR�GR�WKH�FRPPDQG�EXV�WUDLQLQJ�PRGH� 
>�@�7KH�UHD\�VLJQDO�RI�WKH�FRPPDQG�EXV�WUDLQLQJ�E\SDVV�PRGH�RI�
FKDQQHO�D�5$1.���$FWLYH�KLJK� 
$IWHU�WKH�XVHU�HQDEOH�WKH�FRPPDQG�EXV�WUDLQLQJ�E\SDVV�PRGH��
\RX�QHHG�WR�ZDLW�WKLV�ELW�FKDQJH�WR�KLJK��:KHQ�WKLV�ELW�FKDQJH�WR�
WR�KLJK��LW�PHDQV�WKH�VGUDP�KDV�DOUHDG\�JR�LQWR�WKH�FRPPDQG�
EXV�WUDLQLQJ�PRGH��7KHQ�WKH�XVHU�FDQ�XVH�WKH�UHJLVWHU�WR�VHQG�WKH�
&%7�FRPPDQG�WR�GR�WKH�FRPPDQG�EXV�WUDLQLQJ�PRGH� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� 

FKEBUDQNBFDWBESBFPGBVHQGBUG\ 
>�@�7KH�UHD\�VLJQDO�RI�WKH�FRPPDQG�EXV�WUDLQLQJ�E\SDVV 
PRGH�RI�FKDQQHO�E�5$1.���$FWLYH�KLJK��$IWHU�WKH�XVHU�HQDEOH�WKH�
FRPPDQG�EXV�WUDLQLQJ�E\SDVV�PRGH��\RX�QHHG�WR�ZDLW�WKLV�ELW�
FKDQJH�WR�KLJK��:KHQ�WKLV�ELW�FKDQJH�WR�WR�KLJK��LW�PHDQV�WKH�
VGUDP�KDV�DOUHDG\�JR�LQWR�WKH�FRPPDQG�EXV�WUDLQLQJ�PRGH��7KHQ�
WKH�XVHU�FDQ�XVH�WKH�UHJLVWHU�WR�VHQG�WKH�&%7�FRPPDQG�WR�GR�WKH�
FRPPDQG�EXV�WUDLQLQJ�PRGH� 
>�@�7KH�UHD\�VLJQDO�RI�WKH�FRPPDQG�EXV�WUDLQLQJ�E\SDVV�PRGH�RI�
FKDQQHO�D�5$1.���$FWLYH�KLJK��$IWHU�WKH�XVHU�HQDEOH�WKH�
FRPPDQG�EXV�WUDLQLQJ�E\SDVV�PRGH��\RX�QHHG�WR�ZDLW�WKLV�ELW�
FKDQJH�WR�KLJK��:KHQ�WKLV�ELW�FKDQJH�WR�WR�KLJK��LW�PHDQV�WKH�
VGUDP�KDV�DOUHDG\�JR�LQWR�WKH�FRPPDQG�EXV�WUDLQLQJ�PRGH��7KHQ�
WKH�XVHU�FDQ�XVH�WKH 
UHJLVWHU�WR�VHQG�WKH�&%7�FRPPDQG�WR�GR�WKH�FRPPDQG�EXV�
WUDLQLQJ�PRGH� 

����� 52 �[� 

FKDBUDQNBFDWBESBGRQH 
>�@�7KH�FRPPDQG�EXV�WUDLQLQJ�E\SDVV�PRGH�FRPSHOWH�VLJQDO�RI�
FKDQQHO�E�5$1.���$FWYH�KLJK��$IWHU�WKH�XVHU�HQDEOH�WKH�FRPPDQG�
EXV�WUDLQLQJ�E\SDVV�PRGH�DQG�XVH�WKH�UHJLVWHU�WR�FRPSHOWH�WKH�
FRPPDQG�EXV�WUDLQLQJ��WKH�XVHU�FDQ�VWRS�WKH�E\SDVV�PRGH�E\�VHW�
WKH�UHJBFDWBESBVWDUW�WR�ORZ��WKHQ�WKH�SK\�ZLOO�H[LW�WKH�FRPPDQG�
EXV�WUDLQ�PRGH�DQG�VHW�WR�WKLV�ELW�WR������7KHQ�WKH�XVHU�FDQ�VHW�
WKH�UHJBFDWBESBHQ�WR�H[LW�WKH�FRPPDQG�EXVW�WUDLQ�PRG 
>�@�7KH�FRPPDQG�EXV�WUDLQLQJ�E\SDVV�PRGH�FRPSHOWH�VLJQDO�RI�
FKDQQHO�D�5$1.���$FWYH�KLJK��$IWHU�WKH�XVHU�HQDEOH�WKH�FRPPDQG�
EXV�WUDLQLQJ�E\SDVV�PRGH�DQG�XVH�WKH�UHJLVWHU�WR�FRPSHOWH�WKH�
FRPPDQG�EXV�WUDLQLQJ��WKH�XVHU�FDQ�VWRS�WKH�E\SDVV�PRGH�E\�VHW�
WKH�UHJBFDWBESBVWDUW�WR�ORZ��WKHQ�WKH�SK\�ZLOO�H[LW�WKH�FRPPDQG�
EXV�WUDLQ�PRGH�DQG�VHW�WR�WKLV�ELW�WR������7KHQ�WKH�XVHU�FDQ�VHW�
WKH�UHJBFDWBESBHQ�WR�H[LW�WKH�FRPPDQG�EXVW�WUDLQ�PRGH� 

����� 52 �[� 

FKEBUDQNBFDWBESBG 
>�@�7KH�FRPPDQG�EXV�WUDLQLQJ�E\SDVV�PRGH�FRPSHOWH�VLJQDO�RI�
FKDQQHO�E�5$1.���$FWYH�KLJK��$IWHU�WKH�XVHU�HQDEOH�WKH�FRPPDQG�
EXV�WUDLQLQJ�E\SDVV�PRGH�DQG�XVH�WKH�UHJLVWHU�WR�FRPSHOWH�WKH�
FRPPDQG�EXV�WUDLQLQJ��WKH�XVHU�FDQ�VWRS�WKH�E\SDVV�PRGH�E\�VHW�
WKH�UHJBFDWBESBVWDUW�WR�ORZ��WKHQ�WKH�SK\�ZLOO�H[LW�WKH�FRPPDQG�
EXV�WUDLQ�PRGH�DQG�VHW�WR�WKLV�ELW�WR������7KHQ�WKH�XVHU�FDQ�VHW�
WKH�UHJBFDWBESBHQ�WR�H[LW�WKH�FRPPDQG�EXVW�WUDLQ�PRG 
>�@�7KH�FRPPDQG�EXV�WUDLQLQJ�E\SDVV�PRGH�FRPSHOWH�VLJQDO�RI�
FKDQQHO�D�5$1.���$FWYH�KLJK��$IWHU�WKH�XVHU�HQDEOH�WKH�FRPPDQG�
EXV�WUDLQLQJ�E\SDVV�PRGH�DQG�XVH�WKH�UHJLVWHU�WR�FRPSHOWH�WKH�
FRPPDQG�EXV�WUDLQLQJ��WKH�XVHU�FDQ�VWRS�WKH�E\SDVV�PRGH�E\�VHW�
WKH�UHJBFDWBESBVWDUW�WR�ORZ��WKHQ�WKH�SK\�ZLOO�H[LW�WKH�FRPPDQG�
EXV�WUDLQ�PRGH�DQG�VHW�WR�WKLV�ELW�WR������7KHQ�WKH�XVHU�FDQ�VHW�
WKH�UHJBFDWBESBHQ�WR�H[LW�WKH�FRPPDQG�EXVW�WUDLQ�PRGH� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[��� 

FDBFKHFNBYDOXH 
>���@�7KH�FRPPDQG�EXV�WUDLQ�UHDG�EDFN�GDWD�IURP�WKH�GT>���@�RI�
FKDQQHO�D�ZKHQ�HQDEOH�WKH�FRPPDQG�EXV�WUDLQ�E\SDVV�PRGH� 
:KHQ�HQDEOH�WKH�FRPPDQG�EXV�WUDLQ�E\SDVV�PRGH�DQG�JR�LQWR�
WKH�FRPDQG�EXV�WUDLQ�PRGH��LI�WKH�SK\�VHQG�WKH�&%7�FRPPDQG��
WKH�GT�ZLOO�UHDG�EDFN�WKH�GDWD�RQ�WKH�FRPPDQG�EXV�WKURXJK��WKH�
UHDG�EDFN�GDWD�ZLOO�EH�VWRUHG�LQ�WKLV�UHJLVWHU��7KH�XVHU�FDQ�XVH�
WKLV�UHJLVWHU�WR�JHW�WKH�UHDG�EDFN�GDWD�DQG�MXGJH�WKH�FXUUHQ�W[�
GHOD\�OLQH�LV�ULJKW�RU�QRW� 
>����@�7KH�FRPPDQG�EXV�WUDLQ�UHDG�EDFN�GDWD�IURP�WKH�GT>���@�
RI�FKDQQHO�E�ZKHQ�HQDEOH�WKH�FRPPDQG�EXV�WUDLQ�E\SDVV�PRGH��
:KHQ�HQDEOH�WKH�FRPPDQG�EXV�WUDLQ�E\SDVV�PRGH�DQG�JR�LQWR�
WKH�FRPDQG�EXV�WUDLQ�PRGH��LI�WKH�SK\�VHQG�WKH�&%7�FRPPDQG��
WKH�GT�ZLOO�UHDG�EDFN�WKH�GDWD�RQ�WKH�FRPPDQG�EXV�WKURXJK��WKH�
UHDG�EDFN�GDWD�ZLOO�EH�VWRUHG�LQ�WKLV�UHJLVWHU��7KH�XVHU�FDQ�XVH�
WKLV�UHJLVWHU�WR�JHW�WKH�UHDG�EDFN�GDWD�DQG�MXGJH�WKH�FXUUHQ�W[�
GHOD\�OLQH�LV�ULJKW�RU�QRW 

 
''53+<B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 52 �[�� 

FKDBFDWBDXWRBFVBWUDLQBHUU 
7KH�DXWR�FRPPDQG�EXV�FV�WUDLQ�HUURU�IODJ�RI�FKDQQHO�D� 
>�@��7KH�WUDLQLQJ�UHVXOW�RI�FVE�IRU�UDQN��LV�DEQRUPDO�LI�HQDEOH�WKH�
FV�WUDLQ� 
>�@��7KH�WUDLQLQJ�UHVXOW�RI�FVE�IRU�UDQN��LV�DEQRUPDO�LI�HQDEOH�WKH�
FV�WUDLQ� 
>�@��&DQ
W�ILQG�WKH�YUHI�SDVV�ZLQGRZ�RI�FKDQQHO�D�FVE�IRU�UDQN��LI�
HQDEOH�WKH�FV�WUDLQ� 
>�@��&DQ
W�ILQG�WKH�YUHI�SDVV�ZLQGRZ�RI�FKDQQHO�D�FVE�IRU�UDQN��LI�
HQDEOH�WKH�FV�WUDLQ� 
>�@��&DQ
W�ILQG�WKH�W[�GHOD\�OLQH�SDVV�ZLQGRZ�RI�FKDQQHO�D�FVE�IRU�
UDQN��LI�HQDEOH�WKH�FV�WUDLQ� 
>�@��&DQ
W�ILQG�WKH�W[�GHOD\�OLQH�SDVV�ZLQGRZ�RI�FKDQQHO�D�FVE�IRU�
UDQN��LI�HQDEOH�WKH�FV�WUDLQ� 
>�@��7KH�VWDUW�SRLQW�RI�WKH�FKDQQHO�D�&6%��WUDLQLQJ�LV�DEQRUPDO�LI�
HQDEOH�WKH�FV�WUDLQ��7KH�WUDLQLQJ�ZLOO�EH�IDLO� 
>�@��7KH�VWDUW�SRLQW�RI�WKH�FKDQQHO�D�&6%��WUDLQLQJ�LV�DEQRUPDO�LI�
HQDEOH�WKH�FV�WUDLQ��7KH�WUDLQLQJ�ZLOO�EH�IDLO� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�� 

FKEBFDWBDXWRBFVBWUDLQBHUU 
7KH�DXWR�FRPPDQG�EXV�FV�WUDLQ�HUURU�IODJ�RI�FKDQQHO�E� 
>�@��7KH�WUDLQLQJ�UHVXOW�RI�FVE�IRU�UDQN��LV�DEQRUPDO�LI�HQDEOH�WKH�
FV�WUDLQ� 
>�@��7KH�WUDLQLQJ�UHVXOW�RI�FVE�IRU�UDQN��LV�DEQRUPDO�LI�HQDEOH�WKH�
FV�WUDLQ� 
>�@��&DQ
W�ILQG�WKH�YUHI�SDVV�ZLQGRZ�RI�FKDQQHO�E�FVE�IRU�UDQN��LI�
HQDEOH�WKH�FV�WUDLQ� 
>�@��&DQ
W�ILQG�WKH�YUHI�SDVV�ZLQGRZ�RI�FKDQQHO�E�FVE�IRU�UDQN��LI�
HQDEOH�WKH�FV�WUDLQ� 
>�@��&DQ
W�ILQG�WKH�W[�GHOD\�OLQH�SDVV�ZLQGRZ�RI�FKDQQHO�E�FVE�IRU�
UDQN��LI�HQDEOH�WKH�FV�WUDLQ� 
>�@��&DQ
W�ILQG�WKH�W[�GHOD\�OLQH�SDVV�ZLQGRZ�RI�FKDQQHO�E�FVE�IRU�
UDQN��LI�HQDEOH�WKH�FV�WUDLQ� 
>�@��7KH�VWDUW�SRLQW�RI�WKH�FKDQQHO�E�&6%��WUDLQLQJ�LV�DEQRUPDO�LI�
HQDEOH�WKH�FV�WUDLQ��7KH�WUDLQLQJ�ZLOO�EH�IDLO� 
>�@��7KH�VWDUW�SRLQW�RI�WKH�FKDQQHO�E�&6%��WUDLQLQJ�LV�DEQRUPDO�LI�
HQDEOH�WKH�FV�WUDLQ��7KH�WUDLQLQJ�ZLOO�EH�IDLO� 

��� 52 �[� UHVHUYHG 

� 52 �[� 
FKDBFDWBGRQH 
7KH�DXWR�FRPPDQG�EXV�WUDLQ�FRPSOHWH�VLJQDO�RI�FKDQQHO�D��$FWLYH�
KLJK� 

� 52 �[� 
FKEBFDWBGRQH 
7KH�DXWR�FRPPDQG�EXV�WUDLQ�FRPSOHWH�VLJQDO�RI�FKDQQHO�E��$FWLYH�
KLJK 

� 52 �[� 

FKDBFDWBESBFPGBVHQGBGRQH 
7KH�IODJ�RI�FKDQQHO�E�WKDW�WKH�SK\�FRPSHOWH�WR�VHQG�WKH�&%7�
FRPPDQG�ZKHQ�HQDEOH�WKH�FRPPDQG�EXV�WUDLQLQJ�E\SDVV�PRGH��
$FWLYH�KLJK��7KH�XVHU�QHHGV�WR�ZDLW�WKLV�ELW�FKDQJH�WR��
E��ZKHQ�
LW�SUHSDUHV�WR�VHQG�WKH�QH[W�&%7�FRPPDQG 

� 52 �[� 

FKEBFDWBESBFPGBVHQGBGRQH 
7KH�IODJ�RI�FKDQQHO�D�WKDW�WKH�SK\�FRPSHOWH�WR�VHQG�WKH�&%7�
FRPPDQG�ZKHQ�HQDEOH�WKH�FRPPDQG�EXV�WUDLQLQJ�E\SDVV�PRGH��
$FWLYH�KLJK��7KH�XVHU�QHHGV�WR�ZDLW�WKLV�ELW�FKDQJH�WR��
E��ZKHQ�
LW�SUHSDUHV�WR�VHQG�WKH�QH[W�&%7�FRPPDQG� 

 
''53+<B5(*$'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 52 �[�� 

UHJBUGBWUDLQBUHDGEDFNBGDWDBYDOLGBE\WH 
7KH�UHDGEDFN�GDWD�YDOLG�VLJQDO�ZKHQ�HQDEOH�WKH�UHDG�WUDLQLQJ 
E\SDVV�PRGH��$FWLYH�+LJK� 
:KHQ�HQDEOH�WKH�UHDG�WUDLQLQJ�ESDVV�PRGH��DIWHU�VHQG�RXW�WKH�
UHDG�FRPPDQG�DQG�WKH�UHDG�EDFN�GDWD�ZLOO�EH�UHFHLYHG�E\�WKH�
SK\�DQG�VWRUH�LQ�WKH�IROORZLQJ�UHJLVWHUV��:KHQ�WKLV�ELW�LV�KLJK��LW�
PHDQV�WKH�UHDG�EDFN�GDWD�LV�YDOLG� 
>�@��7KH�UHDG�EDFN�GDWD�YDOLG�VLJQDO�RI�E\WH�� 
>�@��7KH�UHDG�EDFN�GDWD�YDOLG�VLJQDO�RI�E\WH�� 
>�@��7KH�UHDG�EDFN�GDWD�YDOLG�VLJQDO�RI�E\WH�� 
>�@��7KH�UHDG�EDFN�GDWD�YDOLG�VLJQDO�RI�E\WH�� 
>�@��7KH�UHDG�EDFN�GDWD�YDOLG�VLJQDO�RI�E\WH� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� 

UHJBWUDLQBGRQHBIRUBUGBWRBUHJ 
7KH�GRQH�VLJQDO�RI�UHDG�WUDLQ�IRU�E\WH��WR�E\WH���$FWLYH�KLJK� 
>�@��7KH�GRQH�VLJQDO�RI�WKH�UHDG�WUDLQ�IRU�E\WH�� 
>�@��7KH�GRQH�VLJQDO�RI�WKH�UHDG�WUDLQ�IRU�E\WH�� 
>�@��7KH�GRQH�VLJQDO�RI�WKH�UHDG�WUDLQ�IRU�E\WH�� 
>�@��7KH�GRQH�VLJQDO�RI�WKH�UHDG�WUDLQ�IRU�E\WH�� 
>�@��7KH�GRQH�VLJQDO�RI�WKH�UHDG�WUDLQ�IRU�E\WH� 

����� 52 �[�� 

UHJBWUDLQBHUURUBIRUBUGBE\WH 
7KH�HUURU�VLJQDO�RI�UHDG�WUDLQ�IRU�E\WH��WR�E\WH���$FWLYH�KLJK� 
>�@��7KH�HUURU�VLJQDO�RI�WKH�UHDG�WUDLQ�IRU�E\WH�� 
>�@��7KH�HUURU�VLJQDO�RI�WKH�UHDG�WUDLQ�IRU�E\WH�� 
>�@��7KH�HUURU�VLJQDO�RI�WKH�UHDG�WUDLQ�IRU�E\WH�� 
>�@��7KH�HUURU�VLJQDO�RI�WKH�UHDG�WUDLQ�IRU�E\WH�� 
>�@��7KH�HUURU�VLJQDO�RI�WKH�UHDG�WUDLQ�IRU�E\WH�� 

��� 52 �[�� 

UHJBZUBWUDLQBGRQHBE\WH 
7KH�GRQH�IODJ�RI�WKH�ZULWH�WUDLQLQJ�IRU�E\WH��WR�E\WH���+LJK�
PHDQV�GRQH� 
>�@��7KH�GRQH�IODJ�RI�WKH�ZULWH�WUDLQLQJ�IRU�E\WH�� 
>�@��7KH�GRQH�IODJ�RI�WKH�ZULWH�WUDLQLQJ�IRU�E\WH�� 
>�@��7KH�GRQH�IODJ�RI�WKH�ZULWH�WUDLQLQJ�IRU�E\WH�� 
>�@��7KH�GRQH�IODJ�RI�WKH�ZULWH�WUDLQLQJ�IRU�E\WH�� 
>�@��7KH�GRQH�IODJ�RI�WKH�ZULWH�WUDLQLQJ�IRU�E\WH� 

��� 52 �[�� 

UHJBZUBWUDLQBHUURUBE\WH 
7KH�HUURU�IODJ�RI�WKH�ZULWH�WUDLQLQJ�IRU�E\WH��WR�E\WH���+LJK�
PHDQV�HUURU� 
>�@��7KH�HUURU�IODJ�RI�WKH�ZULWH�WUDLQLQJ�IRU�E\WH�� 
>�@��7KH�HUURU�IODJ�RI�WKH�ZULWH�WUDLQLQJ�IRU�E\WH�� 
>�@��7KH�HUURU�IODJ�RI�WKH�ZULWH�WUDLQLQJ�IRU�E\WH�� 
>�@��7KH�HUURU�IODJ�RI�WKH�ZULWH�WUDLQLQJ�IRU�E\WH�� 
>�@��7KH�HUURU�IODJ�RI�WKH�ZULWH�WUDLQLQJ�IRU�E\WH� 

 
1.4.3 5HJLVWHUV�6XPPDU\�)RU�''5�0RQLWRU 

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

''5021B,3B9(56,21 �[���� : �[�������� ''5�0RQLWRU�,3�9HUVLRQ 
''5021B&75/ �[���� : �[�������� ''5�0RQLWRU�&RQWURO�5HJLVWHU 
''5021B,17B67$786 �[���� : �[�������� ,QWHUUXSW�6WDWXV 
''5021B,17B0$6. �[���& : �[�������� ,QWHUUXSW�PDVN�FRQWURO 
''5021B7,0(5B&2817 �[���� : �[�������� 7KH�'),�7LPHU�7KUHVKROG 
''5021B)/225B180%(
5 �[���� : �[�������� 7KH�/RZ�7KUHVKROG�LQ�WKH�&RPSDULVRQ�RI�''5�$FFHVV 

''5021B723B180%(5 �[���� : �[�������� 7KH�+LJK�7KUHVKROG�LQ�WKH�&RPSDULVRQ�RI�''5�$FFHVV 
''5021B'),B$&7B180 �[���& : �[�������� '),�$FWLYH�&RPPDQG�1XPEHU 
''5021B'),B:5B180 �[���� : �[�������� '),�:ULWH�&RPPDQG�1XPEHU 
''5021B'),B5'B180 �[���� : �[�������� '),�5HDG�&RPPDQG�1XPEHU 
''5021B&2817B180 �[���� : �[�������� 7LPHU�&RXQW�1XPEHU 
''5021B'),B$&&(66B1
80 �[���& : �[�������� '),�5HDG�$QG�:ULWH�&RPPDQG�1XPEHU 
''5021B723B/3B180%(
5 �[���� : �[�������� 7KH�+LJK�7KUHVKROG�,Q�7KH�&RPSDULVRQ�2I�''5�&NH�/RZ�  
''5021B)/225B/3B18
0%(5 �[���� : �[�������� 7KH�/RZ�7KUHVKROG�,Q�7KH�&RPSDULVRQ�2I�''5�&NH�/RZ�  

''5021B'),B65(;B180 �[���� : �[�������� 1XPEHU�2I�&NH�/RZ�)RU�'),�6HOI�UHIUHVK 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

''5021B'),B3'(;B180 �[���& : �[�������� 1XPEHU�2I�&NH�/RZ�)RU�'),�3RZHU�'RZQ 
''5021B'),B&/.6723B
180 �[���� : �[�������� 1XPEHU�2I�&NH�/RZ�)RU�'),�&ONVWRS 
''5021B'),B/3B180 �[���� : �[�������� 7RWDO�1XPEHU�2I�&NH�/RZ 
''5021B'),B3+<B/3B1
80 �[���� : �[�������� ''5�3K\�/RZ�3RZHU 

''5021B,)B&75/ �[���� : �[�������� ''5�,QWHUIDFH�&RQWURO�5HJLVWHU 

''5021B067,' �[���� : �[�������� 0DVWHU�$QG�$;,�,'�2I�''5�&RPPDQG 

''5021B,'06. �[���� : �[�������� 0DVWHU�$QG�$;,�,'�0$6.�2I�''5�&RPPDQG 
''5021B:5B67$57B$'
'5 �[���& : �[�������� :ULWH�6WDUW�$GGUHVV 

''5021B:5B(1'B$''5 �[���� : �[�������� :ULWH�(QG�$GGUHVV 
''5021B5'B67$57B$'
'5 �[���� : �[�������� 5HDG�6WDUW�$GGUHVV 

''5021B5'B(1'B$''5 �[���� : �[�������� 5HDG�(QG�$GGUHVV 

''5021B),)2�B$''5 �[���� : �[�������� ''5�&RQWUROOHU�,QWHUIDFH�$GGUHVV�),)2� 

''5021B),)2�B,' �[���� : �[�������� ''5�&RQWUROOHU�,QWHUIDFH�&RPPDQG�,'�),)2� 

''5021B),)2�B$''5 �[���� : �[�������� ''5�&RQWUROOHU�,QWHUIDFH�$GGUHVV�),)2� 

''5021B),)2�B,' �[���& : �[�������� ''5�&RQWUROOHU�,QWHUIDFH�&RPPDQG�,'�),)2� 

''5021B),)2�B$''5 �[���� : �[�������� ''5�&RQWUROOHU�,QWHUIDFH�$GGUHVV�),)2� 

''5021B),)2�B,' �[���� : �[�������� ''5�&RQWUROOHU�,QWHUIDFH�&RPPDQG�,'�),)2� 

''5021B),)2�B$''5 �[���� : �[�������� ''5�&RQWUROOHU�,QWHUIDFH�$GGUHVV�),)2� 

''5021B),)2�B,' �[���& : �[�������� ''5�&RQWUROOHU�,QWHUIDFH�&RPPDQG�,'�),)2� 
 
1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV�  
 
1.4.4 'HWDLO�5HJLVWHUV�'HVFULSWLRQ�  
''5021B,3B9(56,21�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 52 �[�� LSBYHUVLRQ 
''5�PRQLWRU�,3�YHUVLRQ 

 
''5021B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 

ZULWHBHQDEOH 
:KHQ�ELW��� ���ELW���FDQ�EH�ZULWWHQ�E\�VRIWZDU� 
:KHQ�ELW��� ���ELW���FDQQRW�EH�ZULWWHQ�E\�VRIWZDUH� 
:KHQ�ELW��� ���ELW���FDQ�EH�ZULWWHQ�E\�VRIWZDUH��  
:KHQ�ELW��� ���ELW���FDQQRW�EH�ZULWWHQ�E\�VRIWZDUH� 
������ 
:KHQ�ELW��� ���ELW����FDQ�EH�ZULWWHQ�E\�VRIWZDUH��  
:KHQ�ELW��� ���ELW����FDQQRW�EH�ZULWWHQ�E\�VRIWZDUH� 

���� 52 �[�� UHVHUYHG 

��� 5: �[� 

UDQNBFVBQXP 
GHILQH�WKH�UDQN�QXPEHU�IRU�PRQLWRU 
�
E�����UDQN 
�
E�����UDQN 
RWKHU�YDOXH����UDQN 

� 5: �[� 
GGU�BHQ 
�
E���(QDEOH 
�
E���'LVDEOH 

� 5: �[� 
OSGGU�BHQ 
�
E���(QDEOH 
�
E���'LVDEOH 

� 5: �[� 
KDUGZDUHBHQ 
�
E���(QDEOH 
�
E���'LVDEOH 

� 5: �[� 
OSGGU��BHQ 
(QDEOH�OSGGU��RU�OSGGU� 
�
E���(QDEOH 
�
E���'LVDEOH 

� 5: �[� 
VRIWZDUHBHQ 
�
E���(QDEOH 
�
E���'LVDEOH 

� 5: �[� 
WLPHUBFQWBHQ 
�
E���(QDEOH 
�
E���'LVDEOH 

 
''5021B,17B67$786�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[������ UHVHUYHG 

�� 52 �[� UGBDGGUBKLW 
7KLV�LV�WKH�LQWHUUXSW�VWDWXV�UHDG�DGGUHVV�KLW�WKH�VHWWLQJ�UDQJH� 

�� 52 �[� ZUBDGGUBKLW 
7KLV�LV�WKH�LQWHUUXSW�VWDWXV�ZULWH�DGGUHVV�KLW�WKH�VHWWLQJ�UDQJH� 

�� 52 �[� 
RYHUBLQWBSK\OS 
7KLV�LV�WKH�LQWHUUXSW�VWDWXV�RI�''5�3+<�/3�QXPEHU�RYHU�WKDQ�KLJK�
WKUHVKROG��2QO\�YDOLG�IRU�OSGGU��OSGGU��OSGGU�� 

� 52 �[� 
EHORZBLQWBSK\OS 
7KLV�LV�WKH�LQWHUUXSW�VWDWXV�RI�''5�3+<�/3�QXPEHU�OHVV�WKDQ�ORZ�
WKUHVKROG��2QO\�YDOLG�IRU�OSGGU��OSGGU��OSGGU�� 

� 52 �[� 
RYHUBLQWBFONVWRS 
7KLV�LV�WKH�LQWHUUXSW�VWDWXV�RI�''5�FON�VWRS�QXPEHU�RYHU�WKDQ�
KLJK�WKUHVKROG��2QO\�YDOLG�IRU�OSGGU��OSGGU��OSGGU�� 

� 52 �[� 
EHORZBLQWBFONVWRS 
7KLV�LV�WKH�LQWHUUXSW�VWDWXV�RI�''5�FON�VWRS�QXPEHU�OHVV�WKDQ�ORZ�
WKUHVKROG��2QO\�YDOLG�IRU�OSGGU��OSGGU��OSGGU�� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 52 �[� 
RYHUBLQWBSGH[ 
7KLV�LV�WKH�LQWHUUXSW�VWDWXV�RI�''5�SRZHU�GRZQ�QXPEHU�RYHU�WKDQ�
KLJK�WKUHVKROG� 

� 52 �[� 
EHORZBLQWBSGH[ 
7KLV�LV�WKH�LQWHUUXSW�VWDWXV�RI�''5�SRZHU�GRZQ�QXPEHU�OHVV�WKDQ�
ORZ�WKUHVKROG� 

� 5: �[� 
FRPSDUHBVWDWLVWLFV 
7KLV�LV�WKH�LQWHUUXSW�VWDWXV�WR�VWDWLVWLFV�WKH�QXPEHU�RI�DFWLYDWH��
ZULWH�RU�UHDG�FRPPDQG�DQG�VR�RQ� 

� 5: �[� 
RYHUBLQWBVUH[ 
7KLV�LV�WKH�LQWHUUXSW�VWDWXV�RI�''5�VHOI�UHIUHVK�QXPEHU�RYHU�WKDQ�
KLJK�WKUHVKROG� 

� 5: �[� 
EHORZBLQWBVUH[ 
7KLV�LV�WKH�LQWHUUXSW�VWDWXV�RI�''5�VHOI�UHIUHVK�QXPEHU�OHVV�WKDQ�
ORZ�WKUHVKROG� 

� 52 �[� 
RYHUBLQW 
7KLV�LV�WKH�LQWHUUXSW�VWDWXV�RI�''5�UHDG�DQG�ZULWH�EXUVW�QXPEHU�
PRUH�WKDQ�KLJK�WKUHVKROG� 

� 52 �[� 
EHORZBLQW 
7KLV�LV�WKH�LQWHUUXSW�VWDWXV�RI�''5�UHDG�DQG�ZULWH�EXUVW�QXPEHU�
OHVV�WKDQ�ORZ�WKUHVKROG� 

 
''5021B,17B0$6.�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[��� 

ZULWHBHQDEOH 
:KHQ�ELW��� ���ELW���FDQ�EH�ZULWWHQ�E\�VRIWZDU� 
:KHQ�ELW��� ���ELW���FDQQRW�EH�ZULWWHQ�E\�VRIWZDUH� 
:KHQ�ELW��� ���ELW���FDQ�EH�ZULWWHQ�E\�VRIWZDUH��  
:KHQ�ELW��� ���ELW���FDQQRW�EH�ZULWWHQ�E\�VRIWZDUH� 
������ 
:KHQ�ELW��� ���ELW����FDQ�EH�ZULWWHQ�E\�VRIWZDUH��  
:KHQ�ELW��� ���ELW����FDQQRW�EH�ZULWWHQ�E\�VRIWZDUH� 

����� 52 �[�� UHVHUYHG 

�� 5: �[� 
UGBDGGUBKLWBPDVN 
,QWHUUXSW�PDVN�FRQWURO��ZKHQ�ELW�VHW�WR��
E���WKH�FRUUHVSRQGLQJ�
LQWHUUXSW�ZLOO�GLVDEOH� 

� 5: �[� 
ZUBDGGUBKLWBPDVN 
,QWHUUXSW�PDVN�FRQWURO��ZKHQ�ELW�VHW�WR��
E���WKH�FRUUHVSRQGLQJ�
LQWHUUXSW�ZLOO�GLVDEOH� 

� 5: �[� 
RYHUBLQWBFONVWRSBPDVN 
,QWHUUXSW�PDVN�FRQWURO��ZKHQ�ELW�VHW�WR��
E���WKH�FRUUHVSRQGLQJ�
LQWHUUXSW�ZLOO�GLVDEOH� 

� 5: �[� 
EHORZBLQWBFONVWRSBPDVN 
,QWHUUXSW�PDVN�FRQWURO��ZKHQ�ELW�VHW�WR��
E���WKH�FRUUHVSRQGLQJ�
LQWHUUXSW�ZLOO�GLVDEOH� 

� 52 �[� 
RYHUBLQWBSGH[BPDVN 
,QWHUUXSW�PDVN�FRQWURO��ZKHQ�ELW�VHW�WR��
E���WKH�FRUUHVSRQGLQJ�
LQWHUUXSW�ZLOO�GLVDEOH� 

� 52 �[� 
EHORZBLQWBSGH[BPDVN 
,QWHUUXSW�PDVN�FRQWURO��ZKHQ�ELW�VHW�WR��
E���WKH�FRUUHVSRQGLQJ�
LQWHUUXSW�ZLOO�GLVDEOH� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
FRPSDUHBVWDWLVWLFVBPDVN 
,QWHUUXSW�PDVN�FRQWURO��ZKHQ�ELW�VHW�WR��
E���WKH�FRUUHVSRQGLQJ�
LQWHUUXSW�ZLOO�GLVDEOH� 

� 5: �[� 
RYHUBLQWBVUH[BPDVN 
,QWHUUXSW�PDVN�FRQWURO��ZKHQ�ELW�VHW�WR��
E���WKH�FRUUHVSRQGLQJ�
LQWHUUXSW�ZLOO�GLVDEOH� 

� 5: �[� 
EHORZBLQWBVUH[BPDVN 
,QWHUUXSW�PDVN�FRQWURO��ZKHQ�ELW�VHW�WR��
E���WKH�FRUUHVSRQGLQJ�
LQWHUUXSW�ZLOO�GLVDEOH� 

� 52 �[� 
RYHUBLQWBPDVN 
,QWHUUXSW�PDVN�FRQWURO��ZKHQ�ELW�VHW�WR��
E���WKH�FRUUHVSRQGLQJ�
LQWHUUXSW�ZLOO�GLVDEOH� 

� 52 �[� 
EHORZBLQWBPDVN 
,QWHUUXSW�PDVN�FRQWURO��ZKHQ�ELW�VHW�WR��
E���WKH�FRUUHVSRQGLQJ�
LQWHUUXSW�ZLOO�GLVDEOH� 

 
''5021B7,0(5B&2817�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
WLPHUBFRXQW 
7KH�WLPHU�FRXQWHU�WKUHVKROG��WKH�VWDWLVWLFV�RI�''5�DFFHVV�RQO\�EH�
GRQH�ZKHQ�WLPHU�FRXQWHU�LV�OHVV�WKHQ�WKLV�WKUHVKROG�LQ�KDUGZDUH�
PRGH��LQ�26&�FORFN�F\FOH� 

 
''5021B)/225B180%(5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� IORRUBQXPEHU 7KH�ORZ�WKUHVKROG�LQ�WKH�FRPSDULVRQ�RI�''5�DFFHVV� 
 
''5021B723B180%(5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� WRSBQXPEHU 7KH�KLJK�WKUHVKROG�LQ�WKH�FRPSDULVRQ�RI�''5�DFFHVV� 
 
''5021B'),B$&7B180�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� GILBDFWBQXP 
'),�DFWLYH�FRPPDQG�QXPEHU�LQ�WKH�VWDWLVWLFV�UDQJH� 

 
''5021B'),B:5B180�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� GILBZUBQXP 
'),�ZULWH�FRPPDQG�QXPEHU�LQ�WKH�VWDWLVWLFV�UDQJH� 

 
''5021B'),B5'B180�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� GILBUGBQXP 
'),�UHDG�FRPPDQG�QXPEHU�LQ�WKH�VWDWLVWLFV�UDQJH� 
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''5021B&2817B180�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 
GILBFRXQWBQXP 
7KH�'),�FRXQWHU�QXPEHU�LQ�WKH�VWDWLVWLFV�UDQJH��LQ�''5�FORFN�
F\FOH� 

 
''5021B'),B$&&(66B180�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� GILBDFFHVVBQXP 
'),�UHDG�DQG�ZULWH�FRPPDQG�QXPEHU�LQ�WKH�VWDWLVWLFV�UDQJH� 

 
''5021B723B/3B180%(5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 
WRSBOSBQXPEHU 
7KH�KLJK�WKUHVKROG�LQ�WKH�FRPSDULVRQ�RI�''5�VHOI�UHIUHVK��SRZHU�
GRZQ�RU�FONVWRS� 

 
''5021B)/225B/3B180%(5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 
IORRUBOSBQXPEHU 
7KH�ORZ�WKUHVKROG�LQ�WKH�FRPSDULVRQ�RI�''5�VHOI�UHIUHVK��SRZHU�
GRZQ�RU�FONVWRS� 

 
''5021B'),B65(;B180�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� GILBVUH[BQXP 
'),�VHOI�UHIUHVK�QXPEHU�GXULQJ�FNH�ORZ� 

 
''5021B'),B3'(;B180�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� GILBSGH[BQXP 
'),�SRZHU�GRZQ�QXPEHU�GXULQJ�FNH�ORZ� 

 
''5021B'),B&/.6723B180�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� GILBFONVWRSBQXP 
'),�FONVWRS�QXPEHU�GXULQJ�FNH�ORZ��2QO\�YDOLG�IRU�OSGGU������ 

 
''5021B'),B/3B180�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 
GILBOSBQXP 
7KH�VXP�RI�'),�VHOI�UHIUHVK��SRZHU�GRZQ�DQG�FONVWRS�QXPEHU�
GXULQJ�FNH�ORZ� 

 
''5021B'),B3+<B/3B180�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
GILBSK\BOSBQXP 
3K\�ORZ�SRZHU�FRXQW�QXPEHU�GXULQJ�WKH�WLPH�ERWK�GILBOSBUHT�DQG�
GILBOSBDFN�DVVHUW��  

 
''5021B,)B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 

ZULWHBHQDEOH 
:KHQ�ELW��� ���ELW���FDQ�EH�ZULWWHQ�E\�VRIWZDUH� 
:KHQ�ELW��� ���ELW���FDQQRW�EH�ZULWWHQ�E\�VRIWZDUH� 
:KHQ�ELW��� ���ELW���FDQ�EH�ZULWWHQ�E\�VRIWZDUH��  
:KHQ�ELW��� ���ELW���FDQQRW�EH�ZULWWHQ�E\�VRIWZDUH� 
������ 
:KHQ�ELW��� ���ELW����FDQ�EH�ZULWWHQ�E\�VRIWZDUH� 
:KHQ�ELW��� ���ELW����FDQQRW�EH�ZULWWHQ�E\�VRIWZDUH� 

���� 52 �[���� UHVHUYHG 

� 5: �[� 
LIBPRQBHQ 
�
E���(QDEOH 
�
E���'LVDEOH 

� 52 �[� UHVHUYHG 

� 5: �[� 
GLUHFWLRQ 
�
E���5HDG 
�
E���:ULWH 

 
''5021B067,'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[����� 
GGUBPVWLG 
+LJK���ELWV��0DVWHU�,' 
/RZ����ELWV��$;,�FRPPDQG�,' 

 
''5021B,'06.�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[����� 
GGUBLGPVN 
:KHQ�ELW�VHW�WR�KLJK��WKLV�ELW�RI�067,'�ZLOO�EH�PDVNHG��DQG�GRHV�
QRW�WDNH�SDUW�LQ�WKH�,'�FRPSDULVRQ� 

 
''5021B:5B67$57B$''5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� ZUBVWDUWBDGGU :ULWH�VWDUW�DGGUHVV�IRU�DGGUHVV�FRPSDULVRQ� 
 
''5021B:5B(1'B$''5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� ZUBHQGBDGGU :ULWH�HQG�DGGUHVV�IRU�DGGUHVV�FRPSDULVRQ� 
 
''5021B5'B67$57B$''5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� UGBVWDUWBDGGU 5HDG�VWDUW�DGGUHVV�IRU�DGGUHVV�FRPSDULVRQ� 
 
''5021B5'B(1'B$''5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� UGBHQGBDGGU 5HDG�HQG�DGGUHVV�IRU�DGGUHVV�FRPSDULVRQ� 
 
''5021B),)2�B$''5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� GGUBILIR�BDGGU ''5�FRQWUROOHU�LQWHUIDFH�DGGUHVV�),)2�� 
 
''5021B),)2�B,'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 52 �[����� GGUBILIR�BLG 
''5�FRQWUROOHU�LQWHUIDFH�FRPPDQG�,'�),)2�� 

 
''5021B),)2�B$''5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� GGUBILIR�BDGGU ''5�FRQWUROOHU�LQWHUIDFH�DGGUHVV�),)2�� 
 
''5021B),)2�B,'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 52 �[����� GGUBILIR�BLG 
''5�FRQWUROOHU�LQWHUIDFH�FRPPDQG�,'�),)2�� 

 
''5021B),)2�B$''5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� GGUBILIR�BDGGU ''5�FRQWUROOHU�LQWHUIDFH�DGGUHVV�),)2�� 
 
''5021B),)2�B,'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 52 �[����� GGUBILIR�BLG 
''5�FRQWUROOHU�LQWHUIDFH�FRPPDQG�,'�),)2�� 

 
''5021B),)2�B$''5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� GGUBILIR�BDGGU ''5�FRQWUROOHU�LQWHUIDFH�DGGUHVV�),)2�� 
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''5021B),)2�B,'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 52 �[����� GGUBILIR�BLG 
''5�FRQWUROOHU�LQWHUIDFH�FRPPDQG�,'�),)2�� 

1.4.5 5HJLVWHUV�6XPPDU\�)RU�+:))& 
1DPH 2IIVHW 6L]H 5HVHW�

9DOXH 'HVFULSWLRQ 

+:))&B+:))&B(1 �[���� : �[�������� +:))&�HQDEOH�UHJLVWHU 
+:))&B+:))&B02'( �[���� : �[�������� +:))&�PRGH 
+:))&B+:))&B&75/ �[���� : �[�������� +:))&�FRQWURO 
+:))&B+:))&B,17B67$7
86 �[���& : �[�������� ,QW�VWDWXV 
+:))&B+:))&B&17 �[���� : �[�������� &RXQW 
+:))&B+:))&B,17B(1 �[���� : �[�������� ,QW�(QDEOH 
1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV��':�
'RXEOH�:25'�����ELWV��DFFHVV�  
1.4.6 'HWDLO�5HJLVWHUV�'HVFULSWLRQ�  
+:))&B+:))&B(1�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 
KZIIFBHQ 
�
E��GLDEOH�KZIIF�IXQFWLRQ 
�
E��HQDEOH�KZIIF�IXQFWLRQ��WKLV�ELW�VKRXOG�EH�FRQILJXUHG�DW�WKH�
ODVW�RI�D�VHTXHQFH�RI�D�VRIWZDUH�RSHUDWLRQV� 

 
+:))&B+:))&B02'(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

��� 5: �[� 

KZIIFBPRGH 
7R�FKRRVH�KZIIF�PRGH��ZKLFK�DUH 
�
E���DXWRPRGH 
�
E���VHPL�DXWR�PRGH 
�
E���VZ�PRGH 
7KH�GLIIHUHQFHV�RI���PRGHV�DUH� 
$XWR�PRGH�VHQG�KZIIF�UHTXHVW�WR�GGUF�DQG�VZLWFK�FORFN�
DXWRPDWLFDOO\� 
6HPL�DXWR�PRGH�VHQG�KZIIF�UHTXHVW�WR�GGUF�DXWRPDWLFDOO\�EXW�
FORFN�VZLWFK�LV�KDQGOH�E\�VRIWZDUH� 
,Q�6:�PRGH��VRIWZDUH�FRQWUROV�VHQGLQJ�UHTXHVW�WR�GGUF�DQG�FORFN�
VZLWFK� 

 
+:))&B+:))&B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

�� 5: �[� 
KZIIFBFONBVZLWFKBVZ 
ZKHQ�ELW���RI�+:))&B&75/ �� 
KDUGZDUH�FONBVZLWFK�YDOXH� �KZIIFBFONBVZLWFKBVZ 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
FONBVZLWFKBVZBHQ 
�
E��KDUGZDUH�FONBVZLWFK�YDOXH�HTXDOV�WR�KZIIFBFONBVZLWFKBVZ�ELW�
���RI�+:))&B&75/� 
�
E��GLVDEOH�WKLV�IXQFWLRQ 

� 5: �[� 
FONBVZLWFKBVHPLBHQ 
�
E��KDUGZDUH�FORFN�VZLWFK�LV�HQDEOHG�IRU�VHPL�DXWR�PRGH 
�
E��KDUGZDUH�FORFN�VZLWFK�LV�QRW�HQDEOHG�IRU�VHPL�DXWR�PRGH 

� 5: �[� 
FONBVZLWFKBDXWRBHQ 
�
E���KDUGZDUH�FORFN�VZLWFK�LV�HQDEOHG�IRU�DXWR�PRGH 
�
E���KDUGZDUH�FORFN�VZLWFK�LV�QRW�HQDEOHG�IRU�DXWR�PRGH 

� 5: �[� 
LJQRUHBSK\BUHDG\ 
�
E���DIWHU�FORFN�VZLWFK��ZDLW�D�SK\�UHDG\�VLJQDO�DQG�FRQWLQXH 
�
E���'R�QRW�ZDLW�SK\�UHDG\�VLJQDO�ZKHQ�KZIIF 

� 5: �[� 
KZIIFBFONBVZLWFKBORDG 
2QO\�XVHG�LQ�DXWR�PRGH�RU�VHPL�DXWR�PRGH 
7KH�LQLWLDO�YDOXH�RI�FUX�VZLWFK�VLJQDO 

� 5: �[� 

KZIIFBFONBVZLWFKBLQLW 
2QO\�XVHG�LQ�DXWR�PRGH�RU�VHPL�DXWR�PRGH 
�
E���ORDG�WKH�LQLWLDO�YDOXH�RI�FUX�VZLWFK�VLJQDO��ZKLFK�LV�D�PX[�
VHOHFW�SLQ�RI�D�FORFN�VZLWFK��  
�
E���'LVDEOH�ORDGLQJ 

� 5: �[� 

FV\VUHTBGGUFBVZ 
2QO\�XVHG�LQ�6:�PRGH 
:KHQ�LQ�6:�PRGH��FRQILJXUH�WKLV�ELW�WR�VHQG�FV\VUHTBGGUF�
UHTXHVW�WR�WKH�FRQWUROOHU� 
�
E���VHQG�UHTXHVW 
�
E���QRW�VHQG�UHTXHVW 

� 5: �[� 

FV\VGLVFDPGUDLQBGGUF 
'LVDEOH�&$0�GUDLQLQJ�IRU�''5&�+DUGZDUH�)DVW�)UHTXHQF\ 
&KDQJH��:KHQ�DVVHUWHG��6HOI�5HIUHVK�FDQ�EH�HQWHUHG�ZLWKRXW 
GUDLQLQJ�&$0��7KLV�VLJQDO�LV�HIIHFWLYH�RQO\�ZKHQ�+DUGZDUH�)DVW 
)UHTXHQF\�&KDQJH�LV�UHTXHVWHG��WKDW�LV��FV\VUHTBGGUF ��DQG 
FV\VPRGHBGGUF ��� 

��� 5: �[� 

FV\VUHTXHQF\BGGUF 
7DUJHW�IUHTXHQF\�IRU�''5&�+DUGZDUH�)DVW�)UHTXHQF\�&KDQJH� 
7KLV�VLJQDO�LV�HIIHFWLYH�RQO\�ZKHQ�+DUGZDUH�)DVW�)UHTXHQF\ 
&KDQJH�LV�UHTXHVWHG��WKDW�LV��FV\VUHTBGGUF ��DQG 
FV\VPRGHBGGUF ��� 

� 5: �[� 

FV\VPRGHBGGUF 
7KH�FV\VPRGHBGGUF�YDOXH 
''5&�+DUGZDUH�)DVW�)UHTXHQF\�&KDQJH�PRGH� 
�¶E���+DUGZDUH�/RZ�3RZHU�LV�UHTXHVWHG 
�¶E���+DUGZDUH�)DVW�)UHTXHQF\�&KDQJH�LV�UHTXHVWHG 

 
+:))&B+:))&B,17B67$786�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 52 �[� 
FV\VDFNBGGUF 
''5&�+DUGZDUH�/RZ�3RZHU�5HTXHVW�$FNQRZOHGJH� 
$FNQRZOHGJHPHQW�IURP�WKH�SHULSKHUDO��''5&��RI�D�V\VWHP 
ORZ�SRZHU�UHTXHVW� 

� 52 �[� 
FV\VDFNBGGUF 
''5&�+DUGZDUH�/RZ�3RZHU�&ORFN�$FWLYH��,QGLFDWHV�WKDW�WKH 
SHULSKHUDO��''5&��UHTXLUHV�LWV�FORFN�VLJQDO 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 
5&�
:�
& 

�[� 
KZIIFBGRQHBLQW 
�
E���D�KZIIF�GRQH�LQWHUUXSW�LV�GHWHFWHG 
�
E���QR�KZIIF�GRQH�LQWHUUXSW�LV�GHWHFWHG 

� 
5&�
:�
& 

�[� 
KZIIFBFONBVZLWFKBLQW 
�
E���D�FORFN�VZLWFK�LQWHUUXSW�LV�GHWHFWHG 
�
E���QR�FORFN�VZLWFK�LQWHUUXSW�LV�GHWHFWHG 

 
+:))&B+:))&B&17�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
KZIIFBFQW 
RQO\�XVHG�IRU�DXWR�PRGH 
+RZ�PDQ\�GGUF�FORFN�F\FOH�ZDLW�GXULQJ�FON�VZLWFK��LQ�FDVH�RI�SOO�
ORFN�LVVXH� 

 
+:))&B+:))&B,17B(1�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 
KZIIFBGRQHBLQWBHQ 
�
E���HQDEOH�KZIIF�GRQH�LQWHUUXSW 
�
E���GLDEOH�KZIIF�GRQH�LQWHUUXSW 

� 5: �[� 
KZIIFBFONBVZLWFKBLQWBHQ 
�
E���HQDEOH�KZIIF�FORFN�VZLWFK�LQWHUUXSW 
�
E���GLDEOH�KZIIF�FORFN�VZLWFK�LQWHUUXSW 

 
1.5 Interface Description 
''5�,2V�IURP�''5�3+<�DUH�OLVWHG�DV�IROORZLQJ�7DEOH� 

Table 1-1DDR IO description 

7KH�''5�3+<�VXSSRUWV�PRUH�WKDQ�RQH�6'5$0�W\SH�DQG�WKH�FRPPDQG�SDG�RI�''5�3+<�LV�
QDPHG�LQ�WKH�IRUPDW�RI�''5���7KH�3+<�VXSSRUWV�GLIIHUHQW�FRPPDQG�PDS�IRU�GLIIHUHQW�
6'5$0�W\SH�DQG�DOVR�VXSSRUWV�WR�XVH�WKH�UHJLVWHU�WR�FRQWURO�WKH�PDS�EHWZHHQ�WKH�
FRPPDQGV��DQG�WKHQ�WKH�XVHU�FDQ�EH�YHU\�FRQYHQLHQWO\�WR�GHVLJQ�WKH�&RPER�0HPRU\�
6\VWHP�EDVHG�RQ�WKH�GLIIHUHQW�FRPPDQG�PDS�IXQFWLRQ��7KH�GHIDXOW�FRPPDQG�PDS�
UHODWLRQVKLS�VKRZV�LQ�WKH�IROORZLQJ�WDEOH��:KHQ�WKH�XVHU�XVHV�WKH�
PHPBVHOHFW>���@�UHJ��>���@�WR�FKRRVH�WKH�PHPRU\�W\SH��WKHFRPPDQG�ZLOO�FKDQJH�WR�WKH�
GHIDXOW�FRPPDQG�PDS��7KH�XVHU�VKRXOG�DFFRUG�WR�WKH�IROORZLQJ�WDEOH�WR�FRQQHFWWKH�

3LQ�1DPH 'HVFULSWLRQ 
&. 3RVLWLYH�GLIIHUHQWLDO�FORFN 
&.% 1HJDWLYH�GLIIHUHQWLDO�FORFN 
&.( $FWLYH�KLJK�FORFN�HQDEOH�VLJQDO�IRU�WZR�FKLS�VHOHFW� 
&6%L��L ���� $FWLYH�ORZ�FKLS�VHOHFW�VLJQDO��7KHUH�DUH�WZR�FKLS�VHOHFW� 
$&71 $FWLYDWLRQ�FRPPDQG�LQSXW��  

%$>���@ 
%*>���@ 

%DQN�DGGUHVV�VLJQDO� 
)RU�''5���%$��VKRXOG�FRQQHFW�WR�WKH�%$���  
%$�� VKRXOG� FRQQHFW� WR� %$��� %*�� VKRXOG� FRQQHFW� WR� %$��� )RU�
''5���SOHDVH�FRQQHFW�GLUHFWO\��8QXVHG�IRU�/3''5Q� 

$>����@ $GGUHVV�VLJQDO� 
'4>����@ %LGLUHFWLRQDO�GDWD�OLQH 
'46>���@ 3RVLWLYH�GLIIHUHQWLDO�ELGLUHFWLRQDO�GDWD�VWUREHV 
'46%>���@ 1HJDWLYH�GLIIHUHQWLDO�ELGLUHFWLRQDO�GDWD�VWUREHV� 
'0>���@ $FWLYH�ORZ�GDWD�PDVN�VLJQDO� 
2'7L��L ���� 2Q�'LH�7HUPLQDWLRQ�RXWSXW�VLJQDO�IRU�WZR�FKLS�VHOHFW� 
5(6(71 5HVHW�VLJQDO� 
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FRPPDQG�SDG�WR�WKH�6'5$0�SDG� 
Table 1-2 DDR IO Mapping Table 

$W�WKH�3+<�WRS�OHYHO��WKH�PDSSLQJ�UHODWLRQVKLSV�EHWZHHQ�WKH�'4�SDGV�DQG�
GILBZUGDWD�GILBUGGDWD�VKRZV�LQ�WKH�IROORZLQJ�WDEOH��:KHQ�FRQQHFWLQJ�D�''5��''5��/3''5��
PHPRU\�WR�WKH�LQWHUIDFH��WKHUH�LV�D�GHIDXOW�PDSSLQJ�EHWZHHQ�WKH�''5��''5��/3''5��
VLJQDOV�WR�WKH�3+<�WRS�OHYHO�SLQV� 

Table 1-3 Default DDR DQ IO Mapping Table for DDR3/DDR4/LPDDR3/LPDDR4 
 
3+<�723�/(9(/�3,16 6'5$0 GILBZUGDWD�GILBUGGDWD 
$B'4>���@ '4>���@ GILBZUGDWD>���@�GILBUGGDWD>���@ 
$B'4>����@ '4>����@ GILBZUGDWD>����@�GILBUGGDWD>����@ 
%B'4>���@ '4>����@ GILBZUGDWD>�����@�GILBUGGDWD>�����@ 
%B'4>����@ '4>�����@ GILBZUGDWD>�����@�GILBUGGDWD>�����@ 

 
RK3568 support a remap feature from DFI DQ byte to SDRAM DQ byte. By default, DRAM 
DQ0 maps to DFI DQ0, DRAM DQ1 maps to DFI DQ1, and so on. If software wants to map 
DRAM DQ0 with DFI DQ1, and DRAM DQ1 map to DFI DQ2, DRAM DQ2 maps to DFI DQ3 
and DRAM DQ3 map to DFI DQ0, it should configure DDR_GRF_CON3 before DRAM access. 
  

Table 1-4 Example DDR DQ IO <-> DFI Remapping 
 
3+<�723�/(9(/�
3,16 

*5)�  GILBZUGDWD�GILBUGGDWD 

&0'�3$'�2)�3+<�
�''5�� ''5� /3''5� /3''5� 

�5$1. /3''5� /3''5� 
�UDQN 

$� $� � � &.B% &.B� 
$� $� � � � � 
$� $� $� $� &$�B$ &$�B$ 
$� $� � &6%� &.(�B$ &.(� 
$� %$� $� $� &$�B% &$�B% 
$� $�� $� $� &$�B% &$�B% 
$� $�� $� $� &$�B% &$�B% 
$� $� � � 2'7�B% 2'7�B% 
$� $� $� $� 2'7�B$ 2'7�B$ 
$� $� � � &.%B% &.%B� 
$�� $�� � � &.(�B% &.(� 
$�� $� $� $� &$�B$ &$�B$ 
$�� %$� � � &$�B$ &$�B$ 
$�� $�� $� $� &$�B% &$�B% 
$�� $�� $� $� &$�B$ &$�B$ 
$�� $� � � &$�B$ &$�B$ 
$�� 5$6% $� $� &$�B$ &$�B$ 
$�� � � � � � 
$&71 &$6% � &6%� &.(�B% &.(� 
%$� $� � � &$�B% &$�B% 
%$� $�� $� $� &$�B% &$�B% 
%*� :(1 � 2'7� 2'7�B% 2'7�B% 
%*� %$� � 2'7� 2'7�B$ 2'7�B$ 
&.( &.( &.( &.( &.(�B$ &.(� 
&.% &.% &.% &.% &.%B$ &.%B� 
&. &. &. &. &.B$ &.B� 
&6%� 2'7� 2'7� 2'7� &6%�B$ &6%� 
&6%� &6%� 2'7� 2'7� &6%�B$ &6%� 
2'7� 2'7� &6%� &6%� &6%�B% &6%� 
2'7� &6%� &6%� &6%� &6%�B% &6%� 
5(6(71 5(6(71 � � 5(6(71 5(6(71 
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$B'4>���@ JUIBGGUBFRQ�>���@ � GILBZUGDWD>����@�GILBUGGDWD>����@ 
$B'4>����@ JUIBGGUBFRQ�>�����@ � GILBZUGDWD>�����@�GILBUGGDWD>�����@ 
%B'4>�����@ JUIBGGUBFRQ�>�����@ � GILBZUGDWD>�����@�GILBUGGDWD>�����@ 
%B'4>�����@ JUIBGGUBFRQ�>�����@ � GILBZUGDWD>���@�GILBUGGDWD>���@ 

 
1.6 Application Notes 
1.6.1 ,QLWLDOL]DWLRQ 
���80&7/��	�''5�3+<�,QLWLDOL]DWLRQ 
���$VVHUW�WKH�UHVHWV��SUHVHWQ��FRUHBGGUFBUVWQ�DQG�DUHVHWQB��RI�80&7/�� 
���&RQILJXUH�3//�RI�''5�3+<�DQG�ZDLW�3//�ORFN� 
���'H�DVVHUW�SUHVHWQ�LI�FORFNV�DUH�DFWLYH�DQG�VWDEOH� 
���,QLWLDO�80&7/��UHJLVWHU�DQG�3+<�5HJLVWHU 
���6WDUW�3+<�LQLWLDOL]DWLRQ�ZLWK�'),0,6&>�@�UHJLVWHU�RI�80&7/� 
���'H�DVVHUW�WKH�UHPDLQLQJ�UHVHWV��FRUHBGGUFBUVWQ�DQG�DUHVHWQB��RI�80&7/�� 
���:DLW�80&7/��LQLWLDOL]DWLRQ�GRQH��67$7�RSHUDWLRQBPRGH  QRUPDO� 
���6WDUW�3+<�GTV�FDOLEUDWLRQZLWK�3+<5(*��UHJLVWHU�DQG�ZDLW�FDOLEUDWLRQ�ILQLVK�ZLWK�3+<�
5(*���UHJLVWHU� 
����2SWLRQDO��$IWHU�GTV�FDOLEUDWLRQ��VWDUW�ZULWH�OHYHOLQJ�WUDLQLQJ�ZLWK�3+<5(*��UHJLVWHU�DQG�
ZDLW�ZULWH�OHYHOLQJ�WUDLQLQJ�ILQLVK�ZLWK�3+<�5(*���UHJLVWHU� 
����6WDUW�WR�ZULWH�DQG�UHDG 
���''5��''5�/�,QLWLDOL]DWLRQ�6HTXHQFH 
7KH�LQLWLDOL]DWLRQ�VWHSV�IRU�''5��''5�/�6'5$0V�DUH�DV�IROORZV� 
���3RZHU�XS� 
���0DLQWDLQ�GILBUHVHWBQ�ORZ�IRU�GXUDWLRQ�VSHFLILHG�E\�,1,7��GUDPBUVWQB[������6SHFLILFDWLRQ�
UHTXLUHV�DWOHDVW�����XV�ZLWK�VWDEOH�SRZHU� 
���,VVXH�123�GHVHOHFW�IRU�GXUDWLRQ�VSHFLILHG�E\�,1,7��SUHBFNHB[������6SHFLILFDWLRQ�UHTXLUHV�
DW�OHDVW����XV� 
���$VVHUW�&.(�DQG�LVVXH�123�GHVHOHFW�IRU�,1,7��SRVWBFNHB[������VSHFLILFDWLRQ�UHTXLUHV�DW�
OHDVW�W;35�� 
���,VVXH�056��PRGH�UHJLVWHU�VHW��FRPPDQG�WR�ORDG�05��ZLWK�,1,7��HPU��YDOXH�IROORZHG�
E\123�GHVHOHFW�IRU�GXUDWLRQ�RI�'5$070*��WBPUG� 
���,VVXH�056�FRPPDQG�WR�ORDG�05��ZLWK�,1,7��HPU��IROORZHG�E\�123�GHVHOHFW�IRU�GXUDWLRQ�
RI'5$070*��WBPUG� 
���,VVXH�056�FRPPDQG�WR�ORDG�05��ZLWK�,1,7��HPU�IROORZHG�E\�123�GHVHOHFW�IRU�GXUDWLRQ�
RI'5$070*��WBPUG� 
���,VVXH�056�FRPPDQG�WR�ORDG�05��ZLWK�,1,7��PU�IROORZHG�E\�123�GHVHOHFW�IRU�GXUDWLRQ�
RI'5$070*��WBPRG� 
���,VVXH�=4&/�FRPPDQG�WR�VWDUW�=4�FDOLEUDWLRQ�DQG�ZDLW�IRU�,1,7��GHYB]TLQLWB[��� 
����:DLW�IRU�,1,7��GHYB]TLQLWB[���FRXQWLQJ�WR�ILQLVK��(QVXUH�ZDLW�IURP�VWHS���LV�ODUJHU�WKDQ�
W'//.� 
����7KH�80&7/��FRQWUROOHU�LV�QRZ�UHDG\�IRU�QRUPDO�RSHUDWLRQ� 
���''5��,QLWLDOL]DWLRQ�6HTXHQFH 
7KH�LQLWLDOL]DWLRQ�VWHSV�IRU�''5��6'5$0V�DUH�DV�IROORZV� 
���3RZHU�XS� 
���0DLQWDLQ�GILBUHVHWBQ�ORZ�IRU�GXUDWLRQ�VSHFLILHG�E\�,1,7��GUDPBUVWQB[������6SHFLILFDWLRQ�
UHTXLUHV�DWOHDVW�����XV�ZLWK�VWDEOH�SRZHU� 
���,VVXH�123�GHVHOHFW�IRU�GXUDWLRQ�VSHFLILHG�E\�,1,7��SUHBFNHB[������6SHFLILFDWLRQ�UHTXLUHV�
DW�OHDVW�����XV� 
���$VVHUW�&.(�DQG�LVVXH�123�GHVHOHFW�IRU�,1,7��SRVWBFNHB[������VSHFLILFDWLRQ�UHTXLUHV�DW�
OHDVW�W;35�� 
���,VVXH�056��PRGH�UHJLVWHU�VHW��FRPPDQG�WR�ORDG�05��ZLWK�,1,7��HPU��YDOXH�IROORZHG�E\�
123�GHVHOHFW�IRU�GXUDWLRQ�RI�'5$070*��WBPUG� 
���,VVXH�056��PRGH�UHJLVWHU�VHW��FRPPDQG�WR�ORDG�05��ZLWK�,1,7��PU��YDOXH�IROORZHG�
E\123�GHVHOHFW�IRU�GXUDWLRQ�RI�'5$070*��WBPUG� 
���,VVXH�056��PRGH�UHJLVWHU�VHW��FRPPDQG�WR�ORDG�05��ZLWK�,1,7��PU��YDOXH�IROORZHG�E\�
123�GHVHOHFW�IRU�GXUDWLRQ�RI�'5$070*��WBPUG� 
���,VVXH�056��PRGH�UHJLVWHU�VHW��FRPPDQG�WR�ORDG�05��ZLWK�,1,7��PU��YDOXH�IROORZHG�E\�
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123�GHVHOHFW�IRU�GXUDWLRQ�RI�'5$070*��WBPUG� 
���,VVXH�056�FRPPDQG�WR�ORDG�05��ZLWK�,1,7��HPU��IROORZHG�E\�123�GHVHOHFW�IRU�GXUDWLRQ�
RI�'5$070*��WBPUG� 
����,VVXH�056�FRPPDQG�WR�ORDG�05��ZLWK�,1,7��HPU�IROORZHG�E\�123�GHVHOHFW�IRU�GXUDWLRQ�
RI�'5$070*��WBPUG� 
����,VVXH�056�FRPPDQG�WR�ORDG�05��ZLWK�,1,7��PU�IROORZHG�E\�123�GHVHOHFW�IRU�GXUDWLRQ�
RI�'5$070*��WBPRG� 
����,VVXH�=4&/�FRPPDQG�WR�VWDUW�=4�FDOLEUDWLRQ�DQG�ZDLW�IRU�,1,7��GHYB]TLQLWB[��� 
����:DLW�IRU�,1,7��GHYB]TLQLWB[���FRXQWLQJ�WR�ILQLVK��(QVXUH�ZDLW�IURP�VWHS���LV�ODUJHU�WKDQ�
W'//.� 
����7KH�80&7/��FRQWUROOHU�LV�QRZ�UHDG\�IRU�QRUPDO�RSHUDWLRQ� 
���/3''5��,QLWLDOL]DWLRQ�6HTXHQFH 
7KH�LQLWLDOL]DWLRQ�VWHSV�IRU�/3''5��6'5$0V�DUH�DV�IROORZV� 
���3RZHU�XS� 
���&.(�LV�KHOG�ORZ�IRU�D�GXUDWLRQ�VSHFLILHG�E\�,1,7��SUHBFNHB[������7KH�FORFN�LV�FKHFNHG�WR�
EH�VWDEOH�IRUGXUDWLRQ�VSHFLILHG�E\�,1,7��PLQBVWDEOHBFORFNB[���PLQLPXP�RI���FORFN�F\FOHV��
SULRU�WR�WKH�ILUVW�ORZ�WRKLJK�WUDQVLWLRQ�RI�&.(� 
���$VVHUW�&.(�IRU�,1,7��SRVWBFNHB[������VSHFLILFDWLRQ�UHTXLUHV�DW�OHDVW�����XV�� 
���$�05:��5HVHW��FRPPDQG�LV�LVVXHG�WR�05:���UHJLVWHU��9DOXHV�RI�0$����!� ��)+�DQG�
23����!� ��+�LV�XVHG�IRU�WKLV�FRPPDQG��7KH�05:�UHVHW�FRPPDQG�EULQJV�WKH�GHYLFH�WR�WKH�
GHYLFH�DXWRLQLWLDOL]DWLRQ��UHVHWWLQJ��VWDWH�LQ�WKH�SRZHU�RQ�LQLWLDOL]DWLRQ�VHTXHQFH� 
���,VVXH�123�GHVHOHFW�IRU�GXUDWLRQ�VSHFLILHG�E\�,1,7��LGOHBDIWHUBUHVHWB[����VSHFLILFDWLRQ�
UHTXLUHV���XVPLQLPXP��DQG�,1,7��PD[BDXWRBLQLWB[������VSHFLILFDWLRQ�UHTXLUHV�PD[LPXP�
WLPH�RI����XV�� 
���$Q�05:�=4�LQLWLDOL]DWLRQ�FDOLEUDWLRQ�FRPPDQG�LV�LVVXHG�WR�WKH�PHPRU\�WR�UHJLVWHU�05���
WR�LQLWLDWHWKH�=4�FDOLEUDWLRQ��9DOXHV�RI�0$����!� ��$+�DQG�23����! �))+�LV�XVHG�IRU�WKLV�
FRPPDQG� 
���,VVXH�123�GHVHOHFW�IRU�GXUDWLRQ�VSHFLILHG�E\�,1,7��GHYB]TLQLWB[����VSHFLILFDWLRQ�UHTXLUHV�
DPLQLPXP�WLPH�RI��XV�� 
���3URJUDP�05��UHJLVWHU�E\�VHWWLQJ�05��UHJLVWHU�WR�,1,7��HPU�IROORZHG�E\�D�123�GHVHOHFW�
IRU�DGXUDWLRQ�VSHFLILHG�E\�'5$070*��WBPUZ��W\SLFDO�YDOXH�RI���FORFN�F\FOHV�� 
���3URJUDP�05��UHJLVWHU�E\�VHWWLQJ�05��UHJLVWHU�WR�,1,7��PU�IROORZHG�E\�D�123�GHVHOHFW�IRU�
DGXUDWLRQ�VSHFLILHG�E\�'5$070*��WBPUZ��W\SLFDO�YDOXH�RI���FORFN�F\FOHV�� 
����3URJUDP�05��UHJLVWHU�E\�VHWWLQJ�05��UHJLVWHU�WR�,1,7��HPU��IROORZHG�E\�D�123�GHVHOHFW�
IRU�DGXUDWLRQ�VSHFLILHG�E\�'5$070*��WBPUZ��W\SLFDO�YDOXH�RI���FORFN�F\FOHV�� 
����6FKHGXOH�PXOWLSOH�DOO�EDQN�UHIUHVK� 
����7KH�80&7/��FRQWUROOHU�LV�QRZ�UHDG\�IRU�QRUPDO�RSHUDWLRQ� 
���/3''5��,QLWLDOL]DWLRQ�6HTXHQFH 
7KH�LQLWLDOL]DWLRQ�VWHSV�IRU�/3''5��6'5$0V�DUH�DV�IROORZV� 
���3RZHU�XS� 
���0DLQWDLQ�GILBUHVHWBQ�DQG�GILBUHVHWBQBUHI�ORZ�IRU�GXUDWLRQ�VSHFLILHG�E\�
,1,7��GUDPBUVWQB[�����6SHFLILFDWLRQ�UHTXLUHV�DW�OHDVW�����XV�ZLWK�VWDEOH�SRZHU� 
���,VVXH�123�GHVHOHFW�IRU�GXUDWLRQ�VSHFLILHG�E\�,1,7��SUHBFNHB[������6SHFLILFDWLRQ�UHTXLUHV�
DW�OHDVW��PV� 
���$VVHUW�&.(�DQG�LVVXH�123�GHVHOHFW�IRU�,1,7��SRVWBFNHB[������6SHFLILFDWLRQ�UHTXLUHV�DW�
OHDVW���XV� 
���,VVXH�056��PRGH�UHJLVWHU�VHW��FRPPDQG�WR�ORDG�05���ZLWK�,1,7��HPU��YDOXH�IROORZHG�E\�  
123�GHVHOHFW�IRU�GXUDWLRQ�RI�'5$070*��WBPUZ� 
���,VVXH�056��PRGH�UHJLVWHU�VHW��FRPPDQG�WR�ORDG�05��ZLWK�,1,7��PU�YDOXH�IROORZHG�E\�  
123�GHVHOHFW�IRU�GXUDWLRQ�RI�'5$070*��WBPUZ� 
���,VVXH�056��PRGH�UHJLVWHU�VHW��FRPPDQG�WR�ORDG�05��ZLWK�,1,7��HPU�YDOXH�IROORZHG�E\�  
123�GHVHOHFW�IRU�GXUDWLRQ�RI�'5$070*��WBPUZ� 
���,VVXH�056��PRGH�UHJLVWHU�VHW��FRPPDQG�WR�ORDG�05��ZLWK�,1,7��HPU��YDOXH�IROORZHG�E\�  
123�GHVHOHFW�IRU�GXUDWLRQ�RI�'5$070*��WBPUG� 
���,VVXH�=4&DO�6WDUW�FRPPDQG�DQG�ZDLW�IRU�=4&7/��WB]TBORQJBQRS� 
����,VVXH�=4&DO�/DWFK�FRPPDQG�DQG�ZDLW�IRU�=4&7/��WB]TBVKRUWBQRS� 
����6FKHGXOH�PXOWLSOH�UHIUHVK� 
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����7KH�80&7/��FRQWUROOHU�LV�QRZ�UHDG\�IRU�QRUPDO�RSHUDWLRQ� 
1.6.2 +LJK�6SHHG�,2�'ULYH�6WUHQJWK 
7KH�UHJLVWHU�UHODWHG�WR�WKH�&0'�,2�GULYH�VWUHQJWK�VKRZV�LQ�WKH�IROORZLQJ�WDEOH� 

Table 1-5 The related register of the DATA IO drive strength 
ADDR RW NAME BITS DEF DESCRIPTIONS 

0xf4 

RW reg_cmd_abutnrcom
p_reg [28:24] 5'b0111

0 

The pull-down resistance 
of CMD except CK. 
The resistance relation 
with the configuration 
show in Table 4-7 and 
Table 4 8. 

RW reg_cmd_abutprcom
p_reg [20:16] 5'b0111

0 

The pull-up resistance of 
CMD except CK. 
The resistance relation 
with the configuration 
show in Table 4 7 and 
Table 4 8. 

RW reg_cmd_abutnrcom
p_ck0_reg [12:8] 5'b0111

0 

The pull-down resistance 
of CK and CKB. 
The resistance relation 
with the configuration 
show in Table 4 7 and 
Table 4 8. 

RW reg_cmd_abutprcom
p_ck0_reg [4:0] 5'b0111

0 

The pull-up resistance of 
CK and CKB. 
The resistance relation 
with the configuration 
show in Table 4 7 and 
Table 4 8. 

 
7KH�UHJLVWHU�UHODWHG�WR�WKH�'$7$�,2�GULYH�VWUHQJWK�VKRZV�LQ�WKH�IROORZLQJ�WDEOH� 

Table 1-6 The related register of the DATA IO drive strength 
$''5 5: 1$0( %,76 '() '(6&5,37,216 

�[��� 5: 

UHJBDBOBDEXWQUFR
PSGTBUHJ >�����@ �ÿE����� 

SXOO�GRZQ�GULYLQJ�UHVLVWDQFH�IRU 
$B'4>���@� 
7KH�UHVLVWDQFH�UHODWLRQ�ZLWK�WKH 
FRQILJXUDWLRQ�VKRZ�LQ�WDEOH 
�'4�'46�GULYLQJ�VWUHQJWK�RGW�WDEOH 

UHJBDBOBDEXWSUFR
PSGTBUHJ >�����@ �ÿE����� 

SXOO�XS�GULYLQJ�UHVLVWDQFH�IRU 
$B'4>���@� 
7KH�UHVLVWDQFH�UHODWLRQ�ZLWK�WKH 
FRQILJXUDWLRQ�VKRZ�LQ�WDEOH 
�'4�'46�GULYLQJ�VWUHQJWK�RGW�WDEOH 

UHJBDBOBDEXWRGWS
GGTBUHJ >����@ �ÿ

E����� 

SXOO�GRZQ�2'7�UHVLVWDQFH�IRU 
$B'4>���@� 
7KH�UHVLVWDQFH�UHODWLRQ�ZLWK�WKH 
FRQILJXUDWLRQ�VKRZ�LQ�WDEOH 
�'4�'46�GULYLQJ�VWUHQJWK�RGW�WDEOH� 
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$''5 5: 1$0( %,76 '() '(6&5,37,216 

UHJBDBOBDEXWRGWS
XGTBUHJ >���@ �ÿ

E����� 

SXOO�XS�2'7�UHVLVWDQFH�IRU 
$B'4>���@� 
7KH�UHVLVWDQFH�UHODWLRQ�ZLWK�WKH 
FRQILJXUDWLRQ�VKRZ�LQ�WDEOH 
�'4�'46�GULYLQJ�VWUHQJWK�RGW�WDEOH� 

�[��� 5: 

UHJBDBKBDEXWQUFR
PSGTBUHJ >�����@ �ÿE����� 

SXOO�GRZQ�GULYLQJ�UHVLVWDQFH�IRU 
$B'4>����@� 
7KH�UHVLVWDQFH�UHODWLRQ�ZLWK�WKH 
FRQILJXUDWLRQ�VKRZ�LQ�WDEOH 
�'4�'46�GULYLQJ�VWUHQJWK�RGW�WDEOH� 

UHJBDBKBDEXWSUFR
PSGTBUHJ >�����@ �ÿE����� 

SXOO�XS�GULYLQJ�UHVLVWDQFH�IRU 
$B'4>����@� 
7KH�UHVLVWDQFH�UHODWLRQ�ZLWK�WKH 
FRQILJXUDWLRQ�VKRZ�LQ�WDEOH 
�'4�'46�GULYLQJ�VWUHQJWK�RGW�WDEOH� 

UHJBDBKBDEXWRGWS
GGTBUHJ >����@ �ÿ

E����� 

SXOO�GRZQ�2'7�UHVLVWDQFH�IRU 
$B'4>����@� 
7KH�UHVLVWDQFH�UHODWLRQ�ZLWK�WKH 
FRQILJXUDWLRQ�VKRZ�LQ�WDEOH 
�'4�'46�GULYLQJ�VWUHQJWK�RGW�WDEOH� 

UHJBDBKBDEXWRGWS
XGTBUHJ >���@ �ÿ

E����� 

SXOO�XS�2'7�UHVLVWDQFH�IRU 
$B'4>����@� 
7KH�UHVLVWDQFH�UHODWLRQ�ZLWK�WKH 
FRQILJXUDWLRQ�VKRZ�LQ�WDEOH 

�[��� 5: 

UHJBEBOBDEXWQUFR
PSGTBUHJ >�����@ �ÿE����� 

SXOO�GRZQ�GULYLQJ�UHVLVWDQFH�IRU 
%B'4>����@� 
7KH�UHVLVWDQFH�UHODWLRQ�ZLWK�WKH 
FRQILJXUDWLRQ�VKRZ�LQ�WDEOH 
�'4�'46�GULYLQJ�VWUHQJWK�RGW�WDEOH� 

UHJBEBOBDEXWSUFR
PSGTBUHJ >�����@ �ÿE����� 

SXOO�XS�GULYLQJ�UHVLVWDQFH�IRU 
%B'4>���@� 
7KH�UHVLVWDQFH�UHODWLRQ�ZLWK�WKH 
FRQILJXUDWLRQ�VKRZ�LQ�WDEOH 
�'4�'46�GULYLQJ�VWUHQJWK�RGW�WDEOH� 

UHJBEBOBDEXWRGWS
GGTBUHJ >����@ �ÿ

E����� 

SXOO�GRZQ�2'7�UHVLVWDQFH�IRU 
%B'4>���@� 
7KH�UHVLVWDQFH�UHODWLRQ�ZLWK�WKH 
FRQILJXUDWLRQ�VKRZ�LQ�WDEOH 
�'4�'46�GULYLQJ�VWUHQJWK�RGW�WDEOH� 

UHJBEBOBDEXWRGWS
XGTBUHJ >���@ �ÿ

E����� 

SXOO�XS�2'7�UHVLVWDQFH�IRU 
%B'4>���@� 
7KH�UHVLVWDQFH�UHODWLRQ�ZLWK�WKH 
FRQILJXUDWLRQ�VKRZ�LQ�WDEOH 
�'4�'46�GULYLQJ�VWUHQJWK�RGW�WDEOH� 

�[��� 5: 

UHJBEBKBDEXWQUFR
PSGTBUHJ >�����@ �ÿE����� 

SXOO�GRZQ�GULYLQJ�UHVLVWDQFH�IRU 
%B'4>����@� 
7KH�UHVLVWDQFH�UHODWLRQ�ZLWK�WKH 
FRQILJXUDWLRQ�VKRZ�LQ�WDEOH 
�'4�'46�GULYLQJ�VWUHQJWK�RGW�WDEOH� 

UHJBEBKBDEXWSUFR
PSGTBUHJ >�����@ �ÿE����� 

SXOO�XS�GULYLQJ�UHVLVWDQFH�IRU 
%B'4>����@� 
7KH�UHVLVWDQFH�UHODWLRQ�ZLWK�WKH 
FRQILJXUDWLRQ�VKRZ�LQ�WDEOH 
�'4�'46�GULYLQJ�VWUHQJWK�RGW�WDEOH� 
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$''5 5: 1$0( %,76 '() '(6&5,37,216 

UHJBEBKBDEXWRGWS
GGTBUHJ >����@ �ÿ

E����� 

SXOO�GRZQ�2'7�UHVLVWDQFH�IRU 
%B'4>����@� 
7KH�UHVLVWDQFH�UHODWLRQ�ZLWK�WKH 
FRQILJXUDWLRQ�VKRZ�LQ�WDEOH 
�'4�'46�GULYLQJ�VWUHQJWK�RGW�WDEOH� 

UHJBEBKBDEXWRGWS
XGTBUHJ >���@ �ÿ

E����� 

SXOO�XS�2'7�UHVLVWDQFH�IRU 
%B'4>����@� 
7KH�UHVLVWDQFH�UHODWLRQ�ZLWK�WKH 
FRQILJXUDWLRQ�VKRZ�LQ�WDEOH 
�'4�'46�GULYLQJ�VWUHQJWK�RGW�WDEOH� 

�[��� 5: 

UHJBFBOBDEXWQUFR
PSGTBUHJ >�����@ �ÿE����� 

SXOO�GRZQ�GULYLQJ�UHVLVWDQFH�IRU 
&B'4>����@� 
7KH�UHVLVWDQFH�UHODWLRQ�ZLWK�WKH 
FRQILJXUDWLRQ�VKRZ�LQ�WDEOH 
�'4�'46�GULYLQJ�VWUHQJWK�RGW�WDEOH� 

UHJBFBOBDEXWSUFR
PSGTBUHJ >�����@ �ÿE����� 

SXOO�XS�GULYLQJ�UHVLVWDQFH�IRU 
&B'4>���@� 
7KH�UHVLVWDQFH�UHODWLRQ�ZLWK�WKH 
FRQILJXUDWLRQ�VKRZ�LQ�WDEOH 
�'4�'46�GULYLQJ�VWUHQJWK�RGW�WDEOH� 

UHJBFBOBDEXWRGWS
GGTBUHJ >����@ �ÿ

E����� 

SXOO�GRZQ�2'7�UHVLVWDQFH�IRU 
&B'4>���@� 
7KH�UHVLVWDQFH�UHODWLRQ�ZLWK�WKH 
FRQILJXUDWLRQ�VKRZ�LQ�WDEOH 
�'4�'46�GULYLQJ�VWUHQJWK�RGW�WDEOH� 

UHJBFBOBDEXWRGWS
XGTBUHJ >���@ �ÿ

E����� 

SXOO�XS�2'7�UHVLVWDQFH�IRU 
&B'4>���@� 
7KH�UHVLVWDQFH�UHODWLRQ�ZLWK�WKH 
FRQILJXUDWLRQ�VKRZ�LQ�WDEOH 
�'4�'46�GULYLQJ�VWUHQJWK�RGW�WDEOH� 

 
Table 1-7 DDR4 CMD drive strength table 

Control bit 5'b11111 5'b11110 5'b11101 5'b11100 units 
pull-up 22.08 23.09 24.19 25.4 ohm 
pull-down 20.75 21.69 22.72 23.86 ohm 
Control bit 5'b11011 5'b11010 5'b11001 5'b11000 units 
pull-up 26.73 28.22 29.88 31.74 ohm 
pull-down 25.12 26.51 28.07 29.83 ohm 
Control bit 5'b10111 5'b10110 5'b10101 5'b10100 units 
pull-up 33.86 36.28 39.07 42.33 ohm 
pull-down 31.81 34.09 36.71 39.77 ohm 
Control bit 5'b10011 5'b10010 5'b10001 5'b10000 units 
pull-up 46.17 50.79 56.43 63.49 ohm 
pull-down 43.38 47.72 53.02 59.65 ohm 
Control bit 5'b01111 5'b01110 5'b01101 5'b01100 units 
pull-up 33.86 36.28 39.07 42.33 ohm 
pull-down 31.81 34.09 36.71 39.77 ohm 
Control bit 5'b01011 5'b01010 5'b01001 5'b01000 units 
pull-up 46.17 50.79 56.43 63.49 ohm 
pull-down 43.38 47.72 53.02 59.65 ohm 
Control bit 5'b00111 5'b00110 5'b00101 5'b00100 units 
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pull-up 72.56 84.65 101.58 126.98 ohm 
pull-down 68.17 79.53 95.44 119.3 ohm 
Control bit 5'b00011 5'b00010 5'b00001 5'b00000 units 
pull-up 169.3 253.95 507.9 �� ohm 
pull-down 159.07 238.6 477.2 �� ohm 

 
Table 1-6 LPDDR4 CMD drive strength table 

Control bit 5'b11111 5'b11110 5'b11101 5'b11100 units 
pull-up 23.53 24.6 25.77 27.06 ohm 
pull-down 20.72 21.66 22.69 23.83 ohm 
Control bit 5'b11011 5'b11010 5'b11001 5'b11000 units 
pull-up 28.48 30.07 31.84 33.83 ohm 
pull-down 25.08 26.47 28.03 29.78 ohm 
Control bit 5'b10111 5'b10110 5'b10101 5'b10100 units 
pull-up 36.08 38.66 41.63 45.1 ohm 
pull-down 31.77 34.04 36.65 39.71 ohm 
Control bit 5'b10011 5'b10010 5'b10001 5'b10000 units 
pull-up 49.2 54.12 60.13 67.65 ohm 
pull-down 43.32 47.65 52.94 59.56 ohm 
Control bit 5'b01111 5'b01110 5'b01101 5'b01100 units 

pull-up 36.08 38.66 41.63 45.1 ohm 

pull-down 31.77 34.04 36.65 39.71 ohm 
Control bit 5'b01011 5'b01010 5'b01001 5'b01000 units 

pull-up 49.2 54.12 60.13 67.65 ohm 

pull-down 43.32 47.65 52.94 59.56 ohm 
Control bit 5'b00111 5'b00110 5'b00101 5'b00100 units 
pull-up 77.31 90.2 108.24 135.3 ohm 
pull-down 68.07 79.42 95.3 119.13 ohm 
Control bit 5'b00011 5'b00010 5'b00001 5'b00000 units 
pull-up 180.4 270.6 541.2 �� ohm 
pull-down 158.83 238.25 476.5 �� ohm 

 
Table 1-7 DDR4 DQ/DQS drive strength table 

Control bit 5'b11111 5'b11110 5'b11101 5'b11100 units 
pull-up 22.08 23.09 24.19 25.4 ohm 
pull-down 20.75 21.69 22.72 23.86 ohm 
Control bit 5'b11011 5'b11010 5'b11001 5'b11000 units 
pull-up 26.73 28.22 29.88 31.74 ohm 
pull-down 25.12 26.51 28.07 29.83 ohm 
Control bit 5'b10111 5'b10110 5'b10101 5'b10100 units 
pull-up 33.86 36.28 39.07 42.33 ohm 
pull-down 31.81 34.09 36.71 39.77 ohm 
Control bit 5'b10011 5'b10010 5'b10001 5'b10000 units 
pull-up 46.17 50.79 56.43 63.49 ohm 
pull-down 43.38 47.72 53.02 59.65 ohm 
Control bit 5'b01111 5'b01110 5'b01101 5'b01100 units 
pull-up 33.86 36.28 39.07 42.33 ohm 
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pull-down 31.81 34.09 36.71 39.77 ohm 
Control bit 5'b01011 5'b01010 5'b01001 5'b01000 units 
pull-up 46.17 50.79 56.43 63.49 ohm 
pull-down 43.38 47.72 53.02 59.65 ohm 
Control bit 5'b00111 5'b00110 5'b00101 5'b00100 units 
pull-up 72.56 84.65 101.58 126.98 ohm 
pull-down 68.17 79.53 95.44 119.3 ohm 
Control bit 5'b00011 5'b00010 5'b00001 5'b00000 units 
pull-up 169.3 253.95 507.9 �� ohm 
pull-down 159.07 238.6 477.2 �� ohm 

 
Table 1-8 LPDDR4 DQ/DQS drive strength table 

Control bit 5'b11111 5'b11110 5'b11101 5'b11100 units 
pull-up 23.53 24.6 25.77 27.06 ohm 
pull-down 20.72 21.66 22.69 23.83 ohm 
Control bit 5'b11011 5'b11010 5'b11001 5'b11000 units 
pull-up 28.48 30.07 31.84 33.83 ohm 
pull-down 25.08 26.47 28.03 29.78 ohm 
Control bit 5'b10111 5'b10110 5'b10101 5'b10100 units 
pull-up 36.08 38.66 41.63 45.1 ohm 
pull-down 31.77 34.04 36.65 39.71 ohm 
Control bit 5'b10011 5'b10010 5'b10001 5'b10000 units 
pull-up 49.2 54.12 60.13 67.65 ohm 
pull-down 43.32 47.65 52.94 59.56 ohm 
Control bit 5'b01111 5'b01110 5'b01101 5'b01100 units 

pull-up 36.08 38.66 41.63 45.1 ohm 

pull-down 31.77 34.04 36.65 39.71 ohm 
Control bit 5'b01011 5'b01010 5'b01001 5'b01000 units 

pull-up 49.2 54.12 60.13 67.65 ohm 

pull-down 43.32 47.65 52.94 59.56 ohm 
Control bit 5'b00111 5'b00110 5'b00101 5'b00100 units 
pull-up 77.31 90.2 108.24 135.3 ohm 
pull-down 68.07 79.42 95.3 119.13 ohm 
Control bit 5'b00011 5'b00010 5'b00001 5'b00000 units 
pull-up 180.4 270.6 541.2 �� ohm 
pull-down 158.83 238.25 476.5 �� ohm 

 
Table 1-11 LPDDR4X DQ/DQS drive strength table 

Control bit 5'b11111 5'b11110 5'b11101 5'b11100 units 
pull-up 22.08 23.09 24.19 25.4 ohm 
pull-down 20.75 21.69 22.72 23.86 ohm 
Control bit 5'b11011 5'b11010 5'b11001 5'b11000 units 
pull-up 26.73 28.22 29.88 31.74 ohm 
pull-down 25.12 26.51 28.07 29.83 ohm 
Control bit 5'b10111 5'b10110 5'b10101 5'b10100 units 
pull-up 33.86 36.28 39.07 42.33 ohm 
pull-down 31.81 34.09 36.71 39.77 ohm 
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Control bit 5'b10011 5'b10010 5'b10001 5'b10000 units 
pull-up 46.17 50.79 56.43 63.49 ohm 
pull-down 43.38 47.72 53.02 59.65 ohm 
Control bit 5'b01111 5'b01110 5'b01101 5'b01100 units 
pull-up 33.86 36.28 39.07 42.33 ohm 
pull-down 31.81 34.09 36.71 39.77 ohm 
Control bit 5'b01011 5'b01010 5'b01001 5'b01000 units 
pull-up 46.17 50.79 56.43 63.49 ohm 
pull-down 43.38 47.72 53.02 59.65 ohm 
Control bit 5'b00111 5'b00110 5'b00101 5'b00100 units 
pull-up 72.56 84.65 101.58 126.98 ohm 
pull-down 68.17 79.53 95.44 119.3 ohm 
Control bit 5'b00011 5'b00010 5'b00001 5'b00000 units 
pull-up 169.3 253.95 507.9 �� ohm 
pull-down 159.07 238.6 477.2 �� ohm 

 
1.6.3 &RPPDQG�3HUELW�'H�6NHZ�&RQWURO 
7KH�''5�3+<�VXSSRUWV�WR�XVH�WKH�SHU�ELW�GH�VNHZ�WR�DGMXVW�WKH�GHOD\�RI�WKH�FRPPDQG�3$'�
WR�FKDQJH�WKH�SKDVH�RI�WKH�FRPPDQG�ZKLFK�ZLOO�EH�VHQW�WR�WKH�6'5$0� 
)RU�''5���WKH�XVHU�FDQ�XVH�WKH�UHJLVWHU�WR�FKDQJH�WKH�SHU�ELW�GH�VNHZ�RI�WKH�FRPPDQG�
GLUHFWO\� 
%HFDXVH�WKH�3+<�VXSSRUWV�WKH�GHIDXOW�FRPPDQG�SDG�PDSSLQJ��WKH�XVHU�QHHGV�WR�FKDQJH�WKH�
FRUUHVSRQGLQJ�UHJLVWHU�DIWHU�WKH�FRPPDQG�SDG�PDSSLQJ� 
)RU�H[DPSOH��LI�WKH�XVHU�FKRRVHV�''5��6'5$0�PRGH��LW�FDQ�FKDQJH�WKH�SKDVH�$��
GLUHFWO\WKURXJK�WKH�UHJBD�BLQYGHOD\VHO�UHJLVWHU�7KH�IROORZLQJ�WDEOH�JLYHV�WKH�GHWDLO�
GHVFULSWLRQ�DERXW�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�FRQWURO�UHJLVWHU�DQG�6'5$0�3$'� 

Table 1-9 The CMD Per Bit De-skew Control Map for SDRAM 

1$0( $''5 %,7 '()$8/
7 

6'5$0�3$' 
''5� ''5� /3''

5� 
/3''5
� 

UHJBD�BLQYGHOD\VHO �[��� >�����@ �¶K�� $� $� � &.B% 
UHJBD�BLQYGHOD\VHO >�����@ �¶K�� $� $� � � 
UHJBD�BLQYGHOD\VHO >����@ �¶K�� $� $� $� &$�B$ 
UHJBD�BLQYGHOD\VHO >���@ �¶K�� $� $� � &.(�B$ 
UHJBD�BLQYGHOD\VHO �[��� >�����@ �¶K�� $� %$� $� &$�B% 
UHJBD�BLQYGHOD\VHO >�����@ �¶K�� $� $�� $� &$�B% 
UHJBD�BLQYGHOD\VHO >����@ �¶K�� $� $�� $� &$�B% 
UHJBD�BLQYGHOD\VHO >���@ �¶K�� $� $� � 2'7�B% 
UHJBD�BLQYGHOD\VHO �[��F >�����@ �¶K�� $� $� $� 2'7�B$ 
UHJBD�BLQYGHOD\VHO >�����@ �¶K�� $� $� � &.%B% 
UHJBD��BLQYGHOD\VHO >����@ �¶K�� $�� $�� � &.(�B% 
UHJBD��BLQYGHOD\VHO >���@ �¶K�� $�� $� $� &$�B$ 
UHJBD��BLQYGHOD\VHO �[��� >�����@ �¶K�� $�� %$� � &$�B$ 
UHJBD��BLQYGHOD\VHO >�����@ �¶K�� $�� $�� $� &$�B% 
UHJBD��BLQYGHOD\VHO >����@ �¶K�� $�� $�� $� &$�B$ 
UHJBD��BLQYGHOD\VHO >���@ �¶K�� $�� $� � &$�B$ 
UHJBD��BLQYGHOD\VHO �[��� >�����@ �¶K�� $�� 5$6% $� &$�B$ 
UHJBD��BLQYGHOD\VHO >�����@ �¶K�� $�� � � � 
UHJBED�BLQYGHOD\VHO >����@ �¶K�� %$� $� � &$�B% 
UHJBED�BLQYGHOD\VHO >���@ �¶K�� %$� $�� $� &$�B% 
UHJBEJ�BLQYGHOD\VHO �[��� >�����@ �¶K�� %*� :(1 � 2'7�B% 
UHJBEJ�BLQYGHOD\VHO >�����@ �¶K�� %*� %$� � 2'7�B$ 
UHJBFNH�BLQYGHOD\VHO >����@ �¶K�� &.( &.( &.( &.(�B$ 
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1$0( $''5 %,7 '()$8/
7 

6'5$0�3$' 
''5� ''5� /3''

5� 
/3''5
� 

UHJBFNBLQYGHOD\VHO >���@ �¶K�� � � � � 
UHJBFNEBLQYGHOD\VHO �[��F >�����@ �¶K�� &.% &.% &.% &.%B$ 
UHJBFVE�BLQYGHOD\VHO >�����@ �¶K�� &. &. &. &.B$ 
UHJBRGW�BLQYGHOD\VHO >����@ �¶K�� 2'7� 2'7� &6%� &6%�B% 
UHJBUHVHWQBLQYGHOD\V
HO 

>���@ �¶K�� 2'7� &6%� &6%� &6%�B% 

UHJBDFWQBLQYGHOD\VHO �[��� >�����@ �¶K�� &6%� 2'7� 2'7� &6%�B$ 
UHJBFNH�BLQYGHOD\VHO >�����@ �¶K�� &6%� &6%� 2'7� &6%�B$ 
UHJBFVE�BLQYGHOD\VHO >����@ �¶K�� 5(6(7

1 
5(6(
71 � 5(6(71 

UHJBRGW�BLQYGHOD\VHO >���@ �¶K�� $&71 &$61 � &.(�B% 
 
 
)RU�/3''5���WKH�6'5$0�VXSSRUWV�WKH�FRPPDQG�EXV�WUDLQ�IXQFWLRQ��VR�WKH�FRPPDQG�SHU�ELW 
GH�VNHZ�FDQ�EH�FRQWUROOHG�E\�WKH�UHJLVWHU�GLUHFWO\�RU�LW�FDQ�EH�FRQWURO�E\�WKH�FRPPDQG�EXV�
WUDLQPRGXOH��7KH�FRPPDQG�SHU�ELW�GH�VNHZ�FRQWURO�SDWK�VKRZV�LQ�WKH�IROORZLQJ�ILJXUH� 

CMD Per Bit De-skew 
Register

FSP_0

FSP_1

FSP_2

FSP_3

MUX

reg_req_choose[1:0]
(REGC[3:2])

LPDDR4 Command Bus Train

1

0

CMD Per Bit De-skew

reg _cmd_perbit_skew_bp
(REG25[2])

 
Fig.1-3 CMD Per Bit De-skew Ctrl Path of LPDDR4 

$IWHU�SRZHU�XS��DSE�UHVHW�DQG�SK\�UHVHW��UHJBFPGBSHUELWBVNHZBES�5(*��>�@��LV��¶E���7KH 
3+<�ZLOO�FKRRVH�WKH�FRPPDQG�EXV�WUDLQ�UHVHW�YDOXH�WR�FRQWURO�WKH�FRPPDQG�SHU�ELW�GH�VNHZ� 
:KHQ�VHW�UHJBFPGBSHUELWBVNHZBES�5(*��>�@�WR��¶E���WKHQ�WKH�XVHU�FDQ�XVH�WKH�UHJLVWHU�WR 
FRQWURO�WKH�FRPPDQG�SHU�ELW�GH�VNHZ�GLUHFWO\� 
7KH�)63B��)63B��)63B��)63B��EORFNV�LQ�WKH�FRPPDQG�EXV�WUDLQ�PRGXOH�DUH�XVHG�WR�FRQWURO�
WKHFRPPDQG�SHU�ELW�GH�VNHZ�IRU�GLIIHUHQW�IUHTXHQF\�JURXSV��:KHQ�HQDEOH�WKH�DXWR�
FRPPDQG�EXVWUDLQ�IXQFWLRQ��WKH�)63BQ�ZLOO�FRQWURO�WKH�FRPPDQG�SHU�ELW�GH�VNHZ�DFFRUGLQJ�
WR�WKH 
UHJBIUHTBFKRRVH>���@�5(*&>���@��DXWRPDWLFDOO\��$IWHU�FRPSOHWH�WKH�DXWR�FRPPDQG�EXV�
WUDLQ��WKH�WUDLQ�YDOXH�ZLOO�EH�ORFNHG�LQ�WKH�)63BQ�PRGXOH��WKHQ�WKH�XVHU�
FDQXVHWKHUHJBIUHTBFKRRVH>���@�5(*&>���@�WR�VZLWFK�IUHTXHQF\�TXLFNO\��7KH�XVHU�DOVR�
FDQXVH�WKH�UHJLVWHU�WR�XSGDWH�WKH�)63BQ�ORFN�YDOXH�DIWHU�WKH�FRPPDQG�EXV�WUDLQ��7KH�VWHSV�
VKRZ�EHORZ� 
���&RQILJXUH�WKH�SHU�ELW�GH�VNHZ�YDOXH�RI�WKH�FRPPDQG�WKURXJK�WKH�FRUUHVSRQGLQJ�UHJLVWHU� 
)RU�H[DPSOH��LI�\RX�ZDQW�WR�FKDQJH�WKH�SHU�ELW�GH�VNHZ�RI�WKH�&$�B$��FRQILJXUH�WKH�GHVLUHG�
YDOXH�WRWKH�UHJBD��BLQYGHOD\VHO� 
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���8VH�WKH�UHJLVWHU�UHJBIUHTBFKRRVH>���@�5(*&>���@��WR�FKRRVH�WKH�IUHTXHQF\�SRLQW� 
)RU�H[DPSOH��LI�\RX�ZDQW�WR�FKDQJH�WKH�SHU�ELW�GH�VNHZ�RI�WKH�FRPPDQG�DW�IUHTXHQF\�SRLQW�
�� 
FRQILJXUH�WKH��[���WR�UHJBIUHTBFKRRVH>���@�5(*&>���@�� 
���6HW�WKH�UHJBFDBSHUELWBVNHZBXSGDWH�5(*��>�@��WR��¶E��WR�XSGDWH�WKH�ORFN�YDOXH�
DQGUHFRYHU�WR��¶E�� 
���$IWHU�WKHVH�VWHSV��WKH�SHU�ELW�GH�VHZ�RI�FRPPDQG�EHORQJ�WR�IUHTXHQF\�SRLQW���ZLOO�FKDQJH 
DQG�EH�ORFNHG�DJDLQ� 
7KH�DERYH�FRQILJXUH�SDWK�LV�HQDEOHG�ZKHQ�UHJBFPGBSHUELWBVNHZBES�5(*��>�@��VHW�WR��¶E�� 
:KHQ�UHJBFPGBSHUELWBVNHZBES�5(*��>�@�VHW�WR��¶E���WKH�XVHU�FDQ�XVH�WKH�UHJLVWHU�WR�
FRQWUROWKH�SHU�ELW�GH�VNHZ�GLUHFWO\��7KH�UHJLVWHU�GLUHFWO\�FRQWURO�SDWK�LV�XVHIXO�ZKHQ�HQDEOH�
WKH�FRPPDQGEXV�WUDLQ�E\SDVV�PRGH� 
1.6.4 'DWD�3HUELW�'H�6NHZ�&RQWURO 
7KH�DGGUHVV�RIIVHW�RI�GLIIHUHQW�GDWD�FKDQQHOV�VKRZV�LQ�IROORZLQJ�WDEOH� 

7DEOH������7KH�DGGUHVV�RIIVHW�RI�HDFK�FKDQQHO 
&+$11(/ $''5(66B2))6(7 
%\WH��&6�� �[��� 
%\WH��&6�� �[��� 
%\WH��&6�� �[��� 
%\WH��&6�� �[��� 
%\WH��&6�� �[�D� 
%\WH��&6�� �[�F� 
%\WH��&6�� �[��� 
%\WH��&6�� �[�D� 
%\WH��&6�� �[��� 
%\WH��&6�� �[��� 
%\WH��&6�� �[��� 
%\WH��&6�� �[��� 
%\WH��&6�� �[�D� 
%\WH��&6�� �[�F� 
%\WH��&6�� �[D�� 
%\WH��&6�� �[DD� 

%\WH��&6��ELW�KDV�D�IROORZLQJ�IHDWXUH�IRU�7;�DQG�5;�  
ADDR NAME BIT DEFAULT DESCRIPTIONS 

0x320 reg_a_l_cs0_dm_in_vdelays
el [7,0] 0x80 

The register used to control the tx 
delay line of the A_DM0  
for RANK0 

0x324 

reg_a_l_cs0_dq0_in_vdelay
sel [31,24] 0x80 

The register used to control the tx 
delay line of the A_DQ0  
for RANK0 

reg_a_l_cs0_dq1_in_vdelay
sel [23,16] 0x80 

The register used to control the tx 
delay line of the A_DQ1 
for RANK0 

reg_a_l_cs0_dq2_in_vdelay
sel [15,8] 0x80 

The register used to control the tx 
delay line of the A_DQ2  
for RANK0 

reg_a_l_cs0_dq3_in_vdelay
sel [7,0] 0x80 

The register used to control the tx 
delay line of the A_DQ3  
for RANK0 

0x328 

reg_a_l_cs0_dq4_in_vdelay
sel [31,24] 0x80 

The register used to control the tx 
delay line of the A_DQ4  
for RANK0 

reg_a_l_cs0_dq5_in_vdelay
sel [23,16] 0x80 

The register used to control the tx 
delay line of the A_DQ5 
for RANK0 
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ADDR NAME BIT DEFAULT DESCRIPTIONS 

reg_a_l_cs0_dq6_in_vdelay
sel [15,8] 0x80 

The register used to control the tx 
delay line of the A_DQ6  
for RANK0 

reg_a_l_cs0_dq7_in_vdelay
sel [7,0] 0x80 

The register used to control the tx 
delay line of the A_DQ7  
for RANK0 

0x32c 

reg_a_l_cs0_dqs_in_vdelay
sel [31,24] 0x80 

The register used to control the tx 
delay line of the A_DQS  
for RANK0 

reg_a_l_cs0_dqs_in_vdelay
sel [15,8] 0x80 

The register used to control the tx 
delay line of the A_DQSB  
for RANK0 

0x330 reg_a_l_cs0_loop_invdelays
el [28,24] 0x0 

The register used to choose the 
obs signal to check delay 
line control of the byte0 for 
RANK0. 
5'd0: Choose to the current value 
to control the rx delay line 
of A_DQ0 for RANK0. 
5'd1: Choose to the current value 
to control the rx delay line 
of A_DQ1 for RANK0. 
5'd2: Choose to the current value 
to control the rx delay line 
of A_DQ2 for RANK0. 
5'd3: Choose to the current value 
to control the rx delay line 
of A_DQ3 for RANK0. 
5'd4: Choose to the current value 
to control the rx delay line 
of A_DQ4 for RANK0. 
5'd5: Choose to the current value 
to control the rx delay line 
of A_DQ5 for RANK0. 
5'd6: Choose to the current value 
to control the rx delay line 
of A_DQ6 for RANK0. 
5'd7: Choose to the current value 
to control the rx delay line 
of A_DQ7 for RANK0. 
5'd8: Choose to the current value 
to control the rx delay line 
of A_DM0 for RANK0. 
5'd9: Choose to the current value 
to control the rx delay line 
of A_DQS0 for RANK0. 
5'd10: Choose to the current value 
to control the rx delay 
line of A_DQSB0 for RANK0. 
5'd16: Choose to the current value 
to control the tx delay 
line of A_DQ0 for RANK0 
5'd17: Choose to the current value 
to control the tx delay 
line of A_DQ1 for RANK0. 
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ADDR NAME BIT DEFAULT DESCRIPTIONS 
5'd18: Choose to the current value 
to control the tx delay 
line of A_DQ2 for RANK0. 
5'd19: Choose to the current value 
to control the tx delay 
line of A_DQ3 for RANK0. 
5'd20: Choose to the current value 
to control the tx delay 
line of A_DQ4 for RANK0. 
5'd21: Choose to the current value 
to control the tx delay 
line of A_DQ5 for RANK0. 
5'd22: Choose to the current value 
to control the tx delay 
line of A_DQ6 for RANK0. 
5'd23: Choose to the current value 
to control the tx delay 
line of A_DQ7 for RANK0. 
5'd24: Choose to the current value 
to control the tx delay 
line of A_DM0 for RANK0. 
5'd25 Choose to the current value 
to control the tx delay 
line of A_DQS0 for RANK0. 
5'd26: Choose to the current value 
to control the tx delay 
line of A_DQSB0 for RANK0. 

reg_a_l_cs0_dm_invdelayse
lrx [14,8] 0x0 

The register used to control the rx 
delay line of the A_DM0 
for RANK0 

0x334 

reg_a_l_cs0_dq0_in_vdelay
selrx [31,24] 0x80 

The register used to control the rx 
delay line of the A_DQ0  
for RANK0 

reg_a_l_cs0_dq1_in_vdelay
selrx [23,16] 0x80 

The register used to control the rx 
delay line of the A_DQ1 
for RANK0 

reg_a_l_cs0_dq2_in_vdelay
selrx [15,8] 0x80 

The register used to control the rx 
delay line of the A_DQ2  
for RANK0 

reg_a_l_cs0_dq3_in_vdelay
selrx [7,0] 0x80 

The register used to control the rx 
delay line of the A_DQ3  
for RANK0 

0x338 

reg_a_l_cs0_dq4_in_vdelay
selrx [31,24] 0x80 

The register used to control the rx 
delay line of the A_DQ4  
for RANK0 

reg_a_l_cs0_dq5_in_vdelay
selrx [23,16] 0x80 

The register used to control the rx 
delay line of the A_DQ5 
for RANK0 
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ADDR NAME BIT DEFAULT DESCRIPTIONS 

reg_a_l_cs0_dq6_in_vdelay
selrx [15,8] 0x80 

The register used to control the rx 
delay line of the A_DQ6  
for RANK0 

reg_a_l_cs0_dq7_in_vdelay
selrx [7,0] 0x80 

The register used to control the rx 
delay line of the A_DQ7  
for RANK0 

0x33c 

reg_a_l_cs0_dqs_in_vdelay
selrx [31,24] 0x80 

The register used to control the rx 
delay line of the A_DQS  
for RANK0 

reg_a_l_cs0_dqs_in_vdelay
selrx [15,8] 0x80 

The register used to control the rx 
delay line of the A_DQSB  
for RANK0 

7KHUH�DUH�WKUHH�SDWKV�WR�FRQWURO�WKH�7;�GDWD�3HUELW�GH�VNHZ�VKRZ�LQ�WKHIROORZLQJ�WDEOH� 
7DEOH������7;�GDWD�3HUELW�GH�VNHZ�SDWK 

 
3$7+ '(6&5,37,21 &21),*85( 

5HJLVWHU 8VLQJ�WKH�UHJLVWHU�WR�XSGDWH 
WKH�7;�GDWD�3HUELW�GH�VNHZ 
GLUHFWO\� 

UHJBGTBZUBWUDLQBHQ�5(*$�>�@��VHW�WR��� 
UHJBZOBE\SDVV�5(*��>�@��VHW�WR����*HQHUDWH�
WKH�SRVHGJH�RI�
UHJBZOBIUHTBXSGDWH�5(*��>��@� 

:ULWH�
/HYHOLQJ 

8VLQJ�WKH�ZULWH�OHYHOLQJUHVXOW� UHJBZOBE\SDVV�5(*��>�@��VHW�WR��� 

:ULWH�
7UDLQLQJ 

8VLQJ�WKH�ZULWH�WUDLQLQJUHVXOW� UHJBGTBZUBWUDLQBHQ�5(*D�>�@��VHW�WR��� 
UHJBZOBE\SDVV�5(*��>�@��VHW�WR��� 

7KHUH�DUH�WZR�SDWKV�WR�FRQWURO�WKH�5;�GDWD�3HUELW�GH�VNHZ�VKRZ�LQ�WKHIROORZLQJ�WDEOH� 
7DEOH������5;�GDWD�3HUELW�GH�VNHZ�SDWK 

3$7+ '(6&5,37,21 &21),*85( 
5HJLVWHU 8VLQJ�WKH�UHJLVWHU�WR�XSGDWH 

WKH�5;�GDWD�3HUELW�GH�VNHZ 
GLUHFWO\� 

UHJBGTBUGBWUDLQBHQ�5(*��>�@��VHW�WR���DQG 
UHJBUGBWUDLQBSUHGHIBHQ�5(*��>��@��VHW�WR��� 
*HQHUDWH�WKH�SRVHGJH�RI 
UHJBUGBWUDLQBIUHTBXSGDWH�5(*��>�@� 

5HDG�
7UDLQLQJ 

8VLQJ�WKH�UHDG�WUDLQLQJUHVXOW� UHJBGTBUGBWUDLQBHQ�5(*��>�@��VHW�WR���RU 
UHJBUGBWUDLQBSUHGHIBHQ�5(*��>��@��VHW�WR��� 
 
 

1.6.5 ''5�3+<�&RPPDQG�%XV�7UDLQLQJ 
7KH�/3''5��6'5$0�FRPPDQG�EXV�PXVW�EH�WUDLQHG�EHIRUH�HQDEOLQJ�WHUPLQDWLRQ�IRUKLJK�
IUHTXHQF\�RSHUDWLRQ��7KH�''5�3+<�VXSSRUWV�WKH�DXWR�FRPPDQG�EXV�WUDLQIXQFWLRQ�WR�FHQWHU�
WKH�LQWHUQDO�95()�FD��LQ�WKH�&$�GDWD�H\H�DQG�DGMXVWPHQW�RI�WKH�&6�DQG�&$VLJQDOV�WR�PHHW�
VHWXS�KROG�UHTXLUHPHQWV� 
:KHQ�HQDEOH�WKH�DXWR�FRPPDQG�EXV�WUDLQ�IXQFWLRQ��WKH�3+<�ZLOO�FRPSOHWH�WKH�WUDLQ�RI�WKH 
95()�FD���&6�DQG�&$�DXWRPDWLFDOO\��7KH�DXWR�FRPPDQG�EXV�WUDLQ�IORZ�VKRZV�LQ�WKH�IROORZLQJ�
VWHSV� 
1. &RQILJXUH�UHJBSK\BVGUDPBQLWLDO�UHJ�[��>�@��WR��¶E��WR�IL[�WKH�LQSXW�RI�WKH�FRPPDQG�SDWK 
2. 3+<�LQLWLDOL]DWLRQ 
3. &RQILJXUH�UHJBFONBGLYBFQW�UHJ�[�H>���@��WR�FKRRVH�WKH�GLYLGHU�IRU�WKH�ORZ�VSHHG 
4. &RQILJXUH�
UHJBWPUZ�UHJ�[��>���@�UHJBWFDFG�UHJ�[��>���@��UHJBWYUHIFD�UHJ�[��>���@�UHJBWFDHQW�UHJ
�[��>���@��UHJBWFNHOFN�UHJ�[��>���@��UHJBWGVWUDLQ�UHJ�[��>���@��UHJBWDGU�UHJ�[��>���@��
UHJBW[FEW�UHJ�[��>���@��UHJBWIF�UHJ�[��>���@��WR�FRQILJXUH�WKH�WLPLQJ�SDUDPHWHU�IRU�DXWR�
FDW�WUDLQ 
5. &RQILJXUH�UHJBFDWBUDQNBQXP�UHJ�[��>���@�� ��¶E���WR�FKRVVH�WKH�FD�WUDLQ�UDQN�
UHJBOSGGU�BFDBRGW�UHJ�[��>���@ �¶E���WR�WHUPLQDWH�WKH�UDQN���RU�
UHJBOSGGU�BFDBRGW�UHJ�[��>���@� ��¶E���WR�WHUPLQDWH�WKH�UDQN�� 
6. &RQILJXUH�UHJBFDWBFVBWUDLQBYDOXGH�UHJ�[��>���@��UHJBFDWBFDBWUDLQBYDOXH�UHJ�[��>���@��
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WR�FKRRVH�WKH�FV�DQG�FD�WUDLQLQJ�SDWWHUQ 
7. &RQILJXUH�UHJBFKDBFDWBFVBFKHFNBYDOXH�UHJ�[��>���@��
UHJFKEBFDWBFVBFKHFNBYDOXH�UHJ�[��>���@��UHJBFKDBFDWBFDBFKHFNBYDOXH�UHJ�[��>���@��
UHJBFKEBFDWBFDBFKHFNBYDOXH�UHJ�[��>���@��WR�FKRRVH�WKH�FV�DQG�FD�WUDLQLQJ�SDWWHUQ�  
8. &RQILJXUH�UHJBFDWBHQDEOH�UHJ�[��>�@��WR��¶E��WR�HQDEOH�WKH�DXWR�FRPPDQG�EXV�WUDLQ 
9. &RQILJXUH�UHJBFDWBVWDUW�UHJ�[��>�@��WR��¶E��WR�VWDUW�WKH�DXWR�FRPPDQG�EXV�WUDLQ 
10. :DLW�DXWR�FRPPDQG�EXV�WUDLQ�GRQH�E\�UHDG�UHJ�[��>���@��ZKHQ�LW�HTXDOV�WR��¶E���IRU�
WZR�UDQNV���LW�PHDQV�FRPSOHWH�WKH�DXWR�FRPPDQG�EXV�WUDLQ� 
11. &RQILJXUH�UHJBFDWBVWDUW�UHJ�[��>�@��WR��¶E��WR�H[LW�WKH�DXWR�FRPPDQG�EXV�WUDLQ 
12. &RQILJXUH�UHJBFDWBHQDEOH�UHJ�[��>�@��WR��¶E��WR�GLVDEOH�WKH�DXWR�FRPPDQG�EXV�WUDLQ 
13. 5HDG�UHJLVWHU�UHJ�[�D��UHJ�[�GI�WR�JHW�WKH�FD�WUDLQ�UHVXOW 
7KH�FRPPDQG�EXV�WUDLQ�QRW�RQO\�DGMXVWV�WKH�SKDVH�RI�WKH�&$�EXV�EXW�DOVR�DGMXVWV�WKH�SKDVH�
RI�WKH�&6��7KH�XVHU�FDQ�XVH�WKH�UHJBFDWBVNHSBFVBWUDLQ�5(*�[��>�@��WR�FRQWURO�WKH�HQDEOH�RU�
GLVDEOH�RIWKH�FVWUDLQ��:KHQ�WKLV�VLJQDO�VHWV�WR����WKH�3+<�ZLOO�VNLS�WKH�FVWUDLQ��ZKHQ�WKLV�
VLJQDO�VHWV�WR���WKH�3+<�ZLOO�HQDEOH�WKH�FVWUDLQ� 
7KH�3+<�VXSSRUW�WZR�PRGHV�FVWUDLQ�FRQWUROOHG�E\�WKH�UHJBFVBSZFBGLVDEOH�5(*�[��>�@�� 
1RUPDO�FVWUDLQ���UHJBFVBSZFBGLVDEOH� �����:KHQ�FKRRVH�WKH�QRUPDO�FVWUDLQ�PRGH��WKH�SXOVH 
ZLGWK�RI�WKH�&6�ZLOO�NHHS�WKH�VDPH�ZLGWK�RI�WKH�&.�SHULRG� 
0RGXODWLRQ�FVWUDLQ��UHJBFVBSZFBGLVDEOH� ����,W�LV�WKH�GHIDXOW�PRGH��:KHQ�FKRRVH�WKLV�
PRGH� 
WKH�SXOVH�ZLGWK�RI�WKH�&6�ZLOO�WKH�����RI�WKH�&.�SHULRG�ZKHQ�WKH�&6�LV�LQ�WKH�WUDLQ�PRGH�
�DIWHU 
WKH�IUHTXHQF\�FKDQJHV�IURP�WKH�)63>;@�WR�)63><@���7KH�VWDWH�VKRZV�LQ�WKH�IROORZLQJ�ILJXUH� 

CKE

CS

CK

100% 100%75%

FSP[Y] Command 
Bus Train

 
Fig.1-4 Modulation cstrain mode 

,I�WKH�XVHU�HQDEOHV�WKH�0RGXODWLRQ�FVWUDLQ�PRGH��WKH�&6�7UDLQ�LV�EDVHG�RQ�WKH�����SXOVH�
ZLGWKRI�WKH�QRUPDO�&6��6R�WKH�FVWUDLQ�UHVXOW�KDV�IL[HG�����RIIVHW�DQG�QHHG�WR�FRPSHQVDWH�
������RIIVHW�XVLQJ�WKH�VSHFLDO�UHJLVWHU�DIWHU�WKH�FRPPDQG�EXV�WUDLQ��$IWHU�WKDW��WKH�&6�ZLOO�
JR�WR�WKH�EHVWSRLQW�RI�WKH�FVWUDLQ� 
7KH�XVHU�XVHV�WKH�IROORZLQJ�UHJLVWHUV�WR�FRPSOHWH�WKH�FRPSHQVDWLRQ�RI�WKH�FV�WUDLQ�UHVXOW� 

7DEOH������&RPSHQVDWLRQ�RI�WKH�FD�DQG�FV�WUDLQ�UHVXOW 
$''5 6,*1$/ '(6&5,37,21 

�[��>�����@ UHJBFKDBFDWBFVBFKHFNBYDOXH 7KH�FKHFN�YDOXH�RI�FKDQQHO�$�ZKHQ�GR�
WKH�FV�WUDLQ 

�[��>�����@ UHJBFKEBFDWBFVBFKHFNBYDOXH 7KH�FKHFN�YDOXH�RI�FKDQQHO�$�ZKHQ�GR�
WKH�FV�WUDLQ 

�[��>����@ UHJBFKDBFDWBFDBFKHFNBYDOXH 7KH�FKHFN�YDOXH�RI�FKDQQHO�$�ZKHQ�GR�
WKH�FD�WUDLQ 

�[��>���@ UHJBFKEBFDWBFDBFKHFNBYDOXH 7KH�FKHFN�YDOXH�RI�FKDQQHO�$�ZKHQ�GR�
WKH�FD�WUDLQ 

7KLV�UHJLVWHU�VKRXOG�EH�VHW�DIWHU�WKH�FRPPDQG�EXV�WUDLQ�DQG�EHIRUH�FKDQJH�WKH�IUHTXHQF\�WR�
WKH�WUDLQ�IUHTXHQF\�SRLQW� 
1.6.6 ''5�3+<�5;�'46�&DOLEUDWLRQ 
''5�3+<�DXWR�GTV�FDOLEUDWLRQ�IXQFWLRQ�KDV�EHHQ�LPSOHPHQWHG�LQ�WKH�3+<��7KH�HQWLUH�WUDLQLQJ�
SURFHVVHV�RQO\�QHHG�WR�FRQILJXUH�WKH�UHJLVWHU�WR�VWDUW�DQGZDLW�IRU�ILQLVK��  
7KH�HQWLUH�WUDLQLQJ�SURFHVV�LV�DV�IROORZV��  
���3+<¶V�UHJLVWHU�LV�UHVHW��WKH�VHWXS�LV�FRPSOHWH��  
���6HQG�WKH�LQLWLDO�FRPPDQG�WR�GUDP�DQG�FRPSOHWH�GUDP�LQLWLDOL]DWLRQ��  
���6HW�WKH�3+<
V�UHJLVWHU�EHJLQQLQJ�FDOLEUDWLRQ� 
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$''5 %,7 '()$8/7 '(6&5,37,21 

�[� 

��� �[H 

7KH�UDQN�VHOHFW�VLJQDO�RI�WKH�U[�GTV�FDOLEUDWLRQ 
IXFWLRQ��/RZ�LV�YDOLG� 
�
E������7KH�U[�GTV�FDOLEUDWLRQ�UHVXOW�ZLOO�DXWR 
VZLWFK�EHWZHHQ�WKH�5$1.�� 
5$1.��5$1.��5$1.��DFFRUGLQJ�WR�WKH�'), 
LQWHUIDFH�FRPPDQG�DIWHU�WKH�U[�GTV�FDOLEUDWLRQ 
WUDLQLQJ� 
�
E������&KRRVH�WKH�5$1.���7KH�FKLS�ZKLFK 
FRQQHFWV�WR�&6��ZLOO�EH�FKRRVHV�WR�HQDEOH�WKH 
DXWR�U[�GTV�FDOLEUDWLRQ�WUDLQLQJ� 
�
E������&KRRVH�WKH�5$1.���7KH�FKLS�ZKLFK 
FRQQHFWV�WR�&6��ZLOO�EH�FKRRVHV�WR�HQDEOH�WKH 
DXWR�U[�GTV�FDOLEUDWLRQ�WUDLQLQJ� 
�
E������&KRRVH�WKH�5$1.���7KH�FKLS�ZKLFK 
FRQQHFWV�WR�&6��ZLOO�EH�FKRRVHV�WR�HQDEOH�WKH 
DXWR�U[�GTV�FDOLEUDWLRQ�WUDLQLQJ� 
�
E������&KRRVH�WKH�5$1.���7KH�FKLS�ZKLFK 
FRQQHFWV�WR�&6��ZLOO�EH�FKRRVHV�WR�HQDEOH�WKH 
DXWR�U[�GTV�FDOLEUDWLRQ�WUDLQLQJ� 
�
E����5HVHUYHG� 
1RWH��&DQ
W�VHW�WR��
E���ZKHQ�HQDEOH�WKH 
U[�GTV�FDOLEUDWLRQ�WUDLQLQJ�IXQFLWRQ��,I�WKH�3+< 
QHHGV�WR�VXSSRUW�WZR�UDQNV��WKLV�UHJLVWHU 
VKRXOG�VHW�WR��
E���DIWHU�WKH�U[�GTV�FDOLEUDWLRQ 
WUDLQLQJ� 

� �[� VHW�FDOLEUDWLRQ�E\SDVV�PRGH���E\SDVV�PRGH����QRPDO� 

� �[� 

7KH�DXWR�U[�GTV�FDOLEUDWLRQ�WUDLQLQJ�HQDEOH 
VLJQDO��+LJK�LV�YDOLG� 
���.HHS�FXUUHQW�VWDWH�RU�H[LW�WKH�DXWR�U[�GTV 
FDOLEUDWLRQ�WUDLQLQJ� 
���(QDEOH�WKH�DXWR�U[�GTV�FDOLEUDWLRQ�WUDLQLQJ 
IXQFWLRQ� 

�[��F 

�  
7KH�U[�GTV�FDOLE�FRPSOHWH�VLJQDO��$FWLYH�KLJK� 
2QO\�FKDQJH�WR��
E��ZKHQ�DOO�RSHQ�FKDQQHO 
KDYH�FRPSHOWH�WKH�U[�GTV�FDOLEUDWLRQ 

�  7KH�HUURU�IODJ�RI�WKH�U[�GTV�FDOLE��$FWLYH�KLJK� 

���  

7KH�U[�GTV�FDOLE�FRPSOHWH�VLJQDO�RI�HDFK 
FKDQQHO��$FWLYH�KLJK� 
>�@��7KH�U[�GTV�FDOLE�FRPSOHWH�RI�E\WH�� 
>�@��7KH�U[�GTV�FDOLE�FRPSOHWH�RI�E\WH�� 
>�@��7KH�U[�GTV�FDOLE�FRPSOHWH�RI�E\WH�� 
>�@��7KH�U[�GTV�FDOLE�FRPSHOWH�RI�E\WH�� 
>�@��7KH�U[�GTV�FDOLE�FRPSHOWH�RI�E\WH� 

���:DLW�IRU�WKH�FDOLEUDWLRQ�ILQLVK�E\�3+<5(*�[��F��  
���1RUPDO�UHDG�DQG�ZULWHV�RSHUDWLRQ�FDQ�EHJLQ��  

1.6.7 ''5�3+<�:ULWH�/HYHOLQJ�7UDLQLQJ 
''5�3+<�DXWR�ZULWH�OHYHOLQJ�WUDLQLQJ�IXQFWLRQ�KDV�EHHQ�LPSOHPHQWHG�LQ�WKH�3+<��7KH�HQWLUH�
WUDLQLQJ�SURFHVVHV�RQO\�QHHG�WR�FRQILJXUH�WKH�UHJLVWHU�WR�VWDUW�DQG�ZDLW�IRU�ILQLVKǄ 
7KH�HQWLUH�WUDLQLQJ�SURFHVV�LV�DV�IROORZV��  
���3+<¶V�UHJLVWHU�LV�UHVHW��WKH�VHWXS�LV�FRPSOHWH��  
���6HQG�WKH�LQLWLDO�FRPPDQG�WR�GUDP�DQG�FRPSOHWH�GUDP�LQLWLDOL]DWLRQ��  
���6HW�WKH�3+<�5(*�[��WR�FRQILJXUH�WKH�GUDP�PRGH�UHJLVWHU�ZKLFK�XVHG�WR�HQDEOH�GUDP�
ZULWH�OHYHOLQJ�WUDLQLQJ�IXQFWLRQ� 
���6HW�WKH�3+<
V�UHJLVWHU�WR�EHJLQWUDLQLQJ� 
$''5 %,7 '()$8/7 '(6&5,37,21 

�[� ����� �[� 

>�����@:ULWH�OHYHOLQJ�ORDG�PRGH�>���@� 
7KH�3+<�QHHGV�WR�FRQILJXUH�WKH�ORDG�PRGH�WR 
HQDEOH�WKH�ZULWH�OHYHOLQJ�IXQFWLRQ��,Q�FDVH�RI�WKDW 
ZULWH�OHYHOLQJ�RSHUDWLRQ�FKDQJV�WKH�ORDG�PRGH 
YDOXH�LQ�WKH�6'5$0�ZKLFK�LV�ZULWWHQ�E\�WKH�0&� 
VR�ZH�QHHG�WR�XVH�WKLV�UHJLVWHU�WR�NHHS�WKH�VDPH 
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$''5 %,7 '()$8/7 '(6&5,37,21 
VHWWLQJ�ZLWK�WKH�0&�IRU�WKH�PRGH�UHJLVWHU�ZKLFK 
LV�UHODWHG�WR�WKH�ZULWH�OHYHOLQJ��7KLV�LV�WKH�ORZ 
�ELWV�RI�WKH�PRGH�UHJLVWHU�ZKLFK�LV�UHODWHG�WR�WKH 
ZULWH�OHYHOLQJ� 
)RU�''5��''5���WKLV�UHJLVWHU�VKRXOG�NHHS�WKH 
VDPH�YDOXH�ZLWK�WKH�05�>���@� 
)RU�/3''5��/3''5���WKLV�UHJLVWHU�VKRXOG�NHHS 
WKH�VDPH�YDOXH�ZLWK�WKH�05�>���@� 
3OHDVH�UHIHUHQFH�WR�WKH�VHFWLRQ�������WR�JHW 
PRUH�LQIRUPDWLRQ� 
>�����@�:ULWH�OHYHOLQJ�ORDG�PRGH�>����@��5HODWH 
WR�WKH�UHJLVWHU���ÿK����>�@� 
7KH�3+<�QHHGV�WR�FRQILJXUH�WKH�ORDG�PRGH�WR 
HQDEOH�WKH�ZULWH�OHYHOLQJ�IXQFWLRQ��,Q�FDVH�RI�WKDW 
ZULWH�OHYHOLQJ�RSHUDWLRQ�FKDQJV�WKH�ORDG�PRGH 
YDOXH�LQ�WKH�6'5$0�ZKLFK�LV�ZULWWHQ�E\�WKH�0&� 
VR�ZH�QHHG�WR�XVH�WKLV�UHJLVWHU�WR�NHHS�WKH�VDPH 
VHWWLQJ�ZLWK�WKH�0&�IRU�WKH�PRGH�UHJLVWHU�ZKLFK 
LV�UHODWHG�WR�WKH�ZULWH�OHYHOLQJ��7KLV�LV�WKH�ORZ 
�ELWV�RI�WKH�PRGH�UHJLVWHU�ZKLFK�LV�UHODWHG�WR�WKH 
ZULWH�OHYHOLQJ� 
)RU�''5��''5���WKLV�UHJLVWHU�>����@�VKRXOG 
NHHS�WKH�VDPH�YDOXH�ZLWK�WKH�05�>����@�DQG 
WKLV�UHJLVWHU>�����@�VKRXOG�VHW��
E��� 
)RU�/3''5��/3''5���WKLV�UHJLVWHU�VKRXOG�VHW 
WR��
K�� 

���� �[H 

7KH�UDQN�VHOHFW�VLJQDO�RI�WKH�ZULWH�OHYHOLQJ 
IXFWLRQ��/RZ�LV�YDOLG� 
�
E������7KH�ZULWH�OHYHOLQJ�UHVXOW�ZLOO�DXWR 
VZLWFK�EHWZHHQ�WKH 
5$1.���5$1.��5$1.��5$1.��DFFRUGLQJ�WR 
WKH�'),�LQWHUIDFH�FRPPDQG�DIWHU�WKH 
ZULWH�OHYHOLQJ�WUDLQLQJ� 
�
E������&KRRVH�WKH�5$1.���7KH�FKLS�ZKLFK 
FRQQHFWV�WR�&6��ZLOO�EH�FKRRVHV�WR�HQDEOH�WKH 
ZULWH�OHYHOLQJ�WUDLQLQJ� 
�
E������&KRRVH�WKH�5$1.���7KH�FKLS�ZKLFK 
FRQQHFWV�WR�&6��ZLOO�EH�FKRRVHV�WR�HQDEOH�WKH 
ZULWH�OHYHOLQJ�WUDLQLQJ� 
�
E������&KRRVH�WKH�5$1.���7KH�FKLS�ZKLFK 
FRQQHFWV�WR�&6��ZLOO�EH�FKRRVHV�WR�HQDEOH�WKH 
ZULWH�OHYHOLQJ�WUDLQLQJ� 
�
E������&KRRVH�WKH�5$1.���7KH�FKLS�ZKLFK 
FRQQHFWV�WR�&6��ZLOO�EH�FKRRVHV�WR�HQDEOH�WKH 
ZULWH�OHYHOLQJ�WUDLQLQJ� 
�
E������5HVHUYHG� 
1RWH��&DQ
W�VHW�WR��
E�����ZKHQ�HQDEOH�WKH 
ZULWH�OHYOHLQJ�WUDLQLQJ�IXQFLWRQ��,I�WKH�3+<�QHHGV 
WR�VXSSRUW�WZR�UDQNV��WKLV�UHJLVWHU�VKRXOG�VHW�WR 
�
E���DIWHU�WKH�ZULWH�OHYHOLQJ�WUDLQLQJ� 

� �[� 

7KH�W[�SHUELW�VNHZ�E\SDVV�IXQFWLRQ�HQDEOH 
VLJQDO��+LJK�LV�YDOLG� 
���8VH�WKH�ZULWH�OHYHOLQJ�WUDLQLQJ�UHVXOW�WR�FRQWURO 
WKH�W[�SHUELW�VNHZ�GHOD\� 
7KH�$B'4�a$B'4��$B'0��ZLOO�XVH�WKH 
$B'46��WUDLQLQJ�UHVXOW� 
7KH�$B'4�a$B'4���$B'0��ZLOO�XVH�WKH 
$B'46��WUDLQLQJ�UHVXOW� 
7KH�%B'4�a$B'4��$B'0��ZLOO�XVH�WKH 
%B'46��WUDLQLQJ�UHVXOW� 
7KH�%B'4�a$B'4���$B'0��ZLOO�XVH�WKH 
%B'46��WUDLQLQJ�UHVXOW� 
���8VH�WKH�UHJLVWHU�WR�FRQWURO�WKH�W[�SHUELW�VNHZ 
GHOD\��(DFK�GDWD�SDG�KDV�DQ�LQGHSHQGHW 
FRQWUROOHU�UHJLVWHU� 
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$''5 %,7 '()$8/7 '(6&5,37,21 

 � �[� 

7KH�ZULWH�OHYHOLQJ�WUDLQLQJ�HQDEOH�VLJQDO��+LJK�LV 
YDOLG� 
���.HHS�FXUUHQW�VWDWH�RU�H[LW�WKH�ZULWH�OHYHOLQJ 
WUDLQLQJ�VWDWH� 
���(DQEOH�WKH�ZULWH�OHYHOLQJ�WUDLQLQJ�IXQFWLRQ 

�[�� �� �[� 

7KH�GDWD�W[�GHOD\�OLQH�FRQWURO�YDOXH�XSGDWH 
VLJQDO��$FWLYH�KLJK��,Q�WKH�GHIDXOW�PRGH��WKH�W[ 
GHOD\�OLQH�LV�FRQWUROOHG�E\�WKH 
ZULWH�OHYHYOLQJ�ZULWH�WUDLQLQJ�UHVXOW�DFFRUGLQJ�WR 
WKH�IUHTXHQF\�SRLQW��,I�WKH�XVHU�ZDQWV�WR�FKDQJH 
WKH�YDOXH�WR�DGMXVW�WKH�GHOD\�OLQH��WKH�XVHU�FDQ 
XVH�WKH�E\SDVV�UHJLVWHUV��LQYGHOD\BW��WKDW�VKRZ 
LQ�WKH�7DEOH��'DWD�3HUELW�'H�VNHZ�&RQWURO 
5HJLVWHUV�)RU�7;�$QG�5;��WR�VHW�WKH�YDOXH�DQG 
VHW�WKLV�VLJQDO�Ā�ā��7KHQ�WKH�E\SDVV�UHJLVWHU 
YDOXH�ZLOO�EH�XSGDWHG�WR�WKH�FRQWURO�UHJLVWHU�RI 
WKH�W[�SHUELW�VNHZ�EDVH�RQ�WKH�FXUUHQW�IUHTXHQF\ 
SRLQW� 

�[��F ����  

7KH�ZULWH�OHYHOLQJ�FRPSOHWH�VLJQDO�RI�HDFK 
FKDQQHO��$FWLYH�KLJK� 
>�@��7KH�ZULWH�OHYHOLQJ�FRPSOHWH�RI�E\WH�� 
>�@��7KH�ZULWH�OHYHOLQJ�FRPSOHWH�RI�E\WH�� 
>�@��7KH�ZULWH�OHYHOLQJ�FRPSOHWH�RI�E\WH�� 
>�@��7KH�ZULWH�OHYHOLQJ�FRPSHOWH�RI�E\WH�� 
>�@��7KH�ZULWH�OHYHOLQJ�FRPSHOWH�RI�E\WH� 

���:DLW�IRU�WKH�FDOLEUDWLRQ�ILQLVK�E\�SROOLQJ�3+<�5(*����7KH�ZULWH�OHYHOLQJ�UHVXOWV�FDQ�EH�UHDG�
IURP�WKH�IROORZLQJ�UHJLVWHUV� 

7DEOH������7KH�ZULWH�OHYHOLQJ�UHVXOW�IRU�DOO�E\WHV 
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�[��� 

>�����@ �[� 

7KH�ZULWH�OHYHOLQJ�UHVXOW�RI�E\WH��IRU 
5$1.���7KH�XVHU�FDQ�JHW�WKH 
ZULWH�OHYHOLQJ�UHVXOW�DIWHU�WKH 
ZULWH�OHYHOLQJ�WUDLQLQJ�FRPSOHWH 

>���@ �[� 

7KH�ZULWH�OHYHOLQJ�UHVXOW�RI�E\WH��IRU 
5$1.���7KH�XVHU�FDQ�JHW�WKH 
ZULWH�OHYHOLQJ�UHVXOW�DIWHU�WKH 
ZULWH�OHYHOLQJ�WUDLQLQJ�FRPSOHWH 

�[��F 

>�����@ �[� 

7KH�ZULWH�OHYHOLQJ�UHVXOW�RI�E\WH��IRU 
5$1.���7KH�XVHU�FDQ�JHW�WKH 
ZULWH�OHYHOLQJ�UHVXOW�DIWHU�WKH 
ZULWH�OHYHOLQJ�WUDLQLQJ�FRPSOHWH 

>���@ �[� 

7KH�ZULWH�OHYHOLQJ�UHVXOW�RI�E\WH��IRU 
5$1.���7KH�XVHU�FDQ�JHW�WKH 
ZULWH�OHYHOLQJ�UHVXOW�DIWHU�WKH 
ZULWH�OHYHOLQJ�WUDLQLQJ�FRPSOHWH 

�[�I� 

>�����@ �[� 

7KH�ZULWH�OHYHOLQJ�UHVXOW�RI�E\WH��IRU 
5$1.���7KH�XVHU�FDQ�JHW�WKH 
ZULWH�OHYHOLQJ�UHVXOW�DIWHU�WKH 
ZULWH�OHYHOLQJ�WUDLQLQJ�FRPSOHWH 

>���@ �[� 

7KH�ZULWH�OHYHOLQJ�UHVXOW�RI�E\WH��IRU 
5$1.���7KH�XVHU�FDQ�JHW�WKH 
ZULWH�OHYHOLQJ�UHVXOW�DIWHU�WKH 
ZULWH�OHYHOLQJ�WUDLQLQJ�FRPSOHWH 

�[�FF 

>�����@ �[� 

7KH�ZULWH�OHYHOLQJ�UHVXOW�RI�E\WH��IRU 
5$1.���7KH�XVHU�FDQ�JHW�WKH 
ZULWH�OHYHOLQJ�UHVXOW�DIWHU�WKH 
ZULWH�OHYHOLQJ�WUDLQLQJ�FRPSOHWH 

>���@ �[� 

7KH�ZULWH�OHYHOLQJ�UHVXOW�RI�E\WH��IRU 
5$1.���7KH�XVHU�FDQ�JHW�WKH 
ZULWH�OHYHOLQJ�UHVXOW�DIWHU�WKH 
ZULWH�OHYHOLQJ�WUDLQLQJ�FRPSOHWH 

�[��� 

>�����@ �[� 

7KH�ZULWH�OHYHOLQJ�UHVXOW�RI�E\WH��IRU 
5$1.���7KH�XVHU�FDQ�JHW�WKH 
ZULWH�OHYHOLQJ�UHVXOW�DIWHU�WKH 
ZULWH�OHYHOLQJ�WUDLQLQJ�FRPSOHWH 

>���@ �[� 

7KH�ZULWH�OHYHOLQJ�UHVXOW�RI�E\WH��IRU 
5$1.���7KH�XVHU�FDQ�JHW�WKH 
ZULWH�OHYHOLQJ�UHVXOW�DIWHU�WKH 
ZULWH�OHYHOLQJ�WUDLQLQJ�FRPSOHWH 

�[��F 

>�����@ �[� 

7KH�ZULWH�OHYHOLQJ�UHVXOW�RI�E\WH��IRU 
5$1.���7KH�XVHU�FDQ�JHW�WKH 
ZULWH�OHYHOLQJ�UHVXOW�DIWHU�WKH 
ZULWH�OHYHOLQJ�WUDLQLQJ�FRPSOHWH 

>���@ �[� 

7KH�ZULWH�OHYHOLQJ�UHVXOW�RI�E\WH��IRU 
5$1.���7KH�XVHU�FDQ�JHW�WKH 
ZULWH�OHYHOLQJ�UHVXOW�DIWHU�WKH 
ZULWH�OHYHOLQJ�WUDLQLQJ�FRPSOHWH 

�[�I� >�����@ �[� 

7KH�ZULWH�OHYHOLQJ�UHVXOW�RI�E\WH��IRU 
5$1.���7KH�XVHU�FDQ�JHW�WKH 
ZULWH�OHYHOLQJ�UHVXOW�DIWHU�WKH 
ZULWH�OHYHOLQJ�WUDLQLQJ�FRPSOHWH 
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>���@ �[� 

7KH�ZULWH�OHYHOLQJ�UHVXOW�RI�E\WH��IRU 
5$1.���7KH�XVHU�FDQ�JHW�WKH 
ZULWH�OHYHOLQJ�UHVXOW�DIWHU�WKH 
ZULWH�OHYHOLQJ�WUDLQLQJ�FRPSOHWH 

�[�FF 

>�����@ �[� 

7KH�ZULWH�OHYHOLQJ�UHVXOW�RI�E\WH��IRU 
5$1.���7KH�XVHU�FDQ�JHW�WKH 
ZULWH�OHYHOLQJ�UHVXOW�DIWHU�WKH 
ZULWH�OHYHOLQJ�WUDLQLQJ�FRPSOHWH 

>���@ �[� 

7KH�ZULWH�OHYHOLQJ�UHVXOW�RI�E\WH��IRU 
5$1.���7KH�XVHU�FDQ�JHW�WKH 
ZULWH�OHYHOLQJ�UHVXOW�DIWHU�WKH 
ZULWH�OHYHOLQJ�WUDLQLQJ�FRPSOHWH 

�[��� 

>�����@ �[� 

7KH�ZULWH�OHYHOLQJ�UHVXOW�RI�E\WH��IRU 
5$1.���7KH�XVHU�FDQ�JHW�WKH 
ZULWH�OHYHOLQJ�UHVXOW�DIWHU�WKH 
ZULWH�OHYHOLQJ�WUDLQLQJ�FRPSOHWH 

>���@ �[� 

7KH�ZULWH�OHYHOLQJ�UHVXOW�RI�E\WH��IRU 
5$1.���7KH�XVHU�FDQ�JHW�WKH 
ZULWH�OHYHOLQJ�UHVXOW�DIWHU�WKH 
ZULWH�OHYHOLQJ�WUDLQLQJ�FRPSOHWH 

�[D�F 

>�����@ �[� 

7KH�ZULWH�OHYHOLQJ�UHVXOW�RI�E\WH��IRU 
5$1.���7KH�XVHU�FDQ�JHW�WKH 
ZULWH�OHYHOLQJ�UHVXOW�DIWHU�WKH 
ZULWH�OHYHOLQJ�WUDLQLQJ�FRPSOHWH 

>���@ �[� 

7KH�ZULWH�OHYHOLQJ�UHVXOW�RI�E\WH��IRU 
5$1.���7KH�XVHU�FDQ�JHW�WKH 
ZULWH�OHYHOLQJ�UHVXOW�DIWHU�WKH 
ZULWH�OHYHOLQJ�WUDLQLQJ�FRPSOHWH 

���1RUPDO�UHDG�DQG�ZULWHV�RSHUDWLRQ�FDQ�EHJLQ��  
�  
1.6.8 ''5�3+<�5HDG�7UDLQ 
7KH�''5�3+<�VXSSRUWV�WKH�UHDG�WUDLQLQJ��,W�LQFOXGHV�WKUHH�PRGHV� 
z $XWR�035�03&�0RGH��2QO\�VXSSRUW�IRU�''5��''5��/3''5��/3''5�� 
z 3UHGHILQHG�PRGH��2QO\�VXSSRUW�''5��''5��/3''5��/3''5�� 
z %\SDVV�0RGH��2QO\�VXSSRUW�/3''5��DQG�/3''5�� 
$XWR�035�03&�0RGH��:KHQ�WKH�3+<�FKRRVHV�WKH�''5��''5���LW�ZLOO�XVH�WKH�035�FRPPDQG�
WR�FRPSOHWH�WKH�UHDG�WUDLQLQJ�RI�WKH�$XWR�0RGH��:KHQ�WKH�3+<�FKRRVHV�WKH/3''5��/3''5���
LW�ZLOO�XVH�WKH�5'�'4�&DOLEUDWLRQ�FRPPDQG�WR�FRPSOHWH�WKH�UHDG�WUDLQLQJ�RI�WKH�$XWR�0RGH�
DQG�%3�0RGH� 
3UHGHILQH�PRGH��\RX�VKRXOG�ZULWH�GDWD�WR�6'5$0�DQG�PDNH�VXUH�WKH�GDWD�KDV�EHHQ�ZULWWHQ�
WR�WKH�6'5$0�DW�WKH�VSHFLILHG�ORFDWLRQ��)RU�H[DPSOH��\RX�FDQ�ZULWH�GDWD�ZKHQ�6'5$0�
ZRUNLQJ�DW�ORZ�IUHTXHQF\��7KHQ�WKH�3+<�UHDG�WKH�GDWD�ZKLFK�\RX�ZULWH�WR�6'5$0� 
:KHQ�ZH�HQDEOH�WKH�UHDG�WUDLQLQJ��WKH�3+<�ZLOO�DGMXVW�WKH�SHU�ELW�GH�VNHZ�WR�FKDQJH�WKH�
GHOD\�RIWKH�5;�'46�DQG�5;�'4�WR�ILQG�WKH�RSWLPDO�SRVLWLRQ��7KH�DGMXVW�UDQJH�RI�WKH�SHU�ELW�
GH�VNHZ�LVIURP��¶K��WR��¶K�I� 
,Q�U[�YUHI�WUDLQLQJ��ZH�FKDQJH�WKH�YDOXH�RI�SK\¶V�YUHI��:KHQ�VHW�D�QHZ�YUHI�YDOXH�WR�3+<��ZH 
VKRXOG�ZDLW����QV�WR�XSGDWH�LW��$QG�WKH�DGMXVW�UDQJH�RI�WKH�YUHI�LV�IURP��¶K���WR��¶KII��<RX�
FDQ 
FKDQJH�WKH�3+<¶V�YUHI�YDOXH�\RXUVHOI�E\�FRQILJXULQJ�WKH�DVVRFLDWHG�UHJLVWHU� 
)RU�SUHGHILQHG�PRGH��WKH�SK\�FDQ�VXSSRUW�U[�YUHI�WUDLQLQJ��,I�\RX�HQDEOH�WKH�YUHI�WUDLQLQJ�
IXQFWLRQ��WKH�SUHGHILQHGUHDG�WUDLQLQJ�KDYH���VWHSV��VWHS��DGMXVW�SHU�ELWGH�VNHZ 
�VWHS�BGHOD\��VWHS��DGMXVW�YUHI�VWHS�BYUHI���VWHS��DGMXVW�SHU�ELW�GH�VNHZ�VWHS�BGHOD\��
DJDLQ��:KHQ�\RX�GLVDEOH�YUHIWUDLQLQJ�IXQFWLRQ��WKH�SUHGHILQHGUHDG�WUDLQLQJ�RQO\�KDYH�
VWHS��:KHQ�VWHS��GRQH��DOO�VWHSV�GRQH� 
'XULQJ�WKH�WUDLQLQJ��LI�\RX�VHW�UHJBSK\BUHIUHVKBHQ�WR��¶E���WKH�3+<�VXSSRUW�WR�GR�DXWR�
UHIUHVK 
E\�LWVHOI��,I�\RX�XVH�WKLV�IXQFWLRQ��WKH�FRQWUROOHU�VKRXOG�VHQG�D�UHIUHVK��ERWK�UDQN�LQ�
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WKHPHDQWLPH��DIWHU�WUDLQLQJ�HQDEOH��RWKHUZLVH�WKH�3+<�ZLOO�NHHS�ZDLWLQJ� 
:KHQ�WKH�XVHU�HQDEOHV�WKH�QRUPDO�UHDG�WUDLQLQJ�IXQFWLRQ��LW�ZLOO�FRPSOHWH�WKH�UHDG�WUDLQLQJ 
DXWRPDWLFDOO\��7KH�QRUPDO�UHDG�WUDLQLQJ�XVLQJ�WKH�IROORZLQJ�VWHSV� 
���2SHQ�3+<�DXWR�UHIUHVK�IXQFWLRQ�LQ�WUDLQLQJ�LI�\RX�QHHG��E\�FRQILJXULQJ�
UHJBSK\BUHIUHVKBHQ �[�� 
���&KRRVH�WKH�UHDG�WUDLQLQJ�UDQN�XVLQJ�WKH�UHJBUGWUDLQBFVBVHO �¶E���UDQN��� 
���&RQILJXUH�WKH�05���05���05���05���WKURXJK�
UHJBOSGGU�BPU��BYDOXH�UHJBOSGGU�BPU��BYDOXH�UHJBOSGGU�BPU��BYDOXH�UHJBOSGGU�BPU��
BYDOXH�WR�FKRRVH�WKH�UHDG�WUDLQLQJ�SDWWHUQ�2QO\�IRU�OSGGU��� 
���FKRRVH�WKH�GTV�SKDVH�EHIRUH�UHDG�WUDLQLQJ�E\�VHWWLQJ�
FKDBUHJBOBUGBWUDLQBGTVBGHIDXOW�FKDBUHJBUBUGBWUDLQBGTVBGHIDXOW�FKEBUHJBOBUGBWUDLQBGTVBG
HIDXOW�FKEBUHJBUBUGBWUDLQBGTVBGHIDXOW �[H� 
���(QDEOH�WKH�UHDG�WUDLQLQJ�E\�VHWWLQJ�UHJBGTBUGBWUDLQBHQ �[�� 
���6HQG�D�DXWR�UHIUHVK�UDQN��DQG�UDQN��LQ�WKH�PHDQWLPH��LI�\RX�RSHQ�3+<�DXWR�UHIUHVK�
IXQFWLRQ� 
���:DLW�WKH�WUDLQ�GRQH�E\�SROOLQJ�WKH�UHJBWUDLQBWUXHBGRQH �[�� 
���&KHFN�WKH�UHDG�WUDLQ�VWDWH�E\�UHDG�FKD�E�BWUDLQBGRQHBIRUBUGBWRBUHJ>���@�+LJK�PHDQV�
HUURU� 
���([LW�WKH�5HDG�WUDLQ�E\�VHWWLQJ�UHJBGTBUGBWUDLQBHQ �[�� 
1.6.9 ''5�3+<�:ULWH�7UDLQ 
7KH�''5�3+<�VXSSRUWV�WKH�ZULWH�WUDLQLQJ��,W�RQO\�VXSSRUWV�WKH�DXWR�PRGH�:KHQ�WKH�3+<�
FKRRVHV�WKH�''5��''5��/3''5���LW�ZLOO�XVH�WKH�QRUPDO�ZULWH�DQG�UHDGFRPPDQG�WR�
FRPSOHWH�WKH�ZULWH�WUDLQLQJ��:KHQ�WKH�3+<�FKRRVHV�WKH�/3''5���LW�ZLOO�XVH�WKH'46�'4�
WUDLQLQJ�PRGH�FRPPDQG�WR�FRPSOHWH�WKH�ZULWH�WUDLQLQJ� 
:KHQ�ZH�HQDEOH�WKH�ZULWH�WUDLQLQJ��WKH�3+<�ZLOO�DGMXVW�WKH�SHU�ELW�GH�VNHZ�WR�FKDQJH�WKH�
GHOD\�RIWKH�7;�'4�WR�ILQG�WKH�RSWLPDO�SRVLWLRQ�7KH�GTV�ZLOO�NHHS�WR�WKH�SKDVH�ILQG�E\�WKH�
ZULWH�OHYHOLQJZKHQ�HQDEOH�WKH�ZULWH�OHYHOLQJ�IXQFWLRQ���7KH�DGMXVW�UDQJH�RI�WKH�SHU�ELW�GH�
VNHZ�LV�IURP��¶K��WR�¶K�I� 
7KH�3+<�FDQ�VXSSRUW�W[�YUHI�WUDLQLQJ�RQO\�IRU�/3''5����,I�\RX�HQDEOH�WKH�YUHI�WUDLQLQJ�
IXQFWLRQ�WKH�ZU�WUDLQLQJ�KDYH���VWHSV��VWHS��DGMXVW�SHU�ELW�GH�VNHZ�VWHS�BGHOD\���VWHS��
DGMXVW�YUHI�VWHS�BYUHI���VWHS��DGMXVW�SHU�ELW�GH�VNHZ�VWHS�BGHOD\��DJDLQ��:KHQ�\RX�FORVH�
YUHI�WUDLQLQJIXQFWLRQ��WKH�ZU�WUDLQLQJ�RQO\�KDYH�VWHS���ZKHQ�VWHS��GRQH��DOO�VWHS�GRQH� 
:KHQ�WKH�XVHU�HQDEOHV�WKH�QRUPDO�ZULWH�WUDLQLQJ�IXQFWLRQ��LW�ZLOO�FRPSOHWH�WKH�ZULWH�
WUDLQLQJDXWRPDWLFDOO\��7KH�QRUPDO�ZULWH�WUDLQLQJ�XVLQJ�VWHSV�VKRZV�EHORZ� 
���&RQILJXUH�WKH�LQLWLDO�DGGUHVV�ZULWH�GDWD�WR�WKLV�DGGUHVV��
UHJBWUDLQBFROBDGGUHVV�UHJBWUDLQBEDBDGGUHVV�UHJBWUDLQBURZBDGGUHVV� 
���,I�\RX�VHW�UHJBZUWUDLQBFKHFNBGDWDBYDOXHBUDQGRPBJHQ �[���FRQILJXUH�WKH�FKHFN�GDWD�
YDOXH�DV�WKH�GDWD�\RX�ZDQW�WR�ZULWH�WR�6'5$0���%/��� 
���,I�\RX�QHHG�WKH�3+<�GR�UHIUHVK�LQ�WUDLQLQJ��\RX�VKRXOG�FRQILJXUH�WKH�UHJBSK\BWUHIL��
UHJBSK\BWUIF��UHJBPD[BUHILBFQW��7KHQ�HQDEOH�WKH�UHJBSK\BUHIUHVKBHQ �[�� 
���&KRRVH�WKH�ZULWH�WUDLQLQJ�UDQN�XVLQJ�WKH�UHJBZUWUDLQBFVBVHO �[��UDQN��� 
���,I�\RX�QHHG�WKH�3+<�GR�W[�YUHI�WUDLQLQJ��\RX�VKRXOG�FRQILJXUH�UHJBWUDLQBYUHIBVWHSBPD[��
UHJBWUDLQBYUHIBVWHSBPLQ��UHJBZUWUDLQBOSGGU�BYUHIBUDQJH��
UHJBZUWUDLQBYUHIBZDLWBYUHIBFQWB��QV� 
���,I�\RX�HQDEOH�WKH�'%,�IXQFWLRQ��DQG�ZDQW�WR�GR�ZU�WUDLQLQJ�ZLWK�'%,�IXQFWLRQ�RSHQ��\RX�
VKRXOG�VHW�UHJBGGU�BGEL �[��ILUVW�2QO\�IRU�''5��� 
���&KRRVH�WKH�GTV�SKDVH�EHIRUH�ZULWH�WUDLQLQJ�E\�VHWWLQJ�
UHJBZUBWUDLQBGTVBGHIDXOWBE\SDVV �[���2WKHUZLVH�3+<�ZLOO�FKRRVH�WKH�ZULWH�OHYHOLQJ�WUDLQLQJ�
UHVXOW� 
���&KRRVH�WKH�ZULWH�WUDLQLQJ�DXWR�PRGH�E\�VHWWLQJ�UHJBGTBZUBWUDLQBDXWR �[�� 
���(QDEOH�WKH�W[�YUHI�WUDLQLQJ�E\�VHWWLQJ�LI�QHHG��UHJBWUDLQBYUHIBHQ �[���(QDEOH�WKH�ZULWH�
WUDLQLQJ�E\�VHWWLQJ�UHJBGTBZUBWUDLQBHQ �[�� 
����6HQG�D�DXWR�UHIUHVK�LI�\RX�RSHQ�3+<�DXWR�UHIUHVK�IXQFWLRQ� 
����:DLW�WKH�ZU�WUDLQ�GRQH�E\�SROOLQJ�WKH�WUDLQBDOOBVWHSBGRQH �[�� 
����&KHFN�WKH�ZU�WUDLQ�VWDWH�E\�UHDG�WUDLQBVWHS�BHUURU��WUDLQBVWHS�BHUURU��WUDLQBVWHS�BHUURU��
+LJK�PHDQV�HUURU� 
����([LW�WKH�ZULWH�WUDLQLQJ�E\�VHWWLQJ�UHJBGTBZUBWUDLQBHQ �[�� 
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1.6.10 ''5�0RQLWRU 
���''5�UHDG�RU�ZULWH�DGGUHVV�PRQLWRU 
''5�PRQLWRU�PRGXOH�FDQ�VWRUH���FRQVHFXWLYH�UHDG�RU�ZULWH�DGGUHVVHV�LQ�UHDO�WLPH��:H�FDQ�
UHDG�WKHVH�DGGUHVVHV�E\�$3%�EXV�IRU�GHEXJ�ZKHQ�V\VWHP�HQWHUV�DEQRUPDO�VWDWH� 
7KH�VWHSV�RI�FRQILJXUDWLRQ�WR�PRQLWRU�''5�UHDG�RU�ZULWH�DGGUHVV� 
z &RQILJXUH�''5021B''5B,)B&75/�GLUHFWLRQ�WR�VHOHFW�VWRULQJ�UHDG�RU�ZULWH�DGGUHVV��  
z 6HW�''5021B''5B,)B&75/�LIBPRQBHQ�WR�µ�¶�WR�HQDEOH�''5�PRQLWRU� 
z :KHQ�V\VWHP�LV�DEQRUPDO��ZH�FDQ�UHDG�WKH�UHJLVWHU�WR�JHW�WKH�FXUUHQW�IRXU�DGGUHVVHV� 
���''5�DFFHVV�DGGUHVV�PRQLWRU�ZLWKLQ�D�VSHFLILHG�UDQJH 
6RPHWLPHV�ZH�ZDQW�WR�FRQILUP�ZKHWKHU�''5�UHDG�RU�ZULWH�ZLWKLQ�D�VSHFLILHG�DGGUHVV�UDQJH��
WKHQ�ZH�FDQ�FRQILJXUH�WKH�DGGUHVV�UDQJH�DQG�HQDEOH�WKLV�IXQFWLRQ� 
7KH�VWHSV�RI�FRQILJXUDWLRQ�WR�PRQLWRU�''5�DFFHVV�DGGUHVV�ZLWKLQ�D�VSHFLILHG�UDQJH� 
&RQILJXUH�WKHZULWH�DGGUHVV�UDQJH�UHJLVWHUV�''5021B:5B67$57B$''5��
''5021B:5B(1'B$''5��DQG�UHDG�DGGUHVV�UHJLVWHUV�''5021�B5'B67$57B$''5��
''5021�B5'B(1'B$''5� 
z (QDEOH�LQWHUUXSW�E\�FRQILJXUH�WKH�UHJLVWHU�''5021B,17B0$6.>���@�WR��� 
z 6HW�''5021B''5B,)B&75/�LIBPRQBHQ�WR�µ�¶�WR�HQDEOH�''5�DGGUHVV�PRQLWRU� 
z ,I�WKH�UHDG�RU�ZULWH�DGGUHVVHV�KLW�WKH�UDQJH��WKHQ�LQWHUUXSW�ZLOO�DVVHUW��DQG�ZH�FDQ�UHDG�

WKH�LQWHUUXSW�VWDWXV�UHJLVWHU�''5021B,17B67$786� 
���''5�DFFHVV�FRPPDQG�VWDWLVWLFV 
7KLV�PRGXOH�FDQ�GR�WKH�VWDWLVWLFV�DERXW�''5�DFFHVV�FRPPDQG��OLNH�ZULWH��UHDG�DQG�DFWLYH�E\�
PRQLWRULQJ�'),�LQWHUIDFH��7KHUH�DUH�WZR�PRGH�WR�GR�VWDWLVWLFV��KDUGZDUH�PRGH�DQG�VRIWZDUH�
PRGH��7ZR�WKUHVKROGV�FDQ�EH�VHW��LI�UHDG�DQG�ZULWH�FRPPDQG�QXPEHU�LV�PRUH�WKDQ�KLJK�
WKUHVKROG��RU�OHVV�WKDQ�ORZ�WKUHVKROG��WKH�LQWHUUXSW�ZLOO�EH�DVVHUWHG� 
���''5�ORZ�SRZHU�VWDWLVWLFV 
,W�GRHV�WKH�VWDWLVWLFV�WKH�ORZ�SRZHU�SHULRG�VXFK�DV�''5�VHOI�UHIUHVK��SRZHU�GRZQ��FONVWRS�
DQG�3+<�ORZ�SRZHU��$IWHU�FRPSDUH�VWDWLVWLFV�LQWHUUXSW�DVVHUWV��WKH�ORZ�SRZHU�SHULRG�
UHSUHVHQW�LQ�FRUUHVSRQG�FRXQW�UHJLVWHU�ZLOO�EH�XSGDWHG�DQG�FDQ�EH�DFFHVVHG�WKURXJK�$3%�EXV�
LQWHUIDFH� 
+DUGZDUH�PRGH 
,Q�KDUGZDUH�PRGH��D�GIL�WLPHU�LV�XVHG�WR�VSHFLI\�D�VWDWLVWLFV�SHULRG��WKH�FRPPDQG�VWDWLVWLFV�
LV�GRQH�LQ�WKH�VWDWLVWLFV�SHULRG��7KH�GIL�WLPHU�LV�UXQQLQJ�LQ���0+]��$IWHU�GIL�WLPHU�FRXQWV�WR�
WKH�WKUHVKROG��DQG�XSGDWH�WKH�VWDWLVWLFV�YDOXH��WKH�GIL�WLPHU�ZLOO�UHVWDUW�DXWRPDWLFDOO\��DQG�
FRXQW�DJDLQ��  
7KH�VWHSV�RI�KDUGZDUH�PRGH�RI�''5�DFFHVV�FRPPDQG�VWDWLVWLFV��  
z &RQILJXUH�UHJLVWHU�''5021B&75/�KDUGZDUHBHQ�DV�µ�¶�WR�HQDEOH�KDUGZDUH�PRGH� 
z &RQILJXUH�UHJLVWHU�''5021B7,0(5B&2817�WR�VHW�WKH�GIL�WLPHU�FRXQW�WKUHVKROG��WKH�

VWDWLVWLFV�LV�GRQH�LQ�WKH�SHULRG�RI�WLPHU�EHLQJ�OHVV�WKDQ�WKH�YDOXH�RI�
''5021B7,0(5B&2817� 

z &RQILJXUH�UHJLVWHU�''5021B&75/�OSGGU��BHQ�DQG�''5021B&75/�OSGGU�BHQ�WR�VHW�WKH�
''5�PRGH� 

''5021B&75/�OSGGU�
�BHQ 

''5021B&75/�OSGGU�
BHQ 

''5021B&75/�GGU�
BHQ 

''5�
PRGH 

� � � /3''5� 
� � � ''5� 
� � � /3''5� 
� � � ''5� 
z &RQILJXUH�UHJLVWHU�''5021B)/225B180%(5�WR�VSHFLI\�WKH�ORZ�WKUHVKROG�RI�LQWHUUXSW��

DQG�FRQILJXUH�UHJLVWHU�''5021B723B180%(5�WR�VSHFLI\�WKH�KLJK�WKUHVKROG�RI�LQWHUUXSW� 
z &RQILJXUH�UHJLVWHU�''5021B&75/�WLPHUBFQWBHQ�DV�µ�¶�WR�VWDUW�KDUGZDUH�PRGH� 
z :DLW�IRU�WKH�LQWHUUXSW�WR�GR�IROORZLQJ�SURFHVV��:H�DOVR�FDQ�UHDG�WKH�UHDG��ZULWH�DQG�

DFWLYH�FRPPDQG�QXPEHU�VHSDUDWHO\� 
6RIWZDUH�PRGH 
,Q�VRIWZDUH�PRGH��WKH�VWDWLVWLFV�LV�FRQWUROOHG�E\�VRIWZDUH� 
7KH�VWHSV�RI�KDUGZDUH�PRGH�RI�''5�DFFHVV�FRPPDQG�VWDWLVWLFV� 
z &RQILJXUH�UHJLVWHU�''5021B&75/�OSGGU��BHQ��''5021B&75/�OSGGU�BHQ�DQG�
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''5021B&75/�GGU�BHQ�WR�VHW�WKH�''5�PRGH�OLNH�KDUGZDUH�PRGH��  
z &RQILJXUH�UHJLVWHU�''5021B&75/�VRIWZDUHBHQ�DV�µ�¶�WR�HQDEOH�VRIWZDUH�PRGH�VWDWLVWLFV� 
z &RQILJXUH�UHJLVWHU�''5021B&75/�VRIWZDUHBHQ�DV�µ�¶�WR�VWRS�WKH�VWDWLVWLFV��DQG�JHQHUDWH�

WKH�VWDWLVWLFV�UHVXOW��:H�FDQ�UHDG�WKH�UHDG��ZULWH�DQG�DFWLYH�FRPPDQG�QXPEHU�
VHSDUDWHO\� 

1.6.11 +:))& 
7R�HQDEOH�+DUGZDUH�)DVW�)UHTXHQF\�FKDQJH�IXQFWLRQ��VRIWZDUH�PXVW�FRQILJXUH�
''5B*5)B&21�>���@�WR��[���ZKLFK�PHDQV�''5&�ORZ�SRZHU�LQWHUIDFH�LV�FRQWUROOHG�E\�
+:))&�EORFN� 
$QG�IROORZLQJ�VRIWZDUH�SURFHGXUH�LV�H[DPSOH�IRU�KRZ�WR�XVHG�+:))&�IXQFWLRQ�DXWR�PRGH� 
1. (QDEOH�''5�FORFN�VZLWFK�IXQFWLRQ�E\�FRQILJXUH�&58B0,6&B&21�>��@�WR��¶E�� 
2. &OHDU�GILBLQLWBVWDUW�E\�FRQILJXULQJ�''5&B'),0,6&>�@�WR��¶E�� 
3. (QDEOH�''5&�+:))&�IXQFWLRQ�E\�FRQILJXUH�''5&�''5&B+:))&&7/�WR��[� 
4. &RQILJXUH�WLPLQJ�UHODWHG�UHJLVWHU�IRU�)UHTXHQF\���WR�� 
5. &RQILJXUH�''5&�''5&B0675>��@�IRU�IUHTXHQF\�PRGH 
6. &RQILJXUH�''5&�''5&B0675>���@�IRU�WDUJHW�IUHTXHQF\ 
7. &RQILJXUH�+:))&�+:))&B02'(�WR��[��WR�FKRRVH�DXWR�PRGH 
8. &RQILJXUH�+:))&�+:))&B&75/� ��[��IDVW�IUHT�FKDQJH��_� ��[������)63���_��[�����
�ORDG�LQLWLDO�YDOXH��_��[�����LJQRUH�SK\�UHDG\��_��[������DXWR�FORFN�VZLWFK�HQ� 
9. &RQILJXUH�+:))&�+:))&B&75/>�@�WR��[��WR�GLVDEOH�ORDGLQJ�LQLWLDO�FON�VZLWFK�YDOXH� 
10. &RQILJXUH� �+:))&�+:))&B&17�IRU�3//�ORFN�WLPH 
11. &RQILJXUH�+:))&�+:))&B(1>�@�WR��¶E��WR�HQDEOH�+:))&�  
12. :DLW�IRU�''5&B+:))&67$7>���@�WR��[� 
13. &RQILJXUH�''5&�''5&B+:))&&7/>���@�WR��[��WR�GLVDEOH�+:))&�IXQFWLRQ�IRU�''5& 
14. &RQILJXUH�+:))&�+:))&B(1>�@�WR��[��WR�GLVDEOH�+:))&�IXQFWLRQ�IRU�+:))&�EORFN� 
15. :ULWH�OHYHOLQJ�DQG�5;GTV�WUDLQLQJ� 
16. ''5�DFFHVV 
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Chapter 2  DDR Converter of Frequency (DCF) 
2.1 Overview 
''5�&RQYHUWHU�RI�)UHTXHQF\��'&)��LV�XVHG�WR�LPSOHPHQW�''5�IUHTXHQF\�FRQYHUVLRQ�ZLWKRXW�
WKH�SDUWLFLSDWLRQ�RI�&38��'&)�LV�FRQQHFWHG�WR�62&�WKURXJK�DQ�$;,�0DVWHU�DQG�DQ�$3%�6ODYH��
ZLWK�D�'0$&�DQG�LQVWUXFWLRQ�EXIIHU�LQVLGH��%HIRUHKDQG��VRIWZDUH�SXWV�LQWR�65$0�IRUPXODU\�
SLHFHV�RI�LQVWUXFWLRQV�ZKLFK�FRQVLVW�RI�DOO�WKH�UHJLVWHU�UHODWHG�FRQILJXUDWLRQV�LQ�WKH�SURFHVV�RI�
IUHTXHQF\�FRQYHUVLRQ��:KHQ�VWDUWHG�XS��'&)�DXWRPDWLFDOO\�UHDGV�LQVWUXFWLRQV�WR�WKH�LQVLGH�
EXIIHU�E\�PHDQV�RI�'0$��DQG�LPSOHPHQW�UHJLVWHU�FRQILJXUDWLRQ�DIWHU�DQDO\VLV��$�GRQH�VLJQDO�
ZLOO�EH�SURYLGHG�IRU�&38�DIWHU�DOO�WKH�LQVWUXFWLRQV�DUH�DQDO\]HG� 
'&)�VXSSRUWV�WKH�IROORZLQJ�IHDWXUHV� 
z $0%$����ELW�$;,�FRPSOLDQW 
z 6XSSRUW�'0$�RSHUDWLRQ�IURP�65$0�WR�EXIIHU 

� 6XSSRUW�EXUVW��RQO\ 
� //3�QRW�VXSSRUWHG 

z 6XSSRUW���LQWHUQDO�LQVWUXFWLRQ�UHJLVWHUV���U��	�U� 
z 6XSSRUW�IROORZLQJ�VRIWZDUH�LQVWUXFWLRQV� 

� ,'/��GHOD\� 
� /'5��UHDG�UHJLVWHU� 
� 675��ZULWH�UHJLVWHU� 
� ,6%��ZULWH�ZLWK�IOXVK� 
� %LWZLVH�$1' 
� %LWZLVH�25 
� %LWZLVH�,19 
� /65��OHIW�VKLIW� 
� 565��ULJKW�VKLIW� 
� $'' 
� 68% 
� 32//(4��SROO�D�UHJLVWHU�XQWLO�WKH�YDOXH�PDWFK� 
� 32//1(4��SROO�D�UHJLVWHU�XQWLO�WKH�YDOXH�PLVPDWFK� 
� &03(4��FRPSDUH�LI�HTXDO� 
� &031(4��FRPSDUH�LI�XQHTXDO� 
� %/��MXPS�XSZDUGV�RU�GRZQZDUGV���E\WHV�DOLJQ� 

z 6XSSRUW�IROORZLQJ�SURJUDP�IXQFWLRQV�WKURXJK�FRPELQDWLRQ�RI�EDVLF�LQVWUXFWLRQV 
� ,I�HOVH 
� ZKLOH 
� ORRS 
� IRU 

2.2 Block Diagram 
'&)�FRPSULVHV�ZLWK� 
z $Q�$;,�0DVWHU�,QWHUIDFH�  
z $Q�$3%�6ODYH�,QWHUIDFH 
z $�'0$�FRQWUROOHU 
z $Q�,QVWUXFWLRQ�%XIIHU 
z ,QVWUXFWLRQ�DQDO\]HU 
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AXI
master

APB
slave

INSTR
analysis

INSTR
buffer

DMA
ctrl

Bus

SDRAM

Bus

Bus

 
Fig.2-1 DCF Block Diagram 

2.3 Register Description  
2.3.1 5HJLVWHUV�6XPPDU\�  

�1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

'&)B&75/ �[���� : �[�������� '&)�&RQWURO�5HJLVWHU 
'&)B67$786 �[���� : �[�������� '&)�,QWHUQDO�6WDWXV�5HJLVWHU 

'&)B$''5 �[���� : �[�������� '&)�,QVWUXFWLRQ�6WDUW�$GGUHVV�5HJLVWHU 
'&)B,65 �[���F : �[�������� '&)�,QWHUUXSW�6WDWXV�5HJLVWHU 

'&)B7,0(287B&<& �[���� : �[IIIIIIII '&)�,QVWUXFWLRQ�7LPHRXW�&\FOH�
5HJLVWHU 

'&)B&855B5� �[���� : �[�������� &XUUHQW�,QWHUQDO�5��9DOXH�5HJLVWHU�  

'&)B&855B5� �[���� : �[�������� &XUUHQW�,QWHUQDO�5��9DOXH�5HJLVWHU�  

'&)B&0'B&2817(5 �[���� : �[�������� &XUUHQW�&RPPDQG�&RXQWHU�9DOXH�5HJLVWHU�  

'&)B/$67B$''5� �[���� : �[�������� /DVW���,QVWUXFWLRQ�$GGUHVV�5HJLVWHU�  

'&)B/$67B$''5� �[���� : �[�������� /DVW���,QVWUXFWLRQ�$GGUHVV�5HJLVWHU�  

'&)B/$67B$''5� �[���� : �[�������� /DVW���,QVWUXFWLRQ�$GGUHVV�5HJLVWHU�  

'&)B/$67B$''5� �[���F : �[�������� /DVW���,QVWUXFWLRQ�$GGUHVV�5HJLVWHU�  
1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV��':�
'RXEOH�:25'�����ELWV��DFFHVV�  
2.3.2 'HWDLO�5HJLVWHUV�'HVFULSWLRQ�  
'&)B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 
YRSBKZBHQ 
�
E����(QDEOH 
�
E����'LVDEOH 

� :2 �[� 
WLPHRXWBHQ 
�
E���(QDEOH�  
�
E���'LVDEOH�  
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� :2 �[� 
VWDUW 
7KLV�ELW�ZLOO�EH�DXWR�FOHDUHG�ZKHQ�'&)�LV�GRQH� 
�
E���6WDUW�'&) 
�
E���6WRS�'&) 

 
'&)B67$786�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� :2 �[� GPDBGRQHBVW 
�
E���'&)�KDV�IHWFKHG�DOO�WKH�LQVWUXFWLRQV� 

� :2 �[� LQVWUBGRQHBVW 
�
E���'&)�KDV�GRQH�DOO�WKH�LQVWUXFWLRQV�DQDO\VLV� 

� :2 �[� GPDBHUURUBVW 
�
E����(UURU�UHVSRQVH�UHFHLYHG�ZKHQ�'&)�LV�IHWFKLQJ�LQVWUXFWLRQV� 

� :2 �[� LQVWUBHUURUBVW 
�
E����(UURU�UHVSRQVH�UHFHLYHG�ZKHQ�'&)�LV�KDQGOLQJ�LQVWUXFWLRQV� 

� :2 �[� GFIBWLPHRXWBVW 
�
E���'&)�WLPHRXW 

� :2 �[� GFIBHGJHBWULJJHUBVW 
�
E����'&)�LV�WULJJHUHG�E\�GPDBILQLVK�IURP�YRS� 

� :2 �[� 
GFIBOHYHOBWULJJHUBVW 
�
E����'&)�LV�WULJJHUHG�E\�RQH�RI�WKH�IROORZLQJ�VRXUFHV� 
YRSBVWDQGE\���YRSBFORFNJDWLQJ���YRSBSRZQGRZQ 

� 52 �[� 
GFIBLGOHBVW 
�
E����'&)�LV�LGOH 
�
E����'&)�LV�EXV\ 

 
'&)B$''5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� DGGU '&)�LQVWUXFWLRQ�IHWFK�VWDUW�DGGUHVV 
 
'&)B,65�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� :2 �[� GFIBHUURU 
�
E���(UURU�UHVSRQVH�RU�WLPHRXW�GXULQJ�''5�FKDQJH�IUHTXHQF\� 

� :2 �[� 
GFIBGRQH 
�
E���''5�FKDQJH�IUHTXHQF\�FRPSOHWHG� 
�
E���''5�FKDQJH�IUHTXHQF\�QRW�FRPSOHWHG� 

 
'&)B7,0(287B&<&�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[IIIIIIII WLPHRXW 
&DOFXODWHG�E\�D[L�FORFN 

 
'&)B&855B5��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� FXUUBU� 5��YDOXH�LV�VDPSOHG�ZKHQ�GFIBGRQH�RU�GFIBHUURU�RFFXUV� 
 
'&)B&855B5��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� FXUUBU� 5��YDOXH�LV�VDPSOHG�ZKHQ�GFIBGRQH�RU�GFIBHUURU�RFFXUV� 
 
'&)B&0'B&2817(5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 
FPGBFRXQWHU 
FPGBFRXQWHU�YDOXH�LV�VDPSOHG�ZKHQ�GFIBGRQH�RU�GFIBHUURU�
RFFXUV� 
LW�UHFRUGV�WKH�QXPEHU�RI�SLHFHV�RI�LQVWUXFWLRQV�DPRQJ�'&)� 

 
'&)B/$67B$''5��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 
ODVWBDGGU� 
9DOXH�LV�VDPSOHG�ZKHQ�GFIBGRQH�RU�GFIBHUURU�RFFXUV� 
LW�UHFRUGV�WKH�ODVW���LQVWUXFWLRQ�DGGUHVV� 

 
'&)B/$67B$''5��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
ODVWBDGGU� 
9DOXH�LV�VDPSOHG�ZKHQ�GFIBGRQH�RU�GFIBHUURU�RFFXUV� 
LW�UHFRUGV�WKH�ODVW���LQVWUXFWLRQ�DGGUHVV� 

 
'&)B/$67B$''5��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 
ODVWBDGGU� 
9DOXH�LV�VDPSOHG�ZKHQ�GFIBGRQH�RU�GFIBHUURU�RFFXUV� 
LW�UHFRUGV�WKH�ODVW���LQVWUXFWLRQ�DGGUHVV� 

 
'&)B/$67B$''5��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 
ODVWBDGGU� 
9DOXH�LV�VDPSOHG�ZKHQ�GFIBGRQH�RU�GFIBHUURU�RFFXUV� 
LW�UHFRUGV�WKH�ODVW���LQVWUXFWLRQ�DGGUHVV� 

 
2.4 Application Notes 
2.4.1 '&)�:RUN�)ORZ 

1ǃ 6RIWZDUH�QHHGV�WR�RSHQ�XS�D�VHSDUDWH�VSDFH�LQ�65$0�DQG�ORDGV�D�VHULHV�RI�
LQVWUXFWLRQV�LQ�DGYDQFH��7KH�LQVWUXFWLRQ�VKRXOG�FRQVLVWV�RI� 
aǃ &RQILJXUH�PVFK�DQG�FSX�LGOH� 
bǃ &RQILJXUH�0HPRU\�&RQWUROOHU�WR�PRYH�''5�LQWR�/RZ�SRZHU�6WDWH� 
cǃ 5HVHW�''53+<�LI�QHHGHG� 
dǃ &RQILJXUH�&ORFN�IUHTXHQF\��ZDLW�IRU�3//�ORFN� 
eǃ &RQILJXUH�DOO�WKH�7LPLQJ�UHODWLYH�UHJLVWHUV� 
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fǃ 'H�DVVHUW�''53+<�UHVHW�LI�QHHGHG� 
gǃ ,QLWLDOL]H�''53+<��GR�FDOLEUDWLRQ� 
hǃ &RQILJXUH�0HPRU\�&RQWUROOHU�WR�PRYH�''5�LQWR�$FFHVV�6WDWH� 

2ǃ 6RIWZDUH�FRQILJXUH�'&)��QRWLI\LQJ�WKH�VWDUWBDGGU��DQG�WKHQ�VWDUW�'&)� 
3ǃ '&)�ZLOO�WUDQVIHU�LQVWUXFWLRQ�GDWD�WKURXJK�'0$�IURP�65$0�WR�DQ�LQWHUQDO�EXIIHU� 
4ǃ ,Q�WKH�PHDQZKLOH��$Q�LQVWUXFWLRQ�DQDO\VLV�PRGXOH�ZLOO�UHDG�WKHVH�LQVWUXFWLRQV�IURP�

EXIIHU��DQG�WUDQVIRUP�WKHP�WR�FRUUHVSRQGLQJ�EXV�UHODWLYH�RSHUDWLRQV��LQFOXGLQJ�
:ULWH	5HDG�UHJLVWHUV��GHOD\�VRPH�FORFN�F\FOHV��DULWKPHWLF�RSHUDWLRQ�DQG�VR�RQ� 

5ǃ %\�$[L�PDVWHU��'&)�ZLOO�FRQILJXUH�X3&7/ǃ''53+<ǃ&58�PRGXOH�WR�LPSOHPHQW�WKH�
SURFHGXUH�RI�''5�IUHTXHQF\�FRQYHUVLRQ� 

6ǃ '&)�ZLOO�UHFRJQL]H�WKH�ODVW�FRPPDQG��DQG�JHQHUDWH�D�GFIBGRQH�LQWHUUXSW�IRU�&38� 

BEGIN

Write 
instruction 
into SRAM

Config DMA
Start_addr

Config DCF 
Start

DMA 
done˛

DCF 
done˛

END

Y

Y

N

 
Fig.2-2 DCF work flow 

2.4.2 ,QVWUXFWLRQ�)RUPDW 
2QH�SLHFH�RI�LQVWUXFWLRQ��ZKLFK�LV���ELW��VKRXOG�FRQVLVW�RI�WKH�LQIRUPDWLRQ�RI� 
1ǃ $GGUHVV 
2ǃ 'DWD 
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3ǃ &RPPDQG�  
����� ����� ����� ���� 

FPG>���@ DGGU>����@ �U��U�� GDWD 
 
7KH�RYHUDOO�SULQFLSOH�RI�LQVWUXFWLRQ�LQIRUPDWLRQ�LV� 
1ǃ $GGUHVV>�����@�LV�UHVHUYHG�IRU��ELW�FRPPDQG��ZKLFK�UHSUHVHQWV�WKH�FRUUHVSRQGLQJ�

RSHUDWLRQ� 
2ǃ $GGUHVV>���@�LV�XVHG�WR�LQGLFDWH�RSHUDWLRQ�RI�U��RU�U�� 
3ǃ $GGUHVV>����@�LV�WKH�UHDO�EXV�DGGUHVV��,I����LW�PHDQV�QR�EXV�RSHUDWLRQ���LI�QRW����LW�

PHDQV�D�FRPELQDWLRQ�RI���LQVWUXFWLRQV�ZLWK�D�EXV�RSHUDWLRQ�DKHDG�DQG�DQ�DULWKPHWLF�F�
RSHUDWLRQ�IROORZHG�LQ�RUGHU�WR�LPSURYH�HIILFLHQF\� 

)RU�H[DPSOH��OHW�XV�DQDO\]H�WKH�LQVWUXFWLRQ���I������B�������� 
1ǃ &RPPDQG�LV���ZKLFK�UHSUHVHQWV�DQ�ELWZLVH�$1'�RSHUDWLRQ� 
2ǃ $GGUHVV�LV��[II��������UHSUHVHQWV�D�EXV�UHDG�RSHUDWLRQ� 
3ǃ 5��LV�LQGLFDWHG��UHSUHVHQWV�WKDW�WKH�PLGGOH�UHVXOW�LV�VWRUHG�LQWR�LQWHUQDO�UHJLVWHU�U�� 
4ǃ 'DWD�LV��[����������UHSUHVHQWV�WKDW�WKH�RSHUDWLRQ�YDOXH�LV��[�� 

6R��WKLV�LQVWUXFWLRQ�ZLOO�GR�IROORZLQJ�RSHUDWLRQV� 
z /'5���[II��������U���� � � ��UHDG�UHJLVWHU��[II��������DQG�VWRUH�YDOXH�LQWR�U� 
z $1'�U����[����������� � � ��U��LV�ELWZLVH�$1'�ZLWK��[���DQG�UH�VWRUH�WKH�UHVXOW 

7KH�IROORZLQJ�WDEOH�OLVWV�DOO�WKH�VXSSRUWHG�FRPPDQG 
INSTR cmd[4:0 addr[26:2] R1 R0 Data[31:0]   
IDLE �¶K�� NA NA NA #data IDL #data 

AND �¶K�� 

#addr 

0 0 NA ldr #addr r0 ; ldr #addr r1 
0 1 #data ldr #addr r0 ; AND r0 #data 
1 0 #data ldr #addr r1 ; AND r1 #data 
1 1 NA ldr #addr r1 ; AND r1 r0 

All 0 

0 0 NA mov r0 r0 ; mov r1 r1 
0 1 #data AND r0 #data 
1 0 #data AND r1 #data 
1 1 NA AND r1 r0 

OR �¶K�� 

#addr 

0 0 NA ldr #addr r0 ; ldr #addr r1 
0 1 #data ldr #addr r0 ; OR r0 #data 
1 0 #data ldr #addr r1 ; OR r1 #data 
1 1 NA ldr #addr r1 ; OR r1 r0 

All 0 

0 0 NA mov r0 r0 ; mov r1 r1 
0 1 #data OR r0 #data 
1 0 #data OR r1 #data 
1 1 NA OR r1 r0 

INV �¶K�� 

#addr 

0 0 NA ldr #addr r0 ; ldr #addr r1 
0 1 #data ldr #addr r0 ; XOR r0 ^#data 
1 0 #data ldr #addr r1 ; XOR r1 ^#data 
1 1 #data ldr #addr r1 ; XOR r1 ^r0 

All 0 

0 0 NA mov r0 r0 ; mov r1 r1 
0 1 NA INV r0 
1 0 NA INV R1 
1 1 NA SWP r0 r1 

LSR �¶K�� 

#addr 

0 0 NA ldr #addr r0 ; ldr #addr r1 
0 1 #data ldr #addr r0 ; LSR r0 #data 
1 0 #data ldr #addr r1 ; LSR r1 #data 
1 1 NA ldr #addr r1 ; LSR r1 r0 

All 0 

0 0 NA mov r0 r0 ; mov r1 r1 
0 1 #data LSR r0 #data 
1 0 #data LSR r1 #data 
1 1 NA LSR r1 r0 
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INSTR cmd[4:0 addr[26:2] R1 R0 Data[31:0]   

RSR �¶K�� 

#addr 

0 0 NA ldr #addr r0 ; ldr #addr r1 
0 1 #data ldr #addr r0 ; RSR r0 #data 
1 0 #data ldr #addr r1 ; RSR r1 #data 
1 1 NA ldr #addr r1 ; RSR r1 r0 

All 0 

0 0 NA mov r0 r0 ; mov r1 r1 
0 1 #data RSR r0 #data 
1 0 #data RSR r1 #data 
1 1 NA RSR r1 r0 

CMPEQ �¶K�� 

#addr 

0 0 NA ldr #addr r0 ; ldr #addr r1 
0 1 #data ldr #addr r0 ; CMPEQ r0 #data,flag 
1 0 #data ldr #addr r0 ; CMPEQ r1 #data,flag 
1 1 NA ldr #addr r0 ; CMPEQ r1 r0,flag 

All 0 

0 0 NA mov r0 r0 ; mov r1 r1 
0 1 #data CMPEQ r0 #data, flag 
1 0 #data CMPEQ r1 #data, flag 
1 1 NA CMPEQ r1 r0, flag 

CMPNE �¶K�� 

#addr 

0 0 NA ldr #addr r0 ; ldr #addr r1 
0 1 #data ldr #addr r0 ; CMPNE r0 #data,flag 
1 0 #data ldr #addr r1 ; CMPNE r1 #data,flag 
1 1 NA ldr #addr r1 ; CMPNE r1 r0,flag 

All 0 

0 0 NA mov r0 r0 ; mov r1 r1 
0 1 #data CMPNE r0 #data, flag 
1 0 #data CMPNE r1 #data, flag 
1 1 NA CMPNE r1 r0, flag 

ADD �¶K�� 

#addr 

0 0 NA ldr #addr r0 ; ldr #addr r1 
0 1 #data ldr #addr r0 ; ADD r0 #data 
1 0 #data ldr #addr r0 ; ADD r1 #data 
1 1 NA ldr #addr r0 ; ADD r1 r0 

All 0 

0 0 NA mov r0 r0 ; mov r1 r1 
0 1 #data ADD r0 #data 
1 0 #data ADD r1 #data 
1 1 NA ADD r1 r0 

SUB �¶K�� 

#addr 

0 0 NA ldr #addr r0 ; ldr #addr r1 
0 1 #data ldr #addr r0 ; SUB r0 #data 
1 0 #data ldr #addr r0 ; SUB r1 #data 
1 1 NA ldr #addr r0 ; SUB r1 r0 

All 0 

0 0 NA mov r0 r0 ; mov r1 r1 
0 1 #data SUB r0 #data 
1 0 #data SUB r1 #data 
1 1 NA SUB r1 r0 

STR �¶K�D #addr 

0 0 #data STR #addr #data 
0 1 NA STR #ADDR r0 
1 0 NA STR #ADDR r1 
1 1 #data STR #addr #data 

ISB �¶K�E #addr 

0 0 #data STR #addr #data 
0 1 NA STR #ADDR r0 
1 0 NA STR #ADDR r1 
1 1 #data STR #addr #data 

POLEQ �¶K�F NA 
0 1 #data poll r0=#data,repeat last command 
1 0 #data poll r1=#data,repeat last command 
1 1 NA poll r1=r0,repeat last command 
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INSTR cmd[4:0 addr[26:2] R1 R0 Data[31:0]   

POLNEQ �¶K�G NA 
0 1 #data poll r0!=#data,repeat last command 
1 0 #data poll r1!=#data,repeat last command 
1 1 NA poll r1!=r0,repeat last command 

BL_U �¶K�H 

ALL 0 
NA NA #data brr #data,?flag  (upwards) 
0 1 NA brr r0, ?flag 
1 0 NA brr r1, ?flag 

ALL 1 
NA NA #data brr #data (upwards) 
0 1 NA brr r0 
1 0 NA brr r1 

BL_D �¶K�I 

ALL 0 
NA NA #data brr #data,?flag  (downwards) 
0 1 NA brr r0, ?flag 
1 0 NA brr r1, ?flag 

ALL 1 
NA NA #data brr #data (downwards) 
0 1 NA brr r0 
1 0 NA brr r1 

DMA_S �¶K�� NA NA NA #data set dma_start_addr = #data 
DMA_D �¶K�� NA NA NA #data set dma_end_addr   = #data 

DMA_DO �¶K�� NA NA NA #data set dma_length     = #data (byte) 
dma_start 

END �¶K�� NA NA NA NA End of instruction 
 
2.4.3 +DUGZDUH�7ULJJHU�)ORZ 
:KHQ�'&)B&75/�YRSBKZBHQ�LV�HQDEOHG��'&)�FDQ�EH�WULJJHUHG�E\�DQ\�RI�WKH�IROORZHG�WKUHH�
VRXUFHV��GPDBILQLVK�ǃYRSBVWDQGE\ǃYRSBFONJDWHBHQ� 
'&)�LV�HGJH�VHQVLWLYH�IRU�GPDBILQLVK�VLJQDO��DQG�OHYHO�VHQVLWLYH�IRU�YRSBVWDQGE\�DQG�
YRSBFONJDWHBHQ�VLJQDO� 
:KHQ�'&)�LV�ZRUNLQJ��D�GFIBLGOH�LV�GULYHQ�WR�ORZ�WR�LQGLFDWH�YRS�QRW�WR�H[LW�YRSBVWDQGE\�
VWDWXV��$QG�ZKHQ�'&)�LV�QRW�ZRUNLQJ��GFIBLGOH�LV�GULYHQ�WR�KLJK�IRU�62&�DQG�923�WR�LQTXLUH� 
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Chapter 3 SPINLOCK 
3  
3.1 Overview 
7KH�KDUGZDUH�VSLQORFN�XVHG�IRU�VSLQORFN�VWDWXV�VWRUDJH��$OO�WKH�&38�FDQ�DFFHVV�VSLQORFN�WR�
JHW�WKH�ORFN�VWDWXV� 
3.2 Block Diagram  

CPU

bus_matrix

spinlock

 
	��Ǥ͵Ǧͳ������������������� 

3.3 Register Description 
3.3.1 ,QWHUQDO�$GGUHVV�0DSSLQJ 
6ODYH�DGGUHVV�FDQ�EH�GLYLGHG�LQWR�GLIIHUHQW�OHQJWK�IRU�GLIIHUHQW�XVDJH��ZKLFK�LV�VKRZQ�DV�
IROORZV��  
3.3.2 5HJLVWHUV�6XPPDU\ 

Name  Offset  Size  
Reset 
Value  

Description  

SPINLOCK_status_n  
(range of n is 0~63) 

0x0+4*n W  0x00000000  
spinlock status controller 
register_n  

1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV 
 
3.3.3 'HWDLO�5HJLVWHU�'HVFULSWLRQ 
63,1/2&.BVWDWXVBQ�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������Q��  

Bit  Attr  Reset Value  Description  

31:4   RO   0x000000 
reserved 
reserved 

3:0   RW   0x0  

spinlock_status 
when 4bits is 0, 4bits can be written with new value.  
when 4bits is not 0, 4bits cannot be written.  
when write data is 0x0000, 4bits clean to 0. 
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Chapter 4 Crypto 
4.1 Overview 
&U\SWR�LV�D�KDUGZDUH�DFFHOHUDWRU�IRU�HQFU\SWLQJ�RU�GHFU\SWLQJ��,W�VXSSRUWV�WKH�PRVW�
FRPPRQO\�XVHG�DOJRULWKP��'(6��'(6��$(6��6+$���6+$�����0'��DQG�3.$�� � � �  
7KH�&U\SWR�VXSSRUWV�IROORZLQJ�IHDWXUHV� 
z 6XSSRUW�/LQN�/LVW�,WHP��//,��'0$�WUDQVIHU�  
z 6XSSRUW�6+$����6+$����������6+$����������0'���60��ZLWK�KDUGZDUH�SDGGLQJ 
z 6XSSRUW�+0$&�RI�6+$����6+$������6+$������0'���60��ZLWK�KDUGZDUH�SDGGLQJ 
z 6XSSRUW�$(6������$(6������$(6�����HQFU\SW�	�GHFU\SW�FLSKHU�  
z 6XSSRUW�'(6�	�7'(6�FLSKHU 
z 6XSSRUW�$(6�(&%�&%&�2)%�&)%�&75�&76�;76�&&0�*&0�&%&�0$&�&0$&�PRGH 
z 6XSSRUW�60��(&%�&%&�2)%�&)%�&75�&76�;76�&&0�*&0�&%&�0$&�&0$&�PRGH 
z 6XSSRUW�'(6�7'(6�(&%�&%&�2)%�&)%�PRGH 
z 6XSSRUW�XS�WR������ELWV�3.$�PDWKHPDWLFDO�RSHUDWLRQV�IRU�56$�(&&�60� 
z 6XSSRUW�XS�WR���FKDQQHOV�FRQILJXUDWLRQ 
4.2 Block Diagram 

AHB Slave

DMA

PKA

RX_FIFO

TX_FIFO

FIFO_CTL

AES

SM4

SRAM

HASH_TOP

SHA-1/256/224
MD5

SM3

CIPHER

Interrupt

AHB BUS

AXI BUS

MODE_CTL

SHA-512/384

TDES/DES

 
Fig. 4-1 Crypto Architecture 

 
&U\SWR�FRQWDLQV�VHYHUDO�PRGXOHV���$+%B6ODYH��'0$��&,3+(5��3.$��  
$+%B6ODYH 
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DULWKPHWLF��DGGLWLRQ��VXEWUDFWLRQ��PXOWLSOLFDWLRQ�DQG�GLYLVLRQ���5HJXODU�DULWKPHWLF��DGGLWLRQ��
VXEWUDFWLRQ��PXOWLSOLFDWLRQ�DQG�GLYLVLRQ���0RGXODU�LQYHUVLRQ��0RGXODU�H[SRQHQWLDWLRQ�� �
/RJLFDO�RSHUDWLRQV��$1'��25��;25��6+,)7���3.$�KDV�D�65$0�ZKLFK�LV�XVHG�WR�VWRUH�VRXUFH���
UHVXOW�DQG�LQWHUPHGLDWH�GDWD�IRU�3.$�RSHUDWLRQV��7KH�VRIWZDUH�GULYHU�FRXOG�XVH�3.$�
RSHUDWLRQV�WR�LPSOHPHQW�FRPSOLFDWH�FDOFXODWLRQ��VXFK�DV�56$��(&&�HWF��,W�FRXOG�VXSSRUW�XS�WR�
�����ELWV�56$�PRGXODU�H[SRQHQWLDWLRQ�FDOFXODWLRQ��7KLV�PRGXOH�LV�LQ�&/.B3.$�GRPDLQ� 
4.3 Register description  
4.3.1 ,QWHUQDO�$GGUHVV�0DSSLQJ 
6ODYH�DGGUHVV�FDQ�EH�GLYLGHG�LQWR�GLIIHUHQW�OHQJWK�IRU�GLIIHUHQW�XVDJH��ZKLFK�LV�VKRZQ�DV�
IROORZV��  
 
4.3.2 5HJLVWHUV�6XPPDU\ 

Name  Offset  Size  
Reset 
Value  

Description  

CRYPTO_CLK_CTL  0x0000  W  0x00000001  Clock Control Register  
CRYPTO_RST_CTL  0x0004  W  0x00000000  Reset Control Register  
CRYPTO_DMA_INT_EN  0x0008  W  0x00000000  DMA Interrupt Enable Register  
CRYPTO_DMA_INT_ST  0x000c  W  0x00000000  DMA Interrupt Status Register  
CRYPTO_DMA_CTL  0x0010  W  0x00000000  DMA Control Register  
CRYPTO_DMA_LLI_ADDR  0x0014  W  0x00000000  DMA LIST Start Address Register  
CRYPTO_DMA_ST  0x0018  W  0x00000000  DMA Status Register  
CRYPTO_DMA_STATE  0x001c  W  0x00000000  DMA State Register  
CRYPTO_DMA_LLI_RADDR  0x0020  W  0x00000000  DMA LLI Read Address Register  

CRYPTO_DMA_SRC_RADDR  0x0024  W  0x00000000  
DMA Source Data Read Address 
Register  

CRYPTO_DMA_DST_WADDR  0x0028  W  0x00000000  
DMA Destination Data Read 
Address Register  

CRYPTO_DMA_ITEM_ID  0x002c  W  0x00000000  DMA Descriptor ID Register  
CRYPTO_FIFO_CTL  0x0040  W  0x00000003  FIFO Control Register  
CRYPTO_BC_CTL  0x0044  W  0x00000000  Block Cipher Control Register  
CRYPTO_HASH_CTL  0x0048  W  0x00000004  Hash Control Register  
CRYPTO_CIPHER_ST  0x004c  W  0x00000000  Cipher Status Register  
CRYPTO_CIPHER_STATE  0x0050  W  0x00000400  Cipher Current State Register  
CRYPTO_CHn_IV_0  0x0100  W  0x00000000  Channel n IV Register 0  
CRYPTO_CHn_IV_1  0x0104  W  0x00000000  Channel n IV Register 1  
CRYPTO_CHn_IV_2  0x0108  W  0x00000000  Channel n IV Register 2  
CRYPTO_CHn_IV_3  0x010c  W  0x00000000  Channel n IV Register 3  
CRYPTO_CHn_KEY_0  0x0180  W  0x00000000  Channel n KEY Register 0  
CRYPTO_CHn_KEY_1  0x0184  W  0x00000000  Channel n KEY Register 1  
CRYPTO_CHn_KEY_2  0x0188  W  0x00000000  Channel n KEY Register 2  
CRYPTO_CHn_KEY_3  0x018c  W  0x00000000  Channel n KEY Register 3  
CRYPTO_CHn_PKEY_0  0x0200  W  0x00000000  Channel n Private KEY Register 0  
CRYPTO_CHn_PKEY_1  0x0204  W  0x00000000  Channel n Private KEY Register 1  
CRYPTO_CHn_PKEY_2  0x0208  W  0x00000000  Channel n Private KEY Register 2  
CRYPTO_CHn_PKEY_3  0x020c  W  0x00000000  Channel n Private KEY Register 3  
CRYPTO_CHn_PC_LEN_0  0x0280  W  0x00000000  Channel n PC Length Register 0  
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Name  Offset  Size  
Reset 
Value  

Description  

CRYPTO_CHn_PC_LEN_1  0x0284  W  0x00000000  Channel n PC Length Register 1  
CRYPTO_CHn_ADA_LEN_0  0x02c0  W  0x00000000  Channel n ADA Length Register 0  
CRYPTO_CHn_ADA_LEN_1  0x02c4  W  0x00000000  Channel n ADA Length Register 1  
CRYPTO_CHn_IV_LEN_0  0x0300  W  0x00000000  Channel n IV Length Register 0  
CRYPTO_CHn_TAG_0  0x0320  W  0x00000000  Channel n Tag Register 0  
CRYPTO_CHn_TAG_1  0x0324  W  0x00000000  Channel n Tag Register 1  
CRYPTO_CHn_TAG_2  0x0328  W  0x00000000  Channel n Tag Register 2  
CRYPTO_CHn_TAG_3  0x032c  W  0x00000000  Channel n Tag Register 3  
CRYPTO_HASH_DOUT_0  0x03a0  W  0x00000000  HASH Data Output Register 0  
CRYPTO_HASH_DOUT_1  0x03a4  W  0x00000000  HASH Data Output Register 1  
CRYPTO_HASH_DOUT_2  0x03a8  W  0x00000000  HASH Data Output Register 2  
CRYPTO_HASH_DOUT_3  0x03ac  W  0x00000000  HASH Data Output Register 3  
CRYPTO_HASH_DOUT_4  0x03b0  W  0x00000000  HASH Data Output Register 4  
CRYPTO_HASH_DOUT_5  0x03b4  W  0x00000000  HASH Data Output Register 5  
CRYPTO_HASH_DOUT_6  0x03b8  W  0x00000000  HASH Data Output Register 6  
CRYPTO_HASH_DOUT_7  0x03bc  W  0x00000000  HASH Data Output Register 7  
CRYPTO_HASH_DOUT_8  0x03c0  W  0x00000000  HASH Data Output Register 8  
CRYPTO_HASH_DOUT_9  0x03c4  W  0x00000000  HASH Data Output Register 9  
CRYPTO_HASH_DOUT_10  0x03c8  W  0x00000000  HASH Data Output Register 10  
CRYPTO_HASH_DOUT_11  0x03cc  W  0x00000000  HASH Data Output Register 11  
CRYPTO_HASH_DOUT_12  0x03d0  W  0x00000000  HASH Data Output Register 12  
CRYPTO_HASH_DOUT_13  0x03d4  W  0x00000000  HASH Data Output Register 13  
CRYPTO_HASH_DOUT_14  0x03d8  W  0x00000000  HASH Data Output Register 14  
CRYPTO_HASH_DOUT_15  0x03dc  W  0x00000000  HASH Data Output Register 15  
CRYPTO_TAG_VALID  0x03e0  W  0x00000000  TAG Valid Register  
CRYPTO_HASH_VALID  0x03e4  W  0x00000000  HASH  Output Valid Register  
CRYPTO_VERSION  0x03f0  W  0x00000000  CRYPTO Vertion Number Register  
CRYPTO_RAM_CTL  0x0480  W  0x00000000  RAM Control Register  
CRYPTO_RAM_ST  0x0484  W  0x00000001  RAM Status Register  
CRYPTO_DEBUG_CTL  0x04a0  W  0x00000000  PKA Debug Control Register  
CRYPTO_DEBUG_ST  0x04a4  W  0x00000001  PKA Debug Status Register  
CRYPTO_DEBUG_MONITOR  0x04a8  W  0x0000feef  PKA Debug Monitor Bus Register  
CRYPTO_PKA_MEM_MAP0  0x0800  W  0x00000000  PKA Memory Map 0 Register  
CRYPTO_PKA_MEM_MAP1  0x0804  W  0x00000000  PKA Memory Map 1 Register  
CRYPTO_PKA_MEM_MAP2  0x0808  W  0x00000000  PKA Memory Map 2 Register  
CRYPTO_PKA_MEM_MAP3  0x080c  W  0x00000000  PKA Memory Map 3 Register  
CRYPTO_PKA_MEM_MAP4  0x0810  W  0x00000000  PKA Memory Map 4 Register  
CRYPTO_PKA_MEM_MAP5  0x0814  W  0x00000000  PKA Memory Map 5 Register  
CRYPTO_PKA_MEM_MAP6  0x0818  W  0x00000000  PKA Memory Map 6 Register  
CRYPTO_PKA_MEM_MAP7  0x081c  W  0x00000000  PKA Memory Map 7 Register  
CRYPTO_PKA_MEM_MAP8  0x0820  W  0x00000000  PKA Memory Map 8 Register  
CRYPTO_PKA_MEM_MAP9  0x0824  W  0x00000000  PKA Memory Map 9 Register  
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Name  Offset  Size  
Reset 
Value  

Description  

CRYPTO_PKA_MEM_MAP10  0x0828  W  0x00000000  PKA Memory Map 10 Register  
CRYPTO_PKA_MEM_MAP11  0x082c  W  0x00000000  PKA Memory Map 11 Register  
CRYPTO_PKA_MEM_MAP12  0x0830  W  0x00000000  PKA Memory Map 12 Register  
CRYPTO_PKA_MEM_MAP13  0x0834  W  0x00000000  PKA Memory Map 13 Register  
CRYPTO_PKA_MEM_MAP14  0x0838  W  0x00000000  PKA Memory Map 14 Register  
CRYPTO_PKA_MEM_MAP15  0x083c  W  0x00000000  PKA Memory Map 15 Register  
CRYPTO_PKA_MEM_MAP16  0x0840  W  0x00000000  PKA Memory Map 16 Register  
CRYPTO_PKA_MEM_MAP17  0x0844  W  0x00000000  PKA Memory Map 17 Register  
CRYPTO_PKA_MEM_MAP18  0x0848  W  0x00000000  PKA Memory Map 18 Register  
CRYPTO_PKA_MEM_MAP19  0x084c  W  0x00000000  PKA Memory Map 19 Register  
CRYPTO_PKA_MEM_MAP20  0x0850  W  0x00000000  PKA Memory Map 20 Register  
CRYPTO_PKA_MEM_MAP21  0x0854  W  0x00000000  PKA Memory Map 21 Register  
CRYPTO_PKA_MEM_MAP22  0x0858  W  0x00000000  PKA Memory Map 22 Register  
CRYPTO_PKA_MEM_MAP23  0x085c  W  0x00000000  PKA Memory Map 23 Register  
CRYPTO_PKA_MEM_MAP24  0x0860  W  0x00000000  PKA Memory Map 24 Register  
CRYPTO_PKA_MEM_MAP25  0x0864  W  0x00000000  PKA Memory Map 25 Register  
CRYPTO_PKA_MEM_MAP26  0x0868  W  0x00000000  PKA Memory Map 26 Register  
CRYPTO_PKA_MEM_MAP27  0x086c  W  0x00000000  PKA Memory Map 27 Register  
CRYPTO_PKA_MEM_MAP28  0x0870  W  0x00000000  PKA Memory Map 28 Register  
CRYPTO_PKA_MEM_MAP29  0x0874  W  0x00000000  PKA Memory Map 29 Register  
CRYPTO_PKA_MEM_MAP30  0x0878  W  0x00000000  PKA Memory Map 30 Register  
CRYPTO_PKA_MEM_MAP31  0x087c  W  0x00000000  PKA Memory Map 31 Register  
CRYPTO_PKA_OPCODE  0x0880  W  0x00000000  PKA Operation Code Register  
CRYPTO_N_NP_TO_T1_ADD
R  

0x0884  W  0x000ff820  N_NP_TO_T1_ADDR Register  

CRYPTO_PKA_STATUS  0x0888  W  0x00000001  PKA Status Register  
CRYPTO_PKA_SW_RESET  0x088c  W  0x00000000  software reset of PKA  
CRYPTO_PKA_L0  0x0890  W  0x00000000  PKA Length 0 Register  
CRYPTO_PKA_L1  0x0894  W  0x00000000  PKA Length 1 Register  
CRYPTO_PKA_L2  0x0898  W  0x00000000  PKA Length 2 Register  
CRYPTO_PKA_L3  0x089c  W  0x00000000  PKA Length 3 Register  
CRYPTO_PKA_L4  0x08a0  W  0x00000000  PKA Length 4 Register  
CRYPTO_PKA_L5  0x08a4  W  0x00000000  PKA Length 5 Register  
CRYPTO_PKA_L6  0x08a8  W  0x00000000  PKA Length 6 Register  
CRYPTO_PKA_L7  0x08ac  W  0x00000000  PKA Length 7 Register  
CRYPTO_PKA_PIPE_RDY  0x08b0  W  0x00000001  PKA pipe is ready for new opcode  
CRYPTO_PKA_DONE  0x08b4  W  0x00000001  PKA Done Register  
CRYPTO_PKA_MON_SELECT  0x08b8  W  0x00000000  PKA  Monitor Select Register  
CRYPTO_PKA_DEBUG_REG_
EN  

0x08bc  W  0x00000000  PKA  Debug Enable Register  

CRYPTO_DEBUG_CNT_ADD
R  

0x08c0  W  0x00000000  Debug Counter Address Register  

CRYPTO_DEBUG_EXT_ADDR  0x08c4  W  0x00000000  Debug Extra Address Register  
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Name  Offset  Size  
Reset 
Value  

Description  

CRYPTO_PKA_DEBUG_HALT  0x08c8  W  0x00000000  PKA Debug Halt State Register  
CRYPTO_PKA_MON_READ  0x08d0  W  0x0000feef  PKA  Monitor Read Register  
CRYPTO_PKA_INT_ENA  0x08d4  W  0x00000000  PKA Interrupt Enable Register  
CRYPTO_PKA_INT_ST  0x08d8  W  0x00000000  PKA Interrupt Status Register  
CRYPTO_SRAM_ADDR  0x1000  W  0x00000000  SRAM Base Address  
1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV 
 
4.3.3 'HWDLO�5HJLVWHU�'HVFULSWLRQ 
&5<372B&/.B&7/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:17   RO   0x0  reserved 

16   WO   0x0  

write_enable 
When bit n=1, the corresponding bit n-16 can be written by 
software; 
When bit n=0, the corresponding bit n-16 can't be written by 
software. 

15:1   RO   0x0  reserved 

0   RW   0x1  

auto_clkgate_en 
1: enable. CRYPTO will gate unused Block Cipher and HASH 
module automatically to save power. 
0: disable. Symmetric Cipher and HASH Module clock will be 
always available. 

 
 
&5<372B567B&7/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:19   RO   0x0  reserved 

18:16   RW   0x0  

write_enable 
When bit n=1, the corresponding bit n-16 can be written by 
software; 
When bit n=0, the corresponding bit n-16 can't be written by 
software. 

15:3   RO   0x0  reserved 

2   RW   0x0  
sw_pka_reset 
Software set this bit to start a reset to PKA module. After the 
reset is done, CRYPTO will clear this bit. 

1   RW   0x0  reserved 

0   
R/W
SC   

0x0  
sw_cc_reset 
Software set this bit to start a reset to Symmetric Cipher and 
HASH module. After the reset is done, CRYPTO will clear this bit. 

 
 
&5<372B'0$B,17B(1�  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
Bit  Attr  Reset Value  Description  

31:9   RO   0x0  reserved 

7 RW 0x0  
lockstep_flag_int_en 
1: enable ; 
0: disable; 

6   RW   0x0  
zero_len_int_en 
1: enable ; 
0: disable; 

5   RW   0x0  
list_err_int_en 
1: enable ; 
0: disable; 

4   RW   0x0  
src_err_int_en 
1: enable ; 
0: disable. 

3   RW   0x0  
dst_err_int_en 
1: enable ; 
0: disable; 

2   RW   0x0  
src_item_done_int_en 
1: enable ; 
0: disable. 

1   RW   0x0  
dst_item_done_int_en 
1: enable ; 
0: disable. 

0   RW   0x0  
list_done_int_en 
1: enable ; 
0: disable. 

 
 
&5<372B'0$B,17B67�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  
Reset 
Value  

Description  

31:8   RO   0x0  reserved 

7 W1C 0x0 
sync_lockstep_flag 
Indicate that crypto was attacked. After the bit is read, the 
application should write 1 to clear this bit for next time use. 

6   W1C   0x0  

zero_len 
Indicate that DMA has met an 0 byte source transfer length in list 
descriptors.  After the bit is read,  the application should write 1 
to clear this bit for next time use. 

5   W1C   0x0  

list_err 
Indicate that DMA has met an error response when transfer list 
descriptors. The state machine will exit current transfer and then 
return to IDLE state. After the bit is read,  the application should 
write 1 to clear this bit for next time use. 
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Bit  Attr  
Reset 
Value  

Description  

4   W1C   0x0  

src_err 
Indicate that DMA has met an error response when transfer 
source data. The state machine will exit current transfer and then 
return to IDLE state. After the bit is read,  the application should 
write 1 to clear this bit for next time use. 

3   W1C   0x0  

dst_err 
Indicate that DMA has met an error response when transfer 
destination data. The state machine will exit current transfer and 
then return to IDLE state. After the bit is read,  the application 
should write 1 to clear this bit for next time use. 

2   W1C   0x0  

src_item_done 
Indicate that DMA has completed a read transfers which the 
current list descriptor pointed to . After the bit is read,  the 
application should write 1 to clear this bit for next time use. 

1   W1C   0x0  

dst_item_done 
Indicate that DMA has completed a write transfers which the 
current list descriptor pointed to . After the bit is read,  the 
application should write 1 to clear this bit for next time use. 

0   W1C   0x0  

list_done 
Indicate that DMA has completed all the transfers which the list 
descriptors pointed to . After the bit is read,  the application 
should write 1 to clear this bit for next time use. 

 
 
&5<372B'0$B&7/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:18   RO   0x0  reserved 

17:16   WO   0x0  

write_enable 
When bit n=1, the corresponding bit n-16 can be written by 
software; 
When bit n=0, the corresponding bit n-16 can't be written by 
software. 

15:2   RO   0x0  reserved 

1   
R/W
SC   

0x0  

dma_restart 
If DMA data for next stage is not ready, application could  pause 
DMA by descriptor commands. DMA will stop prefetching next 
descriptor . The application could restart DMA by asserting this 
bit when DMA data for next state is ready. Crypto will continue 
with previous transfer, and clear the bit automatically. 

0   
R/W
SC   

0x0  
dma_start 
DMA asserts the bit to start DMA transfer, then Crypto will clear 
the bit automatically . 
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&5<372B'0$B//,B$''5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:3   RW   0x00000000  

dma_lli_addr 
When DMA_CTL.start asserted, Crypto will read the address to 
get the 1'st descriptor. It should be 8-bytes align. We suggest 
dma_lli_addr 64-byte align for best performance consideration. 

2:0   RO   0x0  reserved   
 
 
&5<372B'0$B67�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:1   RO   0x0  reserved 

0   RW   0x0  
dma_busy 
1: dma busy ; 
0: dma idle ; 

 
 
&5<372B'0$B67$7(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  
31:6   RO   0x0  reserved 

5:4   RO   0x0  

dma_lli_state 
For debug use only. 
00: IDLE STATE; 
01: FETCH STATE ; 
10: WORK STATE ; 

3:2   RO   0x0  

dma_src_state 
For debug use only. 
00: IDLE STATE; 
01: LOAD STATE ; 
10: WORK STATE ; 

1:0   RO   0x0  

dma_dst_state 
For debug use only. 
00: IDLE STATE; 
01: LOAD STATE ; 
10: WORK STATE ; 

 
 
&5<372B'0$B//,B5$''5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  
dma_lli_raddr 
For debug use only.  
It indicates the current dma lli read address. 

 
 
&5<372B'0$B65&B5$''5�  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  
dma_src_raddr 
For debug use only.  
It indicates the current dma source read address. 

 
 
&5<372B'0$B'67B:$''5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  
dma_dst_waddr 
For debug use only.  
It indicates the current dma destination write address. 

 
 
&5<372B'0$B,7(0B,'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  
31:8   RO   0x0  reserved 

7:0   RO   0x00  
dma_item_id 
For debug use only.  
It indicates the current descriptor ID. 

 
 
&5<372B),)2B&7/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:18   RO   0x0  reserved 

17:16   WO   0x0  

write_enable 
When bit n=1, the corresponding bit n-16 can be written by 
software; 
When bit n=0, the corresponding bit n-16 can't be written by 
software. 

15:2   RO   0x0  reserved 

1   RW   0x1  
dout_byteswap 
1: little endian ; 
0: big endian . 

0   RW   0x1  
din_byteswap 
1: little endian ; 
0: big endian . 

 
 
&5<372B%&B&7/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:26   RO   0x0  reserved 
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Bit  Attr  Reset Value  Description  

25:16   WO   0x000  

write_enable 
When bit n=1, the corresponding bit n-16 can be written by 
software; 
When bit n=0, the corresponding bit n-16 can't be written by 
software. 

15:10   RO   0x0  reserved 

9:8   RW   0x0  

bc_cipher_sel 
00: AES ; 
01: SM4; 
10: DES ; 
11: TDES . 

7:4   RW   0x0  

mode 
FOR AES, 
0x0: ECB ; 
0x1: CBC ; 
0x2: CTS ; 
0x3: CTR ; 
0x4: CFB ; 
0x5: OFB ; 
0x6: XTS ; 
0x7: CCM; 
0x8: GCM; 
0x9: CMAC ; 
0xA: CBC-MAC. 
Others: Reserved. 
For TDES/DES , 
0x0: ECB ; 
0x1: CBC ; 
0x4: CFB ; 
0x5: OFB ; 
Others: Reserved. 

3:2   RW   0x0  

key_size 
For AES , 
00: 128 bit ; 
01: 192 bit ; 
10: 256 bit ; 
11: reserved. 
For TDES/DES, it is reserved. 

1   RW   0x0  
decrypt 
1: decrypt ; 
0: encrypt . 

0   RW   0x0  
bc_enable 
1: enable ; 
0: disable . 
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&5<372B+$6+B&7/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:24   RO   0x0  reserved 

23:16   WO   0x00  

write_enable 
When bit n=1, the corresponding bit n-16 can be written by 
software; 
When bit n=0, the corresponding bit n-16 can't be written by 
software. 

15:8   RO   0x0  reserved 

7:4   RW   0x0  

hash_cipher_sel 
0x0: SHA-1 ; 
0x1: MD-5 ; 
0x2: SHA-256 ; 
0x3: SHA-224 ; 
0x4: SM3 ; 
0x8: SHA-512 ; 
0x9: SHA-384 ; 
0xA: SHA-512/224 ; 
0xB: SHA-512/256 ; 
Others: Reserved. 

3   RW   0x0  

hmac_enable 
Crypto supports HMAC-SHA1, HMAC-SHA256, HMAC_SHA512, 
HMAC-MD5, HMAC-SM3. 
1: enable ; 
0: disable. 
Note:  
If hmac_enable set µ1¶, 
hash_cipher_sel must set 0x6 when chose HMAC-SM3 mode; 
hash_cipher_sel set the corresponding value when chose other 
mode. 

2   RW   0x1  
hw_pad_enable 
1: enable ; 
0: disable . 

1   RW   0x0  
hash_src_sel 
0: from RX-FIFO ; 
1: from TX-FIFO . 

0   RW   0x0  
hash_enable 
1: enable ; 
0: disable. 

 
 
&5<372B&,3+(5B67�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
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Bit  Attr  Reset Value  Description  
31:2   RO   0x0  reserved 

1   RO   0x0  
hash_busy 
1: busy ; 
0: idle ; 

0   RO   0x0  
block_cipher_busy 
1: busy ; 
0: idle ; 

 
 
&5<372B&,3+(5B67$7(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:15   RO   0x0  reserved 

14:10   RW   0x01  

hash_state 
For debug use only. 
00001: IDLE State ; 
00010: IPAD State ; 
00100: TEXT State; 
01000: OPAD State; 
10000: OPAD EXT State . 

9:8   RW   0x0  

gcm_state 
For debug use only. 
00: IDLE State; 
01: PRE State; 
10: NA State; 
11: PC State. 

7:6   RW   0x0  

ccm_state 
For debug use only. 
00: IDLE State; 
01: PRE State; 
10: NA State; 
11: PC State. 

5:4   RW   0x0  

parallel_state 
For debug use only. 
00: IDLE State; 
01: PRE State; 
10: BULK State. 
11: Reserved 

3:2   RW   0x0  

mac_state 
For debug use only. 
00: IDLE State; 
01: PRE State; 
10: BULK State. 
11: Reserved 
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Bit  Attr  Reset Value  Description  

1:0   RO   0x0  

serial_state 
For debug use only. 
00: IDLE State; 
01: PRE State; 
10: BULK State. 
11: Reserved 

 
 
&5<372B&+QB,9B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  

chn_iv_0 
Channel n range from 0 to 7. 
CHn_IV_0 address = 0x0100 + 0x10 * n . 
For CTR Mode, IV stands for counter. 
For XTS Mode, IV stands for tweak. 

 
 
&5<372B&+QB,9B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  

chn_iv_1 
Channel n range from 0 to 7. 
CHn_IV_1 address = 0x0104 + 0x10 * n . 
For CTR Mode, IV stands for counter. 
For XTS Mode, IV stands for tweak. 

 
 
&5<372B&+QB,9B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  

chn_iv_2 
Channel n range from 0 to 7. 
CHn_IV_2 address = 0x0108 + 0x10 * n . 
For CTR Mode, IV stands for counter. 
For XTS Mode, IV stands for tweak. 

 
 
&5<372B&+QB,9B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  

chn_iv_3 
Channel n range from 0 to 7. 
CHn_IV_3 address = 0x010c + 0x10 * n . 
For CTR Mode, IV stands for counter. 
For XTS Mode, IV stands for tweak. 
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&5<372B&+QB.(<B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   WO   0x00000000  
chn_key_0 
Channel n range from 0 to 7. 
CHn_KEY_0 address = 0x0180 + 0x10 * n . 

 
 
&5<372B&+QB.(<B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   WO   0x00000000  
chn_key_1 
Channel n range from 0 to 7. 
CHn_KEY_1 address = 0x0184 + 0x10 * n . 

 
 
&5<372B&+QB.(<B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   WO   0x00000000  
chn_key_2 
Channel n range from 0 to 7. 
CHn_KEY_2 address = 0x0188 + 0x10 * n . 

 
 
&5<372B&+QB.(<B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  

31:0   WO   0x00000000  
chn_key_3 
Channel n range from 0 to 7. 
CHn_KEY_3 address = 0x018c + 0x10 * n . 

 
 
&5<372B&+QB3.(<B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   WO   0x00000000  
chn_pkey_0 
Channel n range from 0 to 7. 
CHn_PKEY_0 address = 0x0200 + 0x10 * n . 

 
 
&5<372B&+QB3.(<B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   WO   0x00000000  
chn_pkey_1 
Channel n range from 0 to 7. 
CHn_PKEY_1 address = 0x0204 + 0x10 * n . 

 
 
&5<372B&+QB3.(<B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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Bit  Attr  Reset Value  Description  

31:0   WO   0x00000000  
chn_pkey_2 
Channel n range from 0 to 7. 
CHn_PKEY_2 address = 0x208 + 0x10 * n . 

 
 
&5<372B&+QB3.(<B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  

31:0   WO   0x00000000  
chn_key_3 
Channel n range from 0 to 7. 
CHn_PKEY_3 address = 0x020c + 0x10 * n . 

 
 
&5<372B&+QB3&B/(1B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  

chn_pc_len_0 
Channel n range from 0 to 7. 
CHn_PC_LEN_0 address = 0x0280 + 0x8 * n . 
Length in byte unit. 

 
 
&5<372B&+QB3&B/(1B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:29   RO   0x0  reserved 

28:0   RW   0x00000000  

chn_pc_len_1 
Channel n range from 0 to 7. 
CHn_PC_LEN_1 address = 0x0284 + 0x8 * n . 
Length in byte unit. 

 
 
&5<372B&+QB$'$B/(1B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��F���  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  

chn_ada_len_0 
Channel n range from 0 to 7. 
CHn_ADA_LEN_0 address = 0x02c0 + 0x8 * n . 
Length in byte unit. 

 
 
&5<372B&+QB$'$B/(1B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��F���  

Bit  Attr  Reset Value  Description  
31:29   RO   0x0  reserved 
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Bit  Attr  Reset Value  Description  

28:0   RW   0x00000000  

chn_ada_len_1 
Channel n range from 0 to 7. 
CHn_ADA_LEN_1 address = 0x02c4 + 0x8 * n . 
Length in byte unit. 

 
 
&5<372B&+QB,9B/(1B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:5   RO   0x0  reserved 

4:0   RW   0x00  

chn_iv_len 
Channel n range from 0 to 7. 
CHn_IV_LEN_0 address = 0x0300 + 0x4 * n . 
Length in byte unit. Up to 16 byte IV for GCM 

 
 
&5<372B&+QB7$*B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RO   0x00000000  

chn_tag_0 
Channel n range from 0 to 7. 
CHn_TAG_0 address = 0x0320 + 0x10 * n . 
When the corresponding TAG_VALID is high, TAG value is valid. 

 
 
&5<372B&+QB7$*B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RO   0x00000000  

chn_tag_1 
Channel n range from 0 to 7. 
CHn_TAG_1 address = 0x0324 + 0x10 * n . 
When the corresponding TAG_VALID is high, TAG value is valid. 

 
 
&5<372B&+QB7$*B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RO   0x00000000  

chn_tag_2 
Channel n range from 0 to 7. 
CHn_TAG_2 address = 0x0328 + 0x10 * n . 
When the corresponding TAG_VALID is high, TAG value is valid. 

 
 
&5<372B&+QB7$*B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
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Bit  Attr  Reset Value  Description  

31:0   RO   0x00000000  

chn_tag_3 
Channel n range from 0 to 7. 
CHn_TAG_3 address = 0x032c + 0x10 * n . 
When the corresponding TAG_VALID is high, TAG value is valid. 

 
 
&5<372B+$6+B'287B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  

Bit  Attr  Reset Value  Description  

31:0   RO   0x00000000  
hash_dout_0 
0'th output word for all hash function, in big endian. 

 
 
&5<372B+$6+B'287B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  

Bit  Attr  Reset Value  Description  

31:0   RO   0x00000000  
hash_dout_1 
1'th output word for all hash function, in big endian. 

 
 
&5<372B+$6+B'287B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  

Bit  Attr  Reset Value  Description  

31:0   RO   0x00000000  
hash_dout_2 
2'th output word for all hash function, in big endian. 

 
 
&5<372B+$6+B'287B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��DF��  

Bit  Attr  Reset Value  Description  

31:0   RO   0x00000000  

hash_dout_3 
3'th output word for all hash function, in big endian.This is MD5 
last output word. HASH_DOUT_4 ~ HASH_DOUT_15 is invalid 
data for MD5. 

 
 
&5<372B+$6+B'287B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��E���  

Bit  Attr  Reset Value  Description  

31:0   RO   0x00000000  

hash_dout_4 
4'th output word for all hash function, in big endian.This is SHA-1 
last output word. HASH_DOUT_5 ~ HASH_DOUT_15 is invalid 
data for SHA-1. 

 
 
&5<372B+$6+B'287B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��E���  
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Bit  Attr  Reset Value  Description  

31:0   RO   0x00000000  
hash_dout_5 
5'th output word for all hash function, in big endian. 

 
 
&5<372B+$6+B'287B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��E���  

Bit  Attr  Reset Value  Description  

31:0   RO   0x00000000  
hash_dout_6 
6'th output word for all hash function, in big endian. 

 
 
&5<372B+$6+B'287B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��EF��  

Bit  Attr  Reset Value  Description  

31:0   RO   0x00000000  

hash_dout_7 
7'th output word for all hash function, in big endian.This is SHA-
256/224 last output word. HASH_DOUT_8 ~ HASH_DOUT_15 is 
invalid data for SHA-256/224. 

 
 
&5<372B+$6+B'287B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��F���  

Bit  Attr  Reset Value  Description  

31:0   RO   0x00000000  
hash_dout_8 
8'th output word for all hash function, in big endian. 

 
 
&5<372B+$6+B'287B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��F���  

Bit  Attr  Reset Value  Description  

31:0   RO   0x00000000  
hash_dout_9 
9'th output word for all hash function, in big endian. 

 
 
&5<372B+$6+B'287B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��F���  

Bit  Attr  Reset Value  Description  

31:0   RO   0x00000000  
hash_dout_10 
10'th output word for all hash function, in big endian. 

 
 
&5<372B+$6+B'287B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��FF��  

Bit  Attr  Reset Value  Description  

31:0   RO   0x00000000  
hash_dout_11 
11'th output word for all hash function, in big endian. 

 
 
&5<372B+$6+B'287B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��G���  
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Bit  Attr  Reset Value  Description  

31:0   RO   0x00000000  
hash_dout_12 
12'th output word for all hash function, in big endian. 

 
 
&5<372B+$6+B'287B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��G���  

Bit  Attr  Reset Value  Description  

31:0   RO   0x00000000  
hash_dout_13 
13'th output word for all hash function, in big endian. 

 
 
&5<372B+$6+B'287B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��G���  

Bit  Attr  Reset Value  Description  

31:0   RO   0x00000000  
hash_dout_14 
14'th output word for all hash function, in big endian. 

 
 
&5<372B+$6+B'287B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��GF��  

Bit  Attr  Reset Value  Description  

31:0   RO   0x00000000  
hash_dout_15 
15'th output word for all hash function, in big endian.This is SHA-
512, SHA-384, SHA-512/224, SHA-512/256 last output word. 

 
 
&5<372B7$*B9$/,'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��H���  

Bit  Attr  Reset Value  Description  
31:8   RO   0x0  reserved 

7   
W1
C   

0x0  

ch7_tag_valid 
When channel 7 tag calculation is finished, CRYPTO will set this 
bit. After the bit is read by application, it should be cleared by 
writing 1 to this bit. 
1: channel 7 tag is valid ; 
0: channel 7 tag is invalid ; 

6   
W1
C   

0x0  

ch6_tag_valid 
When channel 6 tag calculation is finished, CRYPTO will set this 
bit. After the bit is read by application, it should be cleared by 
writing 1 to this bit. 
1: channel 6 tag is valid ; 
0: channel 6 tag is invalid ; 

5   
W1
C   

0x0  

ch5_tag_valid 
When channel 5 tag calculation is finished, CRYPTO will set this 
bit. After the bit is read by application, it should be cleared by 
writing 1 to this bit. 
1: channel 5 tag is valid ; 
0: channel 5 tag is invalid ; 
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Bit  Attr  Reset Value  Description  

4   
W1
C   

0x0  

ch4_tag_valid 
When channel 4 tag calculation is finished, CRYPTO will set this 
bit. After the bit is read by application, it should be cleared by 
writing 1 to this bit. 
1: channel 4 tag is valid ; 
0: channel 4 tag is invalid ; 

3   
W1
C   

0x0  

ch3_tag_valid 
When channel 3 tag calculation is finished, CRYPTO will set this 
bit. After the bit is read by application, it should be cleared by 
writing 1 to this bit. 
1: channel 3 tag is valid ; 
0: channel 3 tag is invalid ; 

2   
W1
C   

0x0  

ch2_tag_valid 
When channel 2 tag calculation is finished, CRYPTO will set this 
bit. After the bit is read by application, it should be cleared by 
writing 1 to this bit. 
1: channel 2 tag is valid ; 
0: channel 2 tag is invalid ; 

1   
W1
C   

0x0  

ch1_tag_valid 
When channel 1 tag calculation is finished, CRYPTO will set this 
bit. After the bit is read by application, it should be cleared by 
writing 1 to this bit. 
1: channel 1 tag is valid ; 
0: channel 1 tag is invalid ; 

0   
W1
C   

0x0  

ch0_tag_valid 
When channel 0 tag calculation is finished, CRYPTO will set this 
bit. After the bit is read by application, it should be cleared by 
writing 1 to this bit. 
1: channel 0 tag is valid ; 
0: channel 0 tag is invalid ; 

 
 
&5<372B+$6+B9$/,'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��H���  

Bit  Attr  Reset Value  Description  
31:1   RO   0x0  reserved 

0   
W1
C   

0x0  

hash_valid 
When HASH calculation is finished, CRYPTO will set this bit. After 
the bit is read by application, it should be cleared by writing 1 to 
this bit. 
1: HASH_DOUT is valid ; 
0: HASH_DOUT is invalid ; 

 
 
&5<372B9(56,21�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��I���  
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Bit  Attr  Reset Value  Description  

31:0   RO   0x01010010  
version_num 
Version number: V1.0.0.1. 

 
 
&5<372B5$0B&7/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:17   RO   0x0  reserved 

16   WO   0x0  

write_enable 
When bit n=1, the corresponding bit n-16 can be written by 
software; 
When bit n=0, the corresponding bit n-16 can't be written by 
software. 

15:1   RO   0x0  reserved 

0   RW   0x0  

ram_pka_rdy 
Indicate whether ram is controlled by PKA engine. 
0: ram is controlled by CPU. 
1: ram is controlled by CRYPTO PKA engine. 

 
 
&5<372B5$0B67�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:1   RO   0x0  reserved 

0   RO   0x1  

clk_ram_rdy 
Indicate whether clk_ram is stable, and ready for use. 
0: not stable ; 
1: stable. 

 
 
&5<372B'(%8*B&7/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  

Bit  Attr  Reset Value  Description  
31:17   RO   0x0  reserved 

16   WO   0x0  

write_enable 
When bit n=1, the corresponding bit n-16 can be written by 
software; 
When bit n=0, the corresponding bit n-16 can't be written by 
software. 

15:1   RO   0x0  reserved 

0   RW   0x0  
pka_debug_mode 
1: PKA is in debug mode ; 
0: PKA is in normal mode. 

 
 
&5<372B'(%8*B67�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  
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Bit  Attr  Reset Value  Description  
31:1   RO   0x0  reserved 

0   RO   0x1  
pka_debug_clk_en 
For debug use only. 

 
 
&5<372B'(%8*B021,725�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  

Bit  Attr  Reset Value  Description  

31:0   RW   0x0000feef  
pka_monitor_bus 
For debug use only. 

 
 
&5<372B3.$B0(0B0$3��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:12   RO   0x0  reserved 

11:2   RW   0x000  
memory_map0 
memory map 0 [11:2], bit[1:0] is stuck to 0. 

1:0   RO   0x0  reserved   
 
 
&5<372B3.$B0(0B0$3��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:12   RO   0x0  reserved 

11:2   RW   0x000  
memory_map1 
memory map 1 [11:2], bit[1:0] is stuck to 0. 

1:0   RO   0x0  reserved   
 
 
&5<372B3.$B0(0B0$3��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:12   RO   0x0  reserved 

11:2   RW   0x000  
memory_map2 
memory map 2 [11:2], bit[1:0] is stuck to 0. 

1:0   RO   0x0  reserved   
 
 
&5<372B3.$B0(0B0$3��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  
31:12   RO   0x0  reserved 

11:2   RW   0x000  
memory_map3 
memory map 3 [11:2], bit[1:0] is stuck to 0. 

1:0   RO   0x0  reserved   
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&5<372B3.$B0(0B0$3��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:12   RO   0x0  reserved 

11:2   RW   0x000  
memory_map4 
memory map 4 [11:2], bit[1:0] is stuck to 0. 

1:0   RO   0x0  reserved   
 
 
&5<372B3.$B0(0B0$3��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:12   RO   0x0  reserved 

11:2   RW   0x000  
memory_map5 
memory map 5 [11:2], bit[1:0] is stuck to 0. 

1:0   RO   0x0  reserved   
 
 
&5<372B3.$B0(0B0$3��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:12   RO   0x0  reserved 

11:2   RW   0x000  
memory_map6 
memory map 6 [11:2], bit[1:0] is stuck to 0. 

1:0   RO   0x0  reserved   
 
 
&5<372B3.$B0(0B0$3��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  
31:12   RO   0x0  reserved 

11:2   RW   0x000  
memory_map7 
memory map 7 [11:2], bit[1:0] is stuck to 0. 

1:0   RO   0x0  reserved   
 
 
&5<372B3.$B0(0B0$3��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:12   RO   0x0  reserved 

11:2   RW   0x000  
memory_map8 
memory map 8 [11:2], bit[1:0] is stuck to 0. 

1:0   RO   0x0  reserved   
 
 
&5<372B3.$B0(0B0$3��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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Bit  Attr  Reset Value  Description  
31:12   RO   0x0  reserved 

11:2   RW   0x000  
memory_map9 
memory map 9 [11:2], bit[1:0] is stuck to 0. 

1:0   RO   0x0  reserved   
 
 
&5<372B3.$B0(0B0$3���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:12   RO   0x0  reserved 

11:2   RW   0x000  
memory_map10 
memory map 10 [11:2], bit[1:0] is stuck to 0. 

1:0   RO   0x0  reserved   
 
 
&5<372B3.$B0(0B0$3���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  
31:12   RO   0x0  reserved 

11:2   RW   0x000  
memory_map11 
memory map 11 [11:2], bit[1:0] is stuck to 0. 

1:0   RO   0x0  reserved   
 
 
&5<372B3.$B0(0B0$3���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:12   RO   0x0  reserved 

11:2   RW   0x000  
memory_map12 
memory map 12 [11:2], bit[1:0] is stuck to 0. 

1:0   RO   0x0  reserved   
 
 
&5<372B3.$B0(0B0$3���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:12   RO   0x0  reserved 

11:2   RW   0x000  
memory_map13 
memory map 13 [11:2], bit[1:0] is stuck to 0. 

1:0   RO   0x0  reserved   
 
 
&5<372B3.$B0(0B0$3���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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Bit  Attr  Reset Value  Description  
31:12   RO   0x0  reserved 

11:2   RW   0x000  
memory_map14 
memory map 14 [11:2], bit[1:0] is stuck to 0. 

1:0   RO   0x0  reserved   
 
 
&5<372B3.$B0(0B0$3���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  
31:12   RO   0x0  reserved 

11:2   RW   0x000  
memory_map15 
memory map 15 [11:2], bit[1:0] is stuck to 0. 

1:0   RO   0x0  reserved   
 
 
&5<372B3.$B0(0B0$3���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:12   RO   0x0  reserved 

11:2   RW   0x000  
memory_map16 
memory map 16 [11:2], bit[1:0] is stuck to 0. 

1:0   RO   0x0  reserved   
 
 
&5<372B3.$B0(0B0$3���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:12   RO   0x0  reserved 

11:2   RW   0x000  
memory_map17 
memory map 17 [11:2], bit[1:0] is stuck to 0. 

1:0   RO   0x0  reserved   
 
 
&5<372B3.$B0(0B0$3���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:12   RO   0x0  reserved 

11:2   RW   0x000  
memory_map18 
memory map 18 [11:2], bit[1:0] is stuck to 0. 

1:0   RO   0x0  reserved   
 
 
&5<372B3.$B0(0B0$3���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �209 

Bit  Attr  Reset Value  Description  
31:12   RO   0x0  reserved 

11:2   RW   0x000  
memory_map19 
memory map 19 [11:2], bit[1:0] is stuck to 0. 

1:0   RO   0x0  reserved   
 
 
&5<372B3.$B0(0B0$3���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:12   RO   0x0  reserved 

11:2   RW   0x000  
memory_map20 
memory map 20 [11:2], bit[1:0] is stuck to 0. 

1:0   RO   0x0  reserved   
 
 
&5<372B3.$B0(0B0$3���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:12   RO   0x0  reserved 

11:2   RW   0x000  
memory_map21 
memory map 21 [11:2], bit[1:0] is stuck to 0. 

1:0   RO   0x0  reserved   
 
 
&5<372B3.$B0(0B0$3���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:12   RO   0x0  reserved 

11:2   RW   0x000  
memory_map22 
memory map 22 [11:2], bit[1:0] is stuck to 0. 

1:0   RO   0x0  reserved   
 
 
&5<372B3.$B0(0B0$3���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  
31:12   RO   0x0  reserved 

11:2   RW   0x000  
memory_map23 
memory map 23 [11:2], bit[1:0] is stuck to 0. 

1:0   RO   0x0  reserved   
 
 
&5<372B3.$B0(0B0$3���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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Bit  Attr  Reset Value  Description  
31:12   RO   0x0  reserved 

11:2   RW   0x000  
memory_map24 
memory map 24 [11:2], bit[1:0] is stuck to 0. 

1:0   RO   0x0  reserved   
 
 
&5<372B3.$B0(0B0$3���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:12   RO   0x0  reserved 

11:2   RW   0x000  
memory_map25 
memory map 25 [11:2], bit[1:0] is stuck to 0. 

1:0   RO   0x0  reserved   
 
 
&5<372B3.$B0(0B0$3���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:12   RO   0x0  reserved 

11:2   RW   0x000  
memory_map26 
memory map 26 [11:2], bit[1:0] is stuck to 0. 

1:0   RO   0x0  reserved   
 
 
&5<372B3.$B0(0B0$3���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  
31:12   RO   0x0  reserved 

11:2   RW   0x000  
memory_map27 
memory map 27 [11:2], bit[1:0] is stuck to 0. 

1:0   RO   0x0  reserved   
 
 
&5<372B3.$B0(0B0$3���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:12   RO   0x0  reserved 

11:2   RW   0x000  
memory_map28 
memory map 28 [11:2], bit[1:0] is stuck to 0. 

1:0   RO   0x0  reserved   
 
 
&5<372B3.$B0(0B0$3���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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Bit  Attr  Reset Value  Description  
31:12   RO   0x0  reserved 

11:2   RW   0x000  
memory_map29 
memory map 29 [11:2], bit[1:0] is stuck to 0. 

1:0   RO   0x0  reserved   
 
 
&5<372B3.$B0(0B0$3���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:12   RO   0x0  reserved 

11:2   RW   0x000  
memory_map30 
memory map 30 [11:2], bit[1:0] is stuck to 0. 

1:0   RO   0x0  reserved   
 
 
&5<372B3.$B0(0B0$3���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  
31:12   RO   0x0  reserved 

11:2   RW   0x000  
memory_map31 
memory map 30 [11:2], bit[1:0] is stuck to 0. 

1:0   RO   0x0  reserved   
 
 
&5<372B3.$B23&2'(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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Bit  Attr  Reset Value  Description  

31:27   WO   0x00  

opcode 
Defines the PKA operation  
0x04 Add,Inc  
0x05 Sub,Dec,Neg 
0x06 ModAdd,ModInc 
0x07 ModSub,ModDec,ModNeg 
0x08 AND,TST0,CLR0 
0x09 OR,COPY,SET0 
0xa XOR,FLIP0,INVERT,COMPARE  
0xc SHR0 
0xd SHR1 
0xe SHL0 
0xf SHL1 
0x10 MulLow 
0x11 ModMul 
0x12 ModMulN 
0x13 ModExp 
0x14 Division  
0x15 Div 
0x16 ModDiv 
0x00 Terminate 

26:24   WO   0x0  

len 
The virtual length address 0-7. 
Virtual address 0 point to PKA_L0. 
Virtual address 1 point to PKA_L1. 
... 
Virtual address 7 point to PKA_L7. 

23:18   WO   0x00  

reg_a 
Operand A virtual address 0-15. 
Virtual address 0 point to PKA_MEM_MAP0. 
Virtual address 1 point to PKA_MEM_MAP1. 
... 
Virtual address 15 point to PKA_MEM_MAP15. 

17:12   WO   0x00  

reg_b 
Operand B virtual address 0-15. 
Virtual address 0 point to PKA_MEM_MAP0. 
Virtual address 1 point to PKA_MEM_MAP1. 
... 
Virtual address 15 point to PKA_MEM_MAP15. 

11:6   WO   0x00  

reg_r 
Result register virtual address 0-15. 
Virtual address 0 point to PKA_MEM_MAP0. 
Virtual address 1 point to PKA_MEM_MAP1. 
... 
Virtual address 15 point to PKA_MEM_MAP15. 
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Bit  Attr  Reset Value  Description  

5:0   WO   0x00  
tag 
Tag. 

 
 
&5<372B1B13B72B7�B$''5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:20   RO   0x0  reserved 

19:15   RW   0x1f  

reg_t1 
Virtual address of temporary register number 1. 
Virtual address 0 point to PKA_MEM_MAP0. 
Virtual address 1 point to PKA_MEM_MAP1. 
... 
Virtual address 15 point to PKA_MEM_MAP15. 

14:10   RW   0x1e  

reg_t0 
Virtual address of temporary register number 0. 
Virtual address 0 point to PKA_MEM_MAP0. 
Virtual address 1 point to PKA_MEM_MAP1. 
... 
Virtual address 15 point to PKA_MEM_MAP15. 

9:5   RW   0x01  

reg_np 
Virtual address of register np. 
Virtual address 0 point to PKA_MEM_MAP0. 
Virtual address 1 point to PKA_MEM_MAP1. 
... 
Virtual address 15 point to PKA_MEM_MAP15. 

4:0   RW   0x00  

reg_n 
Virtual address of register n. 
Virtual address 0 point to PKA_MEM_MAP0. 
Virtual address 1 point to PKA_MEM_MAP1. 
... 
Virtual address 15 point to PKA_MEM_MAP15. 

 
 
&5<372B3.$B67$786�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:20   RO   0x0  reserved 

19:14   RO   0x00  
tag 
Tag of the Last Operation. 

13:9   RO   0x00  
opcode 
the last OPCODE. 

8   RO   0x0  
pka_cpu_busy 
PKA is busy memory control is by PKA. 

7   RO   0x0  
modinv_of_zero 
modular inverse of zero flag. 
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Bit  Attr  Reset Value  Description  

6   RO   0x0  
alu_sign_out 
sign of the last operation(MSB). 

5   RO   0x0  
alu_carry 
Carry of the last ALU operation. 

4   RO   0x0  
div_by_zero 
Division by 0. 

3   RO   0x0  
alu_mod_ovflw 
Modular overflow flag. 

2   RO   0x0  
alu_out_zero 
ALU out is 0. 

1   RO   0x0  
pka_busy 
PKA is busy. 

0   RO   0x1  

pipe_is_busy 
PKA ready signal  
0 : pipe full  
1 : PKA ready for new command. 

 
 
&5<372B3.$B6:B5(6(7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  
31:1   RO   0x0  reserved 

0   WO   0x0  
pka_sw_reset 
PKA software reset the reset mechanism will take about four PKA 
clocks until the reset line is de-asserted. 

 
 
&5<372B3.$B/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:13   RO   0x0  reserved 

12:0   RW   0x0000  
pka_l0 
PKA length 0, in bit unit. 

 
 
&5<372B3.$B/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:13   RO   0x0  reserved 

12:0   RW   0x0000  
pka_l1 
PKA length 1, in bit unit. 

 
 
&5<372B3.$B/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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Bit  Attr  Reset Value  Description  
31:13   RO   0x0  reserved 

12:0   RW   0x0000  
pka_l2 
PKA length 2, in bit unit. 

 
 
&5<372B3.$B/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  
31:13   RO   0x0  reserved 

12:0   RW   0x0000  
pka_l3 
PKA length 3, in bit unit. 

 
 
&5<372B3.$B/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  

Bit  Attr  Reset Value  Description  
31:13   RO   0x0  reserved 

12:0   RW   0x0000  
pka_l4 
PKA length 4, in bit unit. 

 
 
&5<372B3.$B/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  

Bit  Attr  Reset Value  Description  
31:13   RO   0x0  reserved 

12:0   RW   0x0000  
pka_l5 
PKA length 5, in bit unit. 

 
 
&5<372B3.$B/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  

Bit  Attr  Reset Value  Description  
31:13   RO   0x0  reserved 

12:0   RW   0x0000  
pka_l6 
PKA length 6, in bit unit. 

 
 
&5<372B3.$B/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��DF��  

Bit  Attr  Reset Value  Description  
31:13   RO   0x0  reserved 

12:0   RW   0x0000  
pka_l7 
PKA length 7, in bit unit. 

 
 
&5<372B3.$B3,3(B5'<�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��E���  
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Bit  Attr  Reset Value  Description  
31:1   RO   0x0  reserved 

0   RO   0x1  
pka_pipe_rdy 
PKA pipe is ready for new opcode 

 
 
&5<372B3.$B'21(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��E���  

Bit  Attr  Reset Value  Description  
31:1   RO   0x0  reserved 

0   RO   0x1  
pka_done 
PKA operation is completed and pipe is empty. 

 
 
&5<372B3.$B021B6(/(&7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��E���  

Bit  Attr  Reset Value  Description  
31:4   RO   0x0  reserved 

3:0   RW   0x0  
pka_mon_select 
PKA monitor select which PKA fsm monitor is being output. 

 
 
&5<372B3.$B'(%8*B5(*B(1�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��EF��  

Bit  Attr  Reset Value  Description  
31:1   RO   0x0  reserved 

0   RW   0x0  
pka_debug_reg_en 
Enable all the debug mechanism when set. 

 
 
&5<372B'(%8*B&17B$''5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��F���  

Bit  Attr  Reset Value  Description  
31:20   RO   0x0  reserved 

19:0   
R/W
SC   

0x00000  
debug_cnt_addr 
The clock counter initial values. clock is disabled when counter 
expires. Triggered when pka_debug_en is set. 

 
 
&5<372B'(%8*B(;7B$''5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��F���  

Bit  Attr  Reset Value  Description  
31:1   RO   0x0  reserved 

0   WO   0x0  
debug_ext_addr 
Disable the debug Mechanism 

 
 
&5<372B3.$B'(%8*B+$/7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��F���  
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Bit  Attr  Reset Value  Description  
31:1   RO   0x0  reserved 

0   RO   0x0  
pka_debug_halt 
In debug mode: PKA is in halt state. 

 
 
&5<372B3.$B021B5($'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��G���  

Bit  Attr  Reset Value  Description  

31:0   RO   0x0000feef  
pka_mon_read 
This is the PKA monitor bus register output. 

 
 
&5<372B3.$B,17B(1$�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��G���  

Bit  Attr  Reset Value  Description  
31:1   RO   0x0  reserved 

0   RW   0x0  
pka_int_ena 
1: enable pka interrupt. 
0: disable pka interrupt 

 
 
&5<372B3.$B,17B67�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��G���  

Bit  Attr  Reset Value  Description  
31:1   RO   0x0  reserved 

0   
W1
C   

0x0  
pka_int_st 
Indicate that PKA operation completes . After the bit is read,  the 
application should write 1 to clear this bit for next time use. 

 
 
&5<372B65$0B$''5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  

sram_addr 
Sram address starts from 0x1000 to 0x1fff. When 
RAM_CTL.ram_pka_rdy == 0, application could access sram. 
Otherwise, application can't . 

 
4.4 Application Note 
4.4.1 &ORFN�	�5HVHW�  
7KHUH�DUH���FORFN�GRPDLQV�LQ�&U\SWR��7KH�FORFN�DQG�UHVHW�VLJQDOV�DUH�GHVFULEHG�LQ�WKH�
IROORZLQJ�WDEOH�� 

7DEOH�����&U\SWR�&ORFN�	�5HVHW�'HVFULSWLRQ 
Signal Attr Description 

hclk clock AHB clock 
aclk clock AXI master clock 
clk_core clock Cipher work clock 
clk_pka clock PKA work clock 
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Signal Attr Description 
hresetn reset Asynchronously assert, synchronously de-assert to hclk, low active 
aresetn reset Asynchronously assert, synchronously de-assert to aclk, low active 
resetn_core reset Asynchronously assert, synchronously de-assert to clk_core, low active 
resetn_pka reset Asynchronously assert, synchronously de-assert to clk_pka, low active 

(DFK�IXQFWLRQ�QHHG�GLIIHUHQW�FORFNV��7KH�DSSOLFDWLRQV�FRXOG�JDWH�WKH�XQ�XVHG�FORFN�WR�VDYH�
SRZHU��3OHDVH�VHH�WKH�IROORZLQJ�WDEOH�IRU�GHWDLO�LQIRUPDWLRQ� 

7DEOH�����&U\SWR�&ORFN�	�5HVHW�'HVFULSWLRQ 
Operation HCLK ACLK CLK_CORE CLK_PKA 

AES  ON ON ON OFF 
DES/TDES  ON ON ON OFF 
SM4 ON ON ON OFF 
HASH/HMAC ON ON ON OFF 
PKA ON OFF OFF ON 

(YHQ�ZKHQ�&/.B&25(�LV�RQ��&U\SWR�LV�GRLQJ�VRPH�FLSKHU�MRE��$QG�&U\SWR�FRXOG�VWLOO�EH�DEOH�
WR�DXWRPDWLFDOO\�JDWH�PRVW�SDUWV�RI�XQ�XVHG�EORFNV�WR�VDYH�PRUH�SRZHU��LI�
&5<372B&/.B&7/�DXWRBFONJDWHBHQ�LV�VHW�WR�µ�¶���7KH�GHIDXOW�YDOXH�IRU�WKLV�ELW�LV�DOVR�µ�¶���  
$SSOLFDWLRQ�FRXOG�GR�D�VRIW�UHVHW�WR�D�FHUWDLQ�FORFN�GRPDLQ��3OHDVH�UHIHU�WR�³&KDSWHU�&58´�IRU�
PRUH�GHWDLOV� 
4.4.2 3HUIRUPDQFH 
&LSKHU�SHUIRUPDQFH�LV�VKRZQ�LQ�WKH�IROORZLQJ�WDEOH��  

Table 4-3 Crypto Performance Description 

Algorithm 
block 
size 

(Byte) 

clk_core 
frequency 

(Mhz) 
cycle 

serial max 
throughput 

(MBps) 

parallel max 
throughput 

(MBps) 
DES 8 200 18 88 352 
TDES 8 200 55 29 116 
AES-128  16 200 12 266 1066 
AES-192 16 200 14 228 914 
AES-256 16 200 16 200 800 
SM4 16 200 34 94 376 
SM3 64 200 66 194 NA 
SHA-1 64 200 81 158 NA 
MD5 64 200 65 196 NA 
SHA-256/224 64 200 65 196 NA 
SHA-512/384/ 
512_224/ 
512_256 

128 200 81 316 NA 

7KHUH�DUH���FROXPQ�WKURXJKSXW�UDWHV�LQ�WKH�WDEOH����LV�VHULDO�PRGH��WKH�RWKHU�LV�SDUDOOHO�
PRGH��,Q�SDUDOOHO�PRGH��WKHUH�DUH���HQJLQHV�ZRUNLQJ�DW�WKH�VDPH�WLPH���6R�WKH�VSHHG�LV���
WLPHV�WKDQ�VHULDO�PRGH��3DUDOOHO�PRGH�LQFOXGHV�(&%�&75�;76�ERWK�HQFU\SWLRQ�DQG�GHFU\SWLRQ�
PRGH��&)%�&%&�&76�RQO\�GHFU\SWLRQ�PRGH��2WKHU�PRGHV�DUH�VHULDO��+$6+�GRHVQ¶W�KDYH�
SDUDOOHO�PRGH� 
)RU�3.$��WKH�F\FOHV�IRU�HDFK�FDOFXODWLRQ�DUH�QRW�FHUWDLQ��,W�GHSHQGV�RQ�WKH�SDUDPHWHUV��7DNH�
56$������IRU�H[DPSOH��LW�WDNHV�DERXW���0�F\FOHV�WR�ILQLVK�D�FDOFXODWLRQ��3.$�FDQ�UXQ�����
0K]��,W�PHDQV�LW�FDQ�UXQ�RYHU����WLPHV�SHU�VHFRQG� 
4.4.3 '0$ 
'0$�supports Link List Item (LLI) DMA transaction.  
z Each item contains 8 bytes, and start address should be 8 bytes align ;  
z We suggest that DATA start address is 8 bytes align ;   
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z Total DATA length is byte align.  
z Support segmenting HASH/HMAC DATA into multi sections. We suggest that each 

section DATA length is a multiple of 64 bytes, except this section is the last section.    

LLI Item_0

LLI Item_1

LLI Item_n

 DATA_Sec_0

 DATA_Sec_1

 DATA_Sec_n

CRYPTO_DMA
LLI_ADDR

Crypto Registers LIST DATA

 
Fig.4-2 LLI DMA Usage 

$V�VKRZQ�LQ�WKH�)LJXUH�DERYH��5HJLVWHU�&5<372B'0$B//,B$''5�SRLQWV�WR��¶VW�//,�LWHP�LQ�
H[WHUQDO�PHPRU\��(DFK�//,�LWHP�FRQWDLQV�'$7$�DGGUHVV��OHQJWK��FRQWURO�LQIRUPDWLRQ�DQG�QH[W�
//,�LWHP�SRLQWHU��H[FHSW�WKH�ODVW�//,�LWHP��7KH�ODVW�LWHP�GRHVQ¶W�KDYH�WKH�QH[W�//,�,WHP�
SRLQWHU��$IWHU�WKH�ODVW�//,�LWHP�LV�ILQLVKHG���'0$�ZLOO�JR�WR�LGOH�VWDWH� 
//,�LWHP�GHILQLWLRQ�LV�VKRZQ�LQ�WKH�IROORZLQJ�WDEOH� 
 

Table 4-4 LLI Item Description 
offset Def Description 

0x00 SRC_ADDRESS[31:0] Source data start address 
0x04 SRC_LENGTH[31:0] Source data lengthˈin byte unit  
0x08 DST_ADDRESS[31:0] Destination data start address 
0x0c DST_LENGTH[31:0] Destination data lengthˈin byte unit  
0x10 USER_DEFINE[31:0] Used in cipher block 
0x14 Reserved Reserved 
0x18 DMA_CTRL[31:0] Used in DMA block 

0x1c NEXT_ADDRESS[31:0] 
Next LLI item address. When 
'0$B&75/�/$67� �³�´ˈNEXT_ADDRESS is 
invalid. 

'0$B&75/��WKH�GHILQLWLRQ�LV�VKRZQ�LQ�WKH�IROORZLQJ�WDEOH� 
 Table 4-5 LLI Item dma_ctl Description 

Bit Def Definition 
[31:24] ITEM_ID[7:0] Used to identify LLI items. 
[23:16] Reserved Reserved 
[15:11] Reserved Reserved 

10 Source_item_done enable 
When source data fetch is completed, 
CRYPTO_DMA_INT_ST.source_item_done will assert 
if this bit is set. 

9 Dst_item_done enable 
When destination data fetch is completed, 
CRYPTO_DMA_INT_ST.dst_item_done will assert if 
this bit is set. 

8 List_done enable 
When all LLI items transfer is completed, 
CRYPTO_DMA_INT_ST.list_done  will assert if this 
bit is set. 
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Bit Def Definition 
[7:2] Reserved Reserved 

1 PAUSE 
Indicate DMA will hold on after executes current 
LWHP��'0$�ZRQ¶W�JR�RQ�XQOHVV�
CRYPTO_DMA_CTL.restart is configured 

0 LAST 
Indicate current item is the last one. After executes 
current item, DMA will return to IDLE state. 

 
Table 4-6 LLI Item user_define Description 

Bit Signal Description 
31:7 Reserved Reserved 
6:4 Chnl_num channel number, from 0 to 7 . 

3 String_attr 
indicate current item's attribution. 1: ADA ; 0: PC(plaintext 
or ciphertext) 

2 String_last indicate current item is the string last item 
1 String_start indicate current item is the string first item 
0 Cipher_start indicate current item is the cipher first item 

4.4.4 0XOWL�&KDQQHO�0DS 
7KHUH�DUH���FKDQQHO�FRQILJXUDWLRQV�IRU�$(6�RU�'(6�7'(6�RSHUDWLRQ��)RU�GLIIHUHQW�NH\�VL]H��
WKH�PDS�LV�GLIIHUHQW��3OHDVH�ILQG�WKH�UHJLVWHU�PDS�LQ�WKH�IROORZLQJ�WDEOH� 

Table 4-7 LLI Item user_define Description 
Cipher 

sel 
otpkey 

sel 
privacy 

sel 
chnl 
num 

key iY�WDJ�«� 

AES-128/ 
DES 0 0 0 

CH0_KEY0-3/ 
CH0_KEY0-1 

CH0_IV0-3/ 
CH0_IV0-1 

AES-128/ 
DES 0 0 n 

CHn_KEY0-3/ 
CHn_KEY0-1 

CHn_IV0-3/ 
CHn_IV0-1 

AES-128/ 
DES 0 0 7 

CH7_KEY0-3/ 
CH7_KEY0-1 

CH7_IV0-3/ 
CH7_IV0-1 

AES-128/ 
DES 0 1 0 

CH0_PKEY0-3/ 
CH0_PKEY0-1 

CH0_IV0-3/ 
CH0_IV0-1 

AES-128/ 
DES 0 1 n 

CHn_PKEY0-3/ 
CHn_PKEY0-1 

CHn_IV0-3/ 
CHn_IV0-1 

AES-128/ 
DES 0 1 7 

CH7_PKEY0-3/ 
CH7_PKEY0-1 

CH7_IV0-3/ 
CH7_IV0-1 

AES-128/ 
DES 1 NA 0 OTP_KEY[255:128] 

CH0_IV0-3/ 
CH0_IV0-1 

AES-128/ 
DES 1 NA n OTP_KEY[127:0] 

CHn_IV0-3/ 
CHn_IV0-1 

AES-128/ 
DES 1 NA 7 OTP_KEY[127:0] 

CH7_IV0-3/ 
CH7_IV0-1 

AES-192/ 
TDES 0 0 0 

CH0_KEY0-3, 
CH1_KEY0-1 

CH0_IV0-3/ 
CH0_IV0-1 

AES-192/ 
TDES 0 0 1 

CH2_KEY0-3, 
CH3_KEY0-1 

CH1_IV0-3/ 
CH1_IV0-1 

AES-192/ 
TDES 0 0 2 

CH4_KEY0-3, 
CH5_KEY0-1 

CH2_IV0-3/ 
CH2_IV0-1 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �221 

Cipher 
sel 

otpkey 
sel 

privacy 
sel 

chnl 
num 

key iY�WDJ�«� 

AES-192/ 
TDES 0 0 3 

CH6_KEY0-3, 
CH7_KEY0-1 

CH3_IV0-3/ 
CH3_IV0-1 

AES-192/ 
TDES 0 1 0 

CH0_PKEY0-3, 
CH1_PKEY0-1 

CH0_IV0-3/ 
CH0_IV0-1 

AES-192/ 
TDES 0 1 1 

CH2_PKEY0-3, 
CH3_PKEY0-1 

CH1_IV0-3/ 
CH1_IV0-1 

AES-192/ 
TDES 0 1 2 

CH4_PKEY0-3, 
CH5_PKEY0-1 

CH2_IV0-3/ 
CH2_IV0-1 

AES-192/ 
TDES 0 1 3 

CH6_PKEY0-3, 
CH7_PKEY0-1 

CH3_IV0-3/ 
CH3_IV0-1 

AES-192/ 
TDES 0 NA 4-7 not supported not supported 
AES-192/ 
TDES 1 NA 0 OTP[255:64] 

CH0_IV0-3/ 
CH0_IV0-1 

AES-192/ 
TDES 1 NA 1-7 not supported not supported 

AES-256 0 0 0 
CH0_KEY0-3, 
CH1_KEY0-3 

CH0_IV0-3/ 
CH0_IV0-1 

AES-256 0 0 1 
CH2_KEY0-3, 
CH3_KEY0-3 

CH1_IV0-3/ 
CH1_IV0-1 

AES-256 0 0 2 
CH4_KEY0-3, 
CH5_KEY0-3 

CH2_IV0-3/ 
CH2_IV0-1 

AES-256 0 0 3 
CH6_KEY0-3, 
CH7_KEY0-3 

CH3_IV0-3/ 
CH3_IV0-1 

AES-256 0 1 0 
CH0_PKEY0-3, 
CH1_PKEY0-3 

CH0_IV0-3/ 
CH0_IV0-1 

AES-256 0 1 1 
CH2_PKEY0-3, 
CH3_PKEY0-3 

CH1_IV0-3/ 
CH1_IV0-1 

AES-256 0 1 2 
CH4_PKEY0-3, 
CH5_PKEY0-3 

CH2_IV0-3/ 
CH2_IV0-1 

AES-256 0 1 3 
CH6_PKEY0-3, 
CH7_PKEY0-3 

CH3_IV0-3/ 
CH3_IV0-1 

AES-256 0 NA 4-7 not supported not supported 

AES-256 1 NA 0 OTP[255:0] 
CH0_IV0-3/ 
CH0_IV0-1 

AES-256 1 NA 1-7 not supported not supported 
,Q�$(6�;76�PRGH��WKHUH�DUH���NH\V��DQG�RQO\�$(6�����DQG�$(6�����PRGH�DUH��3OHDVH�UHIHU�
WR�WKH�IROORZLQJ�WDEOH�IRU�GHWDLO�LQIRUPDWLRQ� 

Table 4-8 LLI Item user_define Description 
Cipher 

sel 
otpkey 

sel 
privacy 

sel 
chnl 
num 

key1 key2 tweak 

AES-128 0 0 0 CH0_KEY0-3 CH4_KEY0-3 CH0_IV0-3 

AES-128 0 0 1 CH1_KEY0-3 CH5_KEY0-3 CH1_IV0-3 

AES-128 0 0 2 CH2_KEY0-3 CH6_KEY0-3 CH2_IV0-3 
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Cipher 
sel 

otpkey 
sel 

privacy 
sel 

chnl 
num 

key1 key2 tweak 

AES-128 0 0 3 CH3_KEY0-3 CH7_KEY0-3 CH3_IV0-3 

AES-128 0 1 0 CH0_PKEY0-3 CH4_PKEY0-3 CH0_IV0-3 

AES-128 0 1 1 CH1_PKEY0-3 CH5_PKEY0-3 CH1_IV0-3 

AES-128 0 1 2 CH2_PKEY0-3 CH6_PKEY0-3 CH2_IV0-3 

AES-128 0 1 3 CH3_PKEY0-3 CH7_PKEY0-3 CH3_IV0-3 

AES-128 0 NA 4-7 not supported 
not 
supported 

not supported 

AES-128 1 NA NA not supported 
not 
supported 

not supported 

AES-256 0 0 0 
CH0_KEY0-3, 
CH1_KEY0-3 

CH4_KEY0- 
CH5_KEY3 

CH0_IV0-3 

AES-256 0 0 1 
CH2_KEY0-3, 
CH3_KEY0-3 

CH6_KEY0- 
CH7_KEY3 

CH1_IV0-3 

AES-256 0 1 0 
CH0_PKEY0-3, 
CH1_PKEY0-3 

CH4_PKEY0- 
CH5_PKEY3 

CH0_IV0-3 

AES-256 0 1 1 
CH2_PKEY0-3, 
CH3_PKEY0-3 

CH6_PKEY0- 
CH7_PKEY3 

CH1_IV0-3 

AES-256 0 NA 2-7 not supported 
not 
supported 

not supported 

AES-256 1 NA NA not supported 
not 
supported 

not supported 

1RWH��7KH�GLIIHUHQFH�EHWZHHQ�&+QB.(<�DQG�&+QB3.(<�LV�WKDW��&+QB.(<�FRXOG�EH�
UHDG�ZULWH��&+QB3.(<�FRXOG�EH�ZULWH���EXW�FDQ¶W�EH�UHDG���7KH�UHDG�YDOXH�IRU�&+QB3.(<�LV�DOO�
µ�¶� 
4.4.5 +$6+�'DWD�3DWK 
+$6+�DQG�$(6�FRXOG�UXQ�LQ�SDUDOOHO�ZD\��7KHUH�DUH���SDWKV�OHDG�WR�$(6�+$6+�IXQFWLRQ��2QH�
LV�$(6�+$6+�5;�PRGH��WKH�RWKHU�LV�$(6�+$6+�7;�PRGH� 

RX_FIFO AES TX_FIFO

HASH

 
Fig.4-3 AES-HASH-RX mode 

 

RX_FIFO AES TX_FIFO

HASH

 
Fig.4-4 AES-HASH-TX mode 
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$V�VKRZQ�LQ�WKH�ILJXUHV�DERYH��ZH�FRXOG�facilitate operations in some cases. For example, 
secure boot, we need both AES and HASH operations for the same blocks of data. The data 
HASH gets from RX_FIFO or TX_FIFO is byteswaped if the byteswap function is configured. 
 
4.4.6 3URJUDP�6WHSV 
7KH�DSSOLFDWLRQ�FRXOG�VXFFHHG�YDULRXV�FU\SWR�RSHUDWLRQV�LI�WKH\�SURJUDP�SURSHUO\� 
z 3URJUDP�WKH�//,�DGGUHVV�WR�'0$B//,B$''5� 
z 3URJUDP�.(<���,9��RU�RWKHU�SDUDPHWHU�LI�QHHGHG�� 
z 3URJUDP�%&B&7/�RU�+$6+B&7/�IRU�FRQWURO�LQIRUPDWLRQ� 
z 3UHSDUH�//,�,WHP� 
z (QDEOH�LQWHUUXSW��RU�GR�QRWKLQJ� 
$OO�WKHVH�RSHUDWLRQV�FRXOG�EH�LQ�DQ\�RUGHU� 
z 3URJUDP�'0$B&7/�VWDUW�WR�VWDUW�WKH�RSHUDWLRQ��  
7KLV�VWHS�VKRXOG�EH�WKH�ODVW�FRQILJXUDWLRQ�VWHS��$IWHU�WKLV�UHJLVWHU�LV�FRQILJXUHG��RWKHU�
UHJLVWHUV�VKRXOG�QRW�EH�FKDQJHG� 
z :DLW�LQWHUUXSW�DVVHUWHG��RU�MXVW�SROO�WKH�'0$B,17B67�ELWV�� 
z 3URJUDP�'0$B,17B67�WR�FOHDU�LQWHUUXSW�VWDWXV��DQG�JHW�WKH�UHVXOW� 
7KH�DSSOLFDWLRQ�FRXOG�DOVR�XVH�//,�SDXVH�ZKHQ�WKH�QH[W�//,�LWHP�LV�QRW�UHDG\��$IWHU�WKH�QHZ�
LWHP�LV�SUHSDUHG��WKH�DSSOLFDWLRQ�FRXOG�SURJUDP�'0$B&7/�UHVWDUW�WR�FRQWLQXH�SUHYLRXV�
RSHUDWLRQ� 
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Chapter 5 True Random Number Generator(TRNG) 
5.1 Overview 
751*�LV�D�WUXH�UDQGRP�QXPEHU�JHQHUDWRU�WR�JHQHUDWH�UDQGRP�QXPEHU� 
z $����ELWV�$+%�VODYH 
z 7KH�JHQHUDWHG�UDQGRP�QXPEHU�OHQJWK�FDQ�EH�FRQILJXUHG�DV���ELWV����ELWV�����ELWV�DQG�

����ELWV 
z 26&�LV�DYDLODEOH�LQ�IRXU�OHQJWKV 
z 7KH�VDPSOLQJ�SHULRG�IRU�UDQGRP�QXPEHU�SHU�ELW�LV�DYDLODEOH 
5.2 Block Diagram 

 
Fig. 5-1 TRNG Block Diagram 

751*�LV�FRPSULVHG�RI� 
z $+%�6ODYH 
7KH�$+%�VODYH�LPSOHPHQWV�WKH�$+%�VODYH�RSHUDWLRQ��,WV�GDWD�EXV�ZLGWK�LV����ELWV� 
z 5DQGRP�1XPEHU�*HQHUDWRU 
7KH�5DQGRP�1XPEHU�*HQHUDWRU�JHQHUDWH�WUXH�UDQGRP�QXPEHU�DFFRUGLQJ�WR�UHJLVWHU�
FRQILJXUDWLRQ� 
5.3 Function Description 
5.3.1 2SHUDWLRQ 
z 7UXH�UDQGRP�QXPEHU�JHQHUDWH 
8VHU�ILUVW�FRQILJXUHV�WKH�51*B6$03/(B&17�DQG�51*B&7/�UHJLVWHU��H[FOXGLQJ�WKH�UQJBVWDUW�
ILHOG�RI�WKH�51*B&7/�UHJLVWHU��7KH�UQJBVWDUW�ILHOG�RI�WKH�51*B&7/�UHJLVWHU�LV�WKHQ�ILQDOO\�
FRQILJXUHG�WR�VWDUW�WKH�UDQGRP�QXPEHU�JHQHUDWLRQ��:DLW�XQWLO�WKH�UQJBVWDUW�ILHOG�RI�WKH�
567B&7/�UHJLVWHU�UHDGV�RXW�D�YDOXH�RI����ZKLFK�LQGLFDWHV�WKDW�WKH�UDQGRP�QXPEHU�LV�
JHQHUDWHG� 
z 5HVHW�RSHUDWLRQ 
8VHU�ZULWH��[���������WR�567B&7/�UHJLVWHU��7KHQ��ZDLW�XQWLO�WKH�567B&7/�UHJLVWHU�UHDGV�RXW�
D�YDOXH�RI����$IWHU�WKHVH�RSHUDWLRQV��751*�FOHDU�51*B'287�DQG�WKH�LQWHUQDO�VWDWH� 
5.4 Register Description 
7KLV�VHFWLRQ�GHVFULEHV�WKH�FRQWURO�VWDWXV�UHJLVWHUV�RI�WKH�GHVLJQ��6RIWZDUH�VKRXOG�UHDG�DQG�
ZULWH�WKHVH�UHJLVWHUV�XVLQJ����ELWV�DFFHVVHV� 
5.4.1 5HJLVWHUV�6XPPDU\F 

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

751*B567B&7/ �[���� : �[�������� 5HVHW�&RQWURO�5HJLVWHU 
751*B51*B&7/ �[���� : �[�������& 51*�&RQWURO�5HJLVWHU 
751*B51*B6$03/(B&17 �[���� : �[�������� 51*�6DPSOH�&RXQWHU�5HJLVWHU 
751*B51*B'287B� �[���� : �[�������� 51*�'DWD�2XWSXW�5HJLVWHU�� 
751*B51*B'287B� �[���� : �[�������� 51*�'DWD�2XWSXW�5HJLVWHU�� 
751*B51*B'287B� �[���� : �[�������� 51*�'DWD�2XWSXW�5HJLVWHU�� 
751*B51*B'287B� �[���& : �[�������� 51*�'DWD�2XWSXW�5HJLVWHU�� 
751*B51*B'287B� �[���� : �[�������� 51*�'DWD�2XWSXW�5HJLVWHU�� 
751*B51*B'287B� �[���� : �[�������� 51*�'DWD�2XWSXW�5HJLVWHU�� 
751*B51*B'287B� �[���� : �[�������� 51*�'DWD�2XWSXW�5HJLVWHU�� 
751*B51*B'287B� �[���& : �[�������� 51*�'DWD�2XWSXW�5HJLVWHU�� 
1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV��':�
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'RXEOH�:25'�����ELWV��DFFHVV�  
5.4.2 'HWDLO�5HJLVWHU�'HVFULSWLRQ 
751*B567B&7/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 5: �[� 

ZULWHBHQDEOH 
:KHQ�ELW�Q ���WKH�FRUUHVSRQGLQJ�ELW�Q����FDQ�EH�ZULWWHQ�E\�
VRIWZDUH� 
:KHQ�ELW�Q ���WKH�FRUUHVSRQGLQJ�ELW�Q����FDQ
W�EH�ZULWWHQ�E\�
VRIWZDUH� 

���� 52 �[���� UHVHUYHG 

� 5�:
6& �[� 

VZBUQJBUHVHW 
6RIWZDUH�VHW�WKLV�ELW�WR�VWDUW�D�UHVHW�WR�751*�PRGXOH��$IWHU�WKH�
UHVHW�LV�GRQH��&5<372�ZLOO�FOHDU�WKLV�ELW� 

� 52 �[� UHVHUYHG 
 
751*B51*B&7/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� :2 �[�� 

ZULWHBHQDEOH 
:KHQ�ELW�Q ���WKH�FRUUHVSRQGLQJ�ELW�Q����FDQ�EH�ZULWWHQ�E\�
VRIWZDUH� 
:KHQ�ELW�Q ���WKH�FRUUHVSRQGLQJ�ELW�Q����FDQ
W�EH�ZULWWHQ�E\�
VRIWZDUH� 

���� 52 �[��� UHVHUYHG 

��� 5: �[� 

UQJBOHQ 
�
E�������ELW 
�
E��������ELW 
�
E��������ELW 
�
E��������ELW 

��� 5: �[� 

ULQJBVHO 
7KHUH�DUH���RVF�ULQJV�FKRLFH�WR�GHFLGH�WKH�UQJ�RXWSXW�GDWD��  
�
E����6ORZHVW�RVF�ULQJ 
�
E����IDVWHU�WKDQ�RVF�ULQJ�� 
�
E����IDVWHU�WKDQ�RVF�ULQJ�� 
�
E����IDVWHVW�RVF�ULQJ 

� 5: �[� 
UQJBHQDEOH 
�
E���(QDEOH 
�
E���'LVDEOH 

� 5�:
6& �[� 

UQJBVWDUW 
7KH�DSSOLFDWLRQ�WULJJHUV�WKLV�ELW�WR�VWDUW�FROOHFW�UQJ�RXWSXW�GDWD��
$IWHU�UQJ�LV�VWDUWHG��&5<372�ZLOO�FOHDU�WKH�ELW�DXWRPDWLFDOO\� 
�
E���6WDUW 
�
E���'R�QRWKLQJ 

 
751*B51*B6$03/(B&17�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� 
UQJBVDPSOHBFQW 
51*�FROOHFWV�RVF�ULQJ�RXWSXW�ELW�HYHU\�UQJBVDPSOHBFQW�WLPH��7KH�
YDOXH�RI�UQJBVDPSOHBFQW�DIIHFWV�51*�RXWSXW�GDWD�UDWH��WKH�YDOXH�
PRUH�ELJJHU��WKH�UDWH�PRUH�VORZHU� 
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751*B51*B'287B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� UQJBGRXWB� 7KH���
WK�RVF�ULQJ�ELW�LV�FDSWXUHG�LQ�51*B'287B��ELW��� 
 
751*B51*B'287B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 

UQJBGRXWB� 
7KH���
WK�RVF�ULQJ�ELW�LV�FDSWXUHG�LQ�51*B'287B��ELW����,I�
51*B&7/�UQJBOHQ� ��[����WKH�ODVW�YDOLG�ELW�RI�51*�LV�VWRUHG�LQ�
51*B'287B��ELW����DQG�51*B'287B��a�51*B'287B��DUH�
LQYDOLG� 

 
751*B51*B'287B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� UQJBGRXWB� 7KH���
WK�RVF�ULQJ�ELW�LV�FDSWXUHG�LQ�51*B'287B��ELW��� 
 
751*B51*B'287B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 

UQJBGRXWB� 
7KH����
WK�RVF�ULQJ�ELW�LV�FDSWXUHG�LQ�51*B'287B��ELW����,I�
51*B&7/�UQJBOHQ� ��[����WKH�ODVW�YDOLG�ELW�RI�51*�LV�VWRUHG�LQ�
51*B'287B��ELW����DQG�51*B'287B��a�51*B'287B��DUH�
LQYDOLG� 

 
751*B51*B'287B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� UQJBGRXWB� 7KH����
WK�RVF�ULQJ�ELW�LV�FDSWXUHG�LQ�51*B'287B��ELW��� 
 
751*B51*B'287B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 

UQJBGRXWB� 
7KH����
WK�RVF�ULQJ�ELW�LV�FDSWXUHG�LQ�51*B'287B��ELW����,I�
51*B&7/�UQJBOHQ� ��[����WKH�ODVW�YDOLG�ELW�RI�51*�LV�VWRUHG�LQ�
51*B'287B��ELW����DQG�51*B'287B�a�51*B'287B��DUH�
LQYDOLG� 

 
751*B51*B'287B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� UQJBGRXWB� 7KH����
WK�RVF�ULQJ�ELW�LV�FDSWXUHG�LQ�51*B'287B��ELW��� 
 
751*B51*B'287B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
UQJBGRXWB� 
7KH����
WK�RVF�ULQJ�ELW�LV�FDSWXUHG�LQ�51*B'287B��ELW����,I�
51*B&7/�UQJBOHQ� ��[����WKH�ODVW�YDOLG�ELW�RI�51*�LV�VWRUHG�LQ�
51*B'287B��ELW��� 

 
5.5 Application Notes 

z :KHQ�UDQGRP�QXPEHUV�GR�QRW�PHHW�UDQGRPQHVV�UHTXLUHPHQWV��XVHU�FDQ�
UHVROYH�WKH�SUREOHP�E\�DGMXVWLQJ�WKH�51*B6$03/(B&17�UHJLVWHU�DQG�ULQJBVHO�
ILHOG�RI�51*B&7/�UHJLVWHU� 
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Chapter 6 Mobile Storage Host Controller 
6  

6.1 Overview 
7KH�0RELOH�6WRUDJH�+RVW�&RQWUROOHU�LV�GHVLJQHG�WR�VXSSRUW�6HFXUH�'LJLWDO�PHPRU\��6'�PD[�
YHUVLRQ�������ZLWK���ELWV�RU���ELWV�GDWD�ZLGWK��0XOWLPHGLD�&DUG�00&�PD[�YHUVLRQ�������ZLWK�
��ELWV�RU���ELWV�RU���ELWV�GDWD�ZLGWK� 
7KH�+RVW�&RQWUROOHU�LV�LQVWDQWLDWHG�IRU�6'00&���6'00&���6'00&���7KH�LQWHUIDFH�GLIIHUHQFH�
EHWZHHQ�WKHVH�LQVWDQFHV�LV�VKRZQ�LQ�³,QWHUIDFH�'HVFULSWLRQ �́ 
7KH�+RVW�&RQWUROOHU�VXSSRUWV�IROORZLQJ�IHDWXUHV� 
z %XV�,QWHUIDFH�)HDWXUHV� 

� 6XSSRUW�$0%$�$+%�LQWHUIDFH�IRU�PDVWHU�DQG�VODYH 
� 6XSSRUWV�LQWHUQDO�'0$�LQWHUIDFH�,'0$&� 

� 6XSSRUWV�������ELW�GDWD�WUDQVIHUV 
� 6LQJOH�HQJLQH�XVHG�IRU�7UDQVPLW�DQG�5HFHLYH��ZKLFK�DUH�PXWXDOO\�H[FOXVLYH 
� 'XDO�EXIIHU�DQG�FKDLQHG�GHVFULSWRU�OLQNHG�OLVW 
� (DFK�GHVFULSWRU�FDQ�WUDQVIHU�XS�WR��.%�RI�GDWD�LQ�FKDLQHG�PRGH�DQG��.%�RI�GDWD�

LQ�GXDO�EXIIHU�PRGH 
� 3URJUDPPDEOH�EXUVW�VL]H�IRU�RSWLPDO�KRVW�EXV�XWLOL]DWLRQ 

� 6XSSRUW�FRPELQHG�VLQJOH�),)2�IRU�ERWK�WUDQVPLW�DQG�UHFHLYH�RSHUDWLRQV 
� 6XSSRUW�),)2�VL]H�RI����[�� 
� 6XSSRUW�),)2�RYHU�UXQ�DQG�XQGHU�UXQ�SUHYHQWLRQ�E\�VWRSSLQJ�FDUG�FORFN 

z &DUG�,QWHUIDFH�)HDWXUHV� 
� 6XSSRUW�6HFXUH�'LJLWDO�PHPRU\�SURWRFRO�FRPPDQGV 
� 6XSSRUW�6HFXUH�'LJLWDO�,�2�SURWRFRO�FRPPDQGV 
� 6XSSRUW�0XOWLPHGLD�&DUG�SURWRFRO�FRPPDQGV 
� 6XSSRUW�&RPPDQG�&RPSOHWLRQ�6LJQDO�DQG�LQWHUUXSWV�WR�KRVW 
� 6XSSRUW�&5&�JHQHUDWLRQ�DQG�HUURU�GHWHFWLRQ 
� 6XSSRUW�SURJUDPPDEOH�EDXG�UDWH 
� 6XSSRUW�SRZHU�PDQDJHPHQW�DQG�SRZHU�VZLWFK 
� 6XSSRUW�FDUG�GHWHFWLRQ 
� 6XSSRUW�ZULWH�SURWHFWLRQ 
� 6XSSRUW�KDUGZDUH�UHVHW 
� 6XSSRUW�6',2�LQWHUUXSWV�LQ���ELW�DQG���ELW�PRGHV 
� 6XSSRUW���ELW�PRGH�LQ�6',2��� 
� 6XSSRUW�6',2�VXVSHQG�DQG�UHVXPH�RSHUDWLRQ 
� 6XSSRUW�6',2�UHDG�ZDLW 
� 6XSSRUW�EORFN�VL]H�RI���WR��������E\WHV 
� 6XSSRUW���ELW����ELW�PRGHV 
� 6XSSRUWV���ELW�''5 
� 6XSSRUW�ERRW�LQ���ELW�DQG���ELW�6'5�PRGHV 

z &ORFN�,QWHUIDFH�)HDWXUHV� 
� 6XSSRUW��������������GHJUHH�SKDVH�VKLIW�RSHUDWLRQ�IRU�VDPSOH�FORFN�

�FFONBLQBVDPSOH��DQG�GULYH�FORFN�FFONBLQBGUY��UHODWLYH�WR�IXQFWLRQ�FORFN�FFONBLQ��
UHVSHFWLYHO\ 

� 6XSSRUW�SKDVH�WXQLQJ�XVLQJ�GHOD\�OLQH�IRU�VDPSOH�FORFN�FFONBLQBVDPSOH��DQG�GULYH�
FORFN�FFONBLQBGUY��UHODWLYH�WR�IXQFWLRQ�FORFN��FFONBLQ��UHVSHFWLYHO\��7KH�PD[�QXPEHU�
RI�GHOD\�HOHPHQW�QXPEHU�LV���� 

6.2 Block Diagram 
7KH�+RVW�&RQWUROOHU�FRQVLVWV�RI�WKH�IROORZLQJ�PDLQ�IXQFWLRQDO�EORFNV� 
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Fig. 6-1 Mobile Storage Host Control Block Diagram 

z &ORFN�*HQHUDWH�8QLW��&/.*(1���*HQHUDWHV�FDUG�LQWHUIDFH�FORFN�FFONBLQ��
FFONBVDPSOH�FFONBGUY�EDVHG�RQ�FFONLQ�DQG�FRQILJXUDWLRQ�LQIRUPDWLRQ� 
� FFONLQ��RULJLQDO�FORFN 
� FFONBLQ��IXQFWLRQDO�FORFN�  
� FFONBVDPSOH��VDPSOH�FORFN�  
� FFONBGUY��GULYHU�FORFN�  

z $V\QFKURQRXV�GXDO�SRUW�PHPRU\��%8))(5���8VH�D�WZR�FORFN�V\QFKURQRXV�UHDG�DQG�
V\QFKURQRXV�ZULWH�GXDO�SRUW�5$0��2QH�RI�WKH�SRUWV�LV�FRQQHFWHG�WR�WKH�KRVW�FORFN��DQG�
WKH�RWKHU�SRUW�LV�FRQQHFWHG�WR�WKH�FDUG�FORFN� 

z %XV�,QWHUIDFH�8QLW��%,8���3URYLGHV�$0%$�$+%�LQWHUIDFHV�IRU�UHJLVWHU�DQG�GDWD�UHDG�ZULWH��  
z &DUG�,QWHUIDFH�8QLW��&,8���7DNHV�FDUH�RI�WKH�6'�00&�SURWRFROV�DQG�SURYLGHV�FORFN�

PDQDJHPHQW� 
6.3 Function Description 
6.3.1 %XV�,QWHUIDFH�8QLW 
7KH�%XV�,QWHUIDFH�8QLW�SURYLGHV�WKH�IROORZLQJ�IXQFWLRQV� 
z +RVW�LQWHUIDFH 
z ,QWHUUXSW�FRQWURO 
z 5HJLVWHU�DFFHVV 
z ([WHUQDO�),)2�DFFHVV 
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z 3RZHU�FRQWURO�DQG�FDUG�GHWHFWLRQ 
6.3.1.1 Host Interface Unit 
7KH�+RVW�,QWHUIDFH�8QLW�LV�DQ�$+%�VODYH�LQWHUIDFH��ZKLFK�SURYLGHV�WKH�LQWHUIDFH�EHWZHHQ�WKH�
6'�00&�FDUG�DQG�WKH�KRVW�EXV��  
6.3.1.2 Register Unit 
7KH�UHJLVWHU�XQLW�LV�SDUW�RI�WKH�EXV�LQWHUIDFH�XQLW��LW�SURYLGHV�UHDG�DQG�ZULWH�DFFHVV�WR�WKH�
UHJLVWHUV��  
$OO�UHJLVWHUV�UHVLGH�LQ�WKH�%XV�,QWHUIDFH�8QLW�FORFN�GRPDLQ��:KHQ�D�FRPPDQG�LV�VHQW�WR�D�
FDUG�E\�VHWWLQJ�WKH�VWDUWBELW��ZKLFK�LV�ELW>��@�RI�WKH�6'00&B&0'�UHJLVWHU��DOO�UHOHYDQW�
UHJLVWHUV�QHHGHG�IRU�WKH�&,8�RSHUDWLRQ�DUH�WUDQVIHUUHG�WR�WKH�&,8�EORFN��'XULQJ�WKLV�WLPH��
WKH�UHJLVWHUV�WKDW�DUH�WUDQVIHUUHG�IURP�WKH�%,8�WR�WKH�&,8�VKRXOG�QRW�EH�ZULWWHQ��7KH�
VRIWZDUH�VKRXOG�ZDLW�IRU�WKH�KDUGZDUH�WR�FOHDU�WKH�VWDUW�ELW�EHIRUH�ZULWLQJ�WR�WKHVH�UHJLVWHUV�
DJDLQ��7KH�UHJLVWHU�XQLW�KDV�D�KDUGZDUH�ORFNLQJ�IHDWXUH�WR�SUHYHQW�LOOHJDO�ZULWHV�WR�UHJLVWHUV��
7KH�ORFN�LV�QHFHVVDU\�LQ�RUGHU�WR�DYRLG�PHWDVWDELOLW\�YLRODWLRQV��ERWK�EHFDXVH�WKH�KRVW�DQG�
FDUG�FORFN�GRPDLQV�DUH�GLIIHUHQW�DQG�WR�SUHYHQW�LOOHJDO�VRIWZDUH�RSHUDWLRQV��  
2QFH�D�FRPPDQG�VWDUW�LV�LVVXHG�E\�VHWWLQJ�WKH�VWDUWBELW�RI�WKH�6'00&B&0'�UHJLVWHU��WKH�
IROORZLQJ�UHJLVWHUV�FDQQRW�EH�UHSURJUDPPHG�XQWLO�WKH�FRPPDQG�LV�DFFHSWHG�E\�WKH�FDUG�
LQWHUIDFH�XQLW� 
z 6'00&B&0'�±�&RPPDQG 
z 6'00&B&0'$5*�±�&RPPDQG�$UJXPHQW 
z 6'00&B%<7&17�±�%\WH�&RXQW 
z 6'00&B%/.6,=�±�%ORFN�6L]H 
z 6'00&B&/.',9�±�&ORFN�'LYLGHU 
z 6'00&B&/.(1$�±�&ORFN�(QDEOH 
z 6'00&B&/.65&�±�&ORFN�6RXUFH 
z 6'00&B70287�±�7LPHRXW 
z 6'00&B&7<3(�±�&DUG�7\SH 
7KH�KDUGZDUH�UHVHWV�WKH�VWDUWBELW�RQFH�WKH�&,8�DFFHSWV�WKH�FRPPDQG��,I�D�KRVW�ZULWH�WR�DQ\�
RI�WKHVH�UHJLVWHUV�LV�DWWHPSWHG�GXULQJ�WKLV�ORFNHG�WLPH��WKHQ�WKH�ZULWH�LV�LJQRUHG�DQG�WKH�
KDUGZDUH�ORFN�HUURU�ELW�LV�VHW�LQ�WKH�UDZ�LQWHUUXSW�VWDWXV�UHJLVWHU��$GGLWLRQDOO\��LI�WKH�LQWHUUXSW�
LV�HQDEOHG�DQG�QRW�PDVNHG�IRU�D�KDUGZDUH�ORFN�HUURU��WKHQ�DQ�LQWHUUXSW�LV�VHQW�WR�WKH�KRVW��  
:KHQ�WKH�&DUG�,QWHUIDFH�8QLW�LV�LQ�DQ�LGOH�VWDWH��LW�W\SLFDOO\�WDNHV�WKH�IROORZLQJ�QXPEHU�RI�
FORFNV�IRU�WKH�FRPPDQG�KDQGVKDNH��ZKHUH�FON�LV�WKH�%,8�FORFN�DQG�FFONBLQ�LV�WKH�&,8�FORFN� 
���FON�������FFONBLQ� 
2QFH�D�FRPPDQG�LV�DFFHSWHG��\RX�FDQ�VHQG�DQRWKHU�FRPPDQG�WR�WKH�&,8�ZKLFK�KDV�D�RQH�
GHHS�FRPPDQG�TXHXH�XQGHU�WKH�IROORZLQJ�FRQGLWLRQV� 
z ,I�WKH�SUHYLRXV�FRPPDQG�ZDV�QRW�D�GDWD�WUDQVIHU�FRPPDQG��WKH�QHZ�FRPPDQG�LV�VHQW�

WR�WKH�6'�00&�FDUG�RQFH�WKH�SUHYLRXV�FRPPDQG�FRPSOHWHV��  
z ,I�WKH�SUHYLRXV�FRPPDQG�LV�D�GDWD�WUDQVIHU�FRPPDQG�DQG�LI�ZDLWBSUYGDWDBFRPSOHWH�

�ELW>��@��RI�WKH�6'00&B&0'�UHJLVWHU�LV�VHW�IRU�WKH�QHZ�FRPPDQG��WKH�QHZ�FRPPDQG�LV�
VHQW�WR�WKH�6'�00&�FDUG�RQO\�ZKHQ�WKH�GDWD�WUDQVIHU�FRPSOHWHV��  

z ,I�WKH�ZDLWBSUYGDWDBFRPSOHWH�LV����WKHQ�WKH�QHZ�FRPPDQG�LV�VHQW�WR�WKH�6'�00&�FDUG�
DV�VRRQ�DV�WKH�SUHYLRXV�FRPPDQG�LV�VHQW��7\SLFDOO\��\RX�VKRXOG�XVH�WKLV�RQO\�WR�VWRS�RU�
DERUW�D�SUHYLRXV�GDWD�WUDQVIHU�RU�TXHU\�WKH�FDUG�VWDWXV�LQ�WKH�PLGGOH�RI�D�GDWD�WUDQVIHU��  

6.3.1.3 Interrupt Controller Unit 
7KH�LQWHUUXSW�FRQWUROOHU�XQLW�JHQHUDWHV�DQ�LQWHUUXSW�WKDW�GHSHQGV�RQ�WKH�FRQWUROOHU�UDZ�
LQWHUUXSW�VWDWXV��WKH�LQWHUUXSW�PDVN�UHJLVWHU��DQG�WKH�JOREDO�LQWHUUXSW�HQDEOH�UHJLVWHU�ELW��
2QFH�DQ�LQWHUUXSW�FRQGLWLRQ�LV�GHWHFWHG��LW�VHWV�WKH�FRUUHVSRQGLQJ�LQWHUUXSW�ELW�LQ�WKH�UDZ�
LQWHUUXSW�VWDWXV�UHJLVWHU�6'00&B5,17676��7KH�UDZ�LQWHUUXSW�VWDWXV�ELW�VWD\V�RQ�XQWLO�WKH�
VRIWZDUH�FOHDUV�WKH�ELW�E\�ZULWLQJ�D���WR�WKH�LQWHUUXSW�ELW��D���OHDYHV�WKH�ELW�XQWRXFKHG��  
7KH�LQWHUUXSW�SRUW�LV�DQ�DFWLYH�KLJK��OHYHO�VHQVLWLYH�LQWHUUXSW��7KH�LQWHUUXSW�SRUW�LV�DFWLYH�RQO\�
ZKHQ�DQ\�ELW�LQ�WKH�UDZ�LQWHUUXSW�VWDWXV�UHJLVWHU�LV�DFWLYH��WKH�FRUUHVSRQGLQJ�LQWHUUXSW�PDVN�
ELW�LV����DQG�WKH�JOREDO�LQWHUUXSW�HQDEOH�ELW�LV����7KH�LQWHUUXSW�SRUW�LV�UHJLVWHUHG�LQ�RUGHU�WR�
DYRLG�DQ\�FRPELQDWLRQDO�JOLWFKHV��  
7KH�LQWBHQDEOH�LV�UHVHW�WR���RQ�SRZHU�RQ��DQG�WKH�LQWHUUXSW�PDVN�ELWV�DUH�VHW�WR���¶K���ZKLFK�
PDVNV�DOO�WKH�LQWHUUXSWV��  
1RWHV��  
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%HIRUH�HQDEOLQJ�WKH�LQWHUUXSW��LW�LV�DOZD\V�UHFRPPHQGHG�WKDW�\RX�ZULWH���¶KIIIIBIIII�WR�WKH�UDZ�LQWHUUXSW�
VWDWXV�UHJLVWHU�LQ�RUGHU�WR�FOHDU�DQ\�SHQGLQJ�XQVHUYLFHG�LQWHUUXSWV��:KHQ�FOHDULQJ�LQWHUUXSWV�GXULQJ�QRUPDO�
RSHUDWLRQ��HQVXUH�WKDW�\RX�FOHDU�RQO\�WKH�LQWHUUXSW�ELWV�WKDW�\RX�VHUYLFHG��  
7KH�6',2�,QWHUUXSWV��5HFHLYH�),)2�'DWD�5HTXHVW��5;'5���DQG�7UDQVPLW�),)2�'DWD�5HTXHVW��7;'5��DUH�VHW�
E\�OHYHO�VHQVLWLYH�LQWHUUXSW�VRXUFHV��7KHUHIRUH��WKH�LQWHUUXSW�VRXUFH�VKRXOG�EH�ILUVW�FOHDUHG�EHIRUH�\RX�FDQ�
FOHDU�WKH�LQWHUUXSW�ELW�RI�WKH�5DZ�,QWHUUXSW�UHJLVWHU��)RU�H[DPSOH��RQ�VHHLQJ�WKH�5HFHLYH�),)2�'DWD�5HTXHVW�
�5;'5��LQWHUUXSW��WKH�),)2�VKRXOG�EH�HPSWLHG�VR�WKDW�WKH�³),)2�FRXQW�JUHDWHU�WKDQ�WKH�5;�:DWHUPDUN´�
FRQGLWLRQ��ZKLFK�WULJJHUV�WKH�LQWHUUXSW��EHFRPHV�LQDFWLYH��7KH�UHVW�RI�WKH�LQWHUUXSWV�DUH�WULJJHUHG�E\�D�VLQJOH�
FORFN�SXOVH�ZLGWK�VRXUFH� 

Table 6-1 Bits in Interrupt Status Register 
%LWV ,QWHUUXSW 'HVFULSWLRQ 

�� VGLRBLQWHUUXSW Interrupt from SDIO card. In MMC-Ver3.3-only mode, 
these bits are always 0. 

�� &DUG�QR�EXV\ If card exit busy status, the interrupt happened. 

�� (QG�%LW�(UURU��UHDG��� 
:ULWH�QR�&5&��(%(� 

Error in end-bit during read operation, or no data CRC 
received during write operation. 
For MMC CMD19, there may be no CRC status 
returned by the card. Hence, EBE is set for CMD19. 
The application should not treat this as an error. 

�� $XWR�&RPPDQG�'RQH�
�$&'� 

Stop/abort commands automatically sent by card unit 
and not initiated by host; similar to Command Done 
(CD) interrupt. 
Recommendation:  
Software typically need not enable this for non CE-ATA 
accesses; Data Transfer Over (DTO) interrupt that 
comes after this interrupt determines whether data 
transfer has correctly competed.  

�� 6WDUW�%LW�(UURU��6%(� 

Error in data start bit when data is read from a card. 
In 4-bit mode, if DAT[0] line indicates start bit-that is, 
0-and any of the other data bits do not have start bit, 
then this error is set. 
Busy Complete Interrupt when data is written to the 
card. This interrupt is generated after completion of 
busy driven by the card after the last data block is 
written into the card. 

�� +DUGZDUH�/RFNHG�ZULWH�
(UURU��+/(� 

During hardware-lock period, write attempted to one 
of locked registers. 
When software sets the start_cmd bit in the 
SDMMC_CMD register, the Host Controller tries to load 
the command. If the command buffer is already filled 
with a command, this error is raised. The software 
then has to reload the command. 

�� ),)2�8QGHUUXQ��2YHUUXQ�
(UURU��)581� 

Host tried to push data when FIFO was full, or host 
tried to read data when FIFO was empty. Typically this 
should not happen, except due to error in software. 
Card unit never pushes data into FIFO when FIFO is 
full, and pop data when FIFO is empty.  
If IDMAC is enabled, FIFO under-run/over-run can 
occur due to a programming error on MSIZE and 
watermark values in SDMMC_FIFOTH register. 

�� 'DWD�6WDUYDWLRQ�E\�+RVW�
7LPHRXW��+72� 

To avoid data loss, card clock out is stopped if FIFO is 
empty when writing to card, or FIFO is full when 
reading from card. Whenever card clock is stopped to 
avoid data loss, data-starvation timeout counter is 
started with data-timeout value. This interrupt is set if 
host does not fill data into FIFO during write to card, 
or does not read from FIFO during read from card 
before timeout period.  
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%LWV ,QWHUUXSW 'HVFULSWLRQ 
Even after timeout, card clock stays in stopped state, 
with CIU state machines waiting. It is responsibility of 
host to push or pop data into FIFO upon interrupt, 
which automatically restarts cclk_out and card state 
machines. 
Even if host wants to send stop/abort command, it still 
needs to ensure it has to push or pop FIFO so that 
clock starts in order for stop/abort command to send 
on command signal along with data that is sent or 
received on data line. 

� 'DWD�5HDG�7LPHRXW�
�'572� 

In Normal functioning mode: Data read timeout 
(DRTO)  
Data timeout occurred. Data Transfer Over (DTO) also 
set if data timeout occurs. 
In Boot Mode: Boot Data Start (BDS)  
When set, indicates that Host Controller has started to 
receive boot data from the card. A write to this 
register with a value of 1 clears this interrupt. 

� 5HVSRQVH�7LPHRXW��572� 

In normal functioning mode: Response timeout (RTO)  
Response timeout occurred. Command Done (CD) also 
set if response timeout occurs. If command involves 
data transfer and when response times out, no data 
transfer is attempted by Host Controller. 
In Boot Mode: Boot Ack Received (BAR)  
When expect_boot_ack is set, on reception of a boot 
acknowledge pattern²0-1-0²this interrupt is 
asserted. A write to this register with a value of 1 
clears this interrupt. 

� 'DWD�&5&�(UURU��'&5&� 

Received Data CRC does not match with locally-
generated CRC in CIU.  
Can also occur if the Write CRC status is incorrectly 
sampled by the Host. 

� 5HVSRQVH�&5&�(UURU�
�5&5&� 

Response CRC does not match with locally-generated 
CRC in CIU. 

� 5HFHLYH�),)2�'DWD�
5HTXHVW��5;'5� 

Interrupt set during read operation from card when 
FIFO level is greater than Receive-Threshold level. 
Recommendation: 
In DMA modes, this interrupt should not be enabled. 
In non-DMA mode: pop RX_WMark + 1 data from 
FIFO. 

� 7UDQVPLW�),)2�'DWD�
5HTXHVW��7;'5� 

Interrupt set during write operation to card when FIFO 
level reaches less than or equal to Transmit-Threshold 
level. 
Recommendation: 
In DMA modes, this interrupt should not be enabled. 
In non-DMA mode: 
if (pending_bytes > (FIFO_DEPTH - TX_WMark)) 
      push (FIFO_DEPTH - TX_WMark) data into FIFO 
else  
      push pending_bytes data into FIFO 

� 'DWD�7UDQVIHU�2YHU��'72� 

Indicates Data transfer completed. Though on 
detection of errors-Start Bit Error, Data CRC error, 
and so on, DTO may or may not be set; the 
application must issue CMD12, which ensures that 
DTO is set. 
Recommendation:  
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%LWV ,QWHUUXSW 'HVFULSWLRQ 
In non-DMA mode, when data is read from card, on 
seeing interrupt, host should read any pending data 
from FIFO. In DMA mode, DMA controllers guarantee 
FIFO is flushed before interrupt. 
DTO bit is set at the end of the last data block, even if 
the device asserts MMC busy after the last data block. 

� &RPPDQG�'RQH�&'� Command sent to card and got response from card, 
even if Response Error or CRC error occurs.  

� 5HVSRQVH�(UURU��5(� 

(UURU�LQ�UHFHLYHG�UHVSRQVH�VHW�LI�RQH�RI�IROORZLQJ�
RFFXUV� 
z 7UDQVPLVVLRQ�ELW�� �� 
z &RPPDQG�LQGH[�PLVPDWFK 
z (QG�ELW�� �� 

� &DUG�'HWHFW��&'7� 

:KHQ�RQH�RU�PRUH�FDUGV inserted or removed, this 
interrupt occurs.  
Software should read card-detect register to 
determine current card status. 
Recommendation: After power-on and before enabling 
interrupts, software should read card detect register 
and store it in memory. When interrupt occurs, it 
should read card detect register and compare it with 
value stored in memory to determine which card(s) 
were removed/inserted. Before exiting ISR, software 
should update memory with new card-detect value. 

6.3.1.4 FIFO Controller Unit 
7KH�),)2�FRQWUROOHU�LQWHUIDFHV�WKH�H[WHUQDO�),)2�WR�WKH�KRVW�LQWHUIDFH�DQG�WKH�FDUG�FRQWUROOHU�
XQLW��:KHQ�),)2�RYHUUXQ�DQG�XQGHU�UXQ�FRQGLWLRQV�RFFXU��WKH�FDUG�FORFN�VWRSV�LQ�RUGHU�WR�
DYRLG�GDWD�ORVV��  
7KH�),)2�XVHV�D�WZR�FORFN�V\QFKURQRXV�UHDG�DQG�V\QFKURQRXV�ZULWH�GXDO�SRUW�5$0��2QH�RI�
WKH�SRUWV�LV�FRQQHFWHG�WR�WKH�KRVW�FORFN�FON���DQG�WKH�VHFRQG�SRUW�LV�FRQQHFWHG�WR�WKH�FDUG�
FORFN�FFONBLQ���  
1RWHV��7KH�),)2�FRQWUROOHU�GRHV�QRW�VXSSRUW�VLPXOWDQHRXV�UHDG�ZULWH�DFFHVV�IURP�WKH�VDPH�SRUW��)RU�
GHEXJJLQJ�SXUSRVHV��WKH�VRIWZDUH�PD\�WU\�WR�ZULWH�LQWR�WKH�),)2�DQG�UHDG�EDFN�WKH�GDWD��UHVXOWV�DUH�
LQGHWHUPLQDWH��VLQFH�WKH�GHVLJQ�GRHV�QRW�VXSSRUW�UHDG�ZULWH�DFFHVV�IURP�WKH�VDPH�SRUW��  
6.3.1.5 Card Detection Unit 
7KH�UHJLVWHU�XQLW�KDV�UHJLVWHUV�WKDW�FRQWURO�WKH�SRZHU��3RZHU�WR�HDFK�FDUG�FDQ�EH�VHOHFWLYHO\�
WXUQHG�RQ�RU�RII��  
7KH�FDUG�GHWHFWLRQ�XQLW�ORRNV�IRU�DQ\�FKDQJHV�LQ�WKH�FDUG�GHWHFW�VLJQDOV�IRU�FDUG�LQVHUWLRQ�RU�
FDUG�UHPRYDO��,W�ILOWHUV�RXW�WKH�GHERXQFH�DVVRFLDWHG�ZLWK�PHFKDQLFDO�LQVHUWLRQ�RU�UHPRYDO��
DQG�JHQHUDWHV�RQH�LQWHUUXSW�WR�WKH�KRVW��<RX�FDQ�SURJUDP�WKH�GHERXQFH�ILOWHU�YDOXH��  

 
Fig. 6-2 SD/MMC Card-Detect Signal 

6.3.2 &DUG�,QWHUIDFH�8QLW 
7KH�&DUG�,QWHUIDFH�8QLW��&,8��LQWHUIDFHV�ZLWK�WKH�%XV�,QWHUIDFH�8QLW��%,8��DQG�WKH�H[WHUQDO�
GHYLFHV��7KH�KRVW�ZULWHV�FRPPDQG�SDUDPHWHUV�WR�WKH�%,8�FRQWURO�UHJLVWHUV��DQG�WKHVH�
SDUDPHWHUV�DUH�WKHQ�SDVVHG�WR�WKH�&,8��'HSHQGLQJ�RQ�FRQWURO�UHJLVWHU�YDOXHV��WKH�&,8�
JHQHUDWHV�6'�00&�FRPPDQG�DQG�GDWD�WUDIILF�RQ�D�VHOHFWHG�FDUG�EXV�DFFRUGLQJ�WR�6'�00&�
SURWRFRO��7KH�+RVW�&RQWUROOHU�DFFRUGLQJO\�FRQWUROV�WKH�FRPPDQG�DQG�GDWD�SDWK��  
7KH�IROORZLQJ�VRIWZDUH�UHVWULFWLRQV�VKRXOG�EH�PHW�IRU�SURSHU�&,8�RSHUDWLRQ� 
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z 2QO\�RQH�GDWD�WUDQVIHU�FRPPDQG�FDQ�EH�LVVXHG�DW�D�WLPH��  
z 'XULQJ�DQ�RSHQ�HQGHG�FDUG�ZULWH�RSHUDWLRQ��LI�WKH�FDUG�FORFN�LV�VWRSSHG�EHFDXVH�WKH�

),)2�LV�HPSW\��WKH�VRIWZDUH�PXVW�ILUVW�ILOO�WKH�GDWD�LQWR�WKH�),)2�DQG�VWDUW�WKH�FDUG�FORFN��
,W�FDQ�WKHQ�LVVXH�RQO\�D�VWRS�DERUW�FRPPDQG�WR�WKH�FDUG��  

z :KHQ�LVVXLQJ�FDUG�UHVHW�FRPPDQGV��&0'���&0'���RU�&0'��BUHVHW��ZKLOH�D�FDUG�GDWD�
WUDQVIHU�LV�LQ�SURJUHVV��WKH�VRIWZDUH�PXVW�VHW�WKH�VWRSBDERUWBFPG�ELW�LQ�WKH�
6'00&B&0'�UHJLVWHU�VR�WKDW�WKH�+RVW�&RQWUROOHU�FDQ�VWRS�WKH�GDWD�WUDQVIHU�DIWHU�LVVXLQJ�
WKH�FDUG�UHVHW�FRPPDQG��  

z :KHQ�WKH�GDWD�HQG�ELW�HUURU�LV�VHW�LQ�WKH�6'00&B5,17676�UHJLVWHU��WKH�+RVW�&RQWUROOHU�
GRHV�QRW�JXDUDQWHH�6',2�LQWHUUXSWV��7KH�VRIWZDUH�VKRXOG�LJQRUH�WKH�6',2�LQWHUUXSWV�DQG�
LVVXH�WKH�VWRS�DERUW�FRPPDQG�WR�WKH�FDUG��VR�WKDW�WKH�FDUG�VWRSV�VHQGLQJ�WKH�UHDG�GDWD� 

z ,I�WKH�FDUG�FORFN�LV�VWRSSHG�EHFDXVH�WKH�),)2�LV�IXOO�GXULQJ�D�FDUG�UHDG��WKH�VRIWZDUH�
VKRXOG�UHDG�DW�OHDVW�WZR�),)2�ORFDWLRQV�WR�VWDUW�WKH�FDUG�FORFN��  

7KH�&,8�EORFN�FRQVLVWV�RI�WKH�IROORZLQJ�SULPDU\�IXQFWLRQDO�EORFNV� 
z &RPPDQG�SDWK 
z 'DWD�SDWK 
z 6',2�LQWHUUXSW�FRQWURO 
z &ORFN�FRQWURO 
z (UURU�GHWHFWLRQ 
6.3.2.1 Command Path 
7KH�FRPPDQG�SDWK�SHUIRUPV�WKH�IROORZLQJ�IXQFWLRQV� 
z /RDGV�FORFN�SDUDPHWHUV 
z /RDGV�FDUG�FRPPDQG�SDUDPHWHUV 
z 6HQGV�FRPPDQGV�WR�FDUG�EXV��FFPGBRXW�OLQH� 
z 5HFHLYHV�UHVSRQVHV�IURP�FDUG�EXV��FFPGBLQ�OLQH� 
z 6HQGV�UHVSRQVHV�WR�%,8 
z 'ULYHV�WKH�3�ELW�RQ�FRPPDQG�OLQH 
$�QHZ�FRPPDQG�LV�LVVXHG�WR�WKH�+RVW�&RQWUROOHU�E\�SURJUDPPLQJ�WKH�%,8�UHJLVWHUV�DQG�
VHWWLQJ�WKH�VWDUWBFPG�ELW�LQ�WKH�6'00&B&0'�UHJLVWHU��7KH�%,8�DVVHUWV�VWDUWBFPG��ZKLFK�
LQGLFDWHV�WKDW�D�QHZ�FRPPDQG�LV�LVVXHG�WR�WKH�6'�00&�GHYLFH��7KH�FRPPDQG�SDWK�ORDGV�
WKLV�QHZ�FRPPDQG��FRPPDQG��FRPPDQG�DUJXPHQW��WLPHRXW��DQG�VHQGV�DFNQRZOHGJH�WR�WKH�
%,8�E\�DVVHUWLQJ�FPGBWDNHQ��  
2QFH�WKH�QHZ�FRPPDQG�LV�ORDGHG��WKH�FRPPDQG�SDWK�VWDWH�PDFKLQH�VHQGV�D�FRPPDQG�WR�
WKH�GHYLFH�EXV�LQFOXGLQJ�WKH�LQWHUQDOO\�JHQHUDWHG�&5&��DQG�UHFHLYHV�D�UHVSRQVH��LI�DQ\��7KH�
VWDWH�PDFKLQH�WKHQ�VHQGV�WKH�UHFHLYHG�UHVSRQVH�DQG�VLJQDOV�WR�WKH�%,8�WKDW�WKH�FRPPDQG�LV�
GRQH��DQG�WKHQ�ZDLWV�IRU�HLJKW�FORFNV�EHIRUH�ORDGLQJ�D�QHZ�FRPPDQG��  
/RDG�&RPPDQG�3DUDPHWHUV 
2QH�RI�WKH�IROORZLQJ�FRPPDQGV�RU�UHVSRQVHV�LV�ORDGHG�LQ�WKH�FRPPDQG�SDWK� 
z 1HZ�FRPPDQG�IURP�%,8�±�:KHQ�VWDUWBFPG�LV�DVVHUWHG��WKHQ�WKH�VWDUWBFPG�ELW�LV�VHW�LQ�

WKH�6'00&B&0'�UHJLVWHU��  
z ,QWHUQDOO\�JHQHUDWHG�DXWR�VWRS�FRPPDQG�±�:KHQ�WKH�GDWD�SDWK�HQGV��WKH�VWRS�FRPPDQG�

UHTXHVW�LV�ORDGHG��  
z ,54�UHVSRQVH�ZLWK�5&$��[����±�:KHQ�WKH�FRPPDQG�SDWK�LV�ZDLWLQJ�IRU�DQ�,54�UHVSRQVH�

IURP�WKH�00&�FDUG�DQG�D�³VHQG�LUT�UHVSRQVH´�UHTXHVW�LV�VLJQDOHG�E\�WKH�%,8��WKHQ�WKH�
VHQGBLUTBUHVSRQVH�ELW�LV�VHW�LQ�WKH�6'00&B&75/�UHJLVWHU��  

/RDGLQJ�D�QHZ�FRPPDQG�IURP�WKH�%,8�LQ�WKH�FRPPDQG�SDWK�GHSHQGV�RQ�WKH�IROORZLQJ�
6'00&B&0'�UHJLVWHU�ELW�VHWWLQJV� 
z XSGDWHBFORFNBUHJLVWHUVBRQO\�±�,I�WKLV�ELW�LV�VHW�LQ�WKH�6'00&B&0'�UHJLVWHU��WKH�

FRPPDQG�SDWK�XSGDWHV�RQO\�WKH�FORFN�HQDEOH��FORFN�GLYLGHU��DQG�FORFN�VRXUFH�UHJLVWHUV��
,I�WKLV�ELW�LV�QRW�VHW��WKH�FRPPDQG�SDWK�ORDGV�WKH�FRPPDQG��FRPPDQG�DUJXPHQW��DQG�
WLPHRXW�UHJLVWHUV��LW�WKHQ�VWDUWV�SURFHVVLQJ�WKH�QHZ�FRPPDQG��  

z ZDLWBSUYGDWDBFRPSOHWH�±�,I�WKLV�ELW�LV�VHW��WKH�FRPPDQG�SDWK�ORDGV�WKH�QHZ�FRPPDQG�
XQGHU�RQH�RI�WKH�IROORZLQJ�FRQGLWLRQV� 
� ,PPHGLDWHO\��LI�WKH�GDWD�SDWK�LV�IUHH��WKDW�LV��WKHUH�LV�QR�GDWD�WUDQVIHU�LQ�SURJUHVV���

RU�LI�DQ�RSHQ�HQGHG�GDWD�WUDQVIHU�LV�LQ�SURJUHVV��E\WHBFRXQW� �����  
� $IWHU�FRPSOHWLRQ�RI�WKH�FXUUHQW�GDWD�WUDQVIHU��LI�D�SUHGHILQHG�GDWD�WUDQVIHU�LV�LQ�

SURJUHVV��  
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6HQG�&RPPDQG�DQG�5HFHLYH�5HVSRQVH 
2QFH�D�QHZ�FRPPDQG�LV�ORDGHG�LQ�WKH�FRPPDQG�SDWK��XSGDWHBFORFNBUHJLVWHUVBRQO\�ELW�LV�
XQVHW�±�WKH�FRPPDQG�SDWK�VWDWH�PDFKLQH�VHQGV�RXW�D�FRPPDQG�RQ�WKH�GHYLFH�EXV��WKH�
FRPPDQG�SDWK�VWDWH�PDFKLQH�LV�LOOXVWUDWHG�LQ�IROORZLQJ�ILJXUH��  

 
Fig. 6-3 Host Controller Command Path State Machine 

7KH�FRPPDQG�SDWK�VWDWH�PDFKLQH�SHUIRUPV�WKH�IROORZLQJ�IXQFWLRQV��DFFRUGLQJ�WR�
6'00&B&0'�UHJLVWHU�ELW�YDOXHV� 
z VHQGBLQLWLDOL]DWLRQ�±�,QLWLDOL]DWLRQ�VHTXHQFH�RI����FORFNV�LV�VHQW�EHIRUH�VHQGLQJ�WKH�

FRPPDQG��  
z UHVSRQVHBH[SHFWHG�±�5HVSRQVH�LV�H[SHFWHG�IRU�WKH�FRPPDQG��$IWHU�WKH�FRPPDQG�LV�VHQW�

RXW��WKH�FRPPDQG�SDWK�VWDWH�PDFKLQH�UHFHLYHV�D����ELW�RU�����ELW�UHVSRQVH�DQG�VHQGV�LW�
WR�WKH�%,8��,I�WKH�VWDUW�ELW�RI�WKH�FDUG�UHVSRQVH�LV�QRW�UHFHLYHG�ZLWKLQ�WKH�QXPEHU�RI�
FORFNV�SURJUDPPHG�LQ�WKH�WLPHRXW�UHJLVWHU��WKHQ�WKH�UHVSRQVH�WLPHRXW�DQG�FRPPDQG�
GRQH�ELW�LV�VHW�LQ�WKH�5DZ�,QWHUUXSW�6WDWXV�UHJLVWHU�DV�D�VLJQDO�WR�WKH�%,8��,I�WKH�
UHVSRQVH�H[SHFWHG�ELW�LV�QRW�VHW��WKH�FRPPDQG�SDWK�VHQGV�RXW�D�FRPPDQG�DQG�VLJQDOV�D�
UHVSRQVH�GRQH�WR�WKH�%,8��WKDW�LV��WKH�FRPPDQG�GRQH�ELW�LV�VHW�LQ�WKH�5DZ�,QWHUUXSW�
6WDWXV�UHJLVWHU��  

z UHVSRQVHBOHQJWK�±�,I�WKLV�ELW�LV�VHW��D�����ELW�UHVSRQVH�LV�UHFHLYHG��LI�LW�LV�QRW�VHW��D����
ELW�UHVSRQVH�LV�UHFHLYHG��  

z FKHFNBUHVSRQVHBFUF�±�,I�WKLV�ELW�LV�VHW��WKH�FRPPDQG�SDWK�FRPSDUHV�&5&��UHFHLYHG�LQ�
WKH�UHVSRQVH�ZLWK�WKH�LQWHUQDOO\�JHQHUDWHG�&5&���,I�WKH�WZR�GR�QRW�PDWFK��WKH�UHVSRQVH�
&5&�HUURU�LV�VLJQDOHG�WR�WKH�%,8��WKDW�LV��WKH�UHVSRQVH�&5&�HUURU�ELW�LV�VHW�LQ�WKH�5DZ�
,QWHUUXSW�6WDWXV�UHJLVWHU�6'00&B5,17676��  

6HQG�5HVSRQVH�WR�%,8 
,I�WKH�UHVSRQVHBH[SHFWHG�ELW�LV�VHW�LQ�WKH�6'00&B&0'�UHJLVWHU��WKH�UHFHLYHG�UHVSRQVH�LV�
VHQW�WR�WKH�%,8��7KH�5HVSRQVH��UHJLVWHU�LV�XSGDWHG�IRU�D�VKRUW�UHVSRQVH��DQG�WKH�5HVSRQVH���
5HVSRQVH���5HVSRQVH���DQG�5HVSRQVH��UHJLVWHUV�DUH�XSGDWHG�RQ�D�ORQJ�UHVSRQVH��DIWHU�
ZKLFK�WKH�&RPPDQG�'RQH�ELW�LV�VHW��,I�WKH�UHVSRQVH�LV�IRU�DQ�DXWRBVWRS�FRPPDQG�VHQW�E\�
WKH�&,8��WKH�UHVSRQVH�LV�VDYHG�LQ�WKH�5HVSRQVH��UHJLVWHU��DIWHU�ZKLFK�WKH�$XWR�&RPPDQG�
'RQH�ELW�LV�VHW� 
$GGLWLRQDOO\��WKH�FRPPDQG�SDWK�FKHFNV�IRU�WKH�IROORZLQJ� 
z 7UDQVPLVVLRQ�ELW� �� 
z &RPPDQG�LQGH[�PDWFKHV�FRPPDQG�LQGH[�RI�WKH�VHQW�FRPPDQG 
z (QG�ELW� ���LQ�UHFHLYHG�FDUG�UHVSRQVH 
7KH�FRPPDQG�LQGH[�LV�QRW�FKHFNHG�IRU�D�����ELW�UHVSRQVH�RU�LI�WKH�FKHFNBUHVSRQVHBFUF�ELW�LV�
XQVHW��)RU�D�����ELW�UHVSRQVH�DQG�UHVHUYHG�&5&����ELW�UHVSRQVHV��WKH�FRPPDQG�LQGH[�LV�
UHVHUYHG�WKDW�LV����������  
3ROOLQJ�&RPPDQG�&RPSOHWLRQ�6LJQDO 
7KH�GHYLFH�JHQHUDWHV�WKH�&RPPDQG�&RPSOHWLRQ�6LJQDO�LQ�RUGHU�WR�QRWLI\�WKH�KRVW�FRQWUROOHU�
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RI�WKH�QRUPDO�FRPPDQG�FRPSOHWLRQ�RU�FRPPDQG�WHUPLQDWLRQ� 
&RPPDQG�&RPSOHWLRQ�6LJQDO�'HWHFWLRQ�DQG�,QWHUUXSW�WR�+RVW�3URFHVVRU 
,I�WKH�FFVBH[SHFWHG�ELW�LV�VHW�LQ�WKH�6'00&B&0'�UHJLVWHU��WKH�&RPPDQG�&RPSOHWLRQ�6LJQDO�
�&&6��IURP�WKH�GHYLFH�LV�LQGLFDWHG�E\�VHWWLQJ�WKH�'DWD�7UDQVIHU�2YHU��'72��ELW�LQ�WKH�
6'00&B5,17676�UHJLVWHU��7KH�+RVW�&RQWUROOHU�JHQHUDWHV�D�'DWD�7UDQVIHU�2YHU��'72��
LQWHUUXSW�LI�WKLV�LQWHUUXSW�LV�QRW�PDVNHG� 
&RPPDQG�&RPSOHWLRQ�6LJQDO�7LPHRXW 
,I�WKH�FRPPDQG�H[SHFWV�D�&&6�IURP�WKH�GHYLFH²LI�WKH�FFVBH[SHFWHG�ELW�LV�VHW�LQ�WKH�
6'00&B&0'�UHJLVWHU²WKH�FRPPDQG�VWDWH�PDFKLQH�ZDLWV�IRU�WKH�&&6�DQG�UHPDLQV�LQ�D�
ZDLWB&&66�VWDWH��,I�WKH�GHYLFH�IDLOV�WR�VHQG�RXW�WKH�&&6��WKH�KRVW�VRIWZDUH�VKRXOG�
LPSOHPHQW�D�WLPHRXW�PHFKDQLVP�WR�IUHH�WKH�FRPPDQG�DQG�GDWD�SDWK��7KH�KRVW�FRQWUROOHU�
GRHV�QRW�LPSOHPHQW�D�KDUGZDUH�WLPHU��LW�LV�WKH�UHVSRQVLELOLW\�RI�WKH�KRVW�VRIWZDUH�WR�
PDLQWDLQ�D�VRIWZDUH�WLPHU� 
,Q�WKH�HYHQW�RI�D�&&6�WLPHRXW��WKH�KRVW�VKRXOG�LVVXH�D�&&6'�E\�VHWWLQJ�WKH�VHQGBFFVG�ELW�LQ�
WKH�&75/�UHJLVWHU��7KH�KRVW�FRQWUROOHU�FRPPDQG�VWDWH�PDFKLQH�VHQGV�WKH�&&6'�WR�WKH�GHYLFH�
DQG�H[LWV�WR�DQ�LGOH�VWDWH��$IWHU�VHQGLQJ�WKH�&&6'��WKH�KRVW�VKRXOG�DOVR�VHQG�D�&0'���WR�WKH�
GHYLFH�LQ�RUGHU�WR�DERUW�WKH�RXWVWDQGLQJ�FRPPDQG� 
6HQG�&RPPDQG�&RPSOHWLRQ�6LJQDO�'LVDEOH 
,I�WKH�VHQGBFFVG�ELW�LV�VHW�LQ�WKH�6'00&B&75/�UHJLVWHU��WKH�KRVW�VHQGV�D�&RPPDQG�
&RPSOHWLRQ�6LJQDO�'LVDEOH��&&6'��SDWWHUQ�RQ�WKH�&0'�OLQH��7KH�KRVW�FDQ�VHQG�WKH�&&6'�
ZKLOH�ZDLWLQJ�IRU�WKH�&&6�RU�DIWHU�D�&&6�WLPHRXW�KDSSHQV� 
$IWHU�VHQGLQJ�WKH�&&6'�SDWWHUQ��WKH�KRVW�VHWV�WKH�&RPPDQG�'RQH��&'��ELW�LQ�
6'00&B5,17676�DQG�DOVR�JHQHUDWHV�DQ�LQWHUUXSW�WR�WKH�KRVW�LI�WKH�&RPPDQG�'RQH�
LQWHUUXSW�LV�QRW�PDVNHG� 
6.3.2.2 Data Path 
7KH�GDWD�SDWK�EORFN�SRSV�WKH�GDWD�),)2�DQG�WUDQVPLWV�GDWD�RQ�FGDWDBRXW�GXULQJ�D�ZULWH�GDWD�
WUDQVIHU��RU�LW�UHFHLYHV�GDWD�RQ�FGDWDBLQ�DQG�SXVKHV�LW�LQWR�WKH�),)2�GXULQJ�D�UHDG�GDWD�
WUDQVIHU��7KH�GDWD�SDWK�ORDGV�QHZ�GDWD�SDUDPHWHUV²WKDW�LV��GDWD�H[SHFWHG��UHDG�ZULWH�GDWD�
WUDQVIHU��VWUHDP�EORFN�WUDQVIHU��EORFN�VL]H��E\WH�FRXQW��FDUG�W\SH��WLPHRXW�UHJLVWHUV²
ZKHQHYHU�D�GDWD�WUDQVIHU�FRPPDQG�LV�QRW�LQ�SURJUHVV��  
,I�WKH�GDWDBH[SHFWHG�ELW�LV�VHW�LQ�WKH�6'00&B&0'�UHJLVWHU��WKH�QHZ�FRPPDQG�LV�D�GDWD�
WUDQVIHU�FRPPDQG�DQG�WKH�GDWD�SDWK�VWDUWV�RQH�RI�WKH�IROORZLQJ� 
z 7UDQVPLW�GDWD�LI�WKH�UHDG�ZULWH�ELW� �� 
z 'DWD�UHFHLYH�LI�UHDG�ZULWH�ELW� �� 
'DWD�7UDQVPLW 
7KH�GDWD�WUDQVPLW�VWDWH�PDFKLQH��LOOXVWUDWHG�LQ�IROORZLQJ�ILJXUH��VWDUWV�GDWD�WUDQVPLVVLRQ�WZR�
FORFNV�DIWHU�D�UHVSRQVH�IRU�WKH�GDWD�ZULWH�FRPPDQG�LV�UHFHLYHG��WKLV�RFFXUV�HYHQ�LI�WKH�
FRPPDQG�SDWK�GHWHFWV�D�UHVSRQVH�HUURU�RU�UHVSRQVH�&5&�HUURU��,I�D�UHVSRQVH�LV�QRW�UHFHLYHG�
IURP�WKH�FDUG�EHFDXVH�RI�D�UHVSRQVH�WLPHRXW��GDWD�LV�QRW�WUDQVPLWWHG��'HSHQGLQJ�XSRQ�WKH�
YDOXH�RI�WKH�WUDQVIHUBPRGH�ELW�LQ�WKH�6'00&B&0'�UHJLVWHU��WKH�GDWD�WUDQVPLW�VWDWH�PDFKLQH�
SXWV�GDWD�RQ�WKH�FDUG�GDWD�EXV�LQ�D�VWUHDP�RU�LQ�EORFN�V���  
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Fig. 6-4 Host Controller Data Transmit State Machine 

6WUHDP�'DWD�7UDQVPLW 
,I�WKH�WUDQVIHUBPRGH�ELW�LQ�WKH�6'00&B&0'�UHJLVWHU�LV�VHW�WR����LW�LV�D�VWUHDP�ZULWH�GDWD�
WUDQVIHU��7KH�GDWD�SDWK�SRSV�WKH�),)2�IURP�WKH�%,8�DQG�WUDQVPLWV�LQ�D�VWUHDP�WR�WKH�FDUG�
GDWD�EXV��,I�WKH�),)2�EHFRPHV�HPSW\��WKH�FDUG�FORFN�LV�VWRSSHG�DQG�UHVWDUWHG�RQFH�GDWD�LV�
DYDLODEOH�LQ�WKH�),)2��  
,I�WKH�E\WHBFRXQW�UHJLVWHU�LV�SURJUDPPHG�WR����LW�LV�DQ�RSHQ�HQGHG�VWUHDP�ZULWH�GDWD�
WUDQVIHU��'XULQJ�WKLV�GDWD�WUDQVIHU��WKH�GDWD�SDWK�FRQWLQXRXVO\�WUDQVPLWV�GDWD�LQ�D�VWUHDP�
XQWLO�WKH�KRVW�VRIWZDUH�LVVXHV�D�VWRS�FRPPDQG��$�VWUHDP�GDWD�WUDQVIHU�LV�WHUPLQDWHG�ZKHQ�
WKH�HQG�ELW�RI�WKH�VWRS�FRPPDQG�DQG�HQG�ELW�RI�WKH�GDWD�PDWFK�RYHU�WZR�FORFNV��  
,I�WKH�E\WHBFRXQW�UHJLVWHU�LV�SURJUDPPHG�ZLWK�D�QRQ�]HUR�YDOXH�DQG�WKH�VHQGBDXWRBVWRS�ELW�
LV�VHW�LQ�WKH�6'00&B&0'�UHJLVWHU��WKH�VWRS�FRPPDQG�LV�LQWHUQDOO\�JHQHUDWHG�DQG�ORDGHG�LQ�
WKH�FRPPDQG�SDWK�ZKHQ�WKH�HQG�ELW�RI�WKH�VWRS�FRPPDQG�RFFXUV�DIWHU�WKH�ODVW�E\WH�RI�WKH�
VWUHDP�ZULWH�WUDQVIHU�PDWFKHV� 
7KLV�GDWD�WUDQVIHU�FDQ�DOVR�WHUPLQDWH�LI�WKH�KRVW�LVVXHV�D�VWRS�FRPPDQG�EHIRUH�DOO�WKH�GDWD�
E\WHV�DUH�WUDQVIHUUHG�WR�WKH�FDUG�EXV��  
6LQJOH�%ORFN�'DWD 
,I�WKH�WUDQVIHUBPRGH�ELW�LQ�WKH�6'00&B&0'�UHJLVWHU�LV�VHW�WR���DQG�WKH�E\WHBFRXQW�UHJLVWHU�
YDOXH�LV�HTXDO�WR�WKH�YDOXH�RI�WKH�EORFNBVL]H�UHJLVWHU��D�VLQJOH�EORFN�ZULWH�GDWD�WUDQVIHU�
RFFXUV��7KH�GDWD�WUDQVPLW�VWDWH�PDFKLQH�VHQGV�GDWD�LQ�D�VLQJOH�EORFN��ZKHUH�WKH�QXPEHU�RI�
E\WHV�HTXDOV�WKH�EORFN�VL]H��LQFOXGLQJ�WKH�LQWHUQDOO\�JHQHUDWHG�&5&����  
,I�WKH�6'00&B&7<3(�UHJLVWHU�ELW�IRU�WKH�VHOHFWHG�FDUG�±�LQGLFDWHG�E\�WKH�FDUGBQXP�YDOXH�LQ�
WKH�6'00&B&0'�UHJLVWHU�±�LV�VHW�IRU�D���ELW����ELW��RU���ELW�GDWD�WUDQVIHU��WKH�GDWD�LV�
WUDQVPLWWHG�RQ�������RU���GDWD�OLQHV��UHVSHFWLYHO\��DQG�&5&���LV�VHSDUDWHO\�JHQHUDWHG�DQG�
WUDQVPLWWHG�IRU�������RU���GDWD�OLQHV��UHVSHFWLYHO\��  
$IWHU�D�VLQJOH�GDWD�EORFN�LV�WUDQVPLWWHG��WKH�GDWD�WUDQVPLW�VWDWH�PDFKLQH�UHFHLYHV�WKH�&5&�
VWDWXV�IURP�WKH�FDUG�DQG�VLJQDOV�D�GDWD�WUDQVIHU�WR�WKH�%,8��WKLV�KDSSHQV�ZKHQ�WKH�GDWD�
WUDQVIHU�RYHU�ELW�LV�VHW�LQ�WKH�6'00&B5,17676�UHJLVWHU��  
,I�D�QHJDWLYH�&5&�VWDWXV�LV�UHFHLYHG�IURP�WKH�FDUG��WKH�GDWD�SDWK�VLJQDOV�D�GDWD�&5&�HUURU�WR�
WKH�%,8�E\�VHWWLQJ�WKH�GDWD�&5&�HUURU�ELW�LQ�WKH�6'00&B5,17676�UHJLVWHU��  
$GGLWLRQDOO\��LI�WKH�VWDUW�ELW�RI�WKH�&5&�VWDWXV�LV�QRW�UHFHLYHG�E\�WZR�FORFNV�DIWHU�WKH�HQG�RI�
WKH�GDWD�EORFN��D�&5&�VWDWXV�VWDUW�ELW�HUURU�LV�VLJQDOHG�WR�WKH�%,8�E\�VHWWLQJ�WKH�ZULWH�QR�
&5&�ELW�LQ�WKH�6'00&B5,17676�UHJLVWHU��  
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0XOWLSOH�%ORFN�'DWD 
$�PXOWLSOH�EORFN�ZULWH�GDWD�WUDQVIHU�RFFXUV�LI�WKH�WUDQVIHUBPRGH�ELW�LQ�WKH�6'00&B&0'�
UHJLVWHU�LV�VHW�WR���DQG�WKH�YDOXH�LQ�WKH�E\WHBFRXQW�UHJLVWHU�LV�QRW�HTXDO�WR�WKH�YDOXH�RI�WKH�
EORFNBVL]H�UHJLVWHU��7KH�GDWD�WUDQVPLW�VWDWH�PDFKLQH�VHQGV�GDWD�LQ�EORFNV��ZKHUH�WKH�QXPEHU�
RI�E\WHV�LQ�D�EORFN�HTXDOV�WKH�EORFN�VL]H��LQFOXGLQJ�WKH�LQWHUQDOO\�JHQHUDWHG�&5&����  
,I�WKH�6'00&B&7<3(�UHJLVWHU�ELW�IRU�WKH�VHOHFWHG�FDUG�±�LQGLFDWHG�E\�WKH�FDUGBQXP�YDOXH�LQ�
WKH�6'00&B&0'�UHJLVWHU�±�LV�VHW�WR���ELW����ELW��RU���ELW�GDWD�WUDQVIHU��WKH�GDWD�LV�
WUDQVPLWWHG�RQ�������RU���GDWD�OLQHV��UHVSHFWLYHO\��DQG�&5&���LV�VHSDUDWHO\�JHQHUDWHG�DQG�
WUDQVPLWWHG�RQ�������RU���GDWD�OLQHV��UHVSHFWLYHO\��  
$IWHU�RQH�GDWD�EORFN�LV�WUDQVPLWWHG��WKH�GDWD�WUDQVPLW�VWDWH�PDFKLQH�UHFHLYHV�WKH�&5&�VWDWXV�
IURP�WKH�FDUG��,I�WKH�UHPDLQLQJ�E\WHBFRXQW�EHFRPHV����WKH�GDWD�SDWK�VLJQDOV�WR�WKH�%,8�WKDW�
WKH�GDWD�WUDQVIHU�LV�GRQH��WKLV�KDSSHQV�ZKHQ�WKH�GDWD�WUDQVIHU�RYHU�ELW�LV�VHW�LQ�WKH�
6'00&B5,17676�UHJLVWHU��  
,I�WKH�UHPDLQLQJ�GDWD�E\WHV�DUH�JUHDWHU�WKDQ����WKH�GDWD�SDWK�VWDWH�PDFKLQH�VWDUWV�WR�
WUDQVPLW�DQRWKHU�GDWD�EORFN��  
,I�D�QHJDWLYH�&5&�VWDWXV�LV�UHFHLYHG�IURP�WKH�FDUG��WKH�GDWD�SDWK�VLJQDOV�D�GDWD�&5&�HUURU�WR�
WKH�%,8�E\�VHWWLQJ�WKH�GDWD�&5&�HUURU�ELW�LQ�WKH�6'00&B5,17676�UHJLVWHU��DQG�FRQWLQXHV�
IXUWKHU�GDWD�WUDQVPLVVLRQ�XQWLO�DOO�WKH�E\WHV�DUH�WUDQVPLWWHG��  
$GGLWLRQDOO\��LI�WKH�&5&�VWDWXV�VWDUW�ELW�LV�QRW�UHFHLYHG�E\�WZR�FORFNV�DIWHU�WKH�HQG�RI�D�GDWD�
EORFN��D�&5&�VWDWXV�VWDUW�ELW�HUURU�LV�VLJQDOHG�WR�WKH�%,8�E\�VHWWLQJ�WKH�ZULWH�QR�&5&�ELW�LQ�
WKH�6'00&B5,17676�UHJLVWHU��IXUWKHU�GDWD�WUDQVIHU�LV�WHUPLQDWHG��  
,I�WKH�VHQGBDXWRBVWRS�ELW�LV�VHW�LQ�WKH�6'00&B&0'�UHJLVWHU��WKH�VWRS�FRPPDQG�LV�LQWHUQDOO\�
JHQHUDWHG�GXULQJ�WKH�WUDQVIHU�RI�WKH�ODVW�GDWD�EORFN��ZKHUH�QR�H[WUD�E\WHV�DUH�WUDQVIHUUHG�WR�
WKH�FDUG��7KH�HQG�ELW�RI�WKH�VWRS�FRPPDQG�PD\�QRW�H[DFWO\�PDWFK�WKH�HQG�ELW�RI�WKH�&5&�
VWDWXV�LQ�WKH�ODVW�GDWD�EORFN��  
,I�WKH�EORFN�VL]H�LV�OHVV�WKDQ��������RU����IRU�FDUG�GDWD�ZLGWKV�RI���ELW����ELWV��RU���ELWV��
UHVSHFWLYHO\��WKH�GDWD�WUDQVPLW�VWDWH�PDFKLQH�WHUPLQDWHV�WKH�GDWD�WUDQVIHU�ZKHQ�DOO�WKH�GDWD�
LV�WUDQVIHUUHG��DW�ZKLFK�WLPH�WKH�LQWHUQDOO\�JHQHUDWHG�VWRS�FRPPDQG�LV�ORDGHG�LQ�WKH�
FRPPDQG�SDWK��  
,I�WKH�E\WHBFRXQW�LV���±�WKH�EORFN�VL]H�PXVW�EH�JUHDWHU�WKDQ���±�LW�LV�DQ�RSHQ�HQGHG�EORFN�
WUDQVIHU��7KH�GDWD�WUDQVPLW�VWDWH�PDFKLQH�IRU�WKLV�W\SH�RI�GDWD�WUDQVIHU�FRQWLQXHV�WKH�EORFN�
ZULWH�GDWD�WUDQVIHU�XQWLO�WKH�KRVW�VRIWZDUH�LVVXHV�D�VWRS�RU�DERUW�FRPPDQG��  
'DWD�5HFHLYH 
7KH�GDWD�UHFHLYH�VWDWH�PDFKLQH��LOOXVWUDWHG�LQ�IROORZLQJ�ILJXUH��UHFHLYHV�GDWD�WZR�FORFN�F\FOHV�
DIWHU�WKH�HQG�ELW�RI�D�GDWD�UHDG�FRPPDQG��HYHQ�LI�WKH�FRPPDQG�SDWK�GHWHFWV�D�UHVSRQVH�
HUURU�RU�UHVSRQVH�&5&�HUURU��,I�D�UHVSRQVH�LV�QRW�UHFHLYHG�IURP�WKH�FDUG�EHFDXVH�D�UHVSRQVH�
WLPHRXW�RFFXUV��WKH�%,8�GRHV�QRW�UHFHLYH�D�VLJQDO�WKDW�WKH�GDWD�WUDQVIHU�LV�FRPSOHWH��WKLV�
KDSSHQV�LI�WKH�FRPPDQG�VHQW�E\�WKH�+RVW�&RQWUROOHU�LV�DQ�LOOHJDO�RSHUDWLRQ�IRU�WKH�FDUG��
ZKLFK�NHHSV�WKH�FDUG�IURP�VWDUWLQJ�D�UHDG�GDWD�WUDQVIHU��  
,I�GDWD�LV�QRW�UHFHLYHG�EHIRUH�WKH�GDWD�WLPHRXW��WKH�GDWD�SDWK�VLJQDOV�D�GDWD�WLPHRXW�WR�WKH�
%,8�DQG�DQ�HQG�WR�WKH�GDWD�WUDQVIHU�GRQH��%DVHG�RQ�WKH�YDOXH�RI�WKH�WUDQVIHUBPRGH�ELW�LQ�
WKH�6'00&B&0'�UHJLVWHU��WKH�GDWD�UHFHLYH�VWDWH�PDFKLQH�JHWV�GDWD�IURP�WKH�FDUG�GDWD�EXV�
LQ�D�VWUHDP�RU�EORFN�V���  
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Fig. 6-5 Host Controller Data Receive State Machine 

6WUHDP�'DWD�5HDG 
$�VWUHDP�UHDG�GDWD�WUDQVIHU�RFFXUV�LI�WKH�WUDQVIHUBPRGH�ELW�LQ�WKH�6'00&B&0'�UHJLVWHU�
HTXDOV����DW�ZKLFK�WLPH�WKH�GDWD�SDWK�UHFHLYHV�GDWD�IURP�WKH�FDUG�DQG�SXVKHV�LW�WR�WKH�),)2��
,I�WKH�),)2�EHFRPHV�IXOO��WKH�FDUG�FORFN�VWRSV�DQG�UHVWDUWV�RQFH�WKH�),)2�LV�QR�ORQJHU�IXOO��  
$Q�RSHQ�HQGHG�VWUHDP�UHDG�GDWD�WUDQVIHU�RFFXUV�LI�WKH�E\WHBFRXQW�UHJLVWHU�HTXDOV����'XULQJ�
WKLV�W\SH�RI�GDWD�WUDQVIHU��WKH�GDWD�SDWK�FRQWLQXRXVO\�UHFHLYHV�GDWD�LQ�D�VWUHDP�XQWLO�WKH�KRVW�
VRIWZDUH�LVVXHV�D�VWRS�FRPPDQG��$�VWUHDP�GDWD�WUDQVIHU�WHUPLQDWHV�WZR�FORFN�F\FOHV�DIWHU�
WKH�HQG�ELW�RI�WKH�VWRS�FRPPDQG��  
,I�WKH�E\WHBFRXQW�UHJLVWHU�FRQWDLQV�D�QRQ�]HUR�YDOXH�DQG�WKH�VHQGBDXWRBVWRS�ELW�LV�VHW�LQ�WKH�
6'00&B&0'�UHJLVWHU��D�VWRS�FRPPDQG�LV�LQWHUQDOO\�JHQHUDWHG�DQG�ORDGHG�LQWR�WKH�FRPPDQG�
SDWK��ZKHUH�WKH�HQG�ELW�RI�WKH�VWRS�FRPPDQG�RFFXUV�DIWHU�WKH�ODVW�E\WH�RI�WKH�VWUHDP�GDWD�
WUDQVIHU�LV�UHFHLYHG��7KLV�GDWD�WUDQVIHU�FDQ�WHUPLQDWH�LI�WKH�KRVW�LVVXHV�D�VWRS�RU�DERUW�
FRPPDQG�EHIRUH�DOO�WKH�GDWD�E\WHV�DUH�UHFHLYHG�IURP�WKH�FDUG��  
6LQJOH�%ORFN�'DWD�5HDG 
$�VLQJOH�EORFN�UHDG�GDWD�WUDQVIHU�RFFXUV�LI�WKH�WUDQVIHUBPRGH�ELW�LQ�WKH�6'00&B&0'�
UHJLVWHU�LV�VHW�WR���DQG�WKH�YDOXH�RI�WKH�E\WHBFRXQW�UHJLVWHU�LV�HTXDO�WR�WKH�YDOXH�RI�WKH�
EORFNBVL]H�UHJLVWHU��:KHQ�D�VWDUW�ELW�LV�UHFHLYHG�EHIRUH�WKH�GDWD�WLPHV�RXW��GDWD�E\WHV�HTXDO�
WR�WKH�EORFN�VL]H�DQG�&5&���DUH�UHFHLYHG�DQG�FKHFNHG�ZLWK�WKH�LQWHUQDOO\�JHQHUDWHG�&5&����  
,I�WKH�6'00&B&7<3(�UHJLVWHU�ELW�IRU�WKH�VHOHFWHG�FDUG�±�LQGLFDWHG�E\�WKH�FDUGBQXP�YDOXH�LQ�
WKH�6'00&B&0'�UHJLVWHU�±�LV�VHW�WR�D���ELW����ELW��RU���ELW�GDWD�WUDQVIHU��GDWD�LV�UHFHLYHG�
IURP�������RU���GDWD�OLQHV��UHVSHFWLYHO\��DQG�&5&���LV�VHSDUDWHO\�JHQHUDWHG�DQG�FKHFNHG�IRU�
������RU���GDWD�OLQHV��UHVSHFWLYHO\��,I�WKHUH�LV�D�&5&���PLVPDWFK��WKH�GDWD�SDWK�VLJQDOV�D�GDWD�
&5&�HUURU�WR�WKH�%,8��,I�WKH�UHFHLYHG�HQG�ELW�LV�QRW����WKH�%,8�UHFHLYHV�DQ�HQG�ELW�HUURU��  
0XOWLSOH�%ORFN�'DWD�5HDG 
,I�WKH�WUDQVIHUBPRGH�ELW�LQ�WKH�6'00&B&0'�UHJLVWHU�LV�VHW�WR���DQG�WKH�YDOXH�RI�WKH�
E\WHBFRXQW�UHJLVWHU�LV�QRW�HTXDO�WR�WKH�YDOXH�RI�WKH�EORFNBVL]H�UHJLVWHU��LW�LV�D�PXOWLSOH�EORFN�
UHDG�GDWD�WUDQVIHU��7KH�GDWD�UHFHLYH�VWDWH�PDFKLQH�UHFHLYHV�GDWD�LQ�EORFNV��ZKHUH�WKH�
QXPEHU�RI�E\WHV�LQ�D�EORFN�LV�HTXDO�WR�WKH�EORFN�VL]H��LQFOXGLQJ�WKH�LQWHUQDOO\�JHQHUDWHG�
&5&����  
,I�WKH�6'00&B&7<3(�UHJLVWHU�ELW�IRU�WKH�VHOHFWHG�FDUG�±�LQGLFDWHG�E\�WKH�FDUGBQXP�YDOXH�LQ�
WKH�6'00&B&0'�UHJLVWHU�±�LV�VHW�WR�D���ELW����ELW��RU���ELW�GDWD�WUDQVIHU��GDWD�LV�UHFHLYHG�
IURP�������RU���GDWD�OLQHV��UHVSHFWLYHO\��DQG�&5&���LV�VHSDUDWHO\�JHQHUDWHG�DQG�FKHFNHG�IRU�
������RU���GDWD�OLQHV��UHVSHFWLYHO\��  
$IWHU�D�GDWD�EORFN�LV�UHFHLYHG��LI�WKH�UHPDLQLQJ�E\WHBFRXQW�EHFRPHV����WKH�GDWD�SDWK�VLJQDOV�
D�GDWD�WUDQVIHU�WR�WKH�%,8��  
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,I�WKH�UHPDLQLQJ�GDWD�E\WHV�DUH�JUHDWHU�WKDQ����WKH�GDWD�SDWK�VWDWH�PDFKLQH�FDXVHV�DQRWKHU�
GDWD�EORFN�WR�EH�UHFHLYHG��,I�&5&���RI�D�UHFHLYHG�GDWD�EORFN�GRHV�QRW�PDWFK�WKH�LQWHUQDOO\�
JHQHUDWHG�&5&����D�GDWD�&5&�HUURU�WR�WKH�%,8�DQG�GDWD�UHFHSWLRQ�FRQWLQXH�IXUWKHU�GDWD�
WUDQVPLVVLRQ�XQWLO�DOO�E\WHV�DUH�WUDQVPLWWHG��  
$GGLWLRQDOO\��LI�WKH�HQG�RI�D�UHFHLYHG�GDWD�EORFN�LV�QRW����GDWD�RQ�WKH�GDWD�SDWK�VLJQDOV�
WHUPLQDWH�WKH�ELW�HUURU�WR�WKH�&,8�DQG�WKH�GDWD�UHFHLYH�VWDWH�PDFKLQH�WHUPLQDWHV�GDWD�
UHFHSWLRQ��ZDLWV�IRU�GDWD�WLPHRXW��DQG�VLJQDOV�WR�WKH�%,8�WKDW�WKH�GDWD�WUDQVIHU�LV�FRPSOHWH��  
,I�WKH�VHQGBDXWRBVWRS�ELW�LV�VHW�LQ�WKH�6'00&B&0'�UHJLVWHU��WKH�VWRS�FRPPDQG�LV�LQWHUQDOO\�
JHQHUDWHG�ZKHQ�WKH�ODVW�GDWD�EORFN�LV�WUDQVIHUUHG��ZKHUH�QR�H[WUD�E\WHV�DUH�WUDQVIHUUHG�IURP�
WKH�FDUG��WKH�HQG�ELW�RI�WKH�VWRS�FRPPDQG�PD\�QRW�H[DFWO\�PDWFK�WKH�HQG�ELW�RI�WKH�ODVW�
GDWD�EORFN��  
,I�WKH�UHTXHVWHG�EORFN�VL]H�IRU�GDWD�WUDQVIHUV�WR�FDUGV�LV�OHVV�WKDQ��������RU����E\WHV�IRU���
ELW����ELW��RU���ELW�GDWD�WUDQVIHU�PRGHV��UHVSHFWLYHO\��WKH�GDWD�WUDQVPLW�VWDWH�PDFKLQH�
WHUPLQDWHV�WKH�GDWD�WUDQVIHU�ZKHQ�DOO�GDWD�LV�WUDQVIHUUHG��DW�ZKLFK�SRLQW�WKH�LQWHUQDOO\�
JHQHUDWHG�VWRS�FRPPDQG�LV�ORDGHG�LQ�WKH�FRPPDQG�SDWK��'DWD�UHFHLYHG�IURP�WKH�FDUG�DIWHU�
WKDW�DUH�WKHQ�LJQRUHG�E\�WKH�GDWD�SDWK��  
,I�WKH�E\WHBFRXQW�LV��²WKH�EORFN�VL]H�PXVW�EH�JUHDWHU�WKDQ��²LW�LV�DQ�RSHQ�HQGHG�EORFN�
WUDQVIHU��)RU�WKLV�W\SH�RI�GDWD�WUDQVIHU��WKH�GDWD�UHFHLYH�VWDWH�PDFKLQH�FRQWLQXHV�WKH�EORFN�
UHDG�GDWD�WUDQVIHU�XQWLO�WKH�KRVW�VRIWZDUH�LVVXHV�D�VWRS�RU�DERUW�FRPPDQG��  
$XWR�6WRS 
7KH�+RVW�&RQWUROOHU�LQWHUQDOO\�JHQHUDWHV�D�VWRS�FRPPDQG�DQG�LV�ORDGHG�LQ�WKH�FRPPDQG�
SDWK�ZKHQ�WKH�VHQGBDXWRBVWRS�ELW�LV�VHW�LQ�WKH�6'00&B&0'�UHJLVWHU��  
7KH�VRIWZDUH�VKRXOG�VHW�WKH�VHQGBDXWRBVWRS�ELW�DFFRUGLQJ�WR�GHWDLOV�OLVWHG�LQ�IROORZLQJ�WDEOH��  

Table 6-2 Auto-Stop Generation 
Card 
type Transfer type Byte 

Count 
send_auto_stop 

bit set Comments 

MMC Stream read 0 No Open-ended stream 

MMC Stream read >0 Yes Auto-stop after all bytes 
transfer 

MMC Stream write 0 No Open-ended stream 

MMC Stream write >0 Yes Auto-stop after all bytes 
transfer 

MMC Single-block read >0 No Byte count =0 is illegal 
MMC Single-block write >0 No Byte count =0 is illegal 
MMC Multiple-block read 0 No Open-ended multiple block 
MMC Multiple-block read >0 Yesƻ1  Pre-defined multiple block 

MMC Multiple-block 
write 0 No Open-ended multiple block 

MMC Multiple-block 
write >0 Yesƻ1  Pre-defined multiple block 

SDMEM Single-block read >0 No Byte count =0 is illegal 
SDMEM Single-block write >0 No Byte count =0 illegal 
SDMEM Multiple-block read 0 No Open-ended multiple block 

SDMEM Multiple-block read >0 Yes Auto-stop after all bytes 
transfer 

SDMEM Multiple-block 
write 0 No Open-ended multiple block 

SDMEM Multiple-block 
write >0 Yes Auto-stop after all bytes 

transfer 
SDIO Single-block read >0 No Byte count =0 is illegal 
SDIO Single-block write >0 No Byte count =0 illegal 
SDIO Multiple-block read 0 No Open-ended multiple block 
SDIO Multiple-block read >0 No Pre-defined multiple block 

SDIO Multiple-block 
write 0 No Open-ended multiple block 

SDIO Multiple-block >0 No Pre-defined multiple block 
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Card 
type Transfer type Byte 

Count 
send_auto_stop 

bit set Comments 

write 
ƻ� �7KH�FRQGLWLRQ�XQGHU�ZKLFK�WKH�WUDQVIHU�PRGH�LV�VHW�WR�EORFN�WUDQVIHU�DQG�E\WHBFRXQW�LV�HTXDO�WR�EORFN�VL]H�
LV�WUHDWHG�DV�D�VLQJOH�EORFN�GDWD�WUDQVIHU�FRPPDQG�IRU�ERWK�00&�DQG�6'�FDUGV��,I�E\WHBFRXQW� �
QEORFNBVL]H��Q� �������«���WKH�FRQGLWLRQ�LV�WUHDWHG�DV�D�SUHGHILQHG�PXOWLSOH�EORFN�GDWD�WUDQVIHU�FRPPDQG��
,Q�WKH�FDVH�RI�DQ�00&�FDUG��WKH�KRVW�VRIWZDUH�FDQ�SHUIRUP�D�SUHGHILQHG�GDWD�WUDQVIHU�LQ�WZR�ZD\V�����,VVXH�
WKH�&0'���FRPPDQG�EHIRUH�LVVXLQJ�&0'���&0'���FRPPDQGV�WR�WKH�FDUG�±�LQ�WKLV�FDVH��LVVXH�
0'���&0'���FRPPDQGV�ZLWKRXW�VHWWLQJ�WKH�VHQGBDXWRBVWRS�ELW�����,VVXH�&0'���&0'���FRPPDQGV�
ZLWKRXW�LVVXLQJ�&0'���FRPPDQG�WR�WKH�FDUG��ZLWK�WKH�VHQGBDXWRBVWRS�ELW�VHW��,Q�WKLV�FDVH��WKH�PXOWLSOH�
EORFN�GDWD�WUDQVIHU�LV�WHUPLQDWHG�E\�DQ�LQWHUQDOO\�JHQHUDWHG�DXWR�VWRS�FRPPDQG�DIWHU�WKH�SURJUDPPHG�E\WH�
FRXQW��  
7KH�IROORZLQJ�OLVW�FRQGLWLRQV�IRU�WKH�DXWR�VWRS�FRPPDQG��  
z 6WUHDP�UHDG�IRU�00&�FDUG�ZLWK�E\WH�FRXQW�JUHDWHU�WKDQ���±�7KH�+RVW�&RQWUROOHU�

JHQHUDWHV�DQ�LQWHUQDO�VWRS�FRPPDQG�DQG�ORDGV�LW�LQWR�WKH�FRPPDQG�SDWK�VR�WKDW�WKH�HQG�
ELW�RI�WKH�VWRS�FRPPDQG�LV�VHQW�RXW�ZKHQ�WKH�ODVW�E\WH�RI�GDWD�LV�UHDG�IURP�WKH�FDUG�DQG�
QR�H[WUD�GDWD�E\WH�LV�UHFHLYHG��,I�WKH�E\WH�FRXQW�LV�OHVV�WKDQ�������ELWV���D�IHZ�H[WUD�GDWD�
E\WHV�DUH�UHFHLYHG�IURP�WKH�FDUG�EHIRUH�WKH�HQG�ELW�RI�WKH�VWRS�FRPPDQG�LV�VHQW��  

z 6WUHDP�ZULWH�IRU�00&�FDUG�ZLWK�E\WH�FRXQW�JUHDWHU�WKDQ�����7KH�+RVW�&RQWUROOHU�
JHQHUDWHV�DQ�LQWHUQDO�VWRS�FRPPDQG�DQG�ORDGV�LW�LQWR�WKH�FRPPDQG�SDWK�VR�WKDW�WKH�HQG�
ELW�RI�WKH�VWRS�FRPPDQG�LV�VHQW�ZKHQ�WKH�ODVW�E\WH�RI�GDWD�LV�WUDQVPLWWHG�RQ�WKH�FDUG�
EXV�DQG�QR�H[WUD�GDWD�E\WH�LV�WUDQVPLWWHG��,I�WKH�E\WH�FRXQW�LV�OHVV�WKDQ�������ELWV���WKH�
GDWD�SDWK�WUDQVPLWV�WKH�GDWD�ODVW�LQ�RUGHU�WR�PHHW�WKH�DERYH�FRQGLWLRQ��  

z 0XOWLSOH�EORFN�UHDG�PHPRU\�IRU�6'�FDUG�ZLWK�E\WH�FRXQW�JUHDWHU�WKDQ���±�,I�WKH�EORFN�
VL]H�LV�OHVV�WKDQ����VLQJOH�ELW�GDWD�EXV���������ELW�GDWD�EXV���RU�������ELW�GDWD�EXV���WKH�
DXWR�VWRS�FRPPDQG�LV�ORDGHG�LQ�WKH�FRPPDQG�SDWK�DIWHU�DOO�WKH�E\WHV�DUH�UHDG��
2WKHUZLVH��WKH�WRS�FRPPDQG�LV�ORDGHG�LQ�WKH�FRPPDQG�SDWK�VR�WKDW�WKH�HQG�ELW�RI�WKH�
VWRS�FRPPDQG�LV�VHQW�DIWHU�WKH�ODVW�GDWD�EORFN�LV�UHFHLYHG��  

z 0XOWLSOH�EORFN�ZULWH�PHPRU\�IRU�6'�FDUG�ZLWK�E\WH�FRXQW�JUHDWHU�WKDQ���±�,I�WKH�EORFN�
VL]H�LV�OHVV�WKDQ����VLQJOH�ELW�GDWD�EXV���������ELW�GDWD�EXV���RU�������ELW�GDWD�EXV���WKH�
DXWR�VWRS�FRPPDQG�LV�ORDGHG�LQ�WKH�FRPPDQG�SDWK�DIWHU�DOO�GDWD�EORFNV�DUH�WUDQVPLWWHG��
2WKHUZLVH��WKH�VWRS�FRPPDQG�LV�ORDGHG�LQ�WKH�FRPPDQG�SDWK�VR�WKDW�WKH�HQG�ELW�RI�WKH�
VWRS�FRPPDQG�LV�VHQW�DIWHU�WKH�HQG�ELW�RI�WKH�&5&�VWDWXV�LV�UHFHLYHG��  

z 3UHFDXWLRQ�IRU�KRVW�VRIWZDUH�GXULQJ�DXWR�VWRS�±�:KHQHYHU�DQ�DXWR�VWRS�FRPPDQG�LV�
LVVXHG��WKH�KRVW�VRIWZDUH�VKRXOG�QRW�LVVXH�D�QHZ�FRPPDQG�WR�WKH�6'�00&�GHYLFH�XQWLO�
WKH�DXWR�VWRS�LV�VHQW�E\�WKH�+RVW�&RQWUROOHU�DQG�WKH�GDWD�WUDQVIHU�LV�FRPSOHWH��,I�WKH�
KRVW�LVVXHV�D�QHZ�FRPPDQG�GXULQJ�D�GDWD�WUDQVIHU�ZLWK�WKH�DXWR�VWRS�LQ�SURJUHVV��DQ�
DXWR�VWRS�FRPPDQG�PD\�EH�VHQW�DIWHU�WKH�QHZ�FRPPDQG�LV�VHQW�DQG�LWV�UHVSRQVH�LV�
UHFHLYHG��WKLV�FDQ�GHOD\�VHQGLQJ�WKH�VWRS�FRPPDQG��ZKLFK�WUDQVIHUV�H[WUD�GDWD�E\WHV��
)RU�D�VWUHDP�ZULWH��H[WUD�GDWD�E\WHV�DUH�HUURQHRXV�GDWD�WKDW�FDQ�FRUUXSW�WKH�FDUG�GDWD��
,I�WKH�KRVW�ZDQWV�WR�WHUPLQDWH�WKH�GDWD�WUDQVIHU�EHIRUH�WKH�GDWD�WUDQVIHU�LV�FRPSOHWH��LW�
FDQ�LVVXH�D�VWRS�RU�DERUW�FRPPDQG��LQ�ZKLFK�FDVH�WKH�+RVW�&RQWUROOHU�GRHV�QRW�JHQHUDWH�
DQ�DXWR�VWRS�FRPPDQG��  

6.3.2.3 Non-Data Transfer Commands that Use Data Path 
6RPH�QRQ�GDWD�WUDQVIHU�FRPPDQGV��QRQ�UHDG�ZULWH�FRPPDQGV��DOVR�XVH�WKH�GDWD�SDWK��
)ROORZLQJ�WDEOH�OLVWV�WKH�FRPPDQGV�DQG�UHJLVWHU�SURJUDPPLQJ�UHTXLUHPHQWV�IRU�WKHP��  

Table 6-3 Non-data Transfer Commands and Requirements 
Base Address 

[12:8] 
CMD 
27 

CMD 
30 

CMD 
42 

ACMD 
13 

ACMD 
22 

ACMD 
51 

SDMMC_CMD register programming 
cmd_index �¶K�% �¶K�( �¶K�$ �¶K�' �¶K�� �¶K�� 
response_expect 1 1 1 1 1 1 
rResponse_length 0 0 0 0 0 0 
check_response_crc 1 1 1 1 1 1 
data_expected 1 1 1 1 1 1 
read/write 1 0 1 0 0 0 
transfer_mode 0 0 0 0 0 0 
send_auto_stop 0 0 0 0 0 0 
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Base Address 
[12:8] 

CMD 
27 

CMD 
30 

CMD 
42 

ACMD 
13 

ACMD 
22 

ACMD 
51 

wait_prevdata_complete 0 0 0 0 0 0 
stop_abort_cmd 0 0 0 0 0 0 
Command Argument register programming 

 stuff 
bits 

32-bit 
write 
protect 
data 
address 

stuff bits stuff 
bits stuff bits stuff 

bits 

Block Size register programming 
 16 4 Num_bytesƻ1  64 4 8 
Byte Count register programming 
 16 4 Num_bytesƻ1  64 4 8 

ƻ� ��1XPBE\WHV� �1R��RI�E\WHV�VSHFLILHG�DV�SHU�WKH�ORFN�FDUG�GDWD�VWUXFWXUH��5HIHU�WR�WKH�6'�VSHFLILFDWLRQ�
DQG�WKH�00&�VSHFLILFDWLRQ� 
6.3.2.4 SDIO Interrupt Control 
,QWHUUXSWV�IRU�6'�FDUGV�DUH�UHSRUWHG�WR�WKH�%,8�E\�DVVHUWLQJ�DQ�LQWHUUXSW�VLJQDO�IRU�WZR�FORFN�
F\FOHV��6',2�FDUGV�VLJQDO�DQ�LQWHUUXSW�E\�DVVHUWLQJ�FGDWDBLQ�ORZ�GXULQJ�WKH�LQWHUUXSW�SHULRG��
DQ�LQWHUUXSW�SHULRG�IRU�WKH�VHOHFWHG�FDUG�LV�GHWHUPLQHG�E\�WKH�LQWHUUXSW�FRQWURO�VWDWH�
PDFKLQH��$Q�LQWHUUXSW�SHULRG�LV�DOZD\V�YDOLG�IRU�QRQ�DFWLYH�RU�QRQ�VHOHFWHG�FDUGV��DQG���ELW�
GDWD�PRGH�IRU�WKH�VHOHFWHG�FDUG��$Q�LQWHUUXSW�SHULRG�IRU�D�ZLGH�EXV�DFWLYH�RU�VHOHFWHG�FDUG�LV�
YDOLG�IRU�WKH�IROORZLQJ�FRQGLWLRQV� 
z &DUG�LV�LGOH 
z 1RQ�GDWD�WUDQVIHU�FRPPDQG�LQ�SURJUHVV 
z 7KLUG�FORFN�DIWHU�HQG�ELW�RI�GDWD�EORFN�EHWZHHQ�WZR�GDWD�EORFNV 
z )URP�WZR�FORFNV�DIWHU�HQG�ELW�RI�ODVW�GDWD�XQWLO�HQG�ELW�RI�QH[W�GDWD�WUDQVIHU�FRPPDQG 
%HDU�LQ�PLQG�WKDW��LQ�WKH�IROORZLQJ�VLWXDWLRQV��WKH�FRQWUROOHU�GRHV�QRW�VDPSOH�WKH�6',2�
LQWHUUXSW�RI�WKH�VHOHFWHG�FDUG�ZKHQ�WKH�FDUG�GDWD�ZLGWK�LV���ELWV��6LQFH�WKH�6',2�LQWHUUXSW�LV�
OHYHO�WULJJHUHG��LW�LV�VDPSOHG�LQ�D�IXUWKHU�LQWHUUXSW�SHULRG�DQG�WKH�KRVW�GRHV�QRW�ORVH�DQ\�
6',2�LQWHUUXSW�IURP�WKH�FDUG� 
z 5HDG�:ULWH�5HVXPH�±�7KH�&,8�WUHDWV�WKH�UHVXPH�FRPPDQG�DV�D�QRUPDO�GDWD�WUDQVIHU�

FRPPDQG��6',2�LQWHUUXSWV�GXULQJ�WKH�UHVXPH�FRPPDQG�DUH�KDQGOHG�VLPLODUO\�WR�RWKHU�
GDWD�FRPPDQGV��$FFRUGLQJ�WR�WKH�6',2�VSHFLILFDWLRQ��IRU�WKH�QRUPDO�GDWD�FRPPDQG�WKH�
LQWHUUXSW�SHULRG�HQGV�DIWHU�WKH�FRPPDQG�HQG�ELW�RI�WKH�GDWD�FRPPDQG��IRU�WKH�UHVXPH�
FRPPDQG��LW�HQGV�DIWHU�WKH�UHVSRQVH�HQG�ELW��,Q�WKH�FDVH�RI�WKH�UHVXPH�FRPPDQG��WKH�
&RQWUROOHU�VWRSV�WKH�LQWHUUXSW�VDPSOLQJ�SHULRG�DIWHU�WKH�UHVXPH�FRPPDQG�HQG�ELW��
LQVWHDG�RI�VWRSSLQJ�DIWHU�WKH�UHVSRQVH�HQG�ELW�RI�WKH�UHVXPH�FRPPDQG��  

z 6XVSHQG�GXULQJ�UHDG�WUDQVIHU�±�,I�WKH�UHDG�GDWD�WUDQVIHU�LV�VXVSHQGHG�E\�WKH�KRVW��WKH�
KRVW�VHWV�WKH�DERUWBUHDGBGDWD�ELW�LQ�WKH�FRQWUROOHU�WR�UHVHW�WKH�GDWD�VWDWH�PDFKLQH��,Q�
WKH�&,8��WKH�6',2�LQWHUUXSWV�DUH�KDQGOHG�VXFK�WKDW�WKH�LQWHUUXSW�VDPSOLQJ�VWDUWV�DIWHU�
WKH�DERUWBUHDGBGDWD�ELW�LV�VHW�E\�WKH�KRVW��,Q�WKLV�FDVH�WKH�FRQWUROOHU�GRHV�QRW�VDPSOH�
6',2�LQWHUUXSWV�EHWZHHQ�WKH�SHULRG�IURP�UHVSRQVH�RI�WKH�VXVSHQG�FRPPDQG�WR�VHWWLQJ�
WKH�DERUWBUHDGBGDWD�ELW��DQG�VWDUWV�VDPSOLQJ�DIWHU�VHWWLQJ�WKH�DERUWBUHDGBGDWD�ELW� 

6.3.2.5 Clock Control 
7KH�FORFN�FRQWURO�EORFN�SURYLGHV�GLIIHUHQW�FORFN�IUHTXHQFLHV�UHTXLUHG�IRU�6'�00&�FDUGV��7KH�
FFONBLQ�VLJQDO�LV�WKH�VRXUFH�FORFN��FFONBLQ�! �FDUG�PD[�RSHUDWLQJ�IUHTXHQF\��IRU�FORFN�GLYLGHU�
RI�WKH�FORFN�FRQWURO�EORFN��7KLV�VRXUFH�FORFN��FFONBLQ��LV�XVHG�WR�JHQHUDWH�GLIIHUHQW�FDUG�FORFN�
IUHTXHQFLHV��FFONBRXW���7KH�FDUG�FORFN�FDQ�KDYH�GLIIHUHQW�FORFN�IUHTXHQFLHV��VLQFH�WKH�FDUG�
FDQ�EH�D�ORZ�VSHHG�FDUG�RU�D�IXOO�VSHHG�FDUG��7KH�+RVW�&RQWUROOHU�SURYLGHV�RQH�FORFN�VLJQDO�
�FFONBRXW���  
7KH�FORFN�IUHTXHQF\�RI�D�FDUG�GHSHQGV�RQ�WKH�IROORZLQJ�FORFN�FRQWURO�UHJLVWHUV� 
z &ORFN�'LYLGHU�UHJLVWHU�±�,QWHUQDO�FORFN�GLYLGHUV�DUH�XVHG�WR�JHQHUDWH�GLIIHUHQW�FORFN�

IUHTXHQFLHV�UHTXLUHG�IRU�FDUG��7KH�GLYLVLRQ�IDFWRU�IRU�HDFK�FORFN�GLYLGHU�FDQ�EH�
SURJUDPPHG�E\�ZULWLQJ�WR�WKH�&ORFN�'LYLGHU�UHJLVWHU��$�YDOXH�RI���UHSUHVHQWV�D�FORFN�
GLYLGHU�E\SDVV��D�YDOXH�RI���UHSUHVHQWV�D�GLYLGH�E\����  

z &ORFN�&RQWURO�UHJLVWHU�±�FFONBRXW�FDQ�EH�HQDEOHG�RU�GLVDEOHG�IRU�HDFK�FDUG�XQGHU�WKH�
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IROORZLQJ�FRQGLWLRQV� 
� FONBHQDEOH�±�FFONBRXW�IRU�D�FDUG�LV�HQDEOHG�LI�WKH�FONBHQDEOH�ELW�IRU�D�FDUG�LQ�WKH�

&ORFN�&RQWURO�UHJLVWHU�LV�SURJUDPPHG��VHW�WR����RU�GLVDEOHG��VHW�WR�����  
� /RZ�SRZHU�PRGH�±�/RZ�SRZHU�PRGH�RI�D�FDUG�FDQ�EH�HQDEOHG�E\�VHWWLQJ�WKH�ORZ�

SRZHU�PRGH�ELW�RI�WKH�&ORFN�&RQWURO�UHJLVWHU�WR����,I�ORZ�SRZHU�PRGH�LV�HQDEOHG�WR�
VDYH�FDUG�SRZHU��WKH�FFONBRXW�LV�GLVDEOHG�ZKHQ�WKH�FDUG�LV�LGOH�IRU�DW�OHDVW���FDUG�
FORFN�F\FOHV��,W�LV�HQDEOHG�ZKHQ�D�QHZ�FRPPDQG�LV�ORDGHG�DQG�WKH�FRPPDQG�SDWK�
JRHV�WR�D�QRQ�LGOH�VWDWH��  

$GGLWLRQDOO\��FFONBRXW�LV�GLVDEOHG�ZKHQ�DQ�LQWHUQDO�),)2�LV�IXOO�±�FDUG�UHDG��QR�PRUH�GDWD�FDQ�
EH�UHFHLYHG�IURP�FDUG��±�RU�ZKHQ�WKH�),)2�LV�HPSW\�±�FDUG�ZULWH��QR�GDWD�LV�DYDLODEOH�IRU�
WUDQVPLVVLRQ���7KLV�KHOSV�WR�DYRLG�),)2�RYHUUXQ�DQG�XQGHUUXQ�FRQGLWLRQV��,W�LV�XVHG�E\�WKH�
FRPPDQG�DQG�GDWD�SDWK�WR�TXDOLI\�FFONBLQ�IRU�GULYLQJ�RXWSXWV�DQG�VDPSOLQJ�LQSXWV�DW�WKH�
SURJUDPPHG�FORFN�IUHTXHQF\�IRU�WKH�VHOHFWHG�FDUG��DFFRUGLQJ�WR�WKH�&ORFN�'LYLGHU�DQG�&ORFN�
6RXUFH�UHJLVWHU�YDOXHV��  
8QGHU�WKH�IROORZLQJ�FRQGLWLRQV��WKH�FDUG�FORFN�LV�VWRSSHG�RU�GLVDEOHG��DORQJ�ZLWK�WKH�DFWLYH�
FONBHQ��IRU�WKH�VHOHFWHG�FDUG� 
z &ORFN�FDQ�EH�GLVDEOHG�E\�ZULWLQJ�WR�&ORFN�(QDEOH�UHJLVWHU��FONBHQ�ELW� �����  
z ,I�ORZ�SRZHU�PRGH�LV�VHOHFWHG�DQG�FDUG�LV�LGOH��RU�QRW�VHOHFWHG�IRU���FORFNV��  
z ),)2�LV�IXOO�DQG�GDWD�SDWK�FDQQRW�DFFHSW�PRUH�GDWD�IURP�WKH�FDUG�DQG�GDWD�WUDQVIHU�LV�

LQFRPSOHWH�±WR�DYRLG�),)2�RYHUUXQ��  
z ),)2�LV�HPSW\�DQG�GDWD�SDWK�FDQQRW�WUDQVPLW�PRUH�GDWD�WR�WKH�FDUG�DQG�GDWD�WUDQVIHU�LV�

LQFRPSOHWH�±�WR�DYRLG�),)2�XQGHUUXQ��  
6.3.2.6 Error Detection 
z 5HVSRQVH 

� 5HVSRQVH�WLPHRXW�±�5HVSRQVH�H[SHFWHG�ZLWK�UHVSRQVH�VWDUW�ELW�LV�QRW�UHFHLYHG�ZLWKLQ�
SURJUDPPHG�QXPEHU�RI�FORFNV�LQ�WLPHRXW�UHJLVWHU��  

� 5HVSRQVH�&5&�HUURU�±�5HVSRQVH�LV�H[SHFWHG�DQG�FKHFN�UHVSRQVH�&5&�UHTXHVWHG��
UHVSRQVH�&5&��GRHV�QRW�PDWFK�ZLWK�WKH�LQWHUQDOO\�JHQHUDWHG�&5&���  

� 5HVSRQVH�HUURU�±�5HVSRQVH�WUDQVPLVVLRQ�ELW�LV�QRW����FRPPDQG�LQGH[�GRHV�QRW�
PDWFK�ZLWK�WKH�FRPPDQG�LQGH[�RI�WKH�VHQG�FRPPDQG��RU�UHVSRQVH�HQG�ELW�LV�QRW����  

z 'DWD�WUDQVPLW 
� 1R�&5&�VWDWXV�±�'XULQJ�D�ZULWH�GDWD�WUDQVIHU��LI�WKH�&5&�VWDWXV�VWDUW�ELW�LV�QRW�

UHFHLYHG�WZR�FORFNV�DIWHU�WKH�HQG�ELW�RI�WKH�GDWD�EORFN�LV�VHQW�RXW��WKH�GDWD�SDWK�
GRHV�WKH�IROORZLQJ� 
� 6LJQDOV�QR�&5&�VWDWXV�HUURU�WR�WKH�%,8 
� 7HUPLQDWHV�IXUWKHU�GDWD�WUDQVIHU 
� 6LJQDOV�GDWD�WUDQVIHU�GRQH�WR�WKH�%,8 

� 1HJDWLYH�&5&�±�,I�WKH�&5&�VWDWXV�UHFHLYHG�DIWHU�WKH�ZULWH�GDWD�EORFN�LV�QHJDWLYH�
�WKDW�LV��QRW�������D�GDWD�&5&�HUURU�LV�VLJQDOHG�WR�WKH�%,8�DQG�IXUWKHU�GDWD�WUDQVIHU�
LV�FRQWLQXHG��  

� 'DWD�VWDUYDWLRQ�GXH�WR�HPSW\�),)2�±�,I�WKH�),)2�EHFRPHV�HPSW\�GXULQJ�D�ZULWH�GDWD�
WUDQVPLVVLRQ��RU�LI�WKH�FDUG�FORFN�LV�VWRSSHG�DQG�WKH�),)2�UHPDLQV�HPSW\�IRU�GDWD�
WLPHRXW�FORFNV��WKHQ�D�GDWD�VWDUYDWLRQ�HUURU�LV�VLJQDOHG�WR�WKH�%,8�DQG�WKH�GDWD�SDWK�
FRQWLQXHV�WR�ZDLW�IRU�GDWD�LQ�WKH�),)2��  

z 'DWD�UHFHLYH 
� 'DWD�WLPHRXW�±�'XULQJ�D�UHDG�GDWD�WUDQVIHU��LI�WKH�GDWD�VWDUW�ELW�LV�QRW�UHFHLYHG�

EHIRUH�WKH�QXPEHU�RI�FORFNV�WKDW�ZHUH�SURJUDPPHG�LQ�WKH�WLPHRXW�UHJLVWHU��WKH�GDWD�
SDWK�GRHV�WKH�IROORZLQJ� 
� 6LJQDOV�GDWD�WLPHRXW�HUURU�WR�WKH�%,8 
� 7HUPLQDWHV�IXUWKHU�GDWD�WUDQVIHU 
� 6LJQDOV�GDWD�WUDQVIHU�GRQH�WR�%,8 

� 'DWD�VWDUW�ELW�HUURU�±�'XULQJ�D���ELW�RU���ELW�UHDG�GDWD�WUDQVIHU��LI�WKH�DOO�ELW�GDWD�OLQH�
GRHV�QRW�KDYH�D�VWDUW�ELW��WKH�GDWD�SDWK�VLJQDOV�D�GDWD�VWDUW�ELW�HUURU�WR�WKH�%,8�DQG�
ZDLWV�IRU�D�GDWD�WLPHRXW��DIWHU�ZKLFK�LW�VLJQDOV�WKDW�WKH�GDWD�WUDQVIHU�LV�GRQH��  

� 'DWD�&5&�HUURU�±�'XULQJ�D�UHDG�GDWD�EORFN�WUDQVIHU��LI�WKH�&5&���UHFHLYHG�GRHV�QRW�
PDWFK�ZLWK�WKH�LQWHUQDOO\�JHQHUDWHG�&5&����WKH�GDWD�SDWK�VLJQDOV�D�GDWD�&5&�HUURU�
WR�WKH�%,8�DQG�FRQWLQXHV�IXUWKHU�GDWD�WUDQVIHU��  
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� 'DWD�HQG�ELW�HUURU�±�'XULQJ�D�UHDG�GDWD�WUDQVIHU��LI�WKH�HQG�ELW�RI�WKH�UHFHLYHG�GDWD�LV�
QRW����WKH�GDWD�SDWK�VLJQDOV�DQ�HQG�ELW�HUURU�WR�WKH�%,8��WHUPLQDWHV�IXUWKHU�GDWD�
WUDQVIHU��DQG�VLJQDOV�WR�WKH�%,8�WKDW�WKH�GDWD�WUDQVIHU�LV�GRQH��  

� 'DWD�VWDUYDWLRQ�GXH�WR�),)2�IXOO�±�'XULQJ�D�UHDG�GDWD�WUDQVPLVVLRQ�DQG�ZKHQ�WKH�
),)2�EHFRPHV�IXOO��WKH�FDUG�FORFN�LV�VWRSSHG��,I�WKH�),)2�UHPDLQV�IXOO�IRU�GDWD�
WLPHRXW�FORFNV��D�GDWD�VWDUYDWLRQ�HUURU�LV�VLJQDOHG�WR�WKH�%,8��'DWD�6WDUYDWLRQ�E\�
+RVW�7LPHRXW�ELW�LV�VHW�LQ�6'00&B5,17676�UHJLVWHU��DQG�WKH�GDWD�SDWK�FRQWLQXHV�WR�
ZDLW�IRU�WKH�),)2�WR�VWDUW�WR�HPSW\��  

6.3.3 ,QWHUQDO�'LUHFW�0HPRU\�$FFHVV�&RQWUROOHU��,'0$&� 
7KH�,QWHUQDO�'LUHFW�0HPRU\�$FFHVV�&RQWUROOHU��,'0$&��KDV�D�&RQWURO�DQG�6WDWXV�5HJLVWHU�
�&65��DQG�D�VLQJOH�7UDQVPLW�5HFHLYH�HQJLQH��ZKLFK�WUDQVIHUV�GDWD�IURP�KRVW�PHPRU\�WR�WKH�
GHYLFH�SRUW�DQG�YLFH�YHUVD��7KH�FRQWUROOHU�XWLOL]HV�D�GHVFULSWRU�WR�HIILFLHQWO\�PRYH�GDWD�IURP�
VRXUFH�WR�GHVWLQDWLRQ�ZLWK�PLQLPDO�+RVW�&38�LQWHUYHQWLRQ��<RX�FDQ�SURJUDP�WKH�FRQWUROOHU�WR�
LQWHUUXSW�WKH�+RVW�&38�LQ�VLWXDWLRQV�VXFK�DV�GDWD�7UDQVPLW�DQG�5HFHLYH�WUDQVIHU�FRPSOHWLRQ�
IURP�WKH�FDUG��DV�ZHOO�DV�RWKHU�QRUPDO�RU�HUURU�FRQGLWLRQV� 
7KH�,'0$&�DQG�WKH�+RVW�GULYHU�FRPPXQLFDWH�WKURXJK�D�VLQJOH�GDWD�VWUXFWXUH��&65�DGGUHVVHV�
�[���WR��[���DUH�UHVHUYHG�IRU�KRVW�SURJUDPPLQJ� 
7KH�,'0$&�WUDQVIHUV�WKH�GDWD�UHFHLYHG�IURP�WKH�FDUG�WR�WKH�'DWD�%XIIHU�LQ�WKH�+RVW�PHPRU\��
DQG�LW�WUDQVIHUV�7UDQVPLW�GDWD�IURP�WKH�'DWD�%XIIHU�LQ�WKH�+RVW�PHPRU\�WR�WKH�),)2��
'HVFULSWRUV�WKDW�UHVLGH�LQ�WKH�+RVW�PHPRU\�DFW�DV�SRLQWHUV�WR�WKHVH�EXIIHUV� 
$�GDWD�EXIIHU�UHVLGHV�LQ�SK\VLFDO�PHPRU\�VSDFH�RI�WKH�+RVW�DQG�FRQVLVWV�RI�FRPSOHWH�GDWD�RU�
SDUWLDO�GDWD��%XIIHUV�FRQWDLQ�RQO\�GDWD��ZKLOH�EXIIHU�VWDWXV�LV�PDLQWDLQHG�LQ�WKH�GHVFULSWRU��
'DWD�FKDLQLQJ�UHIHUV�WR�GDWD�WKDW�VSDQV�PXOWLSOH�GDWD�EXIIHUV��+RZHYHU��D�VLQJOH�GHVFULSWRU�
FDQQRW�VSDQ�PXOWLSOH�GDWD� 
$�VLQJOH�GHVFULSWRU�LV�XVHG�IRU�ERWK�UHFHSWLRQ�DQG�WUDQVPLVVLRQ��7KH�EDVH�DGGUHVV�RI�WKH�OLVW�
LV�ZULWWHQ�LQWR�'HVFULSWRU�/LVW�%DVH�$GGUHVV�5HJLVWHU��6'00&B'%$''5�#�[�����$�GHVFULSWRU�
OLVW�LV�IRUZDUG�OLQNHG��7KH�/DVW�'HVFULSWRU�FDQ�SRLQW�EDFN�WR�WKH�ILUVW�HQWU\�LQ�RUGHU�WR�FUHDWH�
D�ULQJ�VWUXFWXUH��7KH�GHVFULSWRU�OLVW�UHVLGHV�LQ�WKH�SK\VLFDO�PHPRU\�DGGUHVV�VSDFH�RI�WKH�
+RVW��(DFK�GHVFULSWRU�FDQ�SRLQW�WR�D�PD[LPXP�RI�WZR�GDWD�EXIIHUV� 
6.3.3.1 IDMAC CSR Access 
:KHQ�DQ�,'0$&�LV�LQWURGXFHG��DQ�DGGLWLRQDO�&65�VSDFH�UHVLGHV�LQ�WKH�,'0$&�WKDW�FRQWUROV�
WKH�,'0$&�IXQFWLRQDOLW\��7KH�KRVW�DFFHVVHV�WKH�QHZ�&65�VSDFH�LQ�DGGLWLRQ�WR�WKH�H[LVWLQJ�
FRQWURO�UHJLVWHU�VHW�LQ�WKH�%,8��7KH�,'0$&�&65�SULPDULO\�FRQWDLQV�GHVFULSWRU�LQIRUPDWLRQ��)RU�
D�ZULWH�RSHUDWLRQ�WR�WKH�&65��WKH�UHVSHFWLYH�&65�ORJLF�RI�WKH�,'0$&�DQG�%,8�GHFRGHV�WKH�
DGGUHVV�EHIRUH�DFFHSWLQJ��)RU�D�UHDG�RSHUDWLRQ�IURP�WKH�&65��WKH�DSSURSULDWH�&65�UHDG�SDWK�
LV�HQDEOHG� 
<RX�FDQ�HQDEOH�RU�GLVDEOH�WKH�,'0$&�RSHUDWLRQ�E\�SURJUDPPLQJ�ELW>��@�LQ�WKH�6'00&B&75/�
UHJLVWHU�RI�WKH�%,8��7KLV�DOORZV�WKH�GDWD�WUDQVIHU�E\�DFFHVVLQJ�WKH�VODYH�LQWHUIDFH�RQ�WKH�
$0%$�EXV�LI�WKH�,'0$&�LV�SUHVHQW�EXW�GLVDEOHG��:KHQ�,'0$&�LV�HQDEOHG��WKH�),)2�FDQQRW�EH�
DFFHVVHG�WKURXJK�WKH�VODYH�LQWHUIDFH� 
6.3.3.2 Descriptors 
z 'HVFULSWRU�VWUXFWXUHV 
7KH�,'0$&�XVHV�WKHVH�W\SHV�RI�GHVFULSWRU�VWUXFWXUHV� 

� 'XDO�%XIIHU�6WUXFWXUH�±�7KH�GLVWDQFH�EHWZHHQ�WZR�GHVFULSWRUV�LV�GHWHUPLQHG�E\�WKH�
6NLS�/HQJWK�YDOXH�SURJUDPPHG�LQ�WKH�'HVFULSWRU�6NLS�/HQJWK��'6/��ILHOG�RI�WKH�%XV�
0RGH�5HJLVWHU��6'00&B%02'�#�[���� 
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Descriptor A
Data Buffer 1

Data Buffer 2

Descriptor B
Data Buffer 1

Data Buffer 2

Descriptor C
Data Buffer 1

Data Buffer 2
 

Fig. 6-6 Dual-Buffer Descriptor Structure 
� &KDLQ�6WUXFWXUH�±�(DFK�GHVFULSWRU�SRLQWV�WR�D�XQLTXH�EXIIHU�DQG�WKH�QH[W�GHVFULSWRU� 

Descriptor A
Data Buffer

Descriptor B
Data Buffer

Descriptor C
Data Buffer

 
Fig. 6-7 Chain Descriptor Structure 

z 'HVFULSWRU�IRUPDWV 
)ROORZLQJ�ILJXUH�LOOXVWUDWHV�WKH�LQWHUQDO�IRUPDWV�RI�D�GHVFULSWRU��7KH�GHVFULSWRU�DGGUHVVHV�
PXVW�EH�DOLJQHG�WR�WKH�EXV�ZLGWK�XVHG�IRU����ELW�$+%�GDWD�EXVHV��(DFK�GHVFULSWRU�FRQWDLQV�
���E\WHV�RI�FRQWURO�DQG�VWDWXV�LQIRUPDWLRQ��'(6��LV�D�QRWDWLRQ�XVHG�WR�GHQRWH�WKH�>����@�
ELWV��'(6��WR�GHQRWH�>�����@�ELWV��'(6��WR�GHQRWH�>�����@�ELWV��'(6��WR�GHQRWH�>������@�
ELWV� 

DES 0

DES 1

DES 2

DES 3

031

Descriptor format
for 32-bit bus width

 
Fig. 6-8 Descriptor Formats for 32-bit AHB Address Bus Width 

� 7KH�'(6��HOHPHQW�LQ�WKH�,'0$&�FRQWDLQV�FRQWURO�DQG�VWDWXV�LQIRUPDWLRQ� 
Table 6-4 Bits in IDMAC DES0 Element 

%LW 1DPH 'HVFULSWLRQ 

�� 2:1 

:KHQ�VHW��WKLV�ELW�LQGLFDWHV�WKDW�WKH�GHVFULSWRU�LV�RZQHG�E\�WKH�
,'0$&��  
:KHQ�WKLV�ELW�LV�UHVHW��LW�LQGLFDWHV�WKDW�WKH�GHVFULSWRU�LV�RZQHG�
E\�WKH�+RVW��  
7KH�,'0$&�FOHDUV�WKLV�ELW�ZKHQ�LW�FRPSOHWHV�WKH�GDWD�WUDQVIHU� 

�� 
&DUG� (UURU�
6XPPDU\ 
�&(6� 

7KHVH�HUURU�ELWV�LQGLFDWH�WKH�VWDWXV�RI�WKH�WUDQVDFWLRQ�WR�RU�IURP�
WKH�FDUG��  
7KHVH�ELWV�DUH�DOVR�SUHVHQW�LQ�6'00&B5,17676�,QGLFDWHV�WKH�
ORJLFDO�25�RI�WKH�IROORZLQJ�ELWV� 
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%LW 1DPH 'HVFULSWLRQ 
z (%(��(QG�%LW�(UURU 
z 572��5HVSRQVH�7LPH�RXW 
z 5&5&��5HVSRQVH�&5& 
z 6%(��6WDUW�%LW�(UURU 
z '572��'DWD�5HDG�7LPHRXW 
z '&5&��'DWD�&5&�IRU�5HFHLYH 
z 5(��5HVSRQVH�(UURU 

���� 5HVHUYHG � 

� (QG�RI�5LQJ 
�(5� 

:KHQ�VHW��WKLV�ELW�LQGLFDWHV�WKDW�WKH�GHVFULSWRU�OLVW�UHDFKHG�LWV�
ILQDO�GHVFULSWRU��7KH�,'0$&�UHWXUQV�WR�WKH�EDVH�DGGUHVV�RI�WKH�
OLVW��FUHDWLQJ�D�'HVFULSWRU�5LQJ��7KLV� LV�PHDQLQJIXO� IRU�RQO\�D�
GXDO�EXIIHU�GHVFULSWRU�VWUXFWXUH� 

� 

6HFRQG�
$GGUHVV�
&KDLQHG�  
�&+� 

:KHQ� VHW�� WKLV� ELW� LQGLFDWHV� WKDW� WKH� VHFRQG� DGGUHVV� LQ� WKH�
GHVFULSWRU� LV� WKH� 1H[W� 'HVFULSWRU� DGGUHVV� UDWKHU� WKDQ� WKH�
VHFRQG�EXIIHU�DGGUHVV��:KHQ�WKLV�ELW�LV�VHW��%6���'(6�>�����@��
VKRXOG�EH�DOO�]HURV� 

� )LUVW�'HVFULSWRU 
�)6� 

:KHQ�VHW�� WKLV�ELW� LQGLFDWHV� WKDW� WKLV�GHVFULSWRU�FRQWDLQV� WKH�
ILUVW�EXIIHU�RI�WKH�GDWD��,I�WKH�VL]H�RI�WKH�ILUVW�EXIIHU�LV����QH[W�
'HVFULSWRU�FRQWDLQV�WKH�EHJLQQLQJ�RI�WKH�GDWD� 

� /DVW�'HVFULSWRU 
�/'� 

7KLV� ELW� LV� DVVRFLDWHG�ZLWK� WKH� ODVW� EORFN� RI� D� '0$� WUDQVIHU��
:KHQ�VHW��WKH�ELW�LQGLFDWHV�WKDW�WKH�EXIIHUV�SRLQWHG�WR�E\�WKLV�
GHVFULSWRU�DUH�WKH�ODVW�EXIIHUV�RI�WKH�GDWD��$IWHU�WKLV�GHVFULSWRU�
LV�FRPSOHWHG��WKH�UHPDLQLQJ�E\WH�FRXQW�LV����,Q�RWKHU�ZRUGV��
DIWHU� WKH� GHVFULSWRU� ZLWK� WKH� /'� ELW� VHW� LV� FRPSOHWHG�� WKH�
UHPDLQLQJ�E\WH�FRXQW�VKRXOG�EH��� 

� 

'LVDEOH�
,QWHUUXSW� RQ�
&RPSOHWLRQ 
�',&� 

:KHQ�VHW��WKLV�ELW�ZLOO�SUHYHQW�WKH�VHWWLQJ�RI�WKH�7,�5,�ELW�RI�WKH�
,'0$&�6WDWXV�5HJLVWHU��,'676��IRU�WKH�GDWD�WKDW�HQGV�LQ�WKH�
EXIIHU�SRLQWHG�WR�E\�WKLV�GHVFULSWRU� 

� 5HVHUYHG � 
� 7KH�'(6��HOHPHQW�FRQWDLQV�WKH�EXIIHU�VL]H� 

Table 6-5 Bits in IDMAC DES1 Element 
%LW 1DPH 'HVFULSWLRQ 

����� 5HVHUYHG � 

����� %XIIHU���6L]H 
�%6�� 

7KHVH�ELWV�LQGLFDWH�WKH�VHFRQG�GDWD�EXIIHU�E\WH�VL]H��7KH�EXIIHU�
VL]H�PXVW�EH�D�PXOWLSOH�RI�������RU����GHSHQGLQJ�XSRQ�WKH�EXV�
ZLGWKV²���� ���� DQG� ��� UHVSHFWLYHO\�� ,Q� WKH� FDVH�ZKHUH� WKH�
EXIIHU�VL]H�LV�QRW�D�PXOWLSOH�RI�������RU����WKH�UHVXOWLQJ�EHKDYLRU�
LV�XQGHILQHG��,I�WKLV�ILHOG�LV����WKH�'0$�LJQRUHV�WKLV�EXIIHU�DQG�
SURFHHGV�WR�WKH�QH[W�EXIIHU�LQ�FDVH�RI�D�GXDO�EXIIHU�VWUXFWXUH��  
7KLV�ILHOG�LV�QRW�YDOLG�IRU�FKDLQ�VWUXFWXUH��WKDW�LV��LI�'(6�>�@�LV�
VHW� 

���� %XIIHU���6L]H 
�%6�� 

,QGLFDWHV�WKH�GDWD�EXIIHU�E\WH�VL]H��ZKLFK�PXVW�EH�D�PXOWLSOH�
RI�������RU���E\WHV��GHSHQGLQJ�XSRQ�WKH�EXV�ZLGWKV²��������
DQG�����UHVSHFWLYHO\��,Q�WKH�FDVH�ZKHUH�WKH�EXIIHU�VL]H�LV�QRW�D�
PXOWLSOH�RI�������RU����WKH�UHVXOWLQJ�EHKDYLRU�LV�XQGHILQHG��7KLV�
ILHOG�VKRXOG�QRW�EH�]HUR� 
1RWH��,I�WKHUH�LV�RQO\�RQH�EXIIHU�WR�EH�SURJUDPPHG��\RX�QHHG�
WR�XVH�RQO\�WKH�%XIIHU����DQG�QRW�%XIIHU��� 

� 7KH�'(6��HOHPHQW�FRQWDLQV�WKH�DGGUHVV�SRLQWHU�WR�WKH�GDWD�EXIIHU� 
Table 6-6 Bits in IDMAC DES2 Element 

%LW 1DPH 'HVFULSWLRQ 
����� 5HVHUYHG  

����� %XIIHU���6L]H 
�%6�� 

7KHVH�ELWV�LQGLFDWH�WKH�VHFRQG�GDWD�EXIIHU�E\WH�VL]H��7KH�EXIIHU�
VL]H�PXVW�EH�D�PXOWLSOH�RI�������RU����GHSHQGLQJ�XSRQ�WKH�EXV�
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%LW 1DPH 'HVFULSWLRQ 
ZLGWKV²���� ���� DQG� ��� UHVSHFWLYHO\�� ,Q� WKH� FDVH�ZKHUH� WKH�
EXIIHU�VL]H�LV�QRW�D�PXOWLSOH�RI�������RU����WKH�UHVXOWLQJ�EHKDYLRU�
LV�XQGHILQHG��,I�WKLV�ILHOG�LV����WKH�'0$�LJQRUHV�WKLV�EXIIHU�DQG�
SURFHHGV�WR�WKH�QH[W�EXIIHU�LQ�FDVH�RI�D�GXDO�EXIIHU�VWUXFWXUH��  
7KLV�ILHOG�LV�QRW�YDOLG�IRU�FKDLQ�VWUXFWXUH��WKDW�LV��LI�'(6�>�@�LV�
VHW� 

���� %XIIHU���6L]H 
�%6�� 

,QGLFDWHV�WKH�GDWD�EXIIHU�E\WH�VL]H��ZKLFK�PXVW�EH�D�PXOWLSOH�
RI�������RU���E\WHV��GHSHQGLQJ�XSRQ�WKH�EXV�ZLGWKV²��������
DQG�����UHVSHFWLYHO\��,Q�WKH�FDVH�ZKHUH�WKH�EXIIHU�VL]H�LV�QRW�D�
PXOWLSOH�RI�������RU����WKH�UHVXOWLQJ�EHKDYLRU�LV�XQGHILQHG��7KLV�
ILHOG�VKRXOG�QRW�EH�]HUR� 
1RWH��,I�WKHUH�LV�RQO\�RQH�EXIIHU�WR�EH�SURJUDPPHG��\RX�QHHG�
WR�XVH�RQO\�WKH�%XIIHU����DQG�QRW�%XIIHU��� 

� 7KH�'(6��HOHPHQW�FRQWDLQV�WKH�DGGUHVV�SRLQWHU�WR�WKH�QH[W�GHVFULSWRU�LI�WKH�SUHVHQW�
GHVFULSWRU�LV�QRW�WKH�ODVW�GHVFULSWRU�LQ�D�FKDLQHG�GHVFULSWRU�VWUXFWXUH�RU�WKH�VHFRQG�
EXIIHU�DGGUHVV�IRU�D�GXDO�EXIIHU�VWUXFWXUH� 

Table 6-7 Bits in IDMAC DES3 Element 
%LW 1DPH 'HVFULSWLRQ 

���� 

%XIIHU� $GGUHVV�
3RLQWHU����1H[W�
'HVFULSWRU�
$GGUHVV�  
�%$3�� 

7KHVH�ELWV� LQGLFDWH�WKH�SK\VLFDO�DGGUHVV�RI�WKH�VHFRQG�EXIIHU�
ZKHQ�WKH�GXDO�EXIIHU�VWUXFWXUH�LV�XVHG��,I�WKH�6HFRQG�$GGUHVV�
&KDLQHG��'(6�>�@��ELW� LV� VHW�� WKHQ�WKLV�DGGUHVV�FRQWDLQV� WKH�
SRLQWHU�WR�WKH�SK\VLFDO�PHPRU\�ZKHUH�WKH�1H[W�'HVFULSWRU�LV�
SUHVHQW� 
,I� WKLV� LV� QRW� WKH� ODVW� GHVFULSWRU�� WKHQ� WKH� 1H[W� 'HVFULSWRU�
DGGUHVV�SRLQWHU�PXVW�EH�EXV�ZLGWK�DOLJQHG� 

6.3.3.3 Initialization 
,'0$&�LQLWLDOL]DWLRQ�RFFXUV�DV�IROORZV� 
1) :ULWH�WR�,'0$&�%XV�0RGH�5HJLVWHU²6'00&B%02'�WR�VHW�+RVW�EXV�DFFHVV�SDUDPHWHUV��  
2) :ULWH�WR�,'0$&�,QWHUUXSW�(QDEOH�5HJLVWHU²6'00&B,',17(1�WR�PDVN�XQQHFHVVDU\�

LQWHUUXSW�FDXVHV� 
3) 7KH�VRIWZDUH�GULYHU�FUHDWHV�HLWKHU�WKH�7UDQVPLW�RU�WKH�5HFHLYH�GHVFULSWRU�OLVW��7KHQ�LW�

ZULWHV�WR�,'0$&�'HVFULSWRU�/LVW�%DVH�$GGUHVV�5HJLVWHU��6'00&B'%$''5���SURYLGLQJ�WKH�
,'0$&�ZLWK�WKH�VWDUWLQJ�DGGUHVV�RI�WKH�OLVW� 

4) 7KH�,'0$&�HQJLQH�DWWHPSWV�WR�DFTXLUH�GHVFULSWRUV�IURP�WKH�GHVFULSWRU�OLVWV� 
z +RVW�%XV�%XUVW�$FFHVV 
7KH�,'0$&�DWWHPSWV�WR�H[HFXWH�IL[HG�OHQJWK�EXUVW�WUDQVIHUV�RQ�WKH�$+%�0DVWHU�LQWHUIDFH�LI�
FRQILJXUHG�XVLQJ�WKH�)%�ELW�RI�WKH�,'0$&�%XV�0RGH�UHJLVWHU��7KH�PD[LPXP�EXUVW�OHQJWK�LV�
LQGLFDWHG�DQG�OLPLWHG�E\�WKH�3%/�ILHOG��7KH�GHVFULSWRUV�DUH�DOZD\V�DFFHVVHG�LQ�WKH�PD[LPXP�
SRVVLEOH�EXUVW�VL]H�IRU�WKH����E\WHV�WR�EH�UHDG²�����EXV�ZLGWK� 
7KH�,'0$&�LQLWLDWHV�D�GDWD�WUDQVIHU�RQO\�ZKHQ�VXIILFLHQW�VSDFH�WR�DFFRPPRGDWH�WKH�
FRQILJXUHG�EXUVW�LV�DYDLODEOH�LQ�WKH�),)2�RU�WKH�QXPEHU�RI�E\WHV�WR�WKH�HQG�RI�GDWD��ZKHQ�
OHVV�WKDQ�WKH�FRQILJXUHG�EXUVW�OHQJWK� 
7KH�,'0$&�LQGLFDWHV�WKH�VWDUW�DGGUHVV�DQG�WKH�QXPEHU�RI�WUDQVIHUV�UHTXLUHG�WR�WKH�$+%�
0DVWHU�,QWHUIDFH��:KHQ�WKH�$+%�,QWHUIDFH�LV�FRQILJXUHG�IRU�IL[HG�OHQJWK�EXUVWV��WKHQ�LW�
WUDQVIHUV�GDWD�XVLQJ�WKH�EHVW�FRPELQDWLRQ�RI�,1&5�������DQG�6,1*/(�WUDQVDFWLRQV��
2WKHUZLVH��LQ�QR�IL[HG�OHQJWK�EXUVWV��LW�WUDQVIHUV�GDWD�XVLQJ�,1&5��XQGHILQHG�OHQJWK��DQG�
6,1*/(�WUDQVDFWLRQV� 
z +RVW�'DWD�%XIIHU�$OLJQPHQW 
7KH�7UDQVPLW�DQG�5HFHLYH�GDWD�EXIIHUV�LQ�KRVW�PHPRU\�PXVW�EH�DOLJQHG��GHSHQGLQJ�RQ�WKH�
GDWD�ZLGWK� 
z %XIIHU�6L]H�&DOFXODWLRQV 
7KH�GULYHU�NQRZV�WKH�DPRXQW�RI�GDWD�WR�WUDQVPLW�RU�UHFHLYH��)RU�WUDQVPLWWLQJ�WR�WKH�FDUG��WKH�
,'0$&�WUDQVIHUV�WKH�H[DFW�QXPEHU�RI�E\WHV�WR�WKH�),)2��LQGLFDWHG�E\�WKH�EXIIHU�VL]H�ILHOG�RI�
'(6�� 
,I�D�GHVFULSWRU�LV�QRW�PDUNHG�DV�ODVW�/6�ELW�RI�'(6��WKHQ�WKH�FRUUHVSRQGLQJ�EXIIHU�V��RI�WKH�
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GHVFULSWRU�DUH�IXOO��DQG�WKH�DPRXQW�RI�YDOLG�GDWD�LQ�D�EXIIHU�LV�DFFXUDWHO\�LQGLFDWHG�E\�LWV�
EXIIHU�VL]H�ILHOG��,I�D�GHVFULSWRU�LV�PDUNHG�DV�ODVW��WKHQ�WKH�EXIIHU�FDQQRW�EH�IXOO��DV�LQGLFDWHG�
E\�WKH�EXIIHU�VL]H�LQ�'(6���7KH�GULYHU�LV�DZDUH�RI�WKH�QXPEHU�RI�ORFDWLRQV�WKDW�DUH�YDOLG�LQ�
WKLV�FDVH� 
z 7UDQVPLVVLRQ 
,'0$&�WUDQVPLVVLRQ�RFFXUV�DV�IROORZV� 
1) 7KH�+RVW�VHWV�XS�WKH�HOHPHQWV��'(6��'(6���IRU�WUDQVPLVVLRQ�DQG�VHWV�WKH�2:1�ELW�

�'(6�>��@���7KH�+RVW�DOVR�SUHSDUHV�WKH�GDWD�EXIIHU� 
2) 7KH�+RVW�SURJUDPV�WKH�ZULWH�GDWD�FRPPDQG�LQ�WKH�6'00&B&0'�UHJLVWHU�LQ�%,8� 
3) 7KH�+RVW�ZLOO�DOVR�SURJUDP�WKH�UHTXLUHG�WUDQVPLW�WKUHVKROG�OHYHO��7;B:0DUN�ILHOG�LQ�

6'00&B),)27+�UHJLVWHU�� 
4) 7KH�,'0$&�GHWHUPLQHV�WKDW�D�ZULWH�GDWD�WUDQVIHU�QHHGV�WR�EH�GRQH�DV�D�FRQVHTXHQFH�RI�

VWHS��� 
5) 7KH�,'0$&�HQJLQH�IHWFKHV�WKH�GHVFULSWRU�DQG�FKHFNV�WKH�2:1�ELW��,I�WKH�2:1�ELW�LV�QRW�

VHW��LW�PHDQV�WKDW�WKH�KRVW�RZQV�WKH�GHVFULSWRU��,Q�WKLV�FDVH�WKH�,'0$&�HQWHUV�VXVSHQG�
VWDWH�DQG�DVVHUWV�WKH�'HVFULSWRU�8QDEOH�LQWHUUXSW�LQ�WKH�6'00&B,'676�UHJLVWHU��,Q�VXFK�
D�FDVH��WKH�KRVW�QHHGV�WR�UHOHDVH�WKH�,'0$&�E\�ZULWLQJ�DQ\�YDOXH�WR�WKH�SROO�GHPDQG�
UHJLVWHU� 

6) ,W�ZLOO�WKHQ�ZDLW�IRU�&RPPDQG�'RQH��&'��ELW�DQG�QR�HUURUV�IURP�%,8�ZKLFK�LQGLFDWHV�WKDW�
D�WUDQVIHU�FDQ�EH�GRQH� 

7) 7KH�,'0$&�HQJLQH�ZLOO�QRZ�ZDLW�IRU�D�'0$�LQWHUIDFH�UHTXHVW�IURP�%,8��7KLV�UHTXHVW�ZLOO�
EH�JHQHUDWHG�EDVHG�RQ�WKH�SURJUDPPHG�WUDQVPLW�WKUHVKROG�YDOXH��)RU�WKH�ODVW�E\WHV�RI�
GDWD�ZKLFK�FDQ¶W�EH�DFFHVVHG�XVLQJ�D�EXUVW��6,1*/(�WUDQVIHUV�DUH�SHUIRUPHG�RQ�$+%�
0DVWHU�,QWHUIDFH� 

8) 7KH�,'0$&�IHWFKHV�WKH�7UDQVPLW�GDWD�IURP�WKH�GDWD�EXIIHU�LQ�WKH�+RVW�PHPRU\�DQG�
WUDQVIHUV�WR�WKH�),)2�IRU�WUDQVPLVVLRQ�WR�FDUG� 

9) :KHQ�GDWD�VSDQV�DFURVV�PXOWLSOH�GHVFULSWRUV��WKH�,'0$&�ZLOO�IHWFK�WKH�QH[W�GHVFULSWRU�
DQG�FRQWLQXH�ZLWK�LWV�RSHUDWLRQ�ZLWK�WKH�QH[W�GHVFULSWRU��7KH�/DVW�'HVFULSWRU�ELW�LQ�WKH�
GHVFULSWRU�LQGLFDWHV�ZKHWKHU�WKH�GDWD�VSDQV�PXOWLSOH�GHVFULSWRUV�RU�QRW� 

10) :KHQ�GDWD�WUDQVPLVVLRQ�LV�FRPSOHWH��VWDWXV�LQIRUPDWLRQ�LV�XSGDWHG�LQ�6'00&B,'676�
UHJLVWHU�E\�VHWWLQJ�7UDQVPLW�,QWHUUXSW��LI�HQDEOHG��$OVR��WKH�2:1�ELW�LV�FOHDUHG�E\�WKH�
,'0$&�E\�SHUIRUPLQJ�D�ZULWH�WUDQVDFWLRQ�WR�'(6�� 

z 5HFHSWLRQ 
,'0$&�UHFHSWLRQ�RFFXUV�DV�IROORZV� 
1) 7KH�+RVW�VHWV�XS�WKH�HOHPHQW��'(6��'(6���IRU�UHFHSWLRQ��VHWV�WKH�2:1��'(6�>��@���  
2) 7KH�+RVW�SURJUDPV�WKH�UHDG�GDWD�FRPPDQG�LQ�WKH�6'00&B&0'�UHJLVWHU�LQ�%,8� 
3) 7KH�+RVW�ZLOO�SURJUDP�WKH�UHTXLUHG�UHFHLYH�WKUHVKROG�OHYHO��5;B:0DUN�ILHOG�LQ�),)27+�

UHJLVWHU�� 
4) 7KH�,'0$&�GHWHUPLQHV�WKDW�D�UHDG�GDWD�WUDQVIHU�QHHGV�WR�EH�GRQH�DV�D�FRQVHTXHQFH�RI�

VWHS��� 
5) 7KH�,'0$&�HQJLQH�IHWFKHV�WKH�GHVFULSWRU�DQG�FKHFNV�WKH�2:1�ELW��,I�WKH�2:1�ELW�LV�QRW�

VHW��LW�PHDQV�WKDW�WKH�KRVW�RZQV�WKH�GHVFULSWRU��,Q�WKLV�FDVH�WKH�'0$�HQWHUV�VXVSHQG�
VWDWH�DQG�DVVHUWV�WKH�'HVFULSWRU�8QDEOH�LQWHUUXSW�LQ�WKH�6'00&B,'676�UHJLVWHU��,Q�VXFK�
D�FDVH��WKH�KRVW�QHHGV�WR�UHOHDVH�WKH�,'0$&�E\�ZULWLQJ�DQ\�YDOXH�WR�WKH�SROO�GHPDQG�
UHJLVWHU� 

6) ,W�ZLOO�WKHQ�ZDLW�IRU�&RPPDQG�'RQH��&'��ELW�DQG�QR�HUURUV�IURP�%,8�ZKLFK�LQGLFDWHV�WKDW�
D�WUDQVIHU�FDQ�EH�GRQH� 

7) 7KH�,'0$&�HQJLQH�ZLOO�QRZ�ZDLW�IRU�D�'0$�LQWHUIDFH�UHTXHVW�IURP�%,8��7KLV�UHTXHVW�ZLOO�
EH�JHQHUDWHG�EDVHG�RQ�WKH�SURJUDPPHG�UHFHLYH�WKUHVKROG�YDOXH��)RU�WKH�ODVW�E\WHV�RI�
GDWD�ZKLFK�FDQ¶W�EH�DFFHVVHG�XVLQJ�D�EXUVW��6,1*/(�WUDQVIHUV�DUH�SHUIRUPHG�RQ�$+%� 

8) 7KH�,'0$&�IHWFKHV�WKH�GDWD�IURP�WKH�),)2�DQG�WUDQVIHU�WR�+RVW�PHPRU\� 
9) :KHQ�GDWD�VSDQV�DFURVV�PXOWLSOH�GHVFULSWRUV��WKH�,'0$&�ZLOO�IHWFK�WKH�QH[W�GHVFULSWRU�

DQG�FRQWLQXH�ZLWK�LWV�RSHUDWLRQ�ZLWK�WKH�QH[W�GHVFULSWRU��7KH�/DVW�'HVFULSWRU�ELW�LQ�WKH�
GHVFULSWRU�LQGLFDWHV�ZKHWKHU�WKH�GDWD�VSDQV�PXOWLSOH�GHVFULSWRUV�RU�QRW� 

10) :KHQ�GDWD�UHFHSWLRQ�LV�FRPSOHWH��VWDWXV�LQIRUPDWLRQ�LV�XSGDWHG�LQ�6'00&B,'676�
UHJLVWHU�E\�VHWWLQJ�5HFHLYH�,QWHUUXSW��LI�HQDEOHG��$OVR��WKH�2:1�ELW�LV�FOHDUHG�E\�WKH�
,'0$&�E\�SHUIRUPLQJ�D�ZULWH�WUDQVDFWLRQ�WR�'(6�� 
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z ,QWHUUXSWV 
,QWHUUXSWV�FDQ�EH�JHQHUDWHG�DV�D�UHVXOW�RI�YDULRXV�HYHQWV��6'00&B,'676�UHJLVWHU�FRQWDLQV�
DOO�WKH�ELWV�WKDW�PLJKW�FDXVH�DQ�LQWHUUXSW��6'00&B,',17(1�UHJLVWHU�FRQWDLQV�DQ�(QDEOH�ELW�
IRU�HDFK�RI�WKH�HYHQWV�WKDW�FDQ�FDXVH�DQ�LQWHUUXSW� 
7KHUH�DUH�WZR�JURXSV�RI�VXPPDU\�LQWHUUXSWV�1RUPDO�DQG�$EQRUPDO�DV�RXWOLQHG�LQ�
6'00&B,'676�UHJLVWHU��,QWHUUXSWV�DUH�FOHDUHG�E\�ZULWLQJ�D���WR�WKH�FRUUHVSRQGLQJ�ELW�
SRVLWLRQ��:KHQ�DOO�WKH�HQDEOHG�LQWHUUXSWV�ZLWKLQ�D�JURXS�DUH�FOHDUHG��WKH�FRUUHVSRQGLQJ�
VXPPDU\�ELW�LV�FOHDUHG��:KHQ�ERWK�WKH�VXPPDU\�ELWV�DUH�FOHDUHG��WKH�LQWHUUXSW�VLJQDO�
GPDFBLQWUBR�LV�GH�DVVHUWHG� 
,QWHUUXSWV�DUH�QRW�TXHXHG�DQG�LI�WKH�LQWHUUXSW�HYHQW�RFFXUV�EHIRUH�WKH�GULYHU�KDV�UHVSRQGHG�
WR�LW��QR�DGGLWLRQDO�LQWHUUXSWV�DUH�JHQHUDWHG��)RU�H[DPSOH��5HFHLYH�,QWHUUXSW²
6'00&B,'676>�@�LQGLFDWHV�WKDW�RQH�RU�PRUH�GDWD�ZDV�WUDQVIHUUHG�WR�WKH�+RVW�EXIIHU� 
$Q�LQWHUUXSW�LV�JHQHUDWHG�RQO\�RQFH�IRU�VLPXOWDQHRXV��PXOWLSOH�HYHQWV��7KH�GULYHU�PXVW�VFDQ�
6'00&B,'676�UHJLVWHU�IRU�WKH�LQWHUUXSW�FDXVH� 
6.3.4 9DULDEOH�'HOD\�&ORFN�*HQHUDWLRQ�8QLW 
9DULDEOH�GHOD\�PHFKDQLVP�IRU�WKH�FFONBLQBGUY�LV�XVHIXO�LQ�RUGHU�WR�PHHW�D�UDQJH�RI�KROG�WLPH�
UHTXLUHPHQWV�DFURVV�PRGHV��9DULDEOH�GHOD\�PHFKDQLVP�IRU�WKH�FFONBLQBVDPSOH�LV�PDQGDWRU\�
DQG�LV�UHTXLUHG�WR�DFKLHYH�WKH�FRUUHFW�VDPSOLQJ�SRLQW�IRU�GDWD� 
7KH�&ORFN�*HQHUDWLRQ�8QLW��&/.*(1��LQFOXGHV�3KDVH�6KLIW�8QLW�DQG�'HOD\�/LQH�8QLW� 
7KH�3KDVH�6KLIW�8QLW�FDQ�VKLIW�FFONBLQBVDPSOH�FFONBLQBGUY�E\��������������GHJUHH�UHODWLYH�
WR�FFONBLQ��7KH�'HOD\�/LQH�8QLW�FDQ�VKLIW�FFONBLQBVDPSOH�FFONBLQBGUY�VWHS�E\�VWHS�LQ�WKH�XQLW�
RI�GHOD\�HOHPHQW��7KH�GHOD\�YDOXH�UDQJH�LV���SVa��SV�IRU�HYHU\�GHOD\�HOHPHQW��WKH�PD[�
GHOD\�HOHPHQW�QXPEHU�LV����� 
7KH�DUFKLWHFWXUH�LV�DV�IROORZV� 

Delay Line

Phase Shiftcclkin

drv_sel/
sample_sel

0

1

cclk_in
cclk_in_drv
cclk_in_sample

0

1

drv_delaynum/
sample_delaynum

init_state
drv_degree
sample_degree  

Fig. 6-9 Clock Generation Unit 
6.4 Register Description 
6.4.1 5HJLVWHUV�6XPPDU\ 

1DPH 2IIVHW 6L]H 5HVHW�9DOXH 'HVFULSWLRQ �  
6'00&B&75/ �[���� : �[�������� &RQWURO�UHJLVWHU 
6'00&B3:5(1 �[���� : �[�������� 3RZHU�HQDEOH�UHJLVWHU 
6'00&B&/.',9 �[���� : �[�������� &ORFN�GLYLGHU�UHJLVWHU 
6'00&B&/.65& �[���F : �[�������� 6'�FORFN�VRXUFH�UHJLVWHU 
6'00&B&/.(1$ �[���� : �[�������� &ORFN�HQDEOH�UHJLVWHU 
6'00&B70287 �[���� : �[))))))�� 7LPHRXW�UHJLVWHU 
6'00&B&7<3( �[���� : �[�������� &DUG�W\SH�UHJLVWHU 
6'00&B%/.6,= �[���F : �[�������� %ORFN�VL]H�UHJLVWHU 
6'00&B%<7&17 �[���� : �[�������� %\WH�FRXQW�UHJLVWHU 
6'00&B,170$6. �[���� : �[�������� ,QWHUUXSW�PDVN�UHJLVWHU 
6'00&B&0'$5* �[���� : �[�������� &RPPDQG�DUJXPHQW�UHJLVWHU 
6'00&B&0' �[���F : �[�������� &RPPDQG�UHJLVWHU 
6'00&B5(63� �[���� : �[�������� 5HVSRQVH�UHJLVWHU�� 
6'00&B5(63� �[���� : �[�������� 5HVSRQVH�UHJLVWHU�� 
6'00&B5(63� �[���� : �[�������� 5HVSRQVH�UHJLVWHU�� 
6'00&B5(63� �[���F : �[�������� 5HVSRQVH�UHJLVWHU�� 

6'00&B0,17676 �[���� : �[�������� 0DVNHG�LQWHUUXSW�VWDWXV�
UHJLVWHU 
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1DPH 2IIVHW 6L]H 5HVHW�9DOXH 'HVFULSWLRQ �  
6'00&B5,17676 �[���� : �[�������� 5DZ�LQWHUUXSW�VWDWXV�UHJLVWHU 
6'00&B67$786 �[���� : �[�������� 6WDWXV�UHJLVWHU 
6'00&B),)27+ �[���F : �[��))���� ),)2�WKUHVKROG�UHJLVWHU 
6'00&B&'(7(&7 �[���� : �[�������� &DUG�GHWHFW�UHJLVWHU 
6'00&B:57357 �[���� : �[�������� :ULWH�SURWHFW�UHJLVWHU 

6'00&B7&%&17 �[���F : �[�������� 7UDQVIHUUHG�FDUG�E\WH�FRXQW�
UHJLVWHU 

6'00&B7%%&17 �[���� : �[�������� 7UDQVIHUUHG�KRVW�WR�),)2�E\WH�
FRXQW�UHJLVWHU 

6'00&B'(%1&( �[���� : �[��)))))) 'HERXQFH�FRXQW�UHJLVWHU 
6'00&B865,' �[���� : �[�������� 8VHU�,'�UHJLVWHU 
6'00&B9(5,' �[���F : �[�������$ 9HUVLRQ�,'�UHJLVWHU 
6'00&B+&21 �[���� : �[��&���&� +DUGZDUH�FRQILJXUDWLRQ�UHJLVWHU 
6'00&B8+65(* �[���� : �[�������� 8+6���FRQWURO�UHJLVWHU 
6'00&B5671 �[���� : �[�������� +DUGZDUH�UHVHW�UHJLVWHU 
6'00&B%02' �[���� : �[�������� %XV�PRGH�UHJLVWHU 
6'00&B3/'01' �[���� : �[�������� 3ROO�GHPDQG�UHJLVWHU 

6'00&B'%$''5 �[���� : �[�������� 'HVFULSWRU�OLVW�EDVH�DGGUHVV�
UHJLVWHU 

6'00&B,'676 �[���F : �[�������� ,QWHUQDO�'0$&�VWDWXV�UHJLVWHU 

6'00&B,',17(1 �[���� : �[�������� ,QWHUQDO�'0$&�LQWHUUXSW�HQDEOH�
UHJLVWHU 

6'00&B'6&$''5 �[���� : �[�������� &XUUHQW�KRVW�GHVFULSWRU�DGGUHVV�
UHJLVWHU 

6'00&B%8)$''5 �[���� : �[�������� &XUUHQW�EXIIHU�GHVFULSWRU�
DGGUHVV�UHJLVWHU 

6'00&B&$5'7+5&7/ �[���� : �[�������� &DUG�WKUHVKROG�FRQWURO�UHJLVWHU 
6'00&B%$&.(1'B32:(
5 �[���� : �[�������� %DFN�HQG�SRZHU�UHJLVWHU 

6'00&B(00&''5B5(* �[���F : �[�������� H00&����''5�VWDUW�ELW�
GHWHFWLRQ�FRQWURO�UHJLVWHU 

6'00&B5'<,17B*(1 �[���� : �[��))���� &DUG�UHDG\�LQWHUUXSW�JHQHUDWLRQ�
FRQWURO�UHJLVWHU 

6'00&B),)2B%$6( �[���� : �[�������� ),)2�EDVH�DGGUHVV�UHJLVWHU 
1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV 
 
6.4.2 'HWDLO�5HJLVWHU�'HVFULSWLRQ 
6'00&B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

�� 5: �[� 

XVHBLQWHUQDOBGPDF 
3UHVHQW�RQO\�IRU�WKH�,QWHUQDO�'0$&�FRQILJXUDWLRQ��HOVH��LW�LV�
UHVHUYHG� 
�
E���7KH�KRVW�SHUIRUPV�GDWD�WUDQVIHUV�WKURXJK�WKH�VODYH�
LQWHUIDFH 
�
E���,QWHUQDO�'0$&�XVHG�IRU�GDWD�WUDQVIHU 

����� 52 �[���� UHVHUYHG 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

FHDWDBGHYLFHBLQWHUUXSWBVWDWXV 
�
E���,QWHUUXSWV�QRW�HQDEOHG�LQ�&(�$7$�GHYLFH 
�
E���,QWHUUXSWV�DUH�HQDEOHG�LQ�&(�$7$�GHYLFH 
6RIWZDUH�VKRXOG�DSSURSULDWHO\�ZULWH�WR�WKLV�ELW�DIWHU�SRZHU�RQ�
UHVHW�RU�DQ\�RWKHU�UHVHW�WR�&(�$7$�GHYLFH��$IWHU�UHVHW��XVXDOO\�
&(�$7$�GHYLFH�LQWHUUXSW�LV�GLVDEOHG��,I�WKH�KRVW�HQDEOHV�&(�$7$�
GHYLFH�LQWHUUXSW��WKHQ�VRIWZDUH�VKRXOG�VHW�WKLV�ELW� 

�� 5: �[� 

VHQGBDXWRBVWRSBFFVG 
�
E���&OHDU�ELW�LI�+RVW�&RQWUROOHU�GRHV�QRW�UHVHW�WKH�ELW 
�
E���6HQG�LQWHUQDOO\�JHQHUDWHG�6723�DIWHU�VHQGLQJ�&&6'�WR�&(�
$7$�GHYLFH 
127(��$OZD\V�VHW�VHQGBDXWRBVWRSBFFVG�DQG�VHQGBFFVG�ELWV�
WRJHWKHU�VHQGBDXWRBVWRSBFFVG�VKRXOG�QRW�EH�VHW�LQGHSHQGHQW�RI�
VHQGBFFVG� 
:KHQ�VHW��WKH�+RVW�&RQWUROOHU�DXWRPDWLFDOO\�VHQGV�LQWHUQDOO\��
JHQHUDWHG�6723�FRPPDQG��&0'����WR�&(�$7$�GHYLFH��$IWHU�
VHQGLQJ�LQWHUQDOO\�JHQHUDWHG�6723�FRPPDQG��$XWR�&RPPDQG�
'RQH��$&'��ELW�LQ�6'00&B5,17676�LV�VHW�DQG�JHQHUDWHV�
LQWHUUXSW�WR�KRVW�LI�$XWR�&RPPDQG�'RQH�LQWHUUXSW�LV�QRW�PDVNHG��
$IWHU�VHQGLQJ�WKH�&&6'��WKH�+RVW�&RQWUROOHU�DXWRPDWLFDOO\�FOHDUV�
VHQGBDXWRBVWRSBFFVG�ELW� 

� 5: �[� 

VHQGBFFVG 
�
E���&OHDU�ELW�LI�+RVW�&RQWUROOHU�GRHV�QRW�UHVHW�WKH�ELW 
�
E���6HQG�&RPPDQG�&RPSOHWLRQ�6LJQDO�'LVDEOH��&&6'��WR�&(�
$7$� �GHYLFH 
:KHQ�VHW��WKH�+RVW�&RQWUROOHU�VHQGV�&&6'�WR�&(�$7$�GHYLFH��
6RIWZDUH�VHWV�WKLV�ELW�RQO\�LI�FXUUHQW�FRPPDQG�LV�H[SHFWLQJ�&&6�
�WKDW�LV��5:B%/.��DQG�LQWHUUXSWV�DUH�HQDEOHG�LQ�&(�$7$�GHYLFH��
2QFH�WKH�&&6'�SDWWHUQ�LV�VHQW�WR�GHYLFH��WKH�+RVW�&RQWUROOHU�
DXWRPDWLFDOO\�FOHDUV�VHQGBFFVG�ELW��,W�DOVR�VHWV�&RPPDQG�'RQH�
�&'��ELW�LQ�6'00&B5,17676�UHJLVWHU�DQG�JHQHUDWHV�LQWHUUXSW�WR�
KRVW�LI�&RPPDQG�'RQH�LQWHUUXSW�LV�QRW�PDVNHG� 
127(��2QFH�VHQGBFFVG�ELW�LV�VHW��LW�WDNHV�WZR�FDUG�FORFN�F\FOHV�WR�
GULYH�WKH�&&6'�RQ�WKH�&0'�OLQH��'XH�WR�WKLV��GXULQJ�WKH�
ERXQGDU\�FRQGLWLRQV�LW�PD\�KDSSHQ�WKDW�&&6'�LV�VHQW�WR�WKH�&(�
$7$�GHYLFH��HYHQ�LI�WKH�GHYLFH�VLJQDOOHG�&&6� 

� 5: �[� 

DERUWBUHDGBGDWD 
�
E���1R�FKDQJH 
�
E���$IWHU�VXVSHQG�FRPPDQG�LV�LVVXHG�GXULQJ�UHDG�WUDQVIHU��
VRIWZDUH�SROOV�FDUG�WR�ILQG�ZKHQ�VXVSHQG�KDSSHQHG��2QFH�
VXVSHQG�RFFXUV��VRIWZDUH�VHWV�ELW�WR�UHVHW�GDWD�VWDWH�PDFKLQH��
ZKLFK�LV�ZDLWLQJ�IRU�QH[W�EORFN�RI�GDWD��%LW�DXWRPDWLFDOO\�FOHDUV�
RQFH�GDWD�VWDWH�PDFKLQH�UHVHWV�WR�LGOH� 
8VHG�LQ�6',2�FDUG�VXVSHQG�VHTXHQFH� 

� 5: �[� 

VHQGBLUTBUHVSRQVH 
�
E���1R�FKDQJH�  
�
E���6HQG�DXWR�,54�UHVSRQVH 
%LW�DXWRPDWLFDOO\�FOHDUV�RQFH�UHVSRQVH�LV�VHQW��  
7R�ZDLW�IRU�00&�FDUG�LQWHUUXSWV��VRIWZDUH�LVVXHV�&0'����DQG�WKH�
+RVW�&RQWUROOHU�ZDLWV�IRU�LQWHUUXSW�UHVSRQVH�IURP�00&�FDUG��,Q�
PHDQWLPH��LI�VRIWZDUH�ZDQWV�WKH�&RQWUROOHU�WR�H[LW�ZDLWLQJ�IRU�
LQWHUUXSW�VWDWH��LW�FDQ�VHW�WKLV�ELW��DW�ZKLFK�WLPH�WKH�+RVW�
&RQWUROOHU�FRPPDQG�VWDWH�PDFKLQH�VHQGV�&0'���UHVSRQVH�RQ�
EXV�DQG�UHWXUQV�WR�LGOH�VWDWH� 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
UHDGBZDLW 
�
E���&OHDU�UHDG�ZDLW�  
�
E���$VVHUW�UHDG�ZDLW 
)RU�VHQGLQJ�UHDG�ZDLW�WR�6',2�FDUGV� 

� 5: �[� 

GPDBHQDEOH 
�
E���'LVDEOH�'0$�WUDQVIHU�PRGH�  
�
E���(QDEOH�'0$�WUDQVIHU�PRGH 
(YHQ�ZKHQ�'0$�PRGH�LV�HQDEOHG��KRVW�FDQ�VWLOO�SXVK�SRS�GDWD�
LQWR�RU�IURP�),)2��WKLV�VKRXOG�QRW�KDSSHQ�GXULQJ�WKH�QRUPDO�
RSHUDWLRQ��,I�WKHUH�LV�VLPXOWDQHRXV�),)2�DFFHVV�IURP�KRVW�'0$��
WKH�GDWD�FRKHUHQF\�LV�ORVW��$OVR��WKHUH�LV�QR�DUELWUDWLRQ�LQVLGH�WKH�
FRQWUROOHU�WR�SULRULWL]H�VLPXOWDQHRXV�KRVW�'0$�DFFHVV� 

� 5: �[� 

LQWBHQDEOH 
*OREDO�LQWHUUXSW�HQDEOH�GLVDEOH�ELW� 
�
E���'LVDEOH�LQWHUUXSWV�  
�
E���(QDEOH�LQWHUUXSWV 
7KH�LQW�SRUW�LV���RQO\�ZKHQ�WKLV�ELW�LV���DQG�RQH�RU�PRUH�
XQPDVNHG�LQWHUUXSWV�DUH�VHW� 

� 52 �[� UHVHUYHG 

� :2 �[� 

GPDBUHVHW 
�
E���1R�FKDQJH�  
�
E���5HVHW�LQWHUQDO�'0$�LQWHUIDFH�FRQWURO�ORJLF 
7R�UHVHW�'0$�LQWHUIDFH��ILUPZDUH�VKRXOG�VHW�ELW�WR����  
7KLV�ELW�LV�DXWR�FOHDUHG�DIWHU�WZR�$+%�FORFNV� 

� :2 �[� 

ILIRBUHVHW 
�
E���1R�FKDQJH�  
�
E���5HVHW�WR�GDWD�),)2�WR�UHVHW�),)2�SRLQWHUV 
7R�UHVHW�),)2��ILUPZDUH�VKRXOG�VHW�ELW�WR����  
7KLV�ELW�LV�DXWR�FOHDUHG�DIWHU�FRPSOHWLRQ�RI�UHVHW�RSHUDWLRQ� 

� :2 �[� 

FRQWUROOHUBUHVHW 
�
E���1R�FKDQJH 
�
E���5HVHW�+RVW�&RQWUROOHU 
7R�UHVHW�+RVW�&RQWUROOHU��ILUPZDUH�VKRXOG�VHW�ELW�WR����7KLV�ELW�LV�
DXWR�FOHDUHG�DIWHU�WZR�$+%�DQG�WZR�FFONBLQ�FORFN�F\FOHV� 
7KLV�UHVHWV� 
D��%,8�&,8�LQWHUIDFH 
E��&,8�DQG�VWDWH�PDFKLQHV 
F��DERUWBUHDGBGDWD��VHQGBLUTBUHVSRQVH��DQG�UHDGBZDLW�ELWV�RI�
6'00&B&75/�UHJLVWHU 
G��VWDUWBFPG�ELW�RI�6'00&B&0'�UHJLVWHU 
'RHV�QRW�DIIHFW�DQ\�UHJLVWHUV�RU�'0$�LQWHUIDFH��RU�),)2�RU�
FRQWUROOHU�LQWHUUXSWV� 

 
6'00&B3:5(1�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 

SRZHUBHQDEOH 
3RZHU�RQ�RII�VZLWFK�IRU�WKH�FDUG� 
2QFH�SRZHU�LV�WXUQHG�RQ��ILUPZDUH�VKRXOG�ZDLW�IRU�
UHJXODWRU�VZLWFK�UDPS�XS�WLPH�EHIRUH�WU\LQJ�WR�LQLWLDOL]H�FDUG� 
�
E���3RZHU�RII�  
�
E���3RZHU�RQ 
%LW�YDOXHV�RXWSXW�WR�FDUGBSRZHUBHQ�SRUW� 
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6'00&B&/.',9�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 

FONBGLYLGHU� 
&ORFN�GLYLGHU���YDOXH��&ORFN�GLYLVLRQ�LV��Q��  
)RU�H[DPSOH��YDOXH�RI���PHDQV�GLYLGH�E\���� ����QR�GLYLVLRQ��
E\SDVV���YDOXH�RI���PHDQV�GLYLGH�E\���� ����DQG�VR�RQ� 
7KH�UHFRPPHQGHG�YDOXH�LV���RU��� 

 
6'00&B&/.65&�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

��� 5: �[� 

FONBVRXUFH 
&ORFN�GLYLGHU�VRXUFH� 
�
E����&ORFN�GLYLGHU���  
7KH�FFONBRXW�LV�DOZD\V�IURP�FORFN�GLYLGHU����DQG�WKLV�UHJLVWHU�LV�
QRW�LPSOHPHQWHG� 

 
6'00&B&/.(1$�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 5: �[� 

FFONBORZBSRZHU 
/RZ�SRZHU�FRQWURO�IRU�6'�FDUG�FORFN�DQG�00&�FDUG�FORFN�
VXSSRUWHG��  
�
E���1RQ�ORZ�SRZHU�PRGH�  
�
E���/RZ�SRZHU�PRGH 
6WRS�FORFN�ZKHQ�FDUG�LQ�,'/(��VKRXOG�EH�QRUPDOO\�VHW�WR�RQO\�
00&�DQG�6'�PHPRU\�FDUGV��IRU�6',2�FDUGV��LI�LQWHUUXSWV�PXVW�
EH�GHWHFWHG��FORFN�VKRXOG�QRW�EH�VWRSSHG�� 

���� 52 �[���� UHVHUYHG 

� 5: �[� 

FFONBHQDEOH 
&ORFN�HQDEOH�FRQWURO�IRU�6'�FDUG�FORFN�DQG�00&�FDUG�FORFN�
VXSSRUWHG� 
�
E���&ORFN�GLVDEOHG�  
�
E���&ORFN�HQDEOHG 

 
6'00&B70287�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[IIIIII 

GDWDBWLPHRXW 
9DOXH�IRU�FDUG�GDWD�UHDG�WLPHRXW��VDPH�YDOXH�DOVR�XVHG�IRU�GDWD�
VWDUYDWLRQ�E\�KRVW�WLPHRXW� 
9DOXH�LV�LQ�QXPEHU�RI�FDUG�RXWSXW�FORFN� 
1RWH��7KH�VRIWZDUH�WLPHU�VKRXOG�EH�XVHG�LI�WKH�WLPHRXW�YDOXH�LV�
LQ�WKH�RUGHU�RI�����PV��,Q�WKLV�FDVH��UHDG�GDWD�WLPHRXW�LQWHUUXSW�
QHHGV�WR�EH�GLVDEOHG� 

��� 5: �[�� 
UHVSRQVHBWLPHRXW 
5HVSRQVH�WLPHRXW�YDOXH� 
9DOXH�LV�LQ�QXPEHU�RI�FDUG�RXWSXW�FORFN�FFONBRXW� 

 
6'00&B&7<3(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 5: �[� 
FDUGBZLGWKB� 
,QGLFDWHV�LI�FDUG�LV���ELW� 
�
E���1RQ���ELW�PRGH�  
�
E�����ELW�PRGH 

���� 52 �[���� UHVHUYHG 

� 5: �[� 
FDUGBZLGWK 
,QGLFDWHV�LI�FDUG�LV���ELW�RU���ELW� 
�
E�����ELW�PRGH�  
�
E�����ELW�PRGH 

 
6'00&B%/.6,=�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� EORFNBVL]H 
%ORFN�VL]H 

 
6'00&B%<7&17�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

E\WHBFRXQW 
1XPEHU�RI�E\WHV�WR�EH�WUDQVIHUUHG��VKRXOG�EH�LQWHJHU�PXOWLSOH�RI�
EORFN�VL]H�IRU�EORFN�WUDQVIHUV� 
)RU�XQGHILQHG�QXPEHU�RI�E\WH�WUDQVIHUV��E\WH�FRXQW�VKRXOG�EH�VHW�
WR����:KHQ�E\WH�FRXQW�LV�VHW�WR����LW�LV�UHVSRQVLELOLW\�RI�KRVW�WR�
H[SOLFLWO\�VHQG�VWRS�DERUW�FRPPDQG�WR�WHUPLQDWH�GDWD�WUDQVIHU� 

 
6'00&B,170$6.�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

�� 5: �[� 
VGLRBLQWBPDVN 
�
E���6',2�LQWHUUXSW�QRW�PDVNHG 
�
E���6',2�LQWHUUXSW�PDVNHG 

����� 52 �[�� UHVHUYHG 

�� 5: �[� 
GDWDBQREXV\BLQWBPDVN 
�
E���'DWD�QR�EXV\�LQWHUUXSW�QRW�PDVNHG 
�
E���'DWD�QR�EXV\�LQWHUUXSW�PDVNHG 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[���� 

LQWBPDVN 
%LWV�XVHG�WR�PDVN�XQZDQWHG�LQWHUUXSWV��9DOXH�RI���PDVNV�
LQWHUUXSW��YDOXH�RI���HQDEOHV�LQWHUUXSW� 
ELW�����(QG�ELW�HUURU��UHDG��:ULWH�QR�&5&��(%(�� �  
ELW�����$XWR�FRPPDQG�GRQH��$&'��  
ELW�����6WDUW�ELW�HUURU��6%(�� �  
ELW�����+DUGZDUH�ORFNHG�ZULWH�HUURU��+/(�� �  
ELW�����),)2�XQGHUUXQ�RYHUUXQ�HUURU��)581�� �  
ELW�����'DWD�VWDUYDWLRQ�E\�KRVW�WLPHRXW��+72���9ROWBVZLWFKBLQW�  
ELW����'DWD�UHDG�WLPHRXW��'572�� �  
ELW����5HVSRQVH�WLPHRXW��572�� �  
ELW����'DWD�&5&�HUURU��'&5&�� �  
ELW����5HVSRQVH�&5&�HUURU��5&5&�� �  
ELW����5HFHLYH�),)2�GDWD�UHTXHVW��5;'5�� �  
ELW����7UDQVPLW�),)2�GDWD�UHTXHVW��7;'5�� �  
ELW����'DWD�WUDQVIHU�RYHU��'72�� �  
ELW����&RPPDQG�GRQH��&'�� �  
ELW����5HVSRQVH�HUURU��5(�� �  
ELW����&DUG�GHWHFW��&'� 

 
6'00&B&0'$5*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� FPGBDUJ 9DOXH�LQGLFDWHV�FRPPDQG�DUJXPHQW�WR�EH�SDVVHG�WR�FDUG� 
 
6'00&B&0'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

VWDUWBFPG 
6WDUW�FRPPDQG��  
2QFH�FRPPDQG�LV�WDNHQ�E\�&,8��ELW�LV�FOHDUHG��  
:KHQ�ELW�LV�VHW��KRVW�VKRXOG�QRW�DWWHPSW�WR�ZULWH�WR�DQ\�
FRPPDQG�UHJLVWHUV��,I�ZULWH�LV�DWWHPSWHG��KDUGZDUH�ORFN�HUURU�LV�
VHW�LQ�UDZ�LQWHUUXSW�UHJLVWHU� 
2QFH�FRPPDQG�LV�VHQW�DQG�UHVSRQVH�LV�UHFHLYHG�IURP�6'�00&�
FDUGV��&RPPDQG�'RQH�ELW�LV�VHW�LQ�UDZ�LQWHUUXSW�UHJLVWHU� 

�� 52 �[� UHVHUYHG 

�� 5: �[� 
XVHBKROGBUHJ 
8VH�KROG�UHJLVWHU� 
�
E���&0'�DQG�'$7$�VHQW�WR�FDUG�E\SDVVLQJ�KROG�UHJLVWHU 
�
E���&0'�DQG�'$7$�VHQW�WR�FDUG�WKURXJK�WKH�KROG�UHJLVWHU 

�� 5: �[� 
YROWBVZLWFK 
9ROWDJH�VZLWFK�ELW� 
�
E���1R�YROWDJH�VZLWFKLQJ 
�
E���9ROWDJH�VZLWFKLQJ�HQDEOHG��PXVW�EH�VHW�IRU�&0'���RQO\� 

�� 5: �[� 
ERRWBPRGH 
%RRW�PRGH�VHOHFWLRQ� 
�
E���0DQGDWRU\�ERRW�RSHUDWLRQ 
�
E���$OWHUQDWH�ERRW�RSHUDWLRQ 

�� 5: �[� 

GLVDEOHBERRW 
'LVDEOH�ERRW��  
:KHQ�VRIWZDUH�VHWV�WKLV�ELW�DORQJ�ZLWK�VWDUWBFPG��&,8�WHUPLQDWHV�
WKH�ERRW�RSHUDWLRQ��'R�QRW�VHW�GLVDEOHBERRW�DQG�HQDEOHBERRW�
WRJHWKHU� 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

H[SHFWBERRWBDFN 
([SHFW�ERRW�DFNQRZOHGJH��  
:KHQ�VRIWZDUH�VHWV�WKLV�ELW�DORQJ�ZLWK�HQDEOHBERRW��&,8�H[SHFWV�
D�ERRW�DFNQRZOHGJH�VWDUW�SDWWHUQ�RI�������IURP�WKH�VHOHFWHG�
FDUG� 

�� 5: �[� 

HQDEOHBERRW 
(QDEOH�ERRW� 
7KLV�ELW�VKRXOG�EH�VHW�RQO\�IRU�PDQGDWRU\�ERRW�PRGH��:KHQ�
6RIWZDUH�VHWV�WKLV�ELW�DORQJ�ZLWK�VWDUWBFPG��&,8�VWDUWV�WKH�ERRW�
VHTXHQFH�IRU�WKH�FRUUHVSRQGLQJ�FDUG�E\�DVVHUWLQJ�WKH�&0'�OLQH�
ORZ��'R�QRW�VHW�GLVDEOHBERRW�DQG�HQDEOHBERRW�WRJHWKHU� 

�� 5: �[� 

FFVBH[SHFWHG 
�
E���,QWHUUXSWV�DUH�QRW�HQDEOHG�LQ�&(�$7$�GHYLFH�RU�FRPPDQG�
GRHV�QRW�H[SHFW�&&6�IURP�GHYLFH 
�
E���,QWHUUXSWV�DUH�HQDEOHG�LQ�&(�$7$�GHYLFH�DQG�5:B%/.�
FRPPDQG�H[SHFWV�FRPPDQG�FRPSOHWLRQ�VLJQDO�IURP�&(�$7$�
GHYLFH 
,I�WKH�FRPPDQG�H[SHFWV�FRPPDQG�FRPSOHWLRQ�VLJQDO��&&6��IURP�
WKH�&(�$7$�GHYLFH��WKH�VRIWZDUH�VKRXOG�VHW�WKLV�FRQWURO�ELW��  
7KH�+RVW�&RQWUROOHU�VHWV�GDWD�WUDQVIHU�RYHU��'72��ELW�LQ�
6'00&B5,17676�UHJLVWHU�DQG�JHQHUDWHV�LQWHUUXSW�WR�KRVW�LI�GDWD�
WUDQVIHU�RYHU�LQWHUUXSW�LV�QRW�PDVNHG� 

�� 5: �[� 

UHDGBFHDWDBGHYLFH 
�
E���+RVW�LV�QRW�SHUIRUPLQJ�UHDG�DFFHVV�WRZDUGV�&(�$7$�GHYLFH 
�
E���+RVW�LV�SHUIRUPLQJ�UHDG�DFFHVV�WRZDUGV�&(�$7$�GHYLFH 
6RIWZDUH�VKRXOG�VHW�WKLV�ELW�WR�LQGLFDWH�WKDW�&(�$7$�GHYLFH�LV�
EHLQJ�DFFHVVHG�IRU�UHDG�WUDQVIHU��7KLV�ELW�LV�XVHG�WR�GLVDEOH�UHDG�
GDWD�WLPHRXW�LQGLFDWLRQ�ZKLOH�SHUIRUPLQJ�&(�$7$�UHDG�WUDQVIHUV��  
0D[LPXP�YDOXH�RI�,�2�WUDQVPLVVLRQ�GHOD\�FDQ�EH�QR�OHVV�WKDQ����
VHFRQGV��7KH�+RVW�&RQWUROOHU�VKRXOG�QRW�LQGLFDWH�UHDG�GDWD�
WLPHRXW�ZKLOH�ZDLWLQJ�IRU�GDWD�IURP�&(�$7$�GHYLFH� 

�� 5: �[� 

XSGDWHBFORFNBUHJVBRQO\ 
�
E���1RUPDO�FRPPDQG�VHTXHQFH�  
�
E���'R�QRW�VHQG�FRPPDQGV��MXVW�XSGDWH�FORFN�UHJLVWHU�YDOXH�
LQWR� � FDUG�FORFN�GRPDLQ� 
)ROORZLQJ�UHJLVWHU�YDOXHV�WUDQVIHUUHG�LQWR�FDUG�FORFN�GRPDLQ��
6'00&B&/.',9��6'00&B&/565&��6'00&B&/.(1$��  
&KDQJHV�FDUG�FORFNV��FKDQJH�IUHTXHQF\��WUXQFDWH�RII�RU�RQ��DQG�
VHW�ORZ�IUHTXHQF\�PRGH���SURYLGHG�LQ�RUGHU�WR�FKDQJH�FORFN�
IUHTXHQF\�RU�VWRS�FORFN�ZLWKRXW�KDYLQJ�WR�VHQG�FRPPDQG�WR�
FDUGV� 
'XULQJ�QRUPDO�FRPPDQG�VHTXHQFH��ZKHQ�
XSGDWHBFORFNBUHJVBRQO\� ����IROORZLQJ�FRQWURO�UHJLVWHUV�DUH�
WUDQVIHUUHG�IURP�%,8�WR�&,8��6'00&B&0'��6'00&B&0'$5*��
6'00&B70287��6'00&B&7<3(��6'00&B%/.6,=��
6'00&B%<7&17��&,8�XVHV�QHZ�UHJLVWHU�YDOXHV�IRU�QHZ�FRPPDQG�
VHTXHQFH�WR�FDUG� 
:KHQ�ELW�LV�VHW��WKHUH�DUH�QR�&RPPDQG�'RQH�LQWHUUXSWV�EHFDXVH�
QR�FRPPDQG�LV�VHQW�WR�6'B00&B&($7$�FDUGV� 

����� 52 �[�� UHVHUYHG 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

VHQGBLQLWLDOL]DWLRQ 
�
E���'R�QRW�VHQG�LQLWLDOL]DWLRQ�VHTXHQFH�����FORFNV�RI����EHIRUH� �
VHQGLQJ�WKLV�FRPPDQG�  
�
E���6HQG�LQLWLDOL]DWLRQ�VHTXHQFH�EHIRUH�VHQGLQJ�WKLV�FRPPDQG�  
$IWHU�SRZHU�RQ�����FORFNV�PXVW�EH�VHQW�WR�FDUG�IRU�LQLWLDOL]DWLRQ�
EHIRUH�VHQGLQJ�DQ\�FRPPDQGV�WR�FDUG��%LW�VKRXOG�EH�VHW�ZKLOH�
VHQGLQJ�ILUVW�FRPPDQG�WR�FDUG�VR�WKDW�FRQWUROOHU�ZLOO�LQLWLDOL]H�
FORFNV�EHIRUH�VHQGLQJ�FRPPDQG�WR�FDUG��7KLV�ELW�VKRXOG�QRW�EH�
VHW�IRU�HLWKHU�RI�WKH�ERRW�PRGHV��DOWHUQDWH�RU�PDQGDWRU\�� 

�� 5: �[� 

VWRSBDERUWBFPG 
�
E���1HLWKHU�VWRS�QRU�DERUW�FRPPDQG�WR�VWRS�FXUUHQW�GDWD�
WUDQVIHU�LQ�SURJUHVV��,I�DERUW�LV�VHQW�WR�IXQFWLRQ�QXPEHU�FXUUHQWO\�
VHOHFWHG�RU�QRW�LQ�GDWD�WUDQVIHU�PRGH��WKHQ�ELW�VKRXOG�EH�VHW�WR�
���  
�
E���6WRS�RU�DERUW�FRPPDQG�LQWHQGHG�WR�VWRS�FXUUHQW�GDWD�
WUDQVIHU� � LQ�SURJUHVV� 
:KHQ�RSHQ�HQGHG�RU�SUHGHILQHG�GDWD�WUDQVIHU�LV�LQ�SURJUHVV��DQG�
KRVW�LVVXHV�VWRS�RU�DERUW�FRPPDQG�WR�VWRS�GDWD�WUDQVIHU��ELW�
VKRXOG�EH�VHW�VR�WKDW�FRPPDQG�GDWD�VWDWH�PDFKLQHV�RI�&,8�FDQ�
UHWXUQ�FRUUHFWO\�WR�LGOH�VWDWH��7KLV�LV�DOVR�DSSOLFDEOH�IRU�%RRW�
PRGH�WUDQVIHUV��7R�$ERUW�ERRW�PRGH��WKLV�ELW�VKRXOG�EH�VHW�DORQJ�
ZLWK�6'00&B&0'>��@ GLVDEOHBERRW� 

�� 5: �[� 

ZDLWBSUYGDWDBFRPSOHWH 
�
E���6HQG�FRPPDQG�DW�RQFH��HYHQ�LI�SUHYLRXV�GDWD�WUDQVIHU�KDV�
QRW�FRPSOHWHG�  
�
E���:DLW�IRU�SUHYLRXV�GDWD�WUDQVIHU�FRPSOHWLRQ�EHIRUH�VHQGLQJ�
FRPPDQG 
7KH�ZDLWBSUYGDWDBFRPSOHWH ��RSWLRQ�W\SLFDOO\�XVHG�WR�TXHU\�
VWDWXV�RI�FDUG�GXULQJ�GDWD�WUDQVIHU�RU�WR�VWRS�FXUUHQW�GDWD�
WUDQVIHU��FDUGBQXPEHU�VKRXOG�EH�VDPH�DV�LQ�SUHYLRXV�FRPPDQG� 

�� 5: �[� 

VHQGBDXWRBVWRS 
�
E���1R�VWRS�FRPPDQG�VHQW�DW�HQG�RI�GDWD�WUDQVIHU� �  
�
E���6HQG�VWRS�FRPPDQG�DW�HQG�RI�GDWD�WUDQVIHU 
:KHQ�VHW��WKH�+RVW�&RQWUROOHU�VHQGV�VWRS�FRPPDQG�WR�FDUG�DW�
HQG�RI�GDWD�WUDQVIHU� 
D��:KHQ�VHQGBDXWRBVWRS�ELW�VKRXOG�EH�VHW��VLQFH�VRPH�GDWD�
WUDQVIHUV�GR�QRW�QHHG�H[SOLFLW�VWRS�FRPPDQGV�  
E��2SHQ�HQGHG�WUDQVIHUV�WKDW�VRIWZDUH�VKRXOG�H[SOLFLWO\�VHQG�WR�
VWRS�FRPPDQG 
$GGLWLRQDOO\��ZKHQ��UHVXPH��LV�VHQW�WR�UHVXPH�VXVSHQGHG�
PHPRU\�DFFHVV�RI�6'�&RPER�FDUG��ELW�VKRXOG�EH�VHW�FRUUHFWO\�LI�
VXVSHQGHG�GDWD�WUDQVIHU�QHHGV�VHQGBDXWRBVWRS� 
'RQ
W�FDUH�LI�QR�GDWD�H[SHFWHG�IURP�FDUG� 

�� 5: �[� 
WUDQVIHUBPRGH 
�
E���%ORFN�GDWD�WUDQVIHU�FRPPDQG� �  
�
E���6WUHDP�GDWD�WUDQVIHU�FRPPDQG 
'RQ
W�FDUH�LI�QR�GDWD�H[SHFWHG� 

�� 5: �[� 
ZU 
�
E���5HDG�IURP�FDUG 
�
E���:ULWH�WR�FDUG 
'RQ
W�FDUH�LI�QR�GDWD�H[SHFWHG�IURP�FDUG� 

� 5: �[� 
GDWDBH[SHFWHG 
�
E���1R�GDWD�WUDQVIHU�H[SHFWHG��UHDG�ZULWH� 
�
E���'DWD�WUDQVIHU�H[SHFWHG��UHDG�ZULWH� 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

FKHFNBUHVSRQVHBFUF 
�
E���'R�QRW�FKHFN�UHVSRQVH�&5& 
�
E���&KHFN�UHVSRQVH�&5& 
6RPH�RI�FRPPDQG�UHVSRQVHV�GR�QRW�UHWXUQ�YDOLG�&5&�ELWV��
6RIWZDUH�VKRXOG�GLVDEOH�&5&�FKHFNV�IRU�WKRVH�FRPPDQGV�LQ�
RUGHU�WR�GLVDEOH�&5&�FKHFNLQJ�E\�FRQWUROOHU� 

� 5: �[� 
UHVSRQVHBOHQJWK 
�
E���6KRUW�UHVSRQVH�H[SHFWHG�IURP�FDUG 
�
E���/RQJ�UHVSRQVH�H[SHFWHG�IURP�FDUG 

� 5: �[� 
UHVSRQVHBH[SHFW 
�
E���1R�UHVSRQVH�H[SHFWHG�IURP�FDUG 
�
E���5HVSRQVH�H[SHFWHG�IURP�FDUG 

��� 5: �[�� FPGBLQGH[ 
&RPPDQG�LQGH[ 

 
6'00&B5(63��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� UHVSRQVH� %LW>����@�RI�UHVSRQVH 
 
6'00&B5(63��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 

UHVSRQVH� 
5HJLVWHU�UHSUHVHQWV�ELW>�����@�RI�ORQJ�UHVSRQVH� 
:KHQ�&,8�VHQGV�DXWR�VWRS�FRPPDQG��WKHQ�UHVSRQVH�LV�VDYHG�LQ�
UHJLVWHU��5HVSRQVH�IRU�SUHYLRXV�FRPPDQG�VHQW�E\�KRVW�LV�VWLOO�
SUHVHUYHG�LQ�UHVSRQVH���UHJLVWHU��$GGLWLRQDO�DXWR�VWRS�LVVXHG�
RQO\�IRU�GDWD�WUDQVIHU�FRPPDQGV��DQG�UHVSRQVH�W\SH�LV�DOZD\V�
�VKRUW��IRU�WKHP� 

 
6'00&B5(63��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� UHVSRQVH� %LW>�����@�RI�ORQJ�UHVSRQVH� 
 
6'00&B5(63��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� UHVSRQVH� %LW>������@�RI�ORQJ�UHVSRQVH� 
 
6'00&B0,17676�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

�� 52 �[� VGLRBLQWHUUXSW 
6',2�LQWHUUXSW�VWDWXV�ZKHQ�VGLRBLQWBPDVN�LV�VHW� 

����� 52 �[�� UHVHUYHG 

�� 5: �[� GDWDBQREXV\BLQWBVWDWXV 
'DWD�QR�EXV\�LQWHUUXSW�VWDWXV�ZKHQ�GDWDBQREXV\BLQWBPDVN�LV�VHW 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[���� 

LQWBVWDWXV 
,QWHUUXSW�HQDEOHG�RQO\�LI�FRUUHVSRQGLQJ�ELW�LQ�LQWHUUXSW�PDVN�
UHJLVWHU�LV�VHW� 
ELW�����(QG�ELW�HUURU��UHDG��:ULWH�QR�&5&��(%(�� �  
ELW�����$XWR�FRPPDQG�GRQH��$&'��  
ELW�����6WDUW�ELW�HUURU��6%(�� �  
ELW�����+DUGZDUH�ORFNHG�ZULWH�HUURU��+/(�� �  
ELW�����),)2�XQGHUUXQ�RYHUUXQ�HUURU��)581�� �  
ELW�����'DWD�VWDUYDWLRQ�E\�KRVW�WLPHRXW��+72���9ROWBVZLWFKBLQW�  
ELW����'DWD�UHDG�WLPHRXW��'572�� �  
ELW����5HVSRQVH�WLPHRXW��572�� �  
ELW����'DWD�&5&�HUURU��'&5&�� �  
ELW����5HVSRQVH�&5&�HUURU��5&5&�� �  
ELW����5HFHLYH�),)2�GDWD�UHTXHVW��5;'5�� �  
ELW����7UDQVPLW�),)2�GDWD�UHTXHVW��7;'5�� �  
ELW����'DWD�WUDQVIHU�RYHU��'72�� �  
ELW����&RPPDQG�GRQH��&'�� �  
ELW����5HVSRQVH�HUURU��5(�� �  
ELW����&DUG�GHWHFW��&'� 

 
6'00&B5,17676�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

�� :2 �[� 
VGLRBLQWHUUXSW 
5DZ�6',2�LQWHUUXSW�VWDWXV� 
:ULWH�YDOXH�RI���FOHDUV�WKLV�ELW��DQG�YDOXH�RI���OHDYHV�ELW�LQWDFW� 

����� 52 �[�� UHVHUYHG 

�� :2 �[� 
GDWDBQREXV\BLQWBVWDWXV 
5DZ�GDWD�QR�EXV\�LQWHUUXSW�VWDWXV� 
:ULWH�YDOXH�RI���FOHDUV�WKLV�ELW��DQG�YDOXH�RI���OHDYHV�ELW�LQWDFW� 

���� :2 �[���� 

LQWBVWDWXV 
5DZ�LQWHUUXSW�VWDWXV��  
:ULWHV�WR�ELWV�FOHDU�VWDWXV�ELW��:ULWH�YDOXH�RI���FOHDUV�VWDWXV�ELW��
DQG�YDOXH�RI���OHDYHV�ELW�LQWDFW� 
ELW�����(QG�ELW�HUURU��UHDG��:ULWH�QR�&5&��(%(�� �  
ELW�����$XWR�FRPPDQG�GRQH��$&'��  
ELW�����6WDUW�ELW�HUURU��6%(�� �  
ELW�����+DUGZDUH�ORFNHG�ZULWH�HUURU��+/(�� �  
ELW�����),)2�XQGHUUXQ�RYHUUXQ�HUURU��)581�� �  
ELW�����'DWD�VWDUYDWLRQ�E\�KRVW�WLPHRXW��+72���9ROWBVZLWFKBLQW�  
ELW����'DWD�UHDG�WLPHRXW��'572�� �  
ELW����5HVSRQVH�WLPHRXW��572�� �  
ELW����'DWD�&5&�HUURU��'&5&�� �  
ELW����5HVSRQVH�&5&�HUURU��5&5&�� �  
ELW����5HFHLYH�),)2�GDWD�UHTXHVW��5;'5�� �  
ELW����7UDQVPLW�),)2�GDWD�UHTXHVW��7;'5�� �  
ELW����'DWD�WUDQVIHU�RYHU��'72�� �  
ELW����&RPPDQG�GRQH��&'�� �  
ELW����5HVSRQVH�HUURU��5(�� �  
ELW����&DUG�GHWHFW��&'� 

 
6'00&B67$786�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 52 �[� GPDBUHT 
'0$�UHTXHVW�VLJQDO�VWDWH 

�� 52 �[� GPDBDFN 
'0$�DFNQRZOHGJH�VLJQDO�VWDWH 

����� 52 �[���� ILIRBFRXQW 
1XPEHU�RI�ILOOHG�ORFDWLRQV�LQ�),)2 

����� 52 �[�� 
UHVSRQVHBLQGH[ 
,QGH[�RI�SUHYLRXV�UHVSRQVH��LQFOXGLQJ�DQ\�DXWR�VWRS�VHQW�E\�
FRUH� 

�� 52 �[� GDWDBVWDWHBPFBEXV\ 
'DWD�WUDQVPLW�RU�UHFHLYH�VWDWH�PDFKLQH�LV�EXV\� 

� 52 �[� 
GDWDBEXV\ 
,QYHUWHG�YHUVLRQ�RI�UDZ�VHOHFWHG�FDUGBGDWD>�@� 
�
E���&DUG�GDWD�QRW�EXV\�  
�
E���&DUG�GDWD�EXV\ 

� 52 �[� 
GDWDB�BVWDWXV 
5DZ�VHOHFWHG�FDUGBGDWD>�@��FKHFNV�ZKHWKHU�FDUG�LV�SUHVHQW� 
�
E���&DUG�QRW�SUHVHQW� �  
�
E���&DUG�SUHVHQW 

��� 52 �[� 

FRPPDQGBIVPBVWDWHV 
&RPPDQG�)60�VWDWHV� 
�
K���,GOH 
�
K���6HQG�LQLW�VHTXHQFH 
�
K���7[�FPG�VWDUW�ELW 
�
K���7[�FPG�W[�ELW 
�
K���7[�FPG�LQGH[���DUJ 
�
K���7[�FPG�FUF� 
�
K���7[�FPG�HQG�ELW 
�
K���7[�UHVS�VWDUW�ELW 
�
K���5[�UHVS�,54�UHVSRQVH 
�
K���5[�UHVS�W[�ELW 
�
KD��5[�UHVS�FPG�LG[ 
�
KE��5[�UHVS�GDWD 
�
KF��5[�UHVS�FUF� 
�
KG��5[�UHVS�HQG�ELW 
�
KH��&PG�SDWK�ZDLW�1&& 
�
KI��:DLW��&0'�WR�UHVSRQVH�WXUQDURXQG 
7KH�FRPPDQG�)60�VWDWH�LV�UHSUHVHQWHG�XVLQJ����ELWV��  
7KH�6'00&B67$786�UHJLVWHU>���@�KDV���ELWV�WR�UHSUHVHQW�WKH�
FRPPDQG�)60�VWDWHV��8VLQJ�WKHVH���ELWV��RQO\����VWDWHV�FDQ�EH�
UHSUHVHQWHG��7KXV�WKUHH�VWDWHV�FDQQRW�EH�UHSUHVHQWHG�LQ�WKH�
6'00&B67$786>���@�UHJLVWHU��7KH�WKUHH�VWDWHV�WKDW�DUH�QRW�
UHSUHVHQWHG�LQ�WKH�6'00&B67$786�UHJLVWHU>���@�DUH��  
%LW�����:DLW�IRU�&&6�  
%LW�����6HQG�&&6'�  
%LW�����%RRW�0RGH�  
'XH�WR�WKLV��ZKLOH�FRPPDQG�)60�LV�LQ��:DLW�IRU�&&6�VWDWH��RU�
�6HQG�&&6'��RU��%RRW�0RGH���WKH�6'00&B67$786�UHJLVWHU�
LQGLFDWHV�VWDWXV�DV���IRU�WKH�ELW�ILHOG�>���@� 

� 52 �[� ILIRBIXOO 
),)2�LV�IXOO�VWDWXV 

� 52 �[� ILIRBHPSW\ 
),)2�LV�HPSW\�VWDWXV 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 52 �[� 
ILIRBW[BZDWHUPDUN 
),)2�UHDFKHG�7UDQVPLW�ZDWHUPDUN�OHYHO��QRW�TXDOLILHG�ZLWK�GDWD�
WUDQVIHU� 

� 52 �[� 
ILIRBU[BZDWHUPDUN 
),)2�UHDFKHG�5HFHLYH�ZDWHUPDUN�OHYHO��QRW�TXDOLILHG�ZLWK�GDWD�
WUDQVIHU� 

 
6'00&B),)27+�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 52 �[� UHVHUYHG 

����� 5: �[� 

GPDBPXWLSOHBWUDQVDFWLRQBVL]H 
%XUVW�VL]H�RI�PXOWLSOH�WUDQVDFWLRQ��VKRXOG�EH�SURJUDPPHG�VDPH�
DV�'0$�FRQWUROOHU�PXOWLSOH�WUDQVDFWLRQ�VL]H�65&�'(67B06,=(� 
�
E�������WUDQVIHUV 
�
E�������WUDQVIHUV 
�
E�������WUDQVIHUV 
�
E��������WUDQVIHUV 
�
E��������WUDQVIHUV 
�
E��������WUDQVIHUV 
�
E���������WUDQVIHUV 
�
E���������WUDQVIHUV 
7KH�XQLW�IRU�WUDQVIHU�LV���ELWV� 

����� 5: �[�II 

U[BZPDUN 
),)2�WKUHVKROG�ZDWHUPDUN�OHYHO�ZKHQ�UHFHLYLQJ�GDWD�WR�FDUG��  
:KHQ�),)2�GDWD�FRXQW�UHDFKHV�JUHDWHU�WKDQ�WKLV�QXPEHU��
'0$�),)2�UHTXHVW�LV�UDLVHG��'XULQJ�HQG�RI�SDFNHW��UHTXHVW�LV�
JHQHUDWHG�UHJDUGOHVV�RI�WKUHVKROG�SURJUDPPLQJ�LQ�RUGHU�WR�
FRPSOHWH�DQ\�UHPDLQLQJ�GDWD� 
,Q�QRQ�'0$�PRGH��ZKHQ�UHFHLYHU�),)2�WKUHVKROG��5;'5��
LQWHUUXSW�LV�HQDEOHG��WKHQ�LQWHUUXSW�LV�JHQHUDWHG�LQVWHDG�RI�'0$�
UHTXHVW��'XULQJ�HQG�RI�SDFNHW��LQWHUUXSW�LV�QRW�JHQHUDWHG�LI�
WKUHVKROG�SURJUDPPLQJ�LV�ODUJHU�WKDQ�DQ\�UHPDLQLQJ�GDWD��,W�LV�
UHVSRQVLELOLW\�RI�KRVW�WR�UHDG�UHPDLQLQJ�E\WHV�RQ�VHHLQJ�'DWD�
7UDQVIHU�'RQH�LQWHUUXSW� 
,Q�'0$�PRGH��DW�HQG�RI�SDFNHW��HYHQ�LI�UHPDLQLQJ�E\WHV�DUH�OHVV�
WKDQ�WKUHVKROG��'0$�UHTXHVW�GRHV�VLQJOH�WUDQVIHUV�WR�IOXVK�RXW�
DQ\�UHPDLQLQJ�E\WHV�EHIRUH�'DWD�7UDQVIHU�'RQH�LQWHUUXSW�LV�VHW� 
���ELWV���ELW�OHVV�WKDQ�),)2�FRXQW�RI�VWDWXV�UHJLVWHU��ZKLFK�LV����
ELWV� 
/LPLWDWLRQ��U[BZPDUN�� �),)2B'(37+���  
5HFRPPHQGHG���),)2B'(37+����������PHDQV�JUHDWHU�WKDQ�
�),)2B'(37+�������� 
127(��,Q�'0$�PRGH�GXULQJ�&&6�WLPH�RXW��WKH�'0$�GRHV�QRW�
JHQHUDWH�WKH�UHTXHVW�DW�WKH�HQG�RI�SDFNHW��HYHQ�LI�UHPDLQLQJ�
E\WHV�DUH�OHVV�WKDQ�WKUHVKROG��,Q�WKLV�FDVH��WKHUH�ZLOO�EH�VRPH�
GDWD�OHIW�LQ�WKH�),)2��,W�LV�WKH�UHVSRQVLELOLW\�RI�WKH�DSSOLFDWLRQ�WR�
UHVHW�WKH�),)2�DIWHU�WKH�&&6�WLPHRXW� 

����� 52 �[� UHVHUYHG 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[��� 

W[BZPDUN 
),)2�WKUHVKROG�ZDWHUPDUN�OHYHO�ZKHQ�WUDQVPLWWLQJ�GDWD�WR�FDUG��  
:KHQ�),)2�GDWD�FRXQW�LV�OHVV�WKDQ�RU�HTXDO�WR�WKLV�QXPEHU��
'0$�),)2�UHTXHVW�LV�UDLVHG��,I�,QWHUUXSW�LV�HQDEOHG��WKHQ�
LQWHUUXSW�RFFXUV��'XULQJ�HQG�RI�SDFNHW��UHTXHVW�RU�LQWHUUXSW�LV�
JHQHUDWHG��UHJDUGOHVV�RI�WKUHVKROG�SURJUDPPLQJ� 
,Q�QRQ�'0$�PRGH��ZKHQ�WUDQVPLW�),)2�WKUHVKROG��7;'5��
LQWHUUXSW�LV�HQDEOHG��WKHQ�LQWHUUXSW�LV�JHQHUDWHG�LQVWHDG�RI�'0$�
UHTXHVW��'XULQJ�HQG�RI�SDFNHW��RQ�ODVW�LQWHUUXSW��KRVW�LV�
UHVSRQVLEOH�IRU�ILOOLQJ�),)2�ZLWK�RQO\�UHTXLUHG�UHPDLQLQJ�E\WHV�
�QRW�EHIRUH�),)2�LV�IXOO�RU�DIWHU�&,8�FRPSOHWHV�GDWD�WUDQVIHUV��
EHFDXVH�),)2�PD\�QRW�EH�HPSW\�� 
,Q�'0$�PRGH��DW�HQG�RI�SDFNHW��LI�ODVW�WUDQVIHU�LV�OHVV�WKDQ�EXUVW�
VL]H��'0$�FRQWUROOHU�GRHV�VLQJOH�F\FOHV�XQWLO�UHTXLUHG�E\WHV�DUH�
WUDQVIHUUHG� 
���ELWV����ELW�OHVV�WKDQ�),)2�FRXQW�RI�VWDWXV�UHJLVWHU��ZKLFK�LV����
ELWV��  
/LPLWDWLRQ��W[BZPDUN�! ����  
5HFRPPHQGHG��),)2B'(37+�����PHDQV�OHVV�WKDQ�RU�HTXDO�WR�
),)2B'(37+��� 

 
6'00&B&'(7(&7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 52 �[� 
FDUGBGHWHFWBQ 
9DOXH�RQ�FDUGBGHWHFWBQ�LQSXW�SRUW��  
�
E���5HSUHVHQWV�SUHVHQFH�RI�FDUG 
�
E���5HSUHVHQWV�DEVHQFH�RI�FDUG 

 
6'00&B:57357�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 
ZULWHBSURWHFW 
9DOXH�RQ�FDUGBZULWHBSUW�LQSXW�SRUW����UHSUHVHQWV�ZULWH�
SURWHFWLRQ� 

 
6'00&B7&%&17�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� WUDQVBFDUGBE\WHBFRXQW 1XPEHU�RI�E\WHV�WUDQVIHUUHG�E\�&,8�XQLW�WR�FDUG� 
 
6'00&B7%%&17�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 
WUDQVBILIRBE\WHBFRXQW 
1XPEHU�RI�E\WHV�WUDQVIHUUHG�EHWZHHQ�KRVW�'0$�PHPRU\�DQG�
%,8�),)2� 

 
6'00&B'(%1&(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[IIIIII 
GHERXQFHBFRXQW 
1XPEHU�RI�KRVW�FORFN�XVHG�E\�GHERXQFH�ILOWHU�ORJLF��W\SLFDO�
GHERXQFH�WLPH�LV������PV� 

 
6'00&B865,'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� XVULG 8VHU�LGHQWLILFDWLRQ�UHJLVWHU 
 
6'00&B9(5,'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������D YHULG 
9HUVLRQ�LGHQWLILFDWLRQ�UHJLVWHU 

 
6'00&B+&21�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

�� 52 �[� 
DUHDBRSWLPL]HG 
�
E���1R�DUHD�RSWLPL]DWLRQ�  
�
E���$UHD�RSWLPL]DWLRQ 

����� 52 �[� QXPBFONBGLY 
GLYLGHU�QXPEHU��� 

�� 52 �[� 
VHWBFONBIDOVHBSDWK 
�
E���1R�IDOVH�SDWK�  
�
E���)DOVH�SDWK�VHW 

�� 52 �[� 
LPSOBKROGBUHJ 
�
E���1R�KROG�UHJLVWHU�  
�
E���+ROG�UHJLVWHU 

�� 52 �[� 
ILIRBUDPBLQVLGH 
�
E���2XWVLGH�  
�
E���,QVLGH 

����� 52 �[� 

JHBGPDBGDWDBZLGWK 
�
E��������ELWV�  
�
E��������ELWV�  
�
E��������ELWV�  
RWKHUV��5HVHUYHG 

����� 52 �[� 

GPDBLQWHUIDFH 
�
E����1RQH�  
�
E����':B'0$�  
�
E����*(1(5,&B'0$�  
�
E����121�':�'0$ 

����� 52 �[�I 

KBDGGUBZLGWK 
�
K��� ���ELWV�  
�
K������ELWV�  
� �ĂĂ 
�
K�I�����ELWV�  
RWKHUV��5HVHUYHG 

��� 52 �[� 

KBGDWDBZLGWK 
�
E��������ELWV 
�
E��������ELWV 
�
E��������ELWV 
RWKHUV��5HVHUYHG 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 52 �[� 
KBEXVBW\SH 
�
E���$3%�  
�
E���$+% 

��� 52 �[�� FDUGBQXP 
&DUG�QXPEHU���� 

� 52 �[� 
FDUGBW\SH 
&DUG�W\SH� 
�
E���00&B21/<�  
�
E���6'B00& 

 
6'00&B8+65(*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 5: �[� 

GGUBUHJ 
''5�PRGH��7KHVH�ELWV�LQGLFDWH�''5�PRGH�RI�RSHUDWLRQ�WR�WKH�
FRUH�IRU�WKH�GDWD�WUDQVIHU� 
�
E���1RQ�''5�PRGH�  
�
E���''5�PRGH 

���� 52 �[���� UHVHUYHG 
 
6'00&B5671�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 

FDUGBUHVHW 
+DUGZDUH�UHVHW��  
�
E���$FWLYH�PRGH�  
�
E���5HVHW 
7KHVH�ELWV�FDXVH�WKH�FDUGV�WR�HQWHU�SUH�LGOH�VWDWH��ZKLFK�UHTXLUHV�
WKHP�WR�EH�UH�LQLWLDOL]HG� 

 
6'00&B%02'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[������ UHVHUYHG 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[� 

SEO 
3URJUDPPDEOH�EXUVW�OHQJWK��7KHVH�ELWV�LQGLFDWH�WKH�PD[LPXP�
QXPEHU�RI�EHDWV�WR�EH�SHUIRUPHG�LQ�RQH�,'0$&�WUDQVDFWLRQ��7KH�
,'0$&�ZLOO�DOZD\V�DWWHPSW�WR�EXUVW�DV�VSHFLILHG�LQ�3%/�HDFK�WLPH�
LW�VWDUWV�D�%XUVW�WUDQVIHU�RQ�WKH�KRVW�EXV��7KH�SHUPLVVLEOH�YDOXHV�
DUH��������������������������DQG������7KLV�YDOXH�LV�WKH�PLUURU�RI�
06,=(�RI�6'00&B),)27+�UHJLVWHU��,Q�RUGHU�WR�FKDQJH�WKLV�YDOXH��
ZULWH�WKH�UHTXLUHG�YDOXH�WR�6'00&B),)27+�UHJLVWHU��7KLV�LV�DQ�
HQFRGH�YDOXH�DV�IROORZV� 
�
E�������WUDQVIHUV 
�
E�������WUDQVIHUV 
�
E�������WUDQVIHUV 
�
E��������WUDQVIHUV 
�
E��������WUDQVIHUV 
�
E��������WUDQVIHUV 
�
E���������WUDQVIHUV 
�
E���������WUDQVIHUV 
7UDQVIHU�XQLW�LV����ELWV� 
3%/�LV�D�UHDG�RQO\�YDOXH�DQG�LV�DSSOLFDEOH�RQO\�IRU�GDWD�DFFHVV��LW�
GRHV�QRW�DSSO\�WR�GHVFULSWRU�DFFHVVHV� 

� 5: �[� 
GH 
,'0$&�HQDEOH��  
:KHQ�VHW��WKH�,'0$&�LV�HQDEOHG� 

��� 5: �[�� 
GVO 
'HVFULSWRU�VNLS�OHQJWK��  
6SHFLILHV�WKH�QXPEHU�RI�ZRUG�WR�VNLS�EHWZHHQ�WZR�XQFKDLQHG�
GHVFULSWRUV��7KLV�LV�DSSOLFDEOH�RQO\�IRU�GXDO�EXIIHU�VWUXFWXUH� 

� 5: �[� 

IE 
)L[HG�EXUVW��  
&RQWUROV�ZKHWKHU�WKH�$+%�0DVWHU�LQWHUIDFH�SHUIRUPV�IL[HG�EXUVW�
WUDQVIHUV�RU�QRW��:KHQ�VHW��WKH�$+%�ZLOO�XVH�RQO\�6,1*/(��
,1&5���,1&5��RU�,1&5���GXULQJ�VWDUW�RI�QRUPDO�EXUVW�WUDQVIHUV��
:KHQ�UHVHW��WKH�$+%�ZLOO�XVH�6,1*/(�DQG�,1&5�EXUVW�WUDQVIHU�
RSHUDWLRQV� 

� 5: �[� 
VZU 
6RIWZDUH�UHVHW��  
:KHQ�VHW��WKH�'0$�&RQWUROOHU�UHVHWV�DOO�LWV�LQWHUQDO�UHJLVWHUV� 
,W�LV�DXWRPDWLFDOO\�FOHDUHG�DIWHU���FORFN�F\FOH� 

 
6'00&B3/'01'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� :2 �[�������� 

SG 
3ROO�GHPDQG��,I�WKH�2:1�ELW�RI�D�GHVFULSWRU�LV�QRW�VHW��WKH�)60�
JRHV�WR�WKH�VXVSHQG�VWDWH��7KH�KRVW�QHHGV�WR�ZULWH�DQ\�YDOXH�
LQWR�WKLV�UHJLVWHU�IRU�WKH�,'0$&�)60�WR�UHVXPH�QRUPDO�GHVFULSWRU�
IHWFK�RSHUDWLRQ� 

 
6'00&B'%$''5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �266 

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

VEO 
6WDUW�RI�GHVFULSWRU�OLVW��&RQWDLQV�WKH�EDVH�DGGUHVV�RI�WKH�ILUVW�
GHVFULSWRU��  
7KH�/6%�ELWV>���@�DUH�LJQRUHG�DQG�WDNHQ�DV�DOO�]HUR�E\�WKH�
,'0$&�LQWHUQDOO\��+HQFH�WKHVH�/6%�ELWV�DUH�UHDG�RQO\� 

 
6'00&B,'676�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

����� 52 �[� 

IVP 
'0$&�)60�SUHVHQW�VWDWH� 
�
K���'0$B,'/(�  
�
K���'0$B6863(1'�  
�
K���'(6&B5'�  
�
K���'(6&B&+.�  
�
K���'0$B5'B5(4B:$, 
�
K���'0$B:5B5(4B:$, 
�
K���'0$B5'�  
�
K���'0$B:5�  
�
K���'(6&B&/26( 
2WKHUV��5HVHUYHG 

����� 52 �[� 

HE 
(UURU�ELWV��,QGLFDWHV�WKH�W\SH�RI�HUURU�WKDW�FDXVHG�D�EXV�HUURU��
9DOLG�RQO\�ZLWK�IDWDO�EXV� 
�
K���+RVW�DERUW�UHFHLYHG�GXULQJ�WUDQVPLVVLRQ� �  
�
K���+RVW�DERUW�UHFHLYHG�GXULQJ�UHFHSWLRQ�  
2WKHUV��5HVHUYHG 

� 5: �[� 

DLV 
$EQRUPDO�LQWHUUXSW�VXPPDU\��/RJLFDO�25�RI�WKH�IROORZLQJ� 
6'00&B,'676>�@�IDWDO�EXV�LQWHUUXSW 
6'00&B,'676>�@�GX�ELW�LQWHUUXSW 
2QO\�XQPDVNHG�ELWV�DIIHFW�WKLV�ELW� 
7KLV�LV�D�VWLFN\�ELW�DQG�PXVW�EH�FOHDUHG�HDFK�WLPH�D�
FRUUHVSRQGLQJ�ELW�WKDW�FDXVHV�DLV�WR�EH�VHW�LV�FOHDUHG��  
:ULWLQJ�D���FOHDUV�WKLV�ELW� 

� 5: �[� 

QLV 
1RUPDO�LQWHUUXSW�VXPPDU\��/RJLFDO�25�RI�WKH�IROORZLQJ� 
6'00&B,'676>�@�WUDQVPLW�LQWHUUXSW�  
6'00&B,'676>�@�UHFHLYH�LQWHUUXSW 
2QO\�XQPDVNHG�ELWV�DIIHFW�WKLV�ELW� 
7KLV�LV�D�VWLFN\�ELW�DQG�PXVW�EH�FOHDUHG�HDFK�WLPH�D�
FRUUHVSRQGLQJ�ELW�WKDW�FDXVHV�QLV�WR�EH�VHW�LV�FOHDUHG��  
:ULWLQJ�D���FOHDUV�WKLV�ELW� 

��� 52 �[� UHVHUYHG 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

FHV 
&DUG�HUURU�VXPPDU\��,QGLFDWHV�WKH�VWDWXV�RI�WKH�WUDQVDFWLRQ�
WR�IURP�WKH�FDUG��DOVR�SUHVHQW�LQ�6'00&B5,17676��,QGLFDWHV�WKH�
ORJLFDO�25�RI�WKH�IROORZLQJ�ELWV� 
(%(��(QG�%LW�(UURU 
572��5HVSRQVH�7LPHRXW�%RRW�$FN�7LPHRXW 
5&5&��5HVSRQVH�&5& 
6%(��6WDUW�%LW�(UURU 
'572��'DWD�5HDG�7LPHRXW�%'6�WLPHRXW 
'&5&��'DWD�&5&�IRU�5HFHLYH 
5(��5HVSRQVH�(UURU 
:ULWLQJ�D���FOHDUV�WKLV�ELW� 
7KH�DERUW�FRQGLWLRQ�RI�WKH�,'0$&�GHSHQGV�RQ�WKH�VHWWLQJ�RI�WKLV�
&(6�ELW��,I�WKH�&(6�ELW�LV�HQDEOHG��WKHQ�WKH�,'0$&�DERUWV�RQ�D�
�UHVSRQVH�HUURU���KRZHYHU��LW�ZLOO�QRW�DERUW�LI�WKH�&(6�ELW�LV�
FOHDUHG� 

� 5: �[� 
GXL 
'HVFULSWRU�XQDYDLODEOH�LQWHUUXSW��7KLV�ELW�LV�VHW�ZKHQ�WKH�
GHVFULSWRU�LV�XQDYDLODEOH�GXH�WR�2:1�ELW� ����'(6�>��@� ����
:ULWLQJ�D���FOHDUV�WKLV�ELW� 

� 52 �[� UHVHUYHG 

� 5: �[� 

IEH 
)DWDO�EXV�HUURU�LQWHUUXSW��,QGLFDWHV�WKDW�D�EXV�HUURU�RFFXUUHG�
�6'00&B,'676>�����@���  
:KHQ�WKLV�ELW�LV�VHW��WKH�'0$�GLVDEOHV�DOO�LWV�EXV�DFFHVVHV��  
:ULWLQJ�D���FOHDUV�WKLV�ELW� 

� 5: �[� 
UL 
5HFHLYH�LQWHUUXSW� 
,QGLFDWHV�WKH�FRPSOHWLRQ�RI�GDWD�UHFHSWLRQ�IRU�D�GHVFULSWRU��  
:ULWLQJ�D���FOHDUV�WKLV�ELW� 

� 5: �[� 
WL 
7UDQVPLW�LQWHUUXSW��  
,QGLFDWHV�WKDW�GDWD�WUDQVPLVVLRQ�LV�ILQLVKHG�IRU�D�GHVFULSWRU��  
:ULWLQJ���FOHDUV�WKLV�ELW� 

 
6'00&B,',17(1�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[������ UHVHUYHG 

� 5: �[� 

DL 
$EQRUPDO�LQWHUUXSW�VXPPDU\�HQDEOH��  
:KHQ�VHW��DQ�DEQRUPDO�LQWHUUXSW�LV�HQDEOHG��  
7KLV�ELW�HQDEOHV�WKH�IROORZLQJ�ELWV� 
6'00&B,',17(1>�@�IDWDO�EXV�HUURU�LQWHUUXSW 
6'00&B,',17(1>�@�GX�LQWHUUXSW 

� 5: �[� 

QL 
1RUPDO�LQWHUUXSW�VXPPDU\�HQDEOH��  
:KHQ�VHW��D�QRUPDO�LQWHUUXSW�LV�HQDEOHG��:KHQ�UHVHW��D�QRUPDO�
LQWHUUXSW�LV�GLVDEOHG��  
7KLV�ELW�HQDEOHV�WKH�IROORZLQJ�ELWV� 
6'00&B,',17(1>�@�WUDQVPLW�LQWHUUXSW 
6'00&B,',17(1>�@�UHFHLYH�LQWHUUXSW 

��� 52 �[� UHVHUYHG 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
FHV 
&DUG�HUURU�VXPPDU\�LQWHUUXSW�HQDEOH��  
:KHQ�VHW��LW�HQDEOHV�WKH�FDUG�LQWHUUXSW�VXPPDU\� 

� 5: �[� 
GX 
'HVFULSWRU�XQDYDLODEOH�LQWHUUXSW��  
:KHQ�VHW�DORQJ�ZLWK�DEQRUPDO�LQWHUUXSW�VXPPDU\�HQDEOH��WKH�GX�
LQWHUUXSW�LV�HQDEOHG� 

� 52 �[� UHVHUYHG 

� 5: �[� 

IEH 
)DWDO�EXV�HUURU�HQDEOH��  
:KHQ�VHW�ZLWK�DEQRUPDO�LQWHUUXSW�VXPPDU\�HQDEOH��WKH�IDWDO�EXV�
HUURU�LQWHUUXSW�LV�HQDEOHG��  
:KHQ�UHVHW��IDWDO�EXV�HUURU�HQDEOH�LQWHUUXSW�LV�GLVDEOHG� 

� 5: �[� 

UL 
5HFHLYH�LQWHUUXSW�HQDEOH� 
:KHQ�VHW�ZLWK�QRUPDO�LQWHUUXSW�VXPPDU\�HQDEOH��UHFHLYH�
LQWHUUXSW�LV�HQDEOHG��  
:KHQ�UHVHW��UHFHLYH�LQWHUUXSW�LV�GLVDEOHG� 

� 5: �[� 

WL 
7UDQVPLW�LQWHUUXSW�HQDEOH��  
:KHQ�VHW�ZLWK�QRUPDO�LQWHUUXSW�VXPPDU\�HQDEOH��WUDQVPLW�
LQWHUUXSW�LV�HQDEOHG��  
:KHQ�UHVHW��WUDQVPLW�LQWHUUXSW�LV�GLVDEOHG� 

 
6'00&B'6&$''5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

KGD 
+RVW�GHVFULSWRU�DGGUHVV�SRLQWHU��  
7KLV�UHJLVWHU�SRLQWV�WR�WKH�VWDUW�DGGUHVV�RI�WKH�FXUUHQW�GHVFULSWRU�
UHDG�E\�WKH�,'0$&��&OHDUHG�RQ�UHVHW��3RLQWHU�XSGDWHG�E\�,'0$&�
GXULQJ�RSHUDWLRQ� 

 
6'00&B%8)$''5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

KED 
+RVW�EXIIHU�DGGUHVV�SRLQWHU��  
7KLV�UHJLVWHU�SRLQWV�WR�WKH�FXUUHQW�GDWD�EXIIHU�DGGUHVV�EHLQJ�
DFFHVVHG�E\�WKH�,'0$&��&OHDUHG�RQ�5HVHW��3RLQWHU�XSGDWHG�E\�
,'0$&�GXULQJ�RSHUDWLRQ� 

 
6'00&B&$5'7+5&7/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[��� FDUGBUGBWKUHV 
&DUG�UHDG�WKUHVKROG�VL]H 

���� 52 �[���� UHVHUYHG 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

EXV\BFOUBLQWBHQ 
%XV\�FOHDU�LQWHUUXSW� 
�
E���%XV\�FOHDU�LQWHUUXSW�GLVDEOHG 
�
E���%XV\�FOHDU�LQWHUUXSW�HQDEOHG 
1RWH��7KH�DSSOLFDWLRQ�FDQ�GLVDEOH�WKLV�IHDWXUH�LI�LW�GRHV�QRW�ZDQW�
WR�ZDLW�IRU�D�EXV\�FOHDU�LQWHUUXSW��)RU�H[DPSOH��LQ�D�PXOWL�FDUG�
VFHQDULR��WKH�DSSOLFDWLRQ�FDQ�VZLWFK�WR�WKH�RWKHU�FDUG�ZLWKRXW�
ZDLWLQJ�IRU�D�EXV\�WR�EH�FRPSOHWHG��,Q�VXFK�FDVHV��WKH�
DSSOLFDWLRQ�FDQ�XVH�WKH�SROOLQJ�PHWKRG�WR�GHWHUPLQH�WKH�VWDWXV�RI�
EXV\��%\�GHIDXOW�WKLV�IHDWXUH�LV�GLVDEOHG�DQG�EDFNZDUG�
FRPSDWLEOH�WR�WKH�OHJDF\�GULYHUV�ZKHUH�SROOLQJ�LV�XVHG� 

� 5: �[� 

FDUGBUGBWKUHVBHQ 
&DUG�UHDG�WKUHVKROG�HQDEOH� 
�
E���&DUG�UHDG�WKUHVKROG�GLVDEOHG 
�
E���&DUG�UHDG�WKUHVKROG�HQDEOHG��7KH�KRVW�LQLWLDWHV�UHDG�
WUDQVIHU�RQO\�LI�]FDUGBUGBWKUHV�DPRXQW�RI�VSDFH�LV�DYDLODEOH�LQ�
UHFHLYH�),)2� 

 
6'00&B%$&.(1'B32:(5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 
EDFNBHQGBSRZHU 
%DFN�HQG�SRZHU� 
�
E���2II��5HVHW 
�
E���%DFN�HQG�SRZHU�VXSSOLHG�WR�FDUG�DSSOLFDWLRQ 

 
6'00&B(00&''5B5(*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 

KDOIBVWDUWBELW 
&RQWURO�IRU�VWDUW�ELW�GHWHFWLRQ�PHFKDQLVP�LQVLGH�+RVW�&RQWUROOHU�
EDVHG�RQ�GXUDWLRQ�RI�VWDUW�ELW��  
)RU�H00&������VWDUW�ELW�FDQ�EH� 
�
E���)XOO�F\FOH��KDOIBVWDUWBELW �� 
�
E���/HVV�WKDQ�RQH�IXOO�F\FOH��KDOIBVWDUWBELW �� 
6HW�KDOIBVWDUWBELW ��IRU�H00&�����DQG�DERYH��VHW�WR���IRU�6'�
DSSOLFDWLRQV� 

 
6'00&B5'<,17B*(1�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

�� 52 �[� 
UG\LQWBFQWBILQLVK 
&RXQWHU�ILQLVK�LQGLFDWLRQ��  
:KHQ�KLJK��LW�LQGLFDWHV�WKDW�WKH�UG\LQW�FRXQWHU�LV�ILQLVKHG� 

����� 52 �[II UG\LQWBFQWBVWDWXV 
&RXQHU�VWDWXV��UHIOHFW�LQWHUQDO�FRXQWHU�YDOXH� 

���� 52 �[�� UHVHUYHG 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �270 

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

UG\LQWBJHQBZRUNLQJ 
:RUNLQJ�LQGLFDWLRQ�IRU�UG\LQW�JHQHUDWRU� 
:KHQ�KLJK��+RVW�&RQWUROOHU�VWDUW�WR�FRXQW�DQG�JHQHUDWH�RQH�
UG\LQW�WULJJHU��$IWHU�WKH�UG\LQW�WULJJHU�LV�JHQHUDWHG��WKLV�ELW�ZLOO�EH�
VHW�WR���E\�+RVW�&RQWUROOHU��6R�VRIWZDUH�VKRXOG�VHW�LW�WR���EHIRUH�
GHWHFWLQJ�QH[W�LQWHUUXSW� 

��� 5: �[�� 
UG\LQWBJHQBPD[YDO 
0D[�FRXQWHU�YDOXH�WR�GHWHFW�FGDWDBLQ��KLJK�YDOXH�IRU�JHQHUDWLQJ�
UG\LQW��EDVHG�RQ�LQWHUQDO�FORFN�IUHTXHQF\� 

 
6'00&B),)2B%$6(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� ILIRBEDVHBDGGU ),)2�EDVH�DGGUHVV 
 
6.5 Interface Description 
6.5.1 6'00&��,QWHUIDFH�'HVFULSWLRQ 

Table 6-8 SDMMC Interface Description 
Module Pin Dir. PAD Name IOMUX Setting 

sdmmc0_cclk O SDMMC0_CLK/TEST_CLKOUT/UART5_TX_M0/CAN0_RX
_M1/GPIO2_A2_d *5)B*3,2�$B,208;B/>����@ �¶K� 

sdmmc0_ccmd I/O SDMMC0_CMD/PWM10_M1/UART5_RX_M0/CAN0_TX_M
1/GPIO2_A1_u *5)B*3,2�$B,208;B/>���@ �¶K� 

sdmmc0_cdata0 I/O SDMMC0_D0/UART2_TX_M1/UART6_TX_M1/PWM8_M1/
GPIO1_D5_u *5)B*3,2�'B,208;B+>���@ �¶K� 

sdmmc0_cdata1 I/O SDMMC0_D1/UART2_RX_M1/UART6_RX_M1/PWM9_M1
/GPIO1_D6_u *5)B*3,2�'B,208;B+>����@ �¶K� 

sdmmc0_cdata2 I/O SDMMC0_D2/JTAG_TCK/UART5_CTSn_M0/GPIO1_D7_u *5)B*3,2�'B,208;B+>�����@ �¶K� 
sdmmc0_cdata3 I/O SDMMC0_D3/JTAG_TMS/UART5_RTSn_M0/GPIO2_A0_u *5)B*3,2�$B,208;B/>���@ �¶K� 

sdmmc0_cdetn I SDMMC0_DET/SATA_CP_DET/PCIE30X1_CLKREQn_M0/
GPIO0_A4_u 308B*5)B*3,2�$B,208;B+>���@ �¶K� 

sdmmc0_pwr O SDMMC0_PWREN/SATA_MP_SWITCH/PCIE20_CLKREQn
_M0/GPIO0_A5_d 

PMU_GRF_GPIO0A_IOMUX_H[7:4] 
 �¶K� 

1RWHV��, LQSXW��2 RXWSXW��,�2 LQSXW�RXWSXW��ELGLUHFWLRQDO 
6.5.2 6'00&��,QWHUIDFH�'HVFULSWLRQ 

Table 6-9 SDIO Interface Description 
Module Pin Dir. PAD Name IOMUX Setting 

sdmmc1_cclk O SDMMC1_CLK/GMAC0_TXCLK/UART9_TX_M0/GPIO2_B
0_d GRF_GPIO2B_IOMUX_L[3:0]=4¶h1 

sdmmc1_ccmd I/O SDMMC1_CMD/GMAC0_TXD3/UART9_RX_M0/GPIO2_A7
_u GRF_GPIO2A_IOMUX_H[15:12]=4¶h1 

sdmmc1_cdata0 I/O SDMMC1_D0/GMAC0_RXD2/UART6_RX_M0/GPIO2_A3_
u GRF_GPIO2A_IOMUX_L[15:12]=4¶h1 

sdmmc1_cdata1 I/O SDMMC1_D1/GMAC0_RXD3/UART6_TX_M0/GPIO2_A4_
u GRF_GPIO2A_IOMUX_H[3:0]=4¶h1 

sdmmc1_cdata2 I/O SDMMC1_D2/GMAC0_RXCLK/UART7_RX_M0/GPIO2_A5
_u GRF_GPIO2A_IOMUX_H[7:4]=4¶h1 

sdmmc1_cdata3 I/O SDMMC1_D3/GMAC0_TXD2/UART7_TX_M0/GPIO2_A6_
u GRF_GPIO2A_IOMUX_H[11:8]=4¶h1 

sdmmc1_cdetn I SDMMC1_DET/I2C4_SCL_M1/UART8_CTSn_M0/CAN2_T
X_M1/GPIO2_B2_u GRF_GPIO2B_IOMUX_L[11:8]=4¶h1 

sdmmc1_pwr O SDMMC1_PWREN/I2C4_SDA_M1/UART8_RTSn_M0/CAN
2_RX_M1/GPIO2_B1_d GRF_GPIO2B_IOMUX_L[7:4]=4¶h1 

1RWHV��, LQSXW��2 RXWSXW��,�2 LQSXW�RXWSXW��ELGLUHFWLRQDO 
6.5.3 6'00&��,QWHUIDFH�'HVFULSWLRQ 

Table 6-10 SDMMC2 M0 Interface Description 
Module Pin Dir. PAD Name IOMUX Setting 

sdmmc2_cclk O CIF_D5/EBC_SDDO5/SDMMC2_CLK_M0/I2S1_SDI1_M1
/VOP_BT656_D5_M1/GPIO3_D3_d GRF_GPIO3D_IOMUX_L[15:12]=4¶h3 

sdmmc2_ccmd I/O CIF_D4/EBC_SDDO4/SDMMC2_CMD_M0/I2S1_SDI0_M
1/VOP_BT656_D4_M1/GPIO3_D2_d GRF_GPIO3D_IOMUX_L[11:8]=4¶h3 

sdmmc2_cdata0 I/O CIF_D0/EBC_SDDO0/SDMMC2_D0_M0/I2S1_MCLK_M1/
VOP_BT656_D0_M1/GPIO3_C6_d GRF_GPIO3C_IOMUX_H[11:8]=4¶h3 

sdmmc2_cdata1 I/O CIF_D1/EBC_SDDO1/SDMMC2_D1_M0/I2S1_SCLK_TX_
M1/VOP_BT656_D1_M1/GPIO3_C7_d GRF_GPIO3C_IOMUX_H[15:12]=4¶h3 
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Module Pin Dir. PAD Name IOMUX Setting 

sdmmc2_cdata2 I/O CIF_D2/EBC_SDDO2/SDMMC2_D2_M0/I2S1_LRCK_TX_
M1/VOP_BT656_D2_M1/GPIO3_D0_d GRF_GPIO3D_IOMUX_L[3:0]=4¶h3 

sdmmc2_cdata3 I/O CIF_D3/EBC_SDDO3/SDMMC2_D3_M0/I2S1_SDO0_M1
/VOP_BT656_D3_M1/GPIO3_D1_d GRF_GPIO3D_IOMUX_L[7:4]=4¶h3 

sdmmc2_cdetn I CIF_D6/EBC_SDDO6/SDMMC2_DET_M0/I2S1_SDI2_M1
/VOP_BT656_D6_M1/GPIO3_D4_d GRF_GPIO3D_IOMUX_H[3:0]=4¶h3 

sdmmc2_pwr O CIF_D7/EBC_SDDO7/SDMMC2_PWREN_M0/I2S1_SDI3_
M1/VOP_BT656_D7_M1/GPIO3_D5_d GRF_GPIO3D_IOMUX_H[7:4]=4¶h3 

1RWHV��, LQSXW��2 RXWSXW��,�2 LQSXW�RXWSXW��ELGLUHFWLRQDO 
 

Table 6-11 SDMMC2 M1 Interface Description 
Module Pin Dir. PAD Name IOMUX Setting 

sdmmc2_cclk O LCDC_D13/VOP_BT1120_CLK/GMAC1_TXCLK_M0/I2S3
_SDI_M0/SDMMC2_CLK_M1/GPIO3_A6_d GRF_GPIO3A_IOMUX_H[11:8]=4¶h5 

sdmmc2_ccmd I/O LCDC_D12/VOP_BT1120_D4/GMAC1_RXD3_M0/I2S3_S
DO_M0/SDMMC2_CMD_M1/GPIO3_A5_d GRF_GPIO3A_IOMUX_H[7:4]=4¶h5 

sdmmc2_cdata0 I/O LCDC_D8/VOP_BT1120_D0/SPI1_CS0_M1/PCIE30X1_P
ERSTn_M1/SDMMC2_D0_M1/GPIO3_A1_d GRF_GPIO3A_IOMUX_L[7:4]=4¶h5 

sdmmc2_cdata1 I/O LCDC_D9/VOP_BT1120_D1/GMAC1_TXD2_M0/I2S3_MC
LK_M0/SDMMC2_D1_M1/GPIO3_A2_d GRF_GPIO3A_IOMUX_L[11:8]=4¶h5 

sdmmc2_cdata2 I/O LCDC_D10/VOP_BT1120_D2/GMAC1_TXD3_M0/I2S3_S
CLK_M0/SDMMC2_D2_M1/GPIO3_A3_d GRF_GPIO3A_IOMUX_L[15:12]=4¶h5 

sdmmc2_cdata3 I/O LCDC_D11/VOP_BT1120_D3/GMAC1_RXD2_M0/I2S3_L
RCK_M0/SDMMC2_D3_M1/GPIO3_A4_d GRF_GPIO3A_IOMUX_H[3:0]=4¶h5 

sdmmc2_cdetn I LCDC_D14/VOP_BT1120_D5/GMAC1_RXCLK_M0/SDMM
C2_DET_M1/GPIO3_A7_d GRF_GPIO3A_IOMUX_H[15:12] =4¶h4 

sdmmc2_pwr O LCDC_D15/VOP_BT1120_D6/ETH1_REFCLKO_25M_M0/
SDMMC2_PWREN_M1/GPIO3_B0_d GRF_GPIO3B_IOMUX_L[3:0]=4¶h4 

1RWHV��, LQSXW��2 RXWSXW��,�2 LQSXW�RXWSXW��ELGLUHFWLRQDO 
6.6 Application Notes 
6.6.1 &DUG�'HWHFW�DQG�:ULWH�3URWHFW�0HFKDQLVP 
)ROORZLQJ�ILJXUH�LOOXVWUDWHV�KRZ�WKH�6'�00&�FDUG�GHWHFWLRQ�DQG�ZULWH�SURWHFW�VLJQDOV�DUH�
FRQQHFWHG��0RVW�RI�WKH�6'�00&�VRFNHWV�KDYH�FDUG�GHWHFW�SLQV��:KHQ�QR�FDUG�LV�SUHVHQW��
FDUGBGHWHFWBQ�LV���GXH�WR�WKH�SXOO�XS��:KHQ�WKH�FDUG�LV�LQVHUWHG��WKH�FDUG�GHWHFW�SLQ�LV�
VKRUWHG�WR�JURXQG��ZKLFK�PDNHV�FDUGBGHWHFWBQ�JR�WR����6LPLODUO\�LQ�6'�FDUGV��ZKHQ�WKH�
ZULWH�SURWHFW�VZLWFK�LV�WRZDUG�WKH�OHIW��LW�VKRUWV�WKH�ZULWHBSURWHFW�SRUW�WR�JURXQG��  

SD/MMC 
Host 

Controller

 
Fig. 6-10 SD/MMC Card-Detect and Write-Protect 

6.6.2 6'�00&�7HUPLQDWLRQ�5HTXLUHPHQW 
)ROORZLQJ�)LJXUH�LOOXVWUDWHV�WKH�6'�00&�WHUPLQDWLRQ�UHTXLUHPHQWV��ZKLFK�LV�UHTXLUHG�WR�SXOO�
XS�FFPG�DQG�FGDWD�OLQHV�RQ�WKH�GHYLFH�EXV��7KH�UHFRPPHQGHG�VSHFLILFDWLRQ�IRU�SXOO�XS�RQ�
WKH�FFPG�OLQH��5FPG��LV����.������.�IRU�00&��DQG���.������.�IRU�DQ�6'��7KH�UHFRPPHQGHG�
SXOO�XS�RQ�WKH�FGDWD�OLQH��5GDW��LV���.������.��  
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SD/MMC 
Host 

Controller

SD/MMC 
Card

ccmd

ROD RDAT RCMD

ccmd_od_pullup_en_n

cdata
cclk

 
Fig. 6-11 SD/MMC Card Termination 

5FPG�DQG�5RG�&DOFXODWLRQ 
7KH�6'�00&�FDUG�HQXPHUDWLRQ�KDSSHQV�DW�D�YHU\�ORZ�IUHTXHQF\�±��������.+]��6LQFH�WKH�
00&�EXV�LV�D�VKDUHG�EXV�EHWZHHQ�PXOWLSOH�FDUGV��GXULQJ�HQXPHUDWLRQ�RSHQ�GULYH�PRGH�LV�
XVHG�WR�DYRLG�EXV�FRQIOLFW��&DUGV�WKDW�GULYH���ZLQ�RYHU�FDUGV�WKDW�GULYH�³]´��7KH�SXOO�XS�LQ�
WKH�FRPPDQG�OLQH�SXOOV�WKH�EXV�WR���ZKHQ�DOO�FDUGV�GULYH�³]´��'XULQJ�QRUPDO�GDWD�WUDQVIHU��
WKH�KRVW�FKRRVHV�RQO\�RQH�FDUG�DQG�WKH�FDUG�GULYHU�VZLWFKHV�WR�SXVK�SXOO�PRGH��  
)RU�H[DPSOH��LI�HQXPHUDWLRQ�LV�GRQH�DW����.+]�DQG�WKH�WRWDO�EXV�FDSDFLWDQFH�LV�����SI��WKH�
SXOO�XS�QHHGHG�GXULQJ�HQXPHUDWLRQ�LV� 
����5&� �ULVH�WLPH� ������.+] 
5� ���������&�����.+]� 
 ��������[�����[�������[�����[����� 
 ���������[������ 
 �����. 
7KH�52'�DQG�5&0'�VKRXOG�EH�DGMXVWHG�LQ�VXFK�D�ZD\�WKDW�WKH�HIIHFWLYH�SXOO�XS�LV�DW�WKH�
PD[LPXP�����.�GXULQJ�HQXPHUDWLRQ��,I�WKHUH�DUH�RQO\�D�IHZ�FDUGV�LQ�WKH�EXV��D�IL[HG�5&0'�
UHVLVWHU�LV�VXIILFLHQW�DQG�WKHUH�LV�QR�QHHG�IRU�DQ�DGGLWLRQDO�52'�SXOO�XS�GXULQJ�HQXPHUDWLRQ��
<RX�VKRXOG�DOVR�HQVXUH�WKH�HIIHFWLYH�SXOO�XS�ZLOO�QRW�YLRODWH�WKH�,RO�UDWLQJ�RI�WKH�GULYHUV��  
,Q�6'�PRGH��VLQFH�HDFK�FDUG�KDV�D�VHSDUDWH�EXV��WKH�FDSDFLWDQFH�LV�OHVV��W\SLFDOO\�LQ�WKH�
RUGHU�RI������SI��KRVW�FDSDFLWDQFH���FDUG�FDSDFLWDQFH���WUDFH���VRFNHW�FDSDFLWDQFH���)RU�
H[DPSOH��LI�HQXPHUDWLRQ�LV�GRQH�DW����.+]�DQG�WKH�WRWDO�EXV�FDSDFLWDQFH�LV���SI��WKH�SXOO�XS�
QHHGHG�GXULQJ�HQXPHUDWLRQ�LV� 
����5&� �ULVH�WLPH� ������.+] 
5� ���������&�����.+]� 
 ��������[����[�������[�����[����� 
 ���������[������ 
 �����. 
7KHUHIRUH��D�IL[HG�����.�SHUPDQHQW�5FPG�LV�VXIILFLHQW�LQ�6'�PRGH�WR�HQXPHUDWH�WKH�FDUGV��  
7KH�GULYHU�RI�WKH�6'�00&�RQ�WKH�³FRPPDQG´�SRUW�QHHGV�WR�EH�RQO\�D�SXVK�SXOO�GULYHU��
'XULQJ�HQXPHUDWLRQ��WKH�6'�00&�HPXODWHV�DQ�RSHQ�GUDLQ�GULYHU�E\�GULYLQJ�RQO\�D���RU�D´]´�
E\�FRQWUROOLQJ�WKH�FFPGBRXW�DQG�FFPGBRXWBHQ�VLJQDOV��  
6.6.3 6RIWZDUH�+DUGZDUH�5HVWULFWLRQ 
%HIRUH�LVVXLQJ�D�QHZ�GDWD�WUDQVIHU�FRPPDQG��WKH�VRIWZDUH�VKRXOG�HQVXUH�WKDW�WKH�FDUG�LV�
QRW�EXV\�GXH�WR�DQ\�SUHYLRXV�GDWD�WUDQVIHU�FRPPDQG��%HIRUH�FKDQJLQJ�WKH�FDUG�FORFN�
IUHTXHQF\��WKH�VRIWZDUH�PXVW�HQVXUH�WKDW�WKHUH�DUH�QR�GDWD�RU�FRPPDQG�WUDQVIHUV�LQ�
SURJUHVV��  
,I�WKH�FDUG�LV�HQXPHUDWHG�LQ�6'5����RU�''5���PRGH��WKHQ�WKH�DSSOLFDWLRQ�PXVW�SURJUDP�WKH�
XVHBKROGBUHJ�ELW>��@�LQ�WKH�6'00&B&0'�UHJLVWHU�WR��¶E���SKDVH�VKLIW�RI�FFONBLQBGUY� ����RU�
�
E���SKDVH�VKLIW�RI�FFONBLQBGUY!����,I�WKH�FDUG�LV�HQXPHUDWHG�LQ�6'5���RU�6'5���PRGH��
WKH�DSSOLFDWLRQ�PXVW�SURJUDP�WKH�XVHBKROGBUHJ�ELW>��@�LQ�WKH�6'00&B&0'�UHJLVWHU�WR��¶E���  
7KLV�SURJUDPPLQJ�VKRXOG�EH�GRQH�IRU�DOO�GDWD�WUDQVIHU�FRPPDQGV�DQG�QRQ�GDWD�FRPPDQGV�
WKDW�DUH�VHQW�WR�WKH�FDUG��:KHQ�WKH�XVHBKROGBUHJ�ELW�LV�SURJUDPPHG�WR��¶E���WKH�+RVW�
&RQWUROOHU�E\SDVVHV�WKH�+ROG�5HJLVWHUV�LQ�WKH�WUDQVPLW�SDWK��7KH�YDOXH�RI�WKLV�ELW�VKRXOG�QRW�
EH�FKDQJHG�ZKHQ�D�&RPPDQG�RU�'DWD�7UDQVIHU�LV�LQ�SURJUHVV��)RU�PRUH�GHWDLOV�RQ�XVLQJ�
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XVHBKROGBUHJ�DQG�WKH�LPSOHPHQWDWLRQ�UHTXLUHPHQWV�IRU�PHHWLQJ�WKH�&DUG�LQSXW�KROG�WLPH��
UHIHU�WR�³5HFRPPHQGHG�8VDJH´�LQ�IROORZLQJ�WDEOH� 

Table 6-12 Recommended Usage of use_hold_reg 

No. Speed 
Mode use_hold_reg cclk_in 

(MHz) 
clk_in_drv 

(MHz) clk_divider Phase shift 

1 SDR104 1¶b0 200 200 0 0 
2 SDR104 1¶b1 200 200 0 Tunable> 0 
3 SDR50 1¶b0 100 100 0 0 
4 SDR50 1¶b1 100 100 0 Tunable> 0 
5 DDR50 

(8bit) 
1¶b0 100 100 1 0 

6 DDR50 
(8bit) 

1¶b1 100 100 1 Tunable> 0 

7 DDR50 
(4bit) 

1¶b0 50 50 0 0 

8 DDR50 
(4bit) 

1¶b1 50 50 0 Tunable> 0 

9 SDR25 1¶b1 50 50 0 Tunable> 0 
10 SDR12 1¶b1 50 50 1 Tunable> 0 
7R�DYRLG�JOLWFKHV�LQ�WKH�FDUG�FORFN�RXWSXWV��WKH�VRIWZDUH�VKRXOG�XVH�WKH�IROORZLQJ�VWHSV�ZKHQ�
FKDQJLQJ�WKH�FDUG�FORFN�IUHTXHQF\� 
1) %HIRUH�GLVDEOH�WKH�FORFNV��HQVXUH�WKDW�WKH�FDUG�LV�QRW�EXV\�GXH�WR�DQ\�SUHYLRXV�GDWD�

FRPPDQG��7R�GHWHUPLQH�WKLV��FKHFN�IRU���LQ�ELW��RI�6'00&B67$786�UHJLVWHU��  
2) 8SGDWH�WKH�&ORFN�(QDEOH�UHJLVWHU�WR�GLVDEOH�DOO�FORFNV��7R�HQVXUH�FRPSOHWLRQ�RI�DQ\�

SUHYLRXV�FRPPDQG�EHIRUH�WKLV�XSGDWH��VHQG�D�FRPPDQG�WR�WKH�&,8�WR�XSGDWH�WKH�FORFN�
UHJLVWHUV�E\�VHWWLQJ� 

z VWDUWBFPG�ELW 
z ³XSGDWH�FORFN�UHJLVWHUV�RQO\´�ELWV 
z ³ZDLWBSUHYLRXV�GDWD�FRPSOHWH´�ELW 

:DLW�IRU�WKH�&,8�WR�WDNH�WKH�FRPPDQG�E\�SROOLQJ�IRU���RQ�WKH�VWDUWBFPG�ELW��  
3) 6HW�WKH�VWDUWBFPG�ELW�WR�XSGDWH�WKH�&ORFN�'LYLGHU�DQG�RU�&ORFN�6RXUFH�UHJLVWHUV��DQG�

VHQG�D�FRPPDQG�WR�WKH�&,8�LQ�RUGHU�WR�XSGDWH�WKH�FORFN�UHJLVWHUV��ZDLW�IRU�WKH�&,8�WR�
WDNH�WKH�FRPPDQG��  

4) 6HW�VWDUWBFPG�WR�XSGDWH�WKH�&ORFN�(QDEOH�UHJLVWHU�LQ�RUGHU�WR�HQDEOH�WKH�UHTXLUHG�FORFNV�
DQG�VHQG�D�FRPPDQG�WR�WKH�&,8�WR�XSGDWH�WKH�FORFN�UHJLVWHUV��ZDLW�IRU�WKH�&,8�WR�WDNH�
WKH�FRPPDQG��  

,Q�QRQ�'0$�PRGH��ZKLOH�UHDGLQJ�IURP�D�FDUG��WKH�'DWD�7UDQVIHU�2YHU��6'00&B5,17676>�@��
LQWHUUXSW�RFFXUV�DV�VRRQ�DV�WKH�GDWD�WUDQVIHU�IURP�WKH�FDUG�LV�RYHU��7KHUH�VWLOO�FRXOG�EH�VRPH�
GDWD�OHIW�LQ�WKH�),)2��DQG�WKH�5;B:0DUN�LQWHUUXSW�PD\�RU�PD\�QRW�RFFXU��GHSHQGLQJ�RQ�WKH�
UHPDLQLQJ�E\WHV�LQ�WKH�),)2��6RIWZDUH�VKRXOG�UHDG�DQ\�UHPDLQLQJ�E\WHV�XSRQ�VHHLQJ�WKH�
'DWD�7UDQVIHU�2YHU��'72��LQWHUUXSW��:KLOH�XVLQJ�WKH�H[WHUQDO�'0$�LQWHUIDFH�IRU�UHDGLQJ�IURP�
D�FDUG��WKH�'72�LQWHUUXSW�RFFXUV�RQO\�DIWHU�DOO�WKH�GDWD�LV�IOXVKHG�WR�PHPRU\�E\�WKH�'0$�
LQWHUIDFH�XQLW��  
:KLOH�ZULWLQJ�WR�D�FDUG�LQ�H[WHUQDO�'0$�PRGH��LI�DQ�XQGHILQHG�OHQJWK�WUDQVIHU�LV�VHOHFWHG�E\�
VHWWLQJ�WKH�%\WH�&RXQW�5HJLVWHU�WR����WKH�'0$�ORJLF�ZLOO�OLNHO\�UHTXHVW�PRUH�GDWD�WKDQ�LW�ZLOO�
VHQG�WR�WKH�FDUG��VLQFH�LW�KDV�QR�ZD\�RI�NQRZLQJ�DW�ZKLFK�SRLQW�WKH�VRIWZDUH�ZLOO�VWRS�WKH�
WUDQVIHU��7KH�'0$�UHTXHVW�VWRSV�DV�VRRQ�DV�WKH�'72�LV�VHW�E\�WKH�&,8��  
,I�WKH�VRIWZDUH�LVVXHV�D�FRQWUROOHUBUHVHW�FRPPDQG�E\�VHWWLQJ�FRQWURO�UHJLVWHU�ELW>�@�WR����DOO�
WKH�&,8�VWDWH�PDFKLQHV�DUH�UHVHW��WKH�),)2�LV�QRW�FOHDUHG��7KH�'0$�VHQGV�DOO�UHPDLQLQJ�
E\WHV�WR�WKH�KRVW��,Q�DGGLWLRQ�WR�D�FDUG�UHVHW��LI�D�),)2�UHVHW�LV�DOVR�LVVXHG��WKHQ� 
z $Q\�SHQGLQJ�'0$�WUDQVIHU�RQ�WKH�EXV�FRPSOHWHV�FRUUHFWO\ 
z '0$�GDWD�UHDG�LV�LJQRUHG 
z :ULWH�GDWD�LV�XQNQRZQ�[� 
$GGLWLRQDOO\��LI�GPDBUHVHW�LV�DOVR�LVVXHG��DQ\�SHQGLQJ�'0$�WUDQVIHU�LV�DEUXSWO\�WHUPLQDWHG��
:KHQ�WKH�'0$�LV�XVHG��WKH�'0$�FRQWUROOHU�FKDQQHO�VKRXOG�DOVR�EH�UHVHW�DQG�UHSURJUDPPHG��  
,I�DQ\�RI�WKH�SUHYLRXV�GDWD�FRPPDQGV�GR�QRW�SURSHUO\�WHUPLQDWH��WKHQ�WKH�VRIWZDUH�VKRXOG�
LVVXH�WKH�),)2�UHVHW�LQ�RUGHU�WR�UHPRYH�DQ\�UHVLGXDO�GDWD��LI�DQ\��LQ�WKH�),)2��$IWHU�DVVHUWLQJ�
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WKH�),)2�UHVHW��\RX�VKRXOG�ZDLW�XQWLO�WKLV�ELW�LV�FOHDUHG��  
2QH�GDWD�WUDQVIHU�UHTXLUHPHQW�EHWZHHQ�WKH�),)2�DQG�KRVW�LV�WKDW�WKH�QXPEHU�RI�WUDQVIHUV�
VKRXOG�EH�D�PXOWLSOH�RI�WKH�),)2�GDWD�ZLGWK����ELWV���)RU�H[DPSOH��\RX�ZDQW�WR�ZULWH�RQO\����
E\WHV�WR�DQ�6'�00&�FDUG��6'00&B%<7&17���WKH�KRVW�VKRXOG�ZULWH����E\WHV�WR�WKH�),)2�RU�
SURJUDP�WKH�'0$�WR�GR����E\WH�WUDQVIHUV��7KH�VRIWZDUH�FDQ�VWLOO�SURJUDP�WKH�%\WH�&RXQW�
UHJLVWHU�WR�RQO\�����DW�ZKLFK�SRLQW�RQO\����E\WHV�ZLOO�EH�WUDQVIHUUHG�WR�WKH�FDUG��6LPLODUO\��
ZKHQ����E\WHV�DUH�UHDG�IURP�D�FDUG��WKH�KRVW�VKRXOG�VWLOO�UHDG�DOO����E\WHV�IURP�WKH�),)2��  
,W�LV�UHFRPPHQGHG�WKDW�\RX�QRW�FKDQJH�WKH�),)2�WKUHVKROG�UHJLVWHU�LQ�WKH�PLGGOH�RI�GDWD�
WUDQVIHUV��  
6.6.4 3URJUDPPLQJ�6HTXHQFH 
6.6.4.1 Initialization 
)ROORZLQJ�ILJXUH�LOOXVWUDWHV�WKH�LQLWLDOL]DWLRQ�IORZ��  

Assert Reset ̢ active-low
(for at least two clocks of clk or cclk_in, whichever is slower)

Configure control register

Enable power to card

Set interrupt masks

Enumerate_Card_Stack

Change clock source assignment, if required

Set other IP parameters

Other software-specific initialization
 

Fig. 6-12 Host Controller Initialization Sequence 
2QFH�WKH�SRZHU�DQG�FORFNV�DUH�VWDEOH��UHVHWBQ�VKRXOG�EH�DVVHUWHG�DFWLYH�ORZ��IRU�DW�OHDVW�
WZR�F\FOHV�RI�FON�RU�FFONBLQ��ZKLFKHYHU�LV�VORZHU��7KH�UHVHW�LQLWLDOL]HV�WKH�UHJLVWHUV��SRUWV��
),)2�SRLQWHUV��'0$�LQWHUIDFH�FRQWUROV��DQG�VWDWH�PDFKLQHV�LQ�WKH�GHVLJQ��$IWHU�SRZHU�RQ�
UHVHW��WKH�VRIWZDUH�VKRXOG�GR�WKH�IROORZLQJ� 
1) &RQILJXUH�FRQWURO�UHJLVWHU�±�)RU�00&�PRGH��HQDEOH�WKH�RSHQ�GUDLQ�SXOOXS�E\�VHWWLQJ�

HQDEOHB2'BSXOOXS�ELW����LQ�WKH�6'00&B&75/�UHJLVWHU��  
2) (QDEOH�SRZHU�WR�FDUGV�±�%HIRUH�HQDEOLQJ�WKH�SRZHU��FRQILUP�WKDW�WKH�YROWDJH�VHWWLQJ�WR�

WKH�YROWDJH�UHJXODWRUV�LV�FRUUHFW��(QDEOH�SRZHU�WR�WKH�FRQQHFWHG�FDUGV�E\�VHWWLQJ�WKH�
FRUUHVSRQGLQJ�ELW�WR���LQ�WKH�3RZHU�(QDEOH�UHJLVWHU��:DLW�IRU�WKH�SRZHU�UDPS�XS�WLPH��  

3) 6HW�PDVNV�IRU�LQWHUUXSWV�E\�FOHDULQJ�DSSURSULDWH�ELWV�LQ�WKH�,QWHUUXSW�0DVN�UHJLVWHU��6HW�
WKH�JOREDO�LQWBHQDEOH�ELW�RI�WKH�6'00&B&75/�UHJLVWHU��,W�LV�UHFRPPHQGHG�WKDW�\RX�ZULWH�
�[IIIIBIIII�WR�WKH�5DZ�,QWHUUXSW�UHJLVWHU�LQ�RUGHU�WR�FOHDU�DQ\�SHQGLQJ�LQWHUUXSWV�EHIRUH�
VHWWLQJ�WKH�LQWBHQDEOH�ELW��  

4) (QXPHUDWH�FDUG�VWDFN�±�(DFK�FDUG�LV�HQXPHUDWHG�DFFRUGLQJ�WR�FDUG�W\SH��IRU�GHWDLOV��
UHIHU�WR�³(QXPHUDWHG�&DUG�6WDFN �́�)RU�HQXPHUDWLRQ��\RX�VKRXOG�UHVWULFW�WKH�FORFN�
IUHTXHQF\�WR����.+]��  

5) &KDQJLQJ�FORFN�VRXUFH�DVVLJQPHQW�±�VHW�WKH�FDUG�IUHTXHQF\�XVLQJ�WKH�FORFN�GLYLGHU�DQG�
FORFN�VRXUFH�UHJLVWHUV��IRU�GHWDLOV��UHIHU�WR�³&ORFN�3URJUDPPLQJ �́�00&�FDUGV�RSHUDWH�DW�D�
PD[LPXP�RI���0+]��DW�PD[LPXP�RI���0+]�LQ�KLJK�VSHHG�PRGH���6'�PRGH�RSHUDWHV�DW�
D�PD[LPXP�RI���0+]��DW�PD[LPXP�RI���0+]�LQ�KLJK�VSHHG�PRGH���  

6) 6HW�RWKHU�SDUDPHWHUV��ZKLFK�QRUPDOO\�GR�QRW�QHHG�WR�EH�FKDQJHG�ZLWK�HYHU\�FRPPDQG��
ZLWK�D�W\SLFDO�YDOXH�VXFK�DV�WLPHRXW�YDOXHV�LQ�FFONBRXW�DFFRUGLQJ�WR�6'�00&�
VSHFLILFDWLRQV��  

z 5HVSRQVH7LPH2XW� ��[�� 
z 'DWD7LPH2XW� �KLJKHVW�RI�RQH�RI�WKH�IROORZLQJ� 
z �����7$$&)RS������16$&�� 
z +RVW�),)2�UHDG�ZULWH�ODWHQF\�IURP�),)2�HPSW\�IXOO 
z 6HW�WKH�GHERXQFH�YDOXH�WR���PV�GHIDXOW��[�IIIII��LQ�KRVW�FORFN�F\FOH�XQLWV�LQ�WKH�

6'00&B'(%1&(�UHJLVWHU��  
z ),)2�WKUHVKROG�YDOXH�LQ�E\WHV�LQ�WKH�6'00&B),)27+�UHJLVWHU��  
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6.6.4.2 Enumerated Card Stack 
7KH�FDUG�VWDFN�GRHV�WKH�IROORZLQJ� 
z (QXPHUDWHV�DOO�FRQQHFWHG�FDUGV 
z 6HWV�WKH�5&$�IRU�WKH�FRQQHFWHG�FDUGV 
z 5HDGV�FDUG�VSHFLILF�LQIRUPDWLRQ 
z 6WRUHV�FDUG�VSHFLILF�LQIRUPDWLRQ�ORFDOO\ 
(QXPHUDWLRQ�GHSHQGV�RQ�WKH�RSHUDWLQJ�PRGH�RI�WKH�6'�00&�FDUG��WKH�FDUG�W\SH�LV�ILUVW�
LGHQWLILHG�DQG�WKH�DSSURSULDWH�FDUG�HQXPHUDWLRQ�URXWLQH�LV�FDOOHG��  
1) &KHFN�LI�WKH�FDUG�LV�FRQQHFWHG��  
2) &OHDU�WKH�FDUG�W\SH�UHJLVWHU�WR�VHW�WKH�FDUG�ZLGWK�DV�D�VLQJOH�ELW��)RU�WKH�JLYHQ�FDUG�

QXPEHU��FOHDU�WKH�FRUUHVSRQGLQJ�ELWV�LQ�WKH�FDUGBW\SH�UHJLVWHU��&OHDU�WKH�UHJLVWHU�ELW�IRU�D�
��ELW����ELW�EXV�ZLGWK��)RU�H[DPSOH��IRU�FDUG�QXPEHU ���FOHDU�ELW���DQG�ELW����RI�WKH�
FDUGBW\SH�UHJLVWHU��  

3) 6HW�FORFN�IUHTXHQF\�WR�)2' ���.+]��PD[LPXP�±�3URJUDP�FORFN�GLYLGHU���ELWV�����LQ�WKH�
6'00&B&/.',9�UHJLVWHU��YDOXH�WR�RQH�KDOI�RI�WKH�FFONBLQ�IUHTXHQF\�GLYLGHG�E\����.+]��
)RU�H[DPSOH��LI�FFONBLQ�LV���0+]��WKHQ�WKH�YDOXH�LV��������������� ����  

4) ,GHQWLI\�WKH�FDUG�W\SH��WKDW�LV��6'��00&��RU�6',2��  
a. 6HQG�&0'��ILUVW��,I�D�UHVSRQVH�LV�UHFHLYHG��WKHQ�WKH�FDUG�LV�6',2 
b. ,I�QRW��VHQG�&0'��ZLWK�WKH�IROORZLQJ�$UJXPHQW 

%LW>�����@� ���¶K�� � ��UHVHUYHG�ELWV 
%LW>����@� ��¶E�������9+6�YDOXH 
%LW>���@� ��¶E�����������3UHIHUUHG�&KHFN�3DWWHUQ�E\�6'��� 

c. ,I�5HVSRQVH�LV�UHFHLYHG�WKH�FDUG�VXSSRUWV�+LJK�&DSDFLW\�6'����WKHQ�VHQG�$&0'���
ZLWK�WKH�IROORZLQJ�$UJXPHQW 
%LW>��@� ��¶E��� � ��5HVHUYHG�ELWV 
%LW>��@� ��¶E��� � ��+LJK�&DSDFLW\�6WDWXV 
%LW>�����@� ��¶K�����5HVHUYHG�ELWV 
%LW>����@� �6XSSRUWHG�9ROWDJH�5DQJH 

d. ,I�5HVSRQVH�LV�UHFHLYHG�IRU�$&0'���WKHQ�WKH�FDUG�LV�6'��2WKHUZLVH�WKH�FDUG�LV�00&��  
e. ,I�UHVSRQVH�LV�QRW�UHFHLYHG�IRU�LQLWLDO�&0'��WKHQ�FDUG�GRHV�QRW�VXSSRUW�+LJK�&DSDFLW\�

6'�����WKHQ�LVVXH�&0'��IROORZHG�E\�$&0'���ZLWK�WKH�IROORZLQJ�$UJXPHQW 
%LW>��@� ��¶E��� � ��5HVHUYHG�ELWV 
%LW>��@� ��¶E��� � ��+LJK�&DSDFLW\�6WDWXV 
%LW>�����@� ��¶K�����5HVHUYHG�ELWV 
%LW>����@� �6XSSRUWHG�9ROWDJH�5DQJH 

5) (QXPHUDWH�WKH�FDUG�DFFRUGLQJ�WR�WKH�FDUG�W\SH��  
6) 8VH�D�FORFN�VRXUFH�ZLWK�D�IUHTXHQF\� �)RG��WKDW�LV�����.+]��DQG�XVH�WKH�IROORZLQJ�

HQXPHUDWLRQ�FRPPDQG�VHTXHQFH� 
z 6'�FDUG�±�6HQG�&0'���&0'���$&0'����&0'���&0'���  
z 00&�±�6HQG�&0'���&0'���&0'���&0'���  
6.6.4.3 Clock Programming 
7KH�+RVW�&RQWUROOHU�VXSSRUWV�RQH�FORFN�VRXUFH��7KH�FORFN�WR�DQ�LQGLYLGXDO�FDUG�FDQ�EH�
HQDEOHG�RU�GLVDEOHG��5HJLVWHUV�WKDW�VXSSRUW�WKLV�DUH� 
z 6'00&B&/.',9�±�3URJUDPV�LQGLYLGXDO�FORFN�VRXUFH�IUHTXHQF\��6'00&B&/.',9�OLPLWHG�

WR���RU���LV�UHFRPPHQGHG� 
z 6'00&B&/.65&�±�$VVLJQ�FORFN�VRXUFH�IRU�HDFK�FDUG��  
z 6'00&B&/.(1$�±�(QDEOHV�RU�GLVDEOHV�FORFN�IRU�LQGLYLGXDO�FDUG�DQG�HQDEOHV�ORZ�SRZHU�

PRGH��ZKLFK�DXWRPDWLFDOO\�VWRSV�WKH�FORFN�WR�D�FDUG�ZKHQ�WKH�FDUG�LV�LGOH�IRU�PRUH�WKDQ�
��FORFNV��  

7KH�+RVW�&RQWUROOHU�ORDGV�HDFK�RI�WKHVH�UHJLVWHUV�RQO\�ZKHQ�WKH�VWDUWBFPG�ELW�DQG�WKH�
XSGDWHBFONBUHJVBRQO\�ELW�LQ�WKH�6'00&B&0'�UHJLVWHU�DUH�VHW��:KHQ�D�FRPPDQG�LV�
VXFFHVVIXOO\�ORDGHG��WKH�+RVW�&RQWUROOHU�FOHDUV�WKLV�ELW��XQOHVV�WKH�+RVW�&RQWUROOHU�DOUHDG\�KDV�
DQRWKHU�FRPPDQG�LQ�WKH�TXHXH��DW�ZKLFK�SRLQW�LW�JLYHV�DQ�+/(�+DUGZDUH�/RFNHG�(UURU���  
6RIWZDUH�VKRXOG�ORRN�IRU�WKH�VWDUWBFPG�DQG�WKH�XSGDWHBFONBUHJVBRQO\�ELWV��DQG�VKRXOG�DOVR�
VHW�WKH�ZDLWBSUYGDWDBFRPSOHWH�ELW�WR�HQVXUH�WKDW�FORFN�SDUDPHWHUV�GR�QRW�FKDQJH�GXULQJ�
GDWD�WUDQVIHU��1RWH�WKDW�HYHQ�WKRXJK�VWDUWBFPG�LV�VHW�IRU�XSGDWLQJ�FORFN�UHJLVWHUV��WKH�+RVW�
&RQWUROOHU�GRHV�QRW�UDLVH�D�FRPPDQGBGRQH�VLJQDO�XSRQ�FRPPDQG�FRPSOHWLRQ��  
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7KH�IROORZLQJ�VKRZV�KRZ�WR�SURJUDP�WKHVH�UHJLVWHUV� 
1) &RQILUP�WKDW�QR�FDUG�LV�HQJDJHG�LQ�DQ\�WUDQVDFWLRQ��LI�WKHUH�LV�D�WUDQVDFWLRQ��ZDLW�XQWLO�LW�

ILQLVKHV��  
2) 6WRS�DOO�FORFNV�E\�ZULWLQJ���WR�WKH�6'00&B&/.(1$�UHJLVWHU��6HW�WKH�VWDUWBFPG��

8SGDWHBFONBUHJVBRQO\��DQG�ZDLWBSUYGDWDBFRPSOHWH�ELWV�LQ�WKH�6'00&B&0'�UHJLVWHU��
:DLW�XQWLO�VWDUWBFPG�LV�FOHDUHG�RU�DQ�+/(�LV�VHW��LQ�FDVH�RI�DQ�+/(��UHSHDW�WKH�FRPPDQG��  

3) 3URJUDP�WKH�6'00&B&/.',9�DQG�6'00&B&/.65&�UHJLVWHUV��DV�UHTXLUHG��6HW�WKH�
VWDUWBFPG��8SGDWHBFONBUHJVBRQO\��DQG�ZDLWBSUYGDWDBFRPSOHWH�ELWV�LQ�WKH�6'00&B&0'�
UHJLVWHU��:DLW�XQWLO�VWDUWBFPG�LV�FOHDUHG�RU�DQ�+/(�LV�VHW��LQ�FDVH�RI�DQ�+/(��UHSHDW�WKH�
FRPPDQG��  

4) 5H�HQDEOH�DOO�FORFNV�E\�SURJUDPPLQJ�WKH�6'00&B&/.(1$�UHJLVWHU��6HW�WKH�VWDUWBFPG��
XSGDWHBFONBUHJVBRQO\��DQG�ZDLWBSUYGDWDBFRPSOHWH�ELWV�LQ�WKH�6'00&B&0'�UHJLVWHU��
:DLW�XQWLO�VWDUWBFPG�LV�FOHDUHG�RU�DQ�+/(�LV�VHW��LQ�FDVH�RI�DQ�+/(��UHSHDW�WKH�FRPPDQG��  

6.6.4.4 No-Data Command With or Without Response Sequence 
7R�VHQG�DQ\�QRQ�GDWD�FRPPDQG��WKH�VRIWZDUH�QHHGV�WR�SURJUDP�WKH�6'00&B&0'�UHJLVWHU�
#�[�&�DQG�WKH�6'00&B&0'$5*�UHJLVWHU�#�[���ZLWK�DSSURSULDWH�SDUDPHWHUV��8VLQJ�WKHVH�
WZR�UHJLVWHUV��WKH�+RVW�&RQWUROOHU�IRUPV�WKH�FRPPDQG�DQG�VHQGV�LW�WR�WKH�FRPPDQG�EXV��
7KH�+RVW�&RQWUROOHU�UHIOHFWV�WKH�HUURUV�LQ�WKH�FRPPDQG�UHVSRQVH�WKURXJK�WKH�HUURU�ELWV�RI�
WKH�6'00&B5,17676�UHJLVWHU��  
:KHQ�D�UHVSRQVH�LV�UHFHLYHG�±�HLWKHU�HUURQHRXV�RU�YDOLG�±�WKH�+RVW�&RQWUROOHU�VHWV�WKH�
FRPPDQGBGRQH�ELW�LQ�WKH�6'00&B5,17676�UHJLVWHU��$�VKRUW�UHVSRQVH�LV�FRSLHG�LQ�5HVSRQVH�
5HJLVWHU���ZKLOH�DORQJ�UHVSRQVH�LV�FRSLHG�WR�DOO�IRXU�UHVSRQVH�UHJLVWHUV�#�[�����[�����[����
DQG��[�&��7KH�5HVSRQVH��UHJLVWHU�ELW����UHSUHVHQWV�WKH�06%��DQG�WKH�5HVSRQVH��UHJLVWHU�ELW�
��UHSUHVHQWV�WKH�/6%�RI�D�ORQJ�UHVSRQVH��  
)RU�EDVLF�FRPPDQGV�RU�QRQ�GDWD�FRPPDQGV��IROORZ�WKHVH�VWHSV� 
1) 3URJUDP�WKH�&RPPDQG�UHJLVWHU�#�[���ZLWK�WKH�DSSURSULDWH�FRPPDQG�DUJXPHQW�

SDUDPHWHU��  
2) 3URJUDP�WKH�&RPPDQG�UHJLVWHU�#�[�&�ZLWK�WKH�VHWWLQJV�LQ�IROORZLQJ�WDEOH��  

Table 6-13 Command Settings for No-Data Command 
Parameter Value Description 

Default 
start_cmd 1 - 

use_hold_reg 1/0 

Choose value based on speed 
mode being used;ref to 
³use_hold_reg´ on 
SDMMC_CMD register 

update_clk_regs_only 0 No clock parameters update 
command 

data_expected 0 No data command 

card number 0 
Actual card number(one 
controller only connect one 
card, the num is No. 0) 

cmd_index command-index - 

send_initialization 0 
Can be 1, but only for card 
reset commands, such as 
CMD0 

stop_abort_cmd 0 
Can be 1 for commands to 
stop data transfer, such as 
CMD12 

response_length 0 Can be 1 for R2(long) 
response 

response_expect 1 

Can be 0 for commands with 
no response; for example, 
CMD0, CMD4, CMD15, and so 
on 

User-selectable 
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Parameter Value Description 

wait_prvdata_complete 1 

Before sending command on 
command line, host should 
wait for completion of any 
data command in process, if 
any (recommended to always 
set this bit, unless the current 
command is to query status 
or stop data transfer when 
transfer is in progress) 

check_response_crc 1 If host should crosscheck CRC 
of response received 

3) :DLW�IRU�FRPPDQG�DFFHSWDQFH�E\�KRVW��7KH�IROORZLQJ�KDSSHQV�ZKHQ�WKH�FRPPDQG�LV�
ORDGHG�LQWR�WKH�+RVW�&RQWUROOHU� 

z +RVW�&RQWUROOHU�DFFHSWV�WKH�FRPPDQG�IRU�H[HFXWLRQ�DQG�FOHDUV�WKH�VWDUWBFPG�ELW�LQ�WKH�
6'00&B&0'�UHJLVWHU��XQOHVV�RQH�FRPPDQG�LV�LQ�SURFHVV��DW�ZKLFK�SRLQW�WKH�+RVW�
&RQWUROOHU�FDQ�ORDG�DQG�NHHS�WKH�VHFRQG�FRPPDQG�LQ�WKH�EXIIHU��  

z ,I�WKH�+RVW�&RQWUROOHU�LV�XQDEOH�WR�ORDG�WKH�FRPPDQG�±�WKDW�LV��D�FRPPDQG�LV�DOUHDG\�LQ�
SURJUHVV��D�VHFRQG�FRPPDQG�LV�LQ�WKH�EXIIHU��DQG�D�WKLUG�FRPPDQG�LV�DWWHPSWHG�±�WKHQ�
LW�JHQHUDWHV�DQ�+/(��KDUGZDUH�ORFNHG�HUURU���  

4) &KHFN�LI�WKHUH�LV�DQ�+/(��  
5) :DLW�IRU�FRPPDQG�H[HFXWLRQ�WR�FRPSOHWH��$IWHU�UHFHLYLQJ�HLWKHU�D�UHVSRQVH�IURP�D�FDUG�

RU�UHVSRQVH�WLPHRXW��WKH�+RVW�&RQWUROOHU�VHWV�WKH�FRPPDQGBGRQH�ELW�LQ�WKH�
6'00&B5,17676�UHJLVWHU��6RIWZDUH�FDQ�HLWKHU�SROO�IRU�WKLV�ELW�RU�UHVSRQG�WR�D�JHQHUDWHG�
LQWHUUXSW��  

6) &KHFN�LI�UHVSRQVHBWLPHRXW�HUURU��UHVSRQVHB&5&�HUURU��RU�UHVSRQVH�HUURU�LV�VHW��7KLV�FDQ�
EH�GRQH�HLWKHU�E\�UHVSRQGLQJ�WR�DQ�LQWHUUXSW�UDLVHG�E\�WKHVH�HUURUV�RU�E\�SROOLQJ�ELWV����
���DQG���IURP�WKH�6'00&B5,17676�UHJLVWHU�#�[����,I�QR�UHVSRQVH�HUURU�LV�UHFHLYHG��
WKHQ�WKH�UHVSRQVH�LV�YDOLG��,I�UHTXLUHG��WKH�VRIWZDUH�FDQ�FRS\�WKH�UHVSRQVH�IURP�WKH�
UHVSRQVH�UHJLVWHUV�#�[����[�&��  

6RIWZDUH�VKRXOG�QRW�PRGLI\�FORFN�SDUDPHWHUV�ZKLOH�D�FRPPDQG�LV�EHLQJ�H[HFXWHG��  
6.6.4.5 Data Transfer Commands 
'DWD�WUDQVIHU�FRPPDQGV�WUDQVIHU�GDWD�EHWZHHQ�WKH�PHPRU\�FDUG�DQG�WKH�+RVW�&RQWUROOHU��7R�
VHQG�D�GDWD�FRPPDQG��WKH�+RVW�&RQWUROOHU�QHHGV�D�FRPPDQG�DUJXPHQW��WRWDO�GDWD�VL]H��DQG�
EORFN�VL]H��6RIWZDUH�FDQ�UHFHLYH�RU�VHQG�GDWD�WKURXJK�WKH�),)2��  
%HIRUH�D�GDWD�WUDQVIHU�FRPPDQG��VRIWZDUH�VKRXOG�FRQILUP�WKDW�WKH�FDUG�LV�QRW�EXV\�DQG�LV�LQ�
D�WUDQVIHU�VWDWH��ZKLFK�FDQ�EH�GRQH�XVLQJ�WKH�&0'���DQG�&0'��FRPPDQGV��UHVSHFWLYHO\��  
)RU�WKH�GDWD�WUDQVIHU�FRPPDQGV��LW�LV�LPSRUWDQW�WKDW�WKH�VDPH�EXV�ZLGWK�WKDW�LV�SURJUDPPHG�
LQ�WKH�FDUG�VKRXOG�EH�VHW�LQ�WKH�FDUG�W\SH�UHJLVWHU�#�[����  
7KH�+RVW�&RQWUROOHU�JHQHUDWHV�DQ�LQWHUUXSW�IRU�GLIIHUHQW�FRQGLWLRQV�GXULQJ�GDWD�WUDQVIHU��
ZKLFK�DUH�UHIOHFWHG�LQ�WKH�6'00&B5,17676�UHJLVWHU�#�[���DV� 
1) 'DWDB7UDQVIHUB2YHU��ELW����±�:KHQ�GDWD�WUDQVIHU�LV�RYHU�RU�WHUPLQDWHG��,I�WKHUH�LV�D�

UHVSRQVH�WLPHRXW�HUURU��WKHQ�WKH�+RVW�&RQWUROOHU�GRHV�QRW�DWWHPSW�DQ\�GDWD�WUDQVIHU�DQG�
WKH�³'DWD�7UDQVIHU�2YHU´�ELW�LV�QHYHU�VHW��  

2) 7UDQVPLWB),)2B'DWDBUHTXHVW��ELW����±�),)2�WKUHVKROG�IRU�WUDQVPLWWLQJ�GDWD�ZDV�UHDFKHG��
VRIWZDUH�LV�H[SHFWHG�WR�ZULWH�GDWD��LI�DYDLODEOH��LQ�),)2��  

3) 5HFHLYHB),)2B'DWDBUHTXHVW��ELW����±�),)2�WKUHVKROG�IRU�UHFHLYLQJ�GDWD�ZDV�UHDFKHG��
VRIWZDUH�LV�H[SHFWHG�WR�UHDG�GDWD�IURP�),)2��  

4) 'DWD�VWDUYDWLRQ�E\�+RVW�WLPHRXW��ELW�����±�),)2�LV�HPSW\�GXULQJ�WUDQVPLVVLRQ�RU�LV�IXOO�
GXULQJ�UHFHSWLRQ��8QOHVV�VRIWZDUH�ZULWHV�GDWD�IRU�HPSW\�FRQGLWLRQ�RU�UHDGV�GDWD�IRU�IXOO�
FRQGLWLRQ��WKH�+RVW�&RQWUROOHU�FDQQRW�FRQWLQXH�ZLWK�GDWD�WUDQVIHU��7KH�FORFN�WR�WKH�FDUG�
KDV�EHHQ�VWRSSHG��  

5) 'DWD�UHDG�WLPHRXW�HUURU��ELW����±�&DUG�KDV�QRW�VHQW�GDWD�ZLWKLQ�WKH�WLPHRXW�SHULRG��  
6) 'DWD�&5&�HUURU��ELW����±�&5&�HUURU�RFFXUUHG�GXULQJ�GDWD�UHFHSWLRQ��  
7) 6WDUW�ELW�HUURU��ELW�����±�6WDUW�ELW�ZDV�QRW�UHFHLYHG�GXULQJ�GDWD�UHFHSWLRQ��  
8) (QG�ELW�HUURU��ELW�����±�(QG�ELW�ZDV�QRW�UHFHLYHG�GXULQJ�GDWD�UHFHSWLRQ�RU�IRU�D�ZULWH�

RSHUDWLRQ��D�&5&�HUURU�LV�LQGLFDWHG�E\�WKH�FDUG��  
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&RQGLWLRQV���������DQG����LQGLFDWH�WKDW�WKH�UHFHLYHG�GDWD�PD\�KDYH�HUURUV��,I�WKHUH�ZDV�D�
UHVSRQVH�WLPHRXW��WKHQ�QR�GDWD�WUDQVIHU�RFFXUUHG��  
6.6.4.6 Single-Block or Multiple-Block Read 
6WHSV�LQYROYHG�LQ�D�VLQJOH�EORFN�RU�PXOWLSOH�EORFN�UHDG�DUH� 
1) :ULWH�WKH�GDWD�VL]H�LQ�E\WHV�LQ�WKH�6'00&B%<7&17�UHJLVWHU�#�[����  
2) :ULWH�WKH�EORFN�VL]H�LQ�E\WHV�LQ�WKH�6'00&B%/.6,=�UHJLVWHU�#�[�&��7KH�+RVW�&RQWUROOHU�

H[SHFWV�GDWD�IURP�WKH�FDUG�LQ�EORFNV�RI�VL]H�6'00&B%/.6,=�HDFK��  
3) 3URJUDP�WKH�6'00&B&0'$5*�UHJLVWHU�#�[���ZLWK�WKH�GDWD�DGGUHVV�RI�WKH�EHJLQQLQJ�RI�

D�GDWD�UHDG��  
4) 3URJUDP�WKH�&RPPDQG�UHJLVWHU�ZLWK�WKH�SDUDPHWHUV�OLVWHG�LQ�IROORZLQJ�WDEOH��)RU�6'�DQG�

00&�FDUGV��XVH�&0'���IRU�D�VLQJOH�EORFN�UHDG�DQG�&0'���IRU�D�PXOWLSOH�EORFN�UHDG��)RU�
6',2�FDUGV��XVH�&0'���IRU�ERWK�VLQJOH�EORFN�DQG�PXOWLSOH�EORFN�WUDQVIHUV��  

Table 6-14 Command Setting for Single or Multiple-Block Read 
Parameter Value Description 

Default 
start_cmd 1 - 

use_hold_reg 1/0 

Choose value based on speed 
mode being used;ref to 
³use_hold_reg´ on 
SDMMC_CMD register 

update_clk_regs_only 0 No clock parameters update 
command 

card number 0 
Actual card number(one 
controller only connect one 
card, the num is No.0) 

send_initialization 0 
Can be 1, but only for card 
reset commands, such as 
CMD0 

stop_abort_cmd 0 
Can be 1 for commands to 
stop data transfer, such as 
CMD12 

send_auto_stop 0/1 - 
transfer_mode 0 Block transfer 
read_write 0 Read from card 
data_expected 1 Data command 

response_length 0 Can be 1 for R2(long) 
response 

response_expect 1 

Can be 0 for commands with 
no response; for example, 
CMD0, CMD4, CMD15, and so 
on 

User-selectable 
cmd_index command-index - 

wait_prvdata_complete 1 

0: Sends command 
immediately 
1: Sends command after 
previous data transfer ends 

check_response_crc 1 

0: Host Controller should not 
check response CRC 
1: Host Controller should 
check response CRC 

$IWHU�ZULWLQJ�WR�WKH�6'00&B&0'�UHJLVWHU��WKH�+RVW�&RQWUROOHU�VWDUWV�H[HFXWLQJ�WKH�
FRPPDQG��ZKHQ�WKH�FRPPDQG�LV�VHQW�WR�WKH�EXV��WKH�FRPPDQGBGRQH�LQWHUUXSW�LV�
JHQHUDWHG��  
z 6RIWZDUH�VKRXOG�ORRN�IRU�GDWD�HUURU�LQWHUUXSWV��WKDW�LV��ELWV�����������DQG����RI�WKH�

6'00&B5,17676�UHJLVWHU��,I�UHTXLUHG��VRIWZDUH�FDQ�WHUPLQDWH�WKH�GDWD�WUDQVIHU�E\�
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VHQGLQJ�D�6723�FRPPDQG��  
z 6RIWZDUH�VKRXOG�ORRN�IRU�5HFHLYHB),)2B'DWDBUHTXHVW�DQG�RU�GDWD�VWDUYDWLRQ�E\�KRVW�

WLPHRXW�FRQGLWLRQV��,Q�ERWK�FDVHV��WKH�VRIWZDUH�VKRXOG�UHDG�GDWD�IURP�WKH�),)2�DQG�
PDNH�VSDFH�LQ�WKH�),)2�IRU�UHFHLYLQJ�PRUH�GDWD��  

z :KHQ�D�'DWDB7UDQVIHUB2YHU�LQWHUUXSW�LV�UHFHLYHG��WKH�VRIWZDUH�VKRXOG�UHDG�WKH�
UHPDLQLQJ�GDWD�IURP�WKH�),)2��  

6.6.4.7 Single-Block or Multiple-Block Write 
6WHSV�LQYROYHG�LQ�D�VLQJOH�EORFN�RU�PXOWLSOH�EORFN�ZULWH�DUH� 
1) :ULWH�WKH�GDWD�VL]H�LQ�E\WHV�LQ�WKH�6'00&B%<7&17�UHJLVWHU�#�[����  
2) :ULWH�WKH�EORFN�VL]H�LQ�E\WHV�LQ�WKH�6'00&B%/.6,=�UHJLVWHU�#�[�&��WKH�+RVW�&RQWUROOHU�

VHQGV�GDWD�LQ�EORFNV�RI�VL]H�6'00&B%/.6,=�HDFK��  
3) 3URJUDP�6'00&B&0'$5*�UHJLVWHU�#�[���ZLWK�WKH�GDWD�DGGUHVV�WR�ZKLFK�GDWD�VKRXOG�

EH�ZULWWHQ��  
4) :ULWH�GDWD�LQ�WKH�),)2��LW�LV�XVXDOO\�EHVW�WR�VWDUW�ILOOLQJ�GDWD�WKH�IXOO�GHSWK�RI�WKH�),)2��  
5) 3URJUDP�WKH�&RPPDQG�UHJLVWHU�ZLWK�WKH�SDUDPHWHUV�OLVWHG�LQ�IROORZLQJ�WDEOH��  

Table 6-15 Command Settings for Single or Multiple-Block Write 
Parameter Value Description 

Default 
start_cmd 1 - 

use_hold_reg 1/0 

Choose value based on speed 
mode being used;ref to 
³use_hold_reg´ on 
SDMMC_CMD register 

update_clk_regs_only 0 No clock parameters update 
command 

card number 0 
Actual card number(one 
controller only connect one 
card, the num is No. 0) 

send_initialization 0 
Can be 1, but only for card 
reset commands, such as 
CMD0 

stop_abort_cmd 0 
Can be 1 for commands to 
stop data transfer, such as 
CMD12 

send_auto_stop 0/1 - 
transfer_mode 0 Block transfer 
read_write 1 Write to card 
data_expected 1 Data command 

response_length 0 Can be 1 for R2(long) 
response 

response_expect 1 

Can be 0 for commands with 
no response; for example, 
CMD0, CMD4, CMD15, and so 
on 

User-selectable   
cmd_index command-index - 

wait_prvdata_complete 1 

0: Sends command 
immediately 
1: Sends command after 
previous data transfer ends 

check_response_crc 1 

0: Host Controller should not 
check response CRC 
1: Host Controller should 
check response CRC 

$IWHU�ZULWLQJ�WR�WKH�6'00&B&0'�UHJLVWHU��+RVW�&RQWUROOHU�VWDUWV�H[HFXWLQJ�D�FRPPDQG��
ZKHQ�WKH�FRPPDQG�LV�VHQW�WR�WKH�EXV��D�FRPPDQGBGRQH�LQWHUUXSW�LV�JHQHUDWHG��  
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z 6RIWZDUH�VKRXOG�ORRN�IRU�GDWD�HUURU�LQWHUUXSWV��WKDW�LV��IRU�ELWV�������DQG����RI�WKH�
6'00&B5,17676�UHJLVWHU��,I�UHTXLUHG��VRIWZDUH�FDQ�WHUPLQDWH�WKH�GDWD�WUDQVIHU�E\�
VHQGLQJ�WKH�6723�FRPPDQG��  

z 6RIWZDUH�VKRXOG�ORRN�IRU�7UDQVPLWB),)2B'DWDB5HTXHVW�DQG�RU�WLPHRXW�FRQGLWLRQV�IURP�
GDWD�VWDUYDWLRQ�E\�WKH�KRVW��,Q�ERWK�FDVHV��WKH�VRIWZDUH�VKRXOG�ZULWH�GDWD�LQWR�WKH�),)2��  

z :KHQ�D�'DWDB7UDQVIHUB2YHU�LQWHUUXSW�LV�UHFHLYHG��WKH�GDWD�FRPPDQG�LV�RYHU��)RU�DQ�
RSHQ�HQGHG�EORFN�WUDQVIHU��LI�WKH�E\WH�FRXQW�LV����WKH�VRIWZDUH�PXVW�VHQG�WKH�6723�
FRPPDQG��,I�WKH�E\WH�FRXQW�LV�QRW����WKHQ�XSRQ�FRPSOHWLRQ�RI�D�WUDQVIHU�RI�D�JLYHQ�
QXPEHU�RI�E\WHV��WKH�+RVW�&RQWUROOHU�VKRXOG�VHQG�WKH�6723�FRPPDQG��LI�QHFHVVDU\��
&RPSOHWLRQ�RI�WKH�$872�6723�FRPPDQG�LV�UHIOHFWHG�E\�WKH�$XWRBFRPPDQGBGRQH�
LQWHUUXSW�±�ELW����RI�WKH�6'00&B5,17676�UHJLVWHU��$�UHVSRQVH�WR�$872B6723�LV�VWRUHG�
LQ�6'00&B5(63��#�[����  

6.6.4.8 Stream Read 
$�VWUHDP�UHDG�LV�OLNH�WKH�EORFN�UHDG�PHQWLRQHG�LQ�³6LQJOH�%ORFN�RU�0XOWLSOH�%ORFN�5HDG �́�
H[FHSW�IRU�WKH�IROORZLQJ�ELWV�LQ�WKH�&RPPDQG�UHJLVWHU� 

WUDQVIHUBPRGH� ������6WUHDP�WUDQVIHU 
FPGBLQGH[� �&0'��� 

$�VWUHDP�WUDQVIHU�LV�DOORZHG�IRU�RQO\�D�VLQJOH�ELW�EXV�ZLGWK��  
6.6.4.9 Stream Write 
$�VWUHDP�ZULWH�LV�H[DFWO\�OLNH�WKH�EORFN�ZULWH�PHQWLRQHG�LQ�³6LQJOH�%ORFN�RU�0XOWLSOH�%ORFN�
:ULWH �́�H[FHSW�IRU�WKH�IROORZLQJ�ELWV�LQ�WKH�&RPPDQG�UHJLVWHU� 

WUDQVIHUBPRGH� �����6WUHDP�WUDQVIHU 
FPGBLQGH[� �&0'��� 

,Q�D�VWUHDP�WUDQVIHU��LI�WKH�E\WH�FRXQW�LV����WKHQ�WKH�VRIWZDUH�PXVW�VHQG�WKH�6723�
FRPPDQG��,I�WKH�E\WH�FRXQW�LV�QRW����WKHQ�ZKHQ�D�JLYHQ�QXPEHU�RI�E\WHV�FRPSOHWHV�D�
WUDQVIHU��WKH�+RVW�&RQWUROOHU�VHQGV�WKH�6723�FRPPDQG��&RPSOHWLRQ�RI�WKLV�$872B6723�
FRPPDQG�LV�UHIOHFWHG�E\�WKH�$XWRBFRPPDQGBGRQH�LQWHUUXSW��$�UHVSRQVH�WR�DQ�$872B6723�
LV�VWRUHG�LQ�WKH�6'00&B5(63��UHJLVWHU#�[����  
$�VWUHDP�WUDQVIHU�LV�DOORZHG�IRU�RQO\�D�VLQJOH�ELW�EXV�ZLGWK��  
6.6.4.10 Sending Stop or Abort in Middle of Transfer 
7KH�6723�FRPPDQG�FDQ�WHUPLQDWH�D�GDWD�WUDQVIHU�EHWZHHQ�D�PHPRU\�FDUG�DQG�WKH�
&RQWUROOHU��ZKLOH�WKH�$%257�FRPPDQG�FDQ�WHUPLQDWH�DQ�,�2�GDWD�WUDQVIHU�IRU�RQO\�WKH�
6',2B,221/<�DQG�6',2B&20%2�FDUGV� 
z 6HQG�6723�FRPPDQG�±�&DQ�EH�VHQW�RQ�WKH�FRPPDQG�OLQH�ZKLOH�D�GDWD�WUDQVIHU�LV�LQ�

SURJUHVV��WKLV�FRPPDQG�FDQ�EH�VHQW�DW�DQ\�WLPH�GXULQJ�D�GDWD�WUDQVIHU� 
<RX�FDQ�DOVR�XVH�DQ�DGGLWLRQDO�VHWWLQJ�IRU�WKLV�FRPPDQG�LQ�RUGHU�WR�VHW�WKH�&RPPDQG�
UHJLVWHU�ELWV�������WR�&0'���DQG�VHW�ELW�����VWRSBDERUWBFPG��WR����,I�VWRSBDERUWBFPG�LV�QRW�
VHW�WR����WKH�&RQWUROOHU�GRHV�QRW�NQRZ�WKDW�WKH�XVHU�VWRSSHG�D�GDWD�WUDQVIHU��5HVHW�ELW����RI�
WKH�&RPPDQG�UHJLVWHU��ZDLWBSUYGDWDBFRPSOHWH��WR���LQ�RUGHU�WR�PDNH�WKH�&RQWUROOHU�VHQG�
WKH�FRPPDQG�DW�RQFH��HYHQ�WKRXJK�WKHUH�LV�D�GDWD�WUDQVIHU�LQ�SURJUHVV� 
z 6HQG�$%257�FRPPDQG�±�&DQ�EH�XVHG�ZLWK�RQO\�DQ�6',2B,221/<�RU�6',2B&20%2�FDUG��

7R�DERUW�WKH�IXQFWLRQ�WKDW�LV�WUDQVIHUULQJ�GDWD��SURJUDP�WKH�IXQFWLRQ�QXPEHU�LQ�$6[�ELWV�
�&&&5�UHJLVWHU�RI�FDUG��DGGUHVV��[����ELWV�������XVLQJ�&0'��� 

6.6.4.11 Read_Wait Sequence 
5HDGBZDLW�LV�XVHG�ZLWK�RQO\�WKH�6',2�FDUG�DQG�FDQ�WHPSRUDULO\�VWDOO�WKH�GDWD�WUDQVIHU²
HLWKHU�IURP�IXQFWLRQ�RU�PHPRU\²DQG�DOORZ�WKH�KRVW�WR�VHQG�FRPPDQGV�WR�DQ\�IXQFWLRQ�
ZLWKLQ�WKH�6',2�GHYLFH��7KH�KRVW�FDQ�VWDOO�WKLV�WUDQVIHU�IRU�DV�ORQJ�DV�UHTXLUHG��7KH�+RVW�
&RQWUROOHU�SURYLGHV�WKH�IDFLOLW\�WR�VLJQDO�WKLV�VWDOO�WUDQVIHU�WR�WKH�FDUG��7KH�VWHSV�IRU�GRLQJ�
WKLV�DUH� 
1) &KHFN�LI�WKH�FDUG�VXSSRUWV�WKH�UHDGBZDLW�IDFLOLW\��UHDG�65:��ELW����RI�WKH�&&&5�UHJLVWHU�

#�[����,I�WKLV�ELW�LV����WKHQ�DOO�IXQFWLRQV�LQ�WKH�FDUG�VXSSRUW�WKH�UHDGBZDLW�IDFLOLW\��8VH�
&0'���WR�UHDG�WKLV�ELW� 

2) ,I�WKH�FDUG�VXSSRUWV�WKH�UHDGBZDLW�VLJQDO��WKHQ�DVVHUW�LW�E\�VHWWLQJ�WKH�UHDGBZDLW��ELW����
LQ�WKH�6'00&B&75/�UHJLVWHU�#�[��� 

3) &OHDU�WKH�UHDGBZDLW�ELW�LQ�WKH�6'00&B&75/�UHJLVWHU� 
6.6.4.12 Controller/DMA/FIFO Reset Usage 
z &RQWUROOHU�UHVHW�±�5HVHWV�WKH�FRQWUROOHU�E\�VHWWLQJ�WKH�FRQWUROOHUBUHVHW�ELW��ELW����LQ�WKH�
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6'00&B&75/�UHJLVWHU��WKLV�UHVHWV�WKH�&,8�DQG�VWDWH�PDFKLQHV��DQG�DOVR�UHVHWV�WKH�%,8�
WR�&,8�LQWHUIDFH��6LQFH�WKLV�UHVHW�ELW�LV�VHOI�FOHDULQJ��DIWHU�LVVXLQJ�WKH�UHVHW��ZDLW�XQWLO�
WKLV�ELW�LV�FOHDUHG� 

z ),)2�UHVHW���5HVHWV�WKH�),)2�E\�VHWWLQJ�WKH�ILIRBUHVHW�ELW��ELW����LQ�WKH�6'00&B&75/�
UHJLVWHU��WKLV�UHVHWV�WKH�),)2�SRLQWHUV�DQG�FRXQWHUV�RI�WKH�),)2��6LQFH�WKLV�UHVHW�ELW�LV�
VHOI�FOHDULQJ��DIWHU�LVVXLQJ�WKH�UHVHW��ZDLW�XQWLO�WKLV�ELW�LV�FOHDUHG� 

,Q�H[WHUQDO�'0$�WUDQVIHU�PRGH��HYHQ�ZKHQ�WKH�),)2�SRLQWHUV�DUH�UHVHW��LI�WKHUH�LV�D�'0$�
WUDQVIHU�LQ�SURJUHVV��LW�FRXOG�SXVK�RU�SRS�GDWD�WR�RU�IURP�WKH�),)2��WKH�'0$�LWVHOI�FRPSOHWHV�
FRUUHFWO\��,Q�RUGHU�WR�FOHDU�WKH�),)2��WKH�VRIWZDUH�VKRXOG�LVVXH�DQ�DGGLWLRQDO�),)2�UHVHW�DQG�
FOHDU�DQ\�),)2�XQGHU�UXQ�RU�RYHUUXQ�HUURUV�LQ�WKH�6'00&B5$:,176�UHJLVWHU�FDXVHG�E\�WKH�
'0$�WUDQVIHUV�DIWHU�WKH�),)2�ZDV�UHVHW� 
6.6.4.13 Card Read Threshold 
:KHQ�DQ�DSSOLFDWLRQ�QHHGV�WR�SHUIRUP�D�6LQJOH�RU�0XOWLSOH�%ORFN�5HDG�FRPPDQG��WKH�
DSSOLFDWLRQ�PXVW�SURJUDP�WKH�6'00&B&$5'7+5&7/�UHJLVWHU�ZLWK�WKH�DSSURSULDWH�&DUG�5HDG�
7KUHVKROG�VL]H��&DUG5G7KUHVKROG��DQG�VHW�WKH�&DUG�5HDG�7KUHVKROG�(QDEOH�
�&DUG5G7KU(QDEOH��ELW�WR��
E���7KLV�DGGLWLRQDO�SURJUDPPLQJ�HQVXUHV�WKDW�WKH�+RVW�FRQWUROOHU�
VHQGV�D�5HDG�&RPPDQG�RQO\�LI�WKHUH�LV�VSDFH�HTXDO�WR�WKH�&DUG�5HDG�7KUHVKROG�DYDLODEOH�LQ�
WKH�5[�),)2��7KLV�LQ�WXUQ�HQVXUHV�WKDW�WKH�FDUG�FORFN�LV�QRW�VWRSSHG�LQ�WKH�PLGGOH�D�EORFN�RI�
GDWD�EHLQJ�WUDQVPLWWHG�IURP�WKH�FDUG��7KH�&DUG�5HDG�7KUHVKROG�FDQ�EH�VHW�WR�WKH�EORFN�VL]H�
RI�WKH�WUDQVIHU��ZKLFK�JXDUDQWHHV�WKDW�WKHUH�LV�D�PLQLPXP�RI�RQH�EORFN�VL]H�RI�VSDFH�LQ�WKH�
5[),)2�EHIRUH�WKH�FRQWUROOHU�HQDEOHV�WKH�FDUG�FORFN��7KH�&DUG�5HDG�7KUHVKROG�LV�UHTXLUHG�
ZKHQ�WKH�5RXQG�7ULS�'HOD\�LV�JUHDWHU�WKDQ����FFONBLQ�SHULRG� 
6.6.4.14 Error Handling 
7KH�+RVW�&RQWUROOHU�LPSOHPHQWV�HUURU�FKHFNLQJ��HUURUV�DUH�UHIOHFWHG�LQ�WKH�6'00&B5$:,176�
UHJLVWHU#�[���DQG�FDQ�EH�FRPPXQLFDWHG�WR�WKH�VRIWZDUH�WKURXJK�DQ�LQWHUUXSW��RU�WKH�
VRIWZDUH�FDQ�SROO�IRU�WKHVH�ELWV��8SRQ�SRZHU�RQ��LQWHUUXSWV�DUH�GLVDEOHG��LQWBHQDEOH�LQ�WKH�
6'00&B&75/�UHJLVWHU�LV�����DQG�DOO�WKH�LQWHUUXSWV�DUH�PDVNHG��ELWV������RI�WKH�
6'00&B,170$6.�UHJLVWHU��GHIDXOW�LV�����  
(UURU�KDQGOLQJ� 
z 5HVSRQVH�DQG�GDWD�WLPHRXW�HUURUV�±�)RU�UHVSRQVH�WLPHRXW��VRIWZDUH�FDQ�UHWU\�WKH�

FRPPDQG��)RU�GDWD�WLPHRXW��WKH�+RVW�&RQWUROOHU�KDV�QRW�UHFHLYHG�WKH�GDWD�VWDUW�ELW�±�
HLWKHU�IRU�WKH�ILUVW�EORFN�RU�WKH�LQWHUPHGLDWH�EORFN�±�ZLWKLQ�WKH�WLPHRXW�SHULRG��VR�
VRIWZDUH�FDQ�HLWKHU�UHWU\�WKH�ZKROH�GDWD�WUDQVIHU�DJDLQ�RU�UHWU\�IURP�D�VSHFLILHG�EORFN�
RQZDUGV��%\�UHDGLQJ�WKH�FRQWHQWV�RI�WKH�6'00&B7&%&17�ODWHU��WKH�VRIWZDUH�FDQ�GHFLGH�
KRZ�PDQ\�E\WHV�UHPDLQ�WR�EH�FRSLHG��  

z 5HVSRQVH�HUURUV�±�6HW�ZKHQ�DQ�HUURU�LV�UHFHLYHG�GXULQJ�UHVSRQVH�UHFHSWLRQ��,Q�WKLV�FDVH��
WKH�UHVSRQVH�WKDW�FRSLHG�LQ�WKH�UHVSRQVH�UHJLVWHUV�LV�LQYDOLG��6RIWZDUH�FDQ�UHWU\�WKH�
FRPPDQG��  

z 'DWD�HUURUV�±�6HW�ZKHQ�HUURU�LQ�GDWD�UHFHSWLRQ�DUH�REVHUYHG��IRU�H[DPSOH��GDWD�&5&��
VWDUW�ELW�QRW�IRXQG��HQG�ELW�QRW�IRXQG��DQG�VR�RQ��7KHVH�HUURUV�FRXOG�EH�VHW�IRU�DQ\�EORFN�
ILUVW�EORFN��LQWHUPHGLDWH�EORFN��RU�ODVW�EORFN��2Q�UHFHLSW�RI�DQ�HUURU��WKH�VRIWZDUH�FDQ�
LVVXH�D�6723�RU�$%257�FRPPDQG�DQG�UHWU\�WKH�FRPPDQG�IRU�HLWKHU�ZKROH�GDWD�RU�
SDUWLDO�GDWD��  

z +DUGZDUH�ORFNHG�HUURU�±�6HW�ZKHQ�WKH�+RVW�&RQWUROOHU�FDQQRW�ORDG�D�FRPPDQG�LVVXHG�E\�
VRIWZDUH��:KHQ�VRIWZDUH�VHWV�WKH�VWDUWBFPG�ELW�LQ�WKH�6'00&B&0'�UHJLVWHU��WKH�+RVW�
&RQWUROOHU�WULHV�WR�ORDG�WKH�FRPPDQG��,I�WKH�FRPPDQG�EXIIHU�LV�DOUHDG\�ILOOHG�ZLWK�D�
FRPPDQG��WKLV�HUURU�LV�UDLVHG��7KH�VRIWZDUH�WKHQ�KDV�WR�UHORDG�WKH�FRPPDQG��  

z ),)2�XQGHU�UXQ�RYHUUXQ�HUURU�±�,I�WKH�),)2�LV�IXOO�DQG�VRIWZDUH�WULHV�WR�ZULWH�GDWD�LQ�WKH�
),)2��WKHQ�DQ�RYHUUXQ�HUURU�LV�VHW��&RQYHUVHO\��LI�WKH�),)2�LV�HPSW\�DQG�WKH�VRIWZDUH�
WULHV�WR�UHDG�GDWD�IURP�WKH�),)2��DQ�XQGHU�UXQ�HUURU�LV�VHW��%HIRUH�UHDGLQJ�RU�ZULWLQJ�
GDWD�LQ�WKH�),)2��WKH�VRIWZDUH�VKRXOG�UHDG�WKH�ILIRBHPSW\�RU�ILIRBIXOO�ELWV�LQ�WKH�6WDWXV�
UHJLVWHU��  

z 'DWD�VWDUYDWLRQ�E\�KRVW�WLPHRXW�±�5DLVHG�ZKHQ�WKH�+RVW�&RQWUROOHU�LV�ZDLWLQJ�IRU�
VRIWZDUH�LQWHUYHQWLRQ�WR�WUDQVIHU�WKH�GDWD�WR�RU�IURP�WKH�),)2��EXW�WKH�VRIWZDUH�GRHV�QRW�
WUDQVIHU�ZLWKLQ�WKH�VWLSXODWHG�WLPHRXW�SHULRG��8QGHU�WKLV�FRQGLWLRQ�DQG�ZKHQ�D�UHDG�
WUDQVIHU�LV�LQ�SURFHVV��WKH�VRIWZDUH�VKRXOG�UHDG�GDWD�IURP�WKH�),)2�DQG�FUHDWH�VSDFH�IRU�
IXUWKHU�GDWD�UHFHSWLRQ��:KHQ�D�WUDQVPLW�RSHUDWLRQ�LV�LQ�SURFHVV��WKH�VRIWZDUH�VKRXOG�ILOO�
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GDWD�LQ�WKH�),)2�LQ�RUGHU�WR�VWDUW�WUDQVIHUULQJ�GDWD�WR�WKH�FDUG��  
z &5&�(UURU�RQ�&RPPDQG�±�,I�D�&5&�HUURU�LV�GHWHFWHG�IRU�D�FRPPDQG��WKH�&(�$7$�GHYLFH�

GRHV�QRW�VHQG�D�UHVSRQVH��DQG�D�UHVSRQVH�WLPHRXW�LV�H[SHFWHG�IURP�WKH�+RVW�&RQWUROOHU��
7KH�$7$�OD\HU�LV�QRWLILHG�WKDW�DQ�00&�WUDQVSRUW�OD\HU�HUURU�RFFXUUHG��  

1RWHV��'XULQJ�D�PXOWLSOH�EORFN�GDWD�WUDQVIHU��LI�D�QHJDWLYH�&5&�VWDWXV�LV�UHFHLYHG�IURP�WKH�GHYLFH��WKH�GDWD�
SDWK�VLJQDOV�D�GDWD�&5&�HUURU�WR�WKH�%,8�E\�VHWWLQJ�WKH�GDWD�&5&�HUURU�ELW�LQ�WKH�6'00&B5,17676�UHJLVWHU��
,W�WKHQ�FRQWLQXHV�IXUWKHU�GDWD�WUDQVPLVVLRQ�XQWLO�DOO�WKH�E\WHV�DUH�WUDQVPLWWHG��  
6.6.5 9ROWDJH�6ZLWFKLQJ 
7KH�+RVW�&RQWUROOHU�VXSSRUWV�6'�����8OWUD�+LJK�6SHHG��8+6����DQG�LV�FDSDEOH�RI�YROWDJH�
VZLWFKLQJ�LQ�6'�PRGH��ZKLFK�FDQ�EH�DSSOLHG�WR�6'�+LJK�&DSDFLW\��6'+&��DQG�6'�([WHQGHG�
&DSDFLW\��6';&��FDUGV��8+6���VXSSRUWV�RQO\���ELW�PRGH� 
+RZHYHU��ZKHWKHU�WKH�,2�YROWDJH�RI����Y�VXSSRUWHG�RU�QRW�LV�GHSHQGHG�RQ�WKH�6R&�GHVLJQ� 
6'�����8+6���VXSSRUWV�WKH�IROORZLQJ�WUDQVIHU�VSHHG�PRGHV�IRU�8+6����DQG�RU�8+6�����
FDUGV� 
z '6�±�GHIDXOW�VSHHG�XS�WR���0+]�����9�VLJQDOLQJ 
z +6�±�KLJK�VSHHG�XS�WR���0+]�����9�VLJQDOLQJ 
z 6'5���±�6'5�XS�WR�6'5���0+]�����9�VLJQDOLQJ 
z 6'5���±�6'5�XS�WR���0+]�����9�VLJQDOLQJ 
z 6'5���±�6'5�XS�WR����0+]�����9�VLJQDOLQJ 
z ''5���±�''5�XS�WR���0+]�����9�VLJQDOLQJ 
9ROWDJH�VHOHFWLRQ�FDQ�EH�GRQH�LQ�RQO\�6'�PRGH��7KH�ILUVW�&0'��VHOHFWV�WKH�EXV�PRGH�HLWKHU�
6'�PRGH�RU�63,�PRGH��7KH�FDUG�PXVW�EH�LQ�6'�PRGH�LQ�RUGHU�IRU����9�VLJQDOLQJ�PRGH�WR�
DSSO\��GXULQJ�ZKLFK�WLPH�WKH�FDUG�FDQQRW�EH�VZLWFKHG�WR�63,�PRGH�RU����9�VLJQDOLQJ�ZLWKRXW�
D�SRZHU�F\FOH� 
,I�WKH�6\VWHP�%,26�LQ�DQ�HPEHGGHG�V\VWHP�DOUHDG\�NQRZV�WKDW�LW�LV�FRQQHFWHG�WR�DQ�6'�����
FDUG��WKHQ�WKH�GULYHU�SURJUDPV�WKH�&RQWUROOHU�WR�LQLWLDWH�$&0'����7KH�VRIWZDUH�NQRZV�IURP�
WKH�UHVSRQVH�RI�$&0'���ZKHWKHU�RU�QRW�WKH�FDUG�VXSSRUWV�YROWDJH�VZLWFKLQJ�WR����9� 
z ,I�ELW����RI�$&0'���UHVSRQVH�LV��
E���FDUG�VXSSRUWV�YROWDJH�VZLWFKLQJ�DQG�QH[W�

FRPPDQG�&0'���LQYRNHV�YROWDJH�VZLWFKLQJ�VHTXHQFH��$IWHU�&0'���LV�VWDUWHG��WKH�
VRIWZDUH�PXVW�SURJUDP�WKH�,2�YROWDJH�VHOHFWLRQ�UHJLVWHU�EDVHG�RQ�WKH�VRF�DUFKLWHFWXUH� 

z ,I�ELW����RI�$&0'���UHVSRQVH�LV��
E���FDUG�GRHV�QRW�VXSSRUW�YROWDJH�VZLWFKLQJ�DQG�
&0'���VKRXOG�QRW�EH�VWDUWHG� 

,I�WKH�FDUG�DQG�KRVW�FRQWUROOHU�DFFHSW�YROWDJH�VZLWFKLQJ��WKHQ�WKH\�VXSSRUW�8+6���PRGHV�RI�
GDWD�WUDQVIHU��$IWHU�WKH�YROWDJH�VZLWFK�WR����9��6'5���LV�WKH�GHIDXOW�VSHHG��  
6LQFH�WKH�8+6���FDQ�EH�XVHG�LQ�RQO\���ELW�PRGH��WKH�VRIWZDUH�PXVW�VWDUW�$&0'��DQG�
FKDQJH�WKH�FDUG�GDWD�ZLGWK�WR���ELW�PRGH��$&0'��LV�GULYHQ�LQ�DQ\�RI�WKH�8+6���VSHHGV��,I�
WKH�KRVW�ZDQWV�WR�VHOHFW�WKH�''5�PRGH�RI�GDWD�WUDQVIHU��WKHQ�WKH�VRIWZDUH�PXVW�SURJUDP�WKH�
6'00&B''5B5(*�UHJLVWHU�LQ�WKH�&65�VSDFH�ZLWK�WKH�DSSURSULDWH�FDUG�QXPEHU��  
7R�FKRRVH�IURP�DQ\�RI�WKH�6'5�RU�''5�PRGHV��DSSURSULDWH�YDOXHV�VKRXOG�EH�SURJUDPPHG�LQ�
WKH�6'00&B&/.',9�UHJLVWHU� 
6.6.5.1 Voltage Switch Operation 
7KH�9ROWDJH�6ZLWFK�RSHUDWLRQ�PXVW�EH�SHUIRUPHG�LQ�6'�PRGH�RQO\� 
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Fig. 6-13 Voltage Switching Command Flow Diagram 

7KH�IROORZLQJ�RXWOLQHV�WKH�VWHSV�IRU�WKH�YROWDJH�VZLWFK�SURJUDPPLQJ�VHTXHQFH 
1) 6RIWZDUH�'ULYHU�VWDUWV�&0'���ZKLFK�VHOHFWV�WKH�EXV�PRGH�DV�6'��  
2) $IWHU�WKH�EXV�LV�LQ�6'�FDUG�PRGH��&0'��LV�VWDUWHG�LQ�RUGHU�WR�YHULI\�LI�WKH�FDUG�LV�

FRPSDWLEOH�ZLWK�WKH�6'�0HPRU\�&DUG�6SHFLILFDWLRQ��9HUVLRQ��������&0'��GHWHUPLQHV�LI�
WKH�FDUG�LV�FDSDEOH�RI�ZRUNLQJ�ZLWKLQ�WKH�KRVW�VXSSO\�YROWDJH�VSHFLILHG�LQ�WKH�9+6�
��������ILHOG�RI�WKH�&0'��WKH�FDUG�VXSSRUWV�WKH�FXUUHQW�KRVW�YROWDJH�LI�D�UHVSRQVH�WR�
&0'��LV�UHFHLYHG��  

3) $&0'����LV�VWDUWHG��7KH�UHVSRQVH�WR�WKLV�FRPPDQG�LQIRUPV�WKH�VRIWZDUH�LI�WKH�FDUG�
VXSSRUWV�YROWDJH�VZLWFKLQJ��ELWV���������DQG����DUH�FKHFNHG�E\�WKH�FDUG�DUJXPHQW�RI�
$&0'����UHIHU�WR�IROORZLQJ�ILJXUH��  

 
Fig. 6-14 ACMD41 Argument 

z %LW����LQIRUPV�WKH�FDUG�LI�KRVW�VXSSRUWV�6'+&�6';&�RU�QRW��WKLV�ELW�VKRXOG�EH�VHW�WR�
�
E���  

z %LW����FDQ�EH�HLWKHU���RU����  
z %LW����VKRXOG�EH�VHW�WR��
E���LQGLFDWLQJ�WKDW�WKH�KRVW�LV�FDSDEOH�RI�YROWDJH�VZLWFKLQJ��

UHIHU�WR�IROORZLQJ�ILJXUH��  
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Fig. 6-15 ACMD41 Response(R3) 

z %LW����±�,I�VHW�WR��
E���FDUG�VXSSRUWV�6'+&�6';&��LI�VHW�WR��
E���FDUG�VXSSRUWV�RQO\�
6'6& 

z %LW����±�,I�VHW�WR��
E���FDUG�VXSSRUWV�YROWDJH�VZLWFKLQJ�DQG�LV�UHDG\�IRU�WKH�VZLWFK 
z %LW����±�,I�VHW�WR��
E���LQLWLDOL]DWLRQ�LV�RYHU��LI�VHW�WR��
E���PHDQV�LQLWLDOL]DWLRQ�LQ�SURFHVV 
4) ,I�WKH�FDUG�VXSSRUWV�YROWDJH�VZLWFKLQJ��WKHQ�WKH�VRIWZDUH�PXVW�SHUIRUP�WKH�VWHSV�

GLVFXVVHG�IRU�HLWKHU�WKH�³9ROWDJH�6ZLWFK�1RUPDO�6FHQDULR´�RU�WKH�³9ROWDJH�6ZLWFK�(UURU�
6FHQDULR �́�  

6.6.5.2 Voltage Switch Normal Scenario 

 
Fig. 6-16 Voltage Switch Normal Scenario 

1) 7KH�KRVW�SURJUDPV�6'00&B&/.(1$²FFONBORZBSRZHU�UHJLVWHU²ZLWK�]HUR�����IRU�WKH�
FRUUHVSRQGLQJ�FDUG��ZKLFK�PDNHV�WKH�KRVW�FRQWUROOHU�PRYH�WR�KLJK�SRZHU�PRGH��7KH�
DSSOLFDWLRQ�VKRXOG�VWDUW�D�WLPHU�ZLWK�D�UHFRPPHQGHG�YDOXH�RI��PV��WKLV�YDOXH�RI���PV�LV�
GHWHUPLQHG�DV�EHORZ��7RWDO�F\FOHV�UHTXLUHG�IRU�&0'��� ����F\FOHV 
7RWDO�F\FOHV�UHTXLUHG�IRU�5(63�5�� ����F\FOHV 
0D[LPXP�FORFN�GHOD\�EHWZHHQ�0&'���HQG�WR�VWDUW�RI�5(63�� ����F\FOHV 
7RWDO� ������������ ���� 
0LQLPXP�IUHTXHQF\�GXULQJ�HQXPHUDWLRQ�LV�����.+]��WKDW�LV����XV 
7RWDO�WLPH� ��������XV� �����XV� �����PV�a��PV 

2) 7KH�KRVW�LVVXHV�&0'���WR�VWDUW�WKH�YROWDJH�VZLWFK�VHTXHQFH��6HW�ELW����WR��
E��LQ�&0'�
ZKHQ�VHWWLQJ�&0'����IRU�PRUH�LQIRUPDWLRQ�RQ�VHWWLQJ�ELWV��UHIHU�WR�³%RRW�2SHUDWLRQ �́�  

3) 7KH�FDUG�UHWXUQV�5��UHVSRQVH��WKH�KRVW�FRQWUROOHU�GRHV�QRW�JHQHUDWH�FPGBGRQH�LQWHUUXSW�
RQ�UHFHLYLQJ�5��UHVSRQVH��  

4) 7KH�FDUG�GULYHV�&0'�DQG�'$7�>���@�WR�ORZ�LPPHGLDWHO\�DIWHU�WKH�UHVSRQVH��7KH�KRVW�
FRQWUROOHU�JHQHUDWHV�LQWHUUXSW��92/7B6:,7&+B,17��RQFH�WKH�&0'�RU�'$7�>���@�OLQH�JRHV�
ORZ��7KH�DSSOLFDWLRQ�VKRXOG�ZDLW�IRU�WKLV�LQWHUUXSW��,I�WKH��PV�WLPHU�H[SLUHV�ZLWKRXW�DQ�
LQWHUUXSW��&0'�'$7�OLQHV�JRLQJ�ORZ���GR�D�SRZHU�F\FOH��  

1RWH��%HIRUH�GRLQJ�D�SRZHU�F\FOH��VZLWFK�RII�WKH�FDUG�FORFN�E\�SURJUDPPLQJ�6'00&B&/.(1$�UHJLVWHU 
3URFHHG�WR�VWHS�����RQ�JHWWLQJ�DQ�LQWHUUXSW��92/7B6:,7&+B,17���  
1RWH��7KLV�LQWHUUXSW�PXVW�EH�FOHDUHG�RQFH�WKLV�LQWHUUXSW�LV�UHFHLYHG��$GGLWLRQDOO\��WKLV�LQWHUUXSW�VKRXOG�QRW�EH�
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PDVNHG�GXULQJ�WKH�YROWDJH�VZLWFK�VHTXHQFH��  
,I�WKH�WLPHU�H[SLUHV�ZLWKRXW�LQWHUUXSW��&0'�'$7�OLQHV�JRLQJ�ORZ���SHUIRUP�D�SRZHU�F\FOH��
3URFHHG�WR�VWHS�����RQ�LQWHUUXSW��  
1) 3URJUDP�WKH�6'00&B&/.(1$�UHJLVWHU��ZLWK���IRU�WKH�FRUUHVSRQGLQJ�FDUG��WKH�KRVW�VWRSV�

VXSSO\LQJ�6'&/.��  
2) 3URJUDP�9ROWDJH�UHJLVWHU�WR�WKH�UHTXLUHG�YDOXHV�IRU�WKH�FRUUHVSRQGLQJ�FDUG��7KH�

DSSOLFDWLRQ�VKRXOG�VWDUW�D�WLPHU�!��PV��  
3) $IWHU�WKH��PV�WLPHU�H[SLUHV��WKH�KRVW�YROWDJH�UHJXODWRU�LV�VWDEOH��3URJUDP�

6'00&B&/.(1$�UHJLVWHU��ZLWK���IRU�WKH�FRUUHVSRQGLQJ�FDUG��WKH�KRVW�VWDUWV�SURYLGLQJ�
6'&/.�DW�����9��WKLV�FDQ�EH�DW�]HUR�WLPH�DIWHU�9ROWDJH�UHJLVWHU�KDV�EHHQ�SURJUDPPHG��
:KHQ�WKH�6'00&B&/.(1$�UHJLVWHU�LV�SURJUDPPHG��WKH�DSSOLFDWLRQ�VKRXOG�VWDUW�DQRWKHU�
WLPHU�!��PV��  

4) %\�GHWHFWLQJ�6'&/.��WKH�FDUG�GULYHV�&0'�WR�KLJK�DW�����9�IRU�DW�OHDVW�RQH�FORFN�DQG�WKHQ�
VWRSV�GULYLQJ��WUL�VWDWH���&0'�LV�WULJJHUHG�E\�WKH�ULVLQJ�HGJH�RI�6'&/.��6'5�WLPLQJ���  

5) ,I�VZLWFKLQJ�WR�����9�VLJQDOLQJ�LV�FRPSOHWHG�VXFFHVVIXOO\��WKH�FDUG�GULYHV�'$7�>���@�WR�
KLJK�DW�����9�IRU�DW�OHDVW�RQH�FORFN�DQG�WKHQ�VWRSV�GULYLQJ��WUL�VWDWH���'$7�>���@�LV�
WULJJHUHG�E\�WKH�ULVLQJ�HGJH�RI�6'&/.��6'5�WLPLQJ���'$7>���@�PXVW�EH�KLJK�ZLWKLQ��PV�
IURP�WKH�VWDUW�RI�6'&/.��  

6) 7KH�KRVW�FRQWUROOHU�JHQHUDWHV�D�YROWDJH�VZLWFK�LQWHUUXSW��92/7B6:,7&+B,17��DQG�D�
FRPPDQG�GRQH��&'��LQWHUUXSW�RQFH�WKH�&0'�DQG�'$7>���@�OLQHV�JR�KLJK��7KH�DSSOLFDWLRQ�
VKRXOG�ZDLW�IRU�WKLV�LQWHUUXSW�WR�FRQILUP�&0'�DQG�'$7�OLQHV�JRLQJ�KLJK�EHIRUH�WKH��PV�
WLPHU�LV�GRQH��  

,I�WKH�WLPHU�H[SLUHV�ZLWKRXW�WKH�YROWDJH�VZLWFK�LQWHUUXSW��92/7B6:,7&+B,17���D�SRZHU�F\FOH�
VKRXOG�EH�SHUIRUPHG��3URJUDP�WKH�6'00&B&/.(1$�UHJLVWHU�WR�VWRS�WKH�FORFN�IRU�WKH�
FRUUHVSRQGLQJ�FDUG�QXPEHU��:DLW�IRU�WKH�FPGBGRQH��&'��LQWHUUXSW��3URFHHG�IRU�QRUPDO�
RSHUDWLRQ�RQ�LQWHUUXSW��$IWHU�WKH�VHTXHQFH�LV�FRPSOHWHG��WKH�KRVW�DQG�WKH�FDUG�VWDUW�
FRPPXQLFDWLRQ�LQ�6'5���WLPLQJ��  
6.6.5.3 Voltage Switch Error Scenario 

 
Fig. 6-17 Voltage Switch Error Scenario 

1) ,I�WKH�LQWHUUXSW��92/7B6:,7&+B,17��GRHV�QRW�FRPH��WKHQ�WKH���PV�WLPHU�VKRXOG�WLPH�
RXW�DQG�D�SRZHU�F\FOH�VKRXOG�EH�LQLWLDWHG��  

1RWH��%HIRUH�SHUIRUPLQJ�D�SRZHU�F\FOH��VZLWFK�RII�WKH�FDUG�FORFN�E\�SURJUDPPLQJ�6'00&B&/.(1$�UHJLVWHU��
QR�FPGBGRQH��&'��LQWHUUXSW�LV�JHQHUDWHG��  
$GGLWLRQDOO\��LI�WKH�FDUG�GHWHFWV�D�YROWDJH�HUURU�DW�DQ\�SRLQW�LQ�EHWZHHQ�VWHSV�����DQG�����LQ�
WKH�FDUG�NHHSV�GULYLQJ�'$7>���@�WR�ORZ�XQWLO�FDUG�SRZHU�RII��  
2) &0'�FDQ�EH�ORZ�RU�WUL�VWDWH��  
3) 7KH�KRVW�FRQWUROOHU�JHQHUDWHV�D�YROWDJH�VZLWFK�LQWHUUXSW�RQFH�WKH�&0'�DQG�'$7>���@�

OLQHV�JR�KLJK��7KH�DSSOLFDWLRQ�VKRXOG�FKHFN�IRU�DQ�LQWHUUXSW�WR�FRQILUP�&0'�DQG�'$7�
OLQHV�JRLQJ�KLJK�EHIRUH�WKH���PV�WLPHU�LV�GRQH��  

,I�WKH���PV�WLPHU�H[SLUHV�ZLWKRXW�LQWHUUXSW��92/7B6:,7&+B,17��DQG�FPGBGRQH��&'���D�
SRZHU�F\FOH�VKRXOG�EH�SHUIRUPHG��3URJUDP�WKH�6'00&B&/.(1$�UHJLVWHU�WR�VWRS�6'&/.�RI�
WKH�FRUUHVSRQGLQJ�FDUG��:DLW�IRU�WKH�FPGBGRQH�LQWHUUXSW��3URFHHG�IRU�QRUPDO�RSHUDWLRQ�RQ�
LQWHUUXSW��  
4) ,I�'$7>���@�LV�ORZ��WKH�KRVW�GULYHV�6'&/.�WR�ORZ�DQG�WKHQ�VWRSV�VXSSO\LQJ�WKH�FDUG�

SRZHU��  
1RWH��7KH�FDUG�FKHFNV�YROWDJHV�RI�LWV�RZQ�UHJXODWRU�RXWSXW�DQG�KRVW�VLJQDOV�WR�HQVXUH�WKH\�DUH�OHVV�WKDQ����
�9��(UURUV�DUH�LQGLFDWHG�E\�����DQG������  
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z ,I�YROWDJH�VZLWFKLQJ�LV�DFFHSWHG�E\�WKH�FDUG��WKH�GHIDXOW�VSHHG�LV�6'5����  
z &RPPDQG�'RQH�LV�JLYHQ� 

� ,I�YROWDJH�VZLWFKLQJ�LV�SURSHUO\�GRQH��&0'�DQG�'$7�OLQH�JRHV�KLJK��  
� ,I�VZLWFKLQJ�LV�QRW�FRPSOHWH��WKH��PV�WLPHU�H[SLUHV��DQG�WKH�FDUG�FORFN�LV�VZLWFKHG�

RII��  
1RWH��1R�RWKHU�&0'�VKRXOG�EH�GULYHQ�EHIRUH�WKH�YROWDJH�VZLWFKLQJ�RSHUDWLRQ�LV�FRPSOHWHG�DQG�&RPPDQG�
'RQH�LV�UHFHLYHG��  
z 7KH�DSSOLFDWLRQ�VKRXOG�XVH�&0'��WR�FKHFN�DQG�VHOHFW�WKH�SDUWLFXODU�IXQFWLRQ��WKH�

IXQFWLRQ�DSSURSULDWH�VSHHG�VKRXOG�EH�VHOHFWHG��  
$IWHU�WKH�IXQFWLRQ�VZLWFKHV��WKH�DSSOLFDWLRQ�VKRXOG�SURJUDP�WKH�FRUUHFW�YDOXH�LQ�WKH�&/.',9�
UHJLVWHU��GHSHQGLQJ�RQ�WKH�IXQFWLRQ�FKRVHQ��$GGLWLRQDOO\��LI�)XQFWLRQ��[��RI�WKH�$FFHVV�PRGH�
LV�FKRVHQ²WKDW�LV��''5����WKHQ�WKH�DSSOLFDWLRQ�VKRXOG�DOVR�SURJUDP��
E��LQ�''5B5(*�IRU�
WKH�FDUG�QXPEHU�WKDW�KDV�EHHQ�VHOHFWHG�IRU�''5���PRGH��  
6.6.6 ''5�2SHUDWLRQ 
6.6.6.1 4-bit DDR Programming Sequence 
''5�SURJUDPPLQJ�VKRXOG�EH�GRQH�RQO\�DIWHU�WKH�YROWDJH�VZLWFK�RSHUDWLRQ�KDV�FRPSOHWHG��
7KH�IROORZLQJ�RXWOLQHV�WKH�VWHSV�IRU�WKH�''5�SURJUDPPLQJ�VHTXHQFH� 
1) 2QFH�WKH�YROWDJH�VZLWFK�RSHUDWLRQ�LV�FRPSOHWH��WKH�XVHU�PXVW�SURJUDP�YROWDJH�VHOHFWLRQ�

UHJLVWHU�WR�WKH�UHTXLUHG�YDOXHV�IRU�WKH�FRUUHVSRQGLQJ�FDUG��  
z 7R�VWDUW�D�FDUG�WR�ZRUN�LQ�''5�PRGH��WKH�DSSOLFDWLRQ�PXVW�SURJUDP�D�ELW�RI�WKH�QHZO\�

GHILQHG�6'00&B8+65(*>��@�UHJLVWHU�ZLWK�D�YDOXH�RI��
E���  
z 7KH�ELW�WKDW�WKH�XVHU�SURJUDPV�GHSHQGV�RQ�ZKLFK�FDUG�LV�WR�EH�DFFHVVHG�LQ�''5�PRGH��  
2) 7R�PRYH�EDFN�WR�6'5�PRGH��D�SRZHU�F\FOH�VKRXOG�EH�UXQ�RQ�WKH�FDUG²SXWWLQJ�WKH�FDUG�

LQ�6'5���PRGH²DQG�RQO\�WKHQ�VKRXOG�6'00&B8+65(*>��@EH�VHW�EDFN�WR��
E��IRU�WKH�
DSSURSULDWH�FDUG��  

6.6.6.2 8-bit DDR Programming Sequence 
7KH�IROORZLQJ�RXWOLQHV�WKH�VWHSV�IRU�WKH���ELW�''5�SURJUDPPLQJ�VHTXHQFH� 
1) 7KH�FFONBLQ�VLJQDO�VKRXOG�EH�WZLFH�WKH�VSHHG�RI�WKH�UHTXLUHG�FFONBRXW��7KXV��LI�WKH�

FFONBRXW�VLJQDO�LV�UHTXLUHG�WR�EH����0+]��WKH�FFONBLQ�VLJQDO�VKRXOG�EH�����0+]� 
2) 7KH�6'00&B&/.',9�UHJLVWHU�VKRXOG�DOZD\V�EH�SURJUDPPHG�ZLWK�D�YDOXH�KLJKHU�WKDQ�

]HUR������WKDW�LV��D�FORFN�GLYLGHU�VKRXOG�DOZD\V�EH�XVHG�IRU���ELW�''5�PRGH� 
3) 7KH�DSSOLFDWLRQ�PXVW�SURJUDP�WKH�6'00&B8+65(*>��@�UHJLVWHU��GGUBUHJ�ELWV��E\�

DVVLJQLQJ�LW�ZLWK�D�YDOXH�RI���IRU�WKH�ELW�FRUUHVSRQGLQJ�WR�WKH�FDUG�QXPEHU��WKLV�FDXVHV�
WKH�VHOHFWHG�FDUG�WR�VWDUW�ZRUNLQJ�LQ�''5�PRGH� 

4) 'HSHQGLQJ�RQ�WKH�FDUG�QXPEHU��WKH�6'00&B&7<3(�>��@�ELWV�VKRXOG�EH�VHW�LQ�RUGHU�WR�
PDNH�WKH�KRVW�ZRUN�LQ�WKH���ELW�PRGH� 

6.6.6.3 eMMC4.5 DDR START Bit 
7KH�H00&����FKDQJHV�WKH�67$57�ELW�GHILQLWLRQ�LQ�WKH�IROORZLQJ�PDQQHU� 
1) 5HFHLYHU�VDPSOHV�WKH�67$57�ELW�RQ�WKH�ULVLQJ�HGJH� 
2) 2Q�WKH�QH[W�ULVLQJ�HGJH�DIWHU�VDPSOLQJ�WKH�67$57�ELW��WKH�UHFHLYHU�PXVW�VDPSOH�WKH�

GDWD� 
3) 5HPRYHV�UHTXLUHPHQW�RI�WKH�67$57�ELW�DQG�(1'�ELW�WR�EH�KLJK�IRU�RQH�IXOO�F\FOH� 
1RWHV��7KH�+RVW�&RQWUROOHU�GRHV�QRW�VXSSRUW�D�67$57�ELW�GXUDWLRQ�KLJKHU�WKDQ�RQH�FORFN�F\FOH��67$57�ELW�
GXUDWLRQV�RI�RQH�RU�OHVV�WKDQ�RQH�FORFN�F\FOH�DUH�VXSSRUWHG�DQG�FDQ�EH�GHILQHG�DW�WKH�WLPH�RI�VWDUWXS�E\�
SURJUDPPLQJ�WKH�(00&B''5B5(*�UHJLVWHU� 
6.6.6.4 Reset Command/Moving From DDR50 to SDR12 
7R�UHVHW�WKH�PRGH�RI�RSHUDWLRQ�IURP�''5���WR�6'5����WKH�IROORZLQJ�VHTXHQFH�RI�RSHUDWLRQV�
KDV�WR�EH�GRQH�E\�WKH�DSSOLFDWLRQ� 
1) ,VVXH�&0'���  
2) :KHQ�&0'��LV�UHFHLYHG��WKH�FDUG�FKDQJHV�IURP�''5���WR�6'5����  
3) 3URJUDP�WKH�6'00&B&/.',9�UHJLVWHU�ZLWK�DQ�DSSURSULDWH�YDOXH��  
4) 6HW�GGUBUHJ�WR����  
1RWH��7KH�9ROWDJH�UHJLVWHU�VKRXOG�QRW�EH�SURJUDPPHG�WR���ZKLOH�VZLWFKLQJ�IURP�''5���WR�6'5����VLQFH�WKH�
FDUG�LV�VWLOO�RSHUDWLQJ�LQ����9�PRGH�DIWHU�UHFHLYLQJ�&0'�� 
6.6.7 +�:�5HVHW�2SHUDWLRQ 
:KHQ�WKH�567BQ�VLJQDO�JRHV�ORZ��WKH�FDUG�HQWHUV�D�SUH�LGOH�VWDWH�IURP�DQ\�VWDWH�RWKHU�WKDQ�
WKH�LQDFWLYH�VWDWH��  
7KH�IROORZLQJ�RXWOLQHV�WKH�VWHSV�IRU�WKH�+�:�UHVHW�SURJUDPPLQJ�VHTXHQFH� 
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1) 3URJUDP�&0'���WR�HQG�DQ\�WUDQVIHU�LQ�SURFHVV��  
2) :DLW�IRU�'72��HYHQ�LI�QR�UHVSRQVH�LV�VHQW�EDFN�E\�WKH�FDUG��  
3) 6HW�WKH�IROORZLQJ�UHVHWV��  
z '0$�UHVHW±6'00&B&75/�>�@�ELW 
z ),)2�UHVHW±6'00&B&75/�>�@�ELW 
�1RWH��7KH�DERYH�VWHSV�DUH�UHTXLUHG�RQO\�LI�D�WUDQVIHU�LV�LQ�SURFHVV��  
4) 3URJUDP�WKH�6'00&B5671�UHJLVWHU�ZLWK�D�YDOXH�RI����WKLV�FDQ�EH�GRQH�DW�DQ\�WLPH�

ZKHQ�WKH�FDUG�LV�FRQQHFWHG�WR�WKH�FRQWUROOHU��7KLV�SURJUDPPLQJ�DVVHUWV�WKH�567BQ�VLJQDO�
DQG�UHVHWV�WKH�FDUG��  

5) :DLW�IRU�PLQLPXP�RI���ǋV�RU�FFONBLQ�SHULRG��ZKLFKHYHU�LV�JUHDWHU 
6) $IWHU�D�PLQLPXP�RI���ǋV��WKH�DSSOLFDWLRQ�VKRXOG�SURJUDP�D�YDOXH�RI���LQWR�WKH�

6'00&B5671�UHJLVWHU��7KLV�GH�DVVHUWV�WKH�567BQ�VLJQDO�DQG�WDNHV�WKH�FDUG�RXW�RI�UHVHW��  
7) 7KH�DSSOLFDWLRQ�FDQ�SURJUDP�D�QHZ�&0'�RQO\�DIWHU�D�PLQLPXP�RI�����ǋV�DIWHU�WKH�GH�

DVVHUWLRQ�RI�WKH�567BQ�VLJQDO��DV�SHU�WKH�00&������VWDQGDUG��  
1RWH��)RU�EDFNZDUG�FRPSDWLELOLW\��WKH�567BQ�VLJQDO�LV�WHPSRUDULO\�GLVDEOHG�LQ�WKH�FDUG�E\�GHIDXOW��7KH�KRVW�
PD\�QHHG�WR�VHW�WKH�VLJQDO�DV�HLWKHU�SHUPDQHQWO\�HQDEOHG�RU�SHUPDQHQWO\�GLVDEOHG�EHIRUH�LW�XVHV�WKH�FDUG��  
6.6.8 )%(�6FHQDULRV 
$Q�)%(�RFFXUV�GXH�WR�DQ�$+%�HUURU�UHVSRQVH�RQ�WKH�$+%�EXV��7KLV�LV�D�V\VWHP�HUURU��VR�WKH�
VRIWZDUH�GULYHU�VKRXOG�QRW�SHUIRUP�DQ\�IXUWKHU�SURJUDPPLQJ�WR�WKH�+RVW��7KH�RQO\�UHFRYHU\�
PHFKDQLVP�IURP�VXFK�VFHQDULRV�LV�WR�GR�RQH�RI�WKH�IROORZLQJ� 
z ,VVXH�D�KDUG�UHVHW�E\�DVVHUWLQJ�WKH�UHVHWBQ�VLJQDO 
z 'R�D�SURJUDP�FRQWUROOHU�UHVHW�E\�ZULWLQJ�WR�WKH�6'00&B&75/>�@�ELW 
6.6.8.1 FIFO Overflow and Underflow 
'XULQJ�QRUPDO�GDWD�WUDQVIHU�FRQGLWLRQV��),)2�RYHUIORZ�DQG�XQGHUIORZ�ZLOO�QRW�RFFXU��+RZHYHU�
LI�WKHUH�LV�D�SURJUDPPLQJ�HUURU��WKHQ�),)2�RYHUIORZ�XQGHUIORZ�FDQ�UHVXOW��)RU�H[DPSOH��
FRQVLGHU�WKH�IROORZLQJ�VFHQDULRV� 
z )RU�WUDQVPLW��3%/ ���7[�ZDWHUPDUN� ����)RU�WKH�DERYH�SURJUDPPLQJ�YDOXHV��LI�WKH�),)2�

KDV�RQO\�RQH�ORFDWLRQ�HPSW\��LW�LVVXHV�D�GPDBUHT�WR�,'0$&�)60��'XH�WR�3%/�YDOXH ���
WKH�,'0$&�)60�SHUIRUPV���SXVKHV�LQWR�WKH�),)2��7KLV�ZLOO�UHVXOW�LQ�D�),)2�RYHUIORZ�
LQWHUUXSW� 

z )RU�UHFHLYH��3%/ ���5[�ZDWHUPDUN� ����)RU�WKH�DERYH�SURJUDPPLQJ�YDOXHV��LI�WKH�),)2�
KDV�RQO\�RQH�ORFDWLRQ�ILOOHG��LW�LVVXHV�D�GPDBUHT�WR�,'0$&�)60��'XH�WR�3%/�YDOXH ���WKH�
,'0$&�)60�SHUIRUPV���SRSV�WR�WKH�),)2��7KLV�ZLOO�UHVXOW�LQ�D�),)2�XQGHUIORZ�LQWHUUXSW� 

7KH�GULYHU�VKRXOG�HQVXUH�WKDW�WKH�QXPEHU�RI�E\WHV�WR�EH�WUDQVIHUUHG�DV�LQGLFDWHG�LQ�WKH�
GHVFULSWRU�VKRXOG�EH�D�PXOWLSOH�RI��E\WHV�ZLWK�UHVSHFW�WR�+B'$7$B:,'7+ ����)RU�H[DPSOH��
LI�WKH�6'00&B%<7&17 ����WKH�QXPEHU�RI�E\WHV�LQGLFDWHG�LQ�WKH�GHVFULSWRU�VKRXOG�EH����IRU�
+B'$7$B:,'7+ ��� 
6.6.8.2 Programming of PBL and Watermark Levels 
7KH�'0$&�SHUIRUPV�GDWD�WUDQVIHUV�GHSHQGLQJ�RQ�WKH�SURJUDPPHG�3%/�DQG�WKUHVKROG�YDOXHV��  

Table 6-16 PBL and Watermark Levels 
3%/��1XPEHU�RI�WUDQVIHUV� 7[�5[�:DWHUPDUN�9DOXH 

� JUHDWHU�WKDQ�RU�HTXDO�WR�� 
� JUHDWHU�WKDQ�RU�HTXDO�WR�� 
� JUHDWHU�WKDQ�RU�HTXDO�WR�� 
�� JUHDWHU�WKDQ�RU�HTXDO�WR��� 
�� JUHDWHU�WKDQ�RU�HTXDO�WR��� 
�� JUHDWHU�WKDQ�RU�HTXDO�WR��� 
��� JUHDWHU�WKDQ�RU�HTXDO�WR���� 
��� JUHDWHU�WKDQ�RU�HTXDO�WR���� 

6.6.9 9DULDEOH�'HOD\�8VDJH 
7KH�GHOD\�WLPH�RI�HYHU\�HOHPHQW�LV�LQ�WKH�UDQJH�RI���SVa��SV��YDU\LQJ�ZLWK�GLIIHUHQW�YROWDJH�
DQG�WHPSHUDWXUH��  
7KH�FRQWURO�VLJQDOV�IRU�YDULDEOH�GHOD\�HOHPHQW�XVDJH�DUH�VKRZQ�DV�IROORZV� 
6.6.9.1 SDMMC0 Variable Delay Usage 

Table 6-17 Configuration for SDMMC0 Variable Delay Usage 
6LJQDO�1DPH 6RXUFH 'HIDXOW 'HVFULSWLRQ 
LQLWBVWDWH &58B6'00&B&21�>�@ � 6RIW�LQLWLDO�VWDWH�IRU�SKDVH�VKLIW��  
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6LJQDO�1DPH 6RXUFH 'HIDXOW 'HVFULSWLRQ 

GUYBGHJUHH>��
�@ &58B6'00&B&21�>���@ � 

3KDVH�VKLIW�IRU�FFONBLQBGUY� 
�¶K�����GHJUHH 
�¶K������GHJUHH 
�¶K�������GHJUHH 
�¶K�������GHJUHH 

GUYBGHOD\QXP 
>���@ 

&58B6'00&B&21�>����
@ � (OHPHQW� QXPEHU� LQ� GHOD\� OLQH� IRU�

FFONBLQBGUY 

GUYBVHO &58B6'00&B&21�>��@ � 

FFONBLQBGUY�VRXUFH�VHOHFWLRQ� 
�¶E���XVH�FORFN�DIWHU�SKDVHBVKLIW 
��E��� XVH� FORFN� DIWHU� SKDVHBVKLIW�
DQG�GHOD\�OLQH 

VDPSOHBGHJUH
H>���@ &58B6'00&B&21�>���@ � 

3KDVH�VKLIW�IRU�FFONBLQBVDPSOH� 
�¶K�����GHJUHH 
�¶K������GHJUHH 
�¶K�������GHJUHH 
�¶K�������GHJUHH 

VDPSOHBGHOD\
QXP>���@ 

&58B6'00&B&21�>����
@ � (OHPHQW� QXPEHU� LQ� GHOD\� OLQH� IRU�

FFONBLQBVDPSOH 

VDPSOHBVHO &58B6'00&B&21�>��@ � 

FFONBLQBVDPSOH�VRXUFH�VHOHFWLRQ� 
�¶E���XVH�FORFN�DIWHU�SKDVHBVKLIW 
�¶E��� XVH� FORFN� DIWHU� SKDVHBVKLIW�
DQG�GHOD\�OLQH 

6.6.9.2 SDMMC1 Variable Delay Usage 
Table 6-18 Configuration for SDMMC1 Variable Delay Usage 

6LJQDO�1DPH 6RXUFH 'HIDXOW 'HVFULSWLRQ 
LQLWBVWDWH &58B6'00&�B&21�>�@ � 6RIW�LQLWLDO�VWDWH�IRU�SKDVH�VKLIW��  

GUYBGHJUHH>���
@ 

&58B6'00&�B&21�>���
@ � 

3KDVH�VKLIW�IRU�FFONBLQBGUY� 
�¶K�����GHJUHH 
�¶K������GHJUHH 
�¶K�������GHJUHH 
�¶K�������GHJUHH 

GUYBGHOD\QXP 
>���@ 

&58B6'00&�B&21�>���
�@ � (OHPHQW� QXPEHU� LQ� GHOD\� OLQH� IRU�

FFONBLQBGUY 

GUYBVHO &58B6'00&�B&21�>��@ � 

FFONBLQBGUY�VRXUFH�VHOHFWLRQ� 
�¶E���XVH�FORFN�DIWHU�SKDVHBVKLIW 
��E��� XVH� FORFN� DIWHU� SKDVHBVKLIW�
DQG�GHOD\�OLQH 

VDPSOHBGHJUHH 
>���@ 

&58B6'00&�B&21�>���
@ � 

3KDVH�VKLIW�IRU�FFONBLQBVDPSOH� 
�¶K�����GHJUHH 
�¶K������GHJUHH 
�¶K�������GHJUHH 
�¶K�������GHJUHH 

VDPSOHBGHOD\QX
P>���@ 

&58B6'00&�B&21�>���
�@ � (OHPHQW� QXPEHU� LQ� GHOD\� OLQH� IRU�

FFONBLQBVDPSOH 

VDPSOHBVHO &58B6'00&�B&21�>��@ � 

FFONBLQBVDPSOH�VRXUFH�VHOHFWLRQ� 
�¶E���XVH�FORFN�DIWHU�SKDVHBVKLIW 
�¶E��� XVH� FORFN� DIWHU� SKDVHBVKLIW�
DQG�GHOD\�OLQH 

6.6.9.3 SDMMC2 Variable Delay Usage 
Table 6-19 Configuration for SDMMC2 Variable Delay Usage 

6LJQDO�1DPH 6RXUFH 'HIDXOW 'HVFULSWLRQ 
LQLWBVWDWH &58B6'00&�B&21�>�@ � 6RIW�LQLWLDO�VWDWH�IRU�SKDVH�VKLIW��  

GUYBGHJUHH>��
�@ 

&58B6'00&�B&21�>���
@ � 

3KDVH�VKLIW�IRU�FFONBLQBGUY� 
�¶K�����GHJUHH 
�¶K������GHJUHH 
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6LJQDO�1DPH 6RXUFH 'HIDXOW 'HVFULSWLRQ 
�¶K�������GHJUHH 
�¶K�������GHJUHH 

GUYBGHOD\QXP 
>���@ 

&58B6'00&�B&21�>���
�@ � (OHPHQW� QXPEHU� LQ� GHOD\� OLQH� IRU�

FFONBLQBGUY 

GUYBVHO &58B6'00&�B&21�>��@ � 

FFONBLQBGUY�VRXUFH�VHOHFWLRQ� 
�¶E���XVH�FORFN�DIWHU�SKDVHBVKLIW 
��E��� XVH� FORFN� DIWHU� SKDVHBVKLIW�
DQG�GHOD\�OLQH 

VDPSOHBGHJUH
H>���@ 

&58B6'00&�B&21�>���
@ � 

3KDVH�VKLIW�IRU�FFONBLQBVDPSOH� 
�¶K�����GHJUHH 
�¶K������GHJUHH 
�¶K�������GHJUHH 
�¶K�������GHJUHH 

VDPSOHBGHOD\
QXP>���@ 

&58B6'00&�B&21�>���
�@ � (OHPHQW� QXPEHU� LQ� GHOD\� OLQH� IRU�

FFONBLQBVDPSOH 

VDPSOHBVHO &58B6'00&�B&21�>��@ � 

FFONBLQBVDPSOH�VRXUFH�VHOHFWLRQ� 
�¶E���XVH�FORFN�DIWHU�SKDVHBVKLIW 
�¶E��� XVH� FORFN� DIWHU� SKDVHBVKLIW�
DQG�GHOD\�OLQH 

7KH�IROORZLQJ�RXWOLQHV�WKH�VWHSV�IRU�FORFN�JHQHUDWLRQ�VHTXHQFH� 
1) $VVHUW�LQLWBVWDWH�WR�VRIW�UHVHW�WKH�&/.*(1� 
2) &RQILJXUH�GUYBGHJUHH�VDPSOHBGHJUHH� 
3) ,I�ILQH�DGMXVWPHQW�UHTXLUHG��GHOD\�OLQH�FDQ�EH�XVHG�E\�FRQILJXULQJ�

GUYBGHOD\QXP�VDPSOHBGHOD\QXP�DQG�GUYBVHO�VDPSOHBVHO� 
4) 'LV�DVVHUW�LQLWBVWDWH�WR�VWDUW�&/.*(1� 
6.6.10 9DULDEOH�'HOD\�7XQLQJ 
7XQLQJ�LV�GHILQHG�E\�6'�DQG�00&�FDUGV�WR�GHWHUPLQH�WKH�FRUUHFW�VDPSOLQJ�SRLQW�UHTXLUHG�IRU�
WKH�KRVW��HVSHFLDOO\�IRU�WKH�VSHHG�PRGHV�6'5����DQG�+6����ZKHUH�WKH�RXWSXW�GHOD\V�IURP�
WKH�FDUGV�FDQ�EH�XS�WR���8,��7XQLQJ�LV�UHTXLUHG�IRU�RWKHU�VSHHG�PRGHV�VXFK�DV�''5���HYHQ�
WKRXJK�WKH�RXWSXW�GHOD\�IURP�WKH�FDUG�LV�OHVV�WKDQ�RQH�F\FOH��  
&RPPDQG�IRU�WXQLQJ�LV�GLIIHUHQW�IRU�GLIIHUHQW�FDUGV� 
z 6'�0HPRU\�&DUG� 

� &0'���±�6'�FDUG�IRU�6'5���DQG�6'5����VSHHG�PRGHV��7XQLQJ�GDWD�LV�GHILQHG�E\�
FDUG�VSHFLILFDWLRQV� 

� &0'��±�6'�FDUG�IRU�VSHHG�PRGHV�QRW�VXSSRUWLQJ�&0'����7XQLQJ�GDWD�LV�WKH���E\WH�
6'�VWDWXV� 

z 0XOWLPHGLD�&DUG� 
� &0'���±�00&�FDUG�IRU�+6����VSHHG�PRGH��7XQLQJ�GDWD�LV�GHILQHG�E\�FDUG�

VSHFLILFDWLRQV� 
� &0'��±�00&�FDUG�IRU�VSHHG�PRGHV�QRW�VXSSRUWLQJ�&0'����7XQLQJ�GDWD�LV�����E\WH�

([W&6'�GDWD� 
7KH�IROORZLQJ�LV�WKH�SURFHGXUH�IRU�YDULDEOH�GHOD\�WXQLQJ� 
1) 6HW�D�SKDVH�VKLIW�RI���GHJUHH�RQ�FFONBLQBVDPSOH� 
2) 6HQG�WKH�7XQLQJ�FRPPDQG�WR�WKH�FDUG��WKH�FDUG�LQ�WXUQ�VHQGV�DQ�5��UHVSRQVH�RQ�WKH�

&0'�OLQH�DQG�WXQLQJ�GDWD�RQ�WKH�'$7�OLQH� 
3) ,I�WKH�KRVW�VHHV�DQ\�RI�WKH�HUURUV²VWDUW�ELW�HUURU��GDWD�FUF�HUURU��HQG�ELW�HUURU��GDWD�UHDG�

WLPH�RXW��UHVSRQVH�&5&�HUURU��UHVSRQVH�HUURU²WKHQ�WKH�VDPSOLQJ�SRLQW�LV�LQFRUUHFW� 
4) 6HQG�&0'���WR�EULQJ�WKH�KRVW�FRQWUROOHU�VWDWH�PDFKLQHV�WR�LGOH��  

z 7KH�FDUG�PD\�WUHDW�&0'���DV�DQ�LQYDOLG�FRPPDQG�EHFDXVH�WKH�FDUG�KDV�VXFFHVVIXOO\�
VHQW�WKH�WXQLQJ�GDWD��DQG�LW�FDQQRW�VHQG�D�UHVSRQVH��  

z 7KH�KRVW�FRQWUROOHU�PD\�JHQHUDWH�D�UHVSRQVH�WLPH�RXW�LQWHUUXSW�WKDW�PXVW�EH�FOHDUHG�
E\�VRIWZDUH� 

5) 5HSHDW�VWHSV����WR����E\�LQFUHDVLQJ�WKH�SKDVH�VKLIW�YDOXH�RU�GHOD\�HOHPHQW�QXPEHU�RQ�
FFONBLQBVDPSOH�XQWLO�WKH�FRUUHFW�VDPSOLQJ�SRLQW�LV�UHFHLYHG�VXFK�WKDW�WKH�KRVW�GRHV�QRW�
VHH�DQ\�RI�WKH�HUURUV� 

6) 0DUN�WKLV�SKDVH�VKLIW�YDOXH�DV�WKH�VWDUWLQJ�SRLQW�RI�WKH�VDPSOLQJ�ZLQGRZ��  
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7) 5HSHDW�VWHSV���WR���E\�LQFUHDVLQJ�WKH�SKDVH�VKLIW�YDOXH�RU�GHOD\�HOHPHQW�QXPEHU�RQ�
FFONBLQBVDPSOH�XQWLO�WKH�KRVW�VHHV�WKH�HUURUV�VWDUWLQJ�WR�FRPH�DJDLQ�RU�WKH�SKDVH�VKLIW�
YDOXH�UHDFKHV�����GHJUHH� 

8) 0DUN�WKH�ODVW�VXFFHVVIXO�SKDVH�VKLIW�YDOXH�DV�WKH�HQGLQJ�SRLQW�RI�WKH�VDPSOLQJ�ZLQGRZ� 
$�ZLQGRZ�LV�HVWDEOLVKHG�ZKHUH�WKH�WXQLQJ�EORFN�LV�PDWFKHG��)RU�H[DPSOH��IRU�D�VFHQDULR�
ZKHUH�WKH�WXQLQJ�EORFN�LV�UHFHLYHG�FRUUHFWO\�IRU�D�SKDVH�VKLIW�ZLQGRZ�RI����GHJUHH�DQG�����
GHJUHH��WKHQ�DQ�DSSURSULDWH�VDPSOLQJ�SRLQW�LV�HVWDEOLVKHG�DV�����GHJUHH��2QFH�D�VDPSOLQJ�
SRLQW�LV�HVWDEOLVKHG��QR�HUURUV�VKRXOG�EH�YLVLEOH�LQ�WKH�WXQLQJ�EORFN� 
6.6.11 &DUG�'HWHFWLRQ�0HWKRG 
7KHUH�DUH�PDQ\�PHWKRGV�IRU�6'00&��6'00&��6'00&��GHYLFH�GHWHFWLRQ� 
z 0HWKRG���8VLQJ�6'00&B&'(7(&7�UHJLVWHU��ZKLFK�LV�YDOXH�RQ�FDUGBGHWHFWBQ�LQSXW�SRUW��

��UHSUHVHQWV�SUHVHQFH�RI�FDUG��7KLV�PHWKRG�LV�DYDLODEOH�RQO\�IRU�
6'00&��6'00&��6'00&�� 

z 0HWKRG���8VLQJ�FDUG�GHWHFWLRQ�XQLW�LQ�+RVW�&RQWUROOHU��RXWSXWWLQJ�KRVW�LQWHUUXSW��7KH�
FDUG�GHWHFWLRQ�XQLW�ORRNV�IRU�DQ\�FKDQJHV�LQ�WKH�FDUG�GHWHFW�VLJQDOV�IRU�FDUG�LQVHUWLRQ�RU�
FDUG�UHPRYDO��,W�ILOWHUV�RXW�WKH�GHERXQFHV�DVVRFLDWHG�ZLWK�PHFKDQLFDO�LQVHUWLRQ�RU�
UHPRYDO��DQG�JHQHUDWHV�RQH�LQWHUUXSW�WR�WKH�KRVW��<RX�FDQ�SURJUDP�WKH�GHERXQFH�ILOWHU�
YDOXH�LQ�6'00&B'(%1&(�>����@��)ROORZLQJ�ILJXUH�LOOXVWUDWHV�WKH�WLPLQJ�IRU�FDUG�GHWHFW�
VLJQDOV��7KLV�PHWKRG�LV�DYDLODEOH�RQO\�IRU�6'00&��6'00&��6'00&�� 

card_detect_n

card_detect_int_trig

debounces

card_detect_int_clear

card_detect_int

Debounces Counter: 
SDMMC_DEBNCE[23:0]

debounces

Debounces Counter: 
SDMMC_DEBNCE[23:0]

 
Fig. 6-18 Card Detection Method 2 

z 0HWKRG���8VLQJ�FDUG�GHWHFWLRQ�XQLW�LQ�*5)��RXWSXWWLQJ�GHWHFWBGXDOBHGJHBLQW�FRQQHFWLQJ�
WR�,54>���@�IRU�6'00&��,54>���@�IRU�6'00&��,54>���@�IRU�6'00&���6LPLODU�WR�
0HWKRG���H[FHSW�WKDW�WKH�GHERXQFH�WLPH�LV�FRQILJXUDEOH�E\�308*5)B6'00&B'(7��DQG�
WKH�LQVHUWLRQ�UHPRYDO�GHWHFWLRQ�LQWHUUXSW�FDQ�EH�HQDEOHG�RU�FOHDUHG�UHVSHFWLYHO\��  

7KH�detailed�UHJLVWHU�LQIRUPDWLRQ�LV� 
Table 6-20 Register for SDMMC0 Card Detection Method 3 

6LJQDO�1DPH 6RXUFH 'HIDXOW 'HVFULSWLRQ 

sd_detectn_rise_ed
ge_irq_en 

PMUGRF_SD_DETEC
T_CON[0] 0 

sdmmc detect_n signal rise edge 
interrupt enable. 
1: enable 
0: disable 

sd_detect_fall_edge
_detect_en 

PMUGRF_SD_DETEC
T_CON[1] 

0 sd_detect_falling_edge enable 
0: disable 
1: enable 

sd_detect_rising_ed
ge_dectect_status 

PMUGRF_SD_DETEC
T_STATUS[0] 0 

sd_detect_rising_edge status 
0: disable 
1: enable 

sd_detect_fall_edge
_detect_status 

PMUGRF_SD_DETEC
T_STATUS[1] 0 

sd_detect_falling_edge status 
0: disable 
1: enable 

sd_detect_rising_ed
ge_dectect_clr 

PMUGRF_SD_DETEC
T_CLR[0] 0 

sd_detect_rising_edge clear 
0: disable 
1: enable 

sd_detect_fall_edge
_detect_clr 

PMUGRF_SD_DETEC
T_CLR[1] 0 

sd_detect_falling_edge clear 
0: disable 
1: enable 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �291 

 
Table 6-21 Register for SDMMC1 Card Detection Method 3 

6LJQDO�1DPH 6RXUFH 'HIDXOW 'HVFULSWLRQ 

sd_detectn_rise_ed
ge_irq_en 

PMUGRF_SD_DETEC
T_CON[2] 0 

sdmmc detect_n signal rise edge 
interrupt enable. 
1: enable 
0: disable 

sd_detect_fall_edge
_detect_en 

PMUGRF_SD_DETEC
T_CON[3] 

0 sd_detect_falling_edge enable 
0: disable 
1: enable 

sd_detect_rising_ed
ge_dectect_status 

PMUGRF_SD_DETEC
T_STATUS[2] 0 

sd_detect_rising_edge status 
0: disable 
1: enable 

sd_detect_fall_edge
_detect_status 

PMUGRF_SD_DETEC
T_STATUS[3] 0 

sd_detect_falling_edge status 
0: disable 
1: enable 

sd_detect_rising_ed
ge_dectect_clr 

PMUGRF_SD_DETEC
T_CLR[2] 0 

sd_detect_rising_edge clear 
0: disable 
1: enable 

sd_detect_fall_edge
_detect_clr 

PMUGRF_SD_DETEC
T_CLR[3] 0 

sd_detect_falling_edge clear 
0: disable 
1: enable 

 
Table 6-22 Register for SDMMC2 Card Detection Method 3 

6LJQDO�1DPH 6RXUFH 'HIDXOW 'HVFULSWLRQ 

sd_detectn_rise_ed
ge_irq_en 

PMUGRF_SD_DETEC
T_CON[4] 0 

sdmmc detect_n signal rise edge 
interrupt enable. 
1: enable 
0: disable 

sd_detect_fall_edge
_detect_en 

PMUGRF_SD_DETEC
T_CON[5] 

0 sd_detect_falling_edge enable 
0: disable 
1: enable 

sd_detect_rising_ed
ge_dectect_status 

PMUGRF_SD_DETEC
T_STATUS[4] 0 

sd_detect_rising_edge status 
0: disable 
1: enable 

sd_detect_fall_edge
_detect_status 

PMUGRF_SD_DETEC
T_STATUS[5] 0 

sd_detect_falling_edge status 
0: disable 
1: enable 

sd_detect_rising_ed
ge_dectect_clr 

PMUGRF_SD_DETEC
T_CLR[4] 0 

sd_detect_rising_edge clear 
0: disable 
1: enable 

sd_detect_fall_edge
_detect_clr 

PMUGRF_SD_DETEC
T_CLR[5] 0 

sd_detect_falling_edge clear 
0: disable 
1: enable 

z 0HWKRG���8VLQJ�ILOWHUHG�FDUGBGHWHFWBQ�ZLWK�WKH�GHERXQFH�WLPH�308*5)B6'00&B'(7�
IRU�LQWHUUXSW�VRXUFH��FRQQHFWLQJ�WR�,54�>���@�GLUHFWO\��7KLV�PHWKRG�LV�DYDLODEOH�RQO\�IRU�
6'00&�� 

card_detect_n

card_detect_int_clear

card_detect_int
 

Fig. 6-19 Card Detection Method 4 
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6.6.12 6'00&�,208;�:LWK�-7$* 
7KH�,2�IRU�VGPPF�BFGDWD��VGPPF�BFGDWD��LV�VKDUHG�ZLWK�MWDJBWFN�MWDJBWPV��7KH�FRQGLWLRQ�
RI�XVDJH�IRU�6'00&�RU�-7$*�XVDJH�LV�DV�IROORZV� 
z ,I�6*5)B62&B&21�>�@�LV�HTXDO�WR���DQG�6'�00&�FDUG�LV�QRW�GHWHFWHG�ZLWKLQ�GHWHFWLRQ�

WLPH�LQ�WKH�XQLW�RI�;,1��0�FORFN���WKH�*3,2V�DUH�XVHG�IRU�-7$*� 
z 2WKHUZLVH��WKH�*3,2V¶�XVDJH�LV�GHILQHG�E\�,208;�FRQILJXUDWLRQ� 
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Chapter 7 eMMC Host Controller 
7.1 Overview 
7KH�H00&�+RVW�&RQWUROOHU�LV�KLJKO\�FRQILJXUDEOH�DQG�SURJUDPPDEOH��DQG�SURYLGHV�KLJK�
SHUIRUPDQFH�H00&�+RVW�&RQWUROOHU�ZLWK�$;,�DV�WKH�EXV�LQWHUIDFH�IRU�GDWD�WUDQVIHU��PDVWHU�
LQWHUIDFH��DQG�$+%�DV�LWV�VODYH�LQWHUIDFH� 
,W�VXSSRUWV�IROORZLQJ�IHDWXUHV� 
z 6XSSRUWV�6'�+&,�+RVW�YHUVLRQ���PRGH�RU�OHVV 

� 6XSSRUWV�VDPH�6'�+&,�UHJLVWHU�VHW�IRU�H00&�WUDQVIHUV 
� 6XSSRUWV�&RPPDQG�4XHXLQJ�(QJLQH��&4(��DQG�FRPSOLDQW�ZLWK�H00&�&4�+&, 
� 6XSSRUWV�WKH�IROORZLQJ�GDWD�WUDQVIHU�W\SHV��&38��6'0$��$0'0���$'0$� 

z 6XSSRUWV�H00&�SURWRFROV�LQFOXGLQJ�H00&���� 
� 6XSSRUWV�$XWR�WXQLQJ 
� 6XSSRUWV���ELW���ELW�LQWHUIDFH 
� 6XSSRUWV�OHJDF\��+LJK�6SHHG�6'5��+LJK�6SHHG�''5��+6�����DQG�+6����VSHHG�

PRGHV 
� 6XSSRUWV�ERRW�RSHUDWLRQ�DQG�DOWHUQDWLYH�ERRW�RSHUDWLRQ 

z $+%�6ODYH�,QWHUIDFH��6XSSRUWV����ELW�GDWD�ZLGWK�DQG�DGGUHVV�ZLGWK 
z $;,�0DVWHU�,QWHUIDFH��6XSSRUWV����ELW�DGGUHVV�ZLGWK�DQG����ELW�GDWD�ZLGWK 
z &ORFN�DGMXVWPHQW��VXSSRUW�SKDVH�DXWR�DGMXVWPHQW�IRU�WUDQVPLW�FORFN��VDPSOH�FORFN�DQG�

GDWD�VWUREH� 
7.2 Block Diagram 
7KH�+RVW�&RQWUROOHU�FRQVLVWV�RI�WKH�IROORZLQJ�PDLQ�IXQFWLRQDO�EORFNV� 

AHB Slave IF

AXI Master IF DMA Engine

Host Controller 
Registers

TLU

SRAM 
Controller

CQEAXI Master

AHB Slave

eMMC Device

CAU

 
Fig. 7-1 EMMC Host Control Block Diagram 

7.3 Function Description 
7.3.1 7KH�$;,�0DVWHU�%XV�,QWHUIDFH�8QLW 
7KLV�0DVWHU�%XV�,QWHUIDFH�8QLW�LPSOHPHQWV�WKH�ORJLF�WR�WUDQVIHU�GDWD�RQ�WKH�$0%$�([WHQVLEOH�
,QWHUIDFH�%XV��$;,��EXV��7KH�$;,�LQWHUIDFH�WUDQVIHUV�GDWD�WR�DQG�IURP�WKH�V\VWHP�PHPRU\�
WKURXJK�WKH�$;,�PDVWHU�EXV�LQWHUIDFH��UHVSHFWLYHO\� 
7.3.2 7KH�$+%�6ODYH�%XV�,QWHUIDFH�8QLW 
7KH�$+%�VODYH�EXV�LQWHUIDFH�PRGXOH�LPSOHPHQWV�WKH�ORJLF�WR�SULPDULO\�DFFHVV�WKH�KRVW�
UHJLVWHUV�E\�XVLQJ�DQ�H[WHUQDO�$0%$�KLJK�SHUIRUPDQFH��$+%��EXV� 
7.3.3 +RVW�&RQWUROOHU�5HJLVWHUV 
7KH�KRVW�FRQWUROOHU�UHJLVWHU�XQLW�FRPSULVHV�RI�WKH�VWDQGDUG�6'�KRVW�FRQWUROOHU�UHJLVWHUV�DV�
VSHFLILHG�LQ�WKH�6'�6SHFLILFDWLRQV�3DUW�$��6'�+RVW�&RQWUROOHU�6WDQGDUG�6SHFLILFDWLRQ�9HUVLRQ�
����D��,W�DOVR�LQFOXGHV�&RPPDQG�4XHXLQJ�UHJLVWHUV�FRPSOLDQFH�WR�-('(&�H00&�����+&,�
VSHFLILFDWLRQ� 
7.3.4 '0$�(QJLQH 
7KH�'0$�(QJLQH�XQLW�KDQGOHV�GDWD�WUDQVIHU�EHWZHHQ�WKH�KRVW�DQG�V\VWHP�PHPRU\� 
z 6XSSRUW�6'0$�$'0$��$'0$��PRGHV 
z � )HWFK�WKH�GHVFULSWRU�DQG�GDWD 
z 7KH�VDPH�'0$�HQJLQH�LV�XVHG�WR�LQWHUOHDYH�GDWD�WUDQVIHU�DQG�GHVFULSWRU�IHWFK��7KLV�

HQDEOHV�QHZ�WDVN�GHVFULSWRU�IHWFKHV��IRU�&0'���DQG�&0'����ZKLOH�'0$�LV�PRYLQJ�GDWD�
GXULQJ�WDVN�H[HFXWLRQ��IRU�&0'���DQG�&0'���� 

z 7KH�$;,�WUDQVDFWLRQ�,'���LV�XVHG�IRU�PRYLQJ�GDWD�DQG�$;,�WUDQVDFWLRQ�,'���LV�XVHG�WR�
IHWFK�WDVN�GHVFULSWRUV� 
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z 3UH�IHWFK�GDWD�IRU�EDFN�WR�EDFN�H00&�ZULWH�FRPPDQGV 
z :ULWH�EDFN�WKH�UHFHLYHG�GDWD�SDFNHWV�WR�WKH�V\VWHP�PHPRU\ 
7.3.5 65$0�&RQWUROOHU 
7KH�65$0�FRQWUROOHU�LQWHUIDFHV�WKH�SDFNHW�EXIIHU�RI�WKH�KRVW�DQG�WKH�WUDQVDFWLRQ�FRQWUROOHU�
XQLWV��7KH�65$0�LV�D�VLQJOH�FORFN�VLQJOH�SRUW�5$0�V\QFKURQRXV�WR�WKH�FRUH�EDVH�FORFN��7KH�
ZLGWK�LV����ELW��WKH�GHSWK�LV�����ORFDWLRQ� 
7.3.6 &RPPDQG�4XHXLQJ�(QJLQH 
7KLV�PRGXOH�LPSOHPHQWV�FRPPDQG�TXHXLQJ�DQG�LQFOXGHV�WKH�IROORZLQJ� 
z 7DVN�VFKHGXOHU�ZLWK�WKH�DELOLW\�WR�SULRULWL]H�H[HFXWLRQ�RI�WDVNV 
z &RQWURO�ORJLF�IRU�GHVFULSWRU�IHWFK 
z &RQWURO�DQG�VHTXHQFH�WDVN�VXEPLVVLRQ�DQG�H[HFXWLRQ 
z 6WDWXV�SROOLQJ 
z 7LPHUV�DQG�FRXQWHU�GHGLFDWHG�IRU�&4(�RSHUDWLRQ 
z ,QWHUUXSW�FRDOHVFLQJ�ORJLF 
7.3.7 7UDQVIHU�/HYHO�8QLW 
7KH�7/8�PDQDJHV�WKH�FRPPDQG�UHVSRQVH�DQG�GDWD�IORZ�IRU�FRPPXQLFDWLRQ�ZLWK�PHPRU\�
FDUGV� 
7.3.8 &ORFN�$GMXVWPHQW�8QLW 
7KH�FORFN�DGMXVWPHQW�XQLW��&$8��ZLOO�GHWHFW�WKH�FORFN�SHULRG�DQG�JHW�WKH�GHOD\�SUHFLVLRQ��
DGMXVW�WKH�FORFN�SKDVH�EDVH�RQ�WKH�GHGLFDWH�GHOD\�HOHPHQW��$OVR��\RX�FDQ�SURJUDP�WKH�
UHJLVWHU�WR�VHW�WKH�GHOD\�SUHFLVLRQ��7KH�IORZLQJ�FORFNV�VXSSRUWV�DGMXVWPHQW��WUDQVPLW�FORFN��
VDPSOH�FORFN�DQG�GDWD�VWUREH� 
7.4 Register Description 
7.4.1 5HJLVWHUV�6XPPDU\ 

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

(00&B6'0$6$ �[���� : �[�������� 6'0$�6\VWHP�$GGUHVV�5HJLVWHU 
(00&B%/2&.6,=( �[���� +: �[�������� %ORFN�6L]H�5HJLVWHU 
(00&B%/2&.&2817 �[���� +: �[�������� ���ELW�%ORFN�&RXQW�5HJLVWHU 
(00&B$5*80(17 �[���� : �[�������� $UJXPHQW�5HJLVWHU 
(00&B;)(5B02'( �[���& +: �[�������� 7UDQVIHU�0RGH�5HJLVWHU 
(00&B&0' �[���( +: �[�������� &RPPDQG�5HJLVWHU 
(00&B5(63�� �[���� : �[�������� 5HVSRQVH�5HJLVWHU���� 
(00&B5(63�� �[���� : �[�������� 5HVSRQVH�5HJLVWHU���� 
(00&B5(63�� �[���� : �[�������� 5HVSRQVH�5HJLVWHU���� 
(00&B5(63�� �[���& : �[�������� 5HVSRQVH�5HJLVWHU���� 
(00&B%8)B'$7$ �[���� : �[�������� %XIIHU�'DWD�3RUW�5HJLVWHU 
(00&B367$7( �[���� : �[��))���� 3UHVHQW�6WDWH�5HJLVWHU 
(00&B+267B&75/� �[���� % �[�������� +RVW�&RQWURO���5HJLVWHU 
(00&B3:5B&75/ �[���� % �[�������� 3RZHU�&RQWURO�5HJLVWHU 
(00&B%*$3B&75/ �[���$ % �[�������� %ORFN�*DS�&RQWURO�5HJLVWHU 
(00&B&/.B&75/ �[���& +: �[�������� &ORFN�&RQWURO�5HJLVWHU 
(00&B7287B&75/ �[���( % �[�������� 7LPHRXW�&RQWURO�5HJLVWHU 
(00&B6:B567 �[���) % �[�������� 6RIWZDUH�5HVHW�5HJLVWHU 
(00&B1250$/B,17B67$
7 �[���� +: �[�������� 1RUPDO�,QWHUUXSW�6WDWXV�5HJLVWHU 

(00&B(5525B,17B67$7 �[���� +: �[�������� (UURU�,QWHUUXSW�6WDWXV�5HJLVWHU 
(00&B1250$/B,17B67$
7B(1 �[���� +: �[�������� 1RUPDO�,QWHUUXSW�6WDWXV�(QDEOH�5HJLVWHU 
(00&B(5525B,17B67$7B
(1 �[���� +: �[�������� (UURU�,QWHUUXSW�6WDWXV�(QDEOH�5HJLVWHU 
(00&B1250$/B,17B6,*
1$/B(1 �[���� +: �[�������� 1RUPDO�,QWHUUXSW�6LJQDO�(QDEOH�5HJLVWHU 
(00&B(5525B,17B6,*1
$/B(1 �[���$ +: �[�������� (UURU�,QWHUUXSW�6LJQDO�(QDEOH�5HJLVWHU 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

(00&B$872B&0'B67$7 �[���& +: �[�������� $XWR�&0'�(UURU�6WDWXV�5HJLVWHU 
(00&B+267B&75/� �[���( +: �[�������� +RVW�&RQWURO���5HJLVWHU 
(00&B&$3$%,/,7,(6� �[���� : �[��('&��� &DSDELOLWLHV�5HJLVWHU�� 
(00&B&$3$%,/,7,(6� �[���� : �[���$���) &DSDELOLWLHV�5HJLVWHU�� 
(00&B)25&(B$872B&0
'B67$7 �[���� +: �[�������� )RUFH�(YHQW�5HJLVWHU�IRU�$XWR�&0'�(UURU�6WDWXV�5HJLVWHU 
(00&B)25&B(55B,17B6
7$7 �[���� +: �[�������� )RUFH�(YHQW�5HJLVWHU�IRU�(UURU�,QWHUUXSW�6WDWXV�5HJLVWHU 
(00&B$'0$B(55B67$7 �[���� % �[�������� $'0$�(UURU�6WDWXV�5HJLVWHU 
(00&B$'0$B6$ �[���� : �[�������� $'0$�6\VWHP�$GGUHVV�5HJLVWHU 
(00&B35(6(7B,1,7 �[���� +: �[�������� 3UHVHW�9DOXH�IRU�,QLWLDOL]DWLRQ 
(00&B35(6(7B'6 �[���� +: �[�������� 3UHVHW�9DOXH�IRU�'HIDXOW�6SHHG 
(00&B35(6(7B+6 �[���� +: �[�������� 3UHVHW�9DOXH�IRU�+LJK�6SHHG 
(00&B35(6(7B6'5�� �[���� +: �[�������� 3UHVHW�9DOXH�IRU�6'5�� 
(00&B35(6(7B6'5�� �[���� +: �[�������� 3UHVHW�9DOXH�IRU�6'5�� 
(00&B35(6(7B6'5�� �[���$ +: �[�������� 3UHVHW�9DOXH�IRU�6'5�� 
(00&B35(6(7B6'5��� �[���& +: �[�������� 3UHVHW�9DOXH�IRU�6'5��� 
(00&B35(6(7B''5�� �[���( +: �[�������� 3UHVHW�9DOXH�IRU�''5�� 

(00&B$'0$B,' �[���� : �[�������� $'0$��,QWHJUDWHG�'HVFULSWRU�$GGUHVV�5HJLVWHU 
(00&B6/27B,175B67$78
6 �[��)& +: �[�������� 6ORW�,QWHUUXSW�6WDWXV�5HJLVWHU 

(00&B+267B&175/B9(5
6 �[��)( +: �[�������� +RVW�&RQWUROOHU�9HUVLRQ 

(00&B&49(5 �[���� : �[�������� &RPPDQG�4XHXLQJ�9HUVLRQ�5HJLVWHU 

(00&B&4&$3 �[���� : �[�������� &RPPDQG�4XHXLQJ�&DSDELOLWLHV�5HJLVWHU 

(00&B&4&)* �[���� : �[�������� &RPPDQG�4XHXLQJ�&RQILJXUDWLRQ�5HJLVWHU 

(00&B&4&75/ �[���& : �[�������� &RPPDQG�4XHXLQJ�&RQWURO�5HJLVWHU 

(00&B&4,6 �[���� : �[�������� &RPPDQG�4XHXLQJ�,QWHUUXSW�6WDWXV�5HJLVWHU 

(00&B&4,6( �[���� : �[�������� &RPPDQG�4XHXLQJ�,QWHUUXSW�6WDWXV�(QDEOH�5HJLVWHU 

(00&B&4,6*( �[���� : �[�������� &RPPDQG�4XHXLQJ�,QWHUUXSW�6LJQDO�(QDEOH�5HJLVWHU 

(00&B&4,& �[���& : �[�������� &RPPDQG�4XHXLQJ�,QWHUUXSW�&RDOHVFLQJ�5HJLVWHU 

(00&B&47'/%$ �[��$� : �[�������� 
&RPPDQG�4XHXLQJ�7DVN�
'HVFULSWRU�/LVW�%DVH�$GGUHVV�
5HJLVWHU 

(00&B&47'%5 �[��$� : �[�������� &RPPDQG�4XHXLQJ�'RRU%HOO�5HJLVWHU 

(00&B&47'%1 �[��$& : �[�������� &RPPDQG�4XHXLQJ�7DVN&OHDU�1RWLILFDWLRQ�5HJLVWHU 

(00&B&4'46 �[��%� : �[�������� &RPPDQG�4XHXLQJ�'HYLFH�4XHXH�6WDWXV�5HJLVWHU 

(00&B&4'37 �[��%� : �[�������� &RPPDQG�4XHXLQJ�'HYLFH�3HQGLQJ�7DVNV�5HJLVWHU 

(00&B&47&/5 �[��%� : �[�������� &RPPDQG�4XHXLQJ�7DVN�&OHDU�5HJLVWHU 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

(00&B&466&� �[��&� : �[�������� &RPPDQG�4XHXLQJ�6HQG�6WDWXV�&RQILJXUDWLRQ���5HJLVWHU 

(00&B&466&� �[��&� : �[�������� &RPPDQG�4XHXLQJ�6HQG�6WDWXV�&RQILJXUDWLRQ���5HJLVWHU 

(00&B&4&5'&7 �[��&� : �[�������� 
&RPPDQG�4XHXLQJ�&RPPDQG�
5HVSRQVH�)RU�'LUHFW�&RPPDQG�
5HJLVWHU 

(00&B&450(0 �[��'� : �[)')�$��� 
&RPPDQG�4XHXLQJ�&RPPDQG�
5HVSRQVH�0RGH�5UURU�0DVN�
5HJLVWHU 

(00&B&47(55, �[��'� : �[�������� &RPPDQG�4XHXLQJ�7DVN�(UURU�,QIRUPDWLRQ�5HJLVWHU 

(00&B&4&5, �[��'� : �[�������� &RPPDQG�4XHXLQJ�&RPPDQG�5HVSRQVH�,QGH[�5HJLVWHU 

(00&B&4&5$ �[��'& : �[�������� &RPPDQG�4XHXLQJ�&RPPDQG�5HVSRQVH�$UJXPHQW�5HJLVWHU 
(00&B9(5B,' �[���� : �[�������� +RVW�9HUVLRQ�,'�5HJLVWHU 
(00&B9(5B7<3( �[���� : �[�������� +RVW�9HUVLRQ�7\SH�5HJLVWHU 
(00&B+267B&75/� �[���� % �[�������� +RVW�&RQWURO���5HJLVWHU 
(00&B(00&B&75/ �[���& +: �[�������& (00&�&RQWURO�5HJLVWHU 
(00&B%227B&75/ �[���( +: �[�������� %RRW�&RQWURO�5HJLVWHU 
(00&B$7B&75/ �[���� : �[�������� %RRW�&RQWURO�5HJLVWHU 
(00&B$7B67$7 �[���� : �[�������� %RRW�&RQWURO�5HJLVWHU 
(00&B'//B&75/ �[���� : �[�������� '//�*OREDO�&RQWURO�5HJLVWHU 
(00&B'//B5;&/. �[���� : �[�������� '//�&RQWURO�5HJLVWHU�)RU�5;&/. 
(00&B'//B7;&/. �[���� : �[�������� '//�&RQWURO�5HJLVWHU�)RU�7;&/. 
(00&B'//B675%,1 �[���& : �[�������� '//�&RQWURO�5HJLVWHU�)RU�675%,1 
(00&B'//B67$786� �[���� : �[�������� '//�6WDWXV�5HJLVWHU�� 
(00&B'//B67$786� �[���� : �[�������� '//�6WDWXV�5HJLVWHU�� 
1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV 
7.4.2 'HWDLO�5HJLVWHU�'HVFULSWLRQ 
(00&B6'0$6$�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

%/2&.&17B6'0$6$ 
���ELW�%ORFN�&RXQW��6'0$�6\VWHP�$GGUHVV�� 
���6'0$�6\VWHP�$GGUHVV��+RVW�9HUVLRQ���(QDEOH� �����7KLV�
UHJLVWHU�FRQWDLQV�WKH�V\VWHP�PHPRU\�DGGUHVV�IRU�DQ�6'0$�
WUDQVIHU�LQ�WKH����ELW�DGGUHVVLQJ�PRGH��:KHQ�WKH�+RVW�&RQWUROOHU�
VWRSV�DQ�6'0$�WUDQVIHU��WKLV�UHJLVWHU�SRLQWV�WR�WKH�V\VWHP�
DGGUHVV�RI�WKH�QH[W�FRQWLJXRXV�GDWD�SRVLWLRQ��,W�FDQ�EH�DFFHVVHG�
RQO\�LI�QR�WUDQVDFWLRQ�LV�H[HFXWLQJ��5HDGLQJ�WKLV�UHJLVWHU�GXULQJ�
GDWD�WUDQVIHUV�PD\�UHWXUQ�DQ�LQYDOLG�YDOXH� 
������ELW�%ORFN�&RXQW��+RVW�9HUVLRQ���(QDEOH� �����)URP�WKH�+RVW�
&RQWUROOHU�9HUVLRQ������VSHFLILFDWLRQ��WKLV�UHJLVWHU�LV�UHGHILQHG�DV�
���ELW�%ORFN�&RXQW��7KH�+RVW�&RQWUROOHU�GHFUHPHQWV�WKH�EORFN�
FRXQW�RI�WKLV�UHJLVWHU�IRU�HYHU\�EORFN�WUDQVIHU�DQG�WKH�GDWD�
WUDQVIHU�VWRSV�ZKHQ�WKH�FRXQW�UHDFKHV�]HUR��7KLV�UHJLVWHU�PXVW�EH�
DFFHVVHG�ZKHQ�QR�WUDQVDFWLRQ�LV�H[HFXWLQJ��5HDGLQJ�WKLV�UHJLVWHU�
GXULQJ�GDWD�WUDQVIHUV�PD\�UHWXUQ�LQYDOLG�YDOXH� 
9DOXHV� 
��
K))))))))����%ORFN 
������ 
��
K������������%ORFNV 
��
K������������%ORFN 
��
K����������6WRS�&RXQW 
1RWH� 
D��)RU�+RVW�9HUVLRQ���(QDEOH� ����WKH�+RVW�GULYHU�GRHV�QRW�
SURJUDP�WKH�V\VWHP�DGGUHVV�LQ�WKLV�UHJLVWHU�ZKLOH�RSHUDWLQJ�LQ�
$'0$�PRGH��7KH�V\VWHP�DGGUHVV�PXVW�EH�SURJUDPPHG�LQ�WKH�
$'0$�6\VWHP�$GGUHVV�UHJLVWHU� 
E��)RU�+RVW�9HUVLRQ���(QDEOH� ����WKH�+RVW�GULYHU�SURJUDPV�D�
QRQ�]HUR����ELW�EORFN�FRXQW�YDOXH�LQ�WKLV�UHJLVWHU�ZKHQ�$XWR�
&0'���LV�HQDEOHG�IRU�QRQ�'0$�DQG�$'0$�PRGHV��$XWR�&0'���
FDQQRW�EH�XVHG�ZLWK�6'0$� 
F��7KLV�UHJLVWHU�PXVW�EH�SURJUDPPHG�ZLWK�D�QRQ�]HUR�YDOXH�IRU�
GDWD�WUDQVIHU�LI�WKH����ELW�%ORFN�FRXQW�UHJLVWHU�LV�XVHG�LQVWHDG�RI�
WKH����ELW�%ORFN�FRXQW�UHJLVWHU� 

 
(00&B%/2&.6,=(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 52 �[� UHVHUYHG 

����� 5: �[� 

6'0$B%8)B%'$5< 
6'0$�%XIIHU�%RXQGDU\� 
7KHVH�ELWV�VSHFLI\�WKH�VL]H�RI�FRQWLJXRXV�EXIIHU�LQ�V\VWHP�
PHPRU\��7KH�6'0$�WUDQVIHU�ZDLWV�DW�HYHU\�ERXQGDU\�VSHFLILHG�E\�
WKHVH�ILHOGV�DQG�WKH�+RVW�&RQWUROOHU�JHQHUDWHV�WKH�'0$�LQWHUUXSW�
WR�UHTXHVW�WKH�+RVW�'ULYHU�WR�XSGDWH�WKH�6'0$�6\VWHP�$GGUHVV�
UHJLVWHU� 
9DOXHV� 
�
K����.�E\WHV�6'0$�%XIIHU�%RXQGDU\ 
�
K����.�E\WHV�6'0$�%XIIHU�%RXQGDU\ 
�
K�����.�E\WHV�6'0$�%XIIHU�%RXQGDU\ 
�
K�����.�E\WHV�6'0$�%XIIHU�%RXQGDU\ 
�
K�����.�E\WHV�6'0$�%XIIHU�%RXQGDU\ 
�
K������.�E\WHV�6'0$�%XIIHU�%RXQGDU\ 
�
K������.�E\WHV�6'0$�%XIIHU�%RXQGDU\ 
�
K������.�E\WHV�6'0$�%XIIHU�%RXQGDU\ 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[��� 

;)(5B%/2&.B6,=( 
7UDQVIHU�%ORFN�6L]H� 
7KHVH�ELWV�VSHFLI\�WKH�EORFN�VL]H�RI�GDWD�WUDQVIHUV��,Q�FDVH�RI�
PHPRU\��LW�LV�VHW�WR�����E\WHV��,W�FDQ�EH�DFFHVVHG�RQO\�LI�QR�
WUDQVDFWLRQ�LV�H[HFXWLQJ��5HDG�RSHUDWLRQV�GXULQJ�WUDQVIHUV�PD\�
UHWXUQ�DQ�LQYDOLG�YDOXH��DQG�ZULWH�RSHUDWLRQV�DUH�LJQRUHG��  
9DOXHV� 
��
K�����E\WH 
��
K�����E\WHV 
��
K�����E\WHV 
������ 
��
K�))������E\WH 
��
K���������E\WHV 
������ 
��
K����������E\WHV 
1RWH��  
7KLV�UHJLVWHU�PXVW�EH�SURJUDPPHG�ZLWK�D�QRQ�]HUR�YDOXH�IRU�GDWD�
WUDQVIHU� 

 
(00&B%/2&.&2817�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[���� 

%/2&.B&17 
���ELW�%ORFN�&RXQW� 
,I�WKH�+RVW�9HUVLRQ���(QDEOH�ELW�LV�VHW���RU�WKH����ELW�%ORFN�&RXQW�
UHJLVWHU�LV�VHW�WR�QRQ�]HUR��WKH����ELW�%ORFN�&RXQW�UHJLVWHU�LV�
VHOHFWHG� 
,I�WKH�+RVW�9HUVLRQ���(QDEOH�ELW�LV�VHW���DQG�WKH����ELW�%ORFN�
&RXQW�UHJLVWHU�LV�VHW�WR�]HUR��WKH����ELW�%ORFN�&RXQW�UHJLVWHU�LV�
VHOHFWHG� 
9DOXHV� 
��
K���6WRS�&RXQW 
��
K�����%ORFN 
��
K�����%ORFNV 
������ 
��
K))))��������%ORFNV 
1RWH��  
)RU�+RVW�9HUVLRQ���(QDEOH� ����WKLV�UHJLVWHU�PXVW�EH�VHW�WR���
EHIRUH�SURJUDPPLQJ�WKH����ELW�EORFN�FRXQW�UHJLVWHU�ZKHQ�$XWR�
&0'���LV�HQDEOHG�IRU�QRQ�'0$�DQG�$'0$�PRGHV� 

 
(00&B$5*80(17�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
$5*80(17 
&RPPDQG�$UJXPHQW� 
7KHVH�ELWV�VSHFLI\�WKH�6'�H00&�FRPPDQG�DUJXPHQW�WKDW�LV�
VSHFLILHG�LQ�ELWV������RI�WKH�&RPPDQG�IRUPDW� 

 
(00&B;)(5B02'(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

5(63B,17B',6$%/( 
5HVSRQVH�,QWHUUXSW�'LVDEOH� 
7KH�+RVW�&RQWUROOHU�VXSSRUWV�UHVSRQVH�FKHFN�IXQFWLRQ�WR�DYRLG�
RYHUKHDG�RI�UHVSRQVH�HUURU�FKHFN�E\�WKH�+RVW�GULYHU��5HVSRQVH�
W\SHV�RI�RQO\�5��DQG�5��FDQ�EH�FKHFNHG�E\�WKH�&RQWUROOHU� 
,I�+RVW�'ULYHU�FKHFNV�WKH�UHVSRQVH�HUURU��VHW�WKLV�ELW�WR���DQG�ZDLW�
IRU�&RPPDQG�&RPSOHWH�,QWHUUXSW�DQG�WKHQ�FKHFN�WKH�UHVSRQVH�
UHJLVWHU� 
,I�WKH�+RVW�&RQWUROOHU�FKHFNV�WKH�UHVSRQVH�HUURU��VHW�WKLV�ELW�WR���
DQG�VHW�WKH�5HVSRQVH�(UURU�&KHFN�(QDEOH�ELW�WR����7KH�&RPPDQG�
&RPSOHWH�,QWHUUXSW�LV�GLVDEOHG�E\�WKLV�ELW�UHJDUGOHVV�RI�WKH�
&RPPDQG�&RPSOHWH�6LJQDO�(QDEOH� 
1RWH��  
'XULQJ�WXQLQJ��ZKHQ�WKH�([HFXWH�7XQLQJ�ELW�LQ�WKH�+RVW�&RQWURO��
UHJLVWHU�LV�VHW���WKH�&RPPDQG�&RPSOHWH�,QWHUUXSW�LV�QRW�
JHQHUDWHG�LUUHVSHFWLYH�RI�WKH�5HVSRQVH�,QWHUUXSW�'LVDEOH�VHWWLQJ� 
9DOXHV� 
�
E���5HVSRQVH�,QWHUUXSW�LV�HQDEOHG 
�
E���5HVSRQVH�,QWHUUXSW�LV�GLVDEOHG 

� 5: �[� 

5(63B(55B&+.B(1$%/( 
5HVSRQVH�(UURU�&KHFN�(QDEOH� 
7KH�+RVW�&RQWUROOHU�VXSSRUWV�UHVSRQVH�FKHFN�IXQFWLRQ�WR�DYRLG�
RYHUKHDG�RI�UHVSRQVH�HUURU�FKHFN�E\�+RVW�GULYHU� 
5HVSRQVH�W\SHV�RI�RQO\�5��DQG�5��FDQ�EH�FKHFNHG�E\�WKH�
&RQWUROOHU��,I�WKH�+RVW�&RQWUROOHU�FKHFNV�WKH�UHVSRQVH�HUURU��VHW�
WKLV�ELW�WR���DQG�VHW�5HVSRQVH�,QWHUUXSW�'LVDEOH�WR����,I�DQ�HUURU�LV�
GHWHFWHG��WKH�5HVSRQVH�(UURU�LQWHUUXSW�LV�JHQHUDWHG�LQ�WKH�(UURU�
,QWHUUXSW�6WDWXV�UHJLVWHU� 
1RWH� 
D��5HVSRQVH�HUURU�FKHFN�PXVW�QRW�EH�HQDEOHG�IRU�DQ\�UHVSRQVH�
W\SH�RWKHU�WKDQ�5��DQG�5�� 
E��5HVSRQVH�FKHFN�PXVW�QRW�EH�HQDEOHG�IRU�WKH�WXQLQJ�FRPPDQG� 
9DOXHV� 
�
E���5HVSRQVH�(UURU�&KHFN�LV�GLVDEOHG 
�
E���5HVSRQVH�(UURU�&KHFN�LV�HQDEOHG 

� 5: �[� 

5(63B7<3( 
5HVSRQVH�7\SH�5��5�� 
7KLV�ELW�VHOHFWV�HLWKHU�5��RU�5��DV�D�UHVSRQVH�W\SH�ZKHQ�WKH�
5HVSRQVH�(UURU�&KHFN�LV�VHOHFWHG� 
9DOXHV� 
�
E���5� 
�
E���5� 

� 5: �[� 

08/7,B%/.B6(/ 
0XOWL�6LQJOH�%ORFN�6HOHFW� 
7KLV�ELW�LV�VHW�ZKHQ�LVVXLQJ�PXOWLSOH�EORFN�WUDQVIHU�FRPPDQGV�
XVLQJ�WKH�'$7�OLQH��,I�WKLV�ELW�LV�VHW�WR����LW�LV�QRW�QHFHVVDU\�WR�VHW�
WKH�%ORFN�&RXQW�UHJLVWHU� 
9DOXHV� 
�
E���6LQJOH�%ORFN 
�
E���0XOWLSOH�%ORFN 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

'$7$B;)(5B',5 
'DWD�7UDQVIHU�'LUHFWLRQ�6HOHFW� 
7KLV�ELW�GHILQHV�WKH�GLUHFWLRQ�RI�'$7�OLQH�GDWD�WUDQVIHUV��7KLV�ELW�LV�
VHW�WR���E\�WKH�+RVW�'ULYHU�WR�WUDQVIHU�GDWD�IURP�WKH�6'�H00&�
FDUG�WR�WKH�+RVW�&RQWUROOHU�DQG�LW�LV�VHW�WR���IRU�DOO�RWKHU�
FRPPDQGV� 
9DOXHV� 
�
E���:ULWH��+RVW�WR�&DUG� 
�
E���5HDG��&DUG�WR�+RVW� 

��� 5: �[� 

$872B&0'B(1$%/( 
$XWR�&RPPDQG�(QDEOH� 
7KLV�ILHOG�GHWHUPLQHV�XVH�RI�$XWR�&RPPDQG�IXQFWLRQV� 
9DOXHV� 
�
K���$XWR�&RPPDQG�'LVDEOHG 
�
K���$XWR�&0'���(QDEOH 
�
K���$XWR�&0'���(QDEOH 
�
K���$XWR�&0'�$XWR�6HOHFW 

� 5: �[� 

%/2&.B&2817B(1$%/( 
%ORFN�&RXQW�(QDEOH� 
7KLV�ELW�LV�XVHG�WR�HQDEOH�WKH�%ORFN�&RXQW�UHJLVWHU��ZKLFK�LV�
UHOHYDQW�IRU�PXOWLSOH�EORFN�WUDQVIHUV��,I�WKLV�ELW�LV�VHW�WR����WKH�
%ORFN�&RXQW�UHJLVWHU�LV�GLVDEOHG��ZKLFK�LV�XVHIXO�LQ�H[HFXWLQJ�DQ�
LQILQLWH�WUDQVIHU��7KH�+RVW�'ULYHU�PXVW�VHW�WKLV�ELW�WR�� 
ZKHQ�$'0$�LV�XVHG� 
9DOXHV� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 

'0$B(1$%/( 
'0$�(QDEOH� 
7KLV�ELW�HQDEOHV�WKH�'0$�IXQFWLRQDOLW\��,I�WKLV�ELW�LV�VHW�WR����D�
'0$�RSHUDWLRQ�EHJLQV�ZKHQ�WKH�+RVW�'ULYHU�ZULWHV�WR�WKH�
&RPPDQG�UHJLVWHU��<RX�FDQ�VHOHFW�RQH�RI�WKH�'0$�PRGHV�E\�
XVLQJ�'0$�6HOHFW�LQ�WKH�+RVW�&RQWURO���UHJLVWHU� 
9DOXHV� 
�
E���1R�GDWD�WUDQVIHU�RU�1RQ�'0$�GDWD�WUDQVIHU 
�
E���'0$�'DWD�WUDQVIHU 

 
(00&B&0'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���(� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

���� 5: �[�� 
&0'B,1'(; 
&RPPDQG�,QGH[� 
7KHVH�ELWV�DUH�VHW�WR�WKH�FRPPDQG�QXPEHU�WKDW�LV�VSHFLILHG�LQ�
ELWV�������RI�WKH�&RPPDQG�)RUPDW� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

&0'B7<3( 
&RPPDQG�7\SH� 
7KHVH�ELWV�LQGLFDWH�WKH�FRPPDQG�W\SH� 
1RWH��  
:KLOH�LVVXLQJ�$ERUW�&0'�XVLQJ�&0'���&0'���RU�UHVHW�&0'�XVLQJ�
&0'��&0'����&0'B7<3(�ILHOG�VKDOO�EH�VHW�WR��[�� 
9DOXHV� 
�
K���1RUPDO 
�
K���6XVSHQG 
�
K���5HVXPH 
�
K���$ERUW 

� 5: �[� 

'$7$B35(6(17B6(/ 
'DWD�3UHVHQW�6HOHFW� 
7KLV�ELW�LV�VHW�WR���WR�LQGLFDWH�WKDW�GDWD�LV�SUHVHQW�DQG�WKDW�WKH�
GDWD�LV�WUDQVIHUUHG�XVLQJ�WKH�'$7�OLQH��7KLV�ELW�LV�VHW�WR���LQ�WKH�
IROORZLQJ�LQVWDQFHV� 
D��&RPPDQG�XVLQJ�WKH�&0'�OLQH 
E��&RPPDQG�ZLWK�QR�GDWD�WUDQVIHU�EXW�XVLQJ�EXV\�VLJQDO�RQ�WKH�
'$7>�@�OLQH 
F��5HVXPH�&RPPDQG 
9DOXHV� 
�
E���1R�'DWD�3UHVHQW 
�
E���'DWD�3UHVHQW 

� 5: �[� 

&0'B,';B&+.B(1$%/( 
&RPPDQG�,QGH[�&KHFN�(QDEOH� 
7KLV�ELW�HQDEOHV�WKH�+RVW�&RQWUROOHU�WR�FKHFN�WKH�LQGH[�ILHOG�LQ�WKH�
UHVSRQVH�WR�YHULI\�LI�LW�KDV�WKH�VDPH�YDOXH�DV�WKH�FRPPDQG�LQGH[��
,I�WKH�YDOXH�LV�QRW�WKH�VDPH��LW�LV�UHSRUWHG�DV�D�&RPPDQG�,QGH[�
HUURU� 
1RWH� 
D��,QGH[�&KHFN�HQDEOH�PXVW�EH�VHW�WR���IRU�WKH�FRPPDQG�ZLWK�QR�
UHVSRQVH��5��UHVSRQVH��5��UHVSRQVH�DQG�5��UHVSRQVH� 
E��)RU�WKH�WXQLQJ�FRPPDQG��WKLV�ELW�PXVW�DOZD\V�EH�VHW�WR�HQDEOH�
WKH�LQGH[�FKHFN� 
9DOXHV� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 

&0'B&5&B&+.B(1$%/( 
&RPPDQG�&5&�&KHFN�(QDEOH� 
7KLV�ELW�HQDEOHV�WKH�+RVW�&RQWUROOHU�WR�FKHFN�WKH�&5&�ILHOG�LQ�WKH�
UHVSRQVH��,I�DQ�HUURU�LV�GHWHFWHG��LW�LV�UHSRUWHG�DV�D�&RPPDQG�
&5&�HUURU� 
1RWH� 
D��&5&�&KHFN�HQDEOH�PXVW�EH�VHW�WR���IRU�WKH�FRPPDQG�ZLWK�QR�
UHVSRQVH��5��UHVSRQVH��DQG�5��UHVSRQVH� 
E��)RU�WKH�WXQLQJ�FRPPDQG��WKLV�ELW�PXVW�DOZD\V�EH�VHW�WR���WR�
HQDEOH�WKH�&5&�FKHFN� 
9DOXHV� 
�
E���'LVDEOH 
�
E���(QDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

68%B&0'B)/$* 
6XE�&RPPDQG�)ODJ� 
7KLV�ELW�GLVWLQJXLVKHV�EHWZHHQ�D�PDLQ�FRPPDQG�DQG�D�VXE�
FRPPDQG� 
9DOXHV� 
�
E���0DLQ�&RPPDQG 
�
E���6XE�&RPPDQG 

��� 5: �[� 

5(63B7<3(B6(/(&7 
5HVSRQVH�7\SH�6HOHFW� 
7KLV�ELW�LQGLFDWHV�WKH�W\SH�RI�UHVSRQVH�H[SHFWHG�IURP�WKH�FDUG� 
9DOXHV� 
�
K���1R�5HVSRQVH 
�
K���5HVSRQVH�OHQJWK���� 
�
K���5HVSRQVH�OHQJWK��� 
�
K���5HVSRQVH�OHQJWK�����FKHFN�%XV\�DIWHU�UHVSRQVH� 

 
(00&B5(63���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 

5(63�� 
&RPPDQG�5HVSRQVH� 
7KHVH�ELWV�UHIOHFW������ELWV�RI�6'�H00&�5HVSRQVH�)LHOG��  
1RWH��  
)RU�$XWR�&0'��WKH����ELW�UHVSRQVH��ELWV������RI�WKH�5HVSRQVH�
)LHOG��LV�XSGDWHG�LQ�WKH�5(63���UHJLVWHU� 

 
(00&B5(63���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 
5(63�� 
&RPPDQG�5HVSRQVH� 
7KHVH�ELWV�UHIOHFW�������ELWV�RI�WKH�6'�H00&�5HVSRQVH�)LHOG��  

 
(00&B5(63���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� :2 �[�������� 
5(63�� 
&RPPDQG�5HVSRQVH� 
7KHVH�ELWV�UHIOHFW��������ELWV�RI�WKH�5HVSRQVH�)LHOG� 

 
(00&B5(63���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 

5(63�� 
&RPPDQG�5HVSRQVH 
7KHVH�ELWV�UHIOHFW�ELWV���������RI�6'�(00&�5HVSRQVH�)LHOG�� �  
)RU�$XWR�&0'��WKLV�UHJLVWHU�DOVR�UHIOHFWV�WKH����ELW�UHVSRQVH��ELWV�
�����RI�WKH�5HVSRQVH�)LHOG�� 

 
(00&B%8)B'$7$�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
%8)B'$7$ 
%XIIHU�'DWD� 
7KHVH�ELWV�HQDEOH�DFFHVV�WR�WKH�+RVW�&RQWUROOHU�SDFNHW�EXIIHU� 
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(00&B367$7(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

�� 52 �[� 

68%B&0'B67$7 
6XE�&RPPDQG�6WDWXV� 
7KLV�ELW�LV�XVHG�WR�GLVWLQJXLVK�EHWZHHQ�D�PDLQ�FRPPDQG�DQG�D�
VXE�FRPPDQG�VWDWXV� 
9DOXHV� 
�
E���0DLQ�&RPPDQG�6WDWXV 
�
E���6XE�&RPPDQG�6WDWXV 

�� 52 �[� 

&0'B,668(B(55 
&RPPDQG�1RW�,VVXHG�E\�(UURU��  
7KLV�ELW�LV�VHW�LI�D�FRPPDQG�FDQQRW�EH�LVVXHG�DIWHU�VHWWLQJ�WKH�
FRPPDQG�UHJLVWHU�GXH�WR�DQ�HUURU�H[FHSW�WKH�$XWR�&0'���HUURU� 
9DOXHV� 
�
E���1R�HUURU�IRU�LVVXLQJ�D�FRPPDQG 
�
E���&RPPDQG�FDQQRW�EH�LVVXHG 

����� 52 �[� UHVHUYHG 

�� 52 �[� 

&0'B/,1(B/9/ 
&RPPDQG�/LQH�6LJQDO�/HYHO� 
7KLV�ELW�LV�XVHG�WR�FKHFN�WKH�&0'�OLQH�OHYHO�WR�UHFRYHU�IURP�HUURUV�
DQG�IRU�GHEXJJLQJ��7KHVH�ELWV�UHIOHFW�WKH�YDOXH�RI�WKH�VGBFPGBLQ�
VLJQDO��  

����� 52 �[I 

'$7B�B� 
'$7>���@�/LQH�6LJQDO�/HYHO� 
7KLV�ELW�LV�XVHG�WR�FKHFN�WKH�'$7�OLQH�OHYHO�WR�UHFRYHU�IURP�HUURUV�
DQG�IRU�GHEXJJLQJ��7KHVH�ELWV�UHIOHFW�WKH�YDOXH�RI�WKH�VGBGDWBLQ�
�ORZHU�QLEEOH��VLJQDO��  

�� 52 �[� 

:5B3527(&7B6:B/9/ 
:ULWH�3URWHFW�6ZLWFK�3LQ�/HYHO� 
7KLV�ELW�LV�VXSSRUWHG�RQO\�IRU�PHPRU\�DQG�FRPER�FDUGV��7KLV�ELW�
UHIOHFWV�WKH�V\QFKURQL]HG�YDOXH�RI�WKH�FDUGBZULWHBSURW�VLJQDO� 
9DOXHV� 
�
E���:ULWH�SURWHFWHG 
�
E���:ULWH�HQDEOHG 

�� 52 �[� 

&$5'B'(7(&7B3,1B/(9(/ 
&DUG�'HWHFW�3LQ�/HYHO� 
7KLV�ELW�UHIOHFWV�WKH�LQYHUVH�V\QFKURQL]HG�YDOXH�RI�WKH�
FDUGBGHWHFWBQ�VLJQDO� 
9DOXHV� 
�
E���1R�FDUG�SUHVHQW 
�
E���&DUG�3UHVHQW 

�� 52 �[� 

&$5'B67$%/( 
&DUG�6WDEOH� 
7KLV�ELW�LQGLFDWHV�WKH�VWDELOLW\�RI�WKH�&DUG�'HWHFW�3LQ�/HYHO��$�FDUG�
LV�QRW�GHWHFWHG�LI�WKLV�ELW�LV�VHW�WR���DQG�WKH�YDOXH�RI�WKH�
&$5'B,16(57('�ELW�LV��� 
9DOXHV� 
�
E���5HVHW�RU�'HERXQFLQJ 
�
E���1R�&DUG�RU�,QVHUWHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 52 �[� 

&$5'B,16(57(' 
&DUG�,QVHUWHG� 
7KLV�ELW�LQGLFDWHV�ZKHWKHU�D�FDUG�KDV�EHHQ�LQVHUWHG��7KH�+RVW�
&RQWUROOHU�GHERXQFHV�WKLV�VLJQDO�VR�WKDW�+RVW�'ULYHU�QHHG�QRW�ZDLW�
IRU�LW�WR�VWDELOL]H� 
9DOXHV� 
�
E���5HVHW��'HERXQFLQJ��RU�1R�FDUG 
�
E���&DUG�,QVHUWHG 

����� 52 �[� UHVHUYHG 

�� 52 �[� 

%8)B5'B(1$%/( 
%XIIHU�5HDG�(QDEOH� 
7KLV�ELW�LV�XVHG�IRU�QRQ�'0$�WUDQVIHUV��7KLV�ELW�LV�VHW�LI�YDOLG�GDWD�
H[LVWV�LQ�WKH�+RVW�EXIIHU� 
9DOXHV� 
�
E���5HDG�GLVDEOH 
�
E���5HDG�HQDEOH 

�� 52 �[� 

%8)B:5B(1$%/( 
%XIIHU�:ULWH�(QDEOH� 
7KLV�ELW�LV�XVHG�IRU�QRQ�'0$�WUDQVIHUV��7KLV�ELW�LV�VHW�LI�VSDFH�LV�
DYDLODEOH�IRU�ZULWLQJ�GDWD� 
9DOXHV� 
�
E���:ULWH�GLVDEOH 
�
E���:ULWH�HQDEOH 

� 5: �[� 

5'B;)(5B$&7,9( 
5HDG�7UDQVIHU�$FWLYH� 
7KLV�ELW�LQGLFDWHV�ZKHWKHU�D�UHDG�WUDQVIHU�LV�DFWLYH�IRU�6'�H00&�
PRGH��  
9DOXHV� 
�
E���1R�YDOLG�GDWD 
�
E���7UDQVIHUULQJ�GDWD 

� 52 �[� 

:5B;)(5B$&7,9( 
:ULWH�7UDQVIHU�$FWLYH� 
7KLV�VWDWXV�LQGLFDWHV�ZKHWKHU�D�ZULWH�WUDQVIHU�LV�DFWLYH�IRU�
6'�H00&�PRGH��  
9DOXHV� 
�
E���1R�YDOLG�GDWD 
�
E���7UDQVIHUULQJ�GDWD 

��� 52 �[� 

'$7B�B� 
'$7>���@�/LQH�6LJQDO�/HYHO� 
7KLV�ELW�LV�XVHG�WR�FKHFN�WKH�'$7�OLQH�OHYHO�WR�UHFRYHU�IURP�HUURUV�
DQG�IRU�GHEXJJLQJ��7KHVH�ELWV�UHIOHFW�WKH�YDOXH�RI�WKH�VGBGDWBLQ�
�XSSHU�QLEEOH��VLJQDO��  

� 52 �[� 
5(B781(B5(4 
5H�7XQLQJ�5HTXHVW� 
+RVW�&RQWUROOHU�GRHV�QRW�JHQHUDWH�UHWXQLQJ�UHTXHVW��7KH�VRIWZDUH�
PXVW�PDLQWDLQ�WKH�5HWXQLQJ�WLPHU� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 52 �[� 

'$7B/,1(B$&7,9( 
'$7�/LQH�$FWLYH��6'�H00&�0RGH�RQO\�� 
7KLV�ELW�LQGLFDWHV�ZKHWKHU�RQH�RI�WKH�'$7�OLQHV�RQ�WKH�6'�H00&�
EXV�LV�LQ�XVH��  
,Q�WKH�FDVH�RI�UHDG�WUDQVDFWLRQV��WKLV�ELW�LQGLFDWHV�ZKHWKHU�D�UHDG�
WUDQVIHU�LV�H[HFXWLQJ�RQ�WKH�6'�H00&�EXV� 
,Q�WKH�FDVH�RI�ZULWH�WUDQVDFWLRQV��WKLV�ELW�LQGLFDWHV�ZK�WKHU�D�ZULWH�
WUDQVIHU�LV�H[HFXWLQJ�RQ�WKH�6'�H00&�EXV� 
)RU�D�FRPPDQG�ZLWK�EXV\��WKLV�VWDWXV�LQGLFDWHV�ZKHWKHU�WKH�
FRPPDQG�H[HFXWLQJ�EXV\�LV�H[HFXWLQJ�RQ�DQ�6'�H00&�EXV� 
9DOXHV� 
�
E���'$7�/LQH�,QDFWLYH 
�
E���'$7�/LQH�$FWLYH 

� 52 �[� 

&0'B,1+,%,7B'$7 
&RPPDQG�,QKLELW��'$7�� 
7KLV�ELW�LV�DSSOLFDEOH�IRU�6'�H00&�PRGH�DQG�LV�JHQHUDWHG�LI�HLWKHU�
'$7�OLQH�DFWLYH�RU�5HDG�WUDQVIHU�DFWLYH�LV�VHW�WR����,I�WKLV�ELW�LV�VHW�
WR����LW�LQGLFDWHV�WKDW�WKH�+RVW�&RQWUROOHU�FDQ�LVVXH�VXEVHTXHQW�
6'�H00&�FRPPDQGV��)RU�WKH�8+6�,, 
PRGH��WKLV�ELW�LV�LUUHOHYDQW�DQG�DOZD\V�UHWXUQV��� 
9DOXHV� 
�
E���&DQ�LVVXH�FRPPDQG�ZKLFK�XVHG�'$7�OLQH 
�
E���&DQQRW�LVVXH�FRPPDQG�ZKLFK�XVHG�'$7�OLQH 

� 52 �[� 

&0'B,1+,%,7 
&RPPDQG�,QKLELW��&0'�� 
,I�WKLV�ELW�LV�VHW�WR����LW�LQGLFDWHV�WKDW�WKH�&0'�OLQH�LV�QRW�LQ�XVH�
DQG�WKH�+RVW�FRQWUROOHU�FDQ�LVVXH�DQ�6'�H00&�FRPPDQG�XVLQJ�
WKH�&0'�OLQH��7KLV�ELW�LV 
VHW�ZKHQ�WKH�FRPPDQG�UHJLVWHU�LV�ZULWWHQ��7KLV�ELW�LV�FOHDUHG�
ZKHQ�WKH�FRPPDQG�UHVSRQVH�LV�UHFHLYHG��7KLV�ELW�LV�QRW�FOHDUHG�
E\�WKH�UHVSRQVH�RI�DXWR�&0'������EXW�FOHDUHG�E\�WKH�UHVSRQVH�RI�
UHDG�ZULWH�FRPPDQG� 
9DOXHV� 
�
E���+RVW�&RQWUROOHU�LV�UHDG\�WR�LVVXH�D�FRPPDQG 
�
E���+RVW�&RQWUROOHU�LV�QRW�UHDG\�WR�LVVXH�D�FRPPDQG 

 
(00&B+267B&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

&$5'B'(7(&7B6,*B6(/ 
&DUG�'HWHFW�6LJQDO�6HOHFWLRQ� 
7KLV�ELW�VHOHFWV�D�VRXUFH�IRU�FDUG�GHWHFWLRQ��:KHQ�WKH�VRXUFH�IRU�
WKH�FDUG�GHWHFWLRQ�LV�VZLWFKHG��WKH�LQWHUUXSW�PXVW�EH�GLVDEOHG�
GXULQJ�WKH�VZLWFKLQJ�SHULRG� 
9DOXHV� 
�
E���6'&'���FDUGBGHWHFWBQ�VLJQDO��LV�VHOHFWHG��IRU�QRUPDO�XVH� 
�
E���&DUG�'HWHFW�7HVW�/HYHO�LV�VHOHFWHG��IRU�WHVW�SXUSRVH� 

� 5: �[� 

&$5'B'(7(&7B7(67B/9/ 
&DUG�'HWHFW�7HVW�/HYHO� 
7KLV�ELW�LV�HQDEOHG�ZKLOH�WKH�&DUG�'HWHFW�6LJQDO�6HOHFWLRQ�LV�VHW�WR�
��DQG�LW�LQGLFDWHV�ZKHWKHU�D�FDUG�LQVHUWHG�RU�QRW� 
9DOXHV� 
�
E���1R�&DUG 
�
E���&DUG�,QVHUWHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

(;7B'$7B;)(5 
([WHQGHG�'DWD�7UDQVIHU�:LGWK� 
7KLV�ELW�FRQWUROV���ELW�EXV�ZLGWK�PRGH�RI�HPEHGGHG�GHYLFH� 
9DOXHV� 
�
E���%XV�:LGWK�LV�VHOHFWHG�E\�WKH�'DWD�7UDQVIHU�:LGWK 
�
E�����ELW�%XV�:LGWK 

��� 5: �[� 

'0$B6(/ 
'0$�6HOHFW� 
7KLV�ILHOG�LV�XVHG�WR�VHOHFW�WKH�'0$�W\SH� 
:KHQ�+RVW�9HUVLRQ���(QDEOH�LV���LQ�+RVW�&RQWURO���UHJLVWHU� 
�
K���6'0$�LV�VHOHFWHG 
�
K���5HVHUYHG 
�
K���$'0$��LV�VHOHFWHG 
�
K���$'0$��RU�$'0$��LV�VHOHFWHG 
:KHQ�+RVW�9HUVLRQ���(QDEOH�LV���LQ�+RVW�&RQWURO���UHJLVWHU� 
�
K���6'0$�LV�VHOHFWHG 
�
K���5HVHUYHG 
�
K������ELW�$GGUHVV�$'0$��LV�VHOHFWHG 
�
K���5HVHUYHG 
9DOXHV� 
�
K���6'0$�LV�VHOHFWHG 
�
K���5HVHUYHG 
�
K���$'0$��LV�VHOHFWHG 
�
K���$'0$��RU�$'0$��LV�VHOHFWHG 

� 5: �[� 

+,*+B63(('B(1 
+LJK�6SHHG�(QDEOH� 
,Q�6'�H00&�PRGH��WKLV�ELW�LV�XVHG�WR�GHWHUPLQH�WKH�VHOHFWLRQ�RI�
SUHVHW�YDOXH�IRU�+LJK�6SHHG�PRGH��%HIRUH�VHWWLQJ�WKLV�ELW��WKH�
+RVW�'ULYHU�FKHFNV�WKH�+LJK�6SHHG�6XSSRUW�LQ�WKH�&DSDELOLWLHV�
UHJLVWHU� 
9DOXHV� 
�
E���1RUPDO�6SHHG�PRGH 
�
E���+LJK�6SHHG�PRGH 

� 5: �[� 

'$7B;)(5B:,'7+ 
'DWD�7UDQVIHU�:LGWK� 
)RU�6'�H00&�PRGH�WKLV�ELW�VHOHFWV�WKH�GDWD�WUDQVIHU�ZLGWK�RI�WKH�
+RVW�&RQWUROOHU��7KH�+RVW�'ULYHU�VHWV�LW�WR�PDWFK�WKH�GDWD�ZLGWK�RI�
WKH�6'�H00&�FDUG� 
9DOXHV� 
�
E�����ELW�PRGH 
�
E�����ELW�PRGH 

� 52 �[� UHVHUYHG 
 
(00&B3:5B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
��� 52 �[�� UHVHUYHG 

� 5: �[� 

6'B%86B3:5 
,I�WKLV�ELW�LV�FOHDUHG��WKH�+RVW�&RQWUROOHU�VWRSV�WKH�6'�&ORFN�E\�
FOHDULQJ�WKH�6'B&/.B,1�ELW�LQ�WKH�&/.B&75/B5�UHJLVWHU� 
9DOXHV� 
�
E���3RZHU�RII 
�
E���3RZHU�RQ 

 
(00&B%*$3B&75/�  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���$� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
��� 52 �[� UHVHUYHG 

� 5: �[� 

,17B$7B%*$3 
,QWHUUXSW�$W�%ORFN�*DS� 
7KLV�ELW�LV�YDOLG�RQO\�LQ�WKH���ELW�PRGH�RI�DQ�6',2�FDUG�DQG�LV�
XVHG�WR�VHOHFW�D�VDPSOH�SRLQW�LQ�WKH�LQWHUUXSW�F\FOH��6HWWLQJ�WR���
HQDEOHV�LQWHUUXSW�GHWHFWLRQ�DW�WKH�EORFN�JDS�IRU�D�PXOWLSOH�EORFN�
WUDQVIHU��  

� 5: �[� 

5'B:$,7B&75/ 
5HDG�:DLW�&RQWURO� 
7KLV�ELW�LV�XVHG�WR�HQDEOH�WKH�UHDG�ZDLW�SURWRFRO�WR�VWRS�UHDG�GDWD�
XVLQJ�'$7>�@�OLQH�LI�WKH�FDUG�VXSSRUWV�UHDG�ZDLW��2WKHUZLVH��WKH�
+RVW�&RQWUROOHU�KDV�WR�VWRS�WKH�FDUG�FORFN�WR�KROG�WKH�UHDG�GDWD��  
9DOXHV� 
�
E���'LVDEOH�5HDG�:DLW�&RQWURO 
�
E���(QDEOH�5HDG�:DLW�&RQWURO 

� 5: �[� 

&217,18(B5(4 
&RQWLQXH�5HTXHVW� 
7KLV�ELW�LV�XVHG�WR�UHVWDUW�WKH�WUDQVDFWLRQ��ZKLFK�ZDV�VWRSSHG�
XVLQJ�WKH�6WRS�$W�%ORFN�*DS�5HTXHVW��7KH�+RVW�&RQWUROOHU�
DXWRPDWLFDOO\�FOHDUV�WKLV�ELW�ZKHQ�WKH�WUDQVDFWLRQ�UHVWDUWV��,I�VWRS�
DW�EORFN�JDS�UHTXHVW�LV�VHW�WR����DQ\�ZULWH�WR�WKLV�ELW�LV�LJQRUHG� 
9DOXHV� 
�
E���1R�$IIHFW 
�
E���5HVWDUW 

� 5: �[� 

6723B%*B5(4 
6WRS�$W�%ORFN�*DS�5HTXHVW� 
7KLV�ELW�LV�XVHG�WR�VWRS�H[HFXWLQJ�UHDG�DQG�ZULWH�WUDQVDFWLRQV�DW�
WKH�QH[W�EORFN�JDS�IRU�QRQ�'0$��6'0$��DQG�$'0$�WUDQVIHUV� 
9DOXHV� 
�
E���7UDQVIHU 
�
E���6WRS 

 
(00&B&/.B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�� 

)5(4B6(/ 
6'&/.�5&/.�)UHTXHQF\�6HOHFW��  
7KHVH�ELWV�DUH�XVHG�WR�VHOHFW�WKH�IUHTXHQF\�RI�WKH�6'&/.�VLJQDO��
7KHVH�ELWV�GHSHQG�RQ�VHWWLQJ�RI�3UHVHW�9DOXH�(QDEOH�LQ�WKH�+RVW�
&RQWURO���UHJLVWHU��,I�3UHVHW�9DOXH�(QDEOH� ����WKHVH�ELWV�DUH�VHW�
E\�WKH�+RVW�'ULYHU��,I�3UHVHW�9DOXH�(QDEOH� ����WKHVH�ELWV�DUH�
DXWRPDWLFDOO\�VHW�WR�D�YDOXH�VSHFLILHG�LQ�RQH�RI�WKH�3UHVHW�9DOXH�
UHJLVWHU��7KH�YDOXH�LV�UHIOHFWHG�RQ�WKH�ORZHU���ELW�RI�WKH�
FDUGBFONBIUHTBVHOVLJQDO� 
������ELW�'LYLGHG�&ORFN�0RGH� 
��
K�����%DVH�FORFN����0+]�������0+]� 
��
K���������'LYLGHG�&ORFN 
��
K���������'LYLGHG�&ORFN 
������ 
��
K�II���������'LYLGHG�FORFN 
���3URJUDPPDEOH�&ORFN�0RGH� 
��
K�����%DVH�FORFN��0 
��
K�����%DVH�FORFN��0��� 
��
K�����%DVH�FORFN��0��� 
������ 
��
K�II��%DVH�FORFN��0������ 

��� 5: �[� 
833(5B)5(4B6(/ 
7KHVH�ELWV�VSHFLI\�WKH�XSSHU���ELWV�RI����ELW�6'&/.�5&/.�
)UHTXHQF\�6HOHFW�FRQWURO� 

� 5: �[� 

&/.B*(1B6(/(&7 
&ORFN�*HQHUDWRU�6HOHFW��  
7KLV�ELW�LV�XVHG�WR�VHOHFW�WKH�FORFN�JHQHUDWRU�PRGH�LQ�
6'&/.�5&/.�)UHTXHQF\�6HOHFW��,I�3UHVHW�9DOXH�(QDEOH� ����WKLV�
ELW�LV�VHW�E\�WKH�+RVW�'ULYHU��,I�3UHVHW�9DOXH�(QDEOH� ����WKLV�ELW�LV�
DXWRPDWLFDOO\�VHW�WR�D�YDOXH�VSHFLILHG�LQ�RQH�RI�WKH 
3UHVHW�9DOXH�UHJLVWHUV��7KH�YDOXH�LV�UHIOHFWHG�RQ�WKH�
FDUGBFONBJHQBVHO�VLJQDO� 
9DOXHV� 
�
E���'LYLGHG�&ORFN�0RGH 
�
E���3URJUDPPDEOH�&ORFN�0RGH 

��� 52 �[� UHVHUYHG 

� 5: �[� 

6'B&/.B(1 
6'�H00&�&ORFN�(QDEOH� 
7KLV�ELW�VWRSV�WKH�6'&/.�RU�5&/.�ZKHQ�VHW�WR����7KH�
6'&/.�5&/.�)UHTXHQF\�6HOHFW�ELW�FDQ�EH�FKDQJHG�ZKHQ�WKLV�ELW�LV�
VHW�WR����  
9DOXHV� 
�
E���'LVDEOH�SURYLGLQJ�6'&/.�5&/. 
�
E���(QDEOH�SURYLGLQJ�6'&/.�5&/. 

� 52 �[� 

,17(51$/B&/.B67$%/( 
,QWHUQDO�&ORFN�6WDEOH� 
7KLV�ELW�HQDEOHV�WKH�+RVW�'ULYHU�WR�FKHFN�WKH�FORFN�VWDELOLW\�WZLFH�
DIWHU�WKH�,QWHUQDO�&ORFN�(QDEOH�ELW�LV�VHW�DQG�DIWHU�WKH�3//�(QDEOH�
ELW�LV�VHW��7KLV�ELW�UHIOHFWV�WKH�V\QFKURQL]HG�YDOXH�RI�WKH�
LQWFONBVWDEOH�VLJQDO�DIWHU�WKH�,QWHUQDO�&ORFN�(QDEOH�ELW�LV�VHW�WR���
DQG�DOVR�UHIOHFWV�WKH�V\QFKURQL]HG�YDOXH�RI�WKH�FDUGBFONBVWDEOH�
VLJQDO�DIWHU�WKH�3//�(QDEOH�ELW�LV�VHW�WR��� 
9DOXHV� 
�
E���1RW�5HDG\ 
�
E���5HDG\ 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

,17(51$/B&/.B(1 
,QWHUQDO�&ORFN�(QDEOH��  
7KLV�ELW�LV�VHW�WR���ZKHQ�WKH�+RVW�'ULYHU�LV�QRW�XVLQJ�WKH�+RVW�
&RQWUROOHU� 
7KH�+RVW�&RQWUROOHU�PXVW�VWRS�LWV�LQWHUQDO�FORFN�WR�HQWHU�D�YHU\�
ORZ�SRZHU�VWDWH��+RZHYHU��UHJLVWHUV�FDQ�VWLOO�EH�UHDG�DQG�ZULWWHQ�
WR��7KH�YDOXH�LV�UHIOHFWHG�RQ�WKH�LQWFONBHQ�VLJQDO��  
1RWH��  
,I�WKLV�ELW�LV�QRW�XVHG�WR�FRQWURO�WKH�LQWHUQDO�FORFN��EDVH�FORFN�DQG�
PDVWHU�FORFN���LW�LV�UHFRPPHQGHG�WR�VHW�WKLV�ELW�WR���� 
9DOXHV� 
�
E���6WRS 
�
E���2VFLOODWH 

 
(00&B7287B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���(� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
��� 52 �[� UHVHUYHG 

��� 5: �[� 

7287B&17 
'DWD�7LPHRXW�&RXQWHU�9DOXH� 
7KLV�YDOXH�GHWHUPLQHV�WKH�LQWHUYDO�E\�ZKLFK�'$7�OLQH�WLPH�RXWV�
DUH�GHWHFWHG��  
5HIHU�WR�WKH�'DWD�7LPH�RXW�(UURU�LQ�WKH�(UURU�,QWHUUXSW�6WDWXV�
UHJLVWHU�IRU�LQIRUPDWLRQ�RQ�IDFWRUV�WKDW�GLFWDWH�WLPH�RXW�
JHQHUDWLRQ��7LPH�RXW�FORFN�IUHTXHQF\�ZLOO�EH�JHQHUDWHG�E\�
GLYLGLQJ�WKH�VG�FORFN�70&/.�E\�WKLV�YDOXH��:KHQ�VHWWLQJ�WKLV�
UHJLVWHU��SUHYHQW�LQDGYHUWHQW�WLPH�RXW�HYHQWV�E\�FOHDULQJ�WKH�'DWD�
7LPHRXW�(UURU�6WDWXV�(QDEOH��LQ�WKH�(UURU�,QWHUUXSW�6WDWXV�(QDEOH�
UHJLVWHU�� 
9DOXHV� 
�
K���70&/.���A�� 
�
K���70&/.���A�� 
������ 
�
KH��70&/.���A�� 
�
KI��5HVHUYHG 

 
(00&B6:B567�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���)� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
��� 52 �[�� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

6:B567B'$7 
6RIWZDUH�5HVHW�)RU�'$7�OLQH��  
7KLV�ELW�LV�XVHG�LQ�6'�H00&�PRGH�DQG�LW�UHVHWV�RQO\�D�SDUW�RI�WKH�
GDWD�FLUFXLW�DQG�WKH�'0$�FLUFXLW�LV�DOVR�UHVHW� 
7KH�IROORZLQJ�UHJLVWHUV�DQG�ELWV�DUH�FOHDUHG�E\�WKLV�ELW� 
D��%XIIHU�'DWD�3RUW�UHJLVWHU� 
%XIIHU�LV�FOHDUHG�DQG�LQLWLDOL]HG� 
E��3UHVHQW�VWDWH�UHJLVWHU� 
%XIIHU�5HDG�(QDEOH 
%XIIHU�:ULWH�(QDEOH 
5HDG�7UDQVIHU�$FWLYH 
:ULWH�7UDQVIHU�$FWLYH 
'$7�/LQH�$FWLYH 
&RPPDQG�,QKLELW��'$7� 
F��%ORFN�*DS�&RQWURO�UHJLVWHU� 
&RQWLQXH�5HTXHVW 
6WRS�$W�%ORFN�*DS�5HTXHVW 
G��1RUPDO�,QWHUUXSW�VWDWXV�UHJLVWHU� 
%XIIHU�5HDG�5HDG\ 
%XIIHU�:ULWH�5HDG\ 
'0$�,QWHUUXSW 
%ORFN�*DS�(YHQW 
7UDQVIHU�&RPSOHWH 
9DOXHV� 
�
E���:RUN 
�
E���5HVHW 

� 5: �[� 

6:B567B&0' 
6RIWZDUH�5HVHW�)RU�&0'�OLQH� 
7KLV�ELW�UHVHWV�RQO\�D�SDUW�RI�WKH�FRPPDQG�FLUFXLW�WR�EH�DEOH�WR�
LVVXH�D�FRPPDQG��7KLV�UHVHW�LV�HIIHFWLYH�RQO\�IRU�D�FRPPDQG�
LVVXLQJ�FLUFXLW��LQFOXGLQJ�UHVSRQVH�HUURU�VWDWXVHV�UHODWHG�WR�
&RPPDQG�,QKLELW��&0'��FRQWURO��DQG�GRHV�QRW�DIIHFW�WKH�GDWD�
WUDQVIHU�FLUFXLW��+RVW�&RQWUROOHU�FDQ�FRQWLQXH�GDWD�WUDQVIHU�HYHQ�
DIWHU�WKLV�UHVHW�LV�H[HFXWHG�ZKLOH�KDQGOLQJ�VXEFRPPDQG�UHVSRQVH�
HUURUV� 
7KH�IROORZLQJ�UHJLVWHUV�DQG�ELWV�DUH�FOHDUHG�E\�WKLV�ELW� 
D��3UHVHQW�6WDWH�UHJLVWHU���&RPPDQG�,QKLELW��&0'��ELW 
E��1RUPDO�,QWHUUXSW�6WDWXV�UHJLVWHU���&RPPDQG�&RPSOHWH�ELW 
F��(UURU�,QWHUUXSW�6WDWXV���5HVSRQVH�HUURU�VWDWXVHV�UHODWHG�WR�
&RPPDQG�,QKLELW��&0'��ELW 
9DOXHV� 
�
E���:RUN 
�
E���5HVHW 

� 5: �[� 

6:B567B$// 
6RIWZDUH�5HVHW�)RU�$OO� 
7KLV�UHVHW�DIIHFWV�WKH�HQWLUH�+RVW�&RQWUROOHU�H[FHSW�IRU�WKH�FDUG�
GHWHFWLRQ�FLUFXLW��'XULQJ�LWV�LQLWLDOL]DWLRQ��WKH�+RVW�'ULYHU�VHWV�WKLV�
ELW�WR���WR�UHVHW�WKH�+RVW�&RQWUROOHU��$OO�UHJLVWHUV�DUH�UHVHW�H[FHSW�
WKH�FDSDELOLWLHV�UHJLVWHU��,I�WKLV�ELW�LV�VHW�WR����WKH�+RVW�'ULYHU�
PXVW�LVVXH�UHVHW�FRPPDQG�DQG�UHLQLWLDOL]H�WKH�FDUG� 
9DOXHV� 
�
E���:RUN 
�
E���5HVHW 

 
(00&B1250$/B,17B67$7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �311 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 52 �[� 

(5525B,17B67$7 
(UURU�,QWHUUXSW� 
,I�DQ\�RI�WKH�ELWV�LQ�WKH�(UURU�,QWHUUXSW�6WDWXV�UHJLVWHU�DUH�VHW��
WKHQ�WKLV�ELW�LV�VHW� 
9DOXHV� 
�
E���1R�(UURU 
�
E���(UURU 

�� :�
& �[� 

&4(B(9(17 
&RPPDQG�4XHXLQJ�(YHQW� 
7KLV�VWDWXV�LV�VHW�LI�&RPPDQG�4XHXLQJ�&U\SWR�UHODWHG�HYHQW�KDV�
RFFXUUHG�LQ�H00&�6'�PRGH��5HDG�&4+&,
V�&4,6�&514,6�UHJLVWHU�
IRU�PRUH�GHWDLOV��  
9DOXHV� 
�
E���1R�(YHQW 
�
E���&RPPDQG�4XHXLQJ�(YHQW�LV�GHWHFWHG 

�� 52 �[� 

);B(9(17 
);�(YHQW� 
7KLV�VWDWXV�LV�VHW�ZKHQ�5>��@�RI�UHVSRQVH�UHJLVWHU�LV�VHW�WR���DQG�
5HVSRQVH�7\SH�5��5��LV�VHW�WR���LQ�7UDQVIHU�0RGH�UHJLVWHU��7KLV�
LQWHUUXSW�LV�XVHG�ZLWK�UHVSRQVH�FKHFN�IXQFWLRQ� 
9DOXHV� 
�
E���1R�(YHQW 
�
E���);�(YHQW�LV�GHWHFWHG 

�� 52 �[� 
5(B781(B(9(17 
5H�WXQLQJ�(YHQW� 
7KLV�ELW�LV�VHW�LI�WKH�5H�7XQLQJ�5HTXHVW�FKDQJHV�IURP���WR����5H�
7XQLQJ�UHTXHVW�LV�QRW�VXSSRUWHG� 

���� 52 �[� UHVHUYHG 

� 52 �[� 

&$5'B,17(55837 
&DUG�,QWHUUXSW� 
7KLV�ELW�UHIOHFWV�WKH�V\QFKURQL]HG�YDOXH�RI�'$7>�@�,QWHUUXSW�,QSXW�
IRU�6'�0RGH� 
9DOXHV� 
�
E���1R�&DUG�,QWHUUXSW 
�
E���*HQHUDWH�&DUG�,QWHUUXSW 

� :�
& �[� 

&$5'B5(029$/ 
&DUG�5HPRYDO� 
7KLV�ELW�LV�VHW�LI�WKH�&DUG�,QVHUWHG�LQ�WKH�3UHVHQW�6WDWH�UHJLVWHU�
FKDQJHV�IURP���WR��� 
9DOXHV� 
�
E���&DUG�VWDWH�VWDEOH�RU�'HERXQFLQJ 
�
E���&DUG�5HPRYHG 

� :�
& �[� 

&$5'B,16(57,21 
&DUG�,QVHUWLRQ� 
7KLV�ELW�LV�VHW�LI�WKH�&DUG�,QVHUWHG�LQ�WKH�3UHVHQW�6WDWH�UHJLVWHU�
FKDQJHV�IURP���WR��� 
9DOXHV� 
�
E���&DUG�VWDWH�VWDEOH�RU�'HERXQFLQJ 
�
E���&DUG�,QVHUWHG 

� :�
& �[� 

%8)B5'B5($'< 
%XIIHU�5HDG�5HDG\� 
7KLV�ELW�LV�VHW�LI�WKH�%XIIHU�5HDG�(QDEOH�FKDQJHV�IURP���WR��� 
9DOXHV� 
�
E���1RW�UHDG\�WR�UHDG�EXIIHU 
�
E���5HDG\�WR�UHDG�EXIIHU 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� :�
& �[� 

%8)B:5B5($'< 
%XIIHU�:ULWH�5HDG\� 
7KLV�ELW�LV�VHW�LI�WKH�%XIIHU�:ULWH�(QDEOH�FKDQJHV�IURP���WR��� 
9DOXHV� 
�
E���1RW�UHDG\�WR�ZULWH�EXIIHU 
�
E���5HDG\�WR�ZULWH�EXIIHU 

� :�
& �[� 

'0$B,17(55837 
'0$�,QWHUUXSW� 
7KLV�ELW�LV�VHW�LI�WKH�+RVW�&RQWUROOHU�GHWHFWV�WKH�6'0$�%XIIHU�
%RXQGDU\�GXULQJ�WUDQVIHU��,Q�FDVH�RI�$'0$��E\�VHWWLQJ�WKH�,QW�
ILHOG�LQ�WKH�GHVFULSWRU�WDEOH��WKH�+RVW�FRQWUROOHU�JHQHUDWHV�WKLV�
LQWHUUXSW��7KLV�LQWHUUXSW�LV�QRW�JHQHUDWHG�DIWHU�D�7UDQVIHU�
&RPSOHWH� 
9DOXHV� 
�
E���1R�'0$�,QWHUUXSW 
�
E���'0$�,QWHUUXSW�LV�JHQHUDWHG 

� :�
& �[� 

%*$3B(9(17 
%ORFN�*DS�(YHQW� 
7KLV�ELW�LV�VHW�ZKHQ�ERWK�UHDG�ZULWH�WUDQVDFWLRQ�LV�VWRSSHG�DW�
EORFN�JDS�GXH�WR�D�6WRS�DW�%ORFN�*DS�5HTXHVW� 
9DOXHV� 
�
E���1R�%ORFN�*DS�(YHQW 
�
E���7UDQVDFWLRQ�VWRSSHG�DW�EORFN�JDS 

� :�
& �[� 

;)(5B&203/(7( 
7UDQVIHU�&RPSOHWH� 
7KLV�ELW�LV�VHW�ZKHQ�D�UHDG�ZULWH�WUDQVIHU�DQG�D�FRPPDQG�ZLWK�
VWDWXV�EXV\�LV�FRPSOHWHG� 
9DOXHV� 
�
E���1RW�FRPSOHWH 
�
E���&RPPDQG�H[HFXWLRQ�LV�FRPSOHWHG 

� :�
& �[� 

&0'B&203/(7( 
&RPPDQG�&RPSOHWH� 
,Q�DQ�6'�H00&�0RGH��WKLV�ELW�LV�VHW�ZKHQ�WKH�HQG�ELW�RI�D�
UHVSRQVH�H[FHSW�IRU�$XWR�&0'���DQG�$XWR�&0'����  
7KLV�LQWHUUXSW�LV�QRW�JHQHUDWHG�ZKHQ�WKH�5HVSRQVH�,QWHUUXSW�
'LVDEOH�LQ�7UDQVIHU�0RGH�5HJLVWHU�LV�VHW�WR��� 
9DOXHV� 
�
E���1R�&RPPDQG�&RPSOHWH 
�
E���&RPPDQG�&RPSOHWH 

 
(00&B(5525B,17B67$7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

�� :�
& �[� 

%227B$&.B(55 
%RRW�$FNQRZOHGJHPHQW�(UURU� 
7KLV�ELW�LV�VHW�ZKHQ�WKHUH�LV�D�WLPHRXW�IRU�ERRW�DFNQRZOHGJHPHQW�
RU�ZKHQ�GHWHFWLQJ�ERRW�DFN�VWDWXV�KDYLQJ�D�YDOXH�RWKHU�WKDQ������
7KLV�LV�DSSOLFDEOH�RQO\�ZKHQ�ERRW�DFNQRZOHGJHPHQW�LV�H[SHFWHG�LQ�
H00&�PRGH� 
9DOXHV� 
�
E���1R�(UURU 
�
E���(UURU 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� :�
& �[� 

5(63B(55 
5HVSRQVH�(UURU� 
+RVW�&RQWUROOHU�9HUVLRQ������VXSSRUWV�UHVSRQVH�HUURU�FKHFN�
IXQFWLRQ�WR�DYRLG�RYHUKHDG�RI�UHVSRQVH�HUURU�FKHFN�E\�+RVW�'ULYHU�
GXULQJ�'0$�H[HFXWLRQ��,I�5HVSRQVH�(UURU�&KHFN�(QDEOH�LV�VHW�WR���
LQ�WKH�7UDQVIHU�0RGH�UHJLVWHU��+RVW�  
&RQWUROOHU�&KHFNV�5��RU�5��UHVSRQVH��,I�DQ�HUURU�LV�GHWHFWHG�LQ�D�
UHVSRQVH��WKLV�ELW�LV�VHW�WR��� 
9DOXHV� 
�
E���1R�(UURU 
�
E���(UURU 

�� :�
& �[� 

781,1*B(55 
7XQLQJ�(UURU� 
7KLV�ELW�LV�VHW�ZKHQ�DQ�XQUHFRYHUDEOH�HUURU�LV�GHWHFWHG�LQ�D�WXQLQJ�
FLUFXLW�H[FHSW�GXULQJ�WKH�WXQLQJ�SURFHGXUH��RFFXUUHQFH�RI�DQ�HUURU�
GXULQJ�WXQLQJ�SURFHGXUH�LV�LQGLFDWHG�E\�6DPSOLQJ�&ORFN�6HOHFW�LQ�
WKH�+RVW�&RQWURO���UHJLVWHU���%\�GHWHFWLQJ 
7XQLQJ�(UURU��+RVW�'ULYHU�QHHGV�WR�DERUW�D�FRPPDQG�H[HFXWLQJ�
DQG�SHUIRUP�WXQLQJ��7R�UHVHW�WXQLQJ�FLUFXLW��6DPSOLQJ�&ORFN�6HOHFW�
LV�VHW�WR���EHIRUH�H[HFXWLQJ�WXQLQJ�SURFHGXUH��7KH�7XQLQJ�(UURU�LV�
KLJKHU�SULRULW\�WKDQ�WKH�RWKHU�HUURU�LQWHUUXSWV�JHQHUDWHG�GXULQJ�
GDWD�WUDQVIHU��%\�GHWHFWLQJ�7XQLQJ�(UURU��WKH�+RVW�'ULYHU�PXVW�
GLVFDUG�GDWD�WUDQVIHUUHG�E\�D�FXUUHQW�UHDG�ZULWH�FRPPDQG�DQG�
UHWU\�GDWD�WUDQVIHU�DIWHU�WKH�+RVW�&RQWUROOHU�UHWULHYHG�IURP�WKH�
WXQLQJ�FLUFXLW�HUURU� 
9DOXHV� 
�
E���1R�(UURU 
�
E���(UURU 

� :�
& �[� 

$'0$B(55 
$'0$�(UURU� 
7KLV�ELW�LV�VHW�ZKHQ�WKH�+RVW�&RQWUROOHU�GHWHFWV�HUURU�GXULQJ�
$'0$�EDVHG�GDWD�WUDQVIHU��7KH�HUURU�FRXOG�EH�GXH�WR�IROORZLQJ�
UHDVRQV� 
D��(UURU�UHVSRQVH�UHFHLYHG�IURP�6\VWHP�EXV��0DVWHU�,�)� 
E��$'0$��$'0$��'HVFULSWRUV�LQYDOLG 
F��&4(�7DVN�RU�7UDQVIHU�GHVFULSWRUV�LQYDOLG 
:KHQ�WKH�HUURU�RFFXUV��WKH�VWDWH�RI�WKH�$'0$�LV�VDYHG�LQ�WKH�
$'0$�(UURU�6WDWXV�UHJLVWHU� 
,Q�H00&�&4(�PRGH� 
7KH�+RVW�&RQWUROOHU�JHQHUDWHV�WKLV�,QWHUUXSW�ZKHQ�LW�GHWHFWV�DQ�
LQYDOLG�GHVFULSWRU�GDWD��9DOLG ���DW�WKH�67B)'6�VWDWH��$'0$�(UURU�
6WDWH�LQ�WKH�$'0$�(UURU�6WDWXV�LQGLFDWHV�WKDW�DQ�HUURU�KDV�
RFFXUUHG�LQ�67B)'6�VWDWH��7KH�+RVW�'ULYHU�PD\�ILQG�WKDW�9DOLG�ELW�
LV�QRW�VHW�DW�WKH�HUURU�GHVFULSWRU� 
9DOXHV� 
�
E���1R�(UURU 
�
E���(UURU 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �314 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� :�
& �[� 

$872B&0'B(55 
$XWR�&0'�(UURU� 
7KLV�HUURU�VWDWXV�LV�XVHG�E\�$XWR�&0'���DQG�$XWR�&0'���LQ�
6'�H00&�PRGH��7KLV�ELW�LV�VHW�ZKHQ�GHWHFWLQJ�WKDW�DQ\�RI�WKH�
ELWV�'���WR�'���LQ�$XWR�&0'�(UURU�6WDWXV�UHJLVWHU�KDV�FKDQJHG�
IURP���WR����'���LV�HIIHFWLYH�LQ�FDVH�RI�$XWR�&0'����$XWR�&0'�
(UURU�6WDWXV�UHJLVWHU�LV�YDOLG�ZKLOH�WKLV�ELW�LV�VHW�WR���DQG�PD\�EH�
FOHDUHG�E\�FOHDULQJ�RI�WKLV�ELW� 
9DOXHV� 
�
E���1R�(UURU 
�
E���(UURU 

� 52 �[� UHVHUYHG 

� :�
& �[� 

'$7$B(1'B%,7B(55 
'DWD�(QG�%LW�(UURU� 
7KLV�HUURU�RFFXUV�LQ�6'�H00&�PRGH�HLWKHU�ZKHQ�GHWHFWLQJ���DW�
WKH�HQG�ELW�SRVLWLRQ�RI�UHDG�GDWD�WKDW�XVHV�WKH�'$7�OLQH�RU�DW�WKH�
HQG�ELW�SRVLWLRQ�RI�WKH�&5&�VWDWXV� 
9DOXHV� 
�
E���1R�(UURU 
�
E���(UURU 

� :�
& �[� 

'$7$B&5&B(55 
'DWD�&5&�(UURU� 
7KLV�HUURU�RFFXUV�LQ�6'�H00&�PRGH�ZKHQ�GHWHFWLQJ�&5&�HUURU�
ZKHQ�WUDQVIHUULQJ�UHDG�GDWD�ZKLFK�XVHV�WKH�'$7�OLQH��ZKHQ�
GHWHFWLQJ�WKH�:ULWH�&5&�VWDWXV�KDYLQJ�D�YDOXH�RI�RWKHU�WKDQ�����
RU�ZKHQ�ZULWH�&5&�VWDWXV�WLPHRXW� 
9DOXHV� 
�
E���1R�(UURU 
�
E���(UURU 

� :�
& �[� 

'$7$B7287B(55 
'DWD�7LPHRXW�(UURU� 
7KLV�ELW�LV�VHW�LQ�6'�H00&�PRGH�ZKHQ�GHWHFWLQJ�RQH�RI�WKH�
IROORZLQJ�WLPHRXW�FRQGLWLRQV� 
D��%XV\�WLPHRXW�IRU�5�E��5�E�W\SH 
E��%XV\�WLPHRXW�DIWHU�:ULWH�&5&�VWDWXV 
F��:ULWH�&5&�6WDWXV�WLPHRXW 
G��5HDG�'DWD�WLPHRXW 
9DOXHV� 
�
E���1R�(UURU 
�
E���7LPH�RXW 

� :�
& �[� 

&0'B,';B(55 
&RPPDQG�,QGH[�(UURU� 
7KLV�ELW�LV�VHW�LI�D�&RPPDQG�,QGH[�HUURU�RFFXUV�LQ�WKH�FRPPDQG�
UHVSRQV�LQ�6'�H00&�PRGH� 
9DOXHV� 
�
E���1R�(UURU 
�
E���(UURU 

� :�
& �[� 

&0'B(1'B%,7B(55 
&RPPDQG�(QG�%LW�(UURU� 
7KLV�ELW�LV�VHW�ZKHQ�GHWHFWLQJ�WKDW�WKH�HQG�ELW�RI�D�FRPPDQG�
UHVSRQVH�LV���LQ�6'�H00&�PRGH� 
9DOXHV� 
�
E���1R�(UURU 
�
E���(QG�%LW�(UURU�JHQHUDWHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� :�
& �[� 

&0'B&5&B(55 
&RPPDQG�&5&�(UURU� 
&RPPDQG�&5&�(UURU�LV�JHQHUDWHG�LQ�6'�H00&�PRGH�IRU�IROORZLQJ�
WZR�FDVHV� 
D��,I�D�UHVSRQVH�LV�UHWXUQHG�DQG�WKH�&RPPDQG�7LPHRXW�(UURU�LV�
VHW�WR����LQGLFDWLQJ�QR�WLPHRXW���WKLV�ELW�LV�VHW�WR���ZKHQ�GHWHFWLQJ�
D�&5&�HUURU�LQ�WKH�FRPPDQG�UHVSRQVH� 
E��7KH�+RVW�&RQWUROOHU�GHWHFWV�D�&0'�OLQH�FRQIOLFW�E\�PRQLWRULQJ�
WKH�&0'�OLQH�ZKHQ�D�FRPPDQG�LV�LVVXHG��,I�WKH�+RVW�&RQWUROOHU�
GULYHV�WKH�&0'�OLQH�WR���OHYHO��EXW�GHWHFWV���OHYHO�RQ�WKH�&0'�OLQH�
DW�WKH�QH[W�6'�FORFN�HGJH��WKHQ�WKH�+RVW�&RQWUROOHU�DERUWV�WKH�
FRPPDQG��VWRS�GULYLQJ�&0'�OLQH��DQG�VHW�WKLV�ELW�WR����7KH�
&RPPDQG�7LPHRXW�(UURU�LV�DOVR�VHW�WR���WR�GLVWLQJXLVK�D�&0'�OLQH 
FRQIOLFW� 
9DOXHV� 
�
E���1R�(UURU 
�
E���&5&�(UURU�JHQHUDWHG 

� :�
& �[� 

&0'B7287B(55 
&RPPDQG�7LPHRXW�(UURU� 
,Q�6'�H00&�0RGH�WKLV�ELW�LV�VHW�RQO\�LI�QR�UHVSRQVH�LV�UHWXUQHG�
ZLWKLQ����6'�FORFN�F\FOHV�IURP�WKH�HQG�ELW�RI�WKH�FRPPDQG��,I�WKH�
+RVW�&RQWUROOHU�GHWHFWV�D�&0'�OLQH�FRQIOLFW��DORQJ�ZLWK�&RPPDQG�
&5&�(UURU�ELW��WKLV�ELW�LV�VHW�WR����ZLWKRXW�ZDLWLQJ�IRU����6'�H00&�
FDUG�FORFN�F\FOHV� 
9DOXHV� 
�
E���1R�(UURU 
�
E���7LPH�RXW 

 
(00&B1250$/B,17B67$7B(1�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 52 �[� UHVHUYHG 

�� 5: �[� 

&4(B(9(17B67$7B(1 
&4(�(YHQW�6WDWXV�(QDEOH� 
9DOXHV� 
�
E���0DVNHG 
�
E���(QDEOHG 

���� 52 �[�� UHVHUYHG 

� 5: �[� 

&$5'B,17(55837B67$7B(1�  
&DUG�,QWHUUXSW�6WDWXV�(QDEOH� 
9DOXHV� 
�
E���0DVNHG 
�
E���(QDEOHG 

� 5: �[� 

&$5'B5(029$/B67$7B(1 
&DUG�5HPRYDO�6WDWXV�(QDEOH� 
9DOXHV� 
�
E���0DVNHG 
�
E���(QDEOHG 

� 5: �[� 

&$5'B,16(57,21B67$7B(1 
&DUG�,QVHUWLRQ�6WDWXV�(QDEOH� 
9DOXHV� 
�
E���0DVNHG 
�
E���(QDEOHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

%8)B5'B5($'<B67$7B(1 
%XIIHU�5HDG�5HDG\�6WDWXV�(QDEOH� 
9DOXHV� 
�
E���0DVNHG 
�
E���(QDEOHG 

� 5: �[� 

%8)B:5B5($'<B67$7B(1 
%XIIHU�:ULWH�5HDG\�6WDWXV�(QDEOH� 
9DOXHV� 
�
E���0DVNHG 
�
E���(QDEOHG 

� 5: �[� 

'0$B,17(55837B67$7B(1 
'0$�,QWHUUXSW�6WDWXV�(QDEOH� 
9DOXHV� 
�
E���0DVNHG 
�
E���(QDEOHG 

� 5: �[� 

%*$3B(9(17B67$7B(1 
%ORFN�*DS�(YHQW�6WDWXV�(QDEOH� 
9DOXHV� 
�
E���0DVNHG 
�
E���(QDEOHG 

� 5: �[� 

;)(5B&203/(7(B67$7B(1 
7UDQVIHU�&RPSOHWH�6WDWXV�(QDEOH� 
9DOXHV� 
�
E���0DVNHG 
�
E���(QDEOHG 

� 5: �[� 

&0'B&203/(7(B67$7B(1 
&RPPDQG�&RPSOHWH�6WDWXV�(QDEOH� 
9DOXHV� 
�
E���0DVNHG 
�
E���(QDEOHG 

 
(00&B(5525B,17B67$7B(1�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

�� 5: �[� 

%227B$&.B(55B67$7B(1 
%RRW�$FNQRZOHGJPHQW�(UURU�6WDWXVO�(QDEOH�� 
9DOXHV� 
�
E���0DVNHG 
�
E���(QDEOHG 

�� 5: �[� 

5(63B(55B67$7B(1 
5HVSRQVH�(UURU�6WDWXV�(QDEOH� 
9DOXHV� 
�
E���0DVNHG 
�
E���(QDEOHG 

�� 5: �[� 

781,1*B(55B67$7B(1 
7XQLQJ�(UURU�6WDWXV�(QDEOH� 
9DOXHV� 
�
E���0DVNHG 
�
E���(QDEOHG 

� 5: �[� 

$'0$B(55B67$7B(1 
$'0$�(UURU�6WDWXV�(QDEOH� 
9DOXHV� 
�
E���0DVNHG 
�
E���(QDEOHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

$872B&0'B(55B67$7B(1 
$XWR�&0'�(UURU�6WDWXV�(QDEOH� 
9DOXHV� 
�
E���0DVNHG 
�
E���(QDEOHG 

� 52 �[� UHVHUYHG 

� 5: �[� 

'$7$B(1'B%,7B(55B67$7B(1 
'DWD�(QG�%LW�(UURU�6WDWXV�(QDEOH� 
9DOXHV� 
�
E���0DVNHG 
�
E���(QDEOHG 

� 5: �[� 

'$7$B&5&B(55B67$7B(1 
'DWD�&5&�(UURU�6WDWXV�(QDEOH� 
9DOXHV� 
�
E���0DVNHG 
�
E���(QDEOHG 

� 5: �[� 

'$7$B7287B(55B67$7B(1 
'DWD�7LPHRXW�(UURU�6WDWXV�(QDEOH� 
9DOXHV� 
�
E���0DVNHG 
�
E���(QDEOHG 

� 5: �[� 

&0'B,';B(55B67$7B(1 
&RPPDQG�,QGH[�(UURU�6WDWXV�(QDEOH� 
9DOXHV� 
�
E���0DVNHG 
�
E���(QDEOHG 

� 5: �[� 

&0'B(1'B%,7B(55B67$7B(1 
&RPPDQG�(QG�%LW�(UURU�6WDWXV�(QDEOH� 
9DOXHV� 
�
E���0DVNHG 
�
E���(QDEOHG 

� 5: �[� 

&0'B&5&B(55B67$7B(1 
&RPPDQG�&5&�(UURU�6WDWXV�(QDEOH� 
9DOXHV� 
�
E���0DVNHG 
�
E���(QDEOHG 

� 5: �[� 

&0'B7287B(55B67$7B(1 
&RPPDQG�7LPHRXW�(UURU�6WDWXV�(QDEOH� 
9DOXHV� 
�
E���0DVNHG 
�
E���(QDEOHG 

 
(00&B1250$/B,17B6,*1$/B(1�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 52 �[� UHVHUYHG 

�� 5: �[� 

&4(B(9(17B6,*1$/B(1 
&4(�(YHQW�6LJQDO�(QDEOH� 
9DOXHV� 
�
E���0DVNHG 
�
E���(QDEOHG 

���� 52 �[�� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

&$5'B,17(55837B6,*1$/B(1 
&DUG�,QWHUUXSW�6LJQDO�(QDEOH� 
9DOXHV� 
�
E���0DVNHG 
�
E���(QDEOHG 

� 5: �[� 

&$5'B5(029$/B6,*1$/B(1 
&DUG�5HPRYDO�6LJQDO�(QDEOH� 
9DOXHV� 
�
E���0DVNHG 
�
E���(QDEOHG 

� 5: �[� 

&$5'B,16(57,21B6,*1$/B(1 
&DUG�,QVHUWLRQ�6LJQDO�(QDEOH� 
9DOXHV� 
�
E���0DVNHG 
�
E���(QDEOHG 

� 5: �[� 

%8)B5'B5($'<B6,*1$/B(1 
%XIIHU�5HDG�5HDG\�6LJQDO�(QDEOH� 
9DOXHV� 
�
E���0DVNHG 
�
E���(QDEOHG 

� 5: �[� 

%8)B:5B5($'<B6,*1$/B(1 
%XIIHU�:ULWH�5HDG\�6LJQDO�(QDEOH� 
9DOXHV� 
�
E���0DVNHG 
�
E���(QDEOHG 

� 5: �[� 

'0$B,17(55837B6,*1$/B(1 
'0$�,QWHUUXSW�6LJQDO�(QDEOH� 
9DOXHV� 
�
E���0DVNHG 
�
E���(QDEOHG 

� 5: �[� 

%*$3B(9(17B6,*1$/B(1 
%ORFN�*DS�(YHQW�6LJQDO�(QDEOH� 
9DOXHV� 
�
E���0DVNHG 
�
E���(QDEOHG 

� 5: �[� 

;)(5B&203/(7(B6,*1$/B(1 
7UDQVIHU�&RPSOHWH�6LJQDO�(QDEOH� 
9DOXHV� 
�
E���0DVNHG 
�
E���(QDEOHG 

� 5: �[� 

&0'B&203/(7(B6,*1$/B(1 
&RPPDQG�&RPSOHWH�6LJQDO�(QDEOH� 
9DOXHV� 
�
E���0DVNHG 
�
E���(QDEOHG 

 
(00&B(5525B,17B6,*1$/B(1�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���$� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

�� 5: �[� 

%227B$&.B(55B6,*1$/B(1 
%RRW�$FNQRZOHGJPHQW�(UURU�6LJQDO�(QDEOH�� 
9DOXHV� 
�
E���0DVNHG 
�
E���(QDEOHG 



5.�����750�3DUW� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

5(63B(55B6,*1$/B(1 
5HVSRQVH�(UURU�6LJQDO�(QDEOH� 
9DOXHV� 
�
E���0DVNHG 
�
E���(QDEOHG 

�� 5: �[� 

781,1*B(55B6,*1$/B(1 
7XQLQJ�(UURU�6LJQDO�(QDEOH� 
9DOXHV� 
�
E���0DVNHG 
�
E���(QDEOHG 

� 5: �[� 

$'0$B(55B6,*1$/B(1 
$'0$�(UURU�6LJQDO�(QDEOH� 
9DOXHV� 
�
E���0DVNHG 
�
E���(QDEOHG 

� 5: �[� 

$872B&0'B(55B6,*1$/B(1 
$XWR�&0'�(UURU�6LJQDO�(QDEOH� 
9DOXHV� 
�
E���0DVNHG 
�
E���(QDEOHG 

� 52 �[� UHVHUYHG 

� 5: �[� 

'$7$B(1'B%,7B(55B6,*1$/B(1 
'DWD�(QG�%LW�(UURU�6LJQDO�(QDEOH� 
9DOXHV� 
�
E���0DVNHG 
�
E���(QDEOHG 

� 5: �[� 

'$7$B&5&B(55B6,*1$/B(1 
'DWD�&5&�(UURU�6LJQDO�(QDEOH� 
9DOXHV� 
�
E���0DVNHG 
�
E���(QDEOHG 

� 5: �[� 

'$7$B7287B(55B6,*1$/B(1 
'DWD�7LPHRXW�(UURU�6LJQDO�(QDEOH� 
9DOXHV� 
�
E���0DVNHG 
�
E���(QDEOHG 

� 5: �[� 

&0'B,';B(55B6,*1$/B(1 
&RPPDQG�,QGH[�(UURU�6LJQDO�(QDEOH� 
9DOXHV� 
�
E���0DVNHG 
�
E���(QDEOHG 

� 5: �[� 

&0'B(1'B%,7B(55B6,*1$/B(1 
&RPPDQG�(QG�%LW�(UURU�6LJQDO�(QDEOH� 
9DOXHV� 
�
E���0DVNHG 
�
E���(QDEOHG 

� 5: �[� 

&0'B&5&B(55B6,*1$/B(1 
&RPPDQG�&5&�(UURU�6LJQDO�(QDEOH� 
9DOXHV� 
�
E���0DVNHG 
�
E���(QDEOHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

&0'B7287B(55B6,*1$/B(1 
&RPPDQG�7LPHRXW�(UURU�6LJQDO�(QDEOH� 
9DOXHV� 
�
E���0DVNHG 
�
E���(QDEOHG 

 
(00&B$872B&0'B67$7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�� UHVHUYHG 

� 52 �[� 

&0'B127B,668('B$872B&0'�� 
&RPPDQG�1RW�,VVXHG�%\�$XWR�&0'���(UURU� 
,I�WKLV�ELW�LV�VHW�WR����&0'BZRB'$7�LV�QRW�H[HFXWHG�GXH�WR�DQ�
$XWR�&0'���(UURU��'���'����LQ�WKLV�UHJLVWHU��7KLV�ELW�LV�VHW�WR���
ZKHQ�$XWR�&0'�(UURU�LV�JHQHUDWHG�E\�$XWR�&0'��� 
9DOXHV� 
�
E���1R�(UURU 
�
E���1RW�,VVXHG 

� 52 �[� UHVHUYHG 

� 52 �[� 

$872B&0'B5(63B(55 
$XWR�&0'�5HVSRQVH�(UURU� 
7KLV�ELW�LV�VHW�ZKHQ�5HVSRQVH�(UURU�&KHFN�(QDEOH�LQ�WKH�7UDQVIHU�
0RGH�UHJLVWHU�LV�VHW�WR���DQG�DQ�HUURU�LV�GHWHFWHG�LQ�5��UHVSRQVH�
RI�HLWKHU�$XWR�&0'���RU�&0'����7KLV�VWDWXV�LV�LJQRUHG�LI�DQ\�ELW�
EHWZHHQ�'���WR�'���LV�VHW�WR��� 
9DOXHV� 
�
E���1R�(UURU 
�
E���(UURU 

� 52 �[� 

$872B&0'B,';B(55 
$XWR�&0'�,QGH[�(UURU� 
7KLV�ELW�LV�VHW�LI�WKH�FRPPDQG�LQGH[�HUURU�RFFXUV�LQ�UHVSRQVH�WR�D�
FRPPDQG� 
9DOXHV� 
�
E���1R�(UURU 
�
E���(UURU 

� 52 �[� 

$872B&0'B(%,7B(55 
$XWR�&0'�(QG�%LW�(UURU� 
7KLV�ELW�LV�VHW�ZKHQ�GHWHFWLQJ�WKDW�WKH�HQG�ELW�RI�FRPPDQG�
UHVSRQVH�LV��� 
9DOXHV� 
�
E���1R�(UURU 
�
E���(QG�%LW�(UURU�*HQHUDWHG 

� 52 �[� 

$872B&0'B&5&B(55 
$XWR�&0'�&5&�(UURU� 
7KLV�ELW�LV�VHW�ZKHQ�GHWHFWLQJ�D�&5&�HUURU�LQ�WKH�FRPPDQG�
UHVSRQVH� 
9DOXHV� 
�
E���1R�(UURU 
�
E���&5&�(UURU�*HQHUDWHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 52 �[� 

$872B&0'B7287B(55 
$XWR�&0'�7LPHRXW�(UURU� 
7KLV�ELW�LV�VHW�LI�QR�UHVSRQVH�LV�UHWXUQHG�ZLWK����6'&/.�F\FOHV�
IURP�WKH�HQG�ELW�RI�WKH�FRPPDQG� 
,I�WKLV�ELW�LV�VHW�WR����HUURU�VWDWXV�ELWV��'���'����DUH�
PHDQLQJOHVV� 
9DOXHV� 
�
E���1R�(UURU 
�
E���7LPH�RXW 

� 52 �[� 

$872B&0'��B127B(;(& 
$XWR�&0'���1RW�([HFXWHG� 
,I�PXOWLSOH�PHPRU\�EORFN�GDWD�WUDQVIHU�LV�QRW�VWDUWHG�GXH�WR�D�
FRPPDQG�HUURU��WKLV�ELW�LV�QRW�VHW�EHFDXVH�LW�LV�QRW�QHFHVVDU\�WR�
LVVXH�DQ�$XWR�&0'����6HWWLQJ�WKLV�ELW�WR���PHDQV�WKDW�WKH�+RVW�
&RQWUROOHU�FDQQRW�LVVXH�$XWR�&0'���WR�VWRS�PXOWLSOH�PHPRU\�
EORFN�GDWD�WUDQVIHU��GXH�WR�VRPH�HUURU��,I�WKLV�ELW�LV�VHW�WR����HUURU�
VWDWXV�ELWV��'���'����LV�PHDQLQJOHVV��7KLV�ELW�LV�VHW�WR���ZKHQ�
$XWR�&0'�(UURU�LV�JHQHUDWHG�E\�$XWR�&0'��� 
9DOXHV� 
�
E���([HFXWHG 
�
E���1RW�([HFXWHG 

 
(00&B+267B&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���(� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

35(6(7B9$/B(1$%/( 
3UHVHW�9DOXH�(QDEOH� 
7KLV�ELW�HQDEOHV�DXWRPDWLF�VHOHFWLRQ�RI�6'&/.�IUHTXHQF\�DQG�
'ULYHU�VWUHQJWK�3UHVHW�9DOXH�UHJLVWHUV��:KHQ�3UHVHW�9DOXH�(QDEOH�
LV�VHW��6'&/.�IUHTXHQF\�JHQHUDWLRQ��)UHTXHQF\�6HOHFW�DQG�&ORFN�
*HQHUDWRU�6HOHFW��DQG�WKH�GULYHU�VWUHQJWK�VHOHFWLRQ�DUH�SHUIRUPHG�
E\�WKH�FRQWUROOHU� 
7KHVH�YDOXHV�DUH�VHOHFWHG�IURP�VHW�RI�3UHVHW�9DOXH�UHJLVWHUV�
EDVHG�RQ�VHOHFWHG�VSHHG�PRGH� 
9DOXHV� 
�
E���6'&/.�DQG�'ULYHU�6WUHQJWK�DUH�FRQWUROOHG�E\�+RVW�'ULYHU 
�
E���$XWRPDWLF�6HOHFWLRQ�E\�3UHVHW�9DOXH�DUH�(QDEOHG 

�� 5: �[� 

$6<1&B,17B(1$%/( 
$V\QFKURQRXV�,QWHUUXSW�(QDEOH� 
7KLV�ELW�FDQ�EH�VHW�LI�D�FDUG�VXSSRUWV�DV\QFKURQRXV�LQWHUUXSWV�DQG�
$V\QFKURQRXV�,QWHUUXSW�6XSSRUW�LV�VHW�WR���LQ�WKH�&DSDELOLWLHV�
UHJLVWHU� 
9DOXHV� 
�
E���'LVDEOHG 
�
E���(QDEOHG 

�� 5: �[� 

$''5(66,1* 
���ELW�$GGUHVVLQJ� 
7KLV�ELW�LV�HIIHFWLYH�ZKHQ�+RVW�9HUVLRQ���(QDEOH�LV�VHW�WR��� 
9DOXHV� 
�
E������ELWV�DGGUHVVLQJ 
�
E������ELWV�DGGUHVVLQJ 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

+267B9(5�B(1$%/( 
+RVW�9HUVLRQ���(QDEOH� 
7KLV�ELW�VHOHFWV�HLWKHU�9HUVLRQ������FRPSDWLEOH�PRGH�RU�9HUVLRQ���
PRGH� 
)XQFWLRQV�RI�IROORZLQJ�ILHOGV�DUH�PRGLILHG�IRU�+RVW�9HUVLRQ���
PRGH� 
D��6'0$�$GGUHVV��6'0$�XVHV�$'0$�6\VWHP�$GGUHVV����)K�
���K��LQVWHDG�RI�6'0$�6\VWHP�$GGUHVV�UHJLVWHU�����K����K� 
E��$'0$��$'0$��VHOHFWLRQ��$'0$��LV�VHOHFWHG�E\�'0$�VHOHFW�LQ�
+RVW�&RQWURO���UHJLVWHU 
F�����ELW�$'0$�'HVFULSWRU�6L]H������ELW�GHVFULSWRU�LV�XVHG�LQVWHDG�
RI����ELW�GHVFULSWRU�ZKHQ����ELW�$GGUHVVLQJ�LV�VHW�WR�� 
G��6HOHFWLRQ�RI����ELW����ELW�6\VWHP�$GGUHVVLQJ��(LWKHU����ELW�RU�
���ELW�V\VWHP�DGGUHVVLQJ�LV�VHOHFWHG�E\����ELW�$GGUHVVLQJ�ELW�LQ�
WKLV�UHJLVWHU 
H�����ELW�%ORFN�&RXQW��6'0$�6\VWHP�$GGUHVV�UHJLVWHU�����K�
���K��LV�PRGLILHG�WR����ELW�%ORFN�&RXQW�UHJLVWHU� 
9DOXHV� 
�
E���9HUVLRQ������FRPSDWLEOH�PRGH 
�
E���9HUVLRQ���PRGH 

�� 5: �[� 

&0'��B(1$%/( 
&0'���(QDEOH� 
,I�WKH�FDUG�VXSSRUWV�&0'����WKLV�ELW�LV�VHW�WR����7KLV�ELW�LV�XVHG�WR�
VHOHFW�$XWR�&0'���RU�$XWR�&0'���IRU�$'0$��GDWDWUDQVIHU� 
9DOXHV� 
�
E���$XWR�&0'���LV�GLVDEOHG 
�
E���$XWR�&0'���LV�HQDEOHG 

�� 5: �[� 

$'0$�B/(1B02'( 
$'0$��/HQJWK�0RGH� 
7KLV�ELW�VHOHFWV�$'0$��/HQJWK�PRGH�WR�EH�HLWKHU����ELW�RU����ELW� 
9DOXHV� 
�
E������ELW�'DWD�/HQJWK�0RGH 
�
E������ELW�'DWD�/HQJWK�0RGH 

� 52 �[� UHVHUYHG 

� 5: �[� 8+6�B,)B(1$%/( 
7KLV�ELW�VKRXOG�EH�VHW�WR���IRU�6'�H00&�,QWHUIDFH� 

� 5: �[� 

6$03/(B&/.B6(/ 
6DPSOLQJ�&ORFN�6HOHFW� 
7KLV�ELW�LV�XVHG�E\�WKH�+RVW�&RQWUROOHU�WR�VHOHFW�WKH�VDPSOLQJ�FORFN�
LQ�6'�H00&�PRGH�WR�UHFHLYH�&0'�DQG�'$7��7KLV�ELW�LV�VHW�E\�WKH�
WXQLQJ�SURFHGXUH�DQG�LV�YDOLG�DIWHU�WKH�FRPSOHWLRQ�RI�WXQLQJ�
�ZKHQ�([HFXWH�7XQLQJ�LV�FOHDUHG���6HWWLQJ�WKLV�ELW�WR���PHDQV�WKDW�
WXQLQJ�LV�FRPSOHWHG�VXFFHVVIXOO\�DQG�VHWWLQJ�WKLV�ELW�WR���PHDQV�
WKDW�WXQLQJ�KDV�IDLOHG��  
9DOXHV� 
�
E���)L[HG�FORFN�LV�XVHG�WR�VDPSOH�GDWD 
�
E���7XQHG�FORFN�LV�XVHG�WR�VDPSOH�GDWD 

� 5: �[� 

(;(&B781,1* 
([HFXWH�7XQLQJ� 
7KLV�ELW�LV�VHW�WR���WR�VWDUW�WKH�WXQLQJ�SURFHGXUH�LQ�8+6,�H00&�
VSHHG�PRGHV�DQG�WKLV�ELW�LV�DXWRPDWLFDOO\�FOHDUHG�ZKHQ�WXQLQJ�
SURFHGXUH�LV�FRPSOHWHG� 
9DOXHV� 
�
E���1RW�7XQHG�RU�7XQLQJ�FRPSOHWHG 
�
E���([HFXWH�7XQLQJ 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
��� 52 �[� UHVHUYHG 

� 5: �[� 

6,*1$/,1*B(1 
���9�6LJQDOLQJ�(QDEOH� 
9DOXHV� 
�
E������9�6LJQDOOLQJ 
�
E������9�6LJQDOOLQJ 

��� 5: �[� 

8+6B02'(B6(/ 
8+6�0RGH�H00&�6SHHG�0RGH�6HOHFW� 
7KHVH�ELWV�DUH�XVHG�WR�VHOHFW�8+6�PRGH�LQ�WKH�6'�PRGH�RI�
RSHUDWLRQ��,Q�H00&�PRGH��WKHVH�ELWV�DUH�XVHG�WR�VHOHFW�H00&�
6SHHG�PRGH� 
9DOXHV� 
�
K���6'5���/HJDF\ 
�
K���6'5���+LJK�6SHHG�6'5 
�
K���6'5�� 
�
K���6'5����+6��� 
�
K���''5���+LJK�6SHHG�''5 
�
K���+6��� 
2WKHUV��5HVHUYHG 

 
(00&B&$3$%,/,7,(6��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� 

6/27B7<3( 
6ORW�7\SH� 
7KHVH�ELWV�LQGLFDWH�XVDJH�RI�D�VORW�E\�D�VSHFLILF�+RVW�6\VWHP� 
�
K���5HPRYDEOH�&DUG�6ORW 
�
K���(PEHGGHG�6ORW�IRU�2QH�'HYLFH 
�
K���6KDUHG�%XV�6ORW��6'�PRGH� 
�
K���5HVHUYHG 

�� 52 �[� 

$6<1&B,17B6833257 
$V\QFKURQRXV�,QWHUUXSW�6XSSRUW��6'�0RGH�RQO\�� 
9DOXHV� 
�
E���$V\QFKURQRXV�,QWHUUXSW�1RW�6XSSRUWHG 
�
E���$V\QFKURQRXV�,QWHUUXSW�6XSSRUWHG 

�� 52 �[� 

6<6B$''5B��B9� 
���ELW�6\VWHP�$GGUHVV�6XSSRUW�IRU�9�� 
7KLV�ELW�VHWV�WKH�+RVW�FRQWUROOHU�WR�VXSSRUW����ELW�6\VWHP�
$GGUHVVLQJ�RI�9��PRGH� 
6'0$�FDQQRW�EH�XVHG�LQ����ELW�$GGUHVVLQJ�LQ�9HUVLRQ���0RGH� 
,I�WKLV�ELW�LV�VHW�WR�������ELW�$'0$��ZLWK�XVLQJ����ELW�'HVFULSWRU�
FDQ�EH�HQDEOHG�E\�VHWWLQJ�+RVW�9HUVLRQ���(QDEOH�
�+267B9(5�B(1$%/(� ����DQG�'0$�VHOHFW��'0$B6(/� ��E�� 
9DOXHV� 
�
E������ELW�6\VWHP�$GGUHVV�IRU�9��LV�1RW�6XSSRUWHG 
�
E������ELW�6\VWHP�$GGUHVV�IRU�9��LV�6XSSRUWHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 52 �[� 

6<6B$''5B��B9� 
���ELW�6\VWHP�$GGUHVV�6XSSRUW�IRU�9�� 
7KLV�ELW�VHWV�WKH�+RVW�&RQWUROOHU�WR�VXSSRUW����ELW�6\VWHP�
$GGUHVVLQJ�RI�9��PRGH��:KHQ�WKLV�ELW�LV�VHW�WR����IXOO�RU�SDUW�RI�
���ELW�DGGUHVV�PXVW�EH�XVHG�WR�GHFRGH�WKH�+RVW�&RQWUROOHU�
5HJLVWHUV�VR�WKDW�+RVW�&RQWUROOHU�5HJLVWHUV�FDQ�EH�SODFHG�DERYH�
V\VWHP�PHPRU\�DUHD�����ELW�DGGUHVV�GHFRGH�RI�+RVW�&RQWUROOHU�
UHJLVWHUV�LV�HIIHFWLYH�UHJDUGOHVV�RI�VHWWLQJ�WR����ELW�$GGUHVVLQJ�LQ�
+RVW�&RQWURO��� 
,I�WKLV�ELW�LV�VHW�WR�������ELW�'0$�$GGUHVVLQJ�IRU�YHUVLRQ���LV�
HQDEOHG�E\�VHWWLQJ�+RVW�9HUVLRQ���(QDEOH��+267B9(5�B(1$%/(� �
���DQG�E\�VHWWLQJ����ELW�$GGUHVVLQJ��$''5(66,1*� ���LQ�WKH�
+RVW�&RQWURO���UHJLVWHU��6'0$�FDQ�EH�XVHG�DQG�$'0$��XVHV�����
ELW�'HVFULSWRU� 
9DOXHV� 
�
E������ELW�6\VWHP�$GGUHVV�IRU�9��LV�1RW�6XSSRUWHG 
�
E������ELW�6\VWHP�$GGUHVV�IRU�9��LV�6XSSRUWHG 

����� 52 �[� UHVHUYHG 

�� 52 �[� 

686B5(6B6833257 
6XVSHQVH�5HVXPH�6XSSRUW� 
7KLV�ELW�LQGLFDWHV�ZKHWKHU�WKH�+RVW�&RQWUROOHU�VXSSRUWV�
6XVSHQG�5HVXPH�IXQFWLRQDOLW\��,I�WKLV�ELW�LV����WKH�+RVW�'ULYHU�
GRHV�QRW�LVVXH�HLWKHU�6XVSHQG�RU�5HVXPH�FRPPDQGV�EHFDXVH�WKH�
6XVSHQG�DQG�5HVXPH�PHFKDQLVP�LV�QRW�VXSSRUWHG� 
9DOXHV� 
�
E���1RW�6XSSRUWHG 
�
E���6XSSRUWHG 

�� 52 �[� 

6'0$B6833257 
6'0$�6XSSRUW� 
7KLV�ELW�LQGLFDWHV�ZKHWKHU�WKH�+RVW�&RQWUROOHU�LV�FDSDEOH�RI�XVLQJ�
6'0$�WR�WUDQVIHU�GDWD�EHWZHHQ�WKH�V\VWHP�PHPRU\�DQG�WKH�+RVW�
&RQWUROOHU�GLUHFWO\� 
9DOXHV� 
�
E���6'0$�QRW�6XSSRUWHG 
�
E���6'0$�6XSSRUWHG 

�� 52 �[� 

+,*+B63(('B6833257 
+LJK�6SHHG�6XSSRUW� 
7KLV�ELW�LQGLFDWHV�ZKHWKHU�WKH�+RVW�&RQWUROOHU�DQG�WKH�+RVW�
6\VWHP�VXSSRUWV�+LJK�6SHHG�PRGH�DQG�WKH\�FDQ�VXSSO\�WKH�6'�
&ORFN�IUHTXHQF\�IURP����0+]�WR����0+]� 
9DOXHV� 
�
E���+LJK�6SHHG�QRW�6XSSRUWHG 
�
E���+LJK�6SHHG�6XSSRUWHG 

�� 52 �[� UHVHUYHG 

�� 52 �[� 

$'0$�B6833257 
$'0$��6XSSRUW� 
7KLV�ELW�LQGLFDWHV�ZKHWKHU�WKH�+RVW�&RQWUROOHU�LV�FDSDEOH�RI�XVLQJ�
$'0$�� 
9DOXHV� 
�
E���$'0$��QRW�6XSSRUWHG 
�
E���$'0$��6XSSRUWHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 52 �[� 

(PEHGGHGB�B%,7 
��ELW�6XSSRUW�IRU�(PEHGGHG�'HYLFH� 
7KLV�ELW�LQGLFDWHV�ZKHWKHU�WKH�+RVW�&RQWUROOHU�LV�FDSDEOH�RI�XVLQJ�
DQ���ELW�EXV�ZLGWK�PRGH��  
9DOXHV� 
�
E�����ELW�%XV�:LGWK�QRW�6XSSRUWHG 
�
E�����ELW�%XV�:LGWK�6XSSRUWHG 

����� 52 �[� 

0$;B%/.B/(1 
0D[LPXP�%ORFN�/HQJWK� 
7KLV�ELW�LQGLFDWHV�WKH�PD[LPXP�EORFN�VL]H�WKDW�WKH�+RVW�GULYHU�
FDQ�UHDG�DQG�ZULWH�WR�WKH�EXIIHU�LQ�WKH�+RVW�&RQWUROOHU��7KH�EXIIHU�
WUDQVIHUV�WKLV�EORFN�VL]H�ZLWKRXW�ZDLW�F\FOHV��7KH�WUDQVIHU�EORFN�
OHQJWK�LV�DOZD\V�����E\WHV�IRU�WKH�6'�0HPRU\�LUUHVSHFWLYH�RI�WKLV�
ELW� 
9DOXHV� 
�
K�������%\WH 
�
K��������%\WH 
�
K��������%\WH 
�
K���5HVHUYHG 

���� 52 �[F� 

%$6(B&/.B)5(4 
%DVH�&ORFN�)UHTXHQF\�IRU�6'�FORFN� 
7KHVH�ELWV�LQGLFDWH�WKH�EDVH��PD[LPXP��FORFN�IUHTXHQF\�IRU�WKH�
6'�&ORFN��7KH�GHILQLWLRQ�RI�WKHVH�ELWV�GHSHQG�RQ�WKH�+RVW�
&RQWUROOHU�9HUVLRQ� 
������%LW�%DVH�&ORFN�)UHTXHQF\��7KLV�PRGH�LV�VXSSRUWHG�E\�WKH�
+RVW�&RQWUROOHU�YHUVLRQ������DQG�������7KH�XSSHU���ELWV�DUH�QRW�
HIIHFWLYH�DQG�DUH�DOZD\V����7KH�XQLW�YDOXHV�DUH���0+]��7KH�
VXSSRUWHG�FORFN�UDQJH�LV����0+]�WR����0+]� 
�
K���*HW�LQIRUPDWLRQ�WKURXJK�DQRWKHU�PHWKRG 
�
K�����0+] 
�
K�����0+] 
������������� 
�
K�I�����0+] 
2WKHUV��5HVHUYHG 
������%LW�%DVH�&ORFN�)UHTXHQF\��7KLV�PRGH�LV�VXSSRUWHG�E\�WKH�
+RVW�&RQWUROOHU�YHUVLRQ�������7KH�XQLW�YDOXHV�DUH���0+]��7KH�
VXSSRUWHG�FORFN�UDQJH�LV����0+]�WR�����0+]� 
�
K���*HW�LQIRUPDWLRQ�WKURXJK�DQRWKHU�PHWKRG 
�
K�����0+] 
�
K�����0+] 
������������ 
�
KII������0+] 

� 52 �[� 

7287B&/.B81,7 
7LPHRXW�&ORFN�8QLW� 
7KLV�ELW�VKRZV�WKH�XQLW�RI�EDVH�FORFN�IUHTXHQF\�XVHG�WR�GHWHFW�
'DWD�7,PHRXW�(UURU� 
9DOXHV� 
�
E���.+] 
�
E���0+] 

� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 52 �[�� 

7287B&/.B)5(4 
7LPHRXW�&ORFN�)UHTXHQF\� 
7KLV�ELW�VKRZV�WKH�EDVH�FORFN�IUHTXHQF\�XVHG�WR�GHWHFW�'DWD�
7LPHRXW�(UURU��7KH�7LPHRXW�&ORFN�XQLW�GHILQHV�WKH�XQLW�RI�WLPHRXW�
FORFN�IUHTXHQF\��,W�FDQ�EH�.+]�RU�0+]� 
�
K���*HW�LQIRUPDWLRQ�WKURXJK�DQRWKHU�PHWKRG 
�
K����.+]����0+] 
�
K����.+]����0+] 
�
K����.+]����0+] 
����������� 
�
K�I����.+]�����0+] 

 
(00&B&$3$%,/,7,(6��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

�� 52 �[� 

$'0$�B6833257 
$'0$��6XSSRUW� 
7KLV�ELW�LQGLFDWHV�ZKHWKHU�WKH�+RVW�&RQWUROOHU�LV�FDSDEOH�RI�XVLQJ�
$'0$�� 
9DOXHV� 
�
E���$'0$��QRW�6XSSRUWHG 
�
E���$'0$��6XSSRUWHG 

�� 52 �[� UHVHUYHG 

����� 52 �[�D 

&/.B08/ 
&ORFN�0XOWLSOLHU� 
7KHVH�ELWV�LQGLFDWH�WKH�FORFN�PXOWLSOLHU�RI�WKH�SURJUDPPDEOH�FORFN�
JHQHUDWRU��6HWWLQJ�WKHVH�ELWV�WR���PHDQV�WKDW�WKH�+RVW�&RQWUROOHU�
GRHV�QRW�VXSSRUW�D�SURJUDPPDEOH�FORFN�JHQHUDWRU� 
9DOXHV� 
�
K���&ORFN�0XOWLSOLHU�LV�QRW�6XSSRUWHG 
�
K���&ORFN�0XOWLSOLHU�0� �� 
�
K���&ORFN�0XOWLSOLHU�0� �� 
��������� 
�
K))��&ORFN�0XOWLSOLHU�0� ���� 

����� 52 �[� 

5(B781,1*B02'(6 
5H�7XQLQJ�0RGHV� 
9DOXHV� 
7KHVH�ELWV�VHOHFW�WKH�UH�WXQLQJ�PHWKRG�DQG�OLPLW�WKH�PD[LPXP�
GDWD�OHQJWK� 
9DOXHV� 
�
K���7LPHU 
�
K���7LPHU�DQG�5H�7XQLQJ�5HTXHVW��1RW�VXSSRUWHG� 
�
K���$XWR�5H�7XQLQJ��IRU�WUDQVIHU� 
�
K���5HVHUYHG 

�� 52 �[� 

86(B781,1*B6'5�� 
8VH�7XQLQJ�IRU�6'5��� 
9DOXHV� 
�
E���6'5���GRHV�QRW�UHTXLUH�WXQLQJ 
�
E���6'5���UHTXLUHV�WXQLQJ 

�� 52 �[� UHVHUYHG 



5.�����750�3DUW� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[� 

5(781(B&17 
7LPHU�&RXQW�IRU�5H�7XQLQJ� 
9DOXHV� 
�
K���5H�7XQLQJ�7LPHU�GLVDEOHG 
�
K�����VHFRQGV 
�
K�����VHFRQGV 
�
K�����VHFRQGV 
�������� 
�
K%�������VHFRQGV 
�
K&a�
K(��5HVHUYHG 
�
K)��*HW�LQIRUPDWLRQ�IURP�RWKHU�VRXUFH 

� 52 �[� UHVHUYHG 

� 52 �[� 

'59B7<3(' 
7KLV�ELW�LQGLFDWHV�VXSSRUW�RI�'ULYHU�7\SH�'�IRU�����6LJQDOLQJ� 
9DOXHV� 
�
E���'ULYHU�7\SH�'�LV�1RW�6XSSRUWHG 
�
E���'ULYHU�7\SH�'�LV�6XSSRUWHG 

� 52 �[� 

'59B7<3(& 
7KLV�ELW�LQGLFDWHV�VXSSRUW�RI�'ULYHU�7\SH�&�IRU�����6LJQDOLQJ� 
9DOXHV� 
�
E���'ULYHU�7\SH�&�LV�1RW�6XSSRUWHG 
�
E���'ULYHU�7\SH�&�LV�6XSSRUWHG 

� 52 �[� 

'59B7<3($ 
7KLV�ELW�LQGLFDWHV�VXSSRUW�RI�'ULYHU�7\SH�$�IRU�����6LJQDOLQJ� 
9DOXHV� 
�
E���'ULYHU�7\SH�$�LV�1RW�6XSSRUWHG 
�
E���'ULYHU�7\SH�$�LV�6XSSRUWHG 

� 52 �[� 

8+6�B6833257 
8+6�,,�6XSSRUW� 
9DOXHV� 
�
E���8+6�,,�LV�1RW�6XSSRUWHG 
�
E���8+6�,,�LV�6XSSRUWHG 

� 52 �[� 

''5��B6833257 
''5���6XSSRUW� 
9DOXHV� 
�
E���''5���LV�1RW�6XSSRUWHG 
�
E���''5���LV�6XSSRUWHG 

� 52 �[� 

6'5���B6833257 
6'5����6XSSRUW� 
9DOXHV� 
�
E���6'5����LV�1RW�6XSSRUWHG 
�
E���6'5����LV�6XSSRUWHG 

� 52 �[� 

6'5��B6833257 
6'5���6XSSRUW� 
9DOXHV� 
�
E���6'5���LV�1RW�6XSSRUWHG 
�
E���6'5���LV�6XSSRUWHG 

 
(00&B)25&(B$872B&0'B67$7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� :2 �[� 

)25&(B&0'B127B,668('B$872B&0'�� 
)RUFH�(YHQW�IRU�&RPPDQG�1RW�,VVXHG�%\�$XWR�&0'���(UURU� 
9DOXHV� 
�
E���1RW�$IIHFWHG 
�
E���&RPPDQG�1RW�,VVXHG�%\�$XWR�&0'���(UURU�6WDWXV�LV�VHW 

� 52 �[� UHVHUYHG 

� :2 �[� 

)25&(B$872B&0'B5(63B(55 
)RUFH�(YHQW�IRU�$XWR�&0'�5HVSRQVH�(UURU� 
9DOXHV� 
�
E���1RW�$IIHFWHG 
�
E���$XWR�&0'�5HVSRQVH�(UURU�6WDWXV�LV�VHW 

� :2 �[� 

)25&(B$872B&0'B,';B(55 
)RUFH�(YHQW�IRU�$XWR�&0'�,QGH[�(UURU� 
9DOXHV� 
�
E���1RW�$IIHFWHG 
�
E���$XWR�&0'�,QGH[�(UURU�6WDWXV�LV�VHW 

� :2 �[� 

)25&(B$872B&0'B(%,7B(55 
)RUFH�(YHQW�IRU�$XWR�&0'�(QG�%LW�(UURU� 
9DOXHV� 
�
E���1RW�$IIHFWHG 
�
E���$XWR�&0'�(QG�%LW�(UURU�6WDWXV�LV�VHW 

� :2 �[� 

)25&(B$872B&0'B&5&B(55 
)RUFH�(YHQW�IRU�$XWR�&0'�&5&�(UURU� 
9DOXHV� 
�
E���1RW�$IIHFWHG 
�
E���$XWR�&0'�&5&�(UURU�6WDWXV�LV�VHW 

� :2 �[� 

)25&(B$872B&0'��B7287B(55 
)RUFH�(YHQW�IRU�$XWR�&0'�7LPHRXW�(UURU� 
9DOXHV� 
�
E���1RW�$IIHFWHG 
�
E���$XWR�&0'�7LPHRXW�(UURU�6WDWXV�LV�VHW 

� :2 �[� 

)25&(B$872B&0'��B127B(;(& 
)RUFH�(YHQW�IRU�$XWR�&0'���1RW�([HFXWHG� 
9DOXHV� 
�
E���1RW�$IIHFWHG 
�
E���$XWR�&0'���1RW�([HFXWHG�6WDWXV�LV�VHW 

 
(00&B)25&B(55B,17B67$7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

�� :2 �[� 

)25&(B%227B$&.B(55 
)RUFH�(YHQW�IRU�%RRW�$FN�HUURU� 
9DOXHV� 
�
E���1RW�$IIHFWHG 
�
E���%RRW�DFN�(UURU�6WDWXV�LV�VHW 

�� :2 �[� 

)25&(B5(63B(55 
)RUFH�(YHQW�IRU�5HVSRQVH�(UURU� 
9DOXHV� 
�
E���1RW�$IIHFWHG 
�
E���5HVSRQVH�(UURU�6WDWXV�LV�VHW 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� :2 �[� 

)25&(B781,1*B(55 
)RUFH�(YHQW�IRU�7XQLQJ�(UURU��8+6�,�0RGH�RQO\� 
9DOXHV� 
�
E���1RW�$IIHFWHG 
�
E���7XQLQJ�(UURU�6WDWXV�LV�VHW 

� :2 �[� 

)25&(B$'0$B(55 
)RUFH�(YHQW�IRU�$'0$�(UURU� 
9DOXHV� 
�
E���1RW�$IIHFWHG 
�
E���$'0$�(UURU�6WDWXV�LV�VHW 

� :2 �[� 

)25&(B$872B&0'B(55 
)RUFH�(YHQW�IRU�$XWR�&0'�(UURU� 
9DOXHV� 
�
E���1RW�$IIHFWHG 
�
E���$XWR�&0'�(UURU�6WDWXV�LV�VHW 

� 52 �[� UHVHUYHG 

� :2 �[� 

)25&(B'$7$B(1'B%,7B(55 
)RUFH�(YHQW�IRU�'DWD�(QG�%LW�(UURU� 
9DOXHV� 
�
E���1RW�$IIHFWHG 
�
E���'DWD�(QG�%LW�(UURU�6WDWXV�LV�VHW 

� :2 �[� 

)25&(B'$7$B&5&B(55 
)RUFH�(YHQW�IRU�'DWD�&5&�(UURU� 
9DOXHV� 
�
E���1RW�$IIHFWHG 
�
E���'DWD�&5&�(UURU�6WDWXV�LV�VHW 

� :2 �[� 

)25&(B'$7$B7287B(55 
)RUFH�(YHQW�IRU�'DWD�7LPHRXW�(UURU� 
9DOXHV� 
�
E���1RW�$IIHFWHG 
�
E���'DWD�7LPHRXW�(UURU�6WDWXV�LV�VHW 

� :2 �[� 

)25&(B&0'B,';B(55 
)RUFH�(YHQW�IRU�&RPPDQG�,QGH[�(UURU� 
9DOXHV� 
�
E���1RW�$IIHFWHG 
�
E���&RPPDQG�,QGH[�(UURU�6WDWXV�LV�VHW 

� :2 �[� 

)25&(B&0'B(1'B%,7B(55 
)RUFH�(YHQW�IRU�&RPPDQG�(QG�%LW�(UURU� 
9DOXHV� 
�
E��� �1RW�$IIHFWHG 
�
E���&RPPDQG�(QG�%LW�(UURU�6WDWXV�LV�VHW 

� :2 �[� 

)25&(B&0'B&5&B(55 
)RUFH�(YHQW�IRU�&RPPDQG�&5&�(UURU� 
9DOXHV� 
�
E���1RW�$IIHFWHG 
�
E���&RPPDQG�&5&�(UURU�6WDWXV�LV�VHW 

� :2 �[� 

)25&(B&0'B7287B(55 
)RUFH�(YHQW�IRU�&RPPDQG�7LPHRXW�(UURU� 
9DOXHV� 
�
E���1RW�$IIHFWHG 
�
E���&RPPDQG�7LPHRXW�(UURU�6WDWXV�LV�VHW 

 
(00&B$'0$B(55B67$7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �330 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
��� 52 �[�� UHVHUYHG 

� 52 �[� 

$'0$B/(1B(55 
$'0$�/HQJWK�0LVPDWFK�(UURU�6WDWHV� 
7KLV�HUURU�RFFXUV�LQ�WKH�IROORZLQJ�LQVWDQFHV� 
D��:KLOH�WKH�%ORFN�&RXQW�(QDEOH�LV�EHLQJ�VHW��WKH�WRWDO�GDWD�OHQJWK�
VSHFLILHG�E\�WKH�'HVFULSWRU�WDEOH�LV�GLIIHUHQW�IURP�WKDW�VSHFLILHG�
E\�WKH�%ORFN�&RXQW�DQG�%ORFN�/HQJWK� 
E��:KHQ�WKH�WRWDO�GDWD�OHQJWK�FDQQRW�EH�GLYLGHG�E\�WKH�EORFN�
OHQJWK 
9DOXHV� 
�
E���1R�(UURU 
�
E���(UURU 

��� 52 �[� 

$'0$B(55B67$7(6 
$'0$�(UURU�6WDWHV� 
7KHVH�ELWV�LQGLFDWH�WKH�VWDWH�RI�$'0$�ZKHQ�DQ�HUURU�RFFXUV�
GXULQJ�$'0$�GDWD�WUDQVIHU� 
9DOXHV� 
�
K���6WRS�'0$���6<6B$'5�UHJLVWHU�SRLQWV�WR�D�ORFDWLRQ�QH[W�WR�
WKH�HUURU�GHVFULSWRU 
�
K���)HWFK�'HVFULSWRU���6<6B$'5�UHJLVWHU�SRLQWV�WR�WKH�HUURU�
GHVFULSWRU 
�
K���1HYHU�VHW�WKLV�VWDWH 
�
K���7UDQVIHU�'DWD���6<6B$'5�UHJLVWHU�SRLQWV�WR�D�ORFDWLRQ�QH[W�
WR�WKH�HUURU�GHVFULSWRU 

 
(00&B$'0$B6$�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

$'0$B6$ 
$'0$�6\VWHP�$GGUHVV� 
7KHVH�ELWV�LQGLFDWH�WKH����ELWV�RI�WKH�$'0$�V\VWHP�DGGUHVV� 
D��6'0$��,I�+RVW�9HUVLRQ���(QDEOH�LV�VHW�WR����WKLV�UHJLVWHU�VWRUHV�
WKH�V\VWHP�DGGUHVV�RI�WKH�GDWD�ORFDWLRQ 
E��$'0$���7KLV�UHJLVWHU�VWRUHV�WKH�E\WH�DGGUHVV�RI�WKH�H[HFXWLQJ�
FRPPDQG�RI�WKH�GHVFULSWRU�WDEOH 
F��$'0$���7KLV�UHJLVWHU�LV�VHW�E\�$'0$���$'0$��LQFUHPHQWV�WKH�
DGGUHVV�RI�WKLV�UHJLVWHU�WKDW�SRLQWV�WR�WKH�QH[W�OLQH��HYHU\�WLPH�D�
'HVFULSWRU�OLQH�LV�IHWFKHG� 

 
(00&B35(6(7B,1,7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

�� 52 �[� 

&/.B*(1B6(/B9$/ 
&ORFN�*HQHUDWRU�6HOHFW�9DOXH� 
7KLV�ELW�LV�HIIHFWLYH�ZKHQ�WKH�+RVW�&RQWUROOHU�VXSSRUWV�D�
SURJUDPPDEOH�FORFN�JHQHUDWRU� 
9DOXHV� 
�
E���+RVW�&RQWUROOHU�9HU����&RPSDWLEOH�&ORFN�*HQHUDWRU 
�
E���3URJUDPPDEOH�&ORFN�*HQHUDWRU 

��� 52 �[��� 
)5(4B6(/B9$/ 
6'&/.�5&/.�)UHTXHQF\�6HOHFW�9DOXH� 
���ELW�SUHVHW�YDOXH�WR�EH�VHW�LQ�6'&/.�5&/.�)UHTXHQF\�6HOHFW�
ILHOG�RI�WKH�&ORFN�&RQWURO�UHJLVWHU�GHVFULEHG�E\�D�+RVW�6\VWHP� 
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(00&B35(6(7B'6�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

�� 52 �[� 

&/.B*(1B6(/B9$/ 
&ORFN�*HQHUDWRU�6HOHFW�9DOXH� 
7KLV�ELW�LV�HIIHFWLYH�ZKHQ�WKH�+RVW�&RQWUROOHU�VXSSRUWV�D�
SURJUDPPDEOH�FORFN�JHQHUDWRU� 
9DOXHV� 
�
E���+RVW�&RQWUROOHU�9HU����&RPSDWLEOH�&ORFN�*HQHUDWRU 
�
E���3URJUDPPDEOH�&ORFN�*HQHUDWRU 

��� 52 �[��� 
)5(4B6(/B9$/ 
6'&/.�5&/.�)UHTXHQF\�6HOHFW�9DOXH� 
���ELW�SUHVHW�YDOXH�WR�EH�VHW�LQ�6'&/.�5&/.�)UHTXHQF\�6HOHFW�
ILHOG�RI�WKH�&ORFN�&RQWURO�UHJLVWHU�GHVFULEHG�E\�D�+RVW�6\VWHP� 

 
(00&B35(6(7B+6�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

�� 52 �[� 

&/.B*(1B6(/B9$/ 
&ORFN�*HQHUDWRU�6HOHFW�9DOXH� 
7KLV�ELW�LV�HIIHFWLYH�ZKHQ�WKH�+RVW�&RQWUROOHU�VXSSRUWV�D�
SURJUDPPDEOH�FORFN�JHQHUDWRU� 
9DOXHV� 
�
E���+RVW�&RQWUROOHU�9HU����&RPSDWLEOH�&ORFN�*HQHUDWRU 
�
E���3URJUDPPDEOH�&ORFN�*HQHUDWRU 

��� 52 �[��� 
)5(4B6(/B9$/ 
6'&/.�5&/.�)UHTXHQF\�6HOHFW�9DOXH� 
���ELW�SUHVHW�YDOXH�WR�EH�VHW�LQ�6'&/.�5&/.�)UHTXHQF\�6HOHFW�
ILHOG�RI�WKH�&ORFN�&RQWURO�UHJLVWHU�GHVFULEHG�E\�D�+RVW�6\VWHP� 

 
(00&B35(6(7B6'5���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

�� 52 �[� 

&/.B*(1B6(/B9$/ 
&ORFN�*HQHUDWRU�6HOHFW�9DOXH� 
7KLV�ELW�LV�HIIHFWLYH�ZKHQ�WKH�+RVW�&RQWUROOHU�VXSSRUWV�D�
SURJUDPPDEOH�FORFN�JHQHUDWRU� 
9DOXHV� 
�
E���+RVW�&RQWUROOHU�9HU����&RPSDWLEOH�&ORFN�*HQHUDWRU 
�
E���3URJUDPPDEOH�&ORFN�*HQHUDWRU 

��� 52 �[��� 
)5(4B6(/B9$/ 
6'&/.�5&/.�)UHTXHQF\�6HOHFW�9DOXH� 
���ELW�SUHVHW�YDOXH�WR�EH�VHW�LQ�6'&/.�5&/.�)UHTXHQF\�6HOHFW�
ILHOG�RI�WKH�&ORFN�&RQWURO�UHJLVWHU�GHVFULEHG�E\�D�+RVW�6\VWHP� 

 
(00&B35(6(7B6'5���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 52 �[� 

&/.B*(1B6(/B9$/ 
&ORFN�*HQHUDWRU�6HOHFW�9DOXH� 
7KLV�ELW�LV�HIIHFWLYH�ZKHQ�WKH�+RVW�&RQWUROOHU�VXSSRUWV�D�
SURJUDPPDEOH�FORFN�JHQHUDWRU� 
9DOXHV� 
�
E���+RVW�&RQWUROOHU�9HU����&RPSDWLEOH�&ORFN�*HQHUDWRU 
�
E���3URJUDPPDEOH�&ORFN�*HQHUDWRU 

��� 52 �[��� 
)5(4B6(/B9$/ 
6'&/.�5&/.�)UHTXHQF\�6HOHFW�9DOXH� 
���ELW�SUHVHW�YDOXH�WR�EH�VHW�LQ�6'&/.�5&/.�)UHTXHQF\�6HOHFW�
ILHOG�RI�WKH�&ORFN�&RQWURO�UHJLVWHU�GHVFULEHG�E\�D�+RVW�6\VWHP� 

 
(00&B35(6(7B6'5���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���$� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

�� 52 �[� 

&/.B*(1B6(/B9$/ 
&ORFN�*HQHUDWRU�6HOHFW�9DOXH� 
7KLV�ELW�LV�HIIHFWLYH�ZKHQ�WKH�+RVW�&RQWUROOHU�VXSSRUWV�D�
SURJUDPPDEOH�FORFN�JHQHUDWRU� 
9DOXHV� 
�
E���+RVW�&RQWUROOHU�9HU����&RPSDWLEOH�&ORFN�*HQHUDWRU 
�
E���3URJUDPPDEOH�&ORFN�*HQHUDWRU 

��� 52 �[��� 
)5(4B6(/B9$/ 
6'&/.�5&/.�)UHTXHQF\�6HOHFW�9DOXH� 
���ELW�SUHVHW�YDOXH�WR�EH�VHW�LQ�6'&/.�5&/.�)UHTXHQF\�6HOHFW�
ILHOG�RI�WKH�&ORFN�&RQWURO�UHJLVWHU�GHVFULEHG�E\�D�+RVW�6\VWHP� 

 
(00&B35(6(7B6'5����  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

�� 52 �[� 

&/.B*(1B6(/B9$/ 
&ORFN�*HQHUDWRU�6HOHFW�9DOXH� 
7KLV�ELW�LV�HIIHFWLYH�ZKHQ�WKH�+RVW�&RQWUROOHU�VXSSRUWV�D�
SURJUDPPDEOH�FORFN�JHQHUDWRU� 
9DOXHV� 
�
E���+RVW�&RQWUROOHU�9HU����&RPSDWLEOH�&ORFN�*HQHUDWRU 
�
E���3URJUDPPDEOH�&ORFN�*HQHUDWRU 

��� 52 �[��� 
)5(4B6(/B9$/ 
6'&/.�5&/.�)UHTXHQF\�6HOHFW�9DOXH� 
���ELW�SUHVHW�YDOXH�WR�EH�VHW�LQ�6'&/.�5&/.�)UHTXHQF\�6HOHFW�
ILHOG�RI�WKH�&ORFN�&RQWURO�UHJLVWHU�GHVFULEHG�E\�D�+RVW�6\VWHP� 

 
(00&B35(6(7B''5���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���(� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

�� 52 �[� 

&/.B*(1B6(/B9$/ 
&ORFN�*HQHUDWRU�6HOHFW�9DOXH� 
7KLV�ELW�LV�HIIHFWLYH�ZKHQ�WKH�+RVW�&RQWUROOHU�VXSSRUWV�D�
SURJUDPPDEOH�FORFN�JHQHUDWRU� 
9DOXHV� 
�
E���+RVW�&RQWUROOHU�9HU����&RPSDWLEOH�&ORFN�*HQHUDWRU 
�
E���3URJUDPPDEOH�&ORFN�*HQHUDWRU 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 52 �[��� 
)5(4B6(/B9$/ 
6'&/.�5&/.�)UHTXHQF\�6HOHFW�9DOXH� 
���ELW�SUHVHW�YDOXH�WR�EH�VHW�LQ�6'&/.�5&/.�)UHTXHQF\�6HOHFW�
ILHOG�RI�WKH�&ORFN�&RQWURO�UHJLVWHU�GHVFULEHG�E\�D�+RVW�6\VWHP� 

 
(00&B$'0$B,'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

$'0$B,' 
$'0$�,QWHJUDWHG�'HVFULSWRU�$GGUHVV� 
7KHVH�ELWV�LQGLFDWH�WKH����ELW�RI�WKH�$'0$�,QWHJUDWHG�'HVFULSWRU�
DGGUHVV��7KH�VWDUW�DGGUHVV�RI�,QWHJUDWHG�'HVFULSWRU�LV�VHW�WR�WKHVH�
UHJLVWHU�ELWV��7KH�$'0$��IHWFKHV�RQH�'HVFULSWRU�$GGUHVV�DQG�
LQFUHPHQWV�WKHVH�ELWV�WR�LQGLFDWH�WKH�QH[W�'HVFULSWRU�DGGUHVV� 

 
(00&B6/27B,175B67$786�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�� UHVHUYHG 

��� 52 �[�� 
,175B6/27 
,QWHUUXSW�VLJQDO�IRU�HDFK�6ORW� 
+RVW�&RQWUROOHU�VXSSRUW�VLQJOH�FDUG�VORW��7KLV�UHJLVWHU�VKDOO�DOZD\V�
UHWXUQ��� 

 
(00&B+267B&175/B9(56�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)(� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�� 9(1'25B9(56,21B180 
9HQGRU�9HUVLRQ�1XPEHU� 

��� 52 �[�� 

63(&B9(56,21B180 
6SHFLILFDWLRQ�9HUVLRQ�1XPEHU� 
9DOXHV� 
�
K���6'�+RVW�&RQWUROOHU�6SHFLILFDWLRQ�9HUVLRQ����� 
�
K���6'�+RVW�&RQWUROOHU�6SHFLILFDWLRQ�9HUVLRQ����� 
�
K���6'�+RVW�&RQWUROOHU�6SHFLILFDWLRQ�9HUVLRQ����� 
�
K���6'�+RVW�&RQWUROOHU�6SHFLILFDWLRQ�9HUVLRQ����� 
�
K���6'�+RVW�&RQWUROOHU�6SHFLILFDWLRQ�9HUVLRQ����� 
�
K���6'�+RVW�&RQWUROOHU�6SHFLILFDWLRQ�9HUVLRQ����� 
2WKHUV��5HVHUYHG 

 
(00&B&49(5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

���� 52 �[� 
(00&B9(5B0$-25 
H00&�0DMRU�9HUVLRQ�1XPEHU��GLJLW�OHIW�RI�GHFLPDO�SRLQW���LQ�%&'�
IRUPDW 

��� 52 �[� 
(00&B9(5B0,125 
H00&�0LQRU�9HUVLRQ�1XPEHU�GLJLW�ULJKW�RI�GHFLPDO�SRLQW���LQ�%&'�
IRUPDW 

��� 52 �[� 
(00&B9(5B68)),; 
H00&�9HUVLRQ�6XIIL[���QG�GLJLW�ULJKW�RI�GHFLPDO�SRLQW���LQ�%&'�
IRUPDW 

 
(00&B&4&$3�  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

�� 52 �[� 

&5<372B6833257 
&U\SWR�6XSSRUW� 
7KLV�ELW�LQGLFDWHV�ZKHWKHU�WKH�+RVW�&RQWUROOHU�VXSSRUWV�
FU\SWRJUDSKLF�RSHUDWLRQV� 
9DOXHV� 
�
E���&U\SWR�QRW�6XSSRUWHG 
�
E���&U\SWR�6XSSRUWHG 

����� 52 �[��� UHVHUYHG 

����� 52 �[� 

,7&)08/ 
,QWHUQDO�7LPHU�&ORFN�)UHTXHQF\�0XOWLSOLHU� 
,7&)08/�DQG�,7&)9$/�LQGLFDWH�WKH�IUHTXHQF\�RI�WKH�FORFN�XVHG�IRU�
LQWHUUXSW�FRDOHVFLQJ�WLPHU�DQG�IRU�GHWHUPLQLQJ�WKH�646�SROOLQJ�
SHULRG��6HH�,7&)9$/�GHILQLWLRQ�IRU�GHWDLOV� 
�
K���������0+] 
�
K��������0+] 
�
K�������0+] 
�
K�����0+] 
�
K������0+] 
2WKHUV��5HVHUYHG 

����� 52 �[� UHVHUYHG 

��� 52 �[��� 

,7&)9$/ 
,QWHUQDO�7LPHU�&ORFN�)UHTXHQF\�9DOXH� 
7&)08/�DQG�,7&)9$/�LQGLFDWH�WKH�IUHTXHQF\�RI�WKH�FORFN�XVHG�IRU�
LQWHUUXSW�FRDOHVFLQJ�WLPHU�DQG�IRU�GHWHUPLQLQJ�WKH�SROOLQJ�SHULRG�
ZKHQ�XVLQJ�SHULRGLF�6(1'B48(8(B�67$786��&0'����SROOLQJ� 
7KH�FORFN�IUHTXHQF\�LV�FDOFXODWHG�DV�,7&)9$/�,7&)08/� 
)RU�H[DPSOH��WR�HQFRGH������0+]��,7&)9$/�VKDOO�EH�&�K�� �����
GHFLPDO��DQG�,7&)08/�VKDOO�EH��K������0+]� 
���������0+] �����0+] 

 
(00&B&4&)*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

�� 5: �[� 

'&0'B(1 
'LUHFW�&RPPDQG��'&0'��(QDEOH� 
7KLV�ELW�LQGLFDWHV�WR�WKH�KDUGZDUH�ZKHWKHU�WKH�7DVN�'HVFULSWRU�LQ�
VORW�����RI�WKH�7'/�LV�D�'DWD�7UDQVIHU�7DVN�'HVFULSWRU��RU�D�'LUHFW�
&RPPDQG�7DVN�'HVFULSWRU� 
&4(�XVHV�WKLV�ELW�ZKHQ�D�WDVN�LV�LVVXHG�LQ�VORW������WR�GHWHUPLQH�
KRZ�WR�GHFRGH�WKH�7DVN�'HVFULSWRU� 
9DOXHV� 
�
E���7DVN�GHVFULSWRU�LQ�VORW�����LV�D�'DWD�7UDQVIHU�7DVN�
'HVFULSWRU 
�
E���7DVN�GHVFULSWRU�LQ�VORW�����LV�D�'&0'�7DVN�'HVFULSWRU 

���� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

7$6.B'(6&B6,=( 
7KLV�ELW�LQGLFDWHV�ZKHWKHU�WKH�WDVN�GHVFULSWRU�VL]H�LV�����ELWV�RU�
���ELWV�DV�GHWDLOHG�LQ�'DWD�6WUXFWXUHV�VHFWLRQ��7KLV�ELW�FDQ�RQO\�EH�
FRQILJXUHG�ZKHQ�&RPPDQG�4XHXHLQJ�(QDEOH�ELW�LV����FRPPDQG�
TXHXHLQJ�LV�GLVDEOHG� 
9DOXHV� 
�
E���7DVN�GHVFULSWRU�VL]H�LV����ELWV 
�
E���7DVN�GHVFULSWRU�VL]H�LV�����ELWV 

��� 52 �[�� UHVHUYHG 

� 5: �[� 

&5B*(1(5$/B(1 
&U\SWR�*HQHUDO�(QDEOH� 
(QDEOH�'LVDEOH�ELW�IRU�&U\SWR�(QJLQH��,I�FU\SWRJUDSKLF�RSHUDWLRQV�
DUH�QRW�VXSSRUWHG��WKLV�VWDWXV�ELW�LV�UHVHUYHG� 
9DOXHV� 
�
E���'LVDEOH�FU\SWRJUDSKLF�RSHUDWLRQV�IRU�DOO�WUDQVDFWLRQV 
�
E���(QDEOH�FU\SWRJUDSKLF�RSHUDWLRQV�IRU�WUDQVDFWLRQV�ZKHUH�
7'�&( ��RU�&5143�&( � 

� 5: �[� 

&4B(1 
&RPPDQG�4XHXHLQJ�(QDEOH� 
:KHQ�&4(�LV�GLVDEOH��WKH�VRIWZDUH�FRQWUROV�WKH�H00&�EXV�XVLQJ�
WKH�UHJLVWHUV�EHWZHHQ�WKH�DGGUHVVHV��[����WR��[�))� 
%HIRUH�WKH�VRIWZDUH�ZULWHV�WR�WKLV�ELW��WKH�VRIWZDUH�YHULILHV�WKDW�
WKH�H00&�KRVW�FRQWUROOHU�LV�LQ�LGOH�VWDWH�DQG�WKHUH�DUH�QR�RQJRLQJ�
FRPPDQGV�RU�GDWD�WUDQVIHUV��:KHQ�VRIWZDUH�ZDQWV�WR�H[LW�
FRPPDQG�TXHXLQJ�PRGH��LW�FOHDUV�DOO�SUHYLRXV�WDVNV��LI�DQ\��
EHIRUH�VHWWLQJ�WKLV�ELW�WR��� 
9DOXHV� 
�
E���'LVDEOH�FRPPDQG�TXHXLQJ 
�
E���(QDEOH�FRPPDQG�TXHXLQJ 

 
(00&B&4&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� 5: �[� 

&/5B$//B7$6.6 
&OHDU�DOO�WDVNV� 
7KLV�ELW�FDQ�RQO\�EH�ZULWWHQ�ZKHQ�WKH�FRQWUROOHU�LV�KDOWHG��7KLV�ELW�
GRHV�QRW�FOHDU�WDVNV�LQ�WKH�GHYLFH��7KH�VRIWZDUH�KDV�WR�XVH�WKH�
&0'4B7$6.B0*07�FRPPDQG�WR�FOHDU�GHYLFH
V�TXHXH� 
9DOXHV� 
�
E���3URJUDPPLQJ���KDV�QR�HIIHFW 
�
E���&OHDUV�DOO�WKH�WDVNV�LQ�WKH�FRQWUROOHU 

��� 52 �[�� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

+$/7 
+DOW�UHTXHVW�DQG�UHVXPH� 
9DOXHV� 
�
E���5(680(B&4(��6RIWZDUH�ZULWHV���WR�WKLV�ELW�WR�H[LW�IURP�WKH�
KDOW�VWDWH�DQG�UHVXPH�&4(�DFWLYLW\ 
�
E���+$/7B&4(��6RIWZDUH�ZULWHV���WR�WKLV�ELW�ZKHQ�LW�ZDQWV�WR�
DFTXLUH�VRIWZDUH�FRQWURO�RYHU�WKH�H00&�EXV�DQG�WR�GLVDEOH�&4(�
IURP�LVVXLQJ�FRPPDQG�RQ�WKH�EXV��)RU�H[DPSOH��LVVXLQJ�D�'LVFDUG�
7DVN�FRPPDQG��&0'4B7$6.B0*07���:KHQ�WKH�VRIWZDUH�ZULWHV�
���&4(�FRPSOHWHV�WKH�RQJRLQJ�WDVN��LI�DQ\�LQ�SURJUHVV���$IWHU�WKH�
WDVN�LV�FRPSOHWHG�DQG�WKH�&4(�LV�LQ�LGOH�VWDWH��&4(�GRHV�QRW�LVVXH�
QHZ�FRPPDQGV�DQG�LQGLFDWHV�WR�WKH�VRIWZDUH�E\�VHWWLQJ�WKLV�ELW�WR�
���7KH�VRIWZDUH�FDQ�SROO�RQ�WKLV�ELW�XQWLO�LW�LV�VHW�WR���DQG�RQO\�
WKHQ�VHQG�FRPPDQGV�RQ�WKH�H00&�EXV� 

 
(00&B&4,6�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� :�
& �[� 

7&/ 
7DVN�&OHDUHG�,QWHUUXSW� 
7KLV�VWDWXV�ELW�LV�DVVHUWHG��LI�&4,67(�7&/ ���ZKHQ�D�WDVN�FOHDU�
RSHUDWLRQ�LV�FRPSOHWHG�E\�&4(��7KH�FRPSOHWHG�WDVN�FOHDU�
RSHUDWLRQ�LV�HLWKHU�DQ�LQGLYLGXDO�WDVN�FOHDU��&47&/5��RU�FOHDULQJ�
RI�DOO�WDVNV��&4&7/�� 
9DOXHV� 
�
E���7&/�,QWHUUXSW�LV�QRW�VHW 
�
E���7&/�,QWHUUXSW�LV�VHW 

� :�
& �[� 

5(' 
5HVSRQVH�(UURU�'HWHFWHG�,QWHUUXSW� 
7KLV�VWDWXV�ELW�LV�DVVHUWHG��LI�&4,67(�5(' ���ZKHQ�D�UHVSRQVH�LV�
UHFHLYHG�ZLWK�DQ�HUURU�ELW�VHW�LQ�WKH�GHYLFH�VWDWXV�ILHOG��  
6RIWZDUH�XVHV�&450(0�UHJLVWHU�WR�FRQILJXUH�ZKLFK�GHYLFH�VWDWXV�
ELW�ILHOGV�PD\�WULJJHU�DQ�LQWHUUXSW��DQG�ZKLFK�DUH�PDVNHG� 
9DOXHV� 
�
E���5('�,QWHUUXSW�LV�QRW�VHW 
�
E���5('�,QWHUUXSW�LV�VHW 

� :�
& �[� 

7&& 
7DVN�&RPSOHWH�,QWHUUXSW� 
7KLV�VWDWXV�ELW�LV�DVVHUWHG�LI�&4,67(�7&& ���ZKHQ�DW�OHDVW�RQH�RI�
WKH�IROORZLQJ�WZR�FRQGLWLRQV�DUH�PHW� 
D��$�WDVN�LV�FRPSOHWHG�DQG�WKH�,17�ELW�LV�VHW�LQ�LWV�7DVN�'HVFULSWRU 
E��,QWHUUXSW�FDXVHG�E\�,QWHUUXSW�&RDOHVFLQJ�ORJLF�  
9DOXHV� 
�
E���7&&�,QWHUUXSW�LV�QRW�VHW 
�
E���7&&�,QWHUUXSW�LV�VHW 

� :�
& �[� 

+$& 
+DOW�&RPSOHWH�,QWHUUXSW� 
7KLV�VWDWXV�ELW�LV�DVVHUWHG��LI�&4,67(�+$& ���ZKHQ�KDOW�ELW�LQ�
&4&7/�UHJLVWHU�WUDQVLWLRQV�IURP���WR���LQGLFDWLQJ�WKDW�KRVW�
FRQWUROOHU�KDV�FRPSOHWHG�LWV�FXUUHQW�RQJRLQJ�WDVN�DQG�KDV�HQWHUHG�
KDOW�VWDWH� 
9DOXHV� 
�
E���+$&�,QWHUUXSW�LV�QRW�VHW 
�
E���+$&�,QWHUUXSW�LV�VHW 
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(00&B&4,6(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� 

7&/B67( 
7DVN�&OHDUHG�,QWHUUXSW�VWDWXV�HQDEOH� 
9DOXHV� 
�
E���&4,6�7&/�LV�GLVDEOHG 
�
E���&4,6�7&/�LV�VHW�ZKHQ�LWV�LQWHUUXSW�FRQGLWLRQ�LV�DFWLYH 

� 5: �[� 

5('B67( 
5HVSRQVH�(UURU�'HWHFWHG�,QWHUUXSW�VWDWXV�HQDEOH� 
9DOXHV� 
�
E���&4,6�5('�LV�GLVDEOHG 
�
E���&4,6�5('�LV�VHW�ZKHQ�LWV�LQWHUUXSW�FRQGLWLRQ�LV�DFWLYH 

� 5: �[� 

7&&B67( 
7DVN�&RPSOHWH�,QWHUUXSW�VWDWXV�HQDEOH� 
9DOXHV� 
�
E���&4,6�7&&�LV�GLVDEOHG 
�
E���&4,6�7&&�LV�VHW�ZKHQ�LWV�LQWHUUXSW�FRQGLWLRQ�LV�DFWLYH 

� 5: �[� 

+$&B67( 
+DOW�&RPSOHWH�,QWHUUXSW�VWDWXV�HQDEOH� 
9DOXHV� 
�
E���&4,6�+$&�LV�GLVDEOHG 
�
E���&4,6�+$&�LV�VHW�ZKHQ�LWV�LQWHUUXSW�FRQGLWLRQ�LV�DFWLYH 

 
(00&B&4,6*(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� 

7&/B6*( 
7DVN�&OHDUHG�,QWHUUXSW�VLJQDO�HQDEOH� 
9DOXHV� 
�
E���&4,6�7&/�LQWHUUXSW�VLJQDO�JHQHUDWLRQ�LV�GLVDEOHG 
�
E���&4,6�7&/�LQWHUUXSW�VLJQDO�JHQHUDWLRQ�LV�DFWLYH 

� 5: �[� 

5('B6*( 
5HVSRQVH�(UURU�'HWHFWHG�,QWHUUXSW�VLJQDO�HQDEOH� 
9DOXHV� 
�
E���&4,6�5('�LQWHUUXSW�VLJQDO�JHQHUDWLRQ�LV�GLVDEOHG 
�
E���&4,6�5('�LQWHUUXSW�VLJQDO�JHQHUDWLRQ�LV�DFWLYH 

� 5: �[� 

7&&B6*( 
7DVN�&RPSOHWH�,QWHUUXSW�VLJQDO�HQDEOH� 
9DOXHV� 
�
E���&4,6�7&&�LQWHUUXSW�VLJQDO�JHQHUDWLRQ�LV�GLVDEOHG 
�
E���&4,6�7&&�LQWHUUXSW�VLJQDO�JHQHUDWLRQ�LV�DFWLYH 

� 5: �[� 

+$&B6*( 
+DOW�&RPSOHWH�,QWHUUXSW�VLJQDO�HQDEOH� 
9DOXHV� 
�
E���&4,6�+$&�LQWHUUXSW�VLJQDO�JHQHUDWLRQ�LV�GLVDEOHG 
�
E���&4,6�+$&�LQWHUUXSW�VLJQDO�JHQHUDWLRQ�LV�DFWLYH 

 
(00&B&4,&�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

,17&B(1 
,QWHUUXSW�&RDOHVFLQJ�(QDEOH�%LW� 
9DOXHV� 
�
E���,QWHUUXSW�FRDOHVFLQJ�PHFKDQLVP�LV�GLVDEOHG 
�
E���,QWHUUXSW�FRDOHVFLQJ�PHFKDQLVP�LV�DFWLYH��,QWHUUXSWV�DUH�
FRXQWHG�DQG�WLPHG��DQG�FRDOHVFHG�LQWHUUXSWV�DUH�JHQHUDWHG 

����� 52 �[��� UHVHUYHG 

�� 52 �[� 

,17&B67$7 
,QWHUUXSW�&RDOHVFLQJ�6WDWXV�%LW� 
7KLV�ELW�LQGLFDWHV�WR�WKH�VRIWZDUH�ZKHWKHU�DQ\�WDVNV��ZLWK�,17 ���
KDYH�FRPSOHWHG�DQG�FRXQWHG�WRZDUGV�LQWHUUXSW�FRDOHVFLQJ��WKDW�
LV��WKLV�LV�VHW�LI�DQG�RQO\�LI�,17&�FRXQWHU�!���� 
9DOXHV� 
�
E���,17��7DVN�FRPSOHWLRQV�KDYH�QRW�RFFXUUHG�VLQFH�ODVW�FRXQWHU�
UHVHW��,17&�FRXQWHU�  ��� 
�
E���$W�OHDVW�RQH�,17��WDVN�FRPSOHWLRQ�KDV�EHHQ�FRXQWHG��,17&�
FRXQWHU�!��� 

����� 52 �[� UHVHUYHG 

�� :2 �[� 

,17&B567 
&RXQWHU�DQG�7LPHU�5HVHW� 
:KHQ�KRVW�GULYHU�ZULWHV����WKH�LQWHUUXSW�FRDOHVFLQJ�WLPHU�DQG�
FRXQWHU�DUH�UHVHW� 
9DOXHV� 
�
E���1R�(IIHFW 
�
E���,QWHUUXSW�FRDOHVFLQJ�WLPHU�DQG�FRXQWHU�DUH�UHVHW 

�� :2 �[� 

,17&B7+B:(1 
,QWHUUXSW�&RDOHVFLQJ�&RXQWHU�7KUHVKROG�:ULWH�(QDEOH� 
:KHQ�VRIWZDUH�ZULWHV���WR�WKLV�ELW��WKH�YDOXH�,17&B7+�LV�XSGDWHG�
ZLWK�WKH�FRQWHQWV�ZULWWHQ�RQ�WKH�VDPH�F\FOH� 
9DOXHV� 
�
E���&OHDUV�,17&B7+B:(1 
�
E���6HWV�,17&B7+B:(1 

����� 52 �[� UHVHUYHG 

���� :2 �[�� 

,17&B7+ 
,QWHUUXSW�&RDOHVFLQJ�&RXQWHU�7KUHVKROG�ILOHG� 
6RIWZDUH�XVHV�WKLV�ILHOG�WR�FRQILJXUH�WKH�QXPEHU�RI�WDVN�
FRPSOHWLRQV��RQO\�WDVNV�ZLWK�,17 ��LQ�WKH�7DVN�'HVFULSWRU���ZKLFK�
DUH�UHTXLUHG�LQ�RUGHU�WR�JHQHUDWH�DQ�LQWHUUXSW� 
&RXQWHU�2SHUDWLRQ��$V�GDWD�WUDQVIHU�WDVNV�ZLWK�,17 ��FRPSOHWH��
WKH\�DUH�FRXQWHG�E\�&4(��7KH�FRXQWHU�LV�UHVHW�E\�VRIWZDUH�GXULQJ�
WKH�LQWHUUXSW�VHUYLFH�URXWLQH��7KH�FRXQWHU�VWRSV�FRXQWLQJ�ZKHQ�LW�
UHDFKHV�WKH�YDOXH�FRQILJXUHG�LQ 
,17&B7+��DQG�JHQHUDWHV�LQWHUUXSW� 
�
K���,QWHUUXSW�FRDOHVFLQJ�IHDWXUH�GLVDEOHG 
�
K���,QWHUUXSW�FRDOHVFLQJ�LQWHUUXSW�JHQHUDWHG�DIWHU���WDVN�ZKHQ�
,17 ��FRPSOHWHV 
�
K���,QWHUUXSW�FRDOHVFLQJ�LQWHUUXSW�JHQHUDWHG�DIWHU���WDVNV�ZKHQ�
,17 ��FRPSOHWHV 
�������� 
�
K�I��,QWHUUXSW�FRDOHVFLQJ�LQWHUUXSW�JHQHUDWHG�DIWHU����WDVNV�
ZKHQ�,17 ��FRPSOHWHV 
7R�ZULWH�WR�WKLV�ILHOG��WKH�,17&B7+B:(1�ELW�PXVW�EH�VHW�GXULQJ�
WKH�VDPH�ZULWH�RSHUDWLRQ� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� :2 �[� 

7287B9$/B:(1 
:KHQ�VRIWZDUH�ZULWHV���WR�WKLV�ELW��WKH�YDOXH�7287B9$/�LV�
XSGDWHG�ZLWK�WKH�FRQWHQWV�ZULWWHQ�RQ�WKH�VDPH�F\FOH� 
9DOXHV� 
�
E���FOHDUV�7287B9$/B:(1 
�
E���6HWV�7287B9$/B:(1 

��� 5: �[�� 

7287B9$/ 
,QWHUUXSW�&RDOHVFLQJ�7LPHRXW�9DOXH� 
6RIWZDUH�XVHV�WKLV�ILHOG�WR�FRQILJXUH�WKH�PD[LPXP�WLPH�DOORZHG�
EHWZHHQ�WKH�FRPSOHWLRQ�RI�D�WDVN�RQ�WKH�EXV�DQG�WKH�JHQHUDWLRQ�
RI�DQ�LQWHUUXSW� 
7LPHU�2SHUDWLRQ��7KH�WLPHU�LV�UHVHW�E\�VRIWZDUH�GXULQJ�WKH�
LQWHUUXSW�VHUYLFH�URXWLQH��,W�VWDUWV�UXQQLQJ�ZKHQ�D�GDWD�WUDQVIHU�
WDVN�ZLWK�,17 ��LV�FRPSOHWHG��DIWHU�WKH�WLPHU�ZDV�UHVHW��:KHQ�
WKH�WLPHU�UHDFKHV�WKH�YDOXH�FRQILJXUHG�LQ�,&729$/�ILHOG�LW�
JHQHUDWHV�DQ�LQWHUUXSW�DQG�VWRSV� 
7KH�WLPHU
V�XQLW�LV�HTXDO�WR������FORFN�SHULRGV�RI�WKH�FORFN�ZKRVH�
IUHTXHQF\�LV�VSHFLILHG�LQ�WKH�,QWHUQDO�7LPHU�&ORFN�)UHTXHQF\�ILHOG�
&4&$3�UHJLVWHU� 
�
K���7LPHU�LV�GLVDEOHG��7LPHRXW�EDVHG�LQWHUUXSW�LV�QRW�JHQHUDWHG 
�
K���7LPHRXW�RQ���[�����F\FOHV�RI�WLPHU�FORFN�IUHTXHQF\ 
�
K���7LPHRXW�RQ���[�����F\FOHV�RI�WLPHU�FORFN�IUHTXHQF\ 
�������� 
�
K�I��7LPHRXW�RQ����[�����F\FOHV�RI�WLPHU�FORFN�IUHTXHQF\ 
,Q�RUGHU�WR�ZULWH�WR�WKLV�ILHOG��WKH�7287B9$/B:(1�ELW�PXVW�EH�VHW�
DW�WKH�VDPH�ZULWH�RSHUDWLRQ� 

 
(00&B&47'/%$�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

7'/%$ 
7DVN�'HVFULSWRU�/LVW�%DVH�$GGUHVV� 
7KLV�UHJLVWHU�VWRUHV�WKH�/6%�ELWV��ELWV�������RI�WKH�E\WH�DGGUHVV�RI�
WKH�KHDG�RI�WKH�7DVN�'HVFULSWRU�/LVW�LQ�V\VWHP�PHPRU\��7KH�VL]H�
RI�WKH�WDVN�GHVFULSWRU�OLVW�LV������7DVN�'HVFULSWRU�VL]H���7UDQVIHU�
'HVFULSWRU�VL]H��DV�FRQILJXUHG�E\�+RVW�GULYHU��7KLV�DGGUHVV�VKDOO�
EH�VHW�RQ�%\WH��.%\WH�ERXQGDU\��7KH�ORZHU����ELWV�RI�WKLV�UHJLVWHU�
VKDOO�EH�VHW�WR���E\�VRIWZDUH�DQG�VKDOO�EH�LJQRUHG�E\�&4(� 

 
(00&B&47'%5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

'%5 
&RPPDQG�4XHXHLQJ�7DVN�'RRUEHOO� 
6RIWZDUH�VKDOO�FRQILJXUH�7'/%$�DQG�7'/%$8��DQG�HQDEOH�&4(�LQ�
&4&)*�EHIRUH�XVLQJ�WKLV�UHJLVWHU� 
:ULWLQJ���WR�ELW�Q�RI�WKLV�UHJLVWHU�WULJJHUV�&4(�WR�VWDUW�SURFHVVLQJ�
WKH�WDVN�HQFRGHG�LQ�VORW�Q�RI�WKH�7'/� 
&4(�DOZD\V�SURFHVVHV�WDVNV�LQ�RUGHU�DFFRUGLQJ�WR�WKH�RUGHU�
VXEPLWWHG�WR�WKH�OLVW�E\�&47'%5�ZULWH�WUDQVDFWLRQV� 
&4(�SURFHVVHV�'DWD�7UDQVIHU�WDVNV�E\�UHDGLQJ�WKH�7DVN�'HVFULSWRU�
DQG�VHQGLQJ�48(8('B7$6.B3$5$06��&0'����DQG�
48(8('B7$6.B$''5(66��&0'����FRPPDQGV�WR�WKH�GHYLFH� 
&4(�SURFHVVHV�'&0'�WDVNV��LQ�VORW������ZKHQ�HQDEOHG��E\�
UHDGLQJ�WKH�7DVN�'HVFULSWRU��DQG�JHQHUDWLQJ�WKH�FRPPDQG�
HQFRGHG�E\�LWV�LQGH[�DQG�DUJXPHQW� 
7KH�FRUUHVSRQGLQJ�ELW�LV�FOHDUHG�WR���E\�&4(�LQ�RQH�RI�WKH�
IROORZLQJ�HYHQWV� 
D��:KHQ�D�WDVN�H[HFXWLRQ�LV�FRPSOHWHG��ZLWK�VXFFHVV�RU�HUURU� 
E��7KH�WDVN�LV�FOHDUHG�XVLQJ�&47&/5�UHJLVWHU 
F��$OO�WDVNV�DUH�FOHDUHG�XVLQJ�&4&7/�UHJLVWHU 
G��&4(�LV�GLVDEOHG�XVLQJ�&4&)*�UHJLVWHU 
6RIWZDUH�PD\�LQLWLDWH�PXOWLSOH�WDVNV�DW�WKH�VDPH�WLPH��EDWFK�
VXEPLVVLRQ��E\�ZULWLQJ���WR�PXOWLSOH�ELWV�RI�WKLV�UHJLVWHU�LQ�WKH�
VDPH�WUDQVDFWLRQ� 
,Q�WKH�FDVH�RI�EDWFK�VXEPLVVLRQ� 
&4(�VKDOO�SURFHVV�WKH�WDVNV�LQ�RUGHU�RI�WKH�WDVN�LQGH[��VWDUWLQJ�
ZLWK�WKH�ORZHVW�LQGH[��,I�RQH�RU�PRUH�WDVNV�LQ�WKH�EDWFK�DUH�
PDUNHG�ZLWK�4%5��WKH�RUGHULQJ�RI�H[HFXWLRQ�ZLOO�EH�EDVHG�RQ�VDLG�
SURFHVVLQJ�RUGHU� 

 
(00&B&47'%1�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

7&1 
7DVN�&RPSOHWH�1RWLILFDWLRQ� 
(DFK�RI�WKH����ELWV�DUH�ELW�PDSSHG�WR�WKH����WDVNV� 
%LW�1�����7DVN�1�KDV�FRPSOHWHG�H[HFXWLRQ��ZLWK�VXFFHVV�RU�
HUURUV� 
%LW�1�����7DVN�1�KDV�QRW�FRPSOHWHG��FRXOG�EH�SHQGLQJ�RU�QRW�
VXEPLWWHG� 
2Q�WDVN�FRPSOHWLRQ��VRIWZDUH�PD\�UHDG�WKLV�UHJLVWHU�WR�NQRZ�
ZKLFK�WDVNV�KDYH�ILQLVKHG��$IWHU�UHDGLQJ�WKLV�UHJLVWHU��VRIWZDUH�
PD\�FOHDU�WKH�UHOHYDQW�ELW�ILHOGV�E\�ZULWLQJ���WR�WKH�FRUUHVSRQGLQJ�
ELWV� 

 
(00&B&4'46�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 

'46 
'HYLFH�4XHXH�6WDWXV� 
(DFK�RI�WKH����ELWV�DUH�ELW�PDSSHG�WR�WKH����WDVNV� 
%LW�1�����'HYLFH�KDV�PDUNHG�WDVN�1�DV�UHDG\�IRU�H[HFXWLRQ 
%LW�1�����7DVN�1�LV�QRW�UHDG\�IRU�H[HFXWLRQ��7KLV�WDVN�FRXOG�EH�
SHQGLQJ�LQ�GHYLFH�RU�QRW�VXEPLWWHG� 
+RVW�FRQWUROOHU�XSGDWHV�WKLV�UHJLVWHU�ZLWK�UHVSRQVH�RI�WKH�'HYLFH�
4XHXH�6WDWXV�FRPPDQG� 
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(00&B&4'37�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 

'37 
'HYLFH�3HQGLQJ�7DVNV� 
(DFK�RI�WKH����ELWV�DUH�ELW�PDSSHG�WR�WKH����WDVNV� 
%LW�1�����7DVN�1�KDV�EHHQ�VXFFHVVIXOO\�TXHXHG�LQWR�WKH�GHYLFH�
DQG�LV�DZDLWLQJ�H[HFXWLRQ 
%LW�1�����7DVN�1�LV�QRW�\HW�TXHXHG� 
%LW�Q�RI�WKLV�UHJLVWHU�LV�VHW�LI�DQG�RQO\�LI�48(8('B7$6.B3$5$06�
�&0'����DQG�48(8('B7$6.B$''5(66��&0'����ZHUH�VHQW�IRU�
WKLV�VSHFLILF�WDVN�DQG�LI�WKLV�WDVN�KDVQW�EHHQ�H[HFXWHG�\HW� 
&4(�VKDOO�VHW�WKLV�ELW�DIWHU�UHFHLYLQJ�D�VXFFHVVIXO�UHVSRQVH�IRU�
&0'����&4(�VKDOO�FOHDU�WKLV�ELW�DIWHU�WKH�WDVN�KDV�FRPSOHWHG�
H[HFXWLRQ� 
6RIWZDUH�UHDGV�WKLV�UHJLVWHU�LQ�WKH�WDVN�GLVFDUG�SURFHGXUH�WR�
GHWHUPLQH�LI�WKH�WDVN�LV�TXHXHG�LQ�WKH�GHYLFH� 

 
(00&B&47&/5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

7&/5 
&RPPDQG�4XHXHLQJ�7DVN�&OHDU� 
:ULWLQJ���WR�ELW�Q�RI�WKLV�UHJLVWHU�RUGHUV�&4(�WR�FOHDU�D�WDVN�ZKLFK�
VRIWZDUH�KDV�SUHYLRXVO\�LVVXHG� 
7KLV�ELW�FDQ�RQO\�EH�ZULWWHQ�ZKHQ�&4(�LV�LQ�+DOW�VWDWH�DV�LQGLFDWHG�
LQ�&4&)*�UHJLVWHU�+DOW�ELW��:KHQ�VRIWZDUH�ZULWHV���WR�D�ELW�LQ�WKLV�
UHJLVWHU��&4(�XSGDWHV�WKH�YDOXH�WR����DQG�VWDUWV�FOHDULQJ�WKH�GDWD�
VWUXFWXUHV�UHODWHG�WR�WKH�WDVN��&4( 
FOHDUV�WKH�ELW�ILHOGV��VHWV�D�YDOXH�RI����LQ�&47&/5�DQG�LQ�&47'%5�
RQFH�WKH�FOHDU�RSHUDWLRQ�LV�FRPSOHWH��6RIWZDUH�PXVW�SROO�RQ�WKH�
&47&/5�XQWLO�LW�LV�FOHDUHG�WR�YHULI\�WKDW�D�FOHDU�RSHUDWLRQ�ZDV�
GRQH� 

 
(00&B&466&��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

646&0'B%/.B&17 
6HQG�6WDWXV�&RPPDQG�%ORFN�&RXQWHU� 
7KLV�ILHOG�LQGLFDWHV�ZKHQ�646�&0'�LV�VHQW�ZKLOH�GDWD�WUDQVIHU�LV�LQ�
SURJUHVV� 
$�YDOXH�RI�
Q
�LQGLFDWHV�WKDW�&4(�VHQGV�VWDWXV�FRPPDQG�RQ�WKH�
&0'�OLQH��GXULQJ�WKH�WUDQVIHU�RI�GDWD�EORFN�%/2&.B&17Q��RQ�WKH�
GDWD�OLQHV��ZKHUH�%/2&.B&17�LV�WKH�QXPEHU�RI�EORFNV�LQ�WKH�
FXUUHQW�WUDQVDFWLRQ� 
�
K���6(1'B48(8(B67$786��&0'����FRPPDQG�LV�QRW�VHQW�
GXULQJ�WKH�WUDQVDFWLRQ��,QVWHDG��LW�LV�VHQW�RQO\�ZKHQ�WKH�GDWD�OLQHV�
DUH�LGOH� 
�
K���6(1'B48(8(B67$786�FRPPDQG�LV�WR�EH�VHQW�GXULQJ�WKH�
ODVW�EORFN�RI�WKH�WUDQVDFWLRQ� 
�
K���6(1'B48(8(B67$786�FRPPDQG�ZKHQ�ODVW���EORFNV�DUH�
SHQGLQJ� 
�
K���6(1'B48(8(B67$786�FRPPDQG�ZKHQ�ODVW���EORFNV�DUH�
SHQGLQJ� 
�������� 
�
KI��6(1'B48(8(B67$786�FRPPDQG�ZKHQ�ODVW����EORFNV�DUH�
SHQGLQJ� 
6KRXOG�EH�SURJUDPPHG�RQO\�ZKHQ�&4&)*�&4B(1�LV�
�
� 

���� 5: �[���� 

646&0'B,'/(B705 
6HQG�6WDWXV�&RPPDQG�,GOH�7LPHU� 
7KLV�ILHOG�FRQILJXUHV�WKH�SROOLQJ�SHULRG�WR�EH�XVHG�ZKHQ�XVLQJ�
SHULRGLF�6(1'B48(8(B67$786��&0'����SROOLQJ��3HULRGLF�SROOLQJ�
LV�XVHG�ZKHQ�WDVNV�DUH�SHQGLQJ�LQ�WKH�GHYLFH��EXW�QR�GDWD�
WUDQVIHU�LV�LQ�SURJUHVV��:KHQ�D�6(1'B48(8(B67$786�UHVSRQVH�
LQGLFDWHV�WKDW�QR�WDVN�LV�UHDG\�IRU�H[HFXWLRQ��&4(�FRXQWV�WKH�
FRQILJXUHG�WLPH�XQWLO�LW�LVVXHV�WKH�QH[W�6(1'B48(8(B67$786� 
7LPHU�XQLWV�DUH�FORFN�SHULRGV�RI�WKH�FORFN�ZKRVH�IUHTXHQF\�LV�
VSHFLILHG�LQ�WKH�,QWHUQDO�7LPHU�&ORFN�)UHTXHQF\�ILHOG�&4&$3�
UHJLVWHU��7KH�PLQLPXP�YDOXH�LV�����K����FORFN�SHULRG��DQG�WKH�
PD[LPXP�YDOXH�LV�))))K��������FORFN�SHULRGV�� 
)RU�H[DPSOH��D�&4&$3�ILHOG�YDOXH�RI���LQGLFDWHV�D������0+]�FORFN�
IUHTXHQF\��SHULRG� �������QV���,I�WKH�VHWWLQJ�LQ�&466&��&,7�LV�
����K��WKH�FDOFXODWHG�SROOLQJ�SHULRG�LV�����������QV ��������
QV� 
6KRXOG�EH�SURJUDPPHG�RQO\�ZKHQ�&4&)*�&4B(1�LV�
�
� 

 
(00&B&466&��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� 

646&0'B5&$ 
6HQG�4XHXH�5&$� 
7KLV�ILHOG�SURYLGHV�&4(�ZLWK�WKH�FRQWHQWV�RI�WKH����ELW�5&$�ILHOG�
LQ�6(1'B48(8(B67$786��&0'����FRPPDQG�DUJXPHQW� 
&4(�FRSLHV�WKLV�ILHOG�WR�ELWV�������RI�WKH�DUJXPHQW�ZKHQ�
WUDQVPLWWLQJ�6(1'B�48(8(B67$786��&0'����FRPPDQG� 

 
(00&B&4&5'&7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 

'&0'B5(63 
'LUHFW�&RPPDQG�/DVW�5HVSRQVH� 
7KLV�UHJLVWHU�FRQWDLQV�WKH�UHVSRQVH�RI�WKH�FRPPDQG�JHQHUDWHG�E\�
WKH�ODVW�GLUHFW�FRPPDQG��'&0'��WDVN�WKDW�ZDV�VHQW� 
&RQWHQWV�RI�WKLV�UHJLVWHU�DUH�YDOLG�RQO\�DIWHU�ELW����RI�&47'%5�
UHJLVWHU�LV�FOHDUHG�E\�WKH�FRQWUROOHU� 

 
(00&B&450(0�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[IGI�D��� 

5(63B(55B0$6. 
5HVSRQVH�0RGH�(UURU�0DVN� 
7KH�ELWV�RI�WKLV�ILHOG�DUH�ELW�PDSSHG�WR�WKH�GHYLFH�UHVSRQVH� 
7KLV�ELW�LV�XVHG�DV�DQ�LQWHUUXSW�PDVN�RQ�WKH�GHYLFH�VWDWXV�ILOHG�
WKDW�LV�UHFHLYHG�LQ�5��5�E�UHVSRQVHV� 
�
E���:KHQ�D�5��5�E�UHVSRQVH�LV�UHFHLYHG��ELW�L�LQ�WKH�GHYLFH�
VWDWXV�LV�LJQRUHG� 
7KH�UHVHW�YDOXH�RI�WKLV�UHJLVWHU�LV�VHW�WR�WULJJHU�DQ�LQWHUUXSW�RQ�DOO�
�(UURU��W\SH�ELWV�LQ�WKH�GHYLFH�VWDWXV� 
�
E���:KHQ�D�5��5�E�UHVSRQVH�LV�UHFHLYHG��ZLWK�D�ELW�L�LQ�WKH�
GHYLFH�VWDWXV�VHW��D�5('�LQWHUUXSW�LV�JHQHUDWHG� 
1RWH��5HVSRQVHV�WR�&0'����646��HQFRGH�WKH�465�VR�WKDW�WKH\�
DUH�LJQRUHG�E\�WKLV�ORJLF� 

 
(00&B&47(55,�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 52 �[� 

75$16B(55B),(/'6B9$/,' 
'DWD�7UDQVIHU�(UURU�)LHOG�9DOLG� 
7KLV�ELW�LV�XSGDWHG�ZKHQ�DQ�HUURU�LV�GHWHFWHG�ZKLOH�D�GDWD�WUDQVIHU�
WUDQVDFWLRQ�ZDV�LQ�SURJUHVV� 
9DOXHV� 
�
E���,JQRUH�FRQWHQWV�RI�75$16B(55B7$6.,'�DQG�
75$16B(55B&0'B,1'; 
�
E���'DWD�WUDQVIHU�UHODWHG�HUURU�GHWHFWHG��&KHFN�FRQWHQWV�RI�
75$16B(55B7$6.,'�DQG�75$16B(55B&0'B,1';�ILHOGV 

����� 52 �[� UHVHUYHG 

����� 52 �[�� 
75$16B(55B7$6.,' 
'DWD�7UDQVIHU�(UURU�7DVN�,'� 
7KLV�ILHOG�FDSWXUHV�WKH�,'�RI�WKH�WDVN�WKDW�ZDV�H[HFXWHG�DQG�
ZKRVH�GDWD�WUDQVIHU�KDV�HUURUV� 

����� 52 �[� UHVHUYHG 

����� 52 �[�� 
75$16B(55B&0'B,1'; 
'DWD�7UDQVIHU�(UURU�&RPPDQG�,QGH[� 
7KLV�ILHOG�FDSWXUHV�WKH�LQGH[�RI�WKH�FRPPDQG�WKDW�ZDV�H[HFXWHG�
DQG�ZKRVH�GDWD�WUDQVIHU�KDV�HUURUV� 

�� 52 �[� 

5(63B(55B),(/'6B9$/,' 
5HVSRQVH�0RGH�(UURU�)LHOGV�9DOLG� 
7KLV�ELW�LV�XSGDWHG�ZKHQ�DQ�HUURU�LV�GHWHFWHG�ZKLOH�D�FRPPDQG�
WUDQVDFWLRQ�ZDV�LQ�SURJUHVV� 
9DOXHV� 
�
E���,JQRUH�FRQWHQWV�RI�5(63B(55B7$6.,'�DQG�
5(63B(55B&0'B,1'; 
�
E���5HVSRQVH�UHODWHG�HUURU�LV�GHWHFWHG��&KHFN�FRQWHQWV�RI�
5(63B(55B7$6.,'�DQG�5(63B(55B&0'B,1';�ILHOGV 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

���� 52 �[�� 
5(63B(55B7$6.,' 
5HVSRQVH�0RGH�(UURU�7DVN�,'� 
7KLV�ILHOG�FDSWXUHV�WKH�,'�RI�WKH�WDVN�ZKLFK�ZDV�H[HFXWHG�RQ�WKH�
FRPPDQG�OLQH�ZKHQ�WKH�HUURU�RFFXUUHG� 

��� 52 �[� UHVHUYHG 

��� 52 �[�� 
5(63B(55B&0'B,1'; 
5HVSRQVH�0RGH�(UURU�&RPPDQG�,QGH[� 
7KLV�ILHOG�FDSWXUHV�WKH�LQGH[�RI�WKH�FRPPDQG�WKDW�ZDV�H[HFXWHG�
RQ�WKH�FRPPDQG�OLQH�ZKHQ�WKH�HUURU�RFFXUUHG� 

 
(00&B&4&5,�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 52 �[�� 

&0'B5(63B,1'; 
/DVW�&RPPDQG�5HVSRQVH�,QGH[ 
7KLV�ILHOG�VWRUHV�WKH�LQGH[�RI�WKH�ODVW�UHFHLYHG�FRPPDQG�
UHVSRQVH��&4(�VKDOO�XSGDWH�WKH�YDOXH�HYHU\�WLPH�D�FRPPDQG�
UHVSRQVH�LV�UHFHLYHG� 

 
(00&B&4&5$�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 

&0'B5(63B$5* 
/DVW�&RPPDQG�5HVSRQVH�$UJXPHQW� 
7KLV�ILHOG�VWRUHV�WKH�DUJXPHQW�RI�WKH�ODVW�UHFHLYHG�FRPPDQG��&4(�
VKDOO�XSGDWH�WKH�YDOXH�HYHU\�WLPH�D�FRPPDQG�UHVSRQVH�LV�
UHFHLYHG� 

 
(00&B9(5B,'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 9(5B,' 
&XUUHQW�YHUVLRQ�QXPEHU� 

 
(00&B9(5B7<3(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 9(5B7<3( 9HUVLRQ�W\SH� 
 
(00&B+267B&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
��� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

6:B&*B',6 
,QWHUQDO�FORFN�JDWLQJ�GLVDEOH�FRQWURO� 
7KLV�ELW�PXVW�EH�XVHG�WR�GLVDEOH�,3
V�LQWHUQDO�FORFN�JDWLQJ�ZKHQ�
UHTXLUHG��ZKHQ�GLVDEOHG�FORFNV�DUH�QRW�JDWHG��&ORFNV�WR�WKH�FRUH�
�H[FHSW�KFON��PXVW�EH�VWRSSHG�ZKHQ�SURJUDPPLQJ�WKLV�ELW� 
9DOXHV� 
�
E���,QWHUQDO�FORFN�JDWLQJ�LV�GLVDEOHG��FORFNV�DUH�QRW�JDWHG�
LQWHUQDOO\ 
�
E���,QWHUQDO�FORFN�JDWHV�DUH�DFWLYH�DQG�FORFN�JDWLQJ�LV�FRQWUROOHG�
LQWHUQDOO\ 

��� 52 �[� UHVHUYHG 

� 5: �[� 

&0'B&21)/,&7B&+(&. 
&RPPDQG�FRQIOLFW�FKHFN� 
+RVW�&RQWUROOHU�PRQLWRUV�WKH�&0'�OLQH�ZKHQHYHU�D�FRPPDQG�LV�
LVVXHG�DQG�FKHFNV�ZKHWKHU�WKH�YDOXH�GULYHQ�RQ�VGBFPGBRXW�
PDWFKHV�WKH�YDOXH�RQ�VGBFPGBLQ�DW�QH[W�VXEVHTXHQW�HGJH�RI�
FFONBW[�WR�GHWHUPLQH�FRPPDQG�FRQIOLFW�HUURU��7KLV�ELW�LV�FOHDUHG�
RQO\�LI�WKH�IHHG�EDFN�GHOD\��LQFOXGLQJ�,2�3DG�GHOD\��LV�PRUH�WKDQ 
�WBFDUGBFONBSHULRG���WBVHWXS���ZKHUH�WBVHWXS�LV�WKH�VHWXS�WLPH�RI�
D�IORS�LQ�+RVW�&RQWUROOHU��7KH�,�2�SDG�GHOD\�LV�FRQVLVWHQW�DFURVV�
&0'�DQG�'$7$�OLQHV��DQG�LW�LV�ZLWKLQ�WKH�YDOXH��
��WBFDUGBFONBSHULRG���WBVHWXS� 
9DOXHV� 
�
E���'LVDEOH�FRPPDQG�FRQIOLFW�FKHFN 
�
E���&KHFN�IRU�FRPPDQG�FRQIOLFW�DIWHU���FDUG�FORFN�F\FOH 

 
(00&B(00&B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

�� 5: �[� 

&4(B35()(7&+B',6$%/(�  
(QDEOH�RU�'LVDEOH�&4(
V�35()(7&+�IHDWXUH� 
7KLV�ILHOG�DOORZV�6RIWZDUH�WR�GLVDEOH�&4(
V�GDWD�SUHIHWFK�IHDWXUH�
ZKHQ�VHW�WR��� 
9DOXHV� 
�
E���&4(�FDQ�3UHIHWFK�GDWD�IRU�VXFHVVLYH�:5,7(�WUDQVIHUV�DQG�
SLSHOLQH�VXFHVVLYH�5($'�WUDQVIHUV 
�
E���3UHIHWFK�IRU�:5,7(�DQG�3LSHOLQH�IRU�5($'�DUH�GLVDEOHG 

� 5: �[� 

&4(B$/*2B6(/ 
6FKHGXOHU�DOJRULWKP�VHOHFWHG�IRU�H[HFXWLRQ� 
7KLV�ELW�VHOHFWV�WKH�$OJRULWKP�XVHG�IRU�VHOHFWLQJ�RQH�RI�WKH�PDQ\�
UHDG\�WDVNV�IRU�H[HFXWLRQ� 
9DOXHV� 
�
E���3ULRULW\�EDVHG�UHRUGHULQJ�ZLWK�)&)6�WR�UHVROYH�HTXDO�SULRULW\�
WDVNV 
�
E���)LUVW�FRPH�)LUVW�VHUYH��LQ�WKH�RUGHU�RI�'%5�ULQJV 

� 5: �[� 

(1+B6752%(B(1$%/( 
(QKDQFHG�6WUREH�(QDEOH� 
7KLV�ELW�LQVWUXFWV�+RVW�WR�VDPSOH�WKH�&0'�OLQH�XVLQJ�GDWD�VWUREH�
IRU�+6����PRGH� 
9DOXHV� 
�
E���&0'�OLQH�LV�VDPSOHG�XVLQJ�FFONBU[�IRU�+6����PRGH 
�
E���&0'�OLQH�LV�VDPSOHG�XVLQJ�GDWD�VWUREH�IRU�+6����PRGH 

��� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

(00&B567B1B2( 
2XWSXW�(QDEOH�FRQWURO�IRU�(00&�'HYLFH�5HVHW�VLJQDO�3$'�FRQWURO� 
9DOXHV� 
�
E���VGBUVWBQBRH�LV�� 
�
E���VGBUVWBQBRH�LV�� 

� 5: �[� 

(00&B567B1 
(00&�'HYLFH�5HVHW�VLJQDO�FRQWURO� 
7KLV�UHJLVWHU�ILHOG�FRQWUROV�WKH�VGBUVWBQ�RXWSXW�RI�+RVW�&RQWUROOHU� 
9DOXHV� 
�
E���5HVHW�WR�H00&�GHYLFH�DVVHUWHG 
�
E���5HVHW�WR�H00&�GHYLFH�LV�GHDVVHUWHG 

� 5: �[� 

',6$%/(B'$7$B&5&B&+. 
'LVDEOH�'DWD�&5&�&KHFN� 
7KLV�ELW�FRQWUROV�PDVNLQJ�RI�&5&���HUURU�IRU�&DUG�:ULWH�LQ�H00&�
PRGH��7KLV�LV�XVHIXO�LQ�EXV�WHVWLQJ��&0'����IRU�DQ�H00&�GHYLFH��
,Q�EXV�WHVWLQJ��DQ�H00&�FDUG�GRHV�QRW�VHQG�&5&�VWDWXV�IRU�D�
EORFN��ZKLFK�PD\�JHQHUDWH�&5&�HUURU��7KLV 
&5&�HUURU�FDQ�EH�PDVNHG�XVLQJ�WKLV�ELW�GXULQJ�EXV�WHVWLQJ� 
9DOXHV� 
�
E���'$7$�&5&�FKHFN�LV�HQDEOHG 
�
E���'$7$�&5&�FKHFN�LV�GLVDEOHG 

� 5: �[� 

&$5'B,6B(00& 
H00&�&DUG�SUHVHQW� 
7KLV�ELW�LQGLFDWHV�WKH�W\SH�RI�FDUG�FRQQHFWHG��$Q�DSSOLFDWLRQ�
SURJUDP�WKLV�ELW�EDVHG�RQ�WKH�FDUG�FRQQHFWHG�WR�+RVW�&RQWUROOHU� 
9DOXHV� 
�
E���&DUG�FRQQHFWHG�WR�+RVW�&RQWUROOHU�LV�D�QRQ�H00&�FDUG 
�
E���&DUG�FRQQHFWHG�WR�+RVW�&RQWUROOHU�LV�DQ�H00&�FDUG 

 
(00&B%227B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���(� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

%227B7287B&17 
%RRW�$FN�7LPHRXW�&RXQWHU�9DOXH� 
7KLV�YDOXH�GHWHUPLQHV�WKH�LQWHUYDO�E\�ZKLFK�ERRW�DFN�WLPHRXW�����
PV��LV�GHWHFWHG�ZKHQ�ERRW�DFN�LV�H[SHFWHG�GXULQJ�ERRW�RSHUDWLRQ� 
9DOXHV� 
�
K���70&/.�[��A�� 
�
K���70&/.�[��A�� 
������ 
�
K(��70&/.�[��A�� 
�
K)��5HVHUYHG 

���� 52 �[� UHVHUYHG 

� 5: �[� 

%227B$&.B(1$%/( 
%RRW�$FNQRZOHGJH�(QDEOH� 
:KHQ�WKLV�ELW�VHW��+RVW�FKHFNV�IRU�ERRW�DFNQRZOHGJH�VWDUW�SDWWHUQ�
RI�������GXULQJ�ERRW�RSHUDWLRQ��7KLV�ELW�LV�DSSOLFDEOH�IRU�ERWK�
PDQGDWRU\�DQG�DOWHUQDWH�ERRW�PRGH� 
9DOXHV� 
�
E���%RRW�$FN�HQDEOH 
�
E���%RRW�$FN�GLVDEOH 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �347 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

9$/,'$7(B%227 
9DOLGDWH�0DQGDWRU\�%RRW�(QDEOH�ELW� 
7KLV�ELW�LV�XVHG�WR�YDOLGDWH�WKH�0$1B%227B(1�ELW� 
9DOXHV� 
�
E���9DOLGDWH�0DQGDWRU\�ERRW�HQDEOH�ELW 
�
E���,JQRUH�0DQGDWRU\�ERRW�(QDEOH�ELW 

��� 52 �[�� UHVHUYHG 

� 5: �[� 

0$1B%227B(1 
0DQGDWRU\�%RRW�(QDEOH� 
7KLV�ELW�LV�XVHG�WR�LQLWLDWH�WKH�PDQGDWRU\�ERRW�RSHUDWLRQ��7KH�
DSSOLFDWLRQ�VHWV�WKLV�ELW�DORQJ�ZLWK�9$/,'$7(B%227�ELW� 
:ULWLQJ���LV�LJQRUHG��7KH�+RVW�&RQWUROOHU�FOHDUV�WKLV�ELW�DIWHU�WKH�
ERRW�WUDQVIHU�LV�FRPSOHWHG�RU�WHUPLQDWHG� 
9DOXHV� 
�
E���0DQGDWRU\�ERRW�HQDEOH 
�
E���0DQGDWRU\�ERRW�GLVDEOH 

 
(00&B$7B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� 

3267B&+$1*(B'/< 
7LPH�WDNHQ�IRU�SKDVH�VZLWFKLQJ�DQG�VWDEOH�FORFN�RXWSXW� 
9DOXHV� 
�
K���/HVV�WKDQ���F\FOH�ODWHQF\ 
�
K���/HVV�WKDQ���F\FOH�ODWHQF\ 
�
K���/HVV�WKDQ���F\FOH�ODWHQF\ 
�
K���/HVV�WKDQ���F\FOH�ODWHQF\ 

����� 5: �[� 

35(B&+$1*(B'/< 
0D[LPXP�/DWHQF\�VSHFLILFDWLRQ�EHWZHHQ�FFONBW[�DQG�FFONBU[� 
9DOXHV� 
�
K���/HVV�WKDQ���F\FOH�ODWHQF\ 
�
K���/HVV�WKDQ���F\FOH�ODWHQF\ 
�
K���/HVV�WKDQ���F\FOH�ODWHQF\ 
�
K���/HVV�WKDQ���F\FOH�ODWHQF\ 

�� 5: �[� 

781(B&/.B6723B(1 
&ORFN�VWRSSLQJ�FRQWURO�IRU�7XQLQJ�DQG�DXWR�WXQLQJ�FLUFXLW� 
:KHQ�HQDEOHG��FORFN�JDWH�FRQWURO�RXWSXW��FON�FDUGBRQ��LV�SXOOHG�
ORZ�EHIRUH�FKDQJLQJ�SKDVH�VHOHFW�FRGHV�RQ�WXQLQJBFFONBVHO�DQG�
DXWRWXQLQJBFFONBVHO��7KLV 
HIIHFWLYHO\�VWRSV�WKH�'HYLFH�&DUG�FORFN��FFONBU[��&KDQJLQJ�SKDVH�
FRGH�ZKHQ�FORFNV�DUH�VWRSSHG�HQVXUHV�JOLWFK�IUHH�SKDVH�
VZLWFKLQJ��  
9DOXHV� 
�
E���&ORFNV�QRW�VWRSSHG 
�
E���&ORFNV�VWRSSHG�GXULQJ�SKDVH�FRGH�FKDQJH 

���� 52 �[��� UHVHUYHG 

� 5: �[� 

6:B781(B(1 
7KLV�ILHOGV�HQDEOHV�VRIWZDUH�PDQDJHG�WXQLQJ�IORZ� 
9DOXHV� 
�
E���6RIWZDUH�PDQDJHG�WXQLQJ�GLVDEOHG 
�
E���6RIWZDUH�PDQDJHG�WXQLQJ�HQDEOHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

537B781(B(55 
)UDPLQJ�HUURUV�DUH�QRW�JHQHUDWHG�ZKHQ�H[HFXWLQJ�WXQLQJ� 
7KLV�GHEXJ�ELW�DOORZV�XVHUV�WR�UHSRUW�WKHVH�HUURUV� 
9DOXHV� 
�
E���'HIDXOW�PRGH�ZKHUH�DV�SHU�KRVW�QR�HUURUV�DUH�UHSRUWHG 
�
E���'HEXJ�PRGH�IRU�UHSRUWLQJ�IUDPLQJ�HUURUV 

� 5: �[� 

6:,1B7+B(1 
6DPSOLQJ�ZLQGRZ�7KUHVKROG�HQDEOH� 
6HOHFWV�WKH�WXQLQJ�PRGH��)LHOG�VKRXOG�EH�SURJUDPPHG�RQO\�ZKHQ�
6$03/(B&/.B6(/�LV�
�
� 
9DOXHV� 
�
E���/$5*(67B:,1B02'(��7XQLQJ�HQJLQH�VZHHSV�DOO�WDSV�DQG�
VHWWOHV�DW�WKH�ODUJHVW�ZLQGRZ� 
�
E���7+5(6+2/'B02'(��7XQLQJ�HQJLQH�VHOHFWV�WKH�ILUVW�
FRPSOHWH�VDPSOLQJ�ZLQGRZ�WKDW�PHHWV�WKH�WKUHVKROG�VHW�E\�
6:,1B7+B9$/�ILHOG� 

��� 52 �[� UHVHUYHG 
 
(00&B$7B67$7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 52 �[�� 
/B('*(B3+B&2'( 
/HIW�(GJH�3KDVH�FRGH��5HDGLQJ�WKLV�ILHOG�UHWXUQV�WKH�SKDVH�FRGH�
YDOXH�XVHG�E\�$XWR�WXQLQJ�HQJLQH�WR�VDPSOH�GDWD�RQ�/HIW�HGJH�RI�
VDPSOLQJ�ZLQGRZ� 

���� 52 �[�� 
5B('*(B3+B&2'( 
5LJKW�(GJH�3KDVH�FRGH��5HDGLQJ�WKLV�ILHOG�UHWXUQV�WKH�SKDVH�FRGH�
YDOXH�XVHG�E\�$XWR�WXQLQJ�HQJLQH�WR�VDPSOH�GDWD�RQ�5LJKW�HGJH�
RI�VDPSOLQJ�ZLQGRZ� 

��� 5: �[�� 

&(17(5B3+B&2'( 
&HQWHUHG�3KDVH�FRGH��5HDGLQJ�WKLV�ILHOG�UHWXUQV�WKH�FXUUHQW�YDOXH�
RQ�WXQLQJBFFONBVHO�RXWSXW��6HWWLQJ�$7B&75/�6:B781(B(1�
HQDEOHV�VRIWZDUH�WR�ZULWH�WR�WKLV�ILHOG�DQG�LWV�FRQWHQWV�DUH�
UHIOHFWHG�RQ�WXQLQJBFFONBVHO� 

 
(00&B'//B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

�� 5: �[� 
'//B%<3$66B02'( 
'//�E\SDVV�PRGH�VHOHFW� 
�
E���1RUPDO 
�
E���%\SDVV 

����� 5: �[�� '//B67$57B32,17 
'//�VWDUW�SRLQW�IRU�SKDVH�GHWHFW� 

���� 5: �[�� '//B,1&50(17 
'//�LQFUHPHQW�YDOXH� 

��� 52 �[�� UHVHUYHG 

� 5: �[� 
'//B6567 
'//�VRIW�UHVHW�LQGLFDWLRQ� 
�
E���1RUPDO�ZRUN 
�
E���5HVHW 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
'//B67$57 
'//�ZRUNLQJ�LQGLFDWLRQ� 
�
E���'//�LV�QRW�ZRUNLQJ 
�
E���'//�LV�ZRUNLQJ 

 
(00&B'//B5;&/.�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

�� 5: �[� 

5;B&/.B65&B6(/ 
5;�FORFN�VRXUFH�VHOHFWLRQ� 
�
E���5;�FORFN�VRXUFH�LV�LQYHUWHG� 
�
E���5;�FORFN�VRXUFH�LV�QR�LQYHUWHG� 
7KLV�ELW�VKRXOG�EH�VHW�WR���IRU�QRUPDO�RSHUDWLRQ� 

�� 5: �[� 5;B&/.B&+$1*(B:,1'2: 
5;�FORFN�FKDQJH�ZLQGRZ��:KHQ�KLJK��5;�FORFN�LV�JDWHG� 

�� 5: �[� 

5;B&/.B287B6(/ 
5;�FORFN�RXWSXW�VHOHFWLRQ� 
�
E���5;�FORFN�RXWSXW�LV�IURP�5;�FORFN�VRXUFH�RU�5;�FORFN�VRXUFH�
ZLWK�LQYHUWLRQ��GHWHUPLQHG�E\�5;B&/.B65&B6(/ 
�
E���5;�FORFN�RXWSXW�LV�GHOD\HG�E\�GHOD\OLQH 

�� 5: �[� 
5;B'(/$<B180B6(/ 
'HOD\�QXPEHU�VHOHFWLRQ�IRU�5;�FORFN� 
�
E���'HOD\QXP�FRPHV�IURP�KDUGZDUH�FDOFXODWLRQ 
�
E���'HOD\QXP�FRPHV�IURP�VRIWZDUH��5;B'(/$<B180� 

�� 5: �[� 
5;B7$3B9$/8(B6(/ 
7DS�YDOXH�VHOHFWLRQ�IRU�5;�FORFN� 
�
E���7DSYDOXH�HTXDOV�WR��'//B/2&.B9$/8(������ 
�
E���7DSYDOXH�FRPHV�IURP�VRIWZDUH��7;B7$3B9$/8(� 

�� 5: �[� 
5;B7$3B180B6(/ 
7DSQXP�VHOHFWLRQ�IRU�5;�FORFN� 
�
E���7DSQXP�FRPHV�IURP�WXQLQJ�UHVXOW 
�
E���7DSQXP�FRPHV�IURP�VRIWZDUH��5;B7$3B180� 

����� 5: �[�� 5;B'(/$<B180 
7RWDO�GHOD\�QXPEHU�RI�VHOHFWHG�WDS�IRU�5;�FORFN� 

���� 5: �[�� 
5;B7$3B9$/8( 
7DS�YDOXH�IRU�5;�FORFN� 
,W�GHQRWHV�GHOD\�HOHPHQW�QXPEHU�IRU�5;�FORFN� 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 
5;B7$3B180 
7DS�QXPEHU�IRU�5;�FORFN� 
(YHU\�FORFN�LV�GLYLGHG�LQWR����WDSV�HTXDEO\��DQG�WKH�PD[�YDOXH�LV�
����8VH�WDSQXP�WR�VHOHFW�ZKLFK�WDS�WR�EH�XVHG�IRU�5;�FORFN� 

 
(00&B'//B7;&/.�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

�� 5: �[� 
7;B&/.B287B6(/ 
7;�FORFN�RXWSXW�VHOHFWLRQ� 
�
E���7;�FORFN�RXWSXW�LV�IURP�7;�FORFN�VRXUFH�ZLWK�LQYHUWLRQ 
�
E���7;�FORFN�RXWSXW�LV�GHOD\HG�E\�GHOD\OLQH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
7;B'(/$<B180B6(/ 
'HOD\�QXPEHU�VHOHFWLRQ�IRU�7;�FORFN� 
�
E���'HOD\QXP�FRPHV�IURP�KDUGZDUH�FDOFXODWLRQ 
�
E���'HOD\QXP�FRPHV�IURP�VRIWZDUH��7;B'(/$<B180� 

�� 5: �[� 
7;B7$3B9$/8(B6(/ 
7DS�YDOXH�VHOHFWLRQ�IRU�7;�FORFN� 
�
E���7DSYDOXH�HTXDOV�WR��'//B/2&.B9$/8(������ 
�
E���7DSYDOXH�FRPHV�IURP�VRIWZDUH��7;B7$3B9$/8(� 

�� 5: �[� 
7;B7$3B180B6(/ 
7DSQXP�VHOHFWLRQ�IRU�7;�FORFN� 
�
E���7DSQXP�LV�� 
�
E���7DSQXP�FRPHV�IURP�VRIWZDUH��7;B7$3B180� 

����� 5: �[�� 7;B'(/$<B180 
7RWDO�GHOD\�QXPEHU�RI�VHOHFWHG�WDS�IRU�7;�FORFN� 

���� 5: �[�� 
7;B7$3B9$/8( 
7DS�YDOXH�IRU�7;�FORFN� 
,W�GHQRWHV�GHOD\�HOHPHQW�QXPEHU�IRU�7;�FORFN� 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 
7;B7$3B180 
7DS�QXPEHU�IRU�7;�FORFN� 
(YHU\�FORFN�LV�GLYLGHG�LQWR����WDSV�HTXDEO\��DQG�WKH�PD[�YDOXH�LV�
����8VH�WDSQXP�WR�VHOHFW�ZKLFK�WDS�WR�EH�XVHG�IRU�7;�FORFN� 

 
(00&B'//B675%,1�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

�� 5: �[� 
675%,1B'(/$<B(1$ 
675%,1�GHOD\�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 
675%,1B'(/$<B180B6(/ 
'HOD\�QXPEHU�VHOHFWLRQ�IRU�675%,1� 
�
E���'HOD\QXP�FRPHV�IURP�KDUGZDUH�FDOFXODWLRQ 
�
E���'HOD\QXP�FRPHV�IURP�VRIWZDUH��675%,1B'(/$<B180� 

�� 5: �[� 
675%,1B7$3B9$/8(B6(/ 
7DS�YDOXH�VHOHFWLRQ� 
�
E���7DSYDOXH�HTXDOV�WR��'//B/2&.B9$/8(������ 
�
E���7DSYDOXH�FRPHV�IURP�VRIWZDUH��675%,1B7$3B9$/8(� 

�� 5: �[� 
675%,1B7$3B180B6(/ 
7DSQXP�VHOHFWLRQ�IRU�675%,1� 
�
E���7DSQXP�LV�� 
�
E���7DSQXP�FRPHV�IURP�VRIWZDUH��675%,1B7$3B180� 

����� 5: �[�� 675%,1B'(/$<B180 
7RWDO�GHOD\�QXPEHU�RI�VHOHFWHG�WDS�IRU�675%,1� 

���� 5: �[�� 
675%,1B7$3B9$/8( 
7DS�YDOXH�IRU�675%,1� 
,W�GHQRWHV�GHOD\�HOHPHQW�QXPEHU�IRU�675%,1� 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 
675%,1B7$3B180 
7DS�QXPEHU�IRU�675%,1� 
(YHU\�FORFN�LV�GLYLGHG�LQWR����WDSV�HTXDEO\��DQG�WKH�PD[�YDOXH�LV�
����8VH�WDSQXP�WR�VHOHFW�ZKLFK�WDS�WR�EH�XVHG�IRU�675%,1� 

 
(00&B'//B67$786��  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[������ UHVHUYHG 

� 52 �[� 
'//B/2&.B7,0(287 
'//�SKDVH�GHWHFWLRQ�LV�WLPHRXW�RU�QRW� 
�
E���1RW�WLPHRXW 
�
E���7LPHRXW 

� 52 �[� 
'//B/2&. 
'//�ORFN�LQGLFDWLRQ� 
�
E���'//�LV�QRW�ORFNHG 
�
E���'//�LV�ORFNHG 

��� 52 �[�� 
'//B/2&.B9$/8( 
'//�ORFN�YDOXH�IRU�KDOI�VGFON�F\FOH��  
,W�GHQRWHV�WKH�GHOD\�HOHPHQW�QXPEHU�QHHGHG�IRU�'//�ORFNHG��,W�LV�
YDOLG�ZKHQ�GOOBORFN�LV�KLJK� 

 
(00&B'//B67$786��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 52 �[�� '//B675%,1B'(/$<B9$/8( 
'HOD\�HOHPHQW�QXPEHU�XVHG�IRU�675%,1� 

���� 52 �[�� '//B5;&/.B'(/$<B9$/8( 
'HOD\�HOHPHQW�QXPEHU�XVHG�IRU�5;�FORFN� 

��� 52 �[�� '//B7;&/.B'(/$<B9$/8( 
'HOD\�HOHPHQW�QXPEHU�XVHG�IRU�7;�FORFN� 

 

7.5 Interface Description 
7.5.1 (00&�,QWHUIDFH�'HVFULSWLRQ 

Table 7-1 EMC Interface Description 
Module Pin Direction PAD Name IOMUX Setting 

emmc_cclk O EMMC_CLKOUT/FLASH_DQS/GPIO
1_C5_d 

GRF_GPIO1C_IOMUX_H[7:4] 
=4¶h1 

emmc_ccmd I/O EMMC_CMD/FLASH_WRn/GPIO1_
C4_u 

GRF_GPIO1C_IOMUX_H[3:0]  
=4¶h1 

emmc_cdata0 I/O EMMC_D0/FLASH_D0/GPIO1_B4_
u 

GRF_GPIO1B_IOMUX_H[3:0]  
=4¶h1 

emmc_cdata1 I/O EMMC_D1/FLASH_D1/GPIO1_B5_
u 

GRF_GPIO1B_IOMUX_H[7:4]  
=4¶h1 

emmc_cdata2 I/O EMMC_D2/FLASH_D2/GPIO1_B6_
u 

GRF_GPIO1B_IOMUX_H[11:8]  
=4¶h1 

emmc_cdata3 I/O EMMC_D3/FLASH_D3/GPIO1_B7_
u 

GRF_GPIO1B_IOMUX_H[15:12]  
=4¶h1 

emmc_cdata4 I/O EMMC_D4/FLASH_D4/GPIO1_C0_
u 

GRF_GPIO1C_IOMUX_L[3:0]  
=4¶h1 

emmc_cdata5 I/O EMMC_D5/FLASH_D5/GPIO1_C1_
u 

GRF_GPIO1C_IOMUX_L[7:4]  
=4¶h1 

emmc_cdata6 I/O EMMC_D6/FLASH_D6/GPIO1_C2_
u 

GRF_GPIO1C_IOMUX_L[11:8]  
=4¶h1 

emmc_cdata7 I/O EMMC_D7/FLASH_D7/GPIO1_C3_
u 

GRF_GPIO1C_IOMUX_L[15:12]  
=4¶h1 

emmc_strbin I EMMC_DATA_STROBE/FSPI_CS1n
/FLASH_CLE/GPIO1_C6_d 

GRF_GPIO1C_IOMUX_H[11:8]  
=4¶h1 

emmc_rstn O EMMC_RSTn/FSPI_D2/FLASH_WP
n/GPIO1_C7_d 

GRF_GPIO1C_IOMUX_H[15:12]  
=4¶h1 

1RWHV��, LQSXW��2 RXWSXW��,�2 LQSXW�RXWSXW��ELGLUHFWLRQDO 
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7.6 Application Notes 
7.6.1 &ORFN�$GMXVWPHQW 
3KDVH�GHWHFWLRQ�LV�QHHGHG�LI�\RX�ZDQW�WR�NQRZ�WKH�FDUG�FORFN¶V�SUHFLVLRQ�EHIRUH�FORFN�
DGMXVWPHQW��7KH�GHWHFWLRQ�IORZ�LV�DV�EHORZ� 
(1) 6HW�(00&B'//B&75/>�@ ��WR�UHVHW�WKH�(00&�'//��WKHQ�VHW�(00&B'//B&75/>�@ ��

WR�GLV�UHVHW�(00&�'//� 
(2) 6HW�'//B67$57B32,17�LQ�(00&B'//B&75/>�����@��VHW�'//B,1&5(0(17�LQ�

(00&B'//B&75/>����@��DQG�VHW�(00&B'//B&75/>�@�WR�VWDUW�WKH�'//�SKDVH�
GHWHFWLRQ� 

(3) :DLW�IRU�'//�ORFN�XQWLO�(00&B'//B67$786�>�@�HTXDOV�WR����*HW�WKH�
(00&B'//B67$786�>���@�DV�WKH�ORFNHG�YDOXH�IRU�WKH�KDOI�FDUG�FORFN�F\FOH�WLPH� 

(4) ,I�(00&B'//B67$786�>�@ ��DQG�(00&B'//B67$786�>�@ ���WKH�GHWHFWLRQ�LV�
WLPHRXW��\RX�FDQ�DGMXVW�WKH�'//B67$57B32,17�RU�'//B,1&5(0(17�WR�UH�GHWHFWLRQ��
<RX�QHHG�WR�VHW�(00&B'//B&75/>�@�WR���EHIRUH�\RX�UHVWDUW�SKDVH�GHWHFWLRQ�
DV���a���� 

$IWHU�SKDVH�GHWHFWLRQ��WKH�FORFN¶V�SUHFLVLRQ�LV�VKRZQ�LQ�
(00&B'//B67$786�>���@�'//B/2&.B9$/8(��EDVHG�RQ�GHOD\�HOHPHQW��:H�FDQ�FDOFXODWH�WKH�
GHOD\�HOHPHQW�QXPEHUV�UHTXLUHPHQW�IRU�7;&/.�5;/&.�675%,1�GHQRWHG�DV�³;;´��DV�IROORZV� 
(1) *HW�WDS�YDOXH��LI�;;B7$3B9$/8(B6(/ ���WDS�YDOXH�HTXDOV�WR�

�'//B/2&.B9$/8(��������HOVH�WDS�YDOXH�LV�VHW�E\�VRIWZDUH��;;B7$3B9$/8(� 
(2) *HW�WDS�QXPEHU��LI�;;B7$3B180B6(/ ���WDS�QXPEHU�FRPHV�IURP�+RVW�&RQWUROOHU��

HOVH�WDS�QXPEHU�LV�VHW�E\�VRIWZDUH��;;B7$3B180� 
(3) *HW�UHTXLUHG�GHOD\�HOHPHQW�QXPEHUV��LI�;;B'(/$<B180B6(/ ���GHOD\�HOHPHQW�

QXPEHU�HTXDOV�WR�WDS�YDOXH�WDS�QXPEHU��HOVH�GHOD\�HOHPHQW�QXPEHU�LV�VHW�E\�
VRIWZDUH��;;B'(/$<B180� 

7KH�DGMXVWPHQW�YDOXH�IRU�HYHU\�FORFN�;;��LV�HTXDOV�WR�UHTXLUHG�GHOD\�HOHPHQW�
QXPEHUVGHOD\�WLPH�RI�HYHU\�HOHPHQW� 
7KH�GHOD\�WLPH�RI�HYHU\�HOHPHQW�LV�LQ�WKH�UDQJH�RI���SVa��SV��YDU\LQJ�ZLWK�GLIIHUHQW�YROWDJH�
DQG�WHPSHUDWXUH��  
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Chapter 8 Nand Flash Controller (NandC) 
8.1 Overview 
1DQG�)ODVK�&RQWUROOHU��1DQG&��LV�XVHG�WR�FRQWURO�GDWD�WUDQVPLVVLRQ�IURP�KRVW�WR�IODVK�GHYLFH�
RU�IURP�IODVK�GHYLFH�WR�KRVW��1DQG&�LV�FRQQHFWHG�WR�$+%�%86�WKURXJK�DQ�$+%�0DVWHU�DQG�DQ�
$+%�6ODYH��7KH�GDWD�WUDQVPLVVLRQ�EHWZHHQ�KRVW�DQG�H[WHUQDO�PHPRU\�FDQ�EH�GRQH�WKURXJK�
$+%�0DVWHU�LQWHUIDFH�RU�$+%�6ODYH�LQWHUIDFH��  
1DQG&�VXSSRUWV�WKH�IROORZLQJ�IHDWXUHV� 
z 6RIWZDUH�,QWHUIDFH�7\SH 

� 6XSSRUW�GLUHFWO\�PRGH 
� 6XSSRUW�//3�/LQNHG�/LVW�3RLQWHU��PRGH 

z )ODVK�,QWHUIDFH�7\SH 
� 6XSSRUW�$V\QFKURQRXV�)ODVK�,QWHUIDFH�ZLWK��ELWV�GDWD�ZLGWK��³$V\Q�[´�IRU�VKRUW� 
� 6XSSRUW�21),�6\QFKURQRXV�)ODVK�,QWHUIDFH��³21),�6\Q´�IRU�VKRUW� 
� 6XSSRUW�7RJJOH�)ODVK�,QWHUIDFH��³7RJJOH´�IRU�VKRUW� 
� 6XSSRUW���IODVK�GHYLFHV�DW�PRVW 

z )ODVK�7\SH 
� 6XSSRUW�0DQDJHG�1$1'�)ODVK�/%$��DQG�5DZ�1$1'�)ODVK�12�/%$� 
� 6XSSRUW�6/&�0/&�7/&�)ODVK 

z )ODVK�,QWHUIDFH�7LPLQJ 
� $V\Q�[��FRQILJXUDEOH�WLPLQJ��RQH�E\WH�SHU�WZR�KRVW�FORFNV�DW�WKH�IDVWHVW�VSHHG 
� 21),�6\Q��FRQILJXUDEOH�WLPLQJ��WZR�E\WHV�SHU�WZR�KRVW�FORFNV�DW�WKH�IDVWHVW�VSHHG 
� 7RJJOH��FRQILJXUDEOH�WLPLQJ��WZR�E\WH�SHU�WZR�KRVW�FORFNV�DW�WKH�IDVWHVW�VSHHG 

z 5DQGRPL]HU�$ELOLW\ 
� 6XSSRUW�WZR�UDQGRPL]HU�PRGH�ZLWK�GLIIHUHQW�SRO\QRPLDO 
� 6XSSRUW�WZR�UDQGRPL]HU�ZLGWK���ELW�DQG���ELW�SDUDOOHO 

z %&+�(&&�$ELOLW\ 
� ��ELW��.%�%&+�(&&��VXSSRUW����ELW�%&+�(&&��ZKLFK�FDQ�GHWHFW�DQG�FRUUHFW�XS�WR����

HUURU�ELWV�LQ�HYHU\��.�E\WHV�GDWD 
� ��ELW��.%�%&+�(&&��VXSSRUW����ELW�%&+�(&&��ZKLFK�FDQ�GHWHFW�DQG�FRUUHFW�XS�WR����

HUURU�ELWV�LQ�HYHU\��.�E\WHV�GDWD 
� ��ELW��.%�%&+�(&&��VXSSRUW����ELW�%&+�(&&��ZKLFK�FDQ�GHWHFW�DQG�FRUUHFW�XS�WR����

HUURU�ELWV�LQ�HYHU\��.�E\WHV�GDWD 
� ��ELW��.%�%&+�(&&��VXSSRUW����ELW�%&+�(&&��ZKLFK�FDQ�GHWHFW�DQG�FRUUHFW�XS�WR����

HUURU�ELWV�LQ�HYHU\��.�E\WHV�GDWD 
� ��ELW����%�%&+�(&&��VXSSRUW����ELW�%&+�(&&��ZKLFK�FDQ�GHWHFW�DQG�FRUUHFW�XS�WR�

���HUURU�ELWV�LQ�HYHU\�����E\WHV�GDWD 
� ��ELW����%�%&+�(&&��VXSSRUW����ELW�%&+�(&&��ZKLFK�FDQ�GHWHFW�DQG�FRUUHFW�XS�WR�

���HUURU�ELWV�LQ�HYHU\�����E\WHV�GDWD 
� ��ELW����%�%&+�(&&��VXSSRUW����ELW�%&+�(&&��ZKLFK�FDQ�GHWHFW�DQG�FRUUHFW�XS�WR�

���HUURU�ELWV�LQ�HYHU\�����E\WHV�GDWD 
� ��ELW����%�%&+�(&&��VXSSRUW����ELW�%&+�(&&��ZKLFK�FDQ�GHWHFW�DQG�FRUUHFW�XS�WR�

���HUURU�ELWV�LQ�HYHU\�����E\WHV�GDWD 
z 7UDQVPLVVLRQ�$ELOLW\ 

� 6XSSRUW���.�E\WHV�GDWD�WUDQVPLVVLRQ�DW�D�WLPH�DW�PRVW 
� 6XSSRUW�WZR�WUDQVIHU�ZRUNLQJ�PRGHV��%\SDVV�RU�'0$ 
� 6XSSRUW�WZR�WUDQVIHU�FRGHZRUGV�VL]H�IRU�0DQDJHG�1$1'�)ODVK�������E\WHV�FRGHZRUG�

RU�����E\WHV�FRGHZRUG 
z ,QWHUQDO�0HPRU\ 

� ��EXLOW�LQ�VUDPV��DQG�WKH�VL]H�LV��N�E\WHV�UHVSHFWLYHO\ 
� &DQ�EH�DFFHVVHG�E\�RWKHU�PDVWHUV 
� &DQ�EH�RSHUDWHG�LQ�SLQJSRQJ�PRGH�E\�RWKHU�PDVWHUV 

8.2 Block Diagram 
1DQG&�FRPSULVHV�ZLWK� 
z 0,)��$+%�0DVWHU�,QWHUIDFH�  
z 6,)���$+%�6ODYH�,QWHUIDFH 
z 65,)���6UDP�,QWHUIDFH 
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z 75$16&���7UDQVIHU�&RQWUROOHU 
z //3&���//3�&RQWUROOHU 
z %&+(1&���%&+�(QFRGHU 
z %&+'(&���%&+�'HFRGHU 
z 5$1'0=���5DQGRPL]HU 
z ),)B*(1���)ODVK�,QWHUIDFH�*HQHUDWLRQ 
z '/&���'HOD\�/LQH�&RQWUROOHU 
z 1$1'B,2���)ODVK�,2�,QWHUIDFH 

MIF TRANSCAHB Master

AHB Slave

FLASH IF

NandC

SRIF

RANDMZ

BCHENC BCHDEC DLC

SIF

LLPC

FIF_GEN NAND_IO

 
Fig. 8-1 NandC Block Diagram 

8.3 Function Description 
8.3.1 $+%�,QWHUIDFH 
7KHUH�LV�DQ�$+%�PDVWHU�LQWHUIDFH�LQ�1DQG&��ZKLFK�LV�VHOHFWDEOH�DQG�FRQILJXUDEOH��,W�LV�
UHVSRQVLEOH�IRU�WUDQVIHUULQJ�GDWD�IURP�H[WHUQDO�PHPRU\�WR�LQWHUQDO�PHPRU\�ZKHQ�IODVK�
SURJUDP��RU�LQYHUVH�ZKHQ�IODVK�UHDG��DQG�WUDQVIHUULQJ�//3�GDWD�IURP�H[WHUQDO�PHPRU\�WR�
LQWHUQDO�UHJLVWHU�ILOH�ZKHQ�//3�LV�DFWLYH��  
7KHUH�LV�DQ�$+%�VODYH�LQWHUIDFH�LQ�1DQG&��,W�LV�UHVSRQVLEOH�IRU�DFFHVVLQJ�UHJLVWHUV�DQG�
LQWHUQDO�PHPRULHV��7KH�DGGUHVVHV�RI�WKHVH�UHJLVWHUV�DQG�PHPRULHV�DUH�OLVWHG�LQ��������  
8.3.2 )ODVK�7\SH�)ODVK�,QWHUIDFH 
)ODVK�GHYLFH�ZLWK�GLIIHUHQW�W\SHV�RI�LQWHUIDFHV�LV�VXSSRUWHG��7KHVH�LQWHUIDFHV�LQFOXGH��
DV\QFKURQRXV��ELWV�IODVK�LQWHUIDFH��21),�V\QFKURQRXV�IODVK�LQWHUIDFH��WRJJOH�IODVK�LQWHUIDFH��
DQG�VR�RQ��<RX�FDQ�VHOHFW�RQH�RI�WKHP�E\�VRIWZDUH��FRQILJXUH�)0&7/��WR�VXLW�IRU�WKHVH�
GHYLFHV��$OVR�\RX�FDQ�FRQILJXUH�WKHLU�WLPLQJ�SDUDPHWHUV�E\�VRIWZDUH��FRQILJXUH�
)0:$,7B$6<1�)0:$,7B6<1��WR�KDYH�\RXU�GHVLUHG�UDWH��  
8.3.3 /LQNHG�/LVW�3RLQWHU�0RGH��//3� 
7R�VDYH�WKH�VRIWZDUH�UHVRXUFH�DQG�LPSURYH�WKH�SHUIRUPDQFH��D�//3�LV�DGG��ZKLFK�LV�
VHOHFWDEOH��:KHQ�//3�LV�VHOHFWHG��WKH�IODVK�RSHUDWLRQ�LQVWUXFWLRQV�VWRUHG�LQ�H[WHUQDO�PHPRU\�
ZLWK�VSHFLILF�IRUPDW�VKRXOG�EH�ORDGHG�IRU�IODVK�ZRUNLQJ��7KH�GHWDLOHG�IRUPDW�DQG�ZRUNLQJ�
IORZ�DUH�UHIHUUHG�WR���������  
8.3.4 %&+�(QFRGHU�%&+�'HFRGHU 
7KH�%&+�(QFRGHU�LV�UHVSRQVLEOH�IRU�HQFRGLQJ�GDWD�WR�EH�ZULWWHQ�LQWR�IODVK�GHYLFH��7KH�PD[�
HQFRGHG�OHQJWK�LV�����E\WHV��LQ�ZKLFK�WKH�GDWD�OHQJWK�LV�����E\WHV��V\VWHP�LQIRUPDWLRQ�LV�
�E\WHV��%&+�FRGH�LV����E\WHV��  
7KH�%&+�'HFRGHU�LV�UHVSRQVLEOH�IRU�GHFRGLQJ�GDWD�UHDG�IURP�IODVK�GHYLFH��7KH�PD[�GHFRGHG�
OHQJWK�LV�����E\WHV��LQ�ZKLFK�WKH�GDWD�OHQJWK�LV�����E\WHV��VSDUH�OHQJWK�LV����E\WHV��  
8.3.5 5DQGRPL]HU 
7R�LPSURYH�GHYLFH�OLIHWLPH��D�UDQGRPL]HU�LV�DGGHG�LQ�1DQG&��,W�LQFOXGHV�WZR�SDUWV��6FUDPEOHU�
DQG�'HVFUDPEOHU��ZKLFK�LV�UHVSRQVLEOH�IRU�VFUDPEOLQJ�GDWD�WR�EH�ZULWWHQ�LQWR�IODVK�DIWHU�EFK�
HQFRGLQJ��DQG�GHVFUDPEOLQJ�GDWD�UHDG�IURP�IODVK�EHIRUH�EFK�GHFRGLQJ��  
8.3.6 'HOD\�/LQH�&RQWUROOHU 
)RU�21),�6\QFKURQRXV�)ODVK�RU�7RJJOH�)ODVK��WKH�GDWD�UHDG�IURP�IODVK�IROORZV�ZLWK�D�VWUREH�
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VLJQDO��'46��ZKHUH�D�VNHZ�EHWZHHQ�WKHP�H[LVWV��7R�UHPRYH�WKH�VNHZ�DQG�LPSURYH�WKH�
WLPLQJ�EHWZHHQ�GDWD�DQG�'46��D�'HOD\�/LQH�&RQWUROOHU�LV�QHHGHG��,W�LV�UHVSRQVLEOH�IRU�
GHWHFWLQJ�WKH�SKDVH�RI�WKH�VLJQDO�VLPLODU�WR�'46��GHWHUPLQLQJ�WKH�HOHPHQW�QXPEHU�WR�EH�
VKLIWHG��DQG�WKHQ�VKLIWLQJ�WKH�'46�ZLWK�WKH�GHWHUPLQHG�QXPEHU��  
8.3.7 1$1'B,2 
'LIIHUHQW�,QWHUIDFH�VLJQDOV�VXFK�DV�DV\QFKURQRXV��RQIL�DQG�WRJJOH�LQWHUIDFH�DUH�PXOWLSOH[HG�
DQG�VRPH�UHODWHG�ORJLF�DUH�LQFOXGHG� 
8.4 Register Description 
8.4.1 ,QWHUQDO�$GGUHVV�0DSSLQJ 
6ODYH�DGGUHVV�FDQ�EH�GLYLGHG�LQWR�GLIIHUHQW�OHQJWK�IRU�GLIIHUHQW�XVDJH��ZKLFK�LV�VKRZQ�DV�
IROORZV��  

Name Offset Size 

Reset 
Value 

Description 

NANDC_FMCTL 0x0000 W 0x00000A00 Flash Interface Control Register 

NANDC_FMWAIT_ASYN 0x0004 W 0x3F3FF7FF 

Flash Timing Control Register For 
Asynchronous Timing 

NANDC_FMWAIT_SYN 0x0008 W 0x00000000 

Flash Timing Control Register For 
Synchronous Timing 

NANDC_FLCTL 0x0010 W 0x00100000 Internal Transfer Control Register 
NANDC_FIFO_ACCESS 0x0014 W 0x00000000 FIFO access Register 
NANDC_BCHCTL 0x0020 W 0x00000008 BCH Control Register 

NANDC_MTRANS_CFG 0x0030 W 0x000001D0 

Bus Transfer Configuration 
Register 

NANDC_MTRANS_SADDR
0 

0x0034 W 0x00000000 

Start Address Register For Page 
Data Transmission 

NANDC_MTRANS_SADDR
1 

0x0038 W 0x00000000 

Start Address Register For Spare 
Data Transmission 

NANDC_MTRANS_STAT 0x0040 W 0x00000000 Bus Transfer Status Register 
NANDC_MTRANS_STAT2 0x0044 W 0x00000000 Bus Transfer Status Register2 

NANDC_DLL_CTL_REG0 0x0050 W 0x007F7F05 DLL Control Register 0 

NANDC_DLL_CTL_REG1 0x0054 W 0x00000022 DLL Control Register 1 

NANDC_DLL_OBS_REG0 0x0058 W 0x00000200 DLL Status Register 
NANDC_NANDC_VER 0x0080 W 0x56393030 Nandc Version Register 
NANDC_LLP_CTL 0x0090 W 0x00000000 LLP Control Register 
NANDC_LLP_STAT 0x0094 W 0x00000001 LLP Status Register 
NANDC_LLI_FOP7 0x00A0 W 0x00000000 LLI flash operation byte 7; 
NANDC_LLI_FOP8 0x00A4 W 0x00000000 LLI flash operation byte 8; 
NANDC_LLI_FOP9 0x00A8 W 0x00000000 LLI flash operation byte 9; 
NANDC_LLI_FOP10 0x00AC W 0x00000000 LLI flash operation byte 10; 
NANDC_LLI_FOP11 0x00B0 W 0x00000000 LLI flash operation byte 11; 
NANDC_LLI_FOP12 0x00B4 W 0x00000000 LLI flash operation byte 12; 
NANDC_LLI_FOP13 0x00B8 W 0x00000000 LLI flash operation byte 13; 
NANDC_LLI_FOP14 0x00BC W 0x00000000 LLI flash operation byte 14; 
NANDC_LLI_NXT_LLP 0x00C0 W 0x00000000 Next LLI 
NANDC_LLI_FOP0 0x00C4 W 0x00000000 LLI flash operation byte 0; 
NANDC_LLI_FOP1 0x00C8 W 0x00000000 LLI flash operation byte 1; 
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Name Offset Size 

Reset 
Value 

Description 

NANDC_LLI_FOP2 0x00CC W 0x00000000 LLI flash operation byte 2; 
NANDC_LLI_FOP3 0x00D0 W 0x00000000 LLI flash operation byte 3; 
NANDC_LLI_FOP4 0x00D4 W 0x00000000 LLI flash operation byte 4; 
NANDC_LLI_FOP5 0x00D8 W 0x00000000 LLI flash operation byte 5; 
NANDC_LLI_FOP6 0x00DC W 0x00000000 LLI flash operation byte 6; 
NANDC_INTEN 0x0120 W 0x00000000 NandC Interrupt Enable Register 
NANDC_INTCLR 0x0124 W 0x00000000 NandC Interrupt Clear Register 
NANDC_INTST 0x0128 W 0x00000000 NandC Interrupt Status Register 

NANDC_BCHST0 0x0150 W 0x80000000 

BCH Status Register For 
Codeword 0~1 

NANDC_BCHST1 0x0154 W 0x00000000 

BCH Status Register For 
Codeword 2~3 

NANDC_BCHST2 0x0158 W 0x00000000 

BCH Status Register For 
Codeword 4~5 

NANDC_BCHST3 0x015C W 0x00000000 

BCH Status Register For 
Codeword 6~7 

NANDC_BCHST4 0x0160 W 0x00000000 

BCH Status Register For 
Codeword 8~9 

NANDC_BCHST5 0x0164 W 0x00000000 

BCH Status Register For 
Codeword 10~11 

NANDC_BCHST6 0x0168 W 0x00000000 

BCH Status Register For 
Codeword 12~13 

NANDC_BCHST7 0x016C W 0x00000000 

BCH Status Register For 
Codeword 14~15 

NANDC_BCHST8 0x0170 W 0x00000000 

BCH Status Register For 
Codeword 16~17 

NANDC_BCHST9 0x0174 W 0x00000000 

BCH Status Register For 
Codeword 18~19 

NANDC_BCHST10 0x0178 W 0x00000000 

BCH Status Register For 
Codeword 20~21 

NANDC_BCHST11 0x017C W 0x00000000 

BCH Status Register For 
Codeword 22~23 

NANDC_BCHST12 0x0180 W 0x00000000 

BCH Status Register For 
Codeword 24~25 

NANDC_BCHST13 0x0184 W 0x00000000 

BCH Status Register For 
Codeword 26~27 

NANDC_BCHST14 0x0188 W 0x00000000 

BCH Status Register For 
Codeword 28~29 

NANDC_BCHST15 0x018C W 0x00000000 

BCH Status Register For 
Codeword 30~31 

NANDC_SPARE0_0 0x0200 W 0xFFFFFFFF 

System Information for codeword 
0 
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Name Offset Size 

Reset 
Value 

Description 

NANDC_SPARE1_0 0x0204 W 0xFFFFFFFF 

System Information for codeword 
1 

NANDC_RANDMZ_CFG 0x0208 W 0x00000000 Randomizer Configure Register 
NANDC_SEED_BCHST 0x020C W 0x00000000 Bchst Seed 

 
1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV 

8.4.2 'HWDLO�5HJLVWHU�'HVFULSWLRQ 
NANDC_FMCTL  
Address: Operational Base + offset (0x0000) 

Bit Attr Reset Value Description 

31:24 RO 0x00 reserved 

23 RW 0x0 

data_mux_sel 
Used to select nandc pin function. 
1'b0: dq0~7 pin used as "DQ[0]~[7]" function.  

1'b1: dq0~7 pin used as "DQ[7]~[0]" function. 

22 RW 0x0 

cmd_mux_sel 
Used to select nandc pin function. 
1'b0: Wp pin used as "WP" function, We pin used as "WE" 
function, Ale pin used as "ALE" function, Cle pin used as "CLE" 
function. 
1'b1: Wp pin used as "CLE" function, We pin used as "ALE" 
function, Ale pin used as "WE" function, Cle pin used as "WP" 
function. 

21 RW 0x0 

diff_mux_sel 
Used to select nandc pin function. 
1'b0: rdn pin used as "RE" function, dqs pin used as "DQS" 
function. 
1'b1: rdn pin used as "DQS" function, dqs pin used as "RE" 
function. 

20:18 RW 0x0 

sif_read_delay 

Used to control the delay time when asynchronous mode. 

17 RO 0x0 

flash_abort_stat 
Function1: 
flash_abort_stat, RO. 
Function2: 
flash_abort_clear, RW, auto clear. 
flash_abort_stat is set to 1 when flash abort if flash_abort_en=1, 
set to 0 when flash_abort_clear=1. 
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Bit Attr Reset Value Description 

16 RW 0x0 

flash_abort_en 

Flash abort protect enable signal, 1 active. 
1'b0: Flash abort protect disable. 
1'b1: Flash abort protect enable. 
Notes: 
1. When in dma mode, if the time from last read operation start 
to the last read valid exceeds 1024 cycles, flash_abort_stat is set 
to high. 
2. When in bypass mode, if the time from current read operation 
start to the read valid exceed 1024 cycles, flash_abort_stat is set 
to high. 
3. When in llp bypass read/read match mode, when the operation 
is long than 1024 cycles, flash_abort_stat is set to high. 

15 RW 0x0 

syn_mode 

Toggle enable signal, 1 active. 
1'b0: ONFI synchronous flash 

1'b1: Toggle synchronous flash 

14 RW 0x0 

syn_clken 

Synchronous flash clock enable signal, 1 active. 
Only available in Synchronous Mode. 
1'b0: Flash clock is disabled. 
1'b1: Flash clock is enabled. 

13 RW 0x0 

tm 

Timing mode indication. 
1'b0: Asynchronous Mode 

1'b1: Synchronous Mode (Toggle or ONFI Synchronous) 
12 RO 0x0 reserved 

11 RO 0x1 

dma_f_flag 

Indication for the all f byte in the current DMA transmission. 
1'b0: The transmission is not all f. 
1'b1: The transmission is all f. 

10 RO 0x0 

fifo_empty 

FIFO empty signal. 
1'b0: FIFO is not empty; 
1'b1: FIFO is emtpy; 

9 RO 0x1 

frdy 

Flash ready/busy indicate signal. 
1'b0: Flash is busy. 
1'b1: Flash is ready. 
This bit is the sample of the pin of R/Bn. 

8 RW 0x0 

wp 

Flash write protect. 
1'b0: Flash program/erase disabled. 
1'b1: Flash program/erase enabled. 
This bit is output to the pin of WPn. 
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Bit Attr Reset Value Description 

7 RW 0x0 

fcs7 

Flash memory chip 7 select control. 
1'b1: Hold flash memory chip select activity. 
1'b0: Flash memory chip select activity free. 

6 RW 0x0 

fcs6 

Flash memory chip 6 select control. 
1'b1: Hold flash memory chip select activity. 
1'b0: Flash memory chip select activity free. 

5 RW 0x0 

fcs5 

Flash memory chip 5 select control. 
1'b1: Hold flash memory chip select activity. 
1'b0: Flash memory chip select activity free. 

4 RW 0x0 

fcs4 

Flash memory chip 4 select control. 
1'b1: Hold flash memory chip select activity. 
1'b0: Flash memory chip select activity free. 

3 RW 0x0 

fcs3 

Flash memory chip 3 select control. 
1'b1: Hold flash memory chip select activity. 
1'b0: Flash memory chip select activity free. 

2 RW 0x0 

fcs2 

Flash memory chip 2 select control. 
1'b1: Hold flash memory chip select activity. 
1'b0: Flash memory chip select activity free. 

1 RW 0x0 

fcs1 

Flash memory chip 1 select control. 
1'b1: Hold flash memory chip select activity. 
1'b0: Flash memory chip select activity free. 

0 RW 0x0 

fcs0 

Flash memory chip 0 select control. 
1'b1: Hold flash memory chip select activity. 
1'b0: Flash memory chip select activity free. 

 

NANDC_FMWAIT_ASYN  
Address: Operational Base + offset (0x0004) 

Bit Attr Reset Value Description 

31 RO 0x0 reserved 

30 RW 0x0 

fmw_dly_en 

fmw_dly enable signal, 1 active. 

29:24 RW 0x3f 
fmw_dly 

The number of delay cycle between two codeword transmission. 
23 RO 0x0 reserved 

22:18 RW 0x0f 
wait_frdy_dly 

The number of delay cycle to accept the flash ready signal. 
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Bit Attr Reset Value Description 

17:12 RW 0x3f 

csrw 

When in Asynchronous mode or Toggle address/command mode, 
this field specifies the number of processor clock cycles from the 
falling edge of CSn to the falling edge of RDn or WRn. The min 
value of csrw is 0. 

11 RW 0x0 

hard_rdy 

Hardware handshaking controller bit. 
When asserted, an external device asserts signal "RDY" to extend 
a wait-state access and the rest bits in this register will be 
ignored. 

10:5 RW 0x3f 

rwpw 

When in Asynchronous mode or Toggle address/command mode, 
this field specifies the width of RDn or WRn in processor clock 
cycles, 0x0<=rwpw<=0x3f. 

4:0 RW 0x1f 

rwcs 

When in Asynchronous mode or Toggle address/command mode, 
this field specifies the number of processor clock cycles from the 
rising edge of RDn or WRn to the rising edge of CSn, 
0x0<=rwcs<=0x1f. 

 

NANDC_FMWAIT_SYN  
Address: Operational Base + offset (0x0008) 

Bit Attr Reset Value Description 

31:16 RO 0x0000 reserved 

15 RW 0x0 

ssyn_xle_sel 
ALE/CLE selection signal for ONFI synchronous flash. 
1'b0: ALE/CLE aligned to the falling edge of WRN. 
1'b1: ALE/CLE aligned to the center of WRN low level. 

14:9 RW 0x00 

pst 
Write/Read Postamble time for ONFI synchronous mode or Toggle 
data mode. 
This field specifies the number of processor clock cycle for 
Postamb- le time. 

8:3 RW 0x00 

pre 

Write/Read Preamble time for ONFI synchronous mode or Toggle 
data mode.  

This field specifies the number of processor clock cycle for 
preamble time. 

2:0 RW 0x0 

fclk 

Half hclk cycle number for flash clock for ONFI synchronous mode 
or Toggle data mode. 

 

NANDC_FLCTL  
Address: Operational Base + offset (0x0010) 
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Bit Attr Reset Value Description 

31 RO 0x0 reserved 

30 RW 0x0 

bypass_fifo_mode 

The enable sigal for bypass with fifo mode. 
1'b0: Disable 

1'b1: Enable 

29 RW 0x0 

async_tog_mix 

Nandc async mode and tog mode compatible control 
1'b0: Async write data can't be read by tog read. 
1'b1: Async write data can be read by tog read. 

28 RW 0x0 

low_power 
Nandc low power control 
1'b0: Normal mode 

1'b1: Low power mode 

27:22 RW 0x00 

page_num 

Transmission codeword number in internal DMA mode when bus-
mode is master-mode. 1~32: 1~32 codeword. 
default: Not support. 
Notes: 
a. Only active in internal DMA mode. 
b. Only active when bus-mode is master-mode. 

21 RW 0x0 

page_size 

Transmission codeword size in internal DMA mode. 
1'b0: 1024bytes/codeword 

1'b1: 512bytes/codeword 

Note: only used when lba_en=1. 

20 RO 0x1 

tr_rdy 

Internal DMA transmission ready indication. 
1'b0: Internal DMA transmission is busy. 
1'b1: Internal DMA transmission is ready. 
When reading flash, tr_rdy should not be set to 1 until all data 
transmission and correct finished. 
When programing flash, tr_rdy should not be set to 1 until all 
data transmission finished. 
Notes: Only active in internal DMA mode. 

19 RW 0x0 

bchst_trans 

Transmission the status of BCH to external memory. 
1'b0: Not transmission 

1'b1: Transmission 

18:13 RO 0x00 reserved 

12 RW 0x0 

lba_spare_sel 
Spare byte number selector when lba_en=1. 
1'b0: Spare size is 0. 
1'b1: Spare size is 4bytes. 
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Bit Attr Reset Value Description 

11 RW 0x0 

lba_en 

LBA mode indication, 1 active. 
1'b0: NO-LBA mode, NandC should transfer both page data and 
spare data in every codeword, and the page size is 1024 bytes or 
512 bytes determined by BCHCTL[16](bchpage), spare size is 
46/74/109 bytes or 127 bytes determined by BCHCTL[27:25]. 
1'b1: LBA mode, NandC should transfer both page data and spare 
data in every codeword, and the page size is 1024 bytes or 512 
bytes determined by FLCTL[21](page_size), spare size is 
determined by FLCTL[12](lba_spare_sel). 
Notes: 
a. When lba_en is active, BCH CODEC should be disabled, 
spare_size and page_size are configurable. 
b. When lba_en is active, cor_able is inactive. 

10 RW 0x0 

cor_able 

Auto correct enable indication, 1 active. 
1'b0: Auto correct disable 

1'b1: Auto correct enable 

Notes: 
a. Only active in internal DMA mode. 
b. lba_en is prior to cor_able. When lba_en=1, cor_able is 
ignored. 

9 RW 0x0 

trans_seed 

Transfer the randomizer seed to flash. 
1'b0: Not transfer the seed to flash. 
1'b1: Transfer the seed to flash. 

8 RW 0x0 

not_trans_data 

Not Transfer the data. 
1'b0: Transfer the data with spare. 
1'b1: Not transfer the data. 

7 RW 0x0 

flash_st_mod 

Mode for NandC to start internal data transmission in internal 
DMA mode. 
1'b0: Busy mode: hardware should not start internal data 
transmission until flash is ready even flash_st is asserted. 
1'b1: Ready mode: hardware should start internal data 
transmission directly when flash_st is asserted. 
Notes: Only active in internal DMA mode. 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �363 

Bit Attr Reset Value Description 

6:5 RW 0x0 

tr_count 
Transmission codeword number in internal DMA mode when bus-
mode is slave-mode. 
2'b00: 0 codeword need transferred 

2'b01: 1 codeword need transferred 

2'b10: 2 codeword need transferred 

2'b11: Not supported 

 

Notes: 
a. Only active in internal DMA mode. 
b. Only active when bus-mode is slave-mode. 

4 RW 0x0 

st_addr 
Start buffer address. 
1'b0: Start transfer from sram0. 
1'b1: Start transfer from sram1. 
Notes: Only active in internal DMA mode. 

3 RW 0x0 

bypass 

NandC internal DMA bypass indication. 
1'b0: Bypass the internal DMA, data are transferred to/from flash 
by direct path. 
1'b1: Internal DMA active, data are transferred to/from flash by 
internal DMA. 

2 

R/W
SC 

0x0 

flash_st 
Start signal for NandC to transfer data between flash and internal 
buffer in internal DMA mode. When asserted, it will auto cleared. 
1'b0: Not start transmission. 
1'b1: Start transmission. 
Notes: Only active in internal DMA mode. 

1 RW 0x0 

flash_rdn 

Indicate data flow direction. 
1'b0: NandC read data from flash. 
1'b1: NandC write data to flash 

0 

R/W
SC 

0x0 

flash_rst 
NandC software reset indication. When asserted, it will auto 
cleared. 
1'b0: Not software reset 
1'b1: Software reset 
Notes: flash_rst is prior to flash_st. 

 

NANDC_FIFO_ACCESS  
Address: Operational Base + offset (0x0014) 
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Bit Attr Reset Value Description 

31:30 RW 0x0 

fifo_cnt 
Indicate valid data number 
2'b00: Indicate byte0~2 are invalid. 
2'b01: Indicate byte0 is valid. 
2'b10: Indicate byte0~1 are valid. 
2'b11: Indicate byte0~2 are valid. 

29:28 WO 0x0 

byte2_attr 
Indicate byte2 attribute. 
2'b00: Data 

2'b01: Address 

2'b10: Command 

2'b11: Data 

27:26 WO 0x0 

byte1_attr 
Indicate byte1 attribute 

2'b00: Data 

2'b01: Address 

2'b10: Command 

2'b11: Data 

25:24 WO 0x0 

byte0_attr 
Indicate byte0 attribute 

2'b00: Data 

2'b01: Address 

2'b10: Command 

2'b11: Data 

23:16 WO 0x00 

fifo_byte2 

Byte2 of transfer data 

15:8 WO 0x00 

fifo_byte1 

Byte1 of transfer data 

7:0 WO 0x00 

fifo_byte0 

Byte0 of transfer data 

 

NANDC_BCHCTL  
Address: Operational Base + offset (0x0020) 

Bit Attr Reset Value Description 

31:28 RO 0x0 reserved 

27:25 RW 0x0 

bchmode 

BCH mode selection 

3'b000: 70bitBCH 

3'b001: 24bitBCH 

3'b010: 40bitBCH 

3'b011: 60bitBCH 

24:17 RW 0x00 

bchthres 

BCH error number threshold 
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Bit Attr Reset Value Description 

16 RW 0x0 

bchpage 

The data size indication when BCH is active. 
1'b0: 1024 bytes, all the 1024 bytes data in codeword are valid 
data to be transferred. 
1'b1: 512 bytes, higher 512bytes are valid, and lower 512bytes 
are invalid and stuffed with 0xff. 
Notes: 
a. Only active when data transferred in internal DMA mode. 
b. Only active for asynchronous flash. 

15:4 RO 0x000 reserved 

3 RW 0x1 

bchepd 

BCH encoder/decoder power down indication. 
1'b0: BCH encoder/decoder working. 
1'b1: BCH encoder/decoder not working. 

2 RW 0x0 

bch_gate_en 

Bch decoder clock gating enable, high active. 
1'b0: Normal mode 

1'b1: Clock gating mode 

1 RW 0x0 

wcnt_clear 
To clear the write counter of BCHST. When asserted, it will auto 
cleared. 
1'b0: Not clear the counter. 
1'b1: Clear the counter. 

0 

R/W
SC 

0x0 

bchrst 
BCH software reset indication. When asserted, it will auto 
cleared. 
1'b0: Not software reset 
1'b1: Software reset 
Notes: 
a. BCH Decoder should be software reset before decode begin. 
b. bch software reset should be used with nandc software reset at 
the same time. 

 

NANDC_MTRANS_CFG  
Address: Operational Base + offset (0x0030) 

Bit Attr Reset Value Description 

31:27 RO 0x00 reserved 

26:16 RW 0x000 

redundance_size 

The num of all f byte to write to flash, the maximum of the size is 
2K -1. 

15 

R/W
SC 

0x0 

ahb_rst 
ahb master interface software reset, auto cleared. 
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Bit Attr Reset Value Description 

14 RW 0x0 

fl_pwd 

Flash power down indication, 1 active. 
1'b0: Flash power on, data transferred through master interface 
is data that to be written into or read from flash. 
1'b1: Flash power down, data transferred through master 
interface is not data that to be written into or read from flash. 
NandC is just used as DMA for external memory and internal 
memory. 

13:9 RW 0x00 

incr_num 

AHB Master incr num indication. 
incr_num=1~16. 
When burst=001, software should configure incr_num. 
Notes: Only active for master-mode. 

8:6 RW 0x7 

burst 
AHB Master burst type indication 

3'b000: Single transfer 
3'b011: 4-beat burst 
3'b101: 8-beat Burst 
3'b111: 16-beat burst 
default: Not supported 

 

Notes: 
Only active for master-mode. 

5:3 RW 0x2 

hsize 

AHB Master data size indication. 
3'b000: 8 bits 

3'b001: 16 bits 

3'b010: 32 bits 

default: Not supported 

Notes: Only active for master-mode. 

2 RW 0x0 

bus_mode 

Bus interface selection. 
1'b0: Slave interface, flash data is transferred through slave 
interface. 
1'b1: Master interface, flash data is transferred through master 
interface. 

1 RW 0x0 

ahb_wr 
Data transfer direction through master interface. 
1'b0: Write direction(internal memory ->external memory). 
1'b1: Read direction(external  memory->internal memory). 
Notes: 
a. Only active for master-mode. 
b. When read flash(flash_rdn=0), ahb_wr=1; when program 
flash(flash_rdn=1), ahb_wr=0. 
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Bit Attr Reset Value Description 

0 

R/W
SC 

0x0 

ahb_wr_st 
Start indication for loading data from external memory to internal 
memory or storing data from internal memory to external 
memory through master. When asserted, it will auto cleared. 
Notes: 
a. Only active for master-mode and fl_pwd=1. 
b. When fl_pwd=0, flash is active, NandC start to transfer data 
through master interface if flash_st=1. 
c. When fl_pwd=1, flash is not active, NandC start to transfer 
data through master interface if ahb_wr_st=1. 

 

NANDC_MTRANS_SADDR0  
Address: Operational Base + offset (0x0034) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 

saddr0 

Start address for page data transmision. 
Notes: 
a. Only active for master-mode. 
b. Should be aligned with hsize in MTRANS_CFG[5:3]. 

 

NANDC_MTRANS_SADDR1  
Address: Operational Base + offset (0x0038) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 

saddr1 

Start address for spare data. 
Notes: 
a. Only active for master-mode. 
b. Should be aligned with hsize in MTRANS_CFG[5:3]. 

 

NANDC_MTRANS_STAT  
Address: Operational Base + offset (0x0040) 

Bit Attr Reset Value Description 

31:22 RO 0x000 reserved 

21:16 RO 0x00 

mtrans_cnt 
Finished counter for codeword transmission through Master 
interface. 
Notes: Only active for master-mode. 

15:0 RO 0x0000 

bus_err 
Bus error indication for codeword0~15.  

Bit 0: Bus error for codeword 0. 
...... 
Bit 15: Bus error for codeword 15. 
Notes: Only active for master-mode. 

 

NANDC_MTRANS_STAT2  
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Address: Operational Base + offset (0x0044) 
Bit Attr Reset Value Description 

31:16 RO 0x0000 reserved 

15:0 RO 0x0000 

bus_err2 

Bus error indication for codeword16~31.  

Bit 0: Bus error for codeword 16 

...... 
Bit 15: Bus error for codeword 31 

Notes: Only active for master-mode. 
 

NANDC_DLL_CTL_REG0  
Address: Operational Base + offset (0x0050) 

Bit Attr Reset Value Description 

31:24 RO 0x00 reserved 

23:16 RW 0x7f 
dll_dqs_dly_bypass 

Holds the read DQS delay setting when the DLL is operating in 
bypass mode. 

15:8 RW 0x7f 

dll_dqs_dly 

Holds the read DQS delay setting when the DLL is operating in 
normal mode. Typically, this value is 1/4 of a clock cycle. Each 
increment of this field represents 1/128th of a clock cycle. 

7:0 RW 0x05 

dll_start_point 
DLL Start Point Control. This value is loaded into the DLL at 
initialization and is the value at which the DLL will begin 
searching for a lock. Each increment of this field represents 
1/128th of a clock cycle. 

 

NANDC_DLL_CTL_REG1  
Address: Operational Base + offset (0x0054) 

Bit Attr Reset Value Description 

31:12 RO 0x00000 reserved 

11:4 RW 0x02 

dll_incr 
DLL Increment Value. This sets the increment used by the DLL 
when searching for a lock. It is recommended keeping this field 
small (around 0x4) to keep the steps gradual. 

3:2 RW 0x0 

dll_qtren 

Quarter flag of DLL, active in no-bypass mode. 
2'b01: 1/4 fclk, dqs_dly=128. 
2'b10: 1/8 fclk, dqs_dly=64. 
Default: dqs_dly=dll_dqs_dly(DLL_CTL_REG0[15:8]). 
When dll_qtr='b01 or 'b10, software not need to configure 
dll_dqs_dly, and hardware should delay the input signal for 1/4 
or 1/8 fclk cycle time. 
When dll_qtr=0, software need to configure dll_dqs_dly. 
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Bit Attr Reset Value Description 

1 RW 0x1 

dll_bypass 

DLL Bypass Control, 1active 

1'b0: DLL not bypass, dll_dqs_dleay= dqs_dly 

1'b1: DLL bypass, dll_dqs_dleay= dll_dqs_dly_bypass 

0 RW 0x0 

dll_start 
Start signal for DLL, 1 active. 
Notes: It will keep high until dll disabled. 

 

NANDC_DLL_OBS_REG0  
Address: Operational Base + offset (0x0058) 

Bit Attr Reset Value Description 

31:17 RO 0x0000 reserved 

16:9 RO 0x01 

dll_dqs_delay_value 

Report the delay value for the read DQS signal. 

8:1 RO 0x00 

dll_lock_value 

Reports the DLL encoder value from the master DLL to the slave 
DLL's. The slaves use this value to set up their delays for the 
clk_wr and read DQS signals. 

0 RO 0x0 

dll_lock 

DLL Lock indication 

1'b0: DLL has not locked. 
1'b1: DLL is locked. 

 

NANDC_NANDC_VER  
Address: Operational Base + offset (0x0080) 

Bit Attr Reset Value Description 

31:0 RO 0x56393030 

version 

Version indication for NANDC 

 

NANDC_LLP_CTL  
Address: Operational Base + offset (0x0090) 

Bit Attr Reset Value Description 

31:6 RW 0x0000000 

llp_loc 

Starting address for LLI0, 64byte align. 

5 RW 0x0 

llp_frdy 

Working time for FOP_WAIT_FRDY for all FOP in first LLP group. 
1'b0: FOP_WAIT_FRDY begin working when started. 
1'b1: FOP_WAIT_FRDY not begin working until 16 cycles later 
after started. 

4:3 RO 0x0 reserved 

2 

R/W
SC 

0x0 

llp_rst 
Reset signal for LLP. 
When asserted, it will auto cleared. 
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Bit Attr Reset Value Description 

1 RW 0x0 

llp_mode 

1'b0: Current LLI only has FOP. 
1'b1: Current LLI has both CFG and FOP. 

0 RW 0x0 

llp_en 

Enable signal for LLP 

1'b0: LLP disable 

1'b1: LLP enable 

 

NANDC_LLP_STAT  
Address: Operational Base + offset (0x0094) 

Bit Attr Reset Value Description 

31:6 RO 0x0000000 

llp_stat 
Latest LLI_LOC finished, 64byte align. 

5:2 RO 0x0 reserved 

1 RO 0x0 

llp_err 
Error status for llp load or execute 

1'b0: LLP is correct. 
1'b1: LLP is error. 

0 RO 0x1 

llp_rdy 

Ready status for all llp load 

1'b0: LLP load is busy. 
1'b1: LLP load is ready. 

 

NANDC_LLI_FOP7  
Address: Operational Base + offset (0x00A0) 

Bit Attr Reset Value Description 

31:29 RO 0x0 

Fop_type 

Flash operation type. 
3'b000: Nop operation. 
3'b001: Flash bypass write operation. 
3'b010: Flash bypass read operation. 
3'b011: Flash bypass read with match operation. 
3'b100: Flash DMA write/read operation. 

28 RO 0x0 

Fop_matchmod 

When FOP_TYPE=3'b011, match operation is active, and the 
PATTERN is LLI_FOP[15:0]. When FOP_MATCHMOD=0, it is 
matched when "RDATA|PATTERN=PATTERN" with 
FOP_MATCHMOD=0, or when "RDATA&PATTERN=PATTERN" with 
FOP_MATCHMOD=1. 

27:24 RO 0x0 

Fop_cs 

Flash chip select, "1" active. 
4'b1000~4'b1111: Indicate select cs0~cs7. 

23:20 RO 0x0 

Fop_nxtid 

Next FOP ID 
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Bit Attr Reset Value Description 

19 RO 0x0 

Fop_wait_frdy 

Indicate the current FOP will excute when flash ready, "1" active. 

18 RO 0x0 

Fop_wait_trdy 

Indicate the current FOP will excute when DMA transfer ready; 
"1" active. 

17:16 RO 0x0 

Fop_addr 
Flash address type, FOP_ADDR[0]-ALE, FOP_ADDR[1]-CLE. 

15:0 RO 0x0000 

Fop_inst 
Flash write operation. Indicate flash write 
data(command/address/data). 
Flash read with match operation. Indicate match pattern data. 

 

NANDC_LLI_FOP8  
Address: Operational Base + offset (0x00A4) 

Bit Attr Reset Value Description 

31:29 RO 0x0 

Fop_type 

Flash operation type. 
3'b000: Nop operation. 
3'b001: Flash bypass write operation. 
3'b010: Flash bypass read operation. 
3'b011: Flash bypass read with match operation. 
3'b100: Flash DMA write/read operation. 

28 RO 0x0 

Fop_matchmod 

When FOP_TYPE=3'b011, match operation is active, and the 
PATTERN is LLI_FOP[15:0]. When FOP_MATCHMOD=0, it is 
matched when "RDATA|PATTERN=PATTERN" with 
FOP_MATCHMOD=0, or when "RDATA&PATTERN=PATTERN" with 
FOP_MATCHMOD=1. 

27:24 RO 0x0 

Fop_cs 

Flash chip select, "1" active. 
4'b1000~4'b1111: Indicate select cs0~cs7. 

23:20 RO 0x0 

Fop_nxtid 

Next FOP ID 

19 RO 0x0 

Fop_wait_frdy 

Indicate the current FOP will excute when flash ready, "1" active. 

18 RO 0x0 

Fop_wait_trdy 

Indicate the current FOP will excute when DMA transfer ready; 
"1" active. 

17:16 RO 0x0 

Fop_addr 
Flash address type, FOP_ADDR[0]-ALE, FOP_ADDR[1]-CLE. 

15:0 RW 0x0000 

Fop_inst 
Flash write operation: Indicate flash write 
data(command/address/data). 
Flash read with match operation: Indicate match pattern data. 
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NANDC_LLI_FOP9  
Address: Operational Base + offset (0x00A8) 

Bit Attr Reset Value Description 

31:29 RO 0x0 

Fop_type 

Flash operation type. 
3'b000: Nop operation. 
3'b001: Flash bypass write operation. 
3'b010: Flash bypass read operation. 
3'b011: Flash bypass read with match operation. 
3'b100: Flash DMA write/read operation. 

28 RO 0x0 

Fop_matchmod 

When FOP_TYPE=3'b011, match operation is active, and the 
PATTERN is LLI_FOP[15:0]. When FOP_MATCHMOD=0, it is 
matched when "RDATA|PATTERN=PATTERN" with 
FOP_MATCHMOD=0, or when "RDATA&PATTERN=PATTERN" with 
FOP_MATCHMOD=1. 

27:24 RO 0x0 

Fop_cs 

Flash chip select; "1" active. 
4'b1000~4'b1111: Indicate select cs0~cs7. 

23:20 RO 0x0 

Fop_nxtid 

Next FOP ID 

19 RO 0x0 

Fop_wait_frdy 

Indicate the current FOP will excute when flash ready, "1" active. 

18 RO 0x0 

Fop_wait_trdy 

Indicate the current FOP will excute when DMA transfer ready, 
"1" active. 

17:16 RO 0x0 

Fop_addr 
Flash address type, FOP_ADDR[0]-ALE, FOP_ADDR[1]-CLE. 

15:0 RO 0x0000 

Fop_inst 
Flash write operation: Indicate flash write 
data(command/address/data). 
Flash read with match operation: Indicate match pattern data. 

 

NANDC_LLI_FOP10  
Address: Operational Base + offset (0x00AC) 

Bit Attr Reset Value Description 

31:29 RO 0x0 

Fop_type 

Flash operation type. 
3'b000: Nop operation. 
3'b001: Flash bypass write operation. 
3'b010: Flash bypass read operation. 
3'b011: Flash bypass read with match operation. 
3'b100: Flash DMA write/read operation. 
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Bit Attr Reset Value Description 

28 RO 0x0 

Fop_matchmod 

When FOP_TYPE=3'b011, match operation is active, and the 
PATTERN is LLI_FOP[15:0]. When FOP_MATCHMOD=0, it is 
matched when "RDATA|PATTERN=PATTERN" with 
FOP_MATCHMOD=0, or when "RDATA&PATTERN=PATTERN" with 
FOP_MATCHMOD=1. 

27:24 RO 0x0 

Fop_cs 

Flash chip select; "1" active. 
4'b1000~4'b1111: Indicate select cs0~cs7. 

23:20 RO 0x0 

Fop_nxtid 

Next FOP ID 

19 RO 0x0 

Fop_wait_frdy 

Indicate the current FOP will excute when flash ready, "1" active. 

18 RO 0x0 

Fop_wait_trdy 

Indicate the current FOP will excute when DMA transfer ready, 
"1" active. 

17:16 RO 0x0 

Fop_addr 
Flash address type, FOP_ADDR[0]-ALE, FOP_ADDR[1]-CLE. 

15:0 RO 0x0000 

Fop_inst 
Flash write operation: Indicate flash write 
data(command/address/data). 
Flash read with match operation: Indicate match pattern data. 

 

NANDC_LLI_FOP11  
Address: Operational Base + offset (0x00B0) 

Bit Attr Reset Value Description 

31:29 RO 0x0 

Fop_type 

Flash operation type. 
3'b000: Nop operation. 
3'b001: Flash bypass write operation. 
3'b010: Flash bypass read operation. 
3'b011: Flash bypass read with match operation. 
3'b100: Flash DMA write/read operation. 

28 RO 0x0 

Fop_matchmod 

When FOP_TYPE=3'b011, match operation is active, and the 
PATTERN is LLI_FOP[15:0]. When FOP_MATCHMOD=0, it is 
matched when "RDATA|PATTERN=PATTERN" with 
FOP_MATCHMOD=0, or when "RDATA&PATTERN=PATTERN" with 
FOP_MATCHMOD=1. 

27:24 RO 0x0 

Fop_cs 

Flash chip select, "1" active. 
4'b1000~4'b1111: Indicate select cs0~cs7. 

23:20 RO 0x0 

Fop_nxtid 

Next FOP ID 
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Bit Attr Reset Value Description 

19 RO 0x0 

Fop_wait_frdy 

Indicate the current FOP will excute when flash ready, "1" active. 

18 RO 0x0 

Fop_wait_trdy 

Indicate the current FOP will excute when DMA transfer ready, 
"1" active. 

17:16 RO 0x0 

Fop_addr 
Flash address type, FOP_ADDR[0]-ALE, FOP_ADDR[1]-CLE. 

15:0 RO 0x0000 

Fop_inst 
Flash write operation: Indicate flash write 
data(command/address/data). 
Flash read with match operation: Indicate match pattern data. 

 

NANDC_LLI_FOP12  
Address: Operational Base + offset (0x00B4) 

Bit Attr Reset Value Description 

31:29 RO 0x0 

Fop_type 

Flash operation type. 
3'b000: Nop operation. 
3'b001: Flash bypass write operation. 
3'b010: Flash bypass read operation. 
3'b011: Flash bypass read with match operation. 
3'b100: Flash DMA write/read operation. 

28 RO 0x0 

Fop_matchmod 

When FOP_TYPE=3'b011, match operation is active, and the 
PATTERN is LLI_FOP[15:0]. When FOP_MATCHMOD=0, it is 
matched when "RDATA|PATTERN=PATTERN" with 
FOP_MATCHMOD=0, or when "RDATA&PATTERN=PATTERN" with 
FOP_MATCHMOD=1. 

27:24 RO 0x0 

Fop_cs 

Flash chip select, "1" active. 
4'b1000~4'b1111: Indicate select cs0~cs7. 

23:20 RO 0x0 

Fop_nxtid 

Next FOP ID 

19 RO 0x0 

Fop_wait_frdy 

Indicate the current FOP will excute when flash ready, "1" active. 

18 RO 0x0 

Fop_wait_trdy 

Indicate the current FOP will excute when DMA transfer ready, 
"1" active. 

17:16 RO 0x0 

Fop_addr 
Flash address type, FOP_ADDR[0]-ALE, FOP_ADDR[1]-CLE. 

15:0 RO 0x0000 

Fop_inst 
Flash write operation: Indicate flash write 
data(command/address/data). 
Flash read with match operation: Indicate match pattern data. 
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NANDC_LLI_FOP13  
Address: Operational Base + offset (0x00B8) 

Bit Attr Reset Value Description 

31:29 RO 0x0 

Fop_type 

Flash operation type. 
3'b000: Nop operation. 
3'b001: Flash bypass write operation. 
3'b010: Flash bypass read operation. 
3'b011: Flash bypass read with match operation. 
3'b100: Flash DMA write/read operation. 

28 RO 0x0 

Fop_matchmod 

When FOP_TYPE=3'b011, match operation is active, and the 
PATTERN is LLI_FOP[15:0]. When FOP_MATCHMOD=0, it is 
matched when "RDATA|PATTERN=PATTERN" with 
FOP_MATCHMOD=0, or when "RDATA&PATTERN=PATTERN" with 
FOP_MATCHMOD=1. 

27:24 RO 0x0 

Fop_cs 

Flash chip select, "1" active. 
4'b1000~4'b1111: Indicate select cs0~cs7. 

23:20 RO 0x0 

Fop_nxtid 

Next FOP ID 

19 RO 0x0 

Fop_wait_frdy 

Indicate the current FOP will excute when flash ready, "1" active. 

18 RO 0x0 

Fop_wait_trdy 

Indicate the current FOP will excute when DMA transfer ready, 
"1" active. 

17:16 RO 0x0 

Fop_addr 
Flash address type, FOP_ADDR[0]-ALE, FOP_ADDR[1]-CLE. 

15:0 RO 0x0000 

Fop_inst 
Flash write operation: Indicate flash write 
data(command/address/data). 
Flash read with match operation: Indicate match pattern data. 

 

NANDC_LLI_FOP14  
Address: Operational Base + offset (0x00BC) 

Bit Attr Reset Value Description 

31:29 RO 0x0 

Fop_type 

Flash operation type. 
3'b000: Nop operation. 
3'b001: Flash bypass write operation. 
3'b010: Flash bypass read operation. 
3'b011: Flash bypass read with match operation. 
3'b100: Flash DMA write/read operation. 
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Bit Attr Reset Value Description 

28 RO 0x0 

Fop_matchmod 

When FOP_TYPE=3'b011, match operation is active, and the 
PATTERN is LLI_FOP[15:0]. When FOP_MATCHMOD=0, it is 
matched when "RDATA|PATTERN=PATTERN" with 
FOP_MATCHMOD=0, or when "RDATA&PATTERN=PATTERN" with 
FOP_MATCHMOD=1. 

27:24 RO 0x0 

Fop_cs 

Flash chip select, "1" active. 
4'b1000~4'b1111: Indicate select cs0~cs7. 

23:20 RO 0x0 

Fop_nxtid 

Next FOP ID 

19 RO 0x0 

Fop_wait_frdy 

Indicate the current FOP will excute when flash ready, "1" active. 

18 RO 0x0 

Fop_wait_trdy 

Indicate the current FOP will excute when DMA transfer ready, 
"1" active. 

17:16 RO 0x0 

Fop_addr 
Flash address type, FOP_ADDR[0]-ALE, FOP_ADDR[1]-CLE. 

15:0 RO 0x0000 

Fop_inst 
Flash write operation: Indicate flash write 
data(command/address/data). 
Flash read with match operation: Indicate match pattern data. 

 

NANDC_LLI_NXT_LLP  
Address: Operational Base + offset (0x00C0) 

Bit Attr Reset Value Description 

31:6 RO 0x0000000 

loc 

Starting address for next LLI 

5 RW 0x0 

frdy 

Flash_rdy will not be used until 16 cycles after FOP_WAIT_FRDY 
start, "1" active. 

4:2 RO 0x0 reserved 

1 RO 0x0 

llp_mode 

1'b0: Next LLI only has FOP. 
1'b1: Next LLI has both FOP and CFG. 

0 RO 0x0 

en 

Enable signal for next LLP. 
 

NANDC_LLI_FOP0  
Address: Operational Base + offset (0x00C4) 
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Bit Attr Reset Value Description 

31:29 RO 0x0 

Fop_type 

Flash operation type. 
3'b000: Nop operation. 
3'b001: Flash bypass write operation. 
3'b010: Flash bypass read operation. 
3'b011: Flash bypass read with match operation. 
3'b100: Flash DMA write/read operation. 

28 RO 0x0 

Fop_matchmod 

When FOP_TYPE=3'b011, match operation is active, and the 
PATTERN is LLI_FOP[15:0]. When FOP_MATCHMOD=0, it is 
matched when "RDATA|PATTERN=PATTERN" with 
FOP_MATCHMOD=0, or when "RDATA&PATTERN=PATTERN" with 
FOP_MATCHMOD=1. 

27:24 RO 0x0 

Fop_cs 

Flash chip select, "1" active. 
4'b1000~4'b1111: Indicate select cs0~cs7. 

23:20 RO 0x0 

Fop_nxtid 

Next FOP ID 

19 RO 0x0 

Fop_wait_frdy 

Indicate the current FOP will excute when flash ready, "1" active. 

18 RO 0x0 

Fop_wait_trdy 

Indicate the current FOP will excute when DMA transfer ready, 
"1" active. 

17:16 RO 0x0 

Fop_addr 
Flash address type, FOP_ADDR[0]-ALE, FOP_ADDR[1]-CLE. 

15:0 RO 0x0000 

Fop_inst 
Flash write operation: Indicate flash write 
data(command/address/data). 
Flash read with match operation: Indicate match pattern data. 

 

NANDC_LLI_FOP1  
Address: Operational Base + offset (0x00C8) 

Bit Attr Reset Value Description 

31:29 RO 0x0 

Fop_type 

Flash operation type. 
3'b000: Nop operation. 
3'b001: Flash bypass write operation. 
3'b010: Flash bypass read operation. 
3'b011: Flash bypass read with match operation. 
3'b100: Flash DMA write/read operation. 
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Bit Attr Reset Value Description 

28 RO 0x0 

Fop_matchmod 

When FOP_TYPE=3'b011, match operation is active, and the 
PATTERN is LLI_FOP[15:0]. When FOP_MATCHMOD=0, it is 
matched when "RDATA|PATTERN=PATTERN" with 
FOP_MATCHMOD=0, or when "RDATA&PATTERN=PATTERN" with 
FOP_MATCHMOD=1. 

27:24 RO 0x0 

Fop_cs 

Flash chip select, "1" active. 
4'b1000~4'b1111: Indicate select cs0~cs7. 

23:20 RO 0x0 

Fop_nxtid 

Next FOP ID 

19 RO 0x0 

Fop_wait_frdy 

Indicate the current FOP will excute when flash ready, "1" active. 

18 RO 0x0 

Fop_wait_trdy 

Indicate the current FOP will excute when DMA transfer ready, 
"1" active. 

17:16 RO 0x0 

Fop_addr 
Flash address type, FOP_ADDR[0]-ALE, FOP_ADDR[1]-CLE. 

15:0 RO 0x0000 

Fop_inst 
Flash write operation: Indicate flash write 
data(command/address/data). 
Flash read with match operation: Indicate match pattern data. 

 

NANDC_LLI_FOP2  
Address: Operational Base + offset (0x00CC) 

Bit Attr Reset Value Description 

31:29 RO 0x0 

Fop_type 

Flash operation type. 
3'b000: Nop operation. 
3'b001: Flash bypass write operation. 
3'b010: Flash bypass read operation. 
3'b011: Flash bypass read with match operation. 
3'b100: Flash DMA write/read operation. 

28 RO 0x0 

Fop_matchmod 

When FOP_TYPE=3'b011, match operation is active, and the 
PATTERN is LLI_FOP[15:0]. When FOP_MATCHMOD=0, it is 
matched when "RDATA|PATTERN=PATTERN" with 
FOP_MATCHMOD=0, or when "RDATA&PATTERN=PATTERN" with 
FOP_MATCHMOD=1. 

27:24 RO 0x0 

Fop_cs 

Flash chip select, "1" active. 
4'b1000~4'b1111: Indicate select cs0~cs7. 

23:20 RO 0x0 

Fop_nxtid 

Next FOP ID 
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Bit Attr Reset Value Description 

19 RO 0x0 

Fop_wait_frdy 

Indicate the current FOP will excute when flash ready, "1" active. 

18 RO 0x0 

Fop_wait_trdy 

Indicate the current FOP will excute when DMA transfer ready, 
"1" active. 

17:16 RO 0x0 

Fop_addr 
Flash address type, FOP_ADDR[0]-ALE, FOP_ADDR[1]-CLE. 

15:0 RO 0x0000 

Fop_inst 
Flash write operation: Indicate flash write 
data(command/address/data). 
Flash read with match operation: Indicate match pattern data. 

 

NANDC_LLI_FOP3  
Address: Operational Base + offset (0x00D0) 

Bit Attr Reset Value Description 

31:29 RO 0x0 

Fop_type 

Flash operation type. 
3'b000: Nop operation. 
3'b001: Flash bypass write operation. 
3'b010: Flash bypass read operation. 
3'b011: Flash bypass read with match operation. 
3'b100: Flash DMA write/read operation. 

28 RO 0x0 

Fop_matchmod 

When FOP_TYPE=3'b011, match operation is active, and the 
PATTERN is LLI_FOP[15:0]. When FOP_MATCHMOD=0, it is 
matched when "RDATA|PATTERN=PATTERN" with 
FOP_MATCHMOD=0, or when "RDATA&PATTERN=PATTERN" with 
FOP_MATCHMOD=1. 

27:24 RO 0x0 

Fop_cs 

Flash chip select, "1" active. 
4'b1000~4'b1111: Indicate select cs0~cs7. 

23:20 RO 0x0 

Fop_nxtid 

Next FOP ID 

19 RO 0x0 

Fop_wait_frdy 

Indicate the current FOP will excute when flash ready, "1" active. 

18 RO 0x0 

Fop_wait_trdy 

Indicate the current FOP will excute when DMA transfer ready, 
"1" active. 

17:16 RO 0x0 

Fop_addr 
Flash address type, FOP_ADDR[0]-ALE, FOP_ADDR[1]-CLE. 

15:0 RO 0x0000 

Fop_inst 
Flash write operation: Indicate flash write 
data(command/address/data). 
Flash read with match operation: Indicate match pattern data. 
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NANDC_LLI_FOP4  
Address: Operational Base + offset (0x00D4) 

Bit Attr Reset Value Description 

31:29 RO 0x0 

Fop_type 

Flash operation type. 
3'b000: Nop operation. 
3'b001: Flash bypass write operation. 
3'b010: Flash bypass read operation. 
3'b011: Flash bypass read with match operation. 
3'b100: Flash DMA write/read operation. 

28 RO 0x0 

Fop_matchmod 

When FOP_TYPE=3'b011, match operation is active, and the 
PATTERN is LLI_FOP[15:0]. When FOP_MATCHMOD=0, it is 
matched when "RDATA|PATTERN=PATTERN" with 
FOP_MATCHMOD=0, or when "RDATA&PATTERN=PATTERN" with 
FOP_MATCHMOD=1. 

27:24 RO 0x0 

Fop_cs 

Flash chip select, "1" active. 
4'b1000~4'b1111: Indicate select cs0~cs7. 

23:20 RO 0x0 

Fop_nxtid 

Next FOP ID 

19 RO 0x0 

Fop_wait_frdy 

Indicate the current FOP will excute when flash ready, "1" active. 

18 RO 0x0 

Fop_wait_trdy 

Indicate the current FOP will excute when DMA transfer ready, 
"1" active. 

17:16 RO 0x0 

Fop_addr 
Flash address type, FOP_ADDR[0]-ALE, FOP_ADDR[1]-CLE. 

15:0 RO 0x0000 

Fop_inst 
Flash write operation: Indicate flash write 
data(command/address/data). 
Flash read with match operation: Indicate match pattern data. 

 

NANDC_LLI_FOP5  
Address: Operational Base + offset (0x00D8) 

Bit Attr Reset Value Description 

31:29 RO 0x0 

Fop_type 

Flash operation type. 
3'b000: Nop operation. 
3'b001: Flash bypass write operation. 
3'b010: Flash bypass read operation. 
3'b011: Flash bypass read with match operation. 
3'b100: Flash DMA write/read operation. 
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Bit Attr Reset Value Description 

28 RO 0x0 

Fop_matchmod 

When FOP_TYPE=3'b011, match operation is active, and the 
PATTERN is LLI_FOP[15:0]. When FOP_MATCHMOD=0, it is 
matched when "RDATA|PATTERN=PATTERN" with 
FOP_MATCHMOD=0, or when "RDATA&PATTERN=PATTERN" with 
FOP_MATCHMOD=1. 

27:24 RO 0x0 

Fop_cs 

Flash chip select, "1" active. 
4'b1000~4'b1111: Indicate select cs0~cs7. 

23:20 RO 0x0 

Fop_nxtid 

Next FOP ID 

19 RO 0x0 

Fop_wait_frdy 

Indicate the current FOP will excute when flash ready, "1" active. 

18 RO 0x0 

Fop_wait_trdy 

Indicate the current FOP will excute when DMA transfer ready, 
"1" active. 

17:16 RO 0x0 

Fop_addr 
Flash address type, FOP_ADDR[0]-ALE, FOP_ADDR[1]-CLE. 

15:0 RO 0x0000 

Fop_inst 
Flash write operation: Indicate flash write 
data(command/address/data). 
Flash read with match operation: Indicate match pattern data. 

 

NANDC_LLI_FOP6  
Address: Operational Base + offset (0x00DC) 

Bit Attr Reset Value Description 

31:29 RO 0x0 

Fop_type 

Flash operation type. 
3'b000: Nop operation. 
3'b001: Flash bypass write operation. 
3'b010: Flash bypass read operation. 
3'b011: Flash bypass read with match operation. 
3'b100: Flash DMA write/read operation. 

28 RO 0x0 

Fop_matchmod 

When FOP_TYPE=3'b011, match operation is active, and the 
PATTERN is LLI_FOP[15:0]. When FOP_MATCHMOD=0, it is 
matched when "RDATA|PATTERN=PATTERN" with 
FOP_MATCHMOD=0, or when "RDATA&PATTERN=PATTERN" with 
FOP_MATCHMOD=1. 

27:24 RO 0x0 

Fop_cs 

Flash chip select, "1" active. 
4'b1000~4'b1111: Indicate select cs0~cs7. 

23:20 RO 0x0 

Fop_nxtid 

Next FOP ID 
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Bit Attr Reset Value Description 

19 RO 0x0 

Fop_wait_frdy 

Indicate the current FOP will excute when flash ready, "1" active. 

18 RO 0x0 

Fop_wait_trdy 

Indicate the current FOP will excute when DMA transfer ready, 
"1" active. 

17:16 RO 0x0 

Fop_addr 
Flash address type, FOP_ADDR[0]-ALE, FOP_ADDR[1]-CLE. 

15:0 RO 0x0000 

Fop_inst 
Flash write operation: Indicate flash write 
data(command/address/data). 
Flash read with match operation: Indicate match pattern data. 

 

NANDC_INTEN  
Address: Operational Base + offset (0x0120) 

Bit Attr Reset Value Description 

31:10 RO 0x000000 reserved 

9 RW 0x0 

Seed_bcherr_int_en 

Enable for seed bch error interrupt. 
1'b0: Interrupt disable. 
1'b1: Interrupt enable. 
When seed bcherr_int_en is active, an interrupt is generated. 

8 RW 0x0 

Seed_bchfail_int_en 

Enable for seed bch fail interrupt. 
1'b0: Interrupt disable. 
1'b1: Interrupt enable. 
When seed bchfail_int_en is active, an interrupt is generated if 
seed bch decode failed. 

7 RW 0x0 

rd_1stpage_int_en 

Enable for the first page read interrupt. 
1'b0: Interrupt disable. 
1'b1: Interrupt enable. 
When sif_bus_wr is active, an interrupt is generated if the first 
page read operation is finished. 

6 RW 0x0 

master_idle_int_en 

Enable for master idle interrupt. 
1'b0: Interrupt disable. 
1'b1: Interrupt enable. 
When master_idle_int_en is active, an interrupt is generated if 
posedge of master idle happen. 
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Bit Attr Reset Value Description 

5 RW 0x0 

flash_abort_int_en 

Enable for flash read abort interrupt. 
1'b0: Interrupt disable. 
1'b1: Interrupt enable. 
When flash_abort_int_en is active, an interrupt is generated if 
DQS input is abort. 
Available when flash interface is ONFI synchronous or toggle. 
When read data number is out of range of flash page size, dqs 
input is abort. An interrupt is generated if flash_abort_int_en is 
enable. 

4 RW 0x0 

llp_int_en 

Enable for LLP finished interrupt. 
1'b0: Interrupt disable. 
1'b1: Interrupt enable. 
When llp_en_en is active, an interrupt is generated if LLP 
operation is finished. 

3 RW 0x0 

bchfail_int_en 

Enable for bch fail interrupt. 
1'b0: Interrupt disable. 
1'b1: Interrupt enable. 
When bchfail_int_en is active, an interrupt is generated if bch 
decode failed. 

2 RW 0x0 

bcherr_int_en 

Enable for bch error interrupt. 
1'b0: Interrupt disable. 
1'b1: interrupt enable. 
When bcherr_int_en is active, an interrupt is generated if bch 
decode error bit is larger than bchthres(BCHCTL[26:19]). 

1 RW 0x0 

frdy_int_en 

Enable for flash_rdy interrupt. 
1'b0: Interrupt disable. 
1'b1: Interrupt enable. 
When frdy_int_en is active, an interrupt is generated if flash 
R/B# changes from 0 to 1. 

0 RW 0x0 

dma_int_en 

Enable for internal DMA transfer finished interrupt. 
1'b0: Interrupt disable. 
1'b0: Interrupt enable. 
When dma_int_en is active, an interrupt is generated if 
page_num(FLCTL[27:22]) of flash data transfer in DMA mode is 
finished. 

 

NANDC_INTCLR  
Address: Operational Base + offset (0x0124) 
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Bit Attr Reset Value Description 

31:10 RO 0x000000 reserved 

9 

R/W
SC 

0x0 

Seed_bcherr_int_clr 
Clear for seed bch error interrupt. When asserted, this bit will be 
auto cleared. 
1'b0: Not clear interrupt 
1'b1: Clear interrupt 

8 

R/W
SC 

0x0 

Seed_bchfail_int_clr 
Clear for seed bch decode fail interrupt. When asserted, this bit 
will be auto cleared. 
1'b0: Not clear interrupt 
1'b1: Clear interrupt 

7 

R/W
SC 

0x0 

rd_1stpage_int_clr 
Clear for first page read interrupt. When asserted, this bit will be 
auto cleared. 
1'b0: Not clear interrupt 
1'b1: Clear interrupt 

6 

R/W
SC 

0x0 

master_idle_int_clr 
Clear for master idle interrupt. When asserted, this bit will be 
auto cleared. 
1'b0: Not clear interrupt 
1'b1: Clear interrupt 

5 

R/W
SC 

0x0 

flash_abort_int_clr 
Clear for flash abort interrupt. When asserted, this bit will be auto 
cleared. 
1'b0: Not clear interrupt 
1'b1: Clear interrupt 
Available when flash interface is ONFI synchronous or toggle 

4 

R/W
SC 

0x0 

llp_int_clr 
Clear for LLP finished interrupt. When asserted, this bit will be 
auto cleared. 
1'b0: Not clear interrupt 
1'b1: Clear interrupt 

3 

R/W
SC 

0x0 

bchfail_int_clr 
Clear for bch decode fail interrupt. When asserted, this bit will be 
auto cleared. 
1'b0: Not clear interrupt 
1'b1: Clear interrupt 

2 

R/W
SC 

0x0 

bcherr_int_clr 
Clear for bch error interrupt. When asserted, this bit will be auto 
cleared. 
1'b0: Not clear interrupt 
1'b1: Clear interrupt 
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Bit Attr Reset Value Description 

1 

R/W
SC 

0x0 

frdy_int_clr 
Clear for flash_rdy interrupt. When asserted, this bit will be auto 
cleared. 
1'b0: Not clear interrupt 
1'b1: Clear interrupt 

0 

R/W
SC 

0x0 

dma_int_clr 
Clear for internal DMA transfer finished interrupt. When asserted, 
this bit will be auto cleared. 
1'b0: Not clear interrupt 
1'b1: Clear interrupt 

 

NANDC_INTST  
Address: Operational Base + offset (0x0128) 

Bit Attr Reset Value Description 

31:10 RO 0x000000 reserved 

9 RO 0x0 

Seed_bcherr_int_stat 
Staus for seed bch decode error interrupt, high active. 

8 RO 0x0 

Seed_bchfail_int_stat 
Staus for seed bch decode fail interrupt, high active. 

7 RO 0x0 

rd_1stpage_int_stat 
Status for first page read interrupt, high active. 

6 RO 0x0 

master_idle_int_stat 
Status for master idle interrupt, high active. 

5 RO 0x0 

flash_abort_int_stat 
Status for flash abort, high active. 
Available when flash interface is ONFI synchronous or toggle. 

4 RO 0x0 

llp_int_stat 
Status for LLP finished interrupt, high active. 

3 RO 0x0 

bchfail_int_stat 
Status for bch decode fail interrupt, high active. 

2 RO 0x0 

bcherr_int_stat 
Status for bch error interrupt, high active. 

1 RO 0x0 

frdy_int_stat 
Status for flash_rdy interrupt, high active. 

0 RO 0x0 

dma_int_stat 
Status for internal DMA transfer finished interrupt, high active. 

 

NANDC_BCHST0  
Address: Operational Base + offset (0x0150) 

Bit Attr Reset Value Description 

31 RO 0x1 

bchst_bchrdy 

Ready indication for bch encoder/decoder, 1 active. 
1'b0: Bch encoder/decoder is busy. 
1'b1: Bch encoder/decoder is ready. 
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Bit Attr Reset Value Description 

30 RC 0x0 

decode_done_rdy 

Indication for finishing decoding the current backup codeword. 
1'b0: Not finished 

1'b1: Finished 

29:27 RO 0x0 reserved 

26 RO 0x0 

all_f_flag1 

Indication for the all f byte in the current codeword. 
1'b0: The current codeword is not all f. 
1'b1: The current codeword is all f. 

25:19 RO 0x00 

err_tnum1 

Indication for the number of error in current backup codeword. 

18 RO 0x0 

decode_fail1 

Indication for the 1st backup codeword decoded failed or not. 
1'b0: Decode successfully 

1'b1: Decode fail 

17 RO 0x0 

decode_done1 

Indication for finishing decoding the 1st backup codeword. 
1'b0: Not finished 

1'b1: Finished 

16 RO 0x0 

errf1 

Indication for error found in 1st backup codeword. 
1'b0: No error 
1'b1: Error found 

15:11 RO 0x00 reserved 

10 RO 0x0 

all_f_flag0 

Indication for the all f byte in the current codeword. 
1'b0: The current codeword is not all f. 
1'b1: The current codeword is all f. 

9:3 RO 0x00 

err_tnum0 

Indication for the number of error in current backup codeword. 

2 RO 0x0 

decode_fail0 

Indication for current backup codeword decode failed or not 
1'b0: Decode successfully 

1'b1: Decode fail 

1 RO 0x0 

decode_done0 

Indication for finishing decoding the current backup codeword. 
1'b0: Not finished 

1'b1: Finished 

0 RO 0x0 

errf0 

Indication for error found in current backup codeword. 
1'b0: No error 
1'b1: Error found 

 

NANDC_BCHST1  
Address: Operational Base + offset (0x0154) 
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Bit Attr Reset Value Description 

31:27 RO 0x00 reserved 

26 RO 0x0 

all_f_flag3 

Indication for the all f byte in the current codeword. 
1'b0: The current codeword is not all f. 
1'b1: The current codeword is all f. 

25:19 RO 0x00 

err_tnum3 

Indication for the number of error in current backup codeword. 

18 RO 0x0 

decode_fail3 

Indication for current backup codeword decode failed or not 
1'b0: Decode successfully 

1'b1: Decode fail 

17 RO 0x0 

decode_done3 

Indication for finishing decoding the current backup codeword. 
1'b0: Not finished 

1'b1: Finished 

16 RO 0x0 

errf3 

Indication for error found in 1st backup codeword. 
1'b0: No error 
1'b1: Error found 

15:11 RO 0x00 reserved 

10 RO 0x0 

all_f_flag2 

Indication for the all f byte in the current codeword. 
1'b0: The current codeword is not all f. 
1'b1: The current codeword is all f. 

9:3 RO 0x00 

err_tnum2 

Indication for the number of error in current backup codeword. 

2 RO 0x0 

decode_fail2 

Indication for current backup codeword decode failed or not 
1'b0: Decode successfully 

1'b1: Decode fail 

1 RO 0x0 

decode_done2 

Indication for finishing decoding the current backup codeword. 
1'b0: Not finished 

1'b1: Finished 

0 RO 0x0 

errf2 

Indication for error found in current backup codeword. 
1'b0: No error 
1'b1: Error found 

 

NANDC_BCHST2  
Address: Operational Base + offset (0x0158) 

Bit Attr Reset Value Description 

31:27 RO 0x00 reserved 
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Bit Attr Reset Value Description 

26 RO 0x0 

all_f_flag5 

Indication for the all f byte in the current codeword. 
1'b0: The current codeword is not all f. 
1'b1: The current codeword is all f. 

25:19 RO 0x00 

err_tnum5 

Indication for the number of error in current backup codeword. 

18 RO 0x0 

decode_fail5 

Indication for current backup codeword decode failed or not 
1'b0: Decode successfully 

1'b1: Decode fail 

17 RO 0x0 

decode_done5 

Indication for finishing decoding the current backup codeword. 
1'b0: Not finished 

1'b1: Finished 

16 RO 0x0 

errf5 

Indication for error found in 1st backup codeword. 
1'b0: No error 
1'b1: Error found 

15:11 RO 0x00 reserved 

10 RO 0x0 

all_f_flag4 

Indication for the all f byte in the current codeword. 
1'b0: The current codeword is not all f. 
1'b1: The current codeword is all f. 

9:3 RO 0x00 

err_tnum4 

Indication for the number of error in current backup codeword. 

2 RO 0x0 

decode_fail4 

Indication for current backup codeword decode failed or not 
1'b0: Decode successfully 

1'b1: Decode fail 

1 RO 0x0 

decode_done4 

Indication for finishing decoding the current backup codeword. 
1'b0: Not finished 

1'b1: Finished 

0 RO 0x0 

errf4 

Indication for error found in current backup codeword. 
1'b0: No error 
1'b1: Error found 

 

NANDC_BCHST3  
Address: Operational Base + offset (0x015C) 

Bit Attr Reset Value Description 

31:27 RO 0x00 reserved 
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Bit Attr Reset Value Description 

26 RO 0x0 

all_f_flag7 

Indication for the all f byte in the current codeword. 
1'b0: The current codeword is not all f. 
1'b1: The current codeword is all f. 

25:19 RO 0x00 

err_tnum7 

Indication for the number of error in current backup codeword. 

18 RO 0x0 

decode_fail7 

Indication for current backup codeword decode failed or not 
1'b0: Decode successfully 

1'b1: Decode fail 

17 RO 0x0 

decode_done7 

Indication for finishing decoding the current backup codeword. 
1'b0: Not finished 

1'b1: Finished 

16 RO 0x0 

errf7 

Indication for error found in current backup codeword. 
1'b0: No error 
1'b1: Error found 

15:11 RO 0x00 reserved 

10 RO 0x0 

all_f_flag6 

Indication for the all f byte in the current codeword. 
1'b0: The current codeword is not all f. 
1'b1: The current codeword is all f. 

9:3 RO 0x00 

err_tnum6 

Indication for the number of error in current backup codeword. 

2 RO 0x0 

decode_fail6 

Indication for current backup codeword decode failed or not 
1'b0: Decode successfully 

1'b1: Decode fail 

1 RO 0x0 

decode_done6 

Indication for finishing decoding the current backup codeword. 
1'b0: Not finished 

1'b1: Finished 

0 RO 0x0 

errf0 

Indication for error found in current backup codeword. 
1'b0: No error 
1'b1: Error found 

 

NANDC_BCHST4  
Address: Operational Base + offset (0x0160) 

Bit Attr Reset Value Description 

31:27 RO 0x00 reserved 
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Bit Attr Reset Value Description 

26 RO 0x0 

all_f_flag9 

Indication for the all f byte in the current codeword. 
1'b0: The current codeword is not all f. 
1'b1: The current codeword is all f. 

25:19 RO 0x00 

err_tnum9 

Indication for the number of error in current backup codeword. 

18 RO 0x0 

decode_fail9 

Indication for current backup codeword decode failed or not 
1'b0: Decode successfully 

1'b1: Decode fail 

17 RO 0x0 

decode_done9 

Indication for finishing decoding the current backup codeword. 
1'b0: Not finished 

1'b1: Finished 

16 RO 0x0 

errf9 

Indication for error found in current backup codeword. 
1'b0: No error 
1'b1: Error found 

15:11 RO 0x00 reserved 

10 RO 0x0 

all_f_flag8 

Indication for the all f byte in the current codeword. 
1'b0: The current codeword is not all f. 
1'b1: The current codeword is all f. 

9:3 RO 0x00 

err_tnum8 

Indication for the number of error in current backup codeword. 

2 RO 0x0 

decode_fail8 

Indication for current backup codeword decode failed or not 
1'b0: Decode successfully 

1'b1: Decode fail 

1 RO 0x0 

decode_done8 

Indication for finishing decoding the current backup codeword. 
1'b0: Not finished 

1'b1: Finished 

0 RO 0x0 

errf8 

Indication for error found in current backup codeword. 
1'b0: No error 
1'b1: Error found 

 

NANDC_BCHST5  
Address: Operational Base + offset (0x0164) 

Bit Attr Reset Value Description 

31:27 RO 0x00 reserved 
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Bit Attr Reset Value Description 

26 RO 0x0 

all_f_flag11 

Indication for the all f byte in the current codeword. 
1'b0: The current codeword is not all f. 
1'b1: The current codeword is all f. 

25:19 RO 0x00 

err_tnum11 

Indication for the number of error in current backup codeword. 

18 RO 0x0 

decode_fail11 

Indication for current backup codeword decode failed or not 
1'b0: Decode successfully 

1'b1: Decode fail 

17 RO 0x0 

decode_done11 

Indication for finishing decoding the current backup codeword. 
1'b0: Not finished 

1'b1: Finished 

16 RO 0x0 

errf11 

Indication for error found in current backup codeword. 
1'b0: No error 
1'b1: Error found 

15:11 RO 0x00 reserved 

10 RO 0x0 

all_f_flag10 

Indication for the all f byte in the current codeword. 
1'b0: The current codeword is not all f. 
1'b1: The current codeword is all f. 

9:3 RO 0x00 

err_tnum10 

Indication for the number of error in current backup codeword. 

2 RO 0x0 

decode_fail10 

Indication for current backup codeword decode failed or not 
1'b0: Decode successfully 

1'b1: Decode fail 

1 RO 0x0 

decode_done10 

Indication for finishing decoding the current backup codeword. 
1'b0: Not finished 

1'b1: Finished 

0 RO 0x0 

errf10 

Indication for error found in current backup codeword. 
1'b0: No error 
1'b1: Error found 

 

NANDC_BCHST6  
Address: Operational Base + offset (0x0168) 

Bit Attr Reset Value Description 

31:27 RO 0x00 reserved 
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Bit Attr Reset Value Description 

26 RO 0x0 

all_f_flag13 

Indication for the all f byte in the current codeword. 
1'b0: The current codeword is not all f. 
1'b1: The current codeword is all f. 

25:19 RO 0x00 

err_tnum13 

Indication for the number of error in current backup codeword. 

18 RO 0x0 

decode_fail13 

Indication for current backup codeword decode failed or not 
1'b0: Decode successfully 

1'b1: Decode fail 

17 RO 0x0 

decode_done13 

Indication for finishing decoding the current backup codeword. 
1'b0: Not finished 

1'b1: Finished 

16 RO 0x0 

errf13 

Indication for error found in current backup codeword. 
1'b0: No error 
1'b1: Error found 

15:11 RO 0x00 reserved 

10 RO 0x0 

all_f_flag12 

Indication for the all f byte in the current codeword. 
1'b0: The current codeword is not all f. 
1'b1: The current codeword is all f. 

9:3 RO 0x00 

err_tnum12 

Indication for the number of error in current backup codeword. 

2 RO 0x0 

decode_fail12 

Indication for current backup codeword decode failed or not 
1'b0: Decode successfully 

1'b1: Decode fail 

1 RO 0x0 

decode_done12 

Indication for finishing decoding the current backup codeword. 
1'b0: Not finished 

1'b1: Finished 

0 RO 0x0 

errf12 

Indication for error found in current backup codeword. 
1'b0: No error 
1'b1: Error found 

 

NANDC_BCHST7  
Address: Operational Base + offset (0x016C) 

Bit Attr Reset Value Description 

31:27 RO 0x00 reserved 
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Bit Attr Reset Value Description 

26 RO 0x0 

all_f_flag15 

Indication for the all f byte in the current codeword. 
1'b0: The current codeword is not all f. 
1'b1: The current codeword is all f. 

25:19 RO 0x00 

err_tnum15 

Indication for the number of error in current backup codeword. 

18 RO 0x0 

decode_fail15 

Indication for current backup codeword decode failed or not 
1'b0: Decode successfully 

1'b1: Decode fail 

17 RO 0x0 

decode_done15 

Indication for finishing decoding the current backup codeword. 
1'b0: Not finished 

1'b1: Finished 

16 RO 0x0 

errf15 

Indication for error found in current backup codeword. 
1'b0: No error 
1'b1: Error found 

15:11 RO 0x00 reserved 

10 RO 0x0 

all_f_flag14 

Indication for the all f byte in the current codeword. 
1'b0: The current codeword is not all f. 
1'b1: The current codeword is all f. 

9:3 RO 0x00 

err_tnum14 

Indication for the number of error in current backup codeword. 

2 RO 0x0 

decode_fail14 

Indication for current backup codeword decode failed or not 
1'b0: Decode successfully 

1'b1: Decode fail 

1 RO 0x0 

decode_done14 

Indication for finishing decoding the current backup codeword. 
1'b0: Not finished 

1'b1: Finished 

0 RO 0x0 

errf14 

Indication for error found in current backup codeword. 
1'b0: No error 
1'b1: Error found 

 

NANDC_BCHST8  
Address: Operational Base + offset (0x0170) 

Bit Attr Reset Value Description 

31:27 RO 0x00 reserved 
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Bit Attr Reset Value Description 

26 RO 0x0 

all_f_flag17 

Indication for the all f byte in the current codeword. 
1'b0: The current codeword is not all f. 
1'b1: The current codeword is all f. 

25:19 RO 0x00 

err_tnum17 

Indication for the number of error in current backup codeword. 

18 RO 0x0 

decode_fail17 

Indication for current backup codeword decode failed or not 
1'b0: Decode successfully 

1'b1: Decode fail 

17 RO 0x0 

decode_done17 

Indication for finishing decoding the current backup codeword. 
1'b0: Not finished 

1'b1: Finished 

16 RO 0x0 

errf17 

Indication for error found in current backup codeword. 
1'b0: No error 
1'b1: Error found 

15:11 RO 0x00 reserved 

10 RO 0x0 

all_f_flag16 

Indication for the all f byte in the current codeword. 
1'b0: The current codeword is not all f. 
1'b1: The current codeword is all f. 

9:3 RO 0x00 

err_tnum16 

Indication for the number of error in current backup codeword. 

2 RO 0x0 

decode_fail16 

Indication for current backup codeword decode failed or not 
1'b0: Decode successfully 

1'b1: Decode fail 

1 RO 0x0 

decode_done16 

Indication for finishing decoding the current backup codeword. 
1'b0: Not finished 

1'b1: Finished 

0 RO 0x0 

errf16 

Indication for error found in current backup codeword. 
1'b0: No error 
1'b1: Error found 

 

NANDC_BCHST9  
Address: Operational Base + offset (0x0174) 

Bit Attr Reset Value Description 

31:27 RO 0x00 reserved 
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Bit Attr Reset Value Description 

26 RO 0x0 

all_f_flag19 

Indication for the all f byte in the current codeword. 
1'b0: The current codeword is not all f. 
1'b1: The current codeword is all f. 

25:19 RO 0x00 

err_tnum19 

Indication for the number of error in current backup codeword. 

18 RO 0x0 

decode_fail19 

Indication for current backup codeword decode failed or not 
1'b0: Decode successfully 

1'b1: Decode fail 

17 RO 0x0 

decode_done19 

Indication for finishing decoding the current backup codeword. 
1'b0: Not finished 

1'b1: Finished 

16 RO 0x0 

errf19 

Indication for error found in current backup codeword. 
1'b0: No error 
1'b1: Error found 

15:11 RO 0x00 reserved 

10 RO 0x0 

all_f_flag18 

Indication for the all f byte in the current codeword. 
1'b0: The current codeword is not all f. 
1'b1: The current codeword is all f. 

9:3 RO 0x00 

err_tnum18 

Indication for the number of error in current backup codeword. 

2 RO 0x0 

decode_fail18 

Indication for current backup codeword decode failed or not 
1'b0: Decode successfully 

1'b1: Decode fail 

1 RO 0x0 

decode_done18 

Indication for finishing decoding the current backup codeword. 
1'b0: Not finished 

1'b1: Finished 

0 RO 0x0 

errf18 

Indication for error found in current backup codeword. 
1'b0: No error 
1'b1: Error found 

 

NANDC_BCHST10  
Address: Operational Base + offset (0x0178) 

Bit Attr Reset Value Description 

31:27 RO 0x00 reserved 
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Bit Attr Reset Value Description 

26 RO 0x0 

all_f_flag21 

Indication for the all f byte in the current codeword. 
1'b0: The current codeword is not all f. 
1'b1: The current codeword is all f. 

25:19 RO 0x00 

err_tnum21 

Indication for the number of error in current backup codeword. 

18 RO 0x0 

decode_fail21 

Indication for current backup codeword decode failed or not 
1'b0: Decode successfully 

1'b1: Decode fail 

17 RO 0x0 

decode_done21 

Indication for finishing decoding the current backup codeword. 
1'b0: Not finished 

1'b1: Finished 

16 RO 0x0 

errf21 

Indication for error found in current backup codeword. 
1'b0: No error 
1'b1: Error found 

15:11 RO 0x00 reserved 

10 RO 0x0 

all_f_flag20 

Indication for the all f byte in the current codeword. 
1'b0: The current codeword is not all f. 
1'b1: The current codeword is all f. 

9:3 RO 0x00 

err_tnum20 

Indication for the number of error in current backup codeword. 

2 RO 0x0 

decode_fail20 

Indication for current backup codeword decode failed or not 
1'b0: Decode successfully 

1'b1: Decode fail 

1 RO 0x0 

decode_done20 

Indication for finishing decoding the current backup codeword. 
1'b0: Not finished 

1'b1: Finished 

0 RO 0x0 

errf20 

Indication for error found in current backup codeword. 
1'b0: No error 
1'b1: Error found 

 

NANDC_BCHST11  
Address: Operational Base + offset (0x017C) 

Bit Attr Reset Value Description 

31:27 RO 0x00 reserved 
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Bit Attr Reset Value Description 

26 RO 0x0 

all_f_flag23 

Indication for the all f byte in the current codeword. 
1'b0: The current codeword is not all f. 
1'b1: The current codeword is all f. 

25:19 RO 0x00 

err_tnum23 

Indication for the number of error in current backup codeword. 

18 RO 0x0 

decode_fail23 

Indication for current backup codeword decode failed or not 
1'b0: Decode successfully 

1'b1: Decode fail 

17 RO 0x0 

decode_done23 

Indication for finishing decoding the current backup codeword. 
1'b0: Not finished 

1'b1: Finished 

16 RO 0x0 

errf23 

Indication for error found in current backup codeword. 
1'b0: No error 
1'b1: Error found 

15:11 RO 0x00 reserved 

10 RO 0x0 

all_f_flag22 

Indication for the all f byte in the current codeword. 
1'b0: The current codeword is not all f. 
1'b1: The current codeword is all f. 

9:3 RO 0x00 

err_tnum22 

Indication for the number of error in current backup codeword. 

2 RO 0x0 

decode_fail22 

Indication for current backup codeword decode failed or not 
1'b0: Decode successfully 

1'b1: Decode fail 

1 RO 0x0 

decode_done22 

Indication for finishing decoding the current backup codeword. 
1'b0: Not finished 

1'b1: Finished 

0 RO 0x0 

errf22 

Indication for error found in current backup codeword. 
1'b0: No error 
1'b1: Error found 

 

NANDC_BCHST12  
Address: Operational Base + offset (0x0180) 

Bit Attr Reset Value Description 

31:27 RO 0x00 reserved 
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Bit Attr Reset Value Description 

26 RO 0x0 

all_f_flag25 

Indication for the all f byte in the current codeword. 
1'b0: The current codeword is not all f. 
1'b1: The current codeword is all f. 

25:19 RO 0x00 

err_tnum25 

Indication for the number of error in current backup codeword. 

18 RO 0x0 

decode_fail25 

Indication for current backup codeword decode failed or not 
1'b0: Decode successfully 

1'b1: Decode fail 

17 RO 0x0 

decode_done25 

Indication for finishing decoding the current backup codeword. 
1'b0: Not finished 

1'b1: Finished 

16 RO 0x0 

errf25 

Indication for error found in current backup codeword. 
1'b0: No error 
1'b1: Error found 

15:11 RO 0x00 reserved 

10 RO 0x0 

all_f_flag24 

Indication for the all f byte in the current codeword. 
1'b0: The current codeword is not all f. 
1'b1: The current codeword is all f. 

9:3 RO 0x00 

err_tnum24 

Indication for the number of error in current backup codeword. 

2 RO 0x0 

decode_fail24 

Indication for current backup codeword decode failed or not 
1'b0: Decode successfully 

1'b1: Decode fail 

1 RO 0x0 

decode_done24 

Indication for finishing decoding the current backup codeword. 
1'b0: Not finished 

1'b1: Finished 

0 RO 0x0 

errf24 

Indication for error found in current backup codeword. 
1'b0: No error 
1'b1: Error found 

 

NANDC_BCHST13  
Address: Operational Base + offset (0x0184) 

Bit Attr Reset Value Description 

31:27 RO 0x00 reserved 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �399 

Bit Attr Reset Value Description 

26 RO 0x0 

all_f_flag27 

Indication for the all f byte in the current codeword. 
1'b0: The current codeword is not all f. 
1'b1: The current codeword is all f. 

25:19 RO 0x00 

err_tnum27 

Indication for the number of error in current backup codeword. 

18 RO 0x0 

decode_fail27 

Indication for current backup codeword decode failed or not 
1'b0: Decode successfully 

1'b1: Decode fail 

17 RO 0x0 

decode_done27 

Indication for finishing decoding the current backup codeword. 
1'b0: Not finished 

1'b1: Finished 

16 RO 0x0 

errf27 

Indication for error found in current backup codeword. 
1'b0: No error 
1'b1: Error found 

15:11 RO 0x00 reserved 

10 RO 0x0 

all_f_flag26 

Indication for the all f byte in the current codeword. 
1'b0: The current codeword is not all f. 
1'b1: The current codeword is all f. 

9:3 RO 0x00 

err_tnum26 

Indication for the number of error in current backup codeword. 

2 RO 0x0 

decode_fail26 

Indication for current backup codeword decode failed or not 
1'b0: Decode successfully 

1'b1: Decode fail 

1 RO 0x0 

decode_done26 

Indication for finishing decoding the current backup codeword. 
1'b0: Not finished 

1'b1: Finished 

0 RO 0x0 

errf26 

Indication for error found in current backup codeword. 
1'b0: No error 
1'b1: Error found 

 

NANDC_BCHST14  
Address: Operational Base + offset (0x0188) 

Bit Attr Reset Value Description 

31:27 RO 0x00 reserved 
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Bit Attr Reset Value Description 

26 RO 0x0 

all_f_flag29 

Indication for the all f byte in the current codeword. 
1'b0: The current codeword is not all f. 
1'b1: The current codeword is all f. 

25:19 RO 0x00 

err_tnum29 

Indication for the number of error in current backup codeword. 

18 RO 0x0 

decode_fail29 

Indication for current backup codeword decode failed or not 
1'b0: Decode successfully 

1'b1: Decode fail 

17 RO 0x0 

decode_done29 

Indication for finishing decoding the current backup codeword. 
1'b0: Not finished 

1'b1: Finished 

16 RO 0x0 

errf29 

Indication for error found in current backup codeword. 
1'b0: No error 
1'b1: Error found 

15:11 RO 0x00 reserved 

10 RO 0x0 

all_f_flag28 

Indication for the all f byte in the current codeword. 
1'b0: The current codeword is not all f. 
1'b1: The current codeword is all f. 

9:3 RO 0x00 

err_tnum28 

Indication for the number of error in current backup codeword. 

2 RO 0x0 

decode_fail28 

Indication for current backup codeword decode failed or not 
1'b0: Decode successfully 

1'b1: Decode fail 

1 RO 0x0 

decode_done28 

Indication for finishing decoding the current backup codeword. 
1'b0: Not finished 

1'b1: Finished 

0 RO 0x0 

errf28 

Indication for error found in current backup codeword. 
1'b0: No error 
1'b1: Error found 

 

NANDC_BCHST15  
Address: Operational Base + offset (0x018C) 

Bit Attr Reset Value Description 

31:27 RO 0x00 reserved 
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Bit Attr Reset Value Description 

26 RO 0x0 

all_f_flag31 

Indication for the all f byte in the current codeword. 
1'b0: The current codeword is not all f. 
1'b1: The current codeword is all f. 

25:19 RO 0x00 

err_tnum31 

Indication for the number of error in current backup codeword. 

18 RO 0x0 

decode_fail31 

Indication for current backup codeword decode failed or not 
1'b0: Decode successfully 

1'b1: Decode fail 

17 RO 0x0 

decode_done31 

Indication for finishing decoding the current backup codeword. 
1'b0: Not finished 

1'b1: Finished 

16 RO 0x0 

errf31 

Indication for error found in current backup codeword. 
1'b0: No error 
1'b1: Error found 

15:11 RO 0x00 reserved 

10 RO 0x0 

all_f_flag30 

Indication for the all f byte in the current codeword. 
1'b0: The current codeword is not all f. 
1'b1: The current codeword is all f. 

9:3 RO 0x00 

err_tnum30 

Indication for the number of error in current backup codeword. 

2 RO 0x0 

decode_fail30 

Indication for current backup codeword decode failed or not 
1'b0: Decode successfully 

1'b1: Decode fail 

1 RO 0x0 

decode_done30 

Indication for finishing decoding the current backup codeword. 
1'b0: Not finished 

1'b1: Finished 

0 RO 0x0 

errf30 

Indication for error found in current backup codeword. 
1'b0: No error 
1'b1: Error found 

 

NANDC_SPARE0_0  
Address: Operational Base + offset (0x0200) 

Bit Attr Reset Value Description 

31:24 RW 0xff 
system_3 

The 4th system byte of codeword 0. 

23:16 RW 0xff 
system_2 

The 3rd system byte of codeword 0. 
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Bit Attr Reset Value Description 

15:8 RW 0xff 
system_1 

The 2nd system byte of codeword 0. 

7:0 RW 0xff 
system_0 

The 1st system byte of codeword 0. 
 

NANDC_SPARE1_0  
Address: Operational Base + offset (0x0204) 

Bit Attr Reset Value Description 

31:24 RW 0xff 
system_3 

The 4th system byte of codeword 1. 

23:16 RW 0xff 
system_2 

The 3rd system byte of codeword 1. 

15:8 RW 0xff 
system_1 

The 2nd system byte of codeword 1. 

7:0 RW 0xff 
system_0 

The 1st system byte of codeword 1. 
 

NANDC_RANDMZ_CFG  
Address: Operational Base + offset (0x0208) 

Bit Attr Reset Value Description 

31 RW 0x0 

randmz_en 

Randomizer enable indication, 1 active. 
1'b0: Randomizer not active. 
1'b1: Randomizer active. 
Notes: 
a. Not active when data transmission in bypass mode. 
b. Just active for data, but not for address and command. 
c. Not active when BchPage=1. 

30:29 RW 0x0 

randmz_mode 

Randomizer mode 

2'b00: Samsung randomizer Polynomial=1+x+x^15 

2'b10: Samsung randomizer Polynomial=1+x^14+x^15 

28:20 RO 0x000 reserved 

19:0 RW 0x00000 

randmz_seed 

When Samsung randomizer: The seed for randomizer(initial 
value). 
When Toshiba randomizer: Seed Agitation Register. 

 

NANDC_SEED_BCHST  
Address: Operational Base + offset (0x020C) 

Bit Attr Reset Value Description 

31:6 RO 0x0000000 reserved 
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Bit Attr Reset Value Description 

5 RW 0x0 

seed_bchst_rdy 

Indication for randmz seed bchst is ready or not. 
1'b0: bchst is not ready. 
1'b1: bchst is ready. 

4:3 RW 0x0 

seed_err_tnum 

Indication for the number of error in randmz seed. 

2 RO 0x0 

seed_decode_fail 
Indication for randmz seed decode failed or not. 
1'b0: Decode successfully 

1'b1: Decode fail 

1 RO 0x0 

seed_decode_done 

Indication for finishing decoding the randmz seed. 
1'b0: Not finished 

1'b1: Finished 

0 RO 0x0 

seed_errf 
Indication for error found in randmz seed. 
1'b0: No error 
1'b1: Error found 

8.5 Interface Description 
Table 8-1 NandC Interface Description 

Module Pin Dir. Pad Name IOMUX Setting 
flash_ale O )63,B&/.�)/$6+B$/(�*3,2�B'�BG GRF_GPIO1D_IOMUX_L [2:0]=3¶b010 
flash_cle O (00&B'$7$B6752%(�)63,B&6�Q�)/$6+B&/(�*3,2

�B&�BG 
GRF_GPIO1C_IOMUX_H [10:8]=3¶b011 

flash_wrn O (00&B&0'�)/$6+B:5Q�*3,2�B&�BX GRF_GPIO1C_IOMUX_H [2:0]=3¶b010 
flash_rdn O )63,B'��)/$6+B5'Q�*3,2�B'�BX GRF_GPIO1D_IOMUX_L [10:8]=3¶b010 
flash_data[0] I/O (00&_D0/FLASH_D0/GPIO1_B4_u GRF_GPIO1B_IOMUX_H [2:0]=3¶b010 
flash_data[1] I/O (00&B'��)/$6+B'��*3,2�B%�BX GRF_GPIO1B_IOMUX_H [6:4]=3¶b010 
flash_data[2] I/O (00&B'��)/$6+B'��*3,2�B%�BX GRF_GPIO1B_IOMUX_H [10:8]=3¶b010 
flash_data[3] I/O (00&B'��)/$6+B'��*3,2�B%�BX GRF_GPIO1B_IOMUX_H [14:12]=3¶b010 
flash_data[4] I/O (00&B'��)/$6+B'��*3,2�B&�BX GRF_GPIO1C_IOMUX_L [2:0]=3¶b010 
flash_data[5] I/O (00&B'��)/$6+B'��*3,2�B&�BX GRF_GPIO1C_IOMUX_L [6:4]=3¶b010 
flash_data[6] I/O (00&B'��)/$6+B'��*3,2�B&�BX GRF_GPIO1C_IOMUX_L [10:8]=3¶b010 
flash_data[7] I/O (00&B'��)/$6+B'��*3,2�B&�BX GRF_GPIO1C_IOMUX_L [14:12]=3¶b010 
flash_dqs I/O (00&B&/.287�)/$6+B'46�*3,2�B&�BG GRF_GPIO1C_IOMUX_H [6:4]=3¶b010 
flash_rdy I )63,B'��)/$6+B5'<�*3,2�B'�BX GRF_GPIO1D_IOMUX_L [6:4]=3¶b010 
flash_csn0 O )63,B&6�Q�)/$6+B&6�Q�*3,2�B'�BX GRF_GPIO1D_IOMUX_L [14:12]=3¶b010 
flash_csn1 O )63,B'��)/$6+B&6�Q�*3,2�B'�BX GRF_GPIO1D_IOMUX_H [2:0]=3¶b010 
flash_wp O (00&B567Q�)63,B'��)/$6+B:3Q�*3,2�B&�BG GRF_GPIO1C_IOMUX_H [14:12]=3¶b010 

1RWHV��, LQSXW��2 RXWSXW��,�2 LQSXW�RXWSXW��ELGLUHFWLRQDO 
)XUWKHUPRUH��GLIIHUHQW�,2V�DUH�VHOHFWHG�DQG�FRQQHFWHG�WR�GLIIHUHQW�IODVK�LQWHUIDFH��ZKLFK�LV�
VKRZQ�DV�IROORZV��  

Table 8-2 NandC Interface Connection 
0RGXOH�3LQ 'LUHFWLRQ )ODVK�,QWHUIDFH 

$V\Q�[ 21), 7RJJOH 
IODVKBFVQL�L �a�� 2 ¥ ¥ ¥ 
flash_ale 2 ¥ ¥ ¥ 
flash_cle 2 ¥ ¥ ¥ 
flash_wrn 2 ¥ ¥ ¥ 
flash_rdn 2 ¥ ¥ ¥ 
IODVKBGDWD>���@ ,�2 ¥ ¥ ¥ 
flash_dqs ,�2 � ¥ ¥ 
flash_rdy , ¥ ¥ ¥ 
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8.6 Application Notes 
8.6.1 %&+67�63$5(�$SSOLFDWLRQ 

 

8.6.1.1 BCHST 
7KHUH�DUH����%&+67�UHJLVWHUV�LQ�1DQG&�WR�VWRUH����FRGHZRUG¶V�%&+�GHFRGH�VWDWXV�EFKVW��
LQIRUPDWLRQ��(YHU\�UHJLVWHU�VWRUHV���FRGHZRUG¶V�EFKVW�LQIRUPDWLRQ�H[FHSW�%&+67���ZKLFK�QRW�
RQO\�LQFOXGHV�EFKVW�LQIRUPDWLRQ��EXW�DOVR�LQFOXGHV�RQH�ELW�IRU�EFKUG\� 
/HW�EFKVWBFZG�aEFKVWBFZG���EH�WKH�EFKVW�LQIRUPDWLRQ�IRU����FRGHZRUGV��1DQG&�VXSSRUW�
EFKVW�WUDQVIHU�IXQFWLRQ��6RIWZDUH�FDQ�HQDEOH�WKH�IXQFWLRQ�E\�)/&7/>��@��:KHQ�)/&7/>��@ �� 
1DQGF�ZLOO�WUDQVPLW�WKH�VWDWXV�RI�%&+�WR�H[WHUQDO�PHPRU\��DQG�VRIWZDUH�QHHG�FRQILJXUH�
VSDUH�VWHS�WR����'HWDLOHG�IRUPDW�IRU�VSDUH�GDWD�DQG�%&+�VWDWXV�LQ�HYHU\�XQLW�LV�VKRZQ�LQ�
ILJXUHV���� 
8.6.1.2 SPARE 
63$5(�LQFOXGHV�WZR�UHJLVWHU�JURXSV��63$5(��DQG�63$5(���(DFK�JURXS�KDV���UHJLVWHU��
63$5(�B��DQG�63$5(�B���  
:KHQ�LQ�EFK�HQFRGLQJ��63$5(�B��VWRUHV�V\VWHP�LQIRUPDWLRQ�IRU�FRGHZRUG�LQ�VUDP���
63$5(�B��VWRUHV�V\VWHP�LQIRUPDWLRQ�IRU�FRGHZRUG�LQ�VUDP���  
:KHQ�LQ�EFK�GHFRGLQJ��63$5(�B��VWRUHV�WKH�VSDUH�GDWD�UHDG�IURP�IODVK�IRU�FRGHZRUG�LQ�
VUDP���63$5(�B��VWRUHV�WKH�VSDUH�GDWD�UHDG�IURP�IODVK�IRU�FRGHZRUG�LQ�VUDP���  
8.6.2 %XV�0RGH�$SSOLFDWLRQ 
075$16B&)*>�@�GHWHUPLQHV�ZKHWKHU�WKH�GDWD�ORDG�VWRUH�EHWZHHQ�LQWHUQDO�PHPRU\�DQG�
H[WHUQDO�PHPRU\�LV�WKURXJK�VODYH�LQWHUIDFH�RU�PDVWHU�LQWHUIDFH��  
8.6.2.1 Slave Mode 
:KHQ�075$16B&)*>�@ ���VODYH�LV�VHOHFWHG��L��H����IODVK�GDWD�ORDG�VWRUH�EHWZHHQ�LQWHUQDO�
PHPRU\�DQG�H[WHUQDO�PHPRU\�LV�WKURXJK�VODYH�LQWHUIDFH�E\�FSX�RU�H[WHUQDO�'0$��  
,Q�WKLV�PRGH��VRIWZDUH�VKRXOG�VWRUH�SDJH�GDWD�LQWR�LQWHUQDO�PHPRU\�DQG�VSDUH�GDWD�LQWR�
63$5(�UHJLVWHUV�EHIRUH�VWDUWLQJ�IODVK�SURJUDP�RSHUDWLRQ��DQG�VKRXOG�ORDG�SDJH�GDWD�IURP�
LQWHUQDO�PHPRU\�DQG�VSDUH�GDWD�IURP�63$5(�UHJLVWHUV�DIWHU�ILQLVKLQJ�IODVK�UHDG�RSHUDWLRQ��  
,Q�WKLV�PRGH��075$16B&)*��075$16B6$''5��DQG�075$16B6$''5��DUH�XQXVHG��7KH�
WUDQVIHU�FRGHZRUG�QXPEHU�LV�GHWHUPLQHG�E\�)/&7/>���@��DQG�WKH�PD[LPXP�QXPEHU�LV����  
7KH�MXGJPHQW�FRQGLWLRQ�IRU�ILQLVKLQJ�GDWD�WUDQVIHU�LV�)/&7/>��@��:KHQ�)/&7/>��@�LV�KLJK��LW�
PHDQV�WKDW�GDWD�WUDQVIHU�LV�ILQLVKHG��  
8.6.2.2 Master Mode 
:KHQ�075$16B&)*>�@ ���PDVWHU�LV�VHOHFWHG��L��H����IODVK�GDWD�ORDG�VWRUH�EHWZHHQ�LQWHUQDO�
PHPRU\�DQG�H[WHUQDO�PHPRU\�LV�WKURXJK�PDVWHU�LQWHUIDFH��  
,Q�WKLV�PRGH��VRIWZDUH�VKRXOG�LQLWLDOL]H�SDJH�GDWD�DQG�VSDUH�GDWD�LQWR�H[WHUQDO�PHPRU\��DQG�
VHW�WKHLU�DGGUHVVHV�LQ�075$16B6$''5��DQG�075$16B6$''5��UHVSHFWLYHO\�EHIRUH�VWDUWLQJ�
IODVK�SURJUDP�RSHUDWLRQ��6LPLODUO\��VRIWZDUH�VKRXOG�FRQILJXUH�075$16B6$''5��DQG�
075$16B6$''5��UHVSHFWLYHO\�EHIRUH�VWDUWLQJ�IODVK�UHDG�RSHUDWLRQ�DQG�FRXOG�UHDG�GDWD�IURP�
DGGUHVVHV�LQ�075$16B6$''5��DQG�075$16B6$''5��DIWHU�1DQG&�WUDQVIHU�ILQLVK��  
,Q�WKLV�PRGH��075$16B&)*��075$16B6$''5��DQG�075$16B6$''5��DUH�XVHG��7KH�
WUDQVIHU�FRGHZRUG�QXPEHU�LV�GHWHUPLQHG�E\�)/&7/>�����@��DQG�WKH�PD[LPXP�QXPEHU�LV�����  
7KH�MXGJPHQW�FRQGLWLRQ�IRU�ILQLVKLQJ�GDWD�WUDQVIHU�LV�)/&7/>��@��:KHQ�)/&7/>��@�LV�KLJK��LW�
PHDQV�WKDW�GDWD�WUDQVPLVVLRQ�LV�ILQLVKHG��  
:KHQ�075$16B&)*>�@ ���SDJH�GDWD�DQG�VSDUH�GDWD�DUH�VWRUHG�LQ�WKH�FRQWLQXRXV�VSDFH�RI�
H[WHUQDO�PHPRU\�UHVSHFWLYHO\��  
)RU�SDJH�GDWD��VRXUFH�DGGUHVV�LV�QDPHG�6DGGU���VSHFLILHG�LQ�075$16B6$''5���7KH�VSDFH�
FDQ�EH�GLYLGHG�LQWR�PDQ\�FRQWLQXRXV�XQLWV��DQG�WKH�XQLW�VL]H�QDPHG�38QLW��LV������E\WHV�RU�
����E\WHV�GHWHUPLQHG�E\�)/&7/>��@�DQG�)/&7/>��@��  

a. ZKHQ�)/&7/>��@ ���38QLW�LV�DOZD\V�HTXDO�WR������E\WHV 
b. ZKHQ�)/&7/>��@ ��DQG�)/&7/>��@ ���38QLW�LV�HTXDO�WR������E\WHV 
c. ZKHQ�)/&7/>��@ ��DQG�)/&7/>��@ ���38QLW�LV�HTXDO�WR�����E\WHV 

)RU�VSDUH�GDWD��VRXUFH�DGGUHVV�LV�QDPHG�6DGGU���VSHFLILHG�LQ�075$16B6$''5���7KH�VSDFH�
FDQ�EH�GLYLGHG�LQWR�PDQ\�FRQWLQXRXV�XQLWV��DQG�WKH�XQLW�VL]H�QDPHG�68QLW��LV���E\WHV�RU���
E\WHV�GHWHUPLQHG�E\�)/&7/>��@� 

a. :KHQ�)/&7/>��@ ����68QLW�LV�HTXDO�WR���E\WHV 
b. :KHQ�)/&7/>��@ ����68QLW�LV�HTXDO�WR���E\WHV 
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Spare_3

ĂĂ
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Saddr1

Saddr1 + SUnit×1
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Saddr1 + SUnit×n Valid

Invalid

 
Fig.8-2 NandC Address Assignment 

7KH�GHWDLOHG�IRUPDW�IRU�SDJH�GDWD�DQG�VSDUH�GDWD�LQ�HYHU\�XQLW�LV�VKRZQ�LQ�IROORZLQJ�ILJXUHV��  
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	��ǤͺǦ͵������������	����� 

8.6.3 %FK3DJH�$SSOLFDWLRQ 
%&+&7/>��@�GHWHUPLQHV�ZKHWKHU�FRGHZRUG�VL]H�IRU�SDJH�GDWD�LV������E\WHV�RU�����E\WHV�
ZKHQ�)/&7/>��@�LV����  
8.6.3.1 1024bytes 
:KHQ�%&+&7/>��@ ���%FK3DJH ���KDUGZDUH�QHHGV�WR�ZULWH������E\WHV�SDJH�GDWD�DQG�VSDUH�
GDWD�LQWR�IODVK�RU�UHDG������E\WHV�SDJH�GDWD�DQG�VSDUH�GDWD�IURP�IODVK��$OO�WKH������E\WHV�
SDJH�GDWD�DQG�VSDUH�GDWD�DUH�HQFRGHG�ZKHQ�ZULWLQJ�RU�GHFRGHG�ZKHQ�UHDGLQJ��  
8.6.3.2 512bytes 
:KHQ�%&+&7/>��@ ���%FK3DJH ���KDUGZDUH�QHHGV�WR�ZULWH�����E\WHV�SDJH�GDWD�DQG�VSDUH�
GDWD�LQWR�IODVK�RU�UHDG�����E\WHV�SDJH�GDWD�DQG�VSDUH�GDWD�IURP�IODVK��  
,Q�WKLV�PRGH��WKH�SDJH�GDWD�XQLW�VL]H�IRU�%&+�HQFRGHU�DQG�%&+�GHFRGHU�LV�VWLOO�����E\WH��6R�
WR�VXSSRUW�%&+�HQFRGHU�DQG�GHFRGHU��VRIWZDUH�VKRXOG�FRQILJXUH�SDJH�GDWD�DV�
IROORZV��WKa���WK�E\WHV�DUH�LQYDOLG�GDWD�ZKLFK�PXVW�EH�VWXIIHG�ZLWK��[II�����WKa����WK�
E\WHV�DUHYDOLG�SDJH�GDWD��  
+RZHYHU��5DQGRPL]HU�IXQFWLRQ�LV�QRW�VXSSRUWHG�XQGHU�WKLV�FRQGLWLRQ��  
8.6.4 3DJH6L]H�6SDUH6L]H�$SSOLFDWLRQ 
)/&7/>��@�GHWHUPLQHV�ZKHWKHU�WKH�FRGHZRUG�VL]H�LV������E\WHV�RU�����E\WHV�ZKHQ�
)/&7/>��@�LV����  

 

8.6.4.1 Big Page 
:KHQ�)/&7/>��@ ��/ED(Q ����WKH�IODVK�WR�EH�RSHUDWHG�LV�5DZ�1$1'�)ODVK��(YHU\�FRGHZRUG�
VL]H�LV������E\WHV�DQG�)/&7/>��@�VKRXOG�DOZD\V�EH�VHW�WR����DQG�WKH�3DJH6WHS�LQ�H[WHUQDO�
PHPRU\�LV������E\WHV�LI�EXV�PRGH�LV�PDVWHU�PRGH��  
$W�WKLV�PRGH��WKH�VSDUH�VL]H�DQG�6SDUH6WHS�LQ�H[WHUQDO�PHPRU\�DUH�GHWHUPLQHG�E\�
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)/&7/>��@�DV�IROORZV� 
)/&7/>��@ ���VSDUH�VL]H �E\WHV���6SDUH6WHS �E\WHV 
)/&7/>��@ ���VSDUH�VL]H �E\WHV���6SDUH6WHS �E\WHV 
8.6.4.2 Small Page 
:KHQ�)/&7/>��@ ���/ED(Q ���WKH�IODVK�WR�EH�RSHUDWHG�LV�0DQDJHG�1$1'�)ODVK��(YHU\�
FRGHZRUG�VL]H�FRXOG�EH������E\WHV�RU�����E\WHV�DFFRUGLQJ�WR�)/&7/>��@��,I�)/&7/>��@ ���
FRGHZRUG�VL]H�LV������E\WHV��3DJH6WHS�LQ�H[WHUQDO�PHPRU\�LV������E\WHV��DQG�6SDUH6WHS�LV�
�E\WHV��,I�)/&7/>��@ ���FRGHZRUG�VL]H�LV�����E\WHV��3DJH6WHS�LQ�H[WHUQDO�PHPRU\�LV�����
E\WHV��DQG�6SDUH6WHS�LV���E\WHV��  
$W�WKLV�PRGH��WKH�VSDUH�VL]H�LV�FRQILJXUHG�LQ�)/&7/>��@��DQG�WKH�PD[�DYDLODEOH�QXPEHU�LV����  
,Q�WKH�VXPPDU\��WKH�WRWDO�GDWD�VL]H�LQ�HYHU\�FRGHZRUG�IRU�IODVK�RU�IRU�VRIWZDUH�LQFOXGLQJ�
SDJH�GDWD�DQG�VSDUH�GDWD��LV�GHWHUPLQHG�E\�%&+&7/>�����@��)/&7/>��@��)/&7/>��@��
%&+&7/>�@��7KHLU�UHODWLRQVKLS�LV�VKRZQ�DV�IROORZV��  

Table 8-3 NandC Page/Spare size for flash 
3DJH�VSDUH�VL]H�IRU�VRIWZDUH 3DJH�VL]H�FRGHZRUG 6SDUH�VL]H�FRGHZRUG 

)/&7/>��@ � ��ELW�(&& �����E\WH ������E\WH 
���ELW�(&& �����E\WH ������E\WH 
���ELW�(&& �����E\WH �������E\WH 
���ELW�(&& �����E\WH �������E\WH 

)/&7/>��@ � )/&7/>��@ � �����E\WH )/&7/>��@ 
)/&7/>��@ � ����E\WH )/&7/>��@ 

1RWHV��WKDW�³SDJH�VSDUH�VL]H�IRU�IODVK´�PHDQV�WKDW�KDUGZDUH�VKRXOG�WUDQVIHU�WKHVH�QXPEHUV�RI�E\WHV�LQ�
HYHU\�FRGHZRUG�WR�RU�IURP�IODVK��  
8.6.5 5DQGRPL]HU�$SSOLFDWLRQ 
5$1'0=B&)*>��@�GHWHUPLQHV�ZKHWKHU�UDQGRPL]HU�LV�HQDEOH�RU�QRW��:KHQ�
5$1'0=B&)*>��@�HTXDOV�WR����UDQGRPL]HU�LV�DFWLYH��'DWD�VKRXOG�EH�VFUDPEOHG�EHIRUH�
ZULWWHQ�LQWR�IODVK��DQG�GHVFUDPEOHG�DIWHU�UHDG�IURP�IODVK��  
5$1'0=B&)*>��@�GHWHUPLQHV�WKH�UDQGRPL]HU�SRO\QRPLDO��  
:KHQ�5$1'0=B&)*>��@ ���3RO\QRPLDO ��[�[A�� 
:KHQ�5$1'0=B&)*>��@ ���3RO\QRPLDO ��[A���[A�� 

5$1'0=B&)*>����@�LV�WKH�VHHG�IRU�UDQGRPL]HU��,W�VKRXOG�EH�HQVXUHG�WKDW�GDWD�LQ�WKH�VDPH�
SDJH�VKRXOG�KDYH�WKH�VDPH�UDQGRPL]HU�SRO\QRPLDO�DQG�UDQGRPL]HU�VHHG�ZKHQ�LQ�IODVK�
SURJUDP�RU�IODVK�UHDG�RSHUDWLRQ��  
7KH�GDWD�XQLW�IRU�UDQGRPL]HU�LV�RQH�FRGHZRUG�GDWD�VSDUH���  
+RZHYHU��5DQGRPL]HU�LV�MXVW�DYDLODEOH�IRU�GDWD�WUDQVIHU�E\�LQWHUQDO�'0$�PRGH��EXW�QRW�E\�IRU�
E\SDVV�PRGH��)XUWKHUPRUH��LW�VKRXOG�QRW�EH�HQDEOH�LI�%&+&7/>��@ ���%FK3DJH ���E\WHV���  
8.6.6 '//�$SSOLFDWLRQ 
:KHQ�7RJJOH�)ODVK�RU�21),�6\QFKURQRXV�)ODVK�LQWHUIDFH�LV�DFWLYH��'//�VKRXOG�EH�XVHG�WR�
DGMXVW�'46�LQSXW�ZLWK�'4�ZKHQ�UHDGLQJ�IODVK��  
7KHUH�DUH���UHJLVWHUV�IRU�'//�FRQILJXUDWLRQ�'//B&)*B5(*��DQG�'//B&)*B5(*����DQG���
UHJLVWHU�IRU�'//�VWDWXV�'//B2%6B5(*����  
7KH�XVDJH�JXLGH�LV�DV�IROORZV� 
,I�E\SDVV�PRGH�LV�XVHG��\RX�VKRXOG�VHW�GOOBE\SDVV�LQ�'//B&)*B5(*�>�@�WR����DQG�VHW�
GOOBGTVBGO\BE\SDVV�LQ�'//B&)*B5(*�>�����@�WR�GHWHUPLQH�WKH�GOO�HOHPHQW�QXPEHU�QHHGHG��
$QG�WKHQ�VHW�GOOBVWDUW�LQ�'//B&)*B5(*�>�@�WR���WR�VWDUW�WKH�'//��  
,I�DXWR�DGMXVWLQJ�LV�XVHG��\RX�VKRXOG�VHW�GOOBE\SDVV�LQ�'//B&)*B5(*�>�@�WR����DQG�VHW�WKH�
GOOBVWDUWBSRLQW�LQ�'//B&)*B5(*�>���@�DQG�GOOBLQFU�LQ�'//B&)*B5(*�>����@��<RX�DOVR�
VKRXOG�VHW�WKH�DGMXVWLQJ�PRGH�GOOBTWUHQ�LQ�'//B&)*B5(*�>���@�WR�FRPSXWH�WKH�GOO�HOHPHQW�
QXPEHU�QHHGHG��,I�GOOBTWUHQ �¶E����WKH�GOO�HOHPHQW�QXPEHU�LV�GHWHUPLQHG�E\�GOOBGTVBGO\�LQ�
'//B&)*B5(*�>����@��RWKHUZLVH��LW�LV�����RU�����RI�WKH�WRWDO�QXPEHU�RI�GOO�HOHPHQWV�XVHG�
IRU�GOOBTWUHQ �¶E���RU�GOOBTWUHQ �¶E���VHSDUDWHO\��7KH�ODVW�VWHS�LV�WR�VHW�GOOBVWDUW�LQ�
'//B&)*B5(*�>�@�WR���WR�VWDUW�WKH�'//��  
,I�\RX�ZDQW�WR�PRQLWRU�WKH�GOO�ZRUNLQJ�VWDWXV��\RX�FRXOG�UHDG�'//B2%6B5(*���,I�
'//B2%6B5(*�>�@ ���LW�PHDQV�WKDW�'//�LV�QRW�ORFNHG��DQG�VWLOO�LQ�GHWHFWLQJ�VWDWXV��
2WKHUZLVH��LW�PHDQV�WKDW�'//�LV�ORFNHG��DQG�GOOBORFNBYDOXH�LQ�'//B2%6B5(*�>���@�LV�WKH�
WRWDO�QXPEHU�RI�GOO�HOHPHQWV�XVHG��GOOBGTVBGHOD\BYDOXH�LQ�'//B2%6B5(*�>����@�LV�WKH�WRWDO�
QXPEHU�RI�'46�GHOD\�XVHG��  
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8.6.7 1DQG&�,QWHUUXSW�$SSOLFDWLRQ 
1DQG&�KDV���LQWHUUXSW�RXWSXW�VLJQDO�DQG����LQWHUUXSW�VRXUFHV��VHHG�EFK�HUURU�LQWHUUXSW�
VRXUFH��VHHG�EFK�IDLO�LQWHUUXSW�VRXUFH��UHDG�ILUVW�SDJH�LQWHUUXSW�VRXUFH��PDVWHU�LGOH�LQWHUUXSW�
VRXUFH��IODVK�DERUW�LQWHUUXSW�VRXUFH��//3�LQWHUUXSW�VRXUFH��GPD�ILQLVK�LQWHUUXSW�VRXUFH��IODVK�
UHDG\�LQWHUUXSW�VRXUFH��EFK�HUURU�LQWHUUXSW�VRXUFH��EFKIDLO�LQWHUUXSW�VRXUFH��:KHQ�RQH�RU�
PRUH�RI�WKHVH�LQWHUUXSW�VRXUFH�DUH�HQDEOHG��1DQG&�LQWHUUXSW�LV�DVVHUWHG�LI�RQH�RU�PRUH�
LQWHUUXSW�VRXUFH�LV�KLJK��6RIWZDUH�FDQ�GHWHUPLQH�WKH�LQWHUUXSW�VRXUFH�E\�UHDGLQJ�,1767�DQG�
FOHDU�LQWHUUXSW�E\�ZULWLQJ�FRUUHVSRQGLQJ�ELW�LQ�,17&/5��  
8.6.8 //3�$SSOLFDWLRQ 
//3�LV�XVHG�LQ�1DQG&�WR�VWRUH�DQG�H[HFXWH�LQVWUXFWLRQ�JURXSV�FRQILJXUHG�LQ�H[WHUQDO�PHPRU\�
E\�VRIWZDUH��:KHQ�//3&7/>�@ ���//3�LV�DFWLYH��1DQG&�ZLOO�ORDG�LQVWUXFWLRQ�JURXSV�VWRUHG�LQ�
^//3&7/>����@���¶K�`�DQG�H[HFXWH�WKHP��1H[W�LQVWUXFWLRQ�JURXSV�VKRXOG�QRW�EH�ORDGHG�XQWLO�
FXUUHQW�LQVWUXFWLRQ�H[HFXWLRQ�ILQLVKHG��  
8.6.8.1 LLP Structure 
7KH�VWUXFWXUH�RI�//3�LV�VKRZQ�DV�IROORZV� 

LLI_LLPn+1

LLI_MTRANS_SAR0

LLI_FLCTL

LLI_MTRANS_SAR1

LLI_RANDMZ

LLI_FOP1

{LLPn[29:0],2'b0} + 0x4

{LLPn[29:0],2'b0} + 1x4

{LLPn[29:0],2'b0} + 2x4

{LLPn[29:0],2'b0} + 3x4

{LLPn[29:0],2'b0} + 4x4

{LLPn[29:0],2'b0} + 5x4

{LLPn[29:0],2'b0} + 6x4

{LLPn[29:0],2'b0} + 7x4

{LLPn[29:0],2'b0} + 8x4

{LLPn[29:0],2'b0} + 9x4

{LLPn[29:0],2'b0} + 10x4

{LLPn[29:0],2'b0} + 11x4

{LLPn[29:0],2'b0} + 12x4

{LLPn[29:0],2'b0} + 13x4

{LLPn[29:0],2'b0} + 14x4

{LLPn[29:0],2'b0} + 15x4

LLI_FOP2

LLI_FOP3

LLI_FOP4

LLI_FOP5

LLI_FOP6

LLI_FOP7

LLI_FOP8

LLI_FOP9

32

Base address of LLIn

Fixxed offset

LLI(n) : LLI_MODE=1

LLI_MTRANS_CFG

0

1

2

3

4

5

6

7

8

9

a

b

c

d

e

f

FOP

CFG

LLI_FOP0
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LLI_LLPn+1

LLI_FOP1

LLI_FOP4

LLI_FOP2

LLI_FOP3

LLI_FOP6

{LLPn[29:0],2'b0} + 0x4

{LLPn[29:0],2'b0} + 1x4

{LLPn[29:0],2'b0} + 2x4

{LLPn[29:0],2'b0} + 3x4

{LLPn[29:0],2'b0} + 4x4

{LLPn[29:0],2'b0} + 5x4

{LLPn[29:0],2'b0} + 6x4

{LLPn[29:0],2'b0} + 7x4

{LLPn[29:0],2'b0} + 8x4

{LLPn[29:0],2'b0} + 9x4

{LLPn[29:0],2'b0} + 10x4

{LLPn[29:0],2'b0} + 11x4

{LLPn[29:0],2'b0} + 12x4

{LLPn[29:0],2'b0} + 13x4

{LLPn[29:0],2'b0} + 14x4

{LLPn[29:0],2'b0} + 15x4

LLI_FOP7

LLI_FOP8

LLI_FOP9

LLI_FOP10

LLI_FOP11

LLI_FOP12

LLI_FOP13

LLI_FOP14

32

Base address of LLIn

Fixxed offset

LLI(n) : LLI_MODE=0

LLI_FOP5

LLI_FOP0

0

1

2

3

4

5

6

7

8

9

a

b

c

d

e

f

FOP

 
	��ǤͺǦͶ����������������	����� 

//,B02'(�LV�GHWHUPLQHG�E\�//3&7/>�@��,I�FXUUHQW�RSHUDWLRQ�LV�IODVK�SURJUDP�RU�IODVK�UHDG��
WKHQ�//,B02'( ��LV�QHHG��RWKHUZLVH��//,B02'( ��LV�ZRUNDEOH��  
,Q�DGGLWLRQ��\RX�FRXOG�GR�PRUH�WKDQ�RQH�IODVK�RSHUDWLRQ�LQ�RQH�//3�JURXS��EXW�\RX�VKRXOG�
QRW�VHSDUDWH�RQH�IODVK�RSHUDWLRQ�LQWR�WZR�//,�JURXSV��  
8.6.8.2 LLI Format 
D��//,B//3Q���VWRUHV�WKH�DGGUHVV�IRU�QH[W�//,�JURXS�GDWD 

4:2LLI_LLP 1 0

LOC :  starting address(64byte align) for next  LLI 

EN    :  enable signal for next  LLP 

LLP_MODE :  1- next LLI only has FOP,0-next LLI has both CFG and FOP  

31:6

Reserved 

5

FRDY :  1-flash_rdy should not be used until 16 cycles after FOP_WAIT_FRDY start

 
E��//,B)23�a//,B)23���VWRUH�WKH�IODVK�RSHUDWLRQ�LQVWUXFWLRQ 

LLI_FOP 17:16 15:023:2027:24 19

FOP_INST                  :  flash operation instruction 

FOP_TYPE                 :  flash operation type

FOP_NXTID               :  next FOP ID if current FOP match is not ok 

FOP_WAIT_TRDY    :  wait enable signal for data dma transfer ready

FOP_WAIT_FRDY    :  wait enable signal for flash ready

2831:29

FOP_CS                      :  flash operation chip-select 

FOP_ADDR                :  flash address type: [1]-CLE, [0]-ALE 

FOP_TYPE:
000 : nop
001 : flash write
010 : flash read
011 : flash read with match operation
100 : DMA

18

FOP_MATCHMOD    :  flash read data match mode 

:KHQ�
)23B7<3( �¶E�����PDWFK�RSHUDWLRQ�LV�DFWLYH��DQG�WKH�3$77(51�LV�//,B)23>����@��,W�LV�
PDWFKHG�ZKHQ�³5'$7$_3$77(51 3$77(51´�ZLWK�)23B0$7&+02' ���RU�ZKHQ�
³5'$7$	3$77(51 3$77(51´�ZLWK�)23B0$7&+02' �� 
F��//,B075$16B&)*�//,B075$16B6$''5��//,B075$16B6$''5���//,B5$1'0=��
//,B)/&7/�VWRUH�WKH�FRQILJXUDWLRQ�IRU�075$16B&)*��
075$16B6$''5��075$16B6$''5��5$1'0=�)/&7/��  
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8.6.8.3 LLP Working Mode 
7KHUH�DUH�WZR�ZRUNLQJ�PRGHV�IRU�//3� 
D��1RUPDO�PRGH��//3&7/>�@�LV�NHSW�WR���XQWLO�DOO�//3�ORDGLQJ�DQG�H[HFXWLQJ�ILQLVKHG��
6RIWZDUH�FDQ�PRQLWRU�WKH�SURJUHVV�E\�//367$7>����@��//367$7>�@��  
E��3DXVH�PRGH��//3&7/>�@�LV�FKDQJHG�IURP���WR���GXULQJ�//3�ORDGLQJ�RU�//3�H[HFXWLQJ��
1DQG&�VKRXOG�QRW�VWRS�ZRUNLQJ�XQWLO�FXUUHQW�//3�H[HFXWLQJ�ILQLVKHG��6RIWZDUH�FDQ�PRQLWRU�
WKH�SURJUHVV�E\�//367$7>����@��//367$7>�@��  
8.6.9 6HHG�$SSOLFDWLRQ 
1DQGF�VXSSRUWV�UDQGRPL]HU�VHHG�WUDQVPLVVLRQ��:KHQ�)/&7/>�@ ��DQG�
5$1'0=B&)*>��@ ��1DQGF�ZLOO�WUDQVPLW�VHHG�WR�IODVK�EHIRUH�SDJH�GDWD�WUDQVPLVVLRQ�DQG�
UHFHLYH�VHHG�EHIRUH�SDJH�GDWD�UHFHLYLQJ� 
6HHG�KDV�%&+�HQFRGHU�GHFRGHU�VHSDUDWHO\�DQG�VXSSRUW��ELW�%&+��6RIWZDUH�FDQ�TXHU\�VHHG�
%&+�UHVXOW�E\�DFFHVVLQJ�6(('B%&+67� 
8.6.10 5HGXQGDQFH�$SSOLFDWLRQ 
1DQGF�VXSSRUWV�ZULWH�³))´�WR�IODVK�DV�UHGXQGDQFH��6RIWZDUH�FDQ�FRQILJXUH�UHGXQGDQFH�VL]H�
E\�1$1'&B075$16B&)*>�����@� 
8.6.11 ,208;�$SSOLFDWLRQ 
1DQGF�VXSSRUW�,208;��6RIWZDUH�FDQ�FKDQJH�SLQ�IXQFWLRQ�E\�)0&7/>�����@� 
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Chapter 9 NPU 
9.1 Overview 
138�LV�WKH�SURFHVV�XQLW�ZKLFK�LV�GHGLFDWHG�WR�QHXUDO�QHWZRUN��,W�LV�GHVLJQHG�WR�DFFHOHUDWH�WKH�
QHXUDO�QHWZRUN�DULWKPHWLF�LQ�ILHOG�RI�$,��DUWLILFLDO�LQWHOOLJHQFH��VXFK�DV�PDFKLQH�YLVLRQ�DQG�
QDWXUDO�ODQJXDJH�SURFHVVLQJ��7KH�YDULHW\�RI�DSSOLFDWLRQV�IRU�$,�LV�H[SDQGLQJ��DQG�FXUUHQWO\�
SURYLGHV�IXQFWLRQDOLW\�LQ�D�YDULHW\�RI�DUHDV��LQFOXGLQJ�IDFH�WUDFNLQJ�DV�ZHOO�DV�JHVWXUH�DQG�
ERG\�WUDFNLQJ��LPDJH�FODVVLILFDWLRQ��YLGHR�VXUYHLOODQFH��DXWRPDWLF�VSHHFK�UHFRJQLWLRQ��$65��
DQG�DGYDQFHG�GULYHU�DVVLVWDQFH�V\VWHPV��$'$6�� 
138�VXSSRUWV�WKH�IROORZLQJ�IHDWXUHV� 

� $+%�LQWHUIDFH�XVHG�IRU�FRQILJXUDWLRQ�RQO\�VXSSRUW�VLQJOH�  
� $;,�LQWHUIDFH�XVHG�WR�IHWFK�GDWD�IURP�PHPRU\ 
� 6XSSRUW�LQWHJHU����LQWHJHU�����IORDW����%IORDW����RSHUDWLRQ�  
� ����LQWHJHU���0$&�RSHUDWLRQV�SHU�F\FOH 
� ����LQWHJHU����0$&�RSHUDWLRQV�SHU�F\FOH 
� ����IORDW����0$&�RSHUDWLRQV�SHU�F\FOH 
� ����EIORDW����0$&�RSHUDWLRQV�SHU�F\FOH 
� ���.%�LQWHUQDO�EXIIHU 
� ,QIHUHQFH�(QJLQH���7HQVRU)ORZ��&DIIH��7IOLWH��3\WRUFK��2QQ[�11��$QGURLG�11��HWF��  

9.2 Block Diagram 
RKNN 

CNA

Feature Data
Load

Weight Data
Load

256KB
Buffer

Sequence 
Controller

MAC Array

Accumulator

PPU
(Pooling)

Register 
File/

Interrupt 
Control

Config 
Interface

(AHB)

DPU
(Activation)

Memory Interface
AXI

Weight 
Decompress Zero-Skipping

Register File
Fetch 

 
Fig. 9-1 NPU Architecture 

9.3 Function Description 
9.3.1 $+%�$;,�,QWHUIDFH 
7KH�$;,�PDVWHU�LQWHUIDFH�LV�XVHG�WR�IHWFK�GDWD�IURP�PHPRU\�WKDW�LV�DWWDFKHG�WR�WKH�6RF�$;,�
LQWHUFRQQHFW��7KH�$+%�VODYH�LQWHUIDFH�LV�XVHG�WR�DFFHVV�WKH�UHJLVWHUV�IRU�FRQILJXUDWLRQ��GHEXJ�
DQG�WHVW� 
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9.3.2 1HXUDO�1HWZRUN�$FFHOHUDWLQJ�(QJLQH 
$V�WKH�XQLW�QDPH��WKLV�HQJLQH�LV�WKH�PDLQ�SURFHVV�XQLW�IRU�1HXUDO�1HWZRUN�DULWKPHWLF��7KLV�
XQLW�LQFOXGH�FRQYROXWLRQ�SUH�SURFHVV�FRQWUROOHU��LQWHUQDO�EXIIHU��PDF�DUUD\��DFFXPXODWRU��,W�
SURYLGHV�SDUDOOHO�FRQYROXWLRQ�0$&�IRU�UHFRJQLWLRQ�IXQFWLRQV�DQG�LQW���LQW����IS���DQG�EIORDW���
DUH�VXSSRUWHG��,W�DOVR�SURYLGH�IXQFWLRQ��VRIWPD[��WUDQVSRVH��GDWD�IRUPDW�FRQYHUVLRQ��«HWF� 
 
9.3.3 'RW�3URFHVVLQJ�8QLW 
'RW�3URFHVVLQJ�8QLW�PDLQO\�SURYLGH�DFWLYDWH�IXQFWLRQ�IROORZHG�E\�RXWSXW�GDWD�IURP�  
DFFXPXODWRU�FHOO��VXFK�DV�OHDN\BUHOX��UHOX��UHOX[��VLJPRG��WDQK«�DUH�VXSSRUWHG��  
 
9.3.4 3ODQH�3URFHVVLQJ�8QLW 
3ODQH�3URFHVVLQJ�8QLW�PDLQO\�SURYLGH�SRROLQJ�IXQFWLRQ�IROORZHG�E\�RXWSXW�GDWD�IURP�GRW�
SURFHVVLQJ�XQLW��VXFK�DV�DYHUDJH�SRROLQJ��PD[�SRROLQJ��PLQ�SRROLQJ«�DUH�VXSSRUWHG� 
 
9.3.5 5HJLVWHU�)LOH�)HWFK�8QLW 
5HJLVWHU�)LOH�)HWFK�8QLW�IHWFK�UHJLVWHU�FRQILJXUDWLRQ�IURP�H[WHUQDO�V\VWHP�PHPRU\�WKURXJK�
$;, 
LQWHUIDFH� 
9.4 Register Description  
9.4.1 ,QWHUQDO�$GGUHVV�0DSSLQJ�  
6ODYH�DGGUHVV�FDQ�EH�GLYLGHG�LQWR�GLIIHUHQW�OHQJWK�IRU�GLIIHUHQW�XVDJH��ZKLFK�LV�VKRZQ�DV�
IROORZV� 
9.4.2 3&�5HJLVWHUV�6XPPDU\�  

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

3&BRSBHQ �[���� : �[�������� 2SHUDWRU�HQDEOH�UHJLVWHU 
3&BDGGU �[���� : �[�������� 3&�VRXUFH�DGGUHVV�UHJLVWHU 
3&BDPRXQW �[���� : �[�������� $PRXQW�RI�3&�IHWFK�GDWD�UHJLVWHU�  
3&BLQWHUUXSWBPDVN �[���� : �[�������� ,QWHUUXSW�PDVN�UHJLVWHU 
3&BLQWHUUXSWBFOHDU �[���� : �[�������� ,QWHUUXSW�FOHDU�UHJLVWHU 
3&BLQWHUUXSWBVWDWXV �[���� : �[�������� ,QWHUUXSW�VWDWXV�UHJLVWHU 
3&BLQWHUUXSWBUDZBVWDWXV �[���& : �[�������� ,QWHUUXSW�UDZ�VWDWXV�UHJLVWHU 
3&BWDVNBFRQ �[���� : �[�������� 7DVN�FRQWURO�UHJLVWHU 
3&BWDVNBGPDBEDVHBDGGU �[���� : �[�������� 7DVN�GPD�EDVH�DGGUHVV�UHJLVWHU 
3&BWDVNBVWDWXV �[���& : �[�������� 7DVN�VWDWXV�UHJLVWHU 
1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV��':�
'RXEOH�:25'�����ELWV��DFFHVV�  
9.4.3 3&�'HWDLO�5HJLVWHUV�'HVFULSWLRQ�  
3&BRSBHQ�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 
RSBHQ 
6HW�WKLV�ELW����WR�WULJJHU�WKH�SF�WR�IHWFK�UHJLVWHU�VHWWLQJ�IRU�HDFK�
WDVN�3FBVHO�PXVW�VHW�WR����WR�HQDEOH�WKLV�ELW� 

 
3&BDGGU�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� EDVHBDGGU 7KLV�LV�WKH�DGGUHVV�IRU�GPD�LQVWUXFWLRQ�ZKHUH�LW�ORFDWHG� 
��� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
SFBVHO 
����3F�PRGH��XVH�D[L�GPD�WR�IHWFK�UHJLVWHU�FRQILJ� 
����6ODYH�PRGH��XVH�DKE�WR�VHW�UHJLVWHU� 

 
3&BDPRXQW�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

GDWDBDPRXQW 
7KH�UHLJVWHU�QXPEHU�QHHG�WR�EH�IHWFKHG� �RI�RQH�WDVN��  
(DFK�UHJLVWHU�WDNHV���ELWV��LW�LV�FRPELQHG�DV�IROORZLQJ� 
ELW>�����@�LQGLFDWHV�ZKLFK�EORFN�WKH�UHJLVWHU�IRUZDUG�WR� 
ELW>�����@�WKH�UHJLVWHU
V�YDOXH 
ELW>�����@�WKH�UHJLVWHU
V�RIIVHW�DGGUHVV�LQ�HDFK�EORFN� 
ELW>��@� ��PHDQV�WKLV�UHJLVWHU�LV�IRU�SF�EORFN� 
ELW>��@� ��FQD 
ELW>��@� ��FPDF 
ELW>��@� ��DFFX 
ELW>��@� ��GSX�  
ELW>��@� ��GSXBUGPD 
ELW>��@� ��SSX 
ELW>��@� ��SSXBUGPD 
ELW>��@� ��WR�VHW�HDFK�EORFN
V�RSBHQ 
HJ����
K����B����B���IB�����ZLOO�VHW�HDFK�EORFN
V�
RSBHQ�FQD�FPDF�����SSXBUGPD�� 
QRWH��RSBHQ�LV�VWURQJO\�UHFRPPHQGHG�VHW�DW�WKH�HQG�RI�UHJLVWHU�
OLVW� 
EHIRUH�RSBHQ����
K����B[[[[B[[[[B[[[[�PXVW�EH�VHW� 

 
3&BLQWHUUXSWBPDVN�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� 

LQWBPDVN 
PDVN>�@���&QD�IHDWXUH�JURXS���LQWHUUSXW�PDVN��VHW���WR�HQDEOH�
LQWHUUXSW� 
PDVN>�@���&QD�IHDWXUH�JURXS�� 
PDVN>�@���&QD�ZHLJKW�JURXS�� 
PDVN>�@���&QD�ZHLJKW�JURXS�� 
PDVN>�@���&QD�FVF�JURXS�� 
PDVN>�@���&QD�FVF�JURXS�� 
PDVN>�@���$FFX�JURXS�� 
PDVN>�@���$FFX�JURXS�� 
PDVN>�@���'SX�JURXS�� 
PDVN>�@���'SX�JURXS�� 
PDVN>��@���3SX�JURXS�� 
PDVN>��@���3SX�JURXS�� 
PDVN>��@���'PD�UHDG�HUURU 
PDVN>��@���'PD�ZULWH�HUURU 
QRWH��,Q�SF�PRGH���LQW�PDVN�VHW�WKH�ODVW�RQH�WDVN
V�LQWHUUXSW�
PDVNLQJ� 

 
3&BLQWHUUXSWBFOHDU�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� :�& �[���� 

LQWBFOU 
GRQHBFOU>�@���&QD�IHDWXUH�JURXS���LQWHUUXSW�FOHDU 
GRQHBFOU>�@���&QD�IHDWXUH�JURXS�� 
GRQHBFOU>�@���&QD�ZHLJKW�JURXS�� 
GRQHBFOU>�@���&QD�ZHLJKW�JURXS�� 
GRQHBFOU>�@���&QD�FVF�JURXS�� 
GRQHBFOU>�@���&QD�FVF�JURXS�� 
GRQHBFOU>�@���$FFX�JURXS�� 
GRQHBFOU>�@���$FFX�JURXS�� 
GRQHBFOU>�@���'SX�JURXS�� 
GRQHBFOU>�@���'SX�JURXS�� 
GRQHBFOU>��@���3SX�JURXS�� 
GRQHBFOU>��@���3SX�JURXS�� 
GRQHBFOU>��@���'PD�UHDG�HUURU 
GRQHBFOU>��@���'PD�ZULWH�HUURU 

 
3&BLQWHUUXSWBVWDWXV�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� :�& �[���� 

LQWBVW 
LQWBVW>�@���&QD�IHDWXUH�JURXS���LQWHUUXSW�VWDWXV��ZKLFK�DQG�ZLWK�
PDVN�ELW 
LQWBVW>�@���&QD�IHDWXUH�JURXS�� 
LQWBVW>�@���&QD�ZHLJKW�JURXS�� 
LQWBVW>�@���&QD�ZHLJKW�JURXS�� 
LQWBVW>�@���&QD�FVF�JURXS�� 
LQWBVW>�@���&QD�FVF�JURXS�� 
LQWBVW>�@���$FFX�JURXS�� 
LQWBVW>�@���$FFX�JURXS�� 
LQWBVW>�@���'SX�JURXS�� 
LQWBVW>�@���'SX�JURXS�� 
LQWBVW>��@���3SX�JURXS�� 
LQWBVW>��@���3SX�JURXS�� 
LQWBVW>��@���'PD�UHDG�HUURU 
LQWBVW>��@���'PD�ZULWH�HUURU 

 
3&BLQWHUUXSWBUDZBVWDWXV�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� :�& �[���� 

LQWBUDZBVW 
LQWBVW>�@���&QD�IHDWXUH�JURXS���LQWHUUXSW�UDZ�VWDWXV 
LQWBVW>�@���&QD�IHDWXUH�JURXS�� 
LQWBVW>�@���&QD�ZHLJKW�JURXS�� 
LQWBVW>�@���&QD�ZHLJKW�JURXS�� 
LQWBVW>�@���&QD�FVF�JURXS�� 
LQWBVW>�@���&QD�FVF�JURXS�� 
LQWBVW>�@���$FFX�JURXS�� 
LQWBVW>�@���$FFX�JURXS�� 
LQWBVW>�@���'SX�JURXS�� 
LQWBVW>�@���'SX�JURXS�� 
LQWBVW>��@���3SX�JURXS�� 
LQWBVW>��@���3SX�JURXS�� 
LQWBVW>��@���'PD�UHDG�HUURU 
LQWBVW>��@���'PD�ZULWH�HUURU 

 
3&BWDVNBFRQ�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

�� :�
& �[� 

WDVNBODVWBOD\HUBFOHDU 
���&OHDU�WKH�WDVN�ODVW�OD\HU�VLJQDO�WR����%HIRUH�WDVN�VWDUWHG���LW�LV�
VXJJHVWWHG�WR�FOHDU� 

�� :�
& �[� 

WDVNBFRXQWBFOHDU 
&OHDU�WKH�FRXQWHU�WKDW�FRXQWLQJ�FXUUHQW�WDVN��%HIRUH�WDVN�VWDUWHG���
LW�LV�VXJJHVWWHG�WR�FOHDU� 

�� 5: �[� 

WDVNBSSBRII 
����7DVNV
�UHJLVWHU�DUH�IHWFKHG�LQ�SLQJ�SRQJ�PRGH 
7KH�VHFRQG�JURXS�UHJLVWHU�VHWWLQJ�LV�IHWFKHG�LPPHGLGDWHO\�DIWHU�
ILUVW�JURXS
V�UHJLVWHU�IHWFKLQJ�LV�ILQLVKHG��  
����3LQJ�SRQJ�PRGH�RII 
7KH�VHFRQG�JURXS�UHJLVWHU�VHWWLQJ�LV�IHWFKHG�DIWHU�ILUVW�JURXS�WDVN�
RSHUDWLRQ�LV�ILQLVKHG� 

���� 5: �[��� WDVNBQXPEHU 
6HW�WKH�WRWDO�WDVN�QXPEHU�WR�EH�H[HFWHG� 

 
3&BWDVNBGPDBEDVHBDGGU�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

GPDBEDVHBDGGU 
7KLV�LV�IRU�HDFK�GPD
V�EDVH�DGGU��  
)RU�IHDWXUH�GPD��ZHLJKW�GPD��GSX�GPD��SSX�GPD��WKH�DGGUHVV�LV�
VHW�DV�RIIVHW�DGGUHVV��)LQDO�DGGUHVV�DSSHDU�RQ�D[L�EXV�LV�
EDVHBDGGU�RIIVHWBDGGUHVV� 

 
3&BWDVNBVWDWXV�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 

WDVNBVWDWXV 
>����@���&XUUHQW�WDVN�FRXQWHU�YDOXH� 
>��@��� � � ,QGLFDWH�WKH�ILUVW�WDVN�LV�RSHUDWLQJ�� �  
>��@��� � � ,QGLFDWH�WKH�ODVW�WDVN�LV�RSHUDWLQJ� 
>��@��� � � ,QGLFDWH�WKH�ILUVW�WDVN
V�UHJLVWHU�LV�IHWFKLQJ� 
>��@��� � � ,QGLFDWH�WKH�ODVW�WDVN
V�UHJLVWHU� � LV�IHWFKLQJ� 
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9.4.4 &1$�5HJLVWHUV�6XPPDU\�  

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

&1$BVBVWDWXV �[���� : �[�������� 6WDWXH�UHJLVWHU 
&1$BVBSRLQWHU �[���� : �[�������� 6LQJOH�3RLQWHU�5HJLVWHU 
&1$BRSBHQ �[���� : �[�������� 2SHUDWRU�HQDEOH�UHJLVWHU 
&1$BFRQYBFRQ� �[���& : �[�������� &RQYROXWLRQ�FRQWURO�UHJLVWHU�� 
&1$BFRQYBFRQ� �[���� : �[�������� &RQYROXWLRQ�FRQWURO�UHJLVWHU�� 
&1$BFRQYBFRQ� �[���� : �[�������� &RQYROXWLRQ�FRQWURO�UHJLVWHU�� 
&1$BFRQYBFRQ� �[���� : �[�������� &RQYROXWLRQ�FRQWURO�UHJLVWHU�� 
&1$BGDWDBVL]H� �[���� : �[�������� )HDWXUH�VL]H�UHJLVWHU�� 
&1$BGDWDBVL]H� �[���� : �[�������� )HDWXUH�VL]H�UHJLVWHU�� 
&1$BGDWDBVL]H� �[���� : �[�������� )HDWXUH�VL]H�UHJLVWHU�� 
&1$BGDWDBVL]H� �[���& : �[�������� )HDWXUH�VL]H�UHJLVWHU�� 
&1$BZHLJKWBVL]H� �[���� : �[�������� :HLJKW�VL]H�UHJLVWHU�� 
&1$BZHLJKWBVL]H� �[���� : �[�������� :HLJKW�VL]H�UHJLVWHU�� 
&1$BZHLJKWBVL]H� �[���� : �[�������� :HLJKW�VL]H�UHJLVWHU�� 
&1$BFEXIBFRQ� �[���� : �[�������� &EXI�FRQWURO�UHJLVWHU�� 
&1$BFEXIBFRQ� �[���� : �[�������� &EXI�FRQWURO�UHJLVWHU�� 
&1$BFYWBFRQ� �[���& : �[�������� &RQYHUW�FRQWURO�UHJLVWHU�� 
&1$BFYWBFRQ� �[���� : �[�������� &RQYHUW�FRQWURO�UHJLVWHU�� 
&1$BFYWBFRQ� �[���� : �[�������� &RQYHUW�FRQWURO�UHJLVWHU�� 
&1$BFYWBFRQ� �[���� : �[�������� &RQYHUW�FRQWURO�UHJLVWHU�� 
&1$BFYWBFRQ� �[���& : �[�������� &RQYHUW�FRQWURO�UHJLVWHU�� 
&1$BIFBFRQ� �[���� : �[�������� )XOO�FRQQHFWHG�FRQWURO�UHJLVWHU�� 
&1$BIFBFRQ� �[���� : �[�������� )XOO�FRQQHFWHG�FRQWURO�UHJLVWHU�� 
&1$BSDGBFRQ� �[���� : �[�������� &RQYROXWLRQ�SDG�FRQWURO�UHJLVWHU 
&1$BIHDWXUHBGDWDBDGGU �[���� : �[�������� )HDWXUH�GDWD�VRXUFH�DGGUHVV 
&1$BIFBFRQ� �[���� : �[�������� )XOO�FRQQHFWHG�FRQWURO�UHJLVWHU�� 
&1$BGPDBFRQ� �[���� : �[�������� '0$�FRQWURO�UHJLVWHU�� 
&1$BGPDBFRQ� �[���& : �[�������� '0$�FRQWURO�UHJLVWHU�� 
&1$BGPDBFRQ� �[���� : �[�������� '0$�FRQWURO�UHJLVWHU�� 

&1$BIFBGDWDBVL]H� �[���� : �[�������� )XOO�FRQQHFWHG�IHDWXUH�VL]H�FRQWURO�UHJLVWHU�� 

&1$BIFBGDWDBVL]H� �[���� : �[�������� )XOO�FRQQHFWHG�IHDWXUH�VL]H�FRQWURO�UHJLVWHU�� 
&1$BFONBJDWH �[���� : �[�������� &ORFN�JDWLQJ�UHJLVWHU 
&1$BGFRPSBFWUO �[���� : �[�������� 'HFRPSUHVV�FRQWURO�UHJLVWHU 

&1$BGFRPSBUHJQXP �[���� : �[�������� 'HFRPSUHVV�UHJLVWHU�QXPEHUV�UHJLVWHU 

&1$BGFRPSBDGGU� �[���� : �[�������� :HLJKW�GHFRPSUHVV�VRXUFH�DGGUHVV���UHJLVWHU 

&1$BGFRPSBDGGU� �[���� : �[�������� :HLJKW�GHFRPSUHVV�VRXUFH�DGGUHVV���UHJLVWHU 

&1$BGFRPSBDGGU� �[���� : �[�������� :HLJKW�GHFRPSUHVV�VRXUFH�DGGUHVV���UHJLVWHU 

&1$BGFRPSBDGGU� �[���& : �[�������� :HLJKW�GHFRPSUHVV�VRXUFH�DGGUHVV���UHJLVWHU 

&1$BGFRPSBDGGU� �[���� : �[�������� :HLJKW�GHFRPSUHVV�VRXUFH�DGGUHVV���UHJLVWHU 

&1$BGFRPSBDGGU� �[���� : �[�������� :HLJKW�GHFRPSUHVV�VRXUFH�DGGUHVV���UHJLVWHU 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

&1$BGFRPSBDGGU� �[���� : �[�������� :HLJKW�GHFRPSUHVV�VRXUFH�DGGUHVV���UHJLVWHU 

&1$BGFRPSBDGGU� �[���& : �[�������� :HLJKW�GHFRPSUHVV�VRXUFH�DGGUHVV���UHJLVWHU 

&1$BGFRPSBDPRXQW� �[���� : �[�������� :HLJKW�GHFRPSUHVV�VRXUFH�GDWD�DPRXQW���UHJLVWHU 

&1$BGFRPSBDPRXQW� �[���� : �[�������� :HLJKW�GHFRPSUHVV�VRXUFH�GDWD�DPRXQW���UHJLVWHU 

&1$BGFRPSBDPRXQW� �[���� : �[�������� :HLJKW�GHFRPSUHVV�VRXUFH�GDWD�DPRXQW���UHJLVWHU 

&1$BGFRPSBDPRXQW� �[���& : �[�������� :HLJKW�GHFRPSUHVV�VRXUFH�GDWD�DPRXQW���UHJLVWHU 

&1$BGFRPSBDPRXQW� �[���� : �[�������� :HLJKW�GHFRPSUHVV�VRXUFH�GDWD�DPRXQW���UHJLVWHU 

&1$BGFRPSBDPRXQW� �[���� : �[�������� :HLJKW�GHFRPSUHVV�VRXUFH�GDWD�DPRXQW���UHJLVWHU 

&1$BGFRPSBDPRXQW� �[���� : �[�������� :HLJKW�GHFRPSUHVV�VRXUFH�GDWD�DPRXQW���UHJLVWHU 

&1$BGFRPSBDPRXQW� �[���& : �[�������� :HLJKW�GHFRPSUHVV�VRXUFH�GDWD�DPRXQW���UHJLVWHU 
&1$B&%8)B'%*B&21 �[���� : �[�������� 'HEXJ�FRQWURO�UHJLVWHU 
&1$B&%8)B'%*B67$� �[���� : �[�������� &EXI�GHEXJ�VWDWXV�UHJLVWHU�� 
&1$B&%8)B'%*B67$� �[���� : �[�������� &EXI�GHEXJ�VWDWXV�UHJLVWHU�� 
&1$B&%8)B'%*B67$� �[���& : �[�������� &EXI�GHEXJ�VWDWXV�UHJLVWHU�� 
&1$B&%8)B'%*B67$� �[���� : �[�������� &EXI�GHEXJ�VWDWXV�UHJLVWHU�� 
&1$B&%8)B'%*B67$� �[���� : �[�������� &EXI�GHEXJ�VWDWXV�UHJLVWHU�� 
&1$B&%8)B'%*B67$� �[���� : �[�������� &EXI�GHEXJ�VWDWXV�UHJLVWHU�� 
&1$B&%8)B'%*B67$� �[���& : �[�������� &EXI�GHEXJ�VWDWXV�UHJLVWHU�� 
&1$B&%8)B'%*B67$� �[���� : �[�������� &EXI�GHEXJ�VWDWXV�UHJLVWHU�� 
1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV��':�
'RXEOH�:25'�����ELWV��DFFHVV�  
9.4.5 &1$�'HWDLO�5HJLVWHUV�'HVFULSWLRQ�  
&1$BVBVWDWXV�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

����� 52 �[� 
VWDWXVB� 
���([HFXWHU���LV�LQ�LGOH�VWDWH� 
���([HFXWHU���LV�RSHUDWLQJ� 
���([HFXWHU���LV�RSHUDWLQJ��H[HFXWHU���LV�ZDLWLQJ�WR�RSHUDWH�� 

���� 52 �[���� UHVHUYHG 

��� 52 �[� 
VWDWXVB� 
���([HFXWHU���LV�LQ�LGOH�VWDWH� 
���([HFXWHU���LV�RSHUDWLQJ� 
���([HFXWHU���LV�RSHUDWLQJ��H[HFXWHU���LV�ZDLWLQJ�WR�RSHUDWH�� 

 
&1$BVBSRLQWHU�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 52 �[� H[HFXWHU 
:KLFK�UHJLVWHU�JURXS�WR�EH�XVHG� 

���� 52 �[��� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� :�
& �[� H[HFXWHUBSSBFOHDU 

���6HW�WKLV�ELW�WR���WR�FOHDU�SRLQWHU�WR��� 

� :�
& �[� SRLQWHUBSSBFOHDU 

���6HW�WKLV�ELW�WR���WR�FOHDU�SRLQWHU�WR��� 

� 5: �[� 

SRLQWHUBSSBPRGH 
���3RLQWHU�SLQJ�SRQJ�E\�SRLQWHU� 
� � � HJ��LI�FXUUHQW�SRLQWHU�LV����QH[W�SRLQWHU�ZLOO�WRJJOH�WR��� 
���3RLQWHU�SLQJ�SRQJ�E\�H[HFXWHU� 
� � � HJ��LI�FXUUHQW�H[HFXWHU�LV����QH[W�SRLQWHU�ZLOO�WRJJOH�WR��� 

� 5: �[� H[HFXWHUBSSBHQ 
���(QDEOH�H[HFXWHU�DXWR�SLQJ�SRQJ� 

� 5: �[� SRLQWHUBSSBHQ 
���(QDEOH�SRLQWHU�DXWR�SLQJ�SRQJ� 

� 5: �[� SRLQWHU 
:KLFK�UHJLVWHU�JURXS�UHDG\�WR�EH�VHWWHG� 

 
&1$BRSBHQ�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 
RSBHQ 
6HW�WKLV�UHJLVWHU�ZLOO�WULJJHU�FQD�EORFN�RSHUDWH� 
7KLV�UHJLVWHU�DQG�DIWHU�WKLV� � DUH�DOO�VKDGRZHG�IRU�SLQJ�SRQJ�
RSHUDWLRQ� 

 
&1$BFRQYBFRQ��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 5: �[� 
GHBFRQY 
(QDEOH�GHFRQYROXWLRQ�IXQFWLRQ 
�
K����'LVDEOH 
�
K����(QDEOH 

����� 5: �[� 
DUJEBLQ 
�
K�����FKDQQHO�LQSXW�PRGH� 
�
KD����FKDQQHO�LQSXW�PRGH� 
�
KE����FKDQQHO�LQSXW�PRGH� 

����� 52 �[� UHVHUYHG 

��� 5: �[� 

SURFBSUHFLVLRQ 
3URFHVV�SUHFLVLRQ 
�
K���� � ,QSXW�SUHFLVLRQ�LV�LQW�� 
�
K���� � ,QSXW�GDWD�SUHFLVLRQ�LV�LQW��� 
�
K���� � ,QSXW�GDWD�SUHFLVLRQ�LV�IORDW��� 
�
K���� � UHVHUYHG 

��� 52 �[� UHVHUYHG 

��� 5: �[� 

LQBSUHFLVLRQ 
,QSXW�SUHFLVLRQ 
�
K���� � ,QSXW�SUHFLVLRQ�LV�LQW�� 
�
K���� � ,QSXW�GDWD�SUHFLVLRQ�LV�LQW��� 
�
K���� � ,QSXW�GDWD�SUHFLVLRQ�LV�IORDW��� 
�
K���� � UHVHUYHG 

��� 5: �[� 
FRQYBPRGH 
&RQYROXWLRQ�PRGH� 
�
K���'LUHFW�FRQYROXWLRQ� 
�
K���'HSWKZLVH�FRQYROXWLRQ� 
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&1$BFRQYBFRQ��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[�� 
NHUQHOBJURXS 
,Q�LQW������NHUQHOV�IRUP���JURXS���LQ�LQW���RU�IS�������NHUQHOV�
IRUP���JURXS��(J��ZHLJKW�NHUQHO�LV������LQ�LQW���\RX�FDQ�VHW�WKLV�
UHJLVWHU�WR�EH����������� ���� 

����� 52 �[� UHVHUYHG 

���� 5: �[��� 
IHDWXUHBJUDLQV 
)HDWXUH�GDWD�URZV�QHHGV�WR�EH�EXIIHUHG�EHIRUH�FRQYROXWLRQ�VWDUW��
,W
V�VXJJHVWHG�WR�VHW�WKLV�ILHOG�DV�\BVWULGH�ZHLJKWBKHLJKW��� 

��� 52 �[� UHVHUYHG 
 
&1$BFRQYBFRQ��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[�� DWURXVB\BGLODWLRQ 
3DG�QXPEHUV�LQVHUWHG�LQ�IHDWXUH�PDS�FROXPQ�EHWZHHQ���SL[HOV� 

����� 5: �[�� 
DWURXVB[BGLODWLRQ 
3DG�QXPEHUV�LQVHUWHG�LQ�IHDWXUH�PDS�URZ�EHWZHHQ���SL[HOV��6HW�
WKLV�UHJLVWHU�YDOXH�!��ZLOO�HQDEOH�DWURXV�FRQYROXWLRQ� 

����� 52 �[� UHVHUYHG 

����� 5: �[� GHFRQYB\BVWULGH 
3DG�QXPEHUV�LQVHUWHG�LQ�IHDWXUH�PDS�FROXPQ�EHWZHHQ���SL[HOV� 

���� 5: �[� GHFRQYB[BVWULGH 
3DG�QXPEHUV�LQVHUWHG�LQ�IHDWXUH�PDS�URZ�EHWZHHQ���SL[HOV� 

��� 52 �[� UHVHUYHG 

��� 5: �[� FRQYB\BVWULGH 
6WULGH�YDOXH�LQ�\�GLUHFWLRQ� 

��� 5: �[� FRQYB[BVWULGH 
6WULGH�YDOXH�LQ�[�GLUHFWLRQ� 

 
&1$BFRQYBFRQ��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

���� 5: �[������ UJEBE\WHOHQJWK 
%\WH�OHQJWK�RI�DUJE�IHDWXUH�PDS� 

 
&1$BGDWDBVL]H��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[��� GDWDLQBZLGWK 
,QSXW�IHDWXUH�GDWD�ZLGWK� 

����� 52 �[�� UHVHUYHG 

���� 5: �[��� GDWDLQBKHLJKW 
,QSXW�IHDWXUH�GDWD�KHLJKW� 

 
&1$BGDWDBVL]H��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� 
GDWBFKDQQHOBWUXH 
,I�WKH�LQSXW�FKDQQHO�LV�QRW�LQWHJHU�WLPHV�RI���LQW���RU���LQW�
���IORDW������VHW�WKH�UHDO�FKDQQHO�QXPEHU�LQ�WKLV�ILHOG��  

���� 5: �[���� 
GDWDLQBFKDQQHO 
,QSXW�IHDWXUH�GDWD�FKDQQHO�QXPEHU� 
,QW���PRGH��WKLV�QXPEHU�VKRXOG�EH�LQWHJHU�WLPHV�RI��� 
,QW����IORDW����PRGH��VKRXOG�EH�LQWHJHU�WLPHV�RI��� 

 
&1$BGDWDBVL]H��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[��� GDWDRXWBZLGWK 
'DWD�ZLGWK�DIWHU�FRQYROXWLRQ� 

���� 52 �[���� UHVHUYHG 
 
&1$BGDWDBVL]H��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

���� 5: �[������ 
GDWDRXWBDXWRPLFV 
'DWD�DXWRPLFV�DIWHU�FRQYROXWLRQ�ZKLFK�LV�GDWD�RXW�WRWDO�SL[HOV�
QXPEHU� 

 
&1$BZHLJKWBVL]H��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� ZHLJKWBE\WHV :HLJKW�E\WHV�LQ�WRWDO�IRU�WKLV�FRQYOXWLRQ� 
 
&1$BZHLJKWBVL]H��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[����� ZHLJKWBE\WHVBSHUBNHUQHO 
:HLJKW�E\WHV�IRU�RQH�NHUQHO�JURXS� 

 
&1$BZHLJKWBVL]H��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[�� ZHLJKWBZLGWK 
.HUQHO�ZLGWK� 

����� 52 �[� UHVHUYHG 

����� 5: �[�� ZHLJKWBKHLJKW 
.HUQHO� �KHLJKW� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� ZHLJKWBNHUQHOV 
:HLJKW�NHUQHOV� 

 
&1$BFEXIBFRQ��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �420 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

�� 5: �[� 

ZHLJKWBUHXVH 
:HLJKW�GDWD�UHXVH�HQDEOH� 
�
E����GLVDEOH�� 
�
E����HQDEOH�GDWD�UHXVH��IHWFKLQJ�ZHLJKW�GLUHFWO\�IURP�LQWHUQDO�
EXIIHU� 

�� 5: �[� 

GDWDBUHXVH 
)HDWXUH�GDWD�UHXVH�HQDEOH 
�
E����GLVDEOH�� 
�
E����HQDEOH�GDWD�UHXVH��IHWFKLQJ�GDWD�GLUHFWO\�IURP�LQWHUQDO�
EXIIHU� 

�� 52 �[� UHVHUYHG 

���� 5: �[� 
GDWDBEDQN� 
%DQN�QXPEHUV�IRU�IF�]HUR�VNLSSLQJ�IHDWXUH�GDWD��,Q�)&�]HUR�
VNLSSLQJ�PRGH��VHW�WR�EH����2WKHUZLVH��PXVW�VHW�WR�EH��� 

� 52 �[� UHVHUYHG 

��� 5: �[� 

ZHLJKWBEDQN 
%DQN�QXPEHUV�IRU�ZHLJKW�GDWD� 
�
K����%DQN���RFFXSLHG�E\�ZHLJKW�GDWD� 
�
K����%DQN�����RFFXSLHG�E\�ZHLJKW�GDWD� 
��� 
�
K����%DQN�����RFFXSLHG�E\�ZHLJKW�GDWD� 

� 52 �[� UHVHUYHG 

��� 5: �[� 

GDWDBEDQN 
%DQN�QXPEHUV�IRU�IHDWXUH�GDWD 
�
K����%DQN���RFFXSLHG�E\�IHDWXUH�GDWD� 
�
K����%DQN���DQG�EDQN���RFFXSLHG�E\�IHDWXUH�GDWD� 
�
K����%DQN�������RFFXSLHG�E\�IHDWXUH�GDWD� 
��� 
�
K����%DQN�����RFFXSLHG�E\�IHDWXUH�GDWD� 

 
&1$BFEXIBFRQ��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� 
HQWULHVBSHU�VXUI 
(QWULHV�SHU���VXUIDFH��+RZ�PDQ\�EDQN�VSDFH�QHHGHG�WR�VWRU���
VXUIDFH�IHDWXUH�PDS�URZ��DFWXDOO\��LW�HTXDOV�WR�GDWDLQBZLGWK� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� GDWDBHQWULHV 
+RZ�PDQ\�EDQN�VSDFH�QHHGHG�WR�VWRUH�RQH�IHDWXUH�PDS�URZ� 

 
&1$BFYWBFRQ��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[�� FYWBWUXQFDWHB� 
&YW�WUXQFDWH�YDOXH��� 

����� 5: �[�� FYWBWUXQFDWHB� 
&YW�WUXQFDWH�YDOXH��� 

����� 5: �[�� FYWBWUXQFDWHB� 
&YW�WUXQFDWH�YDOXH��� 

��� 5: �[�� FYWBWUXQFDWHB� 
&YW�WUXQFDWH�YDOXH��� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
GDWDBVLJQ 
)HDWXUH�GDWD�LV�VLJQHG�RU�XQVLJQHG� 
�
E����XQVLJQHG� 
�
E����VLJQHG� 

� 5: �[� 
URXQGBW\SH 
���� �RGG�LQ���HYHQ�QRW� 
���� � URXQG�XS�����WR��� 

� 5: �[� 
FYWBW\SH 
���FYW�IXQFWLRQ�ZLOO�GR�DGG�ILUVW��WKHQ�PXOWLSO\� 
���PXOWLSO\�ILUVW��WKHQ�DGG� 

� 5: �[� 
FYWBHQ 
(QDEOH�FYW�IXQFWLRQ� 
�
E����GLDEOH� 
�
E����HQDEOH�FYW�IXQFWLRQ� 

 
&1$BFYWBFRQ��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� FYWBVFDOH� 
0XOWLSOLHU�RSHUDQG�IRU��VW�OD\HU�� 

���� 5: �[���� FYWBRIIVHW� 
$GGHU�RSHUDQG�IRU��VW�OD\HU�� 

 
&1$BFYWBFRQ��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� FYWBVFDOH� 
0XOWLSOLHU�RSHUDQG�IRU��QG�OD\HU� 

���� 5: �[���� FYWBRIIVHW� 
$GGHU�RSHUDQG�IRU��QG�OD\HU� 

 
&1$BFYWBFRQ��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� FYWBVFDOH� 
0XOWLSOLHU�RSHUDQG�IRU��UG�OD\HU� 

���� 5: �[���� FYWBRIIVHW� 
$GGHU�RSHUDQG� � IRU��UG�OD\HU� 

 
&1$BFYWBFRQ��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� FYWBVFDOH� 
0XOWLSOLHU�RSHUDQG�IRU��WK�OD\HU� 

���� 5: �[���� FYWBRIIVHW� 
$GGHU�RSHUDQG�IRU��WK�OD\HU� 

 
&1$BIFBFRQ��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
IFBVNLSBGDWD 
)&�]HUR�VNLSSLQJ�GDWD� 
6NLSSHG�IHDWXUH�GDWD�YDOXH��QRUPDOO\�VHW�WR��� 

���� 52 �[���� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

IFBVNLSBHQDEOH 
)&�]HUR�VNLSSLQJ�HQDEOH� 
�
E����GLVDEOH� 
�
E���HQDEOH�VNLS�VRPH�IHDWXUH�GDWD�YDOXH��QRUPDOO\�VNLS�]HUR� 
:KHQ�RQH�SL[HO�IHDWXUH�GDWD�LV����WKH�FRUUHVSRQGLQJ�ZHLJKW�GDWD�
LV�QRW�IHWFKHG�IURP�V\VWHP�PHPRU\� 

 
&1$BIFBFRQ��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[����� GDWBRIIVHW 
)HDWXUH�GDWD�RIIVHW�LQ�IF�VNLS�PRGH� 

 
&1$BSDGBFRQ��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[�� SDGBYDOXH 
3DG�YDOXH� 

���� 52 �[�� UHVHUYHG 

��� 5: �[� SDGBOHIW 
3DG�QXPEHUV�LQ�OHIW�RI�WKH�IHDWXUH�PDS� 

��� 5: �[� SDGBWRS 
3DG�QXPEHUV�LQ�WRS�RI�WKH�IHDWXUH�PDS� 

 
&1$BIHDWXUHBGDWDBDGGU�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� IHDWXUHBEDVHBDGGU 5HDG�IHDWXUH�GDWD�DGGUHVV� 
��� 52 �[� UHVHUYHG 
 
&1$BIFBFRQ��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[����� ZWBRIIVHW 
:HLJKW�RIIVHW�LQ�IF�VNLS�PRGH� 

 
&1$BGPDBFRQ��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� ZWBEXUVWBOHQ 
5HDG�ZHLJKW�GDWD�D[L�EXUVW�OHQ� 

���� 5: �[�� IHWFKBSL[HOBOHQ 
/HQJWK�RI�IHDWXUH�GDWD�IRU�HDFK�VXUIDFH� 

��� 52 �[� UHVHUYHG 

��� 5: �[� GDWBEXUVWBOHQ 
5HDG�IHDWXUH�GDWD�D[L�EXUVW�OHQ� 

 
&1$BGPDBFRQ��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

���� 5: �[������� OLQHBVWULGH 
)HDWXUH�PDS�DFWXDO�ZLGWK� 

 
&1$BGPDBFRQ��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

���� 5: �[������� VXUIBVWULGH 
)HDWXUH�PDS�DFWXDO�VXUIDFH�DUHR� 

 
&1$BIFBGDWDBVL]H��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� GDWDLQBZLGWKBGPD 
:LGWK�RI�IHDWXUH�PDS�IRU�IF�PRGH� 

����� 52 �[�� UHVHUYHG 

���� 5: �[��� GDWDLQBKHLJKWBGPD 
+HLJKW�RI�IHDWXUH�PDS�IRU�IF�PRGH� 

 
&1$BIFBGDWDBVL]H��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� GDWDLQBFKDQQHOBGPD 
&KDQQHO�RI�IHDWXUH�PDS�IRU�IF�PRGH� 

 
&1$BFONBJDWH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� 
VEXIBFVBGLVDEOHBFONJDWH 
���'LVDEOH�VEXI�FORFN�DXWR�JDWH� 
���$XWR�FORFN�JDWH�LV�HQDEOHG� 

� 5: �[� 
FEXIBFVBGLVDEOHBFONJDWH 
���'LVDEOH�FEXI�FORFN�DXWR�JDWH� 
���$XWR�FORFN�JDWH�LV�HQDEOHG� 

� 52 �[� UHVHUYHG 

� 5: �[� 
FVFBGLVDEOHBFONJDWH 
����'LVDEOH�FVF�EORFN�FON�JDWH� 
����$XWR�FORFN�JDWH�LV�HQDEOHG� 

� 5: �[� 
FQDBZWBGLVDEOHBFONJDWH 
����'LVDEOH�ZHLJKW�EORFN�FON�JDWH� 
����$XWR�FORFN�JDWH�LV�HQDEOHG� 

� 5: �[� 
FQDBIHDWXUHBGLVDEOHBFONJDWH 
����'LVDEOH�IHDWXUH�EORFN�FON�JDWH� 
����$XWR�FORFN�JDWH�LV�HQDEOHG� 

 
&1$BGFRPSBFWUO�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 
GHFRPSBFRQWURO 
�
K����'LVDEOH�ZHLJKW�GHFRPSUHVV� 
�
K����(QDEOH�ZHLJKW�GHFRPSUHVV� 

 
&1$BGFRPSBUHJQXP�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

���� 5: �[������ GFRPSBUHJQXP 
�'HFRPSUHVV�UHJLVWHU�QXPEHUV�UHJLVWHU� 

 
&1$BGFRPSBDGGU��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� GHFRPSUHVVBDGGU� :HLJKW�GHFRPSUHVV�VRXUFH�DGGUHVV��� 
��� 52 �[� UHVHUYHG 
 
&1$BGFRPSBDGGU��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� GHFRPSUHVVBDGGU� :HLJKW�GHFRPSUHVV�VRXUFH�DGGUHVV��� 
��� 52 �[� UHVHUYHG 
 
&1$BGFRPSBDGGU��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� GHFRPSUHVVBDGGU� :HLJKW�GHFRPSUHVV�VRXUFH�DGGUHVV��� 
��� 52 �[� UHVHUYHG 
 
&1$BGFRPSBDGGU��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� GHFRPSUHVVBDGGU� :HLJKW�GHFRPSUHVV�VRXUFH�DGGUHVV��� 
��� 52 �[� UHVHUYHG 
 
&1$BGFRPSBDGGU��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� GHFRPSUHVVBDGGU� :HLJKW�GHFRPSUHVV�VRXUFH�DGGUHVV��� 
��� 52 �[� UHVHUYHG 
 
&1$BGFRPSBDGGU��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� GHFRPSUHVVBDGGU� :HLJKW�GHFRPSUHVV�VRXUFH�DGGUHVV��� 
��� 52 �[� UHVHUYHG 
 
&1$BGFRPSBDGGU��  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� GHFRPSUHVVBDGGU� :HLJKW�GHFRPSUHVV�VRXUFH�DGGUHVV��� 
��� 52 �[� UHVHUYHG 
 
&1$BGFRPSBDGGU��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� GHFRPSUHVVBDGGU� :HLJKW�GHFRPSUHVV�VRXUFH�DGGUHVV��� 
��� 52 �[� UHVHUYHG 
 
&1$BGFRPSBDPRXQW��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� GFRPSBDPRXQW� :HLJKW�GHFRPSUHVV�VRXUFH�GDWD�DPRXQW��� 
 
&1$BGFRPSBDPRXQW��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� GFRPSBDPRXQW� :HLJKW�GHFRPSUHVV�VRXUFH�GDWD�DPRXQW��� 
 
&1$BGFRPSBDPRXQW��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� GFRPSBDPRXQW� :HLJKW�GHFRPSUHVV�VRXUFH�GDWD�DPRXQW��� 
 
&1$BGFRPSBDPRXQW��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� GFRPSBDPRXQW� :HLJKW�GHFRPSUHVV�VRXUFH�GDWD�DPRXQW��� 
 
&1$BGFRPSBDPRXQW��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� GFRPSBDPRXQW� :HLJKW�GHFRPSUHVV�VRXUFH�GDWD�DPRXQW��� 
 
&1$BGFRPSBDPRXQW��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� GFRPSBDPRXQW� :HLJKW�GHFRPSUHVV�VRXUFH�GDWD�DPRXQW��� 
 
&1$BGFRPSBDPRXQW��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� GFRPSBDPRXQW� :HLJKW�GHFRPSUHVV�VRXUFH�GDWD�DPRXQW��� 
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&1$BGFRPSBDPRXQW��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� GFRPSBDPRXQW� �:HLJKW�GHFRPSUHVV�VRXUFH�GDWD�DPRXQW��� 
 
&1$B&%8)B'%*B&21�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

�� 5: �[� UHJ�GSBGEJBFEXIBUGVHO 
5HJ�GSBGEJBFEXIBUGVHO� 

���� 5: �[���� UHJ�GSBGEJBFEXIBUDGGU 
5HJ�GSBGEJBFEXIBUDGGU� 

 
&1$B&%8)B'%*B67$��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� FEXIBGHEXJBGDWD� &EXIBGHEXJBGDWD�� 
 
&1$B&%8)B'%*B67$��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� FEXIBGHEXJBGDWD� &EXIBGHEXJBGDWD�� 
 
&1$B&%8)B'%*B67$��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� FEXIBGHEXJBGDWD� &EXIBGHEXJBGDWD�� 
 
&1$B&%8)B'%*B67$��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� FEXIBGHEXJBGDWD� &EXIBGHEXJBGDWD�� 
 
&1$B&%8)B'%*B67$��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� FEXIBGHEXJBGDWD� &EXIBGHEXJBGDWD�� 
 
&1$B&%8)B'%*B67$��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� FEXIBGHEXJBGDWD� &EXIBGHEXJBGDWD�� 
 
&1$B&%8)B'%*B67$��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� FEXIBGHEXJBGDWD� &EXIBGHEXJBGDWD�� 
 
&1$B&%8)B'%*B67$��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� FEXIBGHEXJBGDWD� &EXIBGHEXJBGDWD�� 
 
9.4.6 &0$&�5HJLVWHUV�6XPPDU\�  

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

&0$&BVBVWDWXV �[���� : �[�������� 6WDWXH�UHJLVWHU 
&0$&BVBSRLQWHU �[���� : �[�������� 6LQJOH�3RLQWHU�5HJLVWHU 
&0$&BRSBHQ �[���� : �[�������� 2SHUDWRU�HQDEOH�UHJLVWHU 
&0$&BPLVF�FWUO �[���& : �[�������� &0$&�PLVF�FRQWURO�UHJLVWHU 
&0$&BJDWBFWUO �[���� : �[�������� &ORFN�JDWLQJ�FRQWURO�UHJLVWHU 
1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV��':�
'RXEOH�:25'�����ELWV��DFFHVV�  
9.4.7 &0$&�'HWDLO�5HJLVWHUV�'HVFULSWLRQ�  
&0$&BVBVWDWXV�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

����� 52 �[� 
VWDWXVB� 
���([HFXWHU���LV�LQ�LGOH�VWDWH� 
���([HFXWHU���LV�RSHUDWLQJ� 
���([HFXWHU���LV�RSHUDWLQJ��H[HFXWHU���LV�ZDLWLQJ�WR�RSHUDWH�� 

���� 52 �[���� UHVHUYHG 

��� 52 �[� 
VWDWXVB� 
���([HFXWHU���LV�LQ�LGOH�VWDWH� 
���([HFXWHU���LV�RSHUDWLQJ� 
���([HFXWHU���LV�RSHUDWLQJ��H[HFXWHU���LV�ZDLWLQJ�WR�RSHUDWH�� 

 
&0$&BVBSRLQWHU�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 52 �[� H[HFXWHU 
:KLFK�UHJLVWHU�JURXS�WR�EH�XVHG� 

���� 52 �[��� UHVHUYHG 

� :�
& �[� H[HFXWHUBSSBFOHDU 

���6HW�WKLV�ELW�WR���WR�FOHDU�SRLQWHU�WR��� 

� :�
& �[� SRLQWHUBSSBFOHDU 

���6HW�WKLV�ELW�WR���WR�FOHDU�SRLQWHU�WR��� 

� 5: �[� 

SRLQWHUBSSBPRGH 
���3RLQWHU�SLQJ�SRQJ�E\�SRLQWHU� 
� � � HJ��LI�FXUUHQW�SRLQWHU�LV����QH[W�SRLQWHU�ZLOO�WRJJOH�WR��� 
���3RLQWHU�SLQJ�SRQJ�E\�H[HFXWHU� 
� � � HJ��LI�FXUUHQW�H[HFXWHU�LV����QH[W�SRLQWHU�ZLOO�WRJJOH�WR��� 

� 5: �[� H[HFXWHUBSSBHQ 
���(QDEOH�H[HFXWHU�DXWR�SLQJ�SRQJ� 

� 5: �[� SRLQWHUBSSBHQ 
���(QDEOH�SRLQWHU�DXWR�SLQJ�SRQJ� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� SRLQWHU 
:KLFK�UHJLVWHU�JURXS�UHDG\�WR�EH�VHWWHG� 

 
&0$&BRSBHQ�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 
RSBHQ 
6HW�WKLV�UHJLVWHU�ZLOO�WULJJHU�FQD�EORFN�RSHUDWH� 
7KLV�UHJLVWHU�DQG�DIWHU�WKLV� � DUH�DOO�VKDGRZHG�IRU�SLQJ�SRQJ�
RSHUDWLRQ� 

 
&0$&BPLVF�FWUO�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

����� 5: �[� 

SURFBSUHFLVLRQ 
3URFHVV�SUHFLVLRQ� 
�
K����,QW�� 
�
K����,QW��� 
�
K����)S��� 
�
K����%I��� 

���� 52 �[��� UHVHUYHG 

� 5: �[� GZBHQ 
,I�HQDEOH�GHSWKZLVH�FRQYROXWLRQ� 

� 5: �[� UHJBTGBHQ 
(QDEOH�FDOFXODWH�IHDWXUH�GDWD�VXPPXU\� 

 
&0$&BJDWBFWUO�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

���� 5: �[������ VOFJBRSBHQ 
*DWLQJ�HQDEOH�VLJQDO� 

 
9.4.8 $&&8�5HJLVWHUV�6XPPDU\�  

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

$&&8BVBVWDWXV �[���� : �[�������� 6WDWXH�UHJLVWHU 
$&&8BVBSRLQWHU �[���� : �[�������� 6LQJOH�3RLQWHU�5HJLVWHU 
$&&8BRSBHQ �[���� : �[�������� 2SHUDWRU�HQDEOH�UHJLVWHU 
$&&8BPLVFBFIJ �[���& : �[�������� $&&8�PLVF�FRQWURO�UHJLVWHU 
$&&8BGDWDRXWBVL]HB� �[���� : �[�������� 'DWDRXW�VL]H�UHJLVWHU�� 
$&&8BGDWDRXWBVL]HB� �[���� : �[�������� 'DWDRXW�VL]H�UHJLVWHU�� 
$&&8BFOLSBWUXQFDWH �[���& : �[�������� 7UXQFDWH�UHJLVWHU 
1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV��':�
'RXEOH�:25'�����ELWV��DFFHVV�  
9.4.9 $&&8�'HWDLO�5HJLVWHUV�'HVFULSWLRQ�  
$&&8BVBVWDWXV�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� 
VWDWXVB� 
���([HFXWHU���LV�LQ�LGOH�VWDWH� 
���([HFXWHU���LV�RSHUDWLQJ� 
���([HFXWHU���LV�RSHUDWLQJ��H[HFXWHU���LV�ZDLWLQJ�WR�RSHUDWH�� 

���� 52 �[���� UHVHUYHG 

��� 52 �[� 
VWDWXVB� 
���([HFXWHU���LV�LQ�LGOH�VWDWH� 
���([HFXWHU���LV�RSHUDWLQJ� 
���([HFXWHU���LV�RSHUDWLQJ��H[HFXWHU���LV�ZDLWLQJ�WR�RSHUDWH�� 

 
$&&8BVBSRLQWHU�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 52 �[� H[HFXWHU 
:KLFK�UHJLVWHU�JURXS�WR�EH�XVHG� 

���� 52 �[��� UHVHUYHG 

� :�
& �[� H[HFXWHUBSSBFOHDU 

���6HW�WKLV�ELW�WR���WR�FOHDU�SRLQWHU�WR��� 

� :�
& �[� SRLQWHUBSSBFOHDU 

���6HW�WKLV�ELW�WR���WR�FOHDU�SRLQWHU�WR��� 

� 5: �[� 

SRLQWHUBSSBPRGH 
���3RLQWHU�SLQJ�SRQJ�E\�SRLQWHU� 
� � � HJ��LI�FXUUHQW�SRLQWHU�LV����QH[W�SRLQWHU�ZLOO�WRJJOH�WR��� 
���3RLQWHU�SLQJ�SRQJ�E\�H[HFXWHU� 
� � � HJ��LI�FXUUHQW�H[HFXWHU�LV����QH[W�SRLQWHU�ZLOO�WRJJOH�WR��� 

� 5: �[� H[HFXWHUBSSBHQ 
���(QDEOH�H[HFXWHU�DXWR�SLQJ�SRQJ� 

� 5: �[� SRLQWHUBSSBHQ 
���(QDEOH�SRLQWHU�DXWR�SLQJ�SRQJ� 

� 5: �[� SRLQWHU 
:KLFK�UHJLVWHU�JURXS�UHDG\�WR�EH�VHWWHG� 

 
$&&8BRSBHQ�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 
RSBHQ 
6HW�WKLV�UHJLVWHU�ZLOO�WULJJHU�FQD�EORFN�RSHUDWH� 
7KLV�UHJLVWHU�DQG�DIWHU�WKLV� � DUH�DOO�VKDGRZHG�IRU�SLQJ�SRQJ�
RSHUDWLRQ� 

 
$&&8BPLVFBFIJ�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[�� VRIWBJDWLQJ 
6RIWBJDWLQJ� 

����� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

SURFBSUHFLVLRQ 
3URFHVV�SUHFLVLRQ� 
�
K����,QW�� 
�
K����,QW��� 
�
K����)S��� 
�
K����%I��� 

��� 52 �[�� UHVHUYHG 

� 5: �[� GZBHQ 
� ,I�HQDEOH�GHSWKZLVH�FRQYROXWLRQ� 

� 5: �[� UHJBTGBHQ 
(QDEOH�FDOFXODWH�IHDWXUH�GDWD�VXPPXU\� 

 
$&&8BGDWDRXWBVL]HB��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� GDWDRXWBKHLJKW 
2XWSXW�KHLJKW�RI�IHDWXUH�GDWD� 

���� 5: �[���� GDWDRXWBZLGWK 
2XWSXW�ZLGWK�RI�IHDWXUH�GDWD� 

 
$&&8BGDWDRXWBVL]HB��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� GDWDRXWBFKDQQHO 
2XWSXW�FKDQQHO�RI�IHDWXUH�GDWD� 

 
$&&8BFOLSBWUXQFDWH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� FYWBURXQG 
7UXQFDWH�W\SH� 

��� 5: �[�� FOLSBWUXQFDWH 
� 7UXQFDWH�YDOXH� 

 
 
9.4.10 '38�5HJLVWHUV�6XPPDU\�  

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

'38BVBVWDWXV �[���� : �[�������� 6WDWXH�UHJLVWHU 
'38BVBSRLQWHU �[���� : �[�������� 6LQJOH�3RLQWHU�5HJLVWHU 
'38BRSBHQ �[���� : �[�������� 2SHUDWRU�HQDEOH�UHJLVWHU 

'38BIHDWXUHBPRGHBFIJ �[���& : �[�������� )HDWXUH�PRGH�FRQILJXUDWLRQ�UHJLVWHU 
'38BGDWDBIRUPDW �[���� : �[�������� 'DWD�IRUPDW�FRQWURO�UHJLVWHU 
'38BRIIVHWBSHQG �[���� : �[�������� 2IIVHW�SHQG�UHJLVWHU 
'38BGVWBEDVHBDGGU �[���� : �[�������� 'HVWLQDWLRQ�DGGUHVV�UHJLVWHU 
'38BGVWBVXUIDFHBVWULGH �[���� : �[�������� 'HVWLQDWLRQ�VXUIDFH�VWULGH�UHJLVWHU 
'38BGDWDBFXEHBZLGWK �[���� : �[�������� )HDWXUH�ZLGWK�UHJLVWHU 
'38BGDWDBFXEHBKHLJKW �[���� : �[�������� )HDWXUH�KHLJKW�UHJLVWHU 
'38BGDWDBFXEHBQRWFKBDG
GU �[���� : �[�������� )HDWXUH�QRWFK�DGGUHVV�UHJLVWHU 

'38BGDWDBFXEHBFKDQQHO �[���& : �[�������� )HDWXUH�FKDQQHO�UHJLVWHU 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

'38BEVBFIJ �[���� : �[�������� %6�FRQWURO�UHJLVWHU 
'38BEVBDOXBFIJ �[���� : �[�������� %6�$/8�FRQWURO�UHJLVWHU 
'38BEVBPXOBFIJ �[���� : �[�������� %6�08/�FRQWURO�UHJLVWHU 
'38BEVBUHOX[BFPSBYDOXH �[���& : �[�������� %6�5(/8;�FRPSDUH�GDWD�UHJLVWHU 

'38BEVBRZBFIJ �[���� : �[�������� %6�RIIVHW�RI�ZHLJKW�FRQWURO�UHJLVWHU 
'38BEVBRZBRS �[���� : �[�������� %6�RIIVHW�RI�ZHLJKW�UHJLVWHU 
'38BEQBFIJ �[���� : �[�������� %1�FRQWURO�UHJLVWHU 
'38BEQBDOXBFIJ �[���� : �[�������� %1�$/8�FRQWURO�UHJLVWHU 
'38BEQBPXOBFIJ �[���� : �[�������� %1�08/�FRQWURO�UHJLVWHU 
'38BEQBUHOX[BFPSBYDOXH �[���& : �[�������� %1�5(/8;�FRPSDUH�GDWD�UHJLVWHU 
'38BHZBFIJ �[���� : �[�������� (:�FRQWURO�UHJLVWHU 
'38BHZBRSBFYWBRIIVHWBY
DOXH �[���� : �[�������� &RQYHUW�RIIVHW�LQ�(: 

'38BHZBRSBFYWBVFDOHBYD
OXH �[���� : �[�������� &RQYHUW�VFDOH�LQ�(: 

'38BHZBUHOX[BFPSBYDOXH �[���& : �[�������� (:�5(/8;�FRPSDUH�GDWD�UHJLVWHU 
'38BRXWBFYWBRIIVHW �[���� : �[�������� 2XW�FRQYHUW�RIIVHW�UHJLVWHU 
'38BRXWBFYWBVFDOH �[���� : �[�������� 2XW�VFDOH�RIIVHW�UHJLVWHU 
'38BRXWBFYWBVKLIW �[���� : �[�������� 2XW�VKLIW�RIIVHW�UHJLVWHU 

'38BHZBRSBVUFBYDOXHB� �[���� : �[�������� &RQILJXUDWLRQ�YDOXH�IRU�HZ�RSHUDWRU�� 

'38BHZBRSBVUFBYDOXHB� �[���� : �[�������� &RQILJXUDWLRQ�YDOXH�IRU�HZ�RSHUDWRU�� 

'38BHZBRSBVUFBYDOXHB� �[���� : �[�������� &RQILJXUDWLRQ�YDOXH�IRU�HZ�RSHUDWRU�� 

'38BHZBRSBVUFBYDOXHB� �[���& : �[�������� &RQILJXUDWLRQ�YDOXH�IRU�HZ�RSHUDWRU�� 

'38BHZBRSBVUFBYDOXHB� �[��$� : �[�������� &RQILJXUDWLRQ�YDOXH�IRU�HZ�RSHUDWRU�� 

'38BHZBRSBVUFBYDOXHB� �[��$� : �[�������� &RQILJXUDWLRQ�YDOXH�IRU�HZ�RSHUDWRU�� 

'38BHZBRSBVUFBYDOXHB� �[��$� : �[�������� &RQILJXUDWLRQ�YDOXH�IRU�HZ�RSHUDWRU�� 

'38BHZBRSBVUFBYDOXHB� �[��$& : �[�������� &RQILJXUDWLRQ�YDOXH�IRU�HZ�RSHUDWRU�� 
'38BOXWBDFFHVVBFIJ �[���� : �[�������� /87�DFFHVV�FRQILJXUDWLRQ�UHJLVWHU 
'38BOXWBDFFHVVBGDWD �[���� : �[�������� /87�DFFHVV�GDWD�UHJLVWHU 
'38BOXWBFIJ �[���� : �[�������� /87�FRQILJXUDWLRQ�UHJLVWHU 
'38BOXWBLQIR �[���& : �[�������� /87�LQIR�UHJLVWHU 
'38BOXWBOHBVWDUW �[���� : �[�������� /(�/87�VWDUW�DGGUHVV�UHJLVWHU 
'38BOXWBOHBHQG �[���� : �[�������� /(�/87�HQG�DGGUHVV�UHJLVWHU 
'38BOXWBORBVWDUW �[���� : �[�������� /2�/87�VWDUW�DGGUHVV�UHJLVWHU 
'38BOXWBORBHQG �[���& : �[�������� /2�/87�HQG�DGGUHVV�UHJLVWHU 
'38BOXWBOHBVORSHBVFDOH �[���� : �[�������� /(�/87�VORSH�VFDOH�UHJLVWHU 
'38BOXWBOHBVORSHBVKLIW �[���� : �[�������� /(�/87�VORSH�RIIVHW�UHJLVWHU 
'38BOXWBORBVORSHBVFDOH �[���� : �[�������� /2�/87�VORSH�VFDOH�UHJLVWHU 
'38BOXWBORBVORSHBVKLIW �[���& : �[�������� /2�/87�VORSH�RIIVHW�UHJLVWHU 
1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV��':�
'RXEOH�:25'�����ELWV��DFFHVV�  
9.4.11 '38�'HWDLO�5HJLVWHUV�'HVFULSWLRQ�  
'38BVBVWDWXV�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

����� 52 �[� 
VWDWXVB� 
���([HFXWHU���LV�LQ�LGOH�VWDWH� 
���([HFXWHU���LV�RSHUDWLQJ� 
���([HFXWHU���LV�RSHUDWLQJ��H[HFXWHU���LV�ZDLWLQJ�WR�RSHUDWH�� 

���� 52 �[���� UHVHUYHG 

��� 52 �[� 
VWDWXVB� 
���([HFXWHU���LV�LQ�LGOH�VWDWH� 
���([HFXWHU���LV�RSHUDWLQJ� 
���([HFXWHU���LV�RSHUDWLQJ��H[HFXWHU���LV�ZDLWLQJ�WR�RSHUDWH�� 

 
'38BVBSRLQWHU�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 52 �[� H[HFXWHU 
:KLFK�UHJLVWHU�JURXS�WR�EH�XVHG� 

���� 52 �[��� UHVHUYHG 

� :�
& �[� H[HFXWHUBSSBFOHDU 

���6HW�WKLV�ELW�WR���WR�FOHDU�SRLQWHU�WR��� 

� :�
& �[� SRLQWHUBSSBFOHDU 

���6HW�WKLV�ELW�WR���WR�FOHDU�SRLQWHU�WR��� 

� 5: �[� 

SRLQWHUBSSBPRGH 
���3RLQWHU�SLQJ�SRQJ�E\�SRLQWHU� 
� � � HJ��LI�FXUUHQW�SRLQWHU�LV����QH[W�SRLQWHU�ZLOO�WRJJOH�WR��� 
���3RLQWHU�SLQJ�SRQJ�E\�H[HFXWHU� 
� � � HJ��LI�FXUUHQW�H[HFXWHU�LV����QH[W�SRLQWHU�ZLOO�WRJJOH�WR��� 

� 5: �[� H[HFXWHUBSSBHQ 
���(QDEOH�H[HFXWHU�DXWR�SLQJ�SRQJ� 

� 5: �[� SRLQWHUBSSBHQ 
���(QDEOH�SRLQWHU�DXWR�SLQJ�SRQJ� 

� 5: �[� SRLQWHU 
:KLFK�UHJLVWHU�JURXS�UHDG\�WR�EH�VHWWHG� 

 
'38BRSBHQ�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 
RSBHQ 
6HW�WKLV�UHJLVWHU�ZLOO�WULJJHU�FQD�EORFN�RSHUDWH� 
7KLV�UHJLVWHU�DQG�DIWHU�WKLV� � DUH�DOO�VKDGRZHG�IRU�SLQJ�SRQJ�
RSHUDWLRQ� 

 
'38BIHDWXUHBPRGHBFIJ�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 52 �[� UHVHUYHG 

�� 5: �[� WSBHQ 
,I�HQDEOH�WUDQVSRVH�� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

UJSBW\SH 
5HJURXS�W\SH� 
�
K���&XW�DOO�LQSXW����ELW�� 
�
K���&XW��ELW� 
�
K���&XW���ELW� 
�
K���&XW���ELW� 

�� 5: �[� 
QRQDOLJQ 
,I�QRQDOLJQ�PRGH�LV�HQDEOH�,I�WKH�RXWSXW�GDWD�IORZ�LV�VDPSH�ZLWK�
WKH�LQSXW�GDWD�IORZ��WKLV�PRGH�FDQ�EH�XVHG� 

���� 5: �[���� VXUIBOHQ 
,Q�QRQDOLJQ�PRGH��KRZ�PDQ\��E\WHV�WR�EH�VWRUHG� 

��� 5: �[� 

EXUVWBOHQ 
%XUVW�OHQJWK� 
��EXUVW�� 
��EXUVW�� 
��EXUVW��� 

� 52 �[� UHVHUYHG 

��� 5: �[� 
FRQYBPRGH 
���'LUHFW�FRQYROXWLRQ�PRGH� 
���'HSWKZLVH�FRQYOXWLRQ�PRGH� 

��� 5: �[� 
RXWSXWBPRGH 
:KHUH�WKH�GSX�FRUH�RXWSXW� �JRHV� 
���,I�WKH�RXWSXW�JRHV�WR�SSX��KLJK�LV�DFWLYH� 
���,I�WKH�RXWSXW�JRHV�WR�RXWVLGH��KLJK�LV�DFWLYH� 

� 5: �[� IO\LQJBPRGH 
,I�IO\LQJ�PRGH�LV�HQDEOH� 

 
'38BGDWDBIRUPDW�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

RXWBSUHFLVLRQ 
2XWSXW�SUHFLVLRQ� 
�
K����,QW�� 
�
K����,QW��� 
�
K����)S��� 
�
K����%I��� 
�
K����,QW��� 
�
K����)S��� 

����� 5: �[� 

LQBSUHFLVLRQ 
,QSXW�SUHFLVLRQ�VDPH�ZLWK�GSXBUGPD� 
�
K����,QW�� 
�
K����,QW��� 
�
K����)S��� 
�
K����%I��� 
�
K����,QW��� 
�
K����)S��� 

����� 5: �[��� HZBWUXQFDWHBQHJ 
6KLIW�YDOXH�LQ�HZ�FRUH�IRU�QHJWLYH�GDWD� 

����� 5: �[�� EQBPXOBVKLIWBYDOXHBQHJ 
6KLIW�YDOXH�LQ�EQ�FRUH�IRU�QHJWLYH�GDWD� 

��� 5: �[�� EVBPXOBVKLIWBYDOXHBQHJ 
6KLIW�YDOXH�LQ�EV�FRUH�IRU�QHJWLYH�GDWD� 

��� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 
SURFBSUHFLVLRQ 
3URFHVV�SUHFLVLRQ� 
6DPH�DV�SURFBSUHFLVLRQ�DERYH� 

 
'38BRIIVHWBSHQG�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� RIIVHWBSHQG 
:KDW�YDOXH�WKH�H[WUD�FKDQQHO�EH�VHW� 

 
'38BGVWBEDVHBDGGU�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� GVWBEDVHBDGGU 'HVWLQDWLRQ�DGGUHVV�RI�RXWSXW�IHDWXUH�PDS� 
 
'38BGVWBVXUIDFHBVWULGH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� GVWBVXUIDFHBVWULGH 2XWSXW�VKDSH�VXUIDFH�VWULGH� 
��� 52 �[� UHVHUYHG 
 
'38BGDWDBFXEHBZLGWK�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

���� 5: �[���� ZLGWK 
)HDWXUH�ZLGWK��PLQXV���� 

 
'38BGDWDBFXEHBKHLJKW�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� DUHR 
+RZ�PDQ\�SL[HO�WR�EH�SURFHVVHG�LQ�PLQPD[�RS�RQFH� 

����� 5: �[� 

PLQPD[BFWO 
0LQPD[�FRQWURO�VLJQDO� 
>�@��HQDEOH�PLQPD[�RS� 
>�@��PLQPD[�W\SH� 
>�@��SUREDELOLW\�RQO\� 

����� 52 �[��� UHVHUYHG 

���� 5: �[���� KHLJKW 
)HDWXUH�KHLJKW��PLQXV���� 

 
'38BGDWDBFXEHBQRWFKBDGGU�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� 
QRWFKBDGGUB� 
+RZ�PDQ\�SL[HO�IURP�WKH�HQG�RI�ZLGWK�WR�WKH�HQG�RI�WKH�VKDSH�
OLQH�HQG��� 

����� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[���� 
QRWFKBDGGUB� 
+RZ�PDQ\�SL[HO�IURP�WKH�HQG�RI�ZLGWK�WR�WKH�HQG�RI�WKH�VKDSH�
OLQH�HQG��� 

 
'38BGDWDBFXEHBFKDQQHO�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� RULBFKDQQHO 
2ULJLQDO�RXWSXW�FKDQQHO�PLQXV���� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� 

FKDQQHO 
)HDWXUH�FKDQQHO�PLQXV�����5XOHV�DUH�OLVW�IROORZLQJ� 
GF���E��$OLJQ�WR��� 
GF� ��E���$OLJQ�WR���� 
GZ���E�$OLJQ�WR���� 
GZ��E���$OLJQ�WR���� 

 
'38BEVBFIJ�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� 5: �[� 
EVBDOXBVUF 
:KHUH�WKH�DOX�RSHUDQG�IURP� 
�
K��)URP�FRQILJXUH�UHJLVWHU� 
�
K��)URP�RXWVLGH� 

� 5: �[� EVBUHOX[BHQ 
,I�HQDEOH�UHOX�[� 

� 5: �[� EVBUHOXBE\SDVV 
%\SDVV�UHOX�RS� 

� 5: �[� EVBPXOBSUHOX 
,I�HQDEOH�SUHOX� 

� 5: �[� EVBPXOBE\SDVV 
%\SDVV�EV�FRUH�PXO�RS� 

��� 5: �[� 

EVBDOXBDOJR 
%6�FRUH�DOX�RS�W\SH� 
�
K���0D[� 
�
K���0LQ� 
�
K���$GG� 

� 5: �[� EVBDOXBE\SDVV 
%\SDVV�EV�FRUH�DOX�RS� 

� 5: �[� EVBE\SDVV 
%\SDVV�EV�FRUH� 

 
'38BEVBDOXBFIJ�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� EVBDOXBRSHUDQG %V�FRUH�DOX�RSHUDQG� 
 
'38BEVBPXOBFIJ�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� EVBPXOBRSHUDQG 
%6�FRUH�PXO�RSHUDQG� 

����� 52 �[� UHVHUYHG 

���� 5: �[�� EVBPXOBVKLIWBYDOXH 
6KLIW�YDOXH�LQ�EV�FRUH�IRU�SRVLWLYH�GDWD� 

��� 52 �[�� UHVHUYHG 

� 5: �[� 
EVBPXOBVUF 
:KHUH�WKH�PXO�RSHUDQG�IURP� 
���IURP�FRQILJXUH�UHJLVWHU� 
���IURP�RXWVLGH� 

 
'38BEVBUHOX[BFPSBYDOXH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� EVBUHOX[BFPSBGDW 5HOX[�FRPSDUH�GDWD�LQ�EV�FRUH� 
 
'38BEVBRZBFIJ�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

UJSBFQWHU 
5HJURXS�FRXQWHU� 
�
K����6HOHFW�DOO�GDWD� 
�
K����6HOHFW���IURP�HYHU\��� 
�
K����6HOHFW���IURP�HYHU\��� 
�
K����6HOHFW���IURP�HYHU\��� 

����� 52 �[����� UHVHUYHG 

���� 5: �[� VL]HBHB� 
+RZ�PDQ\��FKDQQHO�LQ�D�URZ�WKH�ODVW�RXWSXW�OLQH�PLQXV���� 

��� 5: �[� VL]HBHB� 
+RZ�PDQ\��FKDQQHO�LQ�D�URZ�WKH�PLGGOH�RXWSXW�OLQH�PLQXV���� 

��� 5: �[� VL]HBHB� 
+RZ�PDQ\��FKDQQHO�LQ�D�URZ�WKH�ILUVW�RXWSXW�OLQH�PLQXV���� 

� 5: �[� RGBE\SDVV 
%\SDVV�FSHQG� 

� 5: �[� 
RZBVUF 
:KHUH�WKH�FSHQG�RSHUDQG�IURP� 
�
E���)URP�FRQILJXUH�UHJLVWHU� 
�
E���)URP�RXWVLGH� 

 
'38BEVBRZBRS�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� RZBRS &SHQG�RSHUDQG� 
 
'38BEQBFIJ�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� 5: �[� 
EQBDOXBVUF 
:KHUH�WKH�DOX�RSHUDQG�IURP� 
�
E���)URP�FRQILJXUH�UHJLVWHU� 
�
E���)URP�RXWVLGH� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� EQBUHOX[BHQ 
,I�HQDEOH�UHOX[� 

� 5: �[� EQBUHOXBE\SDVV 
%\SDVV�UHOX� 

� 5: �[� EQBPXOBSUHOX 
,I�HQDEOH�SUHOX� 

� 5: �[� EQBPXOBE\SDVV 
%\SDVV�EQ�FRUH�PXO�RS� 

��� 5: �[� 

EQBDOXBDOJR 
%1�FRUH�DOX�RS�W\SH� 
�
K���0D[� 
�
K���0LQ� 
�
K���$GG� 

� 5: �[� EQBDOXBE\SDVV 
%\SDVV�EQ�DOX�RS� 

� 5: �[� EQBE\SDVV 
%\SDVV�EQ�FRUH� 

 
'38BEQBDOXBFIJ�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� EQBDOXBRSHUDQG %1�FRUH�DOX�RSHUDQG� 
 
'38BEQBPXOBFIJ�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� EQBPXOBRSHUDQG 
%1�FRUH�PXO�RSHUDQG� 

����� 52 �[� UHVHUYHG 

���� 5: �[�� EQBPXOBVKLIWBYDOXH 
6KLIW�YDOXH�LQ�EV�FRUH�IRU�SRVLWLYH�GDWD� 

��� 52 �[�� UHVHUYHG 

� 5: �[� 
EQBPXOBVUF 
:KHUH�WKH�PXO�RSHUDQG�IURP� 
�
E���)URP�FRQILJXUH�UHJLVWHU� 
�
E���)URP�RXWVLGH� 

 
'38BEQBUHOX[BFPSBYDOXH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� EQBUHOX[BFPSBGDW 5HOX[�FRPSDUH�GDWD�LQ�EV�FRUH� 
 
'38BHZBFIJ�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
HZBFYWBW\SH 
&RQYHUW�W\SH�RI�HZ�LQSXW�FRQYHUW� �ZKHQ�LI����� 
�
E����0XO�ILUVW� 
�
E����$GG�ILUVW� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
HZBFYWBURXQG 
URXQGLQJ�W\SH�RI�HZ�LQSXW�FRQYHUW� 
�
K����,I�WKH�LQWHJHU�LV�RGG��FDUU��� 
�
K����&DUU\���QR�PDWWHU�ZKDW�WKH�LQWHJHU�LV� 

����� 5: �[� 
HZBGDWDBPRGH 
�
K����3HU�FKDQQHO� 
�
K����3HU�SL[HO� 
�
K����3HU�FKDQQHO�E\�SL[HO� 

����� 52 �[����� UHVHUYHG 

�� 5: �[� HZBUHOX[BHQ 
,I�HQDEOH�UHOX[� 

� 5: �[� HZBUHOXBE\SDVV 
%\SDVV�UHOX� 

� 5: �[� HZBRSBFYWBE\SDVV 
%\SDVV�HZ�FRUH�RSHUDQG�FRQYHUW� 

� 5: �[� HZBOXWBE\SDVV 
%\SDVV�OXW� 

� 5: �[� 
HZBRSBVUF 
:KHUH�WKH�RSHUDWRU�RSHUDQG�IURP� 
�
K����&RQILJXUH�UHJLVWHU� 
�
K����2XWVLGH� 

� 5: �[� HZBPXOBSUHOX 
,I�HQDEOH�SUHOX� 

��� 5: �[� 

HZBDOXBDOJR 
%6�FRUH�DOX�RS�W\SH� 
�
K���0D[� 
�
K���0LQ� 
�
K���$GG� 

� 5: �[� 
HZBRSBW\SH 
2SHUDWRU�W\SH� 
�
E��$OX� 
�
E��0XO� 

� 5: �[� HZBRSBE\SDVV 
%\SDVV�HZ�FRUH�DOX�DQG�PXO�RS� 

� 5: �[� HZBE\SDVV 
%\SDVV�HZ�FRUH� 

 
'38BHZBRSBFYWBRIIVHWBYDOXH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� HZBRSBFYWBRIIVHW (:�FRQYHUW�RIIVHW� 
 
'38BHZBRSBFYWBVFDOHBYDOXH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[��� HZBWUXQFDWH 
(:�FRUH�VKLIW�YDOXH� 

����� 5: �[�� HZBRSBFYWBVKLIW 
(:�FRQYHUW�VKLIW�YDOXH� 

���� 5: �[���� HZBRSBFYWBVFDOH 
(:�FRQYHUW�VFDOH� 

 
'38BHZBUHOX[BFPSBYDOXH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� HZBUHOX[BFPSBGDW (:�UHOX[�FRPSDUH�GDWD� 
 
'38BRXWBFYWBRIIVHW�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� RXWBFYWBRIIVHW 2XW�FRQYHUW�RIIVHW� 
 
'38BRXWBFYWBVFDOH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� RXWBFYWBVFDOH 
2XW�FRQYHUW�VFDOH� 

 
'38BRXWBFYWBVKLIW�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
FYWBW\SH 
&RQYHUW�W\SH�RI�RXW�FRQYHUW� �ZKHQ�LI����� 
�
E����0XO�ILUVW� 
�
E����$GG�ILUVW� 

�� 5: �[� 
FYWBURXQG 
5RXQGLQJ�W\SH�RI�RXW�FRQYHUW� �ZKHQ�LI���� 
�
E����,I�WKH�LQWHJHU�LV�RGG��FDUU\��� 
�
E����&DUU\���QR�PDWWHU�ZKDW�WKH�LQWHJHU�LV� 

����� 52 �[����� UHVHUYHG 

���� 5: �[��� RXWBFYWBVKLIW 
2XW�FRQYHUW�VKLIW�YDOXH� 

 
'38BHZBRSBVUFBYDOXHB��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� HZBRSHUDQGB� 7KH��VW�HZ�RSHUDQG�IRU�HZ�FRUH�RS� 
 
'38BHZBRSBVUFBYDOXHB��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� HZBRSHUDQGB� 7KH��QG�HZ�RSHUDQG�IRU�HZ�FRUH�RS� 
 
'38BHZBRSBVUFBYDOXHB��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� HZBRSHUDQGB� 7KH��WKG�HZ�RSHUDQG�IRU�HZ�FRUH�RS� 
 
'38BHZBRSBVUFBYDOXHB��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� HZBRSHUDQGB� 7KH��WK�HZ�RSHUDQG�IRU�HZ�FRUH�RS� 
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'38BHZBRSBVUFBYDOXHB��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� HZBRSHUDQGB� 7KH��WK�HZ�RSHUDQG�IRU�HZ�FRUH�RS� 
 
'38BHZBRSBVUFBYDOXHB��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� HZBRSHUDQGB� 7KH��WK�HZ�RSHUDQG�IRU�HZ�FRUH�RS� 
 
'38BHZBRSBVUFBYDOXHB��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� HZBRSHUDQGB� 7KH��WK�HZ�RSHUDQG�IRU�HZ�FRUH�RS� 
 
'38BHZBRSBVUFBYDOXHB��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� HZBRSHUDQGB� 7KH��WK�HZ�RSHUDQG�IRU�HZ�FRUH�RS� 
 
'38BOXWBDFFHVVBFIJ�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 5: �[� OXWBDFFHVVBW\SH 
/87�DFFHVV�W\SH� 

�� 5: �[� OXWBWDEOHBLG 
/87�DFFHVV�LG� 

����� 52 �[�� UHVHUYHG 

��� 5: �[��� OXWBDGGU 
/87�DFFHVV�DGGUHVV� 

 
'38BOXWBDFFHVVBGDWD�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� OXWBDFFHVVBGDWD 
/87�DFFHVV�GDWD� 

 
'38BOXWBFIJ�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� OXWBK\EULGBSULRULW\ 
/87�SULRULW\�ZKHQ�K\EULG�KDSSHQHG� 

� 5: �[� OXWBRIORZBSULRULW\ 
/87�SULRULW\�ZKHQ�RYHU�IORZ�KDSSHQHG� 

� 5: �[� OXWBXIORZBSULRULW\ 
/87�SULRULW\�ZKHQ�XQGHU�IORZ�KDSSHQHG� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� OXWBORBOHBPX[ 
/87�OR�OH�PX[�FRQWURO� 

��� 52 �[� UHVHUYHG 
 
'38BOXWBLQIR�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[�� OXWBORBLQGH[BVHOHFW 
/87�/2�LQGH[�VHOHFW� 

���� 5: �[�� OXWBOHBLQGH[BVHOHFW 
/87�/(�LQGH[�VHOHFW� 

��� 52 �[�� UHVHUYHG 
 
'38BOXWBOHBVWDUW�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� OXWBOHBVWDUW /87�/(�VWDUW�SRLQW� 
 
'38BOXWBOHBHQG�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� OXWBOHBHQG /87�/(�HQG�SRLQW� 
 
'38BOXWBORBVWDUW�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� OXWBORBVWDUW /87�/2�VWDUW�SRLQW� 
 
'38BOXWBORBHQG�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� OXWBORBHQG /87�/2�HQG�SRLQW� 
 
'38BOXWBOHBVORSHBVFDOH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� OXWBOHBVORSHBRIORZBVFDOH 
/87�/(�VORSH�VFDOH�ZKHQ�RYHU�IORZ�KDSSHQHG� 

���� 5: �[���� OXWBOHBVORSHBXIORZBVFDOH 
/87�/(�VORSH�VFDOH�ZKHQ�XQGHU�IORZ�KDSSHQHG� 

 
'38BOXWBOHBVORSHBVKLIW�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[������ UHVHUYHG 

��� 5: �[�� OXWBOHBVORSHBRIORZBVKLIW 
/87�/(�VORSH�VKLIW�ZKHQ�RYHU�IORZ�KDSSHQHG� 

��� 5: �[�� OXWBOHBVORSHBXIORZBVKLIW 
/87�/(�VORSH�VKLIW�ZKHQ�XQGHU�IORZ�KDSSHQHG� 
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'38BOXWBORBVORSHBVFDOH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� OXWBORBVORSHBRIORZBVFDOH 
/87�/2�VORSH�VFDOH�ZKHQ�RYHU�IORZ�KDSSHQHG� 

���� 5: �[���� OXWBORBVORSHBXIORZBVFDOH 
/87�/2�VORSH�VFDOH�ZKHQ�XQGHU�IORZ�KDSSHQHG� 

 
'38BOXWBORBVORSHBVKLIW�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[������ UHVHUYHG 

��� 5: �[�� OXWBORBVORSHBRIORZBVKLIW 
/87�/2�VORSH�VKLIW�ZKHQ�RYHU�IORZ�KDSSHQHG� 

��� 5: �[�� OXWBORBVORSHBXIORZBVKLIW 
/87�/2�VORSH�VKLIW�ZKHQ�XQGHU�IORZ�KDSSHQHG� 

 
 
9.4.12 '38B5'0$�5HJLVWHUV�6XPPDU\�  

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

'38B5'0$BVBVWDWXV �[���� : �[�������� 6WDWXH�UHJLVWHU 
'38B5'0$BVBSRLQWHU �[���� : �[�������� 6LQJOH�3RLQWHU�5HJLVWHU 
'38B5'0$BRSBHQ �[���� : �[�������� 2SHUDWRU�HQDEOH�UHJLVWHU 
'38B5'0$BGDWDBFXEHBZL
GWK �[���& : �[�������� )HDWXUH�ZLGWK�UHJLVWHU 

'38B5'0$BGDWDBFXEHBK
HLJKW �[���� : �[�������� )HDWXUH�KHLJKW�UHJLVWHU 

'38B5'0$BGDWDBFXEHBFK
DQQHO �[���� : �[�������� )HDWXUH�FKDQQHO�UHJLVWHU 

'38B5'0$BVUFBEDVHBDGG
U �[���� : �[�������� 6RXUFH�DGGUHVV�RI�IHDWXUH�PDS 

'38B5'0$BEUGPDBFIJ �[���& : �[�������� %5'0$�FRQWURO�UHJLVWHU 
'38B5'0$BEVBEDVHBDGG
U �[���� : �[�������� %5'0$�VRXUFH�DGGUHVV 

'38B5'0$BEVBGDWDBDPR
XQW �[���� : �[�������� %5'0$�GDWD�DPRXQW 

'38B5'0$BQUGPDBFIJ �[���� : �[�������� 15'0$�FRQWURO�UHJLVWHU 
'38B5'0$BEQBEDVHBDGG
U �[���& : �[�������� 15'0$�VRXUFH�DGGUHVV�UHJLVWHU 

'38B5'0$BEQBGDWDBDPR
XQW �[���� : �[�������� %5'0$�GDWD�DPRXQW 

'38B5'0$BHUGPDBFIJ �[���� : �[�������� (5'0$�FRQWURO�UHJLVWHU 
'38B5'0$BHZBEDVHBDGG
U �[���� : �[�������� (5'0$�VRXUFH�DGGUHVV 

'38B5'0$BHZBDUHRBVWUL
GH �[���& : �[�������� (5'0$�DUHR�VWULGH�UHJLVWHU 

'38B5'0$BHZBVXUIBVWULG
H �[���� : �[�������� (5'0$�VXUIDFH�VWULGH�UHJLVWHU 

'38B5'0$BIHDWXUHBPRG
HBFIJ �[���� : �[�������� )HDWXUH�PRGH�FRQWURO�UHJLVWHU 

'38B5'0$BVUFBGPDBFIJ �[���� : �[�������� 6RXUFH�'0$�FRQILJXUDWLRQ�UHJLVWHU 

'38B5'0$BVXUIBQRWFK �[���& : �[�������� 6XUI�QRWFK�DGGUHVV�FRQWURO�UHJLVWHU 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

'38B5'0$BSDGBFIJ �[���� : �[�������� 3DG�FRQILJXUDWLRQ�UHJLVWHU 
'38B5'0$BZHLJKW �[���� : �[�������� $5%�ZHLJKW�UHJLVWHU 
1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV��':�
'RXEOH�:25'�����ELWV��DFFHVV�  
9.4.13 '38B5'0$�'HWDLO�5HJLVWHUV�'HVFULSWLRQ�  
'38B5'0$BVBVWDWXV�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

����� 52 �[� 
VWDWXVB� 
���([HFXWHU���LV�LQ�LGOH�VWDWH� 
���([HFXWHU���LV�RSHUDWLQJ� 
���([HFXWHU���LV�RSHUDWLQJ��H[HFXWHU���LV�ZDLWLQJ�WR�RSHUDWH�� 

���� 52 �[���� UHVHUYHG 

��� 52 �[� 
VWDWXVB� 
���([HFXWHU���LV�LQ�LGOH�VWDWH� 
���([HFXWHU���LV�RSHUDWLQJ� 
���([HFXWHU���LV�RSHUDWLQJ��H[HFXWHU���LV�ZDLWLQJ�WR�RSHUDWH�� 

 
'38B5'0$BVBSRLQWHU�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 52 �[� H[HFXWHU 
:KLFK�UHJLVWHU�JURXS�WR�EH�XVHG� 

���� 52 �[��� UHVHUYHG 

� :�
& �[� H[HFXWHUBSSBFOHDU 

���6HW�WKLV�ELW�WR���WR�FOHDU�SRLQWHU�WR��� 

� :�
& �[� SRLQWHUBSSBFOHDU 

���6HW�WKLV�ELW�WR���WR�FOHDU�SRLQWHU�WR��� 

� 5: �[� 

SRLQWHUBSSBPRGH 
���3RLQWHU�SLQJ�SRQJ�E\�SRLQWHU� 
� � � HJ��LI�FXUUHQW�SRLQWHU�LV����QH[W�SRLQWHU�ZLOO�WRJJOH�WR��� 
���3RLQWHU�SLQJ�SRQJ�E\�H[HFXWHU� 
� � � HJ��LI�FXUUHQW�H[HFXWHU�LV����QH[W�SRLQWHU�ZLOO�WRJJOH�WR��� 

� 5: �[� H[HFXWHUBSSBHQ 
���(QDEOH�H[HFXWHU�DXWR�SLQJ�SRQJ� 

� 5: �[� SRLQWHUBSSBHQ 
���(QDEOH�SRLQWHU�DXWR�SLQJ�SRQJ� 

� 5: �[� SRLQWHU 
:KLFK�UHJLVWHU�JURXS�UHDG\�WR�EH�VHWWHG� 

 
'38B5'0$BRSBHQ�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 
RSBHQ 
6HW�WKLV�UHJLVWHU�ZLOO�WULJJHU�FQD�EORFN�RSHUDWH� 
7KLV�UHJLVWHU�DQG�DIWHU�WKLV� � DUH�DOO�VKDGRZHG�IRU�SLQJ�SRQJ�
RSHUDWLRQ� 

 
'38B5'0$BGDWDBFXEHBZLGWK�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

���� 5: �[���� ZLGWK 
:LGWK�QHHG�WR�PLQXV���� 

 
'38B5'0$BGDWDBFXEHBKHLJKW�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

���� 5: �[���� KHLJKW 
+HLJKW�QHHG�WR�PLQXV���� 

 
'38B5'0$BGDWDBFXEHBFKDQQHO�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

���� 5: �[���� FKDQQHO 
&KDQQHO�QHHG�WR�PLQXV���� 

 
'38B5'0$BVUFBEDVHBDGGU�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� VUFBEDVHBDGGU )O\BPRGH�VUF�DGGUHVV� 
 
'38B5'0$BEUGPDBFIJ�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[� 

EUGPDBGDWDBXVH 
+RZ�PDQ\�GDWD�W\SH�QHHG�WR�EH�UHDG� 
>�@�,I�UHDG�DOX�RSHUDQG��VHW���WR�HQDEOH� 
>�@�,I�UHDG�FSHQG�RSHUDQG��VHW���WR�HQDEOH� 
>�@�,I�UHDG�PXO�RSHUDQG��VHW���WR�HQDEOH� 

� 5: �[� EUGPDBGLVDEOH 
,I�GLVDEOH�EUGPD� 

 
'38B5'0$BEVBEDVHBDGGU�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� EVBEDVHBDGGU %DVH�DGGU�WR�UHDG�EV�DOX�EV�FSHQG�EV�PXO�RSHUDQG� 
 
'38B5'0$BEVBGDWDBDPRXQW�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� EVBGDWDBDPRXQW +RZ�PDQ\��E\WHV�QHHG�WR�EH�UHDG��QHHG�WR�PLQXV��� 
 
'38B5'0$BQUGPDBFIJ�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

QUGPDBGDWDBXVH 
+RZ�PDQ\�GDWD�W\SH�QHHG�WR�EH�UHDG� 
>�@�,I�UHDG�DOX�RSHUDQG��VHW���WR�HQDEOH� 
>�@�,I�UHDG�FSHQG�RSHUDQG��VHW���WR�HQDEOH���WLH�WR����FDXVH�%1�GR�
QRW�KDYH�FSHQG� 
>�@�,I�UHDG�PXO�RSHUDQG��VHW���WR�HQDEOH� 

� 5: �[� QUGPDBGLVDEOH 
,I�GLVDEOH�QUGPD� 

 
'38B5'0$BEQBEDVHBDGGU�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� EQBEDVHBDGGU %DVH�DGGU�WR�UHDG�EQ�DOX�EQ�PXO�RSHUDQG� 
 
'38B5'0$BEQBGDWDBDPRXQW�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� EQBGDWDBDPRXQW +RZ�PDQ\��E\WHV�QHHG�WR�EH�UHDG��QHHG�WR�PLQXV��� 
 
'38B5'0$BHUGPDBFIJ�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

HUGPDBGDWDBPRGH 
,I�WKH�UHDG�GDWD�LV�SHU�FKDQQHO�RU�SHU�SL[HO� 
���3HU�FKDQQHO� 
���3HU�SL[HO� 
���3HU�FKDQQHO�E\�SL[HO� 

���� 52 �[������� UHVHUYHG 

� 5: �[� 
HUGPDBGDWDBVL]H 
,I�WKH�UHDG�GDWD�LV��ELW� 
����ELW� 
�����ELW� 

� 52 �[� UHVHUYHG 

� 5: �[� HUGPDBGLVDEOH 
,I�GLVDEOH�HUGPD� 

 
'38B5'0$BHZBEDVHBDGGU�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� HZBEDVHBDGGU %DVH�DGGU�WR�UHDG�HZ�RSHUDQG� 
 
'38B5'0$BHZBDUHRBVWULGH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
HZBDUHRBVWULGH 
7KH�IHDWXUH�DUHR�QHHG�WR�EH�UHDG�E\�HUGPD�,I�HUGPDBGDWDBPRGH�
LV�SHU�FKDQQHO��LW�QHHG�VHW�WR�EH����HOVH�LV��ZLGWK����KHLJKW���� 

��� 52 �[� UHVHUYHG 
 
'38B5'0$BHZBVXUIBVWULGH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
HZBVXUIBVWULGH 
7KH�VXUIDFH�VWULGH�RI�WKH�HOHPHQW�ZLVH�IHDWXUH�PDS��,I�
HUGPDBGDWDBPRGH�LV�SHU�FKDQQHO��LW�QHHG�VHW�WR�EH��� 

��� 52 �[� UHVHUYHG 
 
'38B5'0$BIHDWXUHBPRGHBFIJ�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 5: �[� 
VKULQNBHQDEOH 
,I�LQBSUHFLVLRQ�LV�L���RU�IS����DQG�RXWBSUHFLVLRQ�LV�L���WKLV�ELW�QHHG�
VHW�WR�EH�KLJK��$QG�LW�LV�IO\PRGH�RQO\� 

����� 5: �[� 

LQBSUHFLVLRQ 
,QSXW�GDWD�SUHFLVLRQ� 
��,17�� 
��,17��� 
��)3��� 
��,17��� 
��)3��� 

����� 5: �[� 

EXUVWBOHQ 
%XUVW�OHQJWK 
���%XUVW�� 
���%XUVW�� 
���%XUVW��� 

���� 52 �[�� UHVHUYHG 

��� 5: �[� 

SURFBSUHFLVLRQ 
3URFHVV�SUHFLVLRQ 
��,17� 
��,17�� 
��)3��� 

��� 52 �[� UHVHUYHG 

��� 5: �[� 
FRQYBPRGH 
&RQYROXWLRQ�PRGH� 
��'F 
��'HSWKZLVH 

� 5: �[� 
IO\LQJBPRGH 
)O\LQJBPRGH�HQDEOH� 
��'SX�FRUH�PDLQ�GDWD�LV�IURP�FRQYROXWLRQ�RXWSXW� 
��'SX�FRUH�PDLQ�GDWD�LV�IURP�PUGPD� 

 
'38B5'0$BVUFBGPDBFIJ�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
OLQHBQRWFKBDGGU 
+RZ�PDQ\�SL[HO�IURP�WKH�HQG�RI�ZLGWK�HQG�WR�WKH�VKDSH�IHDWXUH�
OLQH�HQG� 

����� 52 �[�� UHVHUYHG 

�� 5: �[� 
SRROLQJBPHWKRG 
3RROLQJ�PHWKRG� 
���$YHUDJH�SRROLQJ�XS�VDPSOLQJ�FDQ�XVH�WKLV�PRGH�� 
���0LQ�RU�PD[�SRROLQJ� 

�� 5: �[� XSBHQ 
,I�HQDEOH�XQSRROLQJ� 

���� 5: �[� NHUBVWULGHBKHLJKW 
8QSRROLQJ�NHUQHO�VWULGH�KHLJKW�PLQXV���� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� NHUBVWULGHBZLGWK 
8QSRROLQJ�NHUQHO�VWULGH�ZLGWK�PLQXV���� 

��� 5: �[� NHUBKHLJKW 
8QSRROLQJ�NHUQHO�KHLJKW�PLQXV���� 

��� 5: �[� NHUBZLGWK 
8QSRROLQJ�NHUQHO�ZLGWK�PLQXV���� 

 
'38B5'0$BVXUIBQRWFK�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
VXUIBQRWFKBDGGU 
+RZ�PDQ\�SL[HO�IURP�WKH�HQG�RI�WKLV�SURFHVV�IHDWXUH�PDS�WR�WKH�
HQG�RI�WKH�VKDSH�IHDWXUH�PDS� 

��� 52 �[� UHVHUYHG 
 
'38B5'0$BSDGBFIJ�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� SDGBYDOXH 
3DG�YDOXH� 

���� 52 �[��� UHVHUYHG 

��� 5: �[� SDGBWRS 
8QSRROLQJ�WRS�SDG� 

� 52 �[� UHVHUYHG 

��� 5: �[� SDGBOHIW 
8QSRROLQJ�OHIW�SDG� 

 
'38B5'0$BZHLJKW�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� HBZHLJKW 
7KH�DUELWHU�ZHLJKW�IRU�HUGPD� 

����� 5: �[�� QBZHLJKW 
7KH�DUELWHU�ZHLJKW�IRU�QUGPD� 

���� 5: �[�� EBZHLJKW 
7KH�DUELWHU�ZHLJKW�IRU�EUGPD� 

��� 5: �[�� PBZHLJKW 
7KH�DUELWHU�ZHLJKW�IRU�PUGPD� 

 
 
9.4.14 338�5HJLVWHUV�6XPPDU\�  

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

338BVBVWDWXV �[���� : �[�������� 6WDWXH�UHJLVWHU 
338BVBSRLQWHU �[���� : �[�������� 6LQJOH�3RLQWHU�5HJLVWHU 
338BRSBHQ �[���� : �[�������� 2SHUDWRU�HQDEOH�UHJLVWHU 
338BGDWDBFXEHBLQBZLGWK �[���& : �[�������� )HDWXUH�ZLGWK�UHJLVWHU 
338BGDWDBFXEHBLQBKHLJKW �[���� : �[�������� )HDWXUH�KHLJKW�UHJLVWHU 
338BGDWDBFXEHBLQBFKDQQ
HO �[���� : �[�������� )HDWXUH�FKDQQHO�UHJLVWHU 

338BGDWDBFXEHBRXWBZLGW
K �[���� : �[�������� 2XWSXW�ZLGWK�UHJLVWHU 

338BGDWDBFXEHBRXWBKHLJ
KW �[���& : �[�������� 2XWSXW�KHLJKW�UHJLVWHU 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

338BGDWDBFXEHBRXWBFKDQ
QHO �[���� : �[�������� 2XWSXW�FKDQQHO�UHJLVWHU 

338BRSHUDWLRQBPRGHBFIJ �[���� : �[�������� 338�RSHUDWLRQ�UHJLVWHU 
338BSRROLQJBNHUQHOBFIJ �[���� : �[�������� 3RROLQJ�NHUQHO�FRQWURO�UHJLVWHU 
338BUHFLSBNHUQHOBZLGWK �[���� : �[�������� 5HFLSH�ZLGWK�UHJLVWHU 
338BUHFLSBNHUQHOBKHLJKW �[���& : �[�������� 5HFLSH�KHLJKW�UHJLVWHU 
338BSRROLQJBSDGGLQJBFIJ �[���� : �[�������� 3RROLQJ�SDG�FRQILJXUDWLRQ�UHJLVWHU 
338BSRROLQJBSDGGLQJBYDO
XHB�BFIJ �[���� : �[�������� 3RROLQJ�SDG�YDOXH�UHJLVWHU�� 

338BSRROLQJBSDGGLQJBYDO
XHB�BFIJ �[���� : �[�������� 3RROLQJ�SDG�YDOXH�UHJLVWHU�� 

338BSRROLQJBSDGGLQJBYDO
XHB�BFIJ �[���& : �[�������� 3RROLQJ�SDG�YDOXH�UHJLVWHU�� 

338BSRROLQJBSDGGLQJBYDO
XHB�BFIJ �[���� : �[�������� 3RROLQJ�SDG�YDOXH�UHJLVWHU�� 

338BGVWBEDVHBDGGU �[���� : �[�������� 'HVWLQDWLRQ�DGGUHVV�UHJLVWHU 
338BGVWBVXUIDFHBVWULGH �[���& : �[�������� 'HVWLQDWLRQ�VXUIDFH�VWULGH 
338BGDWDBIRUPDW �[���� : �[�������� 'DWD�IRUPDW�FRQWURO�UHJLVWHU 
338BPLVFBFWUO �[��'& : �[�������� 0LVF�FRQWURO�UHJLVWHU 
1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV��':�
'RXEOH�:25'�����ELWV��DFFHVV�  
9.4.15 338�'HWDLO�5HJLVWHUV�'HVFULSWLRQ�  
338BVBVWDWXV�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

����� 52 �[� 
VWDWXVB� 
���([HFXWHU���LV�LQ�LGOH�VWDWH� 
���([HFXWHU���LV�RSHUDWLQJ� 
���([HFXWHU���LV�RSHUDWLQJ��H[HFXWHU���LV�ZDLWLQJ�WR�RSHUDWH�� 

���� 52 �[���� UHVHUYHG 

��� 52 �[� 
VWDWXVB� 
���([HFXWHU���LV�LQ�LGOH�VWDWH� 
���([HFXWHU���LV�RSHUDWLQJ� 
���([HFXWHU���LV�RSHUDWLQJ��H[HFXWHU���LV�ZDLWLQJ�WR�RSHUDWH�� 

 
338BVBSRLQWHU�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 52 �[� H[HFXWHU 
:KLFK�UHJLVWHU�JURXS�WR�EH�XVHG� 

���� 52 �[��� UHVHUYHG 

� :�
& �[� H[HFXWHUBSSBFOHDU 

���6HW�WKLV�ELW�WR���WR�FOHDU�SRLQWHU�WR��� 

� :�
& �[� SRLQWHUBSSBFOHDU 

���6HW�WKLV�ELW�WR���WR�FOHDU�SRLQWHU�WR��� 

� 5: �[� 

SRLQWHUBSSBPRGH 
���3RLQWHU�SLQJ�SRQJ�E\�SRLQWHU� 
� � � HJ��LI�FXUUHQW�SRLQWHU�LV����QH[W�SRLQWHU�ZLOO�WRJJOH�WR��� 
���3RLQWHU�SLQJ�SRQJ�E\�H[HFXWHU� 
� � � HJ��LI�FXUUHQW�H[HFXWHU�LV����QH[W�SRLQWHU�ZLOO�WRJJOH�WR��� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� H[HFXWHUBSSBHQ 
���(QDEOH�H[HFXWHU�DXWR�SLQJ�SRQJ� 

� 5: �[� SRLQWHUBSSBHQ 
���(QDEOH�SRLQWHU�DXWR�SLQJ�SRQJ� 

� 5: �[� SRLQWHU 
:KLFK�UHJLVWHU�JURXS�UHDG\�WR�EH�VHWWHG� 

 
338BRSBHQ�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 
RSBHQ 
6HW�WKLV�UHJLVWHU�ZLOO�WULJJHU�FQD�EORFN�RSHUDWH� 
7KLV�UHJLVWHU�DQG�DIWHU�WKLV� � DUH�DOO�VKDGRZHG�IRU�SLQJ�SRQJ�
RSHUDWLRQ� 

 
338BGDWDBFXEHBLQBZLGWK�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

���� 5: �[���� FXEHBLQBZLGWK 
3RROLQJ�FXEH�ZLGWK��QHHG�WR�PLQXV���� 

 
338BGDWDBFXEHBLQBKHLJKW�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

���� 5: �[���� FXEHBLQBKHLJKW 
3RROLQJ�FXEH�KHLJKW��QHHG�WR�PLQXV���� 

 
338BGDWDBFXEHBLQBFKDQQHO�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

���� 5: �[���� FXEHBLQBFKDQQHO 
3RROLQJ�FXEH�FKDQQHO��QHHG�WR�PLQXV���� 

 
338BGDWDBFXEHBRXWBZLGWK�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

���� 5: �[���� FXEHBRXWBZLGWK 
3RROLQJ�RXWSXW�FXEH�ZLGWK��QHHG�WR�PLQXV���� 

 
338BGDWDBFXEHBRXWBKHLJKW�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

���� 5: �[���� FXEHBRXWBKHLJKW 
3RROLQJ�RXWSXW�FXEH�KHLJKW��QHHG�WR�PLQXV���� 

 
338BGDWDBFXEHBRXWBFKDQQHO�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

���� 5: �[���� FXEHBRXWBFKDQQHO 
3RROLQJ�RXWSXW�FXEH�FKDQQHO��QHHG�WR�PLQXV���� 

 
338BRSHUDWLRQBPRGHBFIJ�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
EI��BHQ 
,I�EI���PRGH��FIJ�� 
HOVH�FIJ��� 

�� 5: �[� LQGH[BHQ 
,I�HQDEOH�RXWSXW�WKH�SRVLWLRQ�RI�HDFK�NHUQHO� 

�� 52 �[� UHVHUYHG 

����� 5: �[���� 
QRWFKBDGGU 
+RZ�PDQ\�SL[HO�IURP�WKH�HQG�RI�WKH�ZLGWK�HQG�WR�WKH�VKDSH�OLQH�
HQG� 

���� 52 �[�� UHVHUYHG 

��� 5: �[� XVHBFQW 
8VH�FRXQW�� 

� 5: �[� 
IO\LQJBPRGH 
:KHUH�WKH�SRROLQJ�FXEH�IURP 
���'SX 
���2XWVLGH 

��� 52 �[� UHVHUYHG 

��� 5: �[� 

SRROLQJBPHWKRG 
3RROLQJ�PHWKRG 
���$YHUDJH�SRROLQJ� 
���0D[�SRROLQJ 
���0LQ�SRROLQJ 

 
338BSRROLQJBNHUQHOBFIJ�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[� NHUQHOBVWULGHBKHLJKW 
3RROLQJ�NHUQHO�VWULGH�KHLJKW��QHHG�WR�PLQXV���� 

����� 5: �[� NHUQHOBVWULGHBZLGWK 
3RROLQJ�NHUQHO�VWULGH�ZLGWK��QHHG�WR�PLQXV���� 

����� 52 �[� UHVHUYHG 

���� 5: �[� NHUQHOBKHLJKW 
3RROLQJ�NHUQHO�KHLJKW��QHHG�WR�PLQXV���� 

��� 52 �[� UHVHUYHG 

��� 5: �[� NHUQHOBZLGWK 
3RROLQJ�NHUQHO�ZLGWK��QHHG�WR�PLQXV���� 

 
338BUHFLSBNHUQHOBZLGWK�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[����� UHFLSBNHUQHOBZ 
7KH�5HFLSURFDO�RI�WKH�VKDSH�NHUQHO�ZLGWK�PXOWLSOH��A��� 

 
338BUHFLSBNHUQHOBKHLJKW�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[����� UHFLSBNHUQHOBKHLJKW 
7KH�5HFLSURFDO�RI�WKH�VKDSH�NHUQHO�KHLJKW�PXOWLSOH��A��� 

 
338BSRROLQJBSDGGLQJBFIJ�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

����� 5: �[� SDGBERWWRP 
3RROLQJ�ERWWRP�SDG� 

�� 52 �[� UHVHUYHG 

���� 5: �[� SDGBULJKW 
3RROLQJ�ULJKW�SDG� 

� 52 �[� UHVHUYHG 

��� 5: �[� SDGBWRS 
3RROLQJ�WRS�SDG� 

� 52 �[� UHVHUYHG 

��� 5: �[� SDGBOHIW 
3RROLQJ�OHIW�SDG� 

 
338BSRROLQJBSDGGLQJBYDOXHB�BFIJ�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[����� SDGBYDOXHB�[ 
3DGBYDOXH�� 

 
338BSRROLQJBSDGGLQJBYDOXHB�BFIJ�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[����� SDGBYDOXHB�[ 
3DGBYDOXH�� 

 
338BSRROLQJBSDGGLQJBYDOXHB�BFIJ�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[����� SDGBYDOXHB�[ 
3DGBYDOXH�� 

 
338BSRROLQJBSDGGLQJBYDOXHB�BFIJ�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[����� SDGBYDOXHB�[ 
3DGBYDOXH�� 

 
338BGVWBEDVHBDGGU�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[������� GVWBEDVHBDGGUHVV 
%DVH�DGGU�WKH�RXWSXW�FXEH�JRHV� 

��� 52 �[� UHVHUYHG 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �452 

 
338BGVWBVXUIDFHBVWULGH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[������� GVWBVXUIBVWULGH 
2XWSXW�VKDSH�DUHR� 

��� 52 �[� UHVHUYHG 
 
338BGDWDBIRUPDW�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
LQGH[BDGG 
,I�LQGH[BHQ�HQDEOH���WKLV�UHJLVWHU�LV�GVWBVXUIDFHBVWULGH�[�QXPEHU�
RI�FXEH�VXUIDFH�HYHU\��E\WHV�SHU�VXUIDFH���HOVH�LW�HTXDOV�WR�
GVWBVXUIDFHBVWULGH� 

� 5: �[� 
GSXBIO\LQ 
,I�WKH�GDWD�IURP�GSX��DQG�GSX�GDWD�LV�IURP�RXWVLGH��WKLV�ELW�VHW�WR�
EH��� 

��� 5: �[� SURFBSUHFLVLRQ 
3URFBSUHFLVLRQ� 

 
338BPLVFBFWUO�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VXUIBOHQ 
,Q�QRQDOLJQ�PRGH��KRZ�PDQ\��E\WHV�WR�EH�VWRUHG� 

���� 52 �[�� UHVHUYHG 

� 5: �[� QRQDOLJQ 
1RDOLJQ�PRGH�HQDEOH� 

��� 52 �[� UHVHUYHG 

��� 5: �[� 

UGBEXUVWBOHQ 
%XUVW�OHQJWK 
��%XUVW�� 
��%XUVW�� 
���%XUVW��� 

 
 
9.4.16 338B5'0$�5HJLVWHUV�6XPPDU\�  

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

338B5'0$BVBVWDWXV �[���� : �[�������� 6WDWXH�UHJLVWHU 
338B5'0$BVBSRLQWHU �[���� : �[�������� 6LQJOH�3RLQWHU�5HJLVWHU 
338B5'0$BRSBHQ �[���� : �[�������� 2SHUDWRU�HQDEOH�UHJLVWHU 
338B5'0$BGDWDBFXEHBLQ
BZLGWK �[���& : �[�������� 'DWD�ZLGWK�UHJLVWHU 

338B5'0$BGDWDBFXEHBLQ
BKHLJKW �[���� : �[�������� 'DWD�KHLJKW�UHJLVWHU 

338B5'0$BGDWDBFXEHBLQ
BFKDQQHO �[���� : �[�������� 'DWD�FKDQQHO�UHJLVWHU 

338B5'0$BIO\LQJBPRGH �[���� : �[�������� )O\LQJ�PRGH�FRQWURO�UHJLVWHU 
338B5'0$BVUFBEDVHBDGG
U �[���& : �[�������� 6RXUFH�DGGUHVV�UHJLVWHU 

338B5'0$BVUFBOLQHBVWULG
H �[���� : �[�������� 6RXUFH�OLQH�VWULGH 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

338B5'0$BVUFBVXUIDFHBV
WULGH �[���� : �[�������� 6RXUFH�VXUIDFH�VWULGH 

338B5'0$BGDWDBIRUPDW �[���� : �[�������� 'DWD�IRUPDW�UHJLVWHU 
1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV��':�
'RXEOH�:25'�����ELWV��DFFHVV�  
9.4.17 'HWDLO�5HJLVWHUV�'HVFULSWLRQ�  
338B5'0$BVBVWDWXV�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

����� 52 �[� 
VWDWXVB� 
���([HFXWHU���LV�LQ�LGOH�VWDWH� 
���([HFXWHU���LV�RSHUDWLQJ� 
���([HFXWHU���LV�RSHUDWLQJ��H[HFXWHU���LV�ZDLWLQJ�WR�RSHUDWH�� 

���� 52 �[���� UHVHUYHG 

��� 52 �[� 
VWDWXVB� 
���([HFXWHU���LV�LQ�LGOH�VWDWH� 
���([HFXWHU���LV�RSHUDWLQJ� 
���([HFXWHU���LV�RSHUDWLQJ��H[HFXWHU���LV�ZDLWLQJ�WR�RSHUDWH�� 

 
338B5'0$BVBSRLQWHU�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 52 �[� H[HFXWHU 
:KLFK�UHJLVWHU�JURXS�WR�EH�XVHG� 

���� 52 �[��� UHVHUYHG 

� :�
& �[� H[HFXWHUBSSBFOHDU 

���6HW�WKLV�ELW�WR���WR�FOHDU�SRLQWHU�WR��� 

� :�
& �[� SRLQWHUBSSBFOHDU 

���6HW�WKLV�ELW�WR���WR�FOHDU�SRLQWHU�WR��� 

� 5: �[� 

SRLQWHUBSSBPRGH 
���3RLQWHU�SLQJ�SRQJ�E\�SRLQWHU� 
� � � HJ��LI�FXUUHQW�SRLQWHU�LV����QH[W�SRLQWHU�ZLOO�WRJJOH�WR��� 
���3RLQWHU�SLQJ�SRQJ�E\�H[HFXWHU� 
� � � HJ��LI�FXUUHQW�H[HFXWHU�LV����QH[W�SRLQWHU�ZLOO�WRJJOH�WR��� 

� 5: �[� H[HFXWHUBSSBHQ 
���(QDEOH�H[HFXWHU�DXWR�SLQJ�SRQJ� 

� 5: �[� SRLQWHUBSSBHQ 
���(QDEOH�SRLQWHU�DXWR�SLQJ�SRQJ� 

� 5: �[� SRLQWHU 
:KLFK�UHJLVWHU�JURXS�UHDG\�WR�EH�VHWWHG� 

 
338B5'0$BRSBHQ�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 
RSBHQDEOH 
6HW�WKLV�UHJLVWHU�ZLOO�WULJJHU�FQD�EORFN�RSHUDWH� 
7KLV�UHJLVWHU�DQG�DIWHU�WKLV� � DUH�DOO�VKDGRZHG�IRU�SLQJ�SRQJ�
RSHUDWLRQ� 

 
338B5'0$BGDWDBFXEHBLQBZLGWK�  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

���� 5: �[���� FXEHBLQBZLGWK 
3RROLQJ�FXEH�ZLGWK��QHHG�WR�PLQXV���� 

 
338B5'0$BGDWDBFXEHBLQBKHLJKW�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

���� 5: �[���� FXEHBLQBKHLJKW 
3RROLQJ�FXEH�KHLJKW��QHHG�WR�PLQXV���� 

 
338B5'0$BGDWDBFXEHBLQBFKDQQHO�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

���� 5: �[���� FXEHBLQBFKDQQHO 
3RROLQJ�FXEH�FKDQQHO�QHHG�WR�PLQXV���� 

 
338B5'0$BIO\LQJBPRGH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 
IO\BPRGH 
:KHUH�WKH�SRROLQJ�FXEH�IURP� 
���)URP�GSX� 
���)URP�RXWVLGH� 

 
338B5'0$BVUFBEDVHBDGGU�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� VRXUFHBEDVHBDGGU %DVH�DGGUHVV�RI�WKH�SRROLQJ�FXEH�� 
 
338B5'0$BVUFBOLQHBVWULGH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� VRXUFHBOLQHBVWULGH 3RROLQJ�FXEH�VKDSH�ZLGWK� 
��� 52 �[� UHVHUYHG 
 
338B5'0$BVUFBVXUIDFHBVWULGH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� VRXUFHBVXUIDFHBVWULGH 3RROLQJ�FXEH�VKDSH�DUHR� 
��� 52 �[� UHVHUYHG 
 
338B5'0$BGDWDBIRUPDW�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

LQBSUHFLVLRQ 
,QSXW�SUHFLVLRQ� 
���,17� 
���,17�� 
���)3��� 

 
 
9.4.18 '0$�5HJLVWHUV�6XPPDU\�  

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

'0$B&)*B28767$1',1* �[���� : �[�������� 2XWVWDQGLQJ�FRQWURO�UHJLVWHU 
'0$B5'B:(,*+7B� �[���� : �[�������� 5HDG�ZHLJKW�UHJLVWHU�� 
'0$B:5B:(,*+7B� �[���� : �[�������� :ULWH�ZHLJKW�UHJLVWHU�� 
'0$B&)*B,'B(5525 �[���& : �[�������� (UURU�,'�UHJLVWHU�  
'0$B5'B:(,*+7B� �[���� : �[�������� 5HDG�ZHLJKW�UHJLVWHU�� 
'0$B&)*B'0$B),)2B&/
5 �[���� : �[�������� '0$�),)2�FOHDU�FRQILJXUDWLRQ�UHJLVWHU 
'0$B&)*B'0$B$5% �[���& : �[�������� '0$�DUELWHU�FRQILJXUDWLRQ�UHJLVWHU 

'0$B&)*B'0$B5'B426 �[���� : �[�������� 5HDG�'0$�426�FRQILJXUDWLRQ�UHJLVWHU 
'0$B&)*B'0$B5'B&)* �[���� : �[�������� 5HDG�'0$�FRQILJXUDWLRQ�UHJLVWHU 
'0$B&)*B'0$B:5B&)* �[���� : �[�������� :ULWH�'0$�FRQILJXUDWLRQ�UHJLVWHU 

'0$B&)*B'0$B:675% �[���& : �[�������� '0$�:675%�FRQILJXUDWLRQ�UHJLVWHU 
'0$B&)*B67$786 �[���� : �[�������� 67$786�UHJLVWHU 
'0$B''5B)'B:5,7(B%
: �[���� : �[�������� )HDWXUH�ZULWH�%:�VXPPHU\�UHJLVWHU 

'0$B''5B)'B5($'B%: �[���� : �[�������� )HDWXUH�UHDG�%:�VXPPHU\�UHJLVWHU 
'0$B''5B:7B5($'B%: �[���& : �[�������� :HLJKW�UHDG�%:�VXPPHU\�UHJLVWHU 
1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV��':�
'RXEOH�:25'�����ELWV��DFFHVV�  
9.4.19 '0$�'HWDLO�5HJLVWHUV�'HVFULSWLRQ�  
'0$B&)*B28767$1',1*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[�� ZUBRVBFQW 
:UBRVBFQW� 

��� 5: �[�� UGBRVBFQW 
5GBRVBFQW� 

 
'0$B5'B:(,*+7B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� UHDGBZHLJKWBSGS 
5GBZHLJKWBSGS� 

����� 5: �[�� UHDGBZHLJKWBGSX 
5GBZHLJKWBGSX� 

���� 5: �[�� UHDGBZHLJKWBNHUQHO 
5GBZHLJKWBNHUQHO� 

��� 5: �[�� UHDGBZHLJKWBIHDWXUH 
5GBZHLJKWBIHDWXUH� 
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'0$B:5B:(,*+7B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[�� ZULWHBZHLJKWBSGS 
:UBZHLJKWBSGS� 

��� 5: �[�� ZULWHBZHLJKWBGSX 
:UBZHLJKWBGSX� 

 
'0$B&)*B,'B(5525�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[������ UHVHUYHG 

��� 5: �[� ZUBUHVSBLG 
:UBUHVSBLG� 

� 52 �[� UHVHUYHG 

��� 5: �[�� UGBUHVSBLG 
5GBUHVSBLG� 

 
'0$B5'B:(,*+7B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� PRQLWRUBFOU 
0RQLWRUBFOU� 

���� 52 �[������ UHVHUYHG 

��� 5: �[�� UHDGBZHLJKWBSF 
5GBZHLJKWBSF� 

 
'0$B&)*B'0$B),)2B&/5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� ILIRBFOU 
'PDBILIRBFOU� 

 
'0$B&)*B'0$B$5%�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[������ UHVHUYHG 

� 5: �[� ZUBDUELWBPRGHO 
:UBDUELWBPRGHO� 

� 5: �[� UGBDUELWBPRGHO 
5GBDUELWBPRGHO� 

� 52 �[� UHVHUYHG 

��� 5: �[� ZUBIL[BDUE 
:UBIL[BDUE� 

� 52 �[� UHVHUYHG 

��� 5: �[� UGBIL[BDUE 
5GBIL[BDUE� 

 
'0$B&)*B'0$B5'B426�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[������ UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� UGBSFBTRV 
5GBSFBTRV� 

��� 5: �[� UGBSSXBTRV 
5GBSGSBTRV� 

��� 5: �[� UGBGSXBTRV 
5GBGSXBTRV� 

��� 5: �[� UGBNHUQHOBTRV 
5GBNHUQHOBTRV� 

��� 5: �[� UGBIHDWXUHBTRV 
5GBIHDWXUHBTRV� 

 
'0$B&)*B'0$B5'B&)*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

�� 5: �[� UGBDUORFN 
5GBDUORFN� 

���� 5: �[� UGBDUFDFKH 
5GBDUFDFKH� 

��� 5: �[� UGBDUSURW 
5GBDUSURW� 

��� 5: �[� UGBDUEXUVW 
5GBDUEXUVW� 

��� 5: �[� UGBDUVL]H 
5GBDUVL]H� 

 
'0$B&)*B'0$B:5B&)*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

�� 5: �[� ZUBDZORFN 
:UBDZORFN� 

���� 5: �[� ZUBDZFDFKH 
:UBDZFDFKH� 

��� 5: �[� ZUBDZSURW 
:UBDZSURW� 

��� 5: �[� ZUBDZEXUVW 
:UBDZEXUVW� 

��� 5: �[� ZUBDZVL]H 
:UBDZVL]H� 

 
'0$B&)*B'0$B:675%�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� ZUBZVWUE :UBZVWUE� 
 
'0$B&)*B67$786�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� 5: �[� LGOH 
,GOH�VWDWXV� 

��� 52 �[�� UHVHUYHG 
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'0$B''5B)'B:5,7(B%:�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� IGBZULWHBEZ 
'GUBIGBZULWHBEZ� 

 
'0$B''5B)'B5($'B%:�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� IGBUHDGBEZ 
'GUBIGBUHDGBEZ� 

 
'0$B''5B:7B5($'B%:�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� ZWBUHDGBEZ 
'GUBZWBUHDGBEZ� 

 
 
9.4.20 */2%$/�5HJLVWHUV�6XPPDU\�  

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

*/2%$/B23B(1 �[���� : �[�������� 2SHUDWRU�HQDEOH�UHJLVWHU 
1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV��':�
'RXEOH�:25'�����ELWV��DFFHVV�  
9.4.21 */2%$/�'HWDLO�5HJLVWHUV�'HVFULSWLRQ�  
*/2%$/B23B(1�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� SSXBUGPDBRSBHQ 
338B5'0$�HQDEOH� 

� 5: �[� SSXBRSBHQ 
338�HQDEOH� 

� 5: �[� GSXBUGPDBRSBHQ 
'38B5'0$�HQDEOH� 

� 5: �[� GSXBRSBHQ 
'38�HQDEOH� 

� 5: �[� DFFXBRSBHQ 
$&&8�HQDEOH� 

� 5: �[� FPDFBRSBHQ 
&0$&�HQDEOH� 

� 5: �[� FQDBRSBHQ 
&QD�HQDEOH� 

 
9.5 Application Notes 
9.5.1 SLQJ�SRQJ�UHJLVWHUV 
,Q�RUGHU�WR�UHGXFH�WKH�WLPH�RI�IHWFK�UHJLVWHUV��HYHU\�&DOFXODWH�&RUH�DQG�&RQWURO�&RUH�RI�138�
KDV�LWV�RZQHU�SLQJ�SRQJ�UHJLVWHUV��&RQILJXUH�WKH�JURXS���ZKHQ�XVH�WKH�JURXS����DQG�
FRQILJXUH�WKH�JURXS���ZKHQ�XVH�JURXS����$V�D�UHVXOW�RI�KLGLQJ�WKH�WLPH�RI�IHWFK�UHJLVWHUV��
:ULWLQJ�6B32,17(5�RI�HYHU\�EORFN�FDQ�HQDEOH�WKLV�IXQFWLRQ� 
9.5.2 &ORFN�DQG�5HVHW 
z &ORFN�'RPDLQV 
138�KDV�WZR�FORFN�GRPDLQV��RQH�LV�$+%�FORFN��WKH�RWKHU�LV�$;,�FORFN��$+%�FORFN��ZKLFK�LV�WKH�
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FORFN�IRU�$+%�LQWHUIDFH��ZKLOH�$;,�FORFN��ZKLFK�LV�WKH�FORFN�IRU�$;,�LQWHUIDFH��$;,�FORFN�DOVR�
XVHG�IRU�FRUH�FORFN�IRU�HYHU\�&DOFXODWH�&RUH�DQG�&RQWURO�&RUH��&ORFN�IUHTXHQF\�FDQ�EH�
FRQWUROOHG�E\�&58��SOHDVH�UHIHU�WR�WKH�UHOHYDQW�VHFWLRQV��$XWRPDWLF�ORFDOL]HG�FORFN�JDWLQJ�LV�
HPSOR\HG�WKURXJKRXW�WKH�GHVLJQ�LQ�RUGHU�WR�PLQLPL]H�WKH�G\QDPLF�SRZHU�FRQVXPSWLRQ��
$OPRVW�DOO�RI�WKH�IOLS�IORSV�DUH�FORFN�JDWHG�LQ�WKH�GHVLJQ��%ORFN�OHYHO�FORFN�JDWLQJ�DOVR�
LPSOHPHQWHG�LQ�HYHU\�VHSDUDWH�EORFN��,I�D�EORFN�DQG�WKH�LQWHUIDFH�WR�WKH�EORFN�DUH�ERWK�LGOH��
WKHQ�WKH�FORFN�RI�WKDW�EORFN�ZLOO�EH�JDWHG�DXWRPDWLFDOO\��7KLV�IHDWXUH�FDQ�EH�GLVDEOHG�E\�
VRIWZDUH� 
z 138�5HVHW 
&RUUHVSRQG�WR�WKH�FORFN�GRPDLQ��WKHUH�DUH�WZR�UHVHW�VLJQDOV��$UHVHWQ��WKH�UHVHW�VLJQDO�IRU�
$;,�LQWHUIDFH�DQG�HYHU\�&DOFXODWH�&RUH�DQG�&RQWURO�&RUH�+UHVHWQ�LV�WKH�$+%�LQWHUIDFH�UHVHW�
SLQ�DQG�ZKLFK�LV�V\QFKURQL]HG�WR�WKH�$+%�FORFN�GRPDLQ��  
$OO�WKH�WZR�VLJQDOV�PXVW�EH�DVVHUWHG�IRU�D�PLQLPXP�RI����FRUH�FORFN�F\FOHV��XVLQJ�WKH�
VORZHVW�RI�WKH�WZR�FORFNV��7KHQ�WZR�VLJQDOV�PXVW�EH�UHOHDVH�DW�WKH�VDPH�WLPH��  
9.5.3 138�,QWHUUXSW�$SSOLFDWLRQ 
138�KDV���LQWHUUXSW�RXWSXW�VLJQDO�DQG�LW�UHPDLQV�DVVHUWHG�XQWLO�WKH�KRVW�SURFHVVRU�FOHDUV�WKH�
LQWHUUXSW��(DFK�ELW�RI�3&B,17(55837B67$786�UHSUHVHQWV�RQH�RI�WKH����SRVVLEOH�HYHQWV�WKDW�
WKH�138�FDQ�VLJQDO�WR�WKH�KRVW�SURFHVVRU��%\�VHWWLQJ�WKH�ELWV�RI�WKH�LQWHUUXSW�HQDEOH�UHJLVWHU�
�3&B,17(55837B0$6.��WKH�SURJUDPPHU�FDQ�FRQWURO�ZKLFK�RI�WKRVH�HYHQWV�ZLOO�JHQHUDWH�DQ�
LQWHUUXSW��  
9.5.4 138�'HEXJJLQJ�6XSSRUW 
138�SURYLGH�VRPH�GHEXJ�UHJLVWHUV�KHOS�ILJXUH�RXW�WKH�SUREOHP�ZKHQ�138�FUDVKHG�RU�VRPH�
HOVH�KDSSHQHG��7KHVH�UHJLVWHU�DUH�OLVW�EHORZ� 

Table 9-1 Debug register list 
5HJLVWHUV 'HVFULEH 

SFBLQWHUUXSWBVWDWXV LQWBVW>�@���FQD�IHDWXUH�JURXS���LQWHUUXSW�VWDWXV��ZKLFK�DQG�ZLWK�PDVN�ELW 
LQWBVW>�@���FQD�IHDWXUH�JURXS�� 

LQWBVW>�@���FQD�ZHLJKW�JURXS�� 

LQWBVW>�@���FQD�ZHLJKW�JURXS�� 

LQWBVW>�@���FQD�FVF�JURXS�� 

LQWBVW>�@���FQD�FVF�JURXS�� 

LQWBVW>�@���DFFX�JURXS�� 

LQWBVW>�@���DFFX�JURXS�� 

LQWBVW>�@���GSX�JURXS�� 

LQWBVW>�@���GSX�JURXS�� 

LQWBVW>��@���SSX�JURXS�� 

LQWBVW>��@���SSX�JURXS�� 

LQWBVW>��@���GPD�UHDG�HUURU 
LQWBVW>��@���GPD�ZULWH�HUURU 
LQWBVW>��@���PPX�HUURU 

FQDBGFBVWDWXV >����@�EXIIHU�IXOO�RU�HPSW\�VLJQDO��  

>���@�IHWFK�GDWD�DQG�ZHLJKW�VWDWXV 

FQDBFVFBVWDWXV >���@�ZKLFK�FRQGLWLRQ�LV�PLVVHG�IRU�QRUPDO�ZRUN� 
 
9.5.5 138�RSHUDWH�IORZ 
138�KDV�WZR�W\SHV�RI�ZRUN�PRGH��VODYH�FRQILJXUHG�PRGH�DQG�3&�ZRUN�PRGH��3&�ZRUN�PRGH�
QHHG�WR�LQLWLDO�UHJLVWHU�LQIRUPDWLRQ�WR�WKH�V\VWHP�PHPRU\��WKHQ�REH\�IORZLQJ�IORZV�DV�)LJ����
��VKRZV� 
7KH�LQIRUPDWLRQ�RI�UHJLVWHUV�LQLWLDO�WR�WKH�V\VWHP�PHPRU\�QHHG�WR�JHQHUDWH�E\�WKH�RS�\RX�
ZDQW�WR�VSHFLI\��6R�ZH�GHVFULEH�WKH�QRUPDO�ZRUN�IORZV�E\�GHVFULEH�WKH�VODYH�FRQILJXUHG�
PRGH� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �460 

Write pc_amount/pc_addr/ 
pc_task_number/pc_task_dma_bas

e

Initial register information in system 
memory

Start

Write pc_interrupt_clear and 
pc_interrupt_mask

Write pc_op_enable to start a 
group of tasks

End
 

Fig. 9-2 PC flow 
FRQYROXWLRQ�IORZ 

138�VXSSRUWV�YDULHW\�RI�FRQYROXWLRQ�DQG�PDWUL[�PXOWLSOLFDWLRQ��,I�XVH�WKH�0$&�DUUD\�WR�FDOFXODWH��
WKH�ZRUN�IORZ�REH\�WKH�)LJ�������DQG�LI�XVH�'38�&25(�FDOFXODWH��ZRUN�IORZ�REH\�WKH�)LJ�������  

10  
11  

Start

Write pc_interrupt_clear and 
pc_interrupt_mask

Write Pointer register of every module 
decide to use to enable ping-pong 

register or not 

Write CNA register to configure the 
information of fetch data

Write CNA register to configure the 
kind , size, input precision 

proc_precision of CNA CORE

Write DPU register to configure the 
extra Ops decide to do and the output 

mode

Do some pipeline 
surface ops

Write PPU register to configure the 
extra Ops decide to do and the output 

mode

Write register to enable NPU

End

Y

N

 
Fig. 9-3 convolution flow 1 

,Q�VWHS����GR�QRW�VHW�338�PDVN�ELW�LI�GRQ¶W�XVH�338��  
,Q�VWHS����\RX�QHHG�WR�FRQILJXUH�WKH�VL]H�RI�IHDWXUH�PDS��DQG�WKH�LQSXW�SUHFLVLRQ��
SURFHVV�SUHFLVLRQ��JUDLQV��HQWULHV�DQG�ZHLJKW�VL]H��LQFOXGLQJ�ZHLJKW�KHLJKW��ZHLJKW�
ZLGWK��NHUQHOV�DQG�ZHLJKW�E\WHV�HWF� 

,Q�VWHS����\RX�QHHG�WR�FRQILJXUH�SURFHVV�SUHFLVLRQ��FRQYBPRGH�DQG�DXWR�JDWLQJ�UHJLVWHUV�RI�
&0$&�DQG�&1$�VHTXHQFH�FRQWUROOHU� 
,Q�VWHS����\RX�FDQ�VSHFLI\�VRPH�RSHUDWRUV�WR�WKH�RXWSXWV�RI�FRQYROXWLRQ�DFFRUGLQJ�WR�
FRQILJXUH�WKH�'38B&25(��'38�&25(�KDV�VRPH�IL[HG�RSHUDWRUV��DOVR�\RX�FDQ�VSHFLI\�VRPH�
SURJUDPPHG�RSHUDWRUV� 
,Q�VWHS����\RX�FDQ�GR�VRPH�H[WUD�RSHUDWRUV�WR�WKH�RXWSXWV�RI�'38��SRROLQJ�IRU�H[DPSOH� 
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Start

Write pc_interrupt_clear and 
pc_interrupt_mask

Write Pointer register of every 
module decide to use to enable 

ping-pong register or not 

Write CNA register to configure 
the information of fetch data

Write DPU register to configure 
the extra Ops decide to do and 

the output mode

Do some pipeline 
surface ops

Write PPU register to configure 
the extra Ops decide to do and 

the output mode

Write register to enable NPU

End

Y
N

 

Fig. 9-4 convolution flow 2 
,Q�VWHS����\RX�QHHG�WR�FRQILJXUH�WKH�VL]H�RI�IHDWXUH�PDS��DQG�WKH�LQSXW�SUHFLVLRQ��SURFHVV�SUHFLVLRQ��
JUDLQV��HQWULHV�DQG�ZHLJKW�VL]H��LQFOXGLQJ�KHLJKW��ZLGWK��NHUQHOV�DQG�ZHLJKW�E\WHV�HWF��+HUH�ZH�VXSSO\�
]HUR�VNLSSLQJ�VZLWFK��LI�WKHUH¶V�D�ORW�RI�]HUR�RU�VRPH�QXPEHU�HOVH�LQ�WKH�IHDWXUH�PDS��\RX�FDQ�HQDEOH�
]HUR�VNLSSLQJ�E\�ZULWLQJ�FQDBIFBFRQ���FQDBIFBFRQ��DQG�FQDBIFBFRQ���DV�D�UHVXOW�RI�ZLWKRXW�UHDGLQJ�
WKH�ZHLJKWV�FRUUHVSRQG�WR�WKH�SL[HO�LQ�WKH�IHDWXUH�PDS��,Q�]HUR�VNLSSLQJ�PRGH��\RX�FDQ�VSHFLI\�WKH�
IHDWXUH�PDS�VL]H�IRU�UHDG�GLIIHUHQW�IURP�WKH�IHDWXUH�PDS�VL]H�IRU�FDOFXODWH� 
,I�HQDEOH�]HUR�VNLSSLQJ��WKH�FRQYBPRGH�RI�'38�PXVW�FRQILJXUH�WR�EH����DQG�PXVW�E\SDVV�WKH�
%6B&25(��7KH�DOXBVUF�PXVW�VHW�WR�EH����WKH�PXOBVUF�PXVW�VHW�WR�EH����DQG�WKH�DOXBDOJR�PXVW�VHW�EH�
���:H�E\SDVV�%6B&25(��DQG�XVH�%1B&25(�WR�FDOFXODWH�FRQYROXWLRQ��VR�WKH�H[WUD�RSHUDWRUV�KDYH�WR�
DFKLYH�E\�(:B&25(��%XW�ZH�XVH�15'0$�WR�UHDG�RSHUDQGV�WR�(:B&25(�ZKHQ�HZBVUF�LV��� 

z 3RROLQJ�IORZ 
<RX�FDQ�XVH�338�LQ�WZR�ZD\V��SLSHOLQH�ZLWK�'38��DQG�IO\LQJ�PRGH�VHSDUDWHO\��7KH�ILUVW�RQH�LV�
GHVFULEHG�DERYH��ZH�GHVFULEH�WKH�VHFRQG�IORZ�EHORZ� 
 

Start

Write pc_interrupt_clear and 
pc_interrupt_mask

Write Pointer register of every module 
decide to use to enable ping-pong register 

or not 

Write PPU register to configure the 
information of fetch data

Write PPU register to configure the extra 
Ops decide to do and the output mode

Write register to enable NPU

End

 

Fig. 9-5 Pooling flow 
,Q�VWHS����ZH�VXSSO\�WZR�W\SH�RI�RXWSXW�PRGH���E\WH�DOLJQ�SHU�SL[HO�DQG�QRQDOLJQ�PRGH��,Q�VRPH�
FDVHV�ZLWK�XQFRPIRUWDEOH�IHDWXUH�PDS�VL]H��\RX�FDQ�HQDEOH�QRQDOLJQ�PRGH�E\�ZULWLQJ�
SSXBPLVFBFWUOBQRQDOLJQ�DQG�SSXBPLVFBFWUOBVXUIBOHQ� 

z VHSDUDWH�RS�IORZ 
$V�IRU�WKH�RSHUDWRUV�WKDW�138�GR�QRW�IL[HG��\RX�FDQ�FRPELQH�'38�DQG�338�WR�DFKLHYH�LW��)ROORZLQJ�
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ZH�GHVFULEH�WKH�'38�IO\LQJ�PRGH�IORZ� 
 

Start

Write PC_interrupt_clear and 
PC_interrupt_mask

Write Pointer register of every module decide 
to use to enable ping-pong register or not 

Write DPU_RDMA register to configure the 
information of fetch data

Write DPU register to configure the extra Ops 
decide to do and the output mode

Write register to enable NPU

End
 

Fig. 9-6 DPU flying mode flow 
,Q�VWHS����\RX�FDQ�HQDEOH�05'0$���%5'0$��15'0$��(5'0$�WR�IHWFK�GDWD��138�VXSSRUWV���
W\SHV�RI�GDWD�LQSXW�SUHFLVLRQ� 
,Q�VWHS����\RX�FDQ�FRQILJXUH�%6B$/8B%<3$66��%6B08/B%<3$66��%6B5(/8B%<3$66��
%6B08/B35(/8��%6B08/B6+,)7��%6B5(/8;B(1�HWF��WR�VSHFLI\�WKH�RSHUDWRUV�\RX�ZDQW�WR�
DFKLYH� 
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Chapter 10 Multi-format Video Encoder and Decoder 
10.1 Overview 
938B&RPER�LV�FRPSRVHG�E\�WKH�9'38����9'38�����9(38����-3(*�HQFRGHU�RQO\��DQG�
9(38����WR�UHDOL]H�WKH�KLJK�TXDOLW\�YLGHR�GHFRGLQJ�DQG�HQFRGLQJ��  
9'38����FDQ�VXSSRUW�VXFK�DV�+�����03(*������DQG�VR�RQ�PD[�VROXWLRQ�LV�XS�WR�
����[����� 
9'38����FDQ�VXSSRUW�VXFK�DV�+����DQG�+����DQG�93��GHFRGHU�PD[�VROXWLRQ�LV�XS�WR�
����[����� 
9'38����FDQ�VXSSRUW�-3(*�GHFRGHU� 
9(38����FDQ�VXSSRUW�-3(*�HQFRGHU� 
9(38����FDQ�VXSSRUW�+����DQG�+����HQFRGHU�HQFRGHU�PD[�UHVROXWLRQ�LV�XS�WR�����[����� 
10.1.1 )HDWXUH 
7KH�IHDWXUHV�RI�9'38����DQG�9'38����GHFRGHU�DUH�OLVWHG�DV�IROORZV� 
z 008�HPEHGGHG�ZLWK�008�LQWHUUXSW�VXSSRUW 
z +�����+(9&�09&�0DLQ���3URILOH�\XY���#/����XS�WR�����[����#��ISV 
z +�����$9&�09&�0DLQ���3URILOH�\XY����\XY����\XY����#/����XS�WR�����[����#��ISV 
z 93��3URILOH����\XY���#/����XS�WR�����[����#��ISV 
z 93��YHULVLRQ��XS�WR�����[����#��ISV 
z 9&��6LPSOH�3URILOH#ORZ�PHGLXP�KLJK�OHYHOV�0DLQ�3URILOH#ORZ�PHGLXP�KLJK�OHYHOV��

$GYDQFHG�3URILOH#OHYHO�a��XS�WR�����[����#��ISV 
z 03(*���6LPSOH�3URILOH#/�a��$GYDQFHG�6LPSOH�3URILOH#/�a��XS�WR�����[����#��ISV 
z 03(*���0DLQ�3URILOH�ORZ�PHGLXP�DQG�KLJK�OHYHOV�XS�WR�����[����#��ISV 
z 03(*���0DLQ�3URILOH�ORZ�PHGLXP�DQG�KLJK�OHYHOV�XS�WR�����[����#��ISV 
z +�����3URILOH��OHYHOV�������XS�WR����[���#��ISV 
z -3(*�%DVHOLQH�LQWHUOHDYHG�XS�WR�����[����#���PLOLRQ�SL[HOV�SHU�VHFRQG 
7KH�IHDWXUHV�RI�9'38����GHFRGHU�DUH�OLVWHG�DV�IROORZV� 
z 6XSSRUWV�-3(*�GHFRGLQJ 

� ��[���WR������[����������0SL[HOV�ˈ6WHS�VL]H���SL[HOV 
� %DVHOLQH�LQWHUOHDYHG��DQG�VXSSRUWV�52,��UHJLRQ�RI�LPDJH��GHFRGH 

7KH�IHDWXUHV�RI�9(38��;�HQFRGHU�DUH�OLVWHG�DV�IROORZV� 
z -3(*� 

� �%DVHOLQH�1RQ�SURJUHVVLYH�  
� � XS�WR�����[�����UHVROXWLRQ 
� � XS�WR����PLOOLRQ�SL[HOV�SHU�VHFRQG 

7KH�IHDWXUHV�RI�9(38����HQFRGHU�DUH�OLVWHG�EHORZ� 
z +(9&�PDLQ�SURILOH�HQFRGLQJ��XS�WR�OHYHO���� 
z +�����KLJK�SURILOH�HQFRGLQJ��XS�WR�OHYHO���� 
z 5HVROXWLRQ�XS�WR�����[���� 
z ,QWHOOLJHQW�HQFRGLQJ�WR�LPSURYH�VXEMHFWLYH�TXDOLW\ 
z %ORFN�OHYHO�ELWUDWH�FRQWURO 
z 6OLFH�VSOLW 
z %ORFN�EDVHG�52,�FRQILJXUDWLRQ 
z ��DUHD�26' 
z 6XSSRUW�OLQN�WDEOH�PRGH 
z <89�5*%�YLGHR�VRXUFH�ZLWK�URWDWLRQ�DQG�PLUURU 
z )UDPH�EXIIHU�FRPSUHVVLRQ 
z 008�LQVLGH 
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10.2 Block Diagram 

AX
I B

U
S

AH
B 

BU
S

BU
S Interface

BU
S Interface

VPU_Combo

VDPU121
1080P decoder
Processing Core

VDPU346
4K decoder

Processing Core

VEPU121
JPEG encoder

Processing Core

VEPU540
4K encoder

Processing Core

VDPU720
JPEG decoder
Processing Core

 
Fig. 10-1 VPU Combo Block Diagram 

$V�VKRZQ�LQ�WKH�ILJXUHV�DERYH��&38�DFFHVVHV�WR�WKH�GHFRGHU�UHJLVWHU�EDQN�WKURXJK�$+%�EXV��
%LWVWUHDP�DQG�RWKHU�QHFHVVDU\�GDWD�DUH�IHG�LQWR�SURFHVVLQJ�FRUH�WKRXJK�$;,�UHDG�FKDQQHO��
DQG�DIWHU�VHYHUDO�VWHSV�RI�GHFRGLQJ�SURFHVV��GHFRGHG�SLFWXUHV�DQG�RWKHU�LQIRUPDWLRQ�GDWD�
DUH�WUDQVIHUUHG�WR�GHVLJQDWHG�ORFDWLRQ�LQ�WKH�''5�WKURXJK�$;,�ZULWH�FKDQQHO� 
9'38��������3�SURFHVVLQJ�FRUH�VXSSRUW�PXOWL�IRUPDW�GHFRGHU�VXFK�DV�PSHJ��K�����DQG�VR�
RQ� 
9'38����SURFHVVLQJ�FRUH�VXSSRUW�MSHJ�GHFRGHU� 
9(38��������3�SURFHVVLQJ�FRUH�VXSSRUW�MSHJ�HQFRGHU� 
9'38�����.�GHFRGHU�SURFHVVLQJ�FRUH�FDQ�VXSSRUW�K�����YS��K�����YLGHR�VWDQGDUG�
GHFRGHU�PD[�VROXWLRQ�VL]H�LV�����[����� 
9(38�����.�HQFRGHU�SURFHVVLQJ�FRUH�FDQ�VXSSRUW�+(9&�+�����YLGHR�HQFRGHUˈPD[�VROXWLRQ�
VL]H�LV�����[���� 
3OHDVH�QRWH�WKDW�9'38����DQG�9(38����DQG�9'38����DQG�9(38����LV�IRXU�,3�FRUHV��VR�
VXFK�IRXU�SURFHVVLQJ�FRUH�FDQ�EH�ZRUN�WRJHWKHU� 
10.3 Video frame format 
7KLV�FKDSWHU�GHVFULEHV�GLIIHUHQW�LQSXW�DQG�RXWSXW�YLGHR�IUDPH�IRUPDWV�VXSSRUWHG�E\�
9&2'(&��(DFK�IXQFWLRQ�PRGXOH�KDV�LWV�RZQ�VXSSRUWHG�YLGHR�IUDPH�IRUPDWV��DQG�WKLV�FKDSWHU�
GHVFULEHV�DOO�WKH�YLGHR�IUDPH�IRUPDWV� 
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10.3.1 <&E&U�������3ODQDU�)RUPDW 
,Q�WKH�SODQDU�IRUPDW��HDFK�YLGHR�VDPSOH�FRPSRQHQW�IRUPV�RQH�PHPRU\�SODQH��:LWKLQ�RQH�
SODQH��WKH�GDWD�KDV�WR�EH�VWRUHG�OLQHDUO\�DQG�FRQWLJXRXVO\�LQ�WKH�PHPRU\�DV�VKRZQ�LQ�
IHOORZV��7KH�OXPLQDQFH�VDPSOHV�DUH�VWRUHG�LQ�UDVWHU�VFDQ�RUGHU��<�<��<�<��<�«����7KH�
FKURPLQDQFH�VDPSOHV�DUH�VWRUHG�LQ�WZR�SODQHV�DOVR�LQ�UDVWHU�VFDQ�RUGHU��&E�&E��&E�&E��
&E�«��DQG�&U�&U��&U�&U��&U�«����,Q�WKLV�IRUPDW�HDFK�SL[HO�WDNHV����ELWV�RI�PHPRU\� 

.

Luminance(Y)

.

Chrominace(Cb)

Chrominace(Cr)

.

.

Luminace base address

Chrominance(Cb)  base 
address

Chrominance(Cr)  base 
address

Y0

8-bits 8-bits 8-bits 8-bits

Y1 Y2 Y3
In memory

031

Big endian

Y3 Y2 Y1 Y0 little endian

 
Fig. 10-2 VCODEC YCbCr 4:2:0 planar format 

10.3.2 <&E&U�������6HPL�3ODQDU�IRUPDW 
,Q�VHPL�SODQDU�<FE&U������IRUPDW�WKH�OXPLQDQFH�VDPSOHV�IURP�RQH�SODQH�LQ�PHPRU\��DQG�
FKURPLQDQFH�VDPSOHV�IURP�DQRWKHU��:LWKLQ�RQH�SODQH��WKH�GDWD�KDV�WR�EH�VWRUHG�OLQHDUO\�DQG�
FRQWLJXRXVO\�LQ�WKH�PHPRU\��7KH�OXPLQDQFH�SL[HOV�DUH�VWRUHG�LQ�UDVWHU�VFDQ�RUGHU��<�<��
<�<��<�«����7KH�LQWHUOHDYHG�FKURPLQDQFH�&E&U�VDPSOHV�DUH�VWRUHG�LQ�UDVWHU�VFDQ�RUGHU�LQ�
PHPRU\�DV�&E�&U��&E�&U��&E��&U��&E�&U��&E��&U�«� 
6HPL�3ODQDU�IRUPDW�VXSSRUWV�ERWK�SURJUHVVLYH�DQG�LQWHUODFHG�IRUPDW�DV�SUHVHQWHG�LQ�)LJ����
���7KH�LQWHUODFHG�IRUPDW�PD\�EH�DOWHUQDWLYH�OLQH�RU�HDFK�OLQH� 

Luminance(Y)

Chrominace(CbCr)

Luminace base address

Chrominance(Cb,Cr)  
base address

Memory progressive frame

Chrominance  
base address

Luminace 
base 

address

Top field on 
alternative line

Top

Top

Top

Top

Bottom 
Luminace 

base 
address

Top field on 
alternative line

Bottom

Bottom 
Chrominance  
base address

Bottom

Bottom

Chrominance  
base address

Luminace 
base 

address

Top field on each 
line

Top

Top

Top

Top

Bottom 
Luminace 

base 
address

Top field on each 
line

Bottom

Bottom 
Chrominance  
base address

Bottom
Bottom

Top
Bottom

Bottom

Bottom

Bottom

Top

Top

 

Fig. 10-3 VCODEC YCbCr 4:2:0 Semi-planar format 
10.3.3 <&E&U�������7LOHG�6HPL�3ODQDU�)RUPDW 
/LNH�WKH�<&E&U�������VHPL�SODQDU�IRUPDW��WKH�WLOHG�VHPL�SODQDU�IRUPDW�LV�DOVR�RUJDQL]HG�LQ�
WKH�PHPRU\�RQ�WZR�VHSDUDWH�SODQHV��7KH�GLIIHUHQFH�EHWZHHQ�WKHVH�IRUPDWV�LV�WKDW�LQ�WLOHG�
IRUPDW�WKH�SL[HO�VDPSOHV�DUH�QRW�DQ\PRUH�LQ�UDVWHU�VFDQ�RUGHU�EXW�DUH�VWRUHG�PDFUREORFN�
���[���SL[HOV��E\�PDFUREORFN��7KH�VDPSOHV�RI�HDFK�PDFUREORFN�DUH�VWRUHG�LQ�FRQVHFXWLYH�
DGGUHVVHV�DQG�WKH�PDFUREORFNV�DUH�RUGHUHG�IURP�OHIW�WR�ULJKW�DQG�IURP�WRS�WR�GRZQ�DV�)L����
���:KHQ�WKLV�IRUPDW�XVHG�DV�LQSXW�GDWD�IRUPDW��LW�FDXVHV�WKH�ORZHVW�EXV�ORDG�WR�WKH�V\VWHP�
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DV�WKHUH�LV�PLQLPDO�DPRXQW�RI�QRQ�VHTXHQWLDO�PHPRU\�DGGUHVVLQJ�UHTXLUHG�ZKHQ�UHDGLQJ�WKH�
LQSXW�GDWD�WR�WKH�SRVW�SURFHVVRU� 

Ă
Ă

macro width

Ă
Ă

Ă Ă

Ă Ă

Ă
Ă Ă

Ă

 

Fig. 10-4 VCODEC Tile scan mode 
10.3.4 <&E&U�������,QWHUOHDYHG�)RUPDW 
,Q�WKH�LQWHUOHDYHG�<&E&U�������IRUPDW�WKH�SL[HO�VDPSOHV�IURP�D�VLQJOH�SODQH�LQ�ZKLFK�WKH�
GDWD�KDV�WR�EH�VWRUHG�OLQHDUO\�DQG�FRQWLJXRXVO\�DV�VKRZQ�LQ�)LJ�������7KH�SL[HO�GDWD�LV�LQ�
UDVWHU�VFDQ�RUGHU�DQG�WKH�FKURPLQDQFH�VDPSOHV�DUH�LQWHUOHDYHG�EHWZHHQ�WKH�OXPLQDQFH�
VDPSOHV�DV�<�&E��<�&U��<��&E��<�&U��<��&E�«��<&U&E��&E<&U<�DQG�&U<&E<�FRPSRQHQW�
RUGHUV�DUH�VXSSRUWHG�DOVR��,Q�WKLV�IRUPDW��HDFK�SL[HO�WDNHV����ELWV�LQ�WKH�PHPRU\� 

.

Interlaced YCbCr

.

picture base address

Y0

8-bits 8-bits 8-bits 8-bits

Cb0 Y1 Cr0
In memory

031

Big endian

Cr0 Y1 Cb0 Y0 little endian

 

Fig. 10-5 VCODEC YCbCr4:2:2 Interleaved format 
10.3.5 $<&E&U�������,QWHUOHDYHG�)RUPDW 
,Q�WKH�LQWHUOHDYHG�<FE&U�������IRUPDW��WKH�SL[HO�VDPSOHV�IURP�D�VLQJOH�SODQH�LQ�ZKLFK�WKH�
GDWD�KDV�WR�EH�VWRUHG�OLQHDUO\�DQG�FRQWLJXRXVO\�DV�VKRZ�LQ�)LJ�������7KH�SL[HO�GDWD�LV�LQ�
UDVWHU�VFDQ�RUGHU�DQG�WKH�FKURPLQDQFH�DQG�DOSKD�FKDQQHO�VDPSOHV�DUH�LQWHUOHDYHG�EHWZHHQ�
WKH�OXPLQDQFH�VDPSOHV�DV�$�<��&E�&U��$��<��&E�&U�«� 

.

Interlaced AYCbCr

.

picture base address

A0

8-bits 8-bits 8-bits 8-bits

Y0 Cb0 Cr0
In memory

031

Big endian

Cr0 Cb0 Y0 A0 little endian

 

Fig. 10-6 VCODEC AYCbCr 4:4:4 Interleaved format 
10.3.6 5*%���ESS�)RUPDW 
,Q�WKLV�IRUPDW�HDFK�SL[HO�LV�UHSUHVHQWHG�E\����RU�OHVV�ELWV�FRQWDLQLQJ�WKH�UHG��EOXH�DQG�JUHHQ�
VDPSOHV��7KHUH�DUH�VHYHUDO���ESS�IRUPDWV�ZKLFK�XVH�GLIIHUHQW�QXPEHU�RI�ELWV�IRU�HDFK�
VDPSOH��)RU�H[DPSOH�WKH�5*%�������IRUPDW�XVHV���ELWV�IRU�HDFK�VDPSOH�DQG���ELW�LV�OHIW�
XQXVHG�RU�FDQ�UHSUHVHQW�D�WUDQVSDUHQF\�IODJ��ZKHUH�5*%�������XVHV���ELWV�IRU�WKH�*�VDPSOH�
DQG���ELWV�IRU�5�DQG�%�VDPSOHV��&RPPRQ�IRU�DOO���ESS�W\SHV�LV�WKDW�WZR�SL[HOV�ILW�LQWR�RQH�
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���ELW�VSDFH� 

.

RGB16bpp

.

picture base address

8-bits 8-bits 8-bits 8-bits

R1 B1
In memory

031

Big endian

little endian

G1R0 B0G0

R0 B0G0R1 B1G1

 

Fig. 10-7 VCODEC RGB 16bpp format 
10.3.7 5*%���ESS�)RUPDW 
$Q\�5*%�IRUPDW�WKDW�KDV�LWV�SL[HOV�UHSUHVHQWHG�E\�PRUH�WKDQ���ELWV�HDFK�LV�FRQVLGHUHG�WR�EH�
RI���ESS�W\SH��7\SLFDOO\�LQ�WKLV�IRUPDW�HDFK�SL[HO�LV�UHSUHVHQWHG�E\�WKUHH�E\WHV�FRQWDLQLQJ�D�
UHG��EOXH�DQG�JUHHQ�VDPSOH�DQG�D��WK�E\WH�ZKLFK�FDQ�EH�HPSW\�RU�KROG�DQ�DOSKD�EOHQGLQJ�
YDOXH��&RPPRQ�IRU�DOO���ESS�W\SHV�LV�WKDW�RQO\�RQH�SL[HO�ILW�LQWR�RQH����ELW�VSDFH��7KH�GDWD�
KDV�WR�EH�VWRUHG�OLQHDUO\�DQG�FRQWLJXRXVO\�LQ�WKH�PHPRU\� 
10.3.8 )UDPH�%XIIHU�&RPSUHVV��)%&��)RUPDW 

FBC head data

FBC payload stream

head base address

Payload stream  offset start address

DDR

 
Fig. 10-9 FBC output format 

$V�VKRZQ�LQ�WKH�ILJXUHV�DERYH�)%&�RXWSXW�IRUPDW�LQFOXGH�)%&�KHDG�GDWD�DQG�)%&�SD\ORDG�
VWUHDP�(YHU\���[���EORFN�XVHG�RQH�)%&�KHDG�HYHU\�)%&�KHDG�ZLOO�WDNH�XS����ELW�GGU�VSDFH��
)%&�+($'�LV�UDVWHU�VWRUH�DQG�FDQ�VXSSRUW�YLUWXDO�VWULGH��7KH�SD\ORDG�VWUHDP�XVH�FRPSDFW�
PRGH��DQG�WKH�PD[LPXP�GGU�VSDFH�ZKLFK�EH�UHTXLUHG�LV�HTXDO�WR�XQFRPSUHVV�SLFWXUH�VL]H� 
 
10.4 Function Description 
10.4.1 008 
7KH�008�GLYLGHV�PHPRU\�LQWR��.%�SDJHV��ZKHUH�HDFK�SDJH�FDQ�EH�LQGLYLGXDOO\�FRQILJXUHG��
)RU�HDFK�SDJH�WKH�IROORZLQJ�SDUDPHWHUV�DUH�VSHFLILHG� 
z $GGUHVV�WUDQVODWLRQ�RI�YLUWXDO�PHPRU\��WKLV�HQDEOHV�WKH�SURFHVVRU�WR�ZRUN�XVLQJ�DGGUHVV�

WKDW�GLIIHU�IURP�WKH�SK\VLFDO�DGGUHVV�LQ�WKH�PHPRU\�V\VWHP� 
z 7KH�SHUPLWWHG�W\SHV�RI�DFFHVVHV�WR�WKDW�SDJH��(DFK�SDJH�FDQ�SHUPLW�UHDG��ZULWH��ERWK��RU�

QRQH� 
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7KH�008�XVH���OHYHO�SDJH�WDEOH�VWUXFWXUH� 
���7KH�ILUVW�OHYHO��WKH�SDJH�GLUHFWRU\�FRQVLVWV�RI������GLUHFWRU\�WDEOH�HQWULHV�'7(V���HDFK�
SRLQWLQJ�WR�D�SDJH�WDEOH� 
���7KH�VHFRQG�OHYHO��WKH�SDJH�WDEOH�FRQVLVWV�RI������SDJH�WDEOH�HQWULHV�37(V���HDFK�SRLQWLQJ�
WR�D�SDJH�LQ�PHPRU\� 

Page directory

Page table

DTE

PTE

Memory page

MMU_DTE_ADDR

DTE index

PTE index

Page offset

DTE index PTE index Page offset

31 22 21 12 11 0

Virtual address[31:0]

Physical addr

 
Fig. 10-8 structure of two-level page table 

10.4.2 9'38����IHDWXUH�VXSSRUWHG 
1. 03(*���GHFRGHU 

7KH�IHDWXUHV�WKDW�YLGHR�GHFRGHU�VXSSRUWV�DERXW�03(*���+�����VKRZV�DV�EHORZ�7DEOH������ 

Table 10-1 MPEG-4/H.263 feature 

Feature Decoder support 
Input data format MPEG-4/H.263 elementary video stream 
Decoding scheme Frame by frame(or field by field) 

Video packet by video packet 
Output data format YCbCr 4:2:0 semi-planar 
Supported image size 48x48 to 1920x1088(MPEG-4) 

48x48 to 720x576(H.263) 
Step size 16 pixels 

Maximum frame rate 60fps at 1920x1088 
Maximum bit rate As specified by MPEG-4 ASP level5 
Error detection and 
concealment 

Supported 

7KH�GHFRGHU�RI�03(*���+�����KDV�WZR�RSHUDWLQJ�PRGHV��LQ�WKH�SULPDU\�PRGH�WKH�+:�
SHUIRUPV�HQWURS\�GHFRGLQJ��DQG�LQ�WKH�VHFRQGDU\�PRGH�6:�SHUIRUPV�HQWURS\�GHFRGLQJ��
6HFRQGDU\�PRGH�LV�XVHG�LQ�03(*���GDWD�SDUWLWLRQHG�VWUHDP�GHFRGLQJ� 
2. 03(*���03(*���GHFRGHU 

7KH�IHDWXUHV�RI�03(*���03(*���VXSSRUWHG�E\�GHFRGHU�DUH�VKRZQ�DV�7DEOH������ 

Table 10-2 MPEG-2/MPEG-1 features 

Feature Decoder support 
Input data format MPEG-2/MPEG-1 elementary video stream 
Decoding scheme Frame by frame(or field by field) 
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Feature Decoder support 
Video packet by video packet 

Output data format YCbCr 4:2:0 semi-planar 
Supported image size 48x48 to 1920x1088 

Step size 16 pixels 
Maximum frame rate 60fps at 1920x1088 
Maximum bit rate As specified by MPEG-2 MP high level 
Error detection and 
concealment 

Supported 

7KH�GDWDIORZ�RI�03(*���03(*���LV�WKH�VDPH�RI�+�����+:�SHUIRUPV�HQWURS\�GHFRGLQJ�DV�
7DEOH������ 
10.4.3 9'38����IHDWXUH�VXSSRUWHG 
1. +����09& 

Table 10-3 Video H.265 decoder features 
)HDWXUH 'HFRGHU�VXSSRUW 
,QSXW�GDWD�IRUPDW +����E\WH�XQLW�VWUHDP�09&�VWUHDP 
'HFRGLQJ�VFKHPH )UDPH�E\�IUDPH 

2XWSXW�GDWD�IRUPDW <&E&U�������6HPL�3ODQDU 
)%&�RXWSXW�IRUPDW 

6XSSRUWHG�LPDJH�VL]H ��[���WR�����[���� 
VWHS�VL]H���SL[HOV 

3URILOH�OHYHO 0DLQ�� 
OHYHO���� 

0D[LPXP�IUDPH�UDWH <&E&U�����������[�����#��ISV 
0D[LPXP�ELW�UDWH ���0%36 
(UURU�GHWHFWLRQ�$QG 
FRQFHDOPHQW 6XSSRUWHG 

 
2. +����09& 

Table 10-4 Video H.264 decoder features 
)HDWXUH 'HFRGHU�VXSSRUW 
,QSXW�GDWD�IRUPDW +���E\WH�RU�1$/�XQLW�VWUHDP�69&�VWUHDP�09&�VWUHDP 

'HFRGLQJ�VFKHPH )UDPH�E\�IUDPH�RU�ILHOG�E\�ILHOG� 
6OLFH�E\�VOLFH 

2XWSXW�GDWD�IRUPDW 
<&E&U��������PRQRFKURPH� 
<&E&U�������VHPL�SODQDU�UDVWHU�VFDQ 
<&E&U�������VHPL�SODQDU�UDVWHU�VFDQ 

6XSSRUWHG�LPDJH�VL]H ��[���WR�����[���� 
VWHS�VL]H����SL[HOV 

3URILOH�DQG�/HYHO 0DLQ�� 
OHYHO���� 

0D[LPXP�IUDPH�UDWH ����[�����#��ISV 
0D[LPXP�ELW�UDWH � 
(UURU�GHWHFWLRQ�$QG 
FRQFHDOPHQW 6XSSRUWHG 

3. 93� 
Table 10-5 Video H.265 decoder features 

)HDWXUH 'HFRGHU�VXSSRUW 
,QSXW�GDWD�IRUPDW 93��E\WH�XQLW�VWUHDP 
'HFRGLQJ�VFKHPH )UDPH�E\�IUDPH 

2XWSXW�GDWD�IRUPDW <&E&U�������6HPL�3ODQDU 
)%&�RXWSXW�IRUPDW 

6XSSRUWHG�LPDJH�VL]H ��[���WR�����[���� 
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)HDWXUH 'HFRGHU�VXSSRUW 
VWHS�VL]H���SL[HOV 

3URILOH�OHYHO 3URILOH��� 
OHYHO��� 

0D[LPXP�IUDPH�UDWH <&E&U�����������[�����#��ISV 
0D[LPXP�ELW�UDWH � 
(UURU�GHWHFWLRQ�$QG 
FRQFHDOPHQW 6XSSRUWHG 

 

10.4.4 9'38����&RQILJ�5HJLVWHU�/LQNHG�/LVW�3RLQWHU�PRGH�//3�PRGH� 
9'38����9LGHR�GHFRGHU�VXSSRUW�OLQN�WDEOH�PRGH�WR�LPSURYH�GHFRGHU�FRQWLQXLW\�DQG�UHGXFH�
&38�SDUWLFLSDWH�DQG�LQWHUUXSW�UHVSRQVH�WLPH��,Q�WKLV�PRGH��WKH�UHJLVWHU�ZKLFK�XVHG�IRU�FRQILJ�
ZLOO�EH�SUHSDUH�LQWR�''5��DIWHU�WKDW�XVHU�HQDEOH�OLQN�WDEOH�PRGH��DQG�WKHQ�RXU�GHFRGHU�ZLOO�
IHWFK�WKH�UHJLVWHU�FRQILJ�LQIRUPDWLRQ�WKURXJK�$;,�EXV�IUDPH�E\�IUDPH��2Q�OLQN�WDEOH�PRGH��
WKH�GHFRGHU�ZLOO�DXWR�ILQLVK�DOO�WKH�IUDPH�GHFRGHU�ZKLFK�EH�SUHSDUHG�LQ�''5��DQG�QRW�QHHG�
&38�SDUWLFLSDWH� 

Next_ltb_base
Cur_wr_base

reverse1
reverse2
swreg8
swreg9
ĂĂ

swreg27
swreg64
swreg65
ĂĂ

swreg115

Ltb next 
base

part1

part2

swreg128
swreg129
ĂĂ

swreg143

part3

swreg160
swreg161
ĂĂ

swreg199

Part4

swreg224
swreg225
ĂĂ

swreg239

part5

swreg256
swreg257
ĂĂ

swreg271

part6

Total 164ˈtotal 656bytes

4

20

52

16

40

16

16

 
Fig. 10-9 Link table register prepare in DDR format 

$V�VKRZ�LQ�WKH�DERYH�)LJ��/LQN�WDEOH�UHJLVWHU�SUHSDUH�LQ�''5�IRUPDW��HDFK�IUDPH�FRQILJ�
LQIRUPDWLRQ�QHHG����E\WHV�LQ�''5��:KHQ�/LQN�WDEOH�UHJLVWHU�ZRUN�PRGH�EH�DFWLYHG�008�
VKRXOG�EH�FRQILJ�LQ�ILUVW�DQG�WKHQ�SDUSDUH�UHJLVWHU�WR�GGU�DW�ODVW�WR�FRQILJ�//3�FWUO�UHJLVWHU�WR�
VWDUW�GHFRGHU� 
$IWHU�KDUGZDUH�GHFRGHU�RQH�IUDPH��ZLOO�ZULWH�EDFN�VRPH�LQIRUPDWLRQ�WR�''5�ZKHUH�WKH�ZULWH�
EDFN�EDVH�DGGUHVV�LV�FXUUHQW�FRQILJ�VWRUDJH�DGGU�EDVH��$OO�WKH�ZULWH�EDFN�LQIRUPDWLRQ�DUH�
OLVWHG�LQ�WKH�IROORZV�WDEOH� 

Table 10-6 Link table write back register 
RIIVHW 'HVFULSWLRQ 

�[� VZUHJ���BVWDBLQW 

�[� VZUHJ���BVWDBHUUBLQIR 

�[� VZUHJ���BVWDBFDEDFBHUURUBVWDWXV 

�[F VZUHJ���BVWDBFROPYBHUURUBUHIBSLFLG[ 

�[�� VZUHJ���BVWDBFDEDFBHUURUBFWXBRIIVHW 

�[�� VZUHJ���BVWDBVDRZUBFWXBRIIVHW 
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RIIVHW 'HVFULSWLRQ 

�[�� VZUHJ���BVWDBVOLFHBGHFBQXP 

�[�F VZUHJ���BVWDBIUDPHBHUURUBFWXBQXP 

�[�� VZUHJ���BVWDBHUURUBSDFNHWBQXP 

�[�� VZUHJ���BVWDBHUUBFWXBQXPBLQBUR 

�[�� VZUHJ���BGHEXJBSHUIBUGBPD[BODWHQF\BQXP 

�[�F VZUHJ���BSHUIBUGBODWHQF\BVDPSBQXP 

�[�� VZUHJ���BGHEXJBSHUIBUGBODWHQF\BDFFBVXP 

�[�� VZUHJ���BGHEXJBSHUIBUGBD[LBWRWDOBE\WH 

�[�� VZUHJ���BGHEXJBSHUIBZUBD[LBWRWDOBE\WH 

�[�F VZUHJ���BGHEXJBSHUIBZRUNLQJBFQW 

�[�� 
DVVLJQ�LQIRBGDWD�>����@� �  

^�
K��GHFBVZBFWXBQXP>����@`� 

�[�� 
DVVLJQ�LQIRBGDWD�>����@�  

LQWHUBVZBUHIOVWBLG[BXVH>����@� 

�[�� 
DVVLJQ�LQIRBGDWD�>����@� �  

^��
K��LQWHUBVZBSXBFQWBVXP>����@`� 

�[�F 
DVVLJQ�LQIRBGDWD�>����@� �  

^LQWHUBVZBPYB\BPLQBRXW>����@�LQWHUBVZBPYB[BPLQBRXW>����@`� 

�[�� 
DVVLJQ�LQIRBGDWD�>����@�  

�^LQWHUBVZBPYB\BPD[BRXW>����@�LQWHUBVZBPYB[BPD[BRXW>����@`� 

�[�� 
DVVLJQ�LQIRBGDWD�>����@�  

� LQWHUBVZBPYB[BRXWBVXP>����@� 

�[�� 
DVVLJQ�LQIRBGDWD�>����@� �  

LQWHUBVZBPYB\BRXWBVXP>����@� 

�[�F 
DVVLJQ�LQIRBGDWD�>����@� �  

LQWHUBVZBPYB[BRXWBDEVBVXP>����@� 

�[�� DVVLJQ�LQIRBGDWD�>����@� �  
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RIIVHW 'HVFULSWLRQ 
LQWHUBVZBPYB\BRXWBDEVBVXP>����@� 

�[�� 

DVVLJQ�LQIRBGDWD�>����@�  

�^^����09B%,7B:,'7+�^�
E�``�LQWHUBVZBPYB\BRXWBDEVBVXP>09B%,7B:,'7+�
����@� 

^����09B%,7B:,'7+�^�
E�``�LQWHUBVZBPYB[BRXWBDEVBVXP>09B%,7B:,'7+�
����@� 

^����09B%,7B:,'7+�^LQWHUBVZBPYB\BRXWBVXP>09B%,7B:,'7+�
�@``�LQWHUBVZBPYB\BRXWBVXP>09B%,7B:,'7+�����@� 

^����09B%,7B:,'7+�^LQWHUBVZBPYB[BRXWBVXP>09B%,7B:,'7+�
�@``�LQWHUBVZBPYB[BRXWBVXP>09B%,7B:,'7+�����@`� 

�[�� 
DVVLJQ�LQIRBGDWD��>����@� �  

^��
K��FX�[�BVNLSBQXP>����@`�� � � � � � � � � � � � � � � � � � � � � �  

�[�F 
DVVLJQ�LQIRBGDWD��>����@�  

�^^����78B6.,3B680B:,'7+�^�
E�``�WXBVNLSBVXP>78B6.,3B680B:,'7+�
���@`� 

�[�� 
DVVLJQ�LQIRBGDWD��>����@� �  

^�
E���
E��FUBTSBPD[>���@��
E��FEBTSBPD[>���@��
E��OXPDBTSBPD[>���@`�� � � � � � � � � � � � � � � � � � � � � � � �  

�[�� 
DVVLJQ�LQIRBGDWD��>����@� �  

^�
E���
E��FUBTSBPLQ>���@��
E��FEBTSBPLQ>���@��
E��OXPDBTSBPLQ>���@`� 

�[�� 
DVVLJQ�LQIRBGDWD��>����@� �  

^^����43B680B:,'7+�^�
E�``�OXPDBTSBVXP>43B680B:,'7+����@`� 

�[�F 
DVVLJQ�LQIRBGDWD��>����@� �  

^^����43B680B:,'7+�^�
E�``�FEBTSBVXP>43B680B:,'7+����@`� 

�[�� 
DVVLJQ�LQIRBGDWD��>����@� �  

^^����43B680B:,'7+�^�
E�``�FUBTSBVXP>43B680B:,'7+����@`� 

�[�� 
DVVLJQ�LQIRBGDWD��>����@� �  

^��
G��LQWHUBVZBPYB[BSXBFQWBVXP>����@`� 

�[�� 
DVVLJQ�LQIRBGDWD��>����@� �  

^��
G��LQWHUBVZBPYB\BSXBFQWBVXP>����@`� 

�[�F VZUHJ���BVWDB�SL[BUDQJHB\ 

�[�� VZUHJ���BVWDB�SL[BUDQJHBX 
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RIIVHW 'HVFULSWLRQ 

�[�� VZUHJ���BVWDB�SL[BUDQJHBY 

7KH�EDVH�DGGUHVV�RI�FRQILJ�OLQN�WDEOH�PRGH�LV�5.9'(&B%$6(��[���� 
 
10.4.5 9'38����4RV�PRGH 
,Q�9'38��;�KDUGZDUH��ZH�VXSSRUW�426�PRGH��LQ�WKLV�PRGH��ZH�FDQ�UHTXHVW�KLJK�SULRULW\�WR�
IHWFK�GDWD��\RX�FDQ�FRQWURO�426�ZRUN�E\�FRQILJ�VZUHJ����DQG�VZUHJ����)RU�PRUH�GHWDLO��
\RX�FDQ�VHH�WKH�UHJLVWHU�GHVFULSWLRQ� 
8VHU�VKRXOG�DFFRUG�WR�WKH�VRF�V\VWHP�WR�VHOHFW�DSSURSULDWH�OHYHO� 
10.4.6 9'38����(UURU�3URFHVVLQJ 
���(UURU�W\SHV 

Table 10-7 VDPU346 Error Types 
(UURU�W\SH 'HVFULSWLRQ 

WLPHRXW�HUURU 7KH�9'38��;�,3�ZLOO�PRQLWRU�LI�LW�ZDV�DOZD\V�EH�KROG�RQ�LGOH�VWDWH�DQG�LI�
LW�VWD\�RQ�,'/(�WRR�PXFK�ORQJ�WLPHV��ZLOO�JLYH�WLPHRXW�HUURU��  

EXV�HUURU ,W� ZLOO� GHWHFW� WKH� D[L� GDWD� UHDG� DQG� ZULWH�LI� WKHUH� KDYH� DQ\� HUURU�
KDSSHQHG��LI�LW�GRQH��LW�ZLOO�JLYH�EXV�HUURU� 

UHIHU�IUDPH�HUURU ,I� WKH� UHIHUHQFH� IUDPH� UHTXLUHG� E\� WKH� GHFRGHU� ZKLFK� LV� LQYDOLG�� WKH�
KDUGZDUH�ZLOO�JLYH�UHIHUHQFH�IUDPH�HUURU� 

VWUHDP�HUURU ,I�WKH�VWUHDP�PHHW�VRPH�HUURU��VXFK�DV�VWUHDP�SDFNHW�ORVV��VRPH�V\QWD[�
HOHPHQWV�YDOXH�DUH�LUUDWLRQDOLW\��LW�ZLOO�JLYH�DQ�VWUHDP�HUURU� 

PPX�SDJH�IDXOW 

,I�WKH�PPX�SDJH�LV�QRW�UHDG\��EXW�XVHG�E\�GHFRGHU��WKH�GHFRGHU�ZLOO�JLYH�
DQ�PPX�SDJH�IDXOW�LQWHUUXSW��DQG�DIWHU�WKDW��WKH�VRIWZDUH�VKRXOG�JR�WR�
SUHSDUH�WKH�PLVVLQJ�PPX�SDJH�RQ�''5�DQG�FRQILJ�KDUGZDUH�FRQWLQXH�WR�
GHFRGHU� 

//3�ZRUN�HUURU 
,I�DQ\�HUURU�KDSSHQHG�ZKHQ�//3�ZRUN�PRGH�EH�DFWLYHG��WKH�GHFRGHU�ZLOO�
VWRS�QH[W�IUDPH�GHFRGLQJ��DQG�WKHQ�JLYH�DQ�HUURU�LQWHUUXSW��ZDLW�VRIW�WR�
SURFHVV� 

7KH�GHFRGHU�VKRXOG�QHHG�WR�EH�UHVHW�QR�PDWWHU�ZKDW�HUURU�W\SHV�EH�GHWHFWHG��)RU�GHFRGHU�
UHVHW�LW�KDYH�WZR�UHVHW�PRGH�\RX�FDQ�OHW�KDUGZDUH�UHVHW�LWVHOI�LI�DQ\�HUURU�KDSSHQHG��RU�\RX�
DOVR�FDQ�VHOHFW�XVH�VRIWZDUH�WR�FRQILJ�FUX�UHVHW��\RX�FDQ�FRQILJ�VZUHJ�>��@�WR�VHOHFW�WKH�
PRGH� 
10.4.7 9'38����'HFRGHU�2XWSXW�)UDPH�%XIIHU�6L]H�5HTXHVWHG 
:H�GHILQH�YDULDEOHV�FHLO0�1��DV�IROORZV� 

ceil(M,N)= ( ) (( 1) / )*ceilM N N M M M � �  
�˅��//3�UHJLVWHU�EXIIHU�VL]H 
)RU�//3�ZRUN�PRGH��//3�UHJLVWHU�EXIIHU�ZLOO�EH�UHTXLUHG��(YHU\�IUDPH�ZLOO�UHTXLUH�����E\WH�
''5�VSDFH��7KHQ��EXIIHU�VL]H�FDOFXODWH�IRUPXOD�EH�GHILQHG�DV�IROORZV� 

_ _ _ _ *512LLP register buffer size frame num byte      
7KHUH�IUDPHBQXP�LV�WKH�QXPEHU�RI�IUDPH�ZLOO�EH�SUHSDUH�LQ�''5�ZKHQ�ZRUN�RQ�//3�PRGH� 
����2XWSXW�IUDPH�GHFRGHU�EXIIHU�VL]H 
,I�RXWSXW�VHOHFW�<&E&U�������VHPL�SODQDU�UDVWHU�VFDQ�IRUPDW��\RX�FDQ�XVH�IROORZV�IRUPXOD�WR�
FDOFXODWH�WKH�GHFRGHU�IUDPH�EXIIHU�VL]H� 

_ _ _ _ _ _ * _ * _ _ / 8luma frame buffer size y vir hor stride pic h bit depth y �  
_ _ _ _ _ _ *( _ / 2)* _ _ / 8chroma frame buffer size uv vir hor stride pic h bit depth c  

_ _ _ _ _ _ _ _frame buffer size luma frame buffer size chroma frame buffer size �  
7KHUH� 
z \BYLUBKRUBVWLUGH��7KH�YLUWXDO�VWULGH�RI�OXPD��LW�PXVW�VKRXOG�PRUH�ELJJHU�WKDQ�SLFWXUH�

ZLGWK 
z XYBYLUBKRUBVWULGH��7KH�YLUWXDO�VWULGH�RI�FKURPD��LW�PXVW�VKRXOG�PRUH�ELJ�WKDQ�SLFWXUH�

ZLGWK�IRU�<&E&U������ 
z ELWBGHSWKB\�F��0DLQ���RU�PDLQ��LWV�YDOXH�ZLOO�EH����RU�� 
6HFRQG��LI�)%&�IRUPDW�EH�VHOHFWHG�\RX�FDQ�XVH�IROORZV�IRUPXOD�WR�FDOFXODWH�WKH�GHFRGHU�
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IUDPH�EXIIHU�VL]H� 
_ _ _ _ _ _ *( _ 19) /16fbc head buffer size vir hor fbc head pic h �  

_ _ 64( _ )*( 64( _ ) 16)payload buffer size ceil pic w ceil pic h �  
_ _ _ _ _ _ _ _max fbc buffer size fbc head buffer size payload buffer size �  

7KHUH� 
z YLUBKRUBIEFBKHDG�WKH�KRUL]RQWDO�YLUWXDO�VWULGH�RI�IEF�KHDG�LWV�YDOXG�VKRXOG�PRUH�ELJJHU�

WKDQ� 64( _ ) /16ceil pic w � 
%XW�SD\ORDG�UHDO�EXIIHU�VL]H�VSDFH�XVHG�ZLOO�OHVV�WKDQ�SD\ORDGBEXIIHUBVL]H�LW�ZLOO�DFFRUGLQJ�WR�
)%&�FRPSUHVV�UDWH� 
����2XWSXW�IUDPH�FROPY�EXIIHU�VL]H 
,I�FROPY�FRPSUHVV�EH�GLVDEOHG��\RX�FDQ�XVH�IROORZV�IRUPXOD�WR�FDOFXODWH�WKH�GHFRGHU�IUDPH�
EXIIHU�VL]H� 

Table 10-8 Colmv uncompress info 
)RUPDW &ROPYBVL]H &ROPY�VSDFH�E\WHV�XQLW� 
K��� �[� � 
KHYF ��[�� �� 
YS� �[� �� 
DYV� ��[�� � 
6R��WKH�FROPY�XQFRPSUHVV�VL]H�LV� 

_ _ 0 ( 64( _ )* 64( _ ) / ( _ * _ ))* _colmv buffer size ceil pic w ceil pic h colmv size colmv size colmv bytes 
7KH�EXIIHU�VL]H�XQLW�LV�E\WH�XQLW� 
,I�FROPY�FRPSUHVV�EH�DFWLYH��\RX�FDQ�XVH�IROORZV�IRUPXOD�WR�FDOFXODWH�WKH�GHFRGHU�IUDPH�
EXIIHU�VL]H� 

segment_w 64*colmv_size*colmv_size ctu_size ˄ ˅/  
segment_h = ctu_size  
pic_w_align ceil ˄pic_w,segment_w  ˅
pic_h_align = hceil˄ pic_ ,segment_h  ˅
seg_cnt_w=pic_w_align/segment_w  
seg_cnt_h=pic_h_align/segment_h  
segment_head_line_size=ceil seg_cnt_w 16˄ ˈ  ˅
seg_head_size=segment_head_line_size*seg_cnt_h  
seg_payload_size=seg_cnt_w *seg_cnt_h *64*colmv_bytes  
colmv_compress_size=seg_head_size seg_payload_size+  

ZKHUH� 

z 
tu _ : u sizec size ct  ̠

z colmv_size the block size for each colmv˖  

z 
colmv_bytes each colmv space used˖   

����(UURU�LQIR�EXIIHU�VL]H 
,I�HUURU�LQIRPDWLRQ�EH�HQDEOH�ZULWH�WR�''5��WKH�HUURU�LQIR�EXIIHU�VL]H�ZLOO�EH�UHTXLUHG��DQG�ZH�
FDQ�XVH�WKH�IROORZV�IRUPXOD�WR�FDOFXODWH�WKH�HUURU�LQIR�EXIIHU�VL]H� 

_ _ _ 2( _ )*8error info buffer size ceil slice num  
RQO\�K����DQG�K����VXSSRUW�HUURU�LQIR�RXWSXW� 
10.4.8 9'38����'HFRGHU�WHPSRUDU\�%XIIHU�6L]H�5HTXHVWHG 
7KH�WHPSRUDU\�EXIIHU�RQO\�XVHG�ZKHQ�9'38����RQ�ZRUNLQJ�VWDWXV�7KH�GDWD�ZULWH�WR�
WHPSRUDU\�EXIIHU�VL]H�LV�URZ�DQG�FRO�EXIIHU�GDWD�ZH�VXJJHVW�URZ�EXIIHU�XVHG�LQWHUQDO�VUDP�
EXIIHU�ZLOO�HQKDQFH�WKH�GHFRGHU�SHUIRUPDQFH� 
5RZ�EXIIHU�DQG�&RO�EXIIHU�VL]H�UHTXLUH�DUH�OLVWHG�DV�IHOORZV� 

Table 10-9 Row or Col buffer size required 
GDWD�W\SH UHTXLUHG�FRQGWLRQ EXIIHU�VL]H 
,QWHU�5RZ +�����+�����93� �SLFBZLGWK 

+�����PEDII �SLFBZLGWK 
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GDWD�W\SH UHTXLUHG�FRQGWLRQ EXIIHU�VL]H 

5HFRQ�5RZ +�����+�����QRW�PEDII�93� ��SLFBZLGWK 

'EON�5RZ 
+���� �SLFBZLGWK 
+���� ��SLFBZLGWK 
93� ���SLFBZLGWK 

6DR�5RZ +���� ��SLFBZLGWK 

)EF�5RZ 
+���� ��SLFBZLGWK 
93� ���SLFBZLGWK 

,QWHU�&RO +�����93���KDYH�FRO�WLOH ��SLFBKHLJKW 

)LOWHUG�&RO +�����KDYH�FRO�WLOH ���SLFBKHLJKW 
93��KDYH�FRO�WLOH�  ���SLFBKHLJKW 

 
10.4.9 9'38����IHDWXUH�VXSSRUWHG 
 
1. -3(*�'HFRGHU 
-3(*�IHDWXUHV�VXSSRUWHG�E\�GHFRGHU�DUH�DV�VKRZQ�LQ�7DEOH������� 

Table 10-10 JPEG features 

Feature Decoder support 
Input data format JFIF file format 1.02 

YCbCr 4:0:0, 4:2:0, 4:2:2, 4:4:0, 4:1:1 and 4:4:4 semi-
planar 

Decoding scheme frame by frame 
Output data format YCbCr 4:0:0, 4:2:0, 4:2:2, 4:4:0, 4:1:1 and 4:4:4 semi-

planar 
Supported image size 48x48 to 65536x65536(4295Mpixels) 

Step size 8 pixels 
Maximum frame rate Up to 240 million pixels pre second 
Thumbnail decoding JPEG compressed thumbnails supported 
Restart marker frequency 
decoding 

Supported 

MJPEG Supported 
Error detection Supported 
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ARM core

Decoder core

External memory

JPEG stream

Decoded buffer

System bus

VLC table

Quantization 
table

1

2

3

4

5

6

7

8

post-process

 

Fig. 10-10 The dataflow of JPEG decoder and post-processor 

7KH�GDWD�IORZ�RI�MSHJ�GHFRGHU�LV�DV�)LJ��������VKRZQ��7KH�GHFRGHU�VRIWZDUH�VWDUWV�GHFRGLQJ�
WKH�SLFWXUH�E\�SDUVLQJ�WKH�VWUHDP�KHDGHUV�����DQG�WKHQ�ZULWHV�WKH�IROORZLQJ�LWHPV�WR�
H[WHUQDO�PHPRU\� 
9/&�WDEOHV���� 
4XDQWL]DWLRQ�WDEOHV���� 
/DVW�VWHS�IRU�WKH�VRIWZDUH�LV�WR�ZULWH�WKH�KDUGZDUH�FRQWURO�UHJLVWHUV�DQG�WR�HQDEOH�WKH�
KDUGZDUH������$IWHU�VWDUWLQJ�KDUGZDUH��6:�ZDLWV�LQWHUUXSW�IURP�+:� 
+DUGZDUH�GHFRGHV�WKH�SLFWXUH�E\�UHDGLQJ�VWUHDP������9/&�����DQG�43�����WDEOHV��+DUGZDUH�
ZULWHV�WKH�GHFRGHG�RXWSXW�SLFWXUH�PHPRU\�RQH�PDFUREORFN�DW�D�WLPH������:KHQ�WKH�SLFWXUH�
KDV�EHHQ�IXOO\�GHFRGHG��RU�WKH�KDUGZDUH�KDV�UXQ�RXW�RI�VWUHDP�GDWD��LW�JLYHV�DQ�LQWHUUXSW�
ZLWK�D�SURSHU�VWDWXV�IODJ�DQG�SURYLGHV�VWUHDP�HQG�DGGUHVV�IRU�VRIWZDUH�WR�FRQWLQXH�DQG�
UHWXUQV�WR�LQLWLDO�VWDWH� 
7KH�IROORZ�LPDJH�SRVW�SURFHVVRU�RQO\�VXSSRUW�FRPELQHG�PRGH� 
 
2. ,PDJH�3RVW�SURFHVVRU 
7KH�IHDWXUHV�VXSSRUWHG�E\�3RVW�SURFHVVRU�DUH�DV�VKRZ�LQ�7DEOH������� 

Table 10-11 Post-processor features 

Feature Post-processor support 
Input data format Any format generated by the decoder in combined mode 

YCbCr 4:2:0 semi-planar 
YCbCr 4:2:0 planar 
YCbYCr 4:2:2 
YCrYCb 4:2:2 
CbYCrY 4:2:2 
CrYCbY 4:2:2 
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Feature Post-processor support 
Post-processor scheme Frame by frame. Post-processor handles the image macroblock 

by macroblock. 
Input image source Internal source 
Output data format YCbCr 4:2:0 semi-planar 

YCbCr 4:2:2  
YCrYCb 4:2:2 
CbYCrY 4:2:2 
CrYCbY 4:2:2 
Fully configurable RGB channel lengths and locations inside 24 
bits, e.g. RGB 24-bit (8-8-8), RGB 16-bit(5-6-5). 

Input image size 48x48 to 65536x65536 
Step size 8 pixels 

Output image size 16x16 to 65536x65536 
Horizontal step size 1 
Vertical step size 1 

Image down-scaling Proprietary averaging filter 
Arbitrary, integer scaling ratio separately for both dimensions 
0/2/4/8 down-scaling ratio 

YCbCr to RGB color 
conversion 

BT.601 compliant 
BT.709 compliant 
User definable conversion coefficient 

Dithering 2x2 ordered spatial dithering for 4,5 and 6 bit RGB channel 
precision 

Output picture support raster or tile mode picture out 
luma 8x8 block tile 

,Q�SLSH�OLQH�PRGH��WKH�SRVW�SURFHVVRU�ZRUNV�WRJHWKHU�ZLWK�WKH�PXOWL�IRUPDW�GHFRGHU��7KH�33�
ZLOO�WDNH�LWV�LQSXW�GLUHFWO\�IURP�WKH�GHFRGHU��7KH�GDWDIORZ�LV�DV�)LJ��������VKRZ��  

Input stream 
buffer

YUV convert to 
RGB

Image scaling 
down

RGB 565 
Dithering

Picture output 
raster or tile 

mode process

Output buffer

Decoder

YUV convert to 
YUV420SP or 

YUYV

 

Fig. 10-11 Post-process Dataflow 
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10.4.10 9(38����IHDWXUH�VXSSRUWHG 
1. -3(*�HQFRGHU 
7KH�-3(*�IHDWXUHV�VXSSRUWHG�E\�HQFRGHU�DUH�VKRZQ�DV�IROORZV� 

Table 10-12 Video Jpeg encoder feature 
)HDWXUH (QFRGHU�VXSSRUW 

,QSXW�GDWD�IRUPDW 

<&E&U�IRUPDWV� 
<&E&U�������SODQDU 
<&E&U�������VHPL�SODQDU 
<&E<&U������ķ 
&E<&U<�������,QWHUOHDYHGķ 
5*%�IRUPDWV�ķ 
5*%����WR�%*5��� 
5*%����WR�%*5��� 
5*%����WR�%*5��� 
5*%����WR�%5*��� 
5*%�������DQG�%5*������� 

2XWSXW�GDWD�IRUPDW -),)�),/(�IRUPDW����� 
1RQ�SURJUHVVLYH�-3(* 

6XSSRUWHG�LPDJH�VL]H ��[���WR�����[��������PLOOLRQ�SL[HOV� 
6WHS�VL]H���SL[HOV 

0D[LPXP�'DWD�UDWH 8S�WR����PLOOLRQ�SL[HOV�SHU�VHFRQG 
ķLQWHUQDOO\�HQFRGHU�KDQGOHV�LPDJH�RQO\�LQ�������IRUPDW 
�������9(38����+�����RU�+(9&�(QFRGLQJ 
9(38�FDQ�SHUIRUP�RQH�IUDPH�+�����RU�+(9&�HQFRGLQJ�E\�UHJLVWHU�FRQILJXUDWLRQ��8VHU�VKRXOG�
DOORFDWH�''5�EXIIHU��FRQILJXUH�9(38�WKURXJK�$+%�VODYH�SRUW��DQG�WKHQ�ZDLW�IRU�IUDPH�ILQLVK�
LQWHUUXSW��  
9(38�DOVR�KDYH�EDWFK�SURFHVVLQJ�PRGH��WKH�VR�FDOOHG�OLQN�WDEOH�PRGH���8VHU�VKRXOG�
FRQILJXUH�WKH�OLQN�WDEOH�QRGH�LQ�''5��VWDUW�9(38��DQG�WKHQ�ZDLW�IRU�IUDPH�RU�VHTXHQFH�ILQLVK��
8VHU�FDQ�DOVR�DGG�QHZ�IUDPHV�WR�EH�HQFRGHG�ZKLOH�9(38�LV�SURFHVVLQJ�WKH�SUHYLRXV�RQH� 
�������9(38����9LGHR�6RXUFH�3UH�SURFHVV 
9(38�FDQ�UHDG�YLGHR�VRXUFH�RI�GLIIHUHQW�FRORU�IRUPDWV�VXFK�DV�$5*%��5*%��<89��������
3�63��DQG�$UP�$)%&�<89���������,W�DOVR�VXSSRUWV�LPDJH�FOLSSLQJ��URWDWLRQ��PLUURU�DQG�26'�
LQVHUWLRQ� 
�������9(38����52,�&RQILJXUDWLRQ 
8VHU�FDQ�FRQILJXUH�43�DQG�,�3�VHOHFWLRQ�IRU�HDFK���[���EORFN�WKURXJK�9(38�52,�
FRQILJXUDWLRQ� 
10.5 Register Description 
10.5.1 ,QWHUQDO�$GGUHVV�0DSSLQJ 
7KLV�VHFWLRQ�GHVFULEHV�WKH�FRQWURO�VWDWXV�UHJLVWHUV�RI�WKH�FRGHF��  
,I�9'38����GHFRGHU�LV�FKRVHQ�WR�ZRUN��WKH�UHJLVWHU�EDVH�DGGUHVV�LV�9'38���BEDVH� 
,I�9'38����GHFRGHU�LV�FKRVHQ�WR�ZRUN��WKH�UHJLVWHU�EDVH�DGGUHVV�LV�9'38���BEDVH� 
,I�9'38����GHFRGHU�LV�FKRVHQ�WR�ZRUN��WKH�UHJLVWHU�EDVH�DGGUHVV�LV�9'38���BEDVH� 
,I�9(38����HQFRGHU�LV�FKRVHQ�WR�ZRUN��WKH�UHJLVWHU�EDVH�DGGUHVV�LV�9(38���BEDVH� 
,I�9(38����HQFRGHU�LV�FKRVHQ�WR�ZRUN��WKH�UHJLVWHU�EDVH�DGGUHVV�LV�9(38���BEDVH� 
$OO�WKH�UHJLVWHU�FRQILJ�EDVH�DUH�OLVWHG�DV�IROORZV� 

Table 10-13 Base address of config 
&RQILJ�5HJLVWHU %DVH�DGGU 
9'38����IXQFWLRQ�FRQILJ�EDVH 9'38���BEDVH 
9'38����PPX�FRQILJ�EDVH 9'38���BEDVH��[��� 
9'38����OLQN�WDEOH�FRQILJ�EDVH 9'38���BEDVH��[����  
9'38����IXQFWLRQ�FRQILJ�EDVH 9'38���BEDVH��[��� 

9'38����FDFKH�FRQILJ�EDVH 9'38���BEDVH��[����IRU�OXPD�FKDQQHO 
9'38���BEDVH��[����IRU�FKURPD�FKDQQHO 
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&RQILJ�5HJLVWHU %DVH�DGGU 

9'38����PPX�FRQILJ�EDVH 9'38���BEDVH��[����IRU�UHDG�FKDQQHO 
9'38���BEDVH��[����IRU�ZULWH�FKDQQHO 

9'38����IXQFWLRQ�FRQILJ�EDVH 9'38���BEDVH 
9'38����PPX�FRQILJ�EDVH 9'38���BEDVH��[��� 
9'38����OLQN�WDEOH�FRQILJ�EDVH 9'38���BEDVH��[��� 
9(38����IXQFWLRQ�FRQILJ�EDVH 9(38���BEDVH 
9(38����PPX�FRQILJ�EDVH 9(38���BEDVH��[��� 
9(38����IXQFWLRQ�FRQILJ�EDVH 9(38���BEDVH 
9(38����PPX�FRQILJ�EDVH 9(38���BEDVH��[)�� 

Table 10-14 Base address value 
%DVH�DGGU YDOXH 
9'38���BEDVH �[)'($B���� 
9'38���BEDVH �[)')�B���� 
9'38���BEDVH �[)'('B���� 
9(38���BEDVH �[)'((B���� 
9(38���BEDVH �;)')�B���� 

10.5.2 9'38����5HJLVWHUV�6XPPDU\�  

�1DPH 2IIVHW 6L]H 5HVHW�9DOXH 'HVFULSWLRQ �  

9'38B6:5(*�B1(:B
9(56,21 �[���� : �[�������� 

,'�UHJLVWHU�UHDG�RQO\�ZKHQ�YSX�
VKDUH�PHPRU\�ZLWK�KHYF��WKLV�
UHJLVWHU�LV�QRW�EH�XVHG� 

9'38B6:5(*� �[���� : �[�������� 5HJLVWHU�����'HVFULSWLRQ 

9'38B6:5(*� �[���� : �[�������� ,QWHUUXSW�UHJLVWHU�GHFRGHU 

9'38B6:5(*� �[���� : �[�������� 'HYLFH�FRQILJXUDWLRQ�UHJLVWHU�
GHFRGHU 

9'38B6:5(*� �[���F : �[�������� 'HYLFH�FRQWURO�UHJLVWHU����GHFRGH��
SLFWXUH�W\SH�HWF� 

9'38B6:5(*�B+��� �[���� : �[�������� 'HFRGHU�FRQWURO�UHJLVWHU����SLFWXUH�
SDUDPHWHUV� 

9'38B6:5(*� �[���� : �[�������� 'HFRGHU�FRQWURO�UHJLVWHU���SLFWXUH�
SDUDPHWHUV� 

9'38B6:5(*� �[���� : �[�������� 'HFRGHU�FRQWURO�UHJLVWHU���VWUHDP�
GHFRGLQJ�WDEOH�VHOHFWV� 

9'38B6:5(*�B+��� �[���� : �[�������� 'HFRGHU�FRQWURO�UHJLVWHU���VWUHDP�
GHFRGLQJ�WDEOH�VHOHFWV� 

9'38B6:5(*� �[���� : �[�������� 'HFRGHU�FRQWURO�UHJLVWHU����VWUHDP�
EXIIHU�LQIRUPDWLRQ� 

9'38B6:5(*� �[���F : �[�������� 'HFRGHU�FRQWURO�UHJLVWHU����+���� 
9&���FRQWURO�� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �480 

�1DPH 2IIVHW 6L]H 5HVHW�9DOXH 'HVFULSWLRQ �  

9'38B6:5(*� �[���� : �[�������� 'HFRGHU�FRQWURO�UHJLVWHU���+�����
9&���FRQWURO� 

9'38B6:5(*� �[���� : �[�������� %DVH�DGGUHVV�IRU�0%�FRQWURO��5/&��
�9&���LQWHQVLW\�FRQWURO��� 

9'38B65(*��B+���B
5/& �[���� : �[�������� 

%DVH�DGGUHVV�IRU�GLIIHUHQWLDO�
PRWLRQ�YHFWRU�EDVH�DGGUHVV��5/&�
PRGH��+����3�LQLWLDO�IZG�UHI�SLF�
OLVW�UHJLVWHU�������9&���LQWHQVLW\�
FRQWURO��� 

9'38B65(*��B+��� �[���� : �[�������� 

%DVH�DGGUHVV�IRU�GLIIHUHQWLDO�
PRWLRQ�YHFWRU�EDVH�DGGUHVV��5/&�
PRGH��+����3�LQLWLDO�IZG�UHI�SLF�
OLVW�UHJLVWHU������9&���LQWHQVLW\�
FRQWURO��� 

9'38B6:5(*��B+��
�B5/& �[���F : �[�������� 

%DVH�DGGUHVV�IRU�+�����LQWUD�
SUHGLFWLRQ��[��EDVH�DGGUHVV�IRU�
03(*���'&�FRPSRQHQW�
�5/&��+����3�LQLWLDO�IZG�UHI�SLF�OLVW�
UHJLVWHU��������9&���LQWHQVLW\�
FRQWURO�� 

9'38B6:5(*��B+��
� �[���F : �[�������� 

%DVH�DGGUHVV�IRU�+�����LQWUD�
SUHGLFWLRQ��[��EDVH�DGGUHVV�IRU�
03(*���'&�FRPSRQHQW�
�5/&��+����3�LQLWLDO�IZG�UHI�SLF�OLVW�
UHJLVWHU��������9&���LQWHQVLW\�
FRQWURO�� 

9'38B6:5(*�� �[���� : �[�������� 
%DVH�DGGUHVV�IRU�5/&�GDWD��5/&���
VWUHDP�VWDUW�DGGUHVV�GHFRGHG�HQG�
DGGU�UHJLVWHU��9/&� 

9'38B6:5(*�� �[���� : �[�������� 
%DVH�DGGUHVV�IRU�GHFRGHG�SLFWXUH��
EDVH�DGGUHVV�IRU�-3(*�GHFRGHU�
RXWSXW�OXPLQDQFH�SLFWXUH�  

9'38B6:5(*�� �[���� : �[�������� 
%DVH�DGGUHVV�IRU�UHIHUHQFH�SLFWXUH�
LQGH[���EDVH�DGGUHVV�IRU�-3(*�
GHFRGHU�RXWSXW�FKURPLQDQFH�
SLFWXUH 

9'38B6:5(*��B-3(*
B52, �[���F : �[�������� -3(*�URL�FRQWURO 

9'38B6:5(*�� �[���F : �[�������� %DVH�DGGUHVV�IRU�UHIHUHQFH�SLFWXUH�
LQGH[���-3(*�FRQWURO 
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�1DPH 2IIVHW 6L]H 5HVHW�9DOXH 'HVFULSWLRQ �  

9'38B6:5(*�� �[���� : �[�������� 
%DVH�DGGUHVV�IRU�UHIHUHQFH�SLFWXUH�
LQGH[���/LVW�RI�9/&�FRGH�OHQJWKV�LQ�
ILUVW�-3(*�$&�WDEOH 

9'38B6:5(*�� �[���� : �[�������� 
%DVH�DGGUHVV�IRU�UHIHUHQFH�SLFWXUH�
LQGH[���/LVW�RI�9/&�FRGH� � OHQJWKV�
LQ�ILUVW�-3(*�$&�WDEOH 

9'38B6:5(*�� �[���� : �[�������� 

%DVH�DGGUHVV�IRU�UHIHUHQFH�SLFWXUH�
LQGH[���9&��FRQWURO�03(*��09'�
FRQWURO�/LVW�RI�9/&�FRGH�OHQJWKV�LQ�
ILUVW�-3(*�$&�WDEOH�9&���LQWHQVLW\�
FRQWURO��� 

9'38B6:5(*�� �[���F : �[�������� 

%DVH�DGGUHVV�IRU�UHIHUHQFH�SLFWXUH�
LQGH[���03(*��75%�75'�GHOWD�
��9&���LQWHQVLW\�FRQWURO���/LVW�RI�
9/&�FRGH�OHQJWKV�LQ�ILUVW�VHFRQG�
-3(*�$&�WDEOH��  

9'38B6:5(*�� �[���� : �[�������� 

%DVH�DGGUHVV�IRU�UHIHUHQFH�SLFWXUH�
LQGH[���03(*��75%�75'�GHOWD��
��/LVW�RI�9/&�FRGH�OHQJWKV�LQ�
VHFRQG�-3(*�$&�WDEOH��1RWH��7KH�
K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

9'38B6:5(*�� �[���� : �[�������� 

%DVH�DGGUHVV�IRU�UHIHUHQFH�SLFWXUH�
LQGH[���03(*��75%�75'�GHOWD�����
/LVW�RI�9/&�FRGH�OHQJWKV�LQ�VHFRQG�
-3(*�$&�WDEOH��1RWH��7KH�K����
GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

9'38B6:5(*�� �[���� : �[�������� 
%DVH�DGGUHVV�IRU�UHIHUHQFH�SLFWXUH�
LQGH[���/LVW�RI�9/&�FRGH�OHQJWKV�LQ�
VHFRQG�-3(*�$&�WDEOH��1RWH��7KH�
K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

9'38B6:5(*�� �[���F : �[�������� 
%DVH�DGGUHVV�IRU�UHIHUHQFH�SLFWXUH�
LQGH[�����/LVW�RI�9/&�FRGH�OHQJWKV�
LQ�ILUVW�-3(*�'&�WDEOH��1RWH��7KH�
K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

9'38B6:5(*�� �[���� : �[�������� 
%DVH�DGGUHVV�IRU�UHIHUHQFH�SLFWXUH�
LQGH[����/LVW�RI�9/&�FRGH�OHQJWKV�
LQ�ILUVW�-3(*�'&�WDEOH��1RWH��7KH�
K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 
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�1DPH 2IIVHW 6L]H 5HVHW�9DOXH 'HVFULSWLRQ �  

9'38B6:5(*�� �[���� : �[�������� 

%DVH�DGGUHVV�IRU�UHIHUHQFH�SLFWXUH�
LQGH[����/LVW�RI�9/&�FRGH�OHQJWKV�
LQ�VHFRQG�-3(*�'&�WDEOH��1RWH��
7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�
ELWV� 

9'38B6:5(*�� �[���� : �[�������� 

%DVH�DGGUHVV�IRU�UHIHUHQFH�SLFWXUH�
LQGH[����OLVW�RI�9/&�FRGH�OHQJWKV�
LQ�VHFRQG�-3(*�'&�WDEOH��1RWH��
7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�
ELWV� 

9'38B6:5(*�� �[���F : �[�������� 
%DVH�DGGUHVV�IRU�UHIHUHQFH�SLFWXUH�
LQGH[����9&���ELWSO�PEFWUO��1RWH�� �
WKH�K����GHFRGHU�ZLOO�XVH�WKHVH�
ELWV� 

9'38B6:5(*�� �[���� : �[�������� 
%DVH�DGGUHVV�IRU�UHIHUHQFH�SLFWXUH�
LQGH[����1RWH��7KH�K����GHFRGHU�
ZLOO�XVH�WKHVH�ELWV� 

9'38B6:5(*�� �[���� : �[�������� 
%DVH�DGGUHVV�IRU�UHIHUHQFH�SLFWXUH�
LQGH[����1RWH��7KH�K����GHFRGHU�
ZLOO�XVH�WKHVH�ELWV� 

9'38B6:5(*�� �[���� : �[�������� 5HIHUHQFH�SLFWXUH�QXPEHUV�IRU�
LQGH[���DQG����+����9/&�� 

9'38B6:5(*�� �[���F : �[�������� 5HIHUHQFH�SLFWXUH�QXPEHUV�IRU�
LQGH[���DQG����+����9/&���  

9'38B6:5(*�� �[���� : �[�������� 5HIHUHQFH�SLFWXUH�QXPEHUV�IRU�
LQGH[���DQG����+����9/&�� 

9'38B6:5(*�� �[���� : �[�������� 5HIHUHQFH�SLFWXUH�QXPEHUV�IRU�
LQGH[���DQG����+����9/&�� 

9'38B6:5(*�� �[���� : �[�������� 
5HIHUHQFH�SLFWXUH�QXPEHUV�IRU�
LQGH[���DQG����+����9/&��03(*���
9&��SUHGLFWLRQ�ILOWHU�WDSV 

9'38B6:5(*��B-3(*
B52, �[���F : �[�������� -3(*�URL�RIIVHW�GF�EDVH�DGGUHVV 

9'38B6:5(*�� �[���F : �[�������� 
5HIHUHQFH�SLFWXUH�QXPEHUV�IRU�
LQGH[����DQG�����+����9/&��9&��
SUHGLFWLRQ�ILOWHU�WDSV 
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�1DPH 2IIVHW 6L]H 5HVHW�9DOXH 'HVFULSWLRQ �  

9'38B6:5(*�� �[���� : �[�������� 
5HIHUHQFH�SLFWXUH�QXPEHUV�IRU�
LQGH[����DQG�����+����9/&��9&��
SUHGLFWLRQ�ILOWHU�WDSV 

9'38B6:5(*��B-3(*
B52, �[���� : �[�������� -3(*�URL�RIIVHW�GF�OHQJWK 

9'38B6:5(*�� �[���� : �[�������� 5HIHUHQFH�SLFWXUH�QXPEHUV�IRU�
LQGH[����DQG�����+����9/&�� 

9'38B6:5(*�� �[���� : �[�������� 5HIHUHQFH�SLFWXUH�ORQJ�WHUP�IODJV�
�+����9/&�� 

9'38B6:5(*��B+��
� �[���� : �[�������� 

5HIHUHQFH�SLFWXUH�QXPEHUV�IRU�
LQGH[����DQG�����+����9/&��9&��
SUHGLFWLRQ�ILOWHU�WDSV 

9'38B6:5(*�� �[���F : �[�������� 5HIHUHQFH�SLFWXUH�YDOLG�IODJV�
�+����9/&���  

9'38B6:5(*��B+��
� �[���F : �[�������� 

5HIHUHQFH�SLFWXUH�QXPEHUV�IRU�
LQGH[����DQG�����+����9/&��9&��
SUHGLFWLRQ�ILOWHU�WDSV 

9'38B6:5(*�� �[��D� : �[�������� %DVH�DGGUHVV�IRU�VWDQGDUG�
GHSHQGHQW�WDEOHV 

9'38B6:5(*�� �[��D� : �[�������� 
%DVH�DGGUHVV�IRU�GLUHFW�PRGH�
PRWLRQ�YHFWRUV1RWH��7KH�K����
GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

9'38B6:5(*�� �[��D� : �[�������� 
%LBGLU�LQLWLDO�UHI�SLF�OLVW�UHJLVWHU����
����1RWH��7KH�K����GHFRGHU�ZLOO�
XVH�WKHVH�ELWV� 

9'38B6:5(*�� �[��DF : �[�������� 
%L�GLU�LQLWLDO�UHI�SLF�OLVW�UHJLVWHU����
����1RWH��7KH�K����GHFRGHU�ZLOO�
XVH�WKHVH�ELWV� 

9'38B6:5(*�� �[��E� : �[�������� 
%L�GLU�LQLWLDO�UHI�SLF�OLVW�UHJLVWHU����
����1RWH��7KH�K����GHFRGHU�ZLOO�
XVH�WKHVH�ELWV� 

9'38B6:5(*�� �[��E� : �[�������� 
%L�GLU�LQLWLDO�UHI�SLF�OLVW�UHJLVWHU�����
�����1RWH��7KH�K����GHFRGHU�ZLOO�
XVH�WKHVH�ELWV� 

9'38B6:5(*�� �[��E� : �[�������� 
%L�GLU�LQLWLDO�UHI�SLF�OLVW�UHJLVWHU�
����������1RWH��7KH�K����GHFRGHU�
ZLOO�XVH�WKHVH�ELWV� 
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�1DPH 2IIVHW 6L]H 5HVHW�9DOXH 'HVFULSWLRQ �  

9'38B6:5(*�� �[��EF : �[�������� 
%L�GLU�DQG�3�IZG�LQLWLDO�UHI�SLF�OLVW�
UHJLVWHU�����DQG�3�������1RWH��7KH�
K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

9'38B6:5(*�� �[��F� : �[�������� (UURU�FRQFHDOPHQW�UHJLVWHU 

9'38B6:5(*�� �[��F� : �[�������� 3UHGLFWLRQ�ILOWHU�WDS�UHJLVWHU�IRU�
+�����03(*���9&� 

9'38B6:5(*�� �[��F� : �[IEE��I�� 6\QWKHVLV�FRQILJXUDWLRQ�UHJLVWHU�
GHFRGHU����UHDG�RQO\� 

9'38B6:5(*�� �[��FF : �[�������� 5HIHUHQFH�SLFWXUH�EXIIHU�FRQWURO�
UHJLVWHU 

9'38B6:5(*�� �[��G� : �[�������� 5HIHUHQFH�SLFWXUH�EXIIHU�
LQIRUPDWLRQ�UHJLVWHU����UHDG�RQO\� 

9'38B6:5(*�� �[��G� : �[�������� 5HIHUHQFH�SLFWXUH�EXIIHU�
LQIRUPDWLRQ�UHJLVWHU����UHDG�RQO\� 

9'38B6:5(*�� �[��G� : �[H�GD���� 6\QWKHVLV�FRQILJXUDWLRQ�UHJLVWHU�
GHFRGHU����UHDG�RQO\��  

9'38B6:5(*�� �[��GF : �[�������� 
5HIHUHQFH�SLFWXUH�EXIIHU�
��$GYDQFHG�SUHIHWFK�FRQWURO�
UHJLVWHU 

9'38B6:5(*�� �[��H� : �[�������� 5HIHUHQFH�EXIIHU�LQIRUPDWLRQ�
UHJLVWHU����UHDG�RQO\� 

9'38B6:5(*��B,175
$B,17(5 �[��H� : �[�������� ,QWUDBGOO�W�LQWUDBGEOVSHHG��

LQWHUBGEOVSHHG��VWUHDPBOHQBKL 

9'38B6:5(*�� �[��H� : �[�������� ,QWUDBGOO�W�LQWUDBGEOVSHHG��
LQWHUBGEOVSHHG��VWUHDPBOHQBKL 

9'38B6:5(*�� �[��H� : �[�������� 'HFRGHU�GHEXJ�UHJLVWHU����UHDG�
RQO\� 

9'38B6:5(*�� �[��HF : �[�������� +����&KURPLQDQFH���SL[HO�
LQWHUOHDYHG�GDWD�EDVH 

9'38B6:5(*�� �[��I� : �[�������� ,QWHUUXSW�UHJLVWHU�SRVW�SURFHVVRU 

9'38B6:5(*�� �[��I� : �[�������� 'HYLFH�FRQILJXUDWLRQ�UHJLVWHU�SRVW�
SURFHVVRU 

9'38B6:5(*�� �[��I� : �[�������� 'HLQWHUODFH�FRQWURO�UHJLVWHU 
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�1DPH 2IIVHW 6L]H 5HVHW�9DOXH 'HVFULSWLRQ �  

9'38B6:5(*�� �[��IF : �[�������� 
%DVH�DGGUHVV�IRU�UHDGLQJ�SRVW�
SURFHVVLQJ�LQSXW�SLFWXUH� �
XPLQDQFH��WRS�ILHOG�IUDPH� 

9'38B6:5(*�� �[���� : �[�������� 
%DVH�DGGUHVV�IRU�UHDGLQJ�SRVW�
SURFHVVLQJ�LQSXW�SLFWXUH�&E�&K�
�WRSILHOG�IUDPH� 

9'38B6:5(*�� �[���� : �[�������� %DVH�DGGUHVV�IRU�UHDGLQJ�SRVW�
SURFHVVLQJ�LQSXW�SLFWXUH�&U 

9'38B6:5(*�� �[���� : �[�������� %DVH�DGGUHVV�IRU�ZULWLQJ�SRVW�
SURFHVVHG�SLFWXUH�OXPLQDQFH�5*% 

9'38B6:5(*�� �[���F : �[�������� %DVH�DGGUHVV�IRU�ZULWLQJ�SRVW�
SURFHVVHG�SLFWXUH�&K 

9'38B6:5(*�� �[���� : �[�������� 5HJLVWHU�IRU�FRQWUDVW�DGMXVWLQJ 

9'38B6:5(*�� �[���� : �[�������� 5HJLVWHU�IRU�FRORXU�FRQYHUVLRQ�DQG�
FRQWUDVW�DGMXVWLQJ 

9'38B6:5(*�� �[���� : �[�������� 5HJLVWHU�IRU�FRORXU�FRQYHUVLRQ�� 

9'38B6:5(*�� �[���F : �[�������� 5HJLVWHU�IRU�FRORXU�FRQYHUVLRQ�����
URWDWLRQ�PRGH 

9'38B6:5(*�� �[���� : �[�������� 33�LQSXW�VL]H�DQG�FURSSLQJ�UHJLVWHU 

9'38B6:5(*�� �[���� : �[�������� 33�LQSXW�SLFWXUH�EDVH�DGGUHVV�IRU�
<�ERWWRP�ILHOG 

9'38B6:5(*�� �[���� : �[�������� 33�LQSXW�SLFWXUH�EDVH�IRU�&K�
ERWWRP�ILHOG 

9'38B6:5(*�� �[���F : �[�������� 6FDOLQJ�UDWLR�UHJLVWHU���	�SDGGLQJ�
IRU�% 

9'38B6:5(*�� �[���� : �[�������� 6FDOLQJ�UHJLVWHU���UDWLR�	�SDGGLQJ�
IRU�5�DQG�* 

9'38B6:5(*�� �[���� : �[�������� 6FDOLQJ�UDWLR�UHJLVWHU�� 

9'38B6:5(*�� �[���� : �[�������� 5PDVN�UHJLVWHU 

9'38B6:5(*�� �[���F : �[�������� *PDVN�UHJLVWHU 

9'38B6:5(*�� �[���� : �[�������� %PDVN�UHJLVWHU 
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�1DPH 2IIVHW 6L]H 5HVHW�9DOXH 'HVFULSWLRQ �  

9'38B6:5(*�� �[���� : �[�������� 3RVW�SURFHVVRU�FRQWURO�UHJLVWHU 

9'38B6:5(*�� �[���� : �[�������� 0DVN���VWDUW�FRRUGLQDWH�UHJLVWHU 

9'38B6:5(*�� �[���F : �[�������� 0DVN���VWDUW�FRRUGLQDWH�UHJLVWHU 

9'38B6:5(*�� �[���� : �[�������� 0DVN���VL]H�DQG�33�RULJLQDO�ZLGWK�
UHJLVWHU 

9'38B6:5(*�� �[���� : �[�������� 0DVN���VL]H�UHJLVWHU 

9'38B6:5(*�� �[���� : �[�������� 3L3�UHJLVWHU�� 

9'38B6:5(*�� �[���F : �[�������� 3L3�UHJLVWHU���DQG�GLWKHULQJ�
FRQWURO 

9'38B6:5(*�� �[���� : �[�������� 'LVSOD\�ZLGWK�DQG�33�LQSXW�VL]H�
H[WHQVLRQ�UHJLVWHU 

9'38B6:5(*�� �[���� : �[�������� 'LVSOD\�ZLGWK�DQG�33�LQSXW�VL]H�
H[WHQVLRQ�UHJLVWHU 

9'38B6:5(*�� �[���� : �[�������� %DVH�DGGUHVV�IRU�DOSKD�EOHQG���JXL�
FRPSRQHQW 

9'38B6:5(*�� �[���F : �[�������� %DVH�DGGUHVV�IRU�DOSKD�EOHQG���JXL�
FRPSRQHQW 

9'38B6:5(*�� �[���� : �[�������� 33�RXWXSW�ZLGWK�KHLJKW�H[WHQVLRQ 

9'38B6:5(*�� �[���F : �[H���I��� 33�IXVH�UHJLVWHU��UHDG�RQO\��  

9'38B6:5(*��� �[���� : �[II������ 6\QWKHVLV�FRQILJXUDWLRQ�UHJLVWHU�
SRVW�SURFHVVRU��UHDG�RQO\� 

9'38B6:5(*��� �[���� : �[�������� 6RIW�UHVHW�VLJQDOV 

9'38B6:5(*��� �[���F : �[�������� $[L�GGU�UGDWD�QXP��WKH�XQLW�LV�E\WH 

9'38B6:5(*��� �[��D� : �[�������� 9GSX�ZULWH�GDWD�E\WH�QXP 

9'38B6:5(*��� �[��D� : �[�������� 0RQLWRU�VLJQDO�VHOOHFWHG 

9'38B6:5(*��� �[��D� : �[�������� 3HUIRUPDQFH�PRQWRU�FQW� 

9'38B6:5(*��� �[��DF : �[�������� 3HUIRUPDQFH�PRQWRU�FQW� 

1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV�  
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10.5.3 9'38����'HWDLO�5HJLVWHUV�'HVFULSWLRQ�  

9'38B6:5(*�B1(:B9(56,21�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� 5HVHUYHG 

����� 52 �[� 
0DMRUBYHUVLRQ 
�¶E�������S�VXSSRUW 
�¶E�������S�VXSSRUW 

����� 52 �[�� 

0LQRUBYHUVLRQ 
���$XGLV 
���$XGL 
���0D\EDFK 
���$XGLE�  
))��6KDUH�PHPRU\�ZLWK�KHYF��VR�VKRXOG�UHDG�YHUVLRQ�IURP�KHYF�
UHJLVWHU 

���� 5: �[���� %XLOG 
7KH�UWO
V�VYQ�QXP�LQ�LF�VHUYHU 

 

9'38B6:5(*��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 3URBQXP 
SURMHFW�QXPEHU 

����� 5: �[� 0DMRUBYHUVLRQ 
0DMRU�YHUVLRQ 

���� 5: �[�� 0LQRUBYHUVLRQ 
0LQRU�YHUVLRQ 

� 5: �[� ,'B$6&,,B(1 
$6&,,�W\SH�SURGXFW�,'�HQDEOH 

��� 5: �[� %XLOGBYHUVLRQ 
%XLOG�YHUVLRQ 

 

9'38B6:5(*��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� 5HVHUYHG 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

6ZBGHFBSLFBLQI 
%�VOLFH�GHWHFWHG��7KLV�VLJQDO�LV�GULYHQ�KLJK�GXULQJ�SLFWXUH�UHDG\�
LQWHUUXSW�LI�%�W\SH�VOLFH�LV�IRXQG��7KLV�ELW�GRHV�QRW�ODXQFK�
LQWHUUXSW�EXW�LV�XVHG�WR�LQIRUP�6:�DERXW�K����WRROV��  
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

����� 52 �[�� 5HVHUYHG 

�� 5: �[� 

6ZBGHFBWLPHRXW 
,QWHUUXSW�VWDWXV�ELW�GHFRGHU�WLPHRXW��:KHQ�KLJK�WKH�GHFRGHU���
KDV�EHHQ�LGOLQJ�IRU�WRR�ORQJ��+:�ZLOO�VHOI�UHVHW��3RVVLEOH�RQO\�LI�
WLPHRXW�LQWHUUXSW�LV�HQDEOHG� 
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

�� 5: �[� 

6ZBGHFBVOLFHBLQW 
,QWHUUXSW�VWDWXV�ELW�GHFBVOLFHBGHFRGHG��:KHQ�KLJK�6:�PXVW�VHW�
QHZ�EDVH�DGGUHVVHV�IRU�6ZBGHFBRXWBEDVH�DQG� 
6ZBMSJBFKBRXWBEDVH�EHIRUH�UHVHWLQJ�WKLV�VWDWXV�ELW��8VHG�IRU�
-3(*�VQDSVKRW�PRGHV��  
1RWH��7KH�-3(*�GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

�� 5: �[� 
6ZBGHFBHUURUBLQW 
,QWHUUXSW�VWDWXV�ELW�LQSXW�VWUHDP�HUURU��:KHQ�KLJK��DQ�HUURU�LV�
IRXQG�LQ�LQSXW�GDWD�VWUHDP�GHFRGLQJ��+:�ZLOO�VHOI�UHVHW��  
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

�� 5: �[� 

6ZBGHFBDVRBLQW 
,QWHUUXSW�VWDWXV�ELW�$62��$UELWUDU\�6OLFH�2UGHULQJ��
GHWHFWHG�:KHQ�KLJK��$62�GHWHFWHG�LQ�LQSXW�GDWD�VWUHDP�
GHFRGLQJ��+:�ZLOO�VHOI�UHVHW��  
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

�� 5: �[� 
6ZBGHFBEXIIHUBLQW 
,QWHUUXSW�VWDWXV�ELW�LQSXW�EXIIHU�HPSW\��:KHQ�KLJK��,QSXW�VWUHDP�
EXIIHU�LV�HPSW\�EXW�SLFWXUH�LV�QRW�UHDG\��+:�ZLOO�QRW�VHOI�UHVHW� 
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

�� 5: �[� 
6ZBGHFBEXVBLQW 
,QWHUUXSW�VWDWXV�ELW�EXV��(UURU�UHVSRQVH�IURP�EXV��+:�ZLOO�VHOI�
UHVHW� 
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

�� 5: �[� 
6ZBGHFBUG\BLQW 
,QWHUUXSW�VWDWXV�ELW�GHFRGHU��:KHQ�WKLV�ELW�LV�KLJK�GHFRGHU�KDV�
GHFRGHG�D�SLFWXUH��+:�ZLOO�VHOI�UHVHW��  
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

���� 52 �[� 5HVHUYHG 

� 5: �[� 
6ZBGHFBLUT 
'HFRGHU�,54��:KHQ�KLJK��GHFRGHU�UHTXHVWV�DQ�LQWHUUXSW��6:�ZLOO�
UHVHW�WKLV�DIWHU�LQWHUUXSW�LV�KDQGOHG��  
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

��� 52 �[� 5HVHUYHG 

� 5: �[� 

6ZBGHFBLUTBGLV 
'HFRGHU�,54�GLVDEOH��:KHQ�KLJK��WKHUH�DUH�QR�LQWHUUXSWV�
FRQFHUQLQJ�GHFRGHU�IURP�+:��3ROOLQJ�PXVW�EH�XVHG�WR�VHH�WKH�
LQWHUUXSW�VWDWXVHV��  
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �489 

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 52 �[� 5HVHUYHG 

� 5: �[� 

6ZBGHFBHQ 
'HFRGHU�HQDEOH��6HWWLQJ�WKLV�ELW�KLJK�ZLOO�VWDUW�WKH�GHFRGLQJ�
RSHUDWLRQ��+:�ZLOO�UHVHW�WKLV�ZKHQ�SLFWXUH�LV�SURFHVVHG�RU�$62�RU�
VWUHDP�HUURU�LV�GHWHFWHG�RU�EXV�HUURU�RU�WLPHRXW�LQWHUUXSW�LV�
JLYHQ��  
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

 

9'38B6:5(*��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� 
6ZBGHFBD[LBUGBLG 
5HDG�,'�XVHG�IRU�GHFRGHU�UHDGLQJ�VHUYLFHV�LQ�$;,�EXV��LI�
FRQQHFWHG�WR�$;,�� 
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

�� 5: �[� 
6ZBGHFBWLPHRXWBH 
7LPHRXW�LQWHUUXSW�HQDEOH��,I�HQDEOHG�+:�PD\�UHWXUQ�WLPHRXW�
LQWHUUXSW�LQ�FDVH�+:�JHWV�VWXFNHG�ZKLOH�GHFRGLQJ�SLFWXUH��  
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

�� 5: �[� 

6ZBGHFBVWUVZDS��BH 
'HFRGHU�LQSXW���ELW�GDWD�VZDS�IRU�VWUHDP�GDWD��PD\�EH�XVHG�IRU�
���ELW�HQYLURQPHQW���  
�
E���1R�VZDSSLQJ�RI����ELW�ZRUGV 
�
E������ELW�GDWD�ZRUGV�DUH�VZDSSHG��QHHGHG�LQ����ELW�
HQYLURQPHQW�WR�DFKLHYH�����������������E\WH�RUGHU�DOVR�OLWWOH� �
HQGLDQ�VKRXOG�EH�HQDEOHG��� 
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

�� 5: �[� 

6ZBGHFBVWUHQGLDQBH 
'HFRGHU�LQSXW�HQGLDQ�PRGH�IRU�VWUHDP�GDWD��  
�
E���%LJ�HQGLDQ����������RUGHU��  
�
E���/LWWOH�HQGLDQ����������RUGHU� 
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

�� 5: �[� 

6ZBGHFBLQVZDS��BH 
'HFRGHU�LQSXW���ELW�GDWD�VZDS�IRU�RWKHU�WKDQ�VWUHDP�GDWD� � � � � � � � �  
�PD\�EH�XVHG�IRU����ELW�HQYLURQPHQW���  
�
E���1R�VZDSSLQJ�RI����ELW�ZRUGV 
�
E������ELW�GDWD�ZRUGV�DUH�VZDSSHG��QHHGHG�LQ����ELW�
HQYLURQPHQW�WR�DFKLHYH�����������������E\WH�RUGHU�DOVR�OLWWOH�
HQGLDQ�VKRXOG�EH�HQDEOHG���  
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

�� 5: �[� 

6ZBGHFBRXWVZDS��BH 
'HFRGHU�RXWSXW���ELW�GDWD�VZDS��PD\�EH�XVHG�IRU����ELW� � � � � � � � � � �  
HQYLURQPHQW���  
�
E���1R�VZDSSLQJ�RI����ELW�ZRUGV�  
�
E������ELW�GDWD�ZRUGV�DUH�VZDSSHG��QHHGHG�LQ����ELW�
HQYLURQPHQW�WR�DFKLHYH�����������������E\WH�RUGHU�DOVR�OLWWOH�
HQGLDQ�VKRXOG�EH�HQDEOHG����  
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �490 

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
6ZBGHFBGDWDBGLVFBH 
'DWD�GLVFDUG�HQDEOH��3UHFLVH�EXUVW�OHQJWKV�DUH�XVHG�ZLWK�UHDGLQJ�
VHUYLFHV��([WUD�GDWD�LV�GLVFDUGHG�LQWHUQDOO\��  
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

�� 5: �[� 

VZBWLOHGBPRGHBPVE 
7LOHG�PRGH�PVE��&RQFDQDWHG�WR�7LOHG�PRGH�OVE�ZKLFK�IRUP���ELW�
WLOHG�PRGH��'HILQLWLRQ�RI�WLOHGPRGH��  
�¶G���7LOHG�PRGH�QRW�HQDEOHG 
�¶G���7LOHG�PRGH�HQDEOHG�IRU��[��WLOH�VL]H�  
�¶G����¶G���5HVHUYHG 
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

����� 5: �[�� 

6ZBGHFBODWHQF\ 
'HFRGHU�PDVWHU�LQWHUIDFH�DGGLWLRQDO�ODWHQF\��&DQ�EH�XVHG�WR�VORZ�
GRZQ�GHFRGHU�+:�EHWZHHQ�VHUYLFHV�LQ�VWHSV�RI���FORFN�F\FOHV��  
�¶G���1R�ODWHQF\�  
�¶G���0LQLPXP���F\FOHV�RI�,'/(�EHWZHHQ�VHUYLFHV�  
�¶G���0LQLPXP����F\FOHV�RI�,'/(�EHWZHHQ�VHUYLFHV 
����  
�¶G����0LQLPXP�ODWHQF\�RI�����F\FOHV�RI�,'/(�EHWZHHQ�VHUYLFHV�  
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

�� 5: �[� 

6ZBGHFBFONBJDWHBH 
'HFRGHU�G\QDPLF�FORFN�JDWLQJ�HQDEOH�� �  
�
E���&ORFN�LV�UXQQLQJ�IRU�DOO�VWUXFWXUHV 
�
E���&ORFN�LV�JDWHG�IRU�GHFRGHU�VWUXFWXUHV�WKDW�DUH�QRW�XVHG 
1RWH��&ORFN�JDWLQJ�YDOXH�FDQ�EH�FKDQJHG�RQO\�ZKHQ�GHFRGHU�LV�
GLVDEOHG� 

� 5: �[� 

6ZBGHFBLQBHQGLDQ 
'HFRGHU�LQSXW�HQGLDQ�PRGH�IRU�RWKHU�WKDQ�VWUHDP�GDWD�� � � � � �  
�
E���%LJ�HQGLDQ����������RUGHU� 
�
E���/LWWOH�HQGLDQ����������RUGHU� 
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

� 5: �[� 

6ZBGHFBRXWBHQGLDQ 
'HFRGHU�RXWSXW�HQGLDQ�PRGH�� � � � � � � � � � � � � �  
�
E���%LJ�HQGLDQ����������RUGHU� 
�
E���/LWWOH�HQGLDQ����������RUGHU��  
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

� 5: �[� 
6ZBWLOHGBPRGHBOVE 
7LOHG�PRGH�OVE��&RQFDWHQDWHG�WR�7LOHG�PRGH�PVE�ZKLFK�IRUP���
ELW�WLOHG�PRGH��'HILQHG�LQ�WLOHGBPRGHBPVE� 
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

� 5: �[� 
6ZBGHFBDGYBSUHBGLV 
$GYDQFHG�35()(7&+�PRGH�GLVDEOH��DGYDQFHG�UHIHUHQFH�SLFWXUH�
UHDGLQJ�PRGH�IRU�YLGHR�� 
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

� 5: �[� 

6ZBGHFBVFPGBGLV 
$;,�6LQJOH�&RPPDQG�0XOWLSOH�'DWD���GLVDEOH���ZKHUH�RQO\�WKH�
ILUVW�DGGUHVVHV�RI�WKH�EXUVW�DUH�JLYHQ�IURP�DGGUHVV�JHQHUDWRU���
7KLV�ELW�LV�XVHG�WR�GLVDEOH�WKH�IHDWXUH��SRVVLEOH�6:�ZRUNDURXQG�LI�
VRPHWKLQJ�LV�QRW�ZRUNLQJ�FRUUHFWO\�� 
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �491 

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[�� 

6ZBGHFBPD[BEXUVW 
0D[LPXP�EXUVW�OHQJWK�IRU�GHFRGHU�EXV�WUDQVDFWLRQV��9DOLG�
YDOXHV��  
$;,������ 
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

 

9'38B6:5(*��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

6ZBGHFBPRGH 
'HFRGLQJ�PRGH� 
�� �+����� 
�� �03(*����  
�� �+������  
�� �-3(*� 
�� �9&����  
�� �03(*��� 
�� �03(*��� 
��� �$96� 
2WKHUV� �UHVHUYHG 
1RWH��$OO�WKH�GHFRGHU�PRGH�ZLOO�XVH�WKHVH�ELWV� 

�� 5: �[� 

6ZBUOFBPRGHBH 
5/&�PRGH�HQDEOH� 
�
E���+:�GHFRGHV�YLGHR�IURP�5/&�LQSXW�GDWD���VLGH�LQIRUPDWLRQ�
�'LIIHUHQWLDO�09
V��VHSDUDWH�'&�FRHIIV��,QWUD��[�� �PRGHV��0%�
FRQWURO���9DOLG�RQO\�IRU�+�����%DVHOLQH�DQG�03(*����63� 
�
E���+:�GHFRGHV�YLGHR�IURP�ELW�VWUHDP��9/&�PRGH����VLGH�
LQIRUPDWLRQ��ELWSODQH�GDWD�LQ�9&���� 
1RWH��7KH�K����DQG�03(*��GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

�� 5: �[� 

6ZBVNLSBPRGH� � � � � � � � � � � � � � � � � � � �  
$96��  
�
E���6SHFLDO�0%�W\SH�FRGH�LQGLFDWHV�VNLSSHG�PEV�  
�
E���0HDQV�WKDW�VNLSSHG�PEV�DUH�LQGLFDWHG�XVLQJ�VNLSBUXQ��
V\QWD[�HOHPHQW�OLNH�LQ�  

�� 5: �[� 
6ZBSMSHJBH 
3URJUHVVLYH�-3(*�HQDEOH��  
�
E���%DVHOLQH�-3(*�  
�
E���3URJUHVVLYH�-3(* 

�� 5: �[� 

6ZBSLFBLQWHUODFHBH 
&RGLQJ�PRGH�RI�WKH�FXUUHQW�SLFWXUH�� �  
�
E���3URJUHVVLYH 
�
E���,QWHUODFHG 
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

�� 5: �[� 

6ZBSLFBILHOGPRGHBH 
6WUXFWXUH�RI�WKH�FXUUHQW�SLFWXUH��UHVLGXDO�VWUXFWXUH�� � � � � � � �  
�
E���)UDPH�VWUXFWXUH��WKLV�PHDQV�0%$))�VWUXFWXUHG�SLFWXUH�IRU�
LQWHUODFHG�VHTXHQFH��� �ILHOG�VWUXFWXUH 
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �492 

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

6ZBSLFBEBH 
%�SLFWXUH�HQDEOH�IRU�FXUUHQW�SLFWXUH��  
�
E���3LFWXUH�W\SH�LV�,�RU�3�GHSHQGLQJ�RQ�VZBSLFBLQWHUBH 
�
E���3LFWXUH�W\SH�LV�%,��YF���'��PSHJ���RU�%�GHSHQGLQJ�RQ�
VZBSLFBLQWHUBH��QRW�YDOLG�IRU�+����VLQFH�LWV�VOLFH�EDVHG�
LQIRUPDWLRQ��  

�� 5: �[� 
6ZBSLFBLQWHUBH 
3LFWXUH�W\SH��  
�
E���,QWHU�W\SH��3� 
�
E���,QWUD�W\SH��,�� �6HH�DOVR�VZBSLFBEBH 

�� 5: �[� 

6ZBSLFBWRSILHOGBH 
,I�ILHOG�VWUXFWXUH�LV�HQDEOHG�WKLV�ELW�LQIRUPV�ZKLFK�RQH�RI�WKH� �  
ILHOGV�LV�EHLQJ�GHFRGHG� 
�
E���%RWWRP�ILHOG�  
�
E���7RS�ILHOG 
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

�� 5: �[� 

6ZBIZGBLQWHUODFHBH 
&RGLQJ�PRGH�RI�IRUZDUG�UHIHUHQFH�SLFWXUH��  
�
E���3URJUHVVLYH�  
�
E���,QWHUODFHG�  
1RWH��)RU�EDFNZDUG�UHIHUHQFH�SLFWXUH�WKH�FRGLQJ�PRGH�LV�DOZD\V�
VDPH�DV�IRU�FXUUHQW�SLFWXUH� 

�� 5: �[� 

6ZBUHIBWRSILHOGBH 
,QGLFDWHV�ZKLFK�ILHOG�VKRXOG�EH�XVHG�DV�UHIHUHQFH�LI� � � � �
VZBUHIBIUDPHV� ����� �  
�
E���%RWWRP�ILHOG� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  
�
E���7RS�ILHOG 
8VHG�RQO\�LQ�9&���PRGH 

�� 5: �[� 

6ZBGHFBRXWBGLV 
'LVDEOH�GHFRGHU�RXWSXW�SLFWXUH�ZULWLQJ��  
�
E���'HFRGHU�RXWSXW�SLFWXUH�LV�ZULWWHQ�WR�H[WHUQDO�PHPRU\�  
�
E���'HFRGHU�RXWSXW�SLFWXUH�LV�QRW�ZULWWHQ�WR�H[WHUQDO�PHPRU\�  
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

�� 5: �[� 

6ZBILOWHULQJBGLV 
'H�EORFN�ILOWHULQJ�GLVDEOH�  
�
E���)LOWHULQJ�LV�GLVDEOHG�IRU�FXUUHQW�SLFWXUH�  
�
E���)LOWHULQJ�LV�HQDEOHG�IRU�FXUUHQW�SLFWXUH 
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

�� 5: �[� 

6ZBSLFBIL[HGBTXDQW 
6ZBSLFBIL[HGBTXDQW��'(&�PRGH�LV�9&���DQG�$96� 
�
E���4XDQWL]DWLRQ�SDUDPHWHU�FDQ�YDU\�LQVLGH�SLFWXUH�  
�
E���4XDQWL]DWLRQ�SDUDPHWHU�LV�IL[HG��STXDQW� 
6ZBPYFBH�'(&�PRGH�LV�+���� 
0XOWL�YLHZ�FRGLQJ�HQDEOH��3RVVLEOH�IRU�+����RQO\ 
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �493 

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

6ZBZULWHBPYVBH 
'LUHFW�PRGH�PRWLRQ�YHFWRU�ZULWH�HQDEOH�IRU�FXUUHQW�SLFWXUH��� �
03(*��PRWLRQ�YHFWRU�ZULWH�HQDEOH�IRU�HUURU�FRQFHDOPHQW�
3XUSRVHV��  
�
E���:ULWLQJ�GLVDEOHG�IRU�FXUUHQW�SLFWXUH�  
�
E���7KH�GLUHFW�PRGH�PRWLRQ�YHFWRUV�DUH�ZULWWHQ�WR�H[WHUQDO�
0HPRU\��+����GLUHFW�PRGH�PRWLRQ�YHFWRUV�DUH�ZULWWHQ�WR�'3%�
DVLGH�ZLWK�WKH�FRUUHVSRQGLQJ�UHIHUHQFH�SLFWXUH��2WKHU�GHFRGLQJ�
PRGH�GLU�PRGH�PYV�DUH�ZULWWHQ�WR�H[WHUQDO�PHPRU\�VWDUWLQJ�
IURP�6ZBGLUBPYBEDVH��  
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

�� 5: �[� 

6ZBUHIWRSILUVWBH 
,QGLFDWHV�ZKLFK�):'�UHIHUHQFH�ILHOG�KDV�EHHQ�GHFRGHG�ILUVW��  
�
E���):'�UHIHUHQFH�ERWWRP�ILHOG 
�
E���):'�UHIHUHQFH�WRS�ILHOG�  
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

�� 5: �[� 
6ZBVHTBPEDIIBH 
6HTXHQFH�LQFOXGHV�0%$))�FRGHG�SLFWXUHV� 
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

� 5: �[� 

6ZBSLFRUGBFRXQWBH 
+���BKLJK�FRQILJ��3LFWXUH�RUGHU�FRXQW�WDEOH�UHDG�HQDEOH��,I�  
HQDEOHG�+:�ZLOO�UHDG�SLFWXUH�RUGHU�FRXQWV�IURP�PHPRU\�LQ� �  
WKH�EHJLQQLQJ�RI�SLFWXUH� 
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

� 5: �[� 
6ZBGHFBWLPHRXWBPRGH 
:KHQ��
E����WLPHRXW�F\FOH�LV����
E� 
:KHQ��
E��� � WLPHRXW�F\FOH�LV����
E� 
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

��� 5: �[�� 
6ZBGHFBD[LBZUBLG 
:ULWH�,'�XVHG�IRU�GHFRGHU�ZULWLQJ�VHUYLFHV�LQ�$;,�EXV��LI� � � � �  
FRQQHFWHG�WR�$;,�� 
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

 

9'38B6:5(*�B+����  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[��� 
6ZBSLFBPEBZLGWK 
3LFWXUH�ZLGWK�LQ�PDFUREORFNV� ���ZLGWK�LQ�SL[HOV����������� 
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

����� 52 �[� 5HVHUYHG 

����� 5: �[�� 

6ZBSLFBPEBKHLJKWBS 
3LFWXUH�KHLJKW�LQ�PDFUREORFNV� ��KHLJKW�LQ�SL[HOV����������  
3LFWXUH�KHLJKW�LV�LQIRUPHG�DV�VL]H�RI�WKH��SURJUHVVLYH��IUDPH�DOVR�
)RU�VLQJOH�ILHOG��RI�LQWHUODFHG�FRQWHQW��LV�EHLQJ�GHFRGHG� �  
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

���� 52 �[�� 5HVHUYHG 
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&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �494 

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[�� 
6ZBUHIBIUDPHV 
+������1XPBUHIBIUDPHV��PD[LPXP�QXPEHU�RI�VKRUW�DQG�ORQJ�
WHUP�UHIHUHQFH�IUDPHV�LQ�GHFRGHG�SLFWXUH�EXIIHU� 

 

9'38B6:5(*��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[��� 6ZBSLFBPEBZLGWK 
3LFWXUH�ZLGWK�LQ�PDFUREORFNV� ���ZLGWK�LQ�SL[HOV����������� 

����� 5: �[� 
6ZBPEBZLGWKBRII 
7KH�DPRXQW�RI�PHDQLQJIXOO�KRUL]RQWDO�SL[HOV�LQ�ODVW�0%��ZLGWK� �
RIIVHW����LI�H[DFWO\����SL[HOV�PXOWLSOH�SLFWXUH�DQG�DOO�WKH�
KRUL]RQWDO�SL[HOV�LQ�ODVW�0%�DUH�PHDQLQJIXOO� 

����� 5: �[�� 
6ZBSLFBPEBKHLJKWBS 
3LFWXUH�KHLJKW�LQ�PDFUREORFNV� ��KHLJKW�LQ�SL[HOV����������  
3LFWXUH�KHLJKW�LV�LQIRUPHG�DV�VL]H�RI�WKH��SURJUHVVLYH��IUDPH�DOVR�
IRU�VLQJOH�ILHOG��RI�LQWHUODFHG�FRQWHQW��LV�EHLQJ�GHFRGHG�� �  

���� 5: �[� 
6ZBPEBKHLJKWBRII 
7KH�DPRXQW�RI�PHDQLQJIXOO�YHUWLFDO�SL[HOV�LQ�ODVW�0%��KHLJKW�
RIIVHW���LI�H[DFWO\����SL[HOV�PXOWLSOH�SLFWXUH�DQG�DOO�WKH�YHUWLFDO�
SL[HOV�LQ�ODVW�0%�DUH�PHDQLQJIXOO� 

� 5: �[� 
6ZBDOWBVFDQBH 
,QGLFDWHV�DOWHUQDWLYH�YHUWLFDO�VFDQ�PHWKRG�XVHG�IRU�LQWHUODFHG�
IUDPHV��  

��� 5: �[� 
6ZBSLFBPEBZBH[W 
3LFWXUH�PE�ZLGWK�H[WHQVLRQ��,I�VZBSLFBPEBZLGWK�GRHV�QRW�ILW�WR���
ELWV�WKHQ�WKHVH�ELWV�DUH�XVHG�WR�LQFUHDVH�WKH�UDQJH�XS�WR����ELWV�
�XVHG�DV���PVE���  

��� 5: �[� 
6ZBSLFBPEBKBH[W 
3LFWXUH�PE�KHLJKW�H[WHQVLRQ��,I�VZBSLFBPEBKHLJKWBS�GRHV�QRW�ILW�
WR���ELWV�WKHQ�WKHVH�ELWV�DUH�XVHG�WR�LQFUHDVH�WKH�UDQJH�XS�WR����
ELWV��XVHG�DV���PVE���  

 

9'38B6:5(*��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� 
6ZBVWUPBVWDUWBELW 
([DFW�ELW�RI�VWUHDP�VWDUW�ZRUG�ZKHUH�GHFRGLQJ�FDQ�EH�VWDUWHG�
�DVVRFLDWHV�ZLWK�VZBUOFBYOFBEDVH�� 

�� 5: �[� 

6ZBV\QFBPDUNHUBH 
6\QF�PDUNHUV�HQDEOH��  
�
E���6\QFK�PDUNHUV�DUH�QRW�XVHG� 
�
E���6\QFK�PDUNHUV�DUH�XVHG��)RU�SURJUHVVLYH�-3(*�WKLV�
LQGLFDWHV�WKDW�WKHUH�DUH�UHVWDUW�PDUNHUV�LQ�WKH�VWUHDP�DIWHU�
UHVWDUW�LQWHUYDO�VWHSV� 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

6ZBW\SH�BTXDQWBH 
03(*���7\SH���TXDQWL]DWLRQ�HQDEOH�  
�
E���7\SH���LQYHUVH�4�PHWKRG�  
�
E���7\SH���LQYHUVH�4�PHWKRG��4�WDEOHV�XVHG�� �  
+�����K���BKLJK�FRQILJ���VFDOLQJ�PDWUL[�HQDEOH��  
�
E���1RUPDO�WUDQVIRUP�  
�
E���8VH�VFDOLQJ�PDWUL[�IRU�WUDQVIRUP��UHDG�IURP�H[WHUQDO�  

����� 5: �[�� 6ZBFKBTSBRIIVHW 
&KURPD�4S�ILOWHU�RIIVHW���)RU�+�����WKLV�RIIVHW�FRQFHUQV�&E�RQO\��  

����� 5: �[�� 6ZBFKBTSBRIIVHW� 
&KURPD�4S�ILOWHU�RIIVHW�IRU�FU�W\SH��  

���� 52 �[���� 5HVHUYHG 

� 5: �[� 6ZBILHOGSLFBIODJBH 
)ODJ�IRU�VWUHDP�WKDW�ILHOGBSLFBIODJ�H[LVWV�LQ�VWUHDP��  

 

9'38B6:5(*�B+����  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� 
6ZBVWUPBVWDUWBELW 
([DFW�ELW�RI�VWUHDP�VWDUW�ZRUG�ZKHUH�GHFRGLQJ�FDQ�EH�VWDUWHG�
�DVVRFLDWHV�ZLWK�VZBUOFBYOFBEDVH���  

�� 52 �[� 5HVHUYHG 

�� 5: �[� 

6ZBW\SH�BTXDQWBH 
03(*���7\SH���TXDQWL]DWLRQ�HQDEOH�  
�
E���7\SH���LQYHUVH�4�PHWKRG�  
�
E���7\SH���LQYHUVH�4�PHWKRG��4�WDEOHV�XVHG��  
+�����K���BKLJK�FRQILJ���VFDOLQJ�PDWUL[�HQDEOH��  
�
E���1RUPDO�WUDQVIRUP�  
�
E���8VH�VFDOLQJ�PDWUL[�IRU�WUDQVIRUP��UHDG�IURP�H[WHUQDO�  

����� 5: �[�� 6ZBFKBTSBRIIVHW 
&KURPD�4S�ILOWHU�RIIVHW���)RU�+�����WKLV�RIIVHW�FRQFHUQV�&E�RQO\��  

����� 5: �[�� 6ZBFKBTSBRIIVHW� 
&KURPD�4S�ILOWHU�RIIVHW�IRU�FU�W\SH��  

���� 52 �[���� 5HVHUYHG 

� 5: �[� 6ZBILHOGSLFBIODJBH 
)ODJ�IRU�VWUHDP�WKDW�ILHOGBSLFBIODJ�H[LVWV�LQ�VWUHDP��  

 

9'38B6:5(*��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

6ZBVWDUWBFRGHBH 
%LW�IRU�LQGLFDWLQJ�VWUHDP�VWDUW�FRGH�H[LVWHQFH�� �  
�
E���6WUHDP�GRHVQ
W�FRQWDLQ�VWDUW�FRGHV�  
�
E���6WUHDP�FRQWDLQV�VWDUW�FRGHV�  
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

����� 5: �[�� 
6ZBLQLWBTS 
,QLWLDO�YDOXH�IRU�TXDQWL]DWLRQ�SDUDPHWHU��SLFWXUH�TXDQWL]HU�� 
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

�� 5: �[� 

6ZBFKB�SL[BLOHDYBH 
(QDEOH�IRU�DGGLWLRQDO�FKURPLQDQFH�GDWD�IRUPDW�ZULWLQJ�ZKHUH�
GHFRGHU�ZULWHV�FKURPLQDQFH�LQ� �JURXS�RI���SL[HOV�RI�&E�DQG�WKHQ�
FRUUHVSRQGLQJ���SL[HOV�RI�&U��  
'DWD�LV�ZULWWHQ�WR�VZBGHFBFK�SL[BEDVH��&DQQRW�EH�XVHG�LI�WLOHG�
PRGH�LV�HQDEOHG��  
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

���� 5: �[������ 

6ZBVWUHDPBOHQ 
$PRXQW�RI�VWUHDP�GDWD�E\WHV�LQ�LQSXW�EXIIHU��,I�WKH�JLYHQ�EXIIHU�
VL]H�LV�QRW�HQRXJK�IRU�ILQLVKLQJ�WKH�SLFWXUH�WKH�FRUUHVSRQGLQJ�
LQWHUUXSW�LV�JLYHQ�DQG�QHZ�VWUHDP�EXIIHU�EDVH�DGGUHVV�DQG�
VWUHDP�EXIIHU�VL]H�LQIRUPDWLRQ�VKRXOG�EH�JLYHQ��DVVRFLDWHV�ZLWK�
6ZBUOFBYOFBEDVH���  
)RU�9&���WKH�EXIIHU�PXVW�LQFOXGH�GDWD�IRU�RQH�SLFWXUH�VOLFH�RI�WKH�
SLFWXUH� 
)RU�+����03(*��+����03(*��03(*��WKH�EXIIHU�PXVW�LQFOXGH�DW�
OHDVW�GDWD�IRU�RQH�VOLFH�93�RI�WKH�SLFWXUH� 
)RU�-3(*�WKH�EXIIHU�VL]H�PXVW�EH�D�PXOWLSOH�RI�����E\WHV�RU�WKH�
DPRXQW�RI�GDWD�IRU�RQH�SLFWXUH��  
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

 

9'38B6:5(*��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
6ZBFDEDFBH 
&$%$&�HQDEOH�  
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

�� 5: �[� 
6ZBEODFNZKLWHBH 
�
E���������VDPSOLQJ�IRUPDW�  
�
E���������VDPSOLQJ�IRUPDW� � � �+����PRQRFKURPD��  
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

�� 5: �[� 

6ZBGLUB�[�BLQIHUBH 
6SHFLILHV�WKH�PHWKRG�WR�XVH�WR�GHULYH�OXPD�PRWLRQ�YHFWRUV�LQ�
%BVNLS��%B'LUHFWB��[���DQG�%BGLUHFWB�[�BLQIHUHQFHBIODJ��VHH�
GLUHFWB�[�BLQIHUHQFH�IODJ�� 
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV��  

�� 5: �[� 
6ZBZHLJKWBSUHGBH 
:HLJKWHG�SUHGLFWLRQ�HQDEOH�IRU�3�VOLFHV��  
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

6ZBZHLJKWBELSUBLGF 
:HLJKWHG�SUHGLFWLRQ�VSHFLILFDWLRQ�IRU�%�VOLFHV��  
�
E����'HIDXOW�ZHLJKWHG�SUHGLFWLRQ�LV�DSSOLHG�WR�%�VOLFHV�  
�
E����([SOLFLW�ZHLJKWHG�SUHGLFWLRQ�VKDOO�EH�DSSOLHG�WR�%�VOLFHV�  
�
E����,PSOLFLW�ZHLJKWHG�SUHGLFWLRQ�VKDOO�EH�DSSOLHG�WR�%�VOLFHV�  
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

����� 52 �[�� 5HVHUYHG 

����� 5: �[�� 
6ZBIUDPHQXPBOHQ 
+������%LW�OHQJWK�RI�IUDPHBQXP�LQ�GDWD�VWUHDP� 
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

���� 5: �[���� 
6ZBIUDPHQXP 
&XUUHQW�IUDPHBQXP��XVHG�WR�LGHQWLI\�VKRUW�WHUP�UHIHUHQFH�
IUDPHV��8VHG�LQ�UHIHUHQFH�SLFWXUH�UHRUGHULQJ�� �  
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

 

9'38B6:5(*��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

6ZBFRQVWBLQWUDBH 
&RQVWUDLQHGBLQWUDBSUHGBIODJ�HTXDO�WR���VSHFLILHV�WKDW�LQWUD�
SUHGLFWLRQ�XVHV�RQO\��  
1HLJKERXULQJ�LQWUD�PDFUREORFNV�LQ�SUHGLFWLRQ��:KHQ�HTXDO�WR���
DOVR�QHLJKERXULQJ��  
,QWHU�PDFUREORFNV�DUH�XVHG�LQ�LQWUD�SUHGLFWLRQ�SURFHVV��  
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

�� 5: �[� 

6ZBILOWBFWUOBSUHV 
'HEORFNLQJBILOWHUBFRQWUROBSUHVHQWBIODJ�LQGLFDWHV�ZKHWKHU�H[WUD�
YDULDEOHV�FRQWUROOLQJ�FKDUDFWHULVWLFV�RI�WKH�GHEORFNLQJ�ILOWHU�DUH�
SUHVHQW�LQ�WKH�VOLFH�KHDGHU��  
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

�� 5: �[� 
6ZBUGSLFBFQWBSUHV 
5HGXQGDQWBSLFBFQWBSUHVHQWBIODJ�VSHFLILHV�ZKHWKHU�� �
5HGXQGDQWBSLFBFQW�V\QWD[�HOHPHQWV� 
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

�� 5: �[� 
6ZB�[�WUDQVBIODJBH 
�[��WUDQVIRUP�IODJ�HQDEOH�IRU�VWUHDP�GHFRGLQJ��  
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

����� 5: �[��� 
6ZBUHISLFBPNBOHQ 
/HQJWK�RI�GHFRGHG�UHIHUHQFH�SLFWXUH�PDUNLQJ�ELWV� 
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

�� 5: �[� 
6ZBLGUBSLFBH 
,'5��LQVWDQWDQHRXV�GHFRGLQJ�UHIUHVK��SLFWXUH�IODJ� 
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

���� 5: �[���� 
6ZBLGUBSLFBLG 
,GUBSLFBLG��LGHQWLILHV�,'5��LQVWDQWDQHRXV�GHFRGLQJ�UHIUHVK��
SLFWXUH��  
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 
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9'38B6:5(*��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� 
6ZBSSVBLG 
3LFBSDUDPHWHUBVHWBLG��LGHQWLILHV�WKH�SLFWXUH�SDUDPHWHU�VHW�WKDW�LV�
UHIHUUHG�WR�LQ�WKH�VOLFH�KHDGHU��  
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

����� 5: �[�� 
6ZBUHILG[�BDFWLYH 
3HFLILHV�WKH�PD[LPXP�UHIHUHQFH�LQGH[�WKDW�FDQ�EH�XVHG�ZKLOH�
GHFRGLQJ�LQWHU�SUHGLFWHG�PDFUR�EORFNV��  
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

����� 5: �[�� 

6ZBUHILG[�BDFWLYH 
6SHFLILHV�WKH�PD[LPXP�UHIHUHQFH�LQGH[�WKDW�FDQ�EH�XVHG�ZKLOH�
GHFRGLQJ�LQWHU�SUHGLFWHG�PDFUR�EORFNV��7KLV�LV�VDPH�DV�LQ�
SUHYLRXV�GHFRGHUV��ZLGWK�LQFUHDVHG�ZLWK�T�ELW�� 
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

���� 52 �[�� 5HVHUYHG 

��� 5: �[�� 
6ZBSRFBOHQJWK 
/HQJWK�RI�SLFWXUH�RUGHU�FRXQW�ILHOG�LQ�VWUHDP��  
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

�  

9'38B65(*��B+���B5/&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
6ZBGLIIBPYBEDVH 
)RU�+����DQG�03(*���5/&�PRGH��'LIIHUHQWLDO�PRWLRQ�YHFWRU�EDVH�
DGGUHVV��  

 

9'38B65(*��B+����  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� 5HVHUYHG 

����� 5: �[�� 6ZBSLQLWBUOLVWBI� 
,QLWLDO�UHIHUHQFH�SLFWXUH�OLVW�IRU�3�IRUZDUG�SLFLG�� 

����� 5: �[�� 6ZBSLQLWBUOLVWBI� 
,QLWLDO�UHIHUHQFH�SLFWXUH�OLVW�IRU�3�IRUZDUG�SLFLG�� 

����� 5: �[�� 6ZBSLQLWBUOLVWBI� 
,QLWLDO�UHIHUHQFH�SLFWXUH�OLVW�IRU�3�IRUZDUG�SLFLG�� 

����� 5: �[�� 6ZBSLQLWBUOLVWBI� 
,QLWLDO�UHIHUHQFH�SLFWXUH�OLVW�IRU�3�IRUZDUG�SLFLG�� 

��� 5: �[�� 6ZBSLQLWBUOLVWBI� 
,QLWLDO�UHIHUHQFH�SLFWXUH�OLVW�IRU�3�IRUZDUG�SLFLG�� 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[�� 6ZBSLQLWBUOLVWBI� 
,QLWLDO�UHIHUHQFH�SLFWXUH�OLVW�IRU�3�IRUZDUG�SLFLG�� 

 

9'38B6:5(*��B+���B5/&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
6ZBL�[�BRUBGFBEDVH 
5/&�PRGH��+������,QWUD�SUHGLFWLRQ��[��PRGH�EDVH�DGGUHVV��  
5/&�PRGH��03(*����'&�FRPSRQHQW�EDVH�DGGUHVV��  

 

9'38B6:5(*��B+����  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� 5HVHUYHG 

����� 5: �[�� 6ZBSLQLWBUOLVWBI�� 
,QLWLDO�UHIHUHQFH�SLFWXUH�OLVW�IRU�3�IRUZDUG�SLFLG��� 

����� 5: �[�� 6ZBSLQLWBUOLVWBI�� 
,QLWLDO�UHIHUHQFH�SLFWXUH�OLVW�IRU�3�IRUZDUG�SLFLG��� 

����� 5: �[�� 6ZBSLQLWBUOLVWBI�� 
,QLWLDO�UHIHUHQFH�SLFWXUH�OLVW�IRU�3�IRUZDUG�SLFLG��� 

����� 5: �[�� 6ZBSLQWBUOLVWBI�� 
,QLWLDO�UHIHUHQFH�SLFWXUH�OLVW�IRU�3�IRUZDUG�SLFLG��� 

��� 5: �[�� 6ZBSLQWBUOLVWBI�� 
,QLWLDO�UHIHUHQFH�SLFWXUH�OLVW�IRU�3�IRUZDUG�SLFLG��� 

��� 5: �[�� 6ZBSLQWBUOLVWBI�� 
,QLWLDO�UHIHUHQFH�SLFWXUH�OLVW�IRU�3�IRUZDUG�SLFLG��� 

 

9'38B6:5(*���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

6ZBUOFBYOFBEDVH 
5/&�PRGH��%DVH�DGGUHVV�IRU�5/&�GDWD��VZUHJ��VZBUOFBPRGHBH�
 �����  
9/&�PRGH��6WUHDP�VWDUW�DGGUHVV���HQG�DGGU�,���HVV�ZLWK�E\WH�
SUHFLVLRQ��VZUHJ��UOFBPRGHBHQ� �����VWDUW�ELW�QXPEHU�LQ�VZUHJ���
VWUHDPBVWDUWBELW��:KHQ�VZBGHFBEXIIHUBLQW�LV�KLJK�RU�VZBGHFBH�
LV�ORZ�WKLV�UHJLVWHU�FRQWDLQV�+:�UHWXUQ�YDOXH�RI�
ODVWBE\WHBDGGUHVV��QRW�YDOLG�IRU�MSHJ��ZKHUH�VWUHDP�KDV�EHHQ�
UHDG��DQG�XVHG��LQ�DFFXUDF\�RI�E\WH��)RU�GHEXJ�SXUSRVHV�WKH�
ODVWBE\WHBDGGUHVV�LV�DOVR�ZULWWHQ�ZKHQ�VWUHDP�HUURU�$62�LV�
GHWHFWHG�HYHQ�WKRXJK�LW�PD\�QRW�EH�DFFXUDWH��  
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

 

9'38B6:5(*���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

6ZBGHFBRXWBEDVH 
9LGHR��%DVH�DGGUHVV�IRU�GHFRGHU�RXWSXW�SLFWXUH��3RLQWV�GLUHFWO\�WR�
VWDUW�RI�GHFRGHU�RXWSXW�SLFWXUH�RU�ILHOG��  
-3(*�VQDSVKRW��%DVH�DGGUHVV�IRU�GHFRGHU�RXWSXW�OXPLQDQFH�
SLFWXUH��  
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

 

9'38B6:5(*���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
6ZBUHIHU�BEDVH 
%DVH�DGGUHVV�IRU�UHIHUHQFH�SLFWXUH�LQGH[����6HH�SLFWXUH�LQGH[�
GHILQLWLRQ�IURP�WRSOHYHOBVS��  
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

� 5: �[� 

6ZBUHIHU�BILHOGBH 
5HIHU�SLFWXUH�FRQVLVW�RI�VLQJOH�ILHOGV�RU�IUDPH��  
�
E���5HIHUHQFH�SLFWXUH�FRQVLVWV�RI�IUDPH�  
�
E���5HIHUHQFH�SLFWXUH�FRQVLVWV�RI�ILHOGV�  
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

� 5: �[� 

6ZBUHIHU�BWRSFBH 
:KLFK�ILHOG�RI�UHIHUHQFH�SLFWXUH�LV� � FORVHU�WR�FXUUHQW�SLFWXUH��  
�
E���%RWWRP�ILHOG�LV�FORVHU�WR�FXUUHQW�SLFWXUH�  
�
E���7RS�ILHOG�LV�FORVHU�WR�FXUUHQW�SLFWXUH�  
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

 

9'38B6:5(*��B-3(*B52,�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� 5HVHUYHG 

�� 5: �[� 
6ZBMSHJURLBLQBHQGLDQ 
6ZBMSHJURLBLQBHQGLDQ 
�
E���%LJ�HQGLDQ����������RUGHU� 
�
E���/LWWOH�HQGLDQ����������RUGHU� 

�� 5: �[� 

6ZBMSHJURLBLQBVZDS�� 
6ZBMSHJURLBLQBVZDS�� 
�
E���1R�VZDSSLQJ�RI����ELW�ZRUGV 
�
E�����ELW�GDWD�ZRUGV�DUH� � VZDSSHG� � �QHHGHG�LQ����ELW�
HQYLURQPHQW� � WR�DFKLHYH���������������E\WH�RUGHU��DOVR�OLWWOH�
HQGLDQ�VKRXOG�EH�HQDEOHG�� 

����� 5: �[� 

6ZBURLBVDPSOHBVL]H 
52,�0%�QXP�VDPSOH�HDFK�WLPH 
�¶E����� 
�¶E����� 
�¶E������ 
�¶E����� 

����� 5: �[� 6ZBURLBGLVWDQFH 
7KH�GLVWDQFH�EHWZHHQ�WKH�VDPSOH�0%�DQG�52,�VWDUW�0% 

����� 5: �[� 

6ZBURLBRXWBVHO 
52,�RXWSXW�VHOHFWLRQ 
�¶E����2XWSXW�RIIVHW�GF�  
�¶E����2XWSXW�SLFWXUH 
�¶E����2XWSXW�RIIVHW�GF�DQG�SLFWXUH 
�¶E����2XWSXW�RIIVHW�GF 

� 5: �[� 
6ZBURLBGHFRGH 
-3(*�52,�GHFRGH 
�
E���%XLOG�RIIVHW�GF�WDEOH 
�
E���52,�GHFRGH 

� 5: �[� 
6ZBURLBHQ 
-3(*�URL�PRGH�HQDEOH 
�
E���1RUPDO�MSHJ�GHFRGH�PRGH 
�
E���-3(*�URL�PRGH 

 

9'38B6:5(*���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
6ZBUHIHU�BEDVH 
%DVH�DGGUHVV�IRU�UHIHUHQFH�SLFWXUH�LQGH[����6HH�SLFWXUH�LQGH[�
GHILQLWLRQ�IURP�WRSOHYHOBVS��  
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

� 5: �[� 
6ZBUHIHU�BILHOGBH 
5HIHU�SLFWXUH�FRQVLVW�RI�VLQJOH�ILHOGV�RU�IUDPH��  
�
E���5HIHUHQFH�SLFWXUH�FRQVLVWV�RI�IUDPH�  
�
E���5HIHUHQFH�SLFWXUH�FRQVLVWV�RI�ILHOGV�  

� 5: �[� 
6ZBUHIHU�BWRSFBH 
:KLFK�ILHOG�RI�UHIHUHQFH�SLFWXUH�LV� � FORVHU�WR�FXUUHQW�SLFWXUH��  
�
E���%RWWRP�ILHOG�LV�FORVHU�WR�FXUUHQW�SLFWXUH�  
�
E���7RS�ILHOG�LV�FORVHU�WR�FXUUHQW�SLFWXUH�  
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9'38B6:5(*���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
6ZBUHIHU�BEDVH 
%DVH�DGGUHVV�IRU�UHIHUHQFH�SLFWXUH�LQGH[����6HH�SLFWXUH�LQGH[�
GHILQLWLRQ�IURP�WRSOHYHOBVS��  
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

� 5: �[� 

6ZBUHIHU�BILHOGBH 
5HIHU�SLFWXUH�FRQVLVW�RI�VLQJOH�ILHOGV�RU�IUDPH��  
�
E���5HIHUHQFH�SLFWXUH�FRQVLVWV�RI�IUDPH�  
�
E���5HIHUHQFH�SLFWXUH�FRQVLVWV�RI�ILHOGV�  
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

� 5: �[� 

6ZBUHIHU�BWRSFBH 
:KLFK�ILHOG�RI�UHIHUHQFH�SLFWXUH�LV� � FORVHU�WR�FXUUHQW�SLFWXUH��  
�
E���%RWWRP�ILHOG�LV�FORVHU�WR�FXUUHQW�SLFWXUH�  
�
E���7RS�ILHOG�LV�FORVHU�WR�FXUUHQW�SLFWXUH�  
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

 

9'38B6:5(*���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
6ZBUHIHU�BEDVH 
%DVH�DGGUHVV�IRU�UHIHUHQFH�SLFWXUH�LQGH[����6HH�SLFWXUH�LQGH[�
GHILQLWLRQ�IURP�WRSOHYHOBVS��  
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

� 5: �[� 

6ZBUHIHU�BILHOGBH 
5HIHU�SLFWXUH�FRQVLVW�RI�VLQJOH�ILHOGV�RU�IUDPH��  
�
E���5HIHUHQFH�SLFWXUH�FRQVLVWV�RI�IUDPH�  
�
E���5HIHUHQFH�SLFWXUH�FRQVLVWV�RI�ILHOGV�  
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

� 5: �[� 

6ZBUHIHU�BWRSFBH 
:KLFK�ILHOG�RI�UHIHUHQFH�SLFWXUH�LV� � FORVHU�WR�FXUUHQW�SLFWXUH��  
�
E���%RWWRP�ILHOG�LV�FORVHU�WR�FXUUHQW�SLFWXUH�  
�
E���7RS�ILHOG�LV�FORVHU�WR�FXUUHQW�SLFWXUH�  
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

 

9'38B6:5(*���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
6ZBUHIHU�BEDVH 
%DVH�DGGUHVV�IRU�UHIHUHQFH�SLFWXUH�LQGH[����6HH�SLFWXUH�LQGH[�
GHILQLWLRQ�IURP�WRSOHYHOBVS�  
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

6ZBUHIHU�BILHOGBH 
5HIHU�SLFWXUH�FRQVLVW�RI�VLQJOH�ILHOGV�RU�IUDPH��  
�
E���7HIHUHQFH�SLFWXUH�FRQVLVWV�RI�IUDPH�  
�
E���7HIHUHQFH�SLFWXUH�FRQVLVWV�RI�ILHOGV�  
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

� 5: �[� 

6ZBUHIHU�BWRSFBH 
:KLFK�ILHOG�RI�UHIHUHQFH�SLFWXUH�LV� � FORVHU�WR�FXUUHQW�SLFWXUH��  
�
E���%RWWRP�ILHOG�LV�FORVHU�WR�FXUUHQW�SLFWXUH�  
�
E���7RS�ILHOG�LV�FORVHU�WR�FXUUHQW�SLFWXUH�  
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

 

9'38B6:5(*���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
6ZBUHIHU�BEDVH 
%DVH�DGGUHVV�IRU�UHIHUHQFH�SLFWXUH�LQGH[����6HH�SLFWXUH�LQGH[�
GHILQLWLRQ�IURP�WRSOHYHOBVS��  
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

� 5: �[� 

6ZBUHIHU�BILHOGBH 
5HIHU�SLFWXUH�FRQVLVW�RI�VLQJOH�ILHOGV�RU�IUDPH��  
�
E���5HIHUHQFH�SLFWXUH�FRQVLVWV�RI�IUDPH�  
�
E���5HIHUHQFH�SLFWXUH�FRQVLVWV�RI�ILHOGV�  
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

� 5: �[� 

6ZBUHIHU�BWRSFBH 
:KLFK�ILHOG�RI�UHIHUHQFH�SLFWXUH�LV� � FORVHU�WR�FXUUHQW�SLFWXUH��  
�
E���%RWWRP�ILHOG�LV�FORVHU�WR�FXUUHQW�SLFWXUH�  
�
E���7RS�ILHOG�LV�FORVHU�WR�FXUUHQW�SLFWXUH�  
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

 

9'38B6:5(*���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
6ZBUHIHU�BEDVH 
%DVH�DGGUHVV�IRU�UHIHUHQFH�SLFWXUH�LQGH[����6HH�SLFWXUH�LQGH[�
GHILQLWLRQ�IURP�WRSOHYHOBVS��  
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

� 5: �[� 

6ZBUHIHU�BILHOGBH 
5HIHU�SLFWXUH�FRQVLVW�RI�VLQJOH�ILHOGV�RU�IUDPH��  
�
E���5HIHUHQFH�SLFWXUH�FRQVLVWV�RI�IUDPH�  
�
E���5HIHUHQFH�SLFWXUH�FRQVLVWV�RI�ILHOGV�  
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

� 5: �[� 

6ZBUHIHU�BWRSFBH 
:KLFK�ILHOG�RI�UHIHUHQFH�SLFWXUH�LV� � FORVHU�WR�FXUUHQW�SLFWXUH��  
�
E���%RWWRP�ILHOG�LV�FORVHU�WR�FXUUHQW�SLFWXUH�  
�
E���7RS�ILHOG�LV�FORVHU�WR�FXUUHQW�SLFWXUH�  
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 
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9'38B6:5(*���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
6ZBUHIHU�BEDVH 
%DVH�DGGUHVV�IRU�UHIHUHQFH�SLFWXUH�LQGH[����6HH�SLFWXUH�LQGH[�
GHILQLWLRQ�IURP�WRSOHYHOBVS�  
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

� 5: �[� 

6ZBUHIHU�BILHOGBH 
5HIHU�SLFWXUH�FRQVLVW�RI�VLQJOH�ILHOGV�RU�IUDPH��  
�
E���5HIHUHQFH�SLFWXUH�FRQVLVWV�RI�IUDPH�  
�
E���5HIHUHQFH�SLFWXUH�FRQVLVWV�RI�ILHOGV�  
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

� 5: �[� 

6ZBUHIHU�BWRSFBH 
:KLFK�ILHOG�RI�UHIHUHQFH�SLFWXUH�LV� � FORVHU�WR�FXUUHQW�SLFWXUH��  
�
E���%RWWRP�ILHOG�LV�FORVHU�WR�FXUUHQW�SLFWXUH�  
�
E���7RS�ILHOG�LV�FORVHU�WR�FXUUHQW�SLFWXUH�  
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

 

9'38B6:5(*���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
6ZBUHIHU�BEDVH 
%DVH�DGGUHVV�IRU�UHIHUHQFH�SLFWXUH�LQGH[����6HH�SLFWXUH�LQGH[�
GHILQLWLRQ�IURP�WRSOHYHOBVS��  

� 5: �[� 
6ZBUHIHU�BILHOGBH 
5HIHU�SLFWXUH�FRQVLVW�RI�VLQJOH�ILHOGV�RU�IUDPH��  
�
E���5HIHUHQFH�SLFWXUH�FRQVLVWV�RI�IUDPH�  
�
E���5HIHUHQFH�SLFWXUH�FRQVLVWV�RI�ILHOGV�  

� 5: �[� 
6ZBUHIHU�BWRSFBH 
:KLFK�ILHOG�RI�UHIHUHQFH�SLFWXUH�LV� � FORVHU�WR�FXUUHQW�SLFWXUH��  
�
E���%RWWRP�ILHOG�LV�FORVHU�WR�FXUUHQW�SLFWXUH�  
�
E���7RS�ILHOG�LV�FORVHU�WR�FXUUHQW�SLFWXUH�  

 

9'38B6:5(*���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
6ZBUHIHU�BEDVH 
%DVH�DGGUHVV�IRU�UHIHUHQFH�SLFWXUH�LQGH[����6HH�SLFWXUH�LQGH[�
GHILQLWLRQ�IURP�WRSOHYHOBVS��  

� 5: �[� 
6ZBUHIHU�BILHOGBH 
5HIHU�SLFWXUH�FRQVLVW�RI�VLQJOH�ILHOGV�RU�IUDPH��  
�
E���5HIHUHQFH�SLFWXUH�FRQVLVWV�RI�IUDPH�  
�
E���5HIHUHQFH�SLFWXUH�FRQVLVWV�RI�ILHOGV�  
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
6ZBUHIHU�BWRSFBH 
:KLFK�ILHOG�RI�UHIHUHQFH�SLFWXUH�LV� � FORVHU�WR�FXUUHQW�SLFWXUH��  
�
E���%RWWRP�ILHOG�LV�FORVHU�WR�FXUUHQW�SLFWXUH�  
�
E���7RS�ILHOG�LV�FORVHU�WR�FXUUHQW�SLFWXUH�  

 

9'38B6:5(*���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
6ZBUHIHU��BEDVH 
%DVH�DGGUHVV�IRU�UHIHUHQFH�SLFWXUH�LQGH[�����6HH�SLFWXUH�LQGH[�
GHILQLWLRQ�IURP�WRSOHYHOBVS��  

� 5: �[� 
6ZBUHIHU��BILHOGBH 
5HIHU�SLFWXUH�FRQVLVW�RI�VLQJOH�ILHOGV�RU�IUDPH��  
�
E���5HIHUHQFH�SLFWXUH�FRQVLVWV�RI�IUDPH�  
�
E���5HIHUHQFH�SLFWXUH�FRQVLVWV�RI�ILHOGV�  

� 5: �[� 
6ZBUHIHU��BWRSBH 
:KLFK�ILHOG�RI�UHIHUHQFH�SLFWXUH�LV�FORVHU�WR�FXUUHQW�SLFWXUH��  
�
E���%RWWRP�ILHOG�LV�FORVHU�WR�FXUUHQW�SLFWXUH�  
�
E���7RS�ILHOG�LV�FORVHU�WR�FXUUHQW�SLFWXUH�  

 

 

9'38B6:5(*���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 5HVHUYHG 

� 5: �[� 
6ZBUHIHU��BEDVH 
%DVH�DGGUHVV�IRU�UHIHUHQFH�SLFWXUH�LQGH[�����6HH�SLFWXUH�LQGH[�
GHILQLWLRQ�IURP�WRSOHYHOBVS��  

� 5: �[� 
6ZBUHIHU��BILHOGBH 
5HIHU�SLFWXUH�FRQVLVW�RI�VLQJOH�ILHOGV�RU�IUDPH��  
�
E���5HIHUHQFH�SLFWXUH�FRQVLVWV�RI�IUDPH�  
�
E���5HIHUHQFH�SLFWXUH�FRQVLVWV�RI�ILHOGV�  

� 5: �[� 
6ZBUHIHU��BWRSFBH 
:KLFK�ILHOG�RI�UHIHUHQFH�SLFWXUH�LV� � FORVHU�WR�FXUUHQW�SLFWXUH��  
�
E���%RWWRP�ILHOG�LV�FORVHU�WR�FXUUHQW�SLFWXUH�  
�
E���7RS�ILHOG�LV�FORVHU�WR�FXUUHQW�SLFWXUH�  

 

9'38B6:5(*���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
6ZBUHIHU��BEDVH 
%DVH�DGGUHVV�IRU�UHIHUHQFH�SLFWXUH�LQGH[�����6HH�SLFWXUH�LQGH[�
GHILQLWLRQ�IURP�WRSOHYHOBVS��  

� 5: �[� 
6ZBUHIHU��BILHOGBH 
5HIHU�SLFWXUH�FRQVLVW�RI�VLQJOH�ILHOGV�RU�IUDPH��  
�
E���5HIHUHQFH�SLFWXUH�FRQVLVWV�RI�IUDPH�  
�
E���5HIHUHQFH�SLFWXUH�FRQVLVWV�RI�ILHOGV�  

� 5: �[� 
6ZBUHIHU��BWRSFBH 
:KLFK�ILHOG�RI�UHIHUHQFH�SLFWXUH�LV� � FORVHU�WR�FXUUHQW�SLFWXUH��  
�
E���%RWWRP�ILHOG�LV�FORVHU�WR�FXUUHQW�SLFWXUH�  
�
E���7RS�ILHOG�LV�FORVHU�WR�FXUUHQW�SLFWXUH�  

 

9'38B6:5(*���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
6ZBUHIHU��BEDVH 
%DVH�DGGUHVV�IRU�UHIHUHQFH�SLFWXUH�LQGH[�����6HH�SLFWXUH�LQGH[�
GHILQLWLRQ�IURP�WRSOHYHOBVS��  

� 5: �[� 
6ZBUHIHU��BILHOGBH 
5HIHU�SLFWXUH�FRQVLVW�RI�VLQJOH�ILHOGV�RU�IUDPH��  
�
E���5HIHUHQFH�SLFWXUH�FRQVLVWV�RI�IUDPH�  
�
E���5HIHUHQFH�SLFWXUH�FRQVLVWV�RI�ILHOGV�  

� 5: �[� 
6ZBUHIHU��BWRSFBH 
:KLFK�ILHOG�RI�UHIHUHQFH�SLFWXUH�LV� � FORVHU�WR�FXUUHQW�SLFWXUH��  
�
E���%RWWRP�ILHOG�LV�FORVHU�WR�FXUUHQW�SLFWXUH�  
�
E���7RS�ILHOG�LV�FORVHU�WR�FXUUHQW�SLFWXUH�  

 

9'38B6:5(*���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
6ZBUHIHU��BEDVH 
%DVH�DGGUHVV�IRU�UHIHUHQFH�SLFWXUH�LQGH[�����6HH�SLFWXUH�LQGH[�
GHILQLWLRQ�IURP�WRSOHYHOBVS��  

� 5: �[� 
6ZBUHIHU��BILHOGBH 
5HIHU�SLFWXUH�FRQVLVW�RI�VLQJOH�ILHOGV�RU�IUDPH��  
�
E���5HIHUHQFH�SLFWXUH�FRQVLVWV�RI�IUDPH�  
�
E���5HIHUHQFH�SLFWXUH�FRQVLVWV�RI�ILHOGV�  

� 5: �[� 
6ZBUHIHU��BWRSFBH 
:KLFK�ILHOG�RI�UHIHUHQFH�SLFWXUH�LV� � FORVHU�WR�FXUUHQW�SLFWXUH��  
�
E���%RWWRP�ILHOG�LV�FORVHU�WR�FXUUHQW�SLFWXUH�  
�
E���7RS�ILHOG�LV�FORVHU�WR�FXUUHQW�SLFWXUH�  

 

9'38B6:5(*���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
6ZBUHIHU��BEDVH 
%DVH�DGGUHVV�IRU�UHIHUHQFH�SLFWXUH�LQGH[�����6HH�SLFWXUH�LQGH[�
GHILQLWLRQ�IURP�WRSOHYHOBVS��  

� 5: �[� 
6ZBUHIHU��BILHOGBH 
5HIHU�SLFWXUH�FRQVLVW�RI�VLQJOH�ILHOGV�RU�IUDPH��  
�
E���5HIHUHQFH�SLFWXUH�FRQVLVWV�RI�IUDPH�  
�
E���5HIHUHQFH�SLFWXUH�FRQVLVWV�RI�ILHOGV�  

� 5: �[� 
6ZBUHIHU��BWRSFBH 
:KLFK�ILHOG�RI�UHIHUHQFH�SLFWXUH�LV� � FORVHU�WR�FXUUHQW�SLFWXUH��  
�
E���%RWWRP�ILHOG�LV�FORVHU�WR�FXUUHQW�SLFWXUH�  
�
E���7RS�ILHOG�LV�FORVHU�WR�FXUUHQW�SLFWXUH�  

 

9'38B6:5(*���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 6ZBUHIHU�BQEU 
1XPEHU�IRU�UHIHUHQFH�SLFWXUH�LQGH[��� 

���� 5: �[���� 6ZBUHIHU�BQEU 
1XPEHU�IRU�UHIHUHQFH�SLFWXUH�LQGH[��� 

 

9'38B6:5(*���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 6ZBUHIHU�BQEU 
1XPEHU�IRU�UHIHUHQFH�SLFWXUH�LQGH[�� 

���� 5: �[���� 6ZBUHIHU�BQEU 
1XPEHU�IRU�UHIHUHQFH�SLFWXUH�LQGH[�� 

 

9'38B6:5(*���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 6ZBUHIHU�BQEU 
1XPEHU�IRU�UHIHUHQFH�SLFWXUH�LQGH[�� 

���� 5: �[���� 6ZBUHIHU�BQEU 
1XPEHU�IRU�UHIHUHQFH�SLFWXUH�LQGH[�� 

 

9'38B6:5(*���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  



5.�����750�3DUW� 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 6ZBUHIHU�BQEU 
1XPEHU�IRU�UHIHUHQFH�SLFWXUH�LQGH[�� 

���� 5: �[���� 6ZBUHIHU�BQEU 
1XPEHU�IRU�UHIHUHQFH�SLFWXUH�LQGH[�� 

 

9'38B6:5(*���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 6ZBUHIHU�BQEU 
1XPEHU�IRU�UHIHUHQFH�SLFWXUH�LQGH[�� 

���� 5: �[���� 6ZBUHIHU�BQEU 
1XPEHU�IRU�UHIHUHQFH�SLFWXUH�LQGH[�� 

 

9'38B6:5(*��B-3(*B52,�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 6ZBMSHJGFRIIBEDVH -3(*�URL�RIIHVW�GF�EDVH�DGGUHVV 

 

9'38B6:5(*���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 6ZBUHIHU��BQEU 
1XPEHU�IRU�UHIHUHQFH�SLFWXUH�LQGH[��� 

���� 5: �[���� 6ZBUHIHU��BQEU 
1XPEHU�IRU�UHIHUHQFH�SLFWXUH�LQGH[��� 

 

9'38B6:5(*���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 6ZBUHIHU��BQEU 
1XPEHU�IRU�UHIHUHQFH�SLFWXUH�LQGH[��� 

���� 5: �[���� 6ZBUHIHU��BQEU 
1XPEHU�IRU�UHIHUHQFH�SLFWXUH�LQGH[��� 

 

9'38B6:5(*��B-3(*B52,�  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� 5HVHUYHG 

���� 5: �[����� 
6ZBMSHJGFRIIBOHQ 
7KH�QXPEHU�RI���ELW�MSHJGFRII��LW�FDQ�EH�XVHG�ERWK�ZKHQ�
6ZBURLBGHFRGH�LV��E��RU��E�� 

 

9'38B6:5(*���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 6ZBUHIHU��BQEU 
1XPEHU�IRU�UHIHUHQFH�SLFWXUH�LQGH[��� 

���� 5: �[���� 6ZBUHIHU��BQEU 
1XPEHU�IRU�UHIHUHQFH�SLFWXUH�LQGH[��� 

 

9'38B6:5(*���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[��� 6ZBSUHGBEFBWDSB�B� 
3UHGLFWLRQ�ILOWHU�VHW����WDS�� 

����� 5: �[��� 6ZBSUHGBEFBWDSB�B� 
3UHGLFWLRQ�ILOWHU�VHW����WDS�� 

���� 5: �[��� 6ZBSHUGBEFBWDSB�B� 
3UHGLFWLRQ�ILOWHU�VHW����WDS�� 

 

9'38B6:5(*��B+����  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 6ZBUHIHUBOWHUPBH /RQJ�WHUP�IODJ�IRU�UHIHUHQFH�SLFWXUH�LQGH[�>����@��  

 

9'38B6:5(*���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[��� 6ZBSUHGBEFBWDSB�B� 
3UHGLFWLRQ�ILOWHU�VHW����WDS�� 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[��� 6ZBSUHGBEFBWDSB�B� 
3UHGLFWLRQ�ILOWHU�VHW����WDS�� 

���� 5: �[��� 6ZBSUHGBEFBWDSB�B� 
3UHGLFWLRQ�ILOWHU�VHW����WDS�� 

 

9'38B6:5(*��B+����  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 6ZBUHIHUBYDOLGBH 9DOLG�IODJ�IRU�UHIHUHQFH�SLFWXUH�LQGH[�>����@�  

 

9'38B6:5(*���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

6ZBTWDEOHBEDVH 
%DVH�DGGUHVV�IRU�VWDQGDUG�GHSHQGHQW�WDEOHV�� � � �  
-3(* �$&�'&��43�WDEOHV�  
03(*� 43�WDEOH�EDVH�DGGUHVV�LI�W\SH���TXDQWL]DWLRQ�LV�XVHG�  
03(*� 43�WDEOH�EDVH�DGGUHVV�  
+���� EDVH�DGGUHVV�IRU�YDULRXV�WDEOHV� �  
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

 

9'38B6:5(*���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

6ZBGLUBPYBEDVH 
'LUHFW�PRGH�PRWLRQ�YHFWRU�ZULWH�UHDG�EDVH�DGGUHVV��)RU�+����
WKLV�LV�XVHG�RQO\�IRU�GLUHFW�PRGH�PRWLRQ�YHFWRU�ZULWH�EDVH��  
3URJUHVVLYH�-3(*��$&'&�FRHIILFLHQW�UHDG�ZULWH�EDVH�DGGUHVV��,I�
FXUUHQW�URXQG�LV�IRU�'&�FRPSRQHQWV�WKLV�EDVH�DGGUHVV�LV�SRLQWLQJ�
WR�OXPLQDQFH��VHSDUDWH�EDVH�DGGUHVVHV�IRU�FKURPLQDQFH���IRU�$&�
FRPSRQHQW�URXQGV�WKLV�EDVH�LV�XVHG�IRU�FXUUHQW�W\SH�  

 

9'38B6:5(*���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� 5HVHUYHG 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� 6ZBELQLWBUOLVWBE� 
,QLWLDO�UHIHUHQFH�SLFWXUH�OLVW�IRU�EL��GLUHFW�EDFNZDUG�SLFLG�� 

����� 5: �[�� 6ZBELQLWBUOLVWBI� 
,QLWLDO�UHIHUHQFH�SLFWXUH�OLVW�IRU�EL��GLUHFW�IRUZDUG�SLFLG�� 

����� 5: �[�� 6ZBELQLWBUOLVWBE� 
,QLWLDO�UHIHUHQFH�SLFWXUH�OLVW�IRU�EL��GLUHFW�EDFNZDUG�SLFLG�� 

����� 5: �[�� 6ZBELQLWBUOLVWBI� 
,QLWLDO�UHIHUHQFH�SLFWXUH�OLVW�IRU�EL��GLUHFW�IRUZDUG�SLFLG�� 

��� 5: �[�� 6ZBELQLWBUOLVWBE� 
,QLWLDO�UHIHUHQFH�SLFWXUH�OLVW�IRU�EL��GLUHFW�EDFNZDUG�SLFLG���  

��� 5: �[�� 6ZBELQLWBUOLVWBI� 
,QLWLDO�UHIHUHQFH�SLFWXUH�OLVW�IRU�EL��GLUHFW�IRUZDUG�SLFLG���  

 

9'38B6:5(*���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��DF��  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� 5HVHUYHG 

����� 5: �[�� 6ZBELQLWBUOLVWBE� 
,QLWLDO�UHIHUHQFH�SLFWXUH�OLVW�IRU�EL��GLUHFW�EDFNZDUG�SLFLG�� 

����� 5: �[�� 6ZBELQLWBUOLVWBI� 
,QLWLDO�UHIHUHQFH�SLFWXUH�OLVW�IRU�EL��GLUHFW�IRUZDUG�SLFLG�� 

����� 5: �[�� 6ZBELQLWBUOLVWBE� 
,QLWLDO�UHIHUHQFH�SLFWXUH�OLVW�IRU�EL��GLUHFW�EDFNZDUG�SLFLG�� 

����� 5: �[�� 6ZBELQLWBUOLVWBI� 
,QLWLDO�UHIHUHQFH�SLFWXUH�OLVW�IRU�EL��GLUHFW�IRUZDUG�SLFLG�� 

��� 5: �[�� 6ZBELQLWBUOLVWBE� 
,QLWLDO�UHIHUHQFH�SLFWXUH�OLVW�IRU�EL��GLUHFW�EDFNZDUG�SLFLG�� 

��� 5: �[�� 6ZBELQLWBUOLVWBI� 
,QLWLDO�UHIHUHQFH�SLFWXUH�OLVW�IRU�EL��GLUHFW�IRUZDUG�SLFLG�� 

 

9'38B6:5(*���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��E���  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� 5HVHUYHG 

����� 5: �[�� 6ZBELQLWBUOLVWBE� 
,QLWLDO�UHIHUHQFH�SLFWXUH�OLVW�IRU�EL��GLUHFW�EDFNZDUG�SLFLG�� 

����� 5: �[�� 6ZBELQLWBUOLVWBI� 
,QLWLDO�UHIHUHQFH�SLFWXUH�OLVW�IRU�EL��GLUHFW�IRUZDUG�SLFLG�� 

����� 5: �[�� 6ZBELQLWBUOLVWBE� 
,QLWLDO�UHIHUHQFH�SLFWXUH�OLVW�IRU�EL��GLUHFW�EDFNZDUG�SLFLG�� 



5.�����750�3DUW� 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� 6ZBELQLWBUOLVWBI� 
,QLWLDO�UHIHUHQFH�SLFWXUH�OLVW�IRU�EL��GLUHFW�IRUZDUG�SLFLG�� 

��� 5: �[�� 6ZBELQLWBUOLVWBE� 
,QLWLDO�UHIHUHQFH�SLFWXUH�OLVW�IRU�EL��GLUHFW�EDFNZDUG�SLFLG�� 

��� 5: �[�� 6ZBELQLWBUOLVWBI� 
,QLWLDO�UHIHUHQFH�SLFWXUH�OLVW�IRU�EL��GLUHFW�IRUZDUG�SLFLG�� 

 

9'38B6:5(*���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��E���  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� 5HVHUYHG 

����� 5: �[�� 6ZBELQLWBUOLVWBE�� 
,QLWLDO�UHIHUHQFH�SLFWXUH�OLVW�IRU�EL�GLUHFW�EDFNZDUG�SLFLG��� 

����� 5: �[�� 6ZBELQLWBUOLVWBI�� 
,QLWLDO�UHIHUHQFH�SLFWXUH�OLVW�IRU�EL�GLUHFW�IRUZDUG�SLFLG��� 

����� 5: �[�� 6ZBELQLWBUOLVWBE�� 
,QLWLDO�UHIHUHQFH�SLFWXUH�OLVW�IRU�EL�GLUHFW�EDFNZDUG�SLFLG��� 

����� 5: �[�� 6ZBELQLWBUOLVWBI�� 
,QLWLDO�UHIHUHQFH�SLFWXUH�OLVW�IRU�EL�GLUHFW�IRUZDUG�SLFLG��� 

��� 5: �[�� 6ZBELQLWBUOLVWBE� 
,QLWLDO�UHIHUHQFH�SLFWXUH�OLVW�IRU�EL�GLUHFW�EDFNZDUG�SLFLG�� 

��� 5: �[�� 6ZBELQLWBUOLVWBI� 
,QLWLDO�UHIHUHQFH�SLFWXUH�OLVW�IRU�EL�GLUHFW�IRUZDUG�SLFLG�� 

 

9'38B6:5(*���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��E���  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� 5HVHUYHG 

����� 5: �[�� 6ZBELQLWBUOLVWBE�� 
,QLWLDO�UHIHUHQFH�SLFWXUH�OLVW�IRU�EL�GLUHFW�EDFNZDUG�SLFLG��� 

����� 5: �[�� 6ZBELQLWBUOLVWBI�� 
,QLWLDO�UHIHUHQFH�SLFWXUH�OLVW�IRU�EL�GLUHFW�IRUZDUG�SLFLG��� 

����� 5: �[�� 6ZBELQLWBUOLVWBE�� 
,QLWLDO�UHIHUHQFH�SLFWXUH�OLVW�IRU�EL�GLUHFW�EDFNZDUG�SLFLG��� 

����� 5: �[�� 6ZBELQLWBUOLVWBI�� 
,QLWLDO�UHIHUHQFH�SLFWXUH�OLVW�IRU�EL�GLUHFW�IRUZDUG�SLFLG��� 

��� 5: �[�� 6ZBELQLWBUOLVWBE�� 
,QLWLDO�UHIHUHQFH�SLFWXUH�OLVW�IRU�EL�GLUHFW�EDFNZDUG�SLFLG��� 

��� 5: �[�� 6ZBELQLWBUOLVWBI�� 
,QLWLDO�UHIHUHQFH�SLFWXUH�OLVW�IRU�EL�GLUHFW�IRUZDUG�SLFLG��� 
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9'38B6:5(*���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��EF��  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� 5HVHUYHG 

����� 5: �[�� 6ZBSLQLWBUOLVWBI� 
,QLWLDO�UHIHUHQFH�SLFWXUH�OLVW�IRU�3�IRUZDUG�SLFLG�� 

����� 5: �[�� 6ZBSLQLWBUOLVWBI� 
,QLWLDO�UHIHUHQFH�SLFWXUH�OLVW�IRU�3�IRUZDUG�SLFLG�� 

����� 5: �[�� 6ZBSLQLWBUOLVWBI� 
,QLWLDO�UHIHUHQFH�SLFWXUH�OLVW�IRU�3�IRUZDUG�SLFLG�� 

����� 5: �[�� 6ZBSLQLWBUOLVWBI� 
,QLWLDO�UHIHUHQFH�SLFWXUH�OLVW�IRU�3�IRUZDUG�SLFLG���  

��� 5: �[�� 6ZBELQLWBUOLVWBE�� 
,QLWLDO�UHIHUHQFH�SLFWXUH�OLVW�IRU�EL�GLUHFW�EDFNZDUG�SLFLG��� 

��� 5: �[�� 6ZBELQLWBUOLVWBI�� 
,QLWLDO�UHIHUHQFH�SLFWXUH�OLVW�IRU�EL�GLUHFW�IRUZDUG�SLFLG��� 

 

9'38B6:5(*���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��F���  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[��� 
6ZBVWDUWPEB[ 
6WDUW�0%�IURP�6:�IRU�;�GLPHQVLRQ��8VHG�LQ�HUURU�FRQFHDOPHQW�
FDVH��  
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

����� 5: �[�� 
6ZBVWDUWPEB\ 
6WDUW�0%�IURP�6:�IRU�<�GLPHQVLRQ��8VHG�LQ�HUURU�FRQFHDOPHQW�
FDVH� 
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

 

9'38B6:5(*���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��F���  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[��� 
6ZBSUHGBEFBWDSB�B� 
3UHGLFWLRQ�ILOWHU�VHW����WDS�� 
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

����� 5: �[��� 
6ZBSUHGBEFBWDSB�B� 
3UHGLFWLRQ�ILOWHU�VHW����WDS�� 
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

���� 5: �[��� 
6ZBSUHGBEFBWDSB�B� 
3UHGLFWLRQ�ILOWHU�VHW����WDS�� 
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 
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9'38B6:5(*���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��F���  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 52 �[� 
6ZB'(&B03(*�B352) 
'HFRGLQJ�IRUPDW�VXSSRUW��03(*�����03(*��� � �  
�
E���1RW�VXSSRUWHG�  
�
E���6XSSRUWHG�  

����� 52 �[� 

6ZB'(&B9&�B352) 
'HFRGLQJ�IRUPDW�VXSSRUW��9&��� � �  
�¶G���1RW�VXSSRUWHG�  
�¶G���6XSSRUWHG�XS�WR�VLPSOH�SURILOH�  
�¶G���6XSSRUWHG�XS�WR�PDLQ�SURILOH�  
�¶G���6XSSRUWHG�XS�WR�DGYDQFHG�SURILOH�  

�� 52 �[� 
6ZB'(&B-3(*B352) 
'HFRGLQJ�IRUPDW�VXSSRUW��-3(*� �  
�
E���1RW�VXSSRUWHG�  
�
E���6XSSRUWHG�  

����� 52 �[� 

6ZB'(&B03(*�B352) 
'HFRGLQJ�IRUPDW�VXSSRUW��03(*�����+����� �  
�¶G���1RW�VXSSRUWHG�  
�¶G���6XSSRUWHG�XS�WR�VLPSOH�SURILOH�  
�¶G���6XSSRUWHG�XS�WR�DGYDQFHG�VLPSOH�SURILOH�  

����� 52 �[� 

6ZB'(&B+���B352) 
'HFRGLQJ�IRUPDW�VXSSRUW��+����� � � � � �  
�¶G���1RW�VXSSRUWHG�  
�¶G���6XSSRUWHG�XS�WR�EDVHOLQH�SURILOH�  
�¶G���6XSSRUWHG�XS�WR�KLJK�SURILOH�ODEHOHG�VWUHDP�ZLWK�UHVWULFWHG� �
KLJK�SURILOH�WRROV 
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

�� 52 �[� 
6ZB'(&B3-(3(*B(;,7 
3URJUHVVLYH�-3(*�VXSSRUW�� �  
�
E���1RW�VXSSRUWHG�  
�
E���6XSSRUWHG�  

�� 52 �[� 

6ZB'(&B2%8))B/(9(/ 
'HFRGHU�RXWSXW�EXIIHU�OHYHO�� � � �  
�
E�����0%�EXIIHULQJ�LV�XVHG�  
�
E�����0%�EXIIHULQJ�LV�XVHG�  
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

�� 52 �[� 6ZB5()B%8))B(;,67 
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

����� 52 �[� 6ZB'(&B%86B675' 
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

����� 52 �[� 6ZB'(&B6<17+B/$1 
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

����� 52 �[� 

6ZB'(&B%86B:,'7+ 
�¶G���(UURU� � � �  
�¶G������ELW�EXV�  
�¶G������ELW�EXV�  
�¶G�������ELW�EXV�  
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[��� 
6ZB'(&B0$;B2:,'7+ 
0D[�FRQILJXUHG�GHFRGHU�YLGHR�UHVROXWLRQ�WKDW�FDQ�EH�GHFRGHG��
,QIRUPHG�DV�ZLGWK�RI�WKH�SLFWXUH�LQ�SL[HOV� � � � �  
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

 

9'38B6:5(*���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��FF��  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

6ZBUHIEXBH 
5HIHU�SLFWXUH�EXIIHU�HQDEOH� 
�
E���5HIHU�SLFWXUH�EXIIHU�GLVDEOHG 
�
E���5HIHU�SLFWXUH�EXIIHU�HQDEOHG��9DOLG�LI�SLFWXUH�VL]H�LV�49*$�  
RU�PRUH�  
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

����� 5: �[��� 
6ZBUHIEXBWKU 
5HIHUHQFH�EXIIHU�GLVDEOH�WKUHVKROG�YDOXH��FDFKH�PLVV�DPRXQW���
8VHG�WR�EXIIHU�VKXW�GRZQ��LI�PRUH�PLVVHV�WKDQ�DOORZHG�� 
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

����� 5: �[�� 
6ZBUHIEXBSLFLG 
7KH�XVHG�UHIHUHQFH�SLFWXUH�,'�IRU�UHIHUHQFH�EXIIHU�XVDJH 
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

�� 5: �[� 

6ZBUHIEXBHYDOBH 
(QDEOH�IRU�+:�LQWHUQDO�UHIHUHQFH�,'�FDOFXODWLRQ��,I�JLYHQ�
WKUHVKROG�OHYHO�LV�UHDFKHG�E\�DQ\�SLFWXUHBLG�DIWHU�ILUVW�0%�URZ��
WKDW�SLFWXUHBLG�LV�XVHG�IRU�UHIHUHQFH�EXIIHU�ILOO�IRU�UHVW�RI�WKH�
SLFWXUH� 
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

�� 5: �[� 

6ZBUHIEXBISDUPRGBH 
)LHOG�SDULW\�PRGH�HQDEOH��8VHG�LQ�UHIEXIIHUG�HYDOXDWLRQ�PRGH 
�
E���8VH�WKH�UHVXOW�ILHOG�RI�WKH�HYDOXDWLRQ 
�
E���8VH�WKH�SDULW\�PRGH�ILHOG�  
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

���� 52 �[� 5HVHUYHG 

��� 5: �[��� 
6ZBUHIEXB\BRIIVHW 
<�RIIVHW�IRU�UHIEXIIHUG��7KLV�FRRUGLQDWH�LV�XVHG�WR�FRPSHQVDWH�  
WKH�JOREDO�PRWLRQ�RI�WKH�YLGHR�IRU�EHWWHU�EXIIHU�KLW�UDWH� 
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

 

9'38B6:5(*���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��G���  
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 

6ZBUHIEXBKLWBVXP 
7KH�VXP�RI�WKH�UHIEXIIHUG�KLWV�RI�WKH�SLFWXUH��'HWHUPLQHG�IRU�
HDFK��[��OXPLQDQFH�SDUWLWLRQ�RI�WKH�SLFWXUH��7KH�SURFHHGLQJ�RI�
WKH�+:�FDOFXODWLRQ�FDQ�EH�UHDG�GXULQJ�+:�GHFRGLQJ� 
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

���� 5: �[���� 

6ZBUHIEXBLQWUDBVXP 
7KH�VXP�RI�WKH�OXPLQDQFH��[��LQWUD�SDUWLWRQV�RI�WKH�SLFWXUH��7KH�
SURFHHGLQJ�RI�WKH�+:�FDOFXODWLRQ�FDQ�EH�UHDG�GXULQJ�+:�
GHFRGLQJ� 
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

 

9'38B6:5(*���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��G���  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� 5HVHUYHG 

���� 5: �[������ 

6ZBUHIEXB\BPYBVXP 
7KH�VXP�RI�WKH�GHFRGHG�PRWLRQ�YHFWRU�\�FRPSRQHQWV�RI�WKH�
SLFWXUH��7KH�ILUVW�OXPLQDQFH�PRWLRQ�YHFWRU�RI�HDFK�0%�LV�XVHG�LQ�
FDOFXODWLRQ��2WKHU�PRWLRQ�YHFWRUV�RI�WKH�0%�DUH�GLVFDUGHG��(DFK�
PRWLRQ�YHFWRU�LV�VDWXUDWHG�EHWZHHQ���������EHIRUH�FDOFXODWLRQ��
7KH�SURFHHGLQJ�RI�WKH�+:�FDOFXODWLRQ�FDQ�EH�UHDG�GXULQJ�+:�
GHFRGLQJ� 
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

 

9'38B6:5(*���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��G���  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 52 �[� 

6ZB'(&B-3(*B(;7(16 
-3(*�VDPSOLQJ�VXSSRUW�H[WHQVLRQ�IRU�����DQG�����VDPSOLQJV�  
DQG�VXSSRUW�IRU�ELJJHU�PD[�UHVROXWLRQ�WKDQ����0SL[��XS�WR�  
��0SL[HOV�� 
�
E���1RW�VXSSRUWHG 
�
E���6XSSRUWHG 

�� 52 �[� 

6ZB'(&B5()%8B,/$&( 
5HIEXIIHUG�VXSSRUW�IRU�LQWHUODFHG�FRQWHQW� 
�
E���1RW�VXSSRUWHG 
�
E���6XSSRUWHG�  
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

�� 52 �[� 

6ZB5()B%8))�B(;,67 
5HIHUHQFH�SLFWXUH�EXIIHU���XVDJH� 
�
E���1RW�VXSSRUWHG 
�
E���5HIHUHQFH�EXIIHU���LV�XVHG 
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 52 �[� 
6ZB'(&B57/B520 
520�LPSOHPHQWDWLRQ�W\SH��,I�GHVLJQ�LQFOXGHV�520V��  
�
E���520V�DUH�LPSOHPHQWHG�IURP�DFWXDO�520�XQLWV 
�
E���520V�DUH�LPSHOHPWHG�IURP�57/ 

�� 52 �[� 
6ZB'(&B$96B352) 
'HFRGLQJ�IRUPDW�VXSSRUW��$96 
�
E���1RW�VXSSRUWHG 
�
E���6XSSRUWHG 

����� 52 �[� 
6ZB'(&B09&B352) 
'HFRGLQJ�IRUPDW�VXSSRUW��09& 
�
E���1RW�VXSSRUWHG 
�
E���6XSSRUWHG 

����� 52 �[� 

6ZB'(&B7,/('B/ 
7LOHG�PRGH�VXSSRUW�OHYHO�  
�¶G���1RW�VXSSRUWHG�  
�¶G���6XSSRUWHG�ZLWK��[��WLOH�VL]H�  
�¶G����¶G���5HVHUYHG�  
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

 

9'38B6:5(*���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��GF��  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

6ZBUHIEX�BEXIBH 
5HIHU�SLFWXUH�EXIIHU���HQDEOH� 
�
E���5HIHU�SLFWXUH�EXIIHU�GLVDEOHG 
�
E���5HIHU�SLFWXUH�EXIIHU�HQDEOHG��9DOLG�LI�SLFWXUH�VL]H�LV�49*$�
RU�PRUH��FDQ�EH�WXUQHG�RI�E\�+:�LI�WKUHVKROG�YDOXH�UHDFKHG�� 
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

����� 5: �[��� 
6ZBUHIEX�BWKU 
5HIHUHQFH�EXIIHU�GLVDEOH�WKUHVKROG�YDOXH��EXIIHU�PLVV�DPRXQW���
8VHG�WR�EXIIHU�VKXW�GRZQ��LI�PRUH�PLVVHV�WKDQ�DOORZHG�� 
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

����� 5: �[�� 
6ZBUHIEX�BSLFLG 
7KH�XVHG�UHIHUHQFH�SLFWXUH�,'�IRU�UHIHUHQFH�EXIIHU�XVDJH 
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

���� 5: �[���� 

6ZBDSIBWKUHVKROG 
$GYDQFHG�SUHIHWFK�WKUHVKROG�YDOXH��,I�FXUUHQW�0%�H[FHHGV�WKH�
WKUHVKROG�WKH�DGYDQFHG�PRGH�LV�QRW�XVHG��9DOXH���GLVDEOHV�
WKUHVKROG�XVDJH�DQG�DGYDQFHG� 
5HIHWFK�XVDJH�LV�UHVWULFWHG�E\�LQWHUQDO�PHPRU\�OLPLWDWLRQ�RQO\��  
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

 

9'38B6:5(*���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��H���  
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
6ZBUHIEXBWRSBVXP 
7KH�VXP�RI�WKH�WRS�SDUWLWLRQV�RI�WKH�SLFWXUH 
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

���� 5: �[���� 
6ZBUHIEXBERWBVXP 
7KH�VXP�RI�WKH�ERWWRP�SDUWLWLRQV�RI�WKH�SLFWXUH 
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

 

9'38B6:5(*��B,175$B,17(5�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��H���  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[����� 5HVHUYHG 

���� 52 �[�� 'HEXJBVHUYLFH 
6HUYLFHBZU>���@��VHUYLFHBUG>���@� 

� 5: �[� 

6ZBFDFKHBHQ 
�
E���&DFKH�HQDEOH 
�
E���&DFKH�GLVDEOH 
:KHQ�6ZBFDFKHBHQ�LV��
E���6ZBSUHIBVLJFKDQ�VKRXOG�DOVR�EH�
�
E�� 

� 5: �[� 6ZBSUHIBVLJFKDQ 
�
E���3UHIHWFK�VLQJOH�FKDQQHO�HQDEOH� 

� 5: �[� 
6ZBD[LZUBVHO 
�
E���$XWR�VHO�HQFRGHU�D[L�VLJQDOV�DQG�GHFRGHU�D[L�VLJQDOV� 
�
E���6HO�GHFRGHU�D[L�VLJQDOV��LW�RQO\�XVH�WR�VHW�EXBGHFBH�WR��
E��
LQ�WKH�PLGGOH�RI�D�IUDPH�� 

� 5: �[� 
6ZBSDUDOBEXV 
:KHQ�LW�LV�VHW�WR��
E���WKH�D[L�VXSSRUW�UHDG�DQG�ZULWH�VHUYLFH�
SDUDOOHO��ZKHQ�LW�LV�VHW�WR��
E���WKH�D[L�RQO\�VXSSRUW�UHDG�DQG�
ZULWH�VHULDO� 

� 5: �[� 
6ZBLQWUDBGEO�W 
,Q�FKURPD�GF�LQWUD�SUHGLFWLRQ��ZKHQ�WKLV�ELW�LV�HQDEOH��WKHUH�ZLOO�
��F\FOH�HQKDQFH�IRU�HYHU\�EORFN� 

� 5: �[� 6ZBLQWUDBGEOVSHHG 
,QWUD�GRXEOH�VSHHG�HQDEOH� 

� 5: �[� 6ZBLQWHUBGEOVSHHG 
,QWHU�GRXEOH�VSHHG�HQDEOH� 

� 5: �[� 6ZBVWUHDPBOHQBKL 
7KH�H[WHQVLRQ�ELW�RI�6ZBVWUHDPBOHQ� 

 

9'38B6:5(*���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��H���  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� )XVHBGHFBK��� 
�
E���+�����HQDEOHG�  
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� )XVHBGHFBPSHJ� 
�
E���03(*���+�����HQDEOHG 

�� 5: �[� )XVHBGHFBPSHJ� 
�
E���03(*���03(*���HQDEOHG�1 

�� 5: �[� )XVHBGHFBMSHJ 
�
E���-3(*�HQDEOHG 

�� 5: �[� )XVHBGHFBYF� 
�
E���9&��HQDEOHG 

�� 5: �[� 
)XVHBGHFBSMSHJ 
�
E���3URJUHVVLYH�-3(*�HQDEOHG��5HTXLUHV�DOVR�-3(*�WR�EH�  
HQDEOHG 

�� 5: �[� )XVHBGHFBDYV 
�
E���$96�HQDEOHG�  

�� 5: �[� )XVHBGHFBPYF 
(QDEOHG��UHTXLUHV�DOVR�+����WR�EH�HQDEOHG��  

����� 52 �[� 5HVHUYHG 

�� 5: �[� 
)XVHBGHFBPD[ZB���� 
�
E���0D[�YLGHR�ZLGWK�XS�WR������SL[HOV�HQDEOHG��3ULRULW\�FRGHG�  
ZLWK�SULRULW\��� 

�� 5: �[� 
)XVHBGHFBPD[ZB���� 
�
E���0D[�YLGHR�ZLGWK�XS�WR������SL[HOV�HQDEOHG��3ULRULW\�FRGHG�  
ZLWK�SULRULW\��� 

�� 5: �[� 
)XVHBGHFBPD[ZB��� 
�
E���0D[�YLGHR�ZLGWK�XS�WR�����SL[HOV�HQDEOHG��3ULRULW\�FRGHG�  
ZLWK�SULRULW\��� 

�� 5: �[� 
)XVHBGHFBPD[ZB��� 
�
E���0D[�YLGHR�ZLGWK�XS�WR�����SL[HOV�HQDEOHG��3ULRULW\�FRGHG�  
ZLWK�SULRULW\�� 

���� 52 �[� 5HVHUYHG 

� 5: �[� )XVHBGHFBUHIEXIIHU 
�
E���5HIHUHQFH�EXIIHU�XVHG 

 

9'38B6:5(*���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��H���  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 52 �[� 5HVHUYHG 

�� 52 �[� 'HEXJBPYBUHT 
0YVWBPYBUHT�VLJQDO�YDOXH 

�� 52 �[� 'HEXJBUOFBUHT 
3UWUBUHVB\BUHT�VLJQDO�YDOXH 

�� 52 �[� 'HEXJBUHVB\BUHT 
3UWUBUHVB\BUHT�VLJQDO�YDOXH 

�� 52 �[� 'HEXJBUHVBFBUHT 
3UWUBUHVBFBUHT�VLJQDO�YDOXH 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 52 �[� 'HEXJBVWUPBGDBH 
6WUPBGDBH�VLJQDO�YDOXH�  

�� 52 �[� 'HEXJBIUDPHUG\ 
'IEXBIUDPHUG\�VLJQDO�YDOXH� �  

�� 52 �[� 'HEXJBILOWHUBUHT 
'IEXBUHTBH�VLJQDO�YDOXH�  

�� 52 �[� 'HEXJBUHIHUUHT� 
'UEXBUHIHUUHT��VLJQDO�YDOXH�  

�� 52 �[� 'HEXJBUHIHUUHT� 
3UEXBUHIHUUHT��VLJQDO�YDOXH 

�� 52 �[� 5HVHUYHG 

���� 52 �[������ 'HEXJBGHFBPEBFRXQW 
+:�LQWHUQDO�0%�FRXQWHU�YDOXH 

 

9'38B6:5(*���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��HF��  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

6ZBGHFBFK�SL[BEDVH 
%DVH�DGGUHVV�IRU�DGGLWLRQDO�FKURPLQDQFH�GDWD�IRUPDW�ZKHUH�
FKURPLQDQFH�LV�LQWHUOHDYHG�LQ�JURXS�RI���SL[HOV��7KH�XVDJH�LV� �
HQDEOHG�E\�6ZBFKB�SL[BLOHDYBH��  
1RWH��7KH�K����GHFRGHU�ZLOO�XVH�WKHVH�ELWV� 

 

9'38B6:5(*���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��I���  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[����� 5HVHUYHG 

�� 5: �[� 
6ZBSSBEXVBLQW 
,QWHUUXSW�VWDWXV�ELW�EXV��(UURU�UHVSRQVH�IURP�EXV��,Q�SLSHOLQH�
PRGH�WKLV�ELW�LV�QRW�XVHG��  

�� 5: �[� 
6ZBSSBUG\BLQW 
,QWHUUXSW�VWDWXV�ELW�SS��:KHQ�WKLV�ELW�LV�KLJK�SRVW�SURFHVVRU�KDV�
SURFHVVHG�D�SLFWXUH�LQ�H[WHUQDO�PRGH��,Q�SLSHOLQH�PRGH�WKLV�ELW�LV�
QRW�XVHG��  

���� 52 �[� 5HVHUYHG 

� 5: �[� 
6ZBSSBLUT 
3RVW�SURFHVVRU�,54��6:�ZLOO�UHVHW�WKLV�DIWHU�LQWHUUXSW�LV�KDQGOHG��
+,17SS�LV�QRW�XVHG�IRU�SS�LI�,54�GLVDEOH�SS�LV�KLJK�
�6ZBSSBLUTBQBH� �����,Q�SLSHOLQH�PRGH�WKLV�ELW�LV�QRW�XVHG� 

��� 52 �[� 5HVHUYHG 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
6ZBSSBLUTBGLV 
3RVW�SURFHVVRU�,54�GLVDEOH��:KHQ�KLJK��WKHUH�DUH�QR�LQWHUUXSWV�
IURP�+:�FRQFHUQLQJ�SRVW�SURFHVVLQJ��3ROOLQJ�PXVW�EH�XVHG�WR�
VHH�WKH�LQWHUUXSW��  

��� 52 �[� 5HVHUYHG 

� 5: �[� 

6ZBSSBSLSHOLQHBH 
'HFRGHU�&�SRVW�SURFHVVLQJ�SLSHOLQH�HQDEOH��  
�
E���3RVW�SURFHVVLQJ�LV�SURFHVVLQJ�GLIIHUHQW�SLFWXUH�WKDQ�
GHFRGHU�RU�LV�GLVDEOHG�  
�
E���3RVW�SURFHVVLQJ�LV�SHUIRUPHG�LQ�SLSHOLQH�ZLWK�GHFRGHU�  

� 5: �[� 

6ZBSSBH 
([WHUQDO�PRGH�SRVW�SURFHVVLQJ�HQDEOH��7KLV�ELW�ZLOO�VWDUW�WKH�
SRVW�SURFHVVLQJ�RSHUDWLRQ��1RW�WR�EH�XVHG�LI�33�LV�LQ�SLSHOLQH�ZLWK�
GHFRGHU��6ZBSSBSLSHOLQHBH� �����+:�ZLOO�UHVHW�WKLV�ZKHQ�SLFWXUH�
LV�SRVW�SURFHVVHG��  

 

9'38B6:5(*���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��I���  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� 6ZBSSBD[LBUGBLG 
5HDG�,'�XVHG�IRU�$;,�33�UHDG�VHUYLFHV��LI�FRQQHFWHG�WR�$;,� 

����� 5: �[�� 6ZBSSBD[LBZUBLG 
:ULWH�,'�XVHG�IRU�$;,�33�ZULWH�VHUYLFHV��LI�FRQQHFWHG�WR�$;,� 

�� 52 �[� 5HVHUYHG 

�� 5: �[� 6ZBSSBVFPGBGLV 
$;,�6LQJOH�&RPPDQG�0XOWLSOH�'DWD�GLVDEOH� 

�� 5: �[� 

6ZBSSBLQBD�BHQGVHO 
(QGLDQ�VZDS�VHOHFW�IRU�$OSKD�EOHQG�LQSXW�VRXUFH����  
�
E���8VH�33�LQ�HQGLDQ�VZDS�GHILQLWLRQV��6ZBSSBLQBHQGLDQ��
6ZBSSBLQBVZDS��  
�
E���8VH�$EOHQG�VRXUFH���HQGLDQ�VZDS�GHILQLWLRQV�  

�� 5: �[� 

6ZBSSBLQBD�BVZDS�� 
$OSKD�EOHQG�VRXUFH���LQSXW���ELW�GDWD�VZDS��PD\�EH�XVHG�IRU����
ELW�HQYLURQPHQW���  
�
E���1R�VZDSSLQJ�RI����ELW�ZRUGV�  
�
E������ELW�GDWD�ZRUGV�DUH�VZDSSHG��QHHGHG�LQ����ELW�  
HQYLURQPHQW�WR�DFKLHYH�����������������E\WH�RUGHU�DOVR�OLWWOH�
HQGLDQ�VKRXOG�EH�HQDEOHG���  

�� 5: �[� 
6ZBSSBLQBD�BHQGLDQ 
$OSKD�EOHQG�VRXUFH���LQSXW�GDWD�E\WH�HQGLDQ�PRGH��  
�
E���%LJ�HQGLDQ����������RUGHU��  
�
E���/LWWOH�HQGLDQ����������RUGHU� 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

6ZBSSBLQBVZDS��BH 
33�LQSXW���ELW�GDWD�VZDS��PD\�EH�XVHG�IRU����ELW�HQYLURQPHQW���  
�
E���1R�VZDSSLQJ�RI����ELW�ZRUGV�  
�
E������ELW�GDWD�ZRUGV�DUH�VZDSSHG��QHHGHG�LQ����ELW�
HQYLURQPHQW�WR�DFKLHYH�����������������E\WH�RUGHU�DOVR�OLWWOH�
HQGLDQ�VKRXOG�EH�HQDEOHG���  

� 5: �[� 
6ZBSSBGDWDBGLVFBH 
33�GDWD�GLVFDUG�HQDEOH��3UHFLVH�EXUVW�OHQJWKV�DUH�XVHG�ZLWK�
UHDGLQJ�VHUYLFHV��([WUD�GDWD�LV�GLVFDUGHG�LQWHUQDOO\��  

� 5: �[� 

6ZBSSBFONJDWHBH 
33�G\QDPLF�FORFN�JDWLQJ�HQDEOH� 
�
E���&ORFN�LV�JDWHG�IURP�33�VWUXFWXUHV�WKDW�DUH�QRW�XVHG�  
�
E���&ORFN�LV�UXQQLQJ�IRU�DOO�33�VWUXFWXUHV�  
1RWH��&ORFN�JDWLQJ�YDOXH�FDQ�EH�FKDQJHG�RQO\�ZKHQ�33�LV�QRW�
HQDEOHG�  

� 5: �[� 

6ZBSSBLQBHQGLDQ 
33�LQSXW�SLFWXUH�E\WH�HQGLDQ�PRGH��8VHG�RQO\�LI�33�LV�LQ�
VWDQGDORQH�PRGH��,I�33�LV�UXQQLQJ�SLSHOLQHG�ZLWK�WKH�GHFRGHU��
WKLV�ELW�KDV�QR�HIIHFW��  
�
E���%LJ�HQGLDQ����������RUGHU��  
�
E���/LWWOH�HQGLDQ����������RUGHU��  

� 5: �[� 

6ZBSSBRXWBHQGLDQ 
33�RXWSXW�SLFWXUH�HQGLDQ�PRGH�IRU�<&E&U�GDWD�RU�IRU�DQ\�GDWD�LI�
FRQILJ�YDOXH�6ZB33B2(1B9(56,21 ��  
�
E���%LJ�HQGLDQ����������RUGHU��  
�
E���/LWWOH�HQGLDQ����������RUGHU��  
1RWH��)RU�6ZB33B2(1B9(56,21 ������ELW�5*%�GDWD�WKLV�ELW�
ZRUNV�DV�SL[HO�VZDSSLQJ�ELW��)RU����ELW�5*%�WKLV�ELW�KDV�QR�
PHDQLQJ��  

� 5: �[� 

6ZBSSBRXWBVZDS��BH 
33�RXWSXW�GDWD�ZRUG�VZDS��PD\�EH�XVHG�IRU����ELW�
HQYLURQPHQW���  
�
E���1R�VZDSSLQJ�RI����ELW�ZRUGV�  
�
E������ELW�GDWD�ZRUGV�DUH�VZDSSHG��QHHGHG�LQ����ELW�
HQYLURQPHQW�WR�DFKLHYH�����������������E\WH�RUGHU��DOVR�OLWWOH�
HQGLDQ�VKRXOG�EH�HQDEOHG��� 

��� 5: �[�� 6ZBSSBPD[BEXUVW 
0D[LPXP�EXUVW�OHQJWK�IRU�33�EXV�WUDQVDFWLRQV������ 

 

9'38B6:5(*���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��I���  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
6ZBGHLQWBH 
'H�LQWHUODFH�HQDEOH��,QSXW�GDWD�LV�LQ�LQWHUODFHG�IRUPDW�DQG� �
GHLQWHUODFLQJ�QHHGV�WR�EH�SHUIRUPHG��  

�� 52 �[� 5HVHUYHG 

����� 5: �[���� 6ZBGHLQWBWKUHVKROG 
7KUHVKROG�YDOXH�XVHG�LQ�GHLQWHUODFLQJ� 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 6ZBGHLQWBEOHQGBH 
%OHQG�HQDEOH�IRU�GHLQWHUODFLQJ� 

���� 5: �[���� 6ZBGHLQWBHGJHBGHW 
(GJH�GHWHFW�YDOXH�XVHG�IRU�GHLQWHUODFLQJ� 

 

9'38B6:5(*���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��IF��  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
6ZBSSBLQBOXBEDVH 
%DVH�DGGUHVV�IRU�SRVW�SURFHVVLQJ�LQSXW�OXPLQDQFH�SLFWXUH��,I�33�
LQSXW�SLFWXUH�LV�IHWFKHG�IURP�ILHOGV�WKLV�EDVH�DGGUHVV�LV�XVHG�WR�
SRLQW�WR�WRSILHOG�RI�WKH�SLFWXUH�� �8VHG�LQ�H[WHUQDO�PRGH�RQO\� 

 

9'38B6:5(*���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

6ZBSSBLQBFEBEDVH 
%DVH�DGGUHVV�IRU�SRVW�SURFHVVLQJ�LQSXW�&E�SLFWXUH�RU�IRU�ERWK�
FKURPLQDQFH�SLFWXUHV��LI�FKURPLQDQFHV�LQWHUOHDYHG���,I�33�LQSXW�
SLFWXUH�LV�IHWFKHG�IURP�ILHOGV�WKLV�EDVH�DGGUHVV�LV�XVHG�WR�SRLQW�
WR�WRSILHOG�RI�WKH�SLFWXUH��8VHG�LQ�H[WHUQDO�PRGH�RQO\��  

 

9'38B6:5(*���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
6ZBSSBLQBFUBEDVH 
%DVH�DGGUHVV�IRU�SRVW�SURFHVVLQJ�LQSXW�FU�SLFWXUH��8VHG�LQ�
H[WHUQDO�PRGH�RQO\��  

 

9'38B6:5(*���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
6ZBSSBRXWBOXBEDVH 
%DVH�DGGUHVV�IRU�SRVW�SURFHVVLQJ�RXWSXW�SLFWXUH�
�OXPLQDQFH�<8<9�5*%���  

 

9'38B6:5(*���  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
6ZBSSBRXWBFKBEDVH 
%DVH�DGGUHVV�IRU�SRVW�SURFHVVLQJ�RXWSXW�FKURPLQDQFH�SLFWXUH�
�LQWHUOHDYHG�FKURPLQDQFH���  

 

9'38B6:5(*���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� 6ZBFRQWUDVWBWKU� 
7KUHVKROG�YDOXH����XVHG�ZLWK�FRQWUDVW�DGMXVWLQJ� 

����� 52 �[� 5HVHUYHG 

����� 5: �[��� 6ZBFRQWUDVWBRII� 
2IIVHW�YDOXH����XVHG�ZLWK�FRQWUDVW�DGMXVWLQJ� 

��� 5: �[��� 6ZBFRQWUDVWBRII� 
2IIVHW�YDOXH����XVHG�ZLWK�FRQWUDVW�DGMXVWLQJ� 

 

9'38B6:5(*���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
6ZBSSBLQBVWDUWBFK 
)RU�<8<9�����LQSXW�IRUPDW��(QDEOH�IRU�VWDUWBZLWKBFKURPLQDQFH��  
�
E���7KH�RUGHU�LV�<�&E<�&U�RU�<�&U<�&E�  
�
E���7KH�RUGHU�LV�&E<�&U<��RU�&U<�&E<��  

�� 5: �[� 

6ZBSSBLQBFUBILUVW 
)RU�<8<9�����LQSXW�IRUPDW�DQG�<&E&U�����VHPLSODQDU�IRUPDW��
(QDEOH�IRU�&U�ILUVW��EHIRUH�&E��  
�
E���7KH�RUGHU�LV�<�&E<�&U�RU�&E<�&U<���LI�����VHPLSODQDU�
FKURPLQDQFH��&E&U&E&U��  
�
E���7KH�RUGHU�LV�<�&U<�&E�RU�&U<�&E<���LI�����VHPLSODQDU�
FKURPLQDQFH��&U&E&U&E��  

�� 5: �[� 
6ZBSSBRXWBVWDUWBFK 
)RU�<8<9�����RXWSXW�IRUPDW��(QDEOH�IRU�VWDUWBZLWKBFKURPLQDQFH��  
�
E���7KH�RUGHU�LV�<�&E<�&U�RU�<�&U<�&E�  
�
E���7KH�RUGHU�LV�&E<�&U<��RU�&U<�&E<��  

�� 5: �[� 
6ZBSSBRXWBFUBILUVW 
)RU�<8<9�����RXWSXW�IRUPDW��(QDEOH�IRU�&U�ILUVW��EHIRUH�&E��  
�
E���7KH�RUGHU�LV�<�&E<�&U�RU�&E<�&U<��  
�
E���7KH�RUGHU�LV�<�&U<�&E�RU�&U<�&E<� 

����� 5: �[��� 
6ZBFRORUBFRHIID� 
&RHIILFLHQW�D���XVHG�ZLWK�<�SL[HO�WR�FDOFXODWH�DOO�FRORU�
FRPSRQHQWV��  

���� 5: �[��� 
6ZBFRORUBFRHIID� 
&RHIILFLHQW�D���XVHG�ZLWK�<�SL[HO�WR�FDOFXODWH�DOO�FRORU�
FRPSRQHQWV��  
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[�� 6ZBFRQWUDVWBWKU� 
7KUHVKROG�YDOXH����XVHG�ZLWK�FRQWUDVW�DGMXVWLQJ��  

 

9'38B6:5(*���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� 5HVHUYHG 

����� 5: �[��� 6ZBFRORUBFRHIIG 
&RHIILFLHQW�G��XVHG�ZLWK�&E�WR�FDOFXODWH�JUHHQ�FRPSRQHQW�YDOXH��  

����� 5: �[��� 6ZBFRORUBFRHIIF 
&RHIILFLHQW�F��XVHG�ZLWK�&U�WR�FDOFXODWH�JUHHQ�FRPSRQHQW�YDOXH��  

��� 5: �[��� 6ZBFRORUBFRHIIE 
&RHIILFLHQW�E��XVHG�ZLWK�&U�WR�FDOFXODWH�UHG�FRPSRQHQW�YDOXH� 

 

9'38B6:5(*���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� 5HVHUYHG 

����� 5: �[��� 6ZBFURSBVWDUW[ 
6WDUW�FRRUGLQDWH�[�IRU�WKH�FURSSHG�DUHD�LQ�PDFUREORFNV� 

����� 5: �[� 

6ZBURWDWLRQBPRGH 
5RWDWLRQ�PRGH�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  
�¶E�����5RWDWLRQ�GLVDEOHG� � � � � � � � � � � � � � � � � � � � � � � � � � � �  
�¶E�����5RWDWH������ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  
�¶E�����5RWDWH�&���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  
�¶E�����+RUL]RQWDO�IOLS��PLUURU�� � � � � � � � � � � � � � � � � � � � �  
�¶E�����9HUWLFDO�IOLS� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  
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����� 52 �[���� 5HVHUYHG 

�� 52 �[� 
)XVHBSSBPD[ZB���� 
�
E���0D[�33�RXWSXW�ZLGWK�XS�WR������SL[HOV�HQDEOHG��3ULRULW\�  
FRGHG�ZLWK�SULRULW\��� 

�� 52 �[� 
)XVHBSSBPD[ZB���� 
�
E���0D[�33�RXWSXW�ZLGWK�XS�WR������SL[HOV�HQDEOHG��3ULRULW\�  
FRGHG�ZLWK�SULRULW\��� 

�� 52 �[� 
)XVHBSSBPD[ZB��� 
�
E���0D[�33�RXWSXW�ZLGWK�XS�WR�����SL[HOV�HQDEOHG��3ULRULW\�  
FRGHG�ZLWK�SULRULW\��� 

�� 52 �[� 
)XVHBSSBPD[ZB��� 
�
E���0D[�33�RXWSXW�ZLGWK�XS�WR�����SL[HOV�HQDEOHG��3ULRULW\�  
FRGHG�ZLWK�SULRULW\��� 
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9'38B6:5(*����  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 52 �[� 

6:B$%/(1'B&523B( 
$OSKD�EOHQGLQJ�VXSSRUW�IRU�LQSXW�FURSSLQJ� 
�
E���1RW�VXSSRUWHG��([WHUQDO�PHPRU\�PXVW�LQFOXGH�WKH�H[DFW�  
LPDJH�RI�WKH�DUHD�EHLQJ�DOSKD�EOHQGHG� 
�
E���6XSSRUWHG��([WHUQDO�PHPRU\�FDQ�LQFOXGH�D�SLFWXUH�IURP�  
EOHQGHG�DUHD�FDQ�EH�FURSSHG��5HTXLUHV�XVDJH�RI�VZUHJ��� 

�� 52 �[� 

6:B33'B3,;$&B( 
3L[HO�$FFXUDWH�33�RXWSXW�PRGH�H[LVWV� 
�
E���3,3��6FDOLQJ�DQG�PDVNV�FDQ�EH�DGMXVWHG�E\�VWHSV�RI���  
SL[HOV��ZLGWK��RU���SL[HOV��KHLJKW�� 
�
E���3,3��6FDOLQJ�DQG�PDVNV�FDQ�EH�DGMXVWHG�E\�VWHSV�RI���  
SL[HO�IRU�5*%�DQG���SL[HOV�IRU�VXEVDPSOHG�FKURPD�IRUPDWV�  
�E\�XVLQJ�EXV�VSHFLILF�ZULWH�VWUREH�IXQFWLRQDOLW\�� 

�� 52 �[� 
6:B33'B7,/('B(;,67 
33�RXWSXW�<&E<&U�����WLOHG�VXSSRUW���[��SL[HO�WLOHV� 
�
E���1RW�VXSSRUWHG 
�
E���6XSSRUWHG 

�� 52 �[� 
6:B33'B',7+B(;,67 
'LWKHULQJ�H[LVWV� 
�
E���1R 
�
E���<HV 

����� 52 �[� 

6:B33'B6&$/(B/(9(/ 
6FDOLQJ�VXSSRUW� 
�
E����1R�VFDOLQJ 
�
E����6FDOLQJ�ZLWK�OR�SHUIRUPDQFH�DUFKLWHFWXUH 
�
E����6FDOLQJ�ZLWK�KLJK�SHUIRUPDQFH�DUFKLWHFWXUH 
�
E����6FDOLQJ�ZLWK�KLJK�SHUIRUPDQFH�DUFKLWHFWXUH���IDVW�  

�� 52 �[� 
6:B33'B'(,17B(;,67 
'H�LQWHUODFLQJ�H[LWV� 
�
E���1R 
�
E���<HV 

�� 52 �[� 
6:B33'B%/(1'B(;,67 
$OSKD�EOHQGLQJ�H[LVWV� 
�
E���1R 
�
E���<HV 

�� 52 �[� 
6:B33'B,%8))B/(9(/ 
33�LQSXW�EXIIHULQJ�OHYHO� 
�
E�����0%�LQSXW�EXIIHULQJ�LV�XVHG 
�
E�����0%�LQSXW�EXIIHULQJ�LV�XVHG 

����� 52 �[� 5HVHUYHG 

�� 52 �[� 
6:B33'B2(1B9(56,21 
33�RXWSXW�HQGLDQ�YHUVLRQ� 
�
E���(QGLDQ�PRGH�VXSSRUWHG�IRU�RWKHU�WKDQ�5*% 
�
E���(QGLDQ�PRGH�VXSSRUWHG�IRU�DQ\�RXWSXW�IRUPDW 

�� 52 �[� 
6:B33'B2%8))B/(9(/ 
33�RXWSXW�EXIIHULQJ�OHYHO� 
�
E�����XQLW�RXWSXW�EXIIHULQJ�LV�XVHG 
�
E�����XQLW�RXWSXW�EXIIHULQJ�LV�XVHG 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 52 �[� 
6:B33'B33B(;,67 
33'�H[LVWV� 
�
E���1R 
�
E���<HV 

����� 52 �[� 
6:B33'B,1B7,/('B/ 
33'�LQSXW�WLOHG�PRGH�VXSSRUW�OHYHO 
�
E���1RW�VXSSRUWHG 
�
E����[��WLOH�VL]H�VXSSRUWHG 

����� 52 �[� 5HVHUYHG 

���� 52 �[��� 6:B33'B0$;B2:,'7+ 
0D[�VXSSRUWHG�33�RXWSXW�ZLGWK�LQ�SL[HOV 

 

9'38B6:5(*����  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 5HVHUYHG 

� 5: �[� 
6ZBVRIWBUHVHW 
6RIWUHVHW�SXOVH�VLJQDO 
:ULWH�WR��
E���YDOLG� 
:ULWH�WR��
E���LQYDOLG� 

 

9'38B6:5(*����  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
9SXBZRUNBF\FOH 
:ULWH�LQLWLDO�UHVHW�YDOXH�LQ�WKH�EHJLQ�RI�IUDPH�VWDUW��WKHQ�ZLOO�DXWR�
FRXQW�EDVH�WKLV�YDOXH� 

 

9'38B6:5(*����  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 6ZBD[LBGGUBUGDWD $[L�GGU�UGDWD�QXP��WKH�XQLW�LV�E\WH� 

 

9'38B6:5(*����  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 5HVHUYHG 

� 5: �[� 6ZBD[LBGGUBZGDWD 
9GSX�ZULWH�GDWD�E\WH�QXP 

 

9'38B6:5(*����  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� 5HVHUYHG 

����� 5: �[� 

0RQBVLJBVHO� 
6HOHFW�WKH�FRXQWHU�EH�XVHG�IRU�ZKLFK�WR�FDOFXODWH�F\FOH�QXP 
�
E������'RQ
W�ZRUN� 
�
E������0Y�EXIIHU�KROG�EDFN�VWUHDP�GHFRGH�ZRUNLQJ�F\FOHV 
�
E������7KH�RXWSXW�ILIR�RI�FDEDF�NHHS�IXOO�F\FOHV� 
�
E������7KH�&RGH�VWUHDP�SDUVLQJ�EORFN�ZRUNLQJ�F\FOHV� 
�
E������6FG�EORFN�FDQ
W�ZULWH�GDWD�WR�VFG�EXIIHU�F\FOHV� 
�
E������7KH�VSHHG�RI�UHFRQVLWXWLRQ�DQG�LQWHUSRODWLRQ�IDVW�WKDQ�
UHIHUHQFH�IUDPHV�IHWFK�F\FOHV� 
�
E������7KH�VSHHG�RI�UHFRQVLWXWLRQ�DQG�LQWHUSRODWLRQ� �VORZ�WKDQ�
UHIHUHQFH�IUDPHV�IHWFK�F\FOHV� 
�
E������7KH�F\FOHV�ILOWHU�EORFN�KROG�EDFN�SUHG�EORFN� 
�
E������7KH�F\FOHV�RI�SUHG�EORFN�ZDLWLQJ�IRU�5HVLGXDO�GDWD� 
�
E������7KH�F\FOHV�RI�EXV�5HODWHG�PRGXOHV�ZRUNLQJ� 

���� 52 �[��� 5HVHUYHG 

��� 5: �[� 

0RQBVLJBVHO� 
6HOHFW�WKH�FRXQWHU�EH�XVHG�IRU�ZKLFK�WR�FDOFXODWH�F\FOH�QXP 
�
E������'RQ
W�ZRUN� 
�
E������0Y�EXIIHU�KROG�EDFN�VWUHDP�GHFRGH�ZRUNLQJ�F\FOHV� 
�
E������7KH�RXWSXW�ILIR�RI�FDEDF�NHHS�IXOO�F\FOHV� 
�
E������7KH�&RGH�VWUHDP�SDUVLQJ�EORFN�ZRUNLQJ�F\FOHV� 
�
E������6FG�EORFN�FDQ
W�ZULWH�GDWD�WR�VFG�EXIIHU�F\FOHV� 
�
E������7KH�VSHHG�RI�UHFRQVLWXWLRQ�DQG�LQWHUSRODWLRQ�IDVW�WKDQ�
UHIHUHQFH�IUDPHV�IHWFK�F\FOHV� 
�
E������7KH�VSHHG�RI�UHFRQVLWXWLRQ�DQG�LQWHUSRODWLRQ� �VORZ�WKDQ�
UHIHUHQFH�IUDPHV�IHWFK�F\FOHV� 
�
E������7KH�F\FOHV�ILOWHU�EORFN�KROG�EDFN�SUHG�EORFN� 
�
E������7KH�F\FOHV�RI�SUHG�EORFN�ZDLWLQJ�IRU�5HVLGXDO�GDWD� 
�
E������7KH�F\FOHV�RI�EXV�5HODWHG�PRGXOHV�ZRUNLQJ� 

 

9'38B6:5(*����  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
3HUIRUPDQFHBPRQBFQW� 
7KH�FRXQWHU�IRU�WKH�VHOHFWHG�VLJQDO�YDOLG�F\FOHV�ZKLFK�GHVFULEH�LQ�
VZUHJ���>���@� 
:ULWH�LQLWLDO�UHVHW�YDOXH 

 

9'38B6:5(*����  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��DF��  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
3HUIRUPDQFHBPRQBFQW� 
7KH�FRXQWHU�IRU�WKH�VHOHFWHG�VLJQDO�YDOLG�F\FOHV�ZKLFK�GHVFULEH�LQ�
VZUHJ���>�����@ 
:ULWH�LQLWLDO�UHVHW�YDOXH� 

 

10.5.4 9'38����008�5HJLVWHUV�6XPPDU\�  

�1DPH 2IIVHW 6L]H 5HVHW�9DOXH 'HVFULSWLRQ �  

9&2'(&B008B'7(B$''5 �[���� : �[�������� 

008�FXUUHQW�SDJH�7DEOH�
DGGUHVV��,W�LV�RQO\�FDQ�EH�
ZULWWHQ�ZKHQ�008�VWDWH�
LV�GLVDEOH�RU� �SDJH�IDXOW�
RU�PPX�HQDEOH�VWDOO�
VWDWH 

9&2'(&B008B67$786 �[���� : �[�������� 008�VWDWXV�UHJLVWHU 

9&2'(&B008B&200$1' �[���� : �[�������� 008�FRPPDQG�UHJLVWHU 

9&2'(&B008B3$*(B)$8/7
B$''5 �[���F : �[�������� 008�ORJLFDO�DGGUHVV�RI�

ODVW�SDJH�IDXOW 

9&2'(&B008B=$3B21(B/,
1( �[���� : �[�������� 008�=DS�FDFKH�OLQH�

UHJLVWHU 

9&2'(&B008B,17B5$:67
$7 �[���� : �[�������� 008�UDZ�LQWHUUXSW�VWDWXV�

UHJLVWHU 

9&2'(&B008B,17B&/($5 �[���� : �[�������� 008�UDZ�LQWHUUXSW�VWDWXV�
UHJLVWHU 

9&2'(&B008B,17B0$6. �[���F : �[�������� 008�UDZ�LQWHUUXSW�VWDWXV�
UHJLVWHU 

9&2'(&B008B,17B67$786 �[���� : �[�������� 008�UDZ�LQWHUUXSW�VWDWXV�
UHJLVWHU 
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�1DPH 2IIVHW 6L]H 5HVHW�9DOXH 'HVFULSWLRQ �  

9&2'(&B008B$872B*$7,1
* �[���� : �[�������� PPX�DXWR�JDWLQJ 

1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV�  

 

10.5.5 9'38����008�'HWDLO�5HJLVWHUV�'HVFULSWLRQ�  

9&2'(&B008B'7(B$''5�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 008B'7(B$''5 008�FXUUHQW�SDJH�7DEOH�DGGUHVV 

 

9&2'(&B008B67$786�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[������ 5HVHUYHG 

���� 52 �[�� 3$*(B)$8/7B%86B,' 
,QGH[�RI�PDVWHU�UHVSRQVLEOH�IRU�ODVW�SDJH�IDXOW 

� 52 �[� 
3$*(B)$8/7B,6B:5,7( 
7KH�GLUHFWLRQ�RI�DFFHVV�IRU�ODVW�SDJH�IDXOW� 
�
E���5HDG 
�
E���:ULWH 

� 52 �[� 5(3/$<B%8))(5B(037< 
�
E��7KH�008�UHSOD\�EXIIHU�LV�HPSW\ 

� 52 �[� 
008B,'/( 
7KH�008�LV�LGOH�ZKHQ�DFFHVVHV�DUH�EHLQJ�WUDQVODWHG�DQG�WKHUH�
DUH�QR�XQILQLVKHG�WUDQVODWHG�DFFHVVHV� 
�
E���008�LV�LGOH 

� 52 �[� 
67$,/B$&7,9( 
008�VWDOO�PRGH�FXUUHQWO\�HQDEOHG��7KH�PRGH�LV�HQDEOHG�E\�
FRPPDQG 
�
E���008�LV�LQ�VWDOO�DFWLYH�VWDWXV 

� 52 �[� 
3$*(B)$8/7B$&7,9( 
008�SDJH�IDXOW�PRGH�FXUUHQWO\�HQDEOHG��7KH�PRGH�LV�HQDEOHG�E\�
FRPPDQG� 
�
E���3DJH�IDXOW�LV�DFWLYH 

� 52 �[� 
3$*,1*B(1$%/(' 
�
E���3DJLQJ�LV�GLVDEOHG 
�
E���3DJLQJ�LV�HQDEOHG 

 

9&2'(&B008B&200$1'�  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 5HVHUYHG 

��� :2 �[� 

008B&0' 
008B&0'��7KLV�FDQ�EH� 
�¶G���008B(1$%/(B3$*,1* 
�¶G���008B',6$%/(B3$*,1* 
�¶G���008B(1$%/(B67$// 
�¶G���008B',6$%/(B67$// 
�¶G���008B=$3B&$&+( 
�¶G���008B3$*(B)$8/7B'21( 
�¶G���008B)25&(B5(6(7 

 

9&2'(&B008B3$*(B)$8/7B$''5�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 3$*(B)$8/7B$''5 $GGUHVV�RI�ODVW�SDJH�IDXOW 

 

9&2'(&B008B=$3B21(B/,1(�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� :2 �[�������� 008B=$3B21(B/,1( GGUHVV�WR�EH�LQYDOLGDWHG�IURP�WKH�SDJH�WDEOH�FDFKH 

 

9&2'(&B008B,17B5$:67$7�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 5HVHUYHG 

� 5: �[� 5($'B%86B(5525 
5HDG�EXV�HUURU�VWDWXV 

� 5: �[� 3$*(B)$8/7 
3DJH�IDXOW�VWDWXV 

 

9&2'(&B008B,17B&/($5�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 5HVHUYHG 

� :2 �[� 5($'B%86B(5525 
:ULWH���WR�FOHDU�UHDG�EXV�HUURU 

� :2 �[� 3$*(B)$8/7 
:ULWH���WR�SDJH�IDXOW�FOHDU 

 

9&2'(&B008B,17B0$6.�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 5HVHUYHG 

� 5: �[� 5($'B%86B(5525 
(QDEOH�WKH�UHDG�EXV�LQWHUUXSW�VRXUFH�ZKHQ�WKLV�ELW�LV�VHW�WR��
E� 

� 5: �[� 3$*(B)$8/7 
(QDEOH�WKH�SDJH�IDXOW�LQWHUUXSW�VRXUFH�ZKHQ�WKLV�ELW�LV�VHW�WR��
E� 

 

9&2'(&B008B,17B67$786�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 5HVHUYHG 

� 52 �[� 5($'B%86B(5525 
�
E���5HDG�EXV�HUURU�VWDWXV 

� 52 �[� 3$*(B)$8/7 
�
E���3DJH�IDXOW�  

 

9&2'(&B008B$872B*$7,1*�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 5HVHUYHG 

� 5: �[� 0PXBDXWRBFONJDWLQJ 
:KHQ�LW�LV��
E���WKH�PPX�ZLOO�DXWR�JDWLQJ�LW�VHOI 

 

10.5.6 9'38����5HJLVWHUV�6XPPDU\�  
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Name  Offset  Size  
Reset 
Value  

Description  

Rkvdec_Swreg0_id  0x0000  W  0x00000000  ID register (read only)  

Rkvdec_Swreg8_in_out  0x0020  W  0x00000000  
Data input and output endian 
setting and sys ctrl.  

Rkvdec_Swreg9_dec_mod
e  

0x0024  W  0x00000000  Dec mode  

Rkvdec_Swreg10_dec_e  0x0028  W  0x00000000  Decoder enable  

Rkvdec_Swreg11_importa
nt_en  

0x002c  W  0x00000000  
Interrupt and decoder enable 
register.  

Rkvdec_Swreg12_sencod
ary_en  

0x0030  W  0x00000000  Sys ctrl  

Rkvdec_Swreg13_en_mod
e_set  

0x0034  W  0x00000000  Enable register.  

Rkvdec_Swreg14_fbc_par
am_set  

0x0038  W  0x00000000  Fbc parem set.  

Rkvdec_Swreg15_stream
_param_set  

0x003c  W  0x00000000  Stream param set  

Rkvdec_Swreg16_stream
_len  

0x0040  W  0x00000000  
Amount of stream bytes in the 
input buffer or amount ot rlc 
bytes in the input buffer.  

Rkvdec_Swreg17_slice_n
umber  

0x0044  W  0x00000000  The current frame slice number  

Rkvdec_Swreg18_y_hor_s
tride  

0x0048  W  0x00000000  Picture horizontal virtual stride.  

Rkvdec_Swreg19_uv_hor
_stride  

0x004c  W  0x00000000  Picture parametes  

Rkvdec_Swreg20_y_stride  0x0050  W  0x00000000  

The output picture y fac virtual 
stride.Suggest this register to 
config to even for advance ddr 
performance.  
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Rkvdec_Swreg20_fbc_pay
load_offset  

0x0050  W  0x00000000  Register0004 Description  

Rkvdec_Swreg21_error_ct
rl_set  

0x0054  W  0x00000000  Error sys ctrl  

Rkvdec_Swreg22_err_roi_
ctu_offset_start  

0x0058  W  0x00000000  
It will cal the error ctu num in the 
roi.It will include the st ctu and 
end ctu.  

Rkvdec_Swreg23_err_roi_
ctu_offset_end  

0x005c  W  0x00000000  
It will cal the error ctu num in the 
roi.It will include the st ctu and 
end ctu.  

Rkvdec_Swreg24_cabac_
error_en_lowbits  

0x0060  W  0x00000000  Cabac error enable config.  

Rkvdec_Swreg25_cabac_
error_en_highbits  

0x0064  W  0x00000000  
Cabac error enable high bits 
config.  

Rkvdec_Swreg26_block_g
ating_en  

0x0068  W  0x00000000  Block gating enable ctrl flag.  

Rkvdec_Swreg64_vp9_set  0x0100  W  0x00000000  

Vp9 compressed header 
offset.2014.11.19 del this 
register, because we can decode 
out sw_vp9_cprheader_offset 
from the stream.  

Rkvdec_Swreg64_h26x_s
et  

0x0100  W  0x00000000  For H26x use  

Rkvdec_Swreg65_cur_poc  0x0104  W  0x00000000  
Hevc & h264 & avs2 :the poc of 
cur picture.  

Rkvdec_Swreg66_h264_c
ur_poc1  

0x0108  W  0x00000000  
When cur  is field, h264 cur poc 
for bottom field.  

Rkvdec_Swreg67_vp9_se
gid_grp0  

0x010c  W  0x00000000  
Vp9 segid syntax grp0.When write 
it is for last frame.When read it is 
for cur frame.  

Rkvdec_Swreg67_ref0_po
c  

0x010c  W  0x00000000  
Hevc & h264 & avs2: The poc of 
reference picture index 0.  
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Rkvdec_Swreg68_vp9_se
gid_grp1  

0x0110  W  0x00000000  
Vp9 segid syntax grp1.When write 
it is for last frame.When read it is 
for cur frame.  

Rkvdec_Swreg68_ref1_po
c  

0x0110  W  0x00000000  
Hevc & h264 & avs2: The poc of 
reference picture index 1.  

Rkvdec_Swreg69_vp9_se
gid_grp2  

0x0114  W  0x00000000  
Vp9 segid syntax grp2.When write 
it is for last frame.When read it is 
for cur frame.  

Rkvdec_Swreg69_ref2_po
c  

0x0114  W  0x00000000  
Hevc & h264 & avs2: The poc of 
reference picture index 2.  

Rkvdec_Swreg70_vp9_se
gid_grp3  

0x0118  W  0x00000000  
Vp9 segid syntax grp3.When write 
it is for last frame.When read it is 
for cur frame.  

Rkvdec_Swreg70_ref3_po
c  

0x0118  W  0x00000000  
Hevc & h264 & avs2: The poc of 
reference picture index 3.  

Rkvdec_Swreg71_vp9_se
gid_grp4  

0x011c  W  0x00000000  
Vp9 segid syntax grp4.When write 
it is for last frame.When read it is 
for cur frame.  

Rkvdec_Swreg71_ref4_po
c  

0x011c  W  0x00000000  
Hevc & h264 & avs2: The poc of 
reference picture index 4.  

Rkvdec_Swreg72_vp9_se
gid_grp5  

0x0120  W  0x00000000  
Vp9 segid syntax grp5.When write 
it is for last frame.When read it is 
for cur frame.  

Rkvdec_Swreg72_ref5_po
c  

0x0120  W  0x00000000  
Hevc & h264 & avs2: The poc of 
reference picture index 5.  

Rkvdec_Swreg73_vp9_se
gid_grp6  

0x0124  W  0x00000000  
Vp9 segid syntax grp6.When write 
it is for last frame.When read it is 
for cur frame.  

Rkvdec_Swreg73_ref6_po
c  

0x0124  W  0x00000000  
Hevc & h264 & avs2: The poc of 
reference picture index 6.  

Rkvdec_Swreg74_vp9_se
gid_grp7  

0x0128  W  0x00000000  
Vp9 segid syntax grp7.When write 
it is for last frame.When read it is 
for cur frame.  
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Rkvdec_Swreg74_ref7_po
c  

0x0128  W  0x00000000  
Hevc & h264 & avs2: The poc of 
reference picture index 7.  

Rkvdec_Swreg75_vp9_inf
o_lastframe  

0x012c  W  0x00000000  Vp9 info for lastframe.  

Rkvdec_Swreg75_ref8_po
c  

0x012c  W  0x00000000  
Hevc & h264: The poc of 
reference picture index 8.  

Rkvdec_Swreg76_vp9_cpr
header_config  

0x0130  W  0x00000000  
Vp9 compressed header config 
info.  

Rkvdec_Swreg76_ref9_po
c  

0x0130  W  0x00000000  
Hevc & h264: The poc of 
reference picture index 9.  

Rkvdec_Swreg77_vp9_int
ercmd_num  

0x0134  W  0x00000000  Vp9 intercmd num.  

Rkvdec_Swreg77_ref10_p
oc  

0x0134  W  0x00000000  
Hevc & h264: The poc of 
reference picture index 10.  

Rkvdec_Swreg78_vp9_str
eam_size  

0x0138  W  0x00000000  Vp9 last tile size.  

Rkvdec_Swreg78_ref11_p
oc  

0x0138  W  0x00000000  
Hevc & h264: The poc of 
reference picture index 11.  

Rkvdec_Swreg79_vp9_las
tf_y_hor_virstride  

0x013c  W  0x00000000  
Vp9 last frame y horizontal 
virstride.  

Rkvdec_Swreg79_ref12_p
oc  

0x013c  W  0x00000000  
Hevc & h264: The poc of 
reference picture index 12.  

Rkvdec_Swreg80_vp9_las
tf_uv_hor_virstride  

0x0140  W  0x00000000  
Vp9 last frame uv horizontal 
virstride.  

Rkvdec_Swreg80_ref13_p
oc  

0x0140  W  0x00000000  
Hevc & h264: The poc of 
reference picture index 13.  

Rkvdec_Swreg81_vp9_gol
denf_y_hor_virstride  

0x0144  W  0x00000000  
Vp9 golden frame y horizontal 
virstride.  

Rkvdec_Swreg81_ref14_p
oc  

0x0144  W  0x00000000  
Hevc & h264: The poc of 
reference picture index 14.  
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Rkvdec_Swreg82_vp9_gol
den_uv_hor_virstride  

0x0148  W  0x00000000  Vp9 golden uv horizontal virstirde.  

Rkvdec_Swreg82_ref15_p
oc  

0x0148  W  0x00000000  
H264: The poc of reference 
picture index 15.Hevc: Used for 
mvc.Vp9: Now is no use.  

Rkvdec_Swreg83_vp9_alt
reff_y_hor_virstride  

0x014c  W  0x00000000  
Vp9 altref  frame y horizontal 
virstride.  

Rkvdec_Swreg83_ref16_p
oc  

0x014c  W  0x00000000  
H264: The poc of reference 
picture index 16.Hevc & vp9: Now 
is no use.  

Rkvdec_Swreg84_vp9_alt
reff_uv_hor_virstride  

0x0150  W  0x00000000  
Vp9 altreff uv horizontal 
virstirde.2015.10.23, change from 
9bits to 10bits.  

Rkvdec_Swreg84_ref17_p
oc  

0x0150  W  0x00000000  
H264: The poc of reference 
picture index 17.Hevc & vp9: Now 
is no use.  

Rkvdec_Swreg85_vp9_las
tf_y_virstride  

0x0154  W  0x00000000  Last ref ystride  

Rkvdec_Swreg85_ref18_p
oc  

0x0154  W  0x00000000  
H264: The poc of reference 
picture index 18.Hevc & vp9: Now 
is no use.  

Rkvdec_Swreg86_vp9_gol
den_y_virstride  

0x0158  W  0x00000000  Vp9 golden y stride  

Rkvdec_Swreg86_ref19_p
oc  

0x0158  W  0x00000000  
H264: The poc of reference 
picture index 19.Hevc & vp9: Now 
is no use.  

Rkvdec_Swreg87_vp9_alt
ref_y_virstride  

0x015c  W  0x00000000  Altref ref ystride  

Rkvdec_Swreg87_ref20_p
oc  

0x015c  W  0x00000000  
H264: The poc of reference 
picture index 20.Hevc & vp9: Now 
is no use.  

Rkvdec_Swreg88_vp9_lre
f_hor_scale  

0x0160  W  0x00000000  
Horizontal scaling factor for last 
reference picture.  
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Rkvdec_Swreg88_ref21_p
oc  

0x0160  W  0x00000000  
H264: The poc of reference 
picture index 21.Hevc & vp9: Now 
is no use.  

Rkvdec_Swreg89_vp9_lre
f_ver_scale  

0x0164  W  0x00000000  
Vertical scaling factor for last 
reference picture.  

Rkvdec_Swreg89_ref22_p
oc  

0x0164  W  0x00000000  
H264: The poc of reference 
picture index 22.Hevc & vp9: Now 
is no use.  

Rkvdec_Swreg90_vp9_gr
ef_hor_scale  

0x0168  W  0x00000000  
Horizontal scaling factor for 
golden reference picture.  

Rkvdec_Swreg90_ref23_p
oc  

0x0168  W  0x00000000  
H264: The poc of reference 
picture index 23.Hevc & vp9: Now 
is no use.  

Rkvdec_Swreg91_vp9_gr
ef_ver_scale  

0x016c  W  0x00000000  
Vertical scaling factor for golden 
reference picture.  

Rkvdec_Swreg91_ref24_p
oc  

0x016c  W  0x00000000  
H264: The poc of reference 
picture index 24.Hevc & vp9: Now 
is no use.  

Rkvdec_Swreg92_vp9_ar
ef_hor_scale  

0x0170  W  0x00000000  
Horizontal scaling factor for alfter 
reference picture.  

Rkvdec_Swreg92_ref25_p
oc  

0x0170  W  0x00000000  
H264: The poc of reference 
picture index 25.Hevc & vp9: Now 
is no use.  

Rkvdec_Swreg93_vp9_ar
ef_ver_scale  

0x0174  W  0x00000000  
Vertical scaling factor for alfter 
reference picture.  

Rkvdec_Swreg93_ref26_p
oc  

0x0174  W  0x00000000  
H264: The poc of reference 
picture index 26.Hevc & vp9: Now 
is no use.  

Rkvdec_Swreg94_vp9_ref
_deltas_lastframe  

0x0178  W  0x00000000  Vp9 ref deltas  

Rkvdec_Swreg94_ref27_p
oc  

0x0178  W  0x00000000  
H264: The poc of reference 
picture index 27.Hevc & vp9: Now 
is no use.  
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Rkvdec_Swreg95_ref28_p
oc  

0x017c  W  0x00000000  
H264: The poc of reference 
picture index 28.Hevc & vp9: Now 
is no use.  

Rkvdec_Swreg96_ref29_p
oc  

0x0180  W  0x00000000  
H264: The poc of reference 
picture index 29.Hevc & vp9: Now 
is no use.  

Rkvdec_Swreg97_ref30_p
oc  

0x0184  W  0x00000000  
H264: The poc of reference 
picture index 30.Hevc & vp9: Now 
is no use.  

Rkvdec_Swreg98_ref31_p
oc  

0x0188  W  0x00000000  
H264: The poc of reference 
picture index 31.Hevc & vp9: Now 
is no use.  

Rkvdec_Swreg99_hevc_re
f_valid  

0x018c  W  0x00000000  Valid flag for picture index 0 ~14.  

Rkvdec_Swreg99_h264_r
eg0_3_info  

0x018c  W  0x00000000  Rreference picture index 0~3  

Rkvdec_Swreg99_avs2_re
g0_3_info  

0x018c  W  0x00000000  Rreference picture index 0~3  

Rkvdec_Swreg100_avs2_r
eg4_7_info  

0x0190  W  0x00000000  Rreference picture index 4~7  

Rkvdec_Swreg100_h264_
reg4_7_info  

0x0190  W  0x00000000  Rreference picture index 4~7  

Rkvdec_Swreg101_h264_
reg8_11_info  

0x0194  W  0x00000000  Rreference picture index 8~11  

Rkvdec_Swreg102_h264_
reg12_15_info  

0x0198  W  0x00000000  Rreference picture index 12~15  

Rkvdec_Swreg103_vp9_p
rob_en  

0x019c  W  0x00000000  Vp9_prob_en config.  

Rkvdec_Swreg103_hevc_
mvc0  

0x019c  W  0x00000000  Hevc mvc config register.  

Rkvdec_Swreg103_avs2_
ctrl_extra  

0x019c  W  0x00000000  Avs2 ctrl register  
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Rkvdec_Swreg104_hevc_
mvc1  

0x01a0  W  0x00000000  Hevc MVC ctrl register.  

Rkvdec_Swreg105_vp9cnt
_upd_en_avs2_headlen  

0x01a4  W  0x00000000  
Avs2_head_len and Vp9 count 
update en.  

Rkvdec_Swreg106_vp9_fr
ame_width_last  

0x01a8  W  0x00000000  Last frame frame_size_width.  

Rkvdec_Swreg107_vp9_fr
ame_height_last  

0x01ac  W  0x00000000  Last frame frame_size_height.  

Rkvdec_Swreg108_vp9_fr
ame_width_golden  

0x01b0  W  0x00000000  Golden frame_size_width.  

Rkvdec_Swreg109_vp9_fr
ame_height_golden  

0x01b4  W  0x00000000  Golden frame_size_height.  

Rkvdec_Swreg110_vp9_fr
ame_width_altref  

0x01b8  W  0x00000000  Alfter frame_size_width.  

Rkvdec_Swreg111_vp9_fr
ame_height_altref  

0x01bc  W  0x00000000  Alfter frame_size_height.  

Rkvdec_Swreg112_error_
ref_info  

0x01c0  W  0x00000000  Refer error is top or bot field flag.  

Rkvdec_Swreg128_strm_r
lc_base  

0x0200  W  0x00000000  
The stream or rlc data base 
address.  

Rkvdec_Swreg129_rlcwrit
e_base  

0x0204  W  0x00000000  

The base address of rlcwrite base 
address.When frame is ready, it is 
the address of the end of rlcwrite 
address.  

Rkvdec_Swreg129_error_i
nfo_base  

0x0204  W  0x00000000  The base address of error info  

Rkvdec_Swreg130_decout
_base  

0x0208  W  0x00000000  

Base address of decoder output 
picture.Suggest this register to 
config to even for advance ddr 
performance.  

Rkvdec_Swreg131_colmv
_cur_base  

0x020c  W  0x00000000  Cur frame colmv output addr.  
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Rkvdec_Swreg132_error_
ref_base  

0x0210  W  0x00000000  
Error reference frame base 
address.  

Rkvdec_Swreg133_rcb_in
trar_base  

0x0214  W  0x00000000  
Rcb intra row base address, unit: 
64byts align.  

Rkvdec_Swreg134_rcb_tr
ansdr_base  

0x0218  W  0x00000000  
Rcb transd row base address, 
unit: 64byts align.  

Rkvdec_Swreg135_rcb_tr
ansdc_base  

0x021c  W  0x00000000  
Rcb transd col base address, unit: 
64byts align.  

Rkvdec_Swreg136_rcb_st
rmdr_base  

0x0220  W  0x00000000  
Rcb stream row base address, 
unit: 64byts align.  

Rkvdec_Swreg137_rcb_in
terr_base  

0x0224  W  0x00000000  
Rcb inter row base address, unit: 
64byts align.  

Rkvdec_Swreg138_rcb_in
terc_base  

0x0228  W  0x00000000  
Rcb inter col base address, unit: 
64byts align.  

Rkvdec_Swreg139_rcb_d
blkr_base  

0x022c  W  0x00000000  
Rcb dblock row base address, 
unit: 64byts align.  

Rkvdec_Swreg140_rcb_sa
or_base  

0x0230  W  0x00000000  
Rcb sao row base address, unit: 
64byts align.  

Rkvdec_Swreg141_rcb_fb
cr_base  

0x0234  W  0x00000000  
Rcb fbc row base address, unit: 
64byts align.  

Rkvdec_Swreg142_rcb_fil
tc_col_base  

0x0238  W  0x00000000  
Rcb filter col base address, unit: 
64byts align.  

Rkvdec_Swreg160_vp9_d
elta_prob_base  

0x0280  W  0x00000000  The base address of prob.  

Rkvdec_Swreg161_avs2_
head_base  

0x0284  W  0x00000000  The base address of avs2 head.  

Rkvdec_Swreg161_pps_b
ase  

0x0284  W  0x00000000  The base address of pps.  

Rkvdec_Swreg162_vp9_la
st_prob_base  

0x0288  W  0x00000000  
It only used when hardware parse 
prob.This base addr is for last 
prob.  
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Rkvdec_Swreg163_rps_ba
se  

0x028c  W  0x00000000  The base address of rps.  

Rkvdec_Swreg164_vp9_r
eferlast_base  

0x0290  W  0x00000000  

Base address for reference 
picture.Suggest this register to 
config to even for advance ddr 
performance.  

Rkvdec_Swreg164_ref0_b
ase  

0x0290  W  0x00000000  
Base address for reference picture 
index0.  

Rkvdec_Swreg165_vp9_r
efergolden_base  

0x0294  W  0x00000000  

Base address for golden 
picture.Suggest this register to 
config to even for advance ddr 
performance.  

Rkvdec_Swreg165_ref1_b
ase  

0x0294  W  0x00000000  
Base address for reference picture 
index1.  

Rkvdec_Swreg166_vp9_r
eferalfter_base  

0x0298  W  0x00000000  

Base address for alfter 
picture.Suggest this register to 
config to even for advance ddr 
performance.  

Rkvdec_Swreg166_ref2_b
ase  

0x0298  W  0x00000000  
Base address for reference picture 
index2.  

Rkvdec_Swreg167_ref3_b
ase  

0x029c  W  0x00000000  
Base address for reference picture 
index3.  

Rkvdec_Swreg167_vp9co
unt_base  

0x029c  W  0x00000000  Vp9 count base addr.  

Rkvdec_Swreg168_ref4_b
ase  

0x02a0  W  0x00000000  
Base address for reference picture 
index4.  

Rkvdec_Swreg168_vp9_s
egidlast_base  

0x02a0  W  0x00000000  
Base address for last frame 
segment id.  

Rkvdec_Swreg169_ref5_b
ase  

0x02a4  W  0x00000000  
Base address for reference picture 
index5.  

Rkvdec_Swreg169_avp9_
segidcur_base  

0x02a4  W  0x00000000  
Base address for cur frame 
segment id.  
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Rkvdec_Swreg170_ref6_b
ase  

0x02a8  W  0x00000000  
Base address for reference picture 
index6.  

Rkvdec_Swreg170_vp9_r
efcolmv_base  

0x02a8  W  0x00000000  Vp9 refcolmv base addr.  

Rkvdec_Swreg171_ref7_b
ase  

0x02ac  W  0x00000000  
Base address for reference picture 
index7.  

Rkvdec_Swreg171_vp9_in
tercmd_base  

0x02ac  W  0x00000000  Inter cmd base addr.  

Rkvdec_Swreg172_h26x_
ref8_base  

0x02b0  W  0x00000000  
Base address for reference picture 
index8.  

Rkvdec_Swreg172_vp9_u
pdate_prob_wr_base  

0x02b0  W  0x00000000  
Hardware parse prob: Used as 
vp9 prob write base.  

Rkvdec_Swreg173_h26x_
ref9_base  

0x02b4  W  0x00000000  
Base address for reference picture 
index9.  

Rkvdec_Swreg174_h26x_
ref10_base  

0x02b8  W  0x00000000  
Base address for reference picture 
index10.  

Rkvdec_Swreg175_h26x_
ref11_base  

0x02bc  W  0x00000000  
Base address for reference picture 
index11.  

Rkvdec_Swreg176_h26x_
ref12_base  

0x02c0  W  0x00000000  
Base address for reference picture 
index12.  

Rkvdec_Swreg177_h26x_
ref13_base  

0x02c4  W  0x00000000  
Base address for reference picture 
index13.  

Rkvdec_Swreg178_h26x_
ref14_base  

0x02c8  W  0x00000000  
Base address for reference picture 
index14.  

Rkvdec_Swreg179_h26x_
ref15_base  

0x02cc  W  0x00000000  
Base address for reference picture 
index15.  

Rkvdec_Swreg180_scanlis
t_addr  

0x02d0  W  0x00000000  The addr for scanlist table.  

Rkvdec_Swreg181_colmv
_ref0_base  

0x02d4  W  0x00000000  Ref0 frame colmv base addr.  
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Rkvdec_Swreg182_colmv
_ref1_base  

0x02d8  W  0x00000000  Ref1 frame colmv base addr.  

Rkvdec_Swreg183_colmv
_ref2_base  

0x02dc  W  0x00000000  Ref2 frame colmv base addr.  

Rkvdec_Swreg184_colmv
_ref3_base  

0x02e0  W  0x00000000  Ref3 frame colmv base addr.  

Rkvdec_Swreg185_colmv
_ref4_base  

0x02e4  W  0x00000000  Ref4 frame colmv base addr.  

Rkvdec_Swreg186_colmv
_ref5_base  

0x02e8  W  0x00000000  Ref5 frame colmv base addr.  

Rkvdec_Swreg187_colmv
_ref6_base  

0x02ec  W  0x00000000  Ref6 frame colmv base addr.  

Rkvdec_Swreg188_colmv
_ref7_base  

0x02f0  W  0x00000000  Ref7 frame colmv base addr.  

Rkvdec_Swreg189_colmv
_ref8_base  

0x02f4  W  0x00000000  Ref8 frame colmv base addr.  

Rkvdec_Swreg190_colmv
_ref9_base  

0x02f8  W  0x00000000  Ref9 frame colmv base addr.  

Rkvdec_Swreg191_colmv
_ref10_base  

0x02fc  W  0x00000000  Ref10 frame colmv base addr.  

Rkvdec_Swreg192_colmv
_ref11_base  

0x0300  W  0x00000000  Ref11 frame colmv base addr.  

Rkvdec_Swreg193_colmv
_ref12_base  

0x0304  W  0x00000000  Ref12 frame colmv base addr.  

Rkvdec_Swreg194_colmv
_ref13_base  

0x0308  W  0x00000000  Ref13 frame colmv base addr.  

Rkvdec_Swreg195_colmv
_ref14_base  

0x030c  W  0x00000000  Ref14 frame colmv base addr.  

Rkvdec_Swreg196_colmv
_ref15_base  

0x0310  W  0x00000000  Ref15 frame colmv base addr.  
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Rkvdec_Swreg197_cabact
bl_base  

0x0314  W  0x00000000  
Hevc & H264: The base address 
of cabac table.  

Rkvdec_Swreg224_sta_in
t  

0x0380  W  0x00000000  Decoder status  

Rkvdec_Swreg225_sta_er
r_info  

0x0384  W  0x00000000  Error info status.  

Rkvdec_Swreg226_sta_ca
bac_error_status  

0x0388  W  0x00000000  Cabac error status.  

Rkvdec_Swreg227_sta_co
lmv_error_ref_picidx  

0x038c  W  0x00000000  Colmv error ref picidx.  

Rkvdec_Swreg228_sta_ca
bac_error_ctu_offset  

0x0390  W  0x00000000  Cabac error ctu offset.  

Rkvdec_Swreg229_sta_sa
owr_ctu_offset  

0x0394  W  0x00000000  
When there is any error, it is for 
the position of  sao decode 
output to busifd.  

Rkvdec_Swreg230_sta_sli
ce_dec_num  

0x0398  W  0x00000000  Slice dec num  

Rkvdec_Swreg231_sta_fr
ame_error_ctu_num  

0x039c  W  0x00000000  H264 and hevc error ctu number.  

Rkvdec_Swreg232_sta_er
ror_packet_num  

0x03a0  W  0x00000000  Error packet number  

Rkvdec_Swreg233_sta_er
r_ctu_num_in_roI  

0x03a4  W  0x00000000  The error ctu num in roi.  

Rkvdec_Swreg256_debug
_perf_latency_ctrl0  

0x0400  W  0x00000000  
Axi performance latency module 
contrl register.  

Rkvdec_Swreg257_debug
_perf_latency_ctrl1  

0x0404  W  0x00000000  Debug perf latency ctrl.  

Rkvdec_Swreg258_debug
_perf_rd_max_latency_nu
m  

0x0408  W  0x00000000  Read max latency number.  
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Rkvdec_Swreg259_perf_r
d_latency_samp_num  

0x040c  W  0x00000000  
The number of bigger than 
configed threshold value.  

Rkvdec_Swreg260_debug
_perf_rd_latency_acc_su
m  

0x0410  W  0x00000000  Total sample number.  

Rkvdec_Swreg261_debug
_perf_rd_axi_total_byte  

0x0414  W  0x00000000  The bandwidth of total read bytes.  

Rkvdec_Swreg262_debug
_perf_wr_axi_total_byte  

0x0418  W  0x00000000  
The bandwidth of total write 
bytes.  

Rkvdec_Swreg263_debug
_perf_working_cnt  

0x041c  W  0x00000000  
The total running cycle of current 
frame.  

Rkvdec_Swreg265_debug
_perf_sel  

0x0424  W  0x00000000  Performance montor ctrl.  

Rkvdec_Swreg266_debug
_perf_cnt0  

0x0428  W  0x00000000  Performance count value0.  

Rkvdec_Swreg267_debug
_perf_cnt1  

0x042c  W  0x00000000  Performance count value1.  

Rkvdec_Swreg268_debug
_perf_cnt2  

0x0430  W  0x00000000  Performance count value2.  

Rkvdec_Swreg269_vp9_e
rror_info  

0x0434  W  0x00000000  Performance count value2.  

Rkvdec_Swreg270_debug
_qos_ctrl  

0x0438  W  0x00000000  AXI bus hurry ctrl.  

Rkvdec_Swreg271_debug
_wait_cycle_qos  

0x043c  W  0x00000000  
Hw find sw_wr_wait_cycle_qos 
cycle can't wr to ddr, it will give 
hurry.  

Rkvdec_Swreg272_debug
_int  

0x0440  W  0x00000000  Debug info  

Rkvdec_Swreg273_sta_b_
frame_flag  

0x0444  W  0x00000000  Register0003 Description  
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Rkvdec_Swreg274_pix_ra
nge_y  

0x0448  W  0x00000000  
It will montior current frame max 
or min pix value.  

Rkvdec_Swreg275_pix_ra
nge_u  

0x044c  W  0x00000000  
It will montior current frame max 
or min pix value.  

Rkvdec_Swreg276_pix_ra
nge_v  

0x0450  W  0x00000000  
It will montior current frame max 
or min pix value.  

1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV�  

 

10.5.7 9'38����'HWDLO�5HJLVWHUV�'HVFULSWLRQ�  
5NYGHFB6ZUHJ�BLG�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:16   RO   0x0000  
Prod_num 

Prod code 

15:8   RO   0x00  
Major_ver 

Major verision 

7:0   RO   0x00  
Minor_ver 

Minor version 

 
 
5NYGHFB6ZUHJ�BLQBRXW�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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Bit  Attr  Reset Value  Description  

31:10   RO   0x0  reserved 

9   RW   0x0  

Sw_out_swap64_e 

May be used for 64 or 128 bit environment. 

1'b0: No swapping of 64 bit words. 

1'b1: 64 bit data words are swapped. 

8   RW   0x0  

Sw_out_cbcr_swap 

1'b0: Cb(u) is in the lower address, cr(v) is in the higher address. 

1'b1: Cb(u) is in the higher address,cr(v) is in the lower address. 

Sw_in_cbcr_swap is the same with sw_out_cbcr_swap. 

7   RW   0x0  

Sw_out_swap32_e 

May be used for 64 or 128 bit environment. 

1'b0: No swapping of 32 bit words. 

1'b1: 32 bit data words are swapped. 

6   RW   0x0  

Sw_out_endian 

1'b0: Little endian 

1'b1: Big endian 

For litter enadian, a data 0x12345678, 0x78 is stored in lower 
address, 0x12 is stored in higher address. 

5   RW   0x0  

Sw_str_swap64_e 

May be used for 128 bit environment. 

1'b0: No swapping of 64 bit words. 

1'b1: 64 bit data words are swapped. 

4   RW   0x0  

Sw_str_swap32_e 

May be used for 64 or 128 bit environment. 

1'b0: No swapping of 32 bit words 

1'b1: 32 bit data words are swapped. 
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3   RW   0x0  

Sw_str_endian 

1'b0: Little endian 

1'b1: Big endian 

For litter enadian, a data 0x12345678, 0x78 is stored in lower 
address, 0x12 is stored in higher address. 

2   RW   0x0  

Sw_in_swap64_e 

May be used for 128 bit environment. 

1'b0: No swapping of 64 bit words. 

1'b1: 64 bit data words are swapped. 

1   RW   0x0  

Sw_in_swap32_e 

May be used for 64 or 128 bit environment. 

1'b0: No swapping of 32 bit words. 

1'b1: 32 bit data words are swapped. 

0   RW   0x0  

Sw_in_endian 

1'b0: Little endian 

1'b1: Big endian 

For litter enadian, a data 0x12345678, 0x78 is stored in lower 
address, 0x12 is stored in higher address. 

 
 
5NYGHFB6ZUHJ�BGHFBPRGH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:10   RO   0x0  reserved 

9:0   RW   0x000  

Sw_dec_mode 

10'd0: Hevc 

10'd1: H264 

10'd2: Vp9 

10'd3: Avs2 

Other: reversed 

 
 
5NYGHFB6ZUHJ��BGHFBH�  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
Bit  Attr  Reset Value  Description  

31:1   RO   0x0  reserved 

0   RW   0x0  

Sw_dec_e 

Decoder enable. Setting this bit high will start the decoding 
operation. HW will reset this when the picture is decoded ready or 
bus error or time out interrupt is given for all decode format. 

HW will reset this when picture is processed stream error for vp9 
& hevc & (h264 when sw_h264_error_mode is 1'b0). 

 
 
5NYGHFB6ZUHJ��BLPSRUWDQWBHQ�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
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Bit  Attr  Reset Value  Description  

31:25   RO   0x0  reserved 

24   RW   0x0  

sw_pix_range_det_e 

1'b0: pix range detect disable 

1'b1: pix range detect enable 

23:22   RO   0x0  reserved 

21   RW   0x0  

Sw_force_softreset_valid 

When sw_force_softreset_valid is 1'b1, sw_softrst_en will always  
be valid to the system no matter that whether the axi bus is idle. 

When sw_force_softreset_valid is 1'b0, sw_softrst_en will only be 
valid when the axi bus is idle. 

We suggest such bit always be config to 0 except when soft want 
to force reset. 

20   RW   0x0  

Sw_softrst_en_p 

Softreset enable signal, write 1 to soft reset, write 0 invalid, puls 
register. 

19:11   RO   0x0  reserved 

10   RW   0x0  

Sw_dec_e_rewrite_valid 

Sw_dec_e rewrite valid signal, maybe for only when buffer 
empty, restart the decoder use. 

9:7   RO   0x0  reserved 

6   RW   0x0  
Sw_buf_empty_en 

Buffer empty interrupt enable, now is for no use. 

5   RW   0x0  

Sw_dec_timeout_e 

If enabled HW may return timeout interrupt in case HW gets 
stucked while decoding picture. 

4   RW   0x0  

Sw_dec_irq_dis 

When hight, there are no interrupts concerning decoder from HW. 
Polling must be used to see the interrupt status. 
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3   RO   0x0  reserved 

2   RW   0x0  

Sw_dec_e_strmd_clkgate_dis 

In streamd module, there contains HEVC, H264, VP9, AVS2 
modules, when it is 1'b1, these modules will no auto clkgate. 

1   RW   0x0  

Sw_dec_clkgate_e 

1'b0: Clock is running for all structures. 

1'b1: Clock is gated for decoder structures that are not used. 

0   RO   0x0  reserved   

 
 
5NYGHFB6ZUHJ��BVHQFRGDU\BHQ�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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Bit  Attr  Reset Value  Description  

31:9   RO   0x0  reserved 

8   RW   0x0  

Sw_scanlist_addr_valid_en 

1'b0 : Scanlsit addr get from pps table. 

1'b1 : Scanlist addr get from config. 

7   RW   0x0  

Sw_wait_reset_en 

1'b0: Hardware will auto reset when error occur. 

1'b1: Wait software process reset when error occur. 

6   RW   0x0  

Sw_collect_info_en 

1'b0: Disable 

1'b1: Enable 

5   RW   0x0  

Sw_error_info_en 

1'b0: Disable 

1'b1: Enable 

4   RW   0x0  
Sw_buspr_slot_disable 

1'b1: Bus prefetch slot manage disable. 

3   RO   0x0  reserved 

2   RW   0x0  

Sw_fbc_e 

1'b0: Fbc disable 

1'b1: Fbc enable 

1   RW   0x0  

Sw_colmv_compress_en 

1'b0: Disable 

1'b1: Enable 

0   RW   0x0  
Sw_wr_ddr_align_en 

1'b1: Set to 1 only when hevc mode decoder. 

 
 
5NYGHFB6ZUHJ��BHQBPRGHBVHW�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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Bit  Attr  Reset Value  Description  

31   RW   0x0  

sw_filter_outbuf_mode 

active at sw_fbc_e=1 

0: fbchead write ddr with 64byte align 

1: fbchead write ddr not almost 64byte align 

30   RO   0x0  reserved 

29   RW   0x0  

sw_rd_ctrl_prior_mode 

1'b0 : rcb data prior higher than referance data 

1'b1 : rcb data prior lower than referance data 

28   RW   0x0  

sw_rd_prior_mode 

1'b0 : used default mode 

1'b1 : used ctrl mode 

27:25   RO   0x0  reserved 

24   RW   0x0  
Sw_cur_pic_is_idr 

All frame is I frame flag. 

23:22   RO   0x0  reserved 

21   RW   0x0  

Sw_ycacherd_prior 

1'b0: Y cacherd prior is higher than uv. 

1'b1: Y cache prior is equal than uv. 

Fbc mode: Sw_head_prior_high_en. 

1'b0: Fbc head fetch data prior normal. 

1'b1: Fbc head fetch data prior high. 

20:19   RO   0x0  reserved 
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18   RW   0x0  

Sw_error_mode 

For H264/hevc/avs2: 

1'b0: When there is any error, the hardware will stop the decoder 
and reset itself. 

1'b1: When there is any error, the hardware will wait the end 
signal of deblocking and then reset request. 

It is recommend that when vp9, it is configed to 1'b0. 

17:16   RO   0x0  reserved 

15   RW   0x0  

Sw_colmv_error_mode 

1'b0: When there is any colmv error, the hardware will stop the 
decoder and reset itself. 

1'b1: When there is any colmv error, the hardware will wait the 
end signal of deblocking and then reset itself. 

14:13   RO   0x0  reserved 

12   RW   0x0  

Sw_allow_not_wr_unref_bframe 

1'b1: If dec not referance b frame, will not write to ddr. 

If wan't to set this bit to 1, should set sw_scl_down_en=1 also. 

It only used in hevc and unsupport tile mode. 

11:10   RO   0x0  reserved 

9   RW   0x0  

Sw_h26x_streamd_error_mode 

1'b0: When there is any stream error, the streamd will stop the 
decoder and reset itself. 

1'b1: When there is any stream error, the streamd will try to 
decode next slice. 

8:7   RO   0x0  reserved 
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6   RW   0x0  

Sw_stmerror_waitdecfifo_empty 

When it is 1'b0, the stream error process will no wait the 
ca2decfifo empty; when it is 1'b1, the stream error process will 
wait the ca2decfifo  empty, when sw_dec_mode is HEVC and 
VP9.  

It always take effect. When sw_dec_mode is H264.  

It only take effect, when sw_h264_error_mode is 1'b0. 

5:4   RO   0x0  reserved 

3   RW   0x0  

Sw_dec_commonirq_mode 

1'b0: In H264 and vp9 mode, the interrrupt  will wait strmd end 
pulse. 

1'b1: In H264 and vp9 mode, the interrupt  will not wait strmd 
end plus. 

2:1   RO   0x0  reserved 

0   RW   0x0  

Sw_timeout_mode 

Timeout mode select. 

1'b0: Time_cycles is 241'b1. 

1'b1: Time_cycles is 181'b1. 

 
 
5NYGHFB6ZUHJ��BIEFBSDUDPBVHW�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �566 

Bit  Attr  Reset Value  Description  

31:7   RO   0x0  reserved 

6   RW   0x0  

Sw_fbc_h264_exten_4or8_flag 

It was h264 mbaff flag. 

1'b0: Not mabff 

1'b1: Mabff 

5:4   RO   0x0  reserved 

3   RW   0x0  

Sw_allow_16x8_cp_flag 

1'b0: Not allow  

1'b1: Allow 

The config value is depend on vop work mode. 

2:1   RO   0x0  reserved 

0   RW   0x0  

Sw_fbc_force_uncompress 

1'b0: Allow fbce compress yuv block. 

1'b1: Force all yuv block use uncompress mode. 

 
 
5NYGHFB6ZUHJ��BVWUHDPBSDUDPBVHW�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
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Bit  Attr  Reset Value  Description  

31:12   RO   0x0  reserved 

11:5   RW   0x00  

Sw_strm_start_bit 

Exact bit of streamd start word where decoding can be started 
(asosiates with sw_str_rlc_base). 

4:2   RO   0x0  reserved 

1   RW   0x0  

Sw_rlc_mode 

1'b0: Hw decodes video from bit stream. 

1'b1: Hw decodes video from RLC input data. 

0   RW   0x0  

Sw_rlc_mode_direct_write 

Cabac decode output direct write enable. 

When this bit is enable, all the module other than cabac and 
busifd are not work. 

 
 
5NYGHFB6ZUHJ��BVWUHDPBOHQ�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  

Sw_stream_len 

Amount of stream 8bits in the input buffer, byte unitL. 

The max of sw_stream_len: min(65536x65536x1.5x1.5,4G) = 
4G. 

 
 
5NYGHFB6ZUHJ��BVOLFHBQXPEHU�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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Bit  Attr  Reset Value  Description  

31:25   RO   0x0  reserved 

24:0   RW   0x0000000  

Sw_slice_num 

Hevc: Slice number in a frame (0~199, when it is 0, it real 
means 1 slice in a frame), just only used for rps read. 

The meaning from count from 1, so it will be in 1~200. 

H264: Slice number in a frame (0~4095, when it is 1, it real 
means 1 slice in a frame). 

Vp9: No use. 

 
 
5NYGHFB6ZUHJ��B\BKRUBVWULGH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:16   RO   0x0  reserved 

15:0   RW   0x0000  

Sw_y_hor_virstride 

Picture horizontal virtual stride (the unit is 128bit). 

The max is (4096x1.5 + 128) /16 = 0x188. 

Suggest this register to config to even for advance ddr 
performance. 

Fbc mode: Used for head hor virstirde. 

2015.10.23, change from 9 bit to 10bit. 

 
 
5NYGHFB6ZUHJ��BXYBKRUBVWULGH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  

31:16   RO   0x0  reserved 

15:0   RW   0x0000  

Sw_uv_hor_virstride 

Picture horizontal virtual stride (the unit is 128bit). 

The max is (4096x1.5 + 128) /16 = 0x188. 

Suggest this register to config to even for advance ddr 
performance. 

 
 
5NYGHFB6ZUHJ��B\BVWULGH�  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
Bit  Attr  Reset Value  Description  

31:28   RO   0x0  reserved 

27:0   RW   0x0000000  

Sw_y_virstride 

The output picture y virtual stride (the unit is 128bit). 

The max:min( (65536x1.5 +128) x 65536,4G) = 4G. 

We can know the sw_uvout_base = sw_decout_base + 
(sw_y_virstride <<4). 

2015.10.23, change from 20bits to 21bits. 

 
 
5NYGHFB6ZUHJ��BIEFBSD\ORDGBRIIVHW�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:4   RW   0x0000000  

Sw_fbc_payload_base_addr 

The offset should be 128bit align. 

[Note]: The payload will be store in the base: Sw_decout_base + 
Sw_payload_st_offset. 

3:0   RO   0x0  reserved   

 
 
5NYGHFB6ZUHJ��BHUURUBFWUOBVHW�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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Bit  Attr  Reset Value  Description  

31:25   RO   0x0  reserved 

24   RW   0x0  

Sw_roi_error_ctu_cal_en 

1'b0: Disable 

1'b1: Enable 

23:8   RO   0x0  reserved 

7:3   RW   0x00  

Sw_picidx_replace 

Hevc: 

[4:1]: Default pic idx 

[0]: Invalid 

H264: 

[4:1]: Default pic idx 

[0]: Field mode, 0 is top field. 

2   RW   0x0  

Sw_error_deb_en 

1'b0: Disable 

1'b1: Enable 

Only valid when sw_error_prc_intra_mode_sel = 1'b1. 

1   RW   0x0  

Sw_error_intra_mode 

1'b0: Use inter mode to proc error ctu. 

1'b1: Use intra mode to proc error ctu. 

0   RW   0x0  

Sw_inter_error_prc_mode 

1'b0: Mv used pred. 

1'b1: Mv=0, and sw_error_ref_base will be used. 

 
 
5NYGHFB6ZUHJ��BHUUBURLBFWXBRIIVHWBVWDUW�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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Bit  Attr  Reset Value  Description  

31:28   RO   0x0  reserved 

27:16   RW   0x000  
Sw_roi_y_ctu_offset_st 

The start offset of ctu_y when roi check. 

15:12   RO   0x0  reserved 

11:0   RW   0x000  
Sw_roi_x_ctu_offset_st 

The start offset of ctu_x when roi check. 

 
 
5NYGHFB6ZUHJ��BHUUBURLBFWXBRIIVHWBHQG�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  

31:28   RO   0x0  reserved 

27:16   RW   0x000  
Sw_roi_y_ctu_offset_end 

The end offset of ctu_y when roi check. 

15:12   RO   0x0  reserved 

11:0   RW   0x000  
Sw_roi_x_ctu_offset_end 

The end offset of ctu_x when roi check. 

 
 
5NYGHFB6ZUHJ��BFDEDFBHUURUBHQBORZELWV�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  
Sw_cabac_error_en_lowbits 

Cabac error enable config. 

 
 
5NYGHFB6ZUHJ��BFDEDFBHUURUBHQBKLJKELWV�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:30   RO   0x0  reserved 

29:0   RW   0x00000000  
Sw_cabac_error_en_highbits 

Cabac error enable high bits config. 
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5NYGHFB6ZUHJ��BEORFNBJDWLQJBHQ�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31   RW   0x0  
Sw_reg_cfg_gating_en 

Field0000 Description 

30:20   RO   0x0  reserved 

19:16   RW   0x0  

Sw_block_gating_en_level2 

Every bits: 

1'b0: Disable 

1'b1: Enable auto gating 

15:0   RW   0x0000  
sw_block_gating_en 

Block gating enable ctrl flag. 

 
 
5NYGHFB6ZUHJ��BYS�BVHW�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:16   RO   0x0  reserved 

15:0   RW   0x0000  

Sw_vp9_cprheader_offset 

Vp9 compressed header offset, at most 2000 probs, 10bit per 
prob, 20000 bit at most. 

Now is for no use, because it can read from the last syntax of the 
uncompressed header. 

 
 
5NYGHFB6ZUHJ��BK��[BVHW�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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Bit  Attr  Reset Value  Description  

31:5   RO   0x0  reserved 

4   RW   0x0  

Sw_h264_first_slice_flag 

1'b1: First packet in the frame, for h264 decode to read rps/pps 
data, 

because the first_mb_in_slice may be wrong, so need this 
syntax. 

3   RW   0x0  

Sw_h26x_stream_lastpacket 

When sw_h26x_stream_mode is 1'b1, 
sw_h26x_stream_lastpacket. 

1'b0: This packet is not the last packet of frame. 

1'b1: The packet is the last packet of frame. 

2   RW   0x0  

Sw_h26x_stream_mode 

1'b0: Stream packet is slice by slice or frame by frame, should 
use sw_h26x_frame_orslice. 

1'b1: Stream packet is random, should use 
sw_h26x_stream_last. 

1   RW   0x0  

Sw_h26x_rps_mode 

1'b0: Hardware parse rps mode. 

1'b1: Software parse rps mode. 

0   RW   0x0  

Sw_h26x_frame_orslice 

For H26x use 

1'b0: Frame 

1'b1: Slice 

When sw_h26x_streamd_mode is 1'b0, this register is valid. 

 
 
5NYGHFB6ZUHJ��BFXUBSRF�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  

Sw_cur_poc 

The poc of the cur picture. 

For H264, it may be cur frame poc or cur top field poc. 

 
 
5NYGHFB6ZUHJ��BK���BFXUBSRF��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  
Sw_h264_cur_poc1 

H264 cur poc for bottom field. 

 
 
5NYGHFB6ZUHJ��BYS�BVHJLGBJUS��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
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Bit  Attr  Reset Value  Description  

31:23   RO   0x0  reserved 

22   RW   0x0  
Sw_vp9segid0_frame_skip_en 

Frame skip feature enable. 

21:20   RW   0x0  

Sw_vp9segid0_referinfo 

Specifies segment i's reference_info which is used to get 
ref_frame[0]. 

19   RW   0x0  
Sw_vp9segid0_referinfo_en 

Frame reference info enable. 

18:12   RW   0x00  

Sw_vp9segid0_frame_loopfilter_value 

Specifies segment i's loopfilter_delta value which is used to 
calculate filter level. 

11   RW   0x0  
Sw_vp9segid0_frame_loopfitler_value_en 

Frame_loopfilter_value feature enable. 

10:2   RW   0x000  

Sw_vp9segid0_frame_qp_delta 

Specifies segment i's qp_delta value which is used to calculate 
y_dequant and uv_dequant. 

1   RW   0x0  
Sw_vp9segid0_frame_qp_delta_en 

Frame_qp_delta feature enable. 

0   RW   0x0  
Sw_vp9segid_abs_delta 

Used to decide quant and loopfilter param. 

 
 
5NYGHFB6ZUHJ��BUHI�BSRF�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  
Sw_refer0_poc 

Hevc & h264 & avs2: The poc of reference picture index 0. 

 
 
5NYGHFB6ZUHJ��BYS�BVHJLGBJUS��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �576 

Bit  Attr  Reset Value  Description  

31:23   RO   0x0  reserved 

22   RW   0x0  
Sw_vp9segid1_frame_skip_en 

Frame skip feature enable. 

21:20   RW   0x0  

Sw_vp9segid1_referinfo 

Specifies segment i's reference_info which is used to get 
ref_frame[0]. 

19   RW   0x0  
Sw_vp9segid1_referinfo_en 

Frame reference info enable. 

18:12   RW   0x00  

Sw_vp9segid1_frame_loopfilter_value 

Specifies segment i's loopfilter_delta value which is used to 
calculate filter level. 

11   RW   0x0  
Sw_vp9segid1_frame_loopfitler_value_en 

Frame_loopfilter_value feature enable. 

10:2   RW   0x000  

Sw_vp9segid1_frame_qp_delta 

Specifies segment i's qp_delta value which is used to calculate 
y_dequant and uv_dequant. 

1   RW   0x0  
Sw_vp9segid1_frame_qp_delta_en 

Frame_qp_delta feature enable. 

0   RO   0x0  reserved   

 
 
5NYGHFB6ZUHJ��BUHI�BSRF�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  
Sw_refer1_poc 

Hevc & h264 & avs2: The poc of reference picture index 1. 

 
 
5NYGHFB6ZUHJ��BYS�BVHJLGBJUS��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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Bit  Attr  Reset Value  Description  

31:23   RO   0x0  reserved 

22   RW   0x0  
Sw_vp9segid2_frame_skip_en 

Frame skip feature enable. 

21:20   RW   0x0  

Sw_vp9segid2_referinfo 

Specifies segment i's reference_info which is used to get 
ref_frame[0]. 

19   RW   0x0  
Sw_vp9segid2_referinfo_en 

Frame reference info enable. 

18:12   RW   0x00  

Sw_vp9segid2_frame_loopfilter_value 

Specifies segment i's loopfilter_delta value which is used to 
calculate filter level. 

11   RW   0x0  
Sw_vp9segid2_frame_loopfitler_value_en 

Frame_loopfilter_value feature enable. 

10:2   RW   0x000  

Sw_vp9segid2_frame_qp_delta 

Specifies segment i's qp_delta value which is used to calculate 
y_dequant and uv_dequant. 

1   RW   0x0  
Sw_vp9segid2_frame_qp_delta_en 

Frame_qp_delta feature enable. 

0   RO   0x0  reserved   

 
 
5NYGHFB6ZUHJ��BUHI�BSRF�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  
Sw_refer2_poc 

Hevc & h264 & avs2: The poc of reference picture index 2. 

 
 
5NYGHFB6ZUHJ��BYS�BVHJLGBJUS��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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Bit  Attr  Reset Value  Description  

31:23   RO   0x0  reserved 

22   RW   0x0  
Sw_vp9segid3_frame_skip_en 

Frame skip feature enable. 

21:20   RW   0x0  

Sw_vp9segid3_referinfo 

Specifies segment i's reference_info which is used to get 
ref_frame[0]. 

19   RW   0x0  
Sw_vp9segid3_referinfo_en 

Frame reference info enable. 

18:12   RW   0x00  

Sw_vp9segid3_frame_loopfilter_value 

Specifies segment i's loopfilter_delta value which is used to 
calculate filter level. 

11   RW   0x0  
Sw_vp9segid3_frame_loopfitler_value_en 

Frame_loopfilter_value feature enable. 

10:2   RW   0x000  

Sw_vp9segid3_frame_qp_delta 

Specifies segment i's qp_delta value which is used to calculate 
y_dequant and uv_dequant. 

1   RW   0x0  
Sw_vp9segid3_frame_qp_delta_en 

Frame_qp_delta feature enable. 

0   RO   0x0  reserved   

 
 
5NYGHFB6ZUHJ��BUHI�BSRF�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  
Sw_refer3_poc 

Hevc & h264 & avs2: The poc of reference picture index 3. 

 
 
5NYGHFB6ZUHJ��BYS�BVHJLGBJUS��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �579 

Bit  Attr  Reset Value  Description  

31:23   RO   0x0  reserved 

22   RW   0x0  
Sw_vp9segid4_frame_skip_en 

Frame skip feature enable. 

21:20   RW   0x0  

Sw_vp9segid4_referinfo 

Specifies segment i's reference_info which is used to get 
ref_frame[0]. 

19   RW   0x0  
Sw_vp9segid4_referinfo_en 

Frame reference info enable. 

18:12   RW   0x00  

Sw_vp9segid4_frame_loopfilter_value 

Specifies segment i's loopfilter_delta value which is used to 
calculate filter level. 

11   RW   0x0  
Sw_vp9segid4_frame_loopfitler_value_en 

Frame_loopfilter_value feature enable. 

10:2   RW   0x000  

Sw_vp9segid4_frame_qp_delta 

Specifies segment i's qp_delta value which is used to calculate 
y_dequant and uv_dequant. 

1   RW   0x0  
Sw_vp9segid4_frame_qp_delta_en 

Frame_qp_delta feature enable. 

0   RO   0x0  reserved   

 
 
5NYGHFB6ZUHJ��BUHI�BSRF�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  
Sw_refer4_poc 

Hevc & h264 & avs2: The poc of reference picture index 4. 

 
 
5NYGHFB6ZUHJ��BYS�BVHJLGBJUS��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �580 

Bit  Attr  Reset Value  Description  

31:23   RO   0x0  reserved 

22   RW   0x0  
Sw_vp9segid5_frame_skip_en 

Frame skip feature enable. 

21:20   RW   0x0  

Sw_vp9segid5_referinfo 

Specifies segment i's reference_info which is used to get 
ref_frame[0]. 

19   RW   0x0  
Sw_vp9segid5_referinfo_en 

Frame reference info enable. 

18:12   RW   0x00  

Sw_vp9segid5_frame_loopfilter_value 

Specifies segment i's loopfilter_delta value which is used to 
calculate filter level. 

11   RW   0x0  
Sw_vp9segid5_frame_loopfitler_value_en 

Frame_loopfilter_value feature enable. 

10:2   RW   0x000  

Sw_vp9segid5_frame_qp_delta 

Specifies segment i's qp_delta value which is used to calculate 
y_dequant and uv_dequant. 

1   RW   0x0  
Sw_vp9segid5_frame_qp_delta_en 

Frame_qp_delta feature enable. 

0   RO   0x0  reserved   

 
 
5NYGHFB6ZUHJ��BUHI�BSRF�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  
Sw_refer5_poc 

Hevc & h264 & avs2: The poc of reference picture index 5. 

 
 
5NYGHFB6ZUHJ��BYS�BVHJLGBJUS��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �581 

Bit  Attr  Reset Value  Description  

31:23   RO   0x0  reserved 

22   RW   0x0  
Sw_vp9segid6_frame_skip_en 

Frame skip feature enable. 

21:20   RW   0x0  

Sw_vp9segid6_referinfo 

Specifies segment i's reference_info which is used to get 
ref_frame[0]. 

19   RW   0x0  
Sw_vp9segid6_referinfo_en 

Frame reference info enable. 

18:12   RW   0x00  

Sw_vp9segid6_frame_loopfilter_value 

Specifies segment i's loopfilter_delta value which is used to 
calculate filter level. 

11   RW   0x0  
Sw_vp9segid6_frame_loopfitler_value_en 

Frame_loopfilter_value feature enable. 

10:2   RW   0x000  

Sw_vp9segid6_frame_qp_delta 

Specifies segment i's qp_delta value which is used to calculate 
y_dequant and uv_dequant. 

1   RW   0x0  
Sw_vp9segid6_frame_qp_delta_en 

Frame_qp_delta feature enable. 

0   RO   0x0  reserved   

 
 
5NYGHFB6ZUHJ��BUHI�BSRF�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  
Sw_refer6_poc 

Hevc & h264 & avs2: The poc of reference picture index 6. 

 
 
5NYGHFB6ZUHJ��BYS�BVHJLGBJUS��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �582 

Bit  Attr  Reset Value  Description  

31:23   RO   0x0  reserved 

22   RW   0x0  
Sw_vp9segid7_frame_skip_en 

Frame skip feature enable. 

21:20   RW   0x0  

Sw_vp9segid7_referinfo 

Specifies segment i's reference_info which is used to get 
ref_frame[0]. 

19   RW   0x0  
Sw_vp9segid7_referinfo_en 

Frame reference info enable. 

18:12   RW   0x00  

Sw_vp9segid7_frame_loopfilter_value 

Specifies segment i's loopfilter_delta value which is used to 
calculate filter level. 

11   RW   0x0  
Sw_vp9segid7_frame_loopfitler_value_en 

Frame_loopfilter_value feature enable. 

10:2   RW   0x000  

Sw_vp9segid7_frame_qp_delta 

Specifies segment i's qp_delta value which is used to calculate 
y_dequant and uv_dequant. 

1   RW   0x0  
Sw_vp9segid7_frame_qp_delta_en 

Frame_qp_delta feature enable. 

0   RO   0x0  reserved   

 
 
5NYGHFB6ZUHJ��BUHI�BSRF�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  
Sw_refer7_poc 

Hevc & h264 & avs2: The poc of reference picture index 7. 

 
 
5NYGHFB6ZUHJ��BYS�BLQIRBODVWIUDPH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �583 

Bit  Attr  Reset Value  Description  

31:23   RO   0x0  reserved 

22:20   RW   0x0  
Sw_vp9_color_space_lastkeyframe 

Vp9 last keyframe color_space. 

19   RW   0x0  
Sw_vp9_last_widhheight_eqcur 

Last width and height equal cur frame. 

18   RW   0x0  

Sw_vp9_last_intra_only 

Vp9 last frame intra only flag, to give inter command use. 

It is for last_dec_frame. 

17   RW   0x0  

Sw_vp9_last_showframe 

For cal the flag use_prev_in_find_mv_refs which is to inter cmd. 

It is for last_dec_frame. 

16   RW   0x0  

Sw_segmentation_enable_lstframe 

1'b1: Sw_segmentation_enable for last frame. 

It is for last_dec_frame. 

15:14   RO   0x0  reserved 

13:0   RW   0x0000  

Sw_vp9_mode_deltas_lastframe 

Vp9 mode deltas 

It is for last dec frame. 

 
 
5NYGHFB6ZUHJ��BUHI�BSRF�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  
Sw_refer8_poc 

Hevc & h264: The poc of reference picture index 8. 

 
 
5NYGHFB6ZUHJ��BYS�BFSUKHDGHUBFRQILJ�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �584 

Bit  Attr  Reset Value  Description  

31:5   RO   0x0  reserved 

4:3   RW   0x0  

Sw_vp9_frame_reference_mode 

Frame_reference_mode specifies frame reference mode. 

SINGLE_REFERENCE = 0, 

COMPOUND_REFERENCE = 1, 

REFERENCE_MODE_SELECT = 2, 

REFERENCE_MODES = 3, 

When frame_reference_mode_flag0 is not present ,it equal to 0 
by default. 

When frame_reference_mode_flag1 is not present ,it equal to 0 
by default. 

frame_reference_mode = frame_reference_mode_flag0 == 0 ? 
frame_reference_mode_flag1 == 0 ? 
REFERENCE_MODE_SELECT : COMPOUND_REFERENCE) : 
SINGLE_REFERENCE 

2:0   RW   0x0  

Sw_vp9_tx_mode 

Tx_mode specifies frame transform mode. 

ONLY_4X4 = 0, // only 4x4 transform used. 

ALLOW_8X8 = 1, // allow block transform size up to 8x8. 

ALLOW_16X16 = 2, // allow block transform size up to 16x16. 

ALLOW_32X32 = 3, // allow block transform size up to 32x32. 

TX_MODE_SELECT = 4, // transform specified for each block. 

 
 
5NYGHFB6ZUHJ��BUHI�BSRF�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  
Sw_refer9_poc 

Hevc & h264: The poc of reference picture index 9. 

 
 
5NYGHFB6ZUHJ��BYS�BLQWHUFPGBQXP�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �585 

Bit  Attr  Reset Value  Description  

31:24   RO   0x0  reserved 

23:0   RW   0x000000  

Sw_vp9_intercmd_num 

When rlc_mode is 1'b1, for sw_vp9_intercmd_num. 

It's unit is 128bit. 

It count from 1. 

 
 
5NYGHFB6ZUHJ��BUHI��BSRF�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  
Sw_refer10_poc 

Hevc & h264: The poc of reference picture index 10. 

 
 
5NYGHFB6ZUHJ��BYS�BVWUHDPBVL]H�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  

Sw_vp9_stream_size 

The size of vp9 compressed header and compressed frame data. 

Its unit is byte. 

The real meaning the current frame size. 

 
 
5NYGHFB6ZUHJ��BUHI��BSRF�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  
Sw_refer11_poc 

Hevc & h264: The poc of reference picture index 11. 

 
 
5NYGHFB6ZUHJ��BYS�BODVWIB\BKRUBYLUVWULGH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �586 

Bit  Attr  Reset Value  Description  

31:16   RO   0x0  reserved 

15:0   RW   0x0000  

Sw_vp9_lastfy_hor_virstride 

Vp9 last frame y horizontal virstride. 

2015.10.23, change from 9bits to 10bits. 

For fbc mode: Vp9 head hor stride of last frame. 

 
 
5NYGHFB6ZUHJ��BUHI��BSRF�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  
Sw_refer12_poc 

Hevc & h264: The poc of reference picture index 12. 

 
 
5NYGHFB6ZUHJ��BYS�BODVWIBXYBKRUBYLUVWULGH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:16   RO   0x0  reserved 

15:0   RW   0x0000  

Sw_vp9_lastfuv_hor_virstride 

Vp9 last frame uv horizontal virstride. 

2015.10.23, change from 9bits to 10bits. 

 
 
5NYGHFB6ZUHJ��BUHI��BSRF�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  
Sw_refer13_poc 

Hevc & h264: The poc of reference picture index 13. 

 
 
5NYGHFB6ZUHJ��BYS�BJROGHQIB\BKRUBYLUVWULGH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �587 

Bit  Attr  Reset Value  Description  

31:16   RO   0x0  reserved 

15:0   RW   0x0000  

Sw_vp9_goldenfy_hor_virstride 

Vp9 golden frame y horizontal virstride. 

2015.10.23, change from 9bits to 10bits. 

For fbc mode: Vp9 head hor stride of golden frame. 

 
 
5NYGHFB6ZUHJ��BUHI��BSRF�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  
Sw_refer14_poc 

Hevc & h264: The poc of reference picture index 14. 

 
 
5NYGHFB6ZUHJ��BYS�BJROGHQBXYBKRUBYLUVWULGH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:16   RO   0x0  reserved 

15:0   RW   0x0000  

Sw_vp9_goldenuv_hor_virstride 

Vp9 golden uv horizontal virstirde. 

2015.10.23, change from 9bits to 10bits. 

 
 
5NYGHFB6ZUHJ��BUHI��BSRF�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  

Sw_refer15_poc 

The poc of reference picture index 15. 

Used to hevc for mvc. 

 
 
5NYGHFB6ZUHJ��BYS�BDOWUHIIB\BKRUBYLUVWULGH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �588 

Bit  Attr  Reset Value  Description  

31:16   RO   0x0  reserved 

15:0   RW   0x0000  

Sw_vp9_altreffy_hor_virstride 

Vp9 altref  frame y horizontal virstride. 

2015.10.23, change from 9bits to 10bits. 

For fbc mode: Vp9 head hor stride of after frame. 

 
 
5NYGHFB6ZUHJ��BUHI��BSRF�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  

Sw_refer16_poc 

H264: The poc of reference picture index 16. 

Hevc & vp9: Now is no use. 

 
 
5NYGHFB6ZUHJ��BYS�BDOWUHIIBXYBKRUBYLUVWULGH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:16   RO   0x0  reserved 

15:0   RW   0x0000  

sw_vp9_altreffuv_hor_virstride 

Vp9 altreff uv horizontal virstirde. 

2015.10.23, change from 9bits to 10bits. 

 
 
5NYGHFB6ZUHJ��BUHI��BSRF�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  

Sw_refer17_poc 

H264: The poc of reference picture index 17. 

Hevc & vp9: Now is no use. 

 
 
5NYGHFB6ZUHJ��BYS�BODVWIB\BYLUVWULGH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �589 

Bit  Attr  Reset Value  Description  

31:28   RO   0x0  reserved 

27:0   RW   0x0000000  

Sw_vp9_lastfy_virstride 

Vp9 last frame y stride. 

2015.10.23, change from 20bits to 21bits. 

 
 
5NYGHFB6ZUHJ��BUHI��BSRF�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  

Sw_refer18_poc 

H264: The poc of reference picture index 18. 

Hevc & vp9: Now is no use. 

 
 
5NYGHFB6ZUHJ��BYS�BJROGHQB\BYLUVWULGH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:28   RO   0x0  reserved 

27:0   RW   0x0000000  

Sw_vp9_goldeny_virstride 

Vp9 golden frame y stride. 

2015.10.23, change from 20bits to 21bits. 

 
 
5NYGHFB6ZUHJ��BUHI��BSRF�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  

Sw_refer19_poc 

H264: The poc of reference picture index 19. 

Hevc & vp9: Now is no use. 

 
 
5NYGHFB6ZUHJ��BYS�BDOWUHIB\BYLUVWULGH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �590 

Bit  Attr  Reset Value  Description  

31:28   RO   0x0  reserved 

27:0   RW   0x0000000  

Sw_vp9_altrefy_virstride 

Vp9 altref frame y stride. 

Change from 20bits to 21bits. 

 
 
5NYGHFB6ZUHJ��BUHI��BSRF�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  

Sw_refer20_poc 

H264: The poc of reference picture index 20. 

Hevc & vp9: Now is no use. 

 
 
5NYGHFB6ZUHJ��BYS�BOUHIBKRUBVFDOH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:16   RO   0x0  reserved 

15:0   RW   0x0000  

Sw_vp9_lref_hor_scale 

Horizontal scaling factor for last reference picture. 

Sw_vp9_lref_hor_scale = (last_ref_width / cur_width) * 0x4000. 

 
 
5NYGHFB6ZUHJ��BUHI��BSRF�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  

Sw_refer21_poc 

H264: The poc of reference picture index 21. 

Hevc & vp9: Now is no use. 

 
 
5NYGHFB6ZUHJ��BYS�BOUHIBYHUBVFDOH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �591 

Bit  Attr  Reset Value  Description  

31:16   RO   0x0  reserved 

15:0   RW   0x0000  
Sw_vp9_lref_ver_scale 

Vertical scaling factor for last reference picture. 

 
 
5NYGHFB6ZUHJ��BUHI��BSRF�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  

Sw_refer22_poc 

H264: The poc of reference picture index 22. 

Hevc & vp9: Now is no use. 

 
 
5NYGHFB6ZUHJ��BYS�BJUHIBKRUBVFDOH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:16   RO   0x0  reserved 

15:0   RW   0x0000  

Sw_vp9_gref_hor_scale 

Horizontal scaling factor for golden reference picture. 

Sw_vp9_gref_hor_scale = (golden_ref_width / cur_width) * 
0x4000. 

 
 
5NYGHFB6ZUHJ��BUHI��BSRF�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  

Sw_refer23_poc 

H264: The poc of reference picture index 23. 

Hevc & vp9: Now is no use. 

 
 
5NYGHFB6ZUHJ��BYS�BJUHIBYHUBVFDOH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �592 

Bit  Attr  Reset Value  Description  

31:16   RO   0x0  reserved 

15:0   RW   0x0000  
Sw_vp9_gref_ver_scale 

Vertical scaling factor for golden reference picture. 

 
 
5NYGHFB6ZUHJ��BUHI��BSRF�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  

Sw_refer24_poc 

H264: The poc of reference picture index 24. 

Hevc & vp9: Now is no use. 

 
 
5NYGHFB6ZUHJ��BYS�BDUHIBKRUBVFDOH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:16   RO   0x0  reserved 

15:0   RW   0x0000  

Sw_vp9_aref_hor_scale 

Horizontal scaling factor for alfter reference picture. 

Sw_vp9_gref_hor_scale = (alfter_ref_width / cur_width) * 
0x4000. 

 
 
5NYGHFB6ZUHJ��BUHI��BSRF�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  

Sw_refer25_poc 

H264: The poc of reference picture index 25. 

Hevc & vp9: Now is no use. 

 
 
5NYGHFB6ZUHJ��BYS�BDUHIBYHUBVFDOH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �593 

Bit  Attr  Reset Value  Description  

31:16   RO   0x0  reserved 

15:0   RW   0x0000  
Sw_vp9_aref_ver_scale 

Vertical scaling factor for alfter reference picture. 

 
 
5NYGHFB6ZUHJ��BUHI��BSRF�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  

Sw_refer26_poc 

H264: The poc of reference picture index 26. 

Hevc & vp9: Now is no use. 

 
 
5NYGHFB6ZUHJ��BYS�BUHIBGHOWDVBODVWIUDPH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:28   RO   0x0  reserved 

27:0   RW   0x0000000  
Sw_vp9_ref_deltas_lastframe 

Vp9 ref deltas of lastframe, for cal loopfilter filter type use. 

 
 
5NYGHFB6ZUHJ��BUHI��BSRF�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  

Sw_refer27_poc 

H264: The poc of reference picture index 27. 

Hevc & vp9: Now is no use. 

 
 
5NYGHFB6ZUHJ��BUHI��BSRF�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  

Sw_refer28_poc 

H264: The poc of reference picture index 28. 

Hevc & vp9: Now is no use. 

 
 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �594 

5NYGHFB6ZUHJ��BUHI��BSRF�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  

Sw_refer29_poc 

H264: The poc of reference picture index 29. 

Hevc & vp9: Now is no use. 

 
 
5NYGHFB6ZUHJ��BUHI��BSRF�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  

Sw_refer30_poc 

H264: The poc of reference picture index 30. 

Hevc & vp9: Now is no use. 

 
 
5NYGHFB6ZUHJ��BUHI��BSRF�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  

Sw_refer31_poc 

H264: The poc of reference picture index 31. 

Hevc & vp9: Now is no use. 

 
 
5NYGHFB6ZUHJ��BKHYFBUHIBYDOLG�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �595 

Bit  Attr  Reset Value  Description  

31:27   RO   0x0  reserved 

26   RW   0x0  
Sw_hevc_ref_valid_14 

Valid flag for picture index 14. 

25   RW   0x0  
Sw_hevc_ref_valid_13 

Valid flag for picture index 13. 

24   RW   0x0  
Sw_hevc_ref_valid_12 

Valid flag for picture index 12. 

23:20   RO   0x0  reserved 

19   RW   0x0  
Sw_hevc_ref_valid_11 

Valid flag for picture index 11. 

18   RW   0x0  
Sw_hevc_ref_valid_10 

Valid flag for picture index 10. 

17   RW   0x0  
Sw_hevc_ref_valid_9 

Valid flag for picture index 9. 

16   RW   0x0  
Sw_hevc_ref_valid_8 

Valid flag for picture index 8. 

15:12   RO   0x0  reserved 

11   RW   0x0  
Sw_hevc_ref_valid_7 

Valid flag for picture index 7. 

10   RW   0x0  
Sw_hevc_ref_valid_6 

Valid flag for picture index 6. 

9   RW   0x0  
Sw_hevc_ref_valid_5 

Valid flag for picture index 5. 

8   RW   0x0  
Sw_hevc_ref_valid_4 

Valid flag for picture index 4. 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �596 

7:4   RO   0x0  reserved 

3   RW   0x0  
Sw_hevc_ref_valid_3 

Valid flag for picture index 3. 

2   RW   0x0  
Sw_hevc_ref_valid_2 

Valid flag for picture index 2. 

1   RW   0x0  
Sw_hevc_ref_valid_1 

Valid flag for picture index 1. 

0   RW   0x0  
Sw_hevc_ref_valid_0 

Valid flag for picture index 0. 

 
 
5NYGHFB6ZUHJ��BK���BUHJ�B�BLQIR�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �597 

Bit  Attr  Reset Value  Description  

31:28   RO   0x0  reserved 

27   RW   0x0  
Sw_ref3_colmv_use_flag 

Ref3 colmv use flag. 

26   RW   0x0  
Sw_ref3_botfield_used 

Ref3 bottom field is used, the same meaning with ref_valid. 

25   RW   0x0  
Sw_ref3_topfield_used 

Ref3 top field is used, the same meaning with ref_valid. 

24   RW   0x0  

Sw_ref3_field 

1'b0: Frame 

1'b1: Field 

23:20   RO   0x0  reserved 

19   RW   0x0  
Sw_ref2_colmv_use_flag 

Ref2 colmv use flag. 

18   RW   0x0  
Sw_ref2_botfield_used 

Ref2 bottom field is used, the same meaning with ref_valid. 

17   RW   0x0  
Sw_ref2_topfield_used 

Ref2 top field is used, the same meaning with ref_valid. 

16   RW   0x0  

Sw_ref2_field 

1'b0: Frame 

1'b1: Field 

15:12   RO   0x0  reserved 

11   RW   0x0  
Sw_ref1_colmv_use_flag 

Ref1 colmv use flag. 

10   RW   0x0  
Sw_ref1_botfield_used 

Ref1 bottom field is used, the same meaning with ref_valid. 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �598 

9   RW   0x0  
Sw_ref1_topfield_used 

Ref1 top field is used, the same meaning with ref_valid. 

8   RW   0x0  

Sw_ref1_field 

1'b0: Frame 

1'b1: Field 

7:4   RO   0x0  reserved 

3   RW   0x0  
Sw_ref0_colmv_use_flag 

Ref0 colmv use flag. 

2   RW   0x0  
Sw_ref0_botfield_used 

Ref0 bottom field is used, the same meaning with ref_valid. 

1   RW   0x0  
Sw_ref0_topfield_used 

Ref0 top field is used, the same meaning with ref_valid. 

0   RW   0x0  

Sw_ref0_field 

1'b0: Frame 

1'b1: Field 

 
 
5NYGHFB6ZUHJ��BDYV�BUHJ�B�BLQIR�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �599 

Bit  Attr  Reset Value  Description  

31:28   RO   0x0  reserved 

27   RW   0x0  

Sw_ref3_valid_flag 

Reference picture3 used flag. 

1'b0: Not be valid 

1'b1: Be valid 

26   RW   0x0  

Sw_ref3_botfield_used 

Refer3 is bottow field flag. 

1'b0: Top field flag 

1'b1: Bottom field flag 

25   RO   0x0  reserved 

24   RW   0x0  

Sw_ref3_field 

1'b0: Frame 

1'b1: Field 

23:20   RO   0x0  reserved 

19   RW   0x0  

Sw_ref2_valid_flag 

Reference picture2 used flag. 

1'b0: Not be valid 

1'b1: Be valid 

18   RW   0x0  

Sw_ref2_botfield_used 

Refer2 is bottow field flag. 

1'b0: Top field flag 

1'b1: Bottom field flag 

17   RO   0x0  reserved 

16   RW   0x0  

Sw_ref2_field 

1'b0: Frame 

1'b1: Field 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �600 

15:12   RO   0x0  reserved 

11   RW   0x0  

Sw_ref1_valid_flag 

Reference picture1 used flag. 

1'b0: Not be valid 

1'b1: Be valid 

10   RW   0x0  

Sw_ref1_botfield_used 

Refer1 is bottow field flag. 

1'b0: Top field flag 

1'b1: Bottom field flag 

9   RO   0x0  reserved 

8   RW   0x0  

Sw_ref1_field 

1'b0: Frame 

1'b1: Field 

7:4   RO   0x0  reserved 

3   RW   0x0  

Sw_ref0_valid_flag 

Reference picture0 used flag. 

1'b0: Not be valid 

1'b1: Be valid 

2   RW   0x0  

Sw_ref0_botfield_used 

Refer0 is bottow field flag. 

1'b0: Top field flag 

1'b1: Bottom field flag 

1   RO   0x0  reserved 

0   RW   0x0  

Sw_ref0_field 

1'b0: Frame 

1'b1: Field 

 
 
5NYGHFB6ZUHJ���BDYV�BUHJ�B�BLQIR�  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �601 

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �602 

Bit  Attr  Reset Value  Description  

31:28   RO   0x0  reserved 

27   RW   0x0  

Sw_ref7_valid_flag 

Reference picture7 used flag. 

1'b0: Not be valid 

1'b1: Be valid 

26   RW   0x0  

Sw_ref7_botfield_used 

Refer7 is bottow field flag. 

1'b0: Top field flag 

1'b1: Bottom field flag 

25   RO   0x0  reserved 

24   RW   0x0  

Sw_ref7_field 

1'b0: Frame 

1'b1: Field 

23:20   RO   0x0  reserved 

19   RW   0x0  

Sw_ref6_valid_flag 

Reference picture6 used flag. 

1'b0: Not be valid 

1'b1: Be valid 

18   RW   0x0  

Sw_ref6_botfield_used 

Refer6 is bottow field flag. 

1'b0: Top field flag 

1'b1: Bottom field flag 

17   RO   0x0  reserved 

16   RW   0x0  

Sw_ref6_field 

1'b0: Frame 

1'b1: Field 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �603 

15:12   RO   0x0  reserved 

11   RW   0x0  

Sw_ref5_valid_flag 

Reference picture5 used flag. 

1'b0: Not be valid 

1'b1: Be valid 

10   RW   0x0  

Sw_ref5_botfield_used 

Refer5 is bottow field flag. 

1'b0: Top field flag 

1'b1: Bottom field flag 

9   RO   0x0  reserved 

8   RW   0x0  

Sw_ref5_field 

1'b0: Frame 

1'b1: Field 

7:4   RO   0x0  reserved 

3   RW   0x0  

Sw_ref4_valid_flag 

Reference picture4 used flag. 

1'b0: Not be valid 

1'b1: Be valid 

2   RW   0x0  

Sw_ref4_botfield_used 

Refer4 is bottow field flag. 

1'b0: Top field flag 

1'b1: Bottom field flag 

1   RO   0x0  reserved 

0   RW   0x0  

Sw_ref4_field 

1'b0: Frame 

1'b1: Field 

 
 
5NYGHFB6ZUHJ���BK���BUHJ�B�BLQIR�  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �604 

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �605 

Bit  Attr  Reset Value  Description  

31:28   RO   0x0  reserved 

27   RW   0x0  
Sw_ref7_colmv_use_flag 

Ref7 colmv use flag. 

26   RW   0x0  
Sw_ref7_botfield_used 

Ref7 bottom field is used, the same meaning with ref_valid. 

25   RW   0x0  
Sw_ref7_topfield_used 

Ref7 top field is used, the same meaning with ref_valid. 

24   RW   0x0  

Sw_ref7_field 

1'b0: Frame 

1'b1: Field 

23:20   RO   0x0  reserved 

19   RW   0x0  
Sw_ref6_colmv_use_flag 

Ref6 colmv use flag. 

18   RW   0x0  
Sw_ref6_botfield_used 

Ref6 bottom field is used, the same meaning with ref_valid. 

17   RW   0x0  
Sw_ref6_topfield_used 

Ref6 top field is used, the same meaning with ref_valid. 

16   RW   0x0  

Sw_ref6_field 

1'b0: Frame 

1'b1: Field 

15:12   RO   0x0  reserved 

11   RW   0x0  
Sw_ref5_colmv_use_flag 

Ref5 colmv use flag. 

10   RW   0x0  
Sw_ref5_botfield_used 

Ref5 bottom field is used, the same meaning with ref_valid. 



5.�����750�3DUW� 
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9   RW   0x0  
Sw_ref5_topfield_used 

Ref5 top field is used, the same meaning with ref_valid. 

8   RW   0x0  

Sw_ref5_field 

1'b0: Frame 

1'b1: Field 

7:4   RO   0x0  reserved 

3   RW   0x0  
Sw_ref4_colmv_use_flag 

Ref4 colmv use flag. 

2   RW   0x0  
Sw_ref4_botfield_used 

Ref4 bottom field is used, the same meaning with ref_valid. 

1   RW   0x0  
Sw_ref4_topfield_used 

Ref4 top field is used, the same meaning with ref_valid. 

0   RW   0x0  

Sw_ref4_field 

1'b0: Frame 

1'b1: Field 

 
 
5NYGHFB6ZUHJ���BK���BUHJ�B��BLQIR�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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Bit  Attr  Reset Value  Description  

31:28   RO   0x0  reserved 

27   RW   0x0  
Sw_ref11_colmv_use_flag 

Ref11 colmv use flag. 

26   RW   0x0  
Sw_ref11_botfield_used 

Ref11 bottom field is used, the same meaning with ref_valid. 

25   RW   0x0  
Sw_ref11_topfield_used 

Ref11 top field is used, the same meaning with ref_valid. 

24   RW   0x0  

Sw_ref11_field 

1'b0: Frame 

1'b1: Field 

23:20   RO   0x0  reserved 

19   RW   0x0  
Sw_ref10_colmv_use_flag 

Ref10 colmv use flag. 

18   RW   0x0  
Sw_ref10_botfield_used 

Ref10 bottom field is used, the same meaning with ref_valid. 

17   RW   0x0  
Sw_ref10_topfield_used 

Ref10 top field is used, the same meaning with ref_valid. 

16   RW   0x0  

Sw_ref10_field 

1'b0: Frame 

1'b1: Field 

15:12   RO   0x0  reserved 

11   RW   0x0  
Sw_ref9_colmv_use_flag 

Ref9 colmv use flag. 

10   RW   0x0  
Sw_ref9_botfield_used 

Ref9 bottom field is used, the same meaning with ref_valid. 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �608 

9   RW   0x0  
Sw_ref9_topfield_used 

Ref9 top field is used, the same meaning with ref_valid. 

8   RW   0x0  

Sw_ref9_field 

1'b0: Frame 

1'b1: Field 

7:4   RO   0x0  reserved 

3   RW   0x0  
Sw_ref8_colmv_use_flag 

Ref8 colmv use flag. 

2   RW   0x0  
Sw_ref8_botfield_used 

Ref8 bottom field is used, the same meaning with ref_valid. 

1   RW   0x0  
Sw_ref8_topfield_used 

Ref8 top field is used, the same meaning with ref_valid. 

0   RW   0x0  

Sw_ref8_field 

1'b0: Frame 

1'b1: Field 

 
 
5NYGHFB6ZUHJ���BK���BUHJ��B��BLQIR�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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Bit  Attr  Reset Value  Description  

31:28   RO   0x0  reserved 

27   RW   0x0  
Sw_ref15_colmv_use_flag 

Ref15 colmv use flag. 

26   RW   0x0  
Sw_ref15_botfield_used 

Ref15 bottom field is used, the same meaning with ref_valid. 

25   RW   0x0  
Sw_ref15_topfield_used 

Ref15 top field is used, the same meaning with ref_valid. 

24   RW   0x0  

Sw_ref15_field 

1'b0: Frame 

1'b1: Field 

23:20   RO   0x0  reserved 

19   RW   0x0  
Sw_ref14_colmv_use_flag 

Ref14 colmv use flag. 

18   RW   0x0  
Sw_ref14_botfield_used 

Ref14 bottom field is used, the same meaning with ref_valid. 

17   RW   0x0  
Sw_ref14_topfield_used 

Ref14 top field is used, the same meaning with ref_valid. 

16   RW   0x0  

sw_ref14_field 

1'b0: Frame 

1'b1: Field 

15:12   RO   0x0  reserved 

11   RW   0x0  
Sw_ref13_colmv_use_flag 

Ref13 colmv use flag. 

10   RW   0x0  
Sw_ref13_botfield_used 

Ref13 bottom field is used, the same meaning with ref_valid. 
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9   RW   0x0  
Sw_ref13_topfield_used 

Ref13 top field is used, the same meaning with ref_valid. 

8   RW   0x0  

Sw_ref13_field 

1'b0: Frame 

1'b1: Field 

7:4   RO   0x0  reserved 

3   RW   0x0  
Sw_ref12_colmv_use_flag 

Ref12 colmv use flag. 

2   RW   0x0  
Sw_ref12_botfield_used 

Ref12 bottom field is used, the same meaning with ref_valid. 

1   RW   0x0  
Sw_ref12_topfield_used 

Ref12 top field is used, the same meaning with ref_valid. 

0   RW   0x0  

Sw_ref12_field 

1'b0: Frame 

1'b1: Field 

 
 
5NYGHFB6ZUHJ���BYS�BSUREBHQ�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
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Bit  Attr  Reset Value  Description  

31   RW   0x0  

Sw_vp9_inter_coef_rfsh_flag 

1'b0: Inter coef unneed refresh in current intra frame. 

1'b1: Inter coef should be refresh in current intra frame. 

30   RW   0x0  

Sw_vp9_last_key_frame_flag 

The flag of last frame is key frame. 

1'b0: Not key frame. 

1'b1: Key frame. 

29   RW   0x0  

Sw_vp9_allow_high_precision_mv 

The enable of high precision mv prob refresh update. 

1'b0: Disable 

1'b1: Enable 

28   RW   0x0  

Sw_vp9_interp_filter_switch_en 

The enable of interp filter prob refresh update. 

1'b0: Disable 

1'b1: Enable 

27   RW   0x0  

Sw_vp9_comp_ref_rfsh_en 

The enable of comp reference prob refresh update. 

1'b0: Disable 

1'b1: Enable 

26   RW   0x0  

Sw_vp9_single_ref_rfsh_en 

The enable of single reference prob refresh update. 

1'b0: Disable 

1'b1: Enable 

25   RW   0x0  

Sw_vp9_ref_mode_rfsh_en 

The enable of reference mode prob refresh update. 

1'b0: Disable 

1'b1: Enable 
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24   RW   0x0  

Sw_vp9_txfmmode_rfsh_en 

The enable of tx mode prob refresh update. 

1'b0: Disable 

1'b1: Enable 

23   RW   0x0  

Sw_vp9_intra_only_flag 

The flag of intra only. 

1'b0: Inter frame. 

1'b1: Intra only frame˄include key frame˅. 

22   RW   0x0  

Sw_vp9_prob_save_en 

The flag of write updated prob to DDR. 

1'b0: Not need write updated prob to DDR. 

1'b1: Will write updated prob to DDR. 

21   RW   0x0  

Sw_vp9_refresh_en 

The enbale of prob backward refresh. 

1'b0: Disable refresh parse. 

1'b1: Enable refresh parse. 

20   RW   0x0  

Sw_vp9_prob_update_en 

The enable of used hardware to parse prob. 

1'b0: Software parse prob. 

1'b1: Hardware parse prob. 

19:0   RO   0x0  reserved   

 
 
5NYGHFB6ZUHJ���BKHYFBPYF��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  

31:16   RO   0x0  reserved 

15:0   RW   0x0000  
Sw_ref_pic_layer_same_with_cur 

Referance picture layer same with current picture. 
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5NYGHFB6ZUHJ���BDYV�BFWUOBH[WUD�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  

31:1   RO   0x0  reserved 

0   RW   0x0  

Sw_avs2_slice_hor_pos_ctrl 

1'b0: Use default 255. 

1'b1: Use fixed 256. 

 
 
5NYGHFB6ZUHJ���BKHYFBPYF��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  

Bit  Attr  Reset Value  Description  

31:19   RO   0x0  reserved 

18   RW   0x0  
Sw_mvc_poc15_valid_flag 

Mvc poc15 valid flag. 

17   RW   0x0  
Sw_rps_poc_lsb_aligned_flag 

Rps POC lsb aligned flag. 

16   RW   0x0  
Sw_poc_reset_info_present_flag 

The flag of poc reset infomation. 

15   RW   0x0  
Sw_max_one_active_ref_layer_flag 

The flag of max referance referance layer be actived. 

14   RW   0x0  
Sw_default_ref_layers_active_flag 

The flag of default referance layers which be actived. 

13:8   RW   0x00  
Sw_num_reflayer_pics 

The number of referance layer pictures. 

7   RO   0x0  reserved 

6:1   RW   0x00  
Sw_num_direct_ref_layers 

The number of direct referance layers. 

0   RW   0x0  
Sw_poc_lsb_not_present_flag 

Poc lsb not present flag. 
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5NYGHFB6ZUHJ���BYS�FQWBXSGBHQBDYV�BKHDGOHQ�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  

Bit  Attr  Reset Value  Description  

31:5   RO   0x0  reserved 

4   RW   0x0  

Sw_vp9count_update_en 

When 1'b1, the hardware will always update count. 

When 1'b0, the hardware will auto check whether update the 
count. 

3:0   RW   0x0  

Sw_avs2_head_len 

It's unit is 128bit. 

4'd0: 128bit 

4'd1: 2*128bit 

4'd2: 3*128bit 

....... 

4'd15: 16*128bit 

 
 
5NYGHFB6ZUHJ���BYS�BIUDPHBZLGWKBODVW�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  

Bit  Attr  Reset Value  Description  

31:16   RO   0x0  reserved 

15:0   RW   0x0000  
Sw_framewidth_last 

Last frame frame_size_width. 

 
 
5NYGHFB6ZUHJ���BYS�BIUDPHBKHLJKWBODVW�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��DF��  

Bit  Attr  Reset Value  Description  

31:16   RO   0x0  reserved 

15:0   RW   0x0000  
Sw_frameheight_last 

Last frame frame_size_height. 

 
 
5NYGHFB6ZUHJ���BYS�BIUDPHBZLGWKBJROGHQ�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��E���  
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Bit  Attr  Reset Value  Description  

31:16   RO   0x0  reserved 

15:0   RW   0x0000  
Sw_framewidth_golden 

Golden frame_size_width 

 
 
5NYGHFB6ZUHJ���BYS�BIUDPHBKHLJKWBJROGHQ�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��E���  

Bit  Attr  Reset Value  Description  

31:16   RO   0x0  reserved 

15:0   RW   0x0000  
Sw_frameheight_golden 

Golden frame_size_height. 

 
 
5NYGHFB6ZUHJ���BYS�BIUDPHBZLGWKBDOWUHI�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��E���  

Bit  Attr  Reset Value  Description  

31:16   RO   0x0  reserved 

15:0   RW   0x0000  
Sw_framewidth_alfter 

Alfter frame_size_width. 

 
 
5NYGHFB6ZUHJ���BYS�BIUDPHBKHLJKWBDOWUHI�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��EF��  

Bit  Attr  Reset Value  Description  

31:16   RO   0x0  reserved 

15:0   RW   0x0000  
Sw_frameheight_alfter 

Alfter frame_size_height. 

 
 
5NYGHFB6ZUHJ���BHUURUBUHIBLQIR�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��F���  
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Bit  Attr  Reset Value  Description  

31:4   RO   0x0  reserved 

3   RW   0x0  
Sw_ref_error_botfield_used 

For inter, 1'b1: Botfield is used. 

2   RW   0x0  
Sw_ref_error_topfield_used 

For inter, 1'b1: Topfield is used. 

1   RW   0x0  

Sw_avs2_ref_error_topfield 

Refer error is top field flag. 

1'b0: Bottom field flag. 

1'b1: Top field flag. 

0   RW   0x0  

Sw_avs2_ref_error_field 

1'b0: Frame 

1'b1: Field 

 
 
5NYGHFB6ZUHJ���BVWUPBUOFBEDVH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:4   RW   0x0000000  

Sw_strm_rlc_base 

When swreg2.sw_rlc_mode =1, it is base address for rlc data. 

When swreg2.sw_rlc_mode =0, it is base address for stream, 
after a frame is decoded ready or error (stream error , time out , 
bus error) , it is the last address of the stream. 

The address should 128bit align. 

3:0   RO   0x0  reserved   

 
 
5NYGHFB6ZUHJ���BUOFZULWHBEDVH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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Bit  Attr  Reset Value  Description  

31:3   RW   0x00000000  

Sw_rlcwrite_base 

The base address of rlcwrite(the address should 64bit align). 

Cabac output write to this rlcwrite base address when 
sw_rlc_mode_direct_write  in swreg2_sysctrl is valid. 

2:0   RO   0x0  reserved   

 
 
5NYGHFB6ZUHJ���BHUURUBLQIRBEDVH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:3   RW   0x00000000  
Sw_error_info_base 

The base address of error info 

2:0   RO   0x0  reserved   

 
 
5NYGHFB6ZUHJ���BGHFRXWBEDVH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:4   RW   0x0000000  

Sw_decout_base 

Base address of decoder output picture, the address should be 
128bit align. 

In H264 decode format, the top field and bottom field are the 
same addr. 

Fbc mode: Fbc_head_base_addr[27:0]: the head base of fbc wr. 

3:0   RO   0x0  reserved   

 
 
5NYGHFB6ZUHJ���BFROPYBFXUBEDVH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  

31:4   RW   0x0000000  

Sw_colmv_cur_base 

Only valid when sw_colmv_mode is 1'b1. 

Cur frame colmv base addr, for HEVC,H264 and vp9. 

3:0   RO   0x0  reserved   
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5NYGHFB6ZUHJ���BHUURUBUHIBEDVH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:4   RW   0x0000000  
Sw_error_ref_base 

Error reference frame base address. 

3:0   RO   0x0  reserved   

 
 
5NYGHFB6ZUHJ���BUFEBLQWUDUBEDVH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:6   RW   0x0000000  
Sw_rcb_intrar_base 

Rcb intra row base address, unit: 64byts align. 

5:0   RO   0x0  reserved   

 
 
5NYGHFB6ZUHJ���BUFEBWUDQVGUBEDVH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:6   RW   0x0000000  
Sw_rcb_transdr_base 

Rcb transd row base address, unit: 64byts align. 

5:0   RO   0x0  reserved   

 
 
5NYGHFB6ZUHJ���BUFEBWUDQVGFBEDVH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  

31:6   RW   0x0000000  
Sw_rcb_transdc_base 

Rcb transd col base address, unit: 64byts align. 

5:0   RO   0x0  reserved   

 
 
5NYGHFB6ZUHJ���BUFEBVWUPGUBEDVH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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Bit  Attr  Reset Value  Description  

31:6   RW   0x0000000  
Sw_rcb_strmdr_base 

Rcb stream row base address, unit: 64byts align. 

5:0   RO   0x0  reserved   

 
 
5NYGHFB6ZUHJ���BUFEBLQWHUUBEDVH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:6   RW   0x0000000  
Sw_rcb_interr_base 

Rcb inter row base address, unit: 64byts align. 

5:0   RO   0x0  reserved   

 
 
5NYGHFB6ZUHJ���BUFEBLQWHUFBEDVH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:6   RW   0x0000000  
Sw_rcb_interc_base 

Rcb inter col base address, unit: 64byts align. 

5:0   RO   0x0  reserved   

 
 
5NYGHFB6ZUHJ���BUFEBGEONUBEDVH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  

31:6   RW   0x0000000  
Sw_rcb_dblkr_base 

Rcb dblock row base address, unit: 64byts align. 

5:0   RO   0x0  reserved   

 
 
5NYGHFB6ZUHJ���BUFEBVDRUBEDVH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:6   RW   0x0000000  
Sw_rcb_saor_base 

Rcb sao row base address, unit: 64byts align. 

5:0   RO   0x0  reserved   
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5NYGHFB6ZUHJ���BUFEBIEFUBEDVH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:6   RW   0x0000000  
Sw_rcb_fbcr_base 

Rcb fbc row base address, unit: 64byts align. 

5:0   RO   0x0  reserved   

 
 
5NYGHFB6ZUHJ���BUFEBILOWFBFROBEDVH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:6   RW   0x0000000  
Sw_rcb_filtc_base 

Rcb filter col base address, unit: 64byts align. 

5:0   RO   0x0  reserved   

 
 
5NYGHFB6ZUHJ���BYS�BGHOWDBSUREBEDVH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:4   RW   0x0000000  
Sw_vp9_delta_prob_base 

The base address of prob. 

3:0   RO   0x0  reserved   

 
 
5NYGHFB6ZUHJ���BDYV�BKHDGBEDVH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:4   RW   0x0000000  

Sw_avs2_head_base 

The base address of avs2 head ( the address should 128bit 
align ). 

It will include sequence and picture level syntax. 

3:0   RO   0x0  reserved   

 
 
5NYGHFB6ZUHJ���BSSVBEDVH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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Bit  Attr  Reset Value  Description  

31:4   RW   0x0000000  

Sw_pps_base 

The base address of pps (the address should 128bit align). 

It is for storing sps(sequence parameter set) and pps(picture 
parameter set). 

3:0   RO   0x0  reserved   

 
 
5NYGHFB6ZUHJ���BYS�BODVWBSUREBEDVH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:4   RW   0x0000000  
Sw_vp9_last_porb_base 

The base address of last prob (the address should 128bit align). 

3:0   RO   0x0  reserved   

 
 
5NYGHFB6ZUHJ���BUSVBEDVH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  

31:4   RW   0x0000000  

Sw_rps_base 

Rps(reference picture set) base address (the address should 
128bit align). 

3:0   RO   0x0  reserved   

 
 
5NYGHFB6ZUHJ���BYS�BUHIHUODVWBEDVH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:4   RW   0x0000000  

Sw_vp9_last_base 

Base address for last (the address should be 128bit align). 

Fbc mode: Vp9 last ref frame head base. 

3:0   RO   0x0  reserved   

 
 
5NYGHFB6ZUHJ���BUHI�BEDVH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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Bit  Attr  Reset Value  Description  

31:4   RW   0x0000000  

Sw_refer0_base 

Base address for reference picture index0 (the address should be 
128bit align) 

Fbc mode: H264 & hevc & avs2 ref0 head base. 

3:0   RO   0x0  reserved   

 
 
5NYGHFB6ZUHJ���BYS�BUHIHUJROGHQBEDVH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:4   RW   0x0000000  

Sw_vp9golden_base 

Base address for golden (the address should be 128bit align). 

Fbc mode: Vp9 golden ref frame head base. 

3:0   RO   0x0  reserved   

 
 
5NYGHFB6ZUHJ���BUHI�BEDVH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:4   RW   0x0000000  

Sw_refer1_base 

Base address for reference picture index1 (the address should be 
128bit align) 

Fbc mode: H264 & hevc & avs2 ref1 head base. 

3:0   RO   0x0  reserved   

 
 
5NYGHFB6ZUHJ���BYS�BUHIHUDOIWHUBEDVH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:4   RW   0x0000000  

Sw_vp9alfter_base 

Base address for alfter (the address should be 128bit align). 

Fbc mode: Vp9 after ref frame head base. 

3:0   RO   0x0  reserved   

 
 
5NYGHFB6ZUHJ���BUHI�BEDVH�  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
Bit  Attr  Reset Value  Description  

31:4   RW   0x0000000  

Sw_refer2_base 

Base address for reference picture index2 (the address should be 
128bit align) 

Fbc mode: H264 & hevc & avs2 ref2 head base. 

3:0   RO   0x0  reserved   

 
 
5NYGHFB6ZUHJ���BUHI�BEDVH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  

31:4   RW   0x0000000  

Sw_refer3_base 

Base address for reference picture index3 (the address should be 
128bit align) 

Fbc mode: H264 & hevc & avs2 ref3 head base. 

3:0   RO   0x0  reserved   

 
 
5NYGHFB6ZUHJ���BYS�FRXQWBEDVH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  

31:3   RW   0x00000000  
Sw_vp9_count_prob_base 

Software parse prob: Used as vp9 count write base. 

2:0   RO   0x0  reserved   

 
 
5NYGHFB6ZUHJ���BUHI�BEDVH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  

Bit  Attr  Reset Value  Description  

31:4   RW   0x0000000  

Sw_refer4_base 

Base address for reference picture index4 (the address should be 
128bit align) 

Fbc mode: H264 & hevc & avs2 ref4 head base. 

3:0   RO   0x0  reserved   
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5NYGHFB6ZUHJ���BYS�BVHJLGODVWBEDVH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  

Bit  Attr  Reset Value  Description  

31:4   RW   0x0000000  

Sw_vp9segidlast_base 

Base address for vp9 last frame segment id (the address should 
be 128bit align). 

3:0   RO   0x0  reserved   

 
 
5NYGHFB6ZUHJ���BUHI�BEDVH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  

Bit  Attr  Reset Value  Description  

31:4   RW   0x0000000  

Sw_refer5_base 

Base address for reference picture index5 (the address should be 
128bit align) 

Fbc mode: H264 & hevc & avs2 ref5 head base. 

3:0   RO   0x0  reserved   

 
 
5NYGHFB6ZUHJ���BDYS�BVHJLGFXUBEDVH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  

Bit  Attr  Reset Value  Description  

31:4   RW   0x0000000  

Sw_vp9segidcur_base 

Base address for vp9 cur frame segment id (the address should 
be 128bit align). 

3:0   RO   0x0  reserved   

 
 
5NYGHFB6ZUHJ���BUHI�BEDVH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  

Bit  Attr  Reset Value  Description  

31:4   RW   0x0000000  

Sw_refer6_base 

Base address for reference picture index6 (the address should be 
128bit align) 

Fbc mode: H264 & hevc & avs2 ref6 head base. 

3:0   RO   0x0  reserved   
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5NYGHFB6ZUHJ���BYS�BUHIFROPYBEDVH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  

Bit  Attr  Reset Value  Description  

31:4   RW   0x0000000  
Sw_vp9_refcolmv_base 

Vp9 refcolmv base addr. 

3:0   RO   0x0  reserved   

 
 
5NYGHFB6ZUHJ���BUHI�BEDVH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��DF��  

Bit  Attr  Reset Value  Description  

31:4   RW   0x0000000  

Sw_refer7_base 

Base address for reference picture index7 (the address should be 
128bit align) 

Fbc mode: H264 & hevc & avs2 ref7 head base. 

3:0   RO   0x0  reserved   

 
 
5NYGHFB6ZUHJ���BYS�BLQWHUFPGBEDVH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��DF��  

Bit  Attr  Reset Value  Description  

31:4   RW   0x0000000  

Sw_vp9_intercmd_base 

Vp9 inter command base addr, when sw_rlc_mode is 1'b1. 

When sw_dec_mode is VP9 and sw_rlc_mode is 1'b1, when read 
this register, after a frame is decoded ready or error (stream 
error, time out, bus error), it is the end address of the intercmd. 

3:0   RO   0x0  reserved   

 
 
5NYGHFB6ZUHJ���BK��[BUHI�BEDVH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��E���  

Bit  Attr  Reset Value  Description  

31:4   RW   0x0000000  

Sw_refer8_base 

Base address for reference picture index8 (the address should be 
128bit align) 

Fbc mode: H264 & hevc & avs2 ref8 head base. 

3:0   RO   0x0  reserved   
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5NYGHFB6ZUHJ���BYS�BXSGDWHBSUREBZUBEDVH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��E���  

Bit  Attr  Reset Value  Description  

31:4   RW   0x0000000  
Sw_vp9_update_prob_wr_base 

Hardware parse prob: Used as vp9 prob write base. 

3:0   RO   0x0  reserved   

 
 
5NYGHFB6ZUHJ���BK��[BUHI�BEDVH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��E���  

Bit  Attr  Reset Value  Description  

31:4   RW   0x0000000  

Sw_refer9_base 

Base address for reference picture index9 (the address should be 
128bit align) 

Fbc mode: H264 & hevc & avs2 ref9 head base. 

3:0   RO   0x0  reserved   

 
 
5NYGHFB6ZUHJ���BK��[BUHI��BEDVH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��E���  

Bit  Attr  Reset Value  Description  

31:4   RW   0x0000000  

Sw_refer10_base 

Base address for reference picture index10 (the address should 
be 128bit align) 

Fbc mode: H264 & hevc & avs2 ref10 head base. 

3:0   RO   0x0  reserved   

 
 
5NYGHFB6ZUHJ���BK��[BUHI��BEDVH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��EF��  
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Bit  Attr  Reset Value  Description  

31:4   RW   0x0000000  

Sw_refer11_base 

Base address for reference picture index11 (the address should 
be 128bit align) 

Fbc mode: H264 & hevc & avs2 ref11 head base. 

3:0   RO   0x0  reserved   

 
 
5NYGHFB6ZUHJ���BK��[BUHI��BEDVH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��F���  

Bit  Attr  Reset Value  Description  

31:4   RW   0x0000000  

Sw_refer12_base 

Base address for reference picture index12 (the address should 
be 128bit align) 

Fbc mode: H264 & hevc & avs2 ref12 head base. 

3:0   RO   0x0  reserved   

 
 
5NYGHFB6ZUHJ���BK��[BUHI��BEDVH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��F���  

Bit  Attr  Reset Value  Description  

31:4   RW   0x0000000  

Sw_refer13_base 

Base address for reference picture index13 (the address should 
be 128bit align) 

Fbc mode: H264 & hevc & avs2 ref13 head base. 

3:0   RO   0x0  reserved   

 
 
5NYGHFB6ZUHJ���BK��[BUHI��BEDVH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��F���  

Bit  Attr  Reset Value  Description  

31:4   RW   0x0000000  

Sw_refer14_base 

Base address for reference picture index14 (the address should 
be 128bit align) 

Fbc mode: H264 & hevc & avs2 ref14 head base. 

3:0   RO   0x0  reserved   
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5NYGHFB6ZUHJ���BK��[BUHI��BEDVH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��FF��  

Bit  Attr  Reset Value  Description  

31:4   RW   0x0000000  

Sw_refer15_base 

Base address for reference picture index15 (the address should 
be 128bit align) 

Fbc mode: H264 & hevc & avs2 ref15 head base. 

3:0   RO   0x0  reserved   

 
 
5NYGHFB6ZUHJ���BVFDQOLVWBDGGU�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��G���  

Bit  Attr  Reset Value  Description  

31:4   RW   0x0000000  
Sw_scanlist_addr 

Should be align to 16byte, and will be used for h264 and hevc. 

3:0   RO   0x0  reserved   

 
 
5NYGHFB6ZUHJ���BFROPYBUHI�BEDVH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��G���  

Bit  Attr  Reset Value  Description  

31:4   RW   0x0000000  

Sw_colmv_ref0_base 

Only valid when sw_colmv_mode is 1'b1. 

Ref0 frame colmv base addr. 

For H264 and HEVC. 

3:0   RO   0x0  reserved   

 
 
5NYGHFB6ZUHJ���BFROPYBUHI�BEDVH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��G���  
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Bit  Attr  Reset Value  Description  

31:4   RW   0x0000000  

Sw_colmv_ref1_base 

Only valid when sw_colmv_mode is 1'b1. 

Ref1 frame colmv base addr. 

For H264 and HEVC. 

3:0   RO   0x0  reserved   

 
 
5NYGHFB6ZUHJ���BFROPYBUHI�BEDVH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��GF��  

Bit  Attr  Reset Value  Description  

31:4   RW   0x0000000  

Sw_colmv_ref2_base 

Only valid when sw_colmv_mode is 1'b1. 

Ref2 frame colmv base addr. 

For H264 and HEVC. 

3:0   RO   0x0  reserved   

 
 
5NYGHFB6ZUHJ���BFROPYBUHI�BEDVH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��H���  

Bit  Attr  Reset Value  Description  

31:4   RW   0x0000000  

Sw_colmv_ref3_base 

Only valid when sw_colmv_mode is 1'b1. 

Ref3 frame colmv base addr. 

For H264 and HEVC. 

3:0   RO   0x0  reserved   

 
 
5NYGHFB6ZUHJ���BFROPYBUHI�BEDVH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��H���  
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Bit  Attr  Reset Value  Description  

31:4   RW   0x0000000  

Sw_colmv_ref4_base 

Only valid when sw_colmv_mode is 1'b1. 

Ref4 frame colmv base addr. 

For H264 and HEVC. 

3:0   RO   0x0  reserved   

 
 
5NYGHFB6ZUHJ���BFROPYBUHI�BEDVH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��H���  

Bit  Attr  Reset Value  Description  

31:4   RW   0x0000000  

Sw_colmv_ref5_base 

Only valid when sw_colmv_mode is 1'b1. 

Ref5 frame colmv base addr. 

For H264 and HEVC. 

3:0   RO   0x0  reserved   

 
 
5NYGHFB6ZUHJ���BFROPYBUHI�BEDVH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��HF��  

Bit  Attr  Reset Value  Description  

31:4   RW   0x0000000  

Sw_colmv_ref6_base 

Only valid when sw_colmv_mode is 1'b1. 

Ref6 frame colmv base addr. 

For H264 and HEVC. 

3:0   RO   0x0  reserved   

 
 
5NYGHFB6ZUHJ���BFROPYBUHI�BEDVH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��I���  
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Bit  Attr  Reset Value  Description  

31:4   RW   0x0000000  

Sw_colmv_ref7_base 

Only valid when sw_colmv_mode is 1'b1. 

Ref7 frame colmv base addr. 

For H264 and HEVC. 

3:0   RO   0x0  reserved   

 
 
5NYGHFB6ZUHJ���BFROPYBUHI�BEDVH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��I���  

Bit  Attr  Reset Value  Description  

31:4   RW   0x0000000  

Sw_colmv_ref8_base 

Only valid when sw_colmv_mode is 1'b1. 

Ref8 frame colmv base addr. 

For H264 and HEVC. 

3:0   RO   0x0  reserved   

 
 
5NYGHFB6ZUHJ���BFROPYBUHI�BEDVH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��I���  

Bit  Attr  Reset Value  Description  

31:4   RW   0x0000000  

Sw_colmv_ref9_base 

Only valid when sw_colmv_mode is 1'b1. 

Ref9 frame colmv base addr. 

For H264 and HEVC. 

3:0   RO   0x0  reserved   

 
 
5NYGHFB6ZUHJ���BFROPYBUHI��BEDVH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��IF��  
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Bit  Attr  Reset Value  Description  

31:4   RW   0x0000000  

Sw_colmv_ref10_base 

Only valid when sw_colmv_mode is 1'b1. 

Ref10 frame colmv base addr. 

For H264 and HEVC. 

3:0   RO   0x0  reserved   

 
 
5NYGHFB6ZUHJ���BFROPYBUHI��BEDVH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:4   RW   0x0000000  

Sw_colmv_ref11_base 

Only valid when sw_colmv_mode is 1'b1. 

Ref11 frame colmv base addr. 

For H264 and HEVC. 

3:0   RO   0x0  reserved   

 
 
5NYGHFB6ZUHJ���BFROPYBUHI��BEDVH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:4   RW   0x0000000  

Sw_colmv_ref12_base 

Only valid when sw_colmv_mode is 1'b1. 

Ref12 frame colmv base addr. 

For H264 and HEVC. 

3:0   RO   0x0  reserved   

 
 
5NYGHFB6ZUHJ���BFROPYBUHI��BEDVH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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Bit  Attr  Reset Value  Description  

31:4   RW   0x0000000  

Sw_colmv_ref13_base 

Only valid when sw_colmv_mode is 1'b1. 

Ref13 frame colmv base addr. 

For H264 and HEVC. 

3:0   RO   0x0  reserved   

 
 
5NYGHFB6ZUHJ���BFROPYBUHI��BEDVH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  

31:4   RW   0x0000000  

Sw_colmv_ref14_base 

Only valid when sw_colmv_mode is 1'b1. 

Ref14 frame colmv base addr. 

For H264 and HEVC. 

3:0   RO   0x0  reserved   

 
 
5NYGHFB6ZUHJ���BFROPYBUHI��BEDVH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:4   RW   0x0000000  

Sw_colmv_ref15_base 

Only valid when sw_colmv_mode is 1'b1. 

Ref15 frame colmv base addr. 

For H264 and HEVC. 

3:0   RO   0x0  reserved   

 
 
5NYGHFB6ZUHJ���BFDEDFWEOBEDVH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:4   RW   0x0000000  
Sw_cabactbl_base 

Hevc & H264: The base address of cabac table. 

3:0   RO   0x0  reserved   
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5NYGHFB6ZUHJ���BVWDBLQW�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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Bit  Attr  Reset Value  Description  

31:10   RO   0x0  reserved 

9   RW   0x0  
Sw_softreset_rdy 

When it is 1'b1, it says that softreset has been done. 

8   RW   0x0  

Sw_cabu_end_sta 

Hevc: Cabac decode end status. 

H264 & vp9 : Streamd decode status. 

7   RW   0x0  

Sw_colmv_ref_error_sta 

Hevc & vp9: When it is 1'b1, it means that inter module read the 
invalid dpb frame. 

It will self reset the hardware. 

H264: When it is 1'b1, it means that inter module read the invalid 
dpb frame. When sw_h264_error_mode is 1'b0, it will self reset 
the hardware, otherwise it will not. 

6   RW   0x0  

Sw_buf_empty_sta 

Buffer empty status, only when sw_buf_empty_en is 1'b1 , this 
bit is valid, now is for no valid. 

5   RW   0x0  

Sw_dec_timeout_sta 

When high the decoder has been idling for too long. It will self 
reset the hardware 

only when sw_dec_timeout_e is 1'b1, this bit is valid. 

4   RW   0x0  

Sw_dec_error_sta 

Hevc & vp9: When high, an error is found in input data stream 
decoding. It will self reset the hardware. 

H264: When high, an error is found in input data stream 
decoding. When sw_h264_error_mode is 1'b0, it will self reset 
the hardware, otherwise it will not. 

3   RW   0x0  

Sw_dec_bus_sta 

When this bit is high, there is error on the axi bus, it will self 
reset hardware. 
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2   RW   0x0  

Sw_dec_rdy_sta 

When this bit is high, decoder has decoded a picture( the loop 
filter module send out a frame rdy). 

1   RW   0x0  

Sw_dec_irq_raw 

The raw status of sw_dec_irq,SW should reset this bit after 
interrupt is handled. 

0   RW   0x0  

Sw_dec_irq 

When high, decoder requests an interrrupt.  

Sw_dec_irq = sw_dec_irq_raw && (sw_dec_irq_dis == 1'b0). 

 
 
5NYGHFB6ZUHJ���BVWDBHUUBLQIR�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:2   RO   0x0  reserved 

1   RW   0x0  
Sw_strmd_detect_error_sta 

Streamd logic error detected, it will stop decode. 

0   RW   0x0  
Sw_dec_frame_error_sta 

1'b1: All frame ctu error. 

 
 
5NYGHFB6ZUHJ���BVWDBFDEDFBHUURUBVWDWXV�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:28   RO   0x0  reserved 

27:0   RW   0x0000000  
Sw_cabac_error_status 

In HEVC & H264, it is called cabac error status. 

 
 
5NYGHFB6ZUHJ���BVWDBFROPYBHUURUBUHIBSLFLG[�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �637 

Bit  Attr  Reset Value  Description  

31:4   RO   0x0  reserved 

3:0   RW   0x0  

Sw_colmv_ref_picidx 

When sw_colmv_ref_error_sta is 1'b1, these bits are used for tell 
which dpb frame is invalid but is read by inter module. 

It is for H264 and HEVC. 

 
 
5NYGHFB6ZUHJ���BVWDBFDEDFBHUURUBFWXBRIIVHW�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:28   RO   0x0  reserved 

27:16   RW   0x000  

Sw_cabac_error_ctu_offset_y 

For all HEVC and H264 and VP9. 

For vp9, it is the value of 
stsw_vp9_error_ctu0_y,stsw_vp9_error_ctu0_x. 

15:12   RO   0x0  reserved 

11:0   RW   0x000  

Sw_cabac_error_ctu_offset_x 

For all HEVC and H264 and VP9. 

For vp9, it is the value of 
stsw_vp9_error_ctu0_y,stsw_vp9_error_ctu0_x. 

 
 
5NYGHFB6ZUHJ���BVWDBVDRZUBFWXBRIIVHW�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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Bit  Attr  Reset Value  Description  

31:16   RW   0x0000  

Sw_saowr_yoffset 

Saowr y offset , its unit is 4 line pixel. 

16'd0: Sao begin to write 0~3 pic line. 

16'd1: Sao begin to write 4-7 pic line. 

...... 

Only valid when ip has any error. 

15:0   RW   0x0000  

Sw_saowr_xoffet 

Saowr x address offset, its unit is 128bit. 

16'd0: Sao begin to write cur line first 128bit. 

16'd1: Sao begin to write cur line second 128bit. 

...... 

Only valid when ip has any error. 

 
 
5NYGHFB6ZUHJ���BVWDBVOLFHBGHFBQXP�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:25   RO   0x0  reserved 

24:0   RO   0x0000000  
Sw_slicedec_num 

H264 decoded num, the max slice num for H264 is 4096. 

 
 
5NYGHFB6ZUHJ���BVWDBIUDPHBHUURUBFWXBQXP�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  

31:24   RO   0x0  reserved 

23:0   RW   0x000000  
Sw_frame_ctu_error_num 

H264 and hevc error ctu number 

 
 
5NYGHFB6ZUHJ���BVWDBHUURUBSDFNHWBQXP�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  
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Bit  Attr  Reset Value  Description  

31:24   RO   0x0  reserved 

23:0   RW   0x000000  
Sw_error_packet_num 

Error packet number. 

 
 
5NYGHFB6ZUHJ���BVWDBHUUBFWXBQXPBLQBUR,�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  

Bit  Attr  Reset Value  Description  

31:24   RO   0x0  reserved 

23:0   RO   0x000000  
Sw_error_ctu_num_in_roi 

The error ctu num in roi. 

 
 
5NYGHFB6ZUHJ���BGHEXJBSHUIBODWHQF\BFWUO��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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Bit  Attr  Reset Value  Description  

31:28   RO   0x0  reserved 

27:16   RW   0x000  
Sw_rd_latency_thr 

Rd channel latency threshold. 

15:12   RO   0x0  reserved 

11:4   RW   0x00  
Sw_rd_latency_id 

Rd channel id for performance test. 

3   RW   0x0  

Sw_axi_cnt_type 

1'b0: Axi transfer num count. 

1'b1: Ddr align transfer num count. 

2   RO   0x0  reserved 

1   RW   0x0  

Sw_axi_perf_clr 

1'b0: Software clear disable. 

1'b1: Software clear enalbe. 

Clear pulse. 

0   RW   0x0  

Sw_axi_perf_work_e 

1'b0: Disable 

1'b1: Enable 

 
 
5NYGHFB6ZUHJ���BGHEXJBSHUIBODWHQF\BFWUO��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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Bit  Attr  Reset Value  Description  

31:25   RO   0x0  reserved 

24   RW   0x0  

Sw_rd_band_width_mode 

1'b0: Cal all id. 

1'b1: Cal sw_ar_count_id. 

23:16   RW   0x00  
Sw_aw_count_id 

Sw_aw_count_id 

15:12   RO   0x0  reserved 

11:4   RW   0x00  
Sw_ar_count_id 

Sw_ar_count_id 

3   RW   0x0  

Sw_aw_cnt_id_type 

1'b0: Count all wr-channels. 

1'b1: Count sw_wr_cont_id wr-channel only. 

2   RW   0x0  

Sw_ar_cnt_id_type 

1'b0: Count all rd-channels. 

1'b1: Count sw_ar_cont_id rd-channel only. 

1:0   RW   0x0  

Sw_addr_align_type 

2'd0: 16 byte align. 

2'd1: 32byte align. 

2'd2: 64byte align. 

2'd3: 128byte align. 

 
 
5NYGHFB6ZUHJ���BGHEXJBSHUIBUGBPD[BODWHQF\BQXP�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:16   RO   0x0  reserved 

15:0   RO   0x0000  
Sw_rd_max_latency_num 

Read max latency number. 
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5NYGHFB6ZUHJ���BSHUIBUGBODWHQF\BVDPSBQXP�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  

31:0   RO   0x00000000  
Sw_perf_rd_latency_samp_num 

The number of bigger than configed threshold value. 

 
 
5NYGHFB6ZUHJ���BGHEXJBSHUIBUGBODWHQF\BDFFBVXP�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RO   0x00000000  
Sw_rd_latency_acc_sum 

Total sample number. 

 
 
5NYGHFB6ZUHJ���BGHEXJBSHUIBUGBD[LBWRWDOBE\WH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RO   0x00000000  
Sw_perf_rd_axi_total_byte 

The bandwidth of total read bytes. 

 
 
5NYGHFB6ZUHJ���BGHEXJBSHUIBZUBD[LBWRWDOBE\WH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RO   0x00000000  
Sw_perf_wr_axi_total_byte 

The bandwidth of total write bytes. 

 
 
5NYGHFB6ZUHJ���BGHEXJBSHUIBZRUNLQJBFQW�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  

31:0   RO   0x00000000  
Sw_perf_working_cnt 

The total running cycle of current frame. 

 
 
5NYGHFB6ZUHJ���BGHEXJBSHUIBVHO�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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Bit  Attr  Reset Value  Description  

31:22   RO   0x0  reserved 
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21:16   RW   0x00  

Sw_perf_cnt2_sel 

6'd0: Don't work. 

6'd1: Cycles counter for  cabac in buffer empty. 

6'd2: Cycles counter for  cabac in buffer full;(may be alwasys will 
be 0). 

6'd3: Cycles counter for  cabac out buffer empty. 

6'd4: Cycles counter for  cabac out buffer full. 

6'd5: Cycles counter for  transd input data ready. 

6'd6: Cycles counter for  transd write data to recon allow. 

6'd7: Cycles counter for  dec2transd cmd empty. 

6'd8: Cycles counter for  dec2transd cmd full. 

6'd9: Cycles counter for  transd2dblk bs fifo empty. 

6'd10: Cycles counter for  transd2dblk bs fifo full. 

6'd11: Cycles counter for dec2intra cmd fifo empty. 

6'd12: Cycles counter for dec2intra cmd fifo full. 

6'd13: Cycles counter for mc2recon cmd fifo empty. 

6'd14: Cycles counter for mc2recon cmd fifo full. 

6'd15: Cycles counter for mc2recon data fifo empty. 

6'd16: Cycles counter for mc2recon data fifo full. 

6'd17: Cycles counter for recon2filter data write allow. 

6'd18: Cycles counter for inter2busifd cmd fifo empty. 

6'd19: Cycles counter for inter2busifd cmd fifo full. 

6'd20: Cycles counter for busifd2mc data fifo empty. 

6'd21: Cycles counter for busifd2mc data fifo full. 

6'd22: Cycles counter for bus un-working status(idle status). 

6'd23: Cycles counter for dec2inter cmd fifo empty. 

6'd24: Cycles counter for dec2inter cmd fifo full. 

6'd25: Cycles counter for inter2mc cmd fifo empty. 

6'd26: Cycles counter for inter2mc cmd fifo full. 

6'd27: Cycles counter for inter2dblk bs fifo empty. 

6'd28: Cycles counter for inter2dblk bs fifo full. 
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6'd29: Cycles counter for colmv_rbuf_empty. 

6'd30: Cycles counter for colmv_rbuf_full. 

6'd31: Cycles counter for colmv_wbuf_empty. 

6'd32: Cycles counter for colmv_wbuf_da_full. 

6'd33: Cycles counter for dblk work status. 

6'd34: Cycles counter for dblk work status. 

6'd35: Cycles counter for dec2loopfilter cmd fifo empty. 

6'd36: Cycles counter for dec2loopfilter cmd fifo full. 

6'd37: Cycles counter for sao input data valid. 

6'd38: Cycles counter for busifd hold back sao write data. 

6'd39: Cycles counter for bus process writing output buffer data. 

6'd40: Counter for dec_ctrl read cmd num.  

6'd41: Error ctu num when stream error happen. 

6'd42: Inter reflist idx which be used flag. 

6'd43: Pu num, 4*4 unit. 

6'd44: mv_y_min[15:0], mv_x_min[15:0]. 

6'd45: mv_y_max[15:0], mv_x_max[15:0]. 

6'd46: The sum value of mv_x lowbits,sum_mv_x[31:0]. 

6'd47: The sum value of mv_y lotbits, sum_mv_y[31:0]. 

6'd48: The sum value of |mv_x| lowbits, sum_abs_mv_x[31:0]. 

6'd49: The sum value of |mv_y| lowbits, sum_abs_mv_x[31:0]. 

6'd50: The sum value of mv high bits, sum_abs_mv_y[40:32], 
sum_abs_mv_x[40:32], sum_mv_y[40:32], sum_mv_x[40:32]. 

6'd51: The cu skip num, unit is 8*8. 

6'd52: The tu skip num, unit is 4*4. 

6'd53: The max qp of tu, 8'h0, cr_qp_max[7:0], 
cb_qp_max[7:0], luma_qp_max[7:0]. 

6'd54: The min  qp of tu, 8'h0, cr_qp_min[7:0], 
cb_qp_min[7:0], luma_qp_min[7:0]. 

6'd55: The sum of luma qp, unit is 4*4. 

6'd56: The sum of cb qp, unit is 4*4. 

6'd57: The sum of cr qp, unit is 4*4. 
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6'd58: The count of mv_x. 

6'd59: The count of mv_y. 

15:14   RO   0x0  reserved 
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13:8   RW   0x00  

Sw_perf_cnt1_sel 

6'd0: Don't work. 

6'd1: Cycles counter for  cabac in buffer empty. 

6'd2: Cycles counter for  cabac in buffer full;(may be alwasys will 
be 0). 

6'd3: Cycles counter for  cabac out buffer empty. 

6'd4: Cycles counter for  cabac out buffer full. 

6'd5: Cycles counter for  transd input data ready. 

6'd6: Cycles counter for  transd write data to recon allow. 

6'd7: Cycles counter for  dec2transd cmd empty. 

6'd8: Cycles counter for  dec2transd cmd full. 

6'd9: Cycles counter for  transd2dblk bs fifo empty. 

6'd10: Cycles counter for  transd2dblk bs fifo full. 

6'd11: Cycles counter for dec2intra cmd fifo empty. 

6'd12: Cycles counter for dec2intra cmd fifo full. 

6'd13: Cycles counter for mc2recon cmd fifo empty. 

6'd14: Cycles counter for mc2recon cmd fifo full. 

6'd15: Cycles counter for mc2recon data fifo empty. 

6'd16: Cycles counter for mc2recon data fifo full. 

6'd17: Cycles counter for recon2filter data write allow. 

6'd18: Cycles counter for inter2busifd cmd fifo empty. 

6'd19: Cycles counter for inter2busifd cmd fifo full. 

6'd20: Cycles counter for busifd2mc data fifo empty. 

6'd21: Cycles counter for busifd2mc data fifo full. 

6'd22: Cycles counter for bus un-working status(idle status). 

6'd23: Cycles counter for dec2inter cmd fifo empty. 

6'd24: Cycles counter for dec2inter cmd fifo full. 

6'd25: Cycles counter for inter2mc cmd fifo empty. 

6'd26: Cycles counter for inter2mc cmd fifo full. 

6'd27: Cycles counter for inter2dblk bs fifo empty. 

6'd28: Cycles counter for inter2dblk bs fifo full. 
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6'd29: Cycles counter for colmv_rbuf_empty. 

6'd30: Cycles counter for colmv_rbuf_full. 

6'd31: Cycles counter for colmv_wbuf_empty. 

6'd32: Cycles counter for colmv_wbuf_da_full. 

6'd33: Cycles counter for dblk work status. 

6'd34: Cycles counter for dblk work status. 

6'd35: Cycles counter for dec2loopfilter cmd fifo empty. 

6'd36: Cycles counter for dec2loopfilter cmd fifo full. 

6'd37: Cycles counter for sao input data valid. 

6'd38: Cycles counter for busifd hold back sao write data. 

6'd39: Cycles counter for bus process writing output buffer data. 

6'd40: Counter for dec_ctrl read cmd num.  

6'd41: Error ctu num when stream error happen. 

6'd42: Inter reflist idx which be used flag. 

6'd43: Pu num, 4*4 unit. 

6'd44: mv_y_min[15:0], mv_x_min[15:0]. 

6'd45: mv_y_max[15:0], mv_x_max[15:0]. 

6'd46: The sum value of mv_x lowbits,sum_mv_x[31:0]. 

6'd47: The sum value of mv_y lotbits, sum_mv_y[31:0]. 

6'd48: The sum value of |mv_x| lowbits, sum_abs_mv_x[31:0]. 

6'd49: The sum value of |mv_y| lowbits, sum_abs_mv_x[31:0]. 

6'd50: The sum value of mv high bits, sum_abs_mv_y[40:32], 
sum_abs_mv_x[40:32], sum_mv_y[40:32], sum_mv_x[40:32]. 

6'd51: The cu skip num, unit is 8*8. 

6'd52: The tu skip num, unit is 4*4. 

6'd53: The max qp of tu, 8'h0, cr_qp_max[7:0], 
cb_qp_max[7:0], luma_qp_max[7:0]. 

6'd54: The min  qp of tu, 8'h0, cr_qp_min[7:0], 
cb_qp_min[7:0], luma_qp_min[7:0]. 

6'd55: The sum of luma qp, unit is 4*4. 

6'd56: The sum of cb qp, unit is 4*4. 

6'd57: The sum of cr qp, unit is 4*4. 
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6'd58: The count of mv_x. 

6'd59: The count of mv_y. 

7:6   RO   0x0  reserved 
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5:0   RW   0x00  

Sw_perf_cnt0_sel 

6'd0: Don't work. 

6'd1: Cycles counter for  cabac in buffer empty. 

6'd2: Cycles counter for  cabac in buffer full;(may be alwasys will 
be 0). 

6'd3: Cycles counter for  cabac out buffer empty. 

6'd4: Cycles counter for  cabac out buffer full. 

6'd5: Cycles counter for  transd input data ready. 

6'd6: Cycles counter for  transd write data to recon allow. 

6'd7: Cycles counter for  dec2transd cmd empty. 

6'd8: Cycles counter for  dec2transd cmd full. 

6'd9: Cycles counter for  transd2dblk bs fifo empty. 

6'd10: Cycles counter for  transd2dblk bs fifo full. 

6'd11: Cycles counter for dec2intra cmd fifo empty. 

6'd12: Cycles counter for dec2intra cmd fifo full. 

6'd13: Cycles counter for mc2recon cmd fifo empty. 

6'd14: Cycles counter for mc2recon cmd fifo full. 

6'd15: Cycles counter for mc2recon data fifo empty. 

6'd16: Cycles counter for mc2recon data fifo full. 

6'd17: Cycles counter for recon2filter data write allow. 

6'd18: Cycles counter for inter2busifd cmd fifo empty. 

6'd19: Cycles counter for inter2busifd cmd fifo full. 

6'd20: Cycles counter for busifd2mc data fifo empty. 

6'd21: Cycles counter for busifd2mc data fifo full. 

6'd22: Cycles counter for bus un-working status(idle status). 

6'd23: Cycles counter for dec2inter cmd fifo empty. 

6'd24: Cycles counter for dec2inter cmd fifo full. 

6'd25: Cycles counter for inter2mc cmd fifo empty. 

6'd26: Cycles counter for inter2mc cmd fifo full. 

6'd27: Cycles counter for inter2dblk bs fifo empty. 

6'd28: Cycles counter for inter2dblk bs fifo full. 
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6'd29: Cycles counter for colmv_rbuf_empty. 

6'd30: Cycles counter for colmv_rbuf_full. 

6'd31: Cycles counter for colmv_wbuf_empty. 

6'd32: Cycles counter for colmv_wbuf_da_full. 

6'd33: Cycles counter for dblk work status. 

6'd34: Cycles counter for dblk work status. 

6'd35: Cycles counter for dec2loopfilter cmd fifo empty. 

6'd36: Cycles counter for dec2loopfilter cmd fifo full. 

6'd37: Cycles counter for sao input data valid. 

6'd38: Cycles counter for busifd hold back sao write data. 

6'd39: Cycles counter for bus process writing output buffer data. 

6'd40: Counter for dec_ctrl read cmd num.  

6'd41: Error ctu num when stream error happen. 

6'd42: Inter reflist idx which be used flag. 

6'd43: Pu num, 4*4 unit. 

6'd44: mv_y_min[15:0], mv_x_min[15:0]. 

6'd45: mv_y_max[15:0], mv_x_max[15:0]. 

6'd46: The sum value of mv_x lowbits,sum_mv_x[31:0]. 

6'd47: The sum value of mv_y lotbits, sum_mv_y[31:0]. 

6'd48: The sum value of |mv_x| lowbits, sum_abs_mv_x[31:0]. 

6'd49: The sum value of |mv_y| lowbits, sum_abs_mv_x[31:0]. 

6'd50: The sum value of mv high bits, sum_abs_mv_y[40:32], 
sum_abs_mv_x[40:32], sum_mv_y[40:32], sum_mv_x[40:32]. 

6'd51: The cu skip num, unit is 8*8. 

6'd52: The tu skip num, unit is 4*4. 

6'd53: The max qp of tu, 8'h0, cr_qp_max[7:0], 
cb_qp_max[7:0], luma_qp_max[7:0]. 

6'd54: The min  qp of tu, 8'h0, cr_qp_min[7:0], 
cb_qp_min[7:0], luma_qp_min[7:0]. 

6'd55: The sum of luma qp, unit is 4*4. 

6'd56: The sum of cb qp, unit is 4*4. 

6'd57: The sum of cr qp, unit is 4*4. 
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6'd58: The count of mv_x. 

6'd59: The count of mv_y. 

 
 
5NYGHFB6ZUHJ���BGHEXJBSHUIBFQW��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RO   0x00000000  
Sw_perf_cnt0 

Performance count value0 

 
 
5NYGHFB6ZUHJ���BGHEXJBSHUIBFQW��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  

31:0   RO   0x00000000  
Sw_perf_cnt1 

Performance count value1. 

 
 
5NYGHFB6ZUHJ���BGHEXJBSHUIBFQW��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RO   0x00000000  
Sw_perf_cnt2 

Performance count value2. 

 
 
5NYGHFB6ZUHJ���BYS�BHUURUBLQIR�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31   RW   0x0  
sw_vp9_error_ctu1_en 

If the error ctu offset be valid. 

30:26   RO   0x0  reserved 

25:16   RW   0x000  
Sw_vp9_error_ctu1_y 

The error ctu offset y 

15:10   RO   0x0  reserved 

9:0   RW   0x000  
Sw_vp9_error_ctu1_x 

The error ctu offset x 
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5NYGHFB6ZUHJ���BGHEXJBTRVBFWUO�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:30   RO   0x0  reserved 

29:28   RW   0x0  
sw_axi_rd_qos 

Field0000 Description 

27:26   RO   0x0  reserved 

25:24   RW   0x0  

Sw_axi_rd_hurry_level 

2'b00: Hurry off. 

2'b01~2'b11: Hurry level. 

23:22   RO   0x0  reserved 

21:20   RW   0x0  
sw_axi_wr_qos 

Field0000 Description 

19:18   RO   0x0  reserved 

17:16   RW   0x0  

Sw_axi_wr_hurry_level 

2'b00: Hurry off. 

2'b01~2'b11: Hurry level. 

15:8   RO   0x0  reserved 

7:0   RW   0x00  

Sw_bus2mc_buf_qos_level 

Range is: 0~255. 

The value is means that sw_bus2mc_buffer_qos_level <= left 
space, it will give hurry. 

 
 
5NYGHFB6ZUHJ���BGHEXJBZDLWBF\FOHBTRV�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  

Sw_wr_hurry_wait_cycle 

Hw find sw_wr_wait_cycle_qos cycle can't wr to ddr,it will give 
hurry. 
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5NYGHFB6ZUHJ���BGHEXJBLQW�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:23   RO   0x0  reserved 

22:16   RO   0x00  

Sw_streamfifo_space2full 

It is for debug use, to tell the stream fifo space to full. 

For HEVC , H264 and VP9. 

15:12   RO   0x0  reserved 

11:6   RO   0x00  
Sw_wr_tansfer_cnt 

Field0002 Description 

5   RO   0x0  
Sw_stream_rdburst_cnteq0_towr 

Field0001 Description 

4   RO   0x0  
Sw_cabu_rlcend_valid_real 

Field0000 Description 

3   RO   0x0  
Sw_colmvwr_frame_rdy_real 

Field0000 Description 

2   RO   0x0  
Sw_saobu_frame_rdy_valid 

Field0000 Description 

1   RO   0x0  
Sw_saowr_frame_rdy 

Field0000 Description 

0   RO   0x0  

Sw_bu_rw_clean 

1'b0: Bus busy. 

1'b1: Bus idle. 

 
 
5NYGHFB6ZUHJ���BVWDBEBIUDPHBIODJ�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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Bit  Attr  Reset Value  Description  

31   RO   0x0  
Sw_pps_no_ref_bframe_dec_r 

1'b1: Find this frame is not referace  B frame. 

30:19   RO   0x0  reserved 

18:0   RO   0x00000  
Sw_bus_status_flag 

Field0000 Description 

 
 
5NYGHFB6ZUHJ���BSL[BUDQJHB\�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:26   RO   0x0  reserved 

25:16   RO   0x000  
Sw_y_max_value 

The max value of luma 

15:10   RO   0x0  reserved 

9:0   RW   0x000  
Sw_y_min_value 

The min value of luma 

 
 
5NYGHFB6ZUHJ���BSL[BUDQJHBX�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  

31:26   RO   0x0  reserved 

25:16   RO   0x000  
Sw_u_max_value 

The max value of chroma u 

15:10   RO   0x0  reserved 

9:0   RO   0x000  
Sw_u_min_value 

The min value of chroma u 

 
 
5NYGHFB6ZUHJ���BSL[BUDQJHBY�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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Bit  Attr  Reset Value  Description  

31:26   RO   0x0  reserved 

25:16   RW   0x000  
Sw_v_max_value 

The max value of chroma v 

15:10   RO   0x0  reserved 

9:0   RO   0x000  
Sw_v_min_value 

The min value of chroma v 

 

10.5.8 9'38����&$&+(�5HJLVWHUV�6XPPDU\�  

�1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

�  

SUHIBFDFKHB9(56,21 �[���� : �[FDF����� 9(56,21�UHJLVWHU 

SUHIBFDFKHB6,=( �[���� : �[�������� /��FDFKH�6,=( 

SUHIBFDFKHB67$786 �[���� : �[�������� 6WDWXV�UHJLVWHU 

SUHIBFDFKHB&200$1' �[���� : �[�������� &RPPDQG�VHWWLQJ�UHJLVWHU 

SUHIBFDFKHB&/($5B3$*( �[���� : �[�������� &OHDU�SDJH�UHJLVWHU 

SUHIBFDFKHB0$;B5($'6 �[���� : �[�������F 0D[LPXP�UHDG�UHJLVWHU 

SUHIBFDFKHB(1$%/( �[���F : �[�������� (QDEOHV�FDFKHDEOH�DFFHVVHV�DQG�FDFKH�UHDG�DOORFDWLRQ 

SUHIBFDFKHB3(5)&17B65&
� �[���� : �[�������� 3HUIRUPDQFH�FRXQWHU���VRXUFH�UHJLVWHU 

SUHIBFDFKHB3(5)&17B9$/� �[���� : �[�������� 3HUIRUPDQFH�FRXQWHU���YDOXH�UHJLVWHU 
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�1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

�  

SUHIBFDFKHB3(5)&17B65&
� �[���� : �[�������� 

7KLV�UHJLVWHU�KROGV�DOO�WKH�
SRVVLEOH�VRXUFH�YDOXHV�IRU�
3HUIRUPDQFH�&RXQWHU�����WRWDO�
FORFN�F\FOHV���DFWLYH�FORFN�
F\FOHV���UHDG�WUDQVDFWLRQV��
PDVWHU���ZRUG�UHDGV��PDVWHU���
UHDG�WUDQVDFWLRQV��VODYH���ZRUG�
UHDGV��VODYH���UHDG�KLW��VODYH���
UHDG�PLVVHV��VODYH���UHDG�
LQYDOLGDWHV��VODYH���FDFKHDEOH�
UHDG�WUDQVDFWLRQV��VODYH����
%DG�KLW�QXPEHU��VODYH 

SUHIBFDFKHB3(5)&17B9$/� �[���F : �[�������� 3HUIRUPDQFH�FRXQWHU���YDOXH�UHJLVWHU 

1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV�  

 

10.5.9 9'38����&$&+(�'HWDLO�5HJLVWHUV�'HVFULSWLRQ�  

SUHIBFDFKHB9(56,21�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[FDF� 352'8&7B,' 
0LQRU�YHULVLRQ 

���� 52 �[�� 9(56,21B0$-25 
0DMRU�YHULVLRQ 

��� 52 �[�� 9(56,21B0,125 
7KH�LG�RI�SURGXFW 

 

SUHIBFDFKHB6,=(�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� ([WHUQDOBEXVBZLGWK 
/RJ��H[WHUQDO�EXV�ZLGWK�LQ�ELWV 

����� 52 �[�� 
&$&+(B6,=( 
/RJ��FDFKH�VL]H�LQ�E\WHV 
)RU�<�FKDQQHO��LWV�YDOXH�LV��[�� 
)RU�89�FKDQQHO��LWV�YDOXH�LV��[I 

���� 52 �[�� $662&,$7,9,7< 
/RJ��DVVRFLDWLYLW\ 

��� 52 �[�� /,1(B6,=( 
/RJ��OLQH�VL]H�LQ�E\WHV 
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SUHIBFDFKHB67$786�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 5HVHUYHG 

� 5: �[� '$7$B%86< 
6HW�ZKHQ�WKH�FDFKH�LV�EXV\�KDQGOLQJ�GDWD� 

� 5: �[� &0'B%86< 
6HW�ZKHQ�WKH�FDFKH�LV�EXV\�KDQGOLQJ�FRPPDQGV� 

 

SUHIBFDFKHB&200$1'�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[������� 5HVHUYHG 

��� 5: �[� 

6ZBDGGUEBVHO 
�
E����7R�VHO�E>����@ 
�
E����7R�VHO�E>����@��E>���@ 
�
E����7R�VHO�E>�����@��E>���@ 
�
E����7R�VHO�E>�����@��E>���@ 

��� 5: �[� &200$1' 
�
E���&OHDU�HQWLUH�FDFKH 

 

SUHIBFDFKHB&/($5B3$*(�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� :2 �[�������� 
&/($5B3$*( 
:ULWLQJ�DQ�DGGUHVV��LQYLOLGDWHV�DOO�OLQHV�LQ�WKDW�SDJH�IURP�WKH�
FDFKH� 

 

SUHIBFDFKHB0$;B5($'6�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[������� 5HVHUYHG 

��� 5: �[�F 
0$;B5($'6 
/LPLW�WKH�QXPEHU�RI�RXWVWDQGLQJ�UHDG�WUDQVDFWLRQV�WR�WKLV�
DPRXQW� 
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SUHIBFDFKHB(1$%/(�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[������� 5HVHUYHG 

� 5: �[� 
6ZBFDFKHBOLQVL]H 
�
E���7KH�FDFKH�OLQH�LV���E\WHV 
�
E���7KH�FDFKH�OLQH�LV���E\WHV 

� 5: �[� 
6ZBFDFKHBFONBGLVJDWH 
&DFKH�FON�GLVJDWH 
:KHQ�LW�LV��
E���HQDEOH�FDFKH�FON�DXWR�FONJDWLQJ 
:KHQ�LW�LV��
E���GLVDEOH�FDFKH�FON�DXWR�FONJDWLQJ 

� 5: �[� 
6ZBUHDGEXIIHUBFRXQWHUBUHMHFWBHQ 
'HIDXOW�LV��
E���IRU�HQKDQFH�FDFKHDEOH�UHDG�SHUIRUPQDFH�LQ�
UHDGEXIIHU� 
�
E���1RUPDO�RULJLQ�FRXQWHU�UHMHFW 

� 5: �[� 3HUPLWBFDFKHBUHDGBDOORFDWH 
�
E���3HUPLW�FDFKH�UHDG�DOORFDWH�  

� 5: �[� 3HUPLWBFDFKHDEOHBDFFHVV 
�
E���3HUPLW�FDFKHDEOH�DFFHVV 

 

SUHIBFDFKHB3(5)&17B65&��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[������� 5HVHUYHG 

��� 5: �[�� 

3(5)&17B65&� 
7KLV�UHJLVWHU�KROGV�DOO�WKH�SRVVLEOH�VRXUFH�YDOXHV�IRU�3HUIRUPDQFH�
&RXQWHU�� 
���'LVDEOHG 
���7RWDO�FORFN�F\FOHV 
���$FWLYH�FORFN�F\FOHV 
���5HDG�WUDQVDFWLRQV��PDVWHU 
���:RUG�UHDGV��PDVWHU 
���5HDG�WUDQVDFWLRQV��VODYH 
���:RUG�UHDGV��VODYH 
���5HDG�KLW��VODYH 
���5HDG�PLVVHV��VODYH 
���5HDG�LQYDOLGDWHV��VODYH 
����&DFKHDEOH�UHDG�WUDQVDFWLRQV��VODYH 
����%DG�KLW�QXPEHU��VODYH 

 

SUHIBFDFKHB3(5)&17B9$/��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 3(5)&17B9$/� 3HUIRUPDQFH�FRXQWHU���YDOXH 

 

SUHIBFDFKHB3(5)&17B65&��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[������� 5HVHUYHG 

��� 5: �[�� 

3(5)&17B65&� 
7KLV�UHJLVWHU�KROGV�DOO�WKH�SRVVLEOH�VRXUFH�YDOXHV�IRU�3HUIRUPDQFH�
&RXQWHU�� 
���'LVDEOHG 
���7RWDO�FORFN�F\FOHV 
���$FWLYH�FORFN�F\FOHV 
���5HDG�WUDQVDFWLRQV��PDVWHU 
���:RUG�UHDGV��PDVWHU 
���5HDG�WUDQVDFWLRQV��VODYH 
���:RUG�UHDGV��VODYH 
���5HDG�KLW��VODYH 
���5HDG�PLVVHV��VODYH 
���5HDG�LQYDOLGDWHV��VODYH 
����&DFKHDEOH�UHDG�WUDQVDFWLRQV��VODYH 
����%DG�KLW�QPEHU��VODYH 

 

SUHIBFDFKHB3(5)&17B9$/��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 3(5)&17B9$/� 3HUIRUPDQFH�FRXQWHU���YDOXH 

 

10.5.10 9'38����008�5HJLVWHUV�6XPPDU\�  

�1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

�  

UNYGHFBPPXB'7(B$''5 �[���� : �[�������� 

008�FXUUHQW�SDJH�7DEOH�
DGGUHVV��,W�LV�RQO\�FDQ�EH�
ZULWWHQ�ZKHQ�008�VWDWH�LV�
GLVDEOH�RU� �SDJH�IDXOW�RU�
PPX�HQDEOH�VWDOO�VWDWH 

UNYGHFBPPXB67$786 �[���� : �[�������� 008�VWDWXV�UHJLVWHU 
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�1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

�  

UNYGHFBPPXB&200$1' �[���� : �[�������� 008�FRPPDQG�UHJLVWHU 

UNYGHFBPPXB3$*(B)$8/7B$''
5 �[���F : �[�������� 008�ORJLFDO�DGGUHVV�RI�ODVW�SDJH�IDXOW 

UNYGHFBPPXB=$3B21(B/,1( �[���� : �[�������� 008�=DS�FDFKH�OLQH�UHJLVWHU 

UNYGHFBPPXB,17B5$:67$7 �[���� : �[�������� 008�UDZ�LQWHUUXSW�VWDWXV�UHJLVWHU 

UNYGHFBPPXB,17B&/($5 �[���� : �[�������� 008�UDZ�LQWHUUXSW�VWDWXV�UHJLVWHU 

UNYGHFBPPXB,17B0$6. �[���F : �[�������� 008�UDZ�LQWHUUXSW�VWDWXV�UHJLVWHU 

UNYGHFBPPXB,17B67$786 �[���� : �[�������� 008�UDZ�LQWHUUXSW�VWDWXV�UHJLVWHU 

UNYGHFBPPXB$872B*$7,1* �[���� : �[�������� 008�DXWR�JDWLQJ 

1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV�  

 

10.5.11 9'38����008�'HWDLO�5HJLVWHUV�'HVFULSWLRQ�  

UNYGHFBPPXB'7(B$''5�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 008B'7(B$''5 0PX�GWH�EDVH�DGGU���WKH�DGGUHVV�PXVW�EH��NE�DOLJQHG 

 

UNYGHFBPPXB67$786�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[������ 5HVHUYHG 

���� 52 �[�� 3$*(B)$8/7B%86B,' 
,QGH[�RI�PDVWHU�UHVSRQVLEOH�IRU�ODVW�SDJH�IDXOW� 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 52 �[� 
3$*(B)$8/7B,6B:5,7( 
7KH�GLUHFWLRQ�RI�DFFHVV�IRU�ODVW�SDJH�IDXOW� 
�
E���5HDG 
�
E���:ULWH 

� 52 �[� 5(3/$<B%8))(5B(037< 
7KH�008�UHSOD\�EXIIHU�LV�HPSW\� 

� 52 �[� 
008B,'/( 
7KH�008�LV�LGOH�ZKHQ�DFFHVVHV�DUH�EHLQJ�WUDQVODWHG�DQG�WKHUH�
DUH�QR�XQILQLVKHG�WUDQVODWHG�DFFHVVHV� 

� 52 �[� 
67$,/B$&7,9( 
008�VWDOO�PRGH�FXUUHQWO\�HQDEOHG��7KH�PRGH�LV�HQDEOHG�E\�
FRPPDQG� 

� 52 �[� 
3$*(B)$8/7B$&7,9( 
008�SDJH�IDXOW�PRGH�FXUUHQWO\�HQDEOHG��7KH�PRGH�LV�HQDEOHG�E\�
FRPPDQG� 

� 52 �[� 3$*,1*B(1$%/(' 
3DJLQJ�LV�HQDEOHG� 

 

UNYGHFBPPXB&200$1'�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 5HVHUYHG 

��� :2 �[� 

008B&0' 
008B&0'��7KLV�FDQ�EH� 
���008B(1$%/(B3$*,1* 
���008B',6$%/(B3$*,1* 
���008B(1$%/(B67$// 
���008B',6$%/(B67$// 
���008B=$3B&$&+( 
���008B3$*(B)$8/7B'21( 
���008B)25&(B5(6(7 

 

UNYGHFBPPXB3$*(B)$8/7B$''5�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 3$*(B)$8/7B$''5 $GGUHVV�RI�ODVW�SDJH�IDXOW 

 

UNYGHFBPPXB=$3B21(B/,1(�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� :2 �[�������� 008B=$3B21(B/,1( $GGUHVV�WR�EH�LQYDOLGDWHG�IURP�WKH�SDJH�WDEOH�FDFKH 

 

UNYGHFBPPXB,17B5$:67$7�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 5HVHUYHG 

� 5: �[� 5($'B%86B(5525 
5HDG�EXV�HUURU 

� 5: �[� 3$*(B)$8/7 
3DJH�IDXOW 

 

UNYGHFBPPXB,17B&/($5�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 5HVHUYHG 

� :2 �[� 5($'B%86B(5525 
5HDG�EXV�HUURU 

� :2 �[� 3$*(B)$8/7 
3DJH�IDXOW 

 

UNYGHFBPPXB,17B0$6.�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 5HVHUYHG 

� 5: �[� 
5($'B%86B(5525 
5HDG�EXV�HUURU 
(QDEOH�DQ�LQWHUUXSW�VRXUFH�LI�WKH�FRUUHVSRQGLQJ�PDVN�ELW�LV�VHW�WR�
���  

� 5: �[� 
3$*(B)$8/7 
3DJH�IDXOW 
(QDEOH�DQ�LQWHUUXSW�VRXUFH�LI�WKH�FRUUHVSRQGLQJ�PDVN�ELW�LV�VHW�WR�
���  

 

UNYGHFBPPXB,17B67$786�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 5HVHUYHG 

� 52 �[� 5($'B%86B(5525 
5HDG�EXV�HUURU 

� 52 �[� 3$*(B)$8/7 
3DJH�IDXOW 

 

UNYGHFBPPXB$872B*$7,1*�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 5HVHUYHG 

� 5: �[� 0PXBDXWRBJDWLQJ 
:KHQ�LW�LV��
E���WKH�PPX�ZLOO�DXWR�JDWLQJ�LWVHOI� 

 

10.5.12 9'38����//3�5HJLVWHUV�6XPPDU\�  

�1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

�  

UNYGHFBOLQNBVZUHJ�BOLQNBPRGHBLUT �[���� : �[�������� 7KH�LQWHUULSW�RI�//3�PRGH 

UNYGHFBOLQNBVZUHJ�BFIJBVWDUWBDGGU �[���� : �[�������� WKH�DGGUHVV�RI�UHJLVWHU�GDWD 

UNYGHFBOLQNBVZUHJ�BOLQNBPRGH �[���� : �[�������� 7KH�//3�WDEOH�DGG�FWUO 

UNYGHFBOLQNBVZUHJ�BFRQILJBGRQH �[���F : �[�������� &RQILJ�ILQLVK�FWUO�UHJLVWHU 

UNYGHFBOLQNBVZUHJ�BGHFRGHUHGBQX
P �[���� : �[�������� 

7KH�IUDPH�QXPEHU�
ZKLFK�KDYH�EHHQ�
GHFRGHUHG 

UNYGHFBOLQNBVZUHJ�BGHFBWRWDOBQXP �[���� : �[�������� 7KH�WRWDO�QHHGHG�GHFRGHU�QXPEHU 

UNYGHFBOLQNBVZUHJ�BOLQNBPRGHBHQ �[���� : �[�������� //3�HQDEOH�IODJ 

1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV�  

 

10.5.13 9'38����//3�'HWDLO�5HJLVWHUV�'HVFULSWLRQ�  

UNYGHFBOLQNBVZUHJ�BOLQNBPRGHBLUT�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[������ 5HVHUYHG 

� 5: �[� UNYGHFBLUTBUDZ 
7KH�LUT�RI�GHFRGHUHG 

� 5: �[� 
/LQNBWDEOHBLUT 
:KHQ�KLJK��GHFRGHU�UHTXHVWV�DQ�LQWHUUXSW��  
OLQN�WDEOH�LUT� �6ZBGHFBLUTBUDZ�		��6ZBGHFBLUTBGLV�  ��
E�� 

��� 52 �[�� 5HVHUYHG 

� 5: �[� 
6ZBHUURUBLUTBGLV 
�¶E���,I�WKHUH�DUH�DQ\�HUURU��QRW�PDWWHU�6ZBGHFBLUTBGLV��LW�ZLOO�
JLYH�DQ�LQWHUUXSW� 
�¶E���,I�LW�ZLOO�JLYH�LQWHUUHSW��LW�RQO\�DFFRUGLQJ�WR�6ZBGHFBLUTBGLV 

� 5: �[� 
&DFKHBFIJBPRGHBVHO 
�¶E���8VH�UWO�GHIDXOW�YDOXH�WR�FRQILJ�FDFKH��LS�ZLOO�DXWR�FOU�FDFKH�
ZKHQ�LW�EHJLQ�WR�VWDUW�GHF�D�IUDPH� 
�¶E���8VH�FRQILJ�LQ�GGU�WR�FRQILJ�FDFKH�� 

 

UNYGHFBOLQNBVZUHJ�BFIJBVWDUWBDGGU�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[������� 5HJBFIJBDGGU 
,W�VKRXOG�EH�DOLJQ�WR����E\WH� 

 

UNYGHFBOLQNBVZUHJ�BOLQNBPRGH�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
/LQNBPRGH 
�¶E���1RUPDO�PRGH�WKH�ILUVW�WR�VWDUW�OLQN�PRGH 
�¶E���$GG�H[WUD�UHDG\�IUDPH�WR�GHFRGHU 

�� 52 �[� 5HVHUYHG 

���� 5: �[�������� 3UHBIUDPHBQXP 
�¶E���&RQILJ���IUDPH�  

 

UNYGHFBOLQNBVZUHJ�BFRQILJBGRQH�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 5HVHUYHG 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� :2 �[� &RQILJBGRQH 
$IWHU�FRQILJ�RND\��FRQILJ�WKLV�ELW�WR�� 

 

UNYGHFBOLQNBVZUHJ�BGHFRGHUHGBQXP�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
'HFRGHUBHUURUBIODJ 
�¶E���1R�HUURU�  
�¶E���(UURU��\RX�ZLOO�QHHG�WR�VHH�VZUHJ��WR�FKHFN�HUURU�W\SH� 

�� 52 �[� 5HVHUYHG 

���� 52 �[�������� 'HFRGHUBQXP 
7KH�IUDPH�QXPEHU�ZKLFK�KDYH�EHHQ�GHFRGHUHG 

 

UNYGHFBOLQNBVZUHJ�BGHFBWRWDOBQXP�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� 5HVHUYHG 

���� 52 �[�������� 'HFBWRWDOBQXP 
7KH�WRWDO�QHHGHG�GHFRGHU�QXPEHU 

 

UNYGHFBOLQNBVZUHJ�BOLQNBPRGHBHQ�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 5HVHUYHG 

� 5: �[� /LQNBPRGHBHQ 
:KHQ�HUURU�VHH�E\�KZ��LW�ZLOO�DXWR�UHVHW�WR��� 

10.5.14 9'38����5HJLVWHUV�6XPPDU\�  
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Name  Offset  Size  
Reset 
Value  

Description  

RKDJPEG_swreg0_id  0x0000  W  0x00000000  ID register (read only)  

RKDJPEG_swreg1_int  0x0004  W  0x00000000  
interrupt and decoder enable 
register  

RKDJPEG_swreg2_sys  0x0008  W  0x00000000  rk jpeg decoder system ctrl  

RKDJPEG_swreg3_pic_siz
e  

0x000c  W  0x00000000  picture width and height size  

RKDJPEG_swreg4_pic_for
mat  

0x0010  W  0x00000000  jpeg picture format configurate  

RKDJPEG_swreg5_hor_vir
stride  

0x0014  W  0x00000000  
sw_y_hor_virstride and 
sw_uv_hor_virstride configurate  

RKDJPEG_swreg6_y_virstr
ide  

0x0018  W  0x00000000  sw_y_virstride configurate  

RKDJPEG_swreg7_table_l
en  

0x001c  W  0x00000000  
dequant table and huffman table 
length Description  

RKDJPEG_swreg8_strm_le
n  

0x0020  W  0x00000000  
rk jpeg stream length and start 
byte info Description  

RKDJPEG_swreg9_qtbl_ba
se  

0x0024  W  0x00000000  
dequant table DDR base address 
Description  

RKDJPEG_swreg10_htbl_
mincode_base  

0x0028  W  0x00000000  
huffman mincode table DDR base 
address Description  

RKDJPEG_swreg11_htbl_v
alue_base  

0x002c  W  0x00000000  
huffman value table DDR base 
address Description  

RKDJPEG_swreg12_strm_
base  

0x0030  W  0x00000000  
stream data DDR base address 
Description  

RKDJPEG_swreg13_dec_o
ut_base  

0x0034  W  0x00000000  
rk jpeg recon decoder output data 
DDR address Description  

RKDJPEG_swreg14_strm_
error  

0x0038  W  0x00000000  
rk jpeg decoder stream error 
process  

RKDJPEG_swreg15_strm_
mask  

0x003c  W  0x00000000  
rk jpeg decoder special marker 
process  
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RKDJPEG_swreg16_clk_g
ate  

0x0040  W  0x00000000  rk jpeg decoder clk gate enable  

RKDJPEG_swreg30_perf_l
atency_ctrl0  

0x0078  W  0x00000000  
rk jpeg decoder axi performance 
ctrl0 Description  

RKDJPEG_swreg31_perf_l
atency_ctrl1  

0x007c  W  0x00000000  
rk jpeg decoder axi performance 
ctrl1 Description  

RKDJPEG_swreg32_dbg_
mcu_pos  

0x0080  W  0x00000000  
rk jpeg debug register with mcu 
position Description  

RKDJPEG_swreg33_dbg_e
rror_info  

0x0084  W  0x00000000  
rk jpeg debug register with error 
info Description  

RKDJPEG_swreg34_perf_r
d_max_latency_num0  

0x0088  W  0x00000000  rd_max_latency_num Description  

RKDJPEG_swreg35_perf_r
d_latency_samp_num  

0x008c  W  0x00000000  rd_latency_thr_num Description  

RKDJPEG_swreg36_perf_r
d_latency_acc_sum  

0x0090  W  0x00000000  rd_latency_acc_sum Description  

RKDJPEG_swreg37_perf_r
d_axi_total_byte  

0x0094  W  0x00000000  
perf_rd_axi_total_byte 
Description  

RKDJPEG_swreg38_perf_
wr_axi_total_byte  

0x0098  W  0x00000000  
perf_wr_axi_total_byte 
Description  

RKDJPEG_swreg39_perf_
working_cnt  

0x009c  W  0x00000000  perf_working_cnt Description  

1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV 

 

10.5.15 9'38����'HWDLO�5HJLVWHUV�'HVFULSWLRQ�  
5.'-3(*BVZUHJ�BLG�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �669 

Bit  Attr  Reset Value  Description  

31:16   RO   0x0000  
prod_num 

RKDJPEG verision 

15:9   RO   0x0  reserved 

8   RO   0x0  

bit_depth 

max bit_depth support 

0: 8bits 

1: 12bits 

7:0   RO   0x00  

minor_ver 

0: default 

1: 8k 
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Bit  Attr  Reset Value  Description  

31:17   RO   0x0  reserved 

16   RW   0x0  

sw_care_strm_error_e 

use for sw_error_prc_mode=1 

0:not care stream error,when sw_care_strm_error_e=0, 

sw_dec_error_sta will not valid, 

mmu will not be reset at frame end, 

link table mode will continue without care stream error, 

only active error info registers; 

1:care stream error; 

15   RW   0x0  

sw_buf_empty_force_end_flag 

0:invalid 

1:valid 

buffer empty interrupt with stream real empty 

so should force hardware decoder current frame end 

14   RW   0x0  
sw_softreset_rdy 

when it is 1'b1, it says that softreset has been done 

13   RW   0x0  

sw_dec_buf_empty_sta 

buffer empty status, only when sw_buf_empty_e is 1'b1 , this bit 
is valid 

software should clean stream buffer empty state and set 
sw_buf_empty_reload_p enbale at the same time 

12   RW   0x0  

sw_dec_timeout_sta 

When high the decoder has been idling for too long. it will self 
reset the hardware 

only when sw_dec_timeout_e is 1'b1, this bit is valid 

11   RW   0x0  

sw_dec_error_sta 

when high, an error is found in input data stream decoding.when 
sw_error_prc_mode is 1'b0, it will self reset the hardware, 
otherwise it will not 
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10   RW   0x0  

sw_dec_bus_sta 

When this bit is high, there is error on the axi bus, it will self 
reset hardware 

9   RW   0x0  

sw_dec_rdy_sta 

when this bit is high, decoder has decoded a picture (the output 
module send out a frame rdy) 

8   RW   0x0  

sw_dec_irq 

when high,  decoder requests an interrrupt.  

sw_dec_irq = sw_dec_irq_raw && (sw_dec_irq_dis == 1'b0) 

7   RW   0x0  

sw_wait_reset_e 

the enable flag of wait software system to reset flag 

0: hardware will auto reset when error occur 

1: wait software process reset when error occur 

6   RW   0x0  

sw_dec_irq_raw 

the raw status of sw_dec_irq,SW should reset this bit after 
interrupt is handled 

5   RW   0x0  

sw_softrst_en_p 

softreset enable signal 

write 1 to soft reset, write 0 invalid 

puls register 
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4   RW   0x0  

sw_buf_empty_reload_p 

buffer empty stream reload enable signal 

write 1 to reload stream data ready 

pulse register with hardware auto clean valid at next cycle 

before reload enable,strm_len register should be reset and 
start_of_type is zero 

sw_strm_base addr may be reset also. 

note:sw_error_prc_mode should be set to 1 when 
sw_buf_empty_e valid 

otherwise the hardware would be reset and not support buffer 
buffer empty reload 

3   RW   0x0  
sw_buf_empty_e 

buffer empty interrupt enable 

2   RW   0x0  

sw_dec_timeout_e 

If enabled HW may return timeout interrupt in case HW gets 
stucked while decoding picture. 

1   RW   0x0  

sw_dec_irq_dis 

When hight, there are no interrupts concerning decoder from HW. 
Polling must be  used to see the interrupt status 

0   RW   0x0  

sw_dec_e 

Decoder enable. Setting this bit high will start the decoding 
operation. HW will reset this when the picture is decoded ready or   
bus error or time out interrupt is given for all decode format. 
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Bit  Attr  Reset Value  Description  

31   RW   0x0  

sw_yuv2rgb_range 

jpeg decoder yuv2rgb range 

0: range0 limit (Y[16:235],UV[16:240],RGB[0:255]) 

1: range1 full (YUV[0:255],RGB[0:255]) 

30   RW   0x0  

sw_yuv2rgb_rec 

jpeg decoder yuv2rgb rec 

0: BT601 

1: BT709 

29:27   RW   0x0  

sw_yuv_out_format 

jpeg decoder yuv output transmit format 

000:yuv out without transmit format 

001:yuv2rgb888 

010:yuv2rgb565 

011:yuv2yuv420sp(not support yuv400 transmit to yuv420sp) 

100:yuv2yuyv(only support yuv422 or yuv444, yuv444 should uv 
scaledown) 

26   RW   0x0  

sw_dec_out_sequence 

recon data out format when afbc off 

0:raster sequence out 

1:tile sequence out 

25   RW   0x0  

sw_fill_right_e 

When JPEG picture width pixels is not a multiple of 16 pixels. 

0: not fill picture width to multiple of 16 pixels.  

1: fill picture width to multiple of 16 pixels. HW must fill one 
block of zero pixel data to the right border of the picture. 
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24   RW   0x0  

sw_fill_down_e 

When JPEG picture height pixels is not a multiple of 16 pixels. 

0: not fill picture height to multiple of 16 pixels.  

1: fill picture height to multiple of 16 pixels. HW must fill one 
block row of zero pixel data for the last block row of picture. 

23   RO   0x0  reserved 

22   RW   0x0  

sw_fbc_force_uncompress 

0˖allow fbce compress yuv block˗ 

1˖force all yuv block use uncompress mode˗ 

21   RW   0x0  

sw_allow_16x8_cp_flag 

0: not allow  

1:allow 

the configurate value is depend on vop work mode 

20   RW   0x0  

sw_fbc_e 

0:disable 

1:fbc enable 

19:18   RO   0x0  reserved 

17   RW   0x0  

sw_force_softreset_valid 

when sw_force_softreset_valid is 1'b1, sw_softrst_en will always  
be valid to the system no matter that whether the axi bus is idle; 

when sw_force_softreset_valid is 1'b0, sw_softrst_en will only be 
valid when the axi bus is idle. 

16   RW   0x0  

sw_timeout_mode 

timeout mode select 

1'b0:  TIMEOUT_CYCLES is 24 1'b1; 

1'b1:  TIMEOUT_CYCLES is 18 1'b1; 

15:14   RO   0x0  reserved 
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13:12   RW   0x0  

sw_scaledown_mode 

jpeg decoder scaledown mode 

00: not scaledown 

01: 1/2 scaledown 

10: 1/4 scaledown 

11: 1/8 scaledown 

11:10   RO   0x0  reserved 

9   RW   0x0  

sw_out_cbcr_swap 

1'b0:  cb(u) is in the lower address, cr(v) is in the higher address 

1'b1:  cb(u) is in the higher address,cr(v) is in the lower address 

sw_in_cbcr_swap is the same with sw_out_cbcr_swap 

jpeg decoder only support for yuv4xxsp 

8   RW   0x0  

sw_out_swap64_e 

may be used for 128 bit environment 

0 = no swapping of 64 bit words 

1 = 64 bit data words are swapped 

7   RW   0x0  

sw_out_swap32_e 

may be used for 64 or 128 bit environment 

0 = no swapping of 32 bit words 

1 = 32 bit data words are swapped 

6   RW   0x0  

sw_out_endian 

0 = little endian 

1 = big endian 

for litter enadian , a data 0x12345678, 0x78 is stored in lower 
address, 0x12 is stored in higher address 

5   RW   0x0  

sw_str_swap64_e 

may be used for 128 bit environment 

0 = no swapping of 64 bit words 

1 = 64 bit data words are swapped 
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4   RW   0x0  

sw_str_swap32_e 

may be used for 64 or 128 bit environment 

0 = no swapping of 32 bit words 

1 = 32 bit data words are swapped 

3   RW   0x0  

sw_str_endian 

0 = little endian 

1 = big endian 

for litter enadian , a data 0x12345678, 0x78 is stored in lower 
address, 0x12 is stored in higher address 

2   RW   0x0  

sw_in_swap64_e 

may be used for 128 bit environment 

0 = no swapping of 64 bit words 

1 = 64 bit data words are swapped 

1   RW   0x0  

sw_in_swap32_e 

may be used for 64 or 128 bit environment 

0 = no swapping of 32 bit words 

1 = 32 bit data words are swapped 

0   RW   0x0  

sw_in_endian 

0 = little endian 

1 = big endian 

for litter enadian , a data 0x12345678, 0x78 is stored in lower 
address, 0x12 is stored in higher address 
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Bit  Attr  Reset Value  Description  

31:16   RW   0x0000  

sw_pic_height_m1 

Picture height in pixels unit minus1(should be mcu align by 
hardware) 

15:0   RW   0x0000  

sw_pic_width_m1 

Picture width in pixels unit minus1(should be mcu align by 
hardware) 
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Bit  Attr  Reset Value  Description  

31:16   RW   0x0000  

sw_dri_mcu_num_m1 

Restart marker frequency. Tells the amount of coding units 
between restart markers Specifies the number of MCU in the 
restart. 

the number is minus1 

15   RW   0x0  

sw_dri_e 

define restart interval marker enable 

0:restart interval marker disable 

1:restart interval marker enable 

14   RO   0x0  reserved 

13:12   RW   0x0  

sw_htables_sel 

Amount of Huffman tables in external memory: 

0 = No Huffman tables. 

1 = One Huffman table. Used when picture is single type 

2 = Two Huffman tables. One for luminance and one for 
chominances 

3 = Three Huffman tables. Each type (Lu, Cb, Cr) has own 
Huffman table 

11:10   RO   0x0  reserved 

9:8   RW   0x0  

sw_qtables_sel 

Amount of Quantization tables in external memory: 

0 = No quantization tables.  

1 = One quantization table. Used when picture is single type 

2 = Two quantization tables. One for luminance and one for 
chominances 

3 = Three quantization tables. Each type (Lu, Cr, Cb) has own 
QP-table 

7   RO   0x0  reserved 
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6:4   RW   0x0  

sw_pixel_depth 

Picture luma pixel depth minus8. 

0:8bits 

4:12bits 

3   RO   0x0  reserved 

2:0   RW   0x0  

sw_jpeg_mode 

Input picture sampling format:  

0 = single type, MB 1 block  (4:0:0) 

1 = single type, MB 6 blocks (4:1:1) 

2 = three types, MB 6 blocks (4:2:0) 

3 = three types, MB 4 blocks (4:2:2) 

4 = three types, MB 4 blocks (4:4:0) 

5 = three types, MB 3 blocks (4:4:4) 
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Bit  Attr  Reset Value  Description  

31:16   RW   0x0000  

sw_uv_hor_virstride 

picture horizontal virtual stride (the unit is 128bit) 

the max is 65536x2/16 = 0x2000 

suggest this register to configuration to even for advance DDR 
performance 

yuv444 tile mode ,uv_hor_virstride will use 16bits 

15:0   RW   0x0000  

sw_y_hor_virstride 

picture horizontal virtual stride (the unit is 128bit) 

the max is 65536x2/16 = 0x2000 

suggest this register to configuration to even for advance DDR 
performance 

fbc mode: used for head virtual stride 

but rgb888 tile mode ,y_hor_virstride 16bits is not enought,will 
be use 17bits 
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Bit  Attr  Reset Value  Description  

31:4   RW   0x0000000  

sw_y_virstride 

Base address with 16 byte precision for decoder output luminance 
picture virtual stride 

3:0   RO   0x0  reserved   
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Bit  Attr  Reset Value  Description  

31:25   RO   0x0  reserved 

24   RW   0x0  

sw_y_hor_virstride_h 

picture horizontal virtual stride (the unit is 128bit) 

high bit when rgb888 tile mode use ,y_hor_virstride 16bits is not 
enought,will be use 17bits 

23:22   RO   0x0  reserved 

21:16   RW   0x00  
sw_htbl_value_len 

Huffman value tables length(minus 1) with 16 byte align(128bits) 

15:13   RO   0x0  reserved 

12:8   RW   0x00  

sw_htbl_mincode_len 

Huffman maxcode mincode and accaddr length(minus 1) with 16 
byte align(128bits) 

7:5   RO   0x0  reserved 

4:0   RW   0x00  
sw_qtbl_len 

quant table length(minus 1) with 16 byte align(128bits) 
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Bit  Attr  Reset Value  Description  

31:4   RW   0x0000000  

sw_stream_len 

Amount of stream data 16 bytes(minus 1) in input buffer. If the 
given buffer size is not enough for finishing the picture the 
corresponding interrupt is given and new stream buffer base 
address and stream buffer size information should be given 
(assosiates with sw_strm_in_base). 

3:0   RW   0x0  

sw_strm_start_byte 

Input stream start byte offset:  

0 = 0 type, of the base addr(16bytes) offset 

1 = 1 type, of the base addr(16bytes) offset 

2 = 2 type, of the base addr(16bytes) offset 

3 = 3 type, of the base addr(16bytes) offset 

4 = 4 type, of the base addr(16bytes) offset 

5 = 5 type, of the base addr(16bytes) offset 

6 = 6 type, of the base addr(16bytes) offset 

7 = 7 type, of the base addr(16bytes) offset 

« 
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Bit  Attr  Reset Value  Description  

31:6   RW   0x0000000  

sw_qtbl_base 

Base address for standard dependent tables: 

AC,DC, QP tables 64 bytes align˅ 

5:0   RO   0x0  reserved   
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Bit  Attr  Reset Value  Description  

31:6   RW   0x0000000  

sw_htbl_mincode_base 

Base address for standard dependent tables: 

Huffman mincode and accaddr tables 64 bytes align˅ 

5:0   RO   0x0  reserved   
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Bit  Attr  Reset Value  Description  

31:6   RW   0x0000000  

sw_htbl_value_base 

Base address for standard dependent tables: 

Huffman value tables 64 bytes align˅ 

5:0   RO   0x0  reserved   
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Bit  Attr  Reset Value  Description  

31:4   RW   0x0000000  

sw_strm_in_base 

Stream start address with 16 byte precision. 

Actually, start byte number in stream_start_byte. 

3:0   RO   0x0  reserved   
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Bit  Attr  Reset Value  Description  

31:6   RW   0x0000000  

sw_dec_out_base 

Base address with 64 byte precision for decoder output luminance 
picture 

5:0   RO   0x0  reserved   

 
 
5.'-3(*BVZUHJ��BVWUPBHUURU�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �683 

Bit  Attr  Reset Value  Description  

31:21   RO   0x0  reserved 

20:16   RW   0x00  

sw_hfm_force_stop 

0: Huffman decoder error and continue. 

1: Huffman decoder error force stop the decoder and wait soft 
reset. 

[12]: AXI stream buffer empty, and without detect EOI marker 
stop or not(0:support fill coefficient) 

[11]:Huffman get EOI marker without frame end stop or 
not(0:support fill coefficient) 

[10]:Huffman coefficient overflow detect and stop or 
not(0:support decode next coefficient) 

[9]:Huffman decode DRI stream stop or not, when MCU counter 
is not zero with DRI marker detect(0:support fill coefficient) 

[8]:Huffman decode DRI stream stop or not, when MCU counter 
is zero without DRI marker detect(0:support skip dummy stream) 

15:10   RO   0x0  reserved 

9   RW   0x0  

sw_strm_dri_seq_err_mode 

0:stream dri sequence error do not report error pos; 

1:stream dri sequence error should be report error pos(if it's first 
error); 

note: error state should be report at all case 

8:7   RW   0x0  

sw_strm_other_mark_mode 

00:stream detect other marker do skip process and not report 
error pos; 

01: stream detect another marker stop the decoder and wait soft 
reset; 

10:stream detect other marker do skip process 

11:stream detect other marker do with normal stream 

note: error state should be report at all case 
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6:5   RW   0x0  

sw_strm_ffff_err_mode 

00:stream detect ffff marker do skip first 0xff process and not 
report error pos; 

01: stream detect another marker stop the decoder and wait soft 
reset; 

10:stream detect ffff marker do skip first 0xff process; 

11:stream detect ffff marker do with normal stream at first 0xff; 

note: error state should be report at all case 

4:3   RW   0x0  

sw_strm_r1_err_mode 

stream detect second select marker process mode configuration 

00: ignore second select marker. 

01: force stop decoder when meet the second select marker 

10: do skip process when meet the second select marker 

11: do with normal stream when meet the second select marker 

2:1   RW   0x0  

sw_strm_r0_err_mode 

stream detect first select marker process mode configuration 

00: ignore first select marker. 

01: force stop decoder when meet the first select marker 

10: do skip process when meet the first select marker 

11: do with normal stream when meet the first select marker 

0   RW   0x0  

sw_error_prc_mode 

1'b0: when there is any stream error, the hardware will stop the 
decoder and reset itself; 

1'b1: when there is any stream error,  the hardware will wait the 
end signal of recon and then reset request; 

 
 
5.'-3(*BVZUHJ��BVWUPBPDVN�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
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Bit  Attr  Reset Value  Description  

31:24   RW   0x00  

sw_strm_r1_mask 

mark the mask info 

1:stream value[7-0] will mask and not care 

0:stream value[7-0] shall match SW marker value 

23:16   RW   0x00  
sw_strm_r1_marker 

0xffxx marker low 8bits value 

15:8   RW   0x00  

sw_strm_r0_mask 

mark the mask info 

1:stream value[7-0] will mask and not care 

0:stream value[7-0] shall match SW marker value 

7:0   RW   0x00  
sw_strm_r0_marker 

0xffxx marker low 8bits value 

 
 
5.'-3(*BVZUHJ��BFONBJDWH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:8   RO   0x0  reserved 

7:0 RW   0x0  

sw_dec_gate_e 

total 8 bits each with follow phase 

0 = Clock gate is not enable 

1 = Clock gate is enable when busifd block is not working 
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Bit  Attr  Reset Value  Description  

31:20   RO   0x0  reserved 

19:8   RW   0x000  
sw_rd_latency_thr 

rd channel latency threshold 

7:4   RW   0x0  
sw_rd_latency_id 

rd channel id for performance test 

3   RW   0x0  

sw_axi_cnt_type 

sw_axi_cnt_type 

0:axi transfer num count 

1:ddr align transfer num count 

2   RW   0x0  

sw_axi_perf_frm_type 

1'b0: clear by frame end  

1'b1: clear by software configuration 

1   RW   0x0  

sw_axi_perf_clr_e 

1'b0: software clear disable 

1'b1: software clear enalbe 

clear pulse 

0   RW   0x0  

sw_axi_perf_work_e 

1'b0: disable 

1'b1: enable 

 
 
5.'-3(*BVZUHJ��BSHUIBODWHQF\BFWUO��  
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5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �687 

Bit  Attr  Reset Value  Description  

31:13   RO   0x0  reserved 

12   RW   0x0  

sw_rd_total_bytes_mode 

0:cal all id 

1:cal sw_ar_count_id 

11:8   RW   0x0  
sw_aw_count_id 

sw_aw_count_id 

7:4   RW   0x0  
sw_ar_count_id 

sw_ar_count_id 

3   RW   0x0  

sw_aw_cnt_id_type 

sw_aw_cnt_id_type 

0:count all wr-channels 

1:count sw_wr_cont_id wr-channel only 

2   RW   0x0  

sw_ar_cnt_id_type 

sw_ar_cnt_id_type 

0:count all rd-channels 

1:count sw_ar_cont_id rd-channel only 

1:0   RW   0x0  

sw_addr_align_type 

sw_addr_align_type 

0:16 byte align 

1:32byte align 

2:64byte align 

3:128byte align 

 
 
5.'-3(*BVZUHJ��BGEJBPFXBSRV�  
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Bit  Attr  Reset Value  Description  

31:16   RO   0x0000  

mcu_pos_y 

Decoder mcu position at x coordinal with first error detect, only 
for read enable 

15:0   RO   0x0000  

mcu_pos_x 

Decoder mcu position at y coordinal with first error detect, only 
for read enable 

 
 
5.'-3(*BVZUHJ��BGEJBHUURUBLQIR�  
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Bit  Attr  Reset Value  Description  

31:20   RO   0x0  reserved 

19:16   RW   0x0  

jpeg_first_error_idx 

jpeg decoder first error index 

4'd0:stream_dri_seq_err_sta 

4'd1:stream_r0_err_sta 

4'd2:stream_r1_err_sta 

4'd3:stream_ffff_err_sta 

4'd4:stream_other_mark_err_sta 

4'd8:huffman_mcu_cnt_l 

4'd9:huffman_mcu_cnt_m 

4'd10:huffman_eoi_without_end 

4'd11:huffman_end_without_eoi 

4'd12:huffman_overflow 

4'd13:huffman_buf_empty 

15:14   RO   0x0  reserved 

13   RW   0x0  

huffman_buf_empty 

Decoder picture not complete, and not detect EOI with buffer 
empty 

0:buffer not empty 

1:buffer empty 

12   RW   0x0  
huffman_overflow 

Decoder Huffman coefficient overflow 

11   RW   0x0  
huffman_end_without_eoi 

Decoder Huffman frame end without get EOI marker 

10   RW   0x0  
huffman_eoi_without_end 

Decoder Huffman get EOI marker without frame end 
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9   RW   0x0  

huffman_mcu_cnt_m 

Decoder dri stream mcu count more, mcu count 0 without restart 
mark 

8   RW   0x0  

huffman_mcu_cnt_l 

Decoder dri stream mcu count low, restart mark is coming 
without mcu count 0 

7:5   RO   0x0  reserved 

4   RW   0x0  

stream_other_mark_err_sta 

Decoder stream other marker error detect flag, only for read 
enable 

0:other marker not detect 

1:other marker detect 

3   RW   0x0  

stream_ffff_err_sta 

Decoder stream ffff error detect flag, only for read enable 

0:other marker not detect 

1:other marker detect 

2   RW   0x0  

stream_r1_err_sta 

Decoder stream special marker1 error detect flag, only for read 
enable 

0:special marker1 not detect 

1:special marker1 detect 

1   RW   0x0  

stream_r0_err_sta 

Decoder stream special marker0 error detect flag, only for read 
enable 

0:special marker0 not detect 

1:special marker0 detect 

0   RW   0x0  

stream_dri_seq_err_sta 

0:stream DRI at normal sequence 

1:stream error with DRI not at normal sequence 
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5.'-3(*BVZUHJ��BSHUIBUGBPD[BODWHQF\BQXP��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:16   RO   0x0  reserved 

15:0   RW   0x0000  
rd_max_latency_num_ch0 

rd_max_latency_num_ch0 

 
 
5.'-3(*BVZUHJ��BSHUIBUGBODWHQF\BVDPSBQXP�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  
rd_latency_thr_num_ch0 

rd_latency_thr_num_ch0 

 
 
5.'-3(*BVZUHJ��BSHUIBUGBODWHQF\BDFFBVXP�  
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Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  
rd_latency_acc_sum 

rd_latency_acc_sum 

 
 
5.'-3(*BVZUHJ��BSHUIBUGBD[LBWRWDOBE\WH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  
perf_rd_axi_total_byte 

perf_rd_axi_total_byte 

 
 
5.'-3(*BVZUHJ��BSHUIBZUBD[LBWRWDOBE\WH�  
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Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  
perf_wr_axi_total_byte 

perf_wr_axi_total_byte 

 
 
5.'-3(*BVZUHJ��BSHUIBZRUNLQJBFQW�  
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Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  
perf_working_cnt 

perf_working_cnt 

 

 

10.5.16 9'38����008�5HJLVWHUV�6XPPDU\�  

Name  Offset  Size  
Reset 
Value  

Description  

rkvdec_mmu_DTE_ADDR  0x0000  W  0x00000000  

MMU current page Table addressIt 
is only can be written when MMU 
state is disable or  page fault or 
mmu enable stall state  

rkvdec_mmu_STATUS  0x0004  W  0x00000018  MMU status register  

rkvdec_mmu_COMMAND  0x0008  W  0x00000000  MMU command register  

rkvdec_mmu_PAGE_FAUL
T_ADDR  

0x000c  W  0x00000000  
MMU logical address of last page 
fault  

rkvdec_mmu_ZAP_ONE_L
INE  

0x0010  W  0x00000000  MMU Zap cache line register  

rkvdec_mmu_INT_RAWST
AT  

0x0014  W  0x00000000  MMU raw interrupt status register  

rkvdec_mmu_INT_CLEAR  0x0018  W  0x00000000  MMU raw interrupt status register  

rkvdec_mmu_INT_MASK  0x001c  W  0x00000000  MMU raw interrupt status register  

rkvdec_mmu_INT_STATU
S  

0x0020  W  0x00000000  MMU raw interrupt status register  

rkvdec_mmu_AUTO_GATI
NG  

0x0024  W  0x00000001  mmu auto gating  

1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV 

 

10.5.17 9'38����008�5HJLVWHUV�'HVFULSWLRQ 
UNYGHFBPPXB'7(B$''5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  
MMU_DTE_ADDR 

mmu dte base addr , the address must be 4kb aligned 

 
 
UNYGHFBPPXB67$786�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:11   RO   0x0  reserved 

10:6   RO   0x00  
PAGE_FAULT_BUS_ID 

Index of master reponsible for last page fault 

5   RO   0x0  

PAGE_FAULT_IS_WRITE 

The direction of access for last page fault: 

0 = Read 

1 = Write 

4   RO   0x1  
REPLAY_BUFFER_EMPTY 

The MMU replay buffer is empty 

3   RO   0x1  

MMU_IDLE 

The MMU is idle when accesses are being translated and there are 
no unfinished translated accesses. 

2   RO   0x0  

STAIL_ACTIVE 

MMU stall mode currently enabled. The mode is enabled by 
command 

1   RO   0x0  

PAGE_FAULT_ACTIVE 

MMU page fault mode currently enabled . The mode is enabled by 
command. 

0   RO   0x0  
PAGING_ENABLED 

Paging is enabled 

 
 
UNYGHFBPPXB&200$1'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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Bit  Attr  Reset Value  Description  

31:3   RO   0x0  reserved 

2:0   WO   0x0  

MMU_CMD 

MMU_CMD. This can be: 

0: MMU_ENABLE_PAGING 

1: MMU_DISABLE_PAGING 

2: MMU_ENABLE_STALL 

3: MMU_DISABLE_STALL 

4: MMU_ZAP_CACHE 

5: MMU_PAGE_FAULT_DONE 

6: MMU_FORCE_RESET 

 
 
UNYGHFBPPXB3$*(B)$8/7B$''5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  

31:0   RO   0x00000000  
PAGE_FAULT_ADDR 

address of last page fault 

 
 
UNYGHFBPPXB=$3B21(B/,1(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   WO   0x00000000  
MMU_ZAP_ONE_LINE 

address to be invalidated from the page table cache 

 
 
UNYGHFBPPXB,17B5$:67$7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:2   RO   0x0  reserved 

1   RW   0x0  
READ_BUS_ERROR 

read bus error 

0   RW   0x0  
PAGE_FAULT 

page fault 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �695 

 
 
UNYGHFBPPXB,17B&/($5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:2   RO   0x0  reserved 

1   WO   0x0  
READ_BUS_ERROR 

read bus error 

0   WO   0x0  
PAGE_FAULT 

page fault 

 
 
UNYGHFBPPXB,17B0$6.�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  

31:2   RO   0x0  reserved 

1   RW   0x0  

READ_BUS_ERROR 

read bus error 

enable an interrupt source if the corresponding mask bit is set to 
1 

0   RW   0x0  

PAGE_FAULT 

page fault 

enable an interrupt source if the corresponding mask bit is set to 
1 

 
 
UNYGHFBPPXB,17B67$786�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:2   RO   0x0  reserved 

1   RO   0x0  
READ_BUS_ERROR 

read bus error 

0   RO   0x0  
PAGE_FAULT 

page fault 

 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �696 

 
UNYGHFBPPXB$872B*$7,1*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:1   RO   0x0  reserved 

0   RW   0x1  
mmu_auto_gating 

when it is 1'b1, the mmu will auto gating it self 

 

 

10.5.18 9'38����//3�5HJLVWHUV�6XPPDU\�  

Name  Offset  Size  
Reset 
Value  

Description  

rkdjpeg_link_swreg0_link
_mode_irq  

0x0000  W  0x00000000  Register0000 Description  

rkdjpeg_link_swreg1_cfg_
start_addr  

0x0004  W  0x00000000  the address of register data  

rkdjpeg_link_swreg2_link
_mode  

0x0008  W  0x00000000  Register0000 Description  

rkdjpeg_link_swreg3_conf
ig_done  

0x000c  W  0x00000000  Register0000 Description  

rkdjpeg_link_swreg4_dec
odered_num  

0x0010  W  0x00000000  Register0000 Description  

rkdjpeg_link_swreg5_dec
_total_num  

0x0014  W  0x00000000  Register0000 Description  

rkdjpeg_link_swreg6_link
_mode_en  

0x0018  W  0x00000000  Register0000 Description  

1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV 

 

10.5.19 9'38����//3�5HJLVWHUV�'HVFULSWLRQ 
UNGMSHJBOLQNBVZUHJ�BOLQNBPRGHBLUT�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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Bit  Attr  Reset Value  Description  

31:11   RO   0x0  reserved 

10   RW   0x0  
sw_link_softreset_rdy 

when it is 1'b1, it says that softreset has been done 

9   RW   0x0  
rkvdec_irq_raw 

Field0000 Description 

8   RW   0x0  

link_table_irq 

when high,  decoder requests an interrrupt.  

link table irq = sw_dec_irq_raw && (sw_dec_irq_dis == 1'b0) 

7:3   RO   0x0  reserved 

2   RW   0x0  

sw_error_irq_dis 

0: if there are any error ,not matter sw_dec_irq_dis ,it will give 
an interrept . 

1:if it will give interrept ,it only according to sw_dec_irq_dis 

1   RW   0x0  

cache_cfg_mode_sel 

0:use rtl default value to config cache, ip will auto clr cache when 
it begin to start dec a frame. 

1:use config in ddr to config cache . 

0   RO   0x0  reserved   

 
 
UNGMSHJBOLQNBVZUHJ�BFIJBVWDUWBDGGU�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:4   RW   0x0000000  
reg_cfg_addr 

it should be align to 32 byte 

3:0   RO   0x0  reserved   

 
 
UNGMSHJBOLQNBVZUHJ�BOLQNBPRGH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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Bit  Attr  Reset Value  Description  

31   RW   0x0  

link_mode 

0: normal mode,the first to start link mode 

1:add extra ready frame to decoder 

30   RO   0x0  reserved 

29:0   RW   0x00000000  
pre_frame_num 

1:config 1 frame 

 
 
UNGMSHJBOLQNBVZUHJ�BFRQILJBGRQH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  

31:1   RO   0x0  reserved 

0   
W1
C   

0x0  
config_done 

after config okay,config this bit to 1 

 
 
UNGMSHJBOLQNBVZUHJ�BGHFRGHUHGBQXP�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31   RW   0x0  

decoder_error_flag 

0:no error  

1:error,you will need to see swreg1 to check error type 

30   RO   0x0  reserved 

29:0   RO   0x00000000  
decoder_num 

Field0000 Description 

 
 
UNGMSHJBOLQNBVZUHJ�BGHFBWRWDOBQXP�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:30   RO   0x0  reserved 

29:0   RO   0x00000000  
dec_total_num 

Field0000 Description 
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UNGMSHJBOLQNBVZUHJ�BOLQNBPRGHBHQ�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:5   RO   0x0  reserved 

4   RW   0x0  

sw_link_softrst_en_p 

link mode software force hardware self reset enable signal 

write 1 to soft reset, write 0 invalid 

puls register 

3:1   RO   0x0  reserved 

0   RW   0x0  
link_mode_en 

when error see by hw,it will auto reset to 0 

10.5.20 9(38����5HJLVWHUV�6XPPDU\ 

�1DPH 2IIVHW 6L]H 5HVHW�9DOXH 'HVFULSWLRQ �  

9(38BVZUHJB� �[���� : �[�������� �VW� TXDQWL]DWLRQ� IRU� MSHJ� OXPLQ�
WDEOH 

9(38BVZUHJB� �[���� : �[�������� �VW� TXDQWL]DWLRQ� IRU� MSHJ� OXPLQ�
WDEOH 

9(38BVZUHJB� �[���� : �[�������� �VW� TXDQWL]DWLRQ� IRU� MSHJ� OXPLQ�
WDEOH 

9(38BVZUHJB� �[���F : �[�������� �VW� TXDQWL]DWLRQ� IRU� MSHJ� OXPLQ�
WDEOH 

9(38BVZUHJB� �[���� : �[�������� �VW� TXDQWL]DWLRQ� IRU� MSHJ� OXPLQ�
WDEOH 

9(38BVZUHJB� �[���� : �[�������� �VW� TXDQWL]DWLRQ� IRU� MSHJ� OXPLQ�
WDEOH�SDUW���IRU�TS�URXQG 

9(38BVZUHJB� �[���� : �[�������� �VW� TXDQWL]DWLRQ� IRU� MSHJ� OXPLQ�
WDEOH 

9(38BVZUHJB� �[���F : �[�������� �VW� TXDQWL]DWLRQ� IRU� MSHJ� OXPLQ�
WDEOH 

9(38BVZUHJB� �[���� : �[�������� �VW� TXDQWL]DWLRQ� IRU� MSHJ� OXPLQ�
WDEOH 
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�1DPH 2IIVHW 6L]H 5HVHW�9DOXH 'HVFULSWLRQ �  

9(38BVZUHJB� �[���� : �[�������� ��VW� TXDQWL]DWLRQ� IRU� MSHJ� OXPLQ�
WDEOH 

9(38BVZUHJB�� �[���� : �[�������� ��VW� TXDQWL]DWLRQ� IRU� MSHJ� OXPLQ�
WDEOH 

9(38BVZUHJB�� �[���F : �[�������� ��VW� TXDQWL]DWLRQ� IRU� MSHJ� OXPLQ�
WDEOH 

9(38BVZUHJB�� �[���� : �[�������� ��VW� TXDQWL]DWLRQ� IRU� MSHJ� OXPLQ�
WDEOH 

9(38BVZUHJB�� �[���� : �[�������� ��VW� TXDQWL]DWLRQ� IRU� MSHJ� OXPLQ�
WDEOH 

9(38BVZUHJB�� �[���� : �[�������� ��VW� TXDQWL]DWLRQ� IRU� MSHJ� OXPLQ�
WDEOH 

9(38BVZUHJB�� �[���F : �[�������� ��VW� TXDQWL]DWLRQ� IRU� MSHJ� OXPLQ�
WDEOH 

9(38BVZUHJB�� �[���� : �[�������� �VW� TXDQWL]DWLRQ� IRU� MSHJ� FKURPD�
WDEOH 

9(38BVZUHJB�� �[���� : �[�������� �VW� TXDQWL]DWLRQ� IRU� MSHJ� FKURPD�
WDEOH 

9(38BVZUHJB�� �[���� : �[�������� �VW� TXDQWL]DWLRQ� IRU� MSHJ� FKURPD�
WDEOH 

9(38BVZUHJB�� �[���F : �[�������� �VW� TXDQWL]DWLRQ� IRU� MSHJ� FKURPD�
WDEOH 

9(38BVZUHJB�� �[���� : �[�������� �VW� TXDQWL]DWLRQ� IRU� MSHJ� FKURPD�
WDEOH 

9(38BVZUHJB�� �[���� : �[�������� �VW� TXDQWL]DWLRQ� IRU� MSHJ� FKURPD�
WDEOH 

9(38BVZUHJB�� �[���� : �[�������� �VW� TXDQWL]DWLRQ� IRU� MSHJ� FKURPD�
WDEOH 

9(38BVZUHJB�� �[���F : �[�������� �VW� TXDQWL]DWLRQ� IRU� MSHJ� FKURPD�
WDEOH�SDUW���IRU�TS�URXQG 

9(38BVZUHJB�� �[���� : �[�������� �VW� TXDQWL]DWLRQ� IRU� MSHJ� FKURPD�
WDEOH 
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�1DPH 2IIVHW 6L]H 5HVHW�9DOXH 'HVFULSWLRQ �  

9(38BVZUHJB�� �[���� : �[�������� ��VW�TXDQWL]DWLRQ�IRU�MSHJ�FKURPD�
WDEOH 

9(38BVZUHJB�� �[���� : �[�������� ��VW�TXDQWL]DWLRQ�IRU�MSHJ�FKURPD�
WDEOH 

9(38BVZUHJB�� �[���F : �[�������� ��VW�TXDQWL]DWLRQ�IRU�MSHJ�FKURPD 

9(38BVZUHJB�� �[���� : �[�������� ��VW�TXDQWL]DWLRQ�IRU�MSHJ�FKURPD 

9(38BVZUHJB�� �[���� : �[�������� ��VW�TXDQWL]DWLRQ�IRU�MSHJ�FKURPD 

9(38BVZUHJB�� �[���� : �[�������� ��VW�TXDQWL]DWLRQ�IRU�MSHJ�FKURPD 

9(38BVZUHJB�� �[���F : �[�������� ��VW�TXDQWL]DWLRQ�IRU�MSHJ�FKURPD 

9(38BVZUHJB�� �[��E� : �[�������� ,QWUD�VOLFH�ELWPDS 

9(38BVZUHJB�� �[��E� : �[�������� ,QWUD�VOLFH�ELWPDS� 

9(38BVZUHJB�� �[��E� : �[�������� ,QWUD�PDFUR�EORFN�VHOHFW�UHJLVWHU 

9(38BVZUHJB�� �[��EF : �[�������� &,5�LQWUD�FRQWURO�UHJLVWHU 

9(38BVZUHJB�� �[��F� : �[�������� %DVH�DGGU�IRU�LQSXW�OXPD 

9(38BVZUHJB�� �[��F� : �[�������� %DVH�DGGUHVV�IRU�LQSXW�FE 

9(38BVZUHJB�� �[��F� : �[�������� ,QSXW�FU�VWDUW�DGGUHVV 

9(38BVZUHJB�� �[��FF : �[�������� 6WUHDP�KHDGHU�ELWV�OHIW�UHJLVWHU 

9(38BVZUHJB�� �[��G� : �[�������� 6WUHDP�KHDGHU�ELWV�OHIW�UHJLVWHU 

9(38BVZUHJB�� �[��G� : �[�������� 6WUHDP�EXIIHU�UHJLVWHU 

9(38BVZUHJB�� �[��G� : �[�������� $[L�FRQWURO�UHJLVWHU 

9(38BVZUHJB�� �[��GF : �[�������� 4S�UHODWHG 

9(38BVZUHJB�� �[��H� : �[�������� 7KH� OXPD� UHIHUHQFH� IUDPH� VWDUW�
DGGUHVV 

9(38BVZUHJB�� �[��H� : �[�������� 7KH�FKURPD�UHIHUHQFH�IUDPH�VWDUW�
DGGUHVV 

9(38BVZUHJB�� �[��H� : �[�������� 7KH�UHVXOW�RI�TS�VXP�GLY� 
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�1DPH 2IIVHW 6L]H 5HVHW�9DOXH 'HVFULSWLRQ �  

9(38BVZUHJB�� �[��HF : �[�������� +����VOLFH�FWUO 

9(38BVZUHJB�� �[��I� : �[�������� 6SLOO�FWUO 

9(38BVZUHJB�� �[��I� : �[�������� ,QSXW�OXPLQDQFH�LQIRUPDWLRQ 

9(38BVZUHJB�� �[��I� : �[�������� 5OFBVXP 

9(38BVZUHJB�� �[��IF : �[�������� 7KH� UHFRQVWUXFWHG� OXPD� VWDUW�
DGGUHVV 

9(38BVZUHJB�� �[���� : �[�������� 7KH� UHFRQVWUXFWHG� FKURPD� VWDUW�
DGGUHVV 

9(38BVZUHJB��BUHXVH �[���� : �[�������� &KHFNSRLQW���DQG�� 

9(38BVZUHJB��BUHXVH �[���� : �[�������� &KHFNSRLQW���DQG�� 

9(38BVZUHJB��BUHXVH �[���F : �[�������� &KHFNSRLQW���DQG�� 

9(38BVZUHJB��BUHXVH �[���� : �[�������� &KHFNSRLQW���DQG�� 

9(38BVZUHJB��BUHXVH �[���� : �[�������� &KHFNSRLQW���DQG��� 

9(38BVZUHJB��BUHXVH �[���� : �[�������� &KHFNSRLQW�ZRUG�HUURU���DQG��� � � � � �  

9(38BVZUHJB��BUHXVH �[���F : �[�������� &KHFNSRLQW�ZRUG�HUURU���DQG�� 

9(38BVZUHJB��BUHXVH �[���� : �[�������� &KHFNSRLQW�ZRUG�HUURU���DQG�� 

9(38BVZUHJB��BUHXVH �[���� : �[�������� &KHFNSRLQW�GHOWD�43�UHJLVWHU 

9(38BVZUHJB�� �[���� : �[�������� ,QSXW�LPDJH�IRUPDW 

9(38BVZUHJB�� �[���F : �[�������� ,QWUD�LQWHU�PRGH 

9(38BVZUHJB��BUHXVH �[���� : �[�������� (QFRGHU�FRQWURO�UHJLVWHU�� 

9(38BVZUHJB�� �[���� : �[�������� 2XWSXW�VWUHDP�VWDUW�DGGUHVV 

9(38BVZUHJB�� �[���� : �[�������� 2XWSXW�FRQWURO�VWDUW�DGGUHVV 

9(38BVZUHJB�� �[���F : �[�������� 1H[W� SLFWXUH� OXPLQDQFH� VWDUW�
DGGUHVV 

9(38BVZUHJB�� �[���� : �[�������� %DVH�DGGUHVV�IRU�09�RXWSXW� �  
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�1DPH 2IIVHW 6L]H 5HVHW�9DOXH 'HVFULSWLRQ �  

9(38BVZUHJB�� �[���� : �[�������� 7KH�FDEDF�WDEOH�VWDUW�DGGUHVV 

9(38BVZUHJB�� �[���� : �[�������� 52,�DUHD�UHJLVWHU 

9(38BVZUHJB�� �[���F : �[�������� 7KH�VHFRQG�RI�52,�DUHD�UHJLVWHU�  

9(38BVZUHJB�� �[���� : �[�������� 6WDELOL]DWLRQ�PDWUL[� 

9(38BVZUHJB�� �[���� : �[�������� 6WDELOL]DWLRQ�PDWUL[� 

9(38BVZUHJB�� �[���� : �[�������� 6WDELOL]DWLRQ�PDWUL[� 

9(38BVZUHJB�� �[���F : �[�������� 6WDELOL]DWLRQ�PDWUL[� 

9(38BVZUHJB�� �[���� : �[�������� 6WDELOL]DWLRQ�PDWUL[� 

9(38BVZUHJB�� �[���� : �[�������� 6WDELOL]DWLRQ�PDWUL[� 

9(38BVZUHJB�� �[���� : �[�������� 6WDELOL]DWLRQ�PDWUL[� 

9(38BVZUHJB�� �[���F : �[�������� 6WDELOL]DWLRQ�PDWUL[� 

9(38BVZUHJB�� �[���� : �[�������� 6WDELOL]DWLRQ�PDWUL[� 

9(38BVZUHJB�� �[���� : �[�������� 7KH�RXWSXW�RI�6WDELOL]DWLRQ�PRWLRQ�
VXP 

9(38BVZUHJB�� �[���� : �[�������� 2XWSXW�RI�6WDELOL]DWLRQ 

9(38BVZUHJB�� �[���F : �[�������� 5*%�WR�<89�FRQYHUVLRQ�FRHIILFLHQW�
UHJLVWHU 

9(38BVZUHJB�� �[���� : �[�������� 5*%�WR�<89�FRQYHUVLRQ�FRHIILFLHQW�
UHJLVWHU 

9(38BVZUHJB�� �[���� : �[�������� 5*%�WR�<89�FRQYHUVLRQ�FRHIILFLHQW�
UHJLVWHU 

9(38BVZUHJB�� �[���� : �[�������� 5*$�0$6. 

9(38BVZUHJB�� �[���F : �[�������� 0Y�UHODWHG 

9(38BVZUHJB���BUHXVH �[���� : �[�������� 43�UHJLVWHU 

9(38BVZUHJB���BUHDG �[���� : �[�I������ +Z�FRQILJ�UHJ 

9(38BVZUHJB��� �[���� : �[�������� 0YF�UHODWHG 
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�1DPH 2IIVHW 6L]H 5HVHW�9DOXH 'HVFULSWLRQ �  

9(38BVZUHJB��� �[���F : �[�������� (QFRGHU�VWDUW�  

9(38BVZUHJB��� �[��D� : �[�������� 0E�FRQWURO�UHJLVWHU 

9(38BVZUHJB��� �[��D� : �[�������� 6ZDS�FWUO�UHJLVWHU 

9(38BVZUHJB���BUHXVH �[��D� : �[�������� (QFRGHU�FRQWURO�UHJLVWHU�� 

9(38BVZUHJB���BUHXVH �[��DF : �[�������� -3(*�FRQWURO�UHJLVWHU�  

9(38BVZUHJB���BUHXVH �[��E� : �[�������� ,QWUD�VOLFH�EPS� 

9(38BVZUHJB��� �[��E� : �[�������� (QFRGHU�VWDWXV 

9(38BVZUHJB���BUHDG �[��E� : �[�������� 3URGXFW�,' 

9(38BVZUHJB���B��� �[��H� : �[�������� 

$GGU�UDQJH���[��H�a�[��GF 
6ZUHJ����� '09� �S��S� SHQDOW\�
WDEOH�YDOXHV 
6ZUHJ����� '09� �S��S� SHQDOW\�
WDEOH�YDOXHV 
6ZUHJ����� '09� �S��S� SHQDOW\�
WDEOH�YDOXHV 
6ZUHJ����� '09� �S��S� SHQDOW\�
WDEOH�YDOXHV 
��������� 
6ZUHJ����� '09� �S��S� SHQDOW\�
WDEOH�YDOXHV 

1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV�  

 

10.5.21 9(38����'HWDLO�5HJLVWHUV�'HVFULSWLRQ�  

9(38BVZUHJB��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 6ZBMSHJBOXPDBTXDQW� -SHJ�OXPD�TXDQWL]DWLRQ�� 

 

9(38BVZUHJB��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 6ZBMSHJBOXPDBTXDQW� -SHJ�OXPD�TXDQWL]DWLRQ�� 
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9(38BVZUHJB��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 6ZBMSHJBOXPDBTXDQW� -SHJ�OXPD�TXDQWL]DWLRQ�� 

 

9(38BVZUHJB��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 6ZBMSHJBOXPDBTXDQW� -SHJ�OXPD�TXDQWL]DWLRQ�� 

 

9(38BVZUHJB��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 6ZBMSHJBOXPDBTXDQW� -SHJ�OXPD�TXDQWL]DWLRQ�� 

 

9(38BVZUHJB��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 6ZBMSHJBOXPDBTXDQW� -SHJ�OXPD�TXDQWL]DWLRQ�� 

 

9(38BVZUHJB��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 6ZBMSHJBOXPDBTXDQW� -SHJ�OXPD�TXDQWL]DWLRQ�� 

 

9(38BVZUHJB��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 6ZBMSHJBOXPDBTXDQW� -SHJ�OXPD�TXDQWL]DWLRQ�� 

 

9(38BVZUHJB��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 6ZBMSHJBOXPDBTXDQW� -SHJ�OXPD�TXDQWL]DWLRQ�� 

 

9(38BVZUHJB��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 6ZBMSHJBOXPDBTXDQW�� -SHJ�OXPD�TXDQWL]DWLRQ��� 

 

9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 6ZBMSHJBOXPDBTXDQW�� -SHJ�OXPD�TXDQWL]DWLRQ��� 

 

9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 6ZBMSHJBOXPDBTXDQW�� -SHJ�OXPD�TXDQWL]DWLRQ��� 

 

9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 6ZBMSHJBOXPDBTXDQW�� -SHJ�OXPD�TXDQWL]DWLRQ��� 
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9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 6ZBMSHJBOXPDBTXDQW�� -SHJ�OXPD�TXDQWL]DWLRQ��� 

 

9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 6ZBMSHJBOXPDBTXDQW�� -SHJ�OXPD�TXDQWL]DWLRQ��� 

 

9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[������ 5HVHUYHG 

��� 5: �[�� 6ZBMSHJBOXPDBTXDQW�� 
-SHJ�OXPD�TXDQWL]DWLRQ��� 

 

9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 6ZBMSHJBFKURPDBTXDQW� -SHJ�FKURPD�TXDQWL]DWLRQ�� 

 

9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 6ZBMSHJBFKURPDBTXDQW� -SHJ�FKURPD�TXDQWL]DWLRQ�� 

 

9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 6ZBMSHJBFKURPDBTXDQW� -SHJ�FKURPD�TXDQWL]DWLRQ�� 

 

9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 6ZBMSHJBFKURPDBTXDQW� -SHJ�FKURPD�TXDQWL]DWLRQ�� 

 

9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 6ZBMSHJBFKURPDBTXDQW� -SHJ�FKURPD�TXDQWL]DWLRQ�� 

 

9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 6ZBMSHJBFKURPDBTXDQW� -SHJ�FKURPD�TXDQWL]DWLRQ�� 

 

9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 6ZBMSHJBFKURPDBTXDQW� -SHJ�FKURPD�TXDQWL]DWLRQ�� 

 

9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 6ZBMSHJBFKURPDBTXDQW� -SHJ�FKURPD�TXDQWL]DWLRQ�� 
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9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 6ZBMSHJBFKURPDBTXDQW� -SHJ�FKURPD�TXDQWL]DWLRQ�� 

 

9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 6ZBMSHJBFKURPDBTXDQW�� -SHJ�FKURPD�TXDQWL]DWLRQ��� 

 

9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[������ 5HVHUYHG 

��� 5: �[��� 6ZBMSHJBFKURPDBTXDQW�� 
-SHJ�FKURPD�TXDQWL]DWLRQ��� 

 

9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 6ZBMSHJBFKURPDBTXDQW�� -SHJ�FKURPD�TXDQWL]DWLRQ��� 

 

9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[����� 5HVHUYHG 

���� 5: �[��� 6ZBMSHJBFKURPDBTXDQW�� 
-SHJ�FKURPD�TXDQWL]DWLRQ��� 

 

9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 6ZBMSHJBFKURPDBTXDQW�� -SHJ�FKURPD�TXDQWL]DWLRQ��� 

 

9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[����� 5HVHUYHG 

���� 5: �[��� 6ZBMSHJBFKURPDBTXDQW�� 
-SHJ�FKURPD�TXDQWL]DWLRQ��� 

 

9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 6ZBMSHJBFKURPDBTXDQW�� -SHJ�FKURPD�TXDQWL]DWLRQ��� 

 

9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��E���  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

,QWUDBVOLFHBEPS� 
%LW����6OLFHV� 
%LW����6OLFHV��  
%LW����6OLFHV� 
������ 
%LW�����6OLFHV�� 

 

9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��E���  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

,QWUDBVOLFHBEPS� 
%LW����6OLFHV�� 
%LW����6OLFHV�� 
%LW����6OLFHV�� 
����� 
%LW�����6OLFHV�� 
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9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��E���  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� ,QWUDBXSBPEBDUHD 
7KH�WRS�LQWUD�PDFUR�EORFN
V�DUHD�XVHG�LQ�URZ� 

����� 5: �[�� ,QWUDBGRZQBPEBDUHD 
7KH�ERWWRP�LQWUD�PDFUR�EORFN
V�DUHD�XVHG�LQ�URZ�� �  

���� 5: �[�� ,QWUDBOHIWBPEBDUHD 
7KH�OHIW�LQWUD�PDFUR�EORFN
V�DUHD�XVHG�LQ�FROXPQ� 

��� 5: �[�� ,QWUDBULJKWBPEBDUHD 
7KH�ULJKW�LQWUD�PDFUR�EORFN
V�DUHD�XVHG�LQ�FROXPQ�� � � � � �  

 

9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��EF��  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
&LUBILUVWBLQWUD 
��¶G���'LVDEOH 
2WKHU��(QDEOH�DQG�EH�VHW� � � � � � � � � � � � � � � � � �  

���� 5: �[���� 
&LUBLQWUDBPEBLWYO 
��¶G���'LVDEOH� � � � � �  
2WKHU��(QDEOH�DQG�EH�VHW�  

 

9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��F���  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� /XPDBLQBVWBDGU ,QSXW�OXPD�VWDUW�DGGUHVV 

 

9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��F���  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� &EBLQBVWBDGU ,QSXW�FE�VWDUW�DGGUHVV 

 

9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��F���  
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� &UBLQBVWBDGU ,QSXW�FU�VWDUW�DGGUHVV 

 

9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��FF��  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 6WUPBKHDGHUBOHIWBKELWV 7KH�KLJK����ELW�RI�VWUDP�KHDGHU�EH�OHIW� 

 

9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��G���  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 6WUPBKHDGHUBOHIWBOELWV 7KH�ORZ����ELW�RI�VWUDP�KHDGHU�EH�OHIW� 

 

9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��G���  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 6WUPBEXIVL]HBOPW 7KH�OLPLW� � VL]H�RI�VWHDP�EXIIHU� 

 

9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��G���  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� $[LBUGBLG 
,I�FRQILJ���LW�ZLOO�EH�PRGLI\�DV���E\�+:�DXWR 

����� 5: �[�� $[LBZUBLG 
,I�FRQILJ���LW�ZLOO�EH�PRGLI\�DV���E\�+:�DXWR 

����� 52 �[� 5HVHUYHG 

���� 5: �[�� %XUVWBOHQ 
%XUVW�OHQJWK 

��� 52 �[�� 5HVHUYHG 

� 5: �[� 
%XUVWBLQFUBPRGBVHO 
�¶E���6LQJOH�EXUVW�VHOHFWHG 
�¶E���,QFU�EXUVW�VHOHFWHG 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
%XUVWBGLVFDUG 
�¶E���'LVDEOH��RII 
�¶E���(QDEOH��RQ 

� 5: �[� 
%XUVWBGLVDEOH 
�¶E���(QDEOH 
�¶E���'LVDEOH 

 

9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��GF��  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� 5HVHUYHG 

����� 5: �[� 5RLBGOWBTS� 
�VW�IRU�GHOWD�TS�IRU�URL 

���� 5: �[� 5RLBGOWBTS� 
�VW�IRU�GHOWD�TS�IRU�URL 

��� 52 �[� 5HVHUYHG 

��� 5: �[� 
4SBDGMVW 
6LJQHG�UHJLVWHU� 
5DQJH�IURP����WR�� 

 

9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��H���  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� /XPDBUHIBVWBDGU 7KH�OXPD�UHIHUHQFH�IUDPH�VWDUW�DGGUHVV 

 

9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��H���  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� &KURPDBUHIBVWBDGU 7KH�FKURPD�UHIHUHQFH�IUDPH�VWDUW�DGGUHVV 

 

9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��H���  
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[������ 4SBVXPBGLY� 
7KH�UHVXOW�RI��TS�VXP��� 

 

9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��HF��  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� 5HVHUYHG 

�� 5: �[� 
+���BTXUWBSL[PYBGLV 
�¶E���'LVDEOH 
�¶E���'HIDXOW��HQDEOH 

����� 52 �[� 5HVHUYHG 

����� 5: �[� 
'EONLQJBIOWBPRGH 
�¶G���(QDEOHG 
�¶G���'LVDEOHG� � � � � � � � � � � � � � �  
�¶G���'LVDEOHG�RQ�VOLFH�  

�� 52 �[� 5HVHUYHG 

����� 5: �[� 
+���BFDEDFBLGF 
�¶G���¶G���¶G���8VHG 
�¶G���1R�XVH 

�� 5: �[� 
(QWU\BFRGHBIPW 
+����� 
�¶E���&DYOF 
�¶E���&DEDF 

����� 52 �[� 5HVHUYHG 

�� 5: �[� +���BWUIPRGB�[� 
2Q�RII�IRU��[��WUDQVIRUP�XVHG�LQ�K��� 

�� 5: �[� +���BUHVBLQWHUPRGB�[� 
7KH�UHVWULFWLRQ�LQWHU�PRGH�VHOHFWHG�LQ��[��EORFN 

�� 5: �[� 
+���BVWUPBPRGBVHO 
�¶E���1$/�XQLW 
�¶E���%<7( 

���� 5: �[�� 
+���BVOLFHBQXP 
���2QH�VOLFH�LQ�FXUUHFW�SLFWXUH� � � � � � � � � �  
���7ZR�VOLFH�LQ�FXUUHFW�SLFWXUH 
������� � � � � � � � �  

 

9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��I���  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� 5HVHUYHG 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� 6WUPBVWBRIIVHW 

���� 5: �[�� 6NLSBPEBPRGH 
+�����6.,3�PDFUREORFN�PRGH� � � � � � � � � � � � � � � � � � �  

��� 52 �[� 5HVHUYHG 

��� 5: �[� 
5LJKWBVSLOO 
'LY��YDOXH�  
5DQJH���a� 

��� 5: �[� %RWBVSLOO 
7KH�ERWWRP�HGJH�RI�LPDJH�IRU�VSLOO�SL[HOV 

 

9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��I���  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� 5HVHUYHG 

����� 5: �[� 2IIVHWBLQBFKURPD 
%\WH�XQLW 

�� 52 �[� 5HVHUYHG 

����� 5: �[� 2IIVHWBLQBOXPD 
%\WH�XQLW 

����� 52 �[� 5HVHUYHG 

���� 5: �[���� 5RZBOHQBLQBOXPD 

 

9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��I���  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� 5HVHUYHG 

���� 5: �[������ 5OFBVXP 
5OFBVXP 

 

9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��IF��  
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 5HFRQBOXPDBVWBDGU 7KH�UHFRQVWUXFWHG�OXPD�VWDUW�DGGUHVV 

 

9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 5HFRQBFKURPDBVWBDGU 7KH�UHFRQVWUXFWHG�FKURPD�VWDUW�DGGUHVV 

 

9(38BVZUHJB��BUHXVH�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� +���BFKNSWB� 
�VW�ZRUG�XVHG�IRU�FKHFN�SRLQW�XVHG�LQ�K���� 

���� 5: �[���� +���BFKNSWB� 
�VW�ZRUG�XVHG�IRU�FKHFN�SRLQW�XVHG�LQ�K���� 

 

9(38BVZUHJB��BUHXVH�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� +���BFKNSWB� 
�VW�ZRUG�XVHG�IRU�FKHFN�SRLQW�XVHG�LQ�K���� 

���� 5: �[���� +���BFKNSWB� 
�VW�ZRUG�XVHG�IRU�FKHFN�SRLQW�XVHG�LQ�K���� 

 

9(38BVZUHJB��BUHXVH�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� +���BFKNSWB� 
�VW�ZRUG�XVHG�IRU�FKHFN�SRLQW�XVHG�LQ�K���� 

���� 5: �[���� +���BFKNSWB� 
�VW�ZRUG�XVHG�IRU�FKHFN�SRLQW�XVHG�LQ�K���� 

 

9(38BVZUHJB��BUHXVH�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� +���BFKNSWB� 
�VW�ZRUG�XVHG�IRU�FKHFN�SRLQW�XVHG�LQ�K���� 

���� 5: �[���� +���BFKNSWB� 
�VW�ZRUG�XVHG�IRU�FKHFN�SRLQW�XVHG�LQ�K���� 

 

9(38BVZUHJB��BUHXVH�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� +���BFKNSWB� 
�VW�ZRUG�XVHG�IRU�FKHFN�SRLQW�XVHG�LQ�K���� 

���� 5: �[���� +���BFKNSWB�� 
��VW�ZRUG�XVHG�IRU�FKHFN�SRLQW�XVHG�LQ�K���� 

 

9(38BVZUHJB��BUHXVH�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� +���BHUUFKNSWB� 
�VW�ZRUG�HUURU�FKHFN�SRLQW�XVHG�LQ�K���� 

���� 5: �[���� +���BHUUFKNSWB� 
�VW�ZRUG�HUURU�FKHFN�SRLQW�XVHG�LQ�K���� 

 

9(38BVZUHJB��BUHXVH�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� +���BHUUFKNSWB� 
�VW�ZRUG�HUURU�FKHFN�SRLQW�XVHG�LQ�K���� 

���� 5: �[���� +���BHUUFKNSWB� 
�VW�ZRUG�HUURU�FKHFN�SRLQW�XVHG�LQ�K���� 

 

9(38BVZUHJB��BUHXVH�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� +���BHUUFKNSWB� 
�VW�ZRUG�HUURU�FKHFN�SRLQW�XVHG�LQ�K���� 

���� 5: �[���� +���BHUUFKNSWB� 
�VW�ZRUG�HUURU�FKHFN�SRLQW�XVHG�LQ�K���� 
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9(38BVZUHJB��BUHXVH�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� 5HVHUYHG 

����� 5: �[� &KNTSB� 
�VW�IRU�GHOWD�TS�FKHFN�SRLQW 

����� 5: �[� &KNTSB� 
�VW�IRU�GHOWD�TS�FKHFN�SRLQW 

����� 5: �[� &KNTSB� 
�VW�IRU�GHOWD�TS�FKHFN�SRLQW 

����� 5: �[� &KNTSB� 
�VW�IRU�GHOWD�TS�FKHFN�SRLQW 

���� 5: �[� &KNTSB� 
�VW�IRU�GHOWD�TS�FKHFN�SRLQW 

��� 5: �[� &KNTSB� 
�VW�IRU�GHOWD�TS�FKHFN�SRLQW 

��� 5: �[� &KNTSB� 
�VW�IRU�GHOWD�TS�FKHFN�SRLQW 

 

9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� 5HVHUYHG 

����� 5: �[�� 0DGBWKVOG 
9DOXH� ��0$'�WKUHVKROG����� 

����� 5: �[�� (QFRGHUHGBVOLFHV 
7KH�QXPEHU�RI�HQFRGHU�VOLFHV�ZKLFK�XVHG�LQ�K���� 

���� 52 �[�� 5HVHUYHG 

��� 5: �[� 

,PJBIPWBLQ 
<89���3 
<89���63 
<89��� 
8<9<��� 
5*%��� 
5*%��� 
5*%��� 
5*%������ 

��� 5: �[� 
,PJBLQBURW 
�¶G���1R�URWDWLRQ 
�¶G���5RWDWH�ULJKW����GHJUHVV 
�¶G���5RWDWH�OHIW����GHJUHVV 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 52 �[� 5HVHUYHG 

� 5: �[� 1DOBPRGH 
7KH�RXWSXW�RI�1$/�VL]H�WR�EDVH�FRQWURO 

 

9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� ,QWUDPRGB��[�� 

���� 5: �[���� ,QWHUPRG 
7KH�LQWUD�LQWHU�VHOHFWLRQ�IRU�LQWHU�PDFUR�EORFN�PRGH�IDYRU��  

 

9(38BVZUHJB��BUHXVH�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� 
3SVBLQLWBTS 
3SV�LQLW�TS�LQ�SLFWXUH�XVHG�LQ�K���� 
5DQJH���a�� 

����� 5: �[� 
6OLFHBIOWBDOSKD 
2IIVHW�GLY��  
5DQJH����a� 

����� 5: �[� 
6OLFHBIOWBEHWD 
&RQILJ�YDOXH� ��UHDO�YDOXH����  
6LJQHG�UHJLVWHU 
5DQJH�����a� 

����� 5: �[�� 
4SBRIIVHWBFK 
6LJQHG�UHJLVWHU 
5DQJH�����a�� 

���� 52 �[� 5HVHUYHG 

� 5: �[� 6ZBTSDVV 

��� 52 �[� 5HVHUYHG 

��� 5: �[� ,GUBSLFLG 
,'5�SLF�,' 

� 5: �[� &RQVWUBLQWUDBSUHG 
&RQVWUDLQHG�LQWUD�SUHGLFWLRQ 

 

9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 2XWSXWBVWUPBVWBDGU 2XWSXW�VWUHDP�VWDUW�DGGUHVV 

 

9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 2XWSXWBFWUOBVWBDGU 2XWSXW�FRQWURO�VWDUW�DGGUHVV 

 

9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 1H[WBOXPDBVWBDGU 1H[W�SLFWXUH�OXPLQDQFH�VWDUW�DGGUHVV 

 

9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 0YBRXWBVWBDGU 0Y�ZU�VWDUW�DGGUHVV 

 

9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� &DEDFBWDEOHBVWBDGU +�����&DEDF�WDEOH 

 

9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� )LUVWBURLBWPE 
�,QVLGH�DUHD�� � � � � � � � � � � � � � � �  

����� 5: �[�� )LUVWBURLBEPE 
�2XWVLGH�DUHD�� � � � � � � � � � � � � � � �  
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�� 
)LUVWBURLBOPE 
4S TS���URL�B'HOWDB4S�  
�,QVLGH�DUHD� 

��� 5: �[�� 
)LUVWBURLBUPE 
4S TS���URL�B'HOWDB4S� �  
�2XWVLGH�DUHD�� � �  

 

9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� 6HFRQGBURLBUPE 
�,QVLGH�DUHD�� � � � � � � � � � � � � � �  

����� 5: �[�� 6HFRQGBURLBEPE 
�2XWVLGH�DUHD�� � � � � � � � � � � � � � � �  

���� 5: �[�� 
6HFRQGBURLBOPE 
4S TS���URL�B'HOWDB4S�  
�,QVLGH�DUHD� 

��� 5: �[�� 
6HFRQGBURLBWPE 
4S TS���URL�B'HOWDB4S� �  
�2XWVLGH�DUHD�� � �  

 

9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� 5HVHUYHG 

���� 5: �[������ 6WDEBPDWUL[� 
�3RVLWLRQ#�XS�OHIW��  

 

9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� 5HVHUYHG 

���� 5: �[������ 6WDEBPDWUL[� 
�3RVLWLRQ�#�XS�� � �  

 

9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� 5HVHUYHG 

���� 5: �[������ 6WDEBPDWUL[� 
�3RVLWLRQ�#XS�ULJKW� 

 

9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� 5HVHUYHG 

���� 5: �[������ 6WDEBPDWUL[� 
�3RVLWLRQ�#�OHIW�� � � � � � � �  

 

9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� 5HVHUYHG 

���� 5: �[������ 6WDEBPDWUL[� 
�3RVLWLRQ�#*09�� 

 

9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� 5HVHUYHG 

���� 5: �[������ 6WDEBPDWUL[� 
�3RVLWLRQ#ULJKW�� 

 

9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� 5HVHUYHG 

���� 5: �[������ 6WDEBPDWUL[� 
�3RVLWLRQ#GRZQ�OHIW�� � � � � � � �  
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&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �723 

 

9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� 5HVHUYHG 

���� 5: �[������ 6WDEBPDWUL[� 
�3RVLWLRQ#GRZQ��� � � � � � � � �  

 

9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� 
6WDEBJPYBYUWO 
6LJQHG�UHJLVWHU 
5DQJH�����a��� � � � � � � � � � � � � �  

����� 52 �[� 5HVHUYHG 

���� 5: �[������ 6WDEBPDWUL[� 
�3RVLWLRQ#GRZQ��ULJKW�� 

 

9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
6WDEBPRWLRQBVXP 
5HDG�YDOXH� ��UHDO�YDOXH��� 
5DQJH���a��������������� � � � � � � � � � � �  

 

9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[������ 6WDEBPLQBYDOXH 
5DQJH���a���������� � � �  

��� 5: �[� 
6WDEBPRGBVHO 
�¶G���'LVDEOHG�  
�¶G���6WDE�RQO\ 
�¶G���6WDE�HQFRGH� � � � � � � � �  

��� 5: �[�� 
6WDEBKRUBJPY 
6LJQHG�UHJLVWHU 
5DQJH�����a��� � � � � � � � � � � � � � �  
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9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 5JE�\XYBFRH� 
7KH��VW�FRQYHUVLRQ�FRHIILFLHQ�IRU�5*%�WR�<89 

���� 5: �[���� 5JE�\XYBFRH� 
7KH��VW�FRQYHUVLRQ�FRHIILFLHQ�IRU�5*%�WR�<89 

 

9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 5JE�\XYBFRH� 
7KH��VW�FRQYHUVLRQ�FRHIILFLHQ�IRU�5*%�WR�<89 

���� 5: �[���� 5JE�\XYBFRH� 
7KH��VW�FRQYHUVLRQ�FRHIILFLHQ�IRU�5*%�WR�<89 

 

9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� 5HVHUYHG 

���� 5: �[���� 5JE�\XYBFRH� 
7KH��VW�FRQYHUVLRQ�FRHIILFLHQ�IRU�5*%�WR�<89 

 

9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� 5HVHUYHG 

����� 5: �[�� %FPSWBPDVNBSRVWLWLRQ 
5DQJH���a���  

����� 52 �[� 5HVHUYHG 

���� 5: �[�� *FPSWBPDVNBSRVWLWLRQ 
5DQJH���a���  

��� 52 �[� 5HVHUYHG 

��� 5: �[�� 5FPSWBPDVNBSRVWLWLRQ 
5DQJH���a���  
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9(38BVZUHJB���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 52 �[� 5HVHUYHG 

����� 5: �[��� 0YB�SBSO\ 
'LIIHUHQWLDO�09�SHQDOW\�IRU��S 

����� 5: �[��� 0YB�SB�SBSO\ 
0(��'093HQDOW\4S� � � � � � � � � � � � � � � �  

���� 5: �[��� 0YB�SBSO\ 
�S�RI�GLIIHUHQWLDO�09�SHQDOW\ 

� 5: �[� 0XWLPYBHQ 
2Q�RII�IODJ�IRU�XVLQJ�H[FHHG�RQH�PY�HYHU\�PE� 

 

9(38BVZUHJB���BUHXVH�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� +���BLQLWBOXPDBTS 
5DQJH���a�� 

����� 5: �[�� +���BPD[BTS 
5DQJH���a��� � � � � � � � � � � � � � � � � � �  

����� 5: �[�� +���BPLQBTS 
5DQJH���a��� � � � � � � � � � � � � � � � � � �  

�� 52 �[� 5HVHUYHG 

���� 5: �[���� +���BFKNSWBGLVWDQFH 
&KHFNSRLQW�GLVWDQFH�IRU�PDFUR�EORFN 

 

9(38BVZUHJB���BUHDG�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�I��� +:B&21),* 
)LHOG�����'HVFULSWLRQ 

���� 52 �[��� 0$;B9,'B:,'7+ 
)LHOG�����'HVFULSWLRQ 

 

9(38BVZUHJB����  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� 5HVHUYHG 

����� 5: �[� 0YBIDYRUB��[�� 
9DOXH� ��UHDO�YDOXH���� 

����� 5: �[��� 0YBSO\B�[� 
�[��0Y�3HQDOW\ 

���� 5: �[� 0YFBYLHZBLG 
09&�YLHZ�LG 

� 5: �[� 0YFBDQFKRUBSLFBIODJ 
7R�VSHFLILH�SLFWXUH�LV�RQH�SDUW�RI�DQFKRU�DFFHVV�XQLW 

��� 5: �[� 0YFBSULRULW\BLG 
09&�SULRULW\�LG 

��� 5: �[� 0YFBWHPSRUDOBLG 
09&�WHPSRUDO�LG 

� 5: �[� 0YFBLQWHUBYLHZBIODJ 
09&�LQWHUBYLHZBIODJ��  

 

9(38BVZUHJB����  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� 5UHVHUYHG 

����� 5: �[��� 
(QFBKHLJKW 
/XP�KHLJKW��PDFUREORFN�XQLW� 
+�����>������@ 
-3(*��>������@ 

����� 52 �[� 5HVHUYHG 

���� 5: �[��� 

(QFBZLGWK 
/XP�ZLGWK��PDFUREORFN�XQLW� 
+�����  
5DQJH���a��� 
-3(*��  
5DQJH���a��� 

��� 5: �[� 
(QFBIUDPHBW\SH 
���,17(5 
���,175$�,'5� 
���09&�,17(5 

��� 5: �[� 
(QFBIPW 
���-3(* 
���+��� 

��� 52 �[� 5HVHUYHG 

� 5: �[� (QFBHQ 
(QFRGHU�HQDEOH 
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9(38BVZUHJB����  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 0EBFRXQWBRXW 
0EBFRXQWBRXW 

���� 5: �[���� 0EBFQW 
0DFUREORFNBFRXQW 

 

9(38BVZUHJB����  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
6ZDS�BLQ 
�
E���1R�VZDS 
�
E���6ZDS��ELW 

�� 5: �[� 
6ZDS��BLQ 
�
E���1R�VZDS 
�
E���6ZDS���ELW 

�� 5: �[� 
6ZDS��BLQ 
�
E���1R�VZDS 
�
E���6ZDS���ELW 

�� 5: �[� 
6ZDS�BRXW 
�
E���1R�VZDS 
�
E���6ZDS��ELW 

�� 5: �[� 
6ZDS��BRXW 
�
E���1R�VZDS 
�
E���6ZDS���ELW 

�� 5: �[� 
6ZDS��BRXW 
�
E���1R�VZDS 
�
E���6ZDS���ELW 

�� 52 �[� 5HVHUYHG 

�� 5: �[� 7HVWBLUT 
7HVW�LUT 

����� 5: �[� 7HVWBFRXQWHU 
7HVW�FRXQWHU 

�� 5: �[� &RKHUBWHVWBUHJ 
7HVW�UHJLVWHU�FRKHUHQF\ 

�� 5: �[� &RKHUBWHVWBPHP 
7HVW�PHPRU\�FRKHUHQF\ 

���� 5: �[����� 7HVWBOHQ 
7HVW�GDWD�OHQJWK 

 

9(38BVZUHJB���BUHXVH�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� 3LFBSDUDBLG 
+�����SLFWXUH�SDUDPHWHU�LG�VHW 

����� 5: �[�� ,QWUDBSUHGBPRGH 
+�����LQWUD�SUHGLFWLRQ�SUHYLRXV��[��PRGH�IDYRU 

���� 5: �[���� )UDPHBQXP 
+�����IUDPH�QXPEHU 

 

9(38BVZUHJB���BUHXVH�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��DF��  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� 5HVHUYHG 

����� 5: �[��� 0YBSO\B��[�B�[�� 
3HQDOW\�IRU�XVLQJ���[��RU��[��� �09� � � � � � � � � � � � � � � � � � � � � � � � � �  

����� 5: �[��� 0YBSO\B�[� 
3HQDOW\�IRU�XVLQJ��[��09 

��� 5: �[��� 0YBSO\B�[�B�[� 
3HQDOW\�IRU�XVLQJ��[��RU��[��09� 

 

9(38BVZUHJB���BUHXVH�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��E���  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

,QWUDBVOLFHBEPS� 
%LW���6OLFHV�� 
%LW���6OLFHV�� 
%LW���6OLFHV�� 
������ 
%LW����6OLFHV�� 

 

9(38BVZUHJB����  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��E���  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� 5HVHUYHG 

�� 5: �[� 
0YBVDGBZUHQ 
7KH�HDFK�0%�09�DQG�6$'�EH�ZULWHG�WR�PYBZUBVWBDGU� �
HQDEOH 

����� 52 �[� 5HVHUYHG 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 5RFRQBZULWHBGLV 
:ULWH�UHFRQVWUXFWHG�LPDJH�GLVDEOH�IODJ 

����� 52 �[� 5HVHUYHG 

�� 5: �[� 6OLFHBUG\LQWBHQ 
(QDEOH�VOLFH�UHDG\�LQWHUUXXSW 

����� 52 �[� 5HVHUYHG 

�� 5: �[� &ONBJDWLQJBHQ 
'HIDXOW�FONBJDWLQJBHQ� �
E� 

�� 52 �[� 5HVHUYHG 

�� 5: �[� ,QWBWLPHRXWBHQ 
(QDEOH�LQWHUUXSW�IRU�WLPHRXW�  

� 5: �[� ,UTBFOU 
,UT�FOHDU 

� 5: �[� ,UTBGLV 
,UT�GLVDEOH 

� 52 �[� 5HVHUYHG 

� 5: �[� ,UTBWLPHRXW 
+:�ZDLW�WLPHRXW�IODJ 

� 5: �[� ,UTBEXIIHUBIXOO 
%XIIHU�IXOO�IODJ 

� 5: �[� ,UTBEXVBHUURU 
%XV�HUURU�LUT 

� 5: �[� )XVHBLQW 
)XVH�LUT 

� 5: �[� ,UTBVOLFHBUHDG\ 
6OLFH�UHDG\�IODJ 

� 5: �[� ,UTBIUDPHBUG\ 
2QH�IUDPH�HQFRGHU�VXFHVV�IODJ 

� 5: �[� (QFBLUT 
(QF�LQWHUUXSW 

 

9(38BVZUHJB���BUHDG�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��E���  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� 3URGBLG 
3URGXFW�,' 

����� 52 �[� 0DMRUBQXP 
0DMRU�QXPEHU 

���� 52 �[�� 0LQRUBQXP 
0LQRU�QXPEHU 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 52 �[� 6\QWKHVLV 
^$6&,,B,'B(�%8,/'180%(5` 

 

9(38BVZUHJB���B����  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��H���  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� :2 �[�������� 

'PYBSO\BWDEOH 
$GGU�UDQJH���[��H�a�[��GF 
6ZUHJ�����'09��S��S�SHQDOW\�WDEOH�YDOXHV 
6ZUHJ�����'09��S��S�SHQDOW\�WDEOH�YDOXHV 
6ZUHJ�����'09��S��S�SHQDOW\�WDEOH�YDOXHV 
6ZUHJ�����'09��S��S�SHQDOW\�WDEOH�YDOXHV 
��������� 
6ZUHJ�����'09��S��S�SHQDOW\�WDEOH�YDOXHV 

10.5.22 9(38����008�5HJLVWHUV�6XPPDU\�  

�1DPH 2IIVHW 6L]H 5HVHW�9DOXH 'HVFULSWLRQ �  

9&2'(&B008B'7(B$''5 �[���� : �[�������� 

008�FXUUHQW�SDJH�7DEOH�
DGGUHVV��,W�LV�RQO\�FDQ�EH�
ZULWWHQ�ZKHQ�008�VWDWH�
LV�GLVDEOH�RU� �SDJH�IDXOW�
RU�PPX�HQDEOH�VWDOO�
VWDWH 

9&2'(&B008B67$786 �[���� : �[�������� 008�VWDWXV�UHJLVWHU 

9&2'(&B008B&200$1' �[���� : �[�������� 008�FRPPDQG�UHJLVWHU 

9&2'(&B008B3$*(B)$8/7
B$''5 �[���F : �[�������� 008�ORJLFDO�DGGUHVV�RI�

ODVW�SDJH�IDXOW 

9&2'(&B008B=$3B21(B/,
1( �[���� : �[�������� 008�=DS�FDFKH�OLQH�

UHJLVWHU 

9&2'(&B008B,17B5$:67
$7 �[���� : �[�������� 008�UDZ�LQWHUUXSW�VWDWXV�

UHJLVWHU 

9&2'(&B008B,17B&/($5 �[���� : �[�������� 008�UDZ�LQWHUUXSW�VWDWXV�
UHJLVWHU 

9&2'(&B008B,17B0$6. �[���F : �[�������� 008�UDZ�LQWHUUXSW�VWDWXV�
UHJLVWHU 

9&2'(&B008B,17B67$786 �[���� : �[�������� 008�UDZ�LQWHUUXSW�VWDWXV�
UHJLVWHU 
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�1DPH 2IIVHW 6L]H 5HVHW�9DOXH 'HVFULSWLRQ �  

9&2'(&B008B$872B*$7,1
* �[���� : �[�������� PPX�DXWR�JDWLQJ 

1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV�  

 

10.5.23 9(38����008�'HWDLO�5HJLVWHUV�'HVFULSWLRQ�  

9&2'(&B008B'7(B$''5�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 008B'7(B$''5 008�FXUUHQW�SDJH�7DEOH�DGGUHVV 

 

9&2'(&B008B67$786�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[������ 5HVHUYHG 

���� 52 �[�� 3$*(B)$8/7B%86B,' 
,QGH[�RI�PDVWHU�UHVSRQVLEOH�IRU�ODVW�SDJH�IDXOW 

� 52 �[� 
3$*(B)$8/7B,6B:5,7( 
7KH�GLUHFWLRQ�RI�DFFHVV�IRU�ODVW�SDJH�IDXOW� 
�
E���5HDG 
�
E���:ULWH 

� 52 �[� 5(3/$<B%8))(5B(037< 
�
E��7KH�008�UHSOD\�EXIIHU�LV�HPSW\ 

� 52 �[� 
008B,'/( 
7KH�008�LV�LGOH�ZKHQ�DFFHVVHV�DUH�EHLQJ�WUDQVODWHG�DQG�WKHUH�
DUH�QR�XQILQLVKHG�WUDQVODWHG�DFFHVVHV� 
�
E���008�LV�LGOH 

� 52 �[� 
67$,/B$&7,9( 
008�VWDOO�PRGH�FXUUHQWO\�HQDEOHG��7KH�PRGH�LV�HQDEOHG�E\�
FRPPDQG 
�
E���008�LV�LQ�VWDOO�DFWLYH�VWDWXV 

� 52 �[� 
3$*(B)$8/7B$&7,9( 
008�SDJH�IDXOW�PRGH�FXUUHQWO\�HQDEOHG��7KH�PRGH�LV�HQDEOHG�E\�
FRPPDQG� 
�
E���3DJH�IDXOW�LV�DFWLYH 

� 52 �[� 
3$*,1*B(1$%/(' 
�
E���3DJLQJ�LV�GLVDEOHG 
�
E���3DJLQJ�LV�HQDEOHG 

 

9&2'(&B008B&200$1'�  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 5HVHUYHG 

��� :2 �[� 

008B&0' 
008B&0'��7KLV�FDQ�EH� 
�¶G���008B(1$%/(B3$*,1* 
�¶G���008B',6$%/(B3$*,1* 
�¶G���008B(1$%/(B67$// 
�¶G���008B',6$%/(B67$// 
�¶G���008B=$3B&$&+( 
�¶G���008B3$*(B)$8/7B'21( 
�¶G���008B)25&(B5(6(7 

 

9&2'(&B008B3$*(B)$8/7B$''5�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 3$*(B)$8/7B$''5 $GGUHVV�RI�ODVW�SDJH�IDXOW 

 

9&2'(&B008B=$3B21(B/,1(�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� :2 �[�������� 008B=$3B21(B/,1( GGUHVV�WR�EH�LQYDOLGDWHG�IURP�WKH�SDJH�WDEOH�FDFKH 

 

9&2'(&B008B,17B5$:67$7�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 5HVHUYHG 

� 5: �[� 5($'B%86B(5525 
5HDG�EXV�HUURU�VWDWXV 

� 5: �[� 3$*(B)$8/7 
3DJH�IDXOW�VWDWXV 

 

9&2'(&B008B,17B&/($5�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 5HVHUYHG 

� :2 �[� 5($'B%86B(5525 
:ULWH���WR�FOHDU�UHDG�EXV�HUURU 

� :2 �[� 3$*(B)$8/7 
:ULWH���WR�SDJH�IDXOW�FOHDU 

 

9&2'(&B008B,17B0$6.�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 5HVHUYHG 

� 5: �[� 5($'B%86B(5525 
(QDEOH�WKH�UHDG�EXV�LQWHUUXSW�VRXUFH�ZKHQ�WKLV�ELW�LV�VHW�WR��
E� 

� 5: �[� 3$*(B)$8/7 
(QDEOH�WKH�SDJH�IDXOW�LQWHUUXSW�VRXUFH�ZKHQ�WKLV�ELW�LV�VHW�WR��
E� 

 

9&2'(&B008B,17B67$786�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 5HVHUYHG 

� 52 �[� 5($'B%86B(5525 
�
E���5HDG�EXV�HUURU�VWDWXV 

� 52 �[� 3$*(B)$8/7 
�
E���3DJH�IDXOW�  

 

9&2'(&B008B$872B*$7,1*�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 5HVHUYHG 

� 5: �[� 0PXBDXWRBFONJDWLQJ 
:KHQ�LW�LV��
E���WKH�PPX�ZLOO�DXWR�JDWLQJ�LW�VHOI 

 

10.5.24 9(38����/$<(5��5HJLVWHU�$GGUHVV�0DSSLQJ 
7KH�VXPPDU\�RI�/$<(5��UHJLVWHU�LV�OLVWHG�EHORZ��  
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Table 10-15 VEPU LAYER1 Address Mapping 

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

9(38B9(56,21 �[���� : �[�������� 
9(38�YHUVLRQ��,W�FRQWDLQV�,3�
IXQFWLRQ�VXPPDU\�DQG�VXE�
YHUVLRQ�LQIRUPDWLRQV� 

9(38B(1&B6757 �[���� : �[�������� 

6WDUW�FPG�UHJLVWHU��DXWR�FORFN�
JDWLQJ�HQDEOH��DXWR�UHVHW�HQDEOH�
DQG�WPYS�DGMXVW�HQDEOH�ZKHQ�
IUDPH�GRQH�DUH�DOVR�DOORFDWHG�
KHUH�� 

9(38B(1&B&/5 �[���� : �[�������� 9(38�FOHDU�UHJLVWHU 

9(38B/.7B$''5 �[���& : �[�������� /LQN�WDEOH 

9(38B,17B(1 �[���� : �[�������� 9(38�LQWHUUXSW�HQDEOH 

9(38B,17B06. �[���� : �[�������� 9(38�LQWHUUXSW�PDVN 

9(38B,17B&/5 �[���� : �[�������� 9(38�LQWHUUXSW�FOHDU 

9(38B,17B67$ �[���& : �[�������� 9(38�LQWHUUXSW�VWDWH 

9(38B(1&B,'/(B(1 �[���� : �[��������  

9(38B(1&B56/ �[���� : �[�������� 5HVROXWLRQ 

9(38B(1&B3,& �[���� : �[�������� 9(38�FRPPRQ�FRQILJXUDWLRQ 

9(38B(1&B:'* �[���� : �[�������� 9(38�ZDWFK�GRJ�FRQILJXUH�UHJLVWHU 

9(38B'7516B0$3 �[���& : �[�������� 'DWD�WUDQVDFWLRQ�PDSSLQJ��HQGLDQ�DQG�RUGHU� 

9(38B'7516B&)* �[���� : �[�������� �$;,�EXV��'DWD�WUDQVDFWLRQ�FRQILJXUDWLRQ 

9(38B65&B)07 �[���� : �[�������� 9LGHR�VRXUFH�IRUPDW 

9(38B65&B8')< �[���� : �[�������� :HLJKW�RI�XVHU�GHILQHG�IRUPXOD�IRU�5*%�WR�<�FRQYHUVLRQ 

9(38B65&B8')8 �[���& : �[�������� :HLJKW�RI�XVHU�GHILQHG�IRUPXOD�IRU�5*%�WR�8�FRQYHUVLRQ 

9(38B65&B8')9 �[���� : �[�������� :HLJKW�RI�XVHU�GHILQHG�IRUPXOD�IRU�5*%�WR�9�FRQYHUVLRQ 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

9(38B65&B8')2 �[���� : �[�������� 2IIVHW�RI�XVHU�GHILQHG�IRUPXOD�IRU�5*%�WR�<89�FRQYHUVLRQ 

9(38B65&B352& �[���� : �[�������� 9LGHR�VRXUFH�SURFHVV 

9(38B6/,B&)*B+��� �[���& : �[�������� 6OLFH�FURVV�OLQHV�FRQILJXUDWLRQ��K����RQO\� 

9(38B7,/(B&)*B+(9& �[���& : �[�������� &XUUHQW�WLOH�FRQILJXUDWLRQ��KHYF�RQO\� 

9(38B7,/(B326 �[���� : �[�������� &XUUHQW�WLOH�SRVLRQ�RI�WKH�SLFWXUH��KHYF�RQO\� 

9(38B./87B2)67 �[���� : �[�������� 2IIVHW�RI��5'2��FKURPD�FRVW�ZHLJKW�WDEOH 

9(38B./87B:*7� �[���� : �[�������� �5'2��&KURPD�ZHLJKW�WDEOH�FRQILJXUH�UHJLVWHU� 

9(38B./87B:*7� �[���& : �[�������� �5'2��&KURPD�ZHLJKW�WDEOH�FRQILJXUH�UHJLVWHU� 

9(38B./87B:*7� �[���� : �[�������� �5'2��&KURPD�ZHLJKW�WDEOH�FRQILJXUH�UHJLVWHU� 

9(38B./87B:*7� �[���� : �[�������� �5'2��&KURPD�ZHLJKW�WDEOH�FRQILJXUH�UHJLVWHU� 

9(38B./87B:*7� �[���� : �[�������� �5'2��&KURPD�ZHLJKW�WDEOH�FRQILJXUH�UHJLVWHU� 

9(38B./87B:*7� �[���& : �[�������� �5'2��&KURPD�ZHLJKW�WDEOH�FRQILJXUH�UHJLVWHU� 

9(38B./87B:*7� �[���� : �[�������� �5'2��&KURPD�ZHLJKW�WDEOH�FRQILJXUH�UHJLVWHU� 

9(38B./87B:*7� �[���� : �[�������� �5'2��&KURPD�ZHLJKW�WDEOH�FRQILJXUH�UHJLVWHU� 

9(38B./87B:*7� �[���� : �[�������� �5'2��&KURPD�ZHLJKW�WDEOH�FRQILJXUH�UHJLVWHU� 

9(38B./87B:*7� �[���& : �[�������� �5'2��&KURPD�ZHLJKW�WDEOH�FRQILJXUH�UHJLVWHU� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �736 

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

9(38B./87B:*7�� �[���� : �[�������� �5'2��&KURPD�ZHLJKW�WDEOH�FRQILJXUH�UHJLVWHU�� 

9(38B./87B:*7�� �[���� : �[�������� �5'2��&KURPD�ZHLJKW�WDEOH�FRQILJXUH�UHJLVWHU�� 

9(38B./87B:*7�� �[���� : �[�������� �5'2��&KURPD�ZHLJKW�WDEOH�FRQILJXUH�UHJLVWHU�� 

9(38B./87B:*7�� �[���& : �[�������� �5'2��&KURPD�ZHLJKW�WDEOH�FRQILJXUH�UHJLVWHU�� 

9(38B./87B:*7�� �[��$� : �[�������� �5'2��&KURPD�ZHLJKW�WDEOH�FRQILJXUH�UHJLVWHU�� 

9(38B./87B:*7�� �[��$� : �[�������� �5'2��&KURPD�ZHLJKW�WDEOH�FRQILJXUH�UHJLVWHU�� 

9(38B./87B:*7�� �[��$� : �[�������� �5'2��&KURPD�ZHLJKW�WDEOH�FRQILJXUH�UHJLVWHU�� 

9(38B./87B:*7�� �[��$& : �[�������� �5'2��&KURPD�ZHLJKW�WDEOH�FRQILJXUH�UHJLVWHU�� 

9(38B./87B:*7�� �[��%� : �[�������� �5'2��&KURPD�ZHLJKW�WDEOH�FRQILJXUH�UHJLVWHU�� 

9(38B./87B:*7�� �[��%� : �[�������� �5'2��&KURPD�ZHLJKW�WDEOH�FRQILJXUH�UHJLVWHU�� 

9(38B./87B:*7�� �[��%� : �[�������� �5'2��&KURPD�ZHLJKW�WDEOH�FRQILJXUH�UHJLVWHU�� 

9(38B./87B:*7�� �[��%& : �[�������� �5'2��&KURPD�ZHLJKW�WDEOH�FRQILJXUH�UHJLVWHU�� 

9(38B./87B:*7�� �[��&� : �[�������� �5'2��&KURPD�ZHLJKW�WDEOH�FRQILJXUH�UHJLVWHU�� 

9(38B./87B:*7�� �[��&� : �[�������� �5'2��&KURPD�ZHLJKW�WDEOH�FRQILJXUH�UHJLVWHU�� 

9(38B5&B&)* �[��&� : �[�������� 5DWH�FRQWURO�FRQILJXUDWLRQ 

9(38B5&B43 �[��&& : �[�������� 43�FRQILJXUDWLRQ�IRU�UDWH�FRQWURO 

9(38B5&B7*7 �[��'� : �[�������� 7KH�WDUJHW�ELW�UDWH�IRU�UDWH�FRQWURO 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

9(38B5&B$'-� �[��'� : �[�������� 43�DGMXVW�FRQILJXUDWLRQ�IRU�UDWH�FRQWURO 

9(38B5&B$'-� �[��'� : �[�������� 43�DGMXVW�FRQILJXUDWLRQ�IRU�UDWH�FRQWURO 

9(38B5&B'7+'� �[��'& : �[�������� %LWV�UDWH�GHYLDWLRQ�WKUHVKROG� 

9(38B5&B'7+'� �[��(� : �[�������� %LWV�UDWH�GHYLDWLRQ�WKUHVKROG� 

9(38B5&B'7+'� �[��(� : �[�������� %LWV�UDWH�GHYLDWLRQ�WKUHVKROG� 

9(38B5&B'7+'� �[��(� : �[�������� %LWV�UDWH�GHYLDWLRQ�WKUHVKROG� 

9(38B5&B'7+'� �[��(& : �[�������� %LWV�UDWH�GHYLDWLRQ�WKUHVKROG� 

9(38B5&B'7+'� �[��)� : �[�������� %LWV�UDWH�GHYLDWLRQ�WKUHVKROG� 

9(38B5&B'7+'� �[��)� : �[�������� %LWV�UDWH�GHYLDWLRQ�WKUHVKROG� 

9(38B5&B'7+'� �[��)� : �[�������� %LWV�UDWH�GHYLDWLRQ�WKUHVKROG� 

9(38B5&B'7+'� �[��)& : �[�������� %LWV�UDWH�GHYLDWLRQ�WKUHVKROG� 

9(38B52,B47+'� �[���� : �[�������� 52,�43�WKUHVKROG�FRQILJXUDWLRQ� 

9(38B52,B47+'� �[���� : �[�������� 52,�43�WKUHVKROG�FRQILJXUDWLRQ� 

9(38B52,B47+'� �[���� : �[�������� 52,�43�WKUHVKROG�FRQILJXUDWLRQ� 

9(38B52,B47+'� �[���& : �[�������� 52,�43�WKUHVKROG�FRQILJXUDWLRQ� 

9(38B3,&B2)67 �[���� : �[�������� (QFRGLQJ�SLFWXUH�RIIVHW 

9(38B65&B675' �[���� : �[�������� 9LGHR�VRXUFH�VWULGH 

9(38B$'5B65&� �[���� : �[�������� %DVH�DGGUHVV�RI�WKH��VW�VWRUDJH�DUHD�IRU�YLGHR�VRXUFH 

9(38B$'5B65&� �[���& : �[�������� %DVH�DGGUHVV�RI�WKH��QG�VWRUDJH�DUHD�IRU�YLGHR�VRXUFH 

9(38B$'5B65&� �[���� : �[�������� %DVH�DGGUHVV�RI�WKH��UG�VWRUDJH�DUHD�IRU�YLGHR�VRXUFH 

9(38B$'5B52, �[���� : �[�������� %DVH�DGGUHVV�IRU�52,�FRQILJXUDWLRQ�����E\WHV�DOLJQHG 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

9(38B$'5B5)3:B+ �[���� : �[�������� 
%DVH�DGGUHVV�RI�KHDGHUBEORFN�IRU�
FRPSUHVVHG�UHIHUHQFH�IUDPH�
ZULWH���.�E\WHV�DOLJQHG 

9(38B$'5B5)3:B% �[���& : �[�������� 
%DVH�DGGUHVV�RI�ERG\BEORFN�IRU�
FRPSUHVVHG�UHIHUHQFH�IUDPH�
ZULWH���.�E\WHV�DOLJQHG 

9(38B$'5B5)35B+ �[���� : �[�������� 
%DVH�DGGUHVV�RI�KHDGHUBEORFN�IRU�
FRPSUHVVHG�UHIHUHQFH�IUDPH�UHDG��
�.�E\WHV�DOLJQHG 

9(38B$'5B5)35B% �[���� : �[�������� 
%DVH�DGGUHVV�RI�ERG\BEORFN�IRU�
FRPSUHVVHG�UHIHUHQFH�IUDPH�UHDG��
�.�E\WHV�DOLJQHG 

9(38B$'5B&09: �[���� : �[�������� %DVH�DGGUHVV�IRU�FRO�ORFDWHG�0Y�ZULWH���.%�DOLJQHG��+(9&�RQO\ 

9(38B$'5B&095 �[���& : �[�������� %DVH�DGGUHVV�IRU�FRO�ORFDWHG�0Y�UHDG���.%�DOLJQHG��+(9&�RQO\ 

9(38B$'5B'63: �[���� : �[�������� 
%DVH�DGGUHVV�IRU�GRZQ�VDPSOHG�
UHIHUHQFH�IUDPH�ZULWH���.%�
DOLJQHG 

9(38B$'5B'635 �[���� : �[�������� %DVH�DGGUHVV�IRU�GRZQ�VDPSOHG�UHIHUHQFH�IUDPH�UHDG���.%�DOLJQHG 

9(38B$'5B0(,: �[���� : �[�������� %DVH�DGGUHVV�IRU�0(�LQIRUPDWLRQ�ZULWH���.%�DOLJQHG 

9(38B$'5B%6%7 �[���& : �[�������� 7RS�DGGUHVV�RI�ELW�VWUHDP�EXIIHU�����%�DOLJQHG 

9(38B$'5B%6%% �[���� : �[�������� %RWWRP�DGGUHVV�RI�ELW�VWUHDP�EXIIHU�����%�DOLJQHG 

9(38B$'5B%6%5 �[���� : �[�������� 5HDG�DGGUHVV�RI�ELW�VWUHDP�EXIIHU�����%�DOLJQHG 

9(38B$'5B%6%6 �[���� : �[�������� 6WDUW�DGGUHVV�RI�ELW�VWUHDP�EXIIHU 

9(38B6/,B63/7 �[���& : �[�������� 6OLFH�VSOLW�FRQILJXUDWLRQ 

9(38B6/,B%<7( �[���� : �[�������� 1XPEHU�RI�E\WHV�IRU�VOLFH�VSOLW 

9(38B0(B51*( �[���� : �[�������� 0RWLRQ�HVWLPDWLRQ�UDQJH 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

9(38B0(B&)* �[���� : �[�������� 0RWLRQ�HVWLPDWLRQ�FRQILJXUDWLRQ 

9(38B0(B&$&+ �[���& : �[�������� 0(�FDFKH�FRQILJXUDWLRQ 

9(38B6<17B/21*B5()0
� �[���� : �[�������� /RQJ�WHUP�UHIHUHQFH�IUDPH�PDUN��IRU�+(9& 

9(38B6<17B/21*B5()0
� �[���� : �[�������� /RQJ�WHUP�UHIHUHQFH�IUDPH�PDUN��IRU�+(9& 

9(38B26'B,19B&)* �[���� : �[�������� 26'�FRORU�LQYHUVH� � FRQILJXUDWLRQ 

9(38B$'5B/3): �[���& : �[�������� %DVH�DGGUHVV�IRU�/3):���.%�DOLJQHG��+(9&�RQO\� 

9(38B$'5B/3)5 �[���� : �[�������� %DVH�DGGUHVV�IRU�/3)5���.%�DOLJQHG��+(9&�RQO\� 

9(38B,35'B&676 �[���� : �[�������� &RVW�IXQFWLRQ�FRQILJXUDWLRQ�IRU�LQWUD�SUHGLFWLRQ 

9(38B5'2B&)*B+��� �[���� : �[�������� +�����5'2�FRQILJXUDWLRQ��VKDUH�DGGUHVV�ZLWK�+(9& 

9(38B5'2B&)*B+(9& �[���� : �[�������� +(9&�5'2�FRQILJXUDWLRQ��VKDUH�DGGUHVV�ZLWK�+���� 

9(38B6<17B1$/B+��� �[���& : �[�������� 1$/�FRQILJXUDWLRQ�IRU�+������VKDUH�DGGUHVV�ZLWK�+(9& 

9(38B6<17B1$/B+(9& �[���& : �[�������� 1$/�FRQILJXUDWLRQ�IRU�+(9&��VKDUH�DGGUHVV�ZLWK�+���� 

9(38B6<17B636B+��� �[��$� : �[�������� 
6HTXHQFH�SDUDPHWHU�VHW�V\QWD[�
FRQILJXUDWLRQ�IRU�+������VKDUH�
DGGUHVV�ZLWK�+(9& 

9(38B6<17B636B+(9& �[��$� : �[�������� 
6HTXHQFH�SDUDPHWHU�VHW�V\QWD[�
FRQILJXUDWLRQ�IRU�+(9&��VKDUH�
DGGUHVV�ZLWK�+���� 

9(38B6<17B336B+��� �[��$� : �[�������� 
3LFWXUH�SDUDPHWHU�VHW�
FRQILJXUDWLRQ�IRU�+������VKDUH�
DGGUHVV�ZLWK�+(9& 

9(38B6<17B336B+(9& �[��$� : �[�������� 
3LFWXUH�SDUDPHWHU�VHW�
FRQILJXUDWLRQ�IRU�+(9&��VKDUH�
DGGUHVV�ZLWK�+���� 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

9(38B6<17B6/,�B+��� �[��$� : �[�������� 6OLFH�KHDGHU�FRQILJXUDWLRQ��IRU�+������VKDUH�DGGUHVV�ZLWK�+(9& 

9(38B6<17B6/,�B+(9& �[��$� : �[�������� 6OLFH�KHDGHU�FRQILJXUDWLRQ��IRU�+(9&��VKDUH�DGGUHVV�ZLWK�+���� 

9(38B6<17B6/,�B+��� �[��$& : �[�������� 6OLFH�KHDGHU�FRQILJXUDWLRQ��IRU�+������VKDUH�DGGUHVV�ZLWK�+(9& 

9(38B6<17B6/,�B+(9& �[��$& : �[�������� 6OLFH�KHDGHU�FRQILJXUDWLRQ��IRU�+(9&��VKDUH�DGGUHVV�ZLWK�+���� 

9(38B6<17B6/,�B+��� �[��%� : �[�������� 6OLFH�KHDGHU�FRQILJXUDWLRQ��IRU�+������VKDUH�DGGUHVV�ZLWK�+(9& 

9(38B6<17B6/,�B+(9& �[��%� : �[�������� 6OLFH�KHDGHU�FRQILJXUDWLRQ��IRU�+(9&��VKDUH�DGGUHVV�ZLWK�+���� 

9(38B6<17B5()0�B+��� �[��%� : �[�������� 5HIHUHQFH�IUDPH�PDUN��IRU�+������VKDUH�DGGUHVV�ZLWK�+(9& 

9(38B6<17B5()0�B+(9& �[��%� : �[�������� 5HIHUHQFH�IUDPH�PDUN��IRU�+(9&��VKDUH�DGGUHVV�ZLWK�+���� 

9(38B6<17B5()0�B+��� �[��%� : �[�������� 5HIHUHQFH�IUDPH�PDUN��IRU�+������VKDUH�DGGUHVV�ZLWK�+(9& 

9(38B6<17B5()0�B+(9& �[��%� : �[�������� 5HIHUHQFH�IUDPH�PDUN��IRU�+(9&��VKDUH�DGGUHVV�ZLWK�+���� 

9(38B26'B&)* �[��&� : �[�������� 26'�FRQILJXUDWLRQ 

9(38B26'B,19 �[��&� : �[�������� 26'�FRORU�LQYHUVH�WKUHVKROG 

9(38B6<17B5()0� �[��&� : �[�������� 5HIHUHQFH�IUDPH�PDUN��IRU�+(9& 

9(38B6<17B5()0�B+��� �[��&� : �[�������� 5HIHUHQFH�IUDPH�PDUN��IRU�+��� 

9(38B6<17B5()0� �[��&& : �[�������� 5HIHUHQFH�IUDPH�PDUN��IRU�+(9& 

9(38B26'�B326 �[��'� : �[�������� 26'�UHJLRQ��SRVLWLRQ 

9(38B26'�B326 �[��'� : �[�������� 26'�UHJLRQ��SRVLWLRQ 

9(38B26'�B326 �[��'� : �[�������� 26'�UHJLRQ��SRVLWLRQ 

9(38B26'�B326 �[��'& : �[�������� 26'�UHJLRQ��SRVLWLRQ 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

9(38B26'�B326 �[��(� : �[�������� 26'�UHJLRQ��SRVLWLRQ 

9(38B26'�B326 �[��(� : �[�������� 26'�UHJLRQ��SRVLWLRQ 

9(38B26'�B326 �[��(� : �[�������� 26'�UHJLRQ��SRVLWLRQ 

9(38B26'�B326 �[��(& : �[�������� 26'�UHJLRQ��SRVLWLRQ 

9(38B$'5B26'� �[��)� : �[�������� %DVH�DGGUHVV�IRU�26'�UHJLRQ�����%�DOLJQHG 

9(38B$'5B26'� �[��)� : �[�������� %DVH�DGGUHVV�IRU�26'�UHJLRQ�����%�DOLJQHG 

9(38B$'5B26'� �[��)� : �[� %DVH�DGGUHVV�IRU�26'�UHJLRQ���
��%�DOLJQHG 

9(38B$'5B26'� �[��)& : �[�������� %DVH�DGGUHVV�IRU�26'�UHJLRQ�����%�DOLJQHG 

9(38B$'5B26'� �[���� : �[�������� %DVH�DGGUHVV�IRU�26'�UHJLRQ�����%�DOLJQHG 

9(38B$'5B26'� �[���� : �[�������� %DVH�DGGUHVV�IRU�26'�UHJLRQ�����%�DOLJQHG 

9(38B$'5B26'� �[���� : �[�������� %DVH�DGGUHVV�IRU�26'�UHJLRQ�����%�DOLJQHG 

9(38B$'5B26'� �[���& : �[�������� %DVH�DGGUHVV�IRU�26'�UHJLRQ�����%�DOLJQHG 

9(38B67B%6/ �[���� : �[�������� %LW�VWUHDP�OHQJWK�IRU�FXUUHQW�IUDPH 

9(38B67B66(B/�� �[���� : �[�������� /RZ����ELWV�RI�HQFRGLQJ�GLVWRUWLRQ��66(� 

9(38B67B66(B43 �[���� : �[�������� 
+LJK���ELWV�RI�HQFRGLQJ�GLVWRUWLRQ�
�66(��DQG�VXP�RI�43�IRU�WKH�
HQFRGHG�IUDPH 

9(38B67B6$2 �[���& : �[�������� 1XPEHU�RI�&78V�ZKLFK�DGMXVWHG�E\�6$2 

9(38B67B+($'B%/ �[���� : �[�������� 7RWDO�ELW�OHQJWK�RI�5'2�+HDGHU%LWV� 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

9(38B67B5(6B%/ �[���� : �[�������� 7RWDO�ELW�OHQJWK�RI�5'2�5HVLGXDO%LWV� 

9(38B67B(1& �[���� : �[�������� 9(38�ZRUNLQJ�VWDWXV 

9(38B67B/.7 �[���& : �[�������� 6WDWXV�RI�OLQN�WDEOH�PRGH�HQFRGLQJ 

9(38B67B1$'5 �[���� : �[�������� $GGUHVV�RI�WKH�SURFHVVLQJ�OLQN�WDEOH�QRGH 

9(38B67B%6% �[���� : �[�������� 6WDWXV�RI�ELW�VWUHDP�EXIIHU 

9(38B67B%86 �[���� : �[�������� 9(38�EXV�VWDWXV 

9(38B67B6180 �[���& : �[�������� 6OLFH�QXPEHU�VWDWXV 

9(38B67B6/(1 �[���� : �[�������� 6WDWXV�RI�VOLFH�OHQJWK 

9(38B67B3180B3�� �[���� : �[�������� 1XPEHU�RI���[���LQWHU�SUHGLFWHG�EORFNV 

9(38B67B3180B3�� �[���� : �[�������� 1XPEHU�RI���[���LQWHU�SUHGLFWHG�EORFNV 

9(38B67B3180B3�� �[���& : �[�������� 1XPEHU�RI���[���LQWHU�SUHGLFWHG�EORFNV 

9(38B67B3180B3� �[���� : �[�������� 1XPEHU�RI��[��LQWHU�SUHGLFWHG�EORFNV 

9(38B67B3180B,�� �[���� : �[�������� 1XPEHU�RI���[���LQWUD�SUHGLFWHG�EORFNV 

9(38B67B3180B,�� �[���� : �[�������� 1XPEHU�RI���[���LQWUD�SUHGLFWHG�EORFNV 

9(38B67B3180B,� �[���& : �[�������� 1XPEHU�RI��[��LQWUD�SUHGLFWHG�EORFNV 

9(38B67B3180B,� �[���� : �[�������� 1XPEHU�RI��[��LQWUD�SUHGLFWHG�EORFNV 

9(38B67B%�B43� �[���� : �[�������� 1XPEHU�RI�EORFN�[�V�ZLWK�43 � 

9(38B67B%�B43� �[���� : �[�������� 1XPEHU�RI�EORFN�[�V�ZLWK�43 � 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

9(38B67B%�B43� �[���& : �[�������� 1XPEHU�RI�EORFN�[�V�ZLWK�43 � 

9(38B67B%�B43� �[���� : �[�������� 1XPEHU�RI�EORFN�[�V�ZLWK�43 � 

9(38B67B%�B43� �[���� : �[�������� 1XPEHU�RI�EORFN�[�V�ZLWK�43 � 

9(38B67B%�B43� �[���� : �[�������� 1XPEHU�RI�EORFN�[�V�ZLWK�43 � 

9(38B67B%�B43� �[���& : �[�������� 1XPEHU�RI�EORFN�[�V�ZLWK�43 � 

9(38B67B%�B43� �[���� : �[�������� 1XPEHU�RI�EORFN�[�V�ZLWK�43 � 

9(38B67B%�B43� �[���� : �[�������� 1XPEHU�RI�EORFN�[�V�ZLWK�43 � 

9(38B67B%�B43� �[���� : �[�������� 1XPEHU�RI�EORFN�[�V�ZLWK�43 � 

9(38B67B%�B43�� �[���& : �[�������� 1XPEHU�RI�EORFN�[�V�ZLWK�43 �� 

9(38B67B%�B43�� �[���� : �[�������� 1XPEHU�RI�EORFN�[�V�ZLWK�43 �� 

9(38B67B%�B43�� �[���� : �[�������� 1XPEHU�RI�EORFN�[�V�ZLWK�43 �� 

9(38B67B%�B43�� �[���� : �[�������� 1XPEHU�RI�EORFN�[�V�ZLWK�43 �� 

9(38B67B%�B43�� �[���& : �[�������� 1XPEHU�RI�EORFN�[�V�ZLWK�43 �� 

9(38B67B%�B43�� �[��$� : �[�������� 1XPEHU�RI�EORFN�[�V�ZLWK�43 �� 

9(38B67B%�B43�� �[��$� : �[�������� 1XPEHU�RI�EORFN�[�V�ZLWK�43 �� 

9(38B67B%�B43�� �[��$� : �[�������� 1XPEHU�RI�EORFN�[�V�ZLWK�43 �� 

9(38B67B%�B43�� �[��$& : �[�������� 1XPEHU�RI�EORFN�[�V�ZLWK�43 �� 

9(38B67B%�B43�� �[��%� : �[�������� 1XPEHU�RI�EORFN�[�V�ZLWK�43 �� 

9(38B67B%�B43�� �[��%� : �[�������� 1XPEHU�RI�EORFN�[�V�ZLWK�43 �� 

9(38B67B%�B43�� �[��%� : �[�������� 1XPEHU�RI�EORFN�[�V�ZLWK�43 �� 

9(38B67B%�B43�� �[��%& : �[�������� 1XPEHU�RI�EORFN�[�V�ZLWK�43 �� 

9(38B67B%�B43�� �[��&� : �[�������� 1XPEHU�RI�EORFN�[�V�ZLWK�43 �� 

9(38B67B%�B43�� �[��&� : �[�������� 1XPEHU�RI�EORFN�[�V�ZLWK�43 �� 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

9(38B67B%�B43�� �[��&� : �[�������� 1XPEHU�RI�EORFN�[�V�ZLWK�43 �� 

9(38B67B%�B43�� �[��&& : �[�������� 1XPEHU�RI�EORFN�[�V�ZLWK�43 �� 

9(38B67B%�B43�� �[��'� : �[�������� 1XPEHU�RI�EORFN�[�V�ZLWK�43 �� 

9(38B67B%�B43�� �[��'� : �[�������� 1XPEHU�RI�EORFN�[�V�ZLWK�43 �� 

9(38B67B%�B43�� �[��'� : �[�������� 1XPEHU�RI�EORFN�[�V�ZLWK�43 �� 

9(38B67B%�B43�� �[��'& : �[�������� 1XPEHU�RI�EORFN�[�V�ZLWK�43 � 

9(38B67B%�B43�� �[��(� : �[�������� 1XPEHU�RI�EORFN�[�V�ZLWK�43 �� 

9(38B67B%�B43�� �[��(� : �[�������� 1XPEHU�RI�EORFN�[�V�ZLWK�43 �� 

9(38B67B%�B43�� �[��(� : �[�������� 1XPEHU�RI�EORFN�[�V�ZLWK�43 �� 

9(38B67B%�B43�� �[��(& : �[�������� 1XPEHU�RI�EORFN�[�V�ZLWK�43 �� 

9(38B67B%�B43�� �[��)� : �[�������� 1XPEHU�RI�EORFN�[�V�ZLWK�43 �� 

9(38B67B%�B43�� �[��)� : �[�������� 1XPEHU�RI�EORFN�[�V�ZLWK�43 �� 

9(38B67B%�B43�� �[��)� : �[�������� 1XPEHU�RI�EORFN�[�V�ZLWK�43 �� 

9(38B67B%�B43�� �[��)& : �[�������� 1XPEHU�RI�EORFN�[�V�ZLWK�43 �� 

9(38B67B%�B43�� �[���� : �[�������� 1XPEHU�RI�EORFN�[�V�ZLWK�43 �� 

9(38B67B%�B43�� �[���� : �[�������� 1XPEHU�RI�EORFN�[�V�ZLWK�43 �� 

9(38B67B%�B43�� �[���� : �[�������� 1XPEHU�RI�EORFN�[�V�ZLWK�43 �� 

9(38B67B%�B43�� �[���& : �[�������� 1XPEHU�RI�EORFN�[�V�ZLWK�43 �� 

9(38B67B%�B43�� �[���� : �[�������� 1XPEHU�RI�EORFN�[�V�ZLWK�43 �� 

9(38B67B%�B43�� �[���� : �[�������� 1XPEHU�RI�EORFN�[�V�ZLWK�43 �� 

9(38B67B%�B43�� �[���� : �[�������� 1XPEHU�RI�EORFN�[�V�ZLWK�43 �� 

9(38B67B%�B43�� �[���& : �[�������� 1XPEHU�RI�EORFN�[�V�ZLWK�43 �� 

9(38B67B%�B43�� �[���� : �[�������� 1XPEHU�RI�EORFN�[�V�ZLWK�43 �� 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

9(38B67B%�B43�� �[���� : �[�������� 1XPEHU�RI�EORFN�[�V�ZLWK�43 �� 

9(38B67B%�B43�� �[���� : �[�������� 1XPEHU�RI�EORFN�[�V�ZLWK�43 �� 

9(38B67B%�B43�� �[���& : �[�������� 1XPEHU�RI�EORFN�[�V�ZLWK�43 �� 

9(38B67B%�B43�� �[���� : �[�������� 1XPEHU�RI�EORFN�[�V�ZLWK�43 �� 

9(38B67B&3/;B703 �[���� : �[�������� 
7HPSRUDO�FRPSOH[LW\�0$'3��IRU�
FXUUHQW�HQFRGLQJ�DQG�UHIHUHQFH�
IUDPH 

9(38B67B%180B&0( �[���� : �[�������� 

1XPEHU�RI�&0(�EORFNV�LQ�IUDPH��
+������QXPEHU�&0(�EORFNV����
0%V��LQ���[���DOLJQHG�H[WHQGHG�
IUDPH��H[FHSW�IRU�WKH�&0(�EORFNV�
FRQILJXUHG�DV�IRUFH�LQWUD��+(9&��
QXPEHU�&0(�EORFNV��&78��LQ�
��[���DOLJQHG�H[WHQGHG�IUDPH��
H[FHSW�IRU�WKH�&0(�EORFNV�
FRQILJXUHG�DV�IRUFH�LQWUD� 

9(38B67B&3/;B637 �[���& : �[�������� 6SDWLDO�FRPSOH[LW\�0$',��IRU�FXUUHQW�HQFRGLQJ�IUDPH 

9(38B67B%180B%�� �[���� : �[�������� 

1XPEHU�RI���[���EORFNV�LQ�IUDPH��
+������QXPEHU�RI�PDFUR�EORFNV�LQ�
HQFRGLQJ�IUDPH��+(9&��QXPEHU�RI�
��[���EORFNV�LQ���[���DOLJQHG�
H[WHQGHG�IUDPH� 

9(38B67B&3/;B0$;B%�� �[���� : �[�������� 

1XPEHU�RI���[���EORFNV�ZKLFK�
WKH�YDOXH�LV�ELJJHU�WKDQ�
VZBDTBWKG���� �+������QXPEHU�RI�
PDFUR�EORFNV�LQ�HQFRGLQJ�IUDPH��
+(9&��QXPEHU�RI���[���EORFNV�LQ�
��[���DOLJQHG�H[WHQGHG�IUDPH� 

9(38B/�&)*B$''5 �[��)� : �[�������� /HYHO��FRQILJXUDWLRQ�DGGUHVV 

9(38B/�&)*B:'$7$ �[��)� : �[�������� /��FRQILJXUDWLRQ�ZULWH�GDWD 

9(38B/�&)*B5'$7$ �[��)� : �[�������� /��FRQILJXUDWLRQ�UHDG�GDWD 

9(38B26'B3/7� �[���� : �[�������� 8VHU�GHILQHG�26'�SDOHWWH�FRORU� 

9(38B26'B3/7� �[���� : �[�������� 8VHU�GHILQHG�26'�SDOHWWH�FRORU� 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

9(38B26'B3/7��� �[��)& : �[�������� 26'�SDOHWWH�FRORU��� 

9(38B67B:'* �[���& : �[�������� 9(38�ZDWFK�GRJ�VWDWXV 

9(38B67B33/ �[���� : �[�������� 9(38�SLSH�OLQH�VWDWXV 

9(38B67B6/,B180 �[���� : �[�������� 1XPEHU�RI�VOLFHV 

9(38B'%*B'0$B5)35 �[��(� : �[�������� 'HEXJ�UHJLVWHU�IRU�'0$�5)35�FKDQQHO 

9(38B'%*B'0$B&+B67 �[��(� : �[�������� 'HEXJ�UHJLVWHU�IRU�'0$�VWDWXV 

9(38B008�B$''5 �[�)�� : �[�������� 3DJH�WDEOH�DGGUHVV�IRU�$;,��008 

9(38B008�B67 �[�)�� : �[�������� 6WDWXV�RI�WKH�008�IRU�$;,� 

9(38B008�B&0' �[�)�� : �[�������� 008�FRPPDQG�IRU�$;,� 

9(38B008�B3)$ �[�)�& : �[�������� $GGUHVV�RI�WKH�ODVW�SDJH�IDXOW�IRU�008� 

9(38B008�B=$3 �[�)�� : �[�������� =DS�DGGUHVV�IRU�008� 

9(38B008�B(55 �[�)�� : �[�������� 008�HUURU 

9(38B008�B,17B&/5 �[�)�� : �[�������� ,QWHUUXSW�FOHDU�IRU�008� 

9(38B008�B,17B06. �[�)�& : �[�������� ,QWHUUXSW�PDVN�IRU�008� 

9(38B008�B,17B67$ �[�)�� : �[�������� ,QWHUUXSW�VWDWXV�IRU�008� 

9(38B008�B$&.* �[�)�� : �[�������� $XWR�FORFN�JDWLQJ�IRU�008� 

9(38B008�B$''5 �[�)�� : �[�������� 3DJH�WDEOH�DGGUHVV�IRU�$;,��008 

9(38B008�B67 �[�)�� : �[�������� 6WDWXV�RI�WKH�008�IRU�$;,� 

9(38B008�B&0' �[�)�� : �[�������� 008�FRPPDQG�IRU�$;,� 

9(38B008�B3)$ �[�)�& : �[�������� $GGUHVV�RI�WKH�ODVW�SDJH�IDXOW�IRU�008� 

9(38B008�B=$3 �[�)�� : �[�������� =DS�DGGUHVV�IRU�008� 

9(38B008�B(55 �[�)�� : �[�������� 008�HUURU 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �747 

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

9(38B008�B,17B&/5 �[�)�� : �[�������� ,QWHUUXSW�FOHDU�IRU�008� 

9(38B008�B,17B06. �[�)�& : �[�������� ,QWHUUXSW�PDVN�IRU�008� 

9(38B008�B,17B67$ �[�)�� : �[�������� ,QWHUUXSW�VWDWXV�IRU�008� 

9(38B008�B$&.* �[�)�� : �[�������� $XWR�FORFN�JDWLQJ�IRU�008� 

1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV�  
10.5.25 9(38����/$<(5��'HWDLO�5HJLVWHU�'HVFULSWLRQ 

9(38B9(56,21�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� LSBLG 
9(38�,'��,W�LV�FRQWDQW��[��� 

�� 52 �[� UHVHUYHG 

����� 52 �[� 

IEFBFDS 
)%&�FDSDELOLW\� 

�
K���1R�)%& 

�
K���6XSSRUW�$)%&�IRU�YLGHR�VRXUFH�DQG�)%&�IRU�UHFRQVWUXFWHG�
SLFWXUH 

2WKHUV��5HVHUYHG 

�� 52 �[� 
EIUPBFDS 
%�IUDPH�HQFRGLQJ�FDSDELOLW\����PHDQV�9(38�VXSSRUWV�%�IUDPH�
HQFRGLQJ�ZKLOH���PHDQV�QRW� 

����� 52 �[� 

ILOWUBFDS 
3UH�SURFHVV�ILOWHU�FDSDELOLW\ 

�
K���%DVLF�SUH�SURFHVV�ILOWHU 

�
K���1R�SUH�SURFHVV�ILOWHU 

2WKHUV��5HVHUYHG 

����� 52 �[� 

RVGBFDS 
26'�FDSDELOLW\� 

�
K�����DUHD�26'�ZLWK�����FRORU�SDOHWWH 

�
K���1R�26' 

2WKHUV��5HVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� 

UHVBFDS 
0D[�UHVROXWLRQ 

�
K�������[���� 

�
K�������[���� 

2WKHUV��5HVHUYHG 

����� 52 �[� UHVHUYHG 

� 52 �[� 
KHYFBFDS 
+(9&�HQFRGLQJ�FDSDELOLW\����PHDQV�9(38�VXSSRUWV�+(9&�HQFRGLQJ�
ZKLOH���PHDQV�QRW 

� 52 �[� 
K���BFDS 
+�����HQFRGLQJ�FDSDELOLW\����PHDQV�9(38�VXSSRUWV�+�����
HQFRGLQJ��ZKLOH���PHDQV�QRW� 

��� 52 �[�� VXEBYHU 
9(38�VXE�YHUVLRQ���[���IRU�380$ 

 
9(38B(1&B6757�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� UHVHUYHG 

�� 5: �[� HQFBGRQHBWPYSBHQ 
(QFBGRQH�QHHG� �ZDLW�WPYS�ZULWH�GRQH�E\�GPD� 

�� 5: �[� UHVHWQBKZBHQ 
(QFRGHU�DXWR�UHVHW�FRUH�FORFN�GRPDLQ�ZKHQ�IUDPH�ILQLVKHG� 

�� 5: �[� FNH 
9(38�DXWR�FORFN�JDWLQJ�HQDEOH 

����� 52 �[�� UHVHUYHG 

��� 5: �[� 

YHSXBFPG 
9(38�FRPPDQG� 

�
K���1�$ 

�
K���2QH�IUDPH�HQFRGLQJ�E\�UHJLVWHU�FRQILJXUDWLRQ 

�
K���0XOWL�IUDPH�HQFRGLQJ�VWDUW�ZLWK�OLQN�WDEOH�PRGH 

�
K���0XOWL�IUDPH�HQFRGLQJ�XSGDWH��ZLWK�OLQN�WDEOH�PRGH� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[�� ONWBQXP 
1XPEHU�RI�QHZ�QRGHV�LQ�OLQN�WDEOH��RQO\�IRU�OLQN�WDEOH�PRGH� 

 
9(38B(1&B&/5�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� UHVHUYHG 

� 5: �[� 
IRUFHBFOU 
)RUFH�FOHDU��&OHDU�DOO�VXE�PRGXOHV�EHVLGHV�UHJILOH�DQG�$+%�GDWD�
SDWK� 

� 5�:
6& �[� 

VDIHBFOU 
6DIH�FOU��,W�RQO\�FOHDUV�'0$�PRGXOH�WR�FRQILUP�$;,�WUDQVDFWLRQ�
LQWHJULW\� 

�
K���6DIH�FOHDU�LV�QRW�SHUIRUPLQJ� 

�
K���6DIH�FOHDU�LV�SHUIRUPLQJ� 

 
9(38B/.7B$''5�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[������� ONWBDGGU 
+LJK����ELWV�RI�WKH�DGGUHVV�IRU�WKH�ILUVW�QRGH�LQ�OLQN�WDEOH� 

��� 52 �[� UHVHUYHG 

 
9(38B,17B(1�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[������ UHVHUYHG 

� 5: �[� ZGJBHQ 
:DWFK�GRJ�WLPH�RXW��LQWHUUXSW�HQDEOH� 

� 5: �[� UEXVBHUUBHQ 
$;,�UHDG�FKDQQHO�HUURU�LQWHUUXSW�HQDEOH� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� ZEXVBHUUBHQ 
$;,�ZULWH�FKDQQHO�HUURU�LQWHUUXSW�HQDEOH� 

� 5: �[� EUVSBRWVGBHQ 
$;,�ZULWH�UHVSRQVH�RXWVWDQGLQJ�RYHUIORZ�LQWHUUXSW�HQDEOH� 

� 5: �[� EVIBRIOZBHQ 
%LW�VWUHDP�EXIIHU�RYHUIORZ�HQDEOH� 

� 5: �[� VOFBGRQHBHQ 
2QH�VOLFH�HQFRGLQJ�ILQLVK�LQWHUUXSW�HQDEOH� 

� 5: �[� VFOUBGRQHBHQ 
6DIH�FOHDU�ILQLVK�LQWHUUXSW�HQDEOH� 

� 5: �[� ONWBGRQHBHQ 
/LQN�WDEOH��QRGH��ILQLVK�LQWHUUXSW�HQDEOH� 

� 5: �[� HQFBGRQHBHQ 
2QH�IUDPH�HQFRGLQJ�ILQLVK�LQWHUUXSW�HQDEOH� 

 
9(38B,17B06.�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[������ UHVHUYHG 

� 5: �[� ZGJBPVN 
:DWFK�GRJ�WLPH�RXW��LQWHUUXSW�PDVN� 

� 5: �[� UEXVBHUUBPVN 
$;,�UHDG�FKDQQHO�HUURU�LQWHUUXSW�PDVN� 

� 5: �[� ZEXVBHUUBPVN 
$;,�ZULWH�FKDQQHO�HUURU�LQWHUUXSW�PDVN� 

� 5: �[� EUVSBRWVGBPVN 
$;,�ZULWH�UHVSRQVH�RXWVWDQGLQJ�RYHUIORZ�LQWHUUXSW�PDVN� 

� 5: �[� EVIBRIOZBPVN 
%LW�VWUHDP�EXIIHU�RYHUIORZ�PDVN� 

� 5: �[� VOFBGRQHBPVN 
2QH�VOLFH�HQFRGLQJ�ILQLVK�LQWHUUXSW�PDVN� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� VFOUBGRQHBPVN 
6DIH�FOHDU�ILQLVK�LQWHUUXSW�PDVN� 

� 5: �[� ONWBGRQHBPVN 
/LQN�WDEOH��QRGH��ILQLVK�LQWHUUXSW�PDVN� 

� 5: �[� HQFBGRQHBPVN 
2QH�IUDPH�HQFRGLQJ�ILQLVK�LQWHUUXSW�PDVN� 

 
9(38B,17B&/5�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[������ UHVHUYHG 

� :�
& �[� ZGJBFOU 

:DWFK�GRJ�WLPH�RXW��LQWHUUXSW�FOHDU� 

� :�
& �[� UEXVBHUUBFOU 

$;,�UHDG�FKDQQHO�HUURU�LQWHUUXSW�FOHDU� 

� :�
& �[� ZEXVBHUUBFOU 

$;,�ZULWH�FKDQQHO�HUURU�LQWHUUXSW�FOHDU� 

� :�
& �[� EUVSBRWVGBFOU 

$;,�ZULWH�UHVSRQVH�RXWVWDQGLQJ�RYHUIORZ�LQWHUUXSW�FOHDU� 

� :�
& �[� EVIBRIOZBFOU 

%LW�VWUHDP�EXIIHU�RYHUIORZ�FOHDU� 

� :�
& �[� VOFBGRQHBFOU 

2QH�VOLFH�HQFRGLQJ�ILQLVK�LQWHUUXSW�FOHDU� 

� :�
& �[� VFOUBGRQHBFOU 

6DIH�FOHDU�ILQLVK�LQWHUUXSW�FOHDU� 

� :�
& �[� ONWBGRQHBFOU 

/LQN�WDEOH��QRGH��ILQLVK�LQWHUUXSW�FOHDU� 

� :�
& �[� HQFBGRQHBFOU 

2QH�IUDPH�HQFRGLQJ�ILQLVK�LQWHUUXSW�FOHDU� 

 
9(38B,17B67$�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[������ UHVHUYHG 

� 52 �[� ZGJBVWD 
:DWFK�GRJ�WLPH�RXW��LQWHUUXSW�VWDWXV� 

� 52 �[� UEXVBHUUBVWD 
$;,�UHDG�FKDQQHO�HUURU�LQWHUUXSW�VWDWXV� 

� 52 �[� ZEXVBHUUBVWD 
$;,�ZULWH�FKDQQHO�HUURU�LQWHUUXSW�VWDWXV� 

� 52 �[� EUVSBRWVGBVWD 
$;,�ZULWH�UHVSRQVH�RXWVWDQGLQJ�RYHUIORZ�LQWHUUXSW�VWDWXV� 

� 52 �[� EVIBRIOZBVWD 
%LW�VWUHDP�EXIIHU�RYHUIORZ�VWDWXV� 

� 52 �[� VOFBGRQHBVWD 
2QH�VOLFH�HQFRGLQJ�ILQLVK�LQWHUUXSW�VWDWXV� 

� 52 �[� VFOUBGRQHBVWD 
6DIH�FOHDU�ILQLVK�LQWHUUXSW�VWDWXV� 

� 52 �[� ONWBGRQHBVWD 
/LQN�WDEOH��QRGH��ILQLVK�LQWHUUXSW�VWDWXV� 

� 52 �[� HQFBGRQHBVWD 
2QH�IUDPH�HQFRGLQJ�ILQLVK�LQWHUUXSW�VWDWXV� 

 
9(38B(1&B,'/(B(1�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� UHVHUYHG 

� 5: �[� LGOHBHQBDKE 
 

� 5: �[� LGOHBHQBD[L 
 

� 5: �[� LGOHBHQBFRUH 
 

 
9(38B(1&B56/�  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� 
SLFBKILOO 
)LOOLQJ�SL[HOV�WR�NHHS��HQFRGLQJ��SLFWXUH�KHLJKW�LV���SL[HOV�DOLJQHG�
IRU�+(9&�DQG����SL[HOV�DOLJQHG�IRU�+����� 

�� 52 �[� UHVHUYHG 

����� 5: �[��� SLFBKG�BP� 
&HLO�HQFRGLQJ�SLFWXUH�KHLJKW������ 

����� 5: �[�� 
SLFBZILOO 
)LOOLQJ�SL[HOV�WR�NHHS��HQFRGLQJ��SLFWXUH�ZLGWK�LV���SL[HOV�DOLJQHG�
IRU�+(9&�DQG����SL[HOV�DOLJQHG�IRU�+����� 

� 52 �[� UHVHUYHG 

��� 5: �[��� SLFBZG�BP� 
&HLO�HQFRGLQJ�SLFWXUH�ZLGWK������ 

 
9(38B(1&B3,&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� QRGHBLQW 
1RGH�LQWHUUXSW�HQDEOH��RQO\�IRU�OLQN�WDEOH�QRGH�FRQILJXUDWLRQ�� 

�� 5: �[� VOHQBILIR 
6OLFH�OHQJWK�ILIR�HQDEOH� 

�� 5: �[� GFKVBW[H 
'XDO�FRUH�KDQGVKDNH�W[�HQDEOH� 

�� 5: �[� GFKVBU[H 
'XDO�FRUH�KDQGVKDNH�U[�HQDEOH� 

����� 5: �[� GFKVBW[LG 
'XDO�FRUH�KDQGVKDNH�W[�,'� 

����� 5: �[� GFKVBU[LG 
'XDO�FRUH�KDQGVKDNH�5[�,'� 

�� 5: �[� 
DWUBWKGBVHO 
�
K���6HOHFW�DWUBWKG�JURXS�� 

�
K���6HOHFW�DWUBWKG�JURXS�� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 
ORJ�BFWXBQXP 
/RJDULWKP�RI�ELW�ZLGWK�WR�H[SUHVV�FWX�QXPEHU�LQ�FXUUHQW�SLFWXUH��
+(9&�RQO\� 

����� 5: �[�� QXPBSLFBWRWBFXU 
1XP3LF7RWDO&XUU�IRU�+(9&�UHIHUHQFH�SLFWXUH�OLVW�PRGLILFDWLRQ� 

���� 5: �[�� SLFBTS 
43�YDOXH�IRU�FXUUHQW�IUDPH�HQFRGLQJ� 

��� 52 �[� UHVHUYHG 

� 5: �[� 

UGRBZJWBVHO 
6HOHFW�WKH�JURXS�RI�5'2�ZHLJKW�
SDUDPHWHUV�9(38�B5'2B:*7$B43�DQG�9(38�B5'2B:*7%�� 

�
K���6HOHFW�ZHLJKW�JURXS�$��9(38�B5'2B:*7$B43@ 

�
K���6HOHFW�ZHLJKW�JURXS�%�9(38�B5'2B:*7%B43� 

� 5: �[� EVBVFS 
2XWSXW�VWDUW�FRGH�SUHIL[� 

� 5: �[� PHLBVWRU 
2XWSXW�0(�PRWLRQ�HVWLPDWLRQ��LQIRUPDWLRQ� 

� 5: �[� FXUBIUPBUHI 
&XUUHQW�IUDPH�VKRXOG�EH�UHIHUHQFHG�LQ�IXWXUH� 

� 5: �[� URLBHQ 
52,�UHJLRQ�RI�LQWHUHVW��HQFRGLQJ�HQDEOH� 

� 5: �[� 

HQFBVWQG 
9LGHR�VWDQGDUG� 

�
K���+�����HQFRGLQJ 

�
K���+(9&�HQFRGLQJ 

 
9(38B(1&B:'*�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� 

UISBORDGBWKG 
5HIHUHQFH�SLFWXUH�ORDGLQJ�WLPHRXW�WKUHVKROG��  

�
K���1R�WLPH�OLPLW 

�
K[��[����FRUH�FORFN�F\FOHV 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[������ 

YVBORDGBWKG 
9LGHR�VRXUFH�ORDGLQJ�WLPHRXW�WKUHVKROG� 

��
K���1R�WLPH�OLPLW 

��
K[��[����FRUH�FORFN�F\FOHV 

 
9(38B'7516B0$3�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

�� 5: �[� 

DIEFBEVL]H 
$)%&�YLGHR�VRXUFH�ORDGLQJ�EXUVW�VL]H� 

�
K������E\WHV 

�
K������E\WHV 

����� 5: �[� 

ONWZBEXVBHGLQ 
'DWD�VZDS�IRU�OLQN�WDEOH�ZULWH�FKDQQHO� 

>�@��6ZDS����ELWV�LQ�����ELWV 

>�@��6ZDS����ELWV�LQ����ELWV 

>�@��6ZDS����ELWV�LQ����ELWV 

>�@��6ZDS���ELWV�LQ����ELWV 

����� 5: �[� 

URLUBEXVBHGLQ 
'DWD�VZDS�IRU�52,�FRQILJXUDWLRQ�UHDG�FKDQQHO� 

>�@��6ZDS����ELWV�LQ�����ELWV 

>�@��6ZDS����ELWV�LQ����ELWV 

>�@��6ZDS����ELWV�LQ����ELWV 

>�@��6ZDS���ELWV�LQ����ELWV 

����� 5: �[� 

ONWUBEXVBHGLQ 
'DWD�VZDS�IRU�OLQN�WDEOH�UHDG�FKDQQHO� 

>�@��6ZDS����ELWV�LQ�����ELWV 

>�@��6ZDS����ELWV�LQ����ELWV 

>�@��6ZDS����ELWV�LQ����ELWV 

>�@��6ZDS���ELWV�LQ����ELWV 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

EVZBEXVBHGLQ 
'DWD�VZDS�IRU�ELV�VWUHDP�ZULWH�FKDQQHO� 

>�@��6ZDS����ELWV�LQ����ELWV 

>�@��6ZDS����ELWV�LQ����ELWV 

>�@��6ZDS���ELWV�LQ����ELWV 

���� 5: �[� 

PHLZBEXVBHGLQ 
'DWD�VZDS�IRU�0(�LQIRUPDWLRQ�ZULWH�FKDQQHO� 

>�@��6ZDS����ELWV�LQ�����ELWV 

>�@��6ZDS����ELWV�LQ����ELWV 

>�@��6ZDS����ELWV�LQ����ELWV 

>�@��6ZDS���ELWV�LQ����ELWV 

��� 5: �[� 

VUFBEXVBHGLQ 
'DWD�VZDS�IRU�YLGHR�VRXUFH�ORDGLQJ�FKDQQHO� 

>�@��6ZDS����ELWV�LQ�����ELWV 

>�@��6ZDS����ELWV�LQ����ELWV 

>�@��6ZDS����ELWV�LQ����ELWV 

>�@��6ZDS���ELWV�LQ����ELWV 

� 5: �[� UISZBEXVBRUGU 
6ZDS�WKH�SRVLWLRQ�RI����ELWV�LQ�����ELWV�IRU�UHIHUHQFH�SLFWXUH� 

� 5: �[� GVSZBEXVBRUGU 
6ZDS�WKH�SRVLWLRQ�RI����ELWV�LQ�����ELWV�IRU�GRZQ�VDPSOHG�SLFWXUH� 

� 5: �[� 
FPYZBEXVBRUGU 
6ZDS�WKH�SRVLWLRQ�RI����ELWV�LQ�����ELWV�IRU�FR�ORFDWHG�0Y�+(9&�
RQO\�� 

� 5: �[� 
OSIZBEXVBRUGU 
6ZDS�WKH�SRVLWLRQ�RI����ELWV�LQ�����ELWV�IRU�ORRS�ILOWHU�ZULWH�EDFN�
GDWD�EHWZHHQ�WLOHV�+(9&�RQO\�� 

 
9(38B'7516B&)*�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� 

D[LBEUVSBFNH 
$;,�ZULWH�UHVSRQVH�FKDQQHO�FKHFN�HQDEOH� 

>�@��/SI�ZULWH�UHVSRQVH�FKHFN�HQDEOH� 

>�@��5HFRQVWUXFWHG�SLFWXUH�ZULWH�UHVSRQVH�FKHFN�HQDEOH� 

>�@��0(�LQIRUPDWLRQ�ZULWH�UHVSRQVH�FKHFN�HQDEOH� 

>�@��&78�LQIRUPDWLRQ�ZULWH�UHVSRQVH�FKHFN�HQDEOH� 

>�@��'RZQ�VDPSOHG�SLFWXUH�ZULWH�UHVSRQVH�FKHFN�HQDEOH� 

>�@��%LW�VWUHDP�ZULWH�UHVSRQVH�FKHFN�HQDEOH� 

>�@��/LQN�WDEOH�PRGH�ZULWH�UHSRQVH�FKHFN�HQDEOH� 

>�@��5HVHUYHG�IRU�YLGHR�SUHSURFHVV� 

���� 52 �[�� UHVHUYHG 

� 5: �[� 

GVSUBRWVG 
'RZQ�VDPSOHG�UHIHUHQFH�SLFWXUH�UHDG�RXWVWDQGLQJ�HQDEOH� 

�
K���1R�RXWVWDQGLQJ 

�
K���2XWVWDQGLQJ�UHDG��ZKLFK�LPSURYHV�GDWD�WUDQVDFWLRQ�
HIILFLHQF\��EXW�FRUH�FORFN�IUHTXHQF\�VKRXOG�QRW�ORZHU�WKDQ�EXV�
FORFN�IUHTXHQF\� 

��� 52 �[�� UHVHUYHG 

 
9(38B65&B)07�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[������� UHVHUYHG 

� 5: �[� 

VUFBUDQJH 
9LGHR�VRXUFH�FOLS��ORZ�DFWLYH�� 

�
K���>������@�IRU�OXPD�DQG�>������@�IRU�FKURPD� 

�
K���>�����@�IRU�ERWK�OXPD�DQG�FKURPD� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

VUFBFIPW 
9LGHR�VRXUFH�FRORU�IRUPDW� 

�
K���%*5$���� 

�
K���5*%��� 

�
K���5*%��� 

�
K���<89����63 

�
K���<89����3 

�
K���<89����63 

�
K��<89����3 

�
K���<8<9��� 

�
K���8<9<��� 

�
KD��<89��� 

2WKHUV��5HVHUYHG 

� 5: �[� 

UEXYBVZDS 
6ZDS�WKH�SRVLWLRQ�RI�5�DQG�%�IRU�%*5$������5*%�����5*%�����
IRUPDW��6ZDS�WKH�SRVLWLRQ�RI�8�DQG�9�IRU�<89����63��<89����63��
<8<9����DQG�8<89����IRUPDW� 

�
K���5*%�RU�<8<9�RU�8<9<� 

�
K���%*5�RU�<9<8�RU�9<8<� 

� 5: �[� 

DOSKDBVZDS 
6ZDS�WKH�SRVLWLRQ�RI�DOSKD�DQG�5*%�IRU�$5%*����� 

�
K���%*5$�����RU�5*%$����� 

�
K���$%*5�����RU�$5*%����� 

 
9(38B65&B8')<�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

����� 5: �[��� FVFBZJWBU�\ 
:HLJKW�RI�5('�LQ�5*%�WR�<�FRQYHUVLRQ�IRUPXOD� 

���� 5: �[��� FVFBZJWBJ�\ 
:HLJKW�RI�*5((1�LQ�5*%�WR�<�FRQYHUVLRQ�IRUPXOD� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[��� FVFBZJWBE�\ 
:HLJKW�RI�%/8(�LQ�5*%�WR�<�FRQYHUVLRQ�IRUPXOD� 

 
9(38B65&B8')8�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

����� 5: �[��� FVFBZJWBU�X 
:HLJKW�RI�5('�LQ�5*%�WR�8�FRQYHUVLRQ�IRUPXOD� 

���� 5: �[��� FVFBZJWBJ�X 
:HLJKW�RI�*5((1�LQ�5*%�WR�8�FRQYHUVLRQ�IRUPXOD� 

��� 5: �[��� FVFBZJWBE�X 
:HLJKW�RI�%/8(�LQ�5*%�WR�8�FRQYHUVLRQ�IRUPXOD� 

 
9(38B65&B8')9�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

����� 5: �[��� FVFBZJWBU�Y 
:HLJKW�RI�5('�LQ�5*%�WR�9�FRQYHUVLRQ�IRUPXOD� 

���� 5: �[��� FVFBZJWBJ�Y 
:HLJKW�RI�*5((1�LQ�5*%�WR�9�FRQYHUVLRQ�IRUPXOD� 

��� 5: �[��� FVFBZJWBE�Y 
:HLJKW�RI�%/8(�LQ�5*%�WR�9�FRQYHUVLRQ�IRUPXOD� 

 
9(38B65&B8')2�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� UHVHUYHG 

����� 5: �[�� FVFBRIVWB\ 
2IIVHW�RI�5*%�WR�<�FRQYHUVLRQ�IRUPXOD� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�� FVFBRIVWBX 
2IIVHW�RI�5*%�WR�8�FRQYHUVLRQ�IRUPXOD� 

��� 5: �[�� FVFBRIVWBY 
2IIVHW�RI�5*%�WR�9�FRQYHUVLRQ�IRUPXOD� 

 
9(38B65&B352&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 52 �[� UHVHUYHG 

�� 5: �[� DIEFGBHQ 
$)%&�GHFRPSUHVV�HQDEOH��IRU�$)%&�IRUPDW�YLGHR�VRXUFH�� 

�� 5: �[� W[DBHQ 
9LGHR�VRXUFH�WH[WXUH�DQDO\VLV�HQDEOH� 

����� 5: �[� 

VUFBURW 
9LGHR�VRXUFH�URWDWLRQ�PRGH� 

�
K�����GHJUHH 

�
K���&ORFNZLVH����GHJUHH 

�
K���&ORFNZLVH�����GHJUHH 

�
K���&ORFNZLVH�����GHJUHH 

�� 5: �[� VUFBPLUU 
9LGHR�VRXUFH�PLUURU�PRGH�HQDEOH� 

���� 52 �[������� UHVHUYHG 

 
9(38B6/,B&)*B+����  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
VOLBFUVBHQ 
6OLFH�FXW�FURVV�OLQHV�HQDEOH��XVLQJ�IRU�EUHDNLQJ�WKH�UHVROXWLRQ�
OLPLW��K����RQO\� 

���� 52 �[�������� UHVHUYHG 

 
9(38B7,/(B&)*B+(9&�  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� WLOHBHQ 
7LOH�FXW�HQDEOH��KHYF�RQO\� 

����� 52 �[��� UHVHUYHG 

����� 5: �[�� WLOHBKBP� 
7KH�KHLJKW�RI�FXUUHQW�WLOH�PLQXV����EDVHG�RQ����SL[HO��KHYF�RQO\� 

���� 52 �[��� UHVHUYHG 

��� 5: �[�� WLOHBZBP� 
7KH�ZLGWK�RI�FXUUHQW�WLOH�PLQXV����EDVHG�RQ����SL[HO��KHYF�RQO\� 

 
9(38B7,/(B326�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� UHVHUYHG 

����� 5: �[�� 
WLOHB\ 
7KH�WRS�OHIW�SRLQW�RI�FXUUHQW�WLOH�LQ�WKH�YHUWLFDO�GLUFWLRQ��EDVHG�RQ�
���SL[HO��KHYF�RQO\� 

���� 52 �[��� UHVHUYHG 

��� 5: �[�� 
WLOHB[ 
7KH�WRS�OHIW�SRLQW�RI�FXUUHQW�WLOH�LQ�WKH�KRUL]RQWDO�GLUFWLRQ��EDVHG�
RQ����SL[HO��KHYF�RQO\� 

 
9(38B./87B2)67�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� UHVHUYHG 

��� 5: �[� FKUPBNOXWBRIVW 
2IIVHW�RI��5'2��FKURPD�FRVW�ZHLJKW�WDEOH��YDOXHV�IURP���WR��� 

 
9(38B./87B:*7��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[��� FKUPBNOXWBZJW�BO� 
/RZ���ELWV�RI�GDWD��LQ�FKURPD�FRVW�ZHLJKW�WDEOH� 

����� 52 �[�� UHVHUYHG 

���� 5: �[����� FKUPBNOXWBZJW� 
'DWD��LQ�FKURPD�FRVW�ZHLJKW�WDEOH� 

 
9(38B./87B:*7��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[����� FKUPBNOXWBZJW� 
'DWD��LQ�FKURPD�FRVW�ZHLJKW�WDEOH� 

���� 52 �[�� UHVHUYHG 

��� 5: �[��� FKUPBNOXWBZJW�BK� 
+LJK���ELWV�RI�GDWD��LQ�FKURPD�FRVW�ZHLJKW�WDEOH� 

 
9(38B./87B:*7��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[��� FKUPBNOXWBZJW�BO� 
/RZ���ELWV�RI�GDWD��LQ�FKURPD�FRVW�ZHLJKW�WDEOH� 

����� 52 �[�� UHVHUYHG 

���� 5: �[����� FKUPBNOXWBZJW� 
'DWD��LQ�FKURPD�FRVW�ZHLJKW�WDEOH� 

 
9(38B./87B:*7��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[����� FKUPBNOXWBZJW� 
'DWD��LQ�FKURPD�FRVW�ZHLJKW�WDEOH� 

���� 52 �[�� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[��� FKUPBNOXWBZJW�BK� 
+LJK���ELWV�RI�GDWD��LQ�FKURPD�FRVW�ZHLJKW�WDEOH� 

 
9(38B./87B:*7��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[��� FKUPBNOXWBZJW�BO� 
/RZ���ELWV�RI�GDWD��LQ�FKURPD�FRVW�ZHLJKW�WDEOH� 

����� 52 �[�� UHVHUYHG 

���� 5: �[����� FKUPBNOXWBZJW� 
'DWD��LQ�FKURPD�FRVW�ZHLJKW�WDEOH� 

 
9(38B./87B:*7��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[����� FKUPBNOXWBZJW� 
'DWD��LQ�FKURPD�FRVW�ZHLJKW�WDEOH� 

���� 52 �[�� UHVHUYHG 

��� 5: �[��� FKUPBNOXWBZJW�BK� 
+LJK���ELWV�RI�GDWD��LQ�FKURPD�FRVW�ZHLJKW�WDEOH� 

 
9(38B./87B:*7��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[��� FKUPBNOXWBZJW��BO� 
/RZ���ELWV�RI�GDWD���LQ�FKURPD�FRVW�ZHLJKW�WDEOH� 

����� 52 �[�� UHVHUYHG 

���� 5: �[����� FKUPBNOXWBZJW� 
'DWD��LQ�FKURPD�FRVW�ZHLJKW�WDEOH� 

 
9(38B./87B:*7��  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[����� FKUPBNOXWBZJW�� 
'DWD���LQ�FKURPD�FRVW�ZHLJKW�WDEOH� 

���� 52 �[�� UHVHUYHG 

��� 5: �[��� FKUPBNOXWBZJW��BK� 
+LJK���ELWV�RI�GDWD���LQ�FKURPD�FRVW�ZHLJKW�WDEOH� 

 
9(38B./87B:*7��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[��� FKUPBNOXWBZJW��BO� 
/RZ���ELWV�RI�GDWD���LQ�FKURPD�FRVW�ZHLJKW�WDEOH� 

����� 52 �[�� UHVHUYHG 

���� 5: �[����� FKUPBNOXWBZJW�� 
'DWD���LQ�FKURPD�FRVW�ZHLJKW�WDEOH� 

 
9(38B./87B:*7��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[����� FKUPBNOXWBZJW�� 
'DWD���LQ�FKURPD�FRVW�ZHLJKW�WDEOH� 

���� 52 �[�� UHVHUYHG 

��� 5: �[��� FKUPBNOXWBZJW��BK� 
+LJK���ELWV�RI�GDWD���LQ�FKURPD�FRVW�ZHLJKW�WDEOH� 

 
9(38B./87B:*7���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[��� FKUPBNOXWBZJW��BO� 
/RZ���ELWV�RI�GDWD���LQ�FKURPD�FRVW�ZHLJKW�WDEOH� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[����� FKUPBNOXWBZJW�� 
'DWD���LQ�FKURPD�FRVW�ZHLJKW�WDEOH� 

 
9(38B./87B:*7���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[����� FKUPBNOXWBZJW�� 
'DWD���LQ�FKURPD�FRVW�ZHLJKW�WDEOH� 

���� 52 �[�� UHVHUYHG 

��� 5: �[��� FKUPBNOXWBZJW��BK� 
+LJK���ELWV�RI�GDWD���LQ�FKURPD�FRVW�ZHLJKW�WDEOH� 

 
9(38B./87B:*7���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[��� FKUPBNOXWBZJW��BO� 
/RZ���ELWV�RI�GDWD���LQ�FKURPD�FRVW�ZHLJKW�WDEOH� 

����� 52 �[�� UHVHUYHG 

���� 5: �[����� FKUPBNOXWBZJW�� 
'DWD���LQ�FKURPD�FRVW�ZHLJKW�WDEOH� 

 
9(38B./87B:*7���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[����� FKUPBNOXWBZJW�� 
'DWD���LQ�FKURPD�FRVW�ZHLJKW�WDEOH� 

���� 52 �[�� UHVHUYHG 

��� 5: �[��� FKUPBNOXWBZJW��BK� 
+LJK���ELWV�RI�GDWD���LQ�FKURPD�FRVW�ZHLJKW�WDEOH� 
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9(38B./87B:*7���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[��� FKUPBNOXWBZJW��BO� 
/RZ���ELWV�RI�GDWD���LQ�FKURPD�FRVW�ZHLJKW�WDEOH� 

����� 52 �[�� UHVHUYHG 

���� 5: �[����� FKUPBNOXWBZJW�� 
'DWD���LQ�FKURPD�FRVW�ZHLJKW�WDEOH� 

 
9(38B./87B:*7���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[����� FKUPBNOXWBZJW�� 
'DWD���LQ�FKURPD�FRVW�ZHLJKW�WDEOH� 

���� 52 �[�� UHVHUYHG 

��� 5: �[��� FKUPBNOXWBZJW��BK� 
+LJK���ELWV�RI�GDWD���LQ�FKURPD�FRVW�ZHLJKW�WDEOH� 

 
9(38B./87B:*7���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[��� FKUPBNOXWBZJW��BO� 
/RZ���ELWV�RI�GDWD���LQ�FKURPD�FRVW�ZHLJKW�WDEOH� 

����� 52 �[�� UHVHUYHG 

���� 5: �[����� FKUPBNOXWBZJW�� 
'DWD���LQ�FKURPD�FRVW�ZHLJKW�WDEOH� 

 
9(38B./87B:*7���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$&� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �767 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[����� FKUPBNOXWBZJW�� 
'DWD���LQ�FKURPD�FRVW�ZHLJKW�WDEOH� 

���� 52 �[�� UHVHUYHG 

��� 5: �[��� FKUPBNOXWBZJW��BK� 
+LJK���ELWV�RI�GDWD���LQ�FKURPD�FRVW�ZHLJKW�WDEOH� 

 
9(38B./87B:*7���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[��� FKUPBNOXWBZJW��BO� 
/RZ���ELWV�RI�GDWD���LQ�FKURPD�FRVW�ZHLJKW�WDEOH� 

����� 52 �[�� UHVHUYHG 

���� 5: �[����� FKUPBNOXWBZJW�� 
'DWD���LQ�FKURPD�FRVW�ZHLJKW�WDEOH� 

 
9(38B./87B:*7���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[����� FKUPBNOXWBZJW�� 
'DWD���LQ�FKURPD�FRVW�ZHLJKW�WDEOH� 

���� 52 �[�� UHVHUYHG 

��� 5: �[��� FKUPBNOXWBZJW��BK� 
+LJK���ELWV�RI�GDWD���LQ�FKURPD�FRVW�ZHLJKW�WDEOH� 

 
9(38B./87B:*7���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[��� FKUPBNOXWBZJW��BO� 
/RZ���ELWV�RI�GDWD���LQ�FKURPD�FRVW�ZHLJKW�WDEOH� 

����� 52 �[�� UHVHUYHG 



5.�����750�3DUW� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[����� FKUPBNOXWBZJW�� 
'DWD���LQ�FKURPD�FRVW�ZHLJKW�WDEOH� 

 
9(38B./87B:*7���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[����� FKUPBNOXWBZJW�� 
'DWD���LQ�FKURPD�FRVW�ZHLJKW�WDEOH� 

���� 52 �[�� UHVHUYHG 

��� 5: �[��� FKUPBNOXWBZJW��BK� 
+LJK���ELWV�RI�GDWD���LQ�FKURPD�FRVW�ZHLJKW�WDEOH� 

 
9(38B./87B:*7���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[��� FKUPBNOXWBZJW��BO� 
/RZ���ELWV�RI�GDWD���LQ�FKURPD�FRVW�ZHLJKW�WDEOH� 

����� 52 �[�� UHVHUYHG 

���� 5: �[����� FKUPBNOXWBZJW�� 
'DWD���LQ�FKURPD�FRVW�ZHLJKW�WDEOH� 

 
9(38B./87B:*7���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[������ UHVHUYHG 

��� 5: �[��� FKUPBNOXWBZJW��BK� 
+LJK���ELWV�RI�GDWD���LQ�FKURPD�FRVW�ZHLJKW�WDEOH� 

 
9(38B5&B&)*�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �769 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� UFBFWXBQXP 
5&�DGMXVWPHQW�LQWHUYDOV��EDVH�RQ�&78�QXPEHU� 

���� 52 �[���� UHVHUYHG 

� 5: �[� 

DTBPRGH 
0RGH�RI�DTBGHOWD�FDOFXODWLRQ�IRU�&8���DQG�&8��� 

�
E���DTBGHOWD�RI�&8���&8���LV�FDOFXODWHG�E\�FRUUHVSRQGLQJ�
0$',������ 

�
E���DTBGHOWD�RI�&8���&8���LV�FDOFXODWHG�E\�FRUUHVSRQGLQJ������
&8���TSBGHOWDV� 

� 5: �[� DTBHQ 
$GDSWLYH�TXDQWL]DWLRQ�HQDEOH� 

� 5: �[� UFBHQ 
5DWH�FRQWURO�HQDEOH� 

 
9(38B5&B43�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� UFBPLQBTS 
0LQ�43�IRU�UDWH�FRQWURO�DQG�$4�PRGH� 

����� 5: �[�� UFBPD[BTS 
0D[�43�IRU�UDWH�FRQWURO�DQG�$4�PRGH� 

����� 5: �[� 
UFBTSBUDQJH 
43�DGMXVW�UDQJH�GHOWDBTS��LQ�UDWH�FRQWURO��'HOWDBTS�LV�FRQVWUDLQHG� �
EHWZHHQ��UFBTSBUDQJH�WR�UFBTSBUDQJH� 

���� 52 �[���� UHVHUYHG 

 
9(38B5&B7*7�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� UHVHUYHG 

���� 5: �[����� 
FWXBHELW 
7DUJHW�ELW�QXP�IRU�RQH���[���&78�IRU�+(9&��RU�RQH���[���
0%�IRU�+�������ZLWK������SUHFLVLRQ� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �770 

 
9(38B5&B$'-��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

����� 5: �[�� TSBDGM� 
43�DGMXVW�VWHS��IRU�UDWH�FRQWURO� 

����� 5: �[�� TSBDGM� 
43�DGMXVW�VWHS��IRU�UDWH�FRQWURO� 

����� 5: �[�� TSBDGM� 
43�DGMXVW�VWHS��IRU�UDWH�FRQWURO� 

��� 5: �[�� TSBDGM� 
43�DGMXVW�VWHS��IRU�UDWH�FRQWURO� 

��� 5: �[�� TSBDGM� 
43�DGMXVW�VWHS��IRU�UDWH�FRQWURO� 

 
9(38B5&B$'-��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� UHVHUYHG 

����� 5: �[�� TSBDGM� 
43�DGMXVW�VWHS��IRU�UDWH�FRQWURO� 

����� 5: �[�� TSBDGM� 
43�DGMXVW�VWHS��IRU�UDWH�FRQWURO� 

��� 5: �[�� TSBDGM� 
43�DGMXVW�VWHS��IRU�UDWH�FRQWURO� 

��� 5: �[�� TSBDGM� 
43�DGMXVW�VWHS��IRU�UDWH�FRQWURO� 

 
9(38B5&B'7+'��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'&� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �771 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� UFBGWKG� %LWV�UDWH�GHYLDWLRQ�WKUHVKROG�� 

 
9(38B5&B'7+'��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� UFBGWKG� %LWV�UDWH�GHYLDWLRQ�WKUHVKROG�� 

 
9(38B5&B'7+'��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� UFBGWKG� %LWV�UDWH�GHYLDWLRQ�WKUHVKROG�� 

 
9(38B5&B'7+'��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� UFBGWKG� %LWV�UDWH�GHYLDWLRQ�WKUHVKROG�� 

 
9(38B5&B'7+'��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� UFBGWKG� %LWV�UDWH�GHYLDWLRQ�WKUHVKROG�� 

 
9(38B5&B'7+'��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)�� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �772 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� UFBGWKG� %LWV�UDWH�GHYLDWLRQ�WKUHVKROG�� 

 
9(38B5&B'7+'��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� UFBGWKG� %LWV�UDWH�GHYLDWLRQ�WKUHVKROG�� 

 
9(38B5&B'7+'��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� UFBGWKG� %LWV�UDWH�GHYLDWLRQ�WKUHVKROG�� 

 
9(38B5&B'7+'��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� UFBGWKG� %LWV�UDWH�GHYLDWLRQ�WKUHVKROG�� 

 
9(38B52,B47+'��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

����� 5: �[�� TSPLQBDUHD� 
0LQ�43�IRU���[���&8�LQVLGH�52,�DUHD�� 

����� 5: �[�� TSPD[BDUHD� 
0D[�43�IRU���[���&8�LQVLGH�52,�DUHD�� 

����� 5: �[�� TSPLQBDUHD� 
0LQ�43�IRU���[���&8�LQVLGH�52,�DUHD�� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �773 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�� TSPD[BDUHD� 
0D[�43�IRU���[���&8�LQVLGH�52,�DUHD�� 

��� 5: �[�� TSPLQBDUHD� 
0LQ�43�IRU���[���&8�LQVLGH�52,�DUHD�� 

 
9(38B52,B47+'��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

����� 5: �[�� TSPD[BDUHD� 
0D[�43�IRU���[���&8�LQVLGH�52,�DUHD�� 

����� 5: �[�� TSPLQBDUHD� 
0LQ�43�IRU���[���&8�LQVLGH�52,�DUHD�� 

����� 5: �[�� TSPD[BDUHD� 
0D[�43�IRU���[���&8�LQVLGH�52,�DUHD�� 

���� 5: �[�� TSPLQBDUHD� 
0LQ�43�IRU���[���&8�LQVLGH�52,�DUHD�� 

��� 5: �[�� TSPD[BDUHD� 
0D[�43�IRU���[���&8�LQVLGH�52,�DUHD�� 

 
9(38B52,B47+'��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

����� 5: �[�� TSPLQBDUHD� 
0LQ�43�IRU���[���&8�LQVLGH�52,�DUHD�� 

����� 5: �[�� TSPD[BDUHD� 
0D[�43�IRU���[���&8�LQVLGH�52,�DUHD�� 

����� 5: �[�� TSPLQBDUHD� 
0LQ�43�IRU���[���&8�LQVLGH�52,�DUHD�� 

���� 5: �[�� TSPD[BDUHD� 
0D[�43�IRU���[���&8�LQVLGH�52,�DUHD�� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �774 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[�� TSPLQBDUHD� 
0LQ�43�IRU���[���&8�LQVLGH�52,�DUHD�� 

 
9(38B52,B47+'��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

TSPDSBPRGH 
43�WKHVKROG�JHQHUDWLRQ�IRU�WKH�&8V�ZKRVH�VL]H�LV�ELJJHU�WKDQ�
��[��� 

�
K���0HDQ�YDOXH�RI���[���&8�43�WKHVKROGV 

�
K���0D[�YDOXH�RI���[���&8�43�WKHVKROGV 

�
K���0LQ�YDOXH�RI���[���&8�43�WKHVKROGV 

�
K���5HVHUYHG 

���� 52 �[������ UHVHUYHG 

��� 5: �[�� TSPD[BDUHD� 
0D[�43�IRU���[���&8�LQVLGH�52,�DUHD�� 

 
9(38B3,&B2)67�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

����� 5: �[���� SLFBRIVWB[ 
+RUL]RQWDO�RIIVHW�IRU�HQFRGLQJ�SLFWXUH� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� SLFBRIVWB\ 
9HUWLFDO�RIIVHW�IRU�HQFRGLQJ�SLFWXUH� 

 
9(38B65&B675'�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 



5.�����750�3DUW� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
VUFBVWUG� 
&+520$�VWULGH�RI�YLGHR�VRXUFH��RQO\�IRU�<89�IRUPDW��1RWH�WKDW�8�
DQG�9�VWULGH�PXVW�EH�WKH�VDPH�ZKHQ�FRORU�IRUPDW�LV�<89�SODQDU� 

���� 5: �[���� 

VUFBVWUG� 
9LGHR�VRXUFH�VWULGH���EDVHG�RQ�SL[HO��E\WH���1RWH�WKDW�LI�WKH�YLGHR�
IRUPDW�LV�<8<9�8<9<�5*%�$5*%��VUFBVWUG��LV�WKH�RQO\�RQH�
FRPSRQHQW�VWULGH��LI�WKH�YLGHR�IRUPDW�LV�
<89���3�<89���63�<89���3�<89���63��VUFBVWUG��LV�WKH�/80$�
FRPSRQHQW�VWULGH� 

1RWH�WKDW�LI�WKH�YLGHR�VRXUFH�LV�FRPSUHVVHG�E\�$)%&��VUFBVWUG��LV�
WKH�KHDGHU�VWULGH�DQG�LW�LV����E\WH�DOLJQHG� 

 

 
9(38B$'5B65&��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

DGUBVUF� 
%DVH�DGGUHVV�RI�WKH��VW�VWRUDJH�DUHD�IRU�YLGHR�VRXUFH��EDVHG�RQ�
E\WH��  

$5*%������%*5�����5*%�����<8<9����DQG�8<89����KDYH�RQO\�
RQH�VWRUDJH�DUHD��ZKLOH�DGUBVUF��LV�FRQILJXUHG�DV�WKH�EDVH�
DGGUHVV�RI�YLGHR�VRXUFH�IUDPH�EXIIHU� 

<89��������VHPL�SODQDU�KDYH���VWRUDJH�DUHD��ZKLOH�DGUBVUF��LV�
FRQILJXUHG�DV�WKH�EDVH�DGGUHVV�RI�<�IUDPH�EXIIHU� 

<89��������SODQDU�KDYH���VWRUDJH�DUHD��ZKLOH�DGUBVUF��LV�
FRQILJXUHG�DV�WKH�EDVH�DGGUHVV�RI�<�IUDPH�EXIIHU� 

1RWH�WKDW�LI�WKH�YLGHR�VRXUFH�LV�FRPSUHVVHG�E\�$)%&��DGUBVUF��LV�
FRQILJXUHG�DV�WKH�EDVH�DGGUHVV�RI�KHDGHU�EXIIHU��DQG�LW�LV����E\WH�
DOLJQHG� 

 

 
9(38B$'5B65&��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 



5.�����750�3DUW� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

DGUBVUF� 
%DVH�DGGUHVV�RI�WKH��QG�VWRUDJH�DUHD�IRU�YLGHR�VRXUFH��  

$5*%������%*5�����5*%�����<8<9����DQG�8<89����KDYH�RQO\�
RQH�VWRUDJH�DUHD��ZKLOH�DGUBVUF��LV�UHVHUYHG� 

<89��������VHPL�SODQDU�KDYH���VWRUDJH�DUHD��ZKLOH�DGUBVUF��LV�
FRQILJXUHG�DV�WKH�EDVH�DGGUHVV�RI�&+520$�IUDPH�EXIIHU� 

<89��������SODQDU�KDYH���VWRUDJH�DUHD��ZKLOH�DGUBVUF��LV�
FRQILJXUHG�DV�WKH�EDVH�DGGUHVV�RI�8�IUDPH�EXIIHU� 

1RWH�WKDW�LI�WKH�YLGHR�VRXUFH�LV�FRPSUHVVHG�E\�$)%&��DGUBVUF��LV�
FRQILJXUHG�DV�WKH�EDVH�DGGUHVV�RI�ERG\�EXIIHU� 

 
9(38B$'5B65&��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
DGUBVUF� 
%DVH�DGGUHVV�RI�9�IUDPH�EXIIHU�ZKHQ�YLGHR�VRXUFH�LV�XQFRPSUHVV�
DQG�FRORU�IRUPDW�LV�<89��������SODQDU� 

 
9(38B$'5B52,�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[������� URLBDGGU 
+LJK����ELWV�RI�EDVH�DGGUHVV�IRU�52,�FRQILJXUDWLRQ� 

��� 52 �[� UHVHUYHG 

 
9(38B$'5B5)3:B+�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[����� 
UISZBKBDGGU 
+LJK����ELWV�RI�WKH�KHDGHUBEORFN�EDVH�DGGUHVV�IRU�FRPSUHVVHG�
UHIHUHQFH�IUDPH�ZULWH� 

���� 52 �[��� UHVHUYHG 

 
9(38B$'5B5)3:B%�  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[����� 
UISZBEBDGGU 
+LJK����ELWV�RI�WKH�ERG\BEORFN�EDVH�DGGUHVV�IRU�FRPSUHVVHG�
UHIHUHQFH�IUDPH�ZULWH� 

���� 52 �[��� UHVHUYHG 

 
9(38B$'5B5)35B+�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[����� 
UISUBKBDGGU 
+LJK����ELWV�RI�WKH�KHDGHUBEORFN�EDVH�DGGUHVV�IRU�FRPSUHVVHG�
UHIHUHQFH�IUDPH�UHDG� 

���� 52 �[��� UHVHUYHG 

 
9(38B$'5B5)35B%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[����� 
UISUBEBDGGU 
+LJK����ELWV�RI�WKH�ERG\BEORFN�EDVH�DGGUHVV�IRU�FRPSUHVVHG�
UHIHUHQFH�IUDPH�UHDG� 

���� 52 �[��� UHVHUYHG 

 
9(38B$'5B&09:�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[������ FPYZBDGGU 
+LJK����ELWV�RI�EDVH�DGGUHVV�IRU�FRO�ORFDWHG�0Y�ZULWH��+(9&�RQO\� 

��� 52 �[��� UHVHUYHG 

 
9(38B$'5B&095�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[������ FPYUBDGGU 
+LJK����ELWV�RI�EDVH�DGGUHVV�IRU�FRO�ORFDWHG�0Y�UHDG��+(9&�RQO\� 

��� 52 �[��� UHVHUYHG 

 
9(38B$'5B'63:�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[������ 
GVSZBDGGU 
+LJK����ELWV�RI�EDVH�DGGUHVV�IRU�GRZQ�VDPSOHG�UHIHUHQFH�IUDPH�
ZULWH� 

��� 52 �[��� UHVHUYHG 

 
9(38B$'5B'635�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[������ 
GVSUBDGGU 
+LJK����ELWV�RI�EDVH�DGGUHVV�IRU�GRZQ�VDPSOHG�UHIHUHQFH�IUDPH�
UHDG� 

��� 52 �[��� UHVHUYHG 

 
9(38B$'5B0(,:�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[������ PHLZBDGGU 
+LJK����ELWV�RI�EDVH�DGGUHVV�IRU�0(�LQIRUPDWLRQ�ZULWH� 

��� 52 �[��� UHVHUYHG 

 
9(38B$'5B%6%7�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[������� EVEWBDGGU 
+LJK����ELWV�RI�WKH�WRS�DGGUHVV�RI�ELW�VWUHDP�EXIIHU� 

��� 52 �[�� UHVHUYHG 

 
9(38B$'5B%6%%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[������� EVEEBDGGU 
+LJK����ELWV�RI�WKH�ERWWRP�DGGUHVV�RI�ELW�VWUHDP�EXIIHU� 

��� 52 �[�� UHVHUYHG 

 
9(38B$'5B%6%5�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[������� 

EVEUBDGGU 
5HDG�DGGUHVV�RI�ELW�VWUHDP�EXIIHU�����%�DOLJQHG��9(38�ZLOO�SDXVH�
ZKHQ�ZULWH�DGGUHVV�PHHWV�UHDG�DGGUHVV�DQG�WKHQ�VHQG�DQ�
LQWHUUXSW��6:�VKRXOG�PRYH�VRPH�GDWD�RXW�IURP�ELW�VWUHDP�EXIIHU�
DQG�FKDQJH�WKLV�UHJLVWHU�DFFRUGLQJO\��$IWHU�WKDW�9(38�ZLOO�FRQWLQXH�
SURFHVVLQJ�DXWRPDWLFDOO\� 

��� 52 �[�� UHVHUYHG 

 
9(38B$'5B%6%6�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

DGUBEVEV 
6WDUW�DGGUHVV�RI�ELW�VWUHDP�EXIIHU��9(38�EHJLQV�WR�ZULWH�ELW�
VWUHDP�IURP�WKLV�DGGUHVV�DQG�LQFUHDVH�DGGUHVV�DXWRPDWLFDOO\��
1RWH�WKDW�WKH�9(38
V�UHDO�WLPH�ZULWH�DGGUHVV�LV�PDUNHG�LQ�
%6%B6786� 

 
9(38B6/,B63/7�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
VOLBVSOWBFQXPBP� 
1XPEHU�RI�&78�0%�IRU�VOLFH�VSOLW��9DOLG�ZKHQ�VOLFH�LV�VSOLWHG�E\�
&78�0%� 

����� 52 �[� UHVHUYHG 

�� 5: �[� VOLBIOVK 
6OLFH�IOXVK��)OXVK�DOO�WKH�ELW�VWUHDP�DIWHU�HDFK�VOLFH�ILQLVKHG� 

���� 5: �[��� VOLBPD[BQXPBP� 
0D[�VOLFH�QXP�LQ�RQH�IUDPH� 

� 5: �[� 
VOLBVSOWBFSVW 
6OLFH�VSOLW�FRPSHQVDWLRQ�ZKHQ�VOLFH�LV�VSOLWHG�E\�E\WH��%\WH�
GLVWRUWLRQ�RI�FXUUHQW�VOLFH�ZLOO�EH�FRPSHQVDWHG�LQ�WKH�QH[W�VOLFH� 

� 5: �[� 

VOLBVSOWBPRGH 
6OLFH�VSOLW�PRGH� 

�
K���6OLFH�VSOLWHG�E\�E\WH� 

�
K���6OLFH�VSOLWHG�E\�QXPEHU�RI�0%�+������&78�+(9&�� 

� 5: �[� VOLBVSOW 
6OLFH�VSOLW�HQDEOH� 

 
9(38B6/,B%<7(�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� UHVHUYHG 

���� 5: �[����� VOLBVSOWBE\WH 
%\WH�QXPEHU�IRU�HDFK�VOLFH�ZKHQ�VOLFH�LV�VSOLWHG�E\�E\WH� 

 
9(38B0(B51*(�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
GOWBIUPBQXP 
)UDPH�QXPEHU�GLIIHUHQFH�YDOXH�EHWZHHQ�FXUUHQW�DQG�UHIHUHQFH�
IUDPH��+(9&�RQO\� 

����� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� UPHBVUFKBY 
50(�YHUWLFDO�VHDUFK�UDQJH��YDOXHV�IURP���WR��� 

���� 5: �[� UPHBVUFKBK 
50(�KRUL]RQWDO�VHDUFK�UDQJH��YDOXHV�IURP���WR��� 

��� 5: �[� FPHBVUFKBY 
&0(�YHUWLFDO�VHDUFK�UDQJH��EDVH�RQ����SL[HO� 

��� 5: �[� FPHBVUFKBK 
&0(�KRUL]RQWDO�VHDUFK�UDQJH��EDVH�RQ����SL[HOV� 

 
9(38B0(B&)*�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� 

IPHBGLV 
>�@��'LVDEOH���[���EORFN�)0(� 

>�@��'LVDEOH���[���EORFN�)0(� 

>�@��'LVDEOH���[���EORFN�)0(� 

>�@��'LVDEOH� ��[�� � � �EORFN�)0(� 

>�@��'LVDEOH� ��[�� � � �EORFN�)0(� 

����� 5: �[�� 

UPHBGLV 
>�@��'LVDEOH���[���EORFN�50(� 

>�@��'LVDEOH���[���EORFN�50(� 

>�@��'LVDEOH���[���EORFN�50(� 

>�@��'LVDEOH� ��[�� � � �EORFN�50(� 

>�@��'LVDEOH� ��[�� � � �EORFN�50(� 

�� 5: �[� FROPYBORDG 
/RDG�FR�ORFDWHG�0YV�DV�SUHGLFDWHG�0Y�FDQGLGDWHV��+(9&�RQO\� 

�� 5: �[� FROPYBVWRU 
6WRUH�FRO�0Y�LQIRUPDWLRQ�WR�H[WHUQDO�PHPRU\��+(9&�RQO\� 

����� 5: �[� SPYBQXP 
309�QXPEHU��VKRXOG�EH�FRQVWDQW��� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

PYBOOPW 
0RWLRQ�YHFWRU�OLPLW���E\�OHYHO���+�����RQO\� 

�
K���0Y\�LV�OLPLWHG�WR�>������@� 

2WKHUV��0Y\�LV�OLPLWHG�WR�>��������@� 

���� 5: �[�� SPYBPGVWBY 
0LQ�YHUWLFDO�GLVWDQFH�IRU�309�VHOHFWLRQ� 

��� 5: �[�� SPYBPGVWBK 
0LQ�KRUL]RQWDO�GLVWDQFH�IRU�309�VHOHFWLRQ� 

 
9(38B0(B&$&+�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

����� 5: �[�� 
FPHBOLQHEXIBZ 
7KH�ZLGWK�RI�&,0(�GRZQ�VDPSOH�UHFRQ�GDWD�OLQHEXI��EDVHG�RQ����
SL[HO� 

����� 5: �[� 

FDFKBO�BPDS 
/��FDFK�PDSSLQJ��EDVH�RQ�SL[HOV� 

�
K�����[��� 

�
K�����[���� 

�
K����[���� 

�
K����[���� 

7R�JHW�EHWWHU�SHUIRUPDQFH��WKH�UHFRPPHQGHG�FRQILJXUDWLRQ�LV�DV�
IROORZ� 

���:KHQ�SLFWXUH�ZLGWK�� �������FDFKBO�BPDS� ��� 

���:KHQ�SLFWXUH�ZLGWK�!�������FDFKBO�BPDS� ��� 

����� 5: �[�� FPHBUDPDBK 
+HLJKW�RI�&0(�5$0$�GLVWULFW��EDVH�RQ���SL[HOV� 

���� 5: �[��� FPHBUDPDBPD[ 
&0(
V�PD[�5$0�DGGUHVV� 

 
9(38B6<17B/21*B5()0��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� SRFBOVEBOW� 
3RFBOVEBOW>�@ 

���� 5: �[���� SRFBOVEBOW� 
3RFBOVEBOW>�@ 

 
9(38B6<17B/21*B5()0��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� GOWBSRFBPVEBF\FO� 
'HOWDBSRFBPVEBF\FOHBOW>�@ 

���� 5: �[���� GOWBSRFBPVEBF\FO� 
'HOWDBSRFBPVEBF\FOHBOW>�@ 

 
9(38B26'B,19B&)*�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� 

RVGBFKBLQYBPVN 
26'�FRORU�LQYHUVH�H[SUHVVLRQ�VZLWFK�IRU�FKURPD�FRPSRQHQW��HDFK�
ELW�FRQWUROV�FRUUHVSRQGLQJ�UHJLRQ� 

�
K���([SUHVVLRQ�QHHG�WR�GHWHUPLQH�WKH�FRQGLWLRQ� 

�
K���([SUHVVLRQ�GRQ
W�QHHG�WR�GHWHUPLQH�WKH�FRQGLWLRQ� 

����� 5: �[�� 

RVGBOXBLQYBPVN 
26'�FRORU�LQYHUVH�H[SUHVVLRQ�VZLWFK�IRU�OXPD�FRPSRQHQW��HDFK�
ELW�FRQWUROV�FRUUHVSRQGLQJ�UHJLRQ� 

�
K���([SUHVVLRQ�QHHG�WR�GHWHUPLQH�WKH�FRQGLWLRQ� 

�
K���([SUHVVLRQ�GRQ
W�QHHG�WR�GHWHUPLQH�WKH�FRQGLWLRQ� 

���� 5: �[�� 

RVGBLW\SH 
26'�FRORU�LQYHUVH�H[SUHVVLRQ�W\SH��HDFK�ELW�FRQWUROV�
FRUUHVSRQGLQJ�UHJLRQ� 

�
K���$1'� 

�
K���25� 

��� 5: �[�� 
RVGBFKBLQYBHQ 
26'�FRORU�LQYHUVH�HQDEOH�RI�FKURPD�FRPSRQHQW��HDFK�ELW�FRQWUROV�
FRUUHVSRQGLQJ�UHJLRQ� 
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9(38B$'5B/3):�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[������ 
OSIZBDGGU 
+LJK����ELWV�RI�EDVH�DGGUHVV�IRU�ORRS�ILOWHU�ZULWH�EDFN�GDWD�
EHWZHHQ�WLOHV��KHYF�RQO\� 

��� 52 �[��� UHVHUYHG 

 
9(38B$'5B/3)5�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[������ 
OSIUBDGGU 
+LJK����ELWV�RI�EDVH�DGGUHVV�IRU�ORRS�ILOWHU�UHDG�GDWD�EHWZHHQ�
WLOHV��KHYF�RQO\� 

��� 52 �[��� UHVHUYHG 

 
9(38B,35'B&676�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

����� 5: �[��� 
YWKGBF 
&+520$�YDULDQFH�WKUHVKROG�WR�VHOHFW�LQWUD�SUHGLFWLRQ�FRVW�
IXQFWLRQ� 

����� 52 �[� UHVHUYHG 

���� 5: �[��� YWKGB\ 
/80$�YDULDQFH�WKUHVKROG�WR�VHOHFW�LQWUD�SUHGLFWLRQ�FRVW�IXQFWLRQ� 

 
9(38B5'2B&)*B+����  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

VDWGBE\SVBIOJ 
5GR�FRVW�FDFXODWLRQ�H[SUHVVLRQ�IRU�LQWUD�E\�XVLQJ�VDG�RU�VDWG� 

�
K���6$7'� 

�
K���6$'� 

����� 52 �[��� UHVHUYHG 

����� 5: �[� 

VFOBOVWBVHO 
6FDOH�OLVW�VHOHFWLRQ� 

�
K���)ODW�VFDOH�OLVW� 

�
K���'HIDXOW�VFDOH�OLVW� 

�
K���8VHU�GHILQHG� 

�
K���5HVHUYHG� 

�� 5: �[� DWIBLQWUDBH 
,QWUD�PRGH�DQWL�IOLFNHU�HQDEOH� 

�� 5: �[� DWIBOYOBH 
%ORFN�OHYHO�DQWL�IOLFNHU�HQDEOH� 

����� 5: �[� 
DWIBHGJ 
(GJH�RI�DQWL�IOLFNHU��EDVH�RQ�0%��WKH�0%V�LQVLGH�HGJH�VKRXOG�QRW�
LQIOXHQFHG� 

�� 5: �[� DWUBH 
$QWL�ULQJ�HQDEOH� 

�� 52 �[� UHVHUYHG 

�� 5: �[� FFZDBH 
&KURPD�FRVW�ZHLJKW�DGMXVWPHQW�./87��HQDEOH� 

���� 5: �[�� 

UGRBPDVN 
>�@��'LVDEOH�LQWUD�[�� 

>�@��'LVDEOH�LQWUD�[�� 

>�@��'LVDEOH�LQWUD��[��� 

>�@��'LVDEOH�LQWHU�[��ZLWK�7�� 

>�@��'LVDEOH�LQWHU�[��ZLWK�7�� 

>�@��'LVDEOH�LQWHU��[���ZLWK�7�� 

>�@��'LVDEOH�LQWHU��[���ZLWK�7�� 

>�@��'LVDEOH�VNLS�PRGH� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� FKUPBVSFO 
&KURPD�VSHFLDO�FDQGLGDWHV�HQDEOH� 

� 5: �[� YOFBOPW 
&$9/&�V\QWD[�OLPLW� 

� 5: �[� DUEBVHO 
5HVHUYHG 

� 5: �[� LQWHUB�[� 
�[��VXE�0%�HQDEOH� 

� 5: �[� UHFWBVL]H 
/LPLW�VXEBPEBUHFWBVL]H�IRU�ORZ�OHYHO� 

 
9(38B5'2B&)*B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

VDWGBE\SVBIOJ 
5GR�FRVW�FDFXODWLRQ�H[SUHVVLRQ�IRU�LQWUD�E\�XVLQJ�VDG�RU�VDWG� 

�
K���6$7'� 

�
K���6$'� 

����� 52 �[�� UHVHUYHG 

����� 5: �[� 

VFOBOVWBVHO 
6FDOH�OLVW�VHOHFWLRQ� 

�
K���)ODW�VFDOH�OLVW� 

�
K���'HIDXOW�VFDOH�OLVW� 

�
K���8VHU�GHILQHG� 

�
K���5HVHUYHG� 

�� 5: �[� FFZDBH 
&KURPD�FRVW�ZHLJKW�DGMXVWPHQW�./87��HQDEOH� 

����� 5: �[� 

FXBLQWUDBH 
>�@��,QWUD���[���PRGH�HQDEOH� 

>�@��,QWUD���[���PRGH�HQDEOH� 

>�@��,QWUD��[��PRGH�HQDEOH� 

>�@��,QWUD��[��PRGH�HQDEOH� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� UHVHUYHG 

��� 5: �[� 

FXBLQWHUBH 
>�@����[���LQWHU�PRGH�HQDEOH� 

>�@����[���LQWHU�PRGH�HQDEOH� 

>�@����[���LQWHU�PRGH�HQDEOH� 

>�@���[�� � � � � LQWHU�PRGH�HQDEOH� 

��� 52 �[� UHVHUYHG 

� 5: �[� UGRTBH 
5HVHUYHG 

� 5: �[� FKUPBVSFO 
��VSHFLDO�FKURPD�FDQGLGDWHV�HQDEOH� 

� 5: �[� OWPBLG[�O� 
7KH��VW�UHIHUHQFH�IUDPH�LQ�UHI�OLVW��LV�ORQJ�WHUP� 

� 5: �[� OWPBFRO 
&R�ORFDWHG�SLFWXUH�LV�ORQJ�WHUP�UHIHUHQFH�IUDPH� 

 
9(38B6<17B1$/B+����  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[������� UHVHUYHG 

��� 5: �[�� QDOBXQLWBW\SH 
QDOBXQLWBW\SH 

��� 5: �[� QDOBUHIBLGF 
QDOBUHIBLGF 

 
9(38B6<17B1$/B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[������� UHVHUYHG 

��� 5: �[�� QDOBXQLWBW\SH 
QDOBXQLWBW\SH 
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9(38B6<17B636B+����  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[������ UHVHUYHG 

��� 5: �[� PSRFBOP� 
ORJ�BPD[BSLFBRUGHUBFQWBOVEBPLQXV� 

� 5: �[� GUFWB�[� 
GLUHFWB�[�BLQIHUHQFHBIODJ 

��� 5: �[� PD[BIQXP 
ORJ�BPD[BIUDPHBQXPBPLQXV� 

 
9(38B6<17B636B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� UHVHUYHG 

�� 5: �[� VWUJBLQWUDBVPWK 
VWURQJBLQWUDBVPRRWKLQJBHQDEOHGBIODJ 

����� 5: �[� ORJ�BPD[BSRFBOVE 
ORJ�BPD[BSLFBRUGHUBFQWBOVEBPLQXV� 

�� 5: �[� WPSOBPYSBH 
VSVBWHPSRUDOBPYSBHQDEOHGBIODJ 

���� 5: �[�� QXPBOWBUHIBSLF 
QXPBORQJBWHUPBUHIBSLFVBVSV 

� 5: �[� OWBUHIBSLFBSUVQW 
ORQJBWHUPBUHIBSLFVBSUHVHQWBIODJ 

��� 5: �[�� QXPBVWBUHIBSLF 
QXPBVKRUWBWHUPBUHIBSLFBVHWV 

� 5: �[� VPSOBDGSWBRIVWBH 
VDPSOHBDGDSWLYHBRIIVHWBHQDEOHGBIODJ 

 
9(38B6<17B336B+����  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

�� 5: �[� GEIBFSBIOJ 
GHEORFNLQJBILOWHUBFRQWUROBSUHVHQWBIODJ 

�� 5: �[� ZJKWBSUHG 
ZHLJKWBSUHGBIODJ 

����� 5: �[�� FUBRIVW 
VHFRQGBFKURPDBTSBLQGH[BRIIVHW 

����� 5: �[�� FEBRIVW 
FKURPDBTSBLQGH[BRIIVHW 

���� 5: �[�� SLFBLQLWBTS 
SLFBLQLWBTSBPLQXV������� 

��� 5: �[� QXPBUHI�BLG[ 
QXPBUHIBLG[BO�BDFWLYHBPLQXV� 

��� 5: �[� QXPBUHI�BLG[ 
QXPBUHIBLG[BO�BDFWLYHBPLQXV� 

� 5: �[� FVLSBIODJ 
FRQVWUDLQHGBLQWUDBSUHGBIODJ 

� 5: �[� WUQVB�[� 
WUDQVIRUPB�[�BPRGHBIODJ 

� 5: �[� HWS\BPRGH 
HQWURS\BFRGLQJBPRGHBIODJ 

 
9(38B6<17B336B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� UHVHUYHG 

�� 5: �[� OSBIOWUBDFUVBWLO 
ORRSBILOWHUBDFURVVBWLOHVBHQDEOHGBIODJ 

����� 5: �[� FXBTSBGOWBGHSWK 
GLIIBFXBTSBGHOWDBGHSWK 

�� 5: �[� VOLBVHJBKGUBH[WQ 
VOLFHBVHJPHQWBKHDGHUBH[WHQVLRQBSUHVHQWBIODJ 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� OVWBPGI\BSUVQWBIOJ 
OLVWVBPRGLILFDWLRQBSUHVHQWBIODJ 

�� 5: �[� GEONBIOWUBRYUGBH 
GHEORFNLQJBILOWHUBRYHUULGHBHQDEOHGBIODJ 

�� 5: �[� OSBIOWUBDFUVBVOL 
SSVBORRSBILOWHUBDFURVVBVOLFHVBHQDEOHGBIODJ 

�� 5: �[� 
FKUPBTSBRIVWBSUVQW 
SSVBVOLFHBFKURPDBTSBRIIVHWVBSUHVHQWBIODJ��9(38�RQO\�VXSSRUWV�
336�OHYHO�FKURPD�43�DGMXVWPHQWVR�WKLV�ILHOG�VKRXG�EH�FRQILJXUHG�
WR��� 

�� 5: �[� FXBTSBGOWBHQ 
FXBTSBGHOWDBHQDEOHGBIODJ 

���� 5: �[�� SLFBLQLWBTS 
LQLWBTSBPLQXV����� 

� 5: �[� FEFBLQLWBSUVQWBIODJ 
FDEDFBLQLWBSUHVHQWBIODJ 

� 5: �[� VJQBGDWBKLGBH 
VLJQBGDWDBKLGLQJBHQDEOHGBIODJ 

��� 5: �[� QXPBH[WUBVOLBKGU 
QXPBH[WUDBVOLFHBKHDGHUBELWV 

� 5: �[� RXWBIOJBSUVQWBIOJ 
RXWSXWBIODJBSUHVHQWBIODJ 

� 5: �[� GSGQWBVOLBVHJBHQ 
GHSHQGHQWBVOLFHBVHJPHQWVBHQDEOHBIODJ 

 
9(38B6<17B6/,�B+����  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� IUPBQXP 
IUDPHBQXP 

����� 52 �[� UHVHUYHG 

����� 5: �[� FEFBLQLWBLGF 
FDEDFBLQLWBLGF 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� QXPBUHIBRYUG 
QXPBUHIBLG[BDFWLYHBRYHUULGHBIODJ 

�� 5: �[� GUFWBVPYS 
GLUHFWBVSDWLDOBPYBSUHGBIODJ 

��� 5: �[�� SSVBLG 
SLFBSDUDPHWHUBVHWBLG 

��� 5: �[� VOLBW\SH 
VOLFHBW\SH����!3����!%����!,� 

 
9(38B6<17B6/,�B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� QRBRXWBSULBSLF 
QRBRXWSXWBRIBSULRUBSLFVBIODJ 

����� 5: �[�� VOLBSSVBLG 
VOLFHBSLFBSDUDPHWHUBVHWBLG 

�� 5: �[� GSGQWBVOLBVHJBIOJ 
GHSHQGHQWBVOLFHBVHJPHQWBIODJ 

����� 5: �[�� VOLBUVUYBIOJ 
VOLFHBVHUYHGBIODJ 

����� 5: �[� VOLBW\SH 
VOLFHBW\SH����!%����!3����!,� 

�� 5: �[� SLFBRXWBIOJ 
SLFBRXWSXWBIODJ 

�� 5: �[� VOLBWPSUOBPYSBH 
VOLFHBWHPSRUDOBPYSBHQDEOHGBIODJ 

�� 5: �[� VOLBVDRBOXPDBIOJ 
VOLFHBVDRBOXPDBIODJ 

�� 5: �[� VOLBVDRBFKUPBIOJ 
VOLFHBVDRBFKURPDBIODJ 

�� 5: �[� QXPBUHILG[BDFWBRYUG 
QXPBUHIBLG[BDFWLYHBRYHUULGHBIODJ 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� QXPBUHILG[BO�BDFW 
QXPBUHIBLG[BO�BDFWLYHBPLQXV� 

��� 5: �[� QXPBUHILG[BO�BDFW 
QXPBUHIBLG[BO�BDFWLYHBPLQXV� 

� 5: �[� UHIBSLFBOVWBPGIBO� 
UHIBSLFBOLVWBPRGLILFDWLRQBIODJBO� 

� 52 �[� UHVHUYHG 

� 5: �[� PUJBOIWBIOJ 
VDRBPHUJHBOHIWBIODJ 

� 5: �[� PUJBXSBIOJ 
VDRBPHUJHBXSBIODJ 

� 5: �[� PYGBO�B]HURBIOJ 
PYGBO�B]HURBIODJ 

� 5: �[� FEFBLQLWBIOJ 
FDEDFBLQLWBIODJ 

 
9(38B6<17B6/,�B+����  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� SRFBOVE 
SLFBRUGHUBFQWBOVE 

���� 5: �[���� LGUBSLG 
LGUBSLFBLG 

 
9(38B6<17B6/,�B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 52 �[� UHVHUYHG 

����� 5: �[� OVWBHQWU\BO� 
OLVWBHQWU\BO� 

�� 5: �[� FROBIUPBO�BIOJ 
FROORFDWHGBIURPBO�BIODJ 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� FROBUHIBLG[ 
FROORFDWHGBUHIBLG[ 

�� 52 �[� UHVHUYHG 

����� 5: �[� PD[BPUJBFQG 
����ILYHBPLQXVBPD[BQXPBPHUJHBFDQG��YDOXHV�IURP���WR�� 

����� 5: �[�� VOLBTS 
VOLFHBTS 

����� 5: �[�� VOLBFEBTSBRIVW 
$FWXDOO\�WKLV�ILHOG�VKRXOG�EH�FRQILJXUHG�DV�SSVBFEBTSBRIIVHW� 

�� 5: �[� GEONBIOWUBRYUGBIOJ 
GHEORFNLQJBILOWHUBRYHUULGHBIODJ 

� 5: �[� 

VSBGEONBIOWUBGLV 
VOLFH�SSVBGHEORFNLQJBILOWHUBGLVDEOHGBIODJ� 

,I�9(38B6<17B336B+(9&�GEONBIOWUBRYUGBH  ��DQG�
9(38B6<17B6/,�B+(9&�GEONBIOWUBRYUGBIOJ  ���WKLV�ILHOG�LV�
FRQVLGHUHG�DV�VOLFHBGHEORFNLQJBILOWHUBGLVDEOHGBIODJ��2WKHUZLVH�LW�
LV�SSVBGHEORFNLQJBILOWHUBGLVDEOHGBIODJ� 

� 5: �[� VOLBOSBIOWUBDFUVBVOL 
VOLFHBORRSBILOWHUBDFURVVBVOLFHVBHQDEOHGBIODJ 

��� 5: �[� 

VSBEHWDBRIVWBGLY� 
VOLFH�SSVBEHWDBRIIVHWBGLY�� 

,I�9(38B6<17B336B+(9&�GEONBIOWUBRYUGBH  ��DQG�
9(38B6<17B6/,�B+(9&�GEONBIOWUBRYUGBIOJ  ���WKLV�ILHOG�LV�
FRQVLGHUHG�DV�VOLFHBEHWDBRIIVHWBGLY���2WKHUZLVH�LW�LV�
SSVBEHWDBRIIVHWBGLY�� 

��� 5: �[� 

VSBWFBRIVWBGLY� 
VOLFH�SSVBWFBRIIVHWBGLY�� 

,I�9(38B6<17B336B+(9&�GEONBIOWUBRYUGBH  ��DQG�
9(38B6<17B6/,�B+(9&�GEONBIOWUBRYUGBIOJ  ���WKLV�ILHOG�LV�
FRQVLGHUHG�DV�VOLFHBWFBRIIVHWBGLY���2WKHUZLVH�LW�LV�
SSVBWFBRIIVHWBGLY�� 

 
9(38B6<17B6/,�B+����  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� URGUBSLFBQXP 
DEVBGLIIBSLFBQXPBPLQXV��ORQJBWHUPBSLFBQXP 

����� 52 �[� UHVHUYHG 

����� 5: �[� GLVBGEONBLGF 
GLVDEOHBGHEORFNLQJBILOWHUBLGF 

���� 5: �[� VOLBDOSKBRIVW 
VOLFHBDOSKDBF�BRIIVHWBGLY� 

��� 5: �[� VOLBEHWDBRIVW 
VOLFHBEHWDBRIIVHWBGLY� 

� 5: �[� UHIBOLVW�BURGU 
UHIBSLFBOLVWBUHRUGHULQJBIODJBO� 

��� 5: �[� URGUBSLFBLG[ 
UHRUGHULQJBRIBSLFBQXPVBLGF 

 
9(38B6<17B6/,�B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

����� 5: �[��� VOLBKGUBH[WBOHQ 
VOLFHBVHJPHQWBKHDGHUBH[WHQVLRQBOHQJWK 

���� 5: �[���� VOLBSRFBOVE 
VOLFHBSLFBRUGHUBFQWBOVE 

 
9(38B6<17B5()0�B+����  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

����� 5: �[� PPFRBW\SH� 
PHPRU\BPDQDJHPHQWBFRQWUROBRSHUDWLRQ>�@ 

����� 5: �[� PPFRBW\SH� 
PHPRU\BPDQDJHPHQWBFRQWUROBRSHUDWLRQ>�@ 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[���� 

PPFRBSDUP� 
00&2�SDUDPHWHUV�ZKLFK�KDYH�GLIIHUHQW�PHDQLQJV�DFFRUGLQJ�WR�
GLIIHUHQW�PPFRBSDUP��YDOXV� 

GLIIHUHQFHBRIBSLFBQXPVBPLQXV��IRU�PPFRBSDUP��HTXDOV���RU��� 

ORQJBWHUPBSLFBQXP�IRU�PPFRBSDUP��HTXDOV��� 

ORQJBWHUPBIUDPHBLG[�IRU�PPFRBSDUP��HTXDOV��� 

PD[BORQJBWHUPBIUDPHBLG[BSOXV��IRU�PPFRBSDUP��HTXDOV��� 

��� 5: �[� PPFRBW\SH� 
PHPRU\BPDQDJHPHQWBFRQWUROBRSHUDWLRQ 

� 5: �[� PPFR�BSUH 
$�1R���00&2�VKRXOG�EH�H[HFXWHG�ILUVWO\�LI�PPR�BSUH�LV�� 

� 5: �[� DUSPBIOJ 
DGDSWLYHBUHIBSLFBPDUNLQJBPRGHBIODJ 

� 5: �[� OWUIBIOJ 
ORQJBWHUPBUHIHUHQFHBIODJ 

� 5: �[� QRSSBIOJ 
QRBRXWSXWBRIBSULRUBSLFVBIODJ 

 
9(38B6<17B5()0�B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� QXPBOWBVSV 
QXPBORQJBWHUPBVSV 

����� 5: �[�� VWBUHIBSLFBLG[ 
VKRUWBWHUPBUHIBSLFBVHWBLG[ 

����� 5: �[� QXPBOWBSLF 
QXPBORQJBWHUPBSLFV 

����� 5: �[�� OWBLG[BVSV 
OWBLG[BVSV 

���� 5: �[���� SRFBOVEBOW� 
SRFBOVEBOW>�@ 

� 5: �[� VWBUHIBSLFBIOJ 
VKRUWBWHUPBUHIBSLFBVHWBVSVBIODJ 
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9(38B6<17B5()0�B+����  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 

PPFRBSDUP� 
00&2�SDUDPHWHUV�ZKLFK�KDYH�GLIIHUHQW�PHDQLQJV�DFFRUGLQJ�WR�
GLIIHUHQW�PPFRBSDUP��YDOXV� 

GLIIHUHQFHBRIBSLFBQXPVBPLQXV��IRU�PPFRBSDUP��HTXDOV���RU��� 

ORQJBWHUPBSLFBQXP�IRU�PPFRBSDUP��HTXDOV��� 

ORQJBWHUPBIUDPHBLG[�IRU�PPFRBSDUP��HTXDOV��� 

PD[BORQJBWHUPBIUDPHBLG[BSOXV��IRU�PPFRBSDUP��HTXDOV��� 

���� 5: �[���� 

PPFRBSDUP� 
00&2�SDUDPHWHUV�ZKLFK�KDYH�GLIIHUHQW�PHDQLQJV�DFFRUGLQJ�WR�
GLIIHUHQW�PPFRBSDUP��YDOXV� 

GLIIHUHQFHBRIBSLFBQXPVBPLQXV��IRU�PPFRBSDUP��HTXDOV���RU��� 

ORQJBWHUPBSLFBQXP�IRU�PPFRBSDUP��HTXDOV��� 

ORQJBWHUPBIUDPHBLG[�IRU�PPFRBSDUP��HTXDOV��� 

PD[BORQJBWHUPBIUDPHBLG[BSOXV��IRU�PPFRBSDUP��HTXDOV��� 

 
9(38B6<17B5()0�B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� XVHGBE\BOWBIOJ� 
XVHGBE\BFXUUBSLFBOWBIODJ>�@ 

�� 5: �[� XVHGBE\BOWBIOJ� 
XVHGBE\BFXUUBSLFBOWBIODJ>�@ 

�� 5: �[� XVHGBE\BOWBIOJ� 
XVHGBE\BFXUUBSLFBOWBIODJ>�@ 

�� 5: �[� GOWBSRFBPVEBSUVQW� 
GHOWDBSRFBPVEBSUHVHQWBIODJ>�@ 

�� 5: �[� GOWBSRFBPVEBSUVQW� 
GHOWDBSRFBPVEBSUHVHQWBIODJ>�@ 

�� 5: �[� GOWBSRFBPVEBSUVQW� 
GHOWDBSRFBPVEBSUHVHQWBIODJ>�@ 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �797 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� GOWBSRFBPVEBF\FO� 
GHOWDBSRFBPVEBF\FOHBOW>�@ 

��� 5: �[�� QXPBQHJDWLYHBSLFV 
QXPBQHJBSLF 

� 5: �[� QXPBSRVBSLF 
QXPBSRVLWLYHBSLFV 

��� 5: �[� XVHGBE\BV�BIOJ 
XVHGBE\BFXUUBSLFBV�BIODJ 

 
9(38B26'B&)*�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� UHVHUYHG 

�� 5: �[� 

RVGBSOWBW\S 
26'�SDOHWWH�W\SH� 

�
K���'HIDXOW�W\SH� 

�
K���8VHU�GHILQHG�W\SH� 

�� 5: �[� 

RVGBSOWBFNV 
26'�SDOHWWH�FORFN�VHOHFWLRQ� 

�
K���&RQILJXUH�EXV�FORFN�GRPDLQ� 

�
K���&RUH�FORFN�GRPDLQ� 

���� 5: �[�� 
RVGBOXBLQYBHQ 
26'�FRORU�LQYHUVH�HQDEOH�RI�OXPD�FRPSRQHQW��HDFK�ELW�FRQWUROV�
FRUUHVSRQGLQJ�UHJLRQ� 

��� 5: �[�� RVGBHQ 
26'�UHJLRQ�HQDEOH��HDFK�ELW�FRQWUROV�FRUUHVSRQGLQJ�26'�UHJLRQ� 

 
9(38B26'B,19�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� RVGBLWKGBU� 
&RORU�LQYHUVH�WKHVKROG�IRU�26'�UHJLRQ�� 



5.�����750�3DUW� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� RVGBLWKGBU� 
&RORU�LQYHUVH�WKHVKROG�IRU�26'�UHJLRQ�� 

����� 5: �[� RVGBLWKGBU� 
&RORU�LQYHUVH�WKHVKROG�IRU�26'�UHJLRQ�� 

����� 5: �[� RVGBLWKGBU� 
&RORU�LQYHUVH�WKHVKROG�IRU�26'�UHJLRQ�� 

����� 5: �[� RVGBLWKGBU� 
&RORU�LQYHUVH�WKHVKROG�IRU�26'�UHJLRQ�� 

���� 5: �[� RVGBLWKGBU� 
&RORU�LQYHUVH�WKHVKROG�IRU�26'�UHJLRQ�� 

��� 5: �[� RVGBLWKGBU� 
&RORU�LQYHUVH�WKHVKROG�IRU�26'�UHJLRQ�� 

��� 5: �[� RVGBLWKGBU� 
&RORU�LQYHUVH�WKHVKROG�IRU�26'�UHJLRQ�� 

 
9(38B6<17B5()0��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� GOWBSRFBV�BP�� 
GHOWDBSRFBV�BPLQXV�>�@ 

���� 5: �[���� GOWBSRFBV�BP�� 
GHOWDBSRFBV�BPLQXV�>�@ 

 
9(38B6<17B5()0�B+����  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[����� UHVHUYHG 

���� 5: �[� ORQJBWHUPBIUDPHBLG[� 
ORQJBWHUPBIUDPHBLG[>�@��ZKHQ�PPFR�HTXDO��� 

��� 5: �[� ORQJBWHUPBIUDPHBLG[� 
ORQJBWHUPBIUDPHBLG[>�@��ZKHQ�PPFR�HTXDO��� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �799 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� ORQJBWHUPBIUDPHBLG[� 
ORQJBWHUPBIUDPHBLG[>�@��ZKHQ�PPFR�HTXDO��� 

 
9(38B6<17B5()0��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� GOWBSRFBV�BP�� 
GHOWDBSRFBV�BPLQXV�>�@ 

���� 5: �[���� GOWBSRFBV�BP�� 
GHOWDBSRFBV�BPLQXV�>�@ 

 
9(38B26'�B326�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� RVG�BUEB\ 
<�FRRUGLQDWH����RI�26'�UHJLRQ�
V�ULJKW�ERWWRP�SRLQW� 

����� 5: �[�� RVG�BUEB[ 
;�FRRUGLQDWH����RI�26'�UHJLRQ�
V�ULJKW�ERWWRP�SRLQW� 

���� 5: �[�� RVG�BOWB\ 
<�FRRUGLQDWH����RI�26'�UHJLRQ�
V�OHIW�WRS�SRLQW� 

��� 5: �[�� RVG�BOWB[ 
;�FRRUGLQDWH����RI�26'�UHJLRQ�
V�OHIW�WRS�SRLQW� 

 
9(38B26'�B326�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� RVG�BUEB\ 
<�FRRUGLQDWH����RI�26'�UHJLRQ�
V�ULJKW�ERWWRP�SRLQW� 

����� 5: �[�� RVG�BUEB[ 
;�FRRUGLQDWH����RI�26'�UHJLRQ�
V�ULJKW�ERWWRP�SRLQW� 

���� 5: �[�� RVG�BOWB\ 
<�FRRUGLQDWH����RI�26'�UHJLRQ�
V�OHIW�WRS�SRLQW� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �800 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[�� RVG�BOWB[ 
;�FRRUGLQDWH����RI�26'�UHJLRQ�
V�OHIW�WRS�SRLQW� 

 
9(38B26'�B326�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� RVG�BUEB\ 
<�FRRUGLQDWH����RI�26'�UHJLRQ�
V�ULJKW�ERWWRP�SRLQW� 

����� 5: �[�� RVG�BUEB[ 
;�FRRUGLQDWH����RI�26'�UHJLRQ�
V�ULJKW�ERWWRP�SRLQW� 

���� 5: �[�� RVG�BOWB\ 
<�FRRUGLQDWH����RI�26'�UHJLRQ�
V�OHIW�WRS�SRLQW� 

��� 5: �[�� RVG�BOWB[ 
;�FRRUGLQDWH����RI�26'�UHJLRQ�
V�OHIW�WRS�SRLQW� 

 
9(38B26'�B326�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� RVG�BUEB\ 
<�FRRUGLQDWH����RI�26'�UHJLRQ�
V�ULJKW�ERWWRP�SRLQW� 

����� 5: �[�� RVG�BUEB[ 
;�FRRUGLQDWH����RI�26'�UHJLRQ�
V�ULJKW�ERWWRP�SRLQW� 

���� 5: �[�� RVG�BOWB\ 
<�FRRUGLQDWH����RI�26'�UHJLRQ�
V�OHIW�WRS�SRLQW� 

��� 5: �[�� RVG�BOWB[ 
;�FRRUGLQDWH����RI�26'�UHJLRQ�
V�OHIW�WRS�SRLQW� 

 
9(38B26'�B326�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� RVG�BUEB\ 
<�FRRUGLQDWH����RI�26'�UHJLRQ�
V�ULJKW�ERWWRP�SRLQW� 



5.�����750�3DUW� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� RVG�BUEB[ 
;�FRRUGLQDWH����RI�26'�UHJLRQ�
V�ULJKW�ERWWRP�SRLQW� 

���� 52 �[�� UHVHUYHG 

��� 5: �[�� RVG�BOWB[ 
;�FRRUGLQDWH����RI�26'�UHJLRQ�
V�OHIW�WRS�SRLQW� 

 
9(38B26'�B326�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� RVG�BUEB\ 
<�FRRUGLQDWH����RI�26'�UHJLRQ�
V�ULJKW�ERWWRP�SRLQW� 

����� 5: �[�� RVG�BUEB[ 
;�FRRUGLQDWH����RI�26'�UHJLRQ�
V�ULJKW�ERWWRP�SRLQW� 

���� 5: �[�� RVG�BOWB\ 
<�FRRUGLQDWH����RI�26'�UHJLRQ�
V�OHIW�WRS�SRLQW� 

��� 5: �[�� RVG�BOWB[ 
;�FRRUGLQDWH����RI�26'�UHJLRQ�
V�OHIW�WRS�SRLQW� 

 
9(38B26'�B326�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� RVG�BUEB\ 
<�FRRUGLQDWH����RI�26'�UHJLRQ�
V�ULJKW�ERWWRP�SRLQW� 

����� 5: �[�� RVG�BUEB[ 
;�FRRUGLQDWH����RI�26'�UHJLRQ�
V�ULJKW�ERWWRP�SRLQW� 

���� 5: �[�� RVG�BOWB\ 
<�FRRUGLQDWH����RI�26'�UHJLRQ�
V�OHIW�WRS�SRLQW� 

��� 5: �[�� RVG�BOWB[ 
;�FRRUGLQDWH����RI�26'�UHJLRQ�
V�OHIW�WRS�SRLQW� 

 
9(38B26'�B326�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(&� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� RVG�BUEB\ 
<�FRRUGLQDWH����RI�26'�UHJLRQ�
V�ULJKW�ERWWRP�SRLQW� 

����� 5: �[�� RVG�BUEB[ 
;�FRRUGLQDWH����RI�26'�UHJLRQ�
V�ULJKW�ERWWRP�SRLQW� 

���� 5: �[�� RVG�BOWB\ 
<�FRRUGLQDWH����RI�26'�UHJLRQ�
V�OHIW�WRS�SRLQW� 

��� 5: �[�� RVG�BOWB[ 
;�FRRUGLQDWH����RI�26'�UHJLRQ�
V�OHIW�WRS�SRLQW� 

 
9(38B$'5B26'��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[������� RVG�BDGGU 
+LJK����ELWV�RI�EDVH�DGGUHVV�IRU�26'�UHJLRQ���EDVHG�RQ���E\WH� 

��� 52 �[� UHVHUYHG 

 
9(38B$'5B26'��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[������� RVG�BDGGU 
+LJK����ELWV�RI�EDVH�DGGUHVV�IRU�26'�UHJLRQ���EDVHG�RQ���E\WH� 

��� 52 �[� UHVHUYHG 

 
9(38B$'5B26'��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[������� RVG�BDGGU 
+LJK����ELWV�RI�EDVH�DGGUHVV�IRU�26'�UHJLRQ���EDVHG�RQ���E\WH� 

��� 52 �[� UHVHUYHG 

 
9(38B$'5B26'��  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[������� RVG�BDGGU 
+LJK����ELWV�RI�EDVH�DGGUHVV�IRU�26'�UHJLRQ���EDVHG�RQ���E\WH� 

��� 52 �[� UHVHUYHG 

 
9(38B$'5B26'��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[������� RVG�BDGGU 
+LJK����ELWV�RI�EDVH�DGGUHVV�IRU�26'�UHJLRQ���EDVHG�RQ���E\WH� 

��� 52 �[� UHVHUYHG 

 
9(38B$'5B26'��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[������� RVG�BDGGU 
+LJK����ELWV�RI�EDVH�DGGUHVV�IRU�26'�UHJLRQ���EDVHG�RQ���E\WH� 

��� 52 �[� UHVHUYHG 

 
9(38B$'5B26'��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[������� RVG�BDGGU 
+LJK����ELWV�RI�EDVH�DGGUHVV�IRU�26'�UHJLRQ���EDVHG�RQ���E\WH� 

��� 52 �[� UHVHUYHG 

 
9(38B$'5B26'��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[������� RVG�BDGGU 
+LJK����ELWV�RI�EDVH�DGGUHVV�IRU�26'�UHJLRQ���EDVHG�RQ���E\WH� 

��� 52 �[� UHVHUYHG 

 
9(38B67B%6/�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 52 �[������� EVBOJWK 
%LW�VWUHDP�OHQJWK�IRU�FXUUHQW�IUDPH� 

 
9(38B67B66(B/���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� VVHBO�� /RZ����ELWV�RI�HQFRGLQJ�GLVWRUWLRQ��66(�� 

 
9(38B67B66(B43�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� VVHBK� 
+LJK�ELWV�RI�HQFRGLQJ�GLVWRUWLRQ�66(�� 

����� 52 �[� UHVHUYHG 

���� 52 �[������ TSBVXP 
6XP�RI�43�IRU�WKH�HQFRGHG�IUDPH� 

 
9(38B67B6$2�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� VDRB\QXP 
1XPEHU�RI�&78V�ZKRVH�/80$�FRPSRQHQW�DUH�DGMXVWHG�E\�6$2� 

���� 52 �[��� 
VDRBFQXP 
1XPEHU�RI�&78V�ZKRVH�&+520$�FRPSRQHQW�DUH�DGMXVWHG�E\�
6$2� 

 
9(38B67B+($'B%/�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� UGRBKHDGBELWV 7RWDO�ELW�OHQJWK�RI�5'2�+HDGHU%LWV� 

 
9(38B67B5(6B%/�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� UGRBUHVBELWV 7RWDO�ELW�OHQJWK�RI�5'2�5HVLGXDO%LWV� 

 
9(38B67B(1&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� UHVHUYHG 

� 52 �[� 

VWBVFOU 
6WDWXV�RI�VDIH�FOHDU� 

�
K���6DIH�FOHDU�LV�ILQLVKHG�RU�QRW�VWDUWHG� 

�
K���9(38�LV�SHUIRUPLQJ�VDIH�FOHDU� 

��� 52 �[� 

VWBHQF 
9(38�ZRUNLQJ�VWDWXV� 

�
K���,GOH� 

�
K���:RUNLQJ�LQ�UHJLVWHU�FRQLIJXUDWLRQ�PRGH� 

�
K���:RUNLQJ�LQ�OLQN�WDEOH�FRQILJXUDWLRQ�PRGH� 

 
9(38B67B/.7�  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �806 

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

����� 52 �[�� 
IQXPBLQW 
1XPEHU�RI�IUDPHV�KDV�EHHQ�HQFRGHG�VLQFH�OLQN�WDEOH�PRGH�
VWDUWHG��XSGDWHG�RQO\�ZKHQ�FRUUHVSRQGLQJ�OLQN�WDEOH�QRGH�VHQG�
LQWHUUXSW��9(38B(1&B3,&BQRGHBLQW  ��� 

���� 52 �[�� 
IQXPBFIJ 
1XPEHU�RI�IUDPHV�KDV�EHHQ�FRQILJXUHG�VLQFH�OLQN�WDEOH�PRGH�
VWDUWHG� 

��� 52 �[�� 
IQXPBHQF 
1XPEHU�RI�IUDPHV�KDV�EHHQ�HQFRGHG�VLQFH�OLQN�WDEOH�PRGH�
VWDUWHG� 

 
9(38B67B1$'5�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[������� QRGHBDGGU 
+LJK����ELWV�RI�WKH�DGGUHVV�IRU�WKH�SURFHVVLQJ�OLQNH�WDEOH�QRGH� 

��� 52 �[� UHVHUYHG 

 
9(38B67B%6%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[������� EVEZBDGGU 
+LJK����ELWV�RI�ELW�VWUHDP�EXIIHU�ZULWH�DGGUHVV� 

��� 52 �[� UHVHUYHG 

 
9(38B67B%86�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� 

D[LUBHUU 
$;,�UHDG�HUURU� 

>�@��/3)�UHDG�GDWD�EHWZHHQ�WLOHV�$;,�B$5,'  �� 

>�@��52,�FRQILJXUDWLRQ��$;,�B$5,'  �� 

>�@��'RZQ�VDPSOHG�SLFWXUH��$;,�B$5,'  �� 

>�@��&R�ORFDWHG�0Y��$;,�B$5,'  �� 

>�@��/LQN�WDEOH��$;,�B$5,'  �� 

>�@��5HIHUHQFH�SLFWXUH��$;,�B$5,'  �������� 

>�@��9LGHR�VRXUFH�ORDG��$;,�� 

����� 52 �[�� 

D[LEBHUU 
$;,�ZULWH�UHVSRQVH�HUURU� 

>�@��/3)�ZULWH�EDFN�GDWD�EHWZHHQ�WLOHV�FKDQQHO�$;,�B:,'  �� 

>�@��5HFRQVWUXFWHG�SLFWXUH�FKDQQHO��$;,�B:,'  �� 

>�@��0(�LQIRUPDWLRQ�FKDQQHO��$;,�B:,'  �� 

>�@��&R�ORFDWHG�0Y�FKDQQHO��$;,�B:,'  �� 

>�@��'RZQ�VDPSOHG�SLFWXUH�FKDQQHO��$;,�B:,'  �� 

>�@��%LW�VWUHDP�FKDQQHO��$;,�B:,'  �� 

>�@��/LQN�WDEOH�QRGH�FKDQQHO��$;,�B:,'  �� 

>�@��5HVHUYHG 

���� 52 �[�� 

D[LEBRYIO 
$;,�ZULWH�UHVSRQVH�RXWVWDQGLQJ�RYHUIORZ� 

>�@��/3)�ZULWH�EDFN�GDWD�EHWZHHQ�WLOHV�FKDQQHO�$;,�B:,'  �� 

>�@��5HFRQVWUXFWHG�SLFWXUH�FKDQQHO��$;,�B:,'  �� 

>�@��0(�LQIRUPDWLRQ�FKDQQHO��$;,�B:,'  �� 

>�@��&R�ORFDWHG�0Y�FKDQQHO��$;,�B:,'  �� 

>�@��'RZQ�VDPSOHG�SLFWXUH�FKDQQHO��$;,�B:,'  �� 

>�@��%LW�VWUHDP�FKDQQHO��$;,�B:,'  �� 

>�@��/LQN�WDEOH�QRGH�FKDQQHO��$;,�B:,'  �� 

>�@��5HVHUYHG� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �808 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 52 �[�� 

D[LEBLGO 
$;,�ZULWH�UHVSRQVH�LGOH� 

>�@��/3)�ZULWH�EDFN�GDWD�EHWZHHQ�WLOHV�FKDQQHO�$;,�B:,'  �� 

>�@��5HFRQVWUXFWHG�SLFWXUH�FKDQQHO��$;,�B:,'  �� 

>�@��0(�LQIRUPDWLRQ�FKDQQHO��$;,�B:,'  �� 

>�@��&R�ORFDWHG�0Y�FKDQQHO��$;,�B:,'  �� 

>�@��'RZQ�VDPSOHG�SLFWXUH�FKDQQHO��$;,�B:,'  �� 

>�@��%LW�VWUHDP�FKDQQHO��$;,�B:,'  �� 

>�@��/LQN�WDEOH�QRGH�FKDQQHO��$;,�B:,'  �� 

>�@��5HVHUYHG 

 
9(38B67B6180�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[������� UHVHUYHG 

��� 52 �[�� 
VOLBQXP 
1XPEHU�IRU�VOLFHV�KDV�EHHQ�HQFRGHG�DQG�QRW�UHDG�RXW��E\�UHDGLQJ�
67B6/(1�� 

 
9(38B67B6/(1�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 52 �[������� 
VOLBOHQ 
%\WH�OHQJWK�IRU�WKH�HDUOLVW�HQFRGHG�VOLFH�ZKLFK�KDV�QRW�EHHQ�UHDG�
RXW��E\�UHDGLQJ�9(38B67B6/(1�� 

 
9(38B67B3180B3���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[����� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[��� SQXPBS�� 
1XPEHU�RI���[���LQWHU�SUHGLFWHG�EORFNV� 

 
9(38B67B3180B3���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[����� UHVHUYHG 

���� 52 �[���� SQXPBS�� 
1XPEHU�RI���[���LQWHU�SUHGLFWHG�EORFNV� 

 
9(38B67B3180B3���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� UHVHUYHG 

���� 52 �[���� SQXPBS�� 
1XPEHU�RI���[���LQWHU�SUHGLFWHG�EORFNV� 

 
9(38B67B3180B3��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� UHVHUYHG 

���� 52 �[����� SQXPBS� 
1XPEHU�RI��[��LQWHU�SUHGLFWHG�EORFNV� 

 
9(38B67B3180B,���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[����� UHVHUYHG 

���� 52 �[���� SQXPBL�� 
1XPEHU�RI���[���LQWUD�SUHGLFWHG�EORFNV� 
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9(38B67B3180B,���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� UHVHUYHG 

���� 52 �[���� SQXPBL�� 
1XPEHU�RI���[���LQWUD�SUHGLFWHG�EORFNV� 

 
9(38B67B3180B,��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� UHVHUYHG 

���� 52 �[����� SQXPBL� 
1XPEHU�RI��[��LQWUD�SUHGLFWHG�EORFNV� 

 
9(38B67B3180B,��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� UHVHUYHG 

���� 52 �[����� SQXPBL� 
1XPEHU�RI��[��LQWUD�SUHGLFWHG�EORFNV� 

 
9(38B67B%�B43��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� UHVHUYHG 

���� 52 �[����� 
E�QXPBTS� 
1XPEHU�RI�EORFN�[�V�ZLWK�43 ���+(9&�&8V�RI�ZKLFK�VL]H�DUH�
ELJJHU�WKDW��[��DUH�FRQVLGHUHG�DV��&8BVL]H����&8BVL]H����
FORFN�[�V��ZKLOH�+�����0%�LV�FRQVLGHUHG�DV���EORFN�[�V� 

 
9(38B67B%�B43��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� UHVHUYHG 

���� 52 �[����� 
E�QXPBTS� 
1XPEHU�RI�EORFN�[�V�ZLWK�43 ���+(9&�&8V�RI�ZKLFK�VL]H�DUH�
ELJJHU�WKDW��[��DUH�FRQVLGHUHG�DV��&8BVL]H����&8BVL]H����
FORFN�[�V��ZKLOH�+�����0%�LV�FRQVLGHUHG�DV���EORFN�[�V� 

 
9(38B67B%�B43��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� UHVHUYHG 

���� 52 �[����� 
E�QXPBTS� 
1XPEHU�RI�EORFN�[�V�ZLWK�43 ���+(9&�&8V�RI�ZKLFK�VL]H�DUH�
ELJJHU�WKDW��[��DUH�FRQVLGHUHG�DV��&8BVL]H����&8BVL]H����
FORFN�[�V��ZKLOH�+�����0%�LV�FRQVLGHUHG�DV���EORFN�[�V� 

 
9(38B67B%�B43��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� UHVHUYHG 

���� 52 �[����� 
E�QXPBTS� 
1XPEHU�RI�EORFN�[�V�ZLWK�43 ���+(9&�&8V�RI�ZKLFK�VL]H�DUH�
ELJJHU�WKDW��[��DUH�FRQVLGHUHG�DV��&8BVL]H����&8BVL]H����
FORFN�[�V��ZKLOH�+�����0%�LV�FRQVLGHUHG�DV���EORFN�[�V� 

 
9(38B67B%�B43��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� UHVHUYHG 

���� 52 �[����� 
E�QXPBTS� 
1XPEHU�RI�EORFN�[�V�ZLWK�43 ���+(9&�&8V�RI�ZKLFK�VL]H�DUH�
ELJJHU�WKDW��[��DUH�FRQVLGHUHG�DV��&8BVL]H����&8BVL]H����
FORFN�[�V��ZKLOH�+�����0%�LV�FRQVLGHUHG�DV���EORFN�[�V� 

 
9(38B67B%�B43��  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� UHVHUYHG 

���� 52 �[����� 
E�QXPBTS� 
1XPEHU�RI�EORFN�[�V�ZLWK�43 ���+(9&�&8V�RI�ZKLFK�VL]H�DUH�
ELJJHU�WKDW��[��DUH�FRQVLGHUHG�DV��&8BVL]H����&8BVL]H����
FORFN�[�V��ZKLOH�+�����0%�LV�FRQVLGHUHG�DV���EORFN�[�V� 

 
9(38B67B%�B43��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� UHVHUYHG 

���� 52 �[����� 
E�QXPBTS� 
1XPEHU�RI�EORFN�[�V�ZLWK�43 ���+(9&�&8V�RI�ZKLFK�VL]H�DUH�
ELJJHU�WKDW��[��DUH�FRQVLGHUHG�DV��&8BVL]H����&8BVL]H����
FORFN�[�V��ZKLOH�+�����0%�LV�FRQVLGHUHG�DV���EORFN�[�V� 

 
9(38B67B%�B43��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� UHVHUYHG 

���� 52 �[����� 
E�QXPBTS� 
1XPEHU�RI�EORFN�[�V�ZLWK�43 ���+(9&�&8V�RI�ZKLFK�VL]H�DUH�
ELJJHU�WKDW��[��DUH�FRQVLGHUHG�DV��&8BVL]H����&8BVL]H����
FORFN�[�V��ZKLOH�+�����0%�LV�FRQVLGHUHG�DV���EORFN�[�V� 

 
9(38B67B%�B43��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� UHVHUYHG 

���� 52 �[����� 
E�QXPBTS� 
1XPEHU�RI�EORFN�[�V�ZLWK�43 ���+(9&�&8V�RI�ZKLFK�VL]H�DUH�
ELJJHU�WKDW��[��DUH�FRQVLGHUHG�DV��&8BVL]H����&8BVL]H����
FORFN�[�V��ZKLOH�+�����0%�LV�FRQVLGHUHG�DV���EORFN�[�V� 
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9(38B67B%�B43��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� UHVHUYHG 

���� 52 �[����� 
E�QXPBTS� 
1XPEHU�RI�EORFN�[�V�ZLWK�43 ���+(9&�&8V�RI�ZKLFK�VL]H�DUH�
ELJJHU�WKDW��[��DUH�FRQVLGHUHG�DV��&8BVL]H����&8BVL]H����
FORFN�[�V��ZKLOH�+�����0%�LV�FRQVLGHUHG�DV���EORFN�[�V� 

 
9(38B67B%�B43���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� UHVHUYHG 

���� 52 �[����� 
E�QXPBTS�� 
1XPEHU�RI�EORFN�[�V�ZLWK�43 ����+(9&�&8V�RI�ZKLFK�VL]H�DUH�
ELJJHU�WKDW��[��DUH�FRQVLGHUHG�DV��&8BVL]H����&8BVL]H����
FORFN�[�V��ZKLOH�+�����0%�LV�FRQVLGHUHG�DV���EORFN�[�V� 

 
9(38B67B%�B43���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� UHVHUYHG 

���� 52 �[����� 
E�QXPBTS�� 
1XPEHU�RI�EORFN�[�V�ZLWK�43 ����+(9&�&8V�RI�ZKLFK�VL]H�DUH�
ELJJHU�WKDW��[��DUH�FRQVLGHUHG�DV��&8BVL]H����&8BVL]H����
FORFN�[�V��ZKLOH�+�����0%�LV�FRQVLGHUHG�DV���EORFN�[�V� 

 
9(38B67B%�B43���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� UHVHUYHG 

���� 52 �[����� 
E�QXPBTS�� 
1XPEHU�RI�EORFN�[�V�ZLWK�43 ����+(9&�&8V�RI�ZKLFK�VL]H�DUH�
ELJJHU�WKDW��[��DUH�FRQVLGHUHG�DV��&8BVL]H����&8BVL]H����
FORFN�[�V��ZKLOH�+�����0%�LV�FRQVLGHUHG�DV���EORFN�[�V� 
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9(38B67B%�B43���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� UHVHUYHG 

���� 52 �[����� 
E�QXPBTS�� 
1XPEHU�RI�EORFN�[�V�ZLWK�43 ����+(9&�&8V�RI�ZKLFK�VL]H�DUH�
ELJJHU�WKDW��[��DUH�FRQVLGHUHG�DV��&8BVL]H����&8BVL]H����
FORFN�[�V��ZKLOH�+�����0%�LV�FRQVLGHUHG�DV���EORFN�[�V� 

 
9(38B67B%�B43���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� UHVHUYHG 

���� 52 �[����� 
E�QXPBTS�� 
1XPEHU�RI�EORFN�[�V�ZLWK�43 ����+(9&�&8V�RI�ZKLFK�VL]H�DUH�
ELJJHU�WKDW��[��DUH�FRQVLGHUHG�DV��&8BVL]H����&8BVL]H����
FORFN�[�V��ZKLOH�+�����0%�LV�FRQVLGHUHG�DV���EORFN�[�V� 

 
9(38B67B%�B43���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� UHVHUYHG 

���� 52 �[����� 
E�QXPBTS�� 
1XPEHU�RI�EORFN�[�V�ZLWK�43 ����+(9&�&8V�RI�ZKLFK�VL]H�DUH�
ELJJHU�WKDW��[��DUH�FRQVLGHUHG�DV��&8BVL]H����&8BVL]H����
FORFN�[�V��ZKLOH�+�����0%�LV�FRQVLGHUHG�DV���EORFN�[�V� 

 
9(38B67B%�B43���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[����� 
E�QXPBTS�� 
1XPEHU�RI�EORFN�[�V�ZLWK�43 ����+(9&�&8V�RI�ZKLFK�VL]H�DUH�
ELJJHU�WKDW��[��DUH�FRQVLGHUHG�DV��&8BVL]H����&8BVL]H����
FORFN�[�V��ZKLOH�+�����0%�LV�FRQVLGHUHG�DV���EORFN�[�V� 

 
9(38B67B%�B43���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� UHVHUYHG 

���� 52 �[����� 
E�QXPBTS�� 
1XPEHU�RI�EORFN�[�V�ZLWK�43 ����+(9&�&8V�RI�ZKLFK�VL]H�DUH�
ELJJHU�WKDW��[��DUH�FRQVLGHUHG�DV��&8BVL]H����&8BVL]H����
FORFN�[�V��ZKLOH�+�����0%�LV�FRQVLGHUHG�DV���EORFN�[�V� 

 
9(38B67B%�B43���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� UHVHUYHG 

���� 52 �[����� 
E�QXPBTS�� 
1XPEHU�RI�EORFN�[�V�ZLWK�43 ����+(9&�&8V�RI�ZKLFK�VL]H�DUH�
ELJJHU�WKDW��[��DUH�FRQVLGHUHG�DV��&8BVL]H����&8BVL]H����
FORFN�[�V��ZKLOH�+�����0%�LV�FRQVLGHUHG�DV���EORFN�[�V� 

 
9(38B67B%�B43���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� UHVHUYHG 

���� 5: �[����� 
E�QXPBTS�� 
1XPEHU�RI�EORFN�[�V�ZLWK�43 ����+(9&�&8V�RI�ZKLFK�VL]H�DUH�
ELJJHU�WKDW��[��DUH�FRQVLGHUHG�DV��&8BVL]H����&8BVL]H����
FORFN�[�V��ZKLOH�+�����0%�LV�FRQVLGHUHG�DV���EORFN�[�V� 

 
9(38B67B%�B43���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� UHVHUYHG 

���� 52 �[����� 
E�QXPBTS�� 
1XPEHU�RI�EORFN�[�V�ZLWK�43 ����+(9&�&8V�RI�ZKLFK�VL]H�DUH�
ELJJHU�WKDW��[��DUH�FRQVLGHUHG�DV��&8BVL]H����&8BVL]H����
FORFN�[�V��ZKLOH�+�����0%�LV�FRQVLGHUHG�DV���EORFN�[�V� 

 
9(38B67B%�B43���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� UHVHUYHG 

���� 52 �[����� 
E�QXPBTS�� 
1XPEHU�RI�EORFN�[�V�ZLWK�43 ����+(9&�&8V�RI�ZKLFK�VL]H�DUH�
ELJJHU�WKDW��[��DUH�FRQVLGHUHG�DV��&8BVL]H����&8BVL]H����
FORFN�[�V��ZKLOH�+�����0%�LV�FRQVLGHUHG�DV���EORFN�[�V� 

 
9(38B67B%�B43���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� UHVHUYHG 

���� 52 �[����� 
E�QXPBTS�� 
1XPEHU�RI�EORFN�[�V�ZLWK�43 ����+(9&�&8V�RI�ZKLFK�VL]H�DUH�
ELJJHU�WKDW��[��DUH�FRQVLGHUHG�DV��&8BVL]H����&8BVL]H����
FORFN�[�V��ZKLOH�+�����0%�LV�FRQVLGHUHG�DV���EORFN�[�V� 

 
9(38B67B%�B43���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� UHVHUYHG 

���� 52 �[����� 
E�QXPBTS�� 
1XPEHU�RI�EORFN�[�V�ZLWK�43 ����+(9&�&8V�RI�ZKLFK�VL]H�DUH�
ELJJHU�WKDW��[��DUH�FRQVLGHUHG�DV��&8BVL]H����&8BVL]H����
FORFN�[�V��ZKLOH�+�����0%�LV�FRQVLGHUHG�DV���EORFN�[�V� 

 
9(38B67B%�B43���  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� UHVHUYHG 

���� 52 �[����� 
E�QXPBTS�� 
1XPEHU�RI�EORFN�[�V�ZLWK�43 ����+(9&�&8V�RI�ZKLFK�VL]H�DUH�
ELJJHU�WKDW��[��DUH�FRQVLGHUHG�DV��&8BVL]H����&8BVL]H����
FORFN�[�V��ZKLOH�+�����0%�LV�FRQVLGHUHG�DV���EORFN�[�V� 

 
9(38B67B%�B43���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� UHVHUYHG 

���� 52 �[����� 
E�QXPBTS�� 
1XPEHU�RI�EORFN�[�V�ZLWK�43 ����+(9&�&8V�RI�ZKLFK�VL]H�DUH�
ELJJHU�WKDW��[��DUH�FRQVLGHUHG�DV��&8BVL]H����&8BVL]H����
FORFN�[�V��ZKLOH�+�����0%�LV�FRQVLGHUHG�DV���EORFN�[�V� 

 
9(38B67B%�B43���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� UHVHUYHG 

���� 52 �[����� 
E�QXPBTS�� 
1XPEHU�RI�EORFN�[�V�ZLWK�43 ����+(9&�&8V�RI�ZKLFK�VL]H�DUH�
ELJJHU�WKDW��[��DUH�FRQVLGHUHG�DV��&8BVL]H����&8BVL]H����
FORFN�[�V��ZKLOH�+�����0%�LV�FRQVLGHUHG�DV���EORFN�[�V� 

 
9(38B67B%�B43���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� UHVHUYHG 

���� 52 �[����� 
E�QXPBTS�� 
1XPEHU�RI�EORFN�[�V�ZLWK�43 ����+(9&�&8V�RI�ZKLFK�VL]H�DUH�
ELJJHU�WKDW��[��DUH�FRQVLGHUHG�DV��&8BVL]H����&8BVL]H����
FORFN�[�V��ZKLOH�+�����0%�LV�FRQVLGHUHG�DV���EORFN�[�V� 
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9(38B67B%�B43���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� UHVHUYHG 

���� 52 �[����� 
E�QXPBTS�� 
1XPEHU�RI�EORFN�[�V�ZLWK�43 ����+(9&�&8V�RI�ZKLFK�VL]H�DUH�
ELJJHU�WKDW��[��DUH�FRQVLGHUHG�DV��&8BVL]H����&8BVL]H����
FORFN�[�V��ZKLOH�+�����0%�LV�FRQVLGHUHG�DV���EORFN�[�V� 

 
9(38B67B%�B43���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� UHVHUYHG 

���� 5: �[����� 
E�QXPBTS�� 
1XPEHU�RI�EORFN�[�V�ZLWK�43 ����+(9&�&8V�RI�ZKLFK�VL]H�DUH�
ELJJHU�WKDW��[��DUH�FRQVLGHUHG�DV��&8BVL]H����&8BVL]H����
FORFN�[�V��ZKLOH�+�����0%�LV�FRQVLGHUHG�DV���EORFN�[�V� 

 
9(38B67B%�B43���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� UHVHUYHG 

���� 52 �[����� 
E�QXPBTS�� 
1XPEHU�RI�EORFN�[�V�ZLWK�43 ����+(9&�&8V�RI�ZKLFK�VL]H�DUH�
ELJJHU�WKDW��[��DUH�FRQVLGHUHG�DV��&8BVL]H����&8BVL]H����
FORFN�[�V��ZKLOH�+�����0%�LV�FRQVLGHUHG�DV���EORFN�[�V� 

 
9(38B67B%�B43���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� UHVHUYHG 

���� 52 �[����� 
E�QXPBTS�� 
1XPEHU�RI�EORFN�[�V�ZLWK�43 ����+(9&�&8V�RI�ZKLFK�VL]H�DUH�
ELJJHU�WKDW��[��DUH�FRQVLGHUHG�DV��&8BVL]H����&8BVL]H����
FORFN�[�V��ZKLOH�+�����0%�LV�FRQVLGHUHG�DV���EORFN�[�V� 
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9(38B67B%�B43���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� UHVHUYHG 

���� 52 �[����� 
E�QXPBTS�� 
1XPEHU�RI�EORFN�[�V�ZLWK�43 ����+(9&�&8V�RI�ZKLFK�VL]H�DUH�
ELJJHU�WKDW��[��DUH�FRQVLGHUHG�DV��&8BVL]H����&8BVL]H����
FORFN�[�V��ZKLOH�+�����0%�LV�FRQVLGHUHG�DV���EORFN�[�V� 

 
9(38B67B%�B43���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� UHVHUYHG 

���� 52 �[����� 
E�QXPBTS�� 
1XPEHU�RI�EORFN�[�V�ZLWK�43 ����+(9&�&8V�RI�ZKLFK�VL]H�DUH�
ELJJHU�WKDW��[��DUH�FRQVLGHUHG�DV��&8BVL]H����&8BVL]H����
FORFN�[�V��ZKLOH�+�����0%�LV�FRQVLGHUHG�DV���EORFN�[�V� 

 
9(38B67B%�B43���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� UHVHUYHG 

���� 52 �[����� 
E�QXPBTS�� 
1XPEHU�RI�EORFN�[�V�ZLWK�43 ����+(9&�&8V�RI�ZKLFK�VL]H�DUH�
ELJJHU�WKDW��[��DUH�FRQVLGHUHG�DV��&8BVL]H����&8BVL]H����
FORFN�[�V��ZKLOH�+�����0%�LV�FRQVLGHUHG�DV���EORFN�[�V� 

 
9(38B67B%�B43���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[����� 
E�QXPBTS�� 
1XPEHU�RI�EORFN�[�V�ZLWK�43 ����+(9&�&8V�RI�ZKLFK�VL]H�DUH�
ELJJHU�WKDW��[��DUH�FRQVLGHUHG�DV��&8BVL]H����&8BVL]H����
FORFN�[�V��ZKLOH�+�����0%�LV�FRQVLGHUHG�DV���EORFN�[�V� 

 
9(38B67B%�B43���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� UHVHUYHG 

���� 52 �[����� 
E�QXPBTS�� 
1XPEHU�RI�EORFN�[�V�ZLWK�43 ����+(9&�&8V�RI�ZKLFK�VL]H�DUH�
ELJJHU�WKDW��[��DUH�FRQVLGHUHG�DV��&8BVL]H����&8BVL]H����
FORFN�[�V��ZKLOH�+�����0%�LV�FRQVLGHUHG�DV���EORFN�[�V� 

 
9(38B67B%�B43���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� UHVHUYHG 

���� 52 �[����� 
E�QXPBTS�� 
1XPEHU�RI�EORFN�[�V�ZLWK�43 ����+(9&�&8V�RI�ZKLFK�VL]H�DUH�
ELJJHU�WKDW��[��DUH�FRQVLGHUHG�DV��&8BVL]H����&8BVL]H����
FORFN�[�V��ZKLOH�+�����0%�LV�FRQVLGHUHG�DV���EORFN�[�V� 

 
9(38B67B%�B43���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� UHVHUYHG 

���� 52 �[����� 
E�QXPBTS�� 
1XPEHU�RI�EORFN�[�V�ZLWK�43 ����+(9&�&8V�RI�ZKLFK�VL]H�DUH�
ELJJHU�WKDW��[��DUH�FRQVLGHUHG�DV��&8BVL]H����&8BVL]H����
FORFN�[�V��ZKLOH�+�����0%�LV�FRQVLGHUHG�DV���EORFN�[�V� 

 
9(38B67B%�B43���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� UHVHUYHG 

���� 52 �[����� 
E�QXPBTS�� 
1XPEHU�RI�EORFN�[�V�ZLWK�43 ����+(9&�&8V�RI�ZKLFK�VL]H�DUH�
ELJJHU�WKDW��[��DUH�FRQVLGHUHG�DV��&8BVL]H����&8BVL]H����
FORFN�[�V��ZKLOH�+�����0%�LV�FRQVLGHUHG�DV���EORFN�[�V� 

 
9(38B67B%�B43���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� UHVHUYHG 

���� 52 �[����� 
E�QXPBTS�� 
1XPEHU�RI�EORFN�[�V�ZLWK�43 ����+(9&�&8V�RI�ZKLFK�VL]H�DUH�
ELJJHU�WKDW��[��DUH�FRQVLGHUHG�DV��&8BVL]H����&8BVL]H����
FORFN�[�V��ZKLOH�+�����0%�LV�FRQVLGHUHG�DV���EORFN�[�V� 

 
9(38B67B%�B43���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� UHVHUYHG 

���� 52 �[����� 
E�QXPBTS�� 
1XPEHU�RI�EORFN�[�V�ZLWK�43 ����+(9&�&8V�RI�ZKLFK�VL]H�DUH�
ELJJHU�WKDW��[��DUH�FRQVLGHUHG�DV��&8BVL]H����&8BVL]H����
FORFN�[�V��ZKLOH�+�����0%�LV�FRQVLGHUHG�DV���EORFN�[�V� 

 
9(38B67B%�B43���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� UHVHUYHG 

���� 52 �[����� 
E�QXPBTS�� 
1XPEHU�RI�EORFN�[�V�ZLWK�43 ����+(9&�&8V�RI�ZKLFK�VL]H�DUH�
ELJJHU�WKDW��[��DUH�FRQVLGHUHG�DV��&8BVL]H����&8BVL]H����
FORFN�[�V��ZKLOH�+�����0%�LV�FRQVLGHUHG�DV���EORFN�[�V� 

 
9(38B67B%�B43���  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� UHVHUYHG 

���� 52 �[����� 
E�QXPBTS�� 
1XPEHU�RI�EORFN�[�V�ZLWK�43 ����+(9&�&8V�RI�ZKLFK�VL]H�DUH�
ELJJHU�WKDW��[��DUH�FRQVLGHUHG�DV��&8BVL]H����&8BVL]H����
FORFN�[�V��ZKLOH�+�����0%�LV�FRQVLGHUHG�DV���EORFN�[�V� 

 
9(38B67B%�B43���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� UHVHUYHG 

���� 52 �[����� 
E�QXPBTS�� 
1XPEHU�RI�EORFN�[�V�ZLWK�43 ����+(9&�&8V�RI�ZKLFK�VL]H�DUH�
ELJJHU�WKDW��[��DUH�FRQVLGHUHG�DV��&8BVL]H����&8BVL]H����
FORFN�[�V��ZKLOH�+�����0%�LV�FRQVLGHUHG�DV���EORFN�[�V� 

 
9(38B67B%�B43���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� UHVHUYHG 

���� 52 �[����� 
E�QXPBTS�� 
1XPEHU�RI�EORFN�[�V�ZLWK�43 ����+(9&�&8V�RI�ZKLFK�VL]H�DUH�
ELJJHU�WKDW��[��DUH�FRQVLGHUHG�DV��&8BVL]H����&8BVL]H����
FORFN�[�V��ZKLOH�+�����0%�LV�FRQVLGHUHG�DV���EORFN�[�V� 

 
9(38B67B%�B43���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� UHVHUYHG 

���� 52 �[����� 
E�QXPBTS�� 
1XPEHU�RI�EORFN�[�V�ZLWK�43 ����+(9&�&8V�RI�ZKLFK�VL]H�DUH�
ELJJHU�WKDW��[��DUH�FRQVLGHUHG�DV��&8BVL]H����&8BVL]H����
FORFN�[�V��ZKLOH�+�����0%�LV�FRQVLGHUHG�DV���EORFN�[�V� 
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9(38B67B%�B43���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� UHVHUYHG 

���� 52 �[����� 
E�QXPBTS�� 
1XPEHU�RI�EORFN�[�V�ZLWK�43 ����+(9&�&8V�RI�ZKLFK�VL]H�DUH�
ELJJHU�WKDW��[��DUH�FRQVLGHUHG�DV��&8BVL]H����&8BVL]H����
FORFN�[�V��ZKLOH�+�����0%�LV�FRQVLGHUHG�DV���EORFN�[�V� 

 
9(38B67B%�B43���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� UHVHUYHG 

���� 52 �[����� 
E�QXPBTS�� 
1XPEHU�RI�EORFN�[�V�ZLWK�43 ����+(9&�&8V�RI�ZKLFK�VL]H�DUH�
ELJJHU�WKDW��[��DUH�FRQVLGHUHG�DV��&8BVL]H����&8BVL]H����
FORFN�[�V��ZKLOH�+�����0%�LV�FRQVLGHUHG�DV���EORFN�[�V� 

 
9(38B67B%�B43���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� UHVHUYHG 

���� 52 �[����� 
E�QXPBTS�� 
1XPEHU�RI�EORFN�[�V�ZLWK�43 ����+(9&�&8V�RI�ZKLFK�VL]H�DUH�
ELJJHU�WKDW��[��DUH�FRQVLGHUHG�DV��&8BVL]H����&8BVL]H����
FORFN�[�V��ZKLOH�+�����0%�LV�FRQVLGHUHG�DV���EORFN�[�V� 

 
9(38B67B%�B43���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� UHVHUYHG 

���� 52 �[����� 
E�QXPBTS�� 
1XPEHU�RI�EORFN�[�V�ZLWK�43 ����+(9&�&8V�RI�ZKLFK�VL]H�DUH�
ELJJHU�WKDW��[��DUH�FRQVLGHUHG�DV��&8BVL]H����&8BVL]H����
FORFN�[�V��ZKLOH�+�����0%�LV�FRQVLGHUHG�DV���EORFN�[�V� 
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9(38B67B%�B43���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� UHVHUYHG 

���� 52 �[����� 
E�QXPBTS�� 
1XPEHU�RI�EORFN�[�V�ZLWK�43 ����+(9&�&8V�RI�ZKLFK�VL]H�DUH�
ELJJHU�WKDW��[��DUH�FRQVLGHUHG�DV��&8BVL]H����&8BVL]H����
FORFN�[�V��ZKLOH�+�����0%�LV�FRQVLGHUHG�DV���EORFN�[�V� 

 
9(38B67B&3/;B703�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 
PDGS 
0HDQ�DEVROXWH�GLIIHUHQFHV�EHWZHHQ�FXUUHQW�HQFRGLQJ�DQG�
UHIHUHQFH�IUDPH� 

 
9(38B67B%180B&0(�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� UHVHUYHG 

���� 52 �[���� 
QXPBFWX 
1XPEHU�RI�&78��+(9&����[����+��������[����IRU�&0(�LQWHU�
IUDPH�SUHGLFWLRQ� 

 
9(38B67B&3/;B637�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� PDGL 0HDQ�DEVROXWH�GLIIHUHQFHV�IRU�FXUUHQW�HQFRGLQJ�IUDPH� 

 
9(38B67B%180B%���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �825 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� UHVHUYHG 

���� 5: �[����� QXPBE�� 
1XPEHU�RI�YDOLG���[���EORFNV�IRU�RQH�IUDPH� 

 
9(38B67B&3/;B0$;B%���  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 
QXPBPDGLBPD[BE�� 
1XPEHU�RI���[���EORFNV�ZKLFK�WKH�YDOXH�LV�ELJJHU�WKDQ�
VZBDTBWKG����  

 
9(38B/�&)*B$''5�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� O�FIJBDGGU /HYHO��FRQILJXUDWLRQ�DGGUHVV� 

 
9(38B/�&)*B:'$7$�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

O�FIJBZGDWD 
/��FRQILJXUDWLRQ�ZULWH�GDWD� 

6LQJOH�DFFHVV��ZULWH�DGGUHVV�WR�9(38B/�&)*B$''5�WKHQ�ZULWH�
GDWD�WR�9(38B/�&)*B:'$7$� 

%XUVW�DFFHVV��ZULWH�WKH�VWDUW�DGGUHVV�WR�9(38B/�&)*B$''5�WKHQ�
ZULWH�GDWDV��WR�9(38B/�&)*B:'$7$��FRQVHFXWLYHO\��$GGUHVV�ZLOO�
EH�DXWR�LQFUHDVHG�DIWHU�ZULWH�9(38B/�&)*B:'$7$��QR�QHHG�WR�
FRQILJXUH�9(38B/�&)*B$''5� 

 
9(38B/�&)*B5'$7$�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)�� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 

O�FIJBUGDWD 
/��FRQILJXUDWLRQ�UHDG�GDWD��  

6LQJOH�DFFHVV��ZULWH�DGGUHVV�WR�9(38B/�&)*B$''5�WKHQ�UHDG�
GDWD�IURP�9(38B/�&)*B5'$7$� 

%XUVW�DFFHVV��ZULWH�WKH�VWDUW�DGGUHVV�WR�9(38B/�&)*B$''5�WKHQ�
UHDG�GDWDV��IURP�9(38B/�&)*B5'$7$��FRQVHFXWLYHO\��$GGUHVV�
ZLOO�EH�DXWR�LQFUHDVHG�DIWHU�UHDG�9(38B/�&)*B5'$7$��QR�QHHG�WR�
FRQILJXUH�9(38B/�&)*B$''5� 

 
9(38B26'B3/7��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� DOSKD 
$OSKD 

����� 5: �[�� Y 
9�FRPSRQHQW 

���� 5: �[�� X 
8�FRPSRQHQW 

��� 5: �[�� \ 
<�FRPSRQHQW 

 
9(38B26'B3/7��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� DOSKD 
$OSKD 

����� 5: �[�� Y 
9�FRPSRQHQW 

���� 5: �[�� X 
8�FRPSRQHQW 

��� 5: �[�� \ 
<�FRPSRQHQW 

 
9(38B26'B3/7����  



5.�����750�3DUW� 
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� DOSKD 
$OSKD 

����� 5: �[�� Y 
9�FRPSRQHQW 

���� 5: �[�� X 
8�FRPSRQHQW 

��� 5: �[�� \ 
<�FRPSRQHQW 

 
9(38B67B:'*�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[������ UHVHUYHG 

� 5: �[� IUPBWRXW 
)UDPH�HQFRGLQJ�WLPH�RXW� 

� 52 �[� UHVHUYHG 

� 52 �[� UHVHUYHG 

� 52 �[� UHVHUYHG 

� 52 �[� UHVHUYHG 

� 52 �[� UHVHUYHG 

� 52 �[� UHVHUYHG 

� 52 �[� UHVHUYHG 

� 52 �[� UHVHUYHG 

 
9(38B67B33/�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[������ UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 52 �[� IUPBZUN 
)UDPH�HQFRGLQJ�LV�ZRUNLQJ� 

� 52 �[� HWS\BZUN 
(QWURS\�LV�ZRUNLQJ� 

� 52 �[� OSIBZUN 
/RRS�ILOWHU�LV�ZRUNLQJ� 

� 52 �[� UGRBZUN 
5'2�LV�ZRUNLQJ� 

� 52 �[� IPHBZUN 
)0(�LV�ZRUNLQJ� 

� 52 �[� UPHBZUN 
50(�LV�ZRUNLQJ� 

� 52 �[� VZQBZUN 
6HDUFK�ZLQGRZ�ORDG�LV�ZRUNLQJ� 

� 52 �[� FPHBZUN 
&0(�LV�ZRUNLQJ� 

� 52 �[� SSBZUN 
3UH�SURFHVV�LV�ZRUNLQJ� 

 
9(38B67B6/,B180�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[������ UHVHUYHG 

��� 52 �[��� VOLBQXP 
1XPEHU�RI�VOLFHV� 

 
9(38B'%*B'0$B5)35�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

����� 52 �[�� UHVHUYHG 
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&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �829 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� GILIR�BOYO 
/HYHO�RI�GDWD�),)2�� 

����� 5: �[� GILIR�BOYO 
/HYHO�RI�GDWD�),)2�� 

����� 52 �[� UHVHUYHG 

���� 52 �[� UHVHUYHG 

��� 52 �[� UHVHUYHG 

��� 52 �[� UHVHUYHG 

 
9(38B'%*B'0$B&+B67�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� GVSUBRWVG 
'635�FKDQQHO�UHDG�RXWVWDQGLQJ� 

����� 5: �[��� UISUBRWVG 
5)35�FKDQQHO�UHDG�RXWVWDQGLQJ� 

����� 52 �[� UHVHUYHG 

�� 52 �[� UHVHUYHG 

�� 52 �[� UHVHUYHG 

� 52 �[� UHVHUYHG 

� 52 �[� UHVHUYHG 

� 52 �[� UHVHUYHG 

� 52 �[� UHVHUYHG 

� 52 �[� UHVHUYHG 

� 52 �[� UHVHUYHG 

� 52 �[� UHVHUYHG 

� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 52 �[� UHVHUYHG 

� 52 �[� UHVHUYHG 

 
9(38B008�B$''5�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�)��� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� PPX�BGWHBDGGU 3DJH�WDEOH�DGGUHVV�IRU�$;,��008�� 

 
9(38B008�B67�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�)��� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[������ UHVHUYHG 

���� 52 �[�� PPXBIOWBLG 
,'�IRU�WKH�ODVW�008��IDXOW� 

� 52 �[� 

PPXBIOWBW\S 
7\SH�RI�008��IDXOW� 

�
K���5HDG�IDXOW� 

�
K���:ULWH�IDXOW� 

� 52 �[� PPXBUEO\BHSW\ 
008��UHSOD\�EXIIHU�LV�HPSW\� 

� 52 �[� PPXBLGO 
008��LGOH� 

� 52 �[� PPXBVWO 
008��VWDOO� 

� 52 �[� PPXBIOW 
008��SDJH�IDXOW� 

� 52 �[� PPXBH 
008��LV�HQDEOHG� 

 
9(38B008�B&0'�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�)��� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� UHVHUYHG 

��� 5: �[� 

PPXBFPG 
008��FRPPDQG� 

�
K���008�PDSSLQJ�HQDEOH� 

�
K���008�PDSSLQJ�GLVDEOH� 

�
K���008�VWDOO�HQDEOH� 

�
K���008�VWDOO�GLVDEOH� 

�
K���=DS�GLVDEOH��SDJH�WDEOH�FDFKH�OLQH� 

�
K���/HDYH�IDXOW�PRGH� 

�
K���008�UHVHW� 

 
9(38B008�B3)$�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�)�&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� PPXBSID $GGUHVV�RI�WKH�ODVW�SDJH�IDXOW� 

 
9(38B008�B=$3�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�)��� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� PPXB]SD ,QYDOLG�DGGUHVV�IRU�SDJH�WDEOH�FDFKH�PDSSLQJ� 

 
9(38B008�B(55�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�)��� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� UHVHUYHG 

� 52 �[� UEBHUU 
5HDG�EXV�HUURU� 

� 52 �[� SIBHUU 
3DJH�IDXOW�HUURU� 
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9(38B008�B,17B&/5�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�)��� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� UHVHUYHG 

� 5: �[� UEHBFOU 
5HDG�EXV�HUURU�LQWHUUXSW�FOHDU� 

� 5: �[� SIHBFOU 
3DJH�IDXOW�HUURU�LQWHUUXSW�FOHDU� 

 
9(38B008�B,17B06.�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�)�&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� UHVHUYHG 

� 5: �[� UEHBPVN 
5HDG�EXV�HUURU�LQWHUUXSW�PDVN� 

� 5: �[� SIHBPVN 
3DJH�IDXOW�HUURU�LQWHUUXSW�PDVN� 

 
9(38B008�B,17B67$�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�)��� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� UHVHUYHG 

� 52 �[� UEHBVWD 
5HDG�EXV�HUURU�LQWHUUXSW�VWDWXV� 

� 52 �[� SIHBVWD 
3DJH�IDXOW�HUURU�LQWHUUXSW�VWDWXV� 

 
9(38B008�B$&.*�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�)��� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� PPXBDFNJ 
$XWR�FORFN�JDWLQJ�HQDEOH� 

 
9(38B008�B$''5�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�)��� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� PPX�BGWHBDGGU 3DJH�WDEOH�DGGUHVV�IRU�$;,��008�� 

 
9(38B008�B67�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�)��� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[������ UHVHUYHG 

���� 52 �[�� PPXBIOWBLG 
,'�IRU�WKH�ODVW�008�IDXOW� 

� 52 �[� 

PPXBIOWBW\S 
7\SH�RI�008��IDXOW� 

�
K���5HDG�IDXOW� 

�
K���:ULWH�IDXOW� 

� 52 �[� PPXBUEO\BHSW\ 
008��UHSOD\�EXIIHU�LV�HPSW\� 

� 52 �[� PPXBLGO 
008��LGOH� 

� 52 �[� PPXBVWO 
008��VWDOO� 

� 52 �[� PPXBIOW 
008��SDJH�IDXOW� 

� 52 �[� PPXBH 
008��LV�HQDEOHG� 

 
9(38B008�B&0'�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�)��� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �834 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� UHVHUYHG 

��� 5: �[� 

PPXBFPG 
008��FRPPDQG� 

�
K���008�PDSSLQJ�HQDEOH� 

�
K���008�PDSSLQJ�GLVDEOH� 

�
K���008�VWDOO�HQDEOH� 

�
K���008�VWDOO�GLVDEOH� 

�
K���=DS�GLVDEOH��SDJH�WDEOH�FDFKH�OLQH� 

�
K���/HDYH�IDXOW�PRGH� 

�
K���008�UHVHW� 

 
9(38B008�B3)$�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�)�&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� PPXBSID $GGUHVV�RI�WKH�ODVW�SDJH�IDXOW� 

 
9(38B008�B=$3�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�)��� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� PPXB]SD ,QYDOLG�DGGUHVV�IRU�SDJH�WDEOH�FDFKH�PDSSLQJ� 

 
9(38B008�B(55�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�)��� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� UHVHUYHG 

� 52 �[� SIBHUU 
3DJH�IDXOW�HUURU� 

 
9(38B008�B,17B&/5�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�)��� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �835 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� UHVHUYHG 

� 5: �[� UEHBFOU 
5HDG�EXV�HUURU�LQWHUUXSW�FOHDU� 

� 5: �[� SIHBFOU 
3DJH�IDXOW�HUURU�LQWHUUXSW�FOHDU� 

 
9(38B008�B,17B06.�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�)�&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� UHVHUYHG 

� 5: �[� UEHBPVN 
5HDG�EXV�HUURU�LQWHUUXSW�PDVN� 

� 5: �[� SIHBPVN 
3DJH�IDXOW�HUURU�LQWHUUXSW�PDVN� 

 
9(38B008�B,17B67$�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�)��� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� UHVHUYHG 

� 52 �[� UEHBVWD 
5HDG�EXV�HUURU�LQWHUUXSW�VWDWXV� 

� 52 �[� SIHBVWD 
3DJH�IDXOW�HUURU�LQWHUUXSW�VWDWXV� 

 
9(38B008�B$&.*�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�)��� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� UHVHUYHG 

� 5: �[� PPXBDFNJ 
$XWR�FORFN�JDWLQJ�HQDEOH� 
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10.5.26 9(38����/$<(5��5HJLVWHU�$GGUHVV�0DSSLQJ 
Table 10-16 VEPU LAYER2 Address Mapping 

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

9(38�B,35'B77+'<�B�B
+��� �[���� : �[�������� 

7H[WXUH�WKUHGVKROGV�UHJLVWHU��IRU�
+�����/80$��[��LQWUD�SUHGLFWLRQ��
VKDUH�DGGUHVV�ZLWK�+(9&� 

9(38�B,35'B77+'��B�B
+(9& �[���� : �[�������� 

7H[WXUH�WKUHGVKROG�UHJLVWHU��IRU�
+(9&���[���LQWUD�SUHGLFWLRQ��
VKDUH�DGGUHVV�ZLWK�+����� 

9(38�B,35'B77+'<�B�B
+��� �[���� : �[�������� 

7H[WXUH�WKUHGVKROGV�UHJLVWHU��IRU�
+�����/80$��[��LQWUD�SUHGLFWLRQ��
VKDUH�DGGUHVV�ZLWK�+(9&� 

9(38�B,35'B77+'��B�B
+(9& �[���� : �[�������� 

7H[WXUH�WKUHGVKROGV�UHJLVWHU��IRU�
+(9&���[���LQWUD�SUHGLFWLRQ��
VKDUH�DGGUHVV�ZLWK�+����� 

9(38�B,35'B77+'&�B�B
+��� �[���& : �[�������� 

7H[WXUH�WKUHGVKROGV�UHJLVWHU��IRU�
+�����&+520$��[��LQWUD�
SUHGLFWLRQ��VKDUH�DGGUHVV�ZLWK�
+(9&� 

9(38�B,35'B77+'��B�B
+(9& �[���& : �[�������� 

7H[WXUH�WKUHGVKROG�UHJLVWHU��IRU�
+(9&���[���LQWUD�SUHGLFWLRQ��
VKDUH�DGGUHVV�ZLWK�+����� 

9(38�B,35'B77+'&�B�B
+��� �[���� : �[�������� 

7H[WXUH�WKUHGVKROGV�UHJLVWHU��IRU�
+�����&+520$��[��LQWUD�
SUHGLFWLRQ��VKDUH�DGGUHVV�ZLWK�
+(9&� 

9(38�B,35'B77+'��B�B
+(9& �[���� : �[�������� 

7H[WXUH�WKUHGVKROG�UHJLVWHU��IRU�
+(9&���[���LQWUD�SUHGLFWLRQ��
VKDUH�DGGUHVV�ZLWK�+����� 

9(38�B,35'B77+'<�B�B
+��� �[���� : �[�������� 7H[WXUH�WKUHGVKROGV�UHJLVWHU��IRU�+�����/80$��[��LQWUD�SUHGLFWLRQ� 

9(38�B,35'B77+'<�B�B
+��� �[���� : �[�������� WH[WXUH�WKUHGVKROGV�UHJLVWHU��IRU�+�����/80$��[��LQWUD�SUHGLFWLRQ� 

9(38�B,35'B77+'B8/B+
��� �[���& : �[�������� 

7H[WXUH�WKUHGVKROGV�RI�XS�DQG�OHIW�
0%�IRU�+�����/80$�LQWUD�
SUHGLFWLRQ� 

9(38�B,35'B:*7<�B+��
� �[���� : �[�������� 

7HLJKWV�RI�WKH�FRVW�IRU�+�����
/80$��[��LQWUD�SUHGLFWLRQ��VKDUH�
DGGUHVV�ZLWK�+(9&� 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

9(38�B,35'B:*7<��B�B
+(9& �[���� : �[�������� 

7RVW�ZHLJKWV�UHJLVWHU��IRU�+(9&�
/80$���[���LQWUD�SUHGLFWLRQ��
VKDUH�DGGUHVV�ZLWK�+����� 

9(38�B,35'B:*7<�B+��
� �[���� : �[�������� 

:HLJKWV�RI�WKH�FRVW�IRU�+�����
/80$��[��LQWUD�SUHGLFWLRQ��VKDUH�
DGGUHVV�ZLWK�+(9&� 

9(38�B,35'B:*7<��B�B
+(9& �[���� : �[�������� 

&RVW�ZHLJKWV�UHJLVWHU��IRU�+(9&�
/80$���[���LQWUD�SUHGLFWLRQ��
VKDUH�DGGUHVV�ZLWK�+����� 

9(38�B,35'B:*7<��B+�
�� �[���� : �[�������� 

:HLJKWV�RI�WKH�FRVW�IRU�+�����
/80$���[���LQWUD�SUHGLFWLRQ��
VKDUH�DGGUHVV�ZLWK�+(9&� 

9(38�B,35'B:*7<��B�B
+(9& �[���� : �[�������� &RVW�ZHLJKWV�UHJLVWHU��IRU�+(9&�/80$���[���LQWUD�SUHGLFWLRQ� 

9(38�B,35'B:*7&�B+�
�� �[���& : �[�������� 

:HLJKWV�RI�WKH�FRVW�IRU�+�����
&+520$��[��LQWUD�SUHGLFWLRQ��
VKDUH�DGGUHVV�ZLWK�+(9&� 

9(38�B,35'B:*7<��B�B
+(9& �[���& : �[�������� &RVW�ZHLJKWV�UHJLVWHU��IRU�+(9&�/80$���[���LQWUD�SUHGLFWLRQ� 

9(38�B417B%,$6B&20% �[���� : �[�������� 4XDQWL]DWLRQ�ELDV�IRU�+�����DQG�+(9&� 

9(38�B$75B7+'�B+��� �[���� : �[�������� +�����DQWL�ULQJLQJ�QRLVH�WKUHVKROG�FRQILJXUDWLRQ�� 

9(38�B$75B7+'�B+��� �[���� : �[�������� +�����DQWL�ULQJLQJ�QRLVH�WKUHVKROG�FRQILJXUDWLRQ�� 

9(38�B$75B:*7��B+��
� �[���& : �[�������� :HLJKWV�RI���[���FRVW�IRU�+�����DQWL�ULQJLQJ�QRLVH� 

9(38�B$75B:*7�B+��� �[���� : �[�������� :HLJKWV�RI��[��FRVW�IRU�+�����DQWL�ULQJLQJ�QRLVH� 

9(38�B$75B:*7�B+��� �[���� : �[�������� :HLJKWV�RI��[��FRVW�IRU�+�����DQWL�ULQJLQJ�QRLVH� 

9(38�B$7)B77+'�B+��� �[���� : �[�������� 
7H[WXUH�WKUHVKROG�FRQILJXUDWLRQ��
IRU�+�����DQWL�IOLFNHU��VKDUH�
DGGUHVV�ZLWK�+(9&� 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

9(38�B$7)B77+'B,��B+
(9& �[���� : �[�������� 

,QWUD��[���WH[WXUH�WKUHVKROG�IRU�
+(9&�DQWL�IOLFNHU��VKDUH�DGGUHVV�
ZLWK�+����� 

9(38�B$7)B77+'�B+��� �[���& : �[�������� 
7H[WXUH�WKUHVKROG�FRQILJXUDWLRQ��
IRU�+�����DQWL�IOLFNHU��VKDUH�
DGGUHVV�ZLWK�+(9&� 

9(38�B$7)B77+'B,��B+
(9& �[���& : �[�������� 

,QWUD��[���WH[WXUH�WKUHVKROGIRU�
+(9&�DQWL�IOLFNHU��VKDUH�DGGUHVV�
ZLWK�+����� 

9(38�B$7)B67+'�B+��� �[���� : �[�������� 
�&0(��6$'�WKUHVKROG�
FRQILJXUDWLRQ��IRU�+�����DQWL�
IOLFNHU��VKDUH�DGGUHVV�ZLWK�+(9&� 

9(38�B$7)B77+'B3��B+
(9& �[���� : �[�������� 

,QWHU��[���WH[WXUH�WKUHVKROGIRU�
+(9&�DQWL�IOLFNHU��VKDUH�DGGUHVV�
ZLWK�+����� 

9(38�B$7)B67+'�B+��� �[���� : �[�������� 
�&0(��6$'�WKUHVKROG�
FRQILJXUDWLRQ��IRU�+�����DQWL�
IOLFNHU��VKDUH�DGGUHVV�ZLWK�+(9&� 

9(38�B$7)B77+'B3��B+
(9& �[���� : �[�������� 

,QWHU��[���WH[WXUH�WKUHVKROGIRU�
+(9&�DQWL�IOLFNHU��VKDUH�DGGUHVV�
ZLWK�+����� 

9(38�B$7)B:*7�B+��� �[���� : �[�������� 
:HLJKW�FRQILJXUDWLRQ��IRU�+�����
DQWL�IOLFNHU��VKDUH�DGGUHVV�ZLWK�
+(9&� 

9(38�B$7)B77+'B3��B+
(9& �[���� : �[�������� 

,QWHU��[���WH[WXUH�WKUHVKROGIRU�
+(9&�DQWL�IOLFNHU��VKDUH�DGGUHVV�
ZLWK�+����� 

9(38�B$7)B:*7�B+��� �[���& : �[�������� 
:HLJKW�FRQILJXUDWLRQ��IRU�+�����
DQWL�IOLFNHU��VKDUH�DGGUHVV�ZLWK�
+(9&� 

9(38�B$7)B:*7�B+(9& �[���& : �[�������� 
:HLJKW�FRQILJXUDWLRQ��IRU�+(9&�
DQWL�IOLFNHU��VKDUH�DGGUHVV�ZLWK�
+����� 

9(38�B$7)B:*7�B+��� �[���� : �[�������� 
:HLJKW�FRQILJXUDWLRQ��IRU�+�����
DQWL�IOLFNHU��VKDUH�DGGUHVV�ZLWK�
+(9&� 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

9(38�B$7)B:*7�B+(9& �[���� : �[�������� 
:HLJKW�FRQILJXUDWLRQ��IRU�+(9&�
DQWL�IOLFNHU��VKDUH�DGGUHVV�ZLWK�
+����� 

9(38�B$7)B2)67�B+��� �[���� : �[�������� 
2IIVHW�FRQILJXUDWLRQ��IRU�+�����
DQWL�IOLFNHU��VKDUH�DGGUHVV�ZLWK�
+(9&� 

9(38�B$7)B:*7�B+(9& �[���� : �[�������� 
:HLJKW�FRQILJXUDWLRQ��IRU�+(9&�
DQWL�IOLFNHU��VKDUH�DGGUHVV�ZLWK�
+����� 

9(38�B$7)B2)67�B+��� �[���� : �[�������� 2IIVHW�FRQILJXUDWLRQ��IRU�+�����DQWL�IOLFNHU� 

9(38�B$7)B2)67�B+��� �[���& : �[�������� 2IIVHW�FRQILJXUDWLRQ��IRU�+�����DQWL�IOLFNHU� 

9(38�B,35'B:*7B43�B
+(9& �[���� : �[�������� :HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV���IRU�+(9&�LQWUD�SUHGLFWLRQ� 

9(38�B,35'B:*7B43�B
+(9& �[���� : �[�������� :HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV���IRU�+(9&�LQWUD�SUHGLFWLRQ� 

9(38�B,35'B:*7B43�B
+(9& �[���� : �[�������� :HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV���IRU�+(9&�LQWUD�SUHGLFWLRQ� 

9(38�B,35'B:*7B43�B
+(9& �[���& : �[�������� :HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV���IRU�+(9&�LQWUD�SUHGLFWLRQ� 

9(38�B,35'B:*7B43�B
+(9& �[���� : �[�������� :HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV���IRU�+(9&�LQWUD�SUHGLFWLRQ� 

9(38�B,35'B:*7B43�B
+(9& �[���� : �[�������� :HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV���IRU�+(9&�LQWUD�SUHGLFWLRQ� 

9(38�B,35'B:*7B43�B
+(9& �[���� : �[�������� :HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV���IRU�+(9&�LQWUD�SUHGLFWLRQ� 

9(38�B,35'B:*7B43�B
+(9& �[���& : �[�������� :HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV���IRU�+(9&�LQWUD�SUHGLFWLRQ� 

9(38�B,35'B:*7B43�B
+(9& �[���� : �[�������� :HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV���IRU�+(9&�LQWUD�SUHGLFWLRQ� 

9(38�B,35'B:*7B43�B
+(9& �[���� : �[�������� :HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV���IRU�+(9&�LQWUD�SUHGLFWLRQ� 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

9(38�B,35'B:*7B43��B
+(9& �[���� : �[�������� :HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

9(38�B,35'B:*7B43��B
+(9& �[���& : �[�������� :HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

9(38�B,35'B:*7B43��B
+(9& �[��$� : �[�������� :HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

9(38�B,35'B:*7B43��B
+(9& �[��$� : �[�������� :HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

9(38�B,35'B:*7B43��B
+(9& �[��$� : �[�������� :HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

9(38�B,35'B:*7B43��B
+(9& �[��$& : �[�������� :HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

9(38�B,35'B:*7B43��B
+(9& �[��%� : �[�������� :HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

9(38�B,35'B:*7B43��B
+(9& �[��%� : �[�������� :HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

9(38�B,35'B:*7B43��B
+(9& �[��%� : �[�������� :HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

9(38�B,35'B:*7B43��B
+(9& �[��%& : �[�������� :HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

9(38�B,35'B:*7B43��B
+(9& �[��&� : �[�������� :HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

9(38�B,35'B:*7B43��B
+(9& �[��&� : �[�������� :HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

9(38�B,35'B:*7B43��B
+(9& �[��&� : �[�������� :HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

9(38�B,35'B:*7B43��B
+(9& �[��&& : �[�������� :HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

9(38�B,35'B:*7B43��B
+(9& �[��'� : �[�������� :HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

9(38�B,35'B:*7B43��B
+(9& �[��'� : �[�������� :HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �841 

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

9(38�B,35'B:*7B43��B
+(9& �[��'� : �[�������� :HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

9(38�B,35'B:*7B43��B
+(9& �[��'& : �[�������� :HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

9(38�B,35'B:*7B43��B
+(9& �[��(� : �[�������� :HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

9(38�B,35'B:*7B43��B
+(9& �[��(� : �[�������� :HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

9(38�B,35'B:*7B43��B
+(9& �[��(� : �[�������� :HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

9(38�B,35'B:*7B43��B
+(9& �[��(& : �[�������� :HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

9(38�B,35'B:*7B43��B
+(9& �[��)� : �[�������� :HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

9(38�B,35'B:*7B43��B
+(9& �[��)� : �[�������� :HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

9(38�B,35'B:*7B43��B
+(9& �[��)� : �[�������� :HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

9(38�B,35'B:*7B43��B
+(9& �[��)& : �[�������� :HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

9(38�B,35'B:*7B43��B
+(9& �[���� : �[�������� :HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

9(38�B,35'B:*7B43��B
+(9& �[���� : �[�������� :HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

9(38�B,35'B:*7B43��B
+(9& �[���� : �[�������� :HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

9(38�B,35'B:*7B43��B
+(9& �[���& : �[�������� :HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

9(38�B,35'B:*7B43��B
+(9& �[���� : �[�������� :HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

9(38�B,35'B:*7B43��B
+(9& �[���� : �[�������� :HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �842 

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

9(38�B,35'B:*7B43��B
+(9& �[���� : �[�������� :HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

9(38�B,35'B:*7B43��B
+(9& �[���& : �[�������� :HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

9(38�B,35'B:*7B43��B
+(9& �[���� : �[�������� :HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

9(38�B,35'B:*7B43��B
+(9& �[���� : �[�������� :HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

9(38�B,35'B:*7B43��B
+(9& �[���� : �[�������� :HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

9(38�B,35'B:*7B43��B
+(9& �[���& : �[�������� :HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

9(38�B,35'B:*7B43��B
+(9& �[���� : �[�������� :HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

9(38�B,35'B:*7B43��B
+(9& �[���� : �[�������� :HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

9(38�B,35'B:*7B43��B
+(9& �[���� : �[�������� :HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

9(38�B,35'B:*7B43��B
+(9& �[���& : �[�������� :HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

9(38�B5'2B:*7$B43�B
&20% �[���� : �[�������� 

:HLJKW�RI�JURXS�$�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV��� 

9(38�B5'2B:*7$B43�B
&20% �[���� : �[�������� 

:HLJKW�RI�JURXS�$�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV��� 

9(38�B5'2B:*7$B43�B
&20% �[���� : �[�������� 

:HLJKW�RI�JURXS�$�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV��� 

9(38�B5'2B:*7$B43�B
&20% �[���& : �[�������� 

:HLJKW�RI�JURXS�$�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV��� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �843 

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

9(38�B5'2B:*7$B43�B
&20% �[���� : �[�������� 

:HLJKW�RI�JURXS�$�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV��� 

9(38�B5'2B:*7$B43�B
&20% �[���� : �[�������� 

:HLJKW�RI�JURXS�$�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV��� 

9(38�B5'2B:*7$B43�B
&20% �[���� : �[�������� 

:HLJKW�RI�JURXS�$�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV��� 

9(38�B5'2B:*7$B43�B
&20% �[���& : �[�������� 

:HLJKW�RI�JURXS�$�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV��� 

9(38�B5'2B:*7$B43�B
&20% �[���� : �[�������� 

:HLJKW�RI�JURXS�$�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV��� 

9(38�B5'2B:*7$B43�B
&20% �[���� : �[�������� 

:HLJKW�RI�JURXS�$�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV��� 

9(38�B5'2B:*7$B43��
B&20% �[���� : �[�������� 

:HLJKW�RI�JURXS�$�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7$B43��
B&20% �[���& : �[�������� 

:HLJKW�RI�JURXS�$�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7$B43��
B&20% �[���� : �[�������� 

:HLJKW�RI�JURXS�$�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7$B43��
B&20% �[���� : �[�������� 

:HLJKW�RI�JURXS�$�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7$B43��
B&20% �[���� : �[�������� 

:HLJKW�RI�JURXS�$�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7$B43��
B&20% �[���& : �[�������� 

:HLJKW�RI�JURXS�$�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �844 

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

9(38�B5'2B:*7$B43��
B&20% �[���� : �[�������� 

:HLJKW�RI�JURXS�$�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7$B43��
B&20% �[���� : �[�������� 

:HLJKW�RI�JURXS�$�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7$B43��
B&20% �[���� : �[�������� 

:HLJKW�RI�JURXS�$�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7$B43��
B&20% �[���& : �[�������� 

:HLJKW�RI�JURXS�$�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7$B43��
B&20% �[���� : �[�������� 

:HLJKW�RI�JURXS�$�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7$B43��
B&20% �[���� : �[�������� 

:HLJKW�RI�JRXUS�$�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7$B43��
B&20% �[���� : �[�������� 

:HLJKW�RI�JURXS�$�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7$B43��
B&20% �[���& : �[�������� 

:HLJKW�RI�JURXS�$�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7$B43��
B&20% �[��$� : �[�������� 

:HLJKW�RI�JURXS�$�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7$B43��
B&20% �[��$� : �[�������� 

:HLJKW�RI�JURXS�$�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7$B43��
B&20% �[��$� : �[�������� 

:HLJKW�RI�JURXS�$�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7$B43��
B&20% �[��$& : �[�������� 

:HLJKW�RI�JURXS�$�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �845 

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

9(38�B5'2B:*7$B43��
B&20% �[��%� : �[�������� 

:HLJKW�RI�JURXS�$�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7$B43��
B&20% �[��%� : �[�������� 

:HLJKW�RI�JURXS�$�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7$B43��
B&20% �[��%� : �[�������� 

:HLJKW�RI�JURXS�$�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7$B43��
B&20% �[��%& : �[�������� 

:HLJKW�RI�JURXS�$�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7$B43��
B&20% �[��&� : �[�������� 

:HLJKW�RI�JURXS�$�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7$B43��
B&20% �[��&� : �[�������� 

:HLJKW�RI�JURXS�$�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7$B43��
B&20% �[��&� : �[�������� 

:HLJKW�RI�JURXS�$�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7$B43��
B&20% �[��&& : �[�������� 

:HLJKW�RI�JURXS�$�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7$B43��
B&20% �[��'� : �[�������� 

:HLJKW�RI�JURXS�$�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7$B43��
B&20% �[��'� : �[�������� 

:HLJKW�RI�JURXS�$�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7$B43��
B&20% �[��'� : �[�������� 

:HLJKW�RI�JURXS�$�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7$B43��
B&20% �[��'& : �[�������� 

:HLJKW�RI�JURXS�$�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 



5.�����750�3DUW� 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

9(38�B5'2B:*7$B43��
B&20% �[��(� : �[�������� 

:HLJKW�RI�JURXS�$�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7$B43��
B&20% �[��(� : �[�������� 

:HLJKW�RI�JURXS�$�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7$B43��
B&20% �[��(� : �[�������� 

:HLJKW�RI�JURXS�$�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7$B43��
B&20% �[��(& : �[�������� 

:HLJKW�RI�JURXS�$�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7$B43��
B&20% �[��)� : �[�������� 

:HLJKW�RI�JURXS�$�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7$B43��
B&20% �[��)� : �[�������� 

:HLJKW�RI�JURXS�$�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7$B43��
B&20% �[��)� : �[�������� 

:HLJKW�RI�JURXS�$�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7$B43��
B&20% �[��)& : �[�������� 

:HLJKW�RI�JURXS�$�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7$B43��
B&20% �[���� : �[�������� 

:HLJKW�RI�JURXS�$�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7$B43��
B&20% �[���� : �[�������� 

:HLJKW�RI�JURXS�$�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7$B43��
B&20% �[���� : �[�������� 

:HLJKW�RI�JURXS�$�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7$B43��
B&20% �[���& : �[�������� 

:HLJKW�RI�JURXS�$�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

9(38�B5'2B:*7%B43�B
&20% �[���� : �[�������� 

:HLJKW�RI�JURXS�%�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV��� 

9(38�B5'2B:*7%B43�B
&20% �[���� : �[�������� 

:HLJKW�RI�JURXS�%�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV��� 

9(38�B5'2B:*7%B43�B
&20% �[���� : �[�������� 

:HLJKW�RI�JURXS�%�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV��� 

9(38�B5'2B:*7%B43�B
&20% �[���& : �[�������� 

:HLJKW�RI�JURXS�%�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV��� 

9(38�B5'2B:*7%B43�B
&20% �[���� : �[�������� 

:HLJKW�RI�JURXS�%�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV��� 

9(38�B5'2B:*7%B43�B
&20% �[���� : �[�������� 

:HLJKW�RI�JURXS�%�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV��� 

9(38�B5'2B:*7%B43�B
&20% �[���� : �[�������� 

:HLJKW�RI�JURXS�%�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV��� 

9(38�B5'2B:*7%B43�B
&20% �[���& : �[�������� 

:HLJKW�RI�JURXS�%�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV��� 

9(38�B5'2B:*7%B43�B
&20% �[���� : �[�������� 

:HLJKW�RI�JURXS�%�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV��� 

9(38�B5'2B:*7%B43�B
&20% �[���� : �[�������� 

:HLJKW�RI�JURXS�%�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV��� 

9(38�B5'2B:*7%B43��
B&20% �[���� : �[�������� 

:HLJKW�RI�JURXS�%�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7%B43��
B&20% �[���& : �[�������� 

:HLJKW�RI�JURXS�%�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

9(38�B5'2B:*7%B43��
B&20% �[���� : �[�������� 

:HLJKW�RI�JURXS�%�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7%B43��
B&20% �[���� : �[�������� 

:HLJKW�RI�JURXS�%�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7%B43��
B&20% �[���� : �[�������� 

:HLJKW�RI�JURXS�%�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7%B43��
B&20% �[���& : �[�������� 

:HLJKW�RI�JURXS�%�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7%B43��
B&20% �[���� : �[�������� 

:HLJKW�RI�JURXS�%�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7%B43��
B&20% �[���� : �[�������� 

:HLJKW�RI�JURXS�%�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7%B43��
B&20% �[���� : �[�������� 

:HLJKW�RI�JURXS�%�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7%B43��
B&20% �[���& : �[�������� 

:HLJKW�RI�JURXS�%�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7%B43��
B&20% �[���� : �[�������� 

:HLJKW�RI�JURXS�%�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7%B43��
B&20% �[���� : �[�������� 

:HLJKW�RI�JURXS�%�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7%B43��
B&20% �[���� : �[�������� 

:HLJKW�RI�JURXS�%�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7%B43��
B&20% �[���& : �[�������� 

:HLJKW�RI�JURXS�%�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

9(38�B5'2B:*7%B43��
B&20% �[���� : �[�������� 

:HLJKW�RI�JURXS�%�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7%B43��
B&20% �[���� : �[�������� 

:HLJKW�RI�JURXS�%�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7%B43��
B&20% �[���� : �[�������� 

:HLJKW�RI�JURXS�%�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7%B43��
B&20% �[���& : �[�������� 

:HLJKW�RI�JRXUS�%�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7%B43��
B&20% �[���� : �[�������� 

:HLJKW�RI�JURXS�%�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7%B43��
B&20% �[���� : �[�������� 

:HLJKW�RI�JURXS�%�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7%B43��
B&20% �[���� : �[�������� 

:HLJKW�RI�JURXS�%�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7%B43��
B&20% �[���& : �[�������� 

:HLJKW�RI�JURXS�%�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7%B43��
B&20% �[���� : �[�������� 

:HLJKW�RI�JURXS�%�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7%B43��
B&20% �[���� : �[�������� 

:HLJKW�RI�JURXS�%�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7%B43��
B&20% �[���� : �[�������� 

:HLJKW�RI�JURXS�%�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7%B43��
B&20% �[���& : �[�������� 

:HLJKW�RI�JURXS�%�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

9(38�B5'2B:*7%B43��
B&20% �[��$� : �[�������� 

:HLJKW�RI�JURXS�%�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7%B43��
B&20% �[��$� : �[�������� 

:HLJKW�RI�JURXS�%�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7%B43��
B&20% �[��$� : �[�������� 

:HLJKW�RI�JURXS�%�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7%B43��
B&20% �[��$& : �[�������� 

:HLJKW�RI�JURXS�%�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7%B43��
B&20% �[��%� : �[�������� 

:HLJKW�RI�JURXS�%�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7%B43��
B&20% �[��%� : �[�������� 

:HLJKW�RI�JURXS�%�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7%B43��
B&20% �[��%� : �[�������� 

:HLJKW�RI�JURXS�%�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7%B43��
B&20% �[��%& : �[�������� 

:HLJKW�RI�JURXS�%�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7%B43��
B&20% �[��&� : �[�������� 

:HLJKW�RI�JURXS�%�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7%B43��
B&20% �[��&� : �[�������� 

:HLJKW�RI�JURXS�%�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7%B43��
B&20% �[��&� : �[�������� 

:HLJKW�RI�JURXS�%�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7%B43��
B&20% �[��&& : �[�������� 

:HLJKW�RI�JURXS�%�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

9(38�B5'2B:*7%B43��
B&20% �[��'� : �[�������� 

:HLJKW�RI�JURXS�%�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7%B43��
B&20% �[��'� : �[�������� 

:HLJKW�RI�JURXS�%�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7%B43��
B&20% �[��'� : �[�������� 

:HLJKW�RI�JURXS�%�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B5'2B:*7%B43��
B&20% �[��'& : �[�������� 

:HLJKW�RI�JURXS�%�IRU�+(9&�DQG�
+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

9(38�B0$',B&)* �[��(� : �[�������� 0$',�FRQILJXUDWLRQ� 

9(38�B$4B77+'� �[��(� : �[�������� 7H[WXUH�WKUHVKROG�FRQILJXUDWLRQ��IRU�DGDSWLYH�43�DGMXVWPHQW� 

9(38�B$4B77+'� �[��(� : �[�������� 7H[WXUH�WKUHVKROG�FRQILJXUDWLRQ��IRU�DGDSWLYH�43�DGMXVWPHQW� 

9(38�B$4B77+'� �[��(& : �[�������� 7H[WXUH�WKUHVKROG�FRQILJXUDWLRQ��IRU�DGDSWLYH�43�DGMXVWPHQW� 

9(38�B$4B77+'� �[��)� : �[�������� 7H[WXUH�WKUHVKROG�FRQILJXUDWLRQ��IRU�DGDSWLYH�43�DGMXVWPHQW� 

9(38�B$4B673� �[��)� : �[�������� $GMXVWPHQW�VWHS�FRQILJXUDWLRQ��IRU�DGDSWLYH�43�DGMXVWPHQW� 

9(38�B$4B673� �[��)� : �[�������� $GMXVWPHQW�VWHS�FRQILJXUDWLRQ��IRU�DGDSWLYH�43�DGMXVWPHQW� 

9(38�B$4B673� �[��)& : �[�������� $GMXVWPHQW�VWHS�FRQILJXUDWLRQ��IRU�DGDSWLYH�43�DGMXVWPHQW� 

9(38�B$4B673� �[���� : �[�������� $GMXVWPHQW�VWHS�FRQILJXUDWLRQ��IRU�DGDSWLYH�43�DGMXVWPHQW� 

9(38�B50(B09'B316+B
+��� �[���� : �[�������� 

50(�09'�PRWLRQ�YHFWRU�
GLIIHUHQFH��FRVW�SHQDOW\��+�����
RQO\� 

9(38�B$75�B7+'�B+��� �[���� : �[�������� +�����DQWL�ULQJLQJ�QRLVH�WKUHVKROG�FRQILJXUDWLRQ��RI�JURXS�� 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

9(38�B$75�B7+'�B+��� �[���& : �[�������� +�����DQWL�ULQJLQJ�QRLVH�WKUHVKROG�FRQILJXUDWLRQ��RI�JURXS�� 

9(38�B35(,B',)B,';��/
B+(9& �[���� : �[�(��&�&$ /RZ����ELWV�RI�+(9&�SUH�LQWUD�GLIIHUHQFH�LG[��� 

9(38�B35(,B',)B,';��+
B+(9& �[���� : �[������&� +LJK����ELWV�RI�+(9&�SUH�LQWUD�GLIIHUHQFH�LG[��� 

9(38�B35(,B',)B,';��/
B+(9& �[���� : �[���&���$ /RZ����ELWV�RI�+(9&�SUH�LQWUD�GLIIHUHQFH�LG[��� 

9(38�B35(,B',)B,';��+
B+(9& �[���& : �[�'��&��% +LJK����ELWV�RI�+(9&�SUH�LQWUD�GLIIHUHQFH�LG[��� 

9(38�B35(,B',)B,';��/
B+(9& �[���� : �[�(�'���� /RZ����ELWV�RI�+(9&�SUH�LQWUD�GLIIHUHQFH�LG[��� 

9(38�B35(,B',)B,';��+
B+(9& �[���� : �[�������� +LJK����ELWV�RI�+(9&�SUH�LQWUD�GLIIHUHQFH�LG[��� 

9(38�B35(,B',)B,';��/
B+(9& �[���� : �[������'� /RZ����ELWV�RI�+(9&�SUH�LQWUD�GLIIHUHQFH�LG[��� 

9(38�B35(,B',)B,';��+
B+(9& �[���& : �[�)����'� +LJK����ELWV�RI�+(9&�SUH�LQWUD�GLIIHUHQFH�LG[��� 

9(38�B35(,B',)B,';��/
B+(9& �[���� : �[���'���� /RZ����ELWV�RI�+(9&�SUH�LQWUD�GLIIHUHQFH�LG[��� 

9(38�B35(,B',)B,';��+
B+(9& �[���� : �[�'��&��% +LJK����ELWV�RI�+(9&�SUH�LQWUD�GLIIHUHQFH�LG[��� 

9(38�B35(,B',)B,';��/
B+(9& �[���� : �[�(��&��% /RZ����ELWV�RI�+(9&�SUH�LQWUD�GLIIHUHQFH�LG[��� 

9(38�B35(,B',)B,';��+
B+(9& �[���& : �[������'� +LJK����ELWV�RI�+(9&�SUH�LQWUD�GLIIHUHQFH�LG[��� 

9(38�B35(,B',)B,';��/
B+(9& �[���� : �[�(�(���� /RZ����ELWV�RI�+(9&�SUH�LQWUD�GLIIHUHQFH�LG[��� 

9(38�B35(,B',)B,';��+
B+(9& �[���� : �[�������� +LJK����ELWV�RI�+(9&�SUH�LQWUD�GLIIHUHQFH�LG[��� 

9(38�B35(,B',)B,';��/
B+(9& �[���� : �[������$� /RZ����ELWV�RI�+(9&�SUH�LQWUD�GLIIHUHQFH�LG[��� 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

9(38�B35(,B',)B,';��+
B+(9& �[���& : �[�)�(��$� +LJK����ELWV�RI�+(9&�SUH�LQWUD�GLIIHUHQFH�LG[��� 

9(38�B35(,B',)B,';��/
B+(9& �[���� : �[�������$ /RZ����ELWV�RI�+(9&�SUH�LQWUD�GLIIHUHQFH�LG[��� 

9(38�B35(,B',)B,';��+
B+(9& �[���� : �[����(��( +LJK����ELWV�RI�+(9&�SUH�LQWUD�GLIIHUHQFH�LG[��� 

9(38�B35(,B',)B,';��/
B+(9& �[���� : �[�������� /RZ����ELWV�RI�+(9&�SUH�LQWUD�GLIIHUHQFH�LG[��� 

9(38�B35(,B',)B,';��+
B+(9& �[���& : �[�������� +LJK����ELWV�RI�+(9&�SUH�LQWUD�GLIIHUHQFH�LG[��� 

9(38�B35(,B',)B,';��/
B+(9& �[���� : �[�������� /RZ����ELWV�RI�+(9&�SUH�LQWUD�GLIIHUHQFH�LG[��� 

9(38�B35(,B',)B,';��+
B+(9& �[���� : �[�������� +LJK����ELWV�RI�+(9&�SUH�LQWUD�GLIIHUHQFH�LG[��� 

9(38�B35(,B',)B,';��/
B+(9& �[���� : �[�������� /RZ����ELWV�RI�+(9&�SUH�LQWUD�GLIIHUHQFH�LG[��� 

9(38�B35(,B',)B,';��+
B+(9& �[���& : �[�������� +LJK����ELWV�RI�+(9&�SUH�LQWUD�GLIIHUHQFH�LG[��� 

9(38�B35(,B',)B,';��/
B+(9& �[���� : �[�������� /RZ����ELWV�RI�+(9&�SUH�LQWUD�GLIIHUHQFH�LG[��� 

9(38�B35(,B',)B,';��+
B+(9& �[���� : �[�������� +LJK����ELWV�RI�+(9&�SUH�LQWUD�GLIIHUHQFH�LG[��� 

9(38�B35(,B',)B,';��/
B+(9& �[���� : �[�������� /RZ����ELWV�RI�+(9&�SUH�LQWUD�GLIIHUHQFH�LG[��� 

9(38�B35(,B',)B,';��+
B+(9& �[���& : �[�������� +LJK����ELWV�RI�+(9&�SUH�LQWUD�GLIIHUHQFH�LG[��� 

9(38�B35(,B',)B,';��/
B+(9& �[���� : �[�������� /RZ����ELWV�RI�+(9&�SUH�LQWUD�GLIIHUHQFH�LG[��� 

9(38�B35(,B',)B,';��+
B+(9& �[���� : �[�������� +LJK����ELWV�RI�+(9&�SUH�LQWUD�GLIIHUHQFH�LG[��� 

9(38�B35(,B',)B,';��/
B+(9& �[���� : �[�������� /RZ����ELWV�RI�+(9&�SUH�LQWUD�GLIIHUHQFH�LG[��� 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

9(38�B35(,B',)B,';��+
B+(9& �[���& : �[�������� +LJK����ELWV�RI�+(9&�SUH�LQWUD�GLIIHUHQFH�LG[��� 

9(38�B35(,B',)B,';��/
B+(9& �[���� : �[�������� /RZ����ELWV�RI�+(9&�SUH�LQWUD�GLIIHUHQFH�LG[��� 

9(38�B35(,B',)B,';��+
B+(9& �[���� : �[�������� +LJK����ELWV�RI�+(9&�SUH�LQWUD�GLIIHUHQFH�LG[��� 

9(38�B5'2B&.*B+��� �[���� : �[�������� +����5'2�FORFN�JDWLQJ�HQDEOH� 

9(38�B5'2B&.*B+(9& �[���� : �[�������� +(9&�5'2�FORFN�JDWLQJ�HQDEOH� 

9(38�B,��B62%(/B7B+(
9& �[���� : �[�������� +(9&�LQWUD�FRVW���DGMXVW�WKHVKROG� 

9(38�B,��B62%(/B$B��
B+(9& �[���� : �[�������� 3DUW��RI�D��VREHO�SDUDPHWHU� � IRU�+(9&���[���LQWUD�FRVW� 

9(38�B,��B62%(/B$B��
B+(9& �[���� : �[�������� 3DUW��RI�D��VREHO�SDUDPHWHU� � IRU�+(9&���[���LQWUD�FRVW� 

9(38�B,��B62%(/B%B��
B+(9& �[���& : �[�������� 3DUW��RI�E��VREHO�SDUDPHWHU� � IRU�+(9&���[���LQWUD�FRVW� 

9(38�B,��B62%(/B%B��
B+(9& �[���� : �[�������� 3DUW��RI�E��VREHO�SDUDPHWHU� � IRU�+(9&���[���LQWUD�FRVW� 

9(38�B,��B62%(/B%B��
B+(9& �[���� : �[�������� 3DUW��RI�E��VREHO�SDUDPHWHU� � IRU�+(9&���[���LQWUD�FRVW� 

9(38�B,��B62%(/B%B��
B+(9& �[���� : �[�������� 3DUW��RI�E��VREHO�SDUDPHWHU� � IRU�+(9&���[���LQWUD�FRVW� 

9(38�B,��B62%(/B%B��
B+(9& �[���& : �[�������� 3DUW��RI�E��VREHO�SDUDPHWHU� � IRU�+(9&���[���LQWUD�FRVW� 

9(38�B,��B62%(/B&B��
B+(9& �[���� : �[�������� 3DUW��RI�F��VREHO�SDUDPHWHU� � IRU�+(9&���[���LQWUD�FRVW� 

9(38�B,��B62%(/B&B��
B+(9& �[���� : �[�������� 3DUW��RI�F��VREHO�SDUDPHWHU� � IRU�+(9&���[���LQWUD�FRVW� 

9(38�B,��B62%(/B'B��
B+(9& �[���� : �[�������� 3DUW��RI�G��VREHO�SDUDPHWHU� � IRU�+(9&���[���LQWUD�FRVW� 

9(38�B,��B62%(/B'B��
B+(9& �[���& : �[�������� 3DUW��RI�G��VREHO�SDUDPHWHU� � IRU�+(9&���[���LQWUD�FRVW� 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

9(38�B,��B62%(/B'B��
B+(9& �[���� : �[�������� 3DUW��RI�G��VREHO�SDUDPHWHU� � IRU�+(9&���[���LQWUD�FRVW� 

9(38�B,��B62%(/B'B��
B+(9& �[���� : �[�������� 3DUW��RI�G��VREHO�SDUDPHWHU� � IRU�+(9&���[���LQWUD�FRVW� 

9(38�B,��B62%(/B'B��
B+(9& �[���� : �[�������� 3DUW��RI�G��VREHO�SDUDPHWHU� � IRU�+(9&���[���LQWUD�FRVW� 

9(38�B,��B62%(/B(B��
B+(9& �[���& : �[�������� 3DUW��RI�H��VREHO�SDUDPHWHU� � IRU�+(9&���[���LQWUD�FRVW� 

9(38�B,��B62%(/B(B��
B+(9& �[���� : �[�������� 3DUW��RI�H��VREHO�SDUDPHWHU� � IRU�+(9&���[���LQWUD�FRVW� 

9(38�B,��B62%(/B(B��
B+(9& �[���� : �[�������� 3DUW��RI�H��VREHO�SDUDPHWHU� � IRU�+(9&���[���LQWUD�FRVW� 

9(38�B,��B62%(/B(B��
B+(9& �[���� : �[�������� 3DUW��RI�H��VREHO�SDUDPHWHU� � IRU�+(9&���[���LQWUD�FRVW� 

9(38�B,��B62%(/B(B��
B+(9& �[���& : �[�������� 3DUW��RI�H��VREHO�SDUDPHWHU� � IRU�+(9&���[���LQWUD�FRVW� 

9(38�B,��B62%(/B(B��
B+(9& �[���� : �[�������� 3DUW��RI�H��VREHO�SDUDPHWHU� � IRU�+(9&���[���LQWUD�FRVW� 

9(38�B,��B62%(/B(B��
B+(9& �[���� : �[�������� 3DUW��RI�H��VREHO�SDUDPHWHU� � IRU�+(9&���[���LQWUD�FRVW� 

9(38�B,��B62%(/B(B��
B+(9& �[���� : �[�������� 3DUW��RI�H��VREHO�SDUDPHWHU� � IRU�+(9&���[���LQWUD�FRVW� 

9(38�B,��B62%(/B(B��
B+(9& �[���& : �[�������� 3DUW��RI�H��VREHO�SDUDPHWHU� � IRU�+(9&���[���LQWUD�FRVW� 

9(38�B,��B62%(/B(B��
B+(9& �[���� : �[�������� 3DUW���RI�H��VREHO�SDUDPHWHU� � IRU�+(9&���[���LQWUD�FRVW� 

9(38�B,��B62%(/B(B��
B+(9& �[���� : �[�������� 3DUW���RI�H��VREHO�SDUDPHWHU� � IRU�+(9&���[���LQWUD�FRVW� 

9(38�B,��B62%(/B(B��
B+(9& �[���� : �[�������� 3DUW���RI�H��VREHO�SDUDPHWHU� � IRU�+(9&���[���LQWUD�FRVW� 

9(38�B,��B62%(/B(B��
B+(9& �[���& : �[�������� 3DUW���RI�H��VREHO�SDUDPHWHU� � IRU�+(9&���[���LQWUD�FRVW� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �856 

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

9(38�B,��B62%(/B(B��
B+(9& �[���� : �[�������� 3DUW���RI�H��VREHO�SDUDPHWHU� � IRU�+(9&���[���LQWUD�FRVW� 

9(38�B,��B62%(/B(B��
B+(9& �[���� : �[�������� 3DUW���RI�H��VREHO�SDUDPHWHU� � IRU�+(9&���[���LQWUD�FRVW� 

9(38�B,��B62%(/B(B��
B+(9& �[���� : �[�������� 3DUW���RI�H��VREHO�SDUDPHWHU� � IRU�+(9&���[���LQWUD�FRVW� 

9(38�B,��B62%(/B(B��
B+(9& �[���& : �[�������� 3DUW���RI�H��VREHO�SDUDPHWHU� � IRU�+(9&���[���LQWUD�FRVW� 

9(38�B,��B62%(/B(B��
B+(9& �[���� : �[�������� 3DUW���RI�H��VREHO�SDUDPHWHU� � IRU�+(9&���[���LQWUD�FRVW� 

9(38�B,��B62%(/B7B��
B+(9& �[���� : �[�������� +(9&�LQWUD�FRVW���DGMXVW�WKHVKROG�SDUW�� 

9(38�B,��B62%(/B7B��
B+(9& �[���� : �[�������� +(9&�LQWUD�FRVW���DGMXVW�WKHVKROG�SDUW�� 

9(38�B,��B62%(/B7B��
B+(9& �[���& : �[�������� +(9&�LQWUD�FRVW���DGMXVW�WKHVKROG�SDUW�� 

9(38�B,��B62%(/B$B+(
9& �[��$� : �[�������� $��VREHO�SDUDPHWHU� � IRU�+(9&���[���LQWUD�FRVW� 

9(38�B,��B62%(/B%B��
B+(9& �[��$� : �[�������� 3DUW��RI�E��VREHO�SDUDPHWHU� � IRU�+(9&���[���LQWUD�FRVW� 

9(38�B,��B62%(/B%B��
B+(9& �[��$� : �[�������� 3DUW��RI�E��VREHO�SDUDPHWHU� � IRU�+(9&���[���LQWUD�FRVW� 

9(38�B,��B62%(/B%B��
B+(9& �[��$& : �[�������� 3DUW��RI�E��VREHO�SDUDPHWHU� � IRU�+(9&���[���LQWUD�FRVW� 

9(38�B,��B62%(/B&B+(
9& �[��%� : �[�������� &��VREHO�SDUDPHWHU� � IRU�+(9&���[���LQWUD�FRVW� 

9(38�B,��B62%(/B'B��
B+(9& �[��%� : �[�������� 3DUW��RI�G��VREHO�SDUDPHWHU� � IRU�+(9&���[���LQWUD�FRVW� 

9(38�B,��B62%(/B'B��
B+(9& �[��%� : �[�������� 3DUW��RI�G��VREHO�SDUDPHWHU� � IRU�+(9&���[���LQWUD�FRVW� 

9(38�B,��B62%(/B'B��
B+(9& �[��%& : �[�������� 3DUW��RI�G��VREHO�SDUDPHWHU� � IRU�+(9&���[���LQWUD�FRVW� 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

9(38�B,��B62%(/B(B��
B+(9& �[��&� : �[�������� 3DUW��RI�H��VREHO�SDUDPHWHU� � IRU�+(9&���[���LQWUD�FRVW� 

9(38�B,��B62%(/B(B��
B+(9& �[��&� : �[�������� 3DUW��RI�H��VREHO�SDUDPHWHU� � IRU�+(9&���[���LQWUD�FRVW� 

9(38�B,��B62%(/B(B��
B+(9& �[��&� : �[�������� 3DUW��RI�H��VREHO�SDUDPHWHU� � IRU�+(9&���[���LQWUD�FRVW� 

9(38�B,��B62%(/B(B��
B+(9& �[��&& : �[�������� 3DUW��RI�H��VREHO�SDUDPHWHU� � IRU�+(9&���[���LQWUD�FRVW� 

9(38�B,��B62%(/B(B��
B+(9& �[��'� : �[�������� 3DUW��RI�H��VREHO�SDUDPHWHU� � IRU�+(9&���[���LQWUD�FRVW� 

9(38�B,��B62%(/B(B��
B+(9& �[��'� : �[�������� 3DUW��RI�H��VREHO�SDUDPHWHU� � IRU�+(9&���[���LQWUD�FRVW� 

9(38�B,��B62%(/B(B��
B+(9& �[��'� : �[�������� 3DUW��RI�H��VREHO�SDUDPHWHU� � IRU�+(9&���[���LQWUD�FRVW� 

9(38�B,��B62%(/B(B��
B+(9& �[��'& : �[�������� 3DUW��RI�H��VREHO�SDUDPHWHU� � IRU�+(9&���[���LQWUD�FRVW� 

9(38�B,��B62%(/B(B��
B+(9& �[��(� : �[�������� 3DUW��RI�H��VREHO�SDUDPHWHU� � IRU�+(9&���[���LQWUD�FRVW� 

9(38�B,��B62%(/B(B��
B+(9& �[��(� : �[�������� 3DUW���RI�H��VREHO�SDUDPHWHU� � IRU�+(9&���[���LQWUD�FRVW� 

1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV�  
10.5.27 9(38����/$<(5��'HWDLO�5HJLVWHU�'HVFULSWLRQ 

9(38�B,35'B77+'<�B�B+����  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

����� 5: �[��� LSUGBWWKG\�B� 
7KH��QG�WH[WXUH�WKUHVKROG�IRU�+�����/80$��[��LQWUD�SUHGLFWLRQ� 

����� 52 �[� UHVHUYHG 

���� 5: �[��� LSUGBWWKG\�B� 
7KH��VW�WH[WXUH�WKUHVKROG�IRU�+�����/80$��[��LQWUD�SUHGLFWLRQ� 
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9(38�B,35'B77+'��B�B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

����� 5: �[��� LSUGBWWKG��B� 
7KH��QG�WH[WXUH�WKUHVKROG�IRU�+(9&���[���LQWUD�SUHGLFWLRQ� 

����� 52 �[� UHVHUYHG 

���� 5: �[��� LSUGBWWKG��B� 
7KH��VW�WH[WXUH�WKUHVKROG�IRU�+(9&���[���LQWUD�SUHGLFWLRQ� 

 
9(38�B,35'B77+'<�B�B+����  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

����� 5: �[��� LSUGBWWKG\�B� 
7KH��WK�WH[WXUH�WKUHVKROG�IRU�+�����/80$��[��LQWUD�SUHGLFWLRQ� 

����� 52 �[� UHVHUYHG 

���� 5: �[��� LSUGBWWKG\�B� 
7KH��UG�WH[WXUH�WKUHVKROG�IRU�+�����/80$��[��LQWUD�SUHGLFWLRQ� 

 
9(38�B,35'B77+'��B�B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

����� 5: �[��� LSUGBWWKG��B� 
7KH��WK�WH[WXUH�WKUHVKROG�IRU�+(9&���[���LQWUD�SUHGLFWLRQ� 

����� 52 �[� UHVHUYHG 

���� 5: �[��� LSUGBWWKG��B� 
7KH��UG�WH[WXUH�WKUHVKROG�IRU�+(9&���[���LQWUD�SUHGLFWLRQ� 

 
9(38�B,35'B77+'&�B�B+����  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

����� 5: �[��� 
LSUGBWWKGF�B� 
7KH��QG�WH[WXUH�WKUHVKROG�IRU�+�����&+520$��[��LQWUD�
SUHGLFWLRQ� 

����� 52 �[� UHVHUYHG 

���� 5: �[��� LSUGBWWKGF�B� 
7KH��VW�WH[WXUH�WKUHVKROG�IRU�+�����&+520$��[��LQWUD�SUHGLFWLRQ� 

 
9(38�B,35'B77+'��B�B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

����� 5: �[��� LSUGBWWKG��B� 
7KH��QG�WH[WXUH�WKUHVKROG�IRU�+(9&���[���LQWUD�SUHGLFWLRQ� 

����� 52 �[� UHVHUYHG 

���� 5: �[��� LSUGBWWKG��B� 
7KH��VW�WH[WXUH�WKUHVKROG�IRU�+(9&���[���LQWUD�SUHGLFWLRQ� 

 
9(38�B,35'B77+'&�B�B+����  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

����� 5: �[��� 
LSUGBWWKGF�B� 
7KH��WK�WH[WXUH�WKUHVKROG�IRU�+�����&+520$��[��LQWUD�
SUHGLFWLRQ� 

����� 52 �[� UHVHUYHG 

���� 5: �[��� 
LSUGBWWKGF�B� 
7KH��UG�WH[WXUH�WKUHVKROG�IRU�+�����&+520$��[��LQWUD�
SUHGLFWLRQ� 

 
9(38�B,35'B77+'��B�B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �860 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

����� 5: �[��� LSUGBWWKG��B� 
7KH��WK�WH[WXUH�WKUHVKROG�IRU�+(9&���[���LQWUD�SUHGLFWLRQ� 

����� 52 �[� UHVHUYHG 

���� 5: �[��� LSUGBWWKG��B� 
7KH��UG�WH[WXUH�WKUHVKROG�IRU�+(9&���[���LQWUD�SUHGLFWLRQ� 

 
9(38�B,35'B77+'<�B�B+����  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

����� 5: �[��� LSUGBWWKG\�B� 
7KH��QG�WH[WXUH�WKUHVKROG�IRU�+�����/80$��[��LQWUD�SUHGLFWLRQ� 

����� 52 �[� UHVHUYHG 

���� 5: �[��� LSUGBWWKG\�B� 
7KH��VW�WH[WXUH�WKUHVKROG�IRU�+�����/80$��[��LQWUD�SUHGLFWLRQ� 

 
9(38�B,35'B77+'<�B�B+����  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

����� 5: �[��� LSUGBWWKG\�B� 
7KH��WK�WH[WXUH�WKUHVKROG�IRU�+�����/80$��[��LQWUD�SUHGLFWLRQ� 

����� 52 �[� UHVHUYHG 

���� 5: �[��� LSUGBWWKG\�B� 
7KH��UG�WH[WXUH�WKUHVKROG�IRU�+�����/80$��[��LQWUD�SUHGLFWLRQ� 

 
9(38�B,35'B77+'B8/B+����  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �861 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[����� UHVHUYHG 

���� 5: �[��� 
LSUGBWWKGBXO 
7H[WXUH�WKUHGVKROGV�RI�XS�DQG�OHIW�0%�IRU�+�����/80$�LQWUD�
SUHGLFWLRQ� 

 
9(38�B,35'B:*7<�B+����  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� LSUGBZJW\�B� 
7KH��WK�FRVW�ZHLJKW�IRU�+�����/80$��[��LQWUD�SUHGLFWLRQ 

����� 5: �[�� LSUGBZJW\�B� 
7KH��UG�FRVW�ZHLJKW�IRU�+�����/80$��[��LQWUD�SUHGLFWLRQ� 

���� 5: �[�� LSUGBZJW\�B� 
7KH��QG�FRVW�ZHLJKW�IRU�+�����/80$��[��LQWUD�SUHGLFWLRQ� 

��� 5: �[�� LSUGBZJW\�B� 
7KH��VW�FRVW�ZHLJKW�IRU�+�����/80$��[��LQWUD�SUHGLFWLRQ� 

 
9(38�B,35'B:*7<��B�B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� LSUGBZJW\��B� 
7KH��WK�FRVW�ZHLJKW�IRU�+(9&�/80$���[���LQWUD�SUHGLFWLRQ 

����� 5: �[�� LSUGBZJW\��B� 
7KH��UG�FRVW�ZHLJKW�IRU�+(9&�/80$���[���LQWUD�SUHGLFWLRQ� 

���� 5: �[�� LSUGBZJW\��B� 
7KH��QG�FRVW�ZHLJKW�IRU�+(9&�/80$���[���LQWUD�SUHGLFWLRQ� 

��� 5: �[�� LSUGBZJW\��B� 
7KH��VW�FRVW�ZHLJKW�IRU�+(9&�/80$���[���LQWUD�SUHGLFWLRQ� 

 
9(38�B,35'B:*7<�B+����  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �862 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� LSUGBZJW\�B� 
7KH��WK�FRVW�ZHLJKW�IRU�+�����/80$��[��LQWUD�SUHGLFWLRQ 

����� 5: �[�� LSUGBZJW\�B� 
7KH��UG�FRVW�ZHLJKW�IRU�+�����/80$��[��LQWUD�SUHGLFWLRQ� 

���� 5: �[�� LSUGBZJW\�B� 
7KH��QG�FRVW�ZHLJKW�IRU�+�����/80$��[��LQWUD�SUHGLFWLRQ� 

��� 5: �[�� LSUGBZJW\�B� 
7KH��VW�FRVW�ZHLJKW�IRU�+�����/80$��[��LQWUD�SUHGLFWLRQ� 

 
9(38�B,35'B:*7<��B�B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

����� 5: �[�� LSUGBZJW\��B� 
7KH��WK�FRVW�ZHLJKW�IRU�+(9&�/80$���[���LQWUD�SUHGLFWLRQ� 

���� 5: �[�� LSUGBZJW\��B� 
7KH��WK�FRVW�ZHLJKW�IRU�+(9&�/80$���[���LQWUD�SUHGLFWLRQ� 

��� 5: �[�� LSUGBZJW\��B� 
7KH��WK�FRVW�ZHLJKW�IRU�+(9&�/80$���[���LQWUD�SUHGLFWLRQ� 

 
9(38�B,35'B:*7<��B+����  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� LSUGBZJW\��B� 
7KH��WK�FRVW�ZHLJKW�IRU�+�����/80$���[���LQWUD�SUHGLFWLRQ� 

����� 5: �[�� LSUGBZJW\��B� 
7KH��UG�FRVW�ZHLJKW�IRU�+�����/80$���[���LQWUD�SUHGLFWLRQ� 

���� 5: �[�� LSUGBZJW\��B� 
7KH��QG�FRVW�ZHLJKW�IRU�+�����/80$���[���LQWUD�SUHGLFWLRQ� 

��� 5: �[�� LSUGBZJW\��B� 
7KH��VW�FRVW�ZHLJKW�IRU�+�����/80$���[���LQWUD�SUHGLFWLRQ� 

 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �863 

9(38�B,35'B:*7<��B�B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� LSUGBZJW\��B� 
7WKH��WK�FRVW�ZHLJKW�IRU�+(9&�/80$���[���LQWUD�SUHGLFWLRQ� 

����� 5: �[�� LSUGBZJW\��B� 
7KH��UG�FRVW�ZHLJKW�IRU�+(9&�/80$���[���LQWUD�SUHGLFWLRQ� 

���� 5: �[�� LSUGBZJW\��B� 
7KH��QG�FRVW�ZHLJKW�IRU�+(9&�/80$���[���LQWUD�SUHGLFWLRQ� 

��� 5: �[�� LSUGBZJW\��B� 
7KH��VW�FRVW�ZHLJKW�IRU�+(9&�/80$���[���LQWUD�SUHGLFWLRQ� 

 
9(38�B,35'B:*7&�B+����  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� LSUGBZJWF�B� 
7KH��WK�FRVW�ZHLJKW�IRU�+�����&+520$��[��LQWUD�SUHGLFWLRQ� 

����� 5: �[�� LSUGBZJWF�B� 
7KH��UG�FRVW�ZHLJKW�IRU�+�����&+520$��[��LQWUD�SUHGLFWLRQ� 

���� 5: �[�� LSUGBZJWF�B� 
7KH��QG�FRVW�ZHLJKW�IRU�+�����&+520$��[��LQWUD�SUHGLFWLRQ� 

��� 5: �[�� LSUGBZJWF�B� 
7KH��VW�FRVW�ZHLJKW�IRU�+�����&+520$��[��LQWUD�SUHGLFWLRQ� 

 
9(38�B,35'B:*7<��B�B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

����� 5: �[�� 
LSUGBZJW\��B� 
7KH��WK�FRVW�ZHLJKW�IRU�+(9&�/80$���[���LQWUD�SUHGLFWLRQ��VKDUH�
DGGUHVV�ZLWK�+����� 

���� 5: �[�� LSUGBZJW\��B� 
7KH��WK�FRVW�ZHLJKW�IRU�+(9&�/80$���[���LQWUD�SUHGLFWLRQ� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �864 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[�� LSUGBZJW\��B� 
7KH��WK�FRVW�ZHLJKW�IRU�+(9&�/80$���[���LQWUD�SUHGLFWLRQ� 

 
9(38�B417B%,$6B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� UHVHUYHG 

����� 5: �[��� TQWBELDVBS 
4XDQWL]DWLRQ�ELDV�IRU�+(9&�DQG�+�����3�IUDPH� 

��� 5: �[��� TQWBELDVBL 
4XDQWL]DWLRQ�ELDV�IRU�+(9&�DQG�+�����,�IUDPH� 

 
9(38�B$75B7+'�B+����  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

����� 5: �[��� DWUBWKG� 
7KH��QG�WKUHVKROG�IRU�+�����DQWL�ULQJLQJ�QRLVH� 

����� 52 �[� UHVHUYHG 

���� 5: �[��� DWUBWKG� 
7KH��VW�WKUHVKROG�IRU�+�����DQWL�ULQJLQJ�QRLVH� 

 
9(38�B$75B7+'�B+����  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� UHVHUYHG 

����� 5: �[�� DWUBTS 
43�WKUHVKROG�RI�3�IUDPH�IRU�+�����DQWL�ULQJLQJ�QRLV� 

����� 52 �[� UHVHUYHG 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �865 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[��� DWUBWKG� 
7KH��UG�WKUHVKROG�IRU�+�����DQWL�ULQJLQJ�QRLVH� 

 
9(38�B$75B:*7��B+����  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

����� 5: �[�� DWUBOY��BZJW� 
7KH��UG�ZHLJKW�IRU�+�������[���DQWL�ULQJLQJ�QRLVH� 

���� 5: �[�� DWUBOY��BZJW� 
7KH��QG�ZHLJKW�IRU�+�������[���DQWL�ULQJLQJ�QRLVH� 

��� 5: �[�� DWUBOY��BZJW� 
7KH��VW�ZHLJKW�IRU�+�������[���DQWL�ULQJLQJ�QRLVH� 

 
9(38�B$75B:*7�B+����  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

����� 5: �[�� DWUBOY�BZJW� 
7KH��UG�ZHLJKW�IRU�+������[��DQWL�ULQJLQJ�QRLVH� 

���� 5: �[�� DWUBOY�BZJW� 
7KH��QG�ZHLJKW�IRU�+������[��DQWL�ULQJLQJ�QRLVH� 

��� 5: �[�� DWUBOY�BZJW� 
7KH��VW�ZHLJKW�IRU�+������[��DQWL�ULQJLQJ�QRLVH� 

 
9(38�B$75B:*7�B+����  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

����� 5: �[�� DWUBOY�BZJW� 
7KH��UG�ZHLJKW�IRU�+������[��DQWL�ULQJLQJ�QRLVH� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �866 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�� DWUBOY�BZJW� 
7KH��QG�ZHLJKW�IRU�+������[��DQWL�ULQJLQJ�QRLVH� 

��� 5: �[�� DWUBOY�BZJW� 
7KH��VW�ZHLJKW�IRU�+������[��DQWL�ULQJLQJ�QRLVH� 

 
9(38�B$7)B77+'�B+����  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

����� 5: �[��� DWIBWWKG� 
7KH��QG�WH[WXUH�WKUHVKROG�IRU�+�����DQWL�IOLFNHU� 

����� 52 �[� UHVHUYHG 

���� 5: �[��� DWIBWWKG� 
7KH��VW�WH[WXUH�WKUHVKROG�IRU�+�����DQWL�IOLFNHU� 

 
9(38�B$7)B77+'B,��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

����� 5: �[��� DWIBWWKG� 
7KH��QG�LQWUD��[���WH[WXUH�WKUHVKROG�IRU�+(9&�DQWL�IOLFNHU� 

����� 52 �[� UHVHUYHG 

���� 5: �[��� DWIBWWKG� 
7KH��VW�LQWUD��[���WH[WXUH�WKUHVKROG�IRU�+(9&�DQWL�IOLFNHU� 

 
9(38�B$7)B77+'�B+����  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �867 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[��� DWIBWWKG� 
7KH��WK�WH[WXUH�WKUHVKROG�IRU�+�����DQWL�IOLFNHU� 

����� 52 �[� UHVHUYHG 

���� 5: �[��� DWIBWWKG� 
7KH��UG�WH[WXUH�WKUHVKROG�IRU�+�����DQWL�IOLFNHU� 

 
9(38�B$7)B77+'B,��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

����� 5: �[��� DWIBWWKG� 
7KH��QG�LQWUD��[���WH[WXUH�WKUHVKROG�IRU�+(9&�DQWL�IOLFNHU� 

����� 52 �[� UHVHUYHG 

���� 5: �[��� DWIBWWKG� 
7KH��VW�LQWUD��[���WH[WXUH�WKUHVKROG�IRU�+(9&�DQWL�IOLFNHU� 

 
9(38�B$7)B67+'�B+����  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

����� 5: �[���� DWIBVWKGBPD[ 
0D[��&0(��6$'�WKUHVKROG�IRU�+�����DQWL�IOLFNHU� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� DWIBVWKGB�� 
�&0(��6$'�WKUHVKROG��RI�WH[WXUH�LQWHUYDO��IRU�+�����DQWL�IOLFNHU� 

 
9(38�B$7)B77+'B3��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �868 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[��� DWIBWWKG� 
7KH��QG�LQWUD��[���WH[WXUH�WKUHVKROG�IRU�+(9&�DQWL�IOLFNHU� 

����� 52 �[� UHVHUYHG 

���� 5: �[��� DWIBWWKG� 
7KH��VW�LQWHU��[���WH[WXUH�WKUHVKROG�IRU�+(9&�DQWL�IOLFNHU� 

 
9(38�B$7)B67+'�B+����  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

����� 5: �[���� DWIBVWKGB�� 
�&0(��6$'�WKUHVKROG��RI�WH[WXUH�LQWHUYDO��IRU�+�����DQWL�IOLFNHU� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� DWIBVWKGB�� 
�&0(��6$'�WKUHVKROG��RI�WH[WXUH�LQWHUYDO��IRU�+�����DQWL�IOLFNHU� 

 
9(38�B$7)B77+'B3��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

����� 5: �[��� DWIBWWKG� 
7KH��QG�LQWUD��[���WH[WXUH�WKUHVKROG�IRU�+(9&�DQWL�IOLFNHU� 

����� 52 �[� UHVHUYHG 

���� 5: �[��� DWIBWWKG� 
7KH��VW�LQWHU��[���WH[WXUH�WKUHVKROG�IRU�+(9&�DQWL�IOLFNHU� 

 
9(38�B$7)B:*7�B+����  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 



5.�����750�3DUW� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[��� DWIBZJW�� 
7KH��QG�ZHLJKW�LQ�WH[WXUH�LQWHUYDO��IRU�+�����DQWL�IOLFNHU� 

���� 52 �[�� UHVHUYHG 

��� 5: �[��� DWIBZJW�� 
7KH��VW�ZHLJKW�LQ�WH[WXUH�LQWHUYDO��IRU�+�����DQWL�IOLFNHU� 

 
9(38�B$7)B77+'B3��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

����� 5: �[��� DWIBWWKG� 
7KH��QG�LQWUD��[���WH[WXUH�WKUHVKROG�IRU�+(9&�DQWL�IOLFNHU� 

����� 52 �[� UHVHUYHG 

���� 5: �[��� DWIBWWKG� 
7KH��VW�LQWHU��[���WH[WXUH�WKUHVKROG�IRU�+(9&�DQWL�IOLFNHU� 

 
9(38�B$7)B:*7�B+����  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

����� 5: �[��� DWIBZJW�� 
7KH��VW�ZHLJKW�LQ�WH[WXUH�LQWHUYDO��IRU�+�����DQWL�IOLFNHU� 

���� 52 �[�� UHVHUYHG 

��� 5: �[��� DWIBZJW�� 
7KH��UG�ZHLJKW�LQ�WH[WXUH�LQWHUYDO��IRU�+�����DQWL�IOLFNHU� 

 
9(38�B$7)B:*7�B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� UHVHUYHG 



5.�����750�3DUW� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� DWIBZJWBL�� 
+(9&�LQWUD��[���DQWL�IOLFNHU�ZHLJKW� 

���� 52 �[��� UHVHUYHG 

��� 5: �[�� DWIBZJWBL�� 
+(9&�LQWUD��[���DQWL�IOLFNHU�ZHLJKW� 

 
9(38�B$7)B:*7�B+����  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

����� 5: �[��� DWIBZJW�� 
7KH�ZHLJKW�LQ�WH[WXUH�LQWHUYDO��IRU�+�����DQWL�IOLFNHU� 

���� 52 �[�� UHVHUYHG 

��� 5: �[��� DWIBZJW�� 
7KH��QG�ZHLJKW�LQ�WH[WXUH�LQWHUYDO��IRU�+�����DQWL�IOLFNHU� 

 
9(38�B$7)B:*7�B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� UHVHUYHG 

����� 5: �[�� DWIBZJWBS�� 
+(9&�LQWHU��[���DQWL�IOLFNHU�ZHLJKW� 

���� 52 �[��� UHVHUYHG 

��� 5: �[�� DWIBZJWBS�� 
+(9&�LQWHU��[���DQWL�IOLFNHU�ZHLJKW� 

 
9(38�B$7)B2)67�B+����  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 



5.�����750�3DUW� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� DWIBRIVW�� 
7KH��QG�RIIVHW�LQ�WH[WXUH�LQWHUYDO��IRU�+�����DQWL�IOLFNHU� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� DWIBRIVW�� 
7KH��VW�RIIVHW�LQ�WH[WXUH�LQWHUYDO��IRU�+�����DQWL�IOLFNHU� 

 
9(38�B$7)B:*7�B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[������� UHVHUYHG 

��� 5: �[�� DWIBZJWBS�� 
+(9&�LQWHU��[���DQWL�IOLFNHU�ZHLJKW� 

 
9(38�B$7)B2)67�B+����  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

����� 5: �[���� DWIBRIVW�� 
7KH��VW�RIIVHW�LQ�WH[WXUH�LQWHUYDO��IRU�+�����DQWL�IOLFNHU� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� DWIBRIVW�� 
7KH��UG�RIIVHW�LQ�WH[WXUH�LQWHUYDO��IRU�+�����DQWL�IOLFNHU� 

 
9(38�B$7)B2)67�B+����  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

����� 5: �[���� DWIBRIVW�� 
7KH�RIIVHW�LQ�WH[WXUH�LQWHUYDO��IRU�+�����DQWL�IOLFNHU� 

����� 52 �[� UHVHUYHG 



5.�����750�3DUW� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[���� DWIBRIVW�� 
7KH��QG�RIIVHW�LQ�WH[WXUH�LQWHUYDO��IRU�+�����DQWL�IOLFNHU� 

 
9(38�B,35'B:*7B43�B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� UHVHUYHG 

���� 5: �[����� ZJWBTS� 
:HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV���IRU�+(9&�LQWUD�SUHGLFWLRQ� 

 
9(38�B,35'B:*7B43�B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� UHVHUYHG 

���� 5: �[����� ZJWBTS� 
:HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV���IRU�+(9&�LQWUD�SUHGLFWLRQ� 

 
9(38�B,35'B:*7B43�B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� UHVHUYHG 

���� 5: �[����� ZJWBTS� 
:HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV���IRU�+(9&�LQWUD�SUHGLFWLRQ� 

 
9(38�B,35'B:*7B43�B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� UHVHUYHG 

���� 5: �[����� ZJWBTS� 
:HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV���IRU�+(9&�LQWUD�SUHGLFWLRQ� 



5.�����750�3DUW� 
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9(38�B,35'B:*7B43�B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� UHVHUYHG 

���� 5: �[����� ZJWBTS� 
:HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV���IRU�+(9&�LQWUD�SUHGLFWLRQ� 

 
9(38�B,35'B:*7B43�B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� UHVHUYHG 

���� 5: �[����� ZJWBTS� 
:HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV���IRU�+(9&�LQWUD�SUHGLFWLRQ� 

 
9(38�B,35'B:*7B43�B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� UHVHUYHG 

���� 5: �[����� ZJWBTS� 
:HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV���IRU�+(9&�LQWUD�SUHGLFWLRQ� 

 
9(38�B,35'B:*7B43�B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� UHVHUYHG 

���� 5: �[����� ZJWBTS� 
:HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV���IRU�+(9&�LQWUD�SUHGLFWLRQ� 

 
9(38�B,35'B:*7B43�B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� UHVHUYHG 

���� 5: �[����� ZJWBTS� 
:HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV���IRU�+(9&�LQWUD�SUHGLFWLRQ� 

 
9(38�B,35'B:*7B43�B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� UHVHUYHG 

���� 5: �[����� ZJWBTS� 
:HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV���IRU�+(9&�LQWUD�SUHGLFWLRQ� 

 
9(38�B,35'B:*7B43��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� UHVHUYHG 

���� 5: �[����� ZJWBTS�� 
:HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

 
9(38�B,35'B:*7B43��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� UHVHUYHG 

���� 5: �[����� ZJWBTS�� 
:HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

 
9(38�B,35'B:*7B43��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� UHVHUYHG 



5.�����750�3DUW� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[����� ZJWBTS�� 
:HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

 
9(38�B,35'B:*7B43��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� UHVHUYHG 

���� 5: �[����� ZJWBTS�� 
:HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

 
9(38�B,35'B:*7B43��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� UHVHUYHG 

���� 5: �[����� ZJWBTS�� 
:HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

 
9(38�B,35'B:*7B43��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� UHVHUYHG 

���� 5: �[����� ZJWBTS�� 
:HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

 
9(38�B,35'B:*7B43��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� UHVHUYHG 

���� 5: �[����� ZJWBTS�� 
:HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 



5.�����750�3DUW� 
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9(38�B,35'B:*7B43��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� UHVHUYHG 

���� 5: �[����� ZJWBTS�� 
:HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

 
9(38�B,35'B:*7B43��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� UHVHUYHG 

���� 5: �[����� ZJWBTS�� 
:HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

 
9(38�B,35'B:*7B43��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� UHVHUYHG 

���� 5: �[����� ZJWBTS�� 
:HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

 
9(38�B,35'B:*7B43��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� UHVHUYHG 

���� 5: �[����� ZJWBTS�� 
:HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

 
9(38�B,35'B:*7B43��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� UHVHUYHG 

���� 5: �[����� ZJWBTS�� 
:HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

 
9(38�B,35'B:*7B43��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� UHVHUYHG 

���� 5: �[����� ZJWBTS� 
:HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV���IRU�+(9&�LQWUD�SUHGLFWLRQ� 

 
9(38�B,35'B:*7B43��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� UHVHUYHG 

���� 5: �[����� ZJWBTS�� 
:HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

 
9(38�B,35'B:*7B43��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� UHVHUYHG 

���� 5: �[����� ZJWBTS�� 
:HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

 
9(38�B,35'B:*7B43��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[����� ZJWBTS�� 
:HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

 
9(38�B,35'B:*7B43��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� UHVHUYHG 

���� 5: �[����� ZJWBTS�� 
:HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

 
9(38�B,35'B:*7B43��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� UHVHUYHG 

���� 5: �[����� ZJWBTS�� 
:HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

 
9(38�B,35'B:*7B43��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� UHVHUYHG 

���� 5: �[����� ZJWBTS�� 
:HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

 
9(38�B,35'B:*7B43��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� UHVHUYHG 

���� 5: �[����� ZJWBTS�� 
:HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 
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9(38�B,35'B:*7B43��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� UHVHUYHG 

���� 5: �[����� ZJWBTS�� 
:HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

 
9(38�B,35'B:*7B43��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� UHVHUYHG 

���� 5: �[����� ZJWBTS�� 
:HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

 
9(38�B,35'B:*7B43��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� UHVHUYHG 

���� 5: �[����� ZJWBTS�� 
:HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

 
9(38�B,35'B:*7B43��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� UHVHUYHG 

���� 5: �[����� ZJWBTS�� 
:HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

 
9(38�B,35'B:*7B43��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)�� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� UHVHUYHG 

���� 5: �[����� ZJWBTS�� 
:HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

 
9(38�B,35'B:*7B43��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� UHVHUYHG 

���� 5: �[����� ZJWBTS�� 
:HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

 
9(38�B,35'B:*7B43��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� UHVHUYHG 

���� 5: �[����� ZJWBTS�� 
:HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

 
9(38�B,35'B:*7B43��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� UHVHUYHG 

���� 5: �[����� ZJWBTS�� 
:HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

 
9(38�B,35'B:*7B43��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[����� ZJWBTS�� 
:HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

 
9(38�B,35'B:*7B43��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� UHVHUYHG 

���� 5: �[����� ZJWBTS�� 
:HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

 
9(38�B,35'B:*7B43��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� UHVHUYHG 

���� 5: �[����� ZJWBTS�� 
:HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

 
9(38�B,35'B:*7B43��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� UHVHUYHG 

���� 5: �[����� ZJWBTS�� 
:HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

 
9(38�B,35'B:*7B43��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� UHVHUYHG 

���� 5: �[����� ZJWBTS�� 
:HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 
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9(38�B,35'B:*7B43��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� UHVHUYHG 

���� 5: �[����� ZJWBTS�� 
:HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

 
9(38�B,35'B:*7B43��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� UHVHUYHG 

���� 5: �[����� ZJWBTS�� 
:HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

 
9(38�B,35'B:*7B43��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� UHVHUYHG 

���� 5: �[����� ZJWBTS�� 
:HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

 
9(38�B,35'B:*7B43��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� UHVHUYHG 

���� 5: �[����� ZJWBTS�� 
:HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

 
9(38�B,35'B:*7B43��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� UHVHUYHG 

���� 5: �[����� ZJWBTS�� 
:HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

 
9(38�B,35'B:*7B43��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� UHVHUYHG 

���� 5: �[����� ZJWBTS�� 
:HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

 
9(38�B,35'B:*7B43��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� UHVHUYHG 

���� 5: �[����� ZJWBTS�� 
:HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

 
9(38�B,35'B:*7B43��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� UHVHUYHG 

���� 5: �[����� ZJWBTS�� 
:HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

 
9(38�B,35'B:*7B43��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[����� ZJWBTS�� 
:HLJKW�RI�6$7'�FRVW�ZKHQ�43�LV����IRU�+(9&�LQWUD�SUHGLFWLRQ� 

 
9(38�B5'2B:*7$B43�B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS�BJUSD 
:HLJKW�RI�JRXUS�$�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV��� 

 
9(38�B5'2B:*7$B43�B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS�BJUSD 
:HLJKW�RI�JRXUS�$�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV��� 

 
9(38�B5'2B:*7$B43�B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS�BJUSD 
:HLJKW�RI�JRXUS�$�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV��� 

 
9(38�B5'2B:*7$B43�B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[������ 
ZJWBTS�BJUSD 
:HLJKW�RI�JRXUS�$�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV��� 

 
9(38�B5'2B:*7$B43�B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS�BJUSD 
:HLJKW�RI�JRXUS�$�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV��� 

 
9(38�B5'2B:*7$B43�B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS�BJUSD 
:HLJKW�RI�JRXUS�$�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV��� 

 
9(38�B5'2B:*7$B43�B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS�BJUSD 
:HLJKW�RI�JRXUS�$�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV��� 

 
9(38�B5'2B:*7$B43�B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[������ 
ZJWBTS�BJUSD 
:HLJKW�RI�JRXUS�$�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV��� 

 
9(38�B5'2B:*7$B43�B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS�BJUSD 
:HLJKW�RI�JRXUS�$�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV��� 

 
9(38�B5'2B:*7$B43�B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS�BJUSD 
:HLJKW�RI�JRXUS�$�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV��� 

 
9(38�B5'2B:*7$B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS��BJUSD 
:HLJKW�RI�JRXUS�$�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7$B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[������ 
ZJWBTS��BJUSD 
:HLJKW�RI�JRXUS�$�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7$B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS��BJUSD 
:HLJKW�RI�JRXUS�$�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7$B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS��BJUSD 
:HLJKW�RI�JRXUS�$�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7$B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS��BJUSD 
:HLJKW�RI�JRXUS�$�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7$B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[������ 
ZJWBTS��BJUSD 
:HLJKW�RI�JRXUS�$�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7$B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS��BJUSD 
:HLJKW�RI�JRXUS�$�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7$B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS��BJUSD 
:HLJKW�RI�JRXUS�$�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7$B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS��BJUSD 
:HLJKW�RI�JRXUS�$�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7$B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[������ 
ZJWBTS��BJUSD 
:HLJKW�RI�JRXUS�$�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7$B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS��BJUSD 
:HLJKW�RI�JRXUS�$�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7$B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS��BJUSD 
:HLJKW�RI�JRXUS�$�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7$B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS��BJUSD 
:HLJKW�RI�JRXUS�$�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7$B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[������ 
ZJWBTS��BJUSD 
:HLJKW�RI�JRXUS�$�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7$B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS��BJUSD 
:HLJKW�RI�JRXUS�$�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7$B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS��BJUSD 
:HLJKW�RI�JRXUS�$�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7$B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS��BJUSD 
:HLJKW�RI�JRXUS�$�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7$B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[������ 
ZJWBTS��BJUSD 
:HLJKW�RI�JRXUS�$�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7$B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS��BJUSD 
:HLJKW�RI�JRXUS�$�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7$B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS��BJUSD 
:HLJKW�RI�JRXUS�$�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7$B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS��BJUSD 
:HLJKW�RI�JRXUS�$�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7$B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[������ 
ZJWBTS��BJUSD 
:HLJKW�RI�JRXUS�$�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7$B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS��BJUSD 
:HLJKW�RI�JRXUS�$�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7$B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS��BJUSD 
:HLJKW�RI�JRXUS�$�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7$B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS��BJUSD 
:HLJKW�RI�JRXUS�$�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7$B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[������ 
ZJWBTS��BJUSD 
:HLJKW�RI�JRXUS�$�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7$B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS��BJUSD 
:HLJKW�RI�JRXUS�$�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7$B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS��BJUSD 
:HLJKW�RI�JRXUS�$�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7$B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS��BJUSD 
:HLJKW�RI�JRXUS�$�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7$B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[������ 
ZJWBTS��BJUSD 
:HLJKW�RI�JRXUS�$�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7$B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS�BJUSD 
:HLJKW�RI�JRXUS�$�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7$B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS��BJUSD 
:HLJKW�RI�JRXUS�$�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7$B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS��BJUSD 
:HLJKW�RI�JRXUS�$�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7$B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[������ 
ZJWBTS��BJUSD 
:HLJKW�RI�JRXUS�$�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7$B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS��BJUSD 
:HLJKW�RI�JRXUS�$�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7$B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS��BJUSD 
:HLJKW�RI�JRXUS�$�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV��� 

 
9(38�B5'2B:*7$B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS��BJUSD 
:HLJKW�RI�JRXUS�$�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7$B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[������ 
ZJWBTS��BJUSD 
:HLJKW�RI�JRXUS�$�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7$B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS��BJUSD 
:HLJKW�RI�JRXUS�$�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7$B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS�BJUSD 
:HLJKW�RI�JRXUS�$�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7$B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS��BJUSD 
:HLJKW�RI�JRXUS�$�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7$B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[������ 
ZJWBTS��BJUSD 
:HLJKW�RI�JRXUS�$�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7%B43�B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS�BJUSE 
:HLJKW�RI�JRXUS�%�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV��� 

 
9(38�B5'2B:*7%B43�B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS�BJUSE 
:HLJKW�RI�JRXUS�%�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV��� 

 
9(38�B5'2B:*7%B43�B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS�BJUSE 
:HLJKW�RI�JRXUS�%�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV��� 

 
9(38�B5'2B:*7%B43�B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �898 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[������ 
ZJWBTS�BJUSE 
:HLJKW�RI�JRXUS�%�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV��� 

 
9(38�B5'2B:*7%B43�B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS�BJUSE 
:HLJKW�RI�JRXUS�%�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV��� 

 
9(38�B5'2B:*7%B43�B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS�BJUSE 
:HLJKW�RI�JRXUS�%�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV��� 

 
9(38�B5'2B:*7%B43�B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS�BJUSE 
:HLJKW�RI�JRXUS�%�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV��� 

 
9(38�B5'2B:*7%B43�B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �899 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[������ 
ZJWBTS�BJUSE 
:HLJKW�RI�JRXUS�%�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV��� 

 
9(38�B5'2B:*7%B43�B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS�BJUSE 
:HLJKW�RI�JRXUS�%�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV��� 

 
9(38�B5'2B:*7%B43�B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS�BJUSE 
:HLJKW�RI�JRXUS�%�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV��� 

 
9(38�B5'2B:*7%B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS��BJUSE 
:HLJKW�RI�JRXUS�%�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7%B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �900 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[������ 
ZJWBTS��BJUSE 
:HLJKW�RI�JRXUS�%�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7%B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS��BJUSE 
:HLJKW�RI�JRXUS�%�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7%B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS��BJUSE 
:HLJKW�RI�JRXUS�%�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7%B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS��BJUSE 
:HLJKW�RI�JRXUS�%�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7%B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �901 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[������ 
ZJWBTS��BJUSE 
:HLJKW�RI�JRXUS�%�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7%B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS��BJUSE 
:HLJKW�RI�JRXUS�%�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7%B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS��BJUSE 
:HLJKW�RI�JRXUS�%�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7%B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS��BJUSE 
:HLJKW�RI�JRXUS�%�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7%B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �902 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[������ 
ZJWBTS��BJUSE 
:HLJKW�RI�JRXUS�%�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7%B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS��BJUSE 
:HLJKW�RI�JRXUS�%�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7%B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS��BJUSE 
:HLJKW�RI�JRXUS�%�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7%B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS��BJUSE 
:HLJKW�RI�JRXUS�%�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7%B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �903 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[������ 
ZJWBTS��BJUSE 
:HLJKW�RI�JRXUS�%�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7%B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS��BJUSE 
:HLJKW�RI�JRXUS�%�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7%B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS��BJUSE 
:HLJKW�RI�JRXUS�%�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7%B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS��BJUSE 
:HLJKW�RI�JRXUS�%�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7%B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �904 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[������ 
ZJWBTS��BJUSE 
:HLJKW�RI�JRXUS�%�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7%B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS��BJUSE 
:HLJKW�RI�JRXUS�%�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7%B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS��BJUSE 
:HLJKW�RI�JRXUS�%�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7%B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS��BJUSE 
:HLJKW�RI�JRXUS�%�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7%B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �905 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[������ 
ZJWBTS��BJUSE 
:HLJKW�RI�JRXUS�%�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7%B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS��BJUSE 
:HLJKW�RI�JRXUS�%�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7%B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS��BJUSE 
:HLJKW�RI�JRXUS�%�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV��� 

 
9(38�B5'2B:*7%B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS��BJUSE 
:HLJKW�RI�JRXUS�%�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7%B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �906 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[������ 
ZJWBTS��BJUSE 
:HLJKW�RI�JRXUS�%�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7%B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS��BJUSE 
:HLJKW�RI�JRXUS�%�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7%B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS��BJUSE 
:HLJKW�RI�JRXUS�%�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7%B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS��BJUSE 
:HLJKW�RI�JRXUS�%�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7%B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 



5.�����750�3DUW� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[������ 
ZJWBTS��BJUSE 
:HLJKW�RI�JRXUS�%�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7%B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS��BJUSE 
:HLJKW�RI�JRXUS�%�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7%B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS��BJUSE 
:HLJKW�RI�JRXUS�%�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7%B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS��BJUSE 
:HLJKW�RI�JRXUS�%�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7%B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 



5.�����750�3DUW� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[������ 
ZJWBTS��BJUSE 
:HLJKW�RI�JRXUS�%�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7%B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS��BJUSE 
:HLJKW�RI�JRXUS�%�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7%B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS��BJUSE 
:HLJKW�RI�JRXUS�%�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7%B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS��BJUSE 
:HLJKW�RI�JRXUS�%�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7%B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �909 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[������ 
ZJWBTS��BJUSE 
:HLJKW�RI�JRXUS�%�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7%B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS��BJUSE 
:HLJKW�RI�JRXUS�%�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7%B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS��BJUSE 
:HLJKW�RI�JRXUS�%�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7%B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
ZJWBTS��BJUSE 
:HLJKW�RI�JRXUS�%�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B5'2B:*7%B43��B&20%�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 



5.�����750�3DUW� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[������ 
ZJWBTS��BJUSE 
:HLJKW�RI�JRXUS�%�IRU�+(9&�DQG�+�����5'2�PRGH�GHFLVLRQ�ZKHQ�
43�LV���� 

 
9(38�B0$',B&)*�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

����� 5: �[�� PDGLBWKG 
7H[WXUH�WKUHVKROG�IRU�PDGL�VWDWLVWLFV� 

���� 52 �[���� UHVHUYHG 

� 5: �[� 

PDGLBPRGH 
0$',�JHQHUDWLRQ�PRGH�IRU�&8���DQG�&8��� 

�
K���)ROORZ���[���DQG���[���0$',�IXQFWLRQV� 

�
K���&DOFXODWHG�E\�WKH�PHDQ�RI�FRUUHVSRQGLQJ�&8���0$',V� 

 
9(38�B$4B77+'��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� DTBWWKG� 
7H[WXUH�WKUHVKROG��IRU�DGDSWLYH�43�DGMXVWPHQW� 

����� 5: �[�� DTBWWKG� 
7H[WXUH�WKUHVKROG��IRU�DGDSWLYH�43�DGMXVWPHQW� 

���� 5: �[�� DTBWWKG� 
7H[WXUH�WKUHVKROG��IRU�DGDSWLYH�43�DGMXVWPHQW� 

��� 5: �[�� DTBWWKG� 
7H[WXUH�WKUHVKROG��IRU�DGDSWLYH�43�DGMXVWPHQW� 

 
9(38�B$4B77+'��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 



5.�����750�3DUW� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� DTBWWKG� 
7H[WXUH�WKUHVKROG��IRU�DGDSWLYH�43�DGMXVWPHQW� 

����� 5: �[�� DTBWWKG� 
7H[WXUH�WKUHVKROG��IRU�DGDSWLYH�43�DGMXVWPHQW� 

���� 5: �[�� DTBWWKG� 
7H[WXUH�WKUHVKROG��IRU�DGDSWLYH�43�DGMXVWPHQW� 

��� 5: �[�� DTBWWKG� 
7H[WXUH�WKUHVKROG��IRU�DGDSWLYH�43�DGMXVWPHQW� 

 
9(38�B$4B77+'��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� DTBWWKG�� 
7H[WXUH�WKUHVKROG��IRU�DGDSWLYH�43�DGMXVWPHQW� 

����� 5: �[�� DTBWWKG�� 
7H[WXUH�WKUHVKROG���IRU�DGDSWLYH�43�DGMXVWPHQW� 

���� 5: �[�� DTBWWKG� 
7H[WXUH�WKUHVKROG��IRU�DGDSWLYH�43�DGMXVWPHQW� 

��� 5: �[�� DTBWWKG� 
7H[WXUH�WKUHVKROG��IRU�DGDSWLYH�43�DGMXVWPHQW� 

 
9(38�B$4B77+'��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� DTBWWKG�� 
7H[WXUH�WKUHVKROG���IRU�DGDSWLYH�43�DGMXVWPHQW� 

����� 5: �[�� DTBWWKG�� 
7H[WXUH�WKUHVKROG���IRU�DGDSWLYH�43�DGMXVWPHQW� 

���� 5: �[�� DTBWWKG�� 
7H[WXUH�WKUHVKROG���IRU�DGDSWLYH�43�DGMXVWPHQW� 

��� 5: �[�� DTBWWKG�� 
7H[WXUH�WKUHVKROG���IRU�DGDSWLYH�43�DGMXVWPHQW� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �912 

 
9(38�B$4B673��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

����� 5: �[�� 
DTBVWSB�W� 
43�DGMXVW�VWHS�ZKHQ�FXUUHQW�WH[WXUH�VWUHQJWK�! �DTBWWKG��DQG���
DTBWWKG�� 

����� 52 �[� UHVHUYHG 

����� 5: �[�� 
DTBVWSB�W� 
43�DGMXVW�VWHS�ZKHQ�FXUUHQW�WH[WXUH�VWUHQJWK�! �DTBWWKG��DQG���
DTBWWKG�� 

����� 52 �[� UHVHUYHG 

���� 5: �[�� 
DTBVWSB�W� 
43�DGMXVW�VWHS�ZKHQ�FXUUHQW�WH[WXUH�VWUHQJWK�! �DTBWWKG��DQG���
DTBWWKG�� 

��� 52 �[� UHVHUYHG 

��� 5: �[�� DTBVWSBV� 
43�DGMXVW�VWHS�ZKHQ�FXUUHQW�WH[WXUH�VWUHQJWK���DTBWWKG�� 

 
9(38�B$4B673��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

����� 5: �[�� 
DTBVWSB�W� 
43�DGMXVW�VWHS�ZKHQ�FXUUHQW�WH[WXUH�VWUHQJWK�! �DTBWWKG��DQG���
DTBWWKG�� 

����� 52 �[� UHVHUYHG 

����� 5: �[�� 
DTBVWSB�W� 
43�DGMXVW�VWHS�ZKHQ�FXUUHQW�WH[WXUH�VWUHQJWK�! �DTBWWKG��DQG���
DTBWWKG�� 

����� 52 �[� UHVHUYHG 



5.�����750�3DUW� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�� 
DTBVWSB�W� 
43�DGMXVW�VWHS�ZKHQ�FXUUHQW�WH[WXUH�VWUHQJWK�! �DTBWWKG��DQG���
DTBWWKG�� 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 
DSBVWSB�W� 
43�DGMXVW�VWHS�ZKHQ�FXUUHQW�WH[WXUH�VWUHQJWK�! �DTBWWKG��DQG���
DTBWWKG�� 

 
9(38�B$4B673��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

����� 5: �[�� 
DTBVWSB��W�� 
43�DGMXVW�VWHS�ZKHQ�FXUUHQW�WH[WXUH�VWUHQJWK�!�DTBWWKG���DQG�
� �DTBWWKG��� 

����� 52 �[� UHVHUYHG 

����� 5: �[�� 
DTBVWSB��W�� 
43�DGMXVW�VWHS�ZKHQ�FXUUHQW�WH[WXUH�VWUHQJWK�!�DTBWWKG���DQG�
� �DTBWWKG��� 

����� 52 �[� UHVHUYHG 

���� 5: �[�� 
DTBVWSB�W�� 
43�DGMXVW�VWHS�ZKHQ�FXUUHQW�WH[WXUH�VWUHQJWK�!�DTBWWKG��DQG�� �
DTBWWKG��� 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 
DSBVWSB�W� 
43�DGMXVW�VWHS�ZKHQ�FXUUHQW�WH[WXUH�VWUHQJWK�!�DTBWWKG��DQG�� �
DTBWWKG�� 

 
9(38�B$4B673��  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 



5.�����750�3DUW� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� DTBVWSBE�� 
43�DGMXVW�VWHS�ZKHQ�FXUUHQW�WH[WXUH�VWUHQJWK�!�DTBWWKG��� 

����� 52 �[� UHVHUYHG 

����� 5: �[�� 
DTBVWSB��W�� 
43�DGMXVW�VWHS�ZKHQ�FXUUHQW�WH[WXUH�VWUHQJWK�!�DTBWWKG���DQG�
� �DTBWWKG��� 

����� 52 �[� UHVHUYHG 

���� 5: �[�� 
DTBVWSB��W�� 
43�DGMXVW�VWHS�ZKHQ�FXUUHQW�WH[WXUH�VWUHQJWK�!�DTBWWKG���DQG�
� �DTBWWKG��� 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 
DSBVWSB��W�� 
43�DGMXVW�VWHS�ZKHQ�FXUUHQW�WH[WXUH�VWUHQJWK�!�DTBWWKG���DQG�
� �DTBWWKG��� 

 
9(38�B50(B09'B316+B+����  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

����� 5: �[� PYGBSQVKBKWKG 
+LJK�WKUHVKROG�RI�WKH�09V�ZKLFK�VKRXOG�EH�SXQLVKHG� 

����� 5: �[� PYGBSQVKBOWKG 
/RZ�WKUHVKROG�RI�WKH�09V�ZKLFK�VKRXOG�EH�SXQLVKHG� 

���� 5: �[���� PYGBSQVKBFQVW 
09'�FRVW�SXQLVKPHQW�FRQVWDQW� 

��� 5: �[�� PYGBSQVKBFRHI 
09'�SXQLVKHPHQW�FRHIILFLHQF\� 

� 5: �[� PYGBSQVKBH 
09'�FRVW�SXQLVKPHQW�HQDEOH� 

 
9(38�B$75�B7+'�B+����  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

����� 5: �[��� DWU�BWKG� 
7KH��QG�WKUHVKROG�IRU�+�����DQWL�ULQJLQJ�QRLVH�RI�JURXS�� 

����� 52 �[� UHVHUYHG 

���� 5: �[��� DWU�BWKG� 
7KH��VW�WKUHVKROG�IRU�+�����DQWL�ULQJLQJ�QRLVH�RI�JURXS�� 

 
9(38�B$75�B7+'�B+����  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[����� UHVHUYHG 

���� 5: �[��� DWU�BWKG� 
7KH��UG�WKUHVKROG�IRU�+�����DQWL�ULQJLQJ�QRLVH�RI�JURXS�� 

 
9(38�B35(,B',)B,';��/B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

���� 5: �[�H��F�FD 
GLIBLG[��BORZ 
/RZ����ELWV�RI�KHYF�SUH�LQWUD�GLIIHUHQFH�LG[����LQFOXGH���VHWV�RI�
SUH�LQWUD�GLIIHUHQFH��DQG���ELWV�RI�SHU�VHW� 

 
9(38�B35(,B',)B,';��+B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

���� 5: �[������F� 
GLIBLG[��BKLJK 
+LJK����ELWV�RI�KHYF�SUH�LQWUD�GLIIHUHQFH�LG[����LQFOXGH���VHWV�RI�
SUH�LQWUD�GLIIHUHQFH��DQG���ELWV�RI�SHU�VHW� 

 
9(38�B35(,B',)B,';��/B+(9&�  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

���� 5: �[���F���D 
GLIBLG[��BORZ 
/RZ����ELWV�RI�KHYF�SUH�LQWUD�GLIIHUHQFH�LG[����LQFOXGH���VHWV�RI�
SUH�LQWUD�GLIIHUHQFH��DQG���ELWV�RI�SHU�VHW� 

 
9(38�B35(,B',)B,';��+B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

���� 5: �[�G��F��E 
GLIBLG[��BKLJK 
+LJK����ELWV�RI�KHYF�SUH�LQWUD�GLIIHUHQFH�LG[����LQFOXGH���VHWV�RI�
SUH�LQWUD�GLIIHUHQFH��DQG���ELWV�RI�SHU�VHW� 

 
9(38�B35(,B',)B,';��/B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

���� 5: �[�H�G���� 
GLIBLG[��BORZ 
/RZ����ELWV�RI�KHYF�SUH�LQWUD�GLIIHUHQFH�LG[����LQFOXGH���VHWV�RI�
SUH�LQWUD�GLIIHUHQFH��DQG���ELWV�RI�SHU�VHW� 

 
9(38�B35(,B',)B,';��+B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

���� 5: �[�������� 
GLIBLG[��BKLJK 
+LJK����ELWV�RI�KHYF�SUH�LQWUD�GLIIHUHQFH�LG[����LQFOXGH���VHWV�RI�
SUH�LQWUD�GLIIHUHQFH��DQG���ELWV�RI�SHU�VHW� 

 
9(38�B35(,B',)B,';��/B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �917 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

���� 5: �[������G� 
GLIBLG[��BORZ 
/RZ����ELWV�RI�KHYF�SUH�LQWUD�GLIIHUHQFH�LG[����LQFOXGH���VHWV�RI�
SUH�LQWUD�GLIIHUHQFH��DQG���ELWV�RI�SHU�VHW� 

 
9(38�B35(,B',)B,';��+B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

���� 5: �[�I����G� 
GLIBLG[��BKLJK 
+LJK����ELWV�RI�KHYF�SUH�LQWUD�GLIIHUHQFH�LG[����LQFOXGH���VHWV�RI�
SUH�LQWUD�GLIIHUHQFH��DQG���ELWV�RI�SHU�VHW� 

 
9(38�B35(,B',)B,';��/B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

���� 5: �[���G���� 
GLIBLG[��BORZ 
/RZ����ELWV�RI�KHYF�SUH�LQWUD�GLIIHUHQFH�LG[����LQFOXGH���VHWV�RI�
SUH�LQWUD�GLIIHUHQFH��DQG���ELWV�RI�SHU�VHW� 

 
9(38�B35(,B',)B,';��+B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

���� 5: �[�G��F��E 
GLIBLG[��BKLJK 
+LJK����ELWV�RI�KHYF�SUH�LQWUD�GLIIHUHQFH�LG[����LQFOXGH���VHWV�RI�
SUH�LQWUD�GLIIHUHQFH��DQG���ELWV�RI�SHU�VHW� 

 
9(38�B35(,B',)B,';��/B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �918 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

���� 5: �[�H��F��E 
GLIBLG[��BORZ 
/RZ����ELWV�RI�KHYF�SUH�LQWUD�GLIIHUHQFH�LG[����LQFOXGH���VHWV�RI�
SUH�LQWUD�GLIIHUHQFH��DQG���ELWV�RI�SHU�VHW� 

 
9(38�B35(,B',)B,';��+B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

���� 5: �[������G� 
GLIBLG[��BKLJK 
+LJK����ELWV�RI�KHYF�SUH�LQWUD�GLIIHUHQFH�LG[����LQFOXGH���VHWV�RI�
SUH�LQWUD�GLIIHUHQFH��DQG���ELWV�RI�SHU�VHW� 

 
9(38�B35(,B',)B,';��/B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

���� 5: �[�H�H���� 
GLIBLG[��BORZ 
/RZ����ELWV�RI�KHYF�SUH�LQWUD�GLIIHUHQFH�LG[����LQFOXGH���VHWV�RI�
SUH�LQWUD�GLIIHUHQFH��DQG���ELWV�RI�SHU�VHW� 

 
9(38�B35(,B',)B,';��+B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

���� 5: �[�������� 
GLIBLG[��BKLJK 
+LJK����ELWV�RI�KHYF�SUH�LQWUD�GLIIHUHQFH�LG[����LQFOXGH���VHWV�RI�
SUH�LQWUD�GLIIHUHQFH��DQG���ELWV�RI�SHU�VHW� 

 
9(38�B35(,B',)B,';��/B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �919 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

���� 5: �[������D� 
GLIBLG[��BORZ 
/RZ����ELWV�RI�KHYF�SUH�LQWUD�GLIIHUHQFH�LG[����LQFOXGH���VHWV�RI�
SUH�LQWUD�GLIIHUHQFH��DQG���ELWV�RI�SHU�VHW� 

 
9(38�B35(,B',)B,';��+B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

���� 5: �[�I�H��D� 
GLIBLG[��BKLJK 
+LJK����ELWV�RI�KHYF�SUH�LQWUD�GLIIHUHQFH�LG[����LQFOXGH���VHWV�RI�
SUH�LQWUD�GLIIHUHQFH��DQG���ELWV�RI�SHU�VHW� 

 
9(38�B35(,B',)B,';��/B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

���� 5: �[�������D 
GLIBLG[��BORZ 
/RZ����ELWV�RI�KHYF�SUH�LQWUD�GLIIHUHQFH�LG[����LQFOXGH���VHWV�RI�
SUH�LQWUD�GLIIHUHQFH��DQG���ELWV�RI�SHU�VHW� 

 
9(38�B35(,B',)B,';��+B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

���� 5: �[����H��H 
GLIBLG[��BKLJK 
+LJK����ELWV�RI�KHYF�SUH�LQWUD�GLIIHUHQFH�LG[����LQFOXGH���VHWV�RI�
SUH�LQWUD�GLIIHUHQFH��DQG���ELWV�RI�SHU�VHW� 

 
9(38�B35(,B',)B,';��/B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �920 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

���� 5: �[�������� 
GLIBLG[��BORZ 
/RZ����ELWV�RI�KHYF�SUH�LQWUD�GLIIHUHQFH�LG[����LQFOXGH���VHWV�RI�
SUH�LQWUD�GLIIHUHQFH��DQG���ELWV�RI�SHU�VHW� 

 
9(38�B35(,B',)B,';��+B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

���� 5: �[�������� 
GLIBLG[��BKLJK 
+LJK����ELWV�RI�KHYF�SUH�LQWUD�GLIIHUHQFH�LG[����LQFOXGH���VHWV�RI�
SUH�LQWUD�GLIIHUHQFH��DQG���ELWV�RI�SHU�VHW� 

 
9(38�B35(,B',)B,';��/B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

���� 5: �[�������� 
GLIBLG[��BORZ 
/RZ����ELWV�RI�KHYF�SUH�LQWUD�GLIIHUHQFH�LG[����LQFOXGH���VHWV�RI�
SUH�LQWUD�GLIIHUHQFH��DQG���ELWV�RI�SHU�VHW� 

 
9(38�B35(,B',)B,';��+B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

���� 5: �[�������� 
GLIBLG[��BKLJK 
+LJK����ELWV�RI�KHYF�SUH�LQWUD�GLIIHUHQFH�LG[����LQFOXGH���VHWV�RI�
SUH�LQWUD�GLIIHUHQFH��DQG���ELWV�RI�SHU�VHW� 

 
9(38�B35(,B',)B,';��/B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �921 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

���� 5: �[�������� 
GLIBLG[��BORZ 
/RZ����ELWV�RI�KHYF�SUH�LQWUD�GLIIHUHQFH�LG[����LQFOXGH���VHWV�RI�
SUH�LQWUD�GLIIHUHQFH��DQG���ELWV�RI�SHU�VHW� 

 
9(38�B35(,B',)B,';��+B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

���� 5: �[�������� 
GLIBLG[��BKLJK 
+LJK����ELWV�RI�KHYF�SUH�LQWUD�GLIIHUHQFH�LG[����LQFOXGH���VHWV�RI�
SUH�LQWUD�GLIIHUHQFH��DQG���ELWV�RI�SHU�VHW� 

 
9(38�B35(,B',)B,';��/B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

���� 5: �[�������� 
GLIBLG[��BORZ 
/RZ����ELWV�RI�KHYF�SUH�LQWUD�GLIIHUHQFH�LG[����LQFOXGH���VHWV�RI�
SUH�LQWUD�GLIIHUHQFH��DQG���ELWV�RI�SHU�VHW� 

 
9(38�B35(,B',)B,';��+B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

���� 5: �[�������� 
GLIBLG[��BKLJK 
+LJK����ELWV�RI�KHYF�SUH�LQWUD�GLIIHUHQFH�LG[����LQFOXGH���VHWV�RI�
SUH�LQWUD�GLIIHUHQFH��DQG���ELWV�RI�SHU�VHW� 

 
9(38�B35(,B',)B,';��/B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �922 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

���� 5: �[�������� 
GLIBLG[��BORZ 
/RZ����ELWV�RI�KHYF�SUH�LQWUD�GLIIHUHQFH�LG[����LQFOXGH���VHWV�RI�
SUH�LQWUD�GLIIHUHQFH��DQG���ELWV�RI�SHU�VHW� 

 
9(38�B35(,B',)B,';��+B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

���� 5: �[�������� 
GLIBLG[��BKLJK 
+LJK����ELWV�RI�KHYF�SUH�LQWUD�GLIIHUHQFH�LG[����LQFOXGH���VHWV�RI�
SUH�LQWUD�GLIIHUHQFH��DQG���ELWV�RI�SHU�VHW� 

 
9(38�B35(,B',)B,';��/B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

���� 5: �[�������� 
GLIBLG[��BORZ 
/RZ����ELWV�RI�KHYF�SUH�LQWUD�GLIIHUHQFH�LG[����LQFOXGH���VHWV�RI�
SUH�LQWUD�GLIIHUHQFH��DQG���ELWV�RI�SHU�VHW� 

 
9(38�B35(,B',)B,';��+B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

���� 5: �[�������� 
GLIBLG[��BKLJK 
+LJK����ELWV�RI�KHYF�SUH�LQWUD�GLIIHUHQFH�LG[����LQFOXGH���VHWV�RI�
SUH�LQWUD�GLIIHUHQFH��DQG���ELWV�RI�SHU�VHW� 

 
9(38�B35(,B',)B,';��/B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �923 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

���� 5: �[�������� 
GLIBLG[��BORZ 
/RZ����ELWV�RI�KHYF�SUH�LQWUD�GLIIHUHQFH�LG[����LQFOXGH���VHWV�RI�
SUH�LQWUD�GLIIHUHQFH��DQG���ELWV�RI�SHU�VHW� 

 
9(38�B35(,B',)B,';��+B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

���� 5: �[�������� 
GLIBLG[��BKLJK 
+LJK����ELWV�RI�KHYF�SUH�LQWUD�GLIIHUHQFH�LG[����LQFOXGH���VHWV�RI�
SUH�LQWUD�GLIIHUHQFH��DQG���ELWV�RI�SHU�VHW� 

 
9(38�B35(,B',)B,';��/B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

���� 5: �[�������� 
GLIBLG[��BORZ 
/RZ����ELWV�RI�KHYF�SUH�LQWUD�GLIIHUHQFH�LG[����LQFOXGH���VHWV�RI�
SUH�LQWUD�GLIIHUHQFH��DQG���ELWV�RI�SHU�VHW� 

 
9(38�B35(,B',)B,';��+B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

���� 5: �[�������� 
GLIBLG[��BKLJK 
+LJK����ELWV�RI�KHYF�SUH�LQWUD�GLIIHUHQFH�LG[����LQFOXGH���VHWV�RI�
SUH�LQWUD�GLIIHUHQFH��DQG���ELWV�RI�SHU�VHW� 

 
9(38�B5'2B&.*B+����  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �924 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[������ UHVHUYHG 

� 5: �[� LQWUD�BFNJ 
+����5'2�LQWUD��FORFN�JDWLQJ�HQDEOH� 

� 5: �[� LQWUD�BFNJ 
+����5'2�LQWUD��FORFN�JDWLQJ�HQDEOH� 

� 5: �[� LQWHUBSUHGBFNJ 
+����5'2�LQWHU�SUHGLFWLRQ�FORFN�JDWLQJ�HQDEOH� 

� 5: �[� LQWHUBFWUOBFNJ 
+����5'2�LQWHU�FRQWURO�FORFN�JDWLQJ�HQDEOH� 

� 5: �[� LQWHUBPRGHBFNJ 
+����5'2�LQWHU�PRGH�FORFN�JDWLQJ�HQDEOH� 

� 5: �[� �[�B�BELWVBFNJ 
+����5'2��[�B�BELWV�FORFN�JDWLQJ�HQDEOH� 

� 5: �[� �[�B�BELWVBFNJ 
+����5'2��[�B�BELWV�FORFN�JDWLQJ�HQDEOH� 

� 5: �[� �[�BELWVBFNJ 
+����5'2��[�BELWV�FORFN�JDWLQJ�HQDEOH� 

� 5: �[� WT�BFNJ 
+����5'2�WT��FORFN�JDWLQJ�HQDEOH� 

� 5: �[� WT�BFNJ 
+����5'2�WT��FORFN�JDWLQJ�HQDEOH� 

 
9(38�B5'2B&.*B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

�� 5: �[� LQWHUBSUHGBFNJ 
+(9&�5'2�LQWHU�SUHGLFWLRQ�FORFN�JDWLQJ�HQDEOH� 

�� 5: �[� LQWUD�BFNJ 
+(9&�5'2�LQWUD��FORFN�JDWLQJ�HQDEOH� 

�� 5: �[� LQWUD�BFNJ 
+(9&�5'2�LQWUD��FORFN�JDWLQJ�HQDEOH� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �925 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� LQWUD��BFNJ 
+(9&�5'2�LQWUD���FORFN�JDWLQJ�HQDEOH� 

�� 5: �[� LQWUD��BFNJ 
+(9&�5'2�LQWUD���FORFN�JDWLQJ�HQDEOH� 

�� 5: �[� FDEDF�BFNJ 
+(9&�5'2�FDEDF��FORFN�JDWLQJ�HQDEOH� 

�� 5: �[� W�BFNJ 
+(9&�5'2�FX��WUDQIRUP�FORFN�JDWLQJ�HQDEOH� 

�� 5: �[� T�BFNJ 
+(9&�5'2�FX��TXDQWL]DWLRQ�FORFN�JDWLQJ�HQDEOH� 

�� 5: �[� LTLW�BFNJ 
+(9&�5'2�LTLW��FORFN�JDWLQJ�HQDEOH� 

�� 5: �[� UHFRQ�BFNJ 
+(9&�5'2�UHFRQ��FORFN�JDWLQJ�HQDEOH� 

�� 5: �[� FDEDF�BFNJ 
+(9&�5'2�FDEDF��FORFN�JDWLQJ�HQDEOH� 

�� 5: �[� W�BFNJ 
+(9&�5'2�FX��WUDQIRUP�FORFN�JDWLQJ�HQDEOH� 

�� 5: �[� T�BFNJ 
+(9&�5'2�FX��TXDQWL]DWLRQ�FORFN�JDWLQJ�HQDEOH� 

�� 5: �[� LTLW�BFNJ 
+(9&�5'2�LTLW��FORFN�JDWLQJ�HQDEOH� 

�� 5: �[� UHFRQ�BFNJ 
+(9&�5'2�UHFRQ��FORFN�JDWLQJ�HQDEOH� 

� 5: �[� FDEDF��BFNJ 
+(9&�5'2�FDEDF���FORFN�JDWLQJ�HQDEOH� 

� 5: �[� W��BFNJ 
+(9&�5'2�FX���WUDQIRUP�FORFN�JDWLQJ�HQDEOH� 

� 5: �[� T��BFNJ 
+(9&�5'2�FX���TXDQWL]DWLRQ�FORFN�JDWLQJ�HQDEOH� 

� 5: �[� LTLW��BFNJ 
+(9&�5'2�LTLW���FORFN�JDWLQJ�HQDEOH� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �926 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� UHFRQ��BFNJ 
+(9&�5'2�UHFRQ���FORFN�JDWLQJ�HQDEOH� 

� 5: �[� FDEDF��BFNJ 
+(9&�5'2�FDEDF���FORFN�JDWLQJ�HQDEOH� 

� 5: �[� W��BFNJ 
+(9&�5'2�FX���WUDQIRUP�FORFN�JDWLQJ�HQDEOH� 

� 5: �[� T��BFNJ 
+(9&�5'2�FX���TXDQWL]DWLRQ�FORFN�JDWLQJ�HQDEOH� 

� 5: �[� LTLW��BFNJ 
+(9&�5'2�LTLW���FORFN�JDWLQJ�HQDEOH� 

� 5: �[� UHFRQ��BFNJ 
+(9&�5'2�UHFRQ���FORFN�JDWLQJ�HQDEOH� 

 
9(38�B,��B62%(/B7B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

����� 5: �[��� LQWUDBO��BVREHOBW� 
+(9&�LQWUD�FRVW���DGMXVW�WKHVKROG�� 

����� 52 �[� UHVHUYHG 

���� 5: �[��� LQWUDBO��BVREHOBW� 
+(9&�LQWUD�FRVW���DGMXVW�WKHVKROG�� 

 
9(38�B,��B62%(/B$B��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

����� 5: �[�� LQWUDBO��BVREHOBD�BTS� 
D��YDOXH�ZKHQ�TS� ������� 

����� 5: �[�� LQWUDBO��BVREHOBD�BTS� 
D��YDOXH�ZKHQ�TS� ������� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �927 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� LQWUDBO��BVREHOBD�BTS� 
D��YDOXH�ZKHQ�TS� ������� 

���� 5: �[�� LQWUDBO��BVREHOBD�BTS� 
D��YDOXH�ZKHQ�TS� ������� 

��� 5: �[�� LQWUDBO��BVREHOBD�BTS� 
D��YDOXH�ZKHQ�TS���� 

 
9(38�B,��B62%(/B$B��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

����� 5: �[�� LQWUDBO��BVREHOBD�BTS� 
D��YDOXH�ZKHQ�TS� ������� 

����� 5: �[�� LQWUDBO��BVREHOBD�BTS� 
D��YDOXH�ZKHQ�TS� ������� 

���� 5: �[�� LQWUDBO��BVREHOBD�BTS� 
D��YDOXH�ZKHQ�TS� ������� 

��� 5: �[�� LQWUDBO��BVREHOBD�BTS� 
D��YDOXH�ZKHQ�TS� ������� 

 
9(38�B,��B62%(/B%B��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 52 �[� UHVHUYHG 

����� 5: �[���� LQWUDBO��BVREHOBE�BTS� 
 

�� 52 �[� UHVHUYHG 

���� 5: �[���� LQWUDBO��BVREHOBE�BTS� 
 

 
9(38�B,��B62%(/B%B��B+(9&�  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �928 

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 52 �[� UHVHUYHG 

����� 5: �[���� LQWUDBO��BVREHOBE�BTS� 
 

�� 52 �[� UHVHUYHG 

���� 5: �[���� LQWUDBO��BVREHOBE�BTS� 
 

 
9(38�B,��B62%(/B%B��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 52 �[� UHVHUYHG 

����� 5: �[���� LQWUDBO��BVREHOBE�BTS� 
 

�� 52 �[� UHVHUYHG 

���� 5: �[���� LQWUDBO��BVREHOBE�BTS� 
 

 
9(38�B,��B62%(/B%B��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 52 �[� UHVHUYHG 

����� 5: �[���� LQWUDBO��BVREHOBE�BTS� 
 

�� 52 �[� UHVHUYHG 

���� 5: �[���� LQWUDBO��BVREHOBE�BTS� 
 

 
9(38�B,��B62%(/B%B��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �929 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[����� UHVHUYHG 

���� 5: �[���� LQWUDBO��BVREHOBE�BTS� 
 

 
9(38�B,��B62%(/B&B��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

����� 5: �[�� LQWUDBO��BVREHOBF�BTS� 
 

����� 5: �[�� LQWUDBO��BVREHOBF�BTS� 
 

����� 5: �[�� LQWUDBO��BVREHOBF�BTS� 
 

���� 5: �[�� LQWUDBO��BVREHOBF�BTS� 
 

��� 5: �[�� LQWUDBO��BVREHOBF�BTS� 
 

 
9(38�B,��B62%(/B&B��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� UHVHUYHG 

����� 5: �[�� LQWUDBO��BVREHOBF�BTS� 
 

����� 52 �[�� UHVHUYHG 

�� 5: �[� LQWUDBO��BVREHOBF�BTS� 
 

���� 5: �[�� LQWUDBO��BVREHOBF�BTS� 
 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �930 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[�� LQWUDBO��BVREHOBF�BTS� 
 

 
9(38�B,��B62%(/B'B��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 52 �[� UHVHUYHG 

����� 5: �[���� LQWUDBO��BVREHOBG�BTS� 
 

�� 52 �[� UHVHUYHG 

���� 5: �[���� LQWUDBO��BVREHOBG�BTS� 
 

 
9(38�B,��B62%(/B'B��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 52 �[� UHVHUYHG 

����� 5: �[���� LQWUDBO��BVREHOBG�BTS� 
 

�� 52 �[� UHVHUYHG 

���� 5: �[���� LQWUDBO��BVREHOBG�BTS� 
 

 
9(38�B,��B62%(/B'B��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 52 �[� UHVHUYHG 

����� 5: �[���� LQWUDBO��BVREHOBG�BTS� 
 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �931 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 52 �[� UHVHUYHG 

���� 5: �[���� LQWUDBO��BVREHOBG�BTS� 
 

 
9(38�B,��B62%(/B'B��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 52 �[� UHVHUYHG 

����� 5: �[���� LQWUDBO��BVREHOBG�BTS� 
 

�� 52 �[� UHVHUYHG 

���� 5: �[���� LQWUDBO��BVREHOBG�BTS� 
 

 
9(38�B,��B62%(/B'B��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[����� UHVHUYHG 

���� 5: �[���� LQWUDBO��BVREHOBG�BTS� 
 

 
9(38�B,��B62%(/B(B��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� LQWUDBO��BVREHOBH�BTS�BORZ 
 

 
9(38�B,��B62%(/B(B��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �932 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� UHVHUYHG 

��� 5: �[� LQWUDBO��BVREHOBH�BTS�BKLJK 
 

 
9(38�B,��B62%(/B(B��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� LQWUDBO��BVREHOBH�BTS�BORZ 
 

 
9(38�B,��B62%(/B(B��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� UHVHUYHG 

��� 5: �[� LQWUDBO��BVREHOBH�BTS�BKLJK 
 

 
9(38�B,��B62%(/B(B��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� LQWUDBO��BVREHOBH�BTS�BORZ 
 

 
9(38�B,��B62%(/B(B��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� UHVHUYHG 

��� 5: �[� LQWUDBO��BVREHOBH�BTS�BKLJK 
 

 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �933 

9(38�B,��B62%(/B(B��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� LQWUDBO��BVREHOBH�BTS�BORZ 
 

 
9(38�B,��B62%(/B(B��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� UHVHUYHG 

��� 5: �[� LQWUDBO��BVREHOBH�BTS�BKLJK 
 

 
9(38�B,��B62%(/B(B��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� LQWUDBO��BVREHOBH�BTS�BORZ 
 

 
9(38�B,��B62%(/B(B��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� UHVHUYHG 

��� 5: �[� LQWUDBO��BVREHOBH�BTS�BKLJK 
 

 
9(38�B,��B62%(/B(B��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� LQWUDBO��BVREHOBH�BTS�BORZ 
 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �934 

 
9(38�B,��B62%(/B(B��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� UHVHUYHG 

��� 5: �[� LQWUDBO��BVREHOBH�BTS�BKLJK 
 

 
9(38�B,��B62%(/B(B��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� LQWUDBO��BVREHOBH�BTS�BORZ 
 

 
9(38�B,��B62%(/B(B��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� UHVHUYHG 

��� 5: �[� LQWUDBO��BVREHOBH�BTS�BKLJK 
 

 
9(38�B,��B62%(/B(B��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� LQWUDBO��BVREHOBH�BTS�BORZ 
 

 
9(38�B,��B62%(/B(B��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� UHVHUYHG 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �935 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� LQWUDBO��BVREHOBH�BTS�BKLJK 
 

 
9(38�B,��B62%(/B(B��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� LQWUDBO��BVREHOBH�BTS�BORZ 
 

 
9(38�B,��B62%(/B(B��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� UHVHUYHG 

��� 5: �[� LQWUDBO��BVREHOBH�BTS�BKLJK 
 

 
9(38�B,��B62%(/B7B��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

����� 5: �[��� LQWUDBO��BVREHOBW� 
 

����� 52 �[� UHVHUYHG 

���� 5: �[��� LQWUDBO��BVREHOBW� 
 

 
9(38�B,��B62%(/B7B��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[������� UHVHUYHG 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �936 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[�� LQWUDBO��BVREHOBW� 
 

 
9(38�B,��B62%(/B7B��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

����� 5: �[��� LQWUDBO��BVREHOBW� 
 

����� 52 �[� UHVHUYHG 

���� 5: �[��� LQWUDBO��BVREHOBW� 
 

 
9(38�B,��B62%(/B$B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 

����� 5: �[�� LQWUDBO��BVREHOBD�BTS� 
 

����� 5: �[�� LQWUDBO��BVREHOBD�BTS� 
 

����� 5: �[�� LQWUDBO��BVREHOBD�BTS� 
 

���� 5: �[�� LQWUDBO��BVREHOBD�BTS� 
 

��� 5: �[�� LQWUDBO��BVREHOBD�BTS� 
 

 
9(38�B,��B62%(/B%B��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 52 �[� UHVHUYHG 

����� 5: �[���� LQWUDBO��BVREHOBE�BTS� 
 

�� 52 �[� UHVHUYHG 

���� 5: �[���� LQWUDBO��BVREHOBE�BTS� 
 

 
9(38�B,��B62%(/B%B��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 52 �[� UHVHUYHG 

����� 5: �[���� LQWUDBO��BVREHOBE�BTS� 
 

�� 52 �[� UHVHUYHG 

���� 5: �[���� LQWUDBO��BVREHOBE�BTS� 
 

 
9(38�B,��B62%(/B%B��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[����� UHVHUYHG 

���� 5: �[���� LQWUDBO��BVREHOBE�BTS� 
 

 
9(38�B,��B62%(/B&B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� LQWUDBO��BVREHOBF�BTS� 
 

����� 5: �[�� LQWUDBO��BVREHOBF�BTS� 
 

����� 5: �[�� LQWUDBO��BVREHOBF�BTS� 
 

���� 5: �[�� LQWUDBO��BVREHOBF�BTS� 
 

��� 5: �[�� LQWUDBO��BVREHOBF�BTS� 
 

 
9(38�B,��B62%(/B'B��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 52 �[� UHVHUYHG 

����� 5: �[���� LQWUDBO��BVREHOBG�BTS� 
 

�� 52 �[� UHVHUYHG 

���� 5: �[���� LQWUDBO��BVREHOBG�BTS� 
 

 
9(38�B,��B62%(/B'B��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 52 �[� UHVHUYHG 

����� 5: �[���� LQWUDBO��BVREHOBG�BTS� 
 

�� 52 �[� UHVHUYHG 

���� 5: �[���� LQWUDBO��BVREHOBG�BTS� 
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9(38�B,��B62%(/B'B��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[����� UHVHUYHG 

���� 5: �[���� LQWUDBO��BVREHOBG�BTS� 
 

 
9(38�B,��B62%(/B(B��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� LQWUDBO��BVREHOBH�BTS�BORZ 
 

 
9(38�B,��B62%(/B(B��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[������ UHVHUYHG 

��� 5: �[��� LQWUDBO��BVREHOBH�BTS�BKLJK 
 

 
9(38�B,��B62%(/B(B��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� LQWUDBO��BVREHOBH�BTS�BORZ 
 

 
9(38�B,��B62%(/B(B��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[������ UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[��� LQWUDBO��BVREHOBH�BTS�BKLJK 
 

 
9(38�B,��B62%(/B(B��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� LQWUDBO��BVREHOBH�BTS�BORZ 
 

 
9(38�B,��B62%(/B(B��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[������ UHVHUYHG 

��� 5: �[��� LQWUDBO��BVREHOBH�BTS�BKLJK 
 

 
9(38�B,��B62%(/B(B��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� LQWUDBO��BVREHOBH�BTS�BORZ 
 

 
9(38�B,��B62%(/B(B��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[������ UHVHUYHG 

��� 5: �[��� LQWUDBO��BVREHOBH�BTS�BKLJK 
 

 
9(38�B,��B62%(/B(B��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� LQWUDBO��BVREHOBH�BTS�BORZ 
 

 
9(38�B,��B62%(/B(B��B+(9&�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[������ UHVHUYHG 

��� 5: �[��� LQWUDBO��BVREHOBH�BTS�BKLJK 
 

10.6 Application Notes 
10.6.1 008�&RQILJ�)ORZ 

Config mmu table

Zap mmu line

Zap fail
MMU busy

NY

Error dectect

Request reset IP
Wait hardware auto 
reset finish or soft 

reset ready

NY

 
Fig. 10-12 MMU config flow 

���3UHSDUH�PPX�WDEOH�WR�GGU�DQG�FRQILJ�'7(�DGGUHVV�EHIRUH�EHJLQ�WR�GHFRGHU� 
���,I�WKH�PPX�WDEOH�KDYH�EHHQ�FKDQJHG��\RX�ZLOO�]DS�RQH�PPX�OLQH� 
���,I�\RX�]DS�VXFFHVVHG��\RX�FDQ�FRQWLQXV�WR�]DS�QH[W�OLQH� 
���,I�\RX�]DS�IDLO��PD\EH�VRPH�HUURU�KDSSHQHG��WKHQ�\RX�VKRXOG�FKHFN�LI�WKHUH�DQ\�HUURU�
KDSSHQ�ZKHQ�GHFRGLQJ� 
���,I�VRPH�HUURU�KDSSHQ��\RX�VKRXOG�ZDLW�UHVHW�ILQLVK��DQG�WKHQ�UH�VWDUW�PPX�FRQILJ� 
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���,I�GRQ¶W�KDYH�DQ\�HUURU�ILQG��LW�ZLOO�VWLOO�QHHG�WR�UHVHW��DQG�WKHQ�UH�VWDUW�PPX�FRQILJ� 
10.6.2 9'38����GHFRGHU�&RQILJXUDWLRQ�IORZ 
���3UHSDUH�WKH�GHFRGHU�GDWD�LQ�WKH�''5�PHPRU\��DQG�LQ�GHFRGHU�RWKHU�WKDQ�-3(*�GHFRGHU��
WKH�LQSXW�VWUHDP�EXIIHU�VKRXOG�DW�OHDVW�FRQWDLQ�D�VOLFH�RU�D�IUDPH�GDWD��RWKHUZLVH�WKH�
GHFRGHU�ZLOO�SURGXFH�DQ�LQWHUUXSW�DQG�VKRZ�HUURU�DQG�WKHQ�UHVHW�LWVHOI� 
���&RQILJ�DOO�WKH�UHJLVWHUV�ZLOO�EH�XVHG��7KH�GHFRGHU�FDQ�VXSSRUW�UHI�EXIIHU�PRGH�RU�
FDFKHDEOH�PRGH��EXW�WKH\�FDQ¶W�EH�ERWK�HQDEOHG��:H�FDQ�FRQILJ�WKH�
VZUHJ��>��@�VZUHJ��>��@�WR�HQDEOH�FDFKH�DQG�FRQILJ�WKH�VZUHJ���WR�FRQWURO�WKH�UHI�EXIIHU� 
���<RX�VKRXOG�FRQILJ�9'38B6:5(*��>�@�DV��¶E��WR�HQDEOH�YLGHR�GHFRGHU��$QG�FRQILJ�
9'38B6:5(*��>�@�DV��¶E��WR�HQDEOH�SS��,I�SS�SHUIRUPHG�LQ�SLSHOLQH�ZLWK�GHFRGHU��\RX�
VKRXOG�FRQILJ�9'38B6:5(*��>�@�DV��¶E��DQG�WKHQ�FRQILJ�9'38B6:5(*��>�@�DV��¶E��WR�
HQDEOH�GHFRGHU�DQG�SS��  
���:DLW�IRU�WKH�IUDPH�LQWHUUXSW��DQG�WKHQ�FKHFN�LI�WKH�IUDPH�GHFRGHU�UHDG\�LQWHUUXSW�LV�ULJKW�
RU�QRW��DIWHU�WKDW��\RX�FDQ�JHW�WKH�SURFHVVHG�UHVXOWV�LQ�WKH�WDUJHW�''5� 
���&OHDU�DOO�WKH�LQWHUUXSWV��UHSHDW�VWHS��a��WR�VWDUW�D�QHZ�IUDPH�GHFRGHU�RU�HQFRGHU� 
 
10.6.3 9'38����GHFRGHU�&RQILJXUDWLRQ�)ORZ 
���3UHSDUH�WKH�GDWD�LQ�WKH�''5� 
���6HW�WKH�+����JHQHUDO�V\VWHP�FRQILJXUDWLRQ��VXFK�DV�ZRUNLQJ�PRGH�LQ�5.9'(&�VZUHJ���
LQ�RXW�HQGLDQ�LQ�5.9'(&�VZUHJ�� 
���6HW�WKH�SLFWXUH�SDUDPHWHUV�ZLWK�5.9'(&�VZUHJ�a�5.9'(&�VZUHJ��� 
���6HW�WKH�LQSXW�DQG�RXWSXW�GDWD�EDVH�DGGUHVV�DQG�+����UHIHUHQFH�FRQILJXUDWLRQ�ZLWK�
5.9'(&�VZUHJ��a5.9'(&�VZUHJ���� 
���,I�&$%$&�HUURU�GHWHFWLRQ�LV�GHVLUHG��VHW�WKH�5.9'(&�VZUHJ���WR�HQDEOH�WKH�FRUUHVSRQGLQJ�
HUURU�GHWHFWLRQ� 
���6HW�WKH�LQWHUUXSW�FRQILJXUDWLRQ�ZLWK�5.9'(&�VZUHJ���DQG�VWDUW�WKH�+����ZLWK�
5.9'(&�VZUHJ��� 
���:DLW�IRU�WKH�IUDPH�LQWHUUXSW��DQG�WKHQ�JHW�WKH�SURFHVVHG�UHVXOWV�LQ�WKH�WDUJHW�''5� 
���&OHDU�DOO�WKH�LQWHUUXSWV��DQG�UHSHDW�3URFHVV�a3URFHVV��WR�VWDUW�D�QHZ�IUDPH�GHFRGLQJ�LI�
WKH�GHFRGLQJ�LV�QRW�ILQLVKHG�\HW� 
10.6.4 9'38����/LQN�WDEOH�3RLQWHU�PRGH�FRQILJXUDWLRQ�IORZ 

Select work in link 
table mode by set 
link_mode_en=1

Config register stoage 
address

Config mmu DTE

Config other control 
registers

Config cfg_done 

IP decoder

get interrupt ,then clr 
interrupt.

Check if there have 
any error and how 

many frame be 
decodered

Error dectect?

Y

Hardware will stop 
decoder and auto 

disable 
link_mode_en

Add more frame 

Config cfg_doneIf need to add 
more?

Y

N

Check swreg1 to get 
more information 
about error type

Error process,such 
soft reset and so on

Hardware returen to 
IDLE,you can restart

Prepare register config 
into DDR

Add more

No need Add more

N
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Fig. 10-13 Link table Pointer mode work flow 
1. 3UHSDUH�DOO�WKH�UHJLVWHU�FRQILJ�YDOXH�LQWR�''5� 
2. &RQILJ�PPX�'7(�DQG�HQDEOH�PPX�EHIRUH�FRQILJ�OLQN�WDEOH�PRGH� 
3. &RQILJ�OLQNBPRGHBLUT�DQG�RWKHU�OLQN�WDEOH�PRGH�UHJLVWHU��7KH�UHJLVWHU�LV�IURP�
OLQNBWDOHBVZUHJ�aOLQNBWDEOHBVZUHJ�� 
4. &RQILJ�FRQILJBGRQH�VHW�OLQNBWDEOHBVZUHJ�>�@ �¶E���WR�PDNH�WKH�OLQN�WDEOH�UHJLVWHU�
FRQILJXUDWLRQ�HIIHFW��DIWHU�WKDW�KDUGZDUH�ZLOO�EHJLQ�WR�GHFRGHU�IUDPH�E\�IUDPH� 
5. ,I�\RX�QHHG�WR�DGG�PRUH�IUDPH��\RX�FDQ�XVH�VXSHUDGGLWLRQ�PRGH��\RX�FDQ�DGG�PRUH�IUDPH�
ZKHQ�GHFRGHU�DW�DQ\�VWDWXV� 
6. ,I�DOO�FRQILJ�EH�UG\��\RX�VKRXOG�HQDEOH�WKH�ZRUNLQJ�IODJ�E\�FRQILJ�OLQNBPRGHBHQ�
�OLQNBWDEOHBVZUHJ�>�@��WR��� 
7. ,I�DOO�WKH�IUDPH�EH�GHFRGHUHG��WKH�KDUGZDUH�ZLOO�KROG�WKH�ZRUNLQJ�VWDWXV�ZDLW�XVHU�WR�
SURFHVV��\RX�FDQ�DGG�PRUH�IUDPH�RU�VHW�OLQNBPRGHBHQ ��QHHG�WR�VHW�FRQILJBGRQH �¶E���WR�
ILQLVK�OLQN�WDEOH�PRGH� 
8. :KHQ�\RX�JHW�LQWHUUXSW��DW�ILUVW��\RX�VKRXOG�FOHDU�WKH�LUT��DQG�WKHQ��JRWR�FKHFN�LI�WKHUH�
KDYH�DQ\�HUURU�E\�FKHFN�OLQNBWDEOHBVZUHJ�>��@ �¶E��RU�QRW��,I�DQ\�HUURU�IRXQG�E\�KDUGZDUH��
WKH�KDUGZDUH�ZLOO�GLVDEOH�OLQN�WDEOH�PRGH�DQG�VWRS�GHFRGHU�XQWLO�XVHU�UHVWDUW�QH[W�OLQN�WDEOH�
PRGH��$QG�WKHQ�\RX�FDQ�JHW�PRUH�LQIRUPDWLRQ�DERXW�HUURU�W\SH�IURP�QRUPDO�UHJLVWHU�
VZUHJ���� 
���:KHQ�\RX�JHW�LQWHUUXSW��LI�WKHUH�GRHVQ¶W�KDYH�DQ\�HUURU��\RX�PD\�EH�WR�FKHFN�WKH�IUDPH�
QXPEHU�ZKLFK�KDYH�EHHQ�GHFRGHG� 
����3OHDVH�QRWH�WKDW��$Q\�OLQN�WDEOH�UHJLVWHU�EH�FRQILJ��\RX�QHHG�WR�FRQILJ�VZUHJ�>�@ �¶E��WR�
PDNH�LW�HIIHFWLYH� 
10.6.5 9'38����-3(*�GHFRGHU�&RQILJXUDWLRQ�IORZ 
���3UHSDUH�WKH�GHFRGHU�GDWD�LQ�WKH�''5�PHPRU\��DQG�LQ�GHFRGHU�RWKHU�WKDQ�-3(*�GHFRGHU��
WKH�LQSXW�VWUHDP�EXIIHU�VKRXOG�DW�OHDVW�FRQWDLQ�D�VOLFH�RU�D�IUDPH�GDWD��RWKHUZLVH�WKH�
GHFRGHU�ZLOO�SURGXFH�DQ�LQWHUUXSW�DQG�VKRZ�HUURU�DQG�WKHQ�UHVHW�LWVHOI� 
���&RQILJ�DOO�WKH�UHJLVWHUV�ZLOO�EH�XVHG��  
���<RX�VKRXOG�FRQILJ�9'38���B6:5(*�>�@�DV��¶E��WR�HQDEOH�-3(*�GHFRGHU��  
���:DLW�IRU�WKH�IUDPH�LQWHUUXSW��DQG�WKHQ�FKHFN�LI�WKH�IUDPH�GHFRGHU�UHDG\�LQWHUUXSW�LV�ULJKW�
RU�QRW��DIWHU�WKDW��\RX�FDQ�JHW�WKH�SURFHVVHG�UHVXOWV�LQ�WKH�WDUJHW�''5� 
���&OHDU�DOO�WKH�LQWHUUXSWV��UHSHDW�VWHS��a��WR�VWDUW�D�QHZ�IUDPH�GHFRGHU�RU�HQFRGHU� 
10.6.6 9(38����-3(*�HQFRGHU�&RQILJXUDWLRQ�IORZ 
���3UHSDUH�WKH�HQFRGHU�GDWD�LQ�WKH�''5�PHPRU\ 
���&RQILJ�DOO�WKH�UHJLVWHUV�ZLOO�EH�XVHG��$QG�SOHDVH�QRWLFH�WKDW�ZKLFK�EH�OLVW�DV�IROORZV� 
z )RU�HQFRGHU��:H�FDQ�FRQILJXUH�WKH�UHJLVWHUV�WR�FRQWURO�WKH�LQSXW�SLFWXUH�GDWD�IRUPDW�

�VXFK�DV�HQGLDQ�DQG�VZDS���EXW�VRPH�LQSXW�GDWD�IRUPDW�DUH�IL[HG��VXFK�DV�FDEDFBWDEOH�
GDWD��$QG�WKH�UHJLVWHU�9(38B6:5(*�a���DUH�-3(*�TXDQWL]DWLRQ�UHJLVWHUV��7KH\�DUH�
ZULWH�RQO\�UHJLVWHUV��:KHQ�\RX�ZDQW�WR�ZULWH�WKHVH�UHJLVWHUV��\RX�VKRXOG�ILUVW�VHW�
9(38B6:5(*���>�@�WR��¶E��DQG�9(38B6:5(*���>���@�WR��¶E����VHOHFW�-3(*�PRGH�� 

���9(38B6:5(*���>�@�VHW�WR��¶E��WR�HQDEOH�HQFRGHU��  
���:DLW�IRU�WKH�IUDPH�LQWHUUXSW��DQG�WKHQ�FKHFN�LI�WKH�IUDPH�GHFRGHU�UHDG\�LQWHUUXSW�LV�ULJKW�
RU�QRW��DIWHU�WKDW��\RX�FDQ�JHW�WKH�SURFHVVHG�UHVXOWV�LQ�WKH�WDUJHW�''5� 
���&OHDU�DOO�WKH�LQWHUUXSWV��UHSHDW�VWHS��a��WR�VWDUW�D�QHZ�IUDPH�GHFRGHU�RU�HQFRGHU� 
10.6.7 9(38����/D\HU��5HJLVWHU�$FFHVV 
8VHU�FDQ�DFFHVV�9(38�/D\HU��UHJLVWHUV�WKURXJK�9(38B/�&)*B$''5��[��I����
9(38B/�&)*B:'$7$��[��I���DQG�9(38B/�&)*B5'$7$��[��I���LQ�/D\HU���  
([DPSOH���ZULWH�³'$7$[´�LQWR�OD\HU��DGGUHVV�³$''5[´ 

z :ULWH�9(38B/�&)*B$''5��³$''5[´� 
z :ULWH�9(38B/�&)*B:'$7$��³'$7$[´� 

([DPSOH���UHDG�EDFN�³'$7$[´�IURP�OD\HU��UHJLVWHU�³$''5[´ 
z :ULWH�9(38B/�&)*B$''5��³$''5[´� 
z 5HDG�9(38B/�&)*B5'$7$��³'$7$[´� 

7R�LQFUHDVH�FRQILJXUDWLRQ�VSHHG��9(38�DOVR�VXSSRUW�³EXUVW�PRGH´�ZKLFK�DXWR�LQFUHDVH�
9(38B/�&)*B$''5�DIWHU�ZULWH�WR�9(38B/�&)*B:'$7$�RU�UHDG�/�&)*B5'$7$�LI�
9(38B/�&)*B:'$7$�EXUVWBPRGH�LV��� 
([DPSOH���ZULWH�'$7$>�a�@�LQWR�OD\HU��DGGUHVV�³$''5[ �́�³$''5[�� �́�³$''5[�� �́�
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³$''5[���´�FRQWLQXRXVO\� 
z :ULWH�9(38B/�&)*B$''5��³$''5[´_��¶K�� 
z :ULWH�9(38B/�&)*B:'$7$��³'$7$>�@´� 
z :ULWH�9(38B/�&)*B:'$7$��³'$7$>�@´� 
z :ULWH�9(38B/�&)*B:'$7$��³'$7$>�@´� 
z :ULWH�9(38B/�&)*B:'$7$��³'$7$>�@´� 

([DPSOH���UHDG���³'$7$>�a�@´�IURP�OD\HU��UHJLVWHUV�ZLWK�WKH�DGGUHVV�RI�³$''5[ �́�
³$''5[�� �́�³$''5[��´�DQG�³$''5[���´�FRQWLQXRXVO\� 

z :ULWH�9(38B/�&)*B$''5��³$''5[´_��¶K�� 
z 5HDG�9(38B/�&)*B5'$7$��³'$7$>�@´� 
z 5HDG�9(38B/�&)*B5'$7$��³'$7$>�@´� 
z 5HDG�9(38B/�&)*B5'$7$��³'$7$>�@´� 
z 5HDG�9(38B/�&)*B5'$7$��³'$7$>�@´� 

10.6.8 9(38����%XIIHU�$OORFDWLRQ 
8VHU�VKRXOG�DOORFDWHV�WKH�IROORZLQJ�EXIIHUV�DQG�LQIRUPV�9(38�EHIRUH�WKH�FRUUHVSRQGLQJ�IUDPH�
HQFRGLQJ�VWDUWV��  

z 9LGHR�VRXUFH�EXIIHU 
z �52,��EORFN�OHYHO�FRQILJXUDWLRQ�EXIIHU 
z 5HIHUHQFH�IUDPH�EXIIHU 
z &XUUHQW�IUDPH�EXIIHU 
z &ROORFDWHG�09�EXIIHU 
z &XUUHQW�09�EXIIHU 
z 'RZQ�VDPSOHG�UHIHUHQFH�IUDPH�EXIIHU 
z 'RZQ�VDPSOHG�FXUUHQW�IUDPH�EXIIHU 
z 0RWLRQ�LQIRUPDWLRQ�EXIIHU 
z %LWVWUHDP�EXIIHU 

 

 

10.6.8.1 Video Source Buffer 
'HSHQGLQJ�RQ�GLIIHUHQW�YLGHR�VRXUFH�IRUPDW��WKHUH¶UH�XS�WR���EXIIHUV�VKRXOG�EH�FRQILJXUHG� 
:KHQ�YLGHR�VRXUFH�IRUPDW�LV�%*5$������5*%�����5*%�����<8<9����RU�8<9<�����RQO\�RQH�
EXIIHU�VKRXOG�EH�DOORFDWHG�DQG�/$<(5��9(38B$'5B65&���[������VKRXOG�EH�VHW�WR�WKH�EXIIHU�
VWDUW�DGGUHVV� 
:KHQ�YLGHR�VRXUFH�IRUPDW�LV�DUP�$)%&��<89����RU�<89������/$<(5��9(38B$'5B65&��
VKRXOG�EH�VHW�WR�WKH�VWDUW�DGGUHVV�RI�³$)%&�KHDGHU�SRUWLRQ �́�/$<(5��9(38B$'5B65&��
VKRXOG�EH�VHW�WR�WKH�DGGUHVV�RI�ZKLFK�WKH�³$)%&�ERG\�SRUWLRQ´�RIIVHW�EDVH�RQ�
�OD\HU��$'5B65&��DQG�OD\HU��$'5B65&��DUH�WKH�VDPH�LQ�PRVW�FDVHV��� � �  
:KHQ�YLGHR�VRXUFH�IRUPDW�LV�<89����RU�<89�����VHPL�SODQDU��/$<(5��9(38B$'5B65&��
VKRXOG�EH�VHW�WR�WKH�/80$�FRPSRQHQW�VWDUW�DGGUHVV��/$<(5��9(38B$'5B65&��VKRXOG�EH�VHW�
WR�WKH�&+520$�FRPSRQHQW�VWDUW�DGGUHVV� 
2WKHUZLVH��<89����RU�<89����SODQDU���/$<(5��9(38B$'5B65&��VKRXOG�EH�VHW�WR�WKH�<�
FRPSRQHQW�VWDUW�DGGUHVV��/$<(5��$'5B65&��VKRXOG�EH�VHW�WR�WKH�8�FRPSRQHQW�VWDUW�
DGGUHVV��DQG�/$<(5��9(38B$'5B65&��VKRXOG�EH�VHW�WR�WKH�9�FRPSRQHQW�VWDUW�DGGUHVV� 

10.6.8.2 Block Level Configure Buffer 
7KLV�EXIIHU�VKRXOG�EH�DOORFDWHG�DQG�FRQILJXUHG�ZKHQ�/$<(5��9(38B(1&B3,&�URLBHQ�LV��� 
7KH�VL]H�RI�EORFN�OHYHO�FRQILJXUH�EXIIHU�LV� 
��/$<(5��9(38B(1&B56/�SLFBZG�BP��������[�
��/$<(5��9(38B(1&B56/�SLFBKG�BP��������[���%\WHV� 

10.6.8.3 Current And Reference Frame Buffer 
5HIHUHQFH�IUDPH�EXIIHU�DQG�FXUUHQW�IUDPH�EXIIHU�VWRUH�WKH�UHFRQVWUXFWHG�IUDPH�GDWD�IRU�
PRWLRQ�HVWLPDWLRQ��%HFDXVH�RI�WKDW�IUDPH�EXIIHU�FRPSUHVVLRQ�LV�LPSOHPHQWHG��HDFK�EXIIHU�
KDV�KHDG�SRUWLRQ�DQG�ERG\�SRUWLRQ��/$<(5��9(38B$'5B5)3:B+�DQG�
/$<(5��9(38B$'5B5)3:B%�VKRXOG�EH�VHW�WR�WKH�KHDG�SRUWLRQ�DQG�ERG\�SRUWLRQ�VWDUW�
DGGUHVV�RI�FXUUHQW�IUDPH�EXIIHU�VHSDUDWHO\��/$<(5��9(38B$'5B5)35B+�DQG�
/$<(5��9(38B$'5B5)35B%�VKRXOG�EH�VHW�WR�WKH�KHDGHU�SRUWLRQ�DQG�ERG\�SRUWLRQ�VWDUW�
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DGGUHVV�RI�UHIHUHQFH�IUDPH�EXIIHU� 
7KH�VL]H�RI�KHDG�SRUWLRQ�RI�FXUUHQW�DQG�UHIHUHQFH�IUDPH�EXIIHU�LV� 
���/$<(5��9(38B(1&B56/�SLFBZG�BP��������[�
��/$<(5��9(38B(1&B56/�SLFBKG�BP����[�����������[���%\WHV� 
7KH�VL]H�RI�ERG\�SRUWLRQ�RI�FXUUHQW�DQG�UHIHUHQFH�IUDPH�EXIIHU�LV� 
��/$<(5��9(38B(1&B56/�SLFBZG�BP��������[�
��/$<(5��9(38B(1&B56/�SLFBKG�BP����[���[���%\WHV� 
1RWH�WKDW�WKH�KHDG�DQG�ERG\�VWDUW�DGGUHVV�VKRXOG�EH��.�E\WH�DOLJQHG� 

10.6.8.4 Col-Mv Buffer And Cur-Mv buffer 
&RO�0Y�EXIIHU�DQG�&XU�0Y�EXIIHU�VWRUHV�WKH�FRO�PY�LQIRUPDWLRQ�IRU�+(9&�HQFRGLQJ� 
:KHQ�/$<(5��9(38B0(B&)*�FROPYBVWRU�LV����WKH�/$<(5��9(38B$'5B&09:�VKRXOG�EH�VHW�
WR�WKH�VWDUW�DGGUHVV�RI�&XU�0Y�EXIIHU��9(38�ZLOO�VWRUH�WKH�FRO�PY�LQIRUPDWLRQ�RI�FXUUHQW�
HQFRGLQJ�IUDPH�LQWR�&XU�0Y�EXIIHU� 
:KHQ�/$<(5��9(38B0(B&)*�FROPYBORDG�LV����WKH�/$<(5��9(38B$'5B&095�VKRXOG�EH�VHW�
WR�WKH�VWDUW�DGGUHVV�RI�&RO�0Y�EXIIHU��9(38�ZLOO�ORDG�WKH�FRO�PY�LQIRUPDWLRQ�IRU�093�
JHQHUDWLRQ��  
7KH�VL]H�RI�&RO�0Y�EXIIHU�DQG�&XU�0Y�EXIIHU�LV�FDOFXODWHG�E\�WKH�IROORZLQJ�IXQFWLRQ� 
��/$<(5��9(38B(1&B56/�SLFBZG�BP��������[�
��/$<(5��9(38B(1&B56/�SLFBKG�BP��������[���%\WHV. 
1RWH�WKDW�WKH�VWDUW�DGGUHVV�RI�FRO�PY�DQG�FXU�PY�EXIIHU�VKRXOG�EH��.�E\WH�DOLJQHG� 

10.6.8.5 Down-sampled Current and Reference Frame 
Buffer 
'RZQ�VDPSOHG�IUDPH�EXIIHU�LV�IRU�9(38�FRDUVH�PRWLRQ�HVWLPDWLRQ��,I�FXUUHQW�IUDPH�ZLOO�EH�
UHIHUUHG�LQ�VXEVHTXHQW�HQFRGLQJ��WKH�GRZQ�VDPSOHG�FXUUHQW�IUDPH�EXIIHU�VKRXOG�EH�
DOORFDWHG�DQG�VHW�WKH�VWDUW�DGGUHVV�WR�/$<(5��9(38B$'5B'63:��,I�FXUUHQW�IUDPH�LV�3�IUDPH��
D�UHIHUHQFH�IUDPH�EXIIHU�VKRXOG�EH�VHOHFWHG�DQG�VHW�WKH�VWDUW�DGGUHVV�WR�
/$<(5��9(38B$'5B'635� 
7KH�VL]H�RI�GRZQ�VDPSOHG�IUDPH�EXIIHU�LV� 
��/$<(5��9(38B(1&B56/�SLFBZG�BP��������[�
�/$<(5��9(38B(1&B56/�SLFBKG�BP��������[���%\WHV� 
1RWH�WKDW�WKH�VWDUW�DGGUHVV�RI�GRZQ�VDPSOHG�IUDPH�EXIIHU�VKRXOG�EH��.%�DOLJQHG� 

10.6.8.6 Motion Information Buffer 
:KHQ�/$<(5��9(38B(1&B3,&�PHLBVWRU�LV����WKH�PRWLRQ�LQIRUPDWLRQ�EXIIHU�VKRXOG�EH�
DOORFDWHG�DQG�VHW�WKH�VWDUW�DGGUHVV�WR�/$<(5��9(38B$'5B0(,:��9(38�VWRUHV�EHVW�PRWLRQ�
YHFWRU�DQG�FRUUHVSRQGLQJ�6$'�LQWR�WKLV�EXIIHU�MXVW�IRU�XVHU�H[WHQGHG�H[WUDFWLRQ� 
7KH�VL]H�RI�PRWLRQ�LQIRUPDWLRQ�EXIIHU�LV� 
��/$<(5��9(38B(1&B56/�SLFBZG�BP����������[�
�/$<(5��9(38B(1&B56/�SLFBKG�BP����[���[���%\WHV� 

10.6.8.7 Bit Stream Buffer 
9(38�VWRUHV�WKH�HQFRGLQJ�UHVXOW��ELW�VWUHDP��LQWR�ELW�VWUHDP�EXIIHU� 
7KHUH�DUH���DGGUHVV�SRLQWHUV�IRU�RQH�ELW�VWUHDP�EXIIHU�PDQDJHPHQW� 

z /$<(5��9(38B$'5B%6%7��EXIIHU�WRS�DGGUHVV��QRW�LQFOXGHG� 
z /$<(5��9(38B$'5B%6%%��EXIIHU�ERWWRP�DGGUHVV��LQFOXGHG� 
z /$<(5��9(38B$'5B%6%5��EXIIHU�UHDG�DGGUHVV�WR�DYRLG�RYHUODS� 
z /$<(5��9(38B$'5B%6%:��EXIIHU�ZULWH�VWDUW�DGGUHVV� 

7ZR�W\SHV�RI�EXIIHU�PDQDJHPHQW�VWUDWHJ\�FDQ�EH�LPSOHPHQWHG�E\�FRQILJXULQJ�WKH�IRXU�
DGGUHVV�SRLQWHUV��VLQJOH�EXIIHU�DQG�F\FOLF�EXIIHU�PDQDJHPHQW� 
6LQJOH�EXIIHU�PDQDJHPHQW�DOORFDWHV�D�QHZ�EXIIHU�IRU�HDFK�IUDPH�ZKLOH�F\FOLF�EXIIHU�
PDQDJHPHQW�DOORFDWHV�D�VKDUHG�F\FOLF�EXIIHU�IRU�DOO�HQFRGLQJ�IUDPHV� 
,QWHUUXSW�/$<(5��9(38B,17B6786�EVBRYIOU�ZLOO�DVVHUW�ZKHQ�ZULWH�DGGUHVV�PHHWV�UHDG�
DGGUHVV��ZKLFK�LQGLFDWHV�EXIIHU�LV�IXOO��DQG�HQFRGLQJ�SURFHVV�LV�SDXVHG��'ULYHU�VKRXOG�
DOORFDWHG�D�QHZ�EXIIHU�WR�FRQWLQXH�FXUUHQW�IUDPH�HQFRGLQJ�E\�VHWWLQJ�QHZ�YDOXHV�WR�WKH�IRXU�
DGGUHVV�SRLQWHUV�RU�FKDQJH�EXIIHU�UHDG�DGGUHVV��UHDG�RXW�WKH�ELWVWUHDP�EHIRUH�WKDW���DQG�
WKHQ�WKH�HQFRGLQJ�SURFHVV�ZLOO�FRQWLQXH� 
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1RWH�WKDW�/$<(5��9(38B$'5B%6%:�PXVW�EH�FRQILJXUHG�DIWHU�WKH�RWKHU���DGGUHVV�SRLQWHUV� 

10.6.8.8 Cur-LPF Row Buffer and Left-LPF Row Buffer 
&XU�/3)�URZ�EXIIHU�DQG�/HIW�/3)�URZ�EXIIHU�VWRUHV�WKH�GDWD�EHWZHHQ�WLOHV�IRU�ORRS�ILOWHU�DQG�
VDR�ZKHQ�WKH�FXUUHQW�SLFWXUH�LV�SDUWLWLRQHG�LQWR�VHYHUDO�WLOHV�IRU�+(9&�FRGLQJ��,I�FXUUHQW�WLOH�
LV�QRW�WKH�ULJKW�WLOH�RI�WKH�SLFWXUH��WKH�FXU�/3)�URZ�EXIIHU�VKRXOG�EH�DOORFDWHG�DQG�VHW�WKH�
VWDUW�DGGUHVV�WR�/$<(5��9(38B$'5B/3):��,I�WKH�FXUUHQW�WLOH�LV�QRW�WKH�OHIW�WLOH�RI�WKH�SLFWXUH��
WKH�OHIW�/3)�URZ�EXIIHU�VKRXOG�EH�VHOHFWHG�DQG�VHW�WKH�VWDUW�DGGUHVV�WR�
/$<(5��9(38B$'5B/3)5� 
7KH�VL]H�RI�&XU�/3)�5RZ�EXIIHU�DQG�/HIW�/3)�5RZ�EXIIHU�LV� 
�/$<(5��9(38B7,/(B&)*B+(9&�WLOHBKBP�����[�����[���%\WH� 
 
10.6.9 9(38����/LQN�7DEOH�0RGH 
9(38����VXSSRUWV�D�EDWFK�SURFHVV�PRGH�QDPHG�³OLQN�WDEOH�PRGH �́�,W�ZLOO�LQFUHDVH�WKH�
LQWHUDFWLRQ�HIILFLHQF\�EHWZHHQ�KDUGZDUH�DQG�VRIWZDUH��&38�FDQ�VWRUHV�WKH�FRQILJXUDWLRQ�IRU�
VHYHUDO�IUDPHV�LQ�''5�EHIRUH�HQFRGLQJ�RU�DGG�QHZ�IUDPHV�WR�EH�HQFRGHG�ZKHQ�9(38�LV�
SURFHVVLQJ�WKH�SUHYLRXV�RQH��7KLV�ZLOO�VDYH�WKH�WLPH�RI�LQWHUUXSW�UHVSRQVH�DQG�UHJLVWHU�
FRQILJXUDWLRQ�DQG�OHW�9(38�DQG�VRIWZDUH�SURFHVV�LQ�SDUDOOHO� 
7KH�VWUXFW�FRQWDLQV�RQH�IUDPH�FRQILJXUDWLRQ�LQ�''5�LV�FDOOHG�QRGH��,W�FRQWDLQV�WKH�/$<(5��
UHJLVWHU�FRQILJXUDWLRQ�DQG�VWDWXV�IURP�DGGUHVV��[�����WR��[���&��9(38�ZLOO�ORDG�WKH�QRGH�
DQG�UHSODFH�FRUUHVSRQGLQJ�/$<(5��UHJLVWHUV�DXWRPDWLFDOO\� 
1RWH�WKDW�RQO\�WKH�UHJLVWHUV�EHWZHHQ�/$<(5���[�����WR��[���&�FDQ�EH�UH�FRQILJXUHG�LQ�OLQN�
WDEOH�PRGH��RWKHU�FRQILJXUDWLRQV�FDQ�QRW�EH�FKDQJHG��  
:KHQ�/$<(5���9(38B,17B(1�ONWBGRQHBHQ�LV����WKH�LQWHUUXSW�RI�
/$<(5��9(38B,17B67$�ONWBGRQHBVWD�ZLOO�DVVHUW�DIWHU�HDFK�IUDPH�HQFRGLQJ�ZKRVH�
/$<(5��9(38B(1&B3,&�QRGHBLQW�LV����8VHU�FDQ�VHW�GHGLFDWHG�IUDPH�LQWHUUXSW�VXFK�DV�WKH�
ODVW�QRGH�RI�OLQN�WDEOH��/$<(5��9(38B67B/.7�IQXPBLQW�FRQWDLQV�WKH�QXPEHU�RI�IUDPHV�KDYH�
EHHQ�HQFRGHG�ZKHQ�LQWHUUXSW�LV�DVVHUW� 

0x0000
~0x001C

0x0030
~0x022Creserved 0x0230

~0x0FFC
LAYER1 

registers

Link Table node[0] node[1] node[x] node[n]

LAYER1.VEPU_LKT_ADDR LAYER1.VEPU_ST_NADR

node[n+1]

LAYER1.VEPU_ST_LKT.fnum_cfg
LAYER1.VEPU_ST_LKT.fnum_enc

 
Fig. 10-14 VEPU Link Table Introduction 

10.6.10 9(38����52, 
8VHU�FDQ�DGMXVW�43�DQG�LQWHU�LQWUD�VHOHFWLRQ�EDVH�RQ���[���EORFN�DQG�VWRUHV�WKH�
FRQILJXUDWLRQV�LQ�EORFN�OHYHO�FRQILJXUDWLRQ�EXIIHU��(DFK���[���EORFN�KDV����ELWV�52,�
FRQILJXUDWLRQ�VWUXFW�DV�WKH�WDEOH�OLVWHG�EHORZ� 

Table 10-17 ROI Configuration Structure 

Bit  Field  Description  

15   qp_mode   
QP adjustment mode 
0: absolute QP 
1: relative QP 
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Bit  Field  Description  

14:8 qp_value   
QP adjustment value 
7KLV�ILHOG�LV�WKH�DEVROXWH�43�ZKHQ�TSBPRGH�LV����RWKHUZLVH�LW¶V�
WKH�UHODWLYH�43�EDVH�RQ�FRUUHVSRQGLQJ���[���EORFN¶V�43�  

7    amap_en   Area map enable 

6:4  amap_idx   

Area map index.  
QP clip is implemented base on area map index, each map index 
has its dedicated threshold. ROI configuration mapping will use 
amap_idx to arbitrate the final configure when CU size is bigger 
than 16x16. Bigger amap_idx has higher priority. 

3:1  reserved   Reserved 
0   force_intra   Force intra encoding 

7KH�FRQILJXUDWLRQ�VWUXFWXUHV�RI�GLIIHUHQW�EORFNV�DUH�VWRUHG�LQ�WKH�RUGHU�RI�UDVWHU�VFDQQLQJ�
ZLWKLQ�D�IUDPH� 
10.6.11 9(38����26' 
9(38�KDV���UHFWDQJXODU�26'�DUHDV��ZKLFK�LQVHUW�XVHU�GHILQHG�SLFWXUH�LQWR�HQFRGLQJ�IUDPHV��
7KH�WRS�OHIW�DQG�ERWWRP�ULJKW�RUGLQDWH�IRU�HDFK�26'�DUHD�LV�DVVLJQHG�E\�
/$<(5��9(38B26'�a�B326��DQG�WKH�PDWHULDOV�EXIIHU�DVVLJQHG�E\�
/$<(5��9(38B$'5B26'�a�� 
9(38¶V�26'�PDWHULDO�EDVHV�RQ�SDOHWWH��/$<(5��9(38B26'B&)*�RVGBSOWBW\S�VHOHFWV�WKH�W\SH�
RI�SDOHWWH��GHIDXOW�26'�SDOHWWH�KDV�RQO\���FRORUV�ZKLOH�XVHU�GHILQHG�26'�SDOHWWH��FRQILJXUHG�
E\�/$<(5��9(38B26'B3/7�a�����VXSSRUWV�XS�WR�����FRORUV��  
1RWH�WKDW�/$<(5��9(38B26'B&)*�RVGBSOWBFNV�VKRXOG�EH���ZKHQ�FRQILJXUH�DQG�EH���ZKHQ�
HQFRGLQJ� 
10.6.12 9(38����6DIH�&OHDU 
6DIH�&OHDU�FRQILUPV�WKH�LQWHJULW\�RI�%86�WUDQVDFWLRQ��,W�ZLOO�GLVFDUG�WKH��$;,��WUDQVDFWLRQV�
KDYH�QRW�VHQW�RXW�DQG�FRPSOHWH�DOO�RXWVWDQGLQJ�RQHV��7R�LPSOHPHQW�VDIH�FOHDU��VRIWZDUH�
VKRXOG�VHW�/$<(5��9(38B(1&B&/5�WR����DQG�ZDLW�IRU�/$<(5��9(38B67B6786�FOUBIQVK�
LQWHUUXSW��$IWHU�WKDW�SXOO�GRZQ�9(38�DV\QFKURQRXV�UHVHW�SRUW�WR�SHUIRUP�IRUFH�UHVHW� 
10.6.13 9(38����/DUJH�5HVROXWLRQ�(QFRGLQJ 

7KH�W\SLFDO�UHVROXWLRQ�VXSSRUWHG�E\�9(38�LV�����3�ZKLOH�WKH�PD[LPXP�UHVROXWLRQ�LV�
����[������:KHQ�HQFRGLQJ�WKH�YLGHR�ZLWK�UHVROXWLRQ�DERYH�����3��ODUJH�UHVROXWLRQ�
HQFRGLQJ�VWUDWHJ\�LV�QHHGHG� 

)RU�+(9&�HQFRGLQJ��7,/(�SDUWLWLRQ�LV�XVHG�WR�VXSSRUW�WKH�ODUJH�UHVROXWLRQ�YLGHR�HQFRGLQJ�
ZKLFK�DERYH�����3��/D\HU��7,/(B&)*B+(9&�DQG�/D\HU��7,/(B326�FRQWDLQ�WKH�FRQILJXUDWLRQ�
RI�7,/(�VL]H�DQG�SRVLWLRQ��  

)RU�+�����HQFRGLQJ��VOLFH�OLQH�VSOLW�LV�XVHG�WR�VXSSRUW�WKH�ODUJH�UHVROXWLRQ�YLGHR�HQFRGLQJ�
ZKLFK�DERYH�����3��/D\HU��6/,B&)*B+����VOLBFUVBHQ�VKRXOG�EH����DQG�/D\HU��6/,B63/7�VHW�
HDFK�0%�OLQH�LQWR�D�VOLFH��0HDQZKLOH��/D\HU��VOLBPD[BQXPBP��VKRXOG�EH�ELJJHU�WKDQ�WKH�
PD[LPXP�QXPEHU�RI�0%�OLQHV�LQ�FXUUHQW�SLFWXUH� 
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Chapter 11 Video Capture (VICAP) 
11.1 Overview 
7KH�9LGHR�&DSWXUH��UHFHLYHV�WKH�GDWD�IURP�&DPHUD�YLD�'93�0,3,��DQG�WUDQVIHUV�WKH�GDWD�LQWR�
V\VWHP�PDLQ�PHPRU\�E\�$;,�EXV� 
7KH�IHDWXUHV�RI�9,&$3�DUH�DV�IROORZ� 

� 6XSSRUW�%7����<&E&U������ELW�LQSXWǃ5$:��������ELW�LQSXW 
� 6XSSRUW�%7����<&E&U������ELW�LQSXW 
� 6XSSRUW�%7�����<&E&U������ELW�LQSXW��VLQJOH�GXDO�HGJH�VDPSOLQJ 
� 6XSSRUW�����PL[HG�%7����%7�����<&E&U������ELW�LQSXW 
� 6XSSRUW�<8<9�VHTXHQFH�FRQILJXUDEOH 
� 6XSSRUW�WKH�SRODULW\�RI�SL[HOBFON��KV\QF�DQG�YV\QF�FRQILJXUDEOH 
� 6XSSRUW�UHFHLYLQJ�&6,��SURWRFRO�GDWD�XS�WR�IRXU�,'V� 
� 6XSSRUW�UHFHLYLQJ�'6,�SURWRFRO�GDWD�9LGHR�PRGH�&RPPDQG�PRGH� 
� 6XSSRUW�ZLQGRZ�FURSSLQJ 
� 6XSSRUW�YLUWXDO�VWULGH�ZKHQ�ZULWH�WR�''5 
� 6XSSRUW�19���19���RXWSXW�IRU�<89�GDWD 
� 6XSSRUW�FRPSDFW�QRQ�FRPSDFW�RXWSXW�IRU�5$:�GDWD 
� 6XSSRUW�008 

11.2 Block Diagram 
9,&$3�9,&$3B/,7(�FRPSULVHV�ZLWK� 
z $+%�6ODYH 
+RVW�FRQILJXUH�WKH�UHJLVWHUV�YLD�WKH�$+%�6ODYH 
z $;,�0DVWHU 
7UDQVPLW�WKH�GDWD�WR�FKLS�PHPRU\�YLD�WKH�$;,�0DVWHU 
z 008 
0DS�WKH�YLUWXDO�DGGUHVV�WR�SK\VLFDO�DGGUHVV 
z ,17(5)$&( 
7UDQVODWH�WKH�LQSXW�YLGHR�GDWD�'93�&6,�/9'6��LQWR�WKH�UHTXLVLWH�GDWD�IRUPDW 
z &523 
%\SDVV�RU�FURS�WKH�VRXUFH�YLGHR�GDWD�WR�D�VPDOOHU�VL]H�GHVWLQDWLRQ 
z '0$ 
&RQWURO�WKH�RSHUDWLRQ�RI�$;,�0DVWHU�  
 

DMAAXI Master

AHB Slave

INTERFACECROPMMU

 
Fig. 11-1 VICAP Block Diagram 

11.3 Function Description 
11.3.1 ,QWHUIDFH 
,QWHUIDFH�PRGXOH�LV�GHVLJQHG�WR�UHFHLYH�'93�&6,�/9'6�GDWD�DQG�WUDQVIHU�WR�SL[HO�GDWD� 
11.3.2 &URS 
&URS�PRGXOH�LV�XVHG�WR�FURS�WKH�UHFHLYHG�LPDJH��  
11.3.3 '0$ 
7KH�'0$�LV�XVHG�WR�WUDQVIHU�WKH�GDWD�IURP�FURS�PRGXOH�WR�WKH�$;,�PDVWHU�EORFN�ZKLFK�ZLOO�
VHQG�WKH�GDWD�WR�WKH�$;,�EXV� 
11.3.4 $;,�0DVWHU 
7KHUH�LV�DQ�$;,�PDVWHU�LQ�9,&$3��LW�LV�UHVSRQVLEOH�IRU�WUDQVIHUULQJ�WKH�'0$�RXWSXW�GDWD�WR�
$;,�EXV��  
11.3.5 008 
7KHUH�LV�D�008�LQ�9,&$3��LW�LV�UHVSRQVLEOH�IRU�PDSSLQJ�WKH�YLUWXDO�DGGUHVV�WR�SK\VLFDO�
DGGUHVV� 
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11.4 VICAP Register Description 
11.4.1 ,QWHUQDO�$GGUHVV�0DSSLQJ�  
6ODYH�DGGUHVV�FDQ�EH�GLYLGHG�LQWR�GLIIHUHQW�OHQJWK�IRU�GLIIHUHQW�XVDJH��ZKLFK�LV�VKRZQ�DV�
IROORZV� 
 
11.4.2 5HJLVWHUV�6XPPDU\�  

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

9,&$3B'93B&75/ �[���� : �[�������� '93�SDWK�FRQWURO 
9,&$3B'93B,17(1 �[���� : �[�������� '93�SDWK�LQWHUUXSW�VWDWXV 
9,&$3B'93B,1767$7 �[���� : �[�������� '93�SDWK�LQWHUUXSW�VWDWXV 
9,&$3B'93B)25 �[���& : �[�������� '93�SDWK�IRUPDW 
9,&$3B'93B08/7,B,' �[���� : �[�������� &KDQQHO�,'�IRU�PXOWL�,'�PRGH 
9,&$3B'93B)50�B$''5B
< �[���� : �[�������� '93�SDWK�IUDPH��\�DGGUHVV 

9,&$3B'93B)50�B$''5B
89 �[���� : �[�������� '93�SDWK�IUDPH��XY�DGGUHVV 

9,&$3B'93B)50�B$''5B
< �[���& : �[�������� '93�SDWK�IUDPH��\�DGGUHVV 

9,&$3B'93B)50�B$''5B
89 �[���� : �[�������� '93�SDWK�IUDPH��XY�DGGUHVV 

9,&$3B'93B9,5B/,1(B:,
'7+ �[���� : �[�������� '93�SDWK�YLUWXDO�OLQH�ZLGWK 

9,&$3B'93B6(7B6,=( �[���� : �[��(���'� 7KH�H[SHFWHG�ZLGWK�DQG�KHLJKW�RI�UHFHLYHG�LPDJH 
9,&$3B'93B/,1(B,17B18
0 �[���& : �[�������� '93�SDWK�OLQH�LQWHUUXSW�QXPEHU 

9,&$3B'93B/,1(B&17 �[���� : �[�������� '93�SDWK�OLQH�FRXQW 

9,&$3B'93B&523 �[���� : �[�������� 7KH�VWDUW�SRLQW�RI�'93�SDWK�FURSSLQJ 
9,&$3B'93B),)2B(175< �[���� : �[�������� '93�SDWK�),)2�HQWU\ 
9,&$3B'93B)5$0(B67$7
86 �[���& : �[�������� '93�SDWK�IUDPH�VWDWXV 

9,&$3B'93B&85B'67 �[���� : �[�������� '93�SDWK�FXUUHQW�GHVWLQDWLRQ�DGGUHVV 
9,&$3B'93B/$67B/,1( �[���� : �[�������� '93�SDWK�ODVW�IUDPH�OLQH�QXPEHU 
9,&$3B'93B/$67B3,; �[���� : �[�������� '93�SDWK�ODVW�OLQH�SL[HO�QXPEHU 
9,&$3B'93B)50�B$''5B
<B,'� �[���� : �[�������� '93�SDWK�IUDPH��\�DGGUHVV�IRU�,'� 
9,&$3B'93B)50�B$''5B
89B,'� �[���� : �[�������� '93�SDWK�IUDPH��XY�DGGUHVV�IRU�LG� 
9,&$3B'93B)50�B$''5B
<B,'� �[���� : �[�������� '93�SDWK�IUDPH��\�DGGUHVV�IRU�LG� 

9,&$3B'93B)50�B$''5B
89B,'� �[���& : �[�������� '93�SDWK�IUDPH��XY�DGGUHVV�IRU�LG� 
9,&$3B'93B)50�B$''5B
<B,'� �[���� : �[�������� '93�SDWK�IUDPH��\�DGGUHVV�IRU�LG� 

9,&$3B'93B)50�B$''5B
89B,'� �[���� : �[�������� '93�SDWK�IUDPH��XY�DGGUHVV�IRU�LG� 
9,&$3B'93B)50�B$''5B
<B,'� �[���� : �[�������� '93�SDWK�IUDPH��\�DGGUHVV�IRU�LG� 

9,&$3B'93B)50�B$''5B
89B,'� �[���& : �[�������� '93�SDWK�IUDPH��XY�DGGUHVV�IRU�LG� 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

9,&$3B'93B)50�B$''5B
<B,'� �[���� : �[�������� '93�SDWK�IUDPH��\�DGGUHVV�IRU�LG� 

9,&$3B'93B)50�B$''5B
89B,'� �[���� : �[�������� '93�SDWK�IUDPH��XY�DGGUHVV�IRU�LG� 
9,&$3B'93B)50�B$''5B
<B,'� �[���� : �[�������� '93�SDWK�IUDPH��\�DGGUHVV�IRU�LG� 

9,&$3B'93B)50�B$''5B
89B,'� �[���& : �[�������� '93�SDWK�IUDPH��XY�DGGUHVV�IRU�LG� 
9,&$3B0,3,B,'�B&75/� �[���� : �[�������� 0,3,�SDWK�LG��FRQWURO� 
9,&$3B0,3,B,'�B&75/� �[���� : �[�������� 0,3,�SDWK�LG��FRQWURO� 
9,&$3B0,3,B,'�B&75/� �[���� : �[�������� 0,3,�SDWK�LG��FRQWURO� 
9,&$3B0,3,B,'�B&75/� �[���& : �[�������� 0,3,�SDWK�LG��FRQWURO� 
9,&$3B0,3,B,'�B&75/� �[���� : �[�������� 0,3,�SDWK�LG��FRQWURO� 
9,&$3B0,3,B,'�B&75/� �[���� : �[�������� 0,3,�SDWK�LG��FRQWURO� 
9,&$3B0,3,B,'�B&75/� �[���� : �[�������� 0,3,�SDWK�LG��FRQWURO� 
9,&$3B0,3,B,'�B&75/� �[���& : �[�������� 0,3,�SDWK�LG��FRQWURO� 
9,&$3B0,3,B&75/ �[��$� : �[�������� 0,3,�SDWK�FRQWURO 
9,&$3B0,3,B)5$0(�B$'
'5B<B,'� �[��$� : �[�������� )LUVW�DGGUHVV�RI�HYHQ�IUDPH�IRU�,'��<�5$:�5*%�SDWK 
9,&$3B0,3,B)5$0(�B$'
'5B<B,'� �[��$� : �[�������� )LUVW�DGGUHVV�RI�RGG�IUDPH�IRU�,'��<�SDWK 
9,&$3B0,3,B)5$0(�B$'
'5B89B,'� �[��$& : �[�������� )LUVW�DGGUHVV�RI�HYHQ�IUDPH�IRU�,'��89�SDWK 
9,&$3B0,3,B)5$0(�B$'
'5B89B,'� �[��%� : �[�������� )LUVW�DGGUHVV�RI�RGG�IUDPH�IRU�,'��89�SDWK 
9,&$3B0,3,B)5$0(�B9/
:B<B,'� �[��%� : �[�������� 9LUWXDO�OLQH�ZLGWK�RI�HYHQ�IUDPH�IRU�,'��<�5$:�5*%�SDWK 
9,&$3B0,3,B)5$0(�B9/
:B<B,'� �[��%� : �[�������� 9LUWXDO�OLQH�ZLGWK�RI�RGG�IUDPH�IRU�,'��<�5$:�5*%�SDWK 
9,&$3B0,3,B)5$0(�B9/
:B89B,'� �[��%& : �[�������� 9LUWXDO�OLQH�ZLGWK�RI�HYHQ�IUDPH�IRU�,'��89�SDWK 
9,&$3B0,3,B)5$0(�B9/
:B89B,'� �[��&� : �[�������� 9LUWXDO�OLQH�ZLGWK�RI�RGG�IUDPH�IRU�,'��89�SDWK 
9,&$3B0,3,B)5$0(�B$'
'5B<B,'� �[��&� : �[�������� )LUVW�DGGUHVV�RI�HYHQ�IUDPH�IRU�,'��<�5$:�5*%�SDWK 
9,&$3B0,3,B)5$0(�B$'
'5B<B,'� �[��&� : �[�������� )LUVW�DGGUHVV�RI�RGG�IUDPH�IRU�,'��<�5$:�5*%�SDWK 
9,&$3B0,3,B)5$0(�B$'
'5B89B,'� �[��&& : �[�������� )LUVW�DGGUHVV�RI�HYHQ�IUDPH�IRU�,'��89�SDWK 
9,&$3B0,3,B)5$0(�B$'
'5B89B,'� �[��'� : �[�������� )LUVW�DGGUHVV�RI�RGG�IUDPH�IRU�,'��89�SDWK 
9,&$3B0,3,B)5$0(�B9/
:B<B,'� �[��'� : �[�������� 9LUWXDO�OLQH�ZLGWK�RI�HYHQ�IUDPH�IRU�,'��<�5$:�5*%�SDWK 
9,&$3B0,3,B)5$0(�B9/
:B<B,'� �[��'� : �[�������� 9LUWXDO�OLQH�ZLGWK�RI�RGG�IUDPH�IRU�,'��<�SDWK 
9,&$3B0,3,B)5$0(�B9/
:B89B,'� �[��'& : �[�������� 9LUWXDO�OLQH�ZLGWK�RI�HYHQ�IUDPH�IRU�,'��89�SDWK 
9,&$3B0,3,B)5$0(�B9/
:B89B,'� �[��(� : �[�������� 9LUWXDO�OLQH�ZLGWK�RI�RGG�IUDPH�IRU�,'��89�SDWK 
9,&$3B0,3,B)5$0(�B$'
'5B<B,'� �[��(� : �[�������� )LUVW�DGGUHVV�RI�HYHQ�IUDPH�IRU�,'��<�5$:�5*%�SDWK 
9,&$3B0,3,B)5$0(�B$'
'5B<B,'� �[��(� : �[�������� )LUVW�DGGUHVV�RI�RGG�IUDPH�IRU�,'��<�5$:�5*%�SDWK 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

9,&$3B0,3,B)5$0(�B$'
'5B89B,'� �[��(& : �[�������� )LUVW�DGGUHVV�RI�HYHQ�IUDPH�IRU�,'��89�SDWK 
9,&$3B0,3,B)5$0(�B$'
'5B89B,'� �[��)� : �[�������� )LUVW�DGGUHVV�RI�RGG�IUDPH�IRU�,'��89�SDWK 
9,&$3B0,3,B)5$0(�B9/
:B<B,'� �[��)� : �[�������� 9LUWXDO�OLQH�ZLGWK�RI�HYHQ�IUDPH�IRU�,'��<�5$:�5*%�SDWK 
9,&$3B0,3,B)5$0(�B9/
:B<B,'� �[��)� : �[�������� 9LUWXDO�OLQH�ZLGWK�RI�RGG�IUDPH�IRU�,'��<�5$:�5*%�SDWK 
9,&$3B0,3,B)5$0(�B9/
:B89B,'� �[��)& : �[�������� 9LUWXDO�OLQH�ZLGWK�RI�HYHQ�IUDPH�IRU�,'��89�SDWK 
9,&$3B0,3,B)5$0(�B9/
:B89B,'� �[���� : �[�������� 9LUWXDO�OLQH�ZLGWK�RI�RGG�IUDPH�IRU�,'��89�SDWK 
9,&$3B0,3,B)5$0(�B$'
'5B<B,'� �[���� : �[�������� )LUVW�DGGUHVV�RI�HYHQ�IUDPH�IRU�,'��<�5$:�5*%�SDWK 
9,&$3B0,3,B)5$0(�B$'
'5B<B,'� �[���� : �[�������� )LUVW�DGGUHVV�RI�RGG�IUDPH�IRU�,'��<�5$:�5*%�SDWK 
9,&$3B0,3,B)5$0(�B$'
'5B89B,'� �[���& : �[�������� )LUVW�DGGUHVV�RI�HYHQ�IUDPH�IRU�,'��89�SDWK 
9,&$3B0,3,B)5$0(�B$'
'5B89B,'� �[���� : �[�������� )LUVW�DGGUHVV�RI�RGG�IUDPH�IRU�,'��89�SDWK 
9,&$3B0,3,B)5$0(�B9/
:B<B,'� �[���� : �[�������� 9LUWXDO�OLQH�ZLGWK�RI�HYHQ�IUDPH�IRU�,'��<�5$:�5*%�SDWK 
9,&$3B0,3,B)5$0(�B9/
:B<B,'� �[���� : �[�������� 9LUWXDO�OLQH�ZLGWK�RI�RGG�IUDPH�IRU�,'��<�5$:�5*%�SDWK 
9,&$3B0,3,B)5$0(�B9/
:B89B,'� �[���& : �[�������� 9LUWXDO�OLQH�ZLGWK�RI�HYHQ�IUDPH�IRU�,'��89�SDWK 
9,&$3B0,3,B)5$0(�B9/
:B89B,'� �[���� : �[�������� 9LUWXDO�OLQH�ZLGWK�RI�RGG�IUDPH�IRU�,'��89�SDWK 
9,&$3B0,3,B,17(1 �[���� : �[�������� 0,3,�SDWK�LQWHUUXSW�HQDEOH 
9,&$3B0,3,B,1767$7 �[���� : �[�������� 0,3,�SDWK�LQWHUUXSW�VWDWXV 
9,&$3B0,3,B/,1(B,17B1
80B,'�B� �[���& : �[�������� /LQH�QXPEHU�RI�WKH�0,3,�SDWK�,'����OLQH�LQWHUUXSW 
9,&$3B0,3,B/,1(B,17B1
80B,'�B� �[���� : �[�������� /LQH�QXPEHU�RI�WKH�0,3,�SDWK�,'����OLQH�LQWHUUXSW 
9,&$3B0,3,B/,1(B&17B,
'�B� �[���� : �[�������� /LQH�FRXQW�RI�WKH�0,3,�SDWK�,'��� 

9,&$3B0,3,B/,1(B&17B,
'�B� �[���� : �[�������� /LQH�FRXQW�RI�WKH�0,3,�SDWK�,'��� 

9,&$3B0,3,B,'�B&523B6
7$57 �[���& : �[�������� 7KH�VWDUW�SRLQW�RI�0,3,�,'��FURSSLQJ 
9,&$3B0,3,B,'�B&523B6
7$57 �[���� : �[�������� 7KH�VWDUW�SRLQW�RI�0,3,�,'��FURSSLQJ 
9,&$3B0,3,B,'�B&523B6
7$57 �[���� : �[�������� 7KH�VWDUW�SRLQW�RI�0,3,�,'��FURSSLQJ 
9,&$3B0,3,B,'�B&523B6
7$57 �[���� : �[�������� 7KH�VWDUW�SRLQW�RI�0,3,�,'��FURSSLQJ 
9,&$3B0,3,B)5$0(B180
B9&� �[���& : �[�������� 7KH�IUDPH�QXPEHU�RI�YLUWXDO�FKDQQHO�� 
9,&$3B0,3,B)5$0(B180
B9&� �[���� : �[�������� 7KH�IUDPH�QXPEHU�RI�YLUWXDO�FKDQQHO�� 
9,&$3B0,3,B)5$0(B180
B9&� �[���� : �[�������� 7KH�IUDPH�QXPEHU�RI�YLUWXDO�FKDQQHO�� 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

9,&$3B0,3,B)5$0(B180
B9&� �[���� : �[�������� 7KH�IUDPH�QXPEHU�RI�YLUWXDO�FKDQQHO�� 
9,&$3B<B67$7B&21752/ �[���� : �[�������� <�VWDWLVWLFV�FRQWURO 
9,&$3B<B67$7B9$/8( �[���� : �[�������� <�VWDWLVWLFV�YDOXH 
9,&$3B008B'7(B$''5 �[���� : �[�������� 008�FXUUHQW�SDJH�WDEOH�DGGUHVV 
9,&$3B008B67$786 �[���� : �[�������� 008�VWDWXV�UHJLVWHU 
9,&$3B008B&200$1' �[���� : �[�������� 008�FRPPDQG�UHJLVWHU 
9,&$3B008B3$*(B)$8/7
B$''5 �[���& : �[�������� 008�ORJLFDO�DGGUHVV�RI�ODVW�SDJH�IDXOW 
9,&$3B008B=$3B21(B/,
1( �[���� : �[�������� 008�=DS�FDFKH�OLQH�UHJLVWHU 

9,&$3B008B,17B5$:67
$7 �[���� : �[�������� 008�UDZ�LQWHUUXSW�VWDWXV�UHJLVWHU 

9,&$3B008B,17B&/($5 �[���� : �[�������� 008�LQWHUUXSW�VWDWXV�FOHDU 
9,&$3B008B,17B0$6. �[���& : �[�������� 008�LQWHUUXSW�PDVN 
9,&$3B008B,17B67$786 �[���� : �[�������� 008�LQWHUUXSW�VWDWXV 
9,&$3B008B$872B*$7,
1* �[���� : �[�������� 008�DXWR�JDWLQJ 
1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV��':�
'RXEOH�:25'�����ELWV��DFFHVV�  
11.4.3 'HWDLO�5HJLVWHUV�'HVFULSWLRQ�  
9,&$3B'93B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

����� 5: �[� D[LBEXUVWBW\SH 
%XUVW�a��� 

���� 52 �[�� UHVHUYHG 

� 5: �[� 
GPDBLGOHBUHT 
:ULWH���ZLOO�VWRS�9,&$3�'93�SDWK�GPD� 
:KHQ�WKLV�ELW�FKDQJH�WR���GPD�LV�VWRSSHG�UHDOO\� 

� 52 �[� UHVHUYHG 

��� 5: �[� 

ZRUNBPRGH 
�
E����2QH�IUDPH�VWRS�PRGH 
�
E����3LQJ�SRQJ�PRGH 
�
E����5HVHUYHG 
�
E����5HVHUYHG 
1RWH��%7�����RQO\�VXSSRUW�SLQJ�SRQJ�PRGH� 

� 5: �[� 
FDSBHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

 
9,&$3B'93B,17(1�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

�� 5: �[� 
GPDBIUDPHBHQGBLG�BHQ 
,'��GPD�IUDPH�HQG�LQWHUUXSW�HQDEOH��  
�
E���'LVDEOH 
�
E���(QDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
GPDBIUDPHBHQGBLG�BHQ 
,'��GPD�IUDPH�HQG�LQWHUUXSW�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 
GPDBIUDPHBHQGBLG�BHQ 
,'��GPD�IUDPH�HQG�LQWHUUXSW�HQDEOH��  
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 
OLQHBLQWBHQ 
7KH�VSHFLILHG�OLQH�HQG�LQWHUUXSW�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
SVWBLQIBIUDPHBHQGBHQ 
)UDPH�HQG�DIWHU�LQWHUIDFH�),)2�LQWHUUXSW�HQDEOH��  
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
SUHBLQIBIUDPHBHQGBHQ 
)UDPH�HQG�EHIRUH�LQWHUIDFH�),)2�LQWHUUXSW�HQDEOH��  
�
E���'LVDEOH 
�
E���(QDEOH 

� 52 �[� UHVHUYHG 

� :�
& �[� 

EXVBHUUBHQ 
$[L�PDVWHU�RU�DKE�VODYH�UHVSRQVH�HUURU�LQWHUUXSW�HQDEOH��  
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
GILIRBRIBHQ 
'0$�),)2�RYHUIORZ�LQWHUUXSW�HQDEOH��  
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
LILIRBRIBHQ 
,QWHUIDFH�),)2�RYHUIORZ�LQWHUUXSW�HQDEOH��  
�
E���'LVDEOH 
�
E���(QDEOH 

� :�
& �[� 

SL[BHUUBHQ 
7KH�SL[HO�QXPEHU�RI�ODVW�OLQH�QRW�HTXDO�WR�WKH�VHW�KHLJKW�LQWHUUXSW�
HQDEOH��  
�
E���'LVDEOH 
�
E���(QDEOH 

� :�
& �[� 

OLQHBHUUBHQ 
7KH�OLQH�QXPEHU�RI�ODVW�IUDPH�QRW�HTXDO�WR�WKH�VHW�KHLJKW�
LQWHUUXSW�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� :�
& �[� 

OLQHBHQGBHQ 
/LQH�HQG�LQWHUUXSW�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� :�
& �[� 

GPDBIUDPHBHQGBHQ 
'PD�IUDPH�HQG�LQWHUUXSW�HQDEOH��  
�
E���'LVDEOH 
�
E���(QDEOH 

 
9,&$3B'93B,1767$7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

�� :�
& �[� 

GPDBIUDPHBHQGBLG� 
,'��GPD�IUDPH�HQG�LQWHUUXSW��  
�
E���1R�LQWHUUXSW 
�
E���,QWHUUXSW 

�� :�
& �[� 

GPDBIUDPHBHQGBLG� 
,'��GPD�IUDPH�HQG�LQWHUUXSW��  
�
E���1R�LQWHUUXSW 
�
E���,QWHUUXSW 

�� :�
& �[� 

GPDBIUDPHBHQGBLG� 
,'��GPD�IUDPH�HQG�LQWHUUXSW��  
�
E���1R�LQWHUUXSW 
�
E���,QWHUUXSW 

�� 5: �[� 
OLQHBLQW 
7KH�VSHFLILHG�OLQH�HQG�LQWHUUXSW� 
�
E���1R�LQWHUUXSW 
�
E���,QWHUUXSW 

� 5: �[� 
SVWBLQIBIUDPHBHQG 
)UDPH�HQG�DIWHU�LQWHUIDFH�),)2�LQWHUUXSW� 
�
E���1R�LQWHUUXSW 
�
E���,QWHUUXSW 

� 5: �[� 
SUHBLQIBIUDPHBHQG 
)UDPH�HQG�EHIRUH�LQWHUIDFH�),)2�LQWHUUXSW� 
�
E���1R�LQWHUUXSW 
�
E���,QWHUUXSW 

� 52 �[� UHVHUYHG 

� :�
& �[� 

EXVBHUU 
$[L�PDVWHU�RU�DKE�VODYH�UHVSRQVH�HUURU�LQWHUUXSW� 
�
E���1R�LQWHUUXSW 
�
E���,QWHUUXSW 

� 5: �[� 
GILIRBRI 
'0$�),)2�RYHUIORZ�LQWHUUXSW� 
�
E���1R�LQWHUUXSW 
�
E���,QWHUUXSW 

� 5: �[� 
LILIRBRI 
,QWHUIDFH�),)2�RYHUIORZ�LQWHUUXSW� 
�
E���1R�LQWHUUXSW 
�
E���,QWHUUXSW 

� :�
& �[� 

SL[BHUU 
7KH�SL[HO�QXPEHU�RI�ODVW�OLQH�QRW�HTXDO�WR�WKH�VHW�KHLJKW�LQWHUUXSW� 
�
E���1R�LQWHUUXSW 
�
E���,QWHUUXSW 

� :�
& �[� 

OLQHBHUU 
7KH�OLQH�QXPEHU�RI�ODVW�IUDPH�QRW�HTXDO�WR�WKH�VHW�KHLJKW�
LQWHUUXSW� 
�
E���1R�LQWHUUXSW 
�
E���,QWHUUXSW 

� :�
& �[� 

OLQHBHQG 
/LQH�HQG�LQWHUUXSW� 
�
E���1R�LQWHUUXSW 
�
E���,QWHUUXSW 

� :�
& �[� 

GPDBIUDPHBHQG 
'PD�IUDPH�HQG�LQWHUUXSW��  
�
E���1R�LQWHUUXSW 
�
E���,QWHUUXSW 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �955 

 
9,&$3B'93B)25�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

VZBPXOWLBLGBPRGH 
�
G����WR���,'��ZLOO�ZRUN� 
�
G����WR���,'��,'��ZLOO�ZRUN� 
�
G����WR���,'��,'��,'��,'��ZLOO�ZRUN� 
�
G���5HVHUYHG 

�� 5: �[� 
VZBPXOWLBLGBVHO 
2QO\�IRU�%7����� 
�
E���3DUVH�WKH�LG�E\�GDWD>����@ 
�
E���3DUVH�WKH�LG�E\�GDWD>���@ 

�� 5: �[� 
VZBPXOWLBLGBHQ 
�
E���'LVDEOH�PXOWL�,'�EW����EW�����UHFHLYHG 
�
E���(QDEOH�PXOWL�,'�EW����EW�����UHFHLYHG 

�� 52 �[� UHVHUYHG 

�� 5: �[� 
VZB\FBVZDS 
�
E���1R�VZDS�IRU�\�DQG�F 
�
E���6ZDS�IRU�\�DQG�F 
2QO\�IRU�%7�����PRGH� 

�� 5: �[� 
VZBSURJUHVVBHQ 
�
E���,QWHUODFH 
�
E���3URJUHVV 
2QO\�IRU�%7�����PRGH� 

�� 5: �[� 
VZBGXDOHGJHBHQ 
�
E���2QO\�XVH�VLQJOH�HGJH�RI�FORFN 
�
E���8VH�GRXEOH�HGJHV�RI�FORFN 
2QO\�IRU�%7�����PRGH� 

����� 52 �[� UHVHUYHG 

�� 5: �[� 
XYBVWRUHBRUGHU 
�
E���8989 
�
E���9898 

�� 5: �[� 
UDZBHQG 
�
E���/LWWOH�HQG 
�
E���%LJ�HQG 

�� 5: �[� 
RXWB���BRUGHU 
�
E���89�LQ�WKH�HYHQ�OLQH 
�
E���89�LQ�WKH�RGG�OLQH 
1RWH��7KH�ILUVW�OLQH�LV�HYHQ�OLQH�OLQH���� 

�� 5: �[� 
RXWSXWB��� 
�
E���2XWSXW�LV���� 
�
E���2XWSXW�LV���� 

����� 52 �[� UHVHUYHG 

����� 5: �[� 

UDZBZLGWK 
�
E�����ELW�UDZ�GDWD 
�
E������ELW�UDZ�GDWD 
�
E������ELW�UDZ�GDWD 
�
E����5HVHUYH 

�� 52 �[� UHVHUYHG 

� 5: �[� 
ILHOGBRUGHU 
�
E���2GG�ILHOG�ILUVW 
�
E���(YHQ�ILHOG�ILUVW 

��� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

\XYBLQBRUGHU 
�
E����8<9< 
�
E����<9<8 
�
E����9<8< 
�
E����<8<9 

��� 5: �[� 

LQSXWBPRGH 
�
E�����%7����<89��� 
�
E�����%7����<89��� 
�
E�����%7����5$: 
�
E�����621<�5$: 
�
E�����%7�����<89��� 
RWKHUV��5HVHUYHG 

� 5: �[� 
KUHIBSRO 
�
E���+LJK�DFWLYH 
�
E���/RZ�DFWLYH 

� 5: �[� 
YV\QFBSRO 
�
E���/RZ�DFWLYH 
�
E���+LJK�DFWLYH 

 
9,&$3B'93B08/7,B,'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 
VZBFKLGBELWBHQBLG� 
%LW�HQDEOH�IRU�FKLGBLG�� 
(J��FKLGBLG�� ��
E�����DQG�FKLGBELWBHQBLG�� ��
E�����7KHQ�WKH�
GDWD>���@� ��
E[[���ZLOO�EH�GHWHFWHG� 

����� 5: �[� VZBFKLGBLG� 
7KH�FKDQQHO�LG�IRU�LG�� 

����� 5: �[� 
VZBFKLGBELWBHQBLG� 
%LW�HQDEOH�IRU�FKLGBLG�� 
(J��FKLGBLG�� ��
E�����DQG�FKLGBELWBHQBLG�� ��
E�����7KHQ�WKH�
GDWD>���@� ��
E[[���ZLOO�EH�GHWHFWHG� 

����� 5: �[� VZBFKLGBLG� 
7KH�FKDQQHO�LG�IRU�LG�� 

����� 5: �[� 
VZBFKLGBELWBHQBLG� 
%LW�HQDEOH�IRU�FKLGBLG�� 
(J��FKLGBLG�� ��
E�����DQG�FKLGBELWBHQBLG�� ��
E�����7KHQ�WKH�
GDWD>���@� ��
E[[���ZLOO�EH�GHWHFWHG� 

���� 5: �[� VZBFKLGBLG� 
7KH�FKDQQHO�LG�IRU�LG�� 

��� 5: �[� 
VZBFKLGBELWBHQBLG� 
%LW�HQDEOH�IRU�FKLGBLG�� 
(J��FKLGBLG�� ��
E�����DQG�FKLGBELWBHQBLG�� ��
E�����7KHQ�WKH�
GDWD>���@� ��
E[[���ZLOO�EH�GHWHFWHG� 

��� 5: �[� VZBFKLGBLG� 
7KH�FKDQQHO�LG�IRU�LG�� 

 
9,&$3B'93B)50�B$''5B<�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� IUP�BDGGUB\ '93�SDWK�IUDPH��\�DGGUHVV� 
 
9,&$3B'93B)50�B$''5B89�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� IUP�BDGGUBXY '93�SDWK�IUDPH��XY�DGGUHVV� 
 
9,&$3B'93B)50�B$''5B<�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� IUP�BDGGUB\ '93�SDWK�IUDPH��\�DGGUHVV� 
 
9,&$3B'93B)50�B$''5B89�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� IUP�BDGGUBXY '93�SDWK�IUDPH��XY�DGGUHVV� 
 
9,&$3B'93B9,5B/,1(B:,'7+�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

���� 5: �[���� YLUBOLQHBZLGWK 
'93�SDWK�YLUWXDO�OLQH�ZLGWK� 

 
9,&$3B'93B6(7B6,=(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[��H� VHWBKHLJKW 
7KH�H[SHFWHG�KHLJKW�RI�UHFHLYHG�LPDJH� 

����� 52 �[� UHVHUYHG 

���� 5: �[��G� VHWBZLGWK 
7KH�H[SHFWHG�ZLGWK�RI�UHFHLYHG�LPDJH� 

 
9,&$3B'93B/,1(B,17B180�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

���� 5: �[���� 
OLQHBLQWBQXP 
,I�OLQHBLQWBQXP ����WKHQ�YLFDS�UHFHLYH����WK�OLQH���WK�
OLQH���WK�OLQH�����WKH�OLQHBLQW�ZLOO�EH��� 

 
9,&$3B'93B/,1(B&17�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

���� 52 �[���� OLQHBFQW 
&XUUHQW�OLQH�FRXQW� 

 
9,&$3B'93B&523�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� VWDUWB\ 
7KH�YHUWLFDO�RUGLQDWH�RI�WKH�VWDUW�SRLQW� 

����� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[���� VWDUWB[ 
7KH�KRUL]RQWDO�RUGLQDWH�RI�WKH�VWDUW�SRLQW� 

 
9,&$3B'93B),)2B(175<�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[��� XYBILIRBHQWU\ 
:ULWH���FOHDU� 

���� 52 �[�� UHVHUYHG 

��� 52 �[��� \BILIRBHQWU\ 
:ULWH���FOHDU� 

 
9,&$3B'93B)5$0(B67$786�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� 
IUDPHBQXP 
&RPSOHWHG�IUDPH�QXPEHU 
:ULWH���WR�FOHDU� 

����� 52 �[� UHVHUYHG 

�� 52 �[� 
I�BVWVBLG� 
�
E���)UDPH���QRW�UHDG\ 
�
E���)UDPH���UHDG\ 
:ULWH���FOHDU� 

�� 52 �[� 
I�BVWVBLG� 
�
E���)UDPH���QRW�UHDG\ 
�
E���)UDPH���UHDG\ 
:ULWH���FOHDU� 

����� 52 �[� UHVHUYHG 

� 52 �[� 
I�BVWVBLG� 
�
E���)UDPH���QRW�UHDG\ 
�
E���)UDPH���UHDG\ 
:ULWH���FOHDU� 

� 52 �[� 
I�BVWVBLG� 
�
E���)UDPH���QRW�UHDG\ 
�
E���)UDPH���UHDG\ 
:ULWH���FOHDU� 

��� 52 �[� UHVHUYHG 

� 52 �[� 
I�BVWVBLG� 
�
E���)UDPH���QRW�UHDG\ 
�
E���)UDPH���UHDG\ 
:ULWH���FOHDU� 

� 52 �[� 
I�BVWVBLG� 
�
E���)UDPH���QRW�UHDG\ 
�
E���)UDPH���UHDG\ 
:ULWH���FOHDU� 

� 52 �[� UHVHUYHG 

� 52 �[� 
LGOH 
�
E���:RUN 
�
E���,GOH 

� 52 �[� 
I�BVWV 
�
E���)UDPH���QRW�UHDG\ 
�
E���)UDPH���UHDG\ 
:ULWH���FOHDU� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �959 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 52 �[� 
I�BVWV 
�
E���)UDPH���QRW�UHDG\ 
�
E���)UDPH���UHDG\ 
:ULWH���FOHDU� 

 
9,&$3B'93B&85B'67�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� FXUBGVW '93�SDWK�FXUUHQW�GHVWLQDWLRQ�DGGUHVV� 
 
9,&$3B'93B/$67B/,1(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� ODVWBXYBQXP 
89�OLQH�QXPEHU�RI�ODVW�IUDPH�RQO\�IRU�EW�����PRGH� 

����� 52 �[� UHVHUYHG 

���� 52 �[���� ODVWB\BQXP 
<�OLQH�QXPEHU�RI�ODVW�IUDPH� 

 
9,&$3B'93B/$67B3,;�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� ODVWBXYBQXP 
'93�SDWK�ODVW�OLQH�XY�QXPEHU� 

����� 52 �[� UHVHUYHG 

���� 52 �[���� ODVWB\BQXP 
'93�SDWK�ODVW�OLQH�\�QXPEHU� 

 
9,&$3B'93B)50�B$''5B<B,'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� IUP�BDGGUB\BLG� '93�SDWK�IUDPH��\�DGGUHVV�IRU�LG�� 
 
9,&$3B'93B)50�B$''5B89B,'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� IUP�BDGGUBXYBLG� '93�SDWK�IUDPH��XY�DGGUHVV�IRU�LG�� 
 
9,&$3B'93B)50�B$''5B<B,'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� IUP�BDGGUB\BLG� '93�SDWK�IUDPH��\�DGGUHVV�IRU�LG�� 
 
9,&$3B'93B)50�B$''5B89B,'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� IUP�BDGGUBXYBLG� '93�SDWK�IUDPH��XY�DGGUHVV�IRU�LG�� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �960 

 
9,&$3B'93B)50�B$''5B<B,'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� IUP�BDGGUB\BLG� '93�SDWK�IUDPH��\�DGGUHVV�IRU�LG�� 
 
9,&$3B'93B)50�B$''5B89B,'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� IUP�BDGGUBXYBLG� '93�SDWK�IUDPH��XY�DGGUHVV�IRU�LG�� 
 
9,&$3B'93B)50�B$''5B<B,'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� IUP�BDGGUB\BLG� '93�SDWK�IUDPH��\�DGGUHVV�IRU�LG�� 
 
9,&$3B'93B)50�B$''5B89B,'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� IUP�BDGGUBXYBLG� '93�SDWK�IUDPH��XY�DGGUHVV�IRU�LG�� 
 
9,&$3B'93B)50�B$''5B<B,'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� IUP�BDGGUB\BLG� '93�SDWK�IUDPH��\�DGGUHVV�IRU�LG�� 
 
9,&$3B'93B)50�B$''5B89B,'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� IUP�BDGGUBXYBLG� '93�SDWK�IUDPH��XY�DGGUHVV�IRU�LG�� 
 
9,&$3B'93B)50�B$''5B<B,'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� IUP�BDGGUB\BLG� '93�SDWK�IUDPH��\�DGGUHVV�IRU�LG�� 
 
9,&$3B'93B)50�B$''5B89B,'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� IUP�BDGGUBXYBLG� '93�SDWK�IUDPH��XY�DGGUHVV�IRU�LG�� 
 
9,&$3B0,3,B,'�B&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �961 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
VZBPLSLBDOLJQBLG� 
�
E���/RZ�DOLJQPHQW�UDZ������ZLOO�LQ�>���@�>����@� 
�
E���+LJQ�DOLJQPHQW�UDZ������ZLOO�LQ�>����@�>����@ 
2QO\�EH�XVHG�ZKHQ�QRQ�FRPSDFWHG�PRGH� 

����� 52 �[���� UHVHUYHG 

����� 5: �[� 

VZBPLSLB\X\YBRUGHUBLG� 
�
E����8<9<�&6,���VWDQGDUG� 
�
E����9<8< 
�
E����<8<9 
�
E����<9<8 

����� 5: �[�� VZBPLSLBGWBLG� 
'DWD�W\SH�IRU�LG�� 

��� 5: �[� VZBPLSLBYFBLG� 
9LUWXDO�FKDQQHO�IRU�LG�� 

� 5: �[� 
VZBPLSLBXYBVZDSBLG� 
�
E���QR�VZDS 
�
E���VZDS 

� 5: �[� 
VZBPLSLBFRPSDFWBLG� 
�
E���UDZ������ZLOO�RFFXS\���ELW 
�
E���UDZ������ZLOO�EH�FRPSDFWHG 

� 5: �[� 
VZBPLSLBFURSBHQBLG� 
(QDEOH�WR�FURS�IRU�LG�� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
VZBPLSLBFRPPDQGBPRGHBHQBLG� 
6HOHFW�FRPPDQG�PRGH�IRU�LG�� 
�
E���1RW�FRPPDQG�PRGH 
�
E���&RPPDQG�PRGH 

��� 5: �[� 

VZBPLSLBZUGGUBW\SHBLG� 
7KH�W\SH�RI�LG�� 
�
E�����)RU�UDZ� 
�
E�����)RU�UDZ�� 
�
E�����)RU�UDZ�� 
�
E�����)RU�UJE��� 
�
E�����)RU�\XY���VS 
�
E�����)RU�\XY���VS 
�
E�����)RU�\XY��� 

� 5: �[� 
VZBPLSLBFDSBHQBLG� 
(QDEOH�WR�FDSWXUH�LG�� 
�
E���'LVDEOH 
�
E���(QDEOH 

 
9,&$3B0,3,B,'�B&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� VZBKHLJKWBLG� 
+HLJKW�IRU�LG�� 

����� 52 �[� UHVHUYHG 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �962 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[���� 

VZBZLGWKBLG� 
:LGWK�IRU�LG�LI�VZBZUGGUBW\SH�LV�UJE����WKHQ�WKH�ZLGWK�LV�HTXDO�
WR�WKH�QXPEHU�RI�E\WHV�QRW�SL[HO�� 
,I�VZBFURSBHQBLG��LV�HQDEOH�WKH�ZLGWK�YDOXH�PXVW�EH���DOLJQHG�
ZKHQ�VZBZUGGUBW\SH�LV�UDZ��\XY�����PXVW�EH���DOLJQHG�ZKHQ�
VZBZUGGUBW\SH�LV�UDZ���UDZ���DQG�PXVW�EH����DOLJQHG�ZKHQ�
VZBZUGG\BW\SH�LV�UJE���� 

 
9,&$3B0,3,B,'�B&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
VZBPLSLBDOLJQBLG� 
�
E���/RZ�DOLJQPHQW�UDZ������ZLOO�LQ�>���@�>����@� 
�
E���+LJQ�DOLJQPHQW�UDZ������ZLOO�LQ�>����@�>����@ 
2QO\�EH�XVHG�ZKHQ�QRQ�FRPSDFWHG�PRGH� 

����� 52 �[���� UHVHUYHG 

����� 5: �[� 

VZBPLSLB\X\YBRUGHUBLG� 
�
E����8<9<�&6,���VWDQGDUG� 
�
E����9<8< 
�
E����<8<9 
�
E����<9<8 

����� 5: �[�� VZBPLSLBGWBLG� 
'DWD�W\SH�IRU�LG�� 

��� 5: �[� VZBPLSLBYFBLG� 
9LUWXDO�FKDQQHO�IRU�LG�� 

� 5: �[� 
VZBPLSLBXYBVZDSBLG� 
�
E���QR�VZDS 
�
E���VZDS 

� 5: �[� 
VZBPLSLBFRPSDFWBLG� 
�
E���UDZ������ZLOO�RFFXS\���ELW 
�
E���UDZ������ZLOO�EH�FRPSDFWHG 

� 5: �[� 
VZBPLSLBFURSBHQBLG� 
(QDEOH�WR�FURS�IRU�LG�� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
VZBPLSLBFRPPDQGBPRGHBHQBLG� 
6HOHFW�FRPPDQG�PRGH�IRU�LG�� 
�
E���1RW�FRPPDQG�PRGH 
�
E���&RPPDQG�PRGH 

��� 5: �[� 

VZBPLSLBZUGGUBW\SHBLG� 
7KH�W\SH�RI�LG�� 
�
E�����)RU�UDZ� 
�
E�����)RU�UDZ�� 
�
E�����)RU�UDZ�� 
�
E�����)RU�UJE��� 
�
E�����)RU�\XY���VS 
�
E�����)RU�\XY���VS 
�
E�����)RU�\XY��� 

� 5: �[� 
VZBPLSLBFDSBHQBLG� 
(QDEOH�WR�FDSWXUH�LG�� 
�
E���'LVDEOH 
�
E���(QDEOH 

 
9,&$3B0,3,B,'�B&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �963 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� VZBKHLJKWBLG� 
+HLJKW�IRU�LG�� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� 

VZBZLGWKBLG� 
:LGWK�IRU�LG�LI�VZBZUGGUBW\SH�LV�UJE����WKHQ�WKH�ZLGWK�LV�HTXDO�
WR�WKH�QXPEHU�RI�E\WHV��QRW�SL[HO�� 
,I�VZBFURSBHQBLG��LV�HQDEOH�WKH�ZLGWK�YDOXH�PXVW�EH���DOLJQHG�
ZKHQ�VZBZUGGUBW\SH�LV�UDZ��\XY�����PXVW�EH���DOLJQHG�ZKHQ�
VZBZUGGUBW\SH�LV�UDZ���UDZ���DQG�PXVW�EH����DOLJQHG�ZKHQ�
VZBZUGG\BW\SH�LV�UJE���� 

 
9,&$3B0,3,B,'�B&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
VZBPLSLBDOLJQBLG� 
�
E���/RZ�DOLJQPHQW�UDZ������ZLOO�LQ�>���@�>����@� 
�
E���+LJQ�DOLJQPHQW�UDZ������ZLOO�LQ�>����@�>����@ 
2QO\�EH�XVHG�ZKHQ�FRPSDFWHG�PRGH� 

����� 52 �[���� UHVHUYHG 

����� 5: �[� 

VZBPLSLB\X\YBRUGHUBLG� 
�
E����8<9<�&6,���VWDQGDUG� 
�
E����9<8< 
�
E����<8<9 
�
E����<9<8 

����� 5: �[�� VZBPLSLBGWBLG� 
'DWD�W\SH�IRU�LG�� 

��� 5: �[� VZBPLSLBYFBLG� 
9LUWXDO�FKDQQHO�IRU�LG�� 

� 5: �[� 
VZBPLSLBXYBVZDSBLG� 
�
E���1R�VZDS 
�
E���6ZDS 

� 5: �[� 
VZBPLSLBFRPSDFWBLG� 
�
E���5DZ������ZLOO�RFFXS\���ELW 
�
E���5DZ������ZLOO�EH�FRPSDFWHG 

� 5: �[� 
VZBPLSLBFURSBHQBLG� 
(QDEOH�WR�FURS�IRU�LG�� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
VZBPLSLBFRPPDQGBPRGHBHQBLG� 
6HOHFW�FRPPDQG�PRGH�IRU�LG�� 
�
E���1RW�FRPPDQG�PRGH 
�
E���&RPPDQG�PRGH 

��� 5: �[� 

VZBPLSLBZUGGUBW\SHBLG� 
7KH�W\SH�RI�LG�� 
�
E�����)RU�UDZ� 
�
E�����)RU�UDZ�� 
�
E�����)RU�UDZ�� 
�
E�����)RU�UJE��� 
�
E�����)RU�\XY���VS 
�
E�����)RU�\XY���VS 
�
E�����)RU�\XY��� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �964 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
VZBPLSLBFDSBHQBLG� 
(QDEOH�WR�FDSWXUH�LG�� 
�
E���'LVDEOH 
�
E���(QDEOH 

 
9,&$3B0,3,B,'�B&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� VZBKHLJKWBLG� 
+HLJKW�IRU�LG�� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� 

VZBZLGWKBLG� 
:LGWK�IRU�LG�LI�VZBZUGGUBW\SH�LV�UJE����WKHQ�WKH�ZLGWK�LV�HTXDO�
WR�WKH�QXPEHU�RI�E\WHV�QRW�SL[HO�� 
,I�VZBFURSBHQBLG��LV�HQDEOH�WKH�ZLGWK�YDOXH�PXVW�EH���DOLJQHG�
ZKHQ�VZBZUGGUBW\SH�LV�UDZ��\XY�����PXVW�EH���DOLJQHG�ZKHQ�
VZBZUGGUBW\SH�LV�UDZ���UDZ���DQG�PXVW�EH����DOLJQHG�ZKHQ�
VZBZUGG\BW\SH�LV�UJE���� 

 
9,&$3B0,3,B,'�B&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
VZBPLSLBDOLJQBLG� 
�
E���/RZ�DOLJQPHQW�UDZ������ZLOO�LQ�>���@�>����@� 
�
E���+LJQ�DOLJQPHQW�UDZ������ZLOO�LQ�>����@�>����@ 
2QO\�EH�XVHG�ZKHQ�FRPSDFWHG�PRGH� 

����� 52 �[���� UHVHUYHG 

����� 5: �[� 

VZBPLSLB\X\YBRUGHUBLG� 
�
E����8<9<�&6,���VWDQGDUG� 
�
E����9<8< 
�
E����<8<9 
�
E����<9<8 

����� 5: �[�� VZBPLSLBGWBLG� 
'DWD�W\SH�IRU�LG�� 

��� 5: �[� VZBPLSLBYFBLG� 
9LUWXDO�FKDQQHO�IRU�LG�� 

� 5: �[� 
VZBPLSLBXYBVZDSBLG� 
�
E���1R�VZDS 
�
E���6ZDS 

� 5: �[� 
VZBPLSLBFRPSDFWBLG� 
�
E���5DZ������ZLOO�RFFXS\���ELW 
�
E���5DZ������ZLOO�EH�FRPSDFWHG 

� 5: �[� 
VZBPLSLBFURSBHQBLG� 
(QDEOH�WR�FURS�IRU�LG�� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
VZBPLSLBFRPPDQGBPRGHBHQBLG� 
6HOHFW�FRPPDQG�PRGH�IRU�LG�� 
�
E���1RW�FRPPDQG�PRGH 
�
E���&RPPDQG�PRGH 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �965 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

VZBPLSLBZUGGUBW\SHBLG� 
7KH�W\SH�RI�LG�� 
�
E�����)RU�UDZ� 
�
E�����)RU�UDZ�� 
�
E�����)RU�UDZ�� 
�
E�����)RU�UJE��� 
�
E�����)RU�\XY���VS 
�
E�����)RU�\XY���VS 
�
E�����)RU�\XY��� 

� 5: �[� 
VZBPLSLBFDSBHQBLG� 
(QDEOH�WR�FDSWXUH�LG�� 
�
E���'LVDEOH 
�
E���(QDEOH 

 
9,&$3B0,3,B,'�B&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� VZBKHLJKWBLG� 
+HLJKW�IRU�LG�� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� 

VZBZLGWKBLG� 
:LGWK�IRU�LG�LI�VZBZUGGUBW\SH�LV�UJE����WKHQ�WKH�ZLGWK�LV�HTXDO�
WR�WKH�QXPEHU�RI�E\WHV�QRW�SL[HO�� 
,I�VZBFURSBHQBLG��LV�HQDEOH�WKH�ZLGWK�YDOXH�PXVW�EH���DOLJQHG�
ZKHQ�VZBZUGGUBW\SH�LV�UDZ��\XY�����PXVW�EH���DOLJQHG�ZKHQ�
VZBZUGGUBW\SH�LV�UDZ���UDZ���DQG�PXVW�EH����DOLJQHG�ZKHQ�
VZBZUGG\BW\SH�LV�UJE���� 

 
9,&$3B0,3,B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 5: �[� 
VZBGPDBLGOH 
�
E���1RW�LGOH 
�
E���,GOH�0,3,�/9'6�SDWK�GPD�WUDQVSRUW 

�� 52 �[� UHVHUYHG 

����� 5: �[� VZBSUHVVBYDOXH 
3UHVV�YDOXH� 

�� 5: �[� 
VZBSUHVVBHQ 
�
E���'LVDEOH�SUHVV 
�
E���(QDEOH�SUHVV 

���� 52 �[�� UHVHUYHG 

��� 5: �[� VZBKXUU\BYDOXH 
+XUU\�YDOXH� 

� 5: �[� 
VZBKXUU\BHQ 
�
E���'LVDEOH�KXUU\ 
�
E���(QDEOH�KXUU\ 

� 52 �[� UHVHUYHG 

��� 5: �[� 

VZBZDWHUBOLQH 
�
E������� 
�
E������� 
�
E������� 
�
E������ 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
VZBZDWHUBOLQHBHQ 
�
E���'LVDEOH�ZDWHU�OLQH 
�
E���(QDEOH�ZDWHU�OLQH 

 
9,&$3B0,3,B)5$0(�B$''5B<B,'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
VZBIUDPH�BDGGUB\BLG� 
)LUVW�DGGUHVV�RI�HYHQ�IUDPH�IRU�,'��<�5$:�5*%�SDWK�PXVW�EH�
DOLJQHG�WR�GRXEOH�ZRUG�� 

 
9,&$3B0,3,B)5$0(�B$''5B<B,'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
VZBIUDPH�BDGGUB\BLG� 
)LUVW�DGGUHVV�RI�RGG�IUDPH�IRU�,'��<�SDWK�PXVW�EH�DOLJQHG�WR�
GRXEOH�ZRUG�� 

 
9,&$3B0,3,B)5$0(�B$''5B89B,'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
VZBIUDPH�BDGGUBXYBLG� 
)LUVW�DGGUHVV�RI�HYHQ�IUDPH�IRU�,'��89�SDWK�PXVW�EH�DOLJQHG�WR�
GRXEOH�ZRUG�� 

 
9,&$3B0,3,B)5$0(�B$''5B89B,'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
VZBIUDPH�BDGGUBXYBLG� 
)LUVW�DGGUHVV�RI�RGG�IUDPH�IRU�,'��89�SDWK�PXVW�EH�DOLJQHG�WR�
GRXEOH�ZRUG�� 

 
9,&$3B0,3,B)5$0(�B9/:B<B,'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

���� 5: �[����� 
VZBIUDPH�BYOZB\BLG� 
9LUWXDO�OLQH�ZLGWK�RI�HYHQ�IUDPH�IRU�,'��<�5$:�5*%�SDWK�PXVW�EH�
DOLJQHG�WR�GRXEOH�ZRUG�� 

 
9,&$3B0,3,B)5$0(�B9/:B<B,'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

���� 5: �[����� 
VZBIUDPH�BYOZB\BLG� 
9LUWXDO�OLQH�ZLGWK�RI�RGG�IUDPH�IRU�,'��<�5$:�5*%�SDWK�PXVW�EH�
DOLJQHG�WR�GRXEOH�ZRUG�� 

 
9,&$3B0,3,B)5$0(�B9/:B89B,'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[����� 
VZBIUDPH�BYOZBXYBLG� 
9LUWXDO�OLQH�ZLGWK�RI�HYHQ�IUDPH�IRU�,'��89�SDWK�PXVW�EH�DOLJQHG�
WR�GRXEOH�ZRUG�� 

 
9,&$3B0,3,B)5$0(�B9/:B89B,'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

���� 5: �[����� 
VZBIUDPH�BYOZBXYBLG� 
9LUWXDO�OLQH�ZLGWK�RI�RGG�IUDPH�IRU�,'��89�SDWK�PXVW�EH�DOLJQHG�
WR�GRXEOH�ZRUG�� 

 
9,&$3B0,3,B)5$0(�B$''5B<B,'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
VZBIUDPH�BDGGUB\BLG� 
)LUVW�DGGUHVV�RI�HYHQ�IUDPH�IRU�,'��<�5$:�5*%�SDWK�PXVW�EH�
DOLJQHG�WR�GRXEOH�ZRUG�� 

 
9,&$3B0,3,B)5$0(�B$''5B<B,'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
VZBIUDPH�BDGGUB\BLG� 
)LUVW�DGGUHVV�RI�RGG�IUDPH�IRU�,'��<�5$:�5*%�SDWK�PXVW�EH�
DOLJQHG�WR�GRXEOH�ZRUG�� 

 
9,&$3B0,3,B)5$0(�B$''5B89B,'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
VZBIUDPH�BDGGUBXYBLG� 
)LUVW�DGGUHVV�RI�HYHQ�IUDPH�IRU�,'��89�SDWK�PXVW�EH�DOLJQHG�WR�
GRXEOH�ZRUG�� 

 
9,&$3B0,3,B)5$0(�B$''5B89B,'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
VZBIUDPH�BDGGUBXYBLG� 
)LUVW�DGGUHVV�RI�RGG�IUDPH�IRU�,'��89�SDWK�PXVW�EH�DOLJQHG�WR�
GRXEOH�ZRUG�� 

 
9,&$3B0,3,B)5$0(�B9/:B<B,'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

���� 5: �[����� 
VZBIUDPH�BYOZB\BLG� 
9LUWXDO�OLQH�ZLGWK�RI�HYHQ�IUDPH�IRU�,'��<�5$:�5*%�SDWK�PXVW�EH�
DOLJQHG�WR�GRXEOH�ZRUG�� 

 
9,&$3B0,3,B)5$0(�B9/:B<B,'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[����� 
VZBIUDPH�BYOZB\BLG� 
9LUWXDO�OLQH�ZLGWK�RI�RGG�IUDPH�IRU�,'��<�SDWK�PXVW�EH�DOLJQHG�WR�
GRXEOH�ZRUG�� 

 
9,&$3B0,3,B)5$0(�B9/:B89B,'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

���� 5: �[����� 
VZBIUDPH�BYOZBXYBLG� 
9LUWXDO�OLQH�ZLGWK�RI�HYHQ�IUDPH�IRU�,'��89�SDWK�PXVW�EH�DOLJQHG�
WR�GRXEOH�ZRUG�� 

 
9,&$3B0,3,B)5$0(�B9/:B89B,'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

���� 5: �[����� 
VZBIUDPH�BYOZBXYBLG� 
9LUWXDO�OLQH�ZLGWK�RI�RGG�IUDPH�IRU�,'��89�SDWK�PXVW�EH�DOLJQHG�
WR�GRXEOH�ZRUG�� 

 
9,&$3B0,3,B)5$0(�B$''5B<B,'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
VZBIUDPH�BDGGUB\BLG� 
)LUVW�DGGUHVV�RI�HYHQ�IUDPH�IRU�,'��<�5$:�5*%�SDWK�PXVW�EH�
DOLJQHG�WR�GRXEOH�ZRUG�� 

 
9,&$3B0,3,B)5$0(�B$''5B<B,'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
VZBIUDPH�BDGGUB\BLG� 
)LUVW�DGGUHVV�RI�RGG�IUDPH�IRU�,'��<�5$:�5*%�SDWK�PXVW�EH�
DOLJQHG�WR�GRXEOH�ZRUG�� 

 
9,&$3B0,3,B)5$0(�B$''5B89B,'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
VZBIUDPH�BDGGUBXYBLG� 
)LUVW�DGGUHVV�RI�HYHQ�IUDPH�IRU�,'��89�SDWK�PXVW�EH�DOLJQHG�WR�
GRXEOH�ZRUG�� 

 
9,&$3B0,3,B)5$0(�B$''5B89B,'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
VZBIUDPH�BDGGUBXYBLG� 
)LUVW�DGGUHVV�RI�RGG�IUDPH�IRU�,'��89�SDWK�PXVW�EH�DOLJQHG�WR�
GRXEOH�ZRUG�� 

 
9,&$3B0,3,B)5$0(�B9/:B<B,'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[����� 
VZBIUDPH�BYOZB\BLG� 
9LUWXDO�OLQH�ZLGWK�RI�HYHQ�IUDPH�IRU�,'��<�5$:�5*%�SDWK�PXVW�EH�
DOLJQHG�WR�GRXEOH�ZRUG�� 

 
9,&$3B0,3,B)5$0(�B9/:B<B,'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

���� 5: �[����� 
VZBIUDPH�BYOZB\BLG� 
9LUWXDO�OLQH�ZLGWK�RI�RGG�IUDPH�IRU�,'��<�5$:�5*%�SDWK�PXVW�EH�
DOLJQHG�WR�GRXEOH�ZRUG�� 

 
9,&$3B0,3,B)5$0(�B9/:B89B,'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

���� 5: �[����� 
VZBIUDPH�BYOZBXYBLG� 
9LUWXDO�OLQH�ZLGWK�RI�HYHQ�IUDPH�IRU�,'��89�SDWK�PXVW�EH�DOLJQHG�
WR�GRXEOH�ZRUG�� 

 
9,&$3B0,3,B)5$0(�B9/:B89B,'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

���� 5: �[����� 
VZBIUDPH�BYOZBXYBLG� 
9LUWXDO�OLQH�ZLGWK�RI�RGG�IUDPH�IRU�,'��89�SDWK�PXVW�EH�DOLJQHG�
WR�GRXEOH�ZRUG�� 

 
9,&$3B0,3,B)5$0(�B$''5B<B,'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
VZBIUDPH�BDGGUB\BLG� 
)LUVW�DGGUHVV�RI�HYHQ�IUDPH�IRU�,'��<�5$:�5*%�SDWK�PXVW�EH�
DOLJQHG�WR�GRXEOH�ZRUG�� 

 
9,&$3B0,3,B)5$0(�B$''5B<B,'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
VZBIUDPH�BDGGUB\BLG� 
)LUVW�DGGUHVV�RI�RGG�IUDPH�IRU�,'��<�5$:�5*%�SDWK�PXVW�EH�
DOLJQHG�WR�GRXEOH�ZRUG�� 

 
9,&$3B0,3,B)5$0(�B$''5B89B,'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
VZBIUDPH�BDGGUBXYBLG� 
)LUVW�DGGUHVV�RI�HYHQ�IUDPH�IRU�,'��89�SDWK�PXVW�EH�DOLJQHG�WR�
GRXEOH�ZRUG�� 

 
9,&$3B0,3,B)5$0(�B$''5B89B,'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
VZBIUDPH�BDGGUBXYBLG� 
)LUVW�DGGUHVV�RI�RGG�IUDPH�IRU�,'��89�SDWK�PXVW�EH�DOLJQHG�WR�
GRXEOH�ZRUG�� 

 
9,&$3B0,3,B)5$0(�B9/:B<B,'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

���� 5: �[����� 
VZBIUDPH�BYOZB\BLG� 
9LUWXDO�OLQH�ZLGWK�RI�HYHQ�IUDPH�IRU�,'��<�5$:�5*%�SDWK�PXVW�EH�
DOLJQHG�WR�GRXEOH�ZRUG�� 

 
9,&$3B0,3,B)5$0(�B9/:B<B,'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

���� 5: �[����� 
VZBIUDPH�BYOZB\BLG� 
9LUWXDO�OLQH�ZLGWK�RI�RGG�IUDPH�IRU�,'��<�5$:�5*%�SDWK�PXVW�EH�
DOLJQHG�WR�GRXEOH�ZRUG�� 

 
9,&$3B0,3,B)5$0(�B9/:B89B,'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

���� 5: �[����� 
VZBIUDPH�BYOZBXYBLG� 
9LUWXDO�OLQH�ZLGWK�RI�HYHQ�IUDPH�IRU�,'��89�SDWK�PXVW�EH�DOLJQHG�
WR�GRXEOH�ZRUG�� 

 
9,&$3B0,3,B)5$0(�B9/:B89B,'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

���� 5: �[����� 
VZBIUDPH�BYOZBXYBLG� 
9LUWXDO�OLQH�ZLGWK�RI�RGG�IUDPH�IRU�,'��89�SDWK�PXVW�EH�DOLJQHG�
WR�GRXEOH�ZRUG�� 

 
9,&$3B0,3,B,17(1�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

�� 5: �[� 
OLQHBLG�BLQWHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 
OLQHBLG�BLQWHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 
OLQHBLG�BLQWHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 
OLQHBLG�BLQWHQ 
�
E���'LVDEOH 
�
E���(QDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
FVL�U[BILIRBRYHUIORZBLQWHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 
EDQGZLGWKBODFNBLQWHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 
FRQILJBILIRBRYHUIORZBLQWHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 

GPDBXYBILIRBRYHUIORZBLQWHQ 
(QDEOH�WKH�LQWHUUXSW�RI�GPD�ILIR�RYHUIORZ�RI�0,3,�XY�SDWK�RU�/9'6�
LG��SDWK� 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 

GPDB\BILIRBRYHUIORZBLQWHQ 
(QDEOH�WKH�LQWHUUXSW�RI�GPD�ILIR�RYHUIORZ�RI�0,3,�\�SDWK�RU�/9'6�
LG��SDWK� 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 
IUDPH�BGPDBHQGBLG�BLQWHQ 
(QDEOH�WKH�LQWHUUXSW�RI�HQG�RI�RGG�IUDPH�IRU�,'�� 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 
IUDPH�BGPDBHQGBLG�BLQWHQ 
(QDEOH�WKH�LQWHUUXSW�RI�HQG�RI�HYHQ�IUDPH�IRU�,'�� 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 
IUDPH�BGPDBHQGBLG�BLQWHQ 
(QDEOH�WKH�LQWHUUXSW�RI�HQG�RI�RGG�IUDPH�IRU�,'�� 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 
IUDPH�BGPDBHQGBLG�BLQWHQ 
(QDEOH�WKH�LQWHUUXSW�RI�HQG�RI�HYHQ�IUDPH�IRU�,'�� 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 
IUDPH�BGPDBHQGBLG�BLQWHQ 
(QDEOH�WKH�LQWHUUXSW�RI�HQG�RI�RGG�IUDPH�IRU�,'�� 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 
IUDPH�BGPDBHQGBLG�BLQWHQ 
(QDEOH�WKH�LQWHUUXSW�RI�HQG�RI�HYHQ�IUDPH�IRU�,'�� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
IUDPH�BGPDBHQGBLG�BLQWHQ 
(QDEOH�WKH�LQWHUUXSW�RI�HQG�RI�RGG�IUDPH�IRU�,'�� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
IUDPH�BGPDBHQGBLG�BLQWHQ 
(QDEOH�WKH�LQWHUUXSW�RI�HQG�RI�HYHQ�IUDPH�IRU�,'�� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
IUDPH�BVWDUWBLG�BLQWHQ 
(QDEOH�WKH�LQWHUUXSW�RI�VWDUW�RI�RGG�IUDPH�IRU�,'�� 
�
E���'LVDEOH 
�
E���(QDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
IUDPH�BVWDUWBLG�BLQWHQ 
(QDEOH�WKH�LQWHUUXSW�RI�VWDUW�RI�HYHQ�IUDPH�IRU�,'�� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
IUDPH�BVWDUWBLG�BLQWHQ 
(QDEOH�WKH�LQWHUUXSW�RI�VWDUW�RI�RGG�IUDPH�IRU�,'�� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
IUDPH�BVWDUWBLG�BLQWHQ 
(QDEOH�WKH�LQWHUUXSW�RI�VWDUW�RI�HYHQ�IUDPH�IRU�,'�� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
IUDPH�BVWDUWBLG�BLQWHQ 
(QDEOH�WKH�LQWHUUXSW�RI�VWDUW�RI�RGG�IUDPH�IRU�,'�� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
IUDPH�BVWDUWBLG�BLQWHQ 
(QDEOH�WKH�LQWHUUXSW�RI�VWDUW�RI�HYHQ�IUDPH�IRU�,'�� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
IUDPH�BVWDUWBLG�BLQWHQ 
(QDEOH�WKH�LQWHUUXSW�RI�VWDUW�RI�RGG�IUDPH�IRU�,'�� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
IUDPH�BVWDUWBLG�BLQWHQ 
(QDEOH�WKH�LQWHUUXSW�RI�VWDUW�RI�HYHQ�IUDPH�IRU�,'�� 
�
E���'LVDEOH 
�
E���(QDEOH 

 
9,&$3B0,3,B,1767$7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

�� 5: �[� 
OLQHBLG�BLQWVW 
�
E���1R�LQWHUUXSW 
�
E���,QWHUUXSW 

�� 5: �[� 
OLQHBLG�BLQWVW 
�
E���1R�LQWHUUXSW 
�
E���,QWHUUXSW 

�� 5: �[� 
OLQHBLG�BLQWVW 
�
E���1R�LQWHUUXSW 
�
E���,QWHUUXSW 

�� 5: �[� 
OLQHBLG�BLQWVW 
�
E���1R�LQWHUUXSW 
�
E���,QWHUUXSW 

�� :�
& �[� 

FVL�U[BILIRBRYHUIORZBLQWVW 
�
E���1R�LQWHUUXSW 
�
E���,QWHUUXSW 

�� :�
& �[� 

EDQGZLGWKBODFNBLQWVW 
�
E���1R�LQWHUUXSW 
�
E���,QWHUUXSW 

�� :�
& �[� 

FRQILJBILIRBRYHUIORZBLQWVW 
�
E���1R�LQWHUUXSW 
�
E���,QWHUUXSW 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� :�
& �[� 

GPDBXYBILIRBRYHUIORZBLQWVW 
�
E���1R�LQWHUUXSW 
�
E���,QWHUUXSW 

�� :�
& �[� 

GPDB\BILIRBRYHUIORZBLQWVW 
�
E���1R�LQWHUUXSW 
�
E���,QWHUUXSW 

�� :�
& �[� 

IUDPH�BGPDBHQGBLG�BLQWVW 
�
E���1R�LQWHUUXSW 
�
E���,QWHUUXSW 

�� :�
& �[� 

IUDPH�BGPDBHQGBLG�BLQWVW 
�
E���1R�LQWHUUXSW 
�
E���,QWHUUXSW 

�� :�
& �[� 

IUDPH�BGPDBHQGBLG�BLQWVW 
�
E���1R�LQWHUUXSW 
�
E���,QWHUUXSW 

�� :�
& �[� 

IUDPH�BGPDBHQGBLG�BLQWVW 
�
E���1R�LQWHUUXSW 
�
E���,QWHUUXSW 

�� :�
& �[� 

IUDPH�BGPDBHQGBLG�BLQWVW 
�
E���1R�LQWHUUXSW 
�
E���,QWHUUXSW 

�� :�
& �[� 

IUDPH�BGPDBHQGBLG�BLQWVW 
�
E���1R�LQWHUUXSW 
�
E���,QWHUUXSW 

� :�
& �[� 

IUDPH�BGPDBHQGBLG�BLQWVW 
�
E���1R�LQWHUUXSW 
�
E���,QWHUUXSW 

� :�
& �[� 

IUDPH�BGPDBHQGBLG�BLQWVW 
�
E���1R�LQWHUUXSW 
�
E���,QWHUUXSW 

� :�
& �[� 

IUDPH�BVWDUWBLG�BLQWVW 
�
E���1R�LQWHUUXSW 
�
E���,QWHUUXSW 

� :�
& �[� 

IUDPH�BVWDUWBLG�BLQWVW 
�
E���1R�LQWHUUXSW 
�
E���,QWHUUXSW 

� :�
& �[� 

IUDPH�BVWDUWBLG�BLQWVW 
�
E���1R�LQWHUUXSW 
�
E���,QWHUUXSW 

� :�
& �[� 

IUDPH�BVWDUWBLG�BLQWVW 
�
E���1R�LQWHUUXSW 
�
E���,QWHUUXSW 

� :�
& �[� 

IUDPH�BVWDUWBLG�BLQWVW 
�
E���1R�LQWHUUXSW 
�
E���,QWHUUXSW 

� :�
& �[� 

IUDPH�BVWDUWBLG�BLQWVW 
�
E���1R�LQWHUUXSW 
�
E���,QWHUUXSW 

� :�
& �[� 

IUDPH�BVWDUWBLG�BLQWVW 
�
E���1R�LQWHUUXSW 
�
E���,QWHUUXSW 

� :�
& �[� 

IUDPH�BVWDUWBLG�BLQWVW 
�
E���1R�LQWHUUXSW 
�
E���,QWHUUXSW 
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9,&$3B0,3,B/,1(B,17B180B,'�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� 
OLQHBLQWBQXPBLG� 
,I�OLQHBLQWBQXPBLG� ����WKHQ�FKDQQHO���UHFHLYH����WK�OLQH���WK�
OLQH���WK�OLQH�����WKH�OLQHBLG�BLQWVW�ZLOO�EH��� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� 
OLQHBLQWBQXPBLG� 
,I�OLQHBLQWBQXPBLG� ����WKHQ�FKDQQHO���UHFHLYH����WK�OLQH���WK�
OLQH���WK�OLQH�����WKH�OLQHBLG�BLQWVW�ZLOO�EH��� 

 
9,&$3B0,3,B/,1(B,17B180B,'�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� 
OLQHBLQWBQXPBLG� 
,I�OLQHBLQWBQXPBLG� ����WKHQ�FKDQQHO���UHFHLYH����WK�OLQH���WK�
OLQH���WK�OLQH�����WKH�OLQHBLG�BLQWVW�ZLOO�EH��� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� 
OLQHBLQWBQXPBLG� 
,I�OLQHBLQWBQXPBLG� ����WKHQ�FKDQQHO���UHFHLYH����WK�OLQH���WK�
OLQH���WK�OLQH�����WKH�OLQHBLG�BLQWVW�ZLOO�EH��� 

 
9,&$3B0,3,B/,1(B&17B,'�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 52 �[���� OLQHBFQWBLG� 
&XUUHQW�OLQH�FRXQW�IRU�LG�� 

����� 52 �[� UHVHUYHG 

���� 52 �[���� OLQHBFQWBLG� 
&XUUHQW�OLQH�FRXQW�IRU�LG�� 

 
9,&$3B0,3,B/,1(B&17B,'�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 52 �[���� OLQHBFQWBLG� 
&XUUHQW�OLQH�FRXQW�IRU�LG�� 

����� 52 �[� UHVHUYHG 

���� 52 �[���� OLQHBFQWBLG� 
&XUUHQW�OLQH�FRXQW�IRU�LG�� 

 
9,&$3B0,3,B,'�B&523B67$57�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� VZBVWDUWB\BLG� 
7KH�VWDUW�\�FRRUGLQDWH�IRU�LG�� 

����� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[���� 

VZBVWDUWB[BLG� 
7KH�VWDUW�[�FRRUGLQDWH�IRU�LG��LI�VZBZUGGUBW\SH�LV�UJE����WKHQ�
WKH�VWDUW�[�LV�PHDVXUHG�LQ�E\WH� 
7KH�VWDUW�[�YDOXH�PXVW�EH���DOLJQHG�ZKHQ�VZBZUGGUBW\SH�LV�
UDZ��\XY�����PXVW�EH���DOLJQHG�ZKHQ�VZBZUGGUBW\SH�LV�
UDZ���UDZ���DQG�PXVW�EH����DOLJQHG�ZKHQ�VZBZUGG\BW\SH�LV�
UJE���� 

 
9,&$3B0,3,B,'�B&523B67$57�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� VZBVWDUWB\BLG� 
7KH�VWDUW�\�FRRUGLQDWH�IRU�LG�� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� 

VZBVWDUWB[BLG� 
7KH�VWDUW�[�FRRUGLQDWH�IRU�LG��LI�VZBZUGGUBW\SH�LV�UJE����WKHQ�
WKH�VWDUW�[�LV�PHDVXUHG�LQ�E\WH� 
7KH�VWDUW�[�YDOXH�PXVW�EH���DOLJQHG�ZKHQ�VZBZUGGUBW\SH�LV�
UDZ��\XY�����PXVW�EH���DOLJQHG�ZKHQ�VZBZUGGUBW\SH�LV�
UDZ���UDZ���DQG�PXVW�EH����DOLJQHG�ZKHQ�VZBZUGG\BW\SH�LV�
UJE���� 

 
9,&$3B0,3,B,'�B&523B67$57�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� VZBVWDUWB\BLG� 
7KH�VWDUW�\�FRRUGLQDWH�IRU�LG�� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� 

VZBVWDUWB[BLG� 
7KH�VWDUW�[�FRRUGLQDWH�IRU�LG��LI�VZBZUGGUBW\SH�LV�UJE����WKHQ�
WKH�VWDUW�[�LV�PHDVXUHG�LQ�E\WH� 
7KH�VWDUW�[�YDOXH�PXVW�EH���DOLJQHG�ZKHQ�VZBZUGGUBW\SH�LV�
UDZ��\XY�����PXVW�EH���DOLJQHG�ZKHQ�VZBZUGGUBW\SH�LV�
UDZ���UDZ���DQG�PXVW�EH����DOLJQHG�ZKHQ�VZBZUGG\BW\SH�LV�
UJE���� 

 
9,&$3B0,3,B,'�B&523B67$57�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� VZBVWDUWB\BLG� 
7KH�VWDUW�\�FRRUGLQDWH�IRU�LG�� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� 

VZBVWDUWB[BLG� 
7KH�VWDUW�[�FRRUGLQDWH�IRU�LG��LI�VZBZUGGUBW\SH�LV�UJE����WKHQ�
WKH�VWDUW�[�LV�PHDVXUHG�LQ�E\WH� 
7KH�VWDUW�[�YDOXH�PXVW�EH���DOLJQHG�ZKHQ�VZBZUGGUBW\SH�LV�
UDZ��\XY�����PXVW�EH���DOLJQHG�ZKHQ�VZBZUGGUBW\SH�LV�
UDZ���UDZ���DQG�PXVW�EH����DOLJQHG�ZKHQ�VZBZUGG\BW\SH�LV�
UJE���� 

 
9,&$3B0,3,B)5$0(B180B9&��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� URBIUDPHBQXPBHQGBYF� 
7KH�IUDPH�QXPEHU�RI�IUDPH�HQG�RI�YLUWXDO�FKDQQHO��� 

���� 52 �[���� URBIUDPHBQXPBVWDUWBYF� 
7KH�IUDPH�QXPEHU�RI�IUDPH�VWDUW�RI�YLUWXDO�FKDQQHO��� 

 
9,&$3B0,3,B)5$0(B180B9&��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� URBIUDPHBQXPBHQGBYF� 
7KH�IUDPH�QXPEHU�RI�IUDPH�HQG�RI�YLUWXDO�FKDQQHO��� 

���� 52 �[���� URBIUDPHBQXPBVWDUWBYF� 
7KH�IUDPH�QXPEHU�RI�IUDPH�VWDUW�RI�YLUWXDO�FKDQQHO��� 

 
9,&$3B0,3,B)5$0(B180B9&��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� URBIUDPHBQXPBHQGBYF� 
7KH�IUDPH�QXPEHU�RI�IUDPH�HQG�RI�YLUWXDO�FKDQQHO��� 

���� 52 �[���� URBIUDPHBQXPBVWDUWBYF� 
7KH�IUDPH�QXPEHU�RI�IUDPH�VWDUW�RI�YLUWXDO�FKDQQHO��� 

 
9,&$3B0,3,B)5$0(B180B9&��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� URBIUDPHBQXPBHQGBYF� 
7KH�IUDPH�QXPEHU�RI�IUDPH�HQG�RI�YLUWXDO�FKDQQHO��� 

���� 52 �[���� URBIUDPHBQXPBVWDUWBYF� 
7KH�IUDPH�QXPEHU�RI�IUDPH�VWDUW�RI�YLUWXDO�FKDQQHO��� 

 
9,&$3B<B67$7B&21752/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 52 �[� UHVHUYHG 

����� 5: �[�� VZBEODFNBOHYHOBE 
%ODFN�OHYHO�IRU�%�FKDQQHO� 

����� 5: �[�� VZBEODFNBOHYHOBJ 
%ODFN�OHYHO�IRU�*�FKDQQHO� 

����� 5: �[�� VZBEODFNBOHYHOBU 
%ODFN�OHYHO�IRU�5�FKDQQHO� 

����� 52 �[� UHVHUYHG 

����� 52 �[� URBEORFNBLG� 
7KH�QXPEHU�RI�EORFN�RI�LG�� 

����� 52 �[� URBEORFNBLG� 
7KH�QXPEHU�RI�EORFN�RI�LG�� 

��� 52 �[� URBEORFNBLG� 
7KH�QXPEHU�RI�EORFN�RI�LG�� 

��� :2 �[� VZB\BVWDWBUGBEORFN 
3RLQW�WR�WKH�VSHFLILHG�EORFN� 

��� :2 �[� 

VZB\BVWDWBUGBLG 
�
E����3RLQW�WR�,'� 
�
E����3RLQW�WR�,'� 
�
E����3RLQW�WR�,'� 
�
E����5HVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� :2 �[� 
VZB\BVWDWBUG 
&KDQHJH�WKH�\�VWDWLVWLFV�UHDG�SRLQWHU�DFFRUGLQJ�WR�
VZB\BVWDWBUGBLG�VZB\BVWDWBUGBEORFN� 

��� 5: �[� 

VZBED\HUBSDWWHUQ 
�
E����5**% 
�
E����*5%* 
�
E����*%5* 
�
E����%**5 

� 5: �[� 
VZB\BVWDWBHQ 
�
E���'LVDEOH�\�VWDWLVWLFV 
�
E���(QDEOH�\�VWDWLVWLFV 

 
9,&$3B<B67$7B9$/8(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� VZB\BVWDWBYDOXH <�VWDWLVWLFV�YDOXH� 
 
9,&$3B008B'7(B$''5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� PPXBGWHBDGGU 008�FXUUHQW�SDJH�7DEOH�DGGUHVV� 
 
9,&$3B008B67$786�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[������ UHVHUYHG 

���� 52 �[�� SDJHBIDXOWBEXVBLG 
,QGH[�RI�PDVWHU�UHSRQVLEOH�IRU�ODVW�SDJH�IDXOW� 

� 52 �[� 
SDJHBIDXOWBLVBZULWH 
7KH�GLUHFWLRQ�RI�DFFHVV�IRU�ODVW�SDJH�IDXOW� 
�
E���5HDG 
�
E���:ULWH 

� 52 �[� UHSOD\BEXIIHUBHPSW\ 
7KH�008�UHSOD\�EXIIHU�LV�HPSW\� 

� 52 �[� 
PPXBLGOH 
7KH�008�LV�LGOH�ZKHQ�DFFHVVHV�DUH�EHLQJ�WUDQVODWHG�DQG�WKHUH�DUH�
QR�XQILQLVKHG�WUDQVODWHG�DFFHVVHV� 

� 52 �[� 
VWDLOBDFWLYH 
008�VWDOO�PRGH�FXUUHQWO\�HQDEOHG��7KH�PRGH�LV�HQDEOHG�E\�
FRPPDQG� 

� 52 �[� 
SDJHBIDXOWBDFWLYH 
008�SDJH�IDXOW�PRGH�FXUUHQWO\�HQDEOHG���7KH�PRGH�LV�HQDEOHG�E\�
FRPPDQG� 

� 52 �[� SDJLQJBHQDEOHG 
3DJLQJ�LV�HQDEOHG� 

 
9,&$3B008B&200$1'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� :2 �[� 

PPXBFPG 
008B&0'��7KLV�FDQ�EH� 
�
E�����008B(1$%/(B3$*,1* 
�
E�����008B',6$%/(B3$*,1* 
�
E�����008B(1$%/(B67$// 
�
E�����008B',6$%/(B67$// 
�
E�����008B=$3B&$&+( 
�
E�����008B3$*(B)$8/7B'21( 

 
9,&$3B008B3$*(B)$8/7B$''5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� SDJHBIDXOWBDGGU $GGUHVV�RI�ODVW�SDJH�IDXOW� 
 
9,&$3B008B=$3B21(B/,1(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� PPXB]DSBRQHBOLQH $GGUHVV�WR�EH�LQYDOLGDWHG�IURP�WKH�SDJH�WDEOH�FDFKH� 
 
9,&$3B008B,17B5$:67$7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� UHDGBEXVBHUURU 
5HDG�EXV�HUURU� 

� 5: �[� SDJHBIDXOW 
3DJH�IDXOW� 

 
9,&$3B008B,17B&/($5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� :2 �[� UHDGBEXVBHUURU 
5HDG�EXV�HUURU� 

� :2 �[� SDJHBIDXOW 
3DJH�IDXOW� 

 
9,&$3B008B,17B0$6.�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� UHDGBEXVBHUURU 
5HDG�EXV�HUURU 

� 5: �[� SDJHBIDXOW 
3DJH�IDXOW 

 
9,&$3B008B,17B67$786�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 52 �[� UHDGBEXVBHUURU 
5HDG�EXV�HUURU� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 52 �[� SDJHBIDXOW 
3DJH�IDXOW� 

 
9,&$3B008B$872B*$7,1*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� PPXBDXWRBJDWLQJ 
:KHQ�LW�LV��
E���WKH�PPX�ZLOO�DXWR�JDWLQJ�LW�VHOI 

 

11.5 Interface Description 
Table 11-1 VICAP Interface Description 

Module Pin Dir Pad Name IOMUX Setting 

vicap_clkout O 
CIF_CLKOUT/EBC_GDCLK/PWM11_IR_M1/GPIO
4_C0_d GRF_GPIO4C_IOMUX_L[3:0]=4¶h1 

vicap_clkin I 
CIF_CLKIN/EBC_SDCLK/GMAC1_MCLKINOUT_M
1/UART1_CTSn_M1/I2S2_SCLK_RX_M1/GPIO4_
C1_d 

GRF_GPIO4C_IOMUX_L[7:4]=4¶h1 

vicap_href I 
CIF_HREF/EBC_SDLE/GMAC1_MDC_M1/UART1_
RTSn_M1/I2S2_MCLK_M1/GPIO4_B6_d GRF_GPIO4B_IOMUX_H[11:8]=4¶h1 

vicap_vsync I 
CIF_VSYNC/EBC_SDOE/GMAC1_MDIO_M1/I2S2
_SCLK_TX_M1/GPIO4_B7_d GRF_GPIO4B_IOMUX_H[15:12]=4¶h1 

vicap_data0 I 
CIF_D0/EBC_SDDO0/SDMMC2_D0_M0/I2S1_M
CLK_M1/VOP_BT656_D0_M1/GPIO3_C6_d GRF_GPIO3C_IOMUX_H[11:8]=4¶h1 

vicap_data1 I 
CIF_D1/EBC_SDDO1/SDMMC2_D1_M0/I2S1_SC
LK_TX_M1/VOP_BT656_D1_M1/GPIO3_C7_d GRF_GPIO3C_IOMUX_H[15:12]=4¶h1 

vicap_data2 I 
CIF_D2/EBC_SDDO2/SDMMC2_D2_M0/I2S1_LR
CK_TX_M1/VOP_BT656_D2_M1/GPIO3_D0_d GRF_GPIO3D_IOMUX_L[3:0]=4¶h1 

vicap_data3 I 
CIF_D3/EBC_SDDO3/SDMMC2_D3_M0/I2S1_SD
O0_M1/VOP_BT656_D3_M1/GPIO3_D1_d GRF_GPIO3D_IOMUX_L[7:4]=4¶h1 

vicap_data4 I 
CIF_D4/EBC_SDDO4/SDMMC2_CMD_M0/I2S1_
SDI0_M1/VOP_BT656_D4_M1/GPIO3_D2_d GRF_GPIO3D_IOMUX_L[11:8]=4¶h1 

vicap_data5 I 
CIF_D5/EBC_SDDO5/SDMMC2_CLK_M0/I2S1_S
DI1_M1/VOP_BT656_D5_M1/GPIO3_D3_d GRF_GPIO3D_IOMUX_L[15:12]=4¶h1 

vicap_data6 I 
CIF_D6/EBC_SDDO6/SDMMC2_DET_M0/I2S1_S
DI2_M1/VOP_BT656_D6_M1/GPIO3_D4_d GRF_GPIO3D_IOMUX_H[3:0]=4¶h1 

vicap_data7 I 
CIF_D7/EBC_SDDO7/SDMMC2_PWREN_M0/I2S
1_SDI3_M1/VOP_BT656_D7_M1/GPIO3_D5_d GRF_GPIO3D_IOMUX_H[7:4]=4¶h1 

vicap_data8 I 
CIF_D8/EBC_SDDO8/GMAC1_TXD2_M1/UART1_
TX_M1/PDM_CLK0_M1/GPIO3_D6_d GRF_GPIO3D_IOMUX_H[11:8]=4¶h1 

vicap_data9 I 
CIF_D9/EBC_SDDO9/GMAC1_TXD3_M1/UART1_
RX_M1/PDM_SDI0_M1/GPIO3_D7_d GRF_GPIO3D_IOMUX_H[15:12]=4¶h1 

vicap_data1
0 I 

CIF_D10/EBC_SDDO10/GMAC1_TXCLK_M1/PDM
_CLK1_M1/GPIO4_A0_d GRF_GPIO4A_IOMUX_L[3:0]=4¶h1 
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Module Pin Dir Pad Name IOMUX Setting 

vicap_data1
1 I 

CIF_D11/EBC_SDDO11/GMAC1_RXD2_M1/PDM
_SDI1_M1/GPIO4_A1_d GRF_GPIO4A_IOMUX_L[7:4]=4¶h1 

vicap_data1
2 I 

CIF_D12/EBC_SDDO12/GMAC1_RXD3_M1/UART
7_TX_M2/PDM_SDI2_M1/GPIO4_A2_d GRF_GPIO4A_IOMUX_L[11:8]=4¶h1 

vicap_data1
3 I 

CIF_D13/EBC_SDDO13/GMAC1_RXCLK_M1/UAR
T7_RX_M2/PDM_SDI3_M1/GPIO4_A3_d GRF_GPIO4A_IOMUX_L[15:12]=4¶h1 

vicap_data1
4 I 

CIF_D14/EBC_SDDO14/GMAC1_TXD0_M1/UART
9_TX_M2/I2S2_LRCK_TX_M1/GPIO4_A4_d GRF_GPIO4A_IOMUX_H[3:0]=4¶h1 

vicap_data1
5 I 

CIF_D15/EBC_SDDO15/GMAC1_TXD1_M1/UART
9_RX_M2/I2S2_LRCK_RX_M1/GPIO4_A5_d GRF_GPIO4A_IOMUX_H[7:4]=4¶h1 

 
1RWHV��, LQSXW��2 RXWSXW��,�2 LQSXW�RXWSXW��ELGLUHFWLRQDO 
)XUWKHUPRUH��GLIIHUHQW�,2V�DUH�VHOHFWHG�DQG�FRQQHFWHG�WR�GLIIHUHQW�IODVK�LQWHUIDFH��ZKLFK�LV�
VKRZQ�DV�IROORZV��  
11.6 Application Notes 
11.6.1 '93�UHFHLYLQJ�$SSOLFDWLRQ 
7KH�PRVW�LPSRUWDQW�FRQILJXUDWLRQ�UHTXLUHPHQW�RI�DOO�RSHUDWLRQV�LV�WKH�'93B&$3B(1�ELW�PXVW�
EH�VHW�DIWHU�DOO�WKH�PRGH�VHOHFWLRQ�LV�UHDG\��7KH�FRQILJXUDWLRQ�RUGHU�RI�WKH�LQSXW�RXWSXW�GDWD�
IRUPDW��<89�RUGHU��WKH�DGGUHVV��IUDPH�VL]H�ZLGWK��$;,�EXUVW�OHQJWK�DQG�RWKHU�RSWLRQV�GR�QRW�
QHHG�WR�FDUH� 
7KHUH�DUH�PDQ\�GHEXJ�UHJLVWHUV�WR�PDNH�LW�HDV\�WR�UHDG�WKH�LQWHUQDO�RSHUDWLRQ�LQIRUPDWLRQ�RI�
9,&$3��7KH�OLQH�QXPEHU�RI�ODVW�IUDPH�DQG�WKH�SL[HO�QXPEHU�RI�ODVW�OLQH�FDQ�EH�NQRZQ�E\�UHDG�
WKH�'93B/$67B/,1(�DQG�'93B/$67B3,;� 
,I�������PL[HG�%7����%7�����LV�UHFHLYHG��VZBPXOWLBLGBHQ�VZBPXOWLBLGBPRGH�PXVW�EH�
FRQILJXUHG��$QG�VZBFKLGBLG[�VZBFKLGBELWBHQBLG[�VKRXOG�EH�FRQILJXUHG�DFFRUGLQJ�WKH�
HQFRGLQJ�UXOHV��(J��WKH�GLIIHUHQW�YLGHRV�DUH�GLVWLQJXLVKHG�E\�WKH�>���@�ELWV�LQ�V\QF�FRGH��VR�
ZH�FDQ�FRQILJXUH�VZBFKLGBELWBHQBLG[ �¶E����� 
,I�'93�GDWD�LV�GRXEOH�HGJH�VDPSOLQJ��*5)B9,B&21�>�@�VKRXOG�EH�FRQILJXUHG�WR����$QG�WKH�
XVHU�FDQ�DGMXVW�WKH�FORFN�SKDVH�E\�*5)B9,B&21�>���@� 
11.6.2 0,3,�UHFHLYLQJ�$SSOLFDWLRQ 
9,&$3�VXSSRUW�UHFHLYLQJ�XS�WR�IRXU�0,3,�,'V�DW�WKH�VDPH�WLPH��9,&$3�FRXOG�UHFHLYH�DOO�,'�
YDOXH�YLD�FRQILJXULQJ�WKH�VZBYFBLG��������DQG�VZBGWBLG���������EXW�9,&$3�FRXOG�RQO\�
WUDQVIRUP�0,3,�GDWD�WR�5$:���������5*%�����<89���63��<89���63��<89����YLD�
FRQILJXULQJ�WKH�VZBZUGGUBW\SH��7KH�UHJLVWHU�VZBKHLJKW�PXVW�EH�VDPH�DV�WKH�UHFHLYHG�
LPDJH��DQG�WKH�UHJLVWHU�VZBZLGWK�LV�XVHOHVV�ZKHQ�VZBFURSBHQ�LV�GLVDEOH��,I�VZBZUGGUBW\SH�
LV�UJE�����WKHQ�WKH�VZBZLGWK�DQG�VZBVWDUWB[�DUH�HTXDO�WR�WKH�QXPEHU�RI�E\WHV� 
,I�$;,�EXV�LV�WRR�EXV\�WR�WUDQVIHU�VHQVRU�GDWD��\RX�FDQ�HQDEOH�VZBKXUU\BHQ�VZBSUHVVBHQ�
DQG�VZBZDWHUBOLQHBHQ� 
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Chapter 12 Image Signal Processing˄ISP˅ 

12  

12.1 Introduction 
12.1.1 2YHUYLHZ 
7KH�,PDJH�6LJQDO�3URFHVVLQJ��,63��LV�D�FRPSOHWH�YLGHR�DQG�VWLOO�SLFWXUH�LQSXW�XQLW�ZKLFK�

FRQWDLQV�VWDQGDUG�VHQVRU�SLFWXUH�GDWD�SURFHVVLQJ�IXQFWLRQV��VXFK�DV�LPDJH�SURFHVVLQJ��
VFDOLQJ��7KLV�XQLW�VXSSRUWV�LPDJH�VHQVRUV�ZLWK�LQWHJUDWHG�<&E&U�SURFHVVLQJ�DQG�DOVR�VLPSOH�
&026�VHQVRUV�GHOLYHULQJ�5*%�%D\HU�SDWWHUQ�ZLWKRXW�DQ\�LQWHJUDWHG�LPDJH�SURFHVVLQJ��  
,PDJH�SURFHVVLQJ�FRQWDLQV�PDQ\�IXQFWLRQV��VXFK�DV�+'5B0*(��+'5B'5&��5$:15��*,&��

'(%$<(5�DQG�VR�RQ�6FDOLQJ�LV�XVHG�IRU�GRZQVL]LQJ�WKH�VHQVRU�GDWD�IRU�HLWKHU�GLVSOD\LQJ�WKHP�
RQ�WKH�/&'��6FDOLQJ�DOVR�FDQ�EH�XVHG�IRU�GLJLWDO�]RRP�HIIHFWV��EHFDXVH�WKH�VFDOHUV�DUH�
FDSDEOH�RI�XS�VFDOLQJ�DV�ZHOO��7KH�FDPHUD�LQWHUIDFH�SURYLGHV�3DUDOOHO�GDWD�DQG�0,3,�VXSSRUW��
VR�WKDW�,63�FDQ�EH�FRQQHFWHG�WR�3+<�GHYLFHV�RU�,3�EORFNV�GLUHFWO\��$OO�GDWD�LV�WUDQVPLWWHG�YLD�
WKH�PHPRU\�LQWHUIDFH�WR�D�$;,�EXV�V\VWHP�XVLQJ�D�EXV�PDVWHU�LQWHUIDFH��3URJUDPPLQJ�LV�
GRQH�E\�UHJLVWHU�UHDG�ZULWH�WUDQVDFWLRQV�XVLQJ�DQ�$+%�VODYH�LQWHUIDFH� 
 
,63�VXSSRUWV�WKH�IROORZLQJ�IHDWXUHV� 
z '93�LQSXW��,78�5�%7��������ZLWK�UDZ��UDZ���UDZ����<89�����%7���� 
z 0,3,�LQSXW��5;�ODQH�[��[����� � UDZ��UDZ���UDZ����<89�����  
z 0D[LPXP�LQSXW������[���� 
z �$��LQFOXGH�$(�+LVWRJUDP��$)��$:%�VWDWLVWLFV�RXWSXW 
z )31��)L[HG�3DWWHUQ�1RLVH�UHPRYDO 
z %/&��%ODFN�/HYHO�&RUUHFWLRQ 
z '3&&��6WDWLF�'\QDPLF�GHIHFW�SL[HO�FOXVWHU�FRUUHFWLRQ 
z 3'$)��3KDVH�'HWHFWLRQ�$XWR�)RFXV 
z /6&��/HQV�VKDGLQJ�FRUUHFWLRQ 
z %D\HU��'15��6SDWLDO�%D\HU�UDZ�'H�QRLVLQJ 
z %D\HU��'15��7HPSRUDO�%D\HU�UDZ�'H�QRLVLQJ 
z +'5����)UDPH�0HUJH�LQWR�+LJK�'\QDPLF�5DQJH 
z '5&��+'5�'\QDPLF 5DQJH &RPSUHVVLRQ ��7RQH�PDSSLQJ 
z *,&��*reen Imbalance Correction 
z 'HED\HU��$GYDQFHG�$GDSWLYH�'HPRVDLF�ZLWK�&KURPDWLF�$EHUUDWLRQ�&RUUHFWLRQ 
z &&0�&60��&RORU�FRUUHFWLRQ�PDWUL[��5*%�<89�HWF 
z *DPPD��*DPPD�RXW�FRUUHFWLRQ 
z 'HKD]H�(QKDQFH��$XWRPDWLF�'HKD]H�DQG�(IIHFW�HQKDQFHPHQW 
z �'/87���'�/XW�&RORU�3DOHWWH�IRU�&XVWRPHU 
z /'&+��/HQV�GLVWRUWLRQ�RQO\�LQ�WKH�KRUL]RQWDO�GLUHFWLRQ 
z <89��'15��6SDWLDO�<89�'H�QRLVLQJ 
z 6KDUS��LPDJH�6KDUSHQLQJ�DQG�ERXQGDU\�ILOWHULQJ 
z 0XOWL�VHQVRU�UHXVH�,63� 
z %86�LQWHUIDFH�����ELW�$+%�FRQILJXUDWLRQ��$;,�����5:��008�WDEOH 
z /RZ�SRZHU��DXWR�JDWLQJ�IRU�HDFK�EORFN 
 
 
12.1.2 8VLQJ�FRQVWUDLQV 
1. ,I�WKH�YLUWXDO�ZLGWK�LV�UDQGRPO\�DOORFDWHG��WKH���WK�ELW�RI��[���������PXVW�EH�VHW�WR�WKH�

ROG�PRGH��,I�WKH�YLUWXDO�ZLGWK�LV�HTXDO�WR�WKH�UHDO�ZLGWK� WKH�YLUWXDO�ZLGWK�LV�QRW�
FRQILJXUHG�RU�WKH�UHDO�ZLGWK�LV�FRQILJXUHG��DW�WKLV�WLPH��WKH���WK�ELW�RI��[���������
VKRXOG�EH�VHW�WR����DQG�WKH�KDUGZDUH�ZLOO�DGDSWLYHO\�RSWLPL]H�WKH�WUDQVPLVVLRQ�RI�0,�DW�
WKH�HQG�RI�WKH�OLQH��  

2. 7KH�DXWR�JDWLQJ�RI�5$:$:%�QHHG�WR�EH�HQDEOHG�LQ�WKH�GHIDXOW�DXWRPDWLF��D�JDWLQJ�
PRGH��LI�WKH�DXWR�JDWLQJ�LV�FORVHG�E\�VRIWZDUH��WKH�PRGXOH�ZLOO�FRQWLQXH�WR�FRXQW�WKH�
QH[W�IUDPH�DQG�FDXVH�DQ�HUURU���RQO\�FRQVWUDLQW�IRU�YHUVLRQ����� 
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3. 7KH�HQDEOH�RI�%$<�'�DQG�WKH�HQDEOH�RI�%$<15�PXVW�EH�VZLWFKHG�RQ�DQG�RII�WRJHWKHU� 

4. 7KH�'(+$=(�RQ�RU�RII�QHHGV�WR�IRUFH�XSGDWH�LWV�V\VBLWVHOIBIRUFHBXSG�DW�WKH�LGOH�RI�
IUDPH��RQO\�FRQVWUDLQW�IRU�YHUVLRQ����� 

5. 7KH�<15ǃ&15�DQG 6+$53�VKRXOG�EH�RQ�RU�RII�DW�WKH�VDPH�WLPH��(DFK�RI�WKHVH�WKUHH�
PRGXOHV�KDV�LWV�RZQ�E\SDVV�FRQWURO��,I�\RX�ZDQW�WR�E\SDVV�D�PRGXOH��\RX�FDQ�WXUQ�RQ�LWV�
E\SDVV�RI�WKH�PRGXOH��7KH�E\SDVV�VLJQDO�RI�<15�KDV�VZB\QUBEIW�[�BE\SDVV��
VZB\QUBOEIW�[�BE\SDVV��VZB\QUBOJIW�[�BE\SDVV��VZB\QUBIOW�[�BE\SDVV��
VZB\QUBVIW�[�BE\SDVV��VZB\QUBIOW�[�BE\SDVVBVHO�WR�FKRRVH��7KH�E\SDVV�VLJQDO�RI�&15�
KDV�VZBFQUBH[JDLQBE\SDVV��VZBFQUBKTBELODBE\SDVV��VZBFQUBOTBELODBE\SDVV�WR�FKRRVH��
7KH�E\SDVV�FRQWURO�RI�6+$53�LV�VZBVKDUSBE\SDVV� 

 
12.2 Block Diagram  

 

Fig. 12-1 ISP Block Diagram 
,63�FRPSULVHV�ZLWK� 
z 0,3,�VHULDO�FDPHUD�LQWHUIDFH�0,3,� 
z 5$:�3URFHVVLQJ 
z 5*%�3URFHVVLQJ 
z <89�3URFHVVLQJ 
z 0HPRU\�,QWHUIDFH�0,� 
 
 
12.3 Function Description 
12.3.1 &6,�5;�0,3,� 
˄�˅2YHUYLHZ 

&6,�5;�LV�D�0,3,�FRQWUROOHU��ZKLFK�SDUVHV�UDZ�GDWD�IURP�'�3+<�LQWR�HDFK�SL[HO�RXWSXW� 
˄�˅)HDWXUHV 
z &RPSOLDQW�ZLWK�0,3,�$OOLDQFH�6WDQGDUG�IRU�&DPHUD�6HULDO��&6,���YHUVLRQ���������1RY�

���� 
z ,QWHUIDFH�ZLWK�0,3,�'�3+<�IROORZLQJ�3+<�3URWRFRO�,QWHUIDFH�33,���YHUVLRQ���������0D\�

���� 
z 6XSSRUW�9&�VHQVRU��+'5�VHQVRU�$5������,0;���� 
z 6XSSRUW�[��[��[��'3+<�5;�GDWD�ODQHV��DQG�PHUJH�LQWR�ZRUG�DOLJQ 
z 6XSSRUW�5$:��5$:���5$:���WUDQVIHU�FRPSDWLEOH�ZLWK�WKH�ROG�PHWKRG� 
z 6XSSRUW�5$:���5$:���FOLS�LQWR�5$:����WKHQ�LQWR�,63�SLSHOLQH�RU�LQWR�''5 
z 6XSSRUW�5$:���5$:���5$:���<89���B��DQG�5*%����GLUHFW�WR�''5 
z 6XSSRUW�DXWR�FRUUHFW�VLQJOH�HFF�HUURU 
z 6XSSRUW�PXOWLSOH�HFF��FUF�HUURU��DQG�DOO�SK\�HUURU�LQWHUUXSWV 
z )UHTXHQF\��!���0K]�SL[�UDWH 
z 6XSSRUW�IRXU�PLSLBW[�FKDQQHOV�DQG�WKUHH�PLSLBU[�FKDQQHOV 
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z 6XSSRUW�HPEHGBGDWD�5$:��������������XVH��E\WH�DOLJQ��LQWR�''5�	�UHDG�EDFN�SL[HOV�
LQWR�,63 

z 6XSSRUW�SSLBGDWD�ZRUG�DOLJQ��LQWR�''5�IRU�GHEXJ 
z 0XOWL�,'�VHSDUDWHO\�LQWR�''5�DQG�LQWR�,63��+'5�RU�3'$) 
z 3SLBGDWD�UHDG�EDFN��SSL�SL[�LQWR�,63��ORZ�SULRULW\��VDYH�EDQGZLGWK� 
z 6XSSRUW�KGU�VWUHDP��IUDPH�PRGH��OLQH�PRGH 
z 6XSSRUW�'93�GDWD�LQSXW 
z 6XSSRUW�/9'6�GDWD�LQSXW 
z 6XSSRUW�0,3,�UDZ�UHDGEDFN�IUDPH[���IUDPH[� 
z 6XSSRUW�)31��)L[HG�3DWWHUQ�1RLVH� 

12.3.1.1 Block Descriptions 
5DZ�SLFWXUH�LQWR�''5�VXSSRUW�XQ�FRPSDFW�DQG�FRPSDFW��LQFOXGLQJ�VZDS��PRGH� 

 
7KH�IXQFWLRQ�PRGH�RI�FVL�U[�GHSHQG�RQ�WKH�FRQILJXUDWLRQ�RI�VZBLEXIBRSBPRGH��ZKLFK�DUH�
VKRZQ�LQ�WKH�IROORZLQJ�WDEOH� 

Table 12-1 csi2rx function mode 

6ZBLEXIBRSBPRGH )XQFWLRQ ,QWHUYDO�
PRGH +'5�PRGH 1HHG�''5 

� QRUPDO 1$ 1 1 
� XVHUBPRGH 1$�IUDPH�OLQH 1�< 1�< 
� UDZBUGEDFNBIUDPH[� IUDPH 1 < 
� UDZBUGEDFNBIUDPH[� IUDPH < < 
� UDZBUGEDFNBIUDPH[� IUDPH 1 1 
� IUDPHB[�BGGU IUDPH < < 
� OLQHB[�BGGU OLQH < < 
�� OLQHB[�BQRGGU OLQH < 1 
�� IUDPHB[�BGGU IUDPH 1 1 
�� OLQHB[�BGGU OLQH 1 1 

(1) IUDPHB[�BGGU�PRGH���,'V��KGU�PRGH� 
7KH��,'V�LQWHUIUDPH�PRGH�KDV�/�GDWD�DQG�6�GDWD��ZKLFK�LV�VLPLODU�WR�WKH��,'V�LQWHUIUDPH�
PRGH� 
(2) OLQHB[�BGGUBPRGH���,'V��KGU�PRGH� 
7KH��,'V�LQWHUOLQH�PRGH�KDV�/�GDWD�DQG�6�GDWD��ZKLFK�LV�VLPLODU�WR�WKH��,'V�LQWHUOLQH�PRGH� 
(3) OLQHB[�BQRGGU�PRGH���,'V��KGU�PRGH� 
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l_data

s_data

frame_01 line

l_data

s_data

1 line frame_0
 

Fig. 12-2 2IDs interline mode data flow (no DDR) 
,Q�OLQHB[�BQRGGU�PRGH�LQWHUOLQH�PRGH��ERWK�,'�GDWD�DUH�LQSXW�IURP�SK\�LQWHUIDFH�WR�FVL�U[��
7KH�GDWD�RI�WKH�WZR�,'V�LV�LQSXW�DW�LQWHUYDOV�RI�OLQHV��DQG�WKH�RUGHU�RI�/�GDWD�DQG�6�GDWD��:KHQ�
WKH�/�GDWD�DUULYHV��WKH�GDWD�ZLOO�QRW�EH�RXWSXW�WR�''5��$IWHU���OLQH�RI�SK\
V�/�GDWD�LV�WUDQVIHUUHG��
6�GDWD�LV�WUDQVIHUUHG��6�GDWD�LV�GLUHFWO\�SURFHVVHG�LQWR�SL[�GDWD�RI�SLSHOLQH�ZLWKRXW�''5� 
(4) XVHU�PRGH 
8VHU�GHILQHG�PRGH��$OO�GPDW[�DQG�GPDU[�DUH�DYDLODEOH��,I�GR�QRW�FRQILJXUH�DQ\�GPDU[��XVHU�
PRGH�LV�HTXDO�WR�QRUPDO�PRGH� 
(5) UDZBUGEDFNBIUDPH[��PRGH��KGU�PRGH� 
7KH�GLIIHUHQFH�EHWZHHQ�IUDPHB[�BGGU�PRGH�DQG�UDZBUGEDFNBIUDPH[��PRGH�LV�WKDW�6�GDWD�
DOVR�QHHGV�WR�JR�LQ�DQG�RXW�RI�''5��6�GDWD�LV�RXWSXW�IURP�GPDW[���DOO�GPDW[�FRQILJXUDEOH��
UHFRPPHQG�GPDW[���WR�''5��7KHQ�6�GDWD�LV�UHDG�EDFN�WKURXJK�FKDQQHO�GPDU[���GPDU[V���
7KH�WLPH�WR�VWDUW�UHDGEDFN�LV�XS�WR�WKH�XVHU��6WDUW�RQFH��UHDG�EDFN�RQH�IUDPH�RI�/�GDWD��0�
GDWD�DQG�6�GDWD� 
(6) UDZBUGEDFNBIUDPH[��PRGH��KGU�PRGH� 
7KH� PRGH� UDZBUGEDFNBIUDPH[�� LV� VLPLODU� WR� PRGH� IUDPHB[�BGGU� PRGH�� ,W� UHIHUV� WR�
UDZBUGEDFNBIUDPH[��PRGH� 
(7) UDZBUGEDFNBIUDPH[��PRGH 
8QGHU�UDZBUGEDFNBIUDPH[��PRGH��6�GDWD�LV�SURFHVVHG�E\�FVL�ZRUG�PRGXOH�DQG�RXWSXW�IURP�
GPDW[���DOO�GPDW[�FRQILJXUDEOH��UHFRPPHQG�GPDW[���WR�''5��7KHQ�6�GDWD�LV�UHDG�EDFN�
WKURXJK�FKDQQHO�GPDU[���GPDU[V���7KH�WLPH�WR�VWDUW�GPDU[V�LV�XS�WR�WKH�XVHU��6WDUW�RQFH��
UHDG�EDFN�RQH�IUDPH�RI�6�GDWD� 
(8) QRUPDO�PRGH��6LQJOH�,'� 
7KH�VLQJOH�,'�PRGH�LV�WKH�QRUPDO�VHQVRU�PRGH��7KH�VLQJOH�,'�GDWD�LV�LQSXW�WR�FVL�U[�FRQWUROOHU�
WKURXJK�G�SK\�LQWHUIDFH��&VL�U[�GHFRGHV�WKH�33,�VWUHDP�GDWD�RI�G�SK\��WKHQ�RXWSXW�SL[HO�WR�
,63� 
12.3.2 0HPRU\�,QWHUIDFH�0,� 
7KH�PHPRU\�LQWHUIDFH�XQLW��0,��LV�UHVSRQVLEOH�IRU�UHDGLQJ�ZULWLQJ�LPDJH�GDWD�IURP�WR�WKH�
V\VWHP�PHPRU\�''5���7KH�0,�KDV�VL[�PDLQ�WDVNV��ZKLFK�FDQ�RSHUDWH�LQGHSHQGHQWO\� 
z 7DNH�LPDJH�GDWD�IURP�WKH�PDLQ�SDWK��HLWKHU�LQ�<&E&U�RU�5$:�IRUPDW��DQG�ZULWH�LW�LQWR�

''5� 
z 7DNH�LPDJH�GDWD�IURP�0,3,�PRGXOH��DQG�WDNH�LW�EDFN�IURP�WKH�''5�WR�0,3,�PRGXOH� 
z 7DNH�LPDJH�GDWD�IURP�'%5�PRGXOH��DQG�WDNH�LW�EDFN�IURP�WKH�''5�WR�'%5�PRGXOH� 
z 7DNH�LPDJH�GDWD�RI�/87�GDWD�IURP�WKH�''5�WR��'B/87�/'&+�/6&�PRGXOH� 
Memory Interface is as following: 
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MI
YCbCr/raw data  
from main path

Main path output

DDR

Data to MIPI

MIPI channel

Data from MIPI

Data to Dbr

Dbr channel

Data from Dbr

Data to Lut

Lut channel

 
Fig. 12-3 Memory Interface 

The following registers need to be configured to use different channels˖ 
˄1˅Main path  
7KH�UHJLVWHUV�QHHG�WR�EH�FRQILJXUHG�DUH�DV�IROORZV�[[�PHDQV�<��&%��DQG�&5�˖ 
z 0,B03B:5B[[B%$6( 
7KLV�LV�WKH�EDVH�DGGUHVV�RI�WKH�PHPRU\�DUHD�WR�XVH�IRU�WKDW�EXIIHU� 
7KLV�UHJLVWHU�SURWHFWV�IURP�QRQ�DOLJQHG�DFFHVV��7KH�ELWV���WR���DUH�KDUG�ZLUHG�WR��������$V�D�
FRQVHTXHQFH�DQ\�E\WH�DGGUHVV�WKDW�LV�ZULWWHQ�WR�WKH�UHJLVWHU�ZLOO�DXWRPDWLFDOO\�EH�UH�PDSSHG�
WR�WKH�QH[W�ORZHU����ELW�DOLJQHG�DGGUHVV��ZULWH�0,B03B:5B[[B%$6(��DGGUHVVBYDOXH��LV�
HTXLYDOHQW�WR�ZULWH��0,B03B:5B[[B%$6(��DGGUHVVBYDOXH�	��[)))))))����$Q\KRZ��LQ�RUGHU�
WR�DYRLG�FRQIXVLRQ�LW�LV�QRW�UHFRPPHQGHG�WR�XVH�QRQ�DOLJQHG�DGGUHVV�YDOXHV�IRU�DFFHVV��,W�LV�
DOVR�QRW�UHFRPPHQGHG�WR�DFWLYHO\�FRQVLGHU�WKH�UHJLVWHU�VOLFH�IRU�UHJLVWHU�DFFHVV�LQ�RUGHU�WR�
DYRLG�XQQHFFHVVDU\�PDVN�DQG�VKLIW�RSHUDWLRQV� 
,Q�DGGLWLRQ��WKH�SURJUDPPHG�EDVH�DGGUHVV�VKDOO�EH�EXUVW�DOLJQHG�ZLWK�UHVSHFW�WR�WKH�EXUVW�
OHQJWK�FRQILJXUHG�LQ�0,B:5B&75/�� 
6HW�FRQWURO�ELW�LQLWBEDVHBHQ�EHIRUH�XSGDWLQJ�VR�WKDW�D�IRUFHG�RU�DXWRPDWLF�XSGDWH�FDQ�WDNH�
HIIHFW� 
z 0,B03B:5B[[B6,=( 
6L]H�RI�PDLQ�SLFWXUH�ULQJ�EXIIHU�RU�UDZ�GDWD�ULQJ�EXIIHU� 
3URJUDPPHG�YDOXH�EHFRPHV�HIIHFWLYH��YLVLEOH�LQ�FRUUHVSRQGLQJ�VKDGRZ�UHJLVWHU��DIWHU�D�VRIW�
UHVHW��D�IRUFHG�VRIWZDUH�XSGDWH�RU�DQ�DXWRPDWLF�FRQILJ�XSGDWH� 
6HW�FRQWURO�ELW�LQLWBEDVHBHQ�EHIRUH�XSGDWLQJ�VR�WKDW�D�IRUFHG�RU�DXWRPDWLF�XSGDWH�FDQ�WDNH�
HIIHFW� 
1RWH��7KLV�UHJLVWHU�SURWHFWV�IURP�QRQ�DOLJQHG�DFFHVV� 
z 0,B03B[[B2))6B&17B,1,7 
7KLV�LV�WKH�LQLWLDO�RIIVHW��LQ�E\WHV��IRU�ZULWLQJ�WR�WKH�EXIIHU�DIWHU�H�J��D�VRIW�UHVHW��8VXDOO\��WR�
ZULWH�WR�WKH�EXIIHU�IURP�WKH�YHU\�EHJLQQLQJ��DQ�RIIVHW�RI�]HUR�LV�WR�EH�SURJUDPPHG�LQWR�WKLV�
UHJLVWHU� 
z 0,B03B[[B2))6B&17B67$57 
7KLV�LV�D�UHDG�RQO\�UHJLVWHU��ZKLFK�KROGV�WKH�RIIVHW�DW�ZKLFK�WKH�0,�KDG�ZULWWHQ�WKH�ODVW�
SURFHVVHG�IUDPH��7KLV�UHJLVWHU�LV�XSGDWHG�DW�IUDPH�HQG��VR�DW�DQ\�JLYHQ�WLPH��LW�FRQWDLQV�
DOZD\V�WKH�VWDUWLQJ�RIIVHW�RI�WKH�ODVW�FRPSOHWHO\�SURFHVVHG�IUDPH� 
z 0,B:5B&75/ 
7KLV�UHJLVWHU�LV�D�JOREDO�ZULWH�FRQWURO�UHJLVWHU�RI�PDLQ�SDWK��LQFOXGH�SDWKBHQDEOH��ZUBIRUPDW�
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DQG�VR�RQ��5HIHU�WR�0,B:5B&75/�UHJLVWHU�GHVFULSWLRQ�IRU�GHWDLOV� 
���0,3,�'%5�/87�FKDQQHO 
7KH�UHJLVWHUV�QHHG�WR�EH�FRQILJXUHG�DUH�DV�IROORZV�[[�LQFOXGH�5$:�a5$:���/87��DQG�'%5�˖ 
z [[B:5B%$6( 
''5�ZULWH�EDVH�DGGUHVV��VLPLODU�WR�0,B63B:5B[[B%$6(�5HIHU�WR�UHJLVWHU�GHVFULSWLRQ�IRU�
GHWDLOV� 
z [[B:5B6,=( 
''5�ZULWH�VL]H��VLPLODU�WR�0,B63B:5B[[B6,=(�5HIHU�WR�UHJLVWHU�GHVFULSWLRQ�IRU�GHWDLOV� 
z [[B:5B/(1*+7 
/LQH�OHQJWK�RI�''5�ZULWH�LQ�SL[HO��DOVR�NQRZQ�DV�OLQH�VWULGH�,I�QR�OLQH�VWULGH�LV�XVHG��OLQH�
OHQJWK�PXVW�PDWFK�LPDJH�ZLGWK�)RU�H[DPSOH��UDZ��PRGH�PXVW�EH�D�PXOWLSOH�RI��� 
z [[B5'B%$6( 
,PDJH�UHDG�VWDUW�DGGUHVV� 
z [[B5'B/(1*7+ 
/LQH�OHQJWK�RI�''5�UHDG�LQ�SL[HO��DOVR�NQRZQ�DV�OLQH�VWULGH� 
z 0,B:5B&75/� 
7KLV�UHJLVWHU�LV�D�JOREDO�ZULWH�FRQWURO�UHJLVWHU�RI�0,3,�'%5�/87�FKDQQHO��5HIHU�WR� � UHJLVWHU�
GHVFULSWLRQ�IRU�GHWDLOV� 
z 0,B5'B&75/� 
7KLV�UHJLVWHU�LV�D�FRQWURO�UHJLVWHU�RI�0,3,�'%5�/87�FKDQQHO��5HIHU�WR�0,B:5B&75/�UHJLVWHU�
GHVFULSWLRQ�IRU�GHWDLOV� 
12.3.3 ,63B&25( 
12.3.3.1 INFORM 
7KH�LQSXW�IRUPDWWHU�PRGXOH�LV�UHVSRQVLEOH�IRU�VDPSOLQJ�GDWD�IURP�WKH�VHQVRU�GHYLFH�DQG�
SURYLGLQJ�LW�WR�WKH�RWKHU�EORFNV�LQ�WKH�SURFHVVLQJ�SLSHOLQHV� 

12.3.3.2 OUTFORM 
$W�WKH�RXWSXW�RI�WKH�,63�VXE�PRGXOH�WKH�LPDJH�GDWD�PD\�EH�FURSSHG�D�WKLUG�WLPH� 
7KH�IROORZLQJ�ILJXUH�LOOXVWUDWHV�WKH�GLIIHUHQW�SRVVLEOH�UHJLRQV�ZKLFK�FDQ�EH�GHILQHG�E\�UHJLVWHU�
VHWWLQJV��6RPH�RI�WKHVH�UHJLRQV�PD\�KDYH�WKH�VDPH�VL]H�DQG�RIIVHW��VHWWLQJV���LI�D�
GLIIHUHQWLDWLRQ�LV�QRW�QHHGHG� 

ISP output window

Acquisition output window

Sensor image
Acquisition window ISP_ACQ
δinput foe black level measurementε

 
Fig. 12-4 Possible cropping regions of ISP 

12.3.3.3 BLC  
%ODFN�OHYHO�FRQWURO�EORFN�LV�D�IXQFWLRQ�WR�VXEWUDFW�D�'&�RIIVHW�IURP�SLFWXUH�GDWD� 
$�&026�VHQVRU�DOZD\V�KDV�D�VR�FDOOHG�EODFN�OHYHO�VKLIW��6R�WKDW�SL[HOV�ZLWK�QR�OLJKW�RQ�WKHP�
ZLOO�QRW�UHDG�RXW�WKH�YDOXH�]HUR��7KLV�YDOXH�YDULHV�ZLWK�GLIIHUHQW�VHWWLQJ�IRU�WKH�H[SRVXUH��
7KLV�EODFN�OHYHO�FDQ�HDVLO\�EH�GHWHFWHG�E\�VSHFLDO�SL[HOV�RQ�WKH�VHQVRU�WKDW�DUH�SHUPDQHQWO\�
FRYHUHG��L�H��WKH\�DUH�DOZD\V�EODFN� 
7KH�EODFN�OHYHO�VXEWUDFWLRQ�EORFN�UHDGV�RXW�WKH�YDOXHV�RI�WKHVH�SL[HOV��FDOFXODWHV�WKHLU�PHDQ�
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YDOXH�DQG�WKHQ�VXEWUDFWV�WKHVH�YDOXHV�IURP�DOO�SL[HOV�WKDW�UHSUHVHQW�WKH�SLFWXUH�IUDPH��LQ�
DXWRPDWLF�PRGH���  

12.3.3.4 GAMMA_IN 
7KH�JDPPDBLQ�PRGXOH�LV�XVHG�WR�DGDSW�WKH�LPDJH�VLJQDO�SURFHVVLQJ�WR�WKH�FKDUDFWHULVWLFV�RI�
WKH�DWWDFKHG�VHQVRU�GHYLFH� 
7KHUH�DUH�WKUHH�JDPPD�FXUYHV�FDQ�EH�GHILQHG��RQH�IRU�HDFK�FRORU�FRPSRQHQW�UHG��JUHHQ��
DQG�EOXH��  

12.3.3.5 DPCC 
7KH�'3&&��6WDWLF�'\QDPLF�GHIHFW�SL[HO�FOXVWHU�FRUUHFWLRQ��PRGXOH�LV�XVHG�WR�FRUUHFW�WKH�
GHIHFW�SL[HOV�RI�WKH�VHQVRU��DQG�VXSSRUWV�ERWK�VWDWLF�DQG�G\QDPLF�'3&&��7KH�'3&&�VXSSRUWV�
GHWHFWLRQ�DQG�FRUUHFWLRQ�RI�VLQJOH�SL[HOV�DQG�VPDOO�FOXVWHU�GHIHFWV��XS�WR��[��SL[HOV���,W�
GHWHFWV�DQG�FRUUHFWV�VLQJOH�SL[HOV�DQG�VPDOO�FOXVWHU�GHIHFWV�RQ�UDZ�%D\HU�LPDJH�GDWD��$Q�
LQWHJUDWHG�GHIHFW�SL[HO�WDEOH�DOORZV�WKH�FRUUHFWLRQ�RI�XS�WR������IL[�SRVLWLRQV�LQGHSHQGHQWO\�
IURP�WKH�RQ�WKH�IO\�GHWHFWLRQ� 

12.3.3.6 HDR 
+'5�+LJK�'\QDPLF�5DQJH��UHIHUV�WR�WKH�UDWLR�RI��EULJKWHVW�YDOXH��DQG��GDUNHVW�YDOXH��
FRQWDLQHG�LQ�DQ�LPDJH��WKDW�LV��WKH�QXPEHU�RI�OHYHOV�RI�JUD\�VFDOH�GLYLVLRQ�EHWZHHQ�
�EULJKWHVW��DQG��GDUNHVW�� 
'\QDPLF�UDQJH�FDOFXODWLRQ�IRUPXOD��'\QDPLFBUDQJH� ���ORJ�0D[,QWHQVLW\���0LQ,QWHQVLW\�ˈ
ZKLFK�PHDQV�PD[LPXP�EULJKWQHVV�YDOXH� 
9HUVLRQ�����+'5��VXSSRUW���ELW��WKH�G\QDPLF�UDQJH�LV����GE��7KH�ODUJHU�WKH�G\QDPLF�
UDQJH��WKH�ULFKHU�WKH�OHYHO�RI�UHSUHVHQWDWLRQ�DQG�WKH�ZLGHU�WKH�FRORU�VSDFH��+LJK�'\QDPLF�
5DQJH�PHDQV�WKH�UDWLR�RI��EULJKWHVW��WR��GDUNHVW��LV�YHU\�KLJK� 
+'5�LV�FRPSRVHG�RI�+'50*(�DQG�+'5�'5&�WZR�PRGXOH��+'50*(�UHDOL]H�WKH�IXQFWLRQ�RI�
WKUHH�WZR�IUDPHV�V\QWKHVL]LQJ�RQH�IUDPH��+'5�'5&�UHDOL]H�ZLGH�G\QDPLF�FRPSUHVVLRQ� 

12.3.3.7 Bayer-NR 
%D\�'15�PRGXOH�PDLQO\�UHDOL]HV�QRQ�ORFDO�PHDQ�QRLVH�UHGXFWLRQ�RI�LPDJH�LQ�UDZ�IRUPDW��VR�
DV�WR�DFKLHYH�WKH�SXUSRVH�RI�QRLVH�UHPRYDO� 
%D\�'15�PRGXOH�PDLQO\�UHDOL]HV�$GYDQFHG�7HPSRUDO�1RLVH�UHGXFH�QRLVH�RI�LPDJH�LQ�UDZ�
IRUPDW��VR�DV�WR�DFKLHYH�WKH�SXUSRVH�RI�QRLVH�UHPRYDO� 

12.3.3.8 LSC 
/HQV�VKDGH�FRUUHFWLRQ�/6&��LV�GHVLJQHG�WR�GHDO�WKH�SUREOHPV�RI�OHQV�VKDGLQJ�DQG�YLJQHWWH��,W�
LV�GRQH�GXULQJ�LQSXW�GDWD�SURFHVVLQJ��,I�WKH�OHQV�VKDGLQJ�FRUUHFWLRQ�LV�HQDEOHG��HDFK�SL[HO�LV�
SURFHVVHG�DQG�FRUUHFWHG�DFFRUGLQJ�WR�WKH�VWRUHG�VHWWLQJV��7KH�OHQV�VKDGLQJ�FRUUHFWLRQ�LV�
GRQH�E\�PXOWLSO\LQJ�HDFK�LQSXW�SL[HO�ZLWK�LWV�UHVSHFWLYH�FRUUHFWLRQ�YDOXH��2QO\�WKH�FRUUHFWLRQ�
IDFWRUV�DW�SUHGHILQHG�VHFWRU�FRUQHUV�DV�ZHOO�DV�WKH�VHFWRU�SRVLWLRQV�DUH�VWRUHG��7KH�SL[HO�
SRVLWLRQ�VSHFLILF�FRUUHFWLRQ�YDOXHV�DUH�FDOFXODWHG�XVLQJ�ELOLQHDU�LQWHUSRODWLRQ��7KH�FRUUHFWLRQ�
IDFWRUV�DW�WKH�VHFWRU�FRUQHUV�DUH�FDOFXODWHG�GXULQJ�D�FDOLEUDWLRQ�SURFHVV�ZKLFK�XVHV�RQH�RU�
PRUH�UHIHUHQFH�IUDPHV�ZKLFK�KDYH�WR�EH�FDSWXUHG�XQGHU�GHGLFDWHG�OLJKW�FRQGLWLRQV�DQG�DW�D�
GHGLFDWHG�SRVLWLRQ�RI�WKH�VHQVRU��7KH�FDSWXUHG�IUDPHV�DUH�HYDOXDWHG�E\�VRIWZDUH�DQG�WKH�
FDOFXODWHG�SDUDPHWHUV�IRU�OHQV�VKDGLQJ�FRUUHFWLRQ�DUH�VWRUHG�LQ�PXOWLSOH�LOOXPLQDWLRQ�VSHFLILF�
WDEOHV�H�J��LQ�H[WHUQDO�PHPRU\�RU�RQ�D�IODVK�GHYLFH��7KH�VRIWZDUH�FRQWUROV�WKH�OHQV�VKDGLQJ�
SURFHVV�E\�ORDGLQJ�RU�XSGDWLQJ�WKH�FRUUHFW�WDEOHV�LQWR�WKH�KDUGZDUH�PRGXOH� 
,W�LV�DOVR�SRVVLEOH�WR�XVH�GLIIHUHQW�OHQV�VKDGLQJ�FRUUHFWLRQ�SDUDPHWHUV�IRU�GLIIHUHQW�
HQYLURQPHQW�FRQGLWLRQV��H�J��OLJKWQHVV��OLJKW�GLUHFWLRQ�RU�VHQVRU�SRVLWLRQ� 

12.3.3.9 GIC 
*,&�*UHHQ ,PEDODQFH &RUUHFWLRQ��LV�D�PHWKRG�WR�FRUUHFW�WKH�FRORU�LPEDODQFH�LQ�FDSWXUHG�
LPDJHV��7KH�SULQFLSOH�LV�WKDW�HDFK�SL[HO�LQ�WKH�FDSWXUHG�LPDJH�LV�XVHG�WR�UHSUHVHQW�D�VHW�RI�
FRORUV��DQG�WKHUH�LV�D�VHOHFWHG�VSHFLILF�FRORU�SL[HO�LQ�WKH�VHW�RI�FRORUV��7KH�KRUL]RQWDO�DQG�
YHUWLFDO�JUDGLHQW�GDWD�DUH�GHULYHG�IURP�D�VHW�RI�SL[HO�EORFNV�VXUURXQGLQJ�WKH�VLQJOH�SL[HO��DQG�
WKH�SL[HO�EORFNV�DUH�FODVVLILHG�DFFRUGLQJ�WR�WKH�YLVXDO�FKDUDFWHULVWLFV�RI�WKH�SDUW�RI�WKH�LPDJH��
$�FRPSHQVDWLRQ�YDOXH�EDVHG�RQ�JUDGLHQW�GDWD�DQG�YLVXDO�FKDUDFWHULVWLFV�LV�GHWHUPLQHG��DQG�
WKH�FRPSHQVDWLRQ�YDOXH�LV�DSSOLHG�WR�WKH�SL[HO�EORFN� 
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12.3.3.10 DEBAYER 
7KH�GHED\HU�PRGXOH�RXWSXWV�5*%�GDWD�DIWHU�LQWHUSRODWLRQ�DQG�ILOWHULQJ�RSHUDWLRQ�RI�WKH�LQSXW�
%D\HU�GDWD��7KH�ILOWHULQJ�RSHUDWLRQ�FDQ�EH�E\SDVVHG�E\�VRIWZDUH�FRQILJXUDWLRQ��DQG�GHED\HU�
PRGXOH�FDQ�DOVR�RXWSXW�WKUHH�5*%�FRPSRQHQWV�RI�WKH�VDPH�YDOXH�LQ�EODFN�DQG�ZKLWH�PRGH� 

12.3.3.11 CCM 
&&0�&RORU�&RUUHFW�0DWUL[��LV�XVHG�WR�FRUUHFW�WKH�FRORU�FURVVWDON�EHFDXVH�RI�WKUHH�FKDQQHO�
UHVSRQVH�RI�VHQVRU�ZKHQ�RQO\�RQH�FKDQQHO�FRORU�LQSXW�)RU�H[DPSOH�ZKHQ�WKH�VHQVRU�LQSXW�LV�
UHG�WKH�RWKHU�WZR�FKDQQHO�*%�QRW�RQO\�5�LV�DOVR�UHVSRQVH�WRR�&&0�LV�ZRUNLQJ�WR�UHGXFH�WKLV�
FURVVWDON�WR�PDNH�FRORU�PRUH�EULJKW�LQ�FRORU�7KH�DGMXVWPHQW�IDFWRU�LV�DGGHG�WR�DGMXVW�&&0�
ZRUNLQJ�VWUHQJWK�7KH�IDFWRU�LV�ZRUNV�DW�GDUN�UDQJH�DQG�EULJKW�UDQJH�WKLV�WZR�UDQJH�LV�
V\PPHWU\�� �  

12.3.3.12 GAMMA_OUT 
%HFDXVH�WKH�KXPDQ�H\H
V�SHUFHSWLRQ�RI�QDWXUDO�EULJKWQHVV�LV�QRQ�OLQHDU��WKH�G\QDPLF�UDQJH�
DQG�JUD\�VFDOH�EXGJHW�RI�WKH�PHGLXP�ZH�XVH�WR�UHFRUG�DQG�GLVSOD\�WKH�SLFWXUH�DUH�OLPLWHG��
,Q�WKLV�SUHPLVH��JDPPD�LV�SURGXFHG�ZKLFK�LV�WKH�PDSSLQJ�UHODWLRQVKLS�EHWZHHQ�WKH�QDWXUDO�
EULJKWQHVV�DQG�WKH�VXEMHFWLYH�JUD\�VFDOH�H[SHULHQFH� 

12.3.3.13 DEHAZE_ENHANCE 
'HKD]H��7KH�SURFHVV�RI�GHKD]H�LV�WKDW�WKH�LQSXW�SL[HO�ILUVW�JRHV�WKURXJK�WKH�GDUN�FKDQQHO�
GHIRJJLQJ�WUHDWPHQW��WKHQ�JRHV�WKURXJK�D�KLVWRJUDP�HTXDOL]DWLRQ�PRGXOH��DQG�ILQDOO\�
RXWSXWV�WKH�GHIRJJLQJ�UHVXOWV��,Q�DGGLWLRQ��D�GHKD]H�JDLQ�LV�DOVR�RXWSXW�WR�JXLGH�WKH�QRLVH�
UHGXFWLRQ�PRGXOH�7KH�PRGXOH�VXSSRUWV�WZR�PRGHV�RI�SDUDPHWHU�DGDSWDWLRQ�DQG�SDUDPHWHU�
H[WHUQDO�FRQILJXUDWLRQ��7KH�SDUDPHWHUV�RI�WKH�DGDSWLYH�PRGH�DUH�FDOFXODWHG�E\�WKH�PRGXOH�
LWVHOI��ZLWKRXW�H[WHUQDO�LQWHUYHQWLRQ��DQG�WKH�DGDSWLYH�SDUDPHWHUV�DUH�FRQVHUYDWLYH��  
(QKDQFH��'KD]�DOJRULWKP�FDQ
W�HQKDQFH�WKH�LPDJH�HIIHFW�DW�QLJKW��VR�DQ�HQKDQFH�HQDEOH�LV�
DGGHG��:KHQ�WKH�HQDEOH�LV�WXUQHG�RQ��LW�FDQ�HQKDQFH�WKH�LPDJH�DW�QLJKW� 

12.3.3.14 3DLUT 
�'B/87��'�ORRN�XS�WDEOH��LV�D�WHFKQLFDO�PHDQV�RI�FRORU�FDOLEUDWLRQ��%HFDXVH�WKH��'�/87�KDV�
5*%�FKDQQHOV�IRU�HDFK�FRRUGLQDWH�GLUHFWLRQ��WKH�ELJJHVW�DGYDQWDJH�RI��'�/87�LQ�FRORU�
FDOLEUDWLRQ�FDQ�DIIHFW�ERWK�JDPXW��FRORU�WHPSHUDWXUH�DQG�JDPPD�WKLV�LV�D��'�/87���'�/87�RU�
PDWUL[�FDQ
W�EH�DFKLHYHG���DQG�PRUH�DFFXUDWH�WKDQ�WUDGLWLRQDO�PDWUL[�FDOLEUDWLRQ�PHWKRGV��,Q�
DGGLWLRQ��WKH��'�/87�FDQ�PDS�DQG�SURFHVV�DOO�FRORU�LQIRUPDWLRQ��ZKHWKHU�LW�LV�D�FRORU�WKDW�
H[LVWV�RU�GRHV�QRW�H[LVW��RU�D�FRORU�JDPXW�WKDW�FDQQRW�EH�UHDFKHG�E\�ILOP� 

12.3.3.15 LDCH 
7KLV�PRGXOH�DFKLHYHV�GLVWRUWLRQ�FRUUHFWLRQ�XQGHU�ILVKH\H�OHQV� 
7KLV�PRGXOH�QHHGV�WR�WDNH�WDEOH�IURP�''5�WKURXJK�0,�PRGXOH��:KHQ�WKH�UHVROXWLRQ�LV�VPDOO��
LW�LV�UHFRPPHQGHG�WKDW�WKH�LPDJH
V�0,�FRQILJXUDWLRQ�EXUVW�OHQJWK�EH�JUHDWHU�WKDQ�WKH�WDEOH
V�
ZLGWK��RWKHUZLVH��WKH�IHWFKLQJ�ZLOO�KDQJ�KWWSV���IDQ\L�EDLGX�FRP�"DOGW\SH ��������
]K�HQ�MDYDVFULSW�YRLG���� 

12.3.3.16 2DNR-YUV 
�'15�FRQVLVWV�RI�WZR�PRGXOHV��<15�DQG�8915��<15�LV�XVHG�WR�ILOWHU�WKH�QRLVH�RI�<�
FRPSRQHQW��DQG�8915�LV�XVHG�WR�ILOWHU�WKH�FRORU�QRLVH� 
�'15�VXSSRUWV�WKH�IROORZLQJ�IHDWXUHV� 
6XSSRUW�WKH�LQGHSHQGHQW�FRQILJXUDWLRQ�RI�<�FRPSRQHQW�DQG�89�FRPSRQHQW�GHQRLVLQJ�
LQWHQVLW\ 
6XSSRUW�WKH�LQGHSHQGHQW�FRQILJXUDWLRQ�RI�KLJK�IUHTXHQF\�DQG�ORZ�IUHTXHQF\�QRLVH�
VXSSUHVVLRQ 

12.3.3.17 Sharp 
6KDUS�LQFOXGHV�WZR�IXQFWLRQV��LPDJH�6KDUSHQLQJ�DQG�ERXQGDU\�ILOWHULQJ��6KDUSHQLQJ�FDQ�
VKDUSHQ�WKH�LQWHUPHGLDWH�IUHTXHQF\�DQG�KLJK�IUHTXHQF\�UHVSHFWLYHO\��%RXQGDU\�ILOWHULQJ�LV�WR�
GR�DQRWKHU�OHYHO�RI�ILOWHULQJ�RQ�WKH�6KDUSHQLQJ�UHVXOWV��UHPRYH�WKH�ERXQGDU\�EXUUV��DQG�
ILQDOO\�DGG�D�OHYHO�RI�JHQHUDO�6KDUSHQLQJ�WR�VXSSOHPHQW�WKH�LPDJH�GHWDLOV� 
6KDUS�VXSSRUWV�WKH�IROORZLQJ�IHDWXUHV� 
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6XSSRUW�LPDJH�6KDUSHQLQJ�DQG�ERXQGDU\�ILOWHULQJ 
6XSSRUW�6KDUSHQLQJ�RI�PHGLXP�ORZ�IUHTXHQF\�DQG�KLJK�IUHTXHQF\�UHVSHFWLYHO\ 
6XSSRUW�DGDSWLYH�ILOWHULQJ�DQG�VSHFLILHG�FRHIILFLHQW�ILOWHULQJ 
6XSSRUW�GHWDLO�HQKDQFHPHQW 

12.3.3.18 CSM 
&60�PRGXOH�UHDOL]HV�GDWD�FRQYHUVLRQ�IURP�5*%�WR�<89�IRUPDW� 

12.3.3.19 CONV422 
&219����PRGXOH�FKDQJH�<89����IRUPDW�GDWD�WR�<89����IRUPDW� 

12.3.3.20 SCL-RESIZE 
7KH�5HVL]H�0RGXOHV�JHW�SLFWXUHV�LQ�<&E&U�������IRUPDW��DQG�VFDOH�WKHP�E\�DQ�DUELWUDU\�
IDFWRU�XS�RU�GRZQ�WR�D�QHZ�IRUPDW��6HH�IROORZLQJ�)LJXUH�IRU�D�PRGXOH�RYHUYLHZ� 

Resize_H_CbCr

Resize_H_Y

Resize_V_CbCr

Resize_V_Y

data_in_CbCr

data_in_Y

RAM

data_out_CbCr

data_out_Y

 

 

Fig. 12-5 Block Diagram of the Resize Module 
7KH�5HVL]H�PRGXOH�LV�FRQILJXUDEOH�IRU�KRUL]RQWDO�DQG�YHUWLFDO�XS��RU�GRZQ�VFDOLQJ� 
'LVFUHWH�YDOXHV�IRU�WKH�VFDOLQJ�IDFWRUV�RI�WKH�OXPLQDQFH�DQG�WKH�WZR�FKURPLQDQFH�
FRPSRQHQWV�DOORZ�FRQYHUVLRQ�EHWZHHQ�<89������DQG�<89������FRORU�IRUPDW�DQG�VXSSRUW�RI�
XQHYHQ�OLQH�ZLGWK� 
3KDVH�VKLIW�UHJLVWHUV�DUH�SURYLGHG�WR�VKLIW�WKH�RXWSXW�SL[HO�SRVLWLRQV�ZLWK�UHVSHFW�WR�WKH�LQSXW�
SL[HO�SRVLWLRQV��7KLV�DOORZV�IRU�H�J��IRUPDW�FRQYHUVLRQ�EHWZHHQ�FRVLWHG�DQG�QRQ�FRVLWHG�FRORU�
VFKHPHV� 
,Q�VHQVRU�PRGH�WKLV�EORFN�VXSSRUWV�RQO\�GRZQ�VFDOLQJ�EHFDXVH�RI�WKH�VHQVRU�FDQQRW�EH�
VWRSSHG�IURP�GHOLYHULQJ�GDWD�GXULQJ�RQH�IUDPH� 
7KH�5HVL]H�PRGXOH�LV�DEOH�WR�SURFHVV�OXPLQDQFH�DQG�FKURPLQDQFH�GDWD�LQGHSHQGHQWO\��L�H��
WKHUH�DUH�VHSDUDWH�SLSHOLQHV�IRU�OXPLQDQFH�DQG�FKURPLQDQFH�SURFHVVLQJ�XVLQJ�GHGLFDWHG�
VFDOH�IDFWRUV�DQG�SKDVH�RIIVHWV��7KLV�DOORZV�IRUPDW�FRQYHUVLRQ�WR�EH�GRQH�E\�WKH�5HVL]H�EORFN�
�<&E&U�������WR���������������������� 

12.3.3.21 FLASH_LIGHT 
7KH�VHQVRU�LQWHUIDFH�VXSSRUWV�WULJJHULQJ�RI�D�/('�RU�WXEH�IODVK�OLJKW��7R�FRQWURO�D�IODVK�OLJKW�
GHYLFH��WKH�IODVK�OLJKW�RXWSXW�DQG�WKH�SUHOLJKW�RXWSXW�FDQ�EH�XVHG��$�WULJJHU�HYHQW�FRXOG�
DFWLYH�ERWK�WKH�IODVK�OLJKW�DQG�WKH�SUHOLJKW��7KLV�HYHQW�PD\�HLWKHU�EH�D�SRVLWLYH�RU�QHJDWLYH�
HGJH�IURP�WKH�FDPHUD�RU�D�SRVLWLYH�HGJH�IURP�DQ\�RWKHU�WULJJHU�VRXUFH�DW�WKH�LQSXW�SRUW�

YGVBYV\QF
� 
3URJUDPPLQJ�UHVSHFWLYH�FRQILJXUDWLRQ�UHJLVWHU�FDQ�GHWHUPLQG�WKH�VLJQDO�SRODULW\��IODVK�GHOD\�
WLPH�DQG�IODVK�OLJKW�WLPH� 
 
12.3.4 �$ 
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12.3.4.1 AF 
$)�UHDOL]HV�WKH�IXQFWLRQ�RI�DXWR�IRFXV��7KH�PDLQ�SDUW�RI�DXWR�IRFXV�FRQWURO�ZLOO�EH�FRPSOHWHG�
LQ�WKH�VRIWZDUH��WKH�VHDUFK�DOJRULWKP�IRU�WKH�PD[LPXP�GHILQLWLRQ�LQ�WKH�LPDJH�ZLOO�EH�
UHDOL]HG�LQ�WKH�VRIWZDUH��DQG�WKH�PRWLRQ�RI�WKH�OHQV�ZLOO�EH�FRQWUROOHG�E\�WKH�VRIWZDUH��7KH�
KDUGZDUH�$)�PRGXOH�PDLQO\�UHDOL]HV�WKH�PHDVXUHPHQW�RI�LPDJH�GHILQLWLRQ�E\�FRQILJXULQJ�WKH�
FRQILJXUDWLRQ�UHJLVWHU��)LOWHULQJ�DQG�JDPPD�DUH�DGGHG�WR�IDFLOLWDWH�WKH�GDUN�ILHOG�
SURFHVVLQJ�,W�VXSSRUWV�D���[���VL]H�ZLQGRZ�DQG�D�VHSDUDWH�ZLQGRZ��%HFDXVH�LW¶V�LQSXW�GDWD�
IRUPDW�LV�UDZ��$)�KHUH�LV�QDPHG�5$:$)� 

12.3.4.2 AE  
$(�UHDOL]HV�WKH�IXQFWLRQ�RI�DXWRPDWLF�H[SRVXUH�SURFHVVLQJ��7KH�LQSXW�VRXUFH�LV�UDZ�IRUPDW��
7ZR�YHUVLRQV�RI�$(�DUH�XVHG�KHUH�QDPHG�5$:$(B%,*�DQG�5$:$(B/,7(�KHUH��7KHUH�DUH�
WKUHH�$(�PRGXOHV�KHUH��WZR�DUH�5$:$(B%,*�DQG�RQH�LV�5$:$(B/,7(�7KH�GLIIHUHQFH�
EHWZHHQ�5$:$(B%,*�DQG�5$:$(B/,7(�LV�WKDW�5$:$(B%,*�VXSSRUWV���[���VWDWLVWLFV�ZLQGRZ�
ZKLOH�5$:$(B/,7(�VXSSRUWV��[��VWDWLVWLFV�ZLQGRZ� 

12.3.4.3 AWB 
7KH�$:%�PRGXOH�SURYLGHV�WKH�ZKLWH�EDODQFH�IXQFWLRQ��DQG�FRQILJXUHV�WKH�JDLQV�RI�WKH�5��*U��
*E��DQG�%�FRPSRQHQWV��%HFDXVH�LW¶V�LQSXW�GDWD�IRUPDW�LV�UDZ��$:%�KHUH�LV�QDPHG�5$:$:%� 
5$:$:%�KDV���HQJLQHV�IRU�ILQGLQJ�YDOLG�ZKLWH�SRLQWV�;<�89�DQG��'<89�GRPDLQ��� �  
,W�VXSSRUWV�D���[���VL]H�ZLQGRZ�IRU�ZKLWH�SRLQWV�RU�DOO�SRLQWV��,W�DFFXPXODWHV�5�*�%�FKDQQHO�
GDWD�RI�DOO�ZKLWH�SRLQWV�LQ�;<�GRPDLQ�IRU�VPDOO�QRUPDO�DQG�ELJ�ZLQGRZ�DQG�IRU��VRXUFH�OLJKWV��  

12.3.4.4 HIST 
+LVW�FRXQWV�WKH�QXPEHU�RI�SL[HOV�ZLWK�WKH�VDPH�RU�VLPLODU�YDOXHV��,Q�JHQHUDO��D�KLVWRJUDP�LV�
D�JUDSKLFDO�UHSUHVHQWDWLRQ�RI�WKH�SDWWHUQ�RI�FKDQJH�WKDW�H[LVWV�LQ�WKH�LQWHQVLW\�YDOXH�RI�D�
FRORU�RU�OXPLQDQFH�SODQH��,W�LV�RIWHQ�VKRZQ�DV�D�YHUWLFDO�EDU�FKDUW�WR�LQGLFDWH�WKH�IUHTXHQF\�
OHYHO�RI�GDWD�FROOHFWHG�RYHU�D�VSHFLILF�UDQJH��7KH�PHDVXUHPHQW�FDQ�EH�XVHG�LQ�GLIIHUHQW�
DSSOLFDWLRQV��7KH�FRPPRQ�DSSOLFDWLRQ�LV�WR�GLVSOD\�WKH�LQIRUPDWLRQ�RI�WKH�HQG�XVHU��RU�WR�
LPSURYH�WKH�H[SRVXUH�FRQWURO�DQG�VR�RQ� 
7ZR�YHUVLRQV�RI�+,67�DUH�QDPHG�5$:+,67B%,*�DQG�5$:+,67B/,7(�KHUH��(DFK�$(�IROORZV�D�
+,67��5$:$(B%,*�IROORZV�5$:+,67B%,*��5$:$(B/,7(�IROORZV�5$:+,67B/,7(��%RWK�+,67�
KDYH�����ELQV�IRU�5�*�%�RU�<�FKDQQHO��7KH�GLIIHUHQFH�EHWZHHQ�5$:+,67B%,*�DQG�
5$:+,67B/,7(�LV�VDPH�ZLWK�$(� 

12.3.4.5 PDAF  
3'$)�3KDVH�'HWHFWLRQ�$XWR�)RFXV��PRGXOH�KHUH�UHSODFHV�WKH�3'$)�SRLQWV�LQVLGH�WKH�UDZ�
LQSXW�GDWD�ZLWK�FRUUHVSRQGLQJ��[��PHGLDQ�GDWD� 
12.4 Register Description 
7KH�,63�XVHV�D�GLVWULEXWHG�FRQILJXUDWLRQ�UHJLVWHU�VFKHPH��6R�WKHUH�LV�QR�FHQWUDO�XQLW�
FRQWDLQLQJ�DOO�SURJUDPPLQJ�UHJLVWHUV��EXW�DOO�VXE�PRGXOHV�FRQWDLQ�WKHLU�RZQ�SURJUDPPLQJ�
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UHJLVWHUV��$Q�DGGUHVV�VSDFH�LV�UHVHUYHG�IRU�HDFK�VXE�PRGXOH�LQVLGH�WKH�WRWDO�,63�&RQWUROOHU�  
Table 12-2 ISP module base address  

Module Description Offset Address 
BLS Black-level-subtraction 0x3000 
AWB_GAIN Auto White Balance Gain 0x3200 
DPCC Defect Pixel Cluster Correction 0x3400 
HDRMGE High Dynamic Range Merge 0x3800 
BAYNR 5$:�QRLVH UHGXFWLRQ 0X3A00 
BAY3D 7HPSRUDO�QRLVH�UHGXFWLRQ�LQ�UDZ�VSDFH 0x3A80 
LSC /HQV�VKDGH�FRUUHFWLRQ 0X2200 
HDRTMO +LJK�'\QDPLF�5DQJH�7RQH�PDSSLQJ 0x3900 
GIC &RORU�LPEDODQFH�FRUUHFWLRQ 0X2F00 
DEBAYER 'HED\HU 0X2500 
CCM &RORU�&RUUHFW�0DWUL[ 0X0700 
GAMMA_OUT *$00$�287 0X0900 
2DNR-YNR ILOWHU�WKH�QRLVH�RI�<�FRPSRQHQW 0X2700 
2DNR-CNR ILOWHU�WKH�QRLVH�RI�&�FRPSRQHQW 0X2800 
SHARP LPDJH�6KDUSHQLQJ�DQG�ERXQGDU\�ILOWHULQJ 0X2900 
LDCH /HQV�GLVWRUWLRQ�LQ�+RUL]RQWDO 0X2B00 
DHAZ 'H�KD]H 0X3C00 
3DLUT �'�ORRN�XS�WDEOH 0X3E00 

SELF_RESIZE 
PDLQ�UHVL]H 0X0C00 
Scale self-resize 0X1000 

ISP_Core ISP top module  0X0400 
FLASH ISP flash light  0x0660 
SHUTTER ISP mech shutter 0x0680 
CTRL Marvin top ctrl  0X0000 

RAWAF auto focus measurement 0x4D00 

RAWAE_LITE auto exposure lite version 0x4500 

RAWAE_BIG auto exposure big version 0X4400 

RAWAWB auto white balancing 0X5000 

RAWHIST_LITE histogram calculation lite 0x4900 

RAWHIST_BIG histogram calculation big 0x4800,0x4A00,0x4B00 
 

12.4.1 5HJLVWHUV�6XPPDU\ 
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12.4.1.1 MIPI 
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1DPH�  2IIVHW�  6L]H�  
5HVHW�
9DOXH�  

'HVFULSWLRQ�  

CSI2RX_1C00_CTRL0  0x0000  W  0x20820000  
Version of the CSI-2 host 
controller 0  

CSI2RX_1C00_CTRL1  0x0004  W  0x00032103  
Version of the CSI-2 host 
controller 1  

CSI2RX_1C00_CTRL2  0x0008  W  0x00000000  
Version of the CSI-2 host 
controller 2  

CSI2RX_1C00_CSI2_RES
ETN  

0x0010  W  0x00000003  CSI-2 controller reset  

CSI2RX_1C00_PHY_STAT
E_RO  

0x0014  W  0x00000000  General settings for all blocks  

CSI2RX_1C00_DATA_IDS
_1  

0x0018  W  0x0000002b  

List of Data Ids for which IDI 
reports line boundary matching 
errors 
(CSI2_HOST_N_DATA_IDS > 
0)Data IDs for which IDI reports 
line boundary matching errors  

CSI2RX_1C00_DATA_IDS
_2  

0x001c  W  0x00000000  

List of Data Ids for which IDI 
reports line boundary matching 
errors 
(CSI2_HOST_N_DATA_IDS > 
1)Data IDs for which IDI reports 
line boundary matching errors  

CSI2RX_1C00_ERR_PHY  0x0020  W  0x00000000  Phy error state register  
CSI2RX_1C00_ERR_PACK
ET  

0x0024  W  0x00000000  Error of packet analysis  

CSI2RX_1C00_ERR_OVER
FLOW  

0x0028  W  0x00000000  Error state overflow register  

CSI2RX_1C00_ERR_STAT  0x002c  W  0x00000000  Error state  
CSI2RX_1C00_MASK_PHY  0x0030  W  0x00000000  Phy error state register  
CSI2RX_1C00_MASK_PAC
KET  

0x0034  W  0x00000000  Error state register 2  

CSI2RX_1C00_MASK_OVE
RFLOW  

0x0038  W  0x00000000  Error state overflow register  

CSI2RX_1C00_MASK_STA
T  

0x003c  W  0x00000000  Error state register 3  

CSI2RX_1C00_RAW0_WR
_CTRL  

0x0040  W  0x002e0200  
RAW0_WR control register. the 
channel that write csi pic data to 
ddr  

CSI2RX_1C00_RAW0_WR
_LINECNT_RO  

0x0044  W  0x00000000  RAW0_WR line counter  

CSI2RX_1C00_RAW0_WR
_PIC_SIZE  

0x0048  W  0x00000000  RAW0_WR picture size  

CSI2RX_1C00_RAW0_WR
_PIC_OFF  

0x004c  W  0x00000000  RAW0_WR picture offset  
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CSI2RX_1C00_RAW1_WR
_CTRL  

0x0050  W  0x00000200  RAW1_WR control register  

CSI2RX_1C00_RAW1_WR
_LINECNT_RO  

0x0054  W  0x00000000  RAW1_WR line counter  

CSI2RX_1C00_RAW1_WR
_PIC_SIZE  

0x0058  W  0x00000000  RAW1_WR picture size  

CSI2RX_1C00_RAW1_WR
_PIC_OFF  

0x005c  W  0x00000000  RAW1_WR picture offset  

CSI2RX_1C00_RAW2_WR
_CTRL  

0x0060  W  0x00000100  RAW2_WR control register  

CSI2RX_1C00_RAW2_WR
_LINECNT_RO  

0x0064  W  0x00000000  RAW2_WR line counter  

CSI2RX_1C00_RAW2_WR
_PIC_SIZE  

0x0068  W  0x00000000  RAW2_WR picture size  

CSI2RX_1C00_RAW2_WR
_PIC_OFF  

0x006c  W  0x00000000  RAW2_WR picture offset  

CSI2RX_1C00_RAW3_WR
_CTRL  

0x0070  W  0x00000800  RAW3_WR control register  

CSI2RX_1C00_RAW3_WR
_LINECNT_RO  

0x0074  W  0x00000000  RAW3_WR line counter  

CSI2RX_1C00_RAW3_WR
_PIC_SIZE  

0x0078  W  0x00000000  RAW3_WR picture size  

CSI2RX_1C00_RAW3_WR
_PIC_OFF  

0x007c  W  0x00000000  RAW3_WR picture offset  

CSI2RX_1C00_RAW_RD_
CTRL  

0x0080  W  0x00000000  
RAW_RD control register, the 
channel that read pic data from 
ddr  

CSI2RX_1C00_RAW_RD_L
INECNT_RO  

0x0084  W  0x00000000  RAW_RD line counter  

CSI2RX_1C00_RAW_RD_
PIC_SIZE  

0x0088  W  0x00000000  RAW_RD picture size  

CSI2RX_1C00_RAW2_RD
_LINECNT_RO  

0x008c  W  0x00000000  RAW2_RD line counter  

CSI2RX_1C00_RAWFBC_C
TRL  

0x0090  W  0x00000011  Raw fbc enable register  

CSI2RX_1C00_ESPHDR_L
CNT  

0x0094  W  0x00010004  
Parameter configuration of line 
counter mode  

CSI2RX_1C00_ESPHDR_I
DCD  

0x0098  W  0x12121211  
Parameter configuration of 
identification code mode  

CSI2RX_1C00_ESPHDR_C
TRL  

0x009c  W  0x00000000  Especial HDR control  

CSI2RX_1C00_VC0_FRAM
E_NUM_RO  

0x00a0  W  0x00000000  VC0 current Frame Number  

CSI2RX_1C00_VC1_FRAM
E_NUM_RO  

0x00a4  W  0x00000000  VC1 current Frame Number  
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CSI2RX_1C00_VC2_FRAM
E_NUM_RO  

0x00a8  W  0x00000000  VC2 current Frame Number  

CSI2RX_1C00_VC3_FRAM
E_NUM_RO  

0x00ac  W  0x00000000  VC3 current Frame Number  

CSI2RX_1C00_ISP_LINEC
NT_RO  

0x00b0  W  0x00000000  Current Line Counter  

CSI2RX_1C00_RAW_WR_
IBUF_STATUS_RO  

0x00b4  W  0x00000000  HDR ibuf status  

CSI2RX_1C00_RAW_WR_
IBUF3_STATUS_RO  

0x00b8  W  0x00000000  HDR ibuf3 status  

CSI2RX_1C00_CUR_HEAD
ER_RO  

0x00c4  W  0x00000000  
Read onlysw_csi_ro_phyio_en == 
1'b1 :rxdatahssw_csi_ro_phyio_e
n == 1'b0 :ro_csi_cur_header  

CSI2RX_1C00_FPN_CTRL  0x00d0  W  0x00000000  FPN ctrl register  

CSI2RX_1C00_FPN_TABL
E_CTRL  

0x00d4  W  0x00000001  
FPN data write ctrl registerthe 
memory write address celars 
when finish  

CSI2RX_1C00_FPN_TABL
E_DATA  

0x00d8  W  0x00000000  
FPN data register to memoryFPN 
data to memory, the memory 
write address add 1 after write  

CSI2RX_1C00_CSI_Y_STA
T_CTRL  

0x00f0  W  0x00000003  Y statistic ctrl  

CSI2RX_1C00_CSI_Y_STA
T_RO  

0x00f4  W  0x00000000  Y statistic value read out with ahb  

CSI2RX_1C00_VERSION  0x00fc  W  0x02021812  
Version of the CSI-2 host 
controller  
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12.4.1.2 MI 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �997 

1DPH�  2IIVHW�  6L]H�  
5HVHW�
9DOXH�  

'HVFULSWLRQ�  

MI_1400_MI_WR_CTRL  0x0000  W  0x000a0000  Global write control register  

MI_1400_MI_WR_INIT  0x0004  W  0x00000020  
Control register for address init 
and skip function  

MI_1400_MI_MP_WR_Y_B
ASE  

0x0008  W  0x00000000  
Base address for main picture Y 
component, JPEG or raw data  

MI_1400_MI_MP_WR_Y_S
IZE  

0x000c  W  0x00000000  
Size of main picture Y component, 
JPEG or raw data  

MI_1400_MI_MP_WR_Y_
OFFS_CNT  

0x0010  W  0x00000000  
Offset counter init value for main 
picture Y, JPEG or raw data  

MI_1400_MI_MP_WR_Y_
OFFS_CNT_START  

0x0014  W  0x00000000  
Offset counter start value for 
main picture Y, JPEG or raw data  

MI_1400_MI_MP_WR_Y_I
RQ_OFFS  

0x0018  W  0x00000000  
Fill level interrupt offset value for 
main picture Y, JPEG or raw data  

MI_1400_MI_MP_WR_CB
_BASE  

0x001c  W  0x00000000  
Base address for main picture Cb 
component ring buffer  

MI_1400_MI_MP_WR_CB
_SIZE  

0x0020  W  0x00000000  
Size of main picture Cb 
component ring buffer  

MI_1400_MI_MP_WR_CB
_OFFS_CNT  

0x0024  W  0x00000000  
Offset counter init value for main 
picture Cb component ring buffer  

MI_1400_MI_MP_WR_CB
_OFFS_CNT_START  

0x0028  W  0x00000000  
Offset counter start value for 
main picture Cb component ring 
buffer  

MI_1400_MI_MP_WR_CR
_BASE  

0x002c  W  0x00000000  
Base address for main picture Cr 
component ring buffer  

MI_1400_MI_MP_WR_CR
_SIZE  

0x0030  W  0x00000000  
Size of main picture Cr 
component ring buffer  

MI_1400_MI_MP_WR_CR
_OFFS_CNT  

0x0034  W  0x00000000  
Offset counter init value for main 
picture Cr component ring buffer  

MI_1400_MI_MP_WR_CR
_OFFS_CNT_START  

0x0038  W  0x00000000  
Offset counter start value for 
main picture Cr component ring 
buffer  

MI_1400_MI_SP_WR_Y_B
ASE  

0x003c  W  0x00000000  
Base address for self picture Y 
component ring buffer  

MI_1400_MI_SP_WR_Y_S
IZE  

0x0040  W  0x00000000  
Size of self picture Y component 
ring buffer  

MI_1400_MI_SP_WR_Y_O
FFS_CNT  

0x0044  W  0x00000000  
Offset counter init value for self 
picture Y component ring buffer  

MI_1400_MI_SP_WR_Y_O
FFS_CNT_START  

0x0048  W  0x00000000  
Offset counter start value for self 
picture Y component ring buffer  

MI_1400_MI_SP_WR_Y_L
LENGTH  

0x004c  W  0x00000000  
Line length of self picture Y 
component  

MI_1400_MI_SP_WR_CB_
BASE  

0x0050  W  0x00000000  
Base address for self picture Cb 
component ring buffer  
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MI_1400_MI_SP_WR_CB_
SIZE  

0x0054  W  0x00000000  
Size of self picture Cb component 
ring buffer  

MI_1400_MI_SP_WR_CB_
OFFS_CNT  

0x0058  W  0x00000000  
Offset counter init value for self 
picture Cb component ring buffer  

MI_1400_MI_SP_WR_CB_
OFFS_CNT_START  

0x005c  W  0x00000000  
Offset counter start value for self 
picture Cb component ring buffer  

MI_1400_MI_SP_WR_CR_
BASE  

0x0060  W  0x00000000  
Base address for self picture Cr 
component ring buffer  

MI_1400_MI_SP_WR_CR_
SIZE  

0x0064  W  0x00000000  
Size of self picture Cr component 
ring buffer  

MI_1400_MI_SP_WR_CR_
OFFS_CNT  

0x0068  W  0x00000000  
Offset counter init value for self 
picture Cr component ring buffer  

MI_1400_MI_SP_WR_CR_
OFFS_CNT_START  

0x006c  W  0x00000000  
Offset counter start value for self 
picture Cr component ring buffer  

MI_1400_MI_WR_BYTE_C
NT  

0x0070  W  0x00000000  
Counter value of JPEG or RAW 
data bytes  

MI_1400_MI_WR_CTRL_S
HD  

0x0074  W  0x00000000  
Global control internal shadow 
register  

MI_1400_MI_MP_WR_Y_B
ASE_SHD  

0x0078  W  0x00000000  
Base address shadow register for 
main picture Y component, JPEG 
or raw data ring buffer  

MI_1400_MI_MP_WR_Y_S
IZE_SHD  

0x007c  W  0x00000000  
Size shadow register of main 
picture Y component, JPEG or raw 
data  

MI_1400_MI_MP_WR_Y_
OFFS_CNT_SHD  

0x0080  W  0x00000000  
Current offset counter of main 
picture Y component, JPEG or raw 
data ring buffe  

MI_1400_MI_MP_WR_Y_I
RQ_OFFS_SHD  

0x0084  W  0x00000000  

Shadow register of fill level 
interrupt offset value for main 
picture Y component, JPEG or raw 
data  

MI_1400_MI_MP_WR_CB
_BASE_SHD  

0x0088  W  0x00000000  
Base address shadow register for 
main picture Cb component ring 
buffer  

MI_1400_MI_MP_WR_CB
_SIZE_SHD  

0x008c  W  0x00000000  
Size shadow register of main 
picture Cb component ring buffer  

MI_1400_MI_MP_WR_CB
_OFFS_CNT_SHD  

0x0090  W  0x00000000  
Current offset counter of main 
picture Cb component ring buffer  

MI_1400_MI_MP_WR_CR
_BASE_SHD  

0x0094  W  0x00000000  
Base address shadow register for 
main picture Cr component ring 
buffer  

MI_1400_MI_MP_WR_CR
_SIZE_SHD  

0x0098  W  0x00000000  
Size shadow register of main 
picture Cr component ring buffer  

MI_1400_MI_MP_WR_CR
_OFFS_CNT_SHD  

0x009c  W  0x00000000  
Current offset counter of main 
picture Cr component ring buffer  
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MI_1400_MI_SP_WR_Y_B
ASE_SHD  

0x00a0  W  0x00000000  
Base address shadow register for 
self picture Y component ring 
buffer  

MI_1400_MI_SP_WR_Y_S
IZE_SHD  

0x00a4  W  0x00000000  
Size shadow register of self 
picture Y component ring buffer  

MI_1400_MI_SP_WR_Y_O
FFS_CNT_SHD  

0x00a8  W  0x00000000  
Current offset counter of self 
picture Y component ring buffer  

MI_1400_MI_SP_WR_CB_
BASE_AD_SHD  

0x00b0  W  0x00000000  
Base address shadow register for 
self picture Cb component ring 
buffer  

MI_1400_MI_SP_WR_CB_
SIZE_SHD  

0x00b4  W  0x00000000  
Size shadow register of self 
picture Cb component ring buffer  

MI_1400_MI_SP_WR_CB_
OFFS_CNT_SHD  

0x00b8  W  0x00000000  
Current offset counter of self 
picture Cb component ring buffer  

MI_1400_MI_SP_WR_CR_
BASE_AD_SHD  

0x00bc  W  0x00000000  
Base address shadow register for 
self picture Cr component ring 
buffer  

MI_1400_MI_SP_WR_CR_
SIZE_SHD  

0x00c0  W  0x00000000  
Size shadow register of self 
picture Cr component ring buffer  

MI_1400_MI_SP_WR_CR_
OFFS_CNT_SHD  

0x00c4  W  0x00000000  
Current offset counter of self 
picture Cr component ring buffer  

MI_1400_MI_RD_Y_PIC_S
TART_AD  

0x00c8  W  0x00000000  Y component image start address  

MI_1400_MI_RD_Y_PIC_
WIDTH  

0x00cc  W  0x00000000  Y component image width  

MI_1400_MI_RD_Y_LLEN
GTH  

0x00d0  W  0x00000000  Y component original line length  

MI_1400_MI_RD_Y_PIC_S
IZE  

0x00d4  W  0x00000000  Y component image size  

MI_1400_MI_RD_CB_PIC
_START_AD  

0x00d8  W  0x00000000  
Cb component image start 
address  

MI_1400_MI_RD_CR_PIC
_START_AD  

0x00e8  W  0x00000000  Cr component image start address  

MI_1400_MI_IMSC  0x00f8  W  0x00000000  
Interrupt Mask ('1': interrupt 
active, '0': interrupt masked)  

MI_1400_MI_RIS  0x00fc  W  0x00000000  Raw Interrupt Statu  
MI_1400_MI_MIS  0x0100  W  0x00000000  Masked Interrupt Status  
MI_1400_MI_ICR  0x0104  W  0x00000000  Interrupt Clear Register  
MI_1400_MI_ISR  0x0108  W  0x00000000  Interrupt Set Register  
MI_1400_MI_STATUS  0x010c  W  0x00000000  MI Status Register  
MI_1400_MI_STATUS_CL
R  

0x0110  W  0x00000000  MI Status Clear Register  

MI_1400_MI_SP_WR_Y_P
IC_WIDTH  

0x0114  W  0x00000000  
Y component image width for self 
picture  
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MI_1400_MI_SP_WR_Y_P
IC_HEIGHT  

0x0118  W  0x00000000  
Y component image height for self 
picture  

MI_1400_MI_SP_WR_Y_P
IC_SIZE  

0x011c  W  0x00000000  
Y component image size for self 
picture  

MI_1400_MI_RD_CTRL  0x0120  W  0x00000000  DMA read control register  
MI_1400_MI_RD_START  0x0124  W  0x00000000  DMA start register  
MI_1400_MI_RD_STATUS  0x0128  W  0x00000000  DMA status register  
MI_1400_MI_WR_PIXEL_
CNT  

0x012c  W  0x00000000  Counter value for defect pixel list  

MI_1400_MI_MP_WR_Y_B
ASE2  

0x0130  W  0x00000000  
Base address 2 (ping pong) for 
main picture Y component  

MI_1400_MI_MP_WR_CB
_BASE2  

0x0134  W  0x00000000  
Base address 2 (ping pong) for 
main picture CB component  

MI_1400_MI_MP_WR_CR
_BASE2  

0x0138  W  0x00000000  
Base address 2 (ping pong) for 
main picture CR component  

MI_1400_MI_SP_WR_Y_B
ASE2  

0x013c  W  0x00000000  
Base address 2 (ping pong) for 
self picture Y component  

MI_1400_MI_SP_WR_CB_
BASE2  

0x0140  W  0x00000000  
Base address 2 (ping pong) for 
self picture CB component  

MI_1400_MI_SP_WR_CR_
BASE2  

0x0144  W  0x00000000  
Base address 2 (ping pong) for 
self picture CR component  

MI_1400_MI_WR_XTD_FO
RMAT_CTRL  

0x0148  W  0x00000000  
Extended Storage Format Control 
for main, self and dma read path  

MI_1400_MI_WR_ID  0x0154  W  0x65432100  AXI write id group1  
MI_1400_MI_MP_WR_Y_I
RQ_OFFS2  

0x01e0  W  0x00000000  
Fill level interrupt2 offset value for 
main picture Y, JPEG or raw data  

MI_1400_MI_MP_WR_Y_I
RQ_OFFS2_SHD  

0x01e4  W  0x00000000  

Shadow register of fill level 
interrupt2 offset value for main 
picture Y component, JPEG or raw 
data  

MI_1400_MI_MP_WR_Y_L
LENGTH  

0x01e8  W  0x00000000  
Line length of main picture Y 
component  

MI_1400_MI_WR_CTRL2  0x0400  W  0x00000000  New path control register  
MI_1400_MI_WR_ID2  0x0404  W  0x00000000  AXI write id group2  
MI_1400_MI_RD_CTRL2  0x0408  W  0x00250000  DMA path control register  
MI_1400_MI_RD_ID  0x040c  W  0x00000000  AXI read id group  
MI_1400_MI_RD_FIFO_LE
VEL  

0x041c  W  0x00000000  
DMA read fifo level for generating 
hurry signal  

MI_1400_RAW0_WR_BAS
E  

0x0420  W  0x00000000  
Base address for mipi raw0 tx;raw 
write function move to VICAP, not 
support in ISP3.X....  

MI_1400_RAW0_WR_SIZ
E  

0x0424  W  0x00000000  
Size of raw0 tx dataraw write 
function move to VICAP, not 
support in ISP3.X....  
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MI_1400_RAW0_WR_LEN
GTH  

0x0428  W  0x00000000  
Line length of raw0 tx (virtual 
width)raw write function move to 
VICAP, not support in ISP3.X....  

MI_1400_RAW0_WR_BAS
E_SHD  

0x042c  W  0x00000000  

Base address shadow register for 
raw0 tx data ring bufferraw write 
function move to VICAP, not 
support in ISP3.X....  

MI_1400_RAW1_WR_BAS
E  

0x0430  W  0x00000000  
Base address for mipi raw1 txraw 
write function move to VICAP, not 
support in ISP3.X....  

MI_1400_RAW1_WR_SIZ
E  

0x0434  W  0x00000000  
Size of raw1 tx dataraw write 
function move to VICAP, not 
support in ISP3.X....  

MI_1400_RAW1_WR_LEN
GTH  

0x0438  W  0x00000000  
Line length of raw1 tx (virtual 
width)raw write function move to 
VICAP, not support in ISP3.X....  

MI_1400_RAW1_WR_BAS
E_SHD  

0x043c  W  0x00000000  

Base address shadow register for 
raw1 tx data ring bufferraw write 
function move to VICAP, not 
support in ISP3.X....  

MI_1400_RAW2_WR_BAS
E  

0x0440  W  0x00000000  
Base address for mipi raw2 txraw 
write function move to VICAP, not 
support in ISP3.X....  

MI_1400_RAW2_WR_SIZ
E  

0x0444  W  0x00000000  
Size of raw2 tx dataraw write 
function move to VICAP, not 
support in ISP3.X....  

MI_1400_RAW2_WR_LEN
GTH  

0x0448  W  0x00000000  
Line length of raw2 tx (virtual 
width)raw write function move to 
VICAP, not support in ISP3.X....  

MI_1400_RAW2_WR_BAS
E_SHD  

0x044c  W  0x00000000  

Base address shadow register for 
raw2 tx data ring bufferraw write 
function move to VICAP, not 
support in ISP3.X....  

MI_1400_RAW3_WR_BAS
E  

0x0450  W  0x00000000  
Base address for mipi raw3 txraw 
write function move to VICAP, not 
support in ISP3.X....  

MI_1400_RAW3_WR_SIZ
E  

0x0454  W  0x00000000  
Size of raw3 tx dataraw write 
function move to VICAP, not 
support in ISP3.X....  

MI_1400_RAW3_WR_LEN
GTH  

0x0458  W  0x00000000  
Line length of raw3 tx (virtual 
width)raw write function move to 
VICAP, not support in ISP3.X....  

MI_1400_RAW3_WR_BAS
E_SHD  

0x045c  W  0x00000000  

Base address shadow register for 
raw3 tx data ring bufferraw write 
function move to VICAP, not 
support in ISP3.X....  
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MI_1400_RW0_WR_LAST
_FRAME_ADDR  

0x0460  W  0x00000000  
Last address for raw0 txraw write 
function move to VICAP, not 
support in ISP3.X....  

MI_1400_RW1_WR_LAST
_FRAME_ADDR  

0x0464  W  0x00000000  
Last address for raw1 txraw write 
function move to VICAP, not 
support in ISP3.X....  

MI_1400_RW2_WR_LAST
_FRAME_ADDR  

0x0468  W  0x00000000  
Last address for raw2 txraw write 
function move to VICAP, not 
support in ISP3.X....  

MI_1400_RW3_WR_LAST
_FRAME_ADDR  

0x046c  W  0x00000000  
Last address for raw3 txraw write 
function move to VICAP, not 
support in ISP3.X....  

MI_1400_RAW0_RD_BAS
E  

0x0470  W  0x00000000  
Base address for mipi raw0 rxraw 
write function move to VICAP, not 
support in ISP3.X....  

MI_1400_RAW0_RD_LEN
GTH  

0x0474  W  0x00000000  
Line length of raw0 rx (virtual 
width)raw write function move to 
VICAP, not support in ISP3.X....  

MI_1400_RAW0_RD_BAS
E_SHD  

0x0478  W  0x00000000  

Base shadow address for mipi 
raw0 rx. Update mode include 
hdr_dbg read pulse.raw write 
function move to VICAP, not 
support in ISP3.X....  

MI_1400_RAW1_RD_BAS
E  

0x0480  W  0x00000000  
Base address for mipi raw1 rxraw 
write function move to VICAP, not 
support in ISP3.X....  

MI_1400_RAW1_RD_LEN
GTH  

0x0484  W  0x00000000  
Line length of raw1 rx (virtual 
width)raw write function move to 
VICAP, not support in ISP3.X....  

MI_1400_RAW1_RD_BAS
E_SHD  

0x0488  W  0x00000000  

Base shadow address for mipi 
raw1 rx. Update mode include 
hdr_dbg read pulse.raw write 
function move to VICAP, not 
support in ISP3.X....  

MI_1400_RAWS_RD_BAS
E  

0x0490  W  0x00000000  
Base address for mipi raws rxraw 
write function move to VICAP, not 
support in ISP3.X....  

MI_1400_RAWS_RD_LEN
GTH  

0x0494  W  0x00000000  
Line length of raws rx (virtual 
width)raw write function move to 
VICAP, not support in ISP3.X....  

MI_1400_RAWS_RD_BAS
E_SHD  

0x0498  W  0x00000000  

Base shadow address for mipi 
rawsrx. Update mode include 
hdr_dbg read pulse.raw write 
function move to VICAP, not 
support in ISP3.X....  
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MI_1400_LUT_3D_RD_BA
SE  

0x0540  W  0x00000000  Base address for 3d lut read  

MI_1400_LUT_LSC_RD_B
ASE  

0x0544  W  0x00000000  Base address for lsc lut read  

MI_1400_LUT_LDCH_RD_
BASE  

0x0548  W  0x00000000  Base address for ldch lut read  

MI_1400_LUT_3D_RD_W
SIZE  

0x0550  W  0x000002d9  3d lut word size  

MI_1400_LUT_LSC_RD_W
SIZE  

0x0554  W  0x00000000  3d lut word size  

MI_1400_LUT_LDCH_RD_
H_WSIZE  

0x0558  W  0x00000000  Ldch lut word size  

MI_1400_LUT_LDCH_RD_
V_SIZE  

0x055c  W  0x00000000  Ldch lut v_size  

MI_1400_DBR_WR_BASE  0x0560  W  0x00000000  
Base address for mimux write, 
sws reuse  

MI_1400_DBR_WR_SIZE  0x0564  W  0x00000000  Size of mimux write data  
MI_1400_DBR_WR_LENG
TH  

0x0568  W  0x00000000  
Line length of mimux write 
(virtual width)  

MI_1400_DBR_WR_BASE
_SHD  

0x056c  W  0x00000000  
Base address shadow register for 
mimux write data ring buffer  

MI_1400_DBR_RD_BASE  0x0570  W  0x00000000  Base address for mimux read  
MI_1400_DBR_RD_LENGT
H  

0x0574  W  0x00000000  
Line length of mimux read (virtual 
width)  

MI_1400_DBR_RD_BASE_
SHD  

0x0578  W  0x00000000  
Base shadow address for mimux 
read  

MI_1400_SWS_3A_WR_B
ASE  

0x057c  W  0x00000000  
AXI write 3A stats data to DDR 
address  

MI_1400_GAIN_WR_BASE  0x0580  W  0x00000000  Base address for mimux write  
MI_1400_GAIN_WR_SIZE  0x0584  W  0x00000000  Size of mimux write data  
MI_1400_GAIN_WR_LENG
TH  

0x0588  W  0x00000000  
Line length of mimux write 
(virtual width)  

MI_1400_GAIN_WR_BASE
2  

0x058c  W  0x00000000  Base address 2 for mimux write  

MI_1400_GAIN_WR_BASE
_SHD  

0x0590  W  0x00000000  
Base address shadow register for 
mimux write data ring buffer  

MI_1400_BAY3D_WR_BA
SE  

0x05a0  W  0x00000000  Base address for bayer 3dnr write  

MI_1400_BAY3D_WR_SIZ
E  

0x05a4  W  0x00000000  Size of bayer 3dnr write data  

MI_1400_BAY3D_WR_LEN
GTH  

0x05a8  W  0x00000000  
Line length of bayer 3dnr write 
(virtual width)  

MI_1400_BAY3D_WR_BA
SE_SHD  

0x05ac  W  0x00000000  
Base address shadow register for 
bayer 3dnr write data ring buffer  
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MI_1400_BAY3D_RD_BAS
E  

0x05b0  W  0x00000000  Base address for mimux read  

MI_1400_BAY3D_RD_LEN
GTH  

0x05b4  W  0x00000000  
Line length of mimux read (virtual 
width)  

MI_1400_BAY3D_RD_BAS
E_SHD  

0x05b8  W  0x00000000  
Base shadow address for mimux 
read  

 

12.4.1.3 BLS 
1DPH�  2IIVHW�  6L]H�  

5HVHW�
9DOXH�  

'HVFULSWLRQ�  

ISP_BLS_3000_CTRL  0x0000  W  0x00000000  Global control register  
ISP_BLS_3000_SAMPLES  0x0004  W  0x00000000  Samples register  
ISP_BLS_3000_H1_STAR
T  

0x0008  W  0x00000000  Window 1 horizontal start  

ISP_BLS_3000_H1_STOP  0x000c  W  0x00000000  Window 1 horizontal stop  
ISP_BLS_3000_V1_START  0x0010  W  0x00000000  Window 1 vertical start  
ISP_BLS_3000_V1_STOP  0x0014  W  0x00000000  Window 1 vertical stop  
ISP_BLS_3000_H2_STAR
T  

0x0018  W  0x00000000  Window 2 horizontal start  

ISP_BLS_3000_H2_STOP  0x001c  W  0x00000000  Window 2 horizontal stop  
ISP_BLS_3000_V2_START  0x0020  W  0x00000000  Window 2 vertical start  
ISP_BLS_3000_V2_STOP  0x0024  W  0x00000000  Window 2 vertical stop  
ISP_BLS_3000_A_FIXED  0x0028  W  0x00000000  Fixed black level A  
ISP_BLS_3000_B_FIXED  0x002c  W  0x00000000  Fixed black level B  
ISP_BLS_3000_C_FIXED  0x0030  W  0x00000000  Fixed black level C  
ISP_BLS_3000_D_FIXED  0x0034  W  0x00000000  Fixed black level D  
ISP_BLS_3000_A_MEASU
RED  

0x0038  W  0x00000000  Measured black level A  

ISP_BLS_3000_B_MEASU
RED  

0x003c  W  0x00000000  Measured black level B  

ISP_BLS_3000_C_MEASU
RED  

0x0040  W  0x00000000  Measured black level C  

ISP_BLS_3000_D_MEASU
RED  

0x0044  W  0x00000000  Measured black level D  

ISP_BLS_3000_BLS1_A_F
IXED  

0x0048  W  0x00000000  Register0000 Description  

ISP_BLS_3000_BLS1_B_F
IXED  

0x004c  W  0x00000000  Register0001 Description  

ISP_BLS_3000_BLS1_C_F
IXED  

0x0050  W  0x00000000  Register0002 Description  

ISP_BLS_3000_BLS1_D_F
IXED  

0x0054  W  0x00000000  Register0000 Description  
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12.4.1.4 DPCC 
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1DPH�  2IIVHW�  6L]H�  
5HVHW�
9DOXH�  

'HVFULSWLRQ�  

ISP_DPCC_3400_MODE  0x0000  W  0x00000004  
Mode control for DPCC detection 
unit  

ISP_DPCC_3400_OUTPUT
_MODE  

0x0004  W  0x00000003  
Interpolation mode for correction 
unit  

ISP_DPCC_3400_SET_US
E  

0x0008  W  0x00000007  
DPCC methods set usage for 
detection  

ISP_DPCC_3400_METHOD
S_SET_1  

0x000c  W  0x00001d1d  Methods enable bits for SET_1  

ISP_DPCC_3400_METHOD
S_SET_2  

0x0010  W  0x00000707  Methods enable bits for SET_2  

ISP_DPCC_3400_METHOD
S_SET_3  

0x0014  W  0x00001f1f  Methods enable bits for SET_3  

ISP_DPCC_3400_LINE_TH
RESH_1  

0x0018  W  0x00000808  Line threshold SET_1  

ISP_DPCC_3400_LINE_M
AD_FAC_1  

0x001c  W  0x00000404  
Mean Absolute Difference (MAD) 
factor for Line check set 1  

ISP_DPCC_3400_PG_FAC
_1  

0x0020  W  0x00000403  Peak gradient factor for set 1  

ISP_DPCC_3400_RND_TH
RESH_1  

0x0024  W  0x00000a0a  
Rank Neighbor Difference 
threshold for set 1  

ISP_DPCC_3400_RG_FAC
_1  

0x0028  W  0x00002020  Rank gradient factor for set 1  

ISP_DPCC_3400_LINE_TH
RESH_2  

0x002c  W  0x0000100c  Line threshold set 2  

ISP_DPCC_3400_LINE_M
AD_FAC_2  

0x0030  W  0x00001810  
Mean Absolute Difference (MAD) 
factor for Line check set 2  

ISP_DPCC_3400_PG_FAC
_2  

0x0034  W  0x00000403  Peak gradient factor for set 2  

ISP_DPCC_3400_RND_TH
RESH_2  

0x0038  W  0x00000808  
Rank Neighbor Difference 
threshold for set 2  

ISP_DPCC_3400_RG_FAC
_2  

0x003c  W  0x00000808  Rank gradient factor for set 2  

ISP_DPCC_3400_LINE_TH
RESH_3  

0x0040  W  0x00002020  Line threshold set 3  

ISP_DPCC_3400_LINE_M
AD_FAC_3  

0x0044  W  0x00000404  
Mean Absolute Difference (MAD) 
factor for Line check set 3  

ISP_DPCC_3400_PG_FAC
_3  

0x0048  W  0x00000403  Peak gradient factor for set 3  

ISP_DPCC_3400_RND_TH
RESH_3  

0x004c  W  0x00000806  
Rank Neighbor Difference 
threshold for set 3  

ISP_DPCC_3400_RG_FAC
_3  

0x0050  W  0x00000404  Rank gradient factor for set 3  
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ISP_DPCC_3400_RO_LIMI
TS  

0x0054  W  0x00000a0a  Rank Order Limits  

ISP_DPCC_3400_RND_OF
FS  

0x0058  W  0x00000fff  
Differential Rank Offsets for Rank 
Neighbor Difference  

ISP_DPCC_3400_BPT_CT
RL  

0x005c  W  0x00000000  Bad pixel table settings  

ISP_DPCC_3400_BPT_NU
MBER  

0x0060  W  0x00000000  
Number of entries for bad pixel 
table (table based correction)  

ISP_DPCC_3400_BPT_AD
DR  

0x0064  W  0x00000000  
TABLE Start Address for table-
based correction algorithm  

ISP_DPCC_3400_BPT_DA
TA  

0x0068  W  0x00000000  
TABLE DATA register for read and 
write access of table RAM  

ISP_DPCC_3400_BP_CNT  0x006c  W  0x00000000  
Number of entries for bad pixel 
table (table based correction)  

ISP_DPCC_3400_PDAF_E
N  

0x0070  W  0x00000000  Pdaf enable  

ISP_DPCC_3400_PDAF_P
OINT_EN  

0x0074  W  0x00000000  Enable for each pdaf point.  

ISP_DPCC_3400_PDAF_O
FFSET  

0x0078  W  0x00000000  
Pdaf point offset postion in 
wrapper  

ISP_DPCC_3400_PDAF_W
RAP  

0x007c  W  0x00000000  Pdaf pattern size  

ISP_DPCC_3400_PDAF_S
COPE  

0x0080  W  0x00000000  The number of dpcc pattern  

ISP_DPCC_3400_PDAF_P
OINT_0  

0x0084  W  0x00000000  Point0 & point1 coordinate  

ISP_DPCC_3400_PDAF_P
OINT_1  

0x0088  W  0x00000000  Point2 & point3 coordinate  

ISP_DPCC_3400_PDAF_P
OINT_2  

0x008c  W  0x00000000  Point4 & point5 coordinate  

ISP_DPCC_3400_PDAF_P
OINT_3  

0x0090  W  0x00000000  Point6 & point7 coordinate  

ISP_DPCC_3400_PDAF_P
OINT_4  

0x0094  W  0x00000000  Point8 & point9 coordinate  

ISP_DPCC_3400_PDAF_P
OINT_5  

0x0098  W  0x00000000  Point10 & point11 coordinate  

ISP_DPCC_3400_PDAF_P
OINT_6  

0x009c  W  0x00000000  Point12 & point13 coordinate  

ISP_DPCC_3400_PDAF_P
OINT_7  

0x00a0  W  0x00000000  Point14 & point15 coordinate  

ISP_DPCC_3400_PDAF_F
ORWARD_MED  

0x00a4  W  0x00000000  

Median value = center point = 
pdaf point , selecet forward 
median value or backwrad medain 
value to replace pdaf point  
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12.4.1.5 HDRMGE 
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1DPH�  2IIVHW�  6L]H�  
5HVHW�
9DOXH�  

'HVFULSWLRQ�  

ISP_HDRMGE_3800_CTRL  0x0000  W  0x00000004  Global ctrl  
ISP_HDRMGE_3800_GAIN
0  

0x0008  W  0x01000400  Gain0 config of S-frame  

ISP_HDRMGE_3800_GAIN
1  

0x000c  W  0x04000100  Gain1 config of M-frame  

ISP_HDRMGE_3800_GAIN
2  

0x0010  W  0x00000040  Gain2 config of L-frame  

ISP_HDRMGE_3800_CON
S_DIFF  

0x0014  W  0x00ff00ff  Lightzone config  

ISP_HDRMGE_3800_DIFF
_Y0  

0x0020  W  0x00000000  Y value of L-curve0,1 config  

ISP_HDRMGE_3800_DIFF
_Y1  

0x0024  W  0x00c900c9  Y value of L-curve0,1 config  

ISP_HDRMGE_3800_DIFF
_Y2  

0x0028  W  0x01fa01fa  Y value of L-curve0,1 config  

ISP_HDRMGE_3800_DIFF
_Y3  

0x002c  W  0x02c002c0  Y value of L-curve0,1 config  

ISP_HDRMGE_3800_DIFF
_Y4  

0x0030  W  0x032f032f  Y value of L-curve0,1 config  

ISP_HDRMGE_3800_DIFF
_Y5  

0x0034  W  0x03700370  Y value of L-curve0,1 config  

ISP_HDRMGE_3800_DIFF
_Y6  

0x0038  W  0x03970397  Y value of L-curve0,1 config  

ISP_HDRMGE_3800_DIFF
_Y7  

0x003c  W  0x03b103b1  Y value of L-curve0,1 config  

ISP_HDRMGE_3800_DIFF
_Y8  

0x0040  W  0x03c203c2  Y value of L-curve0,1 config  

ISP_HDRMGE_3800_DIFF
_Y9  

0x0044  W  0x03cf03cf  Y value of L-curve0,1 config  

ISP_HDRMGE_3800_DIFF
_Y10  

0x0048  W  0x03d803d8  Y value of L-curve0,1 config  

ISP_HDRMGE_3800_DIFF
_Y11  

0x004c  W  0x03de03de  Y value of L-curve0,1 config  

ISP_HDRMGE_3800_DIFF
_Y12  

0x0050  W  0x03e403e4  Y value of L-curve0,1 config  

ISP_HDRMGE_3800_DIFF
_Y13  

0x0054  W  0x03e803e8  Y value of L-curve0,1 config  

ISP_HDRMGE_3800_DIFF
_Y14  

0x0058  W  0x03eb03eb  Y value of L-curve0,1  

ISP_HDRMGE_3800_DIFF
_Y15  

0x005c  W  0x03ee03ee  Y value of L-curve0,1  

ISP_HDRMGE_3800_DIFF
_Y16  

0x0060  W  0x03f003f0  Y value of L-curve0,1  
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ISP_HDRMGE_3800_OVE
R_Y0  

0x0070  W  0x00000000  Y value of ES-curve  

ISP_HDRMGE_3800_OVE
R_Y1  

0x0074  W  0x00000001  Y value of ES-curve config  

ISP_HDRMGE_3800_OVE
R_Y2  

0x0078  W  0x00000004  Y value of ES-curve config  

ISP_HDRMGE_3800_OVE
R_Y3  

0x007c  W  0x0000000e  Y value of ES-curve config  

ISP_HDRMGE_3800_OVE
R_Y4  

0x0080  W  0x00000031  Y value of ES-curve config  

ISP_HDRMGE_3800_OVE
R_Y5  

0x0084  W  0x00000098  Y value of ES-curve config  

ISP_HDRMGE_3800_OVE
R_Y6  

0x0088  W  0x00000183  Y value of ES-curve config  

ISP_HDRMGE_3800_OVE
R_Y7  

0x008c  W  0x000002b7  Y value of ES-curve config  

ISP_HDRMGE_3800_OVE
R_Y8  

0x0090  W  0x00000386  Y value of ES-curve config  

ISP_HDRMGE_3800_OVE
R_Y9  

0x0094  W  0x000003da  Y value of ES-curve config  

ISP_HDRMGE_3800_OVE
R_Y10  

0x0098  W  0x000003f5  Y value of ES-curve config  

ISP_HDRMGE_3800_OVE
R_Y11  

0x009c  W  0x000003fd  Y value of ES-curve config  

ISP_HDRMGE_3800_OVE
R_Y12  

0x00a0  W  0x000003ff  Y value of ES-curve config  

ISP_HDRMGE_3800_OVE
R_Y13  

0x00a4  W  0x000003ff  Y value of ES-curve config  

ISP_HDRMGE_3800_OVE
R_Y14  

0x00a8  W  0x000003ff  Y value of ES-curve config  

ISP_HDRMGE_3800_OVE
R_Y15  

0x00ac  W  0x000003ff  Y value of ES-curve config  

ISP_HDRMGE_3800_OVE
R_Y16  

0x00b0  W  0x000003ff  Y value of ES-curve config  
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12.4.1.6 BAY2DNR 
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1DPH�  2IIVHW�  6L]H�  
5HVHW�
9DOXH�  

'HVFULSWLRQ�  

ISP_BAYNR_3A00_CTRL  0x0000  W  0x00000101  rawnr state register  
ISP_BAYNR_3A00_DGAIN
0  

0x0004  W  0x04714000  rawnr dgain parameter  

ISP_BAYNR_3A00_DGAIN
1  

0x0008  W  0x00000400  rawnr dgain parameter  

ISP_BAYNR_3A00_PIXDIF
F  

0x000c  W  0x00003fff  rawnr dgain parameter  

ISP_BAYNR_3A00_THLD  0x0010  W  0x03ff000a  
luma ration0 and luma ration1 
parameter  

ISP_BAYNR_3A00_W1_ST
RENG  

0x0014  W  0x00a303ff  channel weight and bialfter streng  

ISP_BAYNR_3A00_SIGMA
X01  

0x0018  W  0x12101010  sigma x value of segment 0 and 1  

ISP_BAYNR_3A00_SIGMA
X23  

0x001c  W  0x16101410  sigma x value of segment 2 and 3  

ISP_BAYNR_3A00_SIGMA
X45  

0x0020  W  0x1c101810  sigma x value of segment 4 and 5  

ISP_BAYNR_3A00_SIGMA
X67  

0x0024  W  0x24102010  sigma x value of segment 6 and 7  

ISP_BAYNR_3A00_SIGMA
X89  

0x0028  W  0x2c102810  sigma x value of segment 0 and 1  

ISP_BAYNR_3A00_SIGMA
X1011  

0x002c  W  0x34103010  sigma x value of segment 0 and 1  

ISP_BAYNR_3A00_SIGMA
X1213  

0x0030  W  0x3a103810  
sigma x value of segment 12 and 
13  

ISP_BAYNR_3A00_SIGMA
X1415  

0x0034  W  0x40103c10  
sigma x value of segment 14 and 
15  

ISP_BAYNR_3A00_SIGMA
Y01  

0x0038  W  0x03000300  sigma y value of segment 0 and 1  

ISP_BAYNR_3A00_SIGMA
Y23  

0x003c  W  0x03000300  sigma y value of segment 2 and 3  

ISP_BAYNR_3A00_SIGMA
Y45  

0x0040  W  0x02800280  sigma y value of segment 4 and 5  

ISP_BAYNR_3A00_SIGMA
Y67  

0x0044  W  0x02800280  sigma y value of segment 6 and 7  

ISP_BAYNR_3A00_SIGMA
Y89  

0x0048  W  0x02000200  sigma y value of segment 0 and 1  

ISP_BAYNR_3A00_SIGMA
Y1011  

0x004c  W  0x02000200  sigma y value of segment 0 and 1  

ISP_BAYNR_3A00_SIGMA
Y1213  

0x0050  W  0x02000200  
sigma y value of segment 12 and 
13  

ISP_BAYNR_3A00_SIGMA
Y1415  

0x0054  W  0x01800200  
sigma y value of segment 14 and 
15  
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ISP_BAYNR_3A00_WRIT_
D  

0x0058  W  0x31d9b578  space weight of blal filter  
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12.4.1.7 BAY3DNR 
1DPH�  2IIVHW�  6L]H�  

5HVHW�
9DOXH�  

'HVFULSWLRQ�  

BAY3D_BAY3D_CTRL  0x0080  W  0x00000010  bayer 3dnr ctrl  
BAY3D_BAY3D_KALRATIO  0x0084  W  0x01000100  sigma ratio,softthreshold weight  
BAY3D_BAY3D_GLBPK2  0x0088  W  0x00000800  global pk gain  
BAY3D_BAY3D_KALSTR  0x008c  W  0x01000100  exp curve strength  
BAY3D_BAY3D_WGTLMT  0x0090  W  0x03800380  wgt1 limit  
BAY3D_BAY3D_SIG_X0  0x0094  W  0x102d002d  sigma curve coordinate x  
BAY3D_BAY3D_SIG_X1  0x0098  W  0x10331031  sigma curve coordinate x  
BAY3D_BAY3D_SIG_X2  0x009c  W  0x10571053  sigma curve coordinate x  
BAY3D_BAY3D_SIG_X3  0x00a0  W  0x30d73057  sigma curve coordinate x  
BAY3D_BAY3D_SIG_X4  0x00a4  W  0x715770d7  sigma curve coordinate x  
BAY3D_BAY3D_SIG_X5  0x00a8  W  0x715d715b  sigma curve coordinate x  
BAY3D_BAY3D_SIG_X6  0x00ac  W  0x72dd725d  sigma curve coordinate x  
BAY3D_BAY3D_SIG_X7  0x00b0  W  0x771d76dd  sigma curve coordinate x  
BAY3D_BAY3D_SIG_Y0  0x00b4  W  0x0cc608ea  sigma curve coordinate y  
BAY3D_BAY3D_SIG_Y1  0x00b8  W  0x0e620a3c  sigma curve coordinate y  
BAY3D_BAY3D_SIG_Y2  0x00bc  W  0x08600da3  sigma curve coordinate y  
BAY3D_BAY3D_SIG_Y3  0x00c0  W  0x02300460  sigma curve coordinate y  
BAY3D_BAY3D_SIG_Y4  0x00c4  W  0x086d09f0  sigma curve coordinate y  
BAY3D_BAY3D_SIG_Y5  0x00c8  W  0x03d60152  sigma curve coordinate y  
BAY3D_BAY3D_SIG_Y6  0x00cc  W  0x06c60a61  sigma curve coordinate y  
BAY3D_BAY3D_SIG_Y7  0x00d0  W  0x093e0f59  sigma curve coordinate y  
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12.4.1.8 LSC 
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1DPH�  2IIVHW�  6L]H�  
5HVHW�
9DOXH�  

'HVFULSWLRQ�  

ISP_LSC_2200_CTRL  0x0000  W  0x00000000  Lens shade control  
ISP_LSC_2200_R_TABLE_
ADDR  

0x0004  W  0x00000000  
Table RAM Address for red 
component  

ISP_LSC_2200_GR_TABLE
_ADDR  

0x0008  W  0x00000000  
Table RAM Address for green 
(red) component  

ISP_LSC_2200_B_TABLE_
ADDR  

0x000c  W  0x00000000  
Table RAM Address for blue 
component  

ISP_LSC_2200_GB_TABLE
_ADDR  

0x0010  W  0x00000000  
Table RAM Address for green 
(blue) component  

ISP_LSC_2200_R_TABLE_
DATA  

0x0014  W  0x00000000  Sample table red  

ISP_LSC_2200_GR_TABLE
_DATA  

0x0018  W  0x00000000  Sample table green (red)  

ISP_LSC_2200_B_TABLE_
DATA  

0x001c  W  0x00000000  Sample table blue  

ISP_LSC_2200_GB_TABLE
_DATA  

0x0020  W  0x00000000  Sample table green (blue)  

ISP_LSC_2200_XGRAD_0
1  

0x0024  W  0x00000000  Gradient table x  

ISP_LSC_2200_XGRAD_2
3  

0x0028  W  0x00000000  Gradient table x  

ISP_LSC_2200_XGRAD_4
5  

0x002c  W  0x00000000  Gradient table x  

ISP_LSC_2200_XGRAD_6
7  

0x0030  W  0x00000000  Gradient table x  

ISP_LSC_2200_YGRAD_0
1  

0x0034  W  0x00000000  Gradient table y  

ISP_LSC_2200_YGRAD_2
3  

0x0038  W  0x00000000  Gradient table y  

ISP_LSC_2200_YGRAD_4
5  

0x003c  W  0x00000000  Gradient table y  

ISP_LSC_2200_YGRAD_6
7  

0x0040  W  0x00000000  Gradient table y  

ISP_LSC_2200_XSIZE_01  0x0044  W  0x00000000  Size table  
ISP_LSC_2200_XSIZE_23  0x0048  W  0x00000000  ISP_LSC_XSIZE_23  
ISP_LSC_2200_XSIZE_45  0x004c  W  0x00000000  Size table  
ISP_LSC_2200_XSIZE_67  0x0050  W  0x00000000  Size table  
ISP_LSC_2200_YSIZE_01  0x0054  W  0x00000000  Size table  
ISP_LSC_2200_YSIZE_23  0x0058  W  0x00000000  Size table  
ISP_LSC_2200_YSIZE_45  0x005c  W  0x00000000  Size table  
ISP_LSC_2200_YSIZE_67  0x0060  W  0x00000000  Size table  
ISP_LSC_2200_ISP_LSC_
STATUS  

0x0068  W  0x00000000  Lens shade status  
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12.4.1.9 HDR_DRC 
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1DPH�  2IIVHW�  6L]H�  
5HVHW�
9DOXH�  

'HVFULSWLRQ�  

ISP_DRC_3900_CTRL0  0x0000  W  0x00000000  Global hdr-control-0  
ISP_DRC_3900_CTRL1  0x0004  W  0x83904100  hdr-drc control1  
ISP_DRC_3900_LPRATIO  0x0008  W  0x40000000  lp-ratio  
ISP_DRC_3900_EXPLRATI
O  

0x000c  W  0x60001000  exp-ratio  

ISP_DRC_3900_SIGMA  0x0010  W  0x00000000  edge, motion control signals  
ISP_DRC_3900_SPACESG
M  

0x0014  W  0x0fe40f80  space sigma  

ISP_DRC_3900_RANESGM  0x0018  W  0x04000400  range sigma  
ISP_DRC_3900_BILAT  0x001c  W  0x00000010  bilateral config  
ISP_DRC_3900_GAIN_Y0  0x0020  W  0x04000400  curve gain Y0~Y16  
ISP_DRC_3900_GAIN_Y1  0x0024  W  0x04000400  curve gain Y0~Y16  
ISP_DRC_3900_GAIN_Y2  0x0028  W  0x04000400  curve gain Y0~Y16  
ISP_DRC_3900_GAIN_Y3  0x002c  W  0x04000400  curve gain Y0~Y16  
ISP_DRC_3900_GAIN_Y4  0x0030  W  0x04000400  curve gain Y0~Y16  
ISP_DRC_3900_GAIN_Y5  0x0034  W  0x04000400  curve gain Y0~Y16  
ISP_DRC_3900_GAIN_Y6  0x0038  W  0x04000400  curve gain Y0~Y16  
ISP_DRC_3900_GAIN_Y7  0x003c  W  0x04000400  curve gain Y0~Y16  
ISP_DRC_3900_GAIN_Y8  0x0040  W  0x00000400  curve gain Y0~Y16  
ISP_DRC_3900_COMPRES
_Y0  

0x0044  W  0x022e0000  curve compress Y0~Y16  

ISP_DRC_3900_COMPRES
_Y1  

0x0048  W  0x0634043f  curve compress Y0~Y16  

ISP_DRC_3900_COMPRES
_Y2  

0x004c  W  0x09d3080f  curve compress Y0~Y16  

ISP_DRC_3900_COMPRES
_Y3  

0x0050  W  0x0d190b80  curve compress Y0~Y16  

ISP_DRC_3900_COMPRES
_Y4  

0x0054  W  0x11790ea0  curve compress Y0~Y16  

ISP_DRC_3900_COMPRES
_Y5  

0x0058  W  0x16771413  curve compress Y0~Y16  

ISP_DRC_3900_COMPRES
_Y6  

0x005c  W  0x1ab618ac  curve compress Y0~Y16  

ISP_DRC_3900_COMPRES
_Y7  

0x0060  W  0x1e5c1c9a  curve compress Y0~Y16  

ISP_DRC_3900_COMPRES
_Y8  

0x0064  W  0x00002000  curve compress Y0~Y16  

ISP_DRC_3900_SCALE_Y
0  

0x0068  W  0x00020000  curve scale Y0~Y16  

ISP_DRC_3900_SCALE_Y
1  

0x006c  W  0x004c0014  curve scale Y0~Y16  

ISP_DRC_3900_SCALE_Y
2  

0x0070  W  0x017d00c1  curve scale Y0~Y16  
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ISP_DRC_3900_SCALE_Y
3  

0x0074  W  0x03040277  curve scale Y0~Y16  

ISP_DRC_3900_SCALE_Y
4  

0x0078  W  0x042a0397  curve scale Y0~Y16  

ISP_DRC_3900_SCALE_Y
5  

0x007c  W  0x05c704bb  curve scale Y0~Y16  

ISP_DRC_3900_SCALE_Y
6  

0x0080  W  0x074706a4  curve scale Y0~Y16  

ISP_DRC_3900_SCALE_Y
7  

0x0084  W  0x07e807b0  curve scale Y0~Y16  

ISP_DRC_3900_SCALE_Y
8  

0x0088  W  0x00000800  curve scale Y0~Y16  

ISP_DRC_3900_IIRWG_G
AIN  

0x008c  W  0x00000000  drc_min_ogain, drc_iir_weight  

 

12.4.1.10 GIC 
1DPH�  2IIVHW�  6L]H�  

5HVHW�
9DOXH�  

'HVFULSWLRQ�  

ISP_GIC_CONTROL  0x0000  W  0x00000000  control register  

ISP_GIC_DIFF_PARA1  0x0004  W  0x00000000  
diff_gb calculate parameter 
register1  

ISP_GIC_DIFF_PARA2  0x0008  W  0x00000000  
diff_gb calculate parameter 
register2  

ISP_GIC_DIFF_PARA3  0x000c  W  0x00000000  
diff_gb calculate parameter 
register3  

ISP_GIC_DIFF_PARA4  0x0010  W  0x00000000  
diff_gb calculate parameter 
register4  

ISP_GIC_NOISE_PARA1  0x0014  W  0x00000000  
noise calculate parameter 
register1  

ISP_GIC_NOISE_PARA2  0x0018  W  0x00000000  
noise calculate parameter 
register2  

ISP_GIC_NOISE_PARA3  0x001c  W  0x00000000  
noise calculate parameter 
register1  

ISP_GIC_SIGMA_VALUE0  0x0044  W  0x00000000  y0 to y1 value of sigma table  
ISP_GIC_SIGMA_VALUE1  0x0048  W  0x00000000  y2 to y3 value of sigma table  
ISP_GIC_SIGMA_VALUE2  0x004c  W  0x00000000  y4 to y5 value of sigma table  
ISP_GIC_SIGMA_VALUE3  0x0050  W  0x00000000  y6 to y7 value of sigma table  
ISP_GIC_SIGMA_VALUE4  0x0054  W  0x00000000  y8 to y9 value of sigma table  
ISP_GIC_SIGMA_VALUE5  0x0058  W  0x00000000  y10 to y11 value of sigma table  
ISP_GIC_SIGMA_VALUE6  0x005c  W  0x00000000  y12 to y13 value of sigma table  
ISP_GIC_SIGMA_VALUE7  0x0060  W  0x00000000  y14 value of sigma table  
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12.4.1.11 DEBAYER 
1DPH�  2IIVHW�  6L]H�  

5HVHW�
9DOXH�  

'HVFULSWLRQ�  

ISP_DEBAYER_2500_CON
TROL  

0x0000  W  0x00000110  DEBAYER CONTROL  

ISP_DEBAYER_2500_G_I
NTERP  

0x0004  W  0x00006389  G INTERPOLATION REGISTER  

ISP_DEBAYER_2500_G_I
NTERP_FILTER1  

0x0008  W  0x000e60a2  
THIS FILTER IS FOR GETTING 
THE EDGE OF LOW FREQUENCY  

ISP_DEBAYER_2500_G_I
NTERP_FILTER2  

0x000c  W  0x0002c4c2  
THIS FILTER IS FOR GETTING 
THE DETAIL OF HIGH FREQUENCY  

ISP_DEBAYER_2500_OFF
SET  

0x0010  W  0x00800401  OFFSET REGISTER  

ISP_DEBAYER_2500_C_FI
LTER  

0x0014  W  0x00020e05  C FILTER REGISTER  
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12.4.1.12 CCM 
1DPH�  2IIVHW�  6L]H�  

5HVHW�
9DOXH�  

'HVFULSWLRQ�  

ISP_CCM_0700_CTRL  0x0000  W  0x00000000  ISP CCM Enable  
ISP_CCM_0700_COEFF0_
R  

0x0004  W  0x07b70065  CCM matrix R coefficient 0 & 1  

ISP_CCM_0700_COEFF1_
R  

0x0008  W  0x000007e4  
CCM matrix R coefficient 2 & 
offset  

ISP_CCM_0700_COEFF0_
G  

0x000c  W  0x005807d9  CCM matrix G coefficient 0 & 1  

ISP_CCM_0700_COEFF1_
G  

0x0010  W  0x000007cf  
CCM matrix G coefficient 2 & 
offset  

ISP_CCM_0700_COEFF0_
B  

0x0014  W  0x07b70002  CCM matrix B coefficient 0&1  

ISP_CCM_0700_COEFF1_
B  

0x0018  W  0x00000046  
CCM matrix B coefficient 2 & 
offset  

ISP_CCM_0700_COEFF0_
Y  

0x001c  W  0x004b0026  
The R&G coeff of RGB2Y 
calculation  

ISP_CCM_0700_COEFF1_
Y  

0x0020  W  0x0000000f  The B coeff of RGB2Y calculation  

ISP_CCM_0700_ALP_Y0  0x0024  W  0x04000400  CCM curve definition y0 & y1  
ISP_CCM_0700_ALP_Y1  0x0028  W  0x04000400  CCM curve definition y2 & y3  
ISP_CCM_0700_ALP_Y2  0x002c  W  0x04000400  CCM curve definition y4 & y5  
ISP_CCM_0700_ALP_Y3  0x0030  W  0x04000400  CCM curve definition y6 & y7  
ISP_CCM_0700_ALP_Y4  0x0034  W  0x04000400  CCM curve definition y8 & y9  
ISP_CCM_0700_ALP_Y5  0x0038  W  0x04000400  CCM curve definition y10 & y11  
ISP_CCM_0700_ALP_Y6  0x003c  W  0x04000400  CCM curve definition y12 & y13  
ISP_CCM_0700_ALP_Y7  0x0040  W  0x04000400  CCM curve definition y14 & y15  
ISP_CCM_0700_ALP_Y8  0x0044  W  0x00000400  CCM curve definition y16  
ISP_CCM_0700_bound_bi
t  

0x0048  W  0x00000000  
curve inflection point , the value 
is 2^bound_bit.  
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12.4.1.13 GAMMA_OUT 
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1DPH�  2IIVHW�  6L]H�  
5HVHW�
9DOXH�  

'HVFULSWLRQ�  

ISP_GAMMA_OUT_0900_
CTRL  

0x0000  W  0x00000000  Global control register  

ISP_GAMMA_OUT_0900_
OFFSET  

0x0004  W  0x00000000  Offset config register  

ISP_GAMMA_OUT_0900_Y
0  

0x0010  W  0x00010000  
Y value of gamma_out curve 
config register  

ISP_GAMMA_OUT_0900_Y
1  

0x0014  W  0x00030002  
Y value of gamma_out curve 
config register  

ISP_GAMMA_OUT_0900_Y
2  

0x0018  W  0x00050004  
Y value of gamma_out curve 
config register  

ISP_GAMMA_OUT_0900_Y
3  

0x001c  W  0x00070006  
Y value of gamma_out curve 
config register  

ISP_GAMMA_OUT_0900_Y
4  

0x0020  W  0x000a0008  
Y value of gamma_out curve 
config register  

ISP_GAMMA_OUT_0900_Y
5  

0x0024  W  0x000e000c  
Y value of gamma_out curve 
config register  

ISP_GAMMA_OUT_0900_Y
6  

0x0028  W  0x00140010  
Y value of gamma_out curve 
config register  

ISP_GAMMA_OUT_0900_Y
7  

0x002c  W  0x001c0018  
Y value of gamma_out curve 
config register  

ISP_GAMMA_OUT_0900_Y
8  

0x0030  W  0x00280020  
Y value of gamma_out curve 
config register  

ISP_GAMMA_OUT_0900_Y
9  

0x0034  W  0x00380030  
Y value of gamma_out curve 
config register  

ISP_GAMMA_OUT_0900_Y
10  

0x0038  W  0x00500040  
Y value of gamma_out curve 
config register  

ISP_GAMMA_OUT_0900_Y
11  

0x003c  W  0x00700060  
Y value of gamma_out curve 
config register  

ISP_GAMMA_OUT_0900_Y
12  

0x0040  W  0x00a00080  
Y value of gamma_out curve 
config register  

ISP_GAMMA_OUT_0900_Y
13  

0x0044  W  0x00e000c0  
Y value of gamma_out curve 
config register  

ISP_GAMMA_OUT_0900_Y
14  

0x0048  W  0x01400100  
Y value of gamma_out curve 
config register  

ISP_GAMMA_OUT_0900_Y
15  

0x004c  W  0x01c00180  
Y value of gamma_out curve 
config register  

ISP_GAMMA_OUT_0900_Y
16  

0x0050  W  0x02800200  
Y value of gamma_out curve 
config register  

ISP_GAMMA_OUT_0900_Y
17  

0x0054  W  0x03800300  
Y value of gamma_out curve 
config register  

ISP_GAMMA_OUT_0900_Y
18  

0x0058  W  0x05000400  
Y value of gamma_out curve 
config register  
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ISP_GAMMA_OUT_0900_Y
19  

0x005c  W  0x07000600  
Y value of gamma_out curve 
config register  

ISP_GAMMA_OUT_0900_Y
20  

0x0060  W  0x0a000800  
Y value of gamma_out curve 
config register  

ISP_GAMMA_OUT_0900_Y
21  

0x0064  W  0x0e000c00  
Y value of gamma_out curve 
config register  

ISP_GAMMA_OUT_0900_Y
22  

0x0068  W  0x00000fff  
Y value of gamma_out curve 
config register  
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12.4.1.14 DEHAZE_ENHANCE 
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1DPH�  2IIVHW�  6L]H�  
5HVHW�
9DOXH�  

'HVFULSWLRQ�  

ISP_DHAZ_3C00_CTRL  0x0000  W  0x00000110  Dehaze control  
ISP_DHAZ_3C00_ADP0  0x0004  W  0x1bf9c040  Dehaze self-adaption coefficant 0  
ISP_DHAZ_3C00_ADP1  0x0008  W  0x00e6f0b4  Dehaze self-adaption coefficant 1  
ISP_DHAZ_3C00_ADP2  0x000c  W  0x7dfafae6  Dehaze self-adaption coefficant 2  
ISP_DHAZ_3C00_ADP_TM
AX  

0x0010  W  0x02000066  Dehaze self-adaption tmax  

ISP_DHAZ_3C00_ADP_HI
ST0  

0x0014  W  0x00044008  Dehaze self-adaption hist0  

ISP_DHAZ_3C00_ADP_HI
ST1  

0x0018  W  0x001000e6  Dehaze self-adaption hist1  

ISP_DHAZ_3C00_ENHANC
E  

0x001c  W  0x060004cc  Dehaze enhance value  

ISP_DHAZ_3C00_IIR0  0x0020  W  0x000f0108  Dehaze iir control0  
ISP_DHAZ_3C00_IIR1  0x0024  W  0x07005f08  Dehaze iir control1  
ISP_DHAZ_3C00_SOFT_C
FG0  

0x0028  W  0x00ccd200  Dehaze user config0  

ISP_DHAZ_3C00_SOFT_C
FG1  

0x002c  W  0x020000cc  Dehaze user config1  

ISP_DHAZ_3C00_BF_SIG
MA  

0x0030  W  0x00804d99  bilateral filter sigma  

ISP_DHAZ_3C00_BF_WET  0x0034  W  0x01000080  bilateral filter weight  
ISP_DHAZ_3C00_ENH_CU
RVE0  

0x0038  W  0x00400000  enhance curve  

ISP_DHAZ_3C00_ENH_CU
RVE1  

0x003c  W  0x00c00080  enhance curve  

ISP_DHAZ_3C00_ENH_CU
RVE2  

0x0040  W  0x01400100  enhance curve  

ISP_DHAZ_3C00_ENH_CU
RVE3  

0x0044  W  0x01c00180  enhance curve  

ISP_DHAZ_3C00_ENH_CU
RVE4  

0x0048  W  0x02400200  enhance curve  

ISP_DHAZ_3C00_ENH_CU
RVE5  

0x004c  W  0x02c00280  enhance curve  

ISP_DHAZ_3C00_ENH_CU
RVE6  

0x0050  W  0x03400300  enhance curve  

ISP_DHAZ_3C00_ENH_CU
RVE7  

0x0054  W  0x03c00380  enhance curve  

ISP_DHAZ_3C00_ENH_CU
RVE8  

0x0058  W  0x000003ff  enhance curve  

ISP_DHAZ_3C00_GAUS  0x005c  W  0x00020408  

The gausi smoothed coefficient, 
3*3windowǧ /32 
normalization.(h0+4*h1+4*h2=3
2)  
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ISP_DHAZ_3C00_CTRL_S
HD  

0x0060  W  0x00000000  Dehaze enable shandow read only  

ISP_DHAZ_3C00_ADP_RD
0  

0x0064  W  0x00000000  Self_adaption read only  

ISP_DHAZ_3C00_ADP_RD
1  

0x0068  W  0x00000000  Self_adaption read only  

ISP_DHAZ_3C00_HIST_R
EG0  

0x0070  W  0x00100000  
Hist_rgb_iir_1 & hist_rgb_iir_0, 
read only  

ISP_DHAZ_3C00_HIST_R
EG1  

0x0074  W  0x00300020  
Hist_rgb_iir_3 & hist_rgb_iir_2, 
read only  

ISP_DHAZ_3C00_HIST_R
EG2  

0x0078  W  0x00500040  
Hist_rgb_iir_5 & hist_rgb_iir_4, 
read only  

ISP_DHAZ_3C00_HIST_R
EG3  

0x007c  W  0x00700060  
Hist_rgb_iir_7 & hist_rgb_iir_6, 
read only  

ISP_DHAZ_3C00_HIST_R
EG4  

0x0080  W  0x00900080  
Hist_rgb_iir_9 & hist_rgb_iir_8, 
read only  

ISP_DHAZ_3C00_HIST_R
EG5  

0x0084  W  0x00b000a0  
Hist_rgb_iir_11 & hist_rgb_iir_10, 
read only  

ISP_DHAZ_3C00_HIST_R
EG6  

0x0088  W  0x00d000c0  
Hist_rgb_iir_13 & hist_rgb_iir_12, 
read only  

ISP_DHAZ_3C00_HIST_R
EG7  

0x008c  W  0x00f000e0  
Hist_rgb_iir_15 & hist_rgb_iir_14, 
read only  

ISP_DHAZ_3C00_HIST_R
EG8  

0x0090  W  0x01100100  
Hist_rgb_iir_17 & hist_rgb_iir_16, 
read only  

ISP_DHAZ_3C00_HIST_R
EG9  

0x0094  W  0x01300120  
Hist_rgb_iir_19 & hist_rgb_iir_18, 
read only  

ISP_DHAZ_3C00_HIST_R
EG10  

0x0098  W  0x01500140  
Hist_rgb_iir_21 & hist_rgb_iir_20, 
read only  

ISP_DHAZ_3C00_HIST_R
EG11  

0x009c  W  0x01700160  
Hist_rgb_iir_23 & hist_rgb_iir_22, 
read only  

ISP_DHAZ_3C00_HIST_R
EG12  

0x00a0  W  0x01900180  
Hist_rgb_iir_25 & hist_rgb_iir_24, 
read only  

ISP_DHAZ_3C00_HIST_R
EG13  

0x00a4  W  0x01b001a0  
Hist_rgb_iir_27 & hist_rgb_iir_26, 
read only  

ISP_DHAZ_3C00_HIST_R
EG14  

0x00a8  W  0x01d001c0  
Hist_rgb_iir_29 & hist_rgb_iir_28, 
read only  

ISP_DHAZ_3C00_HIST_R
EG15  

0x00ac  W  0x01f001e0  
Hist_rgb_iir_31 & hist_rgb_iir_30, 
read only  

ISP_DHAZ_3C00_HIST_R
EG16  

0x00b0  W  0x02100200  
Hist_rgb_iir_33 & hist_rgb_iir_32, 
read only  

ISP_DHAZ_3C00_HIST_R
EG17  

0x00b4  W  0x02300220  
Hist_rgb_iir_35 & hist_rgb_iir_34, 
read only  

ISP_DHAZ_3C00_HIST_R
EG18  

0x00b8  W  0x02500240  
Hist_rgb_iir_37 & hist_rgb_iir_36, 
read only  
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ISP_DHAZ_3C00_HIST_R
EG19  

0x00bc  W  0x02700260  
Hist_rgb_iir_39 & hist_rgb_iir_38, 
read only  

ISP_DHAZ_3C00_HIST_R
EG20  

0x00c0  W  0x02900280  
Hist_rgb_iir_41 & hist_rgb_iir_40, 
read only  

ISP_DHAZ_3C00_HIST_R
EG21  

0x00c4  W  0x02b002a0  
Hist_rgb_iir_43 & hist_rgb_iir_42, 
read only  

ISP_DHAZ_3C00_HIST_R
EG22  

0x00c8  W  0x02d002c0  
Hist_rgb_iir_45 & hist_rgb_iir_44, 
read only  

ISP_DHAZ_3C00_HIST_R
EG23  

0x00cc  W  0x02f002e0  
Hist_rgb_iir_47 & hist_rgb_iir_46, 
read only  

ISP_DHAZ_3C00_HIST_R
EG24  

0x00d0  W  0x03100300  
Hist_rgb_iir_49 & hist_rgb_iir_48, 
read only  

ISP_DHAZ_3C00_HIST_R
EG25  

0x00d4  W  0x03300320  
Hist_rgb_iir_51 & hist_rgb_iir_50, 
read only  

ISP_DHAZ_3C00_HIST_R
EG26  

0x00d8  W  0x03500340  
Hist_rgb_iir_53 & hist_rgb_iir_52, 
read only  

ISP_DHAZ_3C00_HIST_R
EG27  

0x00dc  W  0x03700360  
Hist_rgb_iir_55 & hist_rgb_iir_54, 
read only  

ISP_DHAZ_3C00_HIST_R
EG28  

0x00e0  W  0x03900380  
Hist_rgb_iir_57 & hist_rgb_iir_56, 
read only  

ISP_DHAZ_3C00_HIST_R
EG29  

0x00e4  W  0x03b003a0  
Hist_rgb_iir_59 & hist_rgb_iir_58, 
read only  

ISP_DHAZ_3C00_HIST_R
EG30  

0x00e8  W  0x03d003c0  
Hist_rgb_iir_61 & hist_rgb_iir_60, 
read only  

ISP_DHAZ_3C00_HIST_R
EG31  

0x00ec  W  0x03f003e0  
Hist_rgb_iir_63 & hist_rgb_iir_62, 
read only  

 

12.4.1.15 3DLUT 
1DPH�  2IIVHW�  6L]H�  

5HVHW�
9DOXH�  

'HVFULSWLRQ�  

ISP_3DLUT_3E00_CTRL  0x0000  W  0x00000000  3DLUT control register  
ISP_3DLUT_3E00_UPDAT
E  

0x0004  W  0x00000000  3DLUT lut update register  
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12.4.1.16 SELF_RESIZE 
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1DPH�  2IIVHW�  6L]H�  
5HVHW�
9DOXH�  

'HVFULSWLRQ�  

SELF_RESIZE_0C00_1000
_CTRL  

0x0000  W  0x00000000  Global control register  

SELF_RESIZE_0C00_1000
_SCALE_HY  

0x0004  W  0x00000000  
Horizontal luminance scale factor 
register  

SELF_RESIZE_0C00_1000
_SCALE_HCB  

0x0008  W  0x00000000  
Horizontal chrominance scale 
factor register  

SELF_RESIZE_0C00_1000
_SCALE_HCR  

0x000c  W  0x00000000  
Horizontal chrominance scale 
factor register  

SELF_RESIZE_0C00_1000
_SCALE_VY  

0x0010  W  0x00000000  
Vertical luminance scale factor 
register  

SELF_RESIZE_0C00_1000
_SCALE_VC  

0x0014  W  0x00000000  

Vertical chrominance scale factor 
register The size of the output 
picture is calculated as 
follows:(size_out - 1) / (size_in - 
1)) = scale,where size_in/out is 
the width or heigth of the 
in/output picture. The values of 
the MRSZ_SCALEregisters then 
have to be int(scale x 2^14)+1  

SELF_RESIZE_0C00_1000
_PHASE_HY  

0x0018  W  0x00000000  
Horizontal luminance phase 
register  

SELF_RESIZE_0C00_1000
_PHASE_HC  

0x001c  W  0x00000000  
Horizontal chrominance phase 
register  

SELF_RESIZE_0C00_1000
_PHASE_VY  

0x0020  W  0x00000000  Vertical luminance phase register  

SELF_RESIZE_0C00_1000
_PHASE_VC  

0x0024  W  0x00000000  
Vertical chrominance phase 
register  

SELF_RESIZE_0C00_1000
_SCALE_LUT_ADDR  

0x0028  W  0x00000000  
Address pointer of up-scaling look 
up table  

SELF_RESIZE_0C00_1000
_SCALE_LUT  

0x002c  W  0x00000000  Entry of up-scaling look up table  

SELF_RESIZE_0C00_1000
_CTRL_SHD  

0x0030  W  0x00000000  Global control shadow register  

SELF_RESIZE_0C00_1000
_SCALE_HY_SHD  

0x0034  W  0x00000000  
Horizontal luminance scale factor 
shadow register  

SELF_RESIZE_0C00_1000
_SCALE_HCB_SHD  

0x0038  W  0x00000000  
Horizontal Cb scale factor shadow 
register  

SELF_RESIZE_0C00_1000
_SCALE_HCR_SHD  

0x003c  W  0x00000000  
Horizontal Cr scale factor shadow 
register  

SELF_RESIZE_0C00_1000
_SCALE_VY_SHD  

0x0040  W  0x00000000  
Vertical luminance scale factor 
shadow register  

SELF_RESIZE_0C00_1000
_SCALE_VC_SHD  

0x0044  W  0x00000000  
Vertical chrominance scale factor 
shadow register  
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SELF_RESIZE_0C00_1000
_PHASE_HY_SHD  

0x0048  W  0x00000000  
Horizontal luminance phase 
shadow register  

SELF_RESIZE_0C00_1000
_PHASE_HC_SHD  

0x004c  W  0x00000000  
Horizontal chrominance phase 
shadow register  

SELF_RESIZE_0C00_1000
_PHASE_VY_SHD  

0x0050  W  0x00000000  
Vertical luminance phase shadow 
register  

SELF_RESIZE_0C00_1000
_PHASE_VC_SHD  

0x0054  W  0x00000000  
Vertical chrominance phase 
shadow register  
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12.4.1.17 ISP_TOP 
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1DPH�  2IIVHW�  6L]H�  
5HVHW�
9DOXH�  

'HVFULSWLRQ�  

ISP_0400_CTRL0  0x0000  W  0x00006000  Global control register  
ISP_0400_CTRL1  0x0004  W  0x0f800060  ISP acquisition properties  
ISP_0400_ACQ_H_OFFS  0x0008  W  0x00000000  Horizontal input offset  
ISP_0400_ACQ_V_OFFS  0x000c  W  0x00000000  Vertical input offset  
ISP_0400_ACQ_H_SIZE  0x0010  W  0x10001000  Horizontal input size  
ISP_0400_ACQ_V_SIZE  0x0014  W  0x00000c00  Vertical input size  
ISP_0400_ACQ_NR_FRAM
ES  

0x0018  W  0x00000000  Number of frames to be captured  

ISP_0400_GAMMA_DX_L
O  

0x001c  W  0x44444444  
De-Gamma Curve definition lower 
x increments (sampling points)  

ISP_0400_GAMMA_DX_HI  0x0020  W  0x44444444  
De-Gamma Curve definition 
higher x increments (sampling 
points)  

ISP_0400_GAMMA_R_Y_0  0x0024  W  0x00000000  
De-Gamma Curve definition y red 
0  

ISP_0400_GAMMA_R_Y_1  0x0028  W  0x00000100  
De-Gamma Curve definition y red 
1  

ISP_0400_GAMMA_R_Y_2  0x002c  W  0x00000200  
De-Gamma Curve definition y red 
2  

ISP_0400_GAMMA_R_Y_3  0x0030  W  0x00000300  
De-Gamma Curve definition y red 
3  

ISP_0400_GAMMA_R_Y_4  0x0034  W  0x00000400  
De-Gamma Curve definition y red 
4  

ISP_0400_GAMMA_R_Y_5  0x0038  W  0x00000500  
De-Gamma Curve definition y red 
5  

ISP_0400_GAMMA_R_Y_6  0x003c  W  0x00000600  
De-Gamma Curve definition y red 
6  

ISP_0400_GAMMA_R_Y_7  0x0040  W  0x00000700  
De-Gamma Curve definition y red 
7  

ISP_0400_GAMMA_R_Y_8  0x0044  W  0x00000800  
De-Gamma Curve definition y red 
8  

ISP_0400_GAMMA_R_Y_9  0x0048  W  0x00000900  
De-Gamma Curve definition y red 
9  

ISP_0400_GAMMA_R_Y_1
0  

0x004c  W  0x00000a00  
De-Gamma Curve definition y red 
10  

ISP_0400_GAMMA_R_Y_1
1  

0x0050  W  0x00000b00  
De-Gamma Curve definition y red 
11  

ISP_0400_GAMMA_R_Y_1
2  

0x0054  W  0x00000c00  
De-Gamma Curve definition y red 
12  

ISP_0400_GAMMA_R_Y_1
3  

0x0058  W  0x00000d00  
De-Gamma Curve definition y red 
13  

ISP_0400_GAMMA_R_Y_1
4  

0x005c  W  0x00000e00  
De-Gamma Curve definition y red 
14  
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ISP_0400_GAMMA_R_Y_1
5  

0x0060  W  0x00000f00  
De-Gamma Curve definition y red 
15  

ISP_0400_GAMMA_R_Y_1
6  

0x0064  W  0x00000fff  
De-Gamma Curve definition y red 
16  

ISP_0400_GAMMA_G_Y_0  0x0068  W  0x00000000  
De-Gamma Curve definition y 
green 0  

ISP_0400_GAMMA_G_Y_1  0x006c  W  0x00000100  
De-Gamma Curve definition y 
green 1  

ISP_0400_GAMMA_G_Y_2  0x0070  W  0x00000200  
De-Gamma Curve definition y 
green 2  

ISP_0400_GAMMA_G_Y_3  0x0074  W  0x00000300  
De-Gamma Curve definition y 
green 3  

ISP_0400_GAMMA_G_Y_4  0x0078  W  0x00000400  
De-Gamma Curve definition y 
green 4  

ISP_0400_GAMMA_G_Y_5  0x007c  W  0x00000500  
De-Gamma Curve definition y 
green 5  

ISP_0400_GAMMA_G_Y_6  0x0080  W  0x00000600  
De-Gamma Curve definition y 
green 6  

ISP_0400_GAMMA_G_Y_7  0x0084  W  0x00000700  
De-Gamma Curve definition y 
green 7  

ISP_0400_GAMMA_G_Y_8  0x0088  W  0x00000800  
De-Gamma Curve definition y 
green 8  

ISP_0400_GAMMA_G_Y_9  0x008c  W  0x00000900  
De-Gamma Curve definition y 
green 9  

ISP_0400_GAMMA_G_Y_1
0  

0x0090  W  0x00000a00  
De-Gamma Curve definition y 
green 10  

ISP_0400_GAMMA_G_Y_1
1  

0x0094  W  0x00000b00  ISP_GAMMA_G_Y_11  

ISP_0400_GAMMA_G_Y_1
2  

0x0098  W  0x00000c00  
De-Gamma Curve definition y 
green 12  

ISP_0400_GAMMA_G_Y_1
3  

0x009c  W  0x00000d00  
De-Gamma Curve definition y 
green 13  

ISP_0400_GAMMA_G_Y_1
4  

0x00a0  W  0x00000e00  
De-Gamma Curve definition y 
green 14  

ISP_0400_GAMMA_G_Y_1
5  

0x00a4  W  0x00000f00  
De-Gamma Curve definition y 
green 15  

ISP_0400_GAMMA_G_Y_1
6  

0x00a8  W  0x00000fff  
De-Gamma Curve definition y 
green 16  

ISP_0400_GAMMA_B_Y_0  0x00ac  W  0x00000000  
De-Gamma Curve definition y 
blue 0  

ISP_0400_GAMMA_B_Y_1  0x00b0  W  0x00000100  
De-Gamma Curve definition y 
blue 1  

ISP_0400_GAMMA_B_Y_2  0x00b4  W  0x00000200  
De-Gamma Curve definition y 
blue 2  
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ISP_0400_GAMMA_B_Y_3  0x00b8  W  0x00000300  
De-Gamma Curve definition y 
blue 3  

ISP_0400_GAMMA_B_Y_4  0x00bc  W  0x00000400  
De-Gamma Curve definition y 
blue 4  

ISP_0400_GAMMA_B_Y_5  0x00c0  W  0x00000500  
De-Gamma Curve definition y 
blue 5  

ISP_0400_GAMMA_B_Y_6  0x00c4  W  0x00000600  
De-Gamma Curve definition y 
blue 6  

ISP_0400_GAMMA_B_Y_7  0x00c8  W  0x00000700  
De-Gamma Curve definition y 
blue 7  

ISP_0400_GAMMA_B_Y_8  0x00cc  W  0x00000800  
De-Gamma Curve definition y 
blue 8  

ISP_0400_GAMMA_B_Y_9  0x00d0  W  0x00000900  
De-Gamma Curve definition y 
blue 9  

ISP_0400_GAMMA_B_Y_1
0  

0x00d4  W  0x00000a00  
De-Gamma Curve definition y 
blue 10  

ISP_0400_GAMMA_B_Y_1
1  

0x00d8  W  0x00000b00  
De-Gamma Curve definition y 
blue 11  

ISP_0400_GAMMA_B_Y_1
2  

0x00dc  W  0x00000c00  
De-Gamma Curve definition y 
blue 12  

ISP_0400_GAMMA_B_Y_1
3  

0x00e0  W  0x00000d00  
De-Gamma Curve definition y 
blue 13  

ISP_0400_GAMMA_B_Y_1
4  

0x00e4  W  0x00000e00  
De-Gamma Curve definition y 
blue 14  

ISP_0400_GAMMA_B_Y_1
5  

0x00e8  W  0x00000f00  
De-Gamma Curve definition y 
blue 15  

ISP_0400_GAMMA_B_Y_1
6  

0x00ec  W  0x00000fff  
De-Gamma Curve definition y 
blue 16  

ISP_0400_AWB_GAIN0_G  0x0138  W  0x01000100  
Auto white balance gain green for 
normal channel and short-expose 
frame  

ISP_0400_AWB_GAIN0_R
B  

0x013c  W  0x01000100  
Auto white balance gain red and 
blue for normal channel and 
short-expose frame  

ISP_0400_AWB_GAIN1_G  0x0140  W  0x00000000  
Auto white balance gain green for  
Long-Expose frame(HDRx2) or 
Middle-Expose frame(HDRx3)  

ISP_0400_AWB_GAIN1_R
B  

0x0144  W  0x00000000  

Auto white balance gain red and 
blue for  Long-Expose 
frame(HDRx2) or Middle-Expose 
frame(HDRx3)  

ISP_0400_AWB_GAIN2_G  0x0148  W  0x00000000  
Auto white balance gain green for  
Long-Expose frame(HDRx3)  

ISP_0400_AWB_GAIN2_R
B  

0x014c  W  0x00000000  
Auto white balance gain red and 
blue for  Long-Expose 
frame(HDRx3)  
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ISP_0400_CC_COEFF_0  0x0170  W  0x00000021  Color conversion coefficient 0  
ISP_0400_CC_COEFF_1  0x0174  W  0x00000040  Color conversion coefficient 1  
ISP_0400_CC_COEFF_2  0x0178  W  0x0000000d  Color conversion coefficient 2  
ISP_0400_CC_COEFF_3  0x017c  W  0x000001ed  Color conversion coefficient 3  
ISP_0400_CC_COEFF_4  0x0180  W  0x000001db  Color conversion coefficient 4  
ISP_0400_CC_COEFF_5  0x0184  W  0x00000038  Color conversion coefficient 5  
ISP_0400_CC_COEFF_6  0x0188  W  0x00000038  Color conversion coefficient 6  
ISP_0400_CC_COEFF_7  0x018c  W  0x000001d1  Color conversion coefficient 7  
ISP_0400_CC_COEFF_8  0x0190  W  0x000001f7  Color conversion coefficient 8  
ISP_0400_OUT_H_OFFS  0x0194  W  0x00000000  Horizontal offset of output window  
ISP_0400_OUT_V_OFFS  0x0198  W  0x00000000  Vertical offset of output window  
ISP_0400_OUT_H_SIZE  0x019c  W  0x00001000  Output horizontal picture size  
ISP_0400_OUT_V_SIZE  0x01a0  W  0x00000c00  Output vertical picture size  

ISP_0400_FLAGS_SHD  0x01a8  W  0x00000000  
Flags (current status) of certain 
signals and Shadow regs for 
enable signals  

ISP_0400_OUT_H_OFFS_
SHD  

0x01ac  W  0x00000000  
Current horizontal offset of output 
window (shadow register)  

ISP_0400_OUT_V_OFFS_
SHD  

0x01b0  W  0x00000000  
Current vertical offset of output 
window (shadow register)  

ISP_0400_OUT_H_SIZE_
SHD  

0x01b4  W  0x00000000  
Current output horizontal picture 
size (shadow register)  

ISP_0400_OUT_V_SIZE_S
HD  

0x01b8  W  0x00000000  
Current output vertical picture 
size (shadow register)  

ISP_0400_ISP_IMSC  0x01bc  W  0x00000000  Interrupt mask  
ISP_0400_ISP_RIS  0x01c0  W  0x00000000  Raw interrupt status  
ISP_0400_ISP_MIS  0x01c4  W  0x00000000  Masked interrupt status  
ISP_0400_ISP_ICR  0x01c8  W  0x00000000  Interrupt clear register, high clear  
ISP_0400_ISP_ISR  0x01cc  W  0x00000000  Interrupt set register, high set  
ISP_0400_ISP3A_IMSC  0x01d0  W  0x00000000  Interrupt mask  
ISP_0400_ISP3A_RIS  0x01d4  W  0x00000000  Raw interrupt status  
ISP_0400_ISP3A_MIS  0x01d8  W  0x00000000  Masked interrupt status  
ISP_0400_ISP3A_ICR  0x01dc  W  0x00000000  Interrupt clear register  
ISP_0400_ERR  0x023c  W  0x00000000  ISP error register  
ISP_0400_ERR_CLR  0x0240  W  0x00000000  ISP error clear register  
ISP_0400_FRAME_COUNT  0x0244  W  0x00000000  Frame counter  
ISP_0400_DEBUG1  0x0248  W  0x00000000  RKISP_DEBUG1  
ISP_0400_DEBUG2  0x024c  W  0x00000000  RKISP_DEBUG2  
ISP_0400_DEBUG3  0x0250  W  0x00000000  RKISP_DEBUG3  
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12.4.1.18 SHUTTER 
1DPH�  2IIVHW�  6L]H�  

5HVHW�
9DOXH�  

'HVFULSWLRQ�  

ISP_SHUTTER_0680_CTR
L  

0x0000  W  0x00000000  Mechanical shutter control  

ISP_SHUTTER_0680_PRE
DIV  

0x0004  W  0x00000000  Mech. Shutter Counter Pre-Divider  

ISP_SHUTTER_0680_DEL
AY  

0x0008  W  0x00000000  Delay register  

ISP_SHUTTER_0680_TIM
E  

0x000c  W  0x00000000  Time register  

 

12.4.1.19 CTRL 
1DPH�  2IIVHW�  6L]H�  

5HVHW�
9DOXH�  

'HVFULSWLRQ�  

CTRL_0000_VI_ISP_EN  0x0000  W  0x00000000  Isp_top_en ctrl  
CTRL_0000_VI_ISP_PATH  0x0004  W  0x00000000  Register0000 Description  
CTRL_0000_VI_ID  0x0008  W  0x02001909  Revision identification register  
CTRL_0000_VI_ISP_CLK_
CTRL  

0x000c  W  0x00000000  Internal clock control register  

CTRL_0000_VI_ICCL  0x0010  W  0x00000f7b  Internal clock control register  
CTRL_0000_VI_IRCL  0x0014  W  0x00000000  Internal reset control register  
CTRL_0000_VI_DPCL  0x0018  W  0x00000000  Data path control register  
CTRL_0000_SWS_CFG  0x001c  W  0x00000000  Sws config  
CTRL_0000_LVDS_CTRL  0x0020  W  0x00000000  LVDS control  
CTRL_0000_LVDS_SAV_E
AV_ACT  

0x0024  W  0x00000000  SAV/EAV of act  

CTRL_0000_LVDS_SAV_E
AV_BLK  

0x0028  W  0x00000000  SAV/EAV of blk  

 

12.4.1.20 LDCH 
1DPH 2IIVHW 6L]H 5HVHW�

9DOXH 'HVFULSWLRQ 

,63B/'&+B�%��B676 �[���� : �[�������� /'&+�VWDWH�UHJLVWHU 
 

12.4.1.21 RAWAF 
1DPH 2IIVHW 6L]H 5HVHW�

9DOXH 'HVFULSWLRQ 

,63B5$:$)B�'��B&75/ �[���� : �[�������� 7KLV�LV�WKH�FRQWURO�UHJLVWHU�IRU�5$:$)�PHDVXUHPHQW�XQLW 
,63B5$:$)B�'��B2))6(
7B:,1$ �[���� : �[�������� 7RS�/HIW�FRUQHU�RI�PHDVXUH�ZLQGRZ�$ 
,63B5$:$)B�'��B6,=(B
:,1$ �[���� : �[�������� 6L]H�RI�PHDVXUH�ZLQGRZ�$ 

,63B5$:$)B�'��B2))6(
7B:,1% �[���& : �[�������� 7RS�/HIW�FRUQHU�RI�PHDVXUH�ZLQGRZ�% 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

,63B5$:$)B�'��B6,=(B
:,1% �[���� : �[�������� 6L]H�RI�PHDVXUH�ZLQGRZ�% 

,63B5$:$)B�'��B,17B/,
1( �[���� : �[���)&��� /LQH�RI�ZLQGRZ���[���WKDW�QHHG�WR�SURGXFH�LQW�VLJQOH 
,63B5$:$)B�'��B*$86B
&2( �[���� : �[�������� �[��JDXV�ILOWHU�FRH 

,63B5$:$)B�'��B7+5(6 �[���& : �[�������� 7KUHVKROG�DQG�UDPBVWDUBDGGU�UHJLVWHU 
,63B5$:$)B�'��B9$5B6
+,)7 �[���� : �[�������� 9DULDEOH�VKLIW�UHJLVWHU 

,63B5$:$)B�'��B680B
$ �[���� : �[�������� 6KDUSQHVV�9DOXH�6WDWXV�5HJLVWHU�RI�:LQGRZ�$ 
,63B5$:$)B�'��B680B
% �[���� : �[�������� 6KDUSQHVV�9DOXH�6WDWXV�5HJLVWHU�RI�:LQGRZ�% 

,63B5$:$)B�'��B/80B$ �[���& : �[�������� /XPLQDQFH�9DOXH�6WDWXV�5HJLVWHU�RI�:LQGRZ�$ 

,63B5$:$)B�'��B/80B% �[���� : �[�������� /XPLQDQFH�9DOXH�6WDWXV�5HJLVWHU�RI�:LQGRZ�% 
,63B5$:$)B�'��B*$00
$B<� �[���� : �[���%���� ,QFOXGH�\��DQG�\��YDOXH�RI�JDPPD�WDEOH 
,63B5$:$)B�'��B*$00
$B<� �[���� : �[���&���% ,QFOXGH�\��DQG�\��YDOXH�RI�JDPPD�WDEOH 
,63B5$:$)B�'��B*$00
$B<� �[���& : �[�������' ,QFOXGH�\��DQG�\��YDOXH�RI�JDPPD�WDEOH 
,63B5$:$)B�'��B*$00
$B<� �[���� : �[�������� ,QFOXGH�\��DQG�\��YDOXH�RI�JDPPD�WDEOH 
,63B5$:$)B�'��B*$00
$B<� �[���� : �[���'���' ,QFOXGH�\��DQG�\��YDOXH�RI�JDPPD�WDEOH 
,63B5$:$)B�'��B*$00
$B<� �[���� : �[��$����% ,QFOXGH�\���DQG�\���YDOXH�RI�JDPPD�WDEOH 
,63B5$:$)B�'��B*$00
$B<� �[���& : �[��'���%' ,QFOXGH�\���DQG�\���YDOXH�RI�JDPPD�WDEOH 
,63B5$:$)B�'��B*$00
$B<� �[���� : �[��)���(� ,QFOXGH�\���DQG�\���YDOXH�RI�JDPPD�WDEOH 
,63B5$:$)B�'��B*$00
$B<� �[���� : �[������)) ,QFOXGH�\���YDOXH�RI�JDPPD�WDEOH 

,63B5$:$)B�'��B,17B6
7$7( �[���� : �[�������� ,QW�VWDWH�RI�ILYH�OLQH�LQWHUUXSW 

,63B5$:$)B�'��B5$0B
'$7$ �[���& : �[�������� 

5HDG���[���VXP�GDWD�LQ�UDP�
VKRXOG�FKRRVH�WKLV�DGGU��WKHQ�GDWD�
ZLOO�EH�UHDG�RXW�E\�DKE�EXV� 

 

12.4.1.22 RAWAE 
���5$:$(B%,* 

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

5$:$(B%,*B����B����B
����B&75/ �[���� : �[�������� ([SRVXUH�FRQWURO 

5$:$(B%,*B����B����B
����B:1'�B%/.B6,=( �[���� : �[�������� 6L]H�RI�RQH�EORFN�IRU�ZLQGRZ� 

5$:$(B%,*B����B����B
����B:1'�B2))6(7 �[���� : �[�������� 2IIVHW�RI�RQH�EORFN�IRU�ZLQGRZ� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1040 

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

5$:$(B%,*B����B����B
����B5$0B&75/ �[���& : �[�������� 5$0�DGGUHVV�RIIVHW�  

5$:$(B%,*B����B����B
����B:1'�B6,=( �[���� : �[�������� 6L]H�RI�VLQJOH�VHSDUDWHG�ZLQGRZ 

5$:$(B%,*B����B����B
����B:1'�B2))6(7 �[���� : �[�������� 2IIVHW�RI�VLQJOH�VHSDUDWHG�ZLQGRZ 

5$:$(B%,*B����B����B
����B:1'�B6,=( �[���� : �[�������� 6L]H�RI�VLQJOH�VHSDUDWHG�ZLQGRZ 

5$:$(B%,*B����B����B
����B:1'�B2))6(7 �[���& : �[�������� 2IIVHW�RI�VLQJOH�VHSDUDWHG�ZLQGRZ 

5$:$(B%,*B����B����B
����B:1'�B6,=( �[���� : �[�������� 6L]H�RI�VLQJOH�VHSDUDWHG�ZLQGRZ 

5$:$(B%,*B����B����B
����B:1'�B2))6(7 �[���� : �[�������� 2IIVHW�RI�VLQJOH�VHSDUDWHG�ZLQGRZ 

5$:$(B%,*B����B����B
����B:1'�B6,=( �[���� : �[�������� 6L]H�RI�VLQJOH�VHSDUDWHG�ZLQGRZ 

5$:$(B%,*B����B����B
����B:1'�B2))6(7 �[���& : �[�������� 2IIVHW�RI�VLQJOH�VHSDUDWHG�ZLQGRZ 

5$:$(B%,*B����B����B
����B:1'�B6805 �[���� : �[�������� 6XP�5�FKDQQHO�GDWD�IRU�WKLV�VLQJOH�VHSDUDWHG�ZLQGRZ 
5$:$(B%,*B����B����B
����B:1'�B6805 �[���� : �[�������� 6XP�5�FKDQQHO�GDWD�IRU�WKLV�VLQJOH�VHSDUDWHG�ZLQGRZ 
5$:$(B%,*B����B����B
����B:1'�B6805 �[���� : �[�������� 6XP�5�FKDQQHO�GDWD�IRU�WKLV�VLQJOH�VHSDUDWHG�ZLQGRZ 
5$:$(B%,*B����B����B
����B:1'�B6805 �[���& : �[�������� 6XP�5�FKDQQHO�GDWD�IRU�WKLV�VLQJOH�VHSDUDWHG�ZLQGRZ 
5$:$(B%,*B����B����B
����B:1'�B680* �[���� : �[�������� 6XP�*�FKDQQHO�GDWD�IRU�WKLV�VLQJOH�VHSDUDWHG�ZLQGRZ 
5$:$(B%,*B����B����B
����B:1'�B680* �[���� : �[�������� 6XP�*�FKDQQHO�GDWD�IRU�WKLV�VLQJOH�VHSDUDWHG�ZLQGRZ 
5$:$(B%,*B����B����B
����B:1'�B680* �[���� : �[�������� 6XP�*�FKDQQHO�GDWD�IRU�WKLV�VLQJOH�VHSDUDWHG�ZLQGRZ 
5$:$(B%,*B����B����B
����B:1'�B680* �[���& : �[�������� 6XP�*�FKDQQHO�GDWD�IRU�WKLV�VLQJOH�VHSDUDWHG�ZLQGRZ 
5$:$(B%,*B����B����B
����B:1'�B680% �[���� : �[�������� 6XP�%�FKDQQHO�GDWD�IRU�WKLV�VLQJOH�VHSDUDWHG�ZLQGRZ 
5$:$(B%,*B����B����B
����B:1'�B680% �[���� : �[�������� 6XP�%�FKDQQHO�GDWD�IRU�WKLV�VLQJOH�VHSDUDWHG�ZLQGRZ 
5$:$(B%,*B����B����B
����B:1'�B680% �[���� : �[�������� 6XP�%�FKDQQHO�GDWD�IRU�WKLV�VLQJOH�VHSDUDWHG�ZLQGRZ 
5$:$(B%,*B����B����B
����B:1'�B680% �[���& : �[�������� 6XP�%�FKDQQHO�GDWD�IRU�WKLV�VLQJOH�VHSDUDWHG�ZLQGRZ 
5$:$(B%,*B����B����B
����B52B'%*� �[���� : �[�������� -XVW�IRU�GHEXJ 

5$:$(B%,*B����B����B
����B52B'%*� �[���� : �[�������� -XVW�IRU�GHEXJ 

5$:$(B%,*B����B����B
����B52B'%*� �[���� : �[�������� -XVW�IRU�GHEXJ 

5$:$(B%,*B����B����B
����B52B0($1B%$6(B$
''5 

�[���� : �[�������� 
0HDQ�OXPLQDQFH�YDOXH�RI�EORFN����
aHH��WRWDO����� 
5HDG�GDWD�IURP�5$0��VXSSRUW�
EXUVW�� 
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(2) 5$:$(B/,7( 

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

,63B5$:$(B/,7(B����B&
75/ �[���� : �[�������� ([SRVXUH�FRQWURO 

,63B5$:$(B/,7(B����B%
/.B6,=( �[���� : �[�������� +RUL]RQWDO�VL]H�RI�RQH�EORFN 

,63B5$:$(B/,7(B����B
2))6(7 �[���� : �[�������� +RUL]RQWDO�RIIVHW�IRU�ILUVW�EORFN 

,63B5$:$(B/,7(B����B5
2B0($1B;; �[���� : �[�������� 5HJ�QDPH�IURP�(;3B0($1B���(;3B0($1B�� 
,63B5$:$(B/,7(B����B5
2B'%*� �[���� : �[�������� -XVW�IRU�GHEXJ 

,63B5$:$(B/,7(B����B5
2B'%*� �[���� : �[�������� -XVW�IRU�GHEXJ 
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12.4.1.23 RAWAWB 
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1DPH�  2IIVHW�  6L]H�  
5HVHW�
9DOXH�  

'HVFULSWLRQ�  

ISP_RAWAWB_5000_CTR
L  

0x0000  W  0x00000000  Rawawb global control register  

ISP_RAWAWB_5000_SUM
_BGAIN_BIG_3  

0x0000  W  0x00000000  
White point Bgain sum with 
yweight and blkweight  

ISP_RAWAWB_5000_SUM
_RGAIN_BIG_3  

0x0003  W  0x00000000  
White point Rgain sum with 
yweight and blkweight  

ISP_RAWAWB_5000_BLK
_CTRL  

0x0004  W  0x00000000  Rawawb block control  

ISP_RAWAWB_5000_WIN
_OFFS  

0x0008  W  0x00000000  
Awb vertical and horizontal offset 
of measure window  

ISP_RAWAWB_5000_WIN
_SIZE  

0x000c  W  0x00000000  
Awb vertical and horizontal 
window size  

ISP_RAWAWB_5000_LIMI
T_RG_MAX  

0x0010  W  0x00000000  
Max red and green value in white 
point detection  

ISP_RAWAWB_5000_LIMI
T_BY_MAX  

0x0014  W  0x00000000  
Max bule and luminance value in 
white point detection  

ISP_RAWAWB_5000_LIMI
T_RG_MIN  

0x0018  W  0x00000000  
Min red and green value in white 
point detection  

ISP_RAWAWB_5000_LIMI
T_BY_MIN  

0x001c  W  0x00000000  
Min bule and luminance value in 
white point detection  

ISP_RAWAWB_5000_WEI
GHT_CURVE_CTRL  

0x0020  W  0x00000000  Weight curve ctrol  

ISP_RAWAWB_5000_YWE
IGHT_CURVE_XCOOR03  

0x0024  W  0x60402000  
The X coordinate of Y weight 
curve  

ISP_RAWAWB_5000_YWE
IGHT_CURVE_XCOOR47  

0x0028  W  0xe0c0a080  
The X coordinate of Y weight 
curve  

ISP_RAWAWB_5000_YWE
IGHT_CURVE_XCOOR8  

0x002c  W  0x000000ff  
The X coordinate of Y weight 
curve  

ISP_RAWAWB_5000_YWE
IGHT_CURVE_YCOOR03  

0x0030  W  0x20202020  
The Y coordinate of Y weight 
curve  

ISP_RAWAWB_5000_YWE
IGHT_CURVE_YCOOR47  

0x0034  W  0x20202020  
The Y coordinate of Y weight 
curve  

ISP_RAWAWB_5000_YWE
IGHT_CURVE_YCOOR8  

0x0038  W  0x01000020  
The Y coordinate of Y weight 
curve  

ISP_RAWAWB_5000_PRE
_WBGAIN_INV  

0x003c  W  0x01000100  The pre wbgain operation  

ISP_RAWAWB_5000_UV_
DETC_VERTEX0_0  

0x0040  W  0x00000000  UV detect, vertex 0  

ISP_RAWAWB_5000_UV_
DETC_VERTEX1_0  

0x0044  W  0x00000000  UV detect, vertex 0  

ISP_RAWAWB_5000_UV_
DETC_VERTEX2_0  

0x0048  W  0x00000000  UV detect, vertex 0  
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ISP_RAWAWB_5000_UV_
DETC_VERTEX3_0  

0x004c  W  0x00000000  UV detect, vertex 0  

ISP_RAWAWB_5000_UV_
DETC_ISLOPE01_0  

0x0050  W  0x00000000  UV detect, slope inv  

ISP_RAWAWB_5000_UV_
DETC_ISLOPE12_0  

0x0054  W  0x00000000  UV detect, slope inv  

ISP_RAWAWB_5000_UV_
DETC_ISLOPE23_0  

0x0058  W  0x00000000  UV detect, slope inv  

ISP_RAWAWB_5000_UV_
DETC_ISLOPE30_0  

0x005c  W  0x00000000  UV detect, slope inv  

ISP_RAWAWB_5000_UV_
DETC_VERTEX0_1  

0x0060  W  0x00000000  UV detect, vertex 0  

ISP_RAWAWB_5000_UV_
DETC_VERTEX1_1  

0x0064  W  0x00000000  UV detect, vertex 0  

ISP_RAWAWB_5000_UV_
DETC_VERTEX2_1  

0x0068  W  0x00000000  UV detect, vertex 0  

ISP_RAWAWB_5000_UV_
DETC_VERTEX3_1  

0x006c  W  0x00000000  UV detect, vertex 0  

ISP_RAWAWB_5000_UV_
DETC_ISLOPE01_1  

0x0070  W  0x00000000  UV detect, slope inv  

ISP_RAWAWB_5000_UV_
DETC_ISLOPE12_1  

0x0074  W  0x00000000  UV detect, slope inv  

ISP_RAWAWB_5000_UV_
DETC_ISLOPE23_1  

0x0078  W  0x00000000  UV detect, slope inv  

ISP_RAWAWB_5000_UV_
DETC_ISLOPE30_1  

0x007c  W  0x00000000  UV detect, slope inv  

ISP_RAWAWB_5000_UV_
DETC_VERTEX0_2  

0x0080  W  0x00000000  UV detect, vertex 0  

ISP_RAWAWB_5000_UV_
DETC_VERTEX1_2  

0x0084  W  0x00000000  UV detect, vertex 0  

ISP_RAWAWB_5000_UV_
DETC_VERTEX2_2  

0x0088  W  0x00000000  UV detect, vertex 0  

ISP_RAWAWB_5000_UV_
DETC_VERTEX3_2  

0x008c  W  0x00000000  UV detect, vertex 0  

ISP_RAWAWB_5000_UV_
DETC_ISLOPE01_2  

0x0090  W  0x00000000  UV detect, slope inv  

ISP_RAWAWB_5000_UV_
DETC_ISLOPE12_2  

0x0094  W  0x00000000  UV detect, slope inv  

ISP_RAWAWB_5000_UV_
DETC_ISLOPE23_2  

0x0098  W  0x00000000  UV detect, slope inv  

ISP_RAWAWB_5000_UV_
DETC_ISLOPE30_2  

0x009c  W  0x00000000  UV detect, slope inv  

ISP_RAWAWB_5000_UV_
DETC_VERTEX0_3  

0x00a0  W  0x00000000  UV detect, vertex 0  
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ISP_RAWAWB_5000_UV_
DETC_VERTEX1_3  

0x00a4  W  0x00000000  UV detect, vertex 0  

ISP_RAWAWB_5000_UV_
DETC_VERTEX2_3  

0x00a8  W  0x00000000  UV detect, vertex 0  

ISP_RAWAWB_5000_UV_
DETC_VERTEX3_3  

0x00ac  W  0x00000000  UV detect, vertex 0  

ISP_RAWAWB_5000_UV_
DETC_ISLOPE01_3  

0x00b0  W  0x00000000  UV detect, slope inv  

ISP_RAWAWB_5000_UV_
DETC_ISLOPE12_3  

0x00b4  W  0x00000000  UV detect, slope inv  

ISP_RAWAWB_5000_UV_
DETC_ISLOPE23_3  

0x00b8  W  0x00000000  UV detect, slope inv  

ISP_RAWAWB_5000_UV_
DETC_ISLOPE30_3  

0x00bc  W  0x00000000  UV detect, slope inv  

ISP_RAWAWB_5000_UV_
DETC_VERTEX0_4  

0x00c0  W  0x00000000  UV detect, vertex 0  

ISP_RAWAWB_5000_UV_
DETC_VERTEX1_4  

0x00c4  W  0x00000000  UV detect, vertex 0  

ISP_RAWAWB_5000_UV_
DETC_VERTEX2_4  

0x00c8  W  0x00000000  UV detect, vertex 0  

ISP_RAWAWB_5000_UV_
DETC_VERTEX3_4  

0x00cc  W  0x00000000  UV detect, vertex 0  

ISP_RAWAWB_5000_UV_
DETC_ISLOPE01_4  

0x00d0  W  0x00000000  UV detect, slope inv  

ISP_RAWAWB_5000_UV_
DETC_ISLOPE12_4  

0x00d4  W  0x00000000  UV detect, slope inv  

ISP_RAWAWB_5000_UV_
DETC_ISLOPE23_4  

0x00d8  W  0x00000000  UV detect, slope inv  

ISP_RAWAWB_5000_UV_
DETC_ISLOPE30_4  

0x00dc  W  0x00000000  UV detect, slope inv  

ISP_RAWAWB_5000_UV_
DETC_VERTEX0_5  

0x00e0  W  0x00000000  UV detect, vertex 0  

ISP_RAWAWB_5000_UV_
DETC_VERTEX1_5  

0x00e4  W  0x00000000  UV detect, vertex 0  

ISP_RAWAWB_5000_UV_
DETC_VERTEX2_5  

0x00e8  W  0x00000000  UV detect, vertex 0  

ISP_RAWAWB_5000_UV_
DETC_VERTEX3_5  

0x00ec  W  0x00000000  UV detect, vertex 0  

ISP_RAWAWB_5000_UV_
DETC_ISLOPE01_5  

0x00f0  W  0x00000000  UV detect, slope inv  

ISP_RAWAWB_5000_UV_
DETC_ISLOPE10_5  

0x00f4  W  0x00000000  UV detect, slope inv  

ISP_RAWAWB_5000_UV_
DETC_ISLOPE23_5  

0x00f8  W  0x00000000  UV detect, slope inv  
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ISP_RAWAWB_5000_UV_
DETC_ISLOPE30_5  

0x00fc  W  0x00000000  UV detect, slope inv  

ISP_RAWAWB_5000_UV_
DETC_VERTEX0_6  

0x0100  W  0x00000000  UV detect, vertex 0  

ISP_RAWAWB_5000_UV_
DETC_VERTEX1_6  

0x0104  W  0x00000000  UV detect, vertex 0  

ISP_RAWAWB_5000_UV_
DETC_VERTEX2_6  

0x0108  W  0x00000000  UV detect, vertex 0  

ISP_RAWAWB_5000_UV_
DETC_VERTEX3_6  

0x010c  W  0x00000000  UV detect, vertex 0  

ISP_RAWAWB_5000_UV_
DETC_ISLOPE01_6  

0x0110  W  0x00000000  UV detect, slope inv  

ISP_RAWAWB_5000_UV_
DETC_ISLOPE10_6  

0x0114  W  0x00000000  UV detect, slope inv  

ISP_RAWAWB_5000_UV_
DETC_ISLOPE23_6  

0x0118  W  0x00000000  UV detect, slope inv  

ISP_RAWAWB_5000_UV_
DETC_ISLOPE30_6  

0x011c  W  0x00000000  UV detect, slope inv  

ISP_RAWAWB_5000_YUV
_RGB2ROTY_0  

0x0120  W  0x00000000  RGB2ROTYUV coefficient mat  

ISP_RAWAWB_5000_YUV
_RGB2ROTY_1  

0x0124  W  0x00000000  RGB2ROTYUV coefficient mat  

ISP_RAWAWB_5000_YUV
_RGB2ROTU_0  

0x0128  W  0x00000000  RGB2ROTYUV coefficient mat  

ISP_RAWAWB_5000_YUV
_RGB2ROTU_1  

0x012c  W  0x00000000  RGB2ROTYUV coefficient mat  

ISP_RAWAWB_5000_YUV
_RGB2ROTV_0  

0x0130  W  0x00000000  RGB2ROTYUV coefficient mat  

ISP_RAWAWB_5000_YUV
_RGB2ROTV_1  

0x0134  W  0x00000000  RGB2ROTYUV coefficient mat  

ISP_RAWAWB_5000_YUV
_X_COOR_Y_0  

0x0140  W  0x00000000  
The Y coordinate of point1 and 
vector point21 for light 0  

ISP_RAWAWB_5000_YUV
_X_COOR_U_0  

0x0144  W  0x00000000  
The U coordinate of point1 and 
vector point21 for light 0  

ISP_RAWAWB_5000_YUV
_X_COOR_V_0  

0x0148  W  0x00000000  
The V coordinate of point1 and 
vector point21 for light 0  

ISP_RAWAWB_5000_YUV
_X1X2_DIS_0  

0x014c  W  0x00000000  
The distance between point1 and 
point2 for light 0  

ISP_RAWAWB_5000_YUV
_INTERP_CURVE_UCOOR
_0  

0x0150  W  0x00000000  
The 3DYUV U interpolation curve 
of X coordinate for light 0  

ISP_RAWAWB_5000_YUV
_INTERP_CURVE_TH0_0  

0x0154  W  0x00000000  
The 3DYUV U interpolation curve 
of Y coordinate for light 0  

ISP_RAWAWB_5000_YUV
_INTERP_CURVE_TH1_0  

0x0158  W  0x00000000  
The 3DYUV U interpolation curve 
of Y coordinate for light 0  
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ISP_RAWAWB_5000_YUV
_INTERP_CURVE_TH2_0  

0x015c  W  0x00000000  
The 3DYUV U interpolation curve 
of Y coordinate for light 0  

ISP_RAWAWB_5000_YUV
_X_COOR_Y_1  

0x0160  W  0x00000000  
The Y coordinate of point1 and 
vector point21 for light 1  

ISP_RAWAWB_5000_YUV
_X_COOR_U_1  

0x0164  W  0x00000000  
The U coordinate of point1 and 
vector point21 for light 1  

ISP_RAWAWB_5000_YUV
_X_COOR_V_1  

0x0168  W  0x00000000  
The V coordinate of point1 and 
vector point21 for light 1  

ISP_RAWAWB_5000_YUV
_X1X2_DIS_1  

0x016c  W  0x00000000  
The distance between point1 and 
point2 for light 1  

ISP_RAWAWB_5000_YUV
_INTERP_CURVE_UCOOR
_1  

0x0170  W  0x00000000  
The 3DYUV U interpolation curve 
of X coordinate for light 1  

ISP_RAWAWB_5000_YUV
_INTERP_CURVE_TH0_1  

0x0174  W  0x00000000  
The 3DYUV U interpolation curve 
of Y coordinate for light 1  

ISP_RAWAWB_5000_YUV
_INTERP_CURVE_TH1_1  

0x0178  W  0x00000000  
The 3DYUV U interpolation curve 
of Y coordinate for light 1  

ISP_RAWAWB_5000_YUV
_INTERP_CURVE_TH2_1  

0x017c  W  0x00000000  
The 3DYUV U interpolation curve 
of Y coordinate for light 1  

ISP_RAWAWB_5000_YUV
_X_COOR_Y_2  

0x0180  W  0x00000000  
The Y coordinate of point1 and 
vector point21 for light 2  

ISP_RAWAWB_5000_YUV
_X_COOR_U_2  

0x0184  W  0x00000000  
The U coordinate of point1 and 
vector point21 for light 2  

ISP_RAWAWB_5000_YUV
_X_COOR_V_2  

0x0188  W  0x00000000  
The V coordinate of point1 and 
vector point21 for light 2  

ISP_RAWAWB_5000_YUV
_X1X2_DIS_2  

0x018c  W  0x00000000  
The distance between point1 and 
point2 for light 2  

ISP_RAWAWB_5000_YUV
_INTERP_CURVE_UCOOR
_2  

0x0190  W  0x00000000  
The 3DYUV U interpolation curve 
of X coordinate for light 2  

ISP_RAWAWB_5000_YUV
_INTERP_CURVE_TH0_2  

0x0194  W  0x00000000  
The 3DYUV U interpolation curve 
of Y coordinate for light 2  

ISP_RAWAWB_5000_YUV
_INTERP_CURVE_TH1_2  

0x0198  W  0x00000000  
The 3DYUV U interpolation curve 
of Y coordinate for light 2  

ISP_RAWAWB_5000_YUV
_INTERP_CURVE_TH2_2  

0x019c  W  0x00000000  
The 3DYUV U interpolation curve 
of Y coordinate for light 2  

ISP_RAWAWB_5000_YUV
_X_COOR_Y_3  

0x01a0  W  0x00000000  
The Y coordinate of point1 and 
vector point21 for light 3  

ISP_RAWAWB_5000_YUV
_X_COOR_U_3  

0x01a4  W  0x00000000  
The U coordinate of point1 and 
vector point21 for light 3  

ISP_RAWAWB_5000_YUV
_X_COOR_V_3  

0x01a8  W  0x00000000  
The V coordinate of point1 and 
vector point21 for light 3  

ISP_RAWAWB_5000_YUV
_X1X2_DIS_3  

0x01ac  W  0x00000000  
The distance between point1 and 
point2 for light 3  
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ISP_RAWAWB_5000_YUV
_INTERP_CURVE_UCOOR
_3  

0x01b0  W  0x00000000  
The 3DYUV U interpolation curve 
of X coordinate for light 3  

ISP_RAWAWB_5000_YUV
_INTERP_CURVE_TH0_3  

0x01b4  W  0x00000000  
The 3DYUV U interpolation curve 
of Y coordinate for light 3  

ISP_RAWAWB_5000_YUV
_INTERP_CURVE_TH1_3  

0x01b8  W  0x00000000  
The 3DYUV U interpolation curve 
of Y coordinate for light 3  

ISP_RAWAWB_5000_YUV
_INTERP_CURVE_TH2_3  

0x01bc  W  0x00000000  
The 3DYUV U interpolation curve 
of Y coordinate for light 3  

ISP_RAWAWB_5000_RGB
2XY_WT01  

0x01fc  W  0x00000000  RGB2XY weight matrix, coeff 01  

ISP_RAWAWB_5000_RGB
2XY_WT2  

0x0200  W  0x00000000  RGB2XY weight matrix, coeff 2  

ISP_RAWAWB_5000_RGB
2XY_MAT0_XY  

0x0204  W  0x00000000  
RGB2XY, rotation matrix, first 
column xy  

ISP_RAWAWB_5000_RGB
2XY_MAT1_XY  

0x0208  W  0x00000000  
RGB2XY, rotation matrix, second 
column xy  

ISP_RAWAWB_5000_RGB
2XY_MAT2_XY  

0x020c  W  0x00000000  
RGB2XY, rotation matrix, third 
column xy  

ISP_RAWAWB_5000_XY_
DETC_NOR_X_0  

0x0210  W  0x00000000  
XY detect, x boundary of normal 
range  

ISP_RAWAWB_5000_XY_
DETC_NOR_Y_0  

0x0214  W  0x00000000  
XY detect, y boundary of normal 
range  

ISP_RAWAWB_5000_XY_
DETC_BIG_X_0  

0x0218  W  0x00000000  
XY detect, x boundary of big 
range  

ISP_RAWAWB_5000_XY_
DETC_BIG_Y_0  

0x021c  W  0x00000000  
XY detect, y boundary of big 
range  

ISP_RAWAWB_5000_XY_
DETC_NOR_X_1  

0x0228  W  0x00000000  
XY detect, x boundary of normal 
range  

ISP_RAWAWB_5000_XY_
DETC_NOR_Y_1  

0x022c  W  0x00000000  
XY detect, y boundary of normal 
range  

ISP_RAWAWB_5000_XY_
DETC_BIG_X_1  

0x0230  W  0x00000000  
XY detect, x boundary of big 
range  

ISP_RAWAWB_5000_XY_
DETC_BIG_Y_1  

0x0234  W  0x00000000  
XY detect, y boundary of big 
range  

ISP_RAWAWB_5000_XY_
DETC_NOR_X_2  

0x0240  W  0x00000000  
XY detect, x boundary of normal 
range  

ISP_RAWAWB_5000_XY_
DETC_NOR_Y_2  

0x0244  W  0x00000000  
XY detect, y boundary of normal 
range  

ISP_RAWAWB_5000_XY_
DETC_BIG_X_2  

0x0248  W  0x00000000  
XY detect, x boundary of big 
range  

ISP_RAWAWB_5000_XY_
DETC_BIG_Y_2  

0x024c  W  0x00000000  
XY detect, y boundary of big 
range  

ISP_RAWAWB_5000_XY_
DETC_NOR_X_3  

0x0258  W  0x00000000  
XY detect, x boundary of normal 
range  
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ISP_RAWAWB_5000_XY_
DETC_NOR_Y_3  

0x025c  W  0x00000000  
XY detect, y boundary of normal 
range  

ISP_RAWAWB_5000_XY_
DETC_BIG_X_3  

0x0260  W  0x00000000  
XY detect, x boundary of big 
range  

ISP_RAWAWB_5000_XY_
DETC_BIG_Y_3  

0x0264  W  0x00000000  
XY detect, y boundary of big 
range  

ISP_RAWAWB_5000_XY_
DETC_NOR_X_4  

0x0270  W  0x00000000  
XY detect, x boundary of normal 
range  

ISP_RAWAWB_5000_XY_
DETC_NOR_Y_4  

0x0274  W  0x00000000  
XY detect, y boundary of normal 
range  

ISP_RAWAWB_5000_XY_
DETC_BIG_X_4  

0x0278  W  0x00000000  
XY detect, x boundary of big 
range  

ISP_RAWAWB_5000_XY_
DETC_BIG_Y_4  

0x027c  W  0x00000000  
XY detect, y boundary of big 
range  

ISP_RAWAWB_5000_XY_
DETC_NOR_X_5  

0x0288  W  0x00000000  
XY detect, x boundary of normal 
range  

ISP_RAWAWB_5000_XY_
DETC_NOR_Y_5  

0x028c  W  0x00000000  
XY detect, y boundary of normal 
range  

ISP_RAWAWB_5000_XY_
DETC_BIG_X_5  

0x0290  W  0x00000000  
XY detect, x boundary of big 
range  

ISP_RAWAWB_5000_XY_
DETC_BIG_Y_5  

0x0294  W  0x00000000  
XY detect, y boundary of big 
range  

ISP_RAWAWB_5000_XY_
DETC_NOR_X_6  

0x02a0  W  0x00000000  
XY detect, x boundary of normal 
range  

ISP_RAWAWB_5000_XY_
DETC_NOR_Y_6  

0x02a4  W  0x00000000  
XY detect, y boundary of normal 
range  

ISP_RAWAWB_5000_XY_
DETC_BIG_X_6  

0x02a8  W  0x00000000  
XY detect, x boundary of big 
range  

ISP_RAWAWB_5000_XY_
DETC_BIG_Y_6  

0x02ac  W  0x00000000  
XY detect, y boundary of big 
range  

ISP_RAWAWB_5000_MUL
TIWINDOW_EXC_CTRL  

0x02b8  W  0x00000000  
The horizontal and vertical offset 
of multiwiondow  

ISP_RAWAWB_5000_EXC
_WP_REGION0_XU  

0x02fc  W  0x00000000  
The left and right boundary of 
exclude region in UV or xy  range  

ISP_RAWAWB_5000_EXC
_WP_REGION0_YV  

0x0300  W  0x00000000  
The top and bottom boundary of 
exclude region in UV or xy  range  

ISP_RAWAWB_5000_EXC
_WP_REGION1_XU  

0x0304  W  0x00000000  
The left and right boundary of 
exclude region in UV or xy  range  

ISP_RAWAWB_5000_EXC
_WP_REGION1_YV  

0x0308  W  0x00000000  
The top and bottom boundary of 
exclude region in UV or xy  range  

ISP_RAWAWB_5000_EXC
_WP_REGION2_XU  

0x030c  W  0x00000000  
The left and right boundary of 
exclude region in UV or xy  range  

ISP_RAWAWB_5000_EXC
_WP_REGION2_YV  

0x0310  W  0x00000000  
The top and bottom boundary of 
exclude region in UV or xy  range  
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ISP_RAWAWB_5000_EXC
_WP_REGION3_XU  

0x0314  W  0x00000000  
The left and right boundary of 
exclude region in UV or xy  range  

ISP_RAWAWB_5000_EXC
_WP_REGION3_YV  

0x0318  W  0x00000000  
The top and bottom boundary of 
exclude region in UV or xy  range  

ISP_RAWAWB_5000_EXC
_WP_REGION4_XU  

0x031c  W  0x00000000  
The left and right boundary of 
exclude region in UV or xy  range  

ISP_RAWAWB_5000_EXC
_WP_REGION4_YV  

0x0320  W  0x00000000  
The top and bottom boundary of 
exclude region in UV or xy  range  

ISP_RAWAWB_5000_EXC
_WP_REGION5_XU  

0x0324  W  0x00000000  
The left and right boundary of 
exclude region in UV or xy  range  

ISP_RAWAWB_5000_EXC
_WP_REGION5_YV  

0x0328  W  0x00000000  
The top and bottom boundary of 
exclude region in UV or xy  range  

ISP_RAWAWB_5000_EXC
_WP_REGION6_XU  

0x032c  W  0x00000000  
The left and right boundary of 
exclude region in UV or xy  range  

ISP_RAWAWB_5000_EXC
_WP_REGION6_YV  

0x0330  W  0x00000000  
The top and bottom boundary of 
exclude region in UV or xy  range  

ISP_RAWAWB_5000_SUM
_RGAIN_NOR_0  

0x0340  W  0x00000000  
White point Rgain sum with 
yweight and blkweight  

ISP_RAWAWB_5000_SUM
_BGAIN_NOR_0  

0x0348  W  0x00000000  
White point Bgain sum with 
yweight and blkweight  

ISP_RAWAWB_5000_WP_
NUM_NOR_0  

0x034c  W  0x00000000  
White point Num sum with 
yweight and blkweight  

ISP_RAWAWB_5000_SUM
_RGAIN_BIG_0  

0x0350  W  0x00000000  
White point Rgain sum with 
yweight and blkweight  

ISP_RAWAWB_5000_SUM
_BGAIN_BIG_0  

0x0358  W  0x00000000  
White point Bgain sum with 
yweight and blkweight  

ISP_RAWAWB_5000_WP_
NUM_BIG_0  

0x035c  W  0x00000000  
White point Num sum with 
yweight and blkweight  

ISP_RAWAWB_5000_SUM
_RGAIN_NOR_1  

0x0370  W  0x00000000  
White point Rgain sum with 
yweight and blkweight  

ISP_RAWAWB_5000_SUM
_BGAIN_NOR_1  

0x0378  W  0x00000000  
White point Bgain sum with 
yweight and blkweight  

ISP_RAWAWB_5000_WP_
NUM_NOR_1  

0x037c  W  0x00000000  
White point Num sum with 
yweight and blkweight  

ISP_RAWAWB_5000_SUM
_RGAIN_BIG_1  

0x0380  W  0x00000000  
White point Rgain sum with 
yweight and blkweight  

ISP_RAWAWB_5000_SUM
_BGAIN_BIG_1  

0x0388  W  0x00000000  
White point Bgain sum with 
yweight and blkweight  

ISP_RAWAWB_5000_WP_
NUM_BIG_1  

0x038c  W  0x00000000  
White point Num sum with 
yweight and blkweight  

ISP_RAWAWB_5000_SUM
_RGAIN_NOR_2  

0x03a0  W  0x00000000  
White point Rgain sum with 
yweight and blkweight  

ISP_RAWAWB_5000_SUM
_BGAIN_NOR_2  

0x03a8  W  0x00000000  
White point Bgain sum with 
yweight and blkweight  
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ISP_RAWAWB_5000_WP_
NUM_NOR_2  

0x03ac  W  0x00000000  
White point Num sum with 
yweight and blkweight  

ISP_RAWAWB_5000_SUM
_RGAIN_BIG_2  

0x03b0  W  0x00000000  
White point Rgain sum with 
yweight and blkweight  

ISP_RAWAWB_5000_SUM
_BGAIN_BIG_2  

0x03b8  W  0x00000000  
White point Bgain sum with 
yweight and blkweight  

ISP_RAWAWB_5000_WP_
NUM_BIG_2  

0x03bc  W  0x00000000  
White point Num sum with 
yweight and blkweight  

ISP_RAWAWB_5000_SUM
_RGAIN_NOR_3  

0x03d0  W  0x00000000  
White point Rgain sum with 
yweight and blkweight  

ISP_RAWAWB_5000_SUM
_BGAIN_NOR_3  

0x03d8  W  0x00000000  
White point Bgain sum with 
yweight and blkweight  

ISP_RAWAWB_5000_WP_
NUM_NOR_3  

0x03dc  W  0x00000000  
White point Num sum with 
yweight and blkweight  

ISP_RAWAWB_5000_WP_
NUM_BIG_3  

0x03ec  W  0x00000000  
White point Num sum with 
yweight and blkweight  

ISP_RAWAWB_5000_SUM
_RGAIN_NOR_4  

0x0400  W  0x00000000  
White point Rgain sum with 
yweight and blkweight  

ISP_RAWAWB_5000_SUM
_BGAIN_NOR_4  

0x0408  W  0x00000000  
White point Bgain sum with 
yweight and blkweight  

ISP_RAWAWB_5000_WP_
NUM_NOR_4  

0x040c  W  0x00000000  
White point Num sum with 
yweight and blkweight  

ISP_RAWAWB_5000_SUM
_RGAIN_BIG_4  

0x0410  W  0x00000000  
White point Rgain sum with 
yweight and blkweight  

ISP_RAWAWB_5000_SUM
_BGAIN_BIG_4  

0x0418  W  0x00000000  
White point Bgain sum with 
yweight and blkweight  

ISP_RAWAWB_5000_WP_
NUM_BIG_4  

0x041c  W  0x00000000  
White point Num sum with 
yweight and blkweight  

ISP_RAWAWB_5000_SUM
_RGAIN_NOR_5  

0x0430  W  0x00000000  
White point Rgain sum with 
yweight and blkweight  

ISP_RAWAWB_5000_SUM
_BGAIN_NOR_5  

0x0438  W  0x00000000  
White point Bgain sum with 
yweight and blkweight  

ISP_RAWAWB_5000_WP_
NUM_NOR_5  

0x043c  W  0x00000000  
White point Num sum with 
yweight and blkweight  

ISP_RAWAWB_5000_SUM
_RGAIN_BIG_5  

0x0440  W  0x00000000  
White point Rgain sum with 
yweight and blkweight  

ISP_RAWAWB_5000_SUM
_BGAIN_BIG_5  

0x0448  W  0x00000000  
White point Bgain sum with 
yweight and blkweight  

ISP_RAWAWB_5000_WP_
NUM_BIG_5  

0x044c  W  0x00000000  
White point Num sum with 
yweight and blkweight  

ISP_RAWAWB_5000_SUM
_RGAIN_NOR_6  

0x0460  W  0x00000000  
White point Rgain sum with 
yweight and blkweight  

ISP_RAWAWB_5000_SUM
_BGAIN_NOR_6  

0x0468  W  0x00000000  
White point Bgain sum with 
yweight and blkweight  
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ISP_RAWAWB_5000_WP_
NUM_NOR_6  

0x046c  W  0x00000000  
White point Num sum with 
yweight and blkweight  

ISP_RAWAWB_5000_SUM
_RGAIN_BIG_6  

0x0470  W  0x00000000  
White point Rgain sum with 
yweight and blkweight  

ISP_RAWAWB_5000_SUM
_BGAIN_BIG_6  

0x0478  W  0x00000000  
White point Bgain sum with 
yweight and blkweight  

ISP_RAWAWB_5000_WP_
NUM_BIG_6  

0x047c  W  0x00000000  
White point Num sum with 
yweight and blkweight  

ISP_RAWAWB_5000_Y_HI
ST01  

0x0620  W  0x00000000  Y HIST bin  

ISP_RAWAWB_5000_Y_HI
ST23  

0x0624  W  0x00000000  Y HIST bin  

ISP_RAWAWB_5000_Y_HI
ST45  

0x0628  W  0x00000000  Y HIST bin  

ISP_RAWAWB_5000_Y_HI
ST67  

0x062c  W  0x00000000  Y HIST bin  

ISP_RAWAWB_5000_RAM
_CTRL  

0x0650  W  0x00000000  Control of reading ram  

ISP_RAWAWB_5000_WRA
M_CTRL  

0x0654  W  0x00000000  Control of BLK weight ram  

ISP_RAWAWB_5000_WRA
M_DATA_BASE  

0x0660  W  0x00000000  

The Weight of BLK system. The 
user will always config this base 
address 45 times for 15x15 
weights.  

ISP_RAWAWB_5000_RAM
_DATA_BASE  

0x0700  W  0x00000000  Data read from ram  

 

12.4.1.24 RAWHIST 
���5$:+,67B%,* 

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

,63B5$:+,67B%,*B����
B�$��B�%��B&75/ �[���� : �[�������� 

1RWH��,I�5*%�FRPELQHG�PRGH�LV�
XVHG��WKHQ�WKH���FRORU�
FRPSRQHQWV�DUH�VDPSOHG�RQH�
DIWHU�WKH�RWKHU��7KH�VRIWZDUH�KDV�
WR�DVVXUH�WKDW�DOO���FRORU�
FRPSRQHQWV�DUH�LQVLGH�WKH�
VHOHFWHG�ZLQGRZ��  

,63B5$:+,67B%,*B����
B�$��B�%��B6,=( �[���� : �[�������� 

1RWH��KLVWBKBRIIVHW���KLVWBKBVL]H�
�Q�VKRXOG�EH�OHVV�WKDQ�LQSXW�
ZLQGRZ�ZLGWK��  

,63B5$:+,67B%,*B����
B�$��B�%��B2))6 �[���� : �[�������� 

1RWH��+LVWRJUDP�PHDVXUHPHQW�LV�
GRQH�LQ�Q[Q�VXE�ZLQGRZV�OLNH�WKH�
H[SRVXUH�PHDVXUHPHQW��LI�
KLVWRJUDP� 

,63B5$:+,67B%,*B����
B�$��B�%��B+5$0B&75/ �[���& : �[�������� +5$0�DGGUHVV�RIIVHW�  
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

,63B5$:+,67B%,*B����
B�$��B�%��B5$:�<B&& �[���� : �[���'���� 7KH�RIIVHW�RI�5$:�<�IRUPXOD 

,63B5$:+,67B%,*B����
B�$��B�%��B:5$0B&75
/ 

�[���� : �[�������� 5$0�RIIVHW�IRU�ZULWH�RU�UHDG�  

,63B5$:+,67B%,*B����
B�$��B�%��B'%*� �[���� : �[�������� -XVW�KLVW�GHEXJ�UHJ�  

,63B5$:+,67B%,*B����
B�$��B�%��B'%*� �[���� : �[�������� -XVW�KLVW�GHEXJ�UHJ�  

,63B5$:+,67B%,*B����
B�$��B�%��B'%*� �[���� : �[�������� -XVW�KLVW�GHEXJ�UHJ�  

,63B5$:+,67B%,*B����
B�$��B�%��B:(,*+7B%$
6( 

�[���� : �[�������� 

1RWH��$OORZHG�YDOXH�UDQJH�IRU�
ZHLJKW�IDFWRU�LV���WR�����7KH�
UHVXOWLQJ�ZHLJKW�LV�
UHJLVWHUBYDOXH�����7KH�KRVW�
VRIWZDUH�KDV�WR�OLPLW�WKH�UHJLVWHU�
YDOXH�IRU�HDFK�IDFWRU�WR���� 

,63B5$:+,67B%,*B����
B�$��B�%��B52B%$6(B%
,1 

�[���� : �[�������� +LVWRJUDP�PHDVXUHPHQW�UHVXOW�ELQ��a�����WRWDO����� 

 
����5$:+,67B/,67 

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

,63B5$:+,67B/,7(B����
B&75/ �[���� : �[�������� +LVWRJUDP�SURSHUWLHV�  

,63B5$:+,67B/,7(B����
B6,=( �[���� : �[�������� 

+RUL]RQWDO��VXE��ZLQGRZ�VL]H�
1RWH��KLVWBKBRIIVHW���KLVWBKBVL]H�
[�Q�VKRXOG�EH�OHVV�WKDQ�LQSXW�
ZLQGRZ�ZLGWK��  

,63B5$:+,67B/,7(B����
B2))6 �[���� : �[�������� 

+LVWRJUDP�ZLQGRZ�KRUL]RQWDO�
RIIVHW�IRU�ILUVW�ZLQGRZ�RI�Q[Q1RWH��
+LVWRJUDP�PHDVXUHPHQW�LV�GRQH�
LQ�Q[Q�VXE�ZLQGRZV�OLNH�WKH�
H[SRVXUH�PHDVXUHPHQW��LI�
KLVWRJUDP� 

,63B5$:+,67B/,7(B����
B5$0B&75/ �[���& : �[�������� 5$0�DGGUHVV�RIIVHW 

,63B5$:+,67B/,7(B����
B5$:�<B&& �[���� : �[���'���� 7KH�RIIVHW�RI�5$:�<�IRUPXOD 

,63B5$:+,67B/,7(B����
B'%*� �[���� : �[�������� -XVW�KLVW�GHEXJ�UHJ 

,63B5$:+,67B/,7(B����
B'%*� �[���� : �[�������� -XVW�KLVW�GHEXJ�UHJ 

,63B5$:+,67B/,7(B����
B'%*� �[���� : �[�������� -XVW�KLVW�GHEXJ�UHJ 

,63B5$:+,67B/,7(B����
B:(,*+7B� �[���� : �[�������� 

:HLJKWLQJ�IDFWRU�IRU�VXE�ZLQGRZV�
WRWDO����IDFWRU1RWH��$OORZHG�YDOXH�
UDQJH�IRU�ZHLJKW�IDFWRU�LV���WR�����
7KH�UHVXOWLQJ�ZHLJKW�LV�
UHJLVWHUBYDOXH�����7KH�KRVW�
VRIWZDUH�KDV�WR�OLPLW�WKH�UHJLVWHU�
YDOXH�IRU�HDFK�IDFWRU�WR���� 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

,63B5$:+,67B/,7(B����
B52B%$6(B%,1 �[���� : �[�������� +LVWRJUDP�PHDVXUHPHQW�UHVXOW�ELQ��a�����WRWDO����� 
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12.4.1.25 YNR 
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1DPH�  2IIVHW�  6L]H�  
5HVHW�
9DOXH�  

'HVFULSWLRQ�  

YNR_2700_GLOBAL_CTRL  0x0000  W  0x00801000  Control register  
YNR_2700_RNR_MAX_R  0x0004  W  0x00003754  Control register  
YNR_2700_LOWNR_CTRL
0  

0x0010  W  0x01000100  Control register  

YNR_2700_LOWNR_CTRL
1  

0x0014  W  0x00000080  Control register  

YNR_2700_LOWNR_CTRL
2  

0x0018  W  0x00100007  Control register  

YNR_2700_LOWNR_CTRL
3  

0x001c  W  0x40640133  Control register  

YNR_2700_HIGHNR_CTRL
0  

0x0020  W  0x003a0080  Control register  

YNR_2700_HIGHNR_CTRL
1  

0x0024  W  0x006e0064  Control register  

YNR_2700_HIGHNR_BASE
_FILTER_WEIGHT  

0x0028  W  0x00080f12  

Base filter weight. The more 
strength of high frequency 
reduing noise when three signals 
closer.  

YNR_2700_GAUSS1_COE
FF  

0x0030  W  0x0054200b  Gauss coeff for BFT3X3  

YNR_2700_GAUSS2_COE
FF  

0x0034  W  0x00402010  Gauss coeff for LGFT3X3  

YNR_2700_DIRECTION_W
_0_3  

0x0038  W  0x08080808  
The bigger of signal, the more 
strength of reduing noise of this 
direction.  

YNR_2700_DIRECTION_W
_4_7  

0x003c  W  0x04040404  Control register  

YNR_2700_SGM_DX_0_1  0x0040  W  0x00400000  
X increments of noise intensity 
cuvre  

YNR_2700_SGM_DX_2_3  0x0044  W  0x00c00080  
X increments of noise intensity 
cuvre  

YNR_2700_SGM_DX_4_5  0x0048  W  0x01400100  
X increments of noise intensity 
cuvre  

YNR_2700_SGM_DX_6_7  0x004c  W  0x01c00180  
X increments of noise intensity 
cuvre  

YNR_2700_SGM_DX_8_9  0x0050  W  0x02400200  
X increments of noise intensity 
cuvre  

YNR_2700_SGM_DX_10_
11  

0x0055  W  0x02c00280  
X increments of noise intensity 
cuvre  

YNR_2700_SGM_DX_12_
13  

0x0058  W  0x03400300  
X increments of noise intensity 
cuvre  

YNR_2700_SGM_DX_14_
15  

0x005c  W  0x03c00380  
X increments of noise intensity 
cuvre  
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YNR_2700_SGM_DX_16  0x0060  W  0x00000400  
X increments of noise intensity 
cuvre  

YNR_2700_LSGM_Y_0_1  0x0070  W  0x00a0004c  
Noise intensity of low frequency 
coefficient  

YNR_2700_LSGM_Y_2_3  0x0074  W  0x00e400d0  
Noise intensity of low frequency 
coefficient  

YNR_2700_LSGM_Y_4_5  0x0078  W  0x00e400e8  
Noise intensity of low frequency 
coefficient  

YNR_2700_LSGM_Y_6_7  0x007c  W  0x00cc00d8  
Noise intensity of low frequency 
coefficient  

YNR_2700_LSGM_Y_8_9  0x0080  W  0x00c000c4  
Noise intensity of low frequency 
coefficient  

YNR_2700_LSGM_Y_10_1
1  

0x0084  W  0x00b800bc  
Noise intensity of low frequency 
coefficient  

YNR_2700_LSGM_Y_12_1
3  

0x0088  W  0x00a400b4  
Noise intensity of low frequency 
coefficient  

YNR_2700_LSGM_Y_14_1
5  

0x008c  W  0x00540088  
Noise intensity of low frequency 
coefficient  

YNR_2700_LSGM_Y_16  0x0090  W  0x00000028  
Noise intensity of low frequency 
coefficient  

YNR_2700_HSGM_Y_0_1  0x00a0  W  0x00a0004c  
Noise intensity of high frequency 
coefficient  

YNR_2700_HSGM_Y_2_3  0x00a4  W  0x00e400d0  
Noise intensity of high frequency 
coefficient  

YNR_2700_HSGM_Y_4_5  0x00a8  W  0x00e400e8  
Noise intensity of high frequency 
coefficient  

YNR_2700_HSGM_Y_6_7  0x00ac  W  0x00cc00d8  
Noise intensity of high frequency 
coefficient  

YNR_2700_HSGM_Y_8_9  0x00b0  W  0x00c000c4  
Noise intensity of high frequency 
coefficient  

YNR_2700_HSGM_Y_10_1
1  

0x00b4  W  0x00b800bc  
Noise intensity of high frequency 
coefficient  

YNR_2700_HSGM_Y_12_1
3  

0x00b8  W  0x00a400b4  
Noise intensity of high frequency 
coefficient  

YNR_2700_HSGM_Y_14_1
5  

0x00bc  W  0x00540088  
Noise intensity of high frequency 
coefficient  

YNR_2700_HSGM_Y_16  0x00c0  W  0x00000028  
Noise intensity of high frequency 
coefficient  

YNR_2700_RNR_STRENG
TH03  

0x00d0  W  0x10101010  RNR strength adjust curve  

YNR_2700_RNR_STRENG
TH47  

0x00d4  W  0x10101010  RNR strength adjust curve  

YNR_2700_RNR_STRENG
TH8b  

0x00d8  W  0x10101010  RNR strength adjust curve  
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YNR_2700_RNR_STRENG
THcf  

0x00dc  W  0x10101010  RNR strength adjust curve  

YNR_2700_RNR_STRENG
TH16  

0x00e0  W  0x00000010  RNR strength adjust curve  

 

12.4.1.26 CNR 
1DPH�  2IIVHW�  6L]H�  

5HVHW�
9DOXH�  

'HVFULSWLRQ�  

ISP_CNR_2800_CTRL  0x0000  W  0x00000002  Global ctrl  
ISP_CNR_2800_EXGAIN  0x0004  W  0x00000080  external gain value  
ISP_CNR_2800_GAIN_PA
RA  

0x0008  W  0x00160c3c  gain cal parameter  

ISP_CNR_2800_GAIN_UV
_PARA  

0x000c  W  0x00004030  uv gain cal paramter  

ISP_CNR_2800_LMED3  0x0010  W  0x00000003  low frequence med 3x3  
ISP_CNR_2800_LBF5_GAI
N  

0x0014  W  0x00000102  
gain parameter of low frequence 
bialteral filter 5x5  

ISP_CNR_2800_LBF5_WE
ITD0_3  

0x0018  W  0x4d637080  lbf5x5 filter spatial weight 0 to 3  

ISP_CNR_2800_LBF5_WE
ITD4  

0x001c  W  0x0000002f  lbf5x5 filter spatial weight4  

ISP_CNR_2800_HMED3  0x0020  W  0x00000003  high frequence med 3x3  

ISP_CNR_2800_HBF5  0x0024  W  0x0f000438  
High frequence bialteral filter 
parameter  

ISP_CNR_2800_LBF3  0x0028  W  0x00800438  
Low frequence bialteral filter3x3 
parameter  

 

12.4.1.27 Sharp 
1DPH 2IIVHW 6L]H 5HVHW�

9DOXH 'HVFULSWLRQ 

6+$53B(1 �[���� : �[�������� 6+$53�(1$%/( 
6+$53B5$7,2 �[���� : �[�������� 6+$53�5$7,2 
6+$53B�/80$B'; �[���� : �[�������� 6+$53�(1$%/( 
6+$53B3%)B6,*0$B,19B
� �[���& : �[�������� 6+$53�3%)�6,*0$�,19(56( 

6+$53B3%)B6,*0$B,19B
� �[���� : �[�������� 6+$53�3%)�6,*0$�,19(56( 

6+$53B3%)B6,*0$B,19B
� �[���� : �[�������� 6+$53�3%)�6,*0$�,19(56( 

6+$53B%)B6,*0$B,19B� �[���� : �[�)��('&� 6+$53�%)�6,*0$�,19(56( 
6+$53B%)B6,*0$B,19B� �[���& : �[�&����)� 6+$53�%)�6,*0$�,19(56( 
6+$53B%)B6,*0$B,19B� �[���� : �[����&�)� 6+$53�%)�6,*0$�,19(56( 

6+$53B6,*0$B6+,)7 �[���� : �[�������� 6+$53�3%)�%)�6,*0$�,19(56(�6+,)7�%,76 
6+$53B(+)B7+B� �[���� : �[�������� 6+$53�(+)�7+ 
6+$53B(+)B7+B� �[���& : �[�������� 6+$53�(+)�7+ 
6+$53B(+)B7+B� �[���� : �[�������� 6+$53�(+)�7+ 
6+$53B&/,3B+)B� �[���� : �[�������� 6+$53�&/,3�+) 
6+$53B&/,3B+)B� �[���� : �[�(��(�%� 6+$53�&/,3�+) 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

6+$53B&/,3B+)B� �[���& : �[�������� 6+$53�&/,3�+) 
6+$53B3%)B&2() �[���� : �[���$���� 6+$53�3%)�&2() 
6+$53B%)B&2() �[���� : �[���$���� 6+$53�%)�&2() 
6+$53B*$86B&2()B� �[���� : �[�������& 6+$53�5)�&2() 
 
 
12.4.2 'HWDLO�5HJLVWHU�'HVFULSWLRQ 
12.4.2.1 MIPI 
&6,�5;B�&��B&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:14   RO   0x0  reserved 

13:12   RW   0x0  

sw_dma_2frm_mode 
raw read back two/three frames mode, only the last frame valid 
2'b00: Normal one frame mode 
2'b01: Two frame mode 
2'b10: Three frame mode 
2'b11: Reserved 

11:8   RW   0x0  

sw_ibuf_op_mode 
4'b0000: Normal_mode. All tx available, rx unavailable. 
4'b0011: User mode. All tx and rx available. If do not configure 
any rx, user mode is equal to normal mode. 
4'b0100: raw_rdback_frame1(start use sw_dma_rdback_p) 
4'b0101: hdr_rdback_frame2 (start use sw_dma_rdback_p) 
4'b0110: hdr_rdback_frame3 (start use sw_dma_rdback_p) 
4'b0111: Reserved 
4'b1000: hdr_framex2_ddr_mode 
4'b1001: hdr_linex2_ddr_mode 
4'b1010: hdr_linex2_noddr_mode 
4'b1100: hdr_framex3_ddr_mode 
4'b1101: hdr_linex3_ddr_mode 

7   RW   0x0  
sw_csi_ro_phyio_en 
force phyio to debug 

6   RW   0x0  
sw_csi_dbg_bypass 
csi bypass. Active high 

5:4   RW   0x0  
sw_csi_2ecc_bypass 
csi 2ecc bypass 

3:2   RW   0x0  

sw_hdr_esp_mode 
hdr especial mode 
2'b00: Normal virtual channel mode 
2'b01: Line counter mode of especial hdr (AR0239) 
2'b10: Identification code mode of especial hdr (IMX327) 
2'b11: Reserved 

1   RW   0x0  

sw_csi_pix_mode 
mipi word to pixel mode: 
1'b0: one pixel 
1'b1: two pixel 

0   RW   0x0  
sw_csi2rx_en_p 
csi rx read enable under hdr debug mode, auto-clear 
Note: CTRL0[0] read back is mipi readback working 

 
 
&6,�5;B�&��B&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31   RO   0x0  
mipi_dphy_working 
mipi dhpy working state 

30   RO   0x0  
ro_csi2rx_enable 
mipi mode enable (~sw_dvp_mode) 

29:28   RW   0x0  

sw_ibuf_lvl1_sel2 
ibuf2_m sel 
2'b00: ibuf2_m_i 
2'b01: ibuf1_l_i 
2'b10: ibuf0_s_i 

27:26   RW   0x0  

sw_ibuf_lvl1_sel1 
ibuf1_l sel 
2'b00: ibuf1_l_i 
2'b01: ibuf0_s_i 
2'b10: ibuf2_m_i 

25:24   RW   0x0  

sw_ibuf_lvl1_sel0 
ibuf0_s sel 
2'b00: ibuf0_s_i 
2'b01: ibuf1_l_i 
2'b10: ibuf2_m_i 

23   RW   0x0  

sw_ibuf_lvl0_sel3 
ibuf3_r_i sel : 
1'b0: csi0_mipi[chan3_sel]; 
1'b1: raw2_mipi(from ddr) 

22   RW   0x0  

sw_ibuf_lvl0_sel2 
ibuf2_l_i sel : 
1'b0: csi0_mipi[chan2_sel]; 
1'b1: raw1_mipi(from ddr) 

21   RW   0x0  

sw_ibuf_lvl0_sel1 
ibuf1_l_i sel : 
1'b0: csi0_mipi[chan1_sel]; 
1'b1: raw0_mipi(from ddr) 

20   RW   0x0  

sw_ibuf_lvl0_sel0 
ibuf0_s_i sel : 
1'b0: csi0_mipi[chan0_sel] 
1'b1: csi1_mipi[chan0_sel] 

19   RO   0x0  reserved 

18:16   RW   0x3  
sw_csi_chan3_sel 
csi0_mipi[7:0] chan3 sel 

15   RO   0x0  reserved 

14:12   RW   0x2  
sw_csi_chan2_sel 
csi0_mipi[7:0] chan2 sel 

11   RO   0x0  reserved 

10:8   RW   0x1  
sw_csi_chan1_sel 
csi0_mipi[7:0] chan1 sel 

7   RO   0x0  reserved 
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6:4   RW   0x0  
sw_csi_chan0_sel 
csi0_mipi[7:0] + csi1_mipi[7:0] chan0 sel 

3:2   RO   0x0  reserved 

1:0   RW   0x3  

sw_csi_lane 
Number of active data lanes 
2'b00: 1 data lane (lane 0) 
2'b01: 2 data lanes (lanes 0 and 1) 
2'b10: 3 data lanes (lanes 0, 1, and 2) 
2'b11: 4 data lanes (All) 
Can only be updated when the D-PHY lane is in Stop state. 
Note:Value after Reset: CSI2_HOST_NUMBER_OF_LANES-1 = 
0x3 

 
 
&6,�5;B�&��B&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:24   RW   0x00  
sw_ibuf_hblank_count 
mipi in buffer hblank counter 

23:20   RW   0x0  
sw_rdbak_hold_diff 
raw readback hold diff value for pipeline full 

19:14   RO   0x0  reserved 

13:0   RW   0x0000  
sw_csi_isp_linecnt 
isp linecnt reach interrupt for ro_err3[15] 

 
 
&6,�5;B�&��B&6,�B5(6(71�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:2   RO   0x0  reserved 

1   
R/W
SC   

0x1  
sw_csi_fifo_clr_n 
fifo clear. Active Low. auto-clr 
Write then clear 

0   
R/W
SC   

0x1  
sw_csi_rxbyte_rst_n 
reset output. Active Low. auto-clr 
Write then clear 

 
 
&6,�5;B�&��B3+<B67$7(B52�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:12   RO   0x0  reserved 

11:0   RO   0x000  

ro_phy_state 
phy state READ ONLY 
[ 11] : phy_ulpsactivenotclk 
[ 10] : phy_stopstateclk 
[   9] : phy_rxulpsclknot 
[   8] : phy_rxclkactivehs 
[7:4] : phy_stopstate 
[3:0] : phy_rxulpsesc 

 
 
&6,�5;B�&��B'$7$B,'6B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:24   RW   0x00  

sw_csi_id3 
Data ID 3 
dt3_vc[1:0],dt3_dt[5:0] 
channel 3 

23:16   RW   0x00  

sw_csi_id2 
Data ID 2 
dt2_vc[1:0],dt2_dt[5:0] 
channel 2 

15:8   RW   0x00  

sw_csi_id1 
Data ID 1 
dt1_vc[1:0],dt1_dt[5:0] 
channel 1 

7:0   RW   0x2b  

sw_csi_id0 
Data ID 0 
dt0_vc[1:0],dt0_dt[5:0] 
channel 0 

 
 
&6,�5;B�&��B'$7$B,'6B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:24   RW   0x00  

sw_csi_id7 
Data ID 7 
dt7_vc[1:0],dt7_dt[5:0] 
cahnnel 7 

23:16   RW   0x00  

sw_csi_id6 
Data ID 6 
dt6_vc[1:0],dt6_dt[5:0] 
cahnnel 6 

15:8   RW   0x00  

sw_csi_id5 
Data ID 5 
dt5_vc[1:0],dt5_dt[5:0] 
channel 5 

7:0   RW   0x00  

sw_csi_id4 
Data ID 4 
dt5_vc[1:0],dt5_dt[5:0] 
channel 4 

 
 
&6,�5;B�&��B(55B3+<�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:24   RO   0x0  reserved 

23:20   RC   0x0  
phy_errcontrol 
phy control err 

19:16   RO   0x0  reserved 

15:12   RC   0x0  
phy_erresc 
phy esc err 

11:8   RC   0x0  
phy_erreotsynchs 
phy eotsynchs err 

7:4   RC   0x0  
phy_errsotsynchs 
phy sotsynchs err 

3:0   RC   0x0  
phy_errsoths 
phy soths err 

 
 
&6,�5;B�&��B(55B3$&.(7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:28   RO   0x0  reserved 

27:24   RC   0x0  
checksum_error 
CRC checksum error 

23:21   RO   0x0  reserved 

20   RC   0x0  
ecc_2bit_error 
ecc 2bit error 

19:16   RC   0x0  
ecc_1bit_error 
ecc 1bit error 

15:12   RC   0x0  
err_id 
id err 

11:8   RC   0x0  
err_frame_data 
The frame whose fransfer is being finished had at last one CRC 
err detected 

7:4   RC   0x0  
err_f_seq 
The Frame Number of two consecutive packets does not follow 
the expcted order 

3:0   RC   0x0  

err_f_bndry_match 
Error in correspondence between Frame Starts and Frame Edns. 
Could be caused by:  
- Two consecutive Frame Starts receive for the signaled Virtual 
Channel, with no Frame End between them. 
- Two consecutive Frame Ends receive for the signaled Virtual 
Channel, with no Frame Start between them. 
- The Frame Number of a Frame End does not match the one of 
the Frame Start before it, for the signaled Virtual Channel 

 
 
&6,�5;B�&��B(55B29(5)/2:�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1066 

%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:23   RO   0x0  reserved 

22:20   RC   0x0  

y_stat_afifox3_overflow 
raw0~2 to y statistic afifo overflow 
[0] raw0 afifo overflow 
[1] raw1 afifo overflow 
[2] raw2 afifo overflow 

19   RC   0x0  
ibuf3r_overflow 
ibuf_r_fifo overflow 

18:16   RC   0x0  

ibufx3_overflow 
ibufx3 overflow 
[0] : ibuf_s_fifo overflow 
[1] : ibuf_l_fifo overflow 
[2] : ibuf_m_fifo overflow 

15   RO   0x0  reserved 

14   RC   0x0  
afifo22_overflow 
afifo22 overflow 

13   RC   0x0  
afifo21_overflow 
afifo21 overflow 

12   RC   0x0  
afifo20_overflow 
afifo20 woverflow 

11   RC   0x0  
lafifo13_overflow 
lafifo13 overflow 

10   RC   0x0  
lafifo12_overflow 
lafifo12 overflow 

9   RC   0x0  
lafifo11_overflow 
lafifo11 overflow 

8   RC   0x0  
lafifo10_overflow 
lafifo10 overflow 

7   RC   0x0  
afifo13_overflow 
afifo13 overflow 

6   RC   0x0  
afifo12_overflow 
afifo12 overflow 

5   RC   0x0  
afifo11_overflow 
afifo11 overflow 

4   RC   0x0  
afifo10_overflow 
afifo10 overflow 

3:1   RO   0x0  reserved 

0   RC   0x0  
afifo0_overflow 
afifo0 overfolw 

 
 
&6,�5;B�&��B(55B67$7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
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&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1067 

%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31   RW   0x0  
mipi_drop_frm 
mipi drop frame state 

30:28   RC   0x0  

y_stat_end 
y stat end 
[raw2_y_stat_end, raw1_y_stat_end, raw0_y_stat_end] 
Note: y_stat_end point depends on sw_y_stat_int_mode 

27:24   RC   0x0  

mipi_frame_end_vc 
mipi frame end 
[mipi_frame_end_vc3, mipi_frame_end_vc2, 
mipi_frame_end_vc1, mipi_frame_end_vc0] 
Note: Only on the fly mode detection 

23:20   RC   0x0  

mipi_frame_st_vc 
mipi frame start 
[mipi_frame_st_vc3, mipi_frame_st_vc2, mipi_frame_st_vc1, 
mipi_frame_st_vc0] 
Note: Only on the fly mode detection 

19:17   RO   0x0  reserved 

16   RC   0x0  
mipi_linecnt 
line counter number reach the sw_csi_isp_linecnt 

15   RC   0x0  
raw3_wr_v_size_err 
raw3_wr data v size err 

14   RC   0x0  
raw2_wr_v_size_err 
raw2_wr data v size err 

13   RC   0x0  
raw1_wr_v_size_err 
raw1_wr data v size err 

12   RC   0x0  
raw0_wr_v_size_err 
raw0_wr data v size err 

11   RC   0x0  
raw3_wr_h_size_err 
raw3_wr data h size err 

10   RC   0x0  
raw2_wr_h_size_err 
raw2_wr data h size err 

9   RC   0x0  
raw1_wr_h_size_err 
raw1_wr data h size err 

8   RC   0x0  
raw0_wr_h_size_err 
raw0_wr data h size err 

7   RO   0x0  reserved 

6   RC   0x0  
raw2_rd_frame_end 
raw2 read data frame end 

5   RC   0x0  
raw1_rd_frame_end 
raw1 read data frame end 

4   RC   0x0  
raw0_rd_frame_end 
raw0 read data frame end 

3   RC   0x0  
raw3_wr_frame_end 
raw3 write data frame end 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1068 

2   RC   0x0  
raw2_wr_frame_end 
raw2 write data frame end 

1   RC   0x0  
raw1_wr_frame_end 
raw1 write data frame end 

0   RC   0x0  
raw0_wr_frame_end 
raw0 write data frame end 

 
 
&6,�5;B�&��B0$6.B3+<�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:24   RO   0x0  reserved 

23:20   RW   0x0  
sw_imsk_phy_errcontrol 
Mask for phy control err 

19:16   RO   0x0  reserved 

15:12   RW   0x0  
sw_imsk_phy_erresc 
Mask for phy esc err 

11:8   RW   0x0  
sw_imsk_phy_erreotsynchs 
Mask for phy eotsynchs err 

7:4   RW   0x0  
sw_imsk_phy_errsotsynchs 
Mask for phy sotsynchs err 

3:0   RW   0x0  
sw_imsk_phy_errsoths 
Mask for phy soths err 

 
 
&6,�5;B�&��B0$6.B3$&.(7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:24   RW   0x0  
sw_imsk_checksum_error 
Mask for CRC checksum error 

23:21   RO   0x0  reserved 

20   RW   0x0  
sw_imsk_ecc_2bit_error 
Mask for ecc 2bit error 

19:16   RW   0x0  
sw_imsk_ecc_1bit_error 
Mask for ecc 1bit error 

15:12   RW   0x0  
sw_imsk_err_id 
Mask for id err 

11:8   RW   0x0  
sw_imsk_err_frame_data 
Mask for err_frame_data 

7:4   RW   0x0  
sw_imsk_err_f_seq 
Mask for err_f_seq 

3:0   RW   0x0  
sw_imsk_err_f_bndry_match 
Mask for error in correspondence between Frame Starts and 
Frame Edns. 

 
 



5.�����750�3DUW� 
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&6,�5;B�&��B0$6.B29(5)/2:�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:23   RO   0x0  reserved 

22:20   RC   0x0  

sw_imsk_y_stat_afifox3_overflow 
Mask for raw0~2 to y statistic afifo overflow 
[0] raw0 afifo overflow 
[1] raw1 afifo overflow 
[2] raw2 afifo overflow 

19   RW   0x0  
sw_imsk_ibuf3r_overflow 
Mask for ibuf_r_fifo overflow 

18:16   RW   0x0  

sw_imsk_ibufx3_overflow 
Mask for ibufx3 overflow 
[0] : ibuf_s_fifo overflow 
[1] : ibuf_l_fifo overflow 
[2] : ibuf_m_fifo overflow 

15   RO   0x0  reserved 

14   RW   0x0  
sw_imsk_afifo22_overflow 
Mask for afifo22 overflow 

13   RW   0x0  
sw_imsk_afifo21_overflow 
Mask for afifo21 overflow 

12   RW   0x0  
sw_imsk_afifo20_overflow 
Mask for afifo20 woverflow 

11   RW   0x0  
sw_imsk_lafifo13_overflow 
Mask for lafifo13 overflow 

10   RW   0x0  
sw_imsk_lafifo12_overflow 
Mask for lafifo12 overflow 

9   RW   0x0  
sw_imsk_lafifo11_overflow 
Mask for lafifo11 overflow 

8   RW   0x0  
sw_imsk_lafifo10_overflow 
Mask for lafifo10 overflow 

7   RW   0x0  
sw_imsk_afifo13_overflow 
Mask for afifo13 overflow 

6   RW   0x0  
sw_imsk_afifo12_overflow 
Mask for afifo12 overflow 

5   RW   0x0  
sw_imsk_afifo11_overflow 
Mask for afifo11 overflow 

4   RW   0x0  
sw_imsk_afifo10_overflow 
Mask for afifo10 overflow 

3:1   RO   0x0  reserved 

0   RW   0x0  
sw_imsk_afifo0_overflow 
Mask for afifo0 overfolw 

 
 
&6,�5;B�&��B0$6.B67$7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
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&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1070 

%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31   RW   0x0  
sw_imsk_mipi_drop_frm 
Mask for mipi drop frame state 

30:28   RC   0x0  
sw_imsk_y_stat_end 
y stat end 
[raw2_y_stat_end, raw1_y_stat_end, raw0_y_stat_end] 

27:24   RC   0x0  

sw_imsk_mipi_frame_end_vc 
Mask for mipi frame end 
[mipi_frame_end_vc3, mipi_frame_end_vc2, 
mipi_frame_end_vc1, mipi_frame_end_vc0] 

23:20   RC   0x0  

sw_imsk_mipi_frame_st_vc 
Mask for mipi frame start 
[mipi_frame_st_vc3, mipi_frame_st_vc2, mipi_frame_st_vc1, 
mipi_frame_st_vc0] 

19:17   RO   0x0  reserved 

16   RW   0x0  
sw_imsk_csi_isp_linecnt 
Mask for line counter number reach the sw_csi_isp_linecnt 

15   RW   0x0  
sw_imsk_raw3_wr_v_size_err 
Mask for raw3_wr data v size err 

14   RW   0x0  
sw_imsk_raw2_wr_v_size_err 
Mask for raw2_wr data v size err 

13   RW   0x0  
sw_imsk_raw1_wr_v_size_err 
Mask for raw1_wr data v size err 

12   RW   0x0  
sw_imsk_raw0_wr_v_size_err 
Mask for raw0_wr data v size err 

11   RW   0x0  
sw_imsk_raw3_wr_h_size_err 
Mask for raw3_wr data h size err 

10   RW   0x0  
sw_imsk_raw2_wr_h_size_err 
Mask for raw2_wr data h size err 

9   RW   0x0  
sw_imsk_raw1_wr_h_size_err 
Mask for raw1_wr data h size err 

8   RW   0x0  
sw_imsk_raw0_wr_h_size_err 
Mask for raw0_wr data h size err 

7   RO   0x0  reserved 

6   RW   0x0  
sw_imsk_raw2_rd_frame_end 
Mask for raw2_rd data frame_end 

5   RW   0x0  
sw_imsk_raw1_rd_frame_end 
Mask for raw_rd1 data frame_end 

4   RW   0x0  
sw_imsk_raw0_rd_frame_end 
Mask for raw_rd0 data frame_end 

3   RW   0x0  
sw_imsk_raw3_wr_frame_end 
Mask for raw3_wr frame end 

2   RW   0x0  
sw_imsk_raw2_wr_frame_end 
Mask for raw2_wr frame end 
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1   RW   0x0  
sw_imsk_raw1_wr_frame_end 
Mask for raw1_wr frame end 

0   RW   0x0  
sw_imsk_raw0_wr_frame_end 
Mask for  raw0_wr frame end 

 
 
&6,�5;B�&��B5$:�B:5B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31   RW   0x0  
sw_raw0self_force_upd 
raw0 self force update 
Note: If readback this register, it's sw_csi_raw0_wr_en_shd 

30:22   RO   0x0  reserved 

21:16   RW   0x2e  
sw_csi_raw16_id 
set raw16 new id, data type 

15:8   RW   0x02  
sw_csi_raw0_wr_chan 
raw0_wr channel enable 

7:3   RO   0x0  reserved 

2   RW   0x0  

sw_csi_raw0_wr_align 
raw0_wr pix-out align mode 
1'b0: big-endian 
1'b1: little-endian 

1   RW   0x0  

sw_csi_raw0_wr_uncompact 
raw0_wr pix-out uncompact mode 
1'b0: uncompact 
1'b1: compact 

0   RW   0x0  

sw_csi_raw0_wr_en_org 
raw0_wr enable, hold when enable 
The channel that write csi data to ddr. 
1'b1: Enable the channel 
1'b0: Disable teh channel 

 
 
&6,�5;B�&��B5$:�B:5B/,1(&17B52�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:14   RO   0x0  reserved 

13:0   RO   0x0000  
ro_raw0_wr_line_cnt 
current raw0_wr line counter 

 
 
&6,�5;B�&��B5$:�B:5B3,&B6,=(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1072 

%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:30   RO   0x0  reserved 

29:16   RW   0x0000  
sw_csi_raw0_wr_v_size_org 
if (sw_csi_raw0_wr_v_size_org equal 0), use regs_acq_v_size 
value 

15:14   RO   0x0  reserved 

13:0   RW   0x0000  
sw_csi_raw0_wr_h_size_org 
if (sw_csi_raw0_wr_h_size_org equal 0), use regs_acq_h_size 
value 

 
 
&6,�5;B�&��B5$:�B:5B3,&B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:16   RW   0x0000  
sw_csi_raw0_wr_v_off 
vertical sample offset of damtx0 

15:14   RO   0x0  reserved 

13:0   RW   0x0000  
sw_csi_raw0_wr_h_off 
horizontal sample offset of raw0_wr 

 
 
&6,�5;B�&��B5$:�B:5B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31   RW   0x0  
sw_raw1self_force_upd 
raw1 self force update 
Note: If readback this register, it's sw_csi_raw1_wr_en_shd 

30:16   RO   0x0  reserved 

15:8   RW   0x02  
sw_csi_raw1_wr_chan 
raw1_wr channel enable 

7:3   RO   0x0  reserved 

2   RW   0x0  

sw_csi_raw1_wr_align 
raw1_wr pix-out align mode 
1'b0: big-endian 
1'b1: little-endian 

1   RW   0x0  
sw_csi_raw1_wr_uncompact 
raw1_wr pix-out simg_mod enable 

0   RW   0x0  
sw_csi_damtx1_en_org 
raw1_wr enable, hold when enable 

 
 
&6,�5;B�&��B5$:�B:5B/,1(&17B52�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:14   RO   0x0  reserved 

13:0   RO   0x0000  
ro_raw1_wr_line_cnt 
current raw1_wr line counter 
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&6,�5;B�&��B5$:�B:5B3,&B6,=(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:16   RW   0x0000  
sw_csi_raw1_wr_v_size_org 
if (sw_csi_raw1_wr_v_size_org equal 0), use regs_acq_v_size 
value 

15:14   RO   0x0  reserved 

13:0   RW   0x0000  
sw_csi_raw1_wr_h_size_org 
if (sw_csi_raw1_wr_h_size_org equal 0), use regs_acq_h_size 
value 

 
 
&6,�5;B�&��B5$:�B:5B3,&B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:16   RW   0x0000  
sw_csi_raw1_wr_v_off 
vertical sample offset of damtx1 

15:14   RO   0x0  reserved 

13:0   RW   0x0000  
sw_csi_raw1_wr_h_off 
horizontal sample offset of raw1_wr 

 
 
&6,�5;B�&��B5$:�B:5B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31   RO   0x0  
sw_raw2self_force_upd 
raw2 self force update 
Note: If readback this register, it's sw_csi_raw2_wr_en_shd 

30:16   RO   0x0  reserved 

15:8   RW   0x01  
sw_csi_raw2_wr_chan 
raw2_wr channel enable 

7:3   RO   0x0  reserved 

2   RW   0x0  

sw_csi_raw2_wr_align 
raw2_wr pix-out align mode 
1'b0: big-endian 
1'b1: little-endian 

1   RW   0x0  
sw_csi_raw2_wr_uncompact 
raw2_wr pix-out simg_mod enable 

0   RW   0x0  
sw_csi_damtx2_en_org 
raw2_wr enable, hold when enable 

 
 
&6,�5;B�&��B5$:�B:5B/,1(&17B52�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1074 

%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:14   RO   0x0  reserved 

13:0   RO   0x0000  
ro_raw2_wr_line_cnt 
current raw2_wr line counter 

 
 
&6,�5;B�&��B5$:�B:5B3,&B6,=(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:16   RW   0x0000  
sw_csi_raw2_wr_v_size_org 
if (sw_csi_raw2_wr_v_size_org equal 0), use regs_acq_v_size 
value 

15:14   RO   0x0  reserved 

13:0   RW   0x0000  
sw_csi_raw2_wr_h_size_org 
if (sw_csi_raw2_wr_h_size_org equal 0), use regs_acq_h_size 
value 

 
 
&6,�5;B�&��B5$:�B:5B3,&B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:16   RW   0x0000  
sw_csi_raw2_wr_v_off 
vertical sample offset of damtx2 

15:14   RO   0x0  reserved 

13:0   RW   0x0000  
sw_csi_raw2_wr_h_off 
horizontal sample offset of raw2_wr 

 
 
&6,�5;B�&��B5$:�B:5B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31   RO   0x0  
sw_raw3self_force_upd 
raw3 self force update 
Note: If readback this register, it's sw_csi_raw3_wr_en_shd 

30:16   RO   0x0  reserved 

15:8   RW   0x08  
sw_csi_raw3_wr_chan 
raw3_wr channel enable 

7:3   RO   0x0  reserved 

2   RW   0x0  

sw_csi_raw3_wr_align 
raw3_wr pix-out align mode 
1'b0: big-endian 
1'b1: little-endian 

1   RW   0x0  
sw_csi_raw3_wr_uncompact 
raw3_wr pix-out simg_mod enable 

0   RW   0x0  
sw_csi_damtx3_en_org 
raw3_wr enable, hold when enable 
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&6,�5;B�&��B5$:�B:5B/,1(&17B52�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:14   RO   0x0  reserved 

13:0   RO   0x0000  
ro_raw3_wr_line_cnt 
current raw3_wr line counter 

 
 
&6,�5;B�&��B5$:�B:5B3,&B6,=(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:16   RW   0x0000  
sw_csi_raw3_wr_v_size_org 
if (sw_csi_raw3_wr_v_size_org equal 0), use regs_acq_v_size 
value 

15:14   RO   0x0  reserved 

13:0   RW   0x0000  
sw_csi_raw3_wr_h_size_org 
if (sw_csi_raw3_wr_h_size_org equal 0), use regs_acq_h_size 
value 

 
 
&6,�5;B�&��B5$:�B:5B3,&B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:16   RW   0x0000  
sw_csi_raw3_wr_v_off 
vertical sample offset of damtx3 

15:14   RO   0x0  reserved 

13:0   RW   0x0000  
sw_csi_raw3_wr_h_off 
horizontal sample offset of raw3_wr 

 
 
&6,�5;B�&��B5$:B5'B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31   
W1
C   

0x0  
sw_rxself_force_upd 
All mipirx self force update 
Note: If readback this register, it's mipi working. 

30:8   RO   0x0  reserved 

7:5   RW   0x0  
sw_csi_raw_rd_chan_sel 
raw_rd sw_csi_id_7to0 id input id-sel,  default id0 

4   RW   0x0  

sw_csi_raw_rd_align 
raw_rd pix-out align mode 
1'b0: big-endian 
1'b1: little-endian 

3   RW   0x0  
sw_csi_raw_rd_uncompact 
raw_rd pix-out simg_mod enable 

2   RW   0x0  
sw_csi_raw2_rd_en_org 
raw_rd1 enable 
Auto clear when finish 

1   RW   0x0  
sw_csi_raw1_rd_en_org 
raw_rd1 enable 
Auto clear when finish 

0   RW   0x0  
sw_csi_raw0_rd_en_org 
raw_rd0 enable 
Auto clear when finish 

 
 
&6,�5;B�&��B5$:B5'B/,1(&17B52�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:16   RO   0x0000  
ro_raw1_rd_isp_line_cnt 
current raw_rd1 to isp line counter 

15:14   RO   0x0  reserved 

13:0   RO   0x0000  
ro_raw0_rd_isp_line_cnt 
current raw_rd0 to isp line counter 

 
 
&6,�5;B�&��B5$:B5'B3,&B6,=(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:16   RW   0x0000  
sw_csi_raw_rd_v_size_org 
if (sw_csi_raw_rd_v_size_org equal 0), use regs_acq_v_size 
value 

15:14   RO   0x0  reserved 

13:0   RW   0x0000  
sw_csi_raw_rd_h_size_org 
if (sw_csi_raw_rd_h_size_org equal 0), use regs_acq_h_size 
value 
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&6,�5;B�&��B5$:�B5'B/,1(&17B52�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:14   RO   0x0  reserved 

13:0   RO   0x0000  
ro_raw2_rd_isp_line_cnt 
current raw2_rd to isp line counter 

 
 
&6,�5;B�&��B5$:)%&B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:10   RO   0x0  reserved 

9:8   RW   0x0  

sw_rawfbc_head_diff_num 
head diff num between fbce and fbcd 
2'b00: Head diff num = head_burst_len (default) 
2'b01: Head diff num = head_burst_len * 2 
2'b10: Head diff num = head_burst_len * 4 

7:5   RO   0x0  reserved 

4   RW   0x1  

sw_rawfbc_head_diff_en 
head data read ctrl en based on rawfbce and rawfbce speed 
1'b1: Enable (default) 
1'b0: Disable 

3:2   RO   0x0  reserved 

1   RW   0x0  

sw_rawfbc_en 
fbce enable 
1'b1: Enable 
1'b0: Disable 

0   RW   0x1  

sw_raw_out_en 
raw output to tx 
1'b1: Enable 
1'b0: Disable 

 
 
&6,�5;B�&��B(63+'5B/&17�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:18   RO   0x0  reserved 

17:12   RW   0x10  
sw_csi_esp_lcnt_padnum 
the number needed to identify padding row 

11:0   RW   0x004  

sw_csi_esp_lcnt_padpix 
padding row payload, default value as follows: 
raw10: 0x1 
raw12: 0x4 

 
 
&6,�5;B�&��B(63+'5B,'&'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31   RO   0x0  reserved 

30:24   RW   0x12  

sw_csi_esp_idcd_efpix3 
identification code of Effective line, default value as follows: 
raw10: 0x12 
raw12: 0x12 

23   RO   0x0  reserved 

22:16   RW   0x12  

sw_csi_esp_idcd_efpix2 
identification code of Effective line, default value as follows: 
raw10: 0x12 
raw12: 0x12 

15   RO   0x0  reserved 

14:8   RW   0x12  

sw_csi_esp_idcd_efpix1 
identification code of Effective line, default value as follows: 
raw10: 0x12 
raw12: 0x12 

7   RO   0x0  reserved 

6:0   RW   0x11  

sw_csi_esp_idcd_efpix0 
identification code of Effective line, default value as follows: 
raw10: 0x12 
raw12: 0x12 

 
 
&6,�5;B�&��B(63+'5B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:8   RO   0x0  reserved 

7:0   RW   0x00  
sw_csi_esp_short_chan 
Short channel enable 
Only on-the-fly mode is available for short-frame. 

 
 
&6,�5;B�&��B9&�B)5$0(B180B52�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:16   RO   0x0000  
ro_csi_vc0_fs_num 
16 bit frame number from VC0 Frame Start (FS) short packet 

15:0   RO   0x0000  
ro_csi_vc0_fe_num 
16 bit frame number from VC0 Frame End (FE) short packet 

 
 
&6,�5;B�&��B9&�B)5$0(B180B52�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:16   RO   0x0000  
ro_csi_vc1_fs_num 
16 bit frame number from VC1 Frame Start (FS) short packet 

15:0   RO   0x0000  
ro_csi_vc1_fe_num 
16 bit frame number from VC1 Frame End (FE) short packet 
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&6,�5;B�&��B9&�B)5$0(B180B52�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:16   RO   0x0000  
ro_csi_vc2_fs_num 
16 bit frame number from VC2 Frame Start (FS) short packet 

15:0   RO   0x0000  
ro_csi_vc2_fe_num 
16 bit frame number from VC2 Frame End (FE) short packet 

 
 
&6,�5;B�&��B9&�B)5$0(B180B52�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��DF��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:16   RO   0x0000  
ro_csi_vc3_fs_num 
16 bit frame number from VC3 Frame Start (FS) short packet 

15:0   RO   0x0000  
ro_csi_vc3_fe_num 
16 bit frame number from VC3 Frame End (FE) short packet 

 
 
&6,�5;B�&��B,63B/,1(&17B52�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��E���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:14   RO   0x0  reserved 

13:0   RO   0x0000  
ro_csi_isp_line_cnt 
current csi to isp line counter 

 
 
&6,�5;B�&��B5$:B:5B,%8)B67$786B52�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��E���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  
ro_r1fifo_space2full 
lafifo11_space2full 

27:24   RO   0x0  
ro_r0fifo_space2full 
lafifo10_space2full 

23:0   RO   0x000000  
ro_ibuf_debug_status 
ibuf working debug status, mipi_clk 

 
 
&6,�5;B�&��B5$:B:5B,%8)�B67$786B52�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��E���  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:15   RO   0x0  reserved 

14:11   RO   0x0  
ro_r3fifo_space2full 
lafifo13_space2full 

10:7   RO   0x0  
ro_r2fifo_space2full 
lafifo12_space2full 

6:0   RO   0x00  

ro_ibuf3_debug_status 
ibuf3 working debug status, mipi_clk, including: 
ro_ibuf3_debug_status[3:0]: ro_ibuf3_space2full 
ro_ibuf3_debug_status[   4]: ibuf3r_ready 
ro_ibuf3_debug_status[   5]: ibuf3_start_flag 
ro_ibuf3_debug_status[   6]: ibuf3_work_end 

 
 
&6,�5;B�&��B&85B+($'(5B52�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��F���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RO   0x00000000  
ro_csi_cur_header 
rxbyte_clk domain 
current header 

 
 
&6,�5;B�&��B)31B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��G���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:4   RO   0x0  reserved 

3:2   RW   0x0  

sw_fpn_bits 
calculate data bits selsction 
2'b00: 3'b000, x; 
2'b01: 2'b00, x, 1'b0; 
2'b10: 1'b0, x, 2'b00; 
2'b11:        x, 3'b000 
Note:"x" is 4 bits data, frame FPN_TABLE_DATA 

1   RW   0x0  

sw_cfpn_n 
colum fpn enable, active low 
1'b0: col fpn 
1'b1: row fpn 

0   RW   0x0  

sw_fpn_en 
sw_fpn_en 
1'b0: Disable 
1'b1: Enable 

 
 
&6,�5;B�&��B)31B7$%/(B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��G���  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:1   RO   0x0  reserved 

0   RW   0x1  

sw_fpn_cfg_ing 
write fpn data to memory, active high 
1'b0: Disable/finish config 
1'b1: Write table data to memory enable 

 
 
&6,�5;B�&��B)31B7$%/(B'$7$�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��G���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RW   0x00000000  
sw_fpn_table_data 
FPN data register to memory 

 
 
&6,�5;B�&��B&6,B<B67$7B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��I���  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:29   RO   0x0  reserved 

28:24   RW   0x00  
sw_black_level_b 
y statistic black level of B 

23:21   RO   0x0  reserved 

20:16   RW   0x00  
sw_black_level_g 
y statistic black level of G 

15:13   RO   0x0  reserved 

12:8   RW   0x00  
sw_black_level_r 
y statistic black level of R 

7:6   RW   0x0  

sw_y_stat_rd_tile_id 
y statistic read tileline id 
2'b00: Read y_stat from tileline0 offset 
2'b01: Read y_stat from tileline1 offset 
2'b10: Read y_stat from tileline2 offset 
2'b11: Read y_stat from tileline3 offset 
Note: tileline0 offset, 0; tileline1 offset, 4; tileline2 offset, 8; 
tileline3 offset, 12 

5:4   RW   0x0  

sw_y_stat_rd_frm_id 
y statistic read frame id 
2'b00: Read y_stat from raw0 start addr in sram 
2'b01: Read y_stat from raw1 start addr in sram 
2'b10: Read y_stat from raw2 start addr in sram 
2'b11: Reserved 
Note: raw0 start addr, 0; raw1 start addr, 16; raw2 start addr, 
32 

3:2   RW   0x0  

sw_y_stat_int_mode 
y statistic interrupt generation mode 
2'b00: Each tileline generate once interrupt 
2'b01: Two tileline generate once interrupt 
2'b10: Frame end generate once interrupt 
2'b11: Reserved 
Note: Each tileline including 4blocks at horizon direction 

1   RW   0x1  

sw_y_stat_rd_en 
y statistic read enable for read y_stat sram address update, auto-
clear 
1'b0: Disable 
1'b1: Enable 
when the first read y_stat sram in each frame, should config 
sw_y_stat_rd_en = 1, give read start 
address in sram. 
Note: SRAM addr from 0 to 47; raw0, 0~15; raw1, 16~31; raw2, 
32~47. 
read sram addr = sw_y_stat_rd_frm_id (corresponding addr) + 
sw_y_stat_rd_tile_id (corresponding offset) 
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0   RW   0x1  

sw_y_stat_en 
y statistic enable 
1'b0: Disable 
1'b1: Enable 
Note: y statistic is based on 4x4 block, and each block size are 
calculated by hardware 

 
 
&6,�5;B�&��B&6,B<B67$7B52�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��I���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RO   0x00000000  
ro_y_stat_buf_rdata 
y statistic read data from sram. 
Read according to y_stat interrupt in ERR_PACKET[30:28] 

 
 
&6,�5;B�&��B9(56,21�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��IF��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RO   0x02021812  

version_id 
Version of the DWC_mipi_csi2_host 
Value after Reset: 32'h02021812 
integrated in ISP (max: 02; min: 02 date: 1812) 

 

12.4.2.2 MI 
0,B����B0,B:5B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31   RO   0x0  reserved 

30:28   RW   0x0  

sw_sp_wr_output_format 
Selects output format of self picture. For possible restrictions see 
sub-chapter "Picture Orientation" in chapter "Self Path Output 
Programming". 
3'b111: Reserved 
3'b110: RGB 888 
3'b101: RGB 666 
3'b100: RGB 565 
3'b011: YCbCr 4:4:4 
3'b010: YCbCr 4:2:2 
3'b001: YCbCr 4:2:0 
3'b000: YCbCr 4:0:0 
Note: 
- Programmed value becomes effective immediately. So write to 
the register only if no picture data is sent to the self path. 
- For RGB output format the SP input format must be YCbCr 
4:2:2 

27:26   RW   0x0  

sw_sp_wr_input_format 
Selects input format of self picture. For possible restrictions see 
sub-chapter "Picture Orientation" in chapter "Self Path Output 
Programming". 
2'b11: YCbCr 4:4:4 
2'b10: YCbCr 4:2:2 
2'b01: YCbCr 4:2:0 
2'b00: YCbCr 4:0:0 
Note: Programmed value becomes effective immediately. So 
write to the register only if no picture data is sent to the self 
path. 

25:24   RW   0x0  

sw_sp_wr_format 
Defines how YCbCr self picture data is written to memory. Must 
be set to 00 if RGB conversion is active. Note that with RGB 
conversion active the output format is always interleaved. 
2'b00: Planar 
2'b01: Semi planar, for YCbCr 4:2:x 
2'b10: Interleaved (combined), for YCbCr 4:2:2 only  
2'b11: Reserved 
Note: Programmed value becomes effective immediately. So 
write to the register only if no picture data is sent to the self 
path. 
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23:22   RW   0x0  

sw_mp_wr_format 
Defines how YCbCr main picture data is written to memory. 
Ignored if JPEG data is chosen. 
In YCbCr mode the following meaning is applicable  
2'b00: Planar 
2'b01: Semi planar, for YCbCr 4:2:x 
2'b10: Interleaved (combined), for YCbCr 4:2:2 only  
2'b11: Reserved  
In RAW data mode the following meaning is applicable  
2'b00: RAW 8 bit 
2'b01: Reserved 
2'b10: RAW 12 bit 
2'b11: Reserved 
Note: Programmed value becomes effective immediately. So 
write to the register only if no picture data is sent to the main 
path. 

21   RW   0x0  

sw_mi_wr_init_offset_en 
Enables updating of the offset counters shadow registers for main 
and self picture to the programmed register init values.  
MI_MP/SP_Y/CB/CR_OFFS_CNT_INIT -> 
MI_MP/SP_Y/CB/CR_OFFS_CNT_SHD 
The update will be executed either when a forced software update 
occurs (in register MI_INIT bit cfg_upd = 1) or when an 
automatic config update signal arrives at the MI input port. The 
latter is split into main and self picture. So only the 
corresponding main/self shadow registers are affected. 
After a picture skip has been performed init_offset_en selects 
between skip restart and skip init mode (see bit skip in register 
MI_INIT). 

20   RW   0x0  

sw_mi_wr_init_base_en 
Enables updating of the base address and buffer size shadow 
registers for main and self picture to the programmed register init 
values. 
MI_MP/SP_Y/CB/CR_BASE_AD_INIT -> 
MI_MP/SP_Y/CB/CR_BASE_AD_SHD  
MI_MP/SP_Y/CB/CR_SIZE_INIT -> 
MI_MP/SP_Y/CB/CR_SIZE_SHD 
The update will be executed either when a forced software update 
occurs (in register MI_INIT bit cfg_upd = 1) or when an 
automatic config update signal arrives at the MI input port. The 
latter is split into main and self picture. So only the 
corresponding main/self shadow registers are affected. 
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19:18   RW   0x2  

sw_mi_wr_burst_len_chrom_org 
Burst length for Cb or Cr data affecting write port.  
2'b00: 4-beat bursts 
2'b01: 8-beat bursts 
2'b10: 16-beat bursts 
2'b11: Reserved 
Ignored if 8- or 16-beat bursts are not supported. If rotation is 
active, then only 4-beat bursts will be generated in self path, 
regardless of the setting here. 
Note: Programmed value becomes effective immediately. So 
write to the register only if no picture data is sent to the main 
and self path. 

17:16   RW   0x2  

sw_mi_wr_burst_len_lum_org 
Burst length for Y data affecting write port.  
2'b00: 4-beat bursts 
2'b01: 8-beat bursts 
2'b10: 16-beat bursts 
2'b11: Reserved 
Ignored if 8- or 16-beat bursts are not supported. 
Note: Programmed value becomes effective immediately. So 
write to the register only if no picture data is sent to the main 
and self path. 

15   RW   0x0  

sw_mi_wr_last_pixel_sig_en 
enables the last pixel signalization  
1'b1: Enabled 
1'b0: Disabled 

14   RW   0x0  

sw_sp_wr_auto_upd 
automatic update of configuration registers for self path at frame 
end. 
1'b1: Enabled 
1'b0: Disabled 

13   RW   0x0  

sw_mp_wr_auto_upd 
automatic update of configuration registers for main path at 
frame end. 
1'b1: Enabled 
1'b0: Disabled 
Note: If mp pingpong enable, it needs to be set "1". 

12   WO   0x0  

sw_sp_wr_pingpong_en 
pingpong mode of configuration registers for self path at frame 
end. 
1'b1: Enabled 
1'b0: Disabled 
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11   RW   0x0  

sw_mp_wr_pingpong_en 
pingpong mode of configuration registers for main path at frame 
end. 
1'b1: Enabled 
1'b0: Disabled 

10   RW   0x0  

sw_mi_wr_422noncosited 
Enables self path YCbCr422non-co-sited -> YCbCr444 
interpolation (M5_v6, M5_v7 only) 
1'b1: YCbCr422 data are non_co-sited (Cb and Cr samples are 
centered between Y samples) so modified interpolation is 
activated 
1'b0: YCbCr422 data are co-sited (Y0 Cb0 and Cr0 are sampled 
at the same position) 
Note: Programmed value becomes effective immediately. So 
write to the register only if no picture data is sent to the self 
path. 

9   RW   0x0  

sw_mi_wr_cbcr_full_range 
Enables CbCr full range for self path YCbCr -> RGB conversion 
(M5_v6, M5_v7 only) 
1'b1: CbCr have full range (0..255) 
1'b0: CbCr have compressed range range (16..240) 
Note: Programmed value becomes effective immediately. So 
write to the register only if no picture data is sent to the self 
path. 

8   RW   0x0  

sw_mi_wr_y_full_range 
Enables Y full range for self path YCbCr -> RGB conversion 
(M5_v6, M5_v7 only) 
1'b1: Y has full range (0..255) 
1'b0: Y has compressed range (16..235) 
Note: Programmed value becomes effective immediately. So 
write to the register only if no picture data is sent to the self 
path. 

7   RW   0x0  

sw_mi_wr_byte_swap 
Enables change of byte order of the 32 bit output word at write 
port 
1'b1: Byte order is mirrored but the bit order within one byte 
doesnt change 
1'b0: No byte mirroring 
Note: Programmed value becomes effective immediately. So 
write to the register only if no picture data is sent to the main 
and self path. 
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6   RW   0x0  

sw_mi_wr_rot 
Rotation 90 degree counter clockwise of self picture, only in RGB 
mode. For picture orientation and operation modes see sub-
chapter "Picture Orientation" in chapter "Self Path Output 
Programming". 
For RGB 565 format the line length must be a multiple of 2. There 
are no restrictions for RGB 888/666. 
1'b1: Enabled 
1'b0: Disabled 
Note: Programmed value becomes effective immediately. So 
write to the register only if no picture data is sent to the self 
path. In rotation mode only 4-beat bursts are supported for self- 
path. 
not support rotation90 function in the newset version now; 

5   RW   0x0  

sw_mi_wr_v_flip 
Vertical flipping of self picture. For picture orientation and 
operation modes see sub-chapter "Picture Orientation" in chapter 
"Self Path Output Programming". 
For Y component the line length in 4:2:x planar mode must be a 
multiple of 8, for all other component modes a multiple of 4 and 
for RGB 565 a multiple of 2. There are no restrictions for RGB 
888/666. 
1'b1: Enabled 
1'b0: Disabled 
Note: Programmed value becomes effective immediately. So 
write to the register only if no picture data is sent to the self 
path. 

4   RW   0x0  

sw_mi_wr_h_flip 
Horizontal flipping of self picture. For picture orientation and 
operation modes see sub-chapter "Picture Orientation" in chapter 
"Self Path Output Programming". 
For Y component the line length in 4:2:x planar mode must be a 
multiple of 8, for all other component modes a multiple of 4 and 
for RGB 565 a multiple of 2. There are no restrictions for RGB 
888/666. 
1'b1: Enabled 
1'b0: Disabled 
Note: Programmed value becomes effective immediately. So 
write to the register only if no picture data is sent to the self 
path. 
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3:0   RW   0x0  

sw_mi_wr_path_enable 
Enables data pathes of MI according to the following table: 
4'b0000: Disabled, no data is transferred 
4'b0001: YUV data output, mainpath only (mp_enable only)  
4'b0010: Self-path only, output data format depending on other 
settings (sp_enable only) 
4'b0011: YUV data output in mainpath and self-path image data 
active 
4'b0100: JPEG data output, mainpath only (jpeg_enable only)  
4'b0101: Not allowed 
4'b0110: JPEG data output in mainpath and self-path image data 
active 
4'b0111: Not allowed 
4'b1000: RAW data output, mainpath only (raw_enable only)  
4'b1001: Defect pixel data on self-path, image data on mainpath  
4'b1010: Defect pixel data on mainpath, image data on self-path  
4'b1011: Not allowed 
4'b1100: Defect pixel data on self-path, JPEG data on mainpath  
4'b1101: Defect pixel data on mainpath only 
4'b1110: Defect pixel data on self-path only 
4'b1111: Defect pixel data on self-path, RAW data on mainpath 
Programmed value becomes effective (visible in shadow register) 
after a soft reset, a forced software update or an automatic 
config update. Affects MI_IN and MI_OUT module. 

 
 
0,B����B0,B:5B,1,7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:17   RO   0x0  reserved 

16   RW   0x0  
sw_mp_wr_vir_stride_old 
1'b0: mp virstual stride mode 
1'b1: mp no virtual stride mode 

15:7   RO   0x0  reserved 

6   RW   0x0  
sw_mi_update_last_pixel_en 
If this bit set 1, MI IN and MI OUT module will update at the time 
of dual crop module sent out the last pixel 

5   RW   0x1  

sw_mi_update_mode 
1'b0: Old mode 
1'b1: New mode, all path will update when frame_end 
In new mode, all path regs of MI will be updated at right time; 
(not support input RAW/JEPG mode) 

4   WO   0x0  

sys_mi_cfg_upd 
Forced configuration update. Leads to an immediate update of 
the shadow registers. 
Depending on the two init enable bits in the MI_CTRL register 
(init_offset_en and init_base_en) the offset counter, base 
address and buffer size shadow registers are also updated. 

3   RO   0x0  reserved 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1091 

2   RW   0x0  

sw_mi_skip 
Skip of current or next starting main picture: 
Aborts writing of main picture image data of the current frame to 
RAM (after the current burst transmission has been completed). 
Further main picture data up to the end of the current frame are 
discarded. 
No further makroblock line interrupt (mblk_line), no wrap around 
interrupt for main picture (wrap_mp_y/cb/cr) and no fill level 
interrupt (fill_mp_y) are generated. 
Skip does not affect the generation of the main path frame end 
interrupt (mp_frame_end). 
Skip does not affect the processing of self picture and its 
corresponding interrupts namely the self path frame end interrupt 
(sp_frame_end). 
The byte counter (register MI_WR_BYTE_CNT) is not affected. It 
produces the correct number of JPEG or RAW data bytes at the 
end of the current (skipped) frame. 
After a skip has been performed the offset counter for the main 
picture at the start of the following frame are set depending on 
the bit init_offset_en in register MI_WR_CTRL: 
- Skip restart mode (init_offset_en = 0) 
The offset counters of the main picture are restarted at the old 
start values of the previous skipped frame. 
- Skip init mode (init_offset_en = 1) 
The offset counters of the main picture are initialized with the 
register contents of the offset counter init registers without any 
additional forced software update or automatic config update. 

1:0   RO   0x0  reserved   
 
 
0,B����B0,B03B:5B<B%$6(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:4   RW   0x0000000  

sw_mp_wr_y_base 
Base address of main picture Y component ring buffer, JPEG ring 
buffer or raw data ring buffer. 
Programmed value becomes effective (visible in corresponding 
shadow register) after a soft reset, a forced software update or 
an automatic config update. 
--- MI_MP_Y_BASE_AD_INIT --- 
Note: This register protects from non-aligned access. The bits 0 
to 2 are hard wired to "000". As a consequence any byte address 
that is written to the register will automatically be re-mapped to 
the next lower 64 bit aligned address: 
write(MI_MP_Y_BASE_AD_INIT, address_value) is equivalent to 
write(MI_MP_Y_BASE_AD_INIT, address_value & 0xFFFFFFF8). 
Anyhow, in order to avoid confusion it is NOT recommended to 
use non-aligned address values for access. It is also NOT 
recommended to actively consider the register slice for register 
access in order to avoid unneccessary mask and shift operations. 
In addition, if camerIC provides AXI interfaces the programmed 
base address shall be burst aligned with respect to the burst 
length configured in MI_WR_CTRL. 
Set control bit init_base_en before updating so that a forced or 
automatic update can take effect. 

3:0   RO   0x0  reserved   
 
 
0,B����B0,B03B:5B<B6,=(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:29   RO   0x0  reserved 

28:4   RW   0x0000000  

sw_mp_wr_y_size 
Size of main picture Y component ring buffer, JPEG ring buffer or 
raw data ring buffer. 
Programmed value becomes effective (visible in corresponding 
shadow register) after a soft reset, a forced software update or 
an automatic config update. 
--- MI_MP_Y_SIZE_INIT --- 
Note: This register protects from non-aligned access. Refer to 
MI_MP_WR_Y_BASE register description for details. 
Set control bit init_base_en before updating so that a forced or 
automatic update can take effect. 

3:0   RO   0x0  reserved   
 
 
0,B����B0,B03B:5B<B2))6B&17�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:29   RO   0x0  reserved 

28:4   RW   0x0000000  

sw_mp_wr_y_offs_cnt 
Offset counter init value of main picture Y component ring buffer, 
JPEG ring buffer or raw data ring buffer. 
Programmed value becomes effective (visible in corresponding 
shadow register) after a soft reset, a forced software update or 
an automatic config update. 
--- MI_MP_WR_Y_OFFS_CNT --- 
Note: This register protects from non-aligned access. Refer to 
MI_MP_WR_Y_BASE register description for details. 
Set control bit init_base_en before updating so that a forced or 
automatic update can take effect. Check exceptional handling in 
skip modes. 

3:0   RO   0x0  reserved   
 
 
0,B����B0,B03B:5B<B2))6B&17B67$57�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:29   RO   0x0  reserved 

28:4   RO   0x0000000  

sw_mp_wr_y_offs_cnt_start 
Offset counter value which points to the start address of the 
previously processed picture (main picture Y component, JPEG or 
raw data). Updated at frame end. 
Note: A soft reset resets the contents to the reset value. 
--- MI_MP_WR_Y_OFFS_CNT_START --- 
Note: This register protects from non-aligned access. Refer to 
MI_MP_WR_Y_BASE register description for details. 

3:0   RO   0x0  reserved   
 
 
0,B����B0,B03B:5B<B,54B2))6�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:29   RO   0x0  reserved 

28:4   RW   0x0000000  

sw_mp_wr_y_irq_offs 
Reaching this programmed value by the current offset counter for 
addressing main picture Y component, JPEG or raw data leads to 
generation of fill level interrupt fill_mp_y. 
Programmed value becomes effective (visible in corresponding 
shadow register) after a soft reset, a forced software update or 
an automatic config update. 
--- MI_MP_WR_Y_IRQ_OFFS --- 
Note: This register protects from non-aligned access. Refer to 
MI_MP_WR_Y_BASE register description for details. 

3:0   RO   0x0  reserved   
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0,B����B0,B03B:5B&%B%$6(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:4   RW   0x0000000  

sw_mp_wr_cb_base 
Base address of main picture Cb component ring buffer. 
Programmed value becomes effective (visible in corresponding 
shadow register) after a soft reset, a forced software update or 
an automatic config update. 
Note: Set control bit init_base_en before updating so that a 
forced or automatic update can take effect. 
--- MI_MP_WR_CB_BASE --- 
Note: This register protects from non-aligned access.  
Refer to MI_MP_WR_Y_BASE register description for details. 
Refer also to MI_MP_WR_Y_BASEwith respect to the burst 
alignment restriction for AXI. 

3:0   RO   0x0  reserved   
 
 
0,B����B0,B03B:5B&%B6,=(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:4   RW   0x000000  

sw_mp_wr_cb_size 
Size of main picture Cb component ring buffer. 
Programmed value becomes effective (visible in corresponding 
shadow register) after a soft reset, a forced software update or 
an automatic config update. 
Note: Set control bit init_base_en before updating so that a 
forced or automatic update can take effect. 
--- MI_MP_WR_CB_SIZE --- 
Note: This register protects from non-aligned access. Refer to 
MI_MP_WR_CB_BASE register description for details. 

3:0   RO   0x0  reserved   
 
 
0,B����B0,B03B:5B&%B2))6B&17�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:28   RO   0x0  reserved 

27:4   RW   0x000000  

sw_mp_wr_cb_offs_cnt 
Offset counter init value of main picture Cb component ring 
buffer. 
Programmed value becomes effective (visible in corresponding 
shadow register) after a soft reset, a forced software update or 
an automatic config update. 
Note: Set control bit init_base_en before updating so that a 
forced or automatic update can take effect. Check exceptional 
handling in skip modes. 
--- MI_MP_WR_CB_OFFS_CNT --- 
Note: This register protects from non-aligned access. Refer to 
MI_MP_WR_Y_BASE register description for details. 

3:0   RO   0x0  reserved   
 
 
0,B����B0,B03B:5B&%B2))6B&17B67$57�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:4   RO   0x000000  

sw_mp_wr_cb_offs_cnt_start 
Offset counter value which points to the start address of the 
previously processed picture (main picture Cb component). 
Updated at frame end. 
--- MI_MP_WR_CB_OFFS_CNT_START --- 
Note: This register protects from non-aligned access. Refer to 
MI_MP_Y_BASE_AD_INIT register description for details. 

3:0   RO   0x0  reserved   
 
 
0,B����B0,B03B:5B&5B%$6(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:4   RW   0x0000000  

sw_mp_wr_cr_base 
Base address of main picture Cr component ring buffer. 
Programmed value becomes effective (visible in corresponding 
shadow register) after a soft reset, a forced software update or 
an automatic config update. 
Note: Set control bit init_base_en before updating so that a 
forced or automatic update can take effect. 
--- MI_MP_WR_CR_BASE --- 
Note: This register protects from non-aligned access.  
Refer to MI_MP_WR_Y_BASE register description for details. 
Refer also to MI_MP_WR_Y_BASE with respect to the burst 
alignment restriction for AXI. 

3:0   RO   0x0  reserved   
 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1096 

 
0,B����B0,B03B:5B&5B6,=(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:4   RW   0x000000  

sw_mp_wr_cr_size 
Size of main picture Cr component ring buffer. 
Programmed value becomes effective (visible in corresponding 
shadow register) after a soft reset, a forced software update or 
an automatic config update. 
Note: Set control bit init_base_en before updating so that a 
forced or automatic update can take effect. 
--- MI_MP_WR_CR_SIZE --- 
Note: This register protects from non-aligned access. Refer to 
MI_MP_WR_Y_BASE register description for details. 

3:0   RO   0x0  reserved   
 
 
0,B����B0,B03B:5B&5B2))6B&17�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:4   RW   0x000000  

sw_mp_wr_cr_offs_cnt 
Offset counter init value of main picture Cr component ring 
buffer. 
Programmed value becomes effective (visible in corresponding 
shadow register) after a soft reset, a forced software update or 
an automatic config update. 
Note: Set control bit init_base_en before updating so that a 
forced or automatic update can take effect. Check exceptional 
handling in skip modes. 
--- MI_MP_WR_CR_OFFS_CNT --- 
Note: This register protects from non-aligned access. Refer to 
MI_MP_WR_Y_BASE register description for details. 

3:0   RO   0x0  reserved   
 
 
0,B����B0,B03B:5B&5B2))6B&17B67$57�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:28   RO   0x0  reserved 

27:4   RO   0x000000  

sw_mp_wr_cr_offs_cnt_start 
Offset counter value which points to the start address of the 
previously processed picture (main picture Cr component). 
Updated at frame end. 
Note: Soft reset will reset the contents to reset value. 
--- MI_MP_WR_CR_OFFS_CNT_START --- 
Note: This register protects from non-aligned access. Refer to 
MI_MP_WR_Y_BASE register description for details. 

3:0   RO   0x0  reserved   
 
 
0,B����B0,B63B:5B<B%$6(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:4   RW   0x0000000  

sw_sp_wr_y_base 
Base address of self picture Y component ring buffer. 
Programmed value becomes effective (visible in corresponding 
shadow register) after a soft reset, a forced software update or 
an automatic config update. 
Note: Set control bit init_base_en before updating so that a 
forced or automatic update can take effect. 
--- MI_SP_WR_Y_BASE --- 
Note: This register protects from non-aligned access.  
Refer to MI_MP_WR_Y_BASE register description for details. 
Refer also to MI_MP_WR_Y_BASE with respect to the burst 
alignment restriction for AXI. 

3:0   RO   0x0  reserved   
 
 
0,B����B0,B63B:5B<B6,=(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:29   RO   0x0  reserved 

28:4   RW   0x0000000  

sw_sp_wr_y_size 
Size of self picture Y component ring buffer. 
Programmed value becomes effective (visible in corresponding 
shadow register) after a soft reset, a forced software update or 
an automatic config update. 
Note: Set control bit init_base_en before updating so that a 
forced or automatic update can take effect. 
--- MI_SP_WR_Y_SIZE --- 
Note: This register protects from non-aligned access. Refer to 
MI_MP_WR_Y_BASE register description for details. 

3:0   RO   0x0  reserved   
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0,B����B0,B63B:5B<B2))6B&17�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:29   RO   0x0  reserved 

28:4   RW   0x0000000  

sw_sp_wr_y_offs_cnt 
Offset counter init value of self picture Y component ring buffer. 
Programmed value becomes effective (visible in corresponding 
shadow register) after a soft reset, a forced software update or 
an automatic config update. 
Note: Set control bit init_base_en before updating so that a 
forced or automatic update can take effect. 
--- MI_SP_WR_Y_OFFS_CNT --- 
Note: This register protects from non-aligned access. 
Refer to MI_MP_WR_Y_BASE register description for details. 

3:0   RO   0x0  reserved   
 
 
0,B����B0,B63B:5B<B2))6B&17B67$57�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:29   RO   0x0  reserved 

28:4   RO   0x0000000  

sw_sp_y_offs_cnt_start 
Offset counter value which points to the start address of the 
previously processed picture (self picture Y component). Updated 
at frame end. 
Note: Soft reset will reset the contents to reset value. 
--- MI_SP_WR_Y_OFFS_CNT_START --- 
Note: This register protects from non-aligned access. Refer to 
MI_MP_WR_Y_BASE register description for details. 

3:0   RO   0x0  reserved   
 
 
0,B����B0,B63B:5B<B//(1*7+�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:15   RO   0x0  reserved 

14:0   RW   0x0000  

sw_sp_wr_y_llength_tmp 
Line length of self picture Y component or RGB picture in pixel, 
also known as line stride. 
If no line stride is used, line length must match image width. 
For Y component the line length in 4:2:x planar mode must be a 
multiple of 8, for all other component modes a multiple of 4 and 
for RGB 565 a multiple of 2. There are no restrictions for RGB 
888/666. 
In planar mode the line length of the Cb and Cr component is 
assumed according to the YCbCr format, i.e. half for 4:2:x and 
the same size for 4:4:4. In semi planar 4:2:x mode the line 
length of the Cb and Cr component is assumed the same size. 
Note: Line length always refers to the line length of the output 
image. This is particularly important when rotating. 
Note: Programmed value becomes effective immediately. So 
write to the register only if no picture data is sent to the self 
path. 

 
 
0,B����B0,B63B:5B&%B%$6(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:4   RW   0x0000000  

sw_sp_wr_cb_base 
Base address of self picture Cb component ring buffer. 
Programmed value becomes effective (visible in corresponding 
shadow register) after a soft reset, a forced software update or 
an automatic config update. 
Note: Set control bit init_base_en before updating so that a 
forced or automatic update can take effect. 
--- MI_SP_WR_CB_BASE --- 
Note: This register protects from non-aligned access.  
Refer to MI_MP_WR_Y_BASE register description for details. 
Refer also to MI_MP_WR_Y_BASE with respect to the burst 
alignment restriction for AXI. 

3:0   RO   0x0  reserved   
 
 
0,B����B0,B63B:5B&%B6,=(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:28   RO   0x0  reserved 

27:4   RW   0x000000  

sw_sp_wr_cb_size 
Size of self picture Cb component ring buffer. 
Programmed value becomes effective (visible in corresponding 
shadow register) after a soft reset, a forced software update or 
an automatic config update. 
Note: Set control bit init_base_en before updating so that a 
forced or automatic update can take effect. 
--- MI_SP_WR_CB_SIZE --- 
Note: This register protects from non-aligned access. Refer to 
MI_MP_WR_Y_BASE register description for details. 

3:0   RO   0x0  reserved   
 
 
0,B����B0,B63B:5B&%B2))6B&17�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:4   RW   0x000000  

sw_sp_cb_offs_cnt_init 
Offset counter init value of self picture Cb component ring buffer. 
Programmed value becomes effective (visible in corresponding 
shadow register) after a soft reset, a forced software update or 
an automatic config update. 
Note: Set control bit init_base_en before updating so that a 
forced or automatic update can take effect. 
--- MI_SP_WR_CB_OFFS_CNT --- 
Note: This register protects from non-aligned access.  
Refer to MI_MP_WR_Y_BASE register description for details. 

3:0   RO   0x0  reserved   
 
 
0,B����B0,B63B:5B&%B2))6B&17B67$57�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:4   RO   0x000000  

sw_sp_wr_cb_offs_cnt_start 
Offset counter value which points to the start address of the 
previously processed picture (self picture Cb component). 
Updated at frame end. 
Note: Soft reset will reset the contents to reset value. 
--- MI_SP_WR_CB_OFFS_CNT_START --- 
Note: This register protects from non-aligned access.  
Refer to MI_MP_WR_Y_BASE register description for details. 

3:0   RO   0x0  reserved   
 
 
0,B����B0,B63B:5B&5B%$6(�  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:4   RW   0x0000000  

sw_sp_wr_cr_base 
Base address of self picture Cr component ring buffer. 
Programmed value becomes effective (visible in corresponding 
shadow register) after a soft reset, a forced software update or 
an automatic config update. 
Note: Set control bit init_base_en before updating so that a 
forced or automatic update can take effect. 
--- MI_SP_WR_CR_BASE --- 
Note: This register protects from non-aligned access.  
Refer to MI_MP_WR_Y_BASE register description for details. 
Refer also to MI_MP_WR_Y_BASE with respect to the burst 
alignment restriction for AXI. 

3:0   RO   0x0  reserved   
 
 
0,B����B0,B63B:5B&5B6,=(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:4   RW   0x000000  

sw_sp_wr_cr_size 
Size of self picture Cr component ring buffer. 
Programmed value becomes effective (visible in corresponding 
shadow register) after a soft reset, a forced software update or 
an automatic config update. 
Note: Set control bit init_base_en before updating so that a 
forced or automatic update can take effect. 
--- MI_SP_WR_CR_SIZE --- 
Note: This register protects from non-aligned access.  
Refer to MI_MP_WR_Y_BASE register description for details. 

3:0   RO   0x0  reserved   
 
 
0,B����B0,B63B:5B&5B2))6B&17�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:28   RO   0x0  reserved 

27:4   RW   0x000000  

sw_sp_wr_cr_offs_cnt 
Offset counter init value of self picture Cr component ring buffer. 
Programmed value becomes effective (visible in corresponding 
shadow register) after a soft reset, a forced software update or 
an automatic config update. 
Note: Set control bit init_base_en before updating so that a 
forced or automatic update can take effect. 
--- MI_SP_WR_CR_OFFS_CNT --- 
Note: This register protects from non-aligned access.  
Refer to MI_MP_WR_Y_BASE register description for details. 

3:0   RO   0x0  reserved   
 
 
0,B����B0,B63B:5B&5B2))6B&17B67$57�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:4   RO   0x000000  

sw_sp_wr_cr_offs_cnt_start 
Offset counter value which points to the start address of the 
previously processed picture (self picture Cr component). 
Updated at frame end. 
--- MI_SP_WR_CR_OFFS_CNT_START --- 
Note: This register protects from non-aligned access.  
Refer to MI_MP_WR_Y_BASE register description for details. 

3:0   RO   0x0  reserved   
 
 
0,B����B0,B:5B%<7(B&17�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:0   RO   0x0000000  

byte_cnt 
Counter value specifies the number of JPEG or RAW data bytes of 
the last transmitted frame. Updated at frame end. A soft reset 
will set the byte counter to zero. 

 
 
0,B����B0,B:5B&75/B6+'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:20   RO   0x0  reserved 

19:16   RO   0x0  

path_enable_out 
path_enable shadow register for module MI_OUT (former 
raw_enable_out, jpeg_enable_out, sp_enable_out, 
mp_enable_out) 

15:4   RO   0x0  reserved 

3:0   RO   0x0  
path_enable_in 
path_enable shadow register for module MI_IN (former 
raw_enable_in, jpeg_enable_in, sp_enable_in, mp_enable_in) 

 
 
0,B����B0,B03B:5B<B%$6(B6+'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:4   RO   0x0000000  

sw_mp_wr_y_base_shd 
Base address of main picture Y component ring buffer, JPEG ring 
buffer or raw data ring buffer. 
--- MI_MP_WR_Y_BASE_SHD --- 
Note: This register protects from non-aligned access. Refer to 
MI_MP_WR_Y_BASE register description for details. 

3:0   RO   0x0  reserved   
 
 
0,B����B0,B03B:5B<B6,=(B6+'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:29   RO   0x0  reserved 

28:4   RO   0x0000000  

sw_mp_wr_y_size_shd 
Size of main picture Y component ring buffer, JPEG ring buffer or 
raw data ring buffer. 
--- MI_MP_WR_Y_SIZE_SHD --- 
Note: This register protects from non-aligned access.  
Refer to MI_MP_WR_Y_BASE register description for details. 

3:0   RO   0x0  reserved   
 
 
0,B����B0,B03B:5B<B2))6B&17B6+'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:29   RO   0x0  reserved 

28:4   RO   0x0000000  

sw_mp_wr_y_offs_cnt_shd 
Current offset counter of main picture Y component, JPEG or raw 
data ring buffer for address generation 
Note: Soft reset will reset the contents to reset value. 
--- MI_MP_WR_Y_OFFS_CNT_SHD --- 
Note: This register protects from non-aligned access.  
Refer to MI_MP_WR_Y_BASE register description for details. 

3:0   RO   0x0  reserved   
 
 
0,B����B0,B03B:5B<B,54B2))6B6+'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:29   RO   0x0  reserved 

28:4   RO   0x0000000  

sw_mp_wr_y_irq_offs_shd 
Reaching this offset value by the current offset counter for 
addressing main picture Y component, JPEG or raw data leads to 
generation of fill level interrupt fill_mp_y. 
--- MI_MP_WR_Y_IRQ_OFFS_SHD --- 
Note: This register protects from non-aligned access.  
Refer to MI_MP_WR_Y_BASE register description for details. 

3:0   RO   0x0  reserved   
 
 
0,B����B0,B03B:5B&%B%$6(B6+'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:4   RO   0x0000000  

sw_mp_wr_cb_base_shd 
Base address of main picture Cb component ring buffer. 
--- MI_MP_WR_CB_BASE_SHD --- 
Note: This register protects from non-aligned access.  
Refer to MI_MP_WR_Y_BASE register description for details. 

3:0   RO   0x0  reserved   
 
 
0,B����B0,B03B:5B&%B6,=(B6+'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:4   RO   0x000000  

sw_mp_wr_cb_size_shd 
Size of main picture Cb component ring buffer. 
--- MI_MP_WR_CB_SIZE_SHD --- 
Note: This register protects from non-aligned access.  
Refer to MI_MP_WR_Y_BASE register description for details. 

3:0   RO   0x0  reserved   
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0,B����B0,B03B:5B&%B2))6B&17B6+'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:4   RO   0x000000  

sw_mp_wr_cb_offs_cnt_shd 
Current offset counter of main picture Cb component ring buffer 
for address generation 
Note: Soft reset will reset the contents to reset value. 
--- MI_MP_WR_CB_OFFS_CNT_SHD --- 
Note: This register protects from non-aligned access.  
Refer to MI_MP_WR_Y_BASE register description for details. 

3:0   RO   0x0  reserved   
 
 
0,B����B0,B03B:5B&5B%$6(B6+'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:4   RO   0x0000000  

sw_mp_wr_cr_base_shd 
Base address of main picture Cr component ring buffer. 
--- MI_MP_CR_BASE_AD_SHD --- 
Note: This register protects from non-aligned access.  
Refer to MI_MP_Y_BASE_AD_INIT register description for details. 

3:0   RO   0x0  reserved   
 
 
0,B����B0,B03B:5B&5B6,=(B6+'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:4   RO   0x000000  

sw_mp_wr_cr_size_shd 
Size of main picture Cr component ring buffer. 
--- MI_MP_WR_CR_SIZE_SHD --- 
Note: This register protects from non-aligned access.  
Refer to MI_MP_WR_Y_BASE register description for details. 

3:0   RO   0x0  reserved   
 
 
0,B����B0,B03B:5B&5B2))6B&17B6+'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:28   RO   0x0  reserved 

27:4   RO   0x000000  

sw_mp_wr_cr_offs_cnt_shd 
Current offset counter of main picture Cr component ring buffer 
for address generation 
Note: Soft reset will reset the contents to reset value. 
--- MI_MP_WR_CR_OFFS_CNT_SHD --- 
Note: This register protects from non-aligned access.  
Refer to MI_MP_WR_Y_BASE register description for details. 

3:0   RO   0x0  reserved   
 
 
0,B����B0,B63B:5B<B%$6(B6+'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:4   RO   0x0000000  

sw_sp_wr_y_base_shd 
Base address of self picture Y component ring buffer. 
--- MI_SP_WR_Y_BASE_SHD --- 
Note: This register protects from non-aligned access.  
Refer to MI_MP_WR_Y_BASE register description for details. 

3:0   RO   0x0  reserved   
 
 
0,B����B0,B63B:5B<B6,=(B6+'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:29   RO   0x0  reserved 

28:4   RO   0x0000000  

sw_sp_wr_y_size_shd 
Size of self picture Y component ring buffer. 
--- MI_SP_WR_Y_SIZE_SHD --- 
Note: This register protects from non-aligned access.  
Refer to MI_MP_WR_Y_BASE register description for details. 

3:0   RO   0x0  reserved   
 
 
0,B����B0,B63B:5B<B2))6B&17B6+'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:29   RO   0x0  reserved 

28:4   RO   0x0000000  

sw_sp_wr_y_offs_cnt_shd 
Current offset counter of self picture Y component ring buffer for 
address generation 
Note: Soft reset will reset the contents to reset value. 
--- MI_SP_WR_Y_OFFS_CNT_SHD --- 
Note: This register protects from non-aligned access.  
Refer to MI_MP_WR_Y_BASE register description for details. 

3:0   RO   0x0  reserved   
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0,B����B0,B63B:5B&%B%$6(B$'B6+'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��E���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:4   RO   0x0000000  

sw_sp_wr_cb_base_shd 
Base address of self picture Cb component ring buffer. 
--- MI_SP_WR_CB_BASE_AD_SHD --- 
Note: This register protects from non-aligned access.  
Refer to MI_MP_WR_Y_BASE register description for details. 

3:0   RO   0x0  reserved   
 
 
0,B����B0,B63B:5B&%B6,=(B6+'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��E���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:4   RO   0x000000  

sw_sp_wr_cb_size_shd 
Size of self picture Cb component ring buffer. 
--- MI_SP_WR_CB_SIZE_SHD --- 
Note: This register protects from non-aligned access.  
Refer to MI_MP_WR_Y_BASE register description for details. 

3:0   RO   0x0  reserved   
 
 
0,B����B0,B63B:5B&%B2))6B&17B6+'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��E���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:4   RO   0x000000  

sw_sp_wr_cb_offs_cnt_shd 
Current offset counter of self picture Cb component ring buffer for 
address generation 
Note: Soft reset will reset the contents to reset value. 
--- MI_SP_WR_CB_OFFS_CNT_SHD --- 
Note: This register protects from non-aligned access.  
Refer to MI_MP_WR_Y_BASE register description for details. 

3:0   RO   0x0  reserved   
 
 
0,B����B0,B63B:5B&5B%$6(B$'B6+'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��EF��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:4   RO   0x0000000  

sw_sp_wr_cr_base_shd 
Base address of self picture Cr component ring buffer. 
--- MI_SP_WR_CR_BASE_SHD --- 
Note: This register protects from non-aligned access.  
Refer to MI_MP_WR_Y_BASE register description for details. 

3:0   RO   0x0  reserved   
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0,B����B0,B63B:5B&5B6,=(B6+'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��F���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:4   RO   0x000000  

sw_sp_wr_cr_size_shd 
Size of self picture Cr component ring buffer. 
--- MI_SP_WR_CR_SIZE_SHD --- 
Note: This register protects from non-aligned access.  
Refer to MI_MP_WR_Y_BASE register description for details. 

3:0   RO   0x0  reserved   
 
 
0,B����B0,B63B:5B&5B2))6B&17B6+'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��F���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:4   RO   0x000000  

sw_sp_wr_cr_offs_cnt_shd 
Current offset counter of self picture Cr component ring buffer for 
address generation 
Note: Soft reset will reset the contents to reset value. 
--- MI_SP_WR_CR_OFFS_CNT_SHD --- 
Note: This register protects from non-aligned access.  
Refer to MI_MP_WR_Y_BASE register description for details. 

3:0   RO   0x0  reserved   
 
 
0,B����B0,B5'B<B3,&B67$57B$'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��F���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RW   0x00000000  
sw_mi_rd_y_pic_start_ad 
Image start address of the y component 
Note: Must be multiple of 4 in interleaved mode. 

 
 
0,B����B0,B5'B<B3,&B:,'7+�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��FF��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:15   RO   0x0  reserved 

14:0   RW   0x0000  

sw_mi_rd_y_pic_width 
Image width of the Y component in pixel. 
For YCbCr 4:2:x the image width must be a multiple of 2. 
In planar mode the image width of the Cb and Cr component is 
assumed according to the YCbCr format, i.e. half for 4:2:x and 
the same size for 4:4:4. In semi planar 4:2:x mode the image 
width of the Cb component (which includes Cr) is assumed the 
same size. In interleave mode no Cb/Cr image width is used. 

 
 
0,B����B0,B5'B<B//(1*7+�  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��G���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:15   RO   0x0  reserved 

14:0   RW   0x0000  

sw_mi_rd_y_llength 
Line length of the Y component of the original image in memory 
For an uncropped image, where lines follow each other without 
offset (no line stride), line length must match image width. 
For Y component the line length in 4:2:x planar mode must be a 
multiple of 8, for all other component modes a multiple of 4. 
In planar mode the line length of the Cb and Cr component is 
assumed according to the YCbCr format, i.e. half for 4:2:x and 
the same size for 4:4:4. In semi planar 4:2:x mode the line 
length of the Cb component (which includes Cr) is assumed the 
same size. In interleave mode no Cb/Cr line length is used. 

 
 
0,B����B0,B5'B<B3,&B6,=(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��G���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:0   RW   0x0000000  

sw_mi_rd_y_pic_size 
Image size of the Y component in pixel which has to be the Y line 
length multiplied by the Y image height (dma_y_llength * 
dma_y_pic_height). 
In planar mode the image size of the Cb and Cr component is 
assumed according to the YCbCr format, i.e. a quarter for 4:2:0, 
half for 4:2:2 and the same for 4:4:4. In semi planar mode the 
image size of the Cb component (which includes Cr) is assumed 
half for 4:2:0 and the same size for 4:2:2. In interleave mode no 
Cb/Cr image size is used. 

 
 
0,B����B0,B5'B&%B3,&B67$57B$'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��G���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RW   0x00000000  
sw_mi_rd_cb_pic_start_ad 
Image start address of the Cb component 
Note: Must be multiple of 2 in semi-planar mode. 

 
 
0,B����B0,B5'B&5B3,&B67$57B$'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��H���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RW   0x00000000  
sw_mi_rd_cr_pic_start_ad 
Image start address of the Cr component 

 
 
0,B����B0,B,06&�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��I���  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31   RW   0x0  
mpfbc_wr_frame_end 
Mask mpfbc write end of frame interrupt 

30   RW   0x0  
isp_bus_err 
Mask bit for isp bus error interrupt 

29:23   RO   0x0  reserved 

22   RW   0x0  
bay3d_frame_end 
Mask bay3d write end of frame interrupt 

21   RW   0x0  
gain_wr_frame_end 
Mask gain write end of frame interrupt 

20   RW   0x0  
dbr_wr_frame_end 
Mask mimux write end of frame interrupt 

19   RW   0x0  
raw3_wr_frame_end 
Mask raw1 tx end of frame interrupt 

18   RW   0x0  
raw2_wr_frame_end 
Mask raw2 tx end of frame interrupt 

17   RW   0x0  
raw1_wr_frame_end 
Mask raw1 tx end of frame interrupt 

16   RW   0x0  
raw0_wr_frame_end 
Mask raw0 tx end of frame interrupt 

15   RO   0x0  reserved 

14   RW   0x0  
sw_all_frame_end_en 
Mask all picture end of frame interrupt 

13   RW   0x0  
sw_y12c_frame_end_en 
Mask of Y12 C COMPENT picture end of frame interrupt 

12   RW   0x0  
sw_y12y_frame_end_en 
Mask of Y12 Y COMPENT picture end of frame interrupt 

11   RW   0x0  
dma_ready 
Mask bit for dma ready interrupt 

10   RW   0x0  
fill_mp_y2 
Mask bit for fill level interrupt 2 of main picture Y, JPEG or raw 
data 

9   RW   0x0  
wrap_sp_cr 
Mask bit for self picture Cr address wrap interrupt 

8   RW   0x0  
wrap_sp_cb 
Mask bit for self picture Cb address wrap interrupt 

7   RW   0x0  
wrap_sp_y 
Mask bit for self picture Y address wrap interrupt 

6   RW   0x0  
wrap_mp_cr 
Mask bit for main picture Cr address wrap interrupt 

5   RW   0x0  
wrap_mp_cb 
Mask bit for main picture Cb address wrap interrupt 

4   RW   0x0  
wrap_mp_y 
Mask bit for main picture Y address wrap interrupt 
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3   RW   0x0  
fill_mp_y 
Mask bit for fill level interrupt of main picture Y, JPEG or raw data 

2   RW   0x0  
mblk_line 
Mask bit for makroblock line interrupt of main picture (16 lines of 
Y, 8 lines of Cb and 8 lines of Cr are written into RAM) 

1   RW   0x0  
sp_frame_end 
Mask self picture end of frame interrupt 

0   RW   0x0  
mp_frame_end 
Mask main picture end of frame interrupt 

 
 
0,B����B0,B5,6�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��IF��  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31   RO   0x0  
mpfbc_wr_frame_end 
Raw status of mpfbc write end of frame interrupt 

30   RO   0x0  
isp_bus_err 
Raw status of isp bus error interrupt 

29:23   RO   0x0  reserved 

22   RO   0x0  
bay3d_frame_end 
Raw status of bay3d write end of frame interrupt 

21   RO   0x0  
gain_wr_frame_end 
Raw status of gain write end of frame interrupt 

20   RO   0x0  
dbr_wr_frame_end 
Raw status of mimux write end of frame interrupt 

19   RO   0x0  
raw3_wr_frame_end 
Raw status of raw0 tx end of frame interrupt 

18   RO   0x0  
raw2_wr_frame_end 
Raw status of raw2 tx end of frame interrupt 

17   RO   0x0  
raw1_wr_frame_end 
Raw status of raw1 tx end of frame interrupt 

16   RO   0x0  
raw0_wr_frame_end 
Raw status of raw0 tx end of frame interrupt 

15   RO   0x0  reserved 

14   RO   0x0  
ro_all_frame_end_rawsts 
Raw status of all picture end of frame interrupt 

13   RO   0x0  
ro_y12c_frame_end_rawsts 
Raw status of Y12 C picture end of frame interrupt 

12   RO   0x0  
ro_y12y_frame_end_rawsts 
Raw status of Y12 Y picture end of frame interrupt 

11   RO   0x0  
dma_ready 
Raw status of dma ready interrupt 

10   RO   0x0  
fill_mp_y2 
Raw status of fill level interrupt 2 of main picture Y, JPEG or raw 
data 

9   RO   0x0  
wrap_sp_cr 
Raw status of self picture Cr address wrap interrupt 

8   RO   0x0  
wrap_sp_cb 
Raw status of self picture Cb address wrap interrupt 

7   RO   0x0  
wrap_sp_y 
Raw status of self picture Y address wrap interrupt 

6   RO   0x0  
wrap_mp_cr 
Raw status of main picture Cr address wrap interrupt 

5   RO   0x0  
wrap_mp_cb 
Raw status of main picture Cb address wrap interrupt 

4   RO   0x0  
wrap_mp_y 
Raw status of main picture Y address wrap interrupt 
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3   RO   0x0  
fill_mp_y 
Raw status of fill level interrupt of main picture Y, JPEG or raw 
data 

2   RO   0x0  

mblk_line 
Raw status of makroblock line interrupt of main picture (16 lines 
of Y, 8 lines of Cb and 8 lines of Cr are written into RAM, valid 
only for planar and semi-planar mode) 

1   RO   0x0  
sp_frame_end 
Raw status of self picture end of frame interrupt 

0   RO   0x0  
mp_frame_end 
Raw status of main picture end of frame interrupt 

 
 
0,B����B0,B0,6�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31   RO   0x0  
mpfbc_wr_frame_end 
Masked status of mpfbc write end of frame interrupt 

30   RO   0x0  
isp_bus_err 
Masked status of isp bus error interrupt 

29:23   RO   0x0  reserved 

22   RO   0x0  
bay3d_frame_end 
Masked status of bay3d write end of frame interrupt 

21   RO   0x0  
gain_wr_frame_end 
Masked status of gain write end of frame interrupt 

20   RO   0x0  
dbr_wr_frame_end 
Masked status of mimux write end of frame interrupt 

19   RO   0x0  
raw3_wr_frame_end 
Masked status of raw3 tx end of frame interrupt 

18   RO   0x0  
raw2_wr_frame_end 
Masked status of raw2 tx end of frame interrupt 

17   RO   0x0  
raw1_wr_frame_end 
Masked status of raw1 tx end of frame interrupt 

16   RO   0x0  
raw0_wr_frame_end 
Masked status of raw0 tx end of frame interrupt 

15   RO   0x0  reserved 

14   RO   0x0  
ro_all_frame_end_sts 
Masked status of all picture end of frame interrupt 

13   RO   0x0  
ro_y12c_frame_end_sts 
Masked status of Y12 C picture end of frame interrupt 

12   RO   0x0  
ro_y12y_frame_end_sts 
Masked status of Y12 Y picture end of frame interrupt 

11   RO   0x0  
dma_ready 
Masked status of dma ready interrupt 

10   RO   0x0  
fill_mp_y2 
Masked status of fill level interrupt 2 of main picture Y, JPEG or 
raw data 

9   RO   0x0  
wrap_sp_cr 
Masked status of self picture Cr address wrap interrupt 

8   RO   0x0  
wrap_sp_cb 
Masked status of self picture Cb address wrap interrupt 

7   RO   0x0  
wrap_sp_y 
Masked status of self picture Y address wrap interrupt 

6   RO   0x0  
wrap_mp_cr 
Masked status of main picture Cr address wrap interrupt 

5   RO   0x0  
wrap_mp_cb 
Masked status of main picture Cb address wrap interrupt 

4   RO   0x0  
wrap_mp_y 
Masked status of main picture Y address wrap interrupt 
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3   RO   0x0  
fill_mp_y 
Masked status of fill level interrupt of main picture Y, JPEG or raw 
data 

2   RO   0x0  

mblk_line 
Masked status of makroblock line interrupt of main picture (16 
lines of Y, 8 lines of Cb and 8 lines of Cr are written into RAM, 
valid only for planar and semi-planar mode) 

1   RO   0x0  
sp_frame_end 
Masked status of self picture end of frame interrupt 

0   RO   0x0  
mp_frame_end 
Masked status of main picture end of frame interrupt 

 
 
0,B����B0,B,&5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31   WO   0x0  
mpfbc_wr_frame_end 
Clear mpfbc write end of frame interrupt 

30   WO   0x0  
isp_bus_err 
Clear isp bus error interrupt 

29:23   RO   0x0  reserved 

22   WO   0x0  
bay3d_frame_end 
Clear bay3d write end of frame interrupt 

21   WO   0x0  
gain_wr_frame_end 
Clear gain write end of frame interrupt 

20   WO   0x0  
dbr_wr_frame_end 
Clear mimux write end of frame interrupt 

19   WO   0x0  
raw3_wr_frame_end 
Clear raw3 tx end of frame interrupt 

18   WO   0x0  
raw2_wr_frame_end 
Clear raw2 tx end of frame interrupt 

17   WO   0x0  
raw1_wr_frame_end 
Clear raw1 tx end of frame interrupt 

16   WO   0x0  
raw0_wr_frame_end 
Clear raw0 tx end of frame interrupt 

15   RO   0x0  reserved 

14   RW   0x0  
sw_all_frame_end_clr 
Clear all picture end of frame interrupt 

13   RW   0x0  
sw_y12c_frame_end_clr 
Clear Y12 C picture end of frame interrupt 

12   RW   0x0  
sw_y12y_frame_end_clr 
Clear Y12 Y picture end of frame interrupt 

11   WO   0x0  
dma_ready 
Clear dma ready interrupt 

10   WO   0x0  
fill_mp_y2 
Clear fill level interrupt 2 

9   WO   0x0  
wrap_sp_cr 
Clear self picture Cr address wrap interrupt 

8   WO   0x0  
wrap_sp_cb 
Clear self picture Cb address wrap interrupt 

7   WO   0x0  
wrap_sp_y 
Clear self picture Y address wrap interrupt 

6   WO   0x0  
wrap_mp_cr 
Clear main picture Cr address wrap interrupt 

5   WO   0x0  
wrap_mp_cb 
Clear main picture Cb address wrap interrupt 

4   WO   0x0  
wrap_mp_y 
Clear main picture Y address wrap interrupt 

3   WO   0x0  
fill_mp_y 
Clear fill level interrupt 
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2   WO   0x0  
mblk_line 
Clear makroblock line interrupt 

1   WO   0x0  
sp_frame_end 
Clear self picture end of frame interrupt 

0   WO   0x0  
mp_frame_end 
Clear main picture end of frame interrupt 

 
 
0,B����B0,B,65�  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31   WO   0x0  
mpfbc_wr_frame_end 
Set mpfbc write end of frame interrupt 

30   WO   0x0  
isp_bus_err 
Set isp bus error interrupt 

29:23   RO   0x0  reserved 

22   WO   0x0  
bay3d_frame_end 
Set bay3d write end of frame interrupt 

21   WO   0x0  
gain_wr_frame_end 
Set gain write end of frame interrupt 

20   WO   0x0  
dbr_wr_frame_end 
Set mimux write end of frame interrupt 

19   WO   0x0  
raw3_wr_frame_end 
Set raw3 tx end of frame interrupt 

18   WO   0x0  
raw2_wr_frame_end 
Set raw2 tx end of frame interrupt 

17   WO   0x0  
raw1_wr_frame_end 
Set raw1 tx end of frame interrupt 

16   WO   0x0  
raw0_wr_frame_end 
Set raw0 tx end of frame interrupt 

15   RO   0x0  reserved 

14   RW   0x0  
sw_all_frame_end_set 
Set all picture end of frame interrupt 

13   RW   0x0  
sw_y12c_frame_end_set 
Set Y12 C picture end of frame interrupt 

12   RW   0x0  
sw_y12y_frame_end_set 
Set Y12 Y picture end of frame interrupt 

11   WO   0x0  
dma_ready 
Set dma ready interrupt 

10   WO   0x0  
fill_mp_y2 
Set fill level interrupt 2 

9   WO   0x0  
wrap_sp_cr 
Set self picture Cr address wrap interrupt 

8   WO   0x0  
wrap_sp_cb 
Set self picture Cb address wrap interrupt 

7   WO   0x0  
wrap_sp_y 
Set self picture Y address wrap interrupt 

6   WO   0x0  
wrap_mp_cr 
Set main picture Cr address wrap interrupt 

5   WO   0x0  
wrap_mp_cb 
Set main picture Cb address wrap interrupt 

4   WO   0x0  
wrap_mp_y 
Set main picture Y address wrap interrupt 

3   WO   0x0  
fill_mp_y 
Set fill level interrupt 
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2   WO   0x0  
mblk_line 
Set makroblock line interrupt 

1   WO   0x0  
sp_frame_end 
Set self picture end of frame interrupt 

0   WO   0x0  
mp_frame_end 
Set main picture end of frame interrupt 

 
 
0,B����B0,B67$786�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:15   RO   0x0  reserved 

14   RO   0x0  
bay3d_fifo_full 
FIFO full flag of bay3d FIFO asserted since last clear 

13   RO   0x0  
gain_fifo_full 
FIFO full flag of gain FIFO asserted since last clear 

12   RO   0x0  
dbr_wr_y_fifo_full 
FIFO full flag of Y FIFO in mimux write path asserted since last 
clear 

11   RO   0x0  
raw3_wr_y_fifo_full 
FIFO full flag of Y FIFO in raw3 tx path asserted since last clear 

10   RO   0x0  
raw2_wr_y_fifo_full 
FIFO full flag of Y FIFO in raw2 tx path asserted since last clear 

9   RO   0x0  
raw1_wr_y_fifo_full 
FIFO full flag of Y FIFO in raw1 tx path asserted since last clear 

8   RO   0x0  
raw0_wr_y_fifo_full 
FIFO full flag of Y FIFO in raw0 tx path asserted since last clear 

7   RO   0x0  reserved 

6   RO   0x0  
sp_cr_fifo_full 
FIFO full flag of Cr FIFO in self path asserted since last clear 

5   RO   0x0  
sp_cb_fifo_full 
FIFO full flag of Cb FIFO in self path asserted since last clear 

4   RO   0x0  
sp_y_fifo_full 
FIFO full flag of Y FIFO in self path asserted since last clear 

3   RO   0x0  reserved 

2   RO   0x0  
mp_cr_fifo_full 
FIFO full flag of Cr FIFO in main path asserted since last clear 

1   RO   0x0  
mp_cb_fifo_full 
FIFO full flag of Cb FIFO in main path asserted since last clear 

0   RO   0x0  
mp_y_fifo_full 
FIFO full flag of Y FIFO in main path asserted since last clear 

 
 
0,B����B0,B67$786B&/5�  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:19   RO   0x0  reserved 

18   WO   0x0  
bp_cb_fifo_full 
Clear status of Cb FIFO full flag in bypass path 

17   WO   0x0  
bp_y_fifo_full 
Clear status of Y FIFO full flag in bypass path 

16   WO   0x0  
bay3d_ds_fifo_full 
Clear status of bay3d down scale FIFO full flag 

15   WO   0x0  
bay3d_cur_fifo_full 
Clear status of bay3d current FIFO full flag 

14   WO   0x0  
bay3d_iir_fifo_full 
Clear status of bay3d iir FIFO full flag 

13   WO   0x0  
gain_fifo_full 
Clear status of gain FIFO full flag 

12   WO   0x0  
dbr_wr_y_fifo_full 
Clear status of Y FIFO full flag in mimux write path 

11   WO   0x0  
raw3_wr_y_fifo_full 
Clear status of Y FIFO full flag in raw3 tx path 

10   WO   0x0  
raw2_wr_y_fifo_full 
Clear status of Y FIFO full flag in raw2 tx path 

9   WO   0x0  
raw1_wr_y_fifo_full 
Clear status of Y FIFO full flag in raw1 tx path 

8   WO   0x0  
raw0_wr_y_fifo_full 
Clear status of Y FIFO full flag in raw0 tx path 

7   RO   0x0  reserved 

6   WO   0x0  
sp_cr_fifo_full 
Clear status of Cr FIFO full flag in self path 

5   WO   0x0  
sp_cb_fifo_full 
Clear status of Cb FIFO full flag in self path 

4   WO   0x0  
sp_y_fifo_full 
Clear status of Y FIFO full flag in self path 

3   RO   0x0  reserved 

2   WO   0x0  
mp_cr_fifo_full 
Clear status of Cr FIFO full flag in main path 

1   WO   0x0  
mp_cb_fifo_full 
Clear status of Cb FIFO full flag in main path 

0   WO   0x0  
mp_y_fifo_full 
Clear status of Y FIFO full flag in main path 

 
 
0,B����B0,B63B:5B<B3,&B:,'7+�  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:15   RO   0x0  reserved 

14:0   RW   0x0000  

sw_sp_wr_y_pic_width 
Image width of the self picture Y component or RGB picture in 
pixel. 
For YCbCr 4:2:x and RGB 565 the image width must be a 
multiple of 2. If no line stride is used but flipping required, the 
image width must be a multiple of 8 for 4:2:x planar or 4 for 
4:4:4 planar/4:2:x semi planar. There are no restrictions for RGB 
888/666. 
In planar mode the image width of the Cb and Cr component is 
assumed according to the YCbCr format, i.e. half for 4:2:x and 
the same size for 4:4:4. In semi planar 4:2:x mode the image 
width of the Cb component (which includes Cr) is assumed the 
same size. In interleave mode no Cb/Cr image width is used. 
Note: Image width always refers to the picture width of the 
output image. This is particularly important when rotating. 
Note: Programmed value becomes effective immediately. So 
write to the register only if no picture data is sent to the self 
path. 

 
 
0,B����B0,B63B:5B<B3,&B+(,*+7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:15   RO   0x0  reserved 

14:0   RW   0x0000  

sw_sp_wr_y_pic_height 
Image height of the y component or RGB picture in pixel. 
In planar and semi planar mode the image width of the Cb and Cr 
component is assumed according to the YCbCr format, i.e. half 
for 4:2:0 and the same for 4:2:2 and 4:4:4. 
Note: Image height always refers to the picture height of the 
output image. This is particularly important when rotating.  
Note: Programmed value becomes effective immediately. So 
write to the register only if no picture data is sent to the self 
path. 

 
 
0,B����B0,B63B:5B<B3,&B6,=(�  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:25   RO   0x0  reserved 

24:0   RW   0x0000000  

sw_sp_wr_y_pic_size 
Image size of the Y component or RGB picture in pixel which has 
to be the Y line length multiplied by the Y image height 
(sp_y_llength * sp_y_pic_height). 
In planar mode the image size of the Cb and Cr component is 
assumed according to the YCbCr format, i.e. a quarter for 4:2:0, 
half for 4:2:2 and the same for 4:4:4. In semi planar mode the 
image size of the Cb and Cr component is assumed half for 4:2:0 
and the same size for 4:2:2. 
Note: Programmed value becomes effective immediately. So 
write to the register only if no picture data is sent to the self 
path. 

 
 
0,B����B0,B5'B&75/�  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:15   RO   0x0  reserved 

14   RW   0x0  

sw_mi_rd_start_sel 
DMA read start mode 
1'b1: sw_mi_rd_start_pre 
1'b0: sw_mi_rd_start_pre toggle 

13:12   RW   0x0  

sw_mi_rd_rgb_format 
Selects RGB Bayer data of read DMA picture  
2'b00: No DMA RGB Bayer data 
2'b01: 8 bit RGB Bayer data 
2'b10: 16 bit RGB Bayer data (12 bit used) 
 bytes are organized MSB first and 4 lower bits of LSB remain 
unused: 
 byte_even -> bayer[11:4], byte_odd[7:4] -> bayer[3:0]  
2'b11: Reserved. 

11   RO   0x0  reserved 

10   RW   0x0  

sw_mi_rd_frame_end_disable 
Suppresses v_end so that no frame end can be detected by 
following instances. Note: The dma_ready interrupt is raised as 
usual, but the dma_frame_end interrupt will not be generated 
until v_end has been enabled again. 

9   RW   0x0  

sw_mi_rd_continuous_en 
Enables continuous mode. If set the same frame is read back 
over and over. A start pulse on dma_start is needed only for the 
first time. To stop continuous mode reset this bit (takes effect 
after the next frame end) or execute a soft reset. This bit is 
intended to be used in conjunction with the Superimpose feature. 

8   RW   0x0  

sw_mi_rd_byte_swap 
Enables change of DMA byte order of the 32 bit input word at 
read port 
1'b1: Byte order is mirrored but the bit order within one byte 
doesnt change 
1'b0: No byte mirroring 

7:6   RW   0x0  

sw_mi_rd_inout_format 
Selects input/output format of DMA picture.  
2'b11: YCbCr 4:4:4 
2'b10: YCbCr 4:2:2 
2'b01: YCbCr 4:2:0 
2'b00: YCbCr 4:0:0 

5:4   RW   0x0  

sw_mi_rd_format 
Defines how YCbCr picture data is read from memory.  
2'b00: Planar 
2'b01: Semi planar, for YCbCr 4:2:x 
2'b10: Interleaved (combined), for YCbCr 4:2:2 and RGB only  
2'b11: Reserved 
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3:2   RW   0x0  

sw_mi_rd_burst_len_chrom 
Burst length for Cb or Cr data affecting DMA read port.  
2'b00: 4-beat bursts 
2'b01: 8-beat bursts 
2'b10: 16-beat bursts 
2'b11: Reserved 
Ignored if 8- or 16-beat bursts are not supported. 

1:0   RW   0x0  

sw_mi_rd_burst_len_lum 
Burst length for Y data affecting DMA read port.  
2'b00: 4-beat bursts 
2'b01: 8-beat bursts 
2'b10: 16-beat bursts 
2'b11: Reserved 
Ignored if 8- or 16-beat bursts are not supported. 

 
 
0,B����B0,B5'B67$57�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:1   RO   0x0  reserved 

0   WO   0x0  
sys_mi_rd_start_pre 
Enables DMA access. Additionally main or self path has to be 
enabled separately. 

 
 
0,B����B0,B5'B67$786�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:1   RO   0x0  reserved 

0   RO   0x0  
sw_mi_rd_active 
If set DMA access is active. 

 
 
0,B����B0,B:5B3,;(/B&17�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:0   RO   0x0000000  

pix_cnt 
Counter value specifies the number of pixels of the defect pixel 
list generated by DPCC of the last transmitted frame. Updated at 
frame end. 
A soft reset will set the counter to zero. 
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:4   RW   0x0000000  

sw_mp_wr_y_base2 
2nd ping pong base address of main picture Y component buffer. 
Programmed value becomes effective (visible in corresponding 
shadow register) after a soft reset, a forced software update or 
an automatic config update. 
Note: Set control bit init_base_en before updating so that a 
forced or automatic update can take effect. 
--- MI_MP_WR_Y_BASE2 --- 
Note: This register protects from non-aligned access.  
Refer to MI_MP_WR_Y_BASE register description for details. 
Refer also to MI_MP_WR_Y_BASE with respect to the burst 
alignment restriction for AXI. 

3:0   RO   0x0  reserved   
 
 
0,B����B0,B03B:5B&%B%$6(��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:4   RW   0x0000000  

sw_mp_wr_cb_base2 
2nd ping pong base address of main picture CB component 
buffer. 
Programmed value becomes effective (visible in corresponding 
shadow register) after a soft reset, a forced software update or 
an automatic config update. 
Note: Set control bit init_base_en before updating so that a 
forced or automatic update can take effect. 
--- MI_MP_WR_CB_BASE2 --- 
Note: This register protects from non-aligned access.  
Refer to MI_MP_WR_CB_BASE register description for details. 
Refer also to MI_MP_WR_CB_BASE with respect to the burst 
alignment restriction for AXI. 

3:0   RO   0x0  reserved   
 
 
0,B����B0,B03B:5B&5B%$6(��  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:4   RW   0x0000000  

sw_mp_wr_cr_base2 
2nd ping pong base address of main picture CR component 
buffer. 
Programmed value becomes effective (visible in corresponding 
shadow register) after a soft reset, a forced software update or 
an automatic config update. 
Note: Set control bit init_base_en before updating so that a 
forced or automatic update can take effect. 
--- MI_MP_WR_CR_BASE2 --- 
Note: This register protects from non-aligned access.  
Refer to MI_MP_WR_CR_BASE register description for details. 
Refer also to MI_MP_WR_CR_BASE with respect to the burst 
alignment restriction for AXI. 

3:0   RO   0x0  reserved   
 
 
0,B����B0,B63B:5B<B%$6(��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:4   RW   0x0000000  

sw_mp_wr_y_base2 
2nd ping pong base address of main picture Y component buffer. 
Programmed value becomes effective (visible in corresponding 
shadow register) after a soft reset, a forced software update or 
an automatic config update. 
Note: Set control bit init_base_en before updating so that a 
forced or automatic update can take effect. 
--- MI_MP_WR_Y_BASE2 --- 
Note: This register protects from non-aligned access.  
Refer to MI_MP_WR_Y_BASE register description for details. 
Refer also to MI_MP_WR_Y_BASE with respect to the burst 
alignment restriction for AXI. 

3:0   RO   0x0  reserved   
 
 
0,B����B0,B63B:5B&%B%$6(��  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:4   RW   0x0000000  

sw_mp_wr_cb_base2 
2nd ping pong base address of main picture CB component 
buffer. 
Programmed value becomes effective (visible in corresponding 
shadow register) after a soft reset, a forced software update or 
an automatic config update. 
Note: Set control bit init_base_en before updating so that a 
forced or automatic update can take effect. 
--- MI_MP_WR_CB_BASE2 --- 
Note: This register protects from non-aligned access.  
Refer to MI_MP_WR_CB_BASE register description for details. 
Refer also to MI_MP_WR_CB_BASE with respect to the burst 
alignment restriction for AXI. 

3:0   RO   0x0  reserved   
 
 
0,B����B0,B63B:5B&5B%$6(��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:4   RW   0x0000000  

sw_mp_wr_cr_base2 
2nd ping pong base address of main picture CR component 
buffer. 
Programmed value becomes effective (visible in corresponding 
shadow register) after a soft reset, a forced software update or 
an automatic config update. 
Note: Set control bit init_base_en before updating so that a 
forced or automatic update can take effect. 
--- MI_MP_WR_CR_BASE2 --- 
Note: This register protects from non-aligned access.  
Refer to MI_MP_WR_CR_BASE register description for details. 
Refer also to MI_MP_WR_CR_BASE with respect to the burst 
alignment restriction for AXI. 

3:0   RO   0x0  reserved   
 
 
0,B����B0,B:5B;7'B)250$7B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:3   RO   0x0  reserved 

2   RW   0x0  

sw_mi_wr_nv21_dma_read 
1'b0: DMA read path: Use NV12 storage format for semi-planar 
YCbCr 4:2:x mode, Cb is located on even addresses. 
1'b1: DMA read path: Use NV21 storage format for semi-planar 
YCbCr 4:2:x mode, Cr is located on even addresses. 

1   RW   0x0  

sw_mi_wr_nv21_self 
1'b0: Self path: Use NV12 storage format for semi-planar YCbCr 
4:2:x mode, Cb is located on even addresses. 
1'b1: Self path: Use NV21 storage format for semi-planar YCbCr 
4:2:x mode, Cr is located on even addresses. 

0   RW   0x0  

sw_mi_wr_nv21_main 
1'b0: Main path: Use NV12 storage format for semi-planar YCbCr 
4:2:x mode, Cb is located on even addresses. 
1'b1: Main path: Use NV21 storage format for semi-planar YCbCr 
4:2:x mode, Cr is located on even addresses. 

 
 
0,B����B0,B:5B,'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x6  
sw_spcr_wr_axi_id 
spcr write id 

27:24   RO   0x5  
sw_spcb_wr_axi_id 
spcb write id 

23:20   RO   0x4  
sw_spy_wr_axi_id 
spy write id 

19:16   RO   0x3  
sw_mpcr_wr_axi_id 
mpcr write id 

15:12   RO   0x2  
sw_mpcb_wr_axi_id 
mpcb write id 

11:8   RO   0x1  
sw_mpy_wr_axi_id 
mpy write id 

7:0   RO   0x0  reserved   
 
 
0,B����B0,B03B:5B<B,54B2))6��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��H���  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:29   RO   0x0  reserved 

28:4   RW   0x0000000  

sw_mp_wr_y_irq_offs2 
Reaching this programmed value by the current offset counter for 
addressing main picture Y component, JPEG or raw data leads to 
generation of fill level interrupt fill_mp_y. 
Programmed value becomes effective (visible in corresponding 
shadow register) after a soft reset, a forced software update or 
an automatic config update. 
--- MI_MP_WR_Y_IRQ_OFFS --- 
Note: This register protects from non-aligned access. Refer to 
MI_MP_WR_Y_BASE register description for details. 

3:0   RO   0x0  reserved   
 
 
0,B����B0,B03B:5B<B,54B2))6�B6+'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��H���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:29   RO   0x0  reserved 

28:4   RO   0x0000000  

sw_mp_wr_y_irq_offs2_shd 
Reaching this offset value by the current offset counter for 
addressing main picture Y component, JPEG or raw data leads to 
generation of fill level interrupt fill_mp_y. 
--- MI_MP_WR_Y_IRQ_OFFS_SHD --- 
Note: This register protects from non-aligned access.  
Refer to MI_MP_WR_Y_BASE register description for details. 

3:0   RO   0x0  reserved   
 
 
0,B����B0,B03B:5B<B//(1*7+�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��H���  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:15   RO   0x0  reserved 

14:0   RW   0x0000  

sw_mp_wr_y_llegnth 
Line length of main picture Y component or RGB picture in pixel, 
also known as line stride. 
If no line stride is used, line length must match image width. 
For Y component the line length in 4:2:x planar mode must be a 
multiple of 8, for all other component modes a multiple of 4 and 
for RGB 565 a multiple of 2. There are no restrictions for RGB 
888/666. 
In planar mode the line length of the Cb and Cr component is 
assumed according to the YCbCr format, i.e. half for 4:2:x and 
the same size for 4:4:4. In semi planar 4:2:x mode the line 
length of the Cb and Cr component is assumed the same size. 
Note: Line length always refers to the line length of the output 
image. This is particularly important when rotating. 
Note: Programmed value becomes effective immediately. So 
write to the register only if no picture data is sent to the main 
path. 

 
 
0,B����B0,B:5B&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:23   RO   0x0  reserved 

22   
W1
C   

0x0  
sys_bay3d_self_force_upd 
force update of configuration registers for bay3dnr frame DMA 
write. 

21   
W1
C   

0x0  
sys_gainself_force_upd 
force update of configuration registers for gain DMA write. 

20   
W1
C   

0x0  
sys_dbrself_force_upd 
force update of configuration registers for debayer DMA write. 

19:17   RO   0x0  reserved 

16   RW   0x0  

sw_bay3d_wr_auto_upd 
automatic update of configuration registers for bay3d write at 
frame end. 
1'b1: Enabled 
1'b0: Disabled 

15:14   RO   0x0  reserved 

13   RW   0x0  

sw_gain_wr_auto_upd 
automatic update of configuration registers for gain write at 
frame end. 
1'b1: Enabled 
1'b0: Disabled 

12   RW   0x0  

sw_gain_wr_pingpong_en 
pingpong mode of configuration registers for gain write at frame 
end. 
1'b1: Enabled 
1'b0: Disabled 

11   RO   0x0  reserved 

10   RW   0x0  

sw_dbr_wr_auto_upd 
automatic update of configuration registers for mimux write at 
frame end. 
1'b1: Enabled 
1'b0: Disabled 

9   RW   0x0  

sw_mimux_raw_align 
align mode, 32bit including two data 
1'b0: big-endian 
1'b1: little-endian 

8   RW   0x0  
sw_dbr_enable_org 
mimux enable for isp_hdrtmo data mux to ddr and read back to 
isp_debayer 

7:4   RO   0x0  reserved 

3   RW   0x0  

sw_raw3_wr_auto_upd 
automatic update of configuration registers for raw3 tx at frame 
end. 
1'b1: Enabled 
1'b0: Disabled 
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2   RW   0x0  

sw_raw2_wr_auto_upd 
automatic update of configuration registers for raw2 tx at frame 
end. 
1'b1: Enabled 
1'b0: Disabled 

1   RW   0x0  

sw_raw1_wr_auto_upd 
automatic update of configuration registers for raw1 tx at frame 
end. 
1'b1: Enabled 
1'b0: Disabled 

0   RW   0x0  

sw_raw0_wr_auto_upd 
automatic update of configuration registers for raw0 tx at frame 
end. 
1'b1: Enabled 
1'b0: Disabled 

 
 
0,B����B0,B:5B,'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  
sw_bay3d_iir_wr_axi_id 
bay3d iir write id, read only 

27:24   RO   0x0  
sw_gain_wr_axi_id 
gain write id, read only 

23:20   RO   0x0  
sw_dbr_wr_axi_id 
mimux write id, read only 

19:16   RO   0x0  
sw_raw3_wr_axi_id 
mipi raw3 tx id, read only 

15:12   RO   0x0  
sw_raw2_wr_axi_id 
mipi raw2 tx id, read only 

11:8   RO   0x0  
sw_raw1_wr_axi_id 
mipi raw1 tx id, read only 

7:4   RO   0x0  
sw_raw0_wr_axi_id 
mipi raw0 tx id, read only 

3:0   RO   0x0  reserved   
 
 
0,B����B0,B5'B&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31   RW   0x0  
sw_mi_rd2_burst_dis 
1'b0: self-adaption enable 
1'b1: self-adaption disable 

30   RW   0x0  

sw_raw_rd_old 
old-mi read. 
0: disable; 
1: enable; 

29:22   RO   0x0  reserved 

21:20   RW   0x2  

sw_raw_wr_burst_len 
Burst length for raw data affecting DMA write port.  
2'b00: 16-beat bursts 
2'b01: 2-beat bursts 
2'b10: 4-beat bursts 
2'b11: 8-beat bursts 
Ignored if 8- or 16-beat bursts are not supported. 
Note: Programmed value becomes effective immediately. So 
write to the register only if no picture data is sent to the main 
and self path. 

19:18   RW   0x1  

sw_bay3d_rd_burst_len 
Burst length for bay3d data affecting DMA read port.  
2'b00: 16-beat bursts 
2'b01: 2-beat bursts 
2'b10: 4-beat bursts 
2'b11: 8-beat bursts 
Ignored if 8- or 16-beat bursts are not supported. 
Note: Programmed value becomes effective immediately. So 
write to the register only if no picture data is sent to the main 
and self path. 

17:16   RW   0x1  

sw_lut_rd_burst_len 
Burst length for lut data affecting DMA read port.  
2'b00: 16-beat bursts 
2'b01: 2-beat bursts 
2'b10: 4-beat bursts 
2'b11: 8-beat bursts 
Ignored if 8- or 16-beat bursts are not supported. 
Note: Programmed value becomes effective immediately. So 
write to the register only if no picture data is sent to the main 
and self path. 

15:14   RW   0x0  

sw_dbr_rd_burst_len 
Burst length for mimux read data affecting DMA read port.  
2'b00: 16-beat bursts 
2'b01: 2-beat bursts 
2'b10: 4-beat bursts 
2'b11: 8-beat bursts 
Ignored if 8- or 16-beat bursts are not supported. 
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13:12   RW   0x0  

sw_raws_rd_burst_len 
Burst length for raw2 rx data affecting DMA read port.  
2'b00: 16-beat bursts 
2'b01: 2-beat bursts 
2'b10: 4-beat bursts 
2'b11: 8-beat bursts 
Ignored if 8- or 16-beat bursts are not supported. 

11:10   RW   0x0  

sw_raw1_rd_burst_len 
Burst length for raw1 rx data affecting DMA read port.  
2'b00: 16-beat bursts 
2'b01: 2-beat bursts 
2'b10: 4-beat bursts 
2'b11: 8-beat bursts 
Ignored if 8- or 16-beat bursts are not supported. 

9:8   RW   0x0  

sw_raw0_rd_burst_len 
Burst length for raw0 rx data affecting DMA read port.  
2'b00: 16-beat bursts 
2'b01: 2-beat bursts 
2'b10: 4-beat bursts 
2'b11: 8-beat bursts 
Ignored if 8- or 16-beat bursts are not supported. 

7:5   RO   0x0  reserved 

4   RW   0x0  
sw_bay3d_rw_one_addr_en 
ddr address of mimux read is the same to bay3d write 

3   RW   0x0  
sw_dbr_rw_one_addr_en 
ddr address of mimux read is the same to mimux write 

2   RW   0x0  
sw_raws_rw_one_addr_en 
ddr address of raw2 rx is the same to raw2 tx 

1   RW   0x0  
sw_raw1_rw_one_addr_en 
ddr address of raw1 rx is the same to raw1 tx 

0   RW   0x0  
sw_raw0_rw_one_addr_en 
ddr address of raw0 rx is the same to raw0 tx 

 
 
0,B����B0,B5'B,'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:24   RO   0x0  reserved 

23:20   RO   0x0  
sw_bay3d_rd_axi_id 
bay3d read id, read only 

19:16   RO   0x0  
sw_lut_rd_axi_id 
mipi lut read id, read only 

15:12   RO   0x0  
sw_dbr_rd_axi_id 
mipi mimux read id, read only 

11:8   RO   0x0  
sw_raws_rd_axi_id 
mipi raw2 rx id, read only 

7:4   RO   0x0  
sw_raw1_rd_axi_id 
mipi raw1 rx id, read only 

3:0   RO   0x0  
sw_raw0_rd_axi_id 
mipi raw0 rx id, read only 

 
 
0,B����B0,B5'B),)2B/(9(/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:24   RW   0x00  
sw_lut_rd_level 
lut read fifo level for generating hurry signal 

23:18   RW   0x00  
sw_dbr_rd_level 
mimux read fifo level for generating hurry signal 

17:12   RW   0x00  
sw_raws_rd_level 
raw2 rx fifo level for generating hurry signal 

11:6   RW   0x00  
sw_raw1_rd_level 
raw1 rx fifo level for generating hurry signal 

5   RO   0x0  reserved 

4:0   RW   0x00  
sw_raw0_rd_level 
raw0 rx fifo level for generating hurry signal 

 
 
0,B����B5$:�B:5B%$6(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:4   RW   0x0000000  

sw_raw0_wr_base 
Base address of raw0 tx data ring buffer. 
Programmed value becomes effective (visible in corresponding 
shadow register) after a soft reset, a forced software update or 
an automatic config update. 
--- RAW0_WR_BASE --- 
Note: This register protects from non-aligned access. The bits 0 
to 2 are hard wired to "000". As a consequence any byte address 
that is written to the register will automatically be re-mapped to 
the next lower 64 bit aligned address: write(RAW0_WR_BASE, 
address_value) is equivalent to write(RAW0_WR_BASE, 
address_value & 0xFFFFFFF8). Anyhow, in order to avoid 
confusion it is NOT recommended to use non-aligned address 
values for access. It is also NOT recommended to actively 
consider the register slice for register access in order to avoid 
unneccessary mask and shift operations. 
In addition, if camerIC provides AXI interfaces the programmed 
base address shall be burst aligned with respect to the burst 
length configured . 
Set control bit init_base_en before updating so that a forced or 
automatic update can take effect. 

3:0   RO   0x0  reserved   
 
 
0,B����B5$:�B:5B6,=(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:29   RO   0x0  reserved 

28:4   RW   0x0000000  

sw_raw0_wr_size 
Size of raw0 data ring buffer. 
Programmed value becomes effective (visible in corresponding 
shadow register) after a soft reset, a forced software update or 
an automatic config update. 
--- RAW0_WR_SIZE --- 
Note: This register protects from non-aligned access. Refer to 
RAW0_WR_BASE register description for details. 
Set control bit init_base_en before updating so that a forced or 
automatic update can take effect. 

3:0   RO   0x0  reserved   
 
 
0,B����B5$:�B:5B/(1*7+�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:14   RO   0x0  reserved 

13:4   RW   0x000  

sw_raw0_wr_length 
Line length of raw0 tx in pixel, also known as line stride. 
If no line stride is used, line length must match image width. 
For example, raw8 mode must be a multiple of 8. 

3:0   RO   0x0  reserved   
 
 
0,B����B5$:�B:5B%$6(B6+'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:4   RO   0x0000000  

sw_raw0_wr_base_shd 
Base address of raw0 tx data ring buffer. 
--- RAW0_WR_BASE_SHD --- 
Note: This register protects from non-aligned access. Refer to 
RAW0_WR_BASE register description for details. 

3:0   RO   0x0  reserved   
 
 
0,B����B5$:�B:5B%$6(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:4   RW   0x0000000  

sw_raw1_wr_base 
Base address of raw1 tx data ring buffer. 
Programmed value becomes effective (visible in corresponding 
shadow register) after a soft reset, a forced software update or 
an automatic config update. 
--- RAW1_WR_BASE --- 
Note: This register protects from non-aligned access. The bits 0 
to 2 are hard wired to "000". As a consequence any byte address 
that is written to the register will automatically be re-mapped to 
the next lower 64 bit aligned address: write(RAW1_WR_BASE, 
address_value) is equivalent to write(RAW1_WR_BASE, 
address_value & 0xFFFFFFF8). Anyhow, in order to avoid 
confusion it is NOT recommended to use non-aligned address 
values for access. It is also NOT recommended to actively 
consider the register slice for register access in order to avoid 
unneccessary mask and shift operations. 
In addition, if camerIC provides AXI interfaces the programmed 
base address shall be burst aligned with respect to the burst 
length configured . 
Set control bit init_base_en before updating so that a forced or 
automatic update can take effect. 

3:0   RO   0x0  reserved   
 
 
0,B����B5$:�B:5B6,=(�  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:29   RO   0x0  reserved 

28:4   RW   0x0000000  

sw_raw1_wr_size 
Size of raw1 data ring buffer. 
Programmed value becomes effective (visible in corresponding 
shadow register) after a soft reset, a forced software update or 
an automatic config update. 
--- RAW1_WR_SIZE --- 
Note: This register protects from non-aligned access. Refer to 
RAW1_WR_BASE register description for details. 
Set control bit init_base_en before updating so that a forced or 
automatic update can take effect. 

3:0   RO   0x0  reserved   
 
 
0,B����B5$:�B:5B/(1*7+�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:14   RO   0x0  reserved 

13:4   RW   0x000  

sw_raw1_wr_length 
Line length of raw1 tx in pixel, also known as line stride. 
If no line stride is used, line length must match image width. 
For example, raw8 mode must be a multiple of 8. 

3:0   RO   0x0  reserved   
 
 
0,B����B5$:�B:5B%$6(B6+'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:4   RO   0x0000000  

raw1_wr_base_shd 
Base address of raw1 tx data ring buffer. 
--- RAW1_WR_BASE_SHD --- 
Note: This register protects from non-aligned access. Refer to 
RAW1_WR_BASE register description for details. 

3:0   RO   0x0  reserved   
 
 
0,B����B5$:�B:5B%$6(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:4   RW   0x0000000  

sw_raw2_wr_base 
base address of raw1 tx data ring buffer. 
Programmed value becomes effective (visible in corresponding 
shadow register) after a soft reset, a forced software update or 
an automatic config update. 
--- RAW2_WR_BASE --- 
Note: This register protects from non-aligned access. The bits 0 
to 2 are hard wired to "000". As a consequence any byte address 
that is written to the register will automatically be re-mapped to 
the next lower 64 bit aligned address: write(RAW2_WR_BASE, 
address_value) is equivalent to write(RAW2_WR_BASE, 
address_value & 0xFFFFFFF8). Anyhow, in order to avoid 
confusion it is NOT recommended to use non-aligned address 
values for access. It is also NOT recommended to actively 
consider the register slice for register access in order to avoid 
unneccessary mask and shift operations. 
In addition, if camerIC provides AXI interfaces the programmed 
base address shall be burst aligned with respect to the burst 
length configured. 
Set control bit init_base_en before updating so that a forced or 
automatic update can take effect. 

3:0   RO   0x0  reserved   
 
 
0,B����B5$:�B:5B6,=(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:29   RO   0x0  reserved 

28:4   RW   0x0000000  

sw_raw2_wr_size 
Size of raw2 data ring buffer. 
Programmed value becomes effective (visible in corresponding 
shadow register) after a soft reset, a forced software update or 
an automatic config update. 
--- RAW2_WR_SIZE --- 
Note: This register protects from non-aligned access. Refer to 
RAW2_WR_BASE register description for details. 
Set control bit init_base_en before updating so that a forced or 
automatic update can take effect. 

3:0   RO   0x0  reserved   
 
 
0,B����B5$:�B:5B/(1*7+�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:14   RO   0x0  reserved 

13:4   RW   0x000  

sw_raw2_wr_length 
Line length of raw2 tx in pixel, also known as line stride. 
If no line stride is used, line length must match image width. 
For example, raw8 mode must be a multiple of 8. 

3:0   RO   0x0  reserved   
 
 
0,B����B5$:�B:5B%$6(B6+'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:4   RO   0x0000000  

raw2_wr_base_shd 
Base address of raw2 tx data ring buffer. 
--- RAW2_WR_BASE_SHD --- 
Note: This register protects from non-aligned access. Refer to 
RAW2_WR_BASE register description for details. 

3:0   RO   0x0  reserved   
 
 
0,B����B5$:�B:5B%$6(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:4   RW   0x0000000  

sw_raw3_wr_base 
base address of raw1 tx data ring buffer. 
Programmed value becomes effective (visible in corresponding 
shadow register) after a soft reset, a forced software update or 
an automatic config update. 
--- RAW3_WR_BASE --- 
Note: This register protects from non-aligned access. The bits 0 
to 2 are hard wired to "000". As a consequence any byte address 
that is written to the register will automatically be re-mapped to 
the next lower 64 bit aligned address: write(RAW3_WR_BASE, 
address_value) is equivalent to write(RAW3_WR_BASE, 
address_value & 0xFFFFFFF8). Anyhow, in order to avoid 
confusion it is NOT recommended to use non-aligned address 
values for access. It is also NOT recommended to actively 
consider the register slice for register access in order to avoid 
unneccessary mask and shift operations. 
In addition, if camerIC provides AXI interfaces the programmed 
base address shall be burst aligned with respect to the burst 
length configured. 
Set control bit init_base_en before updating so that a forced or 
automatic update can take effect. 

3:0   RO   0x0  reserved   
 
 
0,B����B5$:�B:5B6,=(�  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:29   RO   0x0  reserved 

28:4   RW   0x0000000  

sw_raw3_wr_size 
Size of raw3 data ring buffer. 
Programmed value becomes effective (visible in corresponding 
shadow register) after a soft reset, a forced software update or 
an automatic config update. 
--- RAW3_WR_SIZE --- 
Note: This register protects from non-aligned access. Refer to 
RAW3_WR_BASE register description for details. 
Set control bit init_base_en before updating so that a forced or 
automatic update can take effect. 

3:0   RO   0x0  reserved   
 
 
0,B����B5$:�B:5B/(1*7+�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:14   RO   0x0  reserved 

13:4   RW   0x000  

sw_raw3_wr_length 
Line length of raw3 tx in pixel, also known as line stride. 
If no line stride is used, line length must match image width. 
For example, raw8 mode must be a multiple of 8. 

3:0   RO   0x0  reserved   
 
 
0,B����B5$:�B:5B%$6(B6+'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:4   RO   0x0000000  

raw3_wr_base_shd 
Base address of raw3 tx data ring buffer. 
--- RAW3_WR_BASE_SHD --- 
Note: This register protects from non-aligned access. Refer to 
RAW3_WR_BASE register description for details. 

3:0   RO   0x0  reserved   
 
 
0,B����B5:�B:5B/$67B)5$0(B$''5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:4   RO   0x0000000  
stat_raw0_last_frame_waddr 
The last write ddr address of raw0 at frame end 

3:0   RO   0x0  reserved   
 
 
0,B����B5:�B:5B/$67B)5$0(B$''5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:4   RO   0x0000000  
stat_raw1_last_frame_waddr 
The last write ddr address of raw1 at frame end 

3:0   RO   0x0  reserved   
 
 
0,B����B5:�B:5B/$67B)5$0(B$''5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:4   RO   0x0000000  
stat_raw2_last_frame_waddr 
The last write ddr address of raw2 at frame end 

3:0   RO   0x0  reserved   
 
 
0,B����B5:�B:5B/$67B)5$0(B$''5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:4   RO   0x0000000  
stat_raw3_last_frame_waddr 
The last write ddr address of raw3 at frame end 

3:0   RO   0x0  reserved   
 
 
0,B����B5$:�B5'B%$6(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:4   RW   0x0000000  
sw_raw0_rd_base 
Base address of raw0 rx data ring buffer. 

3:0   RO   0x0  reserved   
 
 
0,B����B5$:�B5'B/(1*7+�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:14   RO   0x0  reserved 

13:0   RW   0x0000  
sw_raw0_rd_length 
Line length of raw0 rx in pixel, also known as line stride. 

 
 
0,B����B5$:�B5'B%$6(B6+'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:4   RO   0x0000000  
sw_raw0_rd_base_shd 
Base shadow address of raw0 rx data ring buffer. 

3:0   RO   0x0  reserved   
 
 
0,B����B5$:�B5'B%$6(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:4   RW   0x0000000  
sw_raw1_rd_base 
Base address of raw1 rx data ring buffer. 

3:0   RO   0x0  reserved   
 
 
0,B����B5$:�B5'B/(1*7+�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:14   RO   0x0  reserved 

13:0   RW   0x0000  
sw_raw1_rd_length 
Line length of raw1 rx in pixel, also known as line stride. 

 
 
0,B����B5$:�B5'B%$6(B6+'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:4   RO   0x0000000  
sw_raw1_rd_base_shd 
Base shadow address of raw1 rx data ring buffer. 

3:0   RO   0x0  reserved   
 
 
0,B����B5$:6B5'B%$6(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:4   RW   0x0000000  
sw_raws_rd_base 
Base address of raws rx data ring buffer. 

3:0   RO   0x0  reserved   
 
 
0,B����B5$:6B5'B/(1*7+�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:14   RO   0x0  reserved 

13:0   RW   0x0000  
sw_raws_rd_length 
Line length of raws rx in pixel, also known as line stride. 

 
 
0,B����B5$:6B5'B%$6(B6+'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:4   RW   0x0000000  
sw_raws_rd_base_shd 
Base shadow address of raws rx data ring buffer. 

3:0   RO   0x0  reserved   
 
 
0,B����B/87B�'B5'B%$6(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:4   RW   0x0000000  
sw_3dlut_rd_base 
Base address of 3d lut read data ring buffer. 

3:0   RO   0x0  reserved   
 
 
0,B����B/87B/6&B5'B%$6(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:4   RW   0x0000000  
sw_lsclut_rd_base 
Base address of lsc lut read data ring buffer. 

3:0   RO   0x0  reserved   
 
 
0,B����B/87B/'&+B5'B%$6(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:4   RW   0x0000000  
sw_ldch_rd_base 
Base address of ldch lut read data ring buffer. 

3:0   RO   0x0  reserved   
 
 
0,B����B/87B�'B5'B:6,=(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:12   RO   0x0  reserved 

11:0   RW   0x2d9  
sw_3d_lut_wsize 
3d lut actual size, word unit 

 
 
0,B����B/87B/6&B5'B:6,=(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:12   RO   0x0  reserved 

11:0   RW   0x000  
sw_lsc_lut_wsize 
lsc lut actual size, word unit 

 
 
0,B����B/87B/'&+B5'B+B:6,=(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:12   RO   0x0  reserved 

11:0   RW   0x000  
sw_ldch_lut_h_wsize 
ldch lut h size, word unit 
(((pic_width+15)/16+1)+1)/2 

 
 
0,B����B/87B/'&+B5'B9B6,=(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:14   RO   0x0  reserved 

13:0   RW   0x0000  
sw_ldch_lut_v_size 
ldch lut v size 
(pic_height+7)/8+1 

 
 
0,B����B'%5B:5B%$6(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:4   RW   0x0000000  
sw_dbr_wr_base 
Base address of mimux write data ring buffer. 

3:0   RO   0x0  reserved   
 
 
0,B����B'%5B:5B6,=(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:29   RO   0x0  reserved 

28:4   RW   0x0000000  
sw_dbr_wr_size 
Size of mimux write data ring buffer. 

3:0   RO   0x0  reserved   
 
 
0,B����B'%5B:5B/(1*7+�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:16   RO   0x0  reserved 

15:4   RW   0x000  
sw_dbr_wr_length 
Line length of mimux write in pixel, also known as line stride. 
If no line stride is used, line length must match image width. 

3:0   RO   0x0  reserved   
 
 
0,B����B'%5B:5B%$6(B6+'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:4   RO   0x0000000  

dbr_wr_base_shd 
Base address of mimux wirte data ring buffer. 
--- DBR_WR_BASE_SHD --- 
Note: This register protects from non-aligned access. Refer to 
DBR_WR_BASE register description for details. 

3:0   RO   0x0  reserved   
 
 
0,B����B'%5B5'B%$6(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:4   RW   0x0000000  
sw_dbr_rd_base 
Base address of mimux read data ring buffer. 

3:0   RO   0x0  reserved   
 
 
0,B����B'%5B5'B/(1*7+�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:16   RO   0x0  reserved 

15:0   RW   0x0000  
sw_dbr_rd_length 
Line length of mimux read in pixel, also known as line stride. 

 
 
0,B����B'%5B5'B%$6(B6+'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:4   RO   0x0000000  
dbr_rd_base_shd 
Base shadow address of mimux read data ring buffer. 

3:0   RO   0x0  reserved   
 
 
0,B����B6:6B�$B:5B%$6(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:4   RW   0x0000000  
sws_3a_wr_base 
Base shadow address of mimux read data ring buffer. 

3:0   RO   0x0  reserved   
 
 
0,B����B*$,1B:5B%$6(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:4   RW   0x0000000  
sw_gain_wr_base 
Base address of gain write data ring buffer. 

3:0   RO   0x0  reserved   
 
 
0,B����B*$,1B:5B6,=(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:29   RO   0x0  reserved 

28:4   RW   0x0000000  
sw_gain_wr_size 
Size of gain write data ring buffer. 

3:0   RO   0x0  reserved   
 
 
0,B����B*$,1B:5B/(1*7+�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:14   RO   0x0  reserved 

13:4   RW   0x000  
sw_gain_wr_length 
Line length of gain write in pixel, also known as line stride. 
If no line stride is used, line length must match image width. 

3:0   RO   0x0  reserved   
 
 
0,B����B*$,1B:5B%$6(��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:4   RW   0x0000000  
sw_gain_wr_base2 
Base address of gain write data ring buffer. 

3:0   RO   0x0  reserved   
 
 
0,B����B*$,1B:5B%$6(B6+'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:4   RO   0x0000000  

gain_wr_base_shd 
Base address of gain wirte data ring buffer. 
--- GAIN_WR_BASE_SHD --- 
Note: This register protects from non-aligned access. Refer to 
GAIN_WR_BASE register description for details. 

3:0   RO   0x0  reserved   
 
 
0,B����B%$<�'B:5B%$6(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:4   RW   0x0000000  
sw_bay3d_wr_base 
Base address of bayer 3dnr write data ring buffer. 

3:0   RO   0x0  reserved   
 
 
0,B����B%$<�'B:5B6,=(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:29   RO   0x0  reserved 

28:4   RW   0x0000000  
sw_bay3d_wr_size 
Size of bayer 3dnr write data ring buffer. 

3:0   RO   0x0  reserved   
 
 
0,B����B%$<�'B:5B/(1*7+�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:14   RO   0x0  reserved 

13:4   RW   0x000  
sw_bay3d_wr_length 
Line length of bayer 3dnr write in pixel, also known as line stride. 
If no line stride is used, line length must match image width. 

3:0   RO   0x0  reserved   
 
 
0,B����B%$<�'B:5B%$6(B6+'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��DF��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:4   RO   0x0000000  

bay3d_wr_base_shd 
Base address of bayer 3dnr wirte data ring buffer. 
--- BAY3D_WR_BASE_SHD --- 
Note: This register protects from non-aligned access. Refer to 
BAY3D_WR_BASE register description for details. 

3:0   RO   0x0  reserved   
 
 
0,B����B%$<�'B5'B%$6(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��E���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:4   RW   0x0000000  
sw_bay3d_rd_base 
Base address of bayer 3dnr read data ring buffer. 

3:0   RO   0x0  reserved   
 
 
0,B����B%$<�'B5'B/(1*7+�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��E���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:14   RO   0x0  reserved 

13:0   RW   0x0000  
sw_bay3d_rd_length 
Line length of bayer 3dnr read in pixel, also known as line stride. 

 
 
0,B����B%$<�'B5'B%$6(B6+'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��E���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:4   
R/W
SC   

0x0000000  
bay3d_rd_base_shd 
Base shadow address of bayer 3dnr read data ring buffer. 

3:0   RO   0x0  reserved   
 
 

12.4.2.3 BLC 
,63B%/6B����B&75/�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[������� UHVHUYHG 

� 5: �[� 

VZBEOV�BHQ 
EOV��PRGXOH�DIWHU�ED\�QU� 

���%ODFN�OHYHO�VXEWUDFWLRQ�LV�HQDEOHG�  

���%\SDVV�WKH�EODFN�OHYHO�SURFHVVLQJ 

��� 5: �[� 

VZBEOVBZLQBHQ 
���1R�PHDVXULQJ�LV�SHUIRUPHG�  

���2QO\�ZLQGRZ���LV�PHDVXUHG 

���2QO\�ZLQGRZ���LV�PHDVXUHG�  

���%RWK�ZLQGRZV�DUH�PHDVXUHG 

� 5: �[� 

VZBEOVBPRGH 
���6XEWUDFW�PHDVXUHG�YDOXHV�  

���6XEWUDFW�IL[HG�YDOXHV 

� 5: �[� 

VZBEOVBHQ 
���%ODFN�OHYHO�VXEWUDFWLRQ�LV�HQDEOHG�  

���%\SDVV�WKH�EODFN�OHYHO�SURFHVVLQJ 

 
,63B%/6B����B6$03/(6�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[������� UHVHUYHG 

��� 5: �[�� 

%/6B6$03/(6 
7KLV�QXPEHU�WR�WKH�SRZHU�RI�WZR�JLYHV�WKH�QXPEHU�RI�PHDVXUH�
VDPSOHV�IRU�HDFK�%D\HU�SRVLWLRQ��5DQJH��[�����A� ��WR��[����
�A�� ��������7KLV�QXPEHU�LV�DOVR�WKH�GLYLGHU�IRU�WKH�
DFFXPXODWRU�IRU�HDFK�%D\HU�SRVLWLRQ� 

7KH�DFFXPXODWLRQ�ZLOO�EH�VWRSSHG��LI�WKH�QXPEHU�RI�PHDVXUHG�
SL[HOV�IRU�WKH�FXUUHQW�%D\HU�SRVLWLRQ�LV�HTXDO�WR�WKH�QXPEHU�RI�
VDPSOHV� 

7KH�PHDVXUH�ZLQGRZV�PXVW�EH�SRVLWLRQHG�WKDW�ZD\�WKDW�WKH�
QXPEHU�RI�LQFOXGHG�SL[HOV�RI�HDFK�%D\HU�SRVLWLRQ�LQFOXGHG�E\�ERWK�
ZLQGRZV�LV�HTXDO�RU�JUHDWHU�WKDQ�WKH�QXPEHU�RI�PHDVXUH�VDPSOHV�
FDOFXODWHG�E\��A%/6B6$03/(6� 

127(��7KH�QXPEHU�RI�SL[HOV�RI�RQH�%D\HU�SRVLWLRQ�LV�����RI�WKH�
QXPEHU�RI�DOO�3L[HOV�LQFOXGHG�E\�WKH�PHDVXUH�ZLQGRZV� 
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,63B%/6B����B+�B67$57�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[����� UHVHUYHG 

���� 5: �[���� 

%/6B+�B67$57 
%ODFN�SL[HO�ZLQGRZ���KRUL]RQWDO�VWDUW�SRVLWLRQ 

 
,63B%/6B����B+�B6723�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[����� UHVHUYHG 

���� 5: �[���� 

%/6B+�B6723 
%ODFN�SL[HO�ZLQGRZ���KRUL]RQWDO�VWRS�SRVLWLRQ 

 
,63B%/6B����B9�B67$57�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[����� UHVHUYHG 

���� 5: �[���� 

%/6B9�B67$57 
%ODFN�SL[HO�ZLQGRZ���YHUWLFDO�VWDUW�SRVLWLRQ 

 
,63B%/6B����B9�B6723�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[����� UHVHUYHG 

���� 5: �[���� 

%/6B9�B6723 
%ODFN�SL[HO�ZLQGRZ���YHUWLFDO�VWRS�SRVLWLRQ 

 
,63B%/6B����B+�B67$57�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[����� UHVHUYHG 

���� 5: �[���� 

%/6B+�B67$57 
%ODFN�SL[HO�ZLQGRZ���KRUL]RQWDO�VWDUW�SRVLWLRQ 

 
,63B%/6B����B+�B6723�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[����� UHVHUYHG 

���� 5: �[���� 

%/6B+�B6723 
%ODFN�SL[HO�ZLQGRZ���KRUL]RQWDO�VWRS�SRVLWLRQ 

 
,63B%/6B����B9�B67$57�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[����� UHVHUYHG 

���� 5: �[���� 

%/6B9�B67$57 
%ODFN�SL[HO�ZLQGRZ���YHUWLFDO�VWDUW�SRVLWLRQ 

 
,63B%/6B����B9�B6723�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[����� UHVHUYHG 

���� 5: �[���� 

%/6B9�B6723 
%ODFN�SL[HO�ZLQGRZ���YHUWLFDO�VWRS�SRVLWLRQ 

 
,63B%/6B����B$B),;('�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[����� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[���� 

%/6B$B),;(' 
)L[HG�EODFN�OHYHO�IRU�$�SL[HOV�&�VLJQHG 

WZR
V�FRPSOHPHQW��YDOXH�UDQJH�IURP�������WR������� 

D�SRVLWLYH�YDOXH�ZLOO�EH�VXEWUDFWHG�IURP�WKH�SL[HO�YDOXHV 

 
,63B%/6B����B%B),;('�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[����� UHVHUYHG 

���� 5: �[���� 

%/6B%B),;(' 
)L[HG�EODFN�OHYHO�IRU�%�SL[HOV�&�VLJQHG 

WZR
V�FRPSOHPHQW��YDOXH�UDQJH�IURP�������WR������ 

 
,63B%/6B����B&B),;('�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[����� UHVHUYHG 

���� 5: �[���� 

%/6B&B),;(' 
)L[HG�EODFN�OHYHO�IRU�&�SL[HOV�&�VLJQHG 

WZR
V�FRPSOHPHQW��YDOXH�UDQJH�IURP�������WR������ 

 
,63B%/6B����B'B),;('�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[����� UHVHUYHG 

���� 5: �[���� 

%/6B'B),;(' 
)L[HG�EODFN�OHYHO�IRU�'�SL[HOV���VLJQHG 

WZR
V�FRPSOHPHQW��YDOXH�UDQJH�IURP�������WR������ 

 
,63B%/6B����B$B0($685('�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[����� UHVHUYHG 

���� 52 �[��� 

%/6B$B0($685(' 
0HDVXUHG�EODFN�OHYHO�IRU�$�SL[HOV 

 
,63B%/6B����B%B0($685('�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[����� UHVHUYHG 

���� 52 �[��� 

%/6B%B0($685(' 
0HDVXUHG�EODFN�OHYHO�IRU�%�SL[HOV 

 
,63B%/6B����B&B0($685('�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[����� UHVHUYHG 

���� 52 �[��� 

%/6B&B0($685(' 
0HDVXUHG�EODFN�OHYHO�IRU�&�SL[HOV 

 
,63B%/6B����B'B0($685('�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[����� UHVHUYHG 

���� 52 �[��� 

%/6B'B0($685(' 
0HDVXUHG�EODFN�OHYHO�IRU�'�SL[HOV 

 
,63B%/6B����B%/6�B$B),;('�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[����� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[���� 

VZBEOV�BDBIL[HG 
)L[HG�EODFN�OHYHO�IRU�$�SL[HOV�&�VLJQHG 

WZR
V�FRPSOHPHQW��YDOXH�UDQJH�IURP�������WR������� 

D�SRVLWLYH�YDOXH�ZLOO�EH�VXEWUDFWHG�IURP�WKH�SL[HO�YDOXHV 

 
,63B%/6B����B%/6�B%B),;('�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[����� UHVHUYHG 

���� 5: �[���� 

VZBEOV�BEBIL[HG 
)L[HG�EODFN�OHYHO�IRU�%�SL[HOV�&�VLJQHG 

WZR
V�FRPSOHPHQW��YDOXH�UDQJH�IURP�������WR������ 

 
,63B%/6B����B%/6�B&B),;('�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[����� UHVHUYHG 

���� 5: �[���� 

VZBEOV�BFBIL[HG 
)L[HG�EODFN�OHYHO�IRU�&�SL[HOV�&�VLJQHG 

WZR
V�FRPSOHPHQW��YDOXH�UDQJH�IURP�������WR������ 

� 52 �[� UHVHUYHG 

 
,63B%/6B����B%/6�B'B),;('�  

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[����� UHVHUYHG 

���� 5: �[���� 

VZBEOV�BGBIL[HG 
)L[HG�EODFN�OHYHO�IRU�'�SL[HOV���VLJQHG 

WZR
V�FRPSOHPHQW��YDOXH�UDQJH�IURP�������WR������ 

12.4.2.4 DPCC 
,63B'3&&B����B02'(�  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 52 �[� UHVHUYHG 
�� 52 �[� GSFFBZRUNLQJ 
���� 52 �[������� UHVHUYHG 

� 5: �[� 
67$*(�B(1$%/( 
�
E���(QDEOH�VWDJH��'HIDXOW�  
�
E���%\SDVV�VWDJH� 

� 5: �[� 
*5$<6&$/(B02'( 
�
E���(QDEOH�JUD\�VFDOH�GDWD�LQSXW�IURP�EODFN�DQG�ZKLWH�VHQVRUV�
�ZLWKRXW�FRORU�ILOWHU�DUUD\� 
�
E���%$<(5�'$7$�,1387�'HIDXOW 

� 5: �[� 
,63B'3&&BHQDEOH 
�
E���(QDEOH�'3&& 
�
E���%\SDVV�'3&&�'HIDXOW 

 
,63B'3&&B����B287387B02'(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[� 

VZBUNBRXWBVHO 
�
E����5.�PHWKRG� 
�
E����5.�PHWKRG� 
�
E����5.�PHWKRG� 
�
E����5HVHUYHG 

� 5: �[� 
VZBGSFFBRXWSXWBVHO 
�
E���6HOHFW�PHGLDQ�PRGH 
�
E���6HOHFW�UN�RXWSXW�PRGH�  

� 5: �[� 
67$*(�B5%B�[� 
�
E���6WDJH��UHG�EOXH���SL[HO���[���RXWSXW�PHGLDQ 
�
E���6WDJH��UHG�EOXH���RU���SL[HO�RXWSXW�PHGLDQ�'HIDXOW 

� 5: �[� 
67$*(�B*B�[� 
�
E���6WDJH��JUHHQ���SL[HO���[���RXWSXW�PHGLDQ 
�
E���6WDJH��JUHHQ���RU���SL[HO�RXWSXW�PHGLDQ�'HIDXOW 

� 5: �[� 

67$*(�B,1&/B5%B&(17(5 
�
E���6WDJH��LQFOXGH�FHQWHU�SL[HO�IRU�UHG�EOXH�RXWSXW�PHGLDQ�
�[����'HIDXOW�  
�
E���6WDJH��GR�QRW�LQFOXGH�FHQWHU�SL[HO�IRU�UHG�EOXH�RXWSXW�
PHGLDQ��[� 

� 5: �[� 

67$*(�B,1&/B*5((1B&(17(5 
�
E���6WDJH��LQFOXGH�FHQWHU�SL[HO�IRU�JUHHQ�RXWSXW�PHGLDQ��[����
'HIDXOW 
�
E���6WDJH��GR�QRW�LQFOXGH�FHQWHU�SL[HO�IRU�JUHHQ�RXWSXW�PHGLDQ�
�[� 

 
,63B'3&&B����B6(7B86(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� 
67$*(�B86(B),;B6(7 
�
E���6WDJH��XVH�KDUG�FRGHG�PHWKRGV�VHW�'HIDXOW� �  
�
E���6WDJH��GR�QRW�XVH�KDUG�FRGHG�PHWKRGV�VHW 

� 5: �[� 
67$*(�B86(B6(7B� 
�
E���6WDJH��XVH�PHWKRGV�VHW�� 
�
E���6WDJH��GR�QRW�XVH�PHWKRGV�VHW���'HIDXOW 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
67$*(�B86(B6(7B� 
�
E���6WDJH��XVH�PHWKRGV�VHW�� 
�
E���6WDJH��GR�QRW�XVH�PHWKRGV�VHW���'HIDXOW 

� 5: �[� 

67$*(�B86(B6(7B� 
�
E���6WDJH��XVH�PHWKRGV�VHW���'HIDXOW�  
�
E���6WDJH��GR�QRW�XVH�PHWKRGV�VHW�� 
����,63B'3&&B6(7B86(���� 
1RWH��0HWKRGV�VHWV�FDQ�EH�XVHG�LQ�SDUDOOHO�IRU�HDFK�VWDJH�DQG�WKH�
UHVXOW�LV�WKH�ORJLFDO�25�RI�DOO�VHOHFWHG�VHWV� 

 
,63B'3&&B����B0(7+2'6B6(7B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

�� 5: �[� 
VZBUNBUHGBEOXH�BHQ 
�
E���(QDEOH�5.�PHWKRG�FKHFN�IRU�JUHHQ�'HIDXOW� �  
�
E���%\SDVV�5.�PHWKRG�FKHFN�IRU�JUHHQ�  

�� 5: �[� 
5*B5('B%/8(�B(1$%/( 
�
E���(QDEOH�5DQN�*UDGLHQW�FKHFN�IRU�UHGBEOXH�'HIDXOW�  
�
E���%\SDVV�5DQN�*UDGLHQW�FKHFN�IRU�UHGBEOXH 

�� 5: �[� 
51'B5('B%/8(�B(1$%/( 
�
E���(QDEOH�5DQN�1HLJKERU�'LIIHUHQFH�FKHFN�IRU�UHGBEOXH�
'HIDXOW 
�
E���%\SDVV�5DQN�1HLJKERU�'LIIHUHQFH�FKHFN�IRU�UHGBEOXH 

�� 5: �[� 
52B5('B%/8(�B(1$%/( 
�
E���(QDEOH�5DQN�2UGHU�FKHFN�IRU�UHGBEOXH�'HIDXOW�  
�
E���%\SDVV�5DQN�2UGHU�FKHFN�IRU�UHGBEOXH 

� 5: �[� 
/&B5('B%/8(�B(1$%/( 
�
E���(QDEOH�/LQH�FKHFN�IRU�UHGBEOXH�'HIDXOW�  
�
E���%\SDVV�/LQH�FKHFN�IRU�UHGBEOXH 

� 5: �[� 
3*B5('B%/8(�B(1$%/( 
�
E���(QDEOH�3HDN�*UDGLHQW�FKHFN�IRU�UHGBEOXH�'HIDXOW�  
�
E���%\SDVV�3HDN�*UDGLHQW�FKHFN�IRU�UHGBEOXH 

��� 52 �[� UHVHUYHG 

� 5: �[� 
VZBUNBJUHHQ�BHQ 
�
E���(QDEOH�5.�PHWKRG�FKHFN�IRU�JUHHQ�'HIDXOW� �  
�
E���%\SDVV�5.�PHWKRG�FKHFN�IRU�JUHHQ�  

� 5: �[� 
5*B*5((1�B(1$%/( 
�
E���(QDEOH�5DQN�*UDGLHQW�FKHFN�IRU�JUHHQ�'HIDXOW�  
�
E���%\SDVV�5DQN�*UDGLHQW�FKHFN�IRU�JUHHQ 

� 5: �[� 
51'B*5((1�B(1$%/( 
�
E���(QDEOH�5DQN�1HLJKERU�'LIIHUHQFH�FKHFN�IRU�JUHHQ�'HIDXOW�  
�
E���%\SDVV�5DQN�1HLJKERU�'LIIHUHQFH�FKHFN�IRU�JUHHQ 

� 5: �[� 
52B*5((1�B(1$%/( 
�
E���(QDEOH�5DQN�2UGHU�FKHFN�IRU�JUHHQ�'HIDXOW�  
�
E���%\SDVV�5DQN�2UGHU�FKHFN�IRU�JUHHQ 

� 5: �[� 
/&B*5((1�B(1$%/( 
�
E���(QDEOH�/LQH�FKHFN�IRU�JUHHQ�'HIDXOW�  
�
E���%\SDVV�/LQH�FKHFN�IRU�JUHHQ 

� 5: �[� 

3*B*5((1�B(1$%/( 
�
E���(QDEOH�3HDN�*UDGLHQW�FKHFN�IRU�JUHHQ�'HIDXOW�  
�
E���%\SDVV�3HDN�*UDGLHQW�FKHFN�IRU�JUHHQ 
����,63B'3&&B0(7+2'6B6(7B����� 
1RWH��'LIIHUHQW�PHWKRGV�FDQ�EH�XVHG�LQ�SDUDOOHO��WKH�UHVXOW�LV�WKH�
ORJLFDO�$1'�RI�DOO�VHOHFWHG�PHWKRGV� 
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,63B'3&&B����B0(7+2'6B6(7B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

�� 5: �[� 
VZBUNBUHGBEOXH�BHQ 
�
E���(QDEOH�5.�PHWKRG�FKHFN�IRU�JUHHQ�  
�
E���%\SDVV�5.�PHWKRG�FKHFN�IRU�JUHHQ�'HIDXOW� �  

�� 5: �[� 
5*B5('B%/8(�B(1$%/( 
�
E���(QDEOH�5DQN�*UDGLHQW�FKHFN�IRU�UHGBEOXH�'HIDXOW�  
�
E���%\SDVV�5DQN�*UDGLHQW�FKHFN�IRU�UHGBEOXH 

�� 5: �[� 
51'B5('B%/8(�B(1$%/( 
�
E���(QDEOH�5DQN�1HLJKERU�'LIIHUHQFH�FKHFN�IRU�UHGBEOXH�
'HIDXOW 
�
E���%\SDVV�5DQN�1HLJKERU�'LIIHUHQFH�FKHFN�IRU�UHGBEOXH 

�� 5: �[� 
52B5('B%/8(�B(1$%/( 
�
E���(QDEOH�5DQN�2UGHU�FKHFN�IRU�UHGBEOXH�'HIDXOW�  
�
E���%\SDVV�5DQN�2UGHU�FKHFN�IRU�UHGBEOXH 

� 5: �[� 
/&B5('B%/8(�B(1$%/( 
�
E���(QDEOH�/LQH�FKHFN�IRU�UHGBEOXH 
�
E���%\SDVV�/LQH�FKHFN�IRU�UHGBEOXH�'HIDXOW 

� 5: �[� 
3*B5('B%/8(�B(1$%/( 
�
E���(QDEOH�3HDN�*UDGLHQW�FKHFN�IRU�UHGBEOXH�'HIDXOW�  
�
E���%\SDVV�3HDN�*UDGLHQW�FKHFN�IRU�UHGBEOXH 

��� 52 �[� UHVHUYHG 

� 5: �[� 
VZBUNBJUHHQ�BHQ 
�
E���(QDEOH�5.�PHWKRG�FKHFN�IRU�JUHHQ�  
�
E���%\SDVV�5.�PHWKRG�FKHFN�IRU�JUHHQ�'HIDXOW� �  

� 5: �[� 
5*B*5((1�B(1$%/( 
�
E���(QDEOH�5DQN�*UDGLHQW�FKHFN�IRU�JUHHQ�'HIDXOW�  
�
E���%\SDVV�5DQN�*UDGLHQW�FKHFN�IRU�JUHHQ 

� 5: �[� 
51'B*5((1�B(1$%/( 
�
E���(QDEOH�5DQN�1HLJKERU�'LIIHUHQFH�FKHFN�IRU�JUHHQ�'HIDXOW�  
�
E���%\SDVV�5DQN�1HLJKERU�'LIIHUHQFH�FKHFN�IRU�JUHHQ 

� 5: �[� 
52B*5((1�B(1$%/( 
�
E���(QDEOH�5DQN�2UGHU�FKHFN�IRU�JUHHQ�'HIDXOW�  
�
E���%\SDVV�5DQN�2UGHU�FKHFN�IRU�JUHHQ 

� 5: �[� 
/&B*5((1�B(1$%/( 
�
E���(QDEOH�/LQH�FKHFN�IRU�JUHHQ 
�
E���%\SDVV�/LQH�FKHFN�IRU�JUHHQ�'HIDXOW 

� 5: �[� 

3*B*5((1�B(1$%/( 
�
E���(QDEOH�3HDN�*UDGLHQW�FKHFN�IRU�JUHHQ�'HIDXOW�  
�
E���%\SDVV�3HDN�*UDGLHQW�FKHFN�IRU�JUHHQ 
����,63B'3&&B0(7+2'6B6(7B����� 
1RWH��'LIIHUHQW�PHWKRGV�FDQ�EH�XVHG�LQ�SDUDOOHO��WKH�UHVXOW�LV�WKH�
ORJLFDO�$1'�RI�DOO�VHOHFWHG�PHWKRGV� 

 
,63B'3&&B����B0(7+2'6B6(7B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

�� 5: �[� 
VZBUNBUHGBEOXH�BHQ 
�
E���(QDEOH�5.�PHWKRG�FKHFN�IRU�JUHHQ�  
�
E���%\SDVV�5.�PHWKRG�FKHFN�IRU�JUHHQ�'HIDXOW� �  
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
5*B5('B%/8(�B(1$%/( 
�
E���(QDEOH�5DQN�*UDGLHQW�FKHFN�IRU�UHGBEOXH 
�
E���%\SDVV�5DQN�*UDGLHQW�FKHFN�IRU�UHGBEOXH�'HIDXOW 

�� 5: �[� 
51'B5('B%/8(�B(1$%/( 
�
E���(QDEOH�5DQN�1HLJKERU�'LIIHUHQFH�FKHFN�IRU�UHGBEOXH�  
�
E���%\SDVV�5DQN�1HLJKERU�'LIIHUHQFH�FKHFN�IRU�UHGBEOXH�
'HIDXOW 

�� 5: �[� 
52B5('B%/8(�B(1$%/( 
�
E���(QDEOH�5DQN�2UGHU�FKHFN�IRU�UHGBEOXH�'HIDXOW�  
�
E���%\SDVV�5DQN�2UGHU�FKHFN�IRU�UHGBEOXH 

� 5: �[� 
/&B5('B%/8(�B(1$%/( 
�
E���(QDEOH�/LQH�FKHFN�IRU�UHGBEOXH�'HIDXOW�  
�
E���%\SDVV�/LQH�FKHFN�IRU�UHGBEOXH 

� 5: �[� 
3*B5('B%/8(�B(1$%/( 
�
E���(QDEOH�3HDN�*UDGLHQW�FKHFN�IRU�UHGBEOXH�'HIDXOW�  
�
E���%\SDVV�3HDN�*UDGLHQW�FKHFN�IRU�UHGBEOXH 

��� 52 �[� UHVHUYHG 

� 5: �[� 
VZBUNBJUHHQ�BHQ 
�
E���(QDEOH�5.�PHWKRG�FKHFN�IRU�JUHHQ�  
�
E���%\SDVV�5.�PHWKRG�FKHFN�IRU�JUHHQ�'HIDXOW� �  

� 5: �[� 
5*B*5((1�B(1$%/( 
�
E���(QDEOH�5DQN�*UDGLHQW�FKHFN�IRU�JUHHQ 
�
E���%\SDVV�5DQN�*UDGLHQW�FKHFN�IRU�JUHHQ�'HIDXOW 

� 5: �[� 
51'B*5((1�B(1$%/( 
�
E���(QDEOH�5DQN�1HLJKERU�'LIIHUHQFH�FKHFN�IRU�JUHHQ 
�
E���%\SDVV�5DQN�1HLJKERU�'LIIHUHQFH�FKHFN�IRU�JUHHQ�'HIDXOW 

� 5: �[� 
52B*5((1�B(1$%/( 
�
E���(QDEOH�5DQN�2UGHU�FKHFN�IRU�JUHHQ�'HIDXOW�  
�
E���%\SDVV�5DQN�2UGHU�FKHFN�IRU�JUHHQ 

� 5: �[� 
/&B*5((1�B(1$%/( 
�
E���(QDEOH�/LQH�FKHFN�IRU�JUHHQ�'HIDXOW�  
�
E���%\SDVV�/LQH�FKHFN�IRU�JUHHQ 

� 5: �[� 

3*B*5((1�B(1$%/( 
�
E���(QDEOH�3HDN�*UDGLHQW�FKHFN�IRU�JUHHQ�'HIDXOW�  
�
E���%\SDVV�3HDN�*UDGLHQW�FKHFN�IRU�JUHHQ 
����,63B'3&&B0(7+2'6B6(7B����� 
1RWH��'LIIHUHQW�PHWKRGV�FDQ�EH�XVHG�LQ�SDUDOOHO��WKH�UHVXOW�LV�WKH�
ORJLFDO�$1'�RI�DOO�VHOHFWHG�PHWKRGV� 

 
,63B'3&&B����B/,1(B7+5(6+B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� VZBPLQGLV�BUE 
0LQ�GLVWDQFH�IRU�VHW���UHG��EOXH 

����� 5: �[�� VZBPLQGLV�BJ 
0LQ�GLVWDQFH�IRU�VHW���JUHHQ 

���� 5: �[�� /,1(B7+5B�B5% 
/LQH�WKUHVKROG�IRU�VHW���UHG�EOXH 

��� 5: �[�� 
/,1(B7+5B�B* 
/LQH�WKUHVKROG�IRU�VHW���JUHHQ 
����,63B'3&&B/,1(B7+5(6+B����� 
1RWH��$OO�YDOXHV�DUH�XQVLJQHG�LQWHJHU� 

 
,63B'3&&B����B/,1(B0$'B)$&B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 
����� 5: �[�� VZBGLVBVFDOHBPLQ� 
����� 52 �[� UHVHUYHG 
����� 5: �[�� VZBGLVBVFDOHBPD[� 
����� 52 �[� UHVHUYHG 

���� 5: �[�� /,1(B0$'B)$&B�B5% 
/LQH�0$'�IDFWRU�IRU�VHW���UHG�EOXH 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 
/,1(B0$'B)$&B�B* 
/LQH�0$'�IDFWRU�IRU�VHW���JUHHQ 
����,63B'3&&B/,1(B0$'B)$&B����� 
1RWH��$OO�YDOXHV�DUH�XQVLJQHG�LQWHJHU� 

 
,63B'3&&B����B3*B)$&B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

���� 5: �[�� 3*B)$&B�B5% 
3HDN�JUDGLHQW�IDFWRU�IRU�VHW���UHG�EOXH 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 
3*B)$&B�B* 
3HDN�JUDGLHQW�IDFWRU�IRU�VHW���JUHHQ 
����,63B'3&&B3*B)$&B����� 
1RWH��$OO�YDOXHV�DUH�XQVLJQHG�LQWHJHU� 

 
,63B'3&&B����B51'B7+5(6+B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[�D 51'B7+5B�B5% 
5DQN�1HLJKERU�'LIIHUHQFH�WKUHVKROG�IRU�VHW���UHG�EOXH 

��� 5: �[�D 
51'B7+5B�B* 
5DQN�1HLJKERU�'LIIHUHQFH�WKUHVKROG�IRU�VHW���JUHHQ 
����,63B'3&&B51'B7+5(6+B����� 
1RWH��$OO�YDOXHV�DUH�XQVLJQHG�LQWHJHU� 

 
,63B'3&&B����B5*B)$&B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

���� 5: �[�� 5*B)$&B�B5% 
5DQN�JUDGLHQW�IDFWRU�IRU�VHW���UHG�EOXH 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 
5*B)$&B�B* 
5DQN�JUDGLHQW�IDFWRU�IRU�VHW���JUHHQ 
����,63B'3&&B5*B)$&B����� 
1RWH��$OO�YDOXHV�DUH�XQVLJQHG�LQWHJHU� 

 
,63B'3&&B����B/,1(B7+5(6+B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� VZBPLQGLV�BUE 
0LQ�GLVWDQFH�IRU�VHW���UHG��EOXH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� VZBPLQGLV�BJ 
0LQ�GLVWDQFH�IRU�VHW���JUHHQ 

���� 5: �[�� /,1(B7+5B�B5% 
/LQH�WKUHVKROG�IRU�VHW���UHG�EOXH 

��� 5: �[�F 
/,1(B7+5B�B* 
/LQH�WKUHVKROG�IRU�VHW���JUHHQ 
����,63B'3&&B/,1(B7+5(6+B����� 
1RWH��$OO�YDOXHV�DUH�XQVLJQHG�LQWHJHU� 

 
,63B'3&&B����B/,1(B0$'B)$&B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 
����� 5: �[�� VZBGLVBVFDOHBPLQ� 
����� 52 �[� UHVHUYHG 
����� 5: �[�� VZBGLVBVFDOHBPD[� 
����� 52 �[� UHVHUYHG 

���� 5: �[�� /,1(B0$'B)$&B�B5% 
/LQH�0$'�IDFWRU�IRU�VHW���UHG�EOXH 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 
/,1(B0$'B)$&B�B* 
/LQH�0$'�IDFWRU�IRU�VHW���JUHHQ 
����,63B'3&&B/,1(B0$'B)$&B����� 
1RWH��$OO�YDOXHV�DUH�XQVLJQHG�LQWHJHU� 

 
,63B'3&&B����B3*B)$&B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

���� 5: �[�� 3*B)$&B�B5% 
3HDN�JUDGLHQW�IDFWRU�IRU�VHW���UHG�EOXH 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 
3*B)$&B�B* 
3HDN�JUDGLHQW�IDFWRU�IRU�VHW���JUHHQ 
����,63B'3&&B3*B)$&B����� 
1RWH��$OO�YDOXHV�DUH�XQVLJQHG�LQWHJHU� 

 
,63B'3&&B����B51'B7+5(6+B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[�� 51'B7+5B�B5% 
5DQN�1HLJKERU�'LIIHUHQFH�WKUHVKROG�IRU�VHW���UHG�EOXH 

��� 5: �[�� 
51'B7+5B�B* 
5DQN�1HLJKERU�'LIIHUHQFH�WKUHVKROG�IRU�VHW���JUHHQ 
����,63B'3&&B51'B7+5(6+B����� 
1RWH��$OO�YDOXHV�DUH�XQVLJQHG�LQWHJHU� 

 
,63B'3&&B����B5*B)$&B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

���� 5: �[�� 5*B)$&B�B5% 
5DQN�JUDGLHQW�IDFWRU�IRU�VHW���UHG�EOXH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
��� 52 �[� UHVHUYHG 

��� 5: �[�� 
5*B)$&B�B* 
5DQN�JUDGLHQW�IDFWRU�IRU�VHW���JUHHQ 
����,63B'3&&B5*B)$&B����� 
1RWH��$OO�YDOXHV�DUH�XQVLJQHG�LQWHJHU� 

 
,63B'3&&B����B/,1(B7+5(6+B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� VZBPLQGLV�BUE 
0LQ�GLVWDQFH�IRU�VHW���UHG��EOXH 

����� 5: �[�� VZBPLQGLV�BJ 
0LQ�GLVWDQFH�IRU�VHW���JUHHQ 

���� 5: �[�� /,1(B7+5B�B5% 
/LQH�WKUHVKROG�IRU�VHW���UHG�EOXH 

��� 5: �[�� 
/,1(B7+5B�B* 
/LQH�WKUHVKROG�IRU�VHW���JUHHQ 
����,63B'3&&B/,1(B7+5(6+B����� 
1RWH��$OO�YDOXHV�DUH�XQVLJQHG�LQWHJHU� 

 
,63B'3&&B����B/,1(B0$'B)$&B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 
����� 5: �[�� VZBGLVBVFDOHBPLQ� 
����� 52 �[� UHVHUYHG 
����� 5: �[�� VZBGLVBVFDOHBPD[� 
����� 52 �[� UHVHUYHG 

���� 5: �[�� /,1(B0$'B)$&B�B5% 
/LQH�0$'�IDFWRU�IRU�VHW���UHG�EOXH 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 
/,1(B0$'B)$&B�B* 
/LQH�0$'�IDFWRU�IRU�VHW���JUHHQ 
����,63B'3&&B/,1(B0$'B)$&B����� 
1RWH��$OO�YDOXHV�DUH�XQVLJQHG�LQWHJHU� 

 
,63B'3&&B����B3*B)$&B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

���� 5: �[�� 3*B)$&B�B5% 
3HDN�JUDGLHQW�IDFWRU�IRU�VHW���UHG�EOXH 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 
3*B)$&B�B* 
3HDN�JUDGLHQW�IDFWRU�IRU�VHW���JUHHQ 
����,63B'3&&B3*B)$&B����� 
1RWH��$OO�YDOXHV�DUH�XQVLJQHG�LQWHJHU� 

 
,63B'3&&B����B51'B7+5(6+B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[�� 51'B7+5B�B5% 
5DQN�1HLJKERU�'LIIHUHQFH�WKUHVKROG�IRU�VHW���UHG�EOXH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[�� 
51'B7+5B�B* 
5DQN�1HLJKERU�'LIIHUHQFH�WKUHVKROG�IRU�VHW���JUHHQ 
����,63B'3&&B51'B7+5(6+B����� 
1RWH��$OO�YDOXHV�DUH�XQVLJQHG�LQWHJHU� 

 
,63B'3&&B����B5*B)$&B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

���� 5: �[�� 5*B)$&B�B5% 
5DQN�JUDGLHQW�IDFWRU�IRU�VHW���UHG�EOXH 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 
5*B)$&B�B* 
5DQN�JUDGLHQW�IDFWRU�IRU�VHW���JUHHQ 
����,63B'3&&B5*B)$&B����� 
1RWH��$OO�YDOXHV�DUH�XQVLJQHG�LQWHJHU� 

 
,63B'3&&B����B52B/,0,76�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

����� 5: �[� 52B/,0B�B5% 
5DQN�RUGHU�OLPLW�IRU�VHW���UHG�EOXH 

��� 5: �[� 52B/,0B�B* 
5DQN�RUGHU�OLPLW�IRU�VHW���JUHHQ 

��� 5: �[� 52B/,0B�B5% 
5DQN�RUGHU�OLPLW�IRU�VHW���UHG�EOXH 

��� 5: �[� 52B/,0B�B* 
5DQN�RUGHU�OLPLW�IRU�VHW���JUHHQ 

��� 5: �[� 52B/,0B�B5% 
5DQN�RUGHU�OLPLW�IRU�VHW���UHG�EOXH 

��� 5: �[� 
52B/,0B�B* 
5DQN�RUGHU�OLPLW�IRU�VHW���JUHHQ 
����,63B'3&&B52B/,0,76���� 
1RWH��$OO�YDOXHV�DUH�XQVLJQHG�LQWHJHU� 

 
,63B'3&&B����B51'B2))6�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

����� 5: �[� 51'B2))6B�B5% 
5DQN�2IIVHW�WR�1HLJKERU�IRU�VHW���UHG�EOXH 

��� 5: �[� 51'B2))6B�B* 
5DQN�2IIVHW�WR�1HLJKERU�IRU�VHW���JUHHQ 

��� 5: �[� 51'B2))6B�B5% 
5DQN�2IIVHW�WR�1HLJKERU�IRU�VHW���UHG�EOXH 

��� 5: �[� 51'B2))6B�B* 
5DQN�2IIVHW�WR�1HLJKERU�IRU�VHW���JUHHQ 

��� 5: �[� 51'B2))6B�B5% 
5DQN�2IIVHW�WR�1HLJKERU�IRU�VHW���UHG�EOXH 

��� 5: �[� 
51'B2))6B�B* 
5DQN�2IIVHW�WR�1HLJKERU�IRU�VHW���JUHHQ 
����,63B'3&&B51'B2))6���� 
1RWH��$OO�YDOXHV�DUH�XQVLJQHG�LQWHJHU� 
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,63B'3&&B����B%37B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

�� 5: �[� 
%37B5%B�[� 
�
E���,I�%37�DFWLYH�UHG�EOXH���SL[HO���[���RXWSXW�PHGLDQ 
�
E���,I�%37�DFWLYH�UHG�EOXH���RU���SL[HO�RXWSXW�PHGLDQ�'HIDXOW 

�� 5: �[� 
%37B*B�[� 
�
E���,I�%37�DFWLYH�JUHHQ���SL[HO���[���RXWSXW�PHGLDQ 
�
E���,I�%37�DFWLYH�JUHHQ���RU���SL[HO�RXWSXW�PHGLDQ�'HIDXOW 

� 5: �[� 

%37B,1&/B5%B&(17(5 
�
E���,I�%37�DFWLYH�LQFOXGH�FHQWHU�SL[HO�IRU�UHG�EOXH�RXWSXW�
PHGLDQ��[��� 
�
E���,I�%37�DFWLYH�GR�QRW�LQFOXGH�FHQWHU�SL[HO�IRU�UHG�EOXH�RXWSXW�
PHGLDQ��[� 

� 5: �[� 

%37B,1&/B*5((1B&(17(5 
�
E���,I�%37�DFWLYH�LQFOXGH�FHQWHU�SL[HO�IRU�JUHHQ�RXWSXW�PHGLDQ�
�[��� 
�
E���,I�%37�DFWLYH�GR�QRW�LQFOXGH�FHQWHU�SL[HO�IRU�JUHHQ�RXWSXW�
PHGLDQ��[� 

� 5: �[� 
%37B86(B),;B6(7 
�
E���)RU�%37�ZULWH�XVH�KDUG�FRGHG�PHWKRGV�VHW 
�
E���)RU�%37�ZULWH�GR�QRW�XVH�KDUG�FRGHG�PHWKRGV�VHW�'HIDXOW 

� 5: �[� 
%37B86(B6(7B� 
�
E���)RU�%37�ZULWH�XVH�PHWKRGV�VHW�� 
�
E���)RU�%37�ZULWH�GR�QRW�XVH�PHWKRGV�VHW���'HIDXOW 

� 5: �[� 
%37B86(B6(7B� 
�
E���)RU�%37�ZULWH�XVH�PHWKRGV�VHW�� 
�
E���)RU�%37�ZULWH�GR�QRW�XVH�PHWKRGV�VHW���'HIDXOW 

� 5: �[� 
%37B86(B6(7B� 
�
E���)RU�%37�ZULWH�XVH�PHWKRGV�VHW�� 
�
E���)RU�%37�ZULWH�GR�QRW�XVH�PHWKRGV�VHW���'HIDXOW 

��� 52 �[� UHVHUYHG 

� 5: �[� 
ESWBFRUBHQ 
7DEOH�EDVHG�FRUUHFWLRQ�HQDEOH 
�
E���7DEOH�EDVHG�FRUUHFWLRQ�LV�HQDEOHG� 
�
E���7DEOH�EDVHG�FRUUHFWLRQ�LV�GLVDEOHG� 

� 5: �[� 

ESWBGHWBHQ 
%DG�SL[HO�GHWHFWLRQ�ZULWH�HQDEOH 
�
E���%DG�SL[HO�GHWHFWLRQ�ZULWH�WR�PHPRU\�LV�HQDEOHG� 
�
E���%DG�SL[HO�GHWHFWLRQ�ZULWH�WR�PHPRU\�LV�GLVDEOHG� 
����,63B'3&&B%37B&75/���� 
1RWH��7KLV�UHJLVWHU�FRQWUROV�WKH�EHKDYLRXU�RI�WKH�WDEOH�EDVHG�EDG�
SL[HO�FRUUHFWLRQ�PRGXOH��,W�FDQ�EH�VZLWFKHG�RQ�DQG�RII�
LQGHSHQGHQWO\�RI�WKH�'3&&�GHWHFWLRQ�DQG�FRUUHFWLRQ�EORFN��
'LIIHUHQW�FRUUHFWLRQ�DOJRULWKPV�IRU�WKH�WDEOH�EDVHG�FRUUHFWLRQ�DUH�
DYDLODEOH�DQG�DUH�GHILQHG�E\�WKLV�UHJLVWHU��7KH�GHIDXOW�VHWWLQJ�DIWHU�
UHVHW�HQDEOHV�D�FRUUHFWLRQ�DOJRULWKP�ZLWK�PRVW�DFFXUDWH�
FRUUHODWLRQ�WR�VXUURXQGLQJ�SL[HOV��'HWHFWLRQ�IRU�WKH�WDEOH�EDVHG�
FRUUHFWLRQ�FDQ�EH�FRQILJXUHG�LQGHSHQGHQWO\�IURP�WKH�RQ�WKH�IO\�
'3&&�GHWHFWLRQ�VFKHPH� 

 
,63B'3&&B����B%37B180%(5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

���� 5: �[��� 

ESBQXPEHU 
1XPEHU�RI�FXUUHQW�%DG�3L[HO�HQWULHV�LQ�EDG�SL[HO�WDEOH��%37� 
����,63B'3&&B%37B180%(5���� 
1RWH��%LW�ZLGWK�RI�ESBQXPEHU�GHSHQGV�RQ�VL]H�RI�%3�5$0�ZKLFK�LV�
GHILQHG�GXULQJ�FKLS�V\QWKHVLV� 

 
,63B'3&&B����B%37B$''5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[������ UHVHUYHG 

���� 5: �[��� 

ESBWDEOHBDGGU 
7DEOH�5$0�VWDUW�DGGUHVV�IRU�UHDG�RU�ZULWH�RSHUDWLRQV��7KH�DGGUHVV�
FRXQWHU�LV�LQFUHPHQWHG�DW�HDFK�UHDG�RU�ZULWH�DFFHVV�WR�WKH�GDWD�
UHJLVWHU��DXWR�LQFUHPHQW�PHFKDQLVP�� 
����,63B'3&&B%37B$''5���� 
1RWH��0.2(�WEF��2ULJQLDO�UHJLVWHU�PRGH�ZDV�UZK�ZKLFK�LV�QR�
ORQJHU�VXSSRUWHG�ZLWK�QHZ�YHUVLRQ�RI�6,*��!�UZKK� 

 
,63B'3&&B����B%37B'$7$�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[��� ESWBYBDGGU 
%DG�3L[HO�YHUWLFDO�DGGUHVV��SL[HO�SRVLWLRQ� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� 

ESWBKBDGGU 
%DG�3L[HO�KRUL]RQWDO�DGGUHVV��SL[HO�SRVLWLRQ� 
����,63B'3&&B%37B'$7$���� 
1RWH��0.2(�WEF��2ULJQLDO�UHJLVWHU�PRGH�ZDV�UZK�ZKLFK�LV�QR�
ORQJHU�VXSSRUWHG�ZLWK�QHZ�YHUVLRQ�RI�6,*��!�UZKK� 
7KH�SURJUDPPHG�WDEOH�YDOXH�LV�LPPHGLDWHO\�ZULWWHQ�LQWR�WKH�5$0��
7KH�5$0�DGGUHVV�LV�JHQHUDWHG�SHU�DXWR�LQFUHPHQW��7KH�
SDUDPHWHU�5$0V�IRU�/HQV�6KDGH�&RUUHFWLRQ�DQG�%DG�3L[HO�
&RUUHFWLRQ�FDQ�RQO\�EH�SURJUDPPHG��LI�WKH�5*%�%D\HU�SDWK�LV�
VZLWFKHG�RQ�YLD�,63B&75/�UHJLVWHU��,63B02'(�ELWV�� 

 
,63B'3&&B����B%3B&17�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

���� 5: �[������ ESBFQW 
1XPEHU�RI�FXUUHQW�%DG�3L[HO�&QW 

 
,63B'3&&B����B3'$)B(1�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 
VZBSGDIBHQ 
�
E���2SHQ�SGDI�SRLQW�UHSODFH 
�
E���&ORVH�DOO�SGDI�SRLQWV�UHSODFH 

 
,63B'3&&B����B3'$)B32,17B(1�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 5: �[� 
VZBSGDIBSRLQW��BHQ 
�
E���2SHQ�SRLQW���UHSODFH�  
�
E���&ORVH�SRLQW���UHSODFH�  

�� 5: �[� 
VZBSGDIBSRLQW��BHQ 
�
E���2SHQ�SRLQW���UHSODFH�  
�
E���&ORVH�SRLQW���UHSODFH�  

�� 5: �[� 
VZBSGDIBSRLQW��BHQ 
�
E���2SHQ�SRLQW���UHSODFH�  
�
E���&ORVH�SRLQW���UHSODFH�  

�� 5: �[� 
VZBSGDIBSRLQW��BHQ 
�
E���2SHQ�SRLQW���UHSODFH�  
�
E���&ORVH�SRLQW���UHSODFH�  

�� 5: �[� 
VZBSGDIBSRLQW��BHQ 
�
E���2SHQ�SRLQW���UHSODFH�  
�
E���&ORVH�SRLQW���UHSODFH�  

�� 5: �[� 
VZBSGDIBSRLQW��BHQ 
�
E���2SHQ�SRLQW���UHSODFH�  
�
E���&ORVH�SRLQW���UHSODFH�  

� 5: �[� 
VZBSGDIBSRLQW�BHQ 
�
E���2SHQ�SRLQW��UHSODFH�  
�
E���&ORVH�SRLQW��UHSODFH�  

� 5: �[� 
VZBSGDIBSRLQW�BHQ 
�
E���2SHQ�SRLQW��UHSODFH�  
�
E���&ORVH�SRLQW��UHSODFH�  

� 5: �[� 
VZBSGDIBSRLQW�BHQ 
�
E���2SHQ�SRLQW��UHSODFH�  
�
E���&ORVH�SRLQW��UHSODFH�  

� 5: �[� 
VZBSGDIBSRLQW�BHQ 
�
E���2SHQ�SRLQW��UHSODFH�  
�
E���&ORVH�SRLQW��UHSODFH�  

� 5: �[� 
VZBSGDIBSRLQW�BHQ 
�
E���2SHQ�SRLQW��UHSODFH�  
�
E���&ORVH�SRLQW��UHSODFH�  

� 5: �[� 
VZBSGDIBSRLQW�BHQ 
�
E���2SHQ�SRLQW��UHSODFH�  
�
E���&ORVH�SRLQW��UHSODFH�  

� 5: �[� 
VZBSGDIBSRLQW�BHQ 
�
E���2SHQ�SRLQW��UHSODFH�  
�
E���&ORVH�SRLQW��UHSODFH�  

� 5: �[� 
VZBSGDIBSRLQW�BHQ 
�
E���2SHQ�SRLQW��UHSODFH�  
�
E���&ORVH�SRLQW��UHSODFH�  

� 5: �[� 
VZBSGDIBSRLQW�BHQ 
�
E���2SHQ�SRLQW��UHSODFH�  
�
E���&ORVH�SRLQW��UHSODFH�  

� 5: �[� 
VZBSGDIBSRLQW�BHQ 
�
E���2SHQ�SRLQW��UHSODFH 
�
E���&ORVH�SRLQW��UHSODFH 

 
,63B'3&&B����B3'$)B2))6(7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VZBSGDIBRIIVHW\ 
7KH�EHJLQQLQJ�\�FRRUGLQDWH�RI�SGDI�SDWWHUQ 

����� 52 �[� UHVHUYHG 

���� 5: �[���� VZBSGDIBRIIVHW[ 
7KH�EHJLQQLQJ�[�FRRUGLQDWH�RI�SGDI�SDWWHUQ 

 
,63B'3&&B����B3'$)B:5$3�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[�� VZBSGDIBZUDS\ 
7KH�KHLJKW�RI�SDWWUHQ����[���LV�����[�I�LV���� 

���� 52 �[�� UHVHUYHG 

��� 5: �[�� VZBSGDIBZUDS[ 
7KH�ZLGWK�RI�SDWWUHQ����[���LV�����[�I�LV���� 

 
,63B'3&&B����B3'$)B6&23(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[��� VZBSGDIBZUDS\BQXP 
7KH�QXP�RI�ZUDS\ 

����� 52 �[�� UHVHUYHG 

��� 5: �[��� VZBSGDIBZUDS[BQXP 
7KH�QXP�RI�ZUDS[ 

 
,63B'3&&B����B3'$)B32,17B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� VZBSGDIBSRLQW�B\ 
SRLQW��\�FRUGLQDWH 

����� 5: �[�� VZBSGDIBSRLQW�B[ 
SRLQW��[�FRUGLQDWH 

���� 5: �[�� VZBSGDIBSRLQW�B\ 
SRLQW��\�FRUGLQDWH 

��� 5: �[�� VZBSGDIBSRLQW�B[ 
SRLQW��[�FRUGLQDWH 

 
,63B'3&&B����B3'$)B32,17B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� VZBSGDIBSRLQW�B\ 
SRLQW��\�FRUGLQDWH 

����� 5: �[�� VZBSGDIBSRLQW�B[ 
SRLQW��[�FRUGLQDWH 

���� 5: �[�� VZBSGDIBSRLQW�B\ 
SRLQW��\�FRUGLQDWH 

��� 5: �[�� VZBSGDIBSRLQW�B[ 
SRLQW��[�FRUGLQDWH 

 
,63B'3&&B����B3'$)B32,17B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� VZBSGDIBSRLQW�B\ 
SRLQW��\�FRUGLQDWH 

����� 5: �[�� VZBSGDIBSRLQW�B[ 
SRLQW��[�FRUGLQDWH 

���� 5: �[�� VZBSGDIBSRLQW�B\ 
SRLQW��\�FRUGLQDWH 

��� 5: �[�� VZBSGDIBSRLQW�B[ 
SRLQW��[�FRUGLQDWH 

 
,63B'3&&B����B3'$)B32,17B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� VZBSGDIBSRLQW�B\ 
SRLQW��\�FRUGLQDWH 

����� 5: �[�� VZBSGDIBSRLQW�B[ 
SRLQW��[�FRUGLQDWH 

���� 5: �[�� VZBSGDIBSRLQW�B\ 
SRLQW��\�FRUGLQDWH 

��� 5: �[�� VZBSGDIBSRLQW�B[ 
SRLQW��[�FRUGLQDWH 

 
,63B'3&&B����B3'$)B32,17B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� VZBSGDIBSRLQW�B\ 
SRLQW��\�FRUGLQDWH 

����� 5: �[�� VZBSGDIBSRLQW�B[ 
SRLQW��[�FRUGLQDWH 

���� 5: �[�� VZBSGDIBSRLQW�B\ 
SRLQW��\�FRUGLQDWH 

��� 5: �[�� VZBSGDIBSRLQW�B[ 
SRLQW��[�FRUGLQDWH 

 
,63B'3&&B����B3'$)B32,17B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� VZBSGDIBSRLQW��B\ 
SRLQW���\�FRUGLQDWH 

����� 5: �[�� VZBSGDIBSRLQW��B[ 
SRLQW���[�FRUGLQDWH 

���� 5: �[�� VZBSGDIBSRLQW��B\ 
SRLQW���\�FRUGLQDWH 

��� 5: �[�� VZBSGDIBSRLQW��B[ 
SRLQW���[�FRUGLQDWH 

 
,63B'3&&B����B3'$)B32,17B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� VZBSGDIBSRLQW��B\ 
SRLQW���\�FRUGLQDWH 

����� 5: �[�� VZBSGDIBSRLQW��B[ 
SRLQW���[�FRUGLQDWH 

���� 5: �[�� VZBSGDIBSRLQW��B\ 
SRLQW���\�FRUGLQDWH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[�� VZBSGDIBSRLQW��B[ 
SRLQW���[�FRUGLQDWH 

 
,63B'3&&B����B3'$)B32,17B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� VZBSGDIBSRLQW��B\ 
SRLQW���\�FRUGLQDWH 

����� 5: �[�� VZBSGDIBSRLQW��B[ 
SRLQW���[�FRUGLQDWH 

���� 5: �[�� VZBSGDIBSRLQW��B\ 
SRLQW���\�FRUGLQDWH 

��� 5: �[�� VZBSGDIBSRLQW��B[ 
SRLQW���[�FRUGLQDWH 

 
,63B'3&&B����B3'$)B)25:$5'B0('�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 
VZBSGDIBIRUZDUGBPHG 
�
E���6HOHFHW�IRUZDUG�PHGLDQ�YDOXH�WR�UHSODFH�SGDI�SRLQW 
�
E���6HOHFHW�EDFNZDUG�PHGLDQ�YDOXH�WR�UHSODFH�SGDI�SRLQW 

 

12.4.2.5 HDRMGE 
,63B+'50*(B����B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31   RO   0x0  
sw_hdrmge_en_shd 
rkhdr enable shadow 

30   RO   0x0  
ro_hdrmge_working 
hdrmge working status 

29:4   RO   0x0  reserved 

3:2   RW   0x1  

sw_hdrmge_mode 
2'b00:Normal 
2'b01:Framex2 
2'b10:Framex3 

1   RO   0x0  reserved 

0   RW   0x0  
sw_hdrmge_en_i 
rkhdr function enable 

 
 
,63B+'50*(B����B*$,1��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:28   RO   0x0  reserved 

27:16   RW   0x100  
sw_hdrmge_gain0_inv 
1/short -gain, [0,12] 

15:14   RO   0x0  reserved 

13:0   RW   0x0400  
sw_hdrmge_gain0 
short -gain, [8,6] 

 
 
,63B+'50*(B����B*$,1��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:16   RW   0x400  
sw_hdrmge_gain1_inv 
1/middle-gain, [0,12] 

15:11   RO   0x0  reserved 

10:0   RW   0x100  
sw_hdrmge_gain1 
middle-gain, [5,6] 

 
 
,63B+'50*(B����B*$,1��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:7   RO   0x0  reserved 

6:0   RW   0x40  
sw_hdrmge_gain2 
long -gain, [1,6] 

 
 
,63B+'50*(B����B&216B',))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:24   RW   0x00  
sw_hdrmge_lm_dif_0p15 
lm_0p15 for diff-offset of (M*gain1-frame and L*gain2*0p9 
frame)/gain1 + 0p15; 

23:16   RW   0xff  
sw_hdrmge_lm_dif_0p9 
lm_0p9 for diff-scale of (M*gain1-frame and L*gain2*0p9 
frame)/gain1 + 0p15; 

15:8   RW   0x00  
sw_hdrmge_ms_diff_0p15 
ms_0p15 for diff-offset of (S*gain0-frame and M*gain1*0p8 
frame)/gain0 + 0p15; 

7:0   RW   0xff  
sw_hdrmge_ms_dif_0p8 
ms_0p9 for diff-scale of (S*gain0-frame and M*gain1*0p8 
frame)/gain0 + 0p15; 

 
 
,63B+'50*(B����B',))B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1170 

%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:26   RO   0x0  reserved 

25:16   RW   0x000  
sw_hdrmge_l1_y0 
L-curve1 maskUseCur=D of Y0 

15:10   RO   0x0  reserved 

9:0   RW   0x000  
sw_hdrmge_l0_y0 
L-curve0 maskUseCur=D of Y0 

 
 
,63B+'50*(B����B',))B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:26   RO   0x0  reserved 

25:16   RW   0x0c9  
sw_hdrmge_l1_y1 
L-curve1 maskUseCur=D of Y1 

15:10   RO   0x0  reserved 

9:0   RW   0x0c9  
sw_hdrmge_l0_y1 
L-curve0 maskUseCur=D of Y1 

 
 
,63B+'50*(B����B',))B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:26   RO   0x0  reserved 

25:16   RW   0x1fa  
sw_hdrmge_l1_y2 
L-curve1 maskUseCur=D 

15:10   RO   0x0  reserved 

9:0   RW   0x1fa  
sw_hdrmge_l0_y2 
L-curve0 maskUseCur=D 

 
 
,63B+'50*(B����B',))B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:26   RO   0x0  reserved 

25:16   RW   0x2c0  
sw_hdrmge_l1_y3 
L-curve1 maskUseCur=D 

15:10   RO   0x0  reserved 

9:0   RW   0x2c0  
sw_hdrmge_l0_y3 
L-curve0 maskUseCur=D 

 
 
,63B+'50*(B����B',))B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:26   RO   0x0  reserved 

25:16   RW   0x32f  
sw_hdrmge_l1_y4 
L-curve1 maskUseCur=D 

15:10   RO   0x0  reserved 

9:0   RW   0x32f  
sw_hdrmge_l0_y4 
L-curve0 maskUseCur=D 

 
 
,63B+'50*(B����B',))B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:26   RO   0x0  reserved 

25:16   RW   0x370  
sw_hdrmge_l1_y5 
L-curve1 maskUseCur=D 

15:10   RO   0x0  reserved 

9:0   RW   0x370  
sw_hdrmge_l0_y5 
L-curve0 maskUseCur=D 

 
 
,63B+'50*(B����B',))B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:26   RO   0x0  reserved 

25:16   RW   0x397  
sw_hdrmge_l1_y6 
L-curve1 maskUseCur=D 

15:10   RO   0x0  reserved 

9:0   RW   0x397  
sw_hdrmge_l0_y6 
L-curve0 maskUseCur=D 

 
 
,63B+'50*(B����B',))B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:26   RO   0x0  reserved 

25:16   RW   0x3b1  
sw_hdrmge_l1_y7 
L-curve1 maskUseCur=D 

15:10   RO   0x0  reserved 

9:0   RW   0x3b1  
sw_hdrmge_l0_y7 
L-curve0 maskUseCur=D 

 
 
,63B+'50*(B����B',))B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:26   RO   0x0  reserved 

25:16   RW   0x3c2  
sw_hdrmge_l1_y8 
L-curve1 maskUseCur=D 

15:10   RO   0x0  reserved 

9:0   RW   0x3c2  
sw_hdrmge_l0_y8 
L-curve0 maskUseCur=D 

 
 
,63B+'50*(B����B',))B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:26   RO   0x0  reserved 

25:16   RW   0x3cf  
sw_hdrmge_l1_y9 
L-curve1 maskUseCur=D 

15:10   RO   0x0  reserved 

9:0   RW   0x3cf  
sw_hdrmge_l0_y9 
L-curve0 maskUseCur=D 

 
 
,63B+'50*(B����B',))B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:26   RO   0x0  reserved 

25:16   RW   0x3d8  
sw_hdrmge_l1_y10 
L-curve1 maskUseCur=D 

15:10   RO   0x0  reserved 

9:0   RW   0x3d8  
sw_hdrmge_l0_y10 
L-curve0 maskUseCur=D 

 
 
,63B+'50*(B����B',))B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:26   RO   0x0  reserved 

25:16   RW   0x3de  
sw_hdrmge_l1_y11 
L-curve1 maskUseCur=D 

15:10   RO   0x0  reserved 

9:0   RW   0x3de  
sw_hdrmge_l0_y11 
L-curve0 maskUseCur=D 

 
 
,63B+'50*(B����B',))B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:26   RO   0x0  reserved 

25:16   RW   0x3e4  
sw_hdrmge_l1_y12 
L-curve1 maskUseCur=D 

15:10   RO   0x0  reserved 

9:0   RW   0x3e4  
sw_hdrmge_l0_y12 
L-curve0 maskUseCur=D 

 
 
,63B+'50*(B����B',))B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:26   RO   0x0  reserved 

25:16   RW   0x3e8  
sw_hdrmge_l1_y13 
L-curve1 maskUseCur=D 

15:10   RO   0x0  reserved 

9:0   RW   0x3e8  
sw_hdrmge_l0_y13 
L-curve0 maskUseCur=D 

 
 
,63B+'50*(B����B',))B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:26   RO   0x0  reserved 

25:16   RW   0x3eb  
sw_hdrmge_l1_y14 
L-curve1 maskUseCur=D 

15:10   RO   0x0  reserved 

9:0   RW   0x3eb  
sw_hdrmge_l0_y14 
L-curve0 maskUseCur=D 

 
 
,63B+'50*(B����B',))B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:26   RO   0x0  reserved 

25:16   RW   0x3ee  
sw_hdrmge_l1_y15 
L-curve1 maskUseCur=D 

15:10   RO   0x0  reserved 

9:0   RW   0x3ee  
sw_hdrmge_l0_y15 
L-curve0 maskUseCur=D 

 
 
,63B+'50*(B����B',))B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:26   RO   0x0  reserved 

25:16   RW   0x3f0  
sw_hdrmge_l1_y16 
L-curve1 maskUseCur=D 

15:10   RO   0x0  reserved 

9:0   RW   0x3f0  
sw_hdrmge_l0_y16 
L-curve0 maskUseCur=D 

 
 
,63B+'50*(B����B29(5B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:10   RO   0x0  reserved 

9:0   RW   0x000  
sw_hdrmge_e_y0 
E-curve over_exp_normal of Y-0 

 
 
,63B+'50*(B����B29(5B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:10   RO   0x0  reserved 

9:0   RW   0x001  
sw_hdrmge_e_y1 
E-curve over_exp_normal of Y-1 

 
 
,63B+'50*(B����B29(5B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:10   RO   0x0  reserved 

9:0   RW   0x004  
sw_hdrmge_e_y2 
E-curve over_exp_normal of Y-2 

 
 
,63B+'50*(B����B29(5B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:10   RO   0x0  reserved 

9:0   RW   0x00e  
sw_hdrmge_e_y3 
E-curve over_exp_normal of Y-3 

 
 
,63B+'50*(B����B29(5B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:10   RO   0x0  reserved 

9:0   RW   0x031  
sw_hdrmge_e_y4 
E-curve over_exp_normal of Y-4 

 
 
,63B+'50*(B����B29(5B<��  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1175 

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:10   RO   0x0  reserved 

9:0   RW   0x098  
sw_hdrmge_e_y5 
E-curve over_exp_normal of Y-5 

 
 
,63B+'50*(B����B29(5B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:10   RO   0x0  reserved 

9:0   RW   0x183  
sw_hdrmge_e_y6 
E-curve over_exp_normal of Y-6 

 
 
,63B+'50*(B����B29(5B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:10   RO   0x0  reserved 

9:0   RW   0x2b7  
sw_hdrmge_e_y7 
E-curve over_exp_normal of Y-7 

 
 
,63B+'50*(B����B29(5B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:10   RO   0x0  reserved 

9:0   RW   0x386  
sw_hdrmge_e_y8 
E-curve over_exp_normal of Y-8 

 
 
,63B+'50*(B����B29(5B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:10   RO   0x0  reserved 

9:0   RW   0x3da  
sw_hdrmge_e_y9 
E-curve over_exp_normal of Y-9 

 
 
,63B+'50*(B����B29(5B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:10   RO   0x0  reserved 

9:0   RW   0x3f5  
sw_hdrmge_e_y10 
E-curve over_exp_normal of Y-10 

 
 
,63B+'50*(B����B29(5B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1176 

%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:10   RO   0x0  reserved 

9:0   RW   0x3fd  
sw_hdrmge_e_y11 
E-curve over_exp_normal of Y-11 

 
 
,63B+'50*(B����B29(5B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:10   RO   0x0  reserved 

9:0   RW   0x3ff  
sw_hdrmge_e_y12 
E-curve over_exp_normal of Y-12 

 
 
,63B+'50*(B����B29(5B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:10   RO   0x0  reserved 

9:0   RW   0x3ff  
sw_hdrmge_e_y13 
E-curve over_exp_normal of Y-13 

 
 
,63B+'50*(B����B29(5B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:10   RO   0x0  reserved 

9:0   RW   0x3ff  
sw_hdrmge_e_y14 
E-curve over_exp_normal of Y-14 

 
 
,63B+'50*(B����B29(5B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��DF��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:10   RO   0x0  reserved 

9:0   RW   0x3ff  
sw_hdrmge_e_y15 
E-curve over_exp_normal of Y-15 

 
 
,63B+'50*(B����B29(5B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��E���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:10   RO   0x0  reserved 

9:0   RW   0x3ff  
sw_hdrmge_e_y16 
E-curve over_exp_normal of Y-16 

 

12.4.2.6 BAY2DNR 
,63B%$<15B�$��B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31   RO   0x0  
sw_baynr_en_shd 
rawnr enable after shadow 
0:disable    1:enable 

30   RO   0x0  
baynr_working 
working state of rawnr 
0: shut down  1:working 

29:9   RO   0x0  reserved 

8   RW   0x1  

sw_baynr_gauss_en 
3x3 gauss filter enable 
range:0~1 
default:0 

7:5   RO   0x0  reserved 

4   RW   0x0  

sw_baynr_log_bypass 
log convert bypass enable signal 
HDR mode:0   NOT HDR mode:0~1 
default:0 

3:1   RO   0x0  reserved 

0   RW   0x1  

sw_baynr_en 
rawnr module enable signal 
range:0~1    
default:1 

 
 
,63B%$<15B�$��B'*$,1��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:16   RW   0x0471  
sw_baynr_dgain1 
rawnr dgain1 parameter 
range:0~0xffff 

15:0   RW   0x4000  
sw_baynr_dgain0 
rawnr dgain0 parameter 
range:0~0xffff 

 
 
,63B%$<15B�$��B'*$,1��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:16   RO   0x0  reserved 

15:0   RW   0x0400  
sw_baynr_dgain2 
rawnr dgain2 parameter 
range:0~0xffff 

 
 
,63B%$<15B�$��B3,;',))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:14   RO   0x0  reserved 

13:0   RW   0x3fff  
sw_baynr_pix_diff 
5x5 pixel diffrence uper limit 

 
 
,63B%$<15B�$��B7+/'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:26   RO   0x0  reserved 

25:16   RW   0x3ff  
sw_baynr_diff_thld 
sumdiff threshold of filter parameter 

15:10   RO   0x0  reserved 

9:0   RW   0x00a  
sw_baynr_softthld 
final threshold of filter parameter 

 
 
,63B%$<15B�$��B:�B675(1*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:16   RW   0x0a3  
sw_bltflt_streng 
bialflter streng 

15:10   RO   0x0  reserved 

9:0   RW   0x3ff  
sw_baynr_reg_w1 
channel weight of filter result 

 
 
,63B%$<15B�$��B6,*0$;���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:16   RW   0x1210  
sw_sigma_x1 
sigma x value of segment 1 

15:0   RW   0x1010  
sw_sigma_x0 
sigma x value of segment 0 

 
 
,63B%$<15B�$��B6,*0$;���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:16   RW   0x1610  
sw_sigma_x3 
sigma x value of segment 3 

15:0   RW   0x1410  
sw_sigma_x2 
sigma x value of segment 2 

 
 
,63B%$<15B�$��B6,*0$;���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:16   RW   0x1c10  
sw_sigma_x5 
sigma x value of segment 5 

15:0   RW   0x1810  
sw_sigma_x4 
sigma x value of segment 4 

 
 
,63B%$<15B�$��B6,*0$;���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:16   RW   0x2410  
sw_sigma_x7 
sigma x value of segment 7 

15:0   RW   0x2010  
sw_sigma_x6 
sigma x value of segment 6 

 
 
,63B%$<15B�$��B6,*0$;���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:16   RW   0x2c10  
sw_sigma_x9 
sigma x value of segment 9 

15:0   RW   0x2810  
sw_sigma_x8 
sigma x value of segment 8 

 
 
,63B%$<15B�$��B6,*0$;�����  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:16   RW   0x3410  
sw_sigma_x11 
sigma x value of segment 11 

15:0   RW   0x3010  
sw_sigma_x10 
sigma x value of segment 10 

 
 
,63B%$<15B�$��B6,*0$;�����  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:16   RW   0x3a10  
sw_sigma_x13 
sigma x value of segment 13 

15:0   RW   0x3810  
sw_sigma_x12 
sigma x value of segment 12 

 
 
,63B%$<15B�$��B6,*0$;�����  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:16   RW   0x4010  
sw_sigma_x15 
sigma x value of segment 15 

15:0   RW   0x3c10  
sw_sigma_x14 
sigma x value of segment 14 

 
 
,63B%$<15B�$��B6,*0$<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:16   RW   0x0300  
sw_sigma_y1 
sigma y value of segment 1 

15:0   RW   0x0300  
sw_sigma_y0 
sigma y value of segment 0 

 
 
,63B%$<15B�$��B6,*0$<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:16   RW   0x0300  
sw_sigma_y3 
sigma y value of segment 3 

15:0   RW   0x0300  
sw_sigma_y2 
sigma y value of segment 2 

 
 
,63B%$<15B�$��B6,*0$<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:16   RW   0x0280  
sw_sigma_y5 
sigma y value of segment 5 

15:0   RW   0x0280  
sw_sigma_y4 
sigma y value of segment 4 

 
 
,63B%$<15B�$��B6,*0$<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:16   RW   0x0280  
sw_sigma_y7 
sigma y value of segment 7 

15:0   RW   0x0280  
sw_sigma_y6 
sigma y value of segment 6 

 
 
,63B%$<15B�$��B6,*0$<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:16   RW   0x0200  
sw_sigma_y9 
sigma y value of segment 9 

15:0   RW   0x0200  
sw_sigma_y8 
sigma y value of segment 8 

 
 
,63B%$<15B�$��B6,*0$<�����  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:16   RW   0x0200  
sw_sigma_y11 
sigma y value of segment 11 

15:0   RW   0x0200  
sw_sigma_y10 
sigma y value of segment 10 

 
 
,63B%$<15B�$��B6,*0$<�����  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:16   RW   0x0200  
sw_sigma_y13 
sigma y value of segment 13 

15:0   RW   0x0200  
sw_sigma_y12 
sigma y value of segment 12 

 
 
,63B%$<15B�$��B6,*0$<�����  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:16   RW   0x0180  
sw_sigma_x15 
sigma y value of segment 15 

15:0   RW   0x0200  
sw_sigma_x14 
sigma y value of segment 14 

 
 
,63B%$<15B�$��B:5,7B'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:20   RW   0x31d  
weit_d2 
space weight of second line second colume pix in 5x5 

19:10   RW   0x26d  
weit_d1 
space weight of first line third colume pix in 5x5 

9:0   RW   0x178  
weit_d0 
space weight of first line fix colume pix in 5x5 

 

12.4.2.7 BAY3DNR 
%$<�'B%$<�'B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31   WO   0x0  
sys_itself_force_upd_sw_bay3d_bypass_en_shd 
sys_itself_force_upd              write only 
sw_bay3d_bypass_en_shd    read only 

30   RO   0x0  
sw_bay3d_en_shd 
bay3d en shadow 

29   RO   0x0  
sw_bay3d_pk_en_shd 
pk gain select shadow 

28   RW   0x0  
bay3d_working 
working 

27   RW   0x0  
sw_bay3d_exp_sel_shd 
exp curve lut select shadow 

26:17   RO   0x0  reserved 

16   RW   0x0  

sw_bay3d_exp_sel 
exp curve lut select 
1:fixed exp curve,     wgt0 = 
exp1(dif2/153/153/4)*sw_bay3d_str 
0:unfixed exp curve, wgt0 = exp0(dif2*sw_bay3d_exp_str) 

15:13   RO   0x0  reserved 

12   RW   0x0  
sw_bay3d_bypass_en 
datapath bypass 
1:bypass;0:nonbypass 

11:5   RO   0x0  reserved 

4   RW   0x1  
sw_bay3d_pk_en 
pk gain select 
1:local pk from ddr;0:global pk from sw_bay3d_glbpk2 

3:1   RO   0x0  reserved 

0   RW   0x0  
sw_bay3d_en_i 
bay3d enable 

 
 
%$<�'B%$<�'B.$/5$7,2�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:26   RO   0x0  reserved 

25:16   RW   0x100  
sw_bay3d_softwgt 
softthreshold weight 

15:14   RO   0x0  reserved 

13:0   RW   0x0100  
sw_bay3d_sigratio 
sigma ratio 

 
 
%$<�'B%$<�'B*/%3.��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:28   RO   0x0  reserved 

27:0   RW   0x0000800  
sw_bay3d_glbpk2 
global pk square 

 
 
%$<�'B%$<�'B.$/675�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:26   RO   0x0  reserved 

25:16   RW   0x100  
sw_bay3d_exp_str 
exp_curve strength 
wgt0 = exp(dif2*sw_bay3d_exp_str) 

15:9   RO   0x0  reserved 

8:0   RW   0x100  
sw_bay3d_str 
exp_curve strength 
wgt0 = exp(dif2/153/153/4)*sw_bay3d_str 

 
 
%$<�'B%$<�'B:*7/07�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:26   RO   0x0  reserved 

25:16   RW   0x380  
sw_bay3d_wgtlmt_h 
high freq wgt1 limit 

15:10   RO   0x0  reserved 

9:0   RW   0x380  
sw_bay3d_wgtlmt_l 
low freq wgt1 limit 

 
 
%$<�'B%$<�'B6,*B;��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:16   RW   0x102d  
sw_bay3d_sig_x1 
sigma curve coordinate x1 

15:0   RW   0x002d  
sw_bay3d_sig_x0 
sigma curve coordinate x0 

 
 
%$<�'B%$<�'B6,*B;��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:16   RW   0x1033  
sw_bay3d_sig_x3 
sigma curve coordinate x3 

15:0   RW   0x1031  
sw_bay3d_sig_x2 
sigma curve coordinate x2 

 
 
%$<�'B%$<�'B6,*B;��  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:16   RW   0x1057  
sw_bay3d_sig_x5 
sigma curve coordinate x5 

15:0   RW   0x1053  
sw_bay3d_sig_x4 
sigma curve coordinate x4 

 
 
%$<�'B%$<�'B6,*B;��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:16   RW   0x30d7  
sw_bay3d_sig_x7 
sigma curve coordinate x7 

15:0   RW   0x3057  
sw_bay3d_sig_x6 
sigma curve coordinate x6 

 
 
%$<�'B%$<�'B6,*B;��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:16   RW   0x7157  
sw_bay3d_sig_x9 
sigma curve coordinate x9 

15:0   RW   0x70d7  
sw_bay3d_sig_x8 
sigma curve coordinate x8 

 
 
%$<�'B%$<�'B6,*B;��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:16   RW   0x715d  
sw_bay3d_sig_x11 
sigma curve coordinate x11 

15:0   RW   0x715b  
sw_bay3d_sig_x10 
sigma curve coordinate x10 

 
 
%$<�'B%$<�'B6,*B;��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��DF��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:16   RW   0x72dd  
sw_bay3d_sig_x13 
sigma curve coordinate x13 

15:0   RW   0x725d  
sw_bay3d_sig_x12 
sigma curve coordinate x12 

 
 
%$<�'B%$<�'B6,*B;��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��E���  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:16   RW   0x771d  
sw_bay3d_sig_x15 
sigma curve coordinate x15 

15:0   RW   0x76dd  
sw_bay3d_sig_x14 
sigma curve coordinate x14 

 
 
%$<�'B%$<�'B6,*B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��E���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:16   RW   0x0cc6  
sw_bay3d_sig_y1 
sigma curve coordinate y1 

15:14   RO   0x0  reserved 

13:0   RW   0x08ea  
sw_bay3d_sig_y0 
sigma curve coordinate y0 

 
 
%$<�'B%$<�'B6,*B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��E���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:16   RW   0x0e62  
sw_bay3d_sig_y3 
sigma curve coordinate y3 

15:14   RO   0x0  reserved 

13:0   RW   0x0a3c  
sw_bay3d_sig_y2 
sigma curve coordinate y2 

 
 
%$<�'B%$<�'B6,*B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��EF��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:16   RW   0x0860  
sw_bay3d_sig_y5 
sigma curve coordinate y5 

15:14   RO   0x0  reserved 

13:0   RW   0x0da3  
sw_bay3d_sig_y4 
sigma curve coordinate y4 

 
 
%$<�'B%$<�'B6,*B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��F���  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:30   RO   0x0  reserved 

29:16   RW   0x0230  
sw_bay3d_sig_y7 
sigma curve coordinate y7 

15:14   RO   0x0  reserved 

13:0   RW   0x0460  
sw_bay3d_sig_y6 
sigma curve coordinate y6 

 
 
%$<�'B%$<�'B6,*B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��F���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:16   RW   0x086d  
sw_bay3d_sig_y9 
sigma curve coordinate y9 

15:14   RO   0x0  reserved 

13:0   RW   0x09f0  
sw_bay3d_sig_y8 
sigma curve coordinate y8 

 
 
%$<�'B%$<�'B6,*B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��F���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:16   RW   0x03d6  
sw_bay3d_sig_y11 
sigma curve coordinate y11 

15:14   RO   0x0  reserved 

13:0   RW   0x0152  
sw_bay3d_sig_y10 
sigma curve coordinate y10 

 
 
%$<�'B%$<�'B6,*B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��FF��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:16   RW   0x06c6  
sw_bay3d_sig_y13 
sigma curve coordinate y13 

15:14   RO   0x0  reserved 

13:0   RW   0x0a61  
sw_bay3d_sig_y12 
sigma curve coordinate y12 

 
 
%$<�'B%$<�'B6,*B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��G���  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:30   RO   0x0  reserved 

29:16   RW   0x093e  
sw_bay3d_sig_y15 
sigma curve coordinate y15 

15:14   RO   0x0  reserved 

13:0   RW   0x0f59  
sw_bay3d_sig_y14 
sigma curve coordinate y14 

 

12.4.2.8 LSC 
,63B/6&B����B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� OVFBOXWBHQ 
/RDG�FRUUHFWLRQ�IDFWRU�IURP�''5 

� 5: �[� 

OVFBHQ 
�
E���$FWLYDWLRQ�UHTXHVW�IRU�OHQV�VKDGLQJ�FRUUHFWLRQ� �  
�
E���'HDFWLYDWLRQ�UHTHXVW�IRU�OHQV�VKDGLQJ�FRUUHFWLRQ 
$FWLYDWLRQ�'HDFWLYDWLRQ�LV�REMHFW�RI�D�VKDGRZLQJ�PHFKQLVP��  
7KH�FXUUHQW�VWDWXV�LV�YLVLEOH�DW�
,63B/6&B67$786��OVFBHQDEOHBVWDWXV 

 
,63B/6&B����B5B7$%/(B$''5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[��� 

UBUDPBDGGU 
7DEOH�DGGUHVV�LQ�5$0�IRU�VDPSOHV�RI�WKH�5�FRORU�FRPSRQHQW��:LOO�
EH�DXWRPDWLFDOO\�LQFUHPHQWHG�E\�HDFK�UHDG�RU�ZULWH�DFFHVV�WR�WKH�
WDEOH� 
9DOLG�DGGUHVVHV�DUH�LQ�WKH�UDQJH���WR����� 
����,63B/6&B5B7$%/(B$''5���� 
1RWH��7KH�WDEOH�YDOXHV�DUH�ZULWWHQ�LQWR�DQ�LQWHUQDO�5$0��7KH�5$0�
DGGUHVV�LV�JHQHUDWHG�SHU�DXWR�LQFUHPHQW��7KH�WDEOHV�YDOXHV�ZLOO�
EH�UHDG�EDFN�E\�D�FRQWLQXRXV�UHDG�DFFHVV�WR�WKH�FRUUHVSRQGLQJ�
UHJLVWHU��7KH�UHDG�DGGUHVV�LV�DXWR�LQFUHPHQWHG�IRU�HDFK�UHDG�
DFFHVV�WR�WKDW�UHJLVWHU�DQG�LV�UHVHW�WR�D�VSHFLILF�YDOXH�E\�D�ZULWH�
DFFHVV�WR�WKH�,63B/6&B7$%/(B$''5�UHJLVWHU� 
7DEOH�VHW���DFFHVV�E\�6:�DW�WDEOH�DGGUHVV��a�����7DEOH�VHW���
DFFHVV�DW�WDEOH�DGGUHVV����a���� 

 
,63B/6&B����B*5B7$%/(B$''5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[��� 

JUBUDPBDGGU 
7DEOH�DGGUHVV�LQ�5$0�IRU�VDPSOHV�RI�WKH�*B5�FRORU�FRPSRQHQW��
:LOO�EH�DXWRPDWLFDOO\�LQFUHPHQWHG�E\�HDFK�UHDG�RU�ZULWH�DFFHVV�WR�
WKH�WDEOH� 
����,63B/6&B*5B7$%/(B$''5���� 
1RWH��0.2(�WEF��2ULJQLDO�UHJLVWHU�PRGH�ZDV�UZK�ZKLFK�LV�QR�
ORQJHU�VXSSRUWHG�ZLWK�QHZ�YHUVLRQ�RI�6,*��!�UZKK 
7DEOH�VHW���DFFHVV�E\�6:�DW�WDEOH�DGGUHVV��a�����7DEOH�VHW���
DFFHVV�DW�WDEOH�DGGUHVV����a���� 

 
,63B/6&B����B%B7$%/(B$''5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[��� 

EBUDPBDGGU 
7DEOH�DGGUHVV�LQ�5$0�IRU�VDPSOHV�RI�WKH�%�FRORU�FRPSRQHQW��:LOO�
EH�DXWRPDWLFDOO\�LQFUHPHQWHG�E\�HDFK�UHDG�RU�ZULWH�DFFHVV�WR�WKH�
WDEOH� 
����,63B/6&B%B7$%/(B$''5���� 
1RWH��0.2(�WEF��2ULJQLDO�UHJLVWHU�PRGH�ZDV�UZK�ZKLFK�LV�QR�
ORQJHU�VXSSRUWHG�ZLWK�QHZ�YHUVLRQ�RI�6,*��!�UZKK 
7DEOH�VHW���DFFHVV�E\�6:�DW�WDEOH�DGGUHVV��a�����7DEOH�VHW���
DFFHVV�DW�WDEOH�DGGUHVV����a���� 

 
,63B/6&B����B*%B7$%/(B$''5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[��� 

JEBUDPBDGGU 
7DEOH�DGGUHVV�LQ�5$0�IRU�VDPSOHV�RI�WKH�*B%�FRORU�FRPSRQHQW��
:LOO�EH�DXWRPDWLFDOO\�LQFUHPHQWHG�E\�HDFK�UHDG�RU�ZULWH�DFFHVV�WR�
WKH�WDEOH� 
����,63B/6&B*%B7$%/(B$''5���� 
1RWH��0.2(�WEF��2ULJQLDO�UHJLVWHU�PRGH�ZDV�UZK�ZKLFK�LV�QR�
ORQJHU�VXSSRUWHG�ZLWK�QHZ�YHUVLRQ�RI�6,*��!�UZKK 
7DEOH�VHW���DFFHVV�E\�6:�DW�WDEOH�DGGUHVV��a�����7DEOH�VHW���
DFFHVV�DW�WDEOH�DGGUHVV����a���� 

 
,63B/6&B����B5B7$%/(B'$7$�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[���� 
UBVDPSOHB� 
&RUUHFWLRQ�IDFWRU�DW�VDPSOH�SRLQW��IL[HG�SRLQW�QXPEHU����ELWV�
LQWHJHU�ZLWK����ELW�IUDFWLRQDO�SDUW��UDQJH��a������ 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[���� 

UBVDPSOHB� 
&RUUHFWLRQ�IDFWRU�DW�VDPSOH�SRLQW��IL[HG�SRLQW�QXPEHU����ELWV�
LQWHJHU�ZLWK����ELW�IUDFWLRQDO�SDUW��UDQJH��a������ 
����,63B/6&B5B7$%/(B'$7$���� 
1RWH��7KH�SURJUDPPHG�VDPSOH�YDOXH�LV�LPPHGLDWHO\�ZULWWHQ�LQWR�
WKH�5$0��7KH�5$0�DGGUHVV�LV�JHQHUDWHG�SHU�DXWR�LQFUHPHQW��7KH�
SDUDPHWHU�5$0V�IRU�/HQV�6KDGH�&RUUHFWLRQ�DQG�%DG�3L[HO�
&RUUHFWLRQ�FDQ�RQO\�EH�SURJUDPPHG��LI�WKH�5*%�%D\HU�SDWK�LV�
VZLWFKHG�RQ�YLD�,63B&75/�UHJLVWHU��,63B02'(�ELWV�� 
7DEOH�VHW���DFFHVV�E\�6:�DW�WDEOH�DGGUHVV��a�����7DEOH�VHW���
DFFHVV�DW�WDEOH�DGGUHVV����a���� 

 
,63B/6&B����B*5B7$%/(B'$7$�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[���� 
JUBVDPSOHB� 
&RUUHFWLRQ�IDFWRU�DW�VDPSOH�SRLQW��IL[HG�SRLQW�QXPEHU����ELWV�
LQWHJHU�ZLWK����ELW�IUDFWLRQDO�SDUW��UDQJH��a������ 

���� 5: �[���� 

JUBVDPSOHB� 
&RUUHFWLRQ�IDFWRU�DW�VDPSOH�SRLQW��IL[HG�SRLQW�QXPEHU����ELWV�
LQWHJHU�ZLWK����ELW�IUDFWLRQDO�SDUW��UDQJH��a������ 
����,63B/6&B*5B7$%/(B'$7$���� 
1RWH��7KH�SURJUDPPHG�VDPSOH�YDOXH�LV�LPPHGLDWHO\�ZULWWHQ�LQWR�
WKH�5$0��7KH�5$0�DGGUHVV�LV�JHQHUDWHG�SHU�DXWR�LQFUHPHQW��7KH�
SDUDPHWHU�5$0V�IRU�/HQV�6KDGH�&RUUHFWLRQ�DQG�%DG�3L[HO�
&RUUHFWLRQ�FDQ�RQO\�EH�SURJUDPPHG��LI�WKH�5*%�%D\HU�SDWK�LV�
VZLWFKHG�RQ�YLD�,63B&75/�UHJLVWHU��,63B02'(�ELWV�� 
7DEOH�VHW���DFFHVV�E\�6:�DW�WDEOH�DGGUHVV��a�����7DEOH�VHW���
DFFHVV�DW�WDEOH�DGGUHVV����a���� 

 
,63B/6&B����B%B7$%/(B'$7$�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[���� 
EBVDPSOHB� 
&RUUHFWLRQ�IDFWRU�DW�VDPSOH�SRLQW��IL[HG�SRLQW�QXPEHU����ELWV�
LQWHJHU�ZLWK����ELW�IUDFWLRQDO�SDUW��UDQJH��a������ 

���� 5: �[���� 

EBVDPSOHB� 
&RUUHFWLRQ�IDFWRU�DW�VDPSOH�SRLQW��IL[HG�SRLQW�QXPEHU����ELWV�
LQWHJHU�ZLWK����ELW�IUDFWLRQDO�SDUW��UDQJH��a������ 
����,63B/6&B%B7$%/(B'$7$���� 
1RWH��7KH�SURJUDPPHG�VDPSOH�YDOXH�LV�LPPHGLDWHO\�ZULWWHQ�LQWR�
WKH�5$0��7KH�5$0�DGGUHVV�LV�JHQHUDWHG�SHU�DXWR�LQFUHPHQW��7KH�
SDUDPHWHU�5$0V�IRU�/HQV�6KDGH�&RUUHFWLRQ�DQG�%DG�3L[HO�
&RUUHFWLRQ�FDQ�RQO\�EH�SURJUDPPHG��LI�WKH�5*%�%D\HU�SDWK�LV�
VZLWFKHG�RQ�YLD�,63B&75/�UHJLVWHU��,63B02'(�ELWV�� 
7DEOH�VHW���DFFHVV�E\�6:�DW�WDEOH�DGGUHVV��a�����7DEOH�VHW���
DFFHVV�DW�WDEOH�DGGUHVV����a���� 

 
,63B/6&B����B*%B7$%/(B'$7$�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
JEBVDPSOHB� 
&RUUHFWLRQ�IDFWRU�DW�VDPSOH�SRLQW��IL[HG�SRLQW�QXPEHU����ELWV�
LQWHJHU�ZLWK����ELW�IUDFWLRQDO�SDUW��UDQJH��a������ 

���� 5: �[���� 

JEBVDPSOHB� 
&RUUHFWLRQ�IDFWRU�DW�VDPSOH�SRLQW��IL[HG�SRLQW�QXPEHU����ELWV�
LQWHJHU�ZLWK����ELW�IUDFWLRQDO�SDUW��UDQJH��a������ 
����,63B/6&B*%B7$%/(B'$7$���� 
1RWH��7KH�SURJUDPPHG�VDPSOH�YDOXH�LV�LPPHGLDWHO\�ZULWWHQ�LQWR�
WKH�5$0��7KH�5$0�DGGUHVV�LV�JHQHUDWHG�SHU�DXWR�LQFUHPHQW��7KH�
SDUDPHWHU�5$0V�IRU�/HQV�6KDGH�&RUUHFWLRQ�DQG�%DG�3L[HO�
&RUUHFWLRQ�FDQ�RQO\�EH�SURJUDPPHG��LI�WKH�5*%�%D\HU�SDWK�LV�
VZLWFKHG�RQ�YLD�,63B&75/�UHJLVWHU��,63B02'(�ELWV�� 
7DEOH�VHW���DFFHVV�E\�6:�DW�WDEOH�DGGUHVV��a�����7DEOH�VHW���
DFFHVV�DW�WDEOH�DGGUHVV����a���� 

 
,63B/6&B����B;*5$'B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[��� [JUDGB� 
)DFWRU�IRU�[�JUDGLHQW�FDOFXODWLRQ�RI�VHFWRU�� 

����� 52 �[� UHVHUYHG 

���� 5: �[��� [JUDGB� 
)DFWRU�IRU�[�JUDGLHQW�FDOFXODWLRQ�RI�VHFWRU�� 

 
,63B/6&B����B;*5$'B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[��� [JUDGB� 
)DFWRU�IRU�[�JUDGLHQW�FDOFXODWLRQ�RI�VHFWRU�� 

����� 52 �[� UHVHUYHG 

���� 5: �[��� [JUDGB� 
)DFWRU�IRU�[�JUDGLHQW�FDOFXODWLRQ�RI�VHFWRU�� 

 
,63B/6&B����B;*5$'B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[��� [JUDGB� 
)DFWRU�IRU�[�JUDGLHQW�FDOFXODWLRQ�RI�VHFWRU�� 

����� 52 �[� UHVHUYHG 

���� 5: �[��� [JUDGB� 
)DFWRU�IRU�[�JUDGLHQW�FDOFXODWLRQ�RI�VHFWRU�� 

 
,63B/6&B����B;*5$'B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[��� [JUDGB� 
)DFWRU�IRU�[�JUDGLHQW�FDOFXODWLRQ�RI�VHFWRU�� 

����� 52 �[� UHVHUYHG 

���� 5: �[��� [JUDGB� 
)DFWRU�IRU�[�JUDGLHQW�FDOFXODWLRQ�RI�VHFWRU�� 
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,63B/6&B����B<*5$'B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[��� \JUDGB� 
)DFWRU�IRU�\�JUDGLHQW�FDOFXODWLRQ�RI�VHFWRU�� 

����� 52 �[� UHVHUYHG 

���� 5: �[��� \JUDGB� 
)DFWRU�IRU�\�JUDGLHQW�FDOFXODWLRQ�RI�VHFWRU�� 

 
,63B/6&B����B<*5$'B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[��� \JUDGB� 
)DFWRU�IRU�\�JUDGLHQW�FDOFXODWLRQ�RI�VHFWRU�� 

����� 52 �[� UHVHUYHG 

���� 5: �[��� \JUDGB� 
)DFWRU�IRU�\�JUDGLHQW�FDOFXODWLRQ�RI�VHFWRU�� 

 
,63B/6&B����B<*5$'B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[��� \JUDGB� 
)DFWRU�IRU�\�JUDGLHQW�FDOFXODWLRQ�RI�VHFWRU�� 

����� 52 �[� UHVHUYHG 

���� 5: �[��� \JUDGB� 
)DFWRU�IRU�\�JUDGLHQW�FDOFXODWLRQ�RI�VHFWRU�� 

 
,63B/6&B����B<*5$'B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[��� \JUDGB� 
)DFWRU�IRU�\�JUDGLHQW�FDOFXODWLRQ�RI�VHFWRU�� 

����� 52 �[� UHVHUYHG 

���� 5: �[��� \JUDGB� 
)DFWRU�IRU�\�JUDGLHQW�FDOFXODWLRQ�RI�VHFWRU�� 

 
,63B/6&B����B;6,=(B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[��� [BVHFWBVL]HB� 
6HFWRU�VL]H���LQ�[�GLUHFWLRQ 

����� 52 �[�� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[��� 

[BVHFWBVL]HB� 
6HFWRU�VL]H���LQ�[�GLUHFWLRQ 
����,63B/6&B;6,=(B������ 
1RWH��7KH�VHFWRU�VL]H�LQ�[�GLUHFWLRQ�PXVW�EH�JUHDWHU�WKDQ����
SL[HOV��7KH�VXP�RI�WKH�VHFWRU�VL]HV�LQ�[�GLUHFWLRQ�PXVW�EH��SLFWXUH�
ZLGWK�������7KH�VXP�RI�WKH�VHFWRU�VL]HV�LQ�\�GLUHFWLRQ�PXVW�EH�
�SLFWXUH�KHLJKW�������1R�LQWHUUXSW�LV�JHQHUDWHG�LI�DERYH�
UHTXLUHPHQWV�DUH�QRW�IXOILOOHG�DQG�WKH�EHKDYLRXU�RI�WKH�KDUGZDUH�
FDQQRW�EH�SUHGLFWHG� 
7KH�VHFWRU�VL]H�LQ�[�GLUHFWLRQ�ZDV�GHILQHG�WR�EH���ELWV�IRU�
SUHOLPLQDU\�0DUYLQ�YHUVLRQV� 

 
,63B/6&B����B;6,=(B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[��� [BVHFWBVL]HB� 
6HFWRU�VL]H���LQ�[�GLUHFWLRQ 

����� 52 �[�� UHVHUYHG 

��� 5: �[��� 
[BVHFWBVL]HB� 
6HFWRU�VL]H���LQ�[�GLUHFWLRQ 
����,63B/6&B;6,=(B������ 
1RWH��0LQLPXP�VHFWRU�VL]H�LV����LQ�[�GLUHFWLRQ� 

 
,63B/6&B����B;6,=(B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[��� [BVHFWBVL]HB� 
6HFWRU�VL]H���LQ�[�GLUHFWLRQ 

����� 52 �[�� UHVHUYHG 

��� 5: �[��� 
[BVHFWBVL]HB� 
6HFWRU�VL]H��LQ�[�GLUHFWLRQ 
����,63B/6&B;6,=(B������ 
1RWH��0LQLPXP�VHFWRU�VL]H�LV����LQ�[�GLUHFWLRQ� 

 
,63B/6&B����B;6,=(B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[��� [BVHFWBVL]HB� 
6HFWRU�VL]H���LQ�[�GLUHFWLRQ 

����� 52 �[�� UHVHUYHG 

��� 5: �[��� 
[BVHFWBVL]HB� 
6HFWRU�VL]H���LQ�[�GLUHFWLRQ 
����,63B/6&B;6,=(B������ 
1RWH��0LQLPXP�VHFWRU�VL]H�LV����LQ�[�GLUHFWLRQ� 

 
,63B/6&B����B<6,=(B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[��� \BVHFWBVL]HB� 
6HFWRU�VL]H���LQ�\�GLUHFWLRQ 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

��� 5: �[��� 

\BVHFWBVL]HB� 
6HFWRU�VL]H���LQ�\�GLUHFWLRQ 
����,63B/6&B<6,=(B������ 
1RWH��0LQLPXP�VHFWRU�VL]H�LV���LQ�\�GLUHFWLRQ� 
7KH�VHFWRU�VL]H�LQ�\�GLUHFWLRQ�ZDV�GHILQHG�WR�EH���ELWV�IRU�
SUHOLPLQDU\�0DUYLQ�YHUVLRQV� 

 
,63B/6&B����B<6,=(B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[��� \BVHFWBVL]HB� 
6HFWRU�VL]H���LQ�\�GLUHFWLRQ 

����� 52 �[�� UHVHUYHG 

��� 5: �[��� 
\BVHFWBVL]HB� 
6HFWRU�VL]H���LQ�\�GLUHFWLRQ 
����,63B/6&B<6,=(B������ 
1RWH��0LQLPXP�VHFWRU�VL]H�LV���LQ�\�GLUHFWLRQ� 

 
,63B/6&B����B<6,=(B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[��� \BVHFWBVL]HB� 
6HFWRU�VL]H���LQ�\�GLUHFWLRQ 

����� 52 �[�� UHVHUYHG 

��� 5: �[��� 
\BVHFWBVL]HB� 
6HFWRU�VL]H���LQ�\�GLUHFWLRQ 
����,63B/6&B<6,=(B������ 
1RWH��0LQLPXP�VHFWRU�VL]H�LV���LQ�\�GLUHFWLRQ� 

 
,63B/6&B����B<6,=(B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[��� \BVHFWBVL]HB� 
6HFWRU�VL]H���LQ�\�GLUHFWLRQ 

����� 52 �[�� UHVHUYHG 

��� 5: �[��� 
\BVHFWBVL]HB� 
6HFWRU�VL]H���LQ�\�GLUHFWLRQ 
����,63B/6&B<6,=(B������ 
1RWH��0LQLPXP�VHFWRU�VL]H�LV���LQ�\�GLUHFWLRQ� 

 
,63B/6&B����B,63B/6&B67$786�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 
OVFBHQBVWDWXV 
�
E���/HQV�VKDGLQJ�FRUUHFWLRQ�LV�FXUUHQWO\�RII� 
�
E���/HQV�VKDGLQJ�FRUUHFWLRQ�LV�FXUUHQWO\�RQ� 

 

12.4.2.9 HDR_DRC 
,63B'5&B����B&75/��  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31   RW   0x0  
sys_itself_force_upd 
when write 1, it will force_upd drc module; auto-clear; 

30   RO   0x0  
ro_adrc_working 
1'b1: adrc working 

29:28   RW   0x0  
sw_drc_bil_ack_mode 
backdoor to bilat_interp ack low 1-4 cycle 

27:1   RO   0x0  reserved 

0   RW   0x0  
sw_hdrtmo_en 
rkhdr function enable, shadow reg; 

 
 
,63B'5&B����B&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RW   0x8  
sw_drc_offset_pow2 
log offset: indata+(1<<offset_pow2), then log2data-
offset_pow2, shadow reg; 

27   RO   0x0  reserved 

26:14   RW   0x0e41  
sw_drc_compres_scl 
[2,11], scale plgmax range(0~24576) for trans compress, 
shadow reg; 

13:0   RW   0x0100  
sw_drc_position 
[6,8], pluma scale for table index of gain2raw, shadow reg; 

 
 
,63B'5&B����B/35$7,2�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:24   RW   0x40  
sw_drc_delta_scalein 
[0,8], for plgt*delta_scalein into scaleTable, shadow reg; 

23:12   RW   0x000  
sw_drc_hpdetail_ratio 
[1,11], for delt=delt + gain_scl*hpdetail_ratio used, shadow reg; 

11:0   RW   0x000  
sw_drc_lpdetail_ratio 
[1,11], for delt=(lgt-nglt) + (lgt-maxl)*lpdetail_ratio used, 
shadow reg; 

 
 
,63B'5&B����B(;3/5$7,2�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:24   RW   0x60  
sw_drc_weicur_pix 
[4,4]<<7, bilat-weight of current pix; 

23:16   RW   0x00  
sw_drc_weipre_frame 
[0,8],  bilat-weight of previous frame; 

15   RO   0x0  reserved 

14:0   RW   0x1000  

sw_drc_expl_ratio 
[3,12], 
cur_exp_time*cur_exp_gain/(prev_exp_time*prev_exp_gain) in 
normal domain 

 
 
,63B'5&B����B6,*0$�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:16   RW   0x0000  
sw_drc_force_sgm_inv0 
[5,11], force bilat-5x5 sigma(edge+motion) value = 
force_sgm_inv0 if force_sgm_inv0!=0; 

15:8   RW   0x00  
sw_drc_motion_scl 
[4,4], scale motion data for bilat-diff, use when edge/motion 
writing into ram; 

7:0   RW   0x00  
sw_drc_edge_scl 
[4,4], scale edge   data for bilat-diff, use when edge/motion 
writing into ram; 

 
 
,63B'5&B����B63$&(6*0�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:16   RW   0xfe4  
sw_drc_space_sgm_inv1 
[4,8], bil3x3 space sigma invert weight: high-4b expoent, low-8b 
mantissa; 

15:12   RO   0x0  reserved 

11:0   RW   0xf80  
sw_drc_space_sgm_inv0 
[4,8], bil5x5 space sigma invert weight: high-4b expoent, low-8b 
mantissa; (x^2+y^2)*sigma_inv; 

 
 
,63B'5&B����B5$1(6*0�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:29   RO   0x0  reserved 

28:16   RW   0x0400  
sw_drc_range_sgm_inv1 
[2,11], bil3x3 range sigma invert weight; 
(diff*range_sigma_inv)^2; 

15:13   RO   0x0  reserved 

12:0   RW   0x0400  
sw_drc_range_sgm_inv0 
[2,11], bil5x5 range sigma invert weight; 
(diff*range_sigma_inv)^2; 

 
 
,63B'5&B����B%,/$7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:13   RO   0x0  reserved 

12:8   RW   0x00  
sw_drc_weig_maxl 
[1,4], weight for (max3x3*W + (16-W)*gas3x3   ) when 
bilateral filter in, shadow reg in rk3566; 

7:5   RO   0x0  reserved 

4:0   RW   0x10  
sw_drc_weig_bilat 
[1,4], weight for (bilat*W + (16-W)*luma) when bilateral filter 
out, shadow reg in rk3566; 

 
 
,63B'5&B����B*$,1B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:29   RO   0x0  reserved 

28:16   RW   0x0400  
sw_drc_gain_y1 
[3,10], curve_gain2raw y1, shadow reg; 

15:13   RO   0x0  reserved 

12:0   RW   0x0400  
sw_drc_gain_y0 
[3,10], curve_gain2raw y0, shadow reg; 

 
 
,63B'5&B����B*$,1B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:29   RO   0x0  reserved 

28:16   RW   0x0400  
sw_drc_gain_y3 
[3,10], curve_gain2raw y3, shadow reg; 

15:13   RO   0x0  reserved 

12:0   RW   0x0400  
sw_drc_gain_y2 
[3,10], curve_gain2raw y2, shadow reg; 

 
 
,63B'5&B����B*$,1B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:29   RO   0x0  reserved 

28:16   RW   0x0400  
sw_drc_gain_y5 
[3,10], curve_gain2raw y5, shadow reg; 

15:13   RO   0x0  reserved 

12:0   RW   0x0400  
sw_drc_gain_y4 
[3,10], curve_gain2raw y4, shadow reg; 

 
 
,63B'5&B����B*$,1B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:29   RO   0x0  reserved 

28:16   RW   0x0400  
sw_drc_gain_y7 
[3,10], curve_gain2raw y7, shadow reg; 

15:13   RO   0x0  reserved 

12:0   RW   0x0400  
sw_drc_gain_y6 
[3,10], curve_gain2raw y6, shadow reg; 

 
 
,63B'5&B����B*$,1B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:29   RO   0x0  reserved 

28:16   RW   0x0400  
sw_drc_gain_y9 
[3,10], curve_gain2raw y9, shadow reg; 

15:13   RO   0x0  reserved 

12:0   RW   0x0400  
sw_drc_gain_y8 
[3,10], curve_gain2raw y8, shadow reg; 

 
 
,63B'5&B����B*$,1B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:29   RO   0x0  reserved 

28:16   RW   0x0400  
sw_drc_gain_y11 
[3,10], curve_gain2raw y11, shadow reg; 

15:13   RO   0x0  reserved 

12:0   RW   0x0400  
sw_drc_gain_y10 
[3,10], curve_gain2raw y10, shadow reg; 

 
 
,63B'5&B����B*$,1B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1198 

%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:29   RO   0x0  reserved 

28:16   RW   0x0400  
sw_drc_gain_y13 
[3,10], curve_gain2raw y13, shadow reg; 

15:13   RO   0x0  reserved 

12:0   RW   0x0400  
sw_drc_gain_y12 
[3,10], curve_gain2raw y12, shadow reg; 

 
 
,63B'5&B����B*$,1B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:29   RO   0x0  reserved 

28:16   RW   0x0400  
sw_drc_gain_y15 
[3,10], curve_gain2raw y15, shadow reg; 

15:13   RO   0x0  reserved 

12:0   RW   0x0400  
sw_drc_gain_y14 
[3,10], curve_gain2raw y14, shadow reg; 

 
 
,63B'5&B����B*$,1B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:13   RO   0x0  reserved 

12:0   RW   0x0400  
sw_drc_gain_y16 
[3,10], curve_gain2raw y16, shadow reg; 

 
 
,63B'5&B����B&2035(6B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:16   RW   0x022e  
sw_drc_compres_y1 
[3,11], curve_compress y1, shadow reg; 

15:14   RO   0x0  reserved 

13:0   RW   0x0000  
sw_drc_compres_y0 
[3,11], curve_compress y0, shadow reg; 

 
 
,63B'5&B����B&2035(6B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:16   RW   0x0634  
sw_drc_compres_y3 
[3,11], curve_compress y3, shadow reg; 

15:14   RO   0x0  reserved 

13:0   RW   0x043f  
sw_drc_compres_y2 
[3,11], curve_compress y2, shadow reg; 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1199 

 
 
,63B'5&B����B&2035(6B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:16   RW   0x09d3  
sw_drc_compres_y5 
[3,11], curve_compress y5, shadow reg; 

15:14   RO   0x0  reserved 

13:0   RW   0x080f  
sw_drc_compres_y4 
[3,11], curve_compress y4, shadow reg; 

 
 
,63B'5&B����B&2035(6B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:16   RW   0x0d19  
sw_drc_compres_y7 
[3,11], curve_compress y7, shadow reg; 

15:14   RO   0x0  reserved 

13:0   RW   0x0b80  
sw_drc_compres_y6 
[3,11], curve_compress y6, shadow reg; 

 
 
,63B'5&B����B&2035(6B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:16   RW   0x1179  
sw_drc_compres_y9 
[3,11], curve_compress y9, shadow reg; 

15:14   RO   0x0  reserved 

13:0   RW   0x0ea0  
sw_drc_compres_y8 
[3,11], curve_compress y8, shadow reg; 

 
 
,63B'5&B����B&2035(6B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:16   RW   0x1677  
sw_drc_compres_y11 
[3,11], curve_compress y11, shadow reg; 

15:14   RO   0x0  reserved 

13:0   RW   0x1413  
sw_drc_compres_y10 
[3,11], curve_compress y10, shadow reg; 

 
 
,63B'5&B����B&2035(6B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1200 

%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:30   RO   0x0  reserved 

29:16   RW   0x1ab6  
sw_drc_compres_y13 
[3,11], curve_compress y13, shadow reg; 

15:14   RO   0x0  reserved 

13:0   RW   0x18ac  
sw_drc_compres_y12 
[3,11], curve_compress y12, shadow reg; 

 
 
,63B'5&B����B&2035(6B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:16   RW   0x1e5c  
sw_drc_compres_y15 
[3,11], curve_compress y15, shadow reg; 

15:14   RO   0x0  reserved 

13:0   RW   0x1c9a  
sw_drc_compres_y14 
[3,11], curve_compress y14, shadow reg; 

 
 
,63B'5&B����B&2035(6B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:14   RO   0x0  reserved 

13:0   RW   0x2000  
sw_drc_compres_y16 
[3,11], curve_compress y16, shadow reg; 

 
 
,63B'5&B����B6&$/(B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:16   RW   0x002  
sw_drc_scale_y1 
[1,11], curve_scale y1; 

15:12   RO   0x0  reserved 

11:0   RW   0x000  
sw_drc_scale_y0 
[1,11], curve_scale y0; 

 
 
,63B'5&B����B6&$/(B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:16   RW   0x04c  
sw_drc_scale_y3 
[1,11], curve_scale y3; 

15:12   RO   0x0  reserved 

11:0   RW   0x014  
sw_drc_scale_y2 
[1,11], curve_scale y2; 
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&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1201 

 
 
,63B'5&B����B6&$/(B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:16   RW   0x17d  
sw_drc_scale_y5 
[1,11], curve_scale y5; 

15:12   RO   0x0  reserved 

11:0   RW   0x0c1  
sw_drc_scale_y4 
[1,11], curve_scale y4; 

 
 
,63B'5&B����B6&$/(B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:16   RW   0x304  
sw_drc_scale_y7 
[1,11], curve_scale y7; 

15:12   RO   0x0  reserved 

11:0   RW   0x277  
sw_drc_scale_y6 
[1,11], curve_scale y6; 

 
 
,63B'5&B����B6&$/(B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:16   RW   0x42a  
sw_drc_scale_y9 
[1,11], curve_scale y9; 

15:12   RO   0x0  reserved 

11:0   RW   0x397  
sw_drc_scale_y8 
[1,11], curve_scale y8; 

 
 
,63B'5&B����B6&$/(B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:16   RW   0x5c7  
sw_drc_scale_y11 
[1,11], curve_scale y11; 

15:12   RO   0x0  reserved 

11:0   RW   0x4bb  
sw_drc_scale_y10 
[1,11], curve_scale y10; 

 
 
,63B'5&B����B6&$/(B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1202 

%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:28   RO   0x0  reserved 

27:16   RW   0x747  
sw_drc_scale_y13 
[1,11], curve_scale y13; 

15:12   RO   0x0  reserved 

11:0   RW   0x6a4  
sw_drc_scale_y12 
[1,11], curve_scale y12; 

 
 
,63B'5&B����B6&$/(B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:16   RW   0x7e8  
sw_drc_scale_y15 
[1,11], curve_scale y15; 

15:12   RO   0x0  reserved 

11:0   RW   0x7b0  
sw_drc_scale_y14 
[1,11], curve_scale y14; 

 
 
,63B'5&B����B6&$/(B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:12   RO   0x0  reserved 

11:0   RW   0x800  
sw_drc_scale_y16 
[1,11], curve_scale y16; 

 
 
,63B'5&B����B,,5:*B*$,1�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:23   RO   0x0  reserved 

22:16   RW   0x00  
sw_drc_iir_weight 
[1,6], range 0~0x40; weight of iir_thumb mix with pre_thumb, 
shadow reg; 

15:0   RW   0x0000  
sw_drc_min_ogain 
[1,15], adrc_out gain clip value, shadow reg; 

 

12.4.2.10 GIC 
�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1203 

%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31   RO   0x0  
sw_gic_en_shk 
1'b1: shk is success 
1'b0: shk is fail 

30   RO   0x0  
sw_gic_woking 
1'b1: gic is woking  
1'b0: gic is not woking 

29:2   RO   0x0  reserved 

1   RW   0x0  

sw_edge_open 
Usually set this bit to 0,it will influence shapen result when 
open,but also will get a better gic effect 
1'b1:open 
1'b0:close 

0   RW   0x0  
sw_gic_en 
1'b1:enable gic module  
1'b0:close gic module 

 
 
,63B*,&B',))B3$5$��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:20   RW   0x020  
sw_regMinGradThrDark2 
The lower limit  2 of the classification threshold when in a dark 
environment 

19:10   RW   0x040  
sw_regMinGradThrDark1 
The lower limit 1 of the classification threshold when in a dark 
ienvironment 

9:0   RW   0x0a0  
sw_regMinbusythre 
The lower limit of the gradient threshold 

 
 
,63B*,&B',))B3$5$��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:21   RW   0x078  
sw_regDarkThre 
Luminance judgment parameter2 

20:11   RW   0x008  
sw_regMaxCorVboth 
The value and threshold parameters of nonedge class 

10:0   RW   0x0f0  
sw_regDarkTthreHi 
Luminance judgment parameter1 

 
 
,63B*,&B',))B3$5$��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RW   0x1  
sw_regKGrad2Dark 
The calculation parameters 1 of the classification threshold when 
in a dark Environment 

27:24   RW   0x6  
sw_regKGrad1Dark 
The calculation parameters 1 of the classification threshold when 
in a dark environment 

23:16   RW   0x08  
sw_regStrengthGlobal_fix 
Strength adjustment parameter 

15:12   RW   0x9  
sw_regDarkThreStep 
Displacement parameters of dark weight 

11:8   RW   0x1  
sw_regKGrad2 
The calculation parameters 2 of the classification threshold 

7:4   RW   0x5  
sw_regKGrad1 
The calculation parameters 1 of the classification threshold 

3:0   RW   0x7  
sw_regGbThre 
Displacement parameters of sum of mean values 

 
 
,63B*,&B',))B3$5$��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:20   RW   0x028  
sw_regMaxCorv 
The value and threshold parameters of edge class 

19:10   RW   0x020  
sw_regMinGradThr2 
The lower limit  parameter 2 of the classification threshold 

9:0   RW   0x020  
sw_regMinGradThr1 
The lower limit  parameter 1 of the classification threshold 

 
 
,63B*,&B12,6(B3$5$��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:26   RO   0x0  reserved 

25:15   RW   0x180  
sw_dnLoScale 
Calculation parameters of lower limit of noise 

14:4   RW   0x280  
sw_dnHiScale 
Calculation parameters of upper limit of noise 

3:0   RW   0x7  
sw_regLumaPointsStep 
Calculation parameters of sigma noise 

 
 
,63B*,&B12,6(B3$5$��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:20   RW   0x500  
sw_gValueLimitLo 
the lower limit of the difference between limits of the noise 

19:8   RW   0x6e0  
sw_gValueLimitHi 
the upper limit of the difference between limits of the noise 

7:0   RW   0x09  
sw_fusionRatioHiLimt1 
Calculation parameters of noise factor 

 
 
,63B*,&B12,6(B3$5$��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:8   RO   0x0  reserved 

7:0   RW   0x20  
sw_regStrength_fix 
Noise enhancement coefficient 

 
 
,63B*,&B6,*0$B9$/8(��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:16   RW   0x01f0  
sw_sigma_y1 
y1 value of sigma table 

15:0   RW   0x0042  
sw_sigma_y0 
y0 value of sigma table 

 
 
,63B*,&B6,*0$B9$/8(��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:16   RW   0x0357  
sw_sigma_y3 
y3 value of sigma table 

15:0   RW   0x02bb  
sw_sigma_y2 
y2 value of sigma table 

 
 
,63B*,&B6,*0$B9$/8(��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:16   RW   0x044f  
sw_sigma_y5 
y5 value of sigma table 

15:0   RW   0x03db  
sw_sigma_y4 
y4 value of sigma table 

 
 
,63B*,&B6,*0$B9$/8(��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:16   RW   0x0518  
sw_sigma_y7 
y7 value of sigma table 

15:0   RW   0x04b8  
sw_sigma_y6 
y6 value of sigma table 

 
 
,63B*,&B6,*0$B9$/8(��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:16   RW   0x06ab  
sw_sigma_y9 
y9 value of sigma table 

15:0   RW   0x0572  
sw_sigma_y8 
y8 value of sigma table 

 
 
,63B*,&B6,*0$B9$/8(��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:16   RW   0x089b  
sw_sigma_y11 
y11 value of sigma table 

15:0   RW   0x07b2  
sw_sigma_y10 
y10 value of sigma table 

 
 
,63B*,&B6,*0$B9$/8(��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:16   RW   0x0a2e  
sw_sigma_y13 
y13 value of sigma table 

15:0   RW   0x096d  
sw_sigma_y12 
y12 value of sigma table 

 
 
,63B*,&B6,*0$B9$/8(��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:16   RO   0x0  reserved 

15:0   RW   0x0ae2  
sw_sigma_y14 
y14 value of sigma table 

 

12.4.2.11 DEBAYER 
,63B'(%$<(5B����B&21752/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

�� 52 �[� 
VZBGHED\HUBZRUNLQJ 
�
E���'HED\HU�PRGXOH�LV�QRW�ZRUNLQJ� 
�
E���'HED\HU�PRGXOH�LV�ZRUNLQJ� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 52 �[� VZBGHED\HUBILOWHUBFBHQBVKG 
7KH�VKDGRZ�UHJLVWHU�RI�VZBGHED\HUBILOWHUBFBHQ 

�� 52 �[� VZBGHED\HUBILOWHUBJBHQBVKG 
7KH�VKDGRZ�UHJLVWHU�RI�VZBGHED\HUBILOWHUBJBHQ 

�� 52 �[� VZBGHED\HUBHQBVKG 
7KH�VKDGRZ�UHJLVWHU�RI�VZBGHED\HUBHQ 

���� 52 �[���� UHVHUYHG 

� 5: �[� 
VZBGHED\HUBILOWHUBFBHQ 
�
E���&�ILOWHU�PRGXOH�ZLOO�E\SDVV� 
�
E���(QDEOH�F�ILOWHU�PRGXOH 

��� 52 �[� UHVHUYHG 

� 5: �[� 
VZBGHED\HUBILOWHUBJBHQ 
�
E���*�ILOWHU�PRGXOH�ZLOO�E\SDVV� 
�
E���(QDEOH�J�ILOWHU 

��� 52 �[� UHVHUYHG 

� 5: �[� 
VZBGHED\HUBHQ 
�
E���'HED\HU�PRGXOH�ZLOO�E\SDVV� 
�
E���(QDEOH�GHED\HU 

 
,63B'(%$<(5B����B*B,17(53�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

����� 5: �[� 
VZBGHED\HUBWKHG� 
��LV�HTXDO�WR�� 
���LV�HTXDO�WR���� 

���� 5: �[� 
VZBGHED\HUBWKHG� 
��LV�HTXDO�WR�� 
���LV�HTXDO�WR���� 

��� 5: �[� 
VZBGHED\HUBGLVWBVFDOH 
��LV�HTXDO�WR�� 
���LV�HTXDO�WR������ 

��� 5: �[� 
VZBGHED\HUBPD[BUDWLR 
7KH�OHYHO�RI�VKDUS�LQ�WKH�J�LQWHUSRODWLRQ 
��LV�WKH�ORZHVW�OHYHO��DQG���LV�WKH�KLJKHVW�OHYHO� 

� 5: �[� 
VZBGHED\HUBFOLSBHQ 
&OLS�HQDEOH�IRU�J�LQWHUSRODWLRQ 
,I�HQDEOH�WKLV�ELW��WKH�LQWHUSRODWHG�J�ZLOO�EH�FOLSHG�WR�
>*PLQ�*PD[@� 

 
,63B'(%$<(5B����B*B,17(53B),/7(5��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[H 
VZBGHED\HUBILOWHU�BFRH� 
&RH���WKH�PRVW�VLJQLILFDQW�ELW�LV�VLJQ�ELW� 
9DOXH�UDQJH�����WR�� 

����� 5: �[� 
VZBGHED\HUBILOWHU�BFRH� 
&RH���WKH�PRVW�VLJQLILFDQW�ELW�LV�VLJQ�ELW� 
9DOXH�UDQJH�����WR�� 

���� 5: �[� 
VZBGHED\HUBILOWHU�BFRH� 
&RH���WKH�PRVW�VLJQLILFDQW�ELW�LV�VLJQ�ELW� 
9DOXH�UDQJH�����WR�� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[D 
VZBGHED\HUBILOWHU�BFRH� 
&RH���WKH�PRVW�VLJQLILFDQW�ELW�LV�VLJQ�ELW� 
9DOXH�UDQJH�����WR�� 

��� 5: �[� 
VZBGHED\HUBILOWHU�BFRH� 
&RH���WKH�PRVW�VLJQLILFDQW�ELW�LV�VLJQ�ELW� 
9DOXH�UDQJH�����WR�� 

 
,63B'(%$<(5B����B*B,17(53B),/7(5��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� 
VZBGHED\HUBILOWHU�BFRH� 
&RH���WKH�PRVW�VLJQLILFDQW�ELW�LV�VLJQ�ELW� 
9DOXH�UDQJH�����WR�� 

����� 5: �[F 
VZBGHED\HUBILOWHU�BFRH� 
&RH���WKH�PRVW�VLJQLILFDQW�ELW�LV�VLJQ�ELW� 
9DOXH�UDQJH�����WR�� 

���� 5: �[� 
VZBGHED\HUBILOWHU�BFRH� 
&RH���WKH�PRVW�VLJQLILFDQW�ELW�LV�VLJQ�ELW� 
9DOXH�UDQJH�����WR�� 

��� 5: �[F 
VZBGHED\HUBILOWHU�BFRH� 
&RH���WKH�PRVW�VLJQLILFDQW�ELW�LV�VLJQ�ELW� 
9DOXH�UDQJH�����WR�� 

��� 5: �[� 
VZBGHED\HUBILOWHU�BFRH� 
&RH���WKH�PRVW�VLJQLILFDQW�ELW�LV�VLJQ�ELW� 
9DOXH�UDQJH�����WR�� 

 
,63B'(%$<(5B����B2))6(7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VZBGHED\HUBKIBRIIVHW 
+)�RIIVHW�IRU�*�LQWHUS 

����� 52 �[� UHVHUYHG 

���� 5: �[� VZBGHED\HUBJDLQBRIIVHW 
*DLQ�RIIVHW�IRU�*�LQWHUS 

��� 52 �[� UHVHUYHG 

��� 5: �[�� VZBGHED\HUBRIIVHW 
2IIVHW�IRU�*�ILOWHU 

 
,63B'(%$<(5B����B&B),/7(5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

����� 5: �[� 

VZBGHED\HUBVKLIWBQXP 
�
E����/HIW�VKLIW���ELW 
�
E����/HIW�VKLIW���ELW 
�
E����/HIW�VKLIW���ELW 
�
E����/HIW�VKLIW���ELW 

����� 52 �[� UHVHUYHG 

���� 5: �[�H VZBGHED\HUBRUGHUBPD[ 
7KH�PD[�VHTXHQFH�QXPEHU�RI����*�&�LQ�WKH����PDWUL[ 

��� 52 �[� UHVHUYHG 

��� 5: �[�� VZBGHED\HUBRUGHUBPLQ 
7KH�PLQ�VHTXHQFH�QXPEHU�RI����*�&�LQ�WKH����PDWUL[ 
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12.4.2.12 CCM 
,63B&&0B����B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:2   RO   0x0  reserved 

1   RW   0x0  

sw_ccm_highy_adjust_dis 
Disable CCM high Y alpha  adjustment bit 
1'b1: High Y alpha  adjustment disable 
1'b0: High Y alpha  adjustment 

0   RW   0x0  

sw_ccm_en_i 
Enable CCM module  
1'b1: Enable 
1'b0: Disable 
The reset value is 1'b0 

 
 
,63B&&0B����B&2())�B5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:27   RO   0x0  reserved 

26:16   RW   0x7b7  

sw_ccm_coeff1_r 
The n coefficient value of ccm matrix. 
Values are 11-bit signed fixed-point numbers with 4-bit integer 
and 7-bit frctional. 
The range of the coefficient is from -8[0x400] to 7.992[0x3ff],so 
the value is expanded 128 times. 

15:11   RO   0x0  reserved 

10:0   RW   0x065  

sw_ccm_coeff0_r 
The n coefficient value of ccm matrix. 
Values are 11-bit signed fixed-point numbers with 4-bit integer 
and 7-bit frctional. 
The range of the coefficient is from -8[0x400] to 7.992[0x3ff],so 
the value is expanded 128 times. 

 
 
,63B&&0B����B&2())�B5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:28   RO   0x0  reserved 

27:16   RW   0x000  
sw_ccm_offset_r 
The R offset value for CCM calculation. 
The range of offset value is from -4096 to 4095. 

15:11   RO   0x0  reserved 

10:0   RW   0x7e4  

sw_ccm_coeff2_r 
The n coefficient value of ccm matrix. 
Values are 11-bit signed fixed-point numbers with 4-bit integer 
and 7-bit frctional. 
The range of the coefficient is from -8[0x400] to 7.992[0x3ff],so 
the value is expanded 128 times. 

 
 
,63B&&0B����B&2())�B*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:27   RO   0x0  reserved 

26:16   RW   0x058  

sw_ccm_coeff1_g 
The n coefficient value of ccm matrix. 
Values are 11-bit signed fixed-point numbers with 4-bit integer 
and 7-bit frctional. 
The range of the coefficient is from -8[0x400] to 7.992[0x3ff],so 
the value is expanded 128 times. 

15:11   RO   0x0  reserved 

10:0   RW   0x7d9  

sw_ccm_coeff0_g 
The n coefficient value of ccm matrix. 
Values are 11-bit signed fixed-point numbers with 4-bit integer 
and 7-bit frctional. 
The range of the coefficient is from -8[0x400] to 7.992[0x3ff],so 
the value is expanded 128 times. 

 
 
,63B&&0B����B&2())�B*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:28   RO   0x0  reserved 

27:16   RW   0x000  

sw_ccm_offset_g 
The n coefficient value of ccm matrix. 
Values are 11-bit signed fixed-point numbers with 4-bit integer 
and 7-bit frctional. 
The range of the coefficient is from -8[0x400] to 7.992[0x3ff],so 
the value is expanded 128 times. 

15:11   RO   0x0  reserved 

10:0   RW   0x7cf  

sw_ccm_coeff2_g 
The n coefficient value of ccm matrix. 
Values are 11-bit signed fixed-point numbers with 4-bit integer 
and 7-bit frctional. 
The range of the coefficient is from -8[0x400] to 7.992[0x3ff],so 
the value is expanded 128 times. 

 
 
,63B&&0B����B&2())�B%�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:27   RO   0x0  reserved 

26:16   RW   0x7b7  

sw_ccm_coeff1_b 
The n coefficient value of ccm matrix. 
Values are 11-bit signed fixed-point numbers with 4-bit integer 
and 7-bit frctional. 
The range of the coefficient is from -8[0x400] to 7.992[0x3ff],so 
the value is expanded 128 times. 

15:11   RO   0x0  reserved 

10:0   RW   0x002  

sw_ccm_coeff0_b 
The n coefficient value of ccm matrix. 
Values are 11-bit signed fixed-point numbers with 4-bit integer 
and 7-bit frctional. 
The range of the coefficient is from -8[0x400] to 7.992[0x3ff],so 
the value is expanded 128 times. 

 
 
,63B&&0B����B&2())�B%�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1212 

%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:28   RO   0x0  reserved 

27:16   RW   0x000  

sw_ccm_offset_b 
The n coefficient value of ccm matrix. 
Values are 11-bit signed fixed-point numbers with 4-bit integer 
and 7-bit frctional. 
The range of the coefficient is from -8[0x400] to 7.992[0x3ff],so 
the value is expanded 128 times. 

15:11   RO   0x0  reserved 

10:0   RW   0x046  

sw_ccm_coeff2_b 
The n coefficient value of ccm matrix. 
Values are 11-bit signed fixed-point numbers with 4-bit integer 
and 7-bit frctional. 
The range of the coefficient is from -8[0x400] to 7.992[0x3ff],so 
the value is expanded 128 times. 

 
 
,63B&&0B����B&2())�B<�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:27   RO   0x0  reserved 

26:16   RW   0x04b  
sw_ccm_coeff1_y 
The G coefficent value of RGB2Y calculation. 
The value is expanded 128 times. 

15:11   RO   0x0  reserved 

10:0   RW   0x026  
sw_ccm_coeff0_y 
The R coefficent value of RGB2Y calculation. 
The value is expanded 128 times. 

 
 
,63B&&0B����B&2())�B<�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:12   RO   0x0  reserved 

11:0   RW   0x00f  
sw_ccm_coeff2_y 
The B coefficent value of RGB2Y calculation. 
The value is expanded 128 times. 

 
 
,63B&&0B����B$/3B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:27   RO   0x0  reserved 

26:16   RW   0x400  

sw_ccm_alp_y1 
CCM curve y-axis point definition for ccm input pixel's luminance. 
The range of the coefficient is from 0 to 1024, so the value is 11-
bit unsigned. 
The value of y-axis point is expanded 128 times. 

15:11   RO   0x0  reserved 

10:0   RW   0x400  

sw_ccm_alp_y0 
CCM curve y-axis point definition for ccm input pixel's luminance. 
The range of the coefficient is from 0 to 1024, so the value is 11-
bit unsigned. 
The value of y-axis point is expanded 128 times. 

 
 
,63B&&0B����B$/3B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:27   RO   0x0  reserved 

26:16   RW   0x400  

sw_ccm_alp_y3 
CCM curve y-axis point definition for ccm input pixel's luminance. 
The range of the coefficient is from 0 to 1024, so the value is 11-
bit unsigned. 
The value of y-axis point is expanded 128 times. 

15:11   RO   0x0  reserved 

10:0   RW   0x400  

sw_ccm_alp_y2 
CCM curve y-axis point definition for ccm input pixel's luminance. 
The range of the coefficient is from 0 to 1024, so the value is 11-
bit unsigned. 
The value of y-axis point is expanded 128 times. 

 
 
,63B&&0B����B$/3B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:27   RO   0x0  reserved 

26:16   RW   0x400  

sw_ccm_alp_y5 
CCM curve y-axis point definition for ccm input pixel's luminance. 
The range of the coefficient is from 0 to 1024, so the value is 11-
bit unsigned. 
The value of y-axis point is expanded 128 times. 

15:11   RO   0x0  reserved 

10:0   RW   0x400  

sw_ccm_alp_y4 
CCM curve y-axis point definition for ccm input pixel's luminance. 
The range of the coefficient is from 0 to 1024, so the value is 11-
bit unsigned. 
The value of y-axis point is expanded 128 times. 
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,63B&&0B����B$/3B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:27   RO   0x0  reserved 

26:16   RW   0x400  

sw_ccm_alp_y7 
CCM curve y-axis point definition for ccm input pixel's luminance. 
The range of the coefficient is from 0 to 1024, so the value is 11-
bit unsigned. 
The value of y-axis point is expanded 128 times. 

15:11   RO   0x0  reserved 

10:0   RW   0x400  

sw_ccm_alp_y6 
CCM curve y-axis point definition for ccm input pixel's luminance. 
The range of the coefficient is from 0 to 1024, so the value is 11-
bit unsigned. 
The value of y-axis point is expanded 128 times. 

 
 
,63B&&0B����B$/3B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:27   RO   0x0  reserved 

26:16   RW   0x400  

sw_ccm_alp_y9 
CCM curve y-axis point definition for ccm input pixel's luminance. 
The range of the coefficient is from 0 to 1024, so the value is 11-
bit unsigned. 
The value of y-axis point is expanded 128 times. 

15:11   RO   0x0  reserved 

10:0   RW   0x400  

sw_ccm_alp_y8 
CCM curve y-axis point definition for ccm input pixel's luminance. 
The range of the coefficient is from 0 to 1024, so the value is 11-
bit unsigned. 
The value of y-axis point is expanded 128 times. 

 
 
,63B&&0B����B$/3B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:27   RO   0x0  reserved 

26:16   RW   0x400  

sw_ccm_alp_y11 
CCM curve y-axis point definition for ccm input pixel's luminance. 
The range of the coefficient is from 0 to 1024, so the value is 11-
bit unsigned. 
The value of y-axis point is expanded 128 times. 

15:11   RO   0x0  reserved 

10:0   RW   0x400  

sw_ccm_alp_y10 
CCM curve y-axis point definition for ccm input pixel's luminance. 
The range of the coefficient is from 0 to 1024, so the value is 11-
bit unsigned. 
The value of y-axis point is expanded 128 times. 

 
 
,63B&&0B����B$/3B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:27   RO   0x0  reserved 

26:16   RW   0x400  

sw_ccm_alp_y13 
CCM curve y-axis point definition for ccm input pixel's luminance. 
The range of the coefficient is from 0 to 1024, so the value is 11-
bit unsigned. 
The value of y-axis point is expanded 128 times. 

15:11   RO   0x0  reserved 

10:0   RW   0x400  

sw_ccm_alp_y12 
CCM curve y-axis point definition for ccm input pixel's luminance. 
The range of the coefficient is from 0 to 1024, so the value is 11-
bit unsigned. 
The value of y-axis point is expanded 128 times. 

 
 
,63B&&0B����B$/3B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:27   RO   0x0  reserved 

26:16   RW   0x400  

sw_ccm_alp_y15 
CCM curve y-axis point definition for ccm input pixel's luminance. 
The range of the coefficient is from 0 to 1024, so the value is 11-
bit unsigned. 
The value of y-axis point is expanded 128 times. 

15:11   RO   0x0  reserved 

10:0   RW   0x400  

sw_ccm_alp_y14 
CCM curve y-axis point definition for ccm input pixel's luminance. 
The range of the coefficient is from 0 to 1024, so the value is 11-
bit unsigned. 
The value of y-axis point is expanded 128 times. 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1216 

 
 
,63B&&0B����B$/3B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:11   RO   0x0  reserved 

10:0   RW   0x400  

sw_ccm_alp_y16 
CCM curve y-axis point definition for ccm input pixel's luminance. 
The range of the coefficient is from 0 to 1024, so the value is 11-
bit unsigned. 
The value of y-axis point is expanded 128 times. 

 
 
,63B&&0B����BERXQGBELW�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:4   RO   0x0  reserved 

3:0   RW   0x0  

sw_ccm_bound_bit 
CCM alpha interpolation curve's inflection point .  
The inflection ponit is 2^sw_ccm_bound_bit. 
The max value is 4'b10 because the inflection point's max value 
is 1024. 

 

12.4.2.13 GAMMA_OUT 
,63B*$00$B287B����B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� VZBJDPPDBRXWBHQBVKG 
JDPPDBRXW�HQDEOH�VKDGRZ 

�� 52 �[� JDPPDBRXWBZRUNLQJ 
JDPPDBRXW�ZRUNLQJ�VWDWXV 

���� 52 �[������� UHVHUYHG 

� 5: �[� 

VZBJDPPDBRXWBHTXBVHJP 
�
E���'LYLVLRQ�OLNH�VHJPHQWDWLRQ�RI�JDPPD�FXUYH��GHIDXOW�DIWHU�
UHVHW� 
7KH�VHJPHQWDWLRQ�IURP���WR����������VHJPHQWV�������������
���������������������������������������������������
������������������������������������������������ 
�
E���(TXLGLVWDQW�VHJPHQWDWLRQ��DOO�VHJPHQWV�DUH�HTXDOO\� 

� 5: �[� 
VZBJDPPDBRXWBHQ 
�
E���JDPPDBRXW�GLVDEOH 
�
E���JDPPDBRXW�HQDEOH 

 
,63B*$00$B287B����B2))6(7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

���� 5: �[���� VZBJDPPDBRXWBRIIVHW 
2IIVHW�YDOXH�RI�JDPPDBRXW�FXUYH 

 
,63B*$00$B287B����B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[��� 

VZBJDPPDBRXWB\� 
*$00$�FXUYH�\�D[LV�SRLQW�GHILQLWLRQ�IRU�JDPPDBRXW�LQSXW�SL[HOV� 
7KH�UDQJH�RI�WKH�\�YDOXH�LV�IURP���WR�������VR�WKH�YDOXH�LV����ELW�
XQVLJQHG� 
7KH�LQLWLDO�YDOXH�FRUUHVSRQG�WR�WKH����VHJPHQW�YHUVLRQ� 

����� 52 �[� UHVHUYHG 

���� 5: �[��� 

VZBJDPPDBRXWB\� 
*$00$�FXUYH�\�D[LV�SRLQW�GHILQLWLRQ�IRU�JDPPDBRXW�LQSXW�SL[HOV� 
7KH�UDQJH�RI�WKH�\�YDOXH�LV�IURP���WR�������VR�WKH�YDOXH�LV����ELW�
XQVLJQHG��  
7KH�LQLWLDO�YDOXH�FRUUHVSRQG�WR�WKH����VHJPHQW�YHUVLRQ� 

 
,63B*$00$B287B����B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[��� 

VZBJDPPDBRXWB\� 
*$00$�FXUYH�\�D[LV�SRLQW�GHILQLWLRQ�IRU�JDPPDBRXW�LQSXW�SL[HOV� 
7KH�UDQJH�RI�WKH�\�YDOXH�LV�IURP���WR�������VR�WKH�YDOXH�LV����ELW�
XQVLJQHG� 
7KH�LQLWLDO�YDOXH�FRUUHVSRQG�WR�WKH����VHJPHQW�YHUVLRQ� 

����� 52 �[� UHVHUYHG 

���� 5: �[��� 

VZBJDPPDBRXWB\� 
*$00$�FXUYH�\�D[LV�SRLQW�GHILQLWLRQ�IRU�JDPPDBRXW�LQSXW�SL[HOV� 
7KH�UDQJH�RI�WKH�\�YDOXH�LV�IURP���WR�������VR�WKH�YDOXH�LV����ELW�
XQVLJQHG� 
7KH�LQLWLDO�YDOXH�FRUUHVSRQG�WR�WKH����VHJPHQW�YHUVLRQ� 

 
,63B*$00$B287B����B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[��� 

VZBJDPPDBRXWB\� 
*$00$�FXUYH�\�D[LV�SRLQW�GHILQLWLRQ�IRU�JDPPDBRXW�LQSXW�SL[HOV� 
7KH�UDQJH�RI�WKH�\�YDOXH�LV�IURP���WR�������VR�WKH�YDOXH�LV����ELW�
XQVLJQHG� 
7KH�LQLWLDO�YDOXH�FRUUHVSRQG�WR�WKH����VHJPHQW�YHUVLRQ� 

����� 52 �[� UHVHUYHG 

���� 5: �[��� 

VZBJDPPDBRXWB\� 
*$00$�FXUYH�\�D[LV�SRLQW�GHILQLWLRQ�IRU�JDPPDBRXW�LQSXW�SL[HOV� 
7KH�UDQJH�RI�WKH�\�YDOXH�LV�IURP���WR�������VR�WKH�YDOXH�LV����ELW�
XQVLJQHG� 
7KH�LQLWLDO�YDOXH�FRUUHVSRQG�WR�WKH����VHJPHQW�YHUVLRQ� 

 
,63B*$00$B287B����B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[��� 

VZBJDPPDBRXWB\� 
*$00$�FXUYH�\�D[LV�SRLQW�GHILQLWLRQ�IRU�JDPPDBRXW�LQSXW�SL[HOV� 
7KH�UDQJH�RI�WKH�\�YDOXH�LV�IURP���WR�������VR�WKH�YDOXH�LV����ELW�
XQVLJQHG� 
7KH�LQLWLDO�YDOXH�FRUUHVSRQG�WR�WKH����VHJPHQW�YHUVLRQ� 

����� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[��� 

VZBJDPPDBRXWB\� 
*$00$�FXUYH�\�D[LV�SRLQW�GHILQLWLRQ�IRU�JDPPDBRXW�LQSXW�SL[HOV� 
7KH�UDQJH�RI�WKH�\�YDOXH�LV�IURP���WR�������VR�WKH�YDOXH�LV����ELW�
XQVLJQHG� 
7KH�LQLWLDO�YDOXH�FRUUHVSRQG�WR�WKH����VHJPHQW�YHUVLRQ� 

 
,63B*$00$B287B����B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[��D 

VZBJDPPDBRXWB\� 
*$00$�FXUYH�\�D[LV�SRLQW�GHILQLWLRQ�IRU�JDPPDBRXW�LQSXW�SL[HOV� 
7KH�UDQJH�RI�WKH�\�YDOXH�LV�IURP���WR�������VR�WKH�YDOXH�LV����ELW�
XQVLJQHG� 
7KH�LQLWLDO�YDOXH�FRUUHVSRQG�WR�WKH����VHJPHQW�YHUVLRQ� 

����� 52 �[� UHVHUYHG 

���� 5: �[��� 

VZBJDPPDBRXWB\� 
*$00$�FXUYH�\�D[LV�SRLQW�GHILQLWLRQ�IRU�JDPPDBRXW�LQSXW�SL[HOV� 
7KH�UDQJH�RI�WKH�\�YDOXH�LV�IURP���WR�������VR�WKH�YDOXH�LV����ELW�
XQVLJQHG� 
7KH�LQLWLDO�YDOXH�FRUUHVSRQG�WR�WKH����VHJPHQW�YHUVLRQ� 

 
,63B*$00$B287B����B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[��H 

VZBJDPPDBRXWB\�� 
*$00$�FXUYH�\�D[LV�SRLQW�GHILQLWLRQ�IRU�JDPPDBRXW�LQSXW�SL[HOV� 
7KH�UDQJH�RI�WKH�\�YDOXH�LV�IURP���WR�������VR�WKH�YDOXH�LV����ELW�
XQVLJQHG� 
7KH�LQLWLDO�YDOXH�FRUUHVSRQG�WR�WKH����VHJPHQW�YHUVLRQ� 

����� 52 �[� UHVHUYHG 

���� 5: �[��F 

VZBJDPPDBRXWB\�� 
*$00$�FXUYH�\�D[LV�SRLQW�GHILQLWLRQ�IRU�JDPPDBRXW�LQSXW�SL[HOV� 
7KH�UDQJH�RI�WKH�\�YDOXH�LV�IURP���WR�������VR�WKH�YDOXH�LV����ELW�
XQVLJQHG� 
7KH�LQLWLDO�YDOXH�FRUUHVSRQG�WR�WKH����VHJPHQW�YHUVLRQ� 

 
,63B*$00$B287B����B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[��� 

VZBJDPPDBRXWB\�� 
*$00$�FXUYH�\�D[LV�SRLQW�GHILQLWLRQ�IRU�JDPPDBRXW�LQSXW�SL[HOV� 
7KH�UDQJH�RI�WKH�\�YDOXH�LV�IURP���WR�������VR�WKH�YDOXH�LV����ELW�
XQVLJQHG� 
7KH�LQLWLDO�YDOXH�FRUUHVSRQG�WR�WKH����VHJPHQW�YHUVLRQ� 

����� 52 �[� UHVHUYHG 

���� 5: �[��� 

VZBJDPPDBRXWB\�� 
*$00$�FXUYH�\�D[LV�SRLQW�GHILQLWLRQ�IRU�JDPPDBRXW�LQSXW�SL[HOV� 
7KH�UDQJH�RI�WKH�\�YDOXH�LV�IURP���WR�������VR�WKH�YDOXH�LV����ELW�
XQVLJQHG� 
7KH�LQLWLDO�YDOXH�FRUUHVSRQG�WR�WKH����VHJPHQW�YHUVLRQ� 

 
,63B*$00$B287B����B<��  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[��F 

VZBJDPPDBRXWB\�� 
*$00$�FXUYH�\�D[LV�SRLQW�GHILQLWLRQ�IRU�JDPPDBRXW�LQSXW�SL[HOV� 
7KH�UDQJH�RI�WKH�\�YDOXH�LV�IURP���WR�������VR�WKH�YDOXH�LV����ELW�
XQVLJQHG� 
7KH�LQLWLDO�YDOXH�FRUUHVSRQG�WR�WKH����VHJPHQW�YHUVLRQ� 

����� 52 �[� UHVHUYHG 

���� 5: �[��� 

VZBJDPPDBRXWB\�� 
*$00$�FXUYH�\�D[LV�SRLQW�GHILQLWLRQ�IRU�JDPPDBRXW�LQSXW�SL[HOV� 
7KH�UDQJH�RI�WKH�\�YDOXH�LV�IURP���WR�������VR�WKH�YDOXH�LV����ELW�
XQVLJQHG� 
7KH�LQLWLDO�YDOXH�FRUUHVSRQG�WR�WKH����VHJPHQW�YHUVLRQ� 

 
,63B*$00$B287B����B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[��� 

VZBJDPPDBRXWB\�� 
*$00$�FXUYH�\�D[LV�SRLQW�GHILQLWLRQ�IRU�JDPPDBRXW�LQSXW�SL[HOV� 
7KH�UDQJH�RI�WKH�\�YDOXH�LV�IURP���WR�������VR�WKH�YDOXH�LV����ELW�
XQVLJQHG� 
7KH�LQLWLDO�YDOXH�FRUUHVSRQG�WR�WKH����VHJPHQW�YHUVLRQ� 

����� 52 �[� UHVHUYHG 

���� 5: �[��� 

VZBJDPPDBRXWB\�� 
*$00$�FXUYH�\�D[LV�SRLQW�GHILQLWLRQ�IRU�JDPPDBRXW�LQSXW�SL[HOV� 
7KH�UDQJH�RI�WKH�\�YDOXH�LV�IURP���WR�������VR�WKH�YDOXH�LV����ELW�
XQVLJQHG� 
7KH�LQLWLDO�YDOXH�FRUUHVSRQG�WR�WKH����VHJPHQW�YHUVLRQ� 

 
,63B*$00$B287B����B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[��� 

VZBJDPPDBRXWB\�� 
*$00$�FXUYH�\�D[LV�SRLQW�GHILQLWLRQ�IRU�JDPPDBRXW�LQSXW�SL[HOV� 
7KH�UDQJH�RI�WKH�\�YDOXH�LV�IURP���WR�������VR�WKH�YDOXH�LV����ELW�
XQVLJQHG� 
7KH�LQLWLDO�YDOXH�FRUUHVSRQG�WR�WKH����VHJPHQW�YHUVLRQ� 

����� 52 �[� UHVHUYHG 

���� 5: �[��� 

VZBJDPPDBRXWB\�� 
*$00$�FXUYH�\�D[LV�SRLQW�GHILQLWLRQ�IRU�JDPPDBRXW�LQSXW�SL[HOV� 
7KH�UDQJH�RI�WKH�\�YDOXH�LV�IURP���WR�������VR�WKH�YDOXH�LV����ELW�
XQVLJQHG� 
7KH�LQLWLDO�YDOXH�FRUUHVSRQG�WR�WKH����VHJPHQW�YHUVLRQ� 

 
,63B*$00$B287B����B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[��� 

VZBJDPPDBRXWB\�� 
*$00$�FXUYH�\�D[LV�SRLQW�GHILQLWLRQ�IRU�JDPPDBRXW�LQSXW�SL[HOV� 
7KH�UDQJH�RI�WKH�\�YDOXH�LV�IURP���WR�������VR�WKH�YDOXH�LV����ELW�
XQVLJQHG� 
7KH�LQLWLDO�YDOXH�FRUUHVSRQG�WR�WKH����VHJPHQW�YHUVLRQ� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

���� 5: �[��� 

VZBJDPPDBRXWB\�� 
*$00$�FXUYH�\�D[LV�SRLQW�GHILQLWLRQ�IRU�JDPPDBRXW�LQSXW�SL[HOV� 
7KH�UDQJH�RI�WKH�\�YDOXH�LV�IURP���WR�������VR�WKH�YDOXH�LV����ELW�
XQVLJQHG� 
7KH�LQLWLDO�YDOXH�FRUUHVSRQG�WR�WKH����VHJPHQW�YHUVLRQ� 

 
,63B*$00$B287B����B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[��� 

VZBJDPPDBRXWB\�� 
*$00$�FXUYH�\�D[LV�SRLQW�GHILQLWLRQ�IRU�JDPPDBRXW�LQSXW�SL[HOV� 
7KH�UDQJH�RI�WKH�\�YDOXH�LV�IURP���WR�������VR�WKH�YDOXH�LV����ELW�
XQVLJQHG� 
7KH�LQLWLDO�YDOXH�FRUUHVSRQG�WR�WKH����VHJPHQW�YHUVLRQ� 

����� 52 �[� UHVHUYHG 

���� 5: �[��� 

VZBJDPPDBRXWB\�� 
*$00$�FXUYH�\�D[LV�SRLQW�GHILQLWLRQ�IRU�JDPPDBRXW�LQSXW�SL[HOV� 
7KH�UDQJH�RI�WKH�\�YDOXH�LV�IURP���WR�������VR�WKH�YDOXH�LV����ELW�
XQVLJQHG� 
7KH�LQLWLDO�YDOXH�FRUUHVSRQG�WR�WKH����VHJPHQW�YHUVLRQ� 

 
,63B*$00$B287B����B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[�D� 

VZBJDPPDBRXWB\�� 
*$00$�FXUYH�\�D[LV�SRLQW�GHILQLWLRQ�IRU�JDPPDBRXW�LQSXW�SL[HOV� 
7KH�UDQJH�RI�WKH�\�YDOXH�LV�IURP���WR�������VR�WKH�YDOXH�LV����ELW�
XQVLJQHG� 
7KH�LQLWLDO�YDOXH�FRUUHVSRQG�WR�WKH����VHJPHQW�YHUVLRQ� 

����� 52 �[� UHVHUYHG 

���� 5: �[��� 

VZBJDPPDBRXWB\�� 
*$00$�FXUYH�\�D[LV�SRLQW�GHILQLWLRQ�IRU�JDPPDBRXW�LQSXW�SL[HOV� 
7KH�UDQJH�RI�WKH�\�YDOXH�LV�IURP���WR�������VR�WKH�YDOXH�LV����ELW�
XQVLJQHG� 
7KH�LQLWLDO�YDOXH�FRUUHVSRQG�WR�WKH����VHJPHQW�YHUVLRQ� 

 
,63B*$00$B287B����B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[�H� 

VZBJDPPDBRXWB\�� 
*$00$�FXUYH�\�D[LV�SRLQW�GHILQLWLRQ�IRU�JDPPDBRXW�LQSXW�SL[HOV� 
7KH�UDQJH�RI�WKH�\�YDOXH�LV�IURP���WR�������VR�WKH�YDOXH�LV����ELW�
XQVLJQHG� 
7KH�LQLWLDO�YDOXH�FRUUHVSRQG�WR�WKH����VHJPHQW�YHUVLRQ� 

����� 52 �[� UHVHUYHG 

���� 5: �[�F� 

VZBJDPPDBRXWB\�� 
*$00$�FXUYH�\�D[LV�SRLQW�GHILQLWLRQ�IRU�JDPPDBRXW�LQSXW�SL[HOV� 
7KH�UDQJH�RI�WKH�\�YDOXH�LV�IURP���WR�������VR�WKH�YDOXH�LV����ELW�
XQVLJQHG� 
7KH�LQLWLDO�YDOXH�FRUUHVSRQG�WR�WKH����VHJPHQW�YHUVLRQ� 
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,63B*$00$B287B����B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[��� 

VZBJDPPDBRXWB\�� 
*$00$�FXUYH�\�D[LV�SRLQW�GHILQLWLRQ�IRU�JDPPDBRXW�LQSXW�SL[HOV� 
7KH�UDQJH�RI�WKH�\�YDOXH�LV�IURP���WR�������VR�WKH�YDOXH�LV����ELW�
XQVLJQHG� 
7KH�LQLWLDO�YDOXH�FRUUHVSRQG�WR�WKH����VHJPHQW�YHUVLRQ� 

����� 52 �[� UHVHUYHG 

���� 5: �[��� 

VZBJDPPDBRXWB\�� 
*$00$�FXUYH�\�D[LV�SRLQW�GHILQLWLRQ�IRU�JDPPDBRXW�LQSXW�SL[HOV� 
7KH�UDQJH�RI�WKH�\�YDOXH�LV�IURP���WR�������VR�WKH�YDOXH�LV����ELW�
XQVLJQHG� 
7KH�LQLWLDO�YDOXH�FRUUHVSRQG�WR�WKH����VHJPHQW�YHUVLRQ� 

 
,63B*$00$B287B����B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[�F� 

VZBJDPPDBRXWB\�� 
*$00$�FXUYH�\�D[LV�SRLQW�GHILQLWLRQ�IRU�JDPPDBRXW�LQSXW�SL[HOV� 
7KH�UDQJH�RI�WKH�\�YDOXH�LV�IURP���WR�������VR�WKH�YDOXH�LV����ELW�
XQVLJQHG� 
7KH�LQLWLDO�YDOXH�FRUUHVSRQG�WR�WKH����VHJPHQW�YHUVLRQ� 

����� 52 �[� UHVHUYHG 

���� 5: �[��� 

VZBJDPPDBRXWB\�� 
*$00$�FXUYH�\�D[LV�SRLQW�GHILQLWLRQ�IRU�JDPPDBRXW�LQSXW�SL[HOV� 
7KH�UDQJH�RI�WKH�\�YDOXH�LV�IURP���WR�������VR�WKH�YDOXH�LV����ELW�
XQVLJQHG� 
7KH�LQLWLDO�YDOXH�FRUUHVSRQG�WR�WKH����VHJPHQW�YHUVLRQ� 

 
,63B*$00$B287B����B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[��� 

VZBJDPPDBRXWB\�� 
*$00$�FXUYH�\�D[LV�SRLQW�GHILQLWLRQ�IRU�JDPPDBRXW�LQSXW�SL[HOV� 
7KH�UDQJH�RI�WKH�\�YDOXH�LV�IURP���WR�������VR�WKH�YDOXH�LV����ELW�
XQVLJQHG� 
7KH�LQLWLDO�YDOXH�FRUUHVSRQG�WR�WKH����VHJPHQW�YHUVLRQ� 

����� 52 �[� UHVHUYHG 

���� 5: �[��� 

VZBJDPPDBRXWB\�� 
*$00$�FXUYH�\�D[LV�SRLQW�GHILQLWLRQ�IRU�JDPPDBRXW�LQSXW�SL[HOV� 
7KH�UDQJH�RI�WKH�\�YDOXH�LV�IURP���WR�������VR�WKH�YDOXH�LV����ELW�
XQVLJQHG� 
7KH�LQLWLDO�YDOXH�FRUUHVSRQG�WR�WKH����VHJPHQW�YHUVLRQ� 

 
,63B*$00$B287B����B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[��� 

VZBJDPPDBRXWB\�� 
*$00$�FXUYH�\�D[LV�SRLQW�GHILQLWLRQ�IRU�JDPPDBRXW�LQSXW�SL[HOV� 
7KH�UDQJH�RI�WKH�\�YDOXH�LV�IURP���WR�������VR�WKH�YDOXH�LV����ELW�
XQVLJQHG� 
7KH�LQLWLDO�YDOXH�FRUUHVSRQG�WR�WKH����VHJPHQW�YHUVLRQ� 

����� 52 �[� UHVHUYHG 

���� 5: �[��� 

VZBJDPPDBRXWB\�� 
*$00$�FXUYH�\�D[LV�SRLQW�GHILQLWLRQ�IRU�JDPPDBRXW�LQSXW�SL[HOV� 
7KH�UDQJH�RI�WKH�\�YDOXH�LV�IURP���WR�������VR�WKH�YDOXH�LV����ELW�
XQVLJQHG� 
7KH�LQLWLDO�YDOXH�FRUUHVSRQG�WR�WKH����VHJPHQW�YHUVLRQ� 

 
,63B*$00$B287B����B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[��� 

VZBJDPPDBRXWB\�� 
*$00$�FXUYH�\�D[LV�SRLQW�GHILQLWLRQ�IRU�JDPPDBRXW�LQSXW�SL[HOV� 
7KH�UDQJH�RI�WKH�\�YDOXH�LV�IURP���WR�������VR�WKH�YDOXH�LV����ELW�
XQVLJQHG� 
7KH�LQLWLDO�YDOXH�FRUUHVSRQG�WR�WKH����VHJPHQW�YHUVLRQ� 

����� 52 �[� UHVHUYHG 

���� 5: �[��� 

VZBJDPPDBRXWB\�� 
*$00$�FXUYH�\�D[LV�SRLQW�GHILQLWLRQ�IRU�JDPPDBRXW�LQSXW�SL[HOV� 
7KH�UDQJH�RI�WKH�\�YDOXH�LV�IURP���WR�������VR�WKH�YDOXH�LV����ELW�
XQVLJQHG� 
7KH�LQLWLDO�YDOXH�FRUUHVSRQG�WR�WKH����VHJPHQW�YHUVLRQ� 

 
,63B*$00$B287B����B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[��� 

VZBJDPPDBRXWB\�� 
*$00$�FXUYH�\�D[LV�SRLQW�GHILQLWLRQ�IRU�JDPPDBRXW�LQSXW�SL[HOV� 
7KH�UDQJH�RI�WKH�\�YDOXH�LV�IURP���WR�������VR�WKH�YDOXH�LV����ELW�
XQVLJQHG� 
7KH�LQLWLDO�YDOXH�FRUUHVSRQG�WR�WKH����VHJPHQW�YHUVLRQ� 

����� 52 �[� UHVHUYHG 

���� 5: �[��� 

VZBJDPPDBRXWB\�� 
*$00$�FXUYH�\�D[LV�SRLQW�GHILQLWLRQ�IRU�JDPPDBRXW�LQSXW�SL[HOV� 
7KH�UDQJH�RI�WKH�\�YDOXH�LV�IURP���WR�������VR�WKH�YDOXH�LV����ELW�
XQVLJQHG� 
7KH�LQLWLDO�YDOXH�FRUUHVSRQG�WR�WKH����VHJPHQW�YHUVLRQ� 

 
,63B*$00$B287B����B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[D�� 

VZBJDPPDBRXWB\�� 
*$00$�FXUYH�\�D[LV�SRLQW�GHILQLWLRQ�IRU�JDPPDBRXW�LQSXW�SL[HOV� 
7KH�UDQJH�RI�WKH�\�YDOXH�LV�IURP���WR�������VR�WKH�YDOXH�LV����ELW�
XQVLJQHG� 
7KH�LQLWLDO�YDOXH�FRUUHVSRQG�WR�WKH����VHJPHQW�YHUVLRQ� 

����� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[��� 

VZBJDPPDBRXWB\�� 
*$00$�FXUYH�\�D[LV�SRLQW�GHILQLWLRQ�IRU�JDPPDBRXW�LQSXW�SL[HOV� 
7KH�UDQJH�RI�WKH�\�YDOXH�LV�IURP���WR�������VR�WKH�YDOXH�LV����ELW�
XQVLJQHG� 
7KH�LQLWLDO�YDOXH�FRUUHVSRQG�WR�WKH����VHJPHQW�YHUVLRQ� 

 
,63B*$00$B287B����B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[H�� 

VZBJDPPDBRXWB\�� 
*$00$�FXUYH�\�D[LV�SRLQW�GHILQLWLRQ�IRU�JDPPDBRXW�LQSXW�SL[HOV� 
7KH�UDQJH�RI�WKH�\�YDOXH�LV�IURP���WR�������VR�WKH�YDOXH�LV����ELW�
XQVLJQHG� 
7KH�LQLWLDO�YDOXH�FRUUHVSRQG�WR�WKH����VHJPHQW�YHUVLRQ� 

����� 52 �[� UHVHUYHG 

���� 5: �[F�� 

VZBJDPPDBRXWB\�� 
*$00$�FXUYH�\�D[LV�SRLQW�GHILQLWLRQ�IRU�JDPPDBRXW�LQSXW�SL[HOV� 
7KH�UDQJH�RI�WKH�\�YDOXH�LV�IURP���WR�������VR�WKH�YDOXH�LV����ELW�
XQVLJQHG� 
7KH�LQLWLDO�YDOXH�FRUUHVSRQG�WR�WKH����VHJPHQW�YHUVLRQ� 

 
,63B*$00$B287B����B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

���� 5: �[III 

VZBJDPPDBRXWB\�� 
*$00$�FXUYH�\�D[LV�SRLQW�GHILQLWLRQ�IRU�JDPPDBRXW�LQSXW�SL[HOV� 
7KH�UDQJH�RI�WKH�\�YDOXH�LV�IURP���WR�������VR�WKH�YDOXH�LV����ELW�
XQVLJQHG� 
7KH�LQLWLDO�YDOXH�FRUUHVSRQG�WR�WKH����VHJPHQW�YHUVLRQ� 

 

12.4.2.14 DEHAZE_ENHANCE 
,63B'+$=B�&��B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1224 

%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31   
W1
C   

0x0  
sys_itself_force_upd 
dhaz itself force update 

30   RW   0x0  
dhaz_working 
RO : dehaze working ˖dehaze disable 

29:25   RO   0x0  reserved 

24   RW   0x0  
sw_dhaz_ckg_dis 
clock gating, 1: gating disable, 0: gating enable 

23:21   RO   0x0  reserved 

20   RW   0x0  

sw_dhaz_enhance_en 
1'b0: Dehaze enhance disable; 
1'b1: Dehaze enhance enable; 
Default: 1'b0;   must shadow 

19:17   RO   0x0  reserved 

16   RW   0x0  

sw_dhaz_air_lc_en 
only dehaze mode valid 
1'b0: use adaption air_base;  
1'b1: use (max(r,g,b),air_base); 
Default: 1'b0;   must shadow 

15:13   RO   0x0  reserved 

12   RW   0x0  

sw_dhaz_hpara_en 
1'b1:hist parameter enable; 
1'b0:hist parameter disable. 
Default: 1'b1;   must shadow 

11:9   RO   0x0  reserved 

8   RW   0x1  

sw_dhaz_hist_en 
1'b1:hist equilibration enable; 
1'b0:hist equilibration disable. 
Default: 1'b1;   must shadow 

7:5   RO   0x0  reserved 

4   RW   0x1  

sw_dhaz_dc_en 
1'b0: Dehaze dark channel disable; 
1'b1: Dehaze dark channel enable; 
Default: 1'b0;   must shadow 

3:1   RO   0x0  reserved 

0   RW   0x0  
sw_dhaz_en_mux 
Dehaze enable, 1'b1: enable;  1'b0:disable. Default:0 

 
 
,63B'+$=B�&��B$'3��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1225 

%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:24   RW   0x1b  

sw_dhaz_yblk_th 
Y self-adaption threshold of block ratiod. 
Default:0.002*col_blk*row_blk, 
range:(0.002~0.01)*col_blk*row_blk 

23:16   RW   0xf9  
sw_dhaz_yhist_th 
Y self-adaption high light threshold. 
Default:249, range:170~255 

15:8   RW   0xc0  
sw_dhaz_dc_max_th 
Wt self-adaption high light threshold. 
Default:192, range:170~255 

7:0   RW   0x40  
sw_dhaz_dc_min_th 
Wt self-adaption min threshold. 
Default 64, range:16~120 

 
 
,63B'+$=B�&��B$'3��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:25   RO   0x0  reserved 

24:16   RW   0x0e6  
sw_dhaz_wt_max 
Wt self-adaption max threshold. 
Default:0.9*256=230, range:(0.75~0.9)*256 

15:8   RW   0xf0  
sw_dhaz_bright_max 
Bright self-adaption max threshold. 
Default:240, range:210~250 

7:0   RW   0xb4  
sw_dhaz_bright_min 
Bright self-adaption min threshold. 
Default:180, range:160~200 

 
 
,63B'+$=B�&��B$'3��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:24   RW   0x7d  

sw_dhaz_tmax_base 
Tmax self-adaption base valve. 
Default:125, range:131~105;  
(200(131),210(125),220(119),230(114),240(109),250(105)) 

23:16   RW   0xfa  
sw_dhaz_dark_th 
Wt self-adaption min threshold. 
Default:250, range:230~250 

15:8   RW   0xfa  
sw_dhaz_air_max 
Air self-adaption max threshold. 
Default:250, range:230~250 

7:0   RW   0xe6  
sw_dhaz_air_min 
Air self-adaption min threshold. 
Default:200, range:200~220 
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,63B'+$=B�&��B$'3B70$;�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:26   RO   0x0  reserved 

25:16   RW   0x200  
sw_dhaz_tmax_max 
Tmax self-adaption max threshold. 
Default:0.5*1024, range:0.1*1024~0.5*1024 

15:10   RO   0x0  reserved 

9:0   RW   0x066  
sw_dhaz_tmax_off 
Tmax self-adaption offset threshold. 
Default:0.1*1024=102, range:0.1*1024~0.5 *1024 

 
 
,63B'+$=B�&��B$'3B+,67��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:25   RO   0x0  reserved 

24:16   RW   0x004  
sw_dhaz_hist_min 
The min statistical threshold of hist. 
Default:0.016*256 

15:8   RW   0x40  
sw_dhaz_hist_th_off 
The statistical threshold offset of hist. 
Default:64 

7:5   RO   0x0  reserved 

4:0   RW   0x08  
sw_dhaz_hist_k 
Amp times of hist self-adaption. 
Default:2 

 
 
,63B'+$=B�&��B$'3B+,67��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:24   RO   0x0  reserved 

23:16   RW   0x10  
sw_dhaz_hist_gratio 
The draw ratio of hist,5bit+3bit 

15:13   RO   0x0  reserved 

12:0   RW   0x00e6  
sw_dhaz_hist_scale 
Dehaze hist scale user config while sw_dhaz_hpara_en is enabled 

 
 
,63B'+$=B�&��B(1+$1&(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:30   RO   0x0  reserved 

29:16   RW   0x0600  
sw_dhaz_enhance_value 
The light enhance value 

15:14   RO   0x0  reserved 

13:0   RW   0x04cc  
sw_dhaz_enhance_chroma 
The light enhance chroma 

 
 
,63B'+$=B�&��B,,5��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:27   RO   0x0  reserved 

26:16   RW   0x00f  
sw_dhaz_iir_wt_sigma 
The coeff of inter wt iir control 

15:8   RW   0x01  
sw_dhaz_iir_sigma 
The sigma value of iir control. 
Default:6; max:255 

7:5   RO   0x0  reserved 

4:0   RW   0x08  
sw_dhaz_stab_fnum 
Max stable frame num 

 
 
,63B'+$=B�&��B,,5��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:24   RW   0x7  
sw_dhaz_iir_pre_wet 
weight of previous down scale and current down scale, must > 0 

23:19   RO   0x0  reserved 

18:8   RW   0x05f  
sw_dhaz_iir_tmax_sigma 
The coeff of inter tmax iir control 

7:0   RW   0x08  
sw_dhaz_iir_air_sigma 
The coeff of inter air iir control 

 
 
,63B'+$=B�&��B62)7B&)*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:25   RO   0x0  reserved 

24:16   RW   0x0cc  
sw_dhaz_cfg_wt 
Softwave config wt, range:0~256 

15:8   RW   0xd2  
sw_dhaz_cfg_air 
Softwave config airlight, range:0~255 

7:0   RW   0x00  

sw_dhaz_cfg_alpha 
The weight of cfg data. 
Eg:wt = ((sw_dhaz_cfg_alpha * sw_dhaz_cfg_wt +  (256 - 
sw_dhaz_cfg_alpha) * wt_cur)/256); 
Range:0~255;  255 parsing to 256. 
Default: 0 

 
 
,63B'+$=B�&��B62)7B&)*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:29   RO   0x0  reserved 

28:16   RW   0x0200  
sw_dhaz_cfg_gratio 
Softwave config gratio 

15:10   RO   0x0  reserved 

9:0   RW   0x0cc  
sw_dhaz_cfg_tmax 
Softwave config tmax, range:0~1024 

 
 
,63B'+$=B�&��B%)B6,*0$�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:25   RO   0x0  reserved 

24:16   RW   0x080  
sw_dhaz_range_sigma 
range sigma of bilateral filter 

15:8   RW   0x4d  
sw_dhaz_space_sigma_pre 
space sigma of previous bilateral filter 

7:0   RW   0x99  
sw_dhaz_space_sigma_cur 
space sigma of current bilateral filter 

 
 
,63B'+$=B�&��B%)B:(7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:25   RO   0x0  reserved 

24:16   RW   0x100  
sw_dhaz_dc_weitcur 
current center weight of bilateral filter 

15:9   RO   0x0  reserved 

8:0   RW   0x080  
sw_dhaz_bf_weight 
weight of bilateral filter 

 
 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1229 

,63B'+$=B�&��B(1+B&859(��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:26   RO   0x0  reserved 

25:16   RW   0x040  
sw_dhaz_curve1 
map curve1 

15:10   RO   0x0  reserved 

9:0   RW   0x000  
sw_dhaz_curve0 
map curve0 

 
 
,63B'+$=B�&��B(1+B&859(��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:26   RO   0x0  reserved 

25:16   RW   0x0c0  
sw_dhaz_curve3 
map curve3 

15:10   RO   0x0  reserved 

9:0   RW   0x080  
sw_dhaz_curve2 
map curve2 

 
 
,63B'+$=B�&��B(1+B&859(��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:26   RO   0x0  reserved 

25:16   RW   0x140  
sw_dhaz_curve5 
map curve5 

15:10   RO   0x0  reserved 

9:0   RW   0x100  
sw_dhaz_curve4 
map curve4 

 
 
,63B'+$=B�&��B(1+B&859(��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:26   RO   0x0  reserved 

25:16   RW   0x1c0  
sw_dhaz_curve7 
map curve7 

15:10   RO   0x0  reserved 

9:0   RW   0x180  
sw_dhaz_curve6 
map curve6 

 
 
,63B'+$=B�&��B(1+B&859(��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1230 

%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:26   RO   0x0  reserved 

25:16   RW   0x240  
sw_dhaz_curve9 
map curve9 

15:10   RO   0x0  reserved 

9:0   RW   0x200  
sw_dhaz_curve8 
map curve8 

 
 
,63B'+$=B�&��B(1+B&859(��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:26   RO   0x0  reserved 

25:16   RW   0x2c0  
sw_dhaz_curve11 
map curve11 

15:10   RO   0x0  reserved 

9:0   RW   0x280  
sw_dhaz_curve10 
map curve10 

 
 
,63B'+$=B�&��B(1+B&859(��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:26   RO   0x0  reserved 

25:16   RW   0x340  
sw_dhaz_curve13 
map curve13 

15:10   RO   0x0  reserved 

9:0   RW   0x300  
sw_dhaz_curve12 
map curve12 

 
 
,63B'+$=B�&��B(1+B&859(��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:26   RO   0x0  reserved 

25:16   RW   0x3c0  
sw_dhaz_curve15 
map curve15 

15:10   RO   0x0  reserved 

9:0   RW   0x380  
sw_dhaz_curve14 
map curve14 

 
 
,63B'+$=B�&��B(1+B&859(��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:10   RO   0x0  reserved 

9:0   RW   0x3ff  
sw_dhaz_curve16 
map curve16 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1231 

 
 
,63B'+$=B�&��B*$86�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:22   RO   0x0  reserved 

21:16   RW   0x02  
sw_dhaz_gaus_h2 
The gausi smoothed coefficient, 3*3windowǧ /32 
normalization.(h0+4*h1+4*h2=32) 

15:14   RO   0x0  reserved 

13:8   RW   0x04  
sw_dhaz_gaus_h1 
The gausi smoothed coefficient, 3*3windowǧ /32 
normalization.(h0+4*h1+4*h2=32) 

7:6   RO   0x0  reserved 

5:0   RW   0x08  
sw_dhaz_gaus_h0 
The gausi smoothed coefficient, 3*3windowǧ /32 
normalization.(h0+4*h1+4*h2=32) 

 
 
,63B'+$=B�&��B&75/B6+'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1232 

%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31   RO   0x0  reserved 

30   RO   0x0  
dhaz_gain_working 
Dehaze gain module working flag. 1:working; 0:not working. 
3566 no use 

29   RO   0x0  
dhaz_hist_working 
Dehaze hist equlation module working flag. 1:working; 0:not 
working. 

28   RO   0x0  
dhaz_bilat_working 
Dehaze dark channel module working flag. 1:working; 0:not 
working. 

27:21   RO   0x0  reserved 

20   RO   0x0  
sw_dhaz_enhance_en_shd 
Dehaze enhance enable shandow. 

19:17   RO   0x0  reserved 

16   RO   0x0  
sw_dhaz_air_lc_shd 
Dehaze rgb channel separate shandow. 

15:13   RO   0x0  reserved 

12   RO   0x0  
sw_dhaz_hpara_en_shd 
Dehaze hist parameter enable shandow. 

11:9   RO   0x0  reserved 

8   RO   0x0  
sw_dhaz_hist_en_shd 
Dehaze hist equilibration enable shandow. 

7:5   RO   0x0  reserved 

4   RO   0x0  
sw_dhaz_dc_en_shd 
Dehaze dark channel enable shandow. 

3:0   RO   0x0  reserved   
 
 
,63B'+$=B�&��B$'3B5'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:24   RO   0x0  reserved 

23:16   RO   0x00  
dhaz_adp_air_base 
Air_base of self-adaption 

15:9   RO   0x0  reserved 

8:0   RO   0x000  
dhaz_adp_wt 
Wt of self-adaption 

 
 
,63B'+$=B�&��B$'3B5'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1233 

%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:29   RO   0x0  reserved 

28:16   RO   0x0000  
dhaz_adp_gratio 
Hist gratio of self-adaption 

15:10   RO   0x0  reserved 

9:0   RO   0x000  
dhaz_adp_tmax 
Tmax of self-adaption 

 
 
,63B'+$=B�&��B+,67B5(*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:26   RO   0x0  reserved 

25:16   RO   0x010  
h_rgb_iir1 
Hist rgb iir reg 1 data 

15:10   RO   0x0  reserved 

9:0   RO   0x000  
h_rgb_iir0 
Hist rgb iir reg 0 data 

 
 
,63B'+$=B�&��B+,67B5(*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:26   RO   0x0  reserved 

25:16   RO   0x030  
h_rgb_iir3 
Hist rgb iir reg 3 data 

15:10   RO   0x0  reserved 

9:0   RO   0x020  
h_rgb_iir2 
Hist rgb iir reg 2 data 

 
 
,63B'+$=B�&��B+,67B5(*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:26   RO   0x0  reserved 

25:16   RO   0x050  
h_rgb_iir5 
Hist rgb iir reg 5 data 

15:10   RO   0x0  reserved 

9:0   RO   0x040  
h_rgb_iir4 
Hist rgb iir reg 4 data 

 
 
,63B'+$=B�&��B+,67B5(*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1234 

%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:26   RO   0x0  reserved 

25:16   RO   0x070  
h_rgb_iir7 
Hist rgb iir reg 7 data 

15:10   RO   0x0  reserved 

9:0   RO   0x060  
h_rgb_iir6 
Hist rgb iir reg 6 data 

 
 
,63B'+$=B�&��B+,67B5(*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:26   RO   0x0  reserved 

25:16   RO   0x090  
h_rgb_iir9 
Hist rgb iir reg 9 data 

15:10   RO   0x0  reserved 

9:0   RO   0x080  
h_rgb_iir8 
Hist rgb iir reg 8 data 

 
 
,63B'+$=B�&��B+,67B5(*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:26   RO   0x0  reserved 

25:16   RO   0x0b0  
h_rgb_iir11 
Hist rgb iir reg 11 data 

15:10   RO   0x0  reserved 

9:0   RO   0x0a0  
h_rgb_iir10 
Hist rgb iir reg 10 data 

 
 
,63B'+$=B�&��B+,67B5(*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:26   RO   0x0  reserved 

25:16   RO   0x0d0  
h_rgb_iir13 
Hist rgb iir reg 13 data 

15:10   RO   0x0  reserved 

9:0   RO   0x0c0  
h_rgb_iir12 
Hist rgb iir reg 12 data 

 
 
,63B'+$=B�&��B+,67B5(*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1235 

%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:26   RO   0x0  reserved 

25:16   RO   0x0f0  
h_rgb_iir15 
Hist rgb iir reg 15 data 

15:10   RO   0x0  reserved 

9:0   RO   0x0e0  
h_rgb_iir14 
Hist rgb iir reg 14 data 

 
 
,63B'+$=B�&��B+,67B5(*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:26   RO   0x0  reserved 

25:16   RO   0x110  
h_rgb_iir17 
Hist rgb iir reg 17 data 

15:10   RO   0x0  reserved 

9:0   RO   0x100  
h_rgb_iir16 
Hist rgb iir reg 16 data 

 
 
,63B'+$=B�&��B+,67B5(*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:26   RO   0x0  reserved 

25:16   RO   0x130  
h_rgb_iir19 
Hist rgb iir reg 19 data 

15:10   RO   0x0  reserved 

9:0   RO   0x120  
h_rgb_iir18 
Hist rgb iir reg 18 data 

 
 
,63B'+$=B�&��B+,67B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:26   RO   0x0  reserved 

25:16   RO   0x150  
h_rgb_iir21 
Hist rgb iir reg 21 data 

15:10   RO   0x0  reserved 

9:0   RO   0x140  
h_rgb_iir20 
Hist rgb iir reg 20 data 

 
 
,63B'+$=B�&��B+,67B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1236 

%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:26   RO   0x0  reserved 

25:16   RO   0x170  
h_rgb_iir23 
Hist rgb iir reg 23 data 

15:10   RO   0x0  reserved 

9:0   RO   0x160  
h_rgb_iir22 
Hist rgb iir reg 22 data 

 
 
,63B'+$=B�&��B+,67B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:26   RO   0x0  reserved 

25:16   RO   0x190  
h_rgb_iir25 
Hist rgb iir reg 25 data 

15:10   RO   0x0  reserved 

9:0   RO   0x180  
h_rgb_iir24 
Hist rgb iir reg 24 data 

 
 
,63B'+$=B�&��B+,67B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:26   RO   0x0  reserved 

25:16   RO   0x1b0  
h_rgb_iir27 
Hist rgb iir reg 27 data 

15:10   RO   0x0  reserved 

9:0   RO   0x1a0  
h_rgb_iir26 
Hist rgb iir reg 26 data 

 
 
,63B'+$=B�&��B+,67B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:26   RO   0x0  reserved 

25:16   RO   0x1d0  
h_rgb_iir29 
Hist rgb iir reg 29 data 

15:10   RO   0x0  reserved 

9:0   RO   0x1c0  
h_rgb_iir28 
Hist rgb iir reg 28 data 

 
 
,63B'+$=B�&��B+,67B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��DF��  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1237 

%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:26   RO   0x0  reserved 

25:16   RO   0x1f0  
h_rgb_iir31 
Hist rgb iir reg 31 data 

15:10   RO   0x0  reserved 

9:0   RO   0x1e0  
h_rgb_iir30 
Hist rgb iir reg 30 data 

 
 
,63B'+$=B�&��B+,67B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��E���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:26   RO   0x0  reserved 

25:16   RO   0x210  
h_rgb_iir33 
Hist rgb iir reg 33 data 

15:10   RO   0x0  reserved 

9:0   RO   0x200  
h_rgb_iir32 
Hist rgb iir reg 32 data 

 
 
,63B'+$=B�&��B+,67B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��E���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:26   RO   0x0  reserved 

25:16   RO   0x230  
h_rgb_iir35 
Hist rgb iir reg 35 data 

15:10   RO   0x0  reserved 

9:0   RO   0x220  
h_rgb_iir34 
Hist rgb iir reg 34 data 

 
 
,63B'+$=B�&��B+,67B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��E���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:26   RO   0x0  reserved 

25:16   RO   0x250  
h_rgb_iir37 
Hist rgb iir reg 37 data 

15:10   RO   0x0  reserved 

9:0   RO   0x240  
h_rgb_iir36 
Hist rgb iir reg 36 data 

 
 
,63B'+$=B�&��B+,67B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��EF��  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1238 

%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:26   RO   0x0  reserved 

25:16   RO   0x270  
h_rgb_iir39 
Hist rgb iir reg 39 data 

15:10   RO   0x0  reserved 

9:0   RO   0x260  
h_rgb_iir38 
Hist rgb iir reg 38 data 

 
 
,63B'+$=B�&��B+,67B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��F���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:26   RO   0x0  reserved 

25:16   RO   0x290  
h_rgb_iir41 
Hist rgb iir reg 41 data 

15:10   RO   0x0  reserved 

9:0   RO   0x280  
h_rgb_iir40 
Hist rgb iir reg 40 data 

 
 
,63B'+$=B�&��B+,67B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��F���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:26   RO   0x0  reserved 

25:16   RO   0x2b0  
h_rgb_iir43 
Hist rgb iir reg 43 data 

15:10   RO   0x0  reserved 

9:0   RO   0x2a0  
h_rgb_iir42 
Hist rgb iir reg 42 data 

 
 
,63B'+$=B�&��B+,67B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��F���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:26   RO   0x0  reserved 

25:16   RO   0x2d0  
h_rgb_iir45 
Hist rgb iir reg 45 data 

15:10   RO   0x0  reserved 

9:0   RO   0x2c0  
h_rgb_iir44 
Hist rgb iir reg 44 data 

 
 
,63B'+$=B�&��B+,67B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��FF��  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:26   RO   0x0  reserved 

25:16   RO   0x2f0  
h_rgb_iir47 
Hist rgb iir reg 47 data 

15:10   RO   0x0  reserved 

9:0   RO   0x2e0  
h_rgb_iir46 
Hist rgb iir reg 46 data 

 
 
,63B'+$=B�&��B+,67B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��G���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:26   RO   0x0  reserved 

25:16   RO   0x310  
h_rgb_iir49 
Hist rgb iir reg 49 data 

15:10   RO   0x0  reserved 

9:0   RO   0x300  
h_rgb_iir48 
Hist rgb iir reg 48 data 

 
 
,63B'+$=B�&��B+,67B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��G���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:26   RO   0x0  reserved 

25:16   RO   0x330  
h_rgb_iir51 
Hist rgb iir reg 51 data 

15:10   RO   0x0  reserved 

9:0   RO   0x320  
h_rgb_iir50 
Hist rgb iir reg 50 data 

 
 
,63B'+$=B�&��B+,67B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��G���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:26   RO   0x0  reserved 

25:16   RO   0x350  
h_rgb_iir53 
Hist rgb iir reg 53 data 

15:10   RO   0x0  reserved 

9:0   RO   0x340  
h_rgb_iir52 
Hist rgb iir reg 52 data 

 
 
,63B'+$=B�&��B+,67B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��GF��  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:26   RO   0x0  reserved 

25:16   RO   0x370  
h_rgb_iir55 
Hist rgb iir reg 55 data 

15:10   RO   0x0  reserved 

9:0   RO   0x360  
h_rgb_iir54 
Hist rgb iir reg 54 data 

 
 
,63B'+$=B�&��B+,67B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��H���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:26   RO   0x0  reserved 

25:16   RO   0x390  
h_rgb_iir57 
Hist rgb iir reg 57 data 

15:10   RO   0x0  reserved 

9:0   RO   0x380  
h_rgb_iir56 
Hist rgb iir reg 56 data 

 
 
,63B'+$=B�&��B+,67B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��H���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:26   RO   0x0  reserved 

25:16   RO   0x3b0  
h_rgb_iir59 
Hist rgb iir reg 59 data 

15:10   RO   0x0  reserved 

9:0   RO   0x3a0  
h_rgb_iir58 
Hist rgb iir reg 58 data 

 
 
,63B'+$=B�&��B+,67B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��H���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:26   RO   0x0  reserved 

25:16   RO   0x3d0  
h_rgb_iir61 
Hist rgb iir reg 61 data 

15:10   RO   0x0  reserved 

9:0   RO   0x3c0  
h_rgb_iir60 
Hist rgb iir reg 60 data 

 
 
,63B'+$=B�&��B+,67B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��HF��  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:26   RO   0x0  reserved 

25:16   RO   0x3f0  
h_rgb_iir63 
Hist rgb iir reg 63 data 

15:10   RO   0x0  reserved 

9:0   RO   0x3e0  
h_rgb_iir62 
Hist rgb iir reg 62 data 

 

12.4.2.15 3DLUT 
,63B�'/87B�(��B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 52 �[� VZBOXW�GBHQBVKG 
 

�� 52 �[� 
OXW�GBZRUNLQJ 
�
E���0RGXOH�QRW�ZRUNLQJ 
�
E���0RGXOH�ZRUNLQJ 

���� 52 �[������� UHVHUYHG 

� 5: �[� 
VZBOXW�GBE\SDVVBHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
VZBOXW�GBHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

 
,63B�'/87B�(��B83'$7(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 
VZBOXW�GBOXWBXSGDWHBHQ 
/87�'�OXW�XSGDWH�SXOVH�VLJQDO 
�
E���'LVDEOH 
�
E���(QDEOH 

 

12.4.2.16 SELF_RESIZE 
6(/)B5(6,=(B�&��B����B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[������ UHVHUYHG 

� 5: �[� 
DXWRBXSG 
�
E���$XWRPDWLF�UHJLVWHU�XSGDWH�DW�IUDPH�HQG�HQDEOHG 
�
E���$XWRPDWLF�UHJLVWHU�XSGDWH�DW�IUDPH�HQG�GLVDEOHG 

� 5: �[� 
FIJBXSG 
�
E���1RWKLQJ�KDSSHQV 
�
E���8SGDWH�VKDGRZ�UHJLVWHUV�UHDG��$OZD\V�� 

� 5: �[� 
VFDOHBYFBXS 
�
E���9HUWLFDO�FKURPLQDQFH�XSVFDOLQJ�VHOHFWHG 
�
E���9HUWLFDO�FKURPLQDQFH�GRZQVFDOLQJ�VHOHFWHG 

� 5: �[� 
VFDOHBY\BXS 
�
E���9HUWLFDO�OXPLQDQFH�XSVFDOLQJ�VHOHFWHG 
�
E���9HUWLFDO�OXPLQDQFH�GRZQVFDOLQJ�VHOHFWHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
VFDOHBKFBXS 
�
E���+RUL]RQWDO�FKURPLQDQFH�XSVFDOLQJ�VHOHFWHG 
�
E���+RUL]RQWDO�FKURPLQDQFH�GRZQVFDOLQJ�VHOHFWHG 

� 5: �[� 
VFDOHBK\BXS 
�
E���+RUL]RQWDO�OXPLQDQFH�XSVFDOLQJ�VHOHFWHG 
�
E���+RUL]RQWDO�OXPLQDQFH�GRZQVFDOLQJ�VHOHFWHG 

� 5: �[� 
VFDOHBYFBHQDEOH 
�
E���%\SDVV�YHUWLFDO�FKURPLQDQFH�VFDOLQJ�XQLW�  
�
E���(QDEOH�YHUWLFDO�FKURPLQDQFH�VFDOLQJ�XQLW 

� 5: �[� 
VFDOHBY\BHQDEOH 
�
E���%\SDVV�YHUWLFDO�OXPLQDQFH�VFDOLQJ�XQLW�  
�
E���(QDEOH�YHUWLFDO�OXPLQDQFH�VFDOLQJ�XQLW 

� 5: �[� 
VFDOHBKFBHQDEOH 
�
E���%\SDVV�KRUL]RQWDO�FKURPLQDQFH�VFDOLQJ�XQLW�  
�
E���(QDEOH�KRUL]RQWDO�FKURPLQDQFH�VFDOLQJ�XQLW 

� 5: �[� 
VFDOHBK\BHQDEOH 
�
E���%\SDVV�KRUL]RQWDO�OXPLQDQFH�VFDOLQJ�XQLW�  
�
E���(QDEOH�KRUL]RQWDO�OXPLQDQFH�VFDOLQJ�XQLW 

 
6(/)B5(6,=(B�&��B����B6&$/(B+<�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� 

VFDOHBK\ 
7KLV�UHJLVWHU�LV�VHW�WR�WKH�KRUL]RQWDO�OXPLQDQFH�GRZQVFDOH�IDFWRU�
RU�WR�WKH�UHFLSURFDO�RI�WKH�KRUL]RQWDO�OXPLQDQFH�XSVFDOH�IDFWRU� 
����656=B6&$/(B+<���� 
1RWH��7KH�VL]H�RI�WKH�RXWSXW�SLFWXUH�LV�FDOFXODWHG�DV�IROORZV��
8SVFDOLQJ���VL]HBLQ���������VL]HBRXW������� �VFDOH�GRZQVFDOLQJ��
�VL]HBRXW���������VL]HBLQ������� �VFDOH��ZKHUH�VL]HBLQ�RXW�LV�WKH�
ZLGWK�RU�KHLJKW�RI�WKH�LQ�RXWSXW�SLFWXUH��7KH�YDOXH�RI�WKH�
UHVSHFWLYH�656=B6&$/(�UHJLVWHU�WKHQ�KDV�WR�EH�LQW�VFDOH�[��A����
IRU�XSVFDOLQJ�  
DQG�LQW�VFDOH�[��A������IRU�GRZQVFDOLQJ� 
)RU�GRZQVFDOLQJ�WKLV�IRUPXOD�KDV�QR�UHVWULFWLRQ��,Q�XSVFDOLQJ�
SURFHVVHV�WKH�OLPLW�LV�IDFWRU����,I�D�IRUPDW�FRQYHUVLRQ�LV�
SHUIRUPHG��WKH�VFDOH�IDFWRUV�KDYH�WR�EH�GLIIHUHQW�IRU�WKH�
OXPLQDQFH�DQG�WKH�FKURPLQDQFH�FRPSRQHQW��UHVSHFWLYHO\��)RU�
H[DPSOH��IRU�D�IRUPDW�FRQYHUVLRQ�IURP�������WR�������WKH�VFDOH�
UHJLVWHU�YDOXH�IRU�WKH�YHUWLFDO�FKURPLQDQFH�FRPSRQHQW�VKRXOG�EH�
KDOI�RI�WKH�YHUWLFDO�OXPLQDQFH�VFDOH�UHJLVWHU�YDOXH� 

 
6(/)B5(6,=(B�&��B����B6&$/(B+&%�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� 
VFDOHBKFE 
7KLV�UHJLVWHU�LV�VHW�WR�WKH�KRUL]RQWDO�&E�GRZQVFDOH�IDFWRU�RU�WR�WKH�
UHFLSURFDO�RI�WKH�KRUL]RQWDO�&E�XSVFDOH�IDFWRU� 

 
6(/)B5(6,=(B�&��B����B6&$/(B+&5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[���� 
VFDOHBKFU 
7KLV�UHJLVWHU�LV�VHW�WR�WKH�KRUL]RQWDO�&U�GRZQVFDOH�IDFWRU�RU�WR�WKH�
UHFLSURFDO�RI�WKH�KRUL]RQWDO�&U�XSVFDOH�IDFWRU� 

 
6(/)B5(6,=(B�&��B����B6&$/(B9<�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� 
VFDOHBY\ 
7KLV�UHJLVWHU�LV�VHW�WR�WKH�YHUWLFDO�OXPLQDQFH�GRZQVFDOH�IDFWRU�RU�
WR�WKH�UHFLSURFDO�RI�WKH�YHUWLFDO�OXPLQDQFH�XSVFDOH�IDFWRU� 

 
6(/)B5(6,=(B�&��B����B6&$/(B9&�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� 
VFDOHBYF 
7KLV�UHJLVWHU�LV�VHW�WR�WKH�YHUWLFDO�FKURPLQDQFH�GRZQVFDOH�IDFWRU�
RU�WR�WKH�UHFLSURFDO�RI�WKH�YHUWLFDO�FKURPLQDQFH�XSVFDOH�IDFWRU� 

 
6(/)B5(6,=(B�&��B����B3+$6(B+<�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� SKDVHBK\ 
7KLV�UHJLVWHU�LV�VHW�WR�WKH�KRUL]RQWDO�OXPLQDQFH�SKDVH�RIIVHW� 

 
6(/)B5(6,=(B�&��B����B3+$6(B+&�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� SKDVHBKF 
7KLV�UHJLVWHU�LV�VHW�WR�WKH�KRUL]RQWDO�FKURPLQDQFH�SKDVH�RIIVHW� 

 
6(/)B5(6,=(B�&��B����B3+$6(B9<�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� SKDVHBY\ 
7KLV�UHJLVWHU�LV�VHW�WR�WKH�YHUWLFDO�OXPLQDQFH�SKDVH�RIIVHW� 

 
6(/)B5(6,=(B�&��B����B3+$6(B9&�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� SKDVHBYF 
7KLV�UHJLVWHU�LV�VHW�WR�WKH�YHUWLFDO�FKURPLQDQFH�SKDVH�RIIVHW� 

 
6(/)B5(6,=(B�&��B����B6&$/(B/87B$''5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[�� VFDOHBOXWBDGGU 
3RLQWHU�WR�HQWU\�RI�ORRNXS�WDEOH 
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6(/)B5(6,=(B�&��B����B6&$/(B/87�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[�� 
VFDOHBOXW 
(QWU\�RI�ORRNXS�WDEOH�DW�SRVLWLRQ�VFDOHBOXWBDGGU��7KH�ORRNXS�WDEOH�
PXVW�EH�ILOOHG�ZLWK�DSSURSULDWH�YDOXHV�EHIRUH�WKH�XS��VFDOLQJ�
IXQFWLRQDOLW\�FDQ�EH�XVHG� 

 
6(/)B5(6,=(B�&��B����B&75/B6+'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� 52 �[� 
VFDOHBYFBXSBVKG 
�
E���9HUWLFDO�FKURPLQDQFH�XSVFDOLQJ�VHOHFWHG 
�
E���9HUWLFDO�FKURPLQDQFH�GRZQVFDOLQJ�VHOHFWHG 

� 52 �[� 
VFDOHBY\BXSBVKG 
�
E���9HUWLFDO�OXPLQDQFH�XSVFDOLQJ�VHOHFWHG 
�
E���9HUWLFDO�OXPLQDQFH�GRZQVFDOLQJ�VHOHFWHG 

� 52 �[� 
VFDOHBKFBXSBVKG 
�
E���+RUL]RQWDO�FKURPLQDQFH�XSVFDOLQJ�VHOHFWHG 
�
E���+RUL]RQWDO�FKURPLQDQFH�GRZQVFDOLQJ�VHOHFWHG 

� 52 �[� 
VFDOHBK\BXSBVKG 
�
E���+RUL]RQWDO�OXPLQDQFH�XSVFDOLQJ�VHOHFWHG 
�
E���+RUL]RQWDO�OXPLQDQFH�GRZQVFDOLQJ�VHOHFWHG 

� 52 �[� 
VFDOHBYFBHQDEOHBVKG 
�
E���%\SDVV�YHUWLFDO�FKURPLQDQFH�VFDOLQJ�XQLW�  
�
E���(QDEOH�YHUWLFDO�FKURPLQDQFH�VFDOLQJ�XQLW 

� 52 �[� 
VFDOHBY\BHQDEOHBVKG 
�
E���%\SDVV�YHUWLFDO�OXPLQDQFH�VFDOLQJ�XQLW�  
�
E���(QDEOH�YHUWLFDO�OXPLQDQFH�VFDOLQJ�XQLW 

� 52 �[� 
VFDOHBKFBHQDEOHBVKG 
�
E���%\SDVV�KRUL]RQWDO�FKURPLQDQFH�VFDOLQJ�XQLW�  
�
E���(QDEOH�KRUL]RQWDO�FKURPLQDQFH�VFDOLQJ�XQLW 

� 52 �[� 
VFDOHBK\BHQDEOHBVKG 
�
E���%\SDVV�KRUL]RQWDO�OXPLQDQFH�VFDOLQJ�XQLW�  
�
E���(QDEOH�KRUL]RQWDO�OXPLQDQFH�VFDOLQJ�XQLW 

 
6(/)B5(6,=(B�&��B����B6&$/(B+<B6+'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 52 �[���� 
VFDOHBK\BVKG 
7KLV�UHJLVWHU�LV�VHW�WR�WKH�KRUL]RQWDO�OXPLQDQFH�GRZQVFDOH�IDFWRU�
RU�WR�WKH�UHFLSURFDO�RI�WKH�KRUL]RQWDO�OXPLQDQFH�XSVFDOH�IDFWRU� 

 
6(/)B5(6,=(B�&��B����B6&$/(B+&%B6+'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 52 �[���� 
VFDOHBKFEBVKG 
7KLV�UHJLVWHU�LV�VHW�WR�WKH�KRUL]RQWDO�&E�GRZQVFDOH�IDFWRU�RU�WR�WKH�
UHFLSURFDO�RI�WKH�KRUL]RQWDO�&E�XSVFDOH�IDFWRU� 
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6(/)B5(6,=(B�&��B����B6&$/(B+&5B6+'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 52 �[���� 
VFDOHBKFUBVKG 
7KLV�UHJLVWHU�LV�VHW�WR�WKH�KRUL]RQWDO�U�GRZQVFDOH�IDFWRU�RU�WR�WKH�
UHFLSURFDO�RI�WKH�KRUL]RQWDO�U�XSVFDOH�IDFWRU� 

 
6(/)B5(6,=(B�&��B����B6&$/(B9<B6+'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 52 �[���� 
VFDOHBY\BVKG 
7KLV�UHJLVWHU�LV�VHW�WR�WKH�YHUWLFDO�OXPLQDQFH�GRZQVFDOH�IDFWRU�RU�
WR�WKH�UHFLSURFDO�RI�WKH�YHUWLFDO�OXPLQDQFH�XSVFDOH�IDFWRU� 

 
6(/)B5(6,=(B�&��B����B6&$/(B9&B6+'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 52 �[���� 
VFDOHBYFBVKG 
7KLV�UHJLVWHU�LV�VHW�WR�WKH�YHUWLFDO�FKURPLQDQFH�GRZQVFDOH�IDFWRU�
RU�WR�WKH�UHFLSURFDO�RI�WKH�YHUWLFDO�FKURPLQDQFH�XSVFDOH�IDFWRU� 

 
6(/)B5(6,=(B�&��B����B3+$6(B+<B6+'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 52 �[���� SKDVHBK\BVKG 
7KLV�UHJLVWHU�LV�VHW�WR�WKH�KRUL]RQWDO�OXPLQDQFH�SKDVH�RIIVHW� 

 
6(/)B5(6,=(B�&��B����B3+$6(B+&B6+'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 52 �[���� SKDVHBKFBVKG 
7KLV�UHJLVWHU�LV�VHW�WR�WKH�KRUL]RQWDO�FKURPLQDQFH�SKDVH�RIIVHW� 

 
6(/)B5(6,=(B�&��B����B3+$6(B9<B6+'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 52 �[���� SKDVHBY\BVKG 
7KLV�UHJLVWHU�LV�VHW�WR�WKH�YHUWLFDO�OXPLQDQFH�SKDVH�RIIVHW� 

 
6(/)B5(6,=(B�&��B����B3+$6(B9&B6+'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 52 �[���� SKDVHBYFBVKG 
7KLV�UHJLVWHU�LV�VHW�WR�WKH�YHUWLFDO�FKURPLQDQFH�SKDVH�RIIVHW� 

 

12.4.2.17 ISP_TOP 
,63B����B&75/��  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RW   0x0  

sw_noc_hurry_value 
2'b00: The Low priority 
2'b01: The 3th  High priority 
2'b10: The 2nd High priority 
2'b11: The first High priority 

29   RW   0x0  
sw_cgc_ratio_en 
cgc ratio mode: 1:ration use 219/224  ; 0 : ration use 

28   RW   0x0  
sw_cgc_yuv_limit 
yuv cgc enable: 1:limit range; 0:full range(bypass); 

27:24   RW   0x0  

sw_noc_hurry_w1_mode 
ibuf0-S RW-channel, 3bit:  
hurry_req assert high when left waterlevel<(hurry_w1_mode/16) 
fifo empty, recommended value=0x4; 

23:21   RW   0x0  

sw_noc_hurry_w0_mode 
lafifo Wr-channel, 3bit:  
hurry_req assert high when left waterlevel<(hurry_w1_mode/8) 
fifo empty, recommended value=0x4; 

20:18   RW   0x0  

sw_noc_hurry_r_mode 
lafifo wr-channel, 3bit:  
hurry_req assert high when left waterlevel<(hurry_w1_mode/8) 
fifo empty, recommended value=0x4; 

17   RO   0x0  reserved 

16   RW   0x0  
sw_en_12bit_unpack 
isp_dma: raw16to12->isp(unpack csi-raw12, 8-8-4/4) 

15   RW   0x0  
sw_en_12bit_packed 
isp_dma: raw16to12->isp(pack csi-raw12, 8-8-4/4) 

14   RW   0x1  

sw_csm_c_range 
Color Space Matrix chrominance clipping range for ISP output  
1'b0: CbCr range 64..960 (16..240) according to ITU-R BT.601 
standard 
1'b1: Full UV range 0..1023 ( 0..255) 
Numbers in brackets are for 8 bit resolution. 
This bit also configures the YCbCr sequence align block 
accordingly 

13   RW   0x1  

sw_csm_y_range 
Color Space Matrix luminance clipping range for ISP output  
1'b0: Y range 64..940 (16..235) according to ITU-R BT.601 
standard 
1'b1: Full Y range 0..1023 ( 0..255) 
Numbers in brackets are for 8 bit resolution. 
This bit also configures the YCbCr sequence align block 
accordingly 
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12   RW   0x0  

sw_flash_mode 
1'b0: Sensor interface works independently from flash control 
unit  
1'b1: One frame is captured when signaled by flash control unit 

11   RO   0x0  reserved 

10   WO   0x0  

sys_cfg_gen_upd 
1: Generate frame synchronous configuration signal at the output 
of ISP for shadow registers of the following processing modules, 
write only 

9   WO   0x0  
sys_cfg_force_upd 
1: Immediately configure (update) shadow registers, write only 

8   RW   0x0  
sys_cfg_gen_upd_fix 
1: Permanent configure (update) shadow registers on frame end 

7   RW   0x0  
isp_awb_enable 
Auto white balance ON/OFF 

6   RW   0x0  
sw_gamma_in_enable 
Sensor De-gamma ON/OFF 

5   RO   0x0  reserved 

4   RW   0x0  

sw_inform_enable 
1'b1: Input formatter enabled  
1'b0: Input formatter disabled 
The ISP input formatter is enabled or disabled by this bit 
immediately, but always starts or stops acquisition frame 
synchronously 

3:1   RW   0x0  

sw_isp_mode 
3'b000 - RAW picture with BT.601 sync (ISP bypass)  
3'b001 - ITU-R BT.656 (YUV with embedded sync) 
3'b010 - ITU-R BT.601 (YUV input with H and Vsync signals)  
3'b011 - Bayer RGB processing with H and Vsync signals 
3'b100 - data mode (ISP bypass, sync signals interpreted as data 
enable) 
3'b101 - Bayer RGB processing with BT.656 synchronization  
3'b110 - RAW picture with ITU-R BT.656 synchronization (ISP 
bypass) 
3'b111 - Reserved 
Side effect: 
If RAW, BT.601, BT.656, or data mode is selected, the clock of 
the ISP SRAMs (ISP line buffer, Lens Shading, Bad Pixel) is 
switched off. Only in Bayer RGB mode the clock to the SRAMs is 
enabled. This further reduces power consumption 
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0   RW   0x0  

sw_isp_enable 
1'b1: ISP data output enabled  
1'b0: ISP data output disabled 
Controls output formatter frame synchronously, if 
isp_gen_cfg_upd is used to activate this bit. For immediate 
update isp_cfg_upd must be used. 
--- ISP_CTRL --- 
Note: Partly write-only 

 
 
,63B����B&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:30   RO   0x0  reserved 

29   RW   0x0  

sw_bigmode_mode 
bigmode_mode 
1:use bigmode force_en 
0:bigmode_auto(>2560 auto use bigmode) 

28   RW   0x0  
sw_bigmode_force_en 
bigmode force enable 

27   
W1
C   

0x1  
sys_raw3d_fst_frame 
3drawnr 1st_frame pulse signal 

26   
W1
C   

0x1  
sys_cnr_fst_frame 
cnr 1st_frame pulse signal 

25   
W1
C   

0x1  
sys_dhaz_fst_frame 
dhaz 1st_frame pulse signal 

24   
W1
C   

0x1  
sys_adrc_fst_frame 
adrc 1st_frame pulse signal 

23   
W1
C   

0x1  
sys_ynr_fst_frame 
ynr 1st_frame pulse signal 

22   RW   0x0  
sw_bt_1120_yc_swap 
sw_bt_1120_yc_swap 
old dvp for ccir656, not ues now 

21   RW   0x0  
sw_dualedge_en 
sw_dualedge_en 
old dvp for ccir656, not ues now 

20   RW   0x0  

sw_bt1120_en 
1'b0: Disable bt1120 mode 
1'b1: Enable bt1120 mode 
old dvp for ccir656, not ues now 

19:17   RO   0x0  reserved 

16   RW   0x0  
sw_yuv_dma_sel 
1'b0: Use align or conversion data for isp_is input.  
1'b1: Use dma yuv read data for isp_is input 

15   RW   0x0  
sw_rgb_dma_sel 
1'b0: Use input formatter data for latency fifo.  
1'b1: Use dma rgb read data for latency fifo 

14:12   RW   0x0  

sw_input_selection 
3'b000 - 12Bit external Interface 
3'b001 - 10Bit Interface, append 2 zeroes as LSBs  
3'b010 - 10Bit Interface, append 2 MSBs as LSBs  
3'b011 - 8Bit Interface, append 4 zeroes as LSBs  
3'b100 - 8Bit Interface, append 4 MSBs as LSBs 
3'b101~111 - Reserved 

11   RW   0x0  
sw_field_inv 
1: Swap odd and even fields 0: do not swap fields 
old dvp for ccir656, not ues now 
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10:9   RW   0x0  

sw_field_selection 
2'b00: Sample all fields (do not care about fields)  
2'b01: Sample only even fields 
2'b10: Sample only odd fields  
2'b11: Reserved 
old dvp for ccir656, not ues now 

8:7   RW   0x0  

sw_ccir_seq 
2'b00: YCbYCr 
2'b01: YCrYCb 
2'b10: CbYCrY 
2'b11: CrYCbY 
old dvp for ccir656, not ues now 

6:5   RW   0x3  

sw_conv_422 
2'b00 - Co-sited color subsampling Y0Cb0Cr0 ±Y1 
2'b01 - Interleaved color subsampling Y0Cb0 ±Y1Cr1 (not 
recommended) 
2'b10 - Non-cosited color subsampling Y0Cb(0+1)/2 ±
Y1Cr(0+1)/2  
2'b11 - UV 1/2 sample (drop mode) 

4:3   RW   0x0  

sw_bayer_pat 
color components from sensor, starting with top left position in 
sampled frame (reprogram with ISP_ACQ_H_OFFS, 
ISP_ACQ_V_OFFS) 
2'b00 - First line: RGRG..., second line: GBGB..., etc.  
2'b01 - First line: GRGR..., second line: BGBG..., etc.  
2'b10 - First line: GBGB..., second line: RGRG..., etc.  
2'b11 - First line: BGBG..., second line: GRGR..., etc. 
This configuration applies for the black level area after cropping 
by the input formatter 

2   RW   0x0  

sw_vsync_pol 
vertical sync polarity  
1'b0: High active 
1'b1: Low active 
old dvp for ccir656, not ues now 

1   RW   0x0  

sw_hsync_pol 
horizontal sync polarity  
1'b0: High active 
1'b1: Low active 
old dvp for ccir656, not ues now 

0   RO   0x0  reserved   
 
 
,63B����B$&4B+B2))6�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RW   0x0  

sw_sensor_mode 
multi-sensor mode(outside sensor nums): 
0:one sensor 
1:two sensor 
2:four sensor 

29:28   RW   0x0  
sw_sensor_index 
multi-sensor index used, 0:sensor0-index; 1:sensor1 index 
then same as sensor_id in old version 

27:15   RO   0x0  reserved 

14:0   RW   0x0000  
sw_acq_h_offs 
horizontal sample offset in 8-bit samples (yuv: 4 samples=2pix) 

 
 
,63B����B$&4B9B2))6�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:14   RO   0x0  reserved 

13:0   RW   0x0000  
sw_acq_v_offs 
vertical sample offset in lines 

 
 
,63B����B$&4B+B6,=(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:16   RW   0x1000  
sw_acq_h_size_bay3dmi 
sw_acq_h_size_bay3dmi for bay3d size config, when not config, 
hardware will auto-calc; 

15   RO   0x0  reserved 

14:0   RW   0x1000  

sw_acq_h_size 
horizontal sample size in 12-bit samples 
YUV input: 2 samples = 1 pixel, else 1 sample = 1 pixel; So in 
YUV mode ACQ_H_SIZE must be twice as large as horizontal 
image size 
horizontal image size must always be even exept in raw picture 
mode; If an odd size is programmed the value will be truncated 
to even size 

 
 
,63B����B$&4B9B6,=(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:14   RO   0x0  reserved 

13:0   RW   0x0c00  
sw_acq_v_size 
vertical sample size in lines 

 
 
,63B����B$&4B15B)5$0(6�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:10   RO   0x0  reserved 

9:0   RW   0x000  
sw_acq_nr_frames 
number of input frames to be sampled ( 0 = continuous ) 

 
 
,63B����B*$00$B';B/2�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31   RO   0x0  reserved 

30:28   RW   0x4  
sw_gamma_dx8 
gamma curve sample point definition x-axis (input) 

27   RO   0x0  reserved 

26:24   RW   0x4  
sw_gamma_dx7 
gamma curve sample point definition x-axis (input) 

23   RO   0x0  reserved 

22:20   RW   0x4  
sw_gamma_dx6 
gamma curve sample point definition x-axis (input) 

19   RO   0x0  reserved 

18:16   RW   0x4  
sw_gamma_dx5 
gamma curve sample point definition x-axis (input) 

15   RO   0x0  reserved 

14:12   RW   0x4  
sw_gamma_dx4 
gamma curve sample point definition x-axis (input) 

11   RO   0x0  reserved 

10:8   RW   0x4  
sw_gamma_dx3 
gamma curve sample point definition x-axis (input) 

7   RO   0x0  reserved 

6:4   RW   0x4  
sw_gamma_dx2 
gamma curve sample point definition x-axis (input) 

3   RO   0x0  reserved 

2:0   RW   0x4  
sw_gamma_dx1 
gamma curve sample point definition x-axis (input) 

 
 
,63B����B*$00$B';B+,�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31   RO   0x0  reserved 

30:28   RW   0x4  
sw_gamma_dx16 
gamma curve sample point definition x-axis (input) 

27   RO   0x0  reserved 

26:24   RW   0x4  
sw_gamma_dx15 
gamma curve sample point definition x-axis (input) 

23   RO   0x0  reserved 

22:20   RW   0x4  
sw_gamma_dx14 
gamma curve sample point definition x-axis (input) 

19   RO   0x0  reserved 

18:16   RW   0x4  
sw_gamma_dx13 
gamma curve sample point definition x-axis (input) 

15   RO   0x0  reserved 

14:12   RW   0x4  
sw_gamma_dx12 
gamma curve sample point definition x-axis (input) 

11   RO   0x0  reserved 

10:8   RW   0x4  
sw_gamma_dx11 
gamma curve sample point definition x-axis (input) 

7   RO   0x0  reserved 

6:4   RW   0x4  
sw_gamma_dx10 
gamma curve sample point definition x-axis (input) 

3   RO   0x0  reserved 

2:0   RW   0x4  
sw_gamma_dx9 
gamma curve sample point definition x-axis (input) 

 
 
,63B����B*$00$B5B<B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:12   RO   0x0  reserved 

11:0   RW   0x000  

sw_gamma_r_y0 
gamma curve point definition y-axis (output) for red 
RESTRICTION: Each Y must be in the +2047/-2048 range 
compared to its predecessor (so that the difference between 
successive Y values is 12-bit signed!) 

 
 
,63B����B*$00$B5B<B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:12   RO   0x0  reserved 

11:0   RW   0x100  

sw_gamma_r_y1 
gamma curve point definition y-axis (output) for red 
RESTRICTION: Each Y must be in the +2047/-2048 range 
compared to its predecessor (so that the difference between 
successive Y values is 12-bit signed!) 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1255 

 
 
,63B����B*$00$B5B<B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:12   RO   0x0  reserved 

11:0   RW   0x200  

sw_gamma_r_y2 
gamma curve point definition y-axis (output) for red 
RESTRICTION: Each Y must be in the +2047/-2048 range 
compared to its predecessor (so that the difference between 
successive Y values is 12-bit signed!) 

 
 
,63B����B*$00$B5B<B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:12   RO   0x0  reserved 

11:0   RW   0x300  

sw_gamma_r_y3 
gamma curve point definition y-axis (output) for red 
RESTRICTION: Each Y must be in the +2047/-2048 range 
compared to its predecessor (so that the difference between 
successive Y values is 12-bit signed!) 

 
 
,63B����B*$00$B5B<B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:12   RO   0x0  reserved 

11:0   RW   0x400  

sw_gamma_r_y4 
gamma curve point definition y-axis (output) for red 
RESTRICTION: Each Y must be in the +2047/-2048 range 
compared to its predecessor (so that the difference between 
successive Y values is 12-bit signed!) 

 
 
,63B����B*$00$B5B<B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:12   RO   0x0  reserved 

11:0   RW   0x500  

sw_gamma_r_y5 
gamma curve point definition y-axis (output) for red 
RESTRICTION: Each Y must be in the +2047/-2048 range 
compared to its predecessor (so that the difference between 
successive Y values is 12-bit signed!) 

 
 
,63B����B*$00$B5B<B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1256 

%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:12   RO   0x0  reserved 

11:0   RW   0x600  

sw_gamma_r_y6 
gamma curve point definition y-axis (output) for red 
RESTRICTION: Each Y must be in the +2047/-2048 range 
compared to its predecessor (so that the difference between 
successive Y values is 12-bit signed!) 

 
 
,63B����B*$00$B5B<B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:12   RO   0x0  reserved 

11:0   RW   0x700  

sw_gamma_r_y7 
gamma curve point definition y-axis (output) for red 
RESTRICTION: Each Y must be in the +2047/-2048 range 
compared to its predecessor (so that the difference between 
successive Y values is 12-bit signed!) 

 
 
,63B����B*$00$B5B<B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:12   RO   0x0  reserved 

11:0   RW   0x800  

sw_gamma_r_y8 
gamma curve point definition y-axis (output) for red 
RESTRICTION: Each Y must be in the +2047/-2048 range 
compared to its predecessor (so that the difference between 
successive Y values is 12-bit signed!) 

 
 
,63B����B*$00$B5B<B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:12   RO   0x0  reserved 

11:0   RW   0x900  

sw_gamma_r_y9 
gamma curve point definition y-axis (output) for red 
RESTRICTION: Each Y must be in the +2047/-2048 range 
compared to its predecessor (so that the difference between 
successive Y values is 12-bit signed!) 

 
 
,63B����B*$00$B5B<B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1257 

%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:12   RO   0x0  reserved 

11:0   RW   0xa00  

sw_gamma_r_y10 
gamma curve point definition y-axis (output) for red 
RESTRICTION: Each Y must be in the +2047/-2048 range 
compared to its predecessor (so that the difference between 
successive Y values is 12-bit signed!) 

 
 
,63B����B*$00$B5B<B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:12   RO   0x0  reserved 

11:0   RW   0xb00  

sw_gamma_r_y11 
gamma curve point definition y-axis (output) for red 
RESTRICTION: Each Y must be in the +2047/-2048 range 
compared to its predecessor (so that the difference between 
successive Y values is 12-bit signed!) 

 
 
,63B����B*$00$B5B<B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:12   RO   0x0  reserved 

11:0   RW   0xc00  

sw_gamma_r_y12 
gamma curve point definition y-axis (output) for red 
RESTRICTION: Each Y must be in the +2047/-2048 range 
compared to its predecessor (so that the difference between 
successive Y values is 12-bit signed!) 

 
 
,63B����B*$00$B5B<B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:12   RO   0x0  reserved 

11:0   RW   0xd00  

sw_gamma_r_y13 
gamma curve point definition y-axis (output) for red 
RESTRICTION: Each Y must be in the +2047/-2048 range 
compared to its predecessor (so that the difference between 
successive Y values is 12-bit signed!) 

 
 
,63B����B*$00$B5B<B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1258 

%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:12   RO   0x0  reserved 

11:0   RW   0xe00  

sw_gamma_r_y14 
gamma curve point definition y-axis (output) for red 
RESTRICTION: Each Y must be in the +2047/-2048 range 
compared to its predecessor (so that the difference between 
successive Y values is 12-bit signed!) 

 
 
,63B����B*$00$B5B<B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:12   RO   0x0  reserved 

11:0   RW   0xf00  

sw_gamma_r_y15 
gamma curve point definition y-axis (output) for red 
RESTRICTION: Each Y must be in the +2047/-2048 range 
compared to its predecessor (so that the difference between 
successive Y values is 12-bit signed!) 

 
 
,63B����B*$00$B5B<B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:12   RO   0x0  reserved 

11:0   RW   0xfff  

sw_gamma_r_y16 
gamma curve point definition y-axis (output) for red 
RESTRICTION: Each Y must be in the +2047/-2048 range 
compared to its predecessor (so that the difference between 
successive Y values is 12-bit signed!) 

 
 
,63B����B*$00$B*B<B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:12   RO   0x0  reserved 

11:0   RW   0x000  

sw_gamma_g_y0 
gamma curve point definition y-axis (output) for green 
RESTRICTION: Each Y must be in the +2047/-2048 range 
compared to its predecessor (so that the difference between 
successive Y values is 12-bit signed!) 

 
 
,63B����B*$00$B*B<B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1259 

%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:12   RO   0x0  reserved 

11:0   RW   0x100  

sw_gamma_g_y1 
gamma curve point definition y-axis (output) for green 
RESTRICTION: Each Y must be in the +2047/-2048 range 
compared to its predecessor (so that the difference between 
successive Y values is 12-bit signed!) 

 
 
,63B����B*$00$B*B<B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:12   RO   0x0  reserved 

11:0   RW   0x200  

sw_gamma_g_y2 
gamma curve point definition y-axis (output) for green 
RESTRICTION: Each Y must be in the +2047/-2048 range 
compared to its predecessor (so that the difference between 
successive Y values is 12-bit signed!) 

 
 
,63B����B*$00$B*B<B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:12   RO   0x0  reserved 

11:0   RW   0x300  

sw_gamma_g_y3 
gamma curve point definition y-axis (output) for green 
RESTRICTION: Each Y must be in the +2047/-2048 range 
compared to its predecessor (so that the difference between 
successive Y values is 12-bit signed!) 

 
 
,63B����B*$00$B*B<B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:12   RO   0x0  reserved 

11:0   RW   0x400  

sw_gamma_g_y4 
gamma curve point definition y-axis (output) for green 
RESTRICTION: Each Y must be in the +2047/-2048 range 
compared to its predecessor (so that the difference between 
successive Y values is 12-bit signed!) 

 
 
,63B����B*$00$B*B<B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1260 

%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:12   RO   0x0  reserved 

11:0   RW   0x500  

sw_gamma_g_y5 
gamma curve point definition y-axis (output) for green 
RESTRICTION: Each Y must be in the +2047/-2048 range 
compared to its predecessor (so that the difference between 
successive Y values is 12-bit signed!) 

 
 
,63B����B*$00$B*B<B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:12   RO   0x0  reserved 

11:0   RW   0x600  

sw_gamma_g_y6 
gamma curve point definition y-axis (output) for green 
RESTRICTION: Each Y must be in the +2047/-2048 range 
compared to its predecessor (so that the difference between 
successive Y values is 12-bit signed!) 

 
 
,63B����B*$00$B*B<B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:12   RO   0x0  reserved 

11:0   RW   0x700  

sw_gamma_g_y7 
gamma curve point definition y-axis (output) for green 
RESTRICTION: Each Y must be in the +2047/-2048 range 
compared to its predecessor (so that the difference between 
successive Y values is 12-bit signed!) 

 
 
,63B����B*$00$B*B<B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:12   RO   0x0  reserved 

11:0   RW   0x800  

sw_gamma_g_y8 
gamma curve point definition y-axis (output) for green 
RESTRICTION: Each Y must be in the +2047/-2048 range 
compared to its predecessor (so that the difference between 
successive Y values is 12-bit signed!) 

 
 
,63B����B*$00$B*B<B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1261 

%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:12   RO   0x0  reserved 

11:0   RW   0x900  

sw_gamma_g_y9 
gamma curve point definition y-axis (output) for green 
RESTRICTION: Each Y must be in the +2047/-2048 range 
compared to its predecessor (so that the difference between 
successive Y values is 12-bit signed!) 

 
 
,63B����B*$00$B*B<B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:12   RO   0x0  reserved 

11:0   RW   0xa00  

sw_gamma_g_y10 
gamma curve point definition y-axis (output) for green 
RESTRICTION: Each Y must be in the +2047/-2048 range 
compared to its predecessor (so that the difference between 
successive Y values is 12-bit signed!) 

 
 
,63B����B*$00$B*B<B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:12   RO   0x0  reserved 

11:0   RW   0xb00  

sw_gamma_g_y11 
gamma curve point definition y-axis (output) for green 
RESTRICTION: Each Y must be in the +2047/-2048 range 
compared to its predecessor (so that the difference between 
successive Y values is 12-bit signed!) 

 
 
,63B����B*$00$B*B<B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:12   RO   0x0  reserved 

11:0   RW   0xc00  

sw_gamma_g_y12 
gamma curve point definition y-axis (output) for green 
RESTRICTION: Each Y must be in the +2047/-2048 range 
compared to its predecessor (so that the difference between 
successive Y values is 12-bit signed!) 

 
 
,63B����B*$00$B*B<B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1262 

%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:12   RO   0x0  reserved 

11:0   RW   0xd00  

sw_gamma_g_y13 
gamma curve point definition y-axis (output) for green 
RESTRICTION: Each Y must be in the +2047/-2048 range 
compared to its predecessor (so that the difference between 
successive Y values is 12-bit signed!) 

 
 
,63B����B*$00$B*B<B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:12   RO   0x0  reserved 

11:0   RW   0xe00  

sw_gamma_g_y14 
gamma curve point definition y-axis (output) for green 
RESTRICTION: Each Y must be in the +2047/-2048 range 
compared to its predecessor (so that the difference between 
successive Y values is 12-bit signed!) 

 
 
,63B����B*$00$B*B<B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:12   RO   0x0  reserved 

11:0   RW   0xf00  

sw_gamma_g_y15 
gamma curve point definition y-axis (output) for green 
RESTRICTION: Each Y must be in the +2047/-2048 range 
compared to its predecessor (so that the difference between 
successive Y values is 12-bit signed!) 

 
 
,63B����B*$00$B*B<B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:12   RO   0x0  reserved 

11:0   RW   0xfff  

sw_gamma_g_y16 
gamma curve point definition y-axis (output) for green 
RESTRICTION: Each Y must be in the +2047/-2048 range 
compared to its predecessor (so that the difference between 
successive Y values is 12-bit signed!) 

 
 
,63B����B*$00$B%B<B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��DF��  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1263 

%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:12   RO   0x0  reserved 

11:0   RW   0x000  

sw_gamma_b_y0 
gamma curve point definition y-axis (output) for blue 
RESTRICTION: Each Y must be in the +2047/-2048 range 
compared to its predecessor (so that the difference between 
successive Y values is 12-bit signed!) 

 
 
,63B����B*$00$B%B<B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��E���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:12   RO   0x0  reserved 

11:0   RW   0x100  

sw_gamma_b_y1 
gamma curve point definition y-axis (output) for blue 
RESTRICTION: Each Y must be in the +2047/-2048 range 
compared to its predecessor (so that the difference between 
successive Y values is 12-bit signed!) 

 
 
,63B����B*$00$B%B<B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��E���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:12   RO   0x0  reserved 

11:0   RW   0x200  

sw_gamma_b_y2 
gamma curve point definition y-axis (output) for blue 
RESTRICTION: Each Y must be in the +2047/-2048 range 
compared to its predecessor (so that the difference between 
successive Y values is 12-bit signed!) 

 
 
,63B����B*$00$B%B<B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��E���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:12   RO   0x0  reserved 

11:0   RW   0x300  

sw_gamma_b_y3 
gamma curve point definition y-axis (output) for blue 
RESTRICTION: Each Y must be in the +2047/-2048 range 
compared to its predecessor (so that the difference between 
successive Y values is 12-bit signed!) 

 
 
,63B����B*$00$B%B<B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��EF��  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1264 

%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:12   RO   0x0  reserved 

11:0   RW   0x400  

sw_gamma_b_y4 
gamma curve point definition y-axis (output) for blue 
RESTRICTION: Each Y must be in the +2047/-2048 range 
compared to its predecessor (so that the difference between 
successive Y values is 12-bit signed!) 

 
 
,63B����B*$00$B%B<B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��F���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:12   RO   0x0  reserved 

11:0   RW   0x500  

sw_gamma_b_y5 
gamma curve point definition y-axis (output) for blue 
RESTRICTION: Each Y must be in the +2047/-2048 range 
compared to its predecessor (so that the difference between 
successive Y values is 12-bit signed!) 

 
 
,63B����B*$00$B%B<B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��F���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:12   RO   0x0  reserved 

11:0   RW   0x600  

sw_gamma_b_y6 
gamma curve point definition y-axis (output) for blue 
RESTRICTION: Each Y must be in the +2047/-2048 range 
compared to its predecessor (so that the difference between 
successive Y values is 12-bit signed!) 

 
 
,63B����B*$00$B%B<B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��F���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:12   RO   0x0  reserved 

11:0   RW   0x700  

sw_gamma_b_y7 
gamma curve point definition y-axis (output) for blue 
RESTRICTION: Each Y must be in the +2047/-2048 range 
compared to its predecessor (so that the difference between 
successive Y values is 12-bit signed!) 

 
 
,63B����B*$00$B%B<B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��FF��  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:12   RO   0x0  reserved 

11:0   RW   0x800  

sw_gamma_b_y8 
gamma curve point definition y-axis (output) for blue 
RESTRICTION: Each Y must be in the +2047/-2048 range 
compared to its predecessor (so that the difference between 
successive Y values is 12-bit signed!) 

 
 
,63B����B*$00$B%B<B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��G���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:12   RO   0x0  reserved 

11:0   RW   0x900  

sw_gamma_b_y9 
gamma curve point definition y-axis (output) for blue 
RESTRICTION: Each Y must be in the +2047/-2048 range 
compared to its predecessor (so that the difference between 
successive Y values is 12-bit signed!) 

 
 
,63B����B*$00$B%B<B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��G���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:12   RO   0x0  reserved 

11:0   RW   0xa00  

sw_gamma_b_y10 
gamma curve point definition y-axis (output) for blue 
RESTRICTION: Each Y must be in the +2047/-2048 range 
compared to its predecessor (so that the difference between 
successive Y values is 12-bit signed!) 

 
 
,63B����B*$00$B%B<B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��G���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:12   RO   0x0  reserved 

11:0   RW   0xb00  

sw_gamma_b_y11 
gamma curve point definition y-axis (output) for blue 
RESTRICTION: Each Y must be in the +2047/-2048 range 
compared to its predecessor (so that the difference between 
successive Y values is 12-bit signed!) 

 
 
,63B����B*$00$B%B<B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��GF��  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:12   RO   0x0  reserved 

11:0   RW   0xc00  

sw_gamma_b_y12 
gamma curve point definition y-axis (output) for blue 
RESTRICTION: Each Y must be in the +2047/-2048 range 
compared to its predecessor (so that the difference between 
successive Y values is 12-bit signed!) 

 
 
,63B����B*$00$B%B<B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��H���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:12   RO   0x0  reserved 

11:0   RW   0xd00  

sw_gamma_b_y13 
gamma curve point definition y-axis (output) for blue 
RESTRICTION: Each Y must be in the +2047/-2048 range 
compared to its predecessor (so that the difference between 
successive Y values is 12-bit signed!) 

 
 
,63B����B*$00$B%B<B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��H���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:12   RO   0x0  reserved 

11:0   RW   0xe00  

sw_gamma_b_y14 
gamma curve point definition y-axis (output) for blue 
RESTRICTION: Each Y must be in the +2047/-2048 range 
compared to its predecessor (so that the difference between 
successive Y values is 12-bit signed!) 

 
 
,63B����B*$00$B%B<B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��H���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:12   RO   0x0  reserved 

11:0   RW   0xf00  

sw_gamma_b_y15 
gamma curve point definition y-axis (output) for blue 
RESTRICTION: Each Y must be in the +2047/-2048 range 
compared to its predecessor (so that the difference between 
successive Y values is 12-bit signed!) 

 
 
,63B����B*$00$B%B<B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��HF��  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:12   RO   0x0  reserved 

11:0   RW   0xfff  

sw_gamma_b_y16 
gamma curve point definition y-axis (output) for blue 
RESTRICTION: Each Y must be in the +2047/-2048 range 
compared to its predecessor (so that the difference between 
successive Y values is 12-bit signed!) 

 
 
,63B����B$:%B*$,1�B*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:16   RW   0x0100  
sw_awb_gain0_gr 
gain value for green component in red line 100h = 1, unsigned 
integer value, range 0 to 63 with 8 bit fractional part 

15:14   RO   0x0  reserved 

13:0   RW   0x0100  
sw_awb_gain0_gb 
gain value for green component in blue line 100h = 1, unsigned 
integer value, range 0 to 63 with 8 bit fractional part 

 
 
,63B����B$:%B*$,1�B5%�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:16   RW   0x0100  
sw_awb_gain0_r 
gain value for red component 100h = 1, unsigned integer value, 
range 0 to 63 with 8 bit fractional part 

15:14   RO   0x0  reserved 

13:0   RW   0x0100  
sw_awb_gain0_b 
gain value for blue component 100h = 1, unsigned integer value, 
range 0 to 63with 8 bit fractional part 

 
 
,63B����B$:%B*$,1�B*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:16   RW   0x0000  
sw_awb_gain1_gr 
gain value for green component in red line 100h = 1, unsigned 
integer value, range 0 to 63 with 8 bit fractional part 

15:14   RO   0x0  reserved 

13:0   RW   0x0000  
sw_awb_gain1_gb 
gain value for green component in blue line 100h = 1, unsigned 
integer value, range 0 to 63 with 8 bit fractional part 
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,63B����B$:%B*$,1�B5%�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:16   RW   0x0000  
sw_awb_gain1_r 
gain value for red component 100h = 1, unsigned integer value, 
range 0 to 63 with 8 bit fractional part 

15:14   RO   0x0  reserved 

13:0   RW   0x0000  
sw_awb_gain1_b 
gain value for blue component 100h = 1, unsigned integer value, 
range 0 to 63 with 8 bit fractional part 

 
 
,63B����B$:%B*$,1�B*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:16   RW   0x0000  
sw_awb_gain2_gr 
gain value for green component in red line 100h = 1, unsigned 
integer value, range 0 to 63 with 8 bit fractional part 

15:14   RO   0x0  reserved 

13:0   RW   0x0000  
sw_awb_gain2_gb 
gain value for green component in blue line 100h = 1, unsigned 
integer value, range 0 to 63 with 8 bit fractional part 

 
 
,63B����B$:%B*$,1�B5%�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:16   RW   0x0000  
sw_awb_gain2_r 
gain value for red component 100h = 1, unsigned integer value, 
range 0 to 63 with 8 bit fractional part 

15:14   RO   0x0  reserved 

13:0   RW   0x0000  
sw_awb_gain2_b 
gain value for blue component 100h = 1, unsigned integer value, 
range 0 to 63 with 8 bit fractional part 

 
 
,63B����B&&B&2())B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:30   RO   0x0  reserved 

29:24   RW   0x00  
sw_csm_y_offset 
If this signal is 0, will use old function(Y = f(coe_x) + 0/16). 
If this signal is not 0, Y = f(coe_x) + sw_csm_y_offset 

23:16   RW   0x00  
sw_csm_c_offset 
If this signal is 0, will use old function(Cb/r = f(coe_x) + 128). 
If this signal is not 0, Cb/r = f(coe_x) + sw_csm_c_offset 

15:9   RO   0x0  reserved 

8:0   RW   0x021  

sw_csm_coeff0 
coefficient 0 for color space conversion 
--- ISP_CC_COEFF_0 --- 
Note: All color conversion coefficients are signed integer values 
with 7 bit fractional part, range -2 to 1.992 

 
 
,63B����B&&B&2())B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:9   RO   0x0  reserved 

8:0   RW   0x040  
sw_csm_coeff1 
coefficient 1 for color space conversion 

 
 
,63B����B&&B&2())B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:9   RO   0x0  reserved 

8:0   RW   0x00d  
sw_csm_coeff2 
coefficient 2 for color space conversion 

 
 
,63B����B&&B&2())B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:9   RO   0x0  reserved 

8:0   RW   0x1ed  
sw_csm_coeff3 
coefficient 3 for color space conversion 

 
 
,63B����B&&B&2())B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:9   RO   0x0  reserved 

8:0   RW   0x1db  
sw_csm_coeff4 
coefficient 4 for color space conversion 

 
 
,63B����B&&B&2())B��  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:9   RO   0x0  reserved 

8:0   RW   0x038  
sw_csm_coeff5 
coefficient 5 for color space conversion 

 
 
,63B����B&&B&2())B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:9   RO   0x0  reserved 

8:0   RW   0x038  
sw_csm_coeff6 
coefficient 6 for color space conversion 

 
 
,63B����B&&B&2())B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:9   RO   0x0  reserved 

8:0   RW   0x1d1  
sw_csm_coeff7 
coefficient 7 for color space conversion 

 
 
,63B����B&&B&2())B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:9   RO   0x0  reserved 

8:0   RW   0x1f7  
sw_csm_coeff8 
coefficient 8 for color space conversion 

 
 
,63B����B287B+B2))6�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:14   RO   0x0  reserved 

13:0   RW   0x0000  
sw_out_h_offs 
vertical pic offset in lines 

 
 
,63B����B287B9B2))6�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:14   RO   0x0  reserved 

13:0   RW   0x0000  
sw_out_v_offs 
vertical pic offset in lines 

 
 
,63B����B287B+B6,=(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:15   RO   0x0  reserved 

14:0   RW   0x1000  

sw_out_h_size 
horizontal picture size in pixel if ISP_MODE is set to 
3'b001: ITU-R BT.656 YUV 
3'b010: ITU-R BT.601 YUV 
3'b011: ITU-R BT.601 Bayer RGB 
3'b101: ITU-R BT.656 Bayer RGB 
only even numbers are accepted, because complete quadruples 
of YUYV(YCbYCr) are needed for the 422 output. (If an odd size is 
programmed the value will be truncated to even size) 

 
 
,63B����B287B9B6,=(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:14   RO   0x0  reserved 

13:0   RW   0x0c00  
sw_out_v_size 
vertical pic size in lines 

 
 
,63B����B)/$*6B6+'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31   RO   0x0  
s_hsync 
state of ISP input port s_hsync, for test purposes 

30   RO   0x0  
s_vsync 
state of ISP input port s_vsync, for test purposes 

29:28   RO   0x0  reserved 

27:16   RO   0x000  
s_data 
state of ISP input port s_data, for test purposes 

15:3   RO   0x0  reserved 

2   RO   0x0  
inform_field 
current field information (0=odd, 1=even) 

1   RO   0x0  
isp_inform_enable_shd 
Input formatter enable shadow register 

0   RO   0x0  
isp_enable_shd 
ISP enable shadow register shows, if ISP currently outputs data 
(1) or not (0) 

 
 
,63B����B287B+B2))6B6+'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��DF��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:14   RO   0x0  reserved 

13:0   RO   0x0000  
isp_out_h_offs_shd 
current vertical pic offset in lines 
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,63B����B287B9B2))6B6+'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��E���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:14   RO   0x0  reserved 

13:0   RO   0x0000  
isp_out_v_offs_shd 
current vertical pic offset in lines 

 
 
,63B����B287B+B6,=(B6+'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��E���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:15   RO   0x0  reserved 

14:0   RO   0x0000  
isp_out_h_size_shd 
current horizontal pic size in pixel 

 
 
,63B����B287B9B6,=(B6+'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��E���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:14   RO   0x0  reserved 

13:0   RO   0x0000  
isp_out_v_size_shd 
vertical pic size in lines 

 
 
,63B����B,63B,06&�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��EF��  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:23   RO   0x0  reserved 

22   RW   0x0  
sw_imsc_gain_done 
1, enable interrupt 
0, mask out 

21   RW   0x0  
sw_imsc_dhaz_done 
1, enable interrupt 
0, mask out 

20   RW   0x0  
sw_imsc_hdr_done 
1, enable interrupt 
0, mask out 

19   RW   0x0  
sw_imsc_out_quarter 
out_size = 0.25 

18   RW   0x0  
sw_imsc_exp_end 
1, enable interrupt 
0, mask out 

17   RW   0x0  
sw_imsc_flash_cap 
1, enable interrupt 
0, mask out 

16   RW   0x0  
sw_imsc_lsc_lut_err 
1, enable interrupt 
0, mask out 

15   RW   0x0  
sw_imsc_hist_measure_rdy 
1, enable interrupt 
0, mask out 

14   RW   0x0  
sw_imsc_afm_fin 
1, enable interrupt 
0, mask out 

13   RW   0x0  
sw_imsc_afm_lum_of 
1, enable interrupt 
0, mask out 

12   RW   0x0  
sw_imsc_afm_sum_of 
1, enable interrupt 
0, mask out 

11   RW   0x0  
sw_imsc_shutter_off 
1, enable interrupt 
0, mask out 

10   RW   0x0  
sw_imsc_shutter_on 
1, enable interrupt 
0, mask out 

9   RW   0x0  
sw_imsc_flash_off 
1, enable interrupt 
0, mask out 

8   RW   0x0  
sw_imsc_flash_on 
1, enable interrupt 
0, mask out 
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7   RW   0x0  
sw_imsc_h_start 
1, enable interrupt 
0, mask out 

6   RW   0x0  
sw_imsc_v_start 
1, enable interrupt 
0, mask out 

5   RW   0x0  
sw_imsc_frame_in 
1, enable interrupt 
0, mask out 

4   RW   0x0  
sw_imsc_awb_done 
1, enable interrupt 
0, mask out 

3   RW   0x0  
sw_imsc_pic_size_err 
1, enable interrupt 
0, mask out 

2   RW   0x0  
sw_imsc_data_loss 
1, enable interrupt 
0, mask out 

1   RW   0x0  
sw_imsc_frame 
1, enable interrupt 
0, mask out 

0   RW   0x0  
sw_imsc_isp_off 
1, enable interrupt 
0, mask out 
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&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1275 

%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:23   RO   0x0  reserved 

22   RO   0x0  
ris_gain_done 
GAIN module error flag, high valid 

21   RO   0x0  
ris_dhaz_done 
DHAZ module complete, high valid 

20   RO   0x0  
ris_hdr_done 
HDR module complete, high valid 

19   RW   0x0  
ris_out_quarter 
out_size = 0.25 

18   RO   0x0  
ris_exp_end 
Exposure measurement complete, high valid 

17   RO   0x0  
ris_flash_cap 
Signaling captured frame, high valid 

16   RO   0x0  
ris_lsc_lut_err 
LSC and RAWLSC LUT udpate error, high valid 

15   RO   0x0  
ris_hist_measure_rdy 
Histogram measurement ready. (Old or new histogram 
measurement), high valid 

14   RO   0x0  

ris_afm_fin 
AF measurement finished: This interrupt is set when the first 
complete frame is calculated after enabling the AF measurement, 
high valid 

13   RO   0x0  
ris_afm_lum_of 
Auto focus luminance overflow, high valid 

12   RO   0x0  
ris_afm_sum_of 
Auto focus sum overflow, high valid 

11   RO   0x0  
ris_shutter_off 
Mechanical shutter is switched off, high valid 

10   RO   0x0  
ris_shutter_on 
Mechanical shutter is switched on, high valid 

9   RO   0x0  
ris_flash_off 
Flash light is switched off, high valid 

8   RO   0x0  
ris_flash_on 
Flash light is switched on, high valid 

7   RO   0x0  
ris_h_start 
Start edge of h_sync, high valid 

6   RO   0x0  
ris_v_start 
Start edge of v_sync, high valid 

5   RO   0x0  
ris_frame_in 
sampled input frame is complete, high valid 

4   RO   0x0  
ris_awb_done 
White balancing measurement cycle is complete, results can be 
read out, high valid 
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3   RO   0x0  
ris_pic_size_err 
pic size violation occurred, programming seems wrong, high valid 

2   RO   0x0  
ris_data_loss 
loss of data occurred within a line, processing failure, high valid 

1   RO   0x0  
ris_frame 
frame was completely put out, high valid 

0   RO   0x0  
ris_isp_off 
isp output was disabled (vsynced) due to f_cnt reached or 
manual, high valid 
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&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1277 

%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:23   RO   0x0  reserved 

22   RO   0x0  
mis_gain_done 
GAIN module done flag, high valid 

21   RO   0x0  
mis_dhaz_done 
DHAZ module complete, high valid 

20   RO   0x0  
mis_hdr_done 
HDR module complete, high valid 

19   RW   0x0  
mis_out_quarter 
out_size = 0.25 

18   RO   0x0  
mis_exp_end 
Exposure measurement complete, high valid 

17   RO   0x0  
mis_flash_cap 
Captured is frame is detected, high valid 

16   RO   0x0  
mis_lsc_lut_err 
LSC and RAWLSC LUT udpate error, high valid 

15   RO   0x0  
mis_hist_measure_rdy 
Histogram measurement ready. (Old or new histogram 
measurement), high valid 

14   RO   0x0  

mis_afm_fin 
AF measurement finished: This interrupt is set when the first 
complete frame is calculated after enabling the AF measurement, 
high valid 

13   RO   0x0  
mis_afm_lum_of 
Luminance overflow, high valid 

12   RO   0x0  
mis_afm_sum_of 
Sum overflow, high valid 

11   RO   0x0  
mis_shutter_off 
Mechanical shutter is switched off, high valid 

10   RO   0x0  
mis_shutter_on 
Mechanical shutter is switched on, high valid 

9   RO   0x0  
mis_flash_off 
Flash light is switched off, high valid 

8   RO   0x0  
mis_flash_on 
Flash light is switched on, high valid 

7   RO   0x0  
mis_h_start 
Start edge of h_sync, high valid 

6   RO   0x0  
mis_v_start 
Start edge of v_sync, high valid 

5   RO   0x0  
mis_frame_in 
sampled input frame is complete, high valid 

4   RO   0x0  
mis_awb_done 
White balancing measurement cycle is complete, results can be 
read out, high valid 
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3   RO   0x0  
mis_pic_size_err 
pic size violation occurred, programming seems wrong, high valid 

2   RO   0x0  
mis_data_loss 
loss of data occurred within a line, processing failure, high valid 

1   RO   0x0  
mis_frame 
frame was completely put out, high valid 
each MIS[31:0] signals high, set IRQ; 

0   RO   0x0  

mis_isp_off 
isp was turned off (vsynced) due to f_cnt reached or manual, 
high valid 
each MIS[31:0] signals high, set IRQ; 
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&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1279 

%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:23   RO   0x0  reserved 

22   WO   0x0  
sys_icr_gain_done 
clear interrupt 

21   WO   0x0  
sys_icr_dhaz_done 
clear interrupt 

20   WO   0x0  
sys_icr_hdr_done 
clear interrupt 

19   RW   0x0  
sys_icr_out_quarter 
clear interrupt 

18   WO   0x0  
sys_icr_exp_end 
clear interrupt 

17   WO   0x0  
sys_icr_flash_cap 
clear interrupt 

16   WO   0x0  
sys_icr_lsc_lut_err 
clear interrupt 

15   WO   0x0  
sys_icr_hist_measure_rdy 
clear interrupt 

14   WO   0x0  
sys_icr_afm_fin 
clear interrupt 

13   WO   0x0  
sys_icr_afm_lum_of 
clear interrupt 

12   WO   0x0  
sys_icr_afm_sum_of 
clear interrupt 

11   WO   0x0  
sys_icr_shutter_off 
clear interrupt 

10   WO   0x0  
sys_icr_shutter_on 
clear interrupt 

9   WO   0x0  
sys_icr_flash_off 
clear interrupt 

8   WO   0x0  
sys_icr_flash_on 
clear interrupt 

7   WO   0x0  
sys_icr_h_start 
clear interrupt 

6   WO   0x0  
sys_icr_v_start 
clear interrupt 

5   WO   0x0  
sys_icr_frame_in 
clear interrupt 

4   WO   0x0  
sys_icr_awb_done 
clear interrupt 

3   WO   0x0  
sys_icr_pic_size_err 
clear interrupt 

2   WO   0x0  
sys_icr_data_loss 
clear interrupt 
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1   WO   0x0  
sys_icr_frame 
clear interrupt 

0   WO   0x0  
sys_icr_isp_off 
clear interrupt 
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&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1281 

%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:23   RO   0x0  reserved 

22   WO   0x0  
sys_isr_gain_done 
set interrupt 

21   WO   0x0  
sys_isr_dhaz_done 
set interrupt 

20   WO   0x0  
sys_isr_hdr_done 
set interrupt 

19   RW   0x0  
sys_isr_out_quarter 
set interrupt 

18   WO   0x0  
sys_isr_exp_end 
set interrupt 

17   WO   0x0  
sys_isr_flash_cap 
set interrupt 

16   WO   0x0  
sys_isr_lsc_lut_err 
set interrupt 

15   WO   0x0  
sys_isr_hist_measure_rdy 
set interrupt 

14   WO   0x0  
sys_isr_afm_fin 
set interrupt 

13   WO   0x0  
sys_isr_afm_lum_of 
set interrupt 

12   WO   0x0  
sys_isr_afm_sum_of 
set interrupt 

11   WO   0x0  
sys_isr_shutter_off 
set interrupt 

10   WO   0x0  
sys_isr_shutter_on 
set interrupt 

9   WO   0x0  
sys_isr_flash_off 
set interrupt 

8   WO   0x0  
sys_isr_flash_on 
set interrupt 

7   WO   0x0  
sys_isr_h_start 
set interrupt 

6   WO   0x0  
sys_isr_v_start 
set interrupt 

5   WO   0x0  
sys_isr_frame_in 
set interrupt 

4   WO   0x0  
sys_isr_awb_done 
set interrupt 

3   WO   0x0  
sys_isr_pic_size_err 
set interrupt 

2   WO   0x0  
sys_isr_data_loss 
set interrupt 
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1   WO   0x0  
sys_isr_frame 
set interrupt 

0   WO   0x0  
sys_isr_isp_off 
set interrupt 
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&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1283 

%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:13   RO   0x0  reserved 

12   RW   0x0  
sw_imsc_sws_3a_ddr_done 
1, enable interrupt 
0, mask out 

11   RW   0x0  
sw_imsc_rawawb_done 
1, enable interrupt 
0, mask out 

10   RW   0x0  
sw_imsc_rawaf_done 
1, enable interrupt 
0, mask out 

9   RW   0x0  
sw_imsc_rawaf_lum_of 
1, enable interrupt 
0, mask out 

8   RW   0x0  
sw_imsc_rawaf_sum_of 
1, enable interrupt 
0, mask out 

7   RW   0x0  
sw_imsc_rawhist_ch2_done 
1, enable interrupt 
0, mask out 

6   RW   0x0  
sw_imsc_rawhist_ch1_done 
1, enable interrupt 
0, mask out 

5   RW   0x0  
sw_imsc_rawhist_ch0_done 
1, enable interrupt  
0, mask out 

4   RW   0x0  
sw_imsc_rawhist_big_done 
1, enable interrupt 
0, mask out 

3   RW   0x0  
sw_imsc_rawae_ch2_done 
1, enable interrupt 
0, mask out 

2   RW   0x0  
sw_imsc_rawae_ch1_done 
1, enable interrupt 
0, mask out 

1   RW   0x0  
sw_imsc_rawae_ch0_done 
1, enable interrupt  
0, mask out 

0   RW   0x0  
sw_imsc_rawae_big_done 
1, enable interrupt 
0, mask out 
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:13   RO   0x0  reserved 

12   RO   0x0  
ris_sws_3a_ddr_done 
3a result write to ddr done flag 

11   RO   0x0  
ris_rawawb_done 
RAWAWB module complete 

10   RO   0x0  
ris_rawaf_done 
RAWAF module complete 

9   RO   0x0  
ris_rawaf_lum_of 
Auto focus luminance overflow 

8   RO   0x0  
ris_rawaf_sum_of 
Auto focus sum overflow 

7   RO   0x0  
ris_rawhist_ch2_done 
RAWHIST 2channel complete 

6   RO   0x0  
ris_rawhist_ch1_done 
RAWHIST 1channel complete 

5   RO   0x0  
ris_rawhist_ch0_done 
RAWHIST 0channel complete 

4   RO   0x0  
ris_rawhist_big_mode 
RAWHIST BIG module complete 

3   RO   0x0  
ris_rawae_ch2_done 
RAWAE 2channel complete 

2   RO   0x0  
ris_rawae_ch1_done 
RAWAE 1channel complete 

1   RO   0x0  
ris_rawae_ch0_done 
RAWAE 0channel complete 

0   RO   0x0  
ris_rawae_big_done 
RAWAE BIG module complete 
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:13   RO   0x0  reserved 

12   RO   0x0  
mis_sws_3a_ddr_done 
3a result write to ddr done flag 

11   RO   0x0  
mis_rawawb_done 
RAWAWB module complete 

10   RO   0x0  
mis_rawaf_done 
RAWAF module complete 

9   RO   0x0  
mis_rawaf_lum_of 
Auto focus luminance overflow 

8   RO   0x0  
mis_rawaf_sum_of 
Auto focus sum overflow 

7   RO   0x0  
mis_rawhist_ch2_done 
RAWHIST 2channel complete 

6   RO   0x0  
mis_rawhist_ch1_done 
RAWHIST 1channel complete 

5   RO   0x0  
mis_rawhist_ch0_done 
RAWHIST 0channel complete 

4   RO   0x0  
mis_rawhist_big_done 
RAWHIST BIG module complete 

3   RO   0x0  
mis_rawae_ch2_done 
RAWAE 2channel complete 

2   RO   0x0  
mis_rawae_ch1_done 
RAWAE 1channel complete 

1   RO   0x0  
mis_rawae_ch0_done 
RAWAE 0channel complete 

0   RO   0x0  
mis_rawae_big_done 
RAWAE BIG module complete 
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:13   RO   0x0  reserved 

12   WO   0x0  
sys_icr_sws_3a_ddr_done 
clear interrupt 

11   WO   0x0  
sys_icr_rawawb_done 
clear interrupt 

10   WO   0x0  
sys_icr_rawaf_done 
clear interrupt 

9   WO   0x0  
sys_icr_rawaf_lum_of 
clear interrupt 

8   WO   0x0  
sys_icr_rawaf_sum_of 
clear interrupt 

7   WO   0x0  
sys_icr_rawhist_ch2_done 
clear interrupt 

6   WO   0x0  
sys_icr_rawhist_ch1_done 
clear interrupt 

5   WO   0x0  
sys_icr_rawhist_ch0_done 
clear interrupt 

4   WO   0x0  
sys_icr_rawhist_big_done 
clear interrupt 

3   WO   0x0  
sys_icr_rawae_ch2_done 
clear interrupt 

2   WO   0x0  
sys_icr_rawae_ch1_done 
clear interrupt 

1   WO   0x0  
sys_icr_rawae_ch0_done 
clear interrupt 

0   WO   0x0  
sys_icr_rawae_big_done 
clear interrupt 
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:5   RO   0x0  reserved 

4   RO   0x0  
rawlsc_lut_err 
this error is generated by RAWLSC LUT config error 

3   RO   0x0  

lsc_lut_err 
This error is generated by LSC LUT config error. (This bit will 
assert high when update this LUT select from DDR mode and can 
not finish update at vsync period) 

2   RO   0x0  
outform_size_err 
size error is generated in outmux submodule 

1   RO   0x0  
is_size_err 
size error is generated in image stabilization submodule 

0   RO   0x0  

inform_size_err 
size error is generated in inform submodule 
--- ISP_ERR --- 
Note: For debug purposes the ISP_ERR und ISP_ERR_CLR are 
implemented. For the case when a PIC_SIZE_ERR interrupt is 
signaled the SW is able to see in which submodule this error is 
generated. Writing to the ISP_ERR_CLR register clears this bit 
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31:5   RO   0x0  reserved 

4   WO   0x0  
rawlsc_lut_err_clr 
this error is cleared 

3   WO   0x0  
lsc_lut_err_clr 
this error is cleared 

2   WO   0x0  
outform_size_err_clr 
size error is cleared 

1   WO   0x0  
is_size_err_clr 
size error is cleared 

0   WO   0x0  
inform_size_err_clr 
size error is cleared 
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:10   RO   0x0  reserved 

9:0   RO   0x000  

frame_counter 
Current frame count of processing 
--- ISP_FRAME_COUNT --- 
Note: In the ISP_FRAME_COUNT register the number of 
processed frames are displayed. For example: If a 8 is 
programmed into the ISP_ACQ_NR_FRAMES register, a read 
access to the ISP_FRAME_COUNT register during processing of 
the first picture shows a 7. 
After the entire frames are processed the ISP_OFF interrupt is 
generated and the ISP_FRAME_COUNT has the count zero. In 
case a "0" is programmed into the ISP_ACQ_NR_FRAMES register 
(continues mode) the ISP_FRAME_COUNT register keeps the 
value "0". 

 
 
,63B����B'(%8*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RO   0x00000000  

ro_fifo_space2full 
ro_ibuf2_space2full ,ro_ibuf1_space2full ,ro_ibuf0_space2full  ,r
o_r2fifo_space2full,ro_r1fifo_space2full,ro_r0fifo_space2full,ro_o
utfifo_space2full,ro_lafifo_space2full; 

 
 
,63B����B'(%8*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:14   RO   0x0  reserved 

13:0   RO   0x0000  
isp_out_line_counter 
isp_out_line_counter 

 
 
,63B����B'(%8*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RO   0x00000000  

isp_pipe_ack 
mge_val,   mge_ack,   rawnr_val,   rawnr_ack,   bay3d_val,   
bay3d_ack,   tmo_val,   tmo_ack,   gic_val,   gic_ack,   
dbr_val,   dbr_ack,   debayer_val,   debayer_ack,   ccm_val,   
ccm_ack,   gamma_out_val,   gamma_out_ack,   dhaz_val,   
dhaz_ack,   lut3d_val,   lut3d_ack,   ldch_val,   ldch_ack,   
conv422_val,   conv422_ack,   ynr_val,   ynr_ack,   shp_val,   
shp_ack,   cgc_val,   cgc_ack,   4'b0,   isp_out_val,   
isp_out_ack,   isp_in_val,   isp_in_ack 
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12.4.2.18 FLASH 
,63B)/$6+B����B&0'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� :2 �[� 

SUHIODVKBRQ 
3UHIODVK�RQ�  
���1R�HIIHFW 
���)ODVK�GHOD\�FRXQWHU�LV�VWDUWHG�DW�QH[W�WULJJHU�HYHQW� 
1R�FDSWXUH�HYHQW�LV�VLJQDOHG�WR�WKH�VHQVRU�LQWHUIDFH�EORFN� 

� :2 �[� 

IODVKBRQ 
)ODVK�RQ 
���1R�HIIHFW 
���)ODVK�GHOD\�FRXQWHU�LV�VWDUWHG�DW�QH[W�WULJJHU�HYHQW� 
$�FDSWXUH�HYHQW�LV�VLJQDOHG�WR�WKH�VHQVRU�LQWHUIDFH�EORFN� 

� :2 �[� 

SUHOLJKWBRQ 
3UHOLJKW�RQ 
���3UHOLJKW�LV�VZLWFKHG�RII�DW�QH[W�WULJJHU�HYHQW� 
���3UHOLJKW�LV�VZLWFKHG�RQ�DW�QH[W�WULJJHU�HYHQW� 
����,63B)/$6+B&0'���� 
1RWH��7KLV�LV�WKH�FRPPDQG�UHJLVWHU�IRU�IODVK�OLJKW�DQG�SUHOLJKW�
DFWLYDWLRQ��,I�WKH��UZ��ELWV��H�J���IOBFDSBGHO���DUH�UH�SURJUDPPHG�
GXULQJ�RSHUDWLRQ��WKH�IROORZLQJ�VFKHPH�VKDOO�EH�DSSOLHG� 
L��3UHOLJKW�LV�DFWLYH��SUHOLJKWBRQ� ���KDV�EHHQ�VHW�EHIRUH���(YHU\�
ZULWH�DFFHVV�WR�WKLV�UHJLVWHU�VKDOO�XVH�SUHOLJKWBRQ� ����WR�SUHYHQW�
XQGHVLUHG�VZLWFK�RII�RI�WKH�SUHOLJKW�� 
LL��3UHOLJKW�LV�RII��(YHU\�ZULWH�DFFHVV�WR�WKLV�UHJLVWHU�VKDOO�XVH�
SUHOLJKWBRQ� ����WR�SUHYHQW�XQGHVLUHG�VZLWFK�RQ�RI�WKH�SUHOLJKW�� 

 
,63B)/$6+B����B&21),*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[� 
IOBFDSBGHO 
&DSWXUH�GHOD\ 
)UDPH�QXPEHU����WR�����WR�EH�FDSWXUHG�DIWHU�WULJJHU�HYHQW 

� 5: �[� 

IOBWULJBVUF 
7ULJJHU�VRXUFH�IRU�IODVK�DQG�SUHOLJKW 
���8VH��YGVBYV\QF��IRU�WULJJHU�HYHQW��ZLWK�HYDOXDWLRQ�RI�
YVBLQBHGJH� 
���8VH��IOBWULJ��IRU�WULJJHU�HYHQW��SRVLWLYH�HGJH� 

� 5: �[� 
IOBSRO 
3RODULW\�RI�IODVK�UHODWHG�VLJQDOV 
���IODVKBWULJ��SUHOLJKWBWULJ�DUH�KLJK�DFWLYH� 
���IODVKBWULJ��SUHOLJKWBWULJ�DUH�ORZ�DFWLYH� 

� 5: �[� 
YVBLQBHGJH 
96<1&�HGJH 
���8VH�QHJDWLYH�HGJH�RI��YGVBYV\QF��LI�JHQHUDWLQJ�D�WULJJHU�HYHQW 
���8VH�SRVLWLYH�HGJH�RI��YGVBYV\QF��LI�JHQHUDWLQJ�D�WULJJHU�HYHQW 

� 5: �[� 
SUHOLJKWBPRGH 
3UHOLJKW�PRGH 
���3UHOLJKW�LV�VZLWFKHG�RII�DW�EHJLQ�RI�IODVK� 
���3UHOLJKW�LV�VZLWFKHG�RII�DW�HQG�RI�IODVK� 

 
,63B)/$6+B����B35(',9�  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1290 

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[������ UHVHUYHG 

��� 5: �[��� IOBSUHBGLY 
3UH�GLYLGHU�IRU�IOXVK�SUHIODVK�FRXQWHU 

 
,63B)/$6+B����B'(/$<�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[����� 

IOBGHOD\ 
&RXQWHU�YDOXH�IRU�IODVK�SUHIODVK�GHOD\ 
RSHQBGHOD\� ��IOBGHOD\��������IOBSUHBGLY��������FONBLVS�IOBGHOD\�
 ��RSHQBGHOD\FONBLVS�����IOBSUHBGLY��������� 
����,63B)/$6+B'(/$<���� 
1RWH��([DPSOH��IOBGHOD\� ����V�����0+]������������������� �
������ 

 
,63B)/$6+B����B7,0(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[����� 

IOBWLPH 
&RXQWHU�YDOXH�IRU�IODVK�SUHIODVK�WLPH 
RSHQBWLPH� ��IOBWLPH��������IOBSUHBGLY��������FONBLVS�IOBWLPH� �
�RSHQBWLPH��FONBLVS�����IOBSUHBGLY��������� 
����,63B)/$6+B7,0(���� 
1RWH��([DPSOH��IOBWLPH� �����PV�����0+]��������������&��� �
����� 

 
,63B)/$6+B����B0$;3�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� 

IOBPD[S 
0D[LPXP�SHULRG�YDOXH�IRU�IODVK�RU�SUHIODVK�PD[� 
IODVK�SUHIODVK�SHULRG� �������IOBPD[S��������FONBLVS�IOBPD[S� �
�PD[BSHULRG��FONBLVS����������� 
����,63B)/$6+B0$;3���� 
1RWH��([DPSOH��IOBPD[S� ����V�����0+]���������������� �
����� 

 

12.4.2.19 CTRL 
&75/B����B9,B,63B(1�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:29   RO   0x0  reserved 

28   RW   0x0  

isp_ldch_en 
isp_ldch_en 
1'b0: Disable 
1'b1: Enable 

27   RW   0x0  

isp_gain_en 
isp_gain_en 
1'b0: Disable 
1'b1: Enable 

26   RO   0x0  reserved 

25   RW   0x0  

isp_imp_en 
isp_imp_en 
1'b0: Disable 
1'b1: Enable 

24   RW   0x0  

isp_eff_en 
isp_eff_en 
1'b0: Disable 
1'b1: Enable 

23   RO   0x0  reserved 

22   RW   0x0  

isp_rsz_en 
isp_rsz_en 
1'b0: Disable 
1'b1: Enable 

21   RW   0x0  

isp_cp_en 
isp_cp_en 
1'b0: Disable 
1'b1: Enable 

20   RW   0x0  

isp_awb_en 
isp_awb_en 
1'b0: Disable 
1'b1: Enable 

19   RO   0x0  reserved 

18   RW   0x0  

isp_3dlut_en 
isp_3dlut_en 
1'b0: Disable 
1'b1: Enable 

17   RW   0x0  

isp_dhaz_en 
isp_dhaz_en 
1'b0: Disable 
1'b1: Enable 

16   RW   0x0  

isp_rkwdr_en 
isp_rkwdr_en 
1'b0: Disable 
1'b1: Enable 
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15   RW   0x0  

isp_gamma12_en 
isp_gamma12_en 
1'b0: Disable 
1'b1: Enable 

14   RW   0x0  

isp_ccm_en 
isp_ccm_en 
1'b0: Disable 
1'b1: Enable 

13   RW   0x0  

isp_debayer_en 
isp_debayer_en 
1'b0: Disable 
1'b1: Enable 

12   RW   0x0  

isp_gic_en 
isp_gic_en 
1'b0: Disable 
1'b1:Enable 

11   RW   0x0  

isp_hdrtmo_en 
isp_hdrtmo_en 
1'b0: Disable 
1'b1: Enable 

10   RW   0x0  

isp_lsc_en 
isp_lsc_en 
1'b0: Disable 
1'b1: Enable 

9   RW   0x0  

isp_rawnr_en 
isp_rawnr_en 
1'b0: Disable 
1'b1: Enable 

8   RW   0x0  

isp_hdrmge_en 
isp_hdrmge_en 
1'b0: Disable 
1'b1: Enable 

7   RW   0x0  

isp_dpcc_en 
isp_dpcc_en 
1'b0: Disable 
1'b1: Enable 

6   RW   0x0  

isp_gamma_in_en 
isp_gamma_in_en 
1'b0: Disable 
1'b1: Enable 

5   RW   0x0  

isp_bls_en 
isp_bls_en 
1'b0: Disable 
1'b1: Enable 

4:2   RO   0x0  reserved 
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1   RW   0x0  

isp_en_sel 
select top en ctrl each module 
1'b0: Not select 
1'b1: Select 

0   RW   0x0  

vi_ccl_dis 
isp_top enable for all marvin sub_module 
1'b0: isp is disable 
1'b1: isp is enable 

 
 
&75/B����B9,B,63B3$7+�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:24   RO   0x0  reserved 

23:22   RW   0x0  

sw_3a_rawae012_swap 
rawae(hist)0-1 swap: 
2'b00: RAWAE0 for StrmCh0, RAWAE1 for StrmCh1, RAWAE2 for 
StrmCh2; 
2'b01: RAWAE0 for StrmCh1, RAWAE1 for StrmCh0, RAWAE2 for 
StrmCh2; 
2'b10: RAWAE0 for StrmCh2, RAWAE1 for StrmCh1, RAWAE2 for 
StrmCh0; 

21:20   RW   0x0  

sw_3a_rawawb_sel 
2'b00: dpcc0 
2'b01: dpcc1  
2'b10: dpcc2 

19:18   RW   0x0  

sw_3a_rawaf_sel 
2'b00: awb0 
2'b01: awb1  
2'b10: awb2  
2'b11: debayer 

17:16   RW   0x0  

sw_3a_rawae3_sel 
2'b00: awb0 
2'b01: awb1  
2'b10: awb2  
2'b11: tmo 

15:0   RO   0x0  reserved   
 
 
&75/B����B9,B,'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:24   RO   0x02  
ro_isp_version_major 
major version 

23:16   RO   0x00  
ro_isp_version_minor 
minor version 

15:0   RO   0x1909  
ro_isp_version_date 
release date 

 
 
&75/B����B9,B,63B&/.B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31   RW   0x0  

marvinmi_clk_alwayson 
marvin_mi  processing clock control 
1: marvin_mi clk always on 
0: clk gate 

30   RW   0x0  

mipi_clk_alwayson 
simipi & mipi0 & mipi1 processing clock control 
1: mipi clk always on 
0: clk gate 

29   RW   0x0  

rszs_clk_alwayson 
rszs processing clock control 
1: rszs clk always on 
0: clk gate 

28   RW   0x0  

jpeg_clk_alwayson 
pjeg processing clock control 
1: jpeg clk always on 
0: clk gate 

27   RW   0x0  

dpmux_clk_alwayson 
dpmux processing clock control 
1: dpmux clk always on 
0: clk gate 

26   RW   0x0  

rszm_clk_alwayson 
rszm processing clock control 
1: rszm clk always on 
0: clk gate 

25   RW   0x0  

si_clk_alwayson 
si processing clock control 
1: si clk always on 
0: clk gate 

24   RW   0x0  

ie_clk_alwayson 
iemux & ie processing clock control 
1: ie & ie clk always on 
0: clk gate 

23   RW   0x0  

cp_clk_alwayson 
scp processing clock control 
1: cp clk always on 
0: clk gate 

22   RW   0x0  

mi_rawrd_clk_on 
isp_mi raw read path clk always on 
1: Always on 
0: Gated 

21   RW   0x0  

mi_read_clk_on 
isp_mi dma read clk always on 
1: Always on 
0: Gated 
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20   RW   0x0  

mi_raw1_clk_on 
isp_mi raw1 write path clk always on 
1: Always on 
0: Gated 

19   RW   0x0  

mi_raw0_clk_on 
isp_mi raw0 write path clk always on 
1: Always on 
0: Gated 

18   RW   0x0  

mi_sp_clk_on 
isp_mi self path clk always on 
1: Always on 
0: Gated 

17   RW   0x0  

mi_y12_clk_on 
isp_mi y12 path clk always on 
1: Always on 
0: Gated 

16   RW   0x0  

mi_dp_clk_on 
isp_mi dpcc path clk always on 
1: Always on 
0: Gated 

15   RW   0x0  

mi_jpeg_clk_on 
isp_mi jpeg path clk always on 
1: Always on 
0: Gated 

14   RW   0x0  

mi_mp_clk_on 
isp_mi main path clk always on 
1: Always on 
0: Gated 

13   RW   0x0  

mi_ldc_clk_on 
isp_mi ldc path clk always on  
1: Always on 
0: Gated 

12   RW   0x0  

ldc_ram_clk_on 
ldc_ram clock control, for ram 
1: ldc_ram clk always on 
0: clk gate 

11   RW   0x0  

aclk_isp_clk_on 
aclk_isp clock control, for ram 
1: aclk_isp clk always on 
0: clk gate 

10   RW   0x0  

jpeg_ram_clk_on 
jpeg ram clock control 
1: jpeg ram clk always on 
0: clk gate 
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9   RW   0x0  

rsz_ram_clk_on 
rsz ram clock control 
1: rsz clk always on 
0: clk gate 

8   RW   0x0  

isp_ie_ram_clk_on 
isp_ie_ram clock control 
1: ie_ram clk always on 
0: clk gate 

7   RW   0x0  

isp_dpcc_ram_clk_on 
isp_dpcc_ram clock control 
1: isp_dpcc_ram clk always on 
0: clk gate 

6   RW   0x0  

isp_dem_ram_clk_on 
isp_dem_ram clock control 
1: isp_dem_ram clk always on 
0: clk gate 

5   RW   0x0  

isp_fifo_ram_clk_on 
isp_fifo_ram clock control 
1: isp_fifo_ram clk always on 
0: clk gate 

4   RW   0x0  

mipi_ram_clk_on 
mipi_ram clock control 
1: mipi_ram clk always on 
0: clk gate 

3   RW   0x0  

isp_3a_clk_on 
3w processing clock control 
1: 3a clk always on 
0: clk gate 

2   RW   0x0  

isp_yuv_clk_on 
yuv path clock control 
1: yuv path clk always on 
0: clk gate 

1   RW   0x0  

isp_rgb_clk_on 
rgb path clock control 
1: rgb path clk always on 
0: clk gate 

0   RW   0x0  

isp_raw_clk_on 
raw path clock control  
1: raw path clk always on 
0: clk gate 

 
 
&75/B����B9,B,&&/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:15   RO   0x0  reserved 

14   RW   0x0  

vi_mpfbc_clk_enable 
mpfbc clock enable  
1: Processing mode 
0: Power safe 

13:12   RO   0x0  reserved 

11   RW   0x1  

vi_mipi_clk_enable 
MIPI interface clock enable  
1: Processing mode 
0: Power safe 

10   RW   0x1  

vi_smia_clk_enable 
SMIA interface clock enable  
1: Processing mode 
0: Power safe 

9   RW   0x1  

vi_simp_clk_enable 
Superimpose clock enable  
1: Processing mode 
0: Power safe 

8   RW   0x1  

vi_ie_clk_enable 
Image effect clock enable  
1: Processing mode 
0: Power safe 

7   RO   0x0  reserved 

6   RW   0x1  

vi_mi_clk_enable 
memory interface clock enable  
1: Processing mode 
0: Power safe 

5   RW   0x1  

vi_jpeg_clk_enable 
JPEG encoder clock enable  
1: Processing mode 
0: Power safe 

4   RW   0x1  

vi_srsz_clk_enable 
self picture resize clock enable  
1: Processing mode 
0: Power safe 

3   RW   0x1  

vi_mrsz_clk_enable 
main picture resize clock enable  
1: Processing mode 
0: Power safe 

2   RO   0x0  reserved 

1   RW   0x1  

vi_cp_clk_enable 
color processing clock enable  
1: Processing mode 
0: Power safe 
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0   RW   0x1  

vi_isp_clk_enable 
isp processing clock enable  
1: Processing mode 
0: Power safe 

 
 
&75/B����B9,B,5&/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:14   RO   0x0  reserved 

13   RW   0x0  

vi_3a_soft_rst 
3a software reset  
0: Processing mode 
1: Reset state 
3a can be reset by vi_isp_soft_rst too. 

12   RO   0x0  reserved 

11   RW   0x0  

vi_mipi_soft_rst 
MIPI Interface software reset  
0: Processing mode 
1: Reset state 

10   RW   0x0  

vi_smia_soft_rst 
SMIA Interface software reset  
0: Processing mode 
1: Reset state 

9   RW   0x0  

vi_simp_soft_rst 
Superimpose software reset  
0: Processing mode 
1: Reset state 

8   RW   0x0  

vi_ie_soft_rst 
Image effect software reset  
0: Processing mode 
1: Reset state 

7   RW   0x0  

vi_marvin_rst 
hardware reset of entire marvin  
0: Processing mode 
1: Reset state 

6   RW   0x0  

vi_mi_soft_rst 
memory interface software reset  
0: Processing mode 
1: Reset state 

5   RW   0x0  

vi_jpeg_soft_rst 
JPEG encoder software reset  
0: Processing mode 
1: Reset state 

4   RW   0x0  

vi_srsz_soft_rst 
Self-picture resize software reset  
0: Processing mode 
1: Reset state 

3   RW   0x0  

vi_mrsz_soft_rst 
Main-picture resize software reset  
0: Processing mode 
1: Reset state 
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2   RW   0x0  

vi_ycs_soft_rst 
y/c splitter software reset  
0: Processing mode 
1: Reset state 

1   RW   0x0  

vi_cp_soft_rst 
color processing software reset  
0: Processing mode 
1: Reset state 

0   RW   0x0  

vi_isp_soft_rst 
isp software reset  
0: Processing mode 
1: Reset state 

 
 
&75/B����B9,B'3&/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:15   RO   0x0  reserved 

14   RW   0x0  
vi_mi_debug_mode 
vi_mi_debug_mode 

13   RW   0x0  
vi_old_mi_sel_rd 
vi_old_mi_sel_rd 

12   RW   0x0  
vi_old_mi_sel_wr 
vi_old_mi_sel_wr 

11   RW   0x0  
vi_dma_spmux 
0: Data from camera interface to self resize  
1: Data from DMA read port to self resize 

10   RW   0x0  
vi_dma_iemux 
0: Data from camera interface to image effects  
1: Data from DMA read port to image effects 

9:8   RW   0x0  

if_select 
selects input interface  
0: Parallel interface 
1: LVDS interface 
2: MIPI1-interface 
3: Reserved 

7   RO   0x0  reserved 

6:4   RW   0x0  

vi_dma_switch 
DMA read data path selector  
0: Path to SPMUX 
1: Path to Superimpose   
2: Path to Image Effects  
3: Reserved 
4: Path to ISP Bayer RGB  
5~7: Reserved 

3:2   RW   0x0  

vi_chan_mode 
Y/C splitter channel mode  
0: Disabled 
1: Main path and raw data mode  
2: Self path mode 
3: Main and self path mode 

1:0   RW   0x0  

vi_mp_mux 
data path selector for main path 
00: Data from DMA read port to JPEG encoder  
01: Data from main resize to MI, uncompressed  
10: Data from main resize to JPEG encoder 
11: Reserved 

 
 
&75/B����B6:6B&)*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31   RO   0x0  
isp2pp_hold 
isp2pp pipeline hold, read only 

30   RO   0x0  
sw_sws_en_shd 
sw_sws_en_shd 

29   RO   0x0  
sws_working 
sws_working 

28:26   RO   0x0  reserved 

25   RW   0x0  
sw_mipi2isp_fifo_dis 
v_blank hold fifo disable 

24   RW   0x0  
sw_3a_ddr_write_en 
3a result load to ddr enable 

23:16   RW   0x00  

sw_isp2pp_difx16 
isp2pp lineconter diff 
isp_linecnt + sw_isp2pp_difx16*16 >= tnr_linecnt*128, 
unit=16line; hold mainisp 

15:6   RO   0x0  reserved 

5:4   RW   0x0  
sw_sensor_id 
current frame sensor id from 0~3 

3   RW   0x0  
sw_ack_frm_pro_dis 
vblank optimize disable 

2   RW   0x0  

sw_mipi_drop_frm_dis 
mipi drop frame disable 
1'b0: Enable, default 
1'b1: Disable 
Note: only mipi on-the-fly mode needs to use drop frame 

1   RW   0x0  
sw_isp2pp_pipe_en 
enable pp nodrop frame, use pp_ack into mainisp output 

0   RW   0x0  
sw_sws_en 
1'b0: sws close 
1'b1: sws en 

 
 
&75/B����B/9'6B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:21   RW   0x000  
sw_lvds_start_y 
Crop start y. 

20:10   RW   0x000  
sw_lvds_start_x 
Crop start x. 

9:8   RW   0x0  
sw_lvds_main_lane 
Choose the lane to parse the sync code 

7:4   RW   0x0  
sw_lvds_lane_en 
Lane enable for LVDS 
eg : 4'b0011 represent lane 0/1 is enable. 

3:2   RW   0x0  

sw_lvds_width 
2'b00 : 8bit 
2'b01 : 10bit 
2'b10 : 12bit 

1   RW   0x0  

sw_lvds_mode 
There are 2 modes 
1'b0 : ls-le...fs-fe or sav_act-eav_act...sav_blk-eav_blk 
1'b1 : fs-le...ls-fe 

0   RW   0x0  

sw_lvds_cap_en 
Enable to capture LVDS 
1'b0 : Disable 
1'b1 : Enable 

 
 
&75/B����B/9'6B6$9B($9B$&7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:16   RW   0x000  
sw_lvds_eav_act 
LVDS path sync code of eav_act 

15:12   RO   0x0  reserved 

11:0   RW   0x000  
sw_lvds_sav_act 
LVDS path sync code of sav_act 

 
 
&75/B����B/9'6B6$9B($9B%/.�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:16   RW   0x000  
sw_lvds_eav_blk 
LVDS path sync code of eav_blk 

15:12   RO   0x0  reserved 

11:0   RW   0x000  
sw_lvds_sav_blk 
LVDS path sync code of sav_blk 

 

12.4.2.20 LDCH 
,63B/'&+B�%��B676�  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 52 �[� VZBOGFKBHQBVKG 
0RGXOH�OGFK�HQDEOH�VLJQDO 

�� 52 �[� OGFKBZRUNLQJ 
:RUNLQJ�VWDWH 

�� 52 �[� OGFKBPDSBGDWDBHUU 
/'&+�HUURU�LQWHUUXSW�VLJQDO 

���� 52 �[������� UHVHUYHG 

� 5: �[� VZBOGFKBHQBL 
0RGXOH�OGFK�HQDEOH�VLJQDO 

 

12.4.2.21 RAWAF 
,63B5$:$)B�'��B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

VZBUDZDIBPHDVBIODJ 
:KHQ�UDZDI�PHDVXUHPHQW�LV�RYHU��WKLV�ELW�ZLOO�SXOOHG�XS�E\�
KDUGZDUH�LWVHOI��WKHQ�VRIWZDUH�FRXOG�UHDG�WKH�UHVXOW�RI�UDZDI��
:KHQ�UHDG�LV�RYHU��LW�PXVW�EHHQ�SXOOHG�GRZQ�E\�VRIWZDUH��DQG�
UDZDI�ZLOO�ZRUN�DJDLQ�DW�WKH�EHJLQLQJ�RI�QH[W�IUDPH�DIWHU�SXOOHG�
GRZQ� 

���� 52 �[������� UHVHUYHG 

� 5: �[� 
VZBJDXVBHQ 
�
E���*DXV�PRGXOH�LV�GLVDEOHG� �  
�
E���*DXV�LV�HQDEOHG 

� 5: �[� 
VZBJDPPDBHQ 
�
E���*DPPD�PRGXOH�LV�GLVDEOHG� �  
�
E���*DPPD�LV�HQDEOHG 

� 5: �[� 

VZBUDZDIBHQ 
$)�PHDVXUHPHQW�HQDEOH� �  
�
E���$)�PHDVXUHPHQW�LV�GLVDEOHG� �  
�
E���$)�PHDVXUHPHQW�LV�HQDEOHG� �  
:ULWLQJ�D���WR�WKLV�UHJLVWHU�VWDUWV�D�QHZ�PHDVXUHPHQW�DQG�UHVHWV�
WKH�DIPBILQ��PHDVXUHPHQW�ILQLVKHG��LQWHUUXSW�WR����  

 
,63B5$:$)B�'��B2))6(7B:,1$�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� 
VZBDBKBO 
)LUVW�SL[HO�RI�ZLQGRZ�$��KRUL]RQWDO�OHIW�URZ���YDOXH�PXVW�EH�
JUHDWHU�RU�HTXDO��� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� 
VZBDBYBW 
)LUVW�OLQH�RI�ZLQGRZ�$��YHUWLFDO�WRS�OLQH���YDOXH�PXVW�EH�JUHDWHU�RU�
HTXDO��� 

 
,63B5$:$)B�'��B6,=(B:,1$�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� 
VZBDBKBVL]H 
+RUL]RQWDO�VL]H�RI�ZLQGRZ�$��YDOXH�PXVW�EH�ORZHU�WKDQ��ZLGWK�RI�
SLFWXUH�������DBKBO���7KLV�YDOXH�PXVW�EH�DQ�LQWHJHU�PXOWLSOH�RI���� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

���� 5: �[���� 
VZBDBYBVL]H 
9HUWLFDO�VL]H�RI�ZLQGRZ�$��YDOXH�PXVW�EH�ORZHU�WKDQ��QXPEHU�RI�
OLQHV�������DBYBW���7KLV�YDOXH�PXVW�EH�DQ�LQWHJHU�PXOWLSOH�RI���� 

 
,63B5$:$)B�'��B2))6(7B:,1%�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� 
VZBEBKBO 
ILUVW�SL[HO�RI�ZLQGRZ�%��KRUL]RQWDO�OHIW�URZ���YDOXH�PXVW�EH�
JUHDWHU�RU�HTXDO��� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� 
VZBEBYBW 
)LUVW�OLQH�RI�ZLQGRZ�%��YHUWLFDO�WRS�OLQH���YDOXH�PXVW�EH�JUHDWHU�RU�
HTXDO��� 

 
,63B5$:$)B�'��B6,=(B:,1%�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� 
VZBEBKBVL]H 
+RUL]RQWDO�VL]H�RI�ZLQGRZ�$��YDOXH�PXVW�EH�ORZHU�WKDQ��ZLGWK�RI�
SLFWXUH�������DBKBO�� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� 
VZBEBYBVL]H 
9HUWLFDO�VL]H�RI�ZLQGRZ�$��YDOXH�PXVW�EH�ORZHU�WKDQ��QXPEHU�RI�
OLQHV�������DBYBW�� 

 
,63B5$:$)B�'��B,17B/,1(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

VZBLQWBOLQH�BHQ 
,QW�OLQH��LV�YDOLG�WR�SURGXOH�DQ�LQWHUUXSW�VLJQDO�DW�WKH�HQG�RI�WKH�
OLQH��QXPEHU�LV�PHDVXUHG� 
�
E���$)�OLQH��LQWHUUXS�LV�GLVDEOHG� 
�
E���$)�OLQH��LQWHUUXS�LV�HQDEOHG� 

�� 5: �[� 

VZBLQWBOLQH�BHQ 
,QW�OLQH��LV�YDOLG�WR�SURGXOH�DQ�LQWHUUXSW�VLJQDO�DW�WKH�HQG�RI�WKH�
OLQH��QXPEHU�LV�PHDVXUHG� 
�
E���$)�OLQH��LQWHUUXS�LV�GLVDEOHG� 
�
E���$)�OLQH��LQWHUUXS�LV�HQDEOHG� 

�� 5: �[� 

VZBLQWBOLQH�BHQ 
,QW�OLQH��LV�YDOLG�WR�SURGXOH�DQ�LQWHUUXSW�VLJQDO�DW�WKH�HQG�RI�WKH�
OLQH��QXPEHU�LV�PHDVXUHG� 
�
E���$)�OLQH��LQWHUUXS�LV�GLVDEOHG� 
�
E���$)�OLQH��LQWHUUXS�LV�HQDEOHG� 

�� 5: �[� 

VZBLQWBOLQH�BHQ 
,QW�OLQH��LV�YDOLG�WR�SURGXOH�DQ�LQWHUUXSW�VLJQDO�DW�WKH�HQG�RI�WKH�
OLQH��QXPEHU�LV�PHDVXUHG� 
�
E���$)�OLQH��LQWHUUXS�LV�GLVDEOHG� 
�
E���$)�OLQH��LQWHUUXS�LV�HQDEOHG� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

VZBLQWBOLQH�BHQ 
,QW�OLQH��LV�YDOLG�WR�SURGXOH�DQ�LQWHUUXSW�VLJQDO�DW�WKH�HQG�RI�WKH�
OLQH��QXPEHU�LV�PHDVXUHG� 
�
E���$)�OLQH��LQWHUUXS�LV�GLVDEOHG� 
�
E���$)�OLQH��LQWHUUXS�LV�HQDEOHG� 

����� 52 �[�� UHVHUYHG 

����� 5: �[I 
VZBLQWBOLQH� 
)LIWK�OLQH�QXPEHU�ZKLFK�QHHG�WR�SURGXFH�LQW�VLJQDO��UDQJH�IURP���
WR�����OLQH��QHHG�WR�EH�!�OLQH���WKH�LQWHUUXSW�ZLOO�EH�SURGXFHG�DW�
WKH�DW�RI�LQHBOLQH������ 

����� 5: �[F 
VZBLQWBOLQH� 
)RXUWK�OLQH�QXPEHU�ZKLFK�QHHG�WR�SURGXFH�LQW�VLJQDO��UDQJH�IURP�
��WR�����OLQH��QHHG�WR�EH�!�OLQH���WKH�LQWHUUXSW�ZLOO�EH�SURGXFHG�
DW�WKH�DW�RI�LQHBOLQH������ 

���� 5: �[� 
VZBLQWBOLQH� 
7KLUG�OLQH�QXPEHU�ZKLFK�QHHG�WR�SURGXFH�LQW�VLJQDO��UDQJH�IURP���
WR�����OLQH��QHHG�WR�EH�!�OLQH���WKH�LQWHUUXSW�ZLOO�EH�SURGXFHG�DW�
WKH�DW�RI�LQHBOLQH������ 

��� 5: �[� 
VZBLQWBOLQH� 
6HFRQG�OLQH�QXPEHU�ZKLFK�QHHG�WR�SURGXFH�LQW�VLJQDO��UDQJH�IURP�
��WR�����OLQH��QHHG�WR�EH�!�OLQH���WKH�LQWHUUXSW�ZLOO�EH�SURGXFHG�
DW�WKH�DW�RI�LQHBOLQH������ 

��� 5: �[� 
VZBLQWBOLQH� 
)LUVW�OLQH�QXPEHU�ZKLFK�QHHG�WR�SURGXFH�LQWHUUXSW�VLJQDO��UDQJH�
IURP���WR�����WKH�LQWHUUXSW�ZLOO�EH�SURGXFHG�DW�WKH�DW�RI�LQHBOLQH��
���� 

 
,63B5$:$)B�'��B*$86B&2(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[�� VZBJDXVBFRHBK� 
7KH�FRH�RI�ILUVW�OLQH�DQG�ILUVW�FROXPH�SL[�LQ��[��JDXV�ILOWHU 

�� 52 �[� UHVHUYHG 

���� 5: �[�� VZBJDXVBFRHBK� 
7KH�FRH�RI�ILUVW�OLQH�DQG�VHFRQG�FROXPH�SL[�LQ��[��JDXV�ILOWHU 

��� 5: �[�� VZBJDXVBFRHBK� 
7KH�FRH�RI�PLGGOH�SL[�LQ��[��JDXV�ILOWHU 

 
,63B5$:$)B�'��B7+5(6�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[�� 
VZBUDPBVWDUBDGGU 
VZBUDPBVWDUBDGGU��LI�LQHBOLQH�BHQ�LV����LW�QHHG�WR�EH�VPDOO�WKDQ�
YDOXH�RI��LQHBOLQH��������(OVH�LI�LQHBOLQH�BHQ�LV����LW�QHHG�WR�EH�
VPDOO�WKDQ�YDOXH�RI��LQHBOLQH��������DQG�VR�RQ� 

���� 5: �[���� 
VZBDIPBWKUHV 
$)�PHDVXUHPHQW�WKUHVKROG 
7KLV�UHJLVWHU�GHILQHV�D�WKUHVKROG�ZKLFK�FDQ�EH�XVHG�IRU�
PLQLPL]LQJ�WKH�LQIOXHQFH�RI�QRLVH�LQ�WKH�PHDVXUHPHQW�UHVXOW� 

 
,63B5$:$)B�'��B9$5B6+,)7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� VZBOXPBYDUBVKLIWBE 
9DULDEOH�VKLIW�IRU�OXPLQDQFH�VXPPDWLRQ 

�� 52 �[� UHVHUYHG 

����� 5: �[� 

VZBOXPBYDUBVKLIWBD 
9DULDEOH�VKLIW�IRU�OXPLQDQFH�VXPPDWLRQ� �  
7KH�OXPBYDUBVKLIW�GHILQHV�WKH�QXPEHU�RI�ELWV�IRU�WKH�VKLIW�
RSHUDWLRQ�RI�WKH�YDOXH�RI�WKH�FXUUHQW�SL[HO�EHIRUH�VXPPDWLRQ��7KH�
VKLIW�RSHUDWLRQ�LV�XVHG�WR�DYRLG�D�OXPLQDQFH�VXP�RYHUIORZ� 

���� 52 �[��� UHVHUYHG 

��� 5: �[� VZBDIPBYDUBVKLIWBE 
9DULDEOH�VKLIW�IRU�$)�PHDVXUHPHQW 

� 52 �[� UHVHUYHG 

��� 5: �[� 

VZBDIPBYDUBVKLIWBD 
9DULDEOH�VKLIW�IRU�$)�PHDVXUHPHQW� �  
7KH�DIPBYDUBVKLIW�GHILQHV�WKH�QXPEHU�RI�ELWV�IRU�WKH�VKLIW�
RSHUDWLRQ�DW�WKH�HQG�RI�WKH�FDOFXODWLRQ�FKDLQ��7KH�VKLIW�RSHUDWLRQ�
LV�XVHG�WR�DYRLG�DQ�$)�PHDVXUHPHQW�VXP�RYHUIORZ� 

 
,63B5$:$)B�'��B680B$�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� DIPBVXPBD 6KDUSQHVV�YDOXH�RI�ZLQGRZ�$ 
 
,63B5$:$)B�'��B680B%�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� DIPBVXPBE 6KDUSQHVV�YDOXH�RI�ZLQGRZ�% 
 
,63B5$:$)B�'��B/80B$�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

���� 52 �[������ DIPBOXPBD 
/XPLQDQFH�YDOXH�RI�ZLQGRZ�$ 

 
,63B5$:$)B�'��B/80B%�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

���� 52 �[������ DIPBOXPBE 
/XPLQDQFH�YDOXH�RI�ZLQGRZ�% 

 
,63B5$:$)B�'��B*$00$B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[�E VZB\� 
<��YDOXH�RI�JDPPD�WDEOH 

���� 52 �[�� UHVHUYHG 

��� 5: �[�� VZB\� 
<��YDOXH�RI�JDPPD�WDEOH 
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,63B5$:$)B�'��B*$00$B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[�F VZB\� 
<��YDOXH�RI�JDPPD�WDEOH 

���� 52 �[�� UHVHUYHG 

��� 5: �[�E VZB\� 
<��YDOXH�RI�JDPPD�WDEOH 

 
,63B5$:$)B�'��B*$00$B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[�� VZB\� 
<��YDOXH�RI�JDPPD�WDEOH 

���� 52 �[�� UHVHUYHG 

��� 5: �[�G VZB\� 
<��YDOXH�RI�JDPPD�WDEOH 

 
,63B5$:$)B�'��B*$00$B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[�� VZB\� 
<��YDOXH�RI�JDPPD�WDEOH 

���� 52 �[�� UHVHUYHG 

��� 5: �[�� VZB\� 
<��YDOXH�RI�JDPPD�WDEOH 

 
,63B5$:$)B�'��B*$00$B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[�G VZB\� 
<��YDOXH�RI�JDPPD�WDEOH 

���� 52 �[�� UHVHUYHG 

��� 5: �[�G VZB\� 
<��YDOXH�RI�JDPPD�WDEOH 

 
,63B5$:$)B�'��B*$00$B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[D� VZB\�� 
<���YDOXH�RI�JDPPD�WDEOH 

���� 52 �[�� UHVHUYHG 

��� 5: �[�E VZB\�� 
<���YDOXH�RI�JDPPD�WDEOH 

 
,63B5$:$)B�'��B*$00$B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[G� VZB\�� 
<���YDOXH�RI�JDPPD�WDEOH 

���� 52 �[�� UHVHUYHG 

��� 5: �[EG VZB\�� 
<���YDOXH�RI�JDPPD�WDEOH 

 
,63B5$:$)B�'��B*$00$B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[I� VZB\�� 
<���YDOXH�RI�JDPPD�WDEOH 

���� 52 �[�� UHVHUYHG 

��� 5: �[H� VZB\�� 
<���YDOXH�RI�JDPPD�WDEOH 

 
,63B5$:$)B�'��B*$00$B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[II VZB\�� 
<���YDOXH�RI�JDPPD�WDEOH 

 
,63B5$:$)B�'��B,17B67$7(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� 

LQWBOLQH�BVWDWH 
:KHQ�LQWBOLQH�BHQ�LV���DQG�DW�WKH�HQG�RI�OLQH��QXPEHU�LV�
PHDVXUHG��WKLV�ELW�ZLOO�SXOOHG�XS�E\�KDUGZDUH�LWVHOI��WKHQ�VRIWZDUH�
FRXOG�UHDG�WKH�UHVXOW�RI���[���UDZDI�VXP��  
:KHQ�UHDG�LV�RYHU��LW�PXVW�EHHQ�SXOOHG�GRZQ�E\�VRIWZDUH��DQG�
UDZDI�ZLOO�ZRUN�DJDLQ�DW�WKH�EHJLQLQJ�RI�QH[W�IUDPH�DIWHU�SXOOHG�
GRZQ��  
:KHQ�VZBUDZDIBPHDVBIODJ�LV�SXOO�GRZQ��WKLV�VWDWH�FDQ�DOVR�EH�
SXOO�GRZQ� 

� 5: �[� 

LQWBOLQH�BVWDWH 
:KHQ�LQWBOLQH�BHQ�LV���DQG�DW�WKH�HQG�RI�OLQH��QXPEHU�LV�
PHDVXUHG��WKLV�ELW�ZLOO�SXOOHG�XS�E\�KDUGZDUH�LWVHOI��WKHQ�VRIWZDUH�
FRXOG�UHDG�WKH�UHVXOW�RI���[���UDZDI�VXP��  
:KHQ�UHDG�LV�RYHU��LW�PXVW�EHHQ�SXOOHG�GRZQ�E\�VRIWZDUH��DQG�
UDZDI�ZLOO�ZRUN�DJDLQ�DW�WKH�EHJLQLQJ�RI�QH[W�IUDPH�DIWHU�SXOOHG�
GRZQ��  
:KHQ�VZBUDZDIBPHDVBIODJ�LV�SXOO�GRZQ��WKLV�VWDWH�FDQ�DOVR�EH�
SXOO�GRZQ� 

� 5: �[� 

LQWBOLQH�BVWDWH 
:KHQ�LQWBOLQH�BHQ�LV���DQG�DW�WKH�HQG�RI�OLQH��QXPEHU�LV�
PHDVXUHG��WKLV�ELW�ZLOO�SXOOHG�XS�E\�KDUGZDUH�LWVHOI��WKHQ�VRIWZDUH�
FRXOG�UHDG�WKH�UHVXOW�RI���[���UDZDI�VXP��  
:KHQ�UHDG�LV�RYHU��LW�PXVW�EHHQ�SXOOHG�GRZQ�E\�VRIWZDUH��DQG�
UDZDI�ZLOO�ZRUN�DJDLQ�DW�WKH�EHJLQLQJ�RI�QH[W�IUDPH�DIWHU�SXOOHG�
GRZQ��  
:KHQ�VZBUDZDIBPHDVBIODJ�LV�SXOO�GRZQ��WKLV�VWDWH�FDQ�DOVR�EH�
SXOO�GRZQ� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

LQWBOLQH�BVWDWH 
:KHQ�LQWBOLQH�BHQ�LV���DQG�DW�WKH�HQG�RI�OLQH��QXPEHU�LV�
PHDVXUHG��WKLV�ELW�ZLOO�SXOOHG�XS�E\�KDUGZDUH�LWVHOI��WKHQ�VRIWZDUH�
FRXOG�UHDG�WKH�UHVXOW�RI���[���UDZDI�VXP��  
:KHQ�UHDG�LV�RYHU��LW�PXVW�EHHQ�SXOOHG�GRZQ�E\�VRIWZDUH��DQG�
UDZDI�ZLOO�ZRUN�DJDLQ�DW�WKH�EHJLQLQJ�RI�QH[W�IUDPH�DIWHU�SXOOHG�
GRZQ��  
:KHQ�VZBUDZDIBPHDVBIODJ�LV�SXOO�GRZQ��WKLV�VWDWH�FDQ�DOVR�EH�
SXOO�GRZQ� 

� 5: �[� 

LQWBOLQH�BVWDWH 
:KHQ�LQWBOLQH�BHQ�LV���DQG�DW�WKH�HQG�RI�OLQH��QXPEHU�LV�
PHDVXUHG��WKLV�ELW�ZLOO�SXOOHG�XS�E\�KDUGZDUH�LWVHOI��WKHQ�VRIWZDUH�
FRXOG�UHDG�WKH�UHVXOW�RI���[���UDZDI�VXP��  
:KHQ�UHDG�LV�RYHU��LW�PXVW�EHHQ�SXOOHG�GRZQ�E\�VRIWZDUH��DQG�
UDZDI�ZLOO�ZRUN�DJDLQ�DW�WKH�EHJLQLQJ�RI�QH[W�IUDPH�DIWHU�SXOOHG�
GRZQ� 
:KHQ�VZBUDZDIBPHDVBIODJ�LV�SXOO�GRZQ��WKLV�VWDWH�FDQ�DOVR�EH�
SXOO�GRZQ� 

 
,63B5$:$)B�'��B5$0B'$7$�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
VXPBGDWDBZQG[ 
7RWDO���[���ZLQGRZV��HDFK�ZLQGRZ�KDV���ELW��LI�QHHG�VKLIW���
SOHDVH�XVH�DIPBYDUBVKLIWBD� 

 

12.4.2.22 RAWAE 
���5$:$(B%,* 
5$:$(B%,*B����B����B����B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� :�
& �[� 

VZBDHPHDVBGRQH 
7KLV�ELW�ZLOO�EH�VHW�WR���E\�KDUGZDUH�ZKHQ�DH�VWDWV�UHDG\��7KH�
VRIWZDUH�FDQ�UHDG�DH�VWDWV�DQG�PXVW�FOHDU�WKLV�ELW��ZULWH��WR�
FOHDU��DIWHU�RSHUDWLRQ��7KH�KDUGZDUH�ZLOO�UXQ�DJDLQ�ZKHQ�QHZ�
IODPH�DUULYHG�DIWHU�WKLV�ELW�FOHDUHG� 

�� 52 �[� URBZRUNLQJBU 
���� 52 �[������ UHVHUYHG 

� 5: �[� VZBDHPHDVBGHEXJBHQ 
7KH�GHEXJ�VLJQDO�ZLOO�WRJJOH�ZKHQ�WKLV�ELW�DVVHW� 

� 5: �[� 
VZBUDZDHBELJBZQG�BHQ 
�
E���:LQGRZ�FORVH 
�
E���:LQGRZ�RSHQ 

� 5: �[� 
VZBUDZDHBELJBZQG�BHQ 
�
E���:LQGRZ�FORVH 
�
E���:LQGRZ�RSHQ 

� 5: �[� 
VZBUDZDHBELJBZQG�BHQ 
�
E���:LQGRZ�FORVH 
�
E���:LQGRZ�RSHQ 

� 5: �[� 
VZBUDZDHBELJBZQG�BHQ 
�
E���:LQGRZ�FORVH 
�
E���:LQGRZ�RSHQ 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 52 �[� 
URBUGBUDPBHQ 
8VHU�QHHG�DVVHUW�WKLV�ELW�WR���EHIRUH�UHDGLQJ�EDFN�5$0�GDWD�DQG�
VHW�WR���DIWHU�UHDG�RSHUDWLRQ� 

��� 5: �[� 

VZBDHPHDVBZQG�BQXP 
�
E����[� 
�
E����[� 
�
E�����[�� 
�
E�����[�� 

� 5: �[� 
VZBDHPHDVBHQ 
�
E���'LVDEOH�WKLV�PRGXOH 
�
E���(QDEOH�WKLV�PRGXOH 

 
5$:$(B%,*B����B����B����B:1'�B%/.B6,=(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� 
VZBDHPHDVBYBVL]H 
9HUWLFDO�RIIVHW�RI�ILUVW�EORFN�LQ�SL[HOV� 
1RWH��7KH�YHUWLFDO�VL]H�PXVW�EH�RYHQ��DQG�QHHG�OHDYH��OLQHV�DW�
ODVW� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� 
VZBDHPHDVBKBVL]H 
+RUL]RQWDO�VL]H�LQ�SL[HOV�RI�RQH�EORFN� 
1RWH��H[SBKBVL]HZLQGRZBQXP�PXVW�EH�OHVV��QRW�HTXDO��WKDQ�WKH�
KRUL]RQWDO�VL]H�RI�WKH�SLFWXUH� 

 
5$:$(B%,*B����B����B����B:1'�B2))6(7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� VZBDHPHDVBYBRIIVHW 
9HUWLFDO�RIIVHW�RI�ILUVW�EORFN�LQ�SL[HOV�� �  

����� 52 �[� UHVHUYHG 

���� 5: �[���� VZBDHPHDVBKBRIIVHW 
+RUL]RQWDO�RIIVHW�RI�ILUVW�EORFN�LQ�SL[HOV� 

 
5$:$(B%,*B����B����B����B5$0B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� UGBUDPBHQ 
-XVW�IRU�GHEXJ 

����� 52 �[�� UHVHUYHG 
����� 52 �[�� URBUDPBFQW 
���� 52 �[�� UHVHUYHG 
��� 5: �[�� VZBUDPBRIIVHW 
 
5$:$(B%,*B����B����B����B:1'�B6,=(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� 
VZBDHPHDVBYBVL]H 
7KH�GRZQ�FR�RUGLQDWHV�RI�WKLV�ZLQGRZ 
1RWH��7KLV�VLJQDO�LV�QRW�WKLV�ZLQGRZ
V�YHUWLFDO�VL]H� 

����� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[���� 
VZBDHPHDVBKBVL]H 
7KH�ULJKW�FR�RUGLQDWHV�RI�WKLV�ZLQGRZ 
1RWH��7KLV�VLJQDO�LV�QRW�WKLV�ZLQGRZ
V�KRUL]RQWDO�VL]H� 

 
5$:$(B%,*B����B����B����B:1'�B2))6(7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� VZBDHPHDVBYBRIIVHW 
9HUWLFDO�RIIVHW�RI�ILUVW�EORFN�LQ�SL[HOV 

����� 52 �[� UHVHUYHG 

���� 5: �[���� VZBDHPHDVBKBRIIVHW 
+RUL]RQWDO�RIIVHW�RI�ILUVW�EORFN�LQ�SL[HOV 

 
5$:$(B%,*B����B����B����B:1'�B6,=(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� 
VZBDHPHDVBYBVL]H 
7KH�GRZQ�FR�RUGLQDWHV�RI�WKLV�ZLQGRZ 
1RWH��7KLV�VLJQDO�LV�QRW�WKLV�ZLQGRZ
V�YHUWLFDO�VL]H� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� 
VZBDHPHDVBKBVL]H 
7KH�ULJKW�FR�RUGLQDWHV�RI�WKLV�ZLQGRZ 
1RWH��7KLV�VLJQDO�LV�QRW�WKLV�ZLQGRZ
V�KRUL]RQWDO�VL]H� 

 
5$:$(B%,*B����B����B����B:1'�B2))6(7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� VZBDHPHDVBYBRIIVHW 
9HUWLFDO�RIIVHW�RI�ILUVW�EORFN�LQ�SL[HOV 

����� 52 �[� UHVHUYHG 

���� 5: �[���� VZBDHPHDVBKBRIIVHW 
+RUL]RQWDO�RIIVHW�RI�ILUVW�EORFN�LQ�SL[HOV 

 
5$:$(B%,*B����B����B����B:1'�B6,=(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� 
VZBDHPHDVBYBVL]H 
7KH�GRZQ�FR�RUGLQDWHV�RI�WKLV�ZLQGRZ 
1RWH��7KLV�VLJQDO�LV�QRW�WKLV�ZLQGRZ
V�YHUWLFDO�VL]H� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� 
VZBDHPHDVBKBVL]H 
7KH�ULJKW�FR�RUGLQDWHV�RI�WKLV�ZLQGRZ 
1RWH��7KLV�VLJQDO�LV�QRW�WKLV�ZLQGRZ
V�KRUL]RQWDO�VL]H� 

 
5$:$(B%,*B����B����B����B:1'�B2))6(7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� VZBDHPHDVBYBRIIVHW 
9HUWLFDO�RIIVHW�RI�ILUVW�EORFN�LQ�SL[HOV 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

���� 5: �[���� VZBDHPHDVBKBRIIVHW 
+RUL]RQWDO�RIIVHW�RI�ILUVW�EORFN�LQ�SL[HOV 

 
5$:$(B%,*B����B����B����B:1'�B6,=(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� 
VZBDHPHDVBYBVL]H 
7KH�GRZQ�FR�RUGLQDWHV�RI�WKLV�ZLQGRZ 
1RWH��7KLV�VLJQDO�LV�QRW�WKLV�ZLQGRZ
V�YHUWLFDO�VL]H� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� 
VZBDHPHDVBKBVL]H 
7KH�ULJKW�FR�RUGLQDWHV�RI�WKLV�ZLQGRZ 
1RWH��7KLV�VLJQDO�LV�QRW�WKLV�ZLQGRZ
V�KRUL]RQWDO�VL]H� 

 
5$:$(B%,*B����B����B����B:1'�B2))6(7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� VZBDHPHDVBYBRIIVHW 
9HUWLFDO�RIIVHW�RI�ILUVW�EORFN�LQ�SL[HOV 

����� 52 �[� UHVHUYHG 

���� 5: �[���� VZBDHPHDVBKBRIIVHW 
+RUL]RQWDO�RIIVHW�RI�ILUVW�EORFN�LQ�SL[HOV 

 
5$:$(B%,*B����B����B����B:1'�B6805�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 
���� 52 �[�������� URBUDZDHBELJBZQG�BVXPU 
 
5$:$(B%,*B����B����B����B:1'�B6805�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 
���� 52 �[�������� URBUDZDHBELJBZQG�BVXPU 
 
5$:$(B%,*B����B����B����B:1'�B6805�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 
���� 52 �[�������� URBUDZDHBELJBZQG�BVXPU 
 
5$:$(B%,*B����B����B����B:1'�B6805�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 
���� 52 �[�������� URBUDZDHBELJBZQG�BVXPU 
 
5$:$(B%,*B����B����B����B:1'�B680*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� URBUDZDHBELJBZQG�BVXPJ 
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5$:$(B%,*B����B����B����B:1'�B680*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� URBUDZDHBELJBZQG�BVXPJ 
 
5$:$(B%,*B����B����B����B:1'�B680*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� URBUDZDHBELJBZQG�BVXPJ 
 
5$:$(B%,*B����B����B����B:1'�B680*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� URBUDZDHBELJBZQG�BVXPJ 
 
5$:$(B%,*B����B����B����B:1'�B680%�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 
���� 52 �[�������� URBUDZDHBELJBZQG�BVXPE 
 
5$:$(B%,*B����B����B����B:1'�B680%�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 
���� 52 �[�������� URBUDZDHBELJBZQG�BVXPE 
 
5$:$(B%,*B����B����B����B:1'�B680%�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 
���� 52 �[�������� URBUDZDHBELJBZQG�BVXPE 
 
5$:$(B%,*B����B����B����B:1'�B680%�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 
���� 52 �[�������� URBUDZDHBELJBZQG�BVXPE 
 
5$:$(B%,*B����B����B����B52B'%*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 
����� 52 �[���� URBFXUUHQWB\BSRV 
����� 52 �[� UHVHUYHG 
���� 52 �[���� URBFXUUHQWB[BSRV 
 
5$:$(B%,*B����B����B����B52B'%*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 52 �[� URBZQGBYDO 
�� 52 �[� URBYEONBHQG 
�� 52 �[� URBYDFWLYH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� URBYBFQW 
�� 52 �[� URBEONBILQLVK 
�� 52 �[� URBKEONBHQG 
�� 52 �[� URBKDFWLYH 
���� 52 �[���� URBKBFQW 
 
5$:$(B%,*B����B����B����B52B'%*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 
�� 52 �[� URBDFFBYDO 
�� 52 �[� URBPHDQBYDO 
�� 52 �[� URBZRUNLQJBVWRUHG 
�� 52 �[� URBJDWLQJ 
�� 52 �[� URBLQBKHQG 
�� 52 �[� URBLQBYHQG 
�� 52 �[� URBLQBYDO 
�� 52 �[� URBLQBDFN 
���� 52 �[�� URBPHDQBDGGU 
��� 52 �[� URB\BFXUUHQWBEON 
��� 52 �[� URB[BFXUUHQWBEON 
 
5$:$(B%,*B����B����B����B52B0($1B%$6(B$''5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[��� 
URBUDZDHBPHDQBFKDQQHOUB[\ 
&KDQQHO�J�PHDQ�OXPLQDQFH�YDOXH�RI�EORFN���a����[�\���[��\�
PHDQV�[�DQG�\�FRRUGLQDWH� 

����� 52 �[��� 
URBUDZDHBPHDQBFKDQQHOEB[\ 
&KDQQHO�J�PHDQ�OXPLQDQFH�YDOXH�RI�EORFN���a����[�\���[��\�
PHDQV�[�DQG�\�FRRUGLQDWH� 

���� 52 �[��� 
URBUDZDHBPHDQBFKDQQHOJB[\ 
&KDQQHO�J�PHDQ�OXPLQDQFH�YDOXH�RI�EORFN���a����[�\���[��\�
PHDQV�[�DQG�\�FRRUGLQDWH� 

 
(2) 5$:$(B/,7( 
,63B5$:$(B/,7(B����B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� :�
& �[� 

VZBDHPHDVBGRQH 
7KLV�ELW�ZLOO�EH�VHW�WR���E\�KDUGZDUH�ZKHQ�DH�VWDWV�UHDG\��7KH�
VRIWZDUH�FDQ�UHDG�DH�VWDWV�DQG�PXVW�FOHDU�WKLV�ELW��ZULWH��WR�
FOHDU��DIWHU�RSHUDWLRQ��7KH�KDUGZDUH�ZLOO�UXQ�DJDLQ�ZKHQ�QHZ�
IODPH�DUULYHG�DIWHU�WKLV�ELW�FOHDUHG� 

�� 5: �[� URBZRUNLQJBU 
)LHOG�����'HVFULSWLRQ 

���� 52 �[������ UHVHUYHG 

� 5: �[� VZBDHPHDVBGHEXJBHQ 
7KH�GHEXJ�VLJQDO�ZLOO�WRJJOH�ZKHQ�WKLV�ELW�DVVHW 

��� 52 �[�� UHVHUYHG 

� 5: �[� 
VZBDHPHDVBZQGBQXP 
�
E����[� 
�
E����[� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
VZBDHPHDVBHQ 
�
E���1R�PHDQ 
�
E���6WDUW�DH�PRGXOH��DXWRFOU� 

 
,63B5$:$(B/,7(B����B%/.B6,=(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� 
VZBDHPHDVBYBVL]H 
9HUWLFDO�RIIVHW�RI�ILUVW�EORFN�LQ�SL[HOV 
1RWH��7KH�YHUWLFDO�VL]H�PXVW�EH�RYHQ��DQG�QHHG�OHDYH��OLQHV�DW�
ODVW� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� 
VZBDHPHDVBKBVL]H 
+RUL]RQWDO�VL]H�LQ�SL[HOV�RI�RQH�EORFN�  
1RWH��H[SBKBVL]HZLQGRZBQXP�PXVW�EH�OHVV��QRW�HTXDO��WKDQ�WKH�
KRUL]RQWDO�VL]H�RI�WKH�SLFWXUH� 

 
,63B5$:$(B/,7(B����B2))6(7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� VZBDHPHDVBYBRIIVHW 
9HUWLFDO�RIIVHW�RI�ILUVW�EORFN�LQ�SL[HOV 

����� 52 �[� UHVHUYHG 

���� 5: �[���� VZBDHPHDVBKBRIIVHW 
+RUL]RQWDO�RIIVHW�RI�ILUVW�EORFN�LQ�SL[HOV 

 
,63B5$:$(B/,7(B����B52B0($1B;;�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� 
URBUDZDHBPHDQBFKDQQHOUB[\ 
&KDQQHO�J�PHDQ�OXPLQDQFH�YDOXH�RI�EORFN���a����[�\���[��\�
PHDQV�[�DQG�\�FRRUGLQDWH� 

����� 52 �[��� 
URBUDZDHBPHDQBFKDQQHOEB[\ 
&KDQQHO�J�PHDQ�OXPLQDQFH�YDOXH�RI�EORFN���a����[�\���[��\�
PHDQV�[�DQG�\�FRRUGLQDWH� 

���� 52 �[��� 
URBUDZDHBPHDQBFKDQQHOJB[\ 
&KDQQHO�J�PHDQ�OXPLQDQFH�YDOXH�RI�EORFN���a����[�\���[��\�
PHDQV�[�DQG�\�FRRUGLQDWH� 

 
,63B5$:$(B/,7(B����B52B'%*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 52 �[� URBZQGBYDO 
�� 52 �[� URBYEONBHQG 
�� 52 �[� URBYDFWLYH 
����� 52 �[���� URBYBFQW 
�� 52 �[� URBEONBILQLVK 
�� 52 �[� URBKEONBHQG 
�� 52 �[� URBKDFWLYH 
���� 52 �[���� URBKBFQW 
 
,63B5$:$(B/,7(B����B52B'%*��  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 
�� 52 �[� URBDFFBYDO 
�� 52 �[� URBPHDQBYDO 
�� 52 �[� URBZRUNLQJBVWRUHG 
�� 52 �[� URBJDWLQJ 
�� 52 �[� URBLQBKHQG 
�� 52 �[� URBLQBYHQG 
�� 52 �[� URBLQBYDO 
�� 52 �[� URBLQBDFN 
���� 52 �[�� URBPHDQBDGGU 
��� 52 �[� URB\BFXUUHQWBEON 
��� 52 �[� URB[BFXUUHQWBEON 
 

12.4.2.23 RAWAWB 
,63B5$:$:%B����B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31   RW   0x0  

sw_rawawb_meas_done 
when rawawb measurement is over, this bit is pulled up by 
hardware itself, then software could read the result of rawawb. 
When read is over, it should been pulled down by software, and 
rawawb will work again at the begining of next frame after pulled 
down 

30   RW   0x0  

ro_rawawb_working 
rawawb working state read bac 
1'b1: Workin 
1'b0: Not working 

29:27   RO   0x0  reserved 

26   RW   0x0  
sw_rawawb_3dyuv_en1 
1'b1: 3DYUV detect enable for all light and big window 
1'b0: 3DYUV detect disable for all light and big window 

25   RW   0x0  
sw_rawawb_xy_en1 
1'b1: XY detect enable for all light and big window 
1'b0: XY detect disable for all light and big window 

24   RW   0x0  
sw_rawawb_uv_en1 
1'b1: UV detect enable for all light and big window 
1'b0: UV detect disable for all light and big window 

23   RO   0x0  reserved 

22:20   RW   0x0  
sw_rawawb_light_num 
number of light sources, range is from 0 to 7 

19   RW   0x0  
sw_rawlsc_bypass_en 
1'b1: rawlsc bypass enable 
1'b0: rawlsc bypass disable 

18   RW   0x0  

sw_rawawb_wind_size 
raw to rgb down sample window siz 
1: 8x8 windo 
0: 4x4 windo 
If sw_rawawb_h_size > 2560, the window size would been 8x8 
forced by hardware 

17:16   RO   0x0  reserved 

15:13   RW   0x0  

sw_rawawb_3dyuv_ls_idx3 
light source selection for 3dyuv white point detected. There are 
four 3dyuv white detected logic to supprot maximum 4 lights 
white point detection at the same time 
3'd0: Light 0 for 3dyuv white point detected logic 3 
. 
3'd6: Light 6 for 3dyuv white point detected logic 3 
3'd7: Disable for 3dyuv white point detected logic 3 
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12:10   RW   0x0  

sw_rawawb_3dyuv_ls_idx2 
light source selection for 3dyuv white point detected. There are 
four 3dyuv white detected logic to supprot maximum 4 lights 
white point detection at the same time 
3'd0: Light 0 for 3dyuv white point detected logic 2 
. 
3'd6: Light 6 for 3dyuv white point detected logic 2 
3'd7: Disable for 3dyuv white point detected logic 2 

9:7   RW   0x0  

sw_rawawb_3dyuv_ls_idx1 
light source selection for 3dyuv white point detected. There are 
four 3dyuv white detected logic to supprot maximum 4 lights 
white point detection at the same time 
3'd0: Light 0 for 3dyuv white point detected logic 1 
. 
3'd6: Light 6 for 3dyuv white point detected logic 1 
3'd7: Disable for 3dyuv white point detected logic 1 

6:4   RW   0x0  

sw_rawawb_3dyuv_ls_idx0 
light source selection for 3dyuv white point detected. There are 
four 3dyuv white detected logic to supprot maximum 4 lights 
white point detection at the same time 
3'd0: Light 0 for 3dyuv white point detected logic 0 
. 
3'd6: Light 6 for 3dyuv white point detected logic 0 
3'd7: Disable for 3dyuv white point detected logic 0 

3   RW   0x0  
sw_rawawb_3dyuv_en0 
1'b1: 3DYUV detect enable for all light and normal window 
1'b0: 3DYUV detect disable for all light and normal window 

2   RW   0x0  
sw_rawawb_xy_en0 
1'b1: XY detect enable for all light and normal window 
1'b0: XY detect disable for all light and normal window 

1   RW   0x0  
sw_rawawb_uv_en0 
1'b1: UV detect enable for all light and normal window 
1'b0: UV detect disable for all light and normal window 

0   RW   0x0  
sw_rawawb_en 
1'b1: Rawawb enable 
1'b0: Rawawb disable 

 
 
,63B5$:$:%B����B680B%*$,1B%,*B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RO   0x00000000  
ro_rawawb_sum_bgain_big_3 
read only : white point sum of bgain 

 
 
,63B5$:$:%B����B680B5*$,1B%,*B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RO   0x00000000  
ro_rawawb_sum_rgain_big_3 
read only : white point sum of rgain 

 
 
,63B5$:$:%B����B%/.B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:9   RO   0x0  reserved 

8   RW   0x0  
sw_rawawb_blk_with_luma_wei_en 
Block luma weight enable bit 

7   RO   0x0  reserved 

6:4   RW   0x0  

sw_rawawb_blk_measure_illu_idx 
3'b0: Select source light 
3'b1: Select source light 
.. 
3'b7: Select all lights 

3   RW   0x0  
sw_rawawb_blk_rtdw_measure_en 
The right and down corner of block measure enable bit 

2   RW   0x0  
sw_rawawb_blk_measure_xytype 
1'b0: Select normal windo 
1'b1: Select big window 

1   RW   0x0  
sw_rawawb_blk_measure_mode 
1'b0: Measure all pixel 
1'b1: Measure real one 

0   RW   0x0  
sw_rawawb_blk_measure_en 
Block measure enable bit 

 
 
,63B5$:$:%B����B:,1B2))6�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:16   RW   0x000  
sw_rawawb_v_offs 
awb vertical offset of crop measure windo 
bit16 is written to 0 by hardware to align offset to 2 

15:13   RO   0x0  reserved 

12:0   RW   0x0000  
sw_rawawb_h_offs 
awb horizontal offset of crop measure windo 
bit0 is written to 0 by hardware to align offset to 2 

 
 
,63B5$:$:%B����B:,1B6,=(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:28   RO   0x0  reserved 

27:16   RW   0x000  

sw_rawawb_v_size 
awb vertical crop window siz 
8x8 down sample window: bit16 to bit18 are written to 0 by 
hardware to algin size to  
4x4 down sample window: bit16 to bit17 are written to 0 by 
hardware to algin size to 4 

15:13   RO   0x0  reserved 

12:0   RW   0x0000  

sw_rawawb_h_size 
awb horizontal window siz 
down sample window 8x8: bit0 to bit2 are written to 0 by 
hardware to algin size to  
down sample window 4x4: bit0 to bit1 are written to 0 by 
hardware to algin size to 4 

 
 
,63B5$:$:%B����B/,0,7B5*B0$;�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:24   RO   0x0  reserved 

23:16   RW   0x00  
sw_rawawb_g_max 
max green value in white point detection 

15:8   RO   0x0  reserved 

7:0   RW   0x00  
sw_rawawb_r_max 
max red value in white point detection 

 
 
,63B5$:$:%B����B/,0,7B%<B0$;�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:24   RO   0x0  reserved 

23:16   RW   0x00  
sw_rawawb_y_max 
max luminance value in white point detection 

15:8   RO   0x0  reserved 

7:0   RW   0x00  
sw_rawawb_b_max 
max bule value in white point detection 

 
 
,63B5$:$:%B����B/,0,7B5*B0,1�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:24   RO   0x0  reserved 

23:16   RW   0x00  
sw_rawawb_g_min 
min green value in white point detection 

15:8   RO   0x0  reserved 

7:0   RW   0x00  
sw_rawawb_r_min 
max red value in white point detection 
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,63B5$:$:%B����B/,0,7B%<B0,1�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:24   RO   0x0  reserved 

23:16   RW   0x00  
sw_rawawb_y_min 
min luminance value in white point detection 

15:8   RO   0x0  reserved 

7:0   RW   0x00  
sw_rawawb_b_min 
min bule value in white point detection 

 
 
,63B5$:$:%B����B:(,*+7B&859(B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:5   RO   0x0  reserved 

4   RW   0x0  

sw_rawawb_wp_hist_xytype 
Sel normal or big window for YHIST 
1'b0: normal windo 
1'b1: big window 

3   RW   0x0  
sw_rawawb_wp_blk_wei_en1 
Block weight enable bit for big window 

2   RW   0x0  
sw_rawawb_wp_blk_wei_en0 
Block weight enable bit for normal window 

1   RW   0x0  
sw_rawawb_wp_luma_wei_en1 
Y weight curve enable for big window 

0   RW   0x0  
sw_rawawb_wp_luma_wei_en0 
Y weight curve enable for normal window 

 
 
,63B5$:$:%B����B<:(,*+7B&859(B;&225���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:24   RW   0x60  
sw_rawawb_wp_luma_weicurve_y3 
Y weight curve x coordinate 

23:16   RW   0x40  
sw_rawawb_wp_luma_weicurve_y2 
Y weight curve x coordinate 

15:8   RW   0x20  
sw_rawawb_wp_luma_weicurve_y1 
Y weight curve x coordinate 

7:0   RW   0x00  
sw_rawawb_wp_luma_weicurve_y0 
Y weight curve x coordinate 

 
 
,63B5$:$:%B����B<:(,*+7B&859(B;&225���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:24   RW   0xe0  
sw_rawawb_wp_luma_weicurve_y8 
Y weight curve x coordinate 

23:16   RW   0xc0  
sw_rawawb_wp_luma_weicurve_y7 
Y weight curve x coordinate 

15:8   RW   0xa0  
sw_rawawb_wp_luma_weicurve_y6 
Y weight curve x coordinate 

7:0   RW   0x80  
sw_rawawb_wp_luma_weicurve_y5 
Y weight curve x coordinate 

 
 
,63B5$:$:%B����B<:(,*+7B&859(B;&225��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:8   RO   0x0  reserved 

7:0   RW   0xff  
sw_rawawb_wp_luma_weicurve_y8 
Y weight curve x coordinate 

 
 
,63B5$:$:%B����B<:(,*+7B&859(B<&225���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:24   RW   0x20  
sw_rawawb_wp_luma_weicurve_w3 
Y weight curve y coordinate 

23:22   RO   0x0  reserved 

21:16   RW   0x20  
sw_rawawb_wp_luma_weicurve_w2 
Y weight curve y coordinate 

15:14   RO   0x0  reserved 

13:8   RW   0x20  
sw_rawawb_wp_luma_weicurve_w1 
Y weight curve y coordinate 

7:6   RO   0x0  reserved 

5:0   RW   0x20  
sw_rawawb_wp_luma_weicurve_w0 
Y weight curve y coordinate 

 
 
,63B5$:$:%B����B<:(,*+7B&859(B<&225���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:30   RO   0x0  reserved 

29:24   RW   0x20  
sw_rawawb_wp_luma_weicurve_w7 
Y weight curve y coordinate 

23:22   RO   0x0  reserved 

21:16   RW   0x20  
sw_rawawb_wp_luma_weicurve_w6 
Y weight curve y coordinate 

15:14   RO   0x0  reserved 

13:8   RW   0x20  
sw_rawawb_wp_luma_weicurve_w5 
Y weight curve y coordinate 

7:6   RO   0x0  reserved 

5:0   RW   0x20  
sw_rawawb_wp_luma_weicurve_w4 
Y weight curve y coordinate 

 
 
,63B5$:$:%B����B<:(,*+7B&859(B<&225��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:27   RO   0x0  reserved 

26:16   RW   0x100  

sw_rawawb_pre_wbgain_inv_r 
For some sensor has already do awbgain need do some pre 
wbgain operation˗ 
Orˈuse for rawawb dgain 

15:6   RO   0x0  reserved 

5:0   RW   0x20  
sw_rawawb_wp_luma_weicurve_w8 
Y weight curve y coordinate 

 
 
,63B5$:$:%B����B35(B:%*$,1B,19�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:27   RO   0x0  reserved 

26:16   RW   0x100  
sw_rawawb_pre_wbgain_inv_b 
For some sensor has already do awbgain need do some pre 
wbgain operation 

15:11   RO   0x0  reserved 

10:0   RW   0x100  

sw_rawawb_pre_wbgain_inv_g 
For some sensor has already do awbgain need do some pre 
wbgain operation 
Orˈuse for rawawb dgain 

 
 
,63B5$:$:%B����B89B'(7&B9(57(;�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:25   RO   0x0  reserved 

24:16   RW   0x000  
sw_rawawb_vertex0_v_0 
vertex coordinate 

15:9   RO   0x0  reserved 

8:0   RW   0x000  
sw_rawawb_vertex0_u_0 
vertex coordinate 

 
 
,63B5$:$:%B����B89B'(7&B9(57(;�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:25   RO   0x0  reserved 

24:16   RW   0x000  
sw_rawawb_vertex1_v_0 
vertex coordinate 

15:9   RO   0x0  reserved 

8:0   RW   0x000  
sw_rawawb_vertex1_u_0 
vertex coordinate 

 
 
,63B5$:$:%B����B89B'(7&B9(57(;�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:25   RO   0x0  reserved 

24:16   RW   0x000  
sw_rawawb_vertex2_v_0 
vertex coordinate 

15:9   RO   0x0  reserved 

8:0   RW   0x000  
sw_rawawb_vertex2_u_0 
vertex coordinate 

 
 
,63B5$:$:%B����B89B'(7&B9(57(;�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:25   RO   0x0  reserved 

24:16   RW   0x000  
sw_rawawb_vertex3_v_0 
vertex coordinate 

15:9   RO   0x0  reserved 

8:0   RW   0x000  
sw_rawawb_vertex3_u_0 
vertex coordinate 

 
 
,63B5$:$:%B����B89B'(7&B,6/23(��B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:20   RO   0x0  reserved 

19:0   RW   0x00000  
sw_rawawb_islope01_0 
slope inv 
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,63B5$:$:%B����B89B'(7&B,6/23(��B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:20   RO   0x0  reserved 

19:0   RW   0x00000  
sw_rawawb_islope12_0 
slope inv 

 
 
,63B5$:$:%B����B89B'(7&B,6/23(��B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:20   RO   0x0  reserved 

19:0   RW   0x00000  
sw_rawawb_islope23_0 
slope inv 

 
 
,63B5$:$:%B����B89B'(7&B,6/23(��B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:20   RO   0x0  reserved 

19:0   RW   0x00000  
sw_rawawb_islope30_0 
slope inv 

 
 
,63B5$:$:%B����B89B'(7&B9(57(;�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:25   RO   0x0  reserved 

24:16   RW   0x000  
sw_rawawb_vertex0_v_1 
vertex coordinate 

15:9   RO   0x0  reserved 

8:0   RW   0x000  
sw_rawawb_vertex0_u_1 
vertex coordinate 

 
 
,63B5$:$:%B����B89B'(7&B9(57(;�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:25   RO   0x0  reserved 

24:16   RW   0x000  
sw_rawawb_vertex1_v_1 
vertex coordinate 

15:9   RO   0x0  reserved 

8:0   RW   0x000  
sw_rawawb_vertex1_u_1 
vertex coordinate 

 
 
,63B5$:$:%B����B89B'(7&B9(57(;�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:25   RO   0x0  reserved 

24:16   RW   0x000  
sw_rawawb_vertex2_v_1 
vertex coordinate 

15:9   RO   0x0  reserved 

8:0   RW   0x000  
sw_rawawb_vertex2_u_1 
vertex coordinate 

 
 
,63B5$:$:%B����B89B'(7&B9(57(;�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:25   RO   0x0  reserved 

24:16   RW   0x000  
sw_rawawb_vertex3_v_1 
vertex coordinate 

15:9   RO   0x0  reserved 

8:0   RW   0x000  
sw_rawawb_vertex3_u_1 
vertex coordinate 

 
 
,63B5$:$:%B����B89B'(7&B,6/23(��B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:20   RO   0x0  reserved 

19:0   RW   0x00000  
sw_rawawb_islope01_1 
slope inv 

 
 
,63B5$:$:%B����B89B'(7&B,6/23(��B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:20   RO   0x0  reserved 

19:0   RW   0x00000  
sw_rawawb_islope12_1 
slope inv 

 
 
,63B5$:$:%B����B89B'(7&B,6/23(��B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:20   RO   0x0  reserved 

19:0   RW   0x00000  
sw_rawawb_islope23_1 
slope inv 

 
 
,63B5$:$:%B����B89B'(7&B,6/23(��B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:20   RO   0x0  reserved 

19:0   RW   0x00000  
sw_rawawb_islope30_1 
slope inv 

 
 
,63B5$:$:%B����B89B'(7&B9(57(;�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:25   RO   0x0  reserved 

24:16   RW   0x000  
sw_rawawb_vertex0_v_2 
vertex coordinate 

15:9   RO   0x0  reserved 

8:0   RW   0x000  
sw_rawawb_vertex0_u_2 
vertex coordinate 

 
 
,63B5$:$:%B����B89B'(7&B9(57(;�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:25   RO   0x0  reserved 

24:16   RW   0x000  
sw_rawawb_vertex1_v_2 
vertex coordinate 

15:9   RO   0x0  reserved 

8:0   RW   0x000  
sw_rawawb_vertex1_u_2 
vertex coordinate 

 
 
,63B5$:$:%B����B89B'(7&B9(57(;�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:25   RO   0x0  reserved 

24:16   RW   0x000  
sw_rawawb_vertex2_v_2 
vertex coordinate 

15:9   RO   0x0  reserved 

8:0   RW   0x000  
sw_rawawb_vertex2_u_2 
vertex coordinate 

 
 
,63B5$:$:%B����B89B'(7&B9(57(;�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:25   RO   0x0  reserved 

24:16   RW   0x000  
sw_rawawb_vertex3_v_2 
vertex coordinate 

15:9   RO   0x0  reserved 

8:0   RW   0x000  
sw_rawawb_vertex3_u_2 
vertex coordinate 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1330 

 
 
,63B5$:$:%B����B89B'(7&B,6/23(��B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:20   RO   0x0  reserved 

19:0   RW   0x00000  
sw_rawawb_islope01_2 
slope inv 

 
 
,63B5$:$:%B����B89B'(7&B,6/23(��B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:20   RO   0x0  reserved 

19:0   RW   0x00000  
sw_rawawb_islope12_2 
slope inv 

 
 
,63B5$:$:%B����B89B'(7&B,6/23(��B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:20   RO   0x0  reserved 

19:0   RW   0x00000  
sw_rawawb_islope23_2 
slope inv 

 
 
,63B5$:$:%B����B89B'(7&B,6/23(��B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:20   RO   0x0  reserved 

19:0   RW   0x00000  
sw_rawawb_islope30_2 
slope inv 

 
 
,63B5$:$:%B����B89B'(7&B9(57(;�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:25   RO   0x0  reserved 

24:16   RW   0x000  
sw_rawawb_vertex0_v_3 
vertex coordinate 

15:9   RO   0x0  reserved 

8:0   RW   0x000  
sw_rawawb_vertex0_u_3 
vertex coordinate 

 
 
,63B5$:$:%B����B89B'(7&B9(57(;�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1331 

%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:25   RO   0x0  reserved 

24:16   RW   0x000  
sw_rawawb_vertex1_v_3 
vertex coordinate 

15:9   RO   0x0  reserved 

8:0   RW   0x000  
sw_rawawb_vertex1_u_3 
vertex coordinate 

 
 
,63B5$:$:%B����B89B'(7&B9(57(;�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:25   RO   0x0  reserved 

24:16   RW   0x000  
sw_rawawb_vertex2_v_3 
vertex coordinate 

15:9   RO   0x0  reserved 

8:0   RW   0x000  
sw_rawawb_vertex2_u_3 
vertex coordinate 

 
 
,63B5$:$:%B����B89B'(7&B9(57(;�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��DF��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:25   RO   0x0  reserved 

24:16   RW   0x000  
sw_rawawb_vertex3_v_3 
vertex coordinate 

15:9   RO   0x0  reserved 

8:0   RW   0x000  
sw_rawawb_vertex3_u_3 
vertex coordinate 

 
 
,63B5$:$:%B����B89B'(7&B,6/23(��B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��E���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:20   RO   0x0  reserved 

19:0   RW   0x00000  
sw_rawawb_islope01_3 
slope inv 

 
 
,63B5$:$:%B����B89B'(7&B,6/23(��B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��E���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:20   RO   0x0  reserved 

19:0   RW   0x00000  
sw_rawawb_islope12_3 
slope inv 

 
 
,63B5$:$:%B����B89B'(7&B,6/23(��B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��E���  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1332 

%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:20   RO   0x0  reserved 

19:0   RW   0x00000  
sw_rawawb_islope23_3 
slope inv 

 
 
,63B5$:$:%B����B89B'(7&B,6/23(��B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��EF��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:20   RO   0x0  reserved 

19:0   RW   0x00000  
sw_rawawb_islope30_3 
slope inv 

 
 
,63B5$:$:%B����B89B'(7&B9(57(;�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��F���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:25   RO   0x0  reserved 

24:16   RW   0x000  
sw_rawawb_vertex0_v_4 
vertex coordinate 

15:9   RO   0x0  reserved 

8:0   RW   0x000  
sw_rawawb_vertex0_u_4 
vertex coordinate 

 
 
,63B5$:$:%B����B89B'(7&B9(57(;�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��F���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:25   RO   0x0  reserved 

24:16   RW   0x000  
sw_rawawb_vertex1_v_4 
vertex coordinate 

15:9   RO   0x0  reserved 

8:0   RW   0x000  
sw_rawawb_vertex1_u_4 
vertex coordinate 

 
 
,63B5$:$:%B����B89B'(7&B9(57(;�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��F���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:25   RO   0x0  reserved 

24:16   RW   0x000  
sw_rawawb_vertex2_v_4 
vertex coordinate 

15:9   RO   0x0  reserved 

8:0   RW   0x000  
sw_rawawb_vertex2_u_4 
vertex coordinate 

 
 
,63B5$:$:%B����B89B'(7&B9(57(;�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��FF��  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1333 

%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:25   RO   0x0  reserved 

24:16   RW   0x000  
sw_rawawb_vertex3_v_4 
vertex coordinate 

15:9   RO   0x0  reserved 

8:0   RW   0x000  
sw_rawawb_vertex3_u_4 
vertex coordinate 

 
 
,63B5$:$:%B����B89B'(7&B,6/23(��B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��G���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:20   RO   0x0  reserved 

19:0   RW   0x00000  
sw_rawawb_islope01_4 
slope inv 

 
 
,63B5$:$:%B����B89B'(7&B,6/23(��B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��G���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:20   RO   0x0  reserved 

19:0   RW   0x00000  
sw_rawawb_islope12_4 
slope inv 

 
 
,63B5$:$:%B����B89B'(7&B,6/23(��B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��G���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:20   RO   0x0  reserved 

19:0   RW   0x00000  
sw_rawawb_islope23_4 
slope inv 

 
 
,63B5$:$:%B����B89B'(7&B,6/23(��B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��GF��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:20   RO   0x0  reserved 

19:0   RW   0x00000  
sw_rawawb_islope30_4 
slope inv 

 
 
,63B5$:$:%B����B89B'(7&B9(57(;�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��H���  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1334 

%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:25   RO   0x0  reserved 

24:16   RW   0x000  
sw_rawawb_vertex0_v_5 
vertex coordinate 

15:9   RO   0x0  reserved 

8:0   RW   0x000  
sw_rawawb_vertex0_u_5 
vertex coordinate 

 
 
,63B5$:$:%B����B89B'(7&B9(57(;�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��H���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:25   RO   0x0  reserved 

24:16   RW   0x000  
sw_rawawb_vertex1_v_5 
vertex coordinate 

15:9   RO   0x0  reserved 

8:0   RW   0x000  
sw_rawawb_vertex1_u_5 
vertex coordinate 

 
 
,63B5$:$:%B����B89B'(7&B9(57(;�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��H���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:25   RO   0x0  reserved 

24:16   RW   0x000  
sw_rawawb_vertex2_v_5 
vertex coordinate 

15:9   RO   0x0  reserved 

8:0   RW   0x000  
sw_rawawb_vertex2_u_5 
vertex coordinate 

 
 
,63B5$:$:%B����B89B'(7&B9(57(;�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��HF��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:25   RO   0x0  reserved 

24:16   RW   0x000  
sw_rawawb_vertex3_v_5 
vertex coordinate 

15:9   RO   0x0  reserved 

8:0   RW   0x000  
sw_rawawb_vertex3_u_5 
vertex coordinate 

 
 
,63B5$:$:%B����B89B'(7&B,6/23(��B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��I���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:20   RO   0x0  reserved 

19:0   RW   0x00000  
sw_rawawb_islope01_5 
slope inv 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1335 

 
 
,63B5$:$:%B����B89B'(7&B,6/23(��B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��I���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:20   RO   0x0  reserved 

19:0   RW   0x00000  
sw_rawawb_islope12_5 
slope inv 

 
 
,63B5$:$:%B����B89B'(7&B,6/23(��B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��I���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:20   RO   0x0  reserved 

19:0   RW   0x00000  
sw_rawawb_islope23_5 
slope inv 

 
 
,63B5$:$:%B����B89B'(7&B,6/23(��B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��IF��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:20   RO   0x0  reserved 

19:0   RW   0x00000  
sw_rawawb_islope30_5 
slope inv 

 
 
,63B5$:$:%B����B89B'(7&B9(57(;�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:25   RO   0x0  reserved 

24:16   RW   0x000  
sw_rawawb_vertex0_v_6 
vertex coordinate 

15:9   RO   0x0  reserved 

8:0   RW   0x000  
sw_rawawb_vertex0_u_6 
vertex coordinate 

 
 
,63B5$:$:%B����B89B'(7&B9(57(;�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:25   RO   0x0  reserved 

24:16   RW   0x000  
sw_rawawb_vertex1_v_6 
vertex coordinate 

15:9   RO   0x0  reserved 

8:0   RW   0x000  
sw_rawawb_vertex1_u_6 
vertex coordinate 

 
 
,63B5$:$:%B����B89B'(7&B9(57(;�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1336 

%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:25   RO   0x0  reserved 

24:16   RW   0x000  
sw_rawawb_vertex2_v_6 
vertex coordinate 

15:9   RO   0x0  reserved 

8:0   RW   0x000  
sw_rawawb_vertex2_u_6 
vertex coordinate 

 
 
,63B5$:$:%B����B89B'(7&B9(57(;�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:25   RO   0x0  reserved 

24:16   RW   0x000  
sw_rawawb_vertex3_v_6 
vertex coordinate 

15:9   RO   0x0  reserved 

8:0   RW   0x000  
sw_rawawb_vertex3_u_6 
vertex coordinate 

 
 
,63B5$:$:%B����B89B'(7&B,6/23(��B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:20   RO   0x0  reserved 

19:0   RW   0x00000  
sw_rawawb_islope01_6 
slope inv 

 
 
,63B5$:$:%B����B89B'(7&B,6/23(��B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:20   RO   0x0  reserved 

19:0   RW   0x00000  
sw_rawawb_islope10_6 
slope inv 

 
 
,63B5$:$:%B����B89B'(7&B,6/23(��B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:20   RO   0x0  reserved 

19:0   RW   0x00000  
sw_rawawb_islope23_6 
slope inv 

 
 
,63B5$:$:%B����B89B'(7&B,6/23(��B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1337 

%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:20   RO   0x0  reserved 

19:0   RW   0x00000  
sw_rawawb_islope30_6 
slope inv 

 
 
,63B5$:$:%B����B<89B5*%�527<B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:26   RO   0x0  reserved 

25:16   RW   0x000  
sw_rawawb_rgb2ryuvmat1_y 
RGB2ROTY matrix, coeff 1 

15:10   RO   0x0  reserved 

9:0   RW   0x000  
sw_rawawb_rgb2ryuvmat0_y 
RGB2ROTY matrix, coeff 0 

 
 
,63B5$:$:%B����B<89B5*%�527<B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:16   RW   0x000  
sw_rawawb_rgb2ryuvofs_y 
RGB2ROTY matrix, offset 

15:10   RO   0x0  reserved 

9:0   RW   0x000  
sw_rawawb_rgb2ryuvmat2_y 
RGB2ROTY matrix, coeff 2 

 
 
,63B5$:$:%B����B<89B5*%�5278B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:26   RO   0x0  reserved 

25:16   RW   0x000  
sw_rawawb_rgb2ryuvmat1_u 
RGB2ROTU matrix, coeff 1 

15:10   RO   0x0  reserved 

9:0   RW   0x000  
sw_rawawb_rgb2ryuvmat0_u 
RGB2ROTU matrix, coeff 0 

 
 
,63B5$:$:%B����B<89B5*%�5278B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:16   RW   0x000  
sw_rawawb_rgb2ryuvofs_u 
RGB2ROTU matrix, offset 

15:10   RO   0x0  reserved 

9:0   RW   0x000  
sw_rawawb_rgb2ryuvmat2_u 
RGB2ROTU matrix, coeff 2 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1338 

 
 
,63B5$:$:%B����B<89B5*%�5279B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:26   RO   0x0  reserved 

25:16   RW   0x000  
sw_rawawb_rgb2ryuvmat1_v 
RGB2ROTV matrix, coeff 1 

15:10   RO   0x0  reserved 

9:0   RW   0x000  
sw_rawawb_rgb2ryuvmat0_v 
RGB2ROTV matrix, coeff 0 

 
 
,63B5$:$:%B����B<89B5*%�5279B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:16   RW   0x000  
sw_rawawb_rgb2ryuvofs_v 
RGB2ROTY matrix, offset 

15:10   RO   0x0  reserved 

9:0   RW   0x000  
sw_rawawb_rgb2ryuvmat2_v 
RGB2ROTY matrix, coeff 2 

 
 
,63B5$:$:%B����B<89B;B&225B<B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:29   RO   0x0  reserved 

28:16   RW   0x0000  
sw_rawawb_vec_x21_ls0_y 
signed, 8 interger and 4 fraction 

15:12   RO   0x0  reserved 

11:0   RW   0x000  
sw_rawawb_coor_x1_ls0_y 
unsigned, 8 interger and 4 fraction 

 
 
,63B5$:$:%B����B<89B;B&225B8B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:29   RO   0x0  reserved 

28:16   RW   0x0000  
sw_rawawb_vec_x21_ls0_u 
signed, 8 interger and 4 fraction 

15:12   RO   0x0  reserved 

11:0   RW   0x000  
sw_rawawb_coor_x1_ls0_u 
unsigned, 8 interger and 4 fraction 

 
 
,63B5$:$:%B����B<89B;B&225B9B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1339 

%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:29   RO   0x0  reserved 

28:16   RW   0x0000  
sw_rawawb_vec_x21_ls0_v 
signed, 8 interger and 4 fraction 

15:12   RO   0x0  reserved 

11:0   RW   0x000  
sw_rawawb_coor_x1_ls0_v 
unsigned, 8 interger and 4 fraction 

 
 
,63B5$:$:%B����B<89B;�;�B',6B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:24   RW   0x00  
sw_rawawb_rotu1_ls0 
The x coordinate of u interpolation curve 

23:16   RW   0x00  
sw_rawawb_rotu0_ls0 
The x coordinate of u interpolation curve 

15:5   RO   0x0  reserved 

4:0   RW   0x00  
sw_rawawb_dis_x1x2_ls0 
The distance between x1 and x2 (must 2^n) 

 
 
,63B5$:$:%B����B<89B,17(53B&859(B8&225B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:24   RW   0x00  
sw_rawawb_rotu5_ls0 
The x coordinate of u interpolation curve 

23:16   RW   0x00  
sw_rawawb_rotu4_ls0 
The x coordinate of u interpolation curve 

15:8   RW   0x00  
sw_rawawb_rotu3_ls0 
The x coordinate of u interpolation curve 

7:0   RW   0x00  
sw_rawawb_rotu2_ls0 
The x coordinate of u interpolation curve 

 
 
,63B5$:$:%B����B<89B,17(53B&859(B7+�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:16   RW   0x000  
sw_rawawb_th1_ls0 
The y coordinate of u interpolation curve 

15:12   RO   0x0  reserved 

11:0   RW   0x000  
sw_rawawb_th0_ls0 
The y coordinate of u interpolation curve 

 
 
,63B5$:$:%B����B<89B,17(53B&859(B7+�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1340 

%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:28   RO   0x0  reserved 

27:16   RW   0x000  
sw_rawawb_th3_ls0 
The y coordinate of u interpolation curve 

15:12   RO   0x0  reserved 

11:0   RW   0x000  
sw_rawawb_th2_ls0 
The y coordinate of u interpolation curve 

 
 
,63B5$:$:%B����B<89B,17(53B&859(B7+�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:16   RW   0x000  
sw_rawawb_th5_ls0 
The y coordinate of u interpolation curve 

15:12   RO   0x0  reserved 

11:0   RW   0x000  
sw_rawawb_th4_ls0 
The y coordinate of u interpolation curve 

 
 
,63B5$:$:%B����B<89B;B&225B<B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:29   RO   0x0  reserved 

28:16   RW   0x0000  
sw_rawawb_vec_x21_ls1_y 
signed, 8 interger and 4 fraction 

15:12   RO   0x0  reserved 

11:0   RW   0x000  
sw_rawawb_coor_x1_ls1_y 
unsigned, 8 interger and 4 fraction 

 
 
,63B5$:$:%B����B<89B;B&225B8B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:29   RO   0x0  reserved 

28:16   RW   0x0000  
sw_rawawb_vec_x21_ls1_u 
signed, 8 interger and 4 fraction 

15:12   RO   0x0  reserved 

11:0   RW   0x000  
sw_rawawb_coor_x1_ls1_u 
unsigned, 8 interger and 4 fraction 

 
 
,63B5$:$:%B����B<89B;B&225B9B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1341 

%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:29   RO   0x0  reserved 

28:16   RW   0x0000  
sw_rawawb_vec_x21_ls1_v 
signed, 8 interger and 4 fraction 

15:12   RO   0x0  reserved 

11:0   RW   0x000  
sw_rawawb_coor_x1_ls1_v 
unsigned, 8 interger and 4 fraction 

 
 
,63B5$:$:%B����B<89B;�;�B',6B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:24   RW   0x00  
sw_rawawb_rotu1_ls1 
The x coordinate of u interpolation curve 

23:16   RW   0x00  
sw_rawawb_rotu0_ls1 
The x coordinate of u interpolation curve 

15:5   RO   0x0  reserved 

4:0   RW   0x00  
sw_rawawb_dis_x1x2_ls1 
The distance between x1 and x2 (must 2^n) 

 
 
,63B5$:$:%B����B<89B,17(53B&859(B8&225B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:24   RW   0x00  
sw_rawawb_rotu5_ls1 
The x coordinate of u interpolation curve 

23:16   RW   0x00  
sw_rawawb_rotu4_ls1 
The x coordinate of u interpolation curve 

15:8   RW   0x00  
sw_rawawb_rotu3_ls1 
The x coordinate of u interpolation curve 

7:0   RW   0x00  
sw_rawawb_rotu2_ls1 
The x coordinate of u interpolation curve 

 
 
,63B5$:$:%B����B<89B,17(53B&859(B7+�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:16   RW   0x000  
sw_rawawb_th1_ls1 
The y coordinate of u interpolation curve 

15:12   RO   0x0  reserved 

11:0   RW   0x000  
sw_rawawb_th0_ls1 
The y coordinate of u interpolation curve 

 
 
,63B5$:$:%B����B<89B,17(53B&859(B7+�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1342 

%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:28   RO   0x0  reserved 

27:16   RW   0x000  
sw_rawawb_th3_ls1 
The y coordinate of u interpolation curve 

15:12   RO   0x0  reserved 

11:0   RW   0x000  
sw_rawawb_th2_ls1 
The y coordinate of u interpolation curve 

 
 
,63B5$:$:%B����B<89B,17(53B&859(B7+�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:16   RW   0x000  
sw_rawawb_th5_ls1 
The y coordinate of u interpolation curve 

15:12   RO   0x0  reserved 

11:0   RW   0x000  
sw_rawawb_th4_ls1 
The y coordinate of u interpolation curve 

 
 
,63B5$:$:%B����B<89B;B&225B<B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:29   RO   0x0  reserved 

28:16   RW   0x0000  
sw_rawawb_vec_x21_ls2_y 
signed, 8 interger and 4 fraction 

15:12   RO   0x0  reserved 

11:0   RW   0x000  
sw_rawawb_coor_x1_ls2_y 
unsigned, 8 interger and 4 fraction 

 
 
,63B5$:$:%B����B<89B;B&225B8B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:29   RO   0x0  reserved 

28:16   RW   0x0000  
sw_rawawb_vec_x21_ls2_u 
signed, 8 interger and 4 fraction 

15:12   RO   0x0  reserved 

11:0   RW   0x000  
sw_rawawb_coor_x1_ls2_u 
unsigned, 8 interger and 4 fraction 

 
 
,63B5$:$:%B����B<89B;B&225B9B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1343 

%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:29   RO   0x0  reserved 

28:16   RW   0x0000  
sw_rawawb_vec_x21_ls2_v 
signed, 8 interger and 4 fraction 

15:12   RO   0x0  reserved 

11:0   RW   0x000  
sw_rawawb_coor_x1_ls2_v 
unsigned, 8 interger and 4 fraction 

 
 
,63B5$:$:%B����B<89B;�;�B',6B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:24   RW   0x00  
sw_rawawb_rotu1_ls2 
The x coordinate of u interpolation curve 

23:16   RW   0x00  
sw_rawawb_rotu0_ls2 
The x coordinate of u interpolation curve 

15:5   RO   0x0  reserved 

4:0   RW   0x00  
sw_rawawb_dis_x1x2_ls2 
The distance between x1 and x2 (must 2^n) 

 
 
,63B5$:$:%B����B<89B,17(53B&859(B8&225B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:24   RW   0x00  
sw_rawawb_rotu5_ls2 
The x coordinate of u interpolation curve 

23:16   RW   0x00  
sw_rawawb_rotu4_ls2 
The x coordinate of u interpolation curve 

15:8   RW   0x00  
sw_rawawb_rotu3_ls2 
The x coordinate of u interpolation curve 

7:0   RW   0x00  
sw_rawawb_rotu2_ls2 
The x coordinate of u interpolation curve 

 
 
,63B5$:$:%B����B<89B,17(53B&859(B7+�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:16   RW   0x000  
sw_rawawb_th1_ls2 
The y coordinate of u interpolation curve 

15:12   RO   0x0  reserved 

11:0   RW   0x000  
sw_rawawb_th0_ls2 
The y coordinate of u interpolation curve 

 
 
,63B5$:$:%B����B<89B,17(53B&859(B7+�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1344 

%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:28   RO   0x0  reserved 

27:16   RW   0x000  
sw_rawawb_th3_ls2 
The y coordinate of u interpolation curve 

15:12   RO   0x0  reserved 

11:0   RW   0x000  
sw_rawawb_th2_ls2 
The y coordinate of u interpolation curve 

 
 
,63B5$:$:%B����B<89B,17(53B&859(B7+�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:16   RW   0x000  
sw_rawawb_th5_ls2 
The y coordinate of u interpolation curve 

15:12   RO   0x0  reserved 

11:0   RW   0x000  
sw_rawawb_th4_ls2 
The y coordinate of u interpolation curve 

 
 
,63B5$:$:%B����B<89B;B&225B<B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:29   RO   0x0  reserved 

28:16   RW   0x0000  
sw_rawawb_vec_x21_ls3_y 
signed, 8 interger and 4 fraction 

15:12   RO   0x0  reserved 

11:0   RW   0x000  
sw_rawawb_coor_x1_ls3_y 
unsigned, 8 interger and 4 fraction 

 
 
,63B5$:$:%B����B<89B;B&225B8B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:29   RO   0x0  reserved 

28:16   RW   0x0000  
sw_rawawb_vec_x21_ls3_u 
signed, 8 interger and 4 fraction 

15:12   RO   0x0  reserved 

11:0   RW   0x000  
sw_rawawb_coor_x1_ls3_u 
unsigned, 8 interger and 4 fraction 

 
 
,63B5$:$:%B����B<89B;B&225B9B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1345 

%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:29   RO   0x0  reserved 

28:16   RW   0x0000  
sw_rawawb_vec_x21_ls3_v 
signed, 8 interger and 4 fraction 

15:12   RO   0x0  reserved 

11:0   RW   0x000  
sw_rawawb_coor_x1_ls3_v 
unsigned, 8 interger and 4 fraction 

 
 
,63B5$:$:%B����B<89B;�;�B',6B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��DF��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:24   RW   0x00  
sw_rawawb_rotu1_ls3 
The x coordinate of u interpolation curve 

23:16   RW   0x00  
sw_rawawb_rotu0_ls3 
The x coordinate of u interpolation curve 

15:5   RO   0x0  reserved 

4:0   RW   0x00  
sw_rawawb_dis_x1x2_ls3 
The distance between x1 and x2 (must 2^n) 

 
 
,63B5$:$:%B����B<89B,17(53B&859(B8&225B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��E���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:24   RW   0x00  
sw_rawawb_rotu5_ls3 
The x coordinate of u interpolation curve 

23:16   RW   0x00  
sw_rawawb_rotu4_ls3 
The x coordinate of u interpolation curve 

15:8   RW   0x00  
sw_rawawb_rotu3_ls3 
The x coordinate of u interpolation curve 

7:0   RW   0x00  
sw_rawawb_rotu2_ls3 
The x coordinate of u interpolation curve 

 
 
,63B5$:$:%B����B<89B,17(53B&859(B7+�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��E���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:16   RW   0x000  
sw_rawawb_th1_ls3 
The y coordinate of u interpolation curve 

15:12   RO   0x0  reserved 

11:0   RW   0x000  
sw_rawawb_th0_ls3 
The y coordinate of u interpolation curve 

 
 
,63B5$:$:%B����B<89B,17(53B&859(B7+�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��E���  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1346 

%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:28   RO   0x0  reserved 

27:16   RW   0x000  
sw_rawawb_th3_ls3 
The y coordinate of u interpolation curve 

15:12   RO   0x0  reserved 

11:0   RW   0x000  
sw_rawawb_th2_ls3 
The y coordinate of u interpolation curve 

 
 
,63B5$:$:%B����B<89B,17(53B&859(B7+�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��EF��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:16   RW   0x000  
sw_rawawb_th5_ls3 
The y coordinate of u interpolation curve 

15:12   RO   0x0  reserved 

11:0   RW   0x000  
sw_rawawb_th4_ls3 
The y coordinate of u interpolation curve 

 
 
,63B5$:$:%B����B5*%�;<B:7���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��IF��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:16   RW   0x000  
sw_rawawb_wt1 
RGB2XY weight matrix, coeff 1 

15:12   RO   0x0  reserved 

11:0   RW   0x000  
sw_rawawb_wt0 
RGB2XY weight matrix, coeff 0 

 
 
,63B5$:$:%B����B5*%�;<B:7��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:12   RO   0x0  reserved 

11:0   RW   0x000  
sw_rawawb_wt2 
RGB2XY weight matrix, coeff 0 

 
 
,63B5$:$:%B����B5*%�;<B0$7�B;<�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31   RO   0x0  reserved 

30:16   RW   0x0000  
sw_rawawb_mat0_y 
rgb2xy, rotation matrix, first column y 

15   RO   0x0  reserved 

14:0   RW   0x0000  
sw_rawawb_mat0_x 
rgb2xy, rotation matrix, first column x 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1347 

 
 
,63B5$:$:%B����B5*%�;<B0$7�B;<�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31   RO   0x0  reserved 

30:16   RW   0x0000  
sw_rawawb_mat1_y 
rgb2xy, rotation matrix, second column y 

15   RO   0x0  reserved 

14:0   RW   0x0000  
sw_rawawb_mat1_x 
rgb2xy, rotation matrix, second column x 

 
 
,63B5$:$:%B����B5*%�;<B0$7�B;<�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31   RO   0x0  reserved 

30:16   RW   0x0000  
sw_rawawb_mat2_y 
rgb2xy, rotation matrix, third column y 

15   RO   0x0  reserved 

14:0   RW   0x0000  
sw_rawawb_mat2_x 
rgb2xy, rotation matrix, third column x 

 
 
,63B5$:$:%B����B;<B'(7&B125B;B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:16   RW   0x0000  
sw_rawawb_nor_x1_0 
xy detect, right x boundary of normal range 

15:14   RO   0x0  reserved 

13:0   RW   0x0000  
sw_rawawb_nor_x0_0 
xy detect, left x boundary of normal range 

 
 
,63B5$:$:%B����B;<B'(7&B125B<B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:16   RW   0x0000  
sw_rawawb_nor_y1_0 
xy detect, down y boundary of normal range 

15:14   RO   0x0  reserved 

13:0   RW   0x0000  
sw_rawawb_nor_y0_0 
xy detect, up y boundary of normal range 

 
 
,63B5$:$:%B����B;<B'(7&B%,*B;B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1348 

%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:30   RO   0x0  reserved 

29:16   RW   0x0000  
sw_rawawb_big_x1_0 
xy detect, right x boundary of big range 

15:14   RO   0x0  reserved 

13:0   RW   0x0000  
sw_rawawb_big_x0_0 
xy detect, left x boundary of big range 

 
 
,63B5$:$:%B����B;<B'(7&B%,*B<B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:16   RW   0x0000  
sw_rawawb_big_y1_0 
xy detect, down y boundary of big range 

15:14   RO   0x0  reserved 

13:0   RW   0x0000  
sw_rawawb_big_y0_0 
xy detect, up y boundary of big range 

 
 
,63B5$:$:%B����B;<B'(7&B125B;B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:16   RW   0x0000  
sw_rawawb_nor_x1_1 
xy detect, right x boundary of normal range 

15:14   RO   0x0  reserved 

13:0   RW   0x0000  
sw_rawawb_nor_x0_1 
xy detect, left x boundary of normal range 

 
 
,63B5$:$:%B����B;<B'(7&B125B<B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:16   RW   0x0000  
sw_rawawb_nor_y1_1 
xy detect, down y boundary of normal range 

15:14   RO   0x0  reserved 

13:0   RW   0x0000  
sw_rawawb_nor_y0_1 
xy detect, up y boundary of normal range 

 
 
,63B5$:$:%B����B;<B'(7&B%,*B;B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1349 

%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:30   RO   0x0  reserved 

29:16   RW   0x0000  
sw_rawawb_big_x1_1 
xy detect, right x boundary of big range 

15:14   RO   0x0  reserved 

13:0   RW   0x0000  
sw_rawawb_big_x0_1 
xy detect, left x boundary of big range 

 
 
,63B5$:$:%B����B;<B'(7&B%,*B<B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:16   RW   0x0000  
sw_rawawb_big_y1_1 
xy detect, down y boundary of big range 

15:14   RO   0x0  reserved 

13:0   RW   0x0000  
sw_rawawb_big_y0_1 
xy detect, up y boundary of big range 

 
 
,63B5$:$:%B����B;<B'(7&B125B;B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:16   RW   0x0000  
sw_rawawb_nor_x1_2 
xy detect, right x boundary of normal range 

15:14   RO   0x0  reserved 

13:0   RW   0x0000  
sw_rawawb_nor_x0_2 
xy detect, left x boundary of normal range 

 
 
,63B5$:$:%B����B;<B'(7&B125B<B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:16   RW   0x0000  
sw_rawawb_nor_y1_2 
xy detect, down y boundary of normal range 

15:14   RO   0x0  reserved 

13:0   RW   0x0000  
sw_rawawb_nor_y0_2 
xy detect, up y boundary of normal range 

 
 
,63B5$:$:%B����B;<B'(7&B%,*B;B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1350 

%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:30   RO   0x0  reserved 

29:16   RW   0x0000  
sw_rawawb_big_x1_2 
xy detect, right x boundary of big range 

15:14   RO   0x0  reserved 

13:0   RW   0x0000  
sw_rawawb_big_x0_2 
xy detect, left x boundary of big range 

 
 
,63B5$:$:%B����B;<B'(7&B%,*B<B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:16   RW   0x0000  
sw_rawawb_big_y1_2 
xy detect, down y boundary of big range 

15:14   RO   0x0  reserved 

13:0   RW   0x0000  
sw_rawawb_big_y0_2 
xy detect, up y boundary of big range 

 
 
,63B5$:$:%B����B;<B'(7&B125B;B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:16   RW   0x0000  
sw_rawawb_nor_x1_3 
xy detect, right x boundary of normal range 

15:14   RO   0x0  reserved 

13:0   RW   0x0000  
sw_rawawb_nor_x0_3 
xy detect, left x boundary of normal range 

 
 
,63B5$:$:%B����B;<B'(7&B125B<B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:16   RW   0x0000  
sw_rawawb_nor_y1_3 
xy detect, down y boundary of normal range 

15:14   RO   0x0  reserved 

13:0   RW   0x0000  
sw_rawawb_nor_y0_3 
xy detect, up y boundary of normal range 

 
 
,63B5$:$:%B����B;<B'(7&B%,*B;B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1351 

%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:30   RO   0x0  reserved 

29:16   RW   0x0000  
sw_rawawb_big_x1_3 
xy detect, right x boundary of big range 

15:14   RO   0x0  reserved 

13:0   RW   0x0000  
sw_rawawb_big_x0_3 
xy detect, left x boundary of big range 

 
 
,63B5$:$:%B����B;<B'(7&B%,*B<B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:16   RW   0x0000  
sw_rawawb_big_y1_3 
xy detect, down y boundary of big range 

15:14   RO   0x0  reserved 

13:0   RW   0x0000  
sw_rawawb_big_y0_3 
xy detect, up y boundary of big range 

 
 
,63B5$:$:%B����B;<B'(7&B125B;B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:16   RW   0x0000  
sw_rawawb_nor_x1_4 
xy detect, right x boundary of normal range 

15:14   RO   0x0  reserved 

13:0   RW   0x0000  
sw_rawawb_nor_x0_4 
xy detect, left x boundary of normal range 

 
 
,63B5$:$:%B����B;<B'(7&B125B<B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:16   RW   0x0000  
sw_rawawb_nor_y1_4 
xy detect, down y boundary of normal range 

15:14   RO   0x0  reserved 

13:0   RW   0x0000  
sw_rawawb_nor_y0_4 
xy detect, up y boundary of normal range 

 
 
,63B5$:$:%B����B;<B'(7&B%,*B;B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1352 

%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:30   RO   0x0  reserved 

29:16   RW   0x0000  
sw_rawawb_big_x1_4 
xy detect, right x boundary of big range 

15:14   RO   0x0  reserved 

13:0   RW   0x0000  
sw_rawawb_big_x0_4 
xy detect, left x boundary of big range 

 
 
,63B5$:$:%B����B;<B'(7&B%,*B<B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:16   RW   0x0000  
sw_rawawb_big_y1_4 
xy detect, down y boundary of big range 

15:14   RO   0x0  reserved 

13:0   RW   0x0000  
sw_rawawb_big_y0_4 
xy detect, up y boundary of big range 

 
 
,63B5$:$:%B����B;<B'(7&B125B;B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:16   RW   0x0000  
sw_rawawb_nor_x1_5 
xy detect, right x boundary of normal range 

15:14   RO   0x0  reserved 

13:0   RW   0x0000  
sw_rawawb_nor_x0_5 
xy detect, left x boundary of normal range 

 
 
,63B5$:$:%B����B;<B'(7&B125B<B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:16   RW   0x0000  
sw_rawawb_nor_y1_5 
xy detect, down y boundary of normal range 

15:14   RO   0x0  reserved 

13:0   RW   0x0000  
sw_rawawb_nor_y0_5 
xy detect, up y boundary of normal range 

 
 
,63B5$:$:%B����B;<B'(7&B%,*B;B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1353 

%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:30   RO   0x0  reserved 

29:16   RW   0x0000  
sw_rawawb_big_x1_5 
xy detect, right x boundary of big range 

15:14   RO   0x0  reserved 

13:0   RW   0x0000  
sw_rawawb_big_x0_5 
xy detect, left x boundary of big range 

 
 
,63B5$:$:%B����B;<B'(7&B%,*B<B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:16   RW   0x0000  
sw_rawawb_big_y1_5 
xy detect, down y boundary of big range 

15:14   RO   0x0  reserved 

13:0   RW   0x0000  
sw_rawawb_big_y0_5 
xy detect, up y boundary of big range 

 
 
,63B5$:$:%B����B;<B'(7&B125B;B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:16   RW   0x0000  
sw_rawawb_nor_x1_6 
xy detect, right x boundary of normal range 

15:14   RO   0x0  reserved 

13:0   RW   0x0000  
sw_rawawb_nor_x0_6 
xy detect, left x boundary of normal range 

 
 
,63B5$:$:%B����B;<B'(7&B125B<B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:16   RW   0x0000  
sw_rawawb_nor_y1_6 
xy detect, down y boundary of normal range 

15:14   RO   0x0  reserved 

13:0   RW   0x0000  
sw_rawawb_nor_y0_6 
xy detect, up y boundary of normal range 

 
 
,63B5$:$:%B����B;<B'(7&B%,*B;B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1354 

%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:30   RO   0x0  reserved 

29:16   RW   0x0000  
sw_rawawb_big_x1_6 
xy detect, right x boundary of big range 

15:14   RO   0x0  reserved 

13:0   RW   0x0000  
sw_rawawb_big_x0_6 
xy detect, left x boundary of big range 

 
 
,63B5$:$:%B����B;<B'(7&B%,*B<B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��DF��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:16   RW   0x0000  
sw_rawawb_big_y1_6 
xy detect, down y boundary of big range 

15:14   RO   0x0  reserved 

13:0   RW   0x0000  
sw_rawawb_big_y0_6 
xy detect, up y boundary of big range 

 
 
,63B5$:$:%B����B08/7,:,1'2:B(;&B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��E���  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1355 

%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:16   RO   0x0  reserved 

15   RW   0x0  

sw_rawawb_exc_wp_region3_domain 
The domain of exclude regio 
1'b1: xy rang 
1'b0: uv range 

14   RW   0x0  

sw_rawawb_exc_wp_region3_measen 
The measurement enable of exclude region in  xy or uv rang 
1'b1: Enabl 
1'b0: Disable 

13:12   RW   0x0  
sw_rawawb_exc_wp_region3_excen 
The exclude enable of exclude region in both xy and uv range 
Bit0 is for normal window and bit1 for big window 

11   RW   0x0  

sw_rawawb_exc_wp_region2_domain 
The domain of exclude regio 
1'b1: xy rang 
1'b0: uv range 

10   RW   0x0  

sw_rawawb_exc_wp_region2_measen 
The measurement enable of exclude region in  xy or uv rang 
1'b1: Enabl 
1'b0: Disable 

9:8   RW   0x0  
sw_rawawb_exc_wp_region2_excen 
The exclude enable of exclude region in both xy and uv range 
Bit0 is for normal window and bit1 for big window 

7   RW   0x0  

sw_rawawb_exc_wp_region1_domain 
The domain of exclude regio 
1'b1: xy rang 
1'b0: uv range 

6   RW   0x0  

sw_rawawb_exc_wp_region1_measen 
The measurement enable of exclude region in  xy or uv rang 
1'b1: Enabl 
1'b0: Disable 

5:4   RW   0x0  
sw_rawawb_exc_wp_region1_excen 
The exclude enable of exclude region in both xy and uv range 
Bit0 is for normal window and bit1 for big window 

3   RW   0x0  

sw_rawawb_exc_wp_region0_domain 
The domain of exclude regio 
1'b1: xy rang 
1'b0: uv range 

2   RW   0x0  

sw_rawawb_exc_wp_region0_measen 
The measurement enable of exclude region in  xy or uv rang 
1'b1: Enabl 
1'b0: Disable 

1:0   RW   0x0  
sw_rawawb_exc_wp_region0_excen 
The exclude enable of exclude region in both xy and uv range 
Bit0 is for normal window and bit1 for big window 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1356 

 
 
,63B5$:$:%B����B(;&B:3B5(*,21�B;8�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��IF��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:16   RW   0x0000  
sw_rawawb_exc_wp_region0_xu1 
The right boundary of exclude region in XY or UV range 

15:14   RO   0x0  reserved 

13:0   RW   0x0000  
sw_rawawb_exc_wp_region0_xu0 
The left boundary of exclude region in XY or UV range 

 
 
,63B5$:$:%B����B(;&B:3B5(*,21�B<9�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:16   RW   0x0000  
sw_rawawb_exc_wp_region0_yv1 
The bottom boundary of exclude region in XY or UV range 

15:14   RO   0x0  reserved 

13:0   RW   0x0000  
sw_rawawb_exc_wp_region0_yv0 
The top boundary of exclude region in XY or UV range 

 
 
,63B5$:$:%B����B(;&B:3B5(*,21�B;8�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:16   RW   0x0000  
sw_rawawb_exc_wp_region1_xu1 
The right boundary of exclude region in XY or UV range 

15:14   RO   0x0  reserved 

13:0   RW   0x0000  
sw_rawawb_exc_wp_region1_xu0 
The left boundary of exclude region in XY or UV range 

 
 
,63B5$:$:%B����B(;&B:3B5(*,21�B<9�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:16   RW   0x0000  
sw_rawawb_exc_wp_region1_yv1 
The bottom boundary of exclude region in XY or UV range 

15:14   RO   0x0  reserved 

13:0   RW   0x0000  
sw_rawawb_exc_wp_region1_yv0 
The top boundary of exclude region in XY or UV range 

 
 
,63B5$:$:%B����B(;&B:3B5(*,21�B;8�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
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&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1357 

%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:30   RO   0x0  reserved 

29:16   RW   0x0000  
sw_rawawb_exc_wp_region1_xu1 
The right boundary of exclude region in XY or UV range 

15:14   RO   0x0  reserved 

13:0   RW   0x0000  
sw_rawawb_exc_wp_region2_xu0 
The left boundary of exclude region in XY or UV range 

 
 
,63B5$:$:%B����B(;&B:3B5(*,21�B<9�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:16   RW   0x0000  
sw_rawawb_exc_wp_region2_yv1 
The bottom boundary of exclude region in XY or UV range 

15:14   RO   0x0  reserved 

13:0   RW   0x0000  
sw_rawawb_exc_wp_region2_yv0 
The top boundary of exclude region in XY or UV range 

 
 
,63B5$:$:%B����B(;&B:3B5(*,21�B;8�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:16   RW   0x0000  
sw_rawawb_exc_wp_region3_xu1 
The right boundary of exclude region in XY or UV range 

15:14   RO   0x0  reserved 

13:0   RW   0x0000  
sw_rawawb_exc_wp_region3_xu0 
The left boundary of exclude region in XY or UV range 

 
 
,63B5$:$:%B����B(;&B:3B5(*,21�B<9�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:16   RW   0x0000  
sw_rawawb_exc_wp_region3_yv1 
The bottom boundary of exclude region in XY or UV range 

15:14   RO   0x0  reserved 

13:0   RW   0x0000  
sw_rawawb_exc_wp_region3_yv0 
The top boundary of exclude region in XY or UV range 

 
 
,63B5$:$:%B����B(;&B:3B5(*,21�B;8�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:30   RO   0x0  reserved 

29:16   RW   0x0000  
sw_rawawb_exc_wp_region4_xu1 
The right boundary of exclude region in XY or UV range 

15:14   RO   0x0  reserved 

13:0   RW   0x0000  
sw_rawawb_exc_wp_region4_xu0 
The left boundary of exclude region in XY or UV range 

 
 
,63B5$:$:%B����B(;&B:3B5(*,21�B<9�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:16   RW   0x0000  
sw_rawawb_exc_wp_region4_yv1 
The bottom boundary of exclude region in XY or UV range 

15:14   RO   0x0  reserved 

13:0   RW   0x0000  
sw_rawawb_exc_wp_region4_yv0 
The top boundary of exclude region in XY or UV range 

 
 
,63B5$:$:%B����B(;&B:3B5(*,21�B;8�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:16   RW   0x0000  
sw_rawawb_exc_wp_region5_xu1 
The right boundary of exclude region in XY or UV range 

15:14   RO   0x0  reserved 

13:0   RW   0x0000  
sw_rawawb_exc_wp_region5_xu0 
The left boundary of exclude region in XY or UV range 

 
 
,63B5$:$:%B����B(;&B:3B5(*,21�B<9�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:16   RW   0x0000  
sw_rawawb_exc_wp_region5_yv1 
The bottom boundary of exclude region in XY or UV range 

15:14   RO   0x0  reserved 

13:0   RW   0x0000  
sw_rawawb_exc_wp_region5_yv0 
The top boundary of exclude region in XY or UV range 

 
 
,63B5$:$:%B����B(;&B:3B5(*,21�B;8�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:30   RO   0x0  reserved 

29:16   RW   0x0000  
sw_rawawb_exc_wp_region6_xu1 
The right boundary of exclude region in XY or UV range 

15:14   RO   0x0  reserved 

13:0   RW   0x0000  
sw_rawawb_exc_wp_region6_xu0 
The left boundary of exclude region in XY or UV range 

 
 
,63B5$:$:%B����B(;&B:3B5(*,21�B<9�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:16   RW   0x0000  
sw_rawawb_exc_wp_region6_yv1 
The bottom boundary of exclude region in XY or UV range 

15:14   RO   0x0  reserved 

13:0   RW   0x0000  
sw_rawawb_exc_wp_region6_yv0 
The top boundary of exclude region in XY or UV range 

 
 
,63B5$:$:%B����B680B5*$,1B125B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RO   0x00000000  
ro_rawawb_sum_rgain_nor_0 
read only : white point sum of rgain 

 
 
,63B5$:$:%B����B680B%*$,1B125B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RO   0x00000000  
ro_rawawb_sum_bgain_nor_0 
read only : white point sum of bgain 

 
 
,63B5$:$:%B����B:3B180B125B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:0   RO   0x0000000  
ro_rawawb_wp_num_nor_0 
read only : white point num with weight 

 
 
,63B5$:$:%B����B680B5*$,1B%,*B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RO   0x00000000  
ro_rawawb_sum_rgain_big_0 
read only : white point sum of rgain 

 
 
,63B5$:$:%B����B680B%*$,1B%,*B��  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RO   0x00000000  
ro_rawawb_sum_bgain_big_0 
read only : white point sum of bgain 

 
 
,63B5$:$:%B����B:3B180B%,*B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:0   RO   0x0000000  
ro_rawawb_wp_num_big_0 
read only : white point num with weight 

 
 
,63B5$:$:%B����B680B5*$,1B125B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RO   0x00000000  
ro_rawawb_sum_rgain_nor_1 
read only : white point sum of rgain 

 
 
,63B5$:$:%B����B680B%*$,1B125B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RO   0x00000000  
ro_rawawb_sum_bgain_nor_1 
read only : white point sum of bgain 

 
 
,63B5$:$:%B����B:3B180B125B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:0   RO   0x0000000  
ro_rawawb_wp_num_nor_1 
read only : white point num with weight 

 
 
,63B5$:$:%B����B680B5*$,1B%,*B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RO   0x00000000  
ro_rawawb_sum_rgain_big_1 
read only : white point sum of rgain 

 
 
,63B5$:$:%B����B680B%*$,1B%,*B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RO   0x00000000  
ro_rawawb_sum_bgain_big_1 
read only : white point sum of bgain 

 
 
,63B5$:$:%B����B:3B180B%,*B��  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:0   RO   0x0000000  
ro_rawawb_wp_num_big_1 
read only : white point num with weight 

 
 
,63B5$:$:%B����B680B5*$,1B125B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RO   0x00000000  
ro_rawawb_sum_rgain_nor_2 
read only : white point sum of rgain 

 
 
,63B5$:$:%B����B680B%*$,1B125B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RO   0x00000000  
ro_rawawb_sum_bgain_nor_2 
read only : white point sum of bgain 

 
 
,63B5$:$:%B����B:3B180B125B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��DF��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:0   RO   0x0000000  
ro_rawawb_wp_num_nor_2 
read only : white point num with weight 

 
 
,63B5$:$:%B����B680B5*$,1B%,*B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��E���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RO   0x00000000  
ro_rawawb_sum_rgain_big_2 
read only : white point sum of rgain 

 
 
,63B5$:$:%B����B680B%*$,1B%,*B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��E���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RO   0x00000000  
ro_rawawb_sum_bgain_big_2 
read only : white point sum of bgain 

 
 
,63B5$:$:%B����B:3B180B%,*B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��EF��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:0   RO   0x0000000  
ro_rawawb_wp_num_big_2 
read only : white point num with weight 
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,63B5$:$:%B����B680B5*$,1B125B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��G���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RO   0x00000000  
ro_rawawb_sum_rgain_nor_3 
read only : white point sum of rgain 

 
 
,63B5$:$:%B����B680B%*$,1B125B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��G���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RO   0x00000000  
ro_rawawb_sum_bgain_nor_3 
read only : white point sum of bgain 

 
 
,63B5$:$:%B����B:3B180B125B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��GF��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:0   RO   0x0000000  
ro_rawawb_wp_num_nor_3 
read only : white point num with weight 

 
 
,63B5$:$:%B����B:3B180B%,*B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��HF��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:0   RO   0x0000000  
ro_rawawb_wp_num_big_3 
read only : white point num with weight 

 
 
,63B5$:$:%B����B680B5*$,1B125B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RO   0x00000000  
ro_rawawb_sum_rgain_nor_4 
read only : white point sum of rgain 

 
 
,63B5$:$:%B����B680B%*$,1B125B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RO   0x00000000  
ro_rawawb_sum_bgain_nor_4 
read only : white point sum of bgain 

 
 
,63B5$:$:%B����B:3B180B125B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:28   RO   0x0  reserved 

27:0   RO   0x0000000  
ro_rawawb_wp_num_nor_4 
read only : white point num with weight 

 
 
,63B5$:$:%B����B680B5*$,1B%,*B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RO   0x00000000  
ro_rawawb_sum_rgain_big_4 
read only : white point sum of rgain 

 
 
,63B5$:$:%B����B680B%*$,1B%,*B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RO   0x00000000  
ro_rawawb_sum_bgain_big_4 
read only : white point sum of bgain 

 
 
,63B5$:$:%B����B:3B180B%,*B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:0   RO   0x0000000  
ro_rawawb_wp_num_big_4 
read only : white point num with weight 

 
 
,63B5$:$:%B����B680B5*$,1B125B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RO   0x00000000  
ro_rawawb_sum_rgain_nor_5 
read only : white point sum of rgain 

 
 
,63B5$:$:%B����B680B%*$,1B125B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RO   0x00000000  
ro_rawawb_sum_bgain_nor_5 
read only : white point sum of bgain 

 
 
,63B5$:$:%B����B:3B180B125B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:0   RO   0x0000000  
ro_rawawb_wp_num_nor_5 
read only : white point num with weight 
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,63B5$:$:%B����B680B5*$,1B%,*B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RO   0x00000000  
ro_rawawb_sum_rgain_big_5 
read only : white point sum of rgain 

 
 
,63B5$:$:%B����B680B%*$,1B%,*B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RO   0x00000000  
ro_rawawb_sum_bgain_big_5 
read only : white point sum of bgain 

 
 
,63B5$:$:%B����B:3B180B%,*B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:0   RO   0x0000000  
ro_rawawb_wp_num_big_5 
read only : white point num with weight 

 
 
,63B5$:$:%B����B680B5*$,1B125B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RO   0x00000000  
ro_rawawb_sum_rgain_nor_6 
read only : white point sum of rgain 

 
 
,63B5$:$:%B����B680B%*$,1B125B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RO   0x00000000  
ro_rawawb_sum_bgain_nor_6 
read only : white point sum of bgain 

 
 
,63B5$:$:%B����B:3B180B125B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:0   RO   0x0000000  
ro_rawawb_wp_num_nor_6 
read only : white point num with weight 

 
 
,63B5$:$:%B����B680B5*$,1B%,*B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RO   0x00000000  
ro_rawawb_sum_rgain_big_6 
read only : white point sum of rgain 
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,63B5$:$:%B����B680B%*$,1B%,*B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RO   0x00000000  
ro_rawawb_sum_bgain_big_6 
read only : white point sum of bgain 

 
 
,63B5$:$:%B����B:3B180B%,*B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:0   RO   0x0000000  
ro_rawawb_wp_num_big_6 
read only : white point num with weight 

 
 
,63B5$:$:%B����B<B+,67���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:16   RO   0x0000  
ro_yhist_bin1 
The bin of YHIST 

15:0   RO   0x0000  
ro_yhist_bin0 
The bin of YHIST 

 
 
,63B5$:$:%B����B<B+,67���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:16   RO   0x0000  
ro_yhist_bin3 
The bin of YHIST 

15:0   RO   0x0000  
ro_yhist_bin2 
The bin of YHIST 

 
 
,63B5$:$:%B����B<B+,67���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:16   RO   0x0000  
ro_yhist_bin5 
The bin of YHIST 

15:0   RO   0x0000  
ro_yhist_bin4 
The bin of YHIST 

 
 
,63B5$:$:%B����B<B+,67���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:16   RO   0x0000  
ro_yhist_bin7 
The bin of YHIST 

15:0   RO   0x0000  
ro_yhist_bin6 
The bin of YHIST 
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,63B5$:$:%B����B5$0B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31   RW   0x0  

sw_rawawb_rd_ram_en 
This bit is not need configuration in normal case, software could 
read the ram directly when rawawb interruption is valid. But the 
software could read the information in the ram in case the 
rawawb is failed to create interruption or stuck 
The bit is need pulled down again before the next valid frame 
statistics 

30:22   RW   0x000  
ro_ram_rdaddr_cnt 
RAM real address when read 15x15 window statistics in ram, read 
only 

21:9   RO   0x0  reserved 

8:0   RW   0x000  

sw_rawawb_ram_offs 
The 15x15 windows statistics information is stored in ram, the 
real size of ram is 225x57. Each ram address is for one window. 
The sw_rawawb_ram_offs is ram offset address when reading, so 
it is meas the software could read statistics from the offset 
window 

 
 
,63B5$:$:%B����B:5$0B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:22   RO   0x0  reserved 

21:16   RO   0x00  
ro_rawawb_ram_cnt 
config ram cnt 

15:0   RO   0x0  reserved   
 
 
,63B5$:$:%B����B:5$0B'$7$B%$6(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:24   RW   0x00  
sw_rawawb_wp_blk_wei_w4 
sub-window weight from num0 to num224 

23:18   RW   0x00  
sw_rawawb_wp_blk_wei_w3 
sub-window weight from num0 to num224 

17:12   RW   0x00  
sw_rawawb_wp_blk_wei_w2 
sub-window weight from num0 to num224 

11:6   RW   0x00  
sw_rawawb_wp_blk_wei_w1 
sub-window weight from num0 to num224 

5:0   RW   0x00  
sw_rawawb_wp_blk_wei_w0 
sub-window weight from num0 to num224 
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,63B5$:$:%B����B5$0B'$7$B%$6(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RO   0x00000000  

ro_wind15x15 
There is 225 window information, each information is 64bits, 
18bit for each RGB channel and 10bit for white point number 
First word: G[13:0],B[17:0];Second word: 
Wpnum[9:0],R[17:0],G[17:14] 
The read ram address should equal this base addr each read ram 
option, ram address is added by hardware 

 
 

12.4.2.24 RAWHIST 
(1) 5$:+,67B%,* 
,63B5$:+,67B%,*B����B�$��B�%��B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� :�
& �[� 

VZBDHKLVWBGRQH 
7KLV�ELW�ZLOO�EH�VHW�WR���E\�KDUGZDUH�ZKHQ�DH�VWDWV�UHDG\��7KH�
VRIWZDUH�FDQ�UHDG�DH�VWDWV�DQG�PXVW�FOHDU�WKLV�ELW��ZULWH��WR�
FOHDU��DIWHU�RSHUDWLRQ��7KH�KDUGZDUH�ZLOO�UXQ�DJDLQ�ZKHQ�QHZ�
IODPH�DUULYHG�DIWHU�WKLV�ELW�FOHDUHG� 

�� 52 �[� URBDHKLVWBZRUNLQJ 
7KLV�PRGXOH�ZRUNLQJ�VLJQDO 

����� 5: �[� 
VZBDHKLVWBZQGBQXP 
�
G����
G����[��  
�
G����
G�����[���  

�� 52 �[� UHVHUYHG 

����� 5: �[� 

VZBDHKLVWBGDWDBVHO 
�
G���LQSXWBGDWD>����@ 
�
G���LQSXWBGDWD>����@ 
�
G���LQSXWBGDWD>���@ 
�
G���LQSXWBGDWD>���@ 
�
G���LQSXWBGDWD>���@ 
2WKHUV��LQSXWBGDWD>���@ 

����� 5: �[��� VZBDHKLVWBZDWHUOLQH 
)RU�UHJLRQ�VWDWLFV 

�� 52 �[� UHVHUYHG 

���� 5: �[� 

VZBDHKLVWBPRGH 
+LVWRJUDP�PRGH��OXPLQDQFH�LV�WDNHQ�DW�,63�RXWSXW�EHIRUH�RXWSXW�
IRUPDWWHU��5*%�LV�WDNHQ�DW�[WDON�RXWSXW�� �  
�
G����
G���0XVW�QRW�EH�XVHG 
�
G���<��OXPLQDQFH��KLVWRJUDP 
�
G���%�KLVWRJUDP 
�
G���*�KLVWRJUDP 
�
G���5�KLVWRJUDP 
�
G���5HVHUYHG 
�
G���'LVDEOH��QR�PHDVXUHPHQWV 

� 5: �[� VZBDHKLVWBGHEXJBHQ 
7KH�GHEXJ�VLJQDO�ZLOO�WRJJOH�ZKHQ�WKLV�ELW�DVVHW� 

��� 52 �[� UHVHUYHG 

��� 5: �[� 
VZBDHKLVWBVWHSVL]H 
+LVWRJUDP�SUHGLYLGHU��SURFHVV�HYHU\��VWHSVL]H�WK�SL[HO��DOO�RWKHU�
SL[HOV�DUH�VNLSSHG� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� VZBDHKLVWBHQ 
0RGXOH�HQDEOH�ELW 

 
,63B5$:+,67B%,*B����B�$��B�%��B6,=(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[��� VZBDHKLVWBYBVL]H 
9HUWLFDO�VL]H�LQ�OLQHV�RI�RQH�VXE�ZLQGRZ 

����� 52 �[�� UHVHUYHG 

���� 5: �[��� VZBDHKLVWBKBVL]H 
+RUL]RQWDO�VL]H�LQ�SL[HOV�RI�RQH�VXE�ZLQGRZ� 

 
,63B5$:+,67B%,*B����B�$��B�%��B2))6�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� VZBDHKLVWBYBRIIVHW 
9HUWLFDO�RIIVHW�RI�ILUVW�ZLQGRZ�LQ�SL[HOV 

����� 52 �[� UHVHUYHG 

���� 5: �[���� VZBDHKLVWBKBRIIVHW 
+RUL]RQWDO�RIIVHW�RI�ILUVW�ZLQGRZ�LQ�SL[HOV�  

 
,63B5$:+,67B%,*B����B�$��B�%��B+5$0B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� UGBUDPBHQ 
-XVW�IRU�GHEXJ 

����� 52 �[�� UHVHUYHG 

����� 52 �[�� URBUDPBFQW 
5$0�FQW�IRU�ZULWH�RU�UHDG�  

���� 52 �[�� UHVHUYHG 

��� 5: �[�� VZBUDPBRIIVHW 
5$0�RIIVHW�IRU�ZULWH�RU�UHDG�  

 
,63B5$:+,67B%,*B����B�$��B�%��B5$:�<B&&�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� VZBUDZDHBRII 
7KH�FRHIILWLHQW�RI�5$:�<�IRUPXOD 

����� 5: �[�G VZBUDZDHBEFF 
5$:�<�EOXH�FKDQQHO�FRHIILWLHQW 

���� 5: �[�� VZBUDZDHBJFF 
5$:�<�JUHHQ�FKDQQHO�FRHIILWLHQW 

��� 5: �[�� VZBUDZDHBUFF 
5$:�<�UHG�FKDQQHO�FRHIILWLHQW 

 
,63B5$:+,67B%,*B����B�$��B�%��B:5$0B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� VZBFRQILJBZUDPBHQ 
:ULWH�5$0�HQDEOH 

����� 52 �[��� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� URBUDPBFQW 
5$0�FQW�IRU�ZULWH�RU�UHDG�  

���� 52 �[��� UHVHUYHG 

��� 5: �[�� VZBUDPBRIIVHW 
5$0�RIIVHW�IRU�ZULWH�RU�UHDG�  

 
,63B5$:+,67B%,*B����B�$��B�%��B'%*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 52 �[� URBLQBYDO 
�� 52 �[� URBLQBKHQG 
�� 52 �[� URBLQBYHQG 

����� 52 �[���� URBFXUB\BSRV 
<�FQW�IRU�FXUUHQW�IUDPH 

�� 52 �[� URBKLVWBZQGBYDO 
�� 52 �[� URBKLVWBIUDPLQJ 
�� 52 �[� URBKLVWBJDWLQJ 

���� 52 �[���� URBFXUB[BSRV 
;�FQW�IRU�FXUUHQW�IUDPH 

 
,63B5$:+,67B%,*B����B�$��B�%��B'%*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 
�� 52 �[� URBZUDPBILUVWBUGBYDO 
����� 52 �[� URBZUDPBFXUBVWDWH 
����� 52 �[�� URBUDPBFOUBFQW 
����� 52 �[� URBFXUBVWDWH 
�� 52 �[� URBKLVWBUG 
�� 52 �[� URBKLVWBZU 
�� 52 �[� URBFKDQQHO[BZQGBYDO 
�� 52 �[� URBFKDQQHO[BYDO 
� 52 �[� URBFKDQQHO[BKHQG 
� 52 �[� URBFKDQQHO[BYHQG 
� 52 �[� URBYEODQNBYDO 

��� 52 �[� URBKLVWBVWHSVL]HB\BSRV 
<�FQW�IRU�FXUUHQW�IUDPH 

� 52 �[� URBVWHSVL]HBYDO 

��� 52 �[� URBKLVWBVWHSVL]HB[BSRV 
;�FQW�IRU�FXUUHQW�IUDPH 

 
,63B5$:+,67B%,*B����B�$��B�%��B'%*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 52 �[� UHVHUYHG 
����� 52 �[� URBVXEZLQGRZB\ 
�� 52 �[� UHVHUYHG 

����� 52 �[��� URBKLVWBZQGB\BFQW 
<�FQW�IRU�FXUUHQW�IUDPH 

�� 52 �[� UHVHUYHG 
����� 52 �[� URBVXEZLQGRZB[ 
�� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[��� URBKLVWBZQGB[BFQW 
;�FQW�IRU�FXUUHQW�IUDPH 

 
,63B5$:+,67B%,*B����B�$��B�%��B:(,*+7B%$6(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[�� VZBDHKLVWBZHLJKWBZQG� 
6XE�ZLQGRZ�ZHLJKW�IURP�QXP��WR�QXP��� 

����� 5: �[�� VZBDHKLVWBZHLJKWBZQG� 
6XE�ZLQGRZ�ZHLJKW�IURP�QXP��WR�QXP��� 

����� 5: �[�� VZBDHKLVWBZHLJKWBZQG� 
6XE�ZLQGRZ�ZHLJKW�IURP�QXP��WR�QXP��� 

���� 5: �[�� VZBDHKLVWBZHLJKWBZQG� 
6XE�ZLQGRZ�ZHLJKW�IURP�QXP��WR�QXP��� 

��� 5: �[�� VZBDHKLVWBZHLJKWBZQG� 
6XE�ZLQGRZ�ZHLJKW�IURP�QXP��WR�QXP��� 

 
,63B5$:+,67B%,*B����B�$��B�%��B52B%$6(B%,1�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

���� 52 �[������� 
URBDHKLVWBELQB[ 
0HDVXUHG�ELQ�FRXQW�DV����ELW�XQVLJQHG�LQWHJHU�YDOXH�ZLWK���
IUDFWLRQDO�SDUW� 

 
����5$:+,67B/,7( 
,63B5$:+,67B/,7(B����B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� :�
& �[� 

VZBDHKLVWBGRQH 
7KLV�ELW�ZLOO�EH�VHW�WR���E\�KDUGZDUH�ZKHQ�DH�VWDWV�UHDG\��7KH�
VRIWZDUH�FDQ�UHDG�DH�VWDWV�DQG�PXVW�FOHDU�WKLV�ELW��ZULWH���WR�
FOHDU��DIWHU�RSHUDWLRQ��7KH�KDUGZDUH�ZLOO�UXQ�DJDLQ�ZKHQ�QHZ�
IODPH�DUULYHG�DIWHU�WKLV�ELW�FOHDUHG� 

�� 52 �[� URBDHKLVWBZRUNLQJ 
7KLV�PRGXOH�ZRUNLQJ�VLJQDO 

����� 52 �[� UHVHUYHG 

����� 5: �[� 

VZBDHKLVWBGDWDBVHO 
�
G���LQSXWBGDWD>����@ 
�
G���LQSXWBGDWD>����@ 
�
G���LQSXWBGDWD>���@ 
�
G���LQSXWBGDWD>���@ 
�
G���LQSXWBGDWD>���@ 
2WKHUV��LQSXWBGDWD>���@ 

����� 5: �[��� VZBDHKLVWBZDWHUOLQH 
)RU�UHJLRQ�VWDWLFV 

�� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[� 

VZBDHKLVWBPRGH 
+LVWRJUDP�PRGH��OXPLQDQFH�LV�WDNHQ�DW�,63�RXWSXW�EHIRUH�RXWSXW�
IRUPDWWHU��5*%�LV�WDNHQ�DW�[WDON�RXWSXW� 
1RWH��,I�5*%�FRPELQHG�PRGH�LV�XVHG��WKHQ�WKH���FRORU�
FRPSRQHQWV�DUH�VDPSOHG�RQH�DIWHU�WKH�RWKHU��7KH�VRIWZDUH�KDV�WR�
DVVXUH�WKDW�DOO���FRORU�FRPSRQHQWV�DUH�LQVLGH�WKH�VHOHFWHG�
ZLQGRZ� 
�
G����
G����0XVW�QRW�EH�XVHG 
�
G���<��OXPLQDQFH��KLVWRJUDP 
�
G���%�KLVWRJUDP 
�
G���*�KLVWRJUDP 
�
G���5�KLVWRJUDP 
�
G���5HVHUYHG 
�
G���'LVDEOH��QR�PHDVXUHPHQWV 

� 5: �[� VZBDHKLVWBGHEXJBHQ 
7KH�GHEXJ�VLJQDO�ZLOO�WRJJOH�ZKHQ�WKLV�ELW�DVVHW� 

��� 52 �[� UHVHUYHG 

��� 5: �[� 
VZBDHKLVWBVWHSVL]H 
+LVWRJUDP�SUHGLYLGHU��SURFHVV�HYHU\��VWHSVL]H�WK�SL[HO��DOO�RWKHU�
SL[HOV�DUH�VNLSSHG� 

� 5: �[� VZBDHKLVWBHQ 
0RGXOH�HQDEOH�ELW 

 
,63B5$:+,67B/,7(B����B6,=(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[��� VZBDHKLVWBYBVL]H 
9HUWLFDO�VL]H�LQ�OLQHV�RI�RQH�VXE�ZLQGRZ 

����� 52 �[�� UHVHUYHG 

���� 5: �[��� VZBDHKLVWBKBVL]H 
+RUL]RQWDO�VL]H�LQ�SL[HOV�RI�RQH�VXE�ZLQGRZ 

 
,63B5$:+,67B/,7(B����B2))6�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� VZBDHKLVWBYBRIIVHW 
9HUWLFDO�RIIVHW�RI�ILUVW�ZLQGRZ�LQ�SL[HOV� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� VZBDHKLVWBKBRIIVHW 
+RUL]RQWDO�RIIVHW�RI�ILUVW�ZLQGRZ�LQ�SL[HOV� 

 
,63B5$:+,67B/,7(B����B5$0B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� UGBUDPBHQ 
-XVW�IRU�GHEXJ 

����� 52 �[�� UHVHUYHG 

����� 52 �[�� URBUDPBFQW 
5$0�UHDG�RU�ZULWH�FQW 

���� 52 �[�� UHVHUYHG 

��� 5: �[�� VZBUDPBRIIVHW 
5$0�RIIVHW�IRU�ZULWH�RU�UHDG 
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,63B5$:+,67B/,7(B����B5$:�<B&&�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� VZBUDZDHBRII 
7KH�RIIVHW�RI�5$:�<�IRUPXOD 

����� 5: �[�G VZBUDZDHBEFF 
5$:�<�EOXH�FKDQQHO�FRHIILWLHQW 

���� 5: �[�� VZBUDZDHBJFF 
5$:�<�JUHHQ�FKDQQHO�FRHIILWLHQW 

��� 5: �[�� VZBUDZDHBUFF 
5$:�<�UHG�FKDQQHO�FRHIILWLHQW 

 
,63B5$:+,67B/,7(B����B'%*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 52 �[� URBLQBYDO 
�� 52 �[� URBLQBKHQG 
�� 52 �[� URBLQBYHQG 

����� 52 �[���� URBFXUB\BSRV 
<�FQW�IRU�FXUUHQW�IUDPH 

�� 52 �[� URBKLVWBZQGBYDO 
�� 52 �[� URBKLVWBIUDPLQJ 
�� 52 �[� URBKLVWBJDWLQJ 

���� 52 �[���� URBFXUB[BSRV 
;�FQW�IRU�FXUUHQW�IUDPH 

 
,63B5$:+,67B/,7(B����B'%*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 
����� 52 �[�� URBUDPBFOUBFQW 
����� 52 �[� URBFXUBVWDWH 
�� 52 �[� URBKLVWBUG 
�� 52 �[� URBKLVWBZU 
�� 52 �[� URBFKDQQHO[BZQGBYDO 
�� 52 �[� URBFKDQQHO[BYDO 
� 52 �[� URBFKDQQHO[BKHQG 
� 52 �[� URBFKDQQHO[BYHQG 
� 52 �[� URBYEODQNBYDO 

��� 52 �[� URBKLVWBVWHSVL]HB\BSRV 
<�FQW�IRU�FXUUHQW�IUDPH 

� 52 �[� URBVWHSVL]HBYDO 

��� 52 �[� URBKLVWBVWHSVL]HB[BSRV 
;�FQW�IRU�FXUUHQW�IUDPH 

 
,63B5$:+,67B/,7(B����B'%*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� URBVXEZLQGRZB\ 
�� 52 �[� UHVHUYHG 

����� 52 �[��� URBKLVWBZQGB\BFQW 
<�FQW�IRU�FXUUHQW�IUDPH 

����� 52 �[� URBVXEZLQGRZB[ 
�� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[��� URBKLVWBZQGB[BFQW 
;�FQW�IRU�FXUUHQW�IUDPH 

 
,63B5$:+,67B/,7(B����B:(,*+7B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[�� VZBDHKLVWBZHLJKWBZQG� 
6XE�ZLQGRZ�ZHLJKW�IURP�QXP��WR�QXP���  

����� 52 �[� UHVHUYHG 

����� 5: �[�� VZBDHKLVWBZHLJKWBZQG� 
6XE�ZLQGRZ�ZHLJKW�IURP�QXP��WR�QXP���  

����� 52 �[� UHVHUYHG 

���� 5: �[�� VZBDHKLVWBZHLJKWBZQG� 
6XE�ZLQGRZ�ZHLJKW�IURP�QXP��WR�QXP���  

��� 52 �[� UHVHUYHG 

��� 5: �[�� VZBDHKLVWBZHLJKWBZQG� 
6XE�ZLQGRZ�ZHLJKW�IURP�QXP��WR�QXP���  

 
,63B5$:+,67B/,7(B����B52B%$6(B%,1�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

���� 5: �[������� 
URBDHKLVWBELQB[ 
0HDVXUHG�ELQ�FRXQW�DV����ELW�XQVLJQHG�LQWHJHU�YDOXH�ZLWK���
IUDFWLRQDO�SDUW� 

12.4.2.25 YNR 
<15B����B*/2%$/B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:27   RO   0x0  reserved 

26   RW   0x0  
sw_ynr_debug_en 
Debug signal enable bit 

25   RW   0x0  
sw_ynr_gate_dis 
A backdoor for YNR internal gating 

24   RW   0x0  
sw_ynr_thumb_mix_cur_en 
Pre thumb data mix current frame thumb data enable bit 

23:20   RW   0x8  

sw_ynr_global_gain_alpha 
Global gain alpha for YNR 1i,3f data range:[0,8].  
Gain = (sw_ynr_global_gain_alpha * sw_ynr_global_gain + (8-
sw_ynr_global_gain)*local_gain )>>3 

19:18   RO   0x0  reserved 

17:8   RW   0x010  
sw_ynr_global_gain 
Global gain for YNR 6i,4f 

7:6   RW   0x0  

sw_ynr_flt1x1_bypass_sel 
2'b00: lgft3x3_data 
2'b01: bft3x3_data 
2'b10: gauss_data 

5   RW   0x0  
sw_ynr_sft5x5_bypass 
YNR SFT5X5 bypass bit 

4   RW   0x0  
sw_ynr_flt1x1_bypass 
YNR FT1X1 bypass bit 

3   RW   0x0  
sw_ynr_lgft3x3_bypass 
YNR LGFT3X3 bypass bit 

2   RW   0x0  
sw_ynr_lbft5x5_bypass 
YNR LBFT5X5 bypass bit 

1   RW   0x0  
sw_ynr_bft3x3_bypass 
YNR BFT3X3 bypass bit 

0   RW   0x0  
sw_ynr_en 
YNR enable bit 

 
 
<15B����B515B0$;B5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:14   RO   0x0  reserved 

13:0   RW   0x3754  

sw_ynr_rnr_max_r 
9 bit integer and 5 bit fraction  M(9bit),E(5bit).1/R^2= 
M/(2^E) ,M and E will be calculated automatically by driver. Use 
RNR module  when no exgain. RNR module will reduce the 
influence of LSC. 

 
 
<15B����B/2:15B&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:30   RO   0x0  reserved 

29:16   RW   0x0100  

sw_ynr_low_bf_inv1 
5 bit integer and 9 bit fraction. This signal will adjust the strength 
of bilateral filtering of LBFT5X5 module.Note: this signal is 
reciprocal value which means the smaller of this signal, the 
bigger of reducing noise function. 

15:14   RO   0x0  reserved 

13:0   RW   0x0100  

sw_ynr_low_bf_inv0 
5 bit integer and 9 bit fraction. This signal will adjust the strength 
of bilateral filtering of BFT3X3 module. Note: this signal is 
reciprocal value which means the smaller of this signal, the 
bigger of reducing noise function. 

 
 
<15B����B/2:15B&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:24   RO   0x0  reserved 

23:16   RW   0x00  

sw_ynr_low_peak_supress 
1 bit integer and 7 bit fraction. This signal will  adjust restrain 
the big hot pixel. The bigger of this signal, the more strength of 
reducing the isolated big hot pixel. 

15:11   RO   0x0  reserved 

10:0   RW   0x080  

sw_ynr_low_thred_adj 
5 bit integer and 6 bit fraction. Adjust the threshold of low 
frequency filter. The  bigger this signal, the stronger reduing 
noise. 

 
 
<15B����B/2:15B&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:25   RO   0x0  reserved 

24:16   RW   0x010  

sw_ynr_low_dist_adj 
7 bit integer and 2 bit fraction. Adjust the distance weight of 
LBFT5X5 bilateral filter . The bigger of this sinal, the smaller  of 
reduing noise effect. 

15:10   RO   0x0  reserved 

9:0   RW   0x007  

sw_ynr_low_edge_adj_thresh 
11 bit integer, and 0 bit fraction. Adjust the edge weight of 
LBFT5X5 bilateral filter . The bigger of this signal, the smaller  of 
reduing noise effect. 

 
 
<15B����B/2:15B&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:24   RW   0x40  

sw_ynr_low_bi_weight 
1 bit integer and 7 bit fraction, use for ori ydata merge with 
bft3x3 outdata. The  bigger of this signal, the bigger strength of 
low frequency reduing noise. 

23:16   RW   0x64  

sw_ynr_low_weight 
1 bit integer and 7 bit fraction. The weight of reducing value. The  
bigger of this signal, the bigger strength of low frequency 
reducing noise. 

15:11   RO   0x0  reserved 

10:0   RW   0x133  

sw_ynr_low_center_weight 
1 bit integer and 10 bit fraction. The weight of  LBFT5X5 module 
of center data. The  bigger of this signal, the smaller strength of 
low frequency reduing noise. 

 
 
<15B����B+,*+15B&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:22   RO   0x0  reserved 

21:16   RW   0x3a  

sw_ynr_hi_min_adj 
0 bit integer and 6 bit fraction. This signal is used for holding the 
edge of stripes.  The  bigger this signal, the stronger  holding 
the edge of stripes. 

15:11   RO   0x0  reserved 

10:0   RW   0x080  

sw_ynr_high_thred_adj 
5 bit integer and 6 bit fraction. Adjust the threshold of high 
frequency filter. The  bigger this signal, the stronger reduing 
noise. 

 
 
<15B����B+,*+15B&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:24   RO   0x0  reserved 

23:16   RW   0x6e  

sw_ynr_high_retain_weight 
1 bit integer and 7 bit fraction. This signal is used for holding the 
high frequency noise .  The  bigger this signal, the smaller 
strength of reduing high frequency noise. 

15:8   RO   0x0  reserved 

7:0   RW   0x64  
sw_ynr_hi_edge_thed 
8 bit integer.  Adjust the threshold of high frequency filter. The  
bigger this signal, the weaker of reduing noise. 

 
 
<15B����B+,*+15B%$6(B),/7(5B:(,*+7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:20   RO   0x0  reserved 

19:16   RW   0x8  
sw_ynr_base_filter_weight2 
0 bit integer and 4 bit fraction(max15) 

15:13   RO   0x0  reserved 

12:8   RW   0x0f  
sw_ynr_base_filter_weight1 
0 bit integer and 5 bit fraction(max31) 

7   RO   0x0  reserved 

6:0   RW   0x12  
sw_ynr_base_filter_weight0 
1 bit integer and 6 bit fraction 

 
 
<15B����B*$866�B&2())�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:25   RO   0x0  reserved 

24:16   RW   0x054  
sw_ynr_low_gauss1_coeff2 
1 bit integer and 8 bit fraction 

15:14   RO   0x0  reserved 

13:8   RW   0x20  
sw_ynr_low_gauss1_coeff1 
0 bit integer and 6 bit fraction 

7:6   RO   0x0  reserved 

5:0   RW   0x0b  
sw_ynr_low_gauss1_coeff0 
0 bit integer and 6 bit fraction 

 
 
<15B����B*$866�B&2())�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:25   RO   0x0  reserved 

24:16   RW   0x040  
sw_ynr_low_gauss2_coeff2 
1 bit integer and 8 bit fraction 

15:14   RO   0x0  reserved 

13:8   RW   0x20  
sw_ynr_low_gauss2_coeff1 
0 bit integer and 6 bit fraction 

7:6   RO   0x0  reserved 

5:0   RW   0x10  
sw_ynr_low_gauss2_coeff0 
0 bit integer and 6 bit fraction 

 
 
<15B����B',5(&7,21B:B�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:29   RO   0x0  reserved 

28:24   RW   0x08  
sw_ynr_direction_weight3 
1 bit integer and 4 bit fraction 

23:21   RO   0x0  reserved 

20:16   RW   0x08  
sw_ynr_direction_weight2 
1 bit integer and 4 bit fraction 

15:13   RO   0x0  reserved 

12:8   RW   0x08  
sw_ynr_direction_weight1 
1 bit integer and 4 bit fraction 

7:5   RO   0x0  reserved 

4:0   RW   0x08  
sw_ynr_direction_weight0 
1 bit integer and 4 bit fration 

 
 
<15B����B',5(&7,21B:B�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:29   RO   0x0  reserved 

28:24   RW   0x04  
sw_ynr_direction_weight7 
1 bit integer and 4 bit fraction 

23:21   RO   0x0  reserved 

20:16   RW   0x04  
sw_ynr_direction_weight6 
1 bit integer and 4 bit fraction 

15:13   RO   0x0  reserved 

12:8   RW   0x04  
sw_ynr_direction_weight5 
1 bit integer and 4 bit fraction 

7:5   RO   0x0  reserved 

4:0   RW   0x04  
sw_ynr_direction_weight4 
1 bit integer and 4 bit fration 

 
 
<15B����B6*0B';B�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:27   RO   0x0  reserved 

26:16   RW   0x040  
sw_ynr_luma_points_x1 
Sigma point x coordinate [0-1024] 

15:11   RO   0x0  reserved 

10:0   RW   0x000  
sw_ynr_luma_points_x0 
Sigma point x coordinate [0-1024] 

 
 
<15B����B6*0B';B�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:27   RO   0x0  reserved 

26:16   RW   0x0c0  
sw_ynr_luma_points_x3 
Sigma point x coordinate [0-1024] 

15:11   RO   0x0  reserved 

10:0   RW   0x080  
sw_ynr_luma_points_x2 
Sigma point x coordinate [0-1024] 

 
 
<15B����B6*0B';B�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:27   RO   0x0  reserved 

26:16   RW   0x140  
sw_ynr_luma_points_x5 
Sigma point x coordinate [0-1024] 

15:11   RO   0x0  reserved 

10:0   RW   0x100  
sw_ynr_luma_points_x4 
Sigma point x coordinate [0-1024] 

 
 
<15B����B6*0B';B�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:27   RO   0x0  reserved 

26:16   RW   0x1c0  
sw_ynr_luma_points_x7 
Sigma point x coordinate [0-1024] 

15:11   RO   0x0  reserved 

10:0   RW   0x180  
sw_ynr_luma_points_x6 
Sigma point x coordinate [0-1024] 

 
 
<15B����B6*0B';B�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:27   RO   0x0  reserved 

26:16   RW   0x240  
sw_ynr_luma_points_x9 
Sigma point x coordinate [0-1024] 

15:11   RO   0x0  reserved 

10:0   RW   0x200  
sw_ynr_luma_points_x8 
Sigma point x coordinate [0-1024] 

 
 
<15B����B6*0B';B��B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1380 

%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:27   RO   0x0  reserved 

26:16   RW   0x2c0  
sw_ynr_luma_points_x11 
Sigma point x coordinate [0-1024] 

15:11   RO   0x0  reserved 

10:0   RW   0x280  
sw_ynr_luma_points_x10 
Sigma point x coordinate [0-1024] 

 
 
<15B����B6*0B';B��B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:27   RO   0x0  reserved 

26:16   RW   0x340  
sw_ynr_luma_points_x13 
Sigma point x coordinate [0-1024] 

15:11   RO   0x0  reserved 

10:0   RW   0x300  
sw_ynr_luma_points_x12 
Sigma point x coordinate [0-1024] 

 
 
<15B����B6*0B';B��B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:27   RO   0x0  reserved 

26:16   RW   0x3c0  
sw_ynr_luma_points_x15 
Sigma point x coordinate [0-1024] 

15:11   RO   0x0  reserved 

10:0   RW   0x380  
sw_ynr_luma_points_x14 
Sigma point x coordinate [0-1024] 

 
 
<15B����B6*0B';B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:11   RO   0x0  reserved 

10:0   RW   0x400  
sw_ynr_luma_points_x16 
Sigma point x coordinate [0-1024] 

 
 
<15B����B/6*0B<B�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1381 

%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:28   RO   0x0  reserved 

27:16   RW   0x0a0  
sw_ynr_lsgm_y1 
14bit unsigned, 9bit integer and 5bit fraction 

15:12   RO   0x0  reserved 

11:0   RW   0x04c  

sw_ynr_lsgm_y0 
4bit unsigned, 9bit integer and 5bit fraction. 
The interval widths in x directon are defined in SGM_DX_1_8 or 
SGM_DX_9_16 

 
 
<15B����B/6*0B<B�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:16   RW   0x0e4  
sw_ynr_lsgm_y3 
14bit unsigned, 9bit integer and 5bit fraction 

15:12   RO   0x0  reserved 

11:0   RW   0x0d0  
sw_ynr_lsgm_y2 
14bit unsigned, 9bit integer and 5bit fraction 

 
 
<15B����B/6*0B<B�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:16   RW   0x0e4  
sw_ynr_lsgm_y5 
14bit unsigned, 9bit integer and 5bit fraction 

15:12   RO   0x0  reserved 

11:0   RW   0x0e8  
sw_ynr_lsgm_y4 
14bit unsigned, 9bit integer and 5bit fraction 

 
 
<15B����B/6*0B<B�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:16   RW   0x0cc  
sw_ynr_lsgm_y7 
14bit unsigned, 9bit integer and 5bit fraction 

15:12   RO   0x0  reserved 

11:0   RW   0x0d8  
sw_ynr_lsgm_y6 
14bit unsigned, 9bit integer and 5bit fraction 

 
 
<15B����B/6*0B<B�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1382 

%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:28   RO   0x0  reserved 

27:16   RW   0x0c0  
sw_ynr_lsgm_y9 
14bit unsigned, 9bit integer and 5bit fraction 

15:12   RO   0x0  reserved 

11:0   RW   0x0c4  
sw_ynr_lsgm_y8 
14bit unsigned, 9bit integer and 5bit fraction 

 
 
<15B����B/6*0B<B��B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:16   RW   0x0b8  
sw_ynr_lsgm_y11 
14bit unsigned, 9bit integer and 5bit fraction 

15:12   RO   0x0  reserved 

11:0   RW   0x0bc  
sw_ynr_lsgm_y10 
14bit unsigned, 9bit integer and 5bit fraction 

 
 
<15B����B/6*0B<B��B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:16   RW   0x0a4  
sw_ynr_lsgm_y13 
14bit unsigned, 9bit integer and 5bit fraction 

15:12   RO   0x0  reserved 

11:0   RW   0x0b4  
sw_ynr_lsgm_y12 
14bit unsigned, 9bit integer and 5bit fraction 

 
 
<15B����B/6*0B<B��B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:16   RW   0x054  
sw_ynr_lsgm_y15 
14bit unsigned, 9bit integer and 5bit fraction 

15:12   RO   0x0  reserved 

11:0   RW   0x088  
sw_ynr_lsgm_y14 
14bit unsigned, 9bit integer and 5bit fraction 

 
 
<15B����B/6*0B<B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:12   RO   0x0  reserved 

11:0   RW   0x028  
sw_ynr_lsgm_y16 
14bit unsigned, 9bit integer and 5bit fraction 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1383 

 
 
<15B����B+6*0B<B�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:16   RW   0x0a0  
sw_ynr_hsgm_y1 
14bit unsigned, 9bit integer and 5bit fraction 

15:12   RO   0x0  reserved 

11:0   RW   0x04c  

sw_ynr_hsgm_y0 
14bit unsigned, 9bit integer and 5bit fraction. 
The interval widths in x directon are defined in SGM_DX_1_8 or 
SGM_DX_9_16 

 
 
<15B����B+6*0B<B�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:16   RW   0x0e4  
sw_ynr_hsgm_y3 
14bit unsigned, 9bit integer and 5bit fraction 

15:12   RO   0x0  reserved 

11:0   RW   0x0d0  
sw_ynr_hsgm_y2 
14bit unsigned, 9bit integer and 5bit fraction 

 
 
<15B����B+6*0B<B�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:16   RW   0x0e4  
sw_ynr_hsgm_y5 
14bit unsigned, 9bit integer and 5bit fraction 

15:12   RO   0x0  reserved 

11:0   RW   0x0e8  
sw_ynr_hsgm_y4 
14bit unsigned, 9bit integer and 5bit fraction 

 
 
<15B����B+6*0B<B�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��DF��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:16   RW   0x0cc  
sw_ynr_hsgm_y7 
14bit unsigned, 9bit integer and 5bit fraction 

15:12   RO   0x0  reserved 

11:0   RW   0x0d8  
sw_ynr_hsgm_y6 
14bit unsigned, 9bit integer and 5bit fraction 

 
 
<15B����B+6*0B<B�B��  
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&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1384 

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��E���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:16   RW   0x0c0  
sw_ynr_hsgm_y9 
14bit unsigned, 9bit integer and 5bit fraction 

15:12   RO   0x0  reserved 

11:0   RW   0x0c4  
sw_ynr_hsgm_y8 
14bit unsigned, 9bit integer and 5bit fraction 

 
 
<15B����B+6*0B<B��B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��E���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:16   RW   0x0b8  
sw_ynr_hsgm_y11 
14bit unsigned, 9bit integer and 5bit fraction 

15:12   RO   0x0  reserved 

11:0   RW   0x0bc  
sw_ynr_hsgm_y10 
14bit unsigned, 9bit integer and 5bit fraction 

 
 
<15B����B+6*0B<B��B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��E���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:16   RW   0x0a4  
sw_ynr_hsgm_y13 
14bit unsigned, 9bit integer and 5bit fraction 

15:12   RO   0x0  reserved 

11:0   RW   0x0b4  
sw_ynr_hsgm_y12 
14bit unsigned, 9bit integer and 5bit fraction 

 
 
<15B����B+6*0B<B��B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��EF��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:16   RW   0x054  
sw_ynr_hsgm_y15 
14bit unsigned, 9bit integer and 5bit fraction 

15:12   RO   0x0  reserved 

11:0   RW   0x088  
sw_ynr_hsgm_y14 
14bit unsigned, 9bit integer and 5bit fraction 

 
 
<15B����B+6*0B<B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��F���  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:12   RO   0x0  reserved 

11:0   RW   0x028  
sw_ynr_hsgm_y16 
14bit unsigned, 9bit intege r and 5bit fraction 

 
 
<15B����B515B675(1*7+���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��G���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:24   RW   0x10  
sw_ynr_rnr_strength3 
4 bit integer and 4 bit fraction 

23:16   RW   0x10  
sw_ynr_rnr_strength2 
4 bit integer and 4 bit fraction 

15:8   RW   0x10  
sw_ynr_rnr_strength1 
4 bit integer and 4 bit fraction 

7:0   RW   0x10  
sw_ynr_rnr_strength0 
4 bit integer and 4 bit fraction 

 
 
<15B����B515B675(1*7+���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��G���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:24   RW   0x10  
sw_ynr_rnr_strength7 
4 bit integer and 4 bit fraction 

23:16   RW   0x10  
sw_ynr_rnr_strength6 
4 bit integer and 4 bit fraction 

15:8   RW   0x10  
sw_ynr_rnr_strength5 
4 bit integer and 4 bit fraction 

7:0   RW   0x10  
sw_ynr_rnr_strength4 
4 bit integer and 4 bit fraction 

 
 
<15B����B515B675(1*7+�E�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��G���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:24   RW   0x10  
sw_ynr_rnr_strength11 
4 bit integer and 4 bit fraction 

23:16   RW   0x10  
sw_ynr_rnr_strength10 
4 bit integer and 4 bit fraction 

15:8   RW   0x10  
sw_ynr_rnr_strength9 
4 bit integer and 4 bit fraction 

7:0   RW   0x10  
sw_ynr_rnr_strength8 
4 bit integer and 4 bit fraction 

 
 
<15B����B515B675(1*7+FI�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��GF��  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:24   RW   0x10  
sw_ynr_rnr_strength15 
4 bit integer and 4 bit fraction 

23:16   RW   0x10  
sw_ynr_rnr_strength14 
4 bit integer and 4 bit fraction 

15:8   RW   0x10  
sw_ynr_rnr_strength13 
4 bit integer and 4 bit fraction 

7:0   RW   0x10  
sw_ynr_rnr_strength12 
4 bit integer and 4 bit fraction 

 
 
<15B����B515B675(1*7+���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��H���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:8   RO   0x0  reserved 

7:0   RW   0x10  
sw_ynr_rnr_strength16 
4 bit integer and 4 bit fraction 

 

12.4.2.26 CNR 
,63B&15B����B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31   RO   0x0  
sw_cnr_en_shd 
Cnr enable shadow register. 

30:5   RO   0x0  reserved 

4   RW   0x0  

sw_cnr_thumb_mix_cur_en 
32SD thumb use cur frame mix last frame data enable: 
1'b1:mix is enable 
1'b0:mix is diable 
Read back is shodow register. 

3   RW   0x0  

sw_cnr_lq_bila_bypass 
low frequence bilateral 3x3 filter bypass enable signal 
1'b1:bypass is enable, out_data is equal to in_data in this 3x3 
fiter. 
1'b0:bypass is disable. 
Read back is shodow register. 

2   RW   0x0  

sw_cnr_hq_bila_bypass 
high frequence bilateral 5x5 filter bypass enable signal 
1'b1:bypass is enable, out_data is equal to in_data in this 5x5 
fiter. 
1'b0:bypass is disable. 
Read back is shodow register. 

1   RW   0x1  

sw_cnr_exgain_bypass 
External gain bypass enable signal 
1'b1:bypass is enable, external gain value is fixed to 
sw_cnr_egain_mux 
1'b0:bypass is disable,use external gain. 
Current version is not support bypass  disable. 
Read back is shodow register. 

0   RW   0x0  

sw_cnr_en_i 
CNR enable signal 
1'b1:cnr enable 
1'b0:cnr disable 

 
 
,63B&15B����B(;*$,1�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:8   RO   0x0  reserved 

7:0   RW   0x80  
sw_cnr_exgain_mux 
fix external gain value to sw_cnr_exgain_mux 

 
 
,63B&15B����B*$,1B3$5$�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:24   RO   0x0  reserved 

23:16   RW   0x16  
sw_cnr_gain_iso 
To enlarge external gain, range from 0~128 

15:13   RO   0x0  reserved 

12:8   RW   0x0c  
sw_cnr_gain_offset 
gain offset of low pass filter in gain cal, range from 0~16 

7:0   RW   0x3c  
sw_cnr_gain_1sigma 
Enlarge the output data of high pass filter in gain cal 

 
 
,63B&15B����B*$,1B89B3$5$�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:15   RO   0x0  reserved 

14:8   RW   0x40  
sw_cnr_gain_uvgain1 
uvgain parameter1 

7   RO   0x0  reserved 

6:0   RW   0x30  
sw_cnr_gain_uvgain0 
uvgain parameter0 

 
 
,63B&15B����B/0('��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:5   RO   0x0  reserved 

4:0   RW   0x03  
sw_cnr_lmed3_alpha 
weight of in_data in low frequence median filter,range from 0~16 

 
 
,63B&15B����B/%)�B*$,1�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:12   RO   0x0  reserved 

11:8   RW   0x1  
sw_cnr_lbf5_gain_y 
y gain of lbf5x5 bialteral filter 

7:6   RO   0x0  reserved 

5:0   RW   0x02  
sw_cnr_lbf5_gain_c 
uv gain of lbf5x5 bialteral filter 

 
 
,63B&15B����B/%)�B:(,7'�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:24   RW   0x4d  
sw_cnr_lbf5_weit_d3 
Spatial weight of distance 4 or 5, range from 0~128 

23:16   RW   0x63  
sw_cnr_lbf5_weit_d2 
Spatial weight of pix6,8,16,18, range from 0~128 

15:8   RW   0x70  
sw_cnr_lbf5_weit_d1 
Spatial weight of pix7,11,13,17, range from 0~128 

7:0   RW   0x80  
sw_cnr_lbf5_weit_d0 
Spatial weight of pix12, range from 1~128 

 
 
,63B&15B����B/%)�B:(,7'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:8   RO   0x0  reserved 

7:0   RW   0x2f  
sw_cnr_lbf5_weit_d4 
Spatial weight of pix0,4,20,24, range from 0~128 

 
 
,63B&15B����B+0('��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:5   RO   0x0  reserved 

4:0   RW   0x03  
sw_cnr_hmed3_alpha 
weight of in_data in high frequence median filter, range from 
0~16 

 
 
,63B&15B����B+%)��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:24   RW   0x0f  
sw_cnr_hbf5_weit_src 
in_data weight of hbf5x5, range from 0~128 

23:16   RW   0x00  
sw_cnr_hbf5_min_wgt 
hbf5x5 weit_r low limit 

15:13   RO   0x0  reserved 

12:0   RW   0x0438  
sw_cnr_hbf5_sigma 
sigma of hbf5x5 

 
 
,63B&15B����B/%)��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:24   RO   0x0  reserved 

23:16   RW   0x80  
sw_cnr_lbf5_weit_src 
in_data weight of lbf3x3, range from 0~128 

15:13   RO   0x0  reserved 

12:0   RW   0x0438  
sw_cnr_lbf3_sigma 
sigma of hbf3x3 

 

12.4.2.27 Sharp 
6+$53B(1�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 52 �[� 
URBVKDUSBE\SDVVBVKG 
�
E���1RW�E\SDVV 
�
E���%\SDVV 

�� 52 �[� 
URBVKDUSBHQBVKG 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 52 �[� 
URBVKDUSBZRUNLQJ 
�
E���1RW�ZRUNLQJ 
�
E���:RUNLQJ 

���� 52 �[������� UHVHUYHG 

� 5: �[� 
VZBVKDUSBE\SDVV 
�
E���1RW�E\SDVV 
�
E���%\SDVV 

� 5: �[� 
VZBVKDUSBHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

 
6+$53B5$7,2�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 52 �[� UHVHUYHG 

����� 5: �[�� VZBVKDUSBVKDUSBUDWLR 
6KDUS�UDWLR� 

����� 5: �[�� VZBVKDUSBEIBUDWLR 
6KDUS�ELODWHUDO�ILOWHU�UDWLR�,W�KDV�WR�EH�OHVV�WKDQ�RU�HTXDO�WR����� 

���� 5: �[�� VZBVKDUSBJDXVBUDWLR 
6KDUS�JDXVV�UDWLR�,W�KDV�WR�EH�OHVV�WKDQ�RU�HTXDO�WR����� 

��� 5: �[�� 
VZBVKDUSBSEIBUDWLR 
6KDUS�SUH�ELODWHUDO�ILOWHU�UDWLR�,W�KDV�WR�EH�OHVV�WKDQ�RU�HTXDO�WR�
���� 

 
6+$53B�/80$B';�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[� 
VZBVKDUSBOXPDBG[� 
'LVWDQFH�EHWZHHQ�SRLQW���DQG�SRLQW���7KH�DFWXDO�GLVWDQFH�LV�HTXDO�
WR��AVZBVKDUSBOXPDBG[�� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 
VZBVKDUSBOXPDBG[� 
'LVWDQFH�EHWZHHQ�SRLQW���DQG�SRLQW���7KH�DFWXDO�GLVWDQFH�LV�HTXDO�
WR��AVZBVKDUSBOXPDBG[�� 

����� 5: �[� 
VZBVKDUSBOXPDBG[� 
'LVWDQFH�EHWZHHQ�SRLQW���DQG�SRLQW���7KH�DFWXDO�GLVWDQFH�LV�HTXDO�
WR��AVZBVKDUSBOXPDBG[�� 

����� 5: �[� 
VZBVKDUSBOXPDBG[� 
'LVWDQFH�EHWZHHQ�SRLQW���DQG�SRLQW���7KH�DFWXDO�GLVWDQFH�LV�HTXDO�
WR��AVZBVKDUSBOXPDBG[�� 

���� 5: �[� 
VZBVKDUSBOXPDBG[� 
'LVWDQFH�EHWZHHQ�SRLQW���DQG�SRLQW���7KH�DFWXDO�GLVWDQFH�LV�HTXDO�
WR��AVZBVKDUSBOXPDBG[�� 

��� 5: �[� 
VZBVKDUSBOXPDBG[� 
'LVWDQFH�EHWZHHQ�SRLQW���DQG�SRLQW���7KH�DFWXDO�GLVWDQFH�LV�HTXDO�
WR��AVZBVKDUSBOXPDBG[�� 

��� 5: �[� 
VZBVKDUSBOXPDBG[� 
'LVWDQFH�EHWZHHQ�SRLQW���DQG�SRLQW���7KH�DFWXDO�GLVWDQFH�LV�HTXDO�
WR��AVZBVKDUSBOXPDBG[�� 
1RWH��7KH�WRWDO�GLVWDFQH�PXVW�EH�HTXDO�WR������ 

 
6+$53B3%)B6,*0$B,19B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[��� VZBVKDUSBSEIBVLJPDBLQYB� 
6KDUS�SEI�VLJPD�LQYHUVH��� 

����� 5: �[�F� VZBVKDUSBSEIBVLJPDBLQYB� 
6KDUS�SEI�VLJPD�LQYHUVH��� 

��� 5: �[��� VZBVKDUSBSEIBVLJPDBLQYB� 
6KDUS�SEI�VLJPD�LQYHUVH��� 

 
6+$53B3%)B6,*0$B,19B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[��� VZBVKDUSBSEIBVLJPDBLQYB� 
6KDUS�SEI�VLJPD�LQYHUVH��� 

����� 5: �[��� VZBVKDUSBSEIBVLJPDBLQYB� 
6KDUS�SEI�VLJPD�LQYHUVH��� 

��� 5: �[��� VZBVKDUSBSEIBVLJPDBLQYB� 
6KDUS�SEI�VLJPD�LQYHUVH��� 

 
6+$53B3%)B6,*0$B,19B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[��� VZBVKDUSBSEIBVLJPDBLQYB� 
6KDUS�SEI�VLJPD�LQYHUVH��� 

��� 5: �[��� VZBVKDUSBSEIBVLJPDBLQYB� 
6KDUS�SEI�VLJPD�LQYHUVH��� 

 
6+$53B%)B6,*0$B,19B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[�I� VZBVKDUSBEIBVLJPDBLQYB� 
6KDUS�EI�VLJPD�LQYHUVH��� 

����� 5: �[��E VZBVKDUSBEIBVLJPDBLQYB� 
6KDUS�EI�VLJPD�LQYHUVH��� 

��� 5: �[�F� VZBVKDUSBEIBVLJPDBLQYB� 
6KDUS�EI�VLJPD�LQYHUVH��� 

 
6+$53B%)B6,*0$B,19B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[�F� VZBVKDUSBEIBVLJPDBLQYB� 
6KDUS�EI�VLJPD�LQYHUVH��� 

����� 5: �[�D� VZBVKDUSBEIBVLJPDBLQYB� 
6KDUS�EI�VLJPD�LQYHUVH��� 

��� 5: �[�I� VZBVKDUSBEIBVLJPDBLQYB� 
6KDUS�EI�VLJPD�LQYHUVH��� 

 
6+$53B%)B6,*0$B,19B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[�I� VZBVKDUSBEIBVLJPDBLQYB� 
6KDUS�EI�VLJPD�LQYHUVH��� 

��� 5: �[�I� VZBVKDUSBEIBVLJPDBLQYB� 
6KDUS�EI�VLJPD�LQYHUVH��� 

 
6+$53B6,*0$B6+,)7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[� VZBVKDUSBEIBVLJPDBVKLIW 
6KDUS�EI�VLJPD�VKLIW�ELWV� 

��� 5: �[� VZBVKDUSBSEIBVLJPDBVKLIW 
6KDUS�SEI�VLJPD�VKLIW�ELWV� 

 
6+$53B(+)B7+B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[��� VZBVKDUSBHKIBWKB� 
6KDUS�HKI�WK��� 

����� 5: �[��� VZBVKDUSBHKIBWKB� 
6KDUS�HKI�WK��� 

��� 5: �[��� VZBVKDUSBHKIBWKB� 
6KDUS�HKI�WK��� 

 
6+$53B(+)B7+B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[��� VZBVKDUSBHKIBWKB� 
6KDUS�HKI�WK��� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[��� VZBVKDUSBHKIBWKB� 
6KDUS�HKI�WK��� 

��� 5: �[��� VZBVKDUSBHKIBWKB� 
6KDUS�HKI�WK��� 

 
6+$53B(+)B7+B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[��� VZBVKDUSBHKIBWKB� 
6KDUS�HKI�WK��� 

��� 5: �[��� VZBVKDUSBHKIBWKB� 
6KDUS�HKI�WK��� 

 
6+$53B&/,3B+)B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[��� VZBVKDUSBFOLSBKIB� 
6KDUS�FOLS�KI��� 

����� 5: �[��� VZBVKDUSBFOLSBKIB� 
6KDUS�FOLS�KI��� 

��� 5: �[��� VZBVKDUSBFOLSBKIB� 
6KDUS�FOLS�KI��� 

 
6+$53B&/,3B+)B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[�H� VZBVKDUSBFOLSBKIB� 
6KDUS�FOLS�KI��� 

����� 5: �[�I� VZBVKDUSBFOLSBKIB� 
6KDUS�FOLS�KI��� 

��� 5: �[�E� VZBVKDUSBFOLSBKIB� 
6KDUS�FOLS�KI��� 

 
6+$53B&/,3B+)B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[��� VZBVKDUSBFOLSBKIB� 
6KDUS�FOLS�KI��� 

��� 5: �[��� VZBVKDUSBFOLSBKIB� 
6KDUS�FOLS�KI��� 

 
6+$53B3%)B&2()�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[�D VZBVKDUSBSEIBFRHIB� 
6KDUS�SEI�FRHIILFLHQW�RI�FRUQHU� 

�� 52 �[� UHVHUYHG 

���� 5: �[�� VZBVKDUSBSEIBFRHIB� 
6KDUS�SEI�FRHIILFLHQW�RI�XS�GRZQ�OHIW�ULJKW� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
� 52 �[� UHVHUYHG 

��� 5: �[�� 
VZBVKDUSBSEIBFRHIB� 
6KDUS�SEI�FRHIILFLHQW�RI�FHQWHU� 
1RWH��VZBVKDUSBSEIBFRHIB���VZBVKDUSBSEIBFRHIB���VZBVKD
USBSEIBFRHIB��PXVW�EH�HTXDO�WR����� 

 
6+$53B%)B&2()�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[�D VZBVKDUSBEIBFRHIB� 
6KDUS�EI�FRHIILFLHQW�RI�FRUQHU� 

�� 52 �[� UHVHUYHG 

���� 5: �[�� VZBVKDUSBEIBFRHIB� 
6KDUS�EI�FRHIILFLHQW�RI�XS�GRZQ�OHIW�ULJKW� 

� 52 �[� UHVHUYHG 

��� 5: �[�� 
VZBVKDUSBEIBFRHIB� 
6KDUS�EI�FRHIILFLHQW�RI�FHQWHU� 
1RWH��VZBVKDUSBEIBFRHIB���VZBVKDUSBEIBFRHIB���VZBVKDUS
BEIBFRHIB��PXVW�EH�HTXDO�WR����� 

 
6+$53B*$86B&2()B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[�� VZBVKDUSBJDXVBFRHIB� 
6KDUS�JDXV�FRHIILFLHQW�RI�FRUQHU� 

�� 52 �[� UHVHUYHG 

���� 5: �[�� VZBVKDUSBJDXVBFRHIB� 
6KDUS�JDXV�FRHIILFLHQW�RI�XS�GRZQ�OHIW�ULJKW� 

� 52 �[� UHVHUYHG 

��� 5: �[�F 
VZBVKDUSBJDXVBFRHIB� 
6KDUS�JDXV�FRHIILFLHQW�RI�FHQWHU� 
1RWH��VZBVKDUSBJDXVBFRHIB���VZBVKDUSBJDXVBFRHIB���VZB
VKDUSBJDXVBFRHIB��PXVW�EH�HTXDO�WR����� 

 
12.5 Application Notes 
12.5.1 0,3, 
)RU�UHJLVWHU�XSGDWH��WKH�VLJQDO�IRUFHBXSGDWH�FRPHV�IURP�,63�0,�PRGXOH��DQG�DFKLHYHV�
DXWRPDWLF�XSGDWH�RI�FKDQQHO¶V�IUDPH�HQG� 
8QGHU�GLIIHUHQW�PRGHV��WKH�KDUGZDUH�ZLOO�FRPSOHWH�DGDSWLYH�FRQILJXUDWLRQ�IRU�VRPH�UHJLVWHU�
FRPELQDWLRQV� 
8VLQJ�PLSL�PRGH��FRQILJXUH�9,B'3&/>���@�LIBVHOHFW� ���LQ�0$,1B&21752/���;������ 
&6,�5;�UHJLVWHU�EDVH�DGGUHVV�LV��[�F��� 
)RU�HVSHFLDO�+'5�VHQVRU� 
&RQILJXUH�'$7$B,'6B��VZBFVLBLG�>���@� �GDWDBW\SH��H�J��UDZ���UDZ����UDZ������ 
,I�VHQVRU�$5������FRQILJXUH�VZBKGUBHVSBPRGH� ��� 
,I�VHQVRU�,0;�����FRQILJXUH�VZBKGUBHVSBPRGH� ��� 
1RWH��DOO�PRGH�VXSSRUW�HVSHFLDO�+'5�VHQVRU� 

12.5.1.1 normal mode (Single ID) 
)RU�WKLV�PRGH� 
&RQILJXUH�VZBLEXIBRSBPRGH� ��� 
$OO�GPDW[�DUH�DYDLODEOH��EXW�DOO�GPDU[�DUH�XQDYDLODEOH� 
)RU�H[DPSOH��UDZ����ODQH[� 
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&75/�� ��[����LI�VHQVRU�$5������&75/�� ��;���LI�VHQVRU�,0;�����&75/�� ��;�� 
&75/�� ��[���  
'$7$B,'6B�� ��[�E� 

12.5.1.2 frame_x2_ddr mode (2IDs--hdr mode) 
)RU�WKLV�PRGH� 
&RQILJXUH�VZBLEXIBRSBPRGH� ��� 
)RU�H[DPSOH��UDZ����ODQH[� 
&75/�� ��[���� 
&75/�� ��[�� 
'$7$B,'6B�� ��[�E�E� 
&RQILJXUH�,63B0,�UHJLVWHU�IRU�DGGUHVV�DQG�VL]H� 
5$:�B:5B%$6(� �³GPDW[��EDVH�DGGUHVV�LQ�''5´ 
5$:�B:5B6,=(� �³SLFBZLGWKSLFBKHLJKW���´ 

12.5.1.3 line_x2_ddr_mode (2IDs--hdr mode) 
)RU�WKLV�PRGH� 
&RQILJXUH�VZBLEXIBRSBPRGH� ��� 
)RU�H[DPSOH��UDZ����ODQH[� 
&75/�� ��[���� 
&75/�� ��[�� 
'$7$B,'6B�� ��[�E�E� 
&RQILJXUH�,63B0,�UHJLVWHU�IRU�DGGUHVV�DQG�VL]H� 
5$:�B:5B%$6(� �³GPDW[��EDVH�DGGUHVV�LQ�''5´ 
5$:�B:5B6,=(� �³SLFBZLGWKSLFBKHLJKW���´ 

12.5.1.4 line_x2_noddr mode (2IDs--hdr mode) 
)RU�WKLV�PRGH� 
&RQILJXUH�VZBLEXIBRSBPRGH� ���� 
)RU�H[DPSOH��UDZ����ODQH[� 
&75/�� ��[D��� 
&75/�� ��[�� 
'$7$B,'6B�� ��[�E�E� 

12.5.1.5 user mode 
)RU�WKLV�PRGH� 
&RQILJXUH�VZBLEXIBRSBPRGH� ��� 
8VHU�GHILQHG�PRGH��$OO�GPDW[�DQG�GPDU[�DUH�DYDLODEOH� 

12.5.1.6 raw_rdback_framex1 mode 
)RU�WKLV�PRGH� 
&RQILJXUH�VZBLEXIBRSBPRGH� ��� 
)RU�H[DPSOH��UDZ����ODQH[���DOO�GPDW[�FRQILJXUDEOH��UHFRPPHQG�GPDW[�� 
&75/�� ��[���� 
&75/�� ��[�� 
'$7$B,'6B�� ��[�E� 
5$:�B:5B&75/� ��[���� 
&RQILJXUH�,63B0,�UHJLVWHU�IRU�DGGUHVV�DQG�VL]H� 
0,B:5B&75/�� ��[� 
5$:�B:5B%$6(� �³GPDW[��EDVH�DGGUHVV�LQ�''5´ 
5$:�B:5B6,=(� �³SLFBZLGWKSLFBKHLJKW���´ 
5$:6B5'B%$6(� �5$:�B:5B%$6( 
7KHQ��WKH�WLPH�WR�VWDUW�GPDU[V�LV�XS�WR�WKH�XVHU��PD\EH�GPDW[��IUDPH�HQG�� 
&RQILJXUH�&75/�� ��[���� 

12.5.1.7 raw_rdback_framex2 mode (hdr mode) 
)RU�WKLV�PRGH� 
&RQILJXUH�VZBLEXIBRSBPRGH� ��� 
)RU�H[DPSOH��UDZ����ODQH[���DOO�GPDW[�FRQILJXUDEOH��UHFRPPHQG�GPDW[��DQG�GPDW[�� 
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&75/�� ��[���� 
&75/�� ��[���� 
'$7$B,'6B�� ��[�E�E� 
5$:�B:5B&75/� ��[���� 
5$:�B:5B&75/� ��[���� 
&RQILJXUH�,63B0,�UHJLVWHU�IRU�DGGUHVV�DQG�VL]H� 
0,B:5B&75/�� ��[� 
5$:�B:5B%$6(� �³GPDW[��EDVH�DGGUHVV�LQ�''5´ 
5$:�B:5B6,=(� �³SLFBZLGWKSLFBKHLJKW���´ 
5$:�B:5B%$6(� �³GPDW[��EDVH�DGGUHVV�LQ�''5´ 
5$:�B:5B6,=(� �³SLFBZLGWKSLFBKHLJKW���´ 
5$:6B5'B%$6(� �5$:�B:5B%$6( 
5$:�B5'B%$6(� �5$:�B:5B%$6( 
7KHQ��WKH�WLPH�WR�VWDUW�GPDU[V�LV�XS�WR�WKH�XVHU��PD\EH�ERWK�GPDW[��DQG�GPDW[��IUDPH�
HQG�� 
&RQILJXUH�&75/�� ��[���� 
12.5.2 0, 
7KUHH�DUH�WKUHH�SRLQWV�WR�QRWH� 
1) 7KH�VLJQDO�VZBPLBZUBLQLWBRIIVHWBHQ�LQ�0,B:5B&75/�UHJLVWHU�QHHGV�WR�EH�VHW�WR����
RWKHUZLVH��WKH�DGGUHVV�RI�0,�ZLOO�QRW�EH�XSGDWHG� 
2) ,I�RXWSXW�DGGUHVV�QHHG�SLQJ�SRQJ��WKH�VLJQDO�VZBPSBZUBDXWRBXSG�LQ�0,B:5B&75/�
UHJLVWHU�QHHGV�WR�EH�VHW�WR��� 
3) 7KH�VLJQDO�VZBPLBFIJBXSG�LQ�0,B:5B,1,7�UHJLVWHU�QHHGV�WR�EH�VHW�WR���DIWHU�DOO�0,�
UHJLVWHUV�FRQILJXUDWLRQ�FRPSOHWH�ZKHQ�LW�LV�WKH�ILUVW�IUDPH� 
4) 7KH�UHVSHFWLYH�IRUFH�XSGDWH�V\VBGEUVHOIBIRUFHBXSGǃV\VBJDLQVHOIBIRUFHBXSGǃ
V\VBED\�GVHOIBIRUFHBXSG��LV�DGGHG�WR�WKH�UHJLVWHU�0,B:5B&75/���FDQ�EH�XVHG�WR�XSGDWH�WKH�
HQDEOH�VLJQDO�DQG�VKDGRZ�DGGUHVV� 
12.5.3 +'50*( 
���+'5�PHUJH�JOREDO�UHJLVWHU�FRQILJXUDWLRQ˖ 
(QDEOH�DQG�VHOHFW�PRGH��FKRRVH�JDLQ�RU�$QWL�JDLQ��RWKHU�FRQILJXUDWLRQV�VXFK�DV�FXUYHV�XVH�
WKH�GHIDXOW�W\SLFDO�YDOXH� 
2) &XUYHV˖ 
/�FXUYH��7KH�ILUVW�TXDUWHU�LV�GLYLGHG�LQWR����VHFWLRQV��RWKHU�LV�HTXDO�WR������ 
6�FXUYH��0LGGOH�����GLYLGHG�LQWR����VHFWLRQV��RWKHU�LV�HTXDO�WR������ 
(�FXUYH��/DVW�����GLYLGHG�LQWR����VHJPHQWV��RWKHU�LV�HTXDO�WR���� � � � � � � �  
3) 6RIWZDUH�FRQILJXUDWLRQ˖ 
VZBKGUBPRGH����QRUDPO����IUDPH[�����IUDPH[� 
VZBKGUBOLJKW]� ����VKRUWBJDLQ����A�� 
VZBKGUBJDLQ�� �� 
VZBKGUBJDLQ�� �H[SRVXUHB/·H[SRVXUHB0���$QWL�JDLQ��LV��JDLQ�� 
VZBKGUBJDLQ�� �H[SRVXUHB/·H[SRVXUHB6����$QWL�JDLQ��LV��JDLQ�� 
VZBKGUBOLJKW]RQH� �����VKRUWBJDLQ����A� 
OLJKWB]RQH� �LPJBVKRUW�!�VZBKGUBOLJKW]RQH �����VKRUWBJDLQ����A� 
12.5.4 %D\HU15 

13 ���&RQILJXUH�VZBUDZQUBHQBL�WR���WR�WXUQ�RQ�UDZQU�PRGXOH� 
14 ���$FFRUGLQJ�WR�+'5�PRGH�RU�QRW��FRQILJXUH�VZBUDZQUBORJBE\SDVV� 
15 ���([FHSW�IRU�WKH�HQDEOH�VZLWFK��DOO�SDUDPHWHUV�DUH�GHWHUPLQHG�E\�,62��DQG�
WKH�SRVW�FRQILJXUDWLRQ�QHHGV�WR�EH�REWDLQHG�IURP�WKH�&BPRGHO��7KH�SDUDPHWHU�
WDEOHV�FRUUHVSRQGLQJ�WR�GLIIHUHQW�,62�DUH�JLYHQ�EHORZ�IRU�UHIHUHQFH��$IWHU�UHVHW��
WKH�,62�LV�HTXDO�WR���� 

15.1.1 +'5�'5& 
+'5�'5&�JOREDO�UHJLVWHU�FRQILJXUDWLRQ� 
(QDEOLQJ�DQG�VHOHFW�PRGH��OJVFO�DQG�OJVFOBLQY��RWKHU�FRQILJXUDWLRQV�VXFK�DV�FXUYHV�XVH�WKH�
GHIDXOW�W\SLFDO�YDOXH� 
15.1.2 *,& 
8VHU�FDQ�RSHQ�*2&�PRGXOH�WKURXJK�,63�WRS�LQ�WKLV�FDVH�*,&�ZLOO�ZRUN�LQ�D�XVXDO�,62�
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VLWXDWLRQ�ZLWK�YDOXH����ZKHQ�UHVHW� 
,I�RXWVLGH�HQYLURQPHQW�LV�WRR�GDUN�RU�WRR�EULJKW��WKHQ�\RX�QHHG�FRQILJXUH�WKH�FRHIILFLHQW�
UHJLVWHU�LQ�WKH�UHJ�EORFN�IURP�&38��$OO�WKH�UHJLVWHU�YDOXH�QHHG�DFTXLUH�E\�FBPRGHO�ILUVW� 
)ROORZLQJ�DUH�*,&�UHJLVWHU�YDOXHV��GHFLPDO�V\VWHP���  

Table 12-3 GIC parameters 
5HJLVWHUV ,62��� ,62��� ,62��� 
VZBJLFBHQ � � � 
VZBUHJPLQEXV\BWKUH ��� ��� ��� 
VZBUHJPLQJUDGBWKUGDUN� �� �� �� 
VZBUHJPLQJUDGBWKUGDUN� �� �� �� 
VZBUHJGDUNBWKUHKL ��� ��� ��� 
VZBUHJPD[FRUYBERWK �� �� �� 
VZBUHJGDUNBWKUH ��� ��� ��� 
VZBUHJJEBWKUH � � � 
VZBUHJNJUDG� � � � 
VZBUHJNJUDG� � � � 
VZBUHJGDUNBWKUHVWHS � � � 
VZBUHJVWUHQWKBJOREDOBIL[ � � � 
VZBUHJNJUDG�BGDUN � � � 
VZBUHJNJUDG�BGDUN � � � 
VZBUHJPLQJUDGBWKU� �� �� �� 
VZBUHJPLQJUDGBWKU� �� �� �� 
VZBUHJPD[FRY �� �� �� 
VZBUHJOXPDBSRLQWVBVWHS � � � 
VZBGQKLBVFDOH ��� ��� ��� 
VZBGQORBVFDOH ��� ��� ��� 
VZBIXVLRQBUDWLRQKLBOLPLW �� �� �� 
VZBJYDOXHBOLPLWBKL ���� ���� ���� 
VZBJYDOXHBOLPLWBOR ���� ���� ���� 
UHJVWUHQJWKBIL[ ��� ��� ��� 
VZBVLJPDB\� � ��� � 
VZBVLJPDB\� ��� ��� � 
VZBVLJPDB\� ���� ���� ���� 
VZBVLJPDB\� ���� ���� ���� 
VZBVLJPDB\� ���� ���� ���� 
VZBVLJPDB\� ���� ���� ���� 
VZBVLJPDB\� ���� ���� ���� 
VZBVLJPDB\� ���� ���� ���� 
VZBVLJPDB\� ���� ���� ���� 
VZBVLJPDB\� ���� ���� ���� 
VZBVLJPDB\�� ���� ���� ���� 
VZBVLJPDB\�� ���� ���� ���� 
VZBVLJPDB\�� ���� ���� ���� 
VZBVLJPDB\�� ���� ���� ���� 
VZBVLJPDB\�� ���� ���� ���� 

15.1.3 '(%$<(5 
7KH�GHED\HU�PRGXOH�KDV�IRXU�LPSRUWDQW�UHJLWHU�FRQILJXUDWLRQV� 
1) VZBGHED\HUBHQ��:KHQ�LW�LV����LW�FRUUHVSRQGV�WR�EODFN�DQG�ZKLWH�PRGH��ZKHQ�LW�LV����LW�
FRUUHVSRQGV�WR�5*%�PRGH� 
2) VZBGHED\HUBILOWHUBJBHQ��:KHQ�LW�LV����*�ILOWHU�PRGXOH�ZLOO�EH�E\SDVVHG� 
3) VZBGHED\HUBILOWHUBFBHQ��:KHQ�LW�LV����&�ILOWHU�PRGXOH�ZLOO�EH�E\SDVVHG� 
4) VZBGHED\HUBFOLSBHQ��'HWHUPLQH�ZKHWKHU�WKH�KRUL]RQWDO�DQG�YHUWLFDO�LQWHUSRODWLRQ�UHVXOW�
ZLOO�FOLS�DFFRUGLQJ�WR�WKH�PD[LPXP�YDOXH�LQ�WKH�ZLQGRZ�ZKHQ�*�LQWHUSRODWLRQ� 
7KH�UHVW�RI�WKH�FRQILJXUDWLRQ�LV�WR�DGMXVW�WKH�DOJRULWKP�HIIHFW��7KH�IROORZLQJ�SRLQWV�QHHG�WR�
EH�QRWHG˖ 
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�˅VZBGHED\HUBILOWHU�BFRH�DQG�VZBGHED\HUBILOWHU�BFRH�LV�D�VLJQHG�QXPEHU��WKH�YDOXH�UDQJH�
LV���a�� 
�˅VZBGHED\HUBRUGHUBPD[�KDV�WR�EH�ELJJHU�WKDQ�VZBGHED\HUBRUGHUBPLQ��DQG�WKH�
GLIIHUHQFH�YDOXH�KDV�WR�EH�������������ZKHQ�VZBGHED\HUBVKLIWBQXP�LV������������UHVSHFWLYHO\� 
�˅7KH�VWHS�RI�VZBGHED\HUBPD[BUDWLR�LV������WKH�VWHS�RI�VZBGHED\HUBGLVWBVFDOH�LV������WKH�
VWHS�RI�VZBGHED\HUBWKHG��DQG�VZBGHED\HUBWKHG��LV������ 
15.1.4 &&0 
���6HW�VZBFFPBHQBL�WR����RSHQ�&&0�PRGXOH��RWKHUZLVH��&&0�PRGXHO�ZLOO�EH�FORVH��DQG�GDWD�
SDWK�ZLOO�EH�E\SDVVHG� 
���6LJQDOV�VZBFFPBFRHII�BU�>����@a�VZBFFPBFRHII�BE>����@�DUH�&&0��[��PDWUL[�
SDUDPHWHUV��7KHVH�QLQH�SDUDPHWHUV�DUH�DOO����ELW�VLJQHG�QXPEHUV�ZKLFK�KDYH���ELW�GHFLPDO�
SODFHV��7KH�UDQJH�LV>��������@� 
���6LJQDOV�VZBFFPBRIIVHWBU>����@��VZBFFPBRIIVHWBJ>����@��DQG�VZBFFPBRIIVHWBE>����@�DUH�
RIIVHWV�LQ�FDOFXODWLRQ��ZKLFK�DUH����ELW�VLJQHG�LQWHJHUV� 
���6LJQDOV�VZBFFPBFRHII�B\>����@aVZBFFPBFRHII�B\>����@�DUH�5*%�<�SDUDPHWHUV��ZKLFK�
DUH���ELW�VLJQHG�QXPEHU�ZLWK��ELW�GHFLPDO��UDQJH�IURP����WR������� 
���6LJQDOV�VZBFFPBDOSB\�>����@aVZBFFPBDOSB\��>����@�DUH����YHUWLFHV�RI����VHJPHQW�
DOSKD�LQWHUSRODWLRQ�FXUYH� 
���6LJQDOV�VZBFFPBERXQGBELW>���@�LV�DOSKD�SRZHU�H[SRQHQW�FRQILJXUDWLRQ�RI�LQIOH[LRQ�RI�
LQWHUSRODWLRQ�FXUYH��7KH�YDOXH�RI�WKH�LQIOHFWLRQ�SRLQW�LV�AVZBFFPBERXQGBELW��UDQJH�IURP���
WR��� 
15.1.5 *$00$B287 
7KH�*$00$B287�PRGXOH�LV�RSHQHG�ZKHQ�XVHU�VHWV�VZBJDPPDBRXWBHQ�WR���7KLV�PRGXOH�LV�
UHDOL]HG�E\�LQWHUSRODWLRQ� 
:KHQ�VZBJDPPDBRXWBHTX�LV�DVVHUWHG�WR����WKH�VHJPHQW�OHQJWK�RI�[�RULHQWDWLRQ�LV�HTXDO�DQG�
WKH�FXUYH�XVHV����VHJPHQWV� 
:KHQ�VZBJDPPDBRXWBHTX�LV�DVVHUWHG�WR����WKH�VHJPHQW�OHQJWK�RI�[�RULHQWDWLRQ�LV�QRW�HTXDO�
DQG�WKH�FXUYH�XVHV����VHJPHQWV� 
15.1.6 '+$= 
���6HW�VZBGKD]BHQ�WR�EH����RSHQ�GHKD]H�PRGXOH� 
���:KHQ�VZBGKD]BHQ�LV����VHW�VZBGKD]BGFBHQ�WR�EH����WKHQ�RSHQ�GDUN�FKDQQHO�IXQFWLRQ� 
���:KHQ�VZBGKD]BHQ�LV����VHW�VZBGKD]BKLVWBHQ�WR�EH����WXUQ�RQ�KLVWRJUDP�HTXDOL]DWLRQ� 
:KHQ�VZBGKD]BKLVWBHQ�LV����DQG�VZBGKD]BKSDUDBHQ  ���WKH�VZBGKD]BKLVWBVFDOH�QHHG�WR�
EH�FRQILJXUHG�WRR� 
4) :KHQ�VZBGKD]BHQKDQFHBHQ  ���VZBGKD]BHQKDQFHBYDOXH�QHHG�WR�EH�FRQILJXUHG�WRR� 
5) &RQWURO�WKH�QXPEHU�RI�LWHUDWLYH�IUDPHV�VZBGKD]BVWDEBIQXP�IRU�,,5��WKH�FRUUHVSRQGLQJ�
VLJPD�SDUDPHWHUV�FDQ�EH�FRQILJXUHG�DFFRUGLQJ�WR�WKH�XVHU
V�UHTXLUHPHQWV��EXW�LW�VKRXOG�QRW�
H[FHHG�WKH�ELW�ZLGWK�DQG�WKH�PLQLPXP�YDOXH�LV��� 
6) VZBGKD]BLLUBSUHBZHW�LV�XVHG�IRU�GDUN�FKDQQHO�,,5��WKH�FRUUHVSRQGLQJ�IDFWRUV�FDQ�EH�
FRQILJXUHG�DFFRUGLQJ�WR�WKH�XVHU
V�UHTXLUHPHQWV��EXW�LW�VKRXOG�QRW�H[FHHG�WKH�ELW�ZLGWK�DQG�
WKH�PLQLPXP�YDOXH�LV��� 
7) ,I�WKH�XVHU�RQO\�QHHGV�DGDSWLYH�SURFHVVLQJ��WKHQ�VHW�VZBGKD]BFIJBDOSKD�WR�]HUR��
RWKHUZLVH��VZBGKD]BFIJBDLU��VZBGKD]BFIJBZW��VZBGKD]BFIJBWPD[�DQG�VZBGKD]BFIJBJUDWLR�
QHHG�WR�EH�FRQILJXUHG�E\�VRIWZDUH� 
15.1.7 �'/87�  
7KH��'/87�PRGXOH�LV�RSHQHG�ZKHQ�XVHU�VHWV�VZBOXW�GBHQ�WR��� 
7KH�/87�RI�WKLV�PRGXOH�LV�XSGDWHG�E\�VHWWLQJ�VZBOXW�GBOXWBXSGDWHBHQ�WR��� 
15.1.8 $) 
7KH�$)�PRGXOH�LV�RSHQHG�ZKHQ�XVHU�VHWV�VZBUDZDIBHQ�WR����7KLV�PRGXOH�LQFOXGHV�*DPPD�
DQG�*DXV�)LOWHU�ZKLFK�DUH�RSHQHG�E\�VZBJDPPDBHQ�DQG�VZBJDXVBHQ�VHSDUDWHO\��7KHUH�DUH�
��[���ZLQGRZV�KHUH�ZKLFK�LV�FRQILJXUDEOH�E\�XVHU��DQG�HDFK�ZLQGRZ�VWDWLVWLF�WKH�$)�UHVXOW�
LQGHSHQGHQWO\��  
8VHU�QHHGV�VHW���WR�VZBUDZDIBPHDVBIODJ�WR�FOHDU�WKLV�VLJQDO��DIWHU�RQH�IUDPH�LV�ILQLVKHG�DQG�
WKH�VWDWLVWLF�GDWD�LV�UHDG�E\�XVHU� 
15.1.9 $( 
7ZR�YHUVLRQV�RI�$(�DUH�QDPHG�5$:$(B%,*�DQG�5$:$(B/,7(�KHUH��7KH�PHDQ�RI�UHDGLQJ�
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EDFN�VWDWLVWLF�LV�GLIIHUHQW��5$:$(B/,7(�XVHV�QRUPDO�PHWKRG�ZKLFK�JLYH�D�DGGUHVV�DQG�WKHQ�
UHDG�EDFN��5$:$(B%,*�UHDG�WKH�IL[�DGGUHVV�52B0($1B%$6(B$''5�����WLPHV��5$:$(B%,*�
VXSSRUWV���[���ZLQGRZ�JULG��LW�VWLOO�VXSSRUW���VHSDUDWHG�ZLQGRZV� 
0RGXOH$��5$:$(B/,7(�RU�5$:$(B%,*��QHHGV�FRQILJ�DV�IROORZV� 
1) &RQILJ�0RGXOH$�ZLQGRZ�VL]H��ZLQGRZ�RIIVHW��DQG�RWKHU�VLJQDOV� 
2) 6HW�VZB0RGXOH$BHQ�VLJQDO�WR��� 
3) :DLWLQJ�IRU�0RGXOH$¶V�LQWHUUXSWLRQ� 
4) 5HDG�EDFN�WKH�VWDWLVWLFV�GDWD�ZKHQ�WKH�LQWHUUXSWLRQ�LV��� 
5) :ULWH���WR�VZB0RGXOH$BGRQH�WR�FOHDU�WKLV�VLJQDO� 
6) :DLWLQJ�IRU�WKH�LQWHUUXSWLRQ�RI�QH[W�IUDPH� 
+HUH�KDYH�VRPH�FRQVWUDLQWV�IRU�$(� 
1) 7KH�VXE�ZLQGRZ�VL]H�DQG�RIIVHW�PXVW�HYHQ� 
2) 7KH�0LQLPXP�RI�VXE�ZLQGRZ�LV���[�� 
3) 7KH���VHSDUDWHG�ZLQGRZ�FRQILJ�FRRUGLQDWH�GLUHFWO\�LQVWHDG�RI�ZLQGRZ�VL]H� 
15.1.10 $:% 
��'DWD�3UH�3URFHVV 
5$:$:%�LQSXW�GDWD�LV����ELW�UDZ�IRUPDW�DQG�WKH�LQSXW�SLFWXUH�FRXOG�FURS�E\�WKH�FURS�
PRGXOH��7KH�FURSSHG�SLFWXUH�VKRXOG�DOLJQLQJ�DW�WKH�GRZQ�VDPSOH�ZLQGRZ�VL]H����RU���
FRQILJXUDEOH��DQG�WKH�KDUGZDUH�ZRXOG�JXDUDQWHH�WKLV�E\�IRUFH�7KH�5*%�GDWD�GRZQ�VDPSOHG�
IURP�5$:�GDWD�DQG�\�GDWD�FRQYHUWHG�IURP�5*%�GDWD�ZLOO�GR�VRPH�OLPLWDWLRQ�WKH�OLPLWDWLRQ�LV�
FRQILJXUDEOH��DQG�WKHQ�RXWSXW�WR�GHWHFWLRQ�PRGXOH� 
��:KLWH�3RLQW�'HWHFWLRQ 
7KHUH�DUH�WKUHH�UHJLRQ�ZKLWH�SRLQW�GHWHFWLRQ�PHWKRG��[\�UHJLRQ��XY�UHJLRQ�DQG�\XY�UHJLRQ��
7KH�[\�DQG�XY�UHJLRQ�GHWHFWLRQ�DUH�XVHG�IRU�DOO���OLJKWV��EXW�\XY�GHWHFWLRQ�LV�RQO\�XVHG�IRU���
OLJKWV��7KH�HDFK���OLJKWV�QXPEHU�LV�FRQILJXUDEOH�E\�VZBUDZDZEB�G\XYBOVBLG[��WR�
VZBUDZDZEB�G\XYBOVBLG[���7KH�OHIW���OLJKWV�ZKLWH�SRLQW�GHWHFWLRQ�DUH�GLVDEOH�LQ�\XY�UHJLRQ�
DQG�LW�ZRXOGQ¶W�DIIHFW�WKH�ZKLWH�SRLQW�GHWHFWLRQ�UHVXOW�LQ�XY�DQG�[\�UHJLRQ�7KH�HQDEOH�RI�
WKUHH�GHWHFWLRQ�PHWKRG�LV�FRQILJXUDEOH�WRR� 
��%ORFN�0HDVXUHPHQW�  
7KH�GRZQ�VDPSOHG�SLFWXUH�ZRXOG�GLYLGH�LQWR���[���EORFNV�DQG�WKHQ�DFFXPXODWH�WKH�HDFK�
EORFN�LQSXW�GDWD��7KH�LQSXW�GDWD�FRXOG�EHHQ�GRZQ�VDPSOHG�GDWD��[\�ZKLWH�SRLQW�GDWD�RU�XY�
ZKLWH�SRLQW�GDWD�DQG�LW�LV�FRQILJXUHG�E\�VZBUDZDZEBEONBPHDVXUHBPRGH��7KH�EORFN�ZLOO�
PHDVXUH�WKUHH�OLJKWV�ZKLWH�SRLQW�GHWHFWLRQ�UHVXOW�WRR�DQG�WKLV�WKUHH�OLJKWV�DUH�VHOHFWHG�E\�
VZBUDZDZEBVWRUHBZSBIODJBOVBLG[��WR�VZBUDZDZEBVWRUHBZSBIODJBOVBLG[�� 
��'DWD�5HDG�%DFN 
7KH�DOO�PHDVXUHPHQW�LQIRUPDWLRQ�FRXOG�UHDG�EDFN�WR�VRIWZDUH�E\�$+%�%86��:KHQ�WKH�
PHDVXUHPHQW�LV�RYHU�WKH�KDUGZDUH�ZLOO�SXOO�XS�WKH�VZBUDZDZEBPHDVBGRQH�VLJQDO��$QG�WKHQ�
WKH�VRIWZDUH�FRXOG�UHDG�EDFN�DOO�WKH�LQIRUPDWLRQ��7KH�VRIWZDUH�VKRXOG�SXOO�WKH�VLJQDO�GRZQ�
E\�VHWWLQJ�WKLV�VLJQDO�WR���ZKHQ�UHDG�LV�RYHU��7KH�QH[W�IUDPH�PHDVXUHPHQW�LV�YDOLG�RQO\�LI�WKH�
VZBUDZDZEBPHDVBGRQH�LV���EHIRUH�WKH�QH[W�IUDPH�VWDUW� 
15.1.11 +,67 
7ZR�YHUVLRQV�RI�+,67�DUH�QDPHG�5$:+,67B%,*�DQG�5$:+,67B/,7(�KHUH��7KH�PHDQ�RI�
UHDGLQJ�EDFN�VWDWLVWLF�LV�VDPH�IRU�WKHP��%RWK�QHHG�UHDGV�WKH�IL[�DGGUHVV�52B%$6(B%,1�����
WLPHV�ZKHQ�UHDG�EDFN�� �  
0RGXOH$��5$:+,67B/,7(�RU�5$:+,67B%,*��QHHGV�FRQILJ�DV�IROORZV� 
1) &RQILJ�0RGXOH$�ZLQGRZ�VL]H��ZLQGRZ�RIIVHW��DQG�RWKHU�VLJQDOV� 
2) 6HW�VZB0RGXOH$BHQ�VLJQDO�WR��� 
3) :DLWLQJ�IRU�0RGXOH$¶V�LQWHUUXSWLRQ� 
4) 5HDG�EDFN�WKH�VWDWLVWLFV�GDWD�ZKHQ�WKH�LQWHUUXSWLRQ�LV��� 
5) :ULWH���WR�VZB0RGXOH$BGRQH�WR�FOHDU�WKLV�VLJQDO� 
6) :DLWLQJ�IRU�WKH�LQWHUUXSWLRQ�RI�QH[W�IUDPH� 
+HUH�KDYH�VRPH�FRQVWUDLQWV�IRU�+,67� 
1) 7KH�VXE�ZLQGRZ�VL]H�DQG�RIIVHW�PXVW�HYHQ� 
2) :KHQ�XVHU�VHWV�WKH�ZHLJKWV�RI�5$:+,67B%,*��VZBFRQILJBZUDPBHQ�ELW�QHHGV�VHW�WR��
DKHDG� 
3) 7KH�FRHIILFLHQW�VZBUDZDHBJFF�QHHGV�KDOI�EHFDXVH�WKHUH�DUH�WZR�*�*U��*E��LQ�WKH�5$:�<�
IRUPXOD� 
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15.1.12 ,54 
7KHUH�DUH�WKUHH�LPSRUWDQW�LQWHUUXSW�UHJLVWHUV�LQ�,63��2QH�RIIVHW�DGGUHVV�LV��[�����[�F���
ZKLFK�QDPHG�,63B0,6��$QRWKHU�RIIVHW�DGGUHVV�LV��[�����[�G���ZKLFK�QDPHG�,63�$B0,6��
7KH�ODVW�RIIVHW�DGGUHVV�LV��[������[�����ZKLFK�PHDQV�0,B0,6� 
7KH�IROORZLQJ�FKDUW�VKRZV�WKH�LQWHUUXSW�VHTXHQFH�EHWZHHQ�VHYHUDO�LQWHUUXSWV� 

frame_start frame_end

༃                           ༄                    ༅༆༇༈ 

t

�  

Fig. 12-6 interrupt sequence 
7KH�PHDQLQJV�RI�WKH�DERYH�QXPHULFDO�V\PEROV�DUH�DV�IROORZV� 

Table 12-4 meanings of IRQ 
1R� ,QWHUUXSW�QDPH 5HJLVWHUV�QDPH 0HDQLQJ 
ķ 0,6B9B67$57 ,63B0,6 VWDUW�HGJH�RI�YBV\QFˈSXOO�XS�

WLPH�LV�WKH�VDPH�DV�ILUVW�SL[HO�
YDOLG�LV�,63 

ĸ 0,6B5$:;;B'21( ,63�$B0,6 �$�PRGXOH�GRQH�VLJQDO 

Ĺ 0,6B)5$0(B,1 ,63B0,6 ,1)250�PRGXOH�IUDPH�HQG�
VLJQDO 

ĺ 0,6B+'5B'21( ,63B0,6 +'5�PRGXOH�IUDPH�HQG�
VLJQDO 

Ļ 0,6B)5$0(B287 ,63B0,6 ,63�PRGXOH�IUDPH�HQG�VLJQDO 

ļ PSBIUDPHBHQG�PSIEFBZUBI
UDPHBHQG 

0,B0,6 0,�PRGXOH�IUDPH�HQG�VLJQDO 

0,6B5$:;;B'21(�RI�DERYH�WDEOH�LQGLFDWHV�GLIIHUHQW��$�LQWHUUXSWV��ZKLFK�LQWHUUXSW�WLPH�DUH�
GHWHUPLQHG�E\�WKH�VL]H�RI�WKH�ZLQGRZ�LQ�GLIIHUHQW��$�PRGXOH��  
7KH�1R���FKRRVH�PSBIUDPHBHQG�RU�PSIEFBZUBIUDPHBHQG�LV�GHWHUPLQHG�E\�ZKHWKHU�WKH�
03)%&�PRGXOH�LV�RSHQ��,I�03)%&�LV�RSHQ��WKHQ�WKH�HQG�RI�RQH�IUDPH�IODJ�LV�
PSIEFBZUBIUDPHBHQG� 
 

15.1.13 6+'B5(* 
 

$OO�VKDGRZ�UHJLVWHU�DUH�OLVW�LQ�IROORZLQJ�WDEOH� 
6LJQDO ,Q�ZKLFK�

PRGXOH 
5HJLVWH
UV�DGGU 

%LW 0HDQLQJ 

VZBFVLBUDZ�BZU
BHQBVKG 

0,3, �;�&�� �� 5DZ�BZU�HQDEOH�VKDGRZ��KROG�ZKHQ�
HQDEOH��  
8SGDWH�ZKHQ�PS�IUDPH�HQG� 
7KH�FKDQQHO�WKDW�ZULWH�FVL�GDWD�WR�GGU� 
�
E���(QDEOH�WKH�FKDQQHO 
�
E���'LVDEOH�WHK�FKDQQHO 

VZBFVLBUDZ�BZU
BHQBVKG 

0,3, �;�&�� �� 5DZ�BZU�HQDEOH�VKDGRZ��KROG�ZKHQ�
HQDEOH��  
8SGDWH�ZKHQ�PS�IUDPH�HQG� 
7KH�FKDQQHO�WKDW�ZULWH�FVL�GDWD�WR�GGU� 
�
E���(QDEOH�WKH�FKDQQHO 
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6LJQDO ,Q�ZKLFK�
PRGXOH 

5HJLVWH
UV�DGGU 

%LW 0HDQLQJ 

�
E���'LVDEOH�WHK�FKDQQHO 
VZBFVLBUDZ�BZU
BHQBVKG 

0,3, �;�&�� �� 5DZ�BZU�HQDEOH�VKDGRZ��KROG�ZKHQ�
HQDEOH��  
8SGDWH�ZKHQ�PS�IUDPH�HQG� 
7KH�FKDQQHO�WKDW�ZULWH�FVL�GDWD�WR�GGU� 
�
E���(QDEOH�WKH�FKDQQHO 
�
E���'LVDEOH�WHK�FKDQQHO 

VZBFVLBUDZ�BZU
BHQBVKG 

0,3, �;�&�� �� 5DZ�BZU�HQDEOH�VKDGRZ��KROG�ZKHQ�
HQDEOH��  
8SGDWH�ZKHQ�PS�IUDPH�HQG� 
7KH�FKDQQHO�WKDW�ZULWH�FVL�GDWD�WR�GGU� 
�
E���(QDEOH�WKH�FKDQQHO 
�
E���'LVDEOH�WHK�FKDQQHO 

SDWKBHQDEOHBLQ 0, �[���� ��� SDWKBHQDEOH�VKDGRZ�UHJLVWHU�IRU�PRGXOH�
0,B,1��IRUPHU�UDZBHQDEOHBLQ��
MSHJBHQDEOHBLQ��VSBHQDEOHBLQ��
PSBHQDEOHBLQ� 

SDWKBHQDEOHBRXW 0, �[���� ����� SDWKBHQDEOH�VKDGRZ�UHJLVWHU�IRU�PRGXOH�
0,B287��IRUPHU�UDZBHQDEOHBRXW��
MSHJBHQDEOHBRXW��VSBHQDEOHBRXW��
PSBHQDEOHBRXW� 

VZBPSBZUB\BED
VHBVKG 

0, �[���� ���� %DVH�DGGUHVV�RI�PDLQ�SLFWXUH�<�
FRPSRQHQW�ULQJ�EXIIHU��-3(*�ULQJ�EXIIHU�
RU�UDZ�GDWD�ULQJ�EXIIHU� 
����0,B03B:5B<B%$6(B6+'���� 
1RWH��7KLV�UHJLVWHU�SURWHFWV�IURP�QRQ�
DOLJQHG�DFFHVV��  
5HIHU�WR�0,B03B:5B<B%$6(�UHJLVWHU�
GHVFULSWLRQ�IRU�GHWDLOV� 

VZBPSBZUB\BVL]
HBVKG 

0, �;���& ���� 6L]H�RI�PDLQ�SLFWXUH�<�FRPSRQHQW�ULQJ�
EXIIHU��-3(*�ULQJ�EXIIHU�RU�UDZ�GDWD�ULQJ�
EXIIHU� 
����0,B03B:5B<B6,=(B6+'���� 
1RWH��7KLV�UHJLVWHU�SURWHFWV�IURP�QRQ�
DOLJQHG�DFFHVV��  

VZBPSBZUB\BRII
VBFQWBVKG 

0, �[���� ���� &XUUHQW�RIIVHW�FRXQWHU�RI�PDLQ�SLFWXUH�<�
FRPSRQHQW��-3(*�RU�UDZ�GDWD�ULQJ�
EXIIHU�IRU�DGGUHVV�JHQHUDWLRQ� 
1RWH��6RIW�UHVHW�ZLOO�UHVHW�WKH�FRQWHQWV�
WR�UHVHW�YDOXH� 
����0,B03B:5B<B2))6B&17B6+'���� 
1RWH��7KLV�UHJLVWHU�SURWHFWV�IURP�QRQ�
DOLJQHG�DFFHVV��  

VZBPSBZUB\BLUT
BRIIVBVKG 

0, �[���� ���� 5HDFKLQJ�WKLV�RIIVHW�YDOXH�E\�WKH�
FXUUHQW�RIIVHW�FRXQWHU�IRU�DGGUHVVLQJ�
PDLQ�SLFWXUH�<�FRPSRQHQW��-3(*�RU�UDZ�
GDWD�OHDGV�WR�JHQHUDWLRQ�RI�ILOO�OHYHO�
LQWHUUXSW�ILOOBPSB\� 
����0,B03B:5B<B,54B2))6B6+'���� 
1RWH��7KLV�UHJLVWHU�SURWHFWV�IURP�QRQ�
DOLJQHG�DFFHVV��  

VZBPSBZUBFEBE
DVHBVKG 

0, �[���� ���� %DVH�DGGUHVV�RI�PDLQ�SLFWXUH�&E�
FRPSRQHQW�ULQJ�EXIIHU� 
����0,B03B:5B&%B%$6(B6+'���� 
1RWH��7KLV�UHJLVWHU�SURWHFWV�IURP�QRQ�
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6LJQDO ,Q�ZKLFK�
PRGXOH 

5HJLVWH
UV�DGGU 

%LW 0HDQLQJ 

DOLJQHG�DFFHVV��  
VZBPSBZUBFEBVL
]HBVKG 

0, �[���& ���� 6L]H�RI�PDLQ�SLFWXUH�&E�FRPSRQHQW�ULQJ�
EXIIHU� 
����0,B03B:5B&%B6,=(B6+'���� 
1RWH��7KLV�UHJLVWHU�SURWHFWV�IURP�QRQ�
DOLJQHG�DFFHVV��  

VZBPSBZUBFEBRI
IVBFQWBVKG 

0, �[���� ���� &XUUHQW�RIIVHW�FRXQWHU�RI�PDLQ�SLFWXUH�
&E�FRPSRQHQW�ULQJ�EXIIHU�IRU�DGGUHVV�
JHQHUDWLRQ� 
1RWH��6RIW�UHVHW�ZLOO�UHVHW�WKH�FRQWHQWV�
WR�UHVHW�YDOXH� 
����0,B03B:5B&%B2))6B&17B6+'���� 
1RWH��7KLV�UHJLVWHU�SURWHFWV�IURP�QRQ�
DOLJQHG�DFFHVV��  

VZBPSBZUBFUBE
DVHBVKG 

0, �[���� ���� %DVH�DGGUHVV�RI�PDLQ�SLFWXUH�&U�
FRPSRQHQW�ULQJ�EXIIHU� 
����0,B03B&5B%$6(B$'B6+'���� 
1RWH��7KLV�UHJLVWHU�SURWHFWV�IURP�QRQ�
DOLJQHG�DFFHVV��  

VZBPSBZUBFUBVL
]HBVKG 

0, �[���� ���� 6L]H�RI�PDLQ�SLFWXUH�&U�FRPSRQHQW�ULQJ�
EXIIHU� 
����0,B03B:5B&5B6,=(B6+'���� 
1RWH��7KLV�UHJLVWHU�SURWHFWV�IURP�QRQ�
DOLJQHG�DFFHVV��  

VZBPSBZUBFUBRI
IVBFQWBVKG 

0, �[���& ���� &XUUHQW�RIIVHW�FRXQWHU�RI�PDLQ�SLFWXUH�
&U�FRPSRQHQW�ULQJ�EXIIHU�IRU�DGGUHVV�
JHQHUDWLRQ� 
1RWH��6RIW�UHVHW�ZLOO�UHVHW�WKH�FRQWHQWV�
WR�UHVHW�YDOXH� 
����0,B03B:5B&5B2))6B&17B6+'���� 
1RWH��7KLV�UHJLVWHU�SURWHFWV�IURP�QRQ�
DOLJQHG�DFFHVV��  

VZBVSBZUB\BEDV
HBVKG 

0, �[��$� ���� %DVH�DGGUHVV�RI�VHOI�SLFWXUH�<�
FRPSRQHQW�ULQJ�EXIIHU� 
����0,B63B:5B<B%$6(B6+'���� 
1RWH��7KLV�UHJLVWHU�SURWHFWV�IURP�QRQ�
DOLJQHG�DFFHVV��  

VZBVSBZUB\BVL]H
BVKG 

0, �[��$� ���� 6L]H�RI�VHOI�SLFWXUH�<�FRPSRQHQW�ULQJ�
EXIIHU� 
����0,B63B:5B<B6,=(B6+'���� 
1RWH��7KLV�UHJLVWHU�SURWHFWV�IURP�QRQ�
DOLJQHG�DFFHVV��  

VZBVSBZUB\BRIIV
BFQWBVKG 

0, �[��$� ���� &XUUHQW�RIIVHW�FRXQWHU�RI�VHOI�SLFWXUH�<�
FRPSRQHQW�ULQJ�EXIIHU�IRU�DGGUHVV�
JHQHUDWLRQ� 
1RWH��6RIW�UHVHW�ZLOO�UHVHW�WKH�FRQWHQWV�
WR�UHVHW�YDOXH� 
����0,B63B:5B<B2))6B&17B6+'���� 
1RWH��7KLV�UHJLVWHU�SURWHFWV�IURP�QRQ�
DOLJQHG�DFFHVV��  

VZBVSBZUBFEBED
VHBVKG 

0, �[��%� ���� %DVH�DGGUHVV�RI�VHOI�SLFWXUH�&E�
FRPSRQHQW�ULQJ�EXIIHU� 
����0,B63B:5B&%B%$6(B$'B6+'���� 
1RWH��7KLV�UHJLVWHU�SURWHFWV�IURP�QRQ�
DOLJQHG�DFFHVV��  
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6LJQDO ,Q�ZKLFK�
PRGXOH 

5HJLVWH
UV�DGGU 

%LW 0HDQLQJ 

VZBVSBZUBFEBVL]
HBVKG 

0, �[��%� ���� 6L]H�RI�VHOI�SLFWXUH�&E�FRPSRQHQW�ULQJ�
EXIIHU� 
����0,B63B:5B&%B6,=(B6+'���� 
1RWH��7KLV�UHJLVWHU�SURWHFWV�IURP�QRQ�
DOLJQHG�DFFHVV��  

VZBVSBZUBFEBRII
VBFQWBVKG 

0, �[��%� ���� &XUUHQW�RIIVHW�FRXQWHU�RI�VHOI�SLFWXUH�&E�
FRPSRQHQW�ULQJ�EXIIHU�IRU�DGGUHVV�
JHQHUDWLRQ� 
1RWH��6RIW�UHVHW�ZLOO�UHVHW�WKH�FRQWHQWV�
WR�UHVHW�YDOXH� 
����0,B63B:5B&%B2))6B&17B6+'���� 
1RWH��7KLV�UHJLVWHU�SURWHFWV�IURP�QRQ�
DOLJQHG�DFFHVV��  

VZBVSBZUBFUBED
VHBVKG 

0, �[��%& ���� %DVH�DGGUHVV�RI�VHOI�SLFWXUH�&U�
FRPSRQHQW�ULQJ�EXIIHU� 
����0,B63B:5B&5B%$6(B6+'���� 
1RWH��7KLV�UHJLVWHU�SURWHFWV�IURP�QRQ�
DOLJQHG�DFFHVV��  
 

VZBVSBZUBFUBVL]
HBVKG 

0, �[��&� ���� 6L]H�RI�VHOI�SLFWXUH�&U�FRPSRQHQW�ULQJ�
EXIIHU� 
����0,B63B:5B&5B6,=(B6+'���� 
1RWH��7KLV�UHJLVWHU�SURWHFWV�IURP�QRQ�
DOLJQHG�DFFHVV��  

VZBVSBZUBFUBRII
VBFQWBVKG 

0, �[��&� ���� &XUUHQW�RIIVHW�FRXQWHU�RI�VHOI�SLFWXUH�&U�
FRPSRQHQW�ULQJ�EXIIHU�IRU�DGGUHVV�
JHQHUDWLRQ� 
1RWH��6RIW�UHVHW�ZLOO�UHVHW�WKH�FRQWHQWV�
WR�UHVHW�YDOXH� 
����0,B63B:5B&5B2))6B&17B6+'���� 
1RWH��7KLV�UHJLVWHU�SURWHFWV�IURP�QRQ�
DOLJQHG�DFFHVV��  
5HIHU�WR�0,B03B:5B<B%$6(�UHJLVWHU�
GHVFULSWLRQ�IRU�GHWDLOV� 

VZBPSBZUB\BLUT
BRIIV�BVKG 

0, �[��(� ���� 5HDFKLQJ�WKLV�RIIVHW�YDOXH�E\�WKH�
FXUUHQW�RIIVHW�FRXQWHU�IRU�DGGUHVVLQJ�
PDLQ�SLFWXUH�<�FRPSRQHQW��-3(*�RU�UDZ�
GDWD�OHDGV�WR�JHQHUDWLRQ�RI�ILOO�OHYHO�
LQWHUUXSW�ILOOBPSB\� 
����0,B03B:5B<B,54B2))6B6+'���� 
1RWH��7KLV�UHJLVWHU�SURWHFWV�IURP�QRQ�
DOLJQHG�DFFHVV��  
5HIHU�WR�0,B03B:5B<B%$6(�UHJLVWHU�
GHVFULSWLRQ�IRU�GHWDLOV� 

VZBUDZ�BZUBEDV
HBVKG 

0, �[���& ���� %DVH�DGGUHVV�RI�UDZ��W[�GDWD�ULQJ�
EXIIHU� 
����5$:�B:5B%$6(B6+'���� 
1RWH��7KLV�UHJLVWHU�SURWHFWV�IURP�QRQ�
DOLJQHG�DFFHVV��5HIHU�WR�
5$:�B:5B%$6(�UHJLVWHU�GHVFULSWLRQ�
IRU�GHWDLOV� 

VZBUDZ�BZUBEDV
HBVKG 

0, �[���& ���� %DVH�DGGUHVV�RI�UDZ��W[�GDWD�ULQJ�
EXIIHU� 
����5$:�B:5B%$6(B6+'���� 
1RWH��7KLV�UHJLVWHU�SURWHFWV�IURP�QRQ�
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6LJQDO ,Q�ZKLFK�
PRGXOH 

5HJLVWH
UV�DGGU 

%LW 0HDQLQJ 

DOLJQHG�DFFHVV��5HIHU�WR�
5$:�B:5B%$6(�UHJLVWHU�GHVFULSWLRQ�
IRU�GHWDLOV� 

VZBUDZ�BZUBEDV
HBVKG 

0, �[���& ���� %DVH�DGGUHVV�RI�UDZ��W[�GDWD�ULQJ�
EXIIHU� 
����5$:�B:5B%$6(B6+'���� 
1RWH��7KLV�UHJLVWHU�SURWHFWV�IURP�QRQ�
DOLJQHG�DFFHVV��5HIHU�WR�
5$:�B:5B%$6(�UHJLVWHU�GHVFULSWLRQ�
IRU�GHWDLOV� 

VZBUDZ�BZUBEDV
HBVKG 

0, �[���& ���� %DVH�DGGUHVV�RI�UDZ��W[�GDWD�ULQJ�
EXIIHU� 
����5$:�B:5B%$6(B6+'���� 
1RWH��7KLV�UHJLVWHU�SURWHFWV�IURP�QRQ�
DOLJQHG�DFFHVV��5HIHU�WR�
5$:�B:5B%$6(�UHJLVWHU�GHVFULSWLRQ�
IRU�GHWDLOV� 

VZBUDZ�BUGBEDV
HBVKG 

0, �[���� ���� %DVH�VKDGRZ�DGGUHVV�RI�UDZ��U[�GDWD�
ULQJ�EXIIHU 

VZBUDZ�BUGBEDV
HBVKG 

0, �[���� ���� %DVH�VKDGRZ�DGGUHVV�RI�UDZ��U[�GDWD�
ULQJ�EXIIHU 

VZBUDZVBUGBEDV
HBVKG 

0, �[���� ���� %DVH�VKDGRZ�DGGUHVV�RI�UDZV�U[�GDWD�
ULQJ�EXIIHU 

GEUBZUBEDVHBVK
G 

0, �[���& ���� %DVH�DGGUHVV�RI�PLPX[�ZLUWH�GDWD�ULQJ�
EXIIHU� 
����'%5B:5B%$6(B6+'���� 
1RWH��7KLV�UHJLVWHU�SURWHFWV�IURP�QRQ�
DOLJQHG�DFFHVV��5HIHU�WR�'%5B:5B%$6(�
UHJLVWHU�GHVFULSWLRQ�IRU�GHWDLOV� 

GEUBUGBEDVHBVKG 0, �[���� ���� %DVH�VKDGRZ�DGGUHVV�RI�PLPX[�UHDG�
GDWD�ULQJ�EXIIHU 

JDLQBZUBEDVHBVK
G 

0, �[���� ���� %DVH�DGGUHVV�RI�JDLQ�ZLUWH�GDWD�ULQJ�
EXIIHU� 
����*$,1B:5B%$6(B6+'���� 
1RWH��7KLV�UHJLVWHU�SURWHFWV�IURP�QRQ�
DOLJQHG�DFFHVV��5HIHU�WR�
*$,1B:5B%$6(�UHJLVWHU�GHVFULSWLRQ�IRU�
GHWDLOV� 

ED\�GBZUBEDVHBVKG 
 

0, �[��DF ���� %DVH�DGGUHVV�RI�ED\HU��GQU�ZLUWH�GDWD�ULQJ�EXIIHU� 
����%$<�'B:5B%$6(B6+'���� 
1RWH��7KLV�UHJLVWHU�SURWHFWV�IURP�QRQ�DOLJQHG�
DFFHVV��5HIHU�WR�%$<�'B:5B%$6(�UHJLVWHU�
GHVFULSWLRQ�IRU�GHWDLOV� 

ED\�GBUGBEDVHBVKG 0, �[��E� ���� %DVH�VKDGRZ�DGGUHVV�RI�ED\HU��GQU�UHDG�GDWD�ULQJ�
EXIIHU� 

VZBKGUPJHBHQB
VKG 

+'50*( �[���� �� +'50*(�HQDEOH�VKDGRZ 

VZBED\QUBHQBVK
G 

%D\HU15 �[�$�� �� %D\HU15�HQDEOH�DIWHU�VKDGRZ 
�
E���'LVDEOH 
�
E���(QDEOH 

VZBED\�GBHQBVK
G 
 

%$<�' �[�$�� �� ED\�G�HQ�VKDGRZ 

VZBED\�GBH[SBV %$<�' �[�$�� �� H[S�FXUYH�OXW�VHOHFW�VKDGRZ 
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6LJQDO ,Q�ZKLFK�
PRGXOH 

5HJLVWH
UV�DGGU 

%LW 0HDQLQJ 

HOBVKG 
 
VZBED\�GBSNBHQ
BVKG 
 

%$<�' �[�$�� �� SN�JDLQ�VHOHFW�VKDGRZ 

VZBED\�GBE\SDV
VBHQBVKG 

%$<�' �[�$�� �� VZBED\�GBE\SDVVBHQBVKG 

VZBKGUGUFBHQBV
KG 

+'5'5& �[���� �� +'5702�HQDEOH�VKDGRZ��UHDG�EDFN 

VZBGUFBSRVLWLRQ 
 

+'5'5& �[���� ���� >���@��SOXPD�VFDOH�IRU�WDEOH�LQGH[�RI�
JDLQ�UDZ 

VZBDGUFBFRPSUH
VBVFO 

+'5'5& �[���� ����� >����@�VFDOH�SOJPD[�UDQJH��a�������
IRU�WUDQV�FRPSUHVV 

VZBGUFBRIIVHWBSRZ� +'5'5& �[���� ����� ORJ�RIIVHW��LQGDWD�����RIIVHWBSRZ����
WKHQ�ORJ�GDWD�RIIVHWBSRZ� 

VZBGUFBOSGHWDLOBUDWLR +'5'5& �[���� ���� >����@��IRU�GHOW �OJW�QJOW�����OJW�
PD[O�OSGHWDLOBUDWLR�XVHG 

VZBGUFBKSGHWDLOBUDWL
R 

+'5'5& �[���� ����� >����@��IRU�GHOW GHOW���
JDLQBVFOKSGHWDLOBUDWLR�XVHG 

VZBGUFBGHOWDBVFDOHLQ +'5'5& �[���� ����� >���@��IRU�SOJWGHOWDBVFDOHLQ�LQWR�
VFDOH7DEOH 

VZBGUFBZHLJBELODW +'5'5& �[���F ��� >���@��ZHLJKW�IRU��ELODW:�������
:�OXPD��ZKHQ�ELODWHUDO�ILOWHU�RXW 

VZBGUFBZHLJBPD[O +'5'5& �[���F ���� >���@��ZHLJKW�IRU��PD[�[�:�������
:�JDV�[�� � � ��ZKHQ�ELODWHUDO�ILOWHU�LQ 

VZBDGUFBJDLQB\�
aJ�� 

+'5'5& �[���� ���� FXUYHBJDLQ�UDZ�\�a\����^����` 

VZBDGUFBFRPSUH
VB\�a\�� 

+'5'5& �[���� ���� FXUYHBFRPSUHVV�\�a\�� 

VZBDGUFBVFDOHB\
�a\�� 

+'5'5& �[���� ���� FXUYHBVFDOH�\�a\�� 

VZBJLFBHQBVKN *,& �[�)�� �� 7KH�VKDGRZ�UHJLVWHU�RI�VZBJLFBHQ 
VZBGHED\HUBHQB
VKG 

'(%$<(5 �[���� �� 7KH�VKDGRZ�UHJLVWHU�RI�VZBGHED\HUBHQ 

VZBGHED\HUBILOWH
UBJBHQBVKG 

'(%$<(5 �[���� �� 7KH�VKDGRZ�UHJLVWHU�RI�
VZBGHED\HUBILOWHUBJBHQ 

VZBGHED\HUBILOWH
UBFBHQBVKG 

'(%$<(5 �[���� �� 7KH�VKDGRZ�UHJLVWHU�RI�
VZBGHED\HUBILOWHUBFBHQ 

VZBJDPPDBRXWB
HQBVKG 

*$00$B
287 

�[���� �� VZBJDPPDBRXWBHQBVKG 

VZBGKD]BHQBVKG '+$= �[�&�� �� 'HKD]H�HQDEOH�VKDQGRZ 
VZBGKD]BGFBHQB
VKG 

'+$= �[�&�� � 'HKD]H�GDUN�FKDQQHO�HQDEOH�VKDQGRZ 

VZBGKD]BKLVWBHQ
BVKG 

'+$= �[�&�� � 'HKD]H�KLVW�HTXLOLEUDWLRQ�HQDEOH�
VKDQGRZ 

VZBGKD]BKSDUDB
HQBVKG 

'+$= �[�&�� �� 'HKD]H�KLVW�SDUDPHWHU�HQDEOH�VKDQGRZ 

VZBGKD]BDLUBOFB
VKG 
 

'+$= �[�&�� �� 'HKD]H�UJE�FKDQQHO�VHSDUDWH�VKDQGRZ 

VZBGKD]BHQKDQF
HBHQBVKG 

'+$= �[�&�� �� 'HKD]H�HQKDQFH�HQDEOH�VKDQGRZ 

VZBOXW�GBHQBVKG �'/87 �[�(�� �� VZBOXW�GBHQBVKG 
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6LJQDO ,Q�ZKLFK�
PRGXOH 

5HJLVWH
UV�DGGU 

%LW 0HDQLQJ 

VFDOHBK\BHQDEOH
BVKG 

6(/)B5(
6,=( 

�[�&���
�[���� 

� �
E���%\SDVV�KRUL]RQWDO�OXPLQDQFH�
VFDOLQJ�XQLW�  
�
E���(QDEOH�KRUL]RQWDO�OXPLQDQFH�
VFDOLQJ�XQLW 

VFDOHBKFBHQDEOH
BVKG 

6(/)B5(
6,=( 

�[�&���
�[���� 

� �
E���%\SDVV�KRUL]RQWDO�FKURPLQDQFH�
VFDOLQJ�XQLW�  
�
E���(QDEOH�KRUL]RQWDO�FKURPLQDQFH�
VFDOLQJ�XQLW 

VFDOHBY\BHQDEOH
BVKG 

6(/)B5(
6,=( 

�[�&���
�[���� 

� �
E���%\SDVV�YHUWLFDO�OXPLQDQFH�VFDOLQJ�
XQLW�  
�
E���(QDEOH�YHUWLFDO�OXPLQDQFH�VFDOLQJ�
XQLW 

VFDOHBYFBHQDEOH
BVKG 

6(/)B5(
6,=( 

�[�&���
�[���� 

� �
E���%\SDVV�YHUWLFDO�FKURPLQDQFH�
VFDOLQJ�XQLW�  
�
E���(QDEOH�YHUWLFDO�FKURPLQDQFH�
VFDOLQJ�XQLW 

VFDOHBK\BXSBVKG 6(/)B5(
6,=( 

�[�&���
�[���� 

� �
E���+RUL]RQWDO�OXPLQDQFH�XSVFDOLQJ�
VHOHFWHG 
�
E���+RUL]RQWDO�OXPLQDQFH�GRZQVFDOLQJ�
VHOHFWHG 

VFDOHBKFBXSBVKG 6(/)B5(
6,=( 

�[�&���
�[���� 

� �
E���+RUL]RQWDO�FKURPLQDQFH�XSVFDOLQJ�
VHOHFWHG 
�
E���+RUL]RQWDO�FKURPLQDQFH�
GRZQVFDOLQJ�VHOHFWHG 

VFDOHBY\BXSBVKG 6(/)B5(
6,=( 

�[�&���
�[���� 

� �
E���9HUWLFDO�OXPLQDQFH�XSVFDOLQJ�
VHOHFWHG 
�
E���9HUWLFDO�OXPLQDQFH�GRZQVFDOLQJ�
VHOHFWHG 

VFDOHBYFBXSBVKG 6(/)B5(
6,=( 

�[�&���
�[���� 

� �
E���9HUWLFDO�FKURPLQDQFH�XSVFDOLQJ�
VHOHFWHG 
�
E���9HUWLFDO�FKURPLQDQFH�GRZQVFDOLQJ�
VHOHFWHG 

VFDOHBK\BVKG 6(/)B5(
6,=( 

�[�&���
�[���� 

���� 7KLV�UHJLVWHU�LV�VHW�WR�WKH�KRUL]RQWDO�
OXPLQDQFH�GRZQVFDOH�IDFWRU�RU�WR�WKH�
UHFLSURFDO�RI�WKH�KRUL]RQWDO�OXPLQDQFH�
XSVFDOH�IDFWRU� 

VFDOHBKFEBVKG 6(/)B5(
6,=( 

�[�&���
�[���� 

���� 7KLV�UHJLVWHU�LV�VHW�WR�WKH�KRUL]RQWDO�&E�
GRZQVFDOH�IDFWRU�RU�WR�WKH�UHFLSURFDO�RI�
WKH�KRUL]RQWDO�&E�XSVFDOH�IDFWRU� 

VFDOHBKFUBVKG 6(/)B5(
6,=( 

�[�&�&�
�[���& 

���� 7KLV�UHJLVWHU�LV�VHW�WR�WKH�KRUL]RQWDO�U�
GRZQVFDOH�IDFWRU�RU�WR�WKH�UHFLSURFDO�RI�
WKH�KRUL]RQWDO�U�XSVFDOH�IDFWRU� 

VFDOHBY\BVKG 6(/)B5(
6,=( 

�[�&���
�[���� 

���� 7KLV�UHJLVWHU�LV�VHW�WR�WKH�YHUWLFDO�
OXPLQDQFH�GRZQVFDOH�IDFWRU�RU�WR�WKH�
UHFLSURFDO�RI�WKH�YHUWLFDO�OXPLQDQFH�
XSVFDOH�IDFWRU� 

VFDOHBYFBVKG 6(/)B5(
6,=( 

�[�&���
�[���� 

���� 7KLV�UHJLVWHU�LV�VHW�WR�WKH�YHUWLFDO�
FKURPLQDQFH�GRZQVFDOH�IDFWRU�RU�WR�WKH�
UHFLSURFDO�RI�WKH�YHUWLFDO�FKURPLQDQFH�
XSVFDOH�IDFWRU� 

SKDVHBK\BVKG 6(/)B5(
6,=( 

�[�&���
�[���� 

���� 7KLV�UHJLVWHU�LV�VHW�WR�WKH�KRUL]RQWDO�
OXPLQDQFH�SKDVH�RIIVHW 

SKDVHBKFBVKG 6(/)B5(
6,=( 

�[�&�&�
�[���& 

���� 7KLV�UHJLVWHU�LV�VHW�WR�WKH�KRUL]RQWDO�
FKURPLQDQFH�SKDVH�RIIVHW� 
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6LJQDO ,Q�ZKLFK�
PRGXOH 

5HJLVWH
UV�DGGU 

%LW 0HDQLQJ 

SKDVHBY\BVKG 6(/)B5(
6,=( 

�[�&���
�[���� 

���� 7KLV�UHJLVWHU�LV�VHW�WR�WKH�YHUWLFDO�
OXPLQDQFH�SKDVH�RIIVHW� 

SKDVHBYFBVKG 6(/)B5(
6,=( 

�[�&���
�[���� 

���� 7KLV�UHJLVWHU�LV�VHW�WR�WKH�YHUWLFDO�
FKURPLQDQFH�SKDVH�RIIVHW� 

LVSBHQDEOHBVKG ,63B&75/ �[�$� � ,63�HQDEOH�VKDGRZ�UHJLVWHU�VKRZV��LI�
,63�FXUUHQWO\�RXWSXWV�GDWD�����RU�QRW�
��� 

LVSBLQIRUPBHQDEO
HBVKG 

,63B&75/ �[�$� � ,QSXW�IRUPDWWHU�HQDEOH�VKDGRZ�UHJLVWHU 

LVSBRXWBKBRIIVBV
KG 

,63B&75/ �[�$& ���� &XUUHQW�YHUWLFDO�SLF�RIIVHW�LQ�OLQHV 

LVSBRXWBYBRIIVBV
KG 

,63B&75/ �[�%� ���� &XUUHQW�YHUWLFDO�SLF�RIIVHW�LQ�OLQHV 

LVSBRXWBKBVL]HBV
KG 

,63B&75/ �[�%� ���� &XUUHQW�KRUL]RQWDO�SLF�VL]H�LQ�SL[HO 

LVSBRXWBYBVL]HBV
KG 

,63B&75/ �[�%� ���� 9HUWLFDO�SLF�VL]H�LQ�OLQHV 

VZBVZVBHQBVKG 6:6 �[�& �� VZBVZVBHQBVKG 
VZBOGFKBHQBVKG /'&+ �;�%�� �� 0RGXOH�OGFK�HQDEOH�VLJQDO�VKDGRZ� 
VZB\QUBHQBVKG� � � � � � � � � � � � �  <15 �;���� �  
VZB\QUBEIW�[�BE
\SDVVBVKG� �  

<15 �;���� � EIW�[�BE\SDVV�HQDEOH 

VZB\QUBOEIW�[�B
E\SDVVBVKG�  

<15 �;���� � 
\QU�OEIW�[��E\SDVV�  

VZB\QUBOJIW�[�B
E\SDVVBVKG�  

<15 �;���� � 
\QU�OJIW�[�BE\SDVV�  

VZB\QUBIOW�[�BE
\SDVVBVKG� �  

<15 �;���� � 
\QU�IOW�[�BE\SDVV�  

VZB\QUBVIW�[�BE
\SDVVBVKG� �  

<15 �;���� � 
\QU�VIW�[�BE\SDVV�  

VZBFQUBHQBVKG� � � � � � � � � � � � � � �  &15 
�;���� 

� 
&QU�HQDEOH�  

VZBFQUBH[JDLQBE
\SDVVBVKG� � � �  

&15 
�;���� 

� 
FQU�H[JDLQBE\SDVV�  

VZBFQUBKTBELODB
E\SDVVBVKG� � �  

&15 
�;���� 

� 
FQU�KTBELODBE\SDVV�  

VZBFQUBOTBELODBE
\SDVVBVKG� � �  

&15 
�;���� 

� 
FQU�OTBELODBE\SDVV�  

VZBFQUBWKXPEB
PL[BFXUBHQBVKG�  

&15 
�;���� 

� 
FQU�WKXPEBPL[BFXUBHQ�  

VZBVKDUSBHQBVK
G� � � � � � � � � � � � �  

6KDUS 
�;���� 

�� 
6KDUS�HQDEOH� � � � � � � � � �  

VZBVKDUSBE\SDV
VBVKG 

6KDUS 
�;���� 

�� 
6KDUS�E\SDVV� � � � �  

 
+RZ�WR�XSGDWH�WKH�VKDRZ�UHJLVWHU� 
<RX�FDQ�FKRRVH�WR�XSGDWH�WKURXJK�IRUFHGBXSG�DQG�IUDPH�HQG�XSGDWH� 
7KH�IRUFHG�83'�LV�JHQHUDOO\�XVHG�EHIRUH�WKH�VWDUW�RI�D�IUDPH��7KH�FRQILJXUDWLRQ�PRGH�LV�WR�
HQDEOH�,63�&WUO��ZKLFK�LV�WKH��WK�ELW�RI��[���� 
,I�\RX�QHHG�WR�HQDEOH�WKH�HQG�RI�IUDPH�XSGDWH��\RX�QHHG�WR�SXOO�XS�WKH��WK�ELW�RI��[�����
RWKHUZLVH�LW�ZLOO�QRW�EH�XSGDWHG�E\�GHIDXOW� 
��WK�ELW�RI��[����FDQ�XSGDWH�VKDGRZ�UHJLVWHUV�RQO\�RQH�WLPH�ZKLOH�IUDPHBHQG�LV�FRPLQJ� 
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15.1.14 0XOWL�6HQVRU 
0XOWL�VHQVRU�PDLQO\�XVHV�WKH�IUDPH�EXIIHUV�WR�FDFKH�WKH�GDWD�RI�WKH�SUHYLRXV�IUDPH�WR�VROYH�
WKH�SUREOHP�RI�SUHYLRXV�IUDPH�GDWD�FDFKLQJ��7KH�PD[LPXP�UHVROXWLRQ�RI�IUDPH�EXIIHU�ZLWK�
GLIIHUHQW�VHQVRUV�LV�VXSSRUWHG�DV�IROORZV� 

˄1˅VLQJOH�VHQVRU��WKH�PD[LPXP�UHVROXWLRQ�LV�����[���� 

4672x3504

ᑗbuffer

 

˄2˅GXDO�VHQVRU��7KH�SUHYLRXV�IUDPH�GDWD�LV�VWRUHG�E\�GLYLGLQJ�WKH�IUDPH�EXIIHU�LQ�WZR��DQG�
WKH�VWRUDJH�VSDFH�LV�UHGXFHG�E\�KDOI��,Q�QRUPDO�PRGH��WKH�PD[LPXP�UHVROXWLRQ�LV�
����[������,Q�ELJ�PRGH��WKH�PD[LPXP�UHVROXWLRQ�LV�����[������  

3840x2160

ᑗbuffer

3840x2160

 

˄3˅IRXU�VHQVRU��7KH�SUHYLRXV�IUDPH�GDWD�LV�VWRUHG�E\�TXDUWHULQJ�WKH�IUDPH�EXIIHU��DQG�WKH�
VWRUDJH�VSDFH�LV�UHGXFHG�WR�RQH�IRXUWK�RI�WKH�RULJLQDO�RQH��,Q�QRUPDO�PRGH��WKH�PD[LPXP�
UHVROXWLRQ�LV����[�����,Q�ELJ�PRGH��WKH�PD[LPXP�UHVROXWLRQ�LV�����[����� 

1920x1080

ᑗbuffer

1920x1080

1920x1080

1920x1080

 
 

0XOWL�VHQVRU�UHJLVWHU�FRQILJXUDWLRQ�DW��;�����DQG�WKHUH�DUH�WZR�UHJLVWHUV�WR�FQILJXUH� 
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˄1˅VZBVHQVRUBPRGH��XVHG�WR�FRQILJXUH�WKH�QXPEHU�RI�VHQVRU 

��RQH�VHQVRU˗ 
��WZR�VHQVRU˗ 
��IRXU�VHQVRU� 

˄2˅VZBVHQVRUBLQGH[��VHQVRU�,'�RI�WKH�FXUUHQW�VHQVRU��VRIWZDUH�LV�UHTXLUHG�WR�QXPEHU�DQG�
FRQILJXUH�HDFK�VHQVRU� 

6ZLWFKLQJ�SDUDPHWHUV�EHWZHHQ�GLIIHUHQW�VHQVRUV�QHHG�WR�EH�FRQILJXUHG�DW�WKH�HQG�RI�FXUUHQW�
DQG�EHIRUH�RI�QH[W�IUDPH��7KH�VKDGRZ�UHJLVWHU�FDQ�EH�FRQILJXUHG�XVLQJ�IRUFHBXSG�RU�IUDPH�
HQG�XSGDWH��1RWH˖GLIIHUHQW�VHQVRU�VZLWFK�QHHG�VHW�ILUVWBIUDPH�UHJLVWHU��[�����LQ�PXOW�VHQVRU�
PRGH� 
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CHAPTER 13 VOP 
13.1 Overview 
923��LV�WKH�GLVSOD\�LQWHUIDFH�IURP�PHPRU\�IUDPH�EXIIHU�WR�GLVSOD\�GHYLFH��923�LV�FRQQHFWHG�
WR�DQ�$+%�EXV�WKURXJK�DQ�$+%�VODYH�DQG�$;,�EXV�WKURXJK�DQ�$;,�PDVWHU��7KH�UHJLVWHU�
VHWWLQJ�LV�FRQILJXUHG�WKURXJK�WKH�$+%�VODYH�LQWHUIDFH�DQG�WKH�GLVSOD\�IUDPH�GDWD�LV�UHDG�
WKURXJK�WKH�$;,�PDVWHU�LQWHUIDFH�923��VXSSRUWV�WKH�IROORZLQJ�IHDWXUHV� 
z 'LVSOD\�LQWHUIDFH 

� ��+'0, 
� 0D[�VXSSRUW�����[����#��+] 
� 6XSSRUW�5*%�<89����XS�WR���ELW��IRUPDW 

� ��/9'6 
� 0D[�VXSSRUW�����[���#��+] 
� 6XSSRUW�5*%�XS�WR��ELW��IRUPDW 

� ��('3 
� 0D[�VXSSRUW�����[����#��+] 
� 6XSSRUW�5*%�XS�WR���ELW��IRUPDW 

� ��0,3, 
� 0D[�VXSSRUW�����[����#��+]�SHU�FKDQQHO 
� 6XSSRUW�5*%�XS�WR��ELW��IRUPDW 
� 6XSSRUW�GXDO�0,3,��OHIW�ULJKW�PRGH� 
� 'XDO�0,3,�VXSSRUW�����[����#��+] 

� ��%7��� 
� VXSSRUW�3$/�DQG�176& 
� 6XSSRUW�5*%�XS�WR��ELW��IRUPDW 

� ��5*%�%7���� 
� 0D[�VXSSRUW�����[����#��+] 
� 6XSSRUW�5*%�XS�WR��ELW��IRUPDW 

 

z %86 
� 2QH���ELW�$+%�6ODYH�WR�FRQILJXUH�UHJLVWHUV 
� 7ZR����ELW�$;,�UHDG�EXV 
� 2QH����ELW�$;,�ZULWH�EXV 

z 9LGHR�SRUWV 
� 9LGHR�SRUW� 

� 5HVROXWLRQ 
� 0D[�RXWSXW�UHVROXWLRQ������[����#��+] 
� %LWV�SHU�FRPSRQHQW���� 

� &RORU�EDU 
� +RUL]RQWDO�PRGH 
� 9HUWLFDO�PRGH 

� %&6+���ELW� 
� %ULJKWQHVV��ELW���&RQWUDVW��ELW���6DWXUDWLRQ���ELW���+XH�DGMXVWPHQW��ELW� 

� �'B/87 
� 6XSSRUW��[�[����ELW��/87 

� &6& 
� <89�5*%��EW����I���EW����O�EW����O�EW���� 
� 5*%�<89��EW����I�EW����O�EW����O�EW���� 

� *DPPD 
� 'LWKHU�GRZQ 

� $OOHJUR 
� )5& 

� 3RVW�VFDOH�GRZQ�IRU�79�RYHUBVFDQQLQJ 
� +RUL]RQWDO�VFDOH�GRZQ�XVLQJ�ELOLQHDU�����a��� 
� 9HUWLFDO�VFDOH�GRZQ�XVLQJ�ELOLQHDU�����a��� 

� 3RVW�/%�PRGH 
� ����SL[HO[��PRGH 
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� ����SL[HO[��PRGH 
� 'LVSOD\�PRGH 

� 3�,�,QWHUODFH�GLVSOD\ 
� ;�PLUURU 
� %ODQN�GLVSOD\ 
� %ODFN�GLVSOD\ 
� 6WDQGE\�PRGH 

� 9LGHR�SRUW��� 
� 5HVROXWLRQ 

0D[�RXWSXW�UHVROXWLRQ������[����#��+] 
� %LWV�SHU�FRPSRQHQW��� 

� &RORU�EDU 
� +RUL]RQWDO�PRGH 
� 9HUWLFDO�PRGH 

� %&6+��ELW� 
� %ULJKWQHVV��ELW���&RQWUDVW��ELW���6DWXUDWLRQ���ELW���+XH�DGMXVWPHQW��ELW� 

� &6& 
� <89�5*%��EW����I���EW����O�EW����O�EW���� 
� 5*%�<89��EW����I�EW����O�EW����O�EW���� 

� *DPPD 
� 'LWKHU�GRZQ 

� $OOHJUR 
� )5& 

� 3RVW�VFDOH�GRZQ�IRU�79�RYHUBVFDQ 
� +RUL]RQWDO�VFDOH�GRZQ�XVLQJ�ELOLQHDU�����a��� 
� 9HUWLFDO�VFDOH�GRZQ�XVLQJ�ELOLQHDU�����a��� 

� 3RVW�/%�PRGH 
� ����SL[HO[��PRGH 
� ����SL[HO[��PRGH 

� 'LVSOD\�PRGH 
� 3�,�,QWHUODFH�GLVSOD\ 
� ;�PLUURU 
� %ODQN�GLVSOD\ 
� %ODFN�GLVSOD\ 
� 6WDQGE\�PRGH 

z &OXVWHU��� 
� 5HVROXWLRQ 

� 0D[�LQSXW�UHVROXWLRQ������[���� 
� 0D[�RXWSXW�UHVROXWLRQ������[���� 

� 'DWD�IRUPDW 
� $)%&'��5*%$�����5*%����5*%����5*%$�������� 

<89����<89�����ELW���ELW 
� ,PDJH 

� 6XSSRUW�YLUWXDO�ZLGWK�PD[��N�ZRUG� 
� 6XSSRUW�DFWLYH�RIIVHW 
� 6XSSRUW�GLVSOD\�RIIVHW 
� 6XSSRUW�<�PLUURU�[�PLUURU�URWDWLRQ����URWDWLRQ���� 

� ,I�URWDWLRQ����RU�URWDWLRQ�����LV�HQDEOH��WKH�PD[LPXP�KHLJKW�RI�WKH�VRXUFH�
LPDJH�LV����� 

� 6ZDS��5%�89�VZDS 
� 6XSSRUW�<89�FOLS 

� &OXVWHU�PRGH 
� 0RGH����N�OD\HU�PRGH 
� 0RGH���������OD\HU�PRGH 
� 0RGH���URWDWLRQ������OD\HU�PRGH 

� 6XSSRUW�*DXVV�ILOWHU 
� 6FDOH 
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� 6FDOH�GRZQ 
� 6XSSRUW�VFDOH�UDWH����a� 
� 6FDOH�PRGH��ELOLQHDU�  

� 6FDOH�XS 
� 6XSSRUW�VFDOH�UDWH��a� 
� 6FDOH�PRGH��ELOLQHDU 

� &6& 
� <89�5*%��EW����I���EW����O�EW����O�EW���� 
� 5*%�<89��EW����I�EW����O�EW����O�EW���� 

z (60$57��� 
� 5HVROXWLRQ 

� 0D[�LQSXW�UHVROXWLRQ������[���� 
� 0D[�RXWSXW�UHVROXWLRQ������[���� 

� 'DWD�IRUPDW 
� 5*%��$5*%�����5*%����5*%��� 
� <89��<89����<89����<89�����ELW���ELW 
� <8<9��<8<9���������8<9<������� 
� %33��%33 

� ,PDJH 
� 6XSSRUW�YLUWXDO�ZLGWK�PD[��N�ZRUG� 
� 6XSSRUW�DFWLYH�RIIVHW 
� 6XSSRUW�GLVSOD\�RIIVHW 
� 6XSSRUW�<�PLUURU 
� 6ZDS��DOSKD�5%�89�VZDS 
� 6XSSRUW�<89�FOLS 

� 0XOWL�UHJLRQ 
� 2QO\�RQH�UHJLRQ�DW�RQH�OLQH 
� $OO�UHJLRQV�DUH�5*%�RU�<89�IRUPDW� � � � � � � � �  
� 8S�WR���UHJLRQV 

� 6FDOH 
� 6FDOH�GRZQ 

� 6XSSRUW�VFDOH�UDWH����a� 
� 6FDOH�PRGH��QHDUHVW�ELOLQHDU�DYHUDJH�  

� 6FDOH�XS 
� 6XSSRUW�VFDOH�UDWH��a� 
� 6FDOH�PRGH��QHDUHVW�ELOLQHDU�ELFXELF 

� &6& 
� <89�5*%��EW����I�EW����O�EW����O�EW���� 
� 5*%�<89��EW����I�EW����O�EW����O�EW���� 

z 60$57��� 
� 5HVROXWLRQ 

� 0D[�LQSXW�UHVROXWLRQ�����[���� 
� 0D[�RXWSXW�UHVROXWLRQ�����[���� 

� 'DWD�IRUPDW 
� 5*%�$5*%�����5*%����5*%��� 
� $%33�$%33����������� 

� ,PDJH 
� 6XSSRUW�YLUWXDO�ZLGWK�PD[��N�ZRUG� 
� 6XSSRUW�DFWLYH�RIIVHW 
� 6XSSRUW�GLVSOD\�RIIVHW 
� 6XSSRUW�<�PLUURU 
� 6ZDS��DOSKD�5%�VZDS 

� 0XOWL�UHJLRQ 
� 2QO\�RQH�UHJLRQ�DW�RQH�OLQH 
� 8S�WR���UHJLRQV 

� &6& 
� 5*%�<89��EW����I�EW����O�EW����O�EW���� 
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z 2YHUOD\ 
� 6XSSRUW�0$;���OD\HUV�RYHUOD\����&OXVWHU��(60$57��60$57 
� 6XSSRUW�5*%�<89�GRPDLQ�RYHUOD\ 
� 6XSSRUW�OD\HUV�PX[ 
� 6XSSRUW�SHU�SL[HO�JOREDO�DOSKD�  
� 6XSSRUW�+'5�� 

� 6XSSRUW�RQH�OD\HU�+'5�6'5 
� 6XSSRUW�6'5�+'5 

z :ULWH�EDFN 
Format: ARGB8888/RGB888/RGB565/YUV420 
Max resolution: 1920x1080 
z ,QWHUUXSW 

� 9RSBLQWU 
� 6\VWHP��LQWHUUXSW 

� $[L��EXV�HUURU 
� $[L��GPD�ILQLVK 
� :ULWH�EDFN�89�ILIR�RYHUIORZ 
� :ULWH�EDFN�<5*%�ILIR�RYHUIORZ 
� :ULWH�EDFN�GPD�ILQLVK 
� 008��LQWHUUXSW 
� 6\VWHP��LQWHUUXSW 
� $[L��EXV�HUURU 
� $[L��GPD�ILQLVK 
� 008��LQWHUUXSW 

� 9LGHR�SRUW������LQWHUUXSW 
� )UDPH�VWDUW�LQWHUUXSW 
� /LQH�IODJ��LQWHUUXSW 
� /LQH�IODJ��LQWHUUXSW 
� 3RVW�HPSW\�LQWHUUXSW 
� )LHOG�VWDUW�LQWHUUXSW 
� 'LVSOD\�KROG�LQWHUUXSW 
� 9LGHR�IURQW�SRUFK�LQWHUUXSW 
� 3RVW�DOPRVW�IXOO�LQWHUUXSW 

� $)%&'�LQWHUUXSW 
� &OXVWHU��ZLQ��GHFRGH�HUURU�LQWHUUXSW 
� &OXVWHU��ZLQ��D[L�UHVSRQVH�HUURU�LQWHUUXSW 
� &OXVWHU��ZLQ��GHFRGH�HUURU�LQWHUUXSW 
� &OXVWHU��ZLQ��D[L�UHVSRQVH�HUURU�LQWHUUXSW 
� &OXVWHU��ZLQ��GHFRGH�HUURU�LQWHUUXSW 
� &OXVWHU��ZLQ��D[L�UHVSRQVH�HUURU�LQWHUUXSW 
� &OXVWHU��ZLQ��GHFRGH�HUURU�LQWHUUXSW 
� &OXVWHU��ZLQ��D[L�UHVSRQVH�HUURU�LQWHUUXSW 

� 9RSBLQWUBGGU 
� $[L��GPD�ILQLVK 
� $[L��GPD�ILQLVK 
� :ULWH�EDFN�GPD�ILQLVK 
� /LQH�IODJ��LQWHUUXSW 
� /LQH�IODJ��LQWHUUXSW 

� 9RSBLQWUBOE 
� 9LGHR�SRUW��SRVW�DOPRVW�IXOO 
� 9LGHR�SRUW��SRVW�DOPRVW�IXOO 
� 9LGHR�SRUW��SRVW�DOPRVW�IXOO 
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13.2 Block Diagram 
7KH�IROORZLQJ�GLDJUDP�VKRZV�WKH�923��DUFKLWHFWXUH� 

AX
I R

EA
D

M
M

U
M

M
U

AX
I 

W
RI

TE

DM
A 

AR
BI

T

CLUSTER REGFILE

CLUSTER 
AFBCD 
DMA

LOCAL BUFF
128x64x4bit CLUSTER LB0

CLUSTER LB1
ĂĂ

CLUSTER LB10

CLUSTER
OUT

CLUSTER0/1_TOP

AX
I R

EA
D

M
M

U

WRITE BACK

ESMART0/1_TOP

ESMART 
Lmode 
DMA

DMA
FIFO

128x128x
2bit

CLUSTER PROCESS

ESMART LB0
ESMART LB1
ESMART LB2
ESMART LB3

ESMART PROCESS
ESMART

OUT

ESMART 
Lmode 
DMA

DMA
FIFO

128x128x
2bit

SMART PROCESS

ESMART REGFILE

SMART
OUT

SMARTx REGFILE
SMARTx_TOP

O
VE

RL
AY

PO
ST

 L
B(

10
24

x6
0x

8b
it)

PO
ST

 L
B(

51
2x

48
x8

bi
t)

PO
ST

 L
B(

51
2x

48
x8

bi
t)

POST PROCESS

POST PROCESS

POST PROCESS

IN
TE

RF
AC

E 
M

U
X

ACLK DCLK0pclk

AHB SAVLE SYSTEM REGFILE VOP2

SMART LB0
SMART LB1

RGB/BT1120/BT656

LVDS0

LVDS1

MIPI0

MIPI1

HDMI

EDP

DCLK1

DCLK2

 
	��Ǥ�ͳ͵Ǧͳ����ʹ������������� 

13.3 Function Description 
13.3.1 3L[HO�IRUPDW 
7KH�SL[HO�VWRUHG�LQ�PHPRU\�LV�VKRZQ�DV�IROORZV��XVXDOO\�WKH�GDWD�LV�YHU\�FRPSDFW��7KH�<�DQG�
89�FRPSRQHQW�RI�<89�DUH�VWRUHG�LQ�GLIIHUHQW�VWRUDJH�ORFDWLRQ��(YHQ�WKRXJK�WKH�QXPEHU�RI�RGG�
DQG�HYHQ�URZV�GDWD�RI�<8<9����LV�GLIIHUHQW��WKH\�KDYH�WKH�VDPH�DPRXQW�RI�VWRUDJH� 
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B0

Byte0 Byte15

Byte0 Byte15

G0 R0 A0 B1 G1 R1 A1 B2 G2 R2 A2 B3 G3 R3 A3

ARGB8888 in memory

B0 G0 R0 B1 G1 R1 B2 G2 R2 B3 G3 R3 B4 G4 R4 B5

RGB888 in memory

B
0

G
0

R
0

B
1

G
1

R
1

B
2

G
2

R
2

B
3

G
3

R
3

B
4

G
4

R
4

B
5

G
5

R
5

B
6

G
6

R
6

B
7

G
7

R
7

Byte0 Byte15RGB565 in memory

y0 y1 y2 y3 y4 y5 y6 y7 y8 y9 y
10

y
11

y
12

y
13

y
14

y
15

Byte0 Byte15BPP or Y 8bit in memory

v0 U0 v1 U1 v2 U2 v3 U3 v4 U4 v5 U5 v6 U6 v7 U7

Byte0 Byte15UV 8bit in memory

y0 y1 y2 y
61

y
62

y
63ĂĂ

Y 10bit in memoryByte0 Byte79

v0 U0 v1 U1 V
30

U
30

V
31

U
31

Byte0 Byte79UV 10bit in memory

ĂĂ

y0 u0 y1 v0 y2 u1 y3 v1 y4 u2 y5 v2 y6 u3 y7 v3

Byte0 Byte31
YUYV422 in memory

Byte0 Byte2n-1YUYV420 in memory,where width = n

Y0,0 U0,0 Y0,1 V0,0 Y0,2 U0,1 Y0,3 V0,1 ĂĂ Y0,n

Y1,0 Y1,1 Y1,2 ĂĂ Y1,n

Byte2n  
	��Ǥͳ͵Ǧʹ����ʹ������������ 

 

13.3.2 9LUWXDO�GLVSOD\ 
:KHQ�LQ�YLUWXDO�GLVSOD\��WKH�DFWLYH�LPDJH�LV�SDUW�RI�WKH�YLUWXDO��RULJLQDO��LPDJH�LQ�IUDPH�
EXIIHU�PHPRU\�DV�VKRZQ�EHORZ��7KH�YLUWXDO�ZLGWK�LV�LQGLFDWHG�E\�VHWWLQJ�9,5B675,'(�IRU�
GLIIHUHQW�GDWD�IRUPDW��1RWH�WKDW�5*%�%33�KDV�RQH�VWULGH��\UJEBYLUBVWULGH���<&E&U�KDV�WZR�
YLUWXDO�VWULGH��\UJEBYLUBVWULGH�DQG�FEFUBYLUBVWULGH��)RU�5*%��ELW�DQG�<89��ELWˈWKH�VWULGH�
VKRXOG�EH�PXOWLSOHV�RI�ZRUG�����ELW���ZLWK�GXPP\�E\WHV�LQ�WKH�HQG�RI�YLUWXDO�OLQH�LI�WKH�
RULJLQDO�ZLGWK�LV�QRW����ELW�DOLJQHG� 

Virtual width in word

Active area

(act_xoffset,act_yoffset)

Act_width

Act_height

 
	��Ǥͳ͵Ǧ͵�������������� 

13.3.3 $)%&' 
7KLV�FRPSUHVVLRQ�IRUPDW�LV�GHVLJQHG�WR�EH�XVHG�IRU�WH[WXUHV�DQG�IUDPH�EXIIHUV��,W�KDV�EHHQ�
RSWLPL]HG�WR�GHFUHDVH�H[WHUQDO�EDQGZLGWK�DV�ZHOO�DV�EHLQJ�UDQGRP�DFFHVV�DQG�GHFRGDEOH�DW�
OLQH�VSHHG�IRU�WKH�WH[WXUH�FDFKH� 
5DQGRP�DFFHVV� LV� DYDLODEOH� WR� LQGLYLGXDO� ��[���EORFNV�� ZKLFK� LQ� WXUQ� LQGH[� LQGLYLGXDO� �[��
EORFNV��7KLV�LV�GRQH�XVLQJ�D�VWUXFWXUH�ZKHUH�D�KHDGHU�EORFN�LV�VWRUHG�IRU�HDFK���[���EORFN�DW�
D�SUHGLFWDEOH�PHPRU\�DGGUHVV�LQ�ZKDW�LV�UHIHUUHG�WR�DV�WKH�KHDGHU�EXIIHU��,I�WKH�KRUL]RQWDO�VL]H�
LV�JLYHQ�E\�³ZLGWK´�DQG�$�LV�WKH�VWDUW�DGGUHVV�RI�WKH�KHDG�EXII��WKH�DGGUHVV�RI�WKH�KHDGHU�IRU�
WKH� ��[��� EORFN� FRQWDLQLQJ� D� JLYHQ� SL[HO� DW� SRVLWLRQ� [�� \� LV� JLYHQ� E\�
$����[������\�����ZLGWK��������$�FRQVHTXHQFH�RI�WKH���[���EORFN�VWUXFWXUH�LV�WKDW�RQO\�
PXOWLSOHV�RI����DUH�DOORZHG�DV�ZLGWK�DQG�KHLJKW�DV�VKRZQ�EHORZ� 
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7KH�GDWD�WKDW�LV�XVHG�WR�VWRUH�WKH�LQGLYLGXDO��[��EORFNV�LQ�D���[���EORFN�LV�UHIHUUHG�WR�DV�WKH�
SD\ORDG� GDWD� IRU� WKDW� EORFN�� ,W� LV� VWRUHG� FRQWLQXRXVO\� LQ� ERG\�EXII� IURP� WKH� RIIVHW� WKDW� LV�
VXSSOLHG�LQ�WKH�KHDGHU��(DFK�VHFWLRQ�LQ�WKH�ERG\�EXIIHU�FRQWDLQV�SD\ORDG�GDWD�ZKLFK�LV�XVHG�WR�
GHFRGH�D���[���EORFN��7KH�KHDGHU�FRQWDLQV�DQ�RIIVHW�WR�WKH�SD\ORDG�WKDW�UHVLGHV�LQVLGH�RI�WKH�
ERG\�EXIIHU��ZKLFK�LV�W\SLFDOO\�DOORFDWHG�DIWHU�DOORFDWHG�DIWHU�WKH�KHDGHU�EXIIHU�LQ�WKH�PHPRU\��
7KH�RIIVHW�WR�WKH�SD\ORDG�GDWD�LV�UHODWLYH�WR�WKH�VWDUW�RI�WKH�KHDGHU�EXIIHU��,Q�VRPH�FDVHV�LW�
PD\�VHQVH�WR�VWRUH�SD\ORDG�GDWD�LQVLGH�WKH�KHDGHU�EXIIHU��VXFK�DV�ZKHQ�HQFRGLQJ�EORFNV�WKDW�
DUH�OHVV�WKDQ���[���LQ�VL]H�DQG�QRW�DOO�VXE�EORFN�VL]HV�DUH�XVHG�LQ�D�KHDGHU� 

ĂĂ

4
8

 p
ixe

l

64 pixel
Image as mapped to the header buffer

A

A+16byte

A+176byte

Header buff(16 byte per cell) Body buff
 

	��Ǥ�ͳ͵Ǧͷ���������������ͳ�ͳ����������������������������������������� 
13.3.3.1 +DOI�EORFN�PRGH 
,Q�WKH�IXOO�EORFN�GHFRGLQJ�PRGH��WKH�GHFRGHU�IHWFKHV�IXOO�SD\ORDG�RI���[���EORFNV�DQG�VHQGV�
WKHQ�WR�WKH�GHFRGH�FRUH��ZKLFK�GHFRGHV�DQG�RXWSXWV���[���SL[HO�EORFNV�� ,Q� WKH�KDOI�EORFN�
GHFRGLQJ�PRGH��WKH�GHFRGHU�IHWFKHV�KDOI�RI�WKH�SD\ORDG�DW�HDFK�WLPH��7KH�GHFRGHU�RXWSXW�LQ�
WKH�KDOI�PRGH�LV�LQ���[��EORFNV��7KH�KDOI�EORFN�PRGH�LV�GHVLJQHG�WR�VXSSRUW�FXVWRP�KDUGZDUH�
ZLWK�OLPLWHG�EXIIHU�VL]H��IRU�H[DPSOH�D�W\SLFDO�GLVSOD\�FRQWUROOHU�ZLWK���OLQH�EXIIHUV� 
13.3.4 6FDOH 
:LWK�DOO�YDULRXV�YLGHR�UHVROXWLRQV��VFDOLQJ�LV�XVXDOO\�QHHGHG�LQ�DOPRVW�HYHU\�VROXWLRQ��
$YHUDJH�LQWHUSRODWLRQ�LV�XVHG�LQ�VFDOLQJ�GRZQ�DQG�ELFXELF�LQWHUSRODWLRQ�LV�XVHG�LQ�VFDOLQJ�XS�
EHVLGHV�QHDUHVW�QHLJKERU�DQG�ELOLQHDU�LQWHUSRODWLRQ��7KH�VXPPDU\�RI�VFDOLQJ�IDFWRU�
FDOFXODWLRQ�LV�VKRZQ�DV�IROORZV� 

122*)1/()1(___ �� dstsrcfactorblidownscale  
162*)1/()1(___ �� srcdstfactoravgdownscale  

162*)1/()1(___ �� dstsrcfactorbliupscale  
162*)1/()1(___ �� dstsrcfactorbicupscale  

:KHUH�YHUWLFDO�VFDOHBGRZQBEOLBIDFWRU�UDQJH�LV��a���,I�GVWBKHLJKW�VUFBKHLJKW�! ���DQG�
ELOQHDU�VFDOLQJ�GRZQ�LV�HQDEOH��OLQH�GURSSLQJ�PXVW�EH�HQDEOH��,I�JW��LV�HQDEOH���VUFBKHLJKW� �
VUFBKHLJKW����,I�JW��LV�HQDEOH��VUFBKHLJKW� �VUFBKHLJKW��� 
13.3.5 3RVW�VFDOH�GRZQ 
3RVW�VFDOH�GRZQ�DIWHU�RYHUOD\�LV�VXSSRUWHG�WR�IL[�SDQHO�RYHUBVFDQQLQJ��WKDW�GUDZV�WKH�ERUGHU�
RI�WKH�LPDJH�EH\RQG�WKH�QRUPDO�YLVLEOH�DUHD�RQ�WKH�VFUHHQ�VHH�EHORZ�ILJXUH���7KH�VFDOH�
IDFWRU�UDQJH�LV���WR��� 
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dsp_hact_st

dsp_vact_end

dsp_hact_end

dsp_vact_st

(0,0)

Hsync

Vsync

(x,y)

dsp_hact_st

dsp_vact_end

dsp_hact_end

dsp_vact_st

(0,0)

Hsync

Vsync

(x,y) Post_dsp
_hact_st

Post_dsp
_hact_end Post_dsp

_vact_st
Post_dsp

_vact_end

 
 

	��Ǥ�ͳ͵Ǧ������������� 
�  

13.3.6 &6& 
7KH�UHG��JUHHQ��DQG�EOXH�5*%��FRORU�VSDFH�LV�ZLGHO\�XVHG�IRU�FRPSXWHU�JUDSKLFV�DQG�GLVSOD\V��
5HG��JUHHQ�DQG�EOXH�DUH�WKUHH�SULPDU\�DGGLWLYH�FRORUV��7KH�<&E&U�FRORU�VSDFH�LV�XVHG�E\�WKH�
3$/�DQG�176&�FRPSRVLWH�FRORU�YLGHR�VWDQGDUGV��7KH�EODFN�DQG�ZKLWH�V\VWHP�XVHG�RQO\�OXPD�<��
LQIRUPDWLRQ��&RORU�LQIRUPDWLRQ�&E�DQG�&U��ZDV�DGGHG�LQ�VXFK�D�ZD\�WKDW�D�EODFN�DQG�ZKLWH�
UHFHLYHU�ZRXOG� VWLOO� GLVSOD\� D� QRUPDO� EODFN�DQG�ZKLWH� SLFWXUH�� &RORU� UHFHLYHUV� GHFRGHG� WKH�
DGGLWLRQDO�FRORU�LQIRUPDWLRQ�WR�GLVSOD\�D�FRORU�SLFWXUH� 
7KHUH�DUH�IRXU�HTXDWLRQV�XVHG�WR�FRQYHUW�EHWZHHQ�5*%�DQG�<&E&U�VSDFH� 
<89�5*%� 
��\XY�WR�UJE��%7���/��  
5� �������<�������������9����� 
*� �������<�������������8��������������9����� 
%� �������<�������������8����� 
��\XY�WR�UJE��%7���)��  
5� ��<�������������9����� 
*� ��<�������������8��������������9����� 
%� ��<�������������8����� 
���\XY�WR�UJE��%7���/��  
5� �������<�������������9����� 
*� �������<�������������8��������������9����� 
%� �������<�������������8����� 
\XY�WR�UJE�%7����� 
5� ��������<��������������9����� 
*� ��������<��������������8���������������9����� 
%� ��������<��������������8����� 
5*%�<89� 
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���UJE�WR�\XY�%7���/� 
<� ������5��������*��������%����� 
&E� ������5��������*��������%������ 
&U� ������5��������*��������%������ 
���UJE�WR�\XY�%7���)� 
< � � ������5� ���������*���������%�����  
&E� � ��������5���������*���������%������ 
&U� � � � ������5� � ��������*���������%������ 
���UJE�WR�\XY�%7���/� 
<� ������5��������*��������%����� 
&E� ������5��������*��������%������ 
&U� ������5��������*��������%������ 
��UJE�WR�\XY�%7����� 
< � � �������5���������*���������%������  
&E� � ��������5���������*���������%������ 
&U� � � � �������5���������*���������%������ 
13.3.7 %&6+ 
:RUNLQJ�LQ�<&E&U�FRORU�VSDFH�VLPSOLILHV�WKH�LPSOHPHQWDWLRQ�RI�EULJKWQHVV��FRQWUDVW��
VDWXUDWLRQ��DQG�KXH�FRQWUROV��DV�VKRZQ�EHORZ��$OVR�LOOXVWUDWHG�DUH�PXOWLSOH[HUV�WR�DOORZ�WKH�
RXWSXW�RI�EODFN�VFUHHQ��EOXH�VFUHHQ��DQG�FRORU�EDUV� 
7KH�FRQWUDVW�FRQWURO�LV�LPSOHPHQWHG�E\�PXOWLSO\LQJ�WKH�<&E&U�GDWD�E\�D�FRQVWDQW��,I�&E�DQG�
&U�DUH�QRW�DGMXVWHG��D�FRORU�VKLIW�ZLOO�UHVXOW�ZKHQHYHU�WKH�FRQWUDVW�LV�FKDQJHG��$�W\SLFDO���ELW�
FRQWUDVW�DGMXVWPHQW�UDQJH�LV��a�����[� 
7KH�EULJKWQHVV�FRQWURO�LV�LPSOHPHQWHG�E\�DGGLQJ�RU�VXEWUDFWLQJ�IURP�WKH�<�GDWD��%ULJKWQHVV�
LV�GRQH�DIWHU�WKH�FRQWUDVW�WR�DYRLG�LQWURGXFLQJ�D�YDU\�'&�RIIVHW�GXH�WR�DGMXVWLQJ�WKH�FRQWUDVW��
$�W\SLFDO���ELW�EULJKWQHVV�DGMXVWLQJ�UDQJH�LV������WR������� 
7KH�KXH�FRQWURO�LV�LPSOHPHQWHG�E\�PL[LQJ�WKH�&E�DQG�&U�GDWD� 

TT sin*cos*' CrCbCb �  
TT sin*cos*' CbCrCr �  

:KHUH�ș�LV�WKH�GHVLUHG�KXH�DQJOH��$�W\SLFDO���ELW�KXH�DGMXVWPHQW�UDQJH�LV������WR������ 
7KH�VDWXUDWLRQ�FRQWURO�LV�LPSOHPHQWHG�E\�PXOWLSO\LQJ�ERWK�&E�DQG�&U�E\�D�FRQVWDQW��$�W\SLFDO�
��ELW�VDWXUDWLRQ�DGMXVWPHQW�UDQJH�LV��a�����[� 

MUX

+

-

Y_in 8bit

16 Contrast value Brightness value 16 16

163

Color bar Y

Y_out 8bit

Out_mode
00=Black 
01=Blue
10=Color bar
11=Normal video

MUX

MUX

Cr_out 8bit

Cb_out 8bit

Color bar Cr

Color bar Cb

128

105

128

167

Saturation value

+

-

128
+

-

+

-

SIN
COS

Hue value
128

128

Cr_in 8bit

Cb_in 8bit

 
	��Ǥ�ͳ͵Ǧ��������������������������������ͺ��� 

 
13.3.8 *DPPD 
7KH� WUDQVIHU� IXQFWLRQ�RI�PDQ\�GLVSOD\V�SURGXFHV�DQ� LQWHQVLW\� WKDW� LV� SURSRUWLRQDO� WR� VRPH�
SRZHU� RI� WKH� VLJQDO� DPSOLWXGH��$V� D� UHVXOWV�� KLJK�LQWHQVLW\� UDQJHV� DUH� H[SDQGHG�DQG� ORZ�
LQWHQVLW\� UDQJHV�DUH� FRPSUHVVHG�� 7KLV� LV� DQ�DGYDQWDJH� LQ� FRPEDWWLQJ�QRLVH�� DV� WKH� H\H� LV�
DSSUR[LPDWHO\�VHQVLWLYH�WR�HTXDOO\�UHODWLYH�LQWHQVLW\�FKDQJHV��%\�JDPPD�FRUUHFWLQJ�WKH�YLGHR�
VLJQDOV�EHIRUH�WUDQVPLVVLRQ��WKH�LQWHQVLW\�RXWSXW�RI�WKH�GLVSOD\�LV�URXJKO\�OLQHDU��:H�DVVXPH�D�
WUDQVIRUP�DW�WKH�GLVSOD\�ZLWK�D�JDPPD�RI������7R�FRPSHQVDWH�IRU�WKH�QRQOLQHDU�GLVSOD\��OLQHDU�
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5*%�ZDV�JDPPD�FRUUHFWHG�SULRU�WR�WUDQVPLVVLRQ�E\�WKH�LQYHUVH�WUDQVIRUP� 
1023...,1,0,1024*)1024/(' 2.2   RRR  

1023...,1,0,1024*)1024/(' 2.2   GGG  

1023...,1,0,1024*)1024/(' 2.2   BBB  

13.3.9 �'B/87 
&RORU�VSDFH�WUDQVIRUPDWLRQ�XVLQJ�D���OHYHO��'�ORRNXS�WDEOH�ZLWK�WULOLQHDU�LQWHUSRODWLRQ�LV�XVHG�
WR�FRUUHODWH�WKH�VRXUFH�DQG�GHVWLQDWLRQ�FRORU�YDOXHV�LQ�WKH�ODWWLFH�SRLQWV�RI�D��'�WDEOH��ZKHUH�
QRQ�ODWWLFH�SRLQWV�DUH� LQWHUSRODWHG�E\�XVLQJ� WKH�QHDUHVW� ODWWLFH�SRLQWV��7KH��'� WDEOH�ZKLFK�
FRQVLVWV�RI�����SRLQWV�GDWD�LV�VWRUHG�LQ�PHPRU\��7KHQ��LW¶V�IHWFKHG�E\�$;,�PDVWHU��7KH�UXOH�IRU�
�'�WDEOH�GDWD�DOLJQPHQW�LV�VKRZQ�DV�EHORZ� 

0.0000 0.0000 0.0000

0.0000 0.0000 0.0100

0.0000 0.0000 0.0200

ĂĂ

0:

1:

2:

1 1 1728:

0 0 0

0 0 12'h29

0 0 12'h52

ĂĂ

0:

1:

2:

12'hfff 12'hfff 12'hfff728:

step13D lut table 12bit fixed-point 3D lut table

56'h0 36'h29 36'h0 byte0

0.0000 0.00003: 0.0300 0 03: 12'h7b

56'h0 36'h7b 36'h52 byte16

ĂĂ

92'h0 36'hfffff
ffff Byte(730/2-1)*16

step2 3D lut in memory

 
	��Ǥ�ͳ͵Ǧͺ�͵��������������������� 

13.3.10 :ULWH�EDFN 
7KH�GDWD�ZKLFK�LV�PL[HG�LQ�RYHUOD\�DQG�VHQG�WR�SRVW�SURFHVVLQJ�PRGXOH�FDQ�EH�ZURWH�EDFN�WR�
PHPRU\�ZLWK�$;,�PDVWHU��7KH�GDWD�IRUPDW�FDQ�EH�$5*%������5*%�����5*%����RU�<89�����
7KH�PD[�VL]H�LV�����[������1RWH�WKDW�ZEBILIRBWKROG�����PXVW�EH�HTXDO�RU�JUHDWHU�WKDQ�WKH�
E\WH�QXPEHU�RI�RQH�OLQH�GDWD��2WKHUZLVH��LW�PD\�FDXVHV�:%�GPD�ILIR�RYHUIORZ�DQG�UHVXOWV�LQ�
VRPH� GDWD� HUURUV�� )RU� H[DPSOH�� WKH� VL]H� LV� ����[����� DQG� WKH� IRUPDW� LV� $5*%������
ZEBILIRBWKROG�FDQ�EH�VHW�WR������  
13.3.11 2YHUOD\ 
0L[LQJ�YLGHR�VLJQDOV�PD\EH�DV�VLPSOH�DV�VZLWFKLQJ�EHWZHHQ�WZR�YLGHR�VRXUFHV��)RU�PRVW�RWKHU�
DSSOLFDWLRQV�� D� WHFKQLTXH� NQRZQ� DV� DOSKD� EOHQGLQJ� VKRXOG� EH� XVHG� WR� RYHUOD\� FRPSXWHU�
JHQHUDWHG�WH[W�DQG�JUDSKLFV�RQ�WR�D�YLGHR�VLJQDO��7KH�ILJXUH�LOOXVWUDWHV�PL[LQJ���OD\HUV�LQ�923� 

Cluster
0 MIX

esmart0

Cluster
1 MIX

Cluster0_0

Cluster0_1

Cluster1_0

Cluster1_1

smart0

esmart1

smart1

Layer0 
m

ux

Layer0_sel

0
1
2
3
6
7

Layer1 
m

ux

0
1
2
3
6
7

Layer1_sel

Layer2 
m

ux

Layer_
mix0

ĂĂ

Layer5 
m

ux

Pre_overlay Layer_mux

Layer_
mix1

Layer_
mix2

Layer_
mix3

Layer_
mix4

HDR2SDR

Display_out0_mux

Layer0:0
mix0:1
mix1:2
mix2:3
mix3:4

mix4:5

Hdr10
mix

Display_out1_mux

Dis_out
0 bg 
mix

Dis_out
1 bg 
mix

Dis_out
2 bg 
mix

Background0

Background1

Background2

port_overlay

VOP2_OVERLAY

Main_overlay

Layer0

Layer1

Layer2

Layer3

Layer4

Layer5

SDR2HDR
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,W� FRQVLVWV� RI� SUHBRYHUOD\�� OD\HUBPX[��PDLQBRYHUOD\� DQG� SRVWBRYHUOD\�� 7KH� SUHBRYHUOD\� LV�
LPSOHPHQWHG�WR�PL[�WKH�WZR�ZLQGRZV�IURP�WKH�VDPH�FOXVWHU��7KH�OD\HUBPX[�LV�LPSOHPHQWHG�
WR�GLVWULEXWH�ZLQGRZV�WR�OD\HUV�ZKLFK�KDYH�WKH�VDPH�QXPEHU�RI�ZLQGRZV��7KH�PDLQBRYHUOD\�
LV�XVHG�WR�PL[�OD\HUV�RQH�E\�RQH��7KH�SRVWBRYHUO\�LV�DGGHG�WR�GLVWULEXWH�GLIIHUHQW�OD\HUV�WR�
GLIIHUHQW�GLVSOD\�RXWSXWV�LQ�GLIIHUHQW�DSSOLFDWLRQV��)LQDOO\��EHIRUH�WKH�PL[HG�GDWD�JHWV�WKURXJK�
GLVSOD\�RXWSXWV��LW�LV�PL[HG�ZLWK�D�EDFNJURXQG�FRORU��,Q�DGGLWLRQ��RQO\�GLVSOD\�RXWSXW��VXSSRUWV�
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+'5��� 
13.3.11.1 $OSKD�PL[LQJ 
(YHU\� WZR� OD\HU� WKDW�RQH� LV� FDOOHG�VRXUFH� OD\HU�DQG�DQRWKHU� LV�FDOOHG�GHVWLQDWLRQ� OD\HU�DUH�
PL[HG�E\�DOSKD�PL[LQJ��7KH\�DUH�SURSRUWLRQDOO\�PXOWLSOLHG�DQG�DGGHG�WRJHWKHU��0DWKHPDWLFDOO\��
ZLWK�QRUPDOL]HG�WR�KDYH�YDOXH�RI��a���GDWD�PL[LQJ�LV�LPSOHPHQWHG�DV� 

''**)'1(''** AdCdAsCsAsCdAd ��  
''*'' AdAsAdAsAd ��  

:KHUH�$�LV�DOSKD�DQG�&�LV�FRORU�GDWD��,PSOHPHQWDWLRQ�EORFN�GLDJUDP�LV�JLYHQ�DV�EHORZ� 

As0

As0͛ Ags

Cs

Fd0 Cs͛

As0_͛͛

As0͛͛

SrcAlphaMode0:
1'b0: As
1'b1: 255-As

SrcGlobalAlphaMode0:
2'b00: Ags  
2'b01: As0'
2'b10: (As0'*Ags)>>8

SrcAlphaSelectMode0:
1'b0:  As0_" + (As0_">>7) 
1'b1:  As0_" 

DstFactorMode0:
3'b000: 0  
3'b001: 256
3'b010: As0''
3'b011: (256-As0'')
3'b100: Ad0''
3'b101:Agd

SrcColorMode:
1'b0: Cs  
1'b1: Cs*As0''

Ad0

Ad0͛ Agd

Cd

Fs0 Cd͛

Ad0_͛͛

Ad0͛͛

DstAlphaMode0:
1'b0: Ad
1'b1: 255-Ad

DstGlobalAlphaMode0:
2'b00: Agd  
2'b01: Ad0'
2'b10: (Ad0'*Agd)>>8

DstAlphaSelectMode0:
1'b0:  Ad0_" + (Ad0_">>7) 
1'b1:  Ad0_" 

DstColorMode0:
1'b0: Cd  
1'b1: Cd*Ad0''

(SrcPer-pixelAlphaValue) (DstPer-pixelAlphaValue)

(SrcGlobalAlphaValue) (DstGlobalAlphaValue)

SrcFactorMode0:
3'b00: 0  
3'b01: 256
3'b10: Ad0''
3'b11: (256-Ad0'')
3'b100: As0''
3'b101:Ags

(1)   Cd'*Fd0Cs'*Fs0Cd � 
(Cd ʹ dst color, Fs0 ʹ color src factor0, �Ɛ͛�ʹ ƐƌĐ�ĐŽůŽƌ͛, Fd0 ʹ color dst factor0, �Ě͛�ʹ ĚƐƚ�ĐŽůŽƌ͛)  

	��Ǥ�ͳ͵ǦͳͲ���������������������� 
 
�  
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As1

As1͛ Ags

Fd1

As1_͛͛

As1͛͛

SrcAlphaMode1:
1'b0: As
1'b1: 255-As

SrcGlobalAlphaMode1:
2'b00: Ags  
2'b01: As1'
2'b10: (As1'*Ags)>>8

SrcAlphaSelectMode1:
1'b0:  As1_" + (As1_">>7) 
1'b1:  As_" 

DstFactorMode1:
3'b000: 0  
3'b001: 256
3'b010: As1''
3'b011: (256-As1'')
3'b100: Ad1''
3'b101:Agd

Ad1

Ad1͛ Agd

Fs1

Ad1_͛͛

Ad1͛͛

DstAlphaMode1:
1'b0: Ad
1'b1: 255-Ad

DstGlobalAlphaMode1:
2'b00: Agd  
2'b01: Ad1'
2'b10: (Ad1'*Agd)>>8

DstAlphaSelectMode:
1'b0:  Ad_" + (Ad_">>7) 
1'b1:  Ad_" 

(SrcPer-pixelAlphaValue) (DstPer-pixelAlphaValue)

(SrcGlobalAlphaValue) (DstGlobalAlphaValue)

SrcFactorMode1:
3'b000: 0  
3'b001: 256
3'b010: Ad1''
3'b011: (256-Ad1'')
3'b100: As1''
3'b101:Ags

(2)    "1*1"1*1 AdFdAsFsAd � 
(Ad ʹ dst alpha, Fs1 ʹ alpha src factor1, As1͛͛�ʹ ƐƌĐ�ĂůƉŚĂ͛͛, Fd1 ʹ alpha dst factor1, Ad1͛�ʹ ĚƐƚ�ĂůƉŚĂ͛͛)  

	��Ǥ�ͳ͵Ǧͳͳ����������������������� 
13.3.11.2 %DFNJURXQG�PL[LQJ 
,W¶V�NQRZQ�WKDW�WKH�DOSKD�RI�WKH�EDFNJURXQG�LV����$�VLPSOLILHG�IRUPXOD�LV�XVHG�DV�VKRZQ�EHORZ� 
� '*)'1(''* CdAsCsAsCd ��  
:KHUH�&G¶� LV� EDFNJURXQG�GDWD��&V¶� LV�PL[LQJ� YLGHR�DQG�JUDSKLF� GDWD�� ,W¶V� LPSOHPHQWHG�DV�
IHOORZV� 

Cs

Cs͛

Sw_alpha_pre_mul:
1'b0: Cs  
1'b1: Cs*As0''

As Ags

As_͛͛

Sw_alpha_mode:
1'b0: Ags  
1'b1: As0

Sw_alpha_sat_mode:
1'b0:  As0_" + (As0_">>7) 
1'b1:  As0_" 

As͛͛
+

-

256

As͛͛_inv

Cd=Asā*Csÿ+Asā_inv*Cd

 
	��Ǥ�ͳ͵Ǧͳʹ�������������������������� 

13.3.12 +'5�� 
$�KLJK�G\QDPLF�UDQJH�+'5��V\VWHP�LV�DEOH�WR�WUDQVPLW�WKH�FDPHUD�FDSWXUHG�G\QDPLF�UDQJH�
RI�OXPLQDQFH�OHYHOV�IURP�WKH�SURGXFWLRQ�SURFHVV�DOO�WKH�ZD\�WR�WKH�FRQVXPHU�HQG�ZLWKRXW�DQ\�
GHJUDGDWLRQ� LQ�WKLV�G\QDPLF�UDQJH��%XW�GXH�WR�WKH�WHFKQRORJLFDO� OLPLWDWLRQV�RI�FRQYHQWLRQDO�
GLVSOD\V�� FXUUHQW� VWDQGDUG�G\QDPLF�UDQJH�6'5�� SURGXFWLRQ� UHVWULFWV� OXPLQDQFH� OHYHOV� WR� D�
PD[LPXP� RI� ���� FG�P�� DQG� VXSSRUWV� RQO\� WKH� ,78�5� %7����� VWDQGDUG� FRORU� VSDFH�� ,W¶V�
QHFHVVDU\�WR�LPSOHPHQW�+'5�6'5�WR�LPSURYH�GLVSOD\�TXDOLW\�LQ�WKH�V\VWHP�WKDW�+'5�LPDJH�
LV�VHQG�WR�D�ORZ�OXPLQDQFH�GLVSOD\��6LPLODUO\�6'5�+'5�LV�LPSOHPHQWHG�LQ�WKH�V\VWHP�WKDW�D�
KLJK�OXPLQDQFH�SDQHO�GLVSOD\V�D�6'5�LPDJH��+'5�6'5�DQG�6'5�+'5�FDQ�EH�DFKLHYHG�XVLQJ�
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DSSURSULDWH�WUDQVIHU�IXQFWLRQV�2(7)�(27)���,Q�RUGHU�WR�GHFUHDVH�UHJLVWHUV��QRZ�WKH�UHJLVWHUV�
XVHG�WR�FRQILJXUH�WUDQVIHU�IXQFWLRQV�DUH�VWRUHG�LQ�PHPRU\�DV�VKRZQ�EHORZ� 

eetf_oetf_y0 eetf_oetf_y1 eetf_oetf_y2 eetf_oetf_y3byte0

eetf_oetf_y4 eetf_oetf_y5 eetf_oetf_y6 eetf_oetf_y7Byte16*1

ĂĂ

eotf_oetf_y64 96'h0

Sat_y0 Sat_y1 Sat_y7ĂĂ

Sat_y8 112'h0

Byte16*27

Byte16*9

Byte16*10

eotf_oetf_y0 eotf_oetf_y1 eotf_oetf_y2 eotf_oetf_y3

ĂĂ

Byte16*11

Eetf_oetf_y32 96'h0

oetf_dx_dxpow1 oetf_dx_dxpow2 oetf_dx_dxpow3 oetf_dx_dxpow4

ĂĂ

oetf_dx_dxpow61 oetf_dx_dxpow62 oetf_dx_dxpow63 oetf_dx_dxpow64

Byte16*28

Byte16*43

Byte16*8

ĂĂ

ĂĂ

ĂĂ

oetf_xn1 oetf_xn2 oetf_xn3 oetf_xn4

ĂĂ

oetf_xn61 oetf_xn62 oetf_xn63 32'h0

Byte16*44

ĂĂ

Byte16*59
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13.3.13 0LUURU�GLVSOD\ 
0LUURU�GLVSOD\�LV�QHFHVVDU\�IRU�WKH�SDQHO�ZLWK�PLUURU�WLPLQJ�LQWHUIDFH��7KHUH�DUH�WZR�W\SHV�RI�
PLUURU�PRGH��KRUL]RQWDO�PLUURU�;�PLUURU��DQG�YHUWLFDO�PLUURU�<�PLUURU���,I�<�PLUURU�LV�HQDEOH��
VHW�WKH�067�RI�ZLQGRZ�WR�WKH�EHJLQQLQJ�RI�WKH�ODVW�OLQH��  

picture X_mirror

y_mirror X_mirror and y_mirror

 
	��Ǥͳ͵ǦͶ������� 

13.3.14 'LVSOD\�RXWSXWV 
923��FDQ�RXWSXW�YLGHR�LQ��.�ZLWK�XS�WR����ELW�FRORU�PRGH��7KH�YLGHR�GDWD�RXWSXW�PDSSLQJ�LV�
GHILQHG�E\�GVSBRXWBPRGH�DV�VKRZQ�EHORZ� 
 

������ͳ͵Ǧͳ�������������������� 
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Output format Output data 

Color Space Color depth dsp_out_mod
e data_o[29:20] data_o[19:10] data_o[9:0] 

RGB4:4:4 
24-bit 0 {R[7:0],2'b0} {G[7:0],2'b0} {B[7:0],2'b0} 

30-bit 15 R[9:0] G[9:0] B[9:0] 

YUV4:4:4 
24-bit 0 {V[7:0],2'b0} {Y[7:0],2'b0} {U[7:0],2'b0} 

30-bit 15 V[9:0] Y[9:0] U[9:0] 

YUV4:2:0 30-bit 14 
V(L)(n)[9:0] Y(L)(n)[9:0] Y(L)(n+1)[9:0] 

V(L+1)(n)[9:0] Y(L+1)(n)[9:0] Y(L+1)(n+1)[9:0] 

 
13.4 5HJLVWHU�'HVFULSWLRQ�  
13.4.1 6\VWHP�5HJLVWHU�GHVFULSWLRQ 

13.4.1.1 Registers Summary 
7KH�EDVH�DGGUHVV�RI�V\VWHP�UHJLVWHUV�LV��[����� 

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

923�B6<6B5(*B&)*B'2
1( �[���� : �[�������� 5HJLVWHU�FRQILJXUH�GRQH�IODJ� 

923�B6<6B9(56,21B,1)
2 �[���� : �[�������� 57/�YHUVLRQ� 

923�B6<6B$872B*$7,1*
B&75/B,0' �[���� : �[�������� 7R�FRQWURO�DXWR�JDWLQJ� 

923�B6<6B5(69(5' �[���& : �[�������� 5(6(59(' 
923�B6<6B$;,B&75/�B,
0' �[���� : �[�����$�� 7R�FRQWURO�$;,� 

923�B6<6B$;,B+855<B&
75/�B,0' �[���� : �[�������� 7R�FRQWURO�$;,��KXUU\�PRGH� 

923�B6<6B$;,B+855<B&
75/�B,0' �[���� : �[�������� 7R�FRQWURO�$;,��KXUU\�PRGH� 

923�B6<6B$;,B28767$1
',1*B&75/�B,0' �[���& : �[�������� 7R�FRQWURO�$;,�RXWVWDQGLQJ�QXPEHU� 
923�B6<6B$;,B28767$1
',1*B&75/�B,0' �[���� : �[�������� 7R�FRQWURO�$;,�RXWVWDQGLQJ�QXPEHU� 
923�B6<6B$;,B/87B&75
/B,0' �[���� : �[�������� 7R�FRQWURO�WKH�'0$�RI�IHWFKLQJ�/87� 
923�B6<6B'63B,1)$&(B
(1 �[���� : �[�������� 7R�HQDEOH�GLVSOD\�LQWHUIDFH� 

923�B6<6B'63B,1)$&(B
&75/ �[���& : �[�������� 7R�FRQILJXUH�EW����DQG�EW����� 

923�B6<6B'63B,1)$&(B
32/ �[���� : �[�������� 7R�FRQWURO�WKH�SRODULW\�RI�LQWHUIDFH 

923�B6<6B:%B&75/� �[���� : �[�������� 7R�FRQWURO�:%� 
923�B6<6B:%B;63'B)$
&725 �[���� : �[�������� 7R�FRQILJXUH�WKH�VFDOH�IDFWRU�RI�:%� 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

923�B6<6B:%B<5*%B06
7 �[���� : �[�������� :%�<5*%�PHPRU\�VWDUWLQJ�DGGUHVV� 

923�B6<6B:%B&%5B067 �[���& : �[�������� :%�&E&U�PHPRU\�VWDUWLQJ�DGGUHVV� 
923�B6<6B273B:,1B(1
B,0' �[���� : �[�������� 7R�HQDEOH�RSWLRQDO�IXQFWLRQ� 

923�B6<6B/87B3257B6(
/ �[���� : �[�������� 7R�VHOHFW�WKH�YLGHR�SRUW�IRU�/87� 

923�B6<6B67$786� �[���� : �[�������� 7KH�V\VWHP�VWDWXV�RI�YLGHR�SRUW�� 
923�B6<6B67$786� �[���� : �[�������� 7KH�V\VWHP�VWDWXV�RI�YLGHR�SRUW�� 
923�B6<6B67$786� �[���� : �[�������� 7KH�V\VWHP�VWDWXV�RI�YLGHR�SRUW�� 
923�B6<6B5(6(59(' �[���& : �[�������� 5(6(59(' 
923�B6<6B/,1(B)/$*� �[���� : �[�������� 7R�VHW�WKH�OLQH�IODJ�RI�YLGHR�SRUW�� 
923�B6<6B/,1(B)/$*� �[���� : �[�������� 7R�VHW�WKH�OLQH�IODJ�RI�YLGHR�SRUW�� 
923�B6<6B/,1(B)/$*� �[���� : �[�������� 7R�VHW�WKH�OLQH�IODJ�RI�YLGHR�SRUW�� 
923�B6<6�B,175B(1 �[���� : �[�������� 7R�HQDEOH�V\VWHP��LQWHUUXSW� 
923�B6<6�B,175B&/5 �[���� : �[�������� 7R�FOHDU�V\VWHP��LQWHUUXSW� 
923�B6<6�B,175B67$78
6 �[���� : �[�������� 6\VWHP��LQWHUUXSW�VWDWXV� 

923�B6<6�B,175B5$:B6
7$786 �[���& : �[�������� 6\VWHP��LQWHUUXSW�UDZ�VWDWXV� 

923�B6<6�B,175B(1 �[���� : �[�������� 7R�HQDEOH�V\VWHP��LQWHUUXSW� 
923�B6<6�B,175B&/5B6
<6 �[���� : �[�������� 7R�FOHDU�V\VWHP��LQWHUUXSW� 

923�B6<6�B,175B67$78
6 �[���� : �[�������� 6\VWHP��LQWHUUXSW�VWDWXV� 

923�B6<6�B,175B5$:B6
7$786 �[���& : �[�������� 6\VWHP��LQWHUUXSW�UDZ�VWDWXV� 

923�B3257�B,175B(1 �[��$� : �[�������� 7R�HQDEOH�YLGHR�SRUW��LQWHUUXSW� 
923�B3257�B,175B&/5 �[��$� : �[�������� 7R�FOHDU�YLGHR�SRUW��LQWHUUXSW� 
923�B3257�B,175B67$7
86 �[��$� : �[�������� YLGHR�SRUW��LQWHUUXSW�VWDWXV� 

923�B3257�B,175B5$:B
67$786 �[��$& : �[�������� YLGHR�SRUW��LQWHUUXSW�UDZ�VWDWXV� 

923�B3257�B,175B(1 �[��%� : �[�������� 7R�HQDEOH�YLGHR�SRUW��LQWHUUXSW� 
923�B3257�B,175B&/5 �[��%� : �[�������� 7R�FOHDU�YLGHR�SRUW��LQWHUUXSW� 
923�B3257�B,175B67$7
86 �[��%� : �[�������� YLGHR�SRUW��LQWHUUXSW�VWDWXV� 

923�B3257�B,175B5$:B
67$786 �[��%& : �[�������� YLGHR�SRUW��LQWHUUXSW�UDZ�VWDWXV� 

923�B3257�B,175B(1 �[��&� : �[�������� 7R�HQDEOH�YLGHR�SRUW��LQWHUUXSW� 
923�B3257�B,175B&/5 �[��&� : �[�������� 7R�FOHDU�YLGHR�SRUW��LQWHUUXSW� 
923�B3257�B,175B67$7
86 �[��&� : �[�������� YLGHR�SRUW��LQWHUUXSW�VWDWXV� 

923�B3257�B,175B5$:B
67$786 �[��&& : �[�������� YLGHR�SRUW��LQWHUUXSW�UDZ�VWDWXV� 

923�B$)%&'B,175B(1 �[��(� : �[�������� 7R�HQDEOH�DIEFG�LQWHUUXSWV� 
923�B$)%&'B,175B&/5 �[��(� : �[�������� 7R�FOHDU�DIEFG�LQWHUUXSWV� 
923�B$)%&'B,175B67$7
86 �[��(� : �[�������� $IEFG�LQWHUUXSW�VWDWXV� 

923�B$)%&'B,175B5$:
B67$786 �[��(& : �[�������� $IEFG�LQWHUUXSW�UDZ�VWDWXV� 
1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV��':�
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'RXEOH�:25'�����ELWV��DFFHVV 

13.4.1.2 Detail Registers Description 
923�B6<6B5(*B&)*B'21(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBPDVN 
:KHQ�HYHU\�ELW�+,*+��HQDEOH�WKH�ZULWLQJ�FRUUHVSRQGLQJ�ELW� 
:KHQ�HYHU\�ELW�/2:��GRQ
W�FDUH�WKH�ZULWLQJ�FRUUHVSRQGLQJ�ELW� 

�� 5: �[� 
VZBJOREDOBUHJGRQHBHQ 
*OREDO�UHJGRQH�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 

UHJBORDGBZEBHQ 
,Q�WKH�ILUVW�VHWWLQJ�RI�WKH�UHJLVWHU��WKH�QHZ�YDOXH�ZDV�VDYHG�LQWR�
WKH�PLUURU�UHJLVWHU�:KHQ�DOO�WKH�ZE�UHJLVWHU�FRQILJ�ILQLVK��ZULWLQJ�
WKLV�UHJLVWHU�WR�HQDEOH�WKH�FRS\ULJKW�RI�WKH�PLUURU�UHJLVWHU�WR�UHDO�
UHJLVWHU��7KHQ�UHJLVWHU�ZRXOG�EH�XSGDWHG�DW�WKH�VWDUW�RI�HYHU\�
IUDPH� 

�� 5: �[� 

UHJBORDGBVPDUW�BHQ 
,Q�WKH�ILUVW�VHWWLQJ�RI�WKH�UHJLVWHU��WKH�QHZ�YDOXH�ZDV�VDYHG�LQWR�
WKH�PLUURU�UHJLVWHU�:KHQ�DOO�WKH�VPDUW��UHJLVWHU�FRQILJ�ILQLVK��
ZULWLQJ�WKLV�UHJLVWHU�WR�HQDEOH�WKH�FRS\ULJKW�RI�WKH�PLUURU�UHJLVWHU�
WR�UHDO�UHJLVWHU��7KHQ�UHJLVWHU�ZRXOG�EH�XSGDWHG�DW�WKH�VWDUW�RI�
HYHU\�IUDPH� 

�� 5: �[� 

UHJBORDGBVPDUW�BHQ 
,Q�WKH�ILUVW�VHWWLQJ�RI�WKH�UHJLVWHU��WKH�QHZ�YDOXH�ZDV�VDYHG�LQWR�
WKH�PLUURU�UHJLVWHU��:KHQ�DOO�WKH�VPDUW��UHJLVWHU�FRQILJ�ILQLVK��
ZULWLQJ�WKLV�UHJLVWHU�WR�HQDEOH�WKH�FRS\ULJKW�RI�WKH�PLUURU�UHJLVWHU�
WR�UHDO�UHJLVWHU��7KHQ�UHJLVWHU�ZRXOG�EH�XSGDWHG�DW�WKH�VWDUW�RI�
HYHU\�IUDPH� 

�� 5: �[� 

UHJBORDGBHVPDUW�BHQ 
,Q�WKH�ILUVW�VHWWLQJ�RI�WKH�UHJLVWHU��WKH�QHZ�YDOXH�ZDV�VDYHG�LQWR�
WKH�PLUURU�UHJLVWHU�:KHQ�DOO�WKH�HVPDUW��UHJLVWHU�FRQILJ�ILQLVK��
ZULWLQJ�WKLV�UHJLVWHU�WR�HQDEOH�WKH�FRS\ULJKW�RI�WKH�PLUURU�UHJLVWHU�
WR�UHDO�UHJLVWHU��7KHQ�UHJLVWHU�ZRXOG�EH�XSGDWHG�DW�WKH�VWDUW�RI�
HYHU\�IUDPH� 

�� 5: �[� 

UHJBORDGBHVPDUW�BHQ 
,Q�WKH�ILUVW�VHWWLQJ�RI�WKH�UHJLVWHU��WKH�QHZ�YDOXH�ZDV�VDYHG�LQWR�
WKH�PLUURU�UHJLVWHU�:KHQ�DOO�WKH�HVPDUW��UHJLVWHU�FRQILJ�ILQLVK��
ZULWLQJ�WKLV�UHJLVWHU�WR�HQDEOH�WKH�FRS\ULJKW�RI�WKH�PLUURU�UHJLVWHU�
WR�UHDO�UHJLVWHU��7KHQ�UHJLVWHU�ZRXOG�EH�XSGDWHG�DW�WKH�VWDUW�RI�
HYHU\�IUDPH� 

��� 52 �[� UHVHUYHG 

� 5: �[� 

UHJBORDGBFOXVWHU�BHQ 
,Q�WKH�ILUVW�VHWWLQJ�RI�WKH�UHJLVWHU��WKH�QHZ�YDOXH�ZDV�VDYHG�LQWR�
WKH�PLUURU�UHJLVWHU�:KHQ�DOO�WKH�FOXVWHU��UHJLVWHU�FRQILJ�ILQLVK��
ZULWLQJ�WKLV�UHJLVWHU�WR�HQDEOH�WKH�FRS\ULJKW�RI�WKH�PLUURU�UHJLVWHU�
WR�UHDO�UHJLVWHU��7KHQ�UHJLVWHU�ZRXOG�EH�XSGDWHG�DW�WKH�VWDUW�RI�
HYHU\�IUDPH� 

� 5: �[� 

UHJBORDGBFOXVWHU�BHQ 
,Q�WKH�ILUVW�VHWWLQJ�RI�WKH�UHJLVWHU��WKH�QHZ�YDOXH�ZDV�VDYHG�LQWR�
WKH�PLUURU�UHJLVWHU�:KHQ�DOO�WKH�FOXVWHU��UHJLVWHU�FRQILJ�ILQLVK��
ZULWLQJ�WKLV�UHJLVWHU�WR�HQDEOH�WKH�FRS\ULJKW�RI�WKH�PLUURU�UHJLVWHU�
WR�UHDO�UHJLVWHU��7KHQ�UHJLVWHU�ZRXOG�EH�XSGDWHG�DW�WKH�VWDUW�RI�
HYHU\�IUDPH� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

UHJBORDGBV\V�BHQ 
,Q�WKH�ILUVW�VHWWLQJ�RI�WKH�UHJLVWHU��WKH�QHZ�YDOXH�ZDV�VDYHG�LQWR�
WKH�PLUURU�UHJLVWHU�:KHQ�DOO�WKH�V\VWHP��UHJLVWHU�FRQILJ�ILQLVK��
ZULWLQJ�WKLV�UHJLVWHU�WR�HQDEOH�WKH�FRS\ULJKW�RI�WKH�PLUURU�UHJLVWHU�
WR�UHDO�UHJLVWHU��7KHQ�UHJLVWHU�ZRXOG�EH�XSGDWHG�DW�WKH�VWDUW�RI�
HYHU\�IUDPH� 

� 5: �[� 

UHJBORDGBV\V�BHQ 
,Q�WKH�ILUVW�VHWWLQJ�RI�WKH�UHJLVWHU��WKH�QHZ�YDOXH�ZDV�VDYHG�LQWR�
WKH�PLUURU�UHJLVWHU�:KHQ�DOO�WKH�V\VWHP��UHJLVWHU�FRQILJ�ILQLVK��
ZULWLQJ�WKLV�UHJLVWHU�WR�HQDEOH�WKH�FRS\ULJKW�RI�WKH�PLUURU�UHJLVWHU�
WR�UHDO�UHJLVWHU��7KHQ�UHJLVWHU�ZRXOG�EH�XSGDWHG�DW�WKH�VWDUW�RI�
HYHU\�IUDPH� 

� 5: �[� 

UHJBORDGBV\V�BHQ 
,Q�WKH�ILUVW�VHWWLQJ�RI�WKH�UHJLVWHU��WKH�QHZ�YDOXH�ZDV�VDYHG�LQWR�
WKH�PLUURU�UHJLVWHU�:KHQ�DOO�WKH�V\VWHP��UHJLVWHU�FRQILJ�ILQLVK��
ZULWLQJ�WKLV�UHJLVWHU�WR�HQDEOH�WKH�FRS\ULJKW�RI�WKH�PLUURU�UHJLVWHU�
WR�UHDO�UHJLVWHU��7KHQ�UHJLVWHU�ZRXOG�EH�XSGDWHG�DW�WKH�VWDUW�RI�
HYHU\�IUDPH� 

� 5: �[� 

UHJBORDGBJOREDO�BHQ 
,Q�WKH�ILUVW�VHWWLQJ�RI�WKH�UHJLVWHU��WKH�QHZ�YDOXH�ZDV�VDYHG�LQWR�
WKH�PLUURU�UHJLVWHU�:KHQ�DOO�WKH�UHJLVWHU�FRQILJ�ILQLVK��ZULWLQJ�WKLV�
UHJLVWHU�WR�HQDEOH�WKH�FRS\ULJKW�RI�WKH�PLUURU�UHJLVWHU�WR�UHDO�
UHJLVWHU��7KHQ�UHJLVWHU�ZRXOG�EH�XSGDWHG�DW�WKH�VWDUW�RI�HYHU\�
IUDPH� 

� 5: �[� 

UHJBORDGBJOREDO�BHQ 
,Q�WKH�ILUVW�VHWWLQJ�RI�WKH�UHJLVWHU��WKH�QHZ�YDOXH�ZDV�VDYHG�LQWR�
WKH�PLUURU�UHJLVWHU�:KHQ�DOO�WKH�UHJLVWHU�FRQILJ�ILQLVK��ZULWLQJ�WKLV�
UHJLVWHU�WR�HQDEOH�WKH�FRS\ULJKW�RI�WKH�PLUURU�UHJLVWHU�WR�UHDO�
UHJLVWHU��7KHQ�UHJLVWHU�ZRXOG�EH�XSGDWHG�DW�WKH�VWDUW�RI�HYHU\�
IUDPH� 

� 5: �[� 

UHJBORDGBJOREDO�BHQ 
,Q�WKH�ILUVW�VHWWLQJ�RI�WKH�UHJLVWHU��WKH�QHZ�YDOXH�ZDV�VDYHG�LQWR�
WKH�PLUURU�UHJLVWHU�:KHQ�DOO�WKH�UHJLVWHU�FRQILJ�ILQLVK��ZULWLQJ�WKLV�
UHJLVWHU�WR�HQDEOH�WKH�FRS\ULJKW�RI�WKH�PLUURU�UHJLVWHU�WR�UHDO�
UHJLVWHU��7KHQ�UHJLVWHU�ZRXOG�EH�XSGDWHG�DW�WKH�VWDUW�RI�HYHU\�
IUDPH� 

 
923�B6<6B9(56,21B,1)2�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� PDMRU 
8VHG�IRU�,3�VWUXFWXUH� 

����� 5: �[�� PLQRU 
%LJ�IHDWXUH�FKDQJH�XQGHU�VDPH�VWUXFWXUH� 

���� 5: �[���� VYQEXLOG 
57/�FXUUHQW�VYQ�QXPEHU� 

 
923�B6<6B$872B*$7,1*B&75/B,0'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
DXWRBJDWLQJBHQ 
�
E���'LVDEOH�DXWR�JDWLQJ 
�
E���(QDEOH�DXWR�JDWLQJ 
GHIDXOW�DXWR�JDWLQJ�HQDEOH 

����� 52 �[����� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
SUHVFDQBDFONBJDWLQJBHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 
SZPBSZPFONBJDWLQJBHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 
ZEBDFONBJDWLQJBHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 
FDEFBGFONBJDWLQJBHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
JDPPDBGFONBJDWLQJBHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
RYHUOD\BDFONBJDWLQJBHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
VPDUW�BDFONBJDWLQJBHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
VPDUW�BDFONBJDWLQJBHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
HVPDUW�BDFONBJDWLQJBHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
HVPDUW�BDFONBJDWLQJBHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

��� 52 �[� UHVHUYHG 

� 5: �[� 
FOXVWHU�BDFONBJDWLQJBHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
FOXVWHU�BDFONBJDWLQJBHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

 
923�B6<6B5(69(5'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 
 
923�B6<6B$;,B&75/�B,0'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

�� 5: �[� 
OXWBXVHBD[L� 
6HOHFW�D[L�� 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 
VPDUW�BXVHBD[L� 
6HOHFW�D[L�� 
�
E���'LVDEOH 
�
E���(QDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
VPDUW�BXVHBD[L� 
6HOHFW�D[L�� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
HVPDUW�BXVHBD[L� 
6HOHFW�D[L�� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
HVPDUW�BXVHBD[L� 
6HOHFW�D[L�� 
�
E���'LVDEOH 
�
E���(QDEOH 

��� 52 �[� UHVHUYHG 

� 5: �[� 
FOXVWHU�BXVHBD[L� 
6HOHFW�D[L�� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
FOXVWHU�BXVHBD[L� 
6HOHFW�D[L�� 
�
E���'LVDEOH 
�
E���(QDEOH 

��� 52 �[� UHVHUYHG 

� 5: �[� 
D[L�BGPDBVWRS 
6WRS�D[L��GPD� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
D[L�BGPDBVWRS 
6WRS�D[L��GPD� 
�
E���'LVDEOH 
�
E���(QDEOH 

 
923�B6<6B$;,B+855<B&75/�B,0'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

����� 5: �[� D[L�BTRVBYDOXH 
1RF�TRV�YDOXH 

�� 5: �[� D[L�BTRVBHQ 
1RF�TRV�HQDEOH� 

�� 5: �[� D[L�BKXUU\BWKUHVKROG 
1RF�KXUU\�WKUHVKROG�YDOXH� 

���� 5: �[� D[L�BKXUU\BYDOXH 
1RF�KXUU\�YDOXH� 

� 5: �[� D[L�BKXUU\BHQ 
1RF�KXUU\�HQDEOH� 

��� 52 �[� UHVHUYHG 

��� 5: �[� 

D[L�BKXUU\BZBPRGH 
�
E����QRFBKXUU\BZ�GLVDEOH 
�
E����OHIW�����ILIR�HPSW\ 
�
E����OHIW�����ILIR�HPSW\ 
�
E����OHIW�����ILIR�HPSW\ 

��� 5: �[� 
D[L�BKXUU\BZBYDOXH 
1RF�KXUU\�YDOXH� 
�
E����ORZ�SULRULW\ 
�
E����KLJK�SULRULW\ 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� D[L�BKXUU\BZBHQ 
1RF�KXUU\�HQDEOH� 

 
923�B6<6B$;,B+855<B&75/�B,0'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

����� 5: �[� D[L�BTRVBYDOXH 
1RF�TRV�YDOXH� 

�� 5: �[� D[L�BTRVBHQ 
1RF�TRV�HQDEOH� 

�� 5: �[� D[L�BKXUU\BWKUHVKROG 
1RF�KXUU\�WKUHVKROG�YDOXH� 

���� 5: �[� D[L�BKXUU\BYDOXH 
1RF�KXUU\�YDOXH� 

� 5: �[� D[L�BKXUU\BHQ 
1RF�KXUU\�HQDEOH� 

��� 52 �[� UHVHUYHG 

��� 5: �[� 

D[L�BKXUU\BZBPRGH 
�
E����QRFBKXUU\BZ�GLVDEOH� 
�
E����OHIW�����ILIR�HPSW\ 
�
E����OHIW�����ILIR�HPSW\ 
�
E����OHIW�����ILIR�HPSW\ 

��� 5: �[� 
D[L�BKXUU\BZBYDOXH 
1RF�KXUU\�YDOXH� 
�
E����ORZ�SULRULW\ 
�
E����KLJK�SULRULW\ 

� 5: �[� D[L�BKXUU\BZBHQ 
1RF�KXUU\�HQDEOH� 

 
923�B6<6B$;,B28767$1',1*B&75/�B,0'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[� FOXVWHU�BRXWVWDQGLQJBQXP 
&OXVWHU��PD[�RXWVWDQGLQJ�QXPEHU� 

����� 5: �[� FOXVWHU�BRXWVWDQGLQJBQXP 
&OXVWHU��PD[�RXWVWDQGLQJ�QXPEHU� 

�� 52 �[� UHVHUYHG 

����� 5: �[� D[L�BRXWVWDQGLQJBQXP 
$[L��EXV�PD[�RXWVWDQGLQJ�QXPEHU� 

���� 52 �[� UHVHUYHG 

� 5: �[� 
D[L�BRXWVWDQGLQJBHQ 
$[L��EXV�PD[�RXWVWDQGLQJ�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

��� 5: �[�� D[L�BRXWVWDQGLQJBQXP 
$[L��EXV�PD[�RXWVWDQGLQJ�QXPEHU� 

��� 52 �[� UHVHUYHG 

� 5: �[� 
D[L�BRXWVWDQGLQJBHQ 
$[L��EXV�PD[�RXWVWDQGLQJ�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 
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923�B6<6B$;,B28767$1',1*B&75/�B,0'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

�� 5: �[� VPDUW�BRXWVWDQGLQJBQXP 
6PDUW��PD[�RXWVWDQGLQJ�QXPEHU� 

���� 5: �[� VPDUW�BRXWVWDQGLQJBQXP 
6PDUW��PD[�RXWVWDQGLQJ�QXPEHU� 

��� 5: �[� HVPDUW�BRXWVWDQGLQJBQXP 
(VPDUW��PD[�RXWVWDQGLQJ�QXPEHU� 

��� 5: �[� HVPDUW�BRXWVWDQGLQJBQXP 
(VPDUW��PD[�RXWVWDQGLQJ�QXPEHU� 

 
923�B6<6B$;,B/87B&75/B,0'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
PPXBE\SDVVBHQ 
,I�D[L�ULG�!��[D���E\SDVV�PPX� 
�
E���'LVDEOH 
�
E���(QDEOH 

����� 52 �[�� UHVHUYHG 

����� 5: �[� 

PPX�BUHJGRQHBVHO 
6HOHFW�PPX��UHJGRQH� 
�
E����YLGHR�SRUW� 
�
E����YLGHR�SRUW� 
�
E�[��YLGHR�SRUW� 

����� 52 �[� UHVHUYHG 

����� 5: �[� 

PPX�BUHJGRQHBVHO 
6HOHFW�PPX��UHJGRQH� 
�
E����YLGHR�SRUW� 
�
E����YLGHR�SRUW� 
�
E�[��YLGHR�SRUW� 

����� 52 �[� UHVHUYHG 

�� 5: �[� 
YS�BLQWHUODFHBIUPBUHJBGRQH 
YLGHR�SRUW��UHJ�GRQH�IUDPHG�YDOLG� 
�
E���UHJ�GRQH�HYHU\�ILHOG�IRU�LQWHUODFH� 
�
E���UHJ�GRQH�HYHU\�IUDPH�IRU�LQWHUODFH� 

�� 5: �[� 
YS�BLQWHUODFHBIUPBUHJBGRQH 
YLGHR�SRUW��UHJ�GRQH�IUDPHG�YDOLG� 
�
E���UHJ�GRQH�HYHU\�ILHOG�IRU�LQWHUODFH� 
�
E���UHJ�GRQH�HYHU\�IUDPH�IRU�LQWHUODFH� 

�� 5: �[� 
YS�BLQWHUODFHBIUPBUHJBGRQH 
YLGHR�SRUW��UHJ�GRQH�IUDPHG�YDOLG� 
�
E���UHJ�GRQH�HYHU\�ILHOG�IRU�LQWHUODFH� 
�
E���UHJ�GRQH�HYHU\�IUDPH�IRU�LQWHUODFH� 

���� 52 �[� UHVHUYHG 

��� 5: �[� OXWBGPDBULG 
/87�D[L�UHDG�LG� 

��� 5: �[� 

OXWBGPDBUOHQ 
/87�D[L�UHDG�EUXVW� 
�
E����%XUVW���  
�
E����%XUVW��  
�
E�[��%XUVW� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
OXWBGPDBVWRS 
6WRS�/87�GPD� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
OXWBGPDBHQ 
(QDEOH�/87�GPD� 
�
E���'LVDEOH 
�
E���(QDEOH 

 
923�B6<6B'63B,1)$&(B(1�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[� 

PLSL�BLQIDFHBPX[ 
6HOHFW�WKH�GLVSOD\�RXWSXW�RI�0,3,��LQWHUIDFH� 
�
E����YLGHR�SRUW� 
�
E����YLGHR�SRUW� 
�
E�[��YLGHR�SRUW� 

�� 5: �[� 
PLSL�BRXWBHQ 
�
E���JDWLQJ�RXWSXW�FON��GDWD�DQG�FRQWURO�VLJQDO 
�
E���PLSL��LQWHUIDFH�HQDEOH 

����� 5: �[� 

OYGVBLQIDFHBPX[ 
6HOHFW�WKH�GLVSOD\�RXWSXW�RI�/9'6�LQWHUIDFH� 
�
E����YLGHR�SRUW� 
�
E����YLGHR�SRUW� 
�
E�[��YLGHR�SRUW� 

����� 5: �[� 

PLSLBLQIDFHBPX[ 
6HOHFW�WKH�GLVSOD\�RXWSXW�RI�0,3,�LQWHUIDFH� 
�
E����YLGHR�SRUW� 
�
E����YLGHR�SRUW� 
�
E�[��YLGHR�SRUW� 

����� 5: �[� 

HGSBLQIDFHBPX[ 
6HOHFW�WKH�GLVSOD\�RXWSXW�RI�('3�LQWHUIDFH� 
�
E����YLGHR�SRUW� 
�
E����YLGHR�SRUW� 
�
E�[��YLGHR�SRUW� 

����� 52 �[� UHVHUYHG 

����� 5: �[� 

KGPLBLQIDFHBPX[ 
6HOHFW�WKH�GLVSOD\�RXWSXW�RI�+'0,�LQWHUIDFH� 
�
E����YLGHR�SRUW� 
�
E����YLGHR�SRUW� 
�
E�[��YLGHR�SRUW� 

��� 5: �[� 

UJEBLQIDFHBPX[ 
6HOHFW�WKH�GLVSOD\�RXWSXW�RI�5*%�LQWHUIDFH� 
�
E����YLGHR�SRUW� 
�
E����YLGHR�SRUW� 
�
E�[��YLGHR�SRUW� 

� 5: �[� 
EW���BRXWBHQ 
�
E���JDWLQJ�RXWSXW�FON��GDWD�DQG�FRQWURO�VLJQDO 
�
E���EW����LQWHUIDFH�HQDEOH 

� 5: �[� 
EW����BRXWBHQ 
�
E���JDWLQJ�RXWSXW�FON��GDWD�DQG�FRQWURO�VLJQDO 
�
E���EW�����LQWHUIDFH�HQDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
OYGVBRXWBHQ 
�
E���JDWLQJ�RXWSXW�FON��GDWD�DQG�FRQWURO�VLJQDO 
�
E���OYGV�LQWHUIDFH�HQDEOH 

� 5: �[� 
PLSLBRXWBHQ 
�
E���JDWLQJ�RXWSXW�FON��GDWD�DQG�FRQWURO�VLJQDO 
�
E���PLSL�LQWHUIDFH�HQDEOH 

� 5: �[� 
HGSBRXWBHQ 
�
E���JDWLQJ�RXWSXW�FON��GDWD�DQG�FRQWURO�VLJQDO 
�
E���HGS�LQWHUIDFH�HQDEOH 

� 52 �[� UHVHUYHG 

� 5: �[� 
KGPLBRXWBHQ 
�
E���JDWLQJ�RXWSXW�FON��GDWD�DQG�FRQWURO�VLJQDO 
�
E���KGPL�LQWHUIDFH�HQDEOH 

� 5: �[� 
UJEBRXWBHQ 
�
E���JDWLQJ�RXWSXW�FON��GDWD�DQG�FRQWURO�VLJQDO 
�
E���UJE�LQWHUIDFH�HQDEOH 

 
923�B6<6B'63B,1)$&(B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

�� 5: �[� 
GVSBLQIDFHBUHJGRQHBVHO 
�
E����YLGHR�SRUW� 
�
E����YLGHR�SRUW� 
�
E�[��YLGHR�SRUW� 

�� 5: �[� 
GVSBLQIDFHBUHJGRQHBLPGBHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

����� 52 �[����� UHVHUYHG 

�� 5: �[� 
EW����BGFONBSRO 
�
E���1RUPDO�  
�
E���,QYHUW�  

� 5: �[� 
EW����B\FBVZDS 
6ZDS�JUD\�DQG�FRORU�FRPSRQHQW� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
EW����BXYBVZDS 
6ZDS�8�DQG�9�FRPSRQHQW� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 52 �[� UHVHUYHG 

� 5: �[� 
EW���BGFONBSRO 
�
E���1HJDWLYH�  
�
E���3RVLWLYH�  

� 5: �[� EW���B\FBVZDS 
6ZDS�*5$<�DQG�&2/25�FRPSRQHQW�RI�%7���� 

� 5: �[� EW���BXYBVZDS 
6ZDS�8�DQG�9�FRPSRQHQW�RI�%7���� 

��� 52 �[� UHVHUYHG 
 
923�B6<6B'63B,1)$&(B32/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

UHJGRQHBVHO 
6HOHFW�LQWHUIDFH�FRQWURO�UHJLVWHU�UHJGRQH� 
�
E����YLGHR�SRUW� 
�
E����YLGHR�SRUW� 
�
E�[��YLGHR�SRUW� 

�� 52 �[� UHVHUYHG 

�� 5: �[� UHJGRQHBLPGBHQ 
(QDEOH�LQWHUIDFH�FRQWURO�UHJLVWHU�UHJGRQH�LPPHGLDWHO\� 

����� 52 �[�� UHVHUYHG 

�� 5: �[� 
PLSLBGFONBSRO 
�
E���1RUPDO�  
�
E���,QYHUW�  

�� 5: �[� 
PLSLBGHQBSRO 
�
E���1HJDWLYH�  
�
E���3RVLWLYH�  

�� 5: �[� 
PLSLBYV\QFBSRO 
�
E���1HJDWLYH�  
�
E���3RVLWLYH�  

�� 5: �[� 
PLSLBKV\QFBSRO 
�
E���1HJDWLYH�  
�
E���3RVLWLYH�  

�� 5: �[� 
HGSBGFONBSRO 
�
E���QRUPDO�  
�
E���LQYHUW�  

�� 5: �[� 
HGSBGHQBSRO 
�
E���1HJDWLYH�  
�
E���3RVLWLYH�  

�� 5: �[� 
HGSBYV\QFBSRO 
�
E���1HJDWLYH�  
�
E���3RVLWLYH�  

�� 5: �[� 
HGSBKV\QFBSRO 
�
E���1HJDWLYH�  
�
E���3RVLWLYH�  

���� 52 �[� UHVHUYHG 

� 5: �[� 
KGPLBGFONBSRO 
�
E���1RUPDO�  
�
E���,QYHUW�  

� 5: �[� 
KGPLBGHQBSRO 
�
E���1HJDWLYH�  
�
E���3RVLWLYH�  

� 5: �[� 
KGPLBYV\QFBSRO 
�
E���QHJDWLYH�  
�
E���SRVLWLYH�  

� 5: �[� 
KGPLBKV\QFBSRO 
�
E���QHJDWLYH�  
�
E���SRVLWLYH�  

� 5: �[� 
UJEBOYGVBFONBSRO 
�
E���1RUPDO�  
�
E���,QYHUW�  

� 5: �[� 
UJEBOYGVBGHQBSRO 
�
E���1HJDWLYH�  
�
E���3RVLWLYH�  

� 5: �[� 
UJEBOYGVBYV\QFBSRO 
�
E���1HJDWLYH�  
�
E���3RVLWLYH�  
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
UJEBOYGVBKV\QFBSRO 
�
E���1HJDWLYH�  
�
E���3RVLWLYH�  

 
923�B6<6B:%B&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 52 �[� UHVHUYHG 

����� 5: �[H ZEBXYBLG 
8VH�GHIDXOW��[H� 

����� 52 �[� UHVHUYHG 

����� 5: �[G ZEB\UJEBLG 
8VH�GHIDXOW��[G� 

����� 52 �[�� UHVHUYHG 

�� 5: �[� 
ZEBKDQGVKDNHBPRGH 
�
E���IXOO�KDQGVKDNH 
�
E���KDOI�KDQGVKDNH 

�� 52 �[� UHVHUYHG 

� 5: �[� 
ZEB\WKURZBPRGH 
�
E���WKURZ�RGG�OLQH 
�
E���WKURZ�HYHQ�OLQH 

� 5: �[� 
ZEB\WKURZBHQ 
�
E���GLVDEOH 
�
E���HQDEOH 

� 5: �[� 
ZEB[SVGBELOBHQ 
�
E���HQDEOH�VFDOH 
�
E���GLVDEOH�VFDOH 

� 5: �[� 
ZEBUJE�\XYBPRGH 
�
E���%7��� 
�
E���%7��� 

� 5: �[� 
ZEBUJE�\XYBHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
ZEBGLWKHUBHQ 
:KHQ�ZEBIPW�LV�5*%���� 
�
E���QR�GLWKHU��5*%����FOLS�WR�5*%��� 
�
E���ZLWK�GLWKHU��5*%����GLWKHU�WR�5*%��� 

��� 5: �[� 

ZEBIPW 
�
E�����$5*%��� 
�
E�����5*%��� 
�
E�����5*%��� 
�
E�����<FE&U��� 
RWKHU��UHVHUYHG 

� 5: �[� 
ZEBHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

 
923�B6<6B:%B;63'B)$&725�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� ZEB[SVGBELOBIDFWRU 
)DFWRU ��VUFBZLGWK>����@���GVWBZLGWK>����@���A��� 

����� 52 �[�� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[��� 

ILIRBWKROG 
:KHQ�ZEBILIRBZFQW���ILIRBWKROG��KROG�WKH�SUHBVFDQ�WLPLQJ� 
ILIRBWKROG� �ZEBZLGWK��IPWBE\WH������ 
�
E�����$5*%����IPWBE\WH� �� 
�
E�����5*%����IPWBE\WH� �� 
�
E�����5*%����IPWBE\WH� �� 
�
E�����<FE&U����IPWBE\WH� �� 

 
923�B6<6B:%B<5*%B067�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� ZEB\UJEBPVW <5*%�PVW�DGGUHVV� 
 
923�B6<6B:%B&%5B067�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� ZEBFEUBPVW &%5�PVW�DGGUHVV� 
 
923�B6<6B273B:,1B(1B,0'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 
RWSBHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

 
923�B6<6B/87B3257B6(/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[������ UHVHUYHG 

��� 5: �[� 

ZEBSRUWBVHO 
6HOHFW�:%�GLVSOD\�RXWSXW� 
�
E����YLGHR�SRUW� 
�
E����YLGHR�SRUW� 
�
E�[��YLGHR�SRUW� 

��� 5: �[� 

ESSBZLQBVHO 
6HOHFW��%33�OXW�HVPDUW�QXP� 
�
E����(VPDUW� 
�
E����(VPDUW� 
�
E����6PDUW� 
�
E����6PDUW� 

� 5: �[� 
ESSBOXWBHQ 
(QDEOH��%33�/87� 
�
E���'LVDEOH 
�
E���(QDEOH 

��� 52 �[� UHVHUYHG 

��� 5: �[� 

JDPPDBSRUWBVHO 
6HOHFW�*DPPD�OXW�GLVSOD\�RXWSXW� 
�
E����YLGHR�SRUW� 
�
E����YLGHR�SRUW� 
�
E�[��YLGHR�SRUW� 

 
923�B6<6B67$786��  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1436 

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� GVSBYFQW� 
5HDG�WKH�YLGHR�SRUW��YHUWLFDO�FRXQWHU��  

���� 52 �[���� UHVHUYHG 

� 5: �[� PPX�BLGOH 
008��LGOH�VWDWXV� 

� 5: �[� GPDBVWRSBYDOLG� 
$;,��GPD�VWRS�VWDWXV��  

 
923�B6<6B67$786��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� GVSBYFQW� 
5HDG�WKH�YLGHR�SRUW��YHUWLFDO�FRXQWHU��  

���� 52 �[���� UHVHUYHG 

� 5: �[� PPX�BLGOH 
008��LGOH�VWDWXV� 

� 5: �[� GPDBVWRSBYDOLG� 
$;,��GPD�VWRS�VWDWXV��  

 
923�B6<6B67$786��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� GVSBYFQW� 
5HDG�WKH�YLGHR�SRUW��YHUWLFDO�FRXQWHU��  

���� 52 �[���� UHVHUYHG 
 
923�B6<6B5(6(59('�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 
� 5: �[� )LHOG���� 
 
923�B6<6B/,1(B)/$*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 
GVSBDOPRVWBIXOOBWKROG 
,I�WKH�QXPEHU�RI�SRVW�IXOO�OE�! �GVSBDOPRVWBIXOOBWKROG������
LQWUBUDZBSRVWBIXOO�LV�DVVHUWHG��  

����� 5: �[���� 
GVSBOLQHBIODJBQXPB� 
7KH�GLVSOD\�OLQH�QXPEHU�ZKHQ�WKH�IODJ�LQWHUUXSW���RFFXU��WKH�
UDQJH�LV���a�'63B9727$/���� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� 
GVSBOLQHBIODJBQXPB� 
7KH�GLVSOD\�OLQH�QXPEHU�ZKHQ�WKH�IODJ�LQWHUUXSW�RFFXU��WKH�UDQJH�
LV���a�'63B9727$/���� 

 
923�B6<6B/,1(B)/$*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 
GVSBDOPRVWBIXOOBWKROG 
,I�WKH�QXPEHU�RI�SRVW�IXOO�OE�! �GVSBDOPRVWBIXOOBWKROG������
LQWUBUDZBSRVWBIXOO�LV�DVVHUWHG��  

����� 5: �[���� 
GVSBOLQHBIODJBQXPB� 
7KH�GLVSOD\�OLQH�QXPEHU�ZKHQ�WKH�IODJ�LQWHUUXSW���RFFXU��WKH�
UDQJH�LV���a�'63B9727$/���� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� 
GVSBOLQHBIODJBQXPB� 
7KH�GLVSOD\�OLQH�QXPEHU�ZKHQ�WKH�IODJ�LQWHUUXSW�RFFXU��WKH�UDQJH�
LV���a�'63B9727$/���� 

 
923�B6<6B/,1(B)/$*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 
GVSBDOPRVWBIXOOBWKROG 
,I�WKH�QXPEHU�RI�SRVW�IXOO�OE�! �GVSBDOPRVWBIXOOBWKROG������
LQWUBUDZBSRVWBIXOO�LV�DVVHUWHG��  

����� 5: �[���� 
GVSBOLQHBIODJBQXPB� 
7KH�GLVSOD\�OLQH�QXPEHU�ZKHQ�WKH�IODJ�LQWHUUXSW���RFFXU��WKH�
UDQJH�LV���a�'63B9727$/���� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� 
GVSBOLQHBIODJBQXPB� 
7KH�GLVSOD\�OLQH�QXPEHU�ZKHQ�WKH�IODJ�LQWHUUXSW�RFFXU��WKH�UDQJH�
LV���a�'63B9727$/���� 

 
923�B6<6�B,175B(1�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� ZULWHBPDVN 
7KH�ZULWH�PDVN�ELWV� 

���� 52 �[�� UHVHUYHG 

� 5: �[� 
LQWUBHQBPPX� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 52 �[� UHVHUYHG 

� 5: �[� 
LQWBHQBZE�BILQLVK 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
LQWBHQBZE�B\UJEBILIRBIXOO 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
LQWBHQBZE�BXYBILIRBIXOO 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
LQWUBHQBGPD�BILQLVK 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
LQWUBHQBEXV�BHUURU 
�
E���'LVDEOH 
�
E���(QDEOH 

� 52 �[� UHVHUYHG 
 
923�B6<6�B,175B&/5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� ZULWHBPDVN 
7KH�ZULWH�PDVN�ELWV� 

���� 52 �[�� UHVHUYHG 

� 5: �[� LQWUBFOUBPPX� 
,QWHUUXSW�FOHDU�$XWR�FOHDU�� 

� 52 �[� UHVHUYHG 

� 5: �[� LQWUBFOUBZEBGPDBILQLVK 
:%B'0$�ILQLVK�LQWHUUXSW�FOHDU�$XWR�FOHDU�� 

� 5: �[� LQWUBFOUBZEB\UJEBILIRBIXOO 
,QWHUUXSW�FOHDU�$XWR�FOHDU�� 

� 5: �[� LQWUBFOUBZEBXYBILIRBIXOO 
,QWHUUXSW�FOHDU�$XWR�FOHDU�� 

� 5: �[� LQWUBFOUBGPDBILQLVK 
'0$�ILQLVK�LQWHUUXSW�FOHDU�$XWR�FOHDU�� 

� 5: �[� LQWUBFOUBEXVBHUURU 
%XV�HUURU�,QWHUUXSW�FOHDU�$XWR�FOHDU�� 

� 52 �[� UHVHUYHG 
 
923�B6<6�B,175B67$786�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� 5: �[� LQWUBVWDWXVBPPX� 
,QWHUUXSW�VWDWXV�RI�008�� 

� 52 �[� UHVHUYHG 

� 5: �[� LQWUBVWDWXVBZEBGPDBILQLVK 
,QWHUUXSW�VWDWXV� 

� 5: �[� LQWUBVWDWXVBZEB\UJEBILIRBIXOO 
,QWHUUXSW�VWDWXV� 

� 5: �[� LQWUBVWDWXVBZEBXYBILIRBIXOO 
,QWHUUXSW�VWDWXV� 

� 5: �[� LQWUBVWDWXVBGPDBILQLVK 
'0$�ILQLVK�LQWHUUXSW�VWDWXV� 

� 5: �[� LQWUBVWDWXVBEXVBHUURU 
%XV�HUURU�,QWHUUXSW�FOHDU�VWDWXV� 

� 52 �[� UHVHUYHG 
 
923�B6<6�B,175B5$:B67$786�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� 5: �[� LQWUBUDZBVWDWXVBPPX� 
,QWHUUXSW�RI�008��UDZ�VWDWXV� 

� 52 �[� UHVHUYHG 

� 5: �[� LQWUBUDZBVWDWXVBZEBGPDBILQLVK 
,QWHUUXSW�UDZ�VWDWXV� 

� 5: �[� LQWUBUDZBVWDWXVBZEB\UJEBILIRBIXOO 
,QWHUUXSW�UDZ�VWDWXV� 

� 5: �[� LQWUBUDZBVWDWXVBZEBXYBILIRBIXOO 
,QWHUUXSW�UDZ�VWDWXV� 

� 5: �[� LQWUBUDZBVWDWXVBGPDBILQLVK 
'0$�ILQLVK�LQWHUUXSW�UDZ�VWDWXV� 

� 5: �[� LQWUBUDZBVWDWXVBEXVBHUURU 
%XV�HUURU�,QWHUUXSW�UDZ�VWDWXV� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
� 52 �[� UHVHUYHG 
 
923�B6<6�B,175B(1�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� ZULWHBPDVN 
7KH�ZULWH�PDVN�ELWV� 

���� 52 �[�� UHVHUYHG 

� 5: �[� 
LQWUBHQBPPX� 
�
E���'LVDEOH 
�
E���(QDEOH 

��� 52 �[� UHVHUYHG 

� 5: �[� 
LQWUBHQBGPD�BILQLVK 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
LQWUBHQBEXV�BHUURU 
�
E���'LVDEOH 
�
E���(QDEOH 

� 52 �[� UHVHUYHG 
 
923�B6<6�B,175B&/5B6<6�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� ZULWHBPDVN 
7KH�ZULWH�PDVN�ELWV� 

���� 52 �[�� UHVHUYHG 

� 5: �[� LQWUBFOUBPPX� 
,QWHUUXSW�FOHDU�$XWR�FOHDU�� 

��� 52 �[� UHVHUYHG 

� 5: �[� LQWUBFOUBGPDBILQLVK 
'0$�ILQLVK�LQWHUUXSW�FOHDU�$XWR�FOHDU�� 

� 5: �[� LQWUBFOUBEXVBHUURU 
%XV�HUURU�,QWHUUXSW�FOHDU�$XWR�FOHDU�� 

� 52 �[� UHVHUYHG 
 
923�B6<6�B,175B67$786�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� 5: �[� LQWUBVWDWXVBPPX� 
,QWHUUXSW�VWDWXV� 

��� 52 �[� UHVHUYHG 

� 5: �[� LQWUBVWDWXVBGPDBILQLVK 
'0$�ILQLVK�LQWHUUXSW�VWDWXV� 

� 5: �[� LQWUBVWDWXVBEXVBHUURU 
%XV�HUURU�,QWHUUXSW�VWDWXV� 

� 52 �[� UHVHUYHG 
 
923�B6<6�B,175B5$:B67$786�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� 5: �[� LQWUBUDZBVWDWXVBPPX� 
,QWHUUXSW�UDZBVWDWXV� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
��� 52 �[� UHVHUYHG 

� 5: �[� LQWUBUDZBVWDWXVBGPDBILQLVK 
'0$�ILQLVK�LQWHUUXSW�UDZBVWDWXV� 

� 5: �[� LQWUBUDZBVWDWXVBEXVBHUURU 
%XV�HUURU�,QWHUUXSW�UDZBVWDWXV� 

� 52 �[� UHVHUYHG 
 
923�B3257�B,175B(1�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� ZULWHBPDVN 
7KH�ZULWH�PDVN�ELWV� 

����� 52 �[�� UHVHUYHG 

� 5: �[� 
LQWUBHQBSRVWBIXOO 
�
E���'LVDEOH 
�
E���(QDEOH 

� 52 �[� UHVHUYHG 

� 5: �[� 
LQWUBHQBYIS 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
LQWUBHQBGVSBKROGBYDOLG 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
LQWUBHQBIVBILHOG 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
LQWUBHQBSRVWBEXIBHPSW\ 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
LQWUBHQBOLQHBIODJ� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
LQWUBHQBOLQHBIODJ� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 52 �[� UHVHUYHG 

� 5: �[� 
LQWUBHQBIV 
�
E���'LVDEOH 
�
E���(QDEOH 

 
923�B3257�B,175B&/5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� ZULWHBPDVN 
7KH�ZULWH�PDVN�ELWV� 

����� 52 �[�� UHVHUYHG 

� 5: �[� LQWUBFOUBSRVWBIXOO 
3RVW�EXIIHU�DOPRVW�IXOO�LQWHUUXSW�FOHDU�$XWR�FOHDU�� 

� 52 �[� UHVHUYHG 

� 5: �[� LQWUBFOUBYIS 
'LVSOD\�YIS�LQWHUUXSW�FOHDU�$XWR�FOHDU�� 

� 5: �[� LQWUBFOUBGVSBKROGBYDOLG 
'LVSOD\�KROG�YDOLG�LQWHUUXSW�FOHDU�$XWR�FOHDU�� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1441 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� LQWUBFOUBIVBILHOG 
)LHOG�VWDUW�LQWHUUXSW�FOHDU��$XWR�FOHDU�� 

� 5: �[� LQWUBFOUBSRVWBEXIBHPSW\ 
3RVW�EXIIHU�HPSW\�LQWHUUXSW�FOHDU�$XWR�FOHDU�� 

� 5: �[� LQWUBFOUBOLQHBIODJ� 
/LQH�IODJ���,QWHUUXSW�FOHDU�$XWR�FOHDU�� 

� 5: �[� LQWUBFOUBOLQHBIODJ� 
/LQH�IODJ���,QWHUUXSW�FOHDU�$XWR�FOHDU�� 

� 5: �[� LQWUBFOUBIVBQHZ 
)UDPH�QHZ�VWDUW�LQWHUUXSW�FOHDU��$XWR�FOHDU�� 

� 5: �[� LQWUBFOUBIV 
)UDPH�VWDUW�LQWHUUXSW�FOHDU��$XWR�FOHDU�� 

 
923�B3257�B,175B67$786�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[������ UHVHUYHG 

� 5: �[� LQWUBVWDWXVBSRVWBIXOO 
3RVW�EXIIHU�DOPRVW�IXOO�LQWHUUXSW�VWDWXV� 

� 52 �[� UHVHUYHG 

� 5: �[� LQWUBVWDWXVBYIS 
'LVSOD\�YIS�LQWHUUXSW�VWDWXV� 

� 5: �[� LQWUBVWDWXVBGVSBKROGBYDOLG 
'LVSOD\�KROG�YDOLG�LQWHUUXSW�VWDWXV� 

� 5: �[� LQWUBVWDWXVBIVBILHOG 
)LHOG�VWDUW�LQWHUUXSW�VWDWXV� 

� 5: �[� LQWUBVWDWXVBSRVWBEXIBHPSW\ 
3RVW�EXIIHU�HPSW\�LQWHUUXSW�VWDWXV� 

� 5: �[� LQWUBVWDWXVBOLQHBIODJ� 
/LQH�IODJ���LQWHUUXSW�VWDWXV� 

� 5: �[� LQWUBVWDWXVBOLQHBIODJ� 
/LQH�IODJ���,QWHUUXSW� � VWDWXV� 

� 52 �[� UHVHUYHG 

� 5: �[� LQWUBVWDWXVBIV 
)UDPH�VWDUW�LQWHUUXSW�VWDWXV� 

 
923�B3257�B,175B5$:B67$786�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[������ UHVHUYHG 

� 5: �[� LQWUBUDZBVWDWXVBSRVWBIXOO 
3RVW�EXIIHU�DOPRVW�IXOO�LQWHUUXSW�UDZ�VWDWXV� 

� 52 �[� UHVHUYHG 

� 5: �[� LQWUBUDZBVWDWXVBYIS 
'LVSOD\�YIS�LQWHUUXSW�UDZ�VWDWXV� 

� 5: �[� LQWUBUDZBVWDWXVBGVSBKROGBYDOLG 
'LVSOD\�KROG�YDOLG�LQWHUUXSW�UDZ�VWDWXV� 

� 5: �[� LQWUBUDZBVWDWXVBIVBILHOG 
)LHOG�VWDUW�LQWHUUXSW�FUDZ�VWDWXV� 

� 5: �[� LQWUBUDZBVWDWXVBSRVWBEXIBHPSW\ 
3RVW�EXIIHU�HPSW\�LQWHUUXSW�UDZ�VWDWXV� 

� 5: �[� LQWUBUDZBVWDWXVBOLQHBIODJ� 
/LQH�IODJ���,QWHUUXSW�UDZ�VWDWXV� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1442 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� LQWUBUDZBVWDWXVBOLQHBIODJ� 
/LQH�IODJ���,QWHUUXSW�UDZ�VWDWXV� 

� 52 �[� UHVHUYHG 

� 5: �[� LQWUBUDZBVWDWXVBIV 
)UDPH�VWDUW�LQWHUUXSW�UDZ�VWDWXV� 

 
923�B3257�B,175B(1�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� ZULWHBPDVN 
7KH�ZULWH�PDVN�ELWV� 

����� 52 �[�� UHVHUYHG 

� 5: �[� 
LQWUBHQBSRVWBIXOO 
�
E���'LVDEOH 
�
E���(QDEOH 

� 52 �[� UHVHUYHG 

� 5: �[� 
LQWUBHQBYIS 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
LQWUBHQBGVSBKROGBYDOLG 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
LQWUBHQBIVBILHOG 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
LQWUBHQBSRVWBEXIBHPSW\ 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
LQWUBHQBOLQHBIODJ� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
LQWUBHQBOLQHBIODJ� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 52 �[� UHVHUYHG 

� 5: �[� 
LQWUBHQBIV 
�
E���'LVDEOH 
�
E���(QDEOH 

 
923�B3257�B,175B&/5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� ZULWHBPDVN 
7KH�ZULWH�PDVN�ELWV� 

����� 52 �[�� UHVHUYHG 

� 5: �[� LQWUBFOUBSRVWBIXOO 
3RVW�EXIIHU�DOPRVW�IXOO�LQWHUUXSW�FOHDU�$XWR�FOHDU�� 

� 52 �[� UHVHUYHG 

� 5: �[� LQWUBFOUBYIS 
'LVSOD\�YIS�LQWHUUXSW�FOHDU�$XWR�FOHDU�� 

� 5: �[� LQWUBFOUBGVSBKROGBYDOLG 
'LVSOD\�KROG�YDOLG�LQWHUUXSW�FOHDU�$XWR�FOHDU�� 

� 5: �[� LQWUBFOUBIVBILHOG 
)LHOG�VWDUW�LQWHUUXSW�FOHDU��$XWR�FOHDU�� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1443 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� LQWUBFOUBSRVWBEXIBHPSW\ 
3RVW�EXIIHU�HPSW\�LQWHUUXSW�FOHDU�$XWR�FOHDU�� 

� 5: �[� LQWUBFOUBOLQHBIODJ� 
/LQH�IODJ���,QWHUUXSW�FOHDU�$XWR�FOHDU�� 

� 5: �[� LQWUBFOUBOLQHBIODJ� 
/LQH�IODJ���,QWHUUXSW�FOHDU�$XWR�FOHDU�� 

� 52 �[� UHVHUYHG 

� 5: �[� LQWUBFOUBIV 
)UDPH�VWDUW�LQWHUUXSW�FOHDU��$XWR�FOHDU�� 

 
923�B3257�B,175B67$786�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[������ UHVHUYHG 

� 5: �[� LQWUBVWDWXVBSRVWBIXOO 
3RVW�EXIIHU�DOPRVW�IXOO�LQWHUUXSW�VWDWXV� 

� 52 �[� UHVHUYHG 

� 5: �[� LQWUBVWDWXVBYIS 
'LVSOD\�YIS�LQWHUUXSW�VWDWXV� 

� 5: �[� LQWUBVWDWXVBGVSBKROGBYDOLG 
'LVSOD\�KROG�YDOLG�LQWHUUXSW�VWDWXV� 

� 5: �[� LQWUBVWDWXVBIVBILHOG 
)LHOG�VWDUW�LQWHUUXSW�VWDWXV� 

� 5: �[� LQWUBVWDWXVBSRVWBEXIBHPSW\ 
3RVW�EXIIHU�HPSW\�LQWHUUXSW�VWDWXV� 

� 5: �[� LQWUBVWDWXVBOLQHBIODJ� 
/LQH�IODJ���LQWHUUXSW�VWDWXV� 

� 5: �[� LQWUBVWDWXVBOLQHBIODJ� 
/LQH�IODJ���,QWHUUXSW� � VWDWXV� 

� 52 �[� UHVHUYHG 

� 5: �[� LQWUBVWDWXVBIV 
)UDPH�VWDUW�LQWHUUXSW�VWDWXV� 

 
923�B3257�B,175B5$:B67$786�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[������ UHVHUYHG 

� 5: �[� LQWUBUDZBVWDWXVBSRVWBIXOO 
3RVW�EXIIHU�DOPRVW�IXOO�LQWHUUXSW�UDZ�VWDWXV� 

� 52 �[� UHVHUYHG 

� 5: �[� LQWUBUDZBVWDWXVBYIS 
'LVSOD\�YIS�LQWHUUXSW�UDZ�VWDWXV� 

� 5: �[� LQWUBUDZBVWDWXVBGVSBKROGBYDOLG 
'LVSOD\�KROG�YDOLG�LQWHUUXSW�UDZ�VWDWXV� 

� 5: �[� LQWUBUDZBVWDWXVBIVBILHOG 
)LHOG�VWDUW�LQWHUUXSW�FUDZ�VWDWXV� 

� 5: �[� LQWUBUDZBVWDWXVBSRVWBEXIBHPSW\ 
3RVW�EXIIHU�HPSW\�LQWHUUXSW�UDZ�VWDWXV� 

� 5: �[� LQWUBUDZBVWDWXVBOLQHBIODJ� 
/LQH�IODJ���,QWHUUXSW�UDZ�VWDWXV� 

� 5: �[� LQWUBUDZBVWDWXVBOLQHBIODJ� 
/LQH�IODJ���,QWHUUXSW�UDZ�VWDWXV� 

� 52 �[� UHVHUYHG 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1444 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� LQWUBUDZBVWDWXVBIV 
)UDPH�VWDUW�LQWHUUXSW�UDZ�VWDWXV� 

 
923�B3257�B,175B(1�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 5: �[���� ZULWHBPDVN 
����� 52 �[�� UHVHUYHG 

� 5: �[� 
LQWUBHQBSRVWBIXOO 
�
E���'LVDEOH 
�
E���(QDEOH 

� 52 �[� UHVHUYHG 

� 5: �[� 
LQWUBHQBYIS 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
LQWUBHQBGVSBKROGBYDOLG 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
LQWUBHQBIVBILHOG 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
LQWUBHQBSRVWBEXIBHPSW\ 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
LQWUBHQBOLQHBIODJ� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
LQWUBHQBOLQHBIODJ� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 52 �[� UHVHUYHG 

� 5: �[� 
LQWUBHQBIV 
�
E���'LVDEOH 
�
E���(QDEOH 

 
923�B3257�B,175B&/5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� ZULWHBPDVN 
7KH�ZULWH�PDVN�ELWV� 

����� 52 �[�� UHVHUYHG 

� 5: �[� LQWUBFOUBSRVWBIXOO 
3RVW�EXIIHU�DOPRVW�IXOO�LQWHUUXSW�FOHDU�$XWR�FOHDU�� 

� 52 �[� UHVHUYHG 

� 5: �[� LQWUBFOUBYIS 
'LVSOD\�YIS�LQWHUUXSW�FOHDU�$XWR�FOHDU�� 

� 5: �[� LQWUBFOUBGVSBKROGBYDOLG 
'LVSOD\�KROG�YDOLG�LQWHUUXSW�FOHDU�$XWR�FOHDU�� 

� 5: �[� LQWUBFOUBIVBILHOG 
)LHOG�VWDUW�LQWHUUXSW�FOHDU��$XWR�FOHDU�� 

� 5: �[� LQWUBFOUBSRVWBEXIBHPSW\ 
3RVW�EXIIHU�HPSW\�LQWHUUXSW�FOHDU�$XWR�FOHDU�� 

� 5: �[� LQWUBFOUBOLQHBIODJ� 
/LQH�IODJ���,QWHUUXSW�FOHDU�$XWR�FOHDU�� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1445 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� LQWUBFOUBOLQHBIODJ� 
/LQH�IODJ���,QWHUUXSW�FOHDU�$XWR�FOHDU�� 

� 52 �[� UHVHUYHG 

� 5: �[� LQWUBFOUBIV 
)UDPH�VWDUW�LQWHUUXSW�FOHDU��$XWR�FOHDU�� 

 
923�B3257�B,175B67$786�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[������ UHVHUYHG 

� 5: �[� LQWUBVWDWXVBSRVWBIXOO 
3RVW�EXIIHU�DOPRVW�IXOO�LQWHUUXSW�VWDWXV� 

� 52 �[� UHVHUYHG 

� 5: �[� LQWUBVWDWXVBYIS 
'LVSOD\�YIS�LQWHUUXSW�VWDWXV� 

� 5: �[� LQWUBVWDWXVBGVSBKROGBYDOLG 
'LVSOD\�KROG�YDOLG�LQWHUUXSW�VWDWXV� 

� 5: �[� LQWUBVWDWXVBIVBILHOG 
)LHOG�VWDUW�LQWHUUXSW�VWDWXV� 

� 5: �[� LQWUBVWDWXVBSRVWBEXIBHPSW\ 
3RVW�EXIIHU�HPSW\�LQWHUUXSW�VWDWXV� 

� 5: �[� LQWUBVWDWXVBOLQHBIODJ� 
/LQH�IODJ���LQWHUUXSW�VWDWXV� 

� 5: �[� LQWUBVWDWXVBOLQHBIODJ� 
/LQH�IODJ���,QWHUUXSW�VWDWXV� 

� 52 �[� UHVHUYHG 

� 5: �[� LQWUBVWDWXVBIV 
)UDPH�VWDUW�LQWHUUXSW�VWDWXV� 

 
923�B3257�B,175B5$:B67$786�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[������ UHVHUYHG 

� 5: �[� LQWUBUDZBVWDWXVBSRVWBIXOO 
3RVW�EXIIHU�DOPRVW�IXOO�LQWHUUXSW�UDZ�VWDWXV� 

� 52 �[� UHVHUYHG 

� 5: �[� LQWUBUDZBVWDWXVBYIS 
'LVSOD\�YIS�LQWHUUXSW�UDZ�VWDWXV� 

� 5: �[� LQWUBUDZBVWDWXVBGVSBKROGBYDOLG 
'LVSOD\�KROG�YDOLG�LQWHUUXSW�UDZ�VWDWXV� 

� 5: �[� LQWUBUDZBVWDWXVBIVBILHOG 
)LHOG�VWDUW�LQWHUUXSW�FUDZ�VWDWXV� 

� 5: �[� LQWUBUDZBVWDWXVBSRVWBEXIBHPSW\ 
3RVW�EXIIHU�HPSW\�LQWHUUXSW�UDZ�VWDWXV� 

� 5: �[� LQWUBUDZBVWDWXVBOLQHBIODJ� 
/LQH�IODJ���,QWHUUXSW�UDZ�VWDWXV� 

� 5: �[� LQWUBUDZBVWDWXVBOLQHBIODJ� 
/LQH�IODJ���,QWHUUXSW�UDZ�VWDWXV� 

� 52 �[� UHVHUYHG 

� 5: �[� LQWUBUDZBVWDWXVBIV 
)UDPH�VWDUW�LQWHUUXSW�UDZ�VWDWXV� 

 
923�B$)%&'B,175B(1�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1446 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� ZULWHBPDVN 
7KH�ZULWH�PDVN�ELWV� 

���� 52 �[�� UHVHUYHG 

� 5: �[� 
LQWBHQBDIEFG�BKUHJBD[LBUUHVS 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
LQWBHQBDIEFG�BKUHJBGHFBUHVS 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
LQWBHQBDIEFG�BKUHJBD[LBUUHVS 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
LQWBHQBDIEFG�BKUHJBGHFBUHVS 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
LQWBHQBDIEFG�BKUHJBD[LBUUHVS 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
LQWBHQBDIEFG�BKUHJBGHFBUHVS 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
LQWBHQBDIEFG�BKUHJBD[LBUUHVS 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
LQWBHQBDIEFG�BKUHJBGHFBUHVS 
�
E���'LVDEOH 
�
E���(QDEOH 

 
923�B$)%&'B,175B&/5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� ZULWHBPDVN 
7KH�ZULWH�PDVN�ELWV� 

���� 52 �[�� UHVHUYHG 

� 5: �[� LQWBFOUBDIEFG�BKUHJBD[LBUUHVS 
,QWHUUXSW�FOHDU��$XWR�FOHDU�� 

� 5: �[� LQWBFOUBDIEFG�BKUHJBGHFBUHVS 
,QWHUUXSW�FOHDU��$XWR�FOHDU�� 

� 5: �[� LQWBFOUBDIEFG�BKUHJBD[LBUUHVS 
,QWHUUXSW�FOHDU��$XWR�FOHDU�� 

� 5: �[� LQWBFOUBDIEFG�BKUHJBGHFBUHVS 
,QWHUUXSW�FOHDU��$XWR�FOHDU�� 

� 5: �[� LQWBFOUBDIEFG�BKUHJBD[LBUUHVS 
,QWHUUXSW�FOHDU��$XWR�FOHDU�� 

� 5: �[� LQWBFOUBDIEFG�BKUHJBGHFBUHVS 
,QWHUUXSW�FOHDU��$XWR�FOHDU�� 

� 5: �[� LQWBFOUBDIEFG�BKUHJBD[LBUUHVS 
,QWHUUXSW�FOHDU��$XWR�FOHDU�� 

� 5: �[� LQWBFOUBDIEFG�BKUHJBGHFBUHVS 
,QWHUUXSW�FOHDU��$XWR�FOHDU�� 

 
923�B$)%&'B,175B67$786�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� 5: �[� LQWBVWDWXVBDIEFG�BKUHJBD[LBUUHVS 
,QWHUUXSW�VWDWXV� 

� 5: �[� LQWBVWDWXVBDIEFG�BKUHJBGHFBUHVS 
,QWHUUXSW�VWDWXV� 

� 5: �[� LQWBVWDWXVBDIEFG�BKUHJBD[LBUUHVS 
,QWHUUXSW�VWDWXV� 

� 5: �[� LQWBVWDWXVBDIEFG�BKUHJBGHFBUHVS 
,QWHUUXSW�VWDWXV� 

� 5: �[� LQWBVWDWXVBDIEFG�BKUHJBD[LBUUHVS 
,QWHUUXSW�VWDWXV� 

� 5: �[� LQWBVWDWXVBDIEFG�BKUHJBGHFBUHVS 
,QWHUUXSW�VWDWXV� 

� 5: �[� LQWBVWDWXVBDIEFG�BKUHJBD[LBUUHVS 
,QWHUUXSW�VWDWXV� 

� 5: �[� LQWBVWDWXVBDIEFG�BKUHJBGHFBUHVS 
,QWHUUXSW�VWDWXV� 

 
923�B$)%&'B,175B5$:B67$786�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� 5: �[� LQWBUDZBVWDWXVBDIEFG�BKUHJBD[LBUUHVS 
,QWHUUXSW�UDZ�VWDWXV� 

� 5: �[� LQWBUDZBVWDWXVBDIEFG�BKUHJBGHFBUHVS 
,QWHUUXSW�UDZ�VWDWXV� 

� 5: �[� LQWBUDZBVWDWXVBDIEFG�BKUHJBD[LBUUHVS 
,QWHUUXSW�UDZ�VWDWXV� 

� 5: �[� LQWBUDZBVWDWXVBDIEFG�BKUHJBGHFBUHVS 
,QWHUUXSW�UDZ�VWDWXV� 

� 5: �[� LQWBUDZBVWDWXVBDIEFG�BKUHJBD[LBUUHVS 
,QWHUUXSW�UDZ�VWDWXV� 

� 5: �[� LQWBUDZBVWDWXVBDIEFG�BKUHJBGHFBUHVS 
,QWHUUXSW�UDZ�VWDWXV� 

� 5: �[� LQWBUDZBVWDWXVBDIEFG�BKUHJBD[LBUUHVS 
,QWHUUXSW�UDZ�VWDWXV� 

� 5: �[� LQWBUDZBVWDWXVBDIEFG�BKUHJBGHFBUHVS 
,QWHUUXSW�UDZ�VWDWXV� 

 
 
13.4.2 2YHUOD\�UHJLVWHU�GHVFULSWLRQ 
13.4.2.1 Registers Summary 
7KH�EDVH�DGGUHVV�RI�RYHUOD\�UHJLVWHUV�LV��[����� 

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

923�B29(5/$<B&75/ �[���� : �[�������� 29(5/$<�FRQWURO�UHJLVWHU� 
923�B/$<(5B6(/ �[���� : �[�������� 29(5/$<�OD\HU�VHOHFW� 
923�B3257B6(/ �[���� : �[�������� 29(5/$<�SRUW�VHOHFW� 
923�B&/867(5�B0,;B65
&B&2/25B&75/ �[���� : �[�������� 7R�FRQILJXUH�WKH�VRXUFH�FRORU�RI�FOXVWHU��0,;� 
923�B&/867(5�B0,;B'6
7B&2/25B&75/ �[���� : �[�������� 7R�FRQILJXUH�WKH�GHVWLQDWLRQ�FRORU�RI�FOXVWHU��0,;� 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

923�B&/867(5�B0,;B65
&B$/3+$B&75/ �[���� : �[�������� 7R�FRQILJXUH�WKH�VRXUFH�DOSKD�RI�FOXVWHU��0,;� 
923�B&/867(5�B0,;B'6
7B$/3+$B&75/ �[���& : �[�������� 7R�FRQILJXUH�WKH�GHVWLQDWLRQ�DOSKD�RI�FOXVWHU��0,;� 
923�B&/867(5�B0,;B65
&B&2/25B&75/ �[���� : �[�������� 7R�FRQILJXUH�WKH�VRXUFH�FRORU�RI�FOXVWHU��0,;� 
923�B&/867(5�B0,;B'6
7B&2/25B&75/ �[���� : �[�������� 7R�FRQILJXUH�WKH�GHVWLQDWLRQ�FRORU�RI�FOXVWHU��0,;� 
923�B&/867(5�B0,;B65
&B$/3+$B&75/ �[���� : �[�������� 7R�FRQILJXUH�WKH�VRXUFH�DOSKD�RI�FOXVWHU��0,;� 
923�B&/867(5�B0,;B'6
7B$/3+$B&75/ �[���& : �[�������� 7R�FRQILJXUH�WKH�GHVWLQDWLRQ�DOSKD�RI�FOXVWHU��0,;� 
923�B0,;�B65&B&2/25
B&75/ �[���� : �[�������� 7R�FRQILJXUH�WKH�VRXUFH�FRORU�RI�0,;�� 
923�B0,;�B'67B&2/25
B&75/ �[���� : �[�������� 7R�FRQILJXUH�WKH�GHVWLQDWLRQ�FRORU�RI�0,;�� 
923�B0,;�B65&B$/3+$B
&75/ �[���� : �[�������� 7R�FRQILJXUH�WKH�VRXUFH�DOSKD�RI�0,;�� 
923�B0,;�B'67B$/3+$B
&75/ �[���& : �[�������� 7R�FRQILJXUH�WKH�GHVWLQDWLRQ�DOSKD�RI�0,;�� 
923�B0,;�B65&B&2/25
B&75/ �[���� : �[�������� 7R�FRQILJXUH�WKH�VRXUFH�FRORU�RI�0,;�� 
923�B0,;�B'67B&2/25
B&75/ �[���� : �[�������� 7R�FRQILJXUH�WKH�GHVWLQDWLRQ�FRORU�RI�0,;�� 
923�B0,;�B65&B$/3+$B
&75/ �[���� : �[�������� 7R�FRQILJXUH�WKH�VRXUFH�DOSKD�RI�0,;�� 
923�B0,;�B'67B$/3+$B
&75/ �[���& : �[�������� 7R�FRQILJXUH�WKH�GHVWLQDWLRQ�DOSKD�RI�0,;�� 
923�B0,;�B65&B&2/25
B&75/ �[���� : �[�������� 7R�FRQILJXUH�WKH�VRXUFH�FRORU�RI�0,;�� 
923�B0,;�B'67B&2/25
B&75/ �[���� : �[�������� 7R�FRQILJXUH�WKH�GHVWLQDWLRQ�FRORU�RI�0,;�� 
923�B0,;�B65&B$/3+$B
&75/ �[���� : �[�������� 7R�FRQILJXUH�WKH�VRXUFH�DOSKD�RI�0,;�� 
923�B0,;�B'67B$/3+$B
&75/ �[���& : �[�������� 7R�FRQILJXUH�WKH�GHVWLQDWLRQ�DOSKD�RI�0,;�� 
923�B0,;�B65&B&2/25
B&75/ �[���� : �[�������� 7R�FRQILJXUH�WKH�VRXUFH�FRORU�RI�0,;�� 
923�B0,;�B'67B&2/25
B&75/ �[���� : �[�������� 7R�FRQILJXUH�WKH�GHVWLQDWLRQ�FRORU�RI�0,;�� 
923�B0,;�B65&B$/3+$B
&75/ �[���� : �[�������� 7R�FRQILJXUH�WKH�VRXUFH�DOSKD�RI�0,;�� 
923�B0,;�B'67B$/3+$B
&75/ �[���& : �[�������� 7R�FRQILJXUH�WKH�GHVWLQDWLRQ�DOSKD�RI�0,;�� 
923�B0,;�B65&B&2/25
B&75/ �[���� : �[�������� 7R�FRQILJXUH�WKH�VRXUFH�FRORU�RI�0,;�� 
923�B0,;�B'67B&2/25
B&75/ �[���� : �[�������� 7R�FRQILJXUH�WKH�GHVWLQDWLRQ�FRORU�RI�0,;�� 
923�B0,;�B65&B$/3+$B
&75/ �[���� : �[�������� 7R�FRQILJXUH�WKH�VRXUFH�DOSKD�RI�0,;�� 
923�B0,;�B'67B$/3+$B
&75/ �[���& : �[�������� 7R�FRQILJXUH�WKH�GHVWLQDWLRQ�DOSKD�RI�0,;�� 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

923�B0,;�B65&B&2/25
B&75/ �[��$� : �[�������� 7R�FRQILJXUH�WKH�VRXUFH�FRORU�RI�0,;�� 
923�B0,;�B'67B&2/25
B&75/ �[��$� : �[�������� 7R�FRQILJXUH�WKH�GHVWLQDWLRQ�FRORU�RI�0,;�� 
923�B0,;�B65&B$/3+$B
&75/ �[��$� : �[�������� 7R�FRQILJXUH�WKH�VRXUFH�DOSKD�RI�0,;�� 
923�B0,;�B'67B$/3+$B
&75/ �[��$& : �[�������� 7R�FRQILJXUH�WKH�GHVWLQDWLRQ�DOSKD�RI�0,;�� 
923�B0,;�B65&B&2/25
B&75/ �[��%� : �[�������� 7R�FRQILJXUH�WKH�VRXUFH�FRORU�RI�0,;�� 
923�B0,;�B'67B&2/25
B&75/ �[��%� : �[�������� 7R�FRQILJXUH�WKH�GHVWLQDWLRQ�FRORU�RI�0,;�� 
923�B0,;�B65&B$/3+$B
&75/ �[��%� : �[�������� 7R�FRQILJXUH�WKH�VRXUFH�DOSKD�RI�0,;�� 
923�B0,;�B'67B$/3+$B
&75/ �[��%& : �[�������� 7R�FRQILJXUH�WKH�GHVWLQDWLRQ�DOSKD�RI�0,;�� 
923�B+'5�B0,;B65&B&
2/25B&75/ �[��&� : �[�������� 7R�FRQILJXUH�WKH�VRXUFH�FRORU�RI�+'5��0,;� 
923�B+'5�B0,;B'67B&
2/25B&75/ �[��&� : �[�������� 7R�FRQILJXUH�WKH�GHVWLQDWLRQ�FRORU�RI�+'5��0,;� 
923�B+'5�B0,;B65&B$/
3+$B&75/ �[��&� : �[�������� 7R�FRQILJXUH�WKH�VRXUFH�DOSKD�RI�+'5��0,;� 
923�B+'5�B0,;B'67B$/
3+$B&75/ �[��&& : �[�������� 7R�FRQILJXUH�WKH�GHVWLQDWLRQ�DOSKD�RI�+'5��0,;� 

923�B'3�B%*B0,;B&75/ �[��(� : �[�������� 7R�FRQWUR�WKH�EDFNJURXQG�0,;�RI�YLGHR�SRUW�� 

923�B'3�B%*B0,;B&75/ �[��(� : �[�������� 7R�FRQWUR�WKH�EDFNJURXQG�0,;�RI�YLGHR�SRUW�� 

923�B'3�B%*B0,;B&75/ �[��(� : �[�������� 7R�FRQWUR�WKH�EDFNJURXQG�0,;�RI�YLGHR�SRUW�� 

923�B&OXVWHUB'/<B180 �[��)� : �[�������� 7R�FRQILJXUH�WKH�GHOD\�F\FOH�RI�FOXVWHU� 

923�B60$57B'/<B180 �[��)� : �[�������� 7R�FRQILJXUH�WKH�GHOD\�F\FOH�RI�HVPDUW� 
1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV��':�
'RXEOH�:25'�����ELWV��DFFHVV�  

13.4.2.2 Detail Registers Description 
923�B29(5/$<B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

OD\HUBVHOBUHJGRQHBVHOBLPG 
6HOHFW�RYHUOD\BOD\HUBVHO�DQG�RYHUOD\BSRUWBVHO�UHJGRQH� 
�
E����YLGHR�SRUW� 
�
E����YLGHR�SRUW� 
�
E�[��YLGHR�SRUW� 

�� 52 �[� UHVHUYHG 

�� 5: �[� OD\HUBVHOBUHJGRQHBLPG 
(QDEOH�LQWHUIDFH�FRQWURO�UHJLVWHU�UHJGRQH�LPPHGLDWHO\� 

���� 52 �[������ UHVHUYHG 

� 5: �[� 
VGU�KGUBSDWKBHQ 
�
E���'LVDEOH 
�
E���(QDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
KGU��BSDWKBHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

� 52 �[� UHVHUYHG 

� 5: �[� 
YS�BRYHUOD\BPRGH 
�
E���5*%�RYHUOD\ 
�
E���<89�RYHUOD\ 

� 5: �[� 
YS�BRYHUOD\BPRGH 
�
E���5*%�RYHUOD\ 
�
E���<89�RYHUOD\ 

� 5: �[� 
YS�BRYHUOD\BPRGH 
�
E���5*%�RYHUOD\ 
�
E���<89�RYHUOD\ 

 
923�B/$<(5B6(/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� 

OD\HU�BVHO 
OD\HU��VHOHFW�SRUW� 
�
E�����FOXVWHU� 
�
E�����FOXVWHU� 
�
E�����HVPDUW� 
�
E�����VPDUW� 
�
E�����UHVHUYHG 
�
E�����UHVHUYHG 
�
E�����HVPDUW� 
�
E�����VPDUW� 

�� 52 �[� UHVHUYHG 

����� 5: �[� 

OD\HU�BVHO 
OD\HU��VHOHFW�SRUW� 
�
E�����FOXVWHU� 
�
E�����FOXVWHU� 
�
E�����HVPDUW� 
�
E�����VPDUW� 
�
E�����UHVHUYHG 
�
E�����UHVHUYHG 
�
E�����HVPDUW� 
�
E�����VPDUW� 

�� 52 �[� UHVHUYHG 

����� 5: �[� 

OD\HU�BVHO 
OD\HU��VHOHFW�SRUW� 
�
E�����FOXVWHU� 
�
E�����FOXVWHU� 
�
E�����HVPDUW� 
�
E�����VPDUW� 
�
E�����UHVHUYHG 
�
E�����UHVHUYHG 
�
E�����HVPDUW� 
�
E�����VPDUW� 

�� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[� 

OD\HU�BVHO 
OD\HU��VHOHFW�SRUW� 
�
E�����FOXVWHU� 
�
E�����FOXVWHU� 
�
E�����HVPDUW� 
�
E�����VPDUW� 
�
E�����UHVHUYHG 
�
E�����UHVHUYHG 
�
E�����HVPDUW� 
�
E�����VPDUW� 

� 52 �[� UHVHUYHG 

��� 5: �[� 

OD\HU�BVHO 
OD\HU��VHOHFW�SRUW� 
�
E�����FOXVWHU� 
�
E�����FOXVWHU� 
�
E�����HVPDUW� 
�
E�����VPDUW� 
�
E�����UHVHUYHG 
�
E�����UHVHUYHG 
�
E�����HVPDUW� 
�
E�����VPDUW� 

� 52 �[� UHVHUYHG 

��� 5: �[� 

OD\HU�BVHO 
OD\HU��VHOHFW�SRUW� 
�
E�����FOXVWHU� 
�
E�����FOXVWHU� 
�
E�����HVPDUW� 
�
E�����VPDUW� 
�
E�����UHVHUYHG 
�
E�����UHVHUYHG 
�
E�����HVPDUW� 
�
E�����VPDUW� 

 
923�B3257B6(/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

VPDUW�BVHOBSRUW 
�
E����9LGHR�SRUW� 
�
E����9LGHR�SRUW� 
�
E����9LGHR�SRUW� 
�
E����UHVHUYHG 

����� 5: �[� 

VPDUW�BVHOBSRUW 
�
E����9LGHR�SRUW� 
�
E����9LGHR�SRUW� 
�
E����9LGHR�SRUW� 
�
E����UHVHUYHG 

����� 5: �[� 

HVPDUW�BVHOBSRUW 
�
E����9LGHR�SRUW� 
�
E����9LGHR�SRUW� 
�
E����9LGHR�SRUW� 
�
E����UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

HVPDUW�BVHOBSRUW 
�
E����9LGHR�SRUW� 
�
E����9LGHR�SRUW� 
�
E����9LGHR�SRUW� 
�
E����UHVHUYHG 

����� 52 �[� UHVHUYHG 

����� 5: �[� 

FOXVWHU�BVHOBSRUW 
�
E����9LGHR�SRUW� 
�
E����9LGHR�SRUW� 
�
E����9LGHR�SRUW� 
�
E����UHVHUYHG 

����� 5: �[� 

FOXVWHU�BVHOBSRUW 
�
E����9LGHR�SRUW� 
�
E����9LGHR�SRUW� 
�
E����9LGHR�SRUW� 
�
E����UHVHUYHG 

����� 52 �[�� UHVHUYHG 

���� 5: �[� 

SRUW�BPX[ 
SRUW��RXWSXW�PX[�LV�VHOHFWHG�DFFRUGLQJ�WR�WKH�OD\HU�QXPEHU��1RWH�
WKDW�SRUW�BPX[�! �SRUW�BPX[� 
�
E����������SRUW�BOD\HUBQXPEHU���SRUW�BOD\HUBQXPEHU 
�
E����������SRUW�BOD\HUBQXPEHU���SRUW�BOD\HUBQXPEHU 
�
E����������SRUW�BOD\HUBQXPEHU���SRUW�BOD\HUBQXPEHU 
�
E����������SRUW�BOD\HUBQXPEHU���SRUW�BOD\HUBQXPEHU 

��� 5: �[� 

SRUW�BPX[ 
SRUW��RXWSXW�PX[�LV�VHOHFWHG�DFFRUGLQJ�WR�WKH�OD\HU�QXPEHU��1RWH�
WKDW�SRUW�BPX[�! �SRUW�BPX[� 
�
E����������SRUW�BOD\HUBQXPEHU 
�
E����������SRUW�BOD\HUBQXPEHU 
�
E����������SRUW�BOD\HUBQXPEHU 
�
E����������SRUW�BOD\HUBQXPEHU 
�
E����������SRUW�BOD\HUBQXPEHU 
�¶E��������OD\HUV 

��� 5: �[� 

SRUW�BPX[ 
SRUW��RXWSXW�PX[�LV�VHOHFWHG�DFFRUGLQJ�WR�WKH�OD\HU�QXPEHU�� 
�
E��������OD\HU 
�
E��������OD\HUV 
�
E��������OD\HUV 
�
E��������OD\HUV 
�
E��������OD\HUV 
�
E��������OD\HUV 
�
E��������OD\HUV 

 
923�B&/867(5�B0,;B65&B&2/25B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[�� FOXVWHU�BPL[BVUFBJOREDOBDOSKD� 
6RXUFH�JOREDO�DOSKD�YDOXH�$JV�� 

����� 52 �[�� UHVHUYHG 

� 5: �[� 
FOXVWHU�BPL[BVUFBGVWBVZDS 
6ZDS�WRS�DQG�ERWWRP�OD\HU� 
�
E���'LVDEOH 
�
E���(QDEOH 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1453 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
FOXVWHU�BPL[BDOSKDBHQ 
(QDEOH�DOSKD�EOHQGLQJ� 
�
E���'LVDEOH 
�
E���(QDEOH 

��� 5: �[� 

FOXVWHU�BPL[BVUFBIDFWRUBPRGH� 
6RXUFH�IDFWRU�RI�FRORU�FKDQQHO� 
�
E������ 
�
E�������� 
�
E�����$G�� 
�
E���������$G�� 
�
E�����$V�� 
�
E�����$JV 

� 5: �[� 
FOXVWHU�BPL[BVUFBDOSKDBFDOBPRGH� 
6RXUFH�DOSKD�VHOHFW�PRGH�RI�FRORU�FKDQQHO� 
�
E���$V�B��$V�B�!!� 
�
E���$V�B� 

��� 5: �[� 

FOXVWHU�BPL[BVUFBEOHQGBPRGH� 
6RXUFH�DOSKD�EOHQGLQJ�PRGH�RI�FRORU�FKDQQHO� 
�
E����$JV 
�
E����$V�
 
�
E�����$V�
$JV�!!� 

� 5: �[� 
FOXVWHU�BPL[BVUFBDOSKDBPRGH� 
6RXUFH�DOSKD�PRGH�RI�FRORU�FKDQQHO� 
�
E���$V 
�
E�������$V 

� 5: �[� 
FOXVWHU�BPL[BVUFBFRORUBPRGH� 
6RXUFH�FRORU�PRGH� 
�
E���&V 
�
E���&V$V�� 

 
923�B&/867(5�B0,;B'67B&2/25B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[�� FOXVWHU�BPL[BGVWBJOREDOBDOSKD� 
'HVWLQDWLRQ�JOREDO�DOSKD�YDOXH�$JG�� 

���� 52 �[�� UHVHUYHG 

��� 5: �[� 

FOXVWHU�BPL[BGVWBIDFWRUBPRGH� 
'HVWLQDWLRQ�IDFWRU�RI�FRORU�FKDQQHO� 
�
E������ 
�
E�������� 
�
E�����$V�� 
�
E���������$V�� 
�
E�����$G�� 
�
E�����$GV 

� 5: �[� 
FOXVWHU�BPL[BGVWBDOSKDBFDOBPRGH� 
'HVWLQDWLRQ�DOSKD�VHOHFW�PRGH�RI�FRORU�FKDQQHO� 
�
E���$G�B��$G�B�!!� 
�
E���$G�B� 

��� 5: �[� 

FOXVWHU�BPL[BGVWBEOHQGBPRGH� 
'HVWLQDWLRQ�DOSKD�EOHQGLQJ�PRGH�RI�FRORU�FKDQQHO� 
�
E����$JG 
�
E����$G�
 
�
E�����$G�
$JG�!!� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1454 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
FOXVWHU�BPL[BGVWBDOSKDBPRGH� 
'HVWLQDWLRQ�DOSKD�PRGH�RI�FRORU�FKDQQHO� 
�
E���$G 
�
E�������$G 

� 5: �[� 
FOXVWHU�BPL[BGVWBFRORUBPRGH� 
'HVWLQDWLRQ�FRORU�PRGH� 
�
E���&G 
�
E���&G$G�� 

 
923�B&/867(5�B0,;B65&B$/3+$B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[� 

FOXVWHU�BPL[BVUFBIDFWRUBPRGH� 
6RXUFH�IDFWRU�RI�DOSKD�FKDQQHO� 
�
E������ 
�
E�������� 
�
E�����$G�� 
�
E���������$G�� 
�
E�����$V�� 
�
E�����$JV 

� 5: �[� 
FOXVWHU�BPL[BVUFBDOSKDBFDOBPRGH� 
6RXUFH�DOSKD�VHOHFW�PRGH�RI�DOSKD�FKDQQHO� 
�
E���$V�B��$V�B�!!� 
�
E���$V�B� 

��� 5: �[� 

FOXVWHU�BPL[BVUFBEOHQGBPRGH� 
6RXUFH�DOSKD�EOHQGLQJ�PRGH�RI�DOSKD�FKDQQHO� 
�
E����$JV 
�
E����$V�
 
�
E�����$V�
$JV�!!� 

� 5: �[� 
FOXVWHU�BPL[BVUFBDOSKDBPRGH� 
6RXUFH�DOSKD�PRGH�RI�DOSKD�FKDQQHO� 
�
E���$V 
�
E�������$V 

� 52 �[� UHVHUYHG 
 
923�B&/867(5�B0,;B'67B$/3+$B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[� 

FOXVWHU�BPL[BGVWBIDFWRUBPRGH� 
'HVWLQDWLRQ�IDFWRU�RI�DOSKD�FKDQQHO� 
�
E������ 
�
E�������� 
�
E�����$V�� 
�
E���������$V�� 
�
E�����$G�� 
�
E�����$GV 

� 5: �[� 
FOXVWHU�BPL[BGVWBDOSKDBFDOBPRGH� 
'HVWLQDWLRQ�DOSKD�VHOHFW�PRGH�RI�DOSKD�FKDQQHO� 
�
E���$G�B��$G�B�!!� 
�
E���$G�B� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1455 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

FOXVWHU�BPL[BGVWBEOHQGBPRGH� 
'HVWLQDWLRQ�DOSKD�EOHQGLQJ�PRGH�RI�DOSKD�FKDQQHO� 
�
E����$JG 
�
E����$G�
 
�
E�����$G�
$JG�!!� 

� 5: �[� 
FOXVWHU�BPL[BGVWBDOSKDBPRGH� 
'HVWLQDWLRQ�DOSKD�PRGH�RI�DOSKD�FKDQQHO� 
�
E���$G 
�
E�������$G 

� 52 �[� UHVHUYHG 
 
923�B&/867(5�B0,;B65&B&2/25B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[�� FOXVWHU�BPL[BVUFBJOREDOBDOSKD 
6RXUFH�JOREDO�DOSKD�YDOXH�$JV�� 

����� 52 �[�� UHVHUYHG 

� 5: �[� 
FOXVWHU�BPL[BVUFBWRSBVZDS 
6ZDS�WRS�DQG�ERWWRP�OD\HU� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
FOXVWHU�BPL[BVUFBDOSKDBHQ 
(QDEOH�DOSKD�EOHQGLQJ� 
�
E���'LVDEOH 
�
E���(QDEOH 

��� 5: �[� 

FOXVWHU�BPL[BVUFBIDFWRUBPRGH 
6RXUFH�IDFWRU�RI�FRORU�FKDQQHO� 
�
E������ 
�
E�������� 
�
E�����$G�� 
�
E���������$G�� 
�
E�����$V�� 
�
E�����$JV 

� 5: �[� 
FOXVWHU�BPL[BVUFBDOSKDBFDOBPRGH 
6RXUFH�DOSKD�VHOHFW�PRGH�RI�FRORU�FKDQQHO� 
�
E���$V�B��$V�B�!!� 
�
E���$V�B� 

��� 5: �[� 

FOXVWHU�BPL[BVUFBEOHQGBPRGH 
6RXUFH�DOSKD�EOHQGLQJ�PRGH�RI�FRORU�FKDQQHO� 
�
E����$JV 
�
E����$V�
 
�
E�����$V�
$JV�!!� 

� 5: �[� 
FOXVWHU�BPL[BVUFBDOSKDBPRGH 
6RXUFH�DOSKD�PRGH�RI�FRORU�FKDQQHO� 
�
E���$V 
�
E�������$V 

� 5: �[� 
FOXVWHU�BPL[BVUFBFRORUBPRGH 
6RXUFH�FRORU�PRGH� 
�
E���&V 
�
E���&V$V�� 

 
923�B&/867(5�B0,;B'67B&2/25B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1456 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[�� FOXVWHU�BPL[BGVWBJOREDOBDOSKD 
'HVWLQDWLRQ�JOREDO�DOSKD�YDOXH�$JG�� 

���� 52 �[�� UHVHUYHG 

��� 5: �[� 

FOXVWHU�BPL[BGVWBIDFWRUBPRGH 
'HVWLQDWLRQ�IDFWRU�RI�FRORU�FKDQQHO� 
�
E������ 
�
E�������� 
�
E�����$V�� 
�
E���������$V�� 
�
E�����$G�� 
�
E�����$GV 

� 5: �[� 
FOXVWHU�BPL[BGVWBDOSKDBFDOBPRGH 
'HVWLQDWLRQ�DOSKD�VHOHFW�PRGH�RI�FRORU�FKDQQHO� 
�
E���$G�B��$G�B�!!� 
�
E���$G�B� 

��� 5: �[� 

FOXVWHU�BPL[BGVWBEOHQGBPRGH 
'HVWLQDWLRQ�DOSKD�EOHQGLQJ�PRGH�RI�FRORU�FKDQQHO� 
�
E����$JG 
�
E����$G�
 
�
E�����$G�
$JG�!!� 

� 5: �[� 
FOXVWHU�BPL[BGVWBDOSKDBPRGH 
'HVWLQDWLRQ�DOSKD�PRGH�RI�FRORU�FKDQQHO� 
�
E���$G 
�
E�������$G 

� 5: �[� 
FOXVWHU�BPL[BGVWBFRORUBPRGH 
'HVWLQDWLRQ�FRORU�PRGH� 
�
E���&G 
�
E���&G$G�� 

 
923�B&/867(5�B0,;B65&B$/3+$B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[� 

FOXVWHU�BPL[BVUFBIDFWRUBPRGH 
6RXUFH�IDFWRU�RI�DOSKD�FKDQQHO� 
�
E������ 
�
E�������� 
�
E�����$G�� 
�
E���������$G�� 
�
E�����$V�� 
�
E�����$JV 

� 5: �[� 
FOXVWHU�BPL[BVUFBDOSKDBFDOBPRGH 
6RXUFH�DOSKD�VHOHFW�PRGH�RI�DOSKD�FKDQQHO� 
�
E���$V�B��$V�B�!!� 
�
E���$V�B� 

��� 5: �[� 

FOXVWHU�BPL[BVUFBEOHQGBPRGH 
6RXUFH�DOSKD�EOHQGLQJ�PRGH�RI�DOSKD�FKDQQHO� 
�
E����$JV 
�
E����$V�
 
�
E�����$V�
$JV�!!� 

� 5: �[� 
FOXVWHU�BPL[BVUFBDOSKDBPRGH 
6RXUFH�DOSKD�PRGH�RI�DOSKD�FKDQQHO� 
�
E���$V 
�
E�������$V 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1457 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
� 52 �[� UHVHUYHG 
 
923�B&/867(5�B0,;B'67B$/3+$B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[� 

FOXVWHU�BPL[BGVWBIDFWRUBPRGH 
'HVWLQDWLRQ�IDFWRU�RI�DOSKD�FKDQQHO� 
�
E������ 
�
E�������� 
�
E�����$V�� 
�
E���������$V�� 
�
E�����$G�� 
�
E�����$GV 

� 5: �[� 
FOXVWHU�BPL[BGVWBDOSKDBFDOBPRGH 
'HVWLQDWLRQ�DOSKD�VHOHFW�PRGH�RI�DOSKD�FKDQQHO� 
�
E���$G�B��$G�B�!!� 
�
E���$G�B� 

��� 5: �[� 

FOXVWHU�BPL[BGVWBEOHQGBPRGH 
'HVWLQDWLRQ�DOSKD�EOHQGLQJ�PRGH�RI�DOSKD�FKDQQHO� 
�
E����$JG 
�
E����$G�
 
�
E�����$G�
$JG�!!� 

� 5: �[� 
FOXVWHU�BPL[BGVWBDOSKDBPRGH 
'HVWLQDWLRQ�DOSKD�PRGH�RI�DOSKD�FKDQQHO� 
�
E���$G 
�
E�������$G 

� 52 �[� UHVHUYHG 
 
923�B0,;�B65&B&2/25B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[�� PL[�BVUFBJOREDOBDOSKD 
6RXUFH�JOREDO�DOSKD�YDOXH�$JV�� 

����� 52 �[�� UHVHUYHG 

� 5: �[� 
PL[�BVUFBWRSBVZDS 
6ZDS�WRS�DQG�ERWWRP�OD\HU� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
PL[�BVUFBDOSKDBHQ 
(QDEOH�DOSKD�EOHQGLQJ� 
�
E���'LVDEOH 
�
E���(QDEOH 

��� 5: �[� 

PL[�BVUFBIDFWRUBPRGH 
6RXUFH�IDFWRU�RI�FRORU�FKDQQHO� 
�
E������ 
�
E�������� 
�
E�����$G�� 
�
E���������$G�� 
�
E�����$V�� 
�
E�����$JV 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1458 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
PL[�BVUFBDOSKDBFDOBPRGH 
6RXUFH�DOSKD�VHOHFW�PRGH�RI�FRORU�FKDQQHO� 
�
E���$V�B��$V�B�!!� 
�
E���$V�B� 

��� 5: �[� 

PL[�BVUFBEOHQGBPRGH 
6RXUFH�DOSKD�EOHQGLQJ�PRGH�RI�FRORU�FKDQQHO� 
�
E����$JV 
�
E����$V�
 
�
E�����$V�
$JV�!!� 

� 5: �[� 
PL[�BVUFBDOSKDBPRGH 
6RXUFH�DOSKD�PRGH�RI�FRORU�FKDQQHO� 
�
E���$V 
�
E�������$V 

� 5: �[� 
PL[�BVUFBFRORUBPRGH 
6RXUFH�FRORU�PRGH� 
�
E���&V 
�
E���&V$V�� 

 
923�B0,;�B'67B&2/25B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[�� PL[�BGVWBJOREDOBDOSKD 
'HVWLQDWLRQ�JOREDO�DOSKD�YDOXH�$JG�� 

���� 52 �[�� UHVHUYHG 

��� 5: �[� 

PL[�BGVWBIDFWRUBPRGH 
'HVWLQDWLRQ�IDFWRU�RI�FRORU�FKDQQHO� 
�
E������ 
�
E�������� 
�
E�����$V�� 
�
E���������$V�� 
�
E�����$G�� 
�
E�����$GV 

� 5: �[� 
PL[�BGVWBDOSKDBFDOBPRGH 
'HVWLQDWLRQ�DOSKD�VHOHFW�PRGH�RI�FRORU�FKDQQHO� 
�
E���$G�B��$G�B�!!� 
�
E���$G�B� 

��� 5: �[� 

PL[�BGVWBEOHQGBPRGH 
'HVWLQDWLRQ�DOSKD�EOHQGLQJ�PRGH�RI�FRORU�FKDQQHO� 
�
E����$JG 
�
E����$G�
 
�
E�����$G�
$JG�!!� 

� 5: �[� 
PL[�BGVWBDOSKDBPRGH 
'HVWLQDWLRQ�DOSKD�PRGH�RI�FRORU�FKDQQHO� 
�
E���$G 
�
E�������$G 

� 5: �[� 
PL[�BGVWBFRORUBPRGH 
'HVWLQDWLRQ�FRORU�PRGH� 
�
E���&G 
�
E���&G$G�� 

 
923�B0,;�B65&B$/3+$B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1459 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

PL[�BVUFBIDFWRUBPRGH 
6RXUFH�IDFWRU�RI�DOSKD�FKDQQHO� 
�
E������ 
�
E�������� 
�
E�����$G�� 
�
E���������$G�� 
�
E�����$V�� 
�
E�����$JV 

� 5: �[� 
PL[�BVUFBDOSKDBFDOBPRGH 
6RXUFH�DOSKD�VHOHFW�PRGH�RI�DOSKD�FKDQQHO� 
�
E���$V�B��$V�B�!!� 
�
E���$V�B� 

��� 5: �[� 

PL[�BVUFBEOHQGBPRGH 
6RXUFH�DOSKD�EOHQGLQJ�PRGH�RI�DOSKD�FKDQQHO� 
�
E����$JV 
�
E����$V�
 
�
E�����$V�
$JV�!!� 

� 5: �[� 
PL[�BVUFBDOSKDBPRGH 
6RXUFH�DOSKD�PRGH�RI�DOSKD�FKDQQHO� 
�
E���$V 
�
E�������$V 

� 52 �[� UHVHUYHG 
 
923�B0,;�B'67B$/3+$B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[� 

PL[�BGVWBIDFWRUBPRGH 
'HVWLQDWLRQ�IDFWRU�RI�DOSKD�FKDQQHO� 
�
E������ 
�
E�������� 
�
E�����$V�� 
�
E���������$V�� 
�
E�����$G�� 
�
E�����$GV 

� 5: �[� 
PL[�BGVWBDOSKDBFDOBPRGH 
'HVWLQDWLRQ�DOSKD�VHOHFW�PRGH�RI�DOSKD�FKDQQHO� 
�
E���$G�B��$G�B�!!� 
�
E���$G�B� 

��� 5: �[� 

PL[�BGVWBEOHQGBPRGH 
'HVWLQDWLRQ�DOSKD�EOHQGLQJ�PRGH�RI�DOSKD�FKDQQHO� 
�
E����$JG 
�
E����$G�
 
�
E�����$G�
$JG�!!� 

� 5: �[� 
PL[�BGVWBDOSKDBPRGH 
'HVWLQDWLRQ�DOSKD�PRGH�RI�DOSKD�FKDQQHO� 
�
E���$G 
�
E�������$G 

� 52 �[� UHVHUYHG 
 
923�B0,;�B65&B&2/25B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1460 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� PL[�BVUFBJOREDOBDOSKD 
6RXUFH�JOREDO�DOSKD�YDOXH�$JV�� 

����� 52 �[�� UHVHUYHG 

� 5: �[� 
PL[�BVUFBWRSBVZDS 
6ZDS�WRS�DQG�ERWWRP�OD\HU� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
PL[�BVUFBDOSKDBHQ 
(QDEOH�DOSKD�EOHQGLQJ� 
�
E���'LVDEOH 
�
E���(QDEOH 

��� 5: �[� 

PL[�BVUFBIDFWRUBPRGH 
6RXUFH�IDFWRU�RI�FRORU�FKDQQHO� 
�
E������ 
�
E�������� 
�
E�����$G�� 
�
E���������$G�� 
�
E�����$V�� 
�
E�����$JV 

� 5: �[� 
PL[�BVUFBDOSKDBFDOBPRGH 
6RXUFH�DOSKD�VHOHFW�PRGH�RI�FRORU�FKDQQHO� 
�
E���$V�B��$V�B�!!� 
�
E���$V�B� 

��� 5: �[� 

PL[�BVUFBEOHQGBPRGH 
6RXUFH�DOSKD�EOHQGLQJ�PRGH�RI�FRORU�FKDQQHO� 
�
E����$JV 
�
E����$V�
 
�
E�����$V�
$JV�!!� 

� 5: �[� 
PL[�BVUFBDOSKDBPRGH 
6RXUFH�DOSKD�PRGH�RI�FRORU�FKDQQHO� 
�
E���$V 
�
E�������$V 

� 5: �[� 
PL[�BVUFBFRORUBPRGH 
6RXUFH�FRORU�PRGH� 
�
E���&V 
�
E���&V$V�� 

 
923�B0,;�B'67B&2/25B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[�� PL[�BGVWBJOREDOBDOSKD 
'HVWLQDWLRQ�JOREDO�DOSKD�YDOXH�$JG�� 

���� 52 �[�� UHVHUYHG 

��� 5: �[� 

PL[�BGVWBIDFWRUBPRGH 
'HVWLQDWLRQ�IDFWRU�RI�FRORU�FKDQQHO� 
�
E������ 
�
E�������� 
�
E�����$V�� 
�
E���������$V�� 
�
E�����$G�� 
�
E�����$GV 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1461 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
PL[�BGVWBDOSKDBFDOBPRGH 
'HVWLQDWLRQ�DOSKD�VHOHFW�PRGH�RI�FRORU�FKDQQHO� 
�
E���$G�B��$G�B�!!� 
�
E���$G�B� 

��� 5: �[� 

PL[�BGVWBEOHQGBPRGH 
'HVWLQDWLRQ�DOSKD�EOHQGLQJ�PRGH�RI�FRORU�FKDQQHO� 
�
E����$JG 
�
E����$G�
 
�
E�����$G�
$JG�!!� 

� 5: �[� 
PL[�BGVWBDOSKDBPRGH 
'HVWLQDWLRQ�DOSKD�PRGH�RI�FRORU�FKDQQHO� 
�
E���$G 
�
E�������$G 

� 5: �[� 
PL[�BGVWBFRORUBPRGH 
'HVWLQDWLRQ�FRORU�PRGH� 
�
E���&G 
�
E���&G$G�� 

 
923�B0,;�B65&B$/3+$B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[� 

PL[�BVUFBIDFWRUBPRGH 
6RXUFH�IDFWRU�RI�DOSKD�FKDQQHO� 
�
E������ 
�
E�������� 
�
E�����$G�� 
�
E���������$G�� 
�
E�����$V�� 
�
E�����$JV�  

� 5: �[� 
PL[�BVUFBDOSKDBFDOBPRGH 
6RXUFH�DOSKD�VHOHFW�PRGH�RI�DOSKD�FKDQQHO� 
�
E���$V�B��$V�B�!!� 
�
E���$V�B� 

��� 5: �[� 

PL[�BVUFBEOHQGBPRGH 
6RXUFH�DOSKD�EOHQGLQJ�PRGH�RI�DOSKD�FKDQQHO� 
�
E����$JV 
�
E����$V�
 
�
E�����$V�
$JV�!!� 

� 5: �[� 
PL[�BVUFBDOSKDBPRGH 
6RXUFH�DOSKD�PRGH�RI�DOSKD�FKDQQHO� 
�
E���$V 
�
E�������$V 

� 52 �[� UHVHUYHG 
 
923�B0,;�B'67B$/3+$B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1462 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

PL[�BGVWBIDFWRUBPRGH 
'HVWLQDWLRQ�IDFWRU�RI�DOSKD�FKDQQHO� 
�
E������ 
�
E�������� 
�
E�����$V�� 
�
E���������$V�� 
�
E�����$G�� 
�
E�����$GV 

� 5: �[� 
PL[�BGVWBDOSKDBFDOBPRGH 
'HVWLQDWLRQ�DOSKD�VHOHFW�PRGH�RI�DOSKD�FKDQQHO� 
�
E���$G�B��$G�B�!!� 
�
E���$G�B� 

��� 5: �[� 

PL[�BGVWBEOHQGBPRGH 
'HVWLQDWLRQ�DOSKD�EOHQGLQJ�PRGH�RI�DOSKD�FKDQQHO� 
�
E����$JG 
�
E����$G�
 
�
E�����$G�
$JG�!!� 

� 5: �[� 
PL[�BGVWBDOSKDBPRGH 
'HVWLQDWLRQ�DOSKD�PRGH�RI�DOSKD�FKDQQHO� 
�
E���$G 
�
E�������$G 

� 52 �[� UHVHUYHG 
 
923�B0,;�B65&B&2/25B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[�� PL[�BVUFBJOREDOBDOSKD 
6RXUFH�JOREDO�DOSKD�YDOXH�$JV�� 

����� 52 �[�� UHVHUYHG 

� 5: �[� 
PL[�BVUFBWRSBVZDS 
6ZDS�WRS�DQG�ERWWRP�OD\HU� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
PL[�BVUFBDOSKDBHQ 
(QDEOH�DOSKD�EOHQGLQJ� 
�
E���'LVDEOH 
�
E���(QDEOH 

��� 5: �[� 

PL[�BVUFBIDFWRUBPRGH 
6RXUFH�IDFWRU�RI�FRORU�FKDQQHO� 
�
E������ 
�
E�������� 
�
E�����$G�� 
�
E���������$G�� 
�
E�����$V�� 
�
E�����$JV 

� 5: �[� 
PL[�BVUFBDOSKDBFDOBPRGH 
6RXUFH�DOSKD�VHOHFW�PRGH�RI�FRORU�FKDQQHO� 
�
E���$V�B��$V�B�!!� 
�
E���$V�B� 

��� 5: �[� 

PL[�BVUFBEOHQGBPRGH 
6RXUFH�DOSKD�EOHQGLQJ�PRGH�RI�FRORU�FKDQQHO� 
�
E����$JV 
�
E����$V�
 
�
E�����$V�
$JV�!!� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1463 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
PL[�BVUFBDOSKDBPRGH 
6RXUFH�DOSKD�PRGH�RI�FRORU�FKDQQHO� 
�
E���$V 
�
E�������$V 

� 5: �[� 
PL[�BVUFBFRORUBPRGH 
6RXUFH�FRORU�PRGH� 
�
E���&V 
�
E���&V$V�� 

 
923�B0,;�B'67B&2/25B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[�� PL[�BGVWBJOREDOBDOSKD 
'HVWLQDWLRQ�JOREDO�DOSKD�YDOXH�$JG�� 

���� 52 �[�� UHVHUYHG 

��� 5: �[� 

PL[�BGVWBIDFWRUBPRGH 
'HVWLQDWLRQ�IDFWRU�RI�FRORU�FKDQQHO� 
�
E������ 
�
E�������� 
�
E�����$V�� 
�
E���������$V�� 
�
E�����$G�� 
�
E�����$GV 

� 5: �[� 
PL[�BGVWBDOSKDBFDOBPRGH 
'HVWLQDWLRQ�DOSKD�VHOHFW�PRGH�RI�FRORU�FKDQQHO� 
�
E���$G�B��$G�B�!!� 
�
E���$G�B� 

��� 5: �[� 

PL[�BGVWBEOHQGBPRGH 
'HVWLQDWLRQ�DOSKD�EOHQGLQJ�PRGH�RI�FRORU�FKDQQHO� 
�
E����$JG 
�
E����$G�
 
�
E�����$G�
$JG�!!� 

� 5: �[� 
PL[�BGVWBDOSKDBPRGH 
'HVWLQDWLRQ�DOSKD�PRGH�RI�FRORU�FKDQQHO� 
�
E���$G 
�
E�������$G 

� 5: �[� 
PL[�BGVWBFRORUBPRGH 
'HVWLQDWLRQ�FRORU�PRGH� 
�
E���&G 
�
E���&G$G�� 

 
923�B0,;�B65&B$/3+$B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[� 

PL[�BVUFBIDFWRUBPRGH 
6RXUFH�IDFWRU�RI�DOSKD�FKDQQHO� 
�
E������ 
�
E�������� 
�
E�����$G�� 
�
E���������$G�� 
�
E�����$V�� 
�
E�����$JV 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1464 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
PL[�BVUFBDOSKDBFDOBPRGH 
6RXUFH�DOSKD�VHOHFW�PRGH�RI�DOSKD�FKDQQHO� 
�
E���$V�B��$V�B�!!� 
�
E���$V�B� 

��� 5: �[� 

PL[�BVUFBEOHQGBPRGH 
6RXUFH�DOSKD�EOHQGLQJ�PRGH�RI�DOSKD�FKDQQHO� 
�
E����$JV 
�
E����$V�
 
�
E�����$V�
$JV�!!� 

� 5: �[� 
PL[�BVUFBDOSKDBPRGH 
6RXUFH�DOSKD�PRGH�RI�DOSKD�FKDQQHO� 
�
E���$V 
�
E�������$V 

� 52 �[� UHVHUYHG 
 
923�B0,;�B'67B$/3+$B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[� 

PL[�BGVWBIDFWRUBPRGH 
'HVWLQDWLRQ�IDFWRU�RI�DOSKD�FKDQQHO� 
�
E������ 
�
E�������� 
�
E�����$V�� 
�
E���������$V�� 
�
E�����$G�� 
�
E�����$GV 

� 5: �[� 
PL[�BGVWBDOSKDBFDOBPRGH 
'HVWLQDWLRQ�DOSKD�VHOHFW�PRGH�RI�DOSKD�FKDQQHO� 
�
E���$G�B��$G�B�!!� 
�
E���$G�B� 

��� 5: �[� 

PL[�BGVWBEOHQGBPRGH 
'HVWLQDWLRQ�DOSKD�EOHQGLQJ�PRGH�RI�DOSKD�FKDQQHO� 
�
E����$JG 
�
E����$G�
 
�
E�����$G�
$JG�!!� 

� 5: �[� 
PL[�BGVWBDOSKDBPRGH 
'HVWLQDWLRQ�DOSKD�PRGH�RI�DOSKD�FKDQQHO� 
�
E���$G 
�
E�������$G 

� 52 �[� UHVHUYHG 
 
923�B0,;�B65&B&2/25B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[�� PL[�BVUFBJOREDOBDOSKD 
6RXUFH�JOREDO�DOSKD�YDOXH�$JV�� 

����� 52 �[�� UHVHUYHG 

� 5: �[� 
PL[�BVUFBWRSBVZDS 
6ZDS�WRS�DQG�ERWWRP�OD\HU� 
�
E���'LVDEOH 
�
E���(QDEOH 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1465 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
PL[�BVUFBDOSKDBHQ 
(QDEOH�DOSKD�EOHQGLQJ� 
�
E���'LVDEOH 
�
E���(QDEOH 

��� 5: �[� 

PL[�BVUFBIDFWRUBPRGH 
6RXUFH�IDFWRU�RI�FRORU�FKDQQHO� 
�
E������ 
�
E�������� 
�
E�����$G�� 
�
E���������$G�� 
�
E�����$V�� 
�
E�����$JV 

� 5: �[� 
PL[�BVUFBDOSKDBFDOBPRGH 
6RXUFH�DOSKD�VHOHFW�PRGH�RI�FRORU�FKDQQHO� 
�
E���$V�B��$V�B�!!� 
�
E���$V�B� 

��� 5: �[� 

PL[�BVUFBEOHQGBPRGH 
6RXUFH�DOSKD�EOHQGLQJ�PRGH�RI�FRORU�FKDQQHO� 
�
E����$JV 
�
E����$V�
 
�
E�����$V�
$JV�!!� 

� 5: �[� 
PL[�BVUFBDOSKDBPRGH 
6RXUFH�DOSKD�PRGH�RI�FRORU�FKDQQHO� 
�
E���$V 
�
E�������$V 

� 5: �[� 
PL[�BVUFBFRORUBPRGH 
6RXUFH�FRORU�PRGH� 
�
E���&V 
�
E���&V$V�� 

 
923�B0,;�B'67B&2/25B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[�� PL[�BGVWBJOREDOBDOSKD 
'HVWLQDWLRQ�JOREDO�DOSKD�YDOXH�$JG�� 

���� 52 �[�� UHVHUYHG 

��� 5: �[� 

PL[�BGVWBIDFWRUBPRGH 
'HVWLQDWLRQ�IDFWRU�RI�FRORU�FKDQQHO� 
�
E������ 
�
E�������� 
�
E�����$V�� 
�
E���������$V�� 
�
E�����$G�� 
�
E�����$GV 

� 5: �[� 
PL[�BGVWBDOSKDBFDOBPRGH 
'HVWLQDWLRQ�DOSKD�VHOHFW�PRGH�RI�FRORU�FKDQQHO� 
�
E���$G�B��$G�B�!!� 
�
E���$G�B� 

��� 5: �[� 

PL[�BGVWBEOHQGBPRGH 
'HVWLQDWLRQ�DOSKD�EOHQGLQJ�PRGH�RI�FRORU�FKDQQHO� 
�
E����$JG 
�
E����$G�
 
�
E�����$G�
$JG�!!� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1466 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
PL[�BGVWBDOSKDBPRGH 
'HVWLQDWLRQ�DOSKD�PRGH�RI�FRORU�FKDQQHO� 
�
E���$G 
�
E�������$G 

� 5: �[� 
PL[�BGVWBFRORUBPRGH 
'HVWLQDWLRQ�FRORU�PRGH� 
�
E���&G 
�
E���&G$G�� 

 
923�B0,;�B65&B$/3+$B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[� 

PL[�BVUFBIDFWRUBPRGH 
6RXUFH�IDFWRU�RI�DOSKD�FKDQQHO� 
�
E������ 
�
E�������� 
�
E�����$G�� 
�
E���������$G�� 
�
E�����$V�� 
�
E�����$JV 

� 5: �[� 
PL[�BVUFBDOSKDBFDOBPRGH 
6RXUFH�DOSKD�VHOHFW�PRGH�RI�DOSKD�FKDQQHO� 
�
E���$V�B��$V�B�!!� 
�
E���$V�B� 

��� 5: �[� 

PL[�BVUFBEOHQGBPRGH 
6RXUFH�DOSKD�EOHQGLQJ�PRGH�RI�DOSKD�FKDQQHO� 
�
E����$JV 
�
E����$V�
 
�
E�����$V�
$JV�!!� 

� 5: �[� 
PL[�BVUFBDOSKDBPRGH 
6RXUFH�DOSKD�PRGH�RI�DOSKD�FKDQQHO� 
�
E���$V 
�
E�������$V 

� 52 �[� UHVHUYHG 
 
923�B0,;�B'67B$/3+$B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[� 

PL[�BGVWBIDFWRUBPRGH 
'HVWLQDWLRQ�IDFWRU�RI�DOSKD�FKDQQHO� 
�
E������ 
�
E�������� 
�
E�����$V�� 
�
E���������$V�� 
�
E�����$G�� 
�
E�����$GV 

� 5: �[� 
PL[�BGVWBDOSKDBFDOBPRGH 
'HVWLQDWLRQ�DOSKD�VHOHFW�PRGH�RI�DOSKD�FKDQQHO� 
�
E���$G�B��$G�B�!!� 
�
E���$G�B� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1467 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

PL[�BGVWBEOHQGBPRGH 
'HVWLQDWLRQ�DOSKD�EOHQGLQJ�PRGH�RI�DOSKD�FKDQQHO� 
�
E����$JG 
�
E����$G�
 
�
E�����$G�
$JG�!!� 

� 5: �[� 
PL[�BGVWBDOSKDBPRGH 
'HVWLQDWLRQ�DOSKD�PRGH�RI�DOSKD�FKDQQHO� 
�
E���$G 
�
E�������$G 

� 52 �[� UHVHUYHG 
 
923�B0,;�B65&B&2/25B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[�� PL[�BVUFBJOREDOBDOSKD 
6RXUFH�JOREDO�DOSKD�YDOXH�$JV�� 

����� 52 �[�� UHVHUYHG 

� 5: �[� 
PL[�BVUFBWRSBVZDS 
6ZDS�WRS�DQG�ERWWRP�OD\HU� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
PL[�BVUFBDOSKDBHQ 
(QDEOH�DOSKD�EOHQGLQJ� 
�
E���'LVDEOH 
�
E���(QDEOH 

��� 5: �[� 

PL[�BVUFBIDFWRUBPRGH 
6RXUFH�IDFWRU�RI�FRORU�FKDQQHO� 
�
E������ 
�
E�������� 
�
E�����$G�� 
�
E���������$G�� 
�
E�����$V�� 
�
E�����$JV 

� 5: �[� 
PL[�BVUFBDOSKDBFDOBPRGH 
6RXUFH�DOSKD�VHOHFW�PRGH�RI�FRORU�FKDQQHO� 
�
E���$V�B��$V�B�!!� 
�
E���$V�B� 

��� 5: �[� 

PL[�BVUFBEOHQGBPRGH 
6RXUFH�DOSKD�EOHQGLQJ�PRGH�RI�FRORU�FKDQQHO� 
�
E����$JV 
�
E����$V�
 
�
E�����$V�
$JV�!!� 

� 5: �[� 
PL[�BVUFBDOSKDBPRGH 
6RXUFH�DOSKD�PRGH�RI�FRORU�FKDQQHO� 
�
E���$V 
�
E�������$V 

� 5: �[� 
PL[�BVUFBFRORUBPRGH 
6RXUFH�FRORU�PRGH� 
�
E���&V 
�
E���&V$V�� 

 
923�B0,;�B'67B&2/25B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1468 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[�� PL[�BGVWBJOREDOBDOSKD 
'HVWLQDWLRQ�JOREDO�DOSKD�YDOXH�$JG�� 

���� 52 �[�� UHVHUYHG 

��� 5: �[� 

PL[�BGVWBIDFWRUBPRGH 
'HVWLQDWLRQ�IDFWRU�RI�FRORU�FKDQQHO� 
�
E������ 
�
E�������� 
�
E�����$V�� 
�
E���������$V�� 
�
E�����$G�� 
�
E�����$GV 

� 5: �[� 
PL[�BGVWBDOSKDBFDOBPRGH 
'HVWLQDWLRQ�DOSKD�VHOHFW�PRGH�RI�FRORU�FKDQQHO� 
�
E���$G�B��$G�B�!!� 
�
E���$G�B� 

��� 5: �[� 

PL[�BGVWBEOHQGBPRGH 
'HVWLQDWLRQ�DOSKD�EOHQGLQJ�PRGH�RI�FRORU�FKDQQHO� 
�
E����$JG 
�
E����$G�
 
�
E�����$G�
$JG�!!� 

� 5: �[� 
PL[�BGVWBDOSKDBPRGH 
'HVWLQDWLRQ�DOSKD�PRGH�RI�FRORU�FKDQQHO� 
�
E���$G 
�
E�������$G 

� 5: �[� 
PL[�BGVWBFRORUBPRGH 
'HVWLQDWLRQ�FRORU�PRGH� 
�
E���&G 
�
E���&G$G�� 

 
923�B0,;�B65&B$/3+$B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[� 

PL[�BVUFBIDFWRUBPRGH 
6RXUFH�IDFWRU�RI�DOSKD�FKDQQHO� 
�
E������ 
�
E�������� 
�
E�����$G�� 
�
E���������$G�� 
�
E�����$V�� 
�
E�����$JV 

� 5: �[� 
PL[�BVUFBDOSKDBFDOBPRGH 
6RXUFH�DOSKD�VHOHFW�PRGH�RI�DOSKD�FKDQQHO� 
�
E���$V�B��$V�B�!!� 
�
E���$V�B� 

��� 5: �[� 

PL[�BVUFBEOHQGBPRGH 
6RXUFH�DOSKD�EOHQGLQJ�PRGH�RI�DOSKD�FKDQQHO� 
�
E����$JV 
�
E����$V�
 
�
E�����$V�
$JV�!!� 

� 5: �[� 
PL[�BVUFBDOSKDBPRGH 
6RXUFH�DOSKD�PRGH�RI�DOSKD�FKDQQHO� 
�
E���$V 
�
E�������$V 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1469 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
� 52 �[� UHVHUYHG 
 
923�B0,;�B'67B$/3+$B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[� 

PL[�BGVWBIDFWRUBPRGH 
'HVWLQDWLRQ�IDFWRU�RI�DOSKD�FKDQQHO� 
�
E������ 
�
E�������� 
�
E�����$V�� 
�
E���������$V�� 
�
E�����$G�� 
�
E�����$GV 

� 5: �[� 
PL[�BGVWBDOSKDBFDOBPRGH 
'HVWLQDWLRQ�DOSKD�VHOHFW�PRGH�RI�DOSKD�FKDQQHO� 
�
E���$G�B��$G�B�!!� 
�
E���$G�B� 

��� 5: �[� 

PL[�BGVWBEOHQGBPRGH 
'HVWLQDWLRQ�DOSKD�EOHQGLQJ�PRGH�RI�DOSKD�FKDQQHO� 
�
E����$JG 
�
E����$G�
 
�
E�����$G�
$JG�!!� 

� 5: �[� 
PL[�BGVWBDOSKDBPRGH 
'HVWLQDWLRQ�DOSKD�PRGH�RI�DOSKD�FKDQQHO� 
�
E���$G 
�
E�������$G 

� 52 �[� UHVHUYHG 
 
923�B0,;�B65&B&2/25B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[�� PL[�BVUFBJOREDOBDOSKD 
6RXUFH�JOREDO�DOSKD�YDOXH�$JV�� 

����� 52 �[�� UHVHUYHG 

� 5: �[� 
PL[�BVUFBWRSBVZDS 
6ZDS�WRS�DQG�ERWWRP�OD\HU� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
PL[�BVUFBDOSKDBHQ 
(QDEOH�DOSKD�EOHQGLQJ� 
�
E���'LVDEOH 
�
E���(QDEOH 

��� 5: �[� 

PL[�BVUFBIDFWRUBPRGH 
6RXUFH�IDFWRU�RI�FRORU�FKDQQHO� 
�
E������ 
�
E�������� 
�
E�����$G�� 
�
E���������$G�� 
�
E�����$V�� 
�
E�����$JV 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1470 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
PL[�BVUFBDOSKDBFDOBPRGH 
6RXUFH�DOSKD�VHOHFW�PRGH�RI�FRORU�FKDQQHO� 
�
E���$V�B��$V�B�!!� 
�
E���$V�B� 

��� 5: �[� 

PL[�BVUFBEOHQGBPRGH 
6RXUFH�DOSKD�EOHQGLQJ�PRGH�RI�FRORU�FKDQQHO� 
�
E����$JV 
�
E����$V�
 
�
E�����$V�
$JV�!!� 

� 5: �[� 
PL[�BVUFBDOSKDBPRGH 
6RXUFH�DOSKD�PRGH�RI�FRORU�FKDQQHO� 
�
E���$V 
�
E�������$V 

� 5: �[� 
PL[�BVUFBFRORUBPRGH 
6RXUFH�FRORU�PRGH� 
�
E���&V 
�
E���&V$V�� 

 
923�B0,;�B'67B&2/25B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[�� PL[�BGVWBJOREDOBDOSKD 
'HVWLQDWLRQ�JOREDO�DOSKD�YDOXH�$JG�� 

���� 52 �[�� UHVHUYHG 

��� 5: �[� 

PL[�BGVWBIDFWRUBPRGH 
'HVWLQDWLRQ�IDFWRU�RI�FRORU�FKDQQHO� 
�
E������ 
�
E�������� 
�
E�����$V�� 
�
E���������$V�� 
�
E�����$G�� 
�
E�����$GV 

� 5: �[� 
PL[�BGVWBDOSKDBFDOBPRGH 
'HVWLQDWLRQ�DOSKD�VHOHFW�PRGH�RI�FRORU�FKDQQHO� 
�
E���$G�B��$G�B�!!� 
�
E���$G�B� 

��� 5: �[� 

PL[�BGVWBEOHQGBPRGH 
'HVWLQDWLRQ�DOSKD�EOHQGLQJ�PRGH�RI�FRORU�FKDQQHO� 
�
E����$JG 
�
E����$G�
 
�
E�����$G�
$JG�!!� 

� 5: �[� 
PL[�BGVWBDOSKDBPRGH 
'HVWLQDWLRQ�DOSKD�PRGH�RI�FRORU�FKDQQHO� 
�
E���$G 
�
E�������$G 

� 5: �[� 
PL[�BGVWBFRORUBPRGH 
'HVWLQDWLRQ�FRORU�PRGH� 
�
E���&G 
�
E���&G$G�� 

 
923�B0,;�B65&B$/3+$B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1471 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

PL[�BVUFBIDFWRUBPRGH 
6RXUFH�IDFWRU�RI�DOSKD�FKDQQHO� 
�
E������ 
�
E�������� 
�
E�����$G�� 
�
E���������$G�� 
�
E�����$V�� 
�
E�����$JV 

� 5: �[� 
PL[�BVUFBDOSKDBFDOBPRGH 
6RXUFH�DOSKD�VHOHFW�PRGH�RI�DOSKD�FKDQQHO� 
�
E���$V�B��$V�B�!!� 
�
E���$V�B� 

��� 5: �[� 

PL[�BVUFBEOHQGBPRGH 
6RXUFH�DOSKD�EOHQGLQJ�PRGH�RI�DOSKD�FKDQQHO� 
�
E����$JV 
�
E����$V�
 
�
E�����$V�
$JV�!!� 

� 5: �[� 
PL[�BVUFBDOSKDBPRGH 
6RXUFH�DOSKD�PRGH�RI�DOSKD�FKDQQHO� 
�
E���$V 
�
E�������$V 

� 52 �[� UHVHUYHG 
 
923�B0,;�B'67B$/3+$B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[� 

PL[�BGVWBIDFWRUBPRGH 
'HVWLQDWLRQ�IDFWRU�RI�DOSKD�FKDQQHO� 
�
E������ 
�
E�������� 
�
E�����$V�� 
�
E���������$V�� 
�
E�����$G�� 
�
E�����$GV 

� 5: �[� 
PL[�BGVWBDOSKDBFDOBPRGH 
'HVWLQDWLRQ�DOSKD�VHOHFW�PRGH�RI�DOSKD�FKDQQHO� 
�
E���$G�B��$G�B�!!� 
�
E���$G�B� 

��� 5: �[� 

PL[�BGVWBEOHQGBPRGH 
'HVWLQDWLRQ�DOSKD�EOHQGLQJ�PRGH�RI�DOSKD�FKDQQHO� 
�
E����$JG 
�
E����$G�
 
�
E�����$G�
$JG�!!� 

� 5: �[� 
PL[�BGVWBDOSKDBPRGH 
'HVWLQDWLRQ�DOSKD�PRGH�RI�DOSKD�FKDQQHO� 
�
E���$G 
�
E�������$G 

� 52 �[� UHVHUYHG 
 
923�B0,;�B65&B&2/25B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1472 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� PL[�BVUFBJOREDOBDOSKD 
6RXUFH�JOREDO�DOSKD�YDOXH�$JV�� 

����� 52 �[�� UHVHUYHG 

� 5: �[� 
PL[�BVUFBWRSBVZDS 
6ZDS�WRS�DQG�ERWWRP�OD\HU� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
PL[�BVUFBDOSKDBHQ 
(QDEOH�DOSKD�EOHQGLQJ� 
�
E���'LVDEOH 
�
E���(QDEOH 

��� 5: �[� 

PL[�BVUFBIDFWRUBPRGH 
6RXUFH�IDFWRU�RI�FRORU�FKDQQHO� 
�
E������ 
�
E�������� 
�
E�����$G�� 
�
E���������$G�� 
�
E�����$V�� 
�
E�����$JV 

� 5: �[� 
PL[�BVUFBDOSKDBFDOBPRGH 
6RXUFH�DOSKD�VHOHFW�PRGH�RI�FRORU�FKDQQHO� 
�
E���$V�B��$V�B�!!� 
�
E���$V�B� 

��� 5: �[� 

PL[�BVUFBEOHQGBPRGH 
6RXUFH�DOSKD�EOHQGLQJ�PRGH�RI�FRORU�FKDQQHO� 
�
E����$JV 
�
E����$V�
 
�
E�����$V�
$JV�!!� 

� 5: �[� 
PL[�BVUFBDOSKDBPRGH 
6RXUFH�DOSKD�PRGH�RI�FRORU�FKDQQHO� 
�
E���$V 
�
E�������$V 

� 5: �[� 
PL[�BVUFBFRORUBPRGH 
6RXUFH�FRORU�PRGH� 
�
E���&V 
�
E���&V$V�� 

 
923�B0,;�B'67B&2/25B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[�� PL[�BGVWBJOREDOBDOSKD 
'HVWLQDWLRQ�JOREDO�DOSKD�YDOXH�$JG�� 

���� 52 �[�� UHVHUYHG 

��� 5: �[� 

PL[�BGVWBIDFWRUBPRGH 
'HVWLQDWLRQ�IDFWRU�RI�FRORU�FKDQQHO� 
�
E������ 
�
E�������� 
�
E�����$V�� 
�
E���������$V�� 
�
E�����$G�� 
�
E�����$GV 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1473 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
PL[�BGVWBDOSKDBFDOBPRGH 
'HVWLQDWLRQ�DOSKD�VHOHFW�PRGH�RI�FRORU�FKDQQHO� 
�
E���$G�B��$G�B�!!� 
�
E���$G�B� 

��� 5: �[� 

PL[�BGVWBEOHQGBPRGH 
'HVWLQDWLRQ�DOSKD�EOHQGLQJ�PRGH�RI�FRORU�FKDQQHO� 
�
E����$JG 
�
E����$G�
 
�
E�����$G�
$JG�!!� 

� 5: �[� 
PL[�BGVWBDOSKDBPRGH 
'HVWLQDWLRQ�DOSKD�PRGH�RI�FRORU�FKDQQHO� 
�
E���$G 
�
E�������$G 

� 5: �[� 
PL[�BGVWBFRORUBPRGH 
'HVWLQDWLRQ�FRORU�PRGH� 
�
E���&G 
�
E���&G$G�� 

 
923�B0,;�B65&B$/3+$B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[� 

PL[�BVUFBIDFWRUBPRGH 
6RXUFH�IDFWRU�RI�DOSKD�FKDQQHO� 
�
E������ 
�
E�������� 
�
E�����$G�� 
�
E���������$G�� 
�
E�����$V�� 
�
E�����$JV 

� 5: �[� 
PL[�BVUFBDOSKDBFDOBPRGH 
6RXUFH�DOSKD�VHOHFW�PRGH�RI�DOSKD�FKDQQHO� 
�
E���$V�B��$V�B�!!� 
�
E���$V�B� 

��� 5: �[� 

PL[�BVUFBEOHQGBPRGH 
6RXUFH�DOSKD�EOHQGLQJ�PRGH�RI�DOSKD�FKDQQHO� 
�
E����$JV 
�
E����$V�
 
�
E�����$V�
$JV�!!� 

� 5: �[� 
PL[�BVUFBDOSKDBPRGH 
6RXUFH�DOSKD�PRGH�RI�DOSKD�FKDQQHO� 
�
E���$V 
�
E�������$V 

� 52 �[� UHVHUYHG 
 
923�B0,;�B'67B$/3+$B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1474 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

PL[�BGVWBIDFWRUBPRGH 
'HVWLQDWLRQ�IDFWRU�RI�DOSKD�FKDQQHO� 
�
E������ 
�
E�������� 
�
E�����$V�� 
�
E���������$V�� 
�
E�����$G�� 
�
E�����$GV 

� 5: �[� 
PL[�BGVWBDOSKDBFDOBPRGH 
'HVWLQDWLRQ�DOSKD�VHOHFW�PRGH�RI�DOSKD�FKDQQHO� 
�
E���$G�B��$G�B�!!� 
�
E���$G�B� 

��� 5: �[� 

PL[�BGVWBEOHQGBPRGH 
'HVWLQDWLRQ�DOSKD�EOHQGLQJ�PRGH�RI�DOSKD�FKDQQHO� 
�
E����$JG 
�
E����$G�
 
�
E�����$G�
$JG�!!� 

� 5: �[� 
PL[�BGVWBDOSKDBPRGH 
'HVWLQDWLRQ�DOSKD�PRGH�RI�DOSKD�FKDQQHO� 
�
E���$G 
�
E�������$G 

� 52 �[� UHVHUYHG 
 
923�B+'5�B0,;B65&B&2/25B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[�� KGU�BPL[BVUFBJOREDOBDOSKD 
6RXUFH�JOREDO�DOSKD�YDOXH�$JV�� 

����� 52 �[�� UHVHUYHG 

� 5: �[� 
KGU�BPL[BVUFBWRSBVZDS 
6ZDS�WRS�DQG�ERWWRP�OD\HU� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
KGU�BPL[BVUFBDOSKDBHQ 
(QDEOH�DOSKD�EOHQGLQJ� 
�
E���'LVDEOH 
�
E���(QDEOH 

��� 5: �[� 

KGU�BPL[BVUFBIDFWRUBPRGH 
6RXUFH�IDFWRU�RI�FRORU�FKDQQHO� 
�
E������ 
�
E�������� 
�
E�����$G�� 
�
E���������$G�� 
�
E�����$V�� 
�
E�����$JV 

� 5: �[� 
KGU�BPL[BVUFBDOSKDBFDOBPRGH 
6RXUFH�DOSKD�VHOHFW�PRGH�RI�FRORU�FKDQQHO� 
�
E���$V�B��$V�B�!!� 
�
E���$V�B� 

��� 5: �[� 

KGU�BPL[BVUFBEOHQGBPRGH 
6RXUFH�DOSKD�EOHQGLQJ�PRGH�RI�FRORU�FKDQQHO� 
�
E����$JV 
�
E����$V�
 
�
E�����$V�
$JV�!!� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
KGU�BPL[BVUFBDOSKDBPRGH 
6RXUFH�DOSKD�PRGH�RI�FRORU�FKDQQHO� 
�
E���$V 
�
E�������$V 

� 5: �[� 
KGU�BPL[BVUFBFRORUBPRGH 
6RXUFH�FRORU�PRGH� 
�
E���&V 
�
E���&V$V�� 

 
923�B+'5�B0,;B'67B&2/25B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[�� KGU�BPL[BGVWBJOREDOBDOSKD 
'HVWLQDWLRQ�JOREDO�DOSKD�YDOXH�$JG�� 

���� 52 �[�� UHVHUYHG 

��� 5: �[� 

KGU�BPL[BGVWBIDFWRUBPRGH 
'HVWLQDWLRQ�IDFWRU�RI�FRORU�FKDQQHO� 
�
E������ 
�
E�������� 
�
E�����$V�� 
�
E���������$V�� 
�
E�����$G�� 
�
E�����$GV 

� 5: �[� 
KGU�BPL[BGVWBDOSKDBFDOBPRGH 
'HVWLQDWLRQ�DOSKD�VHOHFW�PRGH�RI�FRORU�FKDQQHO� 
�
E���$G�B��$G�B�!!� 
�
E���$G�B� 

��� 5: �[� 

KGU�BPL[BGVWBEOHQGBPRGH 
'HVWLQDWLRQ�DOSKD�EOHQGLQJ�PRGH�RI�FRORU�FKDQQHO� 
�
E����$JG 
�
E����$G�
 
�
E�����$G�
$JG�!!� 

� 5: �[� 
KGU�BPL[BGVWBDOSKDBPRGH 
'HVWLQDWLRQ�DOSKD�PRGH�RI�FRORU�FKDQQHO� 
�
E���$G 
�
E�������$G 

� 5: �[� 
KGU�BPL[BGVWBFRORUBPRGH 
'HVWLQDWLRQ�FRORU�PRGH� 
�
E���&G 
�
E���&G$G�� 

 
923�B+'5�B0,;B65&B$/3+$B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[� 

KGU�BPL[BVUFBIDFWRUBPRGH 
6RXUFH�IDFWRU�RI�DOSKD�FKDQQHO� 
�
E������ 
�
E�������� 
�
E�����$G�� 
�
E���������$G�� 
�
E�����$V�� 
�
E�����$JV 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
KGU�BPL[BVUFBDOSKDBFDOBPRGH 
6RXUFH�DOSKD�VHOHFW�PRGH�RI�DOSKD�FKDQQHO� 
�
E���$V�B��$V�B�!!� 
�
E���$V�B� 

��� 5: �[� 

KGU�BPL[BVUFBEOHQGBPRGH 
6RXUFH�DOSKD�EOHQGLQJ�PRGH�RI�DOSKD�FKDQQHO� 
�
E����$JV 
�
E����$V�
 
�
E�����$V�
$JV�!!� 

� 5: �[� 
KGU�BPL[BVUFBDOSKDBPRGH 
6RXUFH�DOSKD�PRGH�RI�DOSKD�FKDQQHO� 
�
E���$V 
�
E�������$V 

� 52 �[� UHVHUYHG 
 
923�B+'5�B0,;B'67B$/3+$B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[� 

KGU�BPL[BGVWBIDFWRUBPRGH 
'HVWLQDWLRQ�IDFWRU�RI�DOSKD�FKDQQHO� 
�
E������ 
�
E�������� 
�
E�����$V�� 
�
E���������$V�� 
�
E�����$G�� 
�
E�����$GV 

� 5: �[� 
KGU�BPL[BGVWBDOSKDBFDOBPRGH 
'HVWLQDWLRQ�DOSKD�VHOHFW�PRGH�RI�DOSKD�FKDQQHO� 
�
E���$G�B��$G�B�!!� 
�
E���$G�B� 

��� 5: �[� 

KGU�BPL[BGVWBEOHQGBPRGH 
'HVWLQDWLRQ�DOSKD�EOHQGLQJ�PRGH�RI�DOSKD�FKDQQHO� 
�
E����$JG 
�
E����$G�
 
�
E�����$G�
$JG�!!� 

� 5: �[� 
KGU�BPL[BGVWBDOSKDBPRGH 
'HVWLQDWLRQ�DOSKD�PRGH�RI�DOSKD�FKDQQHO� 
�
E���$G 
�
E�������$G 

� 52 �[� UHVHUYHG 
 
923�B'3�B%*B0,;B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� GSBEJBGO\BQXP 
%*�GHOD\�F\FOH�QXPEHU� 

����� 52 �[�� UHVHUYHG 

���� 5: �[�� GSBEJBJOREDOBDOSKD 
6RXUFH�JOREDO�DOSKD�YDOXH�$JV�� 

��� 52 �[� UHVHUYHG 

� 5: �[� 
GSBEJBDOSKDBVDWBPRGH 
6RXUFH�DOSKD�VHOHFW�PRGH�RI�FRORU�FKDQQHO� 
�
E���$V�B��$V�B�!!� 
�
E���$V�B� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
GSBEJBDOSKDBSUHBPXO 
6RXUFH�FRORU�PRGH� 
�
E���&V 
�
E���&V$V�� 

� 5: �[� 
GSBEJBDOSKDBPRGH 
6HOHFW�VRXUFH�DOSKD� 
�
E���SHUBSL[HO�DOSKD 
�
E���JOREDO�DOSKD 

� 5: �[� 
GSBEJBDOSKDBHQ 
(QDEOH�DOSKD�EOHQGLQJ� 
�
E���'LVDEOH 
�
E���(QDEOH 

 
923�B'3�B%*B0,;B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� GSBEJBGO\BQXP 
%*�GHOD\�F\FOH�QXPEHU� 

����� 52 �[�� UHVHUYHG 

���� 5: �[�� GSBEJBJOREDOBDOSKD 
6RXUFH�JOREDO�DOSKD�YDOXH�$JV�� 

��� 52 �[� UHVHUYHG 

� 5: �[� 
GSBEJBDOSKDBVDWBPRGH 
6RXUFH�DOSKD�VHOHFW�PRGH�RI�FRORU�FKDQQHO� 
�
E���$V�B��$V�B�!!� 
�
E���$V�B� 

� 5: �[� 
GSBEJBDOSKDBSUHBPXO 
6RXUFH�FRORU�PRGH� 
�
E���&V 
�
E���&V$V�� 

� 5: �[� 
GSBEJBDOSKDBPRGH 
6HOHFW�VRXUFH�DOSKD� 
�
E���SHUBSL[HO�DOSKD 
�
E���JOREDO�DOSKD 

� 5: �[� 
GSBEJBDOSKDBHQ 
(QDEOH�DOSKD�EOHQGLQJ� 
�
E���'LVDEOH 
�
E���(QDEOH 

 
923�B'3�B%*B0,;B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� GSBEJBGO\BQXP 
%*�GHOD\�F\FOH�QXPEHU� 

����� 52 �[�� UHVHUYHG 

���� 5: �[�� GSBEJBJOREDOBDOSKD 
6RXUFH�JOREDO�DOSKD�YDOXH�$JV�� 

��� 52 �[� UHVHUYHG 

� 5: �[� 
GSBEJBDOSKDBVDWBPRGH 
6RXUFH�DOSKD�VHOHFW�PRGH�RI�FRORU�FKDQQHO� 
�
E���$V�B��$V�B�!!� 
�
E���$V�B� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
GSBEJBDOSKDBSUHBPXO 
6RXUFH�FRORU�PRGH� 
�
E���&V 
�
E���&V$V�� 

� 5: �[� 
GSBEJBDOSKDBPRGH 
6HOHFW�VRXUFH�DOSKD� 
�
E���SHUBSL[HO�DOSKD 
�
E���JOREDO�DOSKD 

� 5: �[� 
GSBEJBDOSKDBHQ 
(QDEOH�DOSKD�EOHQGLQJ� 
�
E���'LVDEOH 
�
E���(QDEOH 

 
923�B&OXVWHUB'/<B180�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� FOXVWHU�B�BGO\BQXP 
&OXVWHU�B��GHOD\�F\FOH�QXPEHU� 

����� 5: �[�� FOXVWHU�B�BGO\BQXP 
&OXVWHU�B��GHOD\�F\FOH�QXPEHU� 

���� 5: �[�� FOXVWHU�B�BGO\BQXP 
&OXVWHU�B��GHOD\�F\FOH�QXPEHU� 

��� 5: �[�� FOXVWHU�B�BGO\BQXP 
&OXVWHU�B��GHOD\�F\FOH�QXPEHU� 

 
923�B60$57B'/<B180�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� VPDUW�BGO\BQXP 
6PDUW��GHOD\�F\FOH�QXPEHU� 

����� 5: �[�� VPDUW�BGO\BQXP 
6PDUW��GHOD\�F\FOH�QXPEHU� 

���� 5: �[�� HVPDUW�BGO\BQXP 
(VPDUW��GHOD\�F\FOH�QXPEHU� 

��� 5: �[�� HVPDUW�BGO\BQXP 
(VPDUW��GHOD\�F\FOH�QXPEHU� 

 
13.4.3 3RVW�SURFHVV��UHJLVWHU�GHVFULSWLRQ 
13.4.3.1 Registers Summary 
7KH�EDVH�DGGUHVV�RI�SRVW�SURFHVV��UHJLVWHUV�LV��[�F��� 

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

923�B3267�B'63B&75/ �[���� : �[�������) 7R�FRQWURO�WKH�GLVSOD\�PRGH�RI�YLGHR�SRUW�� 

923�B3267�B0,3,B&75/ �[���� : �[�������� 7R�FRQWURO�WKH�0,3,�GLVSOD\�RI�YLGHR�SRUW�� 
923�B3267�B&2/25B&7
5/ �[���� : �[�������� 7R�FRQWURO�FRORU�EDU� 

923�B3267�B5(6(59('� �[���& : �[�������� 5HJLVWHU�����'HVFULSWLRQ 
923�B3267�B�'B/87B&7
5/ �[���� : �[�������� 7R�FRQWURO��'�/87� 

923�B3267�B�'B/87B5 �[���� : �[�������� 7R�FRQILJXUH�WKH�UHG�FRPSRQHQW�RI��'�/87� 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

923�B3267�B�'B/87B* �[���� : �[�������� 7R�FRQILJXUH�WKH�JUHHQ�FRPSRQHQW�RI��'�/87� 

923�B3267�B�'B/87B% �[���& : �[�������� 7R�FRQILJXUH�WKH�EOXH�FRPSRQHQW�RI��'�/87� 
923�B3267�B�'/87B06
7 �[���� : �[�������� 7R�FRQILJXUH�WKH�VWDUWLQJ�DGGUHVV�RI��'�/87�LQ�PHPRU\� 

923�B3267�B'63B%* �[���& : �[�������� 7R�FRQILJXUH�WKH�EDFNJURXQG�FRORU�RI�YLGHR�SRUW�� 
923�B3267�B35(B6&$1B
+7,0,1* �[���� : �[�������� 7R�FRQILJXUH�WKH�SUH�SURFHVV�WLPLQJ�RI�YLGHR�SRUW�� 
923�B3267�B'63B+$&7B
,1)2 �[���� : �[�������� 7R�FRQILJXUH�WKH�SRVW�SURFHVV�KRUL]RQWDO�WLPLQJ�RI�YLGHR�SRUW�� 
923�B3267�B'63B9$&7B
,1)2 �[���� : �[�������� 7R�FRQILJXUH�WKH�SRVW�SURFHVV�YHUWLFDO�WLPLQJ�RI�YLGHR�SRUW�� 
923�B3267�B6&/B)$&72
5B<5*% �[���& : �[�������� 7R�FRQILJXUH�WKH�VFDOLQJ�IDFWRU�RI�SRVW�SURFHVV� 

923�B3267�B6&/B&75/ �[���� : �[�������� 7R�HQDEOH�WKH�VFDOLQJ�RI�SRVW�SURFHVV� 
923�B3267�B'63B9$&7B
,1)2B)� �[���� : �[�������� 7R�FRQILJXUH�WKH�LQWHUODFH�YHUWLFDO�WLPLQJ�RI�YLGHR�SRUW�� 
923�B3267�B'63B+727$
/B+6B(1' �[���� : �[�������� 7R�FRQILJXUH�WKH�KRUL]RQWDO�WLPLQJ�RI�YLGHR�SRUW�� 
923�B3267�B'63B+$&7B
67B(1' �[���& : �[�������� 7R�FRQILJXUH�WKH�KRUL]RQWDO�WLPLQJ�RI�YLGHR�SRUW�� 
923�B3267�B'63B9727$
/B96B(1' �[���� : �[�������� 7R�FRQILJXUH�WKH�YHUWLFDO�WLPLQJ�RI�YLGHR�SRUW�� 
923�B3267�B'63B9$&7B
67B(1' �[���� : �[�������� 7R�FRQILJXUH�WKH�YHUWLFDO�WLPLQJ�RI�YLGHR�SRUW�� 
923�B3267�B'63B96B67
B(1'B)� �[���� : �[�������� 7R�FRQILJXUH�WKH�LQWHUODFH�YHUWLFDO�WLPLQJ�RI�YLGHR�SRUW�� 
923�B3267�B'63B9$&7B
67B(1'B)� �[���& : �[�������� 7R�FRQILJXUH�WKH�LQWHUODFH�YHUWLFDO�WLPLQJ�RI�YLGHR�SRUW�� 
923�B3267�B%&6+B&75/ �[���� : �[�������� 7R�FRQWURO�%&6+� 

923�B3267�B%&6+B%&6 �[���� : �[�������� 
7R�FRQILJXUH�WKH�EULJKWQHVV��
FRQWUDVW��VDW�DQG�RXWSXW�PRGH�RI�
%&6+� 

923�B3267�B%&6+B+ �[���� : �[�������� 7R�FRQILJXUH�WKH�KXH�RI�%&6+� 
923�B3267�B%&6+B&2/
25B%$5 �[���& : �[�������� 7R�HQDEOH�%&6+� 

923�B3267�B)5&B/2:(
5��B� �[��$� : �[�������� 7R�FRQILJXUH�WKH�ILOWHU�FRHIILFLHQWV�RI�)5&� 
923�B3267�B)5&B/2:(
5��B� �[��$� : �[�������� 7R�FRQILJXUH�WKH�ILOWHU�FRHIILFLHQWV�RI�)5&� 
923�B3267�B)5&B/2:(
5��B� �[��$� : �[$��$���� 7R�FRQILJXUH�WKH�ILOWHU�FRHIILFLHQWV�RI�)5&� 
923�B3267�B)5&B/2:(
5��B� �[��$& : �[�$$����� 7R�FRQILJXUH�WKH�ILOWHU�FRHIILFLHQWV�RI�)5&� 
923�B3267�B)5&B/2:(
5��B� �[��%� : �['(%��%(

' 
7R�FRQILJXUH�WKH�ILOWHU�FRHIILFLHQWV�
RI�)5&� 

923�B3267�B)5&B/2:(
5��B� �[��%� : �[('�%%�'

( 
7R�FRQILJXUH�WKH�ILOWHU�FRHIILFLHQWV�
RI�)5&� 

1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV��':�
'RXEOH�:25'�����ELWV��DFFHVV�  
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13.4.3.2 Detail Registers Description 
923�B3267�B'63B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

YRSBVWDQGE\BHQBLPG 
:ULWLQJ�����WR�WXUQ�/&'&�LQWR�VWDQGE\�PRGH��$OO�WKH�OD\HU�ZRXOG�
GLVDEOH�DQG�WKH�GDWD�WUDQVIHU�IURP�IUDPH�EXIIHU�PHPRU\�ZRXOG�
VWRS�DW�WKH�HQG�RI�FXUUHQW�IUDPH� 
7KH�RXWSXW�ZRXOG�EH�EODQN� 
:KHQ�ZULWLQJ�����WR�WKLV�ELW��VWDQGE\�PRGH�ZRXOG�GLVDEOH�DQG�WKH�
/&'&�JR�EDFN�WR�ZRUN�LPPHGLDWHO\��  
�
E���'LVDEOH 
�
E���(QDEOH 
�%ODFN�GLVSOD\�LV�UHFRPPHQGHG�EHIRUH�VHWWLQJ�VWDQGE\�PRGH�
HQDEOH� 

�� 5: �[� 

YRSBISBVWDQGE\BHQBLPG 
:ULWLQJ�����WR�WXUQ�/&'&�LQWR�VWDQGE\�PRGH��$OO�WKH�OD\HU�ZRXOG�
GLVDEOH�DQG�WKH�GDWD�WUDQVIHU�IURP�IUDPH�EXIIHU�PHPRU\�ZRXOG�
VWRS�DW�WKH�HQG�RI�FXUUHQW�IUDPH� 
7KH�RXWSXW�ZRXOG�EH�EODQN� 
:KHQ�ZULWLQJ�����WR�WKLV�ELW��VWDQGE\�PRGH�ZRXOG�GLVDEOH�DQG�WKH�
/&'&�JR�EDFN�WR�ZRUN�LPPHGLDWHO\��  
�
E���'LVDEOH 
�
E���(QDEOH 
�%ODFN�GLVSOD\�LV�UHFRPPHQGHG�EHIRUH�VHWWLQJ�VWDQGE\�PRGH�
HQDEOH� 

�� 52 �[� UHVHUYHG 

�� 5: �[� 

GVSBOXWBHQ 
�
E���'LVDEOH�  
�
E���(QDEOH 
7KLV�ELW�VKRXOG�EH�����ZKHQ�&38�XSGDWHV�WKH�/87��DQG�VKRXOG�EH�
����ZKHQ�'LVSOD\�/87�PRGH�HQDEOH� 

�� 5: �[� 
GVSBEODFNBHQ 
:KHQ�WKLV�ELW�HQDEOH��WKH�SL[HO�GDWD�RXWSXW�LV�DOO�
EODFN��[�������� 

�� 5: �[� 
GVSBRXWB]HUR 
�
E���QRUPDO�RXWSXW 
�
E���DOO�RXWSXW�
�
 

�� 52 �[� UHVHUYHG 

�� 5: �[� GVSBEODQNBHQ 
:KHQ�WKLV�ELW�HQDEOH��WKH�+V\QF�9V\QF�'HQ�RXWSXW�LV�EODQN� 

�� 5: �[� 
SRVWBOEBPRGH 
�
E����[���� 
�
E����[���� 
LI�SRVWBDFWBZLGWK�!������SRVWBOEBPRGH� ��HOVH�FRQILJ���RU�� 

����� 52 �[� UHVHUYHG 

�� 5: �[� 
GLWKHUBGRZQBPRGH 
�
E���5*%����WR�5*%��� 
�
E���5*%����WR�5*%��� 

����� 5: �[� 
GLWKHUBGRZQBVHO 
�
E���$OOHJUR 
�
E���)5& 

�� 5: �[� 
GLWKHUBGRZQBHQ 
�
E���'LVDEOH 
�
E���(QDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� SUHBGLWKHUBGRZQBHQ 
��ELW�!�ELW��DOOHJUR�� 

�� 5: �[� GVSBZLQBE\SDVV 
,I�DOO�OD\HU�DUH�FORVHG�HQDEOH�GVSBZLQBE\SDVV� 

�� 5: �[� 
GVSB\BPLUBHQ 
�
E���QR�\BPLUURU 
�
E���\BPLUURU 

�� 5: �[� 
GVSB[BPLUBHQ 
�
E���QR�[BPLUURU 
�
E���[BPLUURU 

�� 5: �[� 
GVSBGXPP\BVZDS 
�
E���%�*�5�GXPP\ 
�
E���GXPP\�%�*�5 

�� 5: �[� 
GVSBGHOWDBVZDS 
�
E���'LVDEOH 
�
E���(QDEOH 
6HH�GHWDLO�GHVFULSWLRQ�LQ�'HOWD�GLVSOD\�FKDSWHU 

�� 5: �[� 
GVSBUJBVZDS 
�
E���5*% 
�
E���*5% 

� 5: �[� 
GVSBUEBVZDS 
�
E���5*% 
�
E���%*5 

� 5: �[� 
GVSBEJBVZDS 
�
E���5*% 
�
E���5%* 

� 5: �[� 
GVSBLQWHUODFH 
�
E���'LVDEOH�  
�
E���(QDEOH�  

� 5: �[� 
GVSBILOHGBSRO 
�
E���QRUPDO�  
�
E���LQYHUW�  

� 5: �[� 
GVSBS�LBHQ 
(QDEOH�S�L� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
GVSBFRUHBGFONBVHO 
,I�SDQHO�LV����L�RU����L��LW
V�HQDEOH� 
�
E���GFONBFRUH�VHO�GFON 
�
E���GFONBFRUH�VHO�GFON�GLY� 

��� 5: �[I 

GVSBRXWBPRGH 
�
E������3DUDOOHO����ELW�RXWSXW 
� � � � � � � � ^5>���@��
E��*>���@��
E��%>���@��
E�` 
�
E������3DUDOOHO����ELW�5*%����RXWSXW 
� � � � � � � � ^5>���@��
E��*>���@��
E��%>���@��
E�` 
�
E������3DUDOOHO����ELW�5*%����RXWSXW 
� � � � � � � � ^5>���@��
E��*>���@��
E��%>���@��
E�` 
�
E������<89����RXWSXW�IRU�+'0, 
�
E������3DUDOOHO����ELW�5*%DDD�RXWSXW 
� � � � � � � � ^5>���@�*>���@�%>���@` 
2WKHUV��5HVHUYHG 

 
923�B3267�B0,3,B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
HGSLBZPVBIV 
)UDPH�VWDUW�LQ�KROG�PRGH� 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 
HGSLBZPVBKROGBHQ 
(QDEOH�KROG�PRGH� 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 
HGSLBWHBPRGH 
�
E���QHZ�IUDPH�LV�VWDUWHG�E\�WH� 
�
E���QHZ�IUDPH�LV�VWDUWHG�E\�WH�DQG�ZPVBIV� 

�� 5: �[� 
HGSLBWHBHQ 
(QDEOH�0,3,�7(� 
�
E���'LVDEOH 
�
E���(QDEOH 

����� 5: �[� 

GXDOBFKDQQHOBRYHUODSBQXP 
�
K���RYHUODS�QXP�� 
�
K���RYHUODS�QXP�� 
�
K���RYHUODS�QXP�� 
�
K���RYHUODS�QXP�� 
�
K���RYHUODS�QXP�� 
�
K���RYHUODS�QXP��� 
�
K���RYHUODS�QXP��� 
�
K���RYHUODS�QXP��� 
�
K���RYHUODS�QXP��� 

����� 52 �[� UHVHUYHG 

�� 5: �[� GXDOBFKDQQHOBVZDS 
6ZDS�WZR�FKDQQHO�GDWD�RI�0,3,� 

�� 5: �[� 
GXDOBFKDQQHOBHQ 
(QDEOH�PLSL�GXDO�FKDQQHO� 
�
E���'LVDEOH 
�
E���(QDEOH 

���� 52 �[����� UHVHUYHG 

��� 5: �[� 

GFONBRXWBGGUBFWUO 
�¶E����QRUPDO 
�¶E����GFONBRXW�LV�GGU�FON 
2WKHUV��UHVHUYHG 

��� 52 �[� UHVHUYHG 
 
923�B3267�B&2/25B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 
FRORUBEDUBPRGH 
6HOHFW�FRORU�EDU�PRGH� 
�
E���KRUL]RQWDO�PRGH 
�
E���YHUWLFDO�PRGH 

� 5: �[� 
FRORUBEDUBHQ 
(QDEOH�FRORU�EDU� 
�
E���'LVDEOH 
�
E���(QDEOH 

 
923�B3267�B5(6(59('��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� )LHOG���� [
E[[[�ELWV�������[
K[[[[�ELWV�! ��� 
 
923�B3267�B�'B/87B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� GVSB�GOXWBDGGU 
$+%�ZULWH�RU�UHDG�OXW�DGGUHVV�RI��GBOXW� 

���� 52 �[��� UHVHUYHG 

� 5: �[� 
GVSB�GOXWBPRGH 
�
E���OXW�LV�IHWFKHG�E\�D[L 
�
E���OXW�LV�IHWFKHG�E\�DKE 

� 5: �[� 
GVSB�GOXWBXSGDWHBHQ 
8SGDWH�WKH�OXW�RI��GBOXW� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
GVSB�GOXWBE\SDVVBHQ 
%\SDVV��GBOXW�IXQFWLRQ� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
GVSB�GOXWBHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

 
923�B3267�B�'B/87B5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

���� 5: �[��� OXWB�GBUBFRPS 
�'BOXW�UHG�FRPSRQHQW� 

 
923�B3267�B�'B/87B*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

���� 5: �[��� OXWB�GBJBFRPS 
�'BOXW�JUHHQ�FRPSRQHQW� 

 
923�B3267�B�'B/87B%�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

���� 5: �[��� OXWB�GBEBFRPS 
�'BOXW�EOXH�FRPSRQHQW� 

 
923�B3267�B�'/87B067�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� SRVWB�GOXWBPVW �'BOXW�PHPRU\�VWDUW�DGGUHVV� 
 
923�B3267�B'63B%*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[��� GVSBEJBUHG 
��ELW�UHG�FRORU�RI�EDFNJURXQG� 

����� 5: �[��� GVSBEJBEOXH 
��ELW�EOXH�FRORU�RI�EDFNJURXQG� 

��� 5: �[��� GVSBEJBJUHHQ 
��ELW�JUHHQ�FRORU�RI�EDFNJURXQG� 

 
923�B3267�B35(B6&$1B+7,0,1*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� SUHBVFDQBKDFWLYH 
3UHBVFDQ�KRUL]RQWDO�DFWLYH�SL[HO� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� SUHBVFDQBKEODQN 
3UHBVFDQ�KRUL]RQWDO�EODQN�SL[HO� 

 
923�B3267�B'63B+$&7B,1)2�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� GVSBKDFWBVWBSRVW 
3DQHO�GLVSOD\�VFDQQLQJ�KRUL]RQWDO�DFWLYH�VWDUW�SRLQW� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� GVSBKDFWBHQGBSRVW 
3DQHO�GLVSOD\�VFDQQLQJ�KRUL]RQWDO�DFWLYH�HQG�SRLQW� 

 
923�B3267�B'63B9$&7B,1)2�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� GVSBYDFWBVWBSRVW 
3DQHO�GLVSOD\�VFDQQLQJ�KRUL]RQWDO�DFWLYH�VWDUW�SRLQW� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� GVSBYDFWBHQGBSRVW 
3DQHO�GLVSOD\�VFDQQLQJ�KRUL]RQWDO�DFWLYH�HQG�SRLQW� 

 
923�B3267�B6&/B)$&725B<5*%�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� SRVWBYVBIDFWRU 
)DFWRU ��VUFBKHLJKW>�����@���GVWBKHLJKW>�����@���A��� 

���� 5: �[���� SRVWBKVBIDFWRU 
)DFWRU ��VUFBZLGWK>����@���GVWBZLGWK>����@���A��� 

 
923�B3267�B6&/B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 
SRVW�BYHUBVGBHQ 
�
E���SRVW�YHU�VFO�GRZQ�GLVDEOH 
�
E���SRVW�YHU�VFO�GRZQ�HQDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
SRVW�BKRUBVGBHQ 
�
E���SRVW�KRU�VFO�GRZQ�GLVDEOH 
�
E���SRVW�KRU�VFO�GRZQ�HQDEOH 

 
923�B3267�B'63B9$&7B,1)2B)��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� GVSBYDFWBVWBSRVWBI� 
3DQHO�GLVSOD\�VFDQQLQJ�KRUL]RQWDO�DFWLYH�VWDUW�SRLQW� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� GVSBYDFWBHQGBSRVWBI� 
3DQHO�GLVSOD\�VFDQQLQJ�KRUL]RQWDO�DFWLYH�HQG�SRLQW� 

 
923�B3267�B'63B+727$/B+6B(1'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� GVSBKWRWDO 
3DQHO�GLVSOD\�VFDQQLQJ�KRUL]RQWDO�SHULRG� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� GVSBKVBHQG 
3DQHO�GLVSOD\�VFDQQLQJ�KV\QF�SXOVH�ZLGWK� 

 
923�B3267�B'63B+$&7B67B(1'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� GVSBKDFWBVW 
3DQHO�GLVSOD\�VFDQQLQJ�KRUL]RQWDO�DFWLYH�VWDUW�SRLQW� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� GVSBKDFWBHQG 
3DQHO�GLVSOD\�VFDQQLQJ�KRUL]RQWDO�DFWLYH�HQG�SRLQW� 

 
923�B3267�B'63B9727$/B96B(1'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� GVSBYWRWDO 
3DQHO�GLVSOD\�VFDQQLQJ�YHUWLFDO�SHULRG� 

�� 5: �[� 
VZBGVSBYWRWDOBLPG 
'VS�YWRWDO�QXPEHU�YDOLG�LPPHGLDWHO\�HQDEOH� 
�
E���9DOLG�DIWHU�IUDPH�VWDUW 
�
E���9DOLG�LPPHGLDWHO\ 

����� 52 �[� UHVHUYHG 

���� 5: �[���� GVSBYVBHQG 
3DQHO�GLVSOD\�VFDQQLQJ�YV\QF�SXOVH�ZLGWK� 

 
923�B3267�B'63B9$&7B67B(1'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� GVSBYDFWBVW 
3DQHO�GLVSOD\�VFDQQLQJ�YHUWLFDO�DFWLYH�VWDUW�SRLQW� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

���� 5: �[���� GVSBYDFWBHQG 
3DQHO�GLVSOD\�VFDQQLQJ�YHUWLFDO�DFWLYH�HQG�SRLQW� 

 
923�B3267�B'63B96B67B(1'B)��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� 
GVSBYVBVWBI� 
3DQHO�GLVSOD\�VFDQQLQJ�YHUWLFDO�YV\QF�VWDUW�SRLQW�RI��QG�ILHOG�
�LQWHUODFH�GLVSOD\�PRGH�� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� 
GVSBYVBHQGBI� 
3DQHO�GLVSOD\�VFDQQLQJ�YHUWLFDO�YV\QF�HQG�SRLQW�RI��QG�
ILHOG�LQWHUODFH�GLVSOD\�PRGH�� 

 
923�B3267�B'63B9$&7B67B(1'B)��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� 
GVSBYDFWBVWBI� 
3DQHO�GLVSOD\�VFDQQLQJ�YHUWLFDO�DFWLYH�VWDUW�SRLQW�RI��QG�ILHOG�
�LQWHUODFH�GLVSOD\�PRGH�� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� 
GVSBYDFWBHQGBI� 
3DQHO�GLVSOD\�VFDQQLQJ�YHUWLFDO�DFWLYH�HQG�SRLQW�RI��QG�ILHOG�
�LQWHUODFH�GLVSOD\�PRGH�� 

 
923�B3267�B%&6+B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[� 

EFVKBU�\BFVFBPRGH 
&RORU�VSDFH�FRQYHUVLRQ� 
�
E����%7���B/ 
�
E����%7���B/ 
�
E����%7���B) 
�
E����%7���� 

� 52 �[� UHVHUYHG 

� 5: �[� 
EFVKBU�\BHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

��� 5: �[� 

EFVKB\�UBFVFBPRGH 
&RORU�VSDFH�FRQYHUVLRQ� 
�
E����%7���B/ 
�
E����%7���B/ 
�
E����%7���B) 
�
E����%7���� 

� 52 �[� UHVHUYHG 

� 5: �[� 
EFVKB\�UBHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

 
923�B3267�B%&6+B%&6�  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1487 

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

RXWBPRGH 
�
E����%ODFN 
�
E����%OXH 
�
E����&RORU�EDU 
�
E����1RUPDO�YLGHR 

����� 5: �[��� VDWBFRQ 
6DWXUDWLRQ&RQWUDVW�����^������������`� 

����� 52 �[� UHVHUYHG 

���� 5: �[��� FRQWUDVW 
&RQWUDVW�����^�������`� 

��� 5: �[�� EULJKWQHVV 
%ULJKWQHVV��^������`� 

 
923�B3267�B%&6+B+�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[��� FRVBKXH 
&RV�KXH�YDOXH� 

���� 52 �[�� UHVHUYHG 

��� 5: �[��� VLQBKXH 
6LQ�KXH�YDOXH� 

 
923�B3267�B%&6+B&2/25B%$5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
EFVKBHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 52 �[� UHVHUYHG 

����� 5: �[��� FRORUBEDUBY 
9�FRPSRQHQW�YDOXH�RI�%&6+�FRORU�EDU� 

����� 5: �[��� FRORUBEDUBX 
8�FRPSRQHQW�YDOXH�RI�%&6+�FRORU�EDU� 

��� 5: �[��� FRORUBEDUB\ 
<�FRPSRQHQW�YDOXH�RI�%&6+�FRORU�EDU� 

 
923�B3267�B)5&B/2:(5��B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� ORZHU��BIUP� 
)5&�SDUDPHWHU�ORZHUELW� ��
E����IUP�� 

���� 5: �[���� ORZHU��BIUP� 
)5&�SDUDPHWHU�ORZHUELW� ��
E����IUP�� 

 
923�B3267�B)5&B/2:(5��B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� ORZHU��BIUP� 
)5&�SDUDPHWHU�ORZHUELW� ��
E����IUP�� 

���� 5: �[���� ORZHU��BIUP� 
)5&�SDUDPHWHU�ORZHUELW� ��
E����IUP�� 
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923�B3267�B)5&B/2:(5��B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[D��D ORZHU��BIUP� 
)5&�SDUDPHWHU�ORZHUELW� ��
E����IUP�� 

���� 5: �[���� ORZHU��BIUP� 
)5&�SDUDPHWHU�ORZHUELW� ��
E����IUP�� 

 
923�B3267�B)5&B/2:(5��B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�DD� ORZHU��BIUP� 
)5&�SDUDPHWHU�ORZHUELW� ��
E����IUP�� 

���� 5: �[���� ORZHU��BIUP� 
)5&�SDUDPHWHU�ORZHUELW� ��
E����IUP�� 

 
923�B3267�B)5&B/2:(5��B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[GHE� ORZHU��BIUP� 
)5&�SDUDPHWHU�ORZHUELW� ��
E����IUP�� 

���� 5: �[�EHG ORZHU��BIUP� 
)5&�SDUDPHWHU�ORZHUELW� ��
E����IUP�� 

 
923�B3267�B)5&B/2:(5��B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[HG�E ORZHU��BIUP� 
)5&�SDUDPHWHU�ORZHUELW� ��
E����IUP�� 

���� 5: �[E�GH ORZHU��BIUP� 
)5&�SDUDPHWHU�ORZHUELW� ��
E����IUP�� 

 
13.4.4 3RVW�SURFHVV��UHJLVWHU�GHVFULSWLRQ 
13.4.4.1 Registers Summary 
7KH�EDVH�DGGUHVV�RI�SRVW�SURFHVV��UHJLVWHUV�LV��[�G��� 

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

923�B3267�B'63B&75/ �[���� : �[�������� 7R�FRQWURO�WKH�GLVSOD\�PRGH�RI�YLGHR�SRUW�� 

923�B3267�B0,3,B&75/ �[���� : �[�������� 7R�FRQWURO�WKH�0,3,�GLVSOD\�RI�YLGHR�SRUW�� 
923�B3267�B&2/25B&7
5/ �[���� : �[�������� 7R�FRQWURO�FRORU�EDU� 

923�B3267�B5(6(59('� �[���& : �[�������� 5HJLVWHU�����'HVFULSWLRQ 

923�B3267�B'63B%* �[���& : �[�������� 7R�FRQILJXUH�WKH�EDFNJURXQG�FRORU�RI�YLGHR�SRUW�� 
923�B3267�B35(B6&$1B
+7,0,1* �[���� : �[�������� 7R�FRQILJXUH�WKH�SUH�SURFHVV�WLPLQJ�RI�YLGHR�SRUW�� 
923�B3267�B'63B+$&7B
,1)2 �[���� : �[�������� 7R�FRQILJXUH�WKH�SRVW�SURFHVV�KRUL]RQWDO�WLPLQJ�RI�YLGHR�SRUW�� 
923�B3267�B'63B9$&7B
,1)2 �[���� : �[�������� 7R�FRQILJXUH�WKH�SRVW�SURFHVV�YHUWLFDO�WLPLQJ�RI�YLGHR�SRUW�� 
923�B3267�B6&/B)$&72
5B<5*% �[���& : �[�������� 7R�FRQILJXUH�WKH�VFDOLQJ�IDFWRU�RI�SRVW�SURFHVV� 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

923�B3267�B6&/B&75/ �[���� : �[�������� 7R�HQDEOH�WKH�VFDOLQJ�RI�SRVW�SURFHVV� 
923�B3267�B'63B9$&7B
,1)2B)� �[���� : �[�������� 7R�FRQILJXUH�WKH�LQWHUODFH�YHUWLFDO�WLPLQJ�RI�YLGHR�SRUW�� 
923�B3267�B'63B+727$
/B+6B(1' �[���� : �[�������� 7R�FRQILJXUH�WKH�KRUL]RQWDO�WLPLQJ�RI�YLGHR�SRUW�� 
923�B3267�B'63B+$&7B
67B(1' �[���& : �[�������� 7R�FRQILJXUH�WKH�KRUL]RQWDO�WLPLQJ�RI�YLGHR�SRUW�� 
923�B3267�B'63B9727$
/B96B(1' �[���� : �[�������� 7R�FRQILJXUH�WKH�YHUWLFDO�WLPLQJ�RI�YLGHR�SRUW�� 
923�B3267�B'63B9$&7B
67B(1' �[���� : �[�������� 7R�FRQILJXUH�WKH�YHUWLFDO�WLPLQJ�RI�YLGHR�SRUW�� 
923�B3267�B'63B96B67
B(1'B)� �[���� : �[�������� 7R�FRQILJXUH�WKH�LQWHUODFH�YHUWLFDO�WLPLQJ�RI�YLGHR�SRUW�� 
923�B3267�B'63B9$&7B
67B(1'B)� �[���& : �[�������� 7R�FRQILJXUH�WKH�LQWHUODFH�YHUWLFDO�WLPLQJ�RI�YLGHR�SRUW�� 
923�B3267�B%&6+B&75/ �[���� : �[�������� 7R�FRQWURO�%&6+� 

923�B3267�B%&6+B%&6 �[���� : �[�������� 
7R�FRQILJXUH�WKH�EULJKWQHVV��
FRQWUDVW��VDW�DQG�RXWSXW�PRGH�RI�
%&6+� 

923�B3267�B%&6+B+ �[���� : �[�������� 7R�FRQILJXUH�WKH�KXH�RI�%&6+� 
923�B3267�B%&6+B&2/
25B%$5 �[���& : �[�������� 7R�HQDEOH�%&6+� 

923�B3267�B&$%&B&75/
� �[���� : �[�������� 7R�FRQWURO�&$%&� 

923�B3267�B&$%&B&75/
� �[���� : �[�������� 7R�HQDEOH�&$%&�/87� 

923�B3267�B&$%&B&75/
� �[���� : �[�������� 7R�FRQILJXUH�WKH�VWDJH�RI�&$%&� 

923�B3267�B&$%&B&75/
� �[���& : �[�������� 7R�FRQILJXUH�WKH�OLPLWHG�JOREDO�YDOXH�RI�&$%&� 
923�B3267�B&$%&B*$8
66B/,1(�B� �[���� : �[�������� 7R�FRQILJXUH�WKH�ILOWHU�FRHIILFLHQWV�RI�&$%&� 
923�B3267�B&$%&B*$8
66B/,1(�B� �[���� : �[�������� 7R�FRQILJXUH�WKH�ILOWHU�FRHIILFLHQWV�RI�&$%&� 
923�B3267�B&$%&B*$8
66B/,1(�B� �[���� : �[�������� 7R�FRQILJXUH�WKH�ILOWHU�FRHIILFLHQWV�RI�&$%&� 
923�B3267�B&$%&B*$8
66B/,1(�B� �[���& : �[�������� 7R�FRQILJXUH�WKH�ILOWHU�FRHIILFLHQWV�RI�&$%&� 
923�B3267�B&$%&B*$8
66B/,1(�B� �[���� : �[�������� 7R�FRQILJXUH�WKH�ILOWHU�FRHIILFLHQWV�RI�&$%&� 
923�B3267�B&$%&B*$8
66B/,1(�B� �[���� : �[�������� 7R�FRQILJXUH�WKH�ILOWHU�FRHIILFLHQWV�RI�&$%&� 

923�B3267�B3:0B&75/ �[��&� : �[�������$ 7KH�UHJLVWHU�SURYLGHV�WKH�FRWURO�RI�3:0� 
923�B3267�B3:0B3(5,
2'B+35 �[��&� : �[�������� 7R�FRQILJXUH� � WKH�SHULRG�RI�WKH�RXWSXW�ZDYHIRUP� 
923�B3267�B3:0B'87<
B/35 �[��&� : �[�������� 7R�FRQILJXUH� � WKH�GXW\�F\FOH�RI�WKH�RXWSXW�ZDYHIRUP� 

923�B3267�B3:0B&17 �[��&& : �[�������� 7KH�UHJLVWHU�LQGLFDWHV�WKH�VWDWXV�RI�3:0� 
1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV��':�
'RXEOH�:25'�����ELWV��DFFHVV�  
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13.4.4.2 Detail Registers Description 
923�B3267�B'63B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

YRSBVWDQGE\BHQBLPG 
:ULWLQJ�����WR�WXUQ�/&'&�LQWR�VWDQGE\�PRGH��$OO�WKH�OD\HU�ZRXOG�
GLVDEOH�DQG�WKH�GDWD�WUDQVIHU�IURP�IUDPH�EXIIHU�PHPRU\�ZRXOG�
VWRS�DW�WKH�HQG�RI�FXUUHQW�IUDPH� 
7KH�RXWSXW�ZRXOG�EH�EODQN� 
:KHQ�ZULWLQJ�����WR�WKLV�ELW��VWDQGE\�PRGH�ZRXOG�GLVDEOH�DQG�WKH�
/&'&�JR�EDFN�WR�ZRUN�LPPHGLDWHO\��  
�
E���'LVDEOH 
�
E���(QDEOH 
�%ODFN�GLVSOD\�LV�UHFRPPHQGHG�EHIRUH�VHWWLQJ�VWDQGE\�PRGH�
HQDEOH� 

�� 5: �[� 

YRSBISBVWDQGE\BHQBLPG 
:ULWLQJ�����WR�WXUQ�/&'&�LQWR�VWDQGE\�PRGH��$OO�WKH�OD\HU�ZRXOG�
GLVDEOH�DQG�WKH�GDWD�WUDQVIHU�IURP�IUDPH�EXIIHU�PHPRU\�ZRXOG�
VWRS�DW�WKH�HQG�RI�FXUUHQW�IUDPH� 
7KH�RXWSXW�ZRXOG�EH�EODQN� 
:KHQ�ZULWLQJ�����WR�WKLV�ELW��VWDQGE\�PRGH�ZRXOG�GLVDEOH�DQG�WKH�
/&'&�JR�EDFN�WR�ZRUN�LPPHGLDWHO\��  
�
E���'LVDEOH 
�
E���(QDEOH 
�%ODFN�GLVSOD\�LV�UHFRPPHQGHG�EHIRUH�VHWWLQJ�VWDQGE\�PRGH�
HQDEOH� 

�� 52 �[� UHVHUYHG 

�� 5: �[� 

GVSBOXWBHQ 
�
E���'LVDEOH�  
�
E���(QDEOH 
7KLV�ELW�VKRXOG�EH�����ZKHQ�&38�XSGDWHV�WKH�/87��DQG�VKRXOG�EH�
����ZKHQ�'LVSOD\�/87�PRGH�HQDEOH� 

�� 5: �[� 
GVSBEODFNBHQ 
:KHQ�WKLV�ELW�HQDEOH��WKH�SL[HO�GDWD�RXWSXW�LV�DOO�
EODFN��[�������� 

�� 5: �[� 
GVSBRXWB]HUR 
�
E���QRUPDO�RXWSXW 
�
E���DOO�RXWSXW�
�
 

�� 52 �[� UHVHUYHG 

�� 5: �[� GVSBEODQNBHQ 
:KHQ�WKLV�ELW�HQDEOH��WKH�+V\QF�9V\QF�'HQ�RXWSXW�LV�EODQN� 

�� 5: �[� 
SRVWBOEBPRGH 
�
E����[���� 
�
E����[���� 
LI�SRVWBDFWBZLGWK�!������SRVWBOEBPRGH� ���HOVH�FRQILJ���RU�� 

����� 52 �[� UHVHUYHG 

�� 5: �[� 
GLWKHUBGRZQBPRGH 
�
E���5*%����WR�5*%��� 
�
E���5*%����WR�5*%��� 

����� 5: �[� 
GLWKHUBGRZQBVHO 
�
E���$OOHJUR 
�
E���)5& 

�� 5: �[� 
GLWKHUBGRZQBHQ 
�
E���'LVDEOH 
�
E���(QDEOH 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1491 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� SUHBGLWKHUBGRZQBHQ 
��ELW�!�ELW��DOOHJUR�� 

�� 5: �[� GVSBZLQBE\SDVV 
,I�DOO�OD\HU�DUH�FORVHG�HQDEOH�GVSBZLQBE\SDVV� 

�� 5: �[� 
GVSB\BPLUBHQ 
�
E���QR�\BPLUURU 
�
E���\BPLUURU 

�� 5: �[� 
GVSB[BPLUBHQ 
�
E���QR�[BPLUURU 
�
E���[BPLUURU 

�� 5: �[� 
GVSBGXPP\BVZDS 
�
E���%�*�5�GXPP\ 
�
E���GXPP\�%�*�5 

�� 5: �[� 
GVSBGHOWDBVZDS 
�
E���'LVDEOH 
�
E���(QDEOH 
6HH�GHWDLO�GHVFULSWLRQ�LQ�'HOWD�GLVSOD\�FKDUSWHU 

�� 5: �[� 
GVSBUJBVZDS 
�
E���5*% 
�
E���*5% 

� 5: �[� 
GVSBUEBVZDS 
�
E���5*% 
�
E���%*5 

� 5: �[� 
GVSBEJBVZDS 
�
E���5*% 
�
E���5%* 

� 5: �[� 
GVSBLQWHUODFH 
�
E���'LVDEOH�  
�
E���(QDEOH�  

� 5: �[� 
GVSBILOHGBSRO 
�
E���QRUPDO�  
�
E���LQYHUW�  

� 5: �[� 
GVSBS�LBHQ 
(QDEOH�S�L� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
GVSBFRUHBGFONBVHO 
,I�SDQHO�LV����L�RU����L��LW
V�HQDEOH� 
�
E���GFONBFRUH�VHO�GFON 
�
E���GFONBFRUH�VHO�GFON�GLY� 

��� 5: �[� 

GVSBRXWBPRGH 
�
E������3DUDOOHO����ELW� � RXWSXW 
� � � � � � � � ^5>���@��
E��*>���@��
E��%>���@��
E�` 
�
E������3DUDOOHO����ELW�5*%����RXWSXW 
� � � � � � � � ^5>���@��
E��*>���@��
E��%>���@��
E�` 
�
E������3DUDOOHO����ELW�5*%����RXWSXW 
� � � � � � � � ^5>���@��
E��*>���@��
E��%>���@��
E�` 
�
E������<89����RXWSXW�IRU�+'0, 
�
E������3DUDOOHO����ELW�5*%DDD�RXWSXW 
� � � � � � � � ^5>���@�*>���@�%>���@` 
2WKHUV��5HVHUYHG 

 
923�B3267�B0,3,B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
HGSLBZPVBIV 
)UDPH�VWDUW�LQ�KROG�PRGH� 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 
HGSLBZPVBKROGBHQ 
(QDEOH�KROG�PRGH� 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 
HGSLBWHBPRGH 
�
E���QHZ�IUDPH�LV�VWDUWHG�E\�WH� 
�
E���QHZ�IUDPH�LV�VWDUWHG�E\�WH�DQG�ZPVBIV� 

�� 5: �[� 
HGSLBWHBHQ 
(QDEOH�0,3,�7(� 
�
E���'LVDEOH 
�
E���(QDEOH 

����� 5: �[� 

GXDOBFKDQQHOBRYHUODSBQXP 
�
K���RYHUODS�QXP�� 
�
K���RYHUODS�QXP�� 
�
K���RYHUODS�QXP�� 
�
K���RYHUODS�QXP�� 
�
K���RYHUODS�QXP�� 
�
K���RYHUODS�QXP��� 
�
K���RYHUODS�QXP��� 
�
K���RYHUODS�QXP��� 
�
K���RYHUODS�QXP��� 

����� 52 �[� UHVHUYHG 

�� 5: �[� GXDOBFKDQQHOBVZDS 
6ZDS�WZR�FKDQQHO�GDWD�RI�0,3,� 

�� 5: �[� 
GXDOBFKDQQHOBHQ 
(QDEOH�PLSL�GXDO�FKDQQHO� 
�
E���'LVDEOH 
�
E���(QDEOH 

���� 52 �[����� UHVHUYHG 

��� 5: �[� 

GFONBRXWBGGUBFWUO 
�¶E����QRUPDO 
�¶E����GFONBRXW�LV�GGU�FON 
2WKHUV��UHVHUYHG 

��� 52 �[� UHVHUYHG 
 
923�B3267�B&2/25B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 
FRORUBEDUBPRGH 
6HOHFW�FRORU�EDU�PRGH� 
�
E���KRUL]RQWDO�PRGH 
�
E���YHUWLFDO�PRGH 

� 5: �[� 
FRORUBEDUBHQ 
(QDEOH�FRORU�EDU� 
�
E���'LVDEOH 
�
E���(QDEOH 

 
923�B3267�B5(6(59('��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 5: �[�������� )LHOG���� 
 
923�B3267�B'63B%*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[��� GVSBEJBUHG 
��ELW�UHG�FRORU�RI�EDFNJURXQG� 

����� 5: �[��� GVSBEJBEOXH 
��ELW�EOXH�FRORU�RI�EDFNJURXQG� 

��� 5: �[��� GVSBEJBJUHHQ 
��ELW�JUHHQ�FRORU�RI�EDFNJURXQG� 

 
923�B3267�B35(B6&$1B+7,0,1*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� SUHBVFDQBKDFWLYH 
3UHBVFDQ�KRUL]RQWDO�DFWLYH�SL[HO� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� SUHBVFDQBKEODQN 
3UHBVFDQ�KRUL]RQWDO�EODQN�SL[HO� 

 
923�B3267�B'63B+$&7B,1)2�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� GVSBKDFWBVWBSRVW 
3DQHO�GLVSOD\�VFDQQLQJ�KRUL]RQWDO�DFWLYH�VWDUW�SRLQW� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� GVSBKDFWBHQGBSRVW 
3DQHO�GLVSOD\�VFDQQLQJ�KRUL]RQWDO�DFWLYH�HQG�SRLQW� 

 
923�B3267�B'63B9$&7B,1)2�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� GVSBYDFWBVWBSRVW 
3DQHO�GLVSOD\�VFDQQLQJ�KRUL]RQWDO�DFWLYH�VWDUW�SRLQW� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� GVSBYDFWBHQGBSRVW 
3DQHO�GLVSOD\�VFDQQLQJ�KRUL]RQWDO�DFWLYH�HQG�SRLQW� 

 
923�B3267�B6&/B)$&725B<5*%�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� SRVWBYVBIDFWRU 
)DFWRU ��VUFBKHLJKW>�����@���GVWBKHLJKW>�����@���A��� 

���� 5: �[���� SRVWBKVBIDFWRU 
)DFWRU ��VUFBZLGWK>����@���GVWBZLGWK>����@���A��� 

 
923�B3267�B6&/B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 
SRVW�BYHUBVGBHQ 
�
E���SRVW�YHU�VFO�GRZQ�GLVDEOH 
�
E���SRVW�YHU�VFO�GRZQ�HQDEOH 

� 5: �[� 
SRVW�BKRUBVGBHQ 
�
E���SRVW�KRU�VFO�GRZQ�GLVDEOH 
�
E���SRVW�KRU�VFO�GRZQ�HQDEOH 

 
923�B3267�B'63B9$&7B,1)2B)��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� GVSBYDFWBVWBSRVWBI� 
3DQHO�GLVSOD\�VFDQQLQJ�KRUL]RQWDO�DFWLYH�VWDUW�SRLQW� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� GVSBYDFWBHQGBSRVWBI� 
3DQHO�GLVSOD\�VFDQQLQJ�KRUL]RQWDO�DFWLYH�HQG�SRLQW� 

 
923�B3267�B'63B+727$/B+6B(1'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� GVSBKWRWDO 
3DQHO�GLVSOD\�VFDQQLQJ�KRUL]RQWDO�SHULRG� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� GVSBKVBHQG 
3DQHO�GLVSOD\�VFDQQLQJ�KV\QF�SXOVH�ZLGWK� 

 
923�B3267�B'63B+$&7B67B(1'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� GVSBKDFWBVW 
3DQHO�GLVSOD\�VFDQQLQJ�KRUL]RQWDO�DFWLYH�VWDUW�SRLQW� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� GVSBKDFWBHQG 
3DQHO�GLVSOD\�VFDQQLQJ�KRUL]RQWDO�DFWLYH�HQG�SRLQW� 

 
923�B3267�B'63B9727$/B96B(1'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� GVSBYWRWDO 
3DQHO�GLVSOD\�VFDQQLQJ�YHUWLFDO�SHULRG� 

�� 5: �[� 
VZBGVSBYWRWDOBLPG 
'VS�YWRWDO�QXPEHU�YDOLG�LPPHGLDWHO\�HQDEOH� 
�
E���YDOLG�DIWHU�IUDPH�VWDUW 
�
E���YDOLG�LPPHGLDWHO\ 

����� 52 �[� UHVHUYHG 

���� 5: �[���� GVSBYVBHQG 
3DQHO�GLVSOD\�VFDQQLQJ�YV\QF�SXOVH�ZLGWK� 

 
923�B3267�B'63B9$&7B67B(1'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� GVSBYDFWBVW 
3DQHO�GLVSOD\�VFDQQLQJ�YHUWLFDO�DFWLYH�VWDUW�SRLQW� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� GVSBYDFWBHQG 
3DQHO�GLVSOD\�VFDQQLQJ�YHUWLFDO�DFWLYH�HQG�SRLQW� 

 
923�B3267�B'63B96B67B(1'B)��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� 
GVSBYVBVWBI� 
3DQHO�GLVSOD\�VFDQQLQJ�YHUWLFDO�YV\QF�VWDUW�SRLQW�RI��QG�ILHOG�
�LQWHUODFH�GLVSOD\�PRGH�� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� 
GVSBYVBHQGBI� 
3DQHO�GLVSOD\�VFDQQLQJ�YHUWLFDO�YV\QF�HQG�SRLQW�RI��QG�
ILHOG�LQWHUODFH�GLVSOD\�PRGH�� 

 
923�B3267�B'63B9$&7B67B(1'B)��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� 
GVSBYDFWBVWBI� 
3DQHO�GLVSOD\�VFDQQLQJ�YHUWLFDO�DFWLYH�VWDUW�SRLQW�RI��QG�ILHOG�
�LQWHUODFH�GLVSOD\�PRGH�� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� 
GVSBYDFWBHQGBI� 
3DQHO�GLVSOD\�VFDQQLQJ�YHUWLFDO�DFWLYH�HQG�SRLQW�RI��QG�ILHOG�
�LQWHUODFH�GLVSOD\�PRGH�� 

 
923�B3267�B%&6+B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[� 

EFVKBU�\BFVFBPRGH 
&RORU�VSDFH�FRQYHUVLRQ� 
�
E����%7���B/ 
�
E����%7���B/ 
�
E����%7���B) 
�
E����%7���� 

� 52 �[� UHVHUYHG 

� 5: �[� 
EFVKBU�\BHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

��� 5: �[� 

EFVKB\�UBFVFBPRGH 
&RORU�VSDFH�FRQYHUVLRQ� 
�
E����%7���B/ 
�
E����%7���B/ 
�
E����%7���B) 
�
E����%7���� 

� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
EFVKB\�UBHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

 
923�B3267�B%&6+B%&6�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

RXWBPRGH 
�
E����%ODFN 
�
E����%OXH 
�
E����&RORU�EDU 
�
E����1RUPDO�YLGHR 

����� 5: �[��� VDWBFRQ 
6DWXUDWLRQ&RQWUDVW�����^������������`� 

����� 52 �[� UHVHUYHG 

���� 5: �[��� FRQWUDVW 
&RQWUDVW�����^�������`� 

��� 52 �[� UHVHUYHG 

��� 5: �[�� EULJKWQHVV 
%ULJKWQHVV��^������`� 

 
923�B3267�B%&6+B+�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[��� FRVBKXH 
&RV�KXH�YDOXH� 

���� 52 �[�� UHVHUYHG 

��� 5: �[��� VLQBKXH 
6LQ�KXH�YDOXH� 

 
923�B3267�B%&6+B&2/25B%$5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
EFVKBHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 52 �[� UHVHUYHG 

����� 5: �[��� FRORUBEDUBY 
9�FRPSRQHQW�YDOXH�RI�%&6+�FRORU�EDU� 

����� 5: �[��� FRORUBEDUBX 
8�FRPSRQHQW�YDOXH�RI�%&6+�FRORU�EDU� 

��� 5: �[��� FRORUBEDUB\ 
<�FRPSRQHQW�YDOXH�RI�%&6+�FRORU�EDU� 

 
923�B3267�B&$%&B&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� FDEFBFDOFBSL[HOBQXP 
&$%&�FDOF�SL[HO�QXPEHUV� �[����FDEFBWRWDOBQXP 

� 5: �[� FDEFBKDQGOHBHQ 
&$%&�FRQWURO�SZP 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 
SZPBFRQILJBPRGH 
�
E����ODVW�IUDPH�SZP�YDOXH 
�
E����FXU�IUDPH�SZP�YDOXH 
�
E�[��VWDJH�E\�VWDJH 

� 5: �[� 
FDEFBHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

 
923�B3267�B&$%&B&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

���� 5: �[������ FDEFBWRWDOBQXP 
&$%&�WRWDOD�QXPEHUV� �KBYG��YBYG 

��� 52 �[� UHVHUYHG 

� 5: �[� FDEFBOXWBHQ 
&$%&�SZP�OXW�HQDEOH 

 
923�B3267�B&$%&B&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 5: �[� PD[BVFDOHBFIJBHQDEOH 
����� 52 �[� UHVHUYHG 
����� 5: �[��� PD[BVFDOHBFIJBYDOXH 

�� 5: �[� 
FDEFBVWDJHBXSBPRGH 
�
E���PXO�PRGH 
�
E���DGG�PRGH 

����� 52 �[� UHVHUYHG 

���� 5: �[��� 
FDEFBVWDJHBXS 
ZKHQ�PXO�PRGH��VFDOH�VWDJH�XS���a���������� 
ZKHQ�DGG�PRGH��VFDOH�VWDJH�XS���[��a�[II� 

��� 5: �[�� 
FDEFBVWDJHBGRZQ 
ZKHQ�PXO�PRGH��VFDOH�VWDJH�GRZQ�������a������� 
ZKHQ�DGG�PRGH��VFDOH�VWDJH�GRZQ���[��a�[II� 

 
923�B3267�B&$%&B&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� 5: �[� FDEFBJOREDOBGQBOLPLWBHQ 
&$%&�JOREDO�VFDOH�GRZQ�OLPLW�HQDEOH 

��� 5: �[�� FDEFBJOREDOBGQ 
&$%&�JOREDO�VFDOH�GRZQ�YDOXH 

 
923�B3267�B&$%&B*$866B/,1(�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� WBOLQH�B� 
*DXVV�SDUDPHWHU�WBOLQH�B� 

����� 5: �[�� WBOLQH�B� 
*DXVV�SDUDPHWHU�WBOLQH�B� 

���� 5: �[�� WBOLQH�B� 
*DXVV�SDUDPHWHU�WBOLQH�B� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[�� WBOLQH�B� 
*DXVV�SDUDPHWHU�WBOLQH�B� 

 
923�B3267�B&$%&B*$866B/,1(�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[�� WBOLQH�B� 
*DXVV�SDUDPHWHU�WBOLQH�B� 

���� 5: �[�� WBOLQH�B� 
*DXVV�SDUDPHWHU�WBOLQH�B� 

��� 5: �[�� WBOLQH�B� 
*DXVV�SDUDPHWHU�WBOLQH�B� 

 
923�B3267�B&$%&B*$866B/,1(�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� WBOLQH�B� 
*DXVV�SDUDPHWHU�WBOLQH�B� 

����� 5: �[�� WBOLQH�B� 
*DXVV�SDUDPHWHU�WBOLQH�B� 

���� 5: �[�� WBOLQH�B� 
*DXVV�SDUDPHWHU�WBOLQH�B� 

��� 5: �[�� WBOLQH�B� 
*DXVV�SDUDPHWHU�WBOLQH�B� 

 
923�B3267�B&$%&B*$866B/,1(�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[�� WBOLQH�B� 
*DXVV�SDUDPHWHU�WBOLQH�B� 

���� 5: �[�� WBOLQH�B� 
*DXVV�SDUDPHWHU�WBOLQH�B� 

��� 5: �[�� WBOLQH�B� 
*DXVV�SDUDPHWHU�WBOLQH�B� 

 
923�B3267�B&$%&B*$866B/,1(�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� WBOLQH�B� 
*DXVV�SDUDPHWHU�WBOLQH�B� 

����� 5: �[�� WBOLQH�B� 
*DXVV�SDUDPHWHU�WBOLQH�B� 

���� 5: �[�� WBOLQH�B� 
*DXVV�SDUDPHWHU�WBOLQH�B� 

��� 5: �[�� WBOLQH�B� 
*DXVV�SDUDPHWHU�WBOLQH�B� 

 
923�B3267�B&$%&B*$866B/,1(�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� WBOLQH�B� 
*DXVV�SDUDPHWHU�WBOLQH�B� 

���� 5: �[�� WBOLQH�B� 
*DXVV�SDUDPHWHU�WBOLQH�B� 

��� 5: �[�� WBOLQH�B� 
*DXVV�SDUDPHWHU�WBOLQH�B� 

 
923�B3267�B3:0B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� 
USW 
7KLV�ILHOG�GHILQHV�WKH�UHSHDWHG�HIIHFWLYH�SHULRGV�RI�RXWSXW�
ZDYHIRUP�LQ�RQH�VKRW�PRGH��7KH�YDOXH�1�PHDQV�1���UHSHDWHG�
HIIHFWLYH�SHULRGV 

����� 5: �[�� 
VFDOH 
7KLV�ILHOGV�GHILQHV�WKH�VFDOH�IDFWRU�DSSOLHG�WR�SUHVFDOHG�FORFN��7KH�
YDOXH�1�PHDQV�WKH�FORFN�LV�GLYLGHG�E\��1��,I�1�LV����LW�PHDQV�
WKDW�WKH�FORFN�LV�GLYLGHG�E\���������� 

�� 52 �[� UHVHUYHG 

����� 5: �[� 
SUHVFDOH 
7KLV�ILHOG�GHILQHV�WKH�SUHVFDOH�IDFWRU�DSSOLHG�WR�LQSXW�FORFN��7KH�
YDOXH�1�PHDQV�WKDW�WKH�LQSXW�FORFN�LV�GLYLGHG�E\��A1 

����� 52 �[� UHVHUYHG 

� 5: �[� 
FONBVHO 
�
E���QRQ�VFDOHG�FORFN�LV�VHOHFWHG�DV�3:0�FORFN�VRXUFH��,W�PHDQV�
WKDW�WKH�SUHVFDOH�FORFN�LV�GLUHFWO\�XVHG�DV�WKH�3:0�FORFN�VRXUFH 
�
E���VFDOHG�FORFN�LV�VHOHFWHG�DV�3:0�FORFN�VRXUFH 

� 5: �[� 

OSBHQ 
�
E���'LVDEOH 
�
E���(QDEOH 
:KHQ�3:0�FKDQQHO�LV�LQDFWLYH�VWDWH�DQG�/RZ�3RZHU�0RGH�LV�
HQDEOHG��WKH�SDWK�WR�3:0�&ORFN�SUHVFDOH�PRGXOH�LV�EORFNHG�WR�
UHGXFH�SRZHU�FRQVXPSWLRQ 

��� 52 �[� UHVHUYHG 

� 5: �[� 
RXWSXWBPRGH 
�
E���OHIW�DOLJQHG�PRGH 
�
E���FHQWHU�DOLJQHG�PRGH 

� 5: �[� 

LQDFWLYHBSRO 
7KLV�GHILQHV�WKH�RXWSXW�ZDYHIRUP�SRODULW\�ZKHQ�3:0�FKDQQHO�LV�
LQ�LQDFWLYH�VWDWH��7KH�LQDFWLYH�VWDWH�PHDQV�WKDW�3:0�ILQLVKHV�WKH�
FRPSOHWH�ZDYHIRUP�LQ�RQH�VKRW�PRGH�RU�3:0�FKDQQHO�LV�
GLVDEOHG�� �  
�
E���QHJDWLYH 
�
E���SRVLWLYH 

� 5: �[� 

GXW\BSRO 
7KLV�GHILQHV�WKH�SRODULW\�IRU�GXW\�F\FOH��3:0�VWDUWV�WKH�RXWSXW�
ZDYHIRUP�ZLWK�GXW\�F\FOH� 
�
E���QHJDWLYH 
�
E���SRVLWLYH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

SZPBPRGH 
�
E����2QH�VKRW�PRGH�� �3:0�SURGXFHV�WKH�ZDYHIRUP�ZLWKLQ�WKH�
UHSHDWHG�WLPHV�GHILQHG�E\�3:0[B&75/BUSW�� 
�
E����&RQWLQXRXV�PRGH��3:0�SURGXFHV�WKH�ZDYHIRUP�
FRQWLQXRXVO\ 
�
E����&DSWXUH�PRGH��3:0�PHDVXUHV�WKH�F\FOHV�RI�KLJK�ORZ�
SRODULW\�RI�LQSXW�ZDYHIRUP� 
�
E����UHVHUYHG 

� 5: �[� 

SZPBHQ 
�
E���'LVDEOH 
�
E���(QDEOH 
,I�WKH�3:0�LV�ZRUNHG�WKH�RQH�VKRW�PRGH��WKLV�ELW�ZLOO�EH�FOHDUHG�
DW�WKH�HQG�RI�RSHUDWLRQ 

 
923�B3267�B3:0B3(5,2'B+35�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

SZPBSHULRG 
,I�3:0�LV�RSHUDWHG�DW�WKH�FRQWLQXRXV�PRGH�RU�RQH�VKRW�PRGH��
WKLV�YDOXH�GHILQHV�WKH�SHULRG�RI�WKH�RXWSXW�ZDYHIRUP��1RWH�WKDW��LI�
WKH�3:0�LV�RSHUDWHG�DW�WKH�FHQWHU�DOLJQHG�PRGH��WKH�SHULRG�
VKRXOG�EH�DQ�HYHQ�RQH��DQG�WKHUHIRUH�RQO\�WKH�ELW�>����@�LV�WDNHQ�
LQWR�DFFRXQW�DQG�ELW�>�@�DOZD\V�FRQVLGHUHG�DV��� 
,I�3:0�LV�RSHUDWHG�DW�WKH�FDSWXUH�PRGH��WKLV�YDOXH�LQGLFDWHV�WKH�
HIIHFWLYH�KLJK�SRODULW\�F\FOHV�RI�LQSXW�ZDYHIRUP��7KLV�YDOXH�LV�
EDVHG�RQ�WKH�3:0�FORFN��  
7KH�YDOXH�UDQJHV�IURP���WR���A����� 

 
923�B3267�B3:0B'87<B/35�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

SZPBGXW\ 
,I�3:0�LV�RSHUDWHG�DW�WKH�FRQWLQXRXV�PRGH�RU�RQH�VKRW�PRGH��
WKLV�YDOXH�GHILQHV�WKH�GXW\�F\FOH�RI�WKH�RXWSXW�ZDYHIRUP��7KH�
3:0�VWDUWV�WKH�RXWSXW�ZDYHIRUP�ZLWK�GXW\�F\FOH��1RWH�WKDW��LI�WKH�
3:0�LV�RSHUDWHG�DW�WKH�FHQWHU�DOLJQHG�PRGH��WKH�SHULRG�VKRXOG�
EH�DQ�HYHQ�RQH��DQG�WKHUHIRUH�RQO\�WKH�>����@�LV�WDNHQ�LQWR�
DFFRXQW��  
,I�3:0�LV�RSHUDWHG�DW�WKH�FDSWXUH�PRGH��WKLV�YDOXH�LQGLFDWHV�WKH�
HIIHFWLYH�ORZ�SRODULW\�F\FOHV�RI�LQSXW�ZDYHIRUP��  
7KLV�YDOXH�LV�EDVHG�RQ�WKH�3:0�FORFN��7KH�YDOXH�UDQJHV�IURP���WR�
��A����� 

 
923�B3267�B3:0B&17�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
SZPBFQW 
7KH����ELW�LQGLFDWHV�FXUUHQW�YDOXH�RI�3:0�&KDQQHO���FRXQWHU��7KH�
FRXQWHU�UXQV�DW�WKH�UDWH�RI�3:0�FORFN� 
7KH�YDOXH�UDQJHV�IURP���WR���A����� 

 
 
13.4.5 3RVW�SURFHVV��UHJLVWHU�GHVFULSWLRQ 
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13.4.5.1 Registers Summary 
7KH�EDVH�DGGUHVV�RI�SRVW�SURFHVV��UHJLVWHUV�LV��[�H��� 

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

923�B3267�B'63B&75/ �[���� : �[�������� 7R�FRQWURO�WKH�GLVSOD\�PRGH�RI�YLGHR�SRUW�� 

923�B3267�B0,3,B&75/ �[���� : �[�������� 7R�FRQWURO�WKH�0,3,�GLVSOD\�RI�YLGHR�SRUW�� 
923�B3267�B&2/25B&7
5/ �[���� : �[�������� 7R�FRQWURO�FRORU�EDU� 

923�B3267�B5(6(59('� �[���& : �[�������� 5HJLVWHU�����'HVFULSWLRQ 

923�B3267�B'63B%* �[���& : �[�������� 7R�FRQILJXUH�WKH�EDFNJURXQG�FRORU�RI�YLGHR�SRUW�� 
923�B3267�B35(B6&$1B
+7,0,1* �[���� : �[�������� 7R�FRQILJXUH�WKH�SUH�SURFHVV�WLPLQJ�RI�YLGHR�SRUW�� 
923�B3267�B'63B+$&7B
,1)2 �[���� : �[�������� 7R�FRQILJXUH�WKH�SRVW�SURFHVV�KRUL]RQWDO�WLPLQJ�RI�YLGHR�SRUW�� 
923�B3267�B'63B9$&7B
,1)2 �[���� : �[�������� 7R�FRQILJXUH�WKH�SRVW�SURFHVV�YHUWLFDO�WLPLQJ�RI�YLGHR�SRUW�� 
923�B3267�B6&/B)$&72
5B<5*% �[���& : �[�������� 7R�FRQILJXUH�WKH�VFDOLQJ�IDFWRU�RI�SRVW�SURFHVV� 

923�B3267�B6&/B&75/ �[���� : �[�������� 7R�HQDEOH�WKH�VFDOLQJ�RI�SRVW�SURFHVV� 
923�B3267�B'63B9$&7B
,1)2B)� �[���� : �[�������� 7R�FRQILJXUH�WKH�LQWHUODFH�YHUWLFDO�WLPLQJ�RI�YLGHR�SRUW�� 
923�B3267�B'63B+727$
/B+6B(1' �[���� : �[�������� 7R�FRQILJXUH�WKH�KRUL]RQWDO�WLPLQJ�RI�YLGHR�SRUW�� 
923�B3267�B'63B+$&7B
67B(1' �[���& : �[�������� 7R�FRQILJXUH�WKH�KRUL]RQWDO�WLPLQJ�RI�YLGHR�SRUW�� 
923�B3267�B'63B9727$
/B96B(1' �[���� : �[�������� 7R�FRQILJXUH�WKH�YHUWLFDO�WLPLQJ�RI�YLGHR�SRUW�� 
923�B3267�B'63B9$&7B
67B(1' �[���� : �[�������� 7R�FRQILJXUH�WKH�YHUWLFDO�WLPLQJ�RI�YLGHR�SRUW�� 
923�B3267�B'63B96B67
B(1'B)� �[���� : �[�������� 7R�FRQILJXUH�WKH�LQWHUODFH�YHUWLFDO�WLPLQJ�RI�YLGHR�SRUW�� 
923�B3267�B'63B9$&7B
67B(1'B)� �[���& : �[�������� 7R�FRQILJXUH�WKH�LQWHUODFH�YHUWLFDO�WLPLQJ�RI�YLGHR�SRUW�� 
923�B3267�B%&6+B&75/ �[���� : �[�������� 7R�FRQWURO�%&6+� 

923�B3267�B%&6+B%&6 �[���� : �[�������� 
7R�FRQILJXUH�WKH�EULJKWQHVV��
FRQWUDVW��VDW�DQG�RXWSXW�PRGH�RI�
%&6+� 

923�B3267�B%&6+B+ �[���� : �[�������� 7R�FRQILJXUH�WKH�KXH�RI�%&6+� 
923�B3267�B%&6+B&2/
25B%$5 �[���& : �[�������� 7R�HQDEOH�%&6+� 
1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV��':�
'RXEOH�:25'�����ELWV��DFFHVV�  
 

13.4.5.2 Detail Registers Description 
923�B3267�B'63B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

YRSBVWDQGE\BHQBLPG 
:ULWLQJ�����WR�WXUQ�/&'&�LQWR�VWDQGE\�PRGH��$OO�WKH�OD\HU�ZRXOG�
GLVDEOH�DQG�WKH�GDWD�WUDQVIHU�IURP�IUDPH�EXIIHU�PHPRU\�ZRXOG�
VWRS�DW�WKH�HQG�RI�FXUUHQW�IUDPH� 
7KH�RXWSXW�ZRXOG�EH�EODQN� 
:KHQ�ZULWLQJ�����WR�WKLV�ELW��VWDQGE\�PRGH�ZRXOG�GLVDEOH�DQG�WKH�
/&'&�JR�EDFN�WR�ZRUN�LPPHGLDWHO\��  
�
E���'LVDEOH 
�
E���(QDEOH 
�%ODFN�GLVSOD\�LV�UHFRPPHQGHG�EHIRUH�VHWWLQJ�VWDQGE\�PRGH�
HQDEOH� 

�� 5: �[� 

YRSBISBVWDQGE\BHQBLPG 
:ULWLQJ�����WR�WXUQ�/&'&�LQWR�VWDQGE\�PRGH��$OO�WKH�OD\HU�ZRXOG�
GLVDEOH�DQG�WKH�GDWD�WUDQVIHU�IURP�IUDPH�EXIIHU�PHPRU\�ZRXOG�
VWRS�DW�WKH�HQG�RI�FXUUHQW�IUDPH� 
7KH�RXWSXW�ZRXOG�EH�EODQN� 
:KHQ�ZULWLQJ�����WR�WKLV�ELW��VWDQGE\�PRGH�ZRXOG�GLVDEOH�DQG�WKH�
/&'&�JR�EDFN�WR�ZRUN�LPPHGLDWHO\��  
�
E���'LVDEOH 
�
E���(QDEOH 
�%ODFN�GLVSOD\�LV�UHFRPPHQGHG�EHIRUH�VHWWLQJ�VWDQGE\�PRGH�
HQDEOH� 

�� 52 �[� UHVHUYHG 

�� 5: �[� 

GVSBOXWBHQ 
�
E���'LVDEOH�  
�
E���(QDEOH 
7KLV�ELW�VKRXOG�EH�����ZKHQ�&38�XSGDWHV�WKH�/87��DQG�VKRXOG�EH�
����ZKHQ�'LVSOD\�/87�PRGH�HQDEOH� 

�� 5: �[� 
GVSBEODFNBHQ 
:KHQ�WKLV�ELW�HQDEOH��WKH�SL[HO�GDWD�RXWSXW�LV�DOO�
EODFN��[�������� 

�� 5: �[� 
GVSBRXWB]HUR 
�
E���QRUPDO�RXWSXW 
�
E���DOO�RXWSXW�
�
 

�� 52 �[� UHVHUYHG 

�� 5: �[� GVSBEODQNBHQ 
:KHQ�WKLV�ELW�HQDEOH��WKH�+V\QF�9V\QF�'HQ�RXWSXW�LV�EODQN� 

�� 5: �[� 
SRVWBOEBPRGH 
�
E����[���� 
�
E����[���� 
LI�SRVWBDFWBZLGWK�!������SRVWBOEBPRGH� ���HOVH�FRQILJ���RU�� 

����� 52 �[� UHVHUYHG 

�� 5: �[� 
GLWKHUBGRZQBPRGH 
�
E���5*%����WR�5*%��� 
�
E���5*%����WR�5*%��� 

����� 5: �[� 
GLWKHUBGRZQBVHO 
�
E���$OOHJUR 
�
E���)5& 

�� 5: �[� 
GLWKHUBGRZQBHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� SUHBGLWKHUBGRZQBHQ 
��ELW�!�ELW��DOOHJUR�� 

�� 5: �[� GVSBZLQBE\SDVV 
,I�DOO�OD\HU�DUH�FORVHG�HQDEOH�GVSBZLQBE\SDVV� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
GVSB\BPLUBHQ 
�
E���QR�\BPLUURU 
�
E���\BPLUURU 

�� 5: �[� 
GVSB[BPLUBHQ 
�
E���QR�[BPLUURU 
�
E���[BPLUURU 

�� 5: �[� 
GVSBGXPP\BVZDS 
�
E���%�*�5�GXPP\ 
�
E���GXPP\�%�*�5 

�� 5: �[� 
GVSBGHOWDBVZDS 
�
E���GLVDEOH 
�
E���HQDEOH 
6HH�GHWDLO�GHVFULSWLRQ�LQ�'HOWD�GLVSOD\�FKDUSWHU 

�� 5: �[� 
GVSBUJBVZDS 
�
E���5*% 
�
E���*5% 

� 5: �[� 
GVSBUEBVZDS 
�
E���5*% 
�
E���%*5 

� 5: �[� 
GVSBEJBVZDS 
�
E���5*% 
�
E���5%* 

� 5: �[� 
GVSBLQWHUODFH 
�
E���'LVDEOH�  
�
E���(QDEOH�  

� 5: �[� 
GVSBILOHGBSRO 
�
E���1RUPDO�  
�
E���,QYHUW�  

� 5: �[� 
GVSBS�LBHQ 
(QDEOH�S�L� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
GVSBFRUHBGFONBVHO 
,I�SDQHO�LV����L�RU����L��LW
V�HQDEOH� 
�
E���GFONBFRUH�VHO�GFON 
�
E���GFONBFRUH�VHO�GFON�GLY� 

��� 5: �[� 

GVSBRXWBPRGH 
�
E������3DUDOOHO����ELW�RXWSXW 
� � � � � � � � ^5>���@��
E��*>���@��
E��%>���@��
E�` 
�
E������3DUDOOHO����ELW�5*%����RXWSXW 
� � � � � � � � ^5>���@��
E��*>���@��
E��%>���@��
E�` 
�
E������3DUDOOHO����ELW�5*%����RXWSXW 
� � � � � � � � ^5>���@��
E��*>���@��
E��%>���@��
E�` 
�
E������<89����RXWSXW�IRU�+'0, 
�
E������3DUDOOHO����ELW�5*%DDD�RXWSXW 
� � � � � � � � ^5>���@�*>���@�%>���@` 
2WKHUV��5HVHUYHG 

 
923�B3267�B0,3,B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
HGSLBZPVBIV 
)UDPH�VWDUW�LQ�KROG�PRGH� 
�
E���'LVDEOH 
�
E���(QDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
HGSLBZPVBKROGBHQ 
(QDEOH�KROG�PRGH� 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 
HGSLBWHBPRGH 
�
E���1HZ�IUDPH�LV�VWDUWHG�E\�WH� 
�
E���1HZ�IUDPH�LV�VWDUWHG�E\�WH�DQG�ZPVBIV� 

�� 5: �[� 
HGSLBWHBHQ 
(QDEOH�0,3,�7(� 
�
E���'LVDEOH 
�
E���(QDEOH 

����� 5: �[� 

GXDOBFKDQQHOBRYHUODSBQXP 
�
K���2YHUODS�QXP�� 
�
K���2YHUODS�QXP�� 
�
K���2YHUODS�QXP�� 
�
K���2YHUODS�QXP�� 
�
K���2YHUODS�QXP�� 
�
K���2YHUODS�QXP��� 
�
K���2YHUODS�QXP��� 
�
K���2YHUODS�QXP��� 
�
K���2YHUODS�QXP��� 

����� 52 �[� UHVHUYHG 

�� 5: �[� GXDOBFKDQQHOBVZDS 
6ZDS�WZR�FKDQQHO�GDWD�RI�0,3,� 

�� 5: �[� 
GXDOBFKDQQHOBHQ 
(QDEOH�PLSL�GXDO�FKDQQHO� 
�
E���'LVDEOH 
�
E���(QDEOH 

���� 52 �[����� UHVHUYHG 

��� 5: �[� 

GFONBRXWBGGUBFWUO 
�¶E����QRUPDO 
�¶E����GFONBRXW�LV�GGU�FON 
2WKHUV��UHVHUYHG 

��� 52 �[� UHVHUYHG 
 
923�B3267�B&2/25B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 
FRORUBEDUBPRGH 
6HOHFW�FRORU�EDU�PRGH� 
�
E���+RUL]RQWDO�PRGH 
�
E���9HUWLFDO�PRGH 

� 5: �[� 
FRORUBEDUBHQ 
(QDEOH�FRORU�EDU� 
�
E���'LVDEOH 
�
E���(QDEOH 

 
923�B3267�B5(6(59('��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 5: �[�������� )LHOG���� 
 
923�B3267�B'63B%*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[��� GVSBEJBUHG 
��ELW�UHG�FRORU�RI�EDFNJURXQG� 

����� 5: �[��� GVSBEJBEOXH 
��ELW�EOXH�FRORU�RI�EDFNJURXQG� 

��� 5: �[��� GVSBEJBJUHHQ 
��ELW�JUHHQ�FRORU�RI�EDFNJURXQG� 

 
923�B3267�B35(B6&$1B+7,0,1*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� SUHBVFDQBKDFWLYH 
3UHBVFDQ�KRUL]RQWDO�DFWLYH�SL[HO� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� SUHBVFDQBKEODQN 
3UHBVFDQ�KRUL]RQWDO�EODQN�SL[HO� 

 
923�B3267�B'63B+$&7B,1)2�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� GVSBKDFWBVWBSRVW 
3DQHO�GLVSOD\�VFDQQLQJ�KRUL]RQWDO�DFWLYH�VWDUW�SRLQW� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� GVSBKDFWBHQGBSRVW 
3DQHO�GLVSOD\�VFDQQLQJ�KRUL]RQWDO�DFWLYH�HQG�SRLQW� 

 
923�B3267�B'63B9$&7B,1)2�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� GVSBYDFWBVWBSRVW 
3DQHO�GLVSOD\�VFDQQLQJ�KRUL]RQWDO�DFWLYH�VWDUW�SRLQW� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� GVSBYDFWBHQGBSRVW 
3DQHO�GLVSOD\�VFDQQLQJ�KRUL]RQWDO�DFWLYH�HQG�SRLQW� 

 
923�B3267�B6&/B)$&725B<5*%�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� SRVWBYVBIDFWRU 
)DFWRU ��VUFBKHLJKW>�����@���GVWBKHLJKW>�����@���A��� 

���� 5: �[���� SRVWBKVBIDFWRU 
)DFWRU ��VUFBZLGWK>����@���GVWBZLGWK>����@���A��� 

 
923�B3267�B6&/B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 
SRVW�BYHUBVGBHQ 
�
E���3RVW�YHU�VFO�GRZQ�GLVDEOH 
�
E���3RVW�YHU�VFO�GRZQ�HQDEOH 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1506 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
SRVW�BKRUBVGBHQ 
�
E���3RVW�KRU�VFO�GRZQ�GLVDEOH 
�
E���3RVW�KRU�VFO�GRZQ�HQDEOH 

 
923�B3267�B'63B9$&7B,1)2B)��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� GVSBYDFWBVWBSRVWBI� 
3DQHO�GLVSOD\�VFDQQLQJ�KRUL]RQWDO�DFWLYH�VWDUW�SRLQW� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� GVSBYDFWBHQGBSRVWBI� 
3DQHO�GLVSOD\�VFDQQLQJ�KRUL]RQWDO�DFWLYH�HQG�SRLQW� 

 
923�B3267�B'63B+727$/B+6B(1'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� GVSBKWRWDO 
3DQHO�GLVSOD\�VFDQQLQJ�KRUL]RQWDO�SHULRG� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� GVSBKVBHQG 
3DQHO�GLVSOD\�VFDQQLQJ�KV\QF�SXOVH�ZLGWK� 

 
923�B3267�B'63B+$&7B67B(1'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� GVSBKDFWBVW 
3DQHO�GLVSOD\�VFDQQLQJ�KRUL]RQWDO�DFWLYH�VWDUW�SRLQW� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� GVSBKDFWBHQG 
3DQHO�GLVSOD\�VFDQQLQJ�KRUL]RQWDO�DFWLYH�HQG�SRLQW� 

 
923�B3267�B'63B9727$/B96B(1'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� GVSBYWRWDO 
3DQHO�GLVSOD\�VFDQQLQJ�YHUWLFDO�SHULRG� 

�� 5: �[� 
VZBGVSBYWRWDOBLPG 
'VS�YWRWDO�QXPEHU�YDOLG�LPPHGLDWHO\�HQDEOH� 
�
E���9DOLG�DIWHU�IUDPH�VWDUW 
�
E���9DOLG�LPPHGLDWHO\ 

����� 52 �[� UHVHUYHG 

���� 5: �[���� GVSBYVBHQG 
3DQHO�GLVSOD\�VFDQQLQJ�YV\QF�SXOVH�ZLGWK� 

 
923�B3267�B'63B9$&7B67B(1'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� GVSBYDFWBVW 
3DQHO�GLVSOD\�VFDQQLQJ�YHUWLFDO�DFWLYH�VWDUW�SRLQW� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

���� 5: �[���� GVSBYDFWBHQG 
3DQHO�GLVSOD\�VFDQQLQJ�YHUWLFDO�DFWLYH�HQG�SRLQW� 

 
923�B3267�B'63B96B67B(1'B)��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� 
GVSBYVBVWBI� 
3DQHO�GLVSOD\�VFDQQLQJ�YHUWLFDO�YV\QF�VWDUW�SRLQW�RI��QG�ILHOG�
�LQWHUODFH�GLVSOD\�PRGH�� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� 
GVSBYVBHQGBI� 
3DQHO�GLVSOD\�VFDQQLQJ�YHUWLFDO�YV\QF�HQG�SRLQW�RI��QG�
ILHOG�LQWHUODFH�GLVSOD\�PRGH�� 

 
923�B3267�B'63B9$&7B67B(1'B)��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� 
GVSBYDFWBVWBI� 
3DQHO�GLVSOD\�VFDQQLQJ�YHUWLFDO�DFWLYH�VWDUW�SRLQW�RI��QG�ILHOG�
�LQWHUODFH�GLVSOD\�PRGH�� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� 
GVSBYDFWBHQGBI� 
3DQHO�GLVSOD\�VFDQQLQJ�YHUWLFDO�DFWLYH�HQG�SRLQW�RI��QG�ILHOG�
�LQWHUODFH�GLVSOD\�PRGH�� 

 
923�B3267�B%&6+B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[� 

EFVKBU�\BFVFBPRGH 
&RORU�VSDFH�FRQYHUVLRQ� 
�
E����%7���B/ 
�
E����%7���B/ 
�
E����%7���B) 
�
E����%7���� 

� 52 �[� UHVHUYHG 

� 5: �[� 
EFVKBU�\BHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

��� 5: �[� 

EFVKB\�UBFVFBPRGH 
&RORU�VSDFH�FRQYHUVLRQ� 
�
E����%7���B/ 
�
E����%7���B/ 
�
E����%7���B) 
�
E����%7���� 

� 52 �[� UHVHUYHG 

� 5: �[� 
EFVKB\�UBHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

 
923�B3267�B%&6+B%&6�  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

RXWBPRGH 
�
E����%ODFN 
�
E����%OXH 
�
E����&RORU�EDU 
�
E����1RUPDO�YLGHR 

����� 5: �[��� VDWBFRQ 
6DWXUDWLRQ&RQWUDVW�����^������������`� 

����� 52 �[� UHVHUYHG 

���� 5: �[��� FRQWUDVW 
&RQWUDVW�����^�������`� 

��� 5: �[�� EULJKWQHVV 
%ULJKWQHVV��^������`� 

 
923�B3267�B%&6+B+�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[��� FRVBKXH 
&RV�KXH�YDOXH� 

���� 52 �[�� UHVHUYHG 

��� 5: �[��� VLQBKXH 
6LQ�KXH�YDOXH� 

 
923�B3267�B%&6+B&2/25B%$5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
EFVKBHQ 
�
E���%FVK�E\SDVV 
�
E���%FVK�HQDEOH 

�� 52 �[� UHVHUYHG 

����� 5: �[��� FRORUBEDUBY 
9�FRPSRQHQW�YDOXH�RI�%&6+�FRORU�EDU� 

����� 5: �[��� FRORUBEDUBX 
8�FRPSRQHQW�YDOXH�RI�%&6+�FRORU�EDU� 

��� 5: �[��� FRORUBEDUB\ 
<�FRPSRQHQW�YDOXH�RI�%&6+�FRORU�EDU� 

 
 
13.4.6 &OXVWHU�UHJLVWHU�GHVFULSWLRQ 
13.4.6.1 Registers Summary 
7KH�EDVH�DGGUHVV�RI�FOXVWHU��UHJLVWHUV�LV��[����� 
7KH�EDVH�DGGUHVV�RI�FOXVWHU��UHJLVWHUV�LV��[����� 

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

923�B&/867(5B:,1�B&7
5/� �[���� : �[�������� :,1��FRQWURO�UHJLVWHU�� 

923�B&/867(5B:,1�B&7
5/� �[���� : �[�������� :,1��FRQWURO�UHJLVWHU�� 

923�B&/867(5B:,1�B&7
5/� �[���� : �[�������� :,1��FRQWURO�UHJLVWHU�� 

923�B&/867(5B:,1�B<5
*%B067 �[���� : �[�������� :,1��<5*%�PHPRU\�VWDUWLQJ� 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

923�B&/867(5B:,1�B9,
5 �[���� : �[�������� :,1��YLUWXDO�ZLGWK� 

923�B&/867(5B:,1�B$
&7B,1)2 �[���� : �[�������� :,1��DFWXDO�LQIRUPDWLRQ� 

923�B&/867(5B:,1�B'
63B,1)2 �[���� : �[�������� :,1��GLVSOD\�LQIRUPDWLRQ� 

923�B&/867(5B:,1�B'
63B67 �[���� : �[�������� :,1��GLVSOD\�VWDUW� 

923�B&/867(5B:,1�B'
63B%* �[���& : �[�������� :,1��GLVSOD\�EDFNJURXQG� 

923�B&/867(5B:,1�B6
&/B)$&725B<5*% �[���� : �[�������� :,1��\UJE�VFDOH�IDFWRU� 

923�B&/867(5B:,1�B6
&/B2))6(7 �[���� : �[�������� :,1��VFDOH�RIIVHW� 

923�B&/867(5B:,1�B75
$16)250('B2))6(7 �[���& : �[�������� :,1��WUDQVIRUPHG�RIIVHW 

923�B&/867(5B:,1�B$)
%&'B287387B&75/ �[���� : �[�������� :,1��DIEFG�FRQWURO�UHJLVWHU� 

923�B&/867(5B:,1�B$)
%&'B02'( �[���� : �[�������� :,1��DIEFG�PRGH 

923�B&/867(5B:,1�B$)
%&'B+'5B375 �[���� : �[�������� :,1��DIEFG�KGU�SRLQWHU� 

923�B&/867(5B:,1�B$)
%&'B9,5B:,'7+ �[���& : �[�������� :,1��DIEFG�YLUWXDO�ZLGWK� 

923�B&/867(5B:,1�B$)
%&'B6,=( �[���� : �[�������� :,1��DIEFG�VL]H� 

923�B&/867(5B:,1�B$)
%&'B3,&B2))6(7 �[���� : �[�������� :,1��DIEFG�SLFWXUH�RIIVHW� 

923�B&/867(5B:,1�B$)
%&'B',6B2))6(7 �[���� : �[�������� :,1��DIEFG�GLVSOD\�RIIVHW� 

923�B&/867(5B:,1�B$)
%&'B&75/ �[���& : �[�������� :,1��DIEFG�FRQWURO� 

923�B&/867(5B:,1�B&7
5/� �[���� : �[�������� :,1��FRQWURO�UHJLVWHU�� 

923�B&/867(5B:,1�B&7
5/� �[���� : �[�������� :,1��FRQWURO�UHJLVWHU�� 

923�B&/867(5B:,1�B&7
5/� �[���� : �[�������� :,1��FRQWURO�UHJLVWHU�� 

923�B&/867(5B:,1�B<5
*%B067 �[���� : �[�������� :,1��<5*%�PHPRU\�VWDUWLQJ� 

923�B&/867(5B:,1�B9,
5 �[���� : �[�������� :,1��YLUWXDO�ZLGWK� 

923�B&/867(5B:,1�B$
&7B,1)2 �[��$� : �[�������� :,1��DFWXDO�LQIRUPDWLRQ� 

923�B&/867(5B:,1�B'
63B,1)2 �[��$� : �[�������� :,1��GLVSOD\�LQIRUPDWLRQ� 

923�B&/867(5B:,1�B'
63B67 �[��$� : �[�������� :,1��GLVSOD\�VWDUW� 

923�B&/867(5B:,1�B'
63B%* �[��$& : �[�������� :,1��GLVSOD\�EDFNJURXQG� 

923�B&/867(5B:,1�B6
&/B)$&725B<5*% �[��%� : �[�������� :,1��\UJE�VFDOH�IDFWRU� 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

923�B&/867(5B:,1�B6
&/B2))6(7 �[��%� : �[�������� :,1��VFDOH�RIIVHW� 

923�B&/867(5B:,1�B75
$16)250('B2))6(7 �[��%& : �[�������� :,1��WUDQVIRUPHG�RIIVHW 

923�B&/867(5B:,1�B$)
%&'B287387B&75/ �[��'� : �[�������� :,1��DIEFG�FRQWURO�UHJLVWHU� 

923�B&/867(5B:,1�B$)
%&'B02'( �[��'� : �[�������� :,1��DIEFG�PRGH 

923�B&/867(5B:,1�B$)
%&'B+'5B375 �[��'� : �[�������� :,1��DIEFG�KGU�SRLQWHU� 

923�B&/867(5B:,1�B$)
%&'B9,5B:,'7+ �[��'& : �[�������� :,1��DIEFG�YLUWXDO�ZLGWK� 

923�B&/867(5B:,1�B$)
%&'B6,=( �[��(� : �[�������� :,1��DIEFG�VL]H� 

923�B&/867(5B:,1�B$)
%&'B3,&B2))6(7 �[��(� : �[�������� :,1��DIEFG�SLFWXUH�RIIVHW� 

923�B&/867(5B:,1�B$)
%&'B',6B2))6(7 �[��(� : �[�������� :,1��DIEFG�GLVSOD\�RIIVHW� 

923�B&/867(5B:,1�B$)
%&'B&75/ �[��(& : �[�������� :,1��DIEFG�FRQWURO� 

923�B&/867(5B&75/ �[���� : �[�������� &/867(5�FRQWURO�UHJLVWHU� 
923�B&/867(5B/*B&2(� �[���� : �[�������� &/867(5�ORZ�JDXVV�FRHIILFLHQW� 
923�B&/867(5B/*B&2(� �[���� : �[�������� &/867(5�ORZ�JDXVV�FRHIILFLHQW� 
923�B&/867(5B/*B&2(� �[���� : �[�������� &/867(5�ORZ�JDXVV�FRHIILFLHQW� 
923�B&/867(5B+*B&2(
� �[���� : �[�������� &/867(5�KLJK�JDXVV�FRHIILFLHQW� 

923�B&/867(5B+*B&2(
� �[���� : �[�������� &/867(5�KLJK�JDXVV�FRHIILFLHQW� 

923�B&/867(5B+*B&2(
� �[���� : �[�������� &/867(5�KLJK�JDXVV�FRHIILFLHQW� 
1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV��':�
'RXEOH�:25'�����ELWV��DFFHVV�  
 

13.4.6.2 Detail Registers Description 
923�B&/867(5B:,1�B&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

�� 5: �[� 
ZLQ�B\XYBFOLS 
�
E���'LVDEOH��<&E&U�QR�FOLS 
�
E���(QDEOH��<&E&U�FOLS�EHIRUH�<&E&U�5*% 
<�FOLS����a�����&E&U�FOLS����a��� 

�� 5: �[� 
ZLQ�BGLWKHUBXSBHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

����� 52 �[� UHVHUYHG 

�� 5: �[� 
ZLQ�BUEBVZDS 
�
E���5*% 
�
E���%*5 

����� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

ZLQ�BFVFBPRGH 
&RORU�VSDFH�FRQYHUVLRQ� 
�
E����%7���B/ 
�
E����%7���B/ 
�
E����%7���B) 
�
E����%7���� 

� 5: �[� 
ZLQ�BFVFBU�\BHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
ZLQ�BFVFB\�UBHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
ZLQ�BQRBRXWVWDQGLQJ 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
ZLQ�BKZBSUHBPXOBHQ 
�
E���1R�KDUGZDUH�SUH�PXOWLSO\�PRGH 
�
E���+DUGZDUH�SUH�PXOWLSO\�PRGH 

��� 5: �[�� 

ZLQ�BGDWDBIPW 
�
E�������$5*%��� 
�
E�������5*%��� 
�
E�������5*%��� 
�
E�������5*%������ 
�
E�������<&E&U��� 
�
E�������<&E&U��� 
�
E�������<&E&U��� 
�
E�������<&E&U���B������ 
�
E�������<&E&U���B������ 
�
E�������<&E&U���B������ 

� 5: �[� 
ZLQ�BHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

 
923�B&/867(5B:,1�B&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

�� 5: �[� 
ZLQ�B\UJEBYVGBJW� 
,I�ZLQ��\UJEBDFWBKHLJKW�\UJEBGVSBKHLJKW�!�
��ZLQ�B\UJEBYVGBJW��PXVW�EH�HQDEOH� 

�� 5: �[� 
ZLQ�B\UJEBYVGBJW� 
,I�ZLQ��\UJEBDFWBKHLJKW�\UJEBGVSBKHLJKW�!�
��ZLQ�B\UJEBYVGBJW��PXVW�EH�HQDEOH� 

����� 52 �[�� UHVHUYHG 

�� 5: �[� ZLQ�B\UJEBYVGBPRGH 
�
E���%LOLQHDU� 

�� 5: �[� ZLQ�B\UJEBYVXBPRGH 
�
E���%LOLQHDU� 

�� 52 �[� UHVHUYHG 

�� 5: �[� ZLQ�B\UJEBKVGBPRGH 
�
E���%LOLQHDU� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

ZLQ�B\UJEBYHUBVFOBPRGH 
�
E����QR�VFDOH 
�
E����6FDOH�XS 
�
E����6FDOH�GRZQ 
�
E����1R�VFDOH 

����� 5: �[� 

ZLQ�B\UJEBKRUBVFOBPRGH 
�
E����1R�VFDOH 
�
E����6FDOH�XS 
�
E����6FDOH�GRZQ 
�
E����1R�VFDOH 

���� 52 �[�� UHVHUYHG 

��� 5: �[� 

ZLQ�BELFBFRHBVHO 
�
E����35(&,6( 
�
E����63/,1( 
�
E����&$7520 
�
E����0,7&+(// 

� 52 �[� UHVHUYHG 

� 5: �[� ZLQ�B\UJEBD[LBJDWKHUBHQ 
:LQ��D[L�EXV�\UJE�GDWD�JDWKHU�WUDQVIHU�HQDEOH� 

 
923�B&/867(5B:,1�B&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[� ZLQ�BULGBFEU 
$[L�UHDG�LG�RI�ZLQ��FEU�FKDQQHO 

� 52 �[� UHVHUYHG 

��� 5: �[� ZLQ�BULGB\UJE 
$[L�UHDG�LG�RI�ZLQ��\UJE�FKDQQHO 

 
923�B&/867(5B:,1�B<5*%B067�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� ZLQ�B\UJEBPVW :LQ��<5*%�IUDPH�EXIIHU�PHPRU\�VWDUW�DGGUHVV� 
 
923�B&/867(5B:,1�B9,5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� 

ZLQ�BYLUBVWULGH 
1XPEHU�RI�ZRUGV�RI�:LQ��\UJE�9LUWXDO�ZLGWK� 
$5*%�����ZLQ�BYLUBZLGWK 
5*%������ZLQ�BYLUBZLGWK��������ZLQ�BYLUBZLGWK��� 
5*%�����FHLO�ZLQ�BYLUBZLGWK��� 
<89��FHLO�ZLQ�BYLUBZLGWK��� 
<89�WLOH��FHLO�ZLQ�BYLUBZLGWK��� 
<8<9�<9<8�8<9<�9<8<��FHLO�ZLQ�BYLUBZLGWK��� 

 
923�B&/867(5B:,1�B$&7B,1)2�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� ZLQ�BDFWBKHLJKW 
ZLQBDFWBKHLJKW� ��ZLQ��YHUWLFDO�VL]H����� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� ZLQ�BDFWBZLGWK 
ZLQBDFWBZLGWK� ��ZLQ��KRUL]RQWDO�VL]H����� 

 
923�B&/867(5B:,1�B'63B,1)2�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[��� ZLQ�BGVSBKHLJKW 
ZLQ�BGVSBKHLJKW� ��ZLQ��YHUWLFDO�VL]H����� 

����� 52 �[� UHVHUYHG 

���� 5: �[��� ZLQ�BGVSBZLGWK 
ZLQ�BGVSBZLGWK� ��ZLQ��KRUL]RQWDO�VL]H����� 

 
923�B&/867(5B:,1�B'63B67�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� ZLQ�BGVSB\VW 
:LQ��YHUWLFDO�VWDUW�SRLQW�\��RI�WKH�GLVSOD\�UHJLRQ� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� ZLQ�BGVSB[VW 
:LQ��KRUL]RQWDO�VWDUW�SRLQW�[��RI�WKH�GLVSOD\�UHJLRQ� 

 
923�B&/867(5B:,1�B'63B%*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
ZLQ�BEJBHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 52 �[� UHVHUYHG 

����� 5: �[��� ZLQ�BGVSBEJBUHG 
:LQ��OD\HU�%DFNJURXQG�5HG�FRORU� 

����� 5: �[��� ZLQ�BGVSBEJBJUHHQ 
:LQ��OD\HU�%DFNJURXQG�*UHHQ�FRORU� 

��� 5: �[��� ZLQ�BGVSBEJBEOXH 
:LQ��OD\HU�%DFNJURXQG�%OXH�FRORU� 

 
923�B&/867(5B:,1�B6&/B)$&725B<5*%�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZLQ�BYVBIDFWRUB\UJE 
IDFWRU ��/&'&B:,1�B$&7B,1)2>�����@����
�/&'&B:,1�B'63B,1)2>�����@���A��� 

���� 5: �[���� 
ZLQ�BKVBIDFWRUB\UJE 
IDFWRU ��/&'&B:,1�B$&7B,1)2>����@����
�/&'&B:,1�B'63B,1)2>����@���A��� 

 
923�B&/867(5B:,1�B6&/B2))6(7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� ZLQ�BYVBRIIVHWB\UJE 
��[��a�[II���[���� ��a����� 

���� 52 �[�� UHVHUYHG 

��� 5: �[�� ZLQ�BKVBRIIVHWB\UJE 
��[��a�[II���[���� ��a����� 

 
923�B&/867(5B:,1�B75$16)250('B2))6(7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� 
WUDQVIRUPHGB\RIIVHW 
7KH�\BRIIVHW�EHWZHHQ�WKH�ILUVW�DFLWYH�SL[HO�DQG�WKH�ILUVW�SL[HO�RI�
FROXPQ� 

���� 52 �[��� UHVHUYHG 

��� 5: �[� 
WUDQVIRUPHGB[RIIVHW 
7KH�[BRIIVHW�EHWZHHQ�WKH�ILUVW�DFLWYH�SL[HO�DQG�WKH�ILUVW�SL[HO�RI�
OLQH� 

 
923�B&/867(5B:,1�B$)%&'B287387B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� ZLQ�BDIEFGBJDWLQJBHQ 
ZLQ��DIEFG�JDWLQJ�HQDEOH�  

� 5: �[� 
ZLQ�BDIEFGBRXWSXWBPDVNBHQ 
�
E���$)%&'�RXWSXW�PXVW�EH�DOLJQHG�WR����ZLGWK�KHLJKW 
�
E���$)%&'�RXWSXW�FDQ�EH�UDQGRP�LQWHJHU 
\XY����ZLGWK�KHLJKW�LV�HYHQ��\XY����ZLGWK�LV�HYHQ� 

 
923�B&/867(5B:,1�B$)%&'B02'(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� 
ZLQ�B\PLUBHQ 
�
E���<PLUURU�GLVDEOH 
�
E���<PLUURU�ZKHQ�DIEFG�RXWSXW 

� 5: �[� 
ZLQ�B[PLUBHQ 
�
E���;PLUURU�GLVDEOH 
�
E���;PLUURU�ZKHQ�DIEFG�RXWSXW 

� 5: �[� 
ZLQ�BURW���BHQ 
�
E���5RWDWLRQ�����GLVDEOH 
�
E���5RWDWLRQ�����DQJOH��ZKHQ�DIEFG�RXWSXW 

� 5: �[� 
ZLQ�BURW��BHQ 
�
E���5RWDWLRQ����GLVDEOH 
�
E���(QDEOH��URWDWLRQ����DQJOH�ZKHQ�DIEFG�RXWSXW 

 
923�B&/867(5B:,1�B$)%&'B+'5B375�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� ZLQ�BDIEFGBKGUBSWU $)%&�HQFRGH�VWUHDP�VWDUWLQJ�DGGUHVV�LQ�''5� 
 
923�B&/867(5B:,1�B$)%&'B9,5B:,'7+�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� ZLQ�BDIEFGBWDLOBQXP 
KHDGHU�SD\ORDG�DUELWHU�WDLO�QXPEHU� 

���� 5: �[���� 

ZLQ�BDIEFGBSLFBYLUBZLGWK 
1XPEHU�RI�E\WHV�RI�$)%&'�KHDGHU�YLUWXDO�ZLGWK��ZKHQ�DIEFG�
PRGH�LV�[BPLUURU�URW���URW�����LW�PXVW�EH�DOLJQHG�WR���SL[HOV��RU�
LW�PXVW�EH�DOLJQHG�WR����SL[HOV� 

 
923�B&/867(5B:,1�B$)%&'B6,=(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZLQ�BDIEFGBSLFBKHLJKW 
:KHQ�ZLQ�BDIEFGBRXWSXWBPDVNBHQ�LV����LW�FDQ�EH�UDQGRP�RU�LW�
PXVW�EH�DOLJQHG�WR���ELW��5HDO�����  

���� 5: �[���� 
ZLQ�BDIEFGBSLFBZLGWK 
:KHQ�ZLQ�BDIEFGBRXWSXWBPDVNBHQ�LV����LW�FDQ�EH�UDQGRP�RU�LW�
PXVW�EH�DOLJQHG�WR���ELW��5HDO�����  

 
923�B&/867(5B:,1�B$)%&'B3,&B2))6(7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZLQ�BDIEFGBSLFB\RIIVHW 
'LVSOD\�LPDJH�YHUWLFDO�RIIVHW�LQ�''5��:KHQ�
ZLQ�BDIEFGBRXWSXWBPDVNBHQ�LV����LW�FDQ�EH�UDQGRP��RU�LW�PXVW�
EH�DOLJQHG�WR���ELW� 

���� 5: �[���� 
ZLQ�BDIEFGBSLFB[RIIVHW 
'LVSOD\�LPDJH�KRUL]RQ�RIIVHW�LQ�''5��:KHQ�
ZLQ�BDIEFGBRXWSXWBPDVNBHQ�LV����LW�FDQ�EH�UDQGRP��RU�LW�PXVW�
EH�DOLJQHG�WR���ELW� 

 
923�B&/867(5B:,1�B$)%&'B',6B2))6(7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� ZLQ�BDIEFGBGLVB\RIIVHW 
'LVSOD\�LPDJH�YHUWLFDO�RIIVHW�LQ�SDQHO��LW�FDQ�EH�UDQGRP� 

���� 5: �[���� ZLQ�BDIEFGBGLVB[RIIVHW 
'LVSOD\�LPDJH�KRUL]RQ�RIIVHW�LQ�SDQHO��LW�FDQ�EH�UDQGRP� 

 
923�B&/867(5B:,1�B$)%&'B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[������ UHVHUYHG 

�� 5: �[� ZLQ�BDIEFGBXYBVZDSBHQ 
ZLQ��DIEFG�PRGH�XY�VZDS�HQDEOH 

� 5: �[� ZLQ�BDIEFGBUEBVZDSBHQ 
ZLQ��DIEFG�PRGH�UE�VZDS�HQDEOH 

� 5: �[� 
ZLQ�BDIEFGBEORFNBVSOLW 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
ZLQ�BDIEFGBKDOIBEORFN 
�
E���$IEFG�IXOO�PRGH�����OLQH�RQH�WDLO�OLQH 
�
E���$IEFG�KDOI�PRGH����OLQH�RQH�WDLO�OLQH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[�� 

ZLQ�BDIEFGBSL[HOBSDFNLQJBIPW 
$)%&'�GDWD�IRUPDW� 
�
K���5*%��� 
�
K���5*%$������� 
�
K���<89���B������ 
�
K���5*%��� 
�
K���5*%$���� 
�
K���<89���B��� 
�
KE��<89���B��� 
�
KH��<89���B������ 
2WKHUV��5HVHUYHG 
>�@��FRORU�WUDQVIRUP 
�
E���'LVDEOH 
�
E���(QDEOH 

��� 5: �[� 

ZLQ�BDIEFGBYLGHRBWRSBFURS 
YLGHR�WRS�FURS��  
�
E����� 
�
E����� 
�
E����� 
RWKHUV��5HVHUYHG 

 
923�B&/867(5B:,1�B&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

�� 5: �[� 
ZLQ�B\XYBFOLS 
�
E���'LVDEOH��<&E&U�QR�FOLS 
�
E���(QDEOH��<&E&U�FOLS�EHIRUH�<&E&U�5*% 
<�FOLS����a�����&E&U�FOLS����a��� 

�� 5: �[� 
ZLQ�BGLWKHUBXSBHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

����� 52 �[� UHVHUYHG 

�� 5: �[� 
ZLQ�BUEBVZDS 
�
E���5*% 
�
E���%*5 

����� 52 �[� UHVHUYHG 

����� 5: �[� 

ZLQ�BFVFBPRGH 
&RORU�VSDFH�FRQYHUVLRQ� 
�
E����%7���B/ 
�
E����%7���B/ 
�
E����%7���B) 
�
E����%7���� 

� 5: �[� 
ZLQ�BFVFBU�\BHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
ZLQ�BFVFB\�UBHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
ZLQ�BQRBRXWVWDQGLQJ 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
ZLQ�BKZBSUHBPXOBHQ 
�
E���1R�KDUGZDUH�SUH�PXOWLSO\�PRGH 
�
E���+DUGZDUH�SUH�PXOWLSO\�PRGH 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1517 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[�� 

ZLQ�BGDWDBIPW 
�
E�������$5*%��� 
�
E�������5*%��� 
�
E�������5*%��� 
�
E�������5*%������ 
�
E�������<&E&U��� 
�
E�������<&E&U��� 
�
E�������<&E&U��� 
�
E�������<&E&U���B������ 
�
E�������<&E&U���B������ 
�
E�������<&E&U���B������ 

� 5: �[� 
ZLQ�BHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

 
923�B&/867(5B:,1�B&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

�� 5: �[� 
ZLQ�B\UJEBYVGBJW� 
,I�ZLQ��\UJEBDFWBKHLJKW�\UJEBGVSBKHLJKW�!����
ZLQ�B\UJEBYVGBJW��PXVW�EH�HQDEOH� 

�� 5: �[� 
ZLQ�B\UJEBYVGBJW� 
,I�ZLQ��\UJEBDFWBKHLJKW�\UJEBGVSBKHLJKW�!����
ZLQ�B\UJEBYVGBJW��PXVW�EH�HQDEOH� 

����� 52 �[�� UHVHUYHG 

�� 5: �[� ZLQ�B\UJEBYVGBPRGH 
�
E���ELOLQHDU� 

�� 5: �[� ZLQ�B\UJEBYVXBPRGH 
�
E���ELOLQHDU� 

�� 52 �[� UHVHUYHG 

�� 5: �[� ZLQ�B\UJEBKVGBPRGH 
�
E���ELOLQHDU� 

����� 5: �[� 

ZLQ�B\UJEBYHUBVFOBPRGH 
�
E����1R�VFDOH 
�
E����6FDOH�XS 
�
E����6FDOH�GRZQ 
�
E����1R�VFDOH 

����� 5: �[� 

ZLQ�B\UJEBKRUBVFOBPRGH 
�
E����1R�VFDOH 
�
E����6FDOH�XS 
�
E����6FDOH�GRZQ 
�
E����1R�VFDOH 

���� 52 �[�� UHVHUYHG 

��� 5: �[� 

ZLQ�BELFBFRHBVHO 
�
E����35(&,6( 
�
E����63/,1( 
�
E����&$7520 
�
E����0,7&+(// 

� 52 �[� UHVHUYHG 

� 5: �[� ZLQ�B\UJEBD[LBJDWKHUBHQ 
ZLQ��D[L�EXV�\UJE�GDWD�JDWKHU�WUDQVIHU�HQDEOH� 

 
923�B&/867(5B:,1�B&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[� ZLQ�BULGBFEU 
$[L�UHDG�LG�RI�ZLQ��FEU�FKDQQHO 

� 52 �[� UHVHUYHG 

��� 5: �[� ZLQ�BULGB\UJE 
$[L�UHDG�LG�RI�ZLQ��\UJE�FKDQQHO 

 
923�B&/867(5B:,1�B<5*%B067�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� ZLQ�B\UJEBPVW :LQ��<5*%�IUDPH�EXIIHU�PHPRU\�VWDUW�DGGUHVV� 
 
923�B&/867(5B:,1�B9,5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� 

ZLQ�BYLUBVWULGH 
1XPEHU�RI�ZRUGV�RI�ZLQ��\UJE�9LUWXDO�ZLGWK� 
$5*%�����ZLQ�BYLUBZLGWK 
5*%������ZLQ�BYLUBZLGWK��������ZLQ�BYLUBZLGWK��� 
5*%�����FHLO�ZLQ�BYLUBZLGWK��� 
<89��FHLO�ZLQ�BYLUBZLGWK��� 
<89�WLOH��FHLO�ZLQ�BYLUBZLGWK��� 
<8<9�<9<8�8<9<�9<8<��FHLO�ZLQ�BYLUBZLGWK��� 

 
923�B&/867(5B:,1�B$&7B,1)2�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� ZLQ�BDFWBKHLJKW 
ZLQBDFWBKHLJKW� ��ZLQ��YHUWLFDO�VL]H����� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� ZLQ�BDFWBZLGWK 
ZLQBDFWBZLGWK� ��ZLQ��KRUL]RQWDO�VL]H����� 

 
923�B&/867(5B:,1�B'63B,1)2�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[��� ZLQ�BGVSBKHLJKW 
ZLQ�BGVSBKHLJKW� ��ZLQ��YHUWLFDO�VL]H����� 

����� 52 �[� UHVHUYHG 

���� 5: �[��� ZLQ�BGVSBZLGWK 
ZLQ�BGVSBZLGWK� ��ZLQ��KRUL]RQWDO�VL]H����� 

 
923�B&/867(5B:,1�B'63B67�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� ZLQ�BGVSB\VW 
ZLQ��YHUWLFDO�VWDUW�SRLQW�\��RI�WKH�GLVSOD\�UHJLRQ� 

����� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[���� ZLQ�BGVSB[VW 
ZLQ��KRUL]RQWDO�VWDUW�SRLQW�[��RI�WKH�GLVSOD\�UHJLRQ� 

 
923�B&/867(5B:,1�B'63B%*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
ZLQ�BEJBHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 52 �[� UHVHUYHG 

����� 5: �[��� ZLQ�BGVSBEJBUHG 
ZLQ��OD\HU�%DFNJURXQG�5HG�FRORU� 

����� 5: �[��� ZLQ�BGVSBEJBJUHHQ 
ZLQ��OD\HU�%DFNJURXQG�*UHHQ�FRORU� 

��� 5: �[��� ZLQ�BGVSBEJBEOXH 
ZLQ��OD\HU�%DFNJURXQG�%OXH�FRORU� 

 
923�B&/867(5B:,1�B6&/B)$&725B<5*%�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZLQ�BYVBIDFWRUB\UJE 
IDFWRU ��/&'&BZLQ�B$&7B,1)2>�����@����
�/&'&BZLQ�B'63B,1)2>�����@���A��� 

���� 5: �[���� 
ZLQ�BKVBIDFWRUB\UJE 
IDFWRU ��/&'&BZLQ�B$&7B,1)2>����@����
�/&'&BZLQ�B'63B,1)2>����@���A��� 

 
923�B&/867(5B:,1�B6&/B2))6(7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[�� ZLQ�BYVBRIIVHWB\UJE 
��[��a�[II���[���� ��a����� 

���� 52 �[�� UHVHUYHG 

��� 5: �[�� ZLQ�BKVBRIIVHWB\UJE 
��[��a�[II���[���� ��a����� 

 
923�B&/867(5B:,1�B75$16)250('B2))6(7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� 
WUDQVIRUPHGB\RIIVHW 
7KH�\BRIIVHW�EHWZHHQ�WKH�ILUVW�DFLWYH�SL[HO�DQG�WKH�ILUVW�SL[HO�RI�
FROXPQ� 

���� 52 �[��� UHVHUYHG 

��� 5: �[� 
WUDQVIRUPHGB[RIIVHW 
7KH�[BRIIVHW�EHWZHHQ�WKH�ILUVW�DFLWYH�SL[HO�DQG�WKH�ILUVW�SL[HO�RI�
OLQH� 

 
923�B&/867(5B:,1�B$)%&'B287387B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� ZLQ�BDIEFGBJDWLQJBHQ 
ZLQ��DIEFG�JDWLQJ�HQDEOH�  

� 5: �[� 
ZLQ�BDIEFGBRXWSXWBPDVNBHQ 
�
E���$)%&'�RXWSXW�PXVW�EH�DOLJQHG�WR����ZLGWK�KHLJKW 
�
E���$)%&'�RXWSXW�FDQ�EH�UDQGRP�LQWHJHU 
\XY����ZLGWK�KHLJKW�LV�HYHQ��\XY����ZLGWK�LV�HYHQ� 

 
923�B&/867(5B:,1�B$)%&'B02'(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� 
ZLQ�B\PLUBHQ 
�
E���<PLUURU�GLVDEOH 
�
E���<PLUURU�ZKHQ�DIEFG�RXWSXW 

� 5: �[� 
ZLQ�B[PLUBHQ 
�
E���;PLUURU�GLVDEOH 
�
E���;PLUURU�ZKHQ�DIEFG�RXWSXW 

� 5: �[� 
ZLQ�BURW���BHQ 
�
E���5RWDWLRQ�����GLVDEOH 
�
E���5RWDWLRQ�����DQJOH��ZKHQ�DIEFG�RXWSXW 

� 5: �[� 
ZLQ�BURW��BHQ 
�
E���5RWDWLRQ����GLVDEOH 
�
E���(QDEOH��URWDWLRQ����DQJOH�ZKHQ�DIEFG�RXWSXW 

 
923�B&/867(5B:,1�B$)%&'B+'5B375�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� ZLQ�BDIEFGBKGUBSWU $)%&�HQFRGH�VWUHDP�VWDUWLQJ�DGGUHVV�LQ�''5� 
 
923�B&/867(5B:,1�B$)%&'B9,5B:,'7+�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� ZLQ�BDIEFGBWDLOBQXP 
+HDGHU�SD\ORDG�DUELWHU�WDLO�QXPEHU� 

���� 5: �[���� 

ZLQ�BDIEFGBSLFBYLUBZLGWK 
1XPEHU�RI�E\WHV�RI�$)%&'�KHDGHU�YLUWXDO�ZLGWK��:KHQ�DIEFG�
PRGH�LV�[BPLUURU�URW���URW�����LW�PXVW�EH�DOLJQHG�WR����SL[HOV��RU�
LW�PXVW�EH�DOLJQHG�WR���SL[HOV� 

 
923�B&/867(5B:,1�B$)%&'B6,=(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZLQ�BDIEFGBSLFBKHLJKW 
:KHQ�ZLQ�BDIEFGBRXWSXWBPDVNBHQ�LV����LW�FDQ�EH�UDQGRP��RU�LW�
PXVW�EH�DOLJQHG�WR���ELW��5HDO�����  

���� 5: �[���� 
ZLQ�BDIEFGBSLFBZLGWK 
:KHQ�ZLQ�BDIEFGBRXWSXWBPDVNBHQ�LV����LW�FDQ�EH�UDQGRP��RU�LW�
PXVW�EH�DOLJQHG�WR���ELW��5HDO�����  

 
923�B&/867(5B:,1�B$)%&'B3,&B2))6(7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZLQ�BDIEFGBSLFB\RIIVHW 
'LVSOD\�LPDJH�YHUWLFDO�RIIVHW�LQ�''5��:KHQ�
ZLQ�BDIEFGBRXWSXWBPDVNBHQ�LV����LW�FDQ�EH�UDQGRP�RU�LW�PXVW�EH�
DOLJQHG�WR���ELW� 

���� 5: �[���� 
ZLQ�BDIEFGBSLFB[RIIVHW 
'LVSOD\�LPDJH�KRUL]RQ�RIIVHW�LQ�''5��:KHQ�
ZLQ�BDIEFGBRXWSXWBPDVNBHQ�LV����LW�FDQ�EH�UDQGRP�RU�LW�PXVW�EH�
DOLJQHG�WR���ELW� 

 
923�B&/867(5B:,1�B$)%&'B',6B2))6(7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� ZLQ�BDIEFGBGLVB\RIIVHW 
'LVSOD\�LPDJH�YHUWLFDO�RIIVHW�LQ�SDQHO��LW�FDQ�EH�UDQGRP� 

���� 5: �[���� ZLQ�BDIEFGBGLVB[RIIVHW 
'LVSOD\�LPDJH�KRUL]RQ�RIIVHW�LQ�SDQHO��LW�FDQ�EH�UDQGRP� 

 
923�B&/867(5B:,1�B$)%&'B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[������ UHVHUYHG 

�� 5: �[� ZLQ�BDIEFGBXYBVZDSBHQ 
:LQ��DIEFG�PRGH�XY�VZDS�HQDEOH 

� 5: �[� ZLQ�BDIEFGBUEBVZDSBHQ 
:LQ��DIEFG�PRGH�UE�VZDS�HQDEOH 

� 5: �[� 
ZLQ�BDIEFGBEORFNBVSOLW 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
ZLQ�BDIEFGBKDOIBEORFN 
�
E���$IEFG�IXOO�PRGH�����OLQH�RQH�WDLO�OLQH 
�
E���$IEFG�KDOI�PRGH����OLQH�RQH�WDLO�OLQH 

��� 5: �[�� 

ZLQ�BDIEFGBSL[HOBSDFNLQJBIPW 
$)%&'�GDWD�IRUPDW� 
�
K���5*%��� 
�
K���5*%$������� 
�
K���<89���B������ 
�
K���5*%��� 
�
K���5*%$���� 
�
K���<89���B��� 
�
KE��<89���B��� 
�
KH��<89���B������ 
2WKHUV��5HVHUYHG 
>�@��FRORU�WUDQVIRUP 
�
E���'LVDEOH 
�
E���(QDEOH 

��� 5: �[� 

ZLQ�BDIEFGBYLGHRBWRSBFURS 
YLGHR�WRS�FURS��  
�
E����� 
�
E����� 
�
E����� 
RWKHUV��UHVHUYHG 

 
923�B&/867(5B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� 5: �[� 
FOXVWHUBILOWHUBHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

��� 5: �[� 

FOXVWHUBOEBPRGH 
&/867(5�OLQH�EXIIHU�PRGH��FDOFXODWHG�E\�GULYHU� 
�¶E����2QH�ZLQGRZ�PD[�ZLGWK�LV�������DIEFG�LV�KDOIBEORFN�PRGH 
�¶E����7ZR�ZLQGRZ��PD[�ZLGWK�LV�������DIEFG�LV�KDOIBEORFN�PRGH 
�¶E����2QH�ZLQGRZ��PD[�ZLGWK�LV�������DIEFG�LV�IXOO�PRGH� �  

� 5: �[� ZLQ�BHQBVWDWXV 
:LQ��HQDEOH�VWDWXV� 

� 5: �[� ZLQ�BHQBVWDWXV 
:LQ��HQDEOH�VWDWXV� 

� 5: �[� 
FOXVWHUBDIEFGBHQ 
�
E���ZLQ��DQG�ZLQ��DIEFG�GLVDEOH 
�
E���ZLQ��DQG�ZLQ��DIEFG�HQDEOH 

� 5: �[� 
FOXVWHUBHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

 
923�B&/867(5B/*B&2(��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� FOXVWHUBOJBFRH� &RHIILFLHQW�RI��[��PDWUL[� 
 
923�B&/867(5B/*B&2(��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� FOXVWHUBOJBFRH� &RHIILFLHQW�RI��[��PDWUL[� 
 
923�B&/867(5B/*B&2(��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� FOXVWHUBOJBFRH� &RHIILFLHQW�RI��[��PDWUL[� 
 
923�B&/867(5B+*B&2(��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� FOXVWHUBKJBFRH� &RHIILFLHQW�RI��[��PDWUL[� 
 
923�B&/867(5B+*B&2(��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� FOXVWHUBKJBFRH� &RHIILFLHQW�RI��[��PDWUL[� 
 
923�B&/867(5B+*B&2(��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� FOXVWHUBKJBFRH� &RHIILFLHQW�RI��[��PDWUL[� 
 
 
13.4.7 (VPDUW�UHJLVWHU�GHVFULSWLRQ 
13.4.7.1 Registers Summary 
7KH�EDVH�DGGUHVV�RI�HVPDUW��UHJLVWHUV�LV��[����� 
7KH�EDVH�DGGUHVV�RI�HVPDUW��UHJLVWHUV�LV��[�D��� 

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

923�B(60$57B&75/� �[���� : �[�������� 7R�HQDEOH�WKH�FRORU�VSDFH�FRQYHUVLRQ�RI�HVPDUW� 
923�B(60$57B&75/� �[���� : �[����%�$� 7R�FRQWURO�WKH�GPD�RI�HVPDUW� 
923�B(60$57B5(*,21�
B067B&7/ �[���� : �[�������� 7R�HQDEOH�WKH�UHJLRQ��RI�HVPDUW� 

923�B(60$57B5(*,21�
B067B<5*% �[���� : �[�������� 7R�FRQILJXUH�WKH�VWDUWLQJ�DGGUHVV�RI�<5*%�LQ�PHPRU\� 
923�B(60$57B5(*,21�
B067B&%&5 �[���� : �[�������� 7R�FRQILJXUH�WKH�VWDUWLQJ�DGGUHVV�RI�&%&5�LQ�PHPRU\� 
923�B(60$57B5(*,21�
B9,5 �[���& : �[�������� 7R�FRQILJXUH�WKH�YLUWXDO�ZLGWK�RI�GDWD�LQ�PHPRU\� 
923�B(60$57B5(*,21�
B$&7B,1)2 �[���� : �[�������� 7R�FRQILJXUH�WKH�DFWLYH�VL]H�RI�GDWD�� 
923�B(60$57B5(*,21�
B'63B,1)2 �[���� : �[�������� 7R�FRQILJXUH�WKH�GLVSOD\�VL]H�RI�GDWD�� 
923�B(60$57B5(*,21�
B'63B2))6(7 �[���� : �[�������� 7R�FRQILJXUH�WKH�GLVSOD\�RIIVHW�RI�GDWD�� 
923�B(60$57B5(*,21�
B6&/B&75/ �[���� : �[�������� 7R�HQDEOH�WKH�VFDOLQJ�RI�HVPDUW� 

923�B(60$57B5(*,21�
B6&/B)$&725B<5*% �[���� : �[�������� 7R�FRQILJXUH�WKH�VFDOLQJ�IDFWRU�RI�<5*%� 
923�B(60$57B5(*,21�
B6&/B)$&725B&%&5 �[���� : �[�������� 7R�FRQILJXUH�WKH�VFDOLQJ�IDFWRU�RI�&%&5� 
923�B(60$57B5(*,21�
B6&/B2))6(7 �[���& : �[�������� 7R�FRQILJXUH�WKH�VFDOLQJ�RIIVHW�RI�HVPDUW� 
923�B(60$57B5(*,21�
B067B&7/ �[���� : �[�������� 7R�HQDEOH�WKH�UHJLRQ��RI�HVPDUW� 

923�B(60$57B5(*,21�
B067B<5*% �[���� : �[�������� 7R�FRQILJXUH�WKH�VWDUWLQJ�DGGUHVV�RI�<5*%�LQ�PHPRU\� 
923�B(60$57B5(*,21�
B067B&%&5 �[���� : �[�������� 7R�FRQILJXUH�WKH�VWDUWLQJ�DGGUHVV�RI�&%&5�LQ�PHPRU\� 
923�B(60$57B5(*,21�
B9,5 �[���& : �[�������� 7R�FRQILJXUH�WKH�YLUWXDO�ZLGWK�RI�GDWD�LQ�PHPRU\� 
923�B(60$57B5(*,21�
B$&7B,1)2 �[���� : �[�������� 7R�FRQILJXUH�WKH�DFWLYH�VL]H�RI�GDWD�� 
923�B(60$57B5(*,21�
B'63B,1)2 �[���� : �[�������� 7R�FRQILJXUH�WKH�GLVSOD\�VL]H�RI�GDWD�� 
923�B(60$57B5(*,21�
B'63B2))6(7 �[���� : �[�������� 7R�FRQILJXUH�WKH�GLVSOD\�RIIVHW�RI�GDWD�� 
923�B(60$57B5(*,21�
B6&/B&75/ �[���� : �[�������� 7R�HQDEOH�WKH�VFDOLQJ�RI�HVPDUW� 

923�B(60$57B5(*,21�
B6&/B)$&725B<5*% �[���� : �[�������� 7R�FRQILJXUH�WKH�VFDOLQJ�IDFWRU�RI�<5*%� 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

923�B(60$57B5(*,21�
B6&/B)$&725B&%&5 �[���� : �[�������� 7R�FRQILJXUH�WKH�VFDOLQJ�IDFWRU�RI�&%&5 
923�B(60$57B5(*,21�
B6&/B2))6(7 �[���& : �[�������� 7R�FRQILJXUH�WKH�VFDOLQJ�RIIVHW�RI�HVPDUW� 
923�B(60$57B5(*,21�
B067B&7/ �[���� : �[�������� 7R�HQDEOH�WKH�UHJLRQ��RI�HVPDUW� 

923�B(60$57B5(*,21�
B067B<5*% �[���� : �[�������� 7R�FRQILJXUH�WKH�VWDUWLQJ�DGGUHVV�RI�<5*%�LQ�PHPRU\� 
923�B(60$57B5(*,21�
B067B&%&5 �[���� : �[�������� 7R�FRQILJXUH�WKH�VWDUWLQJ�DGGUHVV�RI�&%&5�LQ�PHPRU\� 
923�B(60$57B5(*,21�
B9,5 �[���& : �[�������� 7R�FRQILJXUH�WKH�YLUWXDO�ZLGWK�RI�GDWD�LQ�PHPRU\� 
923�B(60$57B5(*,21�
B$&7B,1)2 �[���� : �[�������� 7R�FRQILJXUH�WKH�DFWLYH�VL]H�RI�GDWD�� 
923�B(60$57B5(*,21�
B'63B,1)2 �[���� : �[�������� 7R�FRQILJXUH�WKH�GVLSOD\�VL]H�RI�GDWD�� 
923�B(60$57B5(*,21�
B'63B2))6(7 �[���� : �[�������� 7R�FRQILJXUH�WKH�GVLSOD\�RIIVHW�RI�GDWD�� 
923�B(60$57B5(*,21�
B6&/B&75/ �[���� : �[�������� 7R�HQDEOH�WKH�VFDOLQJ�RI�HVPDUW� 

923�B(60$57B5(*,21�
B6&/B)$&725B<5*% �[���� : �[�������� 7R�FRQILJXUH�WKH�VFDOLQJ�IDFWRU�RI�<5*%� 
923�B(60$57B5(*,21�
B6&/B)$&725B&%&5 �[���� : �[�������� 7R�FRQILJXUH�WKH�VFDOLQJ�IDFWRU�RI�&%&5 
923�B(60$57B5(*,21�
B6&/B2))6(7 �[���& : �[�������� 7R�FRQILJXUH�WKH�VFDOLQJ�RIIVHW�RI�HVPDUW� 
923�B(60$57B5(*,21�
B067B&7/ �[��$� : �[�������� 7R�HQDEOH�WKH�UHJLRQ��RI�HVPDUW� 

923�B(60$57B5(*,21�
B067B<5*% �[��$� : �[�������� 7R�FRQILJXUH�WKH�VWDUWLQJ�DGGUHVV�RI�<5*%�LQ�PHPRU\� 
923�B(60$57B5(*,21�
B067B&%&5 �[��$� : �[�������� 7R�FRQILJXUH�WKH�VWDUWLQJ�DGGUHVV�RI�&%&5�LQ�PHPRU\� 
923�B(60$57B5(*,21�
B9,5 �[��$& : �[�������� 7R�FRQILJXUH�WKH�YLUWXDO�ZLGWK�RI�GDWD�LQ�PHPRU\� 
923�B(60$57B5(*,21�
B$&7B,1)2 �[��%� : �[�������� 7R�FRQILJXUH�WKH�DFWLYH�VL]H�RI�GDWD�� 
923�B(60$57B5(*,21�
B'63B,1)2 �[��%� : �[�������� 7R�FRQILJXUH�WKH�GLVSOD\�VL]H�RI�GDWD�� 
923�B(60$57B5(*,21�
B'63B2))6(7 �[��%� : �[�������� 7R�FRQILJXUH�WKH�GLVSOD\�RIIVHW�RI�GDWD�� 
923�B(60$57B5(*,21�
B6&/B&75/ �[��&� : �[�������� 7R�HQDEOH�WKH�VFDOLQJ�RI�HVPDUW� 

923�B(60$57B5(*,21�
B6&/B)$&725B<5*% �[��&� : �[�������� 7R�FRQILJXUH�WKH�VFDOLQJ�IDFWRU�RI�<5*%� 
923�B(60$57B5(*,21�
B6&/B)$&725B&%&5 �[��&� : �[�������� 7R�FRQILJXUH�WKH�VFDOLQJ�IDFWRU�RI�&%&5 
923�B(60$57B5(*,21�
B6&/B2))6(7 �[��&& : �[�������� 7R�FRQILJXUH�WKH�VFDOLQJ�RIIVHW�RI�HVPDUW� 

923�B(60$57B.(<B&75/ �[��'� : �[�������� 7R�FRQILJXUH�WKH�FRORU�NH\�RI�HVPDUW� 

923�B(60$57B%*B(1 �[��'� : �[�������� 7R�HQDEOH�WKH�EDFNJURXQG�RI�HVPDUW� 
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13.4.7.2 Detail Registers Description 
923�B(60$57B&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� HVPDUWB�ESSBOXWBHQ 
7R�HQDEOH��ESS�/87��  

��� 5: �[� 

HVPDUWBFVFBPRGH 
&RORU�VSDFH�FRQYHUVLRQ� 
�
E����%7���B/ 
�
E����%7���B/ 
�
E����%7���B) 
�
E����%7���� 

� 5: �[� 
HVPDUWBUJE�\XYBHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
HVPDUWB\XY�UJEBHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

 
923�B(60$57B&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
HVPDUWB\PLUBHQ 
�
E���$[L�DGGU�DGG�YVWHS 
�
E���$[L�DGGU�VXE�YVWHS 

����� 5: �[� 
HVPDUWBGPDBUUHTBWKROG 
(VPDUW�GPD�KXUU\�UHDG�UHTXHVW�WKROG��,I�HVPDUW�HPSW\�OE�
QXPEHU�! �HVPDUWBGPDBUUHTBWKROG���GPDBUUHTBKXUU\�LV�
DVVHUWHG� 

�� 5: �[� 
HVPDUWBGPDBUUHTBKXUU\BHQ 
(QDEOH�HVPDUW�GPD�KXUU\�UHDG�UHTXHVW� 
�
E���'LVDEOH 
�
E���(QDEOH 

����� 5: �[� HVPDUWBFEFUBJDWKHUBQXP 
7KH�JDWKHU�QXPEHU�RI�&%&5� 

����� 5: �[� HVPDUWB\UJEBJDWKHUBQXP 
7KH�JDWKHU�QXPEHU�RI�<5*%� 

����� 52 �[� UHVHUYHG 

����� 5: �[E HVPDUWBFEFUBULG 
$;,�UHDG�LG�RI�HVPDUW�FEFU�FKDQQHO� 

���� 52 �[� UHVHUYHG 

��� 5: �[D HVPDUWB\UJEBULG 
$;,�UHDG�LG�RI�HVPDUW�\UJE�FKDQQHO� 

� 5: �[� HVPDUWBFEFUBJDWKHUBHQ 
7R�HQDEOH�&%&5�JDWKHU�WUDQVIHU� 

� 5: �[� HVPDUWB\UJEBJDWKHUBHQ 
7R�HQDEOH�<5*%�JDWKHU�WUDQVIHU� 

��� 5: �[� 

HVPDUWBHVPDUWBD[LBUOHQ 
�
E����%XUVW����EXUVW����LQ�UJE����SDFN�PRGH� 
�
E����%XUVW���EXUVW����LQ�UJE����SDFN�PRGH� 
�
E����%XUVW���EXUVW���LQ�UJE����SDFN�PRGH� 
�
E����5HVHUYHG 

 
923�B(60$57B5(*,21�B067B&7/�  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 5: �[� 
UHJLRQ�B\XYBFOLS 
�
E���'LVDEOH��<&E&U�QR�FOLS 
�
E���(QDEOH��<&E&U�FOLS�EHIRUH�<&E&U�5*% 
<�FOLS����a�����&E&U�FOLS����a��� 

�� 5: �[� UHJLRQ�BXYBVZDS 
6ZDS�8�DQG�9�FRPSRQHQW� 

�� 5: �[� 
UHJLRQ�BPLGBVZDS 
�
E���<�<�<�<� 
�
E���<�<�<�<� 

�� 5: �[� 
UHJLRQ�BUEBVZDS 
�
E���5*% 
�
E���%*5 

�� 5: �[� 
UHJLRQ�BDOSKDBVZDS 
�
E���$5*% 
�
E���5*%$ 

�� 5: �[� 
UHJLRQ�BGLWKHUBXSBHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 
UHJLRQ�BFEFUBJW� 
,I�HVPDUWBFEFUB\VGBHQF��ELOLQHDU�LV�HQDEOH�DQG�
FEFUBDFWBKHLJKW�FEFUBGVSBKHLJKW�!����HVPDUWBFEFUBJW��PXVW�EH�
HQDEOH� 

�� 5: �[� 
UHJLRQ�BFEFUBJW� 
,I�HVPDUWBFEFUB\VGBHQF��ELOLQHDU�LV�HQDEOH�DQG�
FEFUBDFWBKHLJKW�FEFUBGVSBKHLJKW�!����HVPDUWBFEFUBJW��PXVW�EH�
HQDEOH� 

� 5: �[� 
UHJLRQ�B\UJEBJW� 
,I�HVPDUWB\UJEB\VGBHQF��ELOLQHDU�LV�HQDEOH�DQG�
\UJEBDFWBKHLJKW�\UJEBGVSBKHLJKW�!����HVPDUWB\UJEBJW��PXVW�EH�
HQDEOH� 

� 5: �[� 
UHJLRQ�B\UJEBJW� 
,I�HVPDUWB\UJEB\VGBHQF��ELOLQHDU�LV�HQDEOH�DQG�
\UJEBDFWBKHLJKW�\UJEBGVSBKHLJKW�!����HVPDUWB\UJEBJW��PXVW�EH�
HQDEOH� 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 

UHJLRQ�BGDWDBIPW 
�
K����$5*%���� 
�
K����5*%��� 
�
K����5*%��� 
�
K����<89��� 
�
K����<89��� 
�
K����<89��� 
�
K����<9<8��� 
�
K����<9<8��� 
�
K�D��9<8<��� 
�
K�E��9<8<��� 
�
K����%33�� 
�
K����%33�� 
�
K����%33�� 
�
K����%33�� 
�
K����<89���B��% 
�
K����<89���B��% 
�
K����<89���B��% 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
UHJLRQ�BPVWBHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

 
923�B(60$57B5(*,21�B067B<5*%�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� UHJLRQ�B\UJEBPVW (VPDUW�UHJLRQ��<5*%�IUDPH�EXIIHU�PHPRU\�VWDUW�DGGUHVV�� 
 
923�B(60$57B5(*,21�B067B&%&5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� UHJLRQ�BFEFUBPVW (VPDUW�UHJLRQ��&%&5�IUDPH�EXIIHU�PHPRU\�VWDUW�DGGUHVV�  
 
923�B(60$57B5(*,21�B9,5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� UHJLRQ�BYLUBVWULGHBXY 
1XPEHU�RI�ZRUGV�RI�0VW��XY�9LUWXDO�ZLGWK� 

���� 5: �[���� 

UHJLRQ�BYLUBVWULGH 
1XPEHU�RI�ZRUGV�RI�0VW��\UJE�9LUWXDO�ZLGWK� 
$5*%�����ZLQ�BYLUBZLGWK 
5*%������ZLQ�BYLUBZLGWK��������ZLQ�BYLUBZLGWK��� 
5*%�����FHLO�ZLQ�BYLUBZLGWK��� 
<89��FHLO�ZLQ�BYLUBZLGWK��� 
<89�WLOH��FHLO�ZLQ�BYLUBZLGWK��� 
<8<9�<9<8�8<9<�9<8<��FHLO�ZLQ�BYLUBZLGWK��� 

 
923�B(60$57B5(*,21�B$&7B,1)2�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� UHJLRQ�BDFWBKHLJWK 
(VPDUW�BDFWBKHLJKW� �(VPDUW��YHUWLFDO�VL]H���� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� UHJLRQ�BDFWBZLGWK 
:LQBDFWBZLGWK� ��ZLQ��KRUL]RQWDO�VL]H����� 

 
923�B(60$57B5(*,21�B'63B,1)2�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� UHJLRQ�BGVSBKHLJKW 
'VSBKHLJKW� �YHUWLFDO�VL]H���� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� UHJLRQ�BGVSBZLGWK 
'VSBZLGWK� �KRUL]RQWDO�VL]H���� 

 
923�B(60$57B5(*,21�B'63B2))6(7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� UHJLRQ�BGVSB\RII 
'LVSOD\�LPDJH�YHUWLFDO�RIIVHW�LQ�SDQHO� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� UHJLRQ�BGVSB[RII 
'LVSOD\�LPDJH�KRUL]RQ�RIIVHW�LQ�SDQHO��  

 
923�B(60$57B5(*,21�B6&/B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� 

UHJLRQ�B\VXBELFBPRGH 
9HUWLFDO�ELFXELF�VFDOH�XS�PRGH� 
�
E����35(&(6( 
�
E����63/,1( 
�
E����&$7520 
�
E����0,7&+(/ 

����� 5: �[� 

UHJLRQ�B[VXBELFBPRGH 
+RUL]RQWDO�ELFXELF�VFDOH�XS�PRGH� 
�
E����35(&(6( 
�
E����63/,1( 
�
E����&$7520 
�
E����0,7&+(/ 

����� 5: �[� 

UHJLRQ�BFEFUB\VFOBPRGH 
ZKHQ�FEFUB\VXBHQ�LV�HQDEOH� 
�
E����%HVW�QHLJK 
�
E����%LOLQHDU 
�
E����%LFXELF 
RWKHU��1RW�\VXBVFDOH 
ZKHQ�FEFUB\VGBHQ�LV�HQDEOH��  
�
E����%HVW�QHLJK 
�
E����%LOLQHDU 
�
E����$YHUDJH 
RWKHU��1RW�\VGBVFDOH 

�� 5: �[� 
UHJLRQ�BFEFUB\VGBHQ 
(QDEOH�&%&5�YHUWLFDO�VFDOH�GRZQ� 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 
UHJLRQ�BFEFUB\VXBHQ 
(QDEOH�&%&5�YHUWLFDO�VFDOH�XS� 
�
E���'LVDEOH 
�
E���(QDEOH 

����� 5: �[� 

UHJLRQ�BFEFUB[VFOBPRGH 
ZKHQ�FEFUB[VXBHQ�LV�HQDEOH� 
�
E����%HVW�QHLJK 
�
E����%LOLQHDU 
�
E����%LFXELF 
RWKHU��1RW�[VXBVFDOH 
ZKHQ�FEFUB[VGBHQ�LV�HQDEOH� 
�
E����%HVW�QHLJK 
�
E����%LOLQHDU 
�
E����$YHUDJH 
RWKHU��1RW�[VGBVFDOH 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1529 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
UHJLRQ�BFEFUB[VGBHQ 
(QDEOH�&%&5�KRUL]RQWDO�VFDOH�GRZQ� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
UHJLRQ�BFEFUB[VXBHQ 
(QDEOH�&%&5�KRUL]RQWDO�VFDOH�XS� 
�
E���'LVDEOH 
�
E���(QDEOH 

��� 5: �[� 

UHJLRQ�B\UJEB\VFOBPRGH 
ZKHQ�\UJEB\VXBHQ�LV�HQDEOH� 
�
E����%HVW�QHLJK 
�
E����%LOLQHDU 
�
E����%LFXELF 
RWKHU��1RW�\VXBVFDOH 
ZKHQ�\UJEB\VGBHQ�LV�HQDEOH� 
�
E����%HVW�QHLJK 
�
E����%LOLQHDU 
�
E����$YHUDJH 
RWKHU��1RW�\VGBVFDOH 

� 5: �[� 
UHJLRQ�B\UJEB\VGBHQ 
(QDEOH�<5*%�YHUWLFDO�VFDOH�GRZQ� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
UHJLRQ�B\UJEB\VXBHQ 
(QDEOH�<5*%�YHUWLFDO�VFDOH�XS� 
�
E���'LVDEOH 
�
E���(QDEOH 

��� 5: �[� 

UHJLRQ�B\UJEB[VFOBPRGH 
ZKHQ�\UJEB[VXBHQ�LV�HQDEOH� 
�
E����%HVW�QHLJK 
�
E����%LOLQHDU 
�
E����%LFXELF 
RWKHU��1RW�[VXBVFDOH 
ZKHQ�\UJEB[VGBHQ�LV�HQDEOH� 
�
E����%HVW�QHLJK 
�
E����%LOLQHDU 
�
E����$YHUDJH 
RWKHU��1RW�[VGBVFDOH 

� 5: �[� 
UHJLRQ�B\UJEB[VGBHQ 
(QDEOH�<5*%�KRUL]RQWDO�VFDOH�GRZQ� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
UHJLRQ�B\UJEB[VXBHQ 
(QDEOH�<5*%�KRUL]RQWDO�VFDOH�XS� 
�
E���'LVDEOH 
�
E���(QDEOH 

 
923�B(60$57B5(*,21�B6&/B)$&725B<5*%�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1530 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 

UHJLRQ�B\UJEB\IDFWRU 
ZKHQ�\UJEB[VX� 
IDFWRU ��/&'&B:,1�B$&7B,1)2>����@����
�/&'&B:,1�B'63B,1)2>����@���A��� 
ZKHQ�\UJEB[VG� 
IDFWRU ��/&'&B:,1�B$&7B,1)2>����@����
�/&'&B:,1�B'63B,1)2>����@���A��� 

���� 5: �[���� 

UHJLRQ�B\UJEB[IDFWRU 
ZKHQ�\UJEB[VX� 
IDFWRU ��/&'&B:,1�B$&7B,1)2>����@����
�/&'&B:,1�B'63B,1)2>����@���A��� 
ZKHQ�\UJEB[VG� 
IDFWRU ��/&'&B:,1�B$&7B,1)2>����@����
�/&'&B:,1�B'63B,1)2>����@���A��� 

 
923�B(60$57B5(*,21�B6&/B)$&725B&%&5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 

UHJLRQ�BFEFUB\IDFWRU 
ZKHQ�\UJEB[VX� 
IDFWRU ��/&'&B:,1�B$&7B,1)2>����@����
�/&'&B:,1�B'63B,1)2>����@���A�� 
ZKHQ�\UJEB[VG� 
IDFWRU ��/&'&B:,1�B$&7B,1)2>����@����
�/&'&B:,1�B'63B,1)2>����@���A�� 

���� 5: �[���� 

UHJLRQ�BFEFUB[IDFWRU 
ZKHQ�\UJEB[VX� 
IDFWRU ��/&'&B:,1�B$&7B,1)2>����@����
�/&'&B:,1�B'63B,1)2>����@���A��� 
ZKHQ�\UJEB[VG� 
IDFWRU ��/&'&B:,1�B$&7B,1)2>����@����
�/&'&B:,1�B'63B,1)2>����@���A��� 

 
923�B(60$57B5(*,21�B6&/B2))6(7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� UHJLRQ�BFEFUB\VFOBRIIVHW 
(VPDUW�FEFU�YHUWLFDO�VFDOH�RIIVHW� 

����� 5: �[�� UHJLRQ�BFEFUB[VFOBRIIVHW 
(VPDUW�FEFU�KRUL]RQWDO�VFDOH�RIIVHW� 

���� 5: �[�� UHJLRQ�B\UJEB\VFOBRIIVHW 
(VPDUW�\UJE�YHUWLFDO�VFDOH�RIIVHW� 

��� 5: �[�� UHJLRQ�B\UJEB[VFOBRIIVHW 
(VPDUW�\UJE�KRUL]RQWDO�VFDOH�RIIVHW� 

 
923�B(60$57B5(*,21�B067B&7/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 5: �[� 
UHJLRQ�B\XYBFOLS 
�
E���'LVDEOH��<&E&U�QR�FOLS 
�
E���(QDEOH��<&E&U�FOLS�EHIRUH�<&E&U�5*% 
<�FOLS����a�����&E&U�FOLS����a��� 

�� 5: �[� UHJLRQ�BXYBVZDS 
6ZDS�8�DQG�9�FRPSRQHQW� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1531 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
UHJLRQ�BPLGBVZDS 
�
E���<�<�<�<� 
�
E���<�<�<�<� 

�� 5: �[� 
UHJLRQ�BUEBVZDS 
�
E���5*% 
�
E���%*5 

�� 5: �[� 
UHJLRQ�BDOSKDBVZDS 
�
E���$5*% 
�
E���5*%$ 

�� 5: �[� 
UHJLRQ�BGLWKHUBXSBHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 
UHJLRQ�BFEFUBJW� 
,I�HVPDUWBFEFUB\VGBHQF��ELOLQHDU�LV�HQDEOH�DQG�
FEFUBDFWBKHLJKW�FEFUBGVSBKHLJKW�!����HVPDUWBFEFUBJW��PXVW�EH�
HQDEOH� 

�� 5: �[� 
UHJLRQ�BFEFUBJW� 
,I�HVPDUWBFEFUB\VGBHQF��ELOLQHDU�LV�HQDEOH�DQG�
FEFUBDFWBKHLJKW�FEFUBGVSBKHLJKW�!����HVPDUWBFEFUBJW��PXVW�EH�
HQDEOH� 

� 5: �[� 
UHJLRQ�B\UJEBJW� 
,I�HVPDUWB\UJEB\VGBHQF��ELOLQHDU�LV�HQDEOH�DQG�
\UJEBDFWBKHLJKW�\UJEBGVSBKHLJKW�!����HVPDUWB\UJEBJW��PXVW�EH�
HQDEOH� 

� 5: �[� 
UHJLRQ�B\UJEBJW� 
,I�HVPDUWB\UJEB\VGBHQF��ELOLQHDU�LV�HQDEOH�DQG�
\UJEBDFWBKHLJKW�\UJEBGVSBKHLJKW�!����HVPDUWB\UJEBJW��PXVW�EH�
HQDEOH� 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 

UHJLRQ�BGDWDBIPW 
�
K����$5*%���� 
�
K����5*%��� 
�
K����5*%��� 
�
K����<89��� 
�
K����<89��� 
�
K����<89��� 
�
K����<9<8��� 
�
K����<9<8��� 
�
K�D��9<8<��� 
�
K�E��9<8<��� 
�
K����%33�� 
�
K����%33�� 
�
K����%33�� 
�
K����%33�� 
�
K����<89���B��% 
�
K����<89���B��% 
�
K����<89���B��% 

� 5: �[� 
UHJLRQ�BPVWBHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

 
923�B(60$57B5(*,21�B067B<5*%�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1532 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� UHJLRQ�B\UJEBPVW (VPDUW�UHJLRQ��<5*%�IUDPH�EXIIHU�PHPRU\�VWDUW�DGGUHVV�� 
 
923�B(60$57B5(*,21�B067B&%&5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� UHJLRQ�BFEFUBPVW (VPDUW�UHJLRQ��&%&5�IUDPH�EXIIHU�PHPRU\�VWDUW�DGGUHVV�  
 
923�B(60$57B5(*,21�B9,5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� UHJLRQ�BYLUBVWULGHBXY 
1XPEHU�RI�ZRUGV�RI�0VW��XY�9LUWXDO�ZLGWK� 

���� 5: �[���� 

UHJLRQ�BYLUBVWULGH 
1XPEHU�RI�ZRUGV�RI�0VW��\UJE�9LUWXDO�ZLGWK� 
$5*%�����ZLQ�BYLUBZLGWK 
5*%������ZLQ�BYLUBZLGWK��������ZLQ�BYLUBZLGWK��� 
5*%�����FHLO�ZLQ�BYLUBZLGWK��� 
<89��FHLO�ZLQ�BYLUBZLGWK��� 
<89�WLOH��FHLO�ZLQ�BYLUBZLGWK��� 
<8<9�<9<8�8<9<�9<8<��FHLO�ZLQ�BYLUBZLGWK��� 

 
923�B(60$57B5(*,21�B$&7B,1)2�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� UHJLRQ�BDFWBKHLJWK 
HVPDUW�BDFWBKHLJKW� �HVPDUW��YHUWLFDO�VL]H����� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� UHJLRQ�BDFWBZLGWK 
ZLQBDFWBZLGWK� ��ZLQ��KRUL]RQWDO�VL]H������ 

 
923�B(60$57B5(*,21�B'63B,1)2�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� UHJLRQ�BGVSBKHLJKW 
GVSBKHLJKW� �YHUWLFDO�VL]H���� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� UHJLRQ�BGVSBZLGWK 
GVSBZLGWK� �KRUL]RQWDO�VL]H���� 

 
923�B(60$57B5(*,21�B'63B2))6(7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� UHJLRQ�BGVSB\RII 
'LVSOD\�LPDJH�YHUWLFDO�RIIVHW�LQ�SDQHO� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� UHJLRQ�BGVSB[RII 
'LVSOD\�LPDJH�KRUL]RQ�RIIVHW�LQ�SDQHO��  

 
923�B(60$57B5(*,21�B6&/B&75/�  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1533 

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� 

UHJLRQ�B\VXBELFBPRGH 
9HUWLFDO�ELFXELF�VFDOH�XS�PRGH� 
�
E����35(&(6( 
�
E����63/,1( 
�
E����&$7520 
�
E����0,7&+(/ 

����� 5: �[� 

UHJLRQ�B[VXBELFBPRGH 
+RUL]RQWDO�ELFXELF�VFDOH�XS�PRGH� 
�
E����35(&(6( 
�
E����63/,1( 
�
E����&$7520 
�
E����0,7&+(/ 

����� 5: �[� 

UHJLRQ�BFEFUB\VFOBPRGH 
ZKHQ�FEFUB\VXBHQ�LV�HQDEOH� 
�
E����%HVW�QHLJK 
�
E����%LOLQHDU 
�
E����%LFXELF 
RWKHU��1RW�\VXBVFDOH 
ZKHQ�FEFUB\VGBHQ�LV�HQDEOH��  
�
E����%HVW�QHLJK 
�
E����%LOLQHDU 
�
E����$YHUDJH 
RWKHU��1RW�\VGBVFDOH 

�� 5: �[� 
UHJLRQ�BFEFUB\VGBHQ 
(QDEOH�&%&5�YHUWLFDO�VFDOH�GRZQ� 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 
UHJLRQ�BFEFUB\VXBHQ 
(QDEOH�&%&5�YHUWLFDO�VFDOH�XS� 
�
E���'LVDEOH 
�
E���(QDEOH 

����� 5: �[� 

UHJLRQ�BFEFUB[VFOBPRGH 
ZKHQ�FEFUB[VXBHQ�LV�HQDEOH� 
�
E����%HVW�QHLJK 
�
E����%LOLQHDU 
�
E����%LFXELF 
RWKHU��1RW�[VXBVFDOH 
ZKHQ�FEFUB[VGBHQ�LV�HQDEOH� 
�
E����%HVW�QHLJK 
�
E����%LOLQHDU 
�
E����$YHUDJH 
RWKHU��1RW�[VGBVFDOH 

� 5: �[� 
UHJLRQ�BFEFUB[VGBHQ 
(QDEOH�&%&5�KRUL]RQWDO�VFDOH�GRZQ� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
UHJLRQ�BFEFUB[VXBHQ 
(QDEOH�&%&5�KRUL]RQWDO�VFDOH�XS� 
�
E���'LVDEOH 
�
E���(QDEOH 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1534 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

UHJLRQ�B\UJEB\VFOBPRGH 
ZKHQ�\UJEB\VXBHQ�LV�HQDEOH� 
�
E����%HVW�QHLJK 
�
E����%LOLQHDU 
�
E����%LFXELF 
RWKHU��1RW�\VXBVFDOH 
ZKHQ�\UJEB\VGBHQ�LV�HQDEOH� 
�
E����%HVW�QHLJK 
�
E����%LOLQHDU 
�
E����$YHUDJH 
RWKHU��1RW�\VGBVFDOH 

� 5: �[� 
UHJLRQ�B\UJEB\VGBHQ 
(QDEOH�<5*%�YHUWLFDO�VFDOH�GRZQ� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
UHJLRQ�B\UJEB\VXBHQ 
(QDEOH�<5*%�YHUWLFDO�VFDOH�XS� 
�
E���'LVDEOH 
�
E���(QDEOH 

��� 5: �[� 

UHJLRQ�B\UJEB[VFOBPRGH 
ZKHQ�\UJEB[VXBHQ�LV�HQDEOH� 
�
E����%HVW�QHLJK 
�
E����%LOLQHDU 
�
E����%LFXELF 
RWKHU��1RW�[VXBVFDOH 
ZKHQ�\UJEB[VGBHQ�LV�HQDEOH� 
�
E����%HVW�QHLJK 
�
E����%LOLQHDU 
�
E����$YHUDJH 
RWKHU��1RW�[VGBVFDOH 

� 5: �[� 
UHJLRQ�B\UJEB[VGBHQ 
(QDEOH�<5*%�KRUL]RQWDO�VFDOH�GRZQ� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
UHJLRQ�B\UJEB[VXBHQ 
(QDEOH�<5*%�KRUL]RQWDO�VFDOH�XS� 
�
E���'LVDEOH 
�
E���(QDEOH 

 
923�B(60$57B5(*,21�B6&/B)$&725B<5*%�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 

UHJLRQ�B\UJEB\IDFWRU 
ZKHQ�\UJEB[VX� 
IDFWRU ��/&'&B:,1�B$&7B,1)2>����@����
�/&'&B:,1�B'63B,1)2>����@���A��� 
ZKHQ�\UJEB[VG� 
IDFWRU ��/&'&B:,1�B$&7B,1)2>����@����
�/&'&B:,1�B'63B,1)2>����@���A��� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1535 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[���� 

UHJLRQ�B\UJEB[IDFWRU 
ZKHQ�\UJEB[VX� 
IDFWRU ��/&'&B:,1�B$&7B,1)2>����@����
�/&'&B:,1�B'63B,1)2>����@���A��� 
ZKHQ�\UJEB[VG� 
IDFWRU ��/&'&B:,1�B$&7B,1)2>����@����
�/&'&B:,1�B'63B,1)2>����@���A��� 

 
923�B(60$57B5(*,21�B6&/B)$&725B&%&5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 

UHJLRQ�BFEFUB\IDFWRU 
ZKHQ�\UJEB[VX� 
IDFWRU ��/&'&B:,1�B$&7B,1)2>����@����
�/&'&B:,1�B'63B,1)2>����@���A�� 
ZKHQ�\UJEB[VG� 
IDFWRU ��/&'&B:,1�B$&7B,1)2>����@����
�/&'&B:,1�B'63B,1)2>����@���A�� 

���� 5: �[���� 

UHJLRQ�BFEFUB[IDFWRU 
ZKHQ�\UJEB[VX� 
IDFWRU ��/&'&B:,1�B$&7B,1)2>����@����
�/&'&B:,1�B'63B,1)2>����@���A��� 
ZKHQ�\UJEB[VG� 
IDFWRU ��/&'&B:,1�B$&7B,1)2>����@����
�/&'&B:,1�B'63B,1)2>����@���A��� 

 
923�B(60$57B5(*,21�B6&/B2))6(7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� UHJLRQ�BFEFUB\VFOBRIIVHW 
(VPDUW�FEFU�YHUWLFDO�VFDOH�RIIVHW� 

����� 5: �[�� UHJLRQ�BFEFUB[VFOBRIIVHW 
(VPDUW�FEFU�KRUL]RQWDO�VFDOH�RIIVHW� 

���� 5: �[�� UHJLRQ�B\UJEB\VFOBRIIVHW 
(VPDUW�\UJE�YHUWLFDO�VFDOH�RIIVHW� 

��� 5: �[�� UHJLRQ�B\UJEB[VFOBRIIVHW 
(VPDUW�\UJE�KRUL]RQWDO�VFDOH�RIIVHW� 

 
923�B(60$57B5(*,21�B067B&7/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 5: �[� 
UHJLRQ�B\XYBFOLS 
�
E���'LVDEOH��<&E&U�QR�FOLS 
�
E���(QDEOH��<&E&U�FOLS�EHIRUH�<&E&U�5*% 
<�FOLS����a�����&E&U�FOLS����a��� 

�� 5: �[� UHJLRQ�BXYBVZDS 
6ZDS�8�DQG�9�FRPSRQHQW� 

�� 5: �[� 
UHJLRQ�BPLGBVZDS 
�
E���<�<�<�<� 
�
E���<�<�<�<� 

�� 5: �[� 
UHJLRQ�BUEBVZDS 
�
E���5*% 
�
E���%*5 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1536 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
UHJLRQ�BDOSKDBVZDS 
�
E���$5*% 
�
E���5*%$ 

�� 5: �[� 
UHJLRQ�BGLWKHUBXSBHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 
UHJLRQ�BFEFUBJW� 
,I�HVPDUWBFEFUB\VGBHQF��ELOLQHDU�LV�HQDEOH�DQG�
FEFUBDFWBKHLJKW�FEFUBGVSBKHLJKW�!����HVPDUWBFEFUBJW��PXVW�EH�
HQDEOH� 

�� 5: �[� 
UHJLRQ�BFEFUBJW� 
,I�HVPDUWBFEFUB\VGBHQF��ELOLQHDU�LV�HQDEOH�DQG�
FEFUBDFWBKHLJKW�FEFUBGVSBKHLJKW�!����HVPDUWBFEFUBJW��PXVW�EH�
HQDEOH� 

� 5: �[� 
UHJLRQ�B\UJEBJW� 
,I�HVPDUWB\UJEB\VGBHQF��ELOLQHDU�LV�HQDEOH�DQG�
\UJEBDFWBKHLJKW�\UJEBGVSBKHLJKW�!����HVPDUWB\UJEBJW��PXVW�EH�
HQDEOH� 

� 5: �[� 
UHJLRQ�B\UJEBJW� 
,I�HVPDUWB\UJEB\VGBHQF��ELOLQHDU�LV�HQDEOH�DQG�
\UJEBDFWBKHLJKW�\UJEBGVSBKHLJKW�!����HVPDUWB\UJEBJW��PXVW�EH�
HQDEOH� 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 

UHJLRQ�BGDWDBIPW 
�
K����$5*%���� 
�
K����5*%��� 
�
K����5*%��� 
�
K����<89��� 
�
K����<89��� 
�
K����<89��� 
�
K����<9<8��� 
�
K����<9<8��� 
�
K�D��9<8<��� 
�
K�E��9<8<��� 
�
K����%33�� 
�
K����%33�� 
�
K����%33�� 
�
K����%33�� 
�
K����<89���B��% 
�
K����<89���B��% 
�
K����<89���B��% 

� 5: �[� 
UHJLRQ�BPVWBHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

 
923�B(60$57B5(*,21�B067B<5*%�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� UHJLRQ�B\UJEBPVW (VPDUW�UHJLRQ��<5*%�IUDPH�EXIIHU�PHPRU\�VWDUW�DGGUHVV� 
 
923�B(60$57B5(*,21�B067B&%&5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1537 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� UHJLRQ�BFEFUBPVW (VPDUW�UHJLRQ��&%&5�IUDPH�EXIIHU�PHPRU\�VWDUW�DGGUHVV�  
 
923�B(60$57B5(*,21�B9,5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� UHJLRQ�BYLUBVWULGHBXY 
1XPEHU�RI�ZRUGV�RI�0VW��XY�9LUWXDO�ZLGWK� 

���� 5: �[���� 

UHJLRQ�BYLUBVWULGH 
1XPEHU�RI�ZRUGV�RI�0VW��\UJE�9LUWXDO�ZLGWK� 
$5*%�����ZLQ�BYLUBZLGWK 
5*%������ZLQ�BYLUBZLGWK��������ZLQ�BYLUBZLGWK��� 
5*%�����FHLO�ZLQ�BYLUBZLGWK��� 
<89��FHLO�ZLQ�BYLUBZLGWK��� 
<89�WLOH��FHLO�ZLQ�BYLUBZLGWK��� 
<8<9�<9<8�8<9<�9<8<��FHLO�ZLQ�BYLUBZLGWK��� 

 
923�B(60$57B5(*,21�B$&7B,1)2�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� UHJLRQ�BDFWBKHLJWK 
HVPDUW�BDFWBKHLJKW� �HVPDUW��YHUWLFDO�VL]H���� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� UHJLRQ�BDFWBZLGWK 
ZLQBDFWBZLGWK� ��ZLQ��KRUL]RQWDO�VL]H����� 

 
923�B(60$57B5(*,21�B'63B,1)2�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� UHJLRQ�BGVSBKHLJKW 
GVSBKHLJKW� �YHUWLFDO�VL]H���� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� UHJLRQ�BGVSBZLGWK 
GVSBZLGWK� � �KRUL]RQWDO�VL]H���� 

 
923�B(60$57B5(*,21�B'63B2))6(7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� UHJLRQ�BGVSB\RII 
'LVSOD\�LPDJH�YHUWLFDO�RIIVHW�LQ�SDQHO� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� UHJLRQ�BGVSB[RII 
'LVSOD\�LPDJH�KRUL]RQ�RIIVHW�LQ�SDQHO��  

 
923�B(60$57B5(*,21�B6&/B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1538 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

UHJLRQ�B\VXBELFBPRGH 
9HUWLFDO�ELFXELF�VFDOH�XS�PRGH� 
�
E����35(&(6( 
�
E����63/,1( 
�
E����&$7520 
�
E����0,7&+(/ 

����� 5: �[� 

UHJLRQ�B[VXBELFBPRGH 
+RUL]RQWDO�ELFXELF�VFDOH�XS�PRGH� 
�
E����35(&(6( 
�
E����63/,1( 
�
E����&$7520 
�
E����0,7&+(/ 

����� 5: �[� 

UHJLRQ�BFEFUB\VFOBPRGH 
ZKHQ�FEFUB\VXBHQ�LV�HQDEOH� 
�
E����%HVW�QHLJK 
�
E����%LOLQHDU 
�
E����%LFXELF 
RWKHU��1RW�\VXBVFDOH 
ZKHQ�FEFUB\VGBHQ�LV�HQDEOH��  
�
E����%HVW�QHLJK 
�
E����%LOLQHDU 
�
E����$YHUDJH 
RWKHU��1RW�\VGBVFDOH 

�� 5: �[� 
UHJLRQ�BFEFUB\VGBHQ 
(QDEOH�&%&5�YHUWLFDO�VFDOH�GRZQ� 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 
UHJLRQ�BFEFUB\VXBHQ 
(QDEOH�&%&5�YHUWLFDO�VFDOH�XS� 
�
E���'LVDEOH 
�
E���(QDEOH 

����� 5: �[� 

UHJLRQ�BFEFUB[VFOBPRGH 
ZKHQ�FEFUB[VXBHQ�LV�HQDEOH� 
�
E����%HVW�QHLJK 
�
E����%LOLQHDU 
�
E����%LFXELF 
RWKHU��1RW�[VXBVFDOH 
ZKHQ�FEFUB[VGBHQ�LV�HQDEOH� 
�
E����%HVW�QHLJK 
�
E����%LOLQHDU 
�
E����$YHUDJH 
RWKHU��1RW�[VGBVFDOH 

� 5: �[� 
UHJLRQ�BFEFUB[VGBHQ 
(QDEOH�&%&5�KRUL]RQWDO�VFDOH�GRZQ� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
UHJLRQ�BFEFUB[VXBHQ 
(QDEOH�&%&5�KRUL]RQWDO�VFDOH�XS� 
�
E���'LVDEOH 
�
E���(QDEOH 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1539 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

UHJLRQ�B\UJEB\VFOBPRGH 
ZKHQ�\UJEB\VXBHQ�LV�HQDEOH� 
�
E����%HVW�QHLJK 
�
E����%LOLQHDU 
�
E����%LFXELF 
RWKHU��1RW�\VXBVFDOH 
ZKHQ�\UJEB\VGBHQ�LV�HQDEOH� 
�
E����%HVW�QHLJK 
�
E����%LOLQHDU 
�
E����$YHUDJH 
RWKHU��1RW�\VGBVFDOH 

� 5: �[� 
UHJLRQ�B\UJEB\VGBHQ 
(QDEOH�<5*%�YHUWLFDO�VFDOH�GRZQ� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
UHJLRQ�B\UJEB\VXBHQ 
(QDEOH�<5*%�YHUWLFDO�VFDOH�XS� 
�
E���'LVDEOH 
�
E���(QDEOH 

��� 5: �[� 

UHJLRQ�B\UJEB[VFOBPRGH 
ZKHQ�\UJEB[VXBHQ�LV�HQDEOH� 
�
E����%HVW�QHLJK 
�
E����%LOLQHDU 
�
E����%LFXELF 
RWKHU��1RW�[VXBVFDOH 
ZKHQ�\UJEB[VGBHQ�LV�HQDEOH� 
�
E����%HVW�QHLJK 
�
E����%LOLQHDU 
�
E����$YHUDJH 
RWKHU��1RW�[VGBVFDOH 

� 5: �[� 
UHJLRQ�B\UJEB[VGBHQ 
(QDEOH�<5*%�KRUL]RQWDO�VFDOH�GRZQ� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
UHJLRQ�B\UJEB[VXBHQ 
(QDEOH�<5*%�KRUL]RQWDO�VFDOH�XS� 
�
E���'LVDEOH 
�
E���(QDEOH 

 
923�B(60$57B5(*,21�B6&/B)$&725B<5*%�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 

UHJLRQ�B\UJEB\IDFWRU 
ZKHQ�\UJEB[VX� 
IDFWRU ��/&'&B:,1�B$&7B,1)2>����@����
�/&'&B:,1�B'63B,1)2>����@���A��� 
ZKHQ�\UJEB[VG� 
IDFWRU ��/&'&B:,1�B$&7B,1)2>����@����
�/&'&B:,1�B'63B,1)2>����@���A��� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1540 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[���� 

UHJLRQ�B\UJEB[IDFWRU 
ZKHQ�\UJEB[VX� 
IDFWRU ��/&'&B:,1�B$&7B,1)2>����@����
�/&'&B:,1�B'63B,1)2>����@���A��� 
ZKHQ�\UJEB[VG� 
IDFWRU ��/&'&B:,1�B$&7B,1)2>����@����
�/&'&B:,1�B'63B,1)2>����@���A��� 

 
923�B(60$57B5(*,21�B6&/B)$&725B&%&5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 

UHJLRQ�BFEFUB\IDFWRU 
ZKHQ�\UJEB[VX� 
IDFWRU ��/&'&B:,1�B$&7B,1)2>����@����
�/&'&B:,1�B'63B,1)2>����@���A�� 
ZKHQ�\UJEB[VG� 
IDFWRU ��/&'&B:,1�B$&7B,1)2>����@����
�/&'&B:,1�B'63B,1)2>����@���A�� 

���� 5: �[���� 

UHJLRQ�BFEFUB[IDFWRU 
ZKHQ�\UJEB[VX� 
IDFWRU ��/&'&B:,1�B$&7B,1)2>����@����
�/&'&B:,1�B'63B,1)2>����@���A��� 
ZKHQ�\UJEB[VG� 
IDFWRU ��/&'&B:,1�B$&7B,1)2>����@����
�/&'&B:,1�B'63B,1)2>����@���A��� 

 
923�B(60$57B5(*,21�B6&/B2))6(7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� UHJLRQ�BFEFUB\VFOBRIIVHW 
(VPDUW�FEFU�YHUWLFDO�VFDOH�RIIVHW� 

����� 5: �[�� UHJLRQ�BFEFUB[VFOBRIIVHW 
(VPDUW�FEFU�KRUL]RQWDO�VFDOH�RIIVHW� 

���� 5: �[�� UHJLRQ�B\UJEB\VFOBRIIVHW 
(VPDUW�\UJE�YHUWLFDO�VFDOH�RIIVHW� 

��� 5: �[�� UHJLRQ�B\UJEB[VFOBRIIVHW 
(VPDUW�\UJE�KRUL]RQWDO�VFDOH�RIIVHW� 

 
923�B(60$57B5(*,21�B067B&7/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 5: �[� 
UHJLRQ�B\XYBFOLS 
�
E���'LVDEOH��<&E&U�QR�FOLS 
�
E���(QDEOH��<&E&U�FOLS�EHIRUH�<&E&U�5*% 
<�FOLS����a�����&E&U�FOLS����a��� 

�� 5: �[� UHJLRQ�BXYBVZDS 
6ZDS�8�DQG�9�FRPSRQHQW� 

�� 5: �[� 
UHJLRQ�BPLGBVZDS 
�
E���<�<�<�<� 
�
E���<�<�<�<� 

�� 5: �[� 
UHJLRQ�BUEBVZDS 
�
E���5*% 
�
E���%*5 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1541 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
UHJLRQ�BDOSKDBVZDS 
�
E���$5*% 
�
E���5*%$ 

�� 5: �[� 
UHJLRQ�BGLWKHUBXSBHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 
UHJLRQ�BFEFUBJW� 
,I�HVPDUWBFEFUB\VGBHQF��ELOLQHDU�LV�HQDEOH�DQG�
FEFUBDFWBKHLJKW�FEFUBGVSBKHLJKW�!����HVPDUWBFEFUBJW��PXVW�EH�
HQDEOH� 

�� 5: �[� 
UHJLRQ�BFEFUBJW� 
,I�HVPDUWBFEFUB\VGBHQF��ELOLQHDU�LV�HQDEOH�DQG�
FEFUBDFWBKHLJKW�FEFUBGVSBKHLJKW�!����HVPDUWBFEFUBJW��PXVW�EH�
HQDEOH� 

� 5: �[� 
UHJLRQ�B\UJEBJW� 
,I�HVPDUWB\UJEB\VGBHQF��ELOLQHDU�LV�HQDEOH�DQG�
\UJEBDFWBKHLJKW�\UJEBGVSBKHLJKW�!����HVPDUWB\UJEBJW��PXVW�EH�
HQDEOH� 

� 5: �[� 
UHJLRQ�B\UJEBJW� 
,I�HVPDUWB\UJEB\VGBHQF��ELOLQHDU�LV�HQDEOH�DQG�
\UJEBDFWBKHLJKW�\UJEBGVSBKHLJKW�!����HVPDUWB\UJEBJW��PXVW�EH�
HQDEOH� 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 

UHJLRQ�BGDWDBIPW 
�
K����$5*%���� 
�
K����5*%��� 
�
K����5*%��� 
�
K����<89��� 
�
K����<89��� 
�
K����<89��� 
�
K����<9<8��� 
�
K����<9<8��� 
�
K�D��9<8<��� 
�
K�E��9<8<��� 
�
K����%33�� 
�
K����%33�� 
�
K����%33�� 
�
K����%33�� 
�
K����<89���B��% 
�
K����<89���B��% 
�
K����<89���B��% 

� 5: �[� 
UHJLRQ�BPVWBHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

 
923�B(60$57B5(*,21�B067B<5*%�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� UHJLRQ�B\UJEBPVW (VPDUW�UHJLRQ��<5*%�IUDPH�EXIIHU�PHPRU\�VWDUW�DGGUHVV�� 
 
923�B(60$57B5(*,21�B067B&%&5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� UHJLRQ�BFEFUBPVW (VPDUW�UHJLRQ��&%&5�IUDPH�EXIIHU�PHPRU\�VWDUW�DGGUHVV�  
 
923�B(60$57B5(*,21�B9,5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� UHJLRQ�BYLUBVWULGHBXY 
1XPEHU�RI�ZRUGV�RI�0VW��XY�9LUWXDO�ZLGWK� 

���� 5: �[���� 

UHJLRQ�BYLUBVWULGH 
1XPEHU�RI�ZRUGV�RI�0VW��\UJE�9LUWXDO�ZLGWK� 
$5*%�����ZLQ�BYLUBZLGWK 
5*%������ZLQ�BYLUBZLGWK��������ZLQ�BYLUBZLGWK��� 
5*%�����FHLO�ZLQ�BYLUBZLGWK��� 
<89��FHLO�ZLQ�BYLUBZLGWK��� 
<89�WLOH��FHLO�ZLQ�BYLUBZLGWK��� 
<8<9�<9<8�8<9<�9<8<��FHLO�ZLQ�BYLUBZLGWK��� 

 
923�B(60$57B5(*,21�B$&7B,1)2�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� UHJLRQ�BDFWBKHLJWK 
HVPDUW�BDFWBKHLJKW� �HVPDUW��YHUWLFDO�VL]H���� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� UHJLRQ�BDFWBZLGWK 
ZLQBDFWBZLGWK� ��ZLQ��KRUL]RQWDO�VL]H����� 

 
923�B(60$57B5(*,21�B'63B,1)2�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� UHJLRQ�BGVSBKHLJKW 
HVPDUW�BGVSBKHLJKW� �HVPDUW��YHUWLFDO�VL]H���� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� UHJLRQ�BGVSBZLGWK 
GVSBZLGWK� �KRUL]RQWDO�VL]H���� 

 
923�B(60$57B5(*,21�B'63B2))6(7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� UHJLRQ�BGVSB\RII 
'LVSOD\�LPDJH�YHUWLFDO�RIIVHW�LQ�SDQHO� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� UHJLRQ�BGVSB[RII 
'LVSOD\�LPDJH�KRUL]RQ�RIIVHW�LQ�SDQHO��  

 
923�B(60$57B5(*,21�B6&/B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

UHJLRQ�B\VXBELFBPRGH 
9HUWLFDO�ELFXELF�VFDOH�XS�PRGH� 
�
E����35(&(6( 
�
E����63/,1( 
�
E����&$7520 
�
E����0,7&+(/ 

����� 5: �[� 

UHJLRQ�B[VXBELFBPRGH 
+RUL]RQWDO�ELFXELF�VFDOH�XS�PRGH� 
�
E����35(&(6( 
�
E����63/,1( 
�
E����&$7520 
�
E����0,7&+(/ 

����� 5: �[� 

UHJLRQ�BFEFUB\VFOBPRGH 
ZKHQ�FEFUB\VXBHQ�LV�HQDEOH� 
�
E����%HVW�QHLJK 
�
E����%LOLQHDU 
�
E����%LFXELF 
RWKHU��QRW�\VXBVFDOH 
ZKHQ�FEFUB\VGBHQ�LV�HQDEOH��  
�
E����%HVW�QHLJK 
�
E����%LOLQHDU 
�
E����$YHUDJH 
RWKHU�QRW�\VGBVFDOH 

�� 5: �[� 
UHJLRQ�BFEFUB\VGBHQ 
(QDEOH�&%&5�YHUWLFDO�VFDOH�GRZQ� 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 
UHJLRQ�BFEFUB\VXBHQ 
(QDEOH�&%&5�YHUWLFDO�VFDOH�XS� 
�
E���'LVDEOH 
�
E���(QDEOH 

����� 5: �[� 

UHJLRQ�BFEFUB[VFOBPRGH 
ZKHQ�FEFUB[VXBHQ�LV�HQDEOH� 
�
E����%HVW�QHLJK 
�
E����%LOLQHDU 
�
E����%LFXELF 
RWKHU��QRW�[VXBVFDOH 
ZKHQ�FEFUB[VGBHQ�LV�HQDEOH� 
�
E����%HVW�QHLJK 
�
E����%LOLQHDU 
�
E����$YHUDJH 
RWKHU��QRW�[VGBVFDOH 

� 5: �[� 
UHJLRQ�BFEFUB[VGBHQ 
(QDEOH�&%&5�KRUL]RQWDO�VFDOH�GRZQ� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
UHJLRQ�BFEFUB[VXBHQ 
(QDEOH�&%&5�KRUL]RQWDO�VFDOH�XS� 
�
E���'LVDEOH 
�
E���(QDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

UHJLRQ�B\UJEB\VFOBPRGH 
ZKHQ�\UJEB\VXBHQ�LV�HQDEOH� 
�
E����%HVW�QHLJK 
�
E����%LOLQHDU 
�
E����%LFXELF 
RWKHU��QRW�\VXBVFDOH 
ZKHQ�\UJEB\VGBHQ�LV�HQDEOH� 
�
E����%HVW�QHLJK 
�
E����%LOLQHDU 
�
E����$YHUDJH 
RWKHU��QRW�\VGBVFDOH 

� 5: �[� 
UHJLRQ�B\UJEB\VGBHQ 
(QDEOH�<5*%�YHUWLFDO�VFDOH�GRZQ� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
UHJLRQ�B\UJEB\VXBHQ 
(QDEOH�<5*%�YHUWLFDO�VFDOH�XS� 
�
E���'LVDEOH 
�
E���(QDEOH 

��� 5: �[� 

UHJLRQ�B\UJEB[VFOBPRGH 
ZKHQ�\UJEB[VXBHQ�LV�HQDEOH� 
�
E����%HVW�QHLJK 
�
E����%LOLQHDU 
�
E����%LFXELF 
RWKHU��QRW�[VXBVFDOH 
ZKHQ�\UJEB[VGBHQ�LV�HQDEOH� 
�
E����%HVW�QHLJK 
�
E����%LOLQHDU 
�
E����$YHUDJH 
RWKHU��QRW�[VGBVFDOH 

� 5: �[� 
UHJLRQ�B\UJEB[VGBHQ 
(QDEOH�<5*%�KRUL]RQWDO�VFDOH�GRZQ� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
UHJLRQ�B\UJEB[VXBHQ 
(QDEOH�<5*%�KRUL]RQWDO�VFDOH�XS� 
�
E���'LVDEOH 
�
E���(QDEOH 

 
923�B(60$57B5(*,21�B6&/B)$&725B<5*%�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 

UHJLRQ�B\UJEB\IDFWRU 
ZKHQ�\UJEB[VX� 
IDFWRU ��/&'&B:,1�B$&7B,1)2>����@����
�/&'&B:,1�B'63B,1)2>����@���A��� 
ZKHQ�\UJEB[VG� 
IDFWRU ��/&'&B:,1�B$&7B,1)2>����@����
�/&'&B:,1�B'63B,1)2>����@���A��� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[���� 

UHJLRQ�B\UJEB[IDFWRU 
ZKHQ�\UJEB[VX� 
IDFWRU ��/&'&B:,1�B$&7B,1)2>����@����
�/&'&B:,1�B'63B,1)2>����@���A��� 
ZKHQ�\UJEB[VG� 
IDFWRU ��/&'&B:,1�B$&7B,1)2>����@����
�/&'&B:,1�B'63B,1)2>����@���A��� 

 
923�B(60$57B5(*,21�B6&/B)$&725B&%&5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 

UHJLRQ�BFEFUB\IDFWRU 
ZKHQ�\UJEB[VX� 
IDFWRU ��/&'&B:,1�B$&7B,1)2>����@����
�/&'&B:,1�B'63B,1)2>����@���A�� 
ZKHQ�\UJEB[VG� 
IDFWRU ��/&'&B:,1�B$&7B,1)2>����@����
�/&'&B:,1�B'63B,1)2>����@���A�� 

���� 5: �[���� 

UHJLRQ�BFEFUB[IDFWRU 
ZKHQ�\UJEB[VX� 
IDFWRU ��/&'&B:,1�B$&7B,1)2>����@����
�/&'&B:,1�B'63B,1)2>����@���A��� 
ZKHQ�\UJEB[VG� 
IDFWRU ��/&'&B:,1�B$&7B,1)2>����@����
�/&'&B:,1�B'63B,1)2>����@���A��� 

 
923�B(60$57B5(*,21�B6&/B2))6(7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� UHJLRQ�BFEFUB\VFOBRIIVHW 
(VPDUW�FEFU�YHUWLFDO�VFDOH�RIIVHW� 

����� 5: �[�� UHJLRQ�BFEFUB[VFOBRIIVHW 
(VPDUW�FEFU�KRUL]RQWDO�VFDOH�RIIVHW� 

���� 5: �[�� UHJLRQ�B\UJEB\VFOBRIIVHW 
(VPDUW�\UJE�YHUWLFDO�VFDOH�RIIVHW� 

��� 5: �[�� UHJLRQ�B\UJEB[VFOBRIIVHW 
(VPDUW�\UJE�KRUL]RQWDO�VFDOH�RIIVHW� 

 
923�B(60$57B.(<B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
HVPDUWBNH\BHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 52 �[� UHVHUYHG 

����� 5: �[��� HVPDUWBUBNH\BYDOXH 
(VPDUW�5('�FRORU�NH\� 

����� 5: �[��� HVPDUWBJBNH\BYDOXH 
(VPDUW�*5((1�FRORU�NH\� 

��� 5: �[��� HVPDUWBEBNH\BYDOXH 
(VPDUW�%OXH�FRORU�NH\� 

 
923�B(60$57B%*B(1�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
HVPDUWBEJBHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 52 �[� UHVHUYHG 

����� 5: �[��� HVPDUWBUBYDOXH 
(VPDUW�%DFNJURXQG�5HG�FRORU� 

����� 5: �[��� HVPDUWBJBYDOXH 
(VPDUW�%DFNJURXQG�*UHHQ�FRORU� 

��� 5: �[��� HVPDUWBEBYDOXH 
(VPDUW�%DFNJURXQG�%OXH�FRORU� 

 
 
13.4.8 6PDUW�UHJLVWHU�GHVFULSWLRQ 
13.4.8.1 Registers Summary 
7KH�EDVH�DGGUHVV�RI�VPDUW��UHJLVWHUV�LV��[�F��� 
7KH�EDVH�DGGUHVV�RI�VPDUW��UHJLVWHUV�LV��[�H��� 

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

923�B60$57B&75/� �[���� : �[�������� 7R�HQDEOH�WKH�FRORU�VSDFH�FRQYHUVLRQ�RI�HVPDUW� 
923�B60$57B&75/� �[���� : �[����'��� 7R�FRQWURO�WKH�GPD�RI�HVPDUW� 
923�B60$57B5(*,21�B
067B&7/ �[���� : �[�������� 7R�HQDEOH�WKH�UHJLRQ��RI�HVPDUW� 

923�B60$57B5(*,21�B
067B<5*% �[���� : �[�������� 7R�FRQILJXUH�WKH�VWDUWLQJ�DGGUHVV�RI�<5*%�LQ�PHPRU\� 
923�B60$57B5(*,21�B
9,5 �[���& : �[�������� 7R�FRQILJXUH�WKH�YLUWXDO�ZLGWK�RI�GDWD�LQ�PHPRU\� 
923�B60$57B5(*,21�B
$&7B,1)2 �[���� : �[�������� 7R�FRQILJXUH�WKH�DFWLYH�VL]H�RI�GDWD�� 
923�B60$57B5(*,21�B
'63B,1)2 �[���� : �[�������� 7R�FRQILJXUH�WKH�GLVSOD\�VL]H�RI�GDWD�� 
923�B60$57B5(*,21�B
'63B2))6(7 �[���� : �[�������� 7R�FRQILJXUH�WKH�GLVSOD\�RIIVHW�RI�GDWD�� 
923�B60$57B5(*,21�B
6&/B&75/ �[���� : �[�������� 7R�HQDEOH�WKH�VFDOLQJ�RI�HVPDUW� 

923�B60$57B5(*,21�B
6&/B)$&725B<5*% �[���� : �[�������� 7R�FRQILJXUH�WKH�VFDOLQJ�IDFWRU�RI�<5*%� 
923�B60$57B5(*,21�B
6&/B2))6(7 �[���& : �[�������� 7R�FRQILJXUH�WKH�VFDOLQJ�RIIVHW�RI�HVPDUW� 
923�B60$57B5(*,21�B
067B&7/ �[���� : �[�������� 7R�HQDEOH�WKH�UHJLRQ��RI�HVPDUW� 

923�B60$57B5(*,21�B
067B<5*% �[���� : �[�������� 7R�FRQILJXUH�WKH�VWDUWLQJ�DGGUHVV�RI�<5*%�LQ�PHPRU\� 
923�B60$57B5(*,21�B
9,5 �[���& : �[�������� 7R�FRQILJXUH�WKH�YLUWXDO�ZLGWK�RI�GDWD�LQ�PHPRU\� 
923�B60$57B5(*,21�B
$&7B,1)2 �[���� : �[�������� 7R�FRQILJXUH�WKH�DFWLYH�VL]H�RI�GDWD�� 
923�B60$57B5(*,21�B
'63B,1)2 �[���� : �[�������� 7R�FRQILJXUH�WKH�GLVSOD\�VL]H�RI�GDWD�� 
923�B60$57B5(*,21�B
'63B2))6(7 �[���� : �[�������� 7R�FRQILJXUH�WKH�GLVSOD\�RIIVHW�RI�GDWD�� 
923�B60$57B5(*,21�B
6&/B&75/ �[���� : �[�������� 7R�HQDEOH�WKH�VFDOLQJ�RI�HVPDUW� 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

923�B60$57B5(*,21�B
6&/B)$&725B<5*% �[���� : �[�������� 7R�FRQILJXUH�WKH�VFDOLQJ�IDFWRU�RI�<5*%� 
923�B60$57B5(*,21�B
6&/B2))6(7 �[���& : �[�������� 7R�FRQILJXUH�WKH�VFDOLQJ�RIIVHW�RI�HVPDUW� 
923�B60$57B5(*,21�B
067B&7/ �[���� : �[�������� 7R�HQDEOH�WKH�UHJLRQ��RI�HVPDUW� 

923�B60$57B5(*,21�B
067B<5*% �[���� : �[�������� 7R�FRQILJXUH�WKH�VWDUWLQJ�DGGUHVV�RI�<5*%�LQ�PHPRU\� 
923�B60$57B5(*,21�B
9,5 �[���& : �[�������� 7R�FRQILJXUH�WKH�YLUWXDO�ZLGWK�RI�GDWD�LQ�PHPRU\� 
923�B60$57B5(*,21�B
$&7B,1)2 �[���� : �[�������� 7R�FRQILJXUH�WKH�DFWLYH�VL]H�RI�GDWD�� 
923�B60$57B5(*,21�B
'63B,1)2 �[���� : �[�������� 7R�FRQILJXUH�WKH�GLVSOD\�VL]H�RI�GDWD�� 
923�B60$57B5(*,21�B
'63B2))6(7 �[���� : �[�������� 7R�FRQILJXUH�WKH�GLVSOD\�RIIVHW�RI�GDWD�� 
923�B60$57B5(*,21�B
6&/B&75/ �[���� : �[�������� 7R�HQDEOH�WKH�VFDOLQJ�RI�HVPDUW� 

923�B60$57B5(*,21�B
6&/B)$&725B<5*% �[���� : �[�������� 7R�FRQILJXUH�WKH�VFDOLQJ�IDFWRU�RI�<5*%� 
923�B60$57B5(*,21�B
6&/B2))6(7 �[���& : �[�������� 7R�FRQILJXUH�WKH�VFDOLQJ�RIIVHW�RI�HVPDUW� 
923�B60$57B5(*,21�B
067B&7/ �[��$� : �[�������� 7R�HQDEOH�WKH�UHJLRQ��RI�HVPDUW� 

923�B60$57B5(*,21�B
067B<5*% �[��$� : �[�������� 7R�FRQILJXUH�WKH�VWDUWLQJ�DGGUHVV�RI�<5*%�LQ�PHPRU\� 
923�B60$57B5(*,21�B
9,5 �[��$& : �[�������� 7R�FRQILJXUH�WKH�YLUWXDO�ZLGWK�RI�GDWD�LQ�PHPRU\� 
923�B60$57B5(*,21�B
$&7B,1)2 �[��%� : �[�������� 7R�FRQILJXUH�WKH�DFWLYH�VL]H�RI�GDWD�� 
923�B60$57B5(*,21�B
'63B,1)2 �[��%� : �[�������� 7R�FRQILJXUH�WKH�GLVSOD\�VL]H�RI�GDWD�� 
923�B60$57B5(*,21�B
'63B2))6(7 �[��%� : �[�������� 7R�FRQILJXUH�WKH�GLVSOD\�RIIVHW�RI�GDWD�� 
923�B60$57B5(*,21�B
6&/B&75/ �[��&� : �[�������� 7R�HQDEOH�WKH�VFDOLQJ�RI�HVPDUW� 

923�B60$57B5(*,21�B
6&/B)$&725B<5*% �[��&� : �[�������� 7R�FRQILJXUH�WKH�VFDOLQJ�IDFWRU�RI�<5*%� 
923�B60$57B5(*,21�B
6&/B2))6(7 �[��&& : �[�������� 7R�FRQILJXUH�WKH�VFDOLQJ�RIIVHW�RI�HVPDUW� 

923�B60$57B.(<B&75/ �[��'� : �[�������� 7R�FRQILJXUH�WKH�FRORU�NH\�RI�HVPDUW� 

923�B60$57B%*B(1 �[��'� : �[�������� 7R�HQDEOH�WKH�EDFNJURXQG�RI�HVPDUW� 
1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV��':�
'RXEOH�:25'�����ELWV��DFFHVV�  
 

13.4.8.2 Detail Registers Description 
923�B60$57B&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 
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&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1548 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� HVPDUWB�ESSBOXWBHQ 
7R�HQDEOH��ESS�/87��  

��� 5: �[� 

HVPDUWBFVFBPRGH 
&RORU�VSDFH�FRQYHUVLRQ� 
�
E����%7���B/ 
�
E����%7���B/ 
�
E����%7���B) 
�
E����%7���� 

� 5: �[� 
HVPDUWBUJE�\XYBHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

� 52 �[� UHVHUYHG 
 
923�B60$57B&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
HVPDUWB\PLUBHQ 
�
E���$[L�DGGU�DGG�YVWHS 
�
E���$[L�DGGU�VXE�YVWHS 

����� 5: �[� 
HVPDUWBGPDBUUHTBWKROG 
(VPDUW�GPD�KXUU\�UHDG�UHTXHVW�WKROG��,I�HVPDUW�HPSW\�OE�
QXPEHU�! �HVPDUWBGPDBUUHTBWKROG���GPDBUUHTBKXUU\�LV�
DVVHUWHG� 

�� 5: �[� 
HVPDUWBGPDBUUHTBKXUU\BHQ 
(QDEOH�HVPDUW�GPD�KXUU\�UHDG�UHTXHVW� 
�
E���'LVDEOH 
�
E���(QDEOH 

����� 5: �[� HVPDUWBFEFUBJDWKHUBQXP 
7KH�JDWKHU�QXPEHU�RI�&%&5� 

����� 52 �[�� UHVHUYHG 

����� 5: �[G HVPDUWBFEFUBULG 
$;,�UHDG�LG�RI�HVPDUW�FEFU�FKDQQHO� 

���� 52 �[�� UHVHUYHG 

� 5: �[� HVPDUWBFEFUBJDWKHUBHQ 
7R�HQDEOH�&%&5�JDWKHU�WUDQVIHU� 

� 52 �[� UHVHUYHG 

��� 5: �[� 

HVPDUWBHVPDUWBD[LBUOHQ 
�
E����%XUVW����EXUVW����LQ�UJE����SDFN�PRGH� 
�
E����%XUVW���EXUVW����LQ�UJE����SDFN�PRGH� 
�
E����%XUVW���EXUVW���LQ�UJE����SDFN�PRGH� 
�
E����5HVHUYHG 

 
923�B60$57B5(*,21�B067B&7/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 5: �[� 
UHJLRQ�BPLGBVZDS 
�
E���<�<�<�<� 
�
E���<�<�<�<� 

�� 5: �[� 
UHJLRQ�BUEBVZDS 
�
E���5*% 
�
E���%*5 

�� 5: �[� 
UHJLRQ�BDOSKDBVZDS 
�
E���$5*% 
�
E���5*%$ 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
UHJLRQ�BGLWKHUBXSBHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

����� 52 �[� UHVHUYHG 

� 5: �[� 
UHJLRQ�B\UJEBJW� 
,I�HVPDUWB\UJEB\VGBHQF��ELOLQHDU�LV�HQDEOH�DQG�
\UJEBDFWBKHLJKW�\UJEBGVSBKHLJKW�!����HVPDUWB\UJEBJW��PXVW�EH�
HQDEOH� 

� 5: �[� 
UHJLRQ�B\UJEBJW� 
,I�HVPDUWB\UJEB\VGBHQF��ELOLQHDU�LV�HQDEOH�DQG�
\UJEBDFWBKHLJKW�\UJEBGVSBKHLJKW�!����HVPDUWB\UJEBJW��PXVW�EH�
HQDEOH� 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 

UHJLRQ�BGDWDBIPW 
�
K����$5*%���� 
�
K����5*%��� 
�
K����5*%��� 
�
K����%33�� 
�
K����%33�� 
�
K����%33�� 
�
K����%33�� 

� 5: �[� 
UHJLRQ�BPVWBHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

 
923�B60$57B5(*,21�B067B<5*%�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� UHJLRQ�B\UJEBPVW (VPDUW�UHJLRQ��<5*%�IUDPH�EXIIHU�PHPRU\�VWDUW�DGGUHVV�� 
 
923�B60$57B5(*,21�B9,5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� 

UHJLRQ�BYLUBVWULGH 
1XPEHU�RI�ZRUGV�RI�0VW��\UJE�9LUWXDO�ZLGWK� 
$5*%�����ZLQ�BYLUBZLGWK 
5*%������ZLQ�BYLUBZLGWK��������ZLQ�BYLUBZLGWK��� 
5*%�����FHLO�ZLQ�BYLUBZLGWK��� 
<89��FHLO�ZLQ�BYLUBZLGWK��� 
<89�WLOH��FHLO�ZLQ�BYLUBZLGWK��� 
<8<9�<9<8�8<9<�9<8<��FHLO�ZLQ�BYLUBZLGWK��� 

 
923�B60$57B5(*,21�B$&7B,1)2�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� UHJLRQ�BDFWBKHLJWK 
HVPDUW�BDFWBKHLJKW� �HVPDUW��YHUWLFDO�VL]H���� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� UHJLRQ�BDFWBZLGWK 
ZLQBDFWBZLGWK� ��ZLQ��KRUL]RQWDO�VL]H����� 

 
923�B60$57B5(*,21�B'63B,1)2�  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� UHJLRQ�BGVSBKHLJKW 
GVSBKHLJKW� �YHUWLFDO�VL]H���� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� UHJLRQ�BGVSBZLGWK 
GVSBZLGWK� �KRUL]RQWDO�VL]H���� 

 
923�B60$57B5(*,21�B'63B2))6(7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� UHJLRQ�BGVSB\RII 
'LVSOD\�LPDJH�YHUWLFDO�RIIVHW�LQ�SDQHO� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� UHJLRQ�BGVSB[RII 
'LVSOD\�LPDJH�KRUL]RQ�RIIVHW�LQ�SDQHO��  

 
923�B60$57B5(*,21�B6&/B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[� 

UHJLRQ�B\UJEB\VFOBPRGH 
ZKHQ�\UJEB\VXBHQ�LV�HQDEOH� 
�
E����%HVW�QHLJK 
�
E����%LOLQHDU 
RWKHU��QRW�\VXBVFDOH 
ZKHQ�\UJEB\VGBHQ�LV�HQDEOH� 
�
E����%HVW�QHLJK 
�
E����%LOLQHDU 
RWKHU��QRW�\VGBVFDOH 

� 5: �[� 
UHJLRQ�B\UJEB\VGBHQ 
(QDEOH�<5*%�YHUWLFDO�VFDOH�GRZQ� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
UHJLRQ�B\UJEB\VXBHQ 
(QDEOH�<5*%�YHUWLFDO�VFDOH�XS� 
�
E���'LVDEOH 
�
E���(QDEOH 

��� 5: �[� 

UHJLRQ�B\UJEB[VFOBPRGH 
ZKHQ�\UJEB[VXBHQ�LV�HQDEOH� 
�
E����%HVW�QHLJK 
�
E����%LOLQHDU 
RWKHU��QRW�[VXBVFDOH 
ZKHQ�\UJEB[VGBHQ�LV�HQDEOH� 
�
E����%HVW�QHLJK 
�
E����%LOLQHDU 
RWKHU��QRW�[VGBVFDOH 

� 5: �[� 
UHJLRQ�B\UJEB[VGBHQ 
(QDEOH�<5*%�KRUL]RQWDO�VFDOH�GRZQ� 
�
E���'LVDEOH 
�
E���(QDEOH 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1551 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
UHJLRQ�B\UJEB[VXBHQ 
(QDEOH�<5*%�KRUL]RQWDO�VFDOH�XS� 
�
E���'LVDEOH 
�
E���(QDEOH 

 
923�B60$57B5(*,21�B6&/B)$&725B<5*%�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 

UHJLRQ�B\UJEB\IDFWRU 
ZKHQ�\UJEB[VX� 
IDFWRU ��/&'&B:,1�B$&7B,1)2>����@����
�/&'&B:,1�B'63B,1)2>����@���A��� 
ZKHQ�\UJEB[VG� 
IDFWRU ��/&'&B:,1�B$&7B,1)2>����@����
�/&'&B:,1�B'63B,1)2>����@���A��� 

���� 5: �[���� 

UHJLRQ�B\UJEB[IDFWRU 
ZKHQ�\UJEB[VX� 
IDFWRU ��/&'&B:,1�B$&7B,1)2>����@����
�/&'&B:,1�B'63B,1)2>����@���A��� 
ZKHQ�\UJEB[VG� 
IDFWRU ��/&'&B:,1�B$&7B,1)2>����@����
�/&'&B:,1�B'63B,1)2>����@���A��� 

 
923�B60$57B5(*,21�B6&/B2))6(7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[�� UHJLRQ�B\UJEB\VFOBRIIVHW 
(VPDUW�\UJE�YHUWLFDO�VFDOH�RIIVHW� 

��� 5: �[�� UHJLRQ�B\UJEB[VFOBRIIVHW 
(VPDUW�\UJE�KRUL]RQWDO�VFDOH�RIIVHW� 

 
923�B60$57B5(*,21�B067B&7/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 5: �[� 
UHJLRQ�BPLGBVZDS 
�
E���<�<�<�<� 
�
E���<�<�<�<� 

�� 5: �[� 
UHJLRQ�BUEBVZDS 
�
E���5*% 
�
E���%*5 

�� 5: �[� 
UHJLRQ�BDOSKDBVZDS 
�
E���$5*% 
�
E���5*%$ 

�� 5: �[� 
UHJLRQ�BGLWKHUBXSBHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

����� 52 �[� UHVHUYHG 

� 5: �[� 
UHJLRQ�B\UJEBJW� 
,I�HVPDUWB\UJEB\VGBHQF��ELOLQHDU�LV�HQDEOH�DQG�
\UJEBDFWBKHLJKW�\UJEBGVSBKHLJKW�!����HVPDUWB\UJEBJW��PXVW�EH�
HQDEOH� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
UHJLRQ�B\UJEBJW� 
,I�HVPDUWB\UJEB\VGBHQF��ELOLQHDU�LV�HQDEOH�DQG�
\UJEBDFWBKHLJKW�\UJEBGVSBKHLJKW�!����HVPDUWB\UJEBJW��PXVW�EH�
HQDEOH� 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 

UHJLRQ�BGDWDBIPW 
�
K����$5*%���� 
�
K����5*%��� 
�
K����5*%��� 
�
K����%33�� 
�
K����%33�� 
�
K����%33�� 
�
K����%33�� 

� 5: �[� 
UHJLRQ�BPVWBHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

 
923�B60$57B5(*,21�B067B<5*%�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� UHJLRQ�B\UJEBPVW (VPDUW�UHJLRQ��<5*%�IUDPH�EXIIHU�PHPRU\�VWDUW�DGGUHVV�� 
 
923�B60$57B5(*,21�B9,5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� 

UHJLRQ�BYLUBVWULGH 
1XPEHU�RI�ZRUGV�RI�0VW��\UJE�9LUWXDO�ZLGWK� 
$5*%�����ZLQ�BYLUBZLGWK 
5*%������ZLQ�BYLUBZLGWK��������ZLQ�BYLUBZLGWK��� 
5*%�����FHLO�ZLQ�BYLUBZLGWK��� 
<89��FHLO�ZLQ�BYLUBZLGWK��� 
<89�WLOH��FHLO�ZLQ�BYLUBZLGWK��� 
<8<9�<9<8�8<9<�9<8<��FHLO�ZLQ�BYLUBZLGWK��� 

 
923�B60$57B5(*,21�B$&7B,1)2�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� UHJLRQ�BDFWBKHLJWK 
HVPDUW�BDFWBKHLJKW� �HVPDUW��YHUWLFDO�VL]H���� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� UHJLRQ�BDFWBZLGWK 
ZLQBDFWBZLGWK� ��ZLQ��KRUL]RQWDO�VL]H����� 

 
923�B60$57B5(*,21�B'63B,1)2�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� UHJLRQ�BGVSBKHLJKW 
GVSBKHLJKW� �YHUWLFDO�VL]H���� 

����� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[���� UHJLRQ�BGVSBZLGWK 
GVSBZLGWK� �KRUL]RQWDO�VL]H���� 

 
923�B60$57B5(*,21�B'63B2))6(7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� UHJLRQ�BGVSB\RII 
'LVSOD\�LPDJH�YHUWLFDO�RIIVHW�LQ�SDQHO� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� UHJLRQ�BGVSB[RII 
'LVSOD\�LPDJH�KRUL]RQ�RIIVHW�LQ�SDQHO��  

 
923�B60$57B5(*,21�B6&/B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[� 

UHJLRQ�B\UJEB\VFOBPRGH 
ZKHQ�\UJEB\VXBHQ�LV�HQDEOH� 
�
E����%HVW�QHLJK 
�
E����%LOLQHDU 
RWKHU��QRW�\VXBVFDOH 
ZKHQ�\UJEB\VGBHQ�LV�HQDEOH� 
�
E����%HVW�QHLJK 
�
E����%LOLQHDU 
RWKHU��QRW�\VGBVFDOH 

� 5: �[� 
UHJLRQ�B\UJEB\VGBHQ 
(QDEOH�<5*%�YHUWLFDO�VFDOH�GRZQ� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
UHJLRQ�B\UJEB\VXBHQ 
(QDEOH�<5*%�YHUWLFDO�VFDOH�XS� 
�
E���'LVDEOH 
�
E���(QDEOH 

��� 5: �[� 

UHJLRQ�B\UJEB[VFOBPRGH 
ZKHQ�\UJEB[VXBHQ�LV�HQDEOH� 
�
E����%HVW�QHLJK 
�
E����%LOLQHDU 
RWKHU��QRW�[VXBVFDOH 
ZKHQ�\UJEB[VGBHQ�LV�HQDEOH� 
�
E����%HVW�QHLJK 
�
E����%LOLQHDU 
RWKHU��QRW�[VGBVFDOH 

� 5: �[� 
UHJLRQ�B\UJEB[VGBHQ 
(QDEOH�<5*%�KRUL]RQWDO�VFDOH�GRZQ� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
UHJLRQ�B\UJEB[VXBHQ 
(QDEOH�<5*%�KRUL]RQWDO�VFDOH�XS� 
�
E���'LVDEOH 
�
E���(QDEOH 

 
923�B60$57B5(*,21�B6&/B)$&725B<5*%�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1554 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 

UHJLRQ�B\UJEB\IDFWRU 
ZKHQ�\UJEB[VX� 
IDFWRU ��/&'&B:,1�B$&7B,1)2>����@����
�/&'&B:,1�B'63B,1)2>����@���A��� 
ZKHQ�\UJEB[VG� 
IDFWRU ��/&'&B:,1�B$&7B,1)2>����@����
�/&'&B:,1�B'63B,1)2>����@���A��� 

���� 5: �[���� 

UHJLRQ�B\UJEB[IDFWRU 
ZKHQ�\UJEB[VX� 
IDFWRU ��/&'&B:,1�B$&7B,1)2>����@����
�/&'&B:,1�B'63B,1)2>����@���A��� 
ZKHQ�\UJEB[VG� 
IDFWRU ��/&'&B:,1�B$&7B,1)2>����@����
�/&'&B:,1�B'63B,1)2>����@���A��� 

 
923�B60$57B5(*,21�B6&/B2))6(7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[�� UHJLRQ�B\UJEB\VFOBRIIVHW 
(VPDUW�\UJE�YHUWLFDO�VFDOH�RIIVHW� 

��� 5: �[�� UHJLRQ�B\UJEB[VFOBRIIVHW 
(VPDUW�\UJE�KRUL]RQWDO�VFDOH�RIIVHW� 

 
923�B60$57B5(*,21�B067B&7/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 5: �[� 
UHJLRQ�BPLGBVZDS 
�
E���<�<�<�<� 
�
E���<�<�<�<� 

�� 5: �[� 
UHJLRQ�BUEBVZDS 
�
E���5*% 
�
E���%*5 

�� 5: �[� 
UHJLRQ�BDOSKDBVZDS 
�
E���$5*% 
�
E���5*%$ 

�� 5: �[� 
UHJLRQ�BGLWKHUBXSBHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 52 �[� UHVHUYHG 

�� 5: �[� 
UHJLRQ�BFEFUBJW� 
,I�HVPDUWBFEFUB\VGBHQF��ELOLQHDU�LV�HQDEOH�DQG�
FEFUBDFWBKHLJKW�FEFUBGVSBKHLJKW�!����HVPDUWBFEFUBJW��PXVW�EH�
HQDEOH� 

� 52 �[� UHVHUYHG 

� 5: �[� 
UHJLRQ�B\UJEBJW� 
,I�HVPDUWB\UJEB\VGBHQF��ELOLQHDU�LV�HQDEOH�DQG�
\UJEBDFWBKHLJKW�\UJEBGVSBKHLJKW�!����HVPDUWB\UJEBJW��PXVW�EH�
HQDEOH� 

��� 52 �[� UHVHUYHG 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1555 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[�� 

UHJLRQ�BGDWDBIPW 
�
K����$5*%���� 
�
K����5*%��� 
�
K����5*%��� 
�
K����%33�� 
�
K����%33�� 
�
K����%33�� 
�
K����%33�� 

� 5: �[� 
UHJLRQ�BPVWBHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

 
923�B60$57B5(*,21�B067B<5*%�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� UHJLRQ�B\UJEBPVW (VPDUW�UHJLRQ��<5*%�IUDPH�EXIIHU�PHPRU\�VWDUW�DGGUHVV�� 
 
923�B60$57B5(*,21�B9,5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� 

UHJLRQ�BYLUBVWULGH 
1XPEHU�RI�ZRUGV�RI�0VW��\UJE�9LUWXDO�ZLGWK� 
$5*%�����ZLQ�BYLUBZLGWK 
5*%������ZLQ�BYLUBZLGWK��������ZLQ�BYLUBZLGWK��� 
5*%�����FHLO�ZLQ�BYLUBZLGWK��� 
<89��FHLO�ZLQ�BYLUBZLGWK��� 
<89�WLOH��FHLO�ZLQ�BYLUBZLGWK��� 
<8<9�<9<8�8<9<�9<8<��FHLO�ZLQ�BYLUBZLGWK��� 

 
923�B60$57B5(*,21�B$&7B,1)2�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� UHJLRQ�BDFWBKHLJWK 
HVPDUW�BDFWBKHLJKW� �HVPDUW��YHUWLFDO�VL]H���� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� UHJLRQ�BDFWBZLGWK 
ZLQBDFWBZLGWK� ��ZLQ��KRUL]RQWDO�VL]H����� 

 
923�B60$57B5(*,21�B'63B,1)2�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� UHJLRQ�BGVSBKHLJKW 
GVSBKHLJKW� �YHUWLFDO�VL]H���� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� UHJLRQ�BGVSBZLGWK 
GVSBZLGWK� � �KRUL]RQWDO�VL]H���� 

 
923�B60$57B5(*,21�B'63B2))6(7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1556 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� UHJLRQ�BGVSB\RII 
'LVSOD\�LPDJH�YHUWLFDO�RIIVHW�LQ�SDQHO� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� UHJLRQ�BGVSB[RII 
'LVSOD\�LPDJH�KRUL]RQ�RIIVHW�LQ�SDQHO��  

 
923�B60$57B5(*,21�B6&/B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[� 

UHJLRQ�B\UJEB\VFOBPRGH 
ZKHQ�\UJEB\VXBHQ�LV�HQDEOH� 
�
E����%HVW�QHLJK 
�
E����%LOLQHDU 
RWKHU��QRW�\VXBVFDOH 
ZKHQ�\UJEB\VGBHQ�LV�HQDEOH� 
�
E����%HVW�QHLJK 
�
E����%LOLQHDU 
RWKHU��QRW�\VGBVFDOH 

� 5: �[� 
UHJLRQ�B\UJEB\VGBHQ 
(QDEOH�<5*%�YHUWLFDO�VFDOH�GRZQ� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
UHJLRQ�B\UJEB\VXBHQ 
(QDEOH�<5*%�YHUWLFDO�VFDOH�XS� 
�
E���'LVDEOH 
�
E���(QDEOH 

��� 5: �[� 

UHJLRQ�B\UJEB[VFOBPRGH 
ZKHQ�\UJEB[VXBHQ�LV�HQDEOH� 
�
E����%HVW�QHLJK 
�
E����%LOLQHDU 
RWKHU��QRW�[VXBVFDOH 
ZKHQ�\UJEB[VGBHQ�LV�HQDEOH� 
�
E����%HVW�QHLJK 
�
E����%LOLQHDU 
RWKHU��QRW�[VGBVFDOH 

� 5: �[� 
UHJLRQ�B\UJEB[VGBHQ 
(QDEOH�<5*%�KRUL]RQWDO�VFDOH�GRZQ� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
UHJLRQ�B\UJEB[VXBHQ 
(QDEOH�<5*%�KRUL]RQWDO�VFDOH�XS� 
�
E���'LVDEOH 
�
E���(QDEOH 

 
923�B60$57B5(*,21�B6&/B)$&725B<5*%�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1557 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 

UHJLRQ�B\UJEB\IDFWRU 
ZKHQ�\UJEB[VX� 
IDFWRU ��/&'&B:,1�B$&7B,1)2>����@����
�/&'&B:,1�B'63B,1)2>����@���A��� 
ZKHQ�\UJEB[VG� 
IDFWRU ��/&'&B:,1�B$&7B,1)2>����@����
�/&'&B:,1�B'63B,1)2>����@���A��� 

���� 5: �[���� 

UHJLRQ�B\UJEB[IDFWRU 
ZKHQ�\UJEB[VX� 
IDFWRU ��/&'&B:,1�B$&7B,1)2>����@����
�/&'&B:,1�B'63B,1)2>����@���A��� 
ZKHQ�\UJEB[VG� 
IDFWRU ��/&'&B:,1�B$&7B,1)2>����@����
�/&'&B:,1�B'63B,1)2>����@���A��� 

 
923�B60$57B5(*,21�B6&/B2))6(7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[�� UHJLRQ�B\UJEB\VFOBRIIVHW 
(VPDUW�\UJE�YHUWLFDO�VFDOH�RIIVHW� 

��� 5: �[�� UHJLRQ�B\UJEB[VFOBRIIVHW 
(VPDUW�\UJE�KRUL]RQWDO�VFDOH�RIIVHW� 

 
923�B60$57B5(*,21�B067B&7/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 5: �[� 
UHJLRQ�BPLGBVZDS 
�
E���<�<�<�<� 
�
E���<�<�<�<� 

�� 5: �[� 
UHJLRQ�BUEBVZDS 
�
E���5*% 
�
E���%*5 

�� 5: �[� 
UHJLRQ�BDOSKDBVZDS 
�
E���$5*% 
�
E���5*%$ 

�� 5: �[� 
UHJLRQ�BGLWKHUBXSBHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

����� 52 �[� UHVHUYHG 

� 5: �[� 
UHJLRQ�B\UJEBJW� 
,I�HVPDUWB\UJEB\VGBHQF��ELOLQHDU�LV�HQDEOH�DQG�
\UJEBDFWBKHLJKW�\UJEBGVSBKHLJKW�!����HVPDUWB\UJEBJW��PXVW�EH�
HQDEOH� 

� 5: �[� 
UHJLRQ�B\UJEBJW� 
,I�HVPDUWB\UJEB\VGBHQF��ELOLQHDU�LV�HQDEOH�DQG�
\UJEBDFWBKHLJKW�\UJEBGVSBKHLJKW�!����HVPDUWB\UJEBJW��PXVW�EH�
HQDEOH� 

��� 52 �[� UHVHUYHG 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1558 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[�� 

UHJLRQ�BGDWDBIPW 
�
K����$5*%���� 
�
K����5*%��� 
�
K����5*%��� 
�
K����%33�� 
�
K����%33�� 
�
K����%33�� 
�
K����%33�� 

� 5: �[� 
UHJLRQ�BPVWBHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

 
923�B60$57B5(*,21�B067B<5*%�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� UHJLRQ�B\UJEBPVW (VPDUW�UHJLRQ��<5*%�IUDPH�EXIIHU�PHPRU\�VWDUW�DGGUHVV�� 
 
923�B60$57B5(*,21�B9,5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� 

UHJLRQ�BYLUBVWULGH 
1XPEHU�RI�ZRUGV�RI�0VW��\UJE�9LUWXDO�ZLGWK� 
$5*%�����ZLQ�BYLUBZLGWK 
5*%������ZLQ�BYLUBZLGWK��������ZLQ�BYLUBZLGWK��� 
5*%�����FHLO�ZLQ�BYLUBZLGWK��� 
<89��FHLO�ZLQ�BYLUBZLGWK��� 
<89�WLOH��FHLO�ZLQ�BYLUBZLGWK��� 
<8<9�<9<8�8<9<�9<8<��FHLO�ZLQ�BYLUBZLGWK��� 

 
923�B60$57B5(*,21�B$&7B,1)2�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� UHJLRQ�BDFWBKHLJWK 
HVPDUW�BDFWBKHLJKW� �HVPDUW��YHUWLFDO�VL]H���� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� UHJLRQ�BDFWBZLGWK 
ZLQBDFWBZLGWK� ��ZLQ��KRUL]RQWDO�VL]H����� 

 
923�B60$57B5(*,21�B'63B,1)2�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� UHJLRQ�BGVSBKHLJKW 
HVPDUW�BGVSBKHLJKW� �HVPDUW��YHUWLFDO�VL]H���� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� UHJLRQ�BGVSBZLGWK 
GVSBZLGWK� �KRUL]RQWDO�VL]H���� 

 
923�B60$57B5(*,21�B'63B2))6(7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1559 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� UHJLRQ�BGVSB\RII 
'LVSOD\�LPDJH�YHUWLFDO�RIIVHW�LQ�SDQHO� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� UHJLRQ�BGVSB[RII 
'LVSOD\�LPDJH�KRUL]RQ�RIIVHW�LQ�SDQHO��  

 
923�B60$57B5(*,21�B6&/B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[� 

UHJLRQ�B\UJEB\VFOBPRGH 
ZKHQ�\UJEB\VXBHQ�LV�HQDEOH� 
�
E����%HVW�QHLJK 
�
E����%LOLQHDU 
RWKHU��QRW�\VXBVFDOH 
ZKHQ�\UJEB\VGBHQ�LV�HQDEOH� 
�
E����%HVW�QHLJK 
�
E����%LOLQHDU 
RWKHU��QRW�\VGBVFDOH 

� 5: �[� 
UHJLRQ�B\UJEB\VGBHQ 
(QDEOH�<5*%�YHUWLFDO�VFDOH�GRZQ� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
UHJLRQ�B\UJEB\VXBHQ 
(QDEOH�<5*%�YHUWLFDO�VFDOH�XS� 
�
E���'LVDEOH 
�
E���(QDEOH 

��� 5: �[� 

UHJLRQ�B\UJEB[VFOBPRGH 
ZKHQ�\UJEB[VXBHQ�LV�HQDEOH� 
�
E����%HVW�QHLJK 
�
E����%LOLQHDU 
RWKHU��QRW�[VXBVFDOH 
ZKHQ�\UJEB[VGBHQ�LV�HQDEOH� 
�
E����%HVW�QHLJK 
�
E����%LOLQHDU 
RWKHU��QRW�[VGBVFDOH 

� 5: �[� 
UHJLRQ�B\UJEB[VGBHQ 
(QDEOH�<5*%�KRUL]RQWDO�VFDOH�GRZQ� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
UHJLRQ�B\UJEB[VXBHQ 
(QDEOH�<5*%�KRUL]RQWDO�VFDOH�XS� 
�
E���'LVDEOH 
�
E���(QDEOH 

 
923�B60$57B5(*,21�B6&/B)$&725B<5*%�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1560 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 

UHJLRQ�B\UJEB\IDFWRU 
ZKHQ�\UJEB[VX� 
IDFWRU ��/&'&B:,1�B$&7B,1)2>����@����
�/&'&B:,1�B'63B,1)2>����@���A��� 
ZKHQ�\UJEB[VG� 
IDFWRU ��/&'&B:,1�B$&7B,1)2>����@����
�/&'&B:,1�B'63B,1)2>����@���A��� 

���� 5: �[���� 

UHJLRQ�B\UJEB[IDFWRU 
ZKHQ�\UJEB[VX� 
IDFWRU ��/&'&B:,1�B$&7B,1)2>����@����
�/&'&B:,1�B'63B,1)2>����@���A��� 
ZKHQ�\UJEB[VG� 
IDFWRU ��/&'&B:,1�B$&7B,1)2>����@����
�/&'&B:,1�B'63B,1)2>����@���A��� 

 
923�B60$57B5(*,21�B6&/B2))6(7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[�� UHJLRQ�B\UJEB\VFOBRIIVHW 
(VPDUW�\UJE�YHUWLFDO�VFDOH�RIIVHW� 

��� 5: �[�� UHJLRQ�B\UJEB[VFOBRIIVHW 
(VPDUW�\UJE�KRUL]RQWDO�VFDOH�RIIVHW� 

 
923�B60$57B.(<B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
HVPDUWBNH\BHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 52 �[� UHVHUYHG 

����� 5: �[��� HVPDUWBUBNH\BYDOXH 
(VPDUW�5('�FRORU�NH\� 

����� 5: �[��� HVPDUWBJBNH\BYDOXH 
(VPDUW�*5((1�FRORU�NH\� 

��� 5: �[��� HVPDUWBEBNH\BYDOXH 
(VPDUW�%OXH�FRORU�NH\� 

 
923�B60$57B%*B(1�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
HVPDUWBEJBHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 52 �[� UHVHUYHG 

����� 5: �[��� HVPDUWBUBYDOXH 
(VPDUW�%DFNJURXQG�5HG�FRORU� 

����� 5: �[��� HVPDUWBJBYDOXH 
(VPDUW�%DFNJURXQG�*UHHQ�FRORU� 

��� 5: �[��� HVPDUWBEBYDOXH 
(VPDUW�%DFNJURXQG�%OXH�FRORU� 
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13.4.9 +'5���UHJLVWHU�GHVFULSWLRQ 
13.4.9.1 Registers Summary 
7KH�EDVH�DGGUHVV�RI�+'5���UHJLVWHUV�LV��[����� 

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

923�B+'5��B/87B&75/ �[���� : �[�������� 7R�FRQWURO�WKH�IHWFKLQJ�RI�+'5���/87� 

923�B+'5��B/87B067 �[���� : �[�������� 7R�FRQWURO�WKH�IHWFKLQJ�RI�+'5���/87� 

923�B6'5�+'5B&75/ �[���� : �[�������� 7R�HQDEOH�WKH�6'5�+'5�RI�+'5��� 

923�B+'5�6'5B&75/ �[���� : �[�������� 7R�HQDEOH�WKH�+'5�6'5�RI�+'5��� 
923�B+'5�6'5B65&B5$
1*( �[���� : �[�������� 7R�FRQILJXUH�WKH�VRXUFH�OXPLQDQFH�RI�+'5��� 
923�B+'5�6'5B125)$&
((7) �[���� : �[�������� 7R�FRQILJXUH�WKH�QRUPDOL]HG�IDFWRU�RI�((7)� 
923�B+'5�6'5B'67B5$
1*( �[���& : �[�������� 7R�FRQILJXUH�WKH�GHVWLQDWLRQ�OXPLQDQFH�RI�+'5��� 
923�B+'5�6'5B1250)$
&&*$00$ �[���� : �[�������� 7R�FRQILJXUH�WKH�QRUPDOL]HG�IDFWRU�RI�*$00$� 

923�B((7)B2(7)� �[���& : �[�������� 7R�FRQILJXUH�WKH�<�YDOXH�RI�%7����B2(7)�DQG�((7)�FXUYH� 

923�B((7)B2(7)� �[���� : �[�������� 7R�FRQILJXUH�WKH�<�YDOXH�RI�%7����B2(7)�DQG�((7)�FXUYH� 

923�B((7)B2(7)� �[���� : �[�������� 7R�FRQILJXUH�WKH�<�YDOXH�RI�%7����B2(7)�DQG�((7)�FXUYH� 

923�B((7)B2(7)� �[���� : �[�������� 7R�FRQILJXUH�WKH�<�YDOXH�RI�%7����B2(7)�DQG�((7)�FXUYH� 

923�B((7)B2(7)� �[���& : �[�������� 7R�FRQILJXUH�WKH�<�YDOXH�RI�%7����B2(7)�DQG�((7)�FXUYH� 

923�B((7)B2(7)� �[���� : �[�������� 7R�FRQILJXUH�WKH�<�YDOXH�RI�%7����B2(7)�DQG�((7)�FXUYH� 

923�B((7)B2(7)� �[���� : �[�������� 7R�FRQILJXUH�WKH�<�YDOXH�RI�%7����B2(7)�DQG�((7)�FXUYH� 

923�B((7)B2(7)� �[���� : �[�������� 7R�FRQILJXUH�WKH�<�YDOXH�RI�%7����B2(7)�DQG�((7)�FXUYH� 

923�B((7)B2(7)� �[���& : �[�������� 7R�FRQILJXUH�WKH�<�YDOXH�RI�%7����B2(7)�DQG�((7)�FXUYH� 

923�B((7)B2(7)� �[���� : �[�������� 7R�FRQILJXUH�WKH�<�YDOXH�RI�%7����B2(7)�DQG�((7)�FXUYH� 

923�B((7)B2(7)�� �[���� : �[�������� 7R�FRQILJXUH�WKH�<�YDOXH�RI�%7����B2(7)�DQG�((7)�FXUYH� 

923�B((7)B2(7)�� �[���� : �[�������� 7R�FRQILJXUH�WKH�<�YDOXH�RI�%7����B2(7)�DQG�((7)�FXUYH� 

923�B((7)B2(7)�� �[���& : �[�������� 7R�FRQILJXUH�WKH�<�YDOXH�RI�%7����B2(7)�DQG�((7)�FXUYH� 

923�B((7)B2(7)�� �[���� : �[�������� 7R�FRQILJXUH�WKH�<�YDOXH�RI�%7����B2(7)�DQG�((7)�FXUYH� 

923�B((7)B2(7)�� �[���� : �[�������� 7R�FRQILJXUH�WKH�<�YDOXH�RI�%7����B2(7)�DQG�((7)�FXUYH� 

923�B((7)B2(7)�� �[���� : �[�������� 7R�FRQILJXUH�WKH�<�YDOXH�RI�%7����B2(7)�DQG�((7)�FXUYH� 

923�B((7)B2(7)�� �[���& : �[�������� 7R�FRQILJXUH�WKH�<�YDOXH�RI�%7����B2(7)�DQG�((7)�FXUYH� 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

923�B((7)B2(7)�� �[���� : �[�������� 7R�FRQILJXUH�WKH�<�YDOXH�RI�%7����B2(7)�DQG�((7)�FXUYH� 

923�B((7)B2(7)�� �[���� : �[�������� 7R�FRQILJXUH�WKH�<�YDOXH�RI�%7����B2(7)�DQG�((7)�FXUYH� 

923�B((7)B2(7)�� �[���� : �[�������� 7R�FRQILJXUH�WKH�<�YDOXH�RI�%7����B2(7)�DQG�((7)�FXUYH� 

923�B((7)B2(7)�� �[���& : �[�������� 7R�FRQILJXUH�WKH�<�YDOXH�RI�%7����B2(7)�DQG�((7)�FXUYH� 

923�B((7)B2(7)�� �[���� : �[�������� 7R�FRQILJXUH�WKH�<�YDOXH�RI�%7����B2(7)�DQG�((7)�FXUYH� 

923�B((7)B2(7)�� �[���� : �[�������� 7R�FRQILJXUH�WKH�<�YDOXH�RI�%7����B2(7)�DQG�((7)�FXUYH� 

923�B((7)B2(7)�� �[���� : �[�������� 7R�FRQILJXUH�WKH�<�YDOXH�RI�%7����B2(7)�DQG�((7)�FXUYH� 

923�B((7)B2(7)�� �[���& : �[�������� 7R�FRQILJXUH�WKH�<�YDOXH�RI�%7����B2(7)�DQG�((7)�FXUYH� 

923�B((7)B2(7)�� �[��$� : �[�������� 7R�FRQILJXUH�WKH�<�YDOXH�RI�%7����B2(7)�DQG�((7)�FXUYH� 

923�B((7)B2(7)�� �[��$� : �[�������� 7R�FRQILJXUH�WKH�<�YDOXH�RI�%7����B2(7)�DQG�((7)�FXUYH� 

923�B((7)B2(7)�� �[��$� : �[�������� 7R�FRQILJXUH�WKH�<�YDOXH�RI�%7����B2(7)�DQG�((7)�FXUYH� 

923�B((7)B2(7)�� �[��$& : �[�������� 7R�FRQILJXUH�WKH�<�YDOXH�RI�%7����B2(7)�DQG�((7)�FXUYH� 

923�B((7)B2(7)�� �[��%� : �[�������� 7R�FRQILJXUH�WKH�<�YDOXH�RI�%7����B2(7)�DQG�((7)�FXUYH� 

923�B((7)B2(7)�� �[��%� : �[�������� 7R�FRQILJXUH�WKH�<�YDOXH�RI�%7����B2(7)�DQG�((7)�FXUYH� 

923�B((7)B2(7)�� �[��%� : �[�������� 7R�FRQILJXUH�WKH�<�YDOXH�RI�%7����B2(7)�DQG�((7)�FXUYH� 

923�B((7)B2(7)�� �[��%& : �[�������� 7R�FRQILJXUH�WKH�<�YDOXH�RI�%7����B2(7)�DQG�((7)�FXUYH� 

923�B6$7B<� �[��&� : �[�������� 7R�FRQILJXUH�WKH�<�YDOXH�RI�VTXDUH�URRW�FXUYH� 

923�B6$7B<� �[��&� : �[�������� 7R�FRQILJXUH�WKH�<�YDOXH�RI�VTXDUH�URRW�FXUYH� 

923�B6$7B<� �[��&� : �[�������� 7R�FRQILJXUH�WKH�<�YDOXH�RI�VTXDUH�URRW�FXUYH� 

923�B6$7B<� �[��&& : �[�������� 7R�FRQILJXUH�WKH�<�YDOXH�RI�VTXDUH�URRW�FXUYH� 

923�B6$7B<� �[��'� : �[�������� 7R�FRQILJXUH�WKH�<�YDOXH�RI�VTXDUH�URRW�FXUYH� 

923�B6$7B<� �[��'� : �[�������� 7R�FRQILJXUH�WKH�<�YDOXH�RI�VTXDUH�URRW�FXUYH� 

923�B6$7B<� �[��'� : �[�������� 7R�FRQILJXUH�WKH�<�YDOXH�RI�VTXDUH�URRW�FXUYH� 

923�B6$7B<� �[��'& : �[�������� 7R�FRQILJXUH�WKH�<�YDOXH�RI�VTXDUH�URRW�FXUYH� 

923�B6$7B<� �[��(� : �[�������� 7R�FRQILJXUH�WKH�<�YDOXH�RI�VTXDUH�URRW�FXUYH� 

923�B(27)B2(7)B<� �[��)� : �[�������� 
7R�FRQILJXUH�WKH�<�YDOXH�RI�
%7����B(27)�DQG�67����B2(7)�
FXUYH� 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

923�B(27)B2(7)B<� �[��)� : �[�������� 
7R�FRQILJXUH�WKH�<�YDOXH�RI�
%7����B(27)�DQG�67����B2(7)�
FXUYH� 

923�B(27)B2(7)B<� �[��)� : �[�������� 
7R�FRQILJXUH�WKH�<�YDOXH�RI�
%7����B(27)�DQG�67����B2(7)�
FXUYH� 

923�B(27)B2(7)B<� �[��)& : �[�������� 
7R�FRQILJXUH�WKH�<�YDOXH�RI�
%7����B(27)�DQG�67����B2(7)�
FXUYH� 

923�B(27)B2(7)B<� �[���� : �[�������� 
7R�FRQILJXUH�WKH�<�YDOXH�RI�
%7����B(27)�DQG�67����B2(7)�
FXUYH� 

923�B(27)B2(7)B<� �[���� : �[�������� 
7R�FRQILJXUH�WKH�<�YDOXH�RI�
%7����B(27)�DQG�67����B2(7)�
FXUYH� 

923�B(27)B2(7)B<� �[���� : �[�������� 
7R�FRQILJXUH�WKH�<�YDOXH�RI�
%7����B(27)�DQG�67����B2(7)�
FXUYH� 

923�B(27)B2(7)B<� �[���& : �[�������� 
7R�FRQILJXUH�WKH�<�YDOXH�RI�
%7����B(27)�DQG�67����B2(7)�
FXUYH� 

923�B(27)B2(7)B<� �[���� : �[�������� 
7R�FRQILJXUH�WKH�<�YDOXH�RI�
%7����B(27)�DQG�67����B2(7)�
FXUYH� 

923�B(27)B2(7)B<� �[���� : �[�������� 
7R�FRQILJXUH�WKH�<�YDOXH�RI�
%7����B(27)�DQG�67����B2(7)�
FXUYH� 

923�B(27)B2(7)B<�� �[���� : �[�������� 
7R�FRQILJXUH�WKH�<�YDOXH�RI�
%7����B(27)�DQG�67����B2(7)�
FXUYH� 

923�B(27)B2(7)B<�� �[���& : �[�������� 
7R�FRQILJXUH�WKH�<�YDOXH�RI�
%7����B(27)�DQG�67����B2(7)�
FXUYH� 

923�B(27)B2(7)B<�� �[���� : �[�������� 
7R�FRQILJXUH�WKH�<�YDOXH�RI�
%7����B(27)�DQG�67����B2(7)�
FXUYH� 

923�B(27)B2(7)B<�� �[���� : �[�������� 
7R�FRQILJXUH�WKH�<�YDOXH�RI�
%7����B(27)�DQG�67����B2(7)�
FXUYH� 

923�B(27)B2(7)B<�� �[���� : �[�������� 
7R�FRQILJXUH�WKH�<�YDOXH�RI�
%7����B(27)�DQG�67����B2(7)�
FXUYH� 

923�B(27)B2(7)B<�� �[���& : �[�������� 
7R�FRQILJXUH�WKH�<�YDOXH�RI�
%7����B(27)�DQG�67����B2(7)�
FXUYH� 

923�B(27)B2(7)B<�� �[���� : �[�������� 
7R�FRQILJXUH�WKH�<�YDOXH�RI�
%7����B(27)�DQG�67����B2(7)�
FXUYH� 

923�B(27)B2(7)B<�� �[���� : �[�������� 
7R�FRQILJXUH�WKH�<�YDOXH�RI�
%7����B(27)�DQG�67����B2(7)�
FXUYH� 

923�B(27)B2(7)B<�� �[���� : �[�������� 
7R�FRQILJXUH�WKH�<�YDOXH�RI�
%7����B(27)�DQG�67����B2(7)�
FXUYH� 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

923�B(27)B2(7)B<�� �[���& : �[�������� 
7R�FRQILJXUH�WKH�<�YDOXH�RI�
%7����B(27)�DQG�67����B2(7)�
FXUYH� 

923�B(27)B2(7)B<�� �[���� : �[�������� 
7R�FRQILJXUH�WKH�<�YDOXH�RI�
%7����B(27)�DQG�67����B2(7)�
FXUYH� 

923�B(27)B2(7)B<�� �[���� : �[�������� 
7R�FRQILJXUH�WKH�<�YDOXH�RI�
%7����B(27)�DQG�67����B2(7)�
FXUYH� 

923�B(27)B2(7)B<�� �[���� : �[�������� 
7R�FRQILJXUH�WKH�<�YDOXH�RI�
%7����B(27)�DQG�67����B2(7)�
FXUYH� 

923�B(27)B2(7)B<�� �[���& : �[�������� 
7R�FRQILJXUH�WKH�<�YDOXH�RI�
%7����B(27)�DQG�67����B2(7)�
FXUYH� 

923�B(27)B2(7)B<�� �[���� : �[�������� 
7R�FRQILJXUH�WKH�<�YDOXH�RI�
%7����B(27)�DQG�67����B2(7)�
FXUYH� 

923�B(27)B2(7)B<�� �[���� : �[�������� 
7R�FRQILJXUH�WKH�<�YDOXH�RI�
%7����B(27)�DQG�67����B2(7)�
FXUYH� 

923�B(27)B2(7)B<�� �[���� : �[�������� 
7R�FRQILJXUH�WKH�<�YDOXH�RI�
%7����B(27)�DQG�67����B2(7)�
FXUYH� 

923�B(27)B2(7)B<�� �[���& : �[�������� 
7R�FRQILJXUH�WKH�<�YDOXH�RI�
%7����B(27)�DQG�67����B2(7)�
FXUYH� 

923�B(27)B2(7)B<�� �[���� : �[�������� 
7R�FRQILJXUH�WKH�<�YDOXH�RI�
%7����B(27)�DQG�67����B2(7)�
FXUYH� 

923�B(27)B2(7)B<�� �[���� : �[�������� 
7R�FRQILJXUH�WKH�<�YDOXH�RI�
%7����B(27)�DQG�67����B2(7)�
FXUYH� 

923�B(27)B2(7)B<�� �[���� : �[�������� 
7R�FRQILJXUH�WKH�<�YDOXH�RI�
%7����B(27)�DQG�67����B2(7)�
FXUYH� 

923�B(27)B2(7)B<�� �[���& : �[�������� 
7R�FRQILJXUH�WKH�<�YDOXH�RI�
%7����B(27)�DQG�67����B2(7)�
FXUYH� 

923�B(27)B2(7)B<�� �[���� : �[�������� 
7R�FRQILJXUH�WKH�<�YDOXH�RI�
%7����B(27)�DQG�67����B2(7)�
FXUYH� 

923�B(27)B2(7)B<�� �[���� : �[�������� 
7R�FRQILJXUH�WKH�<�YDOXH�RI�
%7����B(27)�DQG�67����B2(7)�
FXUYH� 

923�B(27)B2(7)B<�� �[���� : �[�������� 
7R�FRQILJXUH�WKH�<�YDOXH�RI�
%7����B(27)�DQG�67����B2(7)�
FXUYH� 

923�B(27)B2(7)B<�� �[���& : �[�������� 
7R�FRQILJXUH�WKH�<�YDOXH�RI�
%7����B(27)�DQG�67����B2(7)�
FXUYH� 

923�B(27)B2(7)B<�� �[���� : �[�������� 
7R�FRQILJXUH�WKH�<�YDOXH�RI�
%7����B(27)�DQG�67����B2(7)�
FXUYH� 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

923�B(27)B2(7)B<�� �[���� : �[�������� 
7R�FRQILJXUH�WKH�<�YDOXH�RI�
%7����B(27)�DQG�67����B2(7)�
FXUYH� 

923�B(27)B2(7)B<�� �[���� : �[�������� 
7R�FRQILJXUH�WKH�<�YDOXH�RI�
%7����B(27)�DQG�67����B2(7)�
FXUYH� 

923�B(27)B2(7)B<�� �[���& : �[�������� 
7R�FRQILJXUH�WKH�<�YDOXH�RI�
%7����B(27)�DQG�67����B2(7)�
FXUYH� 

923�B(27)B2(7)B<�� �[���� : �[�������� 
7R�FRQILJXUH�WKH�<�YDOXH�RI�
%7����B(27)�DQG�67����B2(7)�
FXUYH� 

923�B(27)B2(7)B<�� �[���� : �[�������� 
7R�FRQILJXUH�WKH�<�YDOXH�RI�
%7����B(27)�DQG�67����B2(7)�
FXUYH� 

923�B(27)B2(7)B<�� �[���� : �[�������� 
7R�FRQILJXUH�WKH�<�YDOXH�RI�
%7����B(27)�DQG�67����B2(7)�
FXUYH� 

923�B(27)B2(7)B<�� �[���& : �[�������� 
7R�FRQILJXUH�WKH�<�YDOXH�RI�
%7����B(27)�DQG�67����B2(7)�
FXUYH� 

923�B(27)B2(7)B<�� �[��$� : �[�������� 
7R�FRQILJXUH�WKH�<�YDOXH�RI�
%7����B(27)�DQG�67����B2(7)�
FXUYH� 

923�B(27)B2(7)B<�� �[��$� : �[�������� 
7R�FRQILJXUH�WKH�<�YDOXH�RI�
%7����B(27)�DQG�67����B2(7)�
FXUYH� 

923�B(27)B2(7)B<�� �[��$� : �[�������� 
7R�FRQILJXUH�WKH�<�YDOXH�RI�
%7����B(27)�DQG�67����B2(7)�
FXUYH� 

923�B(27)B2(7)B<�� �[��$& : �[�������� 
7R�FRQILJXUH�WKH�<�YDOXH�RI�
%7����B(27)�DQG�67����B2(7)�
FXUYH� 

923�B(27)B2(7)B<�� �[��%� : �[�������� 
7R�FRQILJXUH�WKH�<�YDOXH�RI�
%7����B(27)�DQG�67����B2(7)�
FXUYH� 

923�B(27)B2(7)B<�� �[��%� : �[�������� 
7R�FRQILJXUH�WKH�<�YDOXH�RI�
%7����B(27)�DQG�67����B2(7)�
FXUYH� 

923�B(27)B2(7)B<�� �[��%� : �[�������� 
7R�FRQILJXUH�WKH�<�YDOXH�RI�
%7����B(27)�DQG�67����B2(7)�
FXUYH� 

923�B(27)B2(7)B<�� �[��%& : �[�������� 
7R�FRQILJXUH�WKH�<�YDOXH�RI�
%7����B(27)�DQG�67����B2(7)�
FXUYH� 

923�B(27)B2(7)B<�� �[��&� : �[�������� 
7R�FRQILJXUH�WKH�<�YDOXH�RI�
%7����B(27)�DQG�67����B2(7)�
FXUYH� 

923�B(27)B2(7)B<�� �[��&� : �[�������� 
7R�FRQILJXUH�WKH�<�YDOXH�RI�
%7����B(27)�DQG�67����B2(7)�
FXUYH� 

923�B(27)B2(7)B<�� �[��&� : �[�������� 
7R�FRQILJXUH�WKH�<�YDOXH�RI�
%7����B(27)�DQG�67����B2(7)�
FXUYH� 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

923�B(27)B2(7)B<�� �[��&& : �[�������� 
7R�FRQILJXUH�WKH�<�YDOXH�RI�
%7����B(27)�DQG�67����B2(7)�
FXUYH� 

923�B(27)B2(7)B<�� �[��'� : �[�������� 
7R�FRQILJXUH�WKH�<�YDOXH�RI�
%7����B(27)�DQG�67����B2(7)�
FXUYH� 

923�B(27)B2(7)B<�� �[��'� : �[�������� 
7R�FRQILJXUH�WKH�<�YDOXH�RI�
%7����B(27)�DQG�67����B2(7)�
FXUYH� 

923�B(27)B2(7)B<�� �[��'� : �[�������� 
7R�FRQILJXUH�WKH�<�YDOXH�RI�
%7����B(27)�DQG�67����B2(7)�
FXUYH� 

923�B(27)B2(7)B<�� �[��'& : �[�������� 
7R�FRQILJXUH�WKH�<�YDOXH�RI�
%7����B(27)�DQG�67����B2(7)�
FXUYH� 

923�B(27)B2(7)B<�� �[��(� : �[�������� 
7R�FRQILJXUH�WKH�<�YDOXH�RI�
%7����B(27)�DQG�67����B2(7)�
FXUYH� 

923�B(27)B2(7)B<�� �[��(� : �[�������� 
7R�FRQILJXUH�WKH�<�YDOXH�RI�
%7����B(27)�DQG�67����B2(7)�
FXUYH� 

923�B(27)B2(7)B<�� �[��(� : �[�������� 
7R�FRQILJXUH�WKH�<�YDOXH�RI�
%7����B(27)�DQG�67����B2(7)�
FXUYH� 

923�B(27)B2(7)B<�� �[��(& : �[�������� 
7R�FRQILJXUH�WKH�<�YDOXH�RI�
%7����B(27)�DQG�67����B2(7)�
FXUYH� 

923�B(27)B2(7)B<�� �[��)� : �[�������� 
7R�FRQILJXUH�WKH�<�YDOXH�RI�
%7����B(27)�DQG�67����B2(7)�
FXUYH� 

923�B2(7)B';B';32:� �[���� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B';B';32:� �[���� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B';B';32:� �[���� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B';B';32:� �[���& : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B';B';32:� �[���� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B';B';32:� �[���� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B';B';32:� �[���� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B';B';32:� �[���& : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B';B';32:� �[���� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 
923�B2(7)B';B';32:�
� �[���� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 
923�B2(7)B';B';32:�
� �[���� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 
923�B2(7)B';B';32:�
� �[���& : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

923�B2(7)B';B';32:�
� �[���� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 
923�B2(7)B';B';32:�
� �[���� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 
923�B2(7)B';B';32:�
� �[���� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 
923�B2(7)B';B';32:�
� �[���& : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 
923�B2(7)B';B';32:�
� �[���� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 
923�B2(7)B';B';32:�
� �[���� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 
923�B2(7)B';B';32:�
� �[���� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 
923�B2(7)B';B';32:�
� �[���& : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 
923�B2(7)B';B';32:�
� �[���� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 
923�B2(7)B';B';32:�
� �[���� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 
923�B2(7)B';B';32:�
� �[���� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 
923�B2(7)B';B';32:�
� �[���& : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 
923�B2(7)B';B';32:�
� �[���� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 
923�B2(7)B';B';32:�
� �[���� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 
923�B2(7)B';B';32:�
� �[���� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 
923�B2(7)B';B';32:�
� �[���& : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 
923�B2(7)B';B';32:�
� �[���� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 
923�B2(7)B';B';32:�
� �[���� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 
923�B2(7)B';B';32:�
� �[���� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 
923�B2(7)B';B';32:�
� �[���& : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 
923�B2(7)B';B';32:�
� �[���� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 
923�B2(7)B';B';32:�
� �[���� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 
923�B2(7)B';B';32:�
� �[���� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 
923�B2(7)B';B';32:�
� �[���& : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 
923�B2(7)B';B';32:�
� �[���� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 
923�B2(7)B';B';32:�
� �[���� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

923�B2(7)B';B';32:�
� �[���� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 
923�B2(7)B';B';32:�
� �[���& : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 
923�B2(7)B';B';32:�
� �[��$� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 
923�B2(7)B';B';32:�
� �[��$� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 
923�B2(7)B';B';32:�
� �[��$� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 
923�B2(7)B';B';32:�
� �[��$& : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 
923�B2(7)B';B';32:�
� �[��%� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 
923�B2(7)B';B';32:�
� �[��%� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 
923�B2(7)B';B';32:�
� �[��%� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 
923�B2(7)B';B';32:�
� �[��%& : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 
923�B2(7)B';B';32:�
� �[��&� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 
923�B2(7)B';B';32:�
� �[��&� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 
923�B2(7)B';B';32:�
� �[��&� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 
923�B2(7)B';B';32:�
� �[��&& : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 
923�B2(7)B';B';32:�
� �[��'� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 
923�B2(7)B';B';32:�
� �[��'� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 
923�B2(7)B';B';32:�
� �[��'� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 
923�B2(7)B';B';32:�
� �[��'& : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 
923�B2(7)B';B';32:�
� �[��(� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 
923�B2(7)B';B';32:�
� �[��(� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 
923�B2(7)B';B';32:�
� �[��(� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 
923�B2(7)B';B';32:�
� �[��(& : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 
923�B2(7)B';B';32:�
� �[��)� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 
923�B2(7)B';B';32:�
� �[��)� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 
923�B2(7)B';B';32:�
� �[��)� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 
923�B2(7)B';B';32:�
� �[��)& : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

923�B2(7)B;1� �[���� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B;1� �[���� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B;1� �[���� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B;1� �[���& : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B;1� �[���� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B;1� �[���� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B;1� �[���� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B;1� �[���& : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B;1� �[���� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B;1�� �[���� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B;1�� �[���� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B;1�� �[���& : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B;1�� �[���� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B;1�� �[���� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B;1�� �[���� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B;1�� �[���& : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B;1�� �[���� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B;1�� �[���� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B;1�� �[���� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B;1�� �[���& : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B;1�� �[���� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B;1�� �[���� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B;1�� �[���� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B;1�� �[���& : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B;1�� �[���� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B;1�� �[���� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

923�B2(7)B;1�� �[���� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B;1�� �[���& : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B;1�� �[���� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B;1�� �[���� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B;1�� �[���� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B;1�� �[���& : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B;1�� �[���� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B;1�� �[���� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B;1�� �[���� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B;1�� �[���& : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B;1�� �[���� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B;1�� �[���� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B;1�� �[���� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B;1�� �[���& : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B;1�� �[��$� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B;1�� �[��$� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B;1�� �[��$� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B;1�� �[��$& : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B;1�� �[��%� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B;1�� �[��%� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B;1�� �[��%� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B;1�� �[��%& : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B;1�� �[��&� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B;1�� �[��&� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B;1�� �[��&� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B;1�� �[��&& : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

923�B2(7)B;1�� �[��'� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B;1�� �[��'� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B;1�� �[��'� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B;1�� �[��'& : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B;1�� �[��(� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B;1�� �[��(� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B;1�� �[��(� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B;1�� �[��(& : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B;1�� �[��)� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B;1�� �[��)� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 

923�B2(7)B;1�� �[��)� : �[�������� 7R�FRQILJXUH�WKH�;�YDOXH�RI�67����B2(7)�FXUYH� 
1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV��':�
'RXEOH�:25'�����ELWV��DFFHVV�  
 

13.4.9.2 Detail Registers Description 
923�B+'5��B/87B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 
KGU��BOXWBPRGH 
&RQILJXUH�+'5���UHJLVWHU�PRGH� 
�
E���$;, 
�
E���$+% 

� 5: �[� 
KGU��BOXWBXSGDWHBHQ 
8SGDWH�+'5���FRQILJXUH� 
�
E���GLVDEOH 
�
E���HQDEOH 

 
923�B+'5��B/87B067�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� KGU��BOXWBPVW +'5���FRQILJXUH
V�VWDUW�DGGUHVV�LQ�PHPRU\� 
 
923�B6'5�+'5B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[������ UHVHUYHG 

� 5: �[� 
VGU�KGUBJDWLQJBHQ 
(QDEOH�6'5�+'5�DXWR�JDWLQJ� 
�
E���'LVDEOH 
�
E���(QDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
VGU�KGUBE\SDVVBHQ 
%\SDVV�6'5�+'5�IXQFWLRQ� 
�
E���'LVDEOH 
�
E���(QDEOH 

��� 52 �[� UHVHUYHG 

� 5: �[� 
VGU�KGUBRHWIBHQ 
(QDEOH�2(7)�FXUYH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
VGU�KGUBU�UBPRGH 
6HOHFW�5�5�PRGH� 
�
E���5*%���725*%���� 
�
E���5*%����725*%��� 

� 5: �[� 
VGU�KGUBU�UBHQ 
(QDEOH�5�5�FRQYHUW� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
VGU�KGUBHRWIBHQ 
(QDEOH�(27)�FXUYH� 
�
E���'LVDEOH 
�
E���(QDEOH 

 
923�B+'5�6'5B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�������� UHVHUYHG 

� 5: �[� 
KGU�VGUBJDWLQJBHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
KGU�VGUBE\SDVVBHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

��� 52 �[� UHVHUYHG 

� 5: �[� 
KGU�VGUBHQ 
�
E���'LVDEOH 
�
E���(QDEOH 

 
923�B+'5�6'5B65&B5$1*(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� VUFBPD[ 
6RXUFH�PD[�OXPLQDQFH� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� VUFBPLQ 
6RXUFH�PLQ�OXPLQDQFH� 

 
923�B+'5�6'5B125)$&((7)�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[������ UHVHUYHG 

���� 5: �[��� QRUPIDFHHWI 
1RUPDOL]DWLRQ�HHWI�IDFWRU� 
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923�B+'5�6'5B'67B5$1*(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� GVWBPD[ 
'HVWLQDWLRQ�PD[�OXPLQDQFH� 

���� 5: �[���� GVWBPLQ 
'HVWLQDWLRQ�PLQ�OXPLQDQFH� 

 
923�B+'5�6'5B1250)$&&*$00$�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� QRUPIDFFJDPPD 
1RUPDOL]DWLRQ�JDPPD�IDFWRU� 

 
923�B((7)B2(7)��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� EW����RHWIB\ 
EW����RHWI�\� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� HHWIB\ 
HHWI�\� 

 
923�B((7)B2(7)��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� EW����RHWIB\ 
EW����RHWI�\� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� HHWIB\ 
HHWI�\� 

 
923�B((7)B2(7)��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� EW����RHWIB\ 
EW����RHWI�\� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� HHWIB\ 
HHWI�\� 

 
923�B((7)B2(7)��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� EW����RHWIB\ 
EW����RHWI�\� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� HHWIB\ 
HHWI�\� 
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923�B((7)B2(7)��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� EW����RHWIB\ 
EW����RHWI�\� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� HHWIB\ 
HHWI�\� 

 
923�B((7)B2(7)��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� EW����RHWIB\ 
EW����RHWI�\� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� HHWIB\ 
HHWI�\� 

 
923�B((7)B2(7)��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� EW����RHWIB\ 
EW����RHWI�\� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� HHWIB\ 
HHWI�\� 

 
923�B((7)B2(7)��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� EW����RHWIB\ 
EW����RHWI�\� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� HHWIB\ 
HHWI�\� 

 
923�B((7)B2(7)��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� EW����RHWIB\ 
EW����RHWI�\� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� HHWIB\ 
HHWI�\� 

 
923�B((7)B2(7)��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� EW����RHWIB\ 
EW����RHWI�\� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� HHWIB\ 
HHWI�\� 

 
923�B((7)B2(7)���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� EW����RHWIB\ 
EW����RHWI�\� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� HHWIB\ 
HHWI�\� 

 
923�B((7)B2(7)���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� EW����RHWIB\ 
EW����RHWI�\� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� HHWIB\ 
HHWI�\� 

 
923�B((7)B2(7)���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� EW����RHWIB\ 
EW����RHWI�\� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� HHWIB\ 
HHWI�\� 

 
923�B((7)B2(7)���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� EW����RHWIB\ 
EW����RHWI�\� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� HHWIB\ 
HHWI�\� 

 
923�B((7)B2(7)���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� EW����RHWIB\ 
EW����RHWI�\� 

����� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[���� HHWIB\ 
HHWI�\� 

 
923�B((7)B2(7)���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� EW����RHWIB\ 
EW����RHWI�\� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� HHWIB\ 
HHWI�\� 

 
923�B((7)B2(7)���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� EW����RHWIB\ 
EW����RHWI�\� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� HHWIB\ 
HHWI�\� 

 
923�B((7)B2(7)���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� EW����RHWIB\ 
EW����RHWI�\� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� HHWIB\ 
HHWI�\� 

 
923�B((7)B2(7)���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� EW����RHWIB\ 
EW����RHWI�\� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� HHWIB\ 
HHWI�\� 

 
923�B((7)B2(7)���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� EW����RHWIB\ 
EW����RHWI�\� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� HHWIB\ 
HHWI�\� 

 
923�B((7)B2(7)���  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� EW����RHWIB\ 
EW����RHWI�\� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� HHWIB\ 
HHWI�\� 

 
923�B((7)B2(7)���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� EW����RHWIB\ 
EW����RHWI�\� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� HHWIB\ 
HHWI�\� 

 
923�B((7)B2(7)���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� EW����RHWIB\ 
EW����RHWI�\� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� HHWIB\ 
HHWI�\� 

 
923�B((7)B2(7)���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� EW����RHWIB\ 
EW����RHWI�\� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� HHWIB\ 
HHWI�\� 

 
923�B((7)B2(7)���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� EW����RHWIB\ 
EW����RHWI�\� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� HHWIB\ 
HHWI�\� 

 
923�B((7)B2(7)���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� EW����RHWIB\ 
EW����RHWI�\� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

���� 5: �[���� HHWIB\ 
HHWI�\� 

 
923�B((7)B2(7)���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� EW����RHWIB\ 
EW����RHWI�\� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� HHWIB\ 
HHWI�\� 

 
923�B((7)B2(7)���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� EW����RHWIB\ 
EW����RHWI�\� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� HHWIB\ 
HHWI�\� 

 
923�B((7)B2(7)���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� EW����RHWIB\ 
EW����RHWI�\� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� HHWIB\ 
HHWI�\� 

 
923�B((7)B2(7)���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� EW����RHWIB\ 
EW����RHWI�\� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� HHWIB\ 
HHWI�\� 

 
923�B((7)B2(7)���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� EW����RHWIB\ 
EW����RHWI�\� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� HHWIB\ 
HHWI�\� 
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923�B((7)B2(7)���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� EW����RHWIB\ 
EW����RHWI�\� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� HHWIB\ 
HHWI�\� 

 
923�B((7)B2(7)���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[���� EW����RHWIB\ 
EW����RHWI�\� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� HHWIB\ 
HHWI�\� 

 
923�B6$7B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

���� 5: �[���� VDWB\ 
VDW�\� 

 
923�B6$7B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

���� 5: �[���� VDWB\ 
VDW�\� 

 
923�B6$7B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

���� 5: �[���� VDWB\ 
VDW�\� 

 
923�B6$7B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

���� 5: �[���� VDWB\ 
VDW�\� 

 
923�B6$7B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

���� 5: �[���� VDWB\ 
VDW�\� 
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923�B6$7B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

���� 5: �[���� VDWB\ 
VDW�\� 

 
923�B6$7B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

���� 5: �[���� VDWB\ 
VDW�\� 

 
923�B6$7B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

���� 5: �[���� VDWB\ 
VDW�\� 

 
923�B6$7B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

���� 5: �[���� VDWB\ 
VDW�\� 

 
923�B(27)B2(7)B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VW����RHWIB\ 
VW�����HWI�\� 

���� 5: �[����� EW����HRWIB\ 
EW����HRWI�\� 

 
923�B(27)B2(7)B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VW����RHWIB\ 
VW�����HWI�\� 

���� 5: �[����� EW����HRWIB\ 
EW����HRWI�\� 

 
923�B(27)B2(7)B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VW����RHWIB\ 
VW�����HWI�\� 

���� 5: �[����� EW����HRWIB\ 
EW����HRWI�\� 

 
923�B(27)B2(7)B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)&� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VW����RHWIB\ 
VW�����HWI�\� 

���� 5: �[����� EW����HRWIB\ 
EW����HRWI�\� 

 
923�B(27)B2(7)B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VW����RHWIB\ 
VW�����HWI�\� 

���� 5: �[����� EW����HRWIB\ 
EW����HRWI�\� 

 
923�B(27)B2(7)B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VW����RHWIB\ 
VW�����HWI�\� 

���� 5: �[����� EW����HRWIB\ 
EW����HRWI�\� 

 
923�B(27)B2(7)B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VW����RHWIB\ 
VW�����HWI�\� 

���� 5: �[����� EW����HRWIB\ 
EW����HRWI�\� 

 
923�B(27)B2(7)B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VW����RHWIB\ 
VW�����HWI�\� 

���� 5: �[����� EW����HRWIB\ 
EW����HRWI�\� 

 
923�B(27)B2(7)B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VW����RHWIB\ 
VW�����HWI�\� 

���� 5: �[����� EW����HRWIB\ 
EW����HRWI�\� 

 
923�B(27)B2(7)B<��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VW����RHWIB\ 
VW�����HWI�\� 

���� 5: �[����� EW����HRWIB\ 
EW����HRWI�\� 

 
923�B(27)B2(7)B<���  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VW����RHWIB\ 
VW�����HWI�\� 

���� 5: �[����� EW����HRWIB\ 
EW����HRWI�\� 

 
923�B(27)B2(7)B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VW����RHWIB\ 
VW�����HWI�\� 

���� 5: �[����� EW����HRWIB\ 
EW����HRWI�\� 

 
923�B(27)B2(7)B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VW����RHWIB\ 
VW�����HWI�\� 

���� 5: �[����� EW����HRWIB\ 
EW����HRWI�\� 

 
923�B(27)B2(7)B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VW����RHWIB\ 
VW�����HWI�\� 

���� 5: �[����� EW����HRWIB\ 
EW����HRWI�\� 

 
923�B(27)B2(7)B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VW����RHWIB\ 
VW�����HWI�\� 

���� 5: �[����� EW����HRWIB\ 
EW����HRWI�\� 

 
923�B(27)B2(7)B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VW����RHWIB\ 
VW�����HWI�\� 

���� 5: �[����� EW����HRWIB\ 
EW����HRWI�\� 

 
923�B(27)B2(7)B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VW����RHWIB\ 
VW�����HWI�\� 

���� 5: �[����� EW����HRWIB\ 
EW����HRWI�\� 
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923�B(27)B2(7)B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VW����RHWIB\ 
VW�����HWI�\� 

���� 5: �[����� EW����HRWIB\ 
EW����HRWI�\� 

 
923�B(27)B2(7)B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VW����RHWIB\ 
VW�����HWI�\� 

���� 5: �[����� EW����HRWIB\ 
EW����HRWI�\� 

 
923�B(27)B2(7)B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VW����RHWIB\ 
VW�����HWI�\� 

���� 5: �[����� EW����HRWIB\ 
EW����HRWI�\� 

 
923�B(27)B2(7)B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VW����RHWIB\ 
VW�����HWI�\� 

���� 5: �[����� EW����HRWIB\ 
EW����HRWI�\� 

 
923�B(27)B2(7)B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VW����RHWIB\ 
VW�����HWI�\� 

���� 5: �[����� EW����HRWIB\ 
EW����HRWI�\� 

 
923�B(27)B2(7)B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VW����RHWIB\ 
VW�����HWI�\� 

���� 5: �[����� EW����HRWIB\ 
EW����HRWI�\� 

 
923�B(27)B2(7)B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VW����RHWIB\ 
VW�����HWI�\� 

���� 5: �[����� EW����HRWIB\ 
EW����HRWI�\� 
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923�B(27)B2(7)B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VW����RHWIB\ 
VW�����HWI�\� 

���� 5: �[����� EW����HRWIB\ 
EW����HRWI�\� 

 
923�B(27)B2(7)B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VW����RHWIB\ 
VW�����HWI�\� 

���� 5: �[����� EW����HRWIB\ 
EW����HRWI�\� 

 
923�B(27)B2(7)B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VW����RHWIB\ 
VW�����HWI�\� 

���� 5: �[����� EW����HRWIB\ 
EW����HRWI�\� 

 
923�B(27)B2(7)B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VW����RHWIB\ 
VW�����HWI�\� 

���� 5: �[����� EW����HRWIB\ 
EW����HRWI�\� 

 
923�B(27)B2(7)B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VW����RHWIB\ 
VW�����HWI�\� 

���� 5: �[����� EW����HRWIB\ 
EW����HRWI�\� 

 
923�B(27)B2(7)B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VW����RHWIB\ 
VW�����HWI�\� 

���� 5: �[����� EW����HRWIB\ 
EW����HRWI�\� 

 
923�B(27)B2(7)B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VW����RHWIB\ 
VW�����HWI�\� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[����� EW����HRWIB\ 
EW����HRWI�\� 

 
923�B(27)B2(7)B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VW����RHWIB\ 
VW�����HWI�\� 

���� 5: �[����� EW����HRWIB\ 
EW����HRWI�\� 

 
923�B(27)B2(7)B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VW����RHWIB\ 
VW�����HWI�\� 

���� 5: �[����� EW����HRWIB\ 
EW����HRWI�\� 

 
923�B(27)B2(7)B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VW����RHWIB\ 
VW�����HWI�\� 

���� 5: �[����� EW����HRWIB\ 
EW����HRWI�\� 

 
923�B(27)B2(7)B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VW����RHWIB\ 
VW�����HWI�\� 

���� 5: �[����� EW����HRWIB\ 
EW����HRWI�\� 

 
923�B(27)B2(7)B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VW����RHWIB\ 
VW�����HWI�\� 

���� 5: �[����� EW����HRWIB\ 
EW����HRWI�\� 

 
923�B(27)B2(7)B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VW����RHWIB\ 
VW�����HWI�\� 

���� 5: �[����� EW����HRWIB\ 
EW����HRWI�\� 

 
923�B(27)B2(7)B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VW����RHWIB\ 
VW�����HWI�\� 

���� 5: �[����� EW����HRWIB\ 
EW����HRWI�\� 

 
923�B(27)B2(7)B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VW����RHWIB\ 
VW�����HWI�\� 

���� 5: �[����� EW����HRWIB\ 
EW����HRWI�\� 

 
923�B(27)B2(7)B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VW����RHWIB\ 
VW�����HWI�\� 

���� 5: �[����� EW����HRWIB\ 
EW����HRWI�\� 

 
923�B(27)B2(7)B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VW����RHWIB\ 
VW�����HWI�\� 

���� 5: �[����� EW����HRWIB\ 
EW����HRWI�\� 

 
923�B(27)B2(7)B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VW����RHWIB\ 
VW�����HWI�\� 

���� 5: �[����� EW����HRWIB\ 
EW����HRWI�\� 

 
923�B(27)B2(7)B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VW����RHWIB\ 
VW�����HWI�\� 

���� 5: �[����� EW����HRWIB\ 
EW����HRWI�\� 

 
923�B(27)B2(7)B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VW����RHWIB\ 
VW�����HWI�\� 

���� 5: �[����� EW����HRWIB\ 
EW����HRWI�\� 

 
923�B(27)B2(7)B<���  



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1587 

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VW����RHWIB\ 
VW�����HWI�\� 

���� 5: �[����� EW����HRWIB\ 
EW����HRWI�\� 

 
923�B(27)B2(7)B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VW����RHWIB\ 
VW�����HWI�\� 

���� 5: �[����� EW����HRWIB\ 
EW����HRWI�\� 

 
923�B(27)B2(7)B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VW����RHWIB\ 
VW�����HWI�\� 

���� 5: �[����� EW����HRWIB\ 
EW����HRWI�\� 

 
923�B(27)B2(7)B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VW����RHWIB\ 
VW�����HWI�\� 

���� 5: �[����� EW����HRWIB\ 
EW����HRWI�\� 

 
923�B(27)B2(7)B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VW����RHWIB\ 
VW�����HWI�\� 

���� 5: �[����� EW����HRWIB\ 
EW����HRWI�\� 

 
923�B(27)B2(7)B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VW����RHWIB\ 
VW�����HWI�\� 

���� 5: �[����� EW����HRWIB\ 
EW����HRWI�\� 

 
923�B(27)B2(7)B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VW����RHWIB\ 
VW�����HWI�\� 

���� 5: �[����� EW����HRWIB\ 
EW����HRWI�\� 
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923�B(27)B2(7)B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VW����RHWIB\ 
VW�����HWI�\� 

���� 5: �[����� EW����HRWIB\ 
EW����HRWI�\� 

 
923�B(27)B2(7)B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VW����RHWIB\ 
VW�����HWI�\� 

���� 5: �[����� EW����HRWIB\ 
EW����HRWI�\� 

 
923�B(27)B2(7)B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VW����RHWIB\ 
VW�����HWI�\� 

���� 5: �[����� EW����HRWIB\ 
EW����HRWI�\� 

 
923�B(27)B2(7)B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VW����RHWIB\ 
VW�����HWI�\� 

���� 5: �[����� EW����HRWIB\ 
EW����HRWI�\� 

 
923�B(27)B2(7)B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VW����RHWIB\ 
VW�����HWI�\� 

���� 5: �[����� EW����HRWIB\ 
EW����HRWI�\� 

 
923�B(27)B2(7)B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VW����RHWIB\ 
VW�����HWI�\� 

���� 5: �[����� EW����HRWIB\ 
EW����HRWI�\� 

 
923�B(27)B2(7)B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VW����RHWIB\ 
VW�����HWI�\� 

���� 5: �[����� EW����HRWIB\ 
EW����HRWI�\� 
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923�B(27)B2(7)B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VW����RHWIB\ 
VW�����HWI�\� 

���� 5: �[����� EW����HRWIB\ 
EW����HRWI�\� 

 
923�B(27)B2(7)B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VW����RHWIB\ 
VW�����HWI�\� 

���� 5: �[����� EW����HRWIB\ 
EW����HRWI�\� 

 
923�B(27)B2(7)B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VW����RHWIB\ 
VW�����HWI�\� 

���� 5: �[����� EW����HRWIB\ 
EW����HRWI�\� 

 
923�B(27)B2(7)B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VW����RHWIB\ 
VW�����HWI�\� 

���� 5: �[����� EW����HRWIB\ 
EW����HRWI�\� 

 
923�B(27)B2(7)B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VW����RHWIB\ 
VW�����HWI�\� 

���� 5: �[����� EW����HRWIB\ 
EW����HRWI�\� 

 
923�B(27)B2(7)B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VW����RHWIB\ 
VW�����HWI�\� 

���� 5: �[����� EW����HRWIB\ 
EW����HRWI�\� 

 
923�B(27)B2(7)B<���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VW����RHWIB\ 
VW�����HWI�\� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[����� EW����HRWIB\ 
EW����HRWI�\� 

 
923�B2(7)B';B';32:��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� RHWIBG[SRZ 
VW����RHWI�G[�SRZHU� 

���� 5: �[���� RHWIBG[ 
VW����RHWI�G[� 

 
923�B2(7)B';B';32:��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� RHWIBG[SRZ 
VW����RHWI�G[�SRZHU� 

���� 5: �[���� RHWIBG[ 
VW����RHWI�G[� 

 
923�B2(7)B';B';32:��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� RHWIBG[SRZ 
VW����RHWI�G[�SRZHU� 

���� 5: �[���� RHWIBG[ 
VW����RHWI�G[� 

 
923�B2(7)B';B';32:��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� RHWIBG[SRZ 
VW����RHWI�G[�SRZHU� 

���� 5: �[���� RHWIBG[ 
VW����RHWI�G[� 

 
923�B2(7)B';B';32:��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� RHWIBG[SRZ 
VW����RHWI�G[�SRZHU� 

���� 5: �[���� RHWIBG[ 
VW����RHWI�G[� 

 
923�B2(7)B';B';32:��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� RHWIBG[SRZ 
VW����RHWI�G[�SRZHU� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[���� RHWIBG[ 
VW����RHWI�G[� 

 
923�B2(7)B';B';32:��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� RHWIBG[SRZ 
VW����RHWI�G[�SRZHU� 

���� 5: �[���� RHWIBG[ 
VW����RHWI�G[� 

 
923�B2(7)B';B';32:��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� RHWIBG[SRZ 
VW����RHWI�G[�SRZHU� 

���� 5: �[���� RHWIBG[ 
VW����RHWI�G[� 

 
923�B2(7)B';B';32:��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� RHWIBG[SRZ 
VW����RHWI�G[�SRZHU� 

���� 5: �[���� RHWIBG[ 
VW����RHWI�G[� 

 
923�B2(7)B';B';32:���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� RHWIBG[SRZ 
VW����RHWI�G[�SRZHU� 

���� 5: �[���� RHWIBG[ 
VW����RHWI�G[� 

 
923�B2(7)B';B';32:���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� RHWIBG[SRZ 
VW����RHWI�G[�SRZHU� 

���� 5: �[���� RHWIBG[ 
VW����RHWI�G[� 

 
923�B2(7)B';B';32:���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� RHWIBG[SRZ 
VW����RHWI�G[�SRZHU� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1592 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[���� RHWIBG[ 
VW����RHWI�G[� 

 
923�B2(7)B';B';32:���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� RHWIBG[SRZ 
VW����RHWI�G[�SRZHU� 

���� 5: �[���� RHWIBG[ 
VW����RHWI�G[� 

 
923�B2(7)B';B';32:���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� RHWIBG[SRZ 
VW����RHWI�G[�SRZHU� 

���� 5: �[���� RHWIBG[ 
VW����RHWI�G[� 

 
923�B2(7)B';B';32:���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� RHWIBG[SRZ 
VW����RHWI�G[�SRZHU� 

���� 5: �[���� RHWIBG[ 
VW����RHWI�G[� 

 
923�B2(7)B';B';32:���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� RHWIBG[SRZ 
VW����RHWI�G[�SRZHU� 

���� 5: �[���� RHWIBG[ 
VW����RHWI�G[� 

 
923�B2(7)B';B';32:���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� RHWIBG[SRZ 
VW����RHWI�G[�SRZHU� 

���� 5: �[���� RHWIBG[ 
VW����RHWI�G[� 

 
923�B2(7)B';B';32:���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� RHWIBG[SRZ 
VW����RHWI�G[�SRZHU� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1593 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[���� RHWIBG[ 
VW����RHWI�G[� 

 
923�B2(7)B';B';32:���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� RHWIBG[SRZ 
VW����RHWI�G[�SRZHU� 

���� 5: �[���� RHWIBG[ 
VW����RHWI�G[� 

 
923�B2(7)B';B';32:���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� RHWIBG[SRZ 
VW����RHWI�G[�SRZHU� 

���� 5: �[���� RHWIBG[ 
VW����RHWI�G[� 

 
923�B2(7)B';B';32:���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� RHWIBG[SRZ 
VW����RHWI�G[�SRZHU� 

���� 5: �[���� RHWIBG[ 
VW����RHWI�G[� 

 
923�B2(7)B';B';32:���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� RHWIBG[SRZ 
VW����RHWI�G[�SRZHU� 

���� 5: �[���� RHWIBG[ 
VW����RHWI�G[� 

 
923�B2(7)B';B';32:���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� RHWIBG[SRZ 
VW����RHWI�G[�SRZHU� 

���� 5: �[���� RHWIBG[ 
VW����RHWI�G[� 

 
923�B2(7)B';B';32:���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� RHWIBG[SRZ 
VW����RHWI�G[�SRZHU� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1594 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[���� RHWIBG[ 
VW����RHWI�G[� 

 
923�B2(7)B';B';32:���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� RHWIBG[SRZ 
VW����RHWI�G[�SRZHU� 

���� 5: �[���� RHWIBG[ 
VW����RHWI�G[� 

 
923�B2(7)B';B';32:���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� RHWIBG[SRZ 
VW����RHWI�G[�SRZHU� 

���� 5: �[���� RHWIBG[ 
VW����RHWI�G[� 

 
923�B2(7)B';B';32:���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� RHWIBG[SRZ 
VW����RHWI�G[�SRZHU� 

���� 5: �[���� RHWIBG[ 
VW����RHWI�G[� 

 
923�B2(7)B';B';32:���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� RHWIBG[SRZ 
VW����RHWI�G[�SRZHU� 

���� 5: �[���� RHWIBG[ 
VW����RHWI�G[� 

 
923�B2(7)B';B';32:���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� RHWIBG[SRZ 
VW����RHWI�G[�SRZHU� 

���� 5: �[���� RHWIBG[ 
VW����RHWI�G[� 

 
923�B2(7)B';B';32:���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� RHWIBG[SRZ 
VW����RHWI�G[�SRZHU� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1595 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[���� RHWIBG[ 
VW����RHWI�G[� 

 
923�B2(7)B';B';32:���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� RHWIBG[SRZ 
VW����RHWI�G[�SRZHU� 

���� 5: �[���� RHWIBG[ 
VW����RHWI�G[� 

 
923�B2(7)B';B';32:���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� RHWIBG[SRZ 
VW����RHWI�G[�SRZHU� 

���� 5: �[���� RHWIBG[ 
VW����RHWI�G[� 

 
923�B2(7)B';B';32:���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� RHWIBG[SRZ 
VW����RHWI�G[�SRZHU� 

���� 5: �[���� RHWIBG[ 
VW����RHWI�G[� 

 
923�B2(7)B';B';32:���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� RHWIBG[SRZ 
VW����RHWI�G[�SRZHU� 

���� 5: �[���� RHWIBG[ 
VW����RHWI�G[� 

 
923�B2(7)B';B';32:���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� RHWIBG[SRZ 
VW����RHWI�G[�SRZHU� 

���� 5: �[���� RHWIBG[ 
VW����RHWI�G[� 

 
923�B2(7)B';B';32:���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� RHWIBG[SRZ 
VW����RHWI�G[�SRZHU� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1596 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[���� RHWIBG[ 
VW����RHWI�G[� 

 
923�B2(7)B';B';32:���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� RHWIBG[SRZ 
VW����RHWI�G[�SRZHU� 

���� 5: �[���� RHWIBG[ 
VW����RHWI�G[� 

 
923�B2(7)B';B';32:���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� RHWIBG[SRZ 
VW����RHWI�G[�SRZHU� 

���� 5: �[���� RHWIBG[ 
VW����RHWI�G[� 

 
923�B2(7)B';B';32:���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� RHWIBG[SRZ 
VW����RHWI�G[�SRZHU� 

���� 5: �[���� RHWIBG[ 
VW����RHWI�G[� 

 
923�B2(7)B';B';32:���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� RHWIBG[SRZ 
VW����RHWI�G[�SRZHU� 

���� 5: �[���� RHWIBG[ 
VW����RHWI�G[� 

 
923�B2(7)B';B';32:���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� RHWIBG[SRZ 
VW����RHWI�G[�SRZHU� 

���� 5: �[���� RHWIBG[ 
VW����RHWI�G[� 

 
923�B2(7)B';B';32:���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� RHWIBG[SRZ 
VW����RHWI�G[�SRZHU� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1597 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[���� RHWIBG[ 
VW����RHWI�G[� 

 
923�B2(7)B';B';32:���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� RHWIBG[SRZ 
VW����RHWI�G[�SRZHU� 

���� 5: �[���� RHWIBG[ 
VW����RHWI�G[� 

 
923�B2(7)B';B';32:���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� RHWIBG[SRZ 
VW����RHWI�G[�SRZHU� 

���� 5: �[���� RHWIBG[ 
VW����RHWI�G[� 

 
923�B2(7)B';B';32:���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� RHWIBG[SRZ 
VW����RHWI�G[�SRZHU� 

���� 5: �[���� RHWIBG[ 
VW����RHWI�G[� 

 
923�B2(7)B';B';32:���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� RHWIBG[SRZ 
VW����RHWI�G[�SRZHU� 

���� 5: �[���� RHWIBG[ 
VW����RHWI�G[� 

 
923�B2(7)B';B';32:���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� RHWIBG[SRZ 
VW����RHWI�G[�SRZHU� 

���� 5: �[���� RHWIBG[ 
VW����RHWI�G[� 

 
923�B2(7)B';B';32:���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� RHWIBG[SRZ 
VW����RHWI�G[�SRZHU� 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1598 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[���� RHWIBG[ 
VW����RHWI�G[� 

 
923�B2(7)B';B';32:���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� RHWIBG[SRZ 
VW����RHWI�G[�SRZHU� 

���� 5: �[���� RHWIBG[ 
VW����RHWI�G[� 

 
923�B2(7)B';B';32:���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� RHWIBG[SRZ 
VW����RHWI�G[�SRZHU� 

���� 5: �[���� RHWIBG[ 
VW����RHWI�G[� 

 
923�B2(7)B';B';32:���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� RHWIBG[SRZ 
VW����RHWI�G[�SRZHU� 

���� 5: �[���� RHWIBG[ 
VW����RHWI�G[� 

 
923�B2(7)B';B';32:���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� RHWIBG[SRZ 
VW����RHWI�G[�SRZHU� 

���� 5: �[���� RHWIBG[ 
VW����RHWI�G[� 

 
923�B2(7)B';B';32:���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� RHWIBG[SRZ 
VW����RHWI�G[�SRZHU� 

���� 5: �[���� RHWIBG[ 
VW����RHWI�G[� 

 
923�B2(7)B';B';32:���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� RHWIBG[SRZ 
VW����RHWI�G[�SRZHU� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[���� RHWIBG[ 
VW����RHWI�G[� 

 
923�B2(7)B';B';32:���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� RHWIBG[SRZ 
VW����RHWI�G[�SRZHU� 

���� 5: �[���� RHWIBG[ 
VW����RHWI�G[� 

 
923�B2(7)B';B';32:���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� RHWIBG[SRZ 
VW����RHWI�G[�SRZHU� 

���� 5: �[���� RHWIBG[ 
VW����RHWI�G[� 

 
923�B2(7)B';B';32:���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� RHWIBG[SRZ 
VW����RHWI�G[�SRZHU� 

���� 5: �[���� RHWIBG[ 
VW����RHWI�G[� 

 
923�B2(7)B';B';32:���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� RHWIBG[SRZ 
VW����RHWI�G[�SRZHU� 

���� 5: �[���� RHWIBG[ 
VW����RHWI�G[� 

 
923�B2(7)B';B';32:���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� RHWIBG[SRZ 
VW����RHWI�G[�SRZHU� 

���� 5: �[���� RHWIBG[ 
VW����RHWI�G[� 

 
923�B2(7)B';B';32:���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� RHWIBG[SRZ 
VW����RHWI�G[�SRZHU� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[���� RHWIBG[ 
VW����RHWI�G[� 

 
923�B2(7)B';B';32:���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� RHWIBG[SRZ 
VW����RHWI�G[�SRZHU� 

���� 5: �[���� RHWIBG[ 
VW����RHWI�G[� 

 
923�B2(7)B';B';32:���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� RHWIBG[SRZ 
VW����RHWI�G[�SRZHU� 

���� 5: �[���� RHWIBG[ 
VW����RHWI�G[� 

 
923�B2(7)B';B';32:���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� RHWIBG[SRZ 
VW����RHWI�G[�SRZHU� 

���� 5: �[���� RHWIBG[ 
VW����RHWI�G[� 

 
923�B2(7)B';B';32:���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� RHWIBG[SRZ 
VW����RHWI�G[�SRZHU� 

���� 5: �[���� RHWIBG[ 
VW����RHWI�G[� 

 
923�B2(7)B;1��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� HRWIB[Q 
VW�����[� 

 
923�B2(7)B;1��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� HRWIB[Q 
VW�����[� 

 
923�B2(7)B;1��  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� HRWIB[Q 
VW�����[� 

 
923�B2(7)B;1��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� HRWIB[Q 
VW�����[� 

 
923�B2(7)B;1��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� HRWIB[Q 
VW�����[� 

 
923�B2(7)B;1��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� HRWIB[Q 
VW�����[� 

 
923�B2(7)B;1��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� HRWIB[Q 
VW�����[� 

 
923�B2(7)B;1��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� HRWIB[Q 
VW�����[� 

 
923�B2(7)B;1��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� HRWIB[Q 
VW�����[� 

 
923�B2(7)B;1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� HRWIB[Q 
VW�����[� 
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923�B2(7)B;1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� HRWIB[Q 
VW�����[� 

 
923�B2(7)B;1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� HRWIB[Q 
VW�����[� 

 
923�B2(7)B;1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� HRWIB[Q 
VW�����[� 

 
923�B2(7)B;1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� HRWIB[Q 
VW�����[� 

 
923�B2(7)B;1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� HRWIB[Q 
VW�����[� 

 
923�B2(7)B;1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� HRWIB[Q 
VW�����[� 

 
923�B2(7)B;1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� HRWIB[Q 
VW�����[� 

 
923�B2(7)B;1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� HRWIB[Q 
VW�����[� 
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923�B2(7)B;1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� HRWIB[Q 
VW�����[� 

 
923�B2(7)B;1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� HRWIB[Q 
VW�����[� 

 
923�B2(7)B;1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� HRWIB[Q 
VW�����[� 

 
923�B2(7)B;1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� HRWIB[Q 
VW�����[� 

 
923�B2(7)B;1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� HRWIB[Q 
VW�����[� 

 
923�B2(7)B;1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� HRWIB[Q 
VW�����[� 

 
923�B2(7)B;1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� HRWIB[Q 
VW�����[� 

 
923�B2(7)B;1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[���� HRWIB[Q 
VW�����[� 

 
923�B2(7)B;1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� HRWIB[Q 
VW�����[� 

 
923�B2(7)B;1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� HRWIB[Q 
VW�����[� 

 
923�B2(7)B;1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� HRWIB[Q 
VW�����[� 

 
923�B2(7)B;1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� HRWIB[Q 
VW�����[� 

 
923�B2(7)B;1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� HRWIB[Q 
VW�����[� 

 
923�B2(7)B;1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� HRWIB[Q 
VW�����[� 

 
923�B2(7)B;1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� HRWIB[Q 
VW�����[� 

 
923�B2(7)B;1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� HRWIB[Q 
VW�����[� 

 
923�B2(7)B;1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� HRWIB[Q 
VW�����[� 

 
923�B2(7)B;1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� HRWIB[Q 
VW�����[� 

 
923�B2(7)B;1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� HRWIB[Q 
VW�����[� 

 
923�B2(7)B;1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� HRWIB[Q 
VW�����[� 

 
923�B2(7)B;1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� HRWIB[Q 
VW�����[� 

 
923�B2(7)B;1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� HRWIB[Q 
VW�����[� 

 
923�B2(7)B;1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� HRWIB[Q 
VW�����[� 

 
923�B2(7)B;1���  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� HRWIB[Q 
VW�����[� 

 
923�B2(7)B;1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� HRWIB[Q 
VW�����[� 

 
923�B2(7)B;1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� HRWIB[Q 
VW�����[� 

 
923�B2(7)B;1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� HRWIB[Q 
VW�����[� 

 
923�B2(7)B;1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� HRWIB[Q 
VW�����[� 

 
923�B2(7)B;1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� HRWIB[Q 
VW�����[� 

 
923�B2(7)B;1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� HRWIB[Q 
VW�����[� 

 
923�B2(7)B;1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� HRWIB[Q 
VW�����[� 
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923�B2(7)B;1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� HRWIB[Q 
VW�����[� 

 
923�B2(7)B;1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� HRWIB[Q 
VW�����[� 

 
923�B2(7)B;1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� HRWIB[Q 
VW�����[� 

 
923�B2(7)B;1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� HRWIB[Q 
VW�����[� 

 
923�B2(7)B;1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� HRWIB[Q 
VW�����[� 

 
923�B2(7)B;1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� HRWIB[Q 
VW�����[� 

 
923�B2(7)B;1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� HRWIB[Q 
VW�����[� 

 
923�B2(7)B;1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� HRWIB[Q 
VW�����[� 
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923�B2(7)B;1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� HRWIB[Q 
VW�����[� 

 
923�B2(7)B;1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� HRWIB[Q 
VW�����[� 

 
923�B2(7)B;1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� HRWIB[Q 
VW�����[� 

 
923�B2(7)B;1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� HRWIB[Q 
VW�����[� 

 
923�B2(7)B;1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� HRWIB[Q 
VW�����[� 

 
923�B2(7)B;1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� HRWIB[Q 
VW�����[� 

 
 
13.4.10 008�UHJLVWHU�GHVFULSWLRQ 
13.4.10.1 Registers Summary 
7KH�EDVH�DGGUHVV�RI�008��UHJLVWHUV�LV��[�H��� 
7KH�EDVH�DGGUHVV�RI�008��UHJLVWHUV�LV��[�I��� 

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

923�B008B'7(B$''5 �[���� : �[�������� 008�FXUUHQW�SDJH�7DEOH�DGGUHVV� 
923�B008B67$786 �[���� : �[�������� 008�VWDWXV�UHJLVWHU� 
923�B008B&200$1' �[���� : �[�������� 008�FRPPDQG�UHJLVWHU� 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

923�B008B3$*(B)$8/7B
$''5 �[���& : �[�������� 008�ORJLFDO�DGGUHVV�RI�ODVW�SDJH�IDXOW� 
923�B008B=$3B21(B/,
1( �[���� : �[�������� 008�=DS�FDFKH�OLQH�UHJLVWHU� 

923�B008B,17B5$:67$
7 �[���� : �[�������� 008�UDZ�LQWHUUXSW�VWDWXV�UHJLVWHU� 

923�B008B,17B&/($5 �[���� : �[�������� 008�LQWHUUXSW�FOHDU�UHJLVWHU� 
923�B008B,17B0$6. �[���& : �[�������� 008�LQWHUUXSW�PDVN�UHJLVWHU� 
923�B008B,17B67$786 �[���� : �[�������� 008�LQWHUUXSW�VWDWXV�UHJLVWHU� 
923�B008B$872B*$7,1
* �[���� : �[�������� 008�DXWR�JDWLQJ� 
1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV��':�
'RXEOH�:25'�����ELWV��DFFHVV�  
 

13.4.10.2 Detail Registers Description 
923�B008B'7(B$''5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� GWHBDGGU &XUUHQW�SDJH�WDEOH�DGGUHVV� 
 
923�B008B67$786�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[������ UHVHUYHG 

���� 5: �[�� SDJHBIDXOWBEXVBLG 
,QGH[�RI�PDVWHU�UHVSRQVLEOH�IRU�ODVW�SDJH�IDXOW� 

� 5: �[� 
SDJHBIDXOWBLVBZULWH 
7KH�GLUHFWLRQ�RI�DFFHVV�IRU�ODVW�SDJH�IDXOW� 
�
E���5HDG 
�
E���:ULWH 

� 5: �[� UHSOD\BEXIIHUBHPSW\ 
7KH�008�UHSOD\�EXIIHU�LV�HPSW\� 

� 5: �[� 
PPXBLGOH 
7KH�008�LV�LGOH�ZKHQ�DFFHVVHV�DUH�EHLQJ�WUDQVODWHG�DQG�WKHUH�DUH�
QR�XQILQLVKHG�WUDQVODWHG�DFFHVVHV� 

� 5: �[� 
VWDLOBDFWLYH 
008�VWDOO�PRGH�FXUUHQWO\�HQDEOHG��7KH�PRGH�LV�HQDEOHG�E\�
FRPPDQG� 

� 5: �[� 
SDJHBIDXOWBDFWLYH 
008�SDJH�IDXOW�PRGH�FXUUHQWO\�HQDEOHG��7KH�PRGH�LV�HQDEOHG�E\�
FRPPDQG� 

� 5: �[� 
SDJLQJBHQ 
3DJLQJ�LV�HQDEOHG� 
�
E���'LVDEOH 
�
E���(QDEOH 

 
923�B008B&200$1'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 



5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1610 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

PPXBFPG 
7KLV�FDQ�EH� 
�
G���008B(1$%/(B3$*,1* 
�
G���008B',6$%/(B3$*,1* 
�
G���008B(1$%/(B67$// 
�
G���008B',6$%/(B67$// 
�
G���008B=$3B&$&+( 
�
G���008B3$*(B)$8/7B'21( 
�
G���008B)25&(B5(6(7 
2WKHUV��5HVHUYHG 

 
923�B008B3$*(B)$8/7B$''5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� SDJHBIDXOWBDGGU $GGUHVV�RI�ODVW�SDJH�IDXOW� 
 
923�B008B=$3B21(B/,1(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� PPXB]DSBRQHBOLQH $GGUHVV�WR�EH�LQYDOLGDWHG�IURP�WKH�SDJH�WDEOH�FDFKH� 
 
923�B008B,17B5$:67$7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� UDZVWBEXVBHUURU 
5DZ�LQWHUUXSW�VWDWXV�RI�UHDG�EXV�HUURU� 

� 5: �[� UDZVWBSDJHBIDXOW 
5DZ�LQWHUUXSW�VWDWXV�RI�SDJH�IDXOW� 

 
923�B008B,17B&/($5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� FOUBEXVBHUURU 
&OHDU�LQWHUUXSW�RI�EXV�HUURU� 

� 5: �[� FOUBSDJHBIDXOW 
&OHDU�LQWHUUXSW�RI�SDJH�IDXOW� 

 
923�B008B,17B0$6.�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� PDVNBEXVBHUURU 
0DVN�LQWHUUXSW�RI�EXV�HUURU� 

� 5: �[� PDVNBSDJHBIDXOW 
0DVN�LQWHUUXSW�RI�SDJH�IDXOW� 

 
923�B008B,17B67$786�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� VWBEXVBHUURU 
,QWHUUXSW�VWDWXV�RI�EXV�HUURU� 

� 5: �[� VWBSDJHBIDXOW 
,QWHUUXSW�VWDWXV�RI�SDJH�IDXOW� 

 
923�B008B$872B*$7,1*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 
PPXBFIJBPRGH 
�
E���5HJGRQH�ZKHQ�IUDPH�VWDUW 
�
E���5HJGRQH�LPPHGLDWHO\ 

� 5: �[� PPXBDXWRBJDWLQJ 
:KHQ�LW�LV��
E���WKH�PPX�ZLOO�DXWR�JDWLQJ�LW�VHOI� 

 
13.4.11 /87�DGGUHVV�VXPPDU\ 
7KH�EDVH�DGGUHVV�RI�*$00$�/87�LV��[������LW¶V�VL]H�LV��[������7KH�EDVH�DGGUHVV�RI�%33�/87�
LV��[������LW¶V�VL]H�LV��[����� 

13.5 Application Note 
13.5.1 &OXVWHU�DSSOLFDWLRQ�QRWH 
1. 7KH�YLUBZLGWK�DQG�YLUBKHLJKW�RI�WKH�DIEFG�LPDJH�LV�D�PXOWLSOH�RI�����  
2. ,I�URWDWLRQB���RU�URWDWLRQB����LV�HQDEOH��DIEFGBIXOOBPRGH�PXVW�EH�HQDEOH�DQG�OEBPRGH�
PXVW�EH����5RWDWLRQB���DQG�URWDWLRQB����FDQ¶W�EH�HQDEOH�DW�WKH�VDPH�WLPH� 
3. 7KH�KHLJKW�RI�WKH�URWDWHG�LPDJH�PXVW�EH�OHVV�WKDQ�������  
4. ,I�WKH�DIEFG�LPDJH�ZLGWK�LV�JUHDWHU�WKDQ�������KDOI�PRGH�PXVW�EH���DQG�OEBPRGH�PXVW�EH�
�� 
5. ,I�FOXVWHU�LV�XVHG�WR�GLVSOD\�WZR�SLFWXUHV��OEBPRGH�DQG�DIEFGBKDOIBEORFN�PXVW�EH���DQG�
WKH�SLFWXUH�ZLGWK�FDQ¶W�EH�JUHDWHU�WKDQ������ 
6. 7KH�DFWLYH�ZLGWK�RI�WKH�DIEFG�LPDJH�PXVW�EH�D�PXOWLSOH�RI��� 
7. 7KH�VFDOH�IDFWRU�PXVW�EH�OHVV�WKDQ����2WKHUZLVH��WKHUH�LV�QRW�HQRXJK�$;,�EDQGZLGWK�WR�
FDXVH�VRPH�GLVSOD\�HUURU� 
8. 7KH�DFWLYH�ZLGWK�PXVW�EH�D�PXOWLSOH�RI��� 
13.5.2 6PDUW�DSSOLFDWLRQ�QRWH 
1. 7KH�DFWLYH�ZLGWK�DQG�GLVSOD\�ZLGWK�RI�WKH�LPDJH�LV�D�PXOWLSOH�RI��� 
2. ,I�<8<9����LV�HQDEOH��WKH�VFDOH�PRGH�FDQ¶W�EH��� 
3. ,I�<89����LV�HQDEOH��WKH�DFWLYH�ZLGWK�RI�WKH�LPDJH�PXVW�EH�D�PXOWLSOH�RI��� 
4. 7KH�PD[LPXP�JDWKHU�QXPEHU�RI�VPDUW�LV��� 
13.5.3 +'5���DSSOLFDWLRQ�QRWH 
1. 2QO\�RQH�+'5���LPDJH�LV�VXSSRUWHG��,I�KGU�VGU�LV�HQDEOH��KGU��BSDWKBHQ�PXVW�EH��� 
2. ,I�WKH�GLVSOD\�SDQHO�LV�+'5�DQG�WKH�LPDJH�LV�6'5��VGU�KGU�DQG�VGU�VGUBSDWKBHQ�PXVW�EH�
HQDEOH� 
3. 7KH�GHOD\�EHWZHHQ�WKH�LQSXW�DQG�WKH�RXWSXW�RI�+'5�6'5�LV�����7KH�GHOD\�EHWZHHQ�WKH�
LQSXW�DQG�WKH�RXWSXW�RI�6'5�+'5�LV���� 
13.5.4 &$%&�DSSOLFDWLRQ�QRWH 
1. 3RVW�SURFHVV��LV�VXSSRUW�&$%&��,I�&$%&�LV�HQDEOH��WKH�SRVWBOEBPRGH�PXVW�EH���DQG�WKH�
GLVSOD\�ZLWK�LV�OHVV�WKDQ������ 
13.5.5 ,QWHUODFH�DSSOLFDWLRQ�QRWH 
1. ,I�LQWHUODFH�LV�HQDEOH��S�LBHQ�PXVW�EH�HQDEOH� 
2. ,I�WKH�UHVROXWLRQ�RI�WKH�GLVSOD\�SDQHO�LV����L�RU����L��GVSBFRUHBGFONBVHO�PXVW�EH�HQDEOH� 
13.5.6 :ULWH�EDFN�DSSOLFDWLRQ�QRWH 
1. 7KH�PD[LPXP�UHVROXWLRQ�RI�WKH�ZURWH�EDFN�LPDJH�LV�����[������,I�WKH�ZURWH�EDFN�LPDJH�
UHVROXWLRQ�LV�JUHDWHU�WKDQ�����S��VFDOH�GRZQ�PXVW�EH�HQDEOH� 
2. 7KH�ZEBILIRBWKROG�PXVW�EH�JUHDWHU�WKDQ�WKH�DPRXQW�RI�GDWD�LQ�URZ� 
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13.5.7 7KH�GHOD\�QXPEHU�RI�RYHUOD\�DSSOLFDWLRQ�QRWH 
7KH�GHOD\�QXPEHU�XVHG�LQ�GLIIHUHQW�DSSOLFDWLRQ�VFHQDULRV�LV�VKRZQ�DV�EHORZ� 
7FDVHV :LQ 'HOD\�QXPEHU 0D[�GHOD\�QXPEHU 

 

6'5�,QSXW�DQG 

6'5�RXWSXW 

&/867(5[ �  

�� 
60$57[ �� 
9S�BEJ �� 
9S�BEJ �� 
9S�BEJ �� 

+'5�LQSXW�DQG 

6'5�RXWSXW 

&/867(5��+'5��� �  

�� 
&/867(5��6'5� �� 
60$57[�6'5� �� 
9S�BEJ �� 

+'5�LQSXW�DQG 

6'5�RXWSXW 

&/867(5[�6'5� ��  
 
�� 

60$57��+'5� �� 
60$57[�6'5� �� 
9S�BEJ �� 

6'5�LQSXW�DQG 

+'5�RXWSXW 

&/867(5[ �  

�� (60$7[ �� 
9S�BEJ �� 

 

+'5�LQSXW�DQG�  

+'5�RXWSXW 

&/867(5��+'5��� ��  

�� &/867(5��6'5� � 
60$57[�6'5� �� 
9S�BEJ �� 

+'5�LQSXW�DQG�  

+'5�RXWSXW 

&/867(5[�6'5� �  

�� 60$57��+'5� �� 
60$57[�6'5� �� 
9S�BEJ �� 

 
13.5.8 +'5���DSSOLFDWLRQ�QRWH 
,I�+'5���LV�HQDEOH��RYHUOD\BPRGH�PXVW�EH�5*%� 

Video(HDR10 YUV)

UI(RGB) SDR2HDR

HDR10_MIX
(RGB MIX)

Output RGB to HDR panel 

Video(HDR10 YUV)

UI(RGB) SDR2HDR

HDR10_MIX
(RGB MIX)

Output YUV to HDR panel 
BCSH
(R2Y)

Video(HDR10 YUV)

UI(RGB)

HDR2SDR

HDR10_MIX
(RGB MIX)

YUV RGB

Output RGB to SDR panel 

Video(HDR10 YUV)

UI(RGB)

HDR2SDR

HDR10_MIX
(RGB MIX)

YUV RGB

BCSH
(Y2R)

Output YUV to SDR panel 
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Chapter 14 Raster Graphic Acceleration (RGA2) 
14  

14.1 Overview 
5*$��LV�D�VHSDUDWH��'�UDVWHU�JUDSKLF�DFFHOHUDWLRQ�XQLW��,W�DFFHOHUDWHV��'�JUDSKLFV�
RSHUDWLRQV��VXFK�DV�SRLQW�OLQH�GUDZLQJ��LPDJH�VFDOLQJ��URWDWLRQ��%LW%/7��DOSKD�EOHQGLQJ� 
14.2 Features 
z 'DWD�IRUPDW 

� ,QSXW�GDWD� 
� $5*%�5*%����5*%����5*%�����5*%���� 
� <89����<89����<9<8����<9<8����<89���63��ELW�<89���63��ELW 

� 2XWSXW�GDWD� 
� �$5*%�5*%����5*%����5*%�����5*%���� 
� � <89����<89����<89����<��<9<8����<9<8��� 

� 3L[HO�)RUPDW�FRQYHUVLRQ��%7�����%7���� 
� 'LWKHU�RSHUDWLRQ 
� 0D[�UHVROXWLRQ������[�����VRXUFH������[�����GHVWLQDWLRQ 

z 6FDOLQJ 
� 'RZQ�VFDOLQJ��$YHUDJH�ILOWHU 
� 8S�VFDOLQJ��%L�FXELF�ILOWHU�VRXUFH!�����ZRXOG�XVH�%L�OLQHDU� 
� $UELWUDU\�QRQ�LQWHJHU�VFDOLQJ�UDWLRˈIURP������WR����  

z 5RWDWLRQ 
� ����������������GHJUHH�URWDWLRQ 
� [�PLUURU��\�PLUURU�	�URWDWLRQ�RSHUDWLRQ 

z %LW%/7 
� %ORFN�WUDQVIHU 
� &RORU�SDOHWWH�&RORU�ILOO��VXSSRUW�ZLWK�DOSKD 
� 7UDQVSDUHQF\�PRGH��FRORU�NH\LQJ�VWHQFLO�WHVW��VSHFLILHG�YDOXH�YDOXH�UDQJH� 
� 7ZR�VRXUFH�%LW%/7��  
� $�% %�RQO\�%LW%/7��$�VXSSRUW�URWDWH	VFDOH�ZKHQ�%�IL[HG 
� $�% &�VHFRQG�VRXUFH��%��KDV�VDPH�DWWULEXWH�ZLWK��&��SOXV�URWDWLRQ�IXQFWLRQ 

z $OSKD�%OHQGLQJ 
� 1HZ�FRPSUHKHQVLYH�SHU�SL[HO�DOSKD�FRORU�DOSKD�FKDQQHO�VHSDUDWHO\� 
� )DGLQJ 
� 6XSSRUW�65&��5�<��65&��<89���!�'67�<89��  
� 6XSSRUW�'67�)XOO�&6&�FRQYHUW�IRU�<89�<89 

z 2WKHUV 
� 6XSSRUW�11�TXDQWL]H��&/,3��VRXUFH���RIIVHW���VFDOH��IRU�5*%�FKDQQHO� 
� FloydȌ6WHLQEHUJ�dither (5*%����RU�����72�<����5*%����RU�����',7+(5�72�<���  

z 008 
� �N���N�SDJH�VL]H 
� )RXU�FKDQQHO��65&�65&��'67�&0'��LQGLYLGXDO�EDVH�DGGUHVV�DQG�HQDEOH�FRQWURO�ELW 
� 7/%�SUH�IHWFK 

&RQVWUDLQ˖ 
����<89���������ELW�YLUWXDO�VWULGH�QHHG��E\WH�DOLJQˈ[RII�\RII�QHHG��E\WH�DOJLQ˗�  
����<89����������ELW�YLUWXDO�VWULGH�QHHG���E\WH�DOLJQˈQRW�VXSSRUW�[RII�\RII˗ 
����9HUWLFDO�VFDOH�GRZQ�RU�QRW�		�+RUL]RQWDO�EL�FXELF�VFDOH�XS�VUF��ZLGWK� ����˗� �  
� � � �9HUWLFDO�VFDOH�XS�		�+RUL]RQWDO�EL�FXELF�VFDOH�XS�VUF��ZLGWK� ����˗� �  
����9HUWLFDO�VFDOH�GRZQ�RU�QRW�		�+RUL]RQWDO�ELOLQHDU�VFDOH�XS�VUF��ZLGWK� ����˗� �  

9HUWLFDO�VFDOH�XS�		�+RUL]RQWDO�ELOLQHDU�VFDOH�XS�VUF��ZLGWK� ����˗�  
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%ORFN�'LDJUDP 

BUS
INF

Register file

CMD decode

DMA
(read)

Color palette/
Color fill

Dst Bitmap Process

Alpha/
ROP

Format 
convert

DMA
(write)

Src Bitmap process

SRC

Data 

Buffer

SRC Pixel 

Translation 

Rotation

Scaling Out buffer

DST

 Data 

Buffer

 DST Pixel 

Translation

Rotation

ALPHA

/ROP

DMA

Write

DMA

Read

MMUAXI
master

AHB
slave

 
&ŝŐ͘�ϭϰͲϭ�Z'�Ϯ��ůŽĐŬ��ŝĂŐƌĂŵ 

 

 
&ŝŐ͘�ϭϰͲϮ�Z'�Ϯ�ŝŶ�^K� 
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14.3 Function Description 
14.3.1 'DWD�)RUPDW 

A/X R G B

B G R A/X

A/X B G R

R G B A/X

ARGB_8888
XRGB_8888

BGRA_8888
BGRX_8888

ABGR_8888
XBGR_8888

RGBA_8888
RGBX_8888

31 24 16 8 0

R G B A

R G BAARGB_1555

RGBA_5551

G B AR

R G BA

R G B

RGBA_4444

ARGB_4444

RGB_565

15 11 05

15 04812

15 051014

15 04812

15 0611 1

31 24 16 8 0

31 24 16 8 0

31 24 16 8 0

Y03 Y02 Y01 Y00

Y07 Y06 Y05 Y04

Cr01 Cb01 Cr00 Cb00

YCbCr422-SP
YCbCr420-SP

Y03 Y02 Y01 Y00

Y07 Y06 Y05 Y04

Cb03 Cb02 Cb01 Cb00
YCbCr422-P
YCbCr420-P

Cr03 Cr02 Cr1 Cr00

31 081624

31 081624

R1 B0 G0 R0
RGB_888 

packed

31 24 16 8 0

G2 R2 B1 G1

B3 G3 R3 B2

 
&ŝŐ͘�ϭϰͲϯ�Z'��/ŶƉƵƚ��ĂƚĂ�&ŽƌŵĂƚ 

$OO�LQSXW�GDWD��GHILQHG�E\�65&B,1B)07�'67B,1B)07��DUH�FRQYHUWHG�WR�$%*5������7KH�
UHVXOWV�DUH�FRQYHUWHG�WR�WKH�RXWSXW�GDWD�IRUPDW��GHILQHG�E\�'67B287B)07�� 
14.3.2 'LWKHULQJ 
7KHUH�FRXOG�KDYH�GLWKHULQJ�RSHUDWLRQ�IRU�VRXUFH�LPDJH�ZKHQ�WKH�VRXUFH�LPDJH�IRUPDW�LV�QRW�
5*%����DQG�WKH�GHVWLQDWLRQ�IRUPDW�LV�5*%�����  
7KH�GRZQ�GLWKHULQJ�LV�GRQH�XVLQJ�'LWKHU�$OOHJUR� 
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&ŝŐ͘�ϭϰͲϰ�Z'���ŝƚŚĞƌ�ĞĨĨĞĐƚ 

14.3.3 $OSKD�PRGH 

As0

As0͛ Ags

Cs

Fd0 Cs͛

As0_͛͛

As0͛͛

SrcAlphaMode0:
1'b0: As
1'b1: 255-As

SrcGlobalAlphaMode0:
2'b00: Ags  
2'b01: As0'
2'b10: (As0'*Ags)>>8

SrcAlphaSelectMode0:
1'b0:  As0_" + (As0_">>7) 
1'b1:  As0_" 

DstFactorMode0:
3'b000: 0  
3'b001: 256
3'b010: As0''
3'b011: (256-As0'')
3'b100: Ad0''

SrcColorMode:
1'b0: Cs  
1'b1: Cs*As0''

Ad0

Ad0͛ Agd

Cd

Fs0 Cd͛

Ad0_͛͛

Ad0͛͛

DstAlphaMode0:
1'b0: Ad
1'b1: 255-Ad

DstGlobalAlphaMode0:
2'b00: Agd  
2'b01: Ad0'
2'b10: (Ad0'*Agd)>>8

DstAlphaSelectMode0:
1'b0:  Ad0_" + (Ad0_">>7) 
1'b1:  Ad0_" 

DstColorMode0:
1'b0: Cd  
1'b1: Cd*Ad0''

(SrcPer-pixelAlphaValue) (DstPer-pixelAlphaValue)

(SrcGlobalAlphaValue) (DstGlobalAlphaValue)

SrcFactorMode0:
3'b00: 0  
3'b01: 256
3'b10: Ad0''
3'b11: (256-Ad0'')
3'b100: As0''

(1)   Cd'*Fd0Cs'*Fs0Cd � 
(Cd ± dst color, Fs0 ± color src factor0, &V¶�± VUF�FRORU¶, Fd0 ± color dst factor0, &G¶�± GVW�FRORU¶)  
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As1

As1͛ Ags

Fd1

As1_͛͛

As1͛͛

SrcAlphaMode1:
1'b0: As
1'b1: 255-As

SrcGlobalAlphaMode1:
2'b00: Ags  
2'b01: As1'
2'b10: (As1'*Ags)>>8

SrcAlphaSelectMode1:
1'b0:  As1_" + (As1_">>7) 
1'b1:  As_" 

DstFactorMode1:
3'b000: 0  
3'b001: 256
3'b010: As1''
3'b011: (256-As1'')
3'b100: Ad1''

Ad1

Ad1͛ Agd

Fs1

Ad1_͛͛

Ad1͛͛

DstAlphaMode1:
1'b0: Ad
1'b1: 255-Ad

DstGlobalAlphaMode1:
2'b00: Agd  
2'b01: Ad1'
2'b10: (Ad1'*Agd)>>8

DstAlphaSelectMode:
1'b0:  Ad_" + (Ad_">>7) 
1'b1:  Ad_" 

(SrcPer-pixelAlphaValue) (DstPer-pixelAlphaValue)

(SrcGlobalAlphaValue) (DstGlobalAlphaValue)

SrcFactorMode1:
3'b000: 0  
3'b001: 256
3'b010: Ad1''
3'b011: (256-Ad1'')
3'b100: As1''

(2)    "1*1"1*1 AdFdAsFsAd � 
(Ad ± dst alpha, Fs1 ± alpha src factor1, As1¶¶�± VUF�DOSKD¶¶, Fd1 ± alpha dst factor1, Ad1¶�± GVW�DOSKD¶¶)  

&ŝŐ͘�ϭϰͲϱ�ĂůƉŚĂ�ŵŽĚĞ�ĐŽŶĨŝŐƵƌĞ�ĚĞƐĐƌŝƉƚŝŽŶ 
14.3.4 &RORU�ILOO�  
7ZR�PRGHV�RI�FRORU�ILOO�FDQ�EH�GRQH�E\�5*$��VROLG�ILOO�DQG�JUDGLHQW�ILOO� 

 
&ŝŐ͘�ϭϰͲϲ�Z'��'ƌĂĚŝĞŶƚ�&ŝůů 

*UDGLHQW�ILOO�XVLQJ�IROORZLQJ�HTXDWLRQV�IRU�$5*%�FDOFXODWLRQ�RI�HYHU\�SL[HO�LQ�GLIIHUHQW�
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FRRUGLQDU\��  
$BFXU� ��$BVWDUW���[[B$BJUDGLHQW���\\B$BJUDGLHQW� 
5BFXU� ��5BVWDUW���[[B5BJUDGLHQW���\\B5BJUDGLHQW� 
*BFXU� ��*BVWDUW���[[B*BJUDGLHQW���\\B*BJUDGLHQW� 
%BFXU� ��%BVWDUW���[[B%BJUDGLHQW���\\B%BJUDGLHQW� 
$BVWDUW��5BVWDUW��*BVWDUW��%BVWDUW�LV�WKH�$5*%�YDOXH�RI�VWDUW�SRLQW��7KHUH�DUH�IRXU�SDLUV�RI�
YDOXHV�IRU�KRUL]RQWDO�DQG�YHUWLFDO�JUDGLHQW��6DWXUDWLRQ�RSHUDWLRQ�FRXOG�EH�HQDEOHG�RU�
GLVDEOHG�LI�WKH�FRORU�RYHUIORZV�����RU�XQGHUIORZV��� 
14.3.5 6FDOLQJ 
7KH�VFDOLQJ�RSHUDWLRQ�LV�WKH�LPDJHUHVL]LQJ�SURFHVVLQJ�RI�VRXUFH�LPDJH��6FDOLQJ�LV�GRQH�EDVH�
RQ�$5*%�����IRUPDW� 
7KHUH�DUH�WKUHH�VDPSOLQJ�PRGHV��VFDOH�GRZQ��$YHUDJH���VFDOH�XS�%L�FXELF�� 
14.3.6 11�TXDQWL]H 
7KH�11�TXDQWL]H�LV�IRU�11�SUHBSURFHVV�XVLQJ��7KH�IXQFWLRQ�LV�&/,3��VRXUFH���RIIVHW���
VFDOH��IRU�5�*�%�FKDQQHO��:KHQ�XVH�WKLV�IXQFWLRQ��WKH�VLJQDO�VZBGVWBQQBTXDQWL]HBHQ�DQG�
UHJ�11B48$17,=(B6&$/(��11B48$17,=(B2))6(7�QHHG�EH�FRQILJXUHG� 
14.3.7 Y4 output format and FloydȈ6WHLQEHUJ�dither 

The Y4 output IRUPDW�and FloydȌ6WHLQEHUJ�dither is used for Eink panel. RGA supports 5*%����
RU�����WR�<��GLUHFWO\��,Q�WKLV�PRGH��VLJQDO�VZBGVWBIPWB\�BHQ�QHHGV�VHW�WR����7KHUH�LV�D����
VHJPHQWV�/87�FRXOG�EH�XVHG�LQ�<��RXWSXW�PRGH��UHJ�LV�5*$�B'67B<�0$3B/87��DQG�
5*$�B'67B<�0$3B/87��� 
RGA also supports 5*%����RU�����GLWKHU�WR�<���,Q�WKLV�PRGH��WKH�VLJQDOV�
VZBGVWBIPWB\�BHQ��VZBGLWKHUBGRZQ��VZBGLWKHUBPRGH�QHHG�EH�FRQILJXUHG� 
QRWH��,I�VZBGLWKHUBPRGH�LV�VHW�<��WR�<��PRGH��WKH�RXWSXW�IRUPDW�LV�VWLOO�<��IRUPDW�
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14.4 Register description 
14.4.1 5HJLVWHU�6XPPDU\� �  
6ODYH�DGGUHVV�FDQ�EH�GLYLGHG�LQWR�GLIIHUHQW�OHQJWK�IRU�GLIIHUHQW�XVDJH��ZKLFK�LV�VKRZQ�DV�
IROORZV��  

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

5*$�B6<6B&75/ �[���� : 0x00000044  5*$�V\VWHP�FRQWURO�UHJLVWHU 
5*$�B&0'B&75/ �[���� : 0x00000000  5*$�FRPPDQG�FRQWURO�UHJLVWHU 

5*$�B&0'B%$6( �[���� : 0x00000000  5*$�FRPPDQG�FRGHV�EDVH�DGGUHVV�UHJLVWHU 
5*$�B67$786� �[���& : 0x00000000  5*$�VWDWXV�UHJLVWHU 
5*$�B,17 �[���� : 0x00000000  5*$�LQWHUUXSW�UHJLVWHU 
5*$�B008B&75/� �[���� : 0x00000000  5*$�008�FRQWURO���UHJLVWHU 
5*$�B008B&0'B%$6( �[���� : 0x00000000  5HJLVWHU�����'HVFULSWLRQ 
5*$�B67$786� �[���& : 0x00000000  5*$�VWDWXV�UHJLVWHU 
5*$�B:25.B&17 �[���� : 0x00000000  5*$�ZRUN�FRXQWHU 

5*$�B9(56,21B,1)2 �[���� : 0x03256726  57/�YHUVLRQ�DQG� �)3*$�YHUVLRQ�LQIRUPDWLRQ 
5*$�B3(5)B/$7(1&<B&7
5/� �[���� : 0x00000024  $[L�SHUIRUPDQFH�ODWHQF\�PRGXOH�FRQWURO�UHJLVWHU��  
5*$�B3(5)B/$7(1&<B&7
5/� �[���� : 0x00000021  $[L�SHUIRUPDQFH�ODWHQF\�PRGXOH�FRQWURO�UHJLVWHU� 
5*$�B3(5)B5'B0$;B/$7
(1&<B180� �[���� : �[�������� 5HDG�PD[�ODWHQF\�QXPEHU�  

5*$�B3(5)B5'B/$7(1&<
B6$03B180 �[���& : �[�������� 7KH�QXPEHU�RI�ELJJHU�WKDQ�FRQILJXUHG�WKUHVKROG�YDOXH�  
5*$�B3(5)B5'B/$7(1&<
B$&&B680 �[���� : �[�������� 7RWDO�VDPSOH�QXPEHU�  

5*$�B3(5)B5'B$;,B727
$/B%<7( �[���� : �[�������� SHUIBUGBD[LBWRWDOBE\WH�  

5*$�B3(5)B:5B$;,B727
$/B%<7( �[���� : �[�������� SHUIBZUBD[LBWRWDOBE\WH�  

5*$�B3(5)B:25.,1*B&
17 �[���& : �[�������� SHUIBZRUNLQJBFQW�  

5*$�B'67B&6&B�� �[���� : 0x000000bc  VZBGVWBFVFBPRGH>�@ �
E��XVHG�FVF�IDFWRU�  

5*$�B'67B&6&B�� �[���� : 0x00000274  VZBGVWBFVFBPRGH>�@ �
E��XVHG�FVF�IDFWRU�  

5*$�B'67B&6&B�� �[���� : 0x00000040  VZBGVWBFVFBPRGH>�@ �
E��XVHG�FVF�IDFWRU�  

5*$�B'67B&6&B2))� �[���& : 0x00004200  VZBGVWBFVFBPRGH>�@ �
E��XVHG�FVF�IDFWRU�  

5*$�B'67B&6&B�� �[���� : 0x00000798  VZBGVWBFVFBPRGH>�@ �
E��XVHG�FVF�IDFWRU�  

5*$�B'67B&6&B�� �[���� : 0x000006a4  VZBGVWBFVFBPRGH>�@ �
E��XVHG�FVF�IDFWRU�  

5*$�B'67B&6&B�� �[���� : 0x000001c0  VZBGVWBFVFBPRGH>�@ �
E��XVHG�FVF�IDFWRU�  

5*$�B'67B&6&B2))� �[���& : 0x00020200  VZBGVWBFVFBPRGH>�@ �
E��XVHG�FVF�IDFWRU�  

5*$�B'67B&6&B�� �[���� : 0x000001c0  VZBGVWBFVFBPRGH>�@ �
E��XVHG�FVF�IDFWRU�  
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

5*$�B'67B&6&B�� �[���� : 0x00000668  VZBGVWBFVFBPRGH>�@ �
E��XVHG�FVF�IDFWRU�  

5*$�B'67B&6&B�� �[���� : 0x000007d8  VZBGVWBFVFBPRGH>�@ �
E��XVHG�FVF�IDFWRU�  

5*$�B'67B&6&B2))� �[���& : 0x00020200  VZBGVWBFVFBPRGH>�@ �
E��XVHG�FVF�IDFWRU�  
5*$�B02'(B&75/ �[���� : �[�������� 5*$�PRGH�FRQWURO�UHJLVWHU 
5*$�B65&B,1)2 �[���� : �[�������� 5*$�VRXUFH�LQIRUPDWLRQ�UHJLVWHU 

5*$�B65&B%$6(� �[���� : �[�������� 5*$�VRXUFH�LPDJH�<�5*%�EDVH�DGGUHVV�UHJLVWHU 

5*$�B65&B%$6(� �[���& : �[�������� 5*$�VRXUFH�LPDJH�&E�&EU�EDVH�DGGUHVV�UHJLVWHU 

5*$�B65&B%$6(� �[���� : �[�������� 5*$�VRXUFH�LPDJH�&U�EDVH�DGGUHVV�UHJLVWHU 

5*$�B65&B%$6(� �[���� : �[�������� 5*$�VRXUFH�LPDJH���EDVH�DGGUHVV�UHJLVWHU 

5*$�B65&B9,5B,1)2 �[���� : �[�������� 
5*$�VRXUFH�LPDJH�YLUWXDO�VWULGH���
5*$�VRXUFH�LPDJH�WLOH�QXPEHU�
UHJLVWHU 

5*$�B65&B$&7B,1)2 �[���& : �[�������� 5*$�VRXUFH�LPDJH�DFWLYH�ZLGWK�KHLJKW�UHJLVWHU 

5*$�B65&B;B)$&725 �[���� : �[�������� 5*$�VRXUFH�LPDJH�KRUL]RQWDO�VFDOLQJ�IDFWRU 

5*$�B65&B<B)$&725 �[���� : �[�������� 5*$�VRXUFH�LPDJH�YHUWLFDO�VFDOLQJ�IDFWRU 

5*$�B65&B%*B&2/25 �[���� : �[�������� 5*$�VRXUFH�LPDJH�EDFNJURXQG�FRORU 

5*$�B65&B)*B&2/25 �[���& : �[�������� 5*$�VRXUFH�LPDJH�IRUHJURXQG�FRORU 

5*$�B65&B75B&2/25� �[���� : �[�������� 5*$�VRXUFH�LPDJH�WUDQVSDUHQF\�FRORU�PLQ�YDOXH 

5*$�B&3B*5B$ �[���� : �[�������� 5*$�FRORU�JUDGLHQW�ILOO�VWHS�UHJLVWHU��FRORU�ILOO�PRGH� 

5*$�B65&B75B&2/25� �[���� : �[�������� 5*$�VRXUFH�LPDJH�WUDQVSDUHQF\�FRORU�PD[�YDOXH 

5*$�B&3B*5B% �[���� : �[�������� 5*$�FRORU�JUDGLHQW�ILOO�VWHS�UHJLVWHU��FRORU�ILOO�PRGH� 
5*$�B'67B,1)2 �[���� : �[�������� 5*$�GHVWLQDWLRQ�IRUPDW�UHJLVWHU 

5*$�B'67B%$6(� �[���& : �[�������� 5*$�GHVWLQDWLRQ�LPDJH�EDVH�DGGUHVV���UHJLVWHU 

5*$�B'67B%$6(� �[���� : �[�������� 5*$�GHVWLQDWLRQ�LPDJH�EDVH�DGGUHVV���UHJLVWHU 

5*$�B'67B%$6(� �[���� : �[�������� 5*$�GHVWLQDWLRQ�LPDJH�EDVH�DGGUHVV���UHJLVWHU 

5*$�B'67B9,5B,1)2 �[���� : �[�������� 5*$�GHVWLQDWLRQ�LPDJH�YLUWXDO�ZLGWK�KHLJKW�UHJLVWHU 

5*$�B'67B$&7B,1)2 �[���& : �[�������� 5*$�GHVWLQDWLRQ�LPDJH�DFWLYH�ZLGWK�KHLJKW�UHJLVWHU 
5*$�B$/3+$B&75/� �[���� : �[�������� $OSKD�FRQWURO�UHJLVWHU�� 
5*$�B$/3+$B&75/� �[���� : �[�������� 5HJLVWHU�����'HVFULSWLRQ 
5*$�B)$',1*B&75/ �[���� : �[�������� )DGLQJ�FRQWURO�UHJLVWHU 
5*$�B3$7B&21 �[���& : �[�������� 3DWWHUQ�VL]H�RIIVHW�UHJLVWHU 
5*$�B523B&21� �[���� : 0x76543210  523�FRGH���FRQWURO�UHJLVWHU 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

5*$�B&3B*5B* �[���� : 0x76543210  5*$�FRORU�JUDGLHQW�ILOO�VWHS�UHJLVWHU��FRORU�ILOO�PRGH� 
5*$�B'67B<�0$3B/87� �[���� : 0x76543210  <�0$3�/87�5(*6�IURP�OXW��WR�OXW� 
5*$�B11B48$17,=(B6&
$/( �[���� : 0x36543210  4XDQWL]H�VFDOH�RI�5*%���ELW�LQWHJHU��ELW�IUDFWLRQ���a����� 
5*$�B11B48$17,=(B2)
)6(7 �[���� : 0x00000000  4XDQWL]H�RIIVHW�RI�5*%���ELW�VLJQHG����ELW�LQWHJHU� 

5*$�B&3B*5B5 �[���� : 0xfedcba98  5*$�FRORU�JUDGLHQW�ILOO�VWHS�UHJLVWHU��FRORU�ILOO�PRGH� 

5*$�B'67B<�0$3B/87� �[���� : 0xfedcba98  <�0$3�/87�5(*6�IURP�OXW��WR�OXW�� 
5*$�B523B&21� �[���� : �[�������� 523�FRGH���FRQWURO�UHJLVWHU 
5*$�B0$6.B%$6( �[���� : �[�������� 5*$�PDVN�EDVH�DGGUHVV�UHJLVWHU 
5*$�B008B&75/� �[���& : �[�������� 5*$�008�FRQWURO�UHJLVWHU�� 

5*$�B008B65&B%$6( �[���� : �[�������� 5*$�VRXUFH�008�7/%�EDVH�DGGUHVV 

5*$�B008B65&�B%$6( �[���� : �[�������� 5*$�VRXUFH��008�7/%�EDVH�DGGUHVV 

5*$�B008B'67B%$6( �[���� : �[�������� 5*$�GHVWLQDWLRQ�008�7/%�EDVH�DGGUHVV 
5*$�B008B(/6B%$6( �[���& : �[�������� 5*$�(/6(�008�7/%�EDVH�DGGUHVV 
1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV�':�
'RXEOH�:25'�����ELWV��DFFHVV�  
14.4.2 'HWDLO�5HJLVWHU�'HVFULSWLRQ 
5*$�B6<6B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:8   RO   0x0  reserved 

7   RW   0x0  
sw_rst_handsave_p 
It would save protect-rstn into initial status if long time dead in 
protect-rstn status(auto clear into '0'). 

6   RW   0x1  

sw_rst_protect_e 
Protect-rstn mode enable. 
It would be ensure all axi write/read operation into completion 
status when sw_cclk_sreset_p or sw_aclk_sreset_p valid. 

5   RW   0x0  

sw_auto_rst 
It would auto-resetn after one frame finish. 
1'b0: Disable 
1'b1: Enable 

4   RW   0x0  
sw_cclk_sreset_p 
RGA core clk domain Soft reset, write '1' to this would reset the 
RGA engine except config registers. 

3   WO   0x0  
sw_aclk_sreset_p 
RGA aclk domain Soft reset, write '1' to this would reset the RGA 
engine except config registers. 

2   WO   0x1  

sw_auto_ckg 
RGA auto clock gating enable bit 
1'b0: Disable 
1'b1: Enable 

1   WO   0x0  

sw_cmd_mode 
RGA command mode 
1'b0: Slave mode 
1'b1: Master mode 

0   
W1
C   

0x0  
sw_cmd_op_st_p 
Only used in passive (slave) control mode 

 
 
5*$�B&0'B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:13   RO   0x0  reserved 

12:3   RW   0x000  
sw_cmd_incr_num 
RGA command increment number 

2   WO   0x0  

sw_cmd_stop 
RGA command stop mode 
Command execution would stop after the current graphic 
operation finish if set this bit to 1 

1   WO   0x0  

sw_cmd_incr_valid_p 
RGA command increment valid (Auto cleared) 
When setting this bit, 
1. The total command number would increase by the 
RGA_INCR_CMD_NUM. 
2. RGA would continue running if idle. 

0   RW   0x0  

sw_cmd_line_st_p 
RGA command line fetch start (command line reset) (Auto 
cleared) 
When fetch start, the total command number would reset to 
RGA_INCR_CMD_NUM. 

 
 
5*$�B&0'B%$6(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RW   0x00000000  
sw_cmd_base 
RGA command codes base address 

 
 
5*$�B67$786��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:20   RO   0x000  
sw_cmd_total_num 
RGA command total number 

19:8   RO   0x000  
sw_cmd_cur_num 
RGA command current number 

7:1   RO   0x00  
Reserved 
Reserved 

0   RO   0x0  

sw_rga_sta 
RGA engine status 
1'b0: Idle 
1'b1: Working 

 
 
5*$�B,17�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:11   RO   0x0  reserved 

10   RW   0x0  
sw_intr_af_e 
All command finished interrupt enable 

9   RW   0x0  
sw_intr_mmu_e 
MMU interrupt enable 

8   RW   0x0  
sw_intr_err_e 
Error interrupt enable 

7   WO   0x0  
sw_intr_cf_clr 
Current command finished interrupt clear 

6   WO   0x0  
sw_intr_af_clr 
All command finished interrupt clear 

5   WO   0x0  
sw_intr_mmu_clr 
MMU interrupt clear 

4   WO   0x0  
sw_intr_err_clr 
Error interrupt clear 

3   RO   0x0  
sw_intr_cf 
Current command finished interrupt flag 

2   RO   0x0  
sw_intr_af 
All command finished interrupt flag 

1   RO   0x0  
sw_intr_mmu 
MMU interrupt 

0   RO   0x0  
sw_intr_err 
Error interrupt flag 

 
 
5*$�B008B&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:11   RW   0x000000  
Reserved 
 

10:9   RW   0x0  
sw_els_ch_priority 
The priority of this channnel 

8:7   RW   0x0  
sw_dst_ch_priority 
The priority of this channnel 

6:5   RW   0x0  
sw_src1_ch_priority 
The priority of this channnel 

4:3   RW   0x0  
sw_src_ch_priority 
The priority of this channnel 

2   RW   0x0  
sw_cmd_mmu_flush 
RGA CMD channel MMU TLB flush: 
Set 1 to this bit to flush MMU TLB, auto clear 

1   RW   0x0  

sw_cmd_mmu_en 
RGA CMD channel MMU enable 
1'b0: Disable 
1'b1: Enable 

0   RW   0x0  

sw_mmu_page_size 
RGA MMU Page table size 
1'b0: 4KB page 
1'b1: 64KB page 

 
 
5*$�B008B&0'B%$6(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:0   RW   0x0000000  
sw_mmu_cmd_base 
RGA command MMU TLB base address (word) 

 
 
5*$�B67$786��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:13   RO   0x00000  
Reserved 
 

12:11   RO   0x0  
rpp_mkram_rready 
Rpp mkram rready 

10:6   RO   0x00  
dstrpp_outbuf_rready 
Dstrpp outbuf rready 

5:2   RO   0x0  
srcrpp_outbuf_rready 
Srcrpp outbuf rready 

1   RO   0x0  
bus_error 
Bus error status 

0   RO   0x0  
rpp_error 
RPP error status 
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5*$�B:25.B&17�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:27   RW   0x00  
Reserved 
 

26:0   RO   0x0000000  
sw_work_cnt 
RGA total working counter 

 
 
5*$�B9(56,21B,1)2�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:24   RW   0x03  
major 
Used for IP structure version infomation 

23:20   RW   0x2  
minor 
Big feature change under same structure 

19:0   RW   0x56726  
svnbuild 
Rtl current svn number 

 
 
5*$�B3(5)B/$7(1&<B&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:20   RO   0x0  reserved 

19:8   RW   0x000  
sw_rd_latency_thr 
 

7:4   RW   0x2  
sw_rd_latency_id 
 

3   RW   0x0  
sw_axi_cnt_type 
 

2   RW   0x1  
sw_axi_perf_frm_type 
1'b0: Clear by software configuration 
1'b1: Clear by frame end 

1   RW   0x0  
sw_axi_perf_clr_e 
1'b0: Software clear disable 
1'b1: Software clear enalbe 

0   RW   0x0  
sw_axi_perf_work_e 
1'b0: Disable 
1'b1: Enable 

 
 
5*$�B3(5)B/$7(1&<B&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:12   RO   0x0  reserved 

11:8   RW   0x0  
sw_aw_count_id 
 

7:4   RW   0x2  
sw_ar_count_id 
 

3   RW   0x0  
sw_aw_cnt_id_type 
 

2   RW   0x0  
sw_ar_cnt_id_type 
 

1:0   RW   0x1  
sw_addr_align_type 
 

 
 
5*$�B3(5)B5'B0$;B/$7(1&<B180��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:16   RO   0x0  reserved 

15:0   RO   0x0000  
rd_max_latency_num_ch0 
Read max latency value of channel 0 

 
 
5*$�B3(5)B5'B/$7(1&<B6$03B180�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RO   0x00000000  
rd_latency_thr_num_ch0 
Read latency thr number channel 0 

 
 
5*$�B3(5)B5'B/$7(1&<B$&&B680�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RO   0x00000000  
rd_latency_acc_sum 
 

 
 
5*$�B3(5)B5'B$;,B727$/B%<7(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RW   0x00000000  
perf_rd_axi_total_byte 
 

 
 
5*$�B3(5)B:5B$;,B727$/B%<7(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RW   0x00000000  
perf_wr_axi_total_byte 
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5*$�B3(5)B:25.,1*B&17�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RW   0x00000000  
perf_working_cnt 
 

 
 
5*$�B'67B&6&B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:11   RO   0x0  reserved 

10:0   RW   0x0bc  

sw_dst_coe_00 
1bit signed+8bit factor 
Y: sw_dst_coe_00*R + sw_dst_coe_01*G + sw_dst_coe_02*B + 
sw_dst_coe_off0 

 
 
5*$�B'67B&6&B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:11   RO   0x0  reserved 

10:0   RW   0x274  

sw_dst_coe_01 
1bit signed+8bit factor 
Y: sw_dst_coe_00*R + sw_dst_coe_01*G + sw_dst_coe_02*B + 
sw_dst_coe_off0 

 
 
5*$�B'67B&6&B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:11   RO   0x0  reserved 

10:0   RW   0x040  

sw_dst_coe_02 
1bit signed+8bit factor 
Y: sw_dst_coe_00*R + sw_dst_coe_01*G + sw_dst_coe_02*B + 
sw_dst_coe_off0 

 
 
5*$�B'67B&6&B2))��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:19   RO   0x0  reserved 

18:0   RW   0x04200  

sw_dst_coe_off0 
1bit signed+8.8bit factor 
Y: sw_dst_coe_00*R + sw_dst_coe_01*G + sw_dst_coe_02*B + 
sw_dst_coe_off0 

 
 
5*$�B'67B&6&B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:11   RO   0x0  reserved 

10:0   RW   0x798  

sw_dst_coe_10 
1bit signed+8bit factor 
U: sw_dst_coe_10*R + sw_dst_coe_11*G + sw_dst_coe_12*B + 
sw_dst_coe_off1 

 
 
5*$�B'67B&6&B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:11   RO   0x0  reserved 

10:0   RW   0x6a4  

sw_dst_coe_11 
1bit signed+8bit factor 
U: sw_dst_coe_10*R + sw_dst_coe_11*G + sw_dst_coe_12*B + 
sw_dst_coe_off1 

 
 
5*$�B'67B&6&B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:11   RO   0x0  reserved 

10:0   RW   0x1c0  

sw_dst_coe_12 
1bit signed+8bit factor 
U: sw_dst_coe_10*R + sw_dst_coe_11*G + sw_dst_coe_12*B + 
sw_dst_coe_off1 

 
 
5*$�B'67B&6&B2))��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:19   RO   0x0  reserved 

18:0   RW   0x20200  

sw_dst_coe_off1 
1bit signed+8.8bit factor 
U: sw_dst_coe_10*R + sw_dst_coe_11*G + sw_dst_coe_12*B + 
sw_dst_coe_off1 

 
 
5*$�B'67B&6&B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:11   RO   0x0  reserved 

10:0   RW   0x1c0  

sw_dst_coe_20 
1bit signed+8bit factor 
V: sw_dst_coe_20*R + sw_dst_coe_21*G + sw_dst_coe_22*B + 
sw_dst_coe_off2 

 
 
5*$�B'67B&6&B���  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:11   RO   0x0  reserved 

10:0   RW   0x668  

sw_dst_coe_21 
1bit signed+8bit factor 
V: sw_dst_coe_20*R + sw_dst_coe_21*G + sw_dst_coe_22*B + 
sw_dst_coe_off2 

 
 
5*$�B'67B&6&B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:11   RO   0x0  reserved 

10:0   RW   0x7d8  

sw_dst_coe_22 
1bit signed+8bit factor 
V: sw_dst_coe_20*R + sw_dst_coe_21*G + sw_dst_coe_22*B + 
sw_dst_coe_off2 

 
 
5*$�B'67B&6&B2))��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:19   RO   0x0  reserved 

18:0   RW   0x20200  

sw_dst_coe_off2 
1bit signed+8.8bit factor 
V: sw_dst_coe_20*R + sw_dst_coe_21*G + sw_dst_coe_22*B + 
sw_dst_coe_off2 

 
 
5*$�B02'(B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:8   RW   0x000000  
Reserved 
 

7   RW   0x0  
sw_intr_cf_e 
Current command finished interrupt enable 

6   RW   0x0  

sw_gradient_sat 
Gradient saturation calculation mode 
1'b0:Clip 
1'b1:Not-clip 

5   RW   0x0  

sw_alpha_zero_key 
ARGB888 alpha zero key mode 
0x000000 would be changed to 
0x000100(RGB888)/0x0020(RGB565)for ARGB888 to 
RGBX/RGB565 color key. 
1'b0: Disable 
1'b1: Enable 

4   RW   0x0  

sw_cf_rop4_pat 
Color fill/ROP4 pattern 
1'b0: Solid color 
1'b1: Pattern color 

3   RW   0x0  

sw_bb_mode 
Bitblt mode 
1'b0: SRC + DST => DST 
1'b1: SRC + SRC1 => DST 

2:0   RW   0x0  

sw_render_mode 
RGA 2D render mode 
3'b000: Bitblt 
3'b001: Color palette 
3'b010: Rectangle fill 
3'b011: Update palette LUT/pattern ram 

 
 
5*$�B65&B,1)2�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:29   RO   0x0  reserved 

28   RW   0x0  

sw_src_yuv10_round_e 
This bit valid when RGA2E/2L support yuv 10bit picture input  
1'b0: Yuv 10bit to 8bit round disable 
1'b1: Yuv 10bit to 8bit round enable 

27   RW   0x0  

sw_src_yuv10_e 
This bit valid when RGA2E/2L support yuv 10bit picture input. 
1'b0: Yuv 10bit disable 
1'b1: Yuv 10bit enalbe 

26   RW   0x0  
sw_vsp_mode 
1'b0:By-cubic 
1'b1:Bi-linear 

25:24   RW   0x0  

sw_bic_coe_sel 
SRC bicubic scaling coefficient select 
2'b00: CATROM 
2'b01: MITCHELL 
2'b10: HERMITE 
2'b11: B-SPLINE 

23   RW   0x0  

sw_src_dither_up 
SRC dither up enable 
1'b0: Disable 
1'b1: Enable 

22:19   RW   0x0  

sw_src_trans_e 
Source transparency enable bits 
[3]: A value stencil test enable bit 
[2]: B value stencil test enable bit 
[1]: G value stencil test enable bit 
[0]: R value stencil test enable bit 

18   RW   0x0  

sw_src_trans_mode 
Source transparency mode 
1'b0: Normal stencil test (color key) 
1'b1: Inverted stencil test 

17:16   RW   0x0  

sw_src_vscl_mode 
SRC vertical scaling mode 
2'b00˖No scaling 
2'b01: Down-scaling 
2'b10: Up-scaling 

15:14   RW   0x0  

sw_src_hscl_mode 
SRC horizontal scaling mode 
2'b00˖No scaling 
2'b01: Down-scaling 
2'b10: Up-scaling 
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13:12   RW   0x0  

sw_src_mir_mode 
SRC mirror mode 
2'b00: No mirror 
2'b01: X mirror 
2'b10: Y mirror 
2'b11: X mirror + y mirror 

11:10   RW   0x0  

sw_src_rot_mode 
SRC rotation mode 
2'b00: 0 degree 
2'b01: 90 degree 
2'b10: 180 degree 
2'b11: 270 degree 

9:8   RW   0x0  

sw_src_csc_mode 
Source bitmap YUV2RGB conversion mode 
2'b00: Bypass 
2'b01: BT.601-range0(limit range) 
2'b10: BT.601-range1(full range) 
2'b11: BT.709-range0(limit range) 

7   RW   0x0  

sw_cp_endian 
Source Color palette endian swap 
1'b0: Big endian 
1'b1: Little endian 

6   RW   0x0  

sw_src_uvswap 
Source Cb-Cr swap 
1'b0: CrCb 
1'b1: CbCr 
For YVYU422 mode, UV swap 
1'b0: YVYU422(U LSB) 
1'b1: YUYV422(V LSB) 

5   RW   0x0  

sw_src_alpha_swap 
Source bitmap data alpha swap 
1'b0: ABGR 
1'b1: BGRA 

4   RW   0x0  

sw_src_rbswap 
Source bitmap data RB swap 
1'b0: BGR 
1'b1: RGB 
For YVYU422 mode, YC swap 
1'b0: YVYU422(U LSB) 
1'b1: VYUY422(Y LSB) 
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3:0   RW   0x0  

sw_src_fmt 
Source bitmap data format 
4'b0000: ABGR888 
4'b0001: XBGR888 
4'b0010: BGR packed 
4'b0100: RGB565 
4'b0101: ARGB1555 
4'b0110: ARGB4444 
4'b0111: YVYU422(U LSB) 
4'b1000: YUV422SP 
4'b1001: YUV422P 
4'b1010: YUV420SP 
4'b1011: YUV420P 
4'b1100: 1BPP (color palette) 
4'b1101: 2BPP (color palette) 
4'b1110: 4BPP (color palette) 
4'b1111: 8BPP (color palette) 

 
 
5*$�B65&B%$6(��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RW   0x00000000  
sw_src_base0 
Source image Y/RGB base address 

 
 
5*$�B65&B%$6(��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RW   0x00000000  
sw_src_base1 
Source image Cb base address (YUV422/420-P) 
Source image Cb/Cr base address (YU,V422/420-SP) 

 
 
5*$�B65&B%$6(��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RW   0x00000000  
sw_src_base2 
Source image Cr base address (YUV422/420-P) 

 
 
5*$�B65&B%$6(��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RW   0x00000000  
sw_src_base3 
Source image 1 RGB base address(source bitblt mode1) 

 
 
5*$�B65&B9,5B,1)2�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:26   RW   0x00  Reserved 

25:16   RW   0x000  
sw_mask_vir_stride 
Mask image virtual stride (words) 

15   RW   0x0  
Reserved 
Reserved 

14:0   RW   0x0000  
sw_src_vir_stride 
Src image virtual stride (words) 

 
 
5*$�B65&B$&7B,1)2�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:29   RW   0x0  
Reserved2 
Reserved 

28:16   RW   0x0000  
sw_src_act_height 
Source image active height 

15:13   RW   0x0  
Reserved1 
Reserved 

12:0   RW   0x0000  
sw_src_act_width 
Source image active width 

 
 
5*$�B65&B;B)$&725�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:16   RW   0x0000  
sw_src_hsp_factor 
Source image horizontal up-scaling factor 
=((SRC_ACT_WIDTH-1)/(DST_ACT_WIDTH-1)) * 65536 

15:0   RW   0x0000  
sw_src_hsd_factor 
Source image horizontal down-scaling factor 
=(DST_ACT_WIDTH/(SRC_ACT_WIDTH) * 65536 + 1 

 
 
5*$�B65&B<B)$&725�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:16   RW   0x0000  
sw_src_vsp_factor 
Source image vertical up-scaling factor 
=((SRC_ACT_ HEIGHT -1)/(DST_ACT_ HEIGHT -1)) * 65536 

15:0   RW   0x0000  
sw_src_vsd_factor 
Source image vertical down-scaling factor 
=(DST_ACT_ HEIGHT /(SRC_ACT_ HEIGHT) * 65536 + 1 

 
 
5*$�B65&B%*B&2/25�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RW   0x00000000  
sw_src_bg_color 
Source image background color 
("0" bit color for mono expansion.) 

 
 
5*$�B65&B)*B&2/25�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RW   0x00000000  

sw_src_fg_color 
Source image foreground color 
("1" bit color for mono expansion.) 
Color fill color, Pan color 

 
 
5*$�B65&B75B&2/25��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:24   RW   0x00  
sw_src_trans_amin 
Source image transparency color A min value 

23:16   RW   0x00  
sw_src_trans_bmin 
Source image transparency color B min value 

15:8   RW   0x00  
sw_src_trans_gmin 
Source image transparency color G min value 

7:0   RW   0x00  
sw_src_trans_rmin 
Source image transparency color R min value 

 
 
5*$�B&3B*5B$�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:16   RW   0x0000  
sw_gradient_y_a 
Y gradient value of Alpha (signed 8.8) 

15:0   RW   0x0000  
sw_gradient_x_a 
X gradient value of Alpha (signed 8.8) 

 
 
5*$�B65&B75B&2/25��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:24   RW   0x00  
sw_src_trans_amax 
Source image transparency color A max value 

23:16   RW   0x00  
sw_src_trans_bmax 
Source image transparency color B max value 

15:8   RW   0x00  
sw_src_trans_gmax 
Source image transparency color G max value 

7:0   RW   0x00  
sw_src_trans_rmax 
Source image transparency color R max value 
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5*$�B&3B*5B%�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:16   RW   0x0000  
sw_gradient_y_b 
Y gradient value of Blue (signed 8.8) 

15:0   RW   0x0000  
sw_gradient_x_b 
X gradient value of Blue (signed 8.8) 

 
 
5*$�B'67B,1)2�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:27   RO   0x0  reserved 

26   RW   0x0  

sw_dst_nn_quantize_en 
Destination output RGB quantize calculate 
1'b0: Quantize calculate disable 
1'b1: Quantize calculate enable 

25   RW   0x0  

sw_dst_fmt_y4_en 
Destination output Y channel 4bit and UV 0bit 
1'b0: Y4 out disable 
1'b1: Y4 out enable 

24   RW   0x0  

sw_dst_fmt_yuv400_en 
Destination Cb-Cr ouput disable (valid for YUV420/2 P/SP format) 
1'b0: CbCr output normal 
1'b1: CbCr output disable 

23   RO   0x0  reserved 

22   RW   0x0  

sw_src1_csc_clip 
Src1 read BGR2YUV Clip mode(RGB from 0~255 clip to 36~235) 
1'b0: Unclip 
1'b1: Clip enable 

21:20   RW   0x0  

sw_src1_csc_mode 
SRC1 read bitmap RGB2YUV conversion mode 
2'b00: Bypass 
2'b01: BT.601-range0,BT601_l, Y00,255, UV00,255 
2'b10: BT.601-range1,BT601_f, Y16,235, UV19,237 
2'b11: BT.709-range0,BT709_l, Y16,255, UV16,237 

19   RW   0x0  

sw_dst_csc_mode_2 
sw_dst_csc_mode[2]+sw_dst_csc_mode[1:0]; 
DST read bitmap CSC(r2y/y2y) conversion mode under 
sw_dst_csc_mode[2]=1'b0: 
3'b10x: 
Y: sw_dst_coe_00*R + sw_dst_coe_01*G + sw_dst_coe_02*B + 
sw_dst_coe_off0 
U: sw_dst_coe_10*R + sw_dst_coe_11*G + sw_dst_coe_12*B + 
sw_dst_coe_off1 
V: sw_dst_coe_20*R + sw_dst_coe_21*G + sw_dst_coe_22*B + 
sw_dst_coe_off2 without clip 
3'b110: Defulat BT.709-range1,BT601_f,Y16,235,UV16,240 clip 
3'b111: Defulat BT.709-range1,BT601_f,Y16,235,UV16,237 clip 

18   RW   0x0  

sw_dst_csc_clip 
Dst write RGB2YUV Clip mode(RGB from 0~255 clip to 16~235) 
1'b1: Clip enable 
1'b0: Unclip 
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17:16   RW   0x0  

sw_dst_csc_mode_01 
sw_dst_csc_mode[1:0] under sw_dst_csc_mode[2]=1'b0: 
DST read bitmap RGB2YUV conversion mode 
3'b000: Bypass 
3'b001: BT.601-range0,BT601_l,Y00,255,UV00,255 
3'b010: BT.601-range1,BT601_f,Y16,235,UV19,237 
3'b011: BT.709-range0,BT709_l,Y16,255,UV16,237 

15:14   RW   0x0  

sw_dither_mode 
DST dither down bit mode 
2'b00: 888 to 666 
2'b01: 888 to 565 
2'b10: 888 to 555 
2'b11: 888 to 444 
DST YUV dither down bit mode 
2'b00: Y8 to Y4 
others:Y8 to Y1 

13   RW   0x0  

sw_dither_down 
DST dither down enable 
1'b0: Disable 
1'b1: Enable 

12   RW   0x0  

sw_src1_dither_up 
DST/SRC1 dither up enable 
1'b0: Disable 
1'b1: Enable 

11   RW   0x0  

sw_src1_alpha_swap 
Source 1 bitmap data alpha swap 
1'b0: ABGR 
1'b1: BGRA 

10   RW   0x0  

sw_src1_rbswap 
Source 1 bitmap data RB swap 
1'b0: BGR 
1'b1: RGB 

9:7   RW   0x0  

sw_src1_fmt 
Source 1 bitmap data format 
3'b000: ABGR888 
3'b001: XBGR888 
3'b010: BGR packed 
3'b100: RGB565 
3'b101: ARGB1555 
3'b110: ARGB4444 

6   RW   0x0  

sw_dst_uvswap 
Destination Cb-Cr swap 
1'b0: CrCb 
1'b1: CbCr 
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5   RW   0x0  

sw_dst_alpha_swap 
Destination bitmap data alpha swap 
1'b0: ABGR 
1'b1: BGRA 

4   RW   0x0  

sw_dst_rbswap 
Destination bitmap data RB swap 
1'b0: BGR 
1'b1: RGB 

3:0   RW   0x0  

sw_dst_fmt 
Destination bitmap data format 
4'b0000: ABGR888 
4'b0001: XBGR888 
4'b0010: BGR packed 
4'b0100: RGB565 
4'b0101: ARGB1555 
4'b0110: ARGB4444 
when sw_dst_fmt_yuv400_en=1, YUV420/2 P/SP format will 
change to YUV400: 
4'b1000: YUV422SP 
4'b1001: YUV422P 
4'b1010: YUV420SP 
4'b1011: YUV420P 
only RGA2E has yuyv output format feature: 
4'b1100: YVYU422(U, LSB) 
4'b1101: YVYU420(U, LSB) 
4'b1110: VYUY422(Y, LSB) 
4'b1111: VYUY420(Y, LSB) 

 
 
5*$�B'67B%$6(��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RW   0x00000000  
sw_dst_base0 
Destination image Y/RGB base address 

 
 
5*$�B'67B%$6(��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RW   0x00000000  
sw_dst_base1 
Destination image Cb/CbCr base address 

 
 
5*$�B'67B%$6(��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RW   0x00000000  
sw_dst_base2 
Destination image Cr base address 
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5*$�B'67B9,5B,1)2�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RW   0x0  
Reserved2 
Reserved 

27:16   RW   0x000  
sw_src1_vir_stride 
Source image 1 virtual stride (words) 

15:12   RW   0x0  
Reserved1 
Reserved 

11:0   RW   0x000  
sw_dst_vir_stride 
Destination image virtual stride(words) 

 
 
5*$�B'67B$&7B,1)2�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RW   0x0  
Reserved2 
Reserved 

27:16   RW   0x000  
sw_dst_act_height 
Destination image active height 

15:12   RW   0x0  
Reserved1 
Reserved 

11:0   RW   0x000  
sw_dst_act_width 
Destination image active width 

 
 
5*$�B$/3+$B&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:21   RW   0x000  
Reserved 
Reserved 

20   RW   0x0  

sw_mask_endian 
ROP4 mask endian swap 
1'b0: Big endian 
1'b1: Little endian 

19:12   RW   0x00  
sw_dst_global_alpha 
Global alpha value of DST(Agd) 

11:4   RW   0x00  
sw_src_global_alpha 
Global alpha value of SRC(Ags) 
Fading value in fading mod 

3:2   RW   0x0  

sw_rop_mode 
ROP mode select 
2'b00: ROP 2 
2'b01: ROP 3 
2'b10: ROP 4 

1   RW   0x0  

sw_alpha_rop_sel 
Alpha or ROP select 
1'b0: Alpha 
1'b1: ROP 

0   RW   0x0  

sw_alpha_rop_e 
Alpha or ROP enable 
1'b0: Disable 
1'b1: Enable 

 
 
5*$�B$/3+$B&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RW   0x0  
Reserved 
Reserved 

29   RW   0x0  

sw_src_alpha_m1 
6UF�7UDQVSDUHQW�RSDTXH�RI�DOSKD�FKDQQHO��$V�¶� 
1'b0: As 
1'b1: 255-As 

28   RW   0x0  

sw_dst_alpha_m1 
'VW�7UDQVSDUHQW�RSDTXH�RI�DOSKD�FKDQQHO��$G�¶� 
1'b0: Ad 
1'b1: 255-Ad 

27:26   RW   0x0  

sw_src_blend_m1 
$OSKD�VUF�EOHQG�PRGH�VHOHFW�RI�DOSKD�FKDQQHO��$V�B¶¶� 
2'b00: Ags 
�
E����$V�¶ 
�
E�����$V�¶$JV�!!� 
2'b11: reserved 

25:24   RW   0x0  

sw_dst_blend_m1 
AOSKD�GVW�EOHQG�PRGH�VHOHFW�RI�DOSKD�FKDQQHO�$G�B¶¶� 
2'b00: Agd 
�
E����$G�¶ 
�
E�����$G�¶$JG�!!� 
2'b11: reserved 

23   RW   0x0  

sw_src_alpha_cal_m1 
$OSKD�VUF�FDOFXODWH�PRGH�RI�DOSKD�FKDQQHO�$V�¶¶� 
�
E���$V�¶¶ �$V�B¶¶���$V�B¶¶!!�� 
�
E���$V�¶¶ �$V��B¶¶ 

22   RW   0x0  

sw_dst_alpha_cal_m1 
$OSKD�GVW�FDOFXODWH�PRGH�RI�DOSKD�FKDQQHO�$G�¶¶� 
�
E���$G�¶¶ �$G�B¶¶����$G�B¶¶!!�� 
�
E���$G�¶¶ �$G�B¶¶ 

21:19   RW   0x0  

w_src_factor_m1 
Src factore mode of alpha channel(Fs1) 
3'b000: 0 
3'b001: 256 
�
E�����$G�¶¶ 
3'b011: 256-$G�¶¶ 
�
E�����$V�¶¶ 

18:16   RW   0x0  

sw_dst_factor_m1 
Dst factore mode of alpha channel(Fd1) 
3'b000: 0 
3'b001: 256 
�
E�����$V�¶¶ 
3'b011: 256-$V�¶¶ 
�
E�����$G�¶¶ 
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15   RW   0x0  

sw_src_alpha_m0 
6UF�7UDQVSDUHQW�RSDTXH�RI�FRORU�FKDQQHO��$V�¶� 
1'b0: As 
1'b1: 255-As 

14   RW   0x0  

sw_dst_alpha_m0 
'VW�7UDQVSDUHQW�RSDTXH�RI�FRORU�FKDQQHO��$G�¶� 
1'b0: Ad 
1'b1: 255-Ad 

13:12   RW   0x0  

sw_src_blend_m0 
$OSKD�VUF�EOHQG�PRGH�VHOHFW�RI�FRORU�FKDQQHO��$V�B¶¶� 
2'b00: Ags 
�
E����$V�¶ 
�
E�����$V�¶$JV�!!� 
2'b11: Reserved 

11:10   RW   0x0  

sw_dst_blend_m0 
$OSKD�GVW�EOHQG�PRGH�VHOHFW�RI�FRORU�FKDQQHO�$G�B¶¶� 
2'b00: Agd 
�
E����$G�¶ 
�
E�����$G�¶$JG�!!� 
2'b11: Reserved 

9   RW   0x0  

sw_src_alpha_cal_m0 
$OSKD�VUF�FDOFXODWH�PRGH�RI�FRORU�FKDQQHO�$V�¶¶� 
�
E���$V�¶¶ �$V�B¶¶���$V�B¶¶!!�� 
�
E���$V�¶¶ �$V��B¶¶ 

8   RW   0x0  

sw_dst_alpha_cal_m0 
$OSKD�GVW�FDOFXODWH�PRGH�RI�FRORU�FKDQQHO�$G�¶¶� 
�
E���$G�¶¶ �$G�B¶¶����$G�B¶¶!!�� 
�
E���$G�¶¶ �$G�B¶¶ 

7:5   RW   0x0  

sw_src_factor_m0 
Src factore mode of color channel(Fs0) 
3'b000: 0 
3'b001: 256 
�
E�����$G�¶¶ 
3'b011: 256-$G�¶¶ 
�
E�����$V�¶¶ 

4:2   RW   0x0  

sw_dst_factor_m0 
Dst factore mode of color channel(Fd0) 
3'b000: 0 
3'b001: 256 
�
E�����$V�¶¶ 
3'b011: 256-$V�¶¶ 
�
E�����$G�¶¶ 

1   RW   0x0  

sw_src_color_m0 
65&�FRORU�VHOHFW�&V¶� 
1'b0: Cs 
�
E���&V��$V�¶¶ 
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0   RW   0x0  

sw_dst_color_m0 
65&�FRORU�VHOHFW�&G¶� 
1'b0: Cd 
�
E���&G��$G�¶¶ 

 
 
5*$�B)$',1*B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:25   RW   0x00  
Reserved 
Reserved 

24   RW   0x0  
sw_fading_en 
Fading enable 

23:16   RW   0x00  
sw_fading_offset_b 
Fading offset B value 

15:8   RW   0x00  
sw_fading_offset_g 
Fading offset G value 
(Pattern total number when pattern loading) 

7:0   RW   0x00  
sw_fading_offset_r 
Fading offset R value 
(Start point of pattern ram in pattern mode) 

 
 
5*$�B3$7B&21�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:24   RW   0x00  
sw_pat_offset_y 
Pattern y offset 

23:16   RW   0x00  
sw_pat_offset_x 
Pattern x offset 

15:8   RW   0x00  
sw_pat_height 
Pattern height 

7:0   RW   0x00  
sw_pat_width 
Pattern width 

 
 
5*$�B523B&21��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:25   RW   0x3b  
Reserved 
Reserved 

24:0   RW   0x0543210  
sw_rop3_code0 
Rop3 code 0 control bits 

 
 
5*$�B&3B*5B*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:16   RW   0x7654  
sw_gradient_y_g 
Y gradient value of Green (signed 8.8) 

15:0   RW   0x3210  
sw_gradient_x_g 
X gradient value of Green (signed 8.8) 

 
 
5*$�B'67B<�0$3B/87��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RW   0x76543210  
sw_dst_y4map_lut0 
Y4 lut from lut0 to lut7 

 
 
5*$�B11B48$17,=(B6&$/(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:20   RW   0x365  
sw_nn_quantize_scale_b 
Quantize scale of Blue (2bit integer+8bit fraction, 0--3.99) 

19:10   RW   0x10c  
sw_nn_quantize_scale_g 
Quantize scale of Green (2bit integer+8bit fraction, 0--3.99) 

9:0   RW   0x210  
sw_nn_quantize_scale_r 
Quantize scale of Red (2bit integer+8bit fraction, 0--3.99) 

 
 
5*$�B11B48$17,=(B2))6(7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:29   RO   0x0  reserved 

28:20   RW   0x000  
sw_nn_quantize_offset_b 
Quantize offset of Blue(1bit signed + 8bit integer) 

19   RO   0x0  reserved 

18:10   RW   0x000  
sw_nn_quantize_offset_g 
Quantize offset of Green (1bit signed + 8bit integer) 

9   RO   0x0  reserved 

8:0   RW   0x000  
sw_nn_quantize_offset_r 
Quantize offset of Red(1bit signed + 8bit integer) 

 
 
5*$�B&3B*5B5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:16   RW   0xfedc  
sw_gradient_y_r 
Y gradient value of Red(signed 8.8) 

15:0   RW   0xba98  
sw_gradient_x_r 
X gradient value of Red(signed 8.8) 
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5*$�B'67B<�0$3B/87��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RW   0xfedcba98  
sw_dst_y4map_lut1 
Y4 lut from lut8 to lut15 

 
 
5*$�B523B&21��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:25   RW   0x7f  
Reserved 
Reserved 

24:0   RW   0x0dcba98  
sw_rop3_code1 
Rop3 code 1 control bits 

 
 
5*$�B0$6.B%$6(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RW   0x00000000  
sw_mask_base 
Mask base address in ROP4 mode 
LUT/ pattern load base address 

 
 
5*$�B008B&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:14   RW   0x00000  
Reserved 
 

13   RW   0x0  
sw_els_mmu_flush 
RGA ELSE channel MMU TLB flush 
Set 1 to this bit to flush MMU TLB, auto clear. 

12   RW   0x0  

sw_els_mmu_en 
RGA ELSE channel MMU enable 
1'b0: Disable 
1'b1: Enable 

11   RW   0x0  
sw_dst_mmu_prefetch_dir 
1'b0: Forward 
1'b1: Backward 

10   RW   0x0  
sw_dst_mmu_prefetch_en 
1'b0: Disable 
1'b1: Enable 

9   RW   0x0  
sw_dst_mmu_flush 
RGA DST channel MMU TLB flush 
Set 1 to this bit to flush MMU TLB, auto clear. 

8   RW   0x0  

sw_dst_mmu_en 
RGA DST channel MMU enable 
1'b0: Disable 
1'b1: Enable 

7   RW   0x0  
sw_src1_mmu_prefetch_dir 
1'b0: Forward 
1'b1: Backward 

6   RW   0x0  
sw_src1_mmu_prefetch_en 
1'b0: Disable 
1'b1: Enable 

5   RW   0x0  
sw_src1_mmu_flush 
RGA SRC1 channel MMU TLB flush 
Set 1 to this bit to flush MMU TLB, auto clear. 

4   RW   0x0  

sw_src1_mmu_en 
RGA SRC1 channel MMU enable 
1'b0: Disable 
1'b1: Enable 

3   RW   0x0  
sw_src_mmu_prefetch_dir 
1'b0: Forward 
1'b1: Backward 

2   RW   0x0  
sw_src_mmu_prefetch_en 
1'b0: Disable 
1'b1: Enable 

1   RW   0x0  
sw_src_mmu_flush 
RGA SRC channel MMU TLB flush 
Set 1 to this bit to flush MMU TLB, auto clear. 
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0   RW   0x0  

sw_src_mmu_en 
RGA SRC channel MMU enable 
1'b0: Disable 
1'b1: Enable 

 
 
5*$�B008B65&B%$6(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:0   RW   0x0000000  
sw_mmu_src_base 
RGA source MMU TLB base address (128-bit) 

 
 
5*$�B008B65&�B%$6(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:0   RW   0x0000000  
sw_mmu_src1_base 
RGA source1 MMU TLB base address (128-bit) 

 
 
5*$�B008B'67B%$6(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:0   RW   0x0000000  
sw_mmu_dst_base 
RGA destination MMU TLB base address (128-bit) 

 
 
5*$�B008B(/6B%$6(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:0   RW   0x0000000  
sw_mmu_els_base 
RGA destination MMU TLB base address (128-bit) 

 
14.5 Application Notes 
14.5.1 5HJLVWHU�3DUWLWLRQ 
7KHUH�DUH�WZR�W\SHV�RI�UHJLVWHU�LQ�5*$��7KH�ILUVW���UHJLVWHUV���[�����[�&��DUH�JHQHUDO�
UHJLVWHUV�IRU�V\VWHP�FRQILJXUDWLRQ�LQFOXGLQJ�FRPPDQG�PRGH��FRPPDQG�SDUDPHWHU��5*$�
VWDWXV��JHQHUDO�LQWHUUXSWV��7KH�RWKHU�UHJLVWHUV��IURP��[�����DUH�FRPPDQG�UHJLVWHUV�IRU�
FRPPDQG�FRGHV� 

Op_reg

0x000
...

0x010
0x100

...

0x17C

Sys_reg

 
&ŝŐ͘�ϭϰͲϳ�Z'��ƐŽĨƚǁĂƌĞ�ŵĂŝŶ�ƌĞŐŝƐƚĞƌͲƌĞŐŝŽŶ 
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14.5.2 &RPPDQG�0RGHV 
5*$�KDV�WZR�FRPPDQG�PRGHV��VODYH�PRGH�DQG�PDVWHU�PRGH��,Q�VDOYH�PRGH�
�5*$B6<6B&75/>�@� ��¶E�����'�JUDSKLF�FRPPDQG�RQO\�FRXOG�EH�UXQ�RQH�E\�RQH��&38�VHW�DOO�
WKH�FRPPDQG�UHJLVWHUV�LQ�5*$�DQG�WKHQ�VWDUW�5*$�UXQQLQJ�E\�VHWWLQJ�5*$B6<6B&75/>�@�WR�
µ�¶��,Q�PDVWHU�PRGH��5*$B6<6B&75/>�@� ��¶E�����'�JUDSKLF�FRPPDQGV�FRXOG�EH�UXQ�
VHTXHQWLDOO\��$IWHU�VHWWLQJ�FRPPDQG¶V�QXPEHU�WR�5*$B&0'B&75/>����@��ZULWLQJ�µ�¶�WR�
5*$B&0'B&75/>�@�ZLOO�VWDUW�WKH�FRPPDQG�IHWFK��WKHQ�,QWHUQDO�FRPPDQG�'0$�IHWFK�
FRPPDQGV�IURP�H[WHUQDO�FRPPDQG�OLQH� 
&RPPDQG�OLQH�LV�D�FROOHFWLRQ�RI�VHYHUDO�FRPPDQG�FRGHV�ZLWK�FRQWLQXRXV�DGGUHVV��$W�WKH�ILUVW�
VWDUW��WKH�FRPPDQG�VWDUW�DGGUHVV��5*$B&0'B$''5��DQG�FRPPDQG�QXPEHU�
�5*$B&0'B&75/>����@��VKRXOG�EH�VHW��WKHQ�ZULWH�µ�¶�WR�FPGBOLQHBVW��5*$B&0'B&75/>�@��
WR�VWDUW�WKH�FRPPDQG�OLQH�IHWFK��,QFUHPHQWDO�FRPPDQG�LV�VXSSRUWHG�E\�VHWWLQJ�
FPGBLQFUBQXP��5*$B&0'B&75/>����@��DQG�FPGBLQFUBYDOLG��5*$B&0'B&75/>�@ �¶E��� 

Command 1 ... Command m Command 
m+1 ... Command 

m+n
Command 

m+n+1 ... Command 
m+n+k

Task 1 Task 2 Task 3

Command start addr
Command incr number = m

Command 
line 1

0 1 ... m m+1 ... m+n m+n+1 ...

Command incr number = n Command incr number = k

Command 
counter

m m+n m+n+kCommand 
total number

  
&ŝŐ͘�ϭϰͲϴ�Z'��ĐŽŵŵĂŶĚ�ůŝŶĞ�ĂŶĚ�ĐŽŵŵĂŶĚ�ĐŽƵŶƚĞƌ 

14.5.3 &RPPDQG�6\QF 
,Q�VODYH�FRPPDQG�PRGH��FRPPDQG�V\QF�LV�FRQWUROOHG�E\�&38� 
,Q�PDVWHU�FRPPDQG�PRGH��XVHU�FDQ�HQDEOH�WKH�FXUUHQWBFPGBLQW��VZBLQWUBFI���FRPPDQG�E\�
FRPPDQG�WR�JHQHUDWH�D�LQWHUUXSW�DW�WKH�HQG�SRLQW�RI�WDUJHW�FRPPDQG�RSHUDWLRQ��  

Command 1 Run time
Command 2
(Intr enable) Run time

Command 3
(Intr disable) Run time

Command 4
(Intr enable) Run time Command 5 Run time

Interrupt

sync sync  
&ŝŐ͘�ϭϰͲϵ�Z'��ĐŽŵŵĂŶĚ�ƐǇŶĐ�ŐĞŶĞƌĂƚŝŽŶ 

14.5.4 &RORU3DOHWWH�$SSOLFDWLRQ�1RWHV 
���3DOHWWH�/87�/RDG�LQWR�VSHFLDO�5$0�LQ�(/6B%8)B&75/� 
���&RORU3DOHWWH�3DWWHUQ�LQWHUYDO�RSHUDWLRQV�QR�QHHG�WR�LQLWLDO�LUT/pattern ram if LUT/pattern 
content no update� 
14.5.5 6RPH�VSHFLDO�DSSOLFDWLRQ�FRQVWUDLQW�  
���7KH�DOJRULWKP�RI�YHUWLFDO�VFDOH�XS��PXVW�VHOHFW�ELFXELF�DOJRULWKP�ZKHQ�VRXUFH�SLFWXUH�LV�
VPDOOHU�RU�HTXDO�WR��N�DQG�PXVW�VHOHFW�ELOLQHDU�ZKHQ�ELJJHU�WKDQ��N� 
���7KH�HIIHFWV�WKDW�7KH�RXWSXW¶V�GHILQLWLRQ�LV�QHDU��N�RU��N�PD\�QRW�YHU\�ZHOO�ZKHQ�DW�WKH�
VFHQDULR�WKDW�WKH�YHUWLFDO�VLGH�LV�VFDOH�XS�DQG�WKH�KRUL]RQWDO�LV�VFDOH�GRZQ�ZLWKLQ�UDQJH�RI�
���VXFK�DV�����[��Æ2008x64). 
���$W�WKH�VFHQDULR�$�%�!&��WKH�VL]H�DPRQJ�WKH�$�%�&�KDV�VRPH�FRQVWUDLQWV� 
$¶V�VL]H�PXVW�EH�HTXDO�WR�&��&¶V�VL]H�PXVW�HTXDO�WR�%�ZKHQ�$�&�LV�QR�URWDWLRQ��&¶V�URWDWLRQ�
���GHJUHH��VL]H�PXVW�HTXDO�WR�%��ZKHQ�$�&�LV�URWDWLRQ����GHJUHH� 
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A

C

B

B1OR

 
&ŝŐ͘�ϭϰͲϭϬ�dŚĞ�ƐŝǌĞ�ĐŽŶƐƚƌĂŝŶƚ�ĂŵŽŶŐ�������  

���<89���������ELW�YLUWXDO�VWULGH�QHHG��E\WH�DOLJQ��[RII�\RII�QHHG��E\WH�DOLJQ��  
���<89����������ELW�YLUWXDO�VWULGH�QHHG���E\WH�DOLJQˈQRW�VXSSRUW�[RII�\RII� 
���9HUWLFDO�VFDOH�GRZQ�RU�QRW�		�+RUL]RQWDO�EL�FXELF�VFDOH�XS�VUF��ZLGWK� ������ �  
9HUWLFDO�VFDOH�XS�		�+RUL]RQWDO�EL�FXELF�VFDOH�XS�VUF��ZLGWK� ������  
���9HUWLFDO�VFDOH�GRZQ�RU�QRW�		�+RUL]RQWDO�ELOLQHDU�VFDOH�XS�VUF��ZLGWK� ����� 
9HUWLFDO�VFDOH�XS�		�+RUL]RQWDO�ELOLQHDU�VFDOH�XS�VUF��ZLGWK� ������ �  
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Chapter 15 Image Enhancement Processor˄IEP˅ 
15  

15.1 Overview 
7KH�,PDJH�(QKDQFHPHQW�3URFHVVRU��,(3��UHFHLYHV�GDWD�IURP�V\VWHP�PDLQ�PHPRU\�DQG�
WUDQVPLWV�GDWD�WR�V\VWHP�PDLQ�PHPRU\�E\�$;,�EXV� 
7KH�IHDWXUHV�RI�,(3�DUH�DV�IROORZV� 
z ,PDJH�IRUPDW 

� ,QSXW�GDWD��<89����<89�����VHPL�SODQDU�SODQDU��89�VZDS 
� 2XWSXW�GDWD��<89����<89�����VHPL�SODQDU��89�VZDS��7LOH�PRGH 
� <89�GRZQ�VDPSOLQJ�FRQYHUVLRQ�IURP�����WR���� 
� 0D[�UHVROXWLRQ�IRU�G\QDPLF�LPDJH�XS�WR�����[���� 

z 'H�LQWHUODFH 
� ,�2���,QSXW���)LHOGV�2XWSXW���IUDPHV�PRGH 
� ,�2�7��,QSXW���)LHOGV�2XWSXW���7RS�IUDPH�PRGH 
� ,�2�%��,QSXW���)LHOGV�2XWSXW���%RWWRP�IUDPH�PRGH 
� ,�2���,QSXW���)LHOGV�2XWSXW���IUDPHV�PRGH 
� ,�2�7��,QSXW���)LHOG�2XWSXW���7RS�IUDPH�PRGH 
� ,�2�%��,QSXW���)LHOG�2XWSXW���%RWWRP�IUDPH�PRGH 
� 38//'2:1B5(&��3XOO�GRZQ�5HFRYHU\�PRGH 
� '(7(&7B21/<��'HWHFW�2QO\�PRGH 
� 09+,67��'H�LQWHUODFH�09�+LVWRJUDP�  
� 0'��0RWLRQ�'HWHFWLRQ 
� 0(��0RWLRQ�(VWLPDWH 
� 0&��0RWLRQ�&RPSHQVDWLRQ 
� ((',��(QKDQFHG�(GJH�EDVHG�,QWHUSRODWLRQ 
� 26'�'(7(&7��2Q�6FUHHQ�'LVSOD\�'HWHFWLRQ�  
� ))�'(7(&7��)UDPH�)LHOG�'HWHFWLRQ�  
� )2�'(7(&7��)LHOG�2UGHU�'HWHFWLRQ�  
� 3'�'(7(&7��3XOO�GRZQ�'HWHFWLRQ�  
� &&��&RPELQLQJ�&KHFN 

z ,QWHUIDFH 
� ��ELW�$+%�EXV�VODYH 
� ���ELW�$;,�EXV�PDVWHU 
� &RPELQHG�LQWHUUXSW�RXWSXW 

�  
15.2 Block Diagram 

IEP_REG_FILE

IEP

DIL_DMAC

OUT_BUF

DIL_COREAXI BUS MMU

AMI_
RD

AMI_
WR

clk_core domainaclk  domainhclk domain

IN_BUF

BUF_CTRL

AHB BUS

 
&ŝŐ͘ϭϱͲϭ�/�W�ďůŽĐŬ�ĚŝĂŐƌĂŵ 
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7KH�GDWD�SDWK�LQ�,(3�LV�LQ�WKH�SUHYLRXVO\�GLDJUDP��7KH�,(3�FRPSULVHV�ZLWK� 
'HLQWHUODFH�&RUH�3URFHVVLQJ 
7KHUH�DUH�HLJKW�GHLQWHUODFH�PRGHV��UHIHU�WR�IHDWXUH�GHVFULSWLRQ�DERYH��LQ�WKH�',/B&25(�
EORFN��6RPH�LPSRUWDQW�IXQFWLRQV�IRU�GHLQWHUODFH�DUH�LQ�WKLV�PRGXOH�VXFK�DV�0'��0(��0&��
((',� 
'0$ 
'0$�EORFN�UHVSRQVHV�IRU�UHDGLQJ�LQWHUODFHG�YLGHR�GDWD�IURP�''5�DQG�ZULWLQJ�IUDPH�GDWD�WR�
''5��  
5(*�),/( 
$OO�FRQILJXUDEOH�VLJQDOV�ZLOO�EH�FRQILJXUHG�LQ�WKLV�EORFN�DQG�VHQG�WR�RWKHU�IXQFWLRQ�PRGXOHV�
IRU�XVLQJ��'HWHFW�GDWD�DQG�09+,67�GDWD�ZLOO�EH�UHDG�EDFN�WR�XVHU�LQ�WKLV�PRGXOH�E\�$+%�EXV��  
15.3 Function Description 
'HLQWHUODFH 
7KHUH�DUH�HLJKW�GHLQWHUODFH�PRGHV�LQFOXGLQJ�,�2���,�2�%��,�2�7��,�2���,�2�%��,�2�7�DQG�
GHWHFW�RQO\�PRGH�LQ�WKH�GHLQWHUODFH�EORFN��  
,�2��PRGH 
7KH�,�2��PRGH�UHSUHVHQWV�IRU���ILHOGV�RI�LQSXW�LPDJHV�DQG���IUDPHV�RI�RXWSXW�LPDJHV��7KLV�
PRGH�LV�WKH�PRVW�IUHTXHQWO\�XVHG��7KH�LQSXW�VRXUFH�LPDJHV�DUH�VWRUHG�DV�LQWHUODFHG�PRGH�
ZKLFK�PHDQV�WRS�ILHOG�DQG�ERWWRP�ILHOG�DUH�VWRUHG�E\�WKH�PHWKRG�WKDW�RQH�WRS�ILHOG�OLQH�
IROORZV�RQH�ERWWRP�ILHOG�RU�FRQYHUVHO\��6R��FXUUHQW��QH[W�DQG�SUHYLHZ�LQSXW�IUDPH�DGGUHVV�
�65&B$''5B&85<��65&B$''5B1;7<�DQG�65&B$''5B3(5<�IRU�<�FKDQQHO��QHHG�WR�EH�
FRQILJXUHG��7RS�IUDPH�DQG�ERWWRP�IUDPH�DGGUHVV��'67B$''5B723<��'67B$''5B%27<�IRU�<�
FKDQQHO��QHHG�WR�EH�FRQILJXUHG�IRU�RXWSXW���IUDPHV��  
,�2�%�7�PRGH 
7KH�,�2�%�DQG�,�2�7�PRGH�KDYH�WKH�VDPH�LQSXW�LPDJHV�DV�WKH�,�2��PRGH��EXW�RQO\�RQH�
IUDPH�RXWSXW�LV�JHQHUDWHG�RQFH�ZKLFK�PHDQV�RQO\�QHHG�FRQILJXUH�RQH�RXWSXW�IUDPH�
DGGUHVV�WRS�IUDPH�DGGUHVV�IRU�,�2�7�PRGH�DQG�ERWWRP�IUDPH�DGGUHVV�IRU�,�2�%�PRGH���  
,�2��PRGH 
7KH�,�2��PRGH�RQO\�QHHG�FXUUHQW�LQSXW�VRXUFH�IUDPH��RXWSXW�LV�WKH�VDPH�DV�,�2��PRGH��
7KLV�PRGH�LV�WKH�IDVWHVW�DQG�WKH�PRVW�EDQGZLGWK�VDYLQJ� 
,�2�%�7�PRGH 
7KH�,�2�%�DQG�,�2�7�PRGH�KDYH�WKH�VDPH�LQSXW�DV�,�2��PRGH�DQG�WKH�VDPH�RXWSXW�DV�
,�2�%�DQG�,�2�7�PRGH��  
%\SDVV�PRGH 
,I�E\SDVV�PRGH�LV�VHOHFWHG��WKHUH�DUH�QRW�DQ\�GHLQWHUODFH�RSHUDWLRQV��  
3XOOGRZQ�5HFRYHU\�PRGH 
,I�WKH�3XOOGRZQ�'HWHFWLRQ�EORFN�GHWHFWV�WKH�FXUUHQW�VRXUFH�LV�SXOOGRZQ�LQWHUODFH�YLGHR��,(3�
VXSSRUWV�3XOOGRZQ�5HFRYHU\�E\�VHWWLQJ�WKLV�PRGH��  
'HWHFW�2QO\�PRGH 
7KLV�PRGH�KDV�QR�RXWSXW�IUDPHV�IRU�VDYLQJ�SRZHU�DQG�EDQGZLGWK��$OO�RI�WKH�GHWHFWLRQ�UHVXOWV�
ZLOO�EH�UHDG�EDFN�WKRXJK�$+%�EXV��  
15.4 Register Description 

15.4.1 5HJLVWHUV�6XPPDU\ 

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

,(3�B)50B67$57 �[���� : �[�������� )UDPH�VWDUW�DQG�IUDPH�VWDWH�UHJLVWHU 
,(3�B,(3B&21),*� �[���� : �[�������� ,(3�FRQILJXUDWLRQ�UHJLVWHU� 
,(3�B*$7,1*B&75/ �[���� : �[�������� ,(3�DXWR�JDWLQJ�UHJLVWHU 
,(3�B67$786 �[���� : �[�������� ,(3�VWDWXV 
,(3�B,17B(1 �[���� : �[�������� ,(3�LQWHUUXSW�HQDEOH 
,(3�B,17B&/5 �[���� : �[�������� ,(3�LQWHUUXSW�FOHDU 
,(3�B,17B676 �[���� : �[�������� ,(3�LQWHUUXSW�VWDWXV 
,(3�B,17B5$:B676 �[���& : �[�������� ,(3�LQW�UDZ�VWDWXV 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

,(3�B9,5B65&B,0*B:,'
7+ �[���� : �[�������� 6RXUFH�,PDJH�YLUWXDO�ZLGWK 

,(3�B9,5B'67B,0*B:,'
7+ �[���� : �[�������� 'HVWLQDWLRQ�,PDJH�YLUWXDO�ZLGWK 

,(3�B65&B,0*B6,=( �[���� : �[�������� 6RXUFH�LPDJH�VL]H 
,(3�B',/B&21),*� �[���� : �[�����)�� 'HLQWHUODFH�FRQILJ�UHJLVWHU� 
,(3�B,(3B7,0(287B&)* �[���� : �[����%�$$ 7LPHRXW�FRQILJ 
,(3�B,(3B9(56,21B,1)2 �[���� : �[�������� ,(3�YHUVLRQ�LQIR 
,(3�B'%*B)50B&17 �[���� : �[�������� )UDPH�FRXQWHU 
,(3�B'%*B7,0(287B&17 �[���& : �[�������� 7LPHRXW�FQW 

,(3�B65&B$''5B&85< �[���� : �[�������� 6WDUW�DGGUHVV�RI�VRXUFH�FXUUHQW�LPDJH�<���IUDPH�DGGU 

,(3�B65&B$''5B1;7< �[���� : �[�������� 6WDUW�DGGUHVV�RI�VRXUFH�QH[W�LPDJH�<���IUDPH�DGGU 

,(3�B65&B$''5B35(< �[���� : �[�������� 6WDUW�DGGUHVV�RI�VRXUFH�SUHYLRXV�LPDJH�<���IUDPH�DGGU 

,(3�B65&B$''5B&8589 �[���& : �[�������� 
6WDUW�DGGUHVV�RI�VRXUFH�FXUUHQW�
LPDJH�89���63�02'(�89�IUDPH�RU� �
8�302'(�IUDPH�DGGU 

,(3�B65&B$''5B&859 �[���� : �[�������� 6WDUW�DGGUHVV�RI�VRXUFH�FXUUHQW�LPDJH�9���3�02'(�9�IUDPH�DGGU 

,(3�B65&B$''5B1;789 �[���� : �[�������� 
6WDUW�DGGUHVV�RI�VRXUFH�QH[W�
LPDJH�89���63�02'(�89�IUDPH�RU�
8�302'(�IUDPH�DGGU 

,(3�B65&B$''5B1;79 �[���� : �[�������� 6WDUW�DGGUHVV�RI�VRXUFH�QH[W�LPDJH�9���3�02'(�9�IUDPH�DGGU 

,(3�B65&B$''5B35(89 �[���& : �[�������� 
6WDUW�DGGUHVV�RI�VRXUFH�SUHYLRXV�
LPDJH�89���63�02'(�89�IUDPH�
DGGU�RU�8�302'(�IUDPH�DGGU 

,(3�B65&B$''5B35(9 �[���� : �[�������� 6WDUW�DGGUHVV�RI�VRXUFH�SUHYLRXV�LPDJH�9���3�02'(�9�IUDPH�DGGU 
,(3�B65&B$''5B0' �[���� : �[�������� 0'�/2$'�$''5�%$6(�UHJLVWHU� 
,(3�B65&B$''5B09 �[���� : �[�������� 09�/2$'�$''5�%$6(�UHJLVWHU� 
,(3�B52,B$''5 �[���& : �[�������� 52,�$''5�UHJLVWHU 

,(3�B'67B$''5B723< �[��%� : �[�������� '67�723�)5$0(�/80$�$''5�5HJLVWHU 

,(3�B'67B$''5B%27< �[��%� : �[�������� '67�%27�)5$0(�/80$�$''5�5HJLVWHU 

,(3�B'67B$''5B723& �[��%� : �[�������� '67�723�)5$0(�&+520$� �$''5�5HJLVWHU 

,(3�B'67B$''5B%27& �[��%& : �[�������� '67�%27�)5$0(�&+520$� �$''5�5HJLVWHU 
,(3�B'67B$''5B0' �[��&� : �[�������� 0'�6$9(�$''5�%$6(�UHJLVWHU� 
,(3�B'67B$''5B09 �[��&� : �[�������� 09�6$9(�$''5�%$6(�UHJLVWHU� 
,(3�B0'B&21),*� �[��(� : �[�������� 0RWLRQ�GHFW�FRQILJ 

,(3�B'(&7B&21),*� �[��(� : �[�&�&���( )UDPH�ILHOG�GHFW��SXOOGRZQ�GHFW��26'�GHFW��FRPE�GHFW 
,(3�B26'B/,0,7B&21),* �[��)� : �[�������� 26'�OLPLWH�DUHD�GHFW�FRQILJ 
,(3�B26'B/,0,7B$5($� �[��)� : �[�������� 26'�OLPLWH�DUHD�� 
,(3�B26'B/,0,7B$5($� �[��)� : �[�������� 26'�OLPLWH�DUHD�� 
,(3�B26'B&21),*� �[��)& : �[�������� 26'�GHFW�FRQILJ 
,(3�B26'B$5($B&21)� �[���� : �[�������� 26'�DUHD�� 
,(3�B26'B$5($B&21)� �[���� : �[�������� 26'�DUHD�� 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

,(3�B26'B$5($B&21)� �[���� : �[�������� 26'�DUHD�� 
,(3�B26'B$5($B&21)� �[���& : �[�������� 26'�DUHD�� 
,(3�B26'B$5($B&21)� �[���� : �[�������� 26'�DUHD�� 
,(3�B26'B$5($B&21)� �[���� : �[�������� 26'�DUHD�� 
,(3�B26'B$5($B&21)� �[���� : �[�������� 26'�DUHD�� 
,(3�B26'B$5($B&21)� �[���& : �[�������� 26'�DUHD�� 
,(3�B0(B&21),*� �[���� : �[������$� 0(�VHDUFK�FRQILJ 
,(3�B0(B/,0,7B&21),* �[���� : �[�����%�� 0(�6(5$&+�/,0,7( 
,(3�B09B758B/,67� �[���� : �[�������� 09�WUXVW�OLVW�a� 
,(3�B09B758B/,67� �[���& : �[�������� 09�WUXVW�OLVW�a� 
,(3�B((',B&21),*� �[���� : �[�������& ((',�&21),*�UHJLVWHU� 
,(3�B%/(B&21),*� �[���� : �[�������� %/(�&21),*�UHJLVWHU� 
,(3�B&20%B&21),*� �[���� : �[������)) &20%�'(&7�&21),*�UHJLVWHU� 
,(3�B',/B071B7$%� �[���� : �[�������� ',/B071B7$%��WDEOH�YDOXH 
,(3�B',/B071B7$%� �[���� : �[�������� ',/B071B7$%��WDEOH�YDOXH 
,(3�B',/B071B7$%� �[���� : �[�������� ',/B071B7$%��WDEOH�YDOXH 
,(3�B',/B071B7$%� �[���& : �[�������� ',/B071B7$%��WDEOH�YDOXH 
,(3�B',/B071B7$%� �[���� : �[�������� ',/B071B7$%��WDEOH�YDOXH 
,(3�B',/B071B7$%� �[���� : �[�������� ',/B071B7$%��WDEOH�YDOXH 
,(3�B',/B071B7$%� �[���� : �[�)�'�$�� ',/B071B7$%��WDEOH�YDOXH 
,(3�B',/B071B7$%� �[���& : �[�&������ ',/B071B7$%��WDEOH�YDOXH 
,(3�B',/B071B7$%� �[���� : �[�%������ ',/B071B7$%��WDEOH�YDOXH 
,(3�B',/B071B7$%� �[���� : �[�������( ',/B071B7$%��WDEOH�YDOXH 
,(3�B',/B071B7$%�� �[���� : �[�'�&�$�� ',/B071B7$%���WDEOH�YDOXH 
,(3�B',/B071B7$%�� �[���& : �[�����)�( ',/B071B7$%���WDEOH�YDOXH 
,(3�B',/B071B7$%�� �[���� : �[�������� ',/B071B7$%���WDEOH�YDOXH 
,(3�B',/B071B7$%�� �[���� : �[�������� ',/B071B7$%���WDEOH�YDOXH 
,(3�B',/B071B7$%�� �[���� : �[�������� ',/B071B7$%���WDEOH�YDOXH 
,(3�B',/B071B7$%�� �[���& : �[�������� ',/B071B7$%���WDEOH�YDOXH 
,(3�B52B3'B7&17 �[���� : �[�������� 3XOOGRZQ�GHFW�WRS�ILHOG�FQW 
,(3�B52B3'B%&17 �[���� : �[�������� 3XOOGRZQ�GHFW�ERW�ILHOG�FQW 

,(3�B52B))B&85B7&17 �[���� : �[�������� )UDPH�ILHOG�GHFW�FXUUHQW�IUDPH�WRS�ILHOG�FQW 

,(3�B52B))B&85B%&17 �[���& : �[�������� )UDPH�ILHOG�GHFW�FXUUHQW�IUDPH�ERW�ILHOG�FQW 

,(3�B52B))B1;7B7&17 �[���� : �[�������� )UDPH�ILHOG�GHFW�QH[W�IUDPH�WRS�ILHOG�FQW 

,(3�B52B))B1;7B%&17 �[���� : �[�������� )UDPH�ILHOG�GHFW�QH[W�IUDPH�ERW�ILHOG�FQW 

,(3�B52B))B%/(B7&17 �[���� : �[�������� )UDPH�ILHOG�GHFW�FXUUHQW�DQG�QH[W�IUDPH�EOHQG�WRS�ILHOG�FQW 

,(3�B52B))B%/(B%&17 �[���& : �[�������� )UDPH�ILHOG�GHFW�FXUUHQW�DQG�QH[W�IUDPH�EOHQG�ERW�ILHOG�FQW 

,(3�B52B))B&20%B1= �[���� : �[�������� )UDPH�ILHOG�GHFW�FXUUHQW�IUDPH�FRPE�GHFW�QRQH�]HUR�QXP 

,(3�B52B))B&20%B) �[���� : �[�������� )UDPH�ILHOG�GHFW�FXUUHQW�IUDPH�FRPE�GHFW�QXP 
,(3�B52B26'B180 �[���� : �[�������� 26'�DUHD�GHFW�QXPEHU 
,(3�B52B287B&20%B&1
7 �[���& : �[�������� 'HLQWHUODFH�RXWSXW�FRPE�GHFW 

,(3�B52B))B*5$'7B7&1
7 �[���� : �[�������� )UDPH�ILHOG�GHFW��JUDGW�WRS�ILHOG�FQW 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

,(3�B52B))B*5$'7B%&1
7 �[���� : �[�������� )UDPH�ILHOG�GHFW��JUDGW�ERW�ILHOG�FQW 
,(3�B52B0&B9/'B&17 �[���� : �[�������� 0&�YDOLG�FQW 
,(3�B52B26'B$5($�B; �[���� : �[�������� 26'�DUHD�GHFW�DUHD��[ 
,(3�B52B26'B$5($�B< �[���� : �[�������� 26'�DUHD�GHFW�DUHD��\ 
,(3�B52B26'B$5($�B; �[���� : �[�������� 26'�DUHD�GHFW�DUHD��[ 
,(3�B52B26'B$5($�B< �[���& : �[�������� 26'�DUHD�GHFW�DUHD��\ 
,(3�B52B26'B$5($�B; �[���� : �[�������� 26'�DUHD�GHFW�DUHD��[ 
,(3�B52B26'B$5($�B< �[���� : �[�������� 26'�DUHD�GHFW�DUHD��\ 
,(3�B52B26'B$5($�B; �[���� : �[�������� 26'�DUHD�GHFW�DUHD��[ 
,(3�B52B26'B$5($�B< �[���& : �[�������� 26'�DUHD�GHFW�DUHD��\ 
,(3�B52B26'B$5($�B; �[���� : �[�������� 26'�DUHD�GHFW�DUHD��[ 
,(3�B52B26'B$5($�B< �[���� : �[�������� 26'�DUHD�GHFW�DUHD��\ 
,(3�B52B26'B$5($�B; �[���� : �[�������� 26'�DUHD�GHFW�DUHD��[ 
,(3�B52B26'B$5($�B< �[���& : �[�������� 26'�DUHD�GHFW�DUHD��\ 
,(3�B52B26'B$5($�B; �[���� : �[�������� 26'�DUHD�GHFW�DUHD��[ 
,(3�B52B26'B$5($�B< �[���� : �[�������� 26'�DUHD�GHFW�DUHD��\ 
,(3�B52B26'B$5($�B; �[���� : �[�������� 26'�DUHD�GHFW�DUHD��[ 
,(3�B52B26'B$5($�B< �[���& : �[�������� 26'�DUHD�GHFW�DUHD��\ 
,(3�B52B09B+,67B%,1� �[���� : �[�������� 09�KLVWRJUDP 
,(3�B52B09B+,67B%,1� �[���� : �[�������� 09�KLVWRJUDP 
,(3�B52B09B+,67B%,1� �[���� : �[�������� 09�KLVWRJUDP 
,(3�B52B09B+,67B%,1� �[���& : �[�������� 09�KLVWRJUDP 
,(3�B52B09B+,67B%,1� �[���� : �[�������� 09�KLVWRJUDP 
,(3�B52B09B+,67B%,1� �[���� : �[�������� 09�KLVWRJUDP 
,(3�B52B09B+,67B%,1� �[���� : �[�������� 09�KLVWRJUDP 
,(3�B52B09B+,67B%,1� �[���& : �[�������� 09�KLVWRJUDP 
,(3�B52B09B+,67B%,1� �[��$� : �[�������� 09�KLVWRJUDP 
,(3�B52B09B+,67B%,1� �[��$� : �[�������� 09�KLVWRJUDP 
,(3�B52B09B+,67B%,1�
� �[��$� : �[�������� 09�KLVWRJUDP 

,(3�B52B09B+,67B%,1�
� �[��$& : �[�������� 09�KLVWRJUDP 

,(3�B52B09B+,67B%,1�
� �[��%� : �[�������� 09�KLVWRJUDP 

,(3�B52B09B+,67B%,1�
� �[��%� : �[�������� 09�KLVWRJUDP 

,(3�B52B09B+,67B%,1�
� �[��%� : �[�������� 09�KLVWRJUDP 

,(3�B52B09B+,67B%,1�
� �[��%& : �[�������� 09�KLVWRJUDP 

,(3�B52B09B+,67B%,1�
� �[��&� : �[�������� 09�KLVWRJUDP 

,(3�B52B09B+,67B%,1�
� �[��&� : �[�������� 09�KLVWRJUDP 

,(3�B52B09B+,67B%,1�
� �[��&� : �[�������� 09�KLVWRJUDP 

,(3�B52B09B+,67B%,1�
� �[��&& : �[�������� 09�KLVWRJUDP 

,(3�B52B09B+,67B%,1�
� �[��'� : �[�������� 09�KLVWRJUDP 

,(3�B52B09B+,67B%,1�
� �[��'� : �[�������� 09�KLVWRJUDP 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

,(3�B52B09B+,67B%,1�
� �[��'� : �[�������� 09�KLVWRJUDP 

,(3�B52B09B+,67B%,1�
� �[��'& : �[�������� 09�KLVWRJUDP 

,(3�B52B09B+,67B%,1�
� �[��(� : �[�������� 09�KLVWRJUDP 

,(3�B52B09B+,67B%,1�
� �[��(� : �[�������� 09�KLVWRJUDP 

,(3�B52B09B+,67B%,1�
� �[��(� : �[�������� 09�KLVWRJUDP 

,(3�B52B09B+,67B%,1�
� �[��(& : �[�������� 09�KLVWRJUDP 

,(3�B3(5)B/$7(1&<B&75
/� �[���� : �[�������� 2QO\�H[LVW�ZKHQ�WKLV�,3�KDV�D[LBSHUIRUPDQFH�PRQLWRU�IHDWXUH 
,(3�B3(5)B/$7(1&<B&75
/� �[���� : �[�������� 2QO\�H[LVW�ZKHQ�WKLV�,3�KDV�D[LBSHUIRUPDQFH�PRQLWRU�IHDWXUH 
,(3�B3(5)B5'B0$;B/$7
(1&<B180� �[���� : �[�������� 2QO\�H[LVW�ZKHQ�WKLV�,3�KDV�D[LBSHUIRUPDQFH�PRQLWRU�IHDWXUH 
,(3�B3(5)B5'B/$7(1&<B
6$03B180 �[���& : �[�������� 2QO\�H[LVW�ZKHQ�WKLV�,3�KDV�D[LBSHUIRUPDQFH�PRQLWRU�IHDWXUH 
,(3�B3(5)B5'B/$7(1&<B
$&&B680 �[���� : �[�������� 2QO\�H[LVW�ZKHQ�WKLV�,3�KDV�D[LBSHUIRUPDQFH�PRQLWRU�IHDWXUH 
,(3�B3(5)B:5B$;,B727
$/B%<7( �[���� : �[�������� 2QO\�H[LVW�ZKHQ�WKLV�,3�KDV�D[LBSHUIRUPDQFH�PRQLWRU�IHDWXUH 
,(3�B3(5)B:25.,1*B&1
7 �[���� : �[�������� 2QO\�H[LVW�ZKHQ�WKLV�,3�KDV�D[LBSHUIRUPDQFH�PRQLWRU�IHDWXUH 
,(3�B3(5)B5'B$;,B727$
/B%<7( �[���& : �[�������� 2QO\�H[LVW�ZKHQ�WKLV�,3�KDV�D[LBSHUIRUPDQFH�PRQLWRU�IHDWXUH 
,(3�B008B'7(B$''5 �[���� : �[�������� 008�'7(�DGGUHVV 
,(3�B008B67$786 �[���� : �[�������� 008�VWDWXV 
,(3�B008B&0' �[���� : �[�������� 008�FRPPDQG�  
,(3�B008B3$*(B)$8/7B
$''5 �[���& : �[�������� 3DJH�IDXOW�DGGUHVV�  

,(3�B008B=$3B21(B/,1
( �[���� : �[�������� 008�]DS�RQH�OLQH 

,(3�B008B,17B5$:67$7 �[���� : �[�������� 008�LQWHUUXSWLRQ�UDZ�VWDWXV 
,(3�B008B,17B&/($5 �[���� : �[�������� 008�LQWHUUXSWLRQ�FOHDU 
,(3�B008B,17B0$6. �[���& : �[�������� 008�LQWHUUXSWLRQ�PDVN 
,(3�B008B,17B67$786 �[���� : �[�������� 008�LQWHUUXSWLRQ�VWDWXV 
,(3�B008B$872B*$7,1* �[���� : �[�������� 008�DXWR�JDWLQJ�FRQILJ 
,(3�B008B,' �[���� : �[�������� 008�,' 
1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV�':�
'RXEOH�:25'�����ELWV��DFFHVV�  
15.4.2 'HWDLO�5HJLVWHU�'HVFULSWLRQ 
,(3�B)50B67$57�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� VZBLHSBIUPBHQ 
)UDPH�VWDUW��:ULWH����IUDPH�ZRUN�HQDEOH��IUDPH�HQG�VHOI�FOHDU 

 
,(3�B,(3B&21),*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

�� 5: �[� 
VZBLHSBLQLWBGLV 
�
E���)UDPH�VWDUW�QRW�LQLW 
�
E���)UDPH�VWDUW�LQLWLDO 

�� :�
& �[� VZBLHSBVUHVHWBS 

:ULWH���WR�JOREDO�UHVHW�LHS��DXWR�FOHDU 

�� 5: �[� 
VZBLHSBUVWBSURWHFWBGLV 
'PD�EXV�HUURU��GHIDXOW�SURWHFW�VRIW�UHVHW��
E��3URWHFW�UHVHW��
E���
'LUHFW�UHVHW� 

����� 52 �[� UHVHUYHG 

�� 5: �[� 
VZBLHSBGHEXJBGDWDBHQ 
,I�DVVHUW�WKLV�ELW��WKH�GHEXJ�VLJQDOV�ZLOO�KDYH�GDWD�MXVW�IRU�SRZHU�
VDYLQJ�� 

����� 52 �[� UHVHUYHG 

����� 5: �[� 
VZBLHSBGVWB\XYBVZDS 
�
E����63�89 
�
E����63�98 
�
E����
E����5HVHUYHG 

����� 52 �[� UHVHUYHG 

��� 5: �[� 
VZBLHSBGVWBIPW 
�
E����
E����5HVHUYHG 
�
E����<89��� 
�
E����<89��� 

��� 52 �[� UHVHUYHG 

��� 5: �[� 
VZBLHSBVUFB\XYBVZDS 
�
E����63�89 
�
E����63�98 
�
E�����
E����3 

��� 52 �[� UHVHUYHG 

��� 5: �[� 
VZBLHSBVUFBIPW 
�
E����
E����5HVHUYHG 
�
E����<89��� 
�
E����<89��� 

 
,(3�B*$7,1*B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

�� 5: �[� 
VZBUHJBFONBRQ 
5HJ�FON�LV�DXWR�JDWLQJ�LI�ZULWH����FON�DOZD\V�RQ��QRW�JDWLQJ��DOVR�
FRQWURO�E\�VZBLHSBFONBRQ� 

�� 5: �[� 
VZBGPDBFONBRQ 
$FON�LV�DXWR�JDWLQJ�LI�ZULWH����FON�DOZD\V�RQ��QRW�JDWLQJ��DOVR�
FRQWURO�E\�VZBLHSBFONBRQ� 

� 5: �[� 
VZBUDPBFONBRQ 
$OO�UDP�FON�DOZD\V�RQ 
�
E���&ON�JDWLQJ 
�
E���&ON�DOZD\V�RQ 

� 5: �[� 
VZBFWUOBFONBRQ 
&75/�FON�LV�DXWR�JDWLQJ��LI�ZULWH����FON�DOZD\V�RQ��QRW�JDWLQJ��DOVR�
FRQWURO�E\�VZBLHSBFONBRQ� 

� 5: �[� 
VZBRXWBFONBRQ 
287�FON�LV�DXWR�JDWLQJ��LI�ZULWH����FON�DOZD\V�RQ��QRW�JDWLQJ��DOVR�
FRQWURO�E\�VZBLHSBFONBRQ� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
VZBEOHBFONBRQ 
%/(�FON�LV�DXWR�JDWLQJ��LI�ZULWH����FON�DOZD\V�RQ��QRW�JDWLQJ��DOVR�
FRQWURO�E\�VZBLHSBFONBRQ� 

� 5: �[� 
VZBHHGLBFONBRQ 
((',�FON�LV�DXWR�JDWLQJ��LI�ZULWH����FON�DOZD\V�RQ��QRW�JDWLQJ��DOVR�
FRQWURO�E\�VZBLHSBFONBRQ� 

� 5: �[� 
VZBPFBFONBRQ 
0&�FON�LV�DXWR�JDWLQJ��LI�ZULWH����FON�DOZD\V�RQ��QRW�JDWLQJ��DOVR�
FRQWURO�E\�VZBLHSBFONBRQ� 

� 5: �[� 
VZBPHBFONBRQ 
0(�FON�LV�DXWR�JDWLQJ��LI�ZULWH����FON�DOZD\V�RQ��QRW�JDWLQJ��DOVR�
FRQWURO�E\�VZBLHSBFONBRQ� 

� 5: �[� 
VZBGHFWBFONBRQ 
'(&7�FON�LV�DXWR�JDWLQJ��LI�ZULWH����FON�DOZD\V�RQ��QRW�JDWLQJ��DOVR�
FRQWURO�E\�VZBLHSBFONBRQ� 

� 5: �[� 
VZBPGBFONBRQ 
0'�FON�LV�DXWR�JDWLQJ��LI�ZULWH����FON�DOZD\V�RQ��QRW�JDWLQJ��DOVR�
FRQWURO�E\�VZBLHSBFONBRQ� 

� 5: �[� VZBLHSBFONBRQ 
,(3�FON�LV�DXWR�JDWLQJ��LI�ZULWH����FON�DOZD\V�RQ��QRW�JDWLQJ� 

 
,(3�B67$786�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� :�
& �[� 

URBDUVWBILQLVKBGRQH 
,(3�SURWHFW�VDIHW\�UHVHW�VXFFHVV�VWDWXV��ZULWH���FOHDU�RU�IUDPH�
VWDUW�FOHDU� 

 
,(3�B,17B(1�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� VZBLHSBWLPHRXWBLQWBHQ 
7LPHRXW�LQW�HQDEOH 

� 5: �[� VZBLHSBEXVBHUURUBHQ 
%XV�HUURU�LQW�HQDEOH 

��� 52 �[� UHVHUYHG 

� 5: �[� 
VZBLHSBRVGBPD[BHQ 
)UDPH�SURFHVV�26'�GHFW�GRQH�LQWHUUXSW 
�
E���,QDFWLYH 
�
E���$FWLYH 

� 5: �[� 
VZBLHSBIUPBGRQHBHQ 
)UDPH�SURFHVV�GRQH�LQWHUUXSW 
�
E���,QDFWLYH 
�
E���$FWLYH 

 
,(3�B,17B&/5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� :�
& �[� VZBLHSBWLPHRXWBLQWBFOU 

7LPH�RXW�LQWHUUXSWLRQ�FOHDU 

� :�
& �[� VZBLHSBEXVBHUURUBFOU 

%XV�HUURU�LQWHUUXSWLRQ�FOHDU�  
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
��� 52 �[� UHVHUYHG 

� :�
& �[� VZBLHSBRVGBPD[BFOU 

26'�PD[�LQWHUUXSWLRQ�FOHDU 

� :�
& �[� VZBLHSBIUPBGRQHBFOU 

)UDPH�SURFHVV�GRQH�LQWHUUXSW�FOHDU 
 
,(3�B,17B676�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 52 �[� URBWLPHRXWBVWV 
7LPHRXW�HUURU�LQW�VWDWXV 

� 52 �[� URBEXVBHUURUBVWV 
%XV�HUURU�LQWHUUXSWLRQ�VWDWXV�  

��� 52 �[� UHVHUYHG 

� 52 �[� URBRVGBPD[BVWV 
)UDPH�SURFHVV�26'�GHFW�GRQH�LQWHUUXSW�VWDWXV�  

� 52 �[� URBIUPBGRQHBVWV 
)UDPH�SURFHVV�GRQH�LQWHUUXSW�VWDWXV�  

 
,(3�B,17B5$:B676�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 52 �[� URBWLPHRXWBUDZ 
7LPHRXW�LQW�UDZ�VWDWXV 

� 52 �[� URBEXVBHUURUBUDZ 
%XV�HUURU�LQW�UDZ�VWDWXV 

��� 52 �[� UHVHUYHG 

� 52 �[� URBRVGBPD[BUDZ 
26'�PD[�LQW�UDZ�VWDWXV 

� 52 �[� URBIUPBGRQHBUDZ 
)UDPH�GRQH�LQW�UDZ�VWDWXV 

 
,(3�B9,5B65&B,0*B:,'7+�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� VZBLHSBVUFBYLUBXYBVWULGH 
6RXUFH�XY�YLUWXDO�LPDJH�ZLGWK�ZRUG�DOLJQ� 

���� 5: �[���� VZBLHSBVUFBYLUB\BVWULGH 
6RXUFH�\�YLUWXDO�LPDJH�ZLGWK�ZRUG�DOLJQ� 

 
,(3�B9,5B'67B,0*B:,'7+�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� VZBLHSBGVWBYLUBVWULGH 
'HVWLQDWLRQ�YLUWXDO�LPDJH�ZLGWK�ZRUG�DOLJQ� 

 
,(3�B65&B,0*B6,=(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[��� 
VZBLHSBVUFBSLFBKHLJKW 
6RXUFH�DQG�GHVWLQDWLRQ�LPDJH�KHLJKW�SL[HO�DOLJQ�DQG�QHHG�PLQXV�
���IRU�H[DPSOH������QHHG�FRQILJ������ 

����� 52 �[�� UHVHUYHG 

���� 5: �[��� 
VZBLHSBVUFBSLFBZLGWK 
6RXUFH�DQG�GHVWLQDWLRQ�LPDJH�ZLGWK�SL[HO�DOLJQ�DQG�QHHG�PLQXV�
���IRU�H[DPSOH������QHHG�FRQILJ������ 

 
,(3�B',/B&21),*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 5: �[� 
VZBGLOBPYBKLVWBHQ 
'HLQWHUODFH�09�KLVWRJUDP�HQDEOH� 
�
E���'HLQWHUODFH�QHHG�09�KLVWRJUDP 
�
E���09�KLVWRJUDP�QRW�ZRUN 

�� 5: �[� 

VZBGLOBURLBHQ 
'HLQWHUODFH�URL�HQDEOH 
�
E���'HLQWHUODFH�XVH�URL�PRGH 
�
E���52,�QRW�ZRUN 
:KHQ�52,�PRGH�HQDEOH��HDFK�WLOH�KDV��ELW�IRU�52,�PRGH 
�
E������1RUPDO�PRGH 
�
E������%\SDVV�PRGH 
�
E������((',�RQO\�PRGH 
�
E������0D�RQO\�PRGH 
�
E������0D�PF�PRGH�QR�FF� 
�
E������0F�((',�PRGH 
�
E������
E�����5HVHUYHG 
�
E�[[[��0F�RQO\�PRGH�0&
V�09�ZLOO�EH�DSSRLQWHG�E\�JOREDO�09�
EDVHG�RQ�URL>���@�� 

�� 5: �[� 

VZBGLOBFRPEBHQ 
'HLQWHUODFH�RXWSXW�UHVXOW�FRPE�GHFW��LI�LV�FRPE�EORFN�EDFN�WR�
RULJLQDO�GDWD��HOVH�VHOHFW�GHLQWHUODFH�UHVXOW� 
�
E���2XWSXW�GDWD�FRPE�GHFW�HQDEOH 
�
E���2XWSXW�GDWD�QRW�FRPE�GHFW 

����� 52 �[� UHVHUYHG 

�� 5: �[� 
VZBGLOBPHPFBHQ 
'HLQWHUODFH�XVH�PH��PF�UHVXOW� 
�
E���0(��0&�ZRUN�HQDEOH 
�
E���0(��0&�QRW�ZRUN�HQDEOH 

�� 5: �[� 
VZBGLOBRVGBHQ 
2Q�VFUHHQ�GLVSOD\�GHFW�HQDEOH� 
�
E���26'�GHFW�HQDEOH 
�
E���26'�QRW�GHFW 

�� 5: �[� 
VZBGLOBSGBHQ 
3XOOGRZQ�GHFW�HQDEOH� 
�
E���3XOOGRZQ�GHFW�HQDEOH 
�
E���3XOOGRZQ�QRW�GHFW 

� 5: �[� 
VZBGLOBIIBHQ 
)UDPH�ILHOG�GHFW�ZRUN�HQDEOH� 
�
E���)UDPH�ILHOG�GHFW�HQDEOH 
�
E���)UDPH�ILHOG�QRW�GHFW 

� 5: �[� 
VZBGLOBPGBSUHBHQ 
�
E���0'�XVH�SUHYLRXV�IUDPH�GDWD�HQDEOH 
�
E���0'�RQO\�XVH�FXUUHQW�IUDPH�GDWD�WR�FDOF�PG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
��� 52 �[� UHVHUYHG 

� 5: �[� 
VZBGLOBILHOGBRUGHU 
)LHOG�GLVSOD\�RUGHU� 
�
E���7))��WRS�ILHOG�GLVSOD\�ILUVW 
�
E���%))��ERW�ILHOG�GLVSOD\�ILUVW 

� 5: �[� 
VZBGLOBRXWBPRGH 
2XWSXW�GHLQWHUODFH�UHVXOW�WR�''5��OLQH�PRGH�RU�WLOH�PRGH� 
�
E���/,1(�PRGH 
�
E���7,/(�PRGH 

��� 5: �[� 

VZBGLOBPRGH 
�
E������',/�',6$%/( 
�
E������,�2��PRGH�  
�
E������,�2�7�PRGH 
�
E������,�2�%�PRGH 
�
E������,�2��PRGH 
�
E������,�2�7�PRGH 
�
E������,�2�%�PRGH 
�
E������3XOOGRZQ�UHFRYHU\�PRGH 
�
E������%\SDVV�PRGH 
�
E������'HFWHFW�RQO\�PRGH 
RWKHU�UHVHUYHG 

 
,(3�B,(3B7,0(287B&)*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� VZBLHSBWLPHRXWBHQ 
,(3�WLPHRXW�HQDEOH 

���� 5: �[����E�DD 
VZBLHSBWLPHRXWBFQW 
:KHQ�VZBLHSBWLPHRXWBHQ�  ���WLPHRXWBFQW�  �
VZBLHSBWLPHRXWBFQW��LHS�WLPHRXW 

 
,(3�B,(3B9(56,21B,1)2�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� PDMRU 
8VHG�IRU�,3�VWUXFWXUH�YHUVLRQ�LQIRUPDWLRQ 

����� 52 �[�� PLQRU 
%LJ�IHDWXUH�FKDQJH�XQGHU�VDPH�VWUXFWXUH 

���� 52 �[����� VYQEXLOG 
5WO�FXUUHQW�VYQ�QXPEHU 

 
,(3�B'%*B)50B&17�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� :�& �[���� 
GEJBIUPBFQW 
6HOI�LQFUHDVH�RQH�DIWHU�D�IUDPH�RSHUDWLRQ�LV�ILQLVKHG��:ULWH�
DUELWUDU\�YDOXH�WR�FOHDU�WR�]HUR� 

 
,(3�B'%*B7,0(287B&17�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 52 �[� UHVHUYHG 

���� 52 �[�������� GEJBWLPHRXWBFQW :KHQ�VZBLHSBWLPHRXWBHQ  ���IUDPH�FQW��IUDPH�VWDUW�DXWR�FOHDU� 
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,(3�B65&B$''5B&85<�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� VZBLHSBVUFBDGGUBFXU\ &XUUHQW�IUDPH�OXPD�DGGU��IUDPH�DGGU 
 
,(3�B65&B$''5B1;7<�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� VZBLHSBVUFBDGGUBQ[W\ 1H[W�IUDPH�OXPD�DGGU��IUDPH�DGGU 
 
,(3�B65&B$''5B35(<�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� VZBLHSBVUFBDGGUBSUH\ 6WDUW�DGGUHVV�RI�VRXUFH�SUHYLRXV�LPDJH�<���IUDPH�DGGU 
 
,(3�B65&B$''5B&8589�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
VZBLHSBVUFBDGGUBFXUXY 
6WDUW�DGGUHVV�RI�VRXUFH�FXUUHQW�LPDJH�89���63�02'(�89�IUDPH� �
DGGU�RU�8�302'(�IUDPH�DGGU 

 
,(3�B65&B$''5B&859�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� VZBLHSBVUFBDGGUBFXUY 6WDUW�DGGUHVV�RI�VRXUFH�FXUUHQW�LPDJH�9���3�02'(�9�IUDPH�DGGU 
 
,(3�B65&B$''5B1;789�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
VZBLHSBVUFBDGGUBQ[WXY 
6WDUW�DGGUHVV�RI�VRXUFH�QH[W�LPDJH�89���63�02'(�89�IUDPH�DGGU�
RU�8�302'(�IUDPH�DGGU 

 
,(3�B65&B$''5B1;79�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� VZBLHSBVUFBDGGUBQ[WY 6WDUW�DGGUHVV�RI�VRXUFH�QH[W�LPDJH�9���3�02'(�9�IUDPH�DGGU 
 
,(3�B65&B$''5B35(89�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
VZBLHSBVUFBDGGUBSUHXY 
6WDUW�DGGUHVV�RI�VRXUFH�SUHYLRXV�LPDJH�89��63�02'(�89�IUDPH�
DGGU�RU�8�302'(�IUDPH�DGGU 

 
,(3�B65&B$''5B35(9�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� VZBLHSBVUFBDGGUBSUHY 6WDUW�DGGUHVV�RI�VRXUFH�SUHYLRXV�LPDJH�9���3�02'(�9�IUDPH�DGGU 
 
,(3�B65&B$''5B0'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� VZBLHSBVUFBDGGUBPG 0G�DGGU��VDYH�SUHYLRXV�IUDPH�PG�JUDGW 
 
,(3�B65&B$''5B09�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� VZBLHSBVUFBDGGUB09 
0G�DGGU��VDYH�SUHYLRXV�IUDPH�09 

 
,(3�B52,B$''5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� VZBLHSBDGGUBURL 52,�DGGU�EDVH 
 
,(3�B'67B$''5B723<�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� VZBLHSBGVWBDGGUBWRS\ 'VW�WRS�IUDPH�OXPD�VWDUW�DGGU 
 
,(3�B'67B$''5B%27<�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� VZBLHSBGVWBDGGUBERW\ 'VW�ERW�IUDPH�OXPD�VWDUW�DGGU 
 
,(3�B'67B$''5B723&�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� VZBLHSBGVWBDGGUBWRSF 'VW�WRS�IUDPH�FKURPD�VWDUW� � DGGU��XY�VDYH�WRJHWKHU 
 
,(3�B'67B$''5B%27&�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� VZBLHSBGVWBDGGUBERWF 'VW�ERW�IUDPH�FKURPD�VWDUW�DGGU��XY�VDYH�WRJHWKHU 
 
,(3�B'67B$''5B0'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
VZBLHSBGVWBDGGUBPG 
0'�DGGU��VDYH�SUHYLRXV�IUDPH�PG�JUDGW��DQG�DOVR�VDYH�FXUUHQW�
IUDPH�PG�JUDG 

 
,(3�B'67B$''5B09�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
VZBLHSBGVWBDGGUB09 
2XWSXW�09�DGGU��VDYH�SUHYLRXV�IUDPH�09�DQG�DOVR�VDYH�FXUUHQW�
IUDPH�09 

 
,(3�B0'B&21),*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[������ UHVHUYHG 

��� 5: �[� VZBPGBWKHWD 
*5$'WF� �&/,3�*5$'WI��VZBPGBWKHWD�������� 

��� 5: �[� VZBPGBU 
*UDGWI�PGBU����JUDGWIPGBU�����JUDGY� 

��� 5: �[� 
VZBPGBODPEGD 
&XUUHQW�JUDG��PGBODPEGD�����SUH�JUDG���PGBODPEGD�����
YDOXH�UDQJH�IURP��a� 

 
,(3�B'(&7B&21),*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�F 
VZBRVGBJUDGYBWKU 
2ULJLDO�GDWD�JUDG�FRPSDUH�ZLWK�JUDGY�WKU��LI�PRUH�WKDQ�JUDGYBWKU��
PD\�EH�26'�DUHD� 

����� 5: �[�F 
VZBRVGBJUDGKBWKU 
2ULJLDO�GDWD�JUDG�FRPSDUH�ZLWK�JUDGK�WKU��LI�PRUH�WKDQ�JUDGKBWKU��
PD\�EH�26'�DUHD� 

����� 52 �[� UHVHUYHG 

���� 5: �[� 
VZBRVGBDUHDBQXP 
26'�DUHD�QXPEHU��IUDPH�ILHOG�GHFW��SXOOGRZQ�QRW�GHFW�WKLV�DUHD��
FRPE�GHFW�DOVR�XVH�WKLV�YDOXH���a�� 

��� 5: �[�H VZBGHFWBUHVLBWKU 
)RU�UHVL�WR�ELQ��IUDPH�ILHOG��SXOOGRZQ��26'�GHFW�XVH�WKLV�YDOXH� 

 
,(3�B26'B/,0,7B&21),*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� VZBRVGBSRVBOLPLWBQXP 
26'�FRQVWUDLQ�DUHD�GHFW�QXP��UHDO�YDOXH� �26'BSRVBQXP�� 

��� 52 �[� UHVHUYHG 

� 5: �[� VZBRVGBSRVBOLPLWBHQ 
26'�DUHD�FRQVWUDLQ�GHFW�HQDEOH 

 
,(3�B26'B/,0,7B$5($��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

VZBRVGBOLPLWBDUHD� 
26'�FRQVWUDLQ�DUHD�� 
>���@��26'�FRQVWUDLQ�DUHD��[�VWDUW����SL[HO�QXP 
>����@��26'�FRQVWUDLQ�DUHD��[�HQG����SL[HO�QXP 
>�����@��26'�FRQVWUDLQ�DUHD��\�VWDUW����SL[HO�QXP 
>�����@��26'�FRQVWUDLQ�DUHD��\�HQG����SL[HO�QXP 

 
,(3�B26'B/,0,7B$5($��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)�� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

VZBRVGBOLPLWBDUHD� 
26'�OLPLWH�DUHD�� 
>���@��26'�FRQVWUDLQ�DUHD��[�VWDUW����SL[HO�QXP 
>����@��26'�FRQVWUDLQ�DUHD��[�HQG����SL[HO�QXP 
>�����@��26'�FRQVWUDLQ�DUHD��\�VWDUW����SL[HO�QXP 
>�����@��26'�FRQVWUDLQ�DUHD��\�HQG����SL[HO�QXP 

 
,(3�B26'B&21),*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[��� 
VZBRVGBOLQHBQXP 
'HFW�OLQH�QXP�VKRXOG�PRUH�WKDQ�26'BOLQHBQXP���WKLV�OLQHV�PD\�
EH�26'�DUHD� 

����� 52 �[�� UHVHUYHG 

���� 5: �[��� VZBRVGBSHFBWKU 
$�OLQH�VKRXOG�PRUH�WKDQ�26'BSHUBWKU��WKLV�OLQH�PD\�EH�26'�DUHD� 

 
,(3�B26'B$5($B&21)��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[��� VZBRVGB\BHQG� 
26'�DUHD�\�HQG����SL[HO�QXP 

����� 5: �[��� VZBRVGB\BVWD� 
26'�DUHD�\�VWDUW����SL[HO�QXP 

���� 5: �[�� VZBRVGB[BHQG� 
26'�DUHD�[�HQG����SL[HO�QXP 

��� 5: �[�� VZBRVGB[BVWD� 
26'�DUHD�[�VWDUW����SL[HO�QXP 

 
,(3�B26'B$5($B&21)��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[��� VZBRVGB\BHQG� 
26'�DUHD�\�HQG����SL[HO�QXP 

����� 5: �[��� VZBRVGB\BVWD� 
26'�DUHD�\�VWDUW����SL[HO�QXP 

���� 5: �[�� VZBRVGB[BHQG� 
26'�DUHD�[�HQG����SL[HO�QXP 

��� 5: �[�� VZBRVGB[BVWD� 
26'�DUHD�[�VWDUW����SL[HO�QXP 

 
,(3�B26'B$5($B&21)��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[��� VZBRVGB\BHQG� 
26'�DUHD�\�HQG����SL[HO�QXP 

����� 5: �[��� VZBRVGB\BVWD� 
26'�DUHD�\�VWDUW����SL[HO�QXP 

���� 5: �[�� VZBRVGB[BHQG� 
26'�DUHD�[�HQG����SL[HO�QXP 

��� 5: �[�� VZBRVGB[BVWD� 
26'�DUHD�[�VWDUW����SL[HO�QXP 
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,(3�B26'B$5($B&21)��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[��� VZBRVGB\BHQG� 
26'�DUHD�\�HQG����SL[HO�QXP 

����� 5: �[��� VZBRVGB\BVWD� 
26'�DUHD�\�VWDUW����SL[HO�QXP 

���� 5: �[�� VZBRVGB[BHQG� 
26'�DUHD�[�HQG����SL[HO�QXP 

��� 5: �[�� VZBRVGB[BVWD� 
26'�DUHD�[�VWDUW����SL[HO�QXP 

 
,(3�B26'B$5($B&21)��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[��� VZBRVGB\BHQG� 
26'�DUHD�\�HQG����SL[HO�QXP 

����� 5: �[��� VZBRVGB\BVWD� 
26'�DUHD�\�VWDUW����SL[HO�QXP 

���� 5: �[�� VZBRVGB[BHQG� 
26'�DUHD�[�HQG����SL[HO�QXP 

��� 5: �[�� VZBRVGB[BVWD� 
26'�DUHD�[�VWDUW����SL[HO�QXP 

 
,(3�B26'B$5($B&21)��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[��� VZBRVGB\BHQG� 
26'�DUHD�\�HQG����SL[HO�QXP 

����� 5: �[��� VZBRVGB\BVWD� 
26'�DUHD�\�VWDUW����SL[HO�QXP 

���� 5: �[�� VZBRVGB[BHQG� 
26'�DUHD�[�HQG����SL[HO�QXP 

��� 5: �[�� VZBRVGB[BVWD� 
26'�DUHD�[�VWDUW����SL[HO�QXP 

 
,(3�B26'B$5($B&21)��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[��� VZBRVGB\BHQG� 
26'�DUHD�\�HQG����SL[HO�QXP 

����� 5: �[��� VZBRVGB\BVWD� 
26'�DUHD�\�VWDUW����SL[HO�QXP 

���� 5: �[�� VZBRVGB[BHQG� 
26'�DUHD�[�HQG����SL[HO�QXP 

��� 5: �[�� VZBRVGB[BVWD� 
26'�DUHD�[�VWDUW����SL[HO�QXP 

 
,(3�B26'B$5($B&21)��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[��� VZBRVGB\BHQG� 
26'�DUHD�\�HQG����SL[HO�QXP 

����� 5: �[��� VZBRVGB\BVWD� 
26'�DUHD�\�VWDUW����SL[HO�QXP 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�� VZBRVGB[BHQG� 
26'�DUHD�[�HQG����SL[HO�QXP 

��� 5: �[�� VZBRVGB[BVWD� 
26'�DUHD�[�VWDUW����SL[HO�QXP 

 
,(3�B0(B&21),*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[�� 
VZBPHBWKUBRIIVHW 
PHBWKU� �PHBWKU�IURP�PG�PRGXOH����VZBPHBWKUBRIIVHW��7KLV�
VLJQDO�LV�VLJQHG�IURP������a����� 

����� 5: �[� 
VZBPYBVLPLODUBQXPBWKU� 
09�VLPLODU�FKHFN�UHVXOW� �09BVLPLODUBLQYOGBQXP���
VZBPYBVLPLODUBQXPBWKU� 

���� 5: �[� 
VZBPYBVLPLODUBWKU 
VXUURXQG�09�VLPLODU� �_FXUB09���VXUURXQGB09_���
VZBPYBVLPLODUBWKU 

��� 5: �[D VZBPYBERQXV 
09F�FDOF�09�WKH�VDPH�09�UDQJH�YDOXH 

��� 5: �[� 
VZBPHBSHQD 
EDODQFH�UHVL�DQG�JUDG��JUDGPHBSHQD����PHBSHQD�YDOXH�UDQJH�
IURP��a� 

 
,(3�B0(B/,0,7B&21),*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

���� 5: �[�E VZBPYBULJKWBOLPW 
09�ULJKW�UDQJH�OLPLW��IURP��a����GHIDXOW��� 

��� 52 �[� UHVHUYHG 

��� 5: �[�� VZBPYBOHIWBOLPW 
09�OHIW�UDQJH�OLPLW��IURP����a���GHIDXOW��� 

 
,(3�B09B758B/,67��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� VZBPYBWUXBOLVW�BPY 
09�WUXVW�OLVW�09� 

�� 52 �[� UHVHUYHG 

�� 5: �[� VZBPYBWUXBOLVW�BYOG 
09�WUXVW�OLVW�09��YOG 

����� 5: �[�� VZBPYBWUXBOLVW�BPY 
09�WUXVW�OLVW�09� 

�� 52 �[� UHVHUYHG 

�� 5: �[� VZBPYBWUXBOLVW�BYOG 
09�WUXVW�OLVW�09��YOG 

����� 5: �[�� VZBPYBWUXBOLVW�BPY 
09�WUXVW�OLVW�09� 

� 52 �[� UHVHUYHG 

� 5: �[� VZBPYBWUXBOLVW�BYOG 
09�WUXVW�OLVW�09��YOG 

��� 5: �[�� VZBPYBWUXBOLVW�BPY 
09�WUXVW�OLVW�09� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
� 52 �[� UHVHUYHG 

� 5: �[� VZBPYBWUXBOLVW�BYOG 
09�WUXVW�OLVW�09��YOG 

 
,(3�B09B758B/,67��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� VZBPYBWUXBOLVW�BPY 
09�WUXVW�OLVW�09� 

�� 52 �[� UHVHUYHG 

�� 5: �[� VZBPYBWUXBOLVW�BYOG 
09�WUXVW�OLVW�09��YOG 

����� 5: �[�� VZBPYBWUXBOLVW�BPY 
09�WUXVW�OLVW�09� 

�� 52 �[� UHVHUYHG 

�� 5: �[� VZBPYBWUXBOLVW�BYOG 
09�WUXVW�OLVW�09��YOG 

����� 5: �[�� VZBPYBWUXBOLVW�BPY 
09�WUXVW�OLVW�09� 

� 52 �[� UHVHUYHG 

� 5: �[� VZBPYBWUXBOLVW�BYOG 
09�WUXVW�OLVW�09��YOG 

��� 5: �[�� VZBPYBWUXBOLVW�BPY 
09�WUXVW�OLVW�09� 

� 52 �[� UHVHUYHG 

� 5: �[� VZBPYBWUXBOLVW�BYOG 
09�WUXVW�OLVW�09��YOG 

 
,(3�B((',B&21),*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[�F VZBHHGLBWKU� 
((',�WKU� 

 
,(3�B%/(B&21),*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

��� 5: �[� VZBEOHBEDFNWRPDBQXP 
/HIW�DQG�ULJKW�FROXP�RI�IUDPH�ZLOO�EDFN�WR�PD��JLYH�XS�PF� 

 
,(3�B&20%B&21),*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[� VZBFRPEBFQWBWKU 
7RS�RU�ERW�IUDPH�FRPE�GHFW�FRPSDUH�ZLWK�RULJLQDO�FRPE�GHFW 

����� 52 �[� UHVHUYHG 

����� 5: �[�� VZBFRPEBIHDWXUHBWKU 
7RS�RU�ERW�IUDPH�FRPE�GHFW�FRPSDUH�ZLWK�RULJLQDO�FRPE�GHFW 

���� 5: �[�� VZBFRPEBWBWKU 
'LIIHUHQW�OLQH�FRPSDUH�XVH�FRPEBWBWKU 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[II 

VZBFRPEBRVGBYOG 
26'�DUHD�GHFW�FRPE�EORFN�EDFN�WR�RULJLQDO 
>�@�DUHD��>�@DUHD�����>�@DUHD� 
�
E���%DFN�WR�RULJLQDO 
�
E���1RW�EDFN�WR�RULJLQDO 

 
,(3�B',/B071B7$%��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 52 �[� UHVHUYHG 

����� 5: �[�� VZBPWQBVXEBWDE�� 
VZBPWQBVXEBWDE�� 

�� 52 �[� UHVHUYHG 

����� 5: �[�� VZBPWQBVXEBWDE�� 
VZBPWQBVXEBWDE�� 

�� 52 �[� UHVHUYHG 

���� 5: �[�� VZBPWQBVXEBWDE�� 
VZBPWQBVXEBWDE�� 

� 52 �[� UHVHUYHG 

��� 5: �[�� VZBPWQBVXEBWDE�� 
VZBPWQBVXEBWDE�� 

 
,(3�B',/B071B7$%��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 52 �[� UHVHUYHG 

����� 5: �[�� VZBPWQBVXEBWDE�� 
VZBPWQBVXEBWDE�� 

�� 52 �[� UHVHUYHG 

����� 5: �[�� VZBPWQBVXEBWDE�� 
VZBPWQBVXEBWDE�� 

�� 52 �[� UHVHUYHG 

���� 5: �[�� VZBPWQBVXEBWDE�� 
VZBPWQBVXEBWDE�� 

� 52 �[� UHVHUYHG 

��� 5: �[�� VZBPWQBVXEBWDE�� 
VZBPWQBVXEBWDE�� 

 
,(3�B',/B071B7$%��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 52 �[� UHVHUYHG 

����� 5: �[�� VZBPWQBVXEBWDE�� 
VZBPWQBVXEBWDE�� 

�� 52 �[� UHVHUYHG 

����� 5: �[�� VZBPWQBVXEBWDE�� 
VZBPWQBVXEBWDE�� 

�� 52 �[� UHVHUYHG 

���� 5: �[�� VZBPWQBVXEBWDE�� 
VZBPWQBVXEBWDE�� 

� 52 �[� UHVHUYHG 

��� 5: �[�� VZBPWQBVXEBWDE�� 
VZBPWQBVXEBWDE�� 
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,(3�B',/B071B7$%��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 52 �[� UHVHUYHG 

����� 5: �[�� VZBPWQBVXEBWDE�� 
VZBPWQBVXEBWDE�� 

�� 52 �[� UHVHUYHG 

����� 5: �[�� VZBPWQBVXEBWDE�� 
VZBPWQBVXEBWDE�� 

�� 52 �[� UHVHUYHG 

���� 5: �[�� VZBPWQBVXEBWDE�� 
VZBPWQBVXEBWDE�� 

� 52 �[� UHVHUYHG 

��� 5: �[�� VZBPWQBVXEBWDE�� 
VZBPWQBVXEBWDE�� 

 
,(3�B',/B071B7$%��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 52 �[� UHVHUYHG 

����� 5: �[�� VZBPWQBVXEBWDE�� 
VZBPWQBVXEBWDE�� 

�� 52 �[� UHVHUYHG 

����� 5: �[�� VZBPWQBVXEBWDE�� 
VZBPWQBVXEBWDE�� 

�� 52 �[� UHVHUYHG 

���� 5: �[�� VZBPWQBVXEBWDE�� 
VZBPWQBVXEBWDE�� 

� 52 �[� UHVHUYHG 

��� 5: �[�� VZBPWQBVXEBWDE�� 
VZBPWQBVXEBWDE�� 

 
,(3�B',/B071B7$%��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 52 �[� UHVHUYHG 

����� 5: �[�� VZBPWQBVXEBWDE�� 
VZBPWQBVXEBWDE�� 

�� 52 �[� UHVHUYHG 

����� 5: �[�� VZBPWQBVXEBWDE�� 
VZBPWQBVXEBWDE�� 

�� 52 �[� UHVHUYHG 

���� 5: �[�� VZBPWQBVXEBWDE�� 
VZBPWQBVXEBWDE�� 

� 52 �[� UHVHUYHG 

��� 5: �[�� VZBPWQBVXEBWDE�� 
VZBPWQBVXEBWDE�� 

 
,(3�B',/B071B7$%��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 52 �[� UHVHUYHG 

����� 5: �[�I VZBPWQBVXEBWDE�� 
VZBPWQBVXEBWDE�� 

�� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�G VZBPWQBVXEBWDE�� 
VZBPWQBVXEBWDE�� 

�� 52 �[� UHVHUYHG 

���� 5: �[�D VZBPWQBVXEBWDE�� 
VZBPWQBVXEBWDE�� 

� 52 �[� UHVHUYHG 

��� 5: �[�� VZBPWQBVXEBWDE�� 
VZBPWQBVXEBWDE�� 

 
,(3�B',/B071B7$%��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 52 �[� UHVHUYHG 

����� 5: �[�F VZBPWQBVXEBWDE�� 
VZBPWQBVXEBWDE�� 

�� 52 �[� UHVHUYHG 

����� 5: �[�� VZBPWQBVXEBWDE�� 
VZBPWQBVXEBWDE�� 

�� 52 �[� UHVHUYHG 

���� 5: �[�� VZBPWQBVXEBWDE�� 
VZBPWQBVXEBWDE�� 

� 52 �[� UHVHUYHG 

��� 5: �[�� VZBPWQBVXEBWDE�� 
VZBPWQBVXEBWDE�� 

 
,(3�B',/B071B7$%��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 52 �[� UHVHUYHG 

����� 5: �[�E VZBPWQBVXEBWDE�� 
VZBPWQBVXEBWDE�� 

�� 52 �[� UHVHUYHG 

����� 5: �[�� VZBPWQBVXEBWDE�� 
VZBPWQBVXEBWDE�� 

�� 52 �[� UHVHUYHG 

���� 5: �[�� VZBPWQBVXEBWDE�� 
VZBPWQBVXEBWDE�� 

� 52 �[� UHVHUYHG 

��� 5: �[�� VZBPWQBVXEBWDE�� 
VZBPWQBVXEBWDE�� 

 
,(3�B',/B071B7$%��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 52 �[� UHVHUYHG 

����� 5: �[�� VZBPWQBVXEBWDE�� 
VZBPWQBVXEBWDE�� 

�� 52 �[� UHVHUYHG 

����� 5: �[�� VZBPWQBVXEBWDE�� 
VZBPWQBVXEBWDE�� 

�� 52 �[� UHVHUYHG 

���� 5: �[�� VZBPWQBVXEBWDE�� 
VZBPWQBVXEBWDE�� 

� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[�H VZBPWQBVXEBWDE�� 
VZBPWQBVXEBWDE�� 

 
,(3�B',/B071B7$%���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 52 �[� UHVHUYHG 

����� 5: �[�G VZBPWQBVXEBWDE�� 
VZBPWQBVXEBWDE�� 

�� 52 �[� UHVHUYHG 

����� 5: �[�F VZBPWQBVXEBWDE�� 
VZBPWQBVXEBWDE�� 

�� 52 �[� UHVHUYHG 

���� 5: �[�D VZBPWQBVXEBWDE�� 
VZBPWQBVXEBWDE�� 

� 52 �[� UHVHUYHG 

��� 5: �[�� VZBPWQBVXEBWDE�� 
VZBPWQBVXEBWDE�� 

 
,(3�B',/B071B7$%���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 52 �[� UHVHUYHG 

����� 5: �[�� VZBPWQBVXEBWDE�� 
VZBPWQBVXEBWDE�� 

�� 52 �[� UHVHUYHG 

����� 5: �[�� VZBPWQBVXEBWDE�� 
VZBPWQBVXEBWDE�� 

�� 52 �[� UHVHUYHG 

���� 5: �[�I VZBPWQBVXEBWDE�� 
VZBPWQBVXEBWDE�� 

� 52 �[� UHVHUYHG 

��� 5: �[�H VZBPWQBVXEBWDE�� 
VZBPWQBVXEBWDE�� 

 
,(3�B',/B071B7$%���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 52 �[� UHVHUYHG 

����� 5: �[�� VZBPWQBVXEBWDE�� 
VZBPWQBVXEBWDE�� 

�� 52 �[� UHVHUYHG 

����� 5: �[�� VZBPWQBVXEBWDE�� 
VZBPWQBVXEBWDE�� 

�� 52 �[� UHVHUYHG 

���� 5: �[�� VZBPWQBVXEBWDE�� 
VZBPWQBVXEBWDE�� 

� 52 �[� UHVHUYHG 

��� 5: �[�� VZBPWQBVXEBWDE�� 
VZBPWQBVXEBWDE�� 

 
,(3�B',/B071B7$%���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 52 �[� UHVHUYHG 

����� 5: �[�� VZBPWQBVXEBWDE�� 
VZBPWQBVXEBWDE�� 

�� 52 �[� UHVHUYHG 

����� 5: �[�� VZBPWQBVXEBWDE�� 
VZBPWQBVXEBWDE�� 

�� 52 �[� UHVHUYHG 

���� 5: �[�� VZBPWQBVXEBWDE�� 
VZBPWQBVXEBWDE�� 

� 52 �[� UHVHUYHG 

��� 5: �[�� VZBPWQBVXEBWDE�� 
VZBPWQBVXEBWDE�� 

 
,(3�B',/B071B7$%���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 52 �[� UHVHUYHG 

����� 5: �[�� VZBPWQBVXEBWDE�� 
VZBPWQBVXEBWDE�� 

�� 52 �[� UHVHUYHG 

����� 5: �[�� VZBPWQBVXEBWDE�� 
VZBPWQBVXEBWDE�� 

�� 52 �[� UHVHUYHG 

���� 5: �[�� VZBPWQBVXEBWDE�� 
VZBPWQBVXEBWDE�� 

� 52 �[� UHVHUYHG 

��� 5: �[�� VZBPWQBVXEBWDE�� 
VZBPWQBVXEBWDE�� 

 
,(3�B',/B071B7$%���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 52 �[� UHVHUYHG 

����� 5: �[�� VZBPWQBVXEBWDE�� 
VZBPWQBVXEBWDE�� 

�� 52 �[� UHVHUYHG 

����� 5: �[�� VZBPWQBVXEBWDE�� 
VZBPWQBVXEBWDE�� 

�� 52 �[� UHVHUYHG 

���� 5: �[�� VZBPWQBVXEBWDE�� 
VZBPWQBVXEBWDE�� 

� 52 �[� UHVHUYHG 

��� 5: �[�� VZBPWQBVXEBWDE�� 
VZBPWQBVXEBWDE�� 

 
,(3�B52B3'B7&17�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

���� 52 �[����� URBGHFWBSGBWFQW 
3XOOGRZQ�GHFW�WRS�ILHOG�FQW 

 
,(3�B52B3'B%&17�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

���� 52 �[����� URBGHFWBSGBEFQW 
3XOOGRZQ�GHFW�ERW�ILHOG�FQW 

 
,(3�B52B))B&85B7&17�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� URBGHFWBIIBFXUBWFQW )UDPH�ILHOG�GHFW�FXUUHQW�IUDPH�WRS�ILHOG�FQW 
 
,(3�B52B))B&85B%&17�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� URBGHFWBIIBFXUBEFQW )UDPH�ILHOG�GHFW�FXUUHQW�IUDPH�ERW�ILHOG�FQW 
 
,(3�B52B))B1;7B7&17�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� URBGHFWBIIBQ[WBWFQW )UDPH�ILHOG�GHFW�QH[W�IUDPH�WRS�ILHOG�FQW 
 
,(3�B52B))B1;7B%&17�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� URBGHFWBIIBQ[WBEFQW )UDPH�ILHOG�GHFW�QH[W�IUDPH�ERW�ILHOG�FQW 
 
,(3�B52B))B%/(B7&17�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� URBGHFWBIIBEOHBWFQW )UDPH�ILHOG�GHFW�FXUUHQW�DQG�QH[W�IUDPH�EOHQG�WRS�ILHOG�FQW 
 
,(3�B52B))B%/(B%&17�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� URBGHFWBIIBEOHBEFQW )UDPH�ILHOG�GHFW�FXUUHQW�DQG�QH[W�IUDPH�EOHQG�ERW�ILHOG�FQW 
 
,(3�B52B))B&20%B1=�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

���� 52 �[������ URBGHFWBIIBQ] 
)UDPH�ILHOG�GHFW�FXUUHQW�IUDPH�QRQH�]HUR�QXP 

 
,(3�B52B))B&20%B)�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

���� 52 �[������ URBGHFWBIIBFRPEBI 
)UDPH�ILHOG�GHFW�FXUUHQW�IUDPH�FRPE�GHFW�QXP 
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,(3�B52B26'B180�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 52 �[� URBGHFWBRVGBFQW 
26'�DUHD�GHFW�QXPEHU 

 
,(3�B52B287B&20%B&17�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� URBRXWBRVGBFRPEBFQW 
7RS�IUDPH�DQG�ERW�IUDPH�26'�DUHD�FRPE�QXP 

���� 52 �[���� URBRXWBFRPEBFQW 
7RS�IUDPH�DQG�ERW�IUDPH�FRPE�QXP 

 
,(3�B52B))B*5$'7B7&17�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

���� 52 �[������� URBIIBJUDGWBWFQW 
)UDPH�ILHOG�GHFW��JUDGW�WRS�ILHOG�FQW 

 
,(3�B52B))B*5$'7B%&17�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

���� 52 �[������� URBIIBJUDGWBEFQW 
)UDPH�ILHOG�GHFW��JUDGW�ERW�ILHOG�FQW 

 
,(3�B52B0&B9/'B&17�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

���� 52 �[���� URBPFBYOGBFQW 
26'�DUHD�GHFW�QXPEHU 

 
,(3�B52B26'B$5($�B;�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 52 �[��� URB[BHQG� 
��SL[HO 

����� 52 �[�� UHVHUYHG 

���� 52 �[��� URB[BVWD� 
��SL[HO 

 
,(3�B52B26'B$5($�B<�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 52 �[��� URB\BHQG� 
��SL[HO 

����� 52 �[�� UHVHUYHG 

���� 52 �[��� URB\BVWD� 
��SL[HO 
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,(3�B52B26'B$5($�B;�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 52 �[��� URB[BHQG� 
��SL[HO 

����� 52 �[�� UHVHUYHG 

���� 52 �[��� URB[BVWD� 
��SL[HO 

 
,(3�B52B26'B$5($�B<�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 52 �[��� URB\BHQG� 
��SL[HO 

����� 52 �[�� UHVHUYHG 

���� 52 �[��� URB\BVWD� 
��SL[HO 

 
,(3�B52B26'B$5($�B;�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 52 �[��� URB[BHQG� 
��SL[HO 

����� 52 �[�� UHVHUYHG 

���� 52 �[��� URB[BVWD� 
��SL[HO 

 
,(3�B52B26'B$5($�B<�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 52 �[��� URB\BHQG� 
��SL[HO 

����� 52 �[�� UHVHUYHG 

���� 52 �[��� URB\BVWD� 
��SL[HO 

 
,(3�B52B26'B$5($�B;�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 52 �[��� URB[BHQG� 
��SL[HO 

����� 52 �[�� UHVHUYHG 

���� 52 �[��� URB[BVWD� 
��SL[HO 

 
,(3�B52B26'B$5($�B<�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[��� URB\BHQG� 
��SL[HO 

����� 52 �[�� UHVHUYHG 

���� 52 �[��� URB\BVWD� 
��SL[HO 

 
,(3�B52B26'B$5($�B;�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 52 �[��� URB[BHQG� 
��SL[HO 

����� 52 �[�� UHVHUYHG 

���� 52 �[��� URB[BVWD� 
��SL[HO 

 
,(3�B52B26'B$5($�B<�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 52 �[��� URB\BHQG� 
��SL[HO 

����� 52 �[�� UHVHUYHG 

���� 52 �[��� URB\BVWD� 
��SL[HO 

 
,(3�B52B26'B$5($�B;�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 52 �[��� URB[BHQG� 
��SL[HO 

����� 52 �[�� UHVHUYHG 

���� 52 �[��� URB[BVWD� 
��SL[HO 

 
,(3�B52B26'B$5($�B<�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 52 �[��� URB\BHQG� 
��SL[HO 

����� 52 �[�� UHVHUYHG 

���� 52 �[��� URB\BVWD� 
��SL[HO 

 
,(3�B52B26'B$5($�B;�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 52 �[��� URB[BHQG� 
��SL[HO 

����� 52 �[�� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[��� URB[BVWD� 
��SL[HO 

 
,(3�B52B26'B$5($�B<�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 52 �[��� URB\BHQG� 
��SL[HO 

����� 52 �[�� UHVHUYHG 

���� 52 �[��� URB\BVWD� 
��SL[HO 

 
,(3�B52B26'B$5($�B;�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 52 �[��� URB[BHQG� 
��SL[HO 

����� 52 �[�� UHVHUYHG 

���� 52 �[��� URB[BVWD� 
��SL[HO 

 
,(3�B52B26'B$5($�B<�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 52 �[��� URB\BHQG� 
��SL[HO 

����� 52 �[�� UHVHUYHG 

���� 52 �[��� URB\BVWD� 
��SL[HO 

 
,(3�B52B09B+,67B%,1��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� URBPYBKLVW�� 
0YBKLVWRJUDP�� 

���� 52 �[���� URBPYBKLVW�� 
0YBKLVWRJUDP�� 

 
,(3�B52B09B+,67B%,1��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� URBPYBKLVW�� 
0YBKLVWRJUDP�� 

���� 52 �[���� URBPYBKLVW�� 
0YBKLVWRJUDP�� 

 
,(3�B52B09B+,67B%,1��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� URBPYBKLVW�� 
0YBKLVWRJUDP�� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[���� URBPYBKLVW�� 
0YBKLVWRJUDP�� 

 
,(3�B52B09B+,67B%,1��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� URBPYBKLVW�� 
0YBKLVWRJUDP�� 

���� 52 �[���� URBPYBKLVW�� 
0YBKLVWRJUDP�� 

 
,(3�B52B09B+,67B%,1��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� URBPYBKLVW�� 
0YBKLVWRJUDP�� 

���� 52 �[���� URBPYBKLVW�� 
0YBKLVWRJUDP�� 

 
,(3�B52B09B+,67B%,1��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� URBPYBKLVW�� 
0YBKLVWRJUDP�� 

���� 52 �[���� URBPYBKLVW�� 
0YBKLVWRJUDP�� 

 
,(3�B52B09B+,67B%,1��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� URBPYBKLVW�� 
0YBKLVWRJUDP�� 

���� 52 �[���� URBPYBKLVW�� 
0YBKLVWRJUDP�� 

 
,(3�B52B09B+,67B%,1��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� URBPYBKLVW�� 
0YBKLVWRJUDP�� 

���� 52 �[���� URBPYBKLVW�� 
0YBKLVWRJUDP�� 

 
,(3�B52B09B+,67B%,1��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� URBPYBKLVW�� 
0YBKLVWRJUDP�� 

���� 52 �[���� URBPYBKLVW�� 
0YBKLVWRJUDP�� 

 
,(3�B52B09B+,67B%,1��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� URBPYBKLVW�� 
0YBKLVWRJUDP�� 

���� 52 �[���� URBPYBKLVW�� 
0YBKLVWRJUDP�� 

 
,(3�B52B09B+,67B%,1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� URBPYBKLVW�� 
0YBKLVWRJUDP�� 

���� 52 �[���� URBPYBKLVW�� 
0YBKLVWRJUDP�� 

 
,(3�B52B09B+,67B%,1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� URBPYBKLVW�� 
0YBKLVWRJUDP�� 

���� 52 �[���� URBPYBKLVW�� 
0YBKLVWRJUDP�� 

 
,(3�B52B09B+,67B%,1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� URBPYBKLVW�� 
0YBKLVWRJUDP�� 

���� 52 �[���� URBPYBKLVW�� 
0YBKLVWRJUDP�� 

 
,(3�B52B09B+,67B%,1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� URBPYBKLVW�� 
0YBKLVWRJUDP�� 

���� 52 �[���� URBPYBKLVW�� 
0YBKLVWRJUDP�� 

 
,(3�B52B09B+,67B%,1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� URBPYBKLVW�� 
0YBKLVWRJUDP�� 

���� 52 �[���� URBPYBKLVW�� 
0YBKLVWRJUDP�� 

 
,(3�B52B09B+,67B%,1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� URBPYBKLVW�� 
0YBKLVWRJUDP�� 

���� 52 �[���� URBPYBKLVW�� 
0YBKLVWRJUDP�� 

 
,(3�B52B09B+,67B%,1���  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� URBPYBKLVW�� 
0YBKLVWRJUDP�� 

���� 52 �[���� URBPYBKLVW�� 
0YBKLVWRJUDP�� 

 
,(3�B52B09B+,67B%,1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� URBPYBKLVW�� 
0YBKLVWRJUDP�� 

���� 52 �[���� URBPYBKLVW�� 
0YBKLVWRJUDP�� 

 
,(3�B52B09B+,67B%,1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� URBPYBKLVW�� 
0YBKLVWRJUDP�� 

���� 52 �[���� URBPYBKLVW�� 
0YBKLVWRJUDP�� 

 
,(3�B52B09B+,67B%,1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� URBPYBKLVW�� 
0YBKLVWRJUDP�� 

���� 52 �[���� URBPYBKLVW�� 
0YBKLVWRJUDP�� 

 
,(3�B52B09B+,67B%,1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� URBPYBKLVW�� 
0YBKLVWRJUDP�� 

���� 52 �[���� URBPYBKLVW�� 
0YBKLVWRJUDP�� 

 
,(3�B52B09B+,67B%,1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� URBPYBKLVW�� 
0YBKLVWRJUDP�� 

���� 52 �[���� URBPYBKLVW�� 
0YBKLVWRJUDP�� 

 
,(3�B52B09B+,67B%,1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� URBPYBKLVW�� 
0YBKLVWRJUDP�� 

���� 52 �[���� URBPYBKLVW�� 
0YBKLVWRJUDP�� 
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,(3�B52B09B+,67B%,1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� URBPYBKLVW�� 
0YBKLVWRJUDP�� 

���� 52 �[���� URBPYBKLVW�� 
0YBKLVWRJUDP�� 

 
,(3�B52B09B+,67B%,1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� URBPYBKLVW�� 
0YBKLVWRJUDP�� 

���� 52 �[���� URBPYBKLVW�� 
0YBKLVWRJUDP�� 

 
,(3�B52B09B+,67B%,1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� URBPYBKLVW�� 
0YBKLVWRJUDP�� 

���� 52 �[���� URBPYBKLVW�� 
0YBKLVWRJUDP�� 

 
,(3�B52B09B+,67B%,1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� URBPYBKLVW�� 
0YBKLVWRJUDP�� 

���� 52 �[���� URBPYBKLVW�� 
0YBKLVWRJUDP�� 

 
,(3�B52B09B+,67B%,1���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� URBPYBKLVW�� 
0YBKLVWRJUDP�� 

���� 52 �[���� URBPYBKLVW�� 
0YBKLVWRJUDP�� 

 
,(3�B3(5)B/$7(1&<B&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

���� 5: �[��� VZBUGBODWHQF\BWKU 
VZBUGBODWHQF\BWKU 

��� 5: �[� VZBUGBODWHQF\BLG 
VZBUGBODWHQF\BLG 

� 5: �[� VZBD[LBFQWBW\SH 
VZBD[LBFQWBW\SH 

� 5: �[� 
VZBD[LBSHUIBIUPBW\SH 
�
E���&OHDU�E\�VRIWZDUH�FRQILJXUDWLRQ 
�
E���&OHDU�E\�IUDPH�HQG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
VZBD[LBSHUIBFOUBH 
�
E���6RIWZDUH�FOHDU�GLVDEOH 
�
E���6RIWZDUH�FOHDU�HQDEOH 

� 5: �[� 
VZBD[LBSHUIBZRUNBH 
�
E���'LVDEOH 
�
E���(QDEOH 

 
,(3�B3(5)B/$7(1&<B&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

���� 5: �[� VZBDZBFRXQWBLG 
VZBDZBFRXQWBLG 

��� 5: �[� VZBDUBFRXQWBLG 
VZBDUBFRXQWBLG 

� 5: �[� VZBDZBFQWBLGBW\SH 
VZBDZBFQWBLGBW\SH 

� 5: �[� VZBDUBFQWBLGBW\SH 
VZBDUBFQWBLGBW\SH 

��� 5: �[� VZBDGGUBDOLJQBW\SH 
VZBDGGUBDOLJQBW\SH 

 
,(3�B3(5)B5'B0$;B/$7(1&<B180��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 52 �[���� UGBPD[BODWHQF\BQXPBFK� 
UGBPD[BODWHQF\BQXPBFK� 

 
,(3�B3(5)B5'B/$7(1&<B6$03B180�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� UGBODWHQF\BWKUBQXPBFK� UGBODWHQF\BWKUBQXPBFK� 
 
,(3�B3(5)B5'B/$7(1&<B$&&B680�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� UGBODWHQF\BDFFBVXP 
UGBODWHQF\BDFFBVXP 

 
,(3�B3(5)B:5B$;,B727$/B%<7(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� SHUIBZUBD[LBWRWDOBE\WH SHUIBZUBD[LBWRWDOBE\WH 
 
,(3�B3(5)B:25.,1*B&17�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� SHUIBZRUNLQJBFQW SHUIBZRUNLQJBFQW 
 
,(3�B3(5)B5'B$;,B727$/B%<7(�  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� SHUIBUGBD[LBWRWDOBE\WH SHUIBUGBD[LBWRWDOBE\WH 
 
,(3�B008B'7(B$''5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� PPXBGWHBDGGU 008�GWH�DGGU 
 
,(3�B008B67$786�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[������ UHVHUYHG 

���� 5: �[�� PPXBSDJHBIDXOWBEXVBLG 
,QGH[�RI�PDVWHU�UHVSRQVLEOH�IRU�WKH�ODVW�SDJH�IDXOW 

� 5: �[� 
PPXBSDJHBIDXOWBLVBZULWH 
7KH�GLUHFWLRQ�RI�DFFHVV�IRU�ODVW�SDJH�IDXOW� 
�
E���5HDG 
�
E���:ULWH 

� 5: �[� PPXBUHSOD\BEXIIHUBHPSW\ 
7KH�008�UHSOD\�EXIIHU�LV�HPSW\� 

� 5: �[� 

PPXBLGOH 
7KH�008�LV�LGOH�ZKHQ�DFFHVVHV�DUH�EHLQJ�WUDQVODWHG�DQG�WKHUH 
LV�QR�XQILQLVKHG�WUDQVODWHG�DFFHVV��7KH�008B,'/(�VLJQDO 
RQO\�UHSRUWV�LGOH�ZKHQ�WKH�008�SURFHVVRU�LV�LGOH�DQG 
DFFHVVHV�DUH�DFWLYH�RQ�WKH�H[WHUQDO�EXV� 
1RWH��7KH�008�FDQ�EH�LGOH�LQ�SDJH�IDXOW�PRGH� 

� 5: �[� 
PPXBVWDOOBDFWLYH 
008�VWDOO�PRGH�FXUUHQWO\�HQDEOHG��7KH�PRGH�LV�HQDEOHG�E\�
FRPPDQG� 

� 5: �[� 
PPXBSDJHBIDXOWBDFWLYH 
008�SDJH�IDXOW�PRGH�FXUUHQWO\�HQDEOHG��7KH�PRGH�LV�HQDEOHG�E\�
FRPPDQG� 

� 5: �[� PPXBSDJLQJBHQDEOHG 
008�SDJH�HQDEOH 

 
,(3�B008B&0'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

��� 5: �[� 

PPXBFPG 
7KH�008B(1$%/(B67$//�FRPPDQG�FDQ�DOZD\V�EH�LVVXHG� 
2WKHU�FRPPDQGV�DUH�LJQRUHG�XQOHVV�WKH�008�LV�LGOH�RU�VWDOOHG� 
�
E�����(QDEOH�SDJLQJ 
�
E�����'LVDEOH�SDJLQJ 
�
E�����7XUQ�RQ�VWDOO�PRGH 
�
E�����7XUQ�RII�VWDOO�PRGH 
�
E�����=DS�WKH�HQWLUH�SDJH�WDEOH�FDFKH 
�
E�����/HDYH�SDJH�IDXOW�PRGH 
�
E�����5HVHW�WKH�008 

 
,(3�B008B3$*(B)$8/7B$''5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� PPXBSDJHBIDXOWBDGGU PPXBSDJHBIDXOWBDGGU 
 
,(3�B008B=$3B21(B/,1(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� PPXB]DSBRQHBOLQH 
$GGUHVV�WR�EH�LQYDOLGDWHG�IURP�WKH�SDJH�WDEOH�FDFKH 

 
,(3�B008B,17B5$:67$7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� UHDGBEXVBHUURU 
008�UHDG�EXV�HUURU 

� 5: �[� SDJHBIDXOW 
3DJH�IDXOW 

 
,(3�B008B,17B&/($5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 
UHDGBEXVBHUURUBFOHDU 
5HDG�EXV�HUURU�LQWHUUXSW�FOHDU��:ULWH���WR�WKLV�UHJLVWHU�FDQ�FOHDU 
UHDG�EXV�HUURU�LQWHUUXSW� 

� 5: �[� 
SDJHBIDXOWBFOHDU 
3DJH�IDXOW�LQWHUUXSW�FOHDU��:ULWH���WR�WKLV�UHJLVWHU�FDQ�FOHDU�SDJH�
IDXOW�LQWHUUXSW� 

 
,(3�B008B,17B0$6.�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� UHDGBEXVBHUURUBLQWBHQ 
008�UHDG�EXV�HUURU�LQW�HQDEOH 

� 5: �[� SDJHBIDXOWBLQWBHQ 
3$*(�IDXOW�LQW�HQDEOH 

 
,(3�B008B,17B67$786�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� UHDGBEXVBHUURU 
008�UHDG�EXV�HUURU 

� 5: �[� SDJHBIDXOW 
3DJH�IDXOW 

 
,(3�B008B$872B*$7,1*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� PPXBDXWRBJDWLQJ 
:KHQ�LW�LV����WKH�008�ZLOO�DXWR�JDWLQJ�LWVHOI 
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,(3�B008B,'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 
��� 5: �[� PPXBD[LBLG 
��� 52 �[� UHVHUYHG 
� 5: �[� UHJBORDGBPPXBHQ 
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15.5 Application Notes 
,QSXW�VRXUFH�GHILQLWLRQ�FRQVWDQW�  
7KH�LQSXW�VRXUFH�GHILQLWLRQ�PXVW�EH���[��DOLJQHG��ZKLFK�PHDQV�WKH�LPDJH�ZLGWK����DOLJQHG�
DQG�LPDJH�KHLJKW���DOLJQHG��  
1RUPDO�FRQILJXUDWLRQ�IORZ�  
z 6HW�,(3��UHODWHG�VLJQDOV�EDVHG�RQ�FXUUHQW�YLGHR�VRXUFH�LQIRUPDWLRQ�DQG�GHLQWHUODFH�PRGH�

�PXVW�RSHQ�IUDPH�GRQH�LQWHUUXSWLRQ�E\�DVVHUWLQJ�WKH�VZBLHSBIUPBGRQHBHQ�VLJQDO�� 
z 6HW�IUDPH�VWDUW�E\�OHWWLQJ�VZBLHSBIUPBHQ� ���  
z :DLW�IRU�,(3�IUDPH�GRQH�LQWHUUXSWLRQ�  
z 5HDG�EDFN�PDQ\�NLQGV�RI�'HWHFWLRQ�GDWD�DQG�09+,67��DQDO\]H�WKHVH�GDWD��JHW�WKH�JOREDO�

09��26'�LQIRUPDWLRQ�HWF 
z &RQILJXUH�WKH�09��26'�LQIRUPDWLRQ�EDFN�  
z 6HW�IUDPH�VWDUW�IRU�GHLQWHUODFH�ORRS 
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Chapter 16 USB2.0 Host 
16.1 Overview 
7KHUH�DUH�WZR�86%����KRVW�FRQWUROOHU��HDFK�86%����KRVW�FRQWUROOHU�VXSSRUWV�IXOO\�86%����
IXQFWLRQV�ZLWK�RQH�(+&,�KRVW�FRQWUROOHU�DQG�RQH�2+&,�KRVW�FRQWUROOHU��DQG�HDFK�KRVW�
FRQWUROOHU�KDV�RQH�86%�SRUW��2+&,�KRVW�FRQWUROOHU�RQO\�VXSSRUWV�IXOO�VSHHG�DQG�ORZ�VSHHG�
PRGH�DQG�LV�XVHG�IRU�IXOO�VSHHG�GHYLFHV�DQG�ORZ�VSHHG�GHYLFHV��(+&,�RQO\�VXSSRUWV�KLJK�
VSHHG�PRGH�DQG�LV�XVHG�IRU�KLJK�VSHHG�GHYLFHV��2+&,�KRVW�FRQWUROOHU�DQG�(+&,�KRVW�
FRQWUROOHU�VKDUHV�WKH�VDPH�86%�SRUW��(+&,�KRVW�FRQWUROOHU�ZLOO�DXWR�VHOHFW�WKH�RZQHU��2+&,�
RU�(+&,��RI�WKLV�86%�SRUW�GHSHQGLQJ�RQ�WKH�VSHHG�PRGH�RI�DWWDFKHG�GHYLFHV��ZKHQ�VHOHFWLQJ�
2+&,�DV�RZQHU��2+&,�KRVW�FRQWUROOHU�ZLOO�VHUYH�IRU�WKH�DWWDFKHG�GHYLFH��ZKHQ�VHOHFWLQJ�(+&,�
DV�RZQHU��(+&,�KRVW�FRQWUROOHU�ZLOO�VHUYH�IRU�WKH�DWWDFKHG�GHYLFH��  
86%����+RVW�&RQWUROOHU�VXSSRUWV�WKH�IROORZLQJ�IHDWXUHV� 
z &RPSDWLEOH�6SHFLILFDWLRQV 

� 8QLYHUVDO�6HULDO�%XV�6SHFLILFDWLRQ��5HYLVLRQ���� 
� (QKDQFHG�+RVW�&RQWUROOHU�,QWHUIDFH�6SHFLILFDWLRQ��(+&,���5HYLVLRQ���� 
� 2SHQ�+RVW�&RQWUROOHU�,QWHUIDFH�6SHFLILFDWLRQ��2+&,���5HYLVLRQ����D 

6XSSRUW�+LJK�VSHHG�����0ESV���)XOO�VSHHG����0ESV��DQG�/RZ�VSHHG�����0ESV� 
16.2 Block Diagram 
86%����+RVW�&RQWUROOHU�FRPSULVHV�ZLWK� 
z (+&,�+RVW�&RQWUROOHU��3HUIRUP�+LJK�VSHHG�WUDQVDFWLRQV 
z 2+&,�+RVW�&RQWUROOHU��3HUIRUP�IXOO�ORZ�VSHHG�WUDQVDFWLRQV 
z 3RUW�5RXWLQJ�&RQWURO��6HOHFW�(+&,�+RVW�&RQWUROOHU�RU�2+&,�+RVW�&RQWUROOHU 

EHCI Host
 Controller

OHCI Host
 Controller

Port Routing Control

USB2.0 PHY

USB2.0 Host Controller

UTMI+ UTMI+

UTMI+

 
Fig. 16-1 USB2.0 Host Controller Block Diagram 

16.3 Function Description 
16.3.1 (+&,�+RVW�&RQWUROOHU 
,W�SHUIRUPV�GHVFULSWRUV�DQG�GDWD�UHDG�RU�ZULWH�IURP�RU�WR�V\VWHP�PHPRU\�DQG�SDFNV�RU�
XQSDFN�86%�WUDQVDFWLRQV�IURP�RU�WR�870,��LQWHUIDFH�GHILQHG�LQ�(+&,�VSHFLILFDWLRQ�IRU�KLJK�
VSHHG�GDWD�WUDQVPLVVLRQ��  
16.3.2 2+&,�+RVW�&RQWUROOHU 
,W�SHUIRUPV�GHVFULSWRUV�DQG�GDWD�UHDG�ZULWH�IURP�WR�V\VWHP�PHPRU\�DQG�SDFNV�RU�XQ�SDFN�
86%�WUDQVDFWLRQV�IURP�RU�WR�870,��LQWHUIDFH�GHILQHG�LQ�2+&,�VSHFLILFDWLRQ�IRU�IXOO�VSHHG�RU�
ORZ�VSHHG�GDWD�WUDQVPLVVLRQ��  
16.3.3 3RUW�5RXWLQJ�&RQWURO 
$V�SDUW�RI�ORJLF�LQ�WKH�(+&,�KRVW�FRQWUROOHU��LW�LV�XVHG�WR�DXWR�VHOHFW�(+&,�RU�2+&,�KRVW�
FRQWUROOHU�WR�VHUYH�WKH�DWWDFKHG�GHYLFH�GHSHQGLQJ�RQ�WKH�VSHHG�RI�WKH�DWWDFKHG�GHYLFH��  
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16.4 Register Description 
16.4.1 ,QWHUQDO�$GGUHVV�0DSSLQJ 
6ODYH�DGGUHVV�FDQ�EH�GLYLGHG�LQWR�GLIIHUHQW�OHQJWK�IRU�GLIIHUHQW�XVDJH��ZKLFK�LV�VKRZQ�DV�
IROORZV��  

Table 16-1 USB2.0 Host Controller Address Mapping 

%DVH�$GGUHVV>��@ 'HYLFH $GGUHVV�
/HQJWK 2IIVHW�$GGUHVV�5DQJH 

�¶E� (+&, ��.�%<7( �[������a��[�IIII 
�¶E� 2+&, ��.�%<7( �[������a��[�IIII 
(+&,�DQG�2+&,�UHJLVWHU�GHILQLWLRQV��SOHDVH�UHIHU�WR�(QKDQFHG�+RVW�&RQWUROOHU�,QWHUIDFH�
6SHFLILFDWLRQ��(+&,���5HYLVLRQ�����DQG�2SHQ�+RVW�&RQWUROOHU�,QWHUIDFH�6SHFLILFDWLRQ��2+&,���
5HYLVLRQ����D� 
16.5 Interface Description 

Table 16-2 USB2.0 PHY Interface Description 
Module 

Pin 
Direction Pin Name Descriptions 

DP0 I/O HOST0_DP USB differential signal IO, 
positive end 

DM0 I/O HOST0_DM USB differential signal IO, 
negative end 

DP1 I/O HOST1_DP USB differential signal IO, 
positive end 

DM1 I/O HOST1_DM USB differential signal IO, 
negative end 

VCCA18 I/O HOST_AVDD_1V8 1.8V power supply 

RREF I/O HOST_EXTR 

External 200ohm Bias 
Resistance, this is the 
200ohm external resistance 
pin for termination. 

AGND I/O VSS Ground IO for both 3.3V, 
1.8V and 0.8V 

ACCA33 I/O USB_AVDD3V3 3.3 V power supply(only 
Full speed driver) 

VDDA I/O USB_AVDD_0V8 0.8 V power supply 
 
16.6 Application Notes 
16.6.1 6RPH�6HWWLQJV�DQG�'HVFULSWLRQ�$ERXW�86%�3+< 
+HUH�OLVW�VRPH�XVEKRVW�SK\�FRQILJXUH�UHJLVWHU�RI�723B*5)�LQ�GHWDLO� 
z *5)B86%3+<B&21��  

Table 16-3 GRF_USBPHY_CON2 Description 

Bit  Attr  Reset Value  Description  

31:16   RW   0x0000  

write_enable 
Write enable for lower 16bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15   RW   0x0  

usbhost_id_pull_up 
Software configure for HOSTPHY id_pull_up 
Enable ID pin sample. Signal that enables the sampling of the 
analog ID line. 
�¶E���6DPSOLQJ�of ID pin is disabled (IDDIG force to low). 
�¶E���6DPSOLQJ�RI�,'�SLQ�LV�HQDEOHG� 
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Bit  Attr  Reset Value  Description  

14   RW   0x0  

usbhost_dischrgvbus 
Software configure for HOSTPHY dischrgvbus 
Discharge VBUS18. The signal enables discharging VBUS18. 
1¶E���GR�QRW�GLVFKDUJH�9%86���WKURXJK�D resistor 
�¶E���GLVFKDUJH�9%86���WKURXJK�D�UHVLVWRU��WKLV�KDV�WR�EH�DFWLYH�
for at least 50ms) 

13   RW   0x0  

usbhost_chrgvbus 
Software configure for HOSTPHY chrgvbus 
Charge VBUS18. The signal enables charging VBUS18. 
�¶E���GR�QRW�FKDUJH�9%86���WKURXJK�D�Uesistor 
�¶E���FKDUJH�9%86���WKURXJK�D�UHVLVWRU��WKLV�KDV�WR�EH�DFWLYH�IRU�
at least 30ms) 

12   RW   0x0  

usbhost_txbitstuff_enable 
Software configure for HOSTPHY txbitstuff_enable 
TX BITSTUFF ENABLE. Indicates if the data on the 
DATA_OUT[15:0]lines need to be bit stuffed or not. 
�¶E���%LW�VWXIILQJ�LV�GLVDEOHG 
�¶E���%LW�VWXIILQJ�LV�HQDEOHG 
This signal is only used when OP_MODE[1:0] is set to 11b. 

11   RW   0x1  

usbhost_otg_suspendm 
Software configure for HOSTPHY suspend 
This signal is used for VBUS negotiation in OTG application and 
HOST disconnect in HOST application, in DEVICE mode this signal 
should be tie to 0. In OTG/HOST application this signal should be 
connected to 1. 
In HOST application, IDDIG is not valid, OTG_SUSPENDM must 
be set to 1 and OTG_SUSPENDM_BYPS must set to 1. 
In DEVICE application, IDDIG is not valid, OTG_SUSPENDM must 
be set to 0 and OTG_SUSPENDM_BYPS must set to 1. 

10   RW   0x1  

usbhost_data_bus16_8 
Software configure for HOSTPHY data_bus16_8 
Selects between 8 and 16-bit data transfer. 
�¶E�����-bit data path operation enabled, CLK60_30 = 30 MHz. 
�¶E����-bit data path operation enabled, CLK60_30 = 60 MHz. 
This signal is sampled by USB PHY IP macro cell only when RESET 
becomes low. 
Default is 16-bit model and not suggest to configure this bit. 

9   RW   0x0  

usbhost_pll_en 
Software configure for HOSTPHY pll_en 
PLL enable signal, internal PLL start to work when this signal is 
set to high, otherwise PLL is disabled and PHY IP stop working. 
This bit must be set to high before usb function. 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1693 

Bit  Attr  Reset Value  Description  

8   RW   0x1  

usbhost_chg_rst 
Software configure for HOSTPHY chg_rst 
Charge detector reset signal, active high, asynchronous. 
�¶E���FKDUJH�GHWHFWRU�LV�QRUPDO�RSHUDWLRQ 
�¶E���FKDUJH�GHWHFWRU�LV�UHVHW�WR�LQLWLDO 

7   RW   0x0  

usbhost_chg_en 
Software configure for HOSTPHY chg_en 
Charge detector enable signal. 
�¶E���FKDUJLQJ�GHWHFW�LV�RII��,3�LV�FRQILJXUHG�DV�6'3�LQ�+267�
application or is configured as standard device in DEVICE 
application 
�¶E���FKDUJLQJ�GHWHFW�LV�RQ��,3�LV�FRQILJXUHG�DV�&'3�LQ�+267�
application or is configured as portable device in DEVICE 
application 

6   RW   0x1  

usbhost_termselect 
Software configure for HOSTPHY termselect 
Termination Select. This signal selects between the FS and HS 
terminations: 
�¶E���+6�WHUPLQDWLRQ�HQDEOHG 
�¶E���)6�WHUPination enabled 
In default this is controlled by hardware. 

5:4   RW   0x1  

usbhost_xcvrselect 
Software configure for HOSTPHY xcvrselect 
Transceiver Select. 
�¶E����+6�7UDQVFHLYHU�HQDEOHG 
�¶E����)6�7UDQVFHLYHU�HQDEOHG 
�¶E����/6�7UDQVFHLYHU�HQDEOHG 
�¶E����5Hserved 
In default this is controlled by hardware. 

3:2   RW   0x0  

usbhost_opmode 
Software configure for HOSTPHY opmode 
Operational Mode. These signals select between various 
operational modes: 
�¶E����1RUPDO�RSHUDWLRQ 
�¶E����1RQ-driving. Transmitter buffer is in high impedance and 
pull-up/down resistors are disconnected 
�¶E����'LVDEOH�ELW�VWXIILQJ�DQG�15=,�HQFRGLQJ 
�¶E����5HVHUYHG 
In default this is controlled by hardware. 
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Bit  Attr  Reset Value  Description  

1   RW   0x0  

usbhost_suspend_n 
Software configure for HOSTPHY suspend_n 
Active low, asynchronous. When enabled, drive IP into suspend 
mode and consume minimal current from power supply. 
�¶E���,3�LQ�VXVSHQG�PRGH��RQO\�WKRVH�FLUFXLW�WKDW�VHUYH�IRU�
resume function is still active 
�¶E���,3�LQ�QRUPDO�RSHUDWLRQ 
In default this is controlled by hardware. 

0   RW   0x0  

hostphy_input_sel 
HOSTPHY input selection. 
1'b0: Hardware input 
1'b1: Software input 

 
16.6.2 86%�+RVW�5HVHW�6HTXHQFH 
,Q�86%�IXQFWLRQ�PRGH��WKH�UHFRPPHQGHG�UHVHW�VHTXHQFH�LV�LQ�ILJXUH�����µ567¶�LV�WKH�UHVHW�
VLJQDO�RI�86%�FRQWUROOHU�DQG�µ&/.¶�LV�WKH�PDLQ�FORFN�RI�86%�FRQWUROOHU��$W�ILUVW��µ567¶�LV�VHW�WR�
��DQG�86%�FRQWUROOHU�VWDUWV�WR�ZRUN��VHFRQGO\��86%�FRQWUROOHU�RXWSXWV�µ6863(1'0¶��µ5(6(7¶�
LV�WKH�UHVHW�RI�WKH�XVE�SK\��%RWK�µ567¶�DQG�µ5(6(7¶�DUH�FRQWUROOHG�E\�&58�PRGHO��
µ6863(1'0¶�LV�VHW�WR���ILUVWO\�WR�HQDEOH�3//��3//�VWDUWV�WR�ZRUN�DQG�IUHTXHQF\�VWDUWV�ORFNLQJ��
µ5(6(7¶�LV�VHW�WR���WR�HQDEOH�FORFN�ORFN�GHWHFWRU��DQG�µ&/.��B��¶�LV�YDOLG�ZKHQ�IUHTXHQF\�LV�
VWDEOH��3//�ORFN�WLPH�7ORFN��LV�DERXW����XV�LQFOXGLQJ�WKH�WLPH�RI�EDQGJDS�EXLOGLQJ��3//�
ORFNLQJ�DQG�VR�RQ��7ORFN�DOVR�LQFOXGHV�WKH�397�UDQJH� 
µ&/.B���¶�LV�FRQWUROOHG�E\�µ3//B(1¶��DQG�µ&/.B���¶�LV�QRW�YDOLG�ZKHQ�µ3//B(1¶�LV����%HFDXVH�
µ3//B(1¶�LV�WKH�UHVHW�VLJQDO�RI�GHOD\�FRQWURO�FHOO��VR�WKHUH�PXVW�EH�D�ULVH�HGJH�RI�µ3//B(1¶�WR�
PDNH�GHOD\�FRQWURO�FHOO�WR�ZRUN�FRUUHFWO\��7GHOD\�LV�WKH�WLPH�RI�µ3//B(1¶�ULVH�HGJH�WR�
µ&/.B���¶�WUDQVPLWWLQJ����0+]�FORFN��WKH�YDOXH�LV�JUHDWHU�WKDQ����XV�DQG�OHVV�WKDQ����XV��  
 

CLK

RST

REFCLK

SUSPENDM

RESET

CLK60_30

PLL_EN

CLK_480

Tlock

Tdelay

 
Fig. 16-2 USB2.0 Host reset sequence 

 
16.6.3 +RVW�&KDUJH�'HWHFW�6HTXHQFH 
7KHUH�DUH�WKUHH�VWHSV�LQ�FKDUJH�GHWHFWRU�VHTXHQFH�LQFOXGLQJ�GDWD�FRQWDFW�GHWHFWLRQ��SULPDU\�
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GHWHFWLRQ�DQG�VHFRQGDU\�GHWHFWLRQ��'DWD�FRQWDFW�GHWHFWLRQ�LV�MXGJLQJ�'(9,&(�DUH�FRQQHFWHG�
RU�QRW��SULPDU\�GHWHFWLRQ�LV�MXGJLQJ�ZKHWKHU�WKH�FKDUJHU�LV�FRQQHFWHG�RU�QRW��VHFRQGDU\�
GHWHFWLRQ�LV�MXGJLQJ�ZKHWKHU�WKH�FKDUJHU�LV�'&3�RU�&'3� 
:KHQ�µ&+*B(1¶�LV�VHW�WR����µ&+*B567¶�LV�VHW�WR���WR�VWDUW�FKDUJH�GHWHFWLRQ��7KLV�WZR�VLJQDO�
FDQ�EH�FRQWURO�E\�*5)B86%3+<B&21���'XULQJ�WKH�GHWHFWLRQ��µ5(6(7¶�PXVW�EH�VHW�WR����WKH�
3+<�IXQFWLRQ�LV�GLVDEOH�EHIRUH�µ3+<B&211(&7¶�FKDQJHV�WR����7GHOD\�LV�JUHDWHU�WKDQ��PV��  
 

CHG_EN

CHG_RST

CHG_VALID

PHY_CONNECT

RESET
Tdelay

Data contact detection Primary detection Secondry detection
USB handshake  

Fig. 16-3 USB2.0 Host charge sequence 
7DEOH�����DQG�WKH�GHVFULSWLRQ�DERXW�FKDUJH�PRGHO��+RVW�FDQ�EH�FRQILJXUHG�DV�'&3��&'3�DQG�
6'3� 

������ͳǦͶ��������������������������������� 
+RVW�3RUW 'HYLFH�3RUW &+*B9$/,' 3+<B&211(&7 

'&3 VXSSRUW�FKDUJH � � 
'&3 QRW�VXSSRUW�FKDUJH � � 
&'3 VXSSRUW�FKDUJH � � 
&'3 QRW�VXSSRUW�FKDUJH � � 
6'3 � � � 

 
16.6.4 3URJUDP�)ORZ 
3OHDVH�UHIHU�WR�(QKDQFHG�+RVW�&RQWUROOHU�,QWHUIDFH�6SHFLILFDWLRQ��(+&,���5HYLVLRQ�����DQG�
2SHQ�+RVW�&RQWUROOHU�,QWHUIDFH�6SHFLILFDWLRQ��2+&,���5HYLVLRQ����D��  
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Chapter 17 USB3.0 Controller 
17.1 Overview 
7KHUH�DUH�WZR�86%����&RQWUROOHUV��RQH�FDQ�XVH�DV�86%����27*�&RQWUROOHU��DQRWKHU�RQH�FDQ�
XVH�DV�86%����+RVW�&RQWUROOHU�RQO\��86%����27*�&RQWUROOHU�FDQ�DFW�DV�VWDWLF�KRVW��VWDWLF�
GHYLFH��86%��������27*�$�GHYLFH�RU�%�GHYLFH�EDVLQJ�RQ�WKH�VWDWXV�RI�LQSXW�,'�IURP�86%����
3+<��,W�FDQ�SHUIRUP�GDWD�WUDQVPLVVLRQ�EHWZHHQ�KRVW�DQG�GHYLFH�DV�KRVW�RU�GHYLFH�IRU�6XSHU�
6SHHG���+LJK�6SHHG���)XOO�6SHHG���/RZ�6SHHG� 
86%����27*�FRQWUROOHU�VXSSRUWV�WKH�IROORZLQJ�IHDWXUHV� 
z *HQHUDO�)HDWXUHV 

1. &RPSDWLEOH�6SHFLILFDWLRQ 
� 8QLYHUVDO�6HULDO�%XV�����6SHFLILFDWLRQ��5HYLVLRQ���� 
� 8QLYHUVDO�6HULDO�%XV�6SHFLILFDWLRQ��5HYLVLRQ���� 
� H;WHQVLEOH�+RVW�&RQWUROOHU�,QWHUIDFH�IRU�8QLYHUVDO�6HULDO�%XV��[+&,���5HYLVLRQ���� 

2. 6XSSRUW�&RQWURO�%XON��LQFOXGLQJ�VWUHDP��,QWHUUXSW�,VRFKURQRXV�7UDQVIHU 
3. 6LPXOWDQHRXV�,1�DQG�287�WUDQVIHU�IRU�86%�����XS�WR��*ESV�EDQGZLGWK 
4. 'HVFULSWRU�FDFKLQJ�DQG�GDWD�SUH�IHWFKLQJ�XVHG�WR�LPSURYH�V\VWHP�SHUIRUPDQFH�LQ�

KLJK�ODWHQF\�V\VWHPV 
5. /30�SURWRFRO�LQ�86%�����DQG�8���8���8���DQG�8��VWDWHV�IRU�86%���� 
6. '\QDPLF�),)2�PHPRU\�DOORFDWLRQ�IRU�HQGSRLQWV 
7. .HHS�$OLYH�IHDWXUH�LQ�/6�PRGH�DQG��PLFUR��62)V�LQ�+6�)6�PRGHV 
8. /RZ�0,36�UHTXLUHPHQW 

� 'ULYHU�LQYROYHG�RQO\�LQ�VHWWLQJ�XS�WUDQVIHUV�DQG�KLJK�OHYHO�HUURU�UHFRYHU\ 
� +DUGZDUH�KDQGOHV�GDWD�SDFNLQJ�DQG�URXWLQJ�WR�D�VSHFLILF�SLSH 

z $SSOLFDWLRQ�,QWHUIDFH�)HDWXUHV 
1. $+%�6ODYH�LQWHUIDFH 
2. $;,�0DVWHU�LQWHUIDFH 

� 3URJUDPPDEOH�EXUVW�OHQJWKV�XS�WR��� 
� +DQGOH�IL[HG�EXUVW�DGGUHVV�DOLJQPHQW 
� 3URJUDPPDEOH�QXPEHU�RI�RXWVWDQGLQJ�UHDG�ZULWH�UHTXHVWV�XS�WR��� 
� &RQFXUUHQW�UHDG�ZULWH�WR�JHW�EHVW�SHUIRUPDQFH�RI�86%����GXSOH[�RSHUDWLRQ 

z 86%����'HYLFH�)HDWXUHV 
1. 8S�WR����,1�HQGSRLQWV��LQFOXGLQJ�FRQWURO�HQGSRLQW�� 
2. 8S�WR���287�HQGSRLQWV��LQFOXGLQJ�FRQWURO�HQGSRLQW�� 
3. 8S�WR����HQGSRLQW�WUDQVIHU�UHVRXUFHV��HDFK�RQH�IRU�HDFK�HQGSRLQW 
4. )OH[LEOH�HQGSRLQW�FRQILJXUDWLRQ�IRU�PXOWLSOH�DSSOLFDWLRQV�86%�VHW�FRQILJXUDWLRQ�PRGHV 
5. +DUGZDUH�KDQGOHV�(5'<�DQG�EXUVW 
6. 6WUHDP�EDVHG�EXON�HQGSRLQWV�ZLWK�FRQWUROOHU�DXWRPDWLFDOO\�LQLWLDWLQJ�GDWD�PRYHPHQW�  
7. ,VRFKURQRXV�HQGSRLQWV�ZLWK�LVRFKURQRXV�GDWD�LQ�GDWD�EXIIHUV 
8. )OH[LEOH�'HVFULSWRU�ZLWK�ULFK�VHW�RI�IHDWXUHV�WR�VXSSRUW�EXIIHU�LQWHUUXSW�PRGHUDWLRQ��

PXOWLSOH�WUDQVIHUV��LVRFKURQRXV��FRQWURO��DQG�VFDWWHUHG�EXIIHULQJ�VXSSRUW 
z 86%�&ODVV�6SHFLILF�'HYLFH�)HDWXUHV 

1. 6WUHDP�VXSSRUW�IRU�8$63�DSSOLFDWLRQ 
2. *DWKHULQJ�RI�VFDWWHUHG�SDFNHW�WR�VXSSRUW�(WKHUQHW�2YHU�86% 
3. 6FKHGXOLQJ�RI�PXOWLSOH�(WKHUQHW�SDFNHWV�ZLWKRXW�LQWHUUXSW 
4. 9DULDEOH�),)2�EXIIHU�DOORFDWLRQ�IRU�HDFK�HQGSRLQW 
5. )RU�LVRFKURQRXV�DSSOLFDWLRQV��VFKHGXOLQJ�RI�YDULDEOH�OHQJWK�SD\ORDGV�IRU�HDFK�

PLFURIUDPH 
6. 0LFURIUDPH�SUHFLVH�VFKHGXOLQJ�IRU�LVRFKURQRXV�DSSOLFDWLRQV 
7. &RQILJXUDEOH�HQGSRLQW�W\SH�VHOHFWLRQ�DQG�G\QDPLF�),)2�DOORFDWLRQ�WR�IDFLOLWDWH�PXOWL�

IXQFWLRQ�FRPSRVLWH�GHYLFH�LPSOHPHQWDWLRQ��'XULQJ�VHW�FRQILJ�RU�DOWHUQDWH�VHWWLQJ��
GHYLFH�UHVRXUFHV�DUH�UHFRQILJXUHG�WR�PHHW�WKH�FRQILJXUDWLRQ�RU�DOWHUQDWH�VHWWLQJ�
UHTXLUHPHQWV� 

z 86%�����[+&,�+RVW�)HDWXUHV 
1. 6XSSRUW�XS�WR����GHYLFHV 
2. 6XSSRUW���LQWHUUXSWHU 
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3. 6XSSRUW���86%����SRUW�DQG���6XSHU�6SHHG�SRUW 
4. &RQFXUUHQW�86%����86%����WUDIILF��XS�WR�����*ESV�EDQGZLGWK 
5. 6XSSRUW�VWDQGDUG�RU�RSHQ�VRXUFH�[+&,�DQG�FODVV�GULYHU 

z 86%�����'XDO�5ROH�'HYLFH��'5'��)HDWXUHV 
1. 6WDWLF�'HYLFH�2SHUDWLRQ 
2. 6WDWLF�+RVW�2SHUDWLRQ 
3. 86%����86%����27*�$�GHYLFH�DQG�%�GHYLFH�EDVLQJ�RQ�,' 
4. 1RW�VXSSRUW�86%����86%����27*�VHVVLRQ�UHTXHVW�SURWRFRO�653���KRVW�QHJRWLDWLRQ�

SURWRFRO�+13��DQG�5ROH�6ZDS�3URWRFRO�563��  
17.2 Block Diagram 
86%����27*�&RQWUROOHU�FRPSULVHV�ZLWK� 
z %XV�,QWHUIDFH�/LVW�0DQDJHPHQW��5HJLVWHU�,QWHUIDFH�'DWD�DQG�'HVFULSWRUV�'0$�

PDQDJHPHQW 
z +6�)6�/6�0$&���86%����SDUW�ORJLF 
z 66�0$&���66�SDUW�ORJLF 
z 86%����3+<��870,��LQWHUIDFH�86%����3+< 
z 66�3+<��3LSH�,QWHUIDFH�6XSHU�6SHHG�3+< 

 

UTMI+

USB3 OTG

USB2.0 PHY

UTMI+ PIPE_IF

HS/FS/LS
MAC

SS
MAC

Bus Interface/List Mangement

AHB Slave AXI Master

SS PHY

 
&ŝŐ͘ϭϳͲϭh^�ϯ͘Ϭ�Kd'��ůŽĐŬ��ŝĂŐƌĂŵ 

17.3 Function Description 
$V�D�86%����27*�FRQWUROOHU��LW�FDQ�DFW�DV�VWDWLF�[+&,�KRVW�FRQWUROOHU��VWDWLF�GHYLFH�FRQWUROOHU��
86%��������27*�$�GHYLFH�RU�%�GHYLFH�EDVLQJ�RQ�,'�RI�86%����3+<� 
$V�GHYLFH�FRQWUROOHU��LW�FDQ�ZRUN�RQ�HLWKHU�86%����VSHHG�RU�6XSHU�6SHHG�EDVLQJ�RQ�VSHHG�RI�
KRVW�DWWDFKHG�WR��DQG�SURFHVV�86%�WUDFWLRQV�GHVFULEHG�LQ�WKH�GHVFULSWRUV��UHDG�EDFN�IURP�
H[WHUQDO�PHPRU\�E\�$;,�PDVWHU��WR�IURP�870,��LQWHUIDFH�DQG�3LSH�,QWHUIDFH�RI�3&,(	66�
3+<� 
$V�KRVW�FRQWUROOHU��LW�FDQ�ZRUN�RQ�86%����VSHHG��6XSHU�6SHHG�RU�ERWK�EDVLQJ�RQ�VSHHG�RU�
W\SH�RI�DWWDFKHG�GHYLFH��DQG�SURFHVV�86%�WUDFWLRQV�GHVFULEHG�LQ�WKH�GHVFULSWRUV��UHDG�EDFN�
IURP�H[WHUQDO�PHPRU\�E\�$;,�PDVWHU��WR�IURP�870,��LQWHUIDFH�DQG�3LSH�,QWHUIDFH�RI�66�
3+<� 

17.4 Register Description 
17.4.1 ,QWHUQDO�$GGUHVV�0DSSLQJ 
6ODYH�DGGUHVV�FDQ�EH�GLYLGHG�LQWR�GLIIHUHQW�OHQJWK�IRU�GLIIHUHQW�XVDJH��ZKLFK�LV�VKRZQ�DV�
IROORZV��  

Table 17-1USB3 Address Mapping 
2IIVHW�$GGUHVV�5DQJH 5HJLVWHU�7\SH 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1698 

�[������a��[��))) [+&,�5HJLVWHUV��VHH�[+&,�VSHF� 
�[�&����a��[�&�)) *OREDO�5HJLVWHUV 
�[�&����a��[�&%)) 'HYLFH�&RQWUROOHU�5HJLVWHUV 
�[�&&���a��[�&))) 8QXVHG�5HVHUYHG 
�[������a��[�)))) ,QWHUQDO�5$0��±�'HEXJ�$FFHVV�����.%� 
�[������a��[%)))) ,QWHUQDO�5$0��±�'HEXJ�$FFHVV�����.%� 
�[&�����a��[))))) ,QWHUQDO�5$0��±�'HEXJ�$FFHVV�����.%� 

 

17.4.2 Registers Summary  

Name Offset Size 

Reset 
Value 

Description 

usb3otg_GSBUSCFG0 0xC100 W 0x00000001 

Global SoC Bus Configuration 
Register 0 

usb3otg_GSBUSCFG1 0xC104 W 0x00000300 

Global SoC Bus Configuration 
Register 1 

usb3otg_GTXTHRCFG 0xC108 W 0x00000000 

Global Tx Threshold Control 
Register 

usb3otg_GRXTHRCFG 0xC10C W 0x00000000 

Global Rx Threshold Control 
Register 

usb3otg_GCTL 0xC110 W 0x13512004 Global Core Control Register 
usb3otg_GSTS 0xC118 W 0x7E800000 Global Status Register 
usb3otg_GUCTL1 0xC11C W 0x0004018A Global User Control Register 1 

usb3otg_GSNPSID 0xC120 W 0x5533300A Global SNPS ID Register 

usb3otg_GGPIO 0xC124 W 0x00000000 

Global General Purpose 
Input/Output Register 

usb3otg_GUID 0xC128 W 0x20190520 Global User ID Register 
usb3otg_GUCTL 0xC12C W 0x02008010 Global User Control Register  

usb3otg_GBUSERRADDRL
O 

0xC130 W 0x00000000 

Global SoC Bus Error Address 
Register - Low 

usb3otg_GBUSERRADDRH
I  

0xC134 W 0x00000000 

Global SoC Bus Error Address 
Register - High 

usb3otg_GPRTBIMAPLO 0xC138 W 0x00000000 

Global SS Port to Bus Instance 
Mapping Register 

usb3otg_GHWPARAMS0 0xC140 W 0x2020400A 

Global Hardware Parameters 
Register 0 

usb3otg_GHWPARAMS1 0xC144 W 0x0120C93B 

Global Hardware Parameters 
Register 1  

usb3otg_GHWPARAMS2 0xC148 W 0x20190520 

Global Hardware Parameters 
Register 2 

usb3otg_GHWPARAMS3 0xC14C W 0x069CD084 

Global Hardware Parameters 
Register 3 

usb3otg_GHWPARAMS4 0xC150 W 0x47822010 

Global Hardware Parameters 
Register 4 

usb3otg_GHWPARAMS5 0xC154 W 0x04204018 

Global Hardware Parameters 
Register 5 
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Name Offset Size 

Reset 
Value 

Description 

usb3otg_GHWPARAMS6 0xC158 W 0x09D78020 

Global Hardware Parameters 
Register 6 

usb3otg_GHWPARAMS7 0xC15C W 0x00000000 

Global Hardware Parameters 
Register 7 

usb3otg_GDBGFIFOSPACE 0xC160 W 0x000A0000 

Global Debug Queue/FIFO Space 
Available Register 

usb3otg_GDBGLNMCC 0xC168 W 0x00000000 Global Debug LNMCC Register 
usb3otg_GDBGBMU 0xC16C W 0x00000000 Global Debug BMU Register 

usb3otg_GDBGLSPMUX 0xC170 W 0x003F0000 

Global Debug LSP MUX Register - 
Device 

usb3otg_GDBGLSP 0xC174 W 0x00000000 Global Debug LSP Register 

usb3otg_GDBGEPINFO0  0xC178 W 0x00000000 

Global Debug Endpoint 
Information Register 0 

usb3otg_GDBGEPINFO1 0xC17C W 0x00800000 

Global Debug Endpoint 
Information Register 1 

usb3otg_GPRTBIMAP_HSL
O 

0xC180 W 0x00000000 

Global High-Speed Port to Bus 
Instance Mapping Register - Low 

usb3otg_GPRTBIMAP_FSL
O 

0xC188 W 0x00000000 

Global Full-Speed Port to Bus 
Instance Mapping Register - Low 

usb3otg_GUSB2PHYCFG0 0xC200 W 0x40102400 

Global USB2 PHY Configuration 
Register 0 

usb3otg_GUSB3PIPECTL0 0xC2C0 W 0x00000000  

usb3otg_GTXFIFOSIZn 0xC300 W 0x00000042 

Global Transmit FIFO Size 
Register n, offset (0xc300 + 4*n), 
n=0~6 

usb3otg_GRXFIFOSIZn 0xC380 W 0x03340185 

Global Receive FIFO Size Register 
n,  

usb3otg_GEVNTADRLO0  0xC400 W 0x00000000 

Global Event Buffer Address (Low) 
Register 0 

usb3otg_GEVNTADRHI0 0xC404 W 0x00000000 

Global Event Buffer Address 
(High) Register 0 

usb3otg_GEVNTSIZ0 0xC408 W 0x00000000 

Global Event Buffer Size Register 
0 

usb3otg_GEVNTCOUNT0 0xC40C W 0x00000000 

Global Event Buffer Count 
Register 0 

usb3otg_GHWPARAMS8 0xC600 W 0x0000047C 

Global Hardware Parameters 
Register 8 

usb3otg_GTXFIFOPRIDEV 0xC610 W 0x00000000 

Global Device TX FIFO DMA 
Priority Register 

usb3otg_GTXFIFOPRIHST 0xC618 W 0x00000000 

Global Host TX FIFO DMA Priority 
Register 

usb3otg_GRXFIFOPRIHST 0xC61C W 0x00000000 

Global Host RX FIFO DMA Priority 
Register 
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Name Offset Size 

Reset 
Value 

Description 

usb3otg_GFIFOPRIDBC 0xC620 W 0x00000000 

Global Host Debug Capability DMA 
Priority Register 

usb3otg_GDMAHLRATIO  0xC624 W 0x00000000 

Global Host FIFO DMA High-Low 
Priority Ratio Register 

usb3otg_GFLADJ 0xC630 W 0x00000000 

Global Frame Length Adjustment 
Register 

usb3otg_DCFG 0xC700 W 0x00080000 Device Configuration Register 
usb3otg_DCTL 0xC704 W 0x00F00000 Device Control Register 
usb3otg_DEVTEN 0xC708 W 0x00000000 Device Event Enable Register 
usb3otg_DSTS 0xC70C W 0x00520000 Device Status Register 

usb3otg_DGCMDPAR 0xC710 W 0x00000000 

Device Generic Command 
Parameter Register 

usb3otg_DGCMD 0xC714 W 0x00000000 

Device Generic Command 
Register 

usb3otg_DALEPENA 0xC720 W 0x00000000 

Device Active USB Endpoint 
Enable Register 

usb3otg_DEPnCMDPAR2 0xC800 W 0x00000000 

Device Physical Endpoint-n 
Command Parameter 2 Register, 
offset (0xc800 + 4*n), n=0~12 

usb3otg_DEPnCMDPAR1 0xC804 W 0x00000000 

Device Physical Endpoint-n 
Command Parameter 1 Register, 
offset (0xc804 + 4*n), n=0~12 

usb3otg_DEPnCMDPAR0 0xC808 W 0x00000000 

Device Physical Endpoint-n 
Command Parameter 0 Register, 
offset (0xc808 + 4*n), n=0~12 

usb3otg_DEPnCMD 0xC80C W 0x00000000 

Device Physical Endpoint-n 
Command Register, offset 
(0xc80c + 4*n), n=0~12 

Notes:Size:B- Byte (8 bits) access, HW- Half WORD (16 bits) access, W-WORD (32 bits) access, DW-

Double WORD (64 bits) access  

17.4.3 Detail Registers Description  
usb3otg_GSBUSCFG0  
Address: Operational Base + offset (0xC100) 

Bit Attr Reset Value Description 

31:28 RW 0x0 

datrdreqinfo 

AXI-cache for Data Read (DatRdReqInfo). 

27:24 RW 0x0 

desrdreqinfo 

AXI-cache for Descriptor Read (DesRdReqInfo). 

23:20 RW 0x0 

datwrreqinfo 

AXI-cache for Data Write (DatWrReqInfo). 

19:16 RW 0x0 

deswrreqinfo 

AXI-cache for Descriptor Write (DesWrReqInfo). 
15:12 RO 0x0 reserved 
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Bit Attr Reset Value Description 

11 RW 0x0 

datbigend 

This bit controls the endian mode for data accesses. 
1'b0: Little-endian (default)  

1'b1: Big-endian 

10 RW 0x0 

desbigend 

This bit controls the endian mode for descriptor accesses.  

1'b0: Little-endian (default) 
1'b1: Big-endian 

9:8 RO 0x0 reserved 

7 RW 0x0 

incr256brstena 

If software set this bit to 1, the AXI master uses INCR to do the 
256-beat burst. 

6 RW 0x0 

incr128brstena 

If software set this bit to 1, the AXI master uses INCR to do the 
128-beat burst. 

5 RW 0x0 

incr64brstena 

If software set this bit to 1, AXI master uses INCR to do the 64-
beat burst. 

4 RW 0x0 

incr32brstena 

If software set this bit to 1, the AXI master uses INCR to do the 
32-beat burst. 

3 RW 0x0 

incr16brstena 

If software set this bit to 1, the AXI master uses INCR to do the 
16-beat burst. 

2 RW 0x0 

incr8brstena 

If software set this bit to 1, the AXI master uses INCR to do the 
8-beat burst. 

1 RW 0x0 

incr4brstena 

When this bit is enabled the controller is allowed to do bursts of 
beat length 1, 2, 3, and 4. It is highly recommended that this bit 
is enabled to prevent descriptor reads and writes from being 
broken up into separate transfers.  
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Bit Attr Reset Value Description 

0 RW 0x1 

incrbrstena 

This bit determines the set of burst lengths the master interface 
uses. It works in conjunction with the GSBUSCFG0[7:1] 
enables(INCR256/128/64/32/16/8/4).  

0: INCRX burst mode  

ARLEN/AWLEN do not use INCR. They use only the following 
burst lengths:  

1; 
4 (if GSBUSCFG0.INCR4BrstEna = 1);  

8 (if GSBUSCFG0.INCR8BrstEna = 1);  

16 (if GSBUSCFG0.INCR16BrstEna = 1);  

32 (if GSBUSCFG0.INCR32BrstEna = 1);  

64 (if GSBUSCFG0.INCR64BrstEna = 1);  

128 (if GSBUSCFG0.INCR128BrstEna = 1);  

256 (if GSBUSCFG0.INCR256BrstEna = 1);   

1: INCR (undefined length) burst mode;  

ARLEN/AWLEN uses any length less than or equal to the largest-
enabled burst length of INCR4/8/16/32/64/128/256.  

For cache line-aligned applications, this bit is typically set to 0 to 
ensure that the master interface uses only power-of-2 burst 
lengths (as enabled via GSBUSCFG0[7:0]). 

 

usb3otg_GSBUSCFG1  
Address: Operational Base + offset (0xC104) 

Bit Attr Reset Value Description 

31:13 RO 0x00000 reserved 

12 RW 0x0 

en1kpage 

1K Page Boundary Enable.  

By default (this bit is disabled) the AXI breaks transfers at the 4k 
page boundary. When this bit is enabled, the AXI master (DMA 
data) breaks transfers at the 1k page boundary. 

11:8 RW 0x3 

pipe_trans_limit 
AXI Pipelined Transfers Burst Request Limit.  

The field controls the number of outstanding pipelined transfer 
requests the AXI master pushes to the AXI slave. When the AXI 
master reaches this limit, it does not make any more requests on 
the AXI ARADDR and AWADDR buses until the associated data 
phases complete.  

This field is encoded as follows:  

0: 1 request  

1: 2 requests  

2: 3 requests  

3: 4 requests  

...  

F: 16 requests  
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Bit Attr Reset Value Description 

7:0 RO 0x00 reserved 

 

usb3otg_GTXTHRCFG  
Address: Operational Base + offset (0xC108) 

Bit Attr Reset Value Description 

31:30 RO 0x0 reserved 

29 RO 0x0 

USBTxPktCntSel 
This field enables/disables the USB transmission multi-packet 
thresholding:  

0: USB transmission multi-packet thresholding is disabled; the 
core can only start transmission on the USB after the entire 
packet has been fetched into the corresponding TXFIFO.  

1: USB transmission multi-packet thresholding is enabled. The 
core can only start transmission on the USB after USB Transmit 
Packet Count amount of packets for the USB transaction (burst) 
are already in the corresponding TXFIFO. This mode is only valid 
in the host mode. It is only used for SuperSpeed.  

28 RO 0x0 reserved 

27:24 RW 0x0 

USBTxPktCnt  

This field specifies the number of packets that must be in the 
TXFIFO before the core can start transmission for the 
corresponding USB transaction (burst). This field is only valid 
when the USB Transmit Packet Count Enable field is set to one. 
Valid values are from 1 to 15.  

Note: This field must be less than or equal to the USB Maximum 
TX Burst Size field. 

23:16 RW 0x00 

USBMaxTxBurstSize 

 

15:0 RO 0x0000 

reserved 

reserved 

 

usb3otg_GRXTHRCFG  
Address: Operational Base + offset (0xC10C) 

Bit Attr Reset Value Description 

31:30 RO 0x0 reserved 

29 RW 0x0 

usb_rx_pkt_cntsel 
USB ReceivePacket Count Enable.  

This field enables/disables the USB reception multi-packet 
thresholding:  

1'b0: The core can only start reception on the USB when the RX 
FIFO has space for at least one packet.  

1'b1: Not applied. 
If you are using external buffer control (EBC) feature, disable this 
mode by setting USBRxPktCntSel to 0. 

28:13 RO 0x0000 reserved 
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Bit Attr Reset Value Description 

12:0 RW 0x0000 

resvl_socout_spc 

Space reserved in rx fifo for ISOC OUT. 
In host mode, this field is not applicable and must be 
programmed to 0. 
In device mode, this value represents the amount of space to be 
reserved for ISOC OUT packets. 
The value to be programmed should be chosen so as to ensure 
that non ISOC packets are not completely dropped, 
If no space needs to be reserved for ISOC OUT packets, program 
this field to 0. 
This field is valid only in device mode. The maximum configurable 
depth of rx fifo is 8192. Therefore, this field is 13 bits wide. 
For HS/FS, the space reservation is the actual value. 

 

usb3otg_GCTL  
Address: Operational Base + offset (0xC110) 

Bit Attr Reset Value Description 

31:19 RW 0x026a 

pwrdnscale 

Not applied. 

18 RW 0x0 

masterfiltbypass 

Master Filter Bypass  

When this bit is set to 1'b1, all the filters are bypassed. The 
double synchronizers to mac_clk preceding the filters are also 
bypassed. For enabling the filters, this bit must be 1'b0. 

17 RW 0x0 

bypassetaddr 
Bypass SetAddress in Device Mode.  

When BYPSSETADDR bit is set, the device core uses the value in 
the DCFG[DevAddr] bits directly for comparing the device 
address in the tokens.  

For simulation, you can use this feature to avoid sending an 
actual SET ADDRESS control transfer on the USB, and make the 
device core respond to a new address.  

Note: You can set this bit for simulation purposes only. In the 
actual hardware, this bit must be set to 1'b0. 

16 RW 0x1 

u2rstecn 

Device controller on USB 2.0 reset checks for receiver 
termination eight times per attempt if this bit is set to zero, or 
only once per attempt if the bit is set to one.  

Note: This bit is applicable only in device mode. 
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Bit Attr Reset Value Description 

15:14 RW 0x0 

frmscldwn 

This field scales down device view of a SOF/USOF duration.  

For HS mode:  

Value of 2'h3 implements interval to be 15.625 us  

Value of 2'h2 implements interval to be 31.25 us  

Value of 2'h1 implements interval to be 62.5 us  

Value of 2'h0 implements interval to be 125us  

For FS mode, the scale-down value is multiplied by 8.  

This field also scales down the MaxPacketSize of the IN and OUT 
bulk endpoint to allow more traffic during simulation. It can only 
be changed from a non-zero value during simulation.  

2'h0: 1024 bytes  

2'h1: 512 bytes  

2'h2: 256 bytes  

2'h3: 128 bytes  

13:12 RW 0x2 

prtcapdir 
PRTCAPDIR: Port Capability Direction (PrtCapDir)  

2'b01: for Host configurations  

2'b10: for Device configurations  

SW should base on IDDIG input to set usb controller as an OTG 
2.0 device with A-device or B-device. 

11 RW 0x0 

coresoftreset 
Core Soft Reset (CoreSoftReset)  

1'b0: No soft reset;  

1'b1: Soft reset to core  

Clears the interrupts and all the CSRs except the following 
registers:  

GCTL; GUCTL; GSTS; GSNPSID; GGPIO; GUID; GUSB2PHYCFGn 
registers; GUSB3PIPECTLn registers; DCFG; DCTL; DEVTEN; 
DSTS.  

10 RW 0x0 

sofitpsync 

Not applied. 

9 RW 0x0 

u1u2_timescale 

Not applied. 

8 RW 0x0 

debugattach 

Debug Attach. 
Not applied. 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1706 

Bit Attr Reset Value Description 

7:6 RW 0x0 

ramclksel 
RAM Clock Select (RAMClkSel)  

2'b00: bus clock  

2'b01: pipe clock (Only used in device mode)  

2'b10: In device mode, pipe/2 clock. In Host mode, controller 
switches ram_clk between pipe/2 clock, mac2_clk and bus_clk 
based on the status of the U2 ports  

2'b11: In device mode, selects mac2_clk as ram_clk (when 8-bit 
UTMI or ULPI used. Not supported in 16-bit UTMI mode); In Host 
mode, controller switches ram_clk between pipe_clk, mac2_clk 
and bus_clk based on the status of the U2 ports.  

In device mode, upon a USB reset and USB disconnect, the 
hardware clears these bits to 2'b00. 

5:4 RW 0x0 

scaledown 

Scale-Down Mode (ScaleDown)  

When Scale-Down mode is enabled for simulation, the core uses 
scaled-down timing values, resulting in faster simulations.  

When Scale-Down mode is disabled, actual timing values are 
used. This is required for hardware operation.  

HS/FS/LS Modes:  

2'b00: Disables all scale-downs. Actual timing values are used.  

2'b01: Enables scale-down of all timing values except Device 
mode suspend and resume. These include Speed enumeration, 
HNP/SRP, and Host mode suspend and resume  

2'b10: Enables scale-down of Device mode suspend and resume 
timing values only.  

2'b11: Enables bit 0 and bit 1 scale-down timing values.  

3 RW 0x0 

disscramble 

Disable Scrambling (DisScramble)  

Transmit request to Link Partner on next transition to Recovery or 
Polling. 

2 RW 0x1 

u2exit_lfps 

If this bit is:  

1'b0: the link treats 248ns LFPS as a valid U2 exit.  

1'b1: the link waits for 8us of LFPS before it detects a valid U2 
exit.  

This bit is added to improve interoperability with a third party 
host controller. This host controller in U2 state while performing 
receiver detection generates an LFPS glitch of about 4ms 
duration. This causes the device to exit from U2 state because 
the LFPS filter value is 248ns. With the new functionality enabled, 
the device can stay in U2 while ignoring this glitch from the host 
controller. 
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Bit Attr Reset Value Description 

1 RO 0x0 

gbl_hibernation_en 

This bit enables hibernation at the global level. If hibernation is 
not enabled through this bit, the PMU immediately accepts the 
D0->D3 and D3->D0 power state change requests, but does not 
save or restore any core state. In addition, the PMUs never drive 
the PHY interfaces and let the core continue to drive the PHY 
interfaces. 

0 RW 0x0 

dsblclkgtng 

Disable Clock Gating. 
This bit is set to 1 and the core is in Low Power mode, internal 
clock gating is disabled. You can set this bit to 1'b1 after Power 
On Reset. 

 

usb3otg_GSTS  
Address: Operational Base + offset (0xC118) 

Bit Attr Reset Value Description 

31:20 RO 0x7e8 

cbelt 
Current BELT Value. 
In Host mode, this field indicates the minimum value of all 
received device BELT values and the BELT value that is set by the 
Set Latency Tolerance Value command. 

19:12 RO 0x00 reserved 

11 RO 0x0 

SSIC_IP 

Not applied. 

10 RO 0x0 

OTG_IP 

OTG Interrupt Pending. 
This field indicates that there is a pending interrupt pertaining to 
OTG in OEVT register. 

9 RO 0x0 

bc_ip 

Battery Charger Interrupt Pending  

This field indicates that there is a pending interrupt pertaining to 
BC in BCEVT register. 

8 RO 0x0 

adp_ip 

ADP Interrupt Pending. 
This field indicates that there is a pending interrupt pertaining to 
ADP in ADPEVT register. 

7 RO 0x0 

host_ip 

Host Interrupt Pending. 
This field indicates that there is a pending interrupt pertaining to 
xHC in the Host event queue. 

6 RO 0x0 

device_ip 

Device Interrupt Pending  

This field indicates that there is a pending interrupt pertaining to 
peripheral (device) operation in the Device event queue. 
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Bit Attr Reset Value Description 

5 

W1
C 

0x0 

csr_timeout 
When this bit is 1'b1, it indicates that the software performed a 
write or read to a core register that could not be completed 
within DWC_USB3_CSR_ACCESS_TIMEOUT bus clock cycles 
(default: h1FFFF). 

4 

W1
C 

0x0 

buserraddrvld 

us Error Address Valid  

Indicates that the GBUSERRADDR register is valid and reports the 
first bus address that encounters a bus error. 

3:2 RO 0x0 reserved 

1:0 RO 0x0 

curmod 

Current Mode of Operation. 
 

usb3otg_GUCTL1  
Address: Operational Base + offset (0xC11C) 

Bit Attr Reset Value Description 

31:30 RO 0x0 reserved 

29 RW 0x0 

filter_se0_fsls_eop 

1'b0: Default behaviour, no change in Linestate check for SE0 
detection in FS/LS.  

1'b1: Feature enabled, FS/LS SE0 is filtered for 2 clocks for 
detecting EOP.  

This bit is applicable for FS/LS operation. If this feature is 
enabled, then SE0 on the linestate is validated for 2 consecutive 
utmi/ulpi clock edges for EOP detection. This feature is applicable 
only in FS in device mode and FS/LS mode of operation in host 
mode.   

Device mode: FS - If GUCTL1.FILTER_SE0_FSLS_EOP is set, then 
for device LPM hanshake, the core will ignore single SE0 glitch on 
the linestate during transmit. Only 2 or more SE0 is considered 
as a valid EOP on FS.   

Host mode: FS/LS - If GUCTL1.FILTER_SE0_FSLS_EOP is set, 
then the core will ignore single SE0 glitch on the linestate during 
transmit. Only 2 or more SE0 is considered as a valid EOP on 
FS/LS port. Enable this feature if the LineState has SE0 glitches 
during transmission. This bit is quasi-static, i.e., should not be 
changed during device operation. 
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Bit Attr Reset Value Description 

28 RW 0x0 

tx_ipgap_linecheck_dis 

1'b0: Default behaviour, no change in Linestate check.  

1'b1: Feature enabled, 2.0 MAC disables Linestate check during 
HS transmit. 
This bit is applicable for HS operation of u2mac. If this feature is 
enabled, then the 2.0 mac operating in HS ignores the UTMI/ULPI 
Linestate during the transmit of a token (during token-to-token 
and token-to-data IPGAP). When enabled, the controller 
implements a fixed 40-bit TxEndDelay after the packet is given 
on UTMI and ignores the Linestate during this time. This feature 
is applicable only in HS mode of operation.  

Device mode: If GUCTL1.TX_IPGAP_LINECHECK_DIS is set, then 
for device LPM handshake, the core will ignore the linestate after 
TX and wait for a fixed clocks (40 bit times equivalent) after 
transmitting ACK on utmi.  

Host mode: If GUCTL1.TX_IPGAP_LINECHECK_DIS is set, then 
the ipgap between (tkn to tkn/data) is added by 40 bit times of 
TXENDDELAY, and linestate is ignored during this 40 bit times 
delay.  

Enable this bit if the LineState will not reflect the expected line 
state (J) during transmission. This bit is quasi-static, i.e., should 
not be changed during device operation. 

27 RW 0x0 

dev_trb_out_spr_ind 

1'b0: Default behaviour, no change in TRB status dword.  

1'b1: Feature enabled, OUT TRB status indicates Short Packet.  

This bit is applicable for device mode only (and ignored in host 
mode). If the device application (SW/HW) wants to know if a 
short packet was received for an OUT in the TRB status itself, 
then this feature can be enabled, so that a bit is set in the TRB 
writeback in the buf_size dword. Bit[26] - SPR of the trbstatus, 
RSVD, SPR,PCM1, bufsize dword will be set during an OUT 
transfer TRB write back if this is the last TRB used for that 
transfer descriptor. This bit is quasi-static, i.e., should not be 
changed during device operation. 

26 RW 0x0 

dve_force_20clk_for_30clk 

Not applied. 

25 RW 0x0 

p3_in_u2 

Not applied. 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1710 

Bit Attr Reset Value Description 

24 RW 0x0 

dev_l1_exit_by_hw 

1'b0: Default behaviour, disables device L1 hardware exit logic. 
1'b1: feature enabled  

This bit is applicable for device mode (2.0) only. This field 
enables device controller sending remote wakeup for L1 if the 
device becomes ready for sending/accepting data when in L1 
state. If the host expects the device to send remote wkp 
signalling to resume after going into L1 in flow controlled state, 
then this bit can be set to send the remote wake signal 
automatically when the device controller becomes ready. This HW 
remote wake feature is applicable only to bulk and interrupt 
transfers, and not for Isoch/Control  

When control transfers are in progress, the LPM will be rejected 
(NYET response). Only after control transfers are completed 
(either with ACK/STALL), LPM will be accepted  

For Isoch transfers, the host needs to do the wake-up and start 
the transfer. Device controller will not do remote-wakeup when 
Isoch endpoints get ready. The device SW needs to keep the 
GUSB2PHYCFG[EnblSlpM] reset in order to keep the PHY clock to 
be running for keeping track of SOF intervals.  

When L1 hibernation is enabled, the controller will not do 
automatic exit for hibernation requests thru L1.  

This bit is quasi-static, i.e., should not be changed during device 
operation. 

23:21 RW 0x0 

ip_gap_add_on 

This register field is used to add on to the default inter packet 
gap setting in the USB 2.0 MAC. 

20 RW 0x0 

dev_lsp_tail_lock_dis 

1'b0: Default behaviour, enables device lsp lock logic for tail TRB 
update.  

1'b1: Fix disabled 

This is a bug fix for STAR 9000716195 that affects the CSP mode 
for OUT endpoints in device mode. The issue is that tail TRB 
index is not synchronized with the cache Scratchpad bytecount 
update. If the fast-forward request comes in-between the 
bytecount update on a newly fetched TRB and the tail-index write 
update in TPF, the RDP works on an incorrect tail index and 
misses the byte count decrement for the newly fetched TRB in 
the fast-forwarding process. This fix needs to be present all the 
times. 
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Bit Attr Reset Value Description 

19 RW 0x0 

nak_per_enh_fs 

1'b1: Enables performance enhancement for FS async endpoints 
in the presence of NAKs. 
1'b0: Enhancement not applied. 
If a periodic endpoint is present, and if a bulk endpoint which is 
also active is being NAKed by the device, then this could result in 
a decrease in performance of other Full Speed bulk endpoint 
which is ACked by the device. Setting this bit to 1, will enable the 
host controller to schedule more transactions to the async 
endpoints (bulk/ control) and hence will improve the performance 
of the bulk endpoint. This control bit should be enabled only if the 
existing performance with the default setting is not sufficient for 
your FullSpeed application. Setting this bit will only control, and 
is only required for Full Speed transfers. 

18 RW 0x1 

nak_per_enh_hs 

1'b1: Enables performance enhancement for HS async endpoints 
in the presence of NAKs. 
1'b0: Enhancement not applied.  

If a periodic endpoint is present, and if a bulk endpoint which is 
also active is being NAKed by the device, then this could result in 
a decrease in performance of other High Speed bulk endpoint 
which is ACked by the device. Setting this bit to 1, will enable the 
host controller to schedule more transactions to the async 
endpoints (bulk/ control) and hence will improve the performance 
of the bulk endpoint. This control bit should be enabled only if the 
existing performance with the default setting is not sufficient for 
your HighSpeed application. Setting this bit will only control, and 
is only required for High Speed transfers. 

17 RW 0x0 

parkmode_disbale_ss 

Not applied. 
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Bit Attr Reset Value Description 

16 RW 0x0 

parkmode_disable_hs 

This bit is used only in host mode.  

When this bit is set to 1 all HS bus instances park mode are 
disabled.  

To improve performance in park mode, the xHCI scheduler 
queues in three requests of 4 packets each for High Speed 
asynchronous endpoints in a micro-frame. But if a device is slow 
and if it NAKs more than 3 times, then it is rescheduled only in 
the next micro-frame. This could decrease the performance of a 
slow device even further.  

In a few high speed devices (such as Sandisk Cruzer Blade 4GB 
VID: 1921, PID: 21863 and Flex Drive VID: 3744, PID: 8552) 
when an IN request is sent within 900ns of the ACK of the 
previous packet, these devices send a NAK. When connected to 
these devices, if required, the software can disable the park 
mode if you see performance drop in your system. When park 
mode is disabled, pipelining of multiple packet is disabled and 
instead one packet at a time is requested by the scheduler. This 
allows up to 12 NAKs in a micro-frame and improves performance 
of these slow devices. 

15 RW 0x0 

parkmod_disavale_fsls 

This bit is used only in host mode, and is for debug purpose only.  

When this bit is set to 1 all FS/LS bus instances in park mode 
disabled. 

14:9 RO 0x00 reserved 

8 RW 0x1 

l1_susp_thrld_en_for_host 
This bit is used only in host mode.  

The host controller asserts the utmi_l1_suspend_n and 
utmi_sleep_n output signals (see LPM Interface Signals table in 
the Databook) as follows:  

The controller asserts the utmi_l1_suspend_n signal to put the 
PHY into deep low-power mode in L1 when both of the following 
are true:  

The HIRD/BESL value used is greater than or equal to the value 
in L1_SUSP_THRLD_FOR_HOST field.  

The L1_SUSP_THRLD_EN_FOR_HOST bit is set to 1'b1. The 
controller asserts utmi_sleep_n on L1 when one of the following 
is true:  

The HIRD/BESL value used is less than the value in 
L1_SUSP_THRLD_FOR_HOST field.  

The L1_SUSP_THRLD_EN_FOR_HOST bit is set to 1'b0. 
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Bit Attr Reset Value Description 

7:4 RW 0x8 

l1_susp_thrld_for_host 
This field is effective only when the 
L1_SUSP_THRLD_EN_FOR_HOST bit is set to 1. For more details, 
refer to the description of the L1_SUSP_THRLD_EN_FOR_HOST 
bit. 

3 RW 0x1 

hc_errata_enable 

Not applied. 

2 RW 0x0 

hc_parchk_disable 

Host Parameter Check Disable.  

When this bit is set to 0 (by default), the xHC checks that the 
input slot/EP context fields comply to the xHCI Specification. 
Upon detection of a parameter error during command execution, 
the xHC generates an event TRB with completion code indicating 
PARAMETER ERROR.  

When the bit is set to 1, the xHC does not perform parameter 
checks and does not generate PARAMETER ERROR completion 
code. 

1 RW 0x1 

ovrld_l1_susp_com 

If this bit is set, the utmi_l1_suspend_com_n is overloaded with 
the utmi_sleep_n signal. This bit is usually set if the PHY stops 
the port clock during L1 sleep condition. 

0 RW 0x0 

loa_filter_en 

If this bit is set, the USB 2.0 port babble is checked at least three 
consecutive times before the port is disabled. This prevents false 
triggering of the babble condition when using low quality cables.  

Note: This bit is valid only in host mode. 
 

usb3otg_GSNPSID  
Address: Operational Base + offset (0xC120) 

Bit Attr Reset Value Description 

31:0 RO 0x5533300a 

snpsid 

SNPSID[31:16] indicates Core Identification Number. 0x5533 is 
ASCII for U3 (DWC_usb3).  

SNPSID[15:0] indicates the release number. Current Release is 
3.00a.  

Software uses this register to configure release-specific features 
in the driver. 

 

usb3otg_GGPIO  
Address: Operational Base + offset (0xC124) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 

gpo 

General Purpose Output  

This field's value is driven out on the gp_out[15:0] core output 
port. 
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Bit Attr Reset Value Description 

15:0 RO 0x0000 

gpi 
General Purpose Input  

This field's read value reflects the gp_in[15:0] core input value. 
 

usb3otg_GUID  
Address: Operational Base + offset (0xC128) 

Bit Attr Reset Value Description 

31:0 RW 0x20190520 

userid 

Application-programmable ID field. 
 

usb3otg_GUCTL  
Address: Operational Base + offset (0xC12C) 

Bit Attr Reset Value Description 

31:22 RW 0x008 

refclkper 
This field indicates in terms of nano seconds the period of ref_clk.  

The default value of this register is set to 'h8 (8ns/125 MHz).  

This field needs to be updated during power-on initialization, if 
GCTL.SOFITPSYNC or GFLADJ.GFLADJ_REFCLK_LPM_SEL is set to 
1. The programmable maximum value is 62ns, and the minimum 
value is 8ns.  

You must use a reference clock with a period that is an integer 
multiple, so that ITP can meet the jitter margin of 32ns. The 
allowable ref_clk frequencies whose period is not integer 
multiples are 16/17/19.2/24/39.7MHz.  

This field must not be set to 0 at any time. If you never plan to 
use this feature, then set this field to 'h8, the default value. 

21 RW 0x0 

no_extr_di 
No Extra Delay Between SOF and the First. 
Some HS devices misbehave when the host sends a packet 
immediately after a SOF. However, adding an extra delay 
between a SOF and the first packet can reduce the USB data rate 
and performance.  

This bit is used to control whether the host must wait for 2 
microseconds before it sends the first packet after a SOF, or not.  

User can set this bit to one to improve the performance if those 
problematic devices are not a concern in the user's host 
environment.  

1'b0: Host waits for 2 microseconds after a SOF before it sends 
the first USB packet.  

1'b1: Host doesn't wait after a SOF before it sends the first USB 
packet. 

20:18 RO 0x0 reserved 
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Bit Attr Reset Value Description 

17 RW 0x0 

sprs_ctrl_trans_en 

Sparse Control Transaction Enable.  

Some devices are slow in responding to Control transfers.  

Scheduling multiple transactions in one microframe/frame can 
cause these devices to misbehave.  

If this bit is set to 1'b1, the host controller schedules transactions 
for a Control transfer in different microframes/frames. 

16 RW 0x0 

res_bw_hs_esp 

Reserving 85% Bandwidth for HS Periodic EPs. 
By default, HC reserves 80% of the bandwidth for periodic EPs. If 
this bit is set, the bandwidth is relaxed to 85% to accommodate 
two high speed, high bandwidth ISOC EPs.  

USB 2.0 required 80% bandwidth allocated for ISOC traffic. If two 
High-bandwidth ISOC devices (HD Webcams) are connected, and 
if each requires 1024-bytes X 3 packets per Micro-Frame, then 
the bandwidth required is around 82%. If this bit is set, then it is 
possible to connect two Webcams of 1024bytes X 3 payload per 
Micro-Frame each. Otherwise, you may have to reduce the 
resolution of the Webcams.  

This bit is valid in Host and DRD configuration and is used in host 
mode operation only. Ignore this bit in device mode. 

15 RW 0x1 

cm_dev_addr 
Compliance Mode for Device Address.  

When this bit is 1'b1, Slot ID may have different value than 
Device Address if max_slot_enabled < 128.  

1'b1: Increment Device Address on each Address Device 
command.  

1'b0: Device Address is equal to Slot ID.  

The xHCI compliance requires this bit to be set to 1. The 0 mode 
is for debug purpose only. This allows you to easily identify a 
device connected to a port in the Lecroy or Eliisys trace during 
hardware debug.  

This bit is valid in Host and DRD configuration and is used in host 
mode operation only. Ignore this bit in device mode. 

14 RW 0x0 

usb_host_in_auto_retry_en 

Host IN Auto Retry. 
1'b0: Auto Retry Disabled  

1'b1: Auto Retry Enabled  

Note: This bit is also applicable to the device mode. 

13 RW 0x0 

en_overlap_chk 

Not applied. 
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Bit Attr Reset Value Description 

12 RW 0x0 

ext_cap_suppt_en 

External Extended Capability Support Enable  

When set, this field enables extended capabilities to be 
implemented outside the core.  

When the ExtCapSupEN is set and the Debug Capability is 
enabled, the Next Capability pointer in Debug Capability returns 
16.  

A read to the first DWORD of the last internal extended capability 
(the "xHCI Supported Protocol Capability for USB 3.0" when the 
Debug Capability is not enabled) returns a value of 4 in the Next 
Capability Pointer field.  

This indicates to software that there is another capability four 
DWORDs after this capability (for example, at address N+16 
where N is the address of this DWORD). If enabled, an external 
address decoder that snoops the xHC slave interface must be 
implemented.  

If it sees an access to N+16 or greater, the slave access is re-
routed to a piece of hardware which returns the external 
capability pointer register of the new capability and also handles 
reads/writes to this new capability and the side effects.  

If disabled, a read to the first DWORD of the last internal 
extended capability returns 0 in the 'Next Capability Pointer' field. 
This indicates there are no more capabilities. 

11 RW 0x0 

insrt_extr_fsbodi 
Insert Extra Delay Between FS Bulk OUT. 
Some FS devices are slow to receive Bulk OUT data and can get 
stuck when there are consecutive Bulk OUT transactions with 
short inter-transaction delays. This bit is used to control whether 
the host inserts extra delay between consecutive Bulk OUT 
transactions to a FS Endpoint.  

1'b0: Host doesn't insert extra delay between consecutive Bulk 
OUT transactions to a FS Endpoint.  

1'b1: Host inserts about 12us extra delay between consecutive 
Bulk OUT transactions to a FS Endpoint to work around the 
device issue.  

Note: Setting this bit to one will reduce the Bulk OUT transfer 
performance for most of the FS devices. 
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Bit Attr Reset Value Description 

10:9 RW 0x0 

dtct 
Device Timeout Coarse Tuning.  

This field is a Host mode parameter which determines how long 
the host waits for a response from device before considering a 
timeout.  

The core first checks the DTCT value. If it is 0, then the timeout 
value is defined by the DTFT. If it is non-zero, then it uses the 
following timeout values:  

2'b00: 0 usec -> use DTFT value instead  

2'b01: 500 usec  

2'b10: 1.5 msec  

2'b11: 6.5 msec 

8:0 RW 0x010 

ctft 
Device Timeout Fine Tuning. 
This field is a Host mode parameter which determines how long 
the host waits for a response from device before considering a 
timeout.  

For the DTFT field to take effect, DTCT must be set to 2'b00.  

The DTFT value is the number of 125 MHz clocks * 256 to count 
before considering a device timeout.  

The minimum value of DTFT is 2.  

For example, if the mac3_clk is 125 MHz clk (8 ns period), this is 
calculated as follows:  

(DTFT value) * 256 * (8 ns)  

Quick Reference:  

if DTFT = 0x2, 2*256*8 = 4usec timeout  

if DTFT = 0x5, 5*256*8 = 10usec timeout  

if DTFT = 0xA, 10*256*8 = 20usec timeout  

if DTFT = 0x10, 16*256*8 = 32usec timeout  

if DTFT = 0x19, 25*256*8 = 51usec timeout  

if DTFT = 0x31, 49*256*8 = 100usec timeout  

if DTFT = 0x62, 98*256*8 = 200usec timeout 
 

usb3otg_GBUSERRADDRLO  
Address: Operational Base + offset (0xC130) 

Bit Attr Reset Value Description 

31:0 RO 0x00000000 

buserraddr 
Bus Address - Low.  

This register contains the lower 32 bits of the first bus address 
that encountered a SoC bus error. It is valid when the 
GSTS.BusErrAddrVld field is 1. It can only be cleared by resetting 
the core.  

Note: Only supported in AHB and AXI configurations. 
 

usb3otg_GBUSERRADDRHI   
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Address: Operational Base + offset (0xC134) 
Bit Attr Reset Value Description 

31:0 RU 0x00000000 

buserraddr 
Bus Address - High. 
This register contains the higher 32 bits of the first bus address 
that encountered a SoC bus error. It is valid when the 
GSTS.BusErrAddrVld field is 1. It can only be cleared by resetting 
the core.  

Note: Only supported in AHB and AXI configurations. 
 

usb3otg_GPRTBIMAPLO  
Address: Operational Base + offset (0xC138) 

Bit Attr Reset Value Description 

31:4 RO 0x0000000 reserved 

3:0 RW 0x0 

BINUM1 

SS USB Instance Number for Port 1  

Application-programmable ID field. 
 

usb3otg_GHWPARAMS0  
Address: Operational Base + offset (0xC140) 

Bit Attr Reset Value Description 

31:0 RO 0x2020400a 

ghwparams0 

Global Hardware Parameters Register 0. 
 

usb3otg_GHWPARAMS1  
Address: Operational Base + offset (0xC144) 

Bit Attr Reset Value Description 

31:0 RO 0x0120c93b 

ghwparams1 

Global Hardware Parameters Register 1. 
 

usb3otg_GHWPARAMS2  
Address: Operational Base + offset (0xC148) 

Bit Attr Reset Value Description 

31:0 RO 0x20190520 

ghwparams2 

Global Hardware Parameters Register 2. 
 

usb3otg_GHWPARAMS3  
Address: Operational Base + offset (0xC14C) 

Bit Attr Reset Value Description 

31:0 RO 0x069cd084 

ghwparams3 

Global Hardware Parameters Register 3. 
 

usb3otg_GHWPARAMS4  
Address: Operational Base + offset (0xC150) 
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Bit Attr Reset Value Description 

31:0 RO 0x47822010 

ghwparams4 

Global Hardware Parameters Register 4. 
 

usb3otg_GHWPARAMS5  
Address: Operational Base + offset (0xC154) 

Bit Attr Reset Value Description 

31:0 RO 0x04204018 

ghwparams5 

Global Hardware Parameters Register 5. 
 

usb3otg_GHWPARAMS6  
Address: Operational Base + offset (0xC158) 

Bit Attr Reset Value Description 

31:0 RO 0x09d78020 

ghwparams6 

Global Hardware Parameters Register 6. 
 

usb3otg_GHWPARAMS7  
Address: Operational Base + offset (0xC15C) 

Bit Attr Reset Value Description 

31:0 RO 0x00000000 

ghwparams7 

Global Hardware Parameters Register 7. 
 

usb3otg_GDBGFIFOSPACE  
Address: Operational Base + offset (0xC160) 

Bit Attr Reset Value Description 

31:16 RO 0x000a 

space_available 

Space Available. 
15:9 RO 0x00 reserved 

8:0 RW 0x000 

fifo_queue_select 
FIFO/Queue Select (or) Port-Select.  

FIFO/Queue Select[8:5] indicates the FIFO/Queue Type.  

FIFO/Queue Select[4:0] indicates the FIFO/Queue Number.  

Port-Select[3:0] selects the port-number when accessing 
GDBGLTSSM register. 

 

usb3otg_GDBGLNMCC  
Address: Operational Base + offset (0xC168) 

Bit Attr Reset Value Description 

31:9 RO 0x000000 reserved 

8:0 RO 0x000 

lnmcc_berc 

This field indicates the bit error rate information for the port 
selected in the GDBGFIFOSPACE.PortSelect field. This field is for 
debug purposes only. 

 

usb3otg_GDBGBMU  
Address: Operational Base + offset (0xC16C) 
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Bit Attr Reset Value Description 

31:8 RW 0x000000 

bmu_bcu 

BMU_BCU Debug information. 

7:4 RO 0x0 

bmu_dcu 

BMU_DCU Debug information. 

3:0 RO 0x0 

bmu_ccu 

BMU_CCU Debug information. 
 

usb3otg_GDBGLSPMUX  
Address: Operational Base + offset (0xC170) 

Bit Attr Reset Value Description 

31:24 RO 0x00 reserved 

23:16 RW 0x3f 

logic_analyzer_trace 

Logic Analyzer Trace Port MUX Select. 
Currently only bits[21:16] are used. A value of 6'h3F drives "0"s 
on the logic_analyzer_trace signal. If you plan to OR (instead 
using a mux) this signal with other trace signals in your system 
to generate a common trace signal, you can use this feature. 

15 RW 0x0 

endbc 

Enable debugging of Debug capability LSP in Host mode. Use 
HostSelect to select DbC LSP debug information presented in the 
GDBGLSP register. 

14 RO 0x0 reserved 

13:8 RW 0x00 

hostselect 
Host LSP Select. 
Selects the LSP debug information presented in the GDBGLSP 
register in host mode. 

7:4 RW 0x0 

devselect 
Device LSP Select. 
Selects the LSP debug information presented in the GDBGLSP 
register in device mode. Or bit[7:4] of HOSTSELECT, Selects the 
LSP debug information presented in the GDBGLSP register in host 
mode. 

3:0 RW 0x0 

epselect 
Device Endpoint Select. 
Selects the Endpoint debug information presented in the 
GDBGEPINFO registers in device mode. Or bit[3:0] of 
HOSTSELECT, Selects the LSP debug information presented in the 
GDBGLSP register in host mode. 

 

usb3otg_GDBGLSP  
Address: Operational Base + offset (0xC174) 

Bit Attr Reset Value Description 

31:0 RO 0x00000000 

lspdebug 

LSP Debug Information. 
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usb3otg_GDBGEPINFO0   
Address: Operational Base + offset (0xC178) 

Bit Attr Reset Value Description 

31:0 RO 0x00000000 

epdebug 

Endpoint Debug Information Low 32-bit. 
 

usb3otg_GDBGEPINFO1  
Address: Operational Base + offset (0xC17C) 

Bit Attr Reset Value Description 

31:0 RO 0x00800000 

epdebug 

Endpoint Debug Information High 32-bit. 
 

usb3otg_GPRTBIMAP_HSLO  
Address: Operational Base + offset (0xC180) 

Bit Attr Reset Value Description 

31:4 RO 0x0000000 reserved 

3:0 RW 0x0 

binum1 

HS USB Instance Number for Port 1. 
Application-programmable ID field. 

 

usb3otg_GPRTBIMAP_FSLO  
Address: Operational Base + offset (0xC188) 

Bit Attr Reset Value Description 

31:4 RO 0x0000000 reserved 

3:0 RW 0x0 

binum1 

FS USB Instance Number for Port 1. 
Application-programmable ID field. 

 

usb3otg_GUSB2PHYCFG0  
Address: Operational Base + offset (0xC200) 

Bit Attr Reset Value Description 

31 RW 0x0 

physoftrst 
UTMI PHY Soft Reset. 
Causes the usb2phy_reset signal to be asserted to reset a UTMI 
PHY. Not applicable to ULPI because ULPI PHYs are reset via their 
FunctionControl. Reset register, and the core automatically writes 
to this register when the core is reset (vcc_reset_n, 
USBCMD.HCRST, DCTL.SoftReset, or GCTL.SoftReset). 
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Bit Attr Reset Value Description 

30 RW 0x1 

u2_freeclk_exists 

Specifies whether your USB 2.0 PHY provides a free-running PHY 
clock, which is active when the clock control input is active.  

If your USB 2.0 PHY provides a free-running PHY clock, it must be 
connected to the utmi_clk[0] input. The remaining utmi_clk[n] 
must be connected to the respective port clocks. The core uses 
the Port-0 clock for generating the internal mac2 clock.  

1'b0: USB 2.0 free clock does not exist  

1'b1: USB 2.0 free clock exists  

Note: When the core is configured as device-only, do not set this 
bit to 1. 

29:25 RO 0x00 reserved 

24:22 RW 0x0 

lstrd 

LS Turnaround Time. 
This field indicates the value of the Rx-to-Tx packet gap for LS 
devices. The encoding is as follows:  

3'h0: 2 bit times  

3'h1: 2.5 bit times  

3'h2: 3 bit times  

3'h3: 3.5 bit times  

3'h4: 4 bit times  

3'h5: 4.5 bit times  

3'h6: 5 bit times  

3'h7: 5.5 bit times  

Note:  

This field is applicable only in Host mode.  

For normal operation (to work with most LS devices), set the 
default value of this field to 3'h0 (2 bit times).  

The programmable LS device inter-packet gap and turnaround 
delays are provided to support some legacy LS devices that might 
require different delays than the default/fixed ones. For instance, 
the Open LS mouse requires 3 bit times of inter-packet gap to 
work correctly.  
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Bit Attr Reset Value Description 

21:19 RW 0x2 

lsipd 

LS Inter-Packet Time. 
This field indicates the value of Tx-to-Tx packet gap for LS 
devices.  

The encoding is as follows:  

3'h0: 2 bit times  

3'h1: 2.5 bit times  

3'h2: 3 bit times  

3'h3: 3.5 bit times  

3'h4: 4 bit times  

3'h5: 4.5 bit times  

3'h6: 5 bit times  

3'h7: 5.5 bit times  

Note:  

This field is applicable only in Host mode.  

For normal operation (to work with most LS devices), set the 
default value of this field to 3'h2 (3 bit times).  

The programmable LS device inter-packet gap and turnaround 
delays are provided to support some legacy LS devices that might 
require different delays than the default/fixed ones. For instance, 
the AOpen LS mouse requires 3 bit times of inter-packet gap to 
work correctly.  

18:14 RO 0x00 reserved 

13:10 RW 0x9 

usbtrdim 

USB 2.0 Turnaround Time. 
Sets the turnaround time in PHY clocks.  

Specifies the response time for a MAC request to the Packet FIFO 
Controller (PFC) to fetch data from the DFIFO (SPRAM).  

The following are the required values for the minimum SoC bus 
frequency of 60 MHz. USB turnaround time is a critical 
certification criteria when using long cables and five hub levels.  

The required values for this field:  

4'h5: When the MAC interface is 16-bit UTMI+.  

4'h9: When the MAC interface is 8-bit UTMI+/ULPI.  

If SoC bus clock is less than 60 MHz, and USB turnaround time is 
not critical, this field can be set to a larger value.  

Note: This field is valid only in device mode. 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1724 

Bit Attr Reset Value Description 

9 RW 0x0 

xcvrdly 

Transceiver Delay.  

Enables a delay between the assertion of the UTMI/ULPI 
Transceiver Select signal (for HS) and the assertion of the TxValid 
signal during a HS Chirp.  

When this bit is set to 1, a delay (of approximately 2.5 us) is 
introduced from the time when the Transceiver Select is set to 
2'b00 (HS) to the time the TxValid is driven to 0 for sending the 
chirp-K.  

This delay is required for some UTMI/ULPI PHYs.  

Note:  

If you enable the hibernation feature when the device core comes 
out of power-off, you must re-initialize this bit with the 
appropriate value because the core does not save and restore 
this bit value during hibernation.  

This bit is valid only in device mode. 

8 RW 0x0 

enblslpm 

Enable utmi_sleep_n and utmi_l1_suspend_n.  

The application uses this bit to control utmi_sleep_n and 
utmi_l1_suspend_n assertion to the PHY in the L1 state.  

1'b0: utmi_sleep_n and utmi_l1_suspend_n assertion from the 
core is not transferred to the external PHY.  

1'b1: utmi_sleep_n and utmi_l1_suspend_n assertion from the 
core is transferred to the external PHY.  

Note:  

This bit must be set high for Port0 if SNPS PHY is used.  

In Device mode - Before issuing any device endpoint command 
when operating in 2.0 speeds, disable this bit and enable it after 
the command completes. Without disabling this bit, if a command 
is issued when the device is in L1 state and if mac2_clk 
(utmi_clk/ulpi_clk) is gated off, the command will not get 
completed. 

7 RO 0x0 

physel 
USB 2.0 High-Speed PHY or USB 1.1 Full-Speed. 
1'b0: USB 2.0 high-speed UTMI+ or ULPI PHY.   

1'b1: USB 1.1 full-speed serial transceiver. 
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Bit Attr Reset Value Description 

6 RW 0x0 

suspendusb20 

Suspend USB2.0 HS/FS/LS PHY. 
When set, USB2.0 PHY enters Suspend mode if Suspend 
conditions are valid.  

For DRD/OTG configurations, it is recommended that this bit is 
set to 0 during coreConsultant configuration. If it is set to 1, then 
the application must clear this bit after power-on reset. 
Application needs to set it to 1 after the core initialization 
completes.  

For all other configurations, this bit can be set to 1 during core 
configuration.  

Note:  

In host mode, on reset, this bit is set to 1. Software can override 
this bit after reset.  

In device mode, before issuing any device endpoint command 
when operating in 2.0 speeds, disable this bit and enable it after 
the command completes. If you issue a command without 
disabling this bit when the device is in L2 state and if mac2_clk 
(utmi_clk/ulpi_clk) is gated off, the command will not get 
completed. 

5 RO 0x0 reserved 

4 RO 0x0 

ulpi_utmi_sel 
ULPI or UTMI+ Select. 
1'b0: UTMI+ Interface  

1'b1: ULPI Interface 

3 RW 0x0 

phyif 
If UTMI+ is selected, the application uses this bit to configure the 
core to support a UTMI+ PHY with an 8- or 16-bit interface.  

1'b0: 8 bits  

1'b1: 16 bits 
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Bit Attr Reset Value Description 

2:0 RW 0x0 

tout_cal 
HS/FS Timeout Calibration. 
The number of PHY clocks, as indicated by the application in this 
field, is multiplied by a bit-time factor; this factor is added to the 
high-speed/full-speed interpacket timeout duration in the core to 
account for additional delays introduced by the PHY. This may be 
required, since the delay introduced by the PHY in generating the 
linestate condition may vary among PHYs.  

The USB standard timeout value for high-speed operation is 736 
to 816 (inclusive) bit times. The USB standard timeout value for 
full-speed operation is 16 to 18 (inclusive) bit times. The 
application must program this field based on the speed of 
connection. The number of bit times added per PHY clock are:  

High-speed operation:  

One 30-MHz PHY clock = 16 bit times  

One 60-MHz PHY clock = 8 bit times  

Full-speed operation:  

One 30-MHz PHY clock = 0.4 bit times  

One 60-MHz PHY clock = 0.2 bit times 

 

usb3otg_GUSB3PIPECTL0  
Address: Operational Base + offset (0xC2C0) 

Bit Attr Reset Value Description 

31 RW 0x0 

PHYSoftRst 
USB3 PHY Soft Reset  

After setting this bit to 1, the software needs to clear this bit. 

30 RW 0x0 

HstPrtCmpl 
 

29 RW 0x0 

U2SSInactP3ok 

 

28 RW 0x0 

DisRxDetP3 

Disabled receiver detection in P3  

0: If PHY is in P3 and Core needs to perform receiver detection, 
The core performs receiver detection in P3. (Default)  

1: If PHY is in P3 and Core needs to perform receiver detection, 
The core changes the PHY power state to P2 and then performs 
receiver detection. After receiver detection, the cores changes 
PHY power state to P3.  

27 RW 0x0 

Ux_exit_in_Px 
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Bit Attr Reset Value Description 

26 RW 0x0 

ping_enhancement_en 

Ping Enhancement Enable  

When set, the Downstream port U1 ping receive timeout becomes 
500 ms instead of 300 ms. Minimum Ping.LFPS receive duration 
is 8 ns (one mac3_clk). This field is valid for the downstream port 
only.  

Note: This bit is used by third-party SS PHY. It must be set to 0 
for SNPS PHY. 

25 RW 0x0 

u1u2exitfail_to_recov 

U1U2exitfail to Recovery  

When set, and U1/U2 LFPS handshake fails, the LTSSM 
transitions from U1/U2 to Recovery instead of SS Inactive. If 
Recovery fails, then the LTSSM can enter SS.Inactive. This is an 
enhancement only. It prevents interoperability issue if the remote 
link does not do proper handshake. 

24 RW 0x0 

request_p1p2p3 

Always Request P1/P2/P3 for U1/U2/U3  

When set, the core always requests PHY power change from P0 to 
P1/P2/P3 during U0 to U1/U2/U3 transition.  

If this bit is 0, and immediate Ux exit (remotely initiated, or 
locally initiated) happens, the core does not request P1/P2/P3 
power state change.  

Note: This bit must be set to 1 for SNPS PHY. For third-party SS 
PHY, check with your PHY vendor. 

23 RW 0x0 

StartRxDetU3RxDet 
 

22 RW 0x0 

DisRxDetU3RxDet 
Disable Receiver Detection in U3/Rx.Det  

When set, the core does not handle receiver detection in either 
U3 or Rx.Detect states. DWC_USB3_GUSB3PIPECTL_INIT[23] 
must be used to start receiver detection manually. This bit can 
only be used for the downstream port. This bit must be set to 0 
for Upstream ports. This feature must not be enabled for normal 
operation. If you have to use this feature, contact SNPS. 

21:19 RW 0x0 

DelayP1P2P3 

Delay P1P2P3  

Delay P0 to P1/P2/P3 request when entering U1/U2/U3 until 
(DWC_USB3_GUSB3PIPECTL_INIT[21:19]*8) 8B10B error 
occurs, or Pipe3_RxValid drops to 0.  

DWC_USB3_GUSB3PIPECTL_INIT[18] must be 1 to enable this 
functionality. 
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Bit Attr Reset Value Description 

18 RW 0x0 

DELAYP1TRANS 

DELAYP1TRANS  

Delay PHY power change from P0 to P1/P2/P3 when link state 
changing from U0 to U1/U2/U3 respectively.  

1'b1: When entering U1/U2/U3, delay the transition to P1/P2/P3 
until the pipe3 signals, Pipe3_RxElecIlde is 1 and pipe3_RxValid is 
0  

1'b0: When entering U1/U2/U3, transition to P1/P2/P3 without 
checking for Pipe3_RxElecIlde and pipe3_RxValid.  

Note: This bit must be set to '1' for SNPS PHY. It is also used by 
third-party SS PHY. 

17 RW 0x0 

SUSPENDENABLE 

 

16:15 RW 0x0 

DATWIDTH 

 

14 RW 0x0 

AbortRxDetInU2 

 

13 RW 0x0 

SkipRxDet 
 

12 RW 0x0 

LFPSP0Algn 

LFPS P0 Align  

When set:  

1. The core deasserts LFPS transmission on the clock edge that it 
requests Phy power state 0 when exiting U1, U2, or U3 low power 
states. Otherwise, LFPS transmission is asserted one clock 
earlier.  

2. The core requests symbol transmission two pipe3_rx_pclks 
periods after the PHY asserts PhyStatus as a result of the PHY 
switching from P1 or P2 state to P0 state.  

Currently, this bit is only used in USB 3.0 HUB with SNPS PHY. 
For other USB 3.0 Host, Device, and DRD cores, this bit is not 
required. 

11 RW 0x0 

P3P2TranOK 

 

10 RW 0x0 

P3ExSigP2 

P3 Exit Signal in P2  

When this bit is set, the core always changes the PHY power state 
to P2, before attempting a U3 exit handshake. This bit is used 
only for some non-SNPS PHYs that cannot do LFPS in P3.  

Note: This bit is used by third-party SS PHY. It must be set to '0' 
for SNPS PHY.  
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Bit Attr Reset Value Description 

9 RW 0x0 

LFPSFILTER 

LFPS Filter  

When set, filter LFPS reception with pipe3_RxValid in PHY power 
state P0, that is, ignore LFPS reception from the PHY unless both 
pipe3_Rxelecidle and pipe3_RxValid are deasserted. 

8 RW 0x0 

RX_DETECT_to_Polling_L 

RX_DETECT to Polling.LFPS Control  

1'b0 (Default): Enables a 400us delay to start Polling LFPS after 
RX_DETECT. This allows VCM offset to settle to a proper level.  

1'b1: Disables the 400us delay to start Polling LFPS after 
RX_DETECT.  

During controller certification with third party PHY it is observed 
that the PHY is not able to meet the Tx AC common mode voltage 
active (VTX-CM-ACPP_ACTIVE <100mv) if the link starts polling 
within 80us from the time rx.detect is performed.  

To meet this VTX-CM-ACPP_ACTIVE specification, the polling 
must be delayed further. If the PHY does not have issue then 
they can set this bit to 1 which allows polling to start within 80us. 

7 RO 0x0 reserved 

6 RW 0x0 

TX_SWING 

 

5:3 RW 0x0 

TX_MARGIN 

 

2:1 RW 0x0 

TX_DE_EPPHASIS 

Tx Deemphasis  

The value driven to the PHY is controlled by the LTSSM during 
USB3 Compliance mode. 

0 RW 0x0 

ELASTIC_BUFFER_MODE 

 

 

usb3otg_GTXFIFOSIZn  
Address: Operational Base + offset (0xC300) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 

txfstaddr_n 

Transmit FIFOn RAM Start Address. 
This field contains the memory start address for TxFIFOn in 64-
bit words. 

15:0 RW 0x0042 

txfdep_n 

TxFIFO Depth. 
This field contains the depth of TxFIFOn in 64-bit words.  

Minimum value: 32; Maximum value: 32,768. 
 

usb3otg_GRXFIFOSIZn  
Address: Operational Base + offset (0xC380) 
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Bit Attr Reset Value Description 

31:16 RW 0x0334 

rxfstaddr_n 

RxFIFOn RAM Start Address.  

This field contains the memory start address for RxFIFOn in 64-
bit words. 

15:0 RW 0x0185 

rxfdep_n 

RxFIFOn RAM Start Address. 
This field contains the memory start address for RxFIFOn in 64-
bit words. 

 

usb3otg_GEVNTADRLO0   
Address: Operational Base + offset (0xC400) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 

evntadrlo 

Event Buffer Address. 
Holds the lower 32 bits of start address of the external memory 
for the Event Buffer. During operation, hardware does not update 
this address. 

 

usb3otg_GEVNTADRHI0  
Address: Operational Base + offset (0xC404) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 

evntadrhi 
Event Buffer Address. 
Holds the higher 32 bits of start address of the external memory 
for the Event Buffer. During operation, hardware does not update 
this address. 

 

usb3otg_GEVNTSIZ0  
Address: Operational Base + offset (0xC408) 

Bit Attr Reset Value Description 

31 RW 0x0 

evntintrptmask 

Event Interrupt Mask. 
When set to '1', this prevents the interrupt from being generated. 
However, even when the mask is set, the events are queued. 

30:16 RO 0x0000 reserved 

15:0 RW 0x0000 

eventsiz 

Event Buffer Size in bytes.  

Holds the size of the Event Buffer in bytes; must be a multiple of 
four. This is programmed by software once during initialization. 
The minimum size of the event buffer is 32 bytes. 

 

usb3otg_GEVNTCOUNT0  
Address: Operational Base + offset (0xC40C) 

Bit Attr Reset Value Description 

31:16 RO 0x0000 reserved 
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Bit Attr Reset Value Description 

15:0 RW 0x0000 

evntcount 
Event Count.  

When read, returns the number of valid events in the Event 
Buffer (in bytes).  

When written, hardware decrements the count by the value 
written. The interrupt line remains high when count is not 0. 

 

usb3otg_GHWPARAMS8  
Address: Operational Base + offset (0xC600) 

Bit Attr Reset Value Description 

31:0 RO 0x0000047c 

ghwparams8_32_0 

ghwparams8 

 

usb3otg_GTXFIFOPRIDEV  
Address: Operational Base + offset (0xC610) 

Bit Attr Reset Value Description 

31:7 RO 0x0000000 reserved 

6:0 RW 0x00 

gtxfifopridev 

Device TxFIFO priority. 
This register specifies the relative DMA priority level among the 
Device TXFIFOs (one per IN endpoint). Each register bit[n] 
controls the priority (1: high, 0: low) of each TXFIFO[n]. When 
multiple TXFIFOs compete for DMA service at a given time (that 
is, multiple TXQs contain TX DMA requests and their 
corresponding TXFIFOs have space available), the TX DMA arbiter 
grants access on a packet-basis in the following manner:  

1. High-priority TXFIFOs are granted access using round-robin 
arbitration  

2. Low-priority TXFIFOs are granted access using round-robin 
arbitration only after the high-priority TXFIFOs have no further 
processing to do (that is, either the TXQs are empty or the 
corresponding TXFIFOs are full).  

For scatter-gather packets, the arbiter grants successive DMA 
requests to the same FIFO until the entire packet is completed.  

When configuring periodic IN endpoints, software must set 
register bit[n]=1, where n is the TXFIFO assignment. This 
ensures that the DMA for isochronous or interrupt IN endpoints 
are prioritized over bulk or control IN endpoints.  

This register is present only when the core is configured to 
operate in the device mode. The register size corresponds to the 
number of Device IN endpoints. 

 

usb3otg_GTXFIFOPRIHST  
Address: Operational Base + offset (0xC618) 
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Bit Attr Reset Value Description 

31:3 RO 0x00000000 reserved 

2:0 RW 0x0 

gtxfifoprihst 
Host TxFIFO priority.  

This register specifies the relative DMA priority level among the 
Host TXFIFOs (one per USB bus instance) within the associated 
speed group (HS/FSLS). Each register bit[n] controls the priority 
(1: high, 0: low) of TXFIFO[n] within a speed group. When 
multiple TXFIFOs compete for DMA service at a given time (i.e., 
multiple TXQs contain TX DMA requests and their corresponding 
TXFIFOs have space available), the TX DMA arbiter grants access 
on a packet-basis in the following manner:  

1. Among the FIFOs in the same speed group (HS/FSLS):  

a. High-priority TXFIFOs are granted access using round-robin 
arbitration  

b. Low-priority TXFIFOs are granted access using round-robin 
arbitration only after the high-priority TXFIFOs have no further 
processing to do (that is, either the TXQs are empty or the 
corresponding TXFIFOs are full).  

2. The TX DMA arbiter prioritizes the HS/FSLS speed group 
according to the ratio programmed in the GDMAHLRATIO 
register.  

For scatter-gather packets, the arbiter grants successive DMA 
requests to the same FIFO until the entire packet is completed.  

This register is present only when the core is configured to 
operate in the host mode (includes DRD and OTG modes). The 
register size corresponds to the number of configured USB bus 
instances; for example, in the default configuration, there are 2 
USB bus instances (1 HS, and 1 FSLS). 

 

usb3otg_GRXFIFOPRIHST  
Address: Operational Base + offset (0xC61C) 

Bit Attr Reset Value Description 

31:3 RO 0x00000000 reserved 
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Bit Attr Reset Value Description 

2:0 RW 0x0 

grxfifoprihst 
Host RxFIFO priority  

This register specifies the relative DMA priority level among the 
Host RXFIFOs (one per USB bus instance) within the associated 
speed group (HS/FSLS). Each register bit[n] controls the priority 
(1: high, 0: low) of RXFIFO[n] within a speed group. When 
multiple RXFIFOs compete for DMA service at a given time (i.e., 
multiple RXQs contain RX DMA requests and their corresponding 
RXFIFOs have data available), the RX DMA arbiter grants access 
on a packet-basis in the following manner:  

1. Among the FIFOs in the same speed group (HS/FSLS):  

a. High-priority RXFIFOs are granted access using round-robin 
arbitration  

b. Low-priority RXFIFOs are granted access using round-robin 
arbitration only after high-priority RXFIFOs have no further 
processing to do (that is, either the RXQs are empty or the 
corresponding RXFIFOs do not have the required data).  

2. The RX DMA arbiter prioritizes the HS/FSLS speed group 
according to the ratio programmed in the GDMAHLRATIO 
register.  

For scatter-gather packets, the arbiter grants successive DMA 
requests to the same FIFO until the entire packet is completed.  

This register is present only when the core is configured to 
operate in the host mode (includes DRD and OTG modes). The 
register size corresponds to the number of configured USB bus 
instances; for example, in the default configuration, there are 2 
USB bus instances (1 HS, and 1 FSLS). 

 

usb3otg_GFIFOPRIDBC  
Address: Operational Base + offset (0xC620) 

Bit Attr Reset Value Description 

31:2 RO 0x00000000 reserved 

1:0 RW 0x0 

gfifopridbc 

Host DbC DMA priority.  

This register specifies the relative priority of the RXFIFOs and 
TXFIFOs associated with the DbC mode. It overrides the priority 
assigned in the corresponding indexes of the Host RXFIFO and 
TXFIFO DMA priority registers, when the DbC mode is enabled. 

 

usb3otg_GDMAHLRATIO   
Address: Operational Base + offset (0xC624) 

Bit Attr Reset Value Description 

31:22 RO 0x000 reserved 

21:8 RW 0x0000 

hstrxfifo 

Host RXFIFO DMA High-Low Priority. 
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Bit Attr Reset Value Description 

7:5 RO 0x0 reserved 

4:0 RW 0x00 

hsttxfifo 

Host TXFIFO DMA High-Low Priority. 
 

usb3otg_GFLADJ  
Address: Operational Base + offset (0xC630) 

Bit Attr Reset Value Description 

31 RW 0x0 

gfladj_refclk_240mhzdecr_pls1 

This field indicates that the decrement value that the controller 
applies for each ref_clk must be GFLADJ_REFCLK_240MHZ_DECR 
and GFLADJ_REFCLK_240MHZ_DECR +1 alternatively on each 
ref_clk.  

Set this bit to a 1 only if GFLADJ_REFCLK_LPM_SEL is set to 1 
and the fractional component of 240/ref_frequency is greater 
than or equal to 0.5.  

Examples:  

If the ref_clk is 24 MHz then  

1. GUCTL.REF_CLK_PERIOD = 41  

2. GFLADJ.GFLADJ_REFCLK_240MHZ_DECR = (240/24) = 10  

3. GFLADJ.GFLADJ_REFCLK_240MHZDECR_PLS1 = 0 

30:24 RW 0x00 

gfladj_refclk_240mhz_decr 
This field indicates the decrement value that the controller applies 
for each ref_clk in order to derive a frame timer in terms of a 
240-MHz clock.  

This field must be programmed to a non-zero value only if 
GFLADJ_REFCLK_LPM_SEL is set to 1.  

The value is derived as follows:  

GFLADJ_REFCLK_240MHZ_DECR = 240/ref_clk_frequency  

Examples: If the ref_clk is 24 MHz then  

1. GUCTL.REF_CLK_PERIOD = 41  

2. GFLADJ.GFLADJ_REFCLK_240MHZ_DECR = 240/24 = 10 

23 RW 0x0 

gfladj_refclk_lpm_sel 
This bit enables the functionality of running SOF counters on the 
ref_clk. This bit must not be set to 1 if GCTL.SOFITPSYNC bit is 
set to 1. Similarly, if GFLADJ_REFCLK_LPM_SEL set to 1, 
GCTL.SOFITPSYNC must not be set to 1. 
Note that the ref_clk frequencies supported in this mode are 
16/17/19.2/20/24/39.7/40 MHz. The utmi_clk[0] signal of the 
core must be connected to the FREECLK of the PHY.  

Note: If you set this bit to 1, the 
GUSB2PHYCFG.U2_FREECLK_EXISTS bit must be set to 0. 

22 RO 0x0 reserved 
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Bit Attr Reset Value Description 

21:8 RW 0x0000 

gfladj_refclk_fladj 
This field indicates the frame length adjustment to be applied 
when SOF counter is running on the ref_clk.  

SOF interval when GLADJ.GFLADJ_REFCLK_LPM_SEL is set to 1.  

This field must be programmed to a non-zero value only if 
GFLADJ_REFCLK_LPM_SEL is set to 1 or GCTL.SOFITPSYNC is set 
to 1.  

The value is derived as follows:  

FLADJ_REF_CLK_FLADJ=((125000/ref_clk_period_integer)-
(125000/ref_clk_period)) * ref_clk_period where:  

1. The ref_clk_period_integer is the integer value of the ref_clk 
period got by truncating the decimal (fractional) value that is 
programmed in the GUCTL.REF_CLK_PERIOD field.  

2. The ref_clk_period is the ref_clk period including the fractional 
value.  

Examples: If the ref_clk is 24 MHz then  

1. GUCTL.REF_CLK_PERIOD = 41  

2. GFLADJ.GLADJ_REFCLK_FLADJ = ((125000/41)-
(125000/41.6666))*41.6666 = 2032 (ignoring the fractional 
value). 

7 RW 0x0 

gfladj_30mhz_sdbnd_sel 
This field selects whether to use the input signal fladj_30mhz_reg 
or the GFLADJ.GFLADJ_30MHZ to adjust the frame length for the 
SOF. When this bit is set to:  

1'b1: the controller uses the register field 
GFLADJ.GFLADJ_30MHZ value  

1'b0: the controller uses the input signal fladj_30mhz_reg value. 
6 RO 0x0 reserved 

5:0 RW 0x00 

gfadj_30mhz 

This field indicates the value that is used for frame length 
adjustment instead of considering from the sideband input signal 
fladj_30mhz_reg.  

This enables post-silicon frame length adjustment in case the 
input signal fladj_30mhz_reg is connected to a wrong value or is 
not valid.  

For details on how to set this value, refer to section 5.2.4, 
"Frame Length Adjustment Register (FLADJ)," of the xHCI 
Specification. 

 

usb3otg_DCFG  
Address: Operational Base + offset (0xC700) 

Bit Attr Reset Value Description 

31:24 RO 0x00 reserved 

23 RW 0x0 

ignstrmpp 

This bit only affects stream-capable bulk endpoints. Not applied. 
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Bit Attr Reset Value Description 

22 RW 0x0 

lpmcap 

LPM Capable. Not applied. 

21:17 RW 0x04 

nump 

Number of Receive Buffers. Not applied. 

16:12 RW 0x00 

intrnum 

Interrupt number.  

Indicates interrupt/EventQ number on which non-endpoint-
specific device-related interrupts (see DEVT) are generated. 

11:10 RO 0x0 reserved 

9:3 RW 0x00 

devaddr 
Device Address.  

The application must perform the following:  

1. Program this field after every SetAddress request.  

2. Reset this field to zero after USB reset. 

2:0 RW 0x0 

devspd 

Device Speed. 
Indicates the speed at which the application requires the core to 
connect, or the maximum speed the application can support.  

However, the actual bus speed is determined only after the chirp 
sequence is completed, and is based on the speed of the USB 
host to which the core is connected.  

3'b000: High-speed (USB 2.0 PHY clock is 30 MHz or 60 MHz)  

3'b001: Full-speed (USB 2.0 PHY clock is 30 MHz or 60 MHz) 
 

usb3otg_DCTL  
Address: Operational Base + offset (0xC704) 
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Bit Attr Reset Value Description 

31 RW 0x0 

run_stop 

The software writes 1 to this bit to start the device controller 
operation.  

To stop the device controller operation, the software must 
remove any active transfers and write 0 to this bit. When the 
controller is stopped, it sets the DSTS.DevCtrlHlt bit when the 
core is idle and the lower layer finishes the disconnect process.  

The Run/Stop bit must be used in following cases as specified:  

1. After power-on reset and CSR initialization, the software must 
write 1 to this bit to start the device controller. The controller 
does not signal connect to the host until this bit is set.  

2. The software uses this bit to control the device controller to 
perform a soft disconnect. When the software writes 0 to this bit, 
the host does not see that the device is connected. The device 
controller stays in the disconnected state until the software writes 
1 to this bit.  

The minimum duration of keeping this bit cleared is specified in 
the Note below. If the software attempts a connect after the soft 
disconnect or detects a disconnect event, it must set DCTL[8:5] 
to 5 before reasserting the Run/Stop bit.  

3. When the USB is in a lower power state and the Two Power 
Rails configuration is selected, software writes 0 to this bit to 
indicate that it is going to turn off the Core Power Rail. After the 
software turns on the Core Power Rail again and re-initializes the 
device controller, it must set this bit to start the device controller.   

Note: The following is the minimum duration under various 
conditions for which the soft disconnect (SftDiscon) bit must be 
set for the USB host to detect a device disconnect:  

10ms: For high-speed, when the device state is Suspended, Idle, 
or not Idle/Suspended (performing transactions); For full-
speed/low-speed, when the device state is Suspended, Idle, or 
not Idle/Suspended (performing transactions).  

To accommodate clock jitter, it is recommended that the 
application add extra delay to the specified minimum duration. 
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Bit Attr Reset Value Description 

30 

R/W
SC 

0x0 

csftrst 
Core Soft Reset. 
Reset all clock domains as follows:  

1. This bit clears the interrupts and all the CSRs except GSTS, 
GSNPSID, GGPIO, GUID, GUSB2PHYCFGn registers, 
GUSB3PIPECTLn registers, DCFG, DCTL, DEVTEN, and DSTS 
registers.  

2. All module state machines (except the SoC Bus Slave Unit) are 
reset to the IDLE state, and all the TxFIFOs and the RxFIFO are 
flushed.  

3. Any transactions on the SoC bus Master are terminated as 
soon as possible, after gracefully completing the last data phase 
of a SoC bus transfer. Any transactions on the USB are 
terminated immediately.  

The application can write this bit at any time to reset the core. 
This is a self-clearing bit; the core clears this bit after all 
necessary logic is reset in the core, which may take several 
clocks depending on the core's current state. Once this bit is 
cleared, the software must wait at least 3 PHY clocks before 
accessing the PHY domain (synchronization delay).  

Typically, software reset is used during software development 
and also when you dynamically change the PHY selection bits in 
the USB configuration registers listed above. When you change 
the PHY, the corresponding clock for the PHY is selected and used 
in the PHY domain. Once a new clock is selected, the PHY domain 
must be reset for proper operation. 

29 RO 0x0 reserved 

28:24 RW 0x00 

hirdthres 

HIRD Threshold.  

The core asserts output signals utmi_l1_suspend_n and 
utmi_sleep_n on the basis of this signal:  

The core asserts utmi_l1_suspend_n to put the PHY into Deep 
Low-Power mode in L1 when both of the following are true:  

1. HIRD value is greater than or equal to the value in 
DCTL.HIRD_Thres[3:0]  

2. HIRD_Thres[4] is set to 1'b1.  

The core asserts utmi_sleep_n on L1 when one of the following is 
true:  

1. If the HIRD value is less than HIRD_Thres[3:0] or  

2. HIRD_Thres[4] is set to 1'b0.  

Note: This field must be set to '0' during SuperSpeed mode of 
operation. 
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Bit Attr Reset Value Description 

23:20 RW 0xf 

lpm_nyet_thres 

LPM NYET Threshold  

Handshake response to LPM token specified by device application.  

Response depends on DCFG.LPMCap.  

DCFG.LPMCap is 1'b0 - The core always responds with Timeout 
(that is, no response).  

DCFG.LPMCap is 1'b1 - The core responds with an ACK on 
successful LPM transaction, which requires that all of the 
following are satisfied:  

1. There are no PID or CRC5 errors in both the EXT token and the 
LPM token (if not true, inactivity results in a timeout ERROR).  

2. No data is pending in the Transmit FIFO and OUT endpoints 
not in flow controlled state (else NYET).  

3. The BESL value in the LPM token is less than or equal to 
LPM_NYET_thres[3:0]. 

19 RW 0x0 

keep_connect 
When 1, this bit enables the save and restore programming 
model by preventing the core from disconnecting from the host 
when DCTL.RunStop is set to 0.  

The device core disconnects from the host when DCTL.RunStop is 
set to 0.  

This bit indicates whether to preserve this behavior (0), or if the 
core must not disconnect when RunStop is set to 0 (1).  

18 RW 0x0 

l1_hibernation_en 

When this bit is set along with KeepConnect, the device core 
generates a Hibernation Request Event if L1 is enabled and the 
HIRD value in the LPM token is larger than the threshold 
programmed in DCTL.HIRD_Thres.  

The core does not exit the LPM L1 state until software writes 
Recovery into the DCTL.ULStChngReq field.  

This prevents corner cases where the device is entering 
hibernation at the same time the host is attempting to exit L1. 

17 RW 0x0 

crs 

Controller Restore State.  

This command is similar to the USBCMD.CRS bit in host mode 
and initiates the restore process. When software sets this bit to 1, 
the controller immediately sets DSTS.RSS to 1. When the 
controller has finished the restore process, it sets DSTS.RSS to 0.  

Note: When read, this field always returns 0. 
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Bit Attr Reset Value Description 

16 RW 0x0 

css 

Controller Save State. 
This command is similar to the USBCMD.CSS bit in host mode 
and initiates the save process. When software sets this bit to 1, 
the controller immediately sets DSTS.SSS to 1. When the 
controller has finished the save process, it sets DSTS.SSS to 0.  

Note: When read, this field always returns 0. 
15:13 RO 0x0 reserved 

12 RW 0x0 

initu2ena 

Not applied. 

11 RW 0x0 

acceptu2ena 

Not applied. 

10 RW 0x0 

initu1ena 

Not applied. 

9 RW 0x0 

acceptu1ena 

Not applied. 

8:5 RW 0x0 

ulstchngreq 

Software writes this field to issue a USB state change request. A 
change in this field indicates a new request to the core.  

If software wants to issue the same request back-to-back, it must 
write a 0 to this field between the two requests. The result of the 
state change request is reflected in the USB State in DSTS. These 
bits are self-cleared on the MAC Layer exiting suspended state.  

If software is updating other fields of the DCTL register and not 
intending to force any link state change, then it must write a 0 to 
this field.  

In HS/FS/LS mode:  

Value: Requested USB state transition  

8: Remote wakeup request  

Others: Reserved  

The Remote wakeup request must be issued 2us after the device 
goes into suspend state (DSTS[21:18] is 3 ).  

Note: After coming out of hibernation, software must write 8 
(Recovery) into this field to confirm exit from the suspended 
state. 

4:1 RW 0x0 

tstctl 
Test Control. 
4'b000: Test mode disabled  

4'b001: Test_J mode  

4'b010: Test_K mode  

4'b011: Test_SE0_NAK mode  

4'b100: Test_Packet mode  

4'b101: Test_Force_Enable  

Others: Reserved 

0 RO 0x0 reserved 
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usb3otg_DEVTEN  
Address: Operational Base + offset (0xC708) 

Bit Attr Reset Value Description 

31:13 RO 0x00000 reserved 

12 RW 0x0 

vendevtstrcvden 

Vendor Device Test LMP Received Event.  

1'b0: Disable this event 
1'b1: Enable this event 

11:10 RO 0x0 reserved 

9 RW 0x0 

errticerrevten 

Erratic Error Event Enable.  

1'b0: Disable this event 
1'b1: Enable this event  

8 RO 0x0 reserved 

7 RW 0x0 

softevten 

Start of (u)frame Event Enable.  

1'b0: Disable this event 
1'b1: Enable this event  

6 RW 0x0 

u3l2l1_susp_en 

U3/L2-L1 Suspend Event Enable. 
1'b0: Disable this event 
1'b1: Enable this event  

5 RW 0x0 

hibernation_req_evt_en 

Hibernation Request Event Enable. 
1'b0: Disable this event 
1'b1: Enable this event  

4 RW 0x0 

wkupevten 

Resume/Remote Wakeup Detected Event Enable. 
1'b0: Disable this event 
1'b1: Enable this event  

3 RW 0x0 

ulstcngen 

USB State Change Event Enable. 
1'b0: Disable this event 
1'b1: Enable this event  

2 RW 0x0 

connectdoneevten 

Connection Done Event Enable. 
1'b0: Disable this event 
1'b1: Enable this event  

1 RW 0x0 

usbrstevten 

USB Reset Event Enable.  

1'b0: Disable this event 
1'b1: Enable this event  
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Bit Attr Reset Value Description 

0 RW 0x0 

disconnevten 

Disconnect Detected Event Enable.  

1'b0: Disable this event 
1'b1: Enable this event  

 

usb3otg_DSTS  
Address: Operational Base + offset (0xC70C) 

Bit Attr Reset Value Description 

31:30 RO 0x0 reserved 

29 RW 0x0 

dcnrd 

Device Controller Not Ready. 
The bit indicates that the core is in the process of completing the 
state transitions after exiting from hibernation.  

To complete the state transitions, it takes 256 bus clock cycles 
from the time DCTL[31].Run/Stop is set. During hibernation, if 
the UTMI/ULPI PHY is in suspended state, then the 256-bus clock 
cycle delay starts after the PHY exited suspended state. Software 
must set DCTL[31].Run/Stop to 1 and wait for this bit to be de-
asserted to zero before processing DSTS.USBLnkSt. 

28:26 RO 0x0 reserved 

25 RW 0x0 

rss 

Restore State Status.  

This bit is similar to the USBSTS.RSS in host mode.  

When the controller finishes the restore process, it completes the 
command by setting DSTS.RSS to 0. 

24 RO 0x0 

sss 

Save State Status. 
This bit is similar to the USBSTS.SSS in host mode.  

When the controller has finished the save process, it completes 
the command by setting DSTS.SSS to 0. 

23 RO 0x0 

coreidle 

Core Idle. 
The bit indicates that the core finished transferring all RxFIFO 
data to system memory, writing out all completed descriptors, 
and all Event Counts are zero.  

Note: While testing for Reset values, mask out the read value. 
This bit represents the changing state of the core and does not 
hold a static value. 
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Bit Attr Reset Value Description 

22 RO 0x1 

devctrlhlt 
Device Controller Halted. 
This bit is set to 0 when the Run/Stop bit in the DCTL register is 
set to 1.  

The core sets this bit to 1 when, after SW sets Run/Stop to 0, the 
core is idle and the lower layer finishes the disconnect process.  

When Halted=1, the core does not generate Device events.  

Note: The core does not set this bit to 1 if GEVNTCOUNTn has 
some valid value. Software needs to acknowledge the events that 
are generated (by writing to GEVNTCOUNTn) while it is waiting 
for this bit to be set to 1. 

21:18 RO 0x4 

usblnkst 
In HS/FS/LS mode:  

4'h0: On state  

4'h2: Sleep (L1) state  

4'h3: Suspend (L2) state  

4'h4: Disconnected state (Default state)  

4'h5: Early Suspend state (valid only when Hibernation is 
disabled, GCTL[1].GblHibernationEn = 0)  

4'he: Reset (valid only when Hibernation is enabled, 
GCTL[1].GblHibernationEn = 1)  

4'hf: Resume (valid only when Hibernation is enabled, 
GCTL[1].GblHibernationEn = 1)  

The link state Resume/Reset indicates that the core received a 
resume or USB reset request from the host while the link was in 
hibernation. Software must write 8 (Recovery) to the 
DCTL.ULStChngReq field to acknowledge the resume/reset 
request.  

When Hibernation is enabled, GCTL[1].GblHibernationEn = 1, this 
field USBLnkSt is valid only when DCTL[31].Run/Stop set to 1 
and DSTS[29].DCNRD = 0. 

17 RO 0x1 

rx_fifo_empty 

Rx Fifo Empty. 
16:3 RO 0x0000 reserved 

2:0 RU 0x0 

connectspd 

Connected Speed.  

Indicates the speed at which the DWC_usb3 core has come up 
after speed detection through a chirp sequence.  

3'b000: High-speed (PHY clock is running at 30 or 60 MHz)  

3'b001: Full-speed (PHY clock is running at 30 or 60 MHz) 
 

usb3otg_DGCMDPAR  
Address: Operational Base + offset (0xC710) 
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Bit Attr Reset Value Description 

31:0 RW 0x00000000 

parameter 
This register indicates the device command parameter. This must 
be programmed before or along with the device command. The 
available device commands are listed in DGCMD register. 

 

usb3otg_DGCMD  
Address: Operational Base + offset (0xC714) 

Bit Attr Reset Value Description 

31:16 RO 0x0000 reserved 

15:12 RO 0x0 

cmdstatus 

Command Status: 
1'b1: CmdErr: Indicates that the device controller encountered an 
error while processing the command.  

1'b0: Indicates command success 

11:10 RO 0x0 reserved 

9 

R/W
SC 

0x0 

cmdact 
Command Active. 
The software sets this bit to 1 to enable the device controller to 
execute the generic command.  

The device controller sets this bit to 0 after executing the 
command. 

8 RW 0x0 

cmdioc 

Command Interrupt on Complete. 
When this bit is set, the device controller issues a Generic 
Command Completion event after executing the command.  

Note that this interrupt is mapped to DCFG.IntrNum.  

Note: This field must not set to 1 if the DCTL.RunStop field is 0. 

7:0 RW 0x00 

cmdtyp 

Command Type. 
Specifies the type of command the software driver is requesting 
the core to perform.  

8'h0: Reserved  

8'h1: Set Endpoint Configuration - 64 or 96-bit Parameter  

8'h2: Set Endpoint Transfer Resource Configuration - 32-bit 
Parameter  

8'h3: Get Endpoint State - No Parameter Needed  

8'h4: Clear Stall (see Set Stall) - No Parameter Needed  

8'h5: Start Transfer - 64-bit Parameter  

8'h6: Update Transfer - No Parameter Needed  

8'h7: End Transfer - No Parameter Needed  

8'h8 Start New Configuration - No Parameter Needed 

 

usb3otg_DALEPENA  
Address: Operational Base + offset (0xC720) 
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Bit Attr Reset Value Description 

31:0 RW 0x00000000 

usbactep 

USB Active Endpoints. 
This field indicates if a USB endpoint is active in the current 
configuration and interface. It applies to USB IN endpoints 0~15 
and OUT endpoints 0~15, with one bit for each of the 32 possible 
endpoints. Even numbers are for USB OUT endpoints, and odd 
numbers are for USB IN endpoints, as follows:  

Bit[0]: USB EP0-OUT  

Bit[1]: USB EP0-IN  

Bit[2]: USB EP1-OUT  

Bit[3]: USB EP1-IN  

...  

The entity programming this register must set bits 0 and 1 
because they enable control endpoints that map to physical 
endpoints (resources) after USBReset.  

Hardware clears these bits for all endpoints (other than EP0-OUT 
and EP0-IN) after detecting a USB reset event. After receiving 
SetConfiguration and SetInterface requests, the application must 
program endpoint registers accordingly and set these bits.  

 

usb3otg_DEPnCMDPAR2  
Address: Operational Base + offset (0xC800) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 

parameter 
This register indicates the physical endpoint command Parameter 
2. It must be programmed before issuing the command. 

 

usb3otg_DEPnCMDPAR1  
Address: Operational Base + offset (0xC804) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 

parameter 
This register indicates the physical endpoint command Parameter 
1. It must be programmed before issuing the command. 

 

usb3otg_DEPnCMDPAR0  
Address: Operational Base + offset (0xC808) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 

parameter 
This register indicates the physical endpoint command Parameter 
0. It must be programmed before issuing the command. 

 

usb3otg_DEPnCMD  
Address: Operational Base + offset (0xC80C) 
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Bit Attr Reset Value Description 

31:16 RW 0x0000 

commandparam 

Command Parameters or Event Parameters  

when this register is written:  

For Start Transfer command: The 16-bit StreamID assigned to 
this transfer  

For Start Transfer command applied to an isochronous endpoint: 
StartMicroFramNum, Indicates the (micro) frame number to 
which the first TRB applies.  

For Update Transfer, End Transfer, and Start New Configuration 
commands: [22:16]: Transfer Resource Index (XferRscIdx). The 
hardware-assigned transfer resource index for the transfer, which 
was returned in response to the Start Transfer command. The 
application software-assigned transfer resource index for a Start 
New Configuration command.  

Event Parameters (EventParam), when this register is read. 

15:12 RW 0x0 

cmdstatus 

Command Completion Status. 
The information is in the same format as bits 15:12 of the 
Endpoint Command Complete event. 

11 RW 0x0 

hipri_forcerm 

HighPriority: Only valid for Start Transfer command. 
ForceRM: Only valid for End Transfer command.  

ClearPendIN: Only valid for Clear Stall command. Software sets 
this bit to clear any pending IN transaction (on that endpoint) 
stuck at the lower layers when a Clear Stall command is issued. 

10 RW 0x0 

cmdact 
Command Active.  

Software sets this bit to 1 to enable the device endpoint 
controller to execute the generic command.  

The device controller sets this bit to 0 when the CmdStatus field 
is valid and the endpoint is ready to accept another command. 
This does not imply that all the effects of the previously-issued 
command have taken place. 

9 RO 0x0 reserved 

8 RW 0x0 

cmdioc 

Command Interrupt on Complete. 
When this bit is set, the device controller issues a generic 
Endpoint Command Complete event after executing the 
command.  

Note that this interrupt is mapped to DEPCFG.IntrNum.  

When the DEPCFG command is executed, the command interrupt 
on completion goes to the interrupt pointed by the 
DEPCFG.IntrNum in the current command.  

Note: This field must not set to 1 if the DCTL.RunStop field is 0. 
7:4 RO 0x0 reserved 
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Bit Attr Reset Value Description 

3:0 RW 0x0 

cmdtyp 

Command Type.  

Specifies the type of command the software driver is requesting 
the core to perform.  

4'h0: Reserved  

4'h1: Set Endpoint Configuration - -64 or 96-bit Parameter  

4'h2: Set Endpoint Transfer Resource Configuration - 32-
bitparameter  

4'h3: Get Endpoint State - No Parameter Needed  

4'h4: Set Stall - No Parameter Needed  

4'h5: Clear Stall (see Set Stall) - No Parameter Needed  

4'h6: Start Transfer - 64-bit Parameter  

4'h7: Update Transfer - No Parameter Needed  

4'h8: End Transfer - No Parameter Needed  

4'h9: Start New Configuration - No Parameter Needed 

  
17.5 Interface Description 

Table 17-1 USB2.0 PHY and SS PHY Interface Description 
Module Pin Dir. Pin Name Descriptions 

USB0ID I/O USB3OTG_ID USB3 OTG usb2 part pad 
USB0PN I/O USB3OTG_DM USB3 OTG usb2 part pad 
USB0PP I/O USB3OTG_DP USB3 OTG usb2 part pad 
VBUS I/O USB3OTG_VBUS USB3 OTG usb2 part pad 
PIPE0TXP I/O USB3OTG_TXP USB3 OTG usb3 part pad 
PIPE0TXN I/O USB3OTG_TXN USB3 OTG usb3 part pad 
PIPE0RXP I/O USB3OTG_RXP USB3 OTG usb3 part pad 
PIPE0RXN I/O USB3OTG_RXN USB3 OTG usb3 part pad 
USB1PN I/O USB3HOST_DM USB3 Host usb2 part pad 
USB1PP I/O USB3HOST_DP USB3 Host usb2 part pad 
PIPE1TXP I/O USB3HOST_TXP USB3 Host usb3 part pad 
PIPE1TXN I/O USB3HOST_TXN USB3 Host usb3 part pad 
PIPE1RXP I/O USB3HOST_RXP USB3 Host usb3 part pad 
PIPE1RXN I/O USB3HOST_RXN USB3 Host usb3 part pad 

17.6 Application Notes 
17.6.1 6RPH�6SHFLDO�6HWWLQJV�EHIRUH�,QLWLDOL]DWLRQ 
6HW�86%����27*�FRQWUROOHU�$;,�PDVWHU�VHFXUH�VHWWLQJ� 
6HW�3+<,)�WR���WR�XVH����ELW�870,��LQWHUIDFH��VHH�UHJLVWHU�*86%�3+<&)*�� 
&OHDU�(1%/6/30�WR���WR�GLVDEOH�VOHHS�DQG�O��VXVSHQG��VHH�UHJLVWHU�*86%�3+<&)*�� 
&OHDU�8�B)5((&/.B(;,7676�WR����VHH�UHJLVWHU�*86%�3+<&)*�� 
&OHDU�'(9B)25&(B��B&/.B)25B��B&/.�WR����VHH�UHJLVWHU�*8&7/�� 
&OHDU�'(/$<3�75$16�WR����VHH�UHJLVWHU�*86%�3,3(&7/�� 
+ROG�86%����FRQWUROOHU�LQ�UHVHWWLQJ�GXULQJ�86%�3+<�LQLWLDOL]DWLRQ�  
17.6.2 27*�3URJUDPPLQJ�0RGHO 
:KHQ�GHWHFW�,'�FKDQJH�HYHQW��VHH�86%3+<B*5)��RU�9%86�FKDQJH�HYHQW��VHH�86%3+<B*5)��
DIWHU�GLVFRQQHFW��LW�PHDQV�D�86%����27*�$�GHYLFH�RU�%�GHYLFH�PD\�FRQQHFW��WKHQ�FKHFN�
VWDWXV�RI�,'�VHH�86%3+<B*5)���,I�,'  ���LW�ZLOO�ZRUN�DV�$�GHYLFH��WKHQ�IROORZ�KRVW�
SURJUDPPLQJ�IORZ��LI�,'  ���LW�ZLOO�ZRUN�DV�%�GHYLFH��WKHQ�LW�IROORZV�GHYLFH�SURJUDPPLQJ�
IORZ� 
1RWH��86%����27*�GRHVQ¶W�VXSSRUW�KRVW�GHYLFH�PRGH�VZDSSLQJ�WKURXJK�+13�DQG�563� 
1RWH��66�3+<�LV�FRPER�3+<��LW�PD\�VKDUH�ZLWK�RWKHU�SURWRFRO�3+<��ZKHQ�RWKHU�SURWRFRO�3+<�
LV�RQ��86%����27*�FDQ�RQO\�ZRUN�RQ�XVE����PRGH� 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1748 

Chapter 18 PCIe Controller 

18.1 Overview 
7KH�3&,�([SUHVV��3&,H��LV�D�KLJK�SHUIRUPDQFH��JHQHUDO�SXUSRVH�,�2�LQWHUFRQQHFW�GHILQHG�IRU�
D�ZLGH�YDULHW\�RI�IXWXUH�FRPSXWLQJ�DQG�FRPPXQLFDWLRQ�SODWIRUPV��7KH�3&,H�GHVLJQHG�WR�EH�
XVHG�DV�D�JHQHUDO�SXUSRVH�VHULDO�,�2�LQWHUFRQQHFW�LQ�PXOWLSOH�PDUNHW�VHJPHQWV��LQFOXGLQJ�
GHVNWRS��PRELOH��VHUYHU��VWRUDJH��DQG�HPEHGGHG�FRPPXQLFDWLRQV��,W�LV�FRPSOLDQW�ZLWK�3&,�
([SUHVV�6SHFLILFDWLRQV�����������7KH�3&,H�VXEV\VWHP�LV�FRQVLVW�RI�WKUHH�&RQWUROOHUV��RQH���
ODQH�*HQ��3+<�ZLWK�ELIXUFDWLRQ��DQG�RQH���ODQH�*HQ��3+<�FRPER�ZLWK�6$7$�3&6� 
3&,H�VXEV\VWHP�VXSSRUWV�WKH�IROORZLQJ�IHDWXUHV� 
z &RPSDWLEOH�ZLWK�3&,�([SUHVV�%DVH�6SHFLILFDWLRQ�5HYLVLRQ���� 
z 6XSSRUW���'0��'XDO�0RGH����ODQH�3&,H�����*HQ��FRQWUROOHU��5RRW�&RPSOH[��5&��DQG�

(QGSRLQW��(3� 
z 6XSSRUW���5&�RQO\�PRGH���ODQH�3&,H�����*HQ��FRQWUROOHU��5RRW�&RPSOH[��5&� 
z 6XSSRUW���5&�RQO\�PRGH���ODQH�3&,H�����*HQ��FRQWUROOHU��5RRW�&RPSOH[��5&� 
z 0D[LPXP�OLQN�ZLGWK�LV����VLQJOH�EL�GLUHFWLRQDO�/LQN�LQWHUIDFH 
z 0D[LPXP�3D\ORDG�6L]H�RI�����E\WHV 
z 0D[LPXP����1RQ�3RVWHG�RXWVWDQGLQJ�WUDQVDFWLRQV 
z 6XSSRUW����*7�V������*7�V�����*7�V�VHULDO�GDWD�WUDQVPLVVLRQ�UDWH�SHU�ODQH�SHU�GLUHFWLRQ 
z 6XSSRUW����0+]�GLIIHUHQWLDO�FORFN�RXWSXW��RSWLRQDO�ZLWK�66&��IRU�V\VWHP�DSSOLFDWLRQ 
z (PEHGGHG�'0$�ZLWK�+DUGZDUH�)ORZ�&RQWURO�LQ�'0�FRQWUROOHU 
z 6XSSRUW�/DWHQF\�7ROHUDQFH�5HSRUWLQJ��/75� 
z 6XSSRUW�2SWLPL]HG�%XIIHU�)OXVK�DQG�)LOO��2%))� 
z 6XSSRUW�5HVL]DEOH�%$5�&DSDELOLW\ 
z 6XSSRUW�6LQJOH�3K\VLFDO�3&,�)XQFWLRQ�LQ�(QGSRLQW�0RGH 
z 6XSSRUW�/HJDF\�,QWHUUXSW 
z 6XSSRUW�06,�ZLWK�3HU�9HFWRU�0DVNLQJ��390��DQG����PXOWLSOH�06, 
z 6XSSRUW�06,�;�ZLWK�3HU�9HFWRU�0DVNLQJ��390��DQG����06,�;�WDEOH�VL]H 
z 6XSSRUW�(&5&�*HQHUDWLRQ�DQG�&KHFNLQJ 
z 6XSSRUW�2XWERXQG�DQG�,QERXQG�DGGUHVV�WUDQVODWLRQ 
z 6XSSRUW�'\QDPLF�3RZHU�$OORFDWLRQ�&DSDELOLW\��'3$� 
z 6XSSRUW�3&,�([SUHVV�$FWLYH�6WDWH�3RZHU�0DQDJHPHQW��$630��VWDWH�/�V�DQG�/� 
z 6XSSRUW�/��3RZHU�0DQDJHPHQW�6XEVWDWH 
z 6XSSRUW�3&,�)XQFWLRQ�SRZHU�VWDWHV�'���'��DQG�'���DQG�WKH�FRUUHVSRQGLQJ�OLQN�SRZHU�

VWDWHV�/���/��DQG�/� 
z 6XSSRUW�5$6�'(6��'HEXJ��(UURU�,QMHFWLRQ��DQG�6WDWLVWLFV� 
z 6XSSRUW�$XWRPDWLF�/DQH�5HYHUVDO 
z 6XSSRUW�3&,�([SUHVV�$GYDQFHG�(UURU�5HSRUWLQJ��$(5��ZLWK�+HDGHU�/RJJLQJ 

18.2 Block Diagram 
 

PCIe 3.0 Dual Mode
G3 X2 PIPE 4.3

High Performance

PCIe 3.0 RC Mode
G3 X1 PIPE4.3

Medium Performance

UPCS PHY0(X2)

PCIe3.0 PIPE 4.3 X2 PHY

PCIe 3.0 RC Mode
G2 X1 PIPE4.2

Low Performance
PCIe2.0/USB3.0/SATA/XPCS Combo PHY

Support Bifurcation 
2* X1 Link 
1* X2 Link

 
Fig. 18-1 PCIe Block Diagram 
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18.3 Function Description 
18.3.1 $SSOLFDWLRQ�,QWHUIDFH�DQG�$;,�%ULGJH 
$SSOLFDWLRQ�,QWHUIDFH�FRPSULVHV�ZLWK�IRXU�VWDQGDUG�LQWHUIDFHV��RQH�$;,�PDVWHU�LQWHUIDFH��WZR�
$;,�VODYH�LQWHUIDFH�DQG�RQH�$3%�LQWHUIDFH��7KHVH�LQWHUIDFH�EULGJLQJ�FDSDELOLW\�IRU�GLUHFWO\�
DGGLQJ�D�3&,�([SUHVV�OLQN�WR�DQ�$;,�V\VWHP�IDEULF��  
7KH�$;,�EULGJH�PRGXOH�DFWV�DV�D�EULGJH�EHWZHHQ�WKH�VWDQGDUG�$;,�LQWHUIDFHV�DQG�WKH�3&,H�
FRQWUROOHU�QDWLYH�LQWHUIDFHV��7KH�EULGJH�LQWHUFRQQHFWV�WKH�$;,�LQWHUIDFHV�ZLWKLQ�DQ�  
$;,�HPEHGGHG�V\VWHP�ZLWK�D�UHPRWH�3&,H�OLQN��DV�HLWKHU�D�URRW�FRPSOH[�SRUW�RU�DV�DQ�
HQGSRLQW�SRUW� 
7KH�$;,�PDVWHU�LQWHUIDFHV�HQDEOH�D�UHPRWH�3&,H�GHYLFH�WR�UHDG�DQG�ZULWH�WR�DQ�$;,�VODYH�
FRQQHFWHG�WR�WKH�$;,�EULGJH��7KH�$;,�OLQN�VODYH�LQWHUIDFH�HQDEOHV�DQ�$;,�PDVWHU�WR�UHDG�DQG�
ZULWH�WKURXJK�WKH�$;,�EULGJH�WR�D�UHPRWH�3&,H�GHYLFH��7KH�'%,�VODYH�HQDEOHV�DQ�$;,�PDVWHU�
WR�DFFHVV�WKH�FRQWUROOHU¶V�UHJLVWHUV��7KH�$3%�HQDEOHV�$SSOLFDWLRQ�WR�DFFHVV�WKH�FOLHQW�
UHJLVWHUV� 
18.3.2 &OLHQW�/RJLF 
&OLHQW�/RJLF�&RQVLVWV�RI�VRPH�DGGLWLRQDO�ORJLF�XVHG�IRU�DSSOLFDWLRQ�WR�LQWHUDFW�ZLWK�3&,H�
&RQWUROOHU��)RU�H[DPSOH��DSSOLFDWLRQV�FDQ�DFFHVV�FOLHQW�UHJLVWHUV�WR�VHQG�UHFHLYH�3&,H�
0HVVDJH��UHTXHVW�WR�HQWHU�H[LW�30�VWDWH��GHDO�ZLWK�LQWHUUXSWV��FRQILJXUH�VRPH�EDVLF�
RSHUDWLRQ�PRGH��UHDG�VRPH�EDVLF�GHEXJ�LQIRUPDWLRQ��DQG�VR�RQ��)RU�PRUH�GHWDLOV��SOHDVH�
UHIHU�WR�FOLHQW�UHJLVWHUV�GHVFULSWLRQ�DQG�DSSOLFDWLRQ�QRWHV�IRU�PRUH�LQIRUPDWLRQ� 
18.3.3 (PEHGGHG�'0$ 
7KH�5&�V\VWHP�&38��RU�WKH�(3�DSSOLFDWLRQ�&38��FDQ�RIIORDG�WKH�WUDQVIHUULQJ�RI�ODUJH�EORFNV�RI�
GDWD�WR�WKH�HPEHGGHG�'0$�FRQWUROOHU��OHDYLQJ�WKH�&38�IUHH�WR�SHUIRUP�RWKHU�WDVNV��7KH�
HPEHGGHG�'0$�KDYH�RQH�UHDG�FKDQQHO�DQG�RQH�ZULWH�FKDQQHO��,W�FDQ�VLPXOWDQHRXVO\�
SHUIRUP�WKH�WZR�W\SHV�RI�PHPRU\�WUDQVDFWLRQV� 
'0$�ZULWH��7UDQVIHU��FRS\��RI�D�EORFN�RI�GDWD�IURP�ORFDO��DSSOLFDWLRQ��PHPRU\�WR�UHPRWH�
�OLQN�SDUWQHU��PHPRU\� 
'0$�UHDG��7UDQVIHU��FRS\��RI�D�EORFN�RI�GDWD�IURP�UHPRWH��OLQN�SDUWQHU��PHPRU\�WR�ORFDO�
�DSSOLFDWLRQ��PHPRU\� 

 
Fig. 18-2 System Level View of PCIe EDMA 

7KHUHIRUH��WKH�('0$�VXSSRUWV�IXOO�GXSOH[�RSHUDWLRQ��SURFHVVLQJ�UHDG�DQG�ZULWH�WUDQVIHUV�DW�
WKH�VDPH�WLPH��DQG�LQ�SDUDOOHO�ZLWK�QRUPDO��QRQ�'0$��WUDIILF��8SRQ�FRPSOHWLRQ�RI�D�'0$�
WUDQVIHU�RU�DQ�HUURU��WKH�'0$�RSWLRQDOO\�LQWHUUXSWV�WKH�ORFDO�&38�RU�VHQGV�DQ�LQWHUUXSW�0:U�
�0HPRU\�:ULWH��WR�WKH�UHPRWH�&38��7KH�'0$�LV�KLJKO\�FRQILJXUDEOH�DQG�FDQ�EH�SURJUDPHG�
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E\�XVLQJ�WKH�ORFDO�'%,�$;,�6ODYH�LQWHUIDFH� 
7KH�('0$�SURYLGHV�D�OLQNHG�OLVW��//��PRGH�WR�HIILFLHQWO\�PRYH�GDWD�IURP�VRXUFH�WR�
GHVWLQDWLRQ�ZLWK�PLQLPDO�LQWHUYHQWLRQ�IURP�WKH�ORFDO�&38��)RU�GHWDLOV��SOHDVH�UHIHU�WR�'0$�
5HJLVWHUV�'HVFULSWLRQ�DQG�$SSOLFDWLRQ�QRWHV�IRU�PRUH�LQIRUPDWLRQ� 
18.3.4 3&,H�&RUH 
3&,H�&RUH�GHDO�ZLWK�WKH�3&,H�SURWRFRO��DQG�FRQVLVWV�RI�WKUHH�PDLQ�PRGXOHV� 

 
Fig. 18-3 PCIe Core Architecture Overview 

7KH�3&,H�&RUH�LPSOHPHQWV�WKH�EDVLF�IXQFWLRQDOLW\�IRU�WKH�3&,�([SUHVV�SK\VLFDO��OLQN��DQG�
WUDQVDFWLRQ�OD\HUV��7KLV�PRGXOH�LPSOHPHQWV�D�ODUJH�SDUW�RI�WKH�WUDQVDFWLRQ�OD\HU�ORJLF��DOO�RI�
WKH�GDWD�OLQN�OD\HU�ORJLF��DQG�WKH�0$&�SRUWLRQ�RI�WKH�SK\VLFDO�OD\HU��LQFOXGLQJ�WKH�OLQN�WUDLQLQJ�
DQG�VWDWXV�VWDWH�PDFKLQH��/7660���7KH�&RUH�FRQQHFWV�WR�WKH�H[WHUQDO�3+<�WKURXJK�WKH�
VWDQGDUG�3,3(�LQWHUIDFH� 
18.3.5 3RZHU�0DQDJHPHQW 
3&,H�&RQWUROOHU�VXSSRUW�3&,H�$630��/��6XEVWDWH�DQG�3&,�30��)RU�SURSHU�XQGHUVWDQGLQJ�RI�
3&,H�3RZHU�0DQDJHPHQW��\RX�VKRXOG�EH�IDPLOLDU�ZLWK�&KDSWHU����3RZHU�0DQDJHPHQW�RI�WKH�
3&,�([SUHVV�%DVH�6SHFLILFDWLRQ��DQG�3&,�6,*�(QJLQHHULQJ�&KDQJH�1RWLFH�(&1�/��6XEVWDWHV�
ZLWK�&/.5(4���)RU�DSSOLFDWLRQ�GHWDLOV��SOHDVH�UHIHU�WR�$SSOLFDWLRQ�1RWHV�IRU�PRUH�
LQIRUPDWLRQ� 
18.3.6 3&,H�����3+< 
3&,H�&RQWUROOHU�VKDUHV�D�FRPER�3+<�ZLWK�86%�����&RQWUROOHU��7KH�3&,H�3+<��ZKLFK�FRQVLVWV�RI�
3K\VLFDO�&RGLQJ�6XE�OD\HU�3&6��DQG�3K\VLFDO�0HGLD�$WWDFKPHQW�/D\HU�30$���LQFOXGHV�DOO�
FLUFXLWU\�IRU�LQWHUIDFH�RSHUDWLRQ��LQFOXGLQJ������HQFRGLQJ�GHFRGLQJ��GULYHU�DQG�LQSXW�EXIIHUV��
SDUDOOHO�WR�VHULDO�DQG�VHULDO�WR�SDUDOOHO�FRQYHUVLRQ��3//�V���DQG�LPSHGDQFH�PDWFKLQJ�FLUFXLWU\��
7KH�3+<�SURYLGHV�VWDQGDUG�3,3(�LQWHUIDFH�ZLWK�WKH�0HGLD�$FFHVV�/D\HU�IRU�H[FKDQJLQJ�
LQIRUPDWLRQ��7KLV�3+<�LV�UHVSRQVLEOH�IRU�FRQYHUWLQJ�LQIRUPDWLRQ�UHFHLYHG�IURP�WKH�3&,H�&RUH�
LQWR�DQ�DSSURSULDWH�VHULDOL]HG�IRUPDW�DQG�WUDQVPLWWLQJ�LW�DFURVV�WKH�3&,H�/LQN�DW�D�IUHTXHQF\�
DQG�ZLGWK�FRPSDWLEOH�ZLWK�WKH�GHYLFH�FRQQHFWHG�WR�WKH�RWKHU�VLGH�RI�WKH�/LQN� 
 

18.4 Register Description 
3&,H�5HJLVWHUV�FDQ�EH�DFFHVVHG�E\�HLWKHU�ORFDO�&38�WKURXJK�$;,�'EL�EXV�RU�UHPRWH�5&�GHYLFH�
WKURXJK�3&,H�OLQN�RU�ERWK��7KH�ZD\�WKURXJK�ORFDO�&38�ZLOO�EH�PHQWLRQHG�DV�µ'EL¶�DQG�WKH�ZD\�
WKURXJK�3&,H�OLQN�ZLOO�EH�PHQWLRQHG�DV�µZLUH¶�LQ�WKLV�VHFWLRQ� 
6RPH�UHDG�RQO\�UHJLVWHUV�FDQ�EH�PDGH�WHPSRUDULO\�5�:�ZKHQ�\RX�ZULWH���WR�WKH�
'%,B52B:5B(1�ELW�RI�WKH�0,6&B&21752/B�B2))�UHJLVWHU��7KHVH�UHJLVWHUV�ZLOO�EH�
VSHFLILFDOO\�PHQWLRQHG�LQ�WKHLU�GHVFULSWLRQ�LI�WKH\�KDYH�WKLV�IHDWXUH��  
18.4.1 ,QWHUQDO�$GGUHVV�0DSSLQJ 
3&,H�ORFDO�DGGUHVV�PDSSLQJ�LV�GLVFXVVHG�LQ�WKLV�VHFWLRQ� 

Table 18-1 PCIe X2 DM G3 Client and Core Register Address Mapping  

%DVH�$GGUHVV 'HYLFH $GGUHVV�
/HQJWK 2IIVHW�$GGUHVV�5DQJH 

�[)������� &RUH�
5HJLVWHU �0�%<7( �[������a��[�IIIII 

�[)������� 3&,H�
2XWERXQG� ��0�%<7( �[�������a�[�IIIIII 
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0HPRU\ 

�[)(������ &OLHQW�
5HJLVWHU ��.�%<7( �[����a�[IIII 

�[)'&����� 3'�3,3(�*5) ��.�%<7( �[����a�[IIII 
�[)'&%���� 3+<�*5) ��.�%<7( �[����a�[�III 
�[)(�&���� 3+<�5HJLVWHU ���.�%<7( �[����a�[�IIII 

 
 

Table 18-2 PCIe X1 RC G3 Client and Core Register Address Mapping 

%DVH�$GGUHVV 'HYLFH $GGUHVV�
/HQJWK 2IIVHW�$GGUHVV�5DQJH 

�[)������� &RUH�
5HJLVWHU �0�%<7( �[������a��[�IIIII 

�[)������� 
3&,H�
2XWERXQG�
0HPRU\ 

��0�%<7( �[�������a�[�IIIIII 

�[)(������ &OLHQW�
5HJLVWHU ��.�%<7( �[����a�[IIII 

�[)'&����� 3'�3,3(�*5) ��.�%<7( �[����a�[IIII 
�[)'&%���� 3+<�*5) ��.�%<7( �[����a�[�III 
�[)(�&���� 3+<�5HJLVWHU ���.�%<7( �[����a�[�IIII 

 
 

Table 18-3 PCIe X1 RC G2 Client and Core Register Address Mapping 

%DVH�$GGUHVV 'HYLFH $GGUHVV�
/HQJWK 2IIVHW�$GGUHVV�5DQJH 

�[)������� &RUH�
5HJLVWHU �0�%<7( �[������a��[�IIIII 

�[)������� 
3&,H�
2XWERXQG�
0HPRU\ 

��0�%<7( �[�������a�[�IIIIII 

�[)(������ &OLHQW�
5HJLVWHU ��.�%<7( �[����a�[IIII 

�[)'&����� 3'�3,3(�*5) ��.�%<7( �[����a�[IIII 
�[)'&����� 3+<�*5) ��.�%<7( �[����a�[IIII 
�[)(������ 3+<�5HJLVWHU ��.�%<7( �[����a�[IIII 

 
&RUH�5HJLVWHU�PDS�LV�DV�IROORZV� 
5&�PRGH� 

Table 18-4 PCIe Core Register Map in RC mode 
2IIVHW�$GGUHVV�5DQJH 5HJLVWHU�%ORFN 'HVFULSWLRQ 

�[����a�[���F 7<3(�B+'5 3&,�&RPSDWLEOH� &RQILJXUDWLRQ�
6SDFH�+HDGHU�7\SH� 

�[����a�[���� 30B&$3 3&,� 3RZHU� 0DQDJHPHQW� &DSDELOLW\�
6WUXFWXUH 

�[����a�[���� 06,B&$3 06,�&DSDELOLW\�6WUXFWXUH 
�[����a�[��D� 3&,(B&$3 3&,�([SUHVV�&DSDELOLW\�6WUXFWXUH 
�[��E�a�[��E� 06,;B&$3 06,�;�&DSDELOLW\�6WUXFWXUH 

�[����a�[���� $(5B&$3 $GYDQFHG�(UURU�5HSRUWLQJ�&DSDELOLW\�
6WUXFWXUH 

�[����a�[���� 63&,(B&$3 6HFRQGDU\� 3&,� ([SUHVV� &DSDELOLW\�
6WUXFWXUH 

�[����a�[���F /�68%B&$3 /��6XEVWDWHV�&DSDELOLW\�6WUXFWXUH 
�[��D�a�[���� 5$6B'(6B&$3 5$6�'�(�6��&DSDELOLW\�6WUXFWXUH 
�[����a�[�E�� 3257B/2*,& 3RUW�/RJLF 
�[����E� 06,;B&$3B'%,� 6KDGRZ� %ORFN�� 06,�;� &DSDELOLW\�
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6WUXFWXUH 
�[������a�[���I�� $78B&$3 $78�3RUW�/RJLF�6WUXFWXUH 
�[������a�[������ '0$B&$3 '0$�3RUW�/RJLF�6WUXFWXUH 

 
(3�PRGH� 

Table 18-5 PCIe Core Register Map in EP mode 
2IIVHW�$GGUHVV�5DQJH 5HJLVWHU�%ORFN 'HVFULSWLRQ 

�[����a�[���F 7<3(�B+'5 3&,�&RPSDWLEOH� &RQILJXUDWLRQ�
6SDFH�+HDGHU�7\SH� 

�[����a�[���� 30B&$3 3&,� 3RZHU� 0DQDJHPHQW� &DSDELOLW\�
6WUXFWXUH 

�[����a�[���� 06,B&$3 06,�&DSDELOLW\�6WUXFWXUH 
�[����a�[��D� 3&,(B&$3 3&,�([SUHVV�&DSDELOLW\�6WUXFWXUH 
�[��E�a�[��E� 06,;B&$3 06,�;�&DSDELOLW\�6WUXFWXUH 

�[����a�[���� $(5B&$3 $GYDQFHG�(UURU�5HSRUWLQJ�&DSDELOLW\�
6WUXFWXUH 

�[����a�[���� 63&,(B&$3 6HFRQGDU\� 3&,� ([SUHVV� &DSDELOLW\�
6WUXFWXUH 

�[����a�[���F /75B&$3 /DWHQF\� 7ROHUDQFH� 5HSRUWLQJ�
&DSDELOLW\�6WUXFWXUH 

�[����a�[���F /�68%B&$3 /��6XEVWDWHV�&DSDELOLW\�6WUXFWXUH 
�[����a�[���� '3$B&$3 '3$�&DSDELOLW\�6WUXFWXUH 
�[��D�a�[���� 5$6B'(6B&$3 5$6�'�(�6��&DSDELOLW\�6WUXFWXUH 
�[��D�a�[��G� 5(6%$5B&$3 5HVL]DEOH�%$5�&DSDELOLW\�6WUXFWXUH 
�[����a�[�E�� 3257B/2*,& 3RUW�/RJLF 
�[����E� 06,;B&$3B'%,� 6KDGRZ�%ORFN��06,�;�&DSDELOLW\�  
�[������a�[���I�� $78B&$3 $78�3RUW�/RJLF�6WUXFWXUH 
�[������a�[������ '0$B&$3 '0$�3RUW�/RJLF�6WUXFWXUH 

 
18.4.2 3&,H�&OLHQW�5HJLVWHUV�6XPPDU\�  

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

3&,(B&/,(17B*(1(5$/B&
21 �[���� : �[�������� *HQHUDO�&RQWURO�5HJLVWHU 

3&,(B&/,(17B,175B67$7
86B06*B5; �[���� : �[�������� ,QWHUUXSW�6WDWXV�5HJLVWHU�5HODWHG�WR�0HVVDJH�5HFHSWLRQ 
3&,(B&/,(17B,175B67$7
86B/(*$&< �[���� : �[�������� ,QWHUUXSW�6WDWXV�5HJLVWHU�5HODWHG�WR�/HJDF\�,QWHUUXSW 
3&,(B&/,(17B,175B67$7
86B(55 �[���& : �[�������� ,QWHUUXSW�6WDWXV�5HJLVWHU�5HODWHG�WR�(UURU�'HWHFWLRQ 
3&,(B&/,(17B,175B67$7
86B0,6& �[���� : �[�������� ,QWHUUXSW�6WDWXV�5HJLVWHU�5HODWHG�WR�0LVFHOODQHRXV�2SHUDWLRQ 
3&,(B&/,(17B,175B67$7
86B30& �[���� : �[�������� ,QWHUUXSW�6WDWXV�5HJLVWHU�5HODWHG�3RZHU�0DQDJHPHQW�&RQWURO 
3&,(B&/,(17B,175B0$6.
B06*B5; �[���� : �[�������� ,QWHUUXSW�0DVN�5HJLVWHU�5HODWHG�WR�0HVVDJH�5HFHSWLRQ 
3&,(B&/,(17B,175B0$6.
B/(*$&< �[���& : �[������)) ,QWHUUXSW�0DVN�5HJLVWHU�5HODWHG�WR�/HJDF\�,QWHUUXSW 
3&,(B&/,(17B,175B0$6.
B(55 �[���� : �[�������) ,QWHUUXSW�0DVN�5HJLVWHU�5HODWHG�WR�(UURU�'HWHFWLRQ 
3&,(B&/,(17B,175B0$6.
B0,6& �[���� : �[�����))) ,QWHUUXSW�0DVN�5HJLVWHU�5HODWHG�WR�0LVFHOODQHRXV�2SHUDWLRQ 
3&,(B&/,(17B,175B0$6.
B30& �[���� : �[������)) ,QWHUUXSW�0DVN�5HJLVWHU�5HODWHG�3RZHU�0DQDJHPHQW�&RQWURO 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

3&,(B&/,(17B32:(5B&2
1 �[���& : �[�������� 3RZHU�0DQDJHPHQW�&RQWURO�5HJLVWHU 
3&,(B&/,(17B32:(5B67
$786 �[���� : �[�������� 3RZHU�0DQDJHPHQW�6WDWXV�5HJLVWHU 
3&,(B&/,(17B06*B*(1B
&21 �[���� : �[�������� 0HVVDJH�*HQHUDWLRQ�&RQWURO�5HJLVWHU 
3&,(B&/,(17B06,B*(1B&
21 �[���� : �[�������� 06,�*HQHUDWLRQ�&RQWURO�5HJLVWHU 

3&,(B&/,(17B06,B*(1B)
180B7& �[���� : �[�������� 06,�)XQFWLRQ�1XPEHU�DQG�7&�VHW�5HJLVWHU 
3&,(B&/,(17B5%$5B6,=(
B,1)2� �[���� : �[�������� 5HVL]DEOH�%$5��WR�%$5��6L]H�,QIRUPDWLRQ�5HJLVWHU 
3&,(B&/,(17B5%$5B6,=(
B,1)2� �[���� : �[�������� 5HVL]DEOH�%$5��WR�%$5��6L]H�,QIRUPDWLRQ�5HJLVWHU 
3&,(B&/,(17B'0$B+6+$
.(B72** �[���& : �[�������� '0$�+DQGVKDNH�7RJJOH�5HJLVWHU 

3&,(B&/,(17B9(1B06*B
5;B,1)2� �[���� : �[�������� 

5HJLVWHU�7KDW�&RQWDLQV�+HDGHU�
,QIRUPDWLRQ�RI�9HQGRU�0HVVDJH�
7KDW�&RQWUROOHU�5HFHLYHG 

3&,(B&/,(17B9(1B06*B
5;B,1)2� �[���� : �[�������� 

5HJLVWHU�7KDW�&RQWDLQV�+HDGHU�
,QIRUPDWLRQ�RI�9HQGRU�0HVVDJH�
7KDW�&RQWUROOHU�5HFHLYHG 

3&,(B&/,(17B9(1B06*B
5;B,1)2� �[���� : �[�������� 

5HJLVWHU�7KDW�&RQWDLQV�+HDGHU�
,QIRUPDWLRQ�RI�9HQGRU�0HVVDJH�
7KDW�&RQWUROOHU�5HFHLYHG 

3&,(B&/,(17B9(1B06*B
7;B&)*� �[���& : �[�������� 9HQGRU�0HVVDJH�7UDQVPLW�&RQILJXUDWLRQ�5HJLVWHU�� 
3&,(B&/,(17B9(1B06*B
7;B&)*� �[���� : �[�������� 9HQGRU�0HVVDJH�7UDQVPLW�&RQILJXUDWLRQ�5HJLVWHU�� 
3&,(B&/,(17B9(1B06*B
7;B&)*� �[���� : �[�������� 9HQGRU�0HVVDJH�7UDQVPLW�&RQILJXUDWLRQ�5HJLVWHU�� 
3&,(B&/,(17B/75B06*B7
;B,1)2 �[���� : �[�������� /75�0HVVDJH�7UDQVPLW�'DWD�5HJLVWHU 
3&,(B&/,(17B$33B(55B5
37B,1)2� �[���& : �[�������� $SSOLFDWLRQ�(UURU�5HSRUW�,QIRUPDWLRQ�5HJLVWHU�� 
3&,(B&/,(17B$33B(55B5
37B,1)2� �[���� : �[�������� $SSOLFDWLRQ�(UURU�5HSRUW�,QIRUPDWLRQ�5HJLVWHU�� 
3&,(B&/,(17B$33B(55B5
37B,1)2� �[���� : �[�������� $SSOLFDWLRQ�(UURU�5HSRUW�,QIRUPDWLRQ�5HJLVWHU�� 
3&,(B&/,(17B$33B(55B5
37B,1)2� �[���� : �[�������� $SSOLFDWLRQ�(UURU�5HSRUW�,QIRUPDWLRQ�5HJLVWHU�� 
3&,(B&/,(17B$33B(55B5
37B,1)2� �[���& : �[�������� $SSOLFDWLRQ�(UURU�5HSRUW�,QIRUPDWLRQ�5HJLVWHU�� 
3&,(B&/,(17B2%))B:$.
(B(/(B&)* �[���� : �[%�)����� 2%))�:DNH�&RQILJXUDWLRQ�5HJLVWHU 

3&,(B&/,(17B2%))B:$.
(B'(%8* �[���� : �[�������� 2%))�:DNH�'HFRGHU�'HEXJ�5HJLVWHU 
3&,(B&/,(17B5;B&3/B7,
0(B287B,1)2 �[���� : �[�������� 5;�&3/�7LPHRXW�,QIRUPDWLRQ 

3&,(B&/,(17B7;B&3/B7,
0(B287B,1)2� �[���& : �[�������� 5;�&3/�7LPHRXW�,QIRUPDWLRQ�� 

3&,(B&/,(17B7;B&3/B7,
0(B287B,1)2� �[���� : �[�������� 5;�&3/�7LPHRXW�,QIRUPDWLRQ�� 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

3&,(B&/,(17B/2&$/B&58
B&75/ �[���& : �[�������� /RFDO�&ORFN�DQG�5HVHW�&RQWURO�5HJLVWHU 
3&,(B&/,(17B*(1(5$/B
'(%8*B&21 �[���� : �[�������� *HQHUDO�'HEXJ�&RQWURO�5HJLVWHU 

3&,(B&/,(17B*(1(5$/B
'(%8*B,1)2 �[���� : �[�������� *HQHUDO�'HEXJ�,QIRUPDWLRQ�5HJLVWHU 
3&,(B&/,(17B6/&B'(%8
*B,1)2B&20021 �[���� : �[�������� &RPPRQ�6LOLFRQ�'HEXJ�,QIRUPDWLRQ�5HJLVWHU 
3&,(B&/,(17B6/&B'(%8
*B,1)2B/1 �[���& : �[�������� /DQH�1�6LOLFRQ�'HEXJ�,QIRUPDWLRQ�5HJLVWHU 
3&,(B&/,(17B6/&B'(%8
*B,1)2B9� �[���� : �[�������� 9LUWXDO�&KDQQHO���6LOLFRQ�'HEXJ�,QIRUPDWLRQ�5HJLVWHU 
3&,(B&/,(17B',$*B67$7
86B%86B6(/ �[���� : �[�������� 'LDJQRVWLF�6WDWXV�%XV�6HOHFW�5HJLVWHU 
3&,(B&/,(17B',$*B67$7
86B%86B,1)2 �[���& : �[�������� 'LDJQRVWLF�6WDWXV�%XV�,QIRUPDWLRQ�5HJLVWHU 
3&,(B&/,(17B&'0B5$6'
(6B(&B,1)2B&21 �[���� : �[�������� &'0�5$6'(6�&RQWURO�5HJLVWHU 

3&,(B&/,(17B&'0B5$6'
(6B(&B,1)2B&01 �[���� : �[�������� &'0�5$6'(6�,QIRUPDWLRQ�&RPPRQ�'DWD�5HJLVWHU 
3&,(B&/,(17B&'0B5$6'
(6B(&B,1)2B/1 �[���� : �[�������� /DQH�1�&'0�5$6'(6�,QIRUPDWLRQ�5HJLVWHU 
3&,(B&/,(17B&'0B5$6'
(6B7%$B&21 �[���� : �[�������� &'0�5$6'(6�7%$�&RQWURO�5HJLVWHU 
3&,(B&/,(17B&'0B5$6'
(6B7%$B,1)2B&01 �[���� : �[�������� &'0�5$6'(6�7%$�&RPPRQ�,QIRUPDWLRQ�5HJLVWHU 
3&,(B&/,(17B+27B5(6(7
B&75/ �[���� : �[�������� +RW�5HVHW�&RQWURO�5HJLVWHU 

3&,(B&/,(17B$;,B0675B
0,6&B&21 �[���� : �[�������� $;,�0DVWHU�6LGHEDQG�6LJQDOV�&RQWURO�5HJLVWHU 
3&,(B&/,(17B$;,B6/9B$
78B%<3$66 �[���� : �[�������� $GGUHVV�7UDQVODWH�8QLW�%\SDVV�VHW�5HJLVWHU 
3&,(B&/,(17B$;,B6/9B$
:0,6&B+'5 �[���� : �[�������� $;,�6ODYH�:ULWH�$GGUHVV�6LGHEDQG�6LJQDOV�+'5�5HJLVWHU 
3&,(B&/,(17B$;,B6/9B$
:0,6&B+'5� �[���& : �[�������� $;,�6ODYH�:ULWH�$GGUHVV�6LGHEDQG�6LJQDOV��UG�+'5�5HJLVWHU 
3&,(B&/,(17B$;,B6/9B$
:0,6&B+'5� �[���� : �[�������� $;,�6ODYH�:ULWH�$GGUHVV�6LGHEDQG�6LJQDOV��WK�+'5�5HJLVWHU 
3&,(B&/,(17B$;,B6/9B$
:0,6&B7$* �[���� : �[�������� $;,�6ODYH�:ULWH�5HTXHVW�7DJ�5HJLVWHU 

3&,(B&/,(17B$;,B6/9B0
,6&B,1)2 �[���� : �[�������� 

$;,�6ODYH�5HDG�$GGUHVV�DQG�:ULWH�
'DWD�6LGHEDQG�6LJQDOV�&RQWURO�
5HJLVWHU 

3&,(B&/,(17B'%,B0,6&B
&21 �[���� : �[�������� '%,�0LVFHOODQHRXV�&RQWURO�5HJLVWHU 
3&,(B&/,(17B3257B%') �[���� : �[�������� 3RUW�%')�5HJLVWHU 
3&,(B&/,(17B/7660B67$
786 �[���� : �[�������� /7660�6WDWXV�5HJLVWHU 

3&,(B&/,(17B'%*B),)2B
02'(B&21 �[���� : �[�������� 'HEXJ�),)2�0RGH�&RQWURO�5HJLVWHU 

3&,(B&/,(17B'%*B),)2B
371B+,7B'$7$� �[���� : �[�������� 'HEXJ�),)2�3DWWHUQ�KLW�'DWD�5HJLVWHU�� 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

3&,(B&/,(17B'%*B),)2B
371B+,7B'$7$� �[���� : �[�������� 'HEXJ�),)2�3DWWHUQ�KLW�'DWD�5HJLVWHU�� 
3&,(B&/,(17B'%*B),)2B
751B+,7B'$7$� �[���� : �[�������� 'HEXJ�),)2�7UDQVLWLRQ�3DWWHUQ�KLW�'DWD�5HJLVWHU�� 
3&,(B&/,(17B'%*B),)2B
751B+,7B'$7$� �[���& : �[�������� 'HEXJ�),)2�7UDQVLWLRQ�3DWWHUQ�KLW�'DWD�5HJLVWHU�� 
3&,(B&/,(17B'%*B),)2B
67$786 �[���� : �[�������� 'HEXJ�),)2�6WDWXV�5HJLVWHU 

3&,(B&/,(17B&)*B(55B6
7$786 �[���� : �[�������� &RQILJXUDWLRQ�(UURU�6WDWXV 

3&,(B&/,(17B&/,(17B9(
5 �[���� : �[����&�$� &OLHQW�9HUVLRQ�5HJLVWHU 
1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV��':�
'RXEOH�:25'�����ELWV��DFFHVV�  
18.4.3 3&,H�&OLHQW�'HWDLO�5HJLVWHUV�'HVFULSWLRQ�  
3&,(B&/,(17B*(1(5$/B&21�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU����ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 

�� 5: �[� 
OLQNBUHTBUVWBJUWBVHO 
/LQN�GRZQ�UHVHW�UHTXHVW�JUDQW�FRQWURO�VHOHFW� 
�
E���)URP�FOLHQW�JUI�*(1(5$/B&21�ELW�� 
�
E���)URP�SFLH�JUI�3&,(B&21��ELW�� 

�� :2 �[� 
DSSBHUUBUHSRW 
6HW���WR�UHSRU�DSSOLFDWLRQ�HUURU�WR�FRQWUROOHU��,W�LV�D�VHOI�FOHDU�ELW�
WR�JHQHUDWH�D�SXOVH�WR�FRQWUROOHU��$SSOLFDWLRQ�VKRXOG�SURYLGH�HUURU�
LQIRUPDWLRQ�LQ�9(1B(55B,1)2[�UHJLVWHUV�EHIRUH�VHWWLQJ�WKLV�ELW� 

�� 5: �[� 
DSSBVULVBPRGH 
65,6�RSHUDWLQJ�PRGH 
�
E���QRQ�65,6�PRGH 
�
E���65,6�PRGH 

�� 5: �[� 

DSSBGELBURBZUBGLVDEOH 
�
E���0,6&B&21752/B�B2))�'%,B52B:5B(1�UHJLVWHU�ILHOG�LV�
UHDG�ZULWH� 
�
E���0,6&B&21752/B�B2))�'%,B52B:5B(1�UHJLVWHU�ILHOG�LV�
IRUFHG�WR���DQG�LV�UHDG�RQO\ 

� 5: �[� 

W[BODQHBIOLSBHQ 
3HUIRUPV�PDQXDO�ODQH�UHYHUVDO�IRU�WUDQVPLW�ODQHV��8VHG�ZKHQ�
DXWRPDWLF�ODQH�UHYHUVDO�GRHV�QRW�RFFXU� 
�
E���HQDEOH 
�
E���GLVDEOH 

� 5: �[� 

U[BODQHBIOLSBHQ 
3HUIRUPV�PDQXDO�ODQH�UHYHUVDO�IRU�UHFHLYH�ODQHV��8VHG�ZKHQ�
DXWRPDWLF�ODQH�UHYHUVDO�GRHV�QRW�RFFXU� 
�
E���HQDEOH 
�
E���GLVDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

GHYLFHBW\SH 
'HYLFH�SRUW�W\SH��,QGLFDWHV�WKH�VSHFLILF�W\SH�RI�WKLV�3&,�([SUHVV�
IXQFWLRQ��,W�LV�DOVR�XVHG�WR�VHW�WKH�
'HYLFH�3RUW�7\SH
�ILHOG�RI�WKH�

3&,�([SUHVV�&DSDELOLWLHV�5HJLVWHU
��7KH�FRQWUROOHU�XVHV�WKLV�LQSXW�
WR�GHWHUPLQH�WKH�RSHUDWLQJ�PRGH�RI�WKH�FRQWUROOHU�DW�UXQ�WLPH��
'HILQHG�HQFRGLQJV�DUH� 
�
E������3&,�([SUHVV�HQGSRLQW 
�
E������/HJDF\�3&,�([SUHVV�HQGSRLQW 
�
E������5RRW�SRUW�RI�3&,�([SUHVV�URRW�FRPSOH[ 

� 5: �[� 
OLQNBUHTBUVWBJUW 
/LQN�GRZQ�UHVHW�UHTXHVW�JUDQW�FRQWURO� 
�
E���HQDEOH�OLQN�GRZQ�UHVHW�UHTXHVW�JUDQW 
�
E���GLVDEOH�OLQN�GRZQ�UHVHW�UHTXHVW�JUDQW 

� 5: �[� 

OWVVPBHQDEOH 
'ULYHQ�ORZ�E\�\RXU�DSSOLFDWLRQ�DIWHU�FROG��ZDUP��RU�KRW�UHVHW�WR�
KROG�WKH�/7660�LQ�WKH�'HWHFW�VWDWH�XQWLO�\RXU�DSSOLFDWLRQ�LV�UHDG\�
IRU�WKH�OLQN�WUDLQLQJ�WR�EHJLQ��:KHQ�\RXU�DSSOLFDWLRQ�KDV�ILQLVKHG�
UHSURJUDPPLQJ�WKH�FRQWUROOHU�FRQILJXUDWLRQ�UHJLVWHUV�XVLQJ�WKH�
'%,��LW�DVVHUWV�DSSBOWVVPBHQDEOH�WR�DOORZ�WKH�/7660�WR�FRQWLQXH�
OLQN�HVWDEOLVKPHQW� 
&DQ�DOVR�EH�XVHG�WR�GHOD\�KRW�UHVHWWLQJ�RI�WKH�FRQWUROOHU�XQWLO�\RX�
KDYH�UHDG�RXW�DQ\�UHJLVWHU�VWDWXV� 

� 5: �[� 

DSSBUHTBUHWU\BHQ 
3URYLGHV�D�FDSDELOLW\�WR�GHIHU�LQFRPLQJ�FRQILJXUDWLRQ�UHTXHVWV�
XQWLO�LQLWLDOL]DWLRQ�LV�FRPSOHWH��:KHQ�DSSBUHTBUHWU\BHQ�LV�
DVVHUWHG��WKH�FRQWUROOHU�FRPSOHWHV�LQFRPLQJ�FRQILJXUDWLRQ�
UHTXHVWV�ZLWK�D�FRQILJXUDWLRQ�UHTXHVW�UHWU\�VWDWXV��2WKHU�
LQFRPLQJ�UHTXHVWV�FRPSOHWH�QRUPDOO\� 

� 5: �[� 
DSSBLQLWBUVW 
6HW�����WR�VHQG�D�KRW�UHVHW�WR�OLQN�SDUWQHU��,W�LV�D�VHOI�FOHDU�ELW�WR�
JHQHUDWH�D�KRW�UHVHW�SXOVH�WR�FRQWUROOHU��2QO\�XVHG�LQ�5&�PRGH� 

 
3&,(B&/,(17B,175B67$786B06*B5;�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

�� :�
& �[� 

REIIBFSXBDFWLYHBLQW 
,QWHUUXSW�LQGLFDWHV�WKDW�WKH�FRQWUROOHU�UHFHLYHG�DQ�
&38�$FWLYH
�
2%))�PHVVDJH� 
�
E���QR�LQWHUUXSW�  
�
E���LQWHUUXSW 
(3�RQO\� 

�� :�
& �[� 

REIIBREIIBLQW 
,QWHUUXSW�LQGLFDWHV�WKDW�WKH�FRQWUROOHU�UHFHLYHG�DQ�
2%))
�2%))�
PHVVDJH� 
�
E���QR�LQWHUUXSW�  
�
E���LQWHUUXSW 
(3�RQO\� 

�� :�
& �[� 

REIIBLGOHBLQW 
,QWHUUXSW�LQGLFDWHV�WKDW�WKH�FRQWUROOHU�UHFHLYHG�DQ�
,'/(
�2%))�
PHVVDJH� 
�
E���QR�LQWHUUXSW�  
�
E���LQWHUUXSW 
(3�RQO\� 

�� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� :�
& �[� 

SPBWXUQRIIBLQW 
,QWHUUXSW�LQGLFDWHV�WKDW�WKH�FRQWUROOHU�UHFHLYHG�D�30(�7XUQRII�
PHVVDJH� 
�
E���QR�LQWHUUXSW�  
�
E���LQWHUUXSW 
(3�PRGH�RQO\� 

� :�
& �[� 

SPBWRBDFNBLQW 
,QWHUUXSW�LQGLFDWHV�WKDW�WKH�FRQWUROOHU�UHFHLYHG�D�30(B72B$FN�
PHVVDJH� 
�
E���QR�LQWHUUXSW�  
�
E���LQWHUUXSW 
5&�PRGH�RQO\� 

� :�
& �[� 

SPBSPHBLQW 
,QWHUUXSW�LQGLFDWHV�WKDW�WKH�FRQWUROOHU�UHFHLYHG�D�30B30(�
PHVVDJH� 
�
E���QR�LQWHUUXSW�  
�
E���LQWHUUXSW 
5&�PRGH�RQO\� 

��� 52 �[� UHVHUYHG 

� :�
& �[� 

SPHBPVL 
$VVHUWHG�ZKHQ�DOO�RI�WKH�IROORZLQJ�FRQGLWLRQV�DUH�WUXH� 
���06,�RU�06,�;�LV�HQDEOHG� 
���7KH�30(�,QWHUUXSW�(QDEOH�ELW�LQ�5RRW�&RQWURO�UHJLVWHU�LV�VHW�WR�
�� 
���7KH�30(�6WDWXV�ELW�LQ�5RRW�6WDWXV�UHJLVWHU�LV�VHW�WR��� 
1RWH�WKH�GLIIHUHQFH�EHWZHHQ�SPHBPVL�DQG�SPHBLQW�LV�WKDW�
DHUBUFBHUUBLQW�LV�UHDG�RQO\�DQG�UFBHUUBPVL�FDQ�EH�ZURWHQ���WR�
FOHDU� 

� 52 �[� 

SPHBLQW 
$VVHUWHG�ZKHQ�DOO�RI�WKH�IROORZLQJ�FRQGLWLRQV�DUH�WUXH� 
7KH�,17[�$VVHUWLRQ�'LVDEOH�ELW�LQ�WKH�&RPPDQG�UHJLVWHU�LV��� 
7KH�30(�,QWHUUXSW�(QDEOH�ELW�LQ�WKH�5RRW�&RQWURO�UHJLVWHU�LV�VHW�WR�
�� 
7KH�30(�6WDWXV�ELW�LQ�WKH�5RRW�6WDWXV�UHJLVWHU�LV�VHW�WR��� 
7KLV�VLJQDO�LV�XVHG�ZKHQ�06,�06,�;�LV�127�HQDEOHG��RWKHUZLVH�
VHH�FIJBDHUBUFBHUUBPVL� 

� 52 �[� UHVHUYHG 

� :�
& �[� 

OWUBPVJBLQW 
,QWHUUXSW�WKDW�LQGLFDWHV�WKH�FRQWUROOHU�UHFHLYHG�D�/75�PHVVDJH��
7KH�/75�PHVVDJH�LQIRUPDWLRQ�LV�DYDLODEOH�LQ�
3/B/75B/$7(1&<B2))�UHJLVWHUV� 
�
E���QR�LQWHUUXSW�  
�
E���LQWHUUXSW 

� :�
& �[� 

XQORFNBLQW 
,QWHUUXSW�LQGLFDWHV�WKDW�WKH�FRQWUROOHU�UHFHLYHG�DQ�8QORFN�
PHVVDJH��  
�
E���QR�LQWHUUXSW�  
�
E���LQWHUUXSW 

� :�
& �[� 

YHQBPVJBLQW 
,QWHUUXSW�WKDW�LQGLFDWHV�WKH�FRQWUROOHU�UHFHLYHG�D�YHQGRU�GHILQHG�
PHVVDJH��7KH�PHVVDJH�KHDGHU�LV�DYDLODEOH�LQ�9(1B06*B5;B,1)2�
UHJLVWHUV� 
�
E���QR�LQWHUUXSW�  
�
E���LQWHUUXSW 
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3&,(B&/,(17B,175B67$786B/(*$&<�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� 52 �[� 

W[BLQWGBLQW 
(PXODWLRQ�RI�VHQGLQJ�WKH�OHJDF\�3&,�,QWHUUXSWV� 
�
E��WR��
E���7KH�FRQWUROOHU�KDV�VHQW�DQ�$VVHUWB,17'�0HVVDJH�WR�
WKH�XSVWUHDP�GHYLFH� 
�
E��WR��
E���7KH�FRQWUROOHU�KDV�VHQW�DQ�'HDVVHUWB,17'�0HVVDJH�
WR�WKH�XSVWUHDP�GHYLFH� 
(3�PRGH�RQO\� 

� 52 �[� 

W[BLQWFBLQW 
(PXODWLRQ�RI�VHQGLQJ�WKH�OHJDF\�3&,�,QWHUUXSWV� 
�
E��WR��
E���7KH�FRQWUROOHU�KDV�VHQW�DQ�$VVHUWB,17&�0HVVDJH�WR�
WKH�XSVWUHDP�GHYLFH� 
�
E��WR��
E���7KH�FRQWUROOHU�KDV�VHQW�DQ�'HDVVHUWB,17&�0HVVDJH�
WR�WKH�XSVWUHDP�GHYLFH� 
(3�PRGH�RQO\� 

� 52 �[� 

W[BLQWEBLQW 
(PXODWLRQ�RI�VHQGLQJ�WKH�OHJDF\�3&,�,QWHUUXSWV� 
�
E��WR��
E���7KH�FRQWUROOHU�KDV�VHQW�DQ�$VVHUWB,17%�0HVVDJH�WR�
WKH�XSVWUHDP�GHYLFH� 
�
E��WR��
E���7KH�FRQWUROOHU�KDV�VHQW�DQ�'HDVVHUWB,17%�0HVVDJH�
WR�WKH�XSVWUHDP�GHYLFH� 
(3�PRGH�RQO\� 

� 52 �[� 

W[BLQWDBLQW 
(PXODWLRQ�RI�VHQGLQJ�WKH�OHJDF\�3&,�,QWHUUXSWV� 
�
E��WR��
E���7KH�FRQWUROOHU�KDV�VHQW�DQ�$VVHUWB,17$�0HVVDJH�WR�
WKH�XSVWUHDP�GHYLFH� 
�
E��WR��
E���7KH�FRQWUROOHU�KDV�VHQW�DQ�'HDVVHUWB,17$�0HVVDJH�
WR�WKH�XSVWUHDP�GHYLFH� 
(3�PRGH�RQO\� 

� 52 �[� 

U[BLQWGBLQW 
(PXODWLRQ�RI�UHFHSWLRQ�RI�WKH�OHJDF\�3&,�,QWHUUXSWV��5&�PRGH�
RQO\� 
�
E��WR��
E���7KH�FRQWUROOHU�UHFHLYHG�DQ�$VVHUWB,17'�0HVVDJH�
IURP�WKH�GRZQVWUHDP�GHYLFH� 
�
E��WR��
E���7KH�FRQWUROOHU�UHFHLYHG�DQ�'HDVVHUWB,17'�0HVVDJH�
IURP�WKH�GRZQVWUHDP�GHYLFH� 
5&�PRGH�RQO\� 

� 52 �[� 

U[BLQWFBLQW 
(PXODWLRQ�RI�UHFHSWLRQ�RI�WKH�OHJDF\�3&,�,QWHUUXSWV��5&�PRGH�
RQO\� 
�
E��WR��
E���7KH�FRQWUROOHU�UHFHLYHG�DQ�$VVHUWB,17&�0HVVDJH�
IURP�WKH�GRZQVWUHDP�GHYLFH� 
�
E��WR��
E���7KH�FRQWUROOHU�UHFHLYHG�DQ�'HDVVHUWB,17&�0HVVDJH�
IURP�WKH�GRZQVWUHDP�GHYLFH� 
5&�PRGH�RQO\� 

� 52 �[� 

U[BLQWEBLQW 
(PXODWLRQ�RI�UHFHSWLRQ�RI�WKH�OHJDF\�3&,�,QWHUUXSWV��5&�PRGH�
RQO\� 
�
E��WR��
E���7KH�FRQWUROOHU�UHFHLYHG�DQ�$VVHUWB,17%�0HVVDJH�
IURP�WKH�GRZQVWUHDP�GHYLFH� 
�
E��WR��
E���7KH�FRQWUROOHU�UHFHLYHG�DQ�'HDVVHUWB,17%�0HVVDJH�
IURP�WKH�GRZQVWUHDP�GHYLFH� 
5&�PRGH�RQO\� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 52 �[� 

U[BLQWDBLQW 
(PXODWLRQ�RI�UHFHSWLRQ�RI�WKH�OHJDF\�3&,�,QWHUUXSWV��5&�PRGH�
RQO\� 
�
E��WR��
E���7KH�FRQWUROOHU�UHFHLYHG�DQ�$VVHUWB,17$�0HVVDJH�
IURP�WKH�GRZQVWUHDP�GHYLFH� 
�
E��WR��
E���7KH�FRQWUROOHU�UHFHLYHG�DQ�'HDVVHUWB,17$�0HVVDJH�
IURP�WKH�GRZQVWUHDP�GHYLFH� 
5&�PRGH�RQO\� 

 
3&,(B&/,(17B,175B67$786B(55�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

�� :�
& �[� 

UDGPBTRYHUIORZBLQW 
,QWHUUXSW�LQGLFDWHV�WKDW�RQH�RU�PRUH�RI�WKH�3�13�&3/�UHFHLYH�
TXHXHV�KDYH�RYHUIORZHG� 
�
E���QR�LQWHUUXSW�  
�
E���LQWHUUXSW 

�� 52 �[� UHVHUYHG 

�� :�
& �[� 

IBHUUBU[BLQW 
,QWHUUXSW�LQGLFDWHV�WKDW�WKH�FRQWUROOHU�UHFHLYHG�DQ�(55B)$7$/�
PHVVDJH� 
�
E���QR�LQWHUUXSW�  
�
E���LQWHUUXSW 
(3�PRGH�RQO\� 

� :�
& �[� 

QIBHUUBU[BLQW 
,QWHUUXSW�LQGLFDWHV�WKDW�WKH�FRQWUROOHU�UHFHLYHG�DQ�(55B121)$7$/�
PHVVDJH� 
�
E���QR�LQWHUUXSW�  
�
E���LQWHUUXSW 
(3�PRGH�RQO\� 

� :�
& �[� 

FRUBHUUBU[BLQW 
,QWHUUXSW�LQGLFDWHV�WKDW�WKH�FRQWUROOHU�UHFHLYHG�DQ�(55B&25�
PHVVDJH� 
�
E���QR�LQWHUUXSW�  
�
E���LQWHUUXSW 
(3�PRGH�RQO\� 

� 52 �[� UHVHUYHG 

� :�
& �[� 

IBHUUBVHQWBLQW 
(3�KDV�VHQW�D�PHVVDJH�WRZDUGV�WKH�5RRW�&RPSOH[�LQGLFDWLQJ�WKDW�
WKH�(3�KDV�UHFHLYHG�D�7/3�WKDW�FRQWDLQHG�D�IDWDO�HUURU� 
�
E���QR�LQWHUUXSW�  
�
E���LQWHUUXSW 
(3�PRGH�RQO\� 

� :�
& �[� 

QIBHUUBVHQWBLQW 
(3�KDV�VHQW�D�PHVVDJH�WRZDUGV�WKH�5RRW�&RPSOH[�LQGLFDWLQJ�WKDW�
WKH�(3�KDV�UHFHLYHG�D�7/3�WKDW�FRQWDLQHG�D�QRQ�IDWDO�HUURU� 
�
E���QR�LQWHUUXSW�  
�
E���LQWHUUXSW 

� :�
& �[� 

FRUBHUUBVHQWBLQW 
(3�KDV�VHQW�D�PHVVDJH�WRZDUGV�WKH�5RRW�&RPSOH[�LQGLFDWLQJ�WKDW�
WKH�(3�KDV�UHFHLYHG�D�7/3�WKDW�FRQWDLQHG�D�FRUUHFWDEOH�HUURU� 
�
E���QR�LQWHUUXSW�  
�
E���LQWHUUXSW 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� :�
& �[� 

W[BFSOBWLPHRXWBLQW 
,QWHUUXSW�LQGLFDWHV�WKDW�WKH�DSSOLFDWLRQ�KDV�QRW�JHQHUDWHG�D�
FRPSOHWLRQ�IRU�DQ�LQFRPLQJ�UHTXHVW�ZLWKLQ�WKH�UHTXLUHG�WLPH�
LQWHUYDO��7KH�GHIDXOW�FRPSOHWLRQ�WLPHRXW�YDOXH�LV�DSSUR[LPDWHO\�
���PV� 

� :�
& �[� 

U[BFSOBWLPHRXWBLQW 
,QWHUUXSW�LQGLFDWHV�WKDW�WKH�FRPSOHWLRQ�7/3�IRU�D�UHTXHVW�KDV�QRW�
EHHQ�UHFHLYHG�ZLWKLQ�WKH�H[SHFWHG�WLPH�ZLQGRZ� 
�
E���QR�LQWHUUXSW�  
�
E���LQWHUUXSW 
<RX�FDQ�ILQG�WKH�WLPHG�RXW�FRPSOHWLRQ�LQIRUPDWLRQ�LQ�
5;B&3/B7,0(B287B,1)2�UHJLVWHU� 

� :�
& �[� 

DHUBUFBHUUBPVL 
,QWHUUXSW�DVVHUWHG�FIJBDHUBUFBHUUBPVL�IRU�RQH�FORFN�F\FOH�ZKHQ�
DOO�RI�WKH�IROORZLQJ�FRQGLWLRQV�DUH�WUXH� 
���06,�RU�06,�;�LV�HQDEOHG� 
���$�UHSRUWHG�HUURU�FRQGLWLRQ�FDXVHV�D�ELW�WR�EH�VHW�LQ�WKH�5RRW�
(UURU�6WDWXV�UHJLVWHU� 
���7KH�DVVRFLDWHG�HUURU�PHVVDJH�UHSRUWLQJ�HQDEOH�ELW�LV�VHW�LQ�WKH�
5RRW�(UURU�&RPPDQG�UHJLVWHU� 
7KH�FRQWUROOHU�GRHV�QRW�FKHFN�LI�WKH�DVVRFLDWHG�06,�YHFWRU�LV�
XQPDVNHG� 
1RWH�WKH�GLIIHUHQFH�EHWZHHQ�DHUBUFBHUUBPVL�DQG�DHUBUFBHUUBLQW�LV�
WKDW�DHUBUFBHUUBLQW�LV�UHDG�RQO\�DQG�UFBHUUBPVL�FDQ�EH�ZURWHQ���
WR�FOHDU� 
5&�PRGH�RQO\� 

� 52 �[� 

DHUBUFBHUUBLQW 
,QWHUUXSW�VVHUWHG�ZKHQ�D�UHSRUWHG�HUURU�FRQGLWLRQ�FDXVHV�D�ELW�WR�
EH�VHW�LQ�WKH�5RRW�(UURU�6WDWXV�UHJLVWHU�DQG�WKH�DVVRFLDWHG�HUURU�
PHVVDJH�UHSRUWLQJ�HQDEOH�ELW�LV�VHW�LQ�WKH�5RRW�(UURU�&RPPDQG�
UHJLVWHU��  
DHUBUFBHUUBLQW�LV�VHW�ZKHQ�WKH�5&�LQWHUQDOO\�JHQHUDWHV�DQ�HUURU�RU�
ZKHQ�DQ�HUURU�PHVVDJH�LV�UHFHLYHG�E\�WKH�5&��  
7KLV�VLJQDO�LV�XVHG�ZKHQ�06,�06,�;�LV�127�HQDEOHG��RWKHUZLVH�
VHH�FIJBDHUBUFBHUUBPVL� 
5&�PRGH�RQO\� 

 
3&,(B&/,(17B,175B67$786B0,6&�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 5: �[� 
HSBHOELBDSSBLQW 
,QWHUUXSW�JHQHUDWHG�E\�(/%,�DSS� 
�
E���LQWHUUXSW 
�
E���QR�LQWHUUXSW 

�� 52 �[� 

OLQNBHTBUHTBLQW 
,QWHUUXSW�LQGLFDWLQJ�WR�\RXU�DSSOLFDWLRQ�WKDW�WKH�/LQN�(TXDOL]DWLRQ�
5HTXHVW�ELW�LQ�WKH�/LQN�6WDWXV���5HJLVWHU�KDV�EHHQ�VHW�DQG�WKH�
/LQN�(TXDOL]DWLRQ�5HTXHVW�,QWHUUXSW�(QDEOH��/LQN�&RQWURO���
5HJLVWHU�ELW����LV�VHW� 
�
E���LQWHUUXSW 
�
E���QR�LQWHUUXSW 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� :�
& �[� 

UEDUBXSGDWDBLQW 
,QWHUUXSW�LQGLFDWHV�WKDW�D�UHVL]DEOH�%$5�FRQWURO�UHJLVWHU�KDV�EHHQ�
XSGDWHG� 
�
E���LQWHUUXSW 
�
E���QR�LQWHUUXSW 

�� :�
& �[� 

GSDBVXEBXSGBLQW 
,QWHUUXSW�DVVHUWHG�ZKHQ�WKH�6XEVWDWH�&RQWURO�ILHOG�RI�WKH�'3$�
&RQWURO�5HJLVWHU�KDV�EHHQ�XSGDWHG�ZLWK�D�QHZ�YDOXH��7KH�
FRQWUROOHU�DVVHUWV�LW�ZKHQ�WKH�XSGDWHG�YDOXH�RI�WKH�6XEVWDWH�
&RQWURO�ILHOG�GRHV�QRW�PDWFK�WKH�6XEVWDWH�6WDWXV�ILHOG�RI�WKH�
6WDWXV�5HJLVWHU�ZKHQ�WKH�6XEVWDWH�&RQWURO�(QDEOH�ELW�ILHOG�RI�WKH�
6WDWXV�5HJLVWHU�LV�VHW�WR����� 

�� 52 �[� 

HGPDBUGBLQW 
'0$�UHDG�FKDQQHO�LQWHUUXSW� 
,QGLFDWHV�WKDW�WKH�'0$�UHDG�WUDQVIHU�KDV�FRPSOHWHG�RU�WKDW�DQ�
HUURU�KDV�RFFXUUHG� 
�
E���QR�LQWHUUXSW�  
�
E���LQWHUUXSW 

�� 52 �[� 

HGPDBZUBLQW 
'0$�ZULWH�FKDQQHO�LQWHUUXSW� 
,QGLFDWHV�WKDW�WKH�'0$�ZULWH�WUDQVIHU�KDV�FRPSOHWHG�RU�WKDW�DQ�
HUURU�KDV�RFFXUUHG� 
�
E���QR�LQWHUUXSW�  
�
E���LQWHUUXSW 

� :�
& �[� 

EZBPJWBPVL 
,QWHUUXSW�DVVHUWHG�ZKHQ�IROORZLQJ�FRQGLWLRQV�DUH�WUXH� 
���06,�RU�06,�;�LV�HQDEOHG� 
���7KH�/LQN�%DQGZLGWK�0DQDJHPHQW�6WDWXV�UHJLVWHU��/LQN�&RQWURO�
6WDWXV�UHJLVWHU�ELW�����LV�XSGDWHG 
���7KH�/LQN�%DQGZLGWK�0DQDJHPHQW�,QWHUUXSW�(QDEOH��/LQN�
&RQWURO�UHJLVWHU�ELW�����LV�VHW� 
5&�PRGH�RQO\� 

� 52 �[� 

EZBPJWBLQW 
,QWHUUXSW�DVVHUWHG�ZKHQ�DOO�WKH�IROORZLQJ�FRQGLWLRQV�DUH�WUXH� 
���7KH�,17[�$VVHUWLRQ�'LVDEOH�ELW�LQ�WKH�&RPPDQG�UHJLVWHU�LV�� 
���7KH�%DQGZLGWK�0DQDJHPHQW�,QWHUUXSW�(QDEOH�ELW�LQ�WKH�/LQN�
&RQWURO�UHJLVWHU�LV�VHW�WR�� 
���7KH�%DQGZLGWK�0DQDJHPHQW�,QWHUUXSW�6WDWXV�ELW�LQ�WKH�/LQN�
6WDWXV�UHJLVWHU�LV�VHW�WR��� 
5&�PRGH�RQO\� 

� :�
& �[� 

OLQNBDXWRBEZBPVL 
7KH�FRQWUROOHU�VHWV�WKLV�SLQ�ZKHQ�IROORZLQJ�FRQGLWLRQV�DUH�WUXH� 
���06,�RU�06,�;�LV�HQDEOHG� 
���7KH�/LQN�$XWRQRPRXV�%DQGZLGWK�6WDWXV�UHJLVWHU��/LQN�6WDWXV�
UHJLVWHU�ELW�����LV�XSGDWHG� 
���7KH�/LQN�$XWRQRPRXV�%DQGZLGWK�,QWHUUXSW�(QDEOH��/LQN�&RQWURO�
UHJLVWHU�ELW�����LV�VHW� 
5&�PRGH�RQO\� 



5.5.�����750�3DUW� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 52 �[� 

OLQNBDXWRBEZBLQW 
,QWHUUXSW�DVVHUWHG�ZKHQ�DOO�WKH�IROORZLQJ�FRQGLWLRQV�DUH�WUXH� 
���7KH�,17[�DVVHUWLRQ�GLVDEOH�ELW�LQ�WKH�&RPPDQG�UHJLVWHU�LV����
DQG 
���7KH�/LQN�$XWRQRPRXV�%DQGZLGWK�,QWHUUXSW�(QDEOH�ELW�LQ�WKH�
/LQN�&RQWURO�UHJLVWHU�LV�VHW�WR����DQG 
���7KH�/LQN�$XWRQRPRXV�%DQGZLGWK�,QWHUUXSW�6WDWXV�ELW�LQ�WKH�
/LQN�6WDWXV�UHJLVWHU�LV�VHW�WR��� 
5&�PRGH�RQO\� 

� :�
& �[� 

KSBPVL 
,QWHUUXSW�DVVHUWHG�ZKHQ�IROORZLQJ�FRQGLWLRQV�DUH�WUXH� 
���06,�RU�06,�;�LV�HQDEOHG� 
���+RW�3OXJ�LQWHUUXSWV�DUH�HQDEOHG�LQ�WKH�6ORW�&RQWURO�UHJLVWHU� 
���$Q\�ELW�LQ�WKH�6ORW�6WDWXV�UHJLVWHU�WUDQVLWLRQV�IURP���WR���DQG�
WKH�DVVRFLDWHG�HYHQW�QRWLILFDWLRQ�LV�HQDEOHG�LQ�WKH�6ORW�&RQWURO�
UHJLVWHU� 
5&�PRGH�RQO\� 

� 52 �[� 

KSBLQW 
,QWHUUXSW�DVVHUWHG�ZKHQ�DOO�WKH�IROORZLQJ�FRQGLWLRQV�DUH�WUXH� 
����7KH�,17[�$VVHUWLRQ�'LVDEOH�ELW�LQ�WKH�&RPPDQG�UHJLVWHU�LV��� 
����+RW�3OXJ�LQWHUUXSWV�DUH�HQDEOHG�LQ�WKH�6ORW�&RQWURO�UHJLVWHU� 
����$Q\�ELW�LQ�WKH�6ORW�6WDWXV�UHJLVWHU�LV�HTXDO�WR����DQG�WKH�
DVVRFLDWHG�HYHQW�QRWLILFDWLRQ�LV�HQDEOHG�LQ�WKH�6ORW�&RQWURO�
UHJLVWHU� 
KSBLQW�VWD\V�DVVHUWHG�LI�WKH�VWDWXV�ELW�LV�VHW��  
5&�PRGH�RQO\� 

� :�
& �[� 

KSBSPHBLQW 
,QWHUUXSW�DVVHUWHG�ZKHQ�DOO�WKH�IROORZLQJ�FRQGLWLRQV�DUH�WUXH� 
���7KH�30(�(QDEOH�ELW�LQ�WKH�3RZHU�0DQDJHPHQW�&RQWURO�DQG�
6WDWXV�UHJLVWHU�LV�VHW�WR��� 
���$Q\�ELW�LQ�WKH�6ORW�6WDWXV�UHJLVWHU�WUDQVLWLRQV�IURP���WR���DQG�
WKH�DVVRFLDWHG�HYHQW�QRWLILFDWLRQ�LV�HQDEOHG�LQ�WKH�6ORW�&RQWURO�
UHJLVWHU� 
7KH�FRQWUROOHU�GRHV�QRW�FKHFN�LI�WKH�30�VWDWH�LV�'���'���RU�'�KRW��
,W�LV�XS�WR�\RXU�DSSOLFDWLRQ�WR�FKHFN�WKH�YDOXH�SPBGVWDWH�WR�PDNH�
VXUH�WKH�GHYLFH�LV�LQ�'���'���RU�'�KRW��,Q�DGGLWLRQ��LW�DVVHUWV�
KSBSPH�RQO\�LI�30(�LV�HQDEOHG��EXW�LW�GRHV�QRW�PDWWHU�LI�KRW�SOXJ�
LQWHUUXSWV�DUH�HQDEOHG� 
5&�PRGH�RQO\� 

� :�
& �[� 

OLQNBUHTBUVWBQRWBLQW 
,QWHUUXSW�IRU�UHVHW�UHTXHVW�EHFDXVH�WKH�OLQN�KDV�JRQH�GRZQ��RU�
WKH�FRQWUROOHU�UHFHLYHG�D�KRW�UHVHW�UHTXHVW� 
�
E���LQWHUUXSW 
�
E���QR�LQWHUUXSW 

� :�
& �[� 

GOOBOLQNBXSBLQW 
'DWD�OLQN�OD\HU�XS�GRZQ�VWDWXV�LQWHUUXSW� 
�
E���'DWD�OLQN�OD\HU�LV�XS 
�
E���'DWD�OLQN�OD\HU�LV�GRZQ 

� :�
& �[� 

SK\BOLQNBXSBLQW 
3+<�/LQN�XS�GRZQ�VWDWXV�LQWHUUXSW� 
�
E���/LQN�LV�XS 
�
E���/LQN�LV�GRZQ 

 
3&,(B&/,(17B,175B67$786B30&�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� :�
& �[� 

SPBGVWDWHBXSGDWHBLQW 
,QWHUUXSW�LQGLFDWHV�WKDW�WKH�FXUUHQW�SRZHU�PDQDJHPHQW�'�VWDWH�
KDYH�FKDQJHG� 
�
E���LQWHUUXSW 
�
E���QR�LQWHUUXSW 

� :�
& �[� 

OLQNVWBRXWBO�VBLQW 
,QWHUUXSW�WKDW�LQGLFDWHV�OLQN�KDV�OHIW�/�V�VWDWH��IDOOLQJ�HGJH�
GHWHFWHG�RI�SPBOLQNVWBLQBO�V�LQ�32:(5B67$786�UHJLVWHU�� 
�
E���QR�LQWHUUXSW�  
�
E���LQWHUUXSW 

� :�
& �[� 

OLQNVWBRXWBO�BLQW 
,QWHUUXSW�WKDW�LQGLFDWHV�OLQN�KDV�OHIW�/��VWDWH��IDOOLQJ�HGJH�
GHWHFWHG�RI�SPBOLQNVWBLQBO��LQ�32:(5B67$786�UHJLVWHU�� 
�
E���QR�LQWHUUXSW�  
�
E���LQWHUUXSW 

� :�
& �[� 

OLQNVWBRXWBO�BLQW 
,QWHUUXSW�WKDW�LQGLFDWHV�OLQN�KDV�OHIW�/��VWDWH��IDOOLQJ�HGJH�
GHWHFWHG�RI�SPBOLQNVWBLQBO��LQ�32:(5B67$786�UHJLVWHU�� 
�
E���QR�LQWHUUXSW�  
�
E���LQWHUUXSW 

� :�
& �[� 

OLQNVWBRXWBO�VXEBLQW 
,QWHUUXSW�WKDW�LQGLFDWHV�OLQN�KDV�OHIW�/��VXEVWDWH��IDOOLQJ�HGJH�
GHWHFWHG�RI�SPBOLQNVWBLQBO�VXE�LQ�32:(5B67$786�UHJLVWHU�� 
�
E���QR�LQWHUUXSW�  
�
E���LQWHUUXSW 

� :�
& �[� 

OLQNVWBLQBO�VBLQW 
,QWHUUXSW�WKDW�LQGLFDWHV�OLQN�KDV�HQWHUHG�/�V�VWDWH��ULVLQJ�HGJH�
GHWHFWHG�RI�SPBOLQNVWBLQBO�V�LQ�32:(5B67$786�UHJLVWHU�� 
�
E���QR�LQWHUUXSW�  
�
E���LQWHUUXSW 

� :�
& �[� 

OLQNVWBLQBO�BLQW 
,QWHUUXSW�WKDW�LQGLFDWHV�OLQN�KDV�HQWHUHG�/��VWDWH��ULVLQJ�HGJH�
GHWHFWHG�RI�SPBOLQNVWBLQBO��LQ�32:(5B67$786�UHJLVWHU�� 
�
E���QR�LQWHUUXSW�  
�
E���LQWHUUXSW 

� :�
& �[� 

OLQNVWBLQBO�BLQW 
,QWHUUXSW�WKDW�LQGLFDWHV�OLQN�KDV�HQWHUHG�/��VWDWH��ULVLQJ�HGJH�
GHWHFWHG�RI�SPBOLQNVWBLQBO��LQ�32:(5B67$786�UHJLVWHU�� 
�
E���QR�LQWHUUXSW�  
�
E���LQWHUUXSW 

� :�
& �[� 

OLQNVWBLQBO�VXEBLQW 
,QWHUUXSW�WKDW�LQGLFDWHV�OLQN�KDV�HQWHUHG�/��VXEVWDWH��ULVLQJ�HGJH�
GHWHFWHG�RI�SPBOLQNVWBLQBO�VXE�LQ�32:(5B67$786�UHJLVWHU�� 
�
E���QR�LQWHUUXSW�  
�
E���LQWHUUXSW 

 
3&,(B&/,(17B,175B0$6.B06*B5;�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU����ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 52 �[� UHVHUYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1764 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
REIIBFSXBDFWLYHBLQWBPDVN 
0DVN�ELW�RI�WKH�&38�$FWLYH�2%))�PHVVDJH�UHFHSWLRQ�LQWHUUXSW� 
�
E���LQWHUUXSW�XQPDVN 
�
E���LQWHUUXSW�PDVN 

�� 5: �[� 
REIIBREIIBLQWBPDVN 
0DVN�ELW�RI�WKH�2%))�2%))�PHVVDJH�UHFHSWLRQ�LQWHUUXSW� 
�
E���LQWHUUXSW�XQPDVN 
�
E���LQWHUUXSW�PDVN 

�� 5: �[� 
REIIBLGOHBLQWBPDVN 
0DVN�ELW�RI�WKH�2%))�,'/(�PHVVDJH�UHFHSWLRQ�LQWHUUXSW� 
�
E���LQWHUUXSW�XQPDVN 
�
E���LQWHUUXSW�PDVN 

�� 52 �[� UHVHUYHG 

�� 5: �[� 
SPBWXUQRIIBLQWBPDVN 
0DVN�ELW�RI�WKH�SPBWXUQRIIBLQW�LQWHUUXSW� 
�
E���LQWHUUXSW�XQPDVN 
�
E���LQWHUUXSW�PDVN 

� 5: �[� 
SPBWRBDFNBLQWBPDVN 
0DVN�ELW�RI�WKH�SPBWRBDFNBLQW�LQWHUUXSW� 
�
E���LQWHUUXSW�XQPDVN 
�
E���LQWHUUXSW�PDVN 

� 5: �[� 
SPBSPHBLQWBPDVN 
0DVN�ELW�RI�WKH�SPBSPHBLQW�LQWHUUXSW� 
�
E���LQWHUUXSW�XQPDVN 
�
E���LQWHUUXSW�PDVN 

��� 52 �[� UHVHUYHG 

� 5: �[� 
SPHBPVLBPDVN 
0DVN�ELW�RI�WKH�SPHBPVL�LQWHUUXSW� 
�
E���LQWHUUXSW�XQPDVN 
�
E���LQWHUUXSW�PDVN 

� 5: �[� 
SPHBLQWBPDVN 
0DVN�ELW�RI�WKH�SPHBLQW�LQWHUUXSW� 
�
E���LQWHUUXSW�XQPDVN 
�
E���LQWHUUXSW�PDVN 

� 52 �[� UHVHUYHG 

� 5: �[� 
OWUBPVJBLQWBPDVN 
0DVN�ELW�RI�WKH�/75�PHVVDJH�UHFHSWLRQ�LQWHUUXSW� 
�
E���LQWHUUXSW�XQPDVN 
�
E���LQWHUUXSW�PDVN 

� 5: �[� 
XQORFNBLQWBPDVN 
0DVN�ELW�RI�WKH�XQORFN�PHVVDJH�UHFHSWLRQ�LQWHUUXSW� 
�
E���LQWHUUXSW�XQPDVN 
�
E���LQWHUUXSW�PDVN 

� 5: �[� 
YHQBPVJBLQWBPDVN 
0DVN�ELW�RI�WKH�YHQGRU�GHILQHG�PHVVDJH�UHFHSWLRQ�LQWHUUXSW� 
�
E���LQWHUUXSW�XQPDVN 
�
E���LQWHUUXSW�PDVN 

 
3&,(B&/,(17B,175B0$6.B/(*$&<�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU����ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1765 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�� UHVHUYHG 

� 5: �[� 
W[BLQWGBLQWBPDVN 
0DVN�ELW�RI�WKH�W[BLQWGBLQW�LQWHUUXSW� 
�
E���LQWHUUXSW�XQPDVN 
�
E���LQWHUUXSW�PDVN 

� 5: �[� 
W[BLQWFBLQWBPDVN 
0DVN�ELW�RI�WKH�W[BLQWFBLQW�LQWHUUXSW� 
�
E���LQWHUUXSW�XQPDVN 
�
E���LQWHUUXSW�PDVN 

� 5: �[� 
W[BLQWEBLQWBPDVN 
0DVN�ELW�RI�WKH�W[BLQWEBLQW�LQWHUUXSW� 
�
E���LQWHUUXSW�XQPDVN 
�
E���LQWHUUXSW�PDVN 

� 5: �[� 
W[BLQWDBLQWBPDVN 
0DVN�ELW�RI�WKH�W[BLQWDBLQW�LQWHUUXSW� 
�
E���LQWHUUXSW�XQPDVN 
�
E���LQWHUUXSW�PDVN 

� 5: �[� 
U[BLQWGBLQWBPDVN 
0DVN�ELW�RI�WKH�U[BLQWGBLQW�LQWHUUXSW� 
�
E���LQWHUUXSW�XQPDVN 
�
E���LQWHUUXSW�PDVN 

� 5: �[� 
U[BLQWFBLQWBPDVN 
0DVN�ELW�RI�WKH�U[BLQWFBLQW�LQWHUUXSW� 
�
E���LQWHUUXSW�XQPDVN 
�
E���LQWHUUXSW�PDVN 

� 5: �[� 
U[BLQWEBLQWBPDVN 
0DVN�ELW�RI�WKH�U[BLQWEBLQW�LQWHUUXSW� 
�
E���LQWHUUXSW�XQPDVN 
�
E���LQWHUUXSW�PDVN 

� 5: �[� 
U[BLQWDBLQWBPDVN 
0DVN�ELW�RI�WKH�U[BLQWDBLQW�LQWHUUXSW� 
�
E���LQWHUUXSW�XQPDVN 
�
E���LQWHUUXSW�PDVN 

 
3&,(B&/,(17B,175B0$6.B(55�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU����ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 

�� 5: �[� 
UDGPBTRYHUIORZBPDVN 
0DVN�ELW�RI�WKH�UDGPBTRYHUIORZBLQW�LQWHUUXSW� 
�
E���LQWHUUXSW�XQPDVN 
�
E���LQWHUUXSW�PDVN 

�� 52 �[� UHVHUYHG 

�� 5: �[� 
IBHUUBU[BLQWBPDVN 
0DVN�ELW�RI�WKH�IBHUUBU[BLQW�LQWHUUXSW� 
�
E���LQWHUUXSW�XQPDVN 
�
E���LQWHUUXSW�PDVN 

� 5: �[� 
QIBHUUBU[BLQWBPDVN 
0DVN�ELW�RI�WKH�QIBHUUBU[BLQW�LQWHUUXSW� 
�
E���LQWHUUXSW�XQPDVN 
�
E���LQWHUUXSW�PDVN 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1766 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
FRUBHUUBU[BLQWBPDVN 
0DVN�ELW�RI�WKH�FRUBHUUBU[BLQW�LQWHUUXSW� 
�
E���LQWHUUXSW�XQPDVN 
�
E���LQWHUUXSW�PDVN 

� 52 �[� UHVHUYHG 

� 5: �[� 
IBHUUBVHQWBLQWBPDVN 
0DVN�ELW�RI�WKH�IBHUUBVHQWBLQW�LQWHUUXSW� 
�
E���LQWHUUXSW�XQPDVN 
�
E���LQWHUUXSW�PDVN 

� 5: �[� 
QIBHUUBVHQWBLQWBPDVN 
0DVN�ELW�RI�WKH�QIBHUUBVHQWBLQW�LQWHUUXSW� 
�
E���LQWHUUXSW�XQPDVN 
�
E���LQWHUUXSW�PDVN 

� 5: �[� 
FRUBHUUBVHQWBLQWBPDVN 
0DVN�ELW�RI�WKH�FRUBHUUBVHQWBLQW�LQWHUUXSW� 
�
E���LQWHUUXSW�XQPDVN 
�
E���LQWHUUXSW�PDVN 

� 5: �[� 
W[BFSOBWLPHRXWBLQWBPDVN 
0DVN�ELW�RI�WKH�W[BFSOBWLPHRXWBLQW�LQWHUUXSW� 
�
E���LQWHUUXSW�XQPDVN 
�
E���LQWHUUXSW�PDVN 

� 5: �[� 
U[BFSOBWLPHRXWBLQWBPDVN 
0DVN�ELW�RI�WKH�U[BFSOBWLPHRXWBLQW�LQWHUUXSW� 
�
E���LQWHUUXSW�XQPDVN 
�
E���LQWHUUXSW�PDVN 

� 5: �[� 
DHUBUFBHUUBPVLBPDVN 
0DVN�ELW�RI�WKH�DHUBUFBHUUBPVL�LQWHUUXSW� 
�
E���LQWHUUXSW�XQPDVN 
�
E���LQWHUUXSW�PDVN 

� 5: �[� 
DHUBUFBHUUBLQWBPDVN 
0DVN�ELW�RI�WKH�DHUBUFBHUUBLQW�LQWHUUXSW� 
�
E���LQWHUUXSW�XQPDVN 
�
E���LQWHUUXSW�PDVN 

 
3&,(B&/,(17B,175B0$6.B0,6&�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU����ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 5: �[� 
HSBHOELBDSSBLQWBPDVN 
0DVN�ELW�RI�WKH�HSBHOELBDSSBLQW�LQWHUUXSW� 
�
E���LQWHUUXSW�XQPDVN 
�
E���LQWHUUXSW�PDVN 

�� 5: �[� 
OLQNBHTBUHTBLQWBPDVN 
0DVN�ELW�RI�WKH�OLQNBHTBUHTBLQW�LQWHUUXSW� 
�
E���LQWHUUXSW�XQPDVN 
�
E���LQWHUUXSW�PDVN 

�� 5: �[� 
UEDUBXSGDWDBLQWBPDVN 
0DVN�ELW�RI�WKH�UEDUBXSGDWDBLQW�LQWHUUXSW� 
�
E���LQWHUUXSW�XQPDVN 
�
E���LQWHUUXSW�PDVN 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1767 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
GSDBVXEBXSGBLQWBPDVN 
0DVN�ELW�RI�WKH�GSDBVXEBXSGBLQW�LQWHUUXSW� 
�
E���LQWHUUXSW�XQPDVN 
�
E���LQWHUUXSW�PDVN 

�� 5: �[� 
HGPDBUGBLQWBPDVN 
0DVN�ELW�RI�WKH�HGPDBUGBLQW�LQWHUUXSW� 
�
E���LQWHUUXSW�XQPDVN 
�
E���LQWHUUXSW�PDVN 

�� 5: �[� 
HGPDBZUBLQWBPDVN 
0DVN�ELW�RI�WKH�HGPDBZUBLQW�LQWHUUXSW� 
�
E���LQWHUUXSW�XQPDVN 
�
E���LQWHUUXSW�PDVN 

� 5: �[� 
EZBPJWBPVLBPDVN 
0DVN�ELW�RI�WKH�EZBPJWBPVL�LQWHUUXSW� 
�
E���LQWHUUXSW�XQPDVN 
�
E���LQWHUUXSW�PDVN 

� 5: �[� 
EZBPJWBLQWBPDVN 
0DVN�ELW�RI�WKH�EZBPJWBLQW�LQWHUUXSW� 
�
E���LQWHUUXSW�XQPDVN 
�
E���LQWHUUXSW�PDVN 

� 5: �[� 
OLQNBDXWRBEZBPVLBPDVN 
0DVN�ELW�RI�WKH�OLQNBDXWRBEZBPVL�LQWHUUXSW� 
�
E���LQWHUUXSW�XQPDVN 
�
E���LQWHUUXSW�PDVN 

� 5: �[� 
OLQNBDXWRBEZBLQWBPDVN 
0DVN�ELW�RI�WKH�OLQNBDXWRBEZBLQW�LQWHUUXSW� 
�
E���LQWHUUXSW�XQPDVN 
�
E���LQWHUUXSW�PDVN 

� 5: �[� 
KSBPVLBPDVN 
0DVN�ELW�RI�WKH�KSBPVL�LQWHUUXSW� 
�
E���LQWHUUXSW�XQPDVN 
�
E���LQWHUUXSW�PDVN 

� 5: �[� 
KSBLQWBPDVN 
0DVN�ELW�RI�WKH�KSBLQW�LQWHUUXSW� 
�
E���LQWHUUXSW�XQPDVN 
�
E���LQWHUUXSW�PDVN 

� 5: �[� 
KSBSPHBLQWBPDVN 
0DVN�ELW�RI�WKH�KSBSPHBLQW�LQWHUUXSW� 
�
E���LQWHUUXSW�XQPDVN 
�
E���LQWHUUXSW�PDVN 

� 5: �[� 
OLQNBUHTBUVWBQRWBLQWBPDVN 
0DVN�ELW�RI�WKH�OLQNBUHTBUVWBQRWBLQW�LQWHUUXSW� 
�
E���LQWHUUXSW�XQPDVN 
�
E���LQWHUUXSW�PDVN 

� 5: �[� 
GOOBOLQNBXSBLQWBPDVN 
0DVN�ELW�RI�WKH�GOOBOLQNBXSBLQW�LQWHUUXSW� 
�
E���LQWHUUXSW�XQPDVN 
�
E���LQWHUUXSW�PDVN 

� 5: �[� 
SK\BOLQNBXSBLQWBPDVN 
0DVN�ELW�RI�WKH�SK\BOLQNBXSBLQW�LQWHUUXSW� 
�
E���LQWHUUXSW�XQPDVN 
�
E���LQWHUUXSW�PDVN 

 
3&,(B&/,(17B,175B0$6.B30&�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1768 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU����ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 52 �[�� UHVHUYHG 

� 5: �[� 

SPBGVWDWHBXSGDWHBLQWBPDVN 
0DVN�ELW�RI�WKH�SPBGVWDWHBXSGDWHBLQW�LQWHUUXSW�LQ�
,175B67$786B30&�UHJLVWHU� 
�
E���LQWHUUXSW�XQPDVN 
�
E���LQWHUUXSW�PDVN 

� 5: �[� 

OLQNVWBRXWBO�VBLQWBPDVN 
0DVN�ELW�RI�WKH�OLQNVWBRXWBO�VBLQW�LQWHUUXSW�LQ�,175B67$786B30&�
UHJLVWHU� 
�
E���LQWHUUXSW�XQPDVN 
�
E���LQWHUUXSW�PDVN 

� 5: �[� 

OLQNVWBRXWBO�BLQWBPDVN 
0DVN�ELW�RI�WKH�OLQNVWBRXWBO�BLQW�LQWHUUXSW�LQ�,175B67$786B30&�
UHJLVWHU� 
�
E���LQWHUUXSW�XQPDVN 
�
E���LQWHUUXSW�PDVN 

� 5: �[� 

OLQNVWBRXWBO�BLQWBPDVN 
0DVN�ELW�RI�WKH�OLQNVWBRXWBO�BLQW�LQWHUUXSW�LQ�,175B67$786B30&�
UHJLVWHU� 
�
E���LQWHUUXSW�XQPDVN 
�
E���LQWHUUXSW�PDVN 

� 5: �[� 

OLQNVWBRXWBO�VXEBLQWBPDVN 
0DVN�ELW�RI�WKH�OLQNVWBRXWBO�VXEBLQW�LQWHUUXSW�LQ�
,175B67$786B30&�UHJLVWHU� 
�
E���LQWHUUXSW�XQPDVN 
�
E���LQWHUUXSW�PDVN 

� 5: �[� 

OLQNVWBLQBO�VBLQWBPDVN 
0DVN�ELW�RI�WKH�OLQNVWBLQBO�VBLQW�LQWHUUXSW�LQ�,175B67$786B30&�
UHJLVWHU� 
�
E���LQWHUUXSW�XQPDVN 
�
E���LQWHUUXSW�PDVN 

� 5: �[� 

OLQNVWBLQBO�BLQWBPDVN 
0DVN�ELW�RI�WKH�OLQNVWBLQBO�BLQW�LQWHUUXSW�LQ�,175B67$786B30&�
UHJLVWHU� 
�
E���LQWHUUXSW�XQPDVN 
�
E���LQWHUUXSW�PDVN 

� 5: �[� 

OLQNVWBLQBO�BLQWBPDVN 
0DVN�ELW�RI�WKH�OLQNVWBLQBO�BLQW�LQWHUUXSW�LQ�,175B67$786B30&�
UHJLVWHU� 
�
E���LQWHUUXSW�XQPDVN 
�
E���LQWHUUXSW�PDVN 

� 5: �[� 

OLQNVWBLQBO�VXEBLQWBPDVN 
0DVN�ELW�RI�WKH�OLQNVWBLQBO�VXEBLQW�LQWHUUXSW�LQ�
,175B67$786B30&�UHJLVWHU� 
�
E���LQWHUUXSW�XQPDVN 
�
E���LQWHUUXSW�PDVN 

 
3&,(B&/,(17B32:(5B&21�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1769 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU����ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 

�� 5: �[� 
FONBUHTBQBFRQ 
9DOLG�ZKHQ�FONBUHTBQBE\SDVV�VHW�WR��� 
�
E���WULVWDWH�&/.5(4� 
�
E���SXOO�GRZQ�&/.5(4� 

�� 5: �[� 
FONBUHTBQBE\SDVV 
�
E���FONBUHTBQ�E\SDVV��&/.5(4��GULYHQ�E\�ELW����RI�
32:(5B&21 
�
E���FONBUHTBQ�GRHV�QRW�E\SDVV��&/.5(4��GULYHQ�E\�FRQWUROOHU 

����� 5: �[� 

S�BFSPBGLVDEOH 
�
E����ZKHQ�SK\�LQ�3��SRZHU�VWDWH��HQDEOH�FORFN�30�IRU�ERWK�/��
DQG�/�� 
�
E����ZKHQ�SK\�LQ�3��SRZHU�VWDWH��HQDEOH�FORFN�30�IRU�/��EXW�
GLVDEOH�IRU�/�� 
�
E����ZKHQ�SK\�LQ�3��SRZHU�VWDWH��GLVDEOH�FORFN�30�IRU�/��EXW�
HQDEOH�IRU�/�� 
�
E����ZKHQ�SK\�LQ�3��SRZHU�VWDWH��GLVDEOH�FORFN�30�IRU�ERWK�/��
DQG�/�� 

� 5: �[� 
DSSBFONBSPBHQ 
&ORFN�30�IHDWXUH�HQDEOHG�E\�DSSOLFDWLRQ��8VHG�WR�LQKLELW�WKH�
SURJUDPPLQJ�RI�WKH�&ORFN�30�LQ�/LQN�&RQWURO�5HJLVWHU� 

� 5: �[� 
V\VBDX[BSZUBGHW 
,QGLFDWHV�LI�DX[LOLDU\�SRZHU�LV�SUHVHQW� 
�
E���$X[LOLDU\�SRZHU�LV�SUHVHQW 
�
E���$X[LOLDU\�SRZHU�LV�QRW�SUHVHQW 

� 52 �[� UHVHUYHG 

� 5: �[� 

DSSBO�VXEBGLVDEOH 
7KH�DSSOLFDWLRQ�FDQ�VHW�WKLV�LQSXW�WR��
E��WR�SUHYHQW�HQWU\�WR�/� 
6XE�VWDWHV��7KLV�SLQ�LV�XVHG�WR�JDWH�WKH�/��VXE�VWDWH�HQDEOH�ELWV�
IURP 
WKH�/��30�6XEVWDWHV�&RQWURO���5HJLVWHU 

� 5: �[� 

DSSB[IHUBSHQGLQJ 
,QGLFDWHV�WKDW�\RXU�DSSOLFDWLRQ�KDV�WUDQVIHUV�SHQGLQJ� 
�
E���7KHUH�DUH�WUDQVDFWLRQV�RXWVLGH�WKH�FRQWUROOHU�WKDW�WKH�
FRQWUROOHU�QHHGV�WR�WUDQVPLW��)RU�(3�PRGH��SUHYHQWV�JHQHUDWLRQ�RI�
UHTXHVWV�WR�HQWHU�/���7ULJJHUV�H[LW�LI�DOUHDG\�LQ�/���)RU�5&�PRGH��
WULJJHUV�H[LW�LI�DOUHDG\�LQ�/�� 
�
E���7KHUH�DUH�QR�WUDQVDFWLRQV�RXWVLGH�WKH�FRQWUROOHU� 

� 5: �[� 

DSSBUHTBH[LWBO� 
�
E���$SSOLFDWLRQ�UHTXHVW�WR�([LW�/���  
�
E���6HOI�FOHDU�WR�JHQHUDWH�D�SXOVH�WR�FRQWUROOHU� 
5HTXHVW�IURP�\RXU�DSSOLFDWLRQ�WR�H[LW�/���,W�LV�RQO\�HIIHFWLYH�ZKHQ�
/��LV�HQDEOHG� 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1770 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

DSSBUHDG\BHQWUBO�� 
�
E���$SSOLFDWLRQ�UHDG\�WR�HQWHU�/����  
�
E���$SSOLFDWLRQ�QRW�UHDG\�WR�HQWHU�/����  
,QGLFDWLRQ�DSSOLFDWLRQ�WKDW�LW�LV�UHDG\�WR�HQWHU�WKH�/���VWDWH��7KH�
FRQWUROOHU�GHOD\V�VHQGLQJ�30B(QWHUB/����LQ�UHVSRQVH�WR�
30B7XUQB2II��XQWLO�WKLV�VLJQDO�EHFRPHV�DFWLYH��:KHQ�WKLV�VLJQDO�
KDV�EHHQ�DVVHUWHG�E\�WKH�DSSOLFDWLRQ��LW�PXVW�EH�NHSW�DVVHUWHG�
XQWLO�/��HQWU\�KDV�FRPSOHWHG� 
(3�PRGH�RQO\� 

� 5: �[� 

DSSBUHTBHQWUBO� 
$SSOLFDWLRQ�UHTXHVW�WR�(QWHU�/��$630�VWDWH��  
�
E���$SSOLFDWLRQ�UHTXHVW�WR�HQWHU�/��VWDWH 
�
E���6HOI�FOHDU�WR�JHQHUDWH�D�SXOVH�WR�FRQWUROOHU 
7KLV�ELW�LV�XVHG�E\�DSSOLFDWLRQV�WKDW�QHHG�WR�FRQWURO�/��HQWU\�
LQVWHDG�RI�XVLQJ�WKH�/��HQWU\�WLPHU�DV�GHILQHG�LQ�WKH�3&,�([SUHVV�
6SHFLILFDWLRQ��,W�LV�RQO\�HIIHFWLYH�ZKHQ�/��LV�HQDEOHG��7KH�
FRQWUROOHU�ODWFKHV�WKLV�UHTXHVW�ZKHQ�LQ�/��RU�/�V��WR�EH�DFWHG�
XSRQ�ODWHU� 
(3�PRGH�RQO\� 

� 5: �[� 

DSSBSPB[PWBSPH 
5HTXHVW�FRQWUROOHU�WR�VHQG�30(�PHVVDJH��6HOI�FOHDU�WR�JHQHUDWH�D�
SXOVH�WR�FRQWUROOHU� 
,I�30(�LV�HQDEOHG�DQG�30(�VXSSRUW�LV�FRQILJXUHG�IRU�FXUUHQW�
30&65�'�VWDWH�DVVHUWLQJ�WKLV�VLJQDO�ZLOO�FDXVH�WKH�FRQWUROOHU�WR�
ZDNH�IURP�HLWKHU�/��RU�/��VWDWH��:KHQ�WKH�FRQWUROOHU�KDV�
WUDQVLWLRQHG�EDFN�WR�WKH�/��VWDWH�LW�ZLOO�WUDQVPLW�D�30(�PHVVDJH�
DQG�VHW�WKH�30(B6WDWXV��8SRQ�UHFHLYLQJ�WKH�30(�PHVVDJH�WKH�
URRW�FRPSOH[�VKRXOG�FOHDU�WKH�30(B6WDWXV�DQG�FKDQJH�WKH�'�
VWDWH�EDFN�WR�'�� 
7KLV�ELW�GH�DVVHUWHG�ZKHQ�'�VWDWH�EDFN�WR�'�� 
(3�PRGH�RQO\� 

� 5: �[� 

DSSBFONBUHTBQ 
,QGLFDWHV�WKDW�WKH�DSSOLFDWLRQ�LV�UHDG\�WR�KDYH�UHIHUHQFH�FORFN�
UHPRYHG��  
�
E���$SSOLFDWLRQ�GRHV�QRW�ZDQW�WR�UHPRYH�UHIHUHQFH�FORFN 
�
E���$SSOLFDWLRQ�LV�UHDG\�WR�KDYH�UHIHUHQFH�FORFN�UHPRYHG 

 
3&,(B&/,(17B32:(5B67$786�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

�� 5: �[� SPBFONUHTBLQ 
6WDWXV�RI�ZLUH�&/.5(4� 

�� 5: �[� SPBFONUHTBRXW 
6WDWXV�RI�&/.5(4��GULYH�VLJQDO 

�� 52 �[� SPBZDNHBLQ 
6WDWXV�RI�ZLUH�:$.(� 

�� 52 �[� 

SPBZDNHBRXW 
�
E���&RQWUROOHU�DVVHUW�:$.(��VLJQDO�WR�UHTXHVW�WR�PDNH�OLQN�
EDFN�WR�/� 
�
E���&RQWUROOHU�LV�QRW�LQ�ZDNH�SURFHVV�RU�/LQN�DOUHDG\�EDFN�WR�/� 
(3�RQO\� 

�� 52 �[� 
SPBOLQNVWBLQBO�V 
�
E���3RZHU�PDQDJHPHQW�LV�LQ�/�V��  
�
E���3RZHU�PDQDJHPHQW�LV�QRW�LQ�/�V� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 52 �[� 
SPBOLQNVWBLQBO� 
�
E���3RZHU�PDQDJHPHQW�LV�LQ�/���  
�
E���3RZHU�PDQDJHPHQW�LV�QRW�LQ�/�� 

�� 52 �[� 
SPBOLQNVWBLQBO� 
�
E���3RZHU�PDQDJHPHQW�LV�LQ�/���  
�
E���3RZHU�PDQDJHPHQW�LV�QRW�LQ�/�� 

�� 52 �[� 
SPBOLQNVWBLQBO�VXE 
�
E���3RZHU�PDQDJHPHQW�LV�LQ�/��VXEVWDWH��  
�
E���3RZHU�PDQDJHPHQW�LV�QRW�LQ�/��VXEVWDWH� 

�� 52 �[� UHVHUYHG 

����� 52 �[� 
SPBO�VXEBVWDWH 
3RZHU�PDQDJHPHQW�/��VXE�VWDWHV�)60�VWDWH��)RU�GHEXJJLQJ�
SXUSRVHV��QRW�IRU�V\VWHP�RSHUDWLRQ� 

����� 52 �[� UHVHUYHG 

����� 52 �[�� 
SPBVODYHBVWDWH 
3RZHU�PDQDJHPHQW�VODYH�)60�VWDWH��)RU�GHEXJJLQJ�SXUSRVHV��
QRW�IRU�V\VWHP�RSHUDWLRQ� 

� 52 �[� UHVHUYHG 

��� 52 �[�� 
SPBPDVWHUBVWDWH 
3RZHU�PDQDJHPHQW�PDVWHU�)60�VWDWH��)RU�GHEXJJLQJ�SXUSRVHV��
QRW�IRU�V\VWHP�RSHUDWLRQ� 

� 52 �[� UHVHUYHG 

��� 52 �[� 
SPBFXUQWBVWDWH 
,QGLFDWHV�WKH�FXUUHQW�SRZHU�VWDWH��)RU�GHEXJJLQJ�SXUSRVHV��QRW�
IRU�V\VWHP�RSHUDWLRQ� 

 
3&,(B&/,(17B06*B*(1B&21�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU����ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 52 �[� UHVHUYHG 

�� 5: �[� 

REIIBFSXBDFWLYHBPVJBUHT 
5HTXHVW�FRQWUROOHU�WR�JHQHUDWH�D��&38�$FWLYH��2%))�PHVVDJH��
7KLV�ELW�FOHDUV�DXWRPDWLFDOO\�ZKHQ�UHTXHVW�KDV�EHHQ�VHQW��2QO\�
XVDEOH�LQ�D�GRZQVWUHDP�SRUW� 
:KHQ�DSSOLFDWLRQ�VHWV�2%))�(QDEOH�ELW�LQ�'HYLFH�&RQWURO���
5HJLVWHU�WR�FKRRVH�WR�XVH�2%))�PHVVDJH�RU�:$.(��VLJQDOLQJ� 

�� 5: �[� 

REIIBREIIBPVJBUHT 
5HTXHVW�FRQWUROOHU�WR�JHQHUDWH�D��2%))��2%))�PHVVDJH��7KLV�ELW�
FOHDUV�DXWRPDWLFDOO\�ZKHQ�UHTXHVW�KDV�EHHQ�VHQW��2QO\�XVDEOH�LQ�
D�GRZQVWUHDP�SRUW� 
:KHQ�DSSOLFDWLRQ�VHWV�2%))�(QDEOH�ELW�LQ�'HYLFH�&RQWURO���
5HJLVWHU�WR�FKRRVH�WR�XVH�2%))�PHVVDJH�RU�:$.(��VLJQDOLQJ� 

�� 5: �[� 

REIIBLGOHBPVJBUHT 
5HTXHVW�FRQWUROOHU�WR�JHQHUDWH�D��,'/(��2%))�PHVVDJH��7KLV�ELW�
FOHDUV�DXWRPDWLFDOO\�ZKHQ�UHTXHVW�KDV�EHHQ�VHQW��2QO\�XVDEOH�LQ�
D�GRZQVWUHDP�SRUW� 
:KHQ�DSSOLFDWLRQ�VHWV�2%))�(QDEOH�ELW�LQ�'HYLFH�&RQWURO���
5HJLVWHU�WR�FKRRVH�WR�XVH�2%))�PHVVDJH�RU�:$.(��VLJQDOLQJ� 

���� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

OWUBPVJBUHT 
6HW�WR�UHTXHVW�FRQWUROOHU�WR�VHQG�D�/75�0HVVDJH��7KLV�ELW�FOHDUV�
DXWRPDWLFDOO\�ZKHQ�UHTXHVW�LV�JUDQWHG�E\�FRQWUROOHU��$SSOLFDWLRQ�
VKRXOG�SXW�/75�PHVVDJH�LQIRUPDWLRQ�UHDG\�LQ�/75B06*B7;B,1)2�
UHJLVWHU�EHIRUH�VHWWLQJ�WKLV�ELW� 

��� 52 �[� UHVHUYHG 

� 5: �[� 
[PWBXQORFNBUHT 
5HTXHVW�FRQWUROOHU�WR�JHQHUDWH�DQ�8QORFN�PHVVDJH��7KLV�ELW�FOHDUV�
DXWRPDWLFDOO\�ZKHQ�UHTXHVW�KDV�EHHQ�VHQW� 

� 5: �[� 
[PWBWXUQRIIBUHT 
5HTXHVW�FRQWUROOHU�WR�JHQHUDWH�D�30B7XUQB2II�PHVVDJH��7KLV�ELW�
FOHDUV�DXWRPDWLFDOO\�ZKHQ�UHTXHVW�KDV�EHHQ�VHQW� 

��� 52 �[� UHVHUYHG 

� 5: �[� 

OHJDF\BLQWBUHT 
7KLV�ELW�LV�LQWHQGHG�WR�UHTXHVW�FRQWUROOHU�WR�JHQHUDWH�PHVVDJHV�
WKDW�HPXODWHV�WKH�OHJDF\�3&,�,QWHUUXSWV� 
:KHQ�WKLV�ELW�JRHV�IURP�ORZ�WR�KLJK��WKH�FRQWUROOHU�JHQHUDWHV�DQ�
$VVHUWB,17[�0HVVDJH��:KHQ�WKLV�ELW�JRHV�IURP�KLJK�WR�ORZ��WKH�
FRQWUROOHU�JHQHUDWHV�D�'HDVVHUWB,17[�0HVVDJH� 
7KH�,QWHUUXSW�3LQ�UHJLVWHU�IRU�WKH�FRUUHVSRQGLQJ�IXQFWLRQ�
GHWHUPLQHV�ZKLFK�,17[�0HVVDJH�WKH�FRQWUROOHU�JHQHUDWHV��,17$��
,17%��,17&��RU�,17'�� 

� 5: �[� 

YHQBPVJBUHT 
6HW�WR�UHTXHVW�FRQWUROOHU�WR�VHQG�D�YHQGRU�GHILQHG�0HVVDJH��7KLV�
ELW�FOHDUV�DXWRPDWLFDOO\�ZKHQ�UHTXHVW�LV�JUDQWHG�E\�FRQWUROOHU��
$SSOLFDWLRQ�VKRXOG�SXW�YHQGRU�PHVVDJH�LQIRUPDWLRQ�UHDG\�LQ�
9(1B06*B7;B&)*[�UHJLVWHUV�EHIRUH�VHWWLQJ�WKLV�ELW� 

 
3&,(B&/,(17B06,B*(1B&21�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� :2 �[�������� 

PVLBJHQBUHT 
���ELWV�ZULWH�RQO\�06,�JHQHUDWLRQ�UHTXHVW�VLJQDOV��06%�KDV�WKH�
KLJKHVW�SULRULW\�DQG�/6%�KDV�WKH�ORZHVW�SULRULW\��:ULWH���WR�D�
FHUWDLQ�ELW�UHTXHVW�WKH�FRQWUROOHU�VHQG�D�06,�LQWHUUXSW��6RIWZDUH�
VKRXOG�XVH�06,�FDSDELOLW\�UHJLVWHU�WR�DFFHVV�06,�PDVN�RU�SHQGLQJ�
VWDWXV� 

 
3&,(B&/,(17B06,B*(1B)180B7&�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[� PVLBWF 
7UDIILF�&ODVV�RI�WKH�06,�UHTXHVW��5HVHUYHG�IRU�IXWXUH�XVH� 

� 52 �[� UHVHUYHG 

��� 5: �[� PVLBIXQFBQXP 
7KH�IXQFWLRQ�QXPEHU�RI�WKH�06,�UHTXHVW��5HVHUYHG�IRU�IXWXUH�XVH� 

 
3&,(B&/,(17B5%$5B6,=(B,1)2��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� 
EDU�BVL]HBLQIR 
%$5��VL]H�LQIRUPDWLRQ��VDPH�ZLWK�%$5��VL]H�ILHOG�IURP�WKH�
UHVL]DEOH�%$5�FRQWURO�UHJLVWHU��8SGDWHG�ZKHQ�UEDUBXSGDWDBLQW�
LQWHUUXSW�RFFXU� 

����� 52 �[� UHVHUYHG 

���� 5: �[�� 
EDU�BVL]HBLQIR 
%$5��VL]H�LQIRUPDWLRQ��VDPH�ZLWK�%$5��VL]H�ILHOG�IURP�WKH�
UHVL]DEOH�%$5�FRQWURO�UHJLVWHU��8SGDWHG�ZKHQ�UEDUBXSGDWDBLQW�
LQWHUUXSW�RFFXU� 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 
EDU�BVL]HBLQIR 
%$5��VL]H�LQIRUPDWLRQ��VDPH�ZLWK�%$5��VL]H�ILHOG�IURP�WKH�
UHVL]DEOH�%$5�FRQWURO�UHJLVWHU��8SGDWHG�ZKHQ�UEDUBXSGDWDBLQW�
LQWHUUXSW�RFFXU� 

 
3&,(B&/,(17B5%$5B6,=(B,1)2��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[�� 
EDU�BVL]HBLQIR 
%$5��VL]H�LQIRUPDWLRQ��VDPH�ZLWK�%$5��VL]H�ILHOG�IURP�WKH�
UHVL]DEOH�%$5�FRQWURO�UHJLVWHU��8SGDWHG�ZKHQ�UEDUBXSGDWDBLQW�
LQWHUUXSW�RFFXU� 

����� 52 �[� UHVHUYHG 

���� 5: �[�� 
EDU�BVL]HBLQIR 
%$5��VL]H�LQIRUPDWLRQ��VDPH�ZLWK�%$5��VL]H�ILHOG�IURP�WKH�
UHVL]DEOH�%$5�FRQWURO�UHJLVWHU��8SGDWHG�ZKHQ�UEDUBXSGDWDBLQW�
LQWHUUXSW�RFFXU� 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 
EDU�BVL]HBLQIR 
%$5��VL]H�LQIRUPDWLRQ��VDPH�ZLWK�%$5��VL]H�ILHOG�IURP�WKH�
UHVL]DEOH�%$5�FRQWURO�UHJLVWHU��8SGDWHG�ZKHQ�UEDUBXSGDWDBLQW�
LQWHUUXSW�RFFXU� 

 
3&,(B&/,(17B'0$B+6+$.(B72**�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

����� 52 �[� 
UG[IHUBGRQHBWRJJ 
'0$�UHDG�HQJLQH�GHVFULSWRU�WUDQVIHU�GRQH�WRJJOH�VLJQDO�� �$IWHU�D�
GRRUEHOO�FRPPDQG��WKLV�VLJQDO�LV�GH�DVVHUWHG��:KHQ�D�FKDQQHO�LV�
RSHUDWLQJ�LQ�QRQ�OLQNHG�OLVW�PRGH�WKLV�VLJQDO�GRHV�QRW�WRJJOHV 

���� 52 �[� 
ZG[IHUBGRQHBWRJJ 
'0$�ZULWH�HQJLQH�GHVFULSWRU�WUDQVIHU�GRQH�WRJJOH�VLJQDO�� �$IWHU�D�
GRRUEHOO�FRPPDQG��WKLV�VLJQDO�LV�GH�DVVHUWHG��:KHQ�D�FKDQQHO�LV�
RSHUDWLQJ�LQ�QRQ�OLQNHG�OLVW�PRGH�WKLV�VLJQDO�GRHV�QRW�WRJJOHV 

��� 5: �[� 
UG[IHUBJRBWRJJ 
'0$�UHDG�HQJLQH�GHVFULSWRU�WUDQVIHU�JR�WRJJOH�VLJQDO��7KLV�VLJQDO�
LV�LJQRUHG�ZKHQHYHU�D�'0$�FKDQQHO�RSHUDWHV�LQ�QRQ�OLQNHG�PRGH� 

��� 5: �[� 
ZG[IHUBJRBWRJJ 
'0$�:ULWH�HQJLQH�GHVFULSWRU�WUDQVIHU�JR�WRJJOH�VLJQDO��7KLV�VLJQDO�
LV�LJQRUHG�ZKHQHYHU�D�'0$�FKDQQHO�RSHUDWHV�LQ�QRQ�OLQNHG�PRGH� 

 
3&,(B&/,(17B9(1B06*B5;B,1)2��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 52 �[���� 

YHQBPVJBUHTBLG 
7KH�UHTXHVWHU�,'�RI�WKH�UHFHLYHG�0HVVDJH� 
>����@��%XV�QXPEHU 
>���@��'HYLFH�QXPEHU 
>���@��)XQFWLRQ�QXPEHU 

 
3&,(B&/,(17B9(1B06*B5;B,1)2��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� YHQBPVJBKHDGHUBO 7KH�WKLUG�GRXEOH�ZRUG�RI�WKH�9HQGRU�'HILQHG�0HVVDJH�KHDGHU� 
 
3&,(B&/,(17B9(1B06*B5;B,1)2��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� YHQBPVJBKHDGHUBK 7KH�IRXUWK�GRXEOH�ZRUG�RI�WKH�9HQGRU�'HILQHG�0HVVDJH�KHDGHU� 
 
3&,(B&/,(17B9(1B06*B7;B&)*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� YHQBPVJBFRGH 
7KH�0HVVDJH�&RGH�IRU�WKH�YHQGRU�GHILQHG�0HVVDJH�7/3� 

����� 5: �[�� YHQBPVJBWDJ 
7DJ�IRU�WKH�YHQGRU�GHILQHG�0HVVDJH�7/3� 

����� 52 �[�� UHVHUYHG 

���� 5: �[� 
YHQBPVJBDWWU 
7KH�$WWULEXWHV�ILHOG�IRU�WKH�YHQGRU�GHILQHG�0HVVDJH�7/3� 
ELW���5HOD[HG�RUGHULQJ� 
ELW���1R�VQRRS� 

� 5: �[� YHQBPVJBHS 
7KH�3RLVRQHG�7/3��(3��ELW�IRU�WKH�YHQGRU�GHILQHG�0HVVDJH�7/3� 

��� 5: �[� YHQBPVJBWF 
7KH�7UDIILF�&ODVV�ILHOG�IRU�WKH�YHQGRU�GHILQHG�0HVVDJH�7/3� 

��� 5: �[�� YHQBPVJBW\SH 
7KH�7<3(�ILHOG�IRU�WKH�YHQGRU�GHILQHG�0HVVDJH�7/3� 

 
3&,(B&/,(17B9(1B06*B7;B&)*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� YHQBPVJBGDWDBO 7KH�WKLUG�GRXEOH�ZRUG�RI�WKH�9HQGRU�'HILQHG�0HVVDJH�KHDGHU� 
 
3&,(B&/,(17B9(1B06*B7;B&)*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� YHQBPVJBGDWDBK 7KH�IRXUWK�GRXEOH�ZRUG�RI�WKH�9HQGRU�'HILQHG�0HVVDJH�KHDGHU� 
 
3&,(B&/,(17B/75B06*B7;B,1)2�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
OWUBPVJBODWHQF\ 
���ELWV�ODWHQF\�LQIRUPDWLRQ�LQ�/75�PHVVDJH�WKDW�DSSOLFDWLRQ�ZDQWV�
WR�VHQG��3OHDVH�UHIHU�WR�3&,�([SUHVV�6SHFLILFDWLRQ�IRU�PHVVDJH�
IRUPDW� 

 
3&,(B&/,(17B$33B(55B537B,1)2��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� HUUBKGUBORJ� 7KH�KHDGHU��ELW���WR�ELW�����RI�WKH�7/3�WKDW�FRQWDLQHG�WKH�HUURU� 
 
3&,(B&/,(17B$33B(55B537B,1)2��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� HUUBKGUBORJ� 7KH�KHDGHU��ELW����WR�ELW�����RI�WKH�7/3�WKDW�FRQWDLQHG�WKH�HUURU� 
 
3&,(B&/,(17B$33B(55B537B,1)2��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� HUUBKGUBORJ� 7KH�KHDGHU��ELW����WR�ELW�����RI�WKH�7/3�WKDW�FRQWDLQHG�WKH�HUURU� 
 
3&,(B&/,(17B$33B(55B537B,1)2��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� HUUBKGUBORJ� 7KH�KHDGHU��ELW����WR�ELW������RI�WKH�7/3�WKDW�FRQWDLQHG�WKH�HUURU� 
 
3&,(B&/,(17B$33B(55B537B,1)2��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 5: �[� 
HUUBDGYLVRU\ 
�
E���DSSOLFDWLRQ�HUURU�LV�DQ�DGYLVRU\�HUURU� 
�
E���DSSOLFDWLRQ�HUURU�LV�QRW�DQ�DGYLVRU\�HUURU� 

����� 52 �[� UHVHUYHG 

���� 5: �[���� 

HUUBEXV 
7KH�W\SH�RI�HUURU�WKDW�DSSOLFDWLRQ�GHWHFWHG��7KH�FRQWUROOHU�
FRPELQHV�WKH�YDOXHV�HUUBEXV�ELWV�ZLWK�WKH�LQWHUQDOO\�GHWHFWHG�
HUURU�VLJQDOV�WR�VHW�WKH�FRUUHVSRQGLQJ�ELW�LQ�WKH�8QFRUUHFWDEOH�RU�
&RUUHFWDEOH�(UURU�6WDWXV�5HJLVWHUV� 
>�@��0DOIRUPHG�7/3 
>�@��5HFHLYHU�2YHUIORZ 
>�@��8QH[SHFWHG�FRPSOHWLRQ 
>�@��&RPSOHWHU�DERUW 
>�@��&RPSOHWLRQ�7LPHRXW 
>�@��8QVXSSRUWHG�UHTXHVW 
>�@��(&5&�&KHFN�)DLOHG 
>�@��3RLVRQHG�7/3�UHFHLYHG 
>�@��$WRPLF2S�(JUHVV�%ORFNHG 
>�@��8QFRUUHFWDEOH�,QWHUQDO�(UURU 
>��@��&RUUHFWHG�,QWHUQDO�(UURU 
>��@��7/3�3UHIL[�%ORFNHG�(UURU�6WDWXV 
>��@��$&6�9LRODWLRQ 
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3&,(B&/,(17B2%))B:$.(B(/(B&)*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[E� 

ZNBPLQBI�IBZGW 
&RQILJXUH�WKH�PLQLPXP�IDOOLQJ�HGJH�WR�IDOOLQJ�HGJH�ZLGWK��7KH�
PLQLPXP�YDOXH�6SHFLILFDWLRQ�GHILQH�LV����QV� 
$SSOLFDWLRQ�VHW�WKLV�YDOXH�HTXDOV�WR�ZNBPLQBI�IBZGW��
FRUHBFORFNBSHULRG��QV�LQ�JHQ��DQG��QV�LQ�JHQ��� 

����� 5: �[I� 

ZNBPD[BI�IBZGW 
&RQILJXUH�WKH�PD[LPXP�IDOOLQJ�HGJH�WR�IDOOLQJ�HGJH�ZLGWK��7KH�
PD[LPXP�YDOXH�6SHFLILFDWLRQ�GHILQH�LV�����QV� 
$SSOLFDWLRQ�VHW�WKLV�YDOXH�HTXDOV�WR�ZNBPD[BI�IBZGW��
FRUHBFORFNBSHULRG��QV�LQ�JHQ��DQG��QV�LQ�JHQ��� 

���� 5: �[�� 

ZNBPLPBSOVBZGW 
&RQILJXUH�WKH�PLQLPXP�:$.(��SXOVH�ZLGWK�IRU�ERWK�DFWLYH�
LQDFWLYH�DFWLYH�DQG�LQDFWLYH�DFWLYH�LQDFWLYH�SXOVH��7KH�PLQLPXP�
YDOXH�6SHFLILFDWLRQ�GHILQH�LV����QV� 
$SSOLFDWLRQ�VHW�WKLV�YDOXH�HTXDOV�WR�ZNBPLPBSOVBZGW��
FRUHBFORFNBSHULRG��QV�LQ�JHQ��DQG��QV�LQ�JHQ��� 

��� 5: �[�� 

ZNBPD[BSOVBZGW 
&RQILJXUH�WKH�PD[LPXP�:$.(��SXOVH�ZLGWK�IRU�ERWK�DFWLYH�
LQDFWLYH�DFWLYH�DQG�LQDFWLYH�DFWLYH�LQDFWLYH�SXOVH��7KH�PD[LPXP�
YDOXH�6SHFLILFDWLRQ�GHILQH�LV����QV� 
$SSOLFDWLRQ�VHW�WKLV�YDOXH�HTXDOV�WR�ZNBPD[BSOVBZGW��
FRUHBFORFNBSHULRG��QV�LQ�JHQ��DQG��QV�LQ�JHQ��� 
6HWWLQJ�WKLV�YDOXH�OHVV�WKDQ�����RI�^ZNBPD[BI�IBZGW��
FRUHBFORFNBSHULRG`� 

 
3&,(B&/,(17B2%))B:$.(B'(%8*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� 5: �[� REIIBZDNHBGHFBHUU 
(UURU�VWDWH�RI�2%))�GHFRGHU�)60��XVHG�IRU�GHEXJ� 

��� 5: �[� REIIBZDNHBGHFBVWDWH 
&XUUHQW�VWDWH�RI�2%))�GHFRGHU�)60��XVHG�IRU�GHEXJ� 

� 5: �[� 
REIIBZDNHBGHFBFSX 
�
E���LQLWLDOL]H�WKH�2%))�GHFRGHU�WR�&38�$&7,9(�VWDWH�ZKHQ�
REIIBZDNHBGHFBLQLW�LV�VHW 
�
E���GR�QRW�LQLWLDOL]H�WR�&38�$&7,9(�VWDWH 

� 5: �[� 
REIIBZDNHBGHFBREII 
�
E���LQLWLDOL]H�WKH�2%))�GHFRGHU�WR�2%))�VWDWH�ZKHQ�
REIIBZDNHBGHFBLQLW�LV�VHW 
�
E���GR�QRW�LQLWLDOL]H�WR�2%))�VWDWH 

� 5: �[� 
REIIBZDNHBGHFBLGOH 
�
E���LQLWLDOL]H�WKH�2%))�GHFRGHU�WR�,'/(�VWDWH�ZKHQ�
REIIBZDNHBGHFBLQLW�LV�VHW 
�
E���GR�QRW�LQLWLDOL]H�WR�,'/(�VWDWH 

� 5: �[� 
REIIBZDNHBGHFBLQLW 
�
E���LQLWLDOL]H�WKH�2%))�GHFRGHU 
�
E���GR�QRW�LQLWLDOL]H�WKH�2%))�GHFRGHU 

 
3&,(B&/,(17B5;B&3/B7,0(B287B,1)2�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� U[BWLPHRXWBFSOBWDJ 
7KH�7DJ�ILHOG�RI�WKH�WLPHRXW�FRPSOHWLRQ� 

����� 52 �[��� 
U[BWLPHRXWBFSOBOHQ 
/HQJWK��LQ�E\WHV��RI�WKH�WLPHRXW�FRPSOHWLRQ��)RU�D�VSOLW�
FRPSOHWLRQ��LW�LQGLFDWHV�WKH�QXPEHU�RI�E\WHV�UHPDLQLQJ�WR�EH�
GHOLYHUHG�ZKHQ�WKH�FRPSOHWLRQ�WLPHRXW� 

����� 52 �[� UHVHUYHG 

��� 52 �[� U[BWLPHRXWBFSOBDWWU 
7KH�$WWULEXWHV�ILHOG�RI�WKH�WLPHRXW�FRPSOHWLRQ� 

� 52 �[� UHVHUYHG 

��� 52 �[� U[BWLPHRXWBFSOBWF 
7KH�7UDIILF�&ODVV�RI�WKH�WLPHRXW�FRPSOHWLRQ� 

� 52 �[� UHVHUYHG 

��� 52 �[� U[BWLPHRXWBIXQFBQXP 
7KH�IXQFWLRQ�1XPEHU�RI�WKH�WLPHRXW�FRPSOHWLRQ� 

 
3&,(B&/,(17B7;B&3/B7,0(B287B,1)2��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 52 �[��� W[BWLPHRXWBFSOBOHQ 
7KH�/HQJWK�RI�WKH�WLPHRXW�FRPSOHWLRQ� 

����� 52 �[� UHVHUYHG 

��� 52 �[� W[BWLPHRXWBFSOBDWWU 
7KH�$WWULEXWHV�YDOXH�RI�WKH�WLPHRXW�FRPSOHWLRQ� 

� 52 �[� UHVHUYHG 

��� 52 �[� W[BWLPHRXWBFSOBWF 
7KH�7&�RI�WKH�WLPHRXW�FRPSOHWLRQ� 

� 52 �[� UHVHUYHG 

��� 52 �[� W[BWLPHRXWBIXQFBQXP 
7KH�IXQFWLRQ�QXPEHU�RI�WKH�WLPHRXW�FRPSOHWLRQ� 

 
3&,(B&/,(17B7;B&3/B7,0(B287B,1)2��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 5: �[� WUJWBORRNXSBHPSW\ 
,QGLFDWHV�WKDW�WKH�WDUJHW�FRPSOHWLRQ�/87�LV�QRW�IXOO 

���� 5: �[�� 

WUJWBORRNXSBLG 
7KH�WDUJHW�FRPSOHWLRQ�/87�ORRNXS�,'�IRU�WKH�LQFRPLQJ�UHTXHVW�
7/3��:KHQ�XVLQJ�WKH�RSWLRQDO�WDUJHW�FRPSOHWLRQ�ORRNXS�WDEOH�
IHDWXUH��WKH�DSSOLFDWLRQ�PXVW�VDYH�WKH�ORRNXS�,'�DQG�DVVHUW�WKH�
VDPH�ORRNXS�,'�FOLHQW�����BFSOBORRNXSBLG�ZKHQ�JHQHUDWLQJ�D�
FRPSOHWLRQ�IRU�WKH�UHTXHVW� 

��� 5: �[�� WUJWBWLPHRXWBORRNXSBLG 
7KH�WDUJHW�FRPSOHWLRQ�/87�ORRNXS�,'�RI�WKH�WLPHRXW�FRPSOHWLRQ 

 
3&,(B&/,(17B/2&$/B&58B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU����ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

�� 5: �[� UDGPBJDWHBGLVDEOH 
'LVDEOH�WKH�UDGPBFON�JDWLQJ�LQ�ORFDO�FUX� 

�� 5: �[� DX[BJDWHBGLVDEOH 
'LVDEOH�WKH�DX[BFON�JDWLQJ�LQ�ORFDO�FUX� 

�� 5: �[� OLQNBGRZQBJDWHBGLVDEOH 
'LVDEOH�WKH�OLQN�GRZQ�FORFN�JDWLQJ�LQ�ORFDO�FUX� 

�� 5: �[� GELBDFONBJDWHBGLVDEOH 
'LVDEOH�WKH�GELBDFON�JDWLQJ�LQ�ORFDO�FUX� 

� 5: �[� VOYBDFONBJDWHBGLVDEOH 
'LVDEOH�WKH�VOYBDFON�JDWLQJ�LQ�ORFDO�FUX� 

� 5: �[� PVWUBDFONBJDWHBGLVDEOH 
'LVDEOH�WKH�PVWUBDFON�JDWLQJ�LQ�ORFDO�FUX� 

��� 52 �[� UHVHUYHG 

� 5: �[� SFLHBSPBSK\BUHTBGLVDEOH 
0DVN�WKH�SK\�UHVHW�UHTXHVW�IURP�FRQWUROOHU�SP� 

� 5: �[� SFLHBSPBVUVWBUHTBGLVDEOH 
0DVN�WKH�VWLFN\�UHVHW�UHTXHVW�IURP�FRQWUROOHU�SP� 

� 5: �[� SFLHBSPBQVUVWBUHTBGLVDEOH 
0DVN�WKH�QRQ�VWLFN\�UHVHW�UHTXHVW�IURP�FRQWUROOHU�SP� 

� 5: �[� SFLHBSPBFUVWBUHTBGLVDEOH 
0DVN�WKH�FRUH�UHVHW�UHTXHVW�IURP�FRQWUROOHU�SP� 

 
3&,(B&/,(17B*(1(5$/B'(%8*B&21�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU����ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 52 �[��� UHVHUYHG 

� 5: �[� 
VGBKROGBOWVVP 
�
E���+ROG�/7660 
�
E���5HOHDVH�/7660 

� 5: �[� 
GEJBSED 
06,;�3%$�5$0�'HEXJ�0RGH��8VH�WKLV�LQSXW�WR�DFWLYDWH�WKH�GHEXJ�
PRGH�DQG�DOORZ�GLUHFW�UHDG�ZULWH�DFFHVV�WR�WKH�3%$� 

� 5: �[� 
GEJBWDEOH 
06,;�7DEOH�5$0�'HEXJ�0RGH��8VH�WKLV�LQSXW�WR�DFWLYDWH�WKH�
GHEXJ�PRGH�DQG�DOORZ�GLUHFW�UHDG�ZULWH�DFFHVV�WR�WKH�7DEOH� 

� 52 �[� UHVHUYHG 

��� 5: �[� 

GLDJBFWUOBEXV 
7KH�ULVLQJ�HGJH�RI�WKHVH�WZR�VLJQDOV��>���@��HQDEOH�WKH�FRQWUROOHU�
WR�DVVHUW�DQ�/&5&�RU�(&5&�WR�WKH�SDFNHW�WKDW�LW�FXUUHQWO\�EHLQJ�
WUDQVIHUUHG� 
�
E[����,QVHUW�/&5&�HUURU�E\�LQYHUWLQJ�WKH�/6%�RI�/&5& 
�
E[����,QVHUW�(&5&�HUURU�E\�LQYHUWLQJ�WKH�/6%�RI�(&5& 
�
E�[[��6HOHFW�)DVW�/LQN�0RGH��VLPXODWLRQ�RQO\ 

 
3&,(B&/,(17B*(1(5$/B'(%8*B,1)2�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� VPOKBOWVVPBVWDWH 
&XUUHQW�VWDWH�RI�WKH�/7660 

� 52 �[� UHVHUYHG 

� 52 �[� 
UDGPBTBQRWBHPSW\ 
�
E���UHFHLYH�TXHXHV�FRQWDLQ�7/3�KHDGHU�GDWD 
�
E���UHFHLYH�TXHXHV�GR�QRW�FRQWDLQ�7/3�KHDGHU�GDWD� 

� 52 �[� 
UDGPB[IHUBSHQGLQJ 
�
E���UHFHLYH�7/3�UHTXHVWV�DUH�SHQGLQJ 
�
E���UHFHLYH�7/3�UHTXHVWV�DUH�QRW�SHQGLQJ 

� 52 �[� 
HGPDB[IHUBSHQGLQJ 
�
E���('0$�WUDQVIHU�SHQGLQJ 
�
E���('0$�'%,�WUDQVIHU�QRW�SHQGLQJ 

� 52 �[� 
EUGJBGELB[IHUBSHQGLQJ 
�
E���$;,�6ODYH�'%,�WUDQVIHU�SHQGLQJ 
�
E���$;,�6ODYH�'%,�WUDQVIHU�QRW�SHQGLQJ 

� 52 �[� 
EUGJBVOYB[IHUBSHQGLQJ 
�
E���$;,�6ODYH�QRQ�'%,�WUDQVIHU�SHQGLQJ 
�
E���$;,�6ODYH�QRQ�'%,�WUDQVIHU�QRW�SHQGLQJ 

� 52 �[� UHVHUYHG 

� 52 �[� 
UDGPBLGOH 
�
E���5$'0�LV�LQ�LGOH�VWDWXV 
�
E���5$'0�LV�QRW�LGOH�LQ�VWDWXV 

� 5: �[� 
UGOKBOLQNBXS 
�
E���GDWD�OLQN�OD\HU�XS 
�
E���GDWD�OLQN�OD\HU�GRZQ 

� 5: �[� 
VPOKBOLQNBXS 
�
E���3+<�OLQN�LV�XS 
�
E���3+<�OLQN�LV�GRZQ 

 
3&,(B&/,(17B6/&B'(%8*B,1)2B&20021�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

EXVBVHOHFW 
6HOHFW�WKH����RI�WRWDO����ELW�RI�FRPPRQ�VLOLFRQ�GHEXJ�LQIRUPDWLRQ� 
�
E�����VHOHFW�ELW����WR�� 
�
E�����VHOHFW�ELW����WR��� 
�
E�����VHOHFW�ELW����WR��� 
�
E�����VHOHFW�ELW����WR��� 
�
E�����VHOHFW�ELW����WR��� 
RWKHU��UHVHUYHG 

����� 52 �[��� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[���� 

VGBLQIRBFRPPRQ 
���RI�WRWDO����ELW�FRPPRQ�VLOLFRQ�GHEXJ�LQIRUPDWLRQ��VHOHFWHG�E\�
EXVBVHOHFW�ILHOG� 
>�����@��O�VXEBVWDWH��/HYHO��/��VXE�VWDWH 
>��@��LQLWBHTBSHQGLQJBJ���/HYHO��(TXDOL]DWLRQ�VHTXHQFH�*HQ� 
>��@��LQLWBHTBSHQGLQJ��/HYHO��(TXDOL]DWLRQ�VHTXHQFH�*HQ� 
>�����@��[GOKBFXUQWBVHTQXP�>����@��/HYHO��7[�7/3�6(4� 
>�����@��UGOKBFXUQWBU[BDFNBVHTQXP>����@��/HYHO��5[�$&.�6(4� 
>��@��UGOKBYF�BLQLWIF�BVWDWXV��/HYHO��,QLW�)&�)ODJ��9&� 
>��@��UGOKBYF�BLQLWIF�BVWDWXV��/HYHO��,QLW�)&�)ODJ��9&� 
>�����@��UGOKBGOFQWUOBVWDWH�>���@��/HYHO��'/&0 
>�����@��ODWFKHGBWVBQIWV>���@��/HYHO��/DWFKHG�1)76 
>�����@��OWVVPBSRZHUGRZQ>���@��/HYHO��3,3(��3RZHU�'RZQ 
>�����@��VPOKBOWVVPBYDULDEOH�>����@��/HYHO��/7660�9DULDEOH 
>��@��SPBSPHBUHVHQGBIODJ��3XOVH��30(�5H�6HQG�IODJ 
>��@��VPOKBODQHBUHYHUVHG��/HYHO��/DQH�5HYHUVDO�2SHUDWLRQ 
>����@��UPOKBIUDPLQJBHUUBSWU>���@��3XOVH���VW�)UDPLQJ�(UURU�
3RLQWHU 
>���@��SPBVODYHBVWDWH>���@��/HYHO��30�,QWHUQDO�6WDWH��6ODYH� 
>���@��SPBPDVWHUBVWDWH>���@��/HYHO��30�,QWHUQDO�6WDWH��0DVWHU� 

 
3&,(B&/,(17B6/&B'(%8*B,1)2B/1�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

EXVBVHOHFW 
6HOHFW�WKH����RI�WRWDO����ELW�RI�O��VLOLFRQ�GHEXJ�LQIRUPDWLRQ� 
�
E�����VHOHFW�ELW����WR�� 
�
E�����VHOHFW�ELW����WR��� 
�
E�����VHOHFW�ELW����WR��� 
�
E�����VHOHFW�ELW����WR��� 
�
E�����VHOHFW�ELW����WR��� 
RWKHU��UHVHUYHG 

����� 5: �[� 

ODQHBVHO 
VGBLQIRBOQ�VRXUFH�VHOHFWV 
�
K���/DQH�� 
�
K���/DQH�� 
�
K���/DQH�� 
�
K���/DQH�� 

����� 52 �[�� UHVHUYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1781 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[���� 

VGBLQIRBOQ 
���RI�WRWDO����ELW�O��VLOLFRQ�GHEXJ�LQIRUPDWLRQ��VHOHFWHG�E\�
EXVBVHOHFW�ILHOG� 
>�����@��HTBFRQYHUJHQFHBVWV�>���@��/HYHO��(TXDOL]DWLRQ�
FRQYHUJHQFH�LQIRUPDWLRQ�*HQ� 
>��@��HTSDBYLRODWHBUXOHB���>�@��/HYHO��5XOH�&�9LRODWLRQ�(YHQW�
6WDWXV�*HQ� 
>��@��HTSDBYLRODWHBUXOHB���>�@��/HYHO��5XOH�%�9LRODWLRQ�(YHQW�
6WDWXV�*HQ� 
>��@��HTSDBYLRODWHBUXOHB���>�@��/HYHO��5XOH�$�9LRODWLRQ�(YHQW�
6WDWXV�*HQ� 
>��@��PDFBFGPBUDVBGHVBUHMHFWBUW[��/HYHO��5HFHLYH�5HMHFW�
&RHIILFLHQW�(YHQW�VWDWXV�*HQ� 
>�����@��SK\BFGPBUDVBGHVBIRPIHHGEDFN��/HYHO��&XUUHQW�)LJXUH�
RI�0HULW�*HQ� 
>�����@��PDFBFGPBUDVBGHVBSVHWBOU[��/HYHO��&XUUHQW�/RFDO�
5HFHLYHU�3UHVHW�+LQW�*HQ� 
>�����@��PDFBFGPBUDVBGHVBFRHIBOW[>���@��/HYHO��&XUUHQW�/RFDO�
7UDQVPLWWHU�3UH�&XUVRU�FRHIILFLHQW�*HQ� 
>�����@��PDFBFGPBUDVBGHVBFRHIBOW[>����@��/HYHO��&XUUHQW�/RFDO�
7UDQVPLWWHU�&XUVRU�FRHIILFLHQW�*HQ� 
>�����@��PDFBFGPBUDVBGHVBFRHIBOW[>�����@��/HYHO��&XUUHQW�
/RFDO�7UDQVPLWWHU�3RVW�&XUVRU�FRHIILFLHQW�*HQ� 
>�����@��PDFBFGPBUDVBGHVBFRHIBUW[>���@��/HYHO��&XUUHQW�
5HPRWH�7UDQVPLWWHU�3UH�&XUVRU�FRHIILFLHQW�*HQ� 
>�����@��PDFBFGPBUDVBGHVBFRHIBUW[>����@��/HYHO��&XUUHQW�
5HPRWH�7UDQVPLWWHU�&XUVRU�FRHIILFLHQW�*HQ� 
>�����@��PDFBFGPBUDVBGHVBFRHIBUW[>�����@��/HYHO��&XUUHQW�
5HPRWH�7UDQVPLWWHU�3RVW�&XUVRU�FRHIILFLHQW�*HQ� 
>�����@��PDFBFGPBUDVBGHVBOI��/HYHO��5HPRWH�'HYLFH�/)�*HQ� 
>�����@��PDFBFGPBUDVBGHVBIV��/HYHO��5HPRWH�'HYLFH�)6�*HQ� 
>����@��UPOKBGHVNHZBILIRBSWU��/HYHO��'HVNHZ�3RLQWHU 
>�@��PDFBSK\BU[SRODULW\��/HYHO��3,3(��5[3RODULW\ 
>�@��ODWFKHGBU[GHWHFWHG��/HYHO��3,3(��'HWHFW�/DQH 
>�@��SK\BPDFBU[YDOLGBU[EXUVW��/HYHO��3,3(��5[9DOLG�5[%XUVW 
>�@��SK\BPDFBU[HOHFBU[K�H[LW��/HYHO��3,3(��
5[(OHF,GOH�5[+LEHUQ�([LW7\SH� 
>�@��PDFBSK\BW[HOHFBW[EXUVW��/HYHO��3,3(��7[(OHF,GOH�7[%XUVW 

 
3&,(B&/,(17B6/&B'(%8*B,1)2B9��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

EXVBVHOHFW 
6HOHFW�WKH����RI�WRWDO�����ELW�RI�YLUWXDO�FKDQQHO���VLOLFRQ�GHEXJ�
LQIRUPDWLRQ� 
�
G���VHOHFW�ELW����WR�� 
�
G���VHOHFW�ELW����WR��� 
��� 
�
G����VHOHFW�ELW�����WR�ELW���� 
RWKHU��UHVHUYHG 

����� 52 �[��� UHVHUYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1782 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[���� 

VGBLQIRBY� 
���RI�WRWDO�����ELW�O��VLOLFRQ�GHEXJ�LQIRUPDWLRQ��VHOHFWHG�E\�
EXVBVHOHFW�ILHOG� 
>�������@��UWOKBIFBDOOFWGBFSOG��/HYHO��&UHGLW�$OORFDWHG��&'� 
>�������@��UWOKBIFBDOOFWGBFSOK��/HYHO��&UHGLW�$OORFDWHG��&+� 
>�������@��UWOKBIFBDOOFWGBQSG��/HYHO��&UHGLW�$OORFDWHG��1'� 
>�������@��UWOKBIFBDOOFWGBQSK��/HYHO��&UHGLW�$OORFDWHG��1+� 
>�������@��UWOKBIFBDOOFWGBSG��/HYHO��&UHGLW�$OORFDWHG��3'� 
>�������@��UWOKBIFBDOOFWGBSK��/HYHO��&UHGLW�$OORFDWHG��3+� 
>�������@��UWOKBIFBUFYGBFSOG��/HYHO��&UHGLW�5HFHLYHG��&'� 
>�������@��UWOKBIFBUFYGBFSOK��/HYHO��&UHGLW�5HFHLYHG��&+� 
>�������@��UWOKBIFBUFYGBQSG��/HYHO��&UHGLW�5HFHLYHG��1'� 
>�������@��UWOKBIFBUFYGBQSK��/HYHO��&UHGLW�5HFHLYHG��1+� 
>�������@��UWOKBIFBUFYGBSG��/HYHO��&UHGLW�5HFHLYHG��3'� 
>�������@��UWOKBIFBUFYGBSK��/HYHO��&UHGLW�5HFHLYHG��3+� 
>�������@��[DGPBIFBOLPLWBFSOG��/HYHO��&UHGLW�/LPLW��&'� 
>�������@��[DGPBIFBOLPLWBFSOK��/HYHO��&UHGLW�/LPLW��&+� 
>�����@��[DGPBIFBOLPLWBQSG��/HYHO��&UHGLW�/LPLW��1'� 
>�����@��[DGPBIFBOLPLWBQSK��/HYHO��&UHGLW�/LPLW��1+� 
>�����@��[DGPBIFBOLPLWBSG��/HYHO��&UHGLW�/LPLW��3'� 
>�����@��[DGPBIFBOLPLWBSK��/HYHO��&UHGLW�/LPLW��3+� 
>�����@��[DGPBIFBFQVPGBFSOG��/HYHO��&UHGLW�&RQVXPHG��&'� 
>�����@��[DGPBIFBFQVPGBFSOK��/HYHO��&UHGLW�&RQVXPHG��&+� 
>�����@��[DGPBIFBFQVPGBQSG��/HYHO��&UHGLW�&RQVXPHG��1'� 
>�����@��[DGPBIFBFQVPGBQSK��/HYHO��&UHGLW�&RQVXPHG��1+� 
>����@��[DGPBIFBFQVPGBSG��/HYHO��&UHGLW�&RQVXPHG��3'� 
>���@��[DGPBIFBFQVPGBSK��/HYHO��&UHGLW�&RQVXPHG��3+� 

 
3&,(B&/,(17B',$*B67$786B%86B6(/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[�� 

GLDJBEXVBVHO 
6HOHFW�WKH����RI�WRWDO�����ELW�RI�GLDJBVWDWXVBEXV�WKDW�SUHVHQW�RQ�
UHJLVWHU�',$*B67$786B%86B,1)2� 
�
G���ELW����WR�� 
�
G���ELW����WR��� 
��� 
�
G����ELW������WR���� 

 
3&,(B&/,(17B',$*B67$786B%86B,1)2�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 
GLDJBVWDWXVBEXV 
���ELW�RI�WRWDO������ELW�ZLGWK�GLDJBVWDWXVBEXV��6HOHFWHG�E\�
',$*B67$786B%86B6(/�UHJLVWHU��&RQWDLQV�DOO�WKH�LPSRUWDQW�
VWDWXV�VLJQDOV�IURP�HDFK�FRQWUROOHU�PRGXOH� 

 
3&,(B&/,(17B&'0B5$6'(6B(&B,1)2B&21�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[� FGPBUDVGHVBHFBLQIRBODQHBVHO 
FGPBUDVGHVBHFBLQIRBODQHBVHO 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1783 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� FGPBUDVGHVBHFBLQIRBFRQ 
FGPBUDVGHVBHFBLQIRBFRQ 

 
3&,(B&/,(17B&'0B5$6'(6B(&B,1)2B&01�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� UDVGHVBHFBLQIRBFPQ  
 
3&,(B&/,(17B&'0B5$6'(6B(&B,1)2B/1�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

���� 5: �[���� UDVGHVBHFBLQIRBOQ 
UDVGHVBHFBLQIRBOQ 

 
3&,(B&/,(17B&'0B5$6'(6B7%$B&21�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

��� 5: �[� 

DSSBUDVBGHVBWEDBFWUO 
&RQWUROV�WKH�VWDUW�HQG�RI�WLPH�EDVHG�DQDO\VLV��<RX�PXVW�RQO\�VHW�
WKH�SLQV�WR�WKH�UHTXLUHG�YDOXH�IRU�WKH�GXUDWLRQ�RI�RQH�FORFN�F\FOH��
7KLV�VLJQDO�PXVW�EH��
E���ZKLOH�WKH�7,0(5B67$57�ILHOG�LQ�
7,0(B%$6('B$1$/<6,6B&21752/B5(*�UHJLVWHU�LV�FRQWUROOHG�E\�
WKH�'%,�LQWHUIDFH�RU�WKH�DFFHVVHV�IURP�WKH�ZLUH�VLGH� 
�
E����1R�DFWLRQ 
�
E����6WDUW 
�
E����(QG��7KLV�VHWWLQJ�LV�RQO\�XVHG�ZKHQ�WKH�
7,0(B%$6('B'85$7,21B 
6(/(&7�ILHOG�RI�7,0(B%$6('B$1$/<6,6B&21752/B5(*�LV�VHW�WR�
�PDQXDO�FRQWURO�� 
�
E����5HVHUYHG 
7KHVH�SLQV�DOVR�VHW�WKH�FRQWHQWV�RI�WKH�7,0(5B67$57�ILHOG�LQ�
7,0(B%$6('B$1$/<6,6B&21752/B5(*�UHJLVWHU� 

 
3&,(B&/,(17B&'0B5$6'(6B7%$B,1)2B&01�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[�� UDVGHVBWEDBLQIRBFPQ 
UDVGHVBWEDBLQIRBFPQ 

 
3&,(B&/,(17B+27B5(6(7B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� DSSBOWVVPBHQDEOHBHQKDQFH 
6HW�����WR�HQDEOH�OWVVPBHQEDOH�HQKDQFH�PRGH� 

� 5: �[� 
DSSBGO\�BGRQH 
6HW�����WR�HQG�WKH�GHOD\LQJ�RI�WKH�OLQN�WUDLQLQJ�DIWHU�+RW�5HVHW��
7KLV�ELW�LV�VHOI�FOHDUHG� 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1784 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
DSSBGO\�BGRQH 
6HW�����WR�HQG�WKH�GHOD\LQJ�RI�WKH�FRQWUROOHU�+RW�5HVHW��7KLV�ELW�LV�
VHOI�FOHDUHG� 

� 5: �[� DSSBGO\�BHQ 
6HW�����WR�HQDEOH�GHOD\LQJ�WKH�OLQN�WUDLQLQJ�DIWHU�+RW�5HVHW 

� 5: �[� DSSBGO\�BHQ 
6HW�����WR�HQDEOH�GHOD\LQJ�WKH�FRQWUROOHU�+RW�5HVHW 

 
3&,(B&/,(17B$;,B0675B0,6&B&21�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU����ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 52 �[��� UHVHUYHG 

� 5: �[� PVWUBUPLVFBHS 
(3�ELW�RI�UHDG�FSO�7/3 

��� 5: �[� 

PVWUBUPLVFBFSOBVWDWXV 
$;,�0DVWHU�5HDG�5HVSRQVH�VHOHFWLRQ�EXV��7KLV�EXV�FRQWUROV�WKH�
UHVSRQVH�VHQW�RQ�WKH�3&,H�ZLUH�LQ�WKH�FDVH�RI�VXFFHVVIXO�UHDG�
UHTXHVWV� 
�
E����6&��6XFFHVVIXO�&RPSOHWLRQ� 
�
E����&$��&RPSOHWHU�$ERUW� 
�
E����85��8QVXSSRUWHG�5HTXHVW� 
�
E����6&��6XFFHVVIXO�&RPSOHWLRQ� 

��� 5: �[� 

PVWUBEPLVFBFSOBVWDWXV 
$;,�0DVWHU�:ULWH�5HVSRQVH�VHOHFWLRQ�EXV��7KLV�FRQWUROV�WKH�
UHVSRQVH�WR�EH�VHQW�RQ�WKH�ZLUH�LQ�WKH�FDVH�RI�VXFFHVVIXO�ZULWH�
UHTXHVWV� 
�
E����6&��6XFFHVVIXO�&RPSOHWLRQ� 
�
E����&$��&RPSOHWHU�$ERUW� 
�
E����85��8QVXSSRUWHG�5HTXHVW� 
�
E����6&��6XFFHVVIXO�&RPSOHWLRQ� 

 
3&,(B&/,(17B$;,B6/9B$78B%<3$66�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU����ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 52 �[���� UHVHUYHG 

� 5: �[� 
VOYBDUBDWXBE\SDVV 
�
E���$;,�VODYH�UHDG�DGGUHVV�$78�E\SDVV 
�
E���QRW�E\SDVV 

� 5: �[� 
VOYBDZBDWXBE\SDVV 
�
E���$;,�VODYH�ZULWH�DGGUHVV�$78�E\SDVV 
�
E���QRW�E\SDVV 

 
3&,(B&/,(17B$;,B6/9B$:0,6&B+'5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1785 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[������ 

VOYBDZPLVFBLQIR 
>���@��7/3
V�7<3( 
>�@��5HVHUYHG 
>�@��7/3
V�(3�ELW 
>�@��5HVHUYHG 
>�@��7/3
V�16�ELW 
>�@��7/3
V�52�ELW 
>�����@��7/3
V�7&�ELWV 
>�����@��7/3
V�06*�FRGH 
>��@��$;,�WUDQVDFWLRQ�LV�D�'%,�DFFHVV��7KLV�LV�IRU�6+$5('�'%,�
PRGH�RQO\� 
>�����@��7/3
V�)XQFWLRQ�QXPEHU� 

 
3&,(B&/,(17B$;,B6/9B$:0,6&B+'5��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
VOYBDZPLVFBLQIRBKGUB�GZ 
$;,�6ODYH��UG�KHDGHU�':V��7KH�DSSOLFDWLRQ�GULYHV�WKLV�ZLWK�WKH�
�UG�+HDGHU�':V�LW�LQWHQGV�WR�VHQG�RQ�D�3&,H�0VJ�0VJ'� 

 
3&,(B&/,(17B$;,B6/9B$:0,6&B+'5��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
VOYBDZPLVFBLQIRBKGUB�GZ 
$;,�6ODYH��WK�KHDGHU�':V��7KH�DSSOLFDWLRQ�GULYHV�WKLV�ZLWK�WKH�
�WK�+HDGHU�':V�LW�LQWHQGV�WR�VHQG�RQ�D�3&,H�0VJ�0VJ'� 

 
3&,(B&/,(17B$;,B6/9B$:0,6&B7$*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 

VOYBDZPLVFBWDJ 
$;,�6ODYH�:ULWH�5HTXHVW�7DJ��6HWV�WKH�7$*�QXPEHU�IRU�RXWSXW�
SRVWHG�UHTXHVWV� 
,W�LV�H[SHFWHG�WKDW�\RXU�DSSOLFDWLRQ�QRUPDOO\�VHWV�WKLV�WR�
�
�
H[FHSW�ZKHQ�JHQHUDWLQJ�$76�LQYDOLGDWH�UHTXHVWV� 

 
3&,(B&/,(17B$;,B6/9B0,6&B,1)2�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

�� 5: �[� 
VOYBZPLVFBLQIR 
:KHQ�DVVHUWHG��WKH�FRQWUROOHU�VHWV�WKH�3RLVRQHG�7/3��(3��ELW�LQ�
WKH�7/3�KHDGHU�RI�WKH�FXUUHQW�DQG�VXEVHTXHQW�:ULWH�'DWD�
WUDQVDFWLRQV� 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1786 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[������ 

VOYBDUPLVFBLQIR 
3URYLGH�UHDG7/3�KHDGHU�LQIRUPDWLRQ 
>���@��7/3
V�7<3( 
>�@��5HVHUYHG 
>�@��7/3
V�(3�ELW 
>�@��5HVHUYHG 
>�@��7/3
V�16�ELW 
>�@��7/3
V�52�ELW 
>�����@��7/3
V�7&�ELWV 
>�����@��7/3
V�06*�FRGH 
>��@��$;,�WUDQVDFWLRQ�LV�D�'%,�DFFHVV��7KLV�LV�IRU�6+$5('�'%,�
PRGH�RQO\� 
>�����@��7/3
V�IXQFWLRQ�QXPEHU� 

 
3&,(B&/,(17B'%,B0,6&B&21�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� GELBPVLBGEJBVHO 
&RQWURO�WKH�ELW����RI�WKH�'%,�DZDGGU� 

 
3&,(B&/,(17B3257B%')�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

���� 5: �[�� 
EXVBGHY 
%XV�QXPEHU��<RXU�DSSOLFDWLRQ�PXVW�GULYH�WKLV�VLJQDO�WR�VHW�WKH�EXV 
QXPEHU�LQ�WKH�5HTXHVWHU�,'�IRU�5&�SRUW�DQG�6ZLWFK�'63�SRUW 

��� 5: �[� 
GHYBQXP 
'HYLFH�QXPEHU��<RXU�DSSOLFDWLRQ�PXVW�GULYH�WKLV�VLJQDO�WR�VHW�WKH�
GHYLFH 
QXPEHU�LQ�WKH�5HTXHVWHU�,'�IRU�5&�SRUW�DQG�6ZLWFK�'63�SRUW 

��� 52 �[� UHVHUYHG 
 
3&,(B&/,(17B/7660B67$786�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� SPBFXUUHQWBGDWDBUDWH 
SPBFXUUHQWBGDWDBUDWH 

����� 52 �[� UHVHUYHG 

�� 5: �[� UGOKBOLQNBXS 
UGOKBOLQNBXS 

�� 5: �[� VPOKBOLQNBXS 
VPOKBOLQNBXS 

����� 52 �[�� UHVHUYHG 

���� 5: �[� O�VXEBVWDWH 
O�VXEBVWDWH 

��� 52 �[� UHVHUYHG 

��� 5: �[�� VPOKBOWVVPBVWDWH 
VPOKBOWVVPBVWDWH 

 
3&,(B&/,(17B'%*B),)2B02'(B&21�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[������ UHVHUYHG 

���� 5: �[� GEJBILIRBKLWBPRGH 
GEJBILIRBKLWBPRGH 

��� 52 �[� UHVHUYHG 

��� 5: �[� GEJBILIRBPRGH 
GEJBILIRBPRGH 

� 52 �[� UHVHUYHG 

� 5: �[� GEJBILIRBO�VXEBHQ 
GEJBILIRBO�VXEBHQ 

� 5: �[� GEJBILIRBOWVVPBHQ 
GEJBILIRBOWVVPBHQ 

� 5: �[� GEJBILIRBHQ 
GEJBILIRBHQ 

 
3&,(B&/,(17B'%*B),)2B371B+,7B'$7$��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� SWQBKLWBGDWD� 
+LW�PRGH�GDWD�SDWWHUQ�� 

 
3&,(B&/,(17B'%*B),)2B371B+,7B'$7$��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� SWQBKLWBGDWD� 
+LW�PRGH�GDWD�SDWWHUQ�� 

 
3&,(B&/,(17B'%*B),)2B751B+,7B'$7$��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� WUQBKLWBGDWD� 
7UDQVLWLRQ�VWDWH�GDWD�� 

 
3&,(B&/,(17B'%*B),)2B751B+,7B'$7$��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� WUQBKLWBGDWD� 
7UDQVLWLRQ�VWDWH�GDWD�� 

 
3&,(B&/,(17B'%*B),)2B67$786�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

����� 5: �[� GEJBVSDFH�HPSW\ 
GEJBVSDFH�HPSW\ 

�� 52 �[� UHVHUYHG 

�� 5: �[� GEJBILIRBZUBRYHUIROORZ 
GEJBILIRBZUBRYHUIROORZ 

�� 5: �[� GEJBILIRBIXOO 
GEJBILIRBIXOO 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� GJEBILIRBHPSW\ 
GJEBILIRBHPSW\ 

�� 52 �[� UHVHUYHG 

���� 5: �[� GEJBILIRBO�VXEBVWDWH 
GEJBILIRBO�VXEBVWDWH 

��� 52 �[� UHVHUYHG 

��� 5: �[�� GEJBILIRBOWVVPBVWDWH 
GEJBILIRBOWVVPBVWDWH 

 
3&,(B&/,(17B&)*B(55B67$786�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

�� 5: �[� FIJBXQFRUBLQWHUQDOBHUUBVWV 
FIJBXQFRUBLQWHUQDOBHUUBVWV 

�� 5: �[� FIJBUFYUBRYHUIORZBHUUBVWV 
FIJBUFYUBRYHUIORZBHUUBVWV 

�� 5: �[� FIJBIFBSURWRFROBHUUBVWV 
FIJBIFBSURWRFROBHUUBVWV 

� 5: �[� FIJBPOIBWOSBHUUBVWV 
FIJBPOIBWOSBHUUBVWV 

� 5: �[� FIJBVXUSULVHBGRZQBHUUBVWV 
FIJBVXUSULVHBGRZQBHUUBVWV 

� 5: �[� FIJBGOBSURWRFROBHUUBVWV 
FIJBGOBSURWRFROBHUUBVWV 

� 5: �[� FIJBHFUFBHUUBVWV 
FIJBHFUFBHUUBVWV 

� 5: �[� FIJBFRUUHFWHGBLQWHUQDOBHUUBVWV 
FIJBFRUUHFWHGBLQWHUQDOBHUUBVWV 

� 5: �[� FIJBUHSOD\BQXPEHUBUROORYHUBHUUBVWV 
FIJBUHSOD\BQXPEHUBUROORYHUBHUUBVWV 

� 5: �[� FIJBUHSOD\BWLPHUBWLPHRXWBHUUBVWV 
FIJBUHSOD\BWLPHUBWLPHRXWBHUUBVWV 

� 5: �[� FIJBEDGBGOOSBHUUBVWV 
FIJBEDGBGOOSBHUUBVWV 

� 5: �[� FIJBEDGBWOSBHUUBVWV 
FIJBEDGBWOSBHUUBVWV 

� 5: �[� FIJBUFYUBHUUBVWV 
FIJBUFYUBHUUBVWV 

 
3&,(B&/,(17B&/,(17B9(5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� YHUVLRQ &OLHQW�YHUVLRQ�,' 
 
18.4.4 '0$�5HJLVWHUV�6XPPDU\�  

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

'0$B&75/B'$7$B$5%B3
5,25B2)) �[���� : �[�������� '0$�$UELWUDWLRQ�6FKHPH�IRU�75*7��,QWHUIDFH� 

'0$B&75/B2)) �[���� : �[�������� '0$�1XPEHU�RI�&KDQQHOV�5HJLVWHU� 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

'0$B:5,7(B(1*,1(B(1
B2)) �[���& : �[�������� '0$�:ULWH�(QJLQH�(QDEOH�5HJLVWHU� 

'0$B:5,7(B'225%(//B
2)) �[���� : �[�������� '0$�:ULWH�'RRUEHOO�5HJLVWHU� 

'0$B:5,7(B&+$11(/B$
5%B:(,*+7B/2:B2)) �[���� : �[�������� '0$�:ULWH�(QJLQH�&KDQQHO�$UELWUDWLRQ�:HLJKW�/RZ�5HJLVWHU� 
'0$B:5,7(B&+$11(/B$
5%B:(,*+7B+,*+B2)) �[���& : �[�������� '0$�:ULWH�(QJLQH�&KDQQHO�$UELWUDWLRQ�:HLJKW�+LJK�5HJLVWHU� 
'0$B5($'B(1*,1(B(1B
2)) �[���& : �[�������� '0$�5HDG�(QJLQH�(QDEOH�5HJLVWHU� 

'0$B5($'B'225%(//B2
)) �[���� : �[�������� '0$�5HDG�'RRUEHOO�5HJLVWHU� 

'0$B5($'B&+$11(/B$5
%B:(,*+7B/2:B2)) �[���� : �[�������� '0$�5HDG�(QJLQH�&KDQQHO�$UELWUDWLRQ�:HLJKW�/RZ�5HJLVWHU� 
'0$B5($'B&+$11(/B$5
%B:(,*+7B+,*+B2)) �[���& : �[�������� '0$�5HDG�(QJLQH�&KDQQHO�$UELWUDWLRQ�:HLJKW�+LJK�5HJLVWHU� 
'0$B:5,7(B,17B67$786
B2)) �[���& : �[�������� '0$�:ULWH�,QWHUUXSW�6WDWXV�5HJLVWHU� 
'0$B:5,7(B,17B0$6.B
2)) �[���� : �[�������� '0$�:ULWH�,QWHUUXSW�0DVN�5HJLVWHU� 
'0$B:5,7(B,17B&/($5B
2)) �[���� : �[�������� '0$�:ULWH�,QWHUUXSW�&OHDU�5HJLVWHU� 
'0$B:5,7(B(55B67$78
6B2)) �[���& : �[�������� '0$�:ULWH�(UURU�6WDWXV�5HJLVWHU 

'0$B:5,7(B'21(B,0:
5B/2:B2)) �[���� : �[�������� '0$�:ULWH�'RQH�,0:U�$GGUHVV�/RZ�5HJLVWHU� 
'0$B:5,7(B'21(B,0:
5B+,*+B2)) �[���� : �[�������� '0$�:ULWH�'RQH�,0:U�,QWHUUXSW�$GGUHVV�+LJK�5HJLVWHU� 
'0$B:5,7(B$%257B,0:
5B/2:B2)) �[���� : �[�������� '0$�:ULWH�$ERUW�,0:U�$GGUHVV�/RZ�5HJLVWHU� 
'0$B:5,7(B$%257B,0:
5B+,*+B2)) �[���& : �[�������� '0$�:ULWH�$ERUW�,0:U�$GGUHVV�+LJK�5HJLVWHU� 
'0$B:5,7(B&+��B,0:5
B'$7$B2)) �[���� : �[�������� '0$�:ULWH�&KDQQHO���DQG���,0:U�'DWD�5HJLVWHU� 
'0$B:5,7(B&+��B,0:5
B'$7$B2)) �[���� : �[�������� '0$�:ULWH�&KDQQHO���DQG���,0:U�'DWD�5HJLVWHU� 
'0$B:5,7(B&+��B,0:5
B'$7$B2)) �[���� : �[�������� '0$�:ULWH�&KDQQHO���DQG���,0:U�'DWD�5HJLVWHU� 
'0$B:5,7(B&+��B,0:5
B'$7$B2)) �[���& : �[�������� '0$�:ULWH�&KDQQHO���DQG���,0:U�'DWD�5HJLVWHU� 
'0$B:5,7(B/,1.('B/,6
7B(55B(1B2)) �[���� : �[�������� '0$�:ULWH�/LQNHG�/LVW�(UURU�(QDEOH�5HJLVWHU� 
'0$B5($'B,17B67$786B
2)) �[��$� : �[�������� '0$�5HDG�,QWHUUXSW�6WDWXV�5HJLVWHU� 
'0$B5($'B,17B0$6.B2
)) �[��$� : �[�������� '0$�5HDG�,QWHUUXSW�0DVN�5HJLVWHU� 
'0$B5($'B,17B&/($5B
2)) �[��$& : �[�������� '0$�5HDG�,QWHUUXSW�&OHDU�5HJLVWHU� 
'0$B5($'B(55B67$786
B/2:B2)) �[��%� : �[�������� '0$�5HDG�(UURU�6WDWXV�/RZ�5HJLVWHU� 
'0$B5($'B(55B67$786
B+,*+B2)) �[��%� : �[�������� '0$�5HDG�(UURU�6WDWXV�+LJK�5HJLVWHU� 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

'0$B5($'B/,1.('B/,67
B(55B(1B2)) �[��&� : �[�������� '0$�5HDG�/LQNHG�/LVW�(UURU�(QDEOH�5HJLVWHU� 
'0$B5($'B'21(B,0:5
B/2:B2)) �[��&& : �[�������� '0$�5HDG�'RQH�,0:U�$GGUHVV�/RZ�5HJLVWHU� 
'0$B5($'B'21(B,0:5
B+,*+B2)) �[��'� : �[�������� '0$�5HDG�'RQH�,0:U�$GGUHVV�+LJK�5HJLVWHU� 
'0$B5($'B$%257B,0:5
B/2:B2)) �[��'� : �[�������� '0$�5HDG�$ERUW�,0:U�$GGUHVV�/RZ�5HJLVWHU� 
'0$B5($'B$%257B,0:5
B+,*+B2)) �[��'� : �[�������� '0$�5HDG�$ERUW�,0:U�$GGUHVV�+LJK�5HJLVWHU� 
'0$B5($'B&+��B,0:5B
'$7$B2)) �[��'& : �[�������� '0$�5HDG�&KDQQHO���DQG���,0:U�'DWD�5HJLVWHU� 
'0$B5($'B&+��B,0:5B
'$7$B2)) �[��(� : �[�������� '0$�5HDG�&KDQQHO���DQG���,0:U�'DWD�5HJLVWHU� 
'0$B5($'B&+��B,0:5B
'$7$B2)) �[��(� : �[�������� '0$�5HDG�&KDQQHO���DQG���,0:U�'DWD�5HJLVWHU� 
'0$B5($'B&+��B,0:5B
'$7$B2)) �[��(� : �[�������� '0$�5HDG�&KDQQHO���DQG���,0:U�'DWD�5HJLVWHU� 
'0$B:5,7(B(1*,1(B+6
+$.(B&17B/2:B2)) �[���� : �[�������� '0$�:ULWH�(QJLQH�+DQGVKDNH�&RXQWHU�&KDQQHO���������5HJLVWHU� 
'0$B:5,7(B(1*,1(B+6
+$.(B&17B+,*+B2)) �[���& : �[�������� '0$�:ULWH�(QJLQH�+DQGVKDNH�&RXQWHU�&KDQQHO���������5HJLVWHU� 
'0$B5($'B(1*,1(B+6+
$.(B&17B/2:B2)) �[���� : �[�������� '0$�5HDG�(QJLQH�+DQGVKDNH�&RXQWHU�&KDQQHO���������5HJLVWHU� 
'0$B5($'B(1*,1(B+6+
$.(B&17B+,*+B2)) �[���& : �[�������� '0$�5HDG�(QJLQH�+DQGVKDNH�&RXQWHU�&KDQQHO���������5HJLVWHU� 
'0$B&+B&21752/�B2))
B:5&+B� �[���� : �[�������� '0$�:ULWH�&KDQQHO�&RQWURO���5HJLVWHU� 
'0$B75$16)(5B6,=(B2)
)B:5&+B� �[���� : �[�������� '0$�:ULWH�7UDQVIHU�6L]H�5HJLVWHU� 

'0$B6$5B/2:B2))B:5
&+B� �[���& : �[�������� '0$�:ULWH�6$5�/RZ�5HJLVWHU� 

'0$B6$5B+,*+B2))B:5
&+B� �[���� : �[�������� '0$�:ULWH�6$5�+LJK�5HJLVWHU� 

'0$B'$5B/2:B2))B:5
&+B� �[���� : �[�������� '0$�:ULWH�'$5�/RZ�5HJLVWHU� 

'0$B'$5B+,*+B2))B:5
&+B� �[���� : �[�������� '0$�:ULWH�'$5�+LJK�5HJLVWHU� 

'0$B//3B/2:B2))B:5&
+B� �[���& : �[�������� '0$�:ULWH�/LQNHG�/LVW�3RLQWHU�/RZ�5HJLVWHU� 
'0$B//3B+,*+B2))B:5
&+B� �[���� : �[�������� '0$�:ULWH�/LQNHG�/LVW�3RLQWHU�+LJK�5HJLVWHU� 
'0$B&+B&21752/�B2))
B5'&+B� �[���� : �[�������� '0$�5HDG�&KDQQHO�&RQWURO���5HJLVWHU� 
'0$B75$16)(5B6,=(B2)
)B5'&+B� �[���� : �[�������� '0$�5HDG�7UDQVIHU�6L]H�5HJLVWHU� 

'0$B6$5B/2:B2))B5'&
+B� �[���& : �[�������� '0$�5HDG�6$5�/RZ�5HJLVWHU� 

'0$B6$5B+,*+B2))B5'
&+B� �[���� : �[�������� '0$�5HDG�6$5�+LJK�5HJLVWHU� 

'0$B'$5B/2:B2))B5'
&+B� �[���� : �[�������� '0$�5HDG�'$5�/RZ�5HJLVWHU� 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

'0$B'$5B+,*+B2))B5'
&+B� �[���� : �[�������� '0$�5HDG�'$5�+LJK�5HJLVWHU� 

'0$B//3B/2:B2))B5'&
+B� �[���& : �[�������� '0$�5HDG�/LQNHG�/LVW�3RLQWHU�/RZ�5HJLVWHU� 
'0$B//3B+,*+B2))B5'&
+B� �[���� : �[�������� '0$�5HDG�/LQNHG�/LVW�3RLQWHU�+LJK�5HJLVWHU� 
 
18.4.5 '0$�'HWDLO�5HJLVWHUV�'HVFULSWLRQ�  
'0$B&75/B'$7$B$5%B35,25B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

���� 5: �[� 

5'%8))B75*7B:(,*+7 
'0$�5HDG�&KDQQHO�0:U�5HTXHVWV� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

��� 5: �[� 

5'B&75/B75*7B:(,*+7 
'0$�5HDG�&KDQQHO�05G�5HTXHVWV��)RU�//�HOHPHQW�GHVFULSWRU�
DFFHVV� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

��� 5: �[� 

:5B&75/B75*7B:(,*+7 
'0$�:ULWH�&KDQQHO�05G�5HTXHVWV��)RU�'0$�GDWD�UHTXHVWV�DQG�//�
HOHPHQW�GHVFULSWRU�DFFHVV� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

��� 5: �[� 

575*7�B:(,*+7 
1RQ�'0$�5[�5HTXHVWV� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

 
'0$B&75/B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

�� 5: �[� 

',6B&�:B&$&+(B5' 
'LVDEOH�'0$�5HDG�&KDQQHOV��FRPSOHWLRQ�WR�PHPRU\�ZULWH��
FRQWH[W�FDFKH�SUH�IHWFK�IXQFWLRQ� 
1RWH��)RU�LQWHUQDO�GHEXJJLQJ�RQO\� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

�� 5: �[� 

',6B&�:B&$&+(B:5 
'LVDEOH�'0$�:ULWH�&KDQQHOV��FRPSOHWLRQ�WR�PHPRU\�ZULWH��
FRQWH[W�FDFKH�SUH�IHWFK�IXQFWLRQ� 
1RWH��)RU�LQWHUQDO�GHEXJJLQJ�RQO\� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

����� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� 
180B'0$B5'B&+$1 
1XPEHU�RI�5HDG�&KDQQHOV��<RX�FDQ�UHDG�WKLV�UHJLVWHU�WR�
GHWHUPLQH�WKH�QXPEHU�RI�UHDG�FKDQQHOV�WKH�'0$�FRQWUROOHU�KDV�
EHHQ�FRQILJXUHG�WR�VXSSRUW� 

���� 52 �[��� UHVHUYHG 

��� 52 �[� 
180B'0$B:5B&+$1 
1XPEHU�RI�:ULWH�&KDQQHOV��<RX�FDQ�UHDG�WKLV�UHJLVWHU�WR�
GHWHUPLQH�WKH�QXPEHU�RI�ZULWH�FKDQQHOV�WKH�'0$�FRQWUROOHU�KDV�
EHHQ�FRQILJXUHG�WR�VXSSRUW� 

 
'0$B:5,7(B(1*,1(B(1B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

�� 5: �[� 

'0$B:5,7(B(1*,1(B(1B+6+$.(B&+� 
(QDEOH�+DQGVKDNH�IRU�'0$�:ULWH�(QJLQH�&KDQQHO��� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

�� 5: �[� 

'0$B:5,7(B(1*,1(B(1B+6+$.(B&+� 
(QDEOH�+DQGVKDNH�IRU�'0$�:ULWH�(QJLQH�&KDQQHO��� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

�� 5: �[� 

'0$B:5,7(B(1*,1(B(1B+6+$.(B&+� 
(QDEOH�+DQGVKDNH�IRU�'0$�:ULWH�(QJLQH�&KDQQHO��� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

�� 5: �[� 

'0$B:5,7(B(1*,1(B(1B+6+$.(B&+� 
(QDEOH�+DQGVKDNH�IRU�'0$�:ULWH�(QJLQH�&KDQQHO��� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

�� 5: �[� 

'0$B:5,7(B(1*,1(B(1B+6+$.(B&+� 
(QDEOH�+DQGVKDNH�IRU�'0$�:ULWH�(QJLQH�&KDQQHO��� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

�� 5: �[� 

'0$B:5,7(B(1*,1(B(1B+6+$.(B&+� 
(QDEOH�+DQGVKDNH�IRU�'0$�:ULWH�(QJLQH�&KDQQHO��� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

�� 5: �[� 

'0$B:5,7(B(1*,1(B(1B+6+$.(B&+� 
(QDEOH�+DQGVKDNH�IRU�'0$�:ULWH�(QJLQH�&KDQQHO��� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

�� 5: �[� 

'0$B:5,7(B(1*,1(B(1B+6+$.(B&+� 
(QDEOH�+DQGVKDNH�IRU�'0$�:ULWH�(QJLQH�&KDQQHO��� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

���� 52 �[���� UHVHUYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1793 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

'0$B:5,7(B(1*,1( 
'0$�:ULWH�(QJLQH�(QDEOH� 
���(QDEOH 
���'LVDEOH��6RIW�5HVHW� 
)RU�QRUPDO�RSHUDWLRQ��\RX�PXVW�LQLWLDOO\�VHW�WKLV�ELW�WR������EHIRUH�
DQ\�RWKHU�VRIWZDUH�VHWXS�DFWLRQV��<RX�GR�QRW�QHHG�WR�WRJJOH�RU�
UHZULWH�WR�WKLV�ELW�GXULQJ�QRUPDO�RSHUDWLRQ��<RX�VKRXOG�VHW�WKLV�ELW�
WR�����ZKHQ�\RX�ZDQW�WR��6RIW�5HVHW��WKH�'0$�FRQWUROOHU�ZULWH�
ORJLF��7KHUH�DUH�WKUHH�SRVVLEOH�UHDVRQV�IRU�UHVHWWLQJ�WKH�'0$�
FRQWUROOHU�ZULWH�ORJLF� 
7KH��$ERUW�,QWHUUXSW�6WDWXV��ELW�LV�VHW��LQ�WKH��'0$�:ULWH�
,QWHUUXSW�6WDWXV�5HJLVWHU��'0$B:5,7(B,17B67$786B2))���DQG�
DQ\�RI�WKH�ELWV�LV�LQ�WKH��'0$�:ULWH�(UURU�6WDWXV�5HJLVWHU��
�'0$B:5,7(B(55B67$786B2))��DUH�VHW��5HVHWWLQJ�WKH�'0$�
FRQWUROOHU�ZULWH�ORJLF�UH�LQLWLDOL]HV�WKH�FRQWURO�ORJLF��HQVXULQJ�WKDW�
WKH�QH[W�'0$�ZULWH�WUDQVIHU�LV�H[HFXWHG�VXFFHVVIXOO\� 
<RX�KDYH�H[HFXWHG�WKH�SURFHGXUH�RXWOLQHG�LQ��6WRS�%LW����DIWHU�
ZKLFK��WKH��$ERUW�,QWHUUXSW�6WDWXV��ELW�LV�VHW�DQG�WKH�&KDQQHO�
6WDWXV�ILHOG��&6��RI�WKH�'0$�ZULWH��'0$�&KDQQHO�&RQWURO���
5HJLVWHU����'0$B&+B&21752/�B2))B:5&+B���LV�VHW�WR�
�6WRSSHG���5HVHWWLQJ�WKH�'0$�FRQWUROOHU�ZULWH�ORJLF�UH�LQLWLDOL]HV�
WKH�FRQWURO�ORJLF�HQVXULQJ�WKDW�WKH�QH[W�'0$�ZULWH�WUDQVIHU�LV�
H[HFXWHG�VXFFHVVIXOO\� 
'XULQJ�VRIWZDUH�GHYHORSPHQW��ZKHQ�\RX�LQFRUUHFWO\�SURJUDP�WKH�
'0$�ZULWH�HQJLQH� 
7R��6RIW�5HVHW��WKH�'0$�FRQWUROOHU�ZULWH�ORJLF��\RX�PXVW� 
'H�DVVHUW�WKH�'0$�ZULWH�HQJLQH�HQDEOH�ELW� 
:DLW�IRU�WKH�'0$�WR�FRPSOHWH�DQ\�LQ�SURJUHVV�7/3�WUDQVIHU��E\�
ZDLWLQJ�XQWLO�D�UHDG�RQ�WKH�'0$�ZULWH�HQJLQH�HQDEOH�ELW�UHWXUQV�D�
���� 
$VVHUW�WKH�'0$�ZULWH�HQJLQH�HQDEOH�ELW� 
7KLV��6RIW�5HVHW��GRHV�QRW�FOHDU�WKH�'0$�FRQILJXUDWLRQ�UHJLVWHUV��
7KH�'0$�ZULWH�WUDQVIHU�GRHV�QRW�VWDUW�XQWLO�\RX�ZULWH�WR�WKH��'0$�
:ULWH�'RRUEHOO�5HJLVWHU���'0$B:5,7(B'225%(//B2))�� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

 
'0$B:5,7(B'225%(//B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

:5B6723 
6WRS��6HW�LQ�FRQMXQFWLRQ�ZLWK�WKH�'RRUEHOO�1XPEHU�ILHOG��7KH�'0$�
ZULWH�FKDQQHO�VWRSV�LVVXLQJ�UHTXHVWV��VHWV�WKH�FKDQQHO�VWDWXV�WR�
�6WRSSHG���DQG�DVVHUWV�WKH��$ERUW��LQWHUUXSW�LI�LW�LV�HQDEOHG��
%HIRUH�VHWWLQJ�WKH�6WRS�ELW��\RX�PXVW�UHDG�WKH�FKDQQHO�6WDWXV�
ILHOG��&6��RI�WKH��'0$�&KDQQHO�&RQWURO���5HJLVWHU���
�'0$B&+B&21752/�B2))B:5&+B���WR�HQVXUH�WKDW�WKH�ZULWH�
FKDQQHO�LV��5XQQLQJ���WUDQVIHUULQJ�GDWD���)RU�PRUH�LQIRUPDWLRQ��
VHH��6WRSSLQJ�WKH�'0$�7UDQVIHU��6RIWZDUH�6WRS��� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

���� 52 �[������� UHVHUYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1794 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

:5B'225%(//B180 
'RRUEHOO�1XPEHU��<RX�PXVW�ZULWH�WKH�FKDQQHO�QXPEHU�WR�WKLV�
UHJLVWHU�WR�VWDUW�WKH�'0$�ZULWH�WUDQVIHU�IRU�WKDW�FKDQQHO��7KH�'0$�
GHWHFWV�D�ZULWH�WR�WKLV�UHJLVWHU�ILHOG�HYHQ�LI�WKH�YDOXH�RI�WKLV�ILHOG�
GRHV�QRW�FKDQJH��<RX�GR�QRW�QHHG�WR�WRJJOH�RU�ZULWH�DQ\�RWKHU�
YDOXH�WR�WKLV�UHJLVWHU�WR�VWDUW�D�QHZ�WUDQVIHU��7KH�UDQJH�RI�WKLV�
ILHOG�LV��[��WR��[���DQG��[��FRUUHVSRQGV�WR�FKDQQHO����$OVR�QRWH�
WKDW�D�ZULWH�WR�WKLV�ILHOG�WULJJHUV�WKH�FRQWUROOHU�WR�H[LW�/��
VXEVWDWHV� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

 
'0$B:5,7(B&+$11(/B$5%B:(,*+7B/2:B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[�� 

:5,7(B&+$11(/�B:(,*+7 
&KDQQHO���:HLJKW��7KH�ZHLJKW�LV�LQLWLDOL]HG�E\�VRIWZDUH�EHIRUH�
ULQJLQJ�WKH�GRRUEHOO��7KH�YDOXH�LV�XVHG�E\�WKH�FKDQQHO�ZHLJKWHG�
URXQG�URELQ�DUELWHU�WR�VHOHFW�WKH�QH[W�FKDQQHO�UHDG�UHTXHVW��$�
YDOXH�RI�
�
�PHDQV�WKDW�RQH�7/3�LV�LVVXHG�EHIRUH�PRYLQJ�WR�WKH�
QH[W�FKDQQHO� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

����� 5: �[�� 

:5,7(B&+$11(/�B:(,*+7 
&KDQQHO���:HLJKW��7KH�ZHLJKW�LV�LQLWLDOL]HG�E\�VRIWZDUH�EHIRUH�
ULQJLQJ�WKH�GRRUEHOO��7KH�YDOXH�LV�XVHG�E\�WKH�FKDQQHO�ZHLJKWHG�
URXQG�URELQ�DUELWHU�WR�VHOHFW�WKH�QH[W�FKDQQHO�UHDG�UHTXHVW��$�
YDOXH�RI�
�
�PHDQV�WKDW�RQH�7/3�LV�LVVXHG�EHIRUH�PRYLQJ�WR�WKH�
QH[W�FKDQQHO� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

��� 5: �[�� 

:5,7(B&+$11(/�B:(,*+7 
&KDQQHO���:HLJKW��7KH�ZHLJKW�LV�LQLWLDOL]HG�E\�VRIWZDUH�EHIRUH�
ULQJLQJ�WKH�GRRUEHOO��7KH�YDOXH�LV�XVHG�E\�WKH�FKDQQHO�ZHLJKWHG�
URXQG�URELQ�DUELWHU�WR�VHOHFW�WKH�QH[W�FKDQQHO�UHDG�UHTXHVW��$�
YDOXH�RI�
�
�PHDQV�WKDW�RQH�7/3�LV�LVVXHG�EHIRUH�PRYLQJ�WR�WKH�
QH[W�FKDQQHO� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

��� 5: �[�� 

:5,7(B&+$11(/�B:(,*+7 
&KDQQHO���:HLJKW��7KH�ZHLJKW�LV�LQLWLDOL]HG�E\�VRIWZDUH�EHIRUH�
ULQJLQJ�WKH�GRRUEHOO��7KH�YDOXH�LV�XVHG�E\�WKH�FKDQQHO�ZHLJKWHG�
URXQG�URELQ�DUELWHU�WR�VHOHFW�WKH�QH[W�FKDQQHO�UHDG�UHTXHVW��$�
YDOXH�RI�
�
�PHDQV�WKDW�RQH�7/3�LV�LVVXHG�EHIRUH�PRYLQJ�WR�WKH�
QH[W�FKDQQHO� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

 
'0$B:5,7(B&+$11(/B$5%B:(,*+7B+,*+B2))�  



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1795 

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[�� 

:5,7(B&+$11(/�B:(,*+7 
&KDQQHO���:HLJKW��7KH�ZHLJKW�LV�LQLWLDOL]HG�E\�VRIWZDUH�EHIRUH�
ULQJLQJ�WKH�GRRUEHOO��7KH�YDOXH�LV�XVHG�E\�WKH�FKDQQHO�ZHLJKWHG�
URXQG�URELQ�DUELWHU�WR�VHOHFW�WKH�QH[W�FKDQQHO�UHDG�UHTXHVW��$�
YDOXH�RI�
�
�PHDQV�WKDW�RQH�7/3�LV�LVVXHG�EHIRUH�PRYLQJ�WR�WKH�
QH[W�FKDQQHO� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

����� 5: �[�� 

:5,7(B&+$11(/�B:(,*+7 
&KDQQHO���:HLJKW��7KH�ZHLJKW�LV�LQLWLDOL]HG�E\�VRIWZDUH�EHIRUH�
ULQJLQJ�WKH�GRRUEHOO��7KH�YDOXH�LV�XVHG�E\�WKH�FKDQQHO�ZHLJKWHG�
URXQG�URELQ�DUELWHU�WR�VHOHFW�WKH�QH[W�FKDQQHO�UHDG�UHTXHVW��$�
YDOXH�RI�
�
�PHDQV�WKDW�RQH�7/3�LV�LVVXHG�EHIRUH�PRYLQJ�WR�WKH�
QH[W�FKDQQHO� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

��� 5: �[�� 

:5,7(B&+$11(/�B:(,*+7 
&KDQQHO���:HLJKW��7KH�ZHLJKW�LV�LQLWLDOL]HG�E\�VRIWZDUH�EHIRUH�
ULQJLQJ�WKH�GRRUEHOO��7KH�YDOXH�LV�XVHG�E\�WKH�FKDQQHO�ZHLJKWHG�
URXQG�URELQ�DUELWHU�WR�VHOHFW�WKH�QH[W�FKDQQHO�UHDG�UHTXHVW��$�
YDOXH�RI�
�
�PHDQV�WKDW�RQH�7/3�LV�LVVXHG�EHIRUH�PRYLQJ�WR�WKH�
QH[W�FKDQQHO� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

��� 5: �[�� 

:5,7(B&+$11(/�B:(,*+7 
&KDQQHO���:HLJKW��7KH�ZHLJKW�LV�LQLWLDOL]HG�E\�VRIWZDUH�EHIRUH�
ULQJLQJ�WKH�GRRUEHOO��7KH�YDOXH�LV�XVHG�E\�WKH�FKDQQHO�ZHLJKWHG�
URXQG�URELQ�DUELWHU�WR�VHOHFW�WKH�QH[W�FKDQQHO�UHDG�UHTXHVW��$�
YDOXH�RI�
�
�PHDQV�WKDW�RQH�7/3�LV�LVVXHG�EHIRUH�PRYLQJ�WR�WKH�
QH[W�FKDQQHO� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

 
'0$B5($'B(1*,1(B(1B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

�� 5: �[� 

'0$B5($'B(1*,1(B(1B+6+$.(B&+� 
(QDEOH�+DQGVKDNH�IRU�'0$�5HDG�(QJLQH�&KDQQHO��� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

�� 5: �[� 

'0$B5($'B(1*,1(B(1B+6+$.(B&+� 
(QDEOH�+DQGVKDNH�IRU�'0$�5HDG�(QJLQH�&KDQQHO��� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1796 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

'0$B5($'B(1*,1(B(1B+6+$.(B&+� 
(QDEOH�+DQGVKDNH�IRU�'0$�5HDG�(QJLQH�&KDQQHO��� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

�� 5: �[� 

'0$B5($'B(1*,1(B(1B+6+$.(B&+� 
(QDEOH�+DQGVKDNH�IRU�'0$�5HDG�(QJLQH�&KDQQHO��� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

�� 5: �[� 

'0$B5($'B(1*,1(B(1B+6+$.(B&+� 
(QDEOH�+DQGVKDNH�IRU�'0$�5HDG�(QJLQH�&KDQQHO��� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

�� 5: �[� 

'0$B5($'B(1*,1(B(1B+6+$.(B&+� 
(QDEOH�+DQGVKDNH�IRU�'0$�5HDG�(QJLQH�&KDQQHO��� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

�� 5: �[� 

'0$B5($'B(1*,1(B(1B+6+$.(B&+� 
(QDEOH�+DQGVKDNH�IRU�'0$�5HDG�(QJLQH�&KDQQHO��� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

�� 5: �[� 

'0$B5($'B(1*,1(B(1B+6+$.(B&+� 
(QDEOH�+DQGVKDNH�IRU�'0$�5HDG�(QJLQH�&KDQQHO��� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

���� 52 �[���� UHVHUYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1797 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

'0$B5($'B(1*,1( 
'0$�5HDG�(QJLQH�(QDEOH� 
���(QDEOH 
���'LVDEOH��6RIW�5HVHW� 
)RU�QRUPDO�RSHUDWLRQ��\RX�PXVW�LQLWLDOO\�VHW�WKLV�ELW�WR������EHIRUH�
DQ\�RWKHU�VRIWZDUH�VHWXS�DFWLRQV��<RX�GR�QRW�QHHG�WR�WRJJOH�RU�
UHZULWH�WR�WKLV�ELW�GXULQJ�QRUPDO�RSHUDWLRQ��<RX�VKRXOG�VHW�WKLV�
ILHOG�WR�����ZKHQ�\RX�ZDQW�WR��6RIW�5HVHW��WKH�'0$�FRQWUROOHU�
UHDG�ORJLF��7KHUH�DUH�WKUHH�SRVVLEOH�UHDVRQV�IRU�UHVHWWLQJ�WKH�'0$�
FRQWUROOHU�UHDG�ORJLF� 
7KH��$ERUW�,QWHUUXSW�6WDWXV��ELW�LV�VHW��LQ�WKH��'0$�5HDG�
,QWHUUXSW�6WDWXV�5HJLVWHU���'0$B5($'B,17B67$786B2))���DQG�
DQ\�RI�WKH�ELWV�LQ�WKH��'0$�5HDG�(UURU�6WDWXV�/RZ�5HJLVWHU��
�'0$B5($'B(55B67$786B/2:B2))��LV�VHW��5HVHWWLQJ�WKH�'0$�
FRQWUROOHU�UHDG�ORJLF�UH�LQLWLDOL]HV�WKH�FRQWURO�ORJLF��HQVXULQJ�WKDW�
WKH�QH[W�'0$�UHDG�WUDQVIHU�LV�H[HFXWHG�VXFFHVVIXOO\� 
<RX�KDYH�H[HFXWHG�WKH�SURFHGXUH�RXWOLQHG�LQ��6WRS�%LW���DIWHU�
ZKLFK��WKH��$ERUW�,QWHUUXSW�6WDWXV��ELW�LV�VHW�DQG�WKH�FKDQQHO�
6WDWXV�ILHOG��&6��RI�WKH�'0$�UHDG��'0$�&KDQQHO�&RQWURO���
5HJLVWHU����'0$B&+B&21752/�B2))B:5&+B���LV�VHW�WR�
�6WRSSHG���5HVHWWLQJ�WKH�'0$�FRQWUROOHU�UHDG�ORJLF�UH�LQLWLDOL]HV�
WKH�FRQWURO�ORJLF�HQVXULQJ�WKDW�WKH�QH[W�'0$�UHDG�WUDQVIHU�LV�
H[HFXWHG�VXFFHVVIXOO\� 
'XULQJ�VRIWZDUH�GHYHORSPHQW��ZKHQ�\RX�LQFRUUHFWO\�SURJUDP�WKH�
'0$�UHDG�HQJLQH� 
7R��6RIW�5HVHW��WKH�'0$�FRQWUROOHU�UHDG�ORJLF��\RX�PXVW� 
'H�DVVHUW�WKH�'0$�UHDG�HQJLQH�HQDEOH�ELW� 
:DLW�IRU�WKH�'0$�WR�FRPSOHWH�DQ\�LQ�SURJUHVV�7/3�WUDQVIHU��E\�
ZDLWLQJ�XQWLO�D�UHDG�RQ�WKH�'0$�UHDG�HQJLQH�HQDEOH�ELW�UHWXUQV�D�
���� 
$VVHUW�WKH�'0$�UHDG�HQJLQH�HQDEOH�ELW� 
7KLV��6RIW�5HVHW��GRHV�QRW�FOHDU�WKH�'0$�FRQILJXUDWLRQ�UHJLVWHUV��
7KH�'0$�UHDG�WUDQVIHU�GRHV�QRW�VWDUW�XQWLO�\RX�ZULWH�WR�WKH��'0$�
5HDG�'RRUEHOO�5HJLVWHU���'0$B5($'B'225%(//B2))�� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

 
'0$B5($'B'225%(//B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

5'B6723 
6WRS��6HW�LQ�FRQMXQFWLRQ�ZLWK�WKH�'RRUEHOO�1XPEHU�ILHOG��7KH�'0$�
UHDG�FKDQQHO�VWRSV�LVVXLQJ�UHTXHVWV��VHWV�WKH�FKDQQHO�VWDWXV�WR�
�6WRSSHG���DQG�DVVHUWV�WKH��$ERUW��LQWHUUXSW�LI�LW�LV�HQDEOHG��
%HIRUH�VHWWLQJ�WKH�6WRS�ELW��\RX�PXVW�UHDG�WKH�FKDQQHO�6WDWXV�
ILHOG��&6��RI�WKH��'0$�&KDQQHO�&RQWURO���5HJLVWHU���
�'0$B&+B&21752/�B2))B5'&+B���WR�HQVXUH�WKDW�WKH�UHDG�
FKDQQHO�LV��5XQQLQJ���WUDQVIHUULQJ�GDWD���)RU�PRUH�LQIRUPDWLRQ��
VHH��6WRSSLQJ�WKH�'0$�7UDQVIHU��6RIWZDUH�6WRS��� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

���� 52 �[������� UHVHUYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1798 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

5'B'225%(//B180 
'RRUEHOO�1XPEHU��<RX�PXVW�ZULWH��[��WR�WKLV�UHJLVWHU�WR�VWDUW�WKH�
'0$�UHDG�WUDQVIHU�IRU�WKDW�FKDQQHO��7KH�'0$�GHWHFWV�D�ZULWH�WR�
WKLV�UHJLVWHU�ILHOG�HYHQ�LI�WKH�YDOXH�RI�WKLV�ILHOG�GRHV�QRW�FKDQJH��
7KH�UDQJH�RI�WKLV�ILHOG�LV��[��WR��[���DQG��[��FRUUHVSRQGV�WR�
FKDQQHO����$OVR�QRWH�WKDW�D�ZULWH�WR�WKLV�ILHOG�WULJJHUV�WKH�
FRQWUROOHU�WR�H[LW�/��VXEVWDWHV� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

 
'0$B5($'B&+$11(/B$5%B:(,*+7B/2:B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[�� 

5($'B&+$11(/�B:(,*+7 
&KDQQHO���:HLJKW��7KH�ZHLJKW�LV�LQLWLDOL]HG�E\�VRIWZDUH�EHIRUH�
ULQJLQJ�WKH�GRRUEHOO��7KH�YDOXH�LV�XVHG�E\�WKH�FKDQQHO�ZHLJKWHG�
URXQG�URELQ�DUELWHU�WR�VHOHFW�WKH�QH[W�FKDQQHO�UHDG�UHTXHVW� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

����� 5: �[�� 

5($'B&+$11(/�B:(,*+7 
&KDQQHO���:HLJKW��7KH�ZHLJKW�LV�LQLWLDOL]HG�E\�VRIWZDUH�EHIRUH�
ULQJLQJ�WKH�GRRUEHOO��7KH�YDOXH�LV�XVHG�E\�WKH�FKDQQHO�ZHLJKWHG�
URXQG�URELQ�DUELWHU�WR�VHOHFW�WKH�QH[W�FKDQQHO�UHDG�UHTXHVW� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

��� 5: �[�� 

5($'B&+$11(/�B:(,*+7 
&KDQQHO���:HLJKW��7KH�ZHLJKW�LV�LQLWLDOL]HG�E\�VRIWZDUH�EHIRUH�
ULQJLQJ�WKH�GRRUEHOO��7KH�YDOXH�LV�XVHG�E\�WKH�FKDQQHO�ZHLJKWHG�
URXQG�URELQ�DUELWHU�WR�VHOHFW�WKH�QH[W�FKDQQHO�UHDG�UHTXHVW� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

��� 5: �[�� 

5($'B&+$11(/�B:(,*+7 
&KDQQHO���:HLJKW��7KH�ZHLJKW�LV�LQLWLDOL]HG�E\�VRIWZDUH�EHIRUH�
ULQJLQJ�WKH�GRRUEHOO��7KH�YDOXH�LV�XVHG�E\�WKH�FKDQQHO�ZHLJKWHG�
URXQG�URELQ�DUELWHU�WR�VHOHFW�WKH�QH[W�FKDQQHO�UHDG�UHTXHVW� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

 
'0$B5($'B&+$11(/B$5%B:(,*+7B+,*+B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[�� 

5($'B&+$11(/�B:(,*+7 
&KDQQHO���:HLJKW��7KH�ZHLJKW�LV�LQLWLDOL]HG�E\�VRIWZDUH�EHIRUH�
ULQJLQJ�WKH�GRRUEHOO��7KH�YDOXH�LV�XVHG�E\�WKH�FKDQQHO�ZHLJKWHG�
URXQG�URELQ�DUELWHU�WR�VHOHFW�WKH�QH[W�FKDQQHO�UHDG�UHTXHVW� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1799 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� 

5($'B&+$11(/�B:(,*+7 
&KDQQHO���:HLJKW��7KH�ZHLJKW�LV�LQLWLDOL]HG�E\�VRIWZDUH�EHIRUH�
ULQJLQJ�WKH�GRRUEHOO��7KH�YDOXH�LV�XVHG�E\�WKH�FKDQQHO�ZHLJKWHG�
URXQG�URELQ�DUELWHU�WR�VHOHFW�WKH�QH[W�FKDQQHO�UHDG�UHTXHVW� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

��� 5: �[�� 

5($'B&+$11(/�B:(,*+7 
&KDQQHO���:HLJKW��7KH�ZHLJKW�LV�LQLWLDOL]HG�E\�VRIWZDUH�EHIRUH�
ULQJLQJ�WKH�GRRUEHOO��7KH�YDOXH�LV�XVHG�E\�WKH�FKDQQHO�ZHLJKWHG�
URXQG�URELQ�DUELWHU�WR�VHOHFW�WKH�QH[W�FKDQQHO�UHDG�UHTXHVW� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

��� 5: �[�� 

5($'B&+$11(/�B:(,*+7 
&KDQQHO���:HLJKW��7KH�ZHLJKW�LV�LQLWLDOL]HG�E\�VRIWZDUH�EHIRUH�
ULQJLQJ�WKH�GRRUEHOO��7KH�YDOXH�LV�XVHG�E\�WKH�FKDQQHO�ZHLJKWHG�
URXQG�URELQ�DUELWHU�WR�VHOHFW�WKH�QH[W�FKDQQHO�UHDG�UHTXHVW� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

 
'0$B:5,7(B,17B67$786B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[�� 

:5B$%257B,17B67$786 
$ERUW�,QWHUUXSW�6WDWXV��7KH�'0$�ZULWH�FKDQQHO�KDV�GHWHFWHG�DQ�
HUURU��RU�\RX�PDQXDOO\�VWRSSHG�WKH�WUDQVIHU�DV�GHVFULEHG�LQ��(UURU�
+DQGOLQJ�$VVLVWDQFH�E\�5HPRWH�6RIWZDUH���(DFK�ELW�FRUUHVSRQGV�
WR�D�'0$�FKDQQHO��%LW�>�@�FRUUHVSRQGV�WR�FKDQQHO��� 
(QDEOLQJ��)RU�GHWDLOV��VHH��,QWHUUXSWV�DQG�(UURU�+DQGOLQJ�� 
0DVNLQJ��7KH�'0$�ZULWH�LQWHUUXSW�0DVN�UHJLVWHU�KDV�QR�HIIHFW�RQ�
WKLV�UHJLVWHU� 
&OHDULQJ��<RX�PXVW�ZULWH�D��
E��WR�WKH�FRUUHVSRQGLQJ�FKDQQHO�ELW�
LQ�WKH�'0$�ZULWH�LQWHUUXSW�&OHDU�UHJLVWHU�WR�FOHDU�WKLV�LQWHUUXSW�ELW� 
1RWH��<RX�FDQ�ZULWH�WR�WKLV�UHJLVWHU�WR�HPXODWH�LQWHUUXSW�
JHQHUDWLRQ��GXULQJ�VRIWZDUH�RU�KDUGZDUH�WHVWLQJ��$�ZULWH�WR�WKH�
DGGUHVV�WULJJHUV�DQ�LQWHUUXSW��EXW�WKH�'0$�GRHV�QRW�VHW�WKH�'RQH�
RU�$ERUW�ELWV�LQ�WKLV�UHJLVWHU� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

���� 52 �[�� UHVHUYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1800 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[�� 

:5B'21(B,17B67$786 
'RQH�,QWHUUXSW�6WDWXV��7KH�'0$�ZULWH�FKDQQHO�KDV�VXFFHVVIXOO\�
FRPSOHWHG�WKH�'0$�WUDQVIHU��)RU�PRUH�GHWDLOV��VHH��,QWHUUXSWV�
DQG�(UURU�+DQGOLQJ���(DFK�ELW�FRUUHVSRQGV�WR�D�'0$�FKDQQHO��%LW�
>�@�FRUUHVSRQGV�WR�FKDQQHO��� 
(QDEOLQJ��)RU�GHWDLOV��VHH��,QWHUUXSWV�DQG�(UURU�+DQGOLQJ�� 
0DVNLQJ��7KH�'0$�ZULWH�LQWHUUXSW�0DVN�UHJLVWHU�KDV�QR�HIIHFW�RQ�
WKLV�UHJLVWHU� 
&OHDULQJ��<RX�PXVW�ZULWH�D��
E��WR�WKH�FRUUHVSRQGLQJ�FKDQQHO�ELW�
LQ�WKH�'0$�ZULWH�LQWHUUXSW�&OHDU�UHJLVWHU�WR�FOHDU�WKLV�LQWHUUXSW�ELW� 
1RWH��<RX�FDQ�ZULWH�WR�WKLV�UHJLVWHU�WR�HPXODWH�LQWHUUXSW�
JHQHUDWLRQ��GXULQJ�VRIWZDUH�RU�KDUGZDUH�WHVWLQJ��$�ZULWH�WR�WKH�
DGGUHVV�WULJJHUV�DQ�LQWHUUXSW��EXW�WKH�'0$�GRHV�QRW�VHW�WKH�'RQH�
RU�$ERUW�ELWV�LQ�WKLV�UHJLVWHU� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

 
'0$B:5,7(B,17B0$6.B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 5: �[� 

:5B$%257B,17B0$6. 
$ERUW�,QWHUUXSW�0DVN��3UHYHQWV�WKH�$ERUW�LQWHUUXSW�VWDWXV�ILHOG�LQ�
WKH�'0$�ZULWH�LQWHUUXSW�VWDWXV�UHJLVWHU�IURP�DVVHUWLQJ�WKH�
HGPDBLQW�RXWSXW��(DFK�ELW�FRUUHVSRQGV�WR�D�'0$�FKDQQHO��%LW�>�@�
FRUUHVSRQGV�WR�FKDQQHO��� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

���� 52 �[���� UHVHUYHG 

� 5: �[� 

:5B'21(B,17B0$6. 
'RQH�,QWHUUXSW�0DVN��3UHYHQWV�WKH�'RQH�LQWHUUXSW�VWDWXV�ILHOG�LQ�
WKH�'0$�ZULWH�LQWHUUXSW�VWDWXV�UHJLVWHU�IURP�DVVHUWLQJ�WKH�
HGPDBLQW�RXWSXW��(DFK�ELW�FRUUHVSRQGV�WR�D�'0$�FKDQQHO��%LW�>�@�
FRUUHVSRQGV�WR�FKDQQHO��� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

 
'0$B:5,7(B,17B&/($5B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� :2 �[� 

:5B$%257B,17B&/($5 
$ERUW�,QWHUUXSW�&OHDU��<RX�PXVW�ZULWH�D��
E��WR�FOHDU�WKH�
FRUUHVSRQGLQJ�ELW�LQ�WKH�$ERUW�LQWHUUXSW�VWDWXV�ILHOG�RI�WKH�'0$�
ZULWH�LQWHUUXSW�VWDWXV�UHJLVWHU��(DFK�ELW�FRUUHVSRQGV�WR�D�'0$�
FKDQQHO��%LW�>�@�FRUUHVSRQGV�WR�FKDQQHO��� 
1RWH��5HDGLQJ�IURP�WKLV�VHOI�FOHDULQJ�UHJLVWHU�ILHOG�DOZD\V�UHWXUQV�
D����� 

���� 52 �[���� UHVHUYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1801 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� :2 �[� 

:5B'21(B,17B&/($5 
'RQH�,QWHUUXSW�&OHDU��<RX�PXVW�ZULWH�D��
E��WR�FOHDU�WKH�
FRUUHVSRQGLQJ�ELW�LQ�WKH�'RQH�LQWHUUXSW�VWDWXV�ILHOG�RI�WKH�'0$�
ZULWH�LQWHUUXSW�VWDWXV�UHJLVWHU��(DFK�ELW�FRUUHVSRQGV�WR�D�'0$�
FKDQQHO��%LW�>�@�FRUUHVSRQGV�WR�FKDQQHO��� 
1RWH��5HDGLQJ�IURP�WKLV�VHOI�FOHDULQJ�UHJLVWHU�ILHOG�DOZD\V�UHWXUQV�
D����� 

 
'0$B:5,7(B(55B67$786B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 52 �[�� 

/,1./,67B(/(0(17B)(7&+B(55B'(7(&7 
/LQNHG�/LVW�(OHPHQW�)HWFK�(UURU�'HWHFWHG��7KH�'0$�ZULWH�FKDQQHO�
KDV�UHFHLYHG�DQ�HUURU�UHVSRQVH�IURP�WKH�$;,�EXV��RU�75*7��
LQWHUIDFH�ZKHQ�WKH�$;,�%ULGJH�LV�QRW�XVHG��ZKLOH�UHDGLQJ�D�OLQNHG�
OLVW�HOHPHQW�IURP�ORFDO�PHPRU\��(DFK�ELW�FRUUHVSRQGV�WR�D�'0$�
FKDQQHO��%LW�>�@�FRUUHVSRQGV�WR�FKDQQHO��� 
(QDEOLQJ��)RU�GHWDLOV��VHH��,QWHUUXSWV�DQG�(UURU�+DQGOLQJ�� 
0DVNLQJ��7KH�'0$�ZULWH�LQWHUUXSW�0DVN�UHJLVWHU�KDV�QR�HIIHFW�RQ�
WKLV�UHJLVWHU� 
&OHDULQJ��<RX�PXVW�ZULWH�D��
E��WR�WKH�FRUUHVSRQGLQJ�FKDQQHO�ELW�
LQ�WKH�$ERUW�LQWHUUXSW�ILHOG�RI�WKH��'0$�:ULWH�,QWHUUXSW�&OHDU�
5HJLVWHU���'0$B:5,7(B,17B&/($5B2))��WR�FOHDU�WKLV�HUURU�ELW� 
9DOXH�$IWHU�5HVHW���[� 

���� 52 �[�� UHVHUYHG 

��� 52 �[�� 

$33B5($'B(55B'(7(&7 
$SSOLFDWLRQ�5HDG�(UURU�'HWHFWHG��7KH�'0$�ZULWH�FKDQQHO�KDV�
UHFHLYHG�DQ�HUURU�UHVSRQVH�IURP�WKH�$;,�EXV��RU�75*7��LQWHUIDFH�
ZKHQ�WKH�$;,�%ULGJH�LV�QRW�XVHG��ZKLOH�UHDGLQJ�GDWD�IURP�LW��(DFK�
ELW�FRUUHVSRQGV�WR�D�'0$�FKDQQHO��%LW�>�@�FRUUHVSRQGV�WR�FKDQQHO�
�� 
(QDEOLQJ��)RU�GHWDLOV��VHH��,QWHUUXSWV�DQG�(UURU�+DQGOLQJ�� 
0DVNLQJ��7KH�'0$�ZULWH�LQWHUUXSW�0DVN�UHJLVWHU�KDV�QR�HIIHFW�RQ�
WKLV�UHJLVWHU� 
&OHDULQJ��<RX�PXVW�ZULWH�D��
E��WR�WKH�FRUUHVSRQGLQJ�FKDQQHO�ELW�
LQ�WKH�$ERUW�LQWHUUXSW�ILHOG�RI�WKH��'0$�:ULWH�,QWHUUXSW�&OHDU�
5HJLVWHU���'0$B:5,7(B,17B&/($5B2))��WR�FOHDU�WKLV�HUURU�ELW� 

 
'0$B:5,7(B'21(B,0:5B/2:B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

'0$B:5,7(B'21(B/2:B5(* 
7KH�'0$�XVHV�WKLV�ILHOG�WR�JHQHUDWH�ELWV�>����@�RI�WKH�DGGUHVV�
ILHOG�IRU�WKH�'RQH�,0:U�7/3��%LWV�>���@�PXVW�EH������DV�WKLV�
DGGUHVV�PXVW�EH�GZRUG�DOLJQHG� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

 
'0$B:5,7(B'21(B,0:5B+,*+B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1802 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

'0$B:5,7(B'21(B+,*+B5(* 
7KH�'0$�XVHV�WKLV�ILHOG�WR�JHQHUDWH�ELWV�>�����@�RI�WKH�DGGUHVV�
ILHOG�IRU�WKH�'RQH�,0:U�7/3� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

 
'0$B:5,7(B$%257B,0:5B/2:B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

'0$B:5,7(B$%257B/2:B5(* 
7KH�'0$�XVHV�WKLV�ILHOG�WR�JHQHUDWH�ELWV�>����@�RI�WKH�DGGUHVV�
ILHOG�IRU�WKH�$ERUW�,0:U�7/3�LW�JHQHUDWHV��%LWV�>���@�PXVW�EH������
DV�WKLV�DGGUHVV�PXVW�EH�GZRUG�DOLJQHG� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

 
'0$B:5,7(B$%257B,0:5B+,*+B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 

'0$B:5,7(B$%257B+,*+B5(* 
7KH�'0$�XVHV�WKLV�ILHOG�WR�JHQHUDWH�ELWV�>�����@�RI�WKH�DGGUHVV�
ILHOG�IRU�WKH�$ERUW�,0:U�7/3� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

 
'0$B:5,7(B&+��B,0:5B'$7$B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 

:5B&+$11(/B�B'$7$ 
7KH�'0$�XVHV�WKLV�ILHOG�WR�JHQHUDWH�WKH�GDWD�ILHOG�IRU�WKH�'RQH�RU�
$ERUW�,0:U�7/3V�LW�JHQHUDWHV�IRU�ZULWH�FKDQQHO��� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

���� 5: �[���� 

:5B&+$11(/B�B'$7$ 
7KH�'0$�XVHV�WKLV�ILHOG�WR�JHQHUDWH�WKH�GDWD�ILHOG�IRU�WKH�'RQH�RU�
$ERUW�,0:U�7/3V�LW�JHQHUDWHV�IRU�ZULWH�FKDQQHO��� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

 
'0$B:5,7(B&+��B,0:5B'$7$B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 

:5B&+$11(/B�B'$7$ 
7KH�'0$�XVHV�WKLV�ILHOG�WR�JHQHUDWH�WKH�GDWD�ILHOG�IRU�WKH�'RQH�RU�
$ERUW�,0:U�7/3V�LW�JHQHUDWHV�IRU�ZULWH�FKDQQHO��� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1803 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[���� 

:5B&+$11(/B�B'$7$ 
7KH�'0$�XVHV�WKLV�ILHOG�WR�JHQHUDWH�WKH�GDWD�ILHOG�IRU�WKH�'RQH�RU�
$ERUW�,0:U�7/3V�LW�JHQHUDWHV�IRU�ZULWH�FKDQQHO��� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

 
'0$B:5,7(B&+��B,0:5B'$7$B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 

:5B&+$11(/B�B'$7$ 
7KH�'0$�XVHV�WKLV�ILHOG�WR�JHQHUDWH�WKH�GDWD�ILHOG�IRU�WKH�'RQH�RU�
$ERUW�,0:U�7/3V�LW�JHQHUDWHV�IRU�ZULWH�FKDQQHO��� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

���� 5: �[���� 

:5B&+$11(/B�B'$7$ 
7KH�'0$�XVHV�WKLV�ILHOG�WR�JHQHUDWH�WKH�GDWD�ILHOG�IRU�WKH�'RQH�RU�
$ERUW�,0:U�7/3V�LW�JHQHUDWHV�IRU�ZULWH�FKDQQHO��� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

 
'0$B:5,7(B&+��B,0:5B'$7$B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 

:5B&+$11(/B�B'$7$ 
7KH�'0$�XVHV�WKLV�ILHOG�WR�JHQHUDWH�WKH�GDWD�ILHOG�IRU�WKH�'RQH�RU�
$ERUW�,0:U�7/3V�LW�JHQHUDWHV�IRU�ZULWH�FKDQQHO��� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

���� 5: �[���� 

:5B&+$11(/B�B'$7$ 
7KH�'0$�XVHV�WKLV�ILHOG�WR�JHQHUDWH�WKH�GDWD�ILHOG�IRU�WKH�'RQH�RU�
$ERUW�,0:U�7/3V�LW�JHQHUDWHV�IRU�ZULWH�FKDQQHO��� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

 
'0$B:5,7(B/,1.('B/,67B(55B(1B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 5: �[� 

:5B&+$11(/B///$,( 
:ULWH�&KDQQHO�//�/RFDO�$ERUW�,QWHUUXSW�(QDEOH��///$,(���<RX�
HQDEOH�WKH�ZULWH�FKDQQHO�ORFDO�DERUW�LQWHUUXSW�WKURXJK�WKLV�ELW��
7KH�/,(�DQG�5,(�ELWV�LQ�WKH�//�HOHPHQW�HQDEOH�WKH�ZULWH�FKDQQHO�
GRQH�LQWHUUXSWV��(DFK�ELW�FRUUHVSRQGV�WR�D�'0$�FKDQQHO��%LW�>�@�
FRUUHVSRQGV�WR�FKDQQHO����8VHG�LQ�OLQNHG�OLVW�PRGH�RQO\��)RU�PRUH�
GHWDLOV��VHH��,QWHUUXSW�+DQGOLQJ�� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

���� 52 �[���� UHVHUYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1804 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

:5B&+$11(/B//5$,( 
:ULWH�&KDQQHO�//�5HPRWH�$ERUW�,QWHUUXSW�(QDEOH��//5$,(���<RX�
HQDEOH�WKH�ZULWH�FKDQQHO�UHPRWH�DERUW�LQWHUUXSW�WKURXJK�WKLV�ELW��
7KH�/,(�DQG�5,(�ELWV�LQ�WKH�//�HOHPHQW�HQDEOH�WKH�ZULWH�FKDQQHO�
GRQH�LQWHUUXSWV��(DFK�ELW�FRUUHVSRQGV�WR�D�'0$�FKDQQHO��%LW�>�@�
FRUUHVSRQGV�WR�FKDQQHO����8VHG�LQ�OLQNHG�OLVW�PRGH�RQO\��)RU�PRUH�
GHWDLOV��VHH��,QWHUUXSW�+DQGOLQJ�� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

 
'0$B5($'B,17B67$786B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[�� 

5'B$%257B,17B67$786 
$ERUW�,QWHUUXSW�6WDWXV��7KH�'0$�UHDG�FKDQQHO�KDV�GHWHFWHG�DQ�
HUURU��RU�\RX�PDQXDOO\�VWRSSHG�WKH�WUDQVIHU�DV�GHVFULEHG�LQ�
�6WRSSLQJ�WKH�'0$�7UDQVIHU��6RIWZDUH�6WRS����(DFK�ELW�
FRUUHVSRQGV�WR�D�'0$�FKDQQHO��%LW�>�@�FRUUHVSRQGV�WR�FKDQQHO����
<RX�FDQ�UHDG�WKH��'0$�5HDG�(UURU�6WDWXV�/RZ�5HJLVWHU��
�'0$B5($'B(55B67$786B/2:B2))��DQG��'0$�5HDG�(UURU�
6WDWXV�+LJK�5HJLVWHU���'0$B5($'B(55B67$786B+,*+B2))��WR�
GHWHUPLQH�WKH�VRXUFH�RI�WKH�HUURU� 
(QDEOLQJ��)RU�GHWDLOV��VHH��,QWHUUXSWV�DQG�(UURU�+DQGOLQJ�� 
0DVNLQJ��7KH�'0$�UHDG�LQWHUUXSW�0DVN�UHJLVWHU�KDV�QR�HIIHFW�RQ�
WKLV�UHJLVWHU� 
&OHDULQJ��<RX�PXVW�ZULWH�D��
E��WR�WKH�FRUUHVSRQGLQJ�FKDQQHO�ELW�
LQ�WKH�'0$�UHDG�LQWHUUXSW�&OHDU�UHJLVWHU�WR�FOHDU�WKLV�LQWHUUXSW�ELW� 
1RWH��<RX�FDQ�ZULWH�WR�WKLV�UHJLVWHU�WR�HPXODWH�LQWHUUXSW�
JHQHUDWLRQ��GXULQJ�VRIWZDUH�RU�KDUGZDUH�WHVWLQJ��$�ZULWH�WR�WKH�
DGGUHVV�WULJJHUV�DQ�LQWHUUXSW��EXW�WKH�'0$�GRHV�QRW�VHW�WKH�'RQH�
RU�$ERUW�ELWV�LQ�WKLV�UHJLVWHU� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

���� 52 �[�� UHVHUYHG 

��� 5: �[�� 

5'B'21(B,17B67$786 
'RQH�,QWHUUXSW�6WDWXV��7KH�'0$�UHDG�FKDQQHO�KDV�VXFFHVVIXOO\�
FRPSOHWHG�WKH�'0$�UHDG�WUDQVIHU��(DFK�ELW�FRUUHVSRQGV�WR�D�'0$�
FKDQQHO��%LW�>�@�FRUUHVSRQGV�WR�FKDQQHO��� 
(QDEOLQJ��)RU�GHWDLOV��VHH��,QWHUUXSWV�DQG�(UURU�+DQGOLQJ�� 
0DVNLQJ��7KH�'0$�UHDG�LQWHUUXSW�0DVN�UHJLVWHU�KDV�QR�HIIHFW�RQ�
WKLV�UHJLVWHU� 
&OHDULQJ��<RX�PXVW�ZULWH�D��
E��WR�WKH�FRUUHVSRQGLQJ�FKDQQHO�ELW�
LQ�WKH�'0$�UHDG�LQWHUUXSW�&OHDU�UHJLVWHU�WR�FOHDU�WKLV�LQWHUUXSW�ELW� 
1RWH��<RX�FDQ�ZULWH�WR�WKLV�UHJLVWHU�WR�HPXODWH�LQWHUUXSW�
JHQHUDWLRQ��GXULQJ�VRIWZDUH�RU�KDUGZDUH�WHVWLQJ��$�ZULWH�WR�WKH�
DGGUHVV�WULJJHUV�DQ�LQWHUUXSW��EXW�WKH�'0$�GRHV�QRW�VHW�WKH�'RQH�
RU�$ERUW�ELWV�LQ�WKLV�UHJLVWHU� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

 
'0$B5($'B,17B0$6.B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1805 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 5: �[� 

5'B$%257B,17B0$6. 
$ERUW�,QWHUUXSW�0DVN��3UHYHQWV�WKH�$ERUW�LQWHUUXSW�VWDWXV�ILHOG�LQ�
WKH�'0$�UHDG�LQWHUUXSW�VWDWXV�UHJLVWHU�IURP�DVVHUWLQJ�WKH�
HGPDBLQW�RXWSXW��(DFK�ELW�FRUUHVSRQGV�WR�D�'0$�FKDQQHO��%LW�>�@�
FRUUHVSRQGV�WR�FKDQQHO��� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

���� 52 �[���� UHVHUYHG 

� 5: �[� 

5'B'21(B,17B0$6. 
'RQH�,QWHUUXSW�0DVN��3UHYHQWV�WKH�'RQH�LQWHUUXSW�VWDWXV�ILHOG�LQ�
WKH�'0$�UHDG�LQWHUUXSW�VWDWXV�UHJLVWHU�IURP�DVVHUWLQJ�WKH�
HGPDBLQW�RXWSXW��(DFK�ELW�FRUUHVSRQGV�WR�D�'0$�FKDQQHO��%LW�>�@�
FRUUHVSRQGV�WR�FKDQQHO��� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

 
'0$B5($'B,17B&/($5B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� :2 �[�� 

5'B$%257B,17B&/($5 
$ERUW�,QWHUUXSW�&OHDU��<RX�PXVW�ZULWH�D��
E��WR�FOHDU�WKH�
FRUUHVSRQGLQJ�ELW�LQ�WKH�$ERUW�LQWHUUXSW�VWDWXV�ILHOG�RI�WKH�'0$�
UHDG�LQWHUUXSW�VWDWXV�UHJLVWHU��(DFK�ELW�FRUUHVSRQGV�WR�D�'0$�
FKDQQHO��%LW�>�@�FRUUHVSRQGV�WR�FKDQQHO��� 
1RWH��5HDGLQJ�IURP�WKLV�VHOI�FOHDULQJ�UHJLVWHU�ILHOG�DOZD\V�UHWXUQV�
D����� 

���� 52 �[�� UHVHUYHG 

��� :2 �[�� 

5'B'21(B,17B&/($5 
'RQH�,QWHUUXSW�&OHDU��<RX�PXVW�ZULWH�D��
E��WR�FOHDU�WKH�
FRUUHVSRQGLQJ�ELW�LQ�WKH�'RQH�LQWHUUXSW�VWDWXV�ILHOG�RI�WKH�'0$�
UHDG�LQWHUUXSW�VWDWXV�UHJLVWHU��(DFK�ELW�FRUUHVSRQGV�WR�D�'0$�
FKDQQHO��%LW�>�@�FRUUHVSRQGV�WR�FKDQQHO��� 
1RWH��5HDGLQJ�IURP�WKLV�VHOI�FOHDULQJ�UHJLVWHU�ILHOG�DOZD\V�UHWXUQV�
D����� 

 
'0$B5($'B(55B67$786B/2:B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1806 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� 

/,1.B/,67B(/(0(17B)(7&+B(55B'(7(&7 
/LQNHG�/LVW�(OHPHQW�)HWFK�(UURU�'HWHFWHG� 
7KH�'0$�UHDG�FKDQQHO�KDV�UHFHLYHG�DQ�HUURU�UHVSRQVH�IURP�WKH�
$;,�EXV�ZKLOH�UHDGLQJ�D�OLQNHG�OLVW�HOHPHQW�IURP�ORFDO�PHPRU\��
(DFK�ELW�FRUUHVSRQGV�WR�D�'0$�FKDQQHO��%LW�>�@�FRUUHVSRQGV�WR�
FKDQQHO��� 
(QDEOLQJ��)RU�GHWDLOV��VHH��,QWHUUXSWV�DQG�(UURU�+DQGOLQJ�� 
0DVNLQJ��7KH�'0$�UHDG�LQWHUUXSW�0DVN�UHJLVWHU�KDV�QR�HIIHFW�RQ�
WKLV�UHJLVWHU� 
&OHDULQJ��<RX�PXVW�ZULWH�D��
E��WR�WKH�FRUUHVSRQGLQJ�FKDQQHO�ELW�
LQ�WKH�$ERUW�LQWHUUXSW�ILHOG�RI�WKH��'0$�5HDG�,QWHUUXSW�&OHDU�
5HJLVWHU���'0$B5($'B,17B&/($5B2))��WR�FOHDU�WKLV�HUURU�ELW��
1RWH��WKLV�FOHDUV�DOO�ELWV�LQ�WKLV�UHJLVWHU��DQG�DOVR�WKH�'0$�5HDG�
(UURU�6WDWXV�+LJK�UHJLVWHU�
�'0$B5($'B(55B67$786B+,*+B2))�� 

���� 52 �[�� UHVHUYHG 

��� 52 �[�� 

$33B:5B(55B'(7(&7 
$SSOLFDWLRQ�:ULWH�(UURU�'HWHFWHG��7KH�'0$�UHDG�FKDQQHO�KDV�
UHFHLYHG�DQ�HUURU�UHVSRQVH�IURP�WKH�$;,�EXV��RU�75*7��LQWHUIDFH�
ZKHQ�WKH�$;,�%ULGJH�LV�QRW�XVHG��ZKLOH�ZULWLQJ�GDWD�WR�LW��7KLV�
HUURU�LV�IDWDO��<RX�PXVW�UHVWDUW�WKH�WUDQVIHU�IURP�WKH�EHJLQQLQJ��DV�
WKH�FKDQQHO�FRQWH[W�LV�FRUUXSWHG��DQG�WKH�WUDQVIHU�LV�QRW�UROOHG�
EDFN��)RU�PRUH�GHWDLOV��VHH��/LQNHG�/LVW�0RGH���(DFK�ELW�
FRUUHVSRQGV�WR�D�'0$�FKDQQHO��%LW�>�@�FRUUHVSRQGV�WR�FKDQQHO��� 
(QDEOLQJ��)RU�GHWDLOV��VHH��,QWHUUXSWV�DQG�(UURU�+DQGOLQJ�� 
0DVNLQJ��7KH�'0$�UHDG�LQWHUUXSW�0DVN�UHJLVWHU�KDV�QR�HIIHFW�RQ�
WKLV�UHJLVWHU� 
&OHDULQJ��<RX�PXVW�ZULWH�D��
E��WR�WKH�FRUUHVSRQGLQJ�FKDQQHO�ELW�
LQ�WKH�$ERUW�LQWHUUXSW�ILHOG�RI�WKH��'0$�5HDG�,QWHUUXSW�&OHDU�
5HJLVWHU���'0$B5($'B,17B&/($5B2))��WR�FOHDU�WKLV�HUURU�ELW��
1RWH��WKLV�FOHDUV�DOO�ELWV�LQ�WKLV�UHJLVWHU��DQG�DOVR�WKH�'0$�5HDG�
(UURU�6WDWXV�+LJK�UHJLVWHU�
�'0$B5($'B(55B67$786B+,*+B2))�� 

 
'0$B5($'B(55B67$786B+,*+B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� 

'$7$B32,6,21,1* 
'DWD�3RLVRQLQJ��7KH�'0$�UHDG�FKDQQHO�KDV�GHWHFWHG�GDWD�
SRLVRQLQJ�LQ�WKH�FRPSOHWLRQ�IURP�WKH�UHPRWH�GHYLFH��LQ�UHVSRQVH�
WR�WKH�05G�UHTXHVW���7KH�'0$�UHDG�FKDQQHO�ZLOO�GURS�WKH�
FRPSOHWLRQ�DQG�WKHQ�EH�KDOWHG��7KH�&;B)/7B0$6.B85B32,6�ILOWHU�
UXOH�GRHV�QRW�DIIHFW�WKLV�EHKDYLRU��(DFK�ELW�FRUUHVSRQGV�WR�D�'0$�
FKDQQHO��%LW�>�@�FRUUHVSRQGV�WR�FKDQQHO��� 
(QDEOLQJ��)RU�GHWDLOV��VHH��,QWHUUXSWV�DQG�(UURU�+DQGOLQJ�� 
0DVNLQJ��7KH�'0$�UHDG�LQWHUUXSW�0DVN�UHJLVWHU�KDV�QR�HIIHFW�RQ�
WKLV�UHJLVWHU� 
&OHDULQJ��<RX�PXVW�ZULWH�D��
E��WR�WKH�FRUUHVSRQGLQJ�FKDQQHO�ELW�
LQ�WKH�$ERUW�LQWHUUXSW�ILHOG�RI�WKH��'0$�5HDG�,QWHUUXSW�&OHDU�
5HJLVWHU���'0$B5($'B,17B&/($5B2))��WR�FOHDU�WKLV�HUURU�ELW��
1RWH��WKLV�DOVR�FOHDUV�WKH�RWKHU�HUURU�ELWV�IRU�WKH�VDPH�FKDQQHO�LQ�
WKLV�UHJLVWHU�DQG�LQ�WKH�'0$�5HDG�(UURU�6WDWXV�/RZ�UHJLVWHU� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� 

&3/B7,0(287 
&RPSOHWLRQ�7LPH�2XW��7KH�'0$�UHDG�FKDQQHO�KDV�WLPHG�RXW�ZKLOH�
ZDLWLQJ�IRU�WKH�UHPRWH�GHYLFH�WR�UHVSRQG�WR�WKH�05G�UHTXHVW��RU�D�
PDOIRUPHG�&SO'�KDV�EHHQ�UHFHLYHG��)RU�PRUH�GHWDLOV��VHH��/LQNHG�
/LVW�0RGH���(DFK�ELW�FRUUHVSRQGV�WR�D�'0$�FKDQQHO��%LW�>�@�
FRUUHVSRQGV�WR�FKDQQHO��� 
(QDEOLQJ��)RU�GHWDLOV��VHH��,QWHUUXSWV�DQG�(UURU�+DQGOLQJ��� 
0DVNLQJ��7KH�'0$�UHDG�LQWHUUXSW�0DVN�UHJLVWHU�KDV�QR�HIIHFW�RQ�
WKLV�UHJLVWHU� 
&OHDULQJ��<RX�PXVW�ZULWH�D��
E��WR�WKH�FRUUHVSRQGLQJ�FKDQQHO�ELW�
LQ�WKH�$ERUW�LQWHUUXSW�ILHOG�RI�WKH��'0$�5HDG�,QWHUUXSW�&OHDU�
5HJLVWHU���'0$B5($'B,17B&/($5B2))��WR�FOHDU�WKLV�HUURU�ELW��
1RWH��WKLV�DOVR�FOHDUV�WKH�RWKHU�HUURU�ELWV�IRU�WKH�VDPH�FKDQQHO�LQ�
WKLV�UHJLVWHU�DQG�LQ�WKH�'0$�5HDG�(UURU�6WDWXV�/RZ�UHJLVWHU� 

���� 52 �[�� 

&3/B$%257 
&RPSOHWHU�$ERUW��7KH�'0$�UHDG�FKDQQHO�KDV�UHFHLYHG�D�3&,H�
FRPSOHWHU�DERUW�FRPSOHWLRQ�VWDWXV�IURP�WKH�UHPRWH�GHYLFH�LQ�
UHVSRQVH�WR�WKH�05G�UHTXHVW��)RU�PRUH�GHWDLOV��VHH��/LQNHG�/LVW�
0RGH���(DFK�ELW�FRUUHVSRQGV�WR�D�'0$�FKDQQHO��%LW�>�@�
FRUUHVSRQGV�WR�FKDQQHO��� 
(QDEOLQJ��)RU�GHWDLOV��VHH��,QWHUUXSWV�DQG�(UURU�+DQGOLQJ�� 
0DVNLQJ��7KH�'0$�UHDG�LQWHUUXSW�0DVN�UHJLVWHU�KDV�QR�HIIHFW�RQ�
WKLV�UHJLVWHU� 
&OHDULQJ��<RX�PXVW�ZULWH�D��
E��WR�WKH�FRUUHVSRQGLQJ�FKDQQHO�ELW�
LQ�WKH�$ERUW�LQWHUUXSW�ILHOG�RI�WKH��'0$�5HDG�,QWHUUXSW�&OHDU�
5HJLVWHU���'0$B5($'B,17B&/($5B2))��WR�FOHDU�WKLV�HUURU�ELW��
1RWH��WKLV�DOVR�FOHDUV�WKH�RWKHU�HUURU�ELWV�IRU�WKH�VDPH�FKDQQHO�LQ�
WKLV�UHJLVWHU�DQG�LQ�WKH�'0$�5HDG�(UURU�6WDWXV�/RZ�UHJLVWHU� 

��� 52 �[�� 

816833257('B5(4 
8QVXSSRUWHG�5HTXHVW��7KH�'0$�UHDG�FKDQQHO�KDV�UHFHLYHG�D�3&,H�
XQVXSSRUWHG�UHTXHVW�FRPSOHWLRQ�VWDWXV�IURP�WKH�UHPRWH�GHYLFH�LQ�
UHVSRQVH�WR�WKH�05G�UHTXHVW��)RU�PRUH�GHWDLOV��VHH��/LQNHG�/LVW�
0RGH���(DFK�ELW�FRUUHVSRQGV�WR�D�'0$�FKDQQHO��%LW�>�@�
FRUUHVSRQGV�WR�FKDQQHO��� 
(QDEOLQJ��)RU�GHWDLOV��VHH��,QWHUUXSWV�DQG�(UURU�+DQGOLQJ�� 
0DVNLQJ��7KH�'0$�UHDG�LQWHUUXSW�0DVN�UHJLVWHU�KDV�QR�HIIHFW�RQ�
WKLV�UHJLVWHU� 
&OHDULQJ��<RX�PXVW�ZULWH�D��
E��WR�WKH�FRUUHVSRQGLQJ�FKDQQHO�ELW�
LQ�WKH�$ERUW�LQWHUUXSW�ILHOG�RI�WKH��'0$�5HDG�,QWHUUXSW�&OHDU�
5HJLVWHU���'0$B5($'B,17B&/($5B2))��WR�FOHDU�WKLV�HUURU�ELW��
1RWH��WKLV�DOVR�FOHDUV�WKH�RWKHU�HUURU�ELWV�IRU�WKH�VDPH�FKDQQHO�LQ�
WKLV�UHJLVWHU�DQG�LQ�WKH�'0$�5HDG�(UURU�6WDWXV�/RZ�UHJLVWHU� 

 
'0$B5($'B/,1.('B/,67B(55B(1B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1808 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

5'B&+$11(/B///$,( 
5HDG�&KDQQHO�//�/RFDO�$ERUW�,QWHUUXSW�(QDEOH��///$,(���<RX�
HQDEOH�WKH�UHDG�FKDQQHO�/RFDO�$ERUW�LQWHUUXSW�WKURXJK�WKLV�ELW��
7KH�/,(�DQG�5,(�ELWV�LQ�WKH�//�HOHPHQW�HQDEOH�WKH�UHDG�FKDQQHO�
GRQH�LQWHUUXSWV��(DFK�ELW�FRUUHVSRQGV�WR�D�'0$�FKDQQHO��%LW�>�@�
FRUUHVSRQGV�WR�FKDQQHO����8VHG�LQ�OLQNHG�OLVW�PRGH�RQO\��)RU�PRUH�
GHWDLOV��VHH��,QWHUUXSW�+DQGOLQJ�� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

���� 52 �[���� UHVHUYHG 

� 5: �[� 

5'B&+$11(/B//5$,( 
5HDG�&KDQQHO�//�5HPRWH�$ERUW�,QWHUUXSW�(QDEOH��//5$,(���<RX�
HQDEOH�WKH�UHDG�FKDQQHO�5HPRWH�$ERUW�LQWHUUXSW�WKURXJK�WKLV�ELW��
7KH�/,(�DQG�5,(�ELWV�LQ�WKH�//�HOHPHQW�HQDEOH�WKH�UHDG�FKDQQHO�
GRQH�LQWHUUXSWV��(DFK�ELW�FRUUHVSRQGV�WR�D�'0$�FKDQQHO��%LW�>�@�
FRUUHVSRQGV�WR�FKDQQHO����8VHG�LQ�OLQNHG�OLVW�PRGH�RQO\��)RU�PRUH�
GHWDLOV��VHH��,QWHUUXSW�+DQGOLQJ�� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

 
'0$B5($'B'21(B,0:5B/2:B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

'0$B5($'B'21(B/2:B5(* 
7KH�'0$�XVHV�WKLV�ILHOG�WR�JHQHUDWH�ELWV�>����@�RI�WKH�DGGUHVV�
ILHOG�IRU�WKH�'RQH�,0:U�7/3��%LWV�>���@�PXVW�EH������DV�WKLV�
DGGUHVV�PXVW�EH�GZRUG�DOLJQHG� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

 
'0$B5($'B'21(B,0:5B+,*+B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

'0$B5($'B'21(B+,*+B5(* 
7KH�'0$�XVHV�WKLV�ILHOG�WR�JHQHUDWH�ELWV�>�����@�RI�WKH�DGGUHVV�
ILHOG�IRU�WKH�'RQH�,0:U�7/3� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

 
'0$B5($'B$%257B,0:5B/2:B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

'0$B5($'B$%257B/2:B5(* 
7KH�'0$�XVHV�WKLV�ILHOG�WR�JHQHUDWH�ELWV�>����@�RI�WKH�DGGUHVV�
ILHOG�IRU�WKH�$ERUW�,0:U�7/3��%LWV�>���@�PXVW�EH������DV�WKLV�
DGGUHVV�PXVW�EH�GZRUG�DOLJQHG� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

 
'0$B5($'B$%257B,0:5B+,*+B2))�  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

'0$B5($'B$%257B+,*+B5(* 
7KH�'0$�XVHV�WKLV�ILHOG�WR�JHQHUDWH�ELWV�>�����@�RI�WKH�DGGUHVV�
ILHOG�IRU�WKH�$ERUW�,0:U�7/3� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

 
'0$B5($'B&+��B,0:5B'$7$B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 

5'B&+$11(/B�B'$7$ 
7KH�'0$�XVHV�WKLV�ILHOG�WR�JHQHUDWH�WKH�GDWD�ILHOG�IRU�WKH�'RQH�RU�
$ERUW�,0:U�7/3V�LW�JHQHUDWHV�IRU�UHDG�FKDQQHO��� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

���� 5: �[���� 

5'B&+$11(/B�B'$7$ 
7KH�'0$�XVHV�WKLV�ILHOG�WR�JHQHUDWH�WKH�GDWD�ILHOG�IRU�WKH�'RQH�RU�
$ERUW�,0:U�7/3V�LW�JHQHUDWHV�IRU�UHDG�FKDQQHO��� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

 
'0$B5($'B&+��B,0:5B'$7$B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 

5'B&+$11(/B�B'$7$ 
7KH�'0$�XVHV�WKLV�ILHOG�WR�JHQHUDWH�WKH�GDWD�ILHOG�IRU�WKH�'RQH�RU�
$ERUW�,0:U�7/3V�LW�JHQHUDWHV�IRU�UHDG�FKDQQHO��� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

���� 5: �[���� 

5'B&+$11(/B�B'$7$ 
7KH�'0$�XVHV�WKLV�ILHOG�WR�JHQHUDWH�WKH�GDWD�ILHOG�IRU�WKH�'RQH�RU�
$ERUW�,0:U�7/3V�LW�JHQHUDWHV�IRU�UHDG�FKDQQHO��� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

 
'0$B5($'B&+��B,0:5B'$7$B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 

5'B&+$11(/B�B'$7$ 
7KH�'0$�XVHV�WKLV�ILHOG�WR�JHQHUDWH�WKH�GDWD�ILHOG�IRU�WKH�'RQH�RU�
$ERUW�,0:U�7/3V�LW�JHQHUDWHV�IRU�UHDG�FKDQQHO��� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

���� 5: �[���� 

5'B&+$11(/B�B'$7$ 
7KH�'0$�XVHV�WKLV�ILHOG�WR�JHQHUDWH�WKH�GDWD�ILHOG�IRU�WKH�'RQH�RU�
$ERUW�,0:U�7/3V�LW�JHQHUDWHV�IRU�UHDG�FKDQQHO��� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 
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'0$B5($'B&+��B,0:5B'$7$B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 

5'B&+$11(/B�B'$7$ 
7KH�'0$�XVHV�WKLV�ILHOG�WR�JHQHUDWH�WKH�GDWD�ILHOG�IRU�WKH�'RQH�RU�
$ERUW�,0:U�7/3V�LW�JHQHUDWHV�IRU�UHDG�FKDQQHO��� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

���� 5: �[���� 

5'B&+$11(/B�B'$7$ 
7KH�'0$�XVHV�WKLV�ILHOG�WR�JHQHUDWH�WKH�GDWD�ILHOG�IRU�WKH�'RQH�RU�
$ERUW�,0:U�7/3V�LW�JHQHUDWHV�IRU�UHDG�FKDQQHO��� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

 
'0$B:5,7(B(1*,1(B+6+$.(B&17B/2:B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 52 �[�� 
'0$B:5,7(B(1*,1(B+6+$.(B&17B&+� 
'0$�KDQGVKDNH�FRXQWHU�IRU�'0$�:ULWH�(QJLQH�&KDQQHO����,I�
&&B'0$B+6+$.(� ���WKH�GDWD�WUDQVIHU�LQ�/LQNHG�/LVW�PRGH�
VWDUWV�RQO\�ZKHQ�WKH�FRXQWHU�LV�QRQ�]HUR� 

����� 52 �[� UHVHUYHG 

����� 52 �[�� 
'0$B:5,7(B(1*,1(B+6+$.(B&17B&+� 
'0$�KDQGVKDNH�FRXQWHU�IRU�'0$�:ULWH�(QJLQH�&KDQQHO����,I�
&&B'0$B+6+$.(� ���WKH�GDWD�WUDQVIHU�LQ�/LQNHG�/LVW�PRGH�
VWDUWV�RQO\�ZKHQ�WKH�FRXQWHU�LV�QRQ�]HUR� 

����� 52 �[� UHVHUYHG 

���� 52 �[�� 
'0$B:5,7(B(1*,1(B+6+$.(B&17B&+� 
'0$�KDQGVKDNH�FRXQWHU�IRU�'0$�:ULWH�(QJLQH�&KDQQHO����,I�
&&B'0$B+6+$.(� ���WKH�GDWD�WUDQVIHU�LQ�/LQNHG�/LVW�PRGH�
VWDUWV�RQO\�ZKHQ�WKH�FRXQWHU�LV�QRQ�]HUR� 

��� 52 �[� UHVHUYHG 

��� 52 �[�� 
'0$B:5,7(B(1*,1(B+6+$.(B&17B&+� 
'0$�KDQGVKDNH�FRXQWHU�IRU�'0$�:ULWH�(QJLQH�&KDQQHO����,I�
&&B'0$B+6+$.(� ���WKH�GDWD�WUDQVIHU�LQ�/LQNHG�/LVW�PRGH�
VWDUWV�RQO\�ZKHQ�WKH�FRXQWHU�LV�QRQ�]HUR� 

 
'0$B:5,7(B(1*,1(B+6+$.(B&17B+,*+B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 52 �[�� 
'0$B:5,7(B(1*,1(B+6+$.(B&17B&+� 
'0$�KDQGVKDNH�FRXQWHU�IRU�'0$�:ULWH�(QJLQH�&KDQQHO����,I�
&&B'0$B+6+$.(� ���WKH�GDWD�WUDQVIHU�LQ�/LQNHG�/LVW�PRGH�
VWDUWV�RQO\�ZKHQ�WKH�FRXQWHU�LV�QRQ�]HUR� 

����� 52 �[� UHVHUYHG 

����� 52 �[�� 
'0$B:5,7(B(1*,1(B+6+$.(B&17B&+� 
'0$�KDQGVKDNH�FRXQWHU�IRU�'0$�:ULWH�(QJLQH�&KDQQHO����,I�
&&B'0$B+6+$.(� ���WKH�GDWD�WUDQVIHU�LQ�/LQNHG�/LVW�PRGH�
VWDUWV�RQO\�ZKHQ�WKH�FRXQWHU�LV�QRQ�]HUR� 

����� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�� 
'0$B:5,7(B(1*,1(B+6+$.(B&17B&+� 
'0$�KDQGVKDNH�FRXQWHU�IRU�'0$�:ULWH�(QJLQH�&KDQQHO����,I�
&&B'0$B+6+$.(� ���WKH�GDWD�WUDQVIHU�LQ�/LQNHG�/LVW�PRGH�
VWDUWV�RQO\�ZKHQ�WKH�FRXQWHU�LV�QRQ�]HUR� 

��� 52 �[� UHVHUYHG 

��� 52 �[�� 
'0$B:5,7(B(1*,1(B+6+$.(B&17B&+� 
'0$�KDQGVKDNH�FRXQWHU�IRU�'0$�:ULWH�(QJLQH�&KDQQHO����,I�
&&B'0$B+6+$.(� ���WKH�GDWD�WUDQVIHU�LQ�/LQNHG�/LVW�PRGH�
VWDUWV�RQO\�ZKHQ�WKH�FRXQWHU�LV�QRQ�]HUR� 

 
'0$B5($'B(1*,1(B+6+$.(B&17B/2:B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 52 �[�� 
'0$B5($'B(1*,1(B+6+$.(B&17B&+� 
'0$�KDQGVKDNH�FRXQWHU�IRU�'0$�5HDG�(QJLQH�&KDQQHO����,I�
&&B'0$B+6+$.(� ���WKH�GDWD�WUDQVIHU�LQ�/LQNHG�/LVW�PRGH�
VWDUWV�RQO\�ZKHQ�WKH�FRXQWHU�LV�QRQ�]HUR� 

����� 52 �[� UHVHUYHG 

����� 52 �[�� 
'0$B5($'B(1*,1(B+6+$.(B&17B&+� 
'0$�KDQGVKDNH�FRXQWHU�IRU�'0$�5HDG�(QJLQH�&KDQQHO����,I�
&&B'0$B+6+$.(� ���WKH�GDWD�WUDQVIHU�LQ�/LQNHG�/LVW�PRGH�
VWDUWV�RQO\�ZKHQ�WKH�FRXQWHU�LV�QRQ�]HUR� 

����� 52 �[� UHVHUYHG 

���� 52 �[�� 
'0$B5($'B(1*,1(B+6+$.(B&17B&+� 
'0$�KDQGVKDNH�FRXQWHU�IRU�'0$�5HDG�(QJLQH�&KDQQHO����,I�
&&B'0$B+6+$.(� ���WKH�GDWD�WUDQVIHU�LQ�/LQNHG�/LVW�PRGH�
VWDUWV�RQO\�ZKHQ�WKH�FRXQWHU�LV�QRQ�]HUR� 

��� 52 �[� UHVHUYHG 

��� 52 �[�� 
'0$B5($'B(1*,1(B+6+$.(B&17B&+� 
'0$�KDQGVKDNH�FRXQWHU�IRU�'0$�5HDG�(QJLQH�&KDQQHO����,I�
&&B'0$B+6+$.(� ���WKH�GDWD�WUDQVIHU�LQ�/LQNHG�/LVW�PRGH�
VWDUWV�RQO\�ZKHQ�WKH�FRXQWHU�LV�QRQ�]HUR� 

 
'0$B5($'B(1*,1(B+6+$.(B&17B+,*+B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 52 �[�� 
'0$B5($'B(1*,1(B+6+$.(B&17B&+� 
'0$�KDQGVKDNH�FRXQWHU�IRU�'0$�5HDG�(QJLQH�&KDQQHO����,I�
&&B'0$B+6+$.(� ���WKH�GDWD�WUDQVIHU�LQ�/LQNHG�/LVW�PRGH�
VWDUWV�RQO\�ZKHQ�WKH�FRXQWHU�LV�QRQ�]HUR� 

����� 52 �[� UHVHUYHG 

����� 52 �[�� 
'0$B5($'B(1*,1(B+6+$.(B&17B&+� 
'0$�KDQGVKDNH�FRXQWHU�IRU�'0$�5HDG�(QJLQH�&KDQQHO����,I�
&&B'0$B+6+$.(� ���WKH�GDWD�WUDQVIHU�LQ�/LQNHG�/LVW�PRGH�
VWDUWV�RQO\�ZKHQ�WKH�FRXQWHU�LV�QRQ�]HUR� 

����� 52 �[� UHVHUYHG 

���� 52 �[�� 
'0$B5($'B(1*,1(B+6+$.(B&17B&+� 
'0$�KDQGVKDNH�FRXQWHU�IRU�'0$�5HDG�(QJLQH�&KDQQHO����,I�
&&B'0$B+6+$.(� ���WKH�GDWD�WUDQVIHU�LQ�/LQNHG�/LVW�PRGH�
VWDUWV�RQO\�ZKHQ�WKH�FRXQWHU�LV�QRQ�]HUR� 

��� 52 �[� UHVHUYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1812 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 52 �[�� 
'0$B5($'B(1*,1(B+6+$.(B&17B&+� 
'0$�KDQGVKDNH�FRXQWHU�IRU�'0$�5HDG�(QJLQH�&KDQQHO����,I�
&&B'0$B+6+$.(� ���WKH�GDWD�WUDQVIHU�LQ�/LQNHG�/LVW�PRGH�
VWDUWV�RQO\�ZKHQ�WKH�FRXQWHU�LV�QRQ�]HUR� 

 
'0$B&+B&21752/�B2))B:5&+B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

'0$B$7 
$GGUHVV�7UDQVODWLRQ�7/3�+HDGHU�%LW��$7� 
7KH�'0$�XVHV�WKLV�7/3�KHDGHU�ILHOG�ZKHQ�JHQHUDWLQJ�05G�0:U�
�QRW�,0:U��7/3V� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

����� 5: �[� 

'0$B7& 
7UDIILF�&ODVV�7/3�+HDGHU�%LW��7&� 
7KH�'0$�XVHV�WKLV�7/3�KHDGHU�ILHOG�ZKHQ�JHQHUDWLQJ�05G�0:U�
�QRW�,0:U��7/3V� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 
 

�� 52 �[� UHVHUYHG 

�� 5: �[� 

'0$B52 
5HOD[HG�2UGHULQJ�7/3�+HDGHU�%LW��52� 
7KH�'0$�XVHV�WKLV�7/3�KHDGHU�ILHOG�ZKHQ�JHQHUDWLQJ�05G�0:U�
�QRW�,0:U��7/3V� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

�� 5: �[� 

'0$B16B65& 
6RXUFH�1R�6QRRS�7/3�+HDGHU�%LW��'0$B16B65&�� 
7KH�'0$�XVHV�WKLV�7/3�KHDGHU�ILHOG�ZKHQ�JHQHUDWLQJ�05G��6$5�
DGGUHVVLQJ�VSDFH���QRW�,0:U��7/3V� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

�� 5: �[� 

'0$B16B'67 
'HVWLQDWLRQ�1R�6QRRS�7/3�+HDGHU�%LW��'0$B16B'67�� 
7KH�'0$�XVHV�WKLV�7/3�KHDGHU�ILHOG�ZKHQ�JHQHUDWLQJ�0:U��'$5�
DGGUHVVLQJ�VSDFH���QRW�,0:U��7/3V� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

����� 52 �[�� UHVHUYHG 

����� 5: �[�� 

'0$B)81&B180 
)XQFWLRQ�1XPEHU��)1���7KH�FRQWUROOHU�XVHV�WKLV�ILHOG�ZKHQ�
JHQHUDWLQJ�WKH�UHTXHVWHU�,'�IRU�WKH�05G�0:U�'0$�7/3��:KHQ�\RX�
KDYH�HQDEOHG�65�,29��WKHQ�WKLV�ILHOG�LV�LJQRUHG�LI�\RX�KDYH�VHW�WKH�
9)(�ILHOG�LQ�WKH��'0$�:ULWH�&KDQQHO�&RQWURO���5HJLVWHU��
�'0$B&+B&21752/�B2))B:5&+B��� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1813 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

� 5: �[� 

//( 
/LQNHG�/LVW�(QDEOH��//(�� 
���'LVDEOH�OLQNHG�OLVW�RSHUDWLRQ 
���(QDEOH�OLQNHG�OLVW�RSHUDWLRQ 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

� 5: �[� 

&&6 
&RQVXPHU�&\FOH�6WDWH��&&6���8VHG�LQ�OLQNHG�OLVW�PRGH�RQO\��,W�LV�
XVHG�WR�V\QFKURQL]H�WKH�SURGXFHU��VRIWZDUH��DQG�WKH�FRQVXPHU�
�'0$���)RU�PRUH�GHWDLOV��VHH��3&6�&&6�&%�7&%�3URGXFHU�
&RQVXPHU�6\QFKURQL]DWLRQ�� 
<RX�PXVW�LQLWLDOL]H�WKLV�ELW��7KH�'0$�XSGDWHV�WKLV�ELW�GXULQJ�OLQNHG�
OLVW�RSHUDWLRQ� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

� 52 �[� UHVHUYHG 

��� 52 �[� 

&6 
&KDQQHO�6WDWXV��&6���7KH�FKDQQHO�VWDWXV�ELWV�LGHQWLI\�WKH�FXUUHQW�
RSHUDWLRQDO�VWDWH�RI�WKH�'0$�FKDQQHO��7KH�RSHUDWLRQ�VWDWH�
HQFRGLQJ�IRU�HDFK�'0$�FKDQQHO�LV�D�V�IROORZV� 
����5HVHUYHG 
����5XQQLQJ��7KLV�FKDQQHO�LV�DFWLYH�DQG�WUDQVIHUULQJ�GDWD� 
����+DOWHG��$Q�HUURU�FRQGLWLRQ�KDV�EHHQ�GHWHFWHG��DQG�WKH�'0$�
KDV�VWRSSHG�WKLV�FKDQQHO� 
����6WRSSHG��7KH�'0$�KDV�WUDQVIHUUHG�DOO�GDWD�IRU�WKLV�FKDQQHO��
RU�\RX�KDYH�SUHPDWXUHO\�VWRSSHG�WKLV�FKDQQHO�E\�ZULWLQJ�WR�WKH�
6WRS�ILHOG�RI�WKH��'0$�:ULWH�'RRUEHOO�5HJLVWHU��
�'0$B:5,7(B'225%(//B2))��RU��'0$�5HDG�'RRUEHOO�5HJLVWHU��
�'0$B5($'B'225%(//B2))�� 

� 5: �[� 

5,( 
5HPRWH�,QWHUUXSW�(QDEOH��5,(���<RX�PXVW�VHW�WKLV�ELW�WR�HQDEOH�
WKH�JHQHUDWLRQ�RI�WKH�'RQH�RU�$ERUW�5HPRWH�LQWHUUXSWV��)RU�PRUH�
GHWDLOV��VHH��,QWHUUXSWV�DQG�(UURU�+DQGOLQJ���,Q�//�PRGH��WKH�'0$�
RYHUZULWHV�WKLV�ZLWK�WKH�5,(�RI�WKH�//�HOHPHQW��7KH�5,(�ELW�LQ�D�//�
HOHPHQW�RQO\�HQDEOHV�WKH�'RQH�LQWHUUXSW��,Q�QRQ�//�PRGH��WKH�
5,(�ELW�HQDEOHV�WKH�'RQH�DQG�$ERUW�LQWHUUXSWV� 
7KLV�ILHOG�LV�QRW�GHILQHG�LQ�D�OLQN�//�HOHPHQW� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

� 5: �[� 

/,( 
/RFDO�,QWHUUXSW�(QDEOH��/,(���<RX�PXVW�VHW�WKLV�ELW�WR�HQDEOH�WKH�
JHQHUDWLRQ�RI�WKH�'RQH�RU�$ERUW�/RFDO�LQWHUUXSWV��)RU�PRUH�
GHWDLOV��VHH��,QWHUUXSWV�DQG�(UURU�+DQGOLQJ���,Q�//�PRGH��WKH�'0$�
RYHUZULWHV�WKLV�ZLWK�WKH�/,(�RI�WKH�//�HOHPHQW��7KH�/,(�ELW�LQ�D�//�
HOHPHQW�RQO\�HQDEOHV�WKH�'RQH�LQWHUUXSW��,Q�QRQ�//�PRGH��WKH�
/,(�ELW�HQDEOHV�WKH�'RQH�DQG�$ERUW�LQWHUUXSWV� 
7KLV�ILHOG�LV�QRW�GHILQHG�LQ�D�OLQN�//�HOHPHQW� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1814 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

//3 
/RDG�/LQN�3RLQWHU��//3���8VHG�LQ�OLQNHG�OLVW�PRGH�RQO\��,QGLFDWHV�
WKDW�WKLV�OLQNHG�OLVW�HOHPHQW�LV�D�OLQN�HOHPHQW��DQG�LWV�//�HOHPHQW�
SRLQWHU�GZRUGV�DUH�SRLQWLQJ�WR�WKH�QH[W��QRQ�FRQWLJXRXV��
HOHPHQW��7KH�'0$�ORDGV�WKLV�ILHOG�ZLWK�WKH�//3�RI�WKH�OLQNHG�OLVW�
HOHPHQW� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

� 5: �[� 

7&% 
7RJJOH�&\FOH�%LW��7&%���,QGLFDWHV�WR�WKH�'0$�WR�WRJJOH�LWV�
LQWHUSUHWDWLRQ�RI�WKH�&%��8VHG�LQ�OLQNHG�OLVW�PRGH�RQO\��,W�LV�XVHG�
WR�V\QFKURQL]H�WKH�SURGXFHU��VRIWZDUH��DQG�WKH�FRQVXPHU��'0$���
)RU�PRUH�GHWDLOV��VHH��3&6�&&6�&%�7&%�3URGXFHU�&RQVXPHU�
6\QFKURQL]DWLRQ���7KH�'0$�ORDGV�WKLV�ILHOG�ZLWK�WKH�7&%�RI�WKH�
OLQNHG�OLVW�HOHPHQW��WKLV�ILHOG�LV�QRW�GHILQHG�LQ�D�GDWD�//�HOHPHQW� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

� 5: �[� 

&% 
&\FOH�%LW��&%���8VHG�LQ�OLQNHG�OLVW�PRGH�RQO\��,W�LV�XVHG�WR�
V\QFKURQL]H�WKH�SURGXFHU��VRIWZDUH��DQG�WKH�FRQVXPHU��'0$���
)RU�PRUH�GHWDLOV��VHH��3&6�&&6�&%�7&%�3URGXFHU�&RQVXPHU�
6\QFKURQL]DWLRQ���7KH�'0$�ORDGV�WKLV�ILHOG�ZLWK�WKH�&%�RI�WKH�
OLQNHG�OLVW�HOHPHQW� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

 
'0$B75$16)(5B6,=(B2))B:5&+B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

'0$B75$16)(5B6,=( 
'0$�7UDQVIHU�6L]H��<RX�SURJUDP�WKLV�UHJLVWHU�ZLWK�WKH�VL]H�RI�WKH�
'0$�WUDQVIHU��7KH�PD[LPXP�'0$�WUDQVIHU�VL]H�LV��*E\WHV��7KH�
PLQLPXP�WUDQVIHU�VL]H�LV�RQH�E\WH���[����7KLV�ILHOG�LV�
DXWRPDWLFDOO\�GHFUHPHQWHG�E\�WKH�'0$�DV�WKH�'0$�ZULWH�FKDQQHO�
WUDQVIHU�SURJUHVVHV��7KLV�ILHOG�LQGLFDWHV�WKH�QXPEHU�E\WHV�
UHPDLQLQJ�WR�EH�WUDQVIHUUHG��:KHQ�DOO�E\WHV�DUH�VXFFHVVIXOO\�
WUDQVIHUUHG�WKH�FXUUHQW�WUDQVIHU�VL]H�LV�]HUR��,Q�//�PRGH��WKH�'0$�
RYHUZULWHV�WKLV�UHJLVWHU�ZLWK�WKH�FRUUHVSRQGLQJ�GZRUG�RI�WKH�//�
HOHPHQW� 
<RX�FDQ�UHDG�WKLV�UHJLVWHU�WR�PRQLWRU�WKH�WUDQVIHU�SURJUHVV��
KRZHYHU�LQ�VRPH�VFHQDULRV�WKLV�UHJLVWHU�LV�XSGDWHG�DIWHU�D�GHOD\��
)RU�H[DPSOH��ZKHQ�OHVV�WKDQ���FKDQQHOV�DUH�GRRUEHOOHG��WKLV�
UHJLVWHU�LV�XSGDWHG�RQO\�DIWHU�D�GHVFULSWRU�ILQLVKHV�OLQNHG�OLVW�
PRGH���RU�WKH�WUDQVIHU�HQGV��QRQ�OLQNHG�OLVW�PRGH�� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

 
'0$B6$5B/2:B2))B:5&+B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

65&B$''5B5(*B/2: 
6RXUFH�$GGUHVV�5HJLVWHU��/RZHU����ELWV���,QGLFDWHV�WKH�QH[W�
DGGUHVV�WR�EH�UHDG�IURP��7KH�'0$�LQFUHPHQWV�WKH�6$5�DV�WKH�
'0$�WUDQVIHU�SURJUHVVHV��,Q�//�PRGH��WKH�'0$�RYHUZULWHV�WKLV�
ZLWK�WKH�FRUUHVSRQGLQJ�GZRUG�RI�WKH�//�HOHPHQW� 
'0$�5HDG��7KH�6$5�LV�WKH�DGGUHVV�RI�WKH�UHPRWH�PHPRU\� 
'0$�:ULWH��7KH�6$5�LV�WKH�DGGUHVV�RI�WKH�ORFDO�PHPRU\� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

 
'0$B6$5B+,*+B2))B:5&+B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

65&B$''5B5(*B+,*+ 
6RXUFH�$GGUHVV�5HJLVWHU��+LJKHU����ELWV���,Q�//�PRGH��WKH�'0$�
RYHUZULWHV�WKLV�ZLWK�WKH�FRUUHVSRQGLQJ�GZRUG�RI�WKH�//�HOHPHQW� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

 
'0$B'$5B/2:B2))B:5&+B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

'67B$''5B5(*B/2: 
'HVWLQDWLRQ�$GGUHVV�5HJLVWHU��/RZHU����ELWV���,QGLFDWHV�WKH�QH[W�
DGGUHVV�WR�EH�ZULWWHQ�WR��7KH�'0$�LQFUHPHQWV�WKH�'$5�DV�WKH�
'0$�WUDQVIHU�SURJUHVVHV��,Q�//�PRGH��WKH�'0$�RYHUZULWHV�WKLV�
ZLWK�WKH�FRUUHVSRQGLQJ�GZRUG�RI�WKH�//�HOHPHQW� 
'0$�5HDG��7KH�'$5�LV�WKH�DGGUHVV�RI�WKH�ORFDO�PHPRU\� 
'0$�:ULWH��7KH�'$5�LV�WKH�DGGUHVV�RI�WKH�UHPRWH�PHPRU\� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

 
'0$B'$5B+,*+B2))B:5&+B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

'67B$''5B5(*B+,*+ 
'HVWLQDWLRQ�$GGUHVV�5HJLVWHU��+LJKHU����ELWV���,Q�//�PRGH��WKH�
'0$�RYHUZULWHV�WKLV�ZLWK�WKH�FRUUHVSRQGLQJ�GZRUG�RI�WKH�//�
HOHPHQW� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

 
'0$B//3B/2:B2))B:5&+B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

//3B/2: 
/RZHU�ELWV�RI�WKH�DGGUHVV�RI�WKH�OLQNHG�OLVW�WUDQVIHU�OLVW�LQ�ORFDO�
PHPRU\��8VHG�LQ�OLQNHG�OLVW�PRGH�RQO\��8SGDWHG�E\�WKH�'0$�WR�
SRLQW�WR�WKH�QH[W�HOHPHQW�LQ�WKH�WUDQVIHU�OLVW�DIWHU�WKH�SUHYLRXV�
HOHPHQW�LV�FRQVXPHG� 
:KHQ�WKH�FXUUHQW�HOHPHQW�LV�D�GDWD�HOHPHQW��WKLV�ILHOG�LV�
LQFUHPHQWHG�E\���':25'6� 
:KHQ�WKH�FXUUHQW�HOHPHQW�LV�D�OLQN�HOHPHQW��WKLV�ILHOG�LV�
RYHUZULWWHQ�E\�WKH�//�(OHPHQW�3RLQWHU�RI�WKH�HOHPHQW� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

 
'0$B//3B+,*+B2))B:5&+B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

//3B+,*+ 
8SSHU����ELWV�RI�WKH�DGGUHVV�RI�WKH�OLQNHG�OLVW�WUDQVIHU�OLVW�LQ�ORFDO�
PHPRU\��8VHG�LQ�OLQNHG�OLVW�PRGH�RQO\��8SGDWHG�E\�WKH�'0$�WR�
SRLQW�WR�WKH�QH[W�HOHPHQW�LQ�WKH�WUDQVIHU�OLVW�DV�HOHPHQWV�DUH�
FRQVXPHG� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

 
'0$B&+B&21752/�B2))B5'&+B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

'0$B$7 
$GGUHVV�7UDQVODWLRQ�7/3�+HDGHU�%LW��$7� 
7KH�'0$�XVHV�WKLV�7/3�KHDGHU�ILHOG�ZKHQ�JHQHUDWLQJ�05G�0:U�
�QRW�,0:U��7/3V� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

����� 5: �[� 

'0$B7& 
7UDIILF�&ODVV�7/3�+HDGHU�%LW��7&� 
7KH�'0$�XVHV�WKLV�7/3�KHDGHU�ILHOG�ZKHQ�JHQHUDWLQJ�05G�0:U�
�QRW�,0:U��7/3V� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

�� 52 �[� UHVHUYHG 

�� 5: �[� 

'0$B52 
5HOD[HG�2UGHULQJ�7/3�+HDGHU�%LW��52� 
7KH�'0$�XVHV�WKLV�7/3�KHDGHU�ILHOG�ZKHQ�JHQHUDWLQJ�05G�0:U�
�QRW�,0:U��7/3V� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

'0$B16B65& 
6RXUFH�1R�6QRRS�7/3�+HDGHU�%LW��'0$B16B65&�� 
7KH�'0$�XVHV�WKLV�7/3�KHDGHU�ILHOG�ZKHQ�JHQHUDWLQJ�05G��6$5�
DGGUHVVLQJ�VSDFH���QRW�,0:U��7/3V� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

�� 5: �[� 

'0$B16B'67 
'HVWLQDWLRQ�1R�6QRRS�7/3�+HDGHU�%LW��'0$B16B'67�� 
7KH�'0$�XVHV�WKLV�7/3�KHDGHU�ILHOG�ZKHQ�JHQHUDWLQJ�0:U��'$5�
DGGUHVVLQJ�VSDFH���QRW�,0:U��7/3V� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

����� 52 �[�� UHVHUYHG 

����� 5: �[�� 

'0$B)81&B180 
)XQFWLRQ�1XPEHU��)1���7KH�FRQWUROOHU�XVHV�WKLV�ILHOG�ZKHQ�
JHQHUDWLQJ�WKH�UHTXHVWHU�,'�IRU�WKH�05G�0:U�'0$�7/3��:KHQ�\RX�
KDYH�HQDEOHG�65�,29��WKHQ�WKLV�ILHOG�LV�LJQRUHG�LI�\RX�KDYH�VHW�WKH�
9)(�ILHOG�LQ�WKH��'0$�5HDG�&KDQQHO�&RQWURO���5HJLVWHU��
�'0$B&+B&21752/�B2))B5'&+B��� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

����� 52 �[� UHVHUYHG 

� 5: �[� 

//( 
/LQNHG�/LVW�(QDEOH��//(�� 
���'LVDEOH�OLQNHG�OLVW�RSHUDWLRQ 
���(QDEOH�OLQNHG�OLVW�RSHUDWLRQ 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

� 5: �[� 

&&6 
&RQVXPHU�&\FOH�6WDWH��&&6���8VHG�LQ�OLQNHG�OLVW�PRGH�RQO\��,W�LV�
XVHG�WR�V\QFKURQL]H�WKH�SURGXFHU��VRIWZDUH��DQG�WKH�FRQVXPHU�
�'0$���)RU�PRUH�GHWDLOV��VHH��3&6�&&6�&%�7&%�3URGXFHU�
&RQVXPHU�6\QFKURQL]DWLRQ�� 
<RX�PXVW�LQLWLDOL]H�WKLV�ELW��7KH�'0$�XSGDWHV�WKLV�ELW�GXULQJ�OLQNHG�
OLVW�RSHUDWLRQ� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 52 �[� 

&6 
&KDQQHO�6WDWXV��&6���7KH�FKDQQHO�VWDWXV�ELWV�LGHQWLI\�WKH�FXUUHQW�
RSHUDWLRQDO�VWDWH�RI�WKH�'0$�FKDQQHO��7KH�RSHUDWLRQ�VWDWH�
HQFRGLQJ�IRU�HDFK�'0$�FKDQQHO�LV�D�V�IROORZV� 
����5HVHUYHG 
����5XQQLQJ��7KLV�FKDQQHO�LV�DFWLYH�DQG�WUDQVIHUULQJ�GDWD� 
����+DOWHG��$Q�HUURU�FRQGLWLRQ�KDV�EHHQ�GHWHFWHG��DQG�WKH�'0$�
KDV�VWRSSHG�WKLV�FKDQQHO� 
����6WRSSHG��7KH�'0$�KDV�WUDQVIHUUHG�DOO�GDWD�IRU�WKLV�FKDQQHO��
RU�\RX�KDYH�SUHPDWXUHO\�VWRSSHG�WKLV�FKDQQHO�E\�ZULWLQJ�WR�WKH�
6WRS�ILHOG�RI�WKH��'0$�5HDG�'RRUEHOO�5HJLVWHU��
�'0$B:5,7(B'225%(//B2))��RU��'0$�5HDG�'RRUEHOO�5HJLVWHU��
�'0$B5($'B'225%(//B2))�� 

� 5: �[� 

5,( 
5HPRWH�,QWHUUXSW�(QDEOH��5,(���<RX�PXVW�VHW�WKLV�ELW�WR�HQDEOH�
WKH�JHQHUDWLRQ�RI�WKH�'RQH�RU�$ERUW�5HPRWH�LQWHUUXSWV��)RU�PRUH�
GHWDLOV��VHH��,QWHUUXSWV�DQG�(UURU�+DQGOLQJ���,Q�//�PRGH��WKH�'0$�
RYHUZULWHV�WKLV�ZLWK�WKH�5,(�RI�WKH�//�HOHPHQW��7KH�5,(�ELW�LQ�D�//�
HOHPHQW�RQO\�HQDEOHV�WKH�'RQH�LQWHUUXSW��,Q�QRQ�//�PRGH��WKH�
5,(�ELW�HQDEOHV�WKH�'RQH�DQG�$ERUW�LQWHUUXSWV� 
7KLV�ILHOG�LV�QRW�GHILQHG�LQ�D�OLQN�//�HOHPHQW� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

� 5: �[� 

/,( 
/RFDO�,QWHUUXSW�(QDEOH��/,(���<RX�PXVW�VHW�WKLV�ELW�WR�HQDEOH�WKH�
JHQHUDWLRQ�RI�WKH�'RQH�RU�$ERUW�/RFDO�LQWHUUXSWV��)RU�PRUH�
GHWDLOV��VHH��,QWHUUXSWV�DQG�(UURU�+DQGOLQJ���,Q�//�PRGH��WKH�'0$�
RYHUZULWHV�WKLV�ZLWK�WKH�/,(�RI�WKH�//�HOHPHQW��7KH�/,(�ELW�LQ�D�//�
HOHPHQW�RQO\�HQDEOHV�WKH�'RQH�LQWHUUXSW��,Q�QRQ�//�PRGH��WKH�
/,(�ELW�HQDEOHV�WKH�'RQH�DQG�$ERUW�LQWHUUXSWV� 
7KLV�ILHOG�LV�QRW�GHILQHG�LQ�D�OLQN�//�HOHPHQW� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

� 5: �[� 

//3 
/RDG�/LQN�3RLQWHU��//3���8VHG�LQ�OLQNHG�OLVW�PRGH�RQO\��,QGLFDWHV�
WKDW�WKLV�OLQNHG�OLVW�HOHPHQW�LV�D�OLQN�HOHPHQW��DQG�LWV�//�HOHPHQW�
SRLQWHU�GZRUGV�DUH�SRLQWLQJ�WR�WKH�QH[W��QRQ�FRQWLJXRXV��
HOHPHQW��7KH�'0$�ORDGV�WKLV�ILHOG�ZLWK�WKH�//3�RI�WKH�OLQNHG�OLVW�
HOHPHQW� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

� 5: �[� 

7&% 
7RJJOH�&\FOH�%LW��7&%���,QGLFDWHV�WR�WKH�'0$�WR�WRJJOH�LWV�
LQWHUSUHWDWLRQ�RI�WKH�&%��8VHG�LQ�OLQNHG�OLVW�PRGH�RQO\��,W�LV�XVHG�
WR�V\QFKURQL]H�WKH�SURGXFHU��VRIWZDUH��DQG�WKH�FRQVXPHU��'0$���
)RU�PRUH�GHWDLOV��VHH��3&6�&&6�&%�7&%�3URGXFHU�&RQVXPHU�
6\QFKURQL]DWLRQ���7KH�'0$�ORDGV�WKLV�ILHOG�ZLWK�WKH�7&%�RI�WKH�
OLQNHG�OLVW�HOHPHQW��WKLV�ILHOG�LV�QRW�GHILQHG�LQ�D�GDWD�//�HOHPHQW� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

&% 
&\FOH�%LW��&%���8VHG�LQ�OLQNHG�OLVW�PRGH�RQO\��,W�LV�XVHG�WR�
V\QFKURQL]H�WKH�SURGXFHU��VRIWZDUH��DQG�WKH�FRQVXPHU��'0$���
)RU�PRUH�GHWDLOV��VHH��3&6�&&6�&%�7&%�3URGXFHU�&RQVXPHU�
6\QFKURQL]DWLRQ���7KH�'0$�ORDGV�WKLV�ILHOG�ZLWK�WKH�&%�RI�WKH�
OLQNHG�OLVW�HOHPHQW� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

 
'0$B75$16)(5B6,=(B2))B5'&+B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

'0$B75$16)(5B6,=( 
'0$�7UDQVIHU�6L]H��<RX�SURJUDP�WKLV�UHJLVWHU�ZLWK�WKH�VL]H�RI�WKH�
'0$�WUDQVIHU��7KH�PD[LPXP�'0$�WUDQVIHU�VL]H�LV��*E\WHV��7KH�
PLQLPXP�WUDQVIHU�VL]H�LV�RQH�E\WH���[����7KLV�ILHOG�LV�
DXWRPDWLFDOO\�GHFUHPHQWHG�E\�WKH�'0$�DV�WKH�'0$�UHDG�FKDQQHO�
WUDQVIHU�SURJUHVVHV��7KLV�ILHOG�LQGLFDWHV�WKH�QXPEHU�E\WHV�
UHPDLQLQJ�WR�EH�WUDQVIHUUHG��:KHQ�DOO�E\WHV�DUH�VXFFHVVIXOO\�
WUDQVIHUUHG�WKH�FXUUHQW�WUDQVIHU�VL]H�LV�]HUR��,Q�//�PRGH��WKH�'0$�
RYHUZULWHV�WKLV�UHJLVWHU�ZLWK�WKH�FRUUHVSRQGLQJ�GZRUG�RI�WKH�//�
HOHPHQW� 
<RX�FDQ�UHDG�WKLV�UHJLVWHU�WR�PRQLWRU�WKH�WUDQVIHU�SURJUHVV��
KRZHYHU�LQ�VRPH�VFHQDULRV�WKLV�UHJLVWHU�LV�XSGDWHG�DIWHU�D�GHOD\��
)RU�H[DPSOH��ZKHQ�OHVV�WKDQ���FKDQQHOV�DUH�GRRUEHOOHG��WKLV�
UHJLVWHU�LV�XSGDWHG�RQO\�DIWHU�D�GHVFULSWRU�ILQLVKHV�OLQNHG�OLVW�
PRGH���RU�WKH�WUDQVIHU�HQGV��QRQ�OLQNHG�OLVW�PRGH�� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

 
'0$B6$5B/2:B2))B5'&+B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

65&B$''5B5(*B/2: 
6RXUFH�$GGUHVV�5HJLVWHU��/RZHU����ELWV���,QGLFDWHV�WKH�QH[W�
DGGUHVV�WR�EH�UHDG�IURP��7KH�'0$�LQFUHPHQWV�WKH�6$5�DV�WKH�
'0$�WUDQVIHU�SURJUHVVHV��,Q�//�PRGH��WKH�'0$�RYHUZULWHV�WKLV�
ZLWK�WKH�FRUUHVSRQGLQJ�GZRUG�RI�WKH�//�HOHPHQW� 
'0$�5HDG��7KH�6$5�LV�WKH�DGGUHVV�RI�WKH�UHPRWH�PHPRU\� 
'0$�5HDG��7KH�6$5�LV�WKH�DGGUHVV�RI�WKH�ORFDO�PHPRU\� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

 
'0$B6$5B+,*+B2))B5'&+B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

65&B$''5B5(*B+,*+ 
6RXUFH�$GGUHVV�5HJLVWHU��+LJKHU����ELWV���,Q�//�PRGH��WKH�'0$�
RYHUZULWHV�WKLV�ZLWK�WKH�FRUUHVSRQGLQJ�GZRUG�RI�WKH�//�HOHPHQW� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 
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'0$B'$5B/2:B2))B5'&+B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

'67B$''5B5(*B/2: 
'HVWLQDWLRQ�$GGUHVV�5HJLVWHU��/RZHU����ELWV���,QGLFDWHV�WKH�QH[W�
DGGUHVV�WR�EH�ZULWWHQ�WR��7KH�'0$�LQFUHPHQWV�WKH�'$5�DV�WKH�
'0$�WUDQVIHU�SURJUHVVHV��,Q�//�PRGH��WKH�'0$�RYHUZULWHV�WKLV�
ZLWK�WKH�FRUUHVSRQGLQJ�GZRUG�RI�WKH�//�HOHPHQW� 
'0$�5HDG��7KH�'$5�LV�WKH�DGGUHVV�RI�WKH�ORFDO�PHPRU\� 
'0$�5HDG��7KH�'$5�LV�WKH�DGGUHVV�RI�WKH�UHPRWH�PHPRU\� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

 
'0$B'$5B+,*+B2))B5'&+B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

'67B$''5B5(*B+,*+ 
'HVWLQDWLRQ�$GGUHVV�5HJLVWHU��+LJKHU����ELWV���,Q�//�PRGH��WKH�
'0$�RYHUZULWHV�WKLV�ZLWK�WKH�FRUUHVSRQGLQJ�GZRUG�RI�WKH�//�
HOHPHQW� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

 
'0$B//3B/2:B2))B5'&+B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

//3B/2: 
/RZHU�ELWV�RI�WKH�DGGUHVV�RI�WKH�OLQNHG�OLVW�WUDQVIHU�OLVW�LQ�ORFDO�
PHPRU\��8VHG�LQ�OLQNHG�OLVW�PRGH�RQO\��8SGDWHG�E\�WKH�'0$�WR�
SRLQW�WR�WKH�QH[W�HOHPHQW�LQ�WKH�WUDQVIHU�OLVW�DIWHU�WKH�SUHYLRXV�
HOHPHQW�LV�FRQVXPHG� 
:KHQ�WKH�FXUUHQW�HOHPHQW�LV�D�GDWD�HOHPHQW��WKLV�ILHOG�LV�
LQFUHPHQWHG�E\���':25'6� 
:KHQ�WKH�FXUUHQW�HOHPHQW�LV�D�OLQN�HOHPHQW��WKLV�ILHOG�LV�
RYHUZULWWHQ�E\�WKH�//�(OHPHQW�3RLQWHU�RI�WKH�HOHPHQW� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

 
'0$B//3B+,*+B2))B5'&+B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

//3B+,*+ 
8SSHU����ELWV�RI�WKH�DGGUHVV�RI�WKH�OLQNHG�OLVW�WUDQVIHU�OLVW�LQ�ORFDO�
PHPRU\��8VHG�LQ�OLQNHG�OLVW�PRGH�RQO\��8SGDWHG�E\�WKH�'0$�WR�
SRLQW�WR�WKH�QH[W�HOHPHQW�LQ�WKH�WUDQVIHU�OLVW�DV�HOHPHQWV�DUH�
FRQVXPHG� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�: 
'EL��5�: 

 
 
18.4.6 $78�5HJLVWHUV�6XPPDU\�  
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

,$78B5(*,21B&75/B�B2
))B287%281'BL �[���� : �[�������� L$78�5HJLRQ�&RQWURO���5HJLVWHU���IRU�L� ����L�� ���� 
,$78B5(*,21B&75/B�B2
))B287%281'BL �[���� : �[�������� L$78�5HJLRQ�&RQWURO���5HJLVWHU���IRU�L� ����L�� ���� 
,$78B/:5B%$6(B$''5B
2))B287%281'BL �[���� : �[�������� L$78�/RZHU�%DVH�$GGUHVV�5HJLVWHU���IRU�L� ����L�� ���� 
,$78B833(5B%$6(B$''5
B2))B287%281'BL �[���& : �[�������� L$78�8SSHU�%DVH�$GGUHVV�5HJLVWHU���IRU�L� ����L�� ���� 
,$78B/,0,7B$''5B2))B
287%281'BL �[���� : �[����)))) L$78�/LPLW�$GGUHVV�5HJLVWHU���IRU�L� ����L�� ���� 
,$78B/:5B7$5*(7B$''5
B2))B287%281'BL �[���� : �[�������� L$78�/RZHU�7DUJHW�$GGUHVV�5HJLVWHU���IRU�L� ����L�� ���� 
,$78B833(5B7$5*(7B$'
'5B2))B287%281'BL �[���� : �[�������� L$78�8SSHU�7DUJHW�$GGUHVV�5HJLVWHU���IRU�L� ����L�� ���� 
,$78B5(*,21B&75/B�B2
))B,1%281'BL �[���� : �[�������� L$78�5HJLRQ�&RQWURO���5HJLVWHU���IRU�L� ����L�� ���� 
,$78B5(*,21B&75/B�B2
))B,1%281'BL �[���� : �[�������� L$78�5HJLRQ�&RQWURO���5HJLVWHU���IRU�L� ����L�� ���� 
,$78B/:5B%$6(B$''5B
2))B,1%281'BL �[���� : �[�������� L$78�/RZHU�%DVH�$GGUHVV�5HJLVWHU���IRU�L� ����L�� ���� 
,$78B833(5B%$6(B$''5
B2))B,1%281'BL �[���& : �[�������� L$78�8SSHU�%DVH�$GGUHVV�5HJLVWHU���IRU�L� ����L�� ���� 
,$78B/,0,7B$''5B2))B,
1%281'BL �[���� : �[����)))) L$78�/LPLW�$GGUHVV�5HJLVWHU���IRU�L� ����L�� ���� 
,$78B/:5B7$5*(7B$''5
B2))B,1%281'BL �[���� : �[�������� L$78�/RZHU�7DUJHW�$GGUHVV�5HJLVWHU���IRU�L� ����L�� ���� 
 
 
18.4.7 $78�'HWDLO�5HJLVWHUV�'HVFULSWLRQ�  
,$78B5(*,21B&75/B�B2))B287%281'BL�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� 
&75/B�B)81&B180 
)XQFWLRQ�1XPEHU� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

����� 52 �[�� UHVHUYHG 

�� 5: �[� 

,1&5($6(B5(*,21B6,=( 
,QFUHDVH�WKH�PD[LPXP�$78�5HJLRQ�VL]H��:KHQ�VHW��WKH�PD[LPXP�
$78�5HJLRQ�VL]H�LV�GHWHUPLQHG�E\�&;B$78B0$;B5(*,21B6,=(��
:KHQ�FOHDU��WKH�PD[LPXP�$78�5HJLRQ�VL]H�LV���*%��GHIDXOW�� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

����� 52 �[� UHVHUYHG 

���� 5: �[� 

$775 
:KHQ�WKH�DGGUHVV�RI�DQ�RXWERXQG�7/3�LV�PDWFKHG�WR�WKLV�UHJLRQ��
WKHQ�WKH�$775�ILHOG�RI�WKH�7/3�LV�FKDQJHG�WR�WKH�YDOXH�LQ�WKLV�
UHJLVWHU� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

� 5: �[� 7' 
7KLV�LV�D�UHVHUYHG�ILHOG��'R�QRW�XVH� 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1822 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

7& 
:KHQ�WKH�DGGUHVV�RI�DQ�RXWERXQG�7/3�LV�PDWFKHG�WR�WKLV�UHJLRQ��
WKHQ�WKH�7&�ILHOG�RI�WKH�7/3�LV�FKDQJHG�WR�WKH�YDOXH�LQ�WKLV�
UHJLVWHU� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

��� 5: �[�� 

7<3( 
:KHQ�WKH�DGGUHVV�RI�DQ�RXWERXQG�7/3�LV�PDWFKHG�WR�WKLV�UHJLRQ��
WKHQ�WKH�7<3(�ILHOG�RI�WKH�7/3�LV�FKDQJHG�WR�WKH�YDOXH�LQ�WKLV�
UHJLVWHU� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

 
,$78B5(*,21B&75/B�B2))B287%281'BL�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
5(*,21B(1 
5HJLRQ�(QDEOH��7KLV�ELW�PXVW�EH�VHW�WR�
�
�IRU�DGGUHVV�WUDQVODWLRQ�
WR�WDNH�SODFH� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

�� 52 �[� UHVHUYHG 

�� 5: �[� 

,19(57B02'( 
,QYHUW�0RGH��:KHQ�VHW�WKH�DGGUHVV�PDWFKLQJ�UHJLRQ�LV�LQYHUWHG��
7KHUHIRUH��DQ�DGGUHVV�PDWFK�RFFXUV�ZKHQ�WKH�XQWUDQVODWHG�
DGGUHVV�LV�LQ�WKH�UHJLRQ�RXWVLGH�WKH�GHILQHG�UDQJH��%DVH�$GGUHVV�
WR�/LPLW�$GGUHVV�� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

�� 5: �[� 

&)*B6+,)7B02'( 
&)*�6KLIW�0RGH� 
7KH�L$78�XVHV�ELWV�>�����@�RI�WKH�XQWUDQVODWHG�DGGUHVV��RQ�WKH�
;$/,������LQWHUIDFH�RU�$;,�VODYH�LQWHUIDFH�DGGUHVV��WR�IRUP�WKH�
%')�QXPEHU�RI�WKH�RXWJRLQJ�&)*�7/3� 
7KLV�VXSSRUWV�WKH�(QKDQFHG�&RQILJXUDWLRQ�$GGUHVV�0DSSLQJ�
�(&$0��PHFKDQLVP��6HFWLRQ�������RI�WKH�3&,�([SUHVV�%DVH�����
6SHFLILFDWLRQ��UHYLVLRQ������E\�DOORZLQJ�DOO�RXWJRLQJ�,�2�DQG�0(0�
7/3V��WKDW�KDYH�EHHQ�WUDQVODWHG�WR�&)*��WR�EH�PDSSHG�IURP�
PHPRU\�VSDFH�LQWR�DQ\�����0%�UHJLRQ�RI�WKH�3&,H�FRQILJXUDWLRQ�
VSDFH� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

�� 5: �[� 
'0$B%<3$66 
'0$�%\SDVV�0RGH��$OORZV�UHTXHVW�7/3V�ZKLFK�DUH�LQLWLDWHG�E\�WKH�
'0$�FRQWUROOHU�WR�SDVV�WKURXJK�WKH�L$78�XQWUDQVODWHG� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

����� 52 �[� UHVHUYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1823 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

+($'(5B68%67,787(B(1 
+HDGHU�6XEVWLWXWH�(QDEOH� 
:KHQ�HQDEOHG�DQG�UHJLRQ�DGGUHVV�LV�PDWFKHG��WKH�L$78�IXOO\�
VXEVWLWXWHV�E\WHV�������IRU���':25'�KHDGHU��RU�E\WHV��������IRU�
��':25'�KHDGHU��RI�WKH�RXWERXQG�7/3�KHDGHU�ZLWK�WKH�FRQWHQWV�
RI�WKH�/:5B7$5*(7B5:�ILHOG�LQ�
,$78B/:5B7$5*(7B$''5B2))B287%281'BL� 
���/:5B7$5*(7B5:�LQ�WKH�
L$78B/:5B7$5*(7B$''5B2))B287%281'BL�UHJLVWHU�LV�XVHG�WR�
ILOO�E\WHV���WR�����IRU���':25'�KHDGHU��RU�E\WHV����WR�����IRU���
':25'�KHDGHU��RI�WKH�WUDQVODWHG�7/3�KHDGHU� 
���/:5B7$5*(7B5:�LQ�WKH�
L$78B/:5B7$5*(7B$''5B2))B287%281'BL�UHJLVWHU�IRUPV�WKH�
QHZ�DGGUHVV�RI�WKH�WUDQVODWHG�UHJLRQ� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

�� 5: �[� 

,1+,%,7B3$</2$' 
,QKLELW�7/3�3D\ORDG�'DWD�IRU�7/3
V�LQ�0DWFKHG�5HJLRQ��DVVLJQ�L$78�
UHJLRQ�WR�EH�7/3�ZLWKRXW�GDWD��:KHQ�HQDEOHG�DQG�UHJLRQ�DGGUHVV�
LV�PDWFKHG��WKH�L$78�PDUNV�DOO�7/3V�DV�KDYLQJ�QR�SD\ORDG�GDWD�E\�
IRUFLQJ�WKH�7/3�KHDGHU�)PW>�@�ELW� ���UHJDUGOHVV�RI�WKH�
DSSOLFDWLRQ�LQSXWV�VXFK�DV�VOYBZVWUE� 
���)PW>�@� ��VR�WKDW�RQO\�7/3�W\SH�ZLWKRXW�GDWD�LV�VHQW��)RU�
H[DPSOH��D�0VJ�LQVWHDG�RI�0VJ'�ZLOO�EH�VHQW� 
���)PW>�@� ����VR�WKDW�7/3V�ZLWK�RU�ZLWKRXW�GDWD�FDQ�EH�VHQW� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

�� 52 �[� UHVHUYHG 

�� 5: �[� 

613 
6HULDOL]H�1RQ�3RVWHG�5HTXHVWV��,Q�WKLV�PRGH��ZKHQ�WKH�$;,�
%ULGJH�LV�SRSXODWHG��VDPH�$;,�,'�1RQ�3RVWHG�5HDG�:ULWH�
5HTXHVWV�DUH�WUDQVPLWWHG�RQ�WKH�ZLUH�LI�WKHUH�DUH�QR�RWKHU�VDPH�
,'�1RQ�3RVWHG�5HTXHVWV�RXWVWDQGLQJ� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

�� 5: �[� 

)81&B%<3$66 
)XQFWLRQ�1XPEHU�7UDQVODWLRQ�%\SDVV��,Q�WKLV�PRGH��WKH�IXQFWLRQ�
QXPEHU�RI�WKH�WUDQVODWHG�7/3�LV�WDNHQ�IURP�\RXU�DSSOLFDWLRQ�
WUDQVPLW�LQWHUIDFH�DQG�QRW�IURP�WKH�&75/B�B)81&B180�ILHOG�RI�
WKH��L$78�&RQWURO���5HJLVWHU��RU�WKH�9)B180%(5�ILHOG�RI�WKH��L$78�
&RQWURO���5HJLVWHU�� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

����� 52 �[� UHVHUYHG 

�� 5: �[� 

7$*B68%67,787(B(1 
7$*�6XEVWLWXWH�(QDEOH� 
:KHQ�HQDEOHG�DQG�UHJLRQ�DGGUHVV�LV�PDWFKHG��WKH�L$78�
VXEVWLWXWHV�WKH�7$*�ILHOG�RI�WKH�RXWERXQG�7/3�KHDGHU�ZLWK�WKH�
FRQWHQWV�RI�WKH�7$*�ILHOG�LQ�WKLV�UHJLVWHU��7KH�H[SHFWHG�XVDJH�
VFHQDULR�LV�WUDQVODWLRQ�IURP�$;,�0:U�WR�9HQGRU�'HILQHG�
0VJ�0VJ'� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

���� 5: �[�� 

7$* 
7$*� 
7KH�VXEVWLWXWHG�7$*�ILHOG��E\WH����LQ�WKH�RXWJRLQJ�7/3�KHDGHU�
ZKHQ�7$*B68%67,787(B(1�LV�VHW� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1824 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[�� 

06*B&2'( 
06*�7/3V��0HVVDJH�&RGH���:KHQ�WKH�DGGUHVV�RI�DQ�RXWERXQG�7/3�
LV�PDWFKHG�WR�WKLV�UHJLRQ��DQG�WKH�WUDQVODWHG�7/3�7<3(�ILHOG�LV�
0VJ�RU�0VJ'��WKHQ�WKH�PHVVDJH�ILHOG�RI�WKH�7/3�LV�FKDQJHG�WR�WKH�
YDOXH�LQ�WKLV�UHJLVWHU� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

 
,$78B/:5B%$6(B$''5B2))B287%281'BL�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 

/:5B%$6(B5: 
)RUPV�ELWV�>���Q@�RI�WKH�VWDUW�DGGUHVV�RI�WKH�DGGUHVV�UHJLRQ�WR�EH�
WUDQVODWHG� 
Q�LV�ORJ��&;B$78B0,1B5(*,21B6,=(� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

���� 52 �[���� 

/:5B%$6(B+: 
)RUPV�ELWV�>Q����@�RI�WKH�VWDUW�DGGUHVV�RI�WKH�DGGUHVV�UHJLRQ�WR�
EH�WUDQVODWHG��7KH�VWDUW�DGGUHVV�PXVW�EH�DOLJQHG�WR�D�
&;B$78B0,1B5(*,21B6,=(�N%�ERXQGDU\��VR�WKHVH�ELWV�DUH�
DOZD\V����$�ZULWH�WR�WKLV�ORFDWLRQ�LV�LJQRUHG�E\�WKH�3&,H�FRQWUROOHU� 
Q�LV�ORJ��&;B$78B0,1B5(*,21B6,=(� 

 
,$78B833(5B%$6(B$''5B2))B287%281'BL�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

833(5B%$6(B5: 
)RUPV�ELWV�>�����@�RI�WKH�VWDUW��DQG�HQG��DGGUHVV�RI�WKH�DGGUHVV�
UHJLRQ�WR�EH�WUDQVODWHG��,Q�V\VWHPV�ZLWK�D����ELW�DGGUHVV�VSDFH��
WKLV�UHJLVWHU�LV�QRW�XVHG�DQG�WKHUHIRUH�ZULWLQJ�WR�WKLV�UHJLVWHU�KDV�
QR�HIIHFW� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

 
,$78B/,0,7B$''5B2))B287%281'BL�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� 
/,0,7B$''5B5: 
)RUPV�XSSHU�ELWV�RI�WKH�HQG�DGGUHVV�RI�WKH�DGGUHVV�UHJLRQ�WR�EH�
WUDQVODWHG� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

���� 5: �[IIII 

/,0,7B$''5B+: 
)RUPV�ORZHU�ELWV�RI�WKH�HQG�DGGUHVV�RI�WKH�DGGUHVV�UHJLRQ�WR�EH�
WUDQVODWHG��7KH�HQG�DGGUHVV�PXVW�EH�DOLJQHG�WR�D�
&;B$78B0,1B5(*,21B6,=(�N%�ERXQGDU\��VR�WKHVH�ELWV�DUH�
DOZD\V�DOO�RQHV��$�ZULWH�WR�WKLV�ORFDWLRQ�LV�LJQRUHG�E\�WKH�3&,H�
FRQWUROOHU� 

 
,$78B/:5B7$5*(7B$''5B2))B287%281'BL�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1825 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

/:5B7$5*(7B5:B287%281' 
:KHQ�+($'(5B68%67,787(B(1�LQ�
,$78B5(*,21B&75/B�B2))B287%281'B�LV�
�
��QRUPDO�
RSHUDWLRQ�� 
/:5B7$5*(7B5:>���Q@�IRUPV�06%
V�RI�WKH�/RZHU�7DUJHW�SDUW�RI�
WKH�QHZ�DGGUHVV�RI�WKH�WUDQVODWHG�UHJLRQ� 
/:5B7$5*(7B5:>Q����@�DUH�QRW�XVHG���7KH�VWDUW�DGGUHVV�PXVW�
EH�DOLJQHG�WR�D�&;B$78B0,1B5(*,21B6,=(�N%�ERXQGDU\��VR�WKH�
ORZHU�ELWV�RI�WKH�VWDUW�DGGUHVV�RI�WKH�QHZ�DGGUHVV�RI�WKH�
WUDQVODWHG�UHJLRQ��ELWV�Q������DUH�DOZD\V�
�
�� 
Q�LV�ORJ��&;B$78B0,1B5(*,21B6,=(�� 
:KHQ�+($'(5B68%67,787(B(1�LQ�
,$78B5(*,21B&75/B�B2))B287%281'BL�LV�
�
� 
/:5B7$5*(7B5:>����@�IRUPV�E\WHV�������IRU���GZRUG�KHDGHU��
RU�E\WHV��������IRU���GZRUG�KHDGHU��RI�WKH�RXWERXQG�7/3�KHDGHU��
8VDJH�VFHQDULRV�LQFOXGH�WKH�WUDQVPLVVLRQ�RI�9HQGRU�'HILQHG�
0HVVDJHV�ZKHUH�WKH�FRQWUROOHU�GHWHUPLQHV�WKH�FRQWHQW�RI�E\WHV�
���WR����RI�WKH�7/3�KHDGHU� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

 
,$78B833(5B7$5*(7B$''5B2))B287%281'BL�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
833(5B7$5*(7B5: 
)RUPV�ELWV�>�����@�RI�WKH�VWDUW�DGGUHVV��8SSHU�7DUJHW�SDUW��RI�WKH�
QHZ�DGGUHVV�RI�WKH�WUDQVODWHG�UHJLRQ� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

 
,$78B5(*,21B&75/B�B2))B,1%281'BL�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� 
&75/B�B)81&B180 
)XQFWLRQ�1XPEHU� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

����� 52 �[�� UHVHUYHG 

�� 5: �[� 

,1&5($6(B5(*,21B6,=( 
,QFUHDVH�WKH�PD[LPXP�$78�5HJLRQ�VL]H��:KHQ�VHW��WKH�PD[LPXP�
$78�5HJLRQ�VL]H�LV�GHWHUPLQHG�E\�&;B$78B0$;B5(*,21B6,=(��
:KHQ�FOHDU��WKH�PD[LPXP�$78�5HJLRQ�VL]H�LV���*%��GHIDXOW�� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

����� 52 �[� UHVHUYHG 

���� 5: �[� 

$775 
:KHQ�WKH�$775�ILHOG�RI�DQ�LQERXQG�7/3�LV�PDWFKHG�WR�WKLV�YDOXH��
WKHQ�DGGUHVV�WUDQVODWLRQ�SURFHHGV��ZKHQ�DOO�RWKHU�HQDEOHG�ILHOG�
PDWFKHV�DUH�VXFFHVVIXO���7KLV�FKHFN�LV�RQO\�SHUIRUPHG�LI�WKH�
�$775�0DWFK�(QDEOH��ELW�RI�WKH��L$78�&RQWURO���5HJLVWHU��LV�VHW� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

� 5: �[� 

7' 
:KHQ�WKH�7'�ILHOG�RI�DQ�LQERXQG�7/3�LV�PDWFKHG�WR�WKLV�YDOXH��
WKHQ�DGGUHVV�WUDQVODWLRQ�SURFHHGV��ZKHQ�DOO�RWKHU�HQDEOHG�ILHOG�
PDWFKHV�DUH�VXFFHVVIXO���7KLV�FKHFN�LV�RQO\�SHUIRUPHG�LI�WKH��7'�
0DWFK�(QDEOH��ELW�RI�WKH��L$78�&RQWURO���5HJLVWHU��LV�VHW� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1826 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

7& 
:KHQ�WKH�7&�ILHOG�RI�DQ�LQERXQG�7/3�LV�PDWFKHG�WR�WKLV�YDOXH��
WKHQ�DGGUHVV�WUDQVODWLRQ�SURFHHGV��ZKHQ�DOO�RWKHU�HQDEOHG�ILHOG�
PDWFKHV�DUH�VXFFHVVIXO���7KLV�FKHFN�LV�RQO\�SHUIRUPHG�LI�WKH��7&�
0DWFK�(QDEOH��ELW�RI�WKH��L$78�&RQWURO���5HJLVWHU��LV�VHW� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

��� 5: �[�� 

7<3( 
:KHQ�WKH�7<3(�ILHOG�RI�DQ�LQERXQG�7/3�LV�PDWFKHG�WR�WKLV�YDOXH��
WKHQ�DGGUHVV�WUDQVODWLRQ�SURFHHGV��ZKHQ�DOO�RWKHU�HQDEOHG�ILHOG�
PDWFKHV�DUH�VXFFHVVIXO�� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

 
,$78B5(*,21B&75/B�B2))B,1%281'BL�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
5(*,21B(1 
5HJLRQ�(QDEOH��7KLV�ELW�PXVW�EH�VHW�WR�
�
�IRU�DGGUHVV�WUDQVODWLRQ�
WR�WDNH�SODFH� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

�� 5: �[� 

0$7&+B02'( 
0DWFK�0RGH��'HWHUPLQHV�,QERXQG�PDWFKLQJ�PRGH�IRU�7/3V��7KH�
PRGH�GHSHQGV�RQ�WKH�W\SH�RI�7/3�WKDW�LV�UHFHLYHG�DV�IROORZV� 
)RU�0(0�,�2�7/3V��WKLV�ILHOG�LV�LQWHUSUHWHG�DV�IROORZV� 
���$GGUHVV�0DWFK�0RGH��7KH�L$78�RSHUDWHV�XVLQJ�DGGUHVVHV�DV�LQ�
WKH�RXWERXQG�GLUHFWLRQ��7KH�5HJLRQ�%DVH�DQG�/LPLW�5HJLVWHUV�
PXVW�EH�VHWXS� 
��%$5�0DWFK�0RGH��%$5�PDWFKLQJ�LV�XVHG��7KH��%$5�1XPEHU��
ILHOG�LV�UHOHYDQW��1RW�XVHG�IRU�5&� 
)RU�&)*��7/3V��WKLV�ILHOG�LV�LQWHUSUHWHG�DV�IROORZV� 
���5RXWLQJ�,'�0DWFK�0RGH��7KH�L$78�LQWHUSUHWV�WKH�5RXWLQJ�,'�
�%\WHV���WR����RI�7/3�KHDGHU��DV�DQ�DGGUHVV��7KLV�FRUUHVSRQGV�WR�
WKH�XSSHU����ELWV�RI�WKH�DGGUHVV�LQ�0(0�,�2�WUDQVDFWLRQV��7KH�
5RXWLQJ�,'�RI�WKH�7/3�PXVW�EH�ZLWKLQ�WKH�EDVH�DQG�OLPLW�RI�WKH�
L$78�UHJLRQ�IRU�PDWFKLQJ�WR�SURFHHG� 
���$FFHSW�0RGH��7KH�L$78�DFFHSWV�DOO�&)*��WUDQVDFWLRQV�DV�
DGGUHVV�PDWFKHV��7KH�URXWLQJ�,'�LQ�WKH�&)*��7/3�LV�LJQRUHG��7KLV�
LV�XVHIXO�DV�DOO�UHFHLYHG�&)*��7/3V�VKRXOG�EH�SURFHVVHG�
UHJDUGOHVV�RI�WKH�%XV�QXPEHU� 
)RU�06*�06*'�7/3V��WKLV�ILHOG�LV�LQWHUSUHWHG�DV�IROORZV� 
���$GGUHVV�0DWFK�0RGH��7KH�L$78�WUHDWV�WKH�WKLUG�GZRUG�DQG�
IRXUWK�GZRUG�RI�WKH�LQERXQG�06*�06*'�7/3�DV�DQ�DGGUHVV�DQG�LW�
LV�PDWFKHG�DJDLQVW�WKH�5HJLRQ�%DVH�DQG�/LPLW�5HJLVWHUV� 
���9HQGRU�,'�0DWFK�0RGH��7KLV�PRGH�LV�UHOHYDQW�IRU�,'�URXWHG�
9HQGRU�'HILQHG�0HVVDJHV��7KH�L$78�LJQRUHV�WKH�5RXWLQJ�,'��%XV��
'HYLFH��)XQFWLRQ��LQ�ELWV�>�����@�RI�WKH�WKLUG�GZRUG�RI�WKH�7/3�
KHDGHU��EXW�PDWFKHV�DJDLQVW�WKH�9HQGRU�,'�LQ�ELWV�>����@�RI�WKH�
WKLUG�GZRUG�RI�WKH�7/3�KHDGHU��%LWV�>����@�RI�WKH�5HJLRQ�8SSHU�
%DVH�UHJLVWHU�VKRXOG�EH�SURJUDPPHG�ZLWK�WKH�UHTXLUHG�9HQGRU�
,'��7KH�ORZHU�%DVH�DQG�/LPLW�5HJLVWHU�VKRXOG�EH�SURJUDPPHG�WR�
WUDQVODWH�7/3V�EDVHG�RQ�YHQGRU�VSHFLILF�LQIRUPDWLRQ�LQ�WKH�IRXUWK�
GZRUG�RI�WKH�7/3�KHDGHU� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

,19(57B02'( 
,QYHUW�0RGH��:KHQ�VHW�WKH�DGGUHVV�PDWFKLQJ�UHJLRQ�LV�LQYHUWHG��
7KHUHIRUH��DQ�DGGUHVV�PDWFK�RFFXUV�ZKHQ�WKH�XQWUDQVODWHG�
DGGUHVV�LV�LQ�WKH�UHJLRQ�RXWVLGH�WKH�GHILQHG�UDQJH��%DVH�$GGUHVV�
WR�/LPLW�$GGUHVV�� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

�� 5: �[� 

&)*B6+,)7B02'( 
&)*�6KLIW�0RGH��7KLV�LV�XVHIXO�IRU�&)*�WUDQVDFWLRQV�ZKHUH�WKH�
3&,H�FRQILJXUDWLRQ�PHFKDQLVP�PDSV�ELWV�>�����@�RI�WKH�DGGUHVV�
WR�WKH�EXV�GHYLFH�DQG�IXQFWLRQ�QXPEHU��7KLV�DOORZV�D�&)*�
FRQILJXUDWLRQ�VSDFH�WR�EH�ORFDWHG�LQ�DQ\����0%�ZLQGRZ�RI�\RXU�
DSSOLFDWLRQ�PHPRU\�VSDFH�XVLQJ�D����ELW�HIIHFWLYH�DGGUHVV��6KLIWV�
ELWV�>�����@�RI�WKH�XQWUDQVODWHG�DGGUHVV�WR�IRUP�ELWV�>�����@�RI�
WKH�WUDQVODWHG�DGGUHVV� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

�� 5: �[� 

)8==<B7<3(B0$7&+B&2'( 
)X]]\�7\SH�0DWFK�0RGH��:KHQ�HQDEOHG��WKH�L$78�UHOD[HV�WKH�
PDWFKLQJ�RI�WKH�7/3�7<3(�ILHOG�DJDLQVW�WKH�H[SHFWHG�7<3(�ILHOG�VR�
WKDW 
&IJ5G��DQG�&IJ5G��7/3V�DUH�VHHQ�DV�LGHQWLFDO��6LPLODUO\�ZLWK�
&IJ:U��DQG�&IJ:U�� 
0:U��05G�DQG�05G/N�7/3V�DUH�VHHQ�DV�LGHQWLFDO 
7KH�5RXWLQJ�ILHOG�RI�0VJ�0VJ'�7/3V�LV�LJQRUHG 
)HWFK$GG��6ZDS�DQG�&$6�DUH�VHHQ�DV�LGHQWLFDO� 
)RU�H[DPSOH��&)*��LQ�WKH�7<3(�ILHOG�LQ�WKH��L$78�&RQWURO���
5HJLVWHU��PDWFKHV�DJDLQVW�DQ�LQERXQG�&IJ5G���&IJ5G���&IJ:U��RU�
&IJ:U��7/3� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

�� 52 �[� UHVHUYHG 

����� 5: �[� 

5(63216(B&2'( 
5HVSRQVH�&RGH��'HILQHV�WKH�W\SH�RI�UHVSRQVH�WR�JLYH�IRU�DFFHVVHV�
PDWFKLQJ�WKLV�UHJLRQ��7KLV�RYHUULGHV�WKH�QRUPDO�5$'0�ILOWHU�
UHVSRQVH��1RWH�WKDW�WKLV�IHDWXUH�LV�QRW�DYDLODEOH�IRU�DQ\�UHJLRQ�
ZKHUH�6LQJOH�$GGUHVV�/RFDWLRQ�7UDQVODWH�LV�HQDEOHG� 
�����1RUPDO�5$'0�ILOWHU�UHVSRQVH�LV�XVHG� 
�����8QVXSSRUWHG�UHTXHVW��85� 
�����&RPSOHWHU�DERUW��&$� 
�����1RW�XVHG���XQGHILQHG���UHVHUYHG� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

�� 5: �[� 

6,1*/(B$''5B/2&B75$16B(1 
6LQJOH�$GGUHVV�/RFDWLRQ�7UDQVODWH�(QDEOH� 
:KHQ�HQDEOHG��5[�7/3V�FDQ�EH�WUDQVODWHG�WR�D�VLQJOH�DGGUHVV�
ORFDWLRQ�DV�GHWHUPLQHG�E\�WKH�WDUJHW�DGGUHVV�UHJLVWHU�RI�WKH�L$78�
UHJLRQ��7KH�PDLQ�XVDJH�VFHQDULR�LV�WUDQVODWLRQ�RI�0HVVDJHV��VXFK�
DV�9HQGRU�'HILQHG�RU�$76�0HVVDJHV��WR�0:U�7/3V�ZKHQ�WKH�$;,�
EULGJH�LV�HQDEOHG� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

�� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

06*B&2'(B0$7&+B(1 
0HVVDJH�&RGH�0DWFK�(QDEOH��0VJ�7/36���(QVXUHV�WKDW�D�
VXFFHVVIXO�PHVVDJH�&RGH�7/3�ILHOG�FRPSDULVRQ�PDWFK��VHH�
0HVVDJH�&RGH�ILHOG�RI�WKH��L$78�&RQWURO���5HJLVWHU���RFFXUV��LQ�
06*�WUDQVDFWLRQV��IRU�DGGUHVV�WUDQVODWLRQ�WR�SURFHHG� 
67�0DWFK�(QDEOH��0HP�7/3V���(QVXUHV�WKDW�D�VXFFHVVIXO�67�7/3�
ILHOG�FRPSDULVRQ�PDWFK��VHH�67�ILHOG�RI�WKH��L$78�&RQWURO���
5HJLVWHU���RFFXUV��LQ�0(0�WUDQVDFWLRQV��IRU�DGGUHVV�WUDQVODWLRQ�WR�
SURFHHG��2QO\�9DOLG�ZKHQ�WKH�&;B73+B(1$%/(�FRQILJXUDWLRQ�
SDUDPHWHU�LV�� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

�� 52 �[� UHVHUYHG 

�� 5: �[� 

)81&B180B0$7&+B(1 
)XQFWLRQ�1XPEHU�0DWFK�(QDEOH��(QVXUHV�WKDW�D�VXFFHVVIXO�
)XQFWLRQ�1XPEHU�7/3�ILHOG�FRPSDULVRQ�PDWFK��VHH�)XQFWLRQ�
1XPEHU�ILHOG�RI�WKH��L$78�&RQWURO���5HJLVWHU���RFFXUV��LQ�0(0�,�2�
DQG�&)*��&)*��WUDQVDFWLRQV��IRU�DGGUHVV�WUDQVODWLRQ�WR�SURFHHG� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

����� 52 �[� UHVHUYHG 

�� 5: �[� 

$775B0$7&+B(1 
$775�0DWFK�(QDEOH��(QVXUHV�WKDW�D�VXFFHVVIXO�$775�7/3�ILHOG�
FRPSDULVRQ�PDWFK��VHH�$775�ILHOG�RI�WKH��L$78�&RQWURO���
5HJLVWHU���RFFXUV�IRU�DGGUHVV�WUDQVODWLRQ�WR�SURFHHG� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

�� 5: �[� 

7'B0$7&+B(1 
7'�0DWFK�(QDEOH��(QVXUHV�WKDW�D�VXFFHVVIXO�7'�7/3�ILHOG�
FRPSDULVRQ�PDWFK��VHH�7'�ILHOG�RI�WKH��L$78�&RQWURO���5HJLVWHU���
RFFXUV�IRU�DGGUHVV�WUDQVODWLRQ�WR�SURFHHG� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

�� 5: �[� 

7&B0$7&+B(1 
7&�0DWFK�(QDEOH��(QVXUHV�WKDW�D�VXFFHVVIXO�7&�7/3�ILHOG�
FRPSDULVRQ�PDWFK��VHH�7&�ILHOG�RI�WKH��L$78�&RQWURO���5HJLVWHU���
RFFXUV�IRU�DGGUHVV�WUDQVODWLRQ�WR�SURFHHG� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

�� 5: �[� 

06*B7<3(B0$7&+B02'( 
0HVVDJH�7\SH�0DWFK�0RGH� 
:KHQ�HQDEOHG��DQG�LI�VLQJOH�DGGUHVV�ORFDWLRQ�WUDQVODWH�HQDEOH�LV�
VHW��WKHQ�LQERXQG�7/3V�RI�W\SH�06*�06*G�ZKLFK�PDWFK�WKH�W\SH�
ILHOG�RI�WKH�LDWXBUHJLRQBFWUOB�B2))BLQERXQG�UHJLVWHU�
� !7<3(>���@ �
E����ZLOO�EH�WUDQVODWHG��0HVVDJH�W\SH�PDWFK�
PRGH�RYHUULGHV�DQ\�YDOXH�RI�0$7&+B02'(�ILHOG�LQ�WKLV�UHJLVWHU��
8VDJH�VFHQDULRV�IRU�WKLV�DUH�WUDQVODWLRQ�RI�9'0�RU�$76�PHVVDJHV�
ZKHQ�$;,�EULGJH�LV�FRQILJXUHG�RQ�FOLHQW�LQWHUIDFH� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

����� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[� 

%$5B180 
%$5�1XPEHU��:KHQ�WKH�%$5�QXPEHU�RI�DQ�LQERXQG�0(0�RU�,2�
7/3���WKDW�LV�PDWFKHG�E\�WKH�QRUPDO�LQWHUQDO�%$5�DGGUHVV�
PDWFKLQJ�PHFKDQLVP���LV�WKH�VDPH�DV�WKLV�ILHOG��DGGUHVV�
WUDQVODWLRQ�SURFHHGV��ZKHQ�DOO�RWKHU�HQDEOHG�ILHOG�PDWFKHV�DUH�
VXFFHVVIXO���7KLV�FKHFN�LV�RQO\�SHUIRUPHG�LI�WKH��0DWFK�0RGH��ELW�
RI�WKH��L$78�&RQWURO���5HJLVWHU��LV�VHW� 
���E���%$5� 
���E���%$5� 
���E���%$5� 
���E���%$5� 
���E���%$5� 
���E���%$5� 
���E���520 
���E���UHVHUYHG 
,2�WUDQVODWLRQ�ZRXOG�UHTXLUH�HLWKHU������E�RU������E�LQ�WKH�
LQERXQG�7/3�7<3(��WKH�%$5�1XPEHU�VHW�LQ�WKH�UDQJH����E������E�
DQG�WKDW�%$5�FRQILJXUHG�DV�DQ�,2�%$5� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

��� 5: �[�� 

06*B&2'( 
06*�7/3V���0HVVDJH�&RGH���:KHQ�WKH�7<3(�ILHOG�RI�DQ�LQERXQG�
0VJ�0VJ'�7/3�LV�PDWFKHG�WR�WKLV�YDOXH��WKHQ�DGGUHVV�WUDQVODWLRQ�
SURFHHGV��ZKHQ�DOO�RWKHU�HQDEOHG�ILHOG�PDWFKHV�DUH�VXFFHVVIXO���
7KLV�FKHFN�LV�RQO\�SHUIRUPHG�LI�WKH��0HVVDJH�&RGH�0DWFK�(QDEOH��
ELW�RI�WKH��L$78�&RQWURO���5HJLVWHU��LV�VHW� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

 
,$78B/:5B%$6(B$''5B2))B,1%281'BL�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 

/:5B%$6(B5: 
)RUPV�ELWV�>���Q@�RI�WKH�VWDUW�DGGUHVV�RI�WKH�DGGUHVV�UHJLRQ�WR�EH�
WUDQVODWHG� 
Q�LV�ORJ��&;B$78B0,1B5(*,21B6,=(� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

���� 52 �[���� 

/:5B%$6(B+: 
)RUPV�ELWV�>Q����@�RI�WKH�VWDUW�DGGUHVV�RI�WKH�DGGUHVV�UHJLRQ�WR�
EH�WUDQVODWHG��7KH�VWDUW�DGGUHVV�PXVW�EH�DOLJQHG�WR�D�
&;B$78B0,1B5(*,21B6,=(�N%�ERXQGDU\��VR�WKHVH�ELWV�DUH�
DOZD\V����$�ZULWH�WR�WKLV�ORFDWLRQ�LV�LJQRUHG�E\�WKH�3&,H�FRQWUROOHU� 
Q�LV�ORJ��&;B$78B0,1B5(*,21B6,=(� 

 
,$78B833(5B%$6(B$''5B2))B,1%281'BL�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
833(5B%$6(B5: 
)RUPV�ELWV�>�����@�RI�WKH�VWDUW��DQG�HQG��DGGUHVV�RI�WKH�DGGUHVV�
UHJLRQ�WR�EH�WUDQVODWHG� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

 
,$78B/,0,7B$''5B2))B,1%281'BL�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
/,0,7B$''5B5: 
)RUPV�XSSHU�ELWV�RI�WKH�HQG�DGGUHVV�RI�WKH�DGGUHVV�UHJLRQ�WR�EH�
WUDQVODWHG� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

���� 52 �[IIII 

/,0,7B$''5B+: 
)RUPV�ORZHU�ELWV�RI�WKH�HQG�DGGUHVV�RI�WKH�DGGUHVV�UHJLRQ�WR�EH�
WUDQVODWHG��7KH�HQG�DGGUHVV�PXVW�EH�DOLJQHG�WR�D�
&;B$78B0,1B5(*,21B6,=(�N%�ERXQGDU\��VR�WKHVH�ELWV�DUH�
DOZD\V�DOO�RQHV��$�ZULWH�WR�WKLV�ORFDWLRQ�LV�LJQRUHG�E\�WKH�3&,H�
FRQWUROOHU� 

 
,$78B/:5B7$5*(7B$''5B2))B,1%281'BL�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 

/:5B7$5*(7B5: 
)RUPV�06%
V�RI�WKH�/RZHU�7DUJHW�SDUW�RI�WKH�QHZ�DGGUHVV�RI�WKH�
WUDQVODWHG�UHJLRQ��7KHVH�ELWV�DUH�DOZD\V�
�
� 
)LHOG�VL]H�GHSHQGV�RQ�ORJ��&;B$78B0,1B5(*,21B6,=(��LQ�
DGGUHVV�PDWFK�PRGH� 
)LHOG�VL]H�GHSHQGV�RQ�ORJ��%$5B0$6.����LQ�%$5�PDWFK�PRGH� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

���� 52 �[���� 

/:5B7$5*(7B+: 
)RUPV�WKH�/6%
V�RI�WKH�/RZHU�7DUJHW�SDUW�RI�WKH�QHZ�DGGUHVV�RI�
WKH�WUDQVODWHG�UHJLRQ��7KH�VWDUW�DGGUHVV�PXVW�EH�DOLJQHG�WR�D�
&;B$78B0,1B5(*,21B6,=(�N%�ERXQGDU\��LQ�DGGUHVV�PDWFK�
PRGH���DQG�WR�WKH�%DU�VL]H�ERXQGDU\��LQ�%$5�PDWFK�PRGH��VR�
WKDW�WKHVH�ELWV�DUH�DOZD\V�
�
��,I�WKH�%$5�LV�VPDOOHU�WKDQ�WKH�L$78�
UHJLRQ�VL]H��WKHQ�WKH�L$78�WDUJHW�DGGUHVV�PXVW�DOLJQ�WR�WKH�L$78�
UHJLRQ�VL]H��RWKHUZLVH�LW�PXVW�DOLJQ�WR�WKH�%$5�VL]H� 
$�ZULWH�WR�WKLV�ORFDWLRQ�LV�LJQRUHG�E\�WKH�3&,H�FRQWUROOHU� 
)LHOG�VL]H�GHSHQGV�RQ�ORJ��&;B$78B0,1B5(*,21B6,=(��LQ�
DGGUHVV�PDWFK�PRGH� 
)LHOG�VL]H�GHSHQGV�RQ�ORJ��%$5B0$6.����LQ�%$5�PDWFK�PRGH� 

 
 
18.4.8 3RUW�/RJLF�5HJLVWHUV�6XPPDU\�  

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

3/B$&.B/$7(1&<B7,0(5
B2)) �[���� : �[�������� $FN�/DWHQF\�7LPHU�DQG�5HSOD\�7LPHU�5HJLVWHU� 
3/B9(1'25B63(&B'//3B
2)) �[���� : �[)))))))) 9HQGRU�6SHFLILF�'//3�5HJLVWHU� 

3/B3257B)25&(B2)) �[���� : �[�������� 3257B)25&(B2)) 
3/B$&.B)B$630B&75/B2
)) �[���& : �[�%))))�� $FN�)UHTXHQF\�DQG�/��/��$630�&RQWURO�5HJLVWHU� 
3/B3257B/,1.B&75/B2)) �[���� : �[�������� 3RUW�/LQN�&RQWURO�5HJLVWHU� 
3/B/$1(B6.(:B2)) �[���� : �[�������� /DQH�6NHZ�5HJLVWHU� 
3/B7,0(5B&75/B0$;B)8
1&B180B2)) �[���� : �[�������� 7LPHU�&RQWURO�DQG�0D[�)XQFWLRQ�1XPEHU�5HJLVWHU� 

3/B6<0%2/B7,0(5B),/7(
5B�B2)) �[���& : �[�������� 

6\PERO�7LPHU�5HJLVWHU�DQG�)LOWHU�
0DVN���5HJLVWHU��7KH�)LOWHU�0DVN���
5HJLVWHU�PRGLILHV�WKH�5$'0�
ILOWHULQJ�DQG�HUURU�KDQGOLQJ�UXOHV��
)RU�PRUH�GHWDLOV��VHH�WKH��5HFHLYH�
)LOWHULQJ��VHFWLRQ� 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1831 

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

3/B),/7(5B0$6.B�B2)) �[���� : �[�������� 
)LOWHU�0DVN���5HJLVWHU��7KLV�
UHJLVWHU�PRGLILHV�WKH�5$'0�
ILOWHULQJ�DQG�HUURU�KDQGOLQJ�UXOHV� 

3/B$0%$B08/B2%B'(&2
03B13B68%B5(4B&75/B
2)) 

�[���� : �[�������� 
$0%$�0XOWLSOH�2XWERXQG�
'HFRPSRVHG�13�6XE5HTXHVWV�
&RQWURO�5HJLVWHU� 

3/B3/B'(%8*�B2)) �[���� : �[�������� 'HEXJ�5HJLVWHU�� 
3/B3/B'(%8*�B2)) �[���& : �[�������� 'HEXJ�5HJLVWHU�� 
3/B7;B3B)&B&5(',7B67$
786B2)) �[���� : �[�������� 7UDQVPLW�3RVWHG�)&�&UHGLW�6WDWXV 

3/B7;B13B)&B&5(',7B6
7$786B2)) �[���� : �[�������� 7;B13B)&B&5(',7B67$786B2)) 

3/B7;B&3/B)&B&5(',7B6
7$786B2)) �[���� : �[�������� 7UDQVPLW�&RPSOHWLRQ�)&�&UHGLW�6WDWXV 
3/B48(8(B67$786B2)) �[���& : �[�������� 4XHXH�6WDWXV 
3/B9&B7;B$5%,B�B2)) �[���� : �[�������) 9&�7UDQVPLW�$UELWUDWLRQ�5HJLVWHU�� 
3/B9&B7;B$5%,B�B2)) �[���� : �[�������� 9&�7UDQVPLW�$UELWUDWLRQ�5HJLVWHU�� 
3/B9&�B3B5;B4B&75/B2
)) �[���� : �[�������� 6HJPHQWHG�%XIIHU�9&��3RVWHG�5HFHLYH�4XHXH�&RQWURO� 
3/B9&�B13B5;B4B&75/B
2)) �[���& : �[�������� 6HJPHQWHG�%XIIHU�9&��1RQ�3RVWHG�5HFHLYH�4XHXH�&RQWURO� 

3/B9&�B&3/B5;B4B&75/
B2)) �[���� : �[�������� 

6HJPHQWHG�%XIIHU�9&��
&RPSOHWLRQ�5HFHLYH�4XHXH�
&RQWURO� 

3/B*(1�B&75/B2)) �[���& : �[������)) /LQN�:LGWK�DQG�6SHHG�&KDQJH�&RQWURO�5HJLVWHU� 

3/B3+<B67$786B2)) �[���� : �[�������� 
3+<�6WDWXV�5HJLVWHU��0HPRU\�
PDSSHG�UHJLVWHU�IURP�
SK\BFIJBVWDWXV�*3,2�LQSXW�SLQV� 

3/B3+<B&21752/B2)) �[���� : �[�������� 
3+<�&RQWURO�5HJLVWHU��0HPRU\�
PDSSHG�UHJLVWHU�WR�
FIJBSK\BFRQWURO�*3,2�RXWSXW�SLQV� 

3/B75*7B0$3B&75/B2)) �[���& : �[�������� 3URJUDPPDEOH�7DUJHW�0DS�&RQWURO�5HJLVWHU� 
3/B&/2&.B*$7,1*B&75/
B2)) �[���& : �[�������� 5$'0�FORFN�JDWLQJ�HQDEOH�FRQWURO�UHJLVWHU� 

3/B*(1�B5(/$7('B2)) �[���� : �[�������� *HQ��&RQWURO�5HJLVWHU��7KLV�UHJLVWHU�LV�UHVHUYHG�IRU�IXWXUH�XVH� 
3/B*(1�B(4B&21752/B
2)) �[��$� : �[�����)�� *HQ��(4�&RQWURO�5HJLVWHU� 

3/B*(1�B(4B)%B02'(B
',5B&+$1*(B2)) �[��$& : �[�������� *HQ��(4�'LUHFWLRQ�&KDQJH�)HHGEDFN�0RGH�&RQWURO�5HJLVWHU� 
3/B25'(5B58/(B&75/B2
)) �[��%� : �[�������� 2UGHU�5XOH�&RQWURO�5HJLVWHU� 

3/B3,3(B/223%$&.B&21
752/B2)) �[��%� : �[�������� 3,3(�/RRSEDFN�&RQWURO�5HJLVWHU� 

3/B0,6&B&21752/B�B2)
) �[��%& : �[�������� '%,�5HDG�2QO\�:ULWH�(QDEOH�5HJLVWHU� 
3/B08/7,B/$1(B&21752
/B2)) �[��&� : �[�������� 8S&RQILJXUH�0XOWL�ODQH�&RQWURO�5HJLVWHU� 
3/B3+<B,17(523B&75/B
2)) �[��&� : �[�������) 3+<�,QWHURSHUDELOLW\�&RQWURO�5HJLVWHU� 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1832 

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

3/B75*7B&3/B/87B'(/(7
(B(175<B2)) �[��&� : �[�������� 75*7B&3/B/87�'HOHWH�(QWU\�&RQWURO�UHJLVWHU� 
3/B/,1.B)/86+B&21752
/B2)) �[��&& : �[�������� /LQN�5HVHW�5HTXHVW�)OXVK�&RQWURO�5HJLVWHU� 
3/B$0%$B(5525B5(632
16(B'()$8/7B2)) �[��'� : �[�����&�� $;,�%ULGJH�6ODYH�(UURU�5HVSRQVH�5HJLVWHU� 
3/B$0%$B/,1.B7,0(287
B2)) �[��'� : �[�������� /LQN�'RZQ�$;,�%ULGJH�6ODYH�7LPHRXW�5HJLVWHU� 
3/B$0%$B25'(5,1*B&7
5/B2)) �[��'� : �[�������� $0%$�2UGHULQJ�&RQWURO� 

3/B&2+(5(1&<B&21752
/B�B2)) �[��(� : �[�������� $&(�&DFKH�&RKHUHQF\�&RQWURO�5HJLVWHU�� 
3/B&2+(5(1&<B&21752
/B�B2)) �[��(� : �[�������� $&(�&DFKH�&RKHUHQF\�&RQWURO�5HJLVWHU�� 
3/B&2+(5(1&<B&21752
/B�B2)) �[��(� : �[�������� $&(�&DFKH�&RKHUHQF\�&RQWURO�5HJLVWHU�� 

3/B$;,B0675B06*B$''
5B/2:B2)) �[��)� : �[�������� 

/RZHU����ELWV�RI�WKH�
SURJUDPPDEOH�$;,�DGGUHVV�ZKHUH�
0HVVDJHV�FRPLQJ�IURP�ZLUH�DUH�
PDSSHG�WR� 

3/B$;,B0675B06*B$''
5B+,*+B2)) �[��)� : �[�������� 5HJLVWHU�����'HVFULSWLRQ 

3/B3&,(B9(56,21B180%
(5B2)) �[��)� : �[�������$ 3&,H�&RQWUROOHU�,,3�5HOHDVH�9HUVLRQ�1XPEHU� 
3/B3&,(B9(56,21B7<3(B
2)) �[��)& : �[�����$�$ 3&,H�&RQWUROOHU�,,3�5HOHDVH�9HUVLRQ�7\SH� 
3/B06,;B$''5(66B0$7&
+B/2:B2)) �[���� : �[�������� �06,�;�$GGUHVV�0DWFK�/RZ�5HJLVWHU� 
3/B06,;B$''5(66B0$7&
+B+,*+B2)) �[���� : �[�������� 06,�;�$GGUHVV�0DWFK�+LJK�5HJLVWHU� 
3/B06,;B'225%(//B2)) �[���� : �[�������� 06,�;�'RRUEHOO�5HJLVWHU� 

3/B06,;B5$0B&75/B2)) �[���& : �[�������� 06,�;�5$0�SRZHU�PRGH�DQG�GHEXJ�FRQWURO�UHJLVWHU� 
3/B/75B/$7(1&<B2)) �[�%�� : �[�������� /75�/DWHQF\�5HJLVWHU� 

3/B$8;B&/.B)5(4B2)) �[�%�� : �[�������� $X[LOLDU\�&ORFN�)UHTXHQF\�&RQWURO�5HJLVWHU� 
3/B/�B68%67$7(6B2)) �[�%�� : �[������'� /��6XEVWDWHV�7LPLQJ�5HJLVWHU� 
3/B3,3(B5(/$7('B2)) �[�%�� : �[�������� 3,3(�5HODWHG�5HJLVWHU� 
 
 
18.4.9 3RUW�/RJLF�'HWDLO�5HJLVWHUV�'HVFULSWLRQ�  
3/B$&.B/$7(1&<B7,0(5B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 

5(3/$<B7,0(B/,0,7 
5HSOD\�7LPHU�/LPLW��7KH�UHSOD\�WLPHU�H[SLUHV�ZKHQ�LW�UHDFKHV�WKLV�
OLPLW��7KH�FRQWUROOHU�LQLWLDWHV�D�UHSOD\�XSRQ�UHFHSWLRQ�RI�D�1$.�RU�
ZKHQ�WKH�UHSOD\�WLPHU�H[SLUHV��)RU�PRUH�GHWDLOV��VHH��7UDQVPLW�
5HSOD\���<RX�FDQ�PRGLI\�WKH�HIIHFWLYH�WLPHU�OLPLW�ZLWK�WKH�
7,0(5B02'B5(3/$<B7,0(5�ILHOG�RI�WKH�
7,0(5B&75/B0$;B)81&B180B2))�UHJLVWHU��$IWHU�UHVHW��WKH�
FRQWUROOHU�XSGDWHV�WKH�GHIDXOW�DFFRUGLQJ�WR�WKH�1HJRWLDWHG�/LQN�
:LGWK��0D[B3D\ORDGB6L]H��DQG�VSHHG��7KH�YDOXH�LV�GHWHUPLQHG�
IURP�7DEOHV�����������DQG�����RI�WKH�3&,H�����VSHFLILFDWLRQ��,I�
WKHUH�LV�D�FKDQJH�LQ�WKH�SD\ORDG�VL]H�RU�OLQN�VSHHG��WKH�FRQWUROOHU�
ZLOO�RYHUULGH�DQ\�YDOXH�WKDW�\RX�KDYH�ZULWWHQ�WR�WKLV�UHJLVWHU�ILHOG��
DQG�UHVHW�WKH�ILHOG�EDFN�WR�WKH�VSHFLILFDWLRQ�GHILQHG�YDOXH��,W�ZLOO�
QRW�FKDQJH�WKH�YDOXH�LQ�WKH�7,0(5B02'B5(3/$<B7,0(5�ILHOG�RI�
WKH�7,0(5B&75/B0$;B)81&B180B2))�UHJLVWHU� 

���� 5: �[���� 

5281'B75,3B/$7(1&<B7,0(B/,0,7 
$FN�/DWHQF\�7LPHU�/LPLW��7KH�$FN�ODWHQF\�WLPHU�H[SLUHV�ZKHQ�LW�
UHDFKHV�WKLV�OLPLW��)RU�PRUH�GHWDLOV��VHH��$FN�6FKHGXOLQJ���<RX�
FDQ�PRGLI\�WKH�HIIHFWLYH�WLPHU�OLPLW�ZLWK�WKH�
7,0(5B02'B$&.B1$.�ILHOG�RI�WKH�
7,0(5B&75/B0$;B)81&B180B2))�UHJLVWHU��$IWHU�UHVHW��WKH�
FRQWUROOHU�XSGDWHV�WKH�GHIDXOW�DFFRUGLQJ�WR�WKH�1HJRWLDWHG�/LQN�
:LGWK��0D[B3D\ORDGB6L]H��DQG�VSHHG��7KH�YDOXH�LV�GHWHUPLQHG�
IURP�7DEOHV�����������DQG�����RI�WKH�3&,H�����VSHFLILFDWLRQ��7KH�
OLPLW�PXVW�UHIOHFW�WKH�URXQG�WULS�ODWHQF\�IURP�UHTXHVWHU�WR�
FRPSOHWHU��,I�WKHUH�LV�D�FKDQJH�LQ�WKH�SD\ORDG�VL]H�RU�OLQN�ZLGWK��
WKH�FRQWUROOHU�ZLOO�RYHUULGH�DQ\�YDOXH�WKDW�\RX�KDYH�ZULWWHQ�WR�WKLV�
UHJLVWHU�ILHOG��DQG�UHVHW�WKH�ILHOG�EDFN�WR�WKH�VSHFLILFDWLRQ�GHILQHG�
YDOXH��,W�ZLOO�QRW�FKDQJH�WKH�YDOXH�LQ�WKH�7,0(5B02'B$&.B1$.�
ILHOG�RI�WKH�7,0(5B&75/B0$;B)81&B180B2))�UHJLVWHU� 

 
3/B9(1'25B63(&B'//3B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[IIIIIIII 

9(1'25B63(&B'//3 
9HQGRU�6SHFLILF�'//3�5HJLVWHU��8VHG�WR�VHQG�D�VSHFLILF�3&,�
([SUHVV�'//3��<RXU�DSSOLFDWLRQ�ZULWHV�WKH���ELW�'//3�7\SH�DQG����
ELWV�RI�3D\ORDG�GDWD�LQWR�WKLV�UHJLVWHU��WKHQ�VHWV�WKH�ILHOG�
9(1'25B63(&,),&B'//3B5(4�RI�3257B/,1.B&75/B2))�WR�VHQG�
WKH�'//3� 
>���@� �7\SH 
>����@� �3D\ORDG�����ELWV� 
7KH�GOOS�W\SH�LV�LQ�ELWV�>���@�ZKLOH�WKH�UHPDLQGHU�LV�WKH�YHQGRU�
GHILQHG�SD\ORDG� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

 
3/B3257B)25&(B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

'2B'(6.(:B)25B65,6 
8VH�WKH�WUDQVLWLRQV�IURP�76��WR�/RJLFDO�,GOH�6\PERO��6.3�26�WR�
/RJLFDO�,GOH�6\PERO��DQG�)76�6HTXHQFH�WR�6.3�26�WR�GR�GHVNHZ�
IRU�65,6�LQVWHDG�RI�XVLQJ�UHFHLYHG�6.3�26�LI�
'2B'(6.(:B)25B65,6�LV�VHW�WR��� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

�� 52 �[� UHVHUYHG 

����� 5: �[�� 

/,1.B67$7( 
)RUFHG�/7660�6WDWH��7KH�/7660�VWDWH�WKDW�WKH�FRQWUROOHU�LV�IRUFHG�
WR�ZKHQ�\RX�VHW�WKH�)25&(B(1�ELW��)RUFH�/LQN���/7660�VWDWH�
HQFRGLQJ�LV�GHILQHG�E\�WKH�OWVBVWDWH�YDULDEOH�LQ�
ZRUNVSDFH�VUF�/D\HU��VPOKBOWVVP�Y� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

�� :2 �[� 

)25&(B(1 
)RUFH�/LQN��7KH�FRQWUROOHU�VXSSRUWV�D�WHVWLQJ�DQG�GHEXJ�FDSDELOLW\�
WR�DOORZ�\RXU�VRIWZDUH�WR�IRUFH�WKH�/7660�VWDWH�PDFKLQH�LQWR�D�
VSHFLILF�VWDWH��DQG�WR�IRUFH�WKH�FRQWUROOHU�WR�WUDQVPLW�D�VSHFLILF�
/LQN�&RPPDQG��$VVHUWLQJ�WKLV�ELW�WULJJHUV�WKH�IROORZLQJ�DFWLRQV� 
)RUFHV�WKH�/7660�WR�WKH�VWDWH�VSHFLILHG�E\�WKH�)RUFHG�/7660�
6WDWH�ILHOG� 
)RUFHV�WKH�FRQWUROOHU�WR�WUDQVPLW�WKH�FRPPDQG�VSHFLILHG�E\�WKH�
)RUFHG�/LQN�&RPPDQG�ILHOG� 
7KLV�LV�D�VHOI�FOHDULQJ�UHJLVWHU�ILHOG��5HDGLQJ�IURP�WKLV�UHJLVWHU�
ILHOG�DOZD\V�UHWXUQV�D����� 

����� 52 �[� UHVHUYHG 

���� 5: �[� 

)25&('B/7660 
)RUFHG�/LQN�&RPPDQG��7KH�OLQN�FRPPDQG�WKDW�WKH�FRQWUROOHU�LV�
IRUFHG�WR�WUDQVPLW�ZKHQ�\RX�VHW�)25&(B(1�ELW��)RUFH�/LQN���/LQN�
FRPPDQG�HQFRGLQJ�LV�GHILQHG�E\�WKH�OWVVPBFPG�YDULDEOH�LQ�
ZRUNVSDFH�VUF�/D\HU��VPOKBOWVVP�Y� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

��� 5: �[�� 
/,1.B180 
/LQN�1XPEHU��1RW�XVHG�IRU�HQGSRLQW� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

 
3/B$&.B)B$630B&75/B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 52 �[� UHVHUYHG 

�� 5: �[� 

(17(5B$630 
$630�/��(QWU\�&RQWURO� 
���&RUH�HQWHUV�$630�/��DIWHU�D�SHULRG�LQ�ZKLFK�LW�KDV�EHHQ�LGOH� 
���&RUH�HQWHUV�$630�/��RQO\�DIWHU�LGOH�SHULRG�GXULQJ�ZKLFK�ERWK�
UHFHLYH�DQG�WUDQVPLW�DUH�LQ�/�V� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

/�B(175$1&(B/$7(1&< 
/��(QWUDQFH�/DWHQF\��9DOXH�UDQJH�LV� 
�������XV 
�������XV 
�������XV 
�������XV 
��������XV 
��������XV 
����RU���������XV 
1RWH��3URJUDPPLQJ�WKLV�WLPHU�ZLWK�D�YDOXH�JUHDWHU�WKDW���XV�KDV�
QR�HIIHFW�XQOHVV�H[WHQGHG�V\QF�LV�XVHG��RU�DOO�RI�WKH�FUHGLWV�DUH�
LQILQLWH� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

����� 5: �[� 

/�6B(175$1&(B/$7(1&< 
/�V�(QWUDQFH�/DWHQF\��9DOXHV�FRUUHVSRQG�WR� 
�������XV 
�������XV 
�������XV 
�������XV 
�������XV 
�������XV 
����RU��������XV 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

����� 52 �[II 

&20021B&/.B1B)76 
&RPPRQ�&ORFN�1B)76��7KLV�LV�WKH�1B)76�ZKHQ�FRPPRQ�FORFN�LV�
XVHG��7KH�QXPEHU�RI�)DVW�7UDLQLQJ�6HTXHQFH�RUGHUHG�VHWV�WR�EH�
WUDQVPLWWHG�ZKHQ�WUDQVLWLRQLQJ�IURP�/�V�WR�/���7KH�PD[LPXP�
QXPEHU�RI�)76�RUGHUHG�VHWV�WKDW�D�FRPSRQHQW�FDQ�UHTXHVW�LV�
�����7KLV�ILHOG�LV�RQO\�ZULWDEOH��VWLFN\��ZKHQ�DOO�RI�WKH�IROORZLQJ�
FRQILJXUDWLRQ�SDUDPHWHU�HTXDWLRQV�DUH�WUXH� 
&;B1)76�� &;B&200B1)76 
'()$8/7B/�6B(;,7B/$7(1&<�� '()$8/7B&200B/�6B(;,7B/$7
(1&< 
'()$8/7B/�B(;,7B/$7(1&<�� '()$8/7B&200B/�B(;,7B/$7(1
&< 
7KH�FRQWUROOHU�GRHV�QRW�VXSSRUW�D�YDOXH�RI�]HUR��D�YDOXH�RI�]HUR�
FDQ�FDXVH�WKH�/7660�WR�JR�LQWR�WKH�UHFRYHU\�VWDWH�ZKHQ�H[LWLQJ�
IURP�/�V� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5 
'EL��5 

���� 5: �[II 

$&.B1B)76 
1B)76��7KH�QXPEHU�RI�)DVW�7UDLQLQJ�6HTXHQFH�RUGHUHG�VHWV�WR�EH�
WUDQVPLWWHG�ZKHQ�WUDQVLWLRQLQJ�IURP�/�V�WR�/���7KH�PD[LPXP�
QXPEHU�RI�)76�RUGHUHG�VHWV�WKDW�D�FRPSRQHQW�FDQ�UHTXHVW�LV�
�����7KH�FRQWUROOHU�GRHV�QRW�VXSSRUW�D�YDOXH�RI�]HUR��D�YDOXH�RI�
]HUR�FDQ�FDXVH�WKH�/7660�WR�JR�LQWR�WKH�UHFRYHU\�VWDWH�ZKHQ�
H[LWLQJ�IURP�/�V��7KLV�ILHOG�LV�UHVHUYHG��IL[HG�WR�
�
��IRU�0�3&,H� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[�� 

$&.B)5(4 
$FN�)UHTXHQF\��7KH�FRQWUROOHU�DFFXPXODWHV�WKH�QXPEHU�RI�
SHQGLQJ�$&.V�VSHFLILHG�KHUH��XS�WR������EHIRUH�VFKHGXOLQJ�DQ�
$&.�'//3� 
���,QGLFDWHV�WKDW�WKLV�$FN�)UHTXHQF\�&RXQWHU�IHDWXUH�LV�WXUQHG�RII��
7KH�FRQWUROOHU�JHQHUDWHV�D�ORZ�SULRULW\�$&.�UHTXHVW�IRU�HYHU\�7/3�
WKDW�LW�UHFHLYHV��7KH�FRQWUROOHU�ZDLWV�XQWLO�WKH�$&.�/DWHQF\�7LPHU�
H[SLUHV��WKHQ�FRQYHUWV�WKH�FXUUHQW�ORZ�SULRULW\�$&.�UHTXHVW�WR�D�
KLJK�SULRULW\�$&.�UHTXHVW�DQG�VFKHGXOHV�WKH�'//3�IRU�
WUDQVPLVVLRQ�WR�WKH�UHPRWH�OLQN�SDUWQHU� 
�������,QGLFDWHV�WKDW�WKH�FRQWUROOHU�ZLOO�VFKHGXOH�D�KLJK�SULRULW\�
$&.�DIWHU�UHFHLYLQJ�WKLV�QXPEHU�RI�7/3V��,W�PLJKW�VFKHGXOH�WKH�
$&.�EHIRUH�UHFHLYLQJ�WKLV�QXPEHU�RI�7/3V�LI�WKH�$&.�/DWHQF\�
7LPHU�H[SLUHV��EXW�QHYHU�ODWHU� 
)RU�D�W\SLFDO�V\VWHP��\RX�GR�QRW�KDYH�WR�PRGLI\�WKH�GHIDXOW�
VHWWLQJ��)RU�PRUH�GHWDLOV��VHH��$&.�1$.�6FKHGXOLQJ�� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

 
3/B3257B/,1.B&75/B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

�� 5: �[� 
75$160,7B/$1(B5(9(56$/(B(1$%/( 
75$160,7B/$1(B5(9(56$/(B(1$%/(�LV�DQ�LQWHUQDOO\�UHVHUYHG�
ILHOG��'R�QRW�XVH� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

�� 5: �[� 
(;7(1'('B6<1&+ 
(;7(1'('B6<1&+�LV�DQ�LQWHUQDOO\�UHVHUYHG�ILHOG��'R�QRW�XVH� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

�� 5: �[� 
&255837B/&5&B(1$%/( 
&255837B/&5&B(1$%/(�LV�DQ�LQWHUQDOO\�UHVHUYHG�ILHOG��'R�QRW�
XVH� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

�� 5: �[� 
%($&21B(1$%/( 
%($&21B(1$%/(�LV�DQ�LQWHUQDOO\�UHVHUYHG�ILHOG��'R�QRW�XVH� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

����� 52 �[� UHVHUYHG 

����� 5: �[�� 

/,1.B&$3$%/( 
/LQN�0RGH�(QDEOH��6HWV�WKH�QXPEHU�RI�ODQHV�LQ�WKH�OLQN�WKDW�\RX�
ZDQW�WR�FRQQHFW�WR�WKH�OLQN�SDUWQHU��:KHQ�\RX�KDYH�XQXVHG�ODQHV�
LQ�\RXU�V\VWHP��WKHQ�\RX�PXVW�FKDQJH�WKH�YDOXH�LQ�WKLV�UHJLVWHU�
WR�UHIOHFW�WKH�QXPEHU�RI�ODQHV��<RX�PXVW�DOVR�FKDQJH�WKH�YDOXH�LQ�
WKH��3UHGHWHUPLQHG�1XPEHU�RI�/DQHV��ILHOG�RI�WKH��/LQN�:LGWK�DQG�
6SHHG�&KDQJH�&RQWURO�5HJLVWHU���)RU�PRUH�LQIRUPDWLRQ��VHH��+RZ�
WR�7LH�2II�8QXVHG�/DQHV���)RU�LQIRUPDWLRQ�RQ�XSVL]LQJ�DQG�
GRZQVL]LQJ�WKH�OLQN�ZLGWK��VHH��/LQN�(VWDEOLVKPHQW�� 
��������[� 
��������[� 
��������[� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

����� 52 �[� UHVHUYHG 

���� 5: �[� 
/,1.B5$7( 
/,1.B5$7(�LV�DQ�LQWHUQDOO\�UHVHUYHG�ILHOG��'R�QRW�XVH� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1837 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

)$67B/,1.B02'( 
)DVW�/LQN�0RGH��6HWV�DOO�LQWHUQDO�/7660�PLOOLVHFRQG�WLPHUV�WR�)DVW�
0RGH�IRU�VSHHGLQJ�XS�VLPXODWLRQ��)RUFHV�WKH�/7660�WUDLQLQJ��OLQN�
LQLWLDOL]DWLRQ��WR�XVH�VKRUWHU�WLPH�RXWV�DQG�WR�OLQN�XS�IDVWHU��7KH�
GHIDXOW�VFDOLQJ�IDFWRU�FDQ�EH�FKDQJHG�XVLQJ�WKH�
'()$8/7B)$67B/,1.B6&$/,1*B)$&725�SDUDPHWHU�RU�WKURXJK�
WKH�)$67B/,1.B6&$/,1*B)$&725�ILHOG�LQ�WKH�
7,0(5B&75/B0$;B)81&B180B2))�UHJLVWHU��)DVW�/LQN�0RGH�FDQ�
DOVR�EH�DFWLYDWHG�E\�VHWWLQJ�WKH�GLDJBFWUOBEXV>�@�SLQ�WR�
�
��)RU�
PRUH�GHWDLOV��VHH�WKH��)DVW�/LQN�6LPXODWLRQ�0RGH��VHFWLRQ�LQ�WKH�
�,QWHJUDWLQJ�WKH�&RUH�ZLWK�WKH�3+<�RU�$SSOLFDWLRQ�57/�RU�
9HULILFDWLRQ�,3��FKDSWHU�RI�WKH�8VHU�*XLGH� 
)RU�0�3&,H��WKLV�ILHOG�DOVR�DIIHFWV�5HPDLQ�+LEHUQ��7LPH��0LQLPXP�
$FWLYDWH�7LPH��DQG�55$3�WLPHRXW��,I�WKLV�ELW�LV�VHW�WR�
�
��
W55$3,QLWLDWRU5HVSRQVH�LV�VHW�WR������PV����PV����� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

� 5: �[� 
/,1.B',6$%/( 
/,1.B',6$%/(�LV�DQ�LQWHUQDOO\�UHVHUYHG�ILHOG��'R�QRW�XVH� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

� 5: �[� 

'//B/,1.B(1 
'//�/LQN�(QDEOH��(QDEOHV�OLQN�LQLWLDOL]DWLRQ��:KHQ�'//�/LQN�(QDEOH�
 ���WKH�FRQWUROOHU�GRHV�QRW�WUDQVPLW�,QLW)&�'//3V�DQG�GRHV�QRW�
HVWDEOLVK�D�OLQN� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

� 52 �[� UHVHUYHG 

� 5: �[� 
5(6(7B$66(57 
5HVHW�$VVHUW��7ULJJHUV�D�UHFRYHU\�DQG�IRUFHV�WKH�/7660�WR�WKH�KRW�
UHVHW�VWDWH��GRZQVWUHDP�SRUW�RQO\�� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

� 5: �[� 

/223%$&.B(1$%/( 
/RRSEDFN�(QDEOH��7XUQV�RQ�ORRSEDFN��)RU�PRUH�GHWDLOV��VHH�
�/RRSEDFN���)RU�0�3&,H��WR�IRUFH�WKH�PDVWHU�WR�HQWHU�'LJLWDO�
/RRSEDFN�PRGH��\RX�PXVW�VHW�WKLV�ILHOG�WR�����GXULQJ�
&RQILJXUDWLRQ�VWDUW�VWDWH�LQLWLDO�GLVFRYHU\�FRQILJXUDWLRQ���0�3&,H�
GRHVQ
W�VXSSRUW�ORRSEDFN�PRGH�IURP�/��VWDWH���RQO\�IURP�
&RQILJXUDWLRQ�VWDUW� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

� 5: �[� 
6&5$0%/(B',6$%/( 
6FUDPEOH�'LVDEOH��7XUQV�RII�GDWD�VFUDPEOLQJ� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

� 5: �[� 

9(1'25B63(&,),&B'//3B5(4 
9HQGRU�6SHFLILF�'//3�5HTXHVW��:KHQ�VRIWZDUH�ZULWHV�D�
�
�WR�WKLV�
ELW��WKH�FRQWUROOHU�WUDQVPLWV�WKH�'//3�FRQWDLQHG�LQ�WKH�
9(1'25B63(&B'//3�ILHOG�RI�9(1'25B63(&B'//3B2))� 
5HDGLQJ�IURP�WKLV�VHOI�FOHDULQJ�UHJLVWHU�ILHOG�DOZD\V�UHWXUQV�D�
�
� 

 
3/B/$1(B6.(:B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 52 �[� UHVHUYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1838 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

,03/(0(17B180B/$1(6 
,PSOHPHQWDWLRQ�VSHFLILF�1XPEHU�RI�/DQHV��6HW�WKH�
LPSOHPHQWDWLRQ�VSHFLILF�QXPEHU�RI�ODQHV��$OORZHG�YDOXHV�DUH� 
�
E��������ODQH 
�
E��������ODQHV 
�
E��������ODQHV 
�
E��������ODQHV 
�
E���������ODQHV 
7KH�QXPEHU�RI�ODQHV�WR�EH�XVHG�ZKHQ�LQ�/RRSEDFN�0DVWHU��7KH�
QXPEHU�RI�ODQHV�SURJUDPPHG�PXVW�EH�HTXDO�WR�RU�OHVV�WKDQ�WKH�
YDOLG�QXPEHU�RI�ODQHV�VHW�LQ�/,1.B&$3$%/(�ILHOG��<RX�PXVW�
FRQILJXUH�WKLV�ILHOG�EHIRUH�LQLWLDWLQJ�/RRSEDFN�E\�ZULWLQJ�LQ�WKH�
/223%$&.B(1$%/(�ILHOG��7KH�FRQWUROOHU�ZLOO�WUDQVLWLRQ�IURP�
/RRSEDFN�(QWU\�WR�/RRSEDFN�$FWLYH�DIWHU�UHFHLYLQJ�WZR�
FRQVHFXWLYH�76��2UGHUHG�6HWV�ZLWK�WKH�/RRSEDFN�ELW�DVVHUWHG�RQ�
WKH�LPSOHPHQWDWLRQ�VSHFLILF�QXPEHU�RI�ODQHV�FRQILJXUHG�LQ�WKLV�
ILHOG� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

�� 5: �[� 
(/$67,&B%8))(5B02'( 
6HOHFWV�(ODVWLFLW\�%XIIHU�RSHUDWLQJ�PRGH�����1RPLQDO�+DOI�)XOO�
%XIIHU�PRGH����1RPLQDO�(PSW\�%XIIHU�0RGH 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

�� 5: �[� 
$&.B1$.B',6$%/( 
$FN�1DN�'LVDEOH��3UHYHQWV�WKH�FRQWUROOHU�IURP�VHQGLQJ�$&.�DQG�
1$.�'//3V� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

�� 5: �[� 
)/2:B&75/B',6$%/( 
)ORZ�&RQWURO�'LVDEOH��3UHYHQWV�WKH�FRQWUROOHU�IURP�VHQGLQJ�)&�
'//3V� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

���� 5: �[������ 
,16(57B/$1(B6.(: 
,16(57B/$1(B6.(:�LV�DQ�LQWHUQDOO\�UHVHUYHG�ILHOG��'R�QRW�XVH� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

 
3/B7,0(5B&75/B0$;B)81&B180B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 52 �[� UHVHUYHG 

����� 5: �[� 

)$67B/,1.B6&$/,1*B)$&725 
)DVW�/LQN�7LPHU�6FDOLQJ�)DFWRU��6HWV�WKH�VFDOLQJ�IDFWRU�RI�/7660�
WLPHU�ZKHQ�)$67B/,1.B02'(�ILHOG�LQ�3257B/,1.B&75/B2))�LV�
VHW�WR�
�
� 
���6FDOLQJ�)DFWRU�LV��������PV�LV��XV�D� 
���6FDOLQJ�)DFWRU�LV�������PV�LV��XV� 
���6FDOLQJ�)DFWRU�LV������PV�LV���XV� 
���6FDOLQJ�)DFWRU�LV������PV�LV���XV� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

����� 5: �[�� 
83'$7(B)5(4B7,0(5 
83'$7(B)5(4B7,0(5�LV�DQ�LQWHUQDOO\�UHVHUYHG�ILHOG��'R�QRW�XVH� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1839 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� 

7,0(5B02'B$&.B1$. 
$FN�/DWHQF\�7LPHU�0RGLILHU��,QFUHDVHV�WKH�WLPHU�YDOXH�IRU�WKH�$FN�
ODWHQF\�WLPHU�LQ�LQFUHPHQWV�RI����FORFN�F\FOHV��$�YDOXH�RI�����
UHSUHVHQWV�QR�PRGLILFDWLRQ�WR�WKH�WLPHU�YDOXH��)RU�PRUH�GHWDLOV��
VHH�WKH�5281'B75,3B/$7(1&<B7,0(B/,0,7�ILHOG�RI�WKH�
$&.B/$7(1&<B7,0(5B2))�UHJLVWHU� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

����� 5: �[�� 

7,0(5B02'B5(3/$<B7,0(5 
5HSOD\�7LPHU�/LPLW�0RGLILHU��,QFUHDVHV�WKH�WLPH�RXW�YDOXH�IRU�WKH�
UHSOD\�WLPHU�LQ�LQFUHPHQWV�RI����FORFN�F\FOHV�DW�*HQ��RU�*HQ��
VSHHG��DQG�LQ�LQFUHPHQWV�RI�����FORFN�F\FOHV�DW�*HQ��VSHHG��$�
YDOXH�RI�����UHSUHVHQWV�QR�PRGLILFDWLRQ�WR�WKH�WLPHU�OLPLW��)RU�
PRUH�GHWDLOV��VHH�WKH�5(3/$<B7,0(B/,0,7�ILHOG�RI�WKH�
$&.B/$7(1&<B7,0(5B2))�UHJLVWHU��$W�*HQ��VSHHG��WKH�FRQWUROOHU�
DXWRPDWLFDOO\�FKDQJHV�WKH�YDOXH�RI�WKLV�ILHOG�WR�
'()$8/7B*(1�B5(3/$<B$'-��)RU�0�3&,H��WKLV�ILHOG�LQFUHDVHV�WKH�
WLPH�RXW�YDOXH�IRU�WKH�UHSOD\�WLPHU�LQ�LQFUHPHQWV�RI����FORFN�
F\FOHV�DW�+6�*HDU���+6�*HDU���RU�+6�*HDU��VSHHG� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

���� 52 �[�� UHVHUYHG 

��� 5: �[�� 

0$;B)81&B180 
0D[LPXP�IXQFWLRQ�QXPEHU�WKDW�FDQ�EH�XVHG�LQ�D�UHTXHVW��
&RQILJXUDWLRQ�UHTXHVWV�WDUJHWHG�DW�IXQFWLRQ�QXPEHUV�DERYH�WKLV�
YDOXH�DUH�UHWXUQHG�ZLWK�85��XQVXSSRUWHG�UHTXHVW�� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

 
3/B6<0%2/B7,0(5B),/7(5B�B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
&;B)/7B0$6.B5&B&)*B',6&$5' 
���)RU�5$'0�5&�ILOWHU�WR�QRW�DOORZ�&)*�WUDQVDFWLRQ�EHLQJ�UHFHLYHG 
���)RU�5$'0�5&�ILOWHU�WR�DOORZ�&)*�WUDQVDFWLRQ�EHLQJ�UHFHLYHG 

�� 5: �[� 
&;B)/7B0$6.B5&B,2B',6&$5' 
���)RU�5$'0�5&�ILOWHU�WR�QRW�DOORZ�,2�WUDQVDFWLRQ�EHLQJ�UHFHLYHG 
���)RU�5$'0�5&�ILOWHU�WR�DOORZ�,2�WUDQVDFWLRQ�EHLQJ�UHFHLYHG 

�� 5: �[� 

&;B)/7B0$6.B06*B'523 
���'URS�06*�7/3��H[FHSW�IRU�9HQGRU�06*���6HQG�GHFRGHG�
PHVVDJH�RQ�WKH�6,,� 
���'R�QRW�'URS�06*��H[FHSW�IRU�9HQGRU�06*���6HQG�PHVVDJH�
7/3V�WR�\RXU�DSSOLFDWLRQ�RQ�75*7��DQG�VHQG�GHFRGHG�PHVVDJH�RQ�
WKH�6,,� 
7KH�GHIDXOW�IRU�WKLV�ELW�LV�WKH�LQYHUVH�RI�)/7B'523B06*��7KDW�LV��
LI�)/7B'523B06*� ���WKHQ�WKH�GHIDXOW�RI�WKLV�ELW�LV������GURS�
PHVVDJH�7/3V���7KLV�ELW�RQO\�FRQWUROV�PHVVDJH�7/3V�RWKHU�WKDQ�
9HQGRU�06*V��9HQGRU�06*V�DUH�FRQWUROOHG�E\�)LOWHU�0DVN�5HJLVWHU�
���ELWV�>���@� 
7KH�FRQWUROOHU�QHYHU�SDVVHV�$76�,QYDOLGDWH�PHVVDJHV�WR�WKH�6,,�
LQWHUIDFH�UHJDUGOHVV�RI�WKLV�ILOWHU�UXOH�VHWWLQJ��7KH�FRQWUROOHU�
SDVVHV�DOO�$76�,QYDOLGDWH�PHVVDJHV�WR�75*7���RU�$;,�EULGJH�
PDVWHU���DV�WKH\�DUH�WRR�ELJ�IRU�WKH�6,,� 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1840 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

&;B)/7B0$6.B&3/B(&5&B',6&$5' 
2QO\�XVHG�ZKHQ�FRPSOHWLRQ�TXHXH�LV�DGYHUWLVHG�ZLWK�LQILQLWH�
FUHGLWV�DQG�LV�LQ�VWRUH�DQG�IRUZDUG�PRGH� 
���'LVFDUG�FRPSOHWLRQV�ZLWK�(&5&�HUURUV 
���$OORZ�FRPSOHWLRQV�ZLWK�(&5&�HUURUV�WR�EH�SDVVHG�XS 
5HVHUYHG�ILHOG�IRU�6:� 

�� 5: �[� 
&;B)/7B0$6.B(&5&B',6&$5' 
���'LVFDUG�7/3V�ZLWK�(&5&�HUURUV 
���$OORZ�7/3V�ZLWK�(&5&�HUURUV�WR�EH�SDVVHG�XS 

�� 5: �[� 
&;B)/7B0$6.B&3/B/(1B0$7&+ 
���(QIRUFH�OHQJWK�PDWFK�IRU�FRPSOHWLRQV��D�YLRODWLRQ�UHVXOWV�LQ�
FSOBDERUW��DQG�SRVVLEO\�$(5�RI�XQH[SBFSOBHUU 
���0$6.�OHQJWK�PDWFK�IRU�FRPSOHWLRQV 

�� 5: �[� 

&;B)/7B0$6.B&3/B$775B0$7&+ 
���(QIRUFH�DWWULEXWH�PDWFK�IRU�FRPSOHWLRQV��D�YLRODWLRQ�UHVXOWV�LQ�
D�PDOIRUPHG�7/3�HUURU��DQG�SRVVLEO\�$(5�RI�XQH[SBFSOBHUU��
FSOBUFYGBXU��FSOBUFYGBFD 
���0DVN�DWWULEXWH�PDWFK�IRU�FRPSOHWLRQV 

�� 5: �[� 

&;B)/7B0$6.B&3/B7&B0$7&+ 
���(QIRUFH�7UDIILF�&ODVV�PDWFK�IRU�FRPSOHWLRQV��D�YLRODWLRQ�UHVXOWV�
LQ�D�PDOIRUPHG�7/3�HUURU��DQG�SRVVLEO\�$(5�RI�XQH[SBFSOBHUU��
FSOBUFYGBXU��FSOBUFYGBFD 
���0DVN�7UDIILF�&ODVV�PDWFK�IRU�FRPSOHWLRQV 

�� 5: �[� 

&;B)/7B0$6.B&3/B)81&B0$7&+ 
���(QIRUFH�IXQFWLRQ�PDWFK�IRU�FRPSOHWLRQV��D�YLRODWLRQ�UHVXOWV�LQ�
FSOBDERUW��DQG�SRVVLEO\�$(5�RI�XQH[SBFSOBHUU��FSOBUFYGBXU��
FSOBUFYGBFD 
���0DVN�IXQFWLRQ�PDWFK�IRU�FRPSOHWLRQV 

�� 5: �[� 

&;B)/7B0$6.B&3/B5(4,'B0$7&+ 
���(QIRUFH�5HT��,G�PDWFK�IRU�FRPSOHWLRQV��D�YLRODWLRQ�UHVXOW�LQ�
FSOBDERUW��DQG�SRVVLEO\�$(5�RI�XQH[SBFSOBHUU��FSOBUFYGBXU��
FSOBUFYGBFD 
���0DVN�5HT��,G�PDWFK�IRU�FRPSOHWLRQV 

�� 5: �[� 

&;B)/7B0$6.B&3/B7$*(55B0$7&+ 
���(QIRUFH�7DJ�(UURU�5XOHV�IRU�FRPSOHWLRQV��D�YLRODWLRQ�UHVXOW�LQ�
FSOBDERUW��DQG�SRVVLEO\�$(5�RI�XQH[SBFSOBHUU��FSOBUFYGBXU��
FSOBUFYGBFD 
���0DVN�7DJ�(UURU�5XOHV�IRU�FRPSOHWLRQV 

�� 5: �[� 
&;B)/7B0$6.B/2&.('B5'B$6B85 
���7UHDW�ORFNHG�5HDG�7/3V�DV�85�IRU�(3��6XSSRUWHG�IRU�5& 
���7UHDW�ORFNHG�5HDG�7/3V�DV�6XSSRUWHG�IRU�(3��85�IRU�5& 

�� 5: �[� 

&;B)/7B0$6.B&)*B7<3(�B5(4B$6B85 
���7UHDW�&)*�W\SH��7/3V�DV�85�IRU�(3��6XSSRUWHG�IRU�5& 
���7UHDW�&)*�W\SH��7/3V�DV�6XSSRUWHG�IRU�(3��85�IRU�5& 
:KHQ�&;B65,29B(1$%/(�LV�VHW�WKHQ�WKLV�ELW�LV�VHW�WR�DOORZ�WKH�
ILOWHU�WR�SURFHVV�7\SH���&RQILJ�UHTXHVWV�LI�WKH�(3�FRQVXPHV�PRUH�
WKDQ�RQH�EXV�QXPEHU� 

�� 5: �[� 
&;B)/7B0$6.B85B2876,'(B%$5 
���7UHDW�RXW�RI�EDU�7/3V�DV�85 
���'R�QRW�WUHDW�RXW�RI�EDU�7/3V�DV�85 

�� 5: �[� 

&;B)/7B0$6.B85B32,6 
���7UHDW�SRLVRQHG�UHTXHVW�7/3V�DV�85 
���'R�QRW�WUHDW�SRLVRQHG�UHTXHVW�7/3V�DV�85 
7KH�QDWLYH�FRQWUROOHU�DOZD\V�SDVVHV�SRLVRQHG�FRPSOHWLRQV�WR�\RXU�
DSSOLFDWLRQ�H[FHSW�ZKHQ�\RX�DUH�XVLQJ�WKH�'0$�UHDG�FKDQQHO� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
&;B)/7B0$6.B85B)81&B0,60$7&+ 
���7UHDW�)XQFWLRQ�0LV0DWFKHG�7/3V�DV�85 
���'R�QRW�WUHDW�)XQFWLRQ�0LV0DWFKHG�7/3V�DV�85 

�� 5: �[� 
',6$%/(B)&B:'B7,0(5 
'LVDEOH�)&�:DWFKGRJ�7LPHU� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

����� 5: �[� 
(,'/(B7,0(5 
(,'/(B7,0(5�LV�DQ�LQWHUQDOO\�UHVHUYHG�ILHOG��'R�QRW�XVH� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

���� 5: �[��� 

6.3B,17B9$/ 
6.3�,QWHUYDO�9DOXH��7KH�QXPEHU�RI�V\PERO�WLPHV�WR�ZDLW�EHWZHHQ�
WUDQVPLWWLQJ�6.3�RUGHUHG�VHWV��1RWH�WKDW�WKH�FRQWUROOHU�DFWXDOO\�
ZDLWV�WKH�QXPEHU�RI�V\PERO�WLPHV�LQ�WKLV�UHJLVWHU�SOXV���EHWZHHQ�
WUDQVPLWWLQJ�6.3�RUGHUHG�VHWV��<RXU�DSSOLFDWLRQ�PXVW�SURJUDP�
WKLV�UHJLVWHU�DFFRUGLQJO\��)RU�H[DPSOH��LI������ZHUH�SURJUDPPHG�
LQWR�WKLV�UHJLVWHU��LQ�D�����0+]�FRQWUROOHU���WKHQ�WKH�FRQWUROOHU�
DFWXDOO\�WUDQVPLWV�6.3�RUGHUHG�VHWV�RQFH�HYHU\������V\PERO�
WLPHV��7KH�YDOXH�SURJUDPPHG�WR�WKLV�UHJLVWHU�LV�DFWXDOO\�FORFN�
WLFNV�DQG�QRW�V\PERO�WLPHV��,Q�D�����0+]�FRQWUROOHU��
SURJUDPPLQJ�WKH�YDOXH�SURJUDPPHG�WR�WKLV�UHJLVWHU�VKRXOG�EH�
VFDOHG�GRZQ�E\�D�IDFWRU�RI����EHFDXVH�RQH�FORFN�WLFN� �WZR�
V\PERO�WLPHV�LQ�WKLV�FDVH�� 
1RWH��7KLV�YDOXH�LV�QRW�XVHG�DW�*HQ��VSHHG��WKH�VNLS�LQWHUYDO�LV�
KDUGFRGHG�WR�����EORFNV��)RU�0�3&,H�FRQILJXUDWLRQV��LI�WKH�
�.B330B',6$%/('�ILHOG�LQ�WKH�0�3&,H�&RQILJXUDWLRQ�$WWULEXWH�LV�
FKDQJHG��WKHQ�WKLV�ILHOG�LV�FKDQJHG�DXWRPDWLFDOO\�DV�IROORZV� 
�.B330B',6$%/(' ����������&;B1% 
�.B330B',6$%/(' �������&;B1% 
<RX�QHHG�WR�VHW�WKLV�ILHOG�DJDLQ�LI�QHFHVVDU\�ZKHQ�
�.B330B',6$%/('�LV�FKDQJHG� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

 
3/B),/7(5B0$6.B�B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� 5: �[� 
&;B)/7B0$6.B32,6B(5525B5(3257,1* 
���'LVDEOH�PDVNLQJ�RI�HUURU�UHSRUWLQJ�IRU�3RLVRQHG�7/3V 
���(QDEOH�PDVNLQJ�RI�HUURU�UHSRUWLQJ�IRU�3RLVRQHG�7/3V 

� 5: �[� 

&;B)/7B0$6.B356B'523 
���$OORZ�356�PHVVDJH�WR�SDVV�WKURXJK 
���'URS�356�0HVVDJHV�VLOHQWO\ 
7KLV�ELW�LV�LJQRUHG�ZKHQ�WKH�&;B)/7B0$6.B06*B'523�ELW�LQ�WKH�
0$6.B5$'0B��ILHOG�RI�WKH�6<0%2/B7,0(5B),/7(5B�B2))�
UHJLVWHU�LV�VHW�WR�
�
� 

� 5: �[� 
&;B)/7B810$6.B7' 
���'LVDEOH�XQPDVN�7'�ELW�LI�&;B675,3B(&5&B(1$%/( 
���(QDEOH�XQPDVN�7'�ELW�LI�&;B675,3B(&5&B(1$%/( 

� 5: �[� 

&;B)/7B810$6.B85B32,6B75*7� 
���'LVDEOH�XQPDVN�&;B)/7B0$6.B85B32,6�ZLWK�75*7��
GHVWLQDWLRQ 
���(QDEOH�XQPDVN�&;B)/7B0$6.B85B32,6�ZLWK�75*7��
GHVWLQDWLRQ 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
&;B)/7B0$6.B/1B9(106*�B'523 
���$OORZ�/1�PHVVDJH�WR�SDVV�WKURXJK 
���'URS�/1�0HVVDJHV�VLOHQWO\ 

� 5: �[� 
&;B)/7B0$6.B+$1'/(B)/86+ 
���'LVDEOH�FRQWUROOHU�)LOWHU�WR�KDQGOH�IOXVK�UHTXHVW 
���(QDEOH�FRQWUROOHU�)LOWHU�WR�KDQGOH�IOXVK�UHTXHVW 

� 5: �[� 
&;B)/7B0$6.B'$%257B�8&3/ 
���(QDEOH�'//3�DERUW�IRU�XQH[SHFWHG�FRPSOHWLRQ 
���'R�QRW�HQDEOH�'//3�DERUW�IRU�XQH[SHFWHG�FRPSOHWLRQ 

� 5: �[� 
&;B)/7B0$6.B9(106*�B'523 
���9HQGRU�06*�7\SH���GURSSHG�VLOHQWO\ 
���9HQGRU�06*�7\SH���QRW�GURSSHG 

� 5: �[� 
&;B)/7B0$6.B9(106*�B'523 
���9HQGRU�06*�7\SH���GURSSHG�ZLWK�85�HUURU�UHSRUWLQJ 
���9HQGRU�06*�7\SH���QRW�GURSSHG 

 
3/B$0%$B08/B2%B'(&203B13B68%B5(4B&75/B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 

2%B5'B63/,7B%8567B(1 
(QDEOH�$0%$�0XOWLSOH�2XWERXQG�'HFRPSRVHG�13�6XE5HTXHVWV��
7KLV�ELW�ZKHQ�VHW�WR�����GLVDEOHV�WKH�SRVVLELOLW\�RI�KDYLQJ�PXOWLSOH�
RXWVWDQGLQJ�QRQ�SRVWHG�UHTXHVWV�WKDW�ZHUH�GHULYHG�IURP�
GHFRPSRVLWLRQ�RI�DQ�RXWERXQG�$0%$�UHTXHVW��)RU�PRUH�GHWDLOV��
VHH��$;,�%ULGJH�2UGHULQJ��LQ�WKH�$;,�FKDSWHU�RI�WKH�'DWDERRN��
<RX�VKRXOG�QRW�FOHDU�WKLV�UHJLVWHU�XQOHVV�\RXU�DSSOLFDWLRQ�PDVWHU�
LV�UHTXHVWLQJ�DQ�DPRXQW�RI�UHDG�GDWD�JUHDWHU�WKDQ�
0D[B5HDGB5HTXHVWB6L]H��DQG�WKH�UHPRWH�GHYLFH��RU�VZLWFK��LV�
UHRUGHULQJ�FRPSOHWLRQV�WKDW�KDYH�GLIIHUHQW�WDJV� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5�:��VWLFN\� 
'EL��5�:��VWLFN\� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

 
3/B3/B'(%8*�B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� '(%B5(*B� 7KH�YDOXH�RQ�F[SOBGHEXJBLQIR>����@� 
 
3/B3/B'(%8*�B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� '(%B5(*B� 7KH�YDOXH�RQ�F[SOBGHEXJBLQIR>�����@� 
 
3/B7;B3B)&B&5(',7B67$786B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� 

7;B3B+($'(5B)&B&5(',7 
7UDQVPLW�3RVWHG�+HDGHU�)&�&UHGLWV��7KH�SRVWHG�+HDGHU�FUHGLWV�
DGYHUWLVHG�E\�WKH�UHFHLYHU�DW�WKH�RWKHU�HQG�RI�WKH�OLQN��XSGDWHG�
ZLWK�HDFK�8SGDWH)&�'//3��'HIDXOW�YDOXH�GHSHQGV�RQ�WKH�QXPEHU�
RI�DGYHUWLVHG�FUHGLWV�IRU�KHDGHU�DQG�GDWD�>��
E���
[WOKB[DGPBSKBFGWV��[WOKB[DGPBSGBFGWV@��:KHQ�WKH�QXPEHU�RI�
DGYHUWLVHG�FRPSOHWLRQ�FUHGLWV��ERWK�KHDGHU�DQG�GDWD��DUH�LQILQLWH��
WKHQ�WKH�GHIDXOW�ZRXOG�EH�>��
E����
K))����
K)))@� 

���� 52 �[��� 

7;B3B'$7$B)&B&5(',7 
7UDQVPLW�3RVWHG�'DWD�)&�&UHGLWV��7KH�SRVWHG�'DWD�FUHGLWV�
DGYHUWLVHG�E\�WKH�UHFHLYHU�DW�WKH�RWKHU�HQG�RI�WKH�OLQN��XSGDWHG�
ZLWK�HDFK�8SGDWH)&�'//3��'HIDXOW�YDOXH�GHSHQGV�RQ�WKH�QXPEHU�
RI�DGYHUWLVHG�FUHGLWV�IRU�KHDGHU�DQG�GDWD�>��
E���
[WOKB[DGPBSKBFGWV��[WOKB[DGPBSGBFGWV@��:KHQ�WKH�QXPEHU�RI�
DGYHUWLVHG�FRPSOHWLRQ�FUHGLWV��ERWK�KHDGHU�DQG�GDWD��DUH�LQILQLWH��
WKHQ�WKH�GHIDXOW�ZRXOG�EH�>��
E����
K))����
K)))@� 

 
3/B7;B13B)&B&5(',7B67$786B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 52 �[�� 

7;B13B+($'(5B)&B&5(',7 
7UDQVPLW�1RQ�3RVWHG�+HDGHU�)&�&UHGLWV��7KH�QRQ�SRVWHG�+HDGHU�
FUHGLWV�DGYHUWLVHG�E\�WKH�UHFHLYHU�DW�WKH�RWKHU�HQG�RI�WKH�OLQN��
XSGDWHG�ZLWK�HDFK�8SGDWH)&�'//3��'HIDXOW�YDOXH�GHSHQGV�RQ�WKH�
QXPEHU�RI�DGYHUWLVHG�FUHGLWV�IRU�KHDGHU�DQG�GDWD�>��
E���
[WOKB[DGPBQSKBFGWV��[WOKB[DGPBQSGBFGWV@��:KHQ�WKH�QXPEHU�
RI�DGYHUWLVHG�FRPSOHWLRQ�FUHGLWV��ERWK�KHDGHU�DQG�GDWD��DUH�
LQILQLWH��WKHQ�WKH�GHIDXOW�ZRXOG�EH�>��
E����
K))����
K)))@� 

���� 52 �[��� 

7;B13B'$7$B)&B&5(',7 
7UDQVPLW�1RQ�3RVWHG�'DWD�)&�&UHGLWV��7KH�QRQ�SRVWHG�'DWD�
FUHGLWV�DGYHUWLVHG�E\�WKH�UHFHLYHU�DW�WKH�RWKHU�HQG�RI�WKH�OLQN��
XSGDWHG�ZLWK�HDFK�8SGDWH)&�'//3��'HIDXOW�YDOXH�GHSHQGV�RQ�WKH�
QXPEHU�RI�DGYHUWLVHG�FUHGLWV�IRU�KHDGHU�DQG�GDWD�>��
E���
[WOKB[DGPBQSKBFGWV��[WOKB[DGPBQSGBFGWV@��:KHQ�WKH�QXPEHU�
RI�DGYHUWLVHG�FRPSOHWLRQ�FUHGLWV��ERWK�KHDGHU�DQG�GDWD��DUH�
LQILQLWH��WKHQ�WKH�GHIDXOW�ZRXOG�EH�>��
E����
K))����
K)))@� 

 
3/B7;B&3/B)&B&5(',7B67$786B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 52 �[�� 

7;B&3/B+($'(5B)&B&5(',7 
7UDQVPLW�&RPSOHWLRQ�+HDGHU�)&�&UHGLWV��7KH�&RPSOHWLRQ�+HDGHU�
FUHGLWV�DGYHUWLVHG�E\�WKH�UHFHLYHU�DW�WKH�RWKHU�HQG�RI�WKH�OLQN��
XSGDWHG�ZLWK�HDFK�8SGDWH)&�'//3��'HIDXOW�YDOXH�GHSHQGV�RQ�WKH�
QXPEHU�RI�DGYHUWLVHG�FUHGLWV�IRU�KHDGHU�DQG�GDWD�>��
E���
[WOKB[DGPBFSOKBFGWV��[WOKB[DGPBFSOGBFGWV@��:KHQ�WKH�QXPEHU�
RI�DGYHUWLVHG�FRPSOHWLRQ�FUHGLWV��ERWK�KHDGHU�DQG�GDWD��DUH�
LQILQLWH��WKHQ�WKH�GHIDXOW�ZRXOG�EH�>��
E����
K))����
K)))@� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[��� 

7;B&3/B'$7$B)&B&5(',7 
7UDQVPLW�&RPSOHWLRQ�'DWD�)&�&UHGLWV��7KH�&RPSOHWLRQ�'DWD�
FUHGLWV�DGYHUWLVHG�E\�WKH�UHFHLYHU�DW�WKH�RWKHU�HQG�RI�WKH�OLQN��
XSGDWHG�ZLWK�HDFK�8SGDWH)&�'//3��'HIDXOW�YDOXH�GHSHQGV�RQ�WKH�
QXPEHU�RI�DGYHUWLVHG�FUHGLWV�IRU�KHDGHU�DQG�GDWD�>��
E���
[WOKB[DGPBFSOKBFGWV��[WOKB[DGPBFSOGBFGWV@��:KHQ�WKH�QXPEHU�
RI�DGYHUWLVHG�FRPSOHWLRQ�FUHGLWV��ERWK�KHDGHU�DQG�GDWD��DUH�
LQILQLWH��WKHQ�WKH�GHIDXOW�ZRXOG�EH�>��
E����
K))����
K)))@� 

 
3/B48(8(B67$786B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

7,0(5B02'B)/2:B&21752/B(1 
)&�/DWHQF\�7LPHU�2YHUULGH�(QDEOH��:KHQ�WKLV�ELW�LV�VHW��WKH�YDOXH�
IURP�WKH��)&�/DWHQF\�7LPHU�2YHUULGH�9DOXH��ILHOG�LQ�WKLV�UHJLVWHU�
ZLOO�RYHUULGH�WKH�)&�ODWHQF\�WLPHU�YDOXH�WKDW�WKH�FRQWUROOHU�
FDOFXODWHV�DFFRUGLQJ�WR�WKH�3&,H�VSHFLILFDWLRQ� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

����� 52 �[� UHVHUYHG 

����� 5: �[���� 

7,0(5B02'B)/2:B&21752/ 
)&�/DWHQF\�7LPHU�2YHUULGH�9DOXH��:KHQ�\RX�VHW�WKH��)&�/DWHQF\�
7LPHU�2YHUULGH�(QDEOH��LQ�WKLV�UHJLVWHU��WKH�YDOXH�LQ�WKLV�ILHOG�ZLOO�
RYHUULGH�WKH�)&�ODWHQF\�WLPHU�YDOXH�WKDW�WKH�FRQWUROOHU�FDOFXODWHV�
DFFRUGLQJ�WR�WKH�3&,H�VSHFLILFDWLRQ��)RU�PRUH�GHWDLOV��VHH��)ORZ�
&RQWURO�� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

����� 52 �[� UHVHUYHG 

�� 52 �[� 
5;B6(5,$/,=$7,21B4B121B(037< 
5HFHLYH�6HULDOL]DWLRQ�4XHXH�1RW�(PSW\��,QGLFDWHV�WKHUH�LV�GDWD�LQ�
WKH�VHULDOL]DWLRQ�TXHXH� 

���� 52 �[��� UHVHUYHG 

� 5: �[� 
5;B48(8(B29(5)/2: 
5HFHLYH�&UHGLW�4XHXH�2YHUIORZ��,QGLFDWHV�LQVXIILFLHQW�EXIIHU�VSDFH�
DYDLODEOH�WR�ZULWH�WR�WKH�3�13�&3/�FUHGLW�TXHXH� 

� 52 �[� 
5;B48(8(B121B(037< 
5HFHLYH�&UHGLW�4XHXH�1RW�(PSW\��,QGLFDWHV�WKHUH�LV�GDWD�LQ�RQH�RU�
PRUH�RI�WKH�UHFHLYH�EXIIHUV� 

� 52 �[� 
7;B5(75<B%8))(5B1( 
7UDQVPLW�5HWU\�%XIIHU�1RW�(PSW\��,QGLFDWHV�WKDW�WKHUH�LV�GDWD�LQ�
WKH�WUDQVPLW�UHWU\�EXIIHU� 

� 52 �[� 

5;B7/3B)&B&5(',7B121B5(7851 
5HFHLYHG�7/3�)&�&UHGLWV�1RW�5HWXUQHG��,QGLFDWHV�WKDW�WKH�
FRQWUROOHU�KDV�UHFHLYHG�D�7/3�EXW�KDV�QRW�\HW�VHQW�DQ�8SGDWH)&�
'//3�LQGLFDWLQJ�WKDW�WKH�FUHGLWV�IRU�WKDW�7/3�KDYH�EHHQ�UHVWRUHG�
E\�WKH�UHFHLYHU�DW�WKH�RWKHU�HQG�RI�WKH�OLQN� 

 
3/B9&B7;B$5%,B�B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� :55B:(,*+7B9&B� 
:55�:HLJKW�IRU�9&�� 

����� 5: �[�� :55B:(,*+7B9&B� 
:55�:HLJKW�IRU�9&�� 

���� 5: �[�� :55B:(,*+7B9&B� 
:55�:HLJKW�IRU�9&�� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[�I :55B:(,*+7B9&B� 
:55�:HLJKW�IRU�9&�� 

 
3/B9&B7;B$5%,B�B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� :55B:(,*+7B9&B� 
:55�:HLJKW�IRU�9&�� 

����� 5: �[�� :55B:(,*+7B9&B� 
:55�:HLJKW�IRU�9&�� 

���� 5: �[�� :55B:(,*+7B9&B� 
:55�:HLJKW�IRU�9&�� 

��� 5: �[�� :55B:(,*+7B9&B� 
:55�:HLJKW�IRU�9&�� 

 
3/B9&�B3B5;B4B&75/B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

9&B25'(5,1*B5;B4 
9&�2UGHULQJ�IRU�5HFHLYH�4XHXHV��'HWHUPLQHV�WKH�9&�RUGHULQJ�UXOH�
IRU�WKH�UHFHLYH�TXHXHV��XVHG�RQO\�LQ�WKH�VHJPHQWHG�EXIIHU�
FRQILJXUDWLRQ� 
���6WULFW�RUGHULQJ��KLJKHU�QXPEHUHG�9&V�KDYH�KLJKHU�SULRULW\ 
���5RXQG�URELQ 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

�� 5: �[� 

7/3B7<3(B25'(5,1*B9&� 
7/3�7\SH�2UGHULQJ�IRU�9&���'HWHUPLQHV�WKH�7/3�W\SH�RUGHULQJ�UXOH�
IRU�9&��UHFHLYH�TXHXHV��XVHG�RQO\�LQ�WKH�VHJPHQWHG�EXIIHU�
FRQILJXUDWLRQ� 
���3&,H�RUGHULQJ�UXOHV��UHFRPPHQGHG� 
���6WULFW�RUGHULQJ��SRVWHG��FRPSOHWLRQ��WKHQ�QRQ�SRVWHG 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

����� 52 �[� UHVHUYHG 

����� 5: �[� 
9&�B3B'$7$B6&$/( 
9&��6FDOH�3RVWHG�'DWD�&UHGLWHV� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

����� 5: �[� 
9&�B3B+'5B6&$/( 
9&��6FDOH�3RVWHG�+HDGHU�&UHGLWHV� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

����� 52 �[� UHVHUYHG 

����� 52 �[�� 
9&�B3B+($'(5B&5(',7 
9&��3RVWHG�+HDGHU�&UHGLWV��7KH�QXPEHU�RI�LQLWLDO�SRVWHG�KHDGHU�
FUHGLWV�IRU�9&���XVHG�RQO\�LQ�WKH�VHJPHQWHG�EXIIHU�FRQILJXUDWLRQ� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

���� 52 �[��� 
9&�B3B'$7$B&5(',7 
9&��3RVWHG�'DWD�&UHGLWV��7KH�QXPEHU�RI�LQLWLDO�SRVWHG�GDWD�
FUHGLWV�IRU�9&���XVHG�RQO\�LQ�WKH�VHJPHQWHG�EXIIHU�FRQILJXUDWLRQ� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

 
3/B9&�B13B5;B4B&75/B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 
9&�B13B'$7$B6&$/( 
9&��6FDOH�1RQ�3RVWHG�'DWD�&UHGLWHV� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

����� 5: �[� 
9&�B13B+'5B6&$/( 
9&��6FDOH�1RQ�3RVWHG�+HDGHU�&UHGLWHV� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

����� 52 �[� UHVHUYHG 

����� 52 �[�� 

9&�B13B+($'(5B&5(',7 
9&��1RQ�3RVWHG�+HDGHU�&UHGLWV��7KH�QXPEHU�RI�LQLWLDO�QRQ�SRVWHG�
KHDGHU�FUHGLWV�IRU�9&���XVHG�RQO\�LQ�WKH�VHJPHQWHG�EXIIHU�
FRQILJXUDWLRQ� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

���� 52 �[��� 

9&�B13B'$7$B&5(',7 
9&��1RQ�3RVWHG�'DWD�&UHGLWV��7KH�QXPEHU�RI�LQLWLDO�QRQ�SRVWHG�
GDWD�FUHGLWV�IRU�9&���XVHG�RQO\�LQ�WKH�VHJPHQWHG�EXIIHU�
FRQILJXUDWLRQ� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

 
3/B9&�B&3/B5;B4B&75/B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[� 
9&�B&3/B'$7$B6&$/( 
9&��6FDOH�&3/�'DWD�&UHGLWHV� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

����� 5: �[� 
9&�B&3/B+'5B6&$/( 
9&��6FDOH�&3/�+HDGHU�&UHGLWHV� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

����� 52 �[� UHVHUYHG 

����� 52 �[�� 

9&�B&3/B+($'(5B&5(',7 
9&��&RPSOHWLRQ�+HDGHU�&UHGLWV��7KH�QXPEHU�RI�LQLWLDO�&RPSOHWLRQ�
KHDGHU�FUHGLWV�IRU�9&���XVHG�RQO\�LQ�WKH�VHJPHQWHG�EXIIHU�
FRQILJXUDWLRQ� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

���� 52 �[��� 

9&�B&3/B'$7$B&5(',7 
9&��&RPSOHWLRQ�'DWD�&UHGLWV��7KH�QXPEHU�RI�LQLWLDO�&RPSOHWLRQ�
GDWD�FUHGLWV�IRU�9&���XVHG�RQO\�LQ�WKH�VHJPHQWHG�EXIIHU�
FRQILJXUDWLRQ� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

 
3/B*(1�B&75/B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

)LHOG���� 
(OHFWULFDO�,GOH�,QIHUHQFH�0RGH�DW�*HQ��5DWH��3URJUDPPDEOH�PRGH�
WR�GHWHUPLQH�LQIHUUHG�HOHFWULFDO�LGOH��(,��LQ�5HFRYHU\�6SHHG�RU�
/RRSEDFN�$FWLYH��DV�VODYH��VWDWH�DW�*HQ��VSHHG�E\�ORRNLQJ�IRU�D�
����YDOXH�RQ�5[(OHF,GOH�LQVWHDG�RI�ORRNLQJ�IRU�D�����RQ�5[9DOLG��,I�
WKH�3+<�IDLOV�WR�GHDVVHUW�WKH�5[9DOLG�VLJQDO�LQ�5HFRYHU\�6SHHG�RU�
/RRSEDFN�$FWLYH��EHFDXVH�RI�FRUUXSWHG�(,26�IRU�H[DPSOH���WKHQ�
(,�FDQQRW�EH�LQIHUUHG�VXFFHVVIXOO\�LQ�WKH�FRQWUROOHU�E\�MXVW�
GHWHFWLQJ�WKH�FRQGLWLRQ�5[9DOLG �� 
���8VH�5[(OHF,GOH�VLJQDO�WR�LQIHU�(OHFWULFDO�,GOH 
���8VH�5[9DOLG�VLJQDO�WR�LQIHU�(OHFWULFDO�,GOH 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

�� 5: �[� 

6(/B'((03+$6,6 
8VHG�WR�VHW�WKH�GH�HPSKDVLV�OHYHO�IRU�XSVWUHDP�SRUWV��7KLV�ELW�
VHOHFWV�WKH�OHYHO�RI�GH�HPSKDVLV�WKH�OLQN�RSHUDWHV�DW� 
������G% 
��������G% 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

�� 5: �[� 

&21),*B7;B&203B5; 
&RQILJ�7[�&RPSOLDQFH�5HFHLYH�%LW��:KHQ�VHW�WR����VLJQDOV�/7660�
WR�WUDQVPLW�76�RUGHUHG�VHWV�ZLWK�WKH�FRPSOLDQFH�UHFHLYH�ELW�DVVHUW�
�HTXDO�WR������ 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

�� 5: �[� 

&21),*B3+<B7;B&+$1*( 
&RQILJ�3+<�7[�6ZLQJ��&RQWUROV�WKH�3+<�WUDQVPLWWHU�YROWDJH�VZLQJ�
OHYHO��7KH�FRQWUROOHU�GULYHV�WKH�PDFBSK\BW[VZLQJ�RXWSXW�IURP�WKLV�
UHJLVWHU�ELW�ILHOG� 
���)XOO�6ZLQJ 
���/RZ�6ZLQJ 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

�� 5: �[� 

',5(&7B63(('B&+$1*( 
'LUHFWHG�6SHHG�&KDQJH��:ULWLQJ�����WR�WKLV�ILHOG�LQVWUXFWV�WKH�
/7660�WR�LQLWLDWH�D�VSHHG�FKDQJH�WR�*HQ��RU�*HQ��DIWHU�WKH�OLQN�LV�
LQLWLDOL]HG�DW�*HQ��VSHHG��:KHQ�WKH�VSHHG�FKDQJH�RFFXUV��WKH�
FRQWUROOHU�ZLOO�FOHDU�WKH�FRQWHQWV�RI�WKLV�ILHOG��DQG�D�UHDG�WR�WKLV�
ILHOG�E\�\RXU�VRIWZDUH�ZLOO�UHWXUQ�D������7R�PDQXDOO\�LQLWLDWH�WKH�
VSHHG�FKDQJH� 
:ULWH�WR�/,1.B&21752/�B/,1.B67$786�B5(*���
3&,(B&$3B7$5*(7B/,1.B63(('�LQ�WKH�ORFDO�GHYLFH 
'HDVVHUW�WKLV�ILHOG 
$VVHUW�WKLV�ILHOG 

�� 5: �[� 

$872B/$1(B)/,3B&75/B(1 
(QDEOH�$XWR�IOLSSLQJ�RI�WKH�ODQHV��<RX�PXVW�VHW�WKH�
&;B$872B/$1(B)/,3B&75/B(1�FRQILJXUDWLRQ�SDUDPHWHU�WR�
LQFOXGH�WKH�KDUGZDUH�IRU�WKLV�IHDWXUH�LQ�WKH�FRQWUROOHU� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

35(B'(7B/$1( 
3UHGHWHUPLQHG�/DQH�IRU�$XWR�)OLS��7KLV�ILHOG�GHILQHV�ZKLFK�
SK\VLFDO�ODQH�LV�FRQQHFWHG�WR�ORJLFDO�/DQH��E\�WKH�IOLS�RSHUDWLRQ�
SHUIRUPHG�LQ�'HWHFW��$OORZHG�YDOXHV�DUH� 
�
E�����&RQQHFW�ORJLFDO�/DQH��WR�SK\VLFDO�ODQH���RU�&;B1/���RU�
&;B1/�����RU�&;B1/�����RU�&;B1/������GHSHQGLQJ�RQ�ZKLFK�ODQH�
LV�GHWHFWHG 
�
E�����&RQQHFW�ORJLFDO�/DQH��WR�SK\VLFDO�ODQH�� 
�
E�����&RQQHFW�ORJLFDO�/DQH��WR�SK\VLFDO�ODQH�� 
�
E�����&RQQHFW�ORJLFDO�/DQH��WR�SK\VLFDO�ODQH�� 
�
E�����&RQQHFW�ORJLFDO�/DQH��WR�SK\VLFDO�ODQH��� 
7KLV�ILHOG�LV�XVHG�WR�UHVWULFW�WKH�UHFHLYHU�GHWHFW�SURFHGXUH�WR�D�
SDUWLFXODU�ODQH�ZKHQ�WKH�GHIDXOW�GHWHFW�DQG�SROOLQJ�SURFHGXUH�
SHUIRUPHG�RQ�DOO�ODQHV�FDQQRW�EH�VXFFHVVIXO��$�QRWDEOH�H[DPSOH�
RI�ZKHQ�LW�LV�XVHIXO�WR�SURJUDP�WKLV�ILHOG�WR�D�YDOXH�GLIIHUHQW�IURP�
WKH�GHIDXOW��LV�ZKHQ�D�ODQH�LV�DV\PPHWULFDOO\�EURNHQ��WKDW�LV��LW�LV�
GHWHFWHG�LQ�'HWHFW�/7660�VWDWH�EXW�LW�FDQQRW�H[LW�(OHFWULFDO�,GOH�LQ�
3ROOLQJ�/7660�VWDWH� 

���� 5: �[�� 

180B2)B/$1(6 
3UHGHWHUPLQHG�1XPEHU�RI�/DQHV��'HILQHV�WKH�QXPEHU�RI�ODQHV�
ZKLFK�DUH�FRQQHFWHG�DQG�QRW�EDG��8VHG�WR�OLPLW�WKH�HIIHFWLYH�OLQN�
ZLGWK�WR�LJQRUH�
EURNHQ��RU��XQXVHG��ODQHV�WKDW�GHWHFW�D�UHFHLYHU��
,QGLFDWHV�WKH�QXPEHU�RI�ODQHV�WR�FKHFN�IRU�H[LW�IURP�(OHFWULFDO�
,GOH�LQ�3ROOLQJ�$FWLYH�DQG�/��,GOH��,W�LV�SRVVLEOH�WKDW�WKH�/7660�
PLJKW�GHWHFW�D�UHFHLYHU�RQ�D�EDG�RU�EURNHQ�ODQH�GXULQJ�WKH�'HWHFW�
6XEVWDWH��+RZHYHU��LW�LV�DOVR�SRVVLEOH�WKDW�VXFK�D�ODQH�PLJKW�DOVR�
IDLO�WR�H[LW�(OHFWULFDO�,GOH�DQG�WKHUHIRUH�SUHYHQW�D�YDOLG�OLQN�IURP�
EHLQJ�FRQILJXUHG��7KLV�YDOXH�LV�UHIHUUHG�WR�DV�WKH��3UHGHWHUPLQHG�
1XPEHU�RI�/DQHV��LQ�VHFWLRQ�����������RI�WKH�3&,�([SUHVV�%DVH�
����6SHFLILFDWLRQ��UHYLVLRQ������(QFRGLQJ�LV�DV�IROORZV� 
�[������ODQH 
�[������ODQHV 
�[������ODQHV 
�� 
:KHQ�\RX�KDYH�XQXVHG�ODQHV�LQ�\RXU�V\VWHP��WKHQ�\RX�PXVW�
FKDQJH�WKH�YDOXH�LQ�WKLV�UHJLVWHU�WR�UHIOHFW�WKH�QXPEHU�RI�ODQHV��
<RX�PXVW�DOVR�FKDQJH�WKH�YDOXH�LQ�WKH��/LQN�0RGH�(QDEOH��ILHOG�RI�
3257B/,1.B&75/B2))��7KH�YDOXH�LQ�WKLV�UHJLVWHU�LV�QRUPDOO\�WKH�
VDPH�DV�WKH�HQFRGHG�YDOXH�LQ�3257B/,1.B&75/B2))��,I�\RX�ILQG�
WKDW�RQH�RI�\RXU�XVHG�ODQHV�LV�EDG�WKHQ�\RX�PXVW�UHGXFH�WKH�
YDOXH�LQ�WKLV�UHJLVWHU��)RU�PRUH�LQIRUPDWLRQ��VHH��+RZ�WR�7LH�2II�
8QXVHG�/DQHV���)RU�LQIRUPDWLRQ�RQ�XSVL]LQJ�DQG�GRZQVL]LQJ�WKH�
OLQN�ZLGWK��VHH��/LQN�(VWDEOLVKPHQW�� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

��� 5: �[II 

)$67B75$,1,1*B6(4 
6HWV�WKH�1XPEHU�RI�)DVW�7UDLQLQJ�6HTXHQFHV��1B)76��WKDW�WKH�
FRQWUROOHU�DGYHUWLVHV�DV�LWV�1B)76�GXULQJ�*HQ��RU�*HQ��OLQN�
WUDLQLQJ��7KLV�YDOXH�LV�XVHG�WR�LQIRUP�WKH�OLQN�SDUWQHU�DERXW�WKH�
3+<
V�DELOLW\�WR�UHFRYHU�V\QFKURQL]DWLRQ�DIWHU�D�ORZ�SRZHU�VWDWH��
7KH�QXPEHU�VKRXOG�EH�SURYLGHG�E\�WKH�3+<�YHQGRU��'R�QRW�VHW�
1B)76�WR�]HUR��GRLQJ�VR�FDQ�FDXVH�WKH�/7660�WR�JR�LQWR�WKH�
UHFRYHU\�VWDWH�ZKHQ�H[LWLQJ�IURP�/�V��7KLV�ILHOG�LV�UHVHUYHG��IL[HG�
WR�
�
��IRU�0�3&,H� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1849 

3/B3+<B67$786B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 

3+<B67$786 
3+<�6WDWXV��'DWD�UHFHLYHG�GLUHFWO\�IURP�WKH�SK\BFIJBVWDWXV�EXV��
7KHVH�LV�D�*3,2�UHJLVWHU�UHIOHFWLQJ�WKH�YDOXHV�RQ�WKH�VWDWLF�
SK\BFIJBVWDWXV�LQSXW�VLJQDOV��7KH�XVDJH�LV�OHIW�FRPSOHWHO\�WR�WKH�
XVHU�DQG�GRHV�QRW�LQ�DQ\�ZD\�LQIOXHQFH�FRQWUROOHU�IXQFWLRQDOLW\��
<RX�FDQ�XVH�LW�IRU�DQ\�VWDWLF�VLGHEDQG�VWDWXV�VLJQDOOLQJ�
UHTXLUHPHQWV�WKDW�\RX�KDYH�IRU�\RXU�3+<� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

 
3/B3+<B&21752/B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

3+<B&21752/ 
3+<�&RQWURO��'DWD�VHQW�GLUHFWO\�WR�WKH�FIJBSK\BFRQWURO�EXV��7KHVH�
LV�D�*3,2�UHJLVWHU�GULYLQJ�WKH�YDOXHV�RQ�WKH�VWDWLF�FIJBSK\BFRQWURO�
RXWSXW�VLJQDOV��7KH�XVDJH�LV�OHIW�FRPSOHWHO\�WR�WKH�XVHU�DQG�GRHV�
QRW�LQ�DQ\�ZD\�LQIOXHQFH�FRQWUROOHU�IXQFWLRQDOLW\��<RX�FDQ�XVH�LW�IRU�
DQ\�VWDWLF�VLGHEDQG�FRQWURO�VLJQDOOLQJ�UHTXLUHPHQWV�WKDW�\RX�KDYH�
IRU�\RXU�3+<� 

 
3/B75*7B0$3B&75/B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[�� 
7$5*(7B0$3B,1'(; 
7KH�QXPEHU�RI�WKH�3)�)XQFWLRQ�RQ�ZKLFK�WKH�7DUJHW�9DOXHV�DUH�
VHW��7KLV�UHJLVWHU�GRHV�QRW�UHVSHFW�WKH�%\WH�(QDEOH�VHWWLQJ��DQ\�
ZULWH�ZLOO�DIIHFW�DOO�UHJLVWHU�ELWV� 

���� 52 �[��� UHVHUYHG 

� 5: �[� 
7$5*(7B0$3B520 
7DUJHW�9DOXH�IRU�WKH�520�SDJH�RI�WKH�3)�)XQFWLRQ�VHOHFWHG�E\�WKH�
LQGH[�QXPEHU��7KLV�UHJLVWHU�GRHV�QRW�UHVSHFW�WKH�%\WH�(QDEOH�
VHWWLQJ��DQ\�ZULWH�ZLOO�DIIHFW�DOO�UHJLVWHU�ELWV� 

��� 5: �[�� 
7$5*(7B0$3B3) 
7DUJHW�9DOXHV�IRU�HDFK�%$5�RQ�WKH�3)�)XQFWLRQ�VHOHFWHG�E\�WKH�
LQGH[�QXPEHU��7KLV�UHJLVWHU�GRHV�QRW�UHVSHFW�WKH�%\WH�(QDEOH�
VHWWLQJ��DQ\�ZULWH�ZLOO�DIIHFW�DOO�UHJLVWHU�ELWV� 

 
3/B&/2&.B*$7,1*B&75/B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 
5$'0B&/.B*$7,1*B(1 
(QDEOH�5DGP�FORFN�JDWLQJ�IHDWXUH� 
���'LVDEOH 
���(QDEOH 

 
3/B*(1�B5(/$7('B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
*(1�B(4B,195(4B(9$/B',))B',6$%/( 
(T�,QYDOLG5HTXHVW�DQG�5[(T(YDO�'LIIHUHQW�7LPH�$VVHUWLRQ�'LVDEOH��
'LVDEOH�WKH�DVVHUWLRQ�RI�(T�,QYDOLG5HTXHVW�DQG�5[(T(YDO�DW�
GLIIHUHQW�WLPH� 

����� 52 �[� UHVHUYHG 

�� 5: �[� *(1�B'&B%$/$1&(B',6$%/( 
'&�%DODQFH�'LVDEOH��'LVDEOH�'&�%DODQFH�IHDWXUH� 

�� 5: �[� 
*(1�B'//3B;07B'(/$<B',6$%/( 
'//3�7UDQVPLVVLRQ�'HOD\�'LVDEOH��'LVDEOH�GHOD\�WUDQVPLVVLRQ�RI�
'//3V�EHIRUH�HTXDOL]DWLRQ� 

�� 5: �[� 
*(1�B(48$/,=$7,21B',6$%/( 
(TXDOL]DWLRQ�'LVDEOH��'LVDEOH�HTXDOL]DWLRQ�IHDWXUH��7KLV�ELW�FDQQRW�
EH�FKDQJHG�RQFH�WKH�/7660�VWDUWV�OLQN�WUDLQLQJ� 

����� 52 �[� UHVHUYHG 

�� 5: �[� 

5;(4B5*5'/(66B5;76 
:KHQ�VHW�WR�
�
��WKH�FRQWUROOHU�DV�*HQ��(4�PDVWHU�DVVHUWV�
5[(T(YDO�WR�LQVWUXFW�WKH�3+<�WR�GR�5[�DGDSWDWLRQ�DQG�HYDOXDWLRQ�
DIWHU�D����QV�WLPHRXW�IURP�D�QHZ�SUHVHW�UHTXHVW� 
���PDFBSK\BU[HTHYDO�DVVHUWV�DIWHU��XV�DQG���76��UHFHLYHG�IURP�
UHPRWH�SDUWQHU� 
���PDFBSK\BU[HTHYDO�DVVHUWV�DIWHU����QV�UHJDUGOHVV�RI�76
V�
UHFHLYHG�RU�QRW� 

�� 5: �[� 

5;(4B3+��B(1 
5[�(TXDOL]DWLRQ�3KDVH���3KDVH���+ROG�(QDEOH��:KHQ�WKLV�ELW�LV�VHW�
WKH�XSVWUHDP�SRUW�KROGV�SKDVH����WKH�GRZQVWUHDP�SRUW�KROGV�
SKDVH����IRU���PV��+ROGLQJ�SKDVH���RU�SKDVH���FDQ�EH�XVHG�WR�
DOORZ�VXIILFLHQW�WLPH�IRU�5[�(TXDOL]DWLRQ�WR�EH�SHUIRUPHG�E\�WKH�
3+<��7KLV�ELW�LV�XVHG�GXULQJ�9LUWH[���*HQ��HTXDOL]DWLRQ��7KH�
SURJUDPPDEOH�ELWV�>5;(4B3+��B(1��(4B3+$6(B�B�@�FDQ�EH�
XVHG�WR�REWDLQ�WKH�IROORZLQJ�YDULDWLRQV�RI�WKH�HTXDOL]DWLRQ�
SURFHGXUH� 
����7[�HTXDOL]DWLRQ�RQO\�LQ�SKDVH���� 
����1R�7[�HTXDOL]DWLRQ��QR�5[�HTXDOL]DWLRQ 
����7[�HTXDOL]DWLRQ�LQ�SKDVH������5[�HTXDOL]DWLRQ�LQ�SKDVH���� 
����1R�7[�HTXDOL]DWLRQ��5[�HTXDOL]DWLRQ�LQ�SKDVH���� 

�� 5: �[� 
(4B5('2 
(TXDOL]DWLRQ�5HGR�'LVDEOH��'LVDEOH�DXWRQRPRXV�PHFKDQLVP�IRU�
UHTXHVWLQJ�WR�UHGR�WKH�HTXDOL]DWLRQ�SURFHVV� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

�� 5: �[� 
(4B(,(26B&17 
(TXDOL]DWLRQ�(,(26�&RXQW�5HVHW�'LVDEOH��'LVDEOH�UHTXHVWLQJ�UHVHW�
RI�(,(26�FRXQW�GXULQJ�HTXDOL]DWLRQ� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

� 5: �[� 
(4B3+$6(B�B� 
(TXDOL]DWLRQ�3KDVH���DQG�3KDVH���'LVDEOH��7KLV�DSSOLHV�WR�
GRZQVWUHDP�SRUWV�RQO\� 

� 5: �[� ',6$%/(B6&5$0%/(5B*(1B� 
'LVDEOH�6FUDPEOHU�IRU�*HQ��DQG�*HQ��'DWD�5DWH� 

��� 52 �[�� UHVHUYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1851 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

*(1�B=5;'&B121&203/ 
*HQ��5HFHLYHU�,PSHGDQFH�=5;�'&�1RW�&RPSOLDQW��5HFHLYHUV�WKDW�
RSHUDWH�DW�����*7�V�ZLWK�DQ�LPSHGDQFH�RWKHU�WKDQ�WKH�UDQJH�
GHILQHG�E\�WKH�=5;�'&�SDUDPHWHU�IRU�����*7�V��������2KPV��
PXVW�PHHW�DGGLWLRQDO�EHKDYLRU�UHTXLUHPHQWV�LQ�WKH�IROORZLQJ�
/7660�VWDWHV��3ROOLQJ��5[B/�V��/���/���DQG�'LVDEOHG� 
���7KH�UHFHLYHU�FRPSOLHV�ZLWK�WKH�=5;�'&�SDUDPHWHU�IRU�����*7�V�
ZKHQ�RSHUDWLQJ�DW���*7�V�RU�KLJKHU� 
���7KH�UHFHLYHU�GRHV�QRW�FRPSO\�ZLWK�WKH�=5;�'&�SDUDPHWHU�IRU�
����*7�V�ZKHQ�RSHUDWLQJ�DW���*7�V�RU�KLJKHU� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

 
3/B*(1�B(4B&21752/B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

�� 5: �[� 

*(1�B5(4B6(1'B&216(&B(,(26B)25B36(7B0$3 
5HTXHVW�FRQWUROOHU�WR�VHQG�EDFN�WR�EDFN�(,(26�LQ�
5HFRYHU\�5FYU/RFN�VWDWH�XQWLO�SUHVHWV�WR�FRHIILFLHQWV�PDSSLQJ�LV�
FRPSOHWH� 
���'R�QRW�UHTXHVW 
���UHTXHVW 

�� 5: �[� 
*(1�B(4B36(7B5(4B$6B&2() 
*(1�B(4B36(7B5(4B$6B&2()�LV�DQ�LQWHUQDOO\�UHVHUYHG�ILHOG��'R�
QRW�XVH� 

�� 5: �[� 

*(1�B(4B)20B,1&B,1,7,$/B(9$/ 
,QFOXGH�,QLWLDO�)20��,QFOXGH�RU�QRW�WKH�)20�IHHGEDFN�IURP�WKH�
LQLWLDO�SUHVHW�HYDOXDWLRQ�SHUIRUPHG�LQ�WKH�(4�0DVWHU��ZKHQ�ILQGLQJ�
WKH�KLJKHVW�)20�DPRQJ�DOO�SUHVHW�HYDOXDWLRQV� 
���'R�QRW�LQFOXGH 
���,QFOXGH 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1852 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[���I 

*(1�B(4B36(7B5(4B9(& 
3UHVHW�5HTXHVW�9HFWRU��5HTXHVWLQJ�RI�3UHVHWV�GXULQJ�WKH�LQLWLDO�
SDUW�RI�WKH�(4�0DVWHU�3KDVH��(QFRGLQJ�VFKHPH�LV�DV�IROORZV� 
%LW�>����@� �[���1R�SUHVHW�LV�UHTXHVWHG�DQG�HYDOXDWHG�LQ�(4�
0DVWHU�3KDVH� 
%LW�>L@� ����3UHVHW L��LV�UHTXHVWHG�DQG�HYDOXDWHG�LQ�(4�0DVWHU�
3KDVH� 
������������������1R�SUHVHW�EH�UHTXHVWHG�DQG�HYDOXDWHG�LQ�(4�
0DVWHU�3KDVH 
������[[[[[[[[[���3UHVHW���LV�UHTXHVWHG�DQG�HYDOXDWHG�LQ�(4�
0DVWHU�3KDVH 
������[[[[[[[[�[��3UHVHW���LV�UHTXHVWHG�DQG�HYDOXDWHG�LQ�(4�
0DVWHU�3KDVH 
������[[[[[[[�[[��3UHVHW���LV�UHTXHVWHG�DQG�HYDOXDWHG�LQ�(4�
0DVWHU�3KDVH 
������[[[[[[�[[[��3UHVHW���LV�UHTXHVWHG�DQG�HYDOXDWHG�LQ�(4�
0DVWHU�3KDVH 
������[[[[[�[[[[��3UHVHW���LV�UHTXHVWHG�DQG�HYDOXDWHG�LQ�(4�
0DVWHU�3KDVH 
������[[[[�[[[[[��3UHVHW���LV�UHTXHVWHG�DQG�HYDOXDWHG�LQ�(4�
0DVWHU�3KDVH 
������[[[�[[[[[[��3UHVHW���LV�UHTXHVWHG�DQG�HYDOXDWHG�LQ�(4�
0DVWHU�3KDVH 
������[[�[[[[[[[��3UHVHW���LV�UHTXHVWHG�DQG�HYDOXDWHG�LQ�(4�
0DVWHU�3KDVH 
������[�[[[[[[[[��3UHVHW���LV�UHTXHVWHG�DQG�HYDOXDWHG�LQ�(4�
0DVWHU�3KDVH 
�����[�[[[[[[[[[��3UHVHW���LV�UHTXHVWHG�DQG�HYDOXDWHG�LQ�(4�
0DVWHU�3KDVH 
������[[[[[[[[[[��3UHVHW����LV�UHTXHVWHG�DQG�HYDOXDWHG�LQ�(4�
0DVWHU�3KDVH 
$OO�RWKHU�HQFRGLQJV��5HVHUYHG 

� 52 �[� UHVHUYHG 

� 5: �[� 
*(1�B/2:(5B5$7(B(4B5('2B(1$%/( 
6XSSRUW�(4�UHGR�DQG�ORZHU�UDWH�FKDQJH� 
���QRW�VXSSRUW 
���VXSSRUW 

� 5: �[� 

*(1�B(4B(9$/B�06B',6$%/( 
3KDVH�B����PV�7LPHRXW�'LVDEOH��'HWHUPLQH�EHKDYLRU�LQ�3KDVH��
IRU�863��3KDVH��LI�'63��ZKHQ�WKH�3+<�GRHV�QRW�UHVSRQG�ZLWKLQ�
�PV�WR�WKH�DVVHUWLRQ�RI�5[(T(YDO� 
���DERUW�WKH�FXUUHQW�HYDOXDWLRQ��VWRS�DQ\�DWWHPSW�WR�PRGLI\�WKH�
UHPRWH�WUDQVPLWWHU�VHWWLQJV��3KDVH��LV�WHUPLQDWHG�E\�WKH���PV�
WLPHRXW 
���LJQRUH�WKH��PV�WLPHRXW�DQG�FRQWLQXH�DV�QRUPDO��7KLV�LV�XVHG�
WR�VXSSRUW�3+<V�WKDW�UHTXLUH�PRUH�WKDQ��PV�WR�UHVSRQG�WR�WKH�
DVVHUWLRQ�RI�5[(T(YDO� 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1853 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

*(1�B(4B3+$6(��B(;,7B02'( 
%HKDYLRU�$IWHU����PV�7LPHRXW��ZKHQ�RSWLPDO�VHWWLQJV�DUH�QRW�
IRXQG�� 
)RU�D�863��'HWHUPLQH�QH[W�/7660�VWDWH�IURP�3KDVH��DIWHU���PV�
7LPHRXW 
���5HFRYHU\�6SHHG 
���5HFRYHU\�(TXDOL]DWLRQ�3KDVH� 
:KHQ�RSWLPDO�VHWWLQJV�DUH�QRW�IRXQG�WKHQ� 
(TXDOL]DWLRQ�3KDVH���6XFFHVVIXO�VWDWXV�ELW�LV�QRW�VHW�LQ�WKH��/LQN�
6WDWXV�5HJLVWHU����ZKHQ�*(1�B(4B3+$6(��B(;,7B02'(� �� 
(TXDOL]DWLRQ�3KDVH���6XFFHVVIXO�VWDWXV�ELW�LV�VHW�LQ�WKH��/LQN�
6WDWXV�5HJLVWHU����ZKHQ�*(1�B(4B3+$6(��B(;,7B02'(� �� 
(TXDOL]DWLRQ�3KDVH���&RPSOHWH�VWDWXV�ELW�LV�VHW�LQ�WKH��/LQN�6WDWXV�
5HJLVWHU��� 
)RU�D�'63��'HWHUPLQH�QH[W�/7660�VWDWH�IURP�3KDVH��DIWHU���PV�
7LPHRXW 
���5HFRYHU\�6SHHG 
���5HFRYHU\�(TXDOL]DWLRQ�5FYU/RFN 
:KHQ�RSWLPDO�VHWWLQJV�DUH�QRW�IRXQG�WKHQ� 
(TXDOL]DWLRQ�3KDVH���6XFFHVVIXO�VWDWXV�ELW�LV�QRW�VHW�LQ�WKH��/LQN�
6WDWXV�5HJLVWHU����ZKHQ�*(1�B(4B3+$6(��B(;,7B02'(� �� 
(TXDOL]DWLRQ�3KDVH���6XFFHVVIXO�VWDWXV�ELW�LV�VHW�LQ�WKH��/LQN�
6WDWXV�5HJLVWHU����ZKHQ�*(1�B(4B3+$6(��B(;,7B02'(� �� 
(TXDOL]DWLRQ�3KDVH���&RPSOHWH�VWDWXV�ELW�LV�VHW�LQ�WKH��/LQN�6WDWXV�
5HJLVWHU��� 

��� 5: �[� 

*(1�B(4B)%B02'( 
)HHGEDFN�0RGH� 
����E��'LUHFWLRQ�&KDQJH 
����E��)LJXUH�2I�0HULW 
����E��5HVHUYHG 
�������5HVHUYHG 
����E��5HVHUYHG 

 
3/B*(1�B(4B)%B02'(B',5B&+$1*(B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

����� 5: �[� 
*(1�B(4B)0'&B0$;B3267B&86525B'(/7$ 
&RQYHUJHQFH�:LQGRZ�$SHUWXUH�IRU�&����3RVW�FXUVRU�FRHIILFLHQWV�
PD[LPXP�GHOWD�ZLWKLQ�WKH�FRQYHUJHQFH�ZLQGRZ�GHSWK��$OORZHG�
UDQJH������������� 

����� 5: �[� 
*(1�B(4B)0'&B0$;B35(B&86525B'(/7$ 
&RQYHUJHQFH�:LQGRZ�$SHUWXUH�IRU�&����3UH�FXUVRU�FRHIILFLHQWV�
PD[LPXP�GHOWD�ZLWKLQ�WKH�FRQYHUJHQFH�ZLQGRZ�GHSWK��$OORZHG�
UDQJH������������� 

��� 5: �[�� 

*(1�B(4B)0'&B1B(9$/6 
&RQYHUJHQFH�:LQGRZ�'HSWK��1XPEHU�RI�FRQVHFXWLYH�HYDOXDWLRQV�
FRQVLGHUHG�LQ�3KDVH�����ZKHQ�GHWHUPLQLQJ�LI�RSWLPDO�FRHIILFLHQWV�
KDYH�EHHQ�IRXQG��$OORZHG�UDQJH�������������XS�WR�D�PD[LPXP�RI�
&;B*(1�B(4B&2()4B'(37+� 
:KHQ�VHW�WR����(4�0DVWHU�LV�SHUIRUPHG�ZLWKRXW�VHQGLQJ�DQ\�
UHTXHVWV�WR�WKH�UHPRWH�SDUWQHU�LQ�3KDVH���IRU�863�DQG�3KDVH���
IRU�'63��7KHUHIRUH��WKH�UHPRWH�SDUWQHU�ZLOO�QRW�FKDQJH�LWV�
WUDQVPLWWHU�FRHIILFLHQWV�DQG�ZLOO�PRYH�WR�WKH�QH[W�VWDWH� 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1854 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[�� 

*(1�B(4B)0'&B7B0,1B3+$6(�� 
0LQLPXP�7LPH��LQ�PV��7R�5HPDLQ�LQ�(4�0DVWHU�3KDVH��7KH�/7660�
VWD\V�LQ�(4�0DVWHU�SKDVH�IRU�DW�OHDVW�WKLV�DPRXQW�RI�WLPH��EHIRUH�
VWDUWLQJ�WR�FKHFN�IRU�FRQYHUJHQFH�RI�WKH�FRHIILFLHQWV��$OORZHG�
YDOXHV������������ 

 
3/B25'(5B58/(B&75/B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[�� 

&3/B3$66B3 
&RPSOHWLRQ�3DVVLQJ�3RVWHG�2UGHULQJ�5XOH�&RQWURO� 
'HWHUPLQHV�LI�&3/�FDQ�SDVV�KDOWHG�3�TXHXH� 
���&3/�FDQ�QRW�SDVV�3��UHFRPPHQGHG� 
���&3/�FDQ�SDVV�3 

��� 5: �[�� 

13B3$66B3 
1RQ�3RVWHG�3DVVLQJ�3RVWHG�2UGHULQJ�5XOH�&RQWURO� 
'HWHUPLQHV�LI�13�FDQ�SDVV�KDOWHG�3�TXHXH� 
����13�FDQ�QRW�SDVV�3��UHFRPPHQGHG�� 
����13�FDQ�SDVV�3 

 
3/B3,3(B/223%$&.B&21752/B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
3,3(B/223%$&. 
3,3(�/RRSEDFN�(QDEOH��,QGLFDWHV�500,�/RRSEDFN�LI�0�3&,H� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

����� 52 �[� UHVHUYHG 

����� 5: �[� 5;67$786B9$/8( 
5;67$786B9$/8(�LV�DQ�LQWHUQDOO\�UHVHUYHG�ILHOG��'R�QRW�XVH� 

����� 52 �[� UHVHUYHG 

����� 5: �[�� 
5;67$786B/$1( 
5;67$786B/$1(�LV�DQ�LQWHUQDOO\�UHVHUYHG�ILHOG��'R�QRW�XVH� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

���� 5: �[���� 
/3%.B5;9$/,' 
/3%.B5;9$/,'�LV�DQ�LQWHUQDOO\�UHVHUYHG�ILHOG��'R�QRW�XVH� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

 
3/B0,6&B&21752/B�B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� 
$5,B'(9,&(B180%(5 
:KHQ�$5,�LV�HQDEOHG��WKLV�ILHOG�HQDEOHV�XVH�RI�WKH�GHYLFH�,'� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

� 5: �[� 

',6$%/(B$872B/75B&/5B06* 
'LVDEOH�WKH�DXWRQRPRXV�JHQHUDWLRQ�RI�/75�FOHDU�PHVVDJH�LQ�
XSVWUHDP�SRUW� 
���$OORZ�WKH�DXWRQRPRXV�JHQHUDWLRQ�RI�/75�FOHDU�PHVVDJH� 
���'LVDEOH�WKH�DXWRQRPRXV�JHQHUDWLRQ�RI�/75�FOHDU�PHVVDJH� 
'HIDXOW�YDOXH�LV��� 
)RU�PRUH�GHWDLOV��VHH��/DWHQF\�7ROHUDQFH�5HSRUWLQJ��/75��0HVVDJH�
*HQHUDWLRQ�>(3�0RGH@��LQ��0HVVDJH�*HQHUDWLRQ��VHFWLRQ�RI�WKH�
�&RQWUROOHU�2SHUDWLRQV��FKDSWHU�RI�WKH�'DWDERRN� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 



5.5.�����750�3DUW� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

6,03/,),('B5(3/$<B7,0(5 
(QDEOHV�6LPSOLILHG�5HSOD\�7LPHU��*HQ����)RU�PRUH�GHWDLOV��VHH�
�7UDQVPLW�5HSOD\��LQ�WKH�&RQWUROOHU�2SHUDWLRQV�FKDSWHU�RI�WKH�
'DWDERRN��6LPSOLILHG�5HSOD\�7LPHU�9DOXHV�DUH� 
$�YDOXH�IURP��������WR��������6\PERO�7LPHV�ZKHQ�([WHQGHG�
6\QFK�LV��E� 
$�YDOXH�IURP��������WR���������6\PERO�7LPHV�ZKHQ�([WHQGHG�
6\QFK�LV��E� 
0XVW�QRW�EH�FKDQJHG�ZKLOH�OLQN�LV�LQ�XVH� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

� 5: �[� 

85B&$B0$6.B�B75*7� 
7KLV�ILHOG�RQO\�DSSOLHV�WR�UHTXHVW�7/3V��ZLWK�85�ILOWHULQJ�VWDWXV��
WKDW�\RX�KDYH�FKRVHQ�WR�IRUZDUG�WR�WKH�DSSOLFDWLRQ��ZKHQ�\RX�VHW�
'()$8/7B7$5*(7�LQ�WKLV�UHJLVWHU�� 
:KHQ�\RX�VHW�WKLV�ILHOG�WR�
�
��WKH�FRUH�VXSSUHVVHV�HUURU�ORJJLQJ��
(UURU�0HVVDJH�JHQHUDWLRQ��DQG�&3/�JHQHUDWLRQ��IRU�QRQ�SRVWHG�
UHTXHVWV�� 
)RU�PRUH�GHWDLOV��UHIHU�WR�WKH��$GYDQFHG�(UURU�+DQGOLQJ�)RU�
5HFHLYHG�7/3V��FKDSWHU�RI�WKH�'DWDERRN��<RX�VKRXOG�VHW�WKLV�LI�
\RX�KDYH�VHW�WKH�'HIDXOW�7DUJHW�SRUW�ORJLF�UHJLVWHU�WR�
�
� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

� 5: �[� 

'()$8/7B7$5*(7 
'HIDXOW�WDUJHW�D�UHFHLYHG�,2�RU�0(0�UHTXHVW�ZLWK�85�&$�&56�LV�
VHQW�WR�E\�WKH�FRQWUROOHU� 
���7KH�FRQWUROOHU�GURSV�DOO�LQFRPLQJ�,�2�RU�0(0�UHTXHVWV��DIWHU�
FRUUHVSRQGLQJ�HUURU�UHSRUWLQJ���$�FRPSOHWLRQ�ZLWK�85�VWDWXV�ZLOO�
EH�JHQHUDWHG�IRU�QRQ�SRVWHG�UHTXHVWV� 
���7KH�FRQWUROOHU�IRUZDUGV�DOO�LQFRPLQJ�,�2�RU�0(0�UHTXHVWV�ZLWK�
85�&$�&56�VWDWXV�WR�\RXU�DSSOLFDWLRQ 
)RU�PRUH�GHWDLOV��VHH��(&5&�+DQGOLQJ��DQG��5HTXHVW�7/3�5RXWLQJ�
5XOHV��LQ��5HFHLYH�5RXWLQJ��VHFWLRQ�RI�WKH��&RQWUROOHU�2SHUDWLRQV��
FKDSWHU�RI�WKH�'DWDERRN� 
'HIDXOW�YDOXH�LV�'()$8/7B7$5*(7�FRQILJXUDWLRQ�SDUDPHWHU� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

� 5: �[� 

'%,B52B:5B(1 
:ULWH�WR�52�5HJLVWHUV�8VLQJ�'%,��:KHQ�\RX�VHW�WKLV�ILHOG�WR������
WKHQ�VRPH�52�DQG�+Z,QLW�ELWV�DUH�ZULWDEOH�IURP�WKH�ORFDO�
DSSOLFDWLRQ�WKURXJK�WKH�'%,��)RU�PRUH�GHWDLOV��VHH��:ULWLQJ�WR�
5HDG�2QO\�5HJLVWHUV�� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

 
3/B08/7,B/$1(B&21752/B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� 5: �[� 
83&21),*85(B6833257 
8SFRQILJXUH�6XSSRUW� 
7KH�FRQWUROOHU�VHQGV�WKLV�YDOXH�DV�WKH�/LQN�8SFRQILJXUH�&DSDELOLW\�
LQ�76��2UGHUHG�6HWV�LQ�&RQILJXUDWLRQ�&RPSOHWH�VWDWH� 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1856 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

',5(&7B/,1.B:,'7+B&+$1*( 
'LUHFWHG�/LQN�:LGWK�&KDQJH� 
7KH�FRQWUROOHU�DOZD\V�PRYHV�WR�&RQILJXUDWLRQ�VWDWH�WKURXJK�
5HFRYHU\�VWDWH�ZKHQ�WKLV�ELW�LV�VHW�WR�
�
� 
,I�WKH�XSFRQILJXUHBFDSDEOH�YDULDEOH�LV�
�
�DQG�WKH�
3&,(B&$3B+:B$872B:,'7+B',6$%/(�ELW�LQ�
/,1.B&21752/B/,1.B67$786B5(*�LV�
�
��WKH�FRQWUROOHU�VWDUWV�
XSFRQILJXUH�RU�DXWRQRPRXV�ZLGWK�GRZQVL]LQJ��WR�WKH�
7$5*(7B/,1.B:,'7+�YDOXH��LQ�WKH�&RQILJXUDWLRQ�VWDWH� 
,I�7$5*(7B/,1.B:,'7+�YDOXH�LV��[���WKH�FRQWUROOHU�GRHV�QRW�
VWDUW�XSFRQILJXUH�RU�DXWRQRPRXV�ZLGWK�GRZQVL]LQJ�LQ�WKH�
&RQILJXUDWLRQ�VWDWH� 
7KH�FRQWUROOHU�VHOI�FOHDUV�WKLV�ILHOG�ZKHQ�WKH�FRQWUROOHU�DFFHSWV�
WKLV�UHTXHVW� 

��� 5: �[�� 

7$5*(7B/,1.B:,'7+ 
7DUJHW�/LQN�:LGWK� 
9DOXHV�FRUUHVSRQG�WR� 
�
E��������&RUH�GRHV�QRW�VWDUW�XSFRQILJXUH�RU�DXWRQRPRXV�ZLGWK�
GRZQVL]LQJ�LQ�WKH�&RQILJXUDWLRQ�VWDWH� 
�
E��������[� 
�
E��������[� 
�
E��������[� 
�
E��������[� 
�
E��������[�� 
�
E��������[�� 

 
3/B3+<B,17(523B&75/B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[������ UHVHUYHG 

�� 5: �[� 

/�B&/.B6(/ 
/��&ORFN�FRQWURO�ELW� 
���&RQWUROOHU�GRHV�QRW�UHTXHVW�DX[BFON�VZLWFK�DQG�FRUHBFON�JDWLQJ�
LQ�/�� 
���&RQWUROOHU�UHTXHVWV�DX[BFON�VZLWFK�DQG�FRUHBFON�JDWLQJ�LQ�/�� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

� 5: �[� 

/�B12:$,7B3� 
/��HQWU\�FRQWURO�ELW� 
���&RUH�GRHV�QRW�ZDLW�IRU�3+<�WR�DFNQRZOHGJH�WUDQVLWLRQ�WR�3��
EHIRUH�HQWHULQJ�/�� 
���&RUH�ZDLWV�IRU�WKH�3+<�WR�DFNQRZOHGJH�WUDQVLWLRQ�WR�3��EHIRUH�
HQWHULQJ�/�� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

� 5: �[� 

/�68%B(;,7B02'( 
/��([LW�&RQWURO�8VLQJ�SK\BPDFBSFONDFNBQ� 
���&RUH�H[LWV�/��ZLWKRXW�ZDLWLQJ�IRU�WKH�3+<�WR�DVVHUW�
SK\BPDFBSFONDFNBQ� 
���&RUH�ZDLWV�IRU�WKH�3+<�WR�DVVHUW�SK\BPDFBSFONDFNBQ�EHIRUH�
H[LWLQJ�/�� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

� 52 �[� UHVHUYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1857 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[�I 

5;67$1'%<B&21752/ 
5[VWDQGE\�&RQWURO��%LWV������GHWHUPLQH�LI�WKH�FRQWUROOHU�DVVHUWV�
WKH�5[6WDQGE\�VLJQDO��PDFBSK\BU[VWDQGE\��LQ�WKH�LQGLFDWHG�
FRQGLWLRQ��%LW���HQDEOHV�WKH�FRQWUROOHU�WR�SHUIRUP�WKH�
5[6WDQGE\�5[6WDQGE\6WDWXV�KDQGVKDNH� 
>�@��5[�(,26�DQG�VXEVHTXHQW�7�7;�,'/(�0,1 
>�@��5DWH�&KDQJH 
>�@��,QDFWLYH�ODQH�IRU�XSFRQILJXUH�GRZQFRQILJXUH 
>�@��3RZHU'RZQ 3�RU3� 
>�@��5[/�V�,GOH 
>�@��(,�,QIHU�LQ�/� 
>�@��([HFXWH�5[6WDQGE\�5[6WDQGE\6WDWXV�+DQGVKDNH 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

 
3/B75*7B&3/B/87B'(/(7(B(175<B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 52 �[� UHVHUYHG 

���� 5: �[�������� /22.B83B,' 
7KLV�QXPEHU�VHOHFWV�RQH�HQWU\�WR�GHOHWH�RI�WKH�75*7B&3/B/87� 

 
3/B/,1.B)/86+B&21752/B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 

$872B)/86+B(1 
(QDEOHV�DXWRPDWLF�IOXVKLQJ�RI�SHQGLQJ�UHTXHVWV�EHIRUH�VHQGLQJ�
WKH�UHVHW�UHTXHVW�WR�WKH�DSSOLFDWLRQ�ORJLF�WR�UHVHW�WKH�3&,H�
FRQWUROOHU�DQG�WKH�$;,�%ULGJH��7KH�IOXVKLQJ�SURFHVV�LV�LQLWLDWHG�LI�
DQ\�RI�WKH�IROORZLQJ�HYHQWV�RFFXU� 
+RW�UHVHW�UHTXHVW��$�GRZQVWUHDP�SRUW��'63��FDQ��KRW�UHVHW��DQ�
XSVWUHDP�SRUW��863��E\�VHQGLQJ�WZR�FRQVHFXWLYH�76��RUGHUHG�
VHWV�ZLWK�WKH�KRW�UHVHW�ELW�DVVHUWHG� 
:DUP��6RIW��UHVHW�UHTXHVW��*HQHUDWHG�ZKHQ�H[LWLQJ�IURP�'��WR�
'��DQG�FIJBSPBQRBVRIWBUVW �� 
/LQN�GRZQ�UHVHW�UHTXHVW��$�KLJK�WR�ORZ�WUDQVLWLRQ�RQ�
VPOKBUHTBUVWBQRW�LQGLFDWHV�WKH�OLQN�KDV�JRQH�GRZQ�DQG�WKH�
FRQWUROOHU�LV�UHTXHVWLQJ�D�UHVHW� 
,I�\RX�GLVDEOH�DXWRPDWLF�IOXVKLQJ��\RXU�DSSOLFDWLRQ�LV�UHVSRQVLEOH�
IRU�UHVHWWLQJ�WKH�3&,H�FRQWUROOHU�DQG�WKH�$;,�%ULGJH� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

 
3/B$0%$B(5525B5(63216(B'()$8/7B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1858 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� 

$0%$B(5525B5(63216(B0$3 
$;,�6ODYH�5HVSRQVH�(UURU�0DS��$OORZV�\RX�WR�VHOHFWLYHO\�PDS�WKH�
HUURUV�UHFHLYHG�IURP�WKH�3&,H�FRPSOHWLRQ��IRU�QRQ�SRVWHG�
UHTXHVWV��WR�WKH�$;,�VODYH�UHVSRQVHV��VOYBUUHVS�RU�VOYBEUHVS��7KH�
UHFRPPHQGHG�VHWWLQJ�LV�6/9(55��&56�LV�DOZD\V�PDSSHG�WR�2.$<� 
ELW��� 
���85��XQVXSSRUWHG�UHTXHVW���!�'(&(55 
���85��XQVXSSRUWHG�UHTXHVW���!�6/9(55 
ELW��� 
���&56��FRQILJXUDWLRQ�UHWU\�VWDWXV���!�'(&(55 
���&56��FRQILJXUDWLRQ�UHWU\�VWDWXV���!�6/9(55 
ELW�� 
���&$��FRPSOHWHU�DERUW���!�'(&(55 
���&$��FRPSOHWHU�DERUW���!�6/9(55 
ELW����5HVHUYHG 
ELW����5HVHUYHG 
ELW��� 
���&RPSOHWLRQ�7LPHRXW��!�'(&(55 
���&RPSOHWLRQ�7LPHRXW��!�6/9(55 

��� 52 �[�� UHVHUYHG 

��� 5: �[� 

$0%$B(5525B5(63216(B&56 
&56�6ODYH�(UURU�5HVSRQVH�0DSSLQJ��'HWHUPLQHV�WKH�$;,�VODYH�
UHVSRQVH�IRU�&56�FRPSOHWLRQV� 
����2.$< 
����2.$<�ZLWK�DOO�))))B))))�GDWD�IRU�DOO�&56�FRPSOHWLRQV 
����2.$<�ZLWK�))))B�����GDWD�IRU�&56�FRPSOHWLRQV�WR�YHQGRU�,'�
UHDG�UHTXHVWV��2.$<�ZLWK�))))B))))�GDWD�IRU�DOO�RWKHU�&56�
FRPSOHWLRQV 
����6/9(55�'(&(55��WKH�$;,B(5525B5(63216(B0$3�ILHOG�
GHWHUPLQHV�WKH�3&,H�WR�$;,�6ODYH�HUURU�UHVSRQVH�PDSSLQJ� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

� 5: �[� 

$0%$B(5525B5(63216(B9(1'25,' 
9HQGRU�,'�1RQ�H[LVWHQW�6ODYH�(UURU�5HVSRQVH�0DSSLQJ��
'HWHUPLQHV�WKH�$;,�VODYH�UHVSRQVH�IRU�HUURUV�RQ�UHDGV�WR�QRQ�
H[LVWHQW�9HQGRU�,'�UHJLVWHU� 
���2.$<��ZLWK�))))�GDWD�� 
���6/9(55�'(&(55��WKH�$;,B(5525B5(63216(B0$3�ILHOG�
GHWHUPLQHV�WKH�3&,H�WR�$;,�6ODYH�HUURU�UHVSRQVH�PDSSLQJ� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

� 52 �[� UHVHUYHG 

� 5: �[� 

$0%$B(5525B5(63216(B*/2%$/ 
*OREDO�6ODYH�(UURU�5HVSRQVH�0DSSLQJ��'HWHUPLQHV�WKH�$;,�VODYH�
UHVSRQVH�IRU�DOO�HUURU�VFHQDULRV�RQ�QRQ�SRVWHG�UHTXHVWV� 
���2.$<��ZLWK�))))�GDWD�IRU�QRQ�SRVWHG�UHTXHVWV� 
���6/9(55�'(&(55��WKH�$;,B(5525B5(63216(B0$3�ILHOG�
GHWHUPLQHV�WKH�3&,H�WR�$;,�6ODYH�HUURU�UHVSRQVH�PDSSLQJ� 
7KH�HUURU�UHVSRQVH�PDSSLQJ�LV�QRW�DSSOLFDEOH�WR�1RQ�H[LVWHQW�
9HQGRU�,'�UHJLVWHU�UHDGV� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

 
3/B$0%$B/,1.B7,0(287B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1859 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
/,1.B7,0(287B(1$%/(B'()$8/7 
'LVDEOH�)OXVK��<RX�FDQ�GLVDEOH�WKH�IOXVK�IHDWXUH�E\�VHWWLQJ�WKLV�
ILHOG�WR����� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

��� 5: �[�� 

/,1.B7,0(287B3(5,2'B'()$8/7 
7LPHRXW�9DOXH��PV���7KH�WLPHU�ZLOO�WLPHRXW�DQG�WKHQ�IOXVK�WKH�
EULGJH�7;�UHTXHVW�TXHXHV�DIWHU�WKLV�DPRXQW�RI�WLPH��7KH�WLPHU�
FRXQWV�ZKHQ�WKHUH�DUH�SHQGLQJ�RXWERXQG�$;,�VODYH�LQWHUIDFH�
UHTXHVWV�DQG�WKH�3&,H�7;�OLQN�LV�QRW�WUDQVPLWWLQJ�DQ\�RI�WKHVH�
UHTXHVWV��7KH�WLPHU�LV�FORFNHG�E\�FRUHBFON��)RU�DQ�0�3&,H�
FRQILJXUDWLRQ� 
7LPH�XQLW�RI�WKLV�ILHOG�LV���PV� 
0DUJLQ�RI�HUURU�IRU�5DWH$�FORFN�LV������ 
0DUJLQ�RI�HUURU�IRU�5DWH%�FORFN�LV�EHWZHHQ�����DQG����� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

 
3/B$0%$B25'(5,1*B&75/B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� 5: �[� 

$;B0675B=(52/5($'B): 
$;,�0DVWHU�=HUR�/HQJWK�5HDG�)RUZDUG�WR�WKH�DSSOLFDWLRQ� 
7KH�':�3&,H�FRQWUROOHU�$;,�EULGJH�LV�DEOH�WR�WHUPLQDWH�LQ�RUGHU�
ZLWK�WKH�3RVWHG�WUDQVDFWLRQV�WKH�]HUR�OHQJWK�UHDG��LPSOHPHQWLQJ�
WKH�3&,H�H[SUHVV�IOXVK�VHPDQWLFV�RI�WKH�3RVWHG�WUDQVDFWLRQV� 
�[���7KH�]HUR�OHQJWK�5HDG�LV�WHUPLQDWHG�DW�WKH�':�3&,H�$;,�
EULGJH�PDVWHU 
�[���7KH�]HUR�OHQJWK�5HDG�LV�IRUZDUG�WR�WKH�DSSOLFDWLRQ� 

��� 52 �[� UHVHUYHG 

��� 5: �[� 

$;B0675B25'5B3B(9(17B6(/ 
$;,�0DVWHU�3RVWHG�2UGHULQJ�(YHQW�6HOHFWRU� 
7KLV�ILHOG�VHOHFWV�KRZ�WKH�PDVWHU�LQWHUIDFH�GHWHUPLQHV�ZKHQ�D�3�
ZULWH�LV�FRPSOHWHG�ZKHQ�HQIRUFLQJ�WKH�3&,H�RUGHULQJ�UXOH���13�
PXVW�QRW�SDVV�3��DW�WKH�$;,�0DVWHU�,QWHUIDFH��7KH�$;,�SURWRFRO�
GRHV�QRW�VXSSRUW�RUGHULQJ�EHWZHHQ�FKDQQHOV��7KHUHIRUH��13�UHDGV�
FDQ�SDVV�3�RQ�\RXU�$;,�EXV�IDEULF��7KLV�FDQ�UHVXOW�LQ�DQ�RUGHULQJ�
YLRODWLRQ�ZKHQ�WKH�UHDG�RYHUWDNHV�D�3�WKDW�LV�JRLQJ�WR�WKH�VDPH�
DGGUHVV��7KHUHIRUH��WKH�EULGJH�PDVWHU�GRHV�QRW�LVVXH�DQ\�13�
UHTXHVWV�XQWLO�DOO�RXWVWDQGLQJ�3�ZULWHV�UHDFK�WKHLU�GHVWLQDWLRQ��,W�
GRHV�WKLV�E\�ZDLWLQJ�IRU�WKH�DOO�RI�WKH�ZULWH�UHVSRQVHV�RQ�WKH�%�
FKDQQHO��7KLV�FDQ�DIIHFW�WKH�SHUIRUPDQFH�RI�WKH�PDVWHU�UHDG�
FKDQQHO��)RU�VFHQDULRV�ZKHUH�WKH�LQWHUFRQQHFW�VHULDOL]HV�WKH�$;,�
PDVWHU��$:����:��DQG��$5��FKDQQHOV�\RX�FDQ�LQFUHDVH�WKH�
SHUIRUPDQFH�E\�UHGXFLQJ�WKH�QHHG�WR�ZDLW�XQWLO�WKH�FRPSOHWH�
3RVWHG�WUDQVDFWLRQ�KDV�HIIHFWLYHO\�UHDFKHG�WKH�DSSOLFDWLRQ�VODYH� 
����%
ODVW�HYHQW��ZDLW�IRU�WKH�DOO�RI�WKH�ZULWH�UHVSRQVHV�RQ�WKH�%�
FKDQQHO�WKHUHE\�HQVXULQJ�WKDW�WKH�FRPSOHWH�3RVWHG�WUDQVDFWLRQ�
KDV�HIIHFWLYHO\�UHDFKHG�WKH�DSSOLFDWLRQ�VODYH��GHIDXOW�� 
����$:
ODVW�HYHQW��ZDLW�XQWLO�WKH�FRPSOHWH�3RVWHG�WUDQVDFWLRQ�KDV�
OHIW�WKH�$;,�DGGUHVV�FKDQQHO�DW�WKH�EULGJH�PDVWHU� 
����:
ODVW�HYHQW��ZDLW�XQWLO�WKH�FRPSOHWH�3RVWHG�WUDQVDFWLRQ�KDV�
OHIW�WKH�$;,�GDWD�FKDQQHO�DW�WKH�EULGJH�PDVWHU� 
����5HVHUYHG 

� 52 �[� UHVHUYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1860 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

$;B613B(1 
$;,�6HULDOL]H�1RQ�3RVWHG�5HTXHVWV�(QDEOH��7KLV�ILHOG�HQDEOHV�WKH�
$;,�%ULGJH�WR�VHULDOL]H�VDPH�,'�1RQ�3RVWHG�5HDG�:ULWH�5HTXHVWV�
RQ�WKH�ZLUH��6HULDOL]DWLRQ�LPSOLHV�RQH�RXWVWDQGLQJ�VDPH�,'�13�
5HDG�RU�:ULWH�RQ�WKH�ZLUH�DQG�XVHG�WR�DYRLG�$;,�5$5�DQG�:$:�
KD]DUGV�DW�WKH�UHPRWH�OLQN�SDUWQHU� 

� 52 �[� UHVHUYHG 
 
3/B&2+(5(1&<B&21752/B�B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

&)*B0(07<3(B%281'$5<B/2:B$''5 
%RXQGDU\�/RZHU�$GGUHVV�)RU�0HPRU\�7\SH��%LWV�>����@�RI�GZRUG�
DOLJQHG�DGGUHVV�RI�WKH�ERXQGDU\�IRU�0HPRU\�W\SH��7KH�WZR�ORZHU�
DGGUHVV�/6%V�DUH�������$GGUHVVHV�XS�WR�EXW�QRW�LQFOXGLQJ�WKLV�
YDOXH�DUH�LQ�WKH�ORZHU�DGGUHVV�VSDFH�UHJLRQ��DGGUHVVHV�HTXDO�RU�
JUHDWHU�WKDQ�WKLV�YDOXH�DUH�LQ�WKH�XSSHU�DGGUHVV�VSDFH�UHJLRQ� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

� 52 �[� UHVHUYHG 

� 5: �[� 

&)*B0(07<3(B9$/8( 
6HWV�WKH�PHPRU\�W\SH�IRU�WKH�ORZHU�DQG�XSSHU�SDUWV�RI�WKH�
DGGUHVV�VSDFH� 
���ORZHU� �3HULSKHUDO��XSSHU� �0HPRU\ 
���ORZHU� �0HPRU\�W\SH��XSSHU� �3HULSKHUDO 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

 
3/B&2+(5(1&<B&21752/B�B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
&)*B0(07<3(B%281'$5<B+,*+B$''5 
%RXQGDU\�8SSHU�$GGUHVV�)RU�0HPRU\�7\SH��%LWV�>�����@�RI�WKH�
���ELW�GZRUG�DOLJQHG�DGGUHVV�RI�WKH�ERXQGDU\�IRU�0HPRU\�W\SH� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

 
3/B&2+(5(1&<B&21752/B�B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 52 �[� UHVHUYHG 

����� 5: �[� 

&)*B0675B$:&$&+(B9$/8( 
0DVWHU�:ULWH�&$&+(�6LJQDO�9DOXH��9DOXH�RI�WKH�LQGLYLGXDO�ELWV�LQ�
PVWUBDZFDFKH�ZKHQ�&)*B0675B$:&$&+(B02'(�LV�
�
� 
1RWH��QRW�DSSOLFDEOH�WR�PHVVDJH�UHTXHVWV��IRU�PHVVDJH�UHTXHVWV�
WKH�YDOXH�RI�PVWUBDZFDFKH�LV�DOZD\V������� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

����� 52 �[� UHVHUYHG 

����� 5: �[� 
&)*B0675B$5&$&+(B9$/8( 
0DVWHU�5HDG�&$&+(�6LJQDO�9DOXH��9DOXH�RI�WKH�LQGLYLGXDO�ELWV�LQ�
PVWUBDUFDFKH�ZKHQ�&)*B0675B$5&$&+(B02'(�LV�
�
� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

����� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

&)*B0675B$:&$&+(B02'( 
0DVWHU�:ULWH�&$&+(�6LJQDO�%HKDYLRU��'HILQHV�KRZ�WKH�LQGLYLGXDO�
ELWV�LQ�PVWUBDZFDFKH�DUH�FRQWUROOHG� 
���VHW�DXWRPDWLFDOO\�E\�WKH�$;,�PDVWHU 
���VHW�E\�WKH�YDOXH�RI�WKH�FRUUHVSRQGLQJ�ELW�RI�WKH�
&)*B0675B$:&$&+(B9$/8(�ILHOG 
1RWH��IRU�PHVVDJH�UHTXHVWV�WKH�YDOXH�RI�PVWUBDZFDFKH�LV�DOZD\V�
�������UHJDUGOHVV�RI�WKH�YDOXH�RI�WKLV�ELW 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

���� 52 �[� UHVHUYHG 

��� 5: �[� 

&)*B0675B$5&$&+(B02'( 
0DVWHU�5HDG�&$&+(�6LJQDO�%HKDYLRU��'HILQHV�KRZ�WKH�LQGLYLGXDO�
ELWV�LQ�PVWUBDUFDFKH�DUH�FRQWUROOHG� 
���VHW�DXWRPDWLFDOO\�E\�WKH�$;,�PDVWHU 
���VHW�E\�WKH�YDOXH�RI�WKH�FRUUHVSRQGLQJ�ELW�RI�WKH�
&)*B0675B$5&$&+(B9$/8(�ILHOG 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

��� 52 �[� UHVHUYHG 
 
3/B$;,B0675B06*B$''5B/2:B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[����� 
&)*B$;,0675B06*B$''5B/2: 
/RZHU����ELWV�RI�WKH�SURJUDPPDEOH�$;,�DGGUHVV�IRU�0HVVDJHV� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

���� 52 �[��� 
&)*B$;,0675B06*B$''5B/2:B5(6(59(' 
5HVHUYHG�IRU�IXWXUH�XVH� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

 
3/B$;,B0675B06*B$''5B+,*+B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
&)*B$;,0675B06*B$''5B+,*+ 
8SSHU����ELWV�RI�WKH�SURJUDPPDEOH�$;,�DGGUHVV�IRU�0HVVDJHV� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

 
3/B3&,(B9(56,21B180%(5B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������D 9(56,21B180%(5 
9HUVLRQ�1XPEHU� 

 
3/B3&,(B9(56,21B7<3(B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�����D�D 9(56,21B7<3( 
9HUVLRQ�7\SH� 

 
3/B06,;B$''5(66B0$7&+B/2:B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
06,;B$''5(66B0$7&+B/2: 
06,�;�$GGUHVV�0DWFK�/RZ�$GGUHVV� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
06,;B$''5(66B0$7&+B(1 
06,�;�0DWFK�(QDEOH��(QDEOH�WKH�06,�;�$GGUHVV�0DWFK�IHDWXUH�
ZKHQ�WKH�$;,�EULGJH�LV�SUHVHQW� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

 
3/B06,;B$''5(66B0$7&+B+,*+B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
06,;B$''5(66B0$7&+B+,*+ 
06,�;�$GGUHVV�0DWFK�+LJK�$GGUHVV� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

 
3/B06,;B'225%(//B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� :2 �[�� 
06,;B'225%(//B3) 
06,;�'RRUEHOO�3K\VLFDO�)XQFWLRQ��7KLV�UHJLVWHU�GHWHUPLQHV�WKH�
3K\VLFDO�)XQFWLRQ�IRU�WKH�06,�;�WUDQVDFWLRQ� 

����� :2 �[�� 
06,;B'225%(//B9) 
06,;�'RRUEHOO�9LUWXDO�)XQFWLRQ��7KLV�UHJLVWHU�GHWHUPLQHV�WKH�
9LUWXDO�)XQFWLRQ�IRU�WKH�06,�;�WUDQVDFWLRQ� 

�� :2 �[� 
06,;B'225%(//B9)B$&7,9( 
06,;�'RRUEHOO�9LUWXDO�)XQFWLRQ�$FWLYH��7KLV�UHJLVWHU�GHWHUPLQHV�
ZKHWKHU�D�9LUWXDO�)XQFWLRQ�LV�XVHG�WR�JHQHUDWH�WKH�06,�;�
WUDQVDFWLRQ� 

����� :2 �[� 
06,;B'225%(//B7& 
06,;�'RRUEHOO�7UDIILF�&ODVV��7KLV�UHJLVWHU�GHWHUPLQHV�ZKLFK�WUDIILF�
FODVV�WR�JHQHUDWH�WKH�06,�;�WUDQVDFWLRQ�ZLWK� 

�� 52 �[� UHVHUYHG 

���� :2 �[��� 
06,;B'225%(//B9(&725 
06,�;�'RRUEHOO�9HFWRU��7KLV�UHJLVWHU�GHWHUPLQHV�ZKLFK�YHFWRU�WR�
JHQHUDWH�WKH�06,�;�WUDQVDFWLRQ�IRU� 

 
3/B06,;B5$0B&75/B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

�� 5: �[� 

06,;B5$0B&75/B'%*B3%$ 
06,;�3%$�5$0�'HEXJ�0RGH��8VH�WKLV�ELW�WR�DFWLYDWH�WKH�GHEXJ�
PRGH�DQG�DOORZ�GLUHFW�UHDG�ZULWH�DFFHVV�WR�WKH�3%$��8VH�FDQ�DOVR�
XVH�WKH�GEJBSED�LQSXW�WR�DFWLYDWH�GHEXJ�PRGH��'HEXJ�PRGH�
WXUQV�RII�WKH�3)�9)�2IIVHW�EDVHG�DGGUHVVLQJ�LQWR�WKH�5$0�DQG�
PDSV�WKH�HQWLUH�WDEOH�OLQHDUO\�IURP�WKH�EDVH�DGGUHVV�RI�WKH�%$5�
�LQGLFDWHG�E\�WKH�%,5��LQ�IXQFWLRQ��� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

�� 5: �[� 

06,;B5$0B&75/B'%*B7$%/( 
06,;�7DEOH�5$0�'HEXJ�0RGH��8VH�WKLV�ELW�WR�DFWLYDWH�WKH�GHEXJ�
PRGH�DQG�DOORZ�GLUHFW�UHDG�ZULWH�DFFHVV�WR�WKH�7DEOH��8VH�FDQ�
DOVR�XVH�WKH�GEJBWDEOH�LQSXW�WR�DFWLYDWH�GHEXJ�PRGH��'HEXJ�
PRGH�WXUQV�RII�WKH�3)�9)�2IIVHW�EDVHG�DGGUHVVLQJ�LQWR�WKH�5$0�
DQG�PDSV�WKH�HQWLUH�WDEOH�OLQHDUO\�IURP�WKH�EDVH�DGGUHVV�RI�WKH�
%$5��LQGLFDWHG�E\�WKH�%,5��LQ�IXQFWLRQ��� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

����� 52 �[�� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

06,;B5$0B&75/B%<3$66 
06,;�5$0�&RQWURO�%\SDVV��7KH�E\SDVV�ILHOG��ZKHQ�VHW��GLVDEOHV�
WKH�LQWHUQDO�JHQHUDWLRQ�RI�ORZ�SRZHU�VLJQDOV�IRU�ERWK�5$0V��,W�LV�
XS�WR�WKH�DSSOLFDWLRQ�WR�HQVXUH�WKH�5$0V�DUH�LQ�WKH�SURSHU�SRZHU�
VWDWH�EHIRUH�WU\LQJ�WR�DFFHVV�WKHP��0RUHRYHU��WKH�DSSOLFDWLRQ�
QHHGV�WR�REVHUYH�DOO�WLPLQJ�UHTXLUHPHQWV�RI�WKH�5$0�ORZ�SRZHU�
VLJQDOV�EHIRUH�WU\LQJ�WR�XVH�WKH�06,;�IXQFWLRQDOLW\� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

����� 52 �[�� UHVHUYHG 

� 5: �[� 

06,;B5$0B&75/B3%$B6' 
06,;�3%$�5$0�6KXW�'RZQ��6HW�WKLV�ELW�WR�GULYH�WKH�
FIJBPVL[BSEDBVG�RXWSXW�WR�VLJQDO�\RXU�H[WHUQDO�ORJLF�WR�SODFH�WKH�
06,;�3%$�5$0�LQ�6KXW�'RZQ�ORZ�SRZHU�PRGH� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

� 5: �[� 

06,;B5$0B&75/B3%$B'6 
06,;�3%$�5$0�'HHS�6OHHS��6HW�WKLV�ELW�WR�GULYH�WKH�
FIJBPVL[BSEDBGV�RXWSXW�WR�VLJQDO�\RXU�H[WHUQDO�ORJLF�WR�SODFH�WKH�
06,;�3%$�5$0�LQ�'HHS�6OHHS�ORZ�SRZHU�PRGH� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

��� 52 �[�� UHVHUYHG 

� 5: �[� 

06,;B5$0B&75/B7$%/(B6' 
06,;�7DEOH�5$0�6KXW�'RZQ��6HW�WKLV�ELW�WR�GULYH�WKH�
FIJBPVL[BWDEOHBVG�RXWSXW�WR�VLJQDO�\RXU�H[WHUQDO�ORJLF�WR�SODFH�
WKH�06,;�7DEOH�5$0�LQ�6KXW�'RZQ�ORZ�SRZHU�PRGH� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

� 5: �[� 

06,;B5$0B&75/B7$%/(B'6 
06,;�7DEOH�5$0�'HHS�6OHHS��6HW�WKLV�ELW�WR�GULYH�WKH�
FIJBPVL[BWDEOHBGV�RXWSXW�WR�VLJQDO�\RXU�H[WHUQDO�ORJLF�WR�SODFH�
WKH�06,;�7DEOH�5$0�LQ�'HHS�6OHHS�ORZ�SRZHU�PRGH� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

 
3/B/75B/$7(1&<B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�%��� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

12B61223B/$7(1&<B5(48,5( 
1R�6QRRS�/DWHQF\�5HTXLUHPHQW� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5 
'EL��5�: 

����� 52 �[� UHVHUYHG 

����� 5: �[� 

12B61223B/$7(1&<B6&$/( 
1R�6QRRS�/DWHQF\�6FDOH� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5 
'EL��5�: 

����� 5: �[��� 

12B61223B/$7(1&<B9$/8( 
1R�6QRRS�/DWHQF\�9DOXH� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5 
'EL��5�: 

�� 5: �[� 

61223B/$7(1&<B5(48,5( 
6QRRS�/DWHQF\�5HTXLUHPHQW� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5 
'EL��5�: 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[� 

61223B/$7(1&<B6&$/( 
6QRRS�/DWHQF\�6FDOH� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5 
'EL��5�: 

��� 5: �[��� 

61223B/$7(1&<B9$/8( 
6QRRS�/DWHQF\�9DOXH� 
1RWH��7KH�DFFHVV�DWWULEXWHV�RI�WKLV�ILHOG�DUH�DV�IROORZV� 
:LUH��5 
'EL��5�: 

 
3/B$8;B&/.B)5(4B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�%��� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[������ UHVHUYHG 

��� 5: �[��� 

$8;B&/.B)5(4 
7KH�DX[BFON�IUHTXHQF\�LQ�0+]��7KLV�YDOXH�LV�XVHG�WR�SURYLGH�D���
XV�UHIHUHQFH�IRU�FRXQWLQJ�WLPH�GXULQJ�ORZ�SRZHU�VWDWHV�ZLWK�
DX[BFON�ZKHQ�WKH�3+<�KDV�UHPRYHG�WKH�SLSHBFON��)UHTXHQFLHV�
ORZHU�WKDQ���0+]�DUH�SRVVLEOH�EXW�ZLWK�D�ORVV�RI�DFFXUDF\�LQ�WKH�
WLPH�FRXQWHG��,I�WKH�DFWXDO�IUHTXHQF\��I��RI�DX[BFON�GRHV�QRW�
H[DFWO\�PDWFK�WKH�SURJUDPPHG�IUHTXHQF\��IBSURJ���WKHQ�WKHUH�LV�
DQ�HUURU�LQ�WKH�WLPH�FRXQWHG�E\�WKH�FRQWUROOHU�WKDW�FDQ�EH�
H[SUHVVHG�LQ�SHUFHQWDJH�DV��HUU�� ��IBSURJ�I��������)RU�
H[DPSOH�LI�I ����0+]�DQG�IBSURJ ��0+]��WKHQ�HUU�� �������
������ �����PHDQLQJ�WKDW�WKH�WLPH�FRXQWHG�E\�WKH�FRQWUROOHU�
RQ�DX[BFON�ZLOO�EH�����JUHDWHU�WKDQ�WKH�WLPH�LQ�XV�SURJUDPPHG�
LQ�WKH�FRUUHVSRQGLQJ�WLPH�UHJLVWHU��IRU�H[DPSOH�7B32:(5B21�� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

 
3/B/�B68%67$7(6B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�%��� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[� 

/�68%B7B3&/.$&. 
0D[�GHOD\��LQ��XV�XQLWV��EHWZHHQ�D�0$&�UHTXHVW�WR�UHPRYH�WKH�
FORFN�RQ�PDFBSK\BSFONUHTBQ�DQG�D�3+<�UHVSRQVH�RQ�
SK\BPDFBSFONDFNBQ��,I�WKH�3+<�GRHV�QRW�UHVSRQG�ZLWKLQ�WKLV�WLPH�
WKH�UHTXHVW�LV�DERUWHG��5DQJH�LV����� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

��� 5: �[� 
/�68%B7B/�B� 
'XUDWLRQ��LQ��XV�XQLWV��RI�/�����5DQJH�LV������ 
1RWH��7KH�WLPHRXW�YDOXH�FDQ�YDU\�E\����� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

��� 5: �[� 
/�68%B7B32:(5B2)) 
'XUDWLRQ��LQ��XV�XQLWV��RI�/����(QWU\��5DQJH�LV����� 
1RWH��7KH�WLPHRXW�YDOXH�FDQ�YDU\�E\����� 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

 
3/B3,3(B5(/$7('B2))�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�%��� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

3,3(B*$5%$*(B'$7$B02'( 
3,3(�*DUEDJH�'DWD�0RGH� 
���3,3(�6SHF�FRPSOLDQW�PRGH��7KH�0$&�GLVFDUGV�DQ\�V\PEROV�
UHFHLYHG�DIWHU�WKH�HOHFWULFDO�LGOH�RUGHUHG�VHW�XQWLO�5[9DOLG�LV�
GHDVVHUWHG� 
���6SHFLDO�3+<�6XSSRUW�PRGH��7KH�0$&�GLVFDUGV�DQ\�V\PEROV�
UHFHLYHG�DIWHU�WKH�HOHFWULFDO�LGOH�RUGHUHG�VHW�XQWLO�ZKHQ�DQ\�RI�WKH�
IROORZLQJ�WKUHH�FRQGLWLRQV�DUH�WUXH� 
5[9DOLG�LV�GHDVVHUWHG 
D�YDOLG�5[6WDUW%ORFN�LV�UHFHLYHG�DW����E����E�HQFRGLQJ 
D�YDOLG�&20�V\PERO�LV�UHFHLYHG�DW��E���E�HQFRGLQJ 
1RWH��7KLV�UHJLVWHU�ILHOG�LV�VWLFN\� 

��� 52 �[�� UHVHUYHG 
 
 

18.5 Interface Description 
Table 18-6 PCIe 2-lane DM G3 Interface Description 

Module Pin Dir. Pin Name IOMUX Setting 

pcie_button_rs

t_n 

I CLK32K_IN/CLK32K_OUT0/PCIE30X2_BUTTONRSTn/

GPIO0_B0_u 

PMU_GRF_GPI2�%B,208;B/>���@ �¶K� 

pcie_perst_n I PWM7_IR/SPI0_CS0_M0/PCIE30X2_PERSTn_M0/GPIO

0_C6_d 

308B*5)B*3,2�$B,208;B+>����@ �¶K� 

LCDC_D6/VOP_BT656_D6_M0/SPI2_MOSI_M1/PCIE3

0X2_PERSTn_M1/I2S1_SDI3_M2/GPIO2_D6_d 

*5)B*3,2�'B,208;B+>����@� �¶K� 

EDP_DP_HPDIN_M0/SPDIF_TX_M2/SATA2_ACT_LED/

PCIE30X2_PERSTn_M2/I2S3_LRCK_M1/GPIO4_C4_d 

*5)B*3,2�&B,208;B+>���@� �¶K� 

pcie_wake_in/

out 

I/O PWM6/SPI0_MISO_M0/PCIE30X2_WAKEn_M0/GPIO0_

C5_d 

308B*5)B*3,2�&B,208;B+>���@� �¶K� 

LCDC_D5/VOP_BT656_D5_M0/SPI2_CS0_M1/PCIE30

X2_WAKEn_M1/I2S1_SDI2_M2/GPIO2_D5_d 

*5)B*3,2�'B,208;B+>���@� �¶K� 

PWM15_IR_M1/SPI3_MOSI_M1/CAN1_TX_M1/PCIE30

X2_WAKEn_M2/I2S3_SCLK_M1/GPIO4_C3_d 

*5)B*3,2�&B,208;B/>�����@� �¶K� 

pcie_clkreq_in

/out_n 

I/O GPU_PWREN/SATA_CP_POD/PCIE30X2_CLKREQn_M0

/GPIO0_A6_d 

PMU_GRF_GPIO0A_IOMUX_H[11:8] 

 �¶K� 

LCDC_D4/VOP_BT656_D4_M0/SPI2_CS1_M1/PCIE30

X2_CLKREQn_M1/I2S1_SDI1_M2/GPIO2_D4_d 

*5)B*3,2�'B,208;B+>���@� �¶K� 

PWM14_M1/SPI3_CLK_M1/CAN1_RX_M1/PCIE30X2_C

LKREQn_M2/I2S3_MCLK_M1/GPIO4_C2_d 

*5)B*3,2�&B,208;B/>����@� �¶K� 

1RWHV��, LQSXW��2 RXWSXW��,�2 LQSXW�RXWSXW��ELGLUHFWLRQDO 
7KH�0��0��0��*URXS�LV�FRQWUROOHG�E\�*5)B,2)81&B6(/�>���@� 
 

Table 18-7 PCIe 1-lane RC G3 Interface Description 
Module Pin Dir. Pin Name IOMUX Setting 

pcie_button_rs

t_n 

I I2C1_SCL/CAN0_TX_M0/PCIE30X1_BUTTONRSTn/MC

U_JTAG_TDO/GPIO0_B3_u 

308B*5)B*3,2�%B,208;B/>�����@ �¶K

3 

pcie_perst_n I PWM4/VOP_PWM_M0/PCIE30X1_PERSTn_M0/MCU_JT

AG_TRSTn/GPIO0_C3_d 

PMU_GRF_GPIO0C_IOMUX_L[15:12] 

 �¶K� 

LCDC_D8/VOP_BT1120_D0/SPI1_CS0_M1/PCIE30X1_ *5)B*3,2�$B,208;B/>���@� �¶K� 
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Module Pin Dir. Pin Name IOMUX Setting 

PERSTn_M1/SDMMC2_D0_M1/GPIO3_A1_d 

I2S1_MCLK_M0/UART3_RTSn_M0/SCR_CLK/PCIE30X

1_PERSTn_M2/GPIO1_A2_d 

*5)B*3,2�$B,208;B/>����@� �¶K� 

pcie_wake_in/

out 

I/O PWM3_IR/EDP_DP_HPDIN_M1/PCIE30X1_WAKEn_M0

/MCU_JTAG_TMS/GPIO0_C2_d 

308B*5)B*3,2�&B,208;B/>����@� �¶K� 

LCDC_D3/VOP_BT656_D3_M0/SPI0_CLK_M1/PCIE30

X1_WAKEn_M1/I2S1_SDI0_M2/GPIO2_D3_d 

*5)B*3,2�'B,208;B/>�����@� �¶K� 

I2S1_SCLK_TX_M0/UART3_CTSn_M0/SCR_IO/PCIE30

X1_WAKEn_M2/ACODEC_DAC_CLK/GPIO1_A3_d 

GRF_GPIO1A_IO08;B/>�����@� �¶K� 

pcie_clkreq_in

/out_n 

I/O SDMMC0_DET/SATA_CP_DET/PCIE30X1_CLKREQn_M

0/GPIO0_A4_u 

308B*5)B*3,2�$B,208;B+>���@� �¶K� 

LCDC_D2/VOP_BT656_D2_M0/SPI0_CS0_M1/PCIE30

X1_CLKREQn_M1/I2S1_LRCK_TX_M2/GPIO2_D2_d 

*5)B*3,2�'B,208;B/>����@� �¶K� 

I2S1_LRCK_TX_M0/UART4_RTSn_M0/SCR_RST/PCIE3

0X1_CLKREQn_M2/ACODEC_DAC_SYNC/GPIO1_A5_d 

*5)B*3,2�$B,208;B+>���@� �¶K� 

1RWHV��, LQSXW��2 RXWSXW��,�2 LQSXW�RXWSXW��ELGLUHFWLRQDO 
7KH�0��0��0��*URXS�LV�FRQWUROOHG�E\�*5)B,2)81&B6(/�>���@� 
 

Table 18-8 PCIe 1-lane RC G2 Interface Description 
Module Pin Dir. Pin Name IOMUX Setting 

pcie_button_rs

t_n 

I I2C1_SDA/CAN0_RX_M0/PCIE20_BUTTONRSTn/MCU_

JTAG_TCK/GPIO0_B4_u 

308B*5)B*3,2�%B,208;B+>���@ �¶K� 

pcie_perst_n I I2C2_SDA_M0/SPI0_MOSI_M0/PCIE20_PERSTn_M0/P

WM2_M1/GPIO0_B6_u 

PMU_GRF_GPIO0B_IOMUX_H[11:8] 

 �¶K� 

LCDC_HSYNC/VOP_BT1120_D13/SPI1_MOSI_M1/PCI

E20_PERSTn_M1/I2S1_SDO2_M2/GPIO3_C1_d 

*5)B*3,2�&B,208;B/>���@� �¶K� 

I2S1_SDO3_M0/I2S1_SDI1_M0/PDM_SDI1_M0/PCIE2

0_PERSTn_M2/GPIO1_B2_d 

*5)B*3,2�%B,208;B/>����@� �¶K� 

pcie_wake_in/

out 

I/O I2C2_SCL_M0/SPI0_CLK_M0/PCIE20_WAKEn_M0/PW

M1_M1/GPIO0_B5_u 

308B*5)B*3,2�%B,208;B+>���@� �¶K� 

LCDC_D1/VOP_BT656_D1_M0/SPI0_MOSI_M1/PCIE2

0_WAKEn_M1/I2S1_SCLK_TX_M2/GPIO2_D1_d 

GRF_GPIO2D_IOMUX_L>���@� �¶K� 

I2S1_SDO2_M0/I2S1_SDI2_M0/PDM_SDI2_M0/PCIE2

0_WAKEn_M2/ACODEC_ADC_SYNC/GPIO1_B1_d 

*5)B*3,2�%B,208;B/>���@� �¶K� 

pcie_clkreq_in

/out_n 

I/O SDMMC0_PWREN/SATA_MP_SWITCH/PCIE20_CLKRE

Qn_M0/GPIO0_A5_d 

308B*5)B*3,2�$B,208;B+>���@� �¶K� 

LCDC_D0/VOP_BT656_D0_M0/SPI0_MISO_M1/PCIE2

0_CLKREQn_M1/I2S1_MCLK_M2/GPIO2_D0_d 

*5)B*3,2�'B,208;B/>���@� �¶K� 

I2S1_SDO1_M0/I2S1_SDI3_M0/PDM_SDI3_M0/PCIE2

0_CLKREQn_M2/ACODEC_DAC_DATAR/GPIO1_B0_d 

*5)B*3,2�%B,208;B/>���@� �¶K� 

1RWHV��, LQSXW��2 RXWSXW��,�2 LQSXW�RXWSXW��ELGLUHFWLRQDO 
 
7KH�0��0��0��*URXS�LV�FRQWUROOHG�E\�*5)B,2)81&B6(/�>���@� 
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18.6 Application Notes 
18.6.1 &ORFN�DQG�5HVHW 
18.6.1.1 Clock Overview 
7KH�3&,H�PRGXOH�XVHV�PXOWLSOH�FORFN�GRPDLQV��LW�FRQVLVWV�RI�V\VWHP�EXV�FORFNV��$3%�DQG�
$;,���&RUH�IXQFWLRQ�FORFN��3,3(�LQWHUIDFH�FORFN��3RZHU�PDQDJHPHQW�FORFN��DQG�3&,H�3+<�
UHIHUHQFH�FORFN��  
7KH�V\VWHP�EXV�FORFN�LV�JHQHUDWHG�IURP�62&�PDLQ�3//�LQWHUQDOO\��SOHDVH�UHIHU�WR�WKH�UHODWLYH�
FKDSWHU�IRU�GHWDLOV��6\VWHP�EXV�FORFN�JDWLQJ�LV�KDQGOHG�DXWRPDWLFDOO\�E\�3&,H�FRQWUROOHU��DQG�
WKH�FORFN�JDWLQJ�FDQ�EH�GLVDEOH�E\�VRIWZDUH�WKURXJK�3&,(B&/,(17B/2&$/B&58B&75/�
5HJLVWHU� 
&RUH�IXQFWLRQ�FORFN�LV�GHULYHG�IURP�WKH�3,3(�LQWHUIDFH�FORFN�RXWSXW�IURP�WKH�3&,H�3+<��,Q�
VSHFLILF�ORZ�SRZHU�VWDWH��FRUH�IXQFWLRQ�FORFN�LV�JDWHG�DQG�VZLWFK�WR�3RZHU�PDQDJHPHQW�FORFN�
DXWRPDWLFDOO\� 
7KH�3+<�7;�3//�JHQHUDWHV�3,3(�LQWHUIDFH�FORFN�IURP�WKH�SODWIRUP�UHIHUHQFH�FORFN��7KH�3&,H�
OLQN�7UDLQLQJ�DQG�WUDQVDFWLRQ�LV�FRPSOHWHO\�GHSHQGHQW�XSRQ�DYDLODELOLW\�RI�WKLV�FORFN��
$SSOLFDWLRQ�VKRXOG�QRW�LQLWLDWH�WUDQVDFWLRQV�EHIRUH�HQVXULQJ�WKDW�WKH�3+<�3//�LV�ORFNHG��  
7KH�3RZHU�PDQDJHPHQW�FORFN�ZKLFK�VKRXOG�EH�IL[HG�ZLWK���0+]�GULYHQ�E\�FU\VWDO�LQSXW�
FORFN��7KH�3&,H�FRQWUROOHU�XVHV�WKLV�FORFN�IRU�FRXQWLQJ�WLPH�GXULQJ�/��VXEVWDWHV��<RX�PXVW�
SURJUDP�WKH�IUHTXHQF\�RI�WKLV�FORFN�LQWR�WKH�/�B68%67$7(6B2))�UHJLVWHU�ZLWK�D�YDOXH�RI�
��0+]�WR�FRXQW�UHDO�WLPH� 
0DQ\�3&,H�FRQQHFWLRQV��HVSHFLDOO\�EDFNSODQH�FRQQHFWLRQV��UHTXLUH�D�V\QFKURQRXV�UHIHUHQFH�
FORFN�EHWZHHQ�WKH�WZR�OLQN�SDUWQHUV��7R�DFKLHYH�WKLV�D�FRPPRQ�FORFN�VRXUFH��UHIHUUHG�WR�DV�
5()&/.�LQ�WKH�3&,�([SUHVV�&DUG�(OHFWURPHFKDQLFDO�6SHFLILFDWLRQ��VKRXOG�EH�XVHG�E\�ERWK�
HQGV�RI�WKH�3&,H�OLQN��WKH�3&,H�3+<�SURYLGHV����0+]�GLIIHUHQWLDO�FORFN�RXWSXW��RSWLRQDO�ZLWK�
66&��LQ�5&�PRGH�IRU�V\VWHP�DSSOLFDWLRQ��,I�6SUHDG�6SHFWUXP�&ORFNLQJ��66&��LV�XVHG�LW�LV�
UHTXLUHG�WKDW�D�FRPPRQ�UHIHUHQFH�FORFN�EH�XVHG�E\�WKH�OLQN�SDUWQHUV��0RVW�FRPPHUFLDOO\�
DYDLODEOH�SODWIRUPV�ZLWK�3&,H�EDFNSODQHV�XVH�6SUHDG�6SHFWUXP�&ORFNLQJ�WR�UHGXFH�(0,��,I�
FRPPRQ�FORFN�DUFKLWHFWXUH�LV�XVHG��WKH�XVHU�GULYHU�VKRXOG�FRQILJXUH�WKH�3+<�LQWHUQDO�
FRQILJXUDWLRQ�ELWV�WR�HQDEOH�WKH�IHDWXUH�RI����0+]�GLIIHUHQWLDO�FORFN�RXWSXW� 
18.6.1.2 PCIe PHY Reference Clock 
,Q�5&�PRGH��3&,H�3+<�FDQ�XVH�LQWHUQDO�VLQJOH�HQGHG�FORFN�ZKLFK�FDQ�EH�FRQILJXUHG�WR�
��0K]����0K]����0K]�RU����0K]��0HDQZKLOH��3&,H�3+<�FDQ�SURYLGH�GLIIHUHQWLDO�FORFN�RXWSXW�
IRU�V\VWHP�DSSOLFDWLRQ��7KH�VRXUFH�RI�GLIIHUHQWLDO�FORFN�RXWSXW�FDQ�EH�VHOHFW�IURP�LQWHUQDO�
VLQJOH�HQGHG�FORFN�RU�3+<�7;�3//� 
,Q�(3�PRGH��3&,H�3+<�FDQ�XVH�LQWHUQDO�VLQJOH�HQGHG�FORFN�RU�H[WHUQDO�GLIIHUHQWLDO�FORFN�LQSXW�
DV�LWV�UHIHUHQFH�FORFN��7KH�5HIHUHQFH�FORFN�VWUXFWXUH�DQG�UHODWHG�FRQILJXUDWLRQ�LV�VKRZQ�
EHORZ� 
 
)RU�PRUH�GHWDLO�LQIRUPDWLRQ��SOHDVH�UHIHU�WR�VHFWLRQ�3&,H��86%��3+<�'HWDLO�5HJLVWHU�
'HVFULSWLRQ�IRU�3+<�UHJLVWHU�GHVFULSWLRQ� 
18.6.1.3 Reset Overview 
18.6.1.3.1 Power-On Reset 
7KH�SRZHU�RQ�UHVHW�LV�XVHG�DV�FROG�UHVHW�RI�WKH�3&,H��7KH�HQWLUH�PRGXOH�LV�UHVHW�ZKHQ 
SRZHU�RQ�UHVHW�LV�DVVHUWHG��$IWHU�GH�DVVHUWLRQ�RI�WKH�SRZHU�RQ�UHVHW��WKH�3&,H�3+<�DQG�3&,H�
&RUH�IXQFWLRQ�UHVHW�NHHS�XQWLO�WKH�VRIWZDUH�UHOHDVH�WKHP��$SSOLFDWLRQ�VKRXOG�ILQLVK�3&,H�3+<�
FRQILJXUDWLRQ�DQG�ZDLW�IRU�7;�3//�ORFN�EHIRUH�UHOHDVH�UHVHW� 
18.6.1.3.2 System reset 
7KH�3&,H�&RQWUROOHU�KDV�WKH�IROORZLQJ�GLVWLQFW�UHVHWV��DOO�RI�WKHVH�DUH�FRQILJXUDEOH�WKURXJK�
VRIWZDUH�GULYHU��7KLV�VHFWLRQ�GHVFULEHV�WKH�IXQFWLRQ�RI�HDFK�RI�WKH�UHVHW�LQSXWV� 
z EXWWRQBUVWBQ��%XWWRQ�UHVHW�IURP�ERDUG�LI�UHODWHG�,2�KDV�EHHQ�XVHG��3OHDVH�UHIHU�WR�

,QWHUIDFH�'HVFULSWLRQ�VHFWLRQ�IRU�PRUH�LQIRUPDWLRQ��7KLV�UHVHW�KDV�DQ�HTXDO�IXQFWLRQDOLW\�
ZLWK�SRZHU�RQ�UHVHW� 

z SHUVWBQ��7KLV�UHVHW�ZRUNV�DV�:DUP�5HVHW�RI�3&,H�LI�UHODWHG�,2�KDV�EHHQ�XVHG��3OHDVH�
UHIHU�WR�,QWHUIDFH�'HVFULSWLRQ�VHFWLRQ�IRU�PRUH�LQIRUPDWLRQ� 

z FRUHBUVW��7KLV�LV�WKH�PDLQ�UHVHW�IRU�WKH�3&,H�&RQWUROOHU��,W�UHVHWV�DOO�WKH�ORJLF�LQ�WKH�FRUH�
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UXQQLQJ�LQ�WKH�&25(B&/.�GRPDLQ��H[FHSW�IRU�WKH�30&�PRGXOH��,W�NHHSV�UHVHW�ZLWK�
SRZHU�XS�UHVHW�E\�GHIDXOW��,W�DOVR�VKRXOG�EH�DVVHUWHG�ZKHQ�+RW�5HVHW�RU�OLQN�GRZQ�UHVHW�
RFFXUV��EXW�$SSOLFDWLRQ�VRIWZDUH�FDQ�GHOD\�FRUHBUVWBQ�EHHQ�DVVHUWHG�XQWLO�V\VWHP�LV�
UHDG\�WR�GR�FRUH�UHVHW��7KLV�GHOD\HG�UHVHW�RSHUDWLRQ�ZLOO�EH�GLVFXVVHG�LQ�QH[W�VHFWLRQ� 

z $;,�5HVHW��$OO�WKUHH�$;,�LQWHUIDFH�KDV�LWV�RZQ�UHVHW�LQSXW��PVWUBDUHVHWQ��VOYBDUHVHWQ��
GELBUHVHWQ��(DFK�UHVHWV�DOO�ORJLF�LQ�WKH�VSHFLILF�$;,B&/.�GRPDLQ��7\SLFDOO\��WKHVH�UHVHWV�
DUH�EH�DVVHUWHG�ZKHQHYHU�FRUHBUHVHW�LV�DVVHUWHG��$SSOLFDWLRQ�VRIWZDUH�VKDOO�KDYH�WKH�
NQRZOHGJH�RI�FKRRVLQJ�DQ�DSSURSULDWH�WLPH�WR�GULYH�WKLV�UHVHW�LQ�RUGHU�WR�DYRLG�WLPHV�
ZKHQ�D�WUDQVDFWLRQ�LV�LQ�IOLJKW� 

z QRQBVWLFN\BUVWBQ��5HVHWV�DOO�QRQ�VWLFN\�ELW�UHJLVWHUV�LQ�WKH�FRQILJXUDWLRQ�UHJLVWHU�VSDFH� 
z VWLFN\BUVWBQ���5HVHWV�DOO�VWLFN\�ELW�UHJLVWHUV�LQ�WKH�FRQILJXUDWLRQ�UHJLVWHU�VSDFH� 
z SZUBUVWBQ��5HVHWV�WKH�30&�PRGXOH�DQG�UHVHWV�DOO�UHJLVWHUV�LQ�WKH�30�FORFN�GRPDLQ��

LQFOXGLQJ�VWLFN\�ELWV� 
z SK\BUVWBQ��RXWSXW�UHVHW�VLJQDO�WR�UHVHW�WKH�3&,H�3+<��7KLV�UHVHW�DVVHUWHG�DORQJ�ZLWK�

3RZHU�2Q�5HVHW�DQG�+RW�5HVHW� 
30&�RI�3&,H�&RQWUROOHU�PD\�UHTXHVW�VRPH�V\VWHP�UHVHW�VXFK�DV�FRUHBUVWBQ��VWLFN\BUVWBQ��
QRQBVWLFN\BUVWBQ�DQG�SZUBUVWBQ��$SSOLFDWLRQ�FDQ�XVH�3&,(B&/,(17B/2&$/B&58B&75/�
UHJLVWHU�LQ�FOLHQW�UHJLVWHU�JURXS�WR�GLVDEOH�WKHVH�UHTXHVWV��5HIHU�WR�3&,H�&OLHQW�'HWDLO�5HJLVWHU�
'HVFULSWLRQ�IRU�PRUH�GHWDLOV� 
18.6.1.3.3 Hot Reset and Link-Down Reset 
$�GRZQVWUHDP�SRUW��'63��FDQ�KRW�UHVHW�DQ�XSVWUHDP�SRUW��863��E\�VHQGLQJ�WZR�FRQVHFXWLYH�
76��RUGHUHG�VHWV�ZLWK�WKH�KRW�UHVHW�ELW�DVVHUWHG��(YHQWXDOO\��WKH�'63�DQG�863�DVVHUW�
OLQNBUHTBUVWBQRW�WR�UHTXHVW�H[WHUQDO�ORJLF�WR�UHVHW�WKHP��$OWHUQDWLYHO\��GXULQJ�QRUPDO�
RSHUDWLRQ��WKH�OLQN�PLJKW�IDLO�DQG�JR�GRZQ��$IWHU�WKLV�OLQN�GRZQ�HYHQW��WKH�FRQWUROOHU�UHTXHVWV�
WKH�UHVHW�PRGXOH�WR�KRW�UHVHW�WKH�FRQWUROOHU��7KHUH�LV�QR�GLIIHUHQFH�LQ�WKH�KDQGOLQJ�RI�D�OLQN�
GRZQ�UHVHW�RU�D�KRW�UHVHW��WKH�FRQWUROOHU�FRUH�DVVHUWV�WKH�OLQNBUHTBUVWBQRW�RXWSXW�UHTXHVWLQJ�
WKH�UHVHW�PRGXOH�WR�UHVHW�WKH�FRQWUROOHU� 
+RW�5HVHW�RU�/LQN�GRZQ�UHVHW�FDQQRW�EH�DFWLYDWHG�EHIRUH�QR�WUDQVDFWLRQ�LV�DSSHQGLQJ�RQ�
V\VWHP�EXV��$SSOLFDWLRQ�VRIWZDUH�PXVW�FRQILUP�WKDW�V\VWHP�EXV�LV�LQ�,'/(�VWDWH�WKHQ�OHW�WKH�
UHVHW�RSHUDWLRQ�JR�RQ� 
 

 
Fig. 18-4 Delaying the PCIe Hot Reset 

)LJXUH�DERYH�LOOXVWUDWH�WKH�WLPLQJ�RI�KDQGOLQJ�+RW�5HVHW��:KHQ�+RW�5HVHW�RU�/LQN�GRZQ�UHVHW�
RFFXUV��FRQWUROOHU�ZLOO�DVVHUW�VPOKBUHTBUVWBQRW�DV�DQ�HDUO\�ZDUQLQJ��7KLV�ZDUQLQJ�LV�DQ�
LQWHUUXSW�ELW�LQ�&OLHQW�5HJLVWHU�JURXS��DSSBOWVVPBHQDEOH�VKRXOG�EH�GHDVVHUWHG�LPPHGLDWHO\�
WR�GLVDEOH�WKH�/7660��7KHQ�WKH�+RW�5HVHW�SURFHVV�LV�KROGLQJ�RQ��6RIWZDUH�WKHQ�VKRXOG�VHW�
WKH�3&,H�1,8�LQ�,'/(�VWDWH�E\�XVLQJ�3&,(�*5)�UHJLVWHUV��$IWHU�WKDW��VRIWZDUH�FDQ�DVVHUW�
DSSBOWVVPBHQDEOH�WR�OHW�WKH�FRQWUROOHU�WR�ILQLVK�WKH�UHVHW� 
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Fig. 18-5 PCIe Hot Reset Control Structure 

)LJXUH�DERYH�LOOXVWUDWH�WKH�+RW�5HVHW�FRQWURO�VWUXFWXUH��ZKHQ�DSSOLFDWLRQ�GHDVVHUW�
OLQNBUVWBJUW��WKH�DSSBOWVVPBHQDEOH�ZLOO�EH�JDWHG�LI�VPOKBUHTBUVWBQRW�LV�DVVHUWHG��&RQILJXUH�
KRWBUHVHWBJUW�E\�3&,(B*5)�UHJLVWHU�LV�UHFRPPHQG�DQG�WKH�FOLHQW�UHJLVWHU�FRQWURO�SDWK�LV�
UHVHUYHG�IRU�IXWXUH�XVH� 
7KH�OLQN�GRZQ�RU�KRW�UHVHW�IORZ�LV�DV�IROORZV� 
���:KHQ�OLQN�LV�XS��VHW�SFLHBOLQNBUVWBJUW��ELW���LQ�3&,HB86%B*5)B3&,HB&21��UHJLVWHU��WR����
7KHQ�VPOKBUHTBUVWBQRW�ZLOO�JDWH�OWVVPBHQDEOH�DQG�GHOD\�WKH�UHVHW�ZKHQ�OLQN�GRZQ� 
���:KHQ�OLQN�GRZQ�RU�KRW�UHVHW�RFFXUV��LQWHUUXSW�ELW�LQ�PCIE_CLIENT_INTR_STATUS_MISC 
will be set. 
3. Set ltssm_enable to 0. 
4. Set bit 1 in PCIe_USB_GRF_PCIe_CON0 register to 1 to IDLE PCIe NIU. 
5. Wait bit 1 in PCIe_USB_GRF_PCIe_STATUS0 set to 1 which indicates PCIe NIU idle status. 
���6RIWZDUH�VWRS�DOO�WUDQVDFWLRQV�RU�RWKHU�RSHUDWLRQV�WR�SUHSDUH�IRU�UHVHW� 
���/HW�UHVHW�RSHUDWLRQ�VWDUW�DQG�UHWUDLQ�WKH�OLQN��VHW�SFLHBOLQNBUVWBJUW��ELW���LQ�
3&,HB86%B*5)B3&,HB&21��UHJLVWHU��WR���DQG�VHW�OWVVPBHQDEOH�WR��� 
���:DLW�IRU�OLQN�XS�DQG�WKHQ�VHW�SFLHBOLQNBUVWBJUW�WR���WR�SUHSDUH�IRU�WKH�QH[W�OLQN�GRZQ�
UHVHW� 
18.6.2 ,QLWLDOL]DWLRQ 
18.6.2.1 Initialization Sequence for RC Mode 
7KH�LQLWLDOL]DWLRQ�VHTXHQFH�IRU�5&�PRGH�LV�DV�IROORZV� 
1. &RQILJXUH�WKH�,2�IRU�&/.5(4��DQG�:$.(��VLJQDOV��&RQILJXUH�WKH�RSWLRQDO�VLJQDOV�

EXWWRQBUVWBQ�DQG�SHUVWBQ�LI�WKH\�DUH�XVHG��3OHDVH�UHIHU�WR�VHFWLRQ�,QWHUIDFH�'HVFULSWLRQ�
IRU�GHWDLOV� 

2. &RQILJXUH�WKH�&58�UHJLVWHUV�WR�SURYLGH�UHIHUHQFH�FORFN�WR�3&,H�3+<��3OHDVH�UHIHU�WR�&58�
&KDSWHU�IRU�PRUH�LQIRUPDWLRQ� 

3. &RQILJXUH�86%�3+<�*HQHUDO�5HJLVWHU�)LOH�WR�VHW�3,3(�VLJQDOV�ZKLFK�DUH�XQXVHG�IRU�3&,H�
WR�DSSURSULDWH�YDOXHV� 

4. &RQILJXUH�3+<�UHJLVWHUV�WR�VHW�3&,H�3+<�ZRUN�LQ�3&,H�5&�0RGH��&RQILJXUH�&OLHQW�
5HJLVWHUV�WR�VHW�WKH�3&,H�&RQWUROOHU�GHYLFHBW\SH�WR�5&�PRGH� 

5. &RQILJXUH�3+<�UHJLVWHUV�WR�VHW�7;�3//�SDUDPHWHUV�WR�DSSURSULDWH�YDOXHV��)RU�
SURJUDPPLQJ�GHWDLOV��SOHDVH�UHIHU�WR�3URJUDPPLQJ�VHWWLQJ�IRU�3&,H�3+<�7;�3//��  

6. :DLW�IRU�3&,H�3+<�7;�3//�ORFN��WKHQ�UHOHDVH�VRIWZDUH�UHVHW�IRU�3&,H�&RQWUROOHU� 
7. $VVHUW�SFLHBOLQNBUVWBJUW�LQ�3&,(B*5)��UHIHU�WR�VHFWLRQ�+RW�5HVHW�DQG�/LQN�'RZQ�5HVHW��

WR�IUHH�OWVVPBHQDEOH�WR�SUHSDUH�IRU�OLQN�WUDLQLQJ��7KLV�VWHS�PXVW�EH�GRZQ�EHFDXVH�
VPOKBUHTBUVWBQRW�LV�DVVHUWHG�DIWHU�SRZHU�RQ�UHVHW�XQWLO�ILUVW�OLQN�XS��  

8. <RX�FDQ�SURJUDP�FRQWUROOHU�UHJLVWHUV�EHIRUH�/LQN�WUDLQLQJ�VWDUW�LI�QHFHVVDU\��/LQN�WUDLQLQJ�
FDQ�EH�LQLWLDOHG�E\�VHWWLQJ�ltssm_enable bit in register PCIE_CLIENT_GENERAL_CON to 
1. Link training success will set phy_link_up_int interrupt status bit in register 
PCIE_CLIENT_INTR_STATUS_MISC to 1. And if data flow initialization success, 
dll_link_up_int interrupt status bit will be set to one in same register. To 
Initially, the controller tries to linkup at maximum Link width, when you have unused 
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lanes in your system, you must tie them off using the hardware and software procedures 
outlined in section Tie off Unused Lanes.  
Link speed will change to Gen2 automatically if you set direct_speed_change bit to 1 in 
PL_GEN2_CTRL_OFF register and both device support Gen2 speed. 

9. RC finish the device Enumeration. For example: read the configuration space of the 
downstream devices, program device capabilities, program the BARs of endpoints. 

10. Writes to Bus Master Enable (BME), Memory Space Enable (MSE), then application can 
start application traffic generation. 

18.6.2.2 Initialization Sequence for EP Mode 
7KH�LQLWLDOL]DWLRQ�VHTXHQFH�IRU�5&�PRGH�LV�DV�IROORZV� 
1. &RQILJXUH�WKH�*3,2�FRQILJXUH�IRU�&/.5(4��DQG�:$.(��VLJQDOV��&RQILJXUH�WKH�RSWLRQDO�

VLJQDOV�EXWWRQBUVWBQ�DQG�SHUVWBQ�LI�WKH\�DUH�XVHG��3OHDVH�UHIHU�WR�VHFWLRQ�,QWHUIDFH�
'HVFULSWLRQ�IRU�GHWDLOV� 

2. &RQILJXUH�WKH�&58�UHJLVWHUV�WR�SURYLGH�UHIHUHQFH�FORFN�WR�3&,H�3+<��3OHDVH�UHIHU�WR�&58�
&KDSWHU�IRU�PRUH�LQIRUPDWLRQ��&RQILJXUH�3&,H�3+<�UHJLVWHU�LI�H[WHUQDO�GLIIHUHQWLDO�FORFN�LV�
XVH�DV�UHIHUHQFH�FORFN� 

3. &RQILJXUH�86%�3+<�*HQHUDO�5HJLVWHU�)LOH�WR�VHW�3,3(�VLJQDOV�ZKLFK�DUH�XQXVHG�IRU�3&,H�
WR�DSSURSULDWH�YDOXHV� 

4. &RQILJXUH�3+<�UHJLVWHUV�WR�VHW�3&,H�3+<�ZRUN�LQ�3&,H�(3�0RGH��&RQILJXUH�&OLHQW�
5HJLVWHUV�WR�VHW�WKH�3&,H�&RQWUROOHU�GHYLFHBW\SH�WR�(3�PRGH� 

5. &RQILJXUH�3+<�UHJLVWHUV�WR�VHW�7;�3//�SDUDPHWHUV�WR�DSSURSULDWH�YDOXHV��)RU�
SURJUDPPLQJ�GHWDLOV��SOHDVH�UHIHU�WR�3URJUDPPLQJ�VHWWLQJ�IRU�3&,H�3+<�7;�3//��  

6. :DLW�IRU�3&,H�3+<�7;�3//�ORFN��WKHQ�UHOHDVH�VRIWZDUH�UHVHW�IRU�3&,H�&RQWUROOHU� 
7. $VVHUW�SFLHBOLQNBUVWBJUW�LQ�3&,(B*5)��UHIHU�WR�VHFWLRQ�+RW�5HVHW�DQG�/LQN�'RZQ�5HVHW��

WR�IUHH�OWVVPBHQDEOH�WR�SUHSDUH�IRU�OLQN�WUDLQLQJ��7KLV�VWHS�PXVW�EH�GRZQ�EHFDXVH�
VPOKBUHTBUVWBQRW�LV�DVVHUWHG�DIWHU�SRZHU�RQ�UHVHW�XQWLO�ILUVW�OLQN�XS��  

8. <RX�FDQ�SURJUDP�FRQWUROOHU�UHJLVWHUV�EHIRUH�/LQN�WUDLQLQJ�VWDUW�LI�QHFHVVDU\��/LQN�WUDLQLQJ�
FDQ�EH�LQLWLDOHG�E\�VHWWLQJ�ltssm_enable bit in register PCIE_CLIENT_GENERAL_CON to 
1. Link training success will set phy_link_up_int interrupt status bit in register 
PCIE_CLIENT_INTR_STATUS_MISC to 1. And if data flow initialization success, 
dll_link_up_int interrupt status bit will be set to one in same register. To 
Initially, the controller tries to linkup at maximum Link width, when you have unused 
lanes in your system, you must tie them off using the hardware and software procedures 
outlined in section Tie off Unused Lanes.  
Link speed will change to Gen2 automatically if you set direct_speed_change bit to 1 in 
PL_GEN2_CTRL_OFF register and both device support Gen2 speed. 

9. The PCIe then can accept configuration setup access, after emulation done, the 
transactions can be initiated. 

18.6.2.3 Tie Off Unused Lanes 
:KHQ�WKH�OLQN�ZLGWK�RI�WKH�3+<�LV�VPDOOHU�WKDQ�WKH�OLQN�ZLGWK�RI�WKH�FRQWUROOHU��\RX�PXVW�WLH�
RII�WKH�XQXVHG�ODQHV�RI�WKH�FRQWUROOHU¶V�3,3(�LQWHUIDFH� 
)ROORZLQJ�3+<�LQSXW�VLJQDO�SLQV�VKRXOG�EH�DVVLJQHG�SURSHU�YDOXHV�E\�FRQILJXULQJ�3&,H�3+<�
*5)� 
µSLSHBSGBLBO���>���@¶ �¶E�� 
µSLSHBW[HOHFLGOHBLBO���¶ �¶E� 
µSLSHBW[GHWHFWU[BOEBLBO���¶ �¶E� 
µSLSHBW[GDWDBLBO���>����@¶ ��¶K� 
µSLSHBW[GDWDNBLBO���>���@¶ �¶K� 
µSLSHBHEXIIPRGHBLBO���¶ �¶E� 
µSLSHBU[WHUPBLBO���¶ �¶E� 
µSLSHBW[FRPSOLDQFHBLBO���¶ �¶E� 
µSLSHBW[RQHV]HURVBLBO���¶ �¶E� 
)ROORZLQJ�UHJLVWHUV�VKRXOG�EH�UHSURJUDP�WR�SURSHU�YDOXHV� 
z /,1.B&$3$%/(�ILHOG�RI�WKH�3257B/,1.B&75/B2))�UHJLVWHU�WR��K��IURP��K���7KLV�LV�XVHG�

E\�WKH�/7660�LQ�'HWHFW� 
z 180B2)B/$1(6>���@�ILHOG�RI�WKH�*(1�B&75/B2))�UHJLVWHU��7KLV�LQGLFDWHV�WR�WKH�/7660��

WKH�QXPEHU�RI�ODQHV�WR�FKHFN�IRU�H[LWLQJ�IURP�/��,GOH�RU�3ROOLQJ�$FWLYH� 
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z 3&,(B&$3B0$;B/,1.B:,'7+�ILHOG�RI�WKH�/,1.B&$3$%,/,7,(6B5(*�UHJLVWHU 
18.6.3 $GGUHVV�7UDQVODWLRQ 
7KH�FRQWUROOHU�XVHV�WKH�LQWHUQDO�$GGUHVV�7UDQVODWLRQ�8QLW�L$78��WR�LPSOHPHQW�D�ORFDO�DGGUHVV�
WUDQVODWLRQ�VFKHPH�WKDW�UHSODFHV�WKH�7/3�DGGUHVV�DQG�7/3�KHDGHU�ILHOGV�LQ�WKH�FXUUHQW�7/3�
UHTXHVW�KHDGHU� 
7KH�L$87�KDV����LQERXQG�$GGUHVV�7UDQVODWLRQ�UHJLRQV�DQG����RXWERXQG�$GGUHVV�7UDQVODWLRQ�
UHJLRQV��7KH�PLQLPXP�VL]H�RI�DQ�$GGUHVV�7UDQVODWLRQ�5HJLRQ�LV���N�DQG�WKH�PD[LPXP�VL]H�RI�
DQ�$GGUHVV�7UDQVODWLRQ�5HJLRQ�LV��*� 
18.6.3.1 Outbound Features 
$GGUHVV�WUDQVODWLRQ�LV�XVHG�IRU�PDSSLQJ�GLIIHUHQW�DGGUHVV�UDQJHV�WR�GLIIHUHQW�PHPRU\�VSDFHV�
VXSSRUWHG�E\�\RXU�DSSOLFDWLRQ��$�W\SLFDO�H[DPSOH�PDSV�\RXU�DSSOLFDWLRQ�PHPRU\�VSDFH�WR�
3&,�PHPRU\�VSDFH��7KH�$78�DOVR�VXSSRUWV�W\SH�WUDQVODWLRQ��:LWKRXW�DGGUHVV�WUDQVODWLRQ��
\RXU�DSSOLFDWLRQ�DGGUHVV�LV�SDVVHG�XQPRGLILHG�WR�WKH�7/3V�GLUHFWO\�WKURXJK�WKH�7[�DSSOLFDWLRQ�
LQWHUIDFH��<RX�FDQ�SURJUDP�WKH�L$78�WR�LPSOHPHQW�\RXU�RZQ�RXWERXQG�DGGUHVV�WUDQVODWLRQ�
VFKHPH��7KH�RXWERXQG�IHDWXUHV�LV�DV�IROORZV� 
z $GGUHVV�0DWFK�PRGH�RSHUDWLRQ�IRU�0(0�DQG�,�2��&)*��DQG�06*�7/3V��1R�WUDQVODWLRQ�IRU�

FRPSOHWLRQV� 
z 6XSSRUWV�W\SH�WUDQVODWLRQ�WKURXJK�7/3�W\SH�KHDGHU�ILHOG�UHSODFHPHQW�IRU�0(0�RU�,�2�

W\SHV�WR�06*�&)*�W\SHV� 
z 3URJUDPPDEOH�7/3�KHDGHU�ILHOG�UHSODFHPHQW��,QFOXGLQJ�7<3(��7&��$7��$775��06*�&RGH��

7+��3+��67� 
z 0XOWLSOH��XS�WR�����DGGUHVV�UHJLRQV�SURJUDPPDEOH�IRU�ORFDWLRQ�DQG�VL]H� 
z 3URJUDPPDEOH�HQDEOH�GLVDEOH�SHU�UHJLRQ� 
z $XWRPDWLF�)07�ILHOG�WUDQVODWLRQ�EHWZHHQ�WKUHH�':25'V�DQG�IRXU�':25'V�IRU����ELW�

DGGUHVVHV� 
z ,QYHUW�$GGUHVV�0DWFKLQJ�PRGH�WR�WUDQVODWH�DFFHVVHV�RXWVLGH�RI�D�VXFFHVVIXO�DGGUHVV�

PDWFK� 
z &RQILJXUDWLRQ�6KLIW�PRGH��2SWLPL]HV�WKH�PHPRU\�IRRWSULQW�RI�&)*�DFFHVVHV�GHVWLQHG�IRU�

WKH�5[�DSSOLFDWLRQ�LQWHUIDFH�LQ�D�PXOWLIXQFWLRQ�GHYLFH� 
z 5HVSRQVH�FRGH�ZKLFK�GHILQHV�WKH�FRPSOHWLRQ�VWDWXV�WR�UHWXUQ�IRU�DFFHVVHV�PDWFKLQJ�D�

UHJLRQ� 
z 6XSSRUWV�UHJLRQV�IURP����.%�WR���*%�LQ�VL]H� 
z 3D\ORDG�,QKLELW�PDUNV�DOO�7/3V�DV�KDYLQJ�QR�SD\ORDG�GDWD� 
z +HDGHU�6XEVWLWXWLRQ�UHSODFHV�E\WHV���WR�����IRU���':25'�KHDGHU��RU�E\WHV����WR�����IRU�

��':25'�KHDGHU���LQFOXVLYH��RI�WKH�RXWERXQG�7/3�KHDGHU� 
z 7DJ�6XEVWLWXWLRQ�RI�WKH�RXWERXQG�7/3�WDJ�ILHOG� 
z )XQFWLRQ�QXPEHU�E\SDVV�PRGH�WR�DOORZ�IXQFWLRQ�QXPEHU�LQIRUPDWLRQ�WR�EH�VXSSOLHG�IURP�

\RXU�DSSOLFDWLRQ�WUDQVPLW�LQWHUIDFH�ZKLOH�WUDQVODWLQJ�WKH�DGGUHVV�DQG�RWKHU�DWWULEXWHV�RI�
WKH�7/3� 

z '0$�E\SDVV�PRGH�WR�DOORZ�7/3V�ZKLFK�DUH�LQLWLDWHG�E\�WKH�HPEHGGHG�'0$�HQJLQH��WR�
SDVV�WKURXJK�WKH�L$78�XQWUDQVODWHG� 

18.6.3.2 Outbound Basic Operation 
7KH�DGGUHVV�ILHOG�RI�HDFK�UHTXHVW�0(0�DQG�,�2�7/3�LV�FKHFNHG�WR�VHH�LI�LW�IDOOV�LQWR�DQ\�RI�WKH�
HQDEOHG�DGGUHVV�UHJLRQV�GHILQHG�E\�WKH�6WDUW�DQG�(QG�DGGUHVVHV�DV�GHILQHG�LQ�)LJXUH�EHORZ��
:KHQ�DQ�DGGUHVV�PDWFK�LV�IRXQG��WKHQ�WKH�7/3�DGGUHVV�ILHOG�LV�PRGLILHG�DV�IROORZV� 

7UDQVODWHG�$GGUHVV� �2ULJLQDO�$GGUHVV���%DVH�$GGUHVV���7DUJHW�$GGUHVV 
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Fig. 18-6 PCIe Hot Reset Control Structure 

7KH�7<3(��7&��$7��7+��3+��67��)XQFWLRQ�1XPEHU��DQG�$775�KHDGHU�ILHOGV�DUH�UHSODFHG�ZLWK�
WKH�FRUUHVSRQGLQJ�ILHOGV�LQ�WKH�,$78B5(*,21B&75/B�B2))B287%281'B��UHJLVWHU��:KHQ�
\RXU�DSSOLFDWLRQ�DGGUHVV�ILHOG�PDWFKHV�PRUH�WKDQ�RQH�RI�WKH�
&;B$78B180B287%281'B5(*,216�DGGUHVV�UHJLRQV��WKHQ�WKH�ILUVW��IURP�ORZHVW�QXPEHU����
HQDEOHG�UHJLRQ�WR�EH�PDWFKHG�LV�XVHG��)RU�GHWDLOV�RQ�ZKDW�KDSSHQV�ZKHQ�WKHUH�LV�QR�DGGUHVV�
PDWFK��VHH�³1R�$GGUHVV�0DWFK�5HVXOW �́�7KLV�RSHUDWLRQDO�PRGH��FDOOHG�$GGUHVV�0DWFK�0RGH��
LV�DOZD\V�XVHG�IRU�RXWERXQG�WUDQVODWLRQ� 
7KH�PLQLPXP�VL]H�RI�DQ�DGGUHVV�WUDQVODWLRQ�UHJLRQ�LV���.%��6R�WKH�ORZHU����ELWV�RI�WKH�%DVH��
/LPLW��DQG�7DUJHW�UHJLVWHUV�DUH�]HUR�DQG�DOO�DGGUHVV�UHJLRQV�DUH�DOLJQHG�RQ����.%�ERXQGDULHV� 
18.6.3.3 Outbound Detailed Operation 
18.6.3.3.1 RID BDF Number Replacement 
:KHQ�WKHUH�LV�D�VXFFHVVIXO�DGGUHVV�PDWFK�RQ�DQ�RXWERXQG�7/3��WKHQ�WKH�IXQFWLRQ�QXPEHU�
XVHG�LQ�JHQHUDWLQJ�WKH�IXQFWLRQ�SDUW�RI�WKH�UHTXHVWHU�,'�ILHOG�RI�WKH�7/3�LV�WDNHQ�IURP�WKH���
ELW�)XQFWLRQ�1XPEHU�ILHOG�RI�WKH�,$78B5(*,21B&75/B�B2))B287%281'BLUHJLVWHU��7KH�
YDOXH�LQ�WKLV�ILHOG�PXVW�EH��[��XQOHVV�PXOWLIXQFWLRQ�RSHUDWLRQ�LQ�WKH�FRQWUROOHU�LV�HQDEOHG��7R�
RYHUULGH�WKLV�EHKDYLRU��XVH�WKH�³)XQFWLRQ�1XPEHU�7UDQVODWLRQ�%\SDVV�)HDWXUH´�GHVFULEHG�
ODWHU� 
18.6.3.3.2 iATU Outbound MSG Handling 
7KH�L$78�VXSSRUWV�7<3(�WUDQVODWLRQ�FRQYHUVLRQ�RI�0(0�DQG�,�2�7/3V�WR�0VJ�0VJ'�7/3V��7KLV�
VXSSRUWV�DSSOLFDWLRQV�WKDW�DUH�XQDEOH�WR�GLUHFWO\�JHQHUDWH�0VJ�0VJ'�7/3V��:KHQ�WKHUH�LV�D�
VXFFHVVIXO�DGGUHVV�PDWFK�RQ�DQ�RXWERXQG�0(0�7/3��DQG�WKH�WUDQVODWHG�7/3�W\SH�ILHOG�LV�06*�
�WKDW�LV��WKH�W\SH�ILHOG�RI�WKH�,$78B5(*,21B&75/B�B2))B287%281'BL�UHJLVWHU�LV���[[[���
WKHQ�WKH�PHVVDJH�FRGH�ILHOG�RI�WKH�7/3�LV�VHW�WR�WKH�YDOXH�LQ�WKH�0HVVDJH�&RGH�ILHOG�RI�WKH�
,$78B5(*,21B&75/B�B2))B287%281'BLUHJLVWHU�$�0HPRU\�:ULWH�ZLWK�DQ�HIIHFWLYH�OHQJWK�
RI�µ�¶�LV�FRQYHUWHG�WR�0VJ�DQG�DOO�RWKHU�0:U�7/3V�DUH�FRQYHUWHG�WR�0VJ'� 
18.6.3.3.3 MEM-CFG Type Translation 
7KH�L$78�VXSSRUWV�WUDQVODWLRQ�RI�,�2�DQG�0(0�7/3V�WR�&)*�7/3V��7KLV�LV�XVHIXO�IRU�
DSSOLFDWLRQV�WKDW�DUH�XQDEOH�WR�JHQHUDWH�&)*�7/3V��7KH����ELW�%')�LV�ORFDWHG�DW�ELWV�>�����@�
RI�WKH�WUDQVODWHG�DGGUHVV�ZKHUH� 

7UDQVODWHG�$GGUHVV� �2ULJLQDO�$GGUHVV���%DVH�$GGUHVV���7DUJHW�$GGUHVV 
$V�DQ�H[DPSOH� 
 2ULJLQDO�$GGUHVV>�����@� �^��K��IXQFWLRQBQR>���@` 
 %DVH�$GGUHVV>�����@� ���K� 
 7DUJHW�$GGUHVV>�����@� �^EXVBQR>���@�GHYLFHBQR>���@��K�` 
WKHQ� 
 7UDQVODWHG�$GGUHVV>�����@� �%')� ^EXVBQR>���@��GHYLFHBQR>���@��IXQFWLRQBQR>���@` 
7R�KDQGOH�HLJKW�IXQFWLRQV��DV�WKH�SUHYLRXV�H[DPSOH�LQGLFDWHV���\RX�VKRXOG�XVH�D����ELW�ZLGH�
UHJLRQ�VL]H��)RU�&)*�WUDQVDFWLRQV�FUHDWHG�GLUHFWO\�E\�\RXU�DSSOLFDWLRQ��DVRSSRVHG�WR�WKH�
L$78���\RX�PXVW�HQVXUH�WKDW�WKH�%')�ILHOG�GRHV�QRW�PDWFK�DQ\�SURJUDPPHG�L$78�DGGUHVV�
UHJLRQ�RU�HOVH�XQLQWHQWLRQDO�W\SH�WUDQVODWLRQ�FRXOG�RFFXU� 
18.6.3.3.4 CFG Shift Feature 
7KLV�IHDWXUH�LV�HQDEOHG�E\�VHWWLQJ�WKH�&)*B6+,)7B02'(�ILHOG�WKH�



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1873 

,$78B5(*,21B&75/B�B2))B287%281'B��UHJLVWHU��7KH�L$78�XVHV�ELWV�>�����@�RI�WKH�
RULJLQDO�DGGUHVV�WR�IRUP�ELWV�>�����@��%')�ORFDWLRQ��RI�WKH�RXWJRLQJ�&)*�7/3��7KLV�VXSSRUWV�
WKH�(QKDQFHG�&RQILJXUDWLRQ�$GGUHVV�0DSSLQJ��(&$0��PHFKDQLVP�E\�DOORZLQJ�DOO�RXWJRLQJ�
,�2�DQG�0(0�7/3V��WKDW�KDYH�EHHQ�WUDQVODWHG�WR�&)*��WR�EH�PDSSHG�IURP�PHPRU\�VSDFH�
LQWR�DQ\�����0%�UHJLRQ�RI�WKH�3&,H�FRQILJXUDWLRQ�VSDFH� 
18.6.3.3.5 FMT Translation 
7KH�L$78�DXWRPDWLFDOO\�VHWV�WKH�7/3�IRUPDW�ILHOG�IRU�WKUHH�':25'V�ZKHQ�LW�GHWHFWV�DOO�]HURV�
LQ�WKH�XSSHU����ELWV�RI�WKH�WUDQVODWHG�DGGUHVV��2WKHUZLVH��LW�VHWV�LW�WR�IRXU�':25'V�ZKHQ�LW�
GHWHFWV�D����ELW�DGGUHVV��WKDW�LV��ZKHQ�WKHUH�LV�D�µ�¶�LQ�WKH�XSSHU����ELWV�RI�WKH�WUDQVODWHG�
DGGUHVV���:KHQ�WKH�RULJLQDO�DGGUHVV�DQG�WKH�WUDQVODWHG�DGGUHVV�DUH�RI�GLIIHUHQW�IRUPDW��WKH�
L$78�HQVXUHV�WKDW�WKH�7/3�KHDGHU�VL]H�PDWFKHV�WKH�WUDQVODWHG�DGGUHVV�IRUPDW� 
18.6.3.3.6 Invert Feature 
,Q�QRUPDO�RSHUDWLRQ�DQ�DGGUHVV�PDWFK�RQ�DQ�RXWERXQG�7/3�RFFXUV�ZKHQ�WKH�XQWUDQVODWHG�
DGGUHVV�LV�LQ�WKH�UHJLRQ�ERXQGHG�E\�WKH�EDVH�DGGUHVV�DQG�OLPLW�DGGUHVV��:KHQ�WKH�LQYHUW�
IHDWXUH�LV�DFWLYDWHG��DQ�DGGUHVV�PDWFK�RFFXUV�ZKHQ�WKH�XQWUDQVODWHG�DGGUHVV�LV�QRW�LQ�WKH�
UHJLRQ�ERXQGHG�E\�WKH�EDVH�DGGUHVV�DQG�OLPLW�DGGUHVV��7KLV�IHDWXUH�LV�DFWLYDWHG�E\�VHWWLQJ�
WKH�,QYHUW�ILHOG�RI�WKH�,$78B5(*,21B&75/B�B2))B287%281'BLUHJLVWHU� 
18.6.3.3.7 DMA Bypass Feature 
:KHQ�\RX�GR�QRW�ZDQW�WKH�L$78�WR�WUDQVODWH�RXWERXQG�UHTXHVWV�WKDW�DUH�JHQHUDWHG�E\�WKH�
'0$��\RX�PXVW�LPSOHPHQW�RQH�RI�WKH�IROORZLQJ�DSSURDFKHV� 
Ƶ� (QVXUH�WKDW�WKH�FRPELQDWLRQ�RI�'0$�FKDQQHO�DGGUHVV�SURJUDPPLQJ�DQG�L$78�FRQWURO�
UHJLVWHU�SURJUDPPLQJ�FDXVHV�QR�WUDQVODWLRQ�RI�'0$�WUDIILF�WR�EH�GRQH�LQ�WKH�L$78� 
Ƶ�$FWLYDWH�WKH�'0$�E\SDVV�PRGH�WR�DOORZ�UHTXHVW�7/3V�ZKLFK�DUH�LQLWLDWHG�E\�WKH�HPEHGGHG�
'0$�FRQWUROOHU�WR�SDVV�WKURXJK�WKH�L$78�XQWUDQVODWHG��<RX�FDQ�DFWLYDWH�WKH�'0$�E\SDVV�
PRGH�E\�VHWWLQJ�WKH�'0$�%\SDVV�ILHOG�RI�WKH�,$78B5(*,21B&75/B�B2))B287%281'BL�
UHJLVWHU�WR��� 
18.6.3.3.8 Function Number Translation Bypass Feature 
,Q�WKLV�PRGH�WKH�IXQFWLRQ�QXPEHU�RI�WKH�WUDQVODWHG�7/3�LV�WDNHQ�IURP�\RXU�DSSOLFDWLRQ�
WUDQVPLW�LQWHUIDFH�DQG�QRW�IURP�WKH�)XQFWLRQ�1XPEHU�ILHOG�RI�WKH�
5(*,21B&75/B�B2))B287%281'BL�UHJLVWHU��<RX�FDQ�DFWLYDWH�WKH�IXQFWLRQ�QXPEHU�E\SDVV�
PRGH�E\�VHWWLQJ�WKH�)XQFWLRQ�1XPEHU�7UDQVODWLRQ�%\SDVV�(QDEOH�ILHOG�LQ�WKH�
,$78B5(*,21B&75/B�B2))B287%281'BL�WR�µ�¶� 
18.6.3.3.9 General Bypass 
Application can program PCIE_CLIENT_AXI_SLV_ATU_BYPASS register to do general ATU 
bypassing. Note that you should make sure that there is no transfer pending before you 
program this register. 
18.6.3.3.10 Header Substitution (Tx) 
:KHQ�HQDEOHG�DQG�UHJLRQ�DGGUHVV�LV�PDWFKHG��WKH�L$78�IXOO\�VXEVWLWXWHV�E\WHV�������IRU���
':25'�KHDGHU��RU�E\WHV��������IRU���':25'�KHDGHU��RI�WKH�RXWERXQG�7/3�KHDGHU�ZLWK�WKH�
FRQWHQWV�RI�WKH�/:5B7$5*(7B5:�ILHOG�LQ�,$78B/:5B7$5*(7B$''5B2))B287%281'BL��
7KH�H[SHFWHG�XVDJH�VFHQDULR�LV�IRU�9HQGRU�'HILQHG�0VJ�0VJ'�DQG�$76�WUDQVDFWLRQV�RYHU�WKH�
$;,�EULGJH�ZKLFK�LV�QRUPDOO\�LQHIILFLHQW�UHTXLULQJ�D�YHU\�ODUJH�L$78�UHJLRQ��(QDEOHG�XVLQJ�WKH�
+($'(5B68%67,787(B(1�ILHOG�LQ�,$78B5(*,21B&75/B�B2))B287%281'BL� 
18.6.3.3.11 Tag Substitution (Tx) 
:KHQ�HQDEOHG�DQG�UHJLRQ�DGGUHVV�LV�PDWFKHG��WKH�L$78�VXEVWLWXWHV�WKH�7$*ILHOG�RI�WKH�
RXWERXQG�7/3�KHDGHU�ZLWK�WKH�FRQWHQWV�RI�WKH�7$*�ILHOG�LQ�
,$78B5(*,21B&75/B�B2))B287%281'BL��7KH�H[SHFWHG�XVDJH�VFHQDULR�LV�WUDQVODWLRQ�IURP�
$;,�0:U�WR�9HQGRU�'HILQHG�0VJ�0VJ'��(QDEOHG�XVLQJ�WKH�7$*B68%67,787(B(1�ILHOG�LQ�
,$78B5(*,21B&75/B�B2))B287%281'BL� 
<RXU�DSSOLFDWLRQ�PXVW�QRW�DWWHPSW�WR�SHUIRUP�7$*�VXEVWLWXWLRQ�IRU�RXWJRLQJQRQ�SRVWHG�7/3V� 
1RWH��,I�WKH�L$78�LV�SURJUDPPHG�WR�DOORZ�D�7/3�WR�EH�PDWFKHG�WR�PRUH�WKDQ�RQH�L$78�
RXWERXQG�UHJLRQV��WKH�)XQFWLRQ�1XPEHU�7UDQVODWLRQ�%\SDVV�ILHOG�RI�WKH�
,$78B5(*,21B&75/B�B2))B287%281'BL�UHJLVWHU�VKRXOG�EH�VDPH�IRU�HYHU\�UHJLRQ�ZKHUH�
WKDW�7/3�FDQ�EH�PDWFKHG� 
18.6.3.3.12 No Address Match Result 
:KHQ�WKHUH�LV�QR�DGGUHVV�PDWFK�WKHQ�WKH�DGGUHVV�LV�XQWUDQVODWHG�EXW�WKH�7/3�KHDGHU�
LQIRUPDWLRQ��IRU�ILHOGV�WKDW�DUH�SURJUDPPDEOH��FRPHV�IURP�WKH�UHOHYDQW�ILHOGV�RQ�WKH�
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DSSOLFDWLRQ�WUDQVPLW�LQWHUIDFH�$;,�VODYH� 
18.6.3.4 Outbound Programming Example 
'HILQH�2XWERXQG�5HJLRQ���DV� 
���.%�,�2�UHJLRQ�IURP��[��������BG������WR��[��������BG���IIII��WR�EH�PDSSHG�WR�
�[��������LQ�WKH�3&,H�,�2�VSDFH� 
���6HWXS�WKH�5HJLRQ�%DVH�DQG�/LPLW�$GGUHVV�5HJLVWHUV� 
 :ULWH��[G�������WR�$GGUHVV�^�[���`�WR�VHW�WKH�/RZHU�%DVH�$GGUHVV� 
 :ULWH��[��������WR�$GGUHVV�^�[��&`�WR�VHW�WKH�8SSHU�%DVH�$GGUHVV� 
 :ULWH��[G���IIII�WR�$GGUHVV�^�[���`�WR�VHW�WKH�/LPLW�$GGUHVV� 
���6HWXS�WKH�7DUJHW�$GGUHVV�5HJLVWHUV� 
 :ULWH��[��������WR�$GGUHVV�^�[���`�WR�VHW�WKH�/RZHU�7DUJHW�$GGUHVV� 
 :ULWH��[��������WR�$GGUHVV�^�[���`�WR�VHW�WKH�8SSHU�7DUJHW�$GGUHVV� 
���&RQILJXUH�WKH�UHJLRQ�WKURXJK�WKH�5HJLRQ�&RQWURO���5HJLVWHU� 
 Write 0x00000002to Address {0x200} to define the type of the region to be I/O. 

���(QDEOH�WKH�UHJLRQ� 
 Write 0x80000000to Address {0x204} to enable the region. 

18.6.3.5 Inbound Features 
$GGUHVV�WUDQVODWLRQ�LV�XVHG�IRU�PDSSLQJ�GLIIHUHQW�DGGUHVV�UDQJHV�WR�GLIIHUHQW�PHPRU\�VSDFHV�
VXSSRUWHG�E\�\RXU�DSSOLFDWLRQ��$�W\SLFDO�H[DPSOH�PDSV�\RXU�DSSOLFDWLRQ�PHPRU\�VSDFH�WR�
3&,�PHPRU\�VSDFH��7KH�L$78�VXSSRUWV�W\SH�WUDQVODWLRQ��:LWKRXW�DGGUHVV�WUDQVODWLRQ��\RXU�
DSSOLFDWLRQ�DGGUHVV�LV�SDVVHG�IURP�WKH�7/3V�GLUHFWO\�WKURXJK�WKH�$;,�DSSOLFDWLRQ�LQWHUIDFH��
<RX�FDQ�SURJUDP�WKH�L$78�WR�LPSOHPHQW�\RXU�RZQ�LQERXQG�DGGUHVV�WUDQVODWLRQ�VFKHPH�
ZLWKRXW�H[WHUQDO�ORJLF� 
z 3URJUDPPDEOH�0DWFK�PRGH�RSHUDWLRQ�IRU�0(0��,�2��&)*��DQG�06*�7/3V��1R�WUDQVODWLRQ�

IRU�FRPSOHWLRQV� 
z 6HOHFWDEOH�%$5�0DWFK�PRGH�RSHUDWLRQ�IRU�,�2�DQG�0(0�7/3V: 
TLPs destined for the internal CDM (or ELBI) in an upstream port are not translated. 

TLPs that are not error-free (ECRC, malformed and so on) are not translated. 

z 3URJUDPPDEOH�7/3�KHDGHU�ILHOG�PDWFKLQJ� 
7<3(�7'�7&�$7�$775�06*�&RGH�7+�3+�67 

 Function Number ٱ

z 0XOWLSOH��XS�WR�����DGGUHVV�UHJLRQV�SURJUDPPDEOH�IRU�ORFDWLRQ�DQG�VL]H� 
z 3URJUDPPDEOH�HQDEOH�GLVDEOH�SHU�UHJLRQ� 
z $XWRPDWLF�)07�ILHOG�WUDQVODWLRQ�EHWZHHQ�WKUHH�':25'V�DQG�IRXU�':25'V�IRU����ELW�

DGGUHVVHV� 
z ,QYHUW�$GGUHVV�0DWFKLQJ�PRGH�WR�WUDQVODWH�DFFHVVHV�RXWVLGH�RI�D�VXFFHVVIXO�DGGUHVV�

PDWFK� 
z (&$0�&RQILJXUDWLRQ�6KLIW�PRGH�WR�DOORZ�D�����0%�&)*��VSDFH�WR�EH�ORFDWHG�DQ\ZKHUH�LQ�

WKH����ELW�DGGUHVV�VSDFH� 
z 6XSSRUWV�UHJLRQV�IURP����.%�WR���*%�LQ�VL]H� 
z 6LQJOH�$GGUHVV�/RFDWLRQ�WR�DOORZ�DOO�7/3V�WR�EH�WUDQVODWHG�WR�D�VLQJOH�DGGUHVV�ORFDWLRQ� 
z 0VJ�7\SH�0DWFK�0RGH�WR�DOORZ�PDWFKLQJ�RI�DQ\�7/3�RI�W\SH�0HVVDJH� 
18.6.3.6 Inbound Basic Operation 
18.6.3.6.1 Overview 
7KH�IROORZLQJ�WUDQVODWLRQ�UXOHV�DQG�OLPLWDWLRQV�DSSO\� 

� :KHQ�WKHUH�LV�QR�PDWFK��WKHQ�WKH�DGGUHVV�LV�XQWUDQVODWHG��,Q�DGGLWLRQ 
� 7/3V�GHVWLQHG�IRU�WKH�LQWHUQDO�UHJLVWHUV�LQ�DQ�XSVWUHDP�SRUW�DUH�QRW�WUDQVODWHG� 
� 7/3V�WKDW�DUH�QRW�HUURU�IUHH��(&5&��PDOIRUPHG�DQG�VR�RQ��DUH�QRW�WUDQVODWHG� 
� $GGUHVV�WUDQVODWLRQ�RI�DOO�7/3�W\SHV��0(0��,�2��&)*��DQG�06*��H[FHSW�FRPSOHWLRQ�LV�

VXSSRUWHG�LQ�$GGUHVV�0DWFK�PRGH��,Q�%$5�0DWFK�PRGH��RQO\�WUDQVODWLRQ�RI�,�2�DQG�
0(0�LV�VXSSRUWHG� 

7KH�VHWWLQJ�RI�WKH�0$7&+B02'(�ILHOG�LQ�,$78B5(*,21B&75/B�B2))B,1%281'B��
GHWHUPLQHV�KRZ�L$78�LQERXQG�PDWFKLQJ�LV�GRQH�IRU�HDFK�7/3�W\SH� 

Table 18-9 Determination of Match Mode 
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TLP Type  MATCH_MODE =0  MATCH_MODE =1  
MEM or I/O Address Match Mode BAR Match Mode 
CFG0 Routing ID Match Mode Accept Mode 
MSG/MSGD Address Match Mode Vendor ID Match Mode 

18.6.3.6.2 I/O and MEM Match Modes 
,QERXQG�DGGUHVV�WUDQVODWLRQ�IRU�,�2�DQG�0(0�7/3V�RSHUDWHV�LQ�RQH�RI�WZR�PDWFKLQJ�PRGHV�
DV�GHWHUPLQHG�E\�WKH�³,QERXQG�0DWFK�0RGH´�ILHOG�LQ�WKH�
,$78B5(*,21B&75/B�B2))B,1%281'B��UHJLVWHU� 
$GGUHVV�0DWFK�0RGH��7KH�RSHUDWLRQ�LV�VLPLODU�WR�³2XWERXQG�%DVLF�2SHUDWLRQ��$GGUHVV�
0DWFK�0RGH� �́�7KH�DGGUHVV�ILHOG�RI�HDFK�UHTXHVW�7/3�LV�FKHFNHG�WR�VHH�LI�LW�IDOOV�LQWR�DQ\�RI�
WKH�HQDEOHG�DGGUHVV�UHJLRQV��:KHQ�DQ�DGGUHVV�PDWFK�LV�IRXQG�WKHQ�WKH�7/3�DGGUHVV�ILHOG�LV�
PRGLILHG�DV�IROORZV� 

$GGUHVV� �$GGUHVV���%DVH�$GGUHVV���7DUJHW�$GGUHVV 
%$5�0DWFK�0RGH� 
/RRNLQJ�IRU�DQ�DGGUHVV�PDWFK�LV�D�WZR�VWHS�SURFHVV� 
1. 7KH�VWDQGDUG�LQWHUQDO�3&,�([SUHVV�%$5�0DWFKLQJ�0HFKDQLVP�FKHFNV�LI�WKH�DGGUHVV�ILHOG�

RI�DQ\�0(0�DQG�,�2�UHTXHVW�7/3�IDOOV�LQWR�DQ\�DGGUHVV�UHJLRQ�GHILQHG�E\�WKH�HQDEOHG�
%$5�DGGUHVVHV�DQG�PDVNV� 

2. :KHQ�D�PDWFKHG�%$5�LV�IRXQG��WKHQ�WKH�L$78�FRPSDUHV�WKH�%$5�,'�WR�WKH�%$5�1XPEHU�
ILHOG�LQ�WKH�,$78B5(*,21B&75/B�B2))B,1%281'B��UHJLVWHU�IRU�DOO�HQDEOHG�UHJLRQV��
)LJXUH�EHORZ�SURYLGHV�PRUH�GHWDLOV�RQ�LQERXQG�WUDQVODWLRQ�LQ�%$5�0DWFK�0RGH� 

 
Fig. 18-7 Inbound BAR Match Mode 

18.6.3.7 Inbound Detailed Operation 
18.6.3.7.1 Single Address Location 
:KHQ�HQDEOHG�DQG�UHJLRQ�DGGUHVV�LV�PDWFKHG��WKH�7/3V�FDQ�EH�WUDQVODWHG�WR�D�VLQJOH�DGGUHVV�
ORFDWLRQ�DV�GHWHUPLQHG�E\�WKH�WDUJHW�DGGUHVV�UHJLVWHU�RI�WKH�L$78�UHJLRQ��7KLV�IHDWXUH�FDQ�EH�
HQDEOHG�XVLQJ�WKH�6,1*/(B$''5B/2&B75$16B(1�ILHOG�LQ�
,$78B5(*,21B&75/B�B2))B,1%281'BL��7KLV�IHDWXUH�LV�XVHIXO�IRUWUDQVODWLQJ�PHVVDJHV�RQ�
$;,�EULGJH� 
18.6.3.7.2 CFG Handling (Upstream Port) 
7KH�FRQWUROOHU�QRUPDOO\�URXWHV�&)*�7/3V��WR�WKH�LQWHUQDO�&'0�RU�(/%,��ZLWKRXW�WUDQVODWLRQ��
7KH�L$78�RQO\�WUDQVODWHV�&)*��7/3V�WKDW�WKH�FRQWUROOHU�KDV�URXWHG�WR�WKH�75*7���,QERXQG�
DGGUHVV�WUDQVODWLRQ�IRU�&)*��7/3V�RSHUDWHV�LQ�RQH�RI�WZR�PDWFKLQJ�PRGHV�DV�GHWHUPLQHG�E\�
WKH�,QERXQG�&)*��0DWFK�0RGH�ILHOG�LQ�WKH�,$78B5(*,21B&75/B�B2))B,1%281'BL�UHJLVWHU� 
$FFHSW�0RGH 
7KH�FRQWUROOHU�DOZD\V�DFFHSWV�&)*��7/3V�HYHQ�ZKHQ�WKH�&)*�EXV�QXPEHU�GRHV�QRW�PDWFK�
WKH�FXUUHQW�EXV�QXPEHU�RI�WKH�GHYLFH��7KLV�PRGH�IROORZV�WKDW�EHKDYLRU��7KH�URXWLQJ�,'�RI�
UHFHLYHG�&)*��7/3V�DUH�LJQRUHG�ZKHQ�GHWHUPLQLQJ�D�PDWFK� 
5RXWLQJ�,'�0DWFK�0RGH 
7KH�RSHUDWLRQ�LV�VLPLODU�WR�³2XWERXQG�%DVLF�2SHUDWLRQ��$GGUHVV�0DWFK�0RGH� �́�7KH�URXWLQJ�
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,'�RI�WKH�LQERXQG�&)*��7/3�PXVW�IDOO�ZLWKLQ�WKH�%DVH�DQG�/LPLW�RI�WKH�GHILQHG�L$78�UHJLRQ�
IRU�PDWFKLQJ�WR�SURFHHG��7KH�L$78�LQWHUSUHWV�WKH�URXWLQJ�,'��%\WHV�������RI�7/3�KHDGHU��DV�
DQ�DGGUHVV��7KLV�FRUUHVSRQGV�WR�WKH�XSSHU����ELWV�RI�WKH�DGGUHVV�LQ�0(0�DQG�,�2�
WUDQVDFWLRQV� 
&)*�6KLIW�)HDWXUH 
,QERXQG�&)*�WUDQVDFWLRQV�URXWHG�WR�WKH�5[�DSSOLFDWLRQ�LQWHUIDFH�FDQ�H[LVW�DQ\ZKHUH�LQ�
DGGUHVV�VSDFH��EHFDXVH�WKH�3&,H�FRQWUROOHU�ILOWHU�SURFHVVHV�WKH�URXWLQJ�,'��%')��DV�ELWV�
>�����@�RI�DQ�DGGUHVV��7KLV�%')�FKDQJHV�DFFRUGLQJ�RQ�WKH�3&,H�EXV�WRSRORJ\��$�FRPSUHVVRU�
IHDWXUH��&)*�6KLIW�)HDWXUH��FDQ�EH�HQDEOHG�E\�VHWWLQJ�WKH�&)*�6KLIW�ELW�LQ�WKH�
,$78B5(*,21B&75/B�B2))B,1%281'BL�UHJLVWHU��%LWV�>�����@�RI�WKH�WKLUG�':25'��RI�&)*�
7/3V�DUH�UHVHUYHG��7KH�FRPSUHVVRU�IHDWXUH�XVHV�WKLV�IDFW�WR�UHGXFH�WKH�PHPRU\�
UHTXLUHPHQW��7KLV�VKLIWV�PDSV�WKH�%')��ELWV�>�����@�RI�WKH�WKLUG�KHDGHU�':25'��ZKLFK�
ZRXOG�EH�PDWFKHG�DJDLQVW�WKH�%DVH�DQG�/LPLW�DGGUHVVHV��RI�WKH�LQFRPLQJ�&IJ5G��&IJ:U��
GRZQ�WR�ELWV�>�����@�RI�WKH�WUDQVODWHG�DGGUHVV� 
18.6.3.7.3 Optional Matching Fields 
,Q�DGGUHVV�DQG�%$5�PDWFK�PRGHV��D�VXFFHVVIXO�DGGUHVV�%$5�PDWFK�FDQ�EH�RSWLRQDOO\�JDWHG�
E\�VXFFHVVIXO�PDWFKLQJ�RI�WKH�IROORZLQJ�SURJUDPPDEOH�7/3�KHDGHU�ILHOGV��SHU�UHJLRQ�� 
� 7<3(�7'�7&�$7�$775�7+�3+�67 
� 06*�&RGH��06*�7/3V�RQO\� 
� )XQFWLRQ�QXPEHU��0(0��,�2��RU�&)*�7/3V�RQO\� 
� 9LUWXDO�IXQFWLRQ�QXPEHU��0(0�RU�,�2�7/3V�RQO\� 
)RU�HDFK�RI�WKH�SUHYLRXV�ILHOGV�LQ�WKH�,$78B5(*,21B&75/B�B2))B,1%281'BL�UHJLVWHU��WKHUH�
LV�DQ�DVVRFLDWHG�0DWFK�(QDEOH�ELW�LQ�WKH�,$78B5(*,21B&75/B�B2))B,1%281'BL�UHJLVWHU��
$GGUHVV�WUDQVODWLRQ�RQO\�SURFHHGV�ZKHQ�FRPSDUHV�RQ�DOO�HQDEOHG�ILHOG�DUH�VXFFHVVIXO� 
18.6.3.7.4 Response Code Feature 
:KHQ�WKH�5HVSRQVH�&RGH�ILHOG�RI�WKH�,$78B5(*,21B&75/B5(*B�B,1%281'BL�UHJLVWHU�LV�VHW�
WR�D�YDOXH�RWKHU�WKDQ�����WKH�FRQWUROOHU�XVHV�LW�WR�GHWHUPLQH�WKH�FRPSOHWLRQ�VWDWXV�ILHOG�RI�
FRPSOHWLRQ�7/3V�VHQW�LQ�UHVSRQVH�WR�VXFFHVVIXOO\�PDWFKHG�QRQ�SRVWHG�7/3V��7KLV�FDQ�EH�VHW�
WR�XQVXSSRUWHG�UHTXHVW��85��RU�FRPSOHWHU�DERUW��&$���:KHQ�WKH�HUURU�UHVSRQVH�ILHOG�LV�VHW�WR�
�E����WKHQ�WKH�QRUPDO�UHFHLYH�ILOWHU�UHVSRQVH�IRU�WKLV�7/3�LV�XVHG� 
18.6.3.7.5 Inbound MSG Handling 
,QERXQG�PHVVDJH��0VJ�0VJ'��WUDQVDFWLRQV�FDQ�XVH�RQH�RI�WZR�PDWFKLQJ�PRGHV� 
$GGUHVV�0DWFK�0RGH 
7KH�WKLUG�DQG�IRXUWK�KHDGHU�':25'V�DUH�WUHDWHG�DV�DQ�DGGUHVV�DQG�DUH�FRPSDUHG�DJDLQVW�
WKH�L$78�5HJLRQ�%DVH�DQG�/LPLW�$GGUHVV�UHJLVWHUV��)RU�YHQGRU�GHILQHG�PHVVDJHV�WKLV�DOORZV�
VSHFLILF�PHVVDJHV�WR�EH�ILOWHUHG�LQWR�PHPRU\�DW�WKH�WDUJHW�DGGUHVV��7KH�8SSHU�%DVH�DGGUHVV�
VKRXOG�EH�VHW�WR�%')�DQG�9HQGRU�,'��7KH�/RZHU�%DVH�DGGUHVV�FDQ�EH�XVHG�DV�D�ILOWHU�IRU�
VSHFLILF�PHVVDJHV� 
9HQGRU�,'�0DWFK�0RGH 
7KLV�PRGH�LV�UHOHYDQW�IRU�,'�URXWHG�YHQGRU�GHILQHG�PHVVDJHV��7KH�L$78�LJQRUHV�WKH�URXWLQJ�
,'��%')��LQ�ELWV�>�����@�RI�WKH�WKLUG�':25'�RI�WKH�7/3�KHDGHU���EXW�FRPSDUHV�LW�DJDLQVW�WKH�
YHQGRU�,'�LQ�ELWV�>����@�RI�WKH�WKLUG�':25'�RI�WKH�7/3�KHDGHU��E\WHV�����DQG������7KLV�
DOORZV�YHQGRU�GHILQHG�PHVVDJHV�WR�EH�ILOWHUHG�DJDLQVW�VSHFLILF�YHQGRU�,'V�ZLWKRXW�QHHGLQJ�WR�
NQRZ�WKH�%')�QXPEHU�ZKLFK�PLJKW�YDU\�GHSHQGLQJ�RQ�WKH�3&,�WRSRORJ\��%LWV�>����@�RI�WKH�
5HJLRQ�8SSHU�%DVH�UHJLVWHU�VKRXOG�EH�SURJUDPPHG�ZLWK�WKH�UHTXLUHG�YHQGRU�,'�DV�IROORZV� 
5HJLRQ�8SSHU�%DVH�>����@� E\WH��� 
5HJLRQ�8SSHU�%DVH�>���@� E\WH��� 
7KH�ORZHU�EDVH�DQG�OLPLW�UHJLVWHU�VKRXOG�EH�SURJUDPPHG�WR�WUDQVODWH�7/3V�EDVHG�RQ�YHQGRU�
VSHFLILF�LQIRUPDWLRQ�LQ�WKH�IRXUWK�':25'�RI�WKH�7/3�KHDGHU� 
18.6.3.7.6 Msg Type Match Mode 
,QERXQG�PHVVDJH��0VJ�0VJ'��WUDQVDFWLRQV�FDQ�DOVR�XVH�0VJ�7\SH�0DWFKLQJ�PRGH��:KHQ�
WKLV�PRGH�LV�HQDEOHG�DQG�6LQJOH�$GGUHVV�/RFDWLRQ�LV�HQDEOHG��WKH�L$78�PDWFKHV�0VJ�7/3�
7\SH�ILHOG�ZLWK�7<3(�ILHOG�RI�,$78B5(*,21B&75/B�B2))B,1%281'BL�UHJLVWHU� 
,I�)X]]\�7\SH�0DWFK�0RGH�LV�DOVR�HQDEOHG��WKHQ�DQ\�0VJ�UHFHLYHG�ZLOO�EH�PDWFKHG��WKDW�LV��
0VJ�7\SH
V�VXE�ILHOG�U>���@��ZKLFK�VSHFLILHV�WKH�0HVVDJH�URXWLQJ�PHFKDQLVP��LV�LJQRUHG�� 
7KH�0HVVDJH�VKRXOG�EH�FRQVXPHG�E\�\RXU�DSSOLFDWLRQ�EHIRUH�WKH�QH[W�PHVVDJH�DUULYHV�DV�DOO�
PHVVDJHV�JR�WR�WKH�VDPH�DGGUHVV� 
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,I�6,1*/(B$''5(66B/2&$7,21B75$16/$7(B(1�LV�VHW�IRU�DQ\�UHJLRQ��WKHQ�\RX�PXVW�
HQVXUH�WKDW�WKH�VDPH�7/3�FDQQRW�EH�PDWFKHG�LQ�DQ\�RWKHU�UHJLRQ�ZKHUH�
6,1*/(B$''5(66B/2&$7,21B75$16/$7(B(1�LV�QRW�VHW��,I�WKLV�KDSSHQV�
UDGPBWUJW�BKGUBXSSUBE\WHV�FRXOG�KDYH�LQFRUUHFW�GDWD� 
18.6.3.7.7 Fuzzy Type Match Mode 
:KHQ�HQDEOHG��WKH�L$78�UHOD[HV�WKH�PDWFKLQJ�RI�WKH�7/3�W\SH�ILHOG�DJDLQVW�WKH�H[SHFWHG�W\SH�
ILHOG�VR�WKDW� 
� &IJ5G��DQG�&IJ5G��7/3V�DUH�VHHQ�DV�LGHQWLFDO��6LPLODU�ZLWK�&IJ:U��DQG�&IJ:U�� 
� 0:U��05G�DQG�05G/N�7/3V�DUH�VHHQ�DV�LGHQWLFDO� 
� 7KH�URXWLQJ�ILHOG�RI�0VJ'�7/3V�LV�LJQRUHG� 
� $WRPLF�2SV�7/3V�)HWFK$GG��6ZDS��DQG�&$6�DUH�VHHQ�DV�LGHQWLFDO� 
)RU�H[DPSOH��&)*��LQ�WKH�W\SH�ILHOG�LQ�WKH�,$78B5(*,21B&75/B�B2))B,1%281'BL�UHJLVWHU�
PDWFKHV�DJDLQVW�DQ�LQERXQG�&IJ5G���&IJ5G���&IJ:U���RU�&IJ:U��7/3��7R�HQDEOH�WKLV�IHDWXUH��
VHW�WKH�)X]]\�7\SH�0DWFK�0RGH�ELW�RI�WKH�,$78B5(*,21B&75/B2))B�B,1%281'BL�UHJLVWHU� 
18.6.3.7.8 FMT Translation 
7KH�L$78�DXWRPDWLFDOO\�VHWV�WKH�7/3�IRUPDW�ILHOG�IRU�WKUHH�':25'V�ZKHQ�LW�GHWHFWV�DOO�
]HURHG�LQ�WKH�XSSHU����ELWV�RI�WKH�WUDQVODWHG�DGGUHVV��2WKHUZLVH�LW�VHWV�LW�WR�IRXU�':25'V�
ZKHQ�LW�GHWHFWV�D����ELW�DGGUHVV��ZKHQ�WKHUH�LV�D���LQ�WKH�XSSHU����ELWV�RI�WKH�WUDQVODWHG�
DGGUHVV���:KHQ�WKH�RULJLQDO�DGGUHVV�DQG�WKH�WUDQVODWHG�DGGUHVV�DUH�RI�D�GLIIHUHQW�IRUPDW�
WKHQ�WKH�L$78�HQVXUHV�WKDW�WKH�7/3�KHDGHU�VL]H�PDWFKHV�WKH�WUDQVODWHG�DGGUHVV�IRUPDW� 
18.6.3.7.9 Invert Feature 
1RUPDOO\�DQ�DGGUHVV�PDWFK�RQ�DQ�LQERXQG�7/3�RFFXUV�ZKHQ�WKH�XQWUDQVODWHG�DGGUHVV�LV�LQ�
WKH�UHJLRQ�ERXQGHG�E\�WKH�%DVH�DGGUHVV�DQG�/LPLW�DGGUHVV��:KHQ�WKH�,QYHUW�IHDWXUH�LV�
DFWLYDWHG��DQ�DGGUHVV�PDWFK�RFFXUV�ZKHQ�WKH�XQWUDQVODWHG�DGGUHVV�LV�QRW�LQ�WKH�UHJLRQ�
ERXQGHG�E\�WKH�%DVH�DGGUHVV�DQG�/LPLW�DGGUHVV��7KLV�IHDWXUH�LV�DFWLYDWHG�E\�VHWWLQJ�WKH�
,QYHUW�ILHOG�RI�WKH�,$78B5(*,21B&75/B2))B�B,1%281'BL�UHJLVWHU� 
18.6.3.8 Inbound Programming Example 
<RX�PXVW�QRW�XSGDWH�WKH�L$78�UHJLVWHUV�ZKLOH�RSHUDWLRQV�DUH�LQ�SURJUHVV�RQ�WKH�$;,�EULGJH�
VODYH�LQWHUIDFH� 
([DPSOH��� 
'HILQH�,QERXQG�5HJLRQ���DV��0(0�UHJLRQ�PDWFKLQJ�%$5���%$5�PDWFK�PRGH��PDSSLQJ�WR�
�[����B����B����B�����LQ�\RXU�DSSOLFDWLRQ�PHPRU\�VSDFH 
���6HWXS�WKH�7DUJHW�$GGUHVV�5HJLVWHUV� 

:ULWH��[���������WR�$GGUHVV�^�[���`�WR�VHW�WKH�/RZHU�7DUJHW�$GGUHVV� 
:ULWH��[���������WR�$GGUHVV�^�[��&`�WR�VHW�WKH�8SSHU�7DUJHW�$GGUHVV� 

���&RQILJXUH�WKH�UHJLRQ�WKURXJK�WKH�5HJLRQ�&RQWURO���5HJLVWHU� 
:ULWH��[���������WR�$GGUHVV�^�[���`�WR�GHILQH�WKH�W\SH�RI�WKH�UHJLRQ�WR�EH�0(0� 

���(QDEOH�WKH�UHJLRQ�IRU�%$5�0DWFK�0RGH� 
:ULWH��[&��������WR�$GGUHVV�^�[���`�WR�HQDEOH�WKH�UHJLRQ�IRU�%$5�PDWFK�PRGH�IRU�

%$5��� 
([DPSOH��� 
0(0�UHJLRQ�PDWFKLQJ�7/3V�ZLWK�DGGUHVVHV�LQ�WKH�UDQJH��[���������WR��[����IIII�PDSSHG�
WR��[����B��������[����BIIII�LQ�\RXU�DSSOLFDWLRQ�PHPRU\�VSDFH� 
���6HWXS�WKH�5HJLRQ�%DVH�DQG�/LPLW�$GGUHVV�5HJLVWHUV� 

:ULWH��[���������WR�$GGUHVV�^�[���`�WR�VHW�WKH�/RZHU�%DVH�$GGUHVV� 
:ULWH��[���������WR�$GGUHVV�^�[��&`�WR�VHW�WKH�8SSHU�%DVH�$GGUHVV� 
:ULWH��[����IIII�WR�$GGUHVV�^�[���`�WR�VHW�WKH�/LPLW�$GGUHVV 

���6HWXS�WKH�7DUJHW�$GGUHVV�5HJLVWHUV� 
:ULWH��[���������WR�$GGUHVV�^�[���`�WR�VHW�WKH�/RZHU�7DUJHW�$GGUHVV� 
:ULWH��[���������WR�$GGUHVV�^�[���`�WR�VHW�WKH�8SSHU�7DUJHW�$GGUHVV� 

���&RQILJXUH�WKH�UHJLRQ�WKURXJK�WKH�5HJLRQ�&RQWURO���5HJLVWHU� 
:ULWH��[���������WR�$GGUHVV�^�[���`�WR�GHILQH�WKH�W\SH�RI�WKH�UHJLRQ�WR�EH�0(0� 

���(QDEOH�WKH�UHJLRQ� 
:ULWH��[���������WR�$GGUHVV�^�[���`�WR�HQDEOH�WKH�UHJLRQ�LQ�DGGUHVV�PDWFK�PRGH 

18.6.4 3&,H�(PEHGGHG�'0$ 
18.6.4.1 PCIe DMA Overview 
7KH�5&�V\VWHP�&38��RU�WKH�(3�DSSOLFDWLRQ�&38��FDQ�RII�ORDG�WKH�WUDQVIHU�ULQJ�RI�ODUJH�EORFNV�
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RI�GDWD�WR�WKH�HPEHGGHG�'0$�FRQWUROOHU��OHDYLQJ�WKH�&38�IUHH�WR�SHUIRUP�RWKHU�WDVNV��<RX�
FDQ�FRQILJXUH�WKH�'0$�WR�KDYH�RQH�WR�HLJKW�UHDG�FKDQQHOV�DQG�RQH�WR�HLJKW�ZULWH�FKDQQHOV��
,W�FDQ�VLPXOWDQHRXVO\�SHUIRUP�WKH�IROORZLQJ�W\SHV�RI�PHPRU\�WUDQVDFWLRQV� 
'0$�ZULWH 
7UDQVIHU��FRS\��RI�D�EORFN�RI�GDWD�IURP�ORFDO�PHPRU\�WR�UHPRWH�PHPRU\� 
'0$�UHDG 
7UDQVIHU��FRS\��RI�D�EORFN�RI�GDWD�IURP�UHPRWH�PHPRU\�WR�ORFDO�PHPRU\� 

 
Fig. 18-8 System Level View of PCIe Embedded DMA 

7KHUHIRUH�WKH�'0$�VXSSRUWV�IXOO�GXSOH[�RSHUDWLRQ��SURFHVVLQJ�UHDG�DQG�ZULWH�WUDQVIHUV�DW�WKH�
VDPH�WLPH��DQG�LQ�SDUDOOHO�ZLWK�QRUPDO��QRQ�'0$��WUDIILF��8SRQ�FRPSOHWLRQ�RI�D�'0$�WUDQVIHU�
RU�DQ�HUURU��WKH�'0$�RSWLRQDOO\�LQWHUUXSWV�WKH�ORFDO�&38�RU�VHQGV�DQ�LQWHUUXSW�0:U��,0:U��WR�
WKH�UHPRWH�&38��7KH�'0$�LV�KLJKO\�FRQILJXUDEOH�DQG�\RX�FDQ�SURJUDP�LW�XVLQJ�WKH�ORFDO�'%,�
RU�RYHU�WKH�3&,H�ZLUH� 
,Q�OLQNHG�OLVW�PRGH��WKH�'0$�IHWFKHV�WKH�WUDQVIHU�FRQWURO�LQIRUPDWLRQ��FDOOHG�FKDQQHO�
FRQWH[W��IRU�HDFK�WUDQVIHU��EORFN���IURP�D�OLVW�RI�'0$�HOHPHQWV�WKDW�KDYH�FRQVWUXFWHG�LQ�ORFDO�
PHPRU\� 
18.6.4.2 Interrupts and Error Handling 
7KH�'0$�JHQHUDWHV�WZR�LQWHUUXSWV��UHDG�FKDQQHO�LQWHUUXSW�DQG�ZULWH�FKDQQHO�LQWHUUXSW��(DFK�
RI�WKHP�FDQ�EH�FDXVHG�E\�RQH�RI�WKH�WZR�UHDVRQV� 
'RQH��7KH�'0$�VXFFHVVIXOO\�FRPSOHWHV�WKH�WUDQVIHU� 
$ERUW��7KH�'0$�IDLOV�WR�FRPSOHWH�WKH�WUDQVIHU��RU�DQ�HUURU�RFFXUV�GXULQJ�WKH�WUDQVIHU� 
7KH�LQWHUUXSWV�DUH�VLJQDOHG�WR�WKH�VRIWZDUH�RQ�\RXU�&38��XVLQJ�RQH�RU�ERWK�RI�WKH�IROORZLQJ�
PHFKDQLVPV� 
z /RFDOO\�WKURXJK�WKH�HGPDBUGBLQW�RU�HGPDBZUBLQW�ILHOG�RI�

PCIE_CLIENT_INTR_STATUS_MISC register. 
z 5HPRWHO\�XVLQJ�D�SRVWHG�PHPRU\�ZULWH��,0:U���ZKLFK�FDQ�EH�LQWHUSUHWHG�DV�DQ�06,�RU�

06,;�ZKHQ�GLUHFWHG�WRZDUG�WKH�5&� 
)RU�UHPRWH�LQWHUUXSW��WKHUH�DUH�WZR�SURJUDPPDEOH�,0:U�DGGUHVVHV�SHU�FKDQQHO��RQH�HDFK�
IRU�WKH�GRQH�DQG�DERUW�LQWHUUXSWV��)RU�06,��\RX�PXVW�SURJUDP�DOO�,0:5U�DGGUHVV�UHJLVWHUV�
ZLWK�WKH�VDPH�06,�DGGUHVV��DV�3&,H�RQO\�VXSSRUWV�D�VLQJOH�06,�DGGUHVV�SHU�IXQFWLRQ� 
$�VLQJOH�,0:U�GDWD�UHJLVWHU�LV�XVHG�IRU�ERWK�W\SHV�RI�LQWHUUXSWV��VR�\RX�PXVW�UHDG�
'0$B5($'B,17B67$786B2))�RU�'0$B:5,7(B,17B67$786B2))��WR�LGHQWLI\�WKH�LQWHUUXSW�
W\SH� 
7KH�LQWHUUXSW�KDQGOLQJ�PHFKDQLVP�LV�GLIIHUHQW�IRU�OLQNHG�OLVW��//��PRGH��WKDQ�QRQ�//�PRGH���
DQG�WKHUH�DUH�DOVR�VRPH�GLIIHUHQFHV�EHWZHHQ�WKH�UHDG�DQG�ZULWH�FKDQQHOV� 
18.6.4.2.1 Non Linked List Mode Interrupt Handling 
<RX�HQDEOH�WKH�ORFDO�DQG�UHPRWH�LQWHUUXSWV�WKURXJK�WKH�ORFDO�DQG�UHPRWH�LQWHUUXSW�HQDEOH�
�/,(�DQG�5,(��ELWV��'0$B&+B&21752/�B2))B:5&+B��OLH�DQG�
'0$B&+B&21752/�B2))B:5&+B��ULH� 
,Q�WKH�ZULWH�FKDQQHO��WKHUH�LV�RQO\�RQH�HUURU�FRQGLWLRQ�WKDW�UHVXOWV�LQ�DQ�DERUW�LQWHUUXSW��)RU�
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PRUH�GHWDLOV��VHH�³/LQNHG�/LVW�0RGH´�RQ�QH[W�VHFWLRQ��<RX�PDVN��FOHDU��DQG�UHDG�WKH�VWDWXV�RI�
HDFK�RI�WKH�WZR�LQWHUUXSWV��GRQH�DQG�DERUW��WKURXJK�WKH�'0$�LQWHUUXSW�UHJLVWHUV�DV�LQGLFDWHG�
LQ�ILJXUH�EHORZ� 

 
Fig. 18-9 Write Interrupt Generation - Non Linked List Mode 

,Q�WKH�UHDG�FKDQQHO��WKHUH�DUH�ILYH�HUURU�FRQGLWLRQV�WKDW�UHVXOWV�LQ�DQ�DERUW�LQWHUUXSW��)RU�
PRUH�GHWDLOV��VHH�³/LQNHG�/LVW�0RGH´�RQ�QH[W�VHFWLRQ��<RX�PDVN�DQG�FOHDU�HDFK�RI�WKH�WZR�
LQWHUUXSWV��GRQH�DQG�DERUW��WKURXJK�WKH�'0$�LQWHUUXSW�UHJLVWHUV�DV�LQGLFDWHG�LQ�ILJXUH�EHORZ��
+RZHYHU��\RX�FDQ�UHDG�WKH�VWDWXV�RI�HDFK�RI�WKH�ILYH�DERUW�HUURUV��WKDW�FRQWULEXWH�WR�WKH�
DERUW�LQWHUUXSW��WKURXJK�'0$B5($'B(55B67$786B/2:B2))�DQG�
'0$B5($'B(55B67$786B+,*+B2))� 
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Fig. 18-10 Read Interrupt Generation - Non Linked List Mode 

18.6.4.2.2 Linked List Mode Interrupt Handling 
7KH�/,(�DQG�5,(�ELWV�LQ�WKH�//�HOHPHQW�HQDEOH�WKH�FKDQQHO�GRQH�LQWHUUXSWV��ORFDO�DQG�
UHPRWH���7KH�///$,(�DQG�//5$,(�ELWV�RI�WKH�'0$B:5,7(B/,1.('B/,67B(55B(1B2))�DQG�
'0$B5($'B/,1.('B/,67B(55B(1B2))�UHJLVWHUV�HQDEOH�WKH�FKDQQHO�DERUW�LQWHUUXSWV��ORFDO�
DQG�UHPRWH���,Q�WKH�ZULWH�FKDQQHO��WKHUH�DUH�WZR�HUURU�FRQGLWLRQV�WKDW�UHVXOWV�LQ�DQ�DERUW�
LQWHUUXSW��)RU�PRUH�GHWDLOV��VHH�³/LQNHG�/LVW�0RGH´�RQ�QH[W�VHFWLRQ��<RX�PDVN�DQG�FOHDU�HDFK�
RI�WKH�WZR�LQWHUUXSWV��GRQH�DQG�DERUW��WKURXJK�WKH�'0$�LQWHUUXSW�UHJLVWHUV�DV�LQGLFDWHG�LQ�
ILJXUH�EHORZ��<RX�FDQ�UHDG�WKH�VWDWXV�RI�HDFK�RI�WKH�WZR�DERUW�HUURUV��WKDW�FRQWULEXWH�WR�WKH�
DERUW�LQWHUUXSW��WKURXJK�WKH�'0$B:5,7(B(55B67$786B2))�UHJLVWHU� 
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Fig. 18-11 Write Interrupt Generation - Linked List Mode 

,Q�WKH�UHDG�FKDQQHO��WKHUH�DUH�VL[�HUURU�FRQGLWLRQV�WKDW�UHVXOWV�LQ�DQ�DERUW�LQWHUUXSW��)RU�
PRUH�GHWDLOV��VHH�³/LQNHG�/LVW�0RGH´�RQ�QH[W�VHFWLRQ��<RX�PDVN�DQG�FOHDU�HDFK�RI�WKH�WZR�
LQWHUUXSWV��GRQH�DQG�DERUW��WKURXJK�WKH�'0$�LQWHUUXSW�UHJLVWHUV�DV�LQGLFDWHG�LQ�ILJXUH�EHORZ��
<RX�FDQ�UHDG�WKH�VWDWXV�RI�HDFK�RI�WKH�VL[�DERUW�HUURUV��WKDW�FRQWULEXWH�WR�WKH�DERUW�
LQWHUUXSW��WKURXJK�WKH�'0$B5($'B(55B67$786B/2:B2))�DQG�
'0$B5($'B(55B67$786B+,*+B2))�UHJLVWHUV� 
,Q�QRQ�OLQNHG�OLVW�PRGH��/,(�DFWV�DV�D�JOREDO�VZLWFK��+RZHYHU�ZKHQ�LQ�OLQNHG�OLVW�PRGH��/,(�LV�
MXVW�ORFDO�WR�WKH�FXUUHQW�OLQNHG�OLVW�HOHPHQW�DQG�WKH�JOREDO�VZLWFK�LV�///$,(� 
,I�WKH�'0$�GULYHU�LV�UXQQLQJ�RQ�WKH�KRVW�DQG�WKH�LQWHUUXSW�VHUYLFH�URXWLQH�LV�UHDGLQJ�ORFDO�
LQWHUUXSWV�WR�GHWHUPLQH�LI�WKH�WUDQVIHU�LV�VXFFHVVIXO��WKHQ�\RX�PXVW�VHW�/,(�DQG�5,(�LQ�WKH�
VDPH�HOHPHQW�DQG�\RX�VKRXOG�PDVN�RU�LJQRUH�WKH�ORFDO�LQWHUUXSW�SLQ��6HWWLQJ�5,(�DQG�/,(�LQ�
HOHPHQW�$�IROORZHG�E\�5,(��RQO\��LQ�HOHPHQW�%�LV�QRW�D�YHULILHG�XVDJH�VFHQDULR� 
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Fig. 18-12 Read Interrupt Generation - Linked List Mode 

18.6.4.3 Linked List Mode 
7KH�'0$�SURYLGHV�D�OLQNHG�OLVW��//��PRGH�WR�HIILFLHQWO\�PRYH�GDWD�IURP�VRXUFH�WR�GHVWLQDWLRQ�
ZLWK�PLQLPDO�LQWHUYHQWLRQ�IURP�WKH�ORFDO�&38��7KLV�PRGH�SURYLGHV�DQ�DOWHUQDWLYH�WR�
SURJUDPPLQJ�WKH�'0$�PXOWLSOH�WLPHV�WR�WUDQVIHU�PXOWLSOH�EORFNV�RI�GDWD��7KH�SURJUDPPLQJ�
LQIRUPDWLRQ��DGGUHVV��VL]H��DQG�VR�RQ��IRU�HDFK�EORFN�RI�PHPRU\�LV�SUH�SURJUDPPHG�E\�\RXU�
VRIWZDUH�LQWR�D�//�HOHPHQW��DOVR�NQRZQ�DV�D�GHVFULSWRU��LQ�ORFDO�PHPRU\��(DFK�HOHPHQW�
�FDOOHG�D�GDWD�HOHPHQW��LQ�WKH�//�VWUXFWXUH��FDOOHG�D�WUDQVIHU�OLVW��FDQ�WUDQVIHU�XS�WR���*%�RI�
GDWD� 
<RX�HQDEOH�//�RSHUDWLRQ�IRU�D�FKDQQHO��E\�VHWWLQJ�WKH�//(�ILHOG�RI�WKH�
'0$B&+B&21752/�B2))B>:5&+_5'&+@B��UHJLVWHU�WR����<RXU�DSSOLFDWLRQ�PXVW�SURGXFH�WKH�
//�HOHPHQW�VWUXFWXUH�LQ�ORFDO�PHPRU\�DV�VKRZQ�LQ�ILJXUH�EHORZ��1RUPDOO\��DOO�RI�WKH�HOHPHQWV�
DUH�FRQWLJXRXV��RQH�DIWHU�WKH�RWKHU��LQ�PHPRU\��DQG�HDFK�HOHPHQW�KDV�VL[�':25'V�
FRQWDLQLQJ�WKH�LQIRUPDWLRQ�DERXW�WKH�EORFN�RI�GDWD�WR�EH�WUDQVIHUUHG��<RX�SURJUDP�WKH�
FKDQQHO�FRQWH[W�UHJLVWHUV��'0$B//3B/2:B2))B:5&+B��DQG�
'0$B//3B+,*+B2))B:5&+B���ZLWK�WKH�ORFDWLRQ�RI�ZKHUH�\RX�KDYH�SODFHG�WKH�//�HOHPHQW�
VWUXFWXUH�LQ�ORFDO�PHPRU\� 
:KHQ�\RX�VWDUW�WKH�'0$�WUDQVIHU��E\�ZULWLQJ�WR�WKH�'0$�:ULWH�'RRUEHOO�5HJLVWHU�
'0$B:5,7(B'225%(//B2))�RU�'0$�5HDG�'RRUEHOO�5HJLVWHU�'0$B5($'B'225%(//B2))���
WKH�'0$�UHDGV��FRQVXPHV��HDFK�HOHPHQW�IURP�ORFDO�PHPRU\��DQG�ORDGV�WKH�LQIRUPDWLRQ�
�6$5��'$5��VL]H��DQG�VR�RQ��IURP�WKDW�HOHPHQW�LQWR�WKH�FKDQQHO�FRQWH[W�UHJLVWHUV�LQ�WKH�
'0$��7KHVH�FKDQQHO�FRQWH[W�UHJLVWHUV�GHWHUPLQH�WKH�RSHUDWLRQ�RI�WKH�FKDQQHO�WKDW�WKH�'0$�
FRQWUROOHU�LV�FXUUHQWO\�VHUYLFLQJ��7KH�'0$�WKHQ�SURFHHGV�WR�WUDQVIHU�WKH�EORFN�RI�GDWD��DV�
GHILQHG�E\�WKH�HOHPHQW���DQG�ZKHQ�LW�LV�ILQLVKHG��UHDGV�WKH�QH[W�HOHPHQW�IURP�ORFDO�PHPRU\��
1RUPDOO\��DOO�RI�WKH�HOHPHQWV�DUH�FRQWLJXRXV��RQH�DIWHU�WKH�RWKHU��LQ�PHPRU\��ZLWK�WKH�
VWDUWLQJ�DGGUHVV�GHILQHG�LQ�WKH�FKDQQHO�FRQWH[W�'0$�/LQNHG�/LVW�3RLQWHU�/RZ�5HJLVWHU�
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'0$B//3B/2:B2))B:5&+B���  
:KHQ�\RX�ZDQW�WR�MXPS�LQ�ORFDO�PHPRU\�WR�DQRWKHU�HOHPHQW�OLVW��RU�UHF\FOH�WKH�FRQVXPHG�
HOHPHQWV���WKHQ�\RX�VHW�WKH�//3�ELW�LQ�WKH�HOHPHQW��IRU�H[DPSOH��OLQN�HOHPHQW��1���LQ�ILJXUH�
EHORZ���VSHFLI\�WKH�ORFDWLRQ�RI�WKH�QH[W�HOHPHQW�VWUXFWXUH�XVLQJ�WKH�//�(OHPHQW�3RLQWHU�
':25'V��DQG��VHW�7&%�WR����IRU�UHF\FOLQJ��RU�WR����WR�MXPS�WR�DQRWKHU�OLVW�� 

 
Fig. 18-13 Linked List Element/Descriptor Structure in Local Memory 

18.6.4.3.1 LL Element and Channel Context Registers 
1RWLFH�WKH�VLPLODULW\�EHWZHHQ�D�GDWD�HOHPHQW�DQG�WKH�'0$�&KDQQHO�&RQWH[W�UHJLVWHUV�IRU�
HDFK�FKDQQHO��(DFK�HOHPHQW�KDV�VL[�':25'V�DV�LQ�)LJXUH������7KHUH�DUH�HLJKW�FKDQQHO�
FRQWH[W�UHJLVWHUV��':25'V��IRU�D�FKDQQHO��7KH�'0$�ORDGV�WKH�VL[�HOHPHQW�':25'V�LQWR�WKH�
IROORZLQJ�FKDQQHO�FRQWH[W� 
z &%��//3��/,(��DQG�5,(�ILHOGV�RI�WKH�'0$�&KDQQHO�&RQWURO���UHJLVWHU 
z '0$�7UDQVIHU�6L]H 
z '0$�6$5�/RZ�DQG�'0$�6$5�+LJK 
z '0$�'$5�/RZ�DQG�'0$�'$5�+LJK 
7KH�GHILQLWLRQV�RI�WKH�HOHPHQW�':25'�ELW�ILHOGV�DUH�WKH�VDPH�DV�WKH�'0$�&KDQQHO�&RQWH[W�
UHJLVWHUV�GHVFULEHG�LQ�WKH�³'0$�'HWDLO�5HJLVWHU�'HVFULSWLRQ´�VHFWLRQ��ZLWK�WKH�H[FHSWLRQ�RI�
WKH�/,(�DQG�5,(�ELWV��7KH�/,(�DQG�5,(�ELWV�LQ�D�//�HOHPHQW��RQO\�HQDEOH�WKH�GRQH�LQWHUUXSW��,Q�
QRQ�//�PRGH��WKH�5,(�DQG�/,(�ELWV��LQ�WKH�FKDQQHO�FRQWH[W�UHJLVWHUV��HQDEOH�WKH�GRQH�DQG�
DERUW�LQWHUUXSWV� 
18.6.4.4 Flow Control 
18.6.4.4.1 Overview 
7KLV�RSWLRQDO�IHDWXUH�LV�DYDLODEOH�RQO\�IRU�WKRVH�FKDQQHOV�ZKLFK�DUH�FRQILJXUHG�WR�RSHUDWH�LQ�
OLQNHG�OLVW��//��PRGH��,W�HQDEOHV�\RXU�DSSOLFDWLRQ�WR�IORZ�FRQWURO�WKH�'0$�FRQWUROOHU�E\�XVLQJ�
PCIE_CLIENT_DMA_HSHAKE_TOGG register��WKDW�LV��\RXU�DSSOLFDWLRQ�GHWHUPLQHV�ZKHQ�GDWD�
EORFN�WUDQVIHU�VWDUWV� 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1884 

,Q�QRUPDO�PRGH��DV�VRRQ�DV�WKH�'0$�LV�GRRUEHOOHG��WKH�'0$�UHDGV�WKH�//�GHVFULSWRU��DQG�
VWDUWV�WKH�GDWD�EORFN�WUDQVIHU��:KHQ�WKLV�IHDWXUH�LV�HQDEOHG��WKH�'0$�UHDGV�WKH�GHVFULSWRU��
EXW�VWDUWV�WKH�GDWD�WUDQVIHU�RQO\�ZKHQ�\RXU�DSSOLFDWLRQ�ORJLF�WRJJOHV�WKH�>Z_U@G[IHUBJRBWRJJ�
ILHOG�LQ�PCIE_CLIENT_DMA_HSHAKE_TOGG register� 
7KH�'0$�KDQGVKDNH�PHFKDQLVP�FDQ�EH�WXUQHG�RQ�RU�RII�SHU�FKDQQHO�XVLQJ�
'0$B>:5,7(�5($'@B(1*,1(B(1B2))�UHJLVWHU��7KH�KDQGVKDNH�PHFKDQLVP�FDQQRW�EH�
HQDEOHG�GLVDEOHG�ZKHQ�WKH�FKDQQHO�VWDWXV�LVDFWLYH��WKDW�LV��ZKHQ�
'0$B&+B&21752/�B2))B>:5_5'@&+BL�&6� ��� 
18.6.4.4.2 DMA Handshake Operation 
7KH�KDQGVKDNH�EHWZHHQ�WKH�'0$�DQG�\RXU�DSSOLFDWLRQ�LV�GRQH�XVLQJ�>Z_U@G[IHUBJRBWRJJ�DQG�
>Z_U@G[IHUBGRQHBWRJJ��,Q�FDVH�RI�D�'0$�:ULWH��\RXU�DSSOLFDWLRQ�VKRXOG�WRJJOH�WKH�
ZG[IHUBJRBWRJJ�VLJQDO�WR�LQGLFDWH�GDWD�EORFN�DYDLODELOLW\��,Q�FDVH�RI�D�'0$�5HDG��\RXU�
DSSOLFDWLRQ�VKRXOG�WRJJOH�WKH�UG[IHUBJRBWRJJ�VLJQDO�WR�LQGLFDWH�WKDW�\RXU�DSSOLFDWLRQ�
KDUGZDUH�LV�UHDG\�WR�UHFHLYH�D�GDWD�EORFN� 
7R�NHHS�D�WUDFN�RI�>Z_U@G[IHUBJRBWRJJ�VLJQDO�WRJJOHV��WKH�'0$�LPSOHPHQWV�D���ELW�
KDQGVKDNH�FRXQWHU�IRU�HDFK�ZULWH�UHDG�FKDQQHO��:KHQ�\RXU�DSSOLFDWLRQ�WRJJOHV�
>Z_U@G[IHUBJRBWRJJ�VLJQDO��WKH�KDQGVKDNH�FRXQWHU�LV�LQFUHPHQWHG��7KH�KDQGVKDNH�FRXQWHU�
YDOXH�LV�WDNHQ�LQWR�DFFRXQW�E\�WKH�'0$�EHIRUH�SHUIRUPLQJ�WKH�GDWD�WUDQVIHU�IRU�HDFK�
GHVFULSWRU��7KH�GDWD�WUDQVIHU�KDSSHQV�RQO\�ZKHQ�WKH�KDQGVKDNH�FRXQWHU�YDOXH�LV�QRQ�]HUR��
:KHQ�WKH�GDWD�WUDQVIHU�LV�FRPSOHWH��WKH�'0$�GHFUHPHQWV�WKH�KDQGVKDNH�FRXQWHU��DQG�
WRJJOHV�>Z_U@G[IHUBGRQHBWRJJ�VLJQDO�WR�LQGLFDWH�FRPSOHWLRQ�RI�GDWD�WUDQVIHU�WR�\RXU�
DSSOLFDWLRQ� 
7KH�KDQGVKDNH�FRXQWHU�LV���ELW�ZLGH��VR�RQO\����RXWVWDQGLQJ�>Z_U@G[IHUBJRBWRJJUHTXHVWV�
FDQ�EH�KDQGOHG�E\�WKH�'0$�IRU�HDFK�FKDQQHO��7KH�'0$�GRHV�QRW�LPSOHPHQW�DQ�RYHUIORZ�
SURWHFWLRQ�RU�RYHUIORZ�HUURU�LQGLFDWLRQ�PHFKDQLVP�IRU�WKH�KDQGVKDNH�FRXQWHU��,W�LV�WKH�
UHVSRQVLELOLW\�RI�\RXU�DSSOLFDWLRQ�WR�NHHS�WKH�QXPEHU�RI�>Z_U@G[IHUBJRBWRJJ�WRJJOHV�XQGHU�
FKHFN� 
2QH�H[DPSOH�RI�WKH�'0$�RSHUDWLRQ�ZKHQ�WKH�KDQGVKDNH�IHDWXUH�LV�HQDEOHG�IRU�D�ZULWH�
FKDQQHO�LV�DV�IROORZV� 
1. 7KH�&38�GRRUEHOOV�FKDQQHO��� 
2. 7KH�'0$�UHVHWV�WKH�KDQGVKDNH�FRXQWHU�IRU�FKDQQHO��� 
3. 7KH�'0$�UHDGV�//�HOHPHQW���GHVFULSWRU��$IWHU�WKH�'0$�UHFHLYHV�GHVFULSWRU�UHDG�

FRPSOHWLRQV��WKH�'0$�FKHFNV�WKH�YDOXH�RI�WKH�KDQGVKDNH�FRXQWHU� 
If handshake counter =0, DMA waits until handshake counter >0 before transferring the data block. 

If handshake counter >0, DMA transfers the data block immediately.  

4. $IWHU�WKH�GDWD�WUDQVIHU�LV�FRPSOHWH��WKH�'0$�'HFUHPHQWV�WKH�KDQGVKDNH�FRXQWHU��DQG�
7RJJOHV�ZG[IHUBGRQHBWRJJ� 

5. 6WHSV�����DUH�UHSHDWHG�IRU�DOO�WKH�UHPDLQLQJ�HOHPHQWV�RI�WKH�OLQNHG�OLVW� 
18.6.4.5 Using the DMA 
18.6.4.5.1 Source and Destination Address Registers 
7KH�'0$�FKDQQHO�FRQWH[W�6$5�DQG�'$5�UHJLVWHUV��DMA_SAR_LOW_OFF_WRCH_0, 
DMA_SAR_HIGH_OFF_WRCH_0�HWF���SURYLGH�VXSSRUW�IRU�UHPRWH�WR�ORFDO��DQG�ORFDO�WR�
UHPRWH�3&,H�DGGUHVV�PDSSLQJ��<RX�SURJUDP�WKH�VWDUW�RI�WKH�ORFDO�DQG�UHPRWH�GDWD�EXIIHUV�
XVLQJ�WKHVH�UHJLVWHUV��DQG�WKH�'0$�LQFUHPHQWV�WKH�6$5�DQG�'$5�DV�WKH�'0$�WUDQVIHU�
SURJUHVVHV��)RU�D�ZULWH�WUDQVIHU��WKH�6$5�LV�WKH�DGGUHVV�RI�WKH�ORFDO�PHPRU\��DQG�WKH�'$5�LV�
WKH�DGGUHVV�RI�WKH�UHPRWH�PHPRU\��DV�VKRZQ�LQ�ILJXUH�EHORZ� 
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Fig. 18-14 Write Transfer: SAR and DAR for Write Channel 

)RU�D�UHDG�WUDQVIHU��WKH�6$5�LV�WKH�DGGUHVV�RI�WKH�UHPRWH�PHPRU\��DQG�WKH�'$5�LV�WKH�
DGGUHVV�RI�WKH�ORFDO�PHPRU\��DV�VKRZQ�LQ�)LJXUH�EHORZ� 

 
Fig. 18-15 Read Transfer: SAR and DAR for Write Channel 

18.6.4.5.2 DMA Transfer Size Registers 
<RX�SURJUDP�WKH�'0$�WUDQVIHU�VL]H�XVLQJ�WKH�'0$�7UDQVIHU�6L]H�5HJLVWHU�
�DMA_TRANSFER_SIZE_OFF_WRCH_0 or DMA_TRANSFER_SIZE_OFF_RDCH_0���7KH�
PD[LPXP�'0$�WUDQVIHU�VL]H�LV��*%��DQG�WKH�PLQLPXP�WUDQVIHU�VL]H�LV�RQH�E\WH���[����7KH�
'0$�GHFUHPHQWV�WKH�YDOXH�LQ�WKLV�UHJLVWHU�DV�WKH�'0$�WUDQVIHU�SURJUHVVHV��:KHQ�DOO�E\WHV�
DUH�VXFFHVVIXOO\�WUDQVIHUUHG��WKH�YDOXH�LQ�WKLV�UHJLVWHU�LV�]HUR��,Q�//�PRGH��WKH�'0$�
RYHUZULWHV�WKLV�UHJLVWHU�ZLWK�WKH�FRUUHVSRQGLQJ�GZRUG�RI�WKH�//�HOHPHQW� 
<RX�FDQ�UHDG�WKLV�UHJLVWHU�WR�PRQLWRU�WKH�WUDQVIHU�SURJUHVV��+RZHYHU��LQ�VRPH�VFHQDULRV�
WKHUH�LV�D�GHOD\�EHIRUH�WKH�FRQWUROOHU�XSGDWHV�WKLV�UHJLVWHU��)RU�H[DPSOH��ZKHQ�OHVV�WKDQ�
WKUHH�FKDQQHOV�DUH�GRRU�EHOOHG��WKLV�UHJLVWHU�LV�RQO\�XSGDWHG�DIWHU�D�GHVFULSWRU�ILQLVKHV��//�
PRGH���RU�WKH�WUDQVIHU�HQGV��QRQ�//�PRGH�� 
18.6.4.5.3 Starting The DMA Transfer 
$IWHU�\RX�SURJUDP�WKH�'0$�FRQWUROOHU�UHJLVWHUV��LQFOXGLQJ�ZULWLQJ�WR�WKH�'0$�5HDG�(QJLQH�
(QDEOH�RU�'0$�:ULWH�(QJLQH�(QDEOH�UHJLVWHU���\RX�VWDUW�D�'0$�WUDQVIHU�E\�ZULWLQJ�]HUR�WR�WKH�
'RRUEHOO�1XPEHU�ILHOG�RI�WKH�'0$B:5,7(B'225%(//B2))�RU�'0$B5($'B'225%(//B2))��
<RX�FDQ�SURJUDP�DQG�VWDUW�ERWK�D�UHDG�DQG�D�ZULWH�WUDQVIHU�DW�WKH�VDPH�WLPH��7KH�'0$�
VXSSRUWV�IXOO�GXSOH[�RSHUDWLRQ��SURFHVVLQJ�UHDG�DQG�ZULWH�WUDQVIHUV�DW�WKH�VDPH�WLPH�DQG�LQ�
SDUDOOHO�ZLWK�QRUPDO��QRQ�'0$��WUDIILF� 
18.6.4.5.4 Detecting the End of The DMA Transfer 
'HWHFWLQJ�(QG�RI�7UDQVIHU�ZLWKRXW�(UURUV 
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7KH�QRUPDO�HQG�RI�D�'0$�WUDQVIHU�LV�GHWHFWHG�E\�DQ\�RI�WKH�IROORZLQJ�PHWKRGV� 
Ƶ� /RFDO�LQWHUUXSW�DVVHUWHG� 
Ƶ�5HPRWH�LQWHUUXSW��,0:U��UHFHLYHG� 
Ƶ�&KDQQHO�VWDWXV�ILHOG�RI�WKH�&KDQQHO�&RQWURO���UHJLVWHU�LV�6WRSSHG��DQG�WKH�'0$�7UDQVIHU�
6L]H�UHJLVWHU�LV��[�� 
Ƶ� 3ROOLQJ�RI�WKH�'0$�:ULWH�,QWHUUXSW�6WDWXV�5HJLVWHU��'0$B:5,7(B,17B67$786B2))��RU�
'0$�5HDG�,QWHUUXSW�6WDWXV�5HJLVWHU��'0$B5($'B,17B67$786B2))�� 
'HWHFWLQJ�(QG�RI�7UDQVIHU�ZLWK�(UURUV 
7KH�DEQRUPDO�HQG�RI�D�'0$�WUDQVIHU�LV�GHWHFWHG�E\�DQ\�RI�WKH�IROORZLQJ�PHWKRGV� 
Ƶ� /RFDO�LQWHUUXSW��SLQ��DVVHUWHG� 
Ƶ�5HPRWH�LQWHUUXSW��,0:U��UHFHLYHG� 
Ƶ� 3ROOLQJ�RI�WKH�'0$�:ULWH�,QWHUUXSW�6WDWXV�5HJLVWHU��'0$B:5,7(B,17B67$786B2))��RU�
'0$�5HDG�,QWHUUXSW�6WDWXV�5HJLVWHU��'0$B5($'B,17B67$786B2))�� 
Ƶ�&KDQQHO�6WDWXV�ILHOG�RI�WKH�&KDQQHO�&RQWURO���UHJLVWHU�LV�+DOWHG��:KHQ�WKH�'0$�FRQWUROOHU�
GHWHFWV�DQ�HUURU��LW�IRUFHV�WKH�'0$�WR�VWRS�LVVXLQJ�UHTXHVWV�IRU�WKH�FKDQQHO��,W�DOVR�VHWV�WKH�
FKDQQHO�VWDWXV�ILHOG�RI�WKH�&KDQQHO�&RQWURO���UHJLVWHU�WR�+DOWHG��JHQHUDWHV�DQ�DERUW�LQWHUUXSW�
�LI�HQDEOHG���DQG�VHQGV�DQ�DERUW�,0:U��LI�HQDEOHG���7KH�'0$�7UDQVIHU�6L]H�UHJLVWHU�LQGLFDWHV�
WKH�UHPDLQLQJ�QXPEHU�E\WHV�WR�EH�WUDQVIHUUHG��H[FHSW�ZKHQ�WKHUH�LV�DQ�$;,�ZULWH�HUURU�
GXULQJ�D�'0$�UHDG�WUDQVIHU� 
Ƶ�&KDQQHO�6WDWXV�ILHOG�RI�WKH�&KDQQHO�&RQWURO���UHJLVWHU�LV�6WRSSHG��DQG�WKH�'0$�7UDQVIHU�
6L]H�UHJLVWHU�LV�QRW��[���<RX�KDYH�SUHPDWXUHO\�VWRSSHG�WKLV�FKDQQHO�DV�GHVFULEHG�LQ�
³6WRSSLQJ�WKH�'0$�7UDQVIHU��6RIWZDUH�6WRS�´RQ�QH[W�VHFWLRQ 
18.6.4.5.5 Stopping the DMA Transfer (Software Stop) 
<RX�FDQ�PDQXDOO\�DERUW��VWRS��WKH�'0$�WUDQVIHU�E\�ZULWLQJ�WKH�FKDQQHO�QXPEHU�WR�WKH�
'RRUEHOO�1XPEHU�ILHOG�DQG�ZULWLQJ���WR�WKH�6WRS�ILHOG�LQ�
'0$B>:5,7(_5($'@B'225%(//B2))��7KLV�FDXVHV�WKH�'0$�WR� 
z 3ODFH�WKH�FKDQQHO�LQ�D�6WRSSHG�VWDWH��7KH�FKDQQHO�6WDWXV�ILHOG�LQ�

'0$B&+B&21752/�B2))B:5&+B��LV�6WRSSHG�DQG�WKH�YDOXH�LQ�
'0$B75$16)(5B6,=(B2))B:5&+B��ZLOO�QRW�EH��[�� 

z :DLW�IRU�DOO�RXWVWDQGLQJ�SHQGLQJ�WUDQVDFWLRQV� 
z $VVHUW�WKH�DERUW�LQWHUUXSW��LI�LW�LV�HQDEOHG��LQ�'0$B:5,7(B,17B67$786B2))� 
<RX�PLJKW�DOVR�GR�WKLV�DV�SDUW�RI�D�IXQFWLRQ�OHYHO�UHVHW��)/5���)/5�GRHV�QRW�GLUHFWO\�DIIHFW�WKH�
'0$�WUDQVIHU�VR�\RX�PXVW�PDQXDOO\�VWRS�WKH�'0$�WUDQVIHU�EHIRUH�LQLWLDWLQJ�DQ�)/5� 
18.6.4.6 Programming Examples 
7KLV�VHFWLRQ�SURYLGHV�WZR�SURJUDPPLQJ�DQG�RSHUDWLRQ�H[DPSOH�IORZV� 
18.6.4.6.1 Non-LL Write Transfer 
,Q�WKLV�H[DPSOH��WKH�,0:U�JHQHUDWLRQ�LV�GLVDEOHG��DV�WKH�ORFDO�&38�LQLWLDWHV�WKH�'0$�WUDQVIHU��
7KH�ORFDO�&38�LV�LQWHUUXSWHG�XVLQJ�WKH�SFLHBV\VBLQW�LQWHUUXSW��7KH�6$5�LV�WKH�DGGUHVV�RI�WKH�
ORFDO�PHPRU\��DQG�WKH�'$5�LV�WKH�DGGUHVV�RI�WKH�UHPRWH�PHPRU\��:ULWH�'0$�7UDQVIHU�LV�
IURP��[%(()B%((��WR��[&$)(B&$)���7DEOH�EHORZ�SURYLGHV�WKH�SURJUDPPLQJ�GHWDLOV�IRU�WKLV�
H[DPSOH�WUDQVIHU��7KH�WUDQVIHU�VL]H�LV��0%� 

Table 18-10 Write DMA Transfer Example 
Address 

0x380000+ 
NAME Value 

0x00C 
DMA Write Engine Enable  
You must not write 0 to this register. Even temporarily 
writing 0 to this register resets the DMA logic. 

0x1 

0x054 DMA Write Interrupt Mask 0x0 

0x200 

DMA Channel Control 1 register 
Ƶ Local Interrupt Enable (LIE) =1 
Ƶ Remote Interrupt Enable (RIE) =0 
Ƶ AT, RO, NS, TC, Function Number =0 

0x04000008 

0x208 DMA Transfer Size 0x00100000 
0x20C DMA SAR Low 0xBEEF_BEE0 
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Address 
0x380000+ 

NAME Value 

0x210 DMA SAR High 0x0000_0000 
0x214 DMA DAR Low 0xCAFE_CAF0 
0x218 DMA DAR High 0x0000_0000 
0x010 DMA Write Doorbell 0x0 

18.6.4.6.2 Non-LL Read Transfer 

,Q�WKLV�H[DPSOH��WKH�ORFDO�LQWHUUXSW�JHQHUDWLRQ�LV�GLVDEOHG��DV�WKH�UHPRWH�&38�LQLWLDWHV�WKH�
'0$�WUDQVIHU��7KH�UHPRWH�&38�LV�LQWHUUXSWHG�XVLQJ�DQ�,0:U��7KH�6$5�LV�WKH�DGGUHVV�RI�WKH�
UHPRWH�PHPRU\��DQG�WKH�'$5�LV�WKH�DGGUHVV�RI�WKH�ORFDO�PHPRU\��5HDG�'0$�7UDQVIHU�IURP�
�[%(()B%((��WR��[&$)(B&$)���7DEOH�EHORZ�SURYLGHV�WKH�SURJUDPPLQJ�GHWDLOV�IRU�WKLV�
H[DPSOH�WUDQVIHU��7KH�WUDQVIHU�VL]H�LV��0%� 

Table 18-11 Read DMA Transfer Example 
Address 

0x380000+ 
NAME Value 

0x02C 
DMA Read Engine Enable 
You must not write 0 to this register. Even temporarily 
writing 0 to this register resets the DMA logic. 

0x1 

0x0CC/0x0D0 DMA Read Done IMWr Address Low and high IMWr Address #1 
0x0D4/0x0D8 DMA Read Abort IMWr Address Low and High IMWr Address #2 
0x0DC DMA Read Channel 0 IMWr Data IMWr Data 

0x200 

DMA Channel Control 1 register 
Ƶ Local Interrupt Enable (LIE) =0 
Ƶ Remote Interrupt Enable (RIE) =1 
Ƶ AT, RO, NS, TC, Function Number =0 

0x04000010 

0x208 DMA Transfer Size 0x00100000 
0x20C DMA SAR Low 0xBEEF_BEE0 
0x210 DMA SAR High 0x0000_0000 
0x214 DMA DAR Low 0xCAFE_CAF0 
0x218 DMA DAR High 0x0000_0000 
0x030 DMA Read Doorbell 0x0 

18.6.5 3&,H�0HVVDJH�+DQGOLQJ 
7KLV�VHFWLRQ�GHVFULEHV�WKH�SURFHVVLQJ�RI�PHVVDJHV�WKURXJK�WKH�FRQWUROOHU��)RU�D�SURSHU�
XQGHUVWDQGLQJ�RI�PHVVDJHV�\RX�VKRXOG�EH�IDPLOLDU�ZLWK�6HFWLRQ��������³0HVVDJH�5HTXHVW�
5XOHV´�RI�WKH�3&,�([SUHVV�%DVH�6SHFLILFDWLRQ��5HYLVLRQ����� 
18.6.5.1 Message Generation 
7KHVH�DUH�WKUHH�PHWKRGV�WR�JHQHUDWH�3&,H�0HVVDJHV� 
z 6SHFLILF�06*�LQWHUIDFH 
<RX�FDQ�XVH�3&,(B&/,(17B06*B*(1B&21�UHJLVWHU�WR�JHQHUDWH�PHVVDJHV�VXFK�DV� 
9HQGRU�'HILQHG�0HVVDJH 

/HJDF\�3&,�,QWHUUXSW�0HVVDJH 

30(B7XUQB2II�PHVVDJH 

8QORFN�PHVVDJH 

/75�0HVVDJH 

2%))�0HVVDJH 

5HIHU�WR�UHJLVWHU�GHVFULSWLRQ�IRU�PRUH�GHWDLOV� 
z $;,�EULGJH 
,Q�WKLV�PHWKRG��\RX�VKRXOG�SURJUDP�WKH�PCIE_CLIENT_AXI_SLV_AWMISC_HDR 

PCIE_CLIENT_AXI_SLV_AWMISC_HDR3 and PCIE_CLIENT_AXI_SLV_AWMISC_HDR4 registers to 

set these parameters: 

VOYBDZPLVFBLQIR�>���@� 06* 
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VOYBDZPLVFBLQIR�>�����@� �PHVVDJH�FRGH 

VOYBDZPLVFBWDJ�>���@� �WDJ 

VOYBDZPLVFBLQIRBKGUB>�_�@GZ� ��UG�DQG��WK�7/3�KHDGHU�':25' 

Then you can send zero length memory write (slv_awstrb=0) to generate the message. You must not 

program registers mentioned above when there are normal transfers pending on AXI slave interface. 

And should set these registers in normal value when you want to send MWr TLP. This method is not 

recommend because of these limitations. 

z $;,�EULGJH�DQG�L$78 
3URJUDP�UHODWHG�FOLHQW�UHJLVWHU�ILHOGV�DV�IROORZV� 
VOYBDZPLVFBLQIR>���@� 0(0 

VOYBDZPLVFBLQIRBKGUB>�_�@GZ� ��UG�DQG��WK�7/3�KHDGHU�':25' 

Then iATU needs to be configured to to translate MWr to Msg TLPs. Refer to ³$GGUHVV�7UDQVODWLRQ´ for 

more details. This method is not recommend because that it needs additional iATU resources. 

18.6.5.2 Message Reception 
3&,H�FRQWUROOHU�XVH�SFLHBPVJBLQW�LQWHUUXSW�WR�LQGLFDWH�WKH�UHFHSWLRQ�RI�3&,H�0HVVDJH��
$SSOLFDWLRQ�FDQ�SROO�WR�PCIE_CLIENT_INTR_STATUS_MSG_RX register to check the status of 
Message reception. Refer to register information for details. 
18.6.6 3&,H�3RZHU�0DQDJHPHQW 
18.6.6.1 Overview 
7KH�FRQWUROOHU�VXSSRUWV�WZR�FDWHJRULHV�RI�30�RSHUDWLRQV�WR�FRQWURO�WKH�GHYLFH�VWDWH��'�VWDWH��
DQG�OLQN�VWDWH��)RU�D�SURSHU�XQGHUVWDQGLQJ�RI�3&,H�3RZHU�PDQDJHPHQW�\RX�VKRXOG�EH�
IDPLOLDU�ZLWK�6HFWLRQ����³3RZHU�0DQDJHPHQW´�RI�WKH�3&,�([SUHVV�%DVH�6SHFLILFDWLRQ��5HYLVLRQ�
���� 
6RIWZDUH�3&,�&RPSDWLEOH�30��3&,�30� 
z '�VWDWH�30�RI�)XQFWLRQ��7KH�KRVW�VRIWZDUH�FDQ�GLUHFW�WKH�IXQFWLRQ�WR�HQWHU�DQ\�RI�WKH�'���

'���RU�'��ORZ�SRZHU�VWDWHV��,W�GRHV�WKLV�E\�ZULWLQJ�WR�WKH�3RZHU�0DQDJHPHQW�&RQWURO�
DQG�6WDWXV�5HJLVWHU��30&65��LQ�WKH�3&,�30�FDSDELOLW\�VWUXFWXUH� 

z '�VWDWH�30�RI�/LQN��/LQN�VWDWHV�DUH�QRW�YLVLEOH�WR�3&,�30�OHJDF\�FRPSDWLEOH�VRIWZDUH��DQG�
DUH�GHULYHG�IURP�WKH�SRZHU�PDQDJHPHQW�'�VWDWHV�RI�WKH�FRPSRQHQWV�FRQQHFWHG�WR�WKDW�
OLQN��7KH�DFWLRQ�RI�FKDQJLQJ�WKH�'�VWDWH�LQ�WKH�30&65�LQGLUHFWO\�FDXVHV�D�FKDQJH�LQ�WKH�
OLQN�SRZHU�VWDWH��7KH�/��VWDWH�LV�HQWHUHG�ZKHQHYHU�DOO�IXQFWLRQV�RI�D�863�RQ�D�OLQN�DUH�
SURJUDPPHG�WR�D�QRQ�'��VWDWH��7KH�HQWU\�LQWR�/��DQG�/��VWDWHV�LV�LQLWLDWHG�E\�WKH�'63� 

3&,H�30�0HFKDQLVPV 
z $FWLYH�6WDWH�30��$630��:KHQ�WKH�863�LV�LQ�/��DQG�GHWHFWV�LGOHQHVV�RQ�WKH�OLQN�IRU�D�

VSHFLILF�DPRXQW�RI�WLPH��LW�DXWRPDWLFDOO\�WUDQVLWLRQV�WKH�OLQN�WR�WKH�/�V�RU�/���RSWLRQDO��
SRZHU�VWDWH� 

z /��6XEVWDWHV��7KLV�LV�DQ�RSWLRQDO�3&,H�IHDWXUH�WKDW�HQDEOHV�FRPSRQHQWV�RQ�D�OLQN�WR�
IXUWKHU�UHGXFH�LGOH�SRZHU�FRQVXPSWLRQ�ZKLOH�WKH�OLQN�LV�LQ�/���LQFOXGLQJ�DOPRVW�FRPSOHWH�
UHPRYDO�RI�SRZHU�IRU�WKH�KLJK�VSHHG�3+<�FLUFXLWV� 

18.6.6.2 L0s Operation 
L0s is a low-power state enabled by ASPM. ASPM controls entry into L0s for the 
transmitter. The remote device controls entry into L0s for the receiver. 
18.6.6.2.1 L0s Entry 
$OO�RI�WKHVH�FRQGLWLRQ�PXVW�EH�PHW� 
Ƶ�$630�/�V�LV�HQDEOHG�WKURXJK�WKH�$630�&RQWURO�ILHOG�LQ�WKH�/LQN�&RQWURO�UHJLVWHU� 
Ƶ� /�V�HQWU\�FRQGLWLRQV�DV�GHILQHG�LQ�6HFWLRQ������������³(QWU\�LQWR�WKH�/�V�6WDWH´�RI�WKH�3&,�
([SUHVV�%DVH�6SHFLILFDWLRQ��5HYLVLRQ������H[LVW�IRU�D�GXUDWLRQ�RI�WLPH��GHWHUPLQHG�E\�WKH�
/�6B(175$1&(B/$7(1&<�ILHOG�LQ�$&.B)B$630B&75/B2))�� 
Ƶ�1R�KLJKHU�VWDJH�RI�SRZHU�GRZQ�UHTXHVWHG� 
18.6.6.2.2 L0s Exit 
$Q\�RI�WKHVH�FRQGLWLRQ�FDQ�EH�PHW� 
Ƶ�$�'//3�RU�7/3�LV�SHQGLQJ�WR�EH�VHQW� 
Ƶ� /��HQWU\�FRQGLWLRQV�DV�GHILQHG�LQ�6HFWLRQ������������Ā(QWU\�LQWR�WKH�/��6WDWHā� RI�WKH�3&,�
([SUHVV�%DVH�6SHFLILFDWLRQ��5HYLVLRQ������DUH�VDWLVILHG� 
Ƶ� 3&,H�OLQN�SDUWQHU�UHTXHVWV�WR�HQWHU�LQWR�OLQN�UHFRYHU\� 
18.6.6.3 L1 Operation (Non-substates) 
7KH�IROORZLQJ�WRSLF�ZLOO�EH�GLVFXVVHG�LQ�WKLV�VHFWLRQ��/���$630�30��(QWU\�DQG�([LW�&RQGLWLRQV�
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DQG�/��&ORFN�30��/��ZLWK�5()&/.�UHPRYDO�3//�2II��(QWU\�DQG�([LW�&RQGLWLRQV� 
18.6.6.3.1 L1 (ASPM/PM) Entry 
 
/��LV�D�ORZ�SRZHU�VWDWH�HQDEOHG�HLWKHU�E\�$630��/��$630��RU�E\�WKH�VRIWZDUH�FKDQJLQJ�WKH�
'�VWDWH��/��30���7KH�/��VWDWH�LV�D�EL�GLUHFWLRQDO�OLQN�ORZ�SRZHU�VWDWH�DQG�ERWK�OLQN�SDUWQHUV�
PXVW�QHJRWLDWH�WR�JR�WR�WKLV�VWDWH� 
7KH�/��$630�HQWU\�QHJRWLDWLRQ�KDQGVKDNH�XVHV�30B$FWLYHB6WDWHB5HTXHVWB/��'//3V��
30B5HTXHVWB$FN�'//3V��DQG�30B$FWLYHB6WDWHB1DN�06*�7/3V��5HIHU�WR�3&,H�%DVLF�
6SHFLILFDWLRQ�IRU�PRUH�LQIRUPDWLRQ� 
7KHUH�DUH�WKUHH�VFHQDULRV�WKDW�FDXVH�WKH�FRQWUROOHU�WR�HQWHU�/��XQGHU�$630�FRQGLWLRQV� 
6FHQDULR����/��,GOH�7LPHRXW�,Q�/�V 
$OO�RI�WKHVH�FRQGLWLRQ�PXVW�EH�PHW�LQ�WKH�863� 
Ƶ�$630�/��DQG�/�V�DUH�HQDEOHG�WKURXJK�WKH�$630�&RQWURO�ILHOG�LQ�WKH�/LQN�&RQWURO�UHJLVWHU� 
Ƶ� 7KH�(17(5B$630ILHOG�RI�$&.B)B$630B&75/B2))LV�VHW�WR�þ�ÿ�DQG�WKH�OLQN�VWDWH�LV�/�V�
IRU�ERWK�OLQN�SDUWQHUV��RU�WKH�(17(5B$630ILHOG�RI�$&.B)B$630B&75/B2))LV�VHW�WR�µ�¶� 
Ƶ� /��HQWU\�FRQGLWLRQV�DV�GHILQHG�LQ�6HFWLRQ������������Ā(QWU\�LQWR�WKH�/��6WDWHā� RI�WKH�3&,�
([SUHVV�%DVH�6SHFLILFDWLRQ��5HYLVLRQ������H[LVW�IRU�D�GXUDWLRQ�RI�WLPH��GHWHUPLQHG�E\�WKH�
/�B(175$1&(B/$7(1&<ILHOG�LQ�$&.B)B$630B&75/B2))�� 
Ƶ�1R�KLJKHU�VWDJH�RI�SRZHU�GRZQ�UHTXHVWHG� 
Ƶ� <RXU�863�DSSOLFDWLRQ�LV�QRW�DVVHUWLQJ�WKH�DSSB[IHUBSHQGLQJ�ILHOG�LQ�
PCIE_CLIENT_POWER_CON register� 
Ƶ� 7KHUH�DUH�QR�LQ�SURJUHVV�WUDQVDFWLRQV�LQ�WKH�FRQWUROOHU 
Ƶ� 7KHUH�DUH�QR�SHQGLQJ�UHTXHVWV�DW�WKH�$;,�VODYH�LQWHUIDFH��WKDW�LV��VOYBDYDOLG�PXVW�EH��� 
Ƶ� 7KHUH�DUH�QR�SHQGLQJ�'0$�WUDQVIHUV� 
6FHQDULR����/��,GOH�7LPHRXW�,Q�/� 
$OO�RI�WKHVH�FRQGLWLRQ�PXVW�EH�PHW�LQ�WKH�863� 
Ƶ�$630�/��LV�HQDEOHG�DQG�/�V�LV�QRW�HQDEOHG�WKURXJK�WKH�$630�&RQWURO�ILHOG�LQ�WKH�/LQN�
&RQWURO�UHJLVWHU� 
Ƶ� /LQN�VWDWH�LV�/�� 
Ƶ� /��HQWU\�FRQGLWLRQV�DV�GHILQHG�LQ�6HFWLRQ������������Ā(QWU\�LQWR�WKH�/��6WDWHā� RI�WKH�3&,�
([SUHVV�%DVH�6SHFLILFDWLRQ��5HYLVLRQ������H[LVW�IRU�D�GXUDWLRQ�RI�WLPH��GHWHUPLQHG�E\�WKH�
/�B(175$1&(B/$7(1&<ILHOG�LQ�$&.B)B$630B&75/B2))�� 
Ƶ�1R�KLJKHU�VWDJH�RI�SRZHU�GRZQ�UHTXHVWHG� 
Ƶ� <RXU�863�DSSOLFDWLRQ�LV�QRW�DVVHUWLQJ�WKH�DSSB[IHUBSHQGLQJ�ILHOG�LQ�
PCIE_CLIENT_POWER_CON register� 
Ƶ� 7KHUH�DUH�QR�LQ�SURJUHVV�WUDQVDFWLRQV�LQ�WKH�FRQWUROOHU� 
Ƶ� 7KHUH�DUH�QR�SHQGLQJ�UHTXHVWV�DW�WKH�$;,�VODYH�LQWHUIDFH��WKDW�LV��VOYBDYDOLG�PXVW�EH��� 
Ƶ� 7KHUH�DUH�QR�SHQGLQJ�'0$�WUDQVIHUV� 
6FHQDULR����$SSOLFDWLRQ�&RQWUROOHG��863�RQO\� 
$OO�RI�WKHVH�FRQGLWLRQ�PXVW�EH�PHW�LQ�WKH�863� 
Ƶ�$630�/��LV�HQDEOHG�WKURXJK�WKH�$630�&RQWURO�ILHOG�LQ�WKH�/LQN�&RQWURO�UHJLVWHU� 
Ƶ� <RXU�DSSOLFDWLRQ�ZULWH���WR�WKH�DSSBUHTBHQWUBO��ILHOG�LQ�PCIE_CLIENT_POWER_CON 
register� 
Ƶ� <RXU�863�DSSOLFDWLRQ�LV�QRW�DVVHUWLQJ�WKH�DSSB[IHUBSHQGLQJ�ILHOG�LQ�
PCIE_CLIENT_POWER_CON register� 
Ƶ� 7KHUH�DUH�QR�LQ�SURJUHVV�WUDQVDFWLRQV�LQ�WKH�FRQWUROOHU� 
Ƶ� 7KHUH�DUH�QR�SHQGLQJ�UHTXHVWV�DW�WKH�$;,�VODYH�LQWHUIDFH��WKDW�LV��VOYBDYDOLGPXVW�EH��� 
Ƶ� 7KHUH�DUH�QR�SHQGLQJ�'0$�WUDQVIHUV� 
/��30�(QWU\ 
7KH�SRZHU�PDQDJHPHQW�VWDWH�RI�D�OLQN�LV�GHWHUPLQHG�E\WKH�'�VWDWH�RI�WKH863�:KHQ�\RX�
FKDQJH�WKH�GHYLFH�VWDWH�RI�WKH�863�WR�'���'���RU�'�KRW�E\�ZULWLQJ�WR�WKH�30&65��WKH�
FRQWUROOHU�PXVW�LQLWLDWH�D�OLQN�VWDWH�WUDQVLWLRQ�WR�/�� 
$Q�863�DSSOLFDWLRQ�DVVHUWLQJ�WKH�DSSB[IHUBSHQGLQJ�ILHOG�GRHV�QRW�SUHYHQW�/��30�HQWU\��EXW�
ZLOO�FDXVH�LPPHGLDWH�H[LW�IURP�/��30� 
18.6.6.3.2 L1-PM/L1-ASPM Exit 
$Q\�RI�WKHVH�FRQGLWLRQ�DUH�PHW� 
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Ƶ�$�'//3�RU�7/3�LV�SHQGLQJ�WR�EH�VHQW� 
Ƶ� <RXU�DSSOLFDWLRQ�DVVHUWV�WKH�DSSBUHTBH[LWBO��ILHOG� 
Ƶ� /LQN�SDUWQHU�LV�UHTXHVWLQJ�H[LW�IURP�/�� 
Ƶ� <RXU�DSSOLFDWLRQ�DVVHUWV�WKH�DSSB[IHUBSHQGLQJ�ILHOG� 
Ƶ� <RXU�DSSOLFDWLRQ�DVVHUWV�WKH�DSSBSPB[PWBSPH�ILHOG� 
:KHQ�WKH�863�LV�SURJUDPPHG�ZLWK�FDSDELOLW\�WR�VXSSRUW�30(��LW�VHQGV�D�30(�PHVVDJH�WR�WKH�
5&�ZKLFK�FDOOV�WKH�30�VRIWZDUH�WR�WUDQVLWLRQ�WKH�863�WR�WKH�'��VWDWH��7KHUHIRUH��\RX�VKRXOG�
RQO\�XVH�DSSBSPB[PWBSPH�IRU�/��30�H[LW� 
Ƶ� 30�VRIWZDUH��5&��UHTXHVWV�D�KLJKHU�VWDJH�RI�SRZHU�GRZQ�E\�ZULWLQJ�WR�WKH�30&65�LQ�WKH�
863� 
Ƶ� <RXU�DSSOLFDWLRQ��863��UHTXHVWV�WUDQVPLVVLRQ�RI�9'0��06,�06,;��RU�/75�PHVVDJH��/HJDF\�
LQWHUUXSW�LV�QRW�LQFOXGHG� 
Ƶ� <RXU�DSSOLFDWLRQ��'63��UHTXHVWV�WUDQVPLVVLRQ�RI�8QORFN�PHVVDJH� 
Ƶ� <RXU�DSSOLFDWLRQ�LV�UHTXHVWLQJ�WR�VHQG�WUDIILF�E\�DVVHUWLQJ�RU�VOYBDYDOLG� 
Ƶ� <RXU�DSSOLFDWLRQ�GRRUEHOOV�D�'0$�UHDG�RU�ZULWH�FKDQQHO��RU�'0$�FRQWUROOHU�LV�UHTXHVWLQJ�
GDWD� 
Ƶ� <RXU�DSSOLFDWLRQ��'63��LQLWLDWHV�OLQN�GLVDEOH��RU�OLQN�UHWUDLQ��E\�VHWWLQJ�
3&,(B&$3B/,1.B',6$%/(�RU�3&,(B&$3B5(75$,1B/,1.�ILHOG�LQ�
/,1.B&21752/B/,1.B67$786B5(*�WR���� 
Ƶ� <RXU�DSSOLFDWLRQ��'63��LQLWLDWHV�KRW�UHVHW�E\�HLWKHU� 
ᆕ� VHWWLQJ�5(6(7B$66(57�ILHOG�LQ�3257B/,1.B&75/B2))�WR����RU�  
ᆕ� VHWWLQJ�6%5�ILHOG�LQ�%5,'*(B&75/B,17B3,1B,17B/,1(B5(*�WR����RU 
ᆕ� WRJJOLQJ�DSSBLQLWBUVW�ILHOG�LQ�3&,(B&/,(17B*(1(5$/B&21� 

Ƶ� <RXU�DSSOLFDWLRQ�UHTXHVWV�D�VSHHG�FKDQJH��E\�VHWWLQJ�',5(&7B63(('B&+$1*(�ILHOG�LQ�
*(1�B&75/B2))�WR���� 
Ƶ� <RXU�DSSOLFDWLRQ�UHTXHVWV�OLQN�ZLGWK�FKDQJH��E\�VHWWLQJ�',5(&7B/,1.B:,'7+B&+$1*(�
ILHOG�LQ�08/7,B/$1(B&21752/B2))�LV�VHW�WR���� 
18.6.6.3.3 L1 Clock PM 
)RU�DQ�863��KRVW�VRIWZDUH�XVHV�WKH�(QDEOH�&ORFN�3RZHU�0DQDJHPHQW�ELW�LQ�WKH�/LQN�&RQWURO�
UHJLVWHU�WR�HQDEOH�WKLV�IHDWXUH��)RU�D�'63��WKLV�UHJLVWHU�ELW�LV�KDUG�FRGHG�WR�µ�¶�DQG�FDQQRW�EH�
XVHG�WR�FRQWURO�WKLV�EHKDYLRU��<RXU�DSSOLFDWLRQ�FDQ�XVH�WKH�DSSBFONBSPBHQ�LQSXW�WR�
G\QDPLFDOO\�FRQWURO�ZKHWKHU�WR�H[HFXWH�/��ZLWK�RU�ZLWKRXW�&ORFN�30� 
Ƶ� 7KH�6XSSRUW�&ORFN�3RZHU�0DQDJHPHQW�ELW�LQ�WKH�/LQN�&DSDELOLWLHV�UHJLVWHU�PXVW�EH�VHW��
)RU�GRZQVWUHDP�SRUWV�LW�LV�KDUGFRGHG�WR����IRU�XSVWUHDP�SRUWV�LW�FDQ�EH�DFFHVVHG�WKURXJK�
WKH�'%,� 
Ƶ� 7KH�(QDEOH�&ORFN�3RZHU�0DQDJHPHQW�ELW�LQ�WKH�/LQN�&RQWURO�UHJLVWHU�PXVW�EH�VHW� 
Ƶ� <RX�PXVW�VHW�WKH�DSSBFONBSPBHQ�ILHOG�WR����7KH�FRQWUROOHU�RQO\�VDPSOHV�DSSBFONBSPBHQ�
ZKHQ�/��LV�HQWHUHG� 
/��ZLWK�&ORFN�30�DQG�/��VXEVWDWHV�ZRUN�RUWKRJRQDO�WR�HDFK�RWKHU��/��ZLWK�&ORFN�30�XVHV�WKH�
PDFBSK\BSFONUHTBQ>�@VLJQDOLQJ��DQG�/��VXEVWDWHV�XVHV�WKH�PDFBSK\BSFONUHTBQ>�@VLJQDOLQJ��
+RZHYHU��/��VXEVWDWHV�WDNHV�SUHFHGHQFH�RYHU�&ORFN�30�ZLWKLQ�WKH�FRUHV�30�VWDWH�PDFKLQH� 
18.6.6.4 L1 Substate 
7KH�/��VXEVWDWHV�DUH�DSSOLFDEOH�LQ�ERWK�WKH�$630�DQG�3&,�30�/��OLQN�VWDWHV��/��VXEVWDWHV�
PDQDJHPHQW�XWLOL]HV�D�SHU�OLQN�VLGHEDQG�VLJQDO�FDOOHG�&/.5(4�� 
Ƶ�'XULQJ�/��VXEVWDWHV�LW�LV�DVVXPHG�WKDW�FRUHBFON�LV�WXUQHG�RII�DQG�WKDW�DX[BFON�LV�DFWLYH��,W�
LV�UHTXLUHG�WKDW�\RXU�DSSOLFDWLRQ�VZLWFKHV�DX[BFON�WR�D�ORZ�IUHTXHQF\�IUHH�UXQQLQJ�FORFN�RQ�
HQWU\�LQWR�/�� 
Ƶ� 7KH�FRQWUROOHU�XVHV�DX[BFON�IRU�FRXQWLQJ�WLPH�GXULQJ�/��VXEVWDWHV��<RX�PXVW�SURJUDP�WKH�
IUHTXHQF\�RI�WKLV�FORFN�LQWR�WKH�/�B68%67$7(6B2))�UHJLVWHU�ZLWK�D�YDOXH�LQ�WKH�UDQJH�
��������0+]�WR�FRXQW�UHDO�WLPH��)UHTXHQFLHV�ORZHU�WKDQ���0+]�DUH�SRVVLEOH��EXW�ZLWK�D�ORVV�
RI�DFFXUDF\�LQ�WKH�WLPH�FRXQWHG� 
Ƶ�:KHQ�WKH�HOHFWULFDO�LGOH�GHWHFWLRQ�FLUFXLWU\�LV�GLVDEOHG�LW�LV�DVVXPHG�WKDW�WKH�3+<�KROGV�WKH�
VLJQDO�SK\BPDFBU[HOHFLGOH�WR��� 
$IWHU�WKH�OLQN�KDV�HQWHUHG�/��WKURXJK�WKH�QRUPDO�/��QHJRWLDWLRQ��WKH�863�FDQ�LQLWLDWH�WKH�
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VHTXHQFH�IRU�HQWHULQJ�WKH�WDUJHW�/��VXEVWDWH��/����RU�/�����E\�WUL�VWDWLQJ�LWV�&/.5(4��
RXWSXW�EXIIHU��7KH�HQWU\�VHTXHQFH�FDQ�RQO\�SURFHHG�LI�WKH�'63�LV�DOVR�WUL�VWDWLQJ�LWV�
&/.5(4��RXWSXW�EXIIHU��UHVXOWLQJ�LQ�WKH�ELGLUHFWLRQDO�&/.5(4��VLJQDO�EHLQJ�SXOOHG�XS�WR����
2WKHUZLVH�&/.5(4��ZLOO�UHPDLQ�DVVHUWHG�DW���DQG�WKH�OLQN�VWDWH�ZLOO�VWD\�LQ�/���7KH�H[LW�
VHTXHQFH�FDQ�EH�LQLWLDWHG�E\�HLWKHU�SRUWV�E\�DVVHUWLQJ�&/.5(4��WR����)RU�HDFK�SRUW�WKHUH�
DUH�WZR�FDVHV�WR�FRQVLGHU��WKH�ILUVW�ZKHUH�WKH�H[LW�LV�LQLWLDWHG�ORFDOO\��WKH�VHFRQG�ZKHUH�WKH�
H[LW�LV�LQLWLDWHG�UHPRWHO\��/��VXEVWDWHV�PDQDJHPHQW�XWLOL]HV�D�SHU�OLQN�VLGHEDQG�VLJQDO�FDOOHG�
&/.5(4�� 
18.6.6.4.1 L1 Substates Software Control 
:KHQ�WKH�FRQWUROOHU�HQWHUV�/���WKH�WDUJHW�/��VXEVWDWH�GHSHQGV�RQ�VHYHUDO�SURJUDPPLQJ�ELWV� 
Ƶ� 30�&RQWURO�6WDWXV�5HJLVWHU 
ެ�863��7KH�FXUUHQW�'�VWDWH 
ެ�'63��7KH�'//3�W\SH�WKDW�ZDV�XVHG�E\�863�WR�UHTXHVW�/� 
Ƶ� /��6XEVWDWHV�&RQWURO���5HJLVWHU 
ެ�$630�30�/����(QDEOHG 
ެ�$630�30�/����(QDEOHG 
ެ� 3&,�30�/����(QDEOHG 
ެ� 3&,�30�/����(QDEOHG 
$IWHU�WKH�863�FRQWUROOHU�HQWHUV�/���LW�XVHV�WKH�'�VWDWH�RI�WKH�GHYLFH�WR�GHWHUPLQH�LI�/��ZDV�
HQWHUHG�LQ�$630�PRGH�RU�3&,�30�PRGH� 
$IWHU�WKH�'63�FRQWUROOHU�HQWHUV�/���LW�XVHV�WKH�863V�'//3/��UHTXHVW�W\SH�WR�GHWHUPLQH�LI�/��
ZDV�HQWHUHG�LQ�$630�PRGH�RU�3&,�30�PRGH��7KH�QH[W�WDEOHV�VKRZV�WKH�WDUJHW�/��VXEVWDWH�
DV�D�IXQFWLRQ�RI�WKH�UHOHYDQW�SURJUDPPLQJ�ELWV� 

Table 18-12 Target L1 Substate as a Function of Software Controls (USP) 

D-State 
ASPM L1.1 

Enabled 
ASPM L1.2 

Enabled 
LTR >=  

Threshold 

PCI PM 
L1.1  

Enabled 

PCI PM 
L1.2  

Enabled 

Target L1  
Substate 

!D0 - - - 0 0 L1 
!D0 - - - 1 0 L1.1 
!D0 - - - - 1 L1.2 
D0 0 0 - - - L1 
D0 1 0 - - - L1.1 
D0 0 1 0 - - L1 
D0 1 1 0 - - L1.1 
D0 - 1 1 - - L1.2 

Table 18-13 Target L1 Substate as a Function of Software Controls (DSP) 

DLLP 
Receive 

ASPM L1.1 
Enabled 

ASPM L1.2 
Enabled 

LTR >=  
Threshold 

PCI PM 
L1.1  

Enabled 

PCI PM 
L1.2  

Enabled 

Target L1  
Substate 

PM_Enter
_L1 

- - - 0 0 L1 
- - - 1 0 L1.1 
- - - - 1 L1.2 

PM_ 
Active_  
State_ 

Request_
L1 

0 0 - - - L1 
1 0 - - - L1.1 
0 1 0 - - L1 
1 1 0 - - L1.1 
- 1 1 - - L1.2 

7KH�5HSRUWHG�/75�LV�WKH�PD[LPXP�RI�WKH�VQRRS�QR�VQRRS�ODWHQF\�YDOXHV�HPEHGGHG�LQ�/75�
PHVVDJHV�WUDQVPLWWHG�E\�WKH�XSVWUHDP�SRUWV�RU�UHFHLYHG�E\�WKH�GRZQVWUHDP�SRUW��7KH�
FRQWUROOHU�VWRUHV�WKHVH�YDOXHV�LQ�WKH�SRUW�ORJLF�/75�/DWHQF\�5HJLVWHU��/75B/$7(1&<B2))���
:KHQ�WKH�UHTXLUHPHQW�ELW�LQ�WKH�PHVVDJH�LV����WKH�ODWHQF\�YDOXH�LV�FRQVLGHUHG�LQILQLWH��WKDW�
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LV��WKH�FKHFN�ZLWK�WKH�WKUHVKROG�DOZD\V�SDVV�� 
18.6.6.4.2 L1 Substates Entry and Exit 
3&,H�OLQN�HQWHUHG�/��VXEVWDWH�DXWRPDWLFDOO\�LI�UHODWHG�HQDEOH�ELW�LV�VHW�DQG�/7660�DOUHDG\�LQ�
/��VWDWH��UHIHU�WR�VHFWLRQ�/��6XEVWDWHV�6RIWZDUH�&RQWURO�IRU�GHWDLOV� 
/��VXEVWDWHV�([LW�FDQ�EH�WULJJHUHG�ORFDOO\�RU�5HPRWHO\��)RU�ORFDOO\�LQLWLDWHG�H[LW��UHIHU�WR�
VHFWLRQ�/��30�/��$630�([LW��5HPRWHO\�LQLWLDWHG�H[LW�EHJLQ�ZKHQ�&/.5(4��LV�DVVHUWHG�E\�
UHPRWH�3&,H�SDUWQHU� 
18.6.6.5 L2 and L3 Power Down Entry and Exit 
/��/��HQWU\�LV�LQLWLDWHG�DIWHU�WKH�5&�FDOOV�SRZHU�PDQDJHPHQW�VRIWZDUH�WR�LQLWLDWH�WKH�UHPRYDO�
RI�SRZHU�DQG�FORFNV��863V�RI�GHYLFHV�LQ�'���'���'���DQG�'�KRW�PXVW�UHVSRQG�WR�WKH�UHFHLSW�
RI�D�30(B7XUQB2II�06*�7/3�E\�WUDQVPLWWLQJ�D�30(B72B$FN�06*�7/3��7KH�GHYLFH�PXVW�WKHQ�
UHTXHVW�D�OLQN�WUDQVLWLRQ�WR�/��/�B5HDG\��/��/�B5HDG\�LV�D�EL�GLUHFWLRQDO�OLQN�SRZHU�GRZQ�
VWDWH��,I�\RXU�DSSOLFDWLRQ�LV�QRW�UHDG\�WR�EH�VKXW�GRZQ��LW�PXVW�NHHS�WKH�DSSBUHDG\BHQWUBO���
ILHOG�GH�DVVHUWHG� 
/��/��(QWU\ 
$OO�RI�WKHVH�FRQGLWLRQ�PXVW�EH�PHW� 
Ƶ� 30(B7XUQB2II�30(B72B$FN�KDQGVKDNH�KDV�EHHQ�FRPSOHWHG� 
Ƶ� <RXU�863�DSSOLFDWLRQ�LV�UHDG\�WR�EH�WXUQHG�RII��DSSBUHDG\BHQWUBO�� �� 
Ƶ�$IWHU�VHQGLQJ�WKH�30(B72B$FN��WKH�863�LQLWLDWHV�WKH�/��/��5HDG\�WUDQVLWLRQ�SURWRFRO�E\�
VHQGLQJ�WKH�30B(QWHUB/���'//3��7KH�5&�UHVSRQGV�ZLWK�WKH�30B5HTXHVWB$FN� 
/��/��([LW 
$Q\�RI�WKHVH�FRQGLWLRQ�FDQ�EH�PHW� 
Ƶ�:KHQ�WKH�863�LV�SURJUDPPHG�ZLWK�FDSDELOLW\�WR�VXSSRUW�30(��\RXU�DSSOLFDWLRQ�FDQ�DVVHUW�
WKH�DSSVBSPB[PWBSPH�ILHOG�WR�UHTXHVW�WKH�FRQWUROOHU�WR�ZDNH�XS��7KH�863�WKHQ�VHQGV�D�
30B30(�06*�7/3�WR�WKH�5&�ZKLFK�FDOOV�WKH�30�VRIWZDUH�WR�WUDQVLWLRQ�WKH�863�RXW�RI�WKH�'��
VWDWH� 
Ƶ�'HYLFH�LV�SURJUDPPHG�ZLWK�FDSDELOLW\�WR�VXSSRUW�30(�DQG�\RXU�DSSOLFDWLRQ�UHTXHVWV�WKH�
FRQWUROOHU�WR�ZDNH�XS�E\�WULJJHULQJ�D�QDWLYH�KRW�SOXJ�HYHQW� 
Ƶ� /LQN�SDUWQHU�LV�UHTXHVWLQJ�H[LW�IURP�/��/�� 
18.6.6.6 Dynamic Power Allocation (DPA) 
7KH�'3$�FDSDELOLW\�HQDEOHV�VRIWZDUH�WR�DFWLYHO\�PDQDJH�DQG�RSWLPL]H�IXQFWLRQ�SRZHU�XVDJH�
ZKHQ�LQ�WKH�'��VWDWH��'3$�LV�QRW�DSSOLFDEOH�WR�SRZHU�VWDWHV�'��'�� 
)RU�GHWDLOV�RQ�KRZ�\RXU�DSSOLFDWLRQ�LQWHUDFWV�ZLWK�WKH�FRQWUROOHU��VHH�WKH�GHVFULSWLRQ�RI�WKH�
GSDBVXEBXSGBLQW�ILHOG�LQ�PCIE_CLIENT_INTR_STATUS_MISC register� 
18.6.7 3&,H�,QWHUUXSW 
7KH�3&,H�SURYLGHV�VL[�W\SHV�RI�LQWHUUXSW�WR�V\VWHP�LQWHUUXSW�FRQWUROOHU��7KH\�FDQ�EH�GLYLGHG�
LQWR�06,�06,�;��3&,H�(UURU�LQWHUUXSW��3&,H�0HVVDJH�5HFHLYH�LQWHUUXSW��3&,H�/HJDF\�LQWHUUXSW��
3&,H�6\VWHP�LQWHUUXSW�DQG�3&,H�3RZHU�0DQDJHPHQW�,QWHUUXSW��:KHQ�RSHUDWLQJ�DV�5&��WKH�
3&,H�LV�FDSDEOH�RI�KDQGOLQJ�ERWK�06,�06,�;�DQG�OHJDF\�LQWHUUXSWV��7KLV�LV�EHFDXVH�ZKHQ�
RSHUDWLQJ�DV�5&�LW�VKRXOG�EH�DEOH�WR�VHUYLFH�ERWK�3&,H�HQG�SRLQWV�DV�ZHOO�DV�OHJDF\�
HQGSRLQWV��,W�LV�FDSDEOH�RI�JHQHUDWLQJ�06,�RU�/HJDF\�LQWHUUXSW�LI�WKH�3&,H�LV�FRQILJXUHG�DV�(3��
1RWHV�WKDW�3&,H�(3�FRPSRQHQW�FDQ
W�JHQHUDWH�ERWK�/HJDF\�DQG�06,�06,�;�LQWHUUXSW��,W�LV�
HLWKHU�RQH�RU�WKH�RWKHU��7KH�LQWHUUXSW�W\SH�DQ�(3�JHQHUDWHV�LV�FRQILJXUHG�GXULQJ�FRQILJXUDWLRQ�
WLPH� 
,QWHUUXSW�VWDWXV�DQG�PDVN�ELWV�DUH�ORFDWHG�LQ�FOLHQW�UHJLVWHU�JURXS��VRPH�LQWHUUXSWV�DUH�
KDQGOH�E\�FOLHQW�UHJLVWHU�GLUHFWO\��EXW�VRPH�LQWHUUXSWV�DUH�JHQHUDWHG�E\�HYHQWV�GHHS�LQWR�
FRQWUROOHU�DQG�VRIWZDUH�VKRXOG�FOHDU�WKH�URRW�FDXVH�WR�VHUYH�WKH�LQWHUUXSW�HYHQWV��)RU�PRUH�
LQIRUPDWLRQ��UHIHU�WR�WKH�UHJLVWHU�GHVFULSWLRQ� 

Table 18-14 PCIe Interrupt Table 
6\VWHP�
,QWHUUXSW�
(YHQW�,' 

,QWHUUXSW�
GHVFULSWLRQ 
�OHYHO��� 

,QWHUUXSW�VXEVHW 
�OHYHO��� 

6XSSRUW�
PRGH 

��� 3&,H�6\VWHP�
,QWHUUXSW 

3+<�OLQN�XS�LQWHUUXSW 5&�	�(3 
'//�OLQN�XS�LQWHUUXSW�  5&�	�(3 
/LQN�GRZQ�UHVHW�UHTXHVW�LQWHUUXSW 5&�	�(3 
6ORW�VWDWXV�FKDQJH�LQWHUUXSW 5& 
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6\VWHP�
,QWHUUXSW�
(YHQW�,' 

,QWHUUXSW�
GHVFULSWLRQ 
�OHYHO��� 

,QWHUUXSW�VXEVHW 
�OHYHO��� 

6XSSRUW�
PRGH 

+RW�SOXJ�LQWHUUXSW 5& 
/LQN�DXWRQRPRXV�EDQGZLGWK�
LQWHUUXSW 

5& 

%DQGZLGWK�0DQDJHPHQW�,QWHUUXSW 5& 
('0$�ZULWH�FKDQQHO�LQWHUUXSW 5&�	�(3 
('0$�UHDG�FKDQQHO�LQWHUUXSW 5&�	�(3 
'3$�XSGDWH�LQWHUUXSW (3 
5HVL]DEOH�%$5�XSGDWH�LQWHUUXSW (3 

��� 3&,H�/HJDF\�
LQWHUUXSW 

,17$�UHFHLYHG�LQWHUUXSW 5& 
,17%�UHFHLYHG�LQWHUUXSW 5& 
,17&�UHFHLYHG�LQWHUUXSW 5& 
,17'�UHFHLYHG�LQWHUUXSW 5& 
,17$�VHQW�LQWHUUXSW (3 
,17%�VHQW�LQWHUUXSW (3 
,17&�VHQW�LQWHUUXSW (3 
,17'�VHQW�LQWHUUXSW (3 

��� 3&,H�
PHVVDJH�
UHFHLYHG�
LQWHUUXSW 

9HQGRU�PHVVDJH�UHFHLYHG�LQWHUUXSW 5&�	�(3 
8QORFN�PHVVDJH�UHFHLYHG�LQWHUUXSW (3 
/75�PHVVDJH�UHFHLYHG�LQWHUUXSW 5& 
30(�VWDWXV�,QWHUUXSW 5& 
30B30(�PHVVDJH�UHFHLYHG�LQWHUUXSW 5& 
30(B72B$FN�PHVVDJH�UHFHLYHG�
LQWHUUXSW 

5& 

30(�7XUQRII�PHVVDJH�UHFHLYHG�
LQWHUUXSW 

(3 


,'/(
�2%))�PHVVDJH�UHFHLYHG�
LQWHUUXSW 

5& 


2%))
�2%))�PHVVDJH�UHFHLYHG�
LQWHUUXSW 

5& 


&38�$FWLYH
�2%))�PHVVDJH�UHFHLYHG�
LQWHUUXSW 

5& 

��� 3&,H�(UURU�
LQWHUUXSW 

5RRW�(UURU�6WDWXV�LQWHUUXSW 5& 
&RPSOHWLRQ�7/3�5[�WLPHRXW�
LQWHUUXSW 

5&�	�(3 

&RPSOHWLRQ�7/3�7[�WLPHRXW�
LQWHUUXSW 

5&�	�(3 

(55B&25�PHVVDJH�VHQW�LQWHUUXSW (3 
(55B121)$7$/�PHVVDJH�VHQW�
LQWHUUXSW 

(3 

(55B)$7$/�PHVVDJH�VHQW�LQWHUUXSW (3 
(55B&25�PHVVDJH�UHFHLYHG 5& 
(55B121)$7$/�PHVVDJH�UHFHLYHG 5& 
(55B)$7$/�PHVVDJH�UHFHLYHG 5& 
5HFHLYH�),)2�RYHUIORZHG�LQWHUUXSW 5&�	�(3 

��� 3&,H�3RZHU�
0DQDJHPHQW�
LQWHUUXSW 

/��VXEVWDWH�HQWU\�LQWHUUXSW 5&�	�(3 
/��HQWU\�LQWHUUXSW 5&�	�(3 
/��HQWU\�LQWHUUXSW 5&�	�(3 
/�V�HQWU\�LQWHUUXSW 5&�	�(3 
/��VXEVWDWH�H[LW�LQWHUUXSW 5&�	�(3 
/��H[LW�LQWHUUXSW 5&�	�(3 
/��H[LW�LQWHUUXSW 5&�	�(3 
/�V�H[LW�LQWHUUXSW 5&�	�(3 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1894 

6\VWHP�
,QWHUUXSW�
(YHQW�,' 

,QWHUUXSW�
GHVFULSWLRQ 
�OHYHO��� 

,QWHUUXSW�VXEVHW 
�OHYHO��� 

6XSSRUW�
PRGH 

'�VWDWH�FKDQJHG�LQWHUUXSW (3 
;;; 06,�06,�; PHVVDJH�VLJQDOHG�LQWHUUXSW 5&�VHUYLFH�

DQG�(3�
LQLWLDWH 

18.7 PCIe Appendix 
18.7.1 /7660�&RGH 
6B'(7(&7B48,(7    �
K�� 
6B'(7(&7B$&7     �
K�� 
6B32//B$&7,9(    �
K�� 
6B32//B&203/,$1&(   �
K�� 
6B32//B&21),*    �
K�� 
6B35(B'(7(&7B48,(7   �
K�� 
6B'(7(&7B:$,7    �
K�� 
6B&)*B/,1.:'B67$57  �
K�� 
6B&)*B/,1.:'B$&(37  �
K�� 
6B&)*B/$1(180B:$,7  �
K�� 
6B&)*B/$1(180B$&(37  �
K�$ 
6B&)*B&203/(7(    �
K�% 
6B&)*B,'/(     �
K�& 
6B5&95<B/2&.� � � � � � � � � � � � � � � ��
K�' 
6B5&95<B63(('    �
K�( 
6B5&95<B5&95&)*   �
K�) 
6B5&95<B,'/(     �
K�� 
6B5&95<B(4�     �
K�� 
6B5&95<B(4�     �
K�� 
6B5&95<B(4�     �
K�� 
6B5&95<B(4�     �
K�� 
6B/�       �
K�� 
6B/�6       �
K�� 
6B/���B6(1'B(,'/(   �
K�� 
6B/�B,'/(      �
K�� 
6B/�B,'/(      �
K�� 
6B/�B:$.(     �
K�� 
6B',6$%/('B(175<   �
K�� 
6B',6$%/('B,'/(� � � � � � � � � � � � ��
K�� 
6B',6$%/('     �
K�� 
6B/3%.B(175<     �
K�$ 
6B/3%.B$&7,9(    �
K�% 
6B/3%.B(;,7     �
K�& 
6B/3%.B(;,7B7,0(287  �
K�' 
6B+27B5(6(7B(175<   �
K�( 
6B+27B5(6(7     �
K�) 
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Chapter 19 SATA Host 
19  

19.1 Overview 
6DWD�+RVW�LPSOHPHQWV�WKH�6HULDO�$GYDQFHG�7HFKQRORJ\�$WWDFKPHQW�6$7$�VWRUDJH�LQWHUIDFH�
IRU�SK\VLFDO�VWRUDJH�GHYLFHV��  
6DWD�+RVW�VXSSRUWV�WKH�IROORZLQJ�IHDWXUHV� 
z ,QFOXGH���SRUWV��DQG�HDFK�SRUW�FDQ�FRQQHFW�XS�WR���GHYLFHV�XVLQJ�30�VZLWFKLQJ 
z 6$7$����*E�V�6$7$����*E�V�6$7$����*E�V�VSHHGV 
z H6$7$ 
z &RPSOLDQW�ZLWK�6HULDO�$7$�����VSHFLILFDWLRQV 
z &RPSOLDQW�ZLWK�$+&,�5HYLVLRQ������ 
z 22%�VLJQDOLQJ�GHWHFWLRQ�DQG�JHQHUDWLRQ 
z 'LJLWDO�VXSSRUW�RI�0HFKDQLFDO�SUHVHQFH�VZLWFK�DQG�FROG�SUHVHQFH�GHWHFW 
z $FWLYLW\�/('�VXSSRUW 
z 'LJLWDO�VXSSRUW�RI�GHYLFH�KRW�SOXJJLQJ 
z 2XWSXW�SRUW�WR�LQGLFDWH�VSHHG�WKDW�LV�QHJRWLDWHG�DIWHU�&205(6(7�IRU�SRZHU�RSWLPL]DWLRQ 
z 0HPRU\�'DWD�3URWHFWLRQ�(&&��DQG�(UURU�&RUUHFWLRQ�(&&� 
z 0HPRU\�'DWD�3URWHFWLRQ�'LDJQRVWLF�(UURU�,QMHFWLRQ 
z 6$7$����*E�V�6$7$����*E�V�DQG�6$7$����*E�V�VSHHG�QHJRWLDWLRQ 
z $V\QFKURQRXV�VLJQDO�UHFRYHU\��LQFOXGLQJ�UHWU\�SROOLQJ 
z 3RZHU�PDQDJHPHQW�IHDWXUHV�LQFOXGLQJ�DXWRPDWLF�SDUWLDO�WR�VOXPEHU�WUDQVLWLRQ 
z %,67�ORRSEDFN�PRGHV 
z +DUGZDUH�DVVLVWHG�1DWLYH�&RPPDQG�4XHXLQJ�IRU�XS�WR����HQWULHV 
z 3RUW�0XOWLSOLHU�ZLWK�),6�EDVHG�VZLWFKLQJ 
z 'LVDEOLQJ�5;�DQG�7;�'DWD�FORFNV�GXULQJ�SRZHU�GRZQ�PRGHV 
z $Q\�VHFWRU�VL]H 
z $;,�LQWHUIDFH�XVHG�IRU�FRQILJXUDWLRQ�RQO\�VXSSRUW�VLQJOH�  
z $;,�LQWHUIDFH�XVHG�WR�IHWFK�GDWD�IURP�PHPRU\ 

�  

19.2 Block Diagram 
Application Clock

Keep-alive Clock

TX Clock 

RX Clock 

Transport 
layer

Link 
layer

DS FIFO
RX FIFO

TX FIFO

Port DMA

Port Register

SATA PIPE Interface

Bus Interface 
Unit

AXI Master

AXI Slave

DMA
I/F

REG
I/F

Generic 
Registers

REG
I/F

Master
I/F

Slave
I/F

PHY
I/F

PHY
I/F

 
Fig. 19-1 SATA host Architecture 

19.3 Function Description 
19.3.1 %XV�,QWHUIDFH�8QLW�%,8� 
7KH�%XV�,QWHUIDFH�8QLW�SURYLGHV�WZR�LQWHUIDFHV� 
$;,�0DVWHU���7KLV�LQWHUIDFH�HQDEOHV�WKH�6$7$�$+&,�'0$�HQJLQH�WR�UHDG�DQG�ZULWH�WR�DQ�$;,�
VODYH�FRQQHFWHG�WR�$;,�%,8� 
$;,�6ODYH���7KLV�LQWHUIDFH�HQDEOHV�DQ�$;,�PDVWHU�WR�UHDG�DQ�ZULWH�WKURXJK�WKH�$;,�%,8�WR�WKH�
6$7$�$+&,�UHJLVWHUV� 
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19.3.2 *HQHULF�5HJLVWHUV�*&65� 
7KLV�PRGXOH�LPSOHPHQWV�DOO�JOREDO�UHJLVWHUV�DQG�SURYLGHV�WKH�IROORZLQJ�IXQFWLRQV� 
z *HQHULF�FRQILJXUDWLRQ�DQG�FRQWURO 
z *OREDO�LQWHUUXSW�VXSSRUW 
z %,67�RSHUDWLRQ 
 
19.3.3 3RUW�5HJLVWHUV�3&65� 
7KH�SRUW�UHJLVWHUV�PRGXOH�LPSOHPHQWV�DOO�3RUW�VSHFLILF�UHJLVWHUV� 
z &RPPDQG�OLVW�DQG�),6�%DVHG�DGGUHVV 
z ,QWHUUXSW�VWDWXV��HQDEOH 
z 3RUW�FRPPDQG���VWDWXV 
z 7DVN�ILOH�GDWD�VLJQDWXUH��VHULDO�$7$ 
z '0$�VWDWXV�FRQWURO 
 
19.3.4 3RUW�'0$�3'0$� 
7KLV�PRGXOH�SHUIRUPV�WKH�IROORZLQJ�IXQFWLRQV� 
z 0RQLWRUV�FRPPDQGV�SRVWHG�E\�V\VWHP�VRIWZDUH�XVLQJ�WKH�&,�UHJLVWHU 
z &RQWURO�GDWD�WUDQVIHU�EHWZHHQ�WKH�7UDQVSRUW�OD\HU�),)2V�DQG�V\VWHP�PHPRU\�XVLQJ�

3K\VLFDO�5HJLRQ�'HVFULSWRU�7DEOH�35'7� 
z 7UDQVIHUV�QRQ�'DWD�),6HV�UHFHLYHG�IURP�WKH�GHYLFH�WR�V\VWHP�PHPRU\�XVLQJ�5HFHLYHG�

),6�6WUXFWXUH 
0RVW�RI�WKH�FRPPXQLFDWLRQ�EHWZHHQ�WKH�3'0$�DQG�VRIWZDUH�LV�GRQH�XVLQJ�WZR�V\VWHP�
PHPRU\�GHVFULSWRUV�WKDW�DUH�FRQVWUXFWHG�E\�VRIWZDUH�SULRU�WR�LQLWLDWLQJ�WKH�WUDQVIHU��),6�
GHVFULSWRU��ZKLFK�FRQWDLQV�),6HV�UHFHLYHG�IURP�WKDW�GHYLFH��DQG�WKH�FRPPDQG�OLVW��ZKLFK�
FRQWDLQV�D�OLVW�RI���WR����FRPPDQGV�DYDLODEOH�IRU�3RUW�WR�H[HFXWH�DQG�WKH�SRLQWHUV�IRU�GDWD�
WUDQVIHUV��6RPH�DGGLWLRQDO�FRPPXQLFDWLRQ�LV�GRQH�E\�UHJLVWHUV�ORFDWHG�LQ�WKH�*&65�DQG�
3&65�PRGXOHV� 
6\VWHP�PHPRU\�VWUXFWXUHV�DUH�GHVFULEHG�LQ�WKH�6$7$�$+&,�VSHFLILFDWLRQ�DQG�DUH�QRW�
UHSHDWHG�LQ�WKLV�GRFXPHQW� 
7KH�3'0$�PRGXOH�RSHUDWHV�LQ�WKH�DSSOLFDWLRQ�FORFN�DFON��GRPDLQ� 
 
19.3.5 3RUW�7UDQVSRUW�OD\HU 
7KH�WUDQVSRUW�OD\HU�EORFN�SURYLGHV�),6�UHFHSWLRQ�DQG�WUDQVPLVVLRQ�IXQFWLRQV�RI�WKH�6$7$�
WUDQVSRUW�OD\HU��,W�RSHUDWHV�LQ�WZR�FORFN�GRPDLQV��WUDQVPLW�DQG�DSSOLFDWLRQ��'XULQJ�UHFHSWLRQ��
WKH�WUDQVSRUW�OD\HU�UHFHLYHV�D�QHZ�),6�IURP�WKH�OLQN�OD\HU�WKURXJK�WKH�5;�),)2��GHFRGHV�WKH�
),6�W\SH��DQG�LQVWUXFWV�WKH�3'0$�WR�URXWH�WKH�),6�SD\ORDG�GDWD�WR�WKH�DSSURSULDWH�ORFDWLRQ�LQ�
V\VWHP�PHPRU\��'XULQJ�WUDQVPLVVLRQ��WKH�WUDQVSRUW�OD\HU�LQVWUXFWV�WKH�3'0$�WR�FRQVWUXFW�
WKH�DSSURSULDWH�),6��DQG�WKHQ�SDVVHV�LW�WR�WKH�OLQN�OD\HU�WKURXJK�WKH�7;�),)2��7KH�WUDQVSRUW�
OD\HU�EORFN�UHFHLYHV�DOO�WKH�3+<�/LQN�HUURUV�IURP�WKH�OLQN�OD\HU��GHWHFWV�WUDQVSRUW�HUURUV�DQG�
SDVVHV�WKHP�WR�WKH�3&65�IRU�VHWWLQJ�WKH�FRUUHVSRQGLQJ�HUURU�ELWV� 
7KH�WUDQVSRUW�OD\HU�SURFHVVHV�RQH�),6�DW�WLPH�RQ�WKH�WUDQVPLW�VLGH��PHDQLQJ�RQO\�RQH�),6�LV�
DOORZHG�LQ�WKH�7;�),)2�DW�D�WLPH��2Q�WKH�UHFHLYH�VLGH��5;�),)2�FDQ�SRWHQWLDOO\�FRQWDLQ�PRUH�
WKDQ�RQH�),6�DW�D�WLPH��)RU�H[DPSOH��ZKHQ�WKH�GHYLFH�WUDQVPLWV�VHYHUDO�'0$�GDWD�),6HV�
EDFN�WR�EDFN�ZLWK�PLQLPDO�GHOD\��WKH�5;�),)2�VWLOO�KDV�WKH�SUHYLRXV�'DWD�),6�ZKLOH�WKH�QH[W�
),6�LV�EHLQJ�UHFHLYHG��7KH�WUDQVSRUW�OD\HU�DOVR�FRQWDLQV�D�VPDOO�LQWHUQDO�HLJKW�':25'�5;�
),)2��WKDW�LV�XVHG�IRU�QRQ�GDWD�),6HV�DQG�),6�³(QG�6WDWXV�´ 
 
19.3.6 3RUW�/LQN�OD\HU 
7KLV�PRGXOH�RSWLRQDO�22%�VLJQDOLQJ��V\VWHP�LQLWLDOL]DWLRQ��VSHHG�QHJRWLDWLRQ��IUDPH�
QHJRWLDWLRQ�DQG�DUELWUDWLRQ��HQYHORSH�IUDPLQJ�GH�IUDPLQJ��&5&�FDOFXODWLQJ��LQVHUWLRQ�DQG�
FKHFNLQJ��IORZ�FRQWURO��IUDPH�DFNQRZOHGJHPHQW�DQG�VWDWXV�UHSRUWLQJ��GDWD�VFUDPEOLQJ�GH�
VFUDPEOLQJ�IRU�(0,�UHGXFWLRQ��UHSHDW�SULPLWLYH�GDWD�WUDQVPLVVLRQ�DQG�UHFHSWLRQ�KDQGOLQJ��
$/,*1�SULPLWLYH�GHWHFWLRQ��GURSSLQJ�DQG�GDWD�DOLJQPHQW�DQG�SRZHU�PDQDJHPHQW� 
19.4 Register Description  
19.4.1 ,QWHUQDO�$GGUHVV�0DSSLQJ�  
6ODYH�DGGUHVV�FDQ�EH�GLYLGHG�LQWR�GLIIHUHQW�OHQJWK�IRU�GLIIHUHQW�XVDJH��ZKLFK�LV�VKRZQ�DV�
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IROORZV� 
19.4.2 5HJLVWHUV�6XPPDU\�  

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

6$7$B&$3 �[���� : �[����))�� +%$�&DSDELOLWLHV�5HJLVWHU 
6$7$B*+& �[���� : �[�������� *OREDO�+%$�&RQWURO�5HJLVWHU 
6$7$B*,6 �[���� : �[�������� ,QWHUUXSW�6WDWXV�5HJLVWHU 
6$7$B3, �[���& : �[�������� 3RUWV�,PSOHPHQWHG�5HJLVWHU 
6$7$B96 �[���� : �[�������� $+&,�9HUVLRQ�5HJLVWHU 

6$7$B&&&B&7/ �[���� : �[�������� &RPPDQG�&RPSOHWLRQ�&RDOHVFLQJ�&RQWURO 

6$7$B&&&B32576 �[���� : �[�������� &RPPDQG�&RPSOHWLRQ�&RDOHVFLQJ�3RUWV 

6$7$B&$3� �[���� : �[�������� +%$�&DSDELOLWLHV�([WHQGHG�5HJLVWHU 
6$7$B%,67$)5 �[��$� : �[�������� %,67�$FWLYDWH�),6�5HJLVWHU 

6$7$B0(0('5;)(55&17 �[��$� : �[�������� 5;�),)2�5$0�$GGUHVV�3DULW\�(UURU�&RXQW�5HJLVWHU 
6$7$B%,67&5 �[��$� : �[�������� %,67�&RQWURO�5HJLVWHU 
6$7$B0(0('5;)(55'$7
$ �[��$� : �[�������� 5;�),)2�5$0�'DWD�(&&�(UURU�/RFDWLRQ�DQG�6\QGURPH�5HJLVWHU 
6$7$B%,67)&75 �[��$� : �[�������� %,67�),6�&RXQW�5HJLVWHU 

6$7$B0(0('7;)(55&17 �[��$� : �[�������� (&&�7;�),)2�5$0�(UURU�&RXQW�5HJLVWHU 
6$7$B%,6765 �[��$& : �[�������� %,67�6WDWXV�5HJLVWHU 
6$7$B0(0('7;)(55'$7
$ �[��$& : �[�������� 7;�),)2�5$0�'DWD�(&&�(UURU�/RFDWLRQ�DQG�6\QGURPH�5HJLVWHU 
6$7$B%,67'(&5 �[��%� : �[�������� %,67�':25'�(UURU�&RXQW�5HJLVWHU 

6$7$B0(0(')%6(55&17 �[��%� : �[�������� (&&�7;�),)2�5$0�(UURU�&RXQW�5HJLVWHU 
6$7$B0(0(')%6(55'$7
$�  �[��%� : �[�������� )%6�5$0�'DWD�(&&�(UURU�/RFDWLRQ�DQG�6\QGURPH�5HJLVWHU 

6$7$B0(0('(55,1- �[��%� : �[�������� (&&�(UURU�'HWHFWLRQ�6WDWXV�DQG�(UURU�,QMHFWLRQ�5HJLVWHU 
6$7$B22%5 �[��%& : �[�����&�� 22%�5HJLVWHU 
6$7$B0(0('5;)(55'$7
$8 �[��%& : �[�������� 5[�),)2�5$0�'DWD�3DULW\�(UURU�6\QGURPH�8SSHU�%LWV�5HJLVWHU 
6$7$B0(0('7;)(55'$7
$8 �[��&� : �[�������� 7[�),)2�5$0�'DWD�3DULW\�(UURU�6\QGURPH�8SSHU�%LWV�5HJLVWHU 
6$7$B',$*15� �[��&� : �[�������� ',$*15��  
6$7$B0(0(')%6(55'$7
$8 �[��&� : �[�������� )%6�5$0�'DWD�3DULW\�(UURU�6\QGURPH�8SSHU�%LWV�5HJLVWHU 
6$7$B*3$5$0� �[��'& : �[�������' *OREDO�3DUDPHWHU���5HJLVWHU 
6$7$B7,0(5�06 �[��(� : �[������(� 7LPHU���PV�5HJLVWHU 
6$7$B0(0'3&5 �[��(� : �[�������� (&&�3DULW\�*OREDO�&RQWURO�5HJLVWHU 
6$7$B*3$5$0�5 �[��(� : �[�����&�� *OREDO�3DUDPHWHU���5HJLVWHU 
6$7$B*3$5$0�5 �[��(& : �[�������� *OREDO�3DUDPHWHU���5HJLVWHU 
6$7$B7(675 �[��)� : �[�������� 7HVW�5HJLVWHU 
6$7$B,'5 �[��)& : �[�������� ,'�5HJLVWHU 

6$7$B&/% �[���� : �[�������� 3RUW�&RPPDQG�/LVW�%DVH�$GGUHVV�5HJLVWHU�  
6$7$B)%�  �[���� : �[�������� 3RUW�),6�%DVH�$GGUHVV�5HJLVWHU 
6$7$B3,6 �[���� : �[�������� 3RUW�,QWHUUXSW�6WDWXV�5HJLVWHU 
6$7$B3,( �[���� : �[�������� 3RUW�,QWHUUXSW�(QDEOH�5HJLVWHU 
6$7$B&0' �[���� : �[�������� 3RUW�&RPPDQG�5HJLVWHU 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

6$7$B7)'�  �[���� : �[�������� 3RUW�7DVN�)LOH�'DWD�5HJLVWHU 
6$7$B6,* �[���� : �[�������� 3RUW�6LJQDWXUH�5HJLVWHU 

6$7$B6676 �[���� : �[�������� 3RUW�6HULDO�$7$�6WDWXV��66WDWXV��5HJLVWHU 
6$7$B6&7/ �[���& : �[�������� 3RUW�6HULDO�$7$�&RQWURO�5HJLVWHU 
6$7$B6(55 �[���� : �[�������� 3RUW�6HULDO�$7$�(UURU�5HJLVWHU 
6$7$B6$&7 �[���� : �[�������� 3RUW�6HULDO�$7$�$FWLYH�5HJLVWHU 
6$7$B&, �[���� : �[�������� 3RUW�&RPPDQG�,VVXH�5HJLVWHU�  

6$7$B617) �[���& : �[�������� 3RUW�6HULDO�$7$�1RWLILFDWLRQ�5HJLVWHU 

6$7$B)%6 �[���� : �[�������� 3RUW�),6�%DVHG�6ZLWFKLQJ�&RQWURO�5HJLVWHU 
6$7$B'0$&5 �[���� : �[�������� 3RUW�'0$�&RQWURO�5HJLVWHU 
1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV��':�
'RXEOH�:25'�����ELWV��DFFHVV�  
19.4.3 'HWDLO�5HJLVWHUV�'HVFULSWLRQ�  
6$7$B&$3�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 52 �[� V��D 
7LH����GR�QRW�VXSSRUWV����ELW�DGGUHVVDEOH�GDWD�VWUXFWXUHV� 

�� 52 �[� 
VQFT 
6XSSRUWV�6$7$�QDWLYH�FRPPDQG�TXHXLQJ�E\�KDQGLQJ�'0$�6HWXS�
),6�QDWLYHO\� 

�� 52 �[� 
VVQWI 
6XSSRUWV�3Q617)�61RWLILFDWLRQ�UHJLVWHU�DQG�LWV�DVVRFLDWHG�
IXQFWLRQDOLW\� 

�� 5: �[� 
VPSV 
7KLV�ELW�LV�VHW�E\�WKH�V\VWHP�ILUPZDUH�%,26�ZKHQ�SODWIRUP�
VXSSRUWV�PHFKDQLFDO�SUHVHQFH�IRU�KRW�SOXJ�RSHUDWLRQ� 

�� 5: �[� VVV 
6XSSRUW�IRU�VWDJJHUHG�GHYLFHV
�VSLQ�XS��  

�� 52 �[� 
VDOS 
7LH����VXSSRUWV�DXWR�JHQHUDWLQJ�/LQN�/D\HU�UHTXHVWV�WR�WKH�
3$57,$/�RU�6/80%(5�SRZHU�PDQDJHPHQW�VWDWHV�ZKHQ�WKHUH�DUH�
QR�FRPPDQGV�WR�SURFHVV� 

�� 52 �[� VDO 
7LH����VXSSRUWV�DFWLYLW\�LQGLFDWLRQ�XVLQJ�VLJQDO�3QBDFWBOHG� 

�� 52 �[� 
VFOR 
7LH����VXSSRUWV�WKH�3Q&0$�&/2�ELW�IXQFWLRQDOLW\�IRU�3RUW�0XOWLSOLHU�
GHYLFHV
�HQXPHUDWLRQ� 

����� 52 �[� LVV 
6XSSRUWV�6$7$����*E�V�6$7$��*E�V�6$7$��*E�V�LQWHUIDFH�VSHHGV� 

�� 52 �[� UHVHUYHG 

�� 52 �[� 
VDP 
7LH����VXSSRUW�$+&,�PRGH�RQO\�DQG�GRHV�QRW�VXSSRUWV�OHJDF\��
WDVN�ILOH�EDVHG�UHJLVWHU�LQWHUIDFH� 

�� 52 �[� 
VSP 
7LH����VXSSRUWV�FRPPDQG�EDVHG�VZLWFKLQJ�3RUW�0XOWLSOLHU�RQ�DQ\�
RI�LWV�SRUWV� 

�� 52 �[� IEVV 
),6�%DVHG�6ZLWFKLQJ�VXSSRUWHG� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 52 �[� 
SPG 
6XSSRUWV�PXOWLSOH�'54�EORFN�GDWD�WUDQVIHU�IRU�WKH�3,2�FRPPDQG�
SURWRFRO� 

�� 52 �[� 
VVF 
6XSSRUWV�WUDQVLWLRQV�WR�WKH�LQWHUIDFH�6/80%(5�SRZHU�
PDQDJHPHQW�VWDWH� 

�� 52 �[� 
SVF 
6XSSRUWV�WUDQVLWLRQV�WR�WKH�LQWHUIDFH�3$57,$/�SRZHU�PDQDJHPHQW�
VWDWH� 

���� 52 �[�I QFV 
6XSSRUWV����FRPPDQG�VORWV�SHU�3RUW� 

� 52 �[� FFFV 
&RPPDQG� �&RPSOHWLRQ�&RDOHVFLQJ�6XSSRUWHG� 

� 52 �[� HPV 
'RHV�QRW�VXSSRUW�HQFORVXUH�PDQDJHPHQW� 

� 52 �[� V[V 
6XSSRUWV�([WHUQDO�6$7$� 

��� 52 �[�� QS 
6XSSRUWV���SRUWV� 

 
6$7$B*+&�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 52 �[� DH 
7KLV�ELW�LV�DOZD\V�VHW� 

���� 52 �[�������� UHVHUYHG 

� 5: �[� 
LH 
7KLV�JOREDO�ELW�HQDEOHV�LQWHUUXSWV��:KHQ�FOHDUHG��DOO�LQWHUUXSW�
VRXUFHV�IURP�DOO�WKH�SRUWV�DUH�GLVDEOHG��:KHQ�VHW��LQWHUUXSWV�DUH�
HQDEOHG�DQG�LQWHUUXSW�HYHQW�FDXVHG�LQWUT�DVVHUWLRQ� 

� :2 �[� 

KU 
:KHQ�VHW�E\�WKH�VRIWZDUH��WKLV�ELW�FDXVHV�DQ�LQWHUQDO�*OREDO�UHVHW��
$OO�VWDWH�PDFKLQHV�WKDW�UHODWH�WR�GDWD�WUDQVIHUV�DQG�TXHXLQJ�
UHWXUQ�WR�DQG�LGOH�VWDWH��DQG�DOO�WKH�SRUWV�DUH�UH�LQLWLDOL]HG�E\�
VHQGLQJ�&205(6(7�ZKHQ�VWDJJHUHG�VSLQ�XS�LV�QRW�VXSSRUWHG��
:KHQ�VWDJJHUHG�VSLQ�XS�LV�VXSSRUWHG��WKHQ�WKH�VRIWZDUH�PXVW�
VSLQ�XS�HDFK�SRUW�DIWHU�WKLV�UHVHW�KDV�FRPSOHWH� 

 
6$7$B*,6�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

��� 5: �[� 

LSV 
:KHQ�VHW��WKLV�ELW�LQGLFDWHV�WKDW�WKH�FRUUHVSRQGLQJ�3RUWV�RU�
&RPPDQG�&RPSOHWLRQ�&RDOHVFLQJ�ORJLF�KDV�DQ�LQWHUUXSW�SHQGLQJ��
7KH�VRIWZDUH�FDQ�XVH�WKLV�LQIRUPDWLRQ�WR�GHWHUPLQH�ZKLFK�SRUWV�
UHTXLUH�VHUYLFH�DIWHU�DQ�LQWHUUXSW��7KH�ELWV�RI�WKLV�ILHOG�DUH�VHW�E\�
WKH�SRUWV�WKDW�KDYH�LQWHUUXSW�HYHQWV�SHQGLQJ�LQ�WKH�3Q,6�ELWV�DQG�
HQDEOHG�E\�WKH�3Q,(�RU�&&&�LQWHUUXSW�LV�JHQHUDWHG��6HW�ELWV�DUH�
FOHDUHG�E\�WKH�VRIWZDUH�ZULWLQJ���WR�DOO�ELWV�WR�FOHDU� 

 
6$7$B3,�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
SL 
7KLV�UHJLVWHU� � LV�ELW�VLJQLILFDQW� 
���7KH�FRUUHVSRQGLQJ�3RUW�LV�DYDLODEOH�IRU�WKH�VRIWZDUH�WR�XVH��  
���7KH�3RUW�LV�QRW�DYDLODEOH�IRU�WKH�VRIWZDUH�WR�XVH��  

 
6$7$B96�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� PMU 
,QGLFDWHV�WKDW�WKH�PDMRU�$+&,�YHUVLRQ�LV��� 

���� 52 �[���� PQU 
,QGLFDWHV�WKDW�WKH�PRQRU�$+&,�YHUVLRQ�LV����RU���� 

 
6$7$B&&&B&7/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� 
WY 
7KLV�ILHOG�VSHFLILHV�WKH�&&&�WLPH�RXW�YDOXH�LQ��PV�LQWHUYDOV��7KH�
VRIWZDUH�ORDGV�WKLV�YDOXH�SULRU�WR�HQDEOLQJ�&&&� 

���� 5: �[�� 
FF 
7KLV�ILHOG�VSHFLILHV�WKH�QXPEHU�RI�FRPPDQG�FRPSOHWLRQV�WKDW�DUH�
QHFHVVDU\�WR�FDXVH�D�&&&�LQWHUUXSW� 

��� 52 �[�� 
LQWUBLQW 
7KLV�ILHOG�VSHFLILHV�WKH�LQWHUUXSW�XVHG�E\�WKH�FFF�IHDWXUH��XVLQJ�
WKH�QXPEHU�RI�SRUWV�FRQILJXUHG�IRU�WKH�FRUH��  

��� 52 �[� UHVHUYHG 

� 5: �[� 

HQ 
7KH�RSWLRQV�IRU�WKLV�ILHOG�DUH��  
���&&&�IHDWXUH�LV�GLVDEOHG�DQG�QR�&&&�LQWHUUXSWV�DUH�JHQHUDWHG��  
���&&&�IHDWXUH�LV�HQDEOHG�DQG�&&&�LQWHUUXSWV�PD\�EH�JHQHUDWHG�
EDVHG�RQ�WKH�WLPH�RXW�RU�FRPPDQG�FRPSOHWLRQ�FRQGLWLRQV��  

 
6$7$B&&&B32576�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 

SUW 
7KLV�ILHOG�LV�ELW�VLJQLILFDQW��(DFK�ELW�FRUUHVSRQGV�WR�D�SDUWLFXODU�
3RUW��ZKHUH�ELW���FRUUHVSRQGV�WR�3RUW��7KH�RSWLRQV�IRU�WKLV�ILHOG�
DUH��  
���WKH�FRUUHVSRQGLQJ�3RUW�LV�SDUW�RI�WKH�&&&�IHDWXUH��  
���WKH�FRUUHVSRQGLQJ�3RUW�LV�QRW�SDUW�RI�WKH�&&&�IHDWXUH��  
%LWV�VHW�LQ�WKLV�UHJLVWHU�PXVW�DOVR�KDYH�WKH�FRUUHVSRQGLQJ�ELW�VHW�
LQ�WKH�3,��3RUWV�,PSOHPHQWHG�5HJLVWHU�� 
7KLV�ILHOG�LV�UHVHW�RQ�*OREDO�UHVHW��*+&�+5 ��� 

 
6$7$B&$3��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� DSVW 
6XSSRUWV�DXWRPDWLF�3DUWLDO�WR�6OXPEHU�WUDQVDFWLRQ� 

� 52 �[� QYPS 
'RHV�QRW�VXSSRUW�190+&,� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 52 �[� ESK 
7LH���GRHV�QRW�VXSSRUW�%2+� 

 
6$7$B%,67$)5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 52 �[�� 

QFS 
/HDVW�VLJQLILFDQW�E\WH�RI�WKH�UHFHLYHG�%,67�$FWLYDWH�),6�VHFRQG�
':25'��ELWV�>���@���7KLV�YDOXH�GHILQHV�WKH�UHTXLUHG�SDWWHUQ�IRU�
IDU�HQG�WUDQVPLW�RQO\�PRGH��%,67$)5�3' �[&��RU��[(����  
�[)���/RZ�WUDQVLWLRQ�GHQVLW\�SDWWHUQ��/7'3��  
�[%���+LJK�WUDQVLWLRQ�GHQVLW\�SDWWHUQ��+7'3��  
�[$%��/RZ�IUHTXHQF\�VSHFWUDO�FRPSRQHQW�SDWWHUQ��/)6&3��  
�[�)��6LPXOWDQHRXV�VZLWFKLQJ�RXWSXWV�SDWWHUQ��6623��  
�[����0LG�IUHTXHQF\�WHVW�SDWWHUQ��0)73��  
�[�$��+LJK�IUHTXHQF\�WHVW�SDWWHUQ��+)73��  
�[�(��/RZ�IUHTXHQF\�WHVW�SDWWHUQ��/)73��  
:KHQ�QRQH�RI�WKHVH�YDOXHV�LV�GHFRGHG��WKH�/RQH�ELW�SDWWHUQ��/%3��
LV�WUDQVPLWWHG�E\�GHIDXOW� 

��� 52 �[�� 

SG 
,QGLFDWHV�WKH�SDWWHUQ�GHILQLWLRQ�ILHOG�RI�WKH�UHFHLYHG�%,67�$FWLYDWH�
),6���ELWV�>�����@�RI�WKH�ILUVW�':25'��,W�LV�XVHG�WR�SXW�WKH�
':&BDKVDWD�LQ�RQH�RI�WKH�IROORZLQJ�%,67�PRGHV��  
�[����)DU�HQG�UHWLPHG�  
�[����)DU�HQG�DQDORJ��ZKHQ�3+<�VXSSRUWV�WKLV�PRGH��  
�[&���)DU�HQG�WUDQVPLW�RQO\�  
�[(���)DU�HQG�WUDQVPLW�RQO\�ZLWK�VFUDPEOHU�E\SDVVHG�  
$OO�RWKHU�YDOXHV�VKRXOG�QRW�EH�XVHG�E\�WKH�GHYLFH��RWKHUZLVH��WKH�
),6�LV�QHJDWLYHO\�DFNQRZOHGJHG�ZLWK�5B(55S� 
)RU�IDU�HQG�WUDQVPLW�RQO\�PRGHV�%,67$)5�1&3�ILHOG�FRQWDLQV�WKH�
UHTXLUHG�GDWD�SDWWHUQ� 

 
6$7$B0(0('5;)(55&17�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 52 �[�� PHPBU[IBFRUUBHUUBFQW 
5;�),)2�&RUUHFWHG�5$0�'DWD�(UURU�&RXQW� 

��� 52 �[�� PHPBU[IBXQFRUUBHUUBFQW 
5;�),)2�8QFRUUHFWHG�5$0�'DWD�(UURU�&RXQW� 

 
6$7$B%,67&5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

�� 52 �[� ROGBSK\BUHDG\ 
2OG�SK\BUHDG\� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 52 �[� 

ODWHBSK\BUHDG\ 
:KHQ�VHW��WKLV�ELW�FKDQJHV�PRQLWRULQJ�RI�SK\BUHDG\�WR�EH�WKH�
�25��RI�SK\BUHDG\�RU�SK\BU[BGDWDBYOG�VR�WKDW�D��ODWH�DUULYLQJ���
RU�HYHQ��QHYHU�DVVHUWLQJ��SK\BUHDG\��7KLV�UHTXLUHV�WKDW�
SK\BU[BGDWDBYOG�GRHV�QRW�EHFRPH�YDOLG�XQWLO�DIWHU�WKH�3+<�KDV�
ORFNHG�RQWR�SRVW�22%�LQFRPLQJ�$/,*1V��DQG�WKH�$/,*1V�DUH�YDOLG�
IURP�WKH�3+<��7KLV�ZLOO�QRW�ZRUN�LI�SK\BU[BGDWDBYOG�LV�DVVHUWHG�
GXULQJ�22%�GDWD�EXUVWV� 
7KLV�EHKDYLRU�LV�LQWHQGHG�IRU�3+<V�WKDW�DVVHUW�SK\BUHDG\�ODWH��EXW�
ZLOO�DOVR�ZRUN�LI�SK\BUHDG\�QHYHU�DVVHUWV�RU�LV�QRW�SUHVHQW� 

����� 52 �[� UHVHUYHG 

�� :2 �[� 

IHUOE 
:KHQ�VHW��WKLV�ELW�LV�XVHG�WR�SXW�WKH�KDUGZDUH�/LQN�LQWR�)DU�HQG�
5HWLPHG�PRGH��ZLWKRXW�WKH�%,67�$FWLYDWH�),6��UHJDUGOHVV�ZKHWKHU�
WKH�GHYLFH�LV�FRQQHFWHG�RU�GLVFRQQHFWHG��/LQN�LQ�12&200�VWDWH���
7KLV�ILHOG�LV�RQH�VKRW�W\SH�DQG�UHDGV�UHWXUQV��� 

�� 52 �[� UHVHUYHG 

�� :2 �[� 
W[R 
7KLV�ELW�LV�XVHG�WR�LQLWLDWH�WUDQVPLVVLRQ�RI�RQH�RI�WKH�QRQ�
FRPSOLDQW�SDWWHUQV�GHILQHG�E\�WKH�%,67&5�3$77(51�YDOXH�ZKHQ�
WKH�GHYLFH�LV�GLVFRQQHFWHG� 

�� :2 �[� 
FQWFOU 
7KLV�ELW�FOHDUV�%,67�HUURU�FRXQW�UHJLVWHUV��7KLV�ILHOG�LV�RQH�VKRW�
W\SH�DQG�UHDGV�UHWXUQV��� 
���&OHDU�%,67)&75��%,6765��DQG�%,67'(&5�UHJLVWHUV� 

�� :2 �[� 

QHDUOE 
7KLV�ELW�SODFHV�WKH�3RUW�3+<�LQWR�QHDU�HQG�DQDORJ�ORRSEDFN�PRGH��
7KLV�ILHOG�LV�RQH�VKRW�W\SH�DQG�UHDGV�UHWXUQV��� 
���1HDU�HQG�DQDORJ�ORRSEDFN�UHTXHVW��%,67&5�3$77(51�ILHOG�
FRQWDLQV�WKH�DSSURSULDWH�SDWWHUQ� 
7KLV�PRGH�VKRXOG�EH�LQLWLDWHG�HLWKHU�LQ�WKH�3$57,$/�RU�6/80%(5�
SRZHU�PRGH��RU�ZLWK�WKH�GHYLFH�GLVFRQQHFWHG�IURP�WKH�3RUW�3+<�
�/LQN�12&200�VWDWH�� 
%,67�$FWLYDWH�),6�LV�QRW�VHQW�WR�WKH�GHYLFH�LQ�WKLV�PRGH� 

�� 5: �[� 

OOE 
:KHQ�VHW��PDVNV�RXW�SK\BVLJBGHW�IURP�WKH�22%�'HWHFWRU�LQ�%,67�
/RRSEDFN�0RGH��DQG�WKH�RQO\�ZD\�WR�H[LW�%,67�/RRSEDFN�PRGH�LV�
WR�FOHDU�WKH�UHJLVWHU�ELW��UHTXLUHV�DFFHVV�WR�WKH�'HYLFH�$0%$�
UHJLVWHU�LQWHUIDFH���WKHQ�LVVXH�&205(6(7�RU�UHFHLYH�&20,1,7�DV�
QRUPDO��$OWHUQDWHO\��D�SRZHU�RQ�UHVHW�ZLOO�DXWRPDWLFDOO\�FOHDU�WKH�
%,67�/RRSEDFN�0RGH�UHJLVWHU�ELW� 

�� 52 �[� 
TSK\LQLW 
:KHQ�VHW��WKLV�ELW�HQDEOHV�TXLFN�3+<�LQLWLDOL]DWLRQ�IHDWXUH��7KH�
/LQN�GRHV�QRW�UHTXLUH�DQ\�$/,*1V�WR�WUDQVLWLRQ�IURP�22%�WR�
QRUPDO�RSHUDWLRQ� 

����� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[� 

OOF 
7KLV�ILHOG�FRQWUROV�WKH�3RUW�/LQN�/D\HU�IXQFWLRQV��VFUDPEOHU��GH�
VFUDPEOHU��DQG�UHSHDW�SULPLWLYH�GURS��1RWH�WKH�GLIIHUHQW�PHDQLQJV�
IRU�QRUPDO�DQG�%,67�PRGHV�RI�RSHUDWLRQ��  
%LW�����6&5$0�  
7KH�RSWLRQV�IRU�WKLV�ILHOG�DUH��  
���6FUDPEOHU�GLVDEOHG�LQ�QRUPDO�PRGH��HQDEOHG�LQ�%,67�PRGH�  
���6FUDPEOHU�HQDEOHG�LQ�QRUPDO�PRGH��GLVDEOHG�LQ�%,67�PRGH�  
%LW�����'(6&5$0 
7KH�RSWLRQV�IRU�WKLV�ILHOG�DUH��  
���'HVFUDPEOHU�GLVDEOHG�LQ�QRUPDO�PRGH��HQDEOHG�LQ�%,67�PRGH�  
���'HVFUDPEOHU�HQDEOHG�LQ�QRUPDO�PRGH��GLVDEOHG�LQ�%,67�PRGH�  
%LW������53' 
7KH�RSWLRQV�IRU�WKLV�ILHOG�DUH��  
���5HSHDW�SULPLWLYH�GURS�IXQFWLRQ�GLVDEOHG�LQ�QRUPDO�PRGH��1$�LQ�
%,67�PRGH��  
���5HSHDW�SULPLWLYH�GURS�IXQFWLRQ�HQDEOHG�LQ�QRUPDO�PRGH��1$�LQ�
%,67�PRGH��  
7KH�6&5$0�ELW�LV�FOHDUHG��HQDEOHG��E\�WKH�3RUW�ZKHQ�WKH�3RUW�
HQWHUV�D�UHVSRQGHU�IDU�HQG�WUDQVPLW�%,67�PRGH�ZLWK�VFUDPEOLQJ�
HQDEOHG��%,67$)5�3' �[&��� 
,Q�QRUPDO�PRGH��WKH�IXQFWLRQV�VFUDPEOHU��GHVFUDPEOHU��RU�53'�
FDQ�EH�FKDQJHG�RQO\�GXULQJ�3RUW�UHVHW��3Q6&7/�'(7 �[��� 

� 52 �[� UHVHUYHG 

� 5: �[� 

HUUHQ 
7KLV�ELW�LV�XVHG�WR�DOORZ�RU�ILOWHU��GLVDEOH��3+<�LQWHUQDO�HUURUV�
RXWVLGH�WKH�),6�ERXQGDU\�WR�VHW�FRUUHVSRQGLQJ�3Q6(55�ELWV� 
7KH�RSWLRQV�IRU�WKLV�ILHOG�DUH��  
���)LOWHU�HUURUV�RXWVLGH�WKH�),6��DOORZ�HUURUV�LQVLGH�WKH�),6��  
���$OORZ�HUURUV�RXWVLGH�RU�LQVLGH�WKH�),6��  

� 5: �[� 
IOLS 
7KLV�ELW�LV�XVHG�WR�FKDQJH�GLVSDULW\�RI�WKH�FXUUHQW�WHVW�SDWWHUQ�WR�
WKH�RSSRVLWH�HYHU\�WLPH�LWV�VWDWH�LV�FKDQJHG�E\�WKH�VRIWZDUH� 

� 5: �[� 

SY 
7KLV�ELW�LV�XVHG�WR�VHOHFW�HLWKHU�VKRUW�RU�ORQJ�YHUVLRQ�RI�WKH�6623��
+7'3��/7'3��/)6&3��&203�SDWWHUQV� 
7KH�RSWLRQV�IRU�WKLV�ILHOG�DUH��  
���6KRUW�SDWWHUQ�YHUVLRQ��  
���/RQJ�SDWWHUQ�YHUVLRQ��  
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

SDWWHUQ 
7KLV�ILHOG�GHILQHV�RQH�RI�WKH�IROORZLQJ�6$7$�FRPSOLDQW�SDWWHUQV�IRU�
IDU�HQG�UHWLPHG�IDU�HQG�DQDORJ�QHDU�HQG�DQDORJ�LQLWLDWRU�PRGHV��
RU�QRQ�FRPSOLDQW�SDWWHUQV�IRU�WUDQVPLW�RQO\�UHVSRQGHU�PRGH�
ZKHQ�LQLWLDWHG�E\�WKH�VRIWZDUH�ZULWLQJ�WR�WKH�%,67&5�7;2�ELW� 
7KH�RSWLRQV�IRU�WKLV�ILHOG�DUH��  
�[���6LPXOWDQHRXV�VZLWFKLQJ�RXWSXWV�SDWWHUQ��6623��  
�[���+LJK�WUDQVLWLRQ�GHQVLW\�SDWWHUQ��+7'3��  
�[���/RZ�WUDQVLWLRQ�GHQVLW\�SDWWHUQ��/7'3��  
�[���/RZ�IUHTXHQF\�VSHFWUDO�FRPSRQHQW�SDWWHUQ��/)6&3��  
�[���&RPSRVLWH�SDWWHUQ��&203��  
�[���/RQH�ELW�SDWWHUQ��/%3��  
�[���0LG�IUHTXHQF\�WHVW�SDWWHUQ��0)73��  
�[���+LJK�IUHTXHQF\�WHVW�SDWWHUQ��+)73��  
�[���/RZ�IUHTXHQF\�WHVW�SDWWHUQ��/)73��  
$OO�RWKHU�YDOXHV�DUH�UHVHUYHG�DQG�VKRXOG�QRW�EH�XVHG� 
,I�WKH�YDOXH�LV�QRQH�RI�WKH�OLVWHG�SUHYLRXVO\��&RPSRVLWH�SDWWHUQ�
�&203��LV�WUDQVPLWWHG�E\�GHIDXOW� 

 
6$7$B0(0('5;)(55'$7$�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[����� 

PHPBU[IBHUUBV\QG 
7KLV�ILHOG�ORJV�WKH�HUURU�V\QGURPH�RI�WKH�5$0�'DWD�(FF�3DULW\�
HUURU��LI�WKH�V\QGURPH�ZLGWK�H[FHVV�WKH�UDQJH�RI�WKH�ILOHG�
0(0('5;)(55'$7$�PHPBU[IBHUUBV\QG��H[WUD�ELWV�LV�ORJJHG�LQ�
DQRWKHU�UHJLVWHU�0(0('5;)(55'$7$8�PHPBU[IBHUUBV\QGBX� 

���� 52 �[��� 
PHPBU[IBHUUBDGGU 
5;�),)2�5$0�'DWD�(FF�3DULW\�(UURU�/RFDWLRQ�  
7KLV�ILOHG�ORJV�WKH�HUURU�ORFDWLRQ��WKH�DGGUHVV�RI�ZKLFK�WKH�5$0�
GDWD�(FF�3DULW\�HUURU�GHWHFWHG�� 

 
6$7$B%,67)&75�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� FRXQW 5HFHLYHG�%,67�),6�&RXQW� 
 
6$7$B0(0('7;)(55&17�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 52 �[�� PHPBW[IBFRUUBHUUBFQW 
7;�),)2�&RUUHFWHG�5$0�'DWD�(UURU�&RXQW� 

��� 52 �[�� PHPBW[IBXQFRUUBHUUBFQW 
7;�),)2�8QFRUUHFWHG�5$0�'DWD�(UURU�&RXQ� 

 
6$7$B%,6765�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� 

EUVWHUU 
7KLV�ILHOG�FRQWDLQV�WKH�EXUVW�HUURU�FRXQW��,W�LV�DFFXPXODWHG�HDFK�
WLPH�D�EXUVW�HUURU�FRQGLWLRQ�LV�GHWHFWHG��':25'�HUURU�LV�GHWHFWHG�
LQ�WKH�UHFHLYHG�IUDPH�DQG�����VHFRQGV���������IUDPHV��SDVVHG�
VLQFH�WKH�SUHYLRXV�EXUVW�HUURU�ZDV�GHWHFWHG��7KH�%567(55�YDOXH�
GRHV�QRW�UROO�RYHU�DQG�IUHH]HV�DW�))K� 

���� 52 �[���� 

IUDPHUU 
7KLV�ILHOG�FRQWDLQV�WKH�IUDPH�HUURU�FRXQW��,W�LV�DFFXPXODWHG��QHZ�
YDOXH�LV�DGGHG�WR�WKH�ROG�YDOXH��HDFK�WLPH�D�QHZ�%,67�IUDPH�ZLWK�
D�&5&�HUURU�LV�UHFHLYHG��7KH�)5$0(55�YDOXH�GRHV�QRW�UROO�RYHU�
DQG�IUHH]HV�DW�))))K� 

 
6$7$B0(0('7;)(55'$7$�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[����� 

PHPBW[IBHUUBV\QG 
7KLV�ILHOG�ORJV�WKH�HUURU�V\QGURPH�RI�WKH�5$0�'DWD�(FF�HUURU��LI�
WKH�V\QGURPH�ZLGWK�H[FHVV�WKH�UDQJH�RI�WKH�ILOHG�
0(0('7;)(55'$7$�PHPBW[IBHUUBV\QG��H[WUD�ELWV�LV�ORJJHG�LQ�
DQRWKHU�UHJLVWHU�0(0('7;)(55'$7$8�PHPBW[IBHUUBV\QGBX� 

���� 52 �[��� 
PHPBW[IBHUUBDGGU 
7KLV�ILOHG�ORJV�WKH�HUURU�ORFDWLRQ��WKH�DGGUHVV�RI�ZKLFK�WKH�5$0�
GDWD�(FF�HUURU�GHWHFWHG�� 

 
6$7$B%,67'(&5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 

GZHUU 
7KLV�ILHOG�FRQWDLQV�WKH�':25'�HUURU�FRXQW��,W�LV�DFFXPXODWHG�
�QHZ�YDOXH�LV�DGGHG�WR�WKH�ROG�YDOXH��HDFK�WLPH�D�QHZ�%,67�
IUDPH�LV�UHFHLYHG��7KH�':(55�YDOXH�GRHV�QRW�UROO�RYHU�DQG�
IUHH]HV�ZKHQ�LW�H[FHHGV��[))))B)���� 

 
6$7$B0(0(')%6(55&17�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[�� PHPBIEVBFRUUBHUUBFQW 
)%6�&RUUHFWHG�5$0�'DWD�(UURU�&RXQW� 

��� 5: �[�� PHPBIEVBXQFRUUBHUUBFQW 
)%6�8QFRUUHFWHG�5$0�'DWD�(UURU�&RXQW� 

 
6$7$B0(0(')%6(55'$7$� �  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[����� 

PHPBIEVBHUUBV\QG 
7KLV�ILHOG�ORJV�WKH�HUURU�V\QGURPH�RI�WKH�5$0�'DWD�(FF�3DULW\�
HUURU��LI�WKH�V\QGURPH�ZLGWK�H[FHVV�WKH�UDQJH�RI�WKH�ILOHG�
0(0(')%6(55'$7$�PHPBIEVBHUUBV\QG��H[WUD�ELWV�LV�ORJJHG�LQ�
DQRWKHU�UHJLVWHU�0(0(')%6(55'$7$8�PHPBIEVBHUUBV\QGBX� 

���� 52 �[��� 
PHPBIEVBHUUBDGGU 
7KLV�ILOHG�ORJV�WKH�HUURU�ORFDWLRQ��WKH�DGGUHVV�RI�ZKLFK�WKH�5$0�
GDWD�(FF�3DULW\�HUURU�GHWHFWHG�� 

 
6$7$B0(0('(55,1-�  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 5: �[� 
XHG 
,QGLFDWHV�D�VLQJOH�ELW�XQFRUUHFWHG��RU�PXOWLSOH�ELW�HUURU�ZDV�
GHWHFWHG��&OHDUHG�E\�ZULWLQJ�
�
�WR�WKLV�ILHOG� 

�� 5: �[� 
FHG 
,QGLFDWHV�D�VLQJOH�ELW�HUURU�ZDV�FRUUHFWHG��&OHDUHG�E\�ZULWLQJ�
�
�
WR�WKLV�ILHOG� 

���� 52 �[��� UHVHUYHG 

� 5: �[� RQH%B�% 
6HOHFW�
VLQJOH�ELW
�RU�
WZR�ELW
�HUURUV� 

� 5: �[� FRQW 
6HOHFWV�
RQH�VKRW
�����RU�
FRQWLQXRXV
�����HUURUV� 

��� 5: �[� 

PHPBVHO 
�
E����$OO�WKUHH�PHPRU\�LQWHUIDFHV�  
�
E����5;�),)2�0HPRU\��  
�
E����7;�),)2�0HPRU\��  
�
E����)%6�5$0��  

� 5: �[� 
HUUBLQMBYDOLG 
7KH�YDOXHV�LQ�WKH�UHVW�RI�WKH�ILHOGV�RI�WKLV�UHJLVWHU�DUH�YDOLG�RQO\�
ZKHQ�WKLV�ELW�LV�VHW�WR��� 

 
6$7$B22%5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

ZH 
7KH�RSWLRQV�IRU�WKLV�ILHOG�DUH��  
���22%5�ELWV�>����@�FDQ�EH�ZULWWHQ�  
���22%5�ELWV�>����@�DUH�UHDG�RQO\�  
7KLV�ELW�LV�FOHDUHG�ZKHQ�&205(6(7�LV�GHWHFWHG� 

����� 5: �[�� FZ0LQ 
7KLV�ILHOG�LV�5:�ZKHQ�:( ��DQG�52�ZKHQ�:( �� 

����� 5: �[�� FZ0D[ 
7KLV�ILHOG�LV�5:�ZKHQ�:( ��DQG�52�ZKHQ�:( �� 

���� 5: �[�F FL0LQ 
7KLV�ILHOG�LV�5:�ZKHQ�:( ��DQG�52�ZKHQ�:( �� 

��� 5: �[�� FL0D[ 
7KLV�ILHOG�LV�5:�ZKHQ�:( ��DQG�52�ZKHQ�:( �� 

 
6$7$B0(0('5;)(55'$7$8�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 
PHPBU[IBHUUBV\QGBX 
:KHQ�WKH�5[�),)2�5$0�'DWD�SDULW\�HUURU�V\QGURPH�ZLGWK�H[FHVV�
WKH�UDQJH�RI�WKH�UHJLVWHU�0(0('5;)(55'$7$�PHPBU[BHUUBV\QG��
H[WUD�ELWV�LV�ORJJHG�LQ�WKLV�ILHOG� 

 
6$7$B0(0('7;)(55'$7$8�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 
PHPBW[IBHUUBV\QGBX 
:KHQ�WKH�7[�),)2�5$0�'DWD�SDULW\�HUURU�V\QGURPH�ZLGWK�H[FHVV�
WKH�UDQJH�RI�WKH�UHJLVWHU�0(0('7;)(55'$7$�PHPBW[BHUUBV\QG��
H[WUD�ELWV�LV�ORJJHG�LQ�WKLV�ILHOG� 
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6$7$B',$*15��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� IEFVZBFQW ),6�EDVHG�FRQWH[W�VZLWFKLQJ�FRXQWHU� 
 
6$7$B0(0(')%6(55'$7$8�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 
PHPBIEVBHUUBV\QGBX 
:KHQ�WKH�)%6�5$0�'DWD�SDULW\�HUURU�V\QGURPH�ZLGWK�H[FHVV�WKH�
UDQJH�RI�WKH�UHJLVWHU�0(0(')%6(55'$7$�PHPBIEVBHUUBV\QG��
H[WUD�ELWV�LV�ORJJHG�LQ�WKLV�ILHOG� 

 
6$7$B*3$5$0��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� 52 �[� 
PHPBDSBVXSSRUW 
7KH�RSWLRQV�IRU�WKLV�ILHOG�DUH�DV�IROORZV��  
���1R�$GGUHVV�3URWHFWLRQ�6XSSRUW��  
���$GGUHVV�3URWHFWLRQ�6XSSRUW�HQDEOHG��  

��� 52 �[�� SK\BW\SH 
3+<�,QWHUIDFH�7\SH� 

� 52 �[� 
PHPBHFFBFRUBHQ 
7KH�RSWLRQV�IRU�WKLV�ILHOG�DUH�DV�IROORZV��  
���6LQJOH�ELW�HUURU�FRUUHFWLRQ�QRW�SHUIRUPHG��  
���6LQJOH�ELW�FRUUHFWLRQ�SHUIRUPHG��  

� 52 �[� 
PHPBGSBW\SH 
7KH�RSWLRQV�IRU�WKLV�ILHOG�DUH�DV�IROORZV��  
���(&&��  
���3DULW\��  

� 52 �[� 
PHPBGSBVXSSRUW 
7KH�RSWLRQV�IRU�WKLV�ILHOG�DUH�DV�IROORZV��  
���1R�'DWD�3URWHFWLRQ�6XSSRUW��  
���'DWD�3URWHFWLRQ�6XSSRUW�HQDEOHG��  

 
6$7$B7,0(5�06�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

���� 5: �[���H� 
WLPY 
7KLV�ILHOG�FRQWDLQV�WKH�IROORZLQJ�YDOXH�IRU�WKH�LQWHUQDO�WLPHU�WR�
JHQHUDWH���PV�WLFN��)DPED������ZKHUH�)DPED� �$0%$�FORFN�
IUHTXHQF\�LQ�0+]� 

 
6$7$B0(0'3&5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[������ UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 52 �[� 

PHPBSDUBHYHQ 
7KLV�YDOXH�LV�GHULYHG�IURP�WKH�0(0B3$5B(9(1�SDUDPHWHU� 
7KH�RSWLRQV�IRU�WKLV�ILHOG�DUH�DV�IROORZV��  
���*HQHUDWH�RGG�W\SH�RI�SDULW\�IRU�GDWD��LI�SDULW\�W\SH�SURWHFWLRQ�
VHOHFWHG��DQG�DGGUHVV��  
���*HQHUDWH�HYHQ�W\SH�RI�SDULW\�IRU�GDWD��LI�SDULW\�W\SH�SURWHFWLRQ�
VHOHFWHG��DQG�DGGUHVV��  

� 5: �[� 
PHPBHUUBLQMBORF 
7KH�RSWLRQV�IRU�WKLV�ILHOG�DUH�DV�IROORZV��  
���,QMHFW�HUURU�RQ�GDWD�ELWV��  
���,QMHFW�HUURU�RQ�GDWD�FKHFNELWV��  

� 5: �[� 

PHPBHGBORJBFOUBHQ 
���$OO�HUURU�GHWHFWLRQ�DQG�FRUUHFWLRQ�ORJJLQJ�UHJLVWHUV�DUH�FOHDUHG�
E\�*OREDO�RU�&205(6(7��  
���$OO�HUURU�GHWHFWLRQ�DQG�FRUUHFWLRQ�ORJJLQJ�UHJLVWHUV�DUH�FOHDUHG�
RQO\�ZKHQ�0(0'3&5�(0B('B/2*B&/5�LV�VHW��  

� :2 �[� 
PHPBHGBORJBFOU 
7KLV�ILHOG�FOHDUV�DOO�HUURU�GHWHFWLRQ�DQG�FRUUHFWLRQ�ORJJLQJ�
UHJLVWHUV�ZKHQ�ZULWWHQ��7KLV�ELW�FOHDUV�LWVHOI�RQH�F\FOH�DIWHU�
ZULWWHQ� 

� 5: �[� 
PHPBHGBORJBGLV 
7KLV�ILHOG�GLVDEOHV�HUURU�GHWHFWLRQ�DQG�FRUUHFWLRQ�ORJJLQJ�ZKHQ�
VHW� 

� 5: �[� 
PHPBHGBFHBHQ 
7KLV�ILHOG�HQDEOHV�FRUUHFWDEOH�HUURU�GHWHFWLRQ�LQWHUUXSW�,1)6����)RU�
GLDJQRVWLF�SXUSRVHV�RQO\�� 

� 5: �[� 
PHPBHGBSGPDIBGLV 
7KLV�ILHOG�GLVDEOHV�3'0$�IURP�HQWHULQJ�D�IDWDO�HUURU�VWDWH�ZKHQ�DQ�
XQFRUUHFWDEOH�HUURU�LV�GHWHFWHG���)RU�GLDJQRVWLF�SXUSRVHV�RQO\�� 

� 5: �[� 
PHPBHGBLIVBGLV 
7KLV�ILHOG�GLVDEOHV�VHWWLQJ�WKH�,)6�LQWHUUXSW�UHJLVWHU�ELW��LQWHUIDFH�
IDWDO�HUURU�VWDWXV�LQWHUUXSW��ZKHQ�DQ�XQFRUUHFWDEOH�HUURU�LV�
GHWHFWHG� 

� 5: �[� 
PHPBHFBGLV 
:KHQ�VHW��GLVDEOHV�WKH�VLQJOH�HUURU�FRUUHFWLQJ�IHDWXUHV�
HYHU\ZKHUH��DQG�DOO�HUURUV�DUH�UHSRUWHG�DV�XQFRUUHFWDEOH��  

� 5: �[� 
PHPBHGBGLV 
$OO�(&&�3DULW\�HUURU�GHWHFWLRQ��FRUUHFWLRQ��LQWHUUXSW�JHQHUDWLRQ�
DQG�)DWDO�HUURU�VWDWH�WUDQVLWLRQV�DUH�GLVDEOHG�ZKHQ�WKLV�ELW�LV�VHW�
WR����  

 
6$7$B*3$5$0�5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 52 �[� 
DOLJQBP 
7KH�RSWLRQV�IRU�WKLV�ILHOG�DUH��  
���0LVDOLJQHG��  
���$OLJQHG��  

�� 52 �[� 
U[BEXIIHU 
���([FOXGH��  
���,QFOXGH��  
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� 

SK\BGDWD 
7KH�RSWLRQV�IRU�WKLV�ILHOG�DUH��  
�[����ELW��  
�[�����ELW��  
�[�����ELW��  

�� 52 �[� 
SK\BUVW 
7KH�RSWLRQV�IRU�WKLV�ILHOG�DUH��  
���/RZ�HQDEOH��  
���+LJK�HQDEOH��  

����� 52 �[�� SK\BFWUO 
3+<�&RQWURO�:LGWK� 

����� 52 �[�� SK\BVWDW 
3+<�6WDWXV�:LGWK� 

�� 52 �[� ODWFKBP 
'R�QRW�VXSSRUW�ODWFK�PRGH� 

����� 52 �[� SK\BW\SH 
6XSSRUW�SLSH�SK\� 

�� 52 �[� UHWXUQBHUU 
6XSSRUW�DPED�HUURU�UHVSRQVH� 

��� 52 �[��� UHVHUYHG 
 
6$7$B*3$5$0�5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

�� 52 �[� 
ELVWBP 
7KH�RSWLRQV�IRU�WKLV�ILHOG�DUH��  
���),6��  
���':25'��  

����� 52 �[� UHVHUYHG 

�� 52 �[� 
IEVBVXSSRUW 
7KH�RSWLRQV�IRU�WKLV�ILHOG�DUH��  
���([FOXGH��  
���,QFOXGH��  

�� 52 �[� UHVHUYHG 

�� 52 �[� 
GHYBPS 
7KH�RSWLRQV�IRU�WKLV�ILHOG�DUH��  
���([FOXGH��  
���,QFOXGH��  

�� 52 �[� 
HQFRGHBP 
7KH�RSWLRQV�IRU�WKLV�ILHOG�DUH��  
���([FOXGH��  
���,QFOXGH��  

�� 52 �[� 
U[RREBFONBP 
7KH�RSWLRQV�IRU�WKLV�ILHOG�DUH��  
���5[&ORFN��  
���6HSDUDWH��  

�� 52 �[� 
U[BRREBP 
7KH�RSWLRQV�IRU�WKLV�ILHOG�DUH��  
���([FOXGH��  
���,QFOXGH��  

� 52 �[� 
W[BRREBP 
7KH�RSWLRQV�IRU�WKLV�ILHOG�DUH��  
���([FOXGH��  
���,QFOXGH��  



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1910 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 52 �[��� U[RREBFONBORZHU 
5[�22%�&ORFN�)UHTXHQF\��/RZHU�� 

 
6$7$B7(675�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[� 

EVHO 
7KLV�ILHOG�LV�XVHG�WR�VHOHFW�D�EDQN�IRU�%,67�RU�'DWD�3URWHFWLRQ�
RSHUDWLRQ�RU�$GGUHVV�3URWHFWLRQ�RSHUDWLRQ��7KH�RSWLRQV�IRU�WKLV�
ILHOG�DUH��  
�[���%,67�UHJLVWHUV�VHOHFWHG�  
�[���'DWD�3URWHFWLRQ�UHJLVWHUV�VHOHFWHG�  
�[���$GGUHVV�3URWHFWLRQ�UHJLVWHUV�VHOHFWHG�  
�[���5HVHUYHG��  

����� 52 �[�� UHVHUYHG 

����� 5: �[� 

SVHO 
7KLV�ILHOG�LV�XVHG�WR�VHOHFW�D�3RUW�IRU�%,67�RSHUDWLRQ� 
7KH�RSWLRQV�IRU�WKLV�ILHOG�DUH��  
�[���3RUW��LV�VHOHFWHG�  
�[���3RUW��LV�VHOHFWHG�  
�[���3RUW��LV�VHOHFWHG�  
�[���3RUW��LV�VHOHFWHG�  
�[���3RUW��LV�VHOHFWHG�  
�[���3RUW��LV�VHOHFWHG�  
�[���3RUW��LV�VHOHFWHG�  
�[���3RUW��LV�VHOHFWHG��  

���� 52 �[���� UHVHUYHG 

� 5: �[� 

WHVWBLI 
7KLV�ELW�LV�XVHG�WR�SXW�WKH�VODYH�LQWHUIDFH�LQWR�WKH�WHVW�PRGH� 
7KH�RSWLRQV�IRU�WKLV�ILHOG�DUH��  
���1RUPDO�PRGH��WKH�UHDG�EDFN�YDOXH�RI�VRPH�UHJLVWHUV�LV�D�
IXQFWLRQ�RI�WKH�VWDWH�DQG�GRHV�QRW�PDWFK�WKH�YDOXH�ZULWWHQ��  
���7HVW�PRGH��WKH�UHDG�EDFN�YDOXH�RI�WKH�UHJLVWHUV�PDWFKHV�WKH�
YDOXH�ZULWWHQ��1RUPDO�RSHUDWLRQ�LV�GLVDEOHG��  

 
6$7$B,'5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� LG +DUG�FRGHG�KH[DGHFLPDO�LGHQWLILFDWLRQ�YDOXH� 
 
6$7$B&/%�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[������ 

FOE 
,QGLFDWHV�WKH����ELW�EDVH�SK\VLFDO�DGGUHVV�IRU�WKH�FRPPDQG�OLVW�
IRU�WKLV�3RUW��7KLV�EDVH�LV�XVHG�ZKHQ�IHWFKLQJ�FRPPDQGV�WR�
H[HFXWH��7KH�VWUXFWXUH�SRLQWHG�WR�E\�WKLV�DGGUHVV�UDQJH�LV���.%�LQ�
OHQJWK��7KLV�DGGUHVV�PXVW�EH���.%�DOLJQHG�DV�LQGLFDWHG�E\�ELWV�
>���@�EHLQJ�UHDG�RQO\� 

��� 52 �[��� UHVHUYHG 
 
6$7$B)%� �  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[������ 

IE 
,QGLFDWHV�WKH����ELW�EDVH�SK\VLFDO�DGGUHVV�IRU�UHFHLYHG�),6HV��7KH�
VWUXFWXUH�SRLQWHG�WR�E\�WKLV�DGGUHVV�UDQJH�LV�����E\WHV�LQ�OHQJWK��
7KLV�DGGUHVV�PXVW�EH����E\WH�DOLJQHG�DV�LQGLFDWHG�E\�ELWV�>���@�
EHLQJ�UHDG�RQO\� 

��� 52 �[�� UHVHUYHG 
 
6$7$B3,6�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
FSGV 
7KLV�ELW�LV�VHW�ZKHQ�WKH�3BFSBGHW�LQSXW�FKDQJHV�LWV�VWDWH�GXH�WR�
WKH�LQVHUWLRQ�RU�UHPRYDO�RI�WKH�GHYLFH��  

�� 5: �[� 
WIHV 
7KLV�ELW�LV�VHW�ZKHQHYHU�WKH�37)'�676�UHJLVWHU�LV�XSGDWHG�E\�WKH�
GHYLFH�DQG�WKH�HUURU�ELW�>�@�LV�VHW� 

�� 5: �[� 

KEIV 
7KLV�ELW�LV�VHW�ZKHQ�$;,�0DVWHU�GHWHFWV�DQ�(5525�UHVSRQVH�IURP�
WKH�VODYH� 
3RUW�'0$�WUDQVLWLRQV�WR�D�IDWDO�VWDWH�XQWLO�WKH�VRIWZDUH�FOHDUV�
3&0'�67�ELW�RU�UHVHWV�WKH�LQWHUIDFH�E\�ZD\�RI�3RUW�RU�*OREDO�
UHVHW� 

�� 5: �[� KEGV 
7KLV�ELW�LV�DOZD\V�FOHDUHG�WR��� 

�� 5: �[� 

LIV 
7KLV�ELW�LV�VHW�ZKHQ�DQ\�RI�WKH�IROORZLQJ�FRQGLWLRQV�DUH�GHWHFWHG��  
6<1&�HVFDSH�LV�UHFHLYHG�IURP�WKH�GHYLFH�GXULQJ�QRQ�'DWD�RU�'DWD�
),6�WUDQVPLVVLRQ�RU�UHFHSWLRQ��36(55�',$*B6�DQG�(55B3�DUH�
VHW���  
2QH�RU�PRUH�RI�WKH�IROORZLQJ�HUURUV�DUH�GHWHFWHG�GXULQJ�'DWD�),6�
WUDQVIHU��  
3URWRFRO��36(55�(55B3��  
&5&��36(55�',$*B&��  
+DQGVKDNH��36(55�',$*B+��  
3+<�1RW�5HDG\��36(55�(55B&��  
8QNQRZQ�),6�LV�UHFHLYHG�ZLWK�JRRG�&5&��EXW�WKH�OHQJWK�H[FHHGV�
���E\WHV��  
35'�WDEOH�E\WH�FRXQW�LV�]HUR��  
'0$�6HWXS�),6�LV�UHFHLYHG�ZLWK�D�7$*�FRUUHVSRQGLQJ�WR�LQDFWLYH�
�36$&7�ELW�LV�FOHDUHG��FRPPDQG�VORW��  
5$0�DGGUHVV�SURWHFWLRQ�HUURU�GHWHFWHG��ZKHQ�KDUGZDUH�
FRQILJXUDWLRQ�SDUDPHWHU�0(0B$3B6833257�LV�VHW�WR�,QFOXGH��DQG�
WKH�0(0B$3B(55)%B(1�LV�VHW�WR�,QFOXGH��DQG�WKH�
0(0'3&5�0(0B$''5B('B,)6B',6�UHJLVWHU�ELW�LV�VHW�WR�����
DQG�RU�8QFRUUHFWHG�HUURU�GHWHFWHG��ZKHQ�KDUGZDUH�FRQILJXUDWLRQ�
SDUDPHWHU�0(0B'3B6833257�LV�VHW�WR�,QFOXGH��DQG�WKH�
0(0'3&5�0(0B('B,)6B',6�UHJLVWHU�ELW�LV�VHW�WR�����3RUW�'0$�
WUDQVLWLRQV�WR�D�IDWDO�VWDWH�XQWLO�WKH�VRIWZDUH�FOHDUV�3&0'�67�ELW�
RU�UHVHWV�WKH�LQWHUIDFH�E\�ZD\�RI�3RUW�RU�*OREDO�UHVHW� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

LQIV 
7KLV�ELW�LV�VHW�ZKHQ�DQ\�RI�WKH�IROORZLQJ�FRQGLWLRQV�DUH�GHWHFWHG��  
2QH�RU�PRUH�RI�WKH�IROORZLQJ�HUURUV�DUH�GHWHFWHG�GXULQJ�QRQ�GDWD�
),6�WUDQVIHU��  
3URWRFRO��3Q6(55�(55B3��  
&5&��3Q6(55�',$*B&��  
+DQGVKDNH��3Q6(55�',$*B+��  
3+<�1RW�5HDG\��3Q6(55�(55B&��  
&RPPDQG�OLVW�XQGHUIORZ�GXULQJ�UHDG�RSHUDWLRQ��VXFK�DV��'0$�
UHDG��ZKHQ�WKH�VRIWZDUH�EXLOGV�FRPPDQG�WDEOH�WKDW�KDV�PRUH�
WRWDO�E\WHV�WKDQ�WKH�WUDQVDFWLRQ�JLYHQ�WR�WKH�GHYLFH�  
&RUUHFWHG�HUURU�GHWHFWHG��ZKHQ�KDUGZDUH�FRQILJXUDWLRQ�
SDUDPHWHU�0(0B'3B6833257�LV�VHW�WR�,QFOXGH��0(0B'3B7<3(�LV�
VHW�WR�(&&��DQG�WKH�0(0'3&5�0(0B('B&(B(1�UHJLVWHU�ELW�LV�VHW�
WR����  
,Q�ERWK�FDVHV�3RUW�RSHUDWLRQ�FRQWLQXHV�QRUPDOO\��:KHQ�HUURU�LV�
GHWHFWHG�GXULQJ�QRQ�GDWD�),6�WUDQVPLVVLRQ��WKLV�),6�LV�
UHWUDQVPLWWHG�FRQWLQXRXVO\�XQWLO�LW�VXFFHHGV��RU�XQWLO�WKH�VRIWZDUH�
WLPHV�RXW�DQG�UHVHWV�WKH�LQWHUIDFH� 

�� 52 �[� UHVHUYHG 

�� 5: �[� 

RIV 
7KLV�ELW�LV�VHW�ZKHQ�FRPPDQG�OLVW�RYHUIORZ�LV�GHWHFWHG�GXULQJ�
UHDG�RU�ZULWH�RSHUDWLRQ�ZKHQ�WKH�VRIWZDUH�EXLOGV�FRPPDQG�WDEOH�
WKDW�KDV�IHYHU�WRWDO�E\WHV�WKDQ�WKH�WUDQVDFWLRQ�JLYHQ�WR�WKH�
GHYLFH� 
3RUW�'0$�WUDQVLWLRQV�WR�D�IDWDO�VWDWH�XQWLO�WKH�VRIWZDUH�FOHDUV�
3Q&0'�67�ELW�RU�UHVHWV�WKH�LQWHUIDFH�E\�ZD\�RI�3RUW�RU�*OREDO�
UHVHW� 

�� 5: �[� 

LSPV 
,QGLFDWHV�WKDW�WKH�+%$�UHFHLYHG�D�),6�IURP�D�GHYLFH�ZKRVH�3RUW�
0XOWLSOLHU�ILHOG�GLG�QRW�PDWFK�ZKDW�ZDV�H[SHFWHG� 
7KLV�ELW�PD\�EH�VHW�GXULQJ�HQXPHUDWLRQ�RI�GHYLFHV�RQ�D�3RUW�
0XOWLSOLHU�GXH�WR�WKH�QRUPDO�3RUW�0XOWLSOLHU�HQXPHUDWLRQ�SURFHVV� 
7KH�VRIWZDUH�PXVW�XVH�WKH�,306�ELW�RQO\�DIWHU�HQXPHUDWLRQ�LV�
FRPSOHWH�RQ�WKH�3RUW�0XOWLSOLHU� 

�� 5: �[� 

SUFV 
7KLV�ELW�UHIOHFWV�WKH�VWDWH�RI�WKH�3Q6(55�',$*B1�ELW� 
:KHQ�VHW�WR����LQGLFDWHV�WKH�LQWHUQDO�3QBSK\BUHDG\�VLJQDO�
FKDQJHG�VWDWH� 
7R�FOHDU�WKLV�ELW��WKH�VRIWZDUH�PXVW�FOHDU�WKH�3Q6(55�',$*B1�ELW�
WR��� 

���� 52 �[���� UHVHUYHG 

� 5: �[� 

GPSV 
7KLV�ELW�LV�VHW�ZKHQ�WKH�3QBPSBVZLWFK�LQSXW�FKDQJHV�LWV�VWDWH�DV�
D�UHVXOW�RI�D�PHFKDQLFDO�VZLWFK�DWWDFKHG�WR�WKLV�3RUW�RSHQLQJ�RU�
FORVLQJ��  
7KLV�ELW�LV�YDOLG�RQO\�ZKHQ�ERWK�&$3�6036�DQG�3Q&0'�0363�DUH�
VHW� 

� 52 �[� 

SFV 
7KLV�ELW�UHIOHFWV�WKH�VWDWH�RI�WKH�3Q6(55�',$*B;�ELW��  
���&KDQJH�LQ�&XUUHQW�&RQQHFW�6WDWXV��  
���1R�FKDQJH�LQ�&XUUHQW�&RQQHFW�6WDWXV��  
7KLV�ELW�LV�FOHDUHG�RQO\�ZKHQ�3Q6(55�',$*B;�LV�FOHDUHG� 

� 5: �[� GSV 
$�35'�ZLWK�WKH�,�ELW�VHW�KDV�WUDQVIHUUHG�DOO�RI�LWV�GDWD� 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1913 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 52 �[� 

XIV 
:KHQ�VHW�WR����LQGLFDWHV�WKDW�DQ�XQNQRZQ�),6�ZDV�UHFHLYHG�DQG�
KDV�EHHQ�FRSLHG�LQWR�V\VWHP�PHPRU\� 
7KLV�ELW�LV�FOHDUHG�WR���E\�WKH�VRIWZDUH�FOHDULQJ�WKH�
3Q6(55�',$*B)�ELW�WR��� 

� 5: �[� 
VGEV 
$�6HW�'HYLFH�%LWV�),6�KDV�EHHQ�UHFHLYHG�ZLWK�WKH�
,
�ELW�VHW�DQG�
KDV�EHHQ�FRSLHG�LQWR�V\VWHP�PHPRU\� 

� 5: �[� 
GVV 
$�'0$�6HWXS�),6�KDV�EHHQ�UHFHLYHG�ZLWK�WKH�
,
�ELW�VHW�DQG�KDV�
EHHQ�FRSLHG�LQWR�V\VWHP�PHPRU\� 

� 5: �[� 
SVV 
$�3,2�6HWXS�),6�KDV�EHHQ�UHFHLYHG�ZLWK�WKH�
,
�ELW�VHW��LW�KDV�EHHQ�
FRSLHG�LQWR�V\VWHP�PHPRU\��DQG�WKH�GDWD�UHODWHG�WR�WKDW�),6�KDV�
EHHQ�WUDQVIHUUHG� 

� 5: �[� 
GKUV 
$�'HYLFH�WR�+RVW�5HJLVWHU�),6�KDV�EHHQ�UHFHLYHG�ZLWK�WKH�
,
�ELW�
VHW��DQG�KDV�EHHQ�FRSLHG�LQWR�V\VWHP�PHPRU\� 

 
6$7$B3,(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� FSGH 
(QDEOH�&ROG�3RUW�'HWHFW� 

�� 5: �[� WIHH 
(QDEOH�7DVN�)LOH�(UURU� 

�� 5: �[� KEIH 
+RVW�%XV�)DWDO�(UURU�(QDEOH� 

�� 5: �[� KEGH 
+RVW�%XV�'DWD�(UURU�(QDEOH� 

�� 5: �[� LIH 
,QWHUIDFH�)DWDO�(UURU�(QDEOH� 

�� 5: �[� LQIH 
,QWHUIDFH�1RQ�)DWDO�(UURU�(QDEOH� 

�� 52 �[� UHVHUYHG 

�� 5: �[� RIH 
2YHUIORZ�(QDEOH� 

�� 5: �[� LSPH 
,QFRUUHFW�3RUW�0XOWLSOLHU�(QDEOH� 

�� 5: �[� SUFH 
3+<�5HDG\�&KDQJH�(QDEOH� 

���� 52 �[���� UHVHUYHG 

� 5: �[� GPSH 
'HYLFH�0HFKDQLFDO�3UHVHQFH�6WDWXV�(QDEOH� 

� 52 �[� SFH 
3RUW�&RQQHFW�&KDQJH�6WDWXV�(QDEOH� 

� 5: �[� GSH 
'HVFULSWRU�3URFHVVHG�(QDEOH� 

� 52 �[� XIH 
8QNQRZQ�),6�,QWHUUXSW�(QDEOH� 

� 5: �[� VGEH 
6HW�'HYLFH�%LWV�,QWHUUXSW�(QDEOH� 

� 5: �[� GVH 
'0$�6HWXS�),6�,QWHUUXSW�(QDEOH� 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1914 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� SVH 
3,2�6HWXS�),6�,QWHUUXSW�(QDEOH� 

� 5: �[� GKUH 
'HYLFH�WR�+RVW�5HJLVWHU�),6�,QWHUUXSW�(QDEOH� 

 
6$7$B&0'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

LFF 
7KLV�ILHOG�LV�XVHG�WR�FRQWURO�SRZHU�PDQDJHPHQW�VWDWHV�RI�WKH�
LQWHUIDFH��:KHQ�WKH�/LQN�OD\HU�LV�FXUUHQWO\�LQ�WKH�/B,'/(�VWDWH�RU�
/B1R&RPP3RZHU�VWDWH��ZULWHV�WR�WKLV�ILHOG�FDXVH�WKH�3RUW�WR�
LQLWLDWH�D�WUDQVLWLRQ�WR�WKH�LQWHUIDFH�SRZHU�PDQDJHPHQW�VWDWH�
UHTXHVWHG��:KHQ�WKH�/LQN�OD\HU�LV�QRW�FXUUHQWO\�LQ�WKH�/B,'/(�
VWDWH�RU�/B1R&RPP3RZHU��ZULWHV�WR�WKLV�ILHOG�KDYH�QR�HIIHFW��  
(OVH��5HVHUYHG� �  
�[���6OXPEHU��7KLV�FDXVHV�WKH�3RUW�WR�UHTXHVW�D�WUDQVLWLRQ�RI�WKH�
LQWHUIDFH�WR�WKH�6OXPEHU�VWDWH��7KH�6$7$�GHYLFH�FDQ�UHMHFW�WKH�
UHTXHVW�DQG�WKH�LQWHUIDFH�UHPDLQV�LQ�LWV�FXUUHQW�VWDWH��  
�[���3DUWLDO��7KLV�FDXVHV�WKH�3RUW�WR�UHTXHVW�D�WUDQVLWLRQ�RI�WKH�
LQWHUIDFH�WR�WKH�3DUWLDO�VWDWH��7KH�6$7$�GHYLFH�FDQ�UHMHFW�WKH�
UHTXHVW�DQG�WKH�LQWHUIDFH�UHPDLQV�LQ�LWV�FXUUHQW�VWDWH��  
�[���$FWLYH��7KLV�FDXVHV�WKH�3RUW�WR�UHTXHVW�D�WUDQVLWLRQ�RI�WKH�
LQWHUIDFH�LQWR�WKH�DFWLYH�VWDWH� 

�� 5: �[� 

DVS 
7KH�RSWLRQV�IRU�WKLV�ILHOG�DUH��  
:KHQ�VHW�WR����DQG�3Q&0'�$/3( ���WKH�3RUW�DJJUHVVLYHO\�HQWHUV�
WKH�6/80%(5�VWDWH�ZKHQ�RQH�RI�WKH�IROORZLQJ�FRQGLWLRQV�LV�WUXH��  
7KH�3RUW�FOHDUV�WKH�3Q&,�DQG�WKH�3Q6$&7�UHJLVWHU�LV�FOHDUHG��  
7KH�3RUW�FOHDUV�WKH�3Q6$&7�UHJLVWHU�DQG�3Q&,�LV�FOHDUHG��  
:KHQ�FOHDUHG�WR����DQG�3Q&0'�$/3( ���WKH�3RUW�DJJUHVVLYHO\�
HQWHUV�WKH�3$57,$/�VWDWH�ZKHQ�RQH�RI�WKH�IROORZLQJ�FRQGLWLRQV�LV�
WUXH��  
7KH�3RUW�FOHDUV�WKH�3Q&,�UHJLVWHU�DQG�WKH�3Q6$&7�UHJLVWHU�LV�
FOHDUHG��  
7KH�3RUW�FOHDUV�WKH�3Q6$&7�UHJLVWHU�DQG�3Q&,�LV�FOHDUHG��  

�� 5: �[� 

DOSH 
:KHQ�VHW�WR����WKH�3RUW�DJJUHVVLYHO\�HQWHUV�D�ORZHU�OLQN�SRZHU�
VWDWH��3$57,$/�RU�6/80%(5��EDVHG�RQ�WKH�VHWWLQJ�RI�WKH�
3Q&0'�$63�ELW� 
:KHQ�FOHDUHG�WR����DJJUHVVLYH�SRZHU�PDQDJHPHQW�VWDWH�
WUDQVLWLRQ�LV�GLVDEOHG� 

�� 5: �[� 
GODH 
:KHQ�VHW�WR����3Q&0'�$7$3, ���DQG�FRPPDQGV�DUH�DFWLYH��WKH�
3RUW�DVVHUWV�3QBDFWBOHG�RXWSXW�� 

�� 5: �[� 

DWDSL 
7KLV�ELW�LV�XVHG�E\�WKH�3RUW�WR�FRQWURO�ZKHWKHU�WR�DVVHUW�
3QBDFWBOHG�RXWSXW�ZKHQ�FRPPDQGV�DUH�DFWLYH� 
7KH�RSWLRQV�IRU�WKLV�ILHOG�DUH��  
���QRQ�$7$3,�GHYLFH�  
���$7$3,�GHYLFH�  



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1915 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

DSVWH 
:KHQ�WKLV�ELW�LV�VHW�DQG�WKH�':&BDKVDWD�/LQN�OD\HU�QHJRWLDWHV�
3DUWLDO�SRZHU�PDQDJHPHQW�VWDWH�ZLWK�WKH�GHYLFH��LW�WUDQVLWLRQV�
LQWR�WKH�6OXPEHU�VWDWH�GLUHFWO\��UHJDUGOHVV�ZKHWKHU�LW�ZDV�KRVW�
VRIWZDUH���3RUW��DJJUHVVLYH����RU�GHYLFH�LQLWLDWHG� 

�� 5: �[� 

IEVFS 
:KHQ�VHW�WR����LQGLFDWHV�WKDW�WKLV�3RUW�VXSSRUWV�3RUW�0XOWLSOLHU�
),6�EDVHG�VZLWFKLQJ��:KHQ�FOHDUHG�WR����LQGLFDWHV�WKDW�WKLV�3RUW�
GRHV�QRW�VXSSRUW�),6�EDVHG�VZLWFKLQJ��7KLV�ELW�PD\�RQO\�EH�VHW�WR�
�� 

�� 5: �[� 

HVS 
:KHQ�VHW�WR����LQGLFDWHV�WKDW�WKLV�3RUW
V�VLJQDO�RQO\�FRQQHFWRU�LV�
H[WHUQDOO\�DFFHVVLEOH��:KHQ�VHW�WR����&$3�6;6�LV�DOVR�VHW�WR��� 
:KHQ�FOHDUHG�WR����LQGLFDWHV�WKDW�WKLV�3RUW
V�VLJQDO�RQO\�FRQQHFWRU�
LV�QRW�H[WHUQDOO\�DFFHVVLEOH� 

�� 5: �[� 

FSG 
7R�HQDEOH�WKH�FROG�SUHVHQFH�GHWHFWLRQ�IHDWXUH��'(9B&3B'(7�PXVW�
EH�VHW�WR�,QFOXGH��2WKHUZLVH�WKLV�ELW�LV�UHDG�RQO\�
�
�RQ�UHVHW� 
7KH�RSWLRQV�IRU�WKLV�ILHOG�DUH��  
���3ODWIRUP�VXSSRUWV�FROG�SUHVHQFH�GHWHFWLRQ�RQ�WKLV�3RUW��:KHQ�
WKLV�ELW�LV�VHW�WR����3Q&0'�+3&3�PXVW�DOVR�EH�VHW�WR����  
���3ODWIRUP�GRHV�QRW�VXSSRUW�FROG�SUHVHQFH�GHWHFWLRQ�RQ�WKLV�3RUW��  

�� 5: �[� 

PSVS 
7R�HQDEOH�WKH�PHFKDQLFDO�SUHVHQFH�GHWHFWLRQ�IHDWXUH� 
7KH�RSWLRQV�IRU�WKLV�ILHOG�DUH��  
���,QGLFDWHV�WKH�SODWIRUP�VXSSRUWV�D�PHFKDQLFDO�SUHVHQFH�VZLWFK�
DWWDFKHG�WR�WKLV�3RUW��  
���,QGLFDWHV�WKH�SODWIRUP�GRHV�QRW�VXSSRUW�D�PHFKDQLFDO�SUHVHQFH�
VZLWFK�DWWDFKHG�WR�WKLV�3RUW��:KHQ�WKLV�ELW�LV�VHW�WR����
3Q&0'�+3&3�VKRXOG�DOVR�EH�VHW�WR����  

�� 5: �[� 

KSFS 
7KH�RSWLRQV�IRU�WKLV�ILHOG�DUH��  
���,QGLFDWHV�WKDW�WKLV�3RUW
V�VLJQDO�DQG�SRZHU�FRQQHFWRUV�DUH�
H[WHUQDOO\�DFFHVVLEOH�YLD�D�MRLQW�VLJQDO�SRZHU�FRQQHFWRU�IRU�
EOLQGPDWH�GHYLFH�KRW�SOXJ��  
���,QGLFDWHV�WKDW�WKLV�3RUW
V�VLJQDO�DQG�SRZHU�FRQQHFWRUV�DUH�QRW�
H[WHUQDOO\�DFFHVVLEOH��  

�� 52 �[� 

SPD 
7KH�VRIWZDUH�LV�UHVSRQVLEOH�IRU�GHWHFWLQJ�ZKHWKHU�D�3RUW�0XOWLSOLHU�
LV�SUHVHQW��WKH�3RUW�GRHV�QRW�DXWR�GHWHFW�WKH�SUHVHQFH�RI�D�3RUW�
0XOWLSOLHU� 
7KH�RSWLRQV�IRU�WKLV�ILHOG�DUH��  
���$�3RUW�0XOWLSOLHU�LV�DWWDFKHG�WR�WKLV�3RUW��  
���$�3RUW�0XOWLSOLHU�LV�QRW�DWWDFKHG�WR�WKLV�3RUW��  

�� 52 �[� 

FSV 
7KLV�ELW�UHSRUWV�ZKHWKHU�D�GHYLFH�LV�FXUUHQWO\�GHWHFWHG�RQ�WKLV�
3RUW�DV�LQGLFDWHG�E\�WKH�3QBFSBGHW�LQSXW�VWDWH��DVVXPLQJ�
3Q&0'�&3' ��� 
7KH�RSWLRQV�IRU�WKLV�ILHOG�DUH��  
���GHYLFH�LV�DWWDFKHG�WR�WKLV�3RUW�  
���QR�GHYLFH�DWWDFKHG�WR�WKLV�3RUW�  

�� 52 �[� 

FU 
:KHQ�WKLV�ELW�LV�VHW�WR�
�
��WKH�FRPPDQG�OLVW�'0$�HQJLQH�IRU�WKLV�
3RUW�LV�UXQQLQJ��  
 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1916 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 52 �[� 
IU 
:KHQ�VHW�WR�
�
��WKH�),6�5HFHLYH�'0$�HQJLQH�IRU�WKH�3RUW�LV�
UXQQLQJ��  

�� 52 �[� 

PSVV 
7KH�VRIWZDUH�PXVW�XVH�WKLV�ELW�RQO\�ZKHQ�ERWK�&$3�6036�DQG�
3Q&0'�0363�DUH�VHW��7KLV�ELW�UHSRUWV�WKH�VWDWH�RI�D�PHFKDQLFDO�
SUHVHQFH�VZLWFK�DWWDFKHG�WR�WKLV�3RUW�DV�LQGLFDWHG�E\�WKH�
3QBPSBVZLWFK�LQSXW�VWDWH��DVVXPLQJ�&$3�6036 ��DQG�
3Q&0'�0363 ��� 
7KH�RSWLRQV�IRU�WKLV�ILHOG�DUH��  
���6ZLWFK�LV�FORVHG�  
���6ZLWFK�LV�RSHQ�  
:KHQ�&$3�6036 ��WKHQ�WKLV�ELW�LV�FOHDUHG�WR��� 

���� 5: �[�� 

FFV 
7KLV�ILHOG�LV�VHW�WR�WKH�FRPPDQG�VORW�YDOXH�RI�WKH�FRPPDQG�WKDW�
LV�FXUUHQWO\�EHLQJ�LVVXHG�E\�WKH�3RUW��  
:KHQ�3Q&0'�67�WUDQVLWLRQV�IURP���WR����WKLV�ILHOG�LV�FOHDUHG�DJDLQ�
WR��[����  
$IWHU�3Q&0'�67�WUDQVLWLRQV�IURP���WR����WKH�KLJKHVW�SULRULW\�VORW�
WR�LVVXH�IURP�QH[W�LV�FRPPDQG�VORW����  
$IWHU�WKH�ILUVW�FRPPDQG�KDV�EHHQ�LVVXHG��WKH�KLJKHVW�SULRULW\�VORW�
WR�LVVXH�IURP�QH[W�LV�3Q&0'�&&6��� 
)RU�H[DPSOH��DIWHU�WKH�3RUW�KDV�LVVXHG�LWV�ILUVW�FRPPDQG��ZKHQ�
&&6 �[���DQG�3Q&,�LV�VHW�WR��[���WKH�QH[W�FRPPDQG�LVVXHG�LV�
IURP�FRPPDQG�VORW��� 
7KLV�ILHOG�LV�YDOLG�RQO\�ZKHQ�3Q&0'�67�LV�VHW�WR��� 

��� 52 �[� UHVHUYHG 

� 5: �[� 

IUH 
:KHQ�VHW�WR����WKH�3RUW�PD\�SRVW�UHFHLYHG�),6HV�LQWR�WKH�),6�
UHFHLYH�DUHD�SRLQWHG�WR�E\�3Q)%��DQG�3Q)%8�ZKHQ�
0B+$''5B:,'7+ �����:KHQ�FOHDUHG��UHFHLYHG�),6HV�DUH�QRW�
DFFHSWHG�E\�WKH�3RUW��H[FHSW�IRU�WKH�ILUVW�'�+�UHJLVWHU�),6�DIWHU�
WKH�LQLWLDOL]DWLRQ�VHTXHQFH��DQG�QR�),6HV�DUH�SRVWHG�WR�WKH�),6�
UHFHLYH�DUHD� 
7KH�VRIWZDUH�PXVW�QRW�VHW�WKLV�ELW�XQWLO�3Q)%��3Q)%8��KDV�EHHQ�
SURJUDPPHG�ZLWK�D�YDOLG�SRLQWHU�WR�WKH�),6�UHFHLYH�DUHD� 
:KHQ�WKH�VRIWZDUH�ZLVKHV�WR�PRYH�WKH�EDVH��WKLV�ELW�PXVW�ILUVW�EH�
FOHDUHG��DQG�WKH�VRIWZDUH�PXVW�ZDLW�IRU�WKH�3Q&0'�)5�ELW�WR�EH�
FOHDUHG� 

� 5: �[� 

FOR 
6HWWLQJ�WKLV�ELW�WR���FDXVHV�3Q7)'�676�%6<�DQG�3Q7)'�676�'54�
WR�EH�FOHDUHG�WR����7KLV�DOORZV�D�VRIWZDUH�UHVHW�WR�EH�WUDQVPLWWHG�
WR�WKH�GHYLFH�UHJDUGOHVV�RI�ZKHWKHU�WKH�%6<�DQG�'54�ELWV�DUH�VWLOO�
VHW�LQ�WKH�3Q7)'�676�UHJLVWHU��7KLV�ELW�LV�FOHDUHG�WR���ZKHQ�
3Q7)'�676�%6<�DQG�3Q7)'�676�'54�KDYH�EHHQ�FOHDUHG�WR����$�
ZULWH�WR�WKLV�UHJLVWHU�ZLWK�D�YDOXH�RI�
�
�KDV�QR�HIIHFW� 
7KLV�ELW�VKRXOG�RQO\�EH�VHW�WR���LPPHGLDWHO\�SULRU�WR�VHWWLQJ�
3Q&0'�67�ELW�WR���IURP�D�SUHYLRXV�YDOXH�RI����6HWWLQJ�WKLV�ELW�WR���
DW�DQ\�RWKHU�WLPH�LV�QRW�VXSSRUWHG�DQG�UHVXOWV�LQ�LQGHWHUPLQDWH�
EHKDYLRU� 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1917 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

SRG 
7KLV�ELW�LV�UHDG�ZULWH�ZKHQ�FROG�SUHVHQFH�GHWHFWLRQ�LV�VXSSRUWHG�
RQ�WKLV�3RUW�DV�LQGLFDWHG�E\�3Q&0'�&3' ���7KLV�ELW�LV�UHDG�RQO\���
ZKHQ�FROG�SUHVHQFH�GHWHFWLRQ�LV�QRW�VXSSRUWHG�DQG�
3Q&0'�&3' ���:KHQ�VHW��WKH�3RUW�DVVHUWV�WKH�3QBFSBSRG�RXWSXW�
SLQ�VR�WKDW�LW�PD\�EH�XVHG�WR�SURYLGH�SRZHU�WR�D�FROG�SUHVHQFH�
GHWHFWDEOH�3RUW� 

� 5: �[� 

VXG 
7KLV�ELW�LV�UHDG�ZULWH�ZKHQ�VWDJJHUHG�VSLQ�XS�LV�VXSSRUWHG�DV�
LQGLFDWHG�E\�WKH�&$3�666 ���7KLV�ELW�LV�UHDG�RQO\���ZKHQ�
VWDJJHUHG�VSLQ�XS�LV�QRW�VXSSRUWHG�DQG�&$3�666 ���2Q�DQ�HGJH�
GHWHFW�IURP���WR����WKH�3RUW�VWDUWV�D�&205(6(7�LQLWLDOL]DWLRQ�
VHTXHQFH�WR�WKH�GHYLFH��&OHDULQJ�WKLV�ELW�FDXVHV�QR�DFWLRQ�RQ�WKH�
LQWHUIDFH� 

� 5: �[� 

VW 
:KHQ�VHW�WR����WKH�3RUW�SURFHVVHV�WKH�FRPPDQG�OLVW��:KHQ�
FOHDUHG��WKH�3RUW�GRHV�QRW�SURFHVV�WKH�FRPPDQG�OLVW��:KHQHYHU�
WKLV�ELW�LV�FKDQJHG�IURP�D���WR�D����WKH�3RUW�VWDUWV�SURFHVVLQJ�WKH�
FRPPDQG�OLVW�DW�HQWU\����:KHQHYHU�WKLV�ELW�LV�FKDQJHG�IURP�D���
WR�D����WKH�3Q&,�UHJLVWHU�LV�FOHDUHG�E\�WKH�3RUW�XSRQ�WUDQVLWLRQ�
LQWR�DQ�LGOH�VWDWH��  

 
6$7$B7)'� �  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 52 �[�� HUU 
7KLV�ILHOG�FRQWDLQV�WKH�ODWHVW�FRS\�RI�WKH�WDVN�ILOH�HUURU�UHJLVWHU� 

��� 52 �[�� 

VWV 
7KLV�ILHOG�FRQWDLQV�WKH�ODWHVW�FRS\�RI�WKH�WDVN�ILOH�VWDWXV�UHJLVWHU� 
7KH�ELWV�WKDW�DIIHFW�':&BDKVDWD�RSHUDWLRQ�DUH��  
%LW�>�@�%6<��,QGLFDWHV�WKH�LQWHUIDFH�LV�EXV\�  
%LWV�>���@�FV��&RPPDQG�VSHFLILF�  
%LW�>�@�'54��,QGLFDWHV�D�GDWD�WUDQVIHU�LV�UHTXHVWHG�  
%LWV�>���@�FV��&RPPDQG�VSHFLILF�  
%LW�>�@�(55��,QGLFDWHV�DQ�HUURU�GXULQJ�WKH�WUDQVIHU 

 
6$7$B6,*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 

VLJ 
7KLV�ILHOG�FRQWDLQV�WKH�VLJQDWXUH�UHFHLYHG�IURP�D�GHYLFH�RQ�WKH�
ILUVW�'�+�5HJLVWHU�),6��7KH�ELW�RUGHU�DV�IROORZV��  
%LWV�>�����@��/%$�+LJK��&\OLQGHU�+LJK��5HJLVWHU�  
%LWV�>�����@��/%$�0LG��&\OLQGHU�/RZ��5HJLVWHU�  
%LWV�>����@��/%$�/RZ��6HFWRU�1XPEHU��5HJLVWHU�  
%LWV�>���@��6HFWRU�&RXQW�5HJLVWHU�  
7KLV�ILHOG�LV�XSGDWHG�RQFH�DIWHU�D�UHVHW�VHTXHQFH��FDXVH�E\�
DV\QFKURQRXV��SRUW��RU�VRIW�UHVHW���5HVHW�RQ�*OREDO�RU�3RUW�UHVHW� 

 
6$7$B6676�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1918 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[� 

LSP 
,QGLFDWHV�WKH�FXUUHQW�LQWHUIDFH�VWDWH� 
7KH�RSWLRQV�IRU�WKLV�ILHOG�DUH��  
�[���'HYLFH�QRW�SUHVHQW�RU�FRPPXQLFDWLRQ�QRW�HVWDEOLVKHG�  
�[���,QWHUIDFH�LQ�$FWLYH�VWDWH�  
�[���,QWHUIDFH�LQ�3DUWLDO�SRZHU�PDQDJHPHQW�VWDWH�  
�[���,QWHUIDFH�LQ�6OXPEHU�SRZHU�PDQDJHPHQW�VWDWH�  
�[���,QWHUIDFH�LQ�'HY6OHHS�SRZHU�PDQDJHPHQW�VWDWH�  

��� 52 �[� 

VSG 
,QGLFDWHV�WKH�QHJRWLDWHG�LQWHUIDFH�FRPPXQLFDWLRQ�VSHHG� 
7KH�RSWLRQV�IRU�WKLV�ILHOG�DUH��  
�[���'HYLFH�QRW�SUHVHQW�RU�FRPPXQLFDWLRQ�QRW�HVWDEOLVKHG�  
�[�������*E�V�FRPPXQLFDWLRQ�UDWH�QHJRWLDWHG�  
�[�������*E�V�FRPPXQLFDWLRQ�UDWH�QHJRWLDWHG�  
�[�������*E�V�FRPPXQLFDWLRQ�UDWH�QHJRWLDWHG�  

��� 52 �[� 

GHW 
,QGLFDWHV�WKH�LQWHUIDFH�GHYLFH�GHWHFWLRQ�DQG�3+<�VWDWH� 
7KH�RSWLRQV�IRU�WKLV�ILHOG�DUH��  
�[���1R�GHYLFH�GHWHFWHG�DQG�3+<�FRPPXQLFDWLRQ�QRW�HVWDEOLVKHG�  
�[���'HYLFH�SUHVHQFH�GHWHFWHG�EXW�3+<�FRPPXQLFDWLRQ�QRW�
HVWDEOLVKHG��&20,1,7�LV�GHWHFWHG��  
�[���'HYLFH�SUHVHQFH�GHWHFWHG�DQG�3+<�FRPPXQLFDWLRQ�
HVWDEOLVKHG��
3+<�5HDG\
�LV�GHWHFWHG��  
�[���3+<�LQ�RIIOLQH�PRGH�DV�D�UHVXOW�RI�WKH�LQWHUIDFH�EHLQJ�
GLVDEOHG�RU�UXQQLQJ�LQ�D�%,67�ORRSEDFN�PRGH��  
$OO�RWKHU�YDOXHV�UHVHUYHG� 

 
6$7$B6&7/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[������ UHVHUYHG 

��� 5: �[� 

LSP 
7KLV�ILHOG�LQGLFDWHV�ZKLFK�SRZHU�VWDWHV�WKH�3RUW�3+<�LQWHUIDFH�LV�
DOORZHG�WR�WUDQVLWLRQ�WR��:KHQ�DQ�LQWHUIDFH�SRZHU�PDQDJHPHQW�
VWDWH�LV�GLVDEOHG��WKH�3RUW�GRHV�QRW�LQLWLDWH�WKDW�VWDWH�DQG�DQ\�
UHTXHVW�IURP�WKH�GHYLFH�WR�HQWHU�WKDW�VWDWH�LV�UHMHFWHG�YLD�
301$.S� 
7KH�RSWLRQV�IRU�WKLV�ILHOG�DUH��  
�[���1R�LQWHUIDFH�SRZHU�PDQDJHPHQW�VWDWH�UHVWULFWLRQV�  
�[���7UDQVLWLRQV�WR�WKH�3DUWLDO�VWDWH�GLVDEOHG�  
�[���7UDQVLWLRQV�WR�WKH�6OXPEHU�VWDWH�GLVDEOHG�  
�[���7UDQVLWLRQV�WR�ERWK�3DUWLDO�DQG�6OXPEHU�VWDWHV�GLVDEOHG��  

��� 52 �[� UHVHUYHG 

��� 5: �[� 

VSG 
7KLV�ILHOG�LQGLFDWHV�WKH�KLJKHVW�DOORZDEOH�VSHHG�RI�WKH�3RUW�3+<�
LQWHUIDFH� 
7KH�RSWLRQV�IRU�WKLV�ILHOG�DUH��  
�[���1R�VSHHG�QHJRWLDWLRQ�UHVWULFWLRQV�  
�[���/LPLW�VSHHG�QHJRWLDWLRQ�WR�6$7$�����*E�V�FRPPXQLFDWLRQ�
UDWH�  
�[���/LPLW�VSHHG�QHJRWLDWLRQ�WR�6$7$�����*E�V�FRPPXQLFDWLRQ�
UDWH�  
�[���/LPLW�VSHHG�QHJRWLDWLRQ�WR�D�UDWH�QRW�JUHDWHU�WKDQ�6$7$�����
*E�V�FRPPXQLFDWLRQ�UDWH� 

� 52 �[� UHVHUYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1919 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

GHW 
&RQWUROV�WKH�3RUW
V�GHYLFH�GHWHFWLRQ�DQG�LQWHUIDFH�LQLWLDOL]DWLRQ� 
7KH�RSWLRQV�IRU�WKLV�ILHOG�DUH��  
�[���1R�GHYLFH�GHWHFWLRQ�RU�LQLWLDOL]DWLRQ�DFWLRQ�UHTXHVWHG�  
�[���3HUIRUP�LQWHUIDFH�LQLWLDOL]DWLRQ�VHTXHQFH�WR�HVWDEOLVK�
FRPPXQLFDWLRQ��7KLV�UHVXOWV�LQ�WKH�LQWHUIDFH�EHLQJ�UHVHW�DQG�
FRPPXQLFDWLRQ�UH�LQLWLDOL]HG��$VVHUW�WKH�FRUUHVSRQGLQJ�
3QBSK\BUHVHW�BQ��RXWSXW�ZKHQ�'(7 �[���,W�QHJDWHV�
3QBSK\BUHVHW�BQ��DQG�VHQGV�&205(6(7�22%�VHTXHQFH�ZKHQ�
'(7 �[���  
�[���'LVDEOH�WKH�6HULDO�$7$�LQWHUIDFH�DQG�SXW�WKH�3RUW�3+<�LQ�
RIIOLQH�PRGH��  

 
6$7$B6(55�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

�� 5: �[� 
GLDJB[ 
7KLV�ELW�LV�VHW�WR���ZKHQ�3+<�&20,1,7�VLJQDO�LV�GHWHFWHG��7KLV�ELW�
LV�UHIOHFWHG�LQ�WKH�3Q,6�3&6�ELW� 

�� 5: �[� 

GLDJBI 
7KLV�ELW�LQGLFDWHV�WKDW�RQH�RU�PRUH�),6HV�ZHUH�UHFHLYHG�E\�WKH�
7UDQVSRUW�OD\HU�ZLWK�JRRG�&5&��EXW�KDG�D�W\SH�ILHOG�WKDW�ZDV�QRW�
UHFRJQL]HG�NQRZQ�DQG�WKH�OHQJWK�ZDV�OHVV�WKDQ�RU�HTXDO�WR����
E\WHV� 

�� 5: �[� 
GLDJBW 
7KLV�ELW�LQGLFDWHV�WKDW�D�7UDQVSRUW�/D\HU�SURWRFRO�YLRODWLRQ�ZDV�
GHWHFWHG�VLQFH�WKH�ODVW�WLPH�WKLV�ELW�ZDV�FOHDUHG��  

�� 5: �[� 

GLDJBV 
7KLV�ELW�LQGLFDWHV�WKDW�RQH�RU�PRUH�/LQN�VWDWH�PDFKLQH�HUURU�
FRQGLWLRQV�ZDV�HQFRXQWHUHG��2QH�RI�WKH�FRQGLWLRQV�WKDW�FDXVH�WKLV�
ELW�WR�EH�VHW�LV�GHYLFH�GRLQJ�6<1&�HVFDSH�GXULQJ�),6�
WUDQVPLVVLRQ� 

�� 5: �[� 

GLDJBK 
7KLV�ELW�LQGLFDWHV�WKDW�RQH�RU�PRUH�5B(55S�ZDV�UHFHLYHG�LQ�
UHVSRQVH�WR�IUDPH�WUDQVPLVVLRQ��6XFK�HUURUV�PD\�EH�WKH�UHVXOW�RI�
D�&5&�HUURU�GHWHFWHG�E\�WKH�GHYLFH��D�GLVSDULW\�RU��E���E�
GHFRGLQJ�HUURU��RU�RWKHU�HUURU�FRQGLWLRQ�OHDGLQJ�WR�D�QHJDWLYH�
KDQGVKDNH�RQ�D�WUDQVPLWWHG�IUDPH� 

�� 5: �[� 
GLDJBF 
7KLV�ELW�LQGLFDWHV�WKDW�RQH�RU�PRUH�&5&�HUURUV�ZHUH�GHWHFWHG�E\�
WKH�/LQN�OD\HU�GXULQJ�),6�UHFHSWLRQ� 

�� 52 �[� 
GLDJBG 
7KLV�ELW�LV�DOZD\V�FOHDUHG�WR���VLQFH�LW�LV�QRW�XVHG�E\�WKH�$+&,�
VSHFLILFDWLRQ� 

�� 5: �[� GLDJBE 
7KLV�ELW�LQGLFDWHV�HUURUV�ZHUH�GHWHFWHG�E\���E��E�GHFRGHU� 

�� 5: �[� GLDJBZ 
7KLV�ELW�LV�VHW�ZKHQ�3+<�&20:$.(�VLJQDO�LV�GHWHFWHG� 

�� 5: �[� 
GLDJBL 
7KLV�ELW�LV�VHW�ZKHQ�WKH�3+<�GHWHFWV�VRPH�LQWHUQDO�HUURU�DV�
LQGLFDWHG�E\�WKH�DVVHUWLRQ�RI�WKH�3QBSK\BU[BHUU�LQSXW� 

�� 5: �[� 
GLDJBQ 
7KLV�ELW�LQGLFDWHV�WKDW�WKH�3+<�5HDG\�VLJQDO�FKDQJHG�VWDWH��7KLV�
ELW�LV�UHIOHFWHG�LQ�WKH�3Q,6�35&6�ELW� 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1920 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

�� 5: �[� 
HUUBH 
7KLV�ELW�LV�VHW�WR���ZKHQ�RQH�RU�PRUH�$;,�EXV�(5525�UHVSRQVHV�
DUH�GHWHFWHG�RQ�WKH�PDVWHU�LQWHUIDFH� 

�� 5: �[� 

HUUBS 
7KLV�ELW�LV�VHW�WR���ZKHQ�DQ\�RI�WKH�IROORZLQJ�FRQGLWLRQV�DUH�
GHWHFWHG��  
7UDQVSRUW�VWDWH�WUDQVLWLRQ�HUURU��',$*B7��  
/LQN�VHTXHQFH�HUURU��',$*B6��  
5;�),)2�RYHUIORZ�  
/LQN�EDG�HQG�HUURU��:750�LQVWHDG�RI�(2)�LV�UHFHLYHG���  

� 5: �[� 

HUUBF 
7KLV�ELW�LV�VHW�WR���ZKHQ�3+<�5HDG\�VLJQDO�LV�QHJDWHG�GXH�WR�WKH�
ORVV�RI�FRPPXQLFDWLRQ�ZLWK�WKH�GHYLFH�RU�SUREOHPV�ZLWK�LQWHUIDFH��
EXW�QRW�DIWHU�WUDQVLWLRQ�IURP�DFWLYH�WR�3DUWLDO�RU�6OXPEHU�SRZHU�
PDQDJHPHQW�VWDWH� 

� 5: �[� 

HUUBW 
7KLV�ELW�LV�VHW�ZKHQ�DQ\�RI�WKH�IROORZLQJ�3Q6(55�UHJLVWHU�ELWV�DUH�
VHW�GXULQJ�'DWD�),6�WUDQVIHU��  
(55B3��3URWRFRO��  
',$*B&��&5&��  
',$*B+��+DQGVKDNH��  
(55B&��
3+<�5HDG\
�QHJDWLRQ��� 

��� 52 �[�� UHVHUYHG 

� 5: �[� 

HUUBP 
7KLV�ELW�LV�VHW�WR���ZKHQ�WKH�3+<�5HDG\�FRQGLWLRQ�LV�DVVHUWHG�
XQGHU�WKH�IROORZLQJ�FRQGLWLRQV��  
$W�DQ\�WLPH�H[FHSW�ZKHQ�WKHUH�LV�D�WUDQVLWLRQ�IURP�SRZHU�GRZQ�
PRGH�WR�$FWLYH�VWDWH�  
$IWHU�LQWHUIDFH�LQLWLDOL]DWLRQ��DIWHU�SRZHU�RQ�RU�&205(6(7��� 

� 5: �[� 

HUUBL 
7KLV�ELW�LV�VHW�ZKHQ�DQ\�RI�WKH�IROORZLQJ�3Q6(55�UHJLVWHU�ELWV�LV�
VHW�GXULQJ�QRQ�'DWD�),6�WUDQVIHU��  
(55B3��3URWRFRO��  
',$*B&��&5&��  
',$*B+��+DQGVKDNH� 

 
6$7$B6$&7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1921 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

GV 
7KLV�ILHOG�LV�ELW�VLJQLILFDQW��(DFK�ELW�FRUUHVSRQGV�WR�WKH�7$*�DQG�
FRPPDQG�VORW�RI�D�QDWLYH�TXHXHG�FRPPDQG��ZKHUH�ELW���
FRUUHVSRQGV�WR�7$*���DQG�FRPPDQG�VORW����  
6RIWZDUH�VHWV�WKLV�ILHOG�SULRU�WR�LVVXLQJ�D�QDWLYH�TXHXHG�FRPPDQG�
IRU�D�SDUWLFXODU�FRPPDQG�VORW��3ULRU�WR�ZULWLQJ�3Q&,>7$*@�WR����
WKH�VRIWZDUH�VHWV�'6>7$*@�WR���WR�LQGLFDWH�WKDW�D�FRPPDQG�ZLWK�
WKDW�7$*�LV�RXWVWDQGLQJ� 
7KLV�ILHOG�LV�FOHDUHG�WR���ZKHQ��  
7KH�VRIWZDUH�ZULWHV�3Q&0'�67�IURP�D���WR�D����  
7KH�GHYLFH�VHQGV�D�6HW�'HYLFH�%LWV�),6�WR�WKH�3RUW��7KH�3RUW�
FOHDUV�ELWV�LQ�WKLV�ILHOG�WKDW�DUH�VHW�LQ�WKH�6$FWLYH�ILHOG�RI�WKH�6HW�
'HYLFH�%LWV�),6��7KH�3RUW�FOHDUV�RQO\�ELWV�WKDW�FRUUHVSRQG�WR�
QDWLYH�TXHXHG�FRPPDQGV�WKDW�KDYH�FRPSOHWHG�VXFFHVVIXOO\��  
7KLV�ILHOG�LV�QRW�FOHDUHG�E\�WKH�IROORZLQJ��  
3RUW�UHVHW��&205(6(7���  
6RIWZDUH�UHVHW��  

 
6$7$B&,�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

FL 
7KLV�ILHOG�LV�ELW�VLJQLILFDQW��(DFK�ELW�FRUUHVSRQGV�WR�D�FRPPDQG�
VORW��ZKHUH�ELW���FRUUHVSRQGV�WR�FRPPDQG�VORW����7KLV�ILHOG�LV�VHW�
E\�WKH�VRIWZDUH�WR�LQGLFDWH�WR�WKH�3RUW�WKDW�D�FRPPDQG�KDV�EHHQ�
EXLOW�LQ�V\VWHP�PHPRU\�IRU�D�FRPPDQG�VORW�DQG�PD\�EH�VHQW�WR�
WKH�GHYLFH� 
:KHQ�WKH�3RUW�UHFHLYHV�D�),6�ZKLFK�FOHDUV�WKH�%6<��'54��DQG�(55�
ELWV�IRU�WKH�FRPPDQG��LW�FOHDUV�WKH�FRUUHVSRQGLQJ�ELW�LQ�WKLV�
UHJLVWHU�IRU�WKDW�FRPPDQG�VORW��%LWV�LQ�WKLV�ILHOG�FDQ�RQO\�EH�VHW�WR�
��E\�WKH�VRIWZDUH�ZKHQ�3Q&0'�67�LV�VHW�WR��� 

 
6$7$B617)�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� 

SPQ 
7KLV�ILHOG�LQGLFDWHV�ZKHWKHU�D�SDUWLFXODU�GHYLFH�ZLWK�WKH�
FRUUHVSRQGLQJ�30�3RUW�QXPEHU�LVVXHG�D�6HW�'HYLFH�%LWV�),6�WR�WKH�
':&BDKVDWD�3RUW�ZLWK�WKH�1RWLILFDWLRQ�ELW�VHW��  
30�3RUW��[��VHWV�ELW����  
30�3RUW��[��VHWV�ELW����  
����  
30�3RUW��[)�VHWV�ELW�����  
,QGLYLGXDO�ELWV�DUH�FOHDUHG�E\�WKH�VRIWZDUH�ZULWLQJ��V�WR�WKH�
FRUUHVSRQGLQJ�ELW�SRVLWLRQV��  
7KLV�ILHOG�LV�UHVHW�RQ�*OREDO�UHVHW��EXW�LW�LV�QRW�UHVHW�E\�3RUW�UHVHW�
�&205(6(7��RU�VRIWZDUH�UHVHW� 

 
6$7$B)%6�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1922 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� 
GZH 
7KLV�ILHOG�LV�VHW�E\�WKH�VDWD�FRQWUROOHU�WR�WKH�YDOXH�RI�WKH�3RUW�
0XOWLSOLHU�SRUW�QXPEHU�RI�WKH�GHYLFH�WKDW�H[SHULHQFHG�D�IDWDO�HUURU�
FRQGLWLRQ��7KLV�ILHOG�LV�RQO\�YDOLG�ZKHQ�3)%6�6'( �� 

����� 5: �[� DGR 
7KLV�ILHOG�LV�KDUG�ZLUHG�WR�WKH�)%6B3031B0$;�YDOXH� 

���� 5: �[� 

GHY 
6RIWZDUH�VHWV�WKLV�ILHOG�WR�WKH�3RUW�0XOWLSOLHU�SRUW�YDOXH�RI�WKH�
QH[W�FRPPDQG�WR�LVVXH��7KLV�ILHOG�HQDEOHV�WKH�VDWD�FRQWUROOHU�WR�
NQRZ�WKH�SRUW�WKH�FRPPDQG�WR�EH�LVVXHV�WR�ZLWKRXW�IHWFKLQJ�WKH�
FRPPDQG�KHDGHU��6RIWZDUH�VKRXOG�QRW�LVVXH�FRPPDQGV�WR�
PXOWLSOH�3RUW�0XOWLSOLHU�SRUWV�RQ�WKH�VDPH�ZULWH�RI�WKH�3&,�
UHJLVWHU��7KLV�ELW�LV�UHVHW�RQ�*OREDO�UHVHW� 

��� 52 �[�� UHVHUYHG 

� 5: �[� 

VGH 
:KHQ�WKLV�ILHOG�LV�VHW�WR���DQG�D�IDWDO�HUURU�FRQGLWLRQ�KDV�
RFFXUUHG��WKH�VDWD�FRQWUROOHU�EHOLHYHV�WKH�HUURU�LV�ORFDOL]HG�WR�RQH�
GHYLFH�VXFK�WKDW�VRIWZDUH
V�ILUVW�HUURU�UHFRYHU\�VWHS�VKRXOG�EH�WR�
XWLOL]H�WKH�3)%6�'(&�IXQFWLRQDOLW\��:KHQ�FOHDUHG�WR���DQG�D�IDWDO�
HUURU�FRQGLWLRQ�KDV�RFFXUUHG��WKH�HUURU�DSSOLHV�WR�WKH�HQWLUH�3RUW��
7R�FOHDU�WKH�HUURU��VRIWZDUH�VKRXOG�FOHDU�3&0'�67�WR����7KLV�ELW�LV�
FOHDUHG�RQ�3)%6�'(&�EHLQJ�VHW�WR���RU�RQ�3&0'�67�EHLQJ�FOHDUHG�
WR��� 
7KLV�ELW�LV�UHVHW�RQ�*OREDO�UHVHW� 

� 5: �[� 

GHF 
:KHQ�VHW�WR���E\�VRIWZDUH��WKH�VDWD�FRQWUROOHU�FOHDUV�WKH�GHYLFH�
VSHFLILF�HUURU�FRQGLWLRQ��,W�IOXVKHV�DQ\�FRPPDQGV�RXWVWDQGLQJ�IRU�
WKH�GHYLFH�WKDW�H[SHULHQFHG�WKH�HUURU��LQFOXGLQJ�FOHDULQJ�3&,�DQG�
36$&7�ELWV�IRU�WKDW�GHYLFH�WR����7KH�VDWD�FRQWUROOHU�FOHDUV�WKLV�ELW�
WR���ZKHQ�LW�FRPSOHWHV�HUURU�UHFRYHU\�DFWLRQV��:KHQ�VRIWZDUH�
ZULWHV�D���WR�WKLV�ELW��WKHUH�LV�QR�HIIHFW��6RIWZDUH�VKRXOG�RQO\�VHW�
WKLV�ELW�WR���LI�3)%6�(1 ��DQG�3)%6�6'( �� 
7KLV�ELW�LV�UHVHW�RQ�*OREDO�UHVHW� 

� 5: �[� 

HQ 
���$�3RUW�0XOWLSOLHU�LV�DWWDFKHG�DQG�WKH�':&BDKVDWD�XVHV�),6�
EDVHG�VZLWFKLQJ�WR�FRPPXQLFDWH�ZLWK�LW��  
���),6�EDVHG�VZLWFKLQJ�LV�QRW�EHLQJ�XVHG��FRPPDQG�EDVHG�
VZLWFKLQJ�LV�XVHG�LQVWHDG���6RIWZDUH�VKRXOG�RQO\�FKDQJH�WKH�YDOXH�
RI�WKLV�ELW�ZKHQ�3&0'�67 ���  
7KLV�ELW�LV�UHVHW�RQ�*OREDO�UHVHW� 

 
6$7$B'0$&5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

U[WV 
7KLV�ILHOG�GHILQHV�WKH�3RUW�'0$�WUDQVDFWLRQ�VL]H�LQ�),)2�ZRUGV�IRU�
UHFHLYH��V\VWHP�EXV�ZULWH��GHYLFH�UHDG��RSHUDWLRQ��7KH�RSWLRQV�IRU�
WKLV�ILHOG�DUH��  
�[�����  
�[�����  
�[�����  
�[�����  
�[������  
�[������  
�[������  
�[�������  
�[�������  
�[�������  
�[$�������  
$OO�RWKHU�YDOXHV�DUH�UHVHUYHG�DQG�VKRXOG�QRW�EH�XVHG� 
7KLV�ILHOG�LV�UHDG�ZULWH�ZKHQ�3Q&0'�67 ��DQG�UHDG�RQO\�ZKHQ�
3Q&0'�67 �� 

��� 5: �[� 

W[WV 
7KLV�ILHOG�GHILQHV�WKH�'0$�WUDQVDFWLRQ�VL]H�LQ�),)2�ZRUGV�IRU�
WUDQVPLW��V\VWHP�EXV�UHDG��GHYLFH�ZULWH��RSHUDWLRQ� 
7KH�RSWLRQV�IRU�WKLV�ILHOG�DUH��  
�[�����  
�[�����  
�[�����  
�[�����  
�[������  
�[������  
�[������  
�[�������  
�[�������  
�[�������  
�[$�������  
$OO�RWKHU�YDOXHV�DUH�UHVHUYHG�DQG�VKRXOG�QRW�EH�XVHG��7KLV�ILHOG�LV�
UHDG�ZULWH�ZKHQ�3Q&0'�67 ��DQG�UHDG�RQO\�ZKHQ�3Q&0'�67 �� 

 
19.5 Interface Description 

Table 19-1 SATA host interface description 

Module 
Pin 

Dir. Pad Name IOMUX Setting 

SATA0_C
PDET 

I 
SDMMC0_DET/SATA_CP_DET/PCIE3
0X1_CLKREQn_M0/GPIO0_A4_u 

*5)B,2)81&B6(/�>��@ �¶K��	�
308B*5)B*3,2�$B,208;B+>���@ �¶K� 

SATA1_C
PDET 

I 
SDMMC0_DET/SATA_CP_DET/PCIE3
0X1_CLKREQn_M0/GPIO0_A4_u 

GRF_IOFUNC_SEL5[14]=1¶K��	�
308B*5)B*3,2�$B,208;B+>���@ �¶K� 

SATA2_C
PDET 

I 
SDMMC0_DET/SATA_CP_DET/PCIE3
0X1_CLKREQn_M0/GPIO0_A4_u 

*5)B,2)81&B6(/�>��@ �¶K��	�
308B*5)B*3,2�$B,208;B+>���@ �¶K� 

SATA0_M
PSWITCH 

I 
SDMMC0_PWREN/SATA_MP_SWITC
H/PCIE20_CLKREQn_M0/GPIO0_A5_
d 

GRF_IOFUNC_SE/�>��@ �¶K��	�
308B*5)B*3,2�$B,208;B+>���@ �¶K� 
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Module 
Pin 

Dir. Pad Name IOMUX Setting 

SATA1_M
PSWITCH 

I 
SDMMC0_PWREN/SATA_MP_SWITC
H/PCIE20_CLKREQn_M0/GPIO0_A5_
d 

*5)B,2)81&B6(/�>��@ �¶K��	�
308B*5)B*3,2�$B,208;B+>���@ �¶K� 

SATA2_M
PSWITCH 

I 
SDMMC0_PWREN/SATA_MP_SWITC
H/PCIE20_CLKREQn_M0/GPIO0_A5_
d 

*5)B,2)81&B6(/�>��@ �¶K��	�
308B*5)B*3,2�$B,208;B+>���@ �¶K� 

SATA0_C
PPOD 

O 
GPU_PWREN/SATA_CP_POD/PCIE30
X2_CLKREQn_M0/GPIO0_A6_d 

*5)B,2)81&B6(/�>���@ �¶K��	�
308B*5)B*3,2�$B,208;B+>����@ �¶K
1 

SATA1_C
PPOD 

  
GPU_PWREN/SATA_CP_POD/PCIE30
X2_CLKREQn_M0/GPIO0_A6_d 

*5)B,2)81&B6(/�>���@ �¶K��	�
308B*5)B*3,2�$B,208;B+>����@ �¶K
1 

SATA2_C
PPOD 

  
GPU_PWREN/SATA_CP_POD/PCIE30
X2_CLKREQn_M0/GPIO0_A6_d 

*5)B,2)81&B6(/�>���@ �¶K��	�
308B*5)B*3,2�$B,208;B+>����@ �¶K
1 

SATA0_A
CTLED 

O 
PWM13_M1/SPI3_CS0_M1/SATA0_A
CT_LED/UART9_RX_M1/I2S3_SDI_M
1/GPIO4_C6_d 

*5)B*3,2�&B,208;B+>����@ �¶K� 

SATA1_A
CTLED 

O 
PWM12_M1/SPI3_MISO_M1/SATA1_
ACT_LED/UART9_TX_M1/I2S3_SDO
_M1/GPIO4_C5_d 

*5)B*3,2�&B,208;B+>���@ �¶K� 

SATA2_A
CTLED 

O 
EDP_DP_HPDIN_M0/SPDIF_TX_M2/S
ATA2_ACT_LED/PCIE30X2_PERSTn_
M2/I2S3_LRCK_M1/GPIO4_C4_d 

*5)B*3,2�&B,208;B+>���@ �¶K� 

 

 

19.6 Application Notes 
19.6.1 'DWD�WUDQVIHU 
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Start

Find a free command slot

Build DMA read/write 
command to the command list

Wirte the correspondding CI 
bit to enable DMA engine

Wait interrupt

Enter partial or slumber if 
enable aggressive 

powermanagement

End

Enable aggressive power 
management

Y
N

 

Fig. 19-2 Data transfer flow 
19.6.2 3RUW�PXOWLSOH�VXSSRUW 
When a port is connected to a Port Multiplier, software must first enumerate it by issuing software reset to 

Port 0xF(control Port) on the Port Multiplier. When the signature returned corresponds to a Port Multiplier, 

then a Port Multiplier is attached. When the signature returned corresponds to another device type, then a 

Port Multiplier is not attached. 

The SATA host provides command list override feature via CMD.CLO to help software reliably enumerate 

the Port Multiplier: 

z VRIWZDUH�HQVXUHV�WKDW�&0'�67�ELW�LV��� 
z VRIWZDUH�FRQVWUXFWV�WKH�WZR�UHJLVWHU�),6HV�UHTXLUHG�IRU�D�VRIWZDUH�UHVHW�LQ�WKH�FRPPDQG�

OLVW��ZKHUH�WKH�30�SRUW�ILHOG�YDOXH�LQ�WKH�UHJLVWHU�),6�LV�VHW�WR��[)� 
z VRIWZDUH�VHW�&0'�&/2�WR���WR�IRUFH�WKH�%6<�DQG�'54�ELWV�LQ�WKH�7)'�UHJLVWHU�WR�EH�

FOHDUHG� 
z VRIWZDUH�VHWV�&0'�67�ELW�WR���DQG�VHW�DSSURSULDWH�&,�ELWV�LQ�RUGHU�WR�EHJLQ�H[HFXWLRQ�RI�

WKH�VRIWZDUH�UHVHW�FRPPDQG� 
19.6.3 ,QWHUUXSW 
The SATA host uses two-tiered interrupt structure. 

First tier(GIS register) 

The first tier is identified by the GIS and GHC registers. GHC.IE bit enables interrupts for the entire host: 

when it is cleared, intrq output is not asserted regardless of any bits set in the GIS register. GHC.IE bit acts 

as a mask and does not affect the setting of any interrupt status bits. 

Second tier(PIS registers) 

The second tier is identified in each port through the PIS(status) and PIE(interrupt enable) register. The PIS 

register has various interrupt bits that can be individually enabled or disabled by setting the corresponding 

bit in the PIE. The status bit in the PIS is always set regardless of the setting of the corresponding PIE bit. 

19.6.4 UHVHW�FRQGLWLRQ 
System reset 

System bus resets SATA host by asserting aresetn=0. It is usually initiated on power-up or during system 

bus failure. All components of the host are initialized, including ports, Generic registers, BIU. 

Global reset 
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Software may globally reset host by setting GHC.HR to 1. When software sets the GHC.HR bit to 1, the 

host performs an internal reset action, then clears this bit to 0 when the reset is complete. A software write 

of 0 to GHC.HR has no affect. 

Port reset (COMRESET) 

Software causes a Port reset by writing 1h to the SCTL.DET field to invoke COMRESET on the interface 

and start a re-establishment of the PHY Layer communication. Software should wait at least 1ms before 

clearing SCTL.DET to 0h. After clearing SCTL.DET to 0h, software should wait for communication to be re-

established as indicated by 0 of SSTS.DET being set to 1. Then software should write all ones to SERR 

register to clear any bits that were set as part of the Port reset. 

Software reset 

Software builds two H2D register FISes in the command list. The first register FIS has the SRST bit set to 

1 in the control field of the register FIS, the ³C´ bit is cleared to ³0´ in the register FIS, and the command 

table has the CH[R] (reset) and CH[C] (clear BSY ON R_OK) bits set to ³1´. The CH[R] bit causes the Port 

to perform a SYNC escape when necessary to put the device into an idle condition before sending the 

software reset. The CH[C] bit needs to be set for the first register FIS to clear the BSY bit and proceed to 

issue the next register FIS since the device does not send a response to the first register FIS in a software 

reset sequence. The second register FIS has SRST=´0´ in the control field of the register FIS, the ³C´ bit is 

cleared to ³0´ in the register FIS, and the command tables has the CH[R] and CH[C] bits cleared to ³0´. 
When issuing a software reset sequence, there should not be other commands in the command list. Before 

issuing the software reset, software must clear CMD.ST, wait for the Port to be idle, and then re-set CMD.ST. 

TFD.STS.BSY and TFD.STS.DRQ must be cleared prior to issuing the reset. When TFD.STS.BSY or 

TFD.STS.DRQ is still set based on the failed command, then a Port reset should be attempted or command 

list override should be used. 

 

19.6.5 6WDJJHUHG�VSLQ�XS 
The CMD.SUD bit is used to manipulate the PHY behavior. SCTL.DET and CMD.SUD must be set correctly 

in order to avoid illegal combinations of the two values. Table 1-1 describes interaction between the 

CMD.SUD and SCTL.DET bits. 

 

Table 19-2 CMD.SUD and SCTL.DET interaction 
 
6&7/�'(7 &0'�68' 0RGH %HKDYLRU 
� �  ,QWHUIDFH�LV�LQ�D�UHGXFHG�SRZHU�VWDWH� 

:KHQ�&20,1,7�LV�UHFHLYHG�WKHQ�6(55�',$*B;�LV�VHW�DQG�QR�UHVSRQVH�LV�
VHQW�WR�WKH�GHYLFH�&20:$9(�LV�LJQRUHG� 
7KH�DSSOLFDWLRQ�PXVW�SODFH�WKH�3RUW�LQWR�WKLV�VWDWH�RQO\�ZKHQ�QR�GHYLFH�LV�
GHWHFWHG�DV�FRQQHFWHG�WR�WKLV�3RUW��,Q�WKLV�PRGH��WKH�3RUW�IRUFHV�WKH�3+<�
LQWR�D�ORZ�SRZHU�VWDWH�ZLWKRXW�UHTXHVWLQJ�D�6/80%(5�WUDQVLWLRQ�RQ�WKH�
OLQN� 

� ��!�  3RUW�VHQGV�&205(6(7��EHJLQV�LQLWLDOL]DWLRQ�VHTXHQFH� 
� �  1RUPDO�RSHUDWLQJ�VWDWH�ZKHQ�WKH�3RUW�LV�SHUIRUPLQJ�GDWD�WUDQVIHU� 
� � ,OOHJDO 7KLV�FRPELQDWLRQ�LV�SURKLELWHG�LQ�KDUGZDUH��L�H��&0'�68'�FDQ�QRW�EH�

FOHDUHG�ZKHQ�6&7/�'(7 �K��DQG�6&7/�'(7�FDQ�QRW�EH�VHW�WR��K�ZKHQ�
&0'�68' �� 

� � 5HVHW 3RUW�FRQWLQXRXVO\�WUDQVPLWV�&205(6(7�DQG�GRHV�QRW�OLVWHQ�IRU�&20,1,7��
:KHQ�&20,1,7�LV�UHFHLYHG�LQ�WKLV�VWDWH��WKH�6(55�',$*B;�ELW�LV�VHW� 

��!� � ,QLWLDOL]H 3RUW�VWRSV�VHQGLQJ�&205(6(7��EHLQJ�LQLWLDOL]DWLRQ�VHTXHQFH 
� 1�$ 2II 3RUW�3+<�LV�RII� 

 
 

Software must only clear CMD.SUD when it believe that no device is attached. In listen mode, the Port PHY 

enters a reduced power state, equivalent to the SLUMBER power management state. The Port PHY enters 

this state without negotiating a transition to SLUMBER on the link, as asking for a transition to SLUMBER 

when no device is attached fails, and therefore the PHY remains in a high power state. To avoid this software 

should ensure that SSTS.DET=0x0 indicating that no device is present before clearing CMD.SUD. 

 

19.6.6 $FWLYLW\�/(' 
The CAP.SAL=1 indicates that the activity LED feature is enabled to software. Act_led outputs is used to 

drive an external LED based upon activity of the Port: 

z ����/('�2Q 
z ����/('�2II 
The port drives the LED active if: 
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z �&,� ��RU�6$&7� ���DQG�&0'�$7$3,� �� 
z �&,� ��RU�6$&7� ���DQG�&0'�$7$3,� ���DQG�&0'�'/$(� �� 
The Port drives the LED off when CI and SACT are both cleared to 0. 

 

19.6.7 $V\QFKURQRXV�QRWLILFDWLRQ 
The SATA host supports asynchronous notification feature as indicated by the CAP.SSNT=1. This feature 

allows an ATAPI device to send a signal to the host when media is inserted or removed and avoid polling 

the device for media changes. The signal sent to the host is Set Device Bits FIS with the ³I´ and ³N´ bits set 

to ³1´. 
To use asynchronous notification, software should set the IS.SDBS bit to enable interrupt notification on a 

Set Device Bits FIS. When accesses to the ATAPI device are idle, software should place the device in a 

low power state. When the device has media change, it signals this to the host with a Set Device Bits FIS. 

In response to receiving a IS.SDBS interrupt on an idle Port, the software should interrogate the device to 

determine the cause of the interrupt. 

The first DWORD of any FIS received by the host contains a 4-bit Port Multiplier field. The PM port field 

indicates which Port behind the Port Multiplier issued the FIS to the host. When a set device bits FIS is 

received by the host and ³N´ bit is set, the bit position in the SNTF register corresponding to the PM Port 

field is set. The host sets the IS.SDBS to ³1´ when the ³I´ bit is set in the set device bits FIS. This causes 

an interrupt to be generated when that interrupt is enabled. 

 

19.6.8 %,67�RSHUDWLRQ 
���������/RRSEDFN�UHVSRQGHU 

Software must ensure that the CMD.ST bit is set, the Port is in idle state, and there are no outstanding 

commands by checking CI and SACT registers are both cleared, TFD.STS register BSY, DRQ and ERR 

bits are all cleared. 

The host enters one of the BIST loopback responder modes when a corresponding BIST Activate FIS is 

successfully received from the device and is supported by the host. SSTS.DET field return 4h when read. 

Since BIST registers¶ locations are shared between all the active ports, software must first select the Port 

for BIST operation by writing the Port number to the TESTR.PSEL field before accessing BISTAFR. 

The following loopback responder modes are supported by the host: 

z )DU�HQG�UHWLPHG 
� 7KH�3RUW�UHFHLYHV�%,67�DFWLYDWH�),6�ZLWK�SDWWHUQ�GHILQLWLRQ�ILHOG �[���IURP�WKH�5;�

),)2�DQG�VWRUHV�LW�LQ�WKH�%,67�$)5�3'�ILHOG 
� $OO�WKH�GDWD�UHFHLYHG�IURP�WKH�GHYLFH�LQ�WKH�IRUP�RI�D�6$7$�FRPSOLDQW�SDWWHUQ�LV�

UHWLPHG�LQ�WKH�/LQN�/D\HU�DQG�WUDQVPLWWHG�EDFN�WR�WKH�GHYLFH� 
� $OWHUQDWHO\��WKLV�PRGH�FDQ�EH�LQLWLDWHG�ZLWK�GHYLFH�GLVFRQQHFWHG�IURP�WKH�3RUW�3+<�

ZKHQ�VRIWZDUH�ZULWHV�%,67&5�)(5/% ���$IWHU�WKH�GHYLFH�LV�FRQQHFWHG�WR�WKH�KRVW��
WKH�GHYLFH�PXVW�WUDQVPLW�WKH�QXPEHU�RI�$/,*1V�UHTXLUHG�IRU�WKH�3+<�WR�V\QF� 

z )DU�HQG�DQDORJ 
� 7KH�3RUW�UHFHLYHV�%,67�DFWLYH�),6�ZLWK�SDWWHUQ�GHILQLWLRQ�ILHOG� �[���IURP�WKH�5;�

),)2�DQG�VWRUHV�LW�LQ�WKH�%,67$)5�3'�ILHOG 
� 7KH�3RUW�DVVHUWV�SK\BIDUDIHOE�VLJQDO�WR�WKH�3+<�WR�SXW�LW�WR�WKH�)DU�HQG�DQDORJ�

ORRSEDFN�PRGH��7KH�3+<�UHFHLYHV�DQG�UHWUDQVPLWV�WKH�UDZ�GDWD�ZLWKRXW�UHWLPLQJ 
z )DU�HQG�WUDQVPLW�RQO\ 

� 7KH�3RUW�UHFHLYHV�%,67�DFWLYDWH�),6�ZLWK�SDWWHUQ�GHILQLWLRQ�ILHOG� ��[&��VFUDPEOLQJ�LV�
HQDEOHG��RU��[(���VFUDPEOLQJ�LV�E\SDVVHG��IURP�WKH�5;�),)2�DQG�VWRUHV�LW�LQ�WKH�
%,67$)5�3'�ILHOG��7KH�VHFRQG�':25'�RI�WKH�%,67�DFWLYDWH�),6�OHDVW�VLJQLILFDQW�E\WH�
LV�VWRUHG�LQ�WKH�%,67$)5�1&3�ILHOG� 

� 7KH�3RUW�WUDQVPLWV�FRUUHVSRQGLQJ�D�6$7$�QRQ�FRPSOLDQW�WHVW�SDWWHUQ�WR�WKH�GHYLFH�
EDVHG�RQ�WKH�%,67$)5�1&3�YDOXH� 
� �[)���/RZ�WUDQVLWLRQ�GHQVLW\�SDWWHUQ�/7'3� 
� �[%���+LJK�WUDQVLWLRQ�GHQVLW\�SDWWHUQ�+7'3� 
� �[$%�/RZ�IUHTXHQF\�VSHFWUDO�FRPSRQHQW�SDWWHUQ�/)6&3� 
� �[�)�6LPXOWDQHRXV�VZLWFKLQJ�RXWSXWV�SDWWHUQ�6623� 
� �[���0LG�IUHTXHQF\�WHVW�SDWWHUQ�0)73� 
� �[�$�+LJK�IUHTXHQF\�WHVW�SDWWHUQ�+)73� 
� �[�(�/RZ�IUHTXHQF\�WHVW�SDWWHUQ�/)73� 

If none of the previous pattern is decoded, the Lone bit pattern(LBP) is transmitted by default. 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1928 

� $OWHUQDWHO\��WKLV�PRGH�FDQ�EH�LQLWLDWHG�ZLWK�WKH�GHYLFH�GLVFRQQHFWHG�IURP�WKH�3RUW�
3+<�ZKHQ�VRIWZDUH�ZULWHV�D�RQH�WR�%,67&5�7;2�ELW��+RVW�WUDQVPLWV�QRQ�FRPSOLDQW�
%,67�SDWWHUQ�GHILQHG�E\�WKH�YDOXH�LQ�WKH�%,67&5�3$77(51�ILHOG� 

Loopback responder BIST modes can be exited either when the device signals COMINIT OOB condition, 

or when the software initiates Port reset. 

 

���������/RRSEDFN�LQLWLDWRU 
The software first selects the Port for BIST operation by writing the Port number to the TESTR.PSEL field, 

then the required pattern by writing to the BISTCR.PATTERN field. 

The software builds a BIST FIS with the required mode in the commands list and sets CTBAz[B]. Once a 

BIST command is placed into the list, software is not allowed to build any more commands until it clears 

CMD.ST. After the Port successfully transmits this FIS, it enters this mode and generates/receives the 

compliant test pattern selected by the BISTCR.PATTERN field. 

SSTS.DET return 4h when read. BISTCR and BISTFCTR registers are updated with error/FIS count 

information for each received BIST FIS. 

The following BIST initiator modes can be requested by the software: 

z )DU�HQG�UHWLPHG 
� 7KH�KRVW�VRIWZDUH�ZULWHV�WKH�%,67&5�3$77(51�ILHOG�WR�VHOHFW�RQH�RI�WKH�6$7$�GHILQHG�

FRPSOLDQW�SDWWHUQV� 
� �[��6LPXOWDQHRXV�VZLWFKLQJ�RXWSXWV�SDWWHUQ�6623� 
� �[��+LJK�WUDQVLWLRQ�GHQVLW\�SDWWHUQ��+7'3� 
� �[��/RZ�WUDQVLWLRQ�GHQVLW\�SDWWHUQ�/7'3� 
� �[��/RZ�IUHTXHQF\�VSHFWUDO�FRPSRQHQW�SDWWHUQ�/)6&3� 
� �[��&RPSRVLWH�SDWWHUQ�&203� 
� �[��/RQH�ELW�SDWWHUQ�/%3� 
� �[��0LG�IUHTXHQF\�WHVW�SDWWHUQ�0)73� 
� �[��+LJK�IUHTXHQF\�WHVW�SDWWHUQ�+)73� 
� �[��/RZ�IUHTXHQF\�WHVW�SDWWHUQ�/)73� 

� 7KH�VRIWZDUH�SUHSDUHV�%,67�$FWLYDWH�),6�ZLWK�ELWV>�����@ �[���RI�WKH�ILUVW�':25'�
LQ�WKH�FRPPDQG�OLVW��7KH�3RUW�VHQGV�WKLV�%,67�$FWLYDWH�),6�WR�WKH�GHYLFH� 

� $IWHU�VXFFHVVIXO�WUDQVPLVVLRQ�RI�WKH�%,67�$FWLYDWH�),6�WKH�3RUW�JHQHUDWHV�WKH�
UHTXHVWHG�FRPSOLDQW�SDWWHUQ�LQ�WKH�IRUP�RI�%,67�IUDPHV�FRQWLQXRXVO\�DQG�FKHFNV�IRU�
HUURUV�RQ�WKH�UHFHLYH�VLGH� 

� %,67&75�UHJLVWHU�LV�XSGDWHG�ZLWK�UHFHLYHG�%,67�IUDPH�FRXQW�DQG�%,6765���ZLWK�
IUDPH��EXUVW�HUURU�FRXQW��6(55�UHJLVWHU�LV�XSGDWHG�ZLWK�&5&��GLVSDULW\�DQG���%�%�
HUURUV�IRU�HDFK�IUDPH��%,67)&75��%,6765��DQG�%,67'(&5�UHJLVWHUV�FDQ�EH�FOHDUHG�
E\�ZULWLQJ���WR�WKH�%,67&5�&17&/5�ELW� 

� 7R�FKDQJH�WKH�SDWWHUQ��WKH�VRIWZDUH�LVVXHV�D�3RUW�5HVHW��ZULWH�WR�WKH�
%,67&5�3$77(51�ILHOG�WR�VHOHFW�D�QHZ�SDWWHUQ�DQG�UH�LVVXHV�WKH�FRPPDQG�E\�VHWWLQJ�
WKH�&,�ELW� 

 

z )DU�HQG�DQDORJ 
� 7KH�VRIWZDUH�SUHSDUHV�%,67�$FWLYDWH�),6�ZLWK�ELWV>�����@ �[��RI�WKH�ILUVW�':25'�LQ�

WKH�FRPPDQG�OLVW��7KH�3RUW�VHQGV�WKLV�%,67�$FWLYDWH�),6�WR�WKH�GHYLFH� 
� 7KH�RSHUDWLRQ�SURFHHGV�DV�GHVFULEHG�LQ�WKH�)DU�HQG�UHWLPHG�WHVW�DERYH� 

 

z 1HDU�HQG�DQDORJ 
� 7KLV�PRGH�FDQ�EH�LQLWLDWHG�HLWKHU�LQ�WKH�3$57,$/�SRZHU�PDQDJHPHQW�PRGH�RU�ZLWK�

WKH�GHYLFH�GLVFRQQHFWHG�IURP�WKH�3RUW�3+<��7KH�VRIWZDUH�LVVXHV�D�3$57,$/�SRZHU�
VWDWH�UHTXHVW�WR�WKH�GHYLFH�YLD�&0'�,&&�ILHOG�DQG�VHWV�WKH�%,67&5�1($/%�ELW��7KH�
%,67&5�3$77(51�ILHOG�VHOHFWV�WKH�UHTXLUHG�%,67�SDWWHUQ� 

� 7KH�3RUW�DVVHUWV�SK\BQHDUIHOE�WR�WKH�3+<��7KH�3+<�ORRSV�WKH�GDWD�IURP�LWV�
WUDQVPLWWHU�WR�LWV�UHFHLYHU�DQG�LJQRUHV�DQ\�GDWD�FRPLQJ�IURP�WKH�GHYLFH� 

 

z )DU�HQG�WUDQVPLW�RQO\ 
� 7KH�VRIWZDUH�SUHSDUHV�%,67�$FWLYDWH�),6�LQ�WKH�FRPPDQG�OLVW�ZLWK�WKH�VHFRQG�DQG�

WKLUG�':25'V�FRQWDLQLQJ�WKH�UHTXLUHG�SDWWHUQ��DQG�WKH�ILUVW�':25'���ZLWK�WKH�
3DWWHUQ�GHILQLWLRQ�YDOXH�FRUUHVSRQGLQJ�WR�WKH�UHTXLUHG�PRGH���%LW����LV�VHW��ELWV�
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���������FOHDUHG�DQG�ELWV�������DQG����DUH�XVHG�WR�HQDEOH�WKH�IROORZLQJ�RSWLRQV� 
� %LW����LV�VHW���%\SDVV�$/,*1 
� %LW����LV�VHW���%\SDVV�VFUDPEOLQJ 
� %LW����LV�VHW���SULPLWLYH�ELW 

� 7KH�3RUW�VHQGV�WKLV�%,67�$FWLYDWH�),6�WR�WKH�GHYLFH� 
� $IWHU�WKH�GHYLFH�DFNQRZOHGJHV�WKH�UHFHSWLRQ�RI�WKLV�),6�ZLWK�5B2.S��WKH�3RUW�

GLVDEOHV�WKH�3+<�UHFHLYHU�DQG�WUDQVPLWWHU� 
Loopback initiator BIST modes can be terminated either by the device when it signals COMINIT OOB 

condition(except the near-end analog mode), or when the software initiates Port reset.  

 

19.6.9 FRPPDQG�FRPSOHWLRQ�FRDOHVFLQJ 
A command completion coalescing(CCC) feature is used to reduce the interrupt and command completion 

overhead in a heavily-loaded system. The host generates an interrupt to allow software to process 

completed commands when either of there conditions is true: 

z $�VRIWZDUH�VSHFLILHG�QXPEHU�RI�FRPPDQGV�KDYH�FRPSOHWHG 
z $�VRIWZDUH�VSHFLILHG�WLPH�RXW�KDV�H[SLUHG 
This feature applies to all ports selected to be in the CCC set by software via the CCC_PORTS register. 

CCC logic used specific register TIMERIMS to generate 1ms interval based on the application clock 

frequency. Software must load this register with the required value before enabling the CCC feature: 

Fappclk*1000, where Fappclk = aclk frequency, in MHz. 

Additional Command completion coalescing details and examples can be found in the AHCI specification. 
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Chapter 20 Gigabit Media Access Controller (GMAC) 
20  

20.1 Overview  
7KH�(WKHUQHW�4XDOLW\�RI�6HUYLFH�FRQWUROOHU�(426�LV�FRPPRQO\�UHIHUUHG�WR�DV�*0$&�LQ�WKLV�
GRFXPHQW��SURYLGHV�D�FRPSOHWH�(WKHUQHW�LQWHUIDFH�IURP�SURFHVVRU�WR�D�5HGXFHG�0HGLD�
,QGHSHQGHQW�,QWHUIDFH��50,,��DQG�5HGXFHG�*LJDELW�0HGLD�,QGHSHQGHQW�,QWHUIDFH��5*0,,��
FRPSOLDQW�(WKHUQHW�3+<��7KH�*0$&�LQFOXGHV�D�'0$�FRQWUROOHU��7KH�'0$�FRQWUROOHU�HIILFLHQWO\�
PRYHV�SDFNHW�GDWD�IURP�PLFURSURFHVVRU¶V�5$0��IRUPDWV�WKH�GDWD�IRU�DQ�,(((������������
FRPSOLDQW�SDFNHW�DQG�WUDQVPLWV�WKH�GDWD�WR�DQ�(WKHUQHW�3K\VLFDO�,QWHUIDFH��3+<���,W�DOVR�
HIILFLHQWO\�PRYHV�SDFNHW�GDWD�IURP�5;),)2�WR�PLFURSURFHVVRU¶V�5$0� 
20.1.1 0$&�)HDWXUHV 
20.1.1.1 MAC Tx and Rx Common Features 
z 6XSSRUWV�������������0ESV�GDWD�WUDQVIHU�UDWHV�ZLWK�WKH�5*0,,�LQWHUIDFHV 
z 6XSSRUWV��������0ESV�GDWD�WUDQVIHU�UDWHV�ZLWK�WKH�50,,�LQWHUIDFHV 
z +DOI�GXSOH[�RSHUDWLRQ��  
� &60$�&'�3URWRFRO�VXSSRUW�  
� )ORZ�FRQWURO�XVLQJ�EDFNSUHVVXUH�VXSSRUW��EDVHG�RQ�LPSOHPHQWDWLRQ�VSHFLILF�ZKLWH�SDSHUV�

DQG�81+�(WKHUQHW�&ODXVH���0$&�7HVW�6XLWH���$QQH[�'��  
� 3DFNHW�EXUVWLQJ�DQG�SDFNHW�H[WHQVLRQ�LQ������0ESV�KDOI�GXSOH[�RSHUDWLRQ 
z 6WDQGDUG�,(((������D]������IRU�(QHUJ\�(IILFLHQW�(WKHUQHW�LQ�5HGXFHG�*LJDELW�0HGLD�

,QGHSHQGHQW�,QWHUIDFH��5*0,,��3+<V 
z ���ELW�GDWD�WUDQVIHU�LQWHUIDFH�RQ�WKH�DSSOLFDWLRQ�VLGH 
z )XOO�GXSOH[�IORZ�FRQWURO�RSHUDWLRQV��,(((������[�3DXVH�SDFNHWV�DQG�3ULRULW\�IORZ�FRQWURO��  
z QHWZRUN�VWDWLVWLFV�ZLWK�5021�RU�0,%�&RXQWHUV��5)&�����5)&����� 
z 6XSSRUW�(WKHUQHW�SDFNHW�WLPHVWDPSLQJ�DV�GHVFULEHG�LQ�,(((�����������DQG�,(((������

���������ELW�WLPHVWDPSV�JLYHQ�LQ�WKH�7[�RU�5[�VWDWXV�RI�373�SDFNHW���%RWK�RQH�VWHS�DQG�
WZR�VWHS�WLPHVWDPSLQJ�LV�VXSSRUWHG�LQ�7;�GLUHFWLRQ 

z 0HGLD�FORFN�JHQHUDWLRQ�DQG�UHFRYHU\ 
z 0',2��&ODXVH����DQG�&ODXVH�����PDVWHU�LQWHUIDFH�IRU�3+<�GHYLFH�FRQILJXUDWLRQ�DQG�

PDQDJHPHQW 
20.1.1.2 MAC Tx Features 
z 3UHDPEOH�DQG�VWDUW�RI�SDFNHW�GDWD��6)'��LQVHUWLRQ�  
z 6HSDUDWH����ELW�VWDWXV�IRU�HDFK�SDFNHW�WUDQVPLWWHG�IURP�WKH�DSSOLFDWLRQ�  
z $XWRPDWLF�&5&�DQG�SDG�JHQHUDWLRQ�FRQWUROODEOH�RQ�D�SHU�SDFNHW�EDVLV�  
z 3URJUDPPDEOH�SDFNHW�OHQJWK�WR�VXSSRUW�6WDQGDUG�RU�-XPER�(WKHUQHW�SDFNHWV�ZLWK�XS�WR�

���.%�RI�VL]H 
z 3URJUDPPDEOH�,QWHU�3DFNHW�*DS����±���ELW�WLPHV�LQ�VWHSV�RI����  
z ,(((������[�)ORZ�&RQWURO�DXWRPDWLF�WUDQVPLVVLRQ�RI�]HUR�TXDQWD�3DXVH�SDFNHW�ZKHQ�

IORZ�FRQWURO�LQSXW�WUDQVLWLRQV�IURP�DVVHUWLRQ�WR�GH�DVVHUWLRQ��LQ�IXOO�GXSOH[�PRGH� 
z )UDPH�3UHHPSWLRQ�IRU�0$&�7[ 
20.1.1.3 MAC Rx Features 
z $XWRPDWLF�3DG�DQG�&5&�6WULSSLQJ�RSWLRQV�  
z 2SWLRQ�WR�GLVDEOH�$XWRPDWLF�&5&�FKHFNLQJ�  
z 3UHDPEOH�DQG�6)'�GHOHWLRQ�  
z 6HSDUDWH�����ELW�RU�����ELW�VWDWXV�  
z 3URJUDPPDEOH�ZDWFKGRJ�WLPHRXW�OLPLW 
z ,(((������4�9/$1�WDJ�GHWHFWLRQ�DQG�RSWLRQ�WR�GHOHWH�WKH�9/$1�WDJV�LQ�UHFHLYHG�SDFNHWV�  
z 2SWLRQDO�PRGXOH�WR�GHWHFW�UHPRWH�ZDNH�XS�SDFNHWV�DQG�$0'�PDJLF�SDFNHWV�  
z 2SWLRQDO�IRUZDUGLQJ�RI�UHFHLYHG�3DXVH�SDFNHWV�WR�WKH�DSSOLFDWLRQ��LQ�IXOO�GXSOH[�PRGH��  
z )UDPH�3UHHPSWLRQ�IRU�0$&�5[ 
20.1.2 07/�)HDWXUHV 
20.1.2.1 MTL Tx and Rx Common Features 
z ���ELW�����ELW��RU�����ELW�7UDQVDFWLRQ�/D\HU�EORFN��EULGJHV�WKH�DSSOLFDWLRQ�DQG�WKH�0$&��  
z 'DWD�WUDQVIHUV�H[HFXWHG�XVLQJ�VLPSOH�),)2�SURWRFRO�  
z 6\QFKURQL]DWLRQ�IRU�DOO�FORFNV�LQ�WKH�GHVLJQ��7UDQVPLW��5HFHLYH��DQG�$SSOLFDWLRQ�FORFNV��  
z 2SWLPL]DWLRQ�IRU�SDFNHW�RULHQWHG�WUDQVIHUV�ZLWK�SDFNHWV�GHOLPLWHUV�  
z 2SWLRQ�WR�KDYH�GXDO�SRUW�5$0�EDVHG�DV\QFKURQRXV�),)2�FRQWUROOHUV�RU�6LQJOH�SRUW�5$0�

EDVHG�V\QFKURQRXV�),)2�FRQWUROOHUV�  
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z 5$0�PHPRU\�LQVWDQWLDWLRQ�RXWVLGH�WKH�WRS�OHYHO�PRGXOH�WR�IDFLOLWDWH�PHPRU\�WHVWLQJ�RU�
LQVWDQWLDWLRQ�  

z 3URJUDPPDEOH�EXUVW�OHQJWK��XS�WR�KDOI�WKH�VL]H�RI�WKH�07/�5[�TXHXH�RU�7[�TXHXH�VL]H��WR�
VXSSRUW�EXUVW�GDWD�WUDQVIHU�LQ�WKH�(426�07/�FRQILJXUDWLRQ�  

z 3URJUDPPDEOH�WKUHVKROG�FDSDELOLW\�IRU�HDFK�TXHXH��GHIDXOW�RI����E\WHV��  
z 2SWLRQDO�'HEXJ�DQG�VODYH�PRGH�RSHUDWLRQ�RQ�4XHXH����GHIDXOW�TXHXH� 
20.1.2.2 MTL Tx Features 
z 7;�),)2�VL]HV�RQ�WUDQVPLVVLRQ�LV����.% 
z 6WRUH�DQG�)RUZDUG�PHFKDQLVP�RU�WKUHVKROG�PRGH��FXW�WKURXJK��IRU�WUDQVPLVVLRQ�WR�WKH�

0$&�  
z 3URJUDPPDEOH�TXHXH�VL]H�LQ�FRQILJXUDWLRQV�ZLWK�PXOWLSOH�TXHXHV��(DFK�TXHXH�VL]H�FDQ�

EH�SURJUDPPHG�LQ�WHUPV�RI�����E\WHV�  
z $XWRPDWLF�UHWUDQVPLVVLRQ�RI�FROOLVLRQ�SDFNHWV�LQ�KDOI�GXSOH[�PRGH�  
z 'LVFDUG�SDFNHWV�RQ�ODWH�FROOLVLRQ��H[FHVVLYH�FROOLVLRQV��H[FHVVLYH�GHIHUUDO��DQG�XQGHU�UXQ�

FRQGLWLRQV�ZLWK�DSSURSULDWH�VWDWXV�  
z 'LVDEOLQJ�RI�'DWD�0HPRU\�5$0�FKLS�VHOHFW�ZKHQ�LQDFWLYH�WR�UHGXFH�SRZHU�FRQVXPSWLRQ�  
z 2SWLRQDO�PRGXOH�WR�FDOFXODWH�DQG�LQVHUW�,3Y��KHDGHU�FKHFNVXP�DQG�7&3��8'3��RU�,&03�

FKHFNVXP�  
z 3URJUDPPDEOH�LQWHUUXSW�RSWLRQV�IRU�GLIIHUHQW�RSHUDWLRQDO�FRQGLWLRQV�  
z 6WDWLVWLFV�E\�JHQHUDWLQJ�SXOVHV�IRU�SDFNHWV�GURSSHG��EHFDXVH�RI�XQGHUIORZ��LQ�WKH�7[�
),)2 
20.1.2.3 MTL Rx Features 
z 5[�TXHXH�VL]HV�LQ�WKH�5HFHLYH�SDWK�LV����.% 
z ,QVHUWLRQ�RI�5[�6WDWXV�YHFWRUV�LQWR�WKH�5[�TXHXH�DIWHU�WKH�(23�WUDQVIHU��LQ�7KUHVKROG�

PRGH��DQG�EHIRUH�623��LQ�6WRUH�DQG�)RUZDUG�PRGH��LQ�(426�07/�FRQILJXUDWLRQ�  
z 3URJUDPPDEOH�5[�TXHXH�WKUHVKROG��GHIDXOW�IL[HG�DW����E\WHV��LQ�7KUHVKROG��RU�FXW�

WKURXJK��PRGH�  
z 2SWLRQ�WR�ILOWHU�DOO�HUURU�SDFNHWV�RQ�UHFHSWLRQ�DQG�QRW�IRUZDUG�WKHP�WR�WKH�DSSOLFDWLRQ�LQ�

WKH�VWRUH�DQG�IRUZDUG�PRGH�  
z 2SWLRQ�WR�IRUZDUG�WKH�XQGHUVL]HG�JRRG�SDFNHWV�  
z 6WDWLVWLFV�E\�JHQHUDWLQJ�SXOVHV�IRU�SDFNHWV�GURSSHG��EHFDXVH�RI�RYHUIORZ��LQ�WKH�5[�),)2�  
z $XWRPDWLF�JHQHUDWLRQ�RI�3DXVH�SDFNHW�FRQWURO�RU�EDFNSUHVVXUH�VLJQDO�WR�WKH�0$&�EDVHG�

RQ�WKH�5[�4XHXH�ILOO�OHYHO 
z 2SWLRQ�WR�UHSOLFDWH�UHFHLYHG�PXOWLFDVW�SDFNHWV�IRU�WUDQVIHU�E\�PXOWLSOH�5[�'0$�FKDQQHOV�  
z 2SWLRQ�WR�KDYH�D�SURJUDPPDEOH�ORRNXS�WDEOH�EDVHG�IOH[LEOH�3DUVHU�IRU�ILOWHULQJ�DQG�

VWHHULQJ�WKH�5[�SDFNHWV 
20.1.3 '0$�%ORFN�)HDWXUHV 
z ���ELW�GDWD�WUDQVIHUV�  
z 6HSDUDWH�'0$�FKDQQHO�LQ�WKH�7UDQVPLW�SDWK�IRU�HDFK�TXHXH�LQ�07/�  
z 6LQJOH�RU�PXOWLSOH�'0$�FKDQQHOV�IRU�DQ\�QXPEHU�RI�TXHXHV�LQ�07/�5HFHLYH�SDWK�  
z )XOO\�V\QFKURQRXV�GHVLJQ�RSHUDWLQJ�RQ�D�VLQJOH�DSSOLFDWLRQ�FORFN��H[FHSW�IRU�&65�PRGXOH��

ZKHQ�D�VHSDUDWH�&65�FORFN�LV�FRQILJXUHG��  
z 2SWLPL]DWLRQ�IRU�SDFNHW�RULHQWHG�'0$�WUDQVIHUV�ZLWK�SDFNHW�GHOLPLWHUV�  
z %\WH�DOLJQHG�DGGUHVVLQJ�IRU�GDWD�EXIIHU�VXSSRUW�  
z 'XDO�EXIIHU��ULQJ��GHVFULSWRU�VXSSRUW�  
z 'HVFULSWRU�DUFKLWHFWXUH�WR�DOORZ�ODUJH�EORFNV�RI�GDWD�WUDQVIHU�ZLWK�PLQLPXP�&38�

LQWHUYHQWLRQ��HDFK�GHVFULSWRU�FDQ�WUDQVIHU�XS�WR����.%�RI�GDWD��  
z &RPSUHKHQVLYH�VWDWXV�UHSRUWLQJ�IRU�QRUPDO�RSHUDWLRQ�DQG�WUDQVIHUV�ZLWK�HUURUV�  
z ,QGLYLGXDO�SURJUDPPDEOH�EXUVW�OHQJWK�IRU�7[�'0$�DQG�5[�'0$�HQJLQHV�IRU�RSWLPDO�KRVW�

EXV�XWLOL]DWLRQ�  
z 3URJUDPPDEOH�LQWHUUXSW�RSWLRQV�IRU�GLIIHUHQW�RSHUDWLRQDO�FRQGLWLRQV�  
z 3HU�SDFNHW�7UDQVPLW�RU�5HFHLYH�&RPSOHWH�,QWHUUXSW�FRQWURO�  
z 5RXQG�URELQ�RU�IL[HG�SULRULW\�DUELWUDWLRQ�EHWZHHQ�WKH�5HFHLYH�DQG�7UDQVPLW�HQJLQHV�  
z 6WDUW�DQG�6WRS�PRGHV�  
z 6HSDUDWH�SRUWV�IRU�KRVW�&65�DFFHVV�DQG�KRVW�GDWD�LQWHUIDFH�  
z VXSSRUW�IRU�7&3�6HJPHQWDWLRQ�2IIORDG��762��DQG�8'3�6HJPHQWDWLRQ�2IIORDG��862��  
z 6HOHFWDEOH�QXPEHU�RI�7[�'0$�FKDQQHOV�ZLWK�762�862�IHDWXUH�HQDEOHG�  
z 7LPH�VHQVLWLYH�FRQGLWLRQDO�SDFNHW�IHWFKLQJ�IURP�V\VWHP�PHPRU\�E\�FRPSDULQJ�WKH�6ORW�
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7LPH�RU�,(((������WLPH�LQIRUPDWLRQ�SURYLGHG�LQ�WKH�GHVFULSWRU��XVHIXO�IRU�$9�
DSSOLFDWLRQV��  

z 3URJUDPPDEOH�FRQWURO�IRU�7UDQVPLW�'HVFULSWRU�SRVWHG�ZULWHV�WR�LPSURYH�WKH�WKURXJKSXW�  
z 6LGHEDQG�VLJQDOV�WR�FRQWURO�VWDUWLQJ�DQG�VWRSSLQJ�RI�'0$�FKDQQHOV 
20.2 Block Diagram 

 
	��Ǥ�ʹͲǦͳ�
����������������� 

7KH�*0$&�LV�EURNHQ�XS�LQWR�PXOWLSOH�VHSDUDWH�IXQFWLRQDO�XQLWV��7KHVH�EORFNV�DUH�
LQWHUFRQQHFWHG�LQ�WKH�0$&�PRGXOH��7KH�EORFN�GLDJUDP�VKRZV�WKH�JHQHUDO�IORZ�RI�GDWD�DQG�
FRQWURO�VLJQDOV�EHWZHHQ�WKHVH�EORFNV� 
7KH�*0$&�WUDQVIHUV�GDWD�WR�V\VWHP�PHPRU\�WKURXJK�WKH�$;,�PDVWHU�LQWHUIDFH��7KH�KRVW�&38�
XVHV�WKH�$3%�6ODYH�LQWHUIDFH�WR�DFFHVV�WKH�*0$&�VXEV\VWHP¶V�FRQWURO�DQG�VWDWXV�UHJLVWHUV�
�&65V���  
7KH�*0$&�VXSSRUWV�WKH�3+<�LQWHUIDFHV�RI�UHGXFHG�*0,,��5*0,,��DQG�UHGXFHG�0,,��50,,�� 
7KH�7UDQVPLW�),)2��7[�),)2��EXIIHUV�GDWD�UHDG�IURP�V\VWHP�PHPRU\�E\�WKH�'0$�EHIRUH�
WUDQVPLVVLRQ�E\�WKH�*0$&�&RUH��6LPLODUO\��WKH�5HFHLYH�),)2��5[�),)2��VWRUHV�WKH�(WKHUQHW�
IUDPHV�UHFHLYHG�IURP�WKH�OLQH�XQWLO�WKH\�DUH�WUDQVIHUUHG�WR�V\VWHP�PHPRU\�E\�WKH�'0$��
7KHVH�DUH�DV\QFKURQRXV�),)2V��DV�WKH\�DOVR�WUDQVIHU�WKH�GDWD�EHWZHHQ�WKH�DSSOLFDWLRQ�FORFN�
DQG�WKH�*0$&�OLQH�FORFNV� 

GMAC 
PHY

Memory GMAC

CPU

RMII/RGMII

AXI 
Master

APB 
Slave

SoC

IO BUF

 
	��Ǥ�ʹͲǦʹ�
���������� 
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*0$&�6XSSRUWV�������������0ESV�GDWD�WUDQVIHU�UDWHV�ZLWK�WKH�5*0,,�LQWHUIDFHV�DQG�
6XSSRUWV��������0ESV�GDWD�WUDQVIHU�UDWHV�ZLWK�WKH�50,,�LQWHUIDFHV� 
20.3 Function Description  
20.3.1 )UDPH�6WUXFWXUH 
'DWD�IUDPHV�WUDQVPLWWHG�VKDOO�KDYH�WKH�IUDPH�IRUPDW�VKRZQ�LQ�)LJ����� 

 
	��Ǥ�ʹͲǦ͵�	�����	����� 

7KH�SUHDPEOH��SUHDPEOH!�EHJLQV�D�IUDPH�WUDQVPLVVLRQ��7KH�ELW�YDOXH�RI�WKH�SUHDPEOH�ILHOG�
FRQVLVWV�RI���RFWHWV�ZLWK�WKH�IROORZLQJ�ELW�YDOXHV� 
�������������������������������������������������������������� 
7KH�6)'��VWDUW�IUDPH�GHOLPLWHU���VIG!�LQGLFDWHV�WKH�VWDUW�RI�D�IUDPH�DQG�IROORZV�WKH�
SUHDPEOH��7KH�ELW�YDOXH�LV����������7KH�GDWD�LQ�D�ZHOO�IRUPHG�IUDPH�VKDOO�FRQVLVW�RI�1�
RFWHW¶V�GDWD� 
20.3.1.1 RMII Interface timing diagram 
7KH�5HGXFHG�0HGLD�,QGHSHQGHQW�,QWHUIDFH��50,,��VSHFLILFDWLRQ�UHGXFHV�WKH�SLQ�FRXQW�
EHWZHHQ�(WKHUQHW�3+<V�DQG�6ZLWFK�$6,&V��RQO\�LQ��������PRGH���$FFRUGLQJ�WR�WKH�,(((�
�����X�VWDQGDUG��DQ�0,,�FRQWDLQV����SLQV�IRU�GDWD�DQG�FRQWURO��,Q�GHYLFHV�LQFRUSRUDWLQJ�
PXOWLSOH�0$&�RU�3+<�LQWHUIDFHV��VXFK�DV�VZLWFKHV���WKH�QXPEHU�RI�SLQV�DGGV�VLJQLILFDQW�FRVW�
ZLWK�LQFUHDVH�LQ�SRUW�FRXQW��7KH�50,,�VSHFLILFDWLRQ�DGGUHVVHV�WKLV�SUREOHP�E\�UHGXFLQJ�WKH�
SLQ�FRXQW�WR���IRU�HDFK�SRUW���D�������GHFUHDVH�LQ�SLQ�FRXQW� 
7KH�50,,�PRGXOH�LV�LQVWDQWLDWHG�EHWZHHQ�WKH�*0$&�DQG�WKH�3+<��7KLV�KHOSV�WUDQVODWLRQ�RI�
WKH�0$&¶V�0,,�LQWR�WKH�50,,��7KH�50,,�EORFN�KDV�WKH�IROORZLQJ�FKDUDFWHULVWLFV� 
6XSSRUWV����0ESV�DQG�����0ESV�RSHUDWLQJ�UDWHV��,W�GRHV�QRW�VXSSRUW������0ESV�RSHUDWLRQ��
7ZR�FORFN�UHIHUHQFHV�DUH�VRXUFHG�H[WHUQDOO\�RU�&58��SURYLGLQJ�LQGHSHQGHQW����ELW�ZLGH�
WUDQVPLW�DQG�UHFHLYH�SDWKV� 
20.3.1.2 Transmit Bit Ordering 
(DFK�QLEEOH�IURP�WKH�0,,�PXVW�EH�WUDQVPLWWHG�RQ�WKH�50,,�D�GL�ELW�DW�D�WLPH�ZLWK�WKH�RUGHU�
RI�GL�ELW�WUDQVPLVVLRQ�VKRZQ�LQ�)LJ������7KH�ORZHU�RUGHU�ELWV��'��DQG�'���DUH�WUDQVPLWWHG�
ILUVW�IROORZHG�E\�KLJKHU�RUGHU�ELWV��'��DQG�'��� 

 
	��Ǥ�ʹͲǦͶ������������������������������� 

20.3.1.3 RMII Transmit Timing Diagrams 
)LJ�����WKURXJK�����VKRZ�0,,�WR�50,,�WUDQVDFWLRQ�WLPLQJ��7KH�FONBUPLLBL��5()B&/.��
IUHTXHQF\�LV���0+]�LQ�50,,�LQWHUIDFH��,Q���0E�V�PRGH��DV�WKH�5()B&/.�IUHTXHQF\�LV����
WLPHV�DV�WKH�GDWD�UDWH��WKH�YDOXH�RQ�UPLLBW[GBR>���@��7;'>���@��VKDOO�EH�YDOLG�VXFK�WKDW�
7;'>���@�PD\�EH�VDPSOHG�HYHU\���WK�F\FOH��UHJDUG�OHVV�RI�WKH�VWDUWLQJ�F\FOH�ZLWKLQ�WKH�
JURXS�DQG�\LHOG�WKH�FRUUHFW�IUDPH�GDWD� 

inter-frame preamble sfd data efd
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	��Ǥ�ʹͲǦͷ���������������������������������������ͳͲͲǦ��������� 

 

 
	��Ǥ�ʹͲǦ�������������������������������������ͳͲͲǦ��������� 

 
	��Ǥ�ʹͲǦ���������������������������������������ͳͲǦ��������� 

 

 
	��Ǥ�ʹͲǦͺ�������������������������������������ͳͲǦ��������� 

20.3.1.4 Receive Bit Ordering 
(DFK�QLEEOH�LV�WUDQVPLWWHG�WR�WKH�0,,�IURP�WKH�GL�ELW�UHFHLYHG�IURP�WKH�50,,�LQ�WKH�QLEEOH�
WUDQVPLVVLRQ�RUGHU�VKRZQ�LQ�)LJ������7KH�ORZHU�RUGHU�ELWV��'��DQG�'���DUH�UHFHLYHG�ILUVW��
IROORZHG�E\�WKH�KLJKHU�RUGHU�ELWV��'��DQG�'��� 

 
	��Ǥ�ʹͲǦͻ�������������������������� 
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20.3.1.5 RGMII Interface  
7KH�5HGXFHG�*LJDELW�0HGLD�,QGHSHQGHQW�,QWHUIDFH��5*0,,��VSHFLILFDWLRQ�UHGXFHV�WKH�SLQ�
FRXQW�RI�WKH�LQWHUFRQQHFWLRQ�EHWZHHQ�WKH�*0$&�������������FRQWUROOHU�DQG�WKH�3+<�IRU�
*0,,�DQG�0,,�LQWHUIDFHV��7R�DFKLHYH�WKLV��WKH�GDWD�SDWK�DQG�FRQWURO�VLJQDOV�DUH�UHGXFHG�DQG�
PXOWLSOH[HG�WRJHWKHU�ZLWK�ERWK�WKH�HGJHV�RI�WKH�WUDQVPLVVLRQ�DQG�UHFHLYH�FORFNV��)RU�JLJDELW�
RSHUDWLRQ�WKH�FORFNV�RSHUDWH�DW�����0+]��IRU��������RSHUDWLRQ��WKH�FORFN�UDWHV�DUH�����
0+]����0+]� 
,Q�WKH�*0$&�������������FRQWUROOHU��WKH�5*0,,�PRGXOH�LV�LQVWDQWLDWHG�EHWZHHQ�WKH�*0$&�
FRUH¶V�*0,,�DQG�WKH�3+<�WR�WUDQVODWH�WKH�FRQWURO�DQG�GDWD�VLJQDOV�EHWZHHQ�WKH�*0,,�DQG�
5*0,,�SURWRFROV� 
7KH�5*0,,�EORFN�KDV�WKH�IROORZLQJ�FKDUDFWHULVWLFV� 
z 6XSSRUWV����0ESV������0ESV��DQG������0ESV�RSHUDWLRQ�UDWHV 
z )RU�WKH�5*0,,�EORFN��QR�H[WUD�FORFN�LV�UHTXLUHG�EHFDXVH�ERWK�WKH�HGJHV�RI�WKH�LQFRPLQJ�

FORFNV�DUH�XVHG 
z 7KH�5*0,,�EORFN�H[WUDFWV�WKH�LQ�EDQG��OLQN�VSHHG��GXSOH[�PRGH�DQG�OLQN�VWDWXV��VWDWXV�

VLJQDOV�IURP�WKH�3+<�DQG�SURYLGHV�WKHP�WR�WKH�*0$&�FRUH�ORJLF�IRU�OLQN�GHWHFWLRQ 
20.3.2 6WDWLRQ�0DQDJHPHQW�$JHQW 
7KH�DSSOLFDWLRQ�FDQ�DFFHVV�WKH�3+<�UHJLVWHUV�WKURXJK�WKH�6WDWLRQ�0DQDJHPHQW�$JHQW��60$��
PRGXOH��60$�LV�D�WZR�ZLUH�6WDWLRQ�0DQDJHPHQW�LQWHUIDFH��0,0�� 
)RU�0,0�DFFHVVHV��WKH�PD[LPXP�RSHUDWLQJ�IUHTXHQF\�RI�WKH�0'&��JPLLBPGFBR��LV�����0+]��
DV�VSHFLILHG�LQ�WKH�,(((��������,Q�WKH�*0$&�FRUH��WKH�JPLLBPGFBR�FORFN�LV�GHULYHG�IURP�WKH�
DSSOLFDWLRQ�FORFN�RU�FONBFVUBL��XVLQJ�D�GLYLGHU�FRXQWHU��7KH�GLYLGH�IDFWRU�GHSHQGV�RQ�WKH�FORFN�
UDQJH�VHWWLQJ��&5�ILHOG��LQ�WKH�0$&B0',2B$GGUHVV�UHJLVWHU�6HOHFW�WKH�FORFN�GLYLGH�IDFWRU�DV�
PHQWLRQHG�LQ�WKH�GHVFULSWLRQ�RI�&5�ILHOG�RI�0$&B0',2B$GGUHVV�UHJLVWHU��WR�PHHW�,(((�
VSHFLILFDWLRQV��+RZHYHU��LI�\RXU�V\VWHP�VXSSRUWV�KLJKHU�FORFN�IUHTXHQFLHV�RQ�WKH�0,0�
LQWHUIDFH��WKHUH�LV�D�SURYLVLRQ�WR�VHOHFW�D�GLIIHUHQW�GLYLGHU� 
7KH�0',2�IUDPH�VWUXFWXUH�LV�DV�IROORZV� 

������ʹͲǦͳ�������������Ͷͷ�	�������������� 
)LHOG 'HVFULSWLRQ�  
,'/(�  7KH�PGLR� OLQH� LV� LQ� WUL�VWDWH�� WKHUH� LV�QR�

FORFN�RQ�JPLLBPGFBR�VLJQDO� 
35($0%/( ���FRQWLQXRXV�ELWV�RI�YDOXH�� 
67$57 6WDUW�RI�SDFNHW�LV��¶E�� 
23&2'( 
 

� �¶E���  
� �¶E���  
� �¶E���  
� �¶E�� 

3+<�$''5 ��ELW�DGGUHVV�VHOHFW�IRU�RQH�RI����3+<V 
'(9�$''5 ��ELW�DGGUHVV�VHOHFW�IRU�RQH�RI����GHYLFHV 
7$ 
 

7XUQDURXQG�  
� �¶E=���5HDG�DQG�SRVW�UHDG�LQFUHPHQW�DGGUHVV�  
� �¶E����:ULWH�DQG�DGGUHVV�0',2�DFFHVVHV�  

:KHUH�=�LV�WKH�WUL�VWDWH�OHYHO 
'$7$�$''5(66 
 

���ELW� YDOXH�� )RU� DQ� DGGUHVV� F\FOH�
�23&2'(�  � �
E����� WKLV� IUDPH�
FRQWDLQV�WKH�DGGUHVV�RI�WKH�UHJLVWHU�WR�
EH�DFFHVVHG�RQ�WKH�QH[W�F\FOH��)RU�WKH�
GDWD�F\FOH�RI�D�ZULWH�IUDPH��WKLV�ILHOG�
FRQWDLQV�WKH�GDWD�WR�EH�ZULWWHQ�WR�WKH�
UHJLVWHU�� )RU� UHDG� RU� SRVW�UHDG�
LQFUHPHQW� DGGUHVV� IUDPHV�� WKLV� ILHOG�
FRQWDLQV�WKH�FRQWHQWV�RI�WKH�UHJLVWHU�
UHDG�IURP�WKH�3+<��  

� ,Q�DGGUHVV�DQG�GDWD�ZULWH�F\FOHV��WKH�*0$&�GULYHV�WKH�
0',2�OLQH�GXULQJ�WKH�WUDQVIHU�RI�WKHVH����ELWV��  
� ,Q�UHDG�DQG�SRVW�UHDG�LQFUHPHQW�DGGUHVV�F\FOHV��WKH�
3+<�GULYHV�WKH�0',2�OLQH�GXULQJ�WKH�WUDQVIHU�RI�WKHVH����
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)LHOG 'HVFULSWLRQ�  
ELWV� 

 
7KH�IUDPH�VWUXFWXUH�IRU�&ODXVH����IUDPHV�LV�DOVR�VXSSRUWHG��7KH�&��(�ELW�LQ�WKH�
0$&B0',2B$GGUHVV�UHJLVWHU�FDQ�EH�SURJUDPPHG�WR�HQDEOH�&ODXVH����RU�&ODXVH����PRGH�RI�
RSHUDWLRQ��7DEOH�����VKRZV�WKH�&ODXVH����IUDPH�IRUPDW� 
 

������ʹͲǦʹ�������������ʹʹ�	�������������� 
)LHOG 'HVFULSWLRQ�  
,'/(�  7KH�PGLR� OLQH� LV� LQ� WUL�VWDWH�� WKHUH� LV�QR�

FORFN�RQ�JPLLBPGFBR�VLJQDO� 
35($0%/( ���FRQWLQXRXV�ELWV�RI�YDOXH�� 
67$57 6WDUW�RI�SDFNHW�LV��¶E�� 
23&2'( 
 

� �¶E�����:ULWH�  
� �¶E�����5HDG�  

3+<�$''5 ��ELW�DGGUHVV�VHOHFW�IRU�RQH�RI����3+<V 
'(9�$''5 ��ELW�DGGUHVV�WR�VHOHFW�WKH�UHJLVWHU�ZLWKLQ�

HDFK�00' 
7$ 
 

7XUQDURXQG�  
� �¶E=���5HDG�DQG�SRVW�UHDG�LQFUHPHQW�DGGUHVV�  
� �¶E����:ULWH�DQG�DGGUHVV�0',2�DFFHVVHV�  

:KHUH�=�LV�WKH�WUL�VWDWH�OHYHO 
'$7$�$''5(66 
 

$Q\����ELW�YDOXH��  
� ,Q�D�ZULWH�RSHUDWLRQ��WKH�*0$&�GULYHV�0',2 
� ,Q�UHDG�RSHUDWLRQ��WKH�3+<�GULYHV�0',2 

 
,Q�DGGLWLRQ�WR�QRUPDO�UHDG�DQG�ZULWH�RSHUDWLRQV��WKH�60$�DOVR�VXSSRUWV�SRVW�UHDG�LQFUHPHQW�
DGGUHVV�ZKLOH�RSHUDWLQJ�LQ�&ODXVH����PRGH��  
20.3.3 3RZHU�0DQDJHPHQW�DQG�(QHUJ\�(IILFLHQW�(WKHUQHW 
7KH�*0$&�VXSSRUWV�WKH�IROORZLQJ�WHFKQLTXHV�WR�VDYH�SRZHU��  
z 0DJLF�3DFNHW�  
z 5HPRWH�:DNHXS�  
z (QHUJ\�(IILFLHQW�(WKHUQHW�  
7KH�0DJLF�3DFNHW�DQG�5HPRYH�:DNHXS�WHFKQLTXHV�DUH�XVHG�WR�VDYH�SRZHU�LQ�WKH�KRVW�
V\VWHP�ZKHQ�LW�LV�LGOH��6OHHS�PRGH��DQG�KDV�WR�EH�ZRNHQ�XS�RQO\�DW�WKH�UHFHSWLRQ�RI�VSHFLILF�
SDFNHWV�IURP�WKH�(WKHUQHW�QHWZRUN��,Q�WKH�6OHHS�PRGH��WKH�SRZHU�WR�WKH�KRVW�ORJLF�DORQJ�
ZLWK�PDMRULW\�RI�WKH�*0$&��H[FHSW�WKH�0$&�UHFHLYHU�ORJLF���FDQ�EH�VKXW�GRZQ��2Q�UHFHLYLQJ�
WKH�VSHFLILF�SDFNHWV�IURP�WKH�QHWZRUN��WKH�0$&�SURYLGHV�WKH�WULJJHU�WR�UHVWRUH�WKH�SRZHU�WR�
WKH�KRVW�V\VWHP�DQG�FRPH�EDFN�WR�QRUPDO�VWDWH��  
7KH�(QHUJ\�(IILFLHQW�(WKHUQHW��(((��PRGH�LV�FRPSOLDQW�ZLWK�WKH�,(((������D]������
VWDQGDUG��,W�LV�SULPDULO\�WDUJHWHG�WR�VDYH�SRZHU�LQ�WKH�(WKHUQHW�SRUW�ZKHQ�WKHUH�LV�QR�WUDIILF�
RQ�WKH�OLQH��,Q�WKLV�PRGH��WKH�KRVW�LQGLFDWHV�WR�WKH�IDU�HQG�WKDW�LW�GRHV�QRW�KDYH�DQ\�SDFNHWV�
WR�WUDQVPLW�IRU�QHDU�IXWXUH�DQG�SXWV�WKH�WUDQVPLWWHU�SRUW��0$&�&RQWUROOHU��3&6�DQG�3+<�
OD\HUV��LQWR�ORZ�SRZHU�PRGH��6LPLODUO\��WKH�5HFHLYHU�SRUW�FDQ�DOVR�EH�SXW�LQWR�ORZ�SRZHU�
PRGH�ZKHQ�WKH�IDU�HQG�KRVW�LQGLFDWHV�WKDW�LW�GRHV�QRW�KDYH�DQ\�WUDIILF�WR�WUDQVIHU��7KLV�
DOORZV�VLJQLILFDQW�VDYLQJ�RI�SRZHU�LQ�WKH�(WKHUQHW�SRUW��PDLQO\�LQ�WKH�3+<��ZLWK�LQWHUPLWWHQW�
DQG�EXUVW\�WUDIILF�SURILOH��7KH�WULJJHULQJ�RI�HQWU\�DQG�H[LW�RXW�RI�WKH�(((�PRGH�LV�FRQWUROOHG�
E\�WKH�0$&�DQG�LV�VXSSRUWHG�ZLWKLQ�WKH�*0$&��  
6LPXOWDQHRXV�RSHUDWLRQ�RI�WKH�(((�PRGH�DORQJ�ZLWK�DQ\�RU�ERWK�WKH�RWKHU�SRZHU�VDYLQJ�
PRGHV�LV�DOVR�VXSSRUWHG�LQ�*0$&� 
20.3.4 ,(((������7LPHVWDPS�6XSSRUW 
7KH�,(((������GHILQHV�D�3UHFLVLRQ�7LPH�3URWRFRO��373��ZKLFK�HQDEOHV�SUHFLVH�V\QFKURQL]DWLRQ�
RI�WLPH�LQ�PHDVXUHPHQW�DQG�FRQWURO�V\VWHPV��7KLV�SURWRFRO�HQDEOHV�KHWHURJHQHRXV�V\VWHPV�
WKDW�LQFOXGH�FORFNV�RI�YDU\LQJ�LQKHUHQW�SUHFLVLRQ��UHVROXWLRQ��DQG�VWDELOLW\�WR�V\QFKURQL]H��7KH�
SURWRFRO�VXSSRUWV�V\VWHP�ZLGH�V\QFKURQL]DWLRQ�DFFXUDF\�LQ�WKH�VXE�PLFURVHFRQG�UDQJH�ZLWK�
PLQLPDO�QHWZRUN�DQG�ORFDO�FORFN�FRPSXWLQJ�UHVRXUFHV� 
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7KH�*0$&�VXSSRUWV�WKH�,(((������������YHUVLRQ����DQG�,(((������������YHUVLRQ�����7KH�
,(((�����������VXSSRUWV�373�WUDQVSRUWHG�RYHU�8'3�,3�DQG�,(((�����������VXSSRUWV�373�
WUDQVSRUWHG�RYHU�(WKHUQHW��7KH�*0$&�SURYLGHV�SURJUDPPDEOH�VXSSRUW�IRU�ERWK�VWDQGDUGV��  
7KH�FRQWUROOHU�VXSSRUWV�WKH�IROORZLQJ�IHDWXUHV��  
z 3URYLGHV�DQ�RSWLRQ�WR�WDNH�VQDSVKRW�RI�DOO�SDFNHWV�RU�RQO\�373�W\SH�SDFNHWV�  
z 3URYLGHV�DQ�RSWLRQ�WR�WDNH�VQDSVKRW�RI�RQO\�HYHQW�PHVVDJHV�  
z 3URYLGHV�DQ�RSWLRQ�WR�WDNH�WKH�VQDSVKRW�EDVHG�RQ�WKH�FORFN�W\SH��RUGLQDU\��ERXQGDU\��

HQG�WR�HQG�WUDQVSDUHQW��DQG�SHHU�WR�SHHU�WUDQVSDUHQW�  
z 3URYLGHV�DQ�RSWLRQ�WR�VHOHFW�WKH�QRGH�WR�EH�D�PDVWHU�RU�VODYH�IRU�RUGLQDU\�DQG�ERXQGDU\�

FORFN�  
z ,GHQWLILHV�WKH�373�PHVVDJH�W\SH��YHUVLRQ��DQG�373�SD\ORDG�LQ�SDFNHWV�VHQW�GLUHFWO\�RYHU�

(WKHUQHW�DQG�VHQGV�WKH�VWDWXV�  
z 3URYLGHV�DQ�RSWLRQ�WR�PHDVXUH�VXE�VHFRQG�WLPH�LQ�GLJLWDO�RU�ELQDU\�IRUPDW 
20.3.5 7&3�,3�6HJPHQWDWLRQ�2IIORDG��762��(QJLQH 
7KH�7&3�6HJPHQWDWLRQ�2IIORDG��762��HQJLQH�LV�XVHIXO�LQ�RIIORDGLQJ�WKH�7&3�VHJPHQWDWLRQ�
IXQFWLRQV�WR�WKH�KDUGZDUH��  
,W�DOVR�VXSSRUWV�8'3�6HJPHQWDWLRQ�2IIORDG��862��LQ�ZKLFK�WKH�8'3�SD\ORDG�LV�VHJPHQWHG�LQ�
WKH�KDUGZDUH��7KHUH�DUH�QR�VHTXHQFLQJ�RUGHULQJ�FRQWUROV�DYDLODEOH�RU�XSGDWHG�LQ�WKH�
VHJPHQWV��VR�LW�FDQ�EH�XVHG�LQ�SRLQW�WR�SRLQW�DSSOLFDWLRQV�LQ�ZKLFK�RXW�RI�RUGHU�SDFNHWV�DUH�
QRW�H[SHFWHG�E\�WKH�UHFHLYHU��7KH�GHVFULSWLRQ�DQG�IORZ�RI�762�PHQWLRQHG�LQ�WKLV�VHFWLRQ�LV�
VDPH�DV�862��DQ\�GHYLDWLRQ�LV�SURYLGHG�DV�QRWHV� 
,Q�WKH�7&3�VHJPHQWDWLRQ�RIIORDG��762��IHDWXUH��WKH�'0$�VSOLWV�D�ODUJH�7&3�SDFNHW�LQWR�
PXOWLSOH�VPDOO�SDFNHWV�DQG�SDVVHV�WKHVH�SDFNHWV�WR�WKH�07/�7[�4XHXH� 
20.3.6 0$&�0DQDJHPHQW�&RXQWHUV 
7KH�*0$&�VXSSRUWV�VWRULQJ�WKH�VWDWLVWLFV�DERXW�WKH�UHFHLYHG�DQG�WUDQVPLWWHG�SDFNHWV�LQ�
UHJLVWHUV�WKDW�DUH�DFFHVVLEOH�WKURXJK�WKH�DSSOLFDWLRQ��  
7KH�FRXQWHUV�LQ�WKH�0$&�0DQDJHPHQW�&RXQWHUV��00&��PRGXOH�FDQ�EH�YLHZHG�DV�DQ�
H[WHQVLRQ�RI�WKH�UHJLVWHU�DGGUHVV�VSDFH�RI�WKH�&65�PRGXOH��7KH�00&�PRGXOH�PDLQWDLQV�D�
VHW�RI�UHJLVWHUV�IRU�JDWKHULQJ�VWDWLVWLFV�RQ�WKH�UHFHLYHG�DQG�WUDQVPLWWHG�SDFNHWV��7KH�UHJLVWHU�
VHW�LQFOXGHV�D�FRQWURO�UHJLVWHU�IRU�FRQWUROOLQJ�WKH�EHKDYLRU�RI�WKH�UHJLVWHUV��WZR�VWDWXV�
UHJLVWHUV�FRQWDLQLQJ�LQWHUUXSWV�JHQHUDWHG��UHFHLYH�DQG�WUDQVPLW���DQG�,QWHUUXSW�(QDEOH�
UHJLVWHUV��UHFHLYH�DQG�WUDQVPLW���7KHVH�UHJLVWHUV�DUH�DFFHVVLEOH�IURP�WKH�$SSOLFDWLRQ�WKURXJK�
WKH�0$&�&RQWURO�,QWHUIDFH��0&,���(DFK�UHJLVWHU�LV����ELWV�ZLGH��7KH�ZULWH�GDWD�LV�TXDOLILHG�
ZLWK�WKH�FRUUHVSRQGLQJ�PFLBEHBL�VLJQDOV��7KHUHIRUH��QRQ����ELW�DFFHVVHV�DUH�DOORZHG�DV�ORQJ�
DV�WKH�DGGUHVV�LV�ZRUG�DOLJQHG��7KH�00&V�DUH�DFFHVVHG�XVLQJ�WUDQVDFWLRQV��LQ�WKH�VDPH�ZD\�
WKH�&65�DGGUHVV�VSDFH�LV�DFFHVVHG��  
7KH�00&�FRXQWHUV�DUH�IUHH�UXQQLQJ��7KHUH�LV�QR�VHSDUDWH�HQDEOH�IRU�WKH�FRXQWHUV�WR�VWDUW��,I�
D�SDUWLFXODU�00&�FRXQWHU�LV�SUHVHQW�LQ�WKH�57/��LW�VWDUWV�FRXQWLQJ�ZKHQ�FRUUHVSRQGLQJ�SDFNHW�
LV�UHFHLYHG�RU�WUDQVPLWWHG��7KH�5HFHLYH�00&�FRXQWHUV�DUH�XSGDWHG�IRU�SDFNHWV�WKDW�DUH�
SDVVHG�E\�WKH�$GGUHVV�)LOWHU��$)0��EORFN��7KH�VWDWLVWLFV�RI�SDFNHWV��GURSSHG�E\�WKH�$)0�
PRGXOH��DUH�QRW�XSGDWHG�XQOHVV�WKH\�DUH�UXQW�SDFNHWV�RI�OHVV�WKDQ���E\WHV��'$�E\WHV�DUH�QRW�
UHFHLYHG�IXOO\���7R�JHW�VWDWLVWLFV�RI�DOO�SDFNHWV��VHW�%LW���LQ�WKH�³0$&B3DFNHWB)LOWHU´�UHJLVWHU��  
7KH�00&�PRGXOH�JDWKHUV�VWDWLVWLFV�RQ�HQFDSVXODWHG�,3Y���,3Y���7&3��8'3��RU�,&03�SD\ORDGV�
LQ�UHFHLYHG�(WKHUQHW�SDFNHWV��  
20.4 Register Description  
20.4.1 5HJLVWHUV�6XPPDU\�  

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

*0$&B0$&B&RQILJXUDWLRQ �[���� : �[�������� 
7KH�0$&�&RQILJXUDWLRQ�5HJLVWHU�
HVWDEOLVKHV�WKH�RSHUDWLQJ�PRGH�RI�
WKH�0$& 

*0$&B0$&B([WB&RQILJXU
DWLRQ �[���� : �[�������� 

7KH�0$&�([WHQGHG�&RQILJXUDWLRQ�
5HJLVWHU�HVWDEOLVKHV�WKH�RSHUDWLQJ�
PRGH�RI�WKH�0$& 
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&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1938 

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

*0$&B0$&B3DFNHWB)LOWHU �[���� : �[�������� 
7KH�0$&�3DFNHW�)LOWHU�UHJLVWHU�
FRQWDLQV�WKH�ILOWHU�FRQWUROV�IRU�
UHFHLYLQJ�SDFNHWV 

*0$&B0$&B:DWFKGRJB7L
PHRXW �[���& : �[�������� 

7KH�:DWFKGRJ�7LPHRXW�UHJLVWHU�
FRQWUROV�WKH�ZDWFKGRJ�WLPHRXW�IRU�
UHFHLYHG�SDFNHWV 

*0$&B0$&B+DVKB7DEOHB
5HJ� �[���� : �[�������� 

7KH�+DVK�7DEOH�5HJLVWHU���
FRQWDLQV�WKH�ILUVW����ELWV�RI�WKH�
KDVK�WDEOH 

*0$&B0$&B+DVKB7DEOHB
5HJ� �[���� : �[�������� 

7KH�+DVK�7DEOH�5HJLVWHU���
FRQWDLQV�WKH�VHFRQG����ELWV�RI�WKH�
KDVK�WDEOH 

*0$&B0$&B9/$1B7DJ �[���� : �[�������� 
7KH�9/$1�7DJ�UHJLVWHU�LGHQWLILHV�
WKH�,(((������4�9/$1�W\SH�
SDFNHWV 

*0$&B0$&B4�B7[B)ORZB
&WUO �[���� : �[�������� 

� 7KH�)ORZ�&RQWURO�UHJLVWHU�
FRQWUROV�WKH�JHQHUDWLRQ�DQG�
UHFHSWLRQ�RI�WKH�&RQWURO��3DXVH�
&RPPDQG��SDFNHWV�E\�WKH�)ORZ�
FRQWURO�PRGXOH�RI�WKH�0$& 

*0$&B0$&B5[B)ORZB&WUO �[���� : �[�������� 
7KH�5HFHLYH�)ORZ�&RQWURO�UHJLVWHU�
FRQWUROV�WKH�SDXVLQJ�RI�0$&�
7UDQVPLW�EDVHG�RQ�WKH�UHFHLYHG�
3DXVH�SDFNHW 

*0$&B0$&B,QWHUUXSWB6WD
WXV �[��%� : �[�������� 7KH�,QWHUUXSW�6WDWXV�UHJLVWHU�FRQWDLQV�WKH�VWDWXV�RI�LQWHUUXSWV 

*0$&B0$&B,QWHUUXSWB(Q
DEOH �[��%� : �[�������� 

7KH�,QWHUUXSW�(QDEOH�UHJLVWHU�
FRQWDLQV�WKH�PDVNV�IRU�JHQHUDWLQJ�
WKH�LQWHUUXSWV 

*0$&B0$&B5[B7[B6WDWX
V �[��%� : �[�������� 

7KH�5HFHLYH�7UDQVPLW�6WDWXV�
UHJLVWHU�FRQWDLQV�WKH�5HFHLYH�DQG�
7UDQVPLW�(UURU�VWDWXV 

*0$&B0$&B307B&RQWURO
B6WDWXV �[��&� : �[�������� 7KH�307�&RQWURO�DQG�6WDWXV�5HJLVWHU 

*0$&B0$&B5:.B3DFNHW
B)LOWHU �[��&� : �[�������� 

7KH�5HPRWH�:DNHXS�)LOWHU�
UHJLVWHUV�DUH�LPSOHPHQWHG�DV����
����RU����LQGLUHFW�DFFHVV�UHJLVWHUV�
�ZNXSSNWILOWHUBUHJ�L��EDVHG�RQ�
ZKHWKHU�������RU����5HPRWH�
:DNHXS�)LOWHUV�DUH�VHOHFWHG�LQ�WKH�
FRQILJXUDWLRQ�DQG�DFFHVVHG�E\�
DSSOLFDWLRQ�WKURXJK�
0$&B5:.B3DFNHWB)LOWHU�UHJLVWHU 

*0$&B5:.B)LOWHU�B%\WHB
0DVN �[��&� : �[�������� 5:.�)LOWHU��%\WH�0DVN 

*0$&B5:.B)LOWHU�B%\WHB
0DVN �[��&� : �[�������� 5:.�)LOWHU��%\WH�0DVN 

*0$&B5:.B)LOWHU�B%\WHB
0DVN �[��&� : �[�������� 5:.�)LOWHU��%\WH�0DVN 

*0$&B5:.B)LOWHU�B%\WHB
0DVN �[��&& : �[�������� 5:.�)LOWHU��%\WH�0DVN 

*0$&B5:.B)LOWHU��B&5& �[��'� : �[�������� 5:.�)LOWHU�����&5&��� 
*0$&B5:.B)LOWHU��B&5& �[��'� : �[�������� 5:.�)LOWHU�����&5&��� 
*0$&B5:.B)LOWHUB2IIVHW �[��'� : �[�������� 5:.�)LOWHU�2IIVHW 
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&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1939 

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

*0$&B5:.B)LOWHUB&RPP
DQG �[��'& : �[�������� 5:.�)LOWHU�&RPPDQG 

*0$&B0$&B/3,B&RQWUROB
6WDWXV �[��'� : �[�������� 

7KH�/3,�&RQWURO�DQG�6WDWXV�
5HJLVWHU�FRQWUROV�WKH�/3,�IXQFWLRQV�
DQG�SURYLGHV�WKH�/3,�LQWHUUXSW�
VWDWXV��7KH�VWDWXV�ELWV�DUH�FOHDUHG�
ZKHQ�WKLV�UHJLVWHU�LV�UHDG 

*0$&B0$&B/3,B7LPHUVB
&RQWURO �[��'� : �[��(����� 

7KH�/3,�7LPHUV�&RQWURO�UHJLVWHU�
FRQWUROV�WKH�WLPHRXW�YDOXHV�LQ�WKH�
/3,�VWDWHV� 

*0$&B0$&B/3,B(QWU\B7L
PHU �[��'� : �[�������� 7KLV�UHJLVWHU�FRQWUROV�WKH�7[�/3,�HQWU\�WLPHU 

*0$&B0$&B�86B7LFB&RX
QWHU �[��'& : �[�������) 

7KLV�UHJLVWHU�FRQWUROV�WKH�
JHQHUDWLRQ�RI�WKH�5HIHUHQFH�WLPH�
���PLFURVHFRQG�WLF� 

*0$&B0$&B3+<,)B&RQWU
ROB6WDWXV �[��)� : �[�������� 3+<�,QWHUIDFH�&RQWURO�DQG�6WDWXV�5HJLVWHU 

*0$&B0$&B9HUVLRQ �[���� : �[�������� 7KH�YHUVLRQ�UHJLVWHU�LGHQWLILHV�WKH�YHUVLRQ�RI�WKH�':&BHWKHUBTRV 

*0$&B0$&B'HEXJ �[���� : �[�������� 
7KH�'HEXJ�UHJLVWHU�SURYLGHV�WKH�
GHEXJ�VWDWXV�RI�YDULRXV�0$&�
EORFNV 

*0$&B0$&B+:B)HDWXUH� �[���& : �[������(� 
7KLV�UHJLVWHU�LQGLFDWHV�WKH�
SUHVHQFH�RI�ILUVW�VHW�RI�WKH�
RSWLRQDO�IHDWXUHV�RU�IXQFWLRQV 

*0$&B0$&B+:B)HDWXUH� �[���� : �[���&��&� 
7KLV�UHJLVWHU�LQGLFDWHV�WKH�
SUHVHQFH�RI�VHFRQG�VHW�RI�WKH�
RSWLRQDO�IHDWXUHV�RU�IXQFWLRQV 

*0$&B0$&B+:B)HDWXUH� �[���� : �[�������� 
7KLV�UHJLVWHU�LQGLFDWHV�WKH�
SUHVHQFH�RI�WKLUG�VHW�RI�WKH�
RSWLRQDO�IHDWXUHV�RU�IXQFWLRQV 

*0$&B0$&B+:B)HDWXUH� �[���� : �[�������� 
7KLV�UHJLVWHU�LQGLFDWHV�WKH�
SUHVHQFH�RI�IRXUWK�VHW�WKH�RSWLRQDO�
IHDWXUHV�RU�IXQFWLRQV 

*0$&B0$&B0',2B$GGUH
VV �[���� : �[�������� 

7KH�0',2�$GGUHVV�UHJLVWHU�
FRQWUROV�WKH�PDQDJHPHQW�F\FOHV�
WR�H[WHUQDO�3+<�WKURXJK�D�
PDQDJHPHQW�LQWHUIDFH 

*0$&B0$&B0',2B'DWD �[���� : �[�������� 

7KH�0',2�'DWD�UHJLVWHU�VWRUHV�WKH�
:ULWH�GDWD�WR�EH�ZULWWHQ�WR�WKH�
3+<�UHJLVWHU�ORFDWHG�DW�WKH�
DGGUHVV�VSHFLILHG�LQ�
0$&B0',2B$GGUHVV 

*0$&B0$&B&65B6:B&WUO �[���� : �[�������� 
7KLV�UHJLVWHU�FRQWDLQV�6:�
SURJUDPPDEOH�FRQWUROV�IRU�
FKDQJLQJ�WKH�&65�DFFHVV�
UHVSRQVH�DQG�VWDWXV�ELWV�FOHDULQJ 

*0$&B0$&B$GGUHVV�B+L
JK �[���� : �[����)))) 

7KH�0$&�$GGUHVV��+LJK�UHJLVWHU�
KROGV�WKH�XSSHU����ELWV�RI�WKH�ILUVW�
��E\WH�0$&�DGGUHVV�RI�WKH�VWDWLRQ 

*0$&B0$&B$GGUHVV�B/R
Z �[���� : �[)))))))) 

7KH�0$&�$GGUHVV��/RZ�UHJLVWHU�
KROGV�WKH�ORZHU����ELWV�RI�WKH���
E\WH�ILUVW�0$&�DGGUHVV�RI�WKH�
VWDWLRQ 
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&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1940 

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

*0$&B00&B&RQWURO �[���� : �[�������� 7KLV�UHJLVWHU�HVWDEOLVKHV�WKH�RSHUDWLQJ�PRGH�RI�00& 

*0$&B00&B5[B,QWHUUXSW �[���� : �[�������� 
0DLQWDLQV�WKH�LQWHUUXSWV�
JHQHUDWHG�IURP�DOO�5HFHLYH�
VWDWLVWLFV�FRXQWHUV 

*0$&B00&B7[B,QWHUUXSW �[���� : �[�������� 
0DLQWDLQV�WKH�LQWHUUXSWV�
JHQHUDWHG�IURP�DOO�7UDQVPLW�
VWDWLVWLFV�FRXQWHUV 

*0$&B00&B5[B,QWHUUXSW
B0DVN �[���& : �[�������� 

7KLV�UHJLVWHU�PDLQWDLQV�WKH�PDVNV�
IRU�LQWHUUXSWV�JHQHUDWHG�IURP�DOO�
5HFHLYH�VWDWLVWLFV�FRXQWHUV 

*0$&B00&B7[B,QWHUUXSW
B0DVN �[���� : �[�������� 

7KLV�UHJLVWHU�PDLQWDLQV�WKH�PDVNV�
IRU�LQWHUUXSWV�JHQHUDWHG�IURP�DOO�
7UDQVPLW�VWDWLVWLFV�FRXQWHUV 

*0$&B7[B2FWHWB&RXQWB*
RRGB%DG �[���� : �[�������� 

7KLV�UHJLVWHU�SURYLGHV�WKH�QXPEHU�
RI�E\WHV�WUDQVPLWWHG�E\�WKH�
':&BHWKHUBTRV��H[FOXVLYH�RI�
SUHDPEOH�DQG�UHWULHG�E\WHV��LQ�
JRRG�DQG�EDG�SDFNHWV 

*0$&B7[B3DFNHWB&RXQWB
*RRGB%DG �[���� : �[�������� 

7KLV�UHJLVWHU�SURYLGHV�WKH�QXPEHU�
RI�JRRG�DQG�EDG�SDFNHWV��
H[FOXVLYH�RI�UHWULHG�SDFNHWV 

*0$&B7[B8QGHUIORZB(UUR
UB3DFNHWV �[���� : �[�������� 

7KLV�UHJLVWHU�SURYLGHV�WKH�QXPEHU�
RI�SDFNHWV�DERUWHG�EHFDXVH�RI�
SDFNHWV�XQGHUIORZ�HUURU 

*0$&B7[B&DUULHUB(UURUB3
DFNHWV �[���� : �[�������� 

7KLV�UHJLVWHU�SURYLGHV�WKH�QXPEHU�
RI�SDFNHWV�DERUWHG�EHFDXVH�RI�
FDUULHU�VHQVH�HUURU��QR�FDUULHU�RU�
ORVV�RI�FDUULHU� 

*0$&B7[B2FWHWB&RXQWB*
RRG �[���� : �[�������� 

7KLV�UHJLVWHU�SURYLGHV�WKH�QXPEHU�
RI�E\WHV�H[FOXVLYH�RI�SUHDPEOH��
RQO\�LQ�JRRG�SDFNHWV 

*0$&B7[B3DFNHWB&RXQWB
*RRG �[���� : �[�������� 

7KLV�UHJLVWHU�SURYLGHV�WKH�QXPEHU�
RI�JRRG�SDFNHWV�WUDQVPLWWHG�E\�
':&BHWKHUBTRV 

*0$&B5[B3DFNHWVB&RXQW
B*RRGB%DG �[���� : �[�������� 

7KLV�UHJLVWHU�SURYLGHV�WKH�QXPEHU�
RI�JRRG�DQG�EDG�SDFNHWV�UHFHLYHG�
E\�':&BHWKHUBTRV 

*0$&B5[B2FWHWB&RXQWB*
RRGB%DG �[���� : �[�������� 

7KLV�UHJLVWHU�SURYLGHV�WKH�QXPEHU�
RI�E\WHV�UHFHLYHG�E\�
':&BHWKHUBTRV��H[FOXVLYH�RI�
SUHDPEOH��LQ�JRRG�DQG�EDG�
SDFNHWV 

*0$&B5[B2FWHWB&RXQWB*
RRG �[���� : �[�������� 

7KLV�UHJLVWHU�SURYLGHV�WKH�QXPEHU�
RI�E\WHV�UHFHLYHG�E\�
':&BHWKHUBTRV��H[FOXVLYH�RI�
SUHDPEOH��RQO\�LQ�JRRG�SDFNHWV 

*0$&B5[B0XOWLFDVWB3DFN
HWVB*RRG �[���� : �[�������� 

7KLV�UHJLVWHU�SURYLGHV�WKH�QXPEHU�
RI�JRRG�PXOWLFDVW�SDFNHWV�
UHFHLYHG�E\�  

*0$&B5[B&5&B(UURUB3DF
NHWV �[���� : �[�������� 

7KLV�UHJLVWHU�SURYLGHV�WKH�QXPEHU�
RI�SDFNHWV�UHFHLYHG�E\�
':&BHWKHUBTRV�ZLWK�&5&�HUURU 
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&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1941 

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

*0$&B5[B/HQJWKB(UURUB
3DFNHWV �[��&� : �[�������� 

7KLV�UHJLVWHU�SURYLGHV�WKH�QXPEHU�
RI�SDFNHWV�UHFHLYHG�E\�
':&BHWKHUBTRV�ZLWK�OHQJWK�HUURU�
�/HQJWK�7\SH�ILHOG�QRW�HTXDO�WR�
SDFNHW�VL]H���IRU�DOO�SDFNHWV�ZLWK�
YDOLG�OHQJWK�ILHOG 

*0$&B5[B),)2B2YHUIORZ
B3DFNHWV �[��'� : �[�������� 

7KLV�UHJLVWHU�SURYLGHV�WKH�QXPEHU�
RI�PLVVHG�UHFHLYHG�SDFNHWV�
EHFDXVH�RI�),)2�RYHUIORZ 

*0$&B00&B,3&B5[B,QWH
UUXSWB0DVN �[���� : �[�������� 

7KLV�UHJLVWHU�PDLQWDLQV�WKH�PDVN�
IRU�WKH�LQWHUUXSW�JHQHUDWHG�IURP�
WKH�UHFHLYH�,3&�VWDWLVWLF�FRXQWHUV 

*0$&B00&B,3&B5[B,QWH
UUXSW �[���� : �[�������� 

7KLV�UHJLVWHU�PDLQWDLQV�WKH�
LQWHUUXSW�WKDW�WKH�UHFHLYH�,3&�
VWDWLVWLF�FRXQWHUV�JHQHUDWH 

*0$&B5[,3Y�B*RRGB3DFN
HWV �[���� : �[�������� 

7KLV�UHJLVWHU�SURYLGHV�WKH�QXPEHU�
RI�JRRG�,3Y��GDWDJUDPV�UHFHLYHG�
E\�':&BHWKHUBTRV�ZLWK�WKH�7&3��
8'3��RU�,&03�SD\ORDG 

*0$&B5[,3Y�B+HDGHUB(U
URUB3DFNHWV �[���� : �[�������� 

7KLV�UHJLVWHU�SURYLGHV�WKH�QXPEHU�
RI�,3Y��GDWDJUDPV�UHFHLYHG�E\�
':&BHWKHUBTRV�ZLWK�KHDGHU�
�FKHFNVXP��OHQJWK��RU�YHUVLRQ�
PLVPDWFK��HUURUV 

*0$&B5[,3Y�B*RRGB3DFN
HWV �[���� : �[�������� 

7KLV�UHJLVWHU�SURYLGHV�WKH�QXPEHU�
RI�JRRG�,3Y��GDWDJUDPV�UHFHLYHG�
E\�':&BHWKHUBTRV�  

*0$&B5[,3Y�B+HDGHUB(U
URUB3DFNHWV �[���� : �[�������� 

7KLV�UHJLVWHU�SURYLGHV�WKH�QXPEHU�
RI�,3Y��GDWDJUDPV�UHFHLYHG�E\�
':&BHWKHUBTRV�ZLWK�KHDGHU�
�OHQJWK�RU�YHUVLRQ�PLVPDWFK��
HUURUV 

*0$&B5[8'3B(UURUB3DFN
HWV �[���� : �[�������� 

7KLV�UHJLVWHU�SURYLGHV�WKH�QXPEHU�
RI�JRRG�,3�GDWDJUDPV�UHFHLYHG�E\�
':&BHWKHUBTRV�ZKRVH�8'3�
SD\ORDG�KDV�D�FKHFNVXP�HUURU 

*0$&B5[7&3B(UURUB3DFN
HWV �[���& : �[�������� 

7KLV�UHJLVWHU�SURYLGHV�WKH�QXPEHU�
RI�JRRG�,3�GDWDJUDPV�UHFHLYHG�E\�
':&BHWKHUBTRV�ZKRVH�7&3�
SD\ORDG�KDV�D�FKHFNVXP�HUURU 

*0$&B5[,&03B(UURUB3DF
NHWV �[���� : �[�������� 

7KLV�UHJLVWHU�SURYLGHV�WKH�QXPEHU�
RI�JRRG�,3�GDWDJUDPV�UHFHLYHG�E\�
':&BHWKHUBTRV�ZKRVH�,&03�
SD\ORDG�KDV�D�FKHFNVXP�HUURU 

*0$&B5[,3Y�B+HDGHUB(U
URUB2FWHWV �[���� : �[�������� 

7KLV�UHJLVWHU�SURYLGHV�WKH�QXPEHU�
RI�E\WHV�UHFHLYHG�E\�
':&BHWKHUBTRV�LQ�,3Y��
GDWDBJUDPV�ZLWK�KHDGHU�HUURUV�
�FKHFNVXP��OHQJWK��YHUVLRQ�
PLVPDWFK� 
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&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1942 

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

*0$&B5[,3Y�B+HDGHUB(U
URUB2FWHWV �[���� : �[�������� 

7KLV�UHJLVWHU�SURYLGHV�WKH�QXPEHU�
RI�E\WHV�UHFHLYHG�E\�
':&BHWKHUBTRV�LQ�,3Y��
GDWDBJUDPV�ZLWK�KHDGHU�HUURUV�
�OHQJWK��YHUVLRQ�PLVPDWFK� 

*0$&B5[8'3B(UURUB2FWH
WV �[���� : �[�������� 

7KLV�UHJLVWHU�SURYLGHV�WKH�QXPEHU�
RI�E\WHV�UHFHLYHG�E\�
':&BHWKHUBTRV�LQ�D�8'3�
VHJPHQW�WKDW�KDG�FKHFNVXP�
HUURUV 

*0$&B5[7&3B(UURUB2FWHW
V �[���& : �[�������� 

7KLV�UHJLVWHU�SURYLGHV�WKH�QXPEHU�
RI�E\WHV�UHFHLYHG�E\�
':&BHWKHUBTRV�LQ�D�7&3�VHJPHQW�
WKDW�KDG�FKHFNVXP�HUURUV 

*0$&B5[,&03B(UURUB2FW
HWV �[���� : �[�������� 

7KLV�UHJLVWHU�SURYLGHV�WKH�QXPEHU�
RI�E\WHV�UHFHLYHG�E\�
':&BHWKHUBTRV�LQ�D�JRRG�,&03�
VHJPHQW 

*0$&B0$&B7LPHVWDPSB
&RQWURO �[�%�� : �[�������� 

7KLV�UHJLVWHU�FRQWUROV�WKH�
RSHUDWLRQ�RI�WKH�6\VWHP�7LPH�
JHQHUDWRU�DQG�SURFHVVLQJ�RI�373�
SDFNHWV�IRU�WLPHVWDPSLQJ�LQ�WKH�
5HFHLYHU 

*0$&B0$&B6XEB6HFRQGB
,QFUHPHQW �[�%�� : �[�������� 

6SHFLILHV�WKH�YDOXH�WR�EH�DGGHG�WR�
WKH�LQWHUQDO�V\VWHP�WLPH�UHJLVWHU�
HYHU\�F\FOH�RI�FONBSWSBUHIBL�FORFN 

*0$&B0$&B6\VWHPB7LPH
B6HFV �[�%�� : �[�������� 

7KH�6\VWHP�7LPH�1DQRVHFRQGV�
UHJLVWHU��DORQJ�ZLWK�6\VWHP�7LPH�
6HFRQGV�UHJLVWHU��LQGLFDWHV�WKH�
FXUUHQW�YDOXH�RI�WKH�V\VWHP�WLPH�
PDLQWDLQHG�E\�WKH�0$& 

*0$&B0$&B6\VWHPB7LPH
B16 �[�%�& : �[�������� 

7KH�6\VWHP�7LPH�1DQRVHFRQGV�
UHJLVWHU��DORQJ�ZLWK�6\VWHP�7LPH�
6HFRQGV�UHJLVWHU��LQGLFDWHV�WKH�
FXUUHQW�YDOXH�RI�WKH�V\VWHP�WLPH�
PDLQWDLQHG�E\�WKH�0$& 

*0$&B0$&B6\VB7LPHB6H
FVB8SGDWH �[�%�� : �[�������� 

7KH�6\VWHP�7LPH�6HFRQGV�8SGDWH�
UHJLVWHU��DORQJ�ZLWK�WKH�6\VWHP�
7LPH�1DQRVHFRQGV�8SGDWH�
UHJLVWHU��LQLWLDOL]HV�RU�XSGDWHV�WKH�
V\VWHP�WLPH�PDLQWDLQHG�E\�WKH�
0$& 

*0$&B0$&B6\VB7LPHB1
6B8SGDWH �[�%�� : �[�������� 0$&�6\VWHP�7LPH�1DQRVHFRQGV�8SGDWH�UHJLVWHU 

*0$&B0$&B7LPHVWDPSB
$GGHQG �[�%�� : �[�������� 

7LPHVWDPS�$GGHQG�UHJLVWHU��7KLV�
UHJLVWHU�YDOXH�LV�XVHG�RQO\�ZKHQ�
WKH�V\VWHP�WLPH�LV�FRQILJXUHG�IRU�
)LQH�8SGDWH�PRGH��76&)83'7�ELW�
LQ�WKH�0$&B7LPHVWDPSB&RQWURO�
UHJLVWHU� 

*0$&B0$&B7LPHVWDPSB
6WDWXV �[�%�� : �[�������� 

7LPHVWDPS�6WDWXV�UHJLVWHU��$OO�ELWV�
H[FHSW�%LWV>�����@�JHWV�FOHDUHG�
ZKHQ�WKH�DSSOLFDWLRQ�UHDGV�WKLV�
UHJLVWHU 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1943 

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

*0$&B0$&B7[B76B6WDWX
VB16 �[�%�� : �[�������� 

7KLV�UHJLVWHU�FRQWDLQV�WKH�
QDQRVHFRQG�SDUW�RI�WLPHVWDPS�
FDSWXUHG�IRU�7UDQVPLW�SDFNHWV�
ZKHQ�7[�VWDWXV�LV�GLVDEOHG 

*0$&B0$&B7[B76B6WDWX
VB6HFV �[�%�� : �[�������� 

7KH�UHJLVWHU�FRQWDLQV�WKH�KLJKHU�
���ELWV�RI�WKH�WLPHVWDPS��LQ�
VHFRQGV��FDSWXUHG�ZKHQ�D�373�
SDFNHW�LV�WUDQVPLWWHG 

*0$&B0$&B$X[LOLDU\B&R
QWURO �[�%�� : �[�������� 

7KH�$X[LOLDU\�7LPHVWDPS�&RQWURO�
UHJLVWHU�FRQWUROV�WKH�$X[LOLDU\�
7LPHVWDPS�VQDSVKRW 

*0$&B0$&B$X[LOLDU\B76
B16 �[�%�� : �[�������� 

7KH�$X[LOLDU\�7LPHVWDPS�
1DQRVHFRQGV�UHJLVWHU��DORQJ�ZLWK�
0$&B$X[LOLDU\B7LPHVWDPSB6HFRQ
GV��JLYHV�WKH����ELW�WLPHVWDPS�
VWRUHG�DV�DX[LOLDU\�VQDSVKRW 

*0$&B0$&B$X[LOLDU\B76
B6HFV �[�%�& : �[�������� 

7KH�$X[LOLDU\�7LPHVWDPS���
6HFRQGV�UHJLVWHU�FRQWDLQV�WKH�
ORZHU����ELWV�RI�WKH�6HFRQGV�ILHOG�
RI�WKH�DX[LOLDU\�WLPHVWDPS�
UHJLVWHU 

*0$&B0$&B76B,QJUHVVB
&RUUB16 �[�%�� : �[�������� 

7KLV�UHJLVWHU�FRQWDLQV�WKH�
FRUUHFWLRQ�YDOXH�LQ�QDQRVHFRQGV�
WR�EH�XVHG�ZLWK�WKH�FDSWXUHG�
WLPHVWDPS�YDOXH�LQ�WKH�LQJUHVV�
SDWK 

*0$&B0$&B76B(JUHVVB&
RUUB16 �[�%�& : �[�������� 

7KLV�UHJLVWHU�FRQWDLQV�WKH�
FRUUHFWLRQ�YDOXH�LQ�QDQRVHFRQGV�
WR�EH�XVHG�ZLWK�WKH�FDSWXUHG�
WLPHVWDPS�YDOXH�LQ�WKH�HJUHVV�
SDWK 

*0$&B0$&B76B,QJUHVVB/
DWHQF\ �[�%�� : �[�������� 7KLV�UHJLVWHU�KROGV�WKH�,QJUHVV�0$&�ODWHQF\ 
*0$&B0$&B76B(JUHVVB/
DWHQF\ �[�%�& : �[�������� 7KLV�UHJLVWHU�KROGV�WKH�(JUHVV�0$&�ODWHQF\ 
*0$&B0$&B336B&RQWURO �[�%�� : �[�������� 336�&RQWURO�UHJLVWHU 

*0$&B07/B'%*B&7/ �[�&�� : �[�������� 
7KH�),)2�'HEXJ�$FFHVV�&RQWURO�
DQG�6WDWXV�UHJLVWHU�FRQWUROV�WKH�
RSHUDWLRQ�PRGH�RI�),)2�GHEXJ�
DFFHVV 

*0$&B07/B'%*B676 �[�&�& : �[�������� 
7KH�),)2�'HEXJ�6WDWXV�UHJLVWHU�
FRQWDLQV�WKH�VWDWXV�RI�),)2�GHEXJ�
DFFHVV 

*0$&B07/B),)2B'HEXJB
'DWD �[�&�� : �[�������� 

7KH�),)2�'HEXJ�'DWD�UHJLVWHU�
FRQWDLQV�WKH�GDWD�WR�EH�ZULWWHQ�WR�
RU�UHDG�IURP�WKH�),)2V 

*0$&B07/B,QWHUUXSWB6WD
WXV �[�&�� : �[�������� 

7KH�VRIWZDUH�GULYHU��DSSOLFDWLRQ��
UHDGV�WKLV�UHJLVWHU�GXULQJ�
LQWHUUXSW�VHUYLFH�URXWLQH�RU�SROOLQJ�
WR�GHWHUPLQH�WKH�LQWHUUXSW�VWDWXV�
RI�07/�TXHXHV�DQG�WKH�0$& 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1944 

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

*0$&B07/B7[4�B2SHUDWL
RQB0RGH �[�'�� : �[�������� 

7KH�4XHXH���7UDQVPLW�2SHUDWLRQ�
0RGH�UHJLVWHU�HVWDEOLVKHV�WKH�
7UDQVPLW�TXHXH�RSHUDWLQJ�PRGHV�
DQG�FRPPDQGV 

*0$&B07/B7[4�B8QGHUIO
RZ �[�'�� : �[�������� 

7KH�4XHXH���8QGHUIORZ�&RXQWHU�
UHJLVWHU�FRQWDLQV�WKH�FRXQWHU�IRU�
SDFNHWV�DERUWHG�EHFDXVH�RI�
7UDQVPLW�TXHXH�XQGHUIORZ�DQG�
SDFNHWV�PLVVHG�EHFDXVH�RI�
5HFHLYH�TXHXH�SDFNHW�IOXVK 

*0$&B07/B7[4�B'HEXJ �[�'�� : �[�������� 
7KH�4XHXH���7UDQVPLW�'HEXJ�
UHJLVWHU�JLYHV�WKH�GHEXJ�VWDWXV�RI�
YDULRXV�EORFNV�UHODWHG�WR�WKH�
7UDQVPLW�TXHXH 

*0$&B07/B4�B,QWHUUXSW
B&WUOB6WDWXV �[�'�& : �[�������� 

7KLV�UHJLVWHU�FRQWDLQV�WKH�
LQWHUUXSW�HQDEOH�DQG�VWDWXV�ELWV�
IRU�WKH�TXHXH���LQWHUUXSWV 

*0$&B07/B5[4�B2SHUDWL
RQB0RGH �[�'�� : �[�������� 

7KH�4XHXH���5HFHLYH�2SHUDWLRQ�
0RGH�UHJLVWHU�HVWDEOLVKHV�WKH�
5HFHLYH�TXHXH�RSHUDWLQJ�PRGHV�
DQG�FRPPDQG 

*0$&B07/B5[4�B0LVVB3
NWB2YIB&QW �[�'�� : �[�������� 

7KH�4XHXH���0LVVHG�3DFNHW�DQG�
2YHUIORZ�&RXQWHU�UHJLVWHU�
FRQWDLQV�WKH�FRXQWHU�IRU�SDFNHWV�
PLVVHG�EHFDXVH�RI�5HFHLYH�TXHXH�
SDFNHW�IOXVK�DQG�SDFNHWV�
GLVFDUGHG�EHFDXVH�RI�5HFHLYH�
TXHXH�RYHUIORZ 

*0$&B07/B5[4�B'HEXJ �[�'�� : �[�������� 
7KH�4XHXH���5HFHLYH�'HEXJ�
UHJLVWHU�JLYHV�WKH�GHEXJ�VWDWXV�RI�
YDULRXV�EORFNV�UHODWHG�WR�WKH�
5HFHLYH�TXHXH 

*0$&B'0$B0RGH �[���� : �[�������� 
7KH�%XV�0RGH�UHJLVWHU�HVWDEOLVKHV�
WKH�EXV�RSHUDWLQJ�PRGHV�IRU�WKH�
'0$ 

*0$&B'0$B6\V%XVB0RG
H �[���� : �[�������� 

7KH�6\VWHP�%XV�PRGH�UHJLVWHU�
FRQWUROV�WKH�EHKDYLRU�RI�WKH�$+%�
RU�$;,�PDVWHU 

*0$&B'0$B,QWHUUXSWB6W
DWXV �[���� : �[�������� 

7KH�DSSOLFDWLRQ�UHDGV�WKLV�
,QWHUUXSW�6WDWXV�UHJLVWHU�GXULQJ�
LQWHUUXSW�VHUYLFH�URXWLQH�RU�SROOLQJ�
WR�GHWHUPLQH�WKH�LQWHUUXSW�VWDWXV�
RI�'0$�FKDQQHOV��07/�TXHXHV��
DQG�WKH�0$& 

*0$&B'0$B'HEXJB6WDWX
V� �[���& : �[�������� 

7KH�'HEXJ�6WDWXV���UHJLVWHU�JLYHV�
WKH�5HFHLYH�DQG�7UDQVPLW�SURFHVV�
VWDWXV�IRU�'0$�&KDQQHO���&KDQQHO�
��IRU�GHEXJJLQJ�SXUSRVH 

*0$&B$;,B/3,B(QWU\B,QW
HUYDO �[���� : �[�������� 7KLV�UHJLVWHU�LV�XVHG�WR�FRQWURO�WKH�$;,�/3,�HQWU\�LQWHUYDO 
1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV��':�
'RXEOH�:25'�����ELWV��DFFHVV�  
20.4.2 'HWDLO�5HJLVWHUV�'HVFULSWLRQ�  
*0$&B0$&B&RQILJXUDWLRQ�  



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1945 

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

$53(1 
$53�2IIORDG�(QDEOH 
:KHQ�WKLV�ELW�LV�VHW��WKH�0$&�FDQ�UHFRJQL]H�DQ�LQFRPLQJ�$53�
UHTXHVW�SDFNHW�DQG�VFKHGXOHV�WKH�$53�SDFNHW�IRU�WUDQVPLVVLRQ��,W�
IRUZDUGV�WKH�$53�SDFNHW�WR�WKH�DSSOLFDWLRQ�DQG�DOVR�LQGLFDWH�WKH�
HYHQWV�LQ�WKH�5[6WDWXV��:KHQ�WKLV�ELW�LV�UHVHW��WKH�0$&�UHFHLYHU�
GRHV�QRW�UHFRJQL]H�DQ\�$53�SDFNHW�DQG�LQGLFDWHV�WKHP�DV�7\SH�
IUDPH�LQ�WKH�5[6WDWXV� 
7KLV�ELW�LV�DYDLODEOH�RQO\�ZKHQ�WKH�(QDEOH�,3Y��$53�2IIORDG�LV�
VHOHFWHG� 
9DOXHV��  
�
E���$53�2IIORDG�LV�GLVDEOHG 
�
E���$53�2IIORDG�LV�HQDEOHG 

����� 52 �[� UHVHUYHG 

�� 5: �[� 

,3& 
&KHFNVXP�2IIORDG 
:KHQ�VHW��WKLV�ELW�HQDEOHV�WKH�,3Y��KHDGHU�FKHFNVXP�FKHFNLQJ�
DQG�,3Y��RU�,3Y��7&3��8'3��RU�,&03�SD\ORDG�FKHFNVXP�FKHFNLQJ��
:KHQ�WKLV�ELW�LV�UHVHW��WKH�&2(�IXQFWLRQ�LQ�WKH�UHFHLYHU�LV�
GLVDEOHG�7KH�/D\HU���DQG�/D\HU���3DFNHW�)LOWHU�DQG�(QDEOH�6SOLW�
+HDGHU�IHDWXUHV�DXWRPDWLFDOO\�VHOHFWV�WKH�,3&�)XOO�&KHFNVXP�
2IIORDG�(QJLQH�RQ�WKH�5HFHLYH�VLGH��:KHQ�DQ\�RI�WKHVH�IHDWXUHV�
DUH�HQDEOHG��\RX�PXVW�VHW�WKH�,3&�ELW� 
9DOXHV��  
�
E���,3�KHDGHU�SD\ORDG�FKHFNVXP�FKHFNLQJ�LV�GLVDEOHG 
�
E���,3�KHDGHU�SD\ORDG�FKHFNVXP�FKHFNLQJ�LV�HQDEOHG 

����� 5: �[� 

,3* 
,QWHU�3DFNHW�*DS 
7KHVH�ELWV�FRQWURO�WKH�PLQLPXP�,3*�EHWZHHQ�SDFNHWV�GXULQJ�
WUDQVPLVVLRQ��7KLV�UDQJH�RI�PLQLPXP�,3*�LV�YDOLG�LQ�IXOO�GXSOH[�
PRGH�,Q�WKH�KDOI�GXSOH[�PRGH��WKH�PLQLPXP�,3*�FDQ�EH�
FRQILJXUHG�RQO\�IRU����ELW�WLPHV��,3*� �������/RZHU�YDOXHV�DUH�
QRW�FRQVLGHUHG��:KHQ�D�-$0�SDWWHUQ�LV�EHLQJ�WUDQVPLWWHG�EHFDXVH�
RI�EDFNSUHVVXUH�DFWLYDWLRQ��WKH�0$&�GRHV�QRW�FRQVLGHU�WKH�
PLQLPXP�,3*�7KH�DERYH�IXQFWLRQ��,3*�OHVV�WKDQ����ELW�WLPHV��LV�
YDOLG�RQO\�ZKHQ�(,3*(1�ELW�LQ�0$&B([WB&RQILJXUDWLRQ�UHJLVWHU�LV�
UHVHW��:KHQ�(,3*(1�LV�VHW��WKHQ�WKH�PLQLPXP�,3*��JUHDWHU�WKDQ�
���ELW�WLPHV��LV�FRQWUROOHG�DV�SHU�WKH�GHVFULSWLRQ�JLYHQ�LQ�(,3*�
ILHOG�LQ�0$&B([WB&RQILJXUDWLRQ�UHJLVWHU� 
9DOXHV��  
�
E��������ELW�WLPHV�,3* 
�
E��������ELW�WLPHV�,3* 
�
E��������ELW�WLPHV�,3* 
�
E��������ELW�WLPHV�,3* 
�
E��������ELW�WLPHV�,3* 
�
E��������ELW�WLPHV�,3* 
�
E��������ELW�WLPHV�,3* 
�
E��������ELW�WLPHV�,3* 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1946 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

*36/&( 
*LDQW�3DFNHW�6L]H�/LPLW�&RQWURO�(QDEOH 
:KHQ�WKLV�ELW�LV�VHW��WKH�0$&�FRQVLGHUV�WKH�YDOXH�LQ�*36/�ILHOG�LQ�
0$&B([WB&RQILJXUDWLRQ�UHJLVWHU�WR�GHFODUH�D�UHFHLYHG�SDFNHW�DV�
*LDQW�SDFNHW��7KLV�ILHOG�PXVW�EH�SURJUDPPHG�WR�PRUH�WKDQ�������
E\WHV��2WKHUZLVH��WKH�0$&�FRQVLGHUV�������E\WHV�DV�JLDQW�SDFNHW�
OLPLW��:KHQ�WKLV�ELW�LV�UHVHW��WKH�0$&�FRQVLGHUV�D�UHFHLYHG�SDFNHW�
DV�*LDQW�SDFNHW�ZKHQ�LWV�VL]H�LV�JUHDWHU�WKDQ�������E\WHV�������
E\WHV�IRU�WDJJHG�SDFNHW��7KH�ZDWFKGRJ�WLPHRXW�OLPLW��-XPER�
3DFNHW�(QDEOH�DQG��.�3DFNHW�(QDEOH�KDYH�KLJKHU�SUHFHGHQFH�RYHU�
WKLV�ELW��WKDW�LV�WKH�0$&�FRQVLGHUV�D�UHFHLYHG�SDFNHW�DV�*LDQW�
SDFNHW�ZKHQ�LWV�VL]H�LV�JUHDWHU�WKDQ�������E\WHV��������E\WHV�IRU�
WDJJHG�SDFNHW��ZLWK�-XPER�3DFNHW�(QDEOHG�DQG�JUHDWHU�WKDQ�
������E\WHV�ZLWK��.�3DFNHW�(QDEOHG��7KH�ZDWFKGRJ�WLPHRXW��LI�
HQDEOHG��WHUPLQDWHV�WKH�UHFHLYHG�SDFNHW�ZKHQ�ZDWFKGRJ�OLPLW�LV�
UHDFKHG��7KHUHIRUH��WKH�SURJUDPPHG�JLDQW�SDFNHW�OLPLW�VKRXOG�EH�
OHVV�WKDQ�WKH�ZDWFKGRJ�OLPLW�WR�JHW�WKH�JLDQW�SDFNHW�VWDWXV� 
9DOXHV��  
�
E���*LDQW�3DFNHW�6L]H�/LPLW�&RQWURO�LV�GLVDEOHG 
�
E���*LDQW�3DFNHW�6L]H�/LPLW�&RQWURO�LV�HQDEOHG 

�� 5: �[� 

6�.3 
,(((������DV�6XSSRUW�IRU��.�3DFNHWV 
:KHQ�WKLV�ELW�LV�VHW��WKH�0$&�FRQVLGHUV�DOO�SDFNHWV�ZLWK�XS�WR�
������E\WHV�OHQJWK�DV�QRUPDO�SDFNHWV��:KHQ�WKH�-(�ELW�LV�QRW�VHW��
WKH�0$&�FRQVLGHUV�DOO�UHFHLYHG�SDFNHWV�RI�VL]H�PRUH�WKDQ��.�
E\WHV�DV�*LDQW�SDFNHWV�:KHQ�WKLV�ELW�LV�UHVHW�DQG�WKH�-(�ELW�LV�QRW�
VHW��WKH�0$&�FRQVLGHUV�DOO�UHFHLYHG�SDFNHWV�RI�VL]H�PRUH�WKDQ�
������E\WHV��������E\WHV�IRU�WDJJHG��DV�JLDQW�SDFNHWV��  
1RWH��:KHQ�WKH�-(�ELW�LV�VHW��VHWWLQJ�WKLV�ELW�KDV�QR�HIIHFW�RQ�WKH�
JLDQW�SDFNHW�VWDWXV� 
9DOXHV��  
�
E���6XSSRUW�XSWR��.�SDFNHW�LV�GLVDEOHG 
�
E���6XSSRUW�XSWR��.�SDFNHW�LV�(QDEOHG 

�� 5: �[� 

&67 
&5&�VWULSSLQJ�IRU�7\SH�SDFNHWV 
:KHQ�WKLV�ELW�LV�VHW��WKH�ODVW�IRXU�E\WHV��)&6��RI�DOO�SDFNHWV�RI�
(WKHU�W\SH��W\SH�ILHOG�JUHDWHU�WKDQ��������DUH�VWULSSHG�DQG�
GURSSHG�EHIRUH�IRUZDUGLQJ�WKH�SDFNHW�WR�WKH�DSSOLFDWLRQ� 
1RWH��)RU�LQIRUPDWLRQ�DERXW�KRZ�WKH�VHWWLQJV�RI�WKH�$&6�ELW�DQG�
WKLV�ELW�LPSDFW�WKH�SDFNHW�OHQJWK��VHH�WKH�7DEOH��3DFNHW�/HQJWK�
EDVHG�RQ�WKH�&67�DQG�$&6�%LWV� 
9DOXHV��  
�
E���&5&�VWULSSLQJ�IRU�7\SH�SDFNHWV�LV�GLVDEOHG 
�
E���&5&�VWULSSLQJ�IRU�7\SH�SDFNHWV�LV�HQDEOHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1947 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

$&6 
$XWRPDWLF�3DG�RU�&5&�6WULSSLQJ 
:KHQ�WKLV�ELW�LV�VHW��WKH�0$&�VWULSV�WKH�3DG�RU�)&6�ILHOG�RQ�WKH�
LQFRPLQJ�SDFNHWV�RQO\�LI�WKH�YDOXH�RI�WKH�OHQJWK�ILHOG�LV�OHVV�WKDQ�
������E\WHV��$OO�UHFHLYHG�SDFNHWV�ZLWK�OHQJWK�ILHOG�JUHDWHU�WKDQ�RU�
HTXDO�WR�������E\WHV�DUH�SDVVHG�WR�WKH�DSSOLFDWLRQ�ZLWKRXW�
VWULSSLQJ�WKH�3DG�RU�)&6�ILHOG�:KHQ�WKLV�ELW�LV�UHVHW��WKH�0$&�
SDVVHV�DOO�LQFRPLQJ�SDFNHWV�WR�WKH�DSSOLFDWLRQ��ZLWKRXW�DQ\�
PRGLILFDWLRQ� 
1RWH��)RU�LQIRUPDWLRQ�DERXW�KRZ�WKH�VHWWLQJV�RI�&67�ELW�DQG�WKLV�
ELW�LPSDFW�WKH�SDFNHW�OHQJWK��VHH�WKH�7DEOH��3DFNHW�/HQJWK�EDVHG�
RQ�WKH�&67�DQG�$&6�%LW�� 
9DOXHV��  
�
E���$XWRPDWLF�3DG�RU�&5&�6WULSSLQJ�LV�GLVDEOHG 
�
E���$XWRPDWLF�3DG�RU�&5&�6WULSSLQJ�LV�HQDEOHG 

�� 5: �[� 

:' 
:DWFKGRJ�'LVDEOH 
:KHQ�WKLV�ELW�LV�VHW��WKH�0$&�GLVDEOHV�WKH�ZDWFKGRJ�WLPHU�RQ�WKH�
UHFHLYHU��7KH�0$&�FDQ�UHFHLYH�SDFNHWV�RI�XS�WR��������
E\WHV�:KHQ�WKLV�ELW�LV�UHVHW��WKH�0$&�GRHV�QRW�DOORZ�PRUH�WKDQ�
������E\WHV���������LI�-(�LV�VHW�KLJK��RI�WKH�SDFNHW�EHLQJ�
UHFHLYHG��7KH�0$&�FXWV�RII�DQ\�E\WHV�UHFHLYHG�DIWHU�������E\WHV� 
9DOXHV��  
�
E���:DWFKGRJ�LV�HQDEOHG 
�
E���:DWFKGRJ�LV�GLVDEOHG 

�� 5: �[� 

%( 
3DFNHW�%XUVW�(QDEOH 
:KHQ�WKLV�ELW�LV�VHW��WKH�0$&�DOORZV�SDFNHW�EXUVWLQJ�GXULQJ�
WUDQVPLVVLRQ�LQ�WKH�*0,,�KDOI�GXSOH[�PRGH� 
9DOXHV��  
�
E���3DFNHW�%XUVW�LV�GLVDEOHG 
�
E���3DFNHW�%XUVW�LV�HQDEOHG 

�� 5: �[� 

-' 
-DEEHU�'LVDEOH 
:KHQ�WKLV�ELW�LV�VHW��WKH�0$&�GLVDEOHV�WKH�MDEEHU�WLPHU�RQ�WKH�
WUDQVPLWWHU��7KH�0$&�FDQ�WUDQVIHU�SDFNHWV�RI�XS�WR��������E\WHV��
:KHQ�WKLV�ELW�LV�UHVHW��LI�WKH�DSSOLFDWLRQ�VHQGV�PRUH�WKDQ�������
E\WHV�RI�GDWD���������LI�-(�LV�VHW�KLJK��GXULQJ�WUDQVPLVVLRQ��WKH�
0$&�GRHV�QRW�VHQG�UHVW�RI�WKH�E\WHV�LQ�WKDW�SDFNHW� 
9DOXHV��  
�
E���-DEEHU�LV�HQDEOHG 
�
E���-DEEHU�LV�GLVDEOHG 

�� 5: �[� 

-( 
-XPER�3DFNHW�(QDEOH 
:KHQ�WKLV�ELW�LV�VHW��WKH�0$&�DOORZV�MXPER�SDFNHWV�RI�������
E\WHV��������E\WHV�IRU�9/$1�WDJJHG�SDFNHWV��ZLWKRXW�UHSRUWLQJ�D�
JLDQW�SDFNHW�HUURU�LQ�WKH�5[�SDFNHW�VWDWXV� 
9DOXHV��  
�
E���-XPER�SDFNHW�LV�GLVDEOHG 
�
E���-XPER�SDFNHW�LV�HQDEOHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1948 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

36 
3RUW�6HOHFW 
7KLV�ELW�VHOHFWV�WKH�(WKHUQHW�OLQH�VSHHG��7KLV�ELW��DORQJ�ZLWK�%LW�
����VHOHFWV�WKH�H[DFW�OLQH�VSHHG��,Q�WKH��������0ESV�RQO\��DOZD\V�
���RU������0ESV�RQO\��DOZD\V����FRQILJXUDWLRQV��WKLV�ELW�LV�UHDG�
RQO\��52��ZLWK�DSSURSULDWH�YDOXH��,Q�GHIDXOW�������������0ESV�
FRQILJXUDWLRQV��WKLV�ELW�LV�UHDG�ZULWH��5�:���7KH�PDFBVSHHGBR>�@�
VLJQDO�UHIOHFWV�WKH�YDOXH�RI�WKLV�ELW� 
9DOXHV��  
�
E���)RU������RU������0ESV�RSHUDWLRQV 
�
E���)RU����RU�����0ESV�RSHUDWLRQV 

�� 5: �[� 

)(6 
6SHHG 
7KLV�ELW�VHOHFWV�WKH�VSHHG�PRGH��7KH�PDFBVSHHGBR>�@�VLJQDO�
UHIOHFWV�WKH�YDOXH�RI�WKLV�ELW� 
9DOXHV��  
�
E������0ESV�ZKHQ�36�ELW�LV���DQG���*ESV�ZKHQ�36�ELW�LV�� 
�
E�������0ESV�ZKHQ�36�ELW�LV���DQG�����*ESV�ZKHQ�36�ELW�LV�� 

�� 5: �[� 

'0 
'XSOH[�0RGH 
:KHQ�WKLV�ELW�LV�VHW��WKH�0$&�RSHUDWHV�LQ�WKH�IXOO�GXSOH[�PRGH�LQ�
ZKLFK�LW�FDQ�WUDQVPLW�DQG�UHFHLYH�VLPXOWDQHRXVO\��7KLV�ELW�LV�52�
ZLWK�GHIDXOW�YDOXH�RI��
E��LQ�WKH�IXOO�GXSOH[�RQO\�FRQILJXUDWLRQV� 
9DOXHV��  
�
E���+DOI�GXSOH[�PRGH 
�
E���)XOO�GXSOH[�PRGH 

�� 5: �[� 

/0 
/RRSEDFN�0RGH 
:KHQ�WKLV�ELW�LV�VHW��WKH�0$&�RSHUDWHV�LQ�WKH�ORRSEDFN�PRGH�DW�
*0,,�RU�0,,��7KH��*�0,,�5[�FORFN�LQSXW��FONBU[BL��LV�UHTXLUHG�IRU�
WKH�ORRSEDFN�WR�ZRUN�SURSHUO\��7KLV�LV�EHFDXVH�WKH�7[�FORFN�LV�QRW�
LQWHUQDOO\�ORRSHG�EDFN� 
9DOXHV��  
�
E���/RRSEDFN�LV�GLVDEOHG 
�
E���/RRSEDFN�LV�HQDEOHG 

�� 5: �[� 

(&56)' 
(QDEOH�&DUULHU�6HQVH�%HIRUH�7UDQVPLVVLRQ�LQ�)XOO�'XSOH[�0RGH�  
:KHQ�WKLV�ELW�LV�VHW��WKH�0$&�WUDQVPLWWHU�FKHFNV�WKH�&56�VLJQDO�
EHIRUH�SDFNHW�WUDQVPLVVLRQ�LQ�WKH�IXOO�GXSOH[�PRGH��7KH�0$&�
VWDUWV�WKH�WUDQVPLVVLRQ�RQO\�ZKHQ�WKH�&56�VLJQDO�LV�ORZ�:KHQ�WKLV�
ELW�LV�UHVHW��WKH�0$&�WUDQVPLWWHU�LJQRUHV�WKH�VWDWXV�RI�WKH�&56�
VLJQDO� 
9DOXHV��  
�
E���(&56)'�LV�GLVDEOHG 
�
E���(&56)'�LV�HQDEOHG 

�� 5: �[� 

'2 
'LVDEOH�5HFHLYH�2ZQ 
:KHQ�WKLV�ELW�LV�VHW��WKH�0$&�GLVDEOHV�WKH�UHFHSWLRQ�RI�SDFNHWV�
ZKHQ�WKH�JPLLBW[HQBR�LV�DVVHUWHG�LQ�WKH�KDOI�GXSOH[�PRGH��:KHQ�
WKLV�ELW�LV�UHVHW��WKH�0$&�UHFHLYHV�DOO�SDFNHWV�JLYHQ�E\�WKH�
3+<�7KLV�ELW�LV�QRW�DSSOLFDEOH�LQ�WKH�IXOO�GXSOH[�PRGH� 
9DOXHV��  
�
E���(QDEOH�5HFHLYH�2ZQ 
�
E���'LVDEOH�5HFHLYH�2ZQ 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1949 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

'&56 
'LVDEOH�&DUULHU�6HQVH�'XULQJ�7UDQVPLVVLRQ 
:KHQ�WKLV�ELW�LV�VHW��WKH�0$&�WUDQVPLWWHU�LJQRUHV�WKH��*�0,,�&56�
VLJQDO�GXULQJ�SDFNHW�WUDQVPLVVLRQ�LQ�WKH�KDOI�GXSOH[�PRGH��$V�D�
UHVXOW��QR�HUURUV�DUH�JHQHUDWHG�EHFDXVH�RI�/RVV�RI�&DUULHU�RU�1R�
&DUULHU�GXULQJ�WUDQVPLVVLRQ� 
:KHQ�WKLV�ELW�LV�UHVHW��WKH�0$&�WUDQVPLWWHU�JHQHUDWHV�HUURUV�
EHFDXVH�RI�&DUULHU�6HQVH��7KH�0$&�FDQ�HYHQ�DERUW�WKH�
WUDQVPLVVLRQ� 
9DOXHV��  
�
E���(QDEOH�&DUULHU�6HQVH�'XULQJ�7UDQVPLVVLRQ 
�
E���'LVDEOH�&DUULHU�6HQVH�'XULQJ�7UDQVPLVVLRQ 

� 5: �[� 

'5 
'LVDEOH�5HWU\ 
:KHQ�WKLV�ELW�LV�VHW��WKH�0$&�DWWHPSWV�RQO\�RQH�WUDQVPLVVLRQ��
:KHQ�D�FROOLVLRQ�RFFXUV�RQ�WKH�*0,,�RU�0,,�LQWHUIDFH��WKH�0$&�
LJQRUHV�WKH�FXUUHQW�SDFNHW�WUDQVPLVVLRQ�DQG�UHSRUWV�D�3DFNHW�
$ERUW�ZLWK�H[FHVVLYH�FROOLVLRQ�HUURU�LQ�WKH�7[�SDFNHW�VWDWXV�:KHQ�
WKLV�ELW�LV�UHVHW��WKH�0$&�UHWULHV�EDVHG�RQ�WKH�VHWWLQJV�RI�WKH�%/�
ILHOG��7KLV�ELW�LV�DSSOLFDEOH�RQO\�LQ�WKH�KDOI�GXSOH[�PRGH� 
9DOXHV��  
�
E���(QDEOH�5HWU\ 
�
E���'LVDEOH�5HWU\ 

� 52 �[� UHVHUYHG 

��� 5: �[� 

%/ 
%DFN�2II�/LPLW 
7KH�EDFN�RII�OLPLW�GHWHUPLQHV�WKH�UDQGRP�LQWHJHU�QXPEHU��U��RI�
VORW�WLPH�GHOD\V��������ELW�WLPHV�IRU�����������0ESV������ELW�
WLPHV�IRU��������0ESV��IRU�ZKLFK�WKH�0$&�ZDLWV�EHIRUH�
UHVFKHGXOLQJ�D�WUDQVPLVVLRQ�DWWHPSW�GXULQJ�UHWULHV�DIWHU�D�
FROOLVLRQ��Q� �UHWUDQVPLVVLRQ�DWWHPSW��  
7KH�UDQGRP�LQWHJHU�U�WDNHV�WKH�YDOXH�LQ�WKH�UDQJH���� �U����AN�
7KLV�ELW�LV�DSSOLFDEOH�RQO\�LQ�WKH�KDOI�GXSOH[�PRGH� 
9DOXHV��  
�
E����N� �PLQ�Q���� 
�
E����N� �PLQ�Q��� 
�
E����N� �PLQ�Q��� 
�
E����N� �PLQ�Q��� 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1950 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

'& 
'HIHUUDO�&KHFN 
:KHQ�WKLV�ELW�LV�VHW��WKH�GHIHUUDO�FKHFN�IXQFWLRQ�LV�HQDEOHG�LQ�WKH�
0$&��7KH�0$&�LVVXHV�D�3DFNHW�$ERUW�VWDWXV��DORQJ�ZLWK�WKH�
H[FHVVLYH�GHIHUUDO�HUURU�ELW�VHW�LQ�WKH�7[�SDFNHW�VWDWXV��ZKHQ�WKH�
7[�VWDWH�PDFKLQH�LV�GHIHUUHG�IRU�PRUH�WKDQ��������ELW�WLPHV�LQ����
RU�����0ESV�PRGH��,I�WKH�0$&�LV�FRQILJXUHG�IRU�����������0ESV�
RSHUDWLRQ��WKH�WKUHVKROG�IRU�GHIHUUDO�LV���������ELWV�WLPHV��
'HIHUUDO�EHJLQV�ZKHQ�WKH�WUDQVPLWWHU�LV�UHDG\�WR�WUDQVPLW��EXW�LW�
LV�SUHYHQWHG�  
EHFDXVH�RI�DQ�DFWLYH�FDUULHU�VHQVH�VLJQDO��&56��RQ�*0,,�RU�0,,��
7KH�GHIHU�WLPH�LV�QRW�FXPXODWLYH��)RU�H[DPSOH��LI�WKH�WUDQVPLWWHU�
GHIHUV�IRU��������ELW�WLPHV�EHFDXVH�WKH�&56�VLJQDO�LV�DFWLYH�DQG�
WKH�&56�VLJQDO�EHFRPHV�LQDFWLYH��WKH�WUDQVPLWWHU�WUDQVPLWV�DQG�
FROOLVLRQ�KDSSHQV��%HFDXVH�RI�FROOLVLRQ��WKH�WUDQVPLWWHU�QHHGV�WR�
EDFN�RII�DQG�WKHQ�GHIHU�DJDLQ�DIWHU�EDFN�RII�FRPSOHWLRQ��,Q�VXFK�D�
VFHQDULR��WKH�GHIHUUDO�WLPHU�LV�UHVHW�WR����DQG�LW�LV�UHVWDUWHG��:KHQ�
WKLV�ELW�LV�UHVHW��WKH�GHIHUUDO�FKHFN�IXQFWLRQ�LV�GLVDEOHG�DQG�WKH�
0$&�GHIHUV�XQWLO�WKH�&56�VLJQDO�JRHV�LQDFWLYH��7KLV�ELW�LV�
DSSOLFDEOH�RQO\�LQ�WKH�KDOI�GXSOH[�PRGH� 
9DOXHV��  
�
E���'HIHUUDO�FKHFN�IXQFWLRQ�LV�GLVDEOHG 
�
E���'HIHUUDO�FKHFN�IXQFWLRQ�LV�HQDEOHG 

��� 5: �[� 

35(/(1 
3UHDPEOH�/HQJWK�IRU�7UDQVPLW�SDFNHWV 
7KHVH�ELWV�FRQWURO�WKH�QXPEHU�RI�SUHDPEOH�E\WHV�WKDW�DUH�DGGHG�
WR�WKH�EHJLQQLQJ�RI�HYHU\�7[�SDFNHW��7KH�SUHDPEOH�UHGXFWLRQ�
RFFXUV�RQO\�ZKHQ�WKH�0$&�LV�RSHUDWLQJ�LQ�WKH�IXOO�GXSOH[�PRGH� 
9DOXHV��  
�
E������E\WHV�RI�SUHDPEOH 
�
E������E\WHV�RI�SUHDPEOH 
�
E������E\WHV�RI�SUHDPEOH 
�
E����5HVHUYHG 

� 5: �[� 

7( 
7UDQVPLWWHU�(QDEOH 
:KHQ�WKLV�ELW�LV�VHW��WKH�7[�VWDWH�PDFKLQH�RI�WKH�0$&�LV�HQDEOHG�
IRU�WUDQVPLVVLRQ�RQ�WKH�*0,,�RU�0,,�LQWHUIDFH��:KHQ�WKLV�ELW�LV�
UHVHW��WKH�0$&�7[�VWDWH�PDFKLQH�LV�GLVDEOHG�DIWHU�LW�FRPSOHWHV�WKH�
WUDQVPLVVLRQ�RI�WKH�FXUUHQW�SDFNHW��7KH�7[�VWDWH�PDFKLQH�GRHV�
QRW�WUDQVPLW�DQ\�PRUH�SDFNHWV� 
9DOXHV��  
�
E���7UDQVPLWWHU�LV�GLVDEOHG 
�
E���7UDQVPLWWHU�LV�HQDEOHG 

� 5: �[� 

5( 
5HFHLYHU�(QDEOH 
:KHQ�WKLV�ELW�LV�VHW��WKH�5[�VWDWH�PDFKLQH�RI�WKH�0$&�LV�HQDEOHG�
IRU�UHFHLYLQJ�SDFNHWV�IURP�WKH�*0,,�RU�0,,�LQWHUIDFH��:KHQ�WKLV�
ELW�LV�UHVHW��WKH�0$&�5[�VWDWH�PDFKLQH�LV�GLVDEOHG�DIWHU�LW�
FRPSOHWHV�WKH�UHFHSWLRQ�RI�WKH�FXUUHQW�SDFNHW��7KH�5[�VWDWH�
PDFKLQH�GRHV�QRW�UHFHLYH�DQ\�PRUH�SDFNHWV�IURP�WKH�*0,,�RU�0,,�
LQWHUIDFH� 
9DOXHV��  
�
E���5HFHLYHU�LV�GLVDEOHG 
�
E���5HFHLYHU�LV�HQDEOHG 

 
*0$&B0$&B([WB&RQILJXUDWLRQ�  



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1951 

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[�� 

(,3* 
([WHQGHG�,QWHU�3DFNHW�*DS 
7KH�YDOXH�LQ�WKLV�ILHOG�LV�DSSOLFDEOH�ZKHQ�WKH�(,3*(1�ELW�LV�VHW��
7KLV�ILHOG��DV�0RVW�6LJQLILFDQW�ELWV���DORQJ�ZLWK�,3*�ILHOG�LQ�
0$&B&RQILJXUDWLRQ�UHJLVWHU��JLYHV�WKH�PLQLPXP�,3*�JUHDWHU�WKDQ�
���ELW�WLPHV�LQ�VWHSV�RI���ELW�WLPHV��(,3*��,3* 
��
K���������ELW�WLPHV 
��
K���������ELW�WLPHV 
��
K���������ELW�WLPHV 
� ����������������������� 
��
K))��������ELW�WLPHV 

�� 5: �[� 

(,3*(1 
([WHQGHG�,QWHU�3DFNHW�*DS�(QDEOH 
:KHQ�WKLV�ELW�LV�VHW��WKH�0$&�LQWHUSUHWV�(,3*�ILHOG�DQG�,3*�ILHOG�LQ�
0$&B&RQILJXUDWLRQ�UHJLVWHU�WRJHWKHU�DV�PLQLPXP�,3*�JUHDWHU�
WKDQ����ELW�WLPHV�LQ�VWHSV�RI���ELW�WLPHV��:KHQ�WKLV�ELW�LV�UHVHW��
WKH�0$&�LJQRUHV�(,3*�ILHOG�DQG�LQWHUSUHWV�,3*�ILHOG�LQ�
0$&B&RQILJXUDWLRQ�UHJLVWHU�DV�PLQLPXP�,3*�OHVV�WKDQ�RU�HTXDO�WR�
���ELW�WLPHV�LQ�VWHSV�RI���ELW�WLPHV� 
1RWH��7KH�H[WHQGHG�,QWHU�3DFNHW�*DS�IHDWXUH�PXVW�EH�HQDEOHG�
ZKHQ�RSHUDWLQJ�LQ�)XOO�'XSOH[�PRGH�RQO\��7KHUH�PD\�EH�
XQGHVLUDEOH�HIIHFWV�RQ�EDFN�SUHVVXUH�IXQFWLRQ�DQG�IUDPH�
WUDQVPLVVLRQ�LI�LW�LV�HQDEOHG�LQ�+DOI�'XSOH[�PRGH� 
9DOXHV��  
�
E���([WHQGHG�,QWHU�3DFNHW�*DS�LV�GLVDEOHG 
�
E���([WHQGHG�,QWHU�3DFNHW�*DS�LV�HQDEOHG 

����� 52 �[�� UHVHUYHG 

�� 5: �[� 

863 
8QLFDVW�6ORZ�3URWRFRO�3DFNHW�'HWHFW 
:KHQ�WKLV�ELW�LV�VHW��WKH�0$&�GHWHFWV�WKH�6ORZ�3URWRFRO�SDFNHWV�
ZLWK�XQLFDVW�DGGUHVV�RI�WKH�VWDWLRQ�VSHFLILHG�LQ�WKH�
0$&B$GGUHVV�B+LJK�DQG�0$&B$GGUHVV�B/RZ�UHJLVWHUV��7KH�0$&�
DOVR�GHWHFWV�WKH�6ORZ�3URWRFRO�SDFNHWV�ZLWK�WKH�6ORZ�3URWRFROV�
PXOWLFDVW�DGGUHVV��������&�������������:KHQ�WKLV�ELW�LV�UHVHW��
WKH�0$&�GHWHFWV�RQO\�6ORZ�3URWRFRO�SDFNHWV�ZLWK�WKH�6ORZ�
3URWRFRO�PXOWLFDVW�DGGUHVV�VSHFLILHG�LQ�WKH�,(((�������������
6HFWLRQ��� 
9DOXHV��  
�
E���8QLFDVW�6ORZ�3URWRFRO�3DFNHW�'HWHFWLRQ�LV�GLVDEOHG 
�
E���8QLFDVW�6ORZ�3URWRFRO�3DFNHW�'HWHFWLRQ�LV�HQDEOHG 

�� 5: �[� 

63(1 
6ORZ�3URWRFRO�'HWHFWLRQ�(QDEOH 
:KHQ�WKLV�ELW�LV�VHW��0$&�SURFHVVHV�WKH�6ORZ�3URWRFRO�SDFNHWV�
�(WKHU�7\SH��[������DQG�SURYLGHV�WKH�5[�VWDWXV��7KH�0$&�
GLVFDUGV�WKH�6ORZ�3URWRFRO�SDFNHWV�ZLWK�LQYDOLG�VXE�W\SHV��:KHQ�
WKLV�ELW�LV�UHVHW��WKH�0$&�IRUZDUGV�DOO�HUURU�IUHH�6ORZ�3URWRFRO�
SDFNHWV�WR�WKH�DSSOLFDWLRQ��7KH�0$&�FRQVLGHUV�VXFK�SDFNHWV�DV�
QRUPDO�7\SH�SDFNHWV� 
9DOXHV��  
�
E���6ORZ�3URWRFRO�'HWHFWLRQ�LV�GLVDEOHG 
�
E���6ORZ�3URWRFRO�'HWHFWLRQ�LV�HQDEOHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1952 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

'&5&& 
'LVDEOH�&5&�&KHFNLQJ�IRU�5HFHLYHG�3DFNHWV 
:KHQ�WKLV�ELW�LV�VHW��WKH�0$&�UHFHLYHU�GRHV�QRW�FKHFN�WKH�&5&�
ILHOG�LQ�WKH�UHFHLYHG�SDFNHWV��:KHQ�WKLV�ELW�LV�UHVHW��WKH�0$&�
UHFHLYHU�DOZD\V�FKHFNV�WKH�&5&�ILHOG�LQ�WKH�UHFHLYHG�SDFNHWV� 
9DOXHV��  
�
E���&5&�&KHFNLQJ�LV�HQDEOHG 
�
E���&5&�&KHFNLQJ�LV�GLVDEOHG 

����� 52 �[� UHVHUYHG 

���� 5: �[���� 

*36/ 
*LDQW�3DFNHW�6L]H�/LPLW 
,I�WKH�UHFHLYHG�SDFNHW�VL]H�LV�JUHDWHU�WKDQ�WKH�YDOXH�SURJUDPPHG�
LQ�WKLV�ILHOG�LQ�XQLWV�RI�E\WHV��WKH�0$&�GHFODUHV�WKH�UHFHLYHG�
SDFNHW�DV�*LDQW�SDFNHW��7KH�YDOXH�SURJUDPPHG�LQ�WKLV�ILHOG�PXVW�
EH�JUHDWHU�WKDQ�RU�HTXDO�WR�������E\WHV��$Q\�RWKHU�SURJUDPPHG�
YDOXH�LV�FRQVLGHUHG�DV�������E\WHV��)RU�9/$1�WDJJHG�SDFNHWV��WKH�
0$&�DGGV���E\WHV�WR�WKH�SURJUDPPHG�YDOXH��:KHQ�WKH�(QDEOH�
'RXEOH�9/$1�3URFHVVLQJ�RSWLRQ�LV�VHOHFWHG��WKH�0$&�DGGV���E\WHV�
WR�WKH�SURJUDPPHG�YDOXH�IRU�GRXEOH�9/$1�WDJJHG�SDFNHWV��7KH�
YDOXH�LQ�WKLV�ILHOG�LV�DSSOLFDEOH�ZKHQ�WKH�*36/&(�ELW�LV�VHW�LQ�
0$&B&RQILJXUDWLRQ�UHJLVWHU� 

 
*0$&B0$&B3DFNHWB)LOWHU�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 5: �[� 

97)( 
9/$1�7DJ�)LOWHU�(QDEOH 
:KHQ�WKLV�ELW�LV�VHW��WKH�0$&�GURSV�WKH�9/$1�WDJJHG�SDFNHWV�WKDW�
GR�QRW�PDWFK�WKH�9/$1�7DJ��:KHQ�WKLV�ELW�LV�UHVHW��WKH�0$&�
IRUZDUGV�DOO�SDFNHWV�LUUHVSHFWLYH�RI�WKH�PDWFK�VWDWXV�RI�WKH�9/$1�
7DJ� 
9DOXHV��  
�
E���9/$1�7DJ�)LOWHU�LV�GLVDEOHG 
�
E���9/$1�7DJ�)LOWHU�LV�HQDEOHG 

����� 52 �[�� UHVHUYHG 

�� 5: �[� 

+3) 
+DVK�RU�3HUIHFW�)LOWHU 
:KHQ�WKLV�ELW�LV�VHW��WKH�DGGUHVV�ILOWHU�SDVVHV�D�SDFNHW�LI�LW�
PDWFKHV�HLWKHU�WKH�SHUIHFW�ILOWHULQJ�RU�KDVK�ILOWHULQJ�DV�VHW�E\�WKH�
+0&�RU�+8&�ELW��:KHQ�WKLV�ELW�LV�UHVHW�DQG�WKH�+8&�RU�+0&�ELW�LV�
VHW��WKH�SDFNHW�LV�SDVVHG�RQO\�LI�LW�PDWFKHV�WKH�+DVK�ILOWHU� 
9DOXHV��  
�
E���+DVK�RU�3HUIHFW�)LOWHU�LV�GLVDEOHG 
�
E���+DVK�RU�3HUIHFW�)LOWHU�LV�HQDEOHG 

��� 52 �[� UHVHUYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1953 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

3&) 
3DVV�&RQWURO�3DFNHWV 
7KHVH�ELWV�FRQWURO�WKH�IRUZDUGLQJ�RI�DOO�FRQWURO�SDFNHWV��LQFOXGLQJ�
XQLFDVW�DQG�PXOWLFDVW�3DXVH�SDFNHWV�� 
9DOXHV��  
�
E����0$&�ILOWHUV�DOO�FRQWURO�SDFNHWV�IURP�UHDFKLQJ�WKH�
DSSOLFDWLRQ 
�
E����0$&�IRUZDUGV�DOO�FRQWURO�SDFNHWV�H[FHSW�3DXVH�SDFNHWV�WR�
WKH�DSSOLFDWLRQ�HYHQ�LI�WKH\�IDLO�WKH�$GGUHVV�ILOWHU 
�
E����0$&�IRUZDUGV�DOO�FRQWURO�SDFNHWV�WR�WKH�DSSOLFDWLRQ�HYHQ�LI�
WKH\�IDLO�WKH�$GGUHVV�ILOWHU 
�
E����0$&�IRUZDUGV�WKH�FRQWURO�SDFNHWV�WKDW�SDVV�WKH�$GGUHVV�
ILOWHU 

� 5: �[� 

'%) 
'LVDEOH�%URDGFDVW�3DFNHWV 
:KHQ�WKLV�ELW�LV�VHW��WKH�$)0�PRGXOH�EORFNV�DOO�LQFRPLQJ�
EURDGFDVW�SDFNHWV��,Q�DGGLWLRQ��LW�RYHUULGHV�DOO�RWKHU�ILOWHU�
VHWWLQJV��:KHQ�WKLV�ELW�LV�UHVHW��WKH�$)0�PRGXOH�SDVVHV�DOO�
UHFHLYHG�EURDGFDVW�SDFNHWV� 
9DOXHV��  
�
E���(QDEOH�%URDGFDVW�3DFNHWV 
�
E���'LVDEOH�%URDGFDVW�3DFNHWV 

� 5: �[� 

30 
3DVV�$OO�0XOWLFDVW 
:KHQ�WKLV�ELW�LV�VHW��LW�LQGLFDWHV�WKDW�DOO�UHFHLYHG�SDFNHWV�ZLWK�D�
PXOWLFDVW�GHVWLQDWLRQ�DGGUHVV��ILUVW�ELW�LQ�WKH�GHVWLQDWLRQ�DGGUHVV�
ILHOG�LV�
�
��DUH�SDVVHG��:KHQ�WKLV�ELW�LV�UHVHW��ILOWHULQJ�RI�PXOWLFDVW�
SDFNHW�GHSHQGV�RQ�+0&�ELW� 
9DOXHV��  
�
E���3DVV�$OO�0XOWLFDVW�LV�GLVDEOHG 
�
E���3DVV�$OO�0XOWLFDVW�LV�HQDEOHG 

� 5: �[� 

'$,) 
'$�,QYHUVH�)LOWHULQJ 
:KHQ�WKLV�ELW�LV�VHW��WKH�$GGUHVV�&KHFN�EORFN�RSHUDWHV�LQ�LQYHUVH�
ILOWHULQJ�PRGH�IRU�WKH�'$�DGGUHVV�FRPSDULVRQ�IRU�ERWK�XQLFDVW�
DQG�PXOWLFDVW�SDFNHWV��:KHQ�WKLV�ELW�LV�UHVHW��QRUPDO�ILOWHULQJ�RI�
SDFNHWV�LV�SHUIRUPHG� 
9DOXHV��  
�
E���'$�,QYHUVH�)LOWHULQJ�LV�GLVDEOHG 
�
E���'$�,QYHUVH�)LOWHULQJ�LV�HQDEOHG 

� 5: �[� 

+0& 
+DVK�0XOWLFDVW 
:KHQ�WKLV�ELW�LV�VHW��WKH�0$&�SHUIRUPV�WKH�GHVWLQDWLRQ�DGGUHVV�
ILOWHULQJ�RI�UHFHLYHG�PXOWLFDVW�SDFNHWV�DFFRUGLQJ�WR�WKH�KDVK�WDEOH��
:KHQ�WKLV�ELW�LV�UHVHW��WKH�0$&�SHUIRUPV�WKH�SHUIHFW�GHVWLQDWLRQ�
DGGUHVV�ILOWHULQJ�IRU�PXOWLFDVW�SDFNHWV��WKDW�LV��LW�FRPSDUHV�WKH�'$�
ILHOG�ZLWK�WKH�YDOXHV�SURJUDPPHG�LQ�'$�UHJLVWHUV� 
9DOXHV��  
�
E���+DVK�0XOWLFDVW�LV�GLVDEOHG 
�
E���+DVK�0XOWLFDVW�LV�HQDEOHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1954 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

+8& 
+DVK�8QLFDVW 
:KHQ�WKLV�ELW�LV�VHW��WKH�0$&�SHUIRUPV�WKH�GHVWLQDWLRQ�DGGUHVV�
ILOWHULQJ�RI�XQLFDVW�SDFNHWV�DFFRUGLQJ�WR�WKH�KDVK�WDEOH��:KHQ�WKLV�
ELW�LV�UHVHW��WKH�0$&�SHUIRUPV�D�SHUIHFW�GHVWLQDWLRQ�DGGUHVV�
ILOWHULQJ�IRU�XQLFDVW�SDFNHWV��WKDW�LV��LW�FRPSDUHV�WKH�'$�ILHOG�ZLWK�
WKH�YDOXHV�SURJUDPPHG�LQ�'$�UHJLVWHUV� 
9DOXHV��  
�
E���+DVK�8QLFDVW�LV�GLVDEOHG 
�
E���+DVK�8QLFDVW�LV�HQDEOHG 

� 5: �[� 

35 
3URPLVFXRXV�0RGH 
:KHQ�WKLV�ELW�LV�VHW��WKH�$GGUHVV�)LOWHULQJ�PRGXOH�SDVVHV�DOO�
LQFRPLQJ�SDFNHWV�LUUHVSHFWLYH�RI�WKH�GHVWLQDWLRQ�RU�VRXUFH�
DGGUHVV��7KH�6$�RU�'$�)LOWHU�)DLOV�VWDWXV�ELWV�RI�WKH�5[�6WDWXV�
:RUG�DUH�DOZD\V�FOHDUHG�ZKHQ�35�LV�VHW� 
9DOXHV��  
�
E���3URPLVFXRXV�0RGH�LV�GLVDEOHG 
�
E���3URPLVFXRXV�0RGH�LV�HQDEOHG 

 
*0$&B0$&B:DWFKGRJB7LPHRXW�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� 5: �[� 

3:( 
3URJUDPPDEOH�:DWFKGRJ�(QDEOH 
:KHQ�WKLV�ELW�LV�VHW�DQG�WKH�:'�ELW�RI�WKH�0$&B&RQILJXUDWLRQ�
UHJLVWHU�LV�UHVHW��WKH�:72�ILHOG�LV�XVHG�DV�ZDWFKGRJ�WLPHRXW�IRU�D�
UHFHLYHG�SDFNHW��:KHQ�WKLV�ELW�LV�FOHDUHG��WKH�ZDWFKGRJ�WLPHRXW�
IRU�D�UHFHLYHG�SDFNHW�LV�FRQWUROOHG�E\�VHWWLQJ�RI�:'�DQG�-(�ELWV�LQ�
0$&B&RQILJXUDWLRQ�UHJLVWHU� 
9DOXHV��  
�
E���3URJUDPPDEOH�:DWFKGRJ�LV�GLVDEOHG 
�
E���3URJUDPPDEOH�:DWFKGRJ�LV�HQDEOHG 

��� 52 �[� UHVHUYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1955 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

:72 
:DWFKGRJ�7LPHRXW 
:KHQ�WKH�3:(�ELW�LV�VHW�DQG�WKH�:'�ELW�RI�WKH�0$&B&RQILJXUDWLRQ�
UHJLVWHU�LV�UHVHW��WKLV�ILHOG�LV�XVHG�DV�ZDWFKGRJ�WLPHRXW�IRU�D�
UHFHLYHG�SDFNHW��,I�WKH�OHQJWK�RI�D�UHFHLYHG�SDFNHW�H[FHHGV�WKH�
YDOXH�RI�WKLV�ILHOG��VXFK�SDFNHW�LV�WHUPLQDWHG�DQG�GHFODUHG�DV�DQ�
HUURU�SDFNHW� 
1RWH��:KHQ�WKH�3:(�ELW�LV�VHW��WKH�YDOXH�LQ�WKLV�ILHOG�VKRXOG�EH�
PRUH�WKDQ���������[��)����2WKHUZLVH��WKH�,(((�������VSHFLILHG�
YDOLG�WDJJHG�SDFNHWV�DUH�GHFODUHG�DV�HUURU�SDFNHWV�DQG�WKHQ�
GURSSHG� 
9DOXHV��  
�
E��������.% 
�
E��������.% 
�
E��������.% 
�
E��������.% 
�
E��������.% 
�
E��������.% 
�
E��������.% 
�
E��������.% 
�
E���������.% 
�
E���������.% 
�
E���������.% 
�
E���������.% 
�
E���������.% 
�
E���������.% 
�
E������������%\WHV 
�
E������5HVHUYHG 

 
*0$&B0$&B+DVKB7DEOHB5HJ��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1956 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

+7��7� 
0$&�+DVK�7DEOH�)LUVW����%LWV 
7KLV�ILHOG�FRQWDLQV�WKH�ILUVW����%LWV�>����@�RI�WKH�+DVK�WDEOH��7KH�
+DVK�WDEOH�LV�XVHG�IRU�JURXS�DGGUHVV�ILOWHULQJ��)RU�KDVK�ILOWHULQJ��
WKH�FRQWHQW�RI�WKH�GHVWLQDWLRQ�DGGUHVV�LQ�WKH�LQFRPLQJ�SDFNHW�LV�
SDVVHG�WKURXJK�WKH�&5&�ORJLF�DQG�WKH�XSSHU�VL[��VHYHQ�LQ�����ELW�
+DVK�RU�HLJKW�LQ�����ELW�+DVK��ELWV�RI�WKH�&5&�UHJLVWHU�DUH�XVHG�
WR�LQGH[�WKH�FRQWHQW�RI�WKH�+DVK�WDEOH��7KH�PRVW�VLJQLILFDQW�ELWV�
GHWHUPLQHV�WKH�UHJLVWHU�WR�EH�XVHG��+DVK�7DEOH�5HJLVWHU�;���DQG�
WKH�OHDVW�VLJQLILFDQW�ILYH�ELWV�GHWHUPLQH�WKH�ELW�ZLWKLQ�WKH�UHJLVWHU��
)RU�H[DPSOH��D�KDVK�YDOXH�RI��
E��������LQ����ELW�+DVK��VHOHFWV�
%LW���RI�WKH�+DVK�7DEOH�5HJLVWHU����D�YDOXH�RI��E
���������LQ�����
ELW�+DVK��VHOHFWV�%LW����RI�WKH�+DVK�7DEOH�5HJLVWHU���DQG�D�YDOXH�
RI��E
����������LQ�����ELW�+DVK��VHOHFWV�%LW����RI�WKH�+DVK�7DEOH�
5HJLVWHU��� 
7KH�KDVK�YDOXH�RI�WKH�GHVWLQDWLRQ�DGGUHVV�LV�FDOFXODWHG�LQ�WKH�
IROORZLQJ�ZD\� 
���&DOFXODWH�WKH����ELW�&5&�IRU�WKH�'$��6HH�,(((��������6HFWLRQ�
������IRU�WKH�VWHSV�WR�FDOFXODWH�&5&���� 
���3HUIRUP�ELWZLVH�UHYHUVDO�IRU�WKH�YDOXH�REWDLQHG�LQ�6WHS��� 
���7DNH�WKH�XSSHU����RU���RU����ELWV�IURP�WKH�YDOXH�REWDLQHG�LQ�
6WHS����,I�WKH�FRUUHVSRQGLQJ�ELW�YDOXH�RI�WKH�UHJLVWHU�LV��
E���WKH�
SDFNHW�LV�DFFHSWHG��2WKHUZLVH��LW�LV�UHMHFWHG��,I�WKH�30�ELW�LV�VHW�LQ�
0$&B3DFNHWB)LOWHU��DOO�PXOWLFDVW�SDFNHWV�DUH�DFFHSWHG�UHJDUGOHVV�
RI�WKH�PXOWLFDVW�KDVK�YDOXHV� 
,I�WKH�+DVK�7DEOH�UHJLVWHU�LV�FRQILJXUHG�WR�EH�GRXEOH�V\QFKURQL]HG�
WR�WKH��*�0,,�FORFN�GRPDLQ��WKH�V\QFKURQL]DWLRQ�LV�WULJJHUHG�RQO\�
ZKHQ�%LWV>�����@��LQ�OLWWOH�HQGLDQ�PRGH��RU�%LWV>���@��LQ�ELJ�
HQGLDQ�PRGH��RI�WKH�+DVK�7DEOH�5HJLVWHU�;�UHJLVWHUV�DUH�ZULWWHQ�,I�
GRXEOH�V\QFKURQL]DWLRQ�LV�HQDEOHG��FRQVHFXWLYH�ZULWHV�WR�WKLV�
UHJLVWHU�VKRXOG�EH�SHUIRUPHG�DIWHU�DW�OHDVW�IRXU�FORFN�F\FOHV�LQ�WKH�
GHVWLQDWLRQ�FORFN�GRPDLQ� 

 
*0$&B0$&B+DVKB7DEOHB5HJ��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
+7��7�� 
0$&�+DVK�7DEOH�6HFRQG����%LWV 
7KLV�ILHOG�FRQWDLQV�WKH�VHFRQG����%LWV�>�����@�RI�WKH�+DVK�WDEOH� 

 
*0$&B0$&B9/$1B7DJ�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

�� 5: �[� 

(9/5;6 
(QDEOH�9/$1�7DJ�LQ�5[�VWDWXV 
:KHQ�WKLV�ELW�LV�VHW��0$&�SURYLGHV�WKH�RXWHU�9/$1�7DJ�LQ�WKH�5[�
VWDWXV��:KHQ�WKLV�ELW�LV�UHVHW��WKH�0$&�GRHV�QRW�SURYLGH�WKH�RXWHU�
9/$1�7DJ�LQ�5[�VWDWXV� 
9DOXHV��  
�
E���9/$1�7DJ�LQ�5[�VWDWXV�LV�GLVDEOHG 
�
E���9/$1�7DJ�LQ�5[�VWDWXV�LV�HQDEOHG 

�� 52 �[� UHVHUYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1957 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

(9/6 
(QDEOH�9/$1�7DJ�6WULSSLQJ�RQ�5HFHLYH 
7KLV�ILHOG�LQGLFDWHV�WKH�VWULSSLQJ�RSHUDWLRQ�RQ�WKH�RXWHU�9/$1�7DJ�
LQ�UHFHLYHG�SDFNHW� 
9DOXHV��  
�
E����'R�QRW�VWULS 
�
E����6WULS�LI�9/$1�ILOWHU�SDVVHV 
�
E����6WULS�LI�9/$1�ILOWHU�IDLOV 
�
E����$OZD\V�VWULS 

�� 5: �[� 

'29/7& 
'LVDEOH�9/$1�7\SH�&KHFN 
:KHQ�WKLV�ELW�LV�VHW��WKH�0$&�GRHV�QRW�FKHFN�ZKHWKHU�WKH�9/$1�
7DJ�VSHFLILHG�E\�WKH�(5,9/7�ELW�LV�RI�W\SH�6�9/$1�RU�&�9/$1��
:KHQ�WKLV�ELW�LV�UHVHW��WKH�0$&�ILOWHUV�RU�PDWFKHV�WKH�9/$1�7DJ�
VSHFLILHG�E\�WKH�(5,9/7�ELW�RQO\�ZKHQ�9/$1�7DJ�W\SH�LV�VLPLODU�WR�
WKH�RQH�VSHFLILHG�E\�WKH�(569/0�ELW� 
9DOXHV��  
�
E���9/$1�7\SH�&KHFN�LV�HQDEOHG 
�
E���9/$1�7\SH�&KHFN�LV�GLVDEOHG 

�� 5: �[� 

(569/0 
(QDEOH�5HFHLYH�6�9/$1�0DWFK 
:KHQ�WKLV�ELW�LV�VHW��WKH�0$&�UHFHLYHU�HQDEOHV�ILOWHULQJ�RU�
PDWFKLQJ�IRU�6�9/$1��7\SH� ��[��$���SDFNHWV��:KHQ�WKLV�ELW�LV�
UHVHW��WKH�0$&�UHFHLYHU�HQDEOHV�ILOWHULQJ�RU�PDWFKLQJ�IRU�&�9/$1�
�7\SH� ��[������SDFNHWV��7KH�(5,9/7�ELW�GHWHUPLQHV�WKH�9/$1�
WDJ�SRVLWLRQ�FRQVLGHUHG�IRU�ILOWHULQJ�RU�PDWFKLQJ� 
9DOXHV��  
�
E���5HFHLYH�6�9/$1�0DWFK�LV�GLVDEOHG 
�
E���5HFHLYH�6�9/$1�0DWFK�LV�HQDEOHG 

�� 5: �[� 

(69/ 
(QDEOH�6�9/$1 
:KHQ�WKLV�ELW�LV�VHW��WKH�0$&�WUDQVPLWWHU�DQG�UHFHLYHU�FRQVLGHU�
WKH�6�9/$1�SDFNHWV��7\SH� ��[��$���DV�YDOLG�9/$1�WDJJHG�
SDFNHWV� 
9DOXHV��  
�
E���6�9/$1�LV�GLVDEOHG 
�
E���6�9/$1�LV�HQDEOHG 

�� 5: �[� 

97,0 
9/$1�7DJ�,QYHUVH�0DWFK�(QDEOH 
:KHQ�WKLV�ELW�LV�VHW��WKLV�ELW�HQDEOHV�WKH�9/$1�7DJ�LQYHUVH�
PDWFKLQJ��7KH�SDFNHWV�ZLWKRXW�PDWFKLQJ�9/$1�7DJ�DUH�PDUNHG�DV�
PDWFKHG��:KHQ�UHVHW��WKLV�ELW�HQDEOHV�WKH�9/$1�7DJ�SHUIHFW�
PDWFKLQJ��7KH�SDFNHWV�ZLWK�PDWFKHG�9/$1�7DJ�DUH�PDUNHG�DV�
PDWFKHG� 
9DOXHV��  
�
E���9/$1�7DJ�,QYHUVH�0DWFK�LV�GLVDEOHG 
�
E���9/$1�7DJ�,QYHUVH�0DWFK�LV�HQDEOHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1958 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

(79 
(QDEOH����%LW�9/$1�7DJ�&RPSDULVRQ 
:KHQ�WKLV�ELW�LV�VHW��D����ELW�9/$1�LGHQWLILHU�LV�XVHG�IRU�
FRPSDULQJ�DQG�ILOWHULQJ�LQVWHDG�RI�WKH�FRPSOHWH����ELW�9/$1�WDJ��
%LWV>����@�RI�9/$1�WDJ�DUH�FRPSDUHG�ZLWK�WKH�FRUUHVSRQGLQJ�ILHOG�
LQ�WKH�UHFHLYHG�9/$1�WDJJHG�SDFNHW��6LPLODUO\��ZKHQ�HQDEOHG��
RQO\����ELWV�RI�WKH�9/$1�WDJ�LQ�WKH�UHFHLYHG�SDFNHW�DUH�XVHG�IRU�
KDVK�EDVHG�9/$1�ILOWHULQJ��:KHQ�WKLV�ELW�LV�UHVHW��DOO����ELWV�RI�
WKH���WK�DQG���WK�E\WHV�RI�WKH�UHFHLYHG�9/$1�SDFNHW�DUH�XVHG�IRU�
FRPSDULVRQ�DQG�9/$1�KDVK�ILOWHULQJ� 
9DOXHV��  
�
E������%LW�9/$1�7DJ�&RPSDULVRQ�LV�GLVDEOHG 
�
E������%LW�9/$1�7DJ�&RPSDULVRQ�LV�HQDEOHG 

���� 5: �[���� 

9/ 
9/$1�7DJ�,GHQWLILHU�IRU�5HFHLYH�3DFNHWV 
7KLV�ILHOG�FRQWDLQV�WKH������4�9/$1�WDJ�WR�LGHQWLI\�WKH�9/$1�
SDFNHWV��7KLV�9/$1�WDJ�LGHQWLILHU�LV�FRPSDUHG�WR�WKH���WK�DQG�
��WK�E\WHV�RI�WKH�SDFNHWV�EHLQJ�UHFHLYHG�IRU�9/$1�SDFNHWV��  
7KH�IROORZLQJ�OLVW�GHVFULEHV�WKH�ELWV�RI�WKLV�ILHOG� 
���%LWV>�����@��8VHU�3ULRULW\ 
���%LW�����&DQRQLFDO�)RUPDW�,QGLFDWRU��&),��RU�'URS�(OLJLEOH�
,QGLFDWRU��'(,� 
���%LWV>����@��9/$1�,GHQWLILHU��9,'��ILHOG�RI�9/$1�WDJ 
:KHQ�WKH�(79�ELW�LV�VHW��RQO\�WKH�9,'�LV�XVHG�IRU�FRPSDULVRQ��,I�
WKLV�ILHOG��>����@�LI�(79�LV�VHW��LV�DOO�]HURV��WKH�0$&�GRHV�QRW�
FKHFN�WKH���WK�DQG���WK�E\WHV�IRU�9/$1�WDJ�FRPSDULVRQ�DQG�
GHFODUHV�DOO�SDFNHWV�ZLWK�7\SH�ILHOG�YDOXH�RI��[�����RU��[��D��DV�
9/$1�SDFNHWV� 

 
*0$&B0$&B4�B7[B)ORZB&WUO�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 

37 
3DXVH�7LPH 
7KLV�ILHOG�KROGV�WKH�YDOXH�WR�EH�XVHG�LQ�WKH�3DXVH�7LPH�ILHOG�LQ�WKH�
7[�FRQWURO�SDFNHW��,I�WKH�3DXVH�7LPH�ELWV�DUH�FRQILJXUHG�WR�EH�
GRXEOH�V\QFKURQL]HG�WR�WKH��*�0,,�FORFN�GRPDLQ��FRQVHFXWLYH�
ZULWHV�WR�WKLV�UHJLVWHU�VKRXOG�EH�SHUIRUPHG�RQO\�DIWHU�DW�OHDVW�IRXU�
FORFN�F\FOHV�LQ�WKH�GHVWLQDWLRQ�FORFN�GRPDLQ� 

���� 52 �[�� UHVHUYHG 

� 5: �[� 

'=34 
'LVDEOH�=HUR�4XDQWD�3DXVH 
:KHQ�WKLV�ELW�LV�VHW��LW�GLVDEOHV�WKH�DXWRPDWLF�JHQHUDWLRQ�RI�WKH�
]HUR�TXDQWD�3DXVH�SDFNHWV�RQ�GH�DVVHUWLRQ�RI�WKH�IORZ�FRQWURO�
VLJQDO�IURP�WKH�),)2�OD\HU��07/�RU�H[WHUQDO�VLGHEDQG�IORZ�FRQWURO�
VLJQDO�VEGBIORZFWUOBL�RU�PWLBIORZFWUOBL�� 
:KHQ�WKLV�ELW�LV�UHVHW��QRUPDO�RSHUDWLRQ�ZLWK�DXWRPDWLF�]HUR�
TXDQWD�3DXVH�SDFNHW�JHQHUDWLRQ�LV�HQDEOHG� 
9DOXHV��  
�
E���=HUR�4XDQWD�3DXVH�SDFNHW�JHQHUDWLRQ�LV�HQDEOHG 
�
E���=HUR�4XDQWD�3DXVH�SDFNHW�JHQHUDWLRQ�LV�GLVDEOHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1959 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

3/7 
3DXVH�/RZ�7KUHVKROG 
7KLV�ILHOG�FRQILJXUHV�WKH�WKUHVKROG�RI�WKH�3DXVH�WLPHU�DW�ZKLFK�WKH�
LQSXW�IORZ�FRQWURO�VLJQDO�PWLBIORZFWUOBL��RU�VEGBIORZFWUOBL��LV�
FKHFNHG�IRU�DXWRPDWLF�UHWUDQVPLVVLRQ�RI�WKH�3DXVH�SDFNHW��7KH�
WKUHVKROG�YDOXHV�VKRXOG�EH�DOZD\V�OHVV�WKDQ�WKH�3DXVH�7LPH�
FRQILJXUHG�LQ�%LWV>�����@��)RU�H[DPSOH��LI�37� ����+������  
VORW�WLPHV���DQG�3/7� ������D�VHFRQG�3DXVH�SDFNHW�LV�
DXWRPDWLFDOO\�WUDQVPLWWHG�LI�WKH�PWLBIORZFWUOBL�VLJQDO�LV�DVVHUWHG�
DW��������������VORW�WLPHV�DIWHU�WKH�ILUVW�3DXVH�SDFNHW�LV�
WUDQVPLWWHG� 
7KH�IROORZLQJ�OLVW�SURYLGHV�WKH�WKUHVKROG�YDOXHV�IRU�GLIIHUHQW�
YDOXHV��7KH�VORW�WLPH�LV�GHILQHG�DV�WKH�WLPH�WDNHQ�WR�WUDQVPLW�����
ELWV�����E\WHV��RQ�WKH�*0,,�RU�0,,�LQWHUIDFH��7KLV��DSSUR[LPDWH��
FRPSXWDWLRQ�LV�EDVHG�RQ�WKH�SDFNHW�VL]H������������������������
�������RU������������3DXVH�3DFNHW�6L]H���,3*�LQ�6ORW�7LPHV� 
9DOXHV��  
�
E�����3DXVH�7LPH�PLQXV���6ORW�7LPHV��37����VORW�WLPHV� 
�
E�����3DXVH�7LPH�PLQXV����6ORW�7LPHV��37�����VORW�WLPHV� 
�
E�����3DXVH�7LPH�PLQXV����6ORW�7LPHV��37�����VORW�WLPHV� 
�
E�����3DXVH�7LPH�PLQXV�����6ORW�7LPHV��37������VORW�WLPHV� 
�
E�����3DXVH�7LPH�PLQXV�����6ORW�7LPHV��37������VORW�WLPHV� 
�
E�����3DXVH�7LPH�PLQXV�����6ORW�7LPHV��37������VORW�WLPHV� 
�
E�����5HVHUYHG 

��� 52 �[� UHVHUYHG 

� 5: �[� 

7)( 
7UDQVPLW�)ORZ�&RQWURO�(QDEOH 
)XOO�'XSOH[�0RGH� 
,Q�WKH�IXOO�GXSOH[�PRGH��ZKHQ�WKLV�ELW�LV�VHW��WKH�0$&�HQDEOHV�WKH�
IORZ�FRQWURO�RSHUDWLRQ�WR�7[�3DXVH�SDFNHWV��:KHQ�WKLV�ELW�LV�UHVHW��
WKH�IORZ�FRQWURO�RSHUDWLRQ�LQ�WKH�0$&�LV�GLVDEOHG��DQG�WKH�0$&�
GRHV�QRW�WUDQVPLW�DQ\�3DXVH�SDFNHWV� 
+DOI�'XSOH[�0RGH� 
,Q�WKH�KDOI�GXSOH[�PRGH��ZKHQ�WKLV�ELW�LV�VHW��WKH�0$&�HQDEOHV�
WKH�EDFNSUHVVXUH�RSHUDWLRQ��:KHQ�WKLV�ELW�LV�UHVHW��WKH�
EDFNSUHVVXUH�IHDWXUH�LV�GLVDEOHG� 
9DOXHV��  
�
E���7UDQVPLW�)ORZ�&RQWURO�LV�GLVDEOHG 
�
E���7UDQVPLW�)ORZ�&RQWURO�LV�HQDEOHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1960 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

)&%B%3$ 
)ORZ�&RQWURO�%XV\�RU�%DFNSUHVVXUH�$FWLYDWH 
7KLV�ELW�LQLWLDWHV�D�3DXVH�SDFNHW�LQ�WKH�IXOO�GXSOH[�PRGH�DQG�
DFWLYDWHV�WKH�EDFNSUHVVXUH�IXQFWLRQ�LQ�WKH�KDOI�GXSOH[�PRGH�LI�WKH�
7)(�ELW�LV�VHW��  
)XOO�'XSOH[�0RGH��  
,Q�WKH�IXOO�GXSOH[�PRGH��WKLV�ELW�VKRXOG�EH�UHDG�DV��
E��EHIRUH�
ZULWLQJ�WR�WKLV�UHJLVWHU��7R�LQLWLDWH�D�3DXVH�SDFNHW��WKH�DSSOLFDWLRQ�
PXVW�VHW�WKLV�ELW�WR��
E���'XULQJ�&RQWURO�SDFNHW�WUDQVIHU��WKLV�ELW�
FRQWLQXHV�WR�EH�VHW�WR�LQGLFDWH�WKDW�D�SDFNHW�WUDQVPLVVLRQ�LV�LQ�
SURJUHVV��:KHQ�3DXVH�SDFNHW�WUDQVPLVVLRQ�LV�FRPSOHWH��WKH�0$&�
UHVHWV�WKLV�ELW�WR��
E���<RX�VKRXOG�QRW�ZULWH�WR�WKLV�UHJLVWHU�XQWLO�
WKLV�ELW�LV�FOHDUHG� 
+DOI�'XSOH[�0RGH� 
:KHQ�WKLV�ELW�LV�VHW��DQG�7)(�ELW�LV�VHW��LQ�WKH�KDOI�GXSOH[�PRGH��
WKH�0$&�DVVHUWV�WKH�EDFNSUHVVXUH��'XULQJ�EDFNSUHVVXUH��ZKHQ�
WKH�0$&�UHFHLYHV�D�QHZ�SDFNHW��WKH�WUDQVPLWWHU�VWDUWV�VHQGLQJ�D�
-$0�SDWWHUQ�UHVXOWLQJ�LQ�D�FROOLVLRQ��7KLV�FRQWURO�UHJLVWHU�ELW�LV�
ORJLFDOO\�25HG�ZLWK�WKH�PWLBIORZFWUOBL�LQSXW�VLJQDO�IRU�WKH�
EDFNSUHVVXUH�IXQFWLRQ��:KHQ�WKH�0$&�LV�FRQILJXUHG�IRU�WKH�IXOO�
GXSOH[�PRGH��WKH�%3$�LV�DXWRPDWLFDOO\�GLVDEOHG��$FFHVV�UHVWULFWLRQ�
DSSOLHV��6HWWLQJ���VHWV��6HOI�FOHDUHG��6HWWLQJ���KDV�QR�HIIHFW� 
9DOXHV��  
�
E���)ORZ�&RQWURO�%XV\�RU�%DFNSUHVVXUH�$FWLBYDWH�LV�GLVDEOHG 
�
E���)ORZ�&RQWURO�%XV\�RU�%DFNSUHVVXUH�$FWLBYDWH�LV�HQDEOHG 

 
*0$&B0$&B5[B)ORZB&WUO�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 

83 
8QLFDVW�3DXVH�3DFNHW�'HWHFW 
$�SDXVH�SDFNHW�LV�SURFHVVHG�ZKHQ�LW�KDV�WKH�XQLTXH�PXOWLFDVW�
DGGUHVV�VSHFLILHG�LQ�WKH�,(((��������:KHQ�WKLV�ELW�LV�VHW��WKH�0$&�
FDQ�DOVR�GHWHFW�3DXVH�SDFNHWV�ZLWK�XQLFDVW�DGGUHVV�RI�WKH�VWDWLRQ��
7KLV�XQLFDVW�DGGUHVV�VKRXOG�EH�DV�VSHFLILHG�LQ�
0$&B$GGUHVV�B+LJK�DQG�0$&B$GGUHVV�B/RZ��:KHQ�WKLV�ELW�LV�
UHVHW��WKH�0$&�RQO\�GHWHFWV�3DXVH�SDFNHWV�ZLWK�XQLTXH�PXOWLFDVW�
DGGUHVV� 
1RWH��7KH�0$&�GRHV�QRW�SURFHVV�D�3DXVH�SDFNHW�LI�WKH�PXOWLFDVW�
DGGUHVV�LV�GLIIHUHQW�IURP�WKH�XQLTXH�PXOWLFDVW�DGGUHVV��7KLV�LV�
DOVR�DSSOLFDEOH�WR�WKH�UHFHLYHG�3)&�SDFNHW�ZKHQ�WKH�3ULRULW\�)ORZ�
&RQWURO��3)&��LV�HQDEOHG��7KH�XQLTXH�PXOWLFDVW�DGGUHVV�
��[��B��B&�B��B��B����LV�DV�VSHFLILHG�LQ�,(((�������4EE������ 
9DOXHV��  
�
E���8QLFDVW�3DXVH�3DFNHW�'HWHFW�GLVDEOHG 
�
E���8QLFDVW�3DXVH�3DFNHW�'HWHFW�HQDEOHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1961 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

5)( 
5HFHLYH�)ORZ�&RQWURO�(QDEOH 
:KHQ�WKLV�ELW�LV�VHW�DQG�WKH�0$&�LV�RSHUDWLQJ�LQ�IXOO�GXSOH[�PRGH��
WKH�0$&�GHFRGHV�WKH�UHFHLYHG�3DXVH�SDFNHW�DQG�GLVDEOHV�LWV�
WUDQVPLWWHU�IRU�D�VSHFLILHG��3DXVH��WLPH��:KHQ�WKLV�ELW�LV�UHVHW�RU�
WKH�0$&�LV�RSHUDWLQJ�LQ�KDOI�GXSOH[�PRGH��WKH�GHFRGH�IXQFWLRQ�RI�
WKH�3DXVH�SDFNHW�LV�GLVDEOHG��:KHQ�3)&�LV�HQDEOHG��IORZ�FRQWURO�LV�
HQDEOHG�IRU�3)&�SDFNHWV��7KH�0$&�GHFRGHV�WKH�UHFHLYHG�3)&�
SDFNHW�DQG�GLVDEOHV�WKH�7UDQVPLW�TXHXH��ZLWK�PDWFKLQJ�SULRULWLHV��
IRU�D�GXUDWLRQ�RI�UHFHLYHG�3DXVH�WLPH� 
9DOXHV��  
�
E���5HFHLYH�)ORZ�&RQWURO�LV�GLVDEOHG 
�
E���5HFHLYH�)ORZ�&RQWURO�LV�HQDEOHG 

 
*0$&B0$&B,QWHUUXSWB6WDWXV�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 52 �[� 

0',2,6 
0',2�,QWHUUXSW�6WDWXV 
7KLV�ELW�LQGLFDWHV�DQ�LQWHUUXSW�HYHQW�DIWHU�WKH�FRPSOHWLRQ�RI�0',2�
RSHUDWLRQ��7R�UHVHW�WKLV�ELW��WKH�DSSOLFDWLRQ�KDV�WR�UHDG�WKLV�
ELW�:ULWH���WR�WKLV�ELW�ZKHQ�5&:(�ELW�RI�0$&B&65B6:B&WUO�
UHJLVWHU�LV�VHW��$FFHVV�UHVWULFWLRQ�DSSOLHV��&OHDUV�RQ�UHDG��RU�ZULWH�
RI���ZKHQ�5&:(�ELW�LQ�0$&B&65B6:B&WUO�UHJLVWHU�LV�VHW���6HOI�
VHW�WR���RQ�LQWHUQDO�HYHQW� 
9DOXHV��  
�
E���0',2�,QWHUUXSW�VWDWXV�QRW�DFWLYH 
�
E���0',2�,QWHUUXSW�VWDWXV�DFWLYH 

����� 52 �[� UHVHUYHG 

�� 52 �[� 

5;676,6 
5HFHLYH�6WDWXV�,QWHUUXSW 
7KLV�ELW�LQGLFDWHV�WKH�VWDWXV�RI�UHFHLYHG�SDFNHWV��7KLV�ELW�LV�VHW�
ZKHQ�WKH�5:7�ELW�LV�VHW�LQ�WKH�0$&B5[B7[B6WDWXV�UHJLVWHU��7KLV�
ELW�LV�FOHDUHG�ZKHQ�WKH�FRUUHVSRQGLQJ�LQWHUUXSW�VRXUFH�ELW�LV�UHDG�
�RU�FRUUHVSRQGLQJ�LQWHUUXSW�VRXUFH�ELW�LV�ZULWWHQ�WR���ZKHQ�5&:(�
ELW�RI�0$&B&65B6:B&WUO�UHJLVWHU�LV�VHW��LQ�WKH�
0$&B5[B7[B6WDWXV�UHJLVWHU� 
9DOXHV��  
�
E���5HFHLYH�,QWHUUXSW�VWDWXV�QRW�DFWLYH 
�
E���5HFHLYH�,QWHUUXSW�VWDWXV�DFWLYH 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1962 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 52 �[� 

7;676,6 
7UDQVPLW�6WDWXV�,QWHUUXSW 
7KLV�ELW�LQGLFDWHV�WKH�VWDWXV�RI�WUDQVPLWWHG�SDFNHWV��7KLV�ELW�LV�VHW�
ZKHQ�DQ\�RI�WKH�IROORZLQJ�ELWV�LV�VHW�LQ�WKH�0$&B5[B7[B6WDWXV�
UHJLVWHU� 
���([FHVVLYH�&ROOLVLRQ��(;&2/� 
���/DWH�&ROOLVLRQ��/&2/� 
���([FHVVLYH�'HIHUUDO��(;'()� 
���/RVV�RI�&DUULHU��/&$55� 
���1R�&DUULHU��1&$55� 
���-DEEHU�7LPHRXW��7-7� 
7KLV�ELW�LV�FOHDUHG�ZKHQ�WKH�FRUUHVSRQGLQJ�LQWHUUXSW�VRXUFH�ELW�LV�
UHDG��RU�FRUUHVSRQGLQJ�LQWHUUXSW�VRXUFH�ELW�LV�ZULWWHQ�WR���ZKHQ�
5&:(�ELW�RI�0$&B&65B6:B&WUO�UHJLVWHU�LV�VHW��LQ�WKH�
0$&B5[B7[B6WDWXV�UHJLVWHU� 
9DOXHV��  
�
E���7UDQVPLW�,QWHUUXSW�VWDWXV�QRW�DFWLYH 
�
E���7UDQVPLW�,QWHUUXSW�VWDWXV�DFWLYH 

�� 52 �[� 

76,6 
7LPHVWDPS�,QWHUUXSW�6WDWXV 
,I�WKH�7LPHVWDPS�IHDWXUH�LV�HQDEOHG��WKLV�ELW�LV�VHW�ZKHQ�DQ\�RI�
WKH�IROORZLQJ�FRQGLWLRQV�LV�WUXH� 
���7KH�V\VWHP�WLPH�YDOXH�LV�HTXDO�WR�RU�H[FHHGV�WKH�YDOXH�
VSHFLILHG�LQ�WKH�7DUJHW�7LPH�+LJK�DQG�/RZ�UHJLVWHUV� 
���7KHUH�LV�DQ�RYHUIORZ�LQ�WKH�6HFRQGV�UHJLVWHU� 
���7KH�7DUJHW�7LPH�(UURU�RFFXUUHG��WKDW�LV��SURJUDPPHG�WDUJHW�
WLPH�DOUHDG\�HODSVHG� 
,I�WKH�$X[LOLDU\�6QDSVKRW�IHDWXUH�LV�HQDEOHG��WKLV�ELW�LV�VHW�ZKHQ�
WKH�DX[LOLDU\�VQDSVKRW�WULJJHU�LV�DVVHUWHG��,Q�FRQILJXUDWLRQV�RWKHU�
WKDQ�(426B&25(��ZKHQ�GURS�WUDQVPLW�VWDWXV�LV�HQDEOHG�LQ�07/��
WKLV�ELW�LV�VHW�ZKHQ�WKH�FDSWXUHG�WUDQVPLW�WLPHVWDPS�LV�XSGDWHG�LQ�
WKH�0$&B7[B7LPHVWDPSB6WDWXVB1DQRVHFRQGV�DQG�
0DFB7[7LPHVWDPSB6WDWXVB6HFRQGV�UHJLVWHUV��:KHQ�373�RIIORDG�
IHDWXUH�LV�HQDEOHG��WKLV�ELW�LV�VHW�ZKHQ�WKH�FDSWXUHG�WUDQVPLW�
WLPHVWDPS�LV�XSGDWHG�LQ�WKH�
0$&B7[B7LPHVWDPSB6WDWXVB1DQRVHFRQGV�DQG�
0$&B7[B7LPHVWDPSB6WDWXVB6HFRQGV�UHJLVWHUV��IRU�372�
JHQHUDWHG�'HOD\�5HTXHVW�DQG�3GHOD\�UHTXHVW�SDFNHWV��7KLV�ELW�LV�
FOHDUHG�ZKHQ�WKH�FRUUHVSRQGLQJ�LQWHUUXSW�VRXUFH�ELW�LV�UHDG��RU�
FRUUHVSRQGLQJ�LQWHUUXSW�VRXUFH�ELW�LV�ZULWWHQ�WR���ZKHQ�5&:(�ELW�
RI�0$&B&65B6:B&WUO�UHJLVWHU�LV�VHW��LQ�WKH�
0$&B7LPHVWDPSB6WDWXV�UHJLVWHU� 
9DOXHV��  
�
E���7LPHVWDPS�,QWHUUXSW�VWDWXV�QRW�DFWLYH 
�
E���7LPHVWDPS�,QWHUUXSW�VWDWXV�DFWLYH 

�� 52 �[� 

00&5;,3,6 
00&�5HFHLYH�&KHFNVXP�2IIORDG�,QWHUUXSW�6WDWXV 
7KLV�ELW�LV�VHW�KLJK�ZKHQ�DQ�LQWHUUXSW�LV�JHQHUDWHG�LQ�WKH�00&�
5HFHLYH�&KHFNVXP�2IIORDG�,QWHUUXSW�5HJLVWHU��7KLV�ELW�LV�FOHDUHG�
ZKHQ�DOO�ELWV�LQ�WKLV�LQWHUUXSW�UHJLVWHU�DUH�FOHDUHG��7KLV�ELW�LV�YDOLG�
RQO\�ZKHQ�\RX�VHOHFW�WKH�(QDEOH�0$&�0DQDJHPHQW�&RXQWHUV�
�00&��DQG�(QDEOH�5HFHLYH�7&3�,3�&KHFNVXP�&KHFN�RSWLRQV� 
9DOXHV��  
�
E���00&�5HFHLYH�&KHFNVXP�2IIORDG�,QWHUBUXSW�VWDWXV�QRW�DFWLYH 
�
E���00&�5HFHLYH�&KHFNVXP�2IIORDG�,QWHUUXSW�VWDWXV�DFWLYH 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1963 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 52 �[� 

00&7;,6 
00&�7UDQVPLW�,QWHUUXSW�6WDWXV 
7KLV�ELW�LV�VHW�KLJK�ZKHQ�DQ�LQWHUUXSW�LV�JHQHUDWHG�LQ�WKH�00&�
7UDQVPLW�,QWHUUXSW�5HJLVWHU��7KLV�ELW�LV�FOHDUHG�ZKHQ�DOO�ELWV�LQ�WKLV�
LQWHUUXSW�UHJLVWHU�DUH�FOHDUHG��7KLV�ELW�LV�YDOLG�RQO\�ZKHQ�\RX�
VHOHFW�WKH�(QDEOH�0$&�0DQDJHPHQW�&RXQWHUV��00&��RSWLRQ� 
9DOXHV��  
�
E���00&�7UDQVPLW�,QWHUUXSW�VWDWXV�QRW�DFWLYH 
�
E���00&�7UDQVPLW�,QWHUUXSW�VWDWXV�DFWLYH 

� 52 �[� 

00&5;,6 
00&�5HFHLYH�,QWHUUXSW�6WDWXV 
7KLV�ELW�LV�VHW�KLJK�ZKHQ�DQ�LQWHUUXSW�LV�JHQHUDWHG�LQ�WKH�00&�
5HFHLYH�,QWHUUXSW�5HJLVWHU��7KLV�ELW�LV�FOHDUHG�ZKHQ�DOO�ELWV�LQ�WKLV�
LQWHUUXSW�UHJLVWHU�DUH�FOHDUHG��7KLV�ELW�LV�YDOLG�RQO\�ZKHQ�\RX�
VHOHFW�WKH�(QDEOH�0$&�0DQDJHPHQW�&RXQWHUV��00&��RSWLRQ� 
9DOXHV��  
�
E���00&�5HFHLYH�,QWHUUXSW�VWDWXV�QRW�DFWLYH 
�
E���00&�5HFHLYH�,QWHUUXSW�VWDWXV�DFWLYH 

� 52 �[� 

00&,6 
00&�,QWHUUXSW�6WDWXV 
7KLV�ELW�LV�VHW�KLJK�ZKHQ�%LW�����%LW�����RU�%LW���LV�VHW�KLJK��7KLV�
ELW�LV�FOHDUHG�RQO\�ZKHQ�DOO�WKHVH�ELWV�DUH�ORZ��7KLV�ELW�LV�YDOLG�
RQO\�ZKHQ�\RX�VHOHFW�WKH�(QDEOH�0$&�0DQDJHPHQW�&RXQWHUV�
�00&��RSWLRQ� 
9DOXHV��  
�
E���00&�,QWHUUXSW�VWDWXV�QRW�DFWLYH 
�
E���00&�,QWHUUXSW�VWDWXV�DFWLYH 

��� 52 �[� UHVHUYHG 

� 52 �[� 

/3,,6 
/3,�,QWHUUXSW�6WDWXV 
:KHQ�WKH�(QHUJ\�(IILFLHQW�(WKHUQHW�IHDWXUH�LV�HQDEOHG��WKLV�ELW�LV�
VHW�IRU�DQ\�/3,�VWDWH�HQWU\�RU�H[LW�LQ�WKH�0$&�7UDQVPLWWHU�RU�
5HFHLYHU��7KLV�ELW�LV�FOHDUHG�ZKHQ�WKH�FRUUHVSRQGLQJ�LQWHUUXSW�
VRXUFH�ELW�RI�0$&B/3,B&RQWUROB6WDWXV�UHJLVWHU�LV�UHDG��RU�
FRUUHVSRQGLQJ�LQWHUUXSW�VRXUFH�ELW�RI�0$&B/3,B&RQWUROB6WDWXV�
UHJLVWHU�LV�ZULWWHQ�WR���ZKHQ�5&:(�ELW�RI�0$&B&65B6:B&WUO�
UHJLVWHU�LV�VHW�� 
9DOXHV��  
�
E���/3,�,QWHUUXSW�VWDWXV�QRW�DFWLYH 
�
E���/3,�,QWHUUXSW�VWDWXV�DFWLYH 

� 52 �[� 

307,6 
307�,QWHUUXSW�6WDWXV 
7KLV�ELW�LV�VHW�ZKHQ�D�0DJLF�SDFNHW�RU�:DNH�RQ�/$1�SDFNHW�LV�
UHFHLYHG�LQ�WKH�SRZHU�GRZQ�PRGH��5:.35&9'�DQG�0*.35&9'�
ELWV�LQ�0$&B307B&RQWUROB6WDWXV�UHJLVWHU���7KLV�ELW�LV�FOHDUHG�
ZKHQ�FRUUHVSRQGLQJ�LQWHUUXSW�VRXUFH�ELW�DUH�FOHDUHG�EHFDXVH�RI�D�
5HDG�RSHUDWLRQ�WR�WKH�0$&B307B&RQWUROB6WDWXV�UHJLVWHU��RU�
FRUUHVSRQGLQJ�LQWHUUXSW�VRXUFH�ELW�RI�0$&B307B&RQWUROB6WDWXV�
UHJLVWHU�LV�ZULWWHQ�WR���ZKHQ�5&:(�ELW�RI�0$&B&65B6:B&WUO�
UHJLVWHU�LV�VHW�� 
7KLV�ELW�LV�YDOLG�RQO\�ZKHQ�\RX�VHOHFW�WKH�(QDEOH�3RZHU�
0DQDJHPHQW�RSWLRQ� 
9DOXHV��  
�
E���307�,QWHUUXSW�VWDWXV�QRW�DFWLYH 
�
E���307�,QWHUUXSW�VWDWXV�DFWLYH 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1964 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 52 �[� 

3+<,6 
3+<�,QWHUUXSW 
7KLV�ELW�LV�VHW�ZKHQ�ULVLQJ�HGJH�LV�GHWHFWHG�RQ�WKH�SK\BLQWUBL�
LQSXW��7KLV�ELW�LV�FOHDUHG�ZKHQ�WKLV�UHJLVWHU�LV�UHDG��RU�WKLV�ELW�LV�
ZULWWHQ�WR���ZKHQ�5&:(�ELW�RI�0$&B&65B6:B&WUO�UHJLVWHU�LV�VHW�� 
9DOXHV��  
�
E���3+<�,QWHUUXSW�QRW�GHWHFWHG 
�
E���3+<�,QWHUUXSW�GHWHFWHG 

��� 52 �[� UHVHUYHG 

� 52 �[� 

5*60,,,6 
5*0,,�RU�60,,�,QWHUUXSW�6WDWXV 
7KLV�ELW�LV�VHW�EHFDXVH�RI�DQ\�FKDQJH�LQ�YDOXH�RI�WKH�/LQN�6WDWXV�
RI�5*0,,�RU�60,,�LQWHUIDFH��/1.676�ELW�LQ�
0$&B3+<,)B&RQWUROB6WDWXV�UHJLVWHU���7KLV�ELW�LV�FOHDUHG�ZKHQ�WKH�
0$&B3+<,)B&RQWUROB6WDWXV�UHJLVWHU�LV�UHDG��RU�/1.676�ELW�RI�
0$&B3+<,)B&RQWUROB6WDWXV�UHJLVWHU�LV�ZULWWHQ�WR���ZKHQ�5&:(�
ELW�RI�0$&B&65B6:B&WUO�UHJLVWHU�LV�VHW���7KLV�ELW�LV�YDOLG�RQO\�
ZKHQ�\RX�VHOHFW�WKH�RSWLRQDO�5*0,,�RU�60,,�3+<�LQWHUIDFH� 
9DOXHV��  
�
E���5*0,,�RU�60,,�,QWHUUXSW�6WDWXV�LV�QRW�DFWLYH 
�
E���5*0,,�RU�60,,�,QWHUUXSW�6WDWXV�LV�DFWLYH 

 
*0$&B0$&B,QWHUUXSWB(QDEOH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 5: �[� 

0',2,( 
0',2�,QWHUUXSW�(QDEOH 
:KHQ�WKLV�ELW�LV�VHW��LW�HQDEOHV�WKH�DVVHUWLRQ�RI�WKH�LQWHUUXSW�ZKHQ�
0',2,6�ILHOG�LV�VHW�LQ�WKH�0$&B,QWHUUXSWB6WDWXV�UHJLVWHU� 
9DOXHV��  
�
E���0',2�,QWHUUXSW�LV�GLVDEOHG 
�
E���0',2�,QWHUUXSW�LV�HQDEOHG 

����� 52 �[� UHVHUYHG 

�� 5: �[� 

5;676,( 
5HFHLYH�6WDWXV�,QWHUUXSW�(QDEOH 
:KHQ�WKLV�ELW�LV�VHW��LW�HQDEOHV�WKH�DVVHUWLRQ�RI�WKH�LQWHUUXSW�
VLJQDO�EHFDXVH�RI�WKH�VHWWLQJ�RI�5;676,6�ELW�LQ�WKH�
0$&B,QWHUUXSWB6WDWXV�UHJLVWHU� 
9DOXHV��  
�
E���5HFHLYH�6WDWXV�,QWHUUXSW�LV�GLVDEOHG 
�
E���5HFHLYH�6WDWXV�,QWHUUXSW�LV�HQDEOHG 

�� 5: �[� 

7;676,( 
7UDQVPLW�6WDWXV�,QWHUUXSW�(QDEOH 
:KHQ�WKLV�ELW�LV�VHW��LW�HQDEOHV�WKH�DVVHUWLRQ�RI�WKH�LQWHUUXSW�
VLJQDO�EHFDXVH�RI�WKH�VHWWLQJ�RI�7;676,6�ELW�LQ�WKH�
0$&B,QWHUUXSWB6WDWXV�UHJLVWHU� 
9DOXHV��  
�
E���7LPHVWDPS�6WDWXV�,QWHUUXSW�LV�GLVDEOHG 
�
E���7LPHVWDPS�6WDWXV�,QWHUUXSW�LV�HQDEOHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1965 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

76,( 
7LPHVWDPS�,QWHUUXSW�(QDEOH 
:KHQ�WKLV�ELW�LV�VHW��LW�HQDEOHV�WKH�DVVHUWLRQ�RI�WKH�LQWHUUXSW�
VLJQDO�EHFDXVH�RI�WKH�VHWWLQJ�RI�76,6�ELW�LQ�0$&B,QWHUUXSWB6WDWXV�
UHJLVWHU� 
9DOXHV��  
�
E���7LPHVWDPS�,QWHUUXSW�LV�GLVDEOHG 
�
E���7LPHVWDPS�,QWHUUXSW�LV�HQDEOHG 

���� 52 �[�� UHVHUYHG 

� 5: �[� 

/3,,( 
/3,�,QWHUUXSW�(QDEOH 
:KHQ�WKLV�ELW�LV�VHW��LW�HQDEOHV�WKH�DVVHUWLRQ�RI�WKH�LQWHUUXSW�
VLJQDO�EHFDXVH�RI�WKH�VHWWLQJ�RI�/3,,6�ELW�LQ�0$&B,QWHUUXSWB6WDWXV�
UHJLVWHU� 
9DOXHV��  
�
E���/3,�,QWHUUXSW�LV�GLVDEOHG 
�
E���/3,�,QWHUUXSW�LV�HQDEOHG 

� 5: �[� 

307,( 
307�,QWHUUXSW�(QDEOH 
:KHQ�WKLV�ELW�LV�VHW��LW�HQDEOHV�WKH�DVVHUWLRQ�RI�WKH�LQWHUUXSW�
VLJQDO�EHFDXVH�RI�WKH�VHWWLQJ�RI�307,6�ELW�LQ�
0$&B,QWHUUXSWB6WDWXV�UHJLVWHU� 
9DOXHV��  
�
E���307�,QWHUUXSW�LV�GLVDEOHG 
�
E���307�,QWHUUXSW�LV�HQDEOHG 

� 5: �[� 

3+<,( 
3+<�,QWHUUXSW�(QDEOH 
:KHQ�WKLV�ELW�LV�VHW��LW�HQDEOHV�WKH�DVVHUWLRQ�RI�WKH�LQWHUUXSW�
VLJQDO�EHFDXVH�RI�WKH�VHWWLQJ�RI�3+<,6�ELW�LQ�
0$&B,QWHUUXSWB6WDWXV�UHJLVWHU� 
9DOXHV��  
�
E���3+<�,QWHUUXSW�LV�GLVDEOHG 
�
E���3+<�,QWHUUXSW�LV�HQDEOHG 

��� 52 �[� UHVHUYHG 

� 5: �[� 

5*60,,,( 
5*0,,�RU�60,,�,QWHUUXSW�(QDEOH 
:KHQ�WKLV�ELW�LV�VHW��LW�HQDEOHV�WKH�DVVHUWLRQ�RI�WKH�LQWHUUXSW�
VLJQDO�EHFDXVH�RI�WKH�VHWWLQJ�RI�5*60,,,6�ELW�LQ�
0$&B,QWHUUXSWB6WDWXV�UHJLVWHU� 
9DOXHV��  
�
E���5*0,,�RU�60,,�,QWHUUXSW�LV�GLVDEOHG 
�
E���5*0,,�RU�60,,�,QWHUUXSW�LV�HQDEOHG 

 
*0$&B0$&B5[B7[B6WDWXV�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1966 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 52 �[� 

5:7 
5HFHLYH�:DWFKGRJ�7LPHRXW 
7KLV�ELW�LV�VHW�ZKHQ�D�SDFNHW�ZLWK�OHQJWK�JUHDWHU�WKDQ�������E\WHV�
LV�UHFHLYHG����������E\WHV�ZKHQ�-XPER�3DFNHW�PRGH�LV�HQDEOHG��
DQG�WKH�:'�ELW�LV�UHVHW�LQ�WKH�0$&B&RQILJXUDWLRQ�UHJLVWHU��7KLV�ELW�
LV�VHW�ZKHQ�D�SDFNHW�ZLWK�OHQJWK�JUHDWHU�WKDQ��������E\WHV�LV�
UHFHLYHG�DQG�WKH�:'�ELW�LV�VHW�LQ�WKH�0$&B&RQILJXUDWLRQ�UHJLVWHU� 
$FFHVV�UHVWULFWLRQ�DSSOLHV��&OHDUV�RQ�UHDG��RU�ZULWH�RI���ZKHQ�
5&:(�ELW�LQ�0$&B&65B6:B&WUO�UHJLVWHU�LV�VHW���6HOI�VHW�WR���RQ�
LQWHUQDO�HYHQW� 
9DOXHV��  
�
E���1R�UHFHLYH�ZDWFKGRJ�WLPHRXW 
�
E���5HFHLYH�ZDWFKGRJ�WLPHG�RXW 

��� 52 �[� UHVHUYHG 

� 52 �[� 

(;&2/ 
([FHVVLYH�&ROOLVLRQV 
:KHQ�WKH�'7;676�ELW�LV�VHW�LQ�WKH�07/B2SHUDWLRQB0RGH�UHJLVWHU��
WKLV�ELW�LQGLFDWHV�WKDW�WKH�WUDQVPLVVLRQ�DERUWHG�DIWHU����
VXFFHVVLYH�FROOLVLRQV�ZKLOH�DWWHPSWLQJ�WR�WUDQVPLW�WKH�FXUUHQW�
SDFNHW��,I�WKH�'5�ELW�LV�VHW�LQ�WKH�0$&B&RQILJXUDWLRQ�UHJLVWHU��WKLV�
ELW�LV�VHW�DIWHU�WKH�ILUVW�FROOLVLRQ�DQG�WKH�SDFNHW�WUDQVPLVVLRQ�LV�
DERUWHG� 
$FFHVV�UHVWULFWLRQ�DSSOLHV��&OHDUV�RQ�UHDG��RU�ZULWH�RI���ZKHQ�
5&:(�ELW�LQ�0$&B&65B6:B&WUO�UHJLVWHU�LV�VHW���6HOI�VHW�WR���RQ�
LQWHUQDO�HYHQW� 
9DOXHV��  
�
E���1R�FROOLVLRQ 
�
E���([FHVVLYH�FROOLVLRQ�LV�VHQVHG 

� 52 �[� 

/&2/ 
/DWH�&ROOLVLRQ 
:KHQ�WKH�'7;676�ELW�LV�VHW�LQ�WKH�07/B2SHUDWLRQB0RGH�UHJLVWHU��
WKLV�ELW�LQGLFDWHV�WKDW�WKH�SDFNHW�WUDQVPLVVLRQ�DERUWHG�EHFDXVH�D�
FROOLVLRQ�RFFXUUHG�DIWHU�WKH�FROOLVLRQ�ZLQGRZ�����E\WHV�LQFOXGLQJ�
3UHDPEOH�LQ�0,,�PRGH������E\WHV�LQFOXGLQJ�3UHDPEOH�DQG�&DUULHU�
([WHQVLRQ�LQ�*0,,�PRGH���7KLV�ELW�LV�QRW�YDOLG�LI�WKH�8QGHUIORZ�
HUURU�RFFXUV� 
$FFHVV�UHVWULFWLRQ�DSSOLHV��&OHDUV�RQ�UHDG��RU�ZULWH�RI���ZKHQ�
5&:(�ELW�LQ�0$&B&65B6:B&WUO�UHJLVWHU�LV�VHW���6HOI�VHW�WR���RQ�
LQWHUQDO�HYHQW� 
9DOXHV��  
�
E���1R�FROOLVLRQ 
�
E���/DWH�FROOLVLRQ�LV�VHQVHG 

� 52 �[� 

(;'() 
([FHVVLYH�'HIHUUDO 
:KHQ�WKH�'7;676�ELW�LV�VHW�LQ�WKH�07/B2SHUDWLRQB0RGH�UHJLVWHU�
DQG�WKH�'&�ELW�LV�VHW�LQ�WKH�0$&B&RQILJXUDWLRQ�UHJLVWHU��WKLV�ELW�
LQGLFDWHV�WKDW�WKH�WUDQVPLVVLRQ�HQGHG�EHFDXVH�RI�H[FHVVLYH�
GHIHUUDO�RI�RYHU��������ELW�WLPHV����������LQ�����������0ESV�
PRGH�RU�ZKHQ�-XPER�SDFNHW�LV�HQDEOHG�� 
$FFHVV�UHVWULFWLRQ�DSSOLHV��&OHDUV�RQ�UHDG��RU�ZULWH�RI���ZKHQ�
5&:(�ELW�LQ�0$&B&65B6:B&WUO�UHJLVWHU�LV�VHW���6HOI�VHW�WR���RQ�
LQWHUQDO�HYHQW� 
9DOXHV��  
�
E���1R�([FHVVLYH�GHIHUUDO 
�
E���([FHVVLYH�GHIHUUDO 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1967 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 52 �[� 

/&$55 
/RVV�RI�&DUULHU 
:KHQ�WKH�'7;676�ELW�LV�VHW�LQ�WKH�07/B2SHUDWLRQB0RGH�UHJLVWHU��
WKLV�ELW�LQGLFDWHV�WKDW�WKH�ORVV�RI�FDUULHU�RFFXUUHG�GXULQJ�SDFNHW�
WUDQVPLVVLRQ��WKDW�LV��WKH�SK\BFUVBL�VLJQDO�ZDV�LQDFWLYH�IRU�RQH�RU�
PRUH�WUDQVPLVVLRQ�FORFN�SHULRGV�GXULQJ�SDFNHW�WUDQVPLVVLRQ��7KLV�
ELW�LV�YDOLG�RQO\�IRU�SDFNHWV�WUDQVPLWWHG�ZLWKRXW�FROOLVLRQ� 
$FFHVV�UHVWULFWLRQ�DSSOLHV��&OHDUV�RQ�UHDG��RU�ZULWH�RI���ZKHQ�
5&:(�ELW�LQ�0$&B&65B6:B&WUO�UHJLVWHU�LV�VHW���6HOI�VHW�WR���RQ�
LQWHUQDO�HYHQW� 
9DOXHV��  
�
E���&DUULHU�LV�SUHVHQW 
�
E���/RVV�RI�FDUULHU 

� 52 �[� 

1&$55 
1R�&DUULHU 
:KHQ�WKH�'7;676�ELW�LV�VHW�LQ�WKH�07/B2SHUDWLRQB0RGH�UHJLVWHU��
WKLV�ELW�LQGLFDWHV�WKDW�WKH�FDUULHU�VLJQDO�IURP�WKH�3+<�LV�QRW�
SUHVHQW�DW�WKH�HQG�RI�SUHDPEOH�WUDQVPLVVLRQ� 
$FFHVV�UHVWULFWLRQ�DSSOLHV��&OHDUV�RQ�UHDG��RU�ZULWH�RI���ZKHQ�
5&:(�ELW�LQ�0$&B&65B6:B&WUO�UHJLVWHU�LV�VHW���6HOI�VHW�WR���RQ�
LQWHUQDO�HYHQW� 
9DOXHV��  
�
E���&DUULHU�LV�SUHVHQW 
�
E���1R�FDUULHU 

� 52 �[� 

7-7 
7UDQVPLW�-DEEHU�7LPHRXW 
7KLV�ELW�LQGLFDWHV�WKDW�WKH�7UDQVPLW�-DEEHU�7LPHU�H[SLUHG�ZKLFK�
KDSSHQV�ZKHQ�WKH�SDFNHW�VL]H�H[FHHGV�������E\WHV���������E\WHV�
ZKHQ�WKH�-XPER�SDFNHW�LV�HQDEOHG��DQG�-'�ELW�LV�UHVHW�LQ�WKH�
0$&B&RQILJXUDWLRQ�UHJLVWHU��7KLV�ELW�LV�VHW�ZKHQ�WKH�SDFNHW�VL]H�
H[FHHGV��������E\WHV�DQG�WKH�-'�ELW�LV�VHW�LQ�WKH�
0$&B&RQILJXUDWLRQ�UHJLVWHU��  
$FFHVV�UHVWULFWLRQ�DSSOLHV��&OHDUV�RQ�UHDG��RU�ZULWH�RI���ZKHQ�
5&:(�ELW�LQ�0$&B&65B6:B&WUO�UHJLVWHU�LV�VHW���6HOI�VHW�WR���RQ�
LQWHUQDO�HYHQW� 
9DOXHV��  
�
E���1R�7UDQVPLW�-DEEHU�7LPHRXW 
�
E���7UDQVPLW�-DEEHU�7LPHRXW�RFFXUU 

 
*0$&B0$&B307B&RQWUROB6WDWXV�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

5:.),/7567 
5HPRWH�:DNH�8S�3DFNHW�)LOWHU�5HJLVWHU�3RLQWHU�5HVHW 
:KHQ�WKLV�ELW�LV�VHW��WKH�UHPRWH�ZDNH�XS�SDFNHW�ILOWHU�UHJLVWHU�
SRLQWHU�LV�UHVHW�WR��
E�����,W�LV�DXWRPDWLFDOO\�FOHDUHG�DIWHU���FORFN�
F\FOH� 
$FFHVV�UHVWULFWLRQ�DSSOLHV��6HWWLQJ���VHWV��6HOI�FOHDUHG��6HWWLQJ���
KDV�QR�HIIHFW� 
9DOXHV��  
�
E���5HPRWH�:DNH�8S�3DFNHW�)LOWHU�5HJLVWHU�3RLQWHU�LV�QRW�5HVHW 
�
E���5HPRWH�:DNH�8S�3DFNHW�)LOWHU�5HJLVWHU�3RLQWHU�LV�5HVHW 

����� 52 �[� UHVHUYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1968 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� 

5:.375 
5HPRWH�:DNH�XS�),)2�3RLQWHU 
7KLV�ILHOG�JLYHV�WKH�FXUUHQW�YDOXH����WR��������RU����ZKHQ�������RU�
���5HPRWH�:DNH�XS�3DFNHW�)LOWHUV�DUH�VHOHFWHG��RI�WKH�5HPRWH�
:DNH�XS�3DFNHW�)LOWHU�UHJLVWHU�SRLQWHU��:KHQ�WKH�YDOXH�RI�WKLV�
SRLQWHU�LV�HTXDO�WR�PD[LPXP�IRU�WKH�VHOHFWHG�QXPEHU�RI�5HPRWH�
:DNH�XS�3DFNHW�)LOWHUV��WKH�FRQWHQWV�RI�WKH�5HPRWH�:DNH�XS�
3DFNHW�)LOWHU�5HJLVWHU�DUH�WUDQVIHUUHG�WR�WKH�FONBU[BL�GRPDLQ�ZKHQ�
D�:ULWH�RFFXUV�WR�WKDW�UHJLVWHU� 

����� 52 �[���� UHVHUYHG 

�� 5: �[� 

5:.3)( 
5HPRWH�:DNH�XS�3DFNHW�)RUZDUGLQJ�(QDEOH�  
:KHQ�WKLV�ELW�LV�VHW�DORQJ�ZLWK�5:.3.7(1��WKH�0$&�UHFHLYHU�
GURSV�DOO�UHFHLYHG�IUDPHV�XQWLO�LW�UHFHLYHV�WKH�H[SHFWHG�:DNH�XS�
IUDPH��$OO�IUDPHV�DIWHU�WKDW�HYHQW�LQFOXGLQJ�WKH�UHFHLYHG�ZDNH�XS�
IUDPH�DUH�IRUZDUGHG�WR�DSSOLFDWLRQ��7KLV�ELW�LV�WKHQ�VHOI�FOHDUHG�RQ�
UHFHLYLQJ�WKH�ZDNH�XS�SDFNHW��7KH�DSSOLFDWLRQ�FDQ�DOVR�FOHDU�WKLV�
ELW�EHIRUH�WKH�H[SHFWHG�ZDNH�XS�IUDPH�LV�UHFHLYHG��,Q�VXFK�FDVHV��
WKH�0$&�UHYHUWV�WR�WKH�GHIDXOW�EHKDYLRU�ZKHUH�SDFNHWV�UHFHLYHG�
DUH�IRUZDUGHG�WR�WKH�DSSOLFDWLRQ��7KLV�ELW�PXVW�RQO\�EH�VHW�ZKHQ�
5:.3.7(1�LV�VHW�KLJK�DQG�3:5':1�LV�VHW�ORZ��7KH�VHWWLQJ�RI�
WKLV�ELW�KDV�QR�HIIHFW�ZKHQ�3:5':1�LV�VHW�KLJK� 
1RWH��,I�0DJLF�3DFNHW�(QDEOH�DQG�:DNH�8S�)UDPH�(QDEOH�DUH�ERWK�
VHW�DORQJ�ZLWK�VHWWLQJ�RI�WKLV�ELW�DQG�0DJLF�3DFNHW�LV�UHFHLYHG�
SULRU�WR�ZDNH�XS�IUDPH��WKLV�ELW�LV�VHOI�FOHDUHG�RQ�UHFHLYLQJ�0DJLF�
3DFNHW��WKH�UHFHLYHG�0DJLF�SDFNHW�LV�GURSSHG��DQG�DOO�IUDPHV�DIWHU�
UHFHLYHG�0DJLF�3DFNHW�DUH�IRUZDUGHG�WR�DSSOLFDWLRQ� 
$FFHVV�UHVWULFWLRQ�DSSOLHV��6HWWLQJ���VHWV��6HOI�FOHDUHG��6HWWLQJ���
KDV�QR�HIIHFW� 
9DOXHV��  
�
E���5HPRWH�:DNH�XS�3DFNHW�)RUZDUGLQJ�LV�GLVDEOHG 
�
E���5HPRWH�:DNH�XS�3DFNHW�)RUZDUGLQJ�LV�HQDEOHG 

� 5: �[� 

*/%/8&$67 
*OREDO�8QLFDVW 
:KHQ�WKLV�ELW�VHW��DQ\�XQLFDVW�SDFNHW�ILOWHUHG�E\�WKH�0$&��'$)��
DGGUHVV�UHFRJQLWLRQ�LV�GHWHFWHG�DV�D�UHPRWH�ZDNH�XS�SDFNHW� 
9DOXHV��  
�
E���*OREDO�XQLFDVW�LV�GLVDEOHG 
�
E���*OREDO�XQLFDVW�LV�HQDEOHG 

��� 52 �[� UHVHUYHG 

� 52 �[� 

5:.35&9' 
5HPRWH�:DNH�8S�3DFNHW�5HFHLYHG 
:KHQ�WKLV�ELW�LV�VHW��LW�LQGLFDWHV�WKDW�WKH�SRZHU�PDQDJHPHQW�
HYHQW�LV�JHQHUDWHG�EHFDXVH�RI�WKH�UHFHSWLRQ�RI�D�UHPRWH�ZDNH�XS�
SDFNHW��7KLV�ELW�LV�FOHDUHG�ZKHQ�WKLV�UHJLVWHU�LV�UHDG� 
$FFHVV�UHVWULFWLRQ�DSSOLHV��&OHDUV�RQ�UHDG��RU�ZULWH�RI���ZKHQ�
5&:(�ELW�LQ�0$&B&65B6:B&WUO�UHJLVWHU�LV�VHW���6HOI�VHW�WR���RQ�
LQWHUQDO�HYHQW� 
9DOXHV��  
�
E���5HPRWH�ZDNH�XS�SDFNHW�LV�UHFHLYHG 
�
E���5HPRWH�ZDNH�XS�SDFNHW�LV�UHFHLYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1969 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 52 �[� 

0*.35&9' 
0DJLF�3DFNHW�5HFHLYHG 
:KHQ�WKLV�ELW�LV�VHW��LW�LQGLFDWHV�WKDW�WKH�SRZHU�PDQDJHPHQW�
HYHQW�LV�JHQHUDWHG�EHFDXVH�RI�WKH�UHFHSWLRQ�RI�D�PDJLF�SDFNHW��
7KLV�ELW�LV�FOHDUHG�ZKHQ�WKLV�UHJLVWHU�LV�UHDG� 
$FFHVV�UHVWULFWLRQ�DSSOLHV��&OHDUV�RQ�UHDG��RU�ZULWH�RI���ZKHQ�
5&:(�ELW�LQ�0$&B&65B6:B&WUO�UHJLVWHU�LV�VHW���6HOI�VHW�WR���RQ�
LQWHUQDO�HYHQW� 
9DOXHV��  
�
E���1R�0DJLF�SDFNHW�LV�UHFHLYHG 
�
E���0DJLF�SDFNHW�LV�UHFHLYHG 

��� 52 �[� UHVHUYHG 

� 5: �[� 

5:.3.7(1 
5HPRWH�:DNH�8S�3DFNHW�(QDEOH 
:KHQ�WKLV�ELW�LV�VHW��D�SRZHU�PDQDJHPHQW�HYHQW�LV�JHQHUDWHG�
ZKHQ�WKH�0$&�UHFHLYHV�D�UHPRWH�ZDNH�XS�SDFNHW� 
9DOXHV��  
�
E���5HPRWH�ZDNH�XS�SDFNHW�LV�GLVDEOHG 
�
E���5HPRWH�ZDNH�XS�SDFNHW�LV�HQDEOHG 

� 5: �[� 

0*.3.7(1 
0DJLF�3DFNHW�(QDEOH 
:KHQ�WKLV�ELW�LV�VHW��D�SRZHU�PDQDJHPHQW�HYHQW�LV�JHQHUDWHG�
ZKHQ�WKH�0$&�UHFHLYHV�D�PDJLF�SDFNHW� 
9DOXHV��  
�
E���0DJLF�3DFNHW�LV�GLVDEOHG 
�
E���0DJLF�3DFNHW�LV�HQDEOHG 

� 5: �[� 

3:5':1 
3RZHU�'RZQ 
:KHQ�WKLV�ELW�LV�VHW��WKH�0$&�UHFHLYHU�GURSV�DOO�UHFHLYHG�SDFNHWV�
XQWLO�LW�UHFHLYHV�WKH�H[SHFWHG�PDJLF�SDFNHW�RU�UHPRWH�ZDNH�XS�
SDFNHW��7KLV�ELW�LV�WKHQ�VHOI�FOHDUHG�DQG�WKH�SRZHU�GRZQ�PRGH�LV�
GLVDEOHG��7KH�VRIWZDUH�FDQ�FOHDU�WKLV�ELW�EHIRUH�WKH�H[SHFWHG�
PDJLF�SDFNHW�RU�UHPRWH�ZDNH�XS�SDFNHW�LV�UHFHLYHG��7KH�SDFNHWV�
UHFHLYHG�E\�WKH�0$&�DIWHU�WKLV�ELW�LV�FOHDUHG�DUH�IRUZDUGHG�WR�WKH�
DSSOLFDWLRQ��7KLV�ELW�PXVW�RQO\�EH�VHW�ZKHQ�WKH�0DJLF�3DFNHW�
(QDEOH��*OREDO�8QLFDVW��RU�5HPRWH�:DNH�8S�3DFNHW�(QDEOH�ELW�LV�
VHW�KLJK� 
1RWH��<RX�FDQ�JDWH�RII�WKH�&65�FORFN�GXULQJ�WKH�SRZHU�GRZQ�
PRGH��+RZHYHU��ZKHQ�WKH�&65�FORFN�LV�JDWHG�RII��\RX�FDQQRW�
SHUIRUP�DQ\�UHDG�RU�ZULWH�RSHUDWLRQV�RQ�WKLV�UHJLVWHU��7KHUHIRUH��
WKH�6RIWZDUH�FDQQRW�FOHDU�WKLV�ELW��$FFHVV�UHVWULFWLRQ�DSSOLHV��
6HWWLQJ���VHWV��6HOI�FOHDUHG��6HWWLQJ���KDV�QR�HIIHFW� 
9DOXHV��  
�
E���3RZHU�GRZQ�LV�GLVDEOHG 
�
E���3RZHU�GRZQ�LV�HQDEOHG 

 
*0$&B0$&B5:.B3DFNHWB)LOWHU�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1970 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

:.83)50)75 
5:.�3DFNHW�)LOWHU 
7KLV�ILHOG�FRQWDLQV�WKH�YDULRXV�FRQWUROV�RI�5:.�3DFNHW�ILOWHU��:KHQ�
WKH�5HPRWH�:DNHXS�)LOWHUV�DUH�WR�EH�SURJUDPPHG��WKH�HQWLUH�VHW�
RI�ZNXSSNWILOWHUBUHJ�UHJLVWHUV�PXVW�EH�ZULWWHQ��7KH�
ZNXSSNWILOWHUBUHJ�UHJLVWHU�LV�SURJUDPPHG�E\�VHTXHQWLDOO\�ZULWLQJ�
WKH�HLJKW��VL[WHHQ�RU� � WKLUW\�WZR�UHJLVWHU�YDOXHV�LQ�
0$&B5:.B3DFNHWB)LOWHU�UHJLVWHU�IRU�ZNXSSNWILOWHUBUHJ���
ZNXSSNWILOBWHUBUHJ��������ZNXSSNWILOWHUBUHJ���UHVSHFWLYHO\��7KH�
ZNXSSNWILOWHUBUHJ�UHJLVWHU�LV�UHDG�LQ�D�VLPLODU�ZD\��  
7KH�0$&�XSGDWHV�WKH�ZNXSSNWILOWHUBUHJ�UHJLVWHU�FXUUHQW�SRLQWHU�
YDOXH�LQ�5:.375�ILHOG�RI�0$&B3B07B&RQWUROB6WDWXV�UHJLVWHU� 
7KH�5HPRWH�:DNHXS�)LOWHUV�DUH�DUUDQJHG�LQ�EORFNV�RI���ILOWHUV�
HDFK�DQG�HDFK�VXFK�EORFN�KDYH�HLJKW����ELW�ZLGH�UHJLVWHUV��YL]��
ZNXSSNWILOWHUBUHJ�����ZNXSSNWILOWHUBUHJ������
ZNXSSNWILOWHUBUHJ������DQG�ZNXSSNWILOWHUBUHJ�������7KH�ILHOGV�RI�
5HPRWH�:DNHXS�)LOWHU�DUH�GHVFULEHG�DV�IROORZV� 
)LOWHU�L�&RPPDQG��7KH���ELW�ILOWHU�L�FRPPDQG�FRQWUROV�WKH�ILOWHU�L�
RSHUDWLRQ� 
���%LW���VSHFLILHV�WKH�DGGUHVV�W\SH��GHILQLQJ�WKH�GHVWLQDWLRQ�
DGGUHVV�W\SH�RI�WKH�SDWWHUQ��:KHQ�WKH�ELW�LV�VHW��WKH�SDWWHUQ�
DSSOLHV�WR�RQO\�PXOWLFDVW�SDFNHWV��ZKHQ�WKH�ELW�LV�UHVHW��WKH�
SDWWHUQ�DSSOLHV�RQO\�WR�XQLFDVW�SDFNHW� 
���%LW����,QYHUVH�0RGH���ZKHQ�VHW��UHYHUVHV�WKH�ORJLF�RI�WKH�
&5&���KDVK�IXQFWLRQ�VLJQDO��WR�UHMHFW�D�SDFNHW�ZLWK�PDWFKLQJ�
&5&����YDOXH��%LW����DORQJ�ZLWK�%LW����DOORZV�D�0$&�WR�UHMHFW�D�
VXEVHW�RI�UHPRWH�ZDNH�XS�SDFNHWV�E\�FUHDWLQJ�ILOWHU�ORJLF�VXFK�DV�
�3DWWHUQ���$1'�127�3DWWHUQ���� 
���%LW����$QGB3UHYLRXV��LPSOHPHQWV�WKH�%RROHDQ�ORJLF��:KHQ�VHW��
WKH�UHVXOW�RI�WKH�FXUUHQW�HQWU\�LV�ORJLFDOO\�$1'HG�ZLWK�WKH�UHVXOW�RI�
WKH�SUHYLRXV�ILOWHU��7KLV�$1'�ORJLF�DOORZV�D�ILOWHU�SDWWHUQ�ORQJHU�
WKDQ����E\WHV�E\�VSOLWWLQJ�WKH�PDVN�DPRQJ�WZR��WKUHH��RU�IRXU�
ILOWHUV��7KLV�GHSHQGV�RQ�WKH�QXPEHU�RI�ILOWHUV�WKDW�KDYH�WKH�
$QGB3UHYLRXV�ELW�VHW��7KH�GHWDLOV�DUH�SURYLGHG�EHORZ� 
����7KH�$QGB3UHYLRXV�ELW�VHWWLQJ�LV�DSSOLFDEOH�ZLWKLQ�D�VHW�RI���
ILOWHUV� 
����6HWWLQJ�RI�$QGB3UHYLRXV�ELW�RI�ILOWHU�WKDW�LV�QRW�HQDEOHG�KDV�QR�
HIIHFW��WKDW�LV�VHWWLQJ�$QGB3UHBYLRXV�ELW�RI�ORZHVW�QXPEHU�ILOWHU�LQ�
WKH�VHW�RI���ILOWHUV�KDV�QR�HIIHFW��)RU�H[DPSOH��VHWWLQJ�RI�
$QGB3UHYLRXV�ELW�RI�)LOWHU���KDV�QR�HIIHFW� 
����,I�$QGB3UHYLRXV�ELW�LV�VHW�IRU�ILOWHU�WR�IRUP�$1'�FKDLQHG�ILOWHU��
WKH�$1'�FKDLQ�EUHDNV�DW�WKH�SRLQW�DQ\�ILOWHU�LV�QRW�HQDEOHG��)RU�
H[DPSOH��,I�)LOWHU���$QGB3UHYLRXV�ELW�LV�VHW��ELW���LQ�)LOWHU���
FRPPDQG�LV�VHW��EXW�)LOWHU���LV�QRW�HQDEOHG��ELW���LQ�)LOWHU���
FRPPDQG�LV�UHVHW���WKHQ�RQO\�)LOWHU���UHVXOW�LV�FRQVLGHUHG��,I�)LOWHU�
��$QGB3UHYLRXV�ELW�LV�VHW��ELW���LQ�)LOWHU���FRPPDQG�LV�VHW���)LOWHU�
��$QGB3UHYLRXV�ELW�LV�VHW��ELW���LQ�)LOWHU���FRPPDQG�LV�VHW���EXW�
)LOWHU���LV�QRW�HQDEOHG��ELW���LQ�)LOWHU���FRPPDQG�LV�UHVHW���WKHQ�
RQO\�)LOWHU���UHVXOW�$1'HG�ZLWK�)LOWHU���UHVXOW�LV�FRQVLGHUHG��,I�
)LOWHU���$QGB3UHYLRXV�ELW�LV�VHW��ELW���LQ�)LOWHU���FRPPDQG�LV�VHW���
)LOWHU���$QGB3UHYLRXV�ELW�LV�VHW��ELW���LQ�)LOWHU���FRPPDQG�LV�VHW���
EXW�)LOWHU���LV�QRW�HQDEOHG��ELW���LQ�)LOWHU���FRPPDQG�LV�UHVHW���
WKHQ�VLQFH�VHWWLQJ�RI�)LOWHU���$QGB3UHYLRXV�ELW�KDV�QR�HIIHFW�RQO\�
)LOWHU���UHVXOW�25HG�ZLWK�)LOWHU���UHVXOW�LV�FRQVLGHUHG� 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1971 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

:.83)50)75�FRQW�� 
����,I�ILOWHUV�FKDLQHG�E\�$QGB3UHYLRXV�ELW�VHWWLQJ�KDYH�
FRPSOHPHQWDU\�SURJUDPPLQJ��WKHQ�D�IUDPH�PD\�QHYHU�SDVV�WKH�
$1'�FKDLQHG�ILOWHU��)RU�H[DPSOH��LI�)LOWHU���$QGB3UHYLRXV�ELW�LV�VHW�
�ELW���LQ�)LOWHU���FRPPDQG�LV�VHW���)LOWHU���$GGUHVVB7\SH�ELW�LV�VHW�
�ELW���LQ�)LOWHU���FRPPDQG�LV�VHW��LQGLFDWLQJ�PXOWLFDVW�GHWHFWLRQ�
DQG�)LOWHU���$GGUHVVB7\SH�ELW�LV�UHVHW��ELW���LQ�)LOWHU���FRPPDQG�
LV�UHVHW��LQGLFDWLQJ�XQLFDVW�GHWHFWLRQ�RU�YLFH�YHUVD��D�UHPRWH�
ZDNHXS�IUDPH�GRHV�QRW�SDVV�WKH�$1'�FKDLQHG�ILOWHU�DV�D�UHPRWH�
ZDNHXS�IUDPH�FDQQRW�EH�RI�ERWK�XQLFDVW�DQG�PXOWLFDVW�DGGUHVV�
W\SH� 
���%LW���LV�WKH�HQDEOH�IRU�ILOWHU�L��,I�%LW���LV�QRW�VHW��ILOWHU�L�LV�
GLVDEOHG� 
)LOWHU�L�%\WH�0DVN��7KH�ILOWHU�L�E\WH�PDVN�UHJLVWHU�GHILQHV�WKH�
E\WHV�RI�WKH�SDFNHW�WKDW�DUH�H[DPLQHG�E\�ILOWHU�L������������������
����WR�GHWHUPLQH�ZKHWKHU�RU�QRW�D�SDFNHW�LV�D�ZDNH�XS�SDFNHW� 
���7KH�06%����VW�ELW��PXVW�EH�]HUR� 
���%LW�M>����@�LV�WKH�E\WH�PDVN� 
���,I�%LW�M��E\WH�QXPEHU��RI�WKH�E\WH�PDVN�LV�VHW��WKH�&5&�EORFN�
SURFHVVHV�WKH�)LOWHU�L�2IIVHW���M�RI�WKH�LQFRPLQJ�SDFNHW��RWKHUZLVH�
)LOWHU�L�2IIVHW���M�LV�LJQRUHG� 
)LOWHU�L�2IIVHW��7KH�ILOWHU�L�RIIVHW�UHJLVWHU�GHILQHV�WKH�RIIVHW��ZLWKLQ�
WKH�SDFNHW��IURP�ZKLFK�WKH�ILOWHU�L�H[DPLQHV�WKH�SDFNHWV� 
���7KLV���ELW�SDWWHUQ�RIIVHW�LV�WKH�RIIVHW�IRU�WKH�ILOWHU�L�ILUVW�E\WH�WR�
EH�H[DPLQHG� 
���7KH�PLQLPXP�DOORZHG�RIIVHW�LV�����ZKLFK�UHIHUV�WR�WKH���WK�
E\WH�RI�WKH�SDFNHW� 
���7KH�RIIVHW�YDOXH���UHIHUV�WR�WKH�ILUVW�E\WH�RI�WKH�SDFNHW� 
)LOWHU�L�&5&�����7KH�ILOWHU�L�&5&����UHJLVWHU�FRQWDLQV�WKH�&5&����
YDOXH�FDOFXODWHG�IURP�WKH�SDWWHUQ�DQG�WKH�E\WH�PDVN�SURJUDPPHG�
LQ�WKH�5HPRWH�:DNHXS�ILOWHU�UHJLVWHU� 
���7KH����ELW�&5&�FDOFXODWLRQ�XVHV�WKH�IROORZLQJ�SRO\QRPLDO��*�[��
 �[A�����[A�����[A����� 
���(DFK�PDVN��XVHG�LQ�WKH�KDVK�IXQFWLRQ�FDOFXODWLRQ��LV�FRPSDUHG�
ZLWK�D����ELW�YDOXH�DVVRFLDWHG�ZLWK�WKDW�PDVN��(DFK�ILOWHU�KDV�WKH�
IROORZLQJ� 
������ELW�0DVN��(DFK�ELW�LQ�WKLV�PDVN�FRUUHVSRQGV�WR�RQH�E\WH�LQ�
WKH�GHWHFWHG�SDFNHW��,I�WKH�ELW�LV����WKH�FRUUHVSRQGLQJ�E\WH�LV�
WDNHQ�LQWR�WKH�&5&���FDOFXODWLRQ� 
������ELW�2IIVHW�3RLQWHU��6SHFLILHV�WKH�E\WH�WR�VWDUW�WKH�&5&����
FRPSXWDWLRQ��7KH�SRLQWHU�DQG�WKH�PDVN�DUH�XVHG�WRJHWKHU�WR�
ORFDWH�WKH�E\WHV�WR�EH�XVHG�LQ�WKH�&5&����FDOFXODWLRQV� 

 
*0$&B5:.B)LOWHU�B%\WHB0DVN�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

)LOWHU�B%\WHB0DVN 
)LOWHU�����ELW�0DVN 
(DFK�ELW�LQ�WKLV�PDVN�FRUUHVSRQGV�WR�RQH�E\WH�LQ�WKH�GHWHFWHG�
SDFNHW��,I�WKH�ELW�LV��
��WKH�FRUUHVSRQGLQJ�E\WH�LV�WDNHQ�LQWR�WKH�
&5&���FDOFXODWLRQ� 

 
*0$&B5:.B)LOWHU�B%\WHB0DVN�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1972 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

)LOWHU�B%\WHB0DVN 
)LOWHU�����ELW�0DVN 
(DFK�ELW�LQ�WKLV�PDVN�FRUUHVSRQGV�WR�RQH�E\WH�LQ�WKH�GHWHFWHG�
SDFNHW��,I�WKH�ELW�LV��
��WKH�FRUUHVSRQGLQJ�E\WH�LV�WDNHQ�LQWR�WKH�
&5&���FDOFXODWLRQ� 

 
*0$&B5:.B)LOWHU�B%\WHB0DVN�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

)LOWHU�B%\WHB0DVN 
)LOWHU�����ELW�0DVN 
(DFK�ELW�LQ�WKLV�PDVN�FRUUHVSRQGV�WR�RQH�E\WH�LQ�WKH�GHWHFWHG�
SDFNHW��,I�WKH�ELW�LV��
��WKH�FRUUHVSRQGLQJ�E\WH�LV�WDNHQ�LQWR�WKH�
&5&���FDOFXODWLRQ� 

 
*0$&B5:.B)LOWHU�B%\WHB0DVN�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

)LOWHU�B%\WHB0DVN 
)LOWHU�����ELW�0DVN 
(DFK�ELW�LQ�WKLV�PDVN�FRUUHVSRQGV�WR�RQH�E\WH�LQ�WKH�GHWHFWHG�
SDFNHW��,I�WKH�ELW�LV��
��WKH�FRUUHVSRQGLQJ�E\WH�LV�WDNHQ�LQWR�WKH�
&5&���FDOFXODWLRQ� 

 
*0$&B5:.B)LOWHU��B&5&�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 

)LOWHU�B&5& 
)LOWHU��&5&��� 
7KLV�ILOWHU�&5&����FRQWDLQV�WKH�&5&B���YDOXH�RI�WKH�SDWWHUQ� 
7KH����ELW�&5&�FDOFXODWLRQ�XVHV�WKH�IROORZLQJ�SRO\QRPLDO� 
*�[�� �[A�����[A�����[A����� 

���� 5: �[���� 

)LOWHU�B&5& 
)LOWHU��&5&��� 
7KLV�ILOWHU�&5&����FRQWDLQV�WKH�&5&B���YDOXH�RI�WKH�SDWWHUQ� 
7KH����ELW�&5&�FDOFXODWLRQ�XVHV�WKH�IROORZLQJ�SRO\QRPLDO� 
*�[�� �[A�����[A�����[A����� 

 
*0$&B5:.B)LOWHU��B&5&�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 

)LOWHU�B&5& 
)LOWHU��&5&��� 
7KLV�ILOWHU�&5&����FRQWDLQV�WKH�&5&B���YDOXH�RI�WKH�SDWWHUQ� 
7KH����ELW�&5&�FDOFXODWLRQ�XVHV�WKH�IROORZLQJ�SRO\QRPLDO� 
*�[�� �[A�����[A�����[A����� 

���� 5: �[���� 

)LOWHU�B&5& 
)LOWHU��&5&��� 
7KLV�ILOWHU�&5&����FRQWDLQV�WKH�&5&B���YDOXH�RI�WKH�SDWWHUQ� 
7KH����ELW�&5&�FDOFXODWLRQ�XVHV�WKH�IROORZLQJ�SRO\QRPLDO� 
*�[�� �[A�����[A����[A����� 

 
*0$&B5:.B)LOWHUB2IIVHW�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1973 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� 

)LOWHU�B2IIVHW 
)LOWHU��2IIVHW 
7KLV�ILOWHU�RIIVHW�GHILQHV�WKH�RIIVHW��ZLWKLQ�WKH�SDFNHW��IURP�ZKLFK�
WKH�ILOWHU�H[DPLQHV�WKH�SDFNHWV� 
���7KLV���ELW�SDWWHUQ�RIIVHW�LV�WKH�RIIVHW�IRU�WKH�ILOWHU�ILUVW�E\WH�WR�
EH�H[DPLQHG� 
���7KH�PLQLPXP�DOORZHG�RIIVHW�LV�����ZKLFK�UHIHUV�WR�WKH���WK�
E\WH�RI�WKH�SDFNHW� 
���7KH�RIIVHW�YDOXH���UHIHUV�WR�WKH�ILUVW�E\WH�RI�WKH�SDFNHW� 

����� 5: �[�� 

)LOWHU�B2IIVHW 
)LOWHU��2IIVHW 
7KLV�ILOWHU�RIIVHW�GHILQHV�WKH�RIIVHW��ZLWKLQ�WKH�SDFNHW��IURP�ZKLFK�
WKH�ILOWHU�H[DPLQHV�WKH�SDFNHWV� 
���7KLV���ELW�SDWWHUQ�RIIVHW�LV�WKH�RIIVHW�IRU�WKH�ILOWHU�ILUVW�E\WH�WR�
EH�H[DPLQHG� 
���7KH�PLQLPXP�DOORZHG�RIIVHW�LV�����ZKLFK�UHIHUV�WR�WKH���WK�
E\WH�RI�WKH�SDFNHW� 
���7KH�RIIVHW�YDOXH���UHIHUV�WR�WKH�ILUVW�E\WH�RI�WKH�SDFNHW� 

���� 5: �[�� 

)LOWHU�B2IIVHW 
)LOWHU��2IIVHW 
7KLV�ILOWHU�RIIVHW�GHILQHV�WKH�RIIVHW��ZLWKLQ�WKH�SDFNHW��IURP�ZKLFK�
WKH�ILOWHU�H[DPLQHV�WKH�SDFNHWV� 
���7KLV���ELW�SDWWHUQ�RIIVHW�LV�WKH�RIIVHW�IRU�WKH�ILOWHU�ILUVW�E\WH�WR�
EH�H[DPLQHG� 
���7KH�PLQLPXP�DOORZHG�RIIVHW�LV�����ZKLFK�UHIHUV�WR�WKH���WK�
E\WH�RI�WKH�SDFNHW� 
���7KH�RIIVHW�YDOXH���UHIHUV�WR�WKH�ILUVW�E\WH�RI�WKH�SDFNHW� 

��� 5: �[�� 

)LOWHU�B2IIVHW 
)LOWHU��2IIVHW 
7KLV�ILOWHU�RIIVHW�GHILQHV�WKH�RIIVHW��ZLWKLQ�WKH�SDFNHW��IURP�ZKLFK�
WKH�ILOWHU�H[DPLQHV�WKH�SDFNHWV� 
���7KLV���ELW�SDWWHUQ�RIIVHW�LV�WKH�RIIVHW�IRU�WKH�ILOWHU�ILUVW�E\WH�WR�
EH�H[DPLQHG� 
���7KH�PLQLPXP�DOORZHG�RIIVHW�LV�����ZKLFK�UHIHUV�WR�WKH���WK�
E\WH�RI�WKH�SDFNHW� 
���7KH�RIIVHW�YDOXH���UHIHUV�WR�WKH�ILUVW�E\WH�RI�WKH�SDFNHW� 

 
*0$&B5:.B)LOWHUB&RPPDQG�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1974 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

)LOWHU�B&RPPDQG 
)LOWHU��&RPPDQG 
7KH���ELW�ILOWHU�FRPPDQG�FRQWUROV�WKH�ILOWHU�RSHUDWLRQ� 
���%LW���VSHFLILHV�WKH�DGGUHVV�W\SH��GHILQLQJ�WKH�GHVWLQDWLRQ�
DGGUHVV�W\SH�RI�WKH�SDWWHUQ��:KHQ�WKH�ELW�LV�VHW��WKH�SDWWHUQ�
DSSOLHV�WR�RQO\�PXOWLFDVW�SDFNHWV��ZKHQ�WKH�ELW�LV�UHVHW��WKH�
SDWWHUQ�DSSOLHV�RQO\�WR�XQLFDVW�SDFNHW� 
���%LW����,QYHUVH�0RGH���ZKHQ�VHW��UHYHUVHV�WKH�ORJLF�RI�WKH�
&5&���KDVK�IXQFWLRQ�VLJQDO��WR�UHMHFW�D�SDFNHW�ZLWK�PDWFKLQJ�
&5&B���YDOXH� 
���%LW����DORQJ�ZLWK�%LW����DOORZV�D�0$&�WR�UHMHFW�D�VXEVHW�RI�
UHPRWH�ZDNH�XS�SDFNHWV�E\�FUHDWLQJ�ILOWHU�ORJLF�VXFK�DV��3DWWHUQ���
$1'�127�3DWWHUQ���� 
���%LW����$QGB3UHYLRXV��LPSOHPHQWV�WKH�%RROHDQ�ORJLF��:KHQ�VHW��
WKH�UHVXOW�RI�WKH�FXUUHQW�HQWU\�LV�ORJLFDOO\�$1'HG�ZLWK�WKH�UHVXOW�RI�
WKH�SUHYLRXV�ILOWHU��7KLV�$1'�ORJLF�DOORZV�D�ILOWHU�SDWWHUQ�ORQJHU�
WKDQ����E\WHV�E\�VSOLWWLQJ�WKH�PDVN�DPRQJ�WZR��WKUHH��RU�IRXU�
ILOWHUV��7KLV�GHSHQGV�RQ�WKH�QXPEHU�RI�ILOWHUV�WKDW�KDYH�WKH�
$QGB3UHYLRXV�ELW�VHW� 
���%LW���LV�WKH�HQDEOH�IRU�ILOWHU��,I�%LW���LV�QRW�VHW��ILOWHU�LV�GLVDEOHG� 

����� 52 �[� UHVHUYHG 

����� 5: �[� 

)LOWHU�B&RPPDQG 
)LOWHU��&RPPDQG 
7KH���ELW�ILOWHU�FRPPDQG�FRQWUROV�WKH�ILOWHU�RSHUDWLRQ� 
���%LW���VSHFLILHV�WKH�DGGUHVV�W\SH��GHILQLQJ�WKH�GHVWLQDWLRQ�
DGGUHVV�W\SH�RI�WKH�SDWWHUQ��:KHQ�WKH�ELW�LV�VHW��WKH�SDWWHUQ�
DSSOLHV�WR�RQO\�PXOWLFDVW�SDFNHWV��ZKHQ�WKH�ELW�LV�UHVHW��WKH�
SDWWHUQ�DSSOLHV�RQO\�WR�XQLFDVW�SDFNHW� 
���%LW����,QYHUVH�0RGH���ZKHQ�VHW��UHYHUVHV�WKH�ORJLF�RI�WKH�
&5&���KDVK�IXQFWLRQ�VLJQDO��WR�UHMHFW�D�SDFNHW�ZLWK�PDWFKLQJ�
&5&B���YDOXH� 
���%LW����DORQJ�ZLWK�%LW����DOORZV�D�0$&�WR�UHMHFW�D�VXEVHW�RI�
UHPRWH�ZDNH�XS�SDFNHWV�E\�FUHDWLQJ�ILOWHU�ORJLF�VXFK�DV��3DWWHUQ���
$1'�127�3DWWHUQ���� 
���%LW����$QGB3UHYLRXV��LPSOHPHQWV�WKH�%RROHDQ�ORJLF��:KHQ�VHW��
WKH�UHVXOW�RI�WKH�FXUUHQW�HQWU\�LV�ORJLFDOO\�$1'HG�ZLWK�WKH�UHVXOW�RI�
WKH�SUHYLRXV�ILOWHU��7KLV�$1'�ORJLF�DOORZV�D�ILOWHU�SDWWHUQ�ORQJHU�
WKDQ����E\WHV�E\�VSOLWWLQJ�WKH�PDVN�DPRQJ�WZR��WKUHH��RU�IRXU�
ILOWHUV��7KLV�GHSHQGV�RQ�WKH�QXPEHU�RI�ILOWHUV�WKDW�KDYH�WKH�
$QGB3UHYLRXV�ELW�VHW� 
���%LW���LV�WKH�HQDEOH�IRU�ILOWHU��,I�%LW���LV�QRW�VHW��ILOWHU�LV�GLVDEOHG� 

����� 52 �[� UHVHUYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1975 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[� 

)LOWHU�B&RPPDQG 
)LOWHU��&RPPDQG 
7KH���ELW�ILOWHU�FRPPDQG�FRQWUROV�WKH�ILOWHU�RSHUDWLRQ� 
���%LW���VSHFLILHV�WKH�DGGUHVV�W\SH��GHILQLQJ�WKH�GHVWLQDWLRQ�
DGGUHVV�W\SH�RI�WKH�SDWWHUQ��:KHQ�WKH�ELW�LV�VHW��WKH�SDWWHUQ�
DSSOLHV�WR�RQO\�PXOWLFDVW�SDFNHWV��ZKHQ�WKH�ELW�LV�UHVHW��WKH�
SDWWHUQ�DSSOLHV�RQO\�WR�XQLFDVW�SDFNHW� 
���%LW����,QYHUVH�0RGH���ZKHQ�VHW��UHYHUVHV�WKH�ORJLF�RI�WKH�
&5&���KDVK�IXQFWLRQ�VLJQDO��WR�UHMHFW�D�SDFNHW�ZLWK�PDWFKLQJ�
&5&B���YDOXH� 
���%LW����DORQJ�ZLWK�%LW����DOORZV�D�0$&�WR�UHMHFW�D�VXEVHW�RI�
UHPRWH�ZDNH�XS�SDFNHWV�E\�FUHDWLQJ�ILOWHU�ORJLF�VXFK�DV��3DWWHUQ���
$1'�127�3DWWHUQ���� 
���%LW����$QGB3UHYLRXV��LPSOHPHQWV�WKH�%RROHDQ�ORJLF��:KHQ�VHW��
WKH�UHVXOW�RI�WKH�FXUUHQW�HQWU\�LV�ORJLFDOO\�$1'HG�ZLWK�WKH�UHVXOW�RI�
WKH�SUHYLRXV�ILOWHU��7KLV�$1'�ORJLF�DOORZV�D�ILOWHU�SDWWHUQ�ORQJHU�
WKDQ����E\WHV�E\�VSOLWWLQJ�WKH�PDVN�DPRQJ�WZR��WKUHH��RU�IRXU�
ILOWHUV��7KLV�GHSHQGV�RQ�WKH�QXPEHU�RI�ILOWHUV�WKDW�KDYH�WKH�
$QGB3UHYLRXV�ELW�VHW� 
���%LW���LV�WKH�HQDEOH�IRU�ILOWHU��,I�%LW���LV�QRW�VHW��ILOWHU�LV�GLVDEOHG� 

��� 52 �[� UHVHUYHG 

��� 5: �[� 

)LOWHU�B&RPPDQG 
)LOWHU��&RPPDQG 
7KH���ELW�ILOWHU�FRPPDQG�FRQWUROV�WKH�ILOWHU�RSHUDWLRQ� 
���%LW���VSHFLILHV�WKH�DGGUHVV�W\SH��GHILQLQJ�WKH�GHVWLQDWLRQ�
DGGUHVV�W\SH�RI�WKH�SDWWHUQ��:KHQ�WKH�ELW�LV�VHW��WKH�SDWWHUQ�
DSSOLHV�WR�RQO\�PXOWLFDVW�SDFNHWV��ZKHQ�WKH�ELW�LV�UHVHW��WKH�
SDWWHUQ�DSSOLHV�RQO\�WR�XQLFDVW�SDFNHW� 
���%LW����,QYHUVH�0RGH���ZKHQ�VHW��UHYHUVHV�WKH�ORJLF�RI�WKH�
&5&���KDVK�IXQFWLRQ�VLJQDO��WR�UHMHFW�D�SDFNHW�ZLWK�PDWFKLQJ�
&5&B���YDOXH� 
���%LW����DORQJ�ZLWK�%LW����DOORZV�D�0$&�WR�UHMHFW�D�VXEVHW�RI�
UHPRWH�ZDNH�XS�SDFNHWV�E\�FUHDWLQJ�ILOWHU�ORJLF�VXFK�DV��3DWWHUQ���
$1'�127�3DWWHUQ���� 
���%LW����$QGB3UHYLRXV��LPSOHPHQWV�WKH�%RROHDQ�ORJLF��:KHQ�VHW��
WKH�UHVXOW�RI�WKH�FXUUHQW�HQWU\�LV�ORJLFDOO\�$1'HG�ZLWK�WKH�UHVXOW�RI�
WKH�SUHYLRXV�ILOWHU��7KLV�$1'�ORJLF�DOORZV�D�ILOWHU�SDWWHUQ�ORQJHU�
WKDQ����E\WHV�E\�VSOLWWLQJ�WKH�PDVN�DPRQJ�WZR��WKUHH��RU�IRXU�
ILOWHUV��7KLV�GHSHQGV�RQ�WKH�QXPEHU�RI�ILOWHUV�WKDW�KDYH�WKH�
$QGB3UHYLRXV�ELW�VHW� 
���%LW���LV�WKH�HQDEOH�IRU�ILOWHU��,I�%LW���LV�QRW�VHW��ILOWHU�LV�GLVDEOHG� 

 
*0$&B0$&B/3,B&RQWUROB6WDWXV�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1976 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

/3,7&6( 
/3,�7[�&ORFN�6WRS�(QDEOH 
:KHQ�WKLV�ELW�LV�VHW��WKH�0$&�DVVHUWV�VEGBW[BFONBJDWLQJBFWUOBR�
VLJQDO�KLJK�DIWHU�LW�HQWHUV�7[�/3,�PRGH�WR�LQGLFDWH�WKDW�WKH�7[�
FORFN�WR�0$&�FDQ�EH�VWRSSHG��  
:KHQ�WKLV�ELW�LV�UHVHW��WKH�0$&�GRHV�QRW�DVVHUW�
VEGBW[BFONBJDWLQJBFWUOBR�VLJQDO�KLJK�DIWHU�LW�HQWHUV�7[�/3,�PRGH��
,I�5*0,,�,QWHUIDFH�LV�VHOHFWHG��WKH�7[�FORFN�LV�UHTXLUHG�IRU�
WUDQVPLWWLQJ�WKH�/3,�SDWWHUQ��7KH�7[�&ORFN�FDQQRW�EH�JDWHG�DQG�
VR�WKH�/3,7&6(�ELW�FDQQRW�EH�SURJUDPPHG� 
9DOXHV��  
�
E���/3,�7[�&ORFN�6WRS�LV�GLVDEOHG 
�
E���/3,�7[�&ORFN�6WRS�LV�HQDEOHG 

�� 5: �[� 

/3,$7( 
/3,�7LPHU�(QDEOH 
7KLV�ELW�FRQWUROV�WKH�DXWRPDWLF�HQWU\�RI�WKH�0$&�7UDQVPLWWHU�LQWR�
DQG�H[LW�RXW�RI�WKH�/3,�VWDWH��:KHQ�/3,$7(��/3,7;$�DQG�/3,(1�
ELWV�DUH�VHW��WKH�0$&�7UDQVPLWWHU�HQWHUV�/3,�VWDWH�RQO\�ZKHQ�WKH�
FRPSOHWH�0$&�7;�GDWD�SDWK�LV�,'/(�IRU�D�SHULRG�LQGLFDWHG�E\�WKH�
0$&B/3,B(QWU\B7LPHU�UHJLVWHU��$IWHU�HQWHULQJ�/3,�VWDWH��LI�WKH�
GDWD�SDWK�EHFRPHV�QRQ�,'/(��GXH�WR�D�QHZ�SDFNHW�EHLQJ�
DFFHSWHG�IRU�WUDQVPLVVLRQ���WKH�7UDQVPLWWHU�H[LWV�/3,�VWDWH�EXW�
GRHV�QRW�FOHDU�/3,(1�ELW��7KLV�HQDEOHV�WKH�UH�HQWU\�LQWR�/3,�VWDWH�
ZKHQ�LW�LV�,'/(�DJDLQ��:KHQ�/3,$7(�LV����WKH�/3,�$XWR�WLPHU�LV�
GLVDEOHG�DQG�0$&�7UDQVPLWWHU�HQWHUV�/3,�VWDWH�EDVHG�RQ�WKH�
VHWWLQJV�RI�/3,7;$�DQG�/3,(1�ELW�GHVFULSWLRQV� 
9DOXHV��  
�
E���/3,�7LPHU�LV�GLVDEOHG 
�
E���/3,�7LPHU�LV�HQDEOHG 

�� 5: �[� 

/3,7;$ 
/3,�7[�$XWRPDWH 
7KLV�ELW�FRQWUROV�WKH�EHKDYLRU�RI�WKH�0$&�ZKHQ�LW�LV�HQWHULQJ�RU�
FRPLQJ�RXW�RI�WKH�/3,�PRGH�RQ�WKH�7UDQVPLW�VLGH��7KLV�ELW�LV�QRW�
IXQFWLRQDO�LQ�WKH�(426�&25(�FRQILJXUDWLRQV�LQ�ZKLFK�WKH�7[�FORFN�
JDWLQJ�LV�GRQH�GXULQJ�WKH�/3,�PRGH� 
,I�WKH�/3,7;$�DQG�/3,(1�ELWV�DUH�VHW�WR����WKH�0$&�HQWHUV�WKH�/3,�
PRGH�RQO\�DIWHU�DOO�RXWVWDQGLQJ�SDFNHWV��LQ�WKH�FRUH��DQG�SHQGLQJ�
SDFNHWV��LQ�WKH�DSSOLFDWLRQ�LQWHUIDFH��KDYH�EHHQ�WUDQVPLWWHG��7KH�
0$&�FRPHV�RXW�RI�WKH�/3,�PRGH�ZKHQ�WKH�DSSOLFDWLRQ�VHQGV�DQ\�
SDFNHW�IRU�WUDQVPLVVLRQ�RU�WKH�DSSOLFDWLRQ�LVVXHV�D�7[�),)2�)OXVK�
FRPPDQG��,Q�DGGLWLRQ��WKH�0$&�DXWRPDWLFDOO\�FOHDUV�WKH�/3,(1�ELW�
ZKHQ�LW�H[LWV�WKH�/3,�VWDWH��,I�7[�),)2�)OXVK�LV�VHW�LQ�WKH�)74�ELW�
RI�07/B7[4�B2SHUDWLRQB0RGH�UHJLVWHU��ZKHQ�WKH�0$&�LV�LQ�WKH�
/3,�PRGH��LW�H[LWV�WKH�/3,�PRGH� 
:KHQ�WKLV�ELW�LV����WKH�/3,(1�ELW�GLUHFWO\�FRQWUROV�EHKDYLRU�RI�WKH�
0$&�ZKHQ�LW�LV�HQWHULQJ�RU�FRPLQJ�RXW�RI�WKH�/3,�PRGH� 
9DOXHV��  
�
E���/3,�7[�$XWRPDWH�LV�GLVDEOHG 
�
E���/3,�7[�$XWRPDWH�LV�HQDEOHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1977 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

3/6(1 
3+<�/LQN�6WDWXV�(QDEOH 
7KLV�ELW�HQDEOHV�WKH�OLQN�VWDWXV�UHFHLYHG�RQ�WKH�5*0,,��6*0,,��RU�
60,,�5HFHLYH�SDWKV�WR�EH�XVHG�IRU�DFWLYDWLQJ�WKH�/3,�/6�7,0(5� 
:KHQ�WKLV�ELW�LV�VHW��WKH�0$&�XVHV�WKH�OLQN�VWDWXV�ELWV�RI�WKH�
0$&B3+<,)B&RQWUROB6WDWXV�UHJLVWHU�DQG�WKH�3/6�ELW�IRU�WKH�/3,�
/6�7LPHU�WULJJHU��:KHQ�WKLV�ELW�LV�UHVHW��WKH�0$&�LJQRUHV�WKH�OLQN�
VWDWXV�ELWV�RI�WKH�0$&B3+<,)B&RQWUROB6WDWXV�UHJLVWHU�DQG�WDNHV�
RQO\�WKH�3/6�ELW� 
9DOXHV��  
�
E���3+<�/LQN�6WDWXV�LV�GLVDEOHG 
�
E���3+<�/LQN�6WDWXV�LV�HQDEOHG 

�� 5: �[� 

3/6 
3+<�/LQN�6WDWXV 
7KLV�ELW�LQGLFDWHV�WKH�OLQN�VWDWXV�RI�WKH�3+<��7KH�0$&�7UDQVPLWWHU�
DVVHUWV�WKH�/3,�SDWWHUQ�RQO\�ZKHQ�WKH�OLQN�VWDWXV�LV�XS��2.$<��DW�
OHDVW�IRU�WKH�WLPH�LQGLFDWHG�E\�WKH�/3,�/6�7,0(5� 
:KHQ�WKLV�ELW�LV�VHW��WKH�OLQN�LV�FRQVLGHUHG�WR�EH�RND\��83��DQG�
ZKHQ�WKLV�ELW�LV�UHVHW��WKH�OLQN�LV�FRQVLGHUHG�WR�EH�GRZQ� 
9DOXHV��  
�
E���OLQN�LV�GRZQ 
�
E���OLQN�LV�RND\��83� 

�� 5: �[� 

/3,(1 
/3,�(QDEOH 
:KHQ�WKLV�ELW�LV�VHW��LW�LQVWUXFWV�WKH�0$&�7UDQVPLWWHU�WR�HQWHU�WKH�
/3,�VWDWH��:KHQ�WKLV�ELW�LV�UHVHW��LW�LQVWUXFWV�WKH�0$&�WR�H[LW�WKH�
/3,�VWDWH�DQG�UHVXPH�QRUPDO�WUDQVPLVVLRQ� 
7KLV�ELW�LV�FOHDUHG�ZKHQ�WKH�/3,7;$�ELW�LV�VHW�DQG�WKH�0$&�H[LWV�
WKH�/3,�VWDWH�EHFDXVH�RI�WKH�DUULYDO�RI�D�QHZ�SDFNHW�IRU�
WUDQVPLVVLRQ� 
9DOXHV��  
�
E���/3,�VWDWH�LV�GLVDEOHG 
�
E���/3,�VWDWH�LV�HQDEOHG 

����� 52 �[�� UHVHUYHG 

� 52 �[� 

5/3,67 
5HFHLYH�/3,�6WDWH 
:KHQ�WKLV�ELW�LV�VHW��LW�LQGLFDWHV�WKDW�WKH�0$&�LV�UHFHLYLQJ�WKH�/3,�
SDWWHUQ�RQ�WKH�*0,,�RU�0,,�LQWHUIDFH� 
9DOXHV��  
�
E���5HFHLYH�/3,�VWDWH�QRW�GHWHFWHG 
�
E���5HFHLYH�/3,�VWDWH�GHWHFWHG 

� 52 �[� 

7/3,67 
7UDQVPLW�/3,�6WDWH 
:KHQ�WKLV�ELW�LV�VHW��LW�LQGLFDWHV�WKDW�WKH�0$&�LV�WUDQVPLWWLQJ�WKH�
/3,�SDWWHUQ�RQ�WKH�*0,,�RU�0,,�LQWHUIDFH� 
9DOXHV��  
�
E���7UDQVPLW�/3,�VWDWH�QRW�GHWHFWHG 
�
E���7UDQVPLW�/3,�VWDWH�GHWHFWHG 

��� 52 �[� UHVHUYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1978 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

5/3,(; 
5HFHLYH�/3,�([LW 
:KHQ�WKLV�ELW�LV�VHW��LW�LQGLFDWHV�WKDW�WKH�0$&�5HFHLYHU�KDV�
VWRSSHG�UHFHLYLQJ�WKH�/3,�SDWWHUQ�RQ�WKH�*0,,�RU�0,,�LQWHUIDFH��
H[LWHG�WKH�/3,�VWDWH��DQG�UHVXPHG�WKH�QRUPDO�UHFHSWLRQ��7KLV�ELW�
LV�FOHDUHG�E\�D�UHDG�LQWR�WKLV�UHJLVWHU��RU�WKLV�ELW�LV�ZULWWHQ�WR���
ZKHQ�5&:(�ELW�LQ�0$&B&65B6:B&WUO�UHJLVWHU�LV�VHW�� 
1RWH��7KLV�ELW�PD\�QRW�EH�VHW�LI�WKH�0$&�VWRSV�UHFHLYLQJ�WKH�/3,�
SDWWHUQ�IRU�D�YHU\�VKRUW�GXUDWLRQ��VXFK�DV��OHVV�WKDQ�WKUHH�FORFN�
F\FOHV�RI�&65�FORFN� 
9DOXHV��  
�
E���5HFHLYH�/3,�H[LW�QRW�GHWHFWHG 
�
E���5HFHLYH�/3,�H[LW�GHWHFWHG 

� 52 �[� 

5/3,(1 
5HFHLYH�/3,�(QWU\ 
:KHQ�WKLV�ELW�LV�VHW��LW�LQGLFDWHV�WKDW�WKH�0$&�5HFHLYHU�KDV�
UHFHLYHG�DQ�/3,�SDWWHUQ�DQG�HQWHUHG�WKH�/3,�VWDWH��7KLV�ELW�LV�
FOHDUHG�E\�D�UHDG�LQWR�WKLV�UHJLVWHU��RU�WKLV�ELW�LV�ZULWWHQ�WR���
ZKHQ�5&:(�ELW�LQ�0$&B&65B6:B&WUO�UHJLVWHU�LV�VHW�� 
1RWH��7KLV�ELW�PD\�QRW�EH�VHW�LI�WKH�0$&�VWRSV�UHFHLYLQJ�WKH�/3,�
SDWWHUQ�IRU�D�YHU\�VKRUW�GXUDWLRQ��VXFK�DV��OHVV�WKDQ�WKUHH�FORFN�
F\FOHV�RI�&65�FORFN� 
9DOXHV��  
�
E���5HFHLYH�/3,�HQWU\�QRW�GHWHFWHG 
�
E���5HFHLYH�/3,�HQWU\�GHWHFWHG 

� 52 �[� 

7/3,(; 
7UDQVPLW�/3,�([LW 
:KHQ�WKLV�ELW�LV�VHW��LW�LQGLFDWHV�WKDW�WKH�0$&�WUDQVPLWWHU�H[LWHG�
WKH�/3,�VWDWH�DIWHU�WKH�DSSOLFDWLRQ�FOHDUHG�WKH�/3,(1�ELW�DQG�WKH�
/3,�7:�7LPHU�KDV�H[SLUHG��7KLV�ELW�LV�FOHDUHG�E\�D�UHDG�LQWR�WKLV�
UHJLVWHU��RU�WKLV�ELW�LV�ZULWWHQ�WR���ZKHQ�5&:(�ELW�LQ�
0$&B&65B6:B&WUO�UHJLVWHU�LV�VHW�� 
9DOXHV��  
�
E���7UDQVPLW�/3,�H[LW�QRW�GHWHFWHG 
�
E���7UDQVPLW�/3,�H[LW�GHWHFWHG 

� 52 �[� 

7/3,(1 
7UDQVPLW�/3,�(QWU\ 
:KHQ�WKLV�ELW�LV�VHW��LW�LQGLFDWHV�WKDW�WKH�0$&�7UDQVPLWWHU�KDV�
HQWHUHG�WKH�/3,�VWDWH�EHFDXVH�RI�WKH�VHWWLQJ�RI�WKH�/3,(1�ELW��7KLV�
ELW�LV�FOHDUHG�E\�D�UHDG�LQWR�WKLV�UHJLVWHU��RU�WKLV�ELW�LV�ZULWWHQ�WR���
ZKHQ�5&:(�ELW�LQ�0$&B&65B6:B&WUO�UHJLVWHU�LV�VHW�� 
9DOXHV��  
�
E���7UDQVPLW�/3,�HQWU\�QRW�GHWHFWHG 
�
E���7UDQVPLW�/3,�HQWU\�GHWHFWHG 

 
*0$&B0$&B/3,B7LPHUVB&RQWURO�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1979 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�H� 

/67 
/3,�/6�7LPHU 
7KLV�ILHOG�VSHFLILHV�WKH�PLQLPXP�WLPH��LQ�PLOOLVHFRQGV��IRU�ZKLFK�
WKH�OLQN�VWDWXV�IURP�WKH�3+<�VKRXOG�EH�XS��2.$<��EHIRUH�WKH�/3,�
SDWWHUQ�FDQ�EH�WUDQVPLWWHG�WR�WKH�3+<��7KH�0$&�GRHV�QRW�
WUDQVPLW�WKH�/3,�SDWWHUQ�HYHQ�ZKHQ�WKH�/3,(1�ELW�LV�VHW�XQOHVV�WKH�
/3,�/6�7LPHU�UHDFKHV�WKH�SURJUDPPHG�WHUPLQDO�FRXQW��7KH�
GHIDXOW�YDOXH�RI�WKH�/3,�/6�7LPHU�LV���������VHF��DV�GHILQHG�LQ�WKH�
,(((�VWDQGDUG� 

���� 5: �[���� 

7:7 
/3,�7:�7LPHU 
7KLV�ILHOG�VSHFLILHV�WKH�PLQLPXP�WLPH��LQ�PLFURVHFRQGV��IRU�ZKLFK�
WKH�0$&�ZDLWV�DIWHU�LW�VWRSV�WUDQVPLWWLQJ�WKH�/3,�SDWWHUQ�WR�WKH�
3+<�DQG�EHIRUH�LW�UHVXPHV�WKH�QRUPDO�WUDQVPLVVLRQ��7KH�7/3,(;�
VWDWXV�ELW�LV�VHW�DIWHU�WKH�H[SLU\�RI�WKLV�WLPHU� 

 
*0$&B0$&B/3,B(QWU\B7LPHU�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

���� 5: �[����� 

/3,(7 
/3,�(QWU\�7LPHU 
7KLV�ILHOG�VSHFLILHV�WKH�WLPH�LQ�PLFURVHFRQGV�WKH�0$&�ZDLWV�WR�
HQWHU�/3,�PRGH��DIWHU�LW�KDV�WUDQVPLWWHG�DOO�WKH�IUDPHV��7KLV�ILHOG�
LV�YDOLG�DQG�XVHG�RQO\�ZKHQ�/3,7(�DQG�/3,7;$�DUH�VHW�WR����%LWV�
>���@�DUH�UHDG�RQO\�VR�WKDW�WKH�JUDQXODULW\�RI�WKLV�WLPHU�LV�LQ�VWHSV�
RI���PLFUR�VHFRQGV� 

��� 52 �[� UHVHUYHG 
 
*0$&B0$&B�86B7LFB&RXQWHU�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

���� 5: �[��I 

7,&B�86B&175 
�86�7,&�&RXQWHU 
7KH�DSSOLFDWLRQ�PXVW�SURJUDP�WKLV�FRXQWHU�VR�WKDW�WKH�QXPEHU�RI�
FORFN�F\FOHV�RI�&65�FORFN�LV��XV���6XEWUDFW���IURP�WKH�YDOXH�
EHIRUH�SURJUDPPLQJ���)RU�H[DPSOH�LI�WKH�&65�FORFN�LV����0+]�
WKHQ�WKLV�ILHOG�QHHGV�WR�EH�SURJUDPPHG�WR�YDOXH��������� ����
�ZKLFK�LV��[�����7KLV�LV�UHTXLUHG�WR�JHQHUDWH�WKH��86�HYHQWV�WKDW�
DUH�XVHG�WR�XSGDWH�VRPH�RI�WKH�(((�UHODWHG�FRXQWHUV� 

 
*0$&B0$&B3+<,)B&RQWUROB6WDWXV�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

�� 52 �[� 

/1.676 
/LQN�6WDWXV 
7KLV�ELW�LQGLFDWHV�ZKHWKHU�WKH�OLQN�LV�XS���
E���RU�GRZQ���
E��� 
9DOXHV��  
�
E���/LQN�GRZQ 
�
E���/LQN�XS 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1980 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� 

/1.63((' 
/LQN�6SHHG 
7KLV�ELW�LQGLFDWHV�WKH�FXUUHQW�VSHHG�RI�WKH�OLQN��%LW���LV�UHVHUYHG�
ZKHQ�WKH�0$&�LV�FRQILJXUHG�IRU�WKH�60,,�3+<�LQWHUIDFH� 
9DOXHV��  
�
E��������0+] 
�
E�������0+] 
�
E��������0+] 
�
E����5HVHUYHG 

�� 52 �[� 

/1.02' 
/LQN�0RGH 
7KLV�ELW�LQGLFDWHV�WKH�FXUUHQW�PRGH�RI�RSHUDWLRQ�RI�WKH�OLQN� 
9DOXHV��  
�
E���+DOI�GXSOH[�PRGH 
�
E���)XOO�GXSOH[�PRGH 

���� 52 �[���� UHVHUYHG 

� 5: �[� 

/8' 
/LQN�8S�RU�'RZQ 
7KLV�ELW�LQGLFDWHV�ZKHWKHU�WKH�OLQN�LV�XS�RU�GRZQ�GXULQJ�
WUDQVPLVVLRQ�RI�FRQILJXUDWLRQ�LQ�WKH�5*0,,��6*0,,��RU�60,,�
LQWHUIDFH� 
9DOXHV��  
�
E���/LQN�GRZQ 
�
E���/LQN�XS 

� 5: �[� 

7& 
7UDQVPLW�&RQILJXUDWLRQ�LQ�5*0,,��6*0,,��RU�60,, 
:KHQ�VHW��WKLV�ELW�HQDEOHV�WKH�WUDQVPLVVLRQ�RI�GXSOH[�PRGH��OLQN�
VSHHG��DQG�OLQN�XS�RU�GRZQ�LQIRUPDWLRQ�WR�WKH�3+<�LQ�WKH�5*0,,��
60,,��RU�6*0,,�SRUW��:KHQ�WKLV�ELW�LV�UHVHW��QR�VXFK�LQIRUPDWLRQ�LV�
GULYHQ�WR�WKH�3+<��7KH�GHWDLOV�RI�WKLV�IHDWXUH�DUH�SURYLGHG�LQ�WKH�
IROORZLQJ�VHFWLRQV� 
����5HGXFHG�*LJDELW�0HGLD�,QGHSHQGHQW�,QWHUIDFH� 
����6HULDO�0HGLD�,QGHSHQGHQW�,QWHUIDFH� 
����6HULDO�*LJDELW�0HGLD�,QGHSHQGHQW�,QWHUIDFH� 
9DOXHV��  
�
E���'LVDEOH�7UDQVPLW�&RQILJXUDWLRQ�LQ�5*0,,��6*0,,��RU�60,, 
�
E���(QDEOH�7UDQVPLW�&RQILJXUDWLRQ�LQ�5*0,,��6*0,,��RU�60,, 

 
*0$&B0$&B9HUVLRQ�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[�� 86(59(5 
8VHU�GHILQHG�9HUVLRQ��FRQILJXUHG�ZLWK�FRUH&RQVXOWDQW� 

��� 5: �[�� 61369(5 
6\QRSV\V�GHILQHG�9HUVLRQ 

 
*0$&B0$&B'HEXJ�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1981 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� 

7)&676 
0$&�7UDQVPLW�3DFNHW�&RQWUROOHU�6WDWXV 
7KLV�ILHOG�LQGLFDWHV�WKH�VWDWH�RI�WKH�0$&�7UDQVPLW�3DFNHW�
&RQWUROOHU�PRGXOH� 
9DOXHV��  
�
E����,GOH�VWDWH 
�
E����:DLWLQJ�IRU�RQH�RI�WKH�IROORZLQJ��6WDWXV�RI�WKH�SUHYLRXV�
SDFNHW�25�,3*�RU�EDFN�RII�SHULRG�WR�EH�RYHU 
�
E����*HQHUDWLQJ�DQG�WUDQVPLWWLQJ�D�3DXVH�FRQWURO�SDFNHW��LQ�
IXOO�GXSOH[�PRGH� 
�
E����7UDQVIHUULQJ�LQSXW�SDFNHW�IRU�WUDQVPLVVLRQ 

�� 52 �[� 

73(676 
0$&�*0,,�RU�0,,�7UDQVPLW�3URWRFRO�(QJLQH�6WDWXV 
:KHQ�WKLV�ELW�LV�VHW��LW�LQGLFDWHV�WKDW�WKH�0$&�*0,,�RU�0,,�
WUDQVPLW�SURWRFRO�HQJLQH�LV�DFWLYHO\�WUDQVPLWWLQJ�GDWD��DQG�LW�LV�
QRW�LQ�WKH�,GOH�VWDWH� 
9DOXHV��  
�
E���0$&�*0,,�RU�0,,�7UDQVPLW�3URWRFRO�(QJLQH�6WDWXV�QRW�
GHWHFWHG 
�
E���0$&�*0,,�RU�0,,�7UDQVPLW�3URWRFRO�(QJLQH�6WDWXV�GHWHFWHG 

���� 52 �[���� UHVHUYHG 

��� 52 �[� 

5)&)&676 
0$&�5HFHLYH�3DFNHW�&RQWUROOHU�),)2�6WDWXV 
:KHQ�WKLV�ELW�LV�VHW��WKLV�ILHOG�LQGLFDWHV�WKH�DFWLYH�VWDWH�RI�WKH�
VPDOO�),)2�5HDG�DQG�:ULWH�FRQWUROOHUV�RI�WKH�0$&�5HFHLYH�3DFNHW�
&RQWUROOHU�PRGXOH� 

� 52 �[� 

53(676 
0$&�*0,,�RU�0,,�5HFHLYH�3URWRFRO�(QJLQH�6WDWXV 
:KHQ�WKLV�ELW�LV�VHW��LW�LQGLFDWHV�WKDW�WKH�0$&�*0,,�RU�0,,�UHFHLYH�
SURWRFRO�HQJLQH�LV�DFWLYHO\�UHFHLYLQJ�GDWD��DQG�LW�LV�QRW�LQ�WKH�,GOH�
VWDWH� 
9DOXHV��  
�
E���0$&�*0,,�RU�0,,�5HFHLYH�3URWRFRO�(QJLQH�6WDWXV�QRW�
GHWHFWHG 
�
E���0$&�*0,,�RU�0,,�5HFHLYH�3URWRFRO�(QJLQH�6WDWXV�GHWHFWHG 

 
*0$&B0$&B+:B)HDWXUH��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� 

$&73+<6(/ 
$FWLYH�3+<�6HOHFWHG 
:KHQ�\RX�KDYH�PXOWLSOH�3+<�LQWHUIDFHV�LQ�\RXU�FRQILJXUDWLRQ��WKLV�
ILHOG�LQGLFDWHV�WKH�VDPSOHG�YDOXH�RI�SK\BLQWIBVHOBL�GXULQJ�UHVHW�
GH�DVVHUWLRQ� 
9DOXHV��  
�
E������*0,,�RU�0,, 
�
E������5*0,, 
�
E������6*0,, 
�
E������7%, 
�
E������50,, 
�
E������57%, 
�
E������60,, 
�
E������5HY0,, 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1982 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 52 �[� 

6$9/$1,16 
6RXUFH�$GGUHVV�RU�9/$1�,QVHUWLRQ�(QDEOH 
7KLV�ELW�LV�VHW�WR���ZKHQ�WKH�(QDEOH�6$�DQG�9/$1�,QVHUWLRQ�RQ�7[�
RSWLRQ�LV�VHOHFWHG� 
9DOXHV��  
�
E���6RXUFH�$GGUHVV�RU�9/$1�,QVHUWLRQ�(QDEOH�RSWLRQ�LV�QRW�
VHOHFWHG 
�
E���6RXUFH�$GGUHVV�RU�9/$1�,QVHUWLRQ�(QDEOH�RSWLRQ�LV�VHOHFWHG 

����� 52 �[� 

766766(/ 
7LPHVWDPS�6\VWHP�7LPH�6RXUFH 
7KLV�ELW�LQGLFDWHV�WKH�VRXUFH�RI�WKH�7LPHVWDPS�V\VWHP�WLPH��  
7KLV�ELW�LV�VHW�WR���ZKHQ�WKH�(QDEOH�,(((������7LPHVWDPS�
6XSSRUW�RSWLRQ�LV�VHOHFWHG� 
9DOXHV��  
�
E����,QWHUQDO 
�
E����([WHUQDO 
�
E����%RWK 
�
E����5HVHUYHG 

�� 52 �[� 

0$&$'5��6(/ 
0$&�$GGUHVVHV��������6HOHFWHG 
7KLV�ELW�LV�VHW�WR���ZKHQ�WKH�(QDEOH�$GGLWLRQDO����0$&�$GGUHVV�
5HJLVWHUV����������RSWLRQ�LV�VHOHFWHG� 
9DOXHV��  
�
E���0$&�$GGUHVVHV��������6HOHFW�RSWLRQ�LV�QRW�VHOHFWHG 
�
E���0$&�$GGUHVVHV��������6HOHFW�RSWLRQ�LV�VHOHFWHG 

�� 52 �[� 

0$&$'5��6(/ 
0$&�$GGUHVVHV�������6HOHFWHG 
7KLV�ELW�LV�VHW�WR���ZKHQ�WKH�(QDEOH�$GGLWLRQDO����0$&�$GGUHVV�
5HJLVWHUV���������RSWLRQ�LV�VHOHFWHG� 
9DOXHV��  
�
E���0$&�$GGUHVVHV�������6HOHFW�RSWLRQ�LV�QRW�VHOHFWHG 
�
E���0$&�$GGUHVVHV�������6HOHFW�RSWLRQ�LV�VHOHFWHG 

����� 52 �[�� 
$''0$&$'56(/ 
0$&�$GGUHVVHV������6HOHFWHG 
7KLV�ELW�LV�VHW�WR���ZKHQ�WKH�QRQ�]HUR�YDOXH�LV�VHOHFWHG�IRU�(QDEOH�
$GGLWLRQDO������0$&�$GGUHVV�5HJLVWHUV�RSWLRQ� 

�� 52 �[� UHVHUYHG 

�� 52 �[� 

5;&2(6(/ 
5HFHLYH�&KHFNVXP�2IIORDG�(QDEOHG 
7KLV�ELW�LV�VHW�WR���ZKHQ�WKH�(QDEOH�5HFHLYH�7&3�,3�&KHFNVXP�
&KHFN�RSWLRQ�LV�VHOHFWHG� 
9DOXHV��  
�
E���5HFHLYH�&KHFNVXP�2IIORDG�(QDEOH�RSWLRQ�LV�QRW�VHOHFWHG 
�
E���5HFHLYH�&KHFNVXP�2IIORDG�(QDEOH�RSWLRQ�LV�VHOHFWHG 

�� 52 �[� UHVHUYHG 

�� 52 �[� 

7;&2(6(/ 
7UDQVPLW�&KHFNVXP�2IIORDG�(QDEOHG 
7KLV�ELW�LV�VHW�WR���ZKHQ�WKH�(QDEOH�7UDQVPLW�7&3�,3�&KHFNVXP�
,QVHUWLRQ�RSWLRQ�LV�VHOHFWHG� 
9DOXHV��  
�
E���7UDQVPLW�&KHFNVXP�2IIORDG�(QDEOH�RSWLRQ�LV�QRW�VHOHFWHG 
�
E���7UDQVPLW�&KHFNVXP�2IIORDG�(QDEOH�RSWLRQ�LV�VHOHFWHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1983 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 52 �[� 

(((6(/ 
(QHUJ\�(IILFLHQW�(WKHUQHW�(QDEOHG 
7KLV�ELW�LV�VHW�WR���ZKHQ�WKH�(QDEOH�(QHUJ\�(IILFLHQW�(WKHUQHW�
�(((��RSWLRQ�LV�VHOHFWHG� 
9DOXHV��  
�
E���(QHUJ\�(IILFLHQW�(WKHUQHW�(QDEOH�RSWLRQ�LV�QRW�VHOHFWHG 
�
E���(QHUJ\�(IILFLHQW�(WKHUQHW�(QDEOH�RSWLRQ�LV�VHOHFWHG 

�� 52 �[� 

766(/ 
,(((�����������7LPHVWDPS�(QDEOHG 
7KLV�ELW�LV�VHW�WR���ZKHQ�WKH�(QDEOH�,(((������7LPHVWDPS�
6XSSRUW�RSWLRQ�LV�VHOHFWHG� 
9DOXHV��  
�
E���,(((�����������7LPHVWDPS�(QDEOH�RSWLRQ�LV�QRW�VHOHFWHG� 
�
E���,(((�����������7LPHVWDPS�(QDEOH�RSWLRQ�LV�VHOHFWHG� 

����� 52 �[� UHVHUYHG 

� 52 �[� 

$532))6(/ 
$53�2IIORDG�(QDEOHG 
7KLV�ELW�LV�VHW�WR���ZKHQ�WKH�(QDEOH�,3Y��$53�2IIORDG�RSWLRQ�LV�
VHOHFWHG� 
9DOXHV��  
�
E���$53�2IIORDG�(QDEOH�RSWLRQ�LV�QRW�VHOHFWHG 
�
E���$53�2IIORDG�(QDEOH�RSWLRQ�LV�VHOHFWHG 

� 52 �[� 

00&6(/ 
5021�0RGXOH�(QDEOH 
7KLV�ELW�LV�VHW�WR���ZKHQ�WKH�(QDEOH�0$&�0DQDJHPHQW�&RXQWHUV�
�00&��RSWLRQ�LV�VHOHFWHG� 
9DOXHV��  
�
E���5021�0RGXOH�(QDEOH�RSWLRQ�LV�QRW�VHOHFWHG 
�
E���5021�0RGXOH�(QDEOH�RSWLRQ�LV�VHOHFWHG 

� 52 �[� 

0*.6(/ 
307�0DJLF�3DFNHW�(QDEOH 
7KLV�ELW�LV�VHW�WR���ZKHQ�WKH�(QDEOH�0DJLF�3DFNHW�'HWHFWLRQ�RSWLRQ�
LV�VHOHFWHG� 
9DOXHV��  
�
E���307�0DJLF�3DFNHW�(QDEOH�RSWLRQ�LV�QRW�VHOHFWHG 
�
E���307�0DJLF�3DFNHW�(QDEOH�RSWLRQ�LV�VHOHFWHG 

� 52 �[� 

5:.6(/ 
307�5HPRWH�:DNH�XS�3DFNHW�(QDEOH 
7KLV�ELW�LV�VHW�WR���ZKHQ�WKH�(QDEOH�5HPRWH�:DNH�8S�3DFNHW�
'HWHFWLRQ�RSWLRQ�LV�VHOHFWHG� 
9DOXHV��  
�
E���307�5HPRWH�:DNH�XS�3DFNHW�(QDEOH�RSWLRQ�LV�QRW�VHOHFWHG 
�
E���307�5HPRWH�:DNH�XS�3DFNHW�(QDEOH�RSWLRQ�LV�VHOHFWHG 

� 52 �[� 

60$6(/ 
60$��0',2��,QWHUIDFH 
7KLV�ELW�LV�VHW�WR���ZKHQ�WKH�(QDEOH�6WDWLRQ�0DQDJHPHQW��0',2�
,QWHUIDFH��RSWLRQ�LV�VHOHFWHG� 
9DOXHV��  
�
E���60$��0',2��,QWHUIDFH�QRW�VHOHFWHG 
�
E���60$��0',2��,QWHUIDFH�VHOHFWHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1984 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 52 �[� 

9/+$6+ 
9/$1�+DVK�)LOWHU�6HOHFWHG 
7KLV�ELW�LV�VHW�WR���ZKHQ�WKH�(QDEOH�9/$1�+DVK�7DEOH�%DVHG�
)LOWHULQJ�RSWLRQ�LV�VHOHFWHG� 
9DOXHV��  
�
E���9/$1�+DVK�)LOWHU�QRW�VHOHFWHG 
�
E���9/$1�+DVK�)LOWHU�VHOHFWHG 

� 52 �[� 

3&66(/ 
3&6�5HJLVWHUV��7%,��6*0,,��RU�57%,�3+<�LQWHUIDFH� 
7KLV�ELW�LV�VHW�WR���ZKHQ�WKH�7%,��6*0,,��RU�57%,�3+<�LQWHUIDFH�
RSWLRQ�LV�VHOHFWHG� 
9DOXHV��  
�
E���1R�3&6�5HJLVWHUV��7%,��6*0,,��RU�57%,�3+<�LQWHUIDFH� 
�
E���3&6�5HJLVWHUV��7%,��6*0,,��RU�57%,�3+<�LQWHUIDFH� 

� 52 �[� 

+'6(/ 
+DOI�GXSOH[�6XSSRUW 
7KLV�ELW�LV�VHW�WR���ZKHQ�WKH�KDOI�GXSOH[�PRGH�LV�VHOHFWHG� 
9DOXHV��  
�
E���1R�+DOI�GXSOH[�VXSSRUW 
�
E���+DOI�GXSOH[�VXSSRUW 

� 52 �[� 

*0,,6(/ 
�����0ESV�6XSSRUW 
7KLV�ELW�LV�VHW�WR���ZKHQ������0ESV�LV�VHOHFWHG�DV�WKH�0RGH�RI�
2SHUDWLRQ� 
9DOXHV��  
�
E���1R������0ESV�VXSSRUW 
�
E��������0ESV�VXSSRUW 

� 52 �[� 

0,,6(/ 
���RU�����0ESV�6XSSRUW 
7KLV�ELW�LV�VHW�WR���ZKHQ��������0ESV�LV�VHOHFWHG�DV�WKH�0RGH�RI�
2SHUDWLRQ� 
9DOXHV��  
�
E���1R����RU�����0ESV�VXSSRUW 
�
E������RU�����0ESV�VXSSRUW 

 
*0$&B0$&B+:B)HDWXUH��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 52 �[� UHVHUYHG 

����� 52 �[� 

/�/�)180 
7RWDO�QXPEHU�RI�/��RU�/��)LOWHUV 
7KLV�ILHOG�LQGLFDWHV�WKH�WRWDO�QXPEHU�RI�/��RU�/��ILOWHUV� 
9DOXHV��  
�
E������1R�/��RU�/��)LOWHU 
�
E��������/��RU�/��)LOWHU 
�
E��������/��RU�/��)LOWHUV 
�
E��������/��RU�/��)LOWHUV 
�
E��������/��RU�/��)LOWHUV 
�
E��������/��RU�/��)LOWHUV 
�
E��������/��RU�/��)LOWHUV 
�
E��������/��RU�/��)LOWHUV 
�
E��������/��RU�/��)LOWHUV 

�� 52 �[� UHVHUYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1985 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� 

+$6+7%/6= 
+DVK�7DEOH�6L]H 
7KLV�ILHOG�LQGLFDWHV�WKH�VL]H�RI�WKH�KDVK�WDEOH� 
9DOXHV��  
�
E����1R�KDVK�WDEOH 
�
E������ 
�
E������� 
�
E������� 

�� 52 �[� 

328267 
2QH�6WHS�IRU�373�RYHU�8'3�,3�)HDWXUH�(QDEOH 
7KLV�ELW�LV�VHW�WR���ZKHQ�WKH�(QDEOH�2QH�VWHS�WLPHVWDPS�IRU�373�
RYHU�8'3�,3�IHDWXUH�LV�VHOHFWHG� 
9DOXHV��  
�
E���2QH�6WHS�IRU�373�RYHU�8'3�,3�)HDWXUH�LV�QRW�VHOHFWHG 
�
E���2QH�6WHS�IRU�373�RYHU�8'3�,3�)HDWXUH�LV�VHOHFWHG 

�� 52 �[� UHVHUYHG 

�� 52 �[� 

5$96(/ 
5[�6LGH�2QO\�$9�)HDWXUH�(QDEOH 
7KLV�ELW�LV�VHW�WR���ZKHQ�WKH�(QDEOH�$XGLR�9LGHR�%ULGJLQJ�RSWLRQ�
RQ�5[�6LGH�2QO\�LV�VHOHFWHG� 
9DOXHV��  
�
E���5[�6LGH�2QO\�$9�)HDWXUH�LV�QRW�VHOHFWHG 
�
E���5[�6LGH�2QO\�$9�)HDWXUH�LV�VHOHFWHG 

�� 52 �[� 

$96(/ 
$9�)HDWXUH�(QDEOH 
7KLV�ELW�LV�VHW�WR���ZKHQ�WKH�(QDEOH�$XGLR�9LGHR�%ULGJLQJ�RSWLRQ�LV�
VHOHFWHG� 
9DOXHV��  
�
E���$9�)HDWXUH�LV�QRW�VHOHFWHG 
�
E���$9�)HDWXUH�LV�VHOHFWHG 

�� 52 �[� 

'%*0(0$ 
'0$�'HEXJ�5HJLVWHUV�(QDEOH 
7KLV�ELW�LV�VHW�WR���ZKHQ�WKH�'HEXJ�0RGH�(QDEOH�RSWLRQ�LV�
VHOHFWHG� 
9DOXHV��  
�
E���'0$�'HEXJ�5HJLVWHUV�RSWLRQ�LV�QRW�VHOHFWHG 
�
E���'0$�'HEXJ�5HJLVWHUV�RSWLRQ�LV�VHOHFWHG 

�� 52 �[� 

762(1 
7&3�6HJPHQWDWLRQ�2IIORDG�(QDEOH 
7KLV�ELW�LV�VHW�WR���ZKHQ�WKH�(QDEOH�7&3�6HJPHQWDWLRQ�2IIORDGLQJ�
IRU�7&3�,3�3DFNHWV�RSWLRQ�LV�VHOHFWHG� 
9DOXHV��  
�
E���7&3�6HJPHQWDWLRQ�2IIORDG�)HDWXUH�LV�QRW�VHOHFWHG 
�
E���7&3�6HJPHQWDWLRQ�2IIORDG�)HDWXUH�LV�VHOHFWHG 

�� 52 �[� 

63+(1 
6SOLW�+HDGHU�)HDWXUH�(QDEOH 
7KLV�ELW�LV�VHW�WR���ZKHQ�WKH�(QDEOH�6SOLW�+HDGHU�6WUXFWXUH�RSWLRQ�
LV�VHOHFWHG� 
9DOXHV��  
�
E���6SOLW�+HDGHU�)HDWXUH�LV�QRW�VHOHFWHG 
�
E���6SOLW�+HDGHU�)HDWXUH�LV�VHOHFWHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1986 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 52 �[� 

'&%(1 
'&%�)HDWXUH�(QDEOH 
7KLV�ELW�LV�VHW�WR���ZKHQ�WKH�(QDEOH�'DWD�&HQWHU�%ULGJLQJ�RSWLRQ�LV�
VHOHFWHG� 
9DOXHV��  
�
E���'&%�)HDWXUH�LV�QRW�VHOHFWHG 
�
E���'&%�)HDWXUH�LV�VHOHFWHG 

����� 52 �[� 

$''5�� 
$GGUHVV�:LGWK 
7KLV�ILHOG�LQGLFDWHV�WKH�FRQILJXUHG�DGGUHVV�ZLGWK� 
9DOXHV��  
�
E������ 
�
E������ 
�
E������ 
�
E����5HVHUYHG 

�� 52 �[� 

$'97+:25' 
,(((������+LJK�:RUG�5HJLVWHU�(QDEOH 
7KLV�ELW�LV�VHW�WR���ZKHQ�WKH�$GG�,(((������+LJKHU�:RUG�5HJLVWHU�
RSWLRQ�LV�VHOHFWHG� 
9DOXHV��  
�
E���,(((������+LJK�:RUG�5HJLVWHU�RSWLRQ�LV�QRW�VHOHFWHG 
�
E���,(((������+LJK�:RUG�5HJLVWHU�RSWLRQ�LV�VHOHFWHG 

�� 52 �[� 

372(1 
373�2IIORDG�(QDEOH 
7KLV�ELW�LV�VHW�WR���ZKHQ�WKH�(QDEOH�373�7LPHVWDPS�2IIORDG�
)HDWXUH�LV�VHOHFWHG� 
9DOXHV��  
�
E���373�2IIORDG�IHDWXUH�LV�QRW�VHOHFWHG 
�
E���373�2IIORDG�IHDWXUH�LV�VHOHFWHG 

�� 52 �[� 

267(1 
2QH�6WHS�7LPHVWDPSLQJ�(QDEOH 
7KLV�ELW�LV�VHW�WR���ZKHQ�WKH�(QDEOH�2QH�6WHS�7LPHVWDPS�)HDWXUH�
LV�VHOHFWHG� 
9DOXHV��  
�
E���2QH�6WHS�7LPHVWDPSLQJ�IHDWXUH�LV�QRW�VHOHFWHG 
�
E���2QH�6WHS�7LPHVWDPSLQJ�IHDWXUH�LV�VHOHFWHG 

���� 52 �[�� 

7;),)26,=( 
07/�7UDQVPLW�),)2�6L]H 
7KLV�ILHOG�FRQWDLQV�WKH�FRQILJXUHG�YDOXH�RI�07/�7[�),)2�LQ�E\WHV�
H[SUHVVHG�DV�/RJ�WR�EDVH���PLQXV����WKDW�LV��/RJ��7;),)2B6,=(��
��� 
9DOXHV��  
�
E�����������E\WHV 
�
E�����������E\WHV 
�
E�����������E\WHV 
�
E������������E\WHV 
�
E������������E\WHV 
�
E������������E\WHV 
�
E������������E\WHV 
�
E�������������E\WHV 
�
E����������.% 
�
E����������.% 
�
E�����������.% 
�
E�������5HVHUYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1987 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 52 �[� 

635$0 
6LQJOH�3RUW�5$0�(QDEOH 
7KLV�ELW�LV�VHW�WR���ZKHQ�WKH�8VH�VLQJOH�SRUW�5$0�)HDWXUH�LV�
VHOHFWHG� 
9DOXHV��  
�
E���6LQJOH�3RUW�5$0�IHDWXUH�LV�QRW�VHOHFWHG 
�
E���6LQJOH�3RUW�5$0�IHDWXUH�LV�VHOHFWHG 

��� 52 �[�� 

5;),)26,=( 
07/�5HFHLYH�),)2�6L]H 
7KLV�ILHOG�FRQWDLQV�WKH�FRQILJXUHG�YDOXH�RI�07/�5[�),)2�LQ�E\WHV�
H[SUHVVHG�DV�/RJ�WR�EDVH���PLQXV����WKDW�LV��/RJ��5;),)2B6,=(��
��� 
9DOXHV��  
�
E�����������E\WHV 
�
E�����������E\WHV 
�
E�����������E\WHV 
�
E������������E\WHV 
�
E������������E\WHV 
�
E������������E\WHV 
�
E������������E\WHV 
�
E�������������E\WHV 
�
E����������.% 
�
E����������.% 
�
E�����������.% 
�
E�����������.% 
�
E�������5HVHUYHG 

 
*0$&B0$&B+:B)HDWXUH��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 52 �[� UHVHUYHG 

����� 52 �[� 

$8;61$3180 
1XPEHU�RI�$X[LOLDU\�6QDSVKRW�,QSXWV 
7KLV�ILHOG�LQGLFDWHV�WKH�QXPEHU�RI�DX[LOLDU\�VQDSVKRW�LQSXWV� 
9DOXHV��  
�
E�����1R�DX[LOLDU\�LQSXW 
�
E�������DX[LOLDU\�LQSXW 
�
E�������DX[LOLDU\�LQSXW 
�
E�������DX[LOLDU\�LQSXW 
�
E�������DX[LOLDU\�LQSXW 
�
E�����5HVHUYHG 

�� 52 �[� UHVHUYHG 

����� 52 �[� 

336287180 
1XPEHU�RI�336�2XWSXWV 
7KLV�ILHOG�LQGLFDWHV�WKH�QXPEHU�RI�336�RXWSXWV� 
9DOXHV��  
�
E�����1R�336�RXWSXW 
�
E�������336�RXWSXW 
�
E�������336�RXWSXW 
�
E�������336�RXWSXW 
�
E�������336�RXWSXW 
�
E�����5HVHUYHG 

����� 52 �[� UHVHUYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1988 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� 

7;&+&17 
1XPEHU�RI�'0$�7UDQVPLW�&KDQQHOV 
7KLV�ILHOG�LQGLFDWHV�WKH�QXPEHU�RI�'0$�7UDQVPLW�FKDQQHOV� 
9DOXHV��  
�
E��������07/�7[�&KDQQHO 
�
E��������07/�7[�&KDQQHOV 
�
E��������07/�7[�&KDQQHOV 
�
E��������07/�7[�&KDQQHOV 
�
E��������07/�7[�&KDQQHOV 
�
E��������07/�7[�&KDQQHOV 
�
E��������07/�7[�&KDQQHOV 
�
E��������07/�7[�&KDQQHOV 

����� 52 �[� UHVHUYHG 

����� 52 �[� 

5;&+&17 
1XPEHU�RI�'0$�5HFHLYH�&KDQQHOV 
7KLV�ILHOG�LQGLFDWHV�WKH�QXPEHU�RI�'0$�5HFHLYH�FKDQQHOV� 
9DOXHV��  
�
E��������07/�5[�&KDQQHO 
�
E��������07/�5[�&KDQQHOV 
�
E��������07/�5[�&KDQQHOV 
�
E��������07/�5[�&KDQQHOV 
�
E��������07/�5[�&KDQQHOV 
�
E��������07/�5[�&KDQQHOV 
�
E��������07/�5[�&KDQQHOV 
�
E��������07/�5[�&KDQQHOV 

����� 52 �[� UHVHUYHG 

��� 52 �[� 

7;4&17 
1XPEHU�RI�07/�7UDQVPLW�4XHXHV 
7KLV�ILHOG�LQGLFDWHV�WKH�QXPEHU�RI�07/�7UDQVPLW�TXHXHV� 
9DOXHV��  
�
E��������07/�7[�4XHXH 
�
E��������07/�7[�4XHXHV 
�
E��������07/�7[�4XHXHV 
�
E��������07/�7[�4XHXHV 
�
E��������07/�7[�4XHXHV 
�
E��������07/�7[�4XHXHV 
�
E��������07/�7[�4XHXHV 
�
E��������07/�7[�4XHXHV 

��� 52 �[� UHVHUYHG 

��� 52 �[� 

5;4&17 
1XPEHU�RI�07/�5HFHLYH�4XHXHV 
7KLV�ILHOG�LQGLFDWHV�WKH�QXPEHU�RI�07/�5HFHLYH�TXHXHV� 
9DOXHV��  
�
E��������07/�5[�4XHXH 
�
E��������07/�5[�4XHXHV 
�
E��������07/�5[�4XHXHV 
�
E��������07/�5[�4XHXHV 
�
E��������07/�5[�4XHXHV 
�
E��������07/�5[�4XHXHV 
�
E��������07/�5[�4XHXHV 
�
E��������07/�5[�4XHXHV 

 
*0$&B0$&B+:B)HDWXUH��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1989 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 52 �[� 

$63 
$XWRPRWLYH�6DIHW\�3DFNDJH 
)ROORZLQJ�DUH�WKH�HQFRGLQJ�IRU�WKH�GLIIHUHQW�6DIHW\�IHDWXUHV� 
9DOXHV��  
�
E����1R�6DIHW\�IHDWXUHV�VHOHFWHG 
�
E����2QO\��(&&�SURWHFWLRQ�IRU�H[WHUQDO�PHPRU\��IHDWXUH�LV�
VHOHFWHG 
�
E����$OO�WKH�$XWRPRWLYH�6DIHW\�IHDWXUHV�DUH�VHOHFWHG�ZLWKRXW�
WKH��3DULW\�3RUW�(QDEOH�IRU�H[WHUQDO�LQWHUBIDFH��IHDWXUH 
�
E����$OO�WKH�$XWRPRWLYH�6DIHW\�IHDWXUHV�DUH�VHOHFWHG�ZLWK�WKH�
�3DULW\�3RUW�(QDEOH�IRU�H[WHUQDO�LQWHUIDFH��IHDWXUH 

�� 52 �[� 

7%66(/ 
7LPH�%DVHG�6FKHGXOLQJ�(QDEOH 
7KLV�ELW�LV�VHW�WR���ZKHQ�WKH�7LPH�%DVHG�6FKHGXOLQJ�IHDWXUH�LV�
VHOHFWHG� 
9DOXHV��  
�
E���7LPH�%DVHG�6FKHGXOLQJ�(QDEOH�IHDWXUH�LV�QRW�VHOHFWHG 
�
E���7LPH�%DVHG�6FKHGXOLQJ�(QDEOH�IHDWXUH�LV�VHOHFWHG 

�� 52 �[� 

)3(6(/ 
)UDPH�3UHHPSWLRQ�(QDEOH 
7KLV�ELW�LV�VHW�WR���ZKHQ�WKH�(QDEOH�)UDPH�SUHHPSWLRQ�IHDWXUH�LV�
VHOHFWHG� 
9DOXHV��  
�
E���)UDPH�3UHHPSWLRQ�(QDEOH�IHDWXUH�LV�QRW�VHOHFWHG 
�
E���)UDPH�3UHHPSWLRQ�(QDEOH�IHDWXUH�LV�VHOHFWHG 

����� 52 �[� UHVHUYHG 

����� 52 �[� 

(67:,' 
:LGWK�RI�WKH�7LPH�,QWHUYDO�ILHOG�LQ�WKH�*DWH�&RQWURO�/LVW 
7KLV�ILHOG�LQGLFDWHV�WKH�ZLGWK�RI�WKH�&RQILJXUHG�7LPH�,QWHUYDO�
)LHOG� 
9DOXHV��  
�
E����:LGWK�QRW�FRQILJXUHG 
�
E������ 
�
E������ 
�
E������ 

����� 5: �[� 

(67'(3 
'HSWK�RI�WKH�*DWH�&RQWURO�/LVW 
7KLV�ILHOG�LQGLFDWHV�WKH�GHSWK�RI�*DWH�&RQWURO�OLVW�H[SUHVVHG�DV�
/RJ��':&B(426B(67B'(3���� 
9DOXHV��  
�
E�����1R�'HSWK�FRQILJXUHG 
�
E������� 
�
E�������� 
�
E�������� 
�
E�������� 
�
E��������� 
�
E�����5HVHUYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1990 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 52 �[� 

(676(/ 
(QKDQFHPHQWV�WR�6FKHGXOLQJ�7UDIILF�(QDEOH 
7KLV�ELW�LV�VHW�WR���ZKHQ�WKH�(QDEOH�(QKDQFHPHQWV�WR�6FKHGXOLQJ�
7UDIILF�IHDWXUH�LV�VHOHFWHG� 
9DOXHV��  
�
E���(QDEOH�(QKDQFHPHQWV�WR�6FKHGXOLQJ�7UDIILF�IHDWXUH�LV�QRW�
VHOHFWHG 
�
E���(QDEOH�(QKDQFHPHQWV�WR�6FKHGXOLQJ�7UDIILF�IHDWXUH�LV�
VHOHFWHG 

�� 52 �[� UHVHUYHG 

����� 52 �[� 

)53(6 
)OH[LEOH�5HFHLYH�3DUVHU�7DEOH�(QWULHV�VL]H 
7KLV�ILHOG�LQGLFDWHV�WKH�0D[�1XPEHU�RI�3DUVHU�(QWULHV�VXSSRUWHG�
E\�)OH[LEOH�5HFHLYH�3DUVHU� 
9DOXHV��  
�
E�������(QWULHV 
�
E��������(QWULHV 
�
E��������(QWULHV 
�
E����5HVHUYHG 

����� 52 �[� 

)53%6 
)OH[LEOH�5HFHLYH�3DUVHU�%XIIHU�VL]H 
7KLV�ILHOG�LQGLFDWHV�WKH�VXSSRUWHG�0D[�1XPEHU�RI�E\WHV�RI�WKH�
SDFNHW�GDWD�WR�EH�3DUVHG�E\�)OH[LEOH�5HFHLYH�3DUVHU� 
9DOXHV��  
�
E�������%\WHV 
�
E��������%\WHV 
�
E��������%\WHV 
�
E����5HVHUYHG 

�� 52 �[� 

)536(/ 
)OH[LEOH�5HFHLYH�3DUVHU�6HOHFWHG 
7KLV�ELW�LV�VHW�WR���ZKHQ�WKH�(QDEOH�)OH[LEOH�3URJUDPPDEOH�
5HFHLYH�3DUVHU�RSWLRQ�LV�VHOHFWHG� 
9DOXHV��  
�
E���)OH[LEOH�5HFHLYH�3DUVHU�IHDWXUH�LV�QRW�VHOHFWHG 
�
E���)OH[LEOH�5HFHLYH�3DUVHU�IHDWXUH�LV�VHOHFWHG 

� 52 �[� 

3'836(/ 
%URDGFDVW�0XOWLFDVW�3DFNHW�'XSOLFDWLRQ 
7KLV�ELW�LV�VHW�WR���ZKHQ�WKH�%URDGFDVW�0XOWLFDVW�3DFNHW�
'XSOLFDWLRQ�IHDWXUH�LV�VHOHFWHG� 
9DOXHV��  
�
E���%URDGFDVW�0XOWLFDVW�3DFNHW�'XSOLFDWLRQ�IHDWXUH�LV�QRW�
VHOHFWHG 
�
E���%URDGFDVW�0XOWLFDVW�3DFNHW�'XSOLFDWLRQ�IHDWXUH�LV�VHOHFWHG 

��� 52 �[� UHVHUYHG 

� 52 �[� 

'9/$1 
'RXEOH�9/$1�7DJ�3URFHVVLQJ�6HOHFWHG 
7KLV�ELW�LV�VHW�WR���ZKHQ�WKH�(QDEOH�'RXEOH�9/$1�3URFHVVLQJ�
)HDWXUH�LV�VHOHFWHG� 
9DOXHV��  
�
E���'RXEOH�9/$1�RSWLRQ�LV�QRW�VHOHFWHG 
�
E���'RXEOH�9/$1�RSWLRQ�LV�VHOHFWHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1991 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 52 �[� 

&%7,6(/ 
4XHXH�&KDQQHO�EDVHG�9/$1�WDJ�LQVHUWLRQ�RQ�7[�(QDEOH 
7KLV�ELW�LV�VHW�WR���ZKHQ�WKH�(QDEOH�4XHXH�&KDQQHO�EDVHG�9/$1�
WDJ�LQVHUWLRQ�RQ�7[�)HDWXUH�LV�VHOHFWHG� 
9DOXHV��  
�
E���(QDEOH�4XHXH�&KDQQHO�EDVHG�9/$1�WDJ�LQVHUWLRQ�RQ�7[�
IHDWXUH�LV�QRW�VHOHFWHG 
�
E���(QDEOH�4XHXH�&KDQQHO�EDVHG�9/$1�WDJ�LQVHUWLRQ�RQ�7[�
IHDWXUH�LV�VHOHFWHG 

� 52 �[� UHVHUYHG 

��� 52 �[� 

159) 
1XPEHU�RI�([WHQGHG�9/$1�7DJ�)LOWHUV�(QDEOHG 
7KLV�ILHOG�LQGLFDWHV�WKH�1XPEHU�RI�([WHQGHG�9/$1�7DJ�)LOWHUV�
VHOHFWHG� 
9DOXHV��  
�
E�����1R�([WHQGHG�5[�9/$1�)LOWHUV 
�
E�������([WHQGHG�5[�9/$1�)LOWHUV 
�
E�������([WHQGHG�5[�9/$1�)LOWHUV 
�
E��������([WHQGHG�5[�9/$1�)LOWHUV 
�
E��������([WHQGHG�5[�9/$1�)LOWHUV 
�
E��������([WHQGHG�5[�9/$1�)LOWHUV 
�
E�����5HVHUYHG 

 
*0$&B0$&B0',2B$GGUHVV�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

�� 5: �[� 

36( 
3UHDPEOH�6XSSUHVVLRQ�(QDEOH 
:KHQ�WKLV�ELW�LV�VHW��WKH�60$�VXSSUHVVHV�WKH����ELW�SUHDPEOH�DQG�
WUDQVPLWV�0',2�IUDPHV�ZLWK�RQO\���SUHDPEOH�ELW��:KHQ�WKLV�ELW�LV�
���WKH�0',2�IUDPH�DOZD\V�KDV����ELWV�RI�SUHDPEOH�DV�GHILQHG�LQ�
WKH�,(((�VSHFLILFDWLRQV� 
9DOXHV��  
�
E���3UHDPEOH�6XSSUHVVLRQ�GLVDEOHG 
�
E���3UHDPEOH�6XSSUHVVLRQ�HQDEOHG 

�� 5: �[� 

%7% 
%DFN�WR�%DFN�WUDQVDFWLRQV 
:KHQ�WKLV�ELW�LV�VHW�DQG�WKH�17&�KDV�YDOXH�JUHDWHU�WKDQ����WKHQ�
WKH�0$&�LQIRUPV�WKH�FRPSOHWLRQ�RI�D�UHDG�RU�ZULWH�FRPPDQG�DW�
WKH�HQG�RI�IUDPH�WUDQVIHU��EHIRUH�WKH�WUDLOLQJ�FORFNV�DUH�
WUDQVPLWWHG���7KH�VRIWZDUH�FDQ�WKXV�LQLWLDWH�WKH�QH[W�FRPPDQG�
ZKLFK�LV�H[HFXWHG�LPPHGLDWHO\�LUUHVSHFWLYH�RI�WKH�QXPEHU�WUDLOLQJ�
FORFNV�JHQHUDWHG�IRU�WKH�SUHYLRXV�IUDPH��:KHQ�WKLV�ELW�LV�UHVHW��
WKHQ�WKH�UHDG�ZULWH�FRPPDQG�FRPSOHWLRQ��*%�LV�FOHDUHG��RQO\�
DIWHU�WKH�WUDLOLQJ�FORFNV�DUH�JHQHUDWHG��,Q�WKLV�PRGH��LW�LV�HQVXUHG�
WKDW�WKH�17&�LV�DOZD\V�JHQHUDWHG�DIWHU�HDFK�IUDPH��7KLV�ELW�PXVW�
QRW�EH�VHW�ZKHQ�17& �� 
9DOXHV��  
�
E���%DFN�WR�%DFN�WUDQVDFWLRQV�GLVDEOHG 
�
E���%DFN�WR�%DFN�WUDQVDFWLRQV�HQDEOHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1992 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� 

3$ 
3K\VLFDO�/D\HU�$GGUHVV 
7KLV�ILHOG�LQGLFDWHV�ZKLFK�&ODXVH����3+<�GHYLFHV��RXW�RI����
GHYLFHV��WKH�0$&�LV�DFFHVVLQJ��)RU�5HY0,,��WKLV�ILHOG�JLYHV�WKH�
3+<�$GGUHVV�RI�WKH�5HY0,,�PRGXOH��7KLV�ILHOG�LQGLFDWHV�ZKLFK�
&ODXVH����FDSDEOH�3+<V��RXW�RI����3+<V��WKH�0$&�LV�DFFHVVLQJ� 

����� 5: �[�� 

5'$ 
5HJLVWHU�'HYLFH�$GGUHVV 
7KHVH�ELWV�VHOHFW�WKH�3+<�UHJLVWHU�LQ�VHOHFWHG�&ODXVH����3+<�
GHYLFH��)RU�5HY0,,��WKHVH�ELWV�VHOHFW�WKH�&65�UHJLVWHU�LQ�WKH�
5HY0,,�5HJLVWHUV�VHW��7KHVH�ELWV�VHOHFW�WKH�'HYLFH��00'��LQ�
VHOHFWHG�&ODXVH����FDSDEOH�3+<� 

�� 52 �[� UHVHUYHG 

����� 5: �[� 

17& 
1XPEHU�RI�7UDLOLQJ�&ORFNV 
7KLV�ILHOG�FRQWUROV�WKH�QXPEHU�RI�WUDLOLQJ�FORFN�F\FOHV�JHQHUDWHG�
RQ�JPLLBPGFBR��0'&��DIWHU�WKH�HQG�RI�WUDQVPLVVLRQ�RI�0',2�
IUDPH��7KH�YDOLG�YDOXHV�FDQ�EH�IURP���WR����3URJUDPPLQJ�WKH�
YDOXH�WR��
K��LQGLFDWHV�WKDW�WKHUH�DUH�DGGLWLRQDO�WKUHH�FORFN�F\FOHV�
RQ�WKH�0'&�OLQH�DIWHU�WKH�HQG�RI�0',2�IUDPH�WUDQVIHU� 

���� 5: �[� 

&5 
&65�&ORFN�5DQJH 
7KH�&65�&ORFN�5DQJH�VHOHFWLRQ�GHWHUPLQHV�WKH�IUHTXHQF\�RI�WKH�
0'&�FORFN�DFFRUGLQJ�WR�WKH�&65�FORFN�IUHTXHQF\�XVHG�LQ�\RXU�
GHVLJQ� 
�
E������&65�FORFN� ��������0+]��0'&�FORFN� �&65�FORFN��� 
�
E������&65�FORFN� ���������0+]��0'&�FORFN� �&65�FORFN��� 
�
E������&65�FORFN� �������0+]��0'&�FORFN� �&65�FORFN��� 
�
E������&65�FORFN� �������0+]��0'&�FORFN� �&65�FORFN��� 
�
E������&65�FORFN� ���������0+]��0'&�FORFN� �&65�FORFN���� 
�
E������&65�FORFN� ���������0+]��0'&�FORFN� �&65�FORFN���� 
�
E������&65�FORFN� ���������0+]��0'&�FORFN� �&65�FORFN���� 
�
E������&65�FORFN� ���������0+]��0'&�FORFN� �&65�FORFN���� 
7KH�VXJJHVWHG�UDQJH�RI�&65�FORFN�IUHTXHQF\�DSSOLFDEOH�IRU�HDFK�
YDOXH��ZKHQ�%LW���� ����HQVXUHV�WKDW�WKH�0'&�FORFN�LV�
DSSUR[LPDWHO\�EHWZHHQ�����0+]�WR�����0+]�IUHTXHQF\�UDQJH� 
:KHQ�%LW����LV�VHW��\RX�FDQ�DFKLHYH�D�KLJKHU�IUHTXHQF\�RI�WKH�
0'&�FORFN�WKDQ�WKH�IUHTXHQF\�OLPLW�RI�����0+]��VSHFLILHG�LQ�WKH�
,(((��������DQG�SURJUDP�D�FORFN�GLYLGHU�RI�ORZHU�YDOXH��)RU�
H[DPSOH��ZKHQ�&65�FORFN�LV�RI�����0+]�IUHTXHQF\�DQG�\RX�
SURJUDP�WKHVH�ELWV�DV�������WKH�UHVXOWDQW�0'&�FORFN�LV�RI������
0+]�ZKLFK�LV�DERYH�WKH�UDQJH�VSHFLILHG�LQ�,(((��������3URJUDP�
WKH�IROORZLQJ�YDOXHV�RQO\�LI�WKH�LQWHUIDFLQJ�FKLSV�VXSSRUW�IDVWHU�
0'&�FORFNV� 
�
E������&65�FORFN�� 
�
E������&65�FORFN�� 
�
E������&65�FORFN�� 
�
E������&65�FORFN��� 
�
E������&65�FORFN��� 
�
E������&65�FORFN��� 
�
E������&65�FORFN��� 
�
E������&65�FORFN��� 
7KHVH�ELWV�DUH�QRW�XVHG�IRU�DFFHVVLQJ�5HY0,,��7KHVH�ELWV�DUH�
UHDG�RQO\�LI�WKH�5HY0,,�LQWHUIDFH�LV�VHOHFWHG�DV�VLQJOH�3+<�
LQWHUIDFH� 

��� 52 �[� UHVHUYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1993 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

6.$3 
6NLS�$GGUHVV�3DFNHW 
:KHQ�WKLV�ELW�LV�VHW��WKH�60$�GRHV�QRW�VHQG�WKH�DGGUHVV�SDFNHWV�
EHIRUH�UHDG��ZULWH��RU�SRVW�UHDG�LQFUHPHQW�DGGUHVV�SDFNHWV��7KLV�
ELW�LV�YDOLG�RQO\�ZKHQ�&��(�LV�VHW� 
9DOXHV��  
�
E���6NLS�$GGUHVV�3DFNHW�LV�GLVDEOHG 
�
E���6NLS�$GGUHVV�3DFNHW�LV�HQDEOHG 

� 5: �[� 

*2&B� 
*0,,�2SHUDWLRQ�&RPPDQG�� 
7KLV�ELW�LV�KLJKHU�ELW�RI�WKH�RSHUDWLRQ�FRPPDQG�WR�WKH�3+<�RU�
5HY0,,��*2&B��DQG�*2&B2�LV�HQFRGHG�DV�IROORZV� 
�
E����5HVHUYHG 
�
E����:ULWH 
�
E����3RVW�5HDG�,QFUHPHQW�$GGUHVV�IRU�&ODXVH����3+< 
�
E����5HDG 
:KHQ�&ODXVH����3+<�RU�5HY0,,�LV�HQDEOHG��RQO\�:ULWH�DQG�5HDG�
FRPPDQGV�DUH�YDOLG� 
9DOXHV��  
�
E���*0,,�2SHUDWLRQ�&RPPDQG���LV�GLVDEOHG 
�
E���*0,,�2SHUDWLRQ�&RPPDQG���LV�HQDEOHG 

� 5: �[� 

*2&B� 
*0,,�2SHUDWLRQ�&RPPDQG�� 
7KLV�LV�WKH�ORZHU�ELW�RI�WKH�RSHUDWLRQ�FRPPDQG�WR�WKH�3+<�RU�
5HY0,,��:KHQ�LQ�60$�PRGH��0',2�PDVWHU��WKLV�ELW�DORQJ�ZLWK�
*2&B��GHWHUPLQHV�WKH�RSHUDWLRQ�WR�EH�SHUIRUPHG�WR�WKH�3+<��
:KHQ�RQO\�5HY0,,�LV�VHOHFWHG�LQ�FRQILJXUDWLRQ�WKLV�ELW�LV�UHDG�RQO\�
DQG�WLHG�WR��� 
9DOXHV��  
�
E���*0,,�2SHUDWLRQ�&RPPDQG���LV�GLVDEOHG 
�
E���*0,,�2SHUDWLRQ�&RPPDQG���LV�HQDEOHG 

� 5: �[� 

&��( 
&ODXVH����3+<�(QDEOH 
:KHQ�WKLV�ELW�LV�VHW��&ODXVH����FDSDEOH�3+<�LV�FRQQHFWHG�WR�0',2��
:KHQ�WKLV�ELW�LV�UHVHW��&ODXVH����FDSDEOH�3+<�LV�FRQQHFWHG�WR�
0',2� 
9DOXHV��  
�
E���&ODXVH����3+<�LV�GLVDEOHG 
�
E���&ODXVH����3+<�LV�HQDEOHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1994 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

*% 
*0,,�%XV\ 
7KH�DSSOLFDWLRQ�VHWV�WKLV�ELW�WR�LQVWUXFW�WKH�60$�WR�LQLWLDWH�D�5HDG�
RU�:ULWH�DFFHVV�WR�WKH�0',2�VODYH��7KH�0$&�FOHDUV�WKLV�ELW�DIWHU�
WKH�0',2�IUDPH�WUDQVIHU�LV�FRPSOHWHG��+HQFH�WKH�VRIWZDUH�PXVW�
QRW�ZULWH�RU�FKDQJH�DQ\�RI�WKH�ILHOGV�LQ�0$&B0',2B$GGUHVV�DQG�
0$&B0',2B'DWD�UHJLVWHUV�DV�ORQJ�DV�WKLV�ELW�LV�VHW� 
)RU�ZULWH�WUDQVIHUV��WKH�DSSOLFDWLRQ�PXVW�ILUVW�ZULWH����ELW�GDWD�LQ�
WKH�*'O�ILHOG��DQG�DOVR�5$�ILHOG�ZKHQ�&��(�LV�VHW��LQ�
0$&B0',2B'DWD�UHJLVWHU�EHIRUH�VHWWLQJ�WKLV�ELW��:KHQ�&��(�LV�
VHW��LW�VKRXOG�DOVR�ZULWH�LQWR�WKH�5$�ILHOG�RI�0$&B0',2B'DWD�
UHJLVWHU�EHIRUH�LQLWLDWLQJ�D�UHDG�WUDQVIHU��:KHQ�D�UHDG�WUDQVIHU�LV�
FRPSOHWHG��*% ����WKH�GDWD�UHDG�IURP�WKH�3+<�UHJLVWHU�LV�YDOLG�LQ�
WKH�*'�ILHOG�RI�WKH�0$&B0',2B'DWD�UHJLVWHU� 
1RWH��(YHQ�LI�WKH�DGGUHVVHG�3+<�LV�QRW�SUHVHQW��WKHUH�LV�QR�
FKDQJH�LQ�WKH�IXQFWLRQDOLW\�RI�WKLV�ELW��$FFHVV�UHVWULFWLRQ�DSSOLHV��
6HWWLQJ���VHWV��6HOI�FOHDUHG��6HWWLQJ���KDV�QR�HIIHFW� 
9DOXHV��  
�
E���*0,,�%XV\�LV�GLVDEOHG 
�
E���*0,,�%XV\�LV�HQDEOHG 

 
*0$&B0$&B0',2B'DWD�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 5: �[� 
5$ 
5HJLVWHU�$GGUHVV 
7KLV�ILHOG�LV�YDOLG�RQO\�ZKHQ�&��(�LV�VHW��,W�FRQWDLQV�WKH�5HJLVWHU�
$GGUHVV�LQ�WKH�3+<�WR�ZKLFK�WKH�0',2�IUDPH�LV�LQWHQGHG�IRU� 

���� 5: �[���� 

*' 
*0,,�'DWD 
7KLV�ILHOG�FRQWDLQV�WKH����ELW�GDWD�YDOXH�UHDG�IURP�WKH�3+<�RU�
5HY0,,�DIWHU�D�0DQDJHPHQW�5HDG�RSHUDWLRQ�RU�WKH����ELW�GDWD�
YDOXH�WR�EH�ZULWWHQ�WR�WKH�3+<�RU�5HY0,,�EHIRUH�D�0DQDJHPHQW�
:ULWH�RSHUDWLRQ� 

 
*0$&B0$&B&65B6:B&WUO�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 

5&:( 
5HJLVWHU�&OHDU�RQ�:ULWH���(QDEOH 
:KHQ�WKLV�ELW�LV�VHW��WKH�DFFHVV�PRGH�RI�VRPH�UHJLVWHU�ILHOGV�
FKDQJHV�WR�&OHDU�RQ�:ULWH����WKH�DSSOLFDWLRQ�QHHGV�WR�VHW�WKDW�
UHVSHFWLYH�ELW�WR���WR�FOHDU�LW��:KHQ�WKLV�ELW�LV�UHVHW��WKH�DFFHVV�
PRGH�RI�WKHVH�UHJLVWHU�ILHOGV�UHPDLQ�DV�&OHDU�RQ�5HDG� 
9DOXHV��  
�
E���5HJLVWHU�&OHDU�RQ�:ULWH���LV�GLVDEOHG 
�
E���5HJLVWHU�&OHDU�RQ�:ULWH���LV�HQDEOHG 

 
*0$&B0$&B$GGUHVV�B+LJK�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1995 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 52 �[� 

$( 
$GGUHVV�(QDEOH 
7KLV�ELW�LV�DOZD\V�VHW�WR��� 
9DOXHV��  
�
E���7KLV�ELW�PXVW�EH�DOZD\V�VHW�WR�� 
�
E���7KLV�ELW�LV�DOZD\V�VHW�WR�� 

����� 52 �[���� UHVHUYHG 

���� 5: �[IIII 

$''5+, 
0$&�$GGUHVV�>�����@ 
7KLV�ILHOG�FRQWDLQV�WKH�XSSHU����ELWV�>�����@�RI�WKH�ILUVW���E\WH�
0$&�DGGUHVV��7KH�0$&�XVHV�WKLV�ILHOG�IRU�ILOWHULQJ�WKH�UHFHLYHG�
SDFNHWV�DQG�LQVHUWLQJ�WKH�0$&�DGGUHVV�LQ�WKH�7UDQVPLW�)ORZ�
&RQWURO��3DXVH��3DFNHWV� 

 
*0$&B0$&B$GGUHVV�B/RZ�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[IIIIIIII 

$''5/2 
0$&�$GGUHVV�>����@ 
7KLV�ILHOG�FRQWDLQV�WKH�ORZHU����ELWV�RI�WKH�ILUVW���E\WH�0$&�
DGGUHVV��7KH�0$&�XVHV�WKLV�ILHOG�IRU�ILOWHULQJ�WKH�UHFHLYHG�SDFNHWV�
DQG�LQVHUWLQJ�WKH�0$&�DGGUHVV�LQ�WKH�7UDQVPLW�)ORZ�&RQWURO�
�3DXVH��3DFNHWV� 

 
*0$&B00&B&RQWURO�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� 5: �[� 

8&'%& 
8SGDWH�00&�&RXQWHUV�IRU�'URSSHG�%URDGFDVW�3DFNHWV�  
1RWH��7KH�&17567�ELW�KDV�D�KLJKHU�SULRULW\�WKDQ�WKH�&173567�ELW��
7KHUHIRUH��ZKHQ�WKH�VRIWZDUH�WULHV�WR�VHW�ERWK�ELWV�LQ�WKH�VDPH�
ZULWH�F\FOH��DOO�FRXQWHUV�DUH�FOHDUHG�DQG�WKH�&173567�ELW�LV�QRW�
VHW� 
:KHQ�VHW��WKH�0$&�XSGDWHV�DOO�UHODWHG�00&�&RXQWHUV�IRU�
%URDGFDVW�SDFNHWV�WKDW�DUH�GURSSHG�EHFDXVH�RI�WKH�VHWWLQJ�RI�WKH�
'%)�ELW�RI�0$&B3DFNHWB)LOWHU�UHJLVWHU� 
:KHQ�UHVHW��WKH�00&�&RXQWHUV�DUH�QRW�XSGDWHG�IRU�GURSSHG�
%URDGFDVW�SDFNHWV� 
9DOXHV��  
�
E���8SGDWH�00&�&RXQWHUV�IRU�'URSSHG�%URDGFDVW�3DFNHWV�LV�
GLVDEOHG 
�
E���8SGDWH�00&�&RXQWHUV�IRU�'URSSHG�%URDGFDVW�3DFNHWV�LV�
HQDEOHG 

��� 52 �[� UHVHUYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1996 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

&173567/9/ 
)XOO�+DOI�3UHVHW 
:KHQ�WKLV�ELW�LV�ORZ�DQG�WKH�&173567�ELW�LV�VHW��DOO�00&�FRXQWHUV�
JHW�SUHVHW�WR�DOPRVW�KDOI�YDOXH��$OO�RFWHW�FRXQWHUV�JHW�SUHVHW�WR�
�[�)))B)�����+DOI��.%\WHV��DQG�DOO�SDFNHW�FRXQWHUV�JHWV�SUHVHW�
WR��[�)))B)))���+DOI������:KHQ�WKLV�ELW�LV�KLJK�DQG�WKH�&173567�
ELW�LV�VHW��DOO�00&�FRXQWHUV�JHW�SUHVHW�WR�DOPRVW�IXOO�YDOXH��$OO�
RFWHW�FRXQWHUV�JHW�SUHVHW�WR��[))))B)�����)XOO��.%\WHV��DQG�DOO�  
SDFNHW�FRXQWHUV�JHWV�SUHVHW�WR��[))))B)))���)XOO������)RU����ELW�
FRXQWHUV��WKH�DOPRVW�KDOI�SUHVHW�YDOXHV�DUH��[�����DQG��[�))��
IRU�WKH�UHVSHFWLYH�RFWHW�DQG�SDFNHW�FRXQWHUV��6LPLODUO\��WKH�
DOPRVW�IXOO�SUHVHW�YDOXHV�IRU�WKH����ELW�FRXQWHUV�DUH��[)����DQG�
�[)))�� 
9DOXHV��  
�
E���)XOO�+DOI�3UHVHW�LV�GLVDEOHG 
�
E���)XOO�+DOI�3UHVHW�LV�HQDEOHG 

� 5: �[� 

&173567 
&RXQWHUV�3UHVHW 
:KHQ�WKLV�ELW�LV�VHW��DOO�FRXQWHUV�DUH�LQLWLDOL]HG�RU�SUHVHW�WR�DOPRVW�
IXOO�RU�DOPRVW�KDOI�DFFRUGLQJ�WR�WKH�&173567/9/�ELW��7KLV�ELW�LV�
FOHDUHG�DXWRPDWLFDOO\�DIWHU���FORFN�F\FOH��7KLV�ELW��DORQJ�ZLWK�WKH�
&173567/9/�ELW��LV�XVHIXO�IRU�GHEXJJLQJ�DQG�WHVWLQJ�WKH�DVVHUWLRQ�
RI�LQWHUUXSWV�EHFDXVH�RI�00&�FRXQWHU�EHFRPLQJ�KDOI�IXOO�RU�IXOO��
$FFHVV�UHVWULFWLRQ�DSSOLHV��6HOI�FOHDUHG��6HWWLQJ���FOHDUV��6HWWLQJ���
VHWV� 
9DOXHV��  
�
E���&RXQWHUV�3UHVHW�LV�GLVDEOHG 
�
E���&RXQWHUV�3UHVHW�LV�HQDEOHG 

� 5: �[� 

&17)5((= 
00&�&RXQWHU�)UHH]H 
:KHQ�WKLV�ELW�LV�VHW��LW�IUHH]HV�DOO�00&�FRXQWHUV�WR�WKHLU�FXUUHQW�
YDOXH��8QWLO�WKLV�ELW�LV�UHVHW�WR����QR�00&�FRXQWHU�LV�XSGDWHG�
EHFDXVH�RI�DQ\�WUDQVPLWWHG�RU�UHFHLYHG�SDFNHW��,I�DQ\�00&�
FRXQWHU�LV�UHDG�ZLWK�WKH�5HVHW�RQ�5HDG�ELW�VHW��WKHQ�WKDW�FRXQWHU�
LV�DOVR�FOHDUHG�LQ�WKLV�PRGH� 
9DOXHV��  
�
E���00&�&RXQWHU�)UHH]H�LV�GLVDEOHG 
�
E���00&�&RXQWHU�)UHH]H�LV�HQDEOHG 

� 5: �[� 

567215' 
5HVHW�RQ�5HDG 
:KHQ�WKLV�ELW�LV�VHW��WKH�00&�FRXQWHUV�DUH�UHVHW�WR�]HUR�DIWHU�
5HDG��VHOI�FOHDULQJ�DIWHU�UHVHW���7KH�FRXQWHUV�DUH�FOHDUHG�ZKHQ�
WKH�OHDVW�VLJQLILFDQW�E\WH�ODQH��%LWV>���@��LV�UHDG� 
9DOXHV��  
�
E���5HVHW�RQ�5HDG�LV�GLVDEOHG 
�
E���5HVHW�RQ�5HDG�LV�HQDEOHG 

� 5: �[� 

&17672352 
&RXQWHU�6WRS�5ROORYHU 
:KHQ�WKLV�ELW�LV�VHW��WKH�FRXQWHU�GRHV�QRW�UROO�RYHU�WR�]HUR�DIWHU�
UHDFKLQJ�WKH�PD[LPXP�YDOXH� 
9DOXHV��  
�
E���&RXQWHU�6WRS�5ROORYHU�LV�GLVDEOHG 
�
E���&RXQWHU�6WRS�5ROORYHU�LV�HQDEOHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1997 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

&17567 
&RXQWHUV�5HVHW 
:KHQ�WKLV�ELW�LV�VHW��DOO�FRXQWHUV�DUH�UHVHW��7KLV�ELW�LV�FOHDUHG�
DXWRPDWLFDOO\�DIWHU���FORFN�F\FOH� 
$FFHVV�UHVWULFWLRQ�DSSOLHV��6HOI�FOHDUHG��6HWWLQJ���FOHDUV��6HWWLQJ���
VHWV� 
9DOXHV��  
�
E���&RXQWHUV�DUH�QRW�UHVHW 
�
E���$OO�FRXQWHUV�DUH�UHVHW 

 
*0$&B00&B5[B,QWHUUXSW�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

�� 52 �[� 

5;)293,6 
00&�5HFHLYH�),)2�2YHUIORZ�3DFNHW�&RXQWHU�,QWHUUXSW�6WDWXV 
7KLV�ELW�LV�VHW�ZKHQ�WKH�U[ILIRRYHUIORZ�FRXQWHU�UHDFKHV�KDOI�RI�WKH�
PD[LPXP�YDOXH�RU�WKH�PD[LPXP�YDOXH� 
$FFHVV�UHVWULFWLRQ�DSSOLHV��&OHDUV�RQ�UHDG��6HOI�VHW�WR���RQ�LQWHUQDO�
HYHQW� 
9DOXHV��  
�
E���00&�5HFHLYH�),)2�2YHUIORZ�3DFNHW�&RXQWHU�,QWHUUXSW�
6WDWXV�QRW�GHWHFWHG 
�
E���00&�5HFHLYH�),)2�2YHUIORZ�3DFNHW�&RXQWHU�,QWHUUXSW�
6WDWXV�GHWHFWHG 

����� 52 �[� UHVHUYHG 

�� 52 �[� 

5;/(1(53,6 
00&�5HFHLYH�/HQJWK�(UURU�3DFNHW�&RXQWHU�,QWHUUXSW�6WDWXV 
7KLV�ELW�LV�VHW�ZKHQ�WKH�U[OHQJWKHUURU�FRXQWHU�UHDFKHV�KDOI�RI�WKH�
PD[LPXP�YDOXH�RU�WKH�PD[LPXP�YDOXH� 
$FFHVV�UHVWULFWLRQ�DSSOLHV��&OHDUV�RQ�UHDG��6HOI�VHW�WR���RQ�LQWHUQDO�
HYHQW� 
9DOXHV��  
�
E���00&�5HFHLYH�/HQJWK�(UURU�3DFNHW�&RXQWHU�,QWHUUXSW�6WDWXV�
QRW�GHWHFWHG 
�
E���00&�5HFHLYH�/HQJWK�(UURU�3DFNHW�&RXQWHU�,QWHUUXSW�6WDWXV�
GHWHFWHG 

���� 52 �[��� UHVHUYHG 

� 52 �[� 

5;&5&(53,6 
00&�5HFHLYH�&5&�(UURU�3DFNHW�&RXQWHU�,QWHUUXSW�6WDWXV 
7KLV�ELW�LV�VHW�ZKHQ�WKH�U[FUFHUURU�FRXQWHU�UHDFKHV�KDOI�RI�WKH�
PD[LPXP�YDOXH�RU�WKH�PD[LPXP�YDOXH� 
$FFHVV�UHVWULFWLRQ�DSSOLHV��&OHDUV�RQ�UHDG��6HOI�VHW�WR���RQ�LQWHUQDO�
HYHQW� 
9DOXHV��  
�
E���00&�5HFHLYH�&5&�(UURU�3DFNHW�&RXQWHU�,QWHUUXSW�6WDWXV�QRW�
GHWHFWH 
�
E���00&�5HFHLYH�&5&�(UURU�3DFNHW�&RXQWHU�,QWHUUXSW�6WDWXV�
GHWHFWHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1998 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 52 �[� 

5;0&*3,6 
00&�5HFHLYH�0XOWLFDVW�*RRG�3DFNHW�&RXQWHU�,QWHUUXSW�6WDWXV 
7KLV�ELW�LV�VHW�ZKHQ�WKH�U[PXOWLFDVWSDFNHWVBJ�FRXQWHU�UHDFKHV�
KDOI�RI�WKH�PD[LPXP�YDOXH�RU�WKH�PD[LPXP�YDOXH� 
$FFHVV�UHVWULFWLRQ�DSSOLHV��&OHDUV�RQ�UHDG��6HOI�VHW�WR���RQ�LQWHUQDO�
HYHQW� 
9DOXHV��  
�
E���00&�5HFHLYH�0XOWLFDVW�*RRG�3DFNHW�&RXQWHU�,QWHUUXSW�
6WDWXV�QRW�GHWHFWHG 
�
E���00&�5HFHLYH�0XOWLFDVW�*RRG�3DFNHW�&RXQWHU�,QWHUUXSW�
6WDWXV�GHWHFWHG 

� 52 �[� UHVHUYHG 

� 52 �[� 

5;*2&7,6 
00&�5HFHLYH�*RRG�2FWHW�&RXQWHU�,QWHUUXSW�6WDWXV 
7KLV�ELW�LV�VHW�ZKHQ�WKH�U[RFWHWFRXQWBJ�FRXQWHU�UHDFKHV�KDOI�RI�
WKH�PD[LPXP�YDOXH�RU�WKH�PD[LPXP�YDOXH� 
$FFHVV�UHVWULFWLRQ�DSSOLHV��&OHDUV�RQ�UHDG��6HOI�VHW�WR���RQ�LQWHUQDO�
HYHQW� 
9DOXHV��  
�
E���00&�5HFHLYH�*RRG�2FWHW�&RXQWHU�,QWHUUXSW�6WDWXV�QRW�
GHWHFWHG 
�
E���00&�5HFHLYH�*RRG�2FWHW�&RXQWHU�,QWHUUXSW�6WDWXV�GHWHFWHG 

� 52 �[� 

5;*%2&7,6 
00&�5HFHLYH�*RRG�%DG�2FWHW�&RXQWHU�,QWHUUXSW�6WDWXV 
7KLV�ELW�LV�VHW�ZKHQ�WKH�U[RFWHWFRXQWBJE�FRXQWHU�UHDFKHV�KDOI�RI�
WKH�PD[LPXP�YDOXH�RU�WKH�PD[LPXP�YDOXH� 
$FFHVV�UHVWULFWLRQ�DSSOLHV��&OHDUV�RQ�UHDG��6HOI�VHW�WR���RQ�LQWHUQDO�
HYHQW� 
9DOXHV��  
�
E���00&�5HFHLYH�*RRG�%DG�2FWHW�&RXQWHU�,QWHUUXSW�6WDWXV�QRW�
GHWHFWHG 
�
E���00&�5HFHLYH�*RRG�%DG�2FWHW�&RXQWHU�,QWHUUXSW�6WDWXV�
GHWHFWHG 

� 52 �[� 

5;*%3.7,6 
00&�5HFHLYH�*RRG�%DG�3DFNHW�&RXQWHU�,QWHUUXSW�6WDWXV 
7KLV�ELW�LV�VHW�ZKHQ�WKH�U[SDFNHWFRXQWBJE�FRXQWHU�UHDFKHV�KDOI�RI�
WKH�PD[LPXP�YDOXH�RU�WKH�PD[LPXP�YDOXH� 
$FFHVV�UHVWULFWLRQ�DSSOLHV��&OHDUV�RQ�UHDG��6HOI�VHW�WR���RQ�LQWHUQDO�
HYHQW� 
9DOXHV��  
�
E���00&�5HFHLYH�*RRG�%DG�3DFNHW�&RXQWHU�,QWHUUXSW�6WDWXV�QRW�
GHWHFWHG 
�
E���00&�5HFHLYH�*RRG�%DG�3DFNHW�&RXQWHU�,QWHUUXSW�6WDWXV�
GHWHFWHG 

 
*0$&B00&B7[B,QWHUUXSW�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  1999 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 52 �[� 

7;*3.7,6 
00&�7UDQVPLW�*RRG�3DFNHW�&RXQWHU�,QWHUUXSW�6WDWXV 
7KLV�ELW�LV�VHW�ZKHQ�WKH�W[SDFNHWFRXQWBJ�FRXQWHU�UHDFKHV�KDOI�RI�
WKH�PD[LPXP�YDOXH�RU�WKH�PD[LPXP�YDOXH� 
$FFHVV�UHVWULFWLRQ�DSSOLHV��&OHDUV�RQ�UHDG��6HOI�VHW�WR���RQ�LQWHUQDO�
HYHQW� 
9DOXHV��  
�
E���00&�7UDQVPLW�*RRG�3DFNHW�&RXQWHU�,QWHUUXSW�6WDWXV�QRW�
GHWHFWHG 
�
E���00&�7UDQVPLW�*RRG�3DFNHW�&RXQWHU�,QWHUUXSW�6WDWXV�
GHWHFWHG 

�� 52 �[� 

7;*2&7,6 
00&�7UDQVPLW�*RRG�2FWHW�&RXQWHU�,QWHUUXSW�6WDWXV 
7KLV�ELW�LV�VHW�ZKHQ�WKH�W[RFWHWFRXQWBJ�FRXQWHU�UHDFKHV�KDOI�RI�
WKH�PD[LPXP�YDOXH�RU�WKH�PD[LPXP�YDOXH� 
$FFHVV�UHVWULFWLRQ�DSSOLHV��&OHDUV�RQ�UHDG��6HOI�VHW�WR���RQ�LQWHUQDO�
HYHQW� 
9DOXHV��  
�
E���00&�7UDQVPLW�*RRG�2FWHW�&RXQWHU�,QWHUUXSW�6WDWXV�QRW�
GHWHFWHG 
�
E���00&�7UDQVPLW�*RRG�2FWHW�&RXQWHU�,QWHUUXSW�6WDWXV�
GHWHFWHG 

�� 52 �[� 

7;&$5(53,6 
00&�7UDQVPLW�&DUULHU�(UURU�3DFNHW�&RXQWHU�,QWHUUXSW�6WDWXV 
7KLV�ELW�LV�VHW�ZKHQ�WKH�W[FDUULHUHUURU�FRXQWHU�UHDFKHV�KDOI�RI�WKH�
PD[LPXP�YDOXH�RU�WKH�PD[LPXP�YDOXH��  
$FFHVV�UHVWULFWLRQ�DSSOLHV��&OHDUV�RQ�UHDG��6HOI�VHW�WR���RQ�LQWHUQDO�
HYHQW� 
9DOXHV��  
�
E���00&�7UDQVPLW�&DUULHU�(UURU�3DFNHW�&RXQWHU�,QWHUUXSW�6WDWXV�
QRW�GHWHFWHG 
�
E���00&�7UDQVPLW�&DUULHU�(UURU�3DFNHW�&RXQWHU�,QWHUUXSW�6WDWXV�
GHWHFWHG 

����� 52 �[�� UHVHUYHG 

�� 52 �[� 

7;8)/2:(53,6 
00&�7UDQVPLW�8QGHUIORZ�(UURU�3DFNHW�&RXQWHU�,QWHUUXSW�6WDWXV 
7KLV�ELW�LV�VHW�ZKHQ�WKH�W[XQGHUIORZHUURU�FRXQWHU�UHDFKHV�KDOI�RI�
WKH�PD[LPXP�YDOXH�RU�WKH�PD[LPXP�YDOXH� 
$FFHVV�UHVWULFWLRQ�DSSOLHV��&OHDUV�RQ�UHDG��6HOI�VHW�WR���RQ�LQWHUQDO�
HYHQW� 
9DOXHV��  
�
E���00&�7UDQVPLW�8QGHUIORZ�(UURU�3DFNHW�&RXQWHU�,QWHUUXSW�
6WDWXV�QRW�GHWHFWHG 
�
E���00&�7UDQVPLW�8QGHUIORZ�(UURU�3DFNHW�&RXQWHU�,QWHUUXSW�
6WDWXV�GHWHFWHG 

���� 52 �[��� UHVHUYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2000 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 52 �[� 

7;*%3.7,6 
00&�7UDQVPLW�*RRG�%DG�3DFNHW�&RXQWHU�,QWHUUXSW�6WDWXV 
7KLV�ELW�LV�VHW�ZKHQ�WKH�W[SDFNHWFRXQWBJE�FRXQWHU�UHDFKHV�KDOI�RI�
WKH�PD[LPXP�YDOXH�RU�WKH�PD[LPXP�YDOXH� 
$FFHVV�UHVWULFWLRQ�DSSOLHV��&OHDUV�RQ�UHDG��6HOI�VHW�WR���RQ�LQWHUQDO�
HYHQW� 
9DOXHV��  
�
E���00&�7UDQVPLW�*RRG�%DG�3DFNHW�&RXQWHU�,QWHUUXSW�6WDWXV�
QRW�GHWHFWHG 
�
E���00&�7UDQVPLW�*RRG�%DG�3DFNHW�&RXQWHU�,QWHUUXSW�6WDWXV�
GHWHFWHG 

� 52 �[� 

7;*%2&7,6 
00&�7UDQVPLW�*RRG�%DG�2FWHW�&RXQWHU�,QWHUUXSW�6WDWXV 
7KLV�ELW�LV�VHW�ZKHQ�WKH�W[RFWHWFRXQWBJE�FRXQWHU�UHDFKHV�KDOI�RI�
WKH�PD[LPXP�YDOXH�RU�WKH�PD[LPXP�YDOXH� 
$FFHVV�UHVWULFWLRQ�DSSOLHV��&OHDUV�RQ�UHDG��6HOI�VHW�WR���RQ�LQWHUQDO�
HYHQW� 
9DOXHV��  
�
E���00&�7UDQVPLW�*RRG�%DG�2FWHW�&RXQWHU�,QWHUUXSW�6WDWXV�QRW�
GHWHFWHG 
�
E���00&�7UDQVPLW�*RRG�%DG�2FWHW�&RXQWHU�,QWHUUXSW�6WDWXV�
GHWHFWHG 

 
*0$&B00&B5[B,QWHUUXSWB0DVN�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

�� 5: �[� 

5;)293,0 
00&�5HFHLYH�),)2�2YHUIORZ�3DFNHW�&RXQWHU�,QWHUUXSW�0DVN 
6HWWLQJ�WKLV�ELW�PDVNV�WKH�LQWHUUXSW�ZKHQ�WKH�U[ILIRRYHUIORZ�
FRXQWHU�UHDFKHV�KDOI�RI�WKH�PD[LPXP�YDOXH�RU�WKH�PD[LPXP�
YDOXH� 
9DOXHV��  
�
E���00&�5HFHLYH�),)2�2YHUIORZ�3DFNHW�&RXQWHU�,QWHUUXSW�0DVN�
LV�GLVDEOHG 
�
E���00&�5HFHLYH�),)2�2YHUIORZ�3DFNHW�&RXQWHU�,QWHUUXSW�0DVN�
LV�HQDEOHG 

����� 52 �[� UHVHUYHG 

�� 5: �[� 

5;/(1(53,0 
00&�5HFHLYH�/HQJWK�(UURU�3DFNHW�&RXQWHU�,QWHUUXSW�0DVN 
6HWWLQJ�WKLV�ELW�PDVNV�WKH�LQWHUUXSW�ZKHQ�WKH�U[OHQJWKHUURU�
FRXQWHU�UHDFKHV�KDOI�RI�WKH�PD[LPXP�YDOXH�RU�WKH�PD[LPXP�
YDOXH� 
9DOXHV��  
�
E���00&�5HFHLYH�/HQJWK�(UURU�3DFNHW�&RXQWHU�,QWHUUXSW�0DVN�LV�
GLVDEOHG 
�
E���00&�5HFHLYH�/HQJWK�(UURU�3DFNHW�&RXQWHU�,QWHUUXSW�0DVN�LV�
HQDEOHG 

���� 52 �[��� UHVHUYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2001 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

5;&5&(53,0 
00&�5HFHLYH�&5&�(UURU�3DFNHW�&RXQWHU�,QWHUUXSW�0DVN 
6HWWLQJ�WKLV�ELW�PDVNV�WKH�LQWHUUXSW�ZKHQ�WKH�U[FUFHUURU�FRXQWHU�
UHDFKHV�KDOI�RI�WKH�PD[LPXP�YDOXH�RU�WKH�PD[LPXP�YDOXH� 
9DOXHV��  
�
E���00&�5HFHLYH�&5&�(UURU�3DFNHW�&RXQWHU�,QWHUUXSW�0DVN�LV�
GLVDEOHG 
�
E���00&�5HFHLYH�&5&�(UURU�3DFNHW�&RXQWHU�,QWHUUXSW�0DVN�LV�
HQDEOHG 

� 5: �[� 

5;0&*3,0 
00&�5HFHLYH�0XOWLFDVW�*RRG�3DFNHW�&RXQWHU�,QWHUUXSW�0DVN 
6HWWLQJ�WKLV�ELW�PDVNV�WKH�LQWHUUXSW�ZKHQ�WKH�
U[PXOWLFDVWSDFNHWVBJ�FRXQWHU�UHDFKHV�KDOI�RI�WKH�PD[LPXP�YDOXH�
RU�WKH�PD[LPXP�YDOXH� 
9DOXHV��  
�
E���00&�5HFHLYH�0XOWLFDVW�*RRG�3DFNHW�&RXQWHU�,QWHUUXSW�0DVN�
LV�GLVDEOHG 
�
E���00&�5HFHLYH�0XOWLFDVW�*RRG�3DFNHW�&RXQWHU�,QWHUUXSW�0DVN�
LV�HQDEOHG 

� 52 �[� UHVHUYHG 

� 5: �[� 

5;*2&7,0 
00&�5HFHLYH�*RRG�2FWHW�&RXQWHU�,QWHUUXSW�0DVN 
6HWWLQJ�WKLV�ELW�PDVNV�WKH�LQWHUUXSW�ZKHQ�WKH�U[RFWHWFRXQWBJ�
FRXQWHU�UHDFKHV�KDOI�RI�WKH�PD[LPXP�YDOXH�RU�WKH�PD[LPXP�
YDOXH� 
9DOXHV��  
�
E���00&�5HFHLYH�*RRG�2FWHW�&RXQWHU�,QWHUUXSW�0DVN�LV�GLVDEOHG 
�
E���00&�5HFHLYH�*RRG�2FWHW�&RXQWHU�,QWHUUXSW�0DVN�LV�HQDEOHG 

� 5: �[� 

5;*%2&7,0 
00&�5HFHLYH�*RRG�%DG�2FWHW�&RXQWHU�,QWHUUXSW�0DVN 
6HWWLQJ�WKLV�ELW�PDVNV�WKH�LQWHUUXSW�ZKHQ�WKH�U[RFWHWFRXQWBJE�
FRXQWHU�UHDFKHV�KDOI�RI�WKH�PD[LPXP�YDOXH�RU�WKH�PD[LPXP�
YDOXH� 
9DOXHV��  
�
E���00&�5HFHLYH�*RRG�%DG�2FWHW�&RXQWHU�,QWHUUXSW�0DVN�LV�
GLVDEOHG 
�
E���00&�5HFHLYH�*RRG�%DG�2FWHW�&RXQWHU�,QWHUUXSW�0DVN�LV�
HQDEOHG 

� 5: �[� 

5;*%3.7,0 
00&�5HFHLYH�*RRG�%DG�3DFNHW�&RXQWHU�,QWHUUXSW�0DVN 
6HWWLQJ�WKLV�ELW�PDVNV�WKH�LQWHUUXSW�ZKHQ�WKH�U[SDFNHWFRXQWBJE�
FRXQWHU�UHDFKHV�KDOI�RI�WKH�PD[LPXP�YDOXH�RU�WKH�PD[LPXP�
YDOXH� 
9DOXHV��  
�
E���00&�5HFHLYH�*RRG�%DG�3DFNHW�&RXQWHU�,QWHUUXSW�0DVN�LV�
GLVDEOHG 
�
E���00&�5HFHLYH�*RRG�%DG�3DFNHW�&RXQWHU�,QWHUUXSW�0DVN�LV�
HQDEOHG 

 
*0$&B00&B7[B,QWHUUXSWB0DVN�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2002 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

7;*3.7,0 
00&�7UDQVPLW�*RRG�3DFNHW�&RXQWHU�,QWHUUXSW�0DVN 
6HWWLQJ�WKLV�ELW�PDVNV�WKH�LQWHUUXSW�ZKHQ�WKH�W[SDFNHWFRXQWBJ�
FRXQWHU�UHDFKHV�KDOI�RI�WKH�PD[LPXP�YDOXH�RU�WKH�PD[LPXP�
YDOXH� 
9DOXHV��  
�
E���00&�7UDQVPLW�*RRG�3DFNHW�&RXQWHU�,QWHUUXSW�0DVN�LV�
GLVDEOHG 
�
E���00&�7UDQVPLW�*RRG�3DFNHW�&RXQWHU�,QWHUUXSW�0DVN�LV�
HQDEOHG 

�� 5: �[� 

7;*2&7,0 
00&�7UDQVPLW�*RRG�2FWHW�&RXQWHU�,QWHUUXSW�0DVN 
6HWWLQJ�WKLV�ELW�PDVNV�WKH�LQWHUUXSW�ZKHQ�WKH�W[RFWHWFRXQWBJ�
FRXQWHU�UHDFKHV�KDOI�RI�WKH�PD[LPXP�YDOXH�RU�WKH�PD[LPXP�
YDOXH� 
9DOXHV��  
�
E���00&�7UDQVPLW�*RRG�2FWHW�&RXQWHU�,QWHUUXSW�0DVN�LV�
GLVDEOHG 
�
E���00&�7UDQVPLW�*RRG�2FWHW�&RXQWHU�,QWHUUXSW�0DVN�LV�
HQDEOHG 

�� 5: �[� 

7;&$5(53,0 
00&�7UDQVPLW�&DUULHU�(UURU�3DFNHW�&RXQWHU�,QWHUUXSW�0DVN 
6HWWLQJ�WKLV�ELW�PDVNV�WKH�LQWHUUXSW�ZKHQ�WKH�W[FDUULHUHUURU�
FRXQWHU�UHDFKHV�KDOI�RI�WKH�PD[LPXP�YDOXH�RU�WKH�PD[LPXP�
YDOXH� 
9DOXHV��  
�
E���00&�7UDQVPLW�&DUULHU�(UURU�3DFNHW�&RXQWHU�,QWHUUXSW�0DVN�
LV�GLVDEOHG 
�
E���00&�7UDQVPLW�&DUULHU�(UURU�3DFNHW�&RXQWHU�,QWHUUXSW�0DVN�
LV�HQDEOHG 

����� 52 �[�� UHVHUYHG 

�� 5: �[� 

7;8)/2:(53,0 
00&�7UDQVPLW�8QGHUIORZ�(UURU�3DFNHW�&RXQWHU�,QWHUUXSW�0DVN 
6HWWLQJ�WKLV�ELW�PDVNV�WKH�LQWHUUXSW�ZKHQ�WKH�W[XQGHUIORZHUURU�
FRXQWHU�UHDFKHV�KDOI�RI�WKH�PD[LPXP�YDOXH�RU�WKH�PD[LPXP�
YDOXH� 
9DOXHV��  
�
E���00&�7UDQVPLW�8QGHUIORZ�(UURU�3DFNHW�&RXQWHU�,QWHUUXSW�
0DVN�LV�GLVDEOHG 
�
E���00&�7UDQVPLW�8QGHUIORZ�(UURU�3DFNHW�&RXQWHU�,QWHUUXSW�
0DVN�LV�HQDEOHG 

���� 52 �[��� UHVHUYHG 

� 5: �[� 

7;*%3.7,0 
00&�7UDQVPLW�*RRG�%DG�3DFNHW�&RXQWHU�,QWHUUXSW�0DVN 
6HWWLQJ�WKLV�ELW�PDVNV�WKH�LQWHUUXSW�ZKHQ�WKH�W[SDFNHWFRXQWBJE�
FRXQWHU�UHDFKHV�KDOI�RI�WKH�PD[LPXP�YDOXH�RU�WKH�PD[LPXP�
YDOXH� 
9DOXHV��  
�
E���00&�7UDQVPLW�*RRG�%DG�3DFNHW�&RXQWHU�,QWHUUXSW�0DVN�LV�
GLVDEOHG 
�
E���00&�7UDQVPLW�*RRG�%DG�3DFNHW�&RXQWHU�,QWHUUXSW�0DVN�LV�
HQDEOHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2003 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

7;*%2&7,0 
00&�7UDQVPLW�*RRG�%DG�2FWHW�&RXQWHU�,QWHUUXSW�0DVN 
6HWWLQJ�WKLV�ELW�PDVNV�WKH�LQWHUUXSW�ZKHQ�WKH�W[RFWHWFRXQWBJE�
FRXQWHU�UHDFKHV�KDOI�RI�WKH�PD[LPXP�YDOXH�RU�WKH�PD[LPXP�
YDOXH� 
9DOXHV��  
�
E���00&�7UDQVPLW�*RRG�%DG�2FWHW�&RXQWHU�,QWHUUXSW�0DVN�LV�
GLVDEOHG 
�
E���00&�7UDQVPLW�*RRG�%DG�2FWHW�&RXQWHU�,QWHUUXSW�0DVN�LV�
HQDEOHG 

 
*0$&B7[B2FWHWB&RXQWB*RRGB%DG�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 
7;2&7*% 
7[�2FWHW�&RXQW�*RRG�%DG 
7KLV�ILHOG�LQGLFDWHV�WKH�QXPEHU�RI�E\WHV�WUDQVPLWWHG��H[FOXVLYH�RI�
SUHDPEOH�DQG�UHWULHG�E\WHV��LQ�JRRG�DQG�EDG�SDFNHWV� 

 
*0$&B7[B3DFNHWB&RXQWB*RRGB%DG�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 
7;3.7*% 
7[�3DFNHW�&RXQW�*RRG�%DG 
7KLV�ILHOG�LQGLFDWHV�WKH�QXPEHU�RI�JRRG�DQG�EDG�SDFNHWV�
WUDQVPLWWHG��H[FOXVLYH�RI�UHWULHG�SDFNHWV� 

 
*0$&B7[B8QGHUIORZB(UURUB3DFNHWV�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 
7;81'5)/: 
7[�8QGHUIORZ�(UURU�3DFNHWV 
7KLV�ILHOG�LQGLFDWHV�WKH�QXPEHU�RI�SDFNHWV�DERUWHG�EHFDXVH�RI�
SDFNHWV�XQGHUIORZ�HUURU� 

 
*0$&B7[B&DUULHUB(UURUB3DFNHWV�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 
7;&$55 
7[�&DUULHU�(UURU�3DFNHWV 
7KLV�ILHOG�LQGLFDWHV�WKH�QXPEHU�RI�SDFNHWV�DERUWHG�EHFDXVH�RI�
FDUULHU�VHQVH�HUURU��QR�FDUULHU�RU�ORVV�RI�FDUULHU�� 

 
*0$&B7[B2FWHWB&RXQWB*RRG�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 
7;2&7* 
7[�2FWHW�&RXQW�*RRG 
7KLV�ILHOG�LQGLFDWHV�WKH�QXPEHU�RI�E\WHV�WUDQVPLWWHG��H[FOXVLYH�RI�
SUHDPEOH��RQO\�LQ�JRRG�SDFNHWV� 

 
*0$&B7[B3DFNHWB&RXQWB*RRG�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2004 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 
7;3.7* 
7[�3DFNHW�&RXQW�*RRG 
7KLV�ILHOG�LQGLFDWHV�WKH�QXPEHU�RI�JRRG�SDFNHWV�WUDQVPLWWHG� 

 
*0$&B5[B3DFNHWVB&RXQWB*RRGB%DG�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 
5;3.7*% 
5[�3DFNHWV�&RXQW�*RRG�%DG 
7KLV�ILHOG�LQGLFDWHV�WKH�QXPEHU�RI�JRRG�DQG�EDG�SDFNHWV�UHFHLYHG� 

 
*0$&B5[B2FWHWB&RXQWB*RRGB%DG�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 
5;2&7*% 
5[�2FWHW�&RXQW�*RRG�%DG 
7KLV�ILHOG�LQGLFDWHV�WKH�QXPEHU�RI�E\WHV�UHFHLYHG��H[FOXVLYH�RI�
SUHDPEOH��LQ�JRRG�DQG�EDG�SDFNHWV� 

 
*0$&B5[B2FWHWB&RXQWB*RRG�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 
5;2&7* 
5[�2FWHW�&RXQW�*RRG 
7KLV�ILHOG�LQGLFDWHV�WKH�QXPEHU�RI�E\WHV�UHFHLYHG��H[FOXVLYH�RI�
SUHDPEOH��RQO\�LQ�JRRG�SDFNHWV� 

 
*0$&B5[B0XOWLFDVWB3DFNHWVB*RRG�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 
5;0&$67* 
5[�0XOWLFDVW�3DFNHWV�*RRG 
7KLV�ILHOG�LQGLFDWHV�WKH�QXPEHU�RI�JRRG�PXOWLFDVW�SDFNHWV�
UHFHLYHG� 

 
*0$&B5[B&5&B(UURUB3DFNHWV�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 
5;&5&(55 
5[�&5&�(UURU�3DFNHWV 
7KLV�ILHOG�LQGLFDWHV�WKH�QXPEHU�RI�SDFNHWV�UHFHLYHG�ZLWK�&5&�
HUURU� 

 
*0$&B5[B/HQJWKB(UURUB3DFNHWV�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 

5;/(1(55 
5[�/HQJWK�(UURU�3DFNHWV 
7KLV�ILHOG�LQGLFDWHV�WKH�QXPEHU�RI�SDFNHWV�UHFHLYHG�ZLWK�OHQJWK�
HUURU��/HQJWK�7\SH�ILHOG�QRW�HTXDO�WR�SDFNHW�VL]H���IRU�DOO�SDFNHWV�
ZLWK�YDOLG�OHQJWK�ILHOG� 

 
*0$&B5[B),)2B2YHUIORZB3DFNHWV�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2005 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 
�5;),)229)/ 
5[�),)2�2YHUIORZ�3DFNHWV 
7KLV�ILHOG�LQGLFDWHV�WKH�QXPEHU�RI�PLVVHG�UHFHLYHG�SDFNHWV�
EHFDXVH�RI�),)2�RYHUIORZ� 

 
*0$&B00&B,3&B5[B,QWHUUXSWB0DVN�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

�� 5: �[� 

5;,&03(52,0 
00&�5HFHLYH�,&03�(UURU�2FWHW�&RXQWHU�,QWHUUXSW�0DVN 
6HWWLQJ�WKLV�ELW�PDVNV�WKH�LQWHUUXSW�ZKHQ�WKH�U[LFPSBHUUBRFWHWV�
FRXQWHU�UHDFKHV�KDOI�RI�WKH�PD[LPXP�YDOXH�RU�WKH�PD[LPXP�
YDOXH� 
9DOXHV��  
�
E���00&�5HFHLYH�,&03�(UURU�2FWHW�&RXQWHU�,QWHUUXSW�0DVN�LV�
GLVDEOHG 
�
E���00&�5HFHLYH�,&03�(UURU�2FWHW�&RXQWHU�,QWHUUXSW�0DVN�LV�
HQDEOHG 

�� 52 �[� UHVHUYHG 

�� 5: �[� 

5;7&3(52,0 
00&�5HFHLYH�7&3�(UURU�2FWHW�&RXQWHU�,QWHUUXSW�0DVN 
6HWWLQJ�WKLV�ELW�PDVNV�WKH�LQWHUUXSW�ZKHQ�WKH�U[WFSBHUUBRFWHWV�
FRXQWHU�UHDFKHV�KDOI�RI�WKH�PD[LPXP�YDOXH�RU�WKH�PD[LPXP�
YDOXH� 
9DOXHV��  
�
E���00&�5HFHLYH�7&3�(UURU�2FWHW�&RXQWHU�,QWHUUXSW�0DVN�LV�
GLVDEOHG 
�
E���00&�5HFHLYH�7&3�(UURU�2FWHW�&RXQWHU�,QWHUUXSW�0DVN�LV�
HQDEOHG 

�� 52 �[� UHVHUYHG 

�� 5: �[� 

5;8'3(52,0 
00&�5HFHLYH�8'3�(UURU�2FWHW�&RXQWHU�,QWHUUXSW�0DVN 
6HWWLQJ�WKLV�ELW�PDVNV�WKH�LQWHUUXSW�ZKHQ�WKH�U[XGSBHUUBRFWHWV�
FRXQWHU�UHDFKHV�KDOI�RI�WKH�PD[LPXP�YDOXH�RU�WKH�PD[LPXP�
YDOXH� 
9DOXHV��  
�
E���00&�5HFHLYH�8'3�(UURU�2FWHW�&RXQWHU�,QWHUUXSW�0DVN�LV�
GLVDEOHG 
�
E���00&�5HFHLYH�8'3�(UURU�2FWHW�&RXQWHU�,QWHUUXSW�0DVN�LV�
HQDEOHG 

����� 52 �[� UHVHUYHG 

�� 5: �[� 

5;,39�+(52,0 
00&�5HFHLYH�,39��+HDGHU�(UURU�2FWHW�&RXQWHU�,QWHUUXSW�0DVN 
6HWWLQJ�WKLV�ELW�PDVNV�WKH�LQWHUUXSW�ZKHQ�WKH�
U[LSY�BQRSD\BRFWHWV�FRXQWHU�UHDFKHV�KDOI�RI�WKH�PD[LPXP�YDOXH�
RU�WKH�PD[LPXP�YDOXH� 
9DOXH� 
�
E���00&�5HFHLYH�,39��+HDGHU�(UURU�2FWHW�&RXQWHU�,QWHUUXSW�
0DVN�LV�GLVDEOHG 
�
E���00&�5HFHLYH�,39��+HDGHU�(UURU�2FWHW�&RXQWHU�,QWHUUXSW�
0DVN�LV�HQDEOHG 

����� 52 �[� UHVHUYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2006 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

5;,39�+(52,0 
00&�5HFHLYH�,39��+HDGHU�(UURU�2FWHW�&RXQWHU�,QWHUUXSW�0DVN 
6HWWLQJ�WKLV�ELW�PDVNV�WKH�LQWHUUXSW�ZKHQ�WKH�
U[LSY�BKGUHUUBRFWHWV�FRXQWHU�UHDFKHV�KDOI�RI�WKH�PD[LPXP�YDOXH�
RU�WKH�PD[LPXP�YDOXH� 
9DOXHV��  
�
E���00&�5HFHLYH�,39��+HDGHU�(UURU�2FWHW�&RXQWHU�,QWHUUXSW�
0DVN�LV�GLVDEOHG 
�
E���00&�5HFHLYH�,39��+HDGHU�(UURU�2FWHW�&RXQWHU�,QWHUUXSW�
0DVN�LV�HQDEOHG 

����� 52 �[� UHVHUYHG 

�� 5: �[� 

5;,&03(53,0 
00&�5HFHLYH�,&03�(UURU�3DFNHW�&RXQWHU�,QWHUUXSW�0DVN 
6HWWLQJ�WKLV�ELW�PDVNV�WKH�LQWHUUXSW�ZKHQ�WKH�U[LFPSBHUUBSNWV�
FRXQWHU�UHDFKHV�KDOI�RI�WKH�PD[LPXP�YDOXH�RU�WKH�PD[LPXP�
YDOXH� 
9DOXHV��  
�
E���00&�5HFHLYH�,&03�(UURU�3DFNHW�&RXQWHU�,QWHUUXSW�0DVN�LV�
GLVDEOHG 
�
E���00&�5HFHLYH�,&03�(UURU�3DFNHW�&RXQWHU�,QWHUUXSW�0DVN�LV�
HQDEOHG 

�� 52 �[� UHVHUYHG 

�� 5: �[� 

5;7&3(53,0 
00&�5HFHLYH�7&3�(UURU�3DFNHW�&RXQWHU�,QWHUUXSW�0DVN 
6HWWLQJ�WKLV�ELW�PDVNV�WKH�LQWHUUXSW�ZKHQ�WKH�U[WFSBHUUBSNWV�
FRXQWHU�UHDFKHV�KDOI�RI�WKH�PD[LPXP�YDOXH�RU�WKH�PD[LPXP�
YDOXH� 
9DOXHV��  
�
E���00&�5HFHLYH�7&3�(UURU�3DFNHW�&RXQWHU�,QWHUUXSW�0DVN�LV�
GLVDEOHG 
�
E���00&�5HFHLYH�7&3�(UURU�3DFNHW�&RXQWHU�,QWHUUXSW�0DVN�LV�
HQDEOHG 

�� 52 �[� UHVHUYHG 

� 5: �[� 

5;8'3(53,0 
00&�5HFHLYH�8'3�(UURU�3DFNHW�&RXQWHU�,QWHUUXSW�0DVN 
6HWWLQJ�WKLV�ELW�PDVNV�WKH�LQWHUUXSW�ZKHQ�WKH�U[XGSBHUUBSNWV�
FRXQWHU�UHDFKHV�KDOI�RI�WKH�PD[LPXP�YDOXH�RU�WKH�PD[LPXP�
YDOXH� 
9DOXHV��  
�
E���00&�5HFHLYH�8'3�(UURU�3DFNHW�&RXQWHU�,QWHUUXSW�0DVN�LV�
GLVDEOHG 
�
E���00&�5HFHLYH�8'3�(UURU�3DFNHW�&RXQWHU�,QWHUUXSW�0DVN�LV�
HQDEOHG 

��� 52 �[� UHVHUYHG 

� 5: �[� 

5;,39�+(53,0 
00&�5HFHLYH�,39��+HDGHU�(UURU�3DFNHW�&RXQWHU�,QWHUUXSW�0DVN 
6HWWLQJ�WKLV�ELW�PDVNV�WKH�LQWHUUXSW�ZKHQ�WKH�U[LSY�BKGUHUUBSNWV�
FRXQWHU�UHDFKHV�KDOI�RI�WKH�PD[LPXP�YDOXH�RU�WKH�PD[LPXP�
YDOXH� 
9DOXHV��  
�
E���00&�5HFHLYH�,39��+HDGHU�(UURU�3DFNHW�&RXQWHU�,QWHUUXSW�
0DVN�LV�GLVDEOHG 
�
E���00&�5HFHLYH�,39��+HDGHU�(UURU�3DFNHW�&RXQWHU�,QWHUUXSW�
0DVN�LV�HQDEOHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2007 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

5;,39�*3,0 
00&�5HFHLYH�,39��*RRG�3DFNHW�&RXQWHU�,QWHUUXSW�0DVN 
6HWWLQJ�WKLV�ELW�PDVNV�WKH�LQWHUUXSW�ZKHQ�WKH�U[LSY�BJGBSNWV�
FRXQWHU�UHDFKHV�KDOI�RI�WKH�PD[LPXP�YDOXH�RU�WKH�PD[LPXP�
YDOXH� 
9DOXHV��  
�
E���00&�5HFHLYH�,39��*RRG�3DFNHW�&RXQWHU�,QWHUUXSW�0DVN�LV�
GLVDEOHG 
�
E���00&�5HFHLYH�,39��*RRG�3DFNHW�&RXQWHU�,QWHUUXSW�0DVN�LV�
HQDEOHG 

��� 52 �[� UHVHUYHG 

� 5: �[� 

5;,39�+(53,0 
00&�5HFHLYH�,39��+HDGHU�(UURU�3DFNHW�&RXQWHU�,QWHUUXSW�0DVN 
6HWWLQJ�WKLV�ELW�PDVNV�WKH�LQWHUUXSW�ZKHQ�WKH�U[LSY�BKGUHUUBSNWV�
FRXQWHU�UHDFKHV�KDOI�RI�WKH�PD[LPXP�YDOXH�RU�WKH�PD[LPXP�
YDOXH� 
9DOXHV��  
�
E���00&�5HFHLYH�,39��+HDGHU�(UURU�3DFNHW�&RXQWHU�,QWHUUXSW�
0DVN�LV�GLVDEOHG 
�
E���00&�5HFHLYH�,39��+HDGHU�(UURU�3DFNHW�&RXQWHU�,QWHUUXSW�
0DVN�LV�HQDEOHG 

� 5: �[� 

5;,39�*3,0 
00&�5HFHLYH�,39��*RRG�3DFNHW�&RXQWHU�,QWHUUXSW�0DVN 
6HWWLQJ�WKLV�ELW�PDVNV�WKH�LQWHUUXSW�ZKHQ�WKH�U[LSY�BJGBSNWV�
FRXQWHU�UHDFKHV�KDOI�RI�WKH�PD[LPXP�YDOXH�RU�WKH�PD[LPXP�
YDOXH� 
9DOXHV��  
�
E���00&�5HFHLYH�,39��*RRG�3DFNHW�&RXQWHU�,QWHUUXSW�0DVN�LV�
GLVDEOH 
�
E���00&�5HFHLYH�,39��*RRG�3DFNHW�&RXQWHU�,QWHUUXSW�0DVN�LV�
HQDEOHG 

 
*0$&B00&B,3&B5[B,QWHUUXSW�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

�� 52 �[� 

5;,&03(52,6 
00&�5HFHLYH�,&03�(UURU�2FWHW�&RXQWHU�,QWHUUXSW�6WDWXV 
7KLV�ELW�LV�VHW�ZKHQ�WKH�U[LFPSBHUUBRFWHWV�FRXQWHU�UHDFKHV�KDOI�RI�
WKH�PD[LPXP�YDOXH�RU�WKH�PD[LPXP�YDOXH� 
$FFHVV�UHVWULFWLRQ�DSSOLHV��&OHDUV�RQ�UHDG��6HOI�VHW�WR���RQ�LQWHUQDO�
HYHQW� 
9DOXHV��  
�
E���00&�5HFHLYH�,&03�(UURU�2FWHW�&RXQWHU�,QWHUUXSW�6WDWXV�QRW�
GHWHFWHG 
�
E���00&�5HFHLYH�,&03�(UURU�2FWHW�&RXQWHU�,QWHUUXSW�6WDWXV�
GHWHFWHG 

�� 52 �[� UHVHUYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2008 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 52 �[� 

5;7&3(52,6 
00&�5HFHLYH�7&3�(UURU�2FWHW�&RXQWHU�,QWHUUXSW�6WDWXV 
7KLV�ELW�LV�VHW�ZKHQ�WKH�U[WFSBHUUBRFWHWV�FRXQWHU�UHDFKHV�KDOI�RI�
WKH�PD[LPXP�YDOXH�RU�WKH�PD[LPXP�YDOXH� 
$FFHVV�UHVWULFWLRQ�DSSOLHV��&OHDUV�RQ�UHDG��6HOI�VHW�WR���RQ�LQWHUQDO�
HYHQW� 
9DOXHV��  
�
E���00&�5HFHLYH�7&3�(UURU�2FWHW�&RXQWHU�,QWHUUXSW�6WDWXV�QRW�
GHWHFWHG 
�
E���00&�5HFHLYH�7&3�(UURU�2FWHW�&RXQWHU�,QWHUUXSW�6WDWXV�
GHWHFWHG 

�� 52 �[� UHVHUYHG 

�� 52 �[� 

5;8'3(52,6 
00&�5HFHLYH�8'3�(UURU�2FWHW�&RXQWHU�,QWHUUXSW�6WDWXV 
7KLV�ELW�LV�VHW�ZKHQ�WKH�U[XGSBHUUBRFWHWV�FRXQWHU�UHDFKHV�KDOI�RI�
WKH�PD[LPXP�YDOXH�RU�WKH�PD[LPXP�YDOXH� 
$FFHVV�UHVWULFWLRQ�DSSOLHV��&OHDUV�RQ�UHDG��6HOI�VHW�WR���RQ�LQWHUQDO�
HYHQW� 
9DOXHV��  
�
E���00&�5HFHLYH�8'3�(UURU�2FWHW�&RXQWHU�,QWHUUXSW�6WDWXV�QRW�
GHWHFWHG 
�
E���00&�5HFHLYH�8'3�(UURU�2FWHW�&RXQWHU�,QWHUUXSW�6WDWXV�
GHWHFWHG 

����� 52 �[� UHVHUYHG 

�� 52 �[� 

5;,39�+(52,6 
00&�5HFHLYH�,39��+HDGHU�(UURU�2FWHW�&RXQWHU�,QWHUUXSW�6WDWXV 
7KLV�ELW�LV�VHW�ZKHQ�WKH�U[LSY�BKGUHUUBRFWHWV�FRXQWHU�UHDFKHV�KDOI�
RI�WKH�PD[LPXP�YDOXH�RU�WKH�PD[LPXP�YDOXH� 
$FFHVV�UHVWULFWLRQ�DSSOLHV��&OHDUV�RQ�UHDG��6HOI�VHW�WR���RQ�LQWHUQDO�
HYHQW� 
9DOXHV��  
�
E���00&�5HFHLYH�,39��+HDGHU�(UURU�2FWHW�&RXQWHU�,QWHUUXSW�
6WDWXV�QRW�GHWHFWHG 
�
E���00&�5HFHLYH�,39��+HDGHU�(UURU�2FWHW�&RXQWHU�,QWHUUXSW�
6WDWXV�GHWHFWHG 

����� 52 �[� UHVHUYHG 

�� 52 �[� 

5;,39�+(52,6 
00&�5HFHLYH�,39��+HDGHU�(UURU�2FWHW�&RXQWHU�,QWHUUXSW�6WDWXV 
7KLV�ELW�LV�VHW�ZKHQ�WKH�U[LSY�BKGUHUUBRFWHWV�FRXQWHU�UHDFKHV�KDOI�
RI�WKH�PD[LPXP�YDOXH�RU�WKH�PD[LPXP�YDOXH� 
$FFHVV�UHVWULFWLRQ�DSSOLHV��&OHDUV�RQ�UHDG��6HOI�VHW�WR���RQ�LQWHUQDO�
HYHQW� 
9DOXHV��  
�
E���00&�5HFHLYH�,39��+HDGHU�(UURU�2FWHW�&RXQWHU�,QWHUUXSW�
6WDWXV�QRW�GHWHFWHG 
�
E���00&�5HFHLYH�,39��+HDGHU�(UURU�2FWHW�&RXQWHU�,QWHUUXSW�
6WDWXV�GHWHFWHG 

����� 52 �[� UHVHUYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2009 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 52 �[� 

5;,&03(53,6 
00&�5HFHLYH�,&03�(UURU�3DFNHW�&RXQWHU�,QWHUUXSW�6WDWXV 
7KLV�ELW�LV�VHW�ZKHQ�WKH�U[LFPSBHUUBSNWV�FRXQWHU�UHDFKHV�KDOI�RI�
WKH�PD[LPXP�YDOXH�RU�WKH�PD[LPXP�YDOXH� 
$FFHVV�UHVWULFWLRQ�DSSOLHV��&OHDUV�RQ�UHDG��6HOI�VHW�WR���RQ�LQWHUQDO�
HYHQW� 
9DOXHV��  
�
E���00&�5HFHLYH�,&03�(UURU�3DFNHW�&RXQWHU�,QWHUUXSW�6WDWXV�
QRW�GHWHFWHG 
�
E���00&�5HFHLYH�,&03�(UURU�3DFNHW�&RXQWHU�,QWHUUXSW�6WDWXV�
GHWHFWHG 

�� 52 �[� UHVHUYHG 

�� 52 �[� 

5;7&3(53,6 
00&�5HFHLYH�7&3�(UURU�3DFNHW�&RXQWHU�,QWHUUXSW�6WDWXV 
7KLV�ELW�LV�VHW�ZKHQ�WKH�U[WFSBHUUBSNWV�FRXQWHU�UHDFKHV�KDOI�RI�WKH�
PD[LPXP�YDOXH�RU�WKH�PD[LPXP�YDOXH� 
$FFHVV�UHVWULFWLRQ�DSSOLHV��&OHDUV�RQ�UHDG��6HOI�VHW�WR���RQ�LQWHUQDO�
HYHQW� 
9DOXHV��  
�
E���00&�5HFHLYH�7&3�(UURU�3DFNHW�&RXQWHU�,QWHUUXSW�6WDWXV�QRW�
GHWHFWHG 
�
E���00&�5HFHLYH�7&3�(UURU�3DFNHW�&RXQWHU�,QWHUUXSW�6WDWXV�
GHWHFWHG 

�� 52 �[� UHVHUYHG 

� 52 �[� 

5;8'3(53,6 
00&�5HFHLYH�8'3�(UURU�3DFNHW�&RXQWHU�,QWHUUXSW�6WDWXV 
7KLV�ELW�LV�VHW�ZKHQ�WKH�U[XGSBHUUBSNWV�FRXQWHU�UHDFKHV�KDOI�RI�
WKH�PD[LPXP�YDOXH�RU�WKH�PD[LPXP�YDOXH� 
$FFHVV�UHVWULFWLRQ�DSSOLHV��&OHDUV�RQ�UHDG��6HOI�VHW�WR���RQ�LQWHUQDO�
HYHQW� 
9DOXHV��  
�
E���00&�5HFHLYH�8'3�(UURU�3DFNHW�&RXQWHU�,QWHUUXSW�6WDWXV�QRW�
GHWHFWHG 
�
E���00&�5HFHLYH�8'3�(UURU�3DFNHW�&RXQWHU�,QWHUUXSW�6WDWXV�
GHWHFWHG 

��� 52 �[� UHVHUYHG 

� 52 �[� 

5;,39�+(53,6 
00&�5HFHLYH�,39��+HDGHU�(UURU�3DFNHW�&RXQWHU�,QWHUUXSW�6WDWXV 
7KLV�ELW�LV�VHW�ZKHQ�WKH�U[LSY�BKGUHUUBSNWV�FRXQWHU�UHDFKHV�KDOI�
RI�WKH�PD[LPXP�YDOXH�RU�WKH�PD[LPXP�YDOXH� 
$FFHVV�UHVWULFWLRQ�DSSOLHV��&OHDUV�RQ�UHDG��6HOI�VHW�WR���RQ�LQWHUQDO�
HYHQW� 
9DOXHV��  
�
E���00&�5HFHLYH�,39��+HDGHU�(UURU�3DFNHW�&RXQWHU�,QWHUUXSW�
6WDWXV�QRW�GHWHFWHG 
�
E���00&�5HFHLYH�,39��+HDGHU�(UURU�3DFNHW�&RXQWHU�,QWHUUXSW�
6WDWXV�GHWHFWHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2010 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 52 �[� 

5;,39�*3,6 
00&�5HFHLYH�,39��*RRG�3DFNHW�&RXQWHU�,QWHUUXSW�6WDWXV 
7KLV�ELW�LV�VHW�ZKHQ�WKH�U[LSY�BJGBSNWV�FRXQWHU�UHDFKHV�KDOI�RI�
WKH�PD[LPXP�YDOXH�RU�WKH�PD[LPXP�YDOXH� 
$FFHVV�UHVWULFWLRQ�DSSOLHV��&OHDUV�RQ�UHDG��6HOI�VHW�WR���RQ�LQWHUQDO�
HYHQW� 
9DOXHV��  
�
E���00&�5HFHLYH�,39��*RRG�3DFNHW�&RXQWHU�,QWHUUXSW�6WDWXV�
QRW�GHWHFWHG 
�
E���00&�5HFHLYH�,39��*RRG�3DFNHW�&RXQWHU�,QWHUUXSW�6WDWXV�
GHWHFWHG 

��� 52 �[� UHVHUYHG 

� 52 �[� 

5;,39�+(53,6 
00&�5HFHLYH�,39��+HDGHU�(UURU�3DFNHW�&RXQWHU�,QWHUUXSW�6WDWXV 
7KLV�ELW�LV�VHW�ZKHQ�WKH�U[LSY�BKGUHUUBSNWV�FRXQWHU�UHDFKHV�KDOI�
RI�WKH�PD[LPXP�YDOXH�RU�WKH�PD[LPXP�YDOXH� 
$FFHVV�UHVWULFWLRQ�DSSOLHV��&OHDUV�RQ�UHDG��6HOI�VHW�WR���RQ�LQWHUQDO�
HYHQW� 
9DOXHV��  
�
E���00&�5HFHLYH�,39��+HDGHU�(UURU�3DFNHW�&RXQWHU�,QWHUUXSW�
6WDWXV�QRW�GHWHFWHG 
�
E���00&�5HFHLYH�,39��+HDGHU�(UURU�3DFNHW�&RXQWHU�,QWHUUXSW�
6WDWXV�GHWHFWHG 

� 52 �[� 

5;,39�*3,6 
00&�5HFHLYH�,39��*RRG�3DFNHW�&RXQWHU�,QWHUUXSW�6WDWXV 
7KLV�ELW�LV�VHW�ZKHQ�WKH�U[LSY�BJGBSNWV�FRXQWHU�UHDFKHV�KDOI�RI�
WKH�PD[LPXP�YDOXH�RU�WKH�PD[LPXP�YDOXH� 
$FFHVV�UHVWULFWLRQ�DSSOLHV��&OHDUV�RQ�UHDG��6HOI�VHW�WR���RQ�LQWHUQDO�
HYHQW� 
9DOXHV��  
�
E���00&�5HFHLYH�,39��*RRG�3DFNHW�&RXQWHU�,QWHUUXSW�6WDWXV�
QRW�GHWHFWHG 
�
E���00&�5HFHLYH�,39��*RRG�3DFNHW�&RXQWHU�,QWHUUXSW�6WDWXV�
GHWHFWHG 

 
*0$&B5[,3Y�B*RRGB3DFNHWV�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 
5;,39�*'3.7 
5[,3Y��*RRG�3DFNHWV 
7KLV�ILHOG�LQGLFDWHV�WKH�QXPEHU�RI�JRRG�,3Y��GDWDJUDPV�UHFHLYHG�
ZLWK�WKH�7&3��8'3��RU�,&03�SD\ORDG� 

 
*0$&B5[,3Y�B+HDGHUB(UURUB3DFNHWV�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 
5;,39�+'5(553.7 
5[,3Y��+HDGHU�(UURU�3DFNHWV 
7KLV�ILHOG�LQGLFDWHV�WKH�QXPEHU�RI�,3Y��GDWDJUDPV�UHFHLYHG�ZLWK�
KHDGHU��FKHFNVXP��OHQJWK��RU�YHUVLRQ�PLVPDWFK��HUURUV� 

 
*0$&B5[,3Y�B*RRGB3DFNHWV�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2011 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 
5;,39�*'3.7 
5[,3Y��*RRG�3DFNHWV 
7KLV�ILHOG�LQGLFDWHV�WKH�QXPEHU�RI�JRRG�,3Y��GDWDJUDPV�UHFHLYHG�
ZLWK�WKH�7&3��8'3��RU�,&03�SD\ORDG� 

 
*0$&B5[,3Y�B+HDGHUB(UURUB3DFNHWV�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 
5;,39�+'5(553.7 
5[,3Y��+HDGHU�(UURU�3DFNHWV 
7KLV�ILHOG�LQGLFDWHV�WKH�QXPEHU�RI�,3Y��GDWDJUDPV�UHFHLYHG�ZLWK�
KHDGHU��OHQJWK�RU�YHUVLRQ�PLVPDWFK��HUURUV� 

 
*0$&B5[8'3B(UURUB3DFNHWV�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 
5;8'3(553.7 
5[8'3�(UURU�3DFNHWV 
7KLV�ILHOG�LQGLFDWHV�WKH�QXPEHU�RI�JRRG�,3�GDWDJUDPV�UHFHLYHG�
ZKRVH�8'3�SD\ORDG�KDV�D�FKHFNVXP�HUURU� 

 
*0$&B5[7&3B(UURUB3DFNHWV�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 
5;7&3(553.7 
�5[7&3�(UURU�3DFNHWV 
7KLV�ILHOG�LQGLFDWHV�WKH�QXPEHU�RI�JRRG�,3�GDWDJUDPV�UHFHLYHG�
ZKRVH�7&3�SD\ORDG�KDV�D�FKHFNVXP�HUURU� 

 
*0$&B5[,&03B(UURUB3DFNHWV�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 
5;,&03(553.7 
5[,&03�(UURU�3DFNHWV 
7KLV�ILHOG�LQGLFDWHV�WKH�QXPEHU�RI�JRRG�,3�GDWDJUDPV�UHFHLYHG�
ZKRVH�,&03�SD\ORDG�KDV�D�FKHFNVXP�HUURU� 

 
*0$&B5[,3Y�B+HDGHUB(UURUB2FWHWV�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 

5;,39�+'5(552&7 
5[,3Y��+HDGHU�(UURU�2FWHWV 
7KLV�ILHOG�LQGLFDWHV�WKH�QXPEHU�RI�E\WHV�UHFHLYHG�LQ�,3Y��
GDWDJUDPV�ZLWK�KHDGHU�HUURUV��FKHFNVXP��OHQJWK��YHUVLRQ�
PLVPDWFK���7KH�YDOXH�LQ�WKH�/HQJWK�ILHOG�RI�,3Y��KHDGHU�LV�XVHG�
WR�XSGDWH�WKLV�FRXQWHU���(WKHUQHW�KHDGHU��)&6��SDG��RU�,3�SDG�
E\WHV�DUH�QRW�LQFOXGHG�LQ�WKLV�FRXQWHU� 

 
*0$&B5[,3Y�B+HDGHUB(UURUB2FWHWV�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2012 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 

5;,39�+'5(552&7 
5[,3Y��+HDGHU�(UURU�2FWHWV 
7KLV�ILHOG�LQGLFDWHV�WKH�QXPEHU�RI�E\WHV�UHFHLYHG�LQ�,3Y��
GDWDJUDPV�ZLWK�KHDGHU�HUURUV��OHQJWK��YHUVLRQ�PLVPDWFK���7KH�
YDOXH�LQ�WKH�/HQJWK�ILHOG�RI�,3Y��KHDGHU�LV�XVHG�WR�XSGDWH�WKLV�
FRXQWHU���(WKHUQHW�KHDGHU��)&6��SDG��RU�,3�SDG�E\WHV�DUH�QRW�
LQFOXGHG�LQ�WKLV�FRXQWHU� 

 
*0$&B5[8'3B(UURUB2FWHWV�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 

5;8'3(552&7 
5[8'3�(UURU�2FWHWV 
7KLV�ILHOG�LQGLFDWHV�WKH�QXPEHU�RI�E\WHV�UHFHLYHG�LQ�D�8'3�
VHJPHQW�WKDW�KDG�FKHFNVXP�HUURUV��7KLV�FRXQWHU�GRHV�QRW�FRXQW�
,3�KHDGHU�E\WHV� 

 
*0$&B5[7&3B(UURUB2FWHWV�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 

5;7&3(552&7 
5[7&3�(UURU�2FWHWV 
7KLV�ILHOG�LQGLFDWHV�WKH�QXPEHU�RI�E\WHV�UHFHLYHG�LQ�D�7&3�
VHJPHQW�WKDW�KDG�FKHFNVXP�HUURUV��7KLV�FRXQWHU�GRHV�QRW�FRXQW�
,3�KHDGHU�E\WHV� 

 
*0$&B5[,&03B(UURUB2FWHWV�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 

5;,&03(552&7 
5[,&03�(UURU�2FWHWV 
7KLV�ILHOG�LQGLFDWHV�WKH�QXPEHU�RI�E\WHV�UHFHLYHG�LQ�D�,&03�
VHJPHQW�WKDW�KDG�FKHFNVXP�HUURUV��7KLV�FRXQWHU�GRHV�QRW�FRXQW�
,3�KHDGHU�E\WHV� 

 
*0$&B0$&B7LPHVWDPSB&RQWURO�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�%��� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

�� 5: �[� 

$9����$60(1 
$9������$6�0RGH�(QDEOH 
:KHQ�WKLV�ELW�LV�VHW��WKH�0$&�SURFHVVHV�RQO\�XQWDJJHG�373�RYHU�
(WKHUQHW�SDFNHWV�IRU�SURYLGLQJ�373�VWDWXV�DQG�FDSWXULQJ�
WLPHVWDPS�VQDSVKRWV��WKDW�LV��,(((������$6�PRGH�RI�RSHUDWLRQ� 
:KHQ�373�RIIORDG�IHDWXUH�LV�HQDEOHG��IRU�WKH�SXUSRVH�RI�373�
RIIORDG��WKH�WUDQVSRUW�VSHFLILF�ILHOG�LQ�WKH�373�KHDGHU�LV�JHQHUDWHG�
DQG�FKHFNHG�EDVHG�RQ�WKH�YDOXH�RI�WKLV�ELW� 
9DOXHV��  
�
E���$9������$6�0RGH�LV�GLVDEOHG 
�
E���$9������$6�0RGH�LV�HQDEOHG 

����� 52 �[� UHVHUYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2013 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

7;766760 
7UDQVPLW�7LPHVWDPS�6WDWXV�0RGH 
:KHQ�WKLV�ELW�LV�VHW��WKH�0$&�RYHUZULWHV�WKH�HDUOLHU�WUDQVPLW�
WLPHVWDPS�VWDWXV�HYHQ�LI�LW�LV�QRW�UHDG�E\�WKH�VRIWZDUH��7KH�0$&�
LQGLFDWHV�WKLV�E\�VHWWLQJ�WKH�7;7660,6�ELW�RI�WKH�
0$&B7[B7LPHVWDPSB6WDWXVB1DQRVHFRQGV�UHJLVWHU��:KHQ�WKLV�ELW�
LV�UHVHW��WKH�0$&�LJQRUHV�WKH�WLPHVWDPS�VWDWXV�RI�FXUUHQW�SDFNHW�
LI�WKH�WLPHVWDPS�VWDWXV�RI�SUHYLRXV�SDFNHW�LV�QRW�UHDG�E\�WKH�
VRIWZDUH��7KH�0$&�LQGLFDWHV�WKLV�E\�VHWWLQJ�WKH�7;7660,6�ELW�RI�
WKH�0$&B7[B7LPHVWDPSB6WDWXVB1DQRVHFRQGV�UHJLVWHU� 
9DOXHV��  
�
E���7UDQVPLW�7LPHVWDPS�6WDWXV�0RGH�LV�GLVDEOHG 
�
E���7UDQVPLW�7LPHVWDPS�6WDWXV�0RGH�LV�HQDEOHG 

����� 52 �[� UHVHUYHG 

�� 5: �[� 

(67, 
([WHUQDO�6\VWHP�7LPH�,QSXW 
:KHQ�WKLV�ELW�LV�VHW��WKH�0$&�XVHV�WKH�H[WHUQDO����ELW�UHIHUHQFH�
6\VWHP�7LPH�LQSXW�IRU�WKH�IROORZLQJ� 
���7R�WDNH�WKH�WLPHVWDPS�SURYLGHG�DV�VWDWXV 
���7R�LQVHUW�WKH�WLPHVWDPS�LQ�WUDQVPLW�373�SDFNHWV�ZKHQ�  
2QH�VWHS�7LPHVWDPS�RU�7LPHVWDPS�2IIORDG�IHDWXUH�LV�HQDEOHG� 
:KHQ�WKLV�ELW�LV�UHVHW��WKH�0$&�XVHV�WKH�LQWHUQDO�UHIHUHQFH�
6\VWHP�7LPH� 
9DOXHV��  
�
E���([WHUQDO�6\VWHP�7LPH�,QSXW�LV�GLVDEOHG 
�
E���([WHUQDO�6\VWHP�7LPH�,QSXW�LV�HQDEOHG 

�� 52 �[� UHVHUYHG 

�� 5: �[� 

76(10$&$''5 
(QDEOH�0$&�$GGUHVV�IRU�373�3DFNHW�)LOWHULQJ 
:KHQ�WKLV�ELW�LV�VHW��WKH�'$�0$&�DGGUHVV��WKDW�PDWFKHV�DQ\�0$&�
$GGUHVV�UHJLVWHU��LV�XVHG�WR�ILOWHU�WKH�373�SDFNHWV�ZKHQ�373�LV�
GLUHFWO\�VHQW�RYHU�(WKHUQHW��  
:KHQ�WKLV�ELW�LV�VHW��UHFHLYHG�373�SDFNHWV�ZLWK�'$�FRQWDLQLQJ�D�
VSHFLDO�PXOWLFDVW�RU�XQLFDVW�DGGUHVV�WKDW�PDWFKHV�WKH�RQH�
SURJUDPPHG�LQ�0$&�DGGUHVV�UHJLVWHUV�DUH�FRQVLGHUHG�IRU�
SURFHVVLQJ�DV�LQGLFDWHG�EHORZ��ZKHQ�373�LV�GLUHFWO\�VHQW�RYHU�
(WKHUQHW� 
)RU�QRUPDO�WLPH�VWDPSLQJ�RSHUDWLRQ��0$&�DGGUHVV�UHJLVWHUV���WR�
���LV�FRQVLGHUHG�IRU�XQLFDVW�GHVWLQDWLRQ�DGGUHVV�PDWFKLQJ��  
)RU�373�RIIORDG��RQO\�0$&�DGGUHVV�UHJLVWHU���LV�FRQVLGHUHG�IRU�
XQLFDVW�GHVWLQDWLRQ�DGGUHVV�PDWFKLQJ� 
9DOXHV��  
�
E���0$&�$GGUHVV�IRU�373�3DFNHW�)LOWHULQJ�LV�GLVDEOHG 
�
E���0$&�$GGUHVV�IRU�373�3DFNHW�)LOWHULQJ�LV�HQDEOHG 

����� 5: �[� 

61$37<36(/ 
6HOHFW�373�SDFNHWV�IRU�7DNLQJ�6QDSVKRWV 
7KHVH�ELWV��DORQJ�ZLWK�%LWV����DQG�����GHFLGH�WKH�VHW�RI�373�
SDFNHW�W\SHV�IRU�ZKLFK�VQDSVKRW�QHHGV�WR�EH�WDNHQ��7KH�HQFRGLQJ�
LV�JLYHQ�LQ�7LPHVWDPS�6QDSVKRW�'HSHQGHQF\�RQ�5HJLVWHU�%LWV�
7DEOH� 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2014 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

760675(1$ 
(QDEOH�6QDSVKRW�IRU�0HVVDJHV�5HOHYDQW�WR�0DVWHU 
:KHQ�WKLV�ELW�LV�VHW��WKH�VQDSVKRW�LV�WDNHQ�RQO\�IRU�WKH�PHVVDJHV�
WKDW�DUH�UHOHYDQW�WR�WKH�PDVWHU�QRGH��2WKHUZLVH��WKH�VQDSVKRW�LV�
WDNHQ�IRU�WKH�PHVVDJHV�UHOHYDQW�WR�WKH�VODYH�QRGH� 
9DOXHV��  
�
E���6QDSVKRW�IRU�0HVVDJHV�5HOHYDQW�WR�0DVWHU�LV�GLVDEOHG 
�
E���6QDSVKRW�IRU�0HVVDJHV�5HOHYDQW�WR�0DVWHU�LV�HQDEOHG 

�� 5: �[� 

76(917(1$ 
(QDEOH�7LPHVWDPS�6QDSVKRW�IRU�(YHQW�0HVVDJHV 
:KHQ�WKLV�ELW�LV�VHW��WKH�WLPHVWDPS�VQDSVKRW�LV�WDNHQ�RQO\�IRU�
HYHQW�PHVVDJHV��6<1&��'HOD\B5HT��3GHOD\B5HT��RU�
3GHOD\B5HVS���:KHQ�WKLV�ELW�LV�UHVHW��WKH�VQDSVKRW�LV�WDNHQ�IRU�DOO�
PHVVDJHV�H[FHSW�$QQRXQFH��0DQDJHPHQW��DQG�6LJQDOLQJ��)RU�
PRUH�LQIRUPDWLRQ�DERXW�WKH�WLPHVWDPS�VQDSVKRWV��VHH�7LPHVWDPS�
6QDSVKRW�'HSHQGHQF\�RQ�5HJLVWHU�%LWV�7DEOH� 
9DOXHV��  
�
E���7LPHVWDPS�6QDSVKRW�IRU�(YHQW�0HVVDJHV�LV�GLVDEOHG 
�
E���7LPHVWDPS�6QDSVKRW�IRU�(YHQW�0HVVDJHV�LV�HQDEOHG 

�� 5: �[� 

76,39�(1$ 
(QDEOH�3URFHVVLQJ�RI�373�3DFNHWV�6HQW�RYHU�,3Y��8'3 
:KHQ�WKLV�ELW�LV�VHW��WKH�0$&�UHFHLYHU�SURFHVVHV�WKH�373�SDFNHWV�
HQFDSVXODWHG�LQ�,3Y��8'3�SDFNHWV��:KHQ�WKLV�ELW�LV�UHVHW��WKH�
0$&�LJQRUHV�WKH�373�WUDQVSRUWHG�RYHU�,3Y��8'3�SDFNHWV��7KLV�ELW�
LV�VHW�E\�GHIDXOW� 
9DOXHV��  
�
E���3URFHVVLQJ�RI�373�3DFNHWV�6HQW�RYHU�,3Y��8'3�LV�GLVDEOHG 
�
E���3URFHVVLQJ�RI�373�3DFNHWV�6HQW�RYHU�,3Y��8'3�LV�HQDEOHG 

�� 5: �[� 

76,39�(1$ 
(QDEOH�3URFHVVLQJ�RI�373�3DFNHWV�6HQW�RYHU�,3Y��8'3 
:KHQ�WKLV�ELW�LV�VHW��WKH�0$&�UHFHLYHU�SURFHVVHV�WKH�373�SDFNHWV�
HQFDSVXODWHG�LQ�,3Y��8'3�SDFNHWV��:KHQ�WKLV�ELW�LV�FOHDU��WKH�0$&�
LJQRUHV�WKH�373�WUDQVSRUWHG�RYHU�,3Y��8'3�SDFNHWV� 
9DOXHV��  
�
E���3URFHVVLQJ�RI�373�3DFNHWV�6HQW�RYHU�,3Y��8'3�LV�GLVDEOHG 
�
E���3URFHVVLQJ�RI�373�3DFNHWV�6HQW�RYHU�,3Y��8'3�LV�HQDEOHG 

�� 5: �[� 

76,3(1$ 
(QDEOH�3URFHVVLQJ�RI�373�RYHU�(WKHUQHW�3DFNHWV 
:KHQ�WKLV�ELW�LV�VHW��WKH�0$&�UHFHLYHU�SURFHVVHV�WKH�373�SDFNHWV�
HQFDSVXODWHG�GLUHFWO\�LQ�WKH�(WKHUQHW�SDFNHWV��:KHQ�WKLV�ELW�LV�
UHVHW��WKH�0$&�LJQRUHV�WKH�373�RYHU�(WKHUQHW�SDFNHWV� 
9DOXHV��  
�
E���3URFHVVLQJ�RI�373�RYHU�(WKHUQHW�3DFNHWV�LV�GLVDEOHG 
�
E���3URFHVVLQJ�RI�373�RYHU�(WKHUQHW�3DFNHWV�LV�HQDEOHG 

�� 5: �[� 

769(5�(1$ 
(QDEOH�373�3DFNHW�3URFHVVLQJ�IRU�9HUVLRQ���)RUPDW 
:KHQ�WKLV�ELW�LV�VHW��WKH�,(((������YHUVLRQ���IRUPDW�LV�XVHG�WR�
SURFHVV�WKH�373�SDFNHWV��:KHQ�WKLV�ELW�LV�UHVHW��WKH�,(((������
YHUVLRQ���IRUPDW�LV�XVHG�WR�SURFHVV�WKH�373�SDFNHWV��7KH�,(((�
�����IRUPDWV�DUH�GHVFULEHG�LQ�
373�3URFHVVLQJ�DQG�&RQWURO
� 
9DOXHV��  
�
E���373�3DFNHW�3URFHVVLQJ�IRU�9HUVLRQ���)RUPDW�LV�GLVDEOHG 
�
E���373�3DFNHW�3URFHVVLQJ�IRU�9HUVLRQ���)RUPDW�LV�HQDEOHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2015 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

76&75/665 
7LPHVWDPS�'LJLWDO�RU�%LQDU\�5ROORYHU�&RQWURO 
:KHQ�WKLV�ELW�LV�VHW��WKH�7LPHVWDPS�/RZ�UHJLVWHU�UROOV�RYHU�DIWHU�
�[�%�$B&�))�YDOXH��WKDW�LV����QDQRVHFRQG�DFFXUDF\��DQG�
LQFUHPHQWV�WKH�WLPHVWDPS��+LJK��VHFRQGV��:KHQ�WKLV�ELW�LV�UHVHW��
WKH�UROORYHU�YDOXH�RI�VXE�VHFRQG�UHJLVWHU�LV��[�)))B))))��7KH�
VXE�VHFRQG�LQFUHPHQW�PXVW�EH�SURJUDPPHG�FRUUHFWO\�GHSHQGLQJ�
RQ�WKH�373�UHIHUHQFH�FORFN�IUHTXHQF\�DQG�WKH�YDOXH�RI�WKLV�ELW� 
9DOXHV��  
�
E���7LPHVWDPS�'LJLWDO�RU�%LQDU\�5ROORYHU�&RQWURO�LV�GLVDEOHG 
�
E���7LPHVWDPS�'LJLWDO�RU�%LQDU\�5ROORYHU�&RQWURO�LV�HQDEOHG 

� 5: �[� 

76(1$// 
(QDEOH�7LPHVWDPS�IRU�$OO�3DFNHWV 
:KHQ�WKLV�ELW�LV�VHW��WKH�WLPHVWDPS�VQDSVKRW�LV�HQDEOHG�IRU�DOO�
SDFNHWV�UHFHLYHG�E\�WKH�0$&� 
9DOXHV��  
�
E���7LPHVWDPS�IRU�$OO�3DFNHWV�GLVDEOHG 
�
E���7LPHVWDPS�IRU�$OO�3DFNHWV�HQDEOHG 

��� 52 �[� UHVHUYHG 

� 5: �[� 

76$''5(* 
8SGDWH�$GGHQG�5HJLVWHU 
:KHQ�WKLV�ELW�LV�VHW��WKH�FRQWHQW�RI�WKH�7LPHVWDPS�$GGHQG�
UHJLVWHU�LV�XSGDWHG�LQ�WKH�373�EORFN�IRU�ILQH�FRUUHFWLRQ��7KLV�ELW�LV�
FOHDUHG�ZKHQ�WKH�XSGDWH�LV�FRPSOHWH��7KLV�ELW�VKRXOG�EH�]HUR�
EHIRUH�LW�LV�VHW� 
$FFHVV�UHVWULFWLRQ�DSSOLHV��6HWWLQJ���VHWV��6HOI�FOHDUHG��6HWWLQJ���
KDV�QR�HIIHFW� 
9DOXHV��  
�
E���$GGHQG�5HJLVWHU�LV�QRW�XSGDWHG 
�
E���$GGHQG�5HJLVWHU�LV�XSGDWHG 

� 5: �[� 

7675,* 
(QDEOH�7LPHVWDPS�,QWHUUXSW�7ULJJHU 
:KHQ�WKLV�ELW�LV�VHW��WKH�WLPHVWDPS�LQWHUUXSW�LV�JHQHUDWHG�ZKHQ�
WKH�6\VWHP�7LPH�EHFRPHV�JUHDWHU�WKDQ�WKH�YDOXH�ZULWWHQ�LQ�WKH�
7DUJHW�7LPH�UHJLVWHU��7KLV�ELW�LV�UHVHW�DIWHU�WKH�7LPHVWDPS�7ULJJHU�
,QWHUUXSW�LV�JHQHUDWHG� 
$FFHVV�UHVWULFWLRQ�DSSOLHV��6HWWLQJ���VHWV��6HOI�FOHDUHG��6HWWLQJ���
KDV�QR�HIIHFW� 
9DOXHV��  
�
E���7LPHVWDPS�,QWHUUXSW�7ULJJHU�LV�QRW�HQDEOHG 
�
E���7LPHVWDPS�,QWHUUXSW�7ULJJHU�LV�HQDEOHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2016 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

7683'7 
8SGDWH�7LPHVWDPS 
:KHQ�WKLV�ELW�LV�VHW��WKH�V\VWHP�WLPH�LV�XSGDWHG��DGGHG�RU�
VXEWUDFWHG��ZLWK�WKH�YDOXH�VSHFLILHG�LQ�
0$&B6\VWHPB7LPHB6HFRQGVB8SGDWH�DQG�
0$&B6\VWHPB7LPHB1DQRVHFRQGVB8SGDWH�UHJLVWHUV��7KLV�ELW�
VKRXOG�EH�]HUR�EHIRUH�XSGDWLQJ�LW��7KLV�ELW�LV�UHVHW�ZKHQ�WKH�
XSGDWH�LV�FRPSOHWH�LQ�KDUGZDUH��7KH�7LPHVWDPS�+LJKHU�:RUG�
UHJLVWHU��LI�HQDEOHG�GXULQJ�FRUH�FRQILJXUDWLRQ��LV�QRW�
XSGDWHG�:KHQ�0HGLD�&ORFN�*HQHUDWLRQ�DQG�5HFRYHU\�LV�
FRQILJXUHG��':&B(426B)/(;,B336B287B(1��DQG�HQDEOHG�
0$&B3UHVQB7LPHB8SGW�VKRXOG�DOVR�EH�XSGDWHG�EHIRUH�VHWWLQJ�WKLV�
ILHOG� 
$FFHVV�UHVWULFWLRQ�DSSOLHV��6HWWLQJ���VHWV��6HOI�FOHDUHG��6HWWLQJ���
KDV�QR�HIIHFW� 
9DOXHV��  
�
E���7LPHVWDPS�LV�QRW�XSGDWHG 
�
E���7LPHVWDPS�LV�XSGDWHG 

� 5: �[� 

76,1,7 
,QLWDOL]H�7LPHVWDPS 
:KHQ�WKLV�ELW�LV�VHW��WKH�V\VWHP�WLPH�LV�LQLWLDOL]HG��RYHUZULWWHQ��
ZLWK�WKH�YDOXH�VSHFLILHG�LQ�WKH�
0$&B6\VWHPB7LPHB6HFRQGVB8SGDWH�DQG�
0$&B6\VWHPB7LPHB1DQRVHFRQGVB8SGDWH�UHJLVWHUV��7KLV�ELW�
VKRXOG�EH�]HUR�EHIRUH�LW�LV�XSGDWHG��7KLV�ELW�LV�UHVHW�ZKHQ�WKH�
LQLWLDOL]DWLRQ�LV�FRPSOHWH��7KH�7LPHVWDPS�+LJKHU�:RUG�UHJLVWHU��LI�
HQDEOHG�GXULQJ�FRUH�FRQILJXUDWLRQ��FDQ�RQO\�EH�LQLWLDOL]HG�:KHQ�
0HGLD�&ORFN�*HQHUDWLRQ�DQG�5HFRYHU\�LV�FRQILJXUHG�
�':&B(426B)/(;,B336B287B(1��DQG�HQDEOHG�
0$&B3UHVQB7LPHB8SGW�VKRXOG�DOVR�EH�XSGDWHG�EHIRUH�VHWWLQJ�WKLV�
ILHOG� 
$FFHVV�UHVWULFWLRQ�DSSOLHV��6HWWLQJ���VHWV��6HOI�FOHDUHG��6HWWLQJ���
KDV�QR�HIIHFW� 
9DOXHV��  
�
E���7LPHVWDPS�LV�QRW�LQLWLDOL]HG 
�
E���7LPHVWDPS�LV�LQLWLDOL]HG 

� 5: �[� 

76&)83'7 
)LQH�RU�&RDUVH�7LPHVWDPS�8SGDWH 
:KHQ�WKLV�ELW�LV�VHW��WKH�)LQH�PHWKRG�LV�XVHG�WR�XSGDWH�V\VWHP�
WLPHVWDPS��:KHQ�WKLV�ELW�LV�UHVHW��&RDUVH�PHWKRG�LV�XVHG�WR�
XSGDWH�WKH�V\VWHP�WLPHVWDPS� 
9DOXHV��  
�
E���&RDUVH�PHWKRG�LV�XVHG�WR�XSGDWH�V\VWHP�WLPHVWDPS 
�
E���)LQH�PHWKRG�LV�XVHG�WR�XSGDWH�V\VWHP�WLPHVWDPS 

� 5: �[� 

76(1$ 
(QDEOH�7LPHVWDPS 
:KHQ�WKLV�ELW�LV�VHW��WKH�WLPHVWDPS�LV�DGGHG�IRU�7UDQVPLW�DQG�
5HFHLYH�SDFNHWV��:KHQ�GLVDEOHG��WLPHVWDPS�LV�QRW�DGGHG�IRU�
WUDQVPLW�DQG�UHFHLYH�SDFNHWV�DQG�WKH�7LPHVWDPS�*HQHUDWRU�LV�
DOVR�VXVSHQGHG��<RX�QHHG�WR�LQLWLDOL]H�WKH�7LPHVWDPS��V\VWHP�
WLPH��DIWHU�HQDEOLQJ�WKLV�PRGH�2Q�WKH�5HFHLYH�VLGH��WKH�0$&�
SURFHVVHV�WKH������SDFNHWV�RQO\�LI�WKLV�ELW�LV�VHW� 
9DOXHV��  
�
E���7LPHVWDPS�LV�GLVDEOHG 
�
E���7LPHVWDPS�LV�HQDEOHG 

 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2017 

*0$&B0$&B6XEB6HFRQGB,QFUHPHQW�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�%��� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[�� 

66,1& 
6XE�VHFRQG�,QFUHPHQW�9DOXH 
7KH�YDOXH�SURJUDPPHG�LQ�WKLV�ILHOG�LV�DFFXPXODWHG�HYHU\�FORFN�
F\FOH��RI�FONBSWSBL��ZLWK�WKH�FRQWHQWV�RI�WKH�VXE�VHFRQG�UHJLVWHU��
)RU�H[DPSOH��ZKHQ�WKH�373�FORFN�LV����0+]��SHULRG�LV����QV���\RX�
VKRXOG�SURJUDP������[����ZKHQ�WKH�6\VWHP�7LPH�1DQRVHFRQGV�
UHJLVWHU�KDV�DQ�DFFXUDF\�RI���QV�>%LW����76&75/665��LV�VHW�LQ�
0$&B7LPHVWDPSB&RQWURO@��:KHQ�76&75/665�LV�FOHDU��WKH�
1DQRVHFRQGV�UHJLVWHU�KDV�D�UHVROXWLRQ�RI�a������QV��,Q�WKLV�FDVH��
\RX�VKRXOG�SURJUDP�D�YDOXH�RI������[�%��ZKLFK�LV�GHULYHG�E\����
QV������� 

���� 52 �[���� UHVHUYHG 
 
*0$&B0$&B6\VWHPB7LPHB6HFV�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�%��� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
766 
7LPHVWDPS�6HFRQG 
7KH�YDOXH�LQ�WKLV�ILHOG�LQGLFDWHV�WKH�FXUUHQW�YDOXH�LQ�VHFRQGV�RI�
WKH�6\VWHP�7LPH�PDLQWDLQHG�E\�WKH�0$&� 

 
*0$&B0$&B6\VWHPB7LPHB16�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�%�&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 52 �[� UHVHUYHG 

���� 5: �[�������� 

7666 
7LPHVWDPS�6XE�6HFRQGV 
7KH�YDOXH�LQ�WKLV�ILHOG�KDV�WKH�VXE�VHFRQG�UHSUHVHQWDWLRQ�RI�WLPH��
ZLWK�DQ�DFFXUDF\�RI������QV��:KHQ�%LW���LV�VHW�LQ�
0$&B7LPHVWDPSB&RQWURO��HDFK�ELW�UHSUHVHQWV���QV��7KH�
PD[LPXP�YDOXH�LV��[�%�$B&�))�DIWHU�ZKLFK�LW�UROOV�RYHU�WR�]HUR� 

 
*0$&B0$&B6\VB7LPHB6HFVB8SGDWH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�%��� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

766 
7LPHVWDPS�6HFRQGV 
7KH�YDOXH�LQ�WKLV�ILHOG�LV�WKH�VHFRQGV�SDUW�RI�WKH�XSGDWH��:KHQ�
$''68%�LV�UHVHW��WKLV�ILHOG�PXVW�EH�SURJUDPPHG�ZLWK�WKH�
VHFRQGV�SDUW�RI�WKH�XSGDWH�YDOXH� 
:KHQ�$''68%�LV�VHW��WKLV�ILHOG�PXVW�EH�SURJUDPPHG�ZLWK�WKH�
FRPSOHPHQW�RI�WKH�VHFRQGV�SDUW�RI�WKH�XSGDWH�YDOXH��)RU�
H[DPSOH��LI�������������VHFRQGV�QHHG�WR�EH�VXEWUDFWHG�IURP�WKH�
V\VWHP�WLPH��WKH�766�ILHOG�LQ�WKH�
0$&B7LPHVWDPSB6HFRQGVB8SGDWH�UHJLVWHU�PXVW�EH��[))))B)))(�
�WKDW�LV���A�������� 

 
*0$&B0$&B6\VB7LPHB16B8SGDWH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�%��� 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2018 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

$''68% 
$GG�RU�6XEWUDFW�7LPH 
:KHQ�WKLV�ELW�LV�VHW��WKH�WLPH�YDOXH�LV�VXEWUDFWHG�ZLWK�WKH�
FRQWHQWV�RI�WKH�XSGDWH�UHJLVWHU��:KHQ�WKLV�ELW�LV�UHVHW��WKH�WLPH�
YDOXH�LV�DGGHG�ZLWK�WKH�FRQWHQWV�RI�WKH�XSGDWH�UHJLVWHU� 
9DOXHV��  
�
E���$GG�WLPH 
�
E���6XEWUDFW�WLPH 

���� 5: �[�������� 

7666 
7LPHVWDPS�6XE�6HFRQGV 
7KH�YDOXH�LQ�WKLV�ILHOG�LV�WKH�VXE�VHFRQGV�SDUW�RI�WKH�XSGDWH��
:KHQ�$''68%�LV�UHVHW��WKLV�ILHOG�PXVW�EH�SURJUDPPHG�ZLWK�WKH�
VXE�VHFRQGV�SDUW�RI�WKH�XSGDWH�YDOXH��ZLWK�DQ�DFFXUDF\�EDVHG�RQ�
WKH�76&75/665�ELW�RI�WKH�0$&B7LPHVWDPSB&RQWURO�UHJLVWHU�:KHQ�
$''68%�LV�VHW��WKLV�ILHOG�PXVW�EH�SURJUDPPHG�ZLWK�WKH�
FRPSOHPHQW�RI�WKH�VXE�VHFRQGV�SDUW�RI�WKH�XSGDWH�YDOXH�DV�
GHVFULEHG�EHORZ� 
:KHQ�76&75/665�ELW�LQ�0$&B7LPHVWDPSB&RQWURO�LV�VHW��WKH�
SURJUDPPHG�YDOXH�PXVW�EH���A�����VXE�VHFRQG�YDOXH!��:KHQ�
76&75/665�ELW�LQ�0$&B7LPHVWDPSB&RQWURO�LV�UHVHW��WKH�
SURJUDPPHG�YDOXH�PXVW�EH��A������VXE�VHFRQGBYDOXH!��:KHQ�
WKH�76&75/665�ELW�LV�UHVHW�LQ�WKH�0$&B7LPHVWDPSB&RQWURO�
UHJLVWHU��HDFK�ELW�UHSUHVHQWV�DQ�DFFXUDF\�RI������QV��:KHQ�WKH�
76&75/665�ELW�LV�VHW�LQ�WKH�0$&B7LPHVWDPSB&RQWURO�UHJLVWHU��
HDFK�ELW�UHSUHVHQWV���QV�DQG�WKH�SURJUDPPHG�YDOXH�VKRXOG�QRW�
H[FHHG��[�%�$B&�))� 
)RU�H[DPSOH��LI�������������VHFRQGV�QHHG�WR�EH�VXEWUDFWHG�IURP�
WKH�V\VWHP�WLPH��WKHQ�WKH�7666�ILHOG�LQ�WKH�
0$&B7LPHVWDPSB1DQRVHFRQGVB8SGDWH�UHJLVWHU�PXVW�EH�
�[�)))B))))��WKDW�LV���A���������ZKHQ�76&75/665�ELW�LQ�
0$&B7LPHVWDPSB&RQWURO�LV�UHVHW�DQG��[�%�$B&�))��WKDW�LV��
��A��������ZKHQ�76&75/665�ELW�LQ�0$&B7LPHVWDPSB&RQWURO�LV�
VHW� 

 
*0$&B0$&B7LPHVWDPSB$GGHQG�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�%��� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
76$5 
7LPHVWDPS�$GGHQG�5HJLVWHU 
7KLV�ILHOG�LQGLFDWHV�WKH����ELW�WLPH�YDOXH�WR�EH�DGGHG�WR�WKH�
$FFXPXODWRU�UHJLVWHU�WR�DFKLHYH�WLPH�V\QFKURQL]DWLRQ� 

 
*0$&B0$&B7LPHVWDPSB6WDWXV�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�%��� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 52 �[�� 

$7616 
1XPEHU�RI�$X[LOLDU\�7LPHVWDPS�6QDSVKRWV 
7KLV�ILHOG�LQGLFDWHV�WKH�QXPEHU�RI�6QDSVKRWV�DYDLODEOH�LQ�WKH�
),)2��$�YDOXH�HTXDO�WR�WKH�VHOHFWHG�GHSWK�RI�),)2��������RU�����
LQGLFDWHV�WKDW�WKH�$X[LOLDU\�6QDSVKRW�),)2�LV�IXOO��7KHVH�ELWV�DUH�
FOHDUHG��WR��������ZKHQ�WKH�$X[LOLDU\�VQDSVKRW�),)2�FOHDU�ELW�LV�
VHW��7KLV�ELW�LV�YDOLG�RQO\�LI�WKH�$GG�,(((������$X[LOLDU\�6QDSVKRW�
RSWLRQ�LV�VHOHFWHG� 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2019 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 52 �[� 

$76670 
$X[LOLDU\�7LPHVWDPS�6QDSVKRW�7ULJJHU�0LVVHG 
7KLV�ELW�LV�VHW�ZKHQ�WKH�$X[LOLDU\�WLPHVWDPS�VQDSVKRW�),)2�LV�IXOO�
DQG�H[WHUQDO�WULJJHU�ZDV�VHW��7KLV�LQGLFDWHV�WKDW�WKH�ODWHVW�
VQDSVKRW�LV�QRW�VWRUHG�LQ�WKH�),)2��7KLV�ELW�LV�YDOLG�RQO\�LI�WKH�$GG�
,(((������$X[LOLDU\�6QDSVKRW�RSWLRQ�LV�VHOHFWHG� 
9DOXHV��  
�
E���$X[LOLDU\�7LPHVWDPS�6QDSVKRW�7ULJJHU�0LVVHG�VWDWXV�QRW�
GHWHFWHG 
�
E���$X[LOLDU\�7LPHVWDPS�6QDSVKRW�7ULJJHU�0LVVHG�VWDWXV�
GHWHFWHG 

����� 52 �[�� UHVHUYHG 

�� 52 �[� 

7;766,6 
7[�7LPHVWDPS�6WDWXV�,QWHUUXSW�6WDWXV 
,Q�QRQ�(426B&25(�FRQILJXUDWLRQV�ZKHQ�GURS�WUDQVPLW�VWDWXV�LV�
HQDEOHG�LQ�07/��WKLV�ELW�LV�VHW�ZKHQ�WKH�FDSWXUHG�WUDQVPLW�
WLPHVWDPS�LV�XSGDWHG�LQ�WKH�  
0$&B7[B7LPHVWDPSB6WDWXVB1DQRVHFRQGV�DQG�
0$&B7[B7LPHVWDPSB6WDWXVB6HFRQGV�UHJLVWHUV��:KHQ�373�RIIORDG�
IHDWXUH�LV�HQDEOHG��WKLV�ELW�LV�VHW�ZKHQ�WKH�FDSWXUHG�WUDQVPLW�
WLPHVWDPS�LV�XSGDWHG�LQ�WKH�  
0$&B7[B7LPHVWDPSB6WDWXVB1DQRVHFRQGV�DQG�
0$&B7[B7LPHVWDPSB6WDWXVB6HFRQGV�UHJLVWHUV��IRU�372�
JHQHUDWHG�'HOD\�5HTXHVW�DQG�3GHOD\�UHTXHVW�SDFNHWV��7KLV�ELW�LV�
FOHDUHG�ZKHQ�WKH�0$&B7[B7LPHVWDPSB6WDWXVB6HFRQGV�UHJLVWHU�LV�
UHDG��RU�ZULWH�WR�0$&B7[B7LPHVWDPSB6WDWXVB6HFRQGV�UHJLVWHU�
ZKHQ�5&:(�ELW�RI�0$&B&65B6:B&WUO�UHJLVWHU�LV�VHW�� 
9DOXHV��  
�
E���7[�7LPHVWDPS�6WDWXV�,QWHUUXSW�VWDWXV�QRW�GHWHFWHG 
�
E���7[�7LPHVWDPS�6WDWXV�,QWHUUXSW�VWDWXV�GHWHFWHG 

���� 52 �[��� UHVHUYHG 

� 52 �[� 

7675*7(55� 
7LPHVWDPS�7DUJHW�7LPH�(UURU 
7KLV�ELW�LV�VHW�ZKHQ�WKH�ODWHVW�WDUJHW�WLPH�SURJUDPPHG�LQ�WKH�
0$&B336�B7DUJHWB7LPHB6HFRQGV�DQG�
0$&B336�B7DUJHWB7LPHB1DQRVHFRQGV 
UHJLVWHUV�HODSVHV��7KLV�ELW�LV�FOHDUHG�ZKHQ�WKH�DSSOLFDWLRQ�UHDGV�
WKLV�ELW� 
$FFHVV�UHVWULFWLRQ�DSSOLHV��&OHDUV�RQ�UHDG��RU�WKLV�ELW�LV�ZULWWHQ�WR�
��ZKHQ�5&:(�ELW�LQ�0$&B&65B6:B&WUO�UHJLVWHU�LV�VHW���6HOI�VHW�
WR���RQ�LQWHUQDO�HYHQW� 
9DOXHV��  
�
E���7LPHVWDPS�7DUJHW�7LPH�(UURU�VWDWXV�QRW�GHWHFWHG 
�
E���7LPHVWDPS�7DUJHW�7LPH�(UURU�VWDWXV�GHWHFWHG 

� 52 �[� 

$8;7675,* 
$X[LOLDU\�7LPHVWDPS�7ULJJHU�6QDSVKRW 
7KLV�ELW�LV�VHW�KLJK�ZKHQ�WKH�DX[LOLDU\�VQDSVKRW�LV�ZULWWHQ�WR�WKH�
),)2��7KLV�ELW�LV�YDOLG�RQO\�LI�WKH�$GG�,(((������$X[LOLDU\�
6QDSVKRW�RSWLRQ�LV�VHOHFWHG� 
$FFHVV�UHVWULFWLRQ�DSSOLHV��&OHDUV�RQ�UHDG��RU�WKLV�ELW�LV�ZULWWHQ�WR�
��ZKHQ�5&:(�ELW�LQ�0$&B&65B6:B&WUO�UHJLVWHU�LV�VHW���6HOI�VHW�
WR���RQ�LQWHUQDO�HYHQW� 
9DOXHV��  
�
E���$X[LOLDU\�7LPHVWDPS�7ULJJHU�6QDSVKRW�VWDWXV�QRW�GHWHFWHG 
�
E���$X[LOLDU\�7LPHVWDPS�7ULJJHU�6QDSVKRW�VWDWXV�GHWHFWHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2020 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 52 �[� 

767$5*7� 
7LPHVWDPS�7DUJHW�7LPH�5HDFKHG 
:KHQ�VHW��WKLV�ELW�LQGLFDWHV�WKDW�WKH�YDOXH�RI�V\VWHP�WLPH�LV�
JUHDWHU�WKDQ�RU�HTXDO�WR�WKH�YDOXH�VSHFLILHG�LQ�WKH�
0$&B336�B7DUJHWB7LPHB6HFRQGV�DQG�
0$&B336�B7DUJHWB7LPHB1DQRVHFRQGV�UHJLVWHUV� 
$FFHVV�UHVWULFWLRQ�DSSOLHV��&OHDUV�RQ�UHDG��RU�WKLV�ELW�LV�ZULWWHQ�WR�
��ZKHQ�5&:(�ELW�LQ�0$&B&65B6:B&WUO�UHJLVWHU�LV�VHW���6HOI�VHW�
WR���RQ�LQWHUQDO�HYHQW� 
9DOXHV��  
�
E���7LPHVWDPS�7DUJHW�7LPH�5HDFKHG�VWDWXV�QRW�GHWHFWHG 
�
E���7LPHVWDPS�7DUJHW�7LPH�5HDFKHG�VWDWXV�GHWHFWHG 

� 52 �[� 

76629) 
7LPHVWDPS�6HFRQGV�2YHUIORZ 
:KHQ�WKLV�ELW�LV�VHW��LW�LQGLFDWHV�WKDW�WKH�VHFRQGV�YDOXH�RI�WKH�
WLPHVWDPS��ZKHQ�VXSSRUWLQJ�YHUVLRQ���IRUPDW��KDV�RYHUIORZHG�
EH\RQG���
K))))B))))� 
$FFHVV�UHVWULFWLRQ�DSSOLHV��&OHDUV�RQ�UHDG��RU�WKLV�ELW�LV�ZULWWHQ�WR�
��ZKHQ�5&:(�ELW�LQ�0$&B&65B6:B&WUO�UHJLVWHU�LV�VHW���6HOI�VHW�
WR���RQ�LQWHUQDO�HYHQW� 
9DOXHV��  
�
E���7LPHVWDPS�6HFRQGV�2YHUIORZ�VWDWXV�QRW�GHWHFWHG 
�
E���7LPHVWDPS�6HFRQGV�2YHUIORZ�VWDWXV�GHWHFWHG 

 
*0$&B0$&B7[B76B6WDWXVB16�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�%��� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 52 �[� 

7;7660,6 
7UDQVPLW�7LPHVWDPS�6WDWXV�0LVVHG 
:KHQ�WKLV�ELW�LV�VHW��LW�LQGLFDWHV�RQH�RI�WKH�IROORZLQJ� 
���7KH�WLPHVWDPS�RI�WKH�FXUUHQW�SDFNHW�LV�LJQRUHG�LI�7;766760�
ELW�RI�WKH�0$&B7LPHVWDPSB&RQWURO�UHJLVWHU�LV�UHVHW� 
���7KH�WLPHVWDPS�RI�WKH�SUHYLRXV�SDFNHW�LV�RYHUZULWWHQ�ZLWK�
WLPHVWDPS�RI�WKH�FXUUHQW�SDFNHW�LI�7;766760�ELW�RI�WKH�
0$&B7LPHVWDPSB&RQWURO�UHJLVWHU�LV�VHW� 
$FFHVV�UHVWULFWLRQ�DSSOLHV��&OHDUV�RQ�UHDG��6HOI�VHW�WR���RQ�LQWHUQDO�
HYHQW� 
9DOXHV��  
�
E���7UDQVPLW�7LPHVWDPS�6WDWXV�0LVVHG�VWDWXV�QRW�GHWHFWHG 
�
E���7UDQVPLW�7LPHVWDPS�6WDWXV�0LVVHG�VWDWXV�GHWHFWHG 

���� 52 �[�������� 
7;766/2 
7UDQVPLW�7LPHVWDPS�6WDWXV�/RZ 
7KLV�ILHOG�FRQWDLQV�WKH����ELWV�RI�WKH�1DQRVHFRQGV�ILHOG�RI�WKH�
7UDQVPLW�SDFNHW
V�FDSWXUHG�WLPHVWDPS� 

 
*0$&B0$&B7[B76B6WDWXVB6HFV�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�%��� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 
7;766+, 
7UDQVPLW�7LPHVWDPS�6WDWXV�+LJK 
7KLV�ILHOG�FRQWDLQV�WKH�ORZHU����ELWV�RI�WKH�6HFRQGV�ILHOG�RI�
7UDQVPLW�SDFNHW
V�FDSWXUHG�WLPHVWDPS� 

 
*0$&B0$&B$X[LOLDU\B&RQWURO�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�%��� 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2021 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 

$76)& 
$X[LOLDU\�6QDSVKRW�),)2�&OHDU 
:KHQ�VHW��WKLV�ELW�UHVHWV�WKH�SRLQWHUV�RI�WKH�$X[LOLDU\�6QDSVKRW�
),)2��7KLV�ELW�LV�FOHDUHG�ZKHQ�WKH�SRLQWHUV�DUH�UHVHW�DQG�WKH�),)2�
LV�HPSW\��:KHQ�WKLV�ELW�LV�KLJK��WKH�DX[LOLDU\�VQDSVKRWV�DUH�VWRUHG�
LQ�WKH�),)2� 
$FFHVV�UHVWULFWLRQ�DSSOLHV��6HWWLQJ���VHWV��6HOI�FOHDUHG��6HWWLQJ���
KDV�QR�HIIHFW� 
9DOXHV��  
�
E���$X[LOLDU\�6QDSVKRW�),)2�&OHDU�LV�GLVDEOHG 
�
E���$X[LOLDU\�6QDSVKRW�),)2�&OHDU�LV�HQDEOHG 

 
*0$&B0$&B$X[LOLDU\B76B16�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�%��� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 52 �[� UHVHUYHG 

���� 52 �[�������� 
$8;76/2 
$X[LOLDU\�7LPHVWDPS 
&RQWDLQV�WKH�ORZHU����ELWV��QDQRVHFRQGV�ILHOG��RI�WKH�DX[LOLDU\�
WLPHVWDPS� 

 
*0$&B0$&B$X[LOLDU\B76B6HFV�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�%�&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
$8;76+, 
$X[LOLDU\�7LPHVWDPS 
&RQWDLQV�WKH�ORZHU����ELWV�RI�WKH�6HFRQGV�ILHOG�RI�WKH�DX[LOLDU\�
WLPHVWDPS� 

 
*0$&B0$&B76B,QJUHVVB&RUUB16�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�%��� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
76,& 
7LPHVWDPS�,QJUHVV�&RUUHFWLRQ 
7KLV�ILHOG�FRQWDLQV�WKH�LQJUHVV�SDWK�FRUUHFWLRQ�YDOXH�DV�GHILQHG�E\�
WKH�,QJUHVV�&RUUHFWLRQ�H[SUHVVLRQ� 

 
*0$&B0$&B76B(JUHVVB&RUUB16�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�%�&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
76(& 
7LPHVWDPS�(JUHVV�&RUUHFWLRQ 
7KLV�ILHOG�FRQWDLQV�WKH�QDQRVHFRQGV�SDUW�RI�WKH�HJUHVV�SDWK�
FRUUHFWLRQ�YDOXH�DV�GHILQHG�E\�WKH�(JUHVV�&RUUHFWLRQ�H[SUHVVLRQ� 

 
*0$&B0$&B76B,QJUHVVB/DWHQF\�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�%��� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 52 �[�� 

,7/16 
,QJUHVV�7LPHVWDPS�/DWHQF\��LQ�VXE�QDQRVHFRQGV 
7KLV�UHJLVWHU�KROGV�WKH�DYHUDJH�ODWHQF\�LQ�VXE�QDQRVHFRQGV�
EHWZHHQ�WKH�LQSXW�SRUWV��SK\BU[GBL��RI�0$&�DQG�WKH�DFWXDO�SRLQW�
�*0,,�0,,��ZKHUH�WKH�LQJUHVV�WLPHVWDPS�LV�WDNHQ� 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2022 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�� 

,7/616 
,QJUHVV�7LPHVWDPS�/DWHQF\��LQ�QDQRVHFRQGV 
7KLV�UHJLVWHU�KROGV�WKH�DYHUDJH�ODWHQF\�LQ�QDQRVHFRQGV�EHWZHHQ�
WKH�LQSXW�SRUWV��SK\BU[GBL��RI�0$&�DQG�WKH�DFWXDO�SRLQW�
�*0,,�0,,��ZKHUH�WKH�LQJUHVV�WLPHVWDPS�LV�WDNHQ��  

��� 52 �[�� UHVHUYHG 
 
*0$&B0$&B76B(JUHVVB/DWHQF\�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�%�&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 52 �[�� 

(7/16 
(JUHVV�7LPHVWDPS�/DWHQF\��LQ�QDQRVHFRQGV�  
7KLV�UHJLVWHU�KROGV�WKH�DYHUDJH�ODWHQF\�LQ�QDQRVHFRQGV�EHWZHHQ�
WKH�DFWXDO�SRLQW��*0,,�0,,��ZKHUH�WKH�HJUHVV�WLPHVWDPS�LV�WDNHQ�
DQG�WKH�RXWSXW�SRUWV��SK\BW[GBR��RI�WKH�0$&� 

���� 52 �[�� 

(7/616 
(JUHVV�7LPHVWDPS�/DWHQF\��LQ�VXE�QDQRVHFRQGV�  
7KLV�UHJLVWHU�KROGV�WKH�DYHUDJH�ODWHQF\�LQ�VXE�QDQRVHFRQGV�
EHWZHHQ�WKH�DFWXDO�SRLQW��*0,,�0,,��ZKHUH�WKH�HJUHVV�WLPHVWDPS�
LV�WDNHQ�DQG�WKH�RXWSXW�SRUWV��SK\BW[GBR��RI�WKH�0$&� 

��� 52 �[�� UHVHUYHG 
 
*0$&B0$&B336B&RQWURO�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�%��� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2023 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

336&75/B336&0' 
336�2XWSXW�)UHTXHQF\�&RQWURO 
7KLV�ILHOG�FRQWUROV�WKH�IUHTXHQF\�RI�WKH�336��RXWSXW�
�SWSBSSVBR>�@��VLJQDO��7KH�GHIDXOW�YDOXH�RI�336&75/�LV�������DQG�
WKH�336�RXWSXW�LV���SXOVH��RI�ZLGWK�FONBSWSBL��HYHU\�VHFRQG��)RU�
RWKHU�YDOXHV�RI�336&75/��WKH�336�RXWSXW�EHFRPHV�D�JHQHUDWHG�
FORFN�RI�IROORZLQJ�IUHTXHQFLHV� 
�
E������7KH�ELQDU\�UROORYHU�LV���+]��DQG�WKH�GLJLWDO�UROORYHU�LV���
+]� 
�
E������7KH�ELQDU\�UROORYHU�LV���+]��DQG�WKH�GLJLWDO�UROORYHU�LV���
+]� 
�
E������7KH�ELQDU\�UROORYHU�LV���+]��DQG�WKH�GLJLWDO�UROORYHU�LV���
+]� 
�
E������7KH�ELQDU\�UROORYHU�LV����+]��DQG�WKH�GLJLWDO�UROORYHU�LV���
+]� 
��� 
�
E������7KH�ELQDU\�UROORYHU�LV��������.+]�DQG�WKH�GLJLWDO�
UROORYHU�LV��������.+]� 
1RWH� 
,Q�WKH�ELQDU\�UROORYHU�PRGH��WKH�336�RXWSXW��SWSBSSVBR��KDV�D�
GXW\�F\FOH�RI����SHUFHQW�ZLWK�WKHVH�IUHTXHQFLHV��,Q�WKH�GLJLWDO�
UROORYHU�PRGH��WKH�336�RXWSXW�IUHTXHQF\�LV�DQ�DYHUDJH�QXPEHU��
7KH�DFWXDO�FORFN�LV�RI�GLIIHUHQW�IUHTXHQF\�WKDW�JHWV�V\QFKURQL]HG�
HYHU\�VHFRQG��)RU�H[DPSOH� 
���:KHQ�336&75/� �������WKH�336����+]��KDV�D�ORZ�SHULRG�RI�����
PV�DQG�D�KLJK�SHULRG�RI�����PV� 
���:KHQ�336&75/� �������WKH�336����+]��LV�D�VHTXHQFH�RI�2QH�
FORFN�RI����SHUFHQW�GXW\�F\FOH�DQG�����PV�SHULRG�6HFRQG�FORFN�RI�
����PV�SHULRG������PV�ORZ�DQG�����PV�KLJK�� 
���:KHQ�336&75/� �������WKH�336����+]��LV�D�VHTXHQFH�RI�7KUHH�
FORFNV�RI����SHUFHQW�GXW\�F\FOH�DQG�����PV�SHULRG�)RXUWK�FORFN�RI�
����PV�SHULRG������PV�ORZ�DQG����PV�KLJK�� 
7KLV�EHKDYLRU�LV�EHFDXVH�RI�WKH�QRQ�OLQHDU�WRJJOLQJ�RI�ELWV�LQ�WKH�
GLJLWDO�UROORYHU�PRGH�LQ�WKH�0$&B6\VWHPB7LPHB1DQRVHFRQGV�
UHJLVWHU� 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2024 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

336&75/B336&0'�FRQW�� 
)OH[LEOH�336�2XWSXW��SWSBSSVBR>�@��&RQWURO 
3URJUDPPLQJ�WKHVH�ELWV�ZLWK�D�QRQ�]HUR�YDOXH�LQVWUXFWV�WKH�0$&�
WR�LQLWLDWH�DQ�HYHQW��:KHQ�WKH�FRPPDQG�LV�WUDQVIHUUHG�RU�
V\QFKURQL]HG�WR�WKH�373�FORFN�GRPDLQ��WKHVH�ELWV�JHW�FOHDUHG�
DXWRPDWLFDOO\��7KH�VRIWZDUH�VKRXOG�HQVXUH�WKDW�WKHVH�ELWV�DUH�
SURJUDPPHG�RQO\�ZKHQ�WKH\�DUH�
DOO�]HUR
��7KH�IROORZLQJ�OLVW�
GHVFULEHV�WKH�YDOXHV�RI�336&0'�� 
�
E������1R�&RPPDQG 
�
E������67$57�6LQJOH�3XOVH 
7KLV�FRPPDQG�JHQHUDWHV�VLQJOH�SXOVH�ULVLQJ�DW�WKH�VWDUW�SRLQW�
GHILQHG�LQ�0$&B336�B7DUJHWB7LPHB6HFRQGV�DQG�
0$&B336�B7DUJHWB7LPHB1DQRVHFRQGV�UHJLVWHU�DQG�RI�D�GXUDWLRQ�
GHILQHG�LQ�WKH�336��:LGWK�5HJLVWHU��  
�
E������67$57�3XOVH�7UDLQ 
7KLV�FRPPDQG�JHQHUDWHV�WKH�WUDLQ�RI�SXOVHV�ULVLQJ�DW�WKH�VWDUW�
SRLQW�GHILQHG�LQ�WKH�7DUJHW�7LPH�5HJLVWHUV�DQG�RI�D�GXUDWLRQ�
GHILQHG�LQ�WKH�336��:LGWK�5HJLVWHU�DQG�UHSHDWHG�DW�LQWHUYDO�
GHILQHG�LQ�WKH�336�,QWHUYDO�5HJLVWHU��%\�GHIDXOW��WKH�336�SXOVH�
WUDLQ�LV�IUHH�UXQQLQJ�XQOHVV�VWRSSHG�E\�WKH�
6WRS�3XOVH�WUDLQ�DW�
WLPH
�RU�
6WRS�3XOVH�7UDLQ�LPPHGLDWHO\
�FRPPDQGV� 
�
E������&DQFHO�67$57 
7KLV�FRPPDQG�FDQFHOV�WKH�67$57�6LQJOH�3XOVH�DQG�67$57�3XOVH�
7UDLQ�FRPPDQGV�LI�WKH�V\VWHP�WLPH�KDV�QRW�FURVVHG�WKH�
SURJUDPPHG�VWDUW�WLPH� 
�
E������6723�3XOVH�WUDLQ�DW�WLPH 
7KLV�FRPPDQG�VWRSV�WKH�WUDLQ�RI�SXOVHV�LQLWLDWHG�E\�WKH�67$57�
3XOVH�7UDLQ�FRPPDQG��336&0'� �������DIWHU�WKH�WLPH�
SURJUDPPHG�LQ�WKH�7DUJHW�7LPH�UHJLVWHUV�HODSVHV� 
�
E������6723�3XOVH�7UDLQ�LPPHGLDWHO\ 
7KLV�FRPPDQG�LPPHGLDWHO\�VWRSV�WKH�WUDLQ�RI�SXOVHV�LQLWLDWHG�E\�
WKH�67$57�3XOVH�7UDLQ�FRPPDQG��336&0'� ������� 
�
E������&DQFHO�6723�3XOVH�WUDLQ 
7KLV�FRPPDQG�FDQFHOV�WKH�6723�SXOVH�WUDLQ�DW�WLPH�FRPPDQG�LI�
WKH�SURJUDPPHG�VWRS�WLPH�KDV�QRW�HODSVHG��7KH�336�SXOVH�WUDLQ�
EHFRPHV�IUHH�UXQQLQJ�RQ�WKH�VXFFHVVIXO�H[HFXWLRQ�RI�WKLV�
FRPPDQG� 
�
E������
E������5HVHUYHG 

 
*0$&B07/B'%*B&7/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�&��� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 5: �[� 

676,( 
7UDQVPLW�6WDWXV�$YDLODEOH�,QWHUUXSW�6WDWXV�(QDEOH 
:KHQ�WKLV�ELW�LV�VHW��DQ�LQWHUUXSW�LV�JHQHUDWHG�ZKHQ�7UDQVPLW�
VWDWXV�LV�DYDLODEOH�LQ�VODYH�PRGH� 
9DOXHV��  
�
E���7UDQVPLW�3DFNHW�$YDLODEOH�,QWHUUXSW�6WDWXV�LV�GLVDEOHG 
�
E���7UDQVPLW�3DFNHW�$YDLODEOH�,QWHUUXSW�6WDWXV�LV�HQDEOHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2025 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

3.7,( 
5HFHLYH�3DFNHW�$YDLODEOH�,QWHUUXSW�6WDWXV�(QDEOH 
:KHQ�WKLV�ELW�LV�VHW��DQ�LQWHUUXSW�LV�JHQHUDWHG�ZKHQ�(23�RI�
UHFHLYHG�SDFNHW�LV�ZULWWHQ�WR�WKH�5[�),)2� 
9DOXHV��  
�
E���5HFHLYH�3DFNHW�$YDLODEOH�,QWHUUXSW�6WDWXV�LV�GLVDEOHG 
�
E���5HFHLYH�3DFNHW�$YDLODEOH�,QWHUUXSW�6WDWXV�LV�HQDEOHG 

����� 5: �[� 

),)26(/ 
),)2�6HOHFWHG�IRU�$FFHVV 
7KLV�ILHOG�LQGLFDWHV�WKH�),)2�VHOHFWHG�IRU�GHEXJ�DFFHVV� 
9DOXHV��  
�
E����7[�),)2 
�
E����7[�6WDWXV�),)2��RQO\�UHDG�DFFHVV�ZKHQ�6/902'�LV�VHW� 
�
E����762�),)2��FDQQRW�EH�DFFHVVHG�ZKHQ�6/902'�LV�VHW� 
�
E����5[�),)2 

�� 5: �[� 

),)2:5(1 
),)2�:ULWH�(QDEOH 
:KHQ�WKLV�ELW�LV�VHW��LW�HQDEOHV�WKH�:ULWH�RSHUDWLRQ�RQ�VHOHFWHG�
),)2�ZKHQ�),)2�'HEXJ�$FFHVV�LV�HQDEOHG��7KLV�ELW�PXVW�QRW�EH�
ZULWWHQ�WR���ZKHQ�),)2�'HEXJ�$FFHVV�LV�QRW�HQDEOHG��WKDW�LV�
)'%*(1�ELW�LV��� 
$FFHVV�UHVWULFWLRQ�DSSOLHV��6HOI�FOHDUHG��6HWWLQJ���FOHDUV��6HWWLQJ���
VHWV� 
9DOXHV��  
�
E���),)2�:ULWH�LV�GLVDEOHG 
�
E���),)2�:ULWH�LV�HQDEOHG 

�� 5: �[� 

),)25'(1 
),)2�5HDG�(QDEOH 
:KHQ�WKLV�ELW�LV�VHW��LW�HQDEOHV�WKH�5HDG�RSHUDWLRQ�RQ�VHOHFWHG�
),)2�ZKHQ�),)2�'HEXJ�$FFHVV�LV�HQDEOHG��7KLV�ELW�PXVW�QRW�EH�
ZULWWHQ�WR���ZKHQ�),)2�'HEXJ�$FFHVV�LV�QRW�HQDEOHG��WKDW�LV�
)'%*(1�ELW�LV��� 
$FFHVV�UHVWULFWLRQ�DSSOLHV��6HOI�FOHDUHG��6HWWLQJ���FOHDUV��6HWWLQJ���
VHWV� 
9DOXHV��  
�
E���),)2�5HDG�LV�GLVDEOHG 
�
E���),)2�5HDG�LV�HQDEOHG 

� 5: �[� 

5676(/ 
5HVHW�3RLQWHUV�RI�6HOHFWHG�),)2 
:KHQ�WKLV�ELW�LV�VHW��WKH�SRLQWHUV�RI�WKH�FXUUHQWO\�VHOHFWHG�),)2�
DUH�UHVHW�ZKHQ�),)2�'HEXJ�$FFHVV�LV�HQDEOHG��7KLV�ELW�PXVW�QRW�
EH�ZULWWHQ�WR���ZKHQ�),)2�'HEXJ�$FFHVV�LV�QRW�HQDEOHG��WKDW�LV�
)'%*(1�ELW�LV��� 
$FFHVV�UHVWULFWLRQ�DSSOLHV��6HOI�FOHDUHG��6HWWLQJ���FOHDUV��6HWWLQJ���
VHWV� 
9DOXHV��  
�
E���5HVHW�3RLQWHUV�RI�6HOHFWHG�),)2�LV�GLVDEOHG 
�
E���5HVHW�3RLQWHUV�RI�6HOHFWHG�),)2�LV�HQDEOHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2026 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

567$// 
5HVHW�$OO�3RLQWHUV 
:KHQ�WKLV�ELW�LV�VHW��WKH�SRLQWHUV�RI�DOO�),)2V�DUH�UHVHW�ZKHQ�),)2�
'HEXJ�$FFHVV�LV�HQDEOHG��7KLV�ELW�PXVW�QRW�EH�ZULWWHQ�WR���ZKHQ�
),)2�'HEXJ�$FFHVV�LV�QRW�HQDEOHG��WKDW�LV�)'%*(1�ELW�LV��� 
$FFHVV�UHVWULFWLRQ�DSSOLHV��6HOI�FOHDUHG��6HWWLQJ���FOHDUV��6HWWLQJ���
VHWV� 
9DOXHV��  
�
E���5HVHW�$OO�3RLQWHUV�LV�GLVDEOHG 
�
E���5HVHW�$OO�3RLQWHUV�LV�HQDEOHG 

� 52 �[� UHVHUYHG 

��� 5: �[� 

3.767$7( 
(QFRGHG�3DFNHW�6WDWH 
7KLV�ILHOG�LV�XVHG�WR�ZULWH�WKH�FRQWURO�LQIRUPDWLRQ�WR�WKH�7[�),)2�
RU�5[�),)2� 
7[�),)2� 
�
E����3DFNHW�'DWD 
�
E����&RQWURO�:RUG 
�
E����623�'DWD 
�
E����(23�'DWD 
5[�),)2� 
�
E����3DFNHW�'DWD 
�
E����1RUPDO�6WDWXV 
�
E����/DVW�6WDWXV 
�
E����(23 
9DOXHV��  
�
E����3DFNHW�'DWD 
�
E����&RQWURO�:RUG�1RUPDO�6WDWXV 
�
E����623�'DWD�/DVW�6WDWXV 
�
E����(23�'DWD�(23 

� 52 �[� UHVHUYHG 

��� 5: �[� 

%<7((1 
%\WH�(QDEOHV 
7KLV�ILHOG�LQGLFDWHV�WKH�QXPEHU�RI�GDWD�E\WHV�YDOLG�LQ�WKH�GDWD�
UHJLVWHU�GXULQJ�:ULWH�RSHUDWLRQ��7KLV�LV�YDOLG�RQO\�ZKHQ�3.767$7(�
LV��
E����(23��DQG�7[�),)2�RU�5[�),)2�LV�VHOHFWHG� 
9DOXHV��  
�
E����%\WH���YDOLG 
�
E����%\WH���DQG�%\WH���DUH�YDOLG 
�
E����%\WH����%\WH����DQG�%\WH���DUH�YDOLG 
�
E����$OO�IRXU�E\WHV�DUH�YDOLG 

� 5: �[� 

'%*02' 
'HEXJ�0RGH�$FFHVV�WR�),)2 
:KHQ�WKLV�ELW�LV�VHW��LW�LQGLFDWHV�WKDW�WKH�FXUUHQW�DFFHVV�WR�WKH�
),)2�LV�UHDG��ZULWH��DQG�GHEXJ�DFFHVV��,Q�WKLV�PRGH��WKH�IROORZLQJ�
DFFHVV�W\SHV�DUH�DOORZHG� 
���5HDG�DQG�:ULWH�DFFHVV�WR�7[�),)2��762�),)2��DQG�5[�),)2 
���5HDG�DFFHVV�LV�DOORZHG�WR�7[�6WDWXV�),)2� 
:KHQ�WKLV�ELW�LV�UHVHW��LW�LQGLFDWHV�WKDW�WKH�FXUUHQW�DFFHVV�WR�WKH�
),)2�LV�VODYH�DFFHVV�E\SDVVLQJ�WKH�'0$��,Q�WKLV�PRGH��WKH�
IROORZLQJ�DFFHVV�DUH�DOORZHG� 
���:ULWH�DFFHVV�WR�WKH�7[�),)2 
���5HDG�DFFHVV�WR�WKH�5[�),)2�DQG�7[�6WDWXV�),)2 
9DOXHV��  
�
E���'HEXJ�0RGH�$FFHVV�WR�),)2�LV�GLVDEOHG 
�
E���'HEXJ�0RGH�$FFHVV�WR�),)2�LV�HQDEOHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2027 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

)'%*(1 
),)2�'HEXJ�$FFHVV�(QDEOH 
:KHQ�WKLV�ELW�LV�VHW��LW�LQGLFDWHV�WKDW�WKH�GHEXJ�PRGH�DFFHVV�WR�
WKH�),)2�LV�HQDEOHG��:KHQ�WKLV�ELW�LV�UHVHW��LW�LQGLFDWHV�WKDW�WKH�
),)2�FDQ�EH�DFFHVVHG�RQO\�WKURXJK�D�PDVWHU�LQWHUIDFH� 
9DOXHV��  
�
E���),)2�'HEXJ�$FFHVV�LV�GLVDEOHG 
�
E���),)2�'HEXJ�$FFHVV�LV�HQDEOHG 

 
*0$&B07/B'%*B676�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�&�&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 52 �[��� 

/2&5 
5HPDLQLQJ�/RFDWLRQV�LQ�WKH�),)2 
6ODYH�$FFHVV�0RGH� 
7KLV�ILHOG�LQGLFDWHV�WKH�VSDFH�DYDLODEOH�LQ�VHOHFWHG�),)2� 
'HEXJ�$FFHVV�0RGH� 
7KLV�ILHOG�FRQWDLQV�WKH�:ULWH�RU�5HDG�SRLQWHU�YDOXH�RI�WKH�VHOHFWHG�
),)2�GXULQJ�:ULWH�RU�5HDG�RSHUDWLRQ��UHVSHFWLYHO\� 
5HVHW��,Q�VLQJOH�7[�4XHXH�FRQILJXUDWLRQV�� �
�':&B(426B7;),)2B6,=(��':&B(426B'$7$:,'7+������
2WKHUZLVH�����+� 

����� 52 �[�� UHVHUYHG 

� 5: �[� 

676, 
7UDQVPLW�6WDWXV�$YDLODEOH�,QWHUUXSW�6WDWXV 
:KHQ�VHW��WKLV�ELW�LQGLFDWHV�WKDW�WKH�6ODYH�PRGH�7[�SDFNHW�LV�
WUDQVPLWWHG��DQG�WKH�VWDWXV�LV�DYDLODEOH�LQ�7[�6WDWXV�),)2��7KLV�ELW�
LV�UHVHW�ZKHQ���LV�ZULWWHQ�WR�WKLV�ELW� 
9DOXHV��  
�
E���7UDQVPLW�6WDWXV�$YDLODEOH�,QWHUUXSW�6WDWXV�QRW�GHWHFWHG 
�
E���7UDQVPLW�6WDWXV�$YDLODEOH�,QWHUUXSW�6WDWXV�GHWHFWHG 

� 5: �[� 

3.7, 
5HFHLYH�3DFNHW�$YDLODEOH�,QWHUUXSW�6WDWXV 
:KHQ�VHW��WKLV�ELW�LQGLFDWHV�WKDW�0$&�OD\HU�KDV�ZULWWHQ�WKH�(23�RI�
UHFHLYHG�SDFNHW�WR�WKH�5[�),)2��7KLV�ELW�LV�UHVHW�ZKHQ���LV�ZULWWHQ�
WR�WKLV�ELW� 
9DOXHV��  
�
E���5HFHLYH�3DFNHW�$YDLODEOH�,QWHUUXSW�6WDWXV�QRW�GHWHFWHG 
�
E���5HFHLYH�3DFNHW�$YDLODEOH�,QWHUUXSW�6WDWXV�GHWHFWHG 

��� 52 �[� UHVHUYHG 

��� 52 �[� 

%<7((1 
%\WH�(QDEOHV 
7KLV�ILHOG�LQGLFDWHV�WKH�QXPEHU�RI�GDWD�E\WHV�YDOLG�LQ�WKH�GDWD�
UHJLVWHU�GXULQJ�5HDG�RSHUDWLRQ��7KLV�LV�YDOLG�RQO\�ZKHQ�3.767$7(�
LV��
E����(23��DQG�7[�),)2�RU�5[�),)2�LV�VHOHFWHG� 
9DOXHV��  
�
E����%\WH���YDOLG 
�
E����%\WH���DQG�%\WH���DUH�YDOLG 
�
E����%\WH����%\WH����DQG�%\WH���DUH�YDOLG 
�
E����$OO�IRXU�E\WHV�DUH�YDOLG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2028 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 52 �[� 

3.767$7( 
(QFRGHG�3DFNHW�6WDWH 
7KLV�ILHOG�LV�XVHG�WR�JHW�WKH�FRQWURO�RU�VWDWXV�LQIRUPDWLRQ�RI�WKH�
VHOHFWHG�),)2� 
7[�),)2� 
�
E����3DFNHW�'DWD 
�
E����&RQWURO�:RUG 
�
E����623�'DWD 
�
E����(23�'DWD 
5[�),)2� 
�
E����3DFNHW�'DWD 
�
E����1RUPDO�6WDWXV 
�
E����/DVW�6WDWXV 
�
E����(23 
7KLV�ILHOG�LV�DSSOLFDEOH�RQO\�IRU�7[�),)2�DQG�5[�),)2�GXULQJ�5HDG�
RSHUDWLRQ� 
9DOXHV��  
�
E����3DFNHW�'DWD 
�
E����&RQWURO�:RUG�1RUPDO�6WDWXV 
�
E����623�'DWD�/DVW�6WDWXV 
�
E����(23�'DWD�(23 

� 52 �[� 

),)2%86< 
),)2�%XV\ 
:KHQ�VHW��WKLV�ELW�LQGLFDWHV�WKDW�D�),)2�RSHUDWLRQ�LV�LQ�SURJUHVV�LQ�
WKH�0$&�DQG�FRQWHQW�RI�WKH�IROORZLQJ�ILHOGV�LV�QRW�YDOLG� 
���$OO�RWKHU�ILHOGV�RI�WKLV�UHJLVWHU 
���$OO�ILHOGV�RI�WKH�07/B),)2B'HEXJB'DWD�UHJLVWHU 
9DOXHV��  
�
E���),)2�%XV\�QRW�GHWHFWHG 
�
E���),)2�%XV\�GHWHFWHG 

 
*0$&B07/B),)2B'HEXJB'DWD�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�&��� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

)'%*'$7$ 
),)2�'HEXJ�'DWD 
'XULQJ�GHEXJ�RU�VODYH�DFFHVV�ZULWH�RSHUDWLRQ��WKLV�ILHOG�FRQWDLQV�
WKH�GDWD�WR�EH�ZULWWHQ�WR�WKH�7[�),)2��5[�),)2��RU�762�),)2��
'XULQJ�GHEXJ�RU�VODYH�DFFHVV�UHDG�RSHUDWLRQ��WKLV�ILHOG�FRQWDLQV�
WKH�GDWD�UHDG�IURP�WKH�7[�),)2��5[�),)2��762�),)2��RU�7[�6WDWXV�
),)2� 

 
*0$&B07/B,QWHUUXSWB6WDWXV�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�&��� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 52 �[� 

'%*,6 
'HEXJ�,QWHUUXSW�VWDWXV 
7KLV�ELW�LQGLFDWHV�DQ�LQWHUUXSW�HYHQW�GXULQJ�WKH�VODYH�DFFHVV��7R�
UHVHW�WKLV�ELW��WKH�DSSOLFDWLRQ�PXVW�UHDG�WKH�),)2�'HEXJ�$FFHVV�
6WDWXV�UHJLVWHU�WR�JHW�WKH�H[DFW�FDXVH�RI�WKH�LQWHUUXSW�DQG�FOHDU�
LWV�VRXUFH� 
9DOXHV��  
�
E���'HEXJ�,QWHUUXSW�VWDWXV�QRW�GHWHFWHG 
�
E���'HEXJ�,QWHUUXSW�VWDWXV�GHWHFWHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2029 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[���� UHVHUYHG 

� 52 �[� 

4�,6 
4XHXH���,QWHUUXSW�VWDWXV 
7KLV�ELW�LQGLFDWHV�WKDW�WKHUH�LV�DQ�LQWHUUXSW�IURP�4XHXH����7R�UHVHW�
WKLV�ELW��WKH�DSSOLFDWLRQ�PXVW�UHDG�4XHXH���,QWHUUXSW�&RQWURO�DQG�
6WDWXV�UHJLVWHU�WR�JHW�WKH�H[DFW�FDXVH�RI�WKH�LQWHUUXSW�DQG�FOHDU�
LWV�VRXUFH� 
9DOXHV��  
�
E���4XHXH���,QWHUUXSW�VWDWXV�QRW�GHWHFWHG 
�
E���4XHXH���,QWHUUXSW�VWDWXV�GHWHFWHG 

 
*0$&B07/B7[4�B2SHUDWLRQB0RGH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�'��� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[� 

77& 
7UDQVPLW�7KUHVKROG�&RQWURO 
7KHVH�ELWV�FRQWURO�WKH�WKUHVKROG�OHYHO�RI�WKH�07/�7[�4XHXH��7KH�
WUDQVPLVVLRQ�VWDUWV�ZKHQ�WKH�SDFNHW�VL]H�ZLWKLQ�WKH�07/�7[�
4XHXH�LV�ODUJHU�WKDQ�WKH�WKUHVKROG��,Q�DGGLWLRQ��IXOO�SDFNHWV�ZLWK�
OHQJWK�OHVV�WKDQ�WKH�WKUHVKROG�DUH�DOVR�WUDQVPLWWHG��7KHVH�ELWV�
DUH�XVHG�RQO\�ZKHQ�WKH�76)�ELW�LV�UHVHW� 
9DOXHV��  
�
E��������E\WHV 
�
E��������E\WHV 
�
E��������E\WHV 
�
E���������E\WHV 
�
E���������E\WHV 
�
E���������E\WHV 
�
E���������E\WHV 
�
E���������E\WHV 

��� 52 �[� UHVHUYHG 

� 5: �[� 

76) 
7UDQVPLW�6WRUH�DQG�)RUZDUG 
:KHQ�WKLV�ELW�LV�VHW��WKH�WUDQVPLVVLRQ�VWDUWV�ZKHQ�D�IXOO�SDFNHW�
UHVLGHV�LQ�WKH�07/�7[�TXHXH��:KHQ�WKLV�ELW�LV�VHW��WKH�77&�YDOXHV�
VSHFLILHG�LQ�%LWV>���@�RI�WKLV�UHJLVWHU�DUH�LJQRUHG��7KLV�ELW�VKRXOG�
EH�FKDQJHG�RQO\�ZKHQ�WKH�WUDQVPLVVLRQ�LV�VWRSSHG� 
9DOXHV��  
�
E���7UDQVPLW�6WRUH�DQG�)RUZDUG�LV�GLVDEOHG 
�
E���7UDQVPLW�6WRUH�DQG�)RUZDUG�LV�HQDEOHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2030 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

)74 
)OXVK�7UDQVPLW�4XHXH 
:KHQ�WKLV�ELW�LV�VHW��WKH�7[�TXHXH�FRQWUROOHU�ORJLF�LV�UHVHW�WR�LWV�
GHIDXOW�YDOXHV��7KHUHIRUH��DOO�WKH�GDWD�LQ�WKH�7[�TXHXH�LV�ORVW�RU�
IOXVKHG��7KLV�ELW�LV�LQWHUQDOO\�UHVHW�ZKHQ�WKH�IOXVKLQJ�RSHUDWLRQ�LV�
FRPSOHWH��8QWLO�WKLV�ELW�LV�UHVHW��\RX�VKRXOG�QRW�ZULWH�WR�WKH�
07/B7[4�B2SHUDWLRQB0RGH�UHJLVWHU��7KH�GDWD�ZKLFK�LV�DOUHDG\�
DFFHSWHG�E\�WKH�0$&�WUDQVPLWWHU�LV�QRW�IOXVKHG��,W�LV�VFKHGXOHG�
IRU�WUDQVPLVVLRQ�DQG�UHVXOWV�LQ�XQGHUIORZ�DQG�UXQW�SDFNHW�
WUDQVPLVVLRQ� 
1RWH��7KH�IOXVK�RSHUDWLRQ�LV�FRPSOHWH�RQO\�ZKHQ�WKH�7[�TXHXH�LV�
HPSW\�DQG�WKH�DSSOLFDWLRQ�KDV�DFFHSWHG�WKH�SHQGLQJ�7[�6WDWXV�RI�
DOO�WUDQVPLWWHG�SDFNHWV��7R�FRPSOHWH�WKLV�IOXVK�RSHUDWLRQ��WKH�3+<�
7[�FORFN��FONBW[BL��VKRXOG�EH�DFWLYH� 
$FFHVV�UHVWULFWLRQ�DSSOLHV��6HWWLQJ���VHWV��6HOI�FOHDUHG��6HWWLQJ���
KDV�QR�HIIHFW� 
9DOXHV��  
�
E���)OXVK�7UDQVPLW�4XHXH�LV�GLVDEOHG 
�
E���)OXVK�7UDQVPLW�4XHXH�LV�HQDEOHG 

 
*0$&B07/B7[4�B8QGHUIORZ�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�'��� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

�� 52 �[� 

8)&1729) 
2YHUIORZ�%LW�IRU�8QGHUIORZ�3DFNHW�&RXQWHU 
7KLV�ELW�LV�VHW�HYHU\�WLPH�WKH�7[�TXHXH�8QGHUIORZ�3DFNHW�&RXQWHU�
ILHOG�RYHUIORZV��WKDW�LV��LW�KDV�FURVVHG�WKH�PD[LPXP�FRXQW��,Q�
VXFK�D�VFHQDULR��WKH�RYHUIORZ�SDFNHW�FRXQWHU�LV�UHVHW�WR�DOO�]HURV�
DQG�WKLV�ELW�LQGLFDWHV�WKDW�WKH�UROORYHU�KDSSHQHG� 
$FFHVV�UHVWULFWLRQ�DSSOLHV��&OHDUV�RQ�UHDG��6HOI�VHW�WR���RQ�LQWHUQDO�
HYHQW� 
9DOXHV��  
�
E���2YHUIORZ�QRW�GHWHFWHG�IRU�8QGHUIORZ�3DFNHW�&RXQWHU 
�
E���2YHUIORZ�GHWHFWHG�IRU�8QGHUIORZ�3DFNHW�&RXQWHU 

���� 52 �[��� 

8))50&17 
8QGHUIORZ�3DFNHW�&RXQWHU 
7KLV�ILHOG�LQGLFDWHV�WKH�QXPEHU�RI�SDFNHWV�DERUWHG�E\�WKH�
FRQWUROOHU�EHFDXVH�RI�7[�4XHXH�8QGHUIORZ��7KLV�FRXQWHU�LV�
LQFUHPHQWHG�HDFK�WLPH�WKH�0$&�DERUWV�RXWJRLQJ�SDFNHW�EHFDXVH�
RI�XQGHUIORZ��7KH�FRXQWHU�LV�FOHDUHG�ZKHQ�WKLV�UHJLVWHU�LV�UHDG�
ZLWK�PFLBEHBL>�@�DW��
E�� 
$FFHVV�UHVWULFWLRQ�DSSOLHV��&OHDUV�RQ�UHDG��6HOI�VHW�WR���RQ�LQWHUQDO�
HYHQW� 

 
*0$&B07/B7[4�B'HEXJ�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�'��� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 52 �[� 

67;676) 
1XPEHU�RI�6WDWXV�:RUGV�LQ�7[�6WDWXV�),)2�RI�4XHXH 
7KLV�ILHOG�LQGLFDWHV�WKH�FXUUHQW�QXPEHU�RI�VWDWXV�LQ�WKH�7[�6WDWXV�
),)2�RI�WKLV�TXHXH�:KHQ�WKH�'7;676�ELW�RI�07/B2SHUDWLRQB0RGH�
UHJLVWHU�LV�VHW�WR����WKLV�ILHOG�GRHV�QRW�UHIOHFW�WKH�QXPEHU�RI�VWDWXV�
ZRUGV�LQ�7[�6WDWXV�),)2� 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2031 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 52 �[� UHVHUYHG 

����� 52 �[� 

37;4 
1XPEHU�RI�3DFNHWV�LQ�WKH�7UDQVPLW�4XHXH 
7KLV�ILHOG�LQGLFDWHV�WKH�FXUUHQW�QXPEHU�RI�SDFNHWV�LQ�WKH�7[�
4XHXH��:KHQ�WKH�'7;676�ELW�RI�07/B2SHUDWLRQB0RGH�UHJLVWHU�LV�
VHW�WR����WKLV�ILHOG�GRHV�QRW�UHIOHFW�WKH�QXPEHU�RI�SDFNHWV�LQ�WKH�
7UDQVPLW�TXHXH� 

���� 52 �[��� UHVHUYHG 

� 52 �[� 

7;676)676 
07/�7[�6WDWXV�),)2�)XOO�6WDWXV 
:KHQ�KLJK��WKLV�ELW�LQGLFDWHV�WKDW�WKH�07/�7[�6WDWXV�),)2�LV�IXOO��
7KHUHIRUH��WKH�07/�FDQQRW�DFFHSW�DQ\�PRUH�SDFNHWV�IRU�
WUDQVPLVVLRQ� 
9DOXHV��  
�
E���07/�7[�6WDWXV�),)2�)XOO�VWDWXV�LV�QRW�GHWHFWHG 
�
E���07/�7[�6WDWXV�),)2�)XOO�VWDWXV�LV�GHWHFWHG 

� 52 �[� 

7;4676 
07/�7[�4XHXH�1RW�(PSW\�6WDWXV 
:KHQ�WKLV�ELW�LV�KLJK��LW�LQGLFDWHV�WKDW�WKH�07/�7[�4XHXH�LV�QRW�
HPSW\�DQG�VRPH�GDWD�LV�OHIW�IRU�WUDQVPLVVLRQ� 
9DOXHV��  
�
E���07/�7[�4XHXH�1RW�(PSW\�VWDWXV�LV�QRW�GHWHFWHG 
�
E���07/�7[�4XHXH�1RW�(PSW\�VWDWXV�LV�GHWHFWHG 

� 52 �[� 

7:&676 
07/�7[�4XHXH�:ULWH�&RQWUROOHU�6WDWXV 
:KHQ�KLJK��WKLV�ELW�LQGLFDWHV�WKDW�WKH�07/�7[�4XHXH�:ULWH�
&RQWUROOHU�LV�DFWLYH��DQG�LW�LV�WUDQVIHUULQJ�WKH�GDWD�WR�WKH�7[�
4XHXH� 
9DOXHV��  
�
E���07/�7[�4XHXH�:ULWH�&RQWUROOHU�VWDWXV�LV�QRW�GHWHFWHG 
�
E���07/�7[�4XHXH�:ULWH�&RQWUROOHU�VWDWXV�LV�GHWHFWHG 

��� 52 �[� 

75&676 
07/�7[�4XHXH�5HDG�&RQWUROOHU�6WDWXV 
7KLV�ILHOG�LQGLFDWHV�WKH�VWDWH�RI�WKH�7[�4XHXH�5HDG�&RQWUROOHU� 
9DOXHV��  
�
E����,GOH�VWDWH 
�
E����5HDG�VWDWH��WUDQVIHUULQJ�GDWD�WR�WKH�0$&�WUDQVPLWWHU� 
�
E����:DLWLQJ�IRU�SHQGLQJ�7[�6WDWXV�IURP�WKH�0$&�WUDQVPLWWHU 
�
E����)OXVKLQJ�WKH�7[�TXHXH�EHFDXVH�RI�WKH�3DFNHW�$ERUW�UHTXHVW�
IURP�WKH�0$& 

� 52 �[� 

7;43$86(' 
7UDQVPLW�4XHXH�LQ�3DXVH 
:KHQ�WKLV�ELW�LV�KLJK�DQG�WKH�5[�IORZ�FRQWURO�LV�HQDEOHG��LW�
LQGLFDWHV�WKDW�WKH�7[�4XHXH�LV�LQ�WKH�3DXVH�FRQGLWLRQ��LQ�WKH�IXOO�
GXSOH[�RQO\�PRGH��EHFDXVH�RI�WKH�IROORZLQJ� 
���5HFHSWLRQ�RI�WKH�3)&�SDFNHW�IRU�WKH�SULRULWLHV�DVVLJQHG�WR�WKH�
7[�4XHXH�ZKHQ�3)&�LV�HQDEOHG 
���5HFHSWLRQ�RI������[�3DXVH�SDFNHW�ZKHQ�3)&�LV�GLVDEOHG 
9DOXHV��  
�
E���7UDQVPLW�4XHXH�LQ�3DXVH�VWDWXV�LV�QRW�GHWHFWHG 
�
E���7UDQVPLW�4XHXH�LQ�3DXVH�VWDWXV�LV�GHWHFWHG 

 
*0$&B07/B4�B,QWHUUXSWB&WUOB6WDWXV�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�'�&� 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2032 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

�� 5: �[� 

5;2,( 
5HFHLYH�4XHXH�2YHUIORZ�,QWHUUXSW�(QDEOH 
:KHQ�WKLV�ELW�LV�VHW��WKH�5HFHLYH�4XHXH�2YHUIORZ�LQWHUUXSW�LV�
HQDEOHG��:KHQ�WKLV�ELW�LV�UHVHW��WKH�5HFHLYH�4XHXH�2YHUIORZ�
LQWHUUXSW�LV�GLVDEOHG� 
9DOXHV��  
�
E���5HFHLYH�4XHXH�2YHUIORZ�,QWHUUXSW�LV�GLVDEOHG 
�
E���5HFHLYH�4XHXH�2YHUIORZ�,QWHUUXSW�LV�HQDEOHG 

����� 52 �[�� UHVHUYHG 

�� 5: �[� 

5;29),6 
5HFHLYH�4XHXH�2YHUIORZ�,QWHUUXSW�6WDWXV 
7KLV�ELW�LQGLFDWHV�WKDW�WKH�5HFHLYH�4XHXH�KDG�DQ�RYHUIORZ�ZKLOH�
UHFHLYLQJ�WKH�SDFNHW��,I�D�SDUWLDO�SDFNHW�LV�WUDQVIHUUHG�WR�WKH�
DSSOLFDWLRQ��WKH�RYHUIORZ�VWDWXV�LV�VHW�LQ�5'(6�>��@��7KLV�ELW�LV�
FOHDUHG�ZKHQ�WKH�DSSOLFDWLRQ�ZULWHV���WR�WKLV�ELW� 
$FFHVV�UHVWULFWLRQ�DSSOLHV��6HOI�VHW�WR���RQ�LQWHUQDO�HYHQW��6HWWLQJ�
��FOHDUV��6HWWLQJ���KDV�QR�HIIHFW� 
9DOXHV��  
�
E���5HFHLYH�4XHXH�2YHUIORZ�,QWHUUXSW�6WDWXV�QRW�GHWHFWHG 
�
E���5HFHLYH�4XHXH�2YHUIORZ�,QWHUUXSW�6WDWXV�GHWHFWHG 

���� 52 �[�� UHVHUYHG 

� 5: �[� 

7;8,( 
7UDQVPLW�4XHXH�8QGHUIORZ�,QWHUUXSW�(QDEOH 
:KHQ�WKLV�ELW�LV�VHW��WKH�7UDQVPLW�4XHXH�8QGHUIORZ�LQWHUUXSW�LV�
HQDEOHG��:KHQ�WKLV�ELW�LV�UHVHW��WKH�7UDQVPLW�4XHXH�8QGHUIORZ�
LQWHUUXSW�LV�GLVDEOHG� 
9DOXHV��  
�
E���7UDQVPLW�4XHXH�8QGHUIORZ�,QWHUUXSW�6WDWXV�LV�GLVDEOHG 
�
E���7UDQVPLW�4XHXH�8QGHUIORZ�,QWHUUXSW�6WDWXV�LV�HQDEOHG 

��� 52 �[�� UHVHUYHG 

� 5: �[� 

7;81),6 
7UDQVPLW�4XHXH�8QGHUIORZ�,QWHUUXSW�6WDWXV 
7KLV�ELW�LQGLFDWHV�WKDW�WKH�7UDQVPLW�4XHXH�KDG�DQ�XQGHUIORZ�ZKLOH�
WUDQVPLWWLQJ�WKH�SDFNHW��7UDQVPLVVLRQ�LV�VXVSHQGHG�DQG�DQ�
8QGHUIORZ�(UURU�7'(6�>�@�LV�VHW��7KLV�ELW�LV�FOHDUHG�ZKHQ�WKH�
DSSOLFDWLRQ�ZULWHV���WR�WKLV�ELW� 
$FFHVV�UHVWULFWLRQ�DSSOLHV��6HOI�VHW�WR���RQ�LQWHUQDO�HYHQW��6HWWLQJ�
��FOHDUV��6HWWLQJ���KDV�QR�HIIHFW� 
9DOXHV��  
�
E���7UDQVPLW�4XHXH�8QGHUIORZ�,QWHUUXSW�6WDWXV�QRW�GHWHFWHG 
�
E���7UDQVPLW�4XHXH�8QGHUIORZ�,QWHUUXSW�6WDWXV�GHWHFWHG 

 
*0$&B07/B5[4�B2SHUDWLRQB0RGH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�'��� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2033 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� 

5)' 
7KUHVKROG�IRU�'HDFWLYDWLQJ�)ORZ�&RQWURO��LQ�KDOI�GXSOH[�DQG�IXOO�
GXSOH[�PRGHV� 
7KHVH�ELWV�FRQWURO�WKH�WKUHVKROG��ILOO�OHYHO�RI�5[�TXHXH��DW�ZKLFK�
WKH�IORZ�FRQWURO�LV�GH�DVVHUWHG�DIWHU�DFWLYDWLRQ� 
���)XOO�PLQXV���.%��WKDW�LV��)8//���.% 
���)XOO�PLQXV�����.%��WKDW�LV��)8//�����.% 
���)XOO�PLQXV���.%��WKDW�LV��)8//���.% 
���)XOO�PLQXV�����.%��WKDW�LV��)8//�����.% 
��� 
����)XOO�PLQXV����.%��WKDW�LV��)8//����.% 
����)XOO�PLQXV������.%��WKDW�LV��)8//������.% 
7KH�GH�DVVHUWLRQ�LV�HIIHFWLYH�RQO\�DIWHU�IORZ�FRQWURO�LV�DVVHUWHG� 
1RWH��7KH�YDOXH�PXVW�EH�SURJUDPPHG�LQ�VXFK�D�ZD\�WR�PDNH�
VXUH�WKDW�WKH�WKUHVKROG�LV�D�SRVLWLYH�QXPEHU��:KHQ�WKH�(+)&�LV�
VHW�KLJK��WKHVH�YDOXHV�DUH�DSSOLFDEOH�RQO\�ZKHQ�WKH�5[�TXHXH�VL]H�
GHWHUPLQHG�E\�WKH�546�ILHOG�RI�WKLV�UHJLVWHU��LV�HTXDO�WR�RU�JUHDWHU�
WKDQ���.%��)RU�D�JLYHQ�TXHXH�VL]H��WKH�YDOXHV�UDQJHV�EHWZHHQ���
DQG�WKH�HQFRGLQJ�IRU�)8//�PLQXV��46,=(�������.%��DQG�DOO�RWKHU�
YDOXHV�DUH�LOOHJDO��+HUH�WKH�WHUP�)8//�DQG�46,=(�UHIHUV�WR�WKH�
TXHXH�VL]H�GHWHUPLQHG�E\�WKH�546�ILHOG�RI�WKLV�UHJLVWHU��7KH�ZLGWK�
RI�WKLV�ILHOG�GHSHQGV�RQ�5;�),)2�VL]H�VHOHFWHG�GXULQJ�WKH�
FRQILJXUDWLRQ��5HPDLQLQJ�ELWV�DUH�UHVHUYHG�DQG�UHDG�RQO\� 

���� 5: �[�� 

5)$ 
7KUHVKROG�IRU�$FWLYDWLQJ�)ORZ�&RQWURO��LQ�KDOI�GXSOH[�DQG�IXOO�
GXSOH[� 
7KHVH�ELWV�FRQWURO�WKH�WKUHVKROG��ILOO�OHYHO�RI�5[�TXHXH��DW�ZKLFK�
WKH�IORZ�FRQWURO�LV�DFWLYDWHG�)RU�PRUH�LQIRUPDWLRQ�RQ�HQFRGLQJ�IRU�
WKLV�ILHOG��VHH�5)'� 

� 5: �[� 

(+)& 
(QDEOH�+DUGZDUH�)ORZ�&RQWURO 
:KHQ�WKLV�ELW�LV�VHW��WKH�IORZ�FRQWURO�VLJQDO�RSHUDWLRQ��EDVHG�RQ�
WKH�ILOO�OHYHO�RI�5[�TXHXH��LV�HQDEOHG��:KHQ�UHVHW��WKH�IORZ�FRQWURO�
RSHUDWLRQ�LV�GLVDEOHG� 
9DOXHV��  
�
E���+DUGZDUH�)ORZ�&RQWURO�LV�GLVDEOHG 
�
E���+DUGZDUH�)ORZ�&RQWURO�LV�HQDEOHG 

� 5: �[� 

',6B7&3B() 
'LVDEOH�'URSSLQJ�RI�7&3�,3�&KHFNVXP�(UURU�3DFNHWV 
:KHQ�WKLV�ELW�LV�VHW��WKH�0$&�GRHV�QRW�GURS�WKH�SDFNHWV�ZKLFK�
RQO\�KDYH�WKH�HUURUV�GHWHFWHG�E\�WKH�5HFHLYH�&KHFNVXP�2IIORDG�
HQJLQH��6XFK�SDFNHWV�KDYH�HUURUV�RQO\�LQ�WKH�HQFDSVXODWHG�
SD\ORDG��7KHUH�DUH�QR�HUURUV��LQFOXGLQJ�)&6�HUURU��LQ�WKH�(WKHUQHW�
SDFNHW�UHFHLYHG�E\�WKH�0$&��:KHQ�WKLV�ELW�LV�UHVHW��DOO�HUURU�
SDFNHWV�DUH�GURSSHG�LI�WKH�)(3�ELW�LV�UHVHW� 
9DOXHV��  
�
E���'URSSLQJ�RI�7&3�,3�&KHFNVXP�(UURU�3DFNHWV�LV�HQDEOHG 
�
E���'URSSLQJ�RI�7&3�,3�&KHFNVXP�(UURU�3DFNHWV�LV�GLVDEOHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2034 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

56) 
5HFHLYH�4XHXH�6WRUH�DQG�)RUZDUG 
:KHQ�WKLV�ELW�LV�VHW��WKH�':&BHWKHUBTRV�UHDGV�D�SDFNHW�IURP�WKH�
5[�TXHXH�RQO\�DIWHU�WKH�FRPSOHWH�SDFNHW�KDV�EHHQ�ZULWWHQ�WR�LW��
LJQRULQJ�WKH�57&�ILHOG�RI�WKLV�UHJLVWHU��:KHQ�WKLV�ELW�LV�UHVHW��WKH�
5[�TXHXH�RSHUDWHV�LQ�WKH�7KUHVKROG��FXW�WKURXJK��PRGH��VXEMHFW�
WR�WKH�WKUHVKROG�VSHFLILHG�E\�WKH�57&�ILHOG�RI�WKLV�UHJLVWHU� 
9DOXHV��  
�
E���5HFHLYH�4XHXH�6WRUH�DQG�)RUZDUG�LV�GLVDEOHG 
�
E���5HFHLYH�4XHXH�6WRUH�DQG�)RUZDUG�LV�HQDEOHG 

� 5: �[� 

)(3 
)RUZDUG�(UURU�3DFNHWV 
:KHQ�WKLV�ELW�LV�UHVHW��WKH�5[�TXHXH�GURSV�SDFNHWV�ZLWK�HUURU�
VWDWXV��&5&�HUURU��*0,,B(5��ZDWFKGRJ�WLPHRXW��RU�RYHUIORZ���
+RZHYHU��LI�WKH�VWDUW�E\WH��ZULWH��SRLQWHU�RI�D�SDFNHW�LV�DOUHDG\�
WUDQVIHUUHG�WR�WKH�UHDG�FRQWUROOHU�VLGH��LQ�7KUHVKROG�PRGH���WKH�
SDFNHW�LV�QRW�GURSSHG� 
:KHQ�WKLV�ELW�LV�VHW��DOO�SDFNHWV�H[FHSW�WKH�UXQW�HUURU�SDFNHWV�DUH�
IRUZDUGHG�WR�WKH�DSSOLFDWLRQ�RU�'0$��,I�WKH�56)�ELW�LV�VHW�DQG�WKH�
5[�TXHXH�RYHUIORZV�ZKHQ�D�SDUWLDO�SDFNHW�LV�ZULWWHQ��WKH�SDFNHW�LV�
GURSSHG�LUUHVSHFWLYH�RI�WKH�VHWWLQJ�RI�WKLV�ELW��+RZHYHU��LI�WKH�56)�
ELW�LV�UHVHW�DQG�WKH�5[�TXHXH�RYHUIORZV�ZKHQ�D�SDUWLDO�SDFNHW�LV�
ZULWWHQ��D�SDUWLDO�SDFNHW�PD\�EH�IRUZDUGHG�WR�WKH�DSSOLFDWLRQ�RU�
'0$� 
9DOXHV��  
�
E���)RUZDUG�(UURU�3DFNHWV�LV�GLVDEOHG 
�
E���)RUZDUG�(UURU�3DFNHWV�LV�HQDEOHG 

� 5: �[� 

)83 
)RUZDUG�8QGHUVL]HG�*RRG�3DFNHWV 
:KHQ�WKLV�ELW�LV�VHW��WKH�5[�TXHXH�IRUZDUGV�WKH�XQGHUVL]HG�JRRG�
SDFNHWV��SDFNHWV�ZLWK�QR�HUURU�DQG�OHQJWK�OHVV�WKDQ����E\WHV���
LQFOXGLQJ�SDG�E\WHV�DQG�&5&��:KHQ�WKLV�ELW�LV�UHVHW��WKH�5[�TXHXH�
GURSV�DOO�SDFNHWV�RI�OHVV�WKDQ����E\WHV��XQOHVV�D�SDFNHW�LV�DOUHDG\�
WUDQVIHUUHG�EHFDXVH�RI�WKH�ORZHU�YDOXH�RI�5[�7KUHVKROG��IRU�
H[DPSOH��57&� ���� 
9DOXHV��  
�
E���)RUZDUG�8QGHUVL]HG�*RRG�3DFNHWV�LV�GLVDEOHG 
�
E���)RUZDUG�8QGHUVL]HG�*RRG�3DFNHWV�LV�HQDEOHG 

� 52 �[� UHVHUYHG 

��� 5: �[� 

57& 
5HFHLYH�4XHXH�7KUHVKROG�&RQWURO 
7KHVH�ELWV�FRQWURO�WKH�WKUHVKROG�OHYHO�RI�WKH�07/�5[�TXHXH��LQ�
E\WHV���7KH�UHFHLYHG�SDFNHW�LV�WUDQVIHUUHG�WR�WKH�DSSOLFDWLRQ�RU�
'0$�ZKHQ�WKH�SDFNHW�VL]H�ZLWKLQ�WKH�07/�5[�TXHXH�LV�ODUJHU�WKDQ�
WKH�WKUHVKROG��,Q�DGGLWLRQ��IXOO�SDFNHWV�ZLWK�OHQJWK�OHVV�WKDQ�WKH�
WKUHVKROG�DUH�DXWRPDWLFDOO\�WUDQVIHUUHG��7KLV�ILHOG�LV�YDOLG�RQO\�
ZKHQ�WKH�56)�ELW�LV�]HUR��7KLV�ILHOG�LV�LJQRUHG�ZKHQ�WKH�56)�ELW�LV�
VHW�WR��� 

 
*0$&B07/B5[4�B0LVVB3NWB2YIB&QW�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�'��� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2035 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 52 �[� 

0,6&1729) 
0LVVHG�3DFNHW�&RXQWHU�2YHUIORZ�%LW 
:KHQ�VHW��WKLV�ELW�LQGLFDWHV�WKDW�WKH�5[�4XHXH�0LVVHG�3DFNHW�
&RXQWHU�FURVVHG�WKH�PD[LPXP�OLPLW� 
$FFHVV�UHVWULFWLRQ�DSSOLHV��&OHDUV�RQ�UHDG��6HOI�VHW�WR���RQ�LQWHUQDO�
HYHQW� 
9DOXHV��  
�
E���0LVVHG�3DFNHW�&RXQWHU�RYHUIORZ�QRW�GHWHFWHG 
�
E���0LVVHG�3DFNHW�&RXQWHU�RYHUIORZ�GHWHFWHG 

����� 52 �[��� 

0,63.7&17 
0LVVHG�3DFNHW�&RXQWHU 
7KLV�ILHOG�LQGLFDWHV�WKH�QXPEHU�RI�SDFNHWV�PLVVHG�E\�WKH�
':&BHWKHUBTRV�EHFDXVH�WKH�DSSOLFDWLRQ�DVVHUWHG�
DULBSNWBIOXVKBL>@�IRU�WKLV�TXHXH��7KLV�FRXQWHU�LV�LQFUHPHQWHG�HDFK�
WLPH�WKH�DSSOLFDWLRQ�LVVXHV�DULBSNWBIOXVKBL>@�IRU�WKLV�TXHXH��7KLV�
FRXQWHU�LV�UHVHW�ZKHQ�WKLV�UHJLVWHU�LV�UHDG�ZLWK�PFLBEHBL>�@�DW�
�E���,Q�(426�'0$��(426�$;,��DQG�(426�$+%�FRQILJXUDWLRQV��
7KLV�FRXQWHU�LV�LQFUHPHQWHG�E\���ZKHQ�WKH�'0$�GLVFDUGV�WKH�
SDFNHW�EHFDXVH�RI�EXIIHU�XQDYDLODELOLW\� 
$FFHVV�UHVWULFWLRQ�DSSOLHV��&OHDUV�RQ�UHDG��6HOI�VHW�WR���RQ�LQWHUQDO�
HYHQW� 

����� 52 �[� UHVHUYHG 

�� 52 �[� 

29)&1729) 
2YHUIORZ�&RXQWHU�2YHUIORZ�%LW 
:KHQ�VHW��WKLV�ELW�LQGLFDWHV�WKDW�WKH�5[�4XHXH�2YHUIORZ�3DFNHW�
&RXQWHU�ILHOG�FURVVHG�WKH�PD[LPXP�OLPLW� 
$FFHVV�UHVWULFWLRQ�DSSOLHV��&OHDUV�RQ�UHDG��6HOI�VHW�WR���RQ�LQWHUQDO�
HYHQW� 
9DOXHV��  
�
E���2YHUIORZ�&RXQWHU�RYHUIORZ�QRW�GHWHFWHG 
�
E���2YHUIORZ�&RXQWHU�RYHUIORZ�GHWHFWHG 

���� 52 �[��� 

29)3.7&17 
2YHUIORZ�3DFNHW�&RXQWHU 
7KLV�ILHOG�LQGLFDWHV�WKH�QXPEHU�RI�SDFNHWV�GLVFDUGHG�E\�WKH�
':&BHWKHUBTRV�EHFDXVH�RI�5HFHLYH�TXHXH�RYHUIORZ��7KLV�FRXQWHU�
LV�LQFUHPHQWHG�HDFK�WLPH�WKH�':&BHWKHUBTRV�GLVFDUGV�DQ�
LQFRPLQJ�SDFNHW�EHFDXVH�RI�RYHUIORZ��7KLV�FRXQWHU�LV�UHVHW�ZKHQ�
WKLV�UHJLVWHU�LV�UHDG�ZLWK�PFLBEHBL>�@�DW��
E�� 
$FFHVV�UHVWULFWLRQ�DSSOLHV��&OHDUV�RQ�UHDG��6HOI�VHW�WR���RQ�LQWHUQDO�
HYHQW� 

 
*0$&B07/B5[4�B'HEXJ�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�'��� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 52 �[� 

35;4 
1XPEHU�RI�3DFNHWV�LQ�5HFHLYH�4XHXH 
7KLV�ILHOG�LQGLFDWHV�WKH�FXUUHQW�QXPEHU�RI�SDFNHWV�LQ�WKH�5[�
4XHXH��7KH�WKHRUHWLFDO�PD[LPXP�YDOXH�IRU�WKLV�ILHOG�LV�
���.%���%� ���.�3DFNHWV��WKDW�LV��
0D[B4XHXHB6L]H�0LQB3DFNHWB6L]H� 

���� 52 �[��� UHVHUYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2036 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 52 �[� 

5;4676 
07/�5[�4XHXH�)LOO�/HYHO�6WDWXV 
7KLV�ILHOG�JLYHV�WKH�VWDWXV�RI�WKH�ILOO�OHYHO�RI�WKH�5[�4XHXH� 
9DOXHV��  
�
E����5[�4XHXH�HPSW\ 
�
E����5[�4XHXH�ILOO�OHYHO�EHORZ�IORZ�FRQWURO�GHDFWLYDWH�WKUHVKROG 
�
E����5[�4XHXH�ILOO�OHYHO�DERYH�IORZ�FRQWURO�DFWLYDWH�WKUHVKROG 
�
E����5[�4XHXH�IXOO 

� 52 �[� UHVHUYHG 

��� 52 �[� 

55&676 
07/�5[�4XHXH�5HDG�&RQWUROOHU�6WDWH 
7KLV�ILHOG�JLYHV�WKH�VWDWH�RI�WKH�5[�TXHXH�5HDG�FRQWUROOHU� 
9DOXHV��  
�
E����,GOH�VWDWH 
�
E����5HDGLQJ�SDFNHW�GDWD 
�
E����5HDGLQJ�SDFNHW�VWDWXV��RU�WLPHVWDPS� 
�
E����)OXVKLQJ�WKH�SDFNHW�GDWD�DQG�VWDWXV 

� 52 �[� 

5:&676 
07/�5[�4XHXH�:ULWH�&RQWUROOHU�$FWLYH�6WDWXV 
:KHQ�KLJK��WKLV�ELW�LQGLFDWHV�WKDW�WKH�07/�5[�TXHXH�:ULWH�
FRQWUROOHU�LV�DFWLYH��DQG�LW�LV�WUDQVIHUULQJ�D�UHFHLYHG�SDFNHW�WR�WKH�
5[�4XHXH� 
9DOXHV��  
�
E���07/�5[�4XHXH�:ULWH�&RQWUROOHU�$FWLYH�6WDWXV�QRW�GHWHFWHG 
�
E���07/�5[�4XHXH�:ULWH�&RQWUROOHU�$FWLYH�6WDWXV�GHWHFWHG 

 
*0$&B'0$B0RGH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2037 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

,170 
,QWHUUXSW�0RGH 
7KLV�ILHOG�GHILQHV�WKH�LQWHUUXSW�PRGH�RI�':&BHWKHUBTRV��7KH�
EHKDYLRU�RI�WKH�IROORZLQJ�RXWSXWV�FKDQJHV�GHSHQGLQJ�RQ�WKH�
IROORZLQJ�VHWWLQJV� 
���VEGBSHUFKBW[BLQWUBR>@��7UDQVPLW�3HU�&KDQQHO�,QWHUUXSW� 
���VEGBSHUFKBU[BLQWUBR>@��5HFHLYH�3HU�&KDQQHO�,QWHUUXSW� 
���VEGBLQWUBR��&RPPRQ�,QWHUUXSW� 
,W�DOVR�FKDQJHV�WKH�EHKDYLRU�RI�WKH�5,�7,�ELWV�LQ�WKH�
'0$B&+�B6WDWXV� 
�
E����VEGBSHUFKB�DUH�SXOVH�VLJQDOV�IRU�HDFK�7;�5;�SDFNHW�  
WUDQVIHU�FRPSOHWLRQ�HYHQWV��LUUHVSHFWLYH�RI�ZKHWKHU�
FRUUHBVSRQGLQJ�LQWHUUXSWV�DUH�HQDEOHG��IRU�ZKLFK�,2&�ELWV�DUH�
HQDEOHG�LQ�GHVFULSWRU��VEGBLQWUBR�LV�DOVR�DVVHUWHG�ZKHQ�
FRUUHVSRQGLQJ�LQWHUUXSWV�DUH�HQDEOHG�DQG�FOHDUHG�RQO\�ZKHQ�
VRIWZDUH�FOHDUV�WKH�FRUUHVSRQGLQJ�5,�7,�VWDWXV�ELWV� 
�
E����VEGBSHUFKB�DUH�OHYHO�VLJQDOV�DVVHUWHG�RQ�7;�5;�SDFNHW�
WUDQVIHU�FRPSOHWLRQ�HYHQW�ZKHQ�FRUUHVSRQGLQJ�LQWHUUXSWV�DUH�
HQDEOHG�DQG�GH�DVVHUWHG�ZKHQ�WKH�VRIWZDUH�FOHDUV�WKH�
FRUUHVSRQGLQJ�5,�7,�VWDWXV�ELWV��7KH�VEGBLQWUBR�LV�QRW�DVVHUWHG�
IRU�WKHVH�7;�5;�SDFNHW�WUDQVIHU�FRPSOHWLRQ�HYHQWV� 
�
E����VEGBSHUFKB�DUH�OHYHO�VLJQDOV�DVVHUWHG�RQ�7;�5;�SDFNHW�
WUDQVIHU�FRPSOHWLRQ�HYHQW�ZKHQ�FRUUHVSRQGLQJ�LQWHUUXSWV�DUH�
HQDEOHG�DQG�GH�DVVHUWHG�ZKHQ�WKH�VRIWZDUH�FOHDUV�WKH�
FRUUHVSRQGLQJ�5,�7,�VWDWXV�ELWV��+RZHYHU��WKH�VLJQDO�LV�DVVHUWHG�
DJDLQ�LI�WKH�VDPH�HYHQW�RFFXUUHG�DJDLQ�EHIRUH�LW�ZDV�FOHDUHG��7KH�
VEGBLQWUBR�LV�QRW�DVVHUWHG�IRU�WKHVH�7;�5;�SDFNHW�WUDQVIHU�
FRPSOHWLRQ�HYHQWV� 
�
E����5HVHUYHG 
9DOXHV��  
�
E����6HH�DERYH�GHVFULSWLRQ 
�
E����6HH�DERYH�GHVFULSWLRQ 
�
E����6HH�DERYH�GHVFULSWLRQ 
�
E����5HVHUYHG 

���� 52 �[�� UHVHUYHG 

� 5: �[� 

'63: 
'HVFULSWRU�3RVWHG�:ULWH 
:KHQ�WKLV�ELW�LV�VHW�WR����WKH�GHVFULSWRU�ZULWHV�DUH�DOZD\V�QRQ�
SRVWHG� 
:KHQ�WKLV�ELW�LV�VHW�WR����WKH�GHVFULSWRU�ZULWHV�DUH�QRQ�SRVWHG�
RQO\�ZKHQ�,2&��,QWHUUXSW�RQ�FRPSOHWLRQ��LV�VHW�LQ�ODVW�GHVFULSWRU��
RWKHUZLVH�WKH�GHVFULSWRU�ZULWHV�DUH�DOZD\V�SRVWHG� 
9DOXHV��  
�
E���'HVFULSWRU�3RVWHG�:ULWH�LV�GLVDEOHG 
�
E���'HVFULSWRU�3RVWHG�:ULWH�LV�HQDEOHG 

��� 52 �[�� UHVHUYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2038 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

6:5 
6RIWZDUH�5HVHW 
:KHQ�WKLV�ELW�LV�VHW��WKH�0$&�DQG�WKH�'0$�FRQWUROOHU�UHVHW�WKH�
ORJLF�DQG�DOO�LQWHUQDO�UHJLVWHUV�RI�WKH�'0$��07/��DQG�0$&��7KLV�ELW�
LV�DXWRPDWLFDOO\�FOHDUHG�DIWHU�WKH�UHVHW�RSHUDWLRQ�LV�FRPSOHWH�LQ�
DOO�':&BHWKHUBTRV�FORFN�GRPDLQV��%HIRUH�UHSURJUDPPLQJ�DQ\�
':&BHWKHUBTRV�UHJLVWHU��D�YDOXH�RI�]HUR�VKRXOG�EH�UHDG�LQ�WKLV�
ELW��7KLV�ELW�PXVW�EH�UHDG�DW�OHDVW���&65�FORFN�F\FOHV�DIWHU�LW�LV�
ZULWWHQ�WR��� 
1RWH��7KH�UHVHW�RSHUDWLRQ�LV�FRPSOHWH�RQO\�ZKHQ�DOO�UHVHWV�LQ�DOO�
DFWLYH�FORFN�GRPDLQV�DUH�GH�DVVHUWHG��7KHUHIRUH��LW�LV�HVVHQWLDO�
WKDW�DOO�3+<�LQSXWV�FORFNV��DSSOLFDEOH�IRU�WKH�VHOHFWHG�3+<�
LQWHUIDFH��DUH�SUHVHQW�IRU�VRIWZDUH�UHVHW�FRPSOHWLRQ��7KH�WLPH�WR�
FRPSOHWH�WKH�VRIWZDUH�UHVHW�RSHUDWLRQ�GHSHQGV�RQ�WKH�IUHTXHQF\�
RI�WKH�VORZHVW�DFWLYH�FORFN��  
$FFHVV�UHVWULFWLRQ�DSSOLHV��6HWWLQJ���VHWV��6HOI�FOHDUHG��6HWWLQJ���
KDV�QR�HIIHFW� 
9DOXHV��  
�
E���6RIWZDUH�5HVHW�LV�GLVDEOHG 
�
E���6RIWZDUH�5HVHW�LV�HQDEOHG 

 
*0$&B'0$B6\V%XVB0RGH�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

(1B/3, 
(QDEOH�/RZ�3RZHU�,QWHUIDFH��/3,� 
:KHQ�VHW�WR����WKLV�ELW�HQDEOHV�WKH�/3,�PRGH�VXSSRUWHG�E\�WKH�
(426�$;,�FRQILJXUDWLRQ�DQG�DFFHSWV�WKH�/3,�UHTXHVW�IURP�WKH�$;,�
6\VWHP�&ORFN�FRQWUROOHU� 
:KHQ�VHW�WR����WKLV�ELW�GLVDEOHV�WKH�/3,�PRGH�DQG�DOZD\V�GHQLHV�
WKH�/3,�UHTXHVW�IURP�WKH�$;,�6\VWHP�&ORFN�FRQWUROOHU� 
9DOXHV��  
�
E���/RZ�3RZHU�,QWHUIDFH��/3,��LV�GLVDEOHG 
�
E���/RZ�3RZHU�,QWHUIDFH��/3,��LV�HQDEOHG 

�� 5: �[� 

/3,B;,7B3.7 
8QORFN�RQ�0DJLF�3DFNHW�RU�5HPRWH�:DNH�8S�3DFNHW 
:KHQ�VHW�WR����WKLV�ELW�HQDEOHV�WKH�$;,�PDVWHU�WR�FRPH�RXW�RI�WKH�
/3,�PRGH�RQO\�ZKHQ�WKH�PDJLF�SDFNHW�RU�UHPRWH�ZDNH�XS�SDFNHW�
LV�UHFHLYHG��:KHQ�VHW�WR����WKLV�ELW�HQDEOHV�WKH�$;,�PDVWHU�WR�
FRPH�RXW�RI�WKH�/3,�PRGH�ZKHQ�DQ\�SDFNHW�LV�UHFHLYHG� 
9DOXHV��  
�
E���8QORFN�RQ�0DJLF�3DFNHW�RU�5HPRWH�:DNH�8S�3DFNHW�LV�
GLVDEOHG 
�
E���8QORFN�RQ�0DJLF�3DFNHW�RU�5HPRWH�:DNH�8S�3DFNHW�LV�
HQDEOHG 

����� 52 �[� UHVHUYHG 

����� 5: �[� 

:5B265B/07 
$;,�0D[LPXP�:ULWH�2XWVWDQGLQJ�5HTXHVW�/LPLW 
7KLV�YDOXH�OLPLWV�WKH�PD[LPXP�RXWVWDQGLQJ�UHTXHVW�RQ�WKH�$;,�
ZULWH�LQWHUIDFH��0D[LPXP�RXWVWDQGLQJ�UHTXHVWV� �:5B265B/07�
��� 
1RWH��  
���%LW����LV�UHVHUYHG�LI�':&B(7+(5B426B$;,B0$;�B:5B5(4� �
� 
���%LW����LV�UHVHUYHG�LI�':&B(7+(5B426B$;,B0$;�B:5B5(4� �
�� 
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&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2039 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[� 

5'B265B/07 
$;,�0D[LPXP�5HDG�2XWVWDQGLQJ�5HTXHVW�/LPLW 
7KLV�YDOXH�OLPLWV�WKH�PD[LPXP�RXWVWDQGLQJ�UHTXHVW�RQ�WKH�$;,�
UHDG�LQWHUIDFH��0D[LPXP�RXWVWDQGLQJ�UHTXHVWV� �5'B265B/07���
� 
1RWH��  
���%LW����LV�UHVHUYHG�LI�SDUDPHWHU�':&B(7+(5B426B$;,B�
0$;B5'B5(4� �� 
���%LW����LV�UHVHUYHG�LI�SDUDPHWHU�':&B(7+(5B426B$;,B�
0$;B5'B5(4� ��� 

����� 52 �[� UHVHUYHG 

�� 5: �[� 

$$/ 
$GGUHVV�$OLJQHG�%HDWV 
:KHQ�WKLV�ELW�LV�VHW�WR����WKH�(426�$;,�RU�(426�$+%�PDVWHU�
SHUIRUPV�DGGUHVV�DOLJQHG�EXUVW�WUDQVIHUV�RQ�5HDG�DQG�:ULWH�
FKDQQHOV� 
9DOXHV��  
�
E���$GGUHVV�$OLJQHG�%HDWV�LV�GLVDEOHG 
�
E���$GGUHVV�$OLJQHG�%HDWV�LV�HQDEOHG 

�� 52 �[� UHVHUYHG 

�� 5: �[� 

$$/( 
$XWRPDWLF�$;,�/3,�HQDEOH 
:KHQ�VHW�WR����HQDEOHV�WKH�$;,�PDVWHU�WR�HQWHU�LQWR�/3,�VWDWH�
ZKHQ�WKHUH�LV�QR�DFWLYLW\�LQ�WKH�':&BHWKHUBTRV�IRU�QXPEHU�RI�
V\VWHP�FORFN�F\FOHV�SURJUDPPHG�LQ�WKH�/3,(,�ILHOG�RI�
$;,B/3,B(QWU\B,QWHUYDO�UHJLVWHU� 
9DOXHV��  
�
E���$XWRPDWLF�$;,�/3,�LV�GLVDEOHG 
�
E���$XWRPDWLF�$;,�/3,�LV�HQDEOHG 

��� 52 �[�� UHVHUYHG 

� 5: �[� 

%/(1�� 
$;,�%XUVW�/HQJWK��� 
:KHQ�WKLV�ELW�LV�VHW�WR���RU�WKH�)%�ELW�LV�VHW�WR����WKH�(426�$;,�
PDVWHU�FDQ�VHOHFW�D�EXUVW�OHQJWK�RI����RQ�WKH�$;,�LQWHUIDFH��:KHQ�
WKH�)%�ELW�LV�VHW�WR����VHWWLQJ�WKLV�ELW�KDV�QR�HIIHFW� 
9DOXHV��  
�
E���1R�HIIHFW 
�
E���$;,�%XUVW�/HQJWK��� 

� 5: �[� 

%/(1� 
$;,�%XUVW�/HQJWK�� 
:KHQ�WKLV�ELW�LV�VHW�WR���RU�WKH�)%�ELW�LV�VHW�WR����WKH�(426�$;,�
PDVWHU�FDQ�VHOHFW�D�EXUVW�OHQJWK�RI���RQ�WKH�$;,�LQWHUIDFH��:KHQ�
WKH�)%�ELW�LV�VHW�WR����VHWWLQJ�WKLV�ELW�KDV�QR�HIIHFW� 
9DOXHV��  
�
E���1R�HIIHFW 
�
E���$;,�%XUVW�/HQJWK�� 

� 5: �[� 

%/(1� 
$;,�%XUVW�/HQJWK�� 
:KHQ�WKLV�ELW�LV�VHW�WR���RU�WKH�)%�ELW�LV�VHW�WR����WKH�(426�$;,�
PDVWHU�FDQ�VHOHFW�D�EXUVW�OHQJWK�RI���RQ�WKH�$;,�LQWHUIDFH��:KHQ�
WKH�)%�ELW�LV�VHW�WR����VHWWLQJ�WKLV�ELW�KDV�QR�HIIHFW� 
9DOXHV��  
�
E���1R�HIIHFW 
�
E���$;,�%XUVW�/HQJWK�� 
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&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2040 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

)% 
)L[HG�%XUVW�/HQJWK 
:KHQ�WKLV�ELW�LV�VHW�WR����WKH�(426�$;,�PDVWHU�LQLWLDWHV�EXUVW�
WUDQVIHUV�RI�VSHFLILHG�OHQJWKV�DV�JLYHQ�EHORZ� 
���%XUVW�WUDQVIHUV�RI�IL[HG�EXUVW�OHQJWKV�DV�LQGLFDWHG�E\�WKH�
%/(1�����%/(1�����%/(1����%/(1����%/(1����%/(1���RU�%/(1��
ILHOG 
���%XUVW�WUDQVIHUV�RI�OHQJWK�� 
:KHQ�WKLV�ELW�LV�VHW�WR����WKH�(426�$;,�PDVWHU�LQLWLDWHV�EXUVW�
WUDQVIHUV�WKDW�DUH�HTXDO�WR�RU�OHVV�WKDQ�WKH�PD[LPXP�DOORZHG�
EXUVW�OHQJWK�SURJUDPPHG�LQ�%LWV>���@� 
9DOXHV��  
�
E���)L[HG�%XUVW�/HQJWK�LV�GLVDEOHG 
�
E���)L[HG�%XUVW�/HQJWK�LV�HQDEOHG 

 
*0$&B'0$B,QWHUUXSWB6WDWXV�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 52 �[� 

0$&,6 
0$&�,QWHUUXSW�6WDWXV 
7KLV�ELW�LQGLFDWHV�DQ�LQWHUUXSW�HYHQW�LQ�WKH�0$&��7R�UHVHW�WKLV�ELW�
WR��
E���WKH�VRIWZDUH�PXVW�UHDG�WKH�FRUUHVSRQGLQJ�UHJLVWHU�LQ�WKH�
0$&�WR�JHW�WKH�H[DFW�FDXVH�RI�WKH�LQWHUUXSW�DQG�FOHDU�LWV�VRXUFH� 
9DOXHV��  
�
E���0$&�,QWHUUXSW�6WDWXV�QRW�GHWHFWHG 
�
E���0$&�,QWHUUXSW�6WDWXV�GHWHFWHG 

�� 52 �[� 

07/,6 
07/�,QWHUUXSW�6WDWXV 
7KLV�ELW�LQGLFDWHV�DQ�LQWHUUXSW�HYHQW�LQ�WKH�07/��7R�UHVHW�WKLV�ELW�
WR��
E���WKH�VRIWZDUH�PXVW�UHDG�WKH�FRUUHVSRQGLQJ�UHJLVWHU�LQ�WKH�
07/�WR�JHW�WKH�H[DFW�FDXVH�RI�WKH�LQWHUUXSW�DQG�FOHDU�LWV�VRXUFH� 
9DOXHV��  
�
E���07/�,QWHUUXSW�6WDWXV�QRW�GHWHFWHG 
�
E���07/�,QWHUUXSW�6WDWXV�GHWHFWHG 

���� 52 �[���� UHVHUYHG 

� 52 �[� 

'&�,6 
'0$�&KDQQHO���,QWHUUXSW�6WDWXV 
7KLV�ELW�LQGLFDWHV�DQ�LQWHUUXSW�HYHQW�LQ�'0$�&KDQQHO����7R�UHVHW�
WKLV�ELW�WR��
E���WKH�VRIWZDUH�PXVW�UHDG�WKH�FRUUHVSRQGLQJ�
UHJLVWHU�LQ�'0$�&KDQQHO���WR�JHW�WKH�H[DFW�FDXVH�RI�WKH�LQWHUUXSW�
DQG�FOHDU�LWV�VRXUFH� 
9DOXHV��  
�
E���'0$�&KDQQHO���,QWHUUXSW�6WDWXV�QRW�GHWHFWHG 
�
E���'0$�&KDQQHO���,QWHUUXSW�6WDWXV�GHWHFWHG 

 
*0$&B'0$B'HEXJB6WDWXV��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 
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&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2041 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� 

736� 
'0$�&KDQQHO���7UDQVPLW�3URFHVV�6WDWH 
7KLV�ILHOG�LQGLFDWHV�WKH�7[�'0$�)60�VWDWH�IRU�&KDQQHO����7KH�06%�
RI�WKLV�ILHOG�DOZD\V�UHWXUQV����7KLV�ILHOG�GRHV�QRW�JHQHUDWH�DQ�
LQWHUUXSW� 
9DOXHV��  
�
E������6WRSSHG��5HVHW�RU�6WRS�7UDQVPLW�&RPPDQG�LVVXHG� 
�
E������5XQQLQJ��)HWFKLQJ�7[�7UDQVIHU�'HVFULSWRU� 
�
E������5XQQLQJ��:DLWLQJ�IRU�VWDWXV� 
�
E������5XQQLQJ��5HDGLQJ�'DWD�IURP�V\VWHP�PHPRU\�EXIIHU�DQG�
TXHXLQJ�LW�WR�WKH�7[�EXIIHU��7[�),)2�� 
�
E������7LPHVWDPS�ZULWH�VWDWH 
�
E������5HVHUYHG�IRU�IXWXUH�XVH 
�
E������6XVSHQGHG��7[�'HVFULSWRU�8QDYDLODEOH�RU�7[�%XIIHU�
8QGHUIORZ� 
�
E������5XQQLQJ��&ORVLQJ�7[�'HVFULSWRU� 

���� 52 �[� 

536� 
'0$�&KDQQHO���5HFHLYH�3URFHVV�6WDWH 
7KLV�ILHOG�LQGLFDWHV�WKH�5[�'0$�)60�VWDWH�IRU�&KDQQHO����7KH�06%�
RI�WKLV�ILHOG�DOZD\V�UHWXUQV����7KLV�ILHOG�GRHV�QRW�JHQHUDWH�DQ�
LQWHUUXSW� 
9DOXHV��  
�
E������6WRSSHG��5HVHW�RU�6WRS�5HFHLYH�&RPPDQG�LVVXHG� 
�
E������5XQQLQJ��)HWFKLQJ�5[�7UDQVIHU�'HVFULSWRU� 
�
E������5HVHUYHG�IRU�IXWXUH�XVH 
�
E������5XQQLQJ��:DLWLQJ�IRU�5[�SDFNHW� 
�
E������6XVSHQGHG��5[�'HVFULSWRU�8QDYDLODEOH� 
�
E������5XQQLQJ��&ORVLQJ�WKH�5[�'HVFULSWRU� 
�
E������7LPHVWDPS�ZULWH�VWDWH 
�
E������5XQQLQJ��7UDQVIHUULQJ�WKH�UHFHLYHG�SDFNHW�GDWD�IURP�WKH�
5[�EXIIHU�WR�WKH�V\VWHP�PHPRU\� 

��� 52 �[�� UHVHUYHG 

� 52 �[� 

$;5+676 
$;,�0DVWHU�5HDG�&KDQQHO�6WDWXV 
:KHQ�KLJK��WKLV�ELW�LQGLFDWHV�WKDW�WKH�UHDG�FKDQQHO�RI�WKH�$;,�
PDVWHU�LV�DFWLYH��DQG�LW�LV�WUDQVIHUULQJ�WKH�GDWD� 
9DOXHV��  
�
E���$;,�0DVWHU�5HDG�&KDQQHO�6WDWXV�QRW�GHWHFWHG 
�
E���$;,�0DVWHU�5HDG�&KDQQHO�6WDWXV�GHWHFWHG 

� 52 �[� 

$;:+676 
$;,�0DVWHU�:ULWH�&KDQQHO�RU�$+%�0DVWHU�6WDWXV 
(426�$;,�&RQILJXUDWLRQ� 
:KHQ�KLJK��WKLV�ELW�LQGLFDWHV�WKDW�WKH�ZULWH�FKDQQHO�RI�WKH�$;,�
PDVWHU�LV�DFWLYH��DQG�LW�LV�WUDQVIHUULQJ�GDWD� 
(426�$+%�&RQILJXUDWLRQ� 
:KHQ�KLJK��WKLV�ELW�LQGLFDWHV�WKDW�WKH�$+%�PDVWHU�)60V�DUH�LQ�WKH�
QRQ�LGOH�VWDWH� 
9DOXHV��  
�
E���$;,�0DVWHU�:ULWH�&KDQQHO�RU�$+%�0DVWHU�6WDWXV�QRW�
GHWHFWHG 
�
E���$;,�0DVWHU�:ULWH�&KDQQHO�RU�$+%�0DVWHU�6WDWXV�GHWHFWHG 

 
*0$&B$;,B/3,B(QWU\B,QWHUYDO�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[� 

/3,(, 
/3,�(QWU\�,QWHUYDO 
&RQWDLQV�WKH�QXPEHU�RI�V\VWHP�FORFN�F\FOHV��PXOWLSOLHG�E\�����WR�
ZDLW�IRU�DQ�DFWLYLW\�LQ�WKH�':&BHWKHUBTRV�WR�HQWHU�LQWR�WKH�$;,�
ORZ�SRZHU�VWDWH����LQGLFDWHV����FORFN�F\FOHV� 

 
20.5 Interface Description  

������ʹͲǦ͵�����Ͳ�����������  

 
������ʹͲǦͶ�����ͳ������������Ͳ 

0RGXOH�3LQ 'LU� 3DG�1DPH ,208;�6HWWLQJ 
50,,�5*0,,�LQWHUIDFH 

JPDF�BU[G� , 6'00&�B'��*0$&�B5;'��8$57�B5;B0��*3,2�B
$�BX *5)B*3,2�$B,208;B6(/B/>�����@ �¶E��� 

JPDF�BU[G� , 6'00&�B'��*0$&�B5;'��8$57�B7;B0��*3,2�B$
�BX *5)B*3,2�$B,208;B6(/B+>���@ �¶E��� 

JPDF�BU[FON , 6'00&�B'��*0$&�B5;&/.�8$57�B5;B0��*3,2�B
$�BX *5)B*3,2�$B,208;B6(/B+>���@ �¶E��� 

JPDF�BW[G� 2 6'00&�B'��*0$&�B7;'��8$57�B7;B0��*3,2�B$
�BX *5)B*3,2�$B,208;B6(/B+>����@ �¶E��� 

JPDF�BW[G� 2 6'00&�B&0'�*0$&�B7;'��8$57�B5;B0��*3,2�
B$�BX 

*5)B*3,2�$B,208;B6(/B+>�����@ �¶E��
� 

JPDF�BW[FON 2 6'00&�B&/.�*0$&�B7;&/.�8$57�B7;B0��*3,2�
B%�BG *5)B*3,2�%B,208;B6(/B/>���@ �¶E��� 

JPDF�BW[G� 2 *0$&�B7;'��8$57�B5;B0��*3,2�B%�BX *5)B*3,2�%B,208;B6(/B/>�����@ �¶E��� 
JPDF�BW[G� 2 *0$&�B7;'��8$57�B7;B0��*3,2�B%�BX *5)B*3,2�%B,208;B6(/B+>���@ �¶E��� 

JPDF�BW[HQ 2 *0$&�B7;(1�8$57�B576QB0��63,�B&/.B0��*3,2
�B%�BX *5)B*3,2�%B,208;B6(/B+>���@ �¶E��� 

JPDF�BU[G� , *0$&�B5;'��8$57�B&76QB0��63,�B0,62B0��*3,
2�B%�BX *5)B*3,2�%B,208;B6(/B+>����@ �¶E��� 

JPDF�BU[G� , ,�6�B6&/.B5;B0��*0$&�B5;'��8$57�B576QB0��
63,�B026,B0��*3,2�B%�BG 

*5)B*3,2�%B,208;B6(/B+>�����@ �¶E��
�� 

JPDF�BU[GYFUV , ,�6�B/5&.B5;B0��*0$&�B5;'9B&56�8$57�B&76
QB0��63,�B&6�B0��*3,2�B&�BG *5)B*3,2�&B,208;B6(/B+>���@ �¶E��� 

JPDF�BPFONLQRX
W ,�2 ,�6�B6&/.B7;B0��*0$&�B0&/.,1287�8$57�B&7

6QB0��63,�B0,62B0��*3,2�B&�BG *5)B*3,2�&B,208;B6(/B/>����@ �¶E��� 

JPDF�BU[HU , ,�6�B6',B0��*0$&�B5;(5�8$57�B7;B0��63,�B&
6�B0��*3,2�B&�BG *5)B*3,2�&B,208;B6(/B+>���@ �¶E��� 

 

JPDF�BPGF 2 ,�6�B/5&.B7;B0��*0$&�B0'&�8$57�B576QB0��
63,�B026,B0��*3,2�B&�BG *5)B*3,2�&B,208;B6(/B/>�����@ �¶E��� 

JPDF�BPGLR ,�2 ,�6�B6'2B0��*0$&�B0',2�8$57�B&76QB0��63,�
B&6�B0��*3,2�B&�BG *5)B*3,2�&B,208;B6(/B+>���@ �¶E��� 

0RGXOH�3LQ 'LU� 3DG�1DPH ,208;�6HWWLQJ 
50,,�5*0,,�LQWHUIDFH 

JPDF�BW[G�P� 2 /&'&B'��923B%7����B'��*0$&�B7;'�B0��,�6�B
0&/.B0��6'00&�B'�B0��*3,2�B$�BG *5)B*3,2�$B,208;B6(/B/>����@ �¶E��� 

JPDF�BW[G�P� 2 /&'&B'���923B%7����B'��*0$&�B7;'�B0��,�6�
B6&/.B0��6'00&�B'�B0��*3,2�B$�BG 

*5)B*3,2�$B,208;B6(/B+>�����@ �¶E��
� 

JPDF�BU[G�P� , /&'&B'���923B%7����B'��*0$&�B5;'�B0��,�6�
B/5&.B0��6'00&�B'�B0��*3,2�B$�BG *5)B*3,2�$B,208;B6(/B+>���@ �¶E��� 

JPDF�BU[G�P� , /&'&B'���923B%7����B'��*0$&�B5;'�B0��,�6�
B6'2B0��6'00&�B&0'B0��*3,2�B$�BG *5)B*3,2�$B,208;B6(/B+>���@ �¶E��� 

JPDF�BW[FONP� 2 /&'&B'���923B%7����B&/.�*0$&�B7;&/.B0��,�
6�B6',B0��6'00&�B&/.B0��*3,2�B$�BG *5)B*3,2�$B,208;B6(/B+>����@ �¶E��� 

JPDF�BU[FONP� , /&'&B'���923B%7����B'��*0$&�B5;&/.B0��6'
00&�B'(7B0��*3,2�B$�BG 

*5)B*3,2�$B,208;B6(/B+>�����@ �¶E��
� 

JPDF�BU[G�P� , /&'&B'���923B%7����B'��*0$&�B5;'�B0��8$5
7�B5;B0��3:0�B0��*3,2�B%�BG *5)B*3,2�%B,208;B6(/B/>���@ �¶E��� 

JPDF�BU[G�P� , /&'&B'���923B%7����B'��*0$&�B5;'�B0��8$5
7�B7;B0��3:0�B0��*3,2�B%�BG *5)B*3,2�%B,208;B6(/B/>����@ �¶E��� 

JPDF�BU[GYFUVP
� , /&'&B'���923B%7����B'��*0$&�B5;'9B&56B0�

�,�&�B6&/B0��3'0B6',�B0��*3,2�B%�BG *5)B*3,2�%B,208;B6(/B/>�����@ �¶E��� 

JPDF�BU[HUP� , /&'&B'���923B%7����B'���*0$&�B5;(5B0��,�&
�B6'$B0��3'0B6',�B0��*3,2�B%�BG *5)B*3,2�%B,208;B6(/B+>���@ �¶E��� 

JPDF�BW[G�P� 2 /&'&B'���923B%7����B'���*0$&�B7;'�B0��,�&
�B6&/B0��3:0��B0��*3,2�B%�BG *5)B*3,2�%B,208;B6(/B+>���@ �¶E��� 

JPDF�BW[G�P� 2 /&'&B'���923B%7����B'���*0$&�B7;'�B0��,�&
�B6'$B0��3:0��B,5B0��*3,2�B%�BG *5)B*3,2�%B,208;B6(/B+>����@ �¶E��� 
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������ʹͲǦͷ�����ͳ������������ͳ 

20.6 Application Note 
20.6.1 'HVFULSWRUV 
The DMA engine uses descriptors to efficiently move data from source to destination with 
minimal application CPU intervention. The DMA is designed for packet-oriented data 
transfers such as packets in Ethernet. The DMA controller can be programmed to interrupt 
the application CPU for situations such as Packet Transmit and Receive Transfer completion, 
and other normal or error conditions.  
The DMA and the application communicate through the following two data structures:  
z Control and Status registers (CSR)  
z Descriptor lists and data buffers  
The base address of each list is written to the respective Tx Descriptor List Address register 
and Rx Descriptor List Address register. The descriptor list is forward linked and the next 
descriptor is always considered at a fixed offset to the current one. The offset is controlled 
by the DSL field of DMA_Ch[n]_Control register. The number of descriptors in the list is 
programmed in the respective Tx (or Rx) Descriptor Ring Length register. Once the DMA 
processes the last descriptor in the list, it automatically jumps back to the descriptor in the 
List Address register to create a descriptor ring.  
The descriptor lists reside in the physical memory address space of the application. Each 
descriptor can point to a maximum of two buffers in the system memory. This enables two 
buffers to be used, physically addressed, rather than contiguous buffers in memory. 
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A data buffer resides in the application physical memory space and consists of an entire 
packet or part of a packet but cannot exceed a single packet. Buffers contain only data. 
Buffer status is maintained in the descriptor. Data chaining refers to packets that span 
multiple data buffers. However, a single descriptor cannot span multiple packets. The DMA 
skips to the data buffer of next packet when EOP is detected.  
The GMAC supports the following two types of descriptors:  
z Normal Descriptor: Normal descriptors are used for packet data and to provide control 
information applicable to the packets to be transmitted 
z Context Descriptor: Context descriptors are used to provide control information 
applicable to the packet to be transmitted 
The GMAC supports the ring structure for the DMA descriptor. 

 

	��Ǥ�ʹͲǦͳͲ�������������������������� 
In Ring structure, descriptors are separated by the Word, DWord, or LWord number 
programmed in the DSL field of the DMA_CH#_Control register. The application needs to 
program the total ring length, that is, the total number of descriptors in ring span in the 
following registers of a DMA channel:  
z Transmit Descriptor Ring Length Register (DMA_CH#_TxDesc_Ring_Length)  
z Receive Descriptor Ring Length Register (DMA_CH#_RxDesc_Ring_Length)  
The Descriptor Tail Pointer Register contains the pointer to the descriptor address (N). The 
base address and the current descriptor pointer decide the address of the current descriptor 
that the DMA can process.  
The descriptors up to one location less than the one indicated by the descriptor tail pointer 
(N ± 1) are owned by the DMA. The DMA continues to process the descriptors until the 
following condition occurs:  

Current Descriptor Pointer == Descriptor Tail Pointer 
The DMA goes into the Suspend mode when this condition occurs. The application must 
perform a write to the Descriptor Tail pointer register and update the tail pointer so that the 
following condition is true: 

Current Descriptor Pointer < Descriptor Tail Pointer 
The DMA automatically wraps around the base address when the end of ring is reached. 
For descriptors owned by the application, the OWN bit of DES3 is reset to 0. For descriptors 
owned by the DMA, the OWN bit is set to 1. If the application has only one descriptor in the 
beginning, the application sets the last descriptor address (tail pointer) to Descriptor Base 
Address + 1. The DMA processes the first descriptor and then waits for the application to 
advance the tail pointer. 
20.6.2 7UDQVPLW�'HVFULSWRUV 
The DMA in GMAC requires at least one descriptor for a transmit packet. In addition to two 
buffers, two byte-count buffers, and two address pointers, the transmit descriptor has 
control fields which can be used to control the MAC operation on per-transmit packet basis. 
The Transmit Normal descriptor has two formats: Read format and Write-Back format. 
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20.6.3 7UDQVPLW�1RUPDO�'HVFULSWRU��5HDG�)RUPDW� 
������ʹͲǦ�����Ͳ�������������������ȋ�����	�����Ȍ 

%LW 1DPH 'HVFULSWLRQ 
31:0 BUF1AP Buffer 1 Address Pointer or TSO Header 

Address Pointer  
These bits indicate the physical address of 
Buffer 1. These bits indicate the TSO 
Header Address pointer when the 
following bits are set:  
� TSE bit of TDES3  
� FD bit of TDES3 

 
������ʹͲǦ�����ͳ�������������������ȋ�����	�����Ȍ 

%LW�  1DPH�  'HVFULSWLRQ 
31:0 BUF2AP Buffer 2 or Buffer 1 Address Pointer This 

bit indicates the physical address of Buffer 
2 when a descriptor ring structure is used. 
There is no limitation for the buffer 
address alignment.  
In 40- or 48-bit addressing mode, these 
bits indicate the most-significant 8- or 16- 
bits of the Buffer 1 Address Pointer. 

 
������ʹͲǦͺ�����ʹ�������������������ȋ�����	�����Ȍ 

%LW�  1DPH�  'HVFULSWLRQ 
31 IOC 

 
Interrupt on Completion  
This bit controls the setting of TI and ETI 
status bits in the DMA_CH#_Status 
register. When ETIC = 1 and TDES2[LD] 
= 0, this bit sets the ETI bit. When 
TDES3[LD] = 1, this bit sets the TI status 
bit. 

30 
 

TTSE/T MWD 
 

Transmit Timestamp Enable or External 
TSO Memory Write Enable  
This bit enables the IEEE1588 time 
stamping for Transmit packet referenced 
by the descriptor, if TSE bit is not set.  
If TSE bit is set and external TSO memory 
is enabled, setting this bit disables 
external TSO memory writing for this 
packet. 

29:16 
 

B2L 
 

Buffer 2 Length  
The driver sets this field. When set, this 
field indicates Buffer 2 length 

15:14 
 

VTIR 
 

VLAN Tag Insertion or Replacement  
These bits request the MAC to perform 
VLAN tagging or untagging before 
transmitting the packets. The application 
must set the CRC Pad Control bits 
appropriately when VLAN Tag Insertion, 
Replacement, or Deletion is enabled for 
the packet. The following list describes the 
values of these bits:  
� 2'b00: Do not add a VLAN tag.  
� 2'b01: Remove the VLAN tag from the 
packets before transmission. This option 
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%LW�  1DPH�  'HVFULSWLRQ 
should be used only with the VLAN 
packets.  
� 2'b10: Insert a VLAN tag with the tag 
value programmed in the MAC_VLAN_Incl 
register or context descriptor.  
� 2'b11: Replace the VLAN tag in 
packets with the tag value programmed in 
the MAC_VLAN_Incl register or context 
descriptor. This option should be used 
only with the VLAN packets.  
These bits are valid when the Enable SA 
and VLAN Insertion on Tx option is 
selected while configuring the core 

13:0 HL or B1L 
 

Header Length or Buffer 1 Length  
For Header length only bits [9:0] are 
taken. The size 13:0 is applicable only 
when interpreting buffer 1 length. If the 
TCP Segmentation Offload feature is 
enabled through the TSE bit of TDES3, 
this field is equal to the header length. 
When the TSE bit is set in TDES3, the 
header length includes the length in bytes 
from Ethernet Source address till the end 
of the TCP header. The maximum header 
length supported for TSO feature is 1023 
bytes. The maximum header length 
supported for TSO feature is 1023 bytes.  
If the TCP Segmentation Offload feature is 
not enabled, this field is equal to Buffer 1 
length. 

������ʹͲǦͻ�����͵�������������������ȋ�����	�����Ȍ 
%LW�  1DPH�  'HVFULSWLRQ 

31 OWN Own Bit  
When this bit is set, it indicates that the 
DMA owns the descriptor. When this bit 
is reset, it indicates that the application 
owns the descriptor. The DMA clears this 
bit after it completes the transfer of data 
given in the associated buffer(s). 

30 CTXT Context Type  
This bit should be set to 1'b0 for normal 
descriptor. 

29 FD First Descriptor  
When this bit is set, it indicates that the 
buffer contains the first segment of a 
packet. 

28 LD Last Descriptor  
When this bit is set, it indicates that the 
buffer contains the last segment of the 
packet. When this bit is set, the B1L or 
B2L field should have a non-zero value. 

27:26 CPC CRC Pad Control  
This field controls the CRC and Pad 
Insertion for Tx packet. This field is valid 
only when the first descriptor bit 
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%LW�  1DPH�  'HVFULSWLRQ 
(TDES3[29]) is set. The following list 
describes the values of Bits[27:26]:  
� 2'b00: CRC and Pad Insertion. The 
MAC appends the cyclic redundancy 
check (CRC) at the end of the 
transmitted packet of length greater than 
or equal to 60 bytes. The MAC 
automatically appends padding and CRC 
to a packet with length less than 60 
bytes.  
� 2'b01: CRC Insertion (Disable Pad 
Insertion). The MAC appends the CRC at 
the end of the transmitted packet but it 
does not append padding. The 
application should ensure that the 
padding bytes are present in the packet 
being transferred from the Transmit 
Buffer, that is, the packet being 
transferred from the Transmit Buffer is of 
length greater than or equal to 60 bytes.  
� 2'b10: Disable CRC Insertion. The 
MAC does not append the CRC at the end 
of the transmitted packet. The 
application should ensure that the 
padding and CRC bytes are present in 
the packet being transferred from the 
Transmit Buffer.  
� 2'b11: CRC Replacement. The MAC 
replaces the last four bytes of the 
transmitted packet with recalculated CRC 
bytes. The application should ensure that 
the padding and CRC bytes are present 
in the packet being transferred from the 
Transmit Buffer.  
This field is valid only for the first 
descriptor.  
Note: When the TSE bit is set, the MAC 
ignores this field because the CRC and 
pad insertion is always done for 
segmentation. 

25:2
3 

SAIC SA Insertion Control  
These bits request the MAC to add or 
replace the Source Address field in the 
Ethernet packet with the value given in 
the MAC Address 0 register. The 
application must set the CRC Pad Control 
bits appropriately when SA Insertion 
Control is enabled for the packet. Bit 25 
specifies the MAC Address Register (1 or 
0) value that is used for Source Address 
insertion or replacement.  
The following list describes the values of 
Bits[24:23]:  
� 2'b00: Do not include the source 
address  
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%LW�  1DPH�  'HVFULSWLRQ 
� 2'b01: Include or insert the source 
address. For reliable transmission, the 
application must provide frames without 
source addresses.  
� 2'b10: Replace the source address. 
For reliable transmission, the application 
must provide frames with source 
addresses.  
� 2'b11: Reserved  
These bits are valid in the EQOS-DMA, 
EQOS-AXI, and EQOS-AHB configurations 
when the Enable SA and VLAN Insertion 
on Tx option is selected while configuring 
the core and when the First Segment 
control bit (TDES3 [29]) is set.  
This field is valid only for the first 
descriptor. 

22:19 SLOTNUM 
or THL 
 

SLOTNUM: Slot Number Control Bits in 
AV Mode  
These bits indicate the slot interval in 
which the data should be fetched from 
the corresponding buffers addressed by 
TDES0 or TDES1. When the Transmit 
descriptor is fetched, the DMA compares 
the slot number value in this field  
with the slot interval maintained in the 
RSN field 
DMA_CH#_Slot_Function_Control_Status
. It fetches the data from the buffers only 
if a value matches. These bits are valid 
only for the AV channels.  
THL: TCP/UDP Header Length  
If the TSE bit is set, this field contains 
the length of the TCP/UDP header. The 
minimum value of this field must be 5 for 
TCP header. The value must be equal to 
2 for UDP header.  
This field is valid only for the first 
descriptor. 

18 TSE TCP Segmentation Enable  
When this bit is set, the DMA performs 
the TCP/UDP segmentation or UDP 
fragmentation for a packet depending on 
the TSE_MODE[1:0] bit of the 
DMA_CH(#i)_Tx_Control Register. This 
bit is valid only if the FD bit is set. 

17:16 CIC/TPL 
 

Checksum Insertion Control or TCP 
Payload Length  
These bits control the checksum 
calculation and insertion. The following 
list describes the bit encoding:  
� 2'b00: Checksum Insertion Disabled.  
� 2'b01: Only IP header checksum 
calculation and insertion are enabled.  
� 2'b10: IP header checksum and 
payload checksum calculation and 
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%LW�  1DPH�  'HVFULSWLRQ 
insertion are enabled, but pseudo-header 
checksum is not calculated in hardware.  
� 2'b11: IP Header checksum and 
payload checksum calculation and 
insertion are enabled, and pseudo-
header checksum is calculated in 
hardware. This field is valid when the 
Enable Transmit TCP/IP Checksum 
Offload option is selected and the TSE bit 
is reset.  
When the TSE bit is set, this field 
contains the upper bits [17:16] of the 
TCP Payload (or IP Payload for UDP 
fragmentation). This allows the TCP/UDP 
packet length field to be spanned across 
TDES3[17:0] to provide 256 KB packet 
length support.  
This field is valid only for the first 
descriptor. 

15 TPL 
 

Reserved or TCP Payload Length  
When the TSE bit is reset, this bit is 
reserved. When the TSE bit is set, this is 
Bit 15 of the TCP payload length [17:0]. 
This field is valid only when the Enable 
TCP Segmentation Offloading for TCP/IP 
Packets option is selected while 
configuring the core. 

14:0 FL/TPL 
 

Frame Length or TCP Payload Length  
This field is equal to the length of the 
packet to be 
transmitted in bytes. When the TSE bit is 
not set, this field is equal to the total 
length of the packet to be transmitted:  
Ethernet Header Length + TCP /IP 
Header Length ± Preamble Length ± SFD 
Length + Ethernet Payload Length  
When the TSE bit is set, this field is equal 
to the lower 15 bits of the TCP payload 
length in case of segmentation and IP 
payload in case of UDP fragmentation. In 
case of segmentation, this length does 
not include Ethernet header or 
TCP/UDP/IP header length. In case of 
fragmentation, this length does not 
include Ethernet header and IP header. 
When DWRR/WFQ algorithm is NOT 
enabled, value written into this field is 
not used when TSE = 0. 

20.6.4 7UDQVPLW�1RUPDO�'HVFULSWRU��:ULWH�EDFN�)RUPDW� 
The write-back format of the Transmit Descriptor includes timestamp low, timestamp high, 
OWN, and Status bits. The write-back format is applicable only for the last descriptor of the 
corresponding packet. The LD bit (TDES3[28]) is set in the descriptor where the DMA writes 
back the status and timestamp information for the corresponding Transmit packet. 
this format is only applicable to the last descriptor of a packet. 

������ʹͲǦͳͲ�����Ͳ�������������������ȋ�����Ǧ�����	�����Ȍ 
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%LW�  1DPH�  'HVFULSWLRQ 
31:0 TTSL Transmit Packet Timestamp Low  

The DMA updates this field with least 
significant 32 bits of the timestamp 
captured for the corresponding Transmit 
packet. The DMA writes the timestamp only 
if TTSE bit of TDES2 is set in the first 
descriptor of the packet. This field has the 
timestamp only if the Last Segment bit (LS) 
in the descriptor is set and the Timestamp 
status (TTSS) bit is set 

������ʹͲǦͳͳ�����ͳ�������������������ȋ�����Ǧ�����	�����Ȍ 
%LW�  1DPH�  'HVFULSWLRQ 

31:0 TTSH Transmit Packet Timestamp High  
The DMA updates this field with the most 
significant 32 bits of the timestamp 
captured for corresponding transmit packet. 
The DMA writes the timestamp only if the 
TTSE bit of TDES2 is set in the first 
descriptor of the packet. This field has the 
timestamp only if the Last Segment bit (LS) 
in the  
descriptor is set and Timestamp status 
(TTSS) bit is set. 

������ʹͲǦͳʹ�����ʹ�������������������ȋ�����Ǧ�����	�����Ȍ 
%LW�  1DPH�  'HVFULSWLRQ 

31:0 Rsvd  Reserved  
������ʹͲǦͳ͵�����ʹ�������������������ȋ�����Ǧ�����	�����Ȍ 

%LW�  1DPH�  'HVFULSWLRQ 
31 OWN Own Bit  

When this bit is set, it indicates that the 
DMA owns the descriptor. When this bit is 
reset, it indicates that the application 
owns the descriptor. The DMA clears this 
bit after it completes the transfer of data 
given in the associated buffer(s). 

30 CTXT Context Type This bit should be set to 
1'b0 for normal descriptor. 

29 FD First Descriptor  
When this bit is set, it indicates that the 
buffer contains the first segment of a 
packet. 

28 LD Last Descriptor When this bit is set, it 
indicates that the buffer contains the last 
segment of the packet. When this bit is 
set, the B1L or B2L field should have a 
non-zero value. 

27:24 Rsvd  Reserved  
23 DE Descriptor Error  

When this bit is set, it indicates that the 
descriptor content is incorrect. The DMA 
sets this bit during write-back while 
closing the descriptor. Descriptor Errors 
can be:  
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%LW�  1DPH�  'HVFULSWLRQ 
� Incorrect sequence from the context 
descriptor. For example, a location after 
the first descriptor for a packet 
� All 1s  
� CTXT, LD, and FD bits set to 1 
Note 1: When Descriptor Error occurs due 
to All 1s or CTXT, LD, and FD bits set to 1, 
the Transmit DMA closes the transmit 
descriptor with DE and LD bits set to 1. 
When IOC bit in TDES2 of corresponding 
first descriptor is set to 1, Transmit DMA 
will set the TI bit in the DMA_CH#_Status 
register. 
Note 2: Based on CTXT, LD, and FD bits of 
the transmit descriptor, the subsequent 
descriptor might be considered as the First 
Descriptor (even if FD bit is not set) and 
partial packet is sent. 

22:18 Rsvd Reserved 

17 TTSS Tx Timestamp Status  
This status bit indicates that a timestamp 
has been captured for the corresponding 
transmit packet. When this bit is set, 
TDES0 and TDES1 have timestamp values 
that were captured for the Transmit 
packet. This field is valid only when the 
Last Segment control bit (TDES3 [28]) in 
a  
descriptor is set. This bit is valid only 
when IEEE1588 timestamping feature is 
enabled; otherwise, it is reserved. 

16 EUE 
 

ECC Uncorrectable Error Status  
Indicates the ECC uncorrectable error in 
the TSO memory.  
Note: Uncorrectable error in Transmit 
FIFO memory is reported with (Bit 13) FF 
= 1. This is because, all such packets are 
flushed by GMAC. 

15 ES 
 

Error Summary This bit indicates the 
logical OR of the following bits:  
� TDES3[0]: IP Header Error  
� TDES3[14]: Jabber Timeout  
� TDES3[13]: Packet Flush  
� TDES3[12]: Payload Checksum Error  
� TDES3[11]: Loss of Carrier  
� TDES3[10]: No Carrier  
� TDES3[9]: Late Collision  
� TDES3[8]: Excessive Collision  
� TDES3[3]: Excessive Deferral 
� TDES3[2]: Underflow Error  
This bit is also set when EUE (bit 16) is 
set 

14 JT 
 

Jabber Timeout  
This bit indicates that the MAC transmitter 
has experienced a jabber time-out. This 
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%LW�  1DPH�  'HVFULSWLRQ 
bit is set only when the JD bit of the 
MAC_Configuration register is not set. 

13 PF Packet Flushed  
This bit indicates that the DMA or MTL 
flushed the packet because of a software 
flush command given by the CPU. 

12 PCE Payload Checksum Error This bit indicates 
that the Checksum Offload engine had a 
failure and did not insert any checksum 
into the encapsulated TCP, UDP, or ICMP 
payload. This failure can be either because 
of insufficient bytes, as indicated by the 
Payload Length field of the IP Header or 
the MTL starting to forward the packet to 
the MAC transmitter in Store-and-Forward 
mode without the checksum having been 
calculated yet. This second error condition 
only occurs when the Transmit FIFO depth 
is less than the length of the Ethernet 
packet being transmitted to avoid 
deadlock, the MTL starts forwarding the 
packet when the FIFO is full, even in the 
store-and-forward mode. This error can 
also occur when Bus Error is detected 
during packet transfer. When the Full 
Checksum Offload engine is not enabled, 
this bit is reserved. 

11 LoC Loss of Carrier  
This bit indicates that Loss of Carrier 
occurred during packet transmission (that 
is, the gmii_crs_i signal was inactive for 
one or more transmit clock periods during 
packet transmission). This is valid only for 
the packets transmitted without collision 
and when the MAC operates in the half-
duplex mode. 

10 NC No Carrier  
This bit indicates that the carrier sense 
signal form the PHY was not asserted 
during transmission. 

9 LC Late Collision  
This bit indicates that packet transmission 
was aborted because a collision occurred 
after the collision window (64 byte times 
including Preamble in MII mode and 512 
byte times including Preamble and Carrier 
Extension in GMII mode). This bit is not 
valid if Underflow Error is set. 

8 EC Excessive Collision  
This bit indicates that the transmission 
was aborted after 16 successive collisions 
while attempting to transmit the current 
packet. If the DR bit is set in the 
MAC_Configuration register, this bit is set 
after first collision and the transmission of 
the packet is aborted. 
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7:4 CC Collision Count  

This 4-bit counter value indicates the 
number of collisions occurred before the 
packet was transmitted. The count is not 
valid when the EC bit is set. 

3 ED Excessive Deferral  
This bit indicates that the transmission 
ended because of excessive deferral of 
over 24,288 bit times (155,680 bits times 
in 1000 Mbps mode or Jumbo Packet 
enabled mode) if DC bit is set in the 
MAC_Configuration register. When TBS is 
enabled in full duplex mode and this bit is 
set, it indicates that the frame has been 
dropped after the expiry time has 
reached. 

2 UF Underflow Error  
This bit indicates that the MAC aborted the 
packet because the data arrived late from 
the system memory. The underflow error 
can occur because of either of the 
following conditions:  
� The DMA encountered an empty 
Transmit Buffer while transmitting the 
packet  
� The application filled the MTL Tx FIFO 
slower than the MAC transmit rate  
The transmission process enter the 
suspended state and sets the underflow 
bit corresponding to a queue in the 
MTL_Interrupt_Status register. 

1 DB Deferred Bit  
This bit indicates that the MAC deferred 
before transmitting because of presence 
of carrier. This bit is valid only in the half-
duplex mode. 

0 IHE IP Header Error  
:KHQ�,3�+HDGHU�(UURU�LV�VHW��WKLV�ELW�
LQGLFDWHV�WKDW�WKH�&KHFNVXP�2IIORDG�
HQJLQH�GHWHFWHG�DQ�,3�KHDGHU�HUURU��7KLV�
ELW�LV�YDOLG�RQO\�ZKHQ�7[�&KHFNVXP�
2IIORDG�LV�HQDEOHG��2WKHUZLVH��LW�LV�
UHVHUYHG��,I�&2(�GHWHFWV�DQ�,3�KHDGHU�
HUURU��LW�VWLOO�LQVHUWV�DQ�,3Y��KHDGHU�
FKHFNVXP�LI�WKH�(WKHUQHW�7\SH�ILHOG�
LQGLFDWHV�DQ�,3Y��SD\ORDG��  
In full duplex mode, when EST/Qbv is 
enabled and this bit is set, it indicates the 
frame drop status due to Frame Size error 
or Schedule Error. 

20.6.5 7UDQVPLW�&RQWH[W�'HVFULSWRU�  
The context descriptor is used to provide the timestamps for one-step timestamp correction, 
VLAN Tag ID for VLAN insertion feature. The Transmit Context descriptor can be provided 
any time before a packet descriptor. The context is valid for the current packet and 
subsequent packets. The context descriptor is used to provide the timestamps for one-step 
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timestamp correction and VLAN Tag ID for VLAN insertion feature. Write back is done on a 
context descriptor only to reset the OWN bit 
 

������ʹͲǦͳͶ�����Ͳ������������������� 
 

������ʹͲǦͳͷ�����ͳ������������������� 
%LW�  1DPH�  'HVFULSWLRQ 

31:0 TTSH Transmit Packet Timestamp High  
For one-step correction, the driver can 
provide the upper 32 bits of timestamp in 
this descriptor. The DMA uses this value as 
the high word for doing one-step 
timestamp correction. This field is valid 
only if the OSTC and TCMSSV bits of TDES3 
context descriptor are set. 

������ʹͲǦͳ�����ʹ������������������� 
 

%LW�  1DPH�  'HVFULSWLRQ 
31:16 IVT Inner VLAN Tag  

When the IVLTV bit of TDES3 context 
descriptor is set and the TCMSSV and 
OSTC bits of TDES3 context descriptor are 
reset, TDES2[31:16] contains the inner 
VLAN Tag to be inserted in the subsequent 
Transmit packets. 

15:14 Rsvd Reserved 
13:0 MSS Maximum Segment Size  

When the Enable TCP Segmentation 
Offloading for TCP/IP Packets option is 
selected, the driver can provide maximum 
segment size in this field. This segment 
size is used while segmenting the TCP/IP 
payload. This field is valid only if the 
TCMSSV bit of TDES3 context descriptor is 
set and the OSTC bit of the TDES3 context 
descriptor is reset. 

������ʹͲǦͳ�����͵������������������� 
 

%LW�  1DPH�  'HVFULSWLRQ 
31 OWN Own Bit  

When this bit is set, it indicates that the 
GMAC DMA owns the descriptor. When 
this bit is reset, it indicates that the 
application owns the descriptor. The 
DMA clears this bit immediately after the 
read. 

%LW�  1DPH�  'HVFULSWLRQ 
31:0 TTSL Transmit Packet Timestamp Low  

For one-step correction, the driver can 
provide the lower 32 bits of timestamp in 
this descriptor word.  
The DMA uses this value as the low word 
for doing one-step timestamp correction. 
This field is valid only if the OSTC and 
TCMSSV bits of TDES3 context descriptor 
are set. 
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30 CTXT Context Type  

This bit should be set to 1'b1 for 
Context descriptor. 

29:28 Rsvd Reserved 
27 OSTC One-Step Timestamp Correction Enable  

When this bit is set, the DMA performs a 
one-step timestamp correction with 
reference to the timestamp values 
provided in TDES0 and TDES1. 

26 TCMSSV One-Step Timestamp Correction Input 
or MSS Valid  
When this bit and the OSTC bit are set, 
it indicates that the Timestamp 
Correction input provided in TDES0 and 
TDES1 is valid. When the OSTC bit is 
reset and this bit and the TSE bit of 
TDES3 are set in subsequent normal 
descriptor, it indicates that the MSS 
input in TDES2 is valid. 

25:24 Rsvd Reserved 
23 DE Descriptor Error  

When this bit is set, it indicates that the 
descriptor content is incorrect.The DMA 
sets this bit during write-back while 
closing the context descriptor.  
Descriptor Errors can be:  
� Incorrect sequence from the context 
descriptor. For example, a location 
before the first descriptor for a packet  
� All 1s 
� CD, LD, and FD bits set to 1 
Note 1: When Descriptor Error occurs 
due to All 1s or CTXT, LD, and FD bits 
set to 1, the Transmit DMA closes the 
transmit descriptor with DE and LD bits 
set to 1. When IOC bit in TDES2 of 
corresponding first descriptor is set to 1, 
Transmit DMA will set the TI bit in the 
DMA_CH#_Status  

Register.  
Note 2: Based on CTXT, LD, and FD bits 
of the transmit descriptor, the 
subsequent descriptor might be 
considered as the First Descriptor (even 
if FD bit is not set) and partial packet is 
sent. 

22:20 Rsvd Reserved 
19:18 IVTIR Inner VLAN Tag Insert or Replace  

When this bit is set, these bits request 
the MAC to perform Inner VLAN tagging 
or un-tagging before transmitting the 
packets. If the packet is modified for 
VLAN tags, the MAC automatically 
recalculates and replaces the CRC bytes.  
The following list describes the values of 
these bits:  
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� 2'b00: Do not add the inner VLAN 
tag.  
� 2'b01: Remove the inner VLAN tag 
from the packets before transmission. 
This option should be used only with the 
VLAN frames.  
� 2'b10: Insert an inner VLAN tag with 
the tag value programmed in the 
MAC_Inner_VLAN_Incl register or 
context descriptor.  
� 2'b11: Replace the inner VLAN tag 
in packets with the tag value 
programmed in the 
MAC_Inner_VLAN_Incl register or 
context descriptor. This option should be 
used only with the VLAN frames.  
These bits are valid when the Enable SA 
and VLAN Insertion on Tx and Enable 
Double VLAN Processing options are 
selected. 

17 IVLTV Inner VLAN Tag Valid  
When this bit is set, it indicates that the 
IVT field of TDES2 is valid. 

16 VLTV VLAN Tag Valid  
When this bit is set, it indicates that the 
VT field of TDES3 is valid. 

15:0 VT VLAN Tag  
This field contains the VLAN Tag to be 
inserted or replaced in the packet. This 
field is used as VLAN Tag only when the 
VLTI bit of the MAC_VLAN_Incl register 
is reset. 

20.6.6 5HFHLYH�'HVFULSWRUV 
The DMA in GMAC attempts to read a descriptor only if the Tail Pointer is different from the 
Base Pointer or current pointer. It is recommended to have a descriptor ring with a length 
that can accommodate at least two complete packets received by the MAC. Otherwise, the 
performance of the DMA is impacted greatly because of the unavailability of the descriptors. 
In such situations, the RxFIFO in MTL becomes full and starts dropping packets.  
The following Receive Descriptors are present:  
z Normal descriptors  
z Context descriptors  
$OO�5;�GHVFULSWRUV�DUH�SUHSDUHG�E\�WKH�VRIWZDUH�DQG�JLYHQ�WR�WKH�'0$�DV�³1RUPDO´�
Descriptors with the content as shown in Receive Normal Descriptor (Read Format). The 
DMA reads this descriptor and after transferring a received packet (or part of) to the buffers 
indicated by the descriptor, the Rx DMA will close the descriptor with the corresponding 
SDFNHW�VWDWXV��7KH�IRUPDW�RI�WKLV�VWDWXV�LV�JLYHQ�LQ�WKH�³5HFHLYH�1RUPDO�'HVFULSWRU��:ULWH-
%DFN�)RUPDW�´��)RU�VRPH�SDFNHWV��WKH�QRUPDO�GHVFULSWRU�ELWV�DUH�QRW�HQRXJK�WR�ZULWH�WKH�
complete status. For such packets, the RX DMA writes the extended status to the next 
descriptor (without processing or using the Buffers/ Pointers embedded in that descriptor). 
7KH�IRUPDW�DQG�FRQWHQW�RI�WKH�GHVFULSWRU�ZULWH�EDFN�LV�GHVFULEHG�LQ�³5HFHLYH�&RQWH[W�
'HVFULSWRU´� 
20.6.7 5HFHLYH�1RUPDO�'HVFULSWRUV�5HDG�)RUPDW� 

������ʹͲǦͳͺ�����Ͳ������������������ȋ�����	�����Ȍ 
%LW�  1DPH�  'HVFULSWLRQ 

31:0 BUF1AP Header or Buffer 1 Address Pointer  
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When the SPH bit of Control register of a 
channel is reset, these bits indicate the 
physical address of Buffer 1. When the 
SPH bit is set, these bits indicate the 
physical address of Header Buffer where 
the Rx DMA writes the L2/L3/L4 header 
bytes of the received packet.  
The application can program a byte-
aligned address for this buffer which 
means that the LS bits of this field can be 
non-zero. However, while transferring the 
start of packet, the DMA performs a Write 
operation with RDES0[1:0] (or 
RDES0[2:0]/[3:0] in case of 64-/128-bit 
configuration) as zero. However, the 
packet data is shifted as per actual offset 
as given by buffer address pointer.  
If the address pointer points to a buffer 
where the middle or last part of the 
packet is stored, the DMA ignores the 
offset address and writes to the full 
location as indicated by the data-width. 

 
������ʹͲǦͳͻ�����ͳ������������������ȋ�����	�����Ȍ 

%LW�  1DPH�  'HVFULSWLRQ 

31:0 Reserved 
or 
BUF1AP 

In 64-bit addressing mode, this field 
contains the most-significant 32 bits 
of the Buffer 1 Address Pointer. 
Otherwise, this field is reserved. 

 
������ʹͲǦʹͲ�����ʹ������������������ȋ�����	�����Ȍ 

%LW�  1DPH�  'HVFULSWLRQ 
31:0 Reserved 

or 
BUF1AP 

In 64-bit addressing mode, this field 
contains the most-significant 32 bits 
of the Buffer 1 Address Pointer. 
Otherwise, this field is reserved. 

 
������ʹͲǦʹͳ�����͵������������������ȋ�����	�����Ȍ 

%LW�  1DPH�  'HVFULSWLRQ 
31 OWN Own Bit  

When this bit is set, it indicates that the 
GMAC DMA owns the descriptor. When 
this bit is reset, it indicates that the 
application owns the descriptor. The DMA 
clears this bit when either of the following 
conditions is true:  
� The DMA completes the packet 
reception  
� The buffers associated with the 
descriptor are full 

30 IOC Interrupt Enabled on Completion  
When this bit is set, an interrupt is issued 
to the application when the DMA closes 
this descriptor. 

29:26 Rsvd Reserved 
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25 BUF2V Buffer 2 Address Valid  

When this bit is set, it indicates to the 
DMA that the buffer 2 address specified in 
RDES2 is valid.  
The application must set this bit so that 
the DMA can use the address, to which 
the Buffer 2 address in RDES2 is pointing, 
to write received packet data. 

24 BUF1V Buffer 1 Address Valid  
When set, this indicates to the DMA that 
the buffer 1 address specified in RDES1 is 
valid.  
The application must set this value if the 
address pointed to by Buffer 1 address in 
RDES1 can be used by the DMA to write 
received packet data. 

23:0 Rsvd Reserved 
20.6.8 5HFHLYH�1RUPDO�'HVFULSWRUV�:ULWH�%DFN�)RUPDW� 

������ʹͲǦʹʹ�����Ͳ������������������ȋ�����Ǧ�����	�����Ȍ 
%LW�  1DPH�  'HVFULSWLRQ 

31:16 IVT Inner VLAN Tag  
This field contains the Inner VLAN tag of 
the received packet if the RS0V bit of 
RDES3 is set.  
This is valid only when Double VLAN tag 
processing and VLAN tag stripping are 
enabled. 

15:0 OVT Outer VLAN Tag  
This field contains the Outer VLAN tag of 
the received packet if the RS0V bit of 
RDES3 is set. 

 
������ʹͲǦʹ͵�����ͳ������������������ȋ�����Ǧ�����	�����Ȍ 

%LW�  1DPH�  'HVFULSWLRQ 
31:16 OPC OAM Sub-Type Code, or MAC Control 

Packet opcode OAM Sub-Type Code  
If Bits[18:16] of RDES3 are set to 3'b111, 
this field contains the OAM sub-type and 
code fields.  
MAC Control Packet opcode  
If Bits[18:16] of RDES3 are set to 3'b110, 
this field contains the MAC Control packet 
opcode field. 

15 TD Timestamp Dropped  
This bit indicates that the timestamp was 
captured for this packet but it got dropped 
in the MTL Rx FIFO because of overflow.  
This bit is available only when you select 
the Timestamp feature. Otherwise, this bit 
is reserved. 

14 TSA Timestamp Available  
When Timestamp is present, this bit 
indicates that the timestamp value is 
available in a context descriptor word 2 
(RDES2) and word 1(RDES1). This is valid 
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only when the Last Descriptor bit (RDES3 
[28]) is set.  
The context descriptor is written in the 
next descriptor just after the last normal 
descriptor for a packet. 

13 PV PTP Version  
This bit indicates that the received PTP 
message has the IEEE 1588 version 2 
format. When this bit is reset, it indicates 
the IEEE 1588 version 1 format.  
This bit is available only when you select 
the Timestamp feature. Otherwise, this bit 
is reserved. 

12 PFT PTP Packet Type  
This bit indicates that the PTP message is 
sent directly over Ethernet. This bit is 
available only when you select the 
Timestamp feature. Otherwise, this bit is 
reserved. 

11:8 PMT PTP Message Type  
These bits are encoded to give the type of 
the message received:  
� 0000: No PTP message received  
� 0001: SYNC (all clock types)  
� 0010: Follow_Up (all clock types)  
� 0011: Delay_Req (all clock types)  
� 0100: Delay_Resp (all clock types)  
� 0101: Pdelay_Req (in peer-to-peer 
transparent clock)  
� 0110: Pdelay_Resp (in peer-to-peer 
transparent clock)  
� 0111: Pdelay_Resp_Follow_Up (in 
peer-to-peer transparent clock)  
� 1000: Announce  
� 1001: Management  
� 1010: Signaling  
� 1011±1110: Reserved  
� 1111: PTP packet with Reserved 
message type  
These bits are available only when you 
select the Timestamp feature. 

7 IPCE IP Payload Error  
When this bit is set, it indicates either of 
the following:  
� The 16-bit IP payload checksum (that 
is, the TCP, UDP, or ICMP checksum) 
calculated by the MAC does not match the 
corresponding checksum field in the 
received segment.  
� The TCP, UDP, or ICMP segment 
length does not match the payload length 
value in the IP Header field.  
� The TCP, UDP, or ICMP segment 
length is less than minimum allowed 
segment length for TCP, UDP, or ICMP.  
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Bit 15 (ES) of RDES3 is not set when this 
bit is set. 

6 IPCB IP Checksum Bypassed  
This bit indicates that the checksum 
offload engine is bypassed. This bit is 
available when you select the Enable 
Receive TCP/IP Checksum Check feature. 

5 IPV6 IPv6 header Present  
This bit indicates that an IPV6 header is 
detected. When the Enable Split Header 
Feature option is selected and the SPH bit 
of Control Register of a channel is set, the 
IPV6 header is available in the header 
buffer area to which RDES0 is pointing. 

4 IPV4 IPV4 Header Present  
This bit indicates that an IPV4 header is 
detected. When the SPH bit of RDES3 is 
set, the IPV4 header is available in the 
header buffer area to which RDES0 is 
pointing. 

3 IPHE IP Header Error When this bit is set, it 
indicates either of the following:  
� The 16-bit IPv4 header checksum 
calculated by the MAC does not match the 
received checksum bytes.  
� The IP datagram version is not 
consistent with the Ethernet Type value.  
� Ethernet packet does not have the 
expected number of IP header bytes.  
This bit is valid when either Bit 5 or Bit 4 
is set. This bit is available when you select 
the Enable Receive TCP/IP Checksum 
Check feature. 

2:0 PT Payload Type  
These bits indicate the type of payload 
encapsulated in the IP datagram 
processed by the Receive Checksum 
Offload Engine (COE):  
� 3'b000: Unknown type or IP/AV 
payload not processed  
� 3'b001: UDP  
� 3'b010: TCP  
� 3'b011: ICMP  
� 3'b110: AV Tagged Data Packet  
� 3'b111: AV Tagged Control Packet  
� 3'b101: AV Untagged Control Packet  
� 3'b100: IGMP if IPV4 Header Present 
bit is set else DCB (LLDP) Control Packet  
If the COE does not process the payload 
of an IP datagram because there is an IP 
header error or fragmented IP, it sets 
these bits to 3'b000. 

������ʹͲǦʹͶ�����ʹ������������������ȋ�����Ǧ�����	�����Ȍ 
%LW�  1DPH�  'HVFULSWLRQ 

31:29 L3L4FM Layer 3 and Layer 4 Filter Number 
Matched  
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These bits indicate the number of the 
Layer 3 and Layer 4 Filter that 
matched the received packet:  
� 000: Filter 0  
� 001: Filter 1  
� 010: Filter 2  
� 011: Filter 3  
� 100: Filter 4  
� 101: Filter 5  
� 110: Filter 6  
� 111: Filter 7  
This field is valid only when Bit 28 or 
Bit 27 is set high. When more than 
one filter matches, these bits give the 
number of lowest filter.  
Note: This status is not available when 
Flexible RX Parser is enabled. 

28 L4FM Layer 4 Filter Match  
When this bit is set, it indicates that 
the received packet matches one of 
the enabled Layer 4 Port Number 
fields. This status is given only when 
one of the following conditions is true:  
� Layer 3 fields are not enabled and 
all enabled Layer 4 fields match  
� All enabled Layer 3 and Layer 4 
filter fields match  
When more than one filter matches, 
this bit gives the layer 4 filter status of 
filter indicated by Bits[31:29].  
Note: This status is not available when 
Flexible RX Parser is enabled. 

27 L3FM Layer 3 Filter Match  
When this bit is set, it indicates that 
the received packet matches one of 
the enabled Layer 3 IP Address fields. 
This status is given only when one of 
the following conditions is true:  
� All enabled Layer 3 fields match 
and all enabled Layer 4 fields are 
bypassed  
� All enabled filter fields match  
When more than one filter matches, 
this bit gives the layer 3 filter status of 
filter indicated by Bits[31:29].  
Note: This status is not available when 
Flexible RX Parser is enabled. 

26:19 MADRM MAC Address Match or Hash Value  
When the HF bit is reset, this field 
contains the MAC address register 
number that matched the Destination 
address of the received packet. This 
field is valid only if the DAF bit is 
reset.  
When the HF bit is set, this field 
contains the hash value computed by 
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the MAC. A packet passes the hash 
filter when the bit corresponding to 
the hash value is set in the hash filter 
register.  
Note: This status is not available when 
Flexible RX Parser is enabled. 

18 HF Hash Filter Status  
When this bit is set, it indicates that 
the packet passed the MAC address 
hash filter. Bits[26:19] indicate the 
hash value.  
Note: This status is not available when 
Flexible RX Parser is enabled. 

17 DAF/RXPI Destination Address Filter Fail  
When Flexible RX Parser is disabled, 
and this bit is set, it indicates that the 
packet failed the DA Filter in the MAC.  
When Flexible RX Parser is enabled, 
this bit is set to indicate that the 
packet parsing is incomplete (RXPI) 
due to ECC error.  
Note: When this bit is set, ES bit of 
RDES3 is also set. 

16 SAF/RXPD SA Address Filter Fail  
When Flexible RX Parser is disabled, 
and this bit is set, it indicates that the 
packet failed the SA Filter in the MAC.  
When Flexible RX Parser is enabled, 
this bit is set to indicate that the 
packet is dropped (RXPD) by the 
parser.  
Note: When this bit is set, ES bit of 
RDES3 is also set. 

15 OTS VLAN Filter Status  
When set, this bit indicates that the 
VLAN Tag of the received packed 
passed the VLAN filter.  
This bit is valid only when 
DWC_EQOS_ERVFE is not enabled.  
If DWC_EQOS_ERVFE is enabled, the 
bit is redefined as Outer VLAN Tag 
Filter Status (OTS).  
This bit is valid for both Single and 
Double VLAN Tagged frames. 

14 ITS Inner VLAN Tag Filter Status (ITS)  
This bit is valid only when 
DWC_EQOS_ERVFE is enabled.  
This bit is valid only for Double VLAN 
Tagged frames, when Double VLAN 
Processing is enabled.  
For more information, see the Filter 
Status topic. 

13:11 Rsvd Reserved 
10 ARPNR ARP Reply Not Generated  

When this bit is set, it indicates that 
the MAC did not generate the ARP 
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%LW�  1DPH�  'HVFULSWLRQ 
Reply for received ARP Request 
packet. This bit is set when the MAC is 
busy transmitting ARP reply to earlier 
ARP request (only one ARP request is 
processed at a time).  
This bit is reserved when the Enable 
IPv4 ARP Offload option is not 
selected. 

9:0 HL L3/L4 Header Length  
This field contains the length of the 
header of the packet split by the MAC 
at L3 or L4 header.  
boundary as identified by the MAC 
receiver. This field is valid only when 
the first descriptor bit is set (FD = 1).  
The header data is written to the 
Buffer 1 address of corresponding 
descriptor. If header length is zero, 
this field is not valid. It implies that 
the MAC did not identify and split the 
header.  
This field is valid when the Enable 
Split Header Feature option is 
selected. 

������ʹͲǦʹͷ�����͵������������������ȋ�����Ǧ�����	�����Ȍ 
%LW�  1DPH�  'HVFULSWLRQ 

31 OWN Own Bit  
When this bit is set, it indicates that the 
GMAC DMA owns the descriptor. When 
this bit is reset, it indicates that the 
application owns the descriptor. The DMA 
clears this bit when either of the following 
conditions is true:  
� The DMA completes the packet 
reception  
� The buffers associated with the 
descriptor are full 

30 CTXT Receive Context Descriptor  
When this bit is set, it indicates that the 
current descriptor is a context type 
descriptor. The DMA writes 1'b0 to this bit 
for normal receive descriptor.  
When CTXT and FD bits are used together, 
{CTXT, FD}  
� �¶E����,QWHUPHGLDWH�'HVFULSWRU�  
� �¶E����)LUVW�'HVFULSWRU�  
� �¶E����5HVHUYHG�  
� �¶E����'HVFULSWRU�(UURU��GXH�WR�DOO��V��  
Note: When Descriptor Error occurs, the 
Receive DMA closes the receive descriptor 
indicating Descriptor Error. This receive 
descriptor is skipped and the buffer 
addresses are not used to write the packet 
data Receive DMA will set the CDE bit in 
DMA_CH#_Status register but not the RI 
bit even when IOC is set, as this is not 
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%LW�  1DPH�  'HVFULSWLRQ 
marked as last receive descriptor for the 
packet. The subsequent valid receive 
descriptor is used to write the packet 
data. 

29 FD First Descriptor  
When this bit is set, it indicates that this 
descriptor contains the first buffer of the 
packet. If the size of the first buffer is 0, 
the second buffer contains the beginning 
of the packet. If the size of the second 
buffer is also 0, the next descriptor 
contains the beginning of the packet.  
See the CTXT bit description for details of 
using the CTXT bit and FD bit together. 

28 LD Last Descriptor  
When this bit is set, it indicates that the 
buffers to which this descriptor is pointing 
are the last buffers of the packet. 

27 RS2V Receive Status RDES2 Valid  
When this bit is set, it indicates that the 
status in RDES2 is valid and it is written 
by the DMA. This bit is valid only when the 
LD bit of RDES3 is set. 

26 RS1V Receive Status RDES1 Valid  
When this bit is set, it indicates that the 
status in RDES1 is valid and it is written 
by the DMA. This bit is valid only when the 
LD bit of RDES3 is set. 

25 RS0V Receive Status RDES0 Valid  
When this bit is set, it indicates that the 
status in RDES0 is valid and it is written 
by the DMA. This bit is valid only when the 
LD bit of RDES3 is set. 

24 CE CRC Error  
When this bit is set, it indicates that a 
Cyclic Redundancy Check (CRC) Error 
occurred on the received packet. This field 
is valid only when the LD bit of RDES3 is 
set. 

23 GP Giant Packet  
When this bit is set, it indicates that the 
packet length exceeds the specified 
maximum Ethernet size of 1518, 1522, or 
2000 bytes (9018 or 9022 bytes if jumbo 
packet enable is set).  
Note: Giant packet indicates only the 
packet length. It does not cause any 
packet truncation. 

22 RWT Receive Watchdog Timeout  
When this bit is set, it indicates that the 
Receive Watchdog Timer has expired while 
receiving the current packet. The current 
packet is truncated after watchdog 
timeout. 

21 OE Overflow Error  
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%LW�  1DPH�  'HVFULSWLRQ 
When this bit is set, it indicates that the 
received packet is damaged because of 
buffer overflow in Rx FIFO.  
Note: This bit is set only when the DMA 
transfers a partial packet to the 
application. This happens only when the 
Rx FIFO is operating in the threshold 
mode. In the store-and-forward mode, all 
partial packets are dropped completely in 
Rx FIFO. 

20 RE Receive Error  
When this bit is set, it indicates that the 
gmii_rxer_i signal is asserted while the 
gmii_rxdv_i signal is asserted during 
packet reception. This error also includes 
carrier extension error in the GMII and 
half-duplex mode. Error can be of less or 
no extension, or error (rxd!= 0f) during 
extension. 

19 DE Dribble Bit Error when this bit is set, it 
indicates that the received packet has a 
non-integer multiple of bytes (odd 
nibbles). This bit is valid only in the MII 
Mode. 

18:16 LT Length/Type Field This field indicates if 
the packet received is a length packet or a 
type packet. The encoding of the 3 bits is 
as follows:  
� 3'b000: The packet is a length packet  
� 3'b001: The packet is a type packet.  
� 3'b011: The packet is a ARP Request 
packet type  
� 3'b100: The packet is a type packet 
with VLAN Tag  
� 3'b101: The packet is a type packet 
with Double VLAN Tag  
� 3'b110: The packet is a MAC Control 
packet type  
� 3'b111: The packet is a OAM packet 
type  
� 3'b010: Reserved 

15 ES Error Summary When this bit is set, it 
indicates the logical OR of the following 
bits:  
� RDES3[24]: CRC Error  
� RDES3[19]: Dribble Error  
� RDES3[20]: Receive Error  
� RDES3[22]: Watchdog Timeout  
� RDES3[21]: Overflow Error  
� RDES3[23]: Giant Packet  
� RDES2[17]: Destination Address Filter 
Fail, when Flexible RX Parser is enabled  
� RDES2[16]: SA Address Filter Fail, 
when Flexible RX Parser is enabled  
This field is valid only when the LD bit of 
RDES3 is set. 
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%LW�  1DPH�  'HVFULSWLRQ 
14 PL Packet Length These bits indicate the byte 

length of the received packet that was 
transferred to system memory (including 
CRC).  
This field is valid when the LD bit of 
RDES3 is set and Overflow Error bits are 
reset. The packet length also includes the 
two bytes appended to the Ethernet 
packet when IP checksum calculation is 
enabled and the received packet is not a 
MAC control packet.  
This field is valid when the LD bit of 
RDES3 is set. When the Last Descriptor 
and Error Summary bits are not set, this 
field indicates the accumulated number of 
bytes that have been transferred for the 
current packet. 

20.6.9 5HFHLYH�&RQWH[W�'HVFULSWRU�  
This descriptor is read-only for the application. Only the DMA can write to this descriptor. 
The context descriptor provides information about the extended status related to the last 
received packet. The Bit 30 of RDES3 indicates the context type descriptor. 
 

������ʹͲǦʹ�����Ͳ������������������� 
%LW�  1DPH�  'HVFULSWLRQ 

31:0 RSTL Receive Packet Timestamp Low  
The DMA updates this field with least 
significant 32 bits of the timestamp 
captured for corresponding Receive packet. 
When this field and the RTSH field of 
RDES1 show all-ones value, the timestamp 
must be considered as corrupt. 

 
������ʹͲǦʹ�����ͳ������������������� 

%LW�  1DPH�  'HVFULSWLRQ 
31:0 RSTH Receive Packet Timestamp High  

The DMA updates this field with most 
significant 32 bits of the timestamp 
captured for corresponding receive packet. 
When this field and the RTSL field of RDES0 
show all-ones value, the timestamp must 
be considered as corrupt. 

 
������ʹͲǦʹͺ�����ʹ������������������� 

%LW�  1DPH�  'HVFULSWLRQ 
31:0 Rsvd Reserved 

 
������ʹͲǦʹͻ�����͵������������������� 

%LW�  1DPH�  'HVFULSWLRQ 
31 OWN Own Bit When this bit is set, it indicates 

that the DMA owns the descriptor. When 
this bit is reset, it indicates that the 
application owns the descriptor. The DMA 
clears this bit when either of the following 
conditions is true:  
� The DMA completes the packet 
reception  
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%LW�  1DPH�  'HVFULSWLRQ 
� The buffers associated with the 
descriptor are full 

30 CTXT Receive Context Descriptor When this bit is 
set, it indicates that the current descriptor 
is a context descriptor. The DMA writes 
1'b1 to this bit for context descriptor. DMA 
ZULWHV��¶E���WR�LQGLFDWH�D descriptor error 
due to all 1s.  
When CTXT and DE bits are used together, 
{CTXT, DE}  
� �¶E����5HVHUYHG�  
� �¶E����5HVHUYHG�  
� �¶E����&RQWH[W�'HVFULSWRU�  
� �¶E����'HVFULSWRU�(UURU�  
Note: When Descriptor Error occurs, the 
Receive DMA closes the receive descriptor 
indicating Descriptor Error. This receive 
descriptor is skipped and the buffer 
addresses are not used to write the packet 
data Receive DMA will set the CDE bit in 
DMA_CH#_Status register but not the RI 
bit even when IOC is set, as this is not 
marked as last receive descriptor for the 
packet. The subsequent valid receive 
descriptor is used to write the packet data. 

29 DE Descriptor Error  
See the CTXT bit description for details of 
using theDE bit along with CTXT bit. 

28:0 Rsvd Reserved 
 
20.6.10 3URJUDPPLQJ�*XLGH 
20.6.10.1 Initializing DMA 
Complete the following steps to initialize the DMA:  
1. Provide a software reset. This resets all of the MAC internal registers and logic (bit-0 of 
DMA_Mode).  
2. Wait for the completion of the reset process (poll bit 0 of the DMA_Mode, which is only 
cleared after the reset operation is completed).  
3. Program the following fields to initialize the DMA_SysBus_Mode register:  
a. AAL  
b. Fixed burst or undefined burst  
c. Burst mode values in case of AHB bus interface, OSR_LMT in case of AXI bus interface.  
d. If fixed length value is enabled, select the maximum burst length possible on the AXI Bus 
(bits [7:1])  
4. Create a descriptor list for transmit and receive. In addition, ensure that the descriptors 
are owned by DMA (set bit 31 of descriptor TDES3/RDES3). For more information about 
descriptors, see section ³'HVFULSWRUV´. 
5. Program the Transmit and Receive Ring length registers 
(DMA_CH(#i)_TxDesc_Ring_Length (for i = 0; i <= DWC_EQOS_NUM_DMA_TX_CH-1) and 
DMA_CH(#i)_RxDesc_Ring_Length (for i = 0; i <= DWC_EQOS_NUM_DMA_RX_CH-1)). The 
ring length programmed must be at least 4. 
6. Initialize receive and transmit descriptor list address with the base address of the 
transmit and receive descriptor (DMA_CH(#i)_TxDesc_List_Address (for i = 0; i <= 
DWC_EQOS_NUM_DMA_TX_CH-1), DMA_CH(#i)_RxDesc_List_Address (for i = 0; i <= 
DWC_EQOS_NUM_DMA_RX_CH-1)). Also, program transmit and receive tail pointer 
registers indicating to the DMA about the available descriptors 
(DMA_CH(#i)_TxDesc_Tail_Pointer (for i = 0; i <= DWC_EQOS_NUM_DMA_TX_CH-1) and  
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DMA_CH(#i)_RxDesc_Tail_Pointer (for i = 0; i <= DWC_EQOS_NUM_DMA_RX_CH-1)). 
7. Program the settings of the following registers for the parameters like maximum burst-
length (PBL) initiated by DMA, descriptor skip lengths, OSP in case of TxDMA, RBSZ in case 
of RxDMA, and so on:  
z DMA_CH(#i)_Control (for i = 0; i <= DWC_EQOS_NUM_DMA_TX_CH-1)  
z DMA_CH(#i)_TX_Control (for i = 0; i <= DWC_EQOS_NUM_DMA_TX_CH-1)  
z DMA_CH(#i)_RX_Control (for i = 0; i <= DWC_EQOS_NUM_DMA_RX_CH-1)  
8. Enable the interrupts by programming the DMA_CH(#i)_Interrupt_Enable (for i = 0; i <=  
DWC_EQOS_NUM_DMA_TX_CH-1) register. 
9. Start the Receive and Transmit DMAs by setting SR (bit 0) of the 
DMA_CH(#i)_RX_Control (for i = 0; i <= DWC_EQOS_NUM_DMA_RX_CH-1) and ST (bit 0) 
of the DMA_CH(#i)_TX_Control (for i = 0; i <= DWC_EQOS_NUM_DMA_TX_CH-1) register.  
10. Repeat steps 4 to 9 for all the Tx DMA and Rx DMA channels selected in the hardware. 
20.6.10.2 Initializing MTL Registers 
The Transaction Layer (MTL) registers must be initialized to establish the transmit and 
receive operating modes and commands.  
Complete the following steps to initialize the MTL registers:  
1. Program the Tx Scheduling (SCHALG) and Receive Arbitration Algorithm (RAA) fields in 
MTL_Operation_Mode to initialize the MTL operation in case of multiple Tx and Rx queues.  
2. Program the Receive Queue to DMA mapping in MTL_RxQ_DMA_Map0 and 
MTL_RxQ_DMA_Map1 registers.  
3. Program the following fields to initialize the mode of operation in the 
MTL_TxQ0_Operation_Mode register.  
a. Transmit Store And Forward (TSF) or Transmit Threshold Control (TTC) in case of 
threshold mode  
E��7UDQVPLW�4XHXH�(QDEOH��7;4(1��WR�YDOXH��µE���WR�HQDEOH�7Uansmit Queue0  
c. Transmit Queue Size (TQS)  
4. Program the following fields to initialize the mode of operation in the 
MTL_RxQ0_Operation_Mode register:  
a. Receive Store and Forward (RSF) or RTC in case of Threshold mode  
b. Flow Control Activation and De-activation thresholds for MTL Receive FIFO (RFA and RFD)  
c. Error Packet and undersized good Packet forwarding enable (FEP and FUP)  
d. Receive Queue Size (RQS)  
5. Repeat previous two steps for all MTL Tx and Rx queues selected in the configuration. 
20.6.10.3 Initializing MAC  
The MAC configuration registers establish the operating mode of the MAC. These registers 
must be initialized before initializing the DMA.  
The following MAC Initialization operations can be performed after DMA initialization. If the 
MAC initialization is completed before the DMA is configured, enable the MAC receiver (last 
step in the following sequence) only after the DMA is active. Otherwise, received frames fill 
the Rx FIFO and overflow.  
1. Provide the MAC address registers: MAC_Address0_High and MAC_Address0_Low. If more 
than one MAC address is enabled in your configuration, program the MAC addresses 
appropriately.  
2. Program the following fields to set the appropriate filters for the incoming frames in the 
MAC_Packet_Filter register:  
a. Receive All  
b. Promiscuous mode  
c. Hash or Perfect Filter  
d. Unicast, multicast, broadcast, and control frames filter settings  
3. Program the following fields for proper flow control in the MAC_Q0_Tx_Flow_Ctrl register:  
a. Pause time and other Pause frame control bits  
b. Transmit Flow control bits  
c. Flow Control Busy  
4. Program the MAC_Interrupt_Enable register, as required, and if applicable, for your 
configuration.  
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5. Program the appropriate fields in the MAC_Configuration register. For ex: Inter-packet 
gap while transmission and jabber disable.  
6. Set bit 0 and 1 in MAC_Configuration registers to start the MAC transmitter and receiver. 
20.6.10.4 Performing Normal Receive and Transmit Operation  
During normal operation of the GMAC, normal and transmit interrupts are read, descriptors 
polled, the DMA is suspended (if it does not own descriptors), and values of current host 
transmitter or receiver descriptor pointers are read for debugging.  
For normal operation, complete the following steps:  
1. For normal transmit and receive interrupts, read the interrupt status. Then, poll the 
descriptors, reading the status of the descriptor owned by the Host (either transmit or 
receive).  
2. Set appropriate values for the descriptors, ensuring that transmit and receive descriptors 
are owned by the DMA to resume the transmission and reception of data.  
3. If the descriptors are not owned by the DMA (or no descriptor is available), the DMA goes 
into SUSPEND state. The transmission or reception can be resumed by freeing the 
descriptors and writing the descriptor tail pointer to Tx/Rx tail pointer register 
(DMA_CH[n]_TxDesc_Tail_Pointer and DMA_CH[n]_RxDesc_Tail_Pointer).  
4. The values of the current host transmitter or receiver descriptor address pointer can be 
read for the debug process (DMA_CH[n]_Current_App_TxDesc and 
DMA_CH[n]_Current_App_RxDesc).  
5. The values of the current host transmit buffer address pointer and receive buffer address 
pointer can be read for the debug process (Register DMA_CH[n]_Current_App_TxBuffer and 
DMA_CH[n]_Current_App_RxBuffer) 
20.6.10.5 Stopping and Starting Transmission  
Complete the following steps to pause the transmission for some time. 
1. Disable the Transmit DMA (if applicable) by clearing Bit 0 (ST) of 
DMA_CH(#i)_TX_Control (for i = 0; i <= DWC_EQOS_NUM_DMA_TX_CH-1) Register.  
2. Wait for any previous frame transmissions to complete. You can check this by reading the 
appropriate bits of MTL_TxQ0_Debug Register (TRCSTS is not 01 and TXQSTS=0).  
3. Disable the MAC transmitter and MAC receiver by clearing Bit (RE) and Bit 1(TE) of the 
MAC_Configuration Register.  
4. Disable the Receive DMA (if applicable), after making sure that the data in the Rx FIFO is 
transferred to the system memory (by reading the appropriate bits of MTL_TxQ0_Debug 
Register, PRXQ=0 and RXQSTS=00).  
5. Make sure that both Tx Queue and Rx Queue are empty (TXQSTS is 0 in 
MTL_TxQ0_Debug Register and RXQSTS is 0 in MTL_RxQ0_Debug Register).  
6. To restart the operation, first start the DMAs, and then enable the MAC Transmitter and 
Receiver. 
20.6.10.6 Initialization Guidelines for System Time Generation  
You can enable the timestamp feature by setting Bit 0 of the MAC_Timestamp_Control 
Register. However, it is essential that the timestamp counter be initialized after this bit is 
set. Complete the following steps during GMAC initialization:  
1. Mask the Timestamp Trigger interrupt by clearing the bit 16 of MAC_Interrupt_Enable 
Register.  
2. Set Bit 0 of MAC_Timestamp_Control Register to enable timestamping.  
3. Program MAC_Sub_Second_Increment Register based on the PTP clock frequency.  
4. If you are using the Fine Correction approach, program MAC_Timestamp_Addend and set 
Bit 5 of MAC_Timestamp_Control Register.  
5. Poll the MAC_Timestamp_Control Register until Bit 5 is cleared.  
6. Program Bit 1 of MAC_Timestamp_Control Register to select the Fine Update method (if 
required).  
7. Program MAC_System_Time_Seconds_Update Register and 
MAC_System_Time_Nanoseconds_Update Register with the appropriate time value.  
8. Set Bit 2 in MAC_Timestamp_Control Register.  
The timestamp counter starts operation as soon as it is initialized with the value written in 
the Timestamp Update registers. If one-step timestamping is enabled  
a. To enable one-step timestamping, program Bit 27 of the TDES3 Context Descriptor.  
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b. Program registers MAC_Timestamp_Ingress_Asym_Corr and 
MAC_Timestamp_Egress_Asym_Corr to update the correction field in PDelay_Req PTP 
messages.  
9. Enable the MAC receiver and transmitter for proper timestamping. 
20.6.10.7 Coarse Correction Method  
To synchronize or update the system time in one process (coarse correction method), 
complete the following steps:  
1. Set the offset (positive or negative) in the Timestamp Update registers 
(MAC_System_Time_Seconds_Update and MAC_System_Time_Nanoseconds_Update).  
2. Set Bit 3 (TSUPDT) of MAC_Timestamp_Control Register. The value in the Timestamp 
Update registers is added to or subtracted from the system time when the TSUPDT bit is 
cleared. 
20.6.10.8 Programming Guidelines for TSO  
The TCP Segmentation Offload (TSO) engine is used to offload the TCP segmentation 
functions to the hardware. To program the TSO, set the TSE bit to enable TCP packet 
segmentation, and program descriptor fields to enable TSO for the current packet.  
Complete the following steps to program TSO:  
1. Program the TSE bit of corresponding DMA_CH[n]_Tx_Control register to enable TCP 
packet segmentation in that DMA.  
2. In addition to the normal transfer descriptor setting, the following descriptor fields must 
be programmed to enable TSO for the current packet:  
a. Enable TSE in Bit 18 of TDES3  
b. Program the length of the un-segmented TCP/IP packet payload in bits [17:0] of TDES3 
and the TCP header in bits [22:19] of TDES3.  
c. Program the maximum size of the segment in MSS of DMA_CH[n]_Control register or MSS 
in the context descriptor. If MSS field is programmed in both DMA_CH[n]_Control register 
and in the context descriptor, the latest software programmed sequence is considered.  
3. The header of the unsegmented TCP/IP packet should be in Buffer 1 of the first descriptor 
and this buffer must not hold any payload bytes. The payload is allocated to Buffer 2 and 
the buffers of the subsequent descriptors. 
20.6.11 &ORFN�$UFKLWHFWXUH 
In RMII mode, reference clock and TX/RX clock can be from CRU or external OSC as 
following figure. The mux selecting rmii_speed is CRU_CLKSEL_CON31[2]/ 
CRU_CLKSEL_CON31[2]. 
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In RGMII mode, clock architecture only supports that TX clock source is from CRU as 
following figure.In order to dynamically adjust the timing between TX/RX clocks with data, 
delayline is integrated in TX and RX clock path. Register 
GRF_MAC0_CON1[1:0]/GRF_MAC1_CON1[1:0] can enable the delayline and 
GRF_MAC0_CON0[15:0]/GRF_MAC1_CON0[15:0] is used to determine the delay length. 
There are 200 delay elements in each delayline. 
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Chapter 21 QSGMII/SGMII_PCS  
21.1 Overview  
7KH�3K\VLFDO�&RGLQJ�6XEOD\HU��3&6�� OD\HU�SURYLGHV�DQ� LQWHUIDFH�EHWZHHQ� WKH�0HGLD�$FFHVV�
&RQWURO��0$&��DQG�3K\VLFDO�0HGLXP�$WWDFKPHQW�6XEOD\HU��30$��WKURXJK�D�0HGLD�LQGHSHQGHQW�
LQWHUIDFH� 
7KH�IROORZLQJ�IHDWXUHV�DUH�LPSOHPHQWHG�LQ�WKH�46*0,,�6*0,,B3&6� 
z ����%$6(�;�VXSSRUW 
z &ODXVH����DXWR�QHJRWLDWLRQ�VXSSRUW�LQ��*�PRGH 
z 6*0,,�46*0,,�LQWHUIDFH�VXSSRUW 
z $0%$�$3%�������ELW�UHJLVWHU��FRQILJXUDWLRQ�PDQDJHPHQW�LQWHUIDFH 
z *0,,�LQWHUIDFH�0DF�LQWHUIDFH 
z &RQILJXUDEOH�'HYLFH�DQG�3DFNDJH�,GHQWLILHU��28,�QXPEHUV� 
z 9HQGRU�VSHFLILF�5HJLVWHU�VHWV��95��WR�FRQWURO�WKH�3&6�IXQFWLRQV 
z +)73��/)73�DQG�0)73�WHVW�SDWWHUQ�JHQHUDWLRQ�LQ�����%$6(;B2QO\�3&6�PRGH 
z &ORFN�5DWH�FRPSHQVDWLRQ�RI����SSP����������SSP��RQ�WKH�5HFHLYH�0$&�LQWHUIDFH 
z (QHUJ\�(IILFLHQW�(WKHUQHW�6XSSRUW 
z 6XSSRUWV�ORRSEDFN�FRQWURO�IURP�WKH�3+<�7UDQVPLW�WR�WKH�3+<�5HFHLYH�ODQH 
z 6XSSRUWV�YDULRXV�HUURU�VWDWXV�VLJQDOV�DQG�VWDWLVWLFV�IRU�PRQLWRULQJ�DQG�GHEXJJLQJ� 
z 3URYLGHV�SURJUDPPDEOH�FRQWURO�WR�UHGXFH�WKH�VLPXODWLRQ�WLPH�E\�UHGXFLQJ�WKH�WLPHU�YDOXHV�

GHILQHG�LQ�WKH�,(((�VWDQGDUG� 
z 3URYLGHV�SURJUDPPDEOH�'HYLFH�RU�3DFNDJH� LGHQWLILHUV��28,�QXPEHUV�DV�GHILQHG� LQ�,(((�

6WG�������� 
z 3URYLGHV�SURJUDPPDEOH�IHDWXUHV�WR�G\QDPLFDOO\�HQDEOH�RU�GLVDEOH�00'�GHYLFHV�SUHVHQW�LQ�

VRPH�FRQILJXUDWLRQV� 
z 6XSSRUWV�YDULRXV�HUURU�VWDWXV�VLJQDOV�DQG�VWDWLVWLFV�IRU�PRQLWRULQJ�DQG�GHEXJJLQJ� 
21.2 Function Description  
21.2.1 46*0,,�6*0,,B3&6�%ORFN�'LDJUDP�  

	��Ǥ�ʹͳǦͳ����������������������������������������
���Ȁ�
���̴���Ǥ 

 
21.2.2 3&6�7UDQVPLW�%ORFN 
7KH�3&6�7UDQVPLW�EORFN�LPSOHPHQWV�WKH�IROORZLQJ�IXQFWLRQV� 
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z 6XSSRUW�*0,,�LQWHUIDFH�LQ�����%$6(�; 
z 3HUIRUPV��%���%�GDWD�HQFRGLQJ 
z *HQHUDWHV�,GOH�SDWWHUQ��DV�GHILQHG�LQ�&ODXVH����IRU�����%$6(�;� 
z *HQHUDWHV�WKH�IROORZLQJ�WHVW�SDWWHUQV�GHILQHG�LQ�,(((�6WG������ 
z 3URYLGHV�ODQH�GLVDEOH�FRQWURO�IRU�/DQH����/DQH����DQG�/DQH�� 

21.2.3 3&6�5HFHLYH�%ORFN 
7KH�3&6�7UDQVPLW�EORFN�LPSOHPHQWV�WKH�IROORZLQJ�IXQFWLRQV� 
z 6XSSRUW�*0,,�LQWHUIDFH�LQ�����%$6(�; 
z 3HUIRUPV�FRGH�JURXS�DOLJQPHQW�RQ�HDFK�ODQH 
z 3HUIRUPV��%���%�GDWD�GHFRGLQJ�RQ�HDFK�ODQH 
z *HQHUDWHV�,GOH�SDWWHUQ��DV�GHILQHG�LQ�&ODXVH����IRU�����%$6(�;� 
z *HQHUDWHV�WKH�IROORZLQJ�WHVW�SDWWHUQV�GHILQHG�LQ�,(((�6WG������ 
z 3URYLGHV�ODQH�GLVDEOH�FRQWURO�IRU�/DQH����/DQH����DQG�/DQH�� 

21.2.4 &ODXVH����$XWR�1HJRWLDWLRQ 
7KH�46*0,,�6*0,,B3&6� VXSSRUWV� DXWR�QHJRWLDWLRQ� LQ� WKH�����%$6(�;�DQG�6*0,,�46*0,,�
PRGHV��$XWR�QHJRWLDWLRQ�HQDEOHV�WKH�46*0,,�6*0,,B3&6�WR�GR�WKH�IROORZLQJ� 
z $GYHUWLVH�LWV�VSHHG��GXSOH[�PRGH��IXOO�GXSOH[�RU�KDOI�GXSOH[���DQG�IORZ�FRQWURO�FDSDELOLWLHV� 
z $FTXLUH� FDSDELOLWLHV� RI� LWV� UHPRWH� SDUWQHU� DQG� OLQN� VWDWXV� WR� FRQYHUJH� RQ� D� FRPPRQ�

RSHUDWLQJ�PRGH�DQG�IORZ�FRQWURO�PHFKDQLVP� 
7KLV�EORFN�SHUIRUPV�WKH�IROORZLQJ�IXQFWLRQV� 
z 5HFRJQL]HV�RU�JHQHUDWHV�WKH�_&_�RUGHU�VHW 

z 6XSSRUWV�WKH�6*0,,�DQG�����%$6(�;�&ODXVH����DXWR�QHJRWLDWLRQ�SURWRFRO 

��������'HVFULSWLRQ�RI�&ODXVH����$XWR�1HJRWLDWLRQ 

7KH�&ODXVH����DXWR�QHJRWLDWLRQ�LV�HQDEOHG�E\�GHIDXOW�ZKHQ�0RGH�RI�2SHUDWLRQ��0$,1B02'(��
LV�����%$6(;�2QO\�3&6��7KH�46*0,,�6*0,,B3&6�VXSSRUWV�WKH�,(((�GHILQHG�0,,�DQG�DXWR�
QHJRWLDWLRQ�UHJLVWHUV�DV�GHILQHG�LQ�&ODXVH����DQG�&ODXVH�����7KH�&ODXVH����DXWR�QHJRWLDWLRQ�
LV�EDVHG�RQ�WKH�3&6��&��RUGHU�VHW�VKRZQ�LQ�7DEOH���� 
�&� &RQILJXUWDWLRQ 1XPEHU�RI�&RGH�*URXSV $OWHUQDWLQJ��&���DQG��&�� 
�&���  &RQILJXUDWLRQ���  ��  �.�����'�����&RQILJB5HJ 
�&���  &RQILJXUDWLRQ���  ��  �.�����'����&RQILJB5HJ 

������ʹͳǦͳ������������������������� 
7KH��&��RUGHU�VHW�LV�VHQW�RU�UHFHLYHG�GXULQJ�DXWR�QHJRWLDWLRQ��7KH�OLQN�SDUWQHUV�H[FKDQJH�
LQIRUPDWLRQ�LQ�D����ELW�ZRUG�NQRZQ�DV�FRQILJXUDWLRQ�UHJLVWHU��&RQILJB5HJ��ZKLFK�LV�D�SDUW�RI�
WKH��&��RUGHU�VHW��7KH�OLQN�SDUWQHUV�ILUVW�H[FKDQJH�WKH�&RQILJB5HJ�%DVH�3DJH��DQG�WKHQ�PD\�
H[FKDQJH�WKH�&RQILJB5HJ�1H[W�3DJH� 
 

21.2.5 6HULDO�*LJDELW�0HGLD�,QGHSHQGHQW�,QWHUIDFH��6*0,,� 
7KH�6HULDO�*LJDELW�0HGLD�,QGHSHQGHQW�,QWHUIDFH��6*0,,��FRQYHUWV�WKH�*0,,�RU�0,,�LQWHUIDFH��
EHWZHHQ�WKH�*LJDELW�0$&�DQG�WKH�*LJDELW�3+<��WR�D�VHULDO�LQWHUIDFH��8VLQJ�WKH�6*0,,�LQWHUIDFH�
ORZHUV�WKH�SLQ�FRXQW�UHTXLUHG�IRU� WKH�*0,,� LQWHUIDFH��+RZHYHU��WKH�UHGXFHG�SLQ�FRXQW�PD\�
LQFUHDVH�WKH�SRZHU�FRQVXPSWLRQ�EHFDXVH�WKH�6*0,,�LQWHUIDFH�PDLQWDLQV�D�FRQVWDQW������0ESV�
GDWD�UDWH��LUUHVSHFWLYH�RI�WKH�RSHUDWLQJ�VSHHG�RI�WKH�0$&��  
7KH�6*0,,�EORFN�KDV�WKH�IROORZLQJ�IHDWXUHV� 
z 6XSSRUWV����0ESV������0ESV��DQG������0ESV�VSHHG�PRGHV� 

7KH�46*0,,�6*0,,B3&6�XVHV�WKH�5$/�EORFNV�WR�FRQYHUW�WKH�GDWD��ZLWK�GLIIHUHQW�VSHHG�
DQG�GDWD�ZLGWK��IURP�WKH�0$&�WR�WKH�LQWHUQDO�VSHHG�RI�����0+]����ELW�UHTXLUHG�IRU�WKH�
6*0,,�OLQN�VSHHG�������*ESV�� 

z 3URYLGHV�VWDWXV�VLJQDOV��OLQN�VSHHG��GXSOH[�PRGH��DQG� OLQN�VWDWXV��IURP�WKH�3+<�WR�WKH�
0$&� 
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7KH�6*0,,�LQWHUIDFH�XVHV�WKH�&ODXVH����DXWR�QHJRWLDWLRQ�WR�NQRZ�WKH�VSHHG��GXSOH[�PRGH��
DQG�OLQN�VWDWXV�QHJRWLDWHG�E\�WKH�3+<��7R�HQDEOH�WKH�&ODXVH����DXWR�QHJRWLDWLRQ�LQ�WKH�
6*0,,�PRGH��\RX�QHHG�WR�SURJUDP�%LWV>���@�RI�WKH�95B0,,B$1B&75/�WR��
E��� 
 

��������6*0,,�$XWR�5HFRQILJXUDWLRQ 

46*0,,�6*0,,B3&6�VXSSRUWV�DXWRPDWLF�UHFRQILJXUDWLRQ�RI�6*0,,�VSHHG�GXSOH[�PRGH�EDVHG�
RQ� WKH� RXWFRPH� RI� DXWR�QHJRWLDWLRQ�� 7KLV� IHDWXUH� FDQ� EH� HQDEOHG� E\� SURJUDPPLQJ� ELW>�@�
�0$&B$872B6:�� RI� 95B0,,B',*B&75/�� ZKHQ� RSHUDWLQJ� LQ� 6*0,,� 0$&� PRGH��
46*0,,�6*0,,B3&6�LV� LQLWLDOO\�FRQILJXUHG�LQ�WKH�VSHHG�GXSOH[�PRGH�DV�SURJUDPPHG�LQ�WKH�
65B0,,B&75/��,I�0$&B$872B6:�ELW�LV�HQDEOHG��46*0,,�6*0,,B3&6�DXWRPDWLFDOO\�VZLWFKHV�
WR�WKH�QHJRWLDWHG�VSHHG�PRGH�DIWHU�WKH�FRPSOHWLRQ�RI�&/���$XWR�QHJRWLDWLRQ��7KLV�HOLPLQDWHV�
WKH�VRIWZDUH�RYHU�KHDG�RI�UHDGLQJ�&/���$1�6*0,,�6WDWXV�IURP�95B0,,B$1B,175B676�DQG�
WKHQ�SURJUDPPLQJ�66���DQG�66��VSHHG�VHOHFWLRQ�ELWV�RI�65B0,,B&75/�DSSURSULDWHO\� 
:KHQ� 46*0,,�6*0,,B3&6� LV� FRQILJXUHG� LQ� 3+<� 0RGH� DQG� LI� ELW>�@� �3+<B02'(B&75/�� RI�
95B0,,B',*B&75/�� LV� VHW� WR� ��� 46*0,,�6*0,,B3&6� FRQILJXUHV� LWVHOI� WR� WKH� VSHHG�GXSOH[�
PRGH� DV� LQGLFDWHG� E\� 3&6BVJPLLBOLQNBVSHHGBL>���@� DQG� 3&6BVJPLLBIXOOBGXSOH[BL� LQSXWV�
�ZKLFK�DUH�SURYLGHG�E\�WKH�XQGHUO\LQJ�FRSSHU�3+<���,Q�DGGLWLRQ��ZKHQ�WKHUH�LV�D�FKDQJH�LQ�
DQ\�RI�WKHVH�LQSXWV�46*0,,�6*0,,B3&6�LQWLDWHV�UHVWDUWV�6*0,,�DXWR�QHJRWLDWLRQ� 
7KH�6*0,,�/LQN�VSHHG��GXSOH[�PRGH��DQG�OLQN�VWDWXV�DUH�LQGLFDWHG�RQ�WKH�3&6BOLQNBVSHHGBR��
3&6BVJPLLBIXOOBGXSOH[BR��DQG�3&6BVJPLLBOLQNBVWVBR�RXWSXW�SRUWV�UHVSHFWLYHO\��7KHVH�SRUWV�
UHIOHFW�WKH�YDOXHV�DV�VKRZQ�LQ�7DEOH�����EDVHG�RQ�WKH�VHOHFWHG�FRQILJXUDWLRQ�UHJLVWHU�VHWWLQJV� 
 

21.2.6 4XDG�6*0,,��46*0,,� 
4XDG�6HULDO�*LJDELW�0HGLD�,QGHSHQGHQW�,QWHUIDFH�LV�DQ�H[WHQVLRQ�RI�6*0,,��46*0,,�LQWHUIDFH�
WUDQVIHUV�GDWD�EHWZHHQ�D���SRUW�*LJDELW�0$&��RU���VHSDUDWH�0$&V���DQG�D���SRUW�*LJDELW�3+<�
�RU���VHSDUDWH�3+<V��RYHU�D�VHULDO� OLQH�RSHUDWLQJ�DW��*ESV��46*0,,�HOLPLQDWHV�WKH�QHHG�WR�
KDYH���VHSDUDWH�*0,,�RU�0,,�LQWHUIDFHV�EHWZHHQ�WKH�0$&�DQG�3+<�DQG�UHGXFHV�WKH�SLQ�FRXQW�
FRQVLGHUDEO\��(DFK�SRUW�FDQ�RSHUDWH�DW�D�GDWD�UDWH�RI�����������0ESV��46*0,,�0RGH�FDQ�EH�
HQDEOHG�LQ�46*0,,�6*0,,B3&6�E\�SURJUDPPLQJ�ELWV>���@�RI�95�0,,�00'�$1�&RQWURO�5HJLVWHU�
WR��
E��� 
)LJXUH������WKH�FRPSRQHQWV�RI�46*0,,�7UDQVPLWWHU� 

 
Fig. 21-2 QSGMII Transmitter Architecture 

)LJ�������WKH�FRPSRQHQWV�RI�46*0,,�5HFHLYHU� 
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Fig. 21-3 QSGMII Receiver Architecture 

46*0,,�6*0,,B3&6�VXSSRUWV�WKH�IROORZLQJ�IHDWXUHV�LQ�46*0,,�PRGH� 
z 6XSSRUWV����0ESV������0ESV�DQG������0ESV�DORQJ�HDFK�SRUW�  

46*0,,�6*0,,B3&6�XVHV�WKH�5$/�EORFNV�DW�HDFK�RI�WKH���*0,,�0,,�LQWHUIDFH�WR�FRQYHUW�
WKH�GDWD��ZLWK�GLIIHUHQW�VSHHG�DQG�GDWD�ZLGWK��IURP�WKH�0$&V�WR���ELW�GDWD�RSHUDWLQJ�DW�
���0+]��,Q�WKH�WUDQVPLW�SDWK��WKH�GDWD�IURP�WKH�IRXU�0$&�SRUWV�DUH�WLPH�GLYLVLRQ�
PXOWLSOH[HG��SURFHVVHG�VXLWDEO\��DV�GHILQHG�E\�WKH�VSHFLILFDWLRQ��DQG�ILQDOO\�FRQYHUWHG�WR�
���ELW�GDWD�DW����0+]�WR�LQWHUIDFH�ZLWK�WKH�6(5'(6��$V�SHU�46*0,,�VSHFLILFDWLRQ��.�����
SDWWHUQ�LV�UHSODFHG�ZLWK�.�����SDWWHUQ�LQ�WKH�GDWD�VHQW�IURP�SRUW���0$&��,Q�WKH�UHFHLYH�
SDWK��46*0,,�6*0,,B3&6�UHFHLYHV����ELW�GDWD�DW����0+]�IURP�WKH�6(5'(6��7KH�
UHFHLYHG�GDWD�LV�SURFHVVHG�VXLWDEO\��GH�PXOWLSOH[HG�DQG�VHSDUDWHG�RXW�LQWR���VHSDUDWH�
GDWD�WUDIILFV��7KH�.�����FKDUDFWHU�SOD\V�D�NH\�UROH�LQ�HQVXULQJ�WKDW�WKH�UHFHLYHG�GDWD�
WUDIILF�LV�URXWHG�FRUUHFWO\�WR�WKH�LQWHQGHG�*0,,�0,,�SRUW� 

z 6XSSRUWV�&ODXVH����DXWR�QHJRWLDWLRQ�IRU�HDFK�SRUW 
(DFK�RI�WKH���SRUWV�FDQ�PDNH�XVH�RI�46*0,,�DXWR�QHJRWLDWLRQ��EDVHG�RQ�,(((�������
&ODXVH�����WR�H[FKDQJH�WKH�VSHHG��GXSOH[�PRGH�DQG�WKH�OLQN�VWDWXV�ZLWK�WKH�OLQN�SDUWQHU��
$XWR�QHJRWLDWLRQ�RSHUDWLRQ�DORQJ�RQH�SRUW�LV�LQGHSHQGHQW�RI�WKH�RWKHU�SRUWV��
46*0,,�6*0,,B3&6�FDQ�EH�XVHG�HLWKHU�DW�0$&�HQG�RI�46*0,,�OLQN��7;B&21),* ���RU�
DW�WKH�3+<�HQG��7KH�DXWR�QHJRWLDWLRQ�RSHUDWLRQ�LV�VLPLODU�WR�WKDW�RI�6*0,,�DQG�LQYROYHV�
WKH�H[FKDQJH�RI��&��RUGHU�VHWV� 
 

21.2.7 (((�&RQWUROOHU 
(QHUJ\�(IILFLHQW�(WKHUQHW��VSHFLILHG�LQ�,(((�6WG������D]�������KHOSV�WR�VDYH�HQHUJ\�RU�UHGXFH�
SRZHU�FRQVXPSWLRQ�LQ�WKH�3+<�ZKHQ�QR�GDWD�WUDQVPLVVLRQ�RU�UHFHSWLRQ�LV�UHTXLUHG�IRU�D�YHU\�
ORQJ�GXUDWLRQ��7KH�EDVLF�SULQFLSOH�RI�WKLV�IHDWXUH�LV�WKDW�ZKHQ�WKH�0$&�WUDQVPLWWHU�LQGLFDWHV�
WKDW�LW�GRHV�QRW�KDYH�DQ\�GDWD�WR�WUDQVPLW��WKH�ORFDO�WUDQVPLWWHU��ZKLFK�LQFOXGHV�WKH�3&6�DQG�
WKH�3+<��DQG�WKH�UHPRWH�HQG�3+<�UHFHLYHU�FDQ�EH�SXW�LQ�WKH�SRZHU�VDYH�RU�VOHHS�PRGH�WR�
VDYH�HQHUJ\� 
��������(((�7UDQVPLW�&RQWUROOHU 
7KH� 46*0,,�6*0,,B3&6� 7UDQVPLW� SDWK� LPSOHPHQWV� WKH� IROORZLQJ� IXQFWLRQV� ZKHQ� WKH� (((�
VXSSRUW�LV�VHOHFWHG� 
z 0RQLWRU�WKH�;*0,,�RU�*0,,�LQWHUIDFH�IRU�/RZ�3RZHU�,GOH��/3,��SDWWHUQ 
z 0DLQWDLQ�WKH�IROORZLQJ�(((�VWDWHV�LQ�WKH�7UDQVPLW�SDWK� 

� 6OHHS��/3,�UHTXHVW�PRQLWRULQJ�VWDWH� 
� 4XLHW��3RZHU�VDYH�VWDWH� 
� $OHUW��3UH�ZDNHXS�VWDWH��LQ�WKH�3&6�5�PRGH 
� :DNHXS��5HIUHVK�VWDWH� 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2076 

7KH�7UDQVPLW�/3,�IORZ�LV�WULJJHUHG�ZKHQ�WKH�0$&�GULYHV�WKH�/3,�VLJQDOV�RQ�WKH�;*0,,�RU�*0,,�
LQWHUIDFH��7KH�46*0,,�6*0,,B3&6�PDLQWDLQV�YDULRXV�VWDWHV�LQ�ZKLFK�LW�SHULRGLFDOO\�LQFOXGHV�
UHIUHVK�VLJQDOLQJ�DQG�IUHH]LQJ�WKH�WUDQVPLWWHU�LQ�WKH�TXLHW�VWDWH��%\�PDLQWDLQLQJ�WKLV�SUHGHILQHG�
VHTXHQFH��WKH�SURWRFRO�HQVXUHV�WKDW�WKH�OLQN�LV�DOLYH�DQG�DW�WKH�VDPH�WLPH�SRZHU�LV�VDYHG��
:KHQ�WKH�0$&�VWRSV�VHQGLQJ�WKH�/3,�SDWWHUQ��DQG�VWDUWV�VHQGLQJ�WKH�,'/(�SDWWHUQ���WKH�(((�
7UDQVPLW� FRQWUROOHU� DOVR� FRPHV� RXW� RI� WKLV� VHTXHQFH� DQG� UHYHUWV� WR� WKH� ,'/(� �RU� QRUPDO�
WUDQVPLW�� VWDWH� 
7KH� WLPHUV�XVHG� LQ� WKH�(((�7UDQVPLW�&RQWUROOHU�KDYH� WKH�GHIDXOW� YDOXHV�JLYHQ� LQ� WKH� ,(((�
VWDQGDUG��<RX�FDQ�FKDQJH�WKHVH�GHIDXOW�YDOXHV��ZLWKLQ�D�UDQJH��DFFRUGLQJ�WR�\RXU�UHTXLUHPHQW� 
 
)LJXUH�����GHVFULEHV�WKH�7UDQVPLW�/3,�IORZ�RQ�WKH�*0,,�,QWHUIDFH��7KH�0$&�WULJJHUV�WKH�/3,�
PRGH�LQ�WKH�46*0,,�6*0,,B3&6�E\�GULYLQJ�WKH�IROORZLQJ� 
z JPLLBW[GBL>���@� ��
K����JPLLBHQBL� ����DQG�JPLLBW[BHUBL� ���ZKHQ�*0,,�SRUW�LV�SUHVHQW�

LQ�\RXU�FRQILJXUDWLRQ 
z [JPLLBW[GBL>���@� ��
K����[JPLLBW[FBL>�@� ����DQG�[JPLLBW[FBL>�@� ���ZKHQ� WKH�*0,,�

LQWHUIDFH�LV�VKDUHG�ZLWK�WKH�;*0,,�SLQV�LQ�\RXU�FRQILJXUDWLRQ 
,I�WKH�FONB[JPLLBW[BL�RU�FONBPLLBW[BL�FORFN��6*0,,�PRGH��LV�XVHG�LQ�WKH�46*0,,�6*0,,B3&6�
WR�VDPSOH�*0,,��WKH0$&�FDQ�JDWH�WKH�FONB[JPLLBW[BL�RU�FONBPLLBW[BL�FORFN�DIWHU���FORFNV�RI�
DVVHUWLQJ�WKH�/3,�,GOH��,I�WKH�FONB[J[VBL�RU�FONBUSFVBW[BL�FORFN�LV�XVHG�WR�VDPSOH�*0,,��FORFN�
JDWLQJ�EDVHG�RQ�WKH�0$&�LV�QRW�DSSOLFDEOH� 

 
Fig. 21-4 1G MAC Transmit LPI 

��������7UDQVSDUHQW�/3,�0RGH 
,Q�DGGLWLRQ�WR�WKH�VWDQGDUG�(((�0RGH��46*0,,�6*0,,B3&6�VXSSRUWV�WKH�WUDQVSDUHQW�/3,�
0RGH�LQ�LWV�WUDQVPLW�SDWK��,Q�WKLV�PRGH��(((�RSHUDWLRQ�LQYROYHV�PHUH�HQFRGLQJ�RI�/3,�
SDWWHUQV��UHFHLYHG�RQ�RQ�;*0,,�*0,,�7[�LQWHUIDFH��DQG�VHQGLQJ�LW�WR�WKH�6(5'(6��2Q�
GHWHFWLQJ�/RZHU�3RZHU�,GOH�RQ�;*0,,�*0,,�7[�LQWHUIDFH��46*0,,�6*0,,B3&6�JRHV�WR�WKH�
7;B6/((3�VWDWH�DQG�UHPDLQV�LQ�WKLV�VWDWH�WLOO�0$&�VWRSV�VHQGLQJ�/3,��,W�GRHV�QRW�WUDQVLWLRQ�WR�
7;B48,(7�VWDWH��7KLV�PRGH�GRHV�QRW�LQYROYH�JDWLQJ�RII�RI�DQ\�FORFNV�WR�46*0,,�6*0,,B3&6��
,Q�DGGLWLRQ��WKH�VHUGHV�WUDQVPLWWHU�LV�QRW�GLVDEOHG��3&6BW[BGDWDBHQBR�VLJQDO�UHPDLQV�KLJK���
0$&�VKRXOG�HQVXUH�WKDW�LW�GRHV�QRW�JDWH�RII�;*0,,�*0,,�7[�FORFN�WR�46*0,,�6*0,,B3&6�
GXULQJ�WKLV�PRGH�RI�RSHUDWLRQ� 
7KLV�PRGH�FDQ�EH�HQDEOHG�E\�SURJUDPPLQJ�
751B/3,
�ELW�RI�95�;6�RU�3&6�00'�(((�0RGH�
&RQWURO���5HJLVWHU��RU�95�0,,�00'�3&6�00'�(((�0RGH�&RQWURO���5HJLVWHU�IRU�����%DVH;�
2QO\�3&6�FRQILJXUDWLRQV��LQ�DGGLWLRQ�WR�
/7;B(1
�ELW�RI�95�;6�RU�3&6�00'�(((�0RGH�&RQWURO�
��5HJLVWHU� 
��������(((�5HFHLYH�&RQWUROOHU 
7KH�3&6�5HFHLYH�SDWK�LPSOHPHQWV�WKH�IROORZLQJ�IXQFWLRQV�ZKHQ�WKH�(((�VXSSRUW�LV�VHOHFWHG� 
z 'HFRGH�WKH�UHFHLYHG�/3,�FRGH�JURXS�IURP�WKH�OLQN�SDUWQHU� 

z 0DLQWDLQ�WKH�IROORZLQJ�(((�VWDWHV�LQ�WKH�5HFHLYH�SDWK� 

� 6OHHS��/3,�UHTXHVW�PRQLWRULQJ�VWDWH� 
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� 4XLHW��3RZHU�6DYH�VWDWH� 

� :DNH��5HIUHVK�VWDWH� 

� :DNH�XS�)DXOW��(UURU�0RQLWRULQJ� 
7KH�VHTXHQFH�LQ�WKH�VWDWH�PDFKLQH�KHOSV�LQ�VDYLQJ�WKH�SRZHU�LQ�WKH�3+<�RU�3&6�EHFDXVH�
VRPH�RI�WKH�IXQFWLRQDO�EORFNV�FDQ�EH�VZLWFKHG�RII�LQ�WKH�4XLHW�VWDWH��,Q�DGGLWLRQ��GXULQJ�
5HIUHVK�VWDWH��WKH�5[�SDWK�LV�UH�V\QFKURQL]HG�VR�WKDW�LW�FDQ�PRQLWRU�WKH�OLQN�VWDWXV��7KH�
WLPHUV�XVHG�LQ�WKH�(((�5[�&RQWUROOHU�KDYH�WKH�GHIDXOW�YDOXHV�DV�JLYHQ�LQ�WKH�,(((�VWDQGDUG��
<RX�FDQ�FKDQJH�WKHVH�GHIDXOW�YDOXHV��ZLWKLQ�D�UDQJH��DFFRUGLQJ�WR�\RXU�UHTXLUHPHQW� 
7KH�5[�ORZ�SRZHU�PRGH�LV�WULJJHUHG�ZKHQ�WKH�46*0,,�6*0,,B3&6�UHFHLYHV�WKH�/3,�,GOH�
FRGH�JURXS�RQ�WKH�OLQN��,W�H[LWV�WKH�/3,�PRGH�ZKHQ�WKH�OLQN�SDUWQHU�VWRSV�WUDQVPLWWLQJ�WKH�
/3,�,GOH�FRGH�JURXSV� 
7KH�5[�/3,�PRGH�LV�WULJJHUHG�ZKHQ�WKH�46*0,,�6*0,,B3&6�UHFHLYHV�WKH�/3,�IURP�WKH�OLQN�
SDUWQHU��$IWHU�VXFFHVVIXO�GHFRGLQJ��WKH�FRQWUROOHU�HQWHUV�WKH�6OHHS�VWDWH�DQG�GULYHV�WKH�/3,�
SDWWHUQV�RQ�WKH�5[�;*0,,�VLJQDOV�DV�VKRZQ�LQ�WKH�)LJXUH������WKH�IROORZLQJ�/3,�SDWWHUQ�LV�
GULYHQ�WR�WKH�0$&�RQ�*0,,� 
z JPLLBU[GBR>���@�RU�[JPLLBU[GBR>���@� ��
K�� 

z JPLLBU[BGYBR�RU�[JPLLBU[GBR>�@� �� 

z JPLLBU[BHUBR�RU�[JPLLBU[GBR>�@� �� 
,Q�WKLV�PRGH��WKH�3&6BOU[BFONBJDWBR�VLJQDO�LV�DVVHUWHG�DIWHU�WKH���FORFNV�RI�GULYLQJ�WKH�/3,�
SDWWHUQ�RQ�WKH�*0,,�LQWHUIDFH��,W�FDQ�EH�XVHG�WR�JDWH�RII�WKH�FORFNV�RQ�WKH�*0,,�5[�LQWHUIDFH�
RQ�WKH�0$&�DQG�WKH�46*0,,�6*0,,B3&6��7KH���FORFN�GXUDWLRQ�FDQ�EH�LQFUHDVHG�E\�
SURJUDPPLQJ�%LWV>�����@�RI�95B;6B3&6B(((B0&75/��5HJLVWHU95�3&6�00'�(((�0RGH�
&RQWURO�5HJLVWHU� 

 
Fig. 21-5 1G MAC Receive LPI 

 

21.2.8 5HVHW�*HQHUDWLRQ 
7KH�UHVHW�JHQHUDWLRQ�EORFN�JHQHUDWHV�WKH�UHVHW�IRU�RWKHU�EORFNV�RI�WKH�46*0,,�6*0,,B3&6��
7KH�46*0,,�6*0,,B3&6�VXSSRUWV�WKH�IROORZLQJ�W\SHV�RI�UHVHW� 
z +DUGZDUH�5HVHW 

<RX�FDQ�LVVXH�WKH�KDUGZDUH�UHVHW�E\�DVVHUWLQJ�WKH�SZUBRQBUVWBQ�VLJQDO��:KHQ�WKLV�UHVHW�
LV� DVVHUWHG�� DOO� LQWHUQDO� EORFNV� RI� WKH� 46*0,,�6*0,,B3&6� DUH� UHVHW�� ,Q� DGGLWLRQ�� WKH�
3&6BUHVHWBQBR�VLJQDO�LV�DVVHUWHG�WR�UHVHW 

z 6WDQGDUG�6RIW�5HVHW 
<RX�FDQ�LVVXH�WKH�VWDQGDUG�VRIW�UHVHW�E\�VHWWLQJ�%LW����RI�WKH�IROORZLQJ�UHJLVWHUV� 
� 65B30$B&75/��5HJLVWHU 
� 65B;6B3&6B&75/��5HJLVWHU�RU�65�3&6�00'�&RQWURO��5HJLVWHU 
� 65B$1B&75/�5HJLVWHU 
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� 65B0,,B&75/�5HJLVWHU�  
7KH�46*0,,�6*0,,B3&6�FOHDUV�WKLV�ELW�DIWHU����FORFNV�F\FOHV�RI�WKH�FONBFVUBL�FORFN��:KHQ�
WKLV�UHVHW�ELW�LV�VHW��DOO�LQWHUQDO�EORFNV�RI�WKH�46*0,,�6*0,,B3&6��H[FHSW�WKH�0DQDJHPHQW�
,QWHUIDFH�EORFN��JHW�UHVHW��,Q�DGGLWLRQ��WKH�3&6BUHVHWBQBR�VLJQDO�LV�DVVHUWHG�WR�UHVHW�WKH�
3+<� 

z 3RZHU�'RZQ�0RGH 

<RX�FDQ�LVVXH�WKH�SRZHU�GRZQ�PRGH�E\�VHWWLQJ�%LW����RI�WKH�IROORZLQJ�UHJLVWHUV� 
� 95B0,,B$1B&75/ 
� 95B;6B3&6B',*B&75/��5HJLVWHU�RU�95�3&6�00'�'LJLWDO�&RQWURO��5HJLVWHU 
� 95B$1B',*B&75/��5HJLVWHU�RU�95�$1�00'�'LJLWDO�&RQWURO��5HJLVWHU 
� 95B0,,B',*B&75/��5HJLVWHU�RU�95�0,,�00'�'LJLWDO�&RQWURO��5HJLVWHU 
:KHQ� WKLV� ELW� LV� VHW�� WKH� KRVW� QHHGV� WR� FOHDU� WKLV� ELW� ZKHQ� LW� ZDQWV� WR� SRZHU� XS� WKH�
46*0,,�6*0,,B3&6��:KHQ�WKLV�ELW� LV�VHW��DOO� LQWHUQDO�EORFNV�RI�WKH�46*0,,�6*0,,B3&6�
DUH�UHVHW��H[FHSW�WKH�0DQDJHPHQW�,QWHUIDFH�EORFN�DQG�WKH�&65�EORFN��7KH�3&6BUHVHWBQBR�
RXWSXW�LV�QRW�DVVHUWHG�GXULQJ�WKH�SRZHU�GRZQ�PRGH� 

 
21.3 Register Description  
21.3.1 ,QWHUQDO�$GGUHVV�0DSSLQJ�  
6ODYH�DGGUHVV�FDQ�EH�GLYLGHG�LQWR�GLIIHUHQW�OHQJWK�IRU�GLIIHUHQW�XVDJH��ZKLFK�LV�VKRZQ�DV�
IROORZV� 
 

21.3.2 5HJLVWHUV�6XPPDU\�  

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

46*0,,�6*0,,B3&6B65B
0,,B�B&75/ �[������ : �[�������� 65�0,,B��00'�&RQWURO�5HJLVWHU 

46*0,,�6*0,,B3&6B65B
0,,B�B676 �[������ : �[�������� 65�0,,B��00'�6WDWXV�5HJLVWHU 

46*0,,�6*0,,B3&6B65B
0,,B�B'(9B,'� �[������ : �[�������� 65�0,,B��00'�'HYLFH�,GHQWLILHU�5HJLVWHU�� 
46*0,,�6*0,,B3&6B65B
0,,B�B'(9B,'� �[�����& : �[����&&�� 65�0,,B��00'�'HYLFH�,GHQWLILHU�5HJLVWHU�� 
46*0,,�6*0,,B3&6B65B
0,,B�B$1B$'9 �[������ : �[�������� 65�0,,B��00'�$1�$GYHUWLVHPHQW�5HJLVWHU 
46*0,,�6*0,,B3&6B65B
0,,B�B/3B%$%/ �[������ : �[�������� 65�0,,B��00'�$1�/LQN�3DUWQHU�%DVH�$ELOLW\�5HJLVWHU 
46*0,,�6*0,,B3&6B65B
0,,B�B$1B(;31 �[������ : �[�������� 65�0,,B��00'�$1�([SDQVLRQ�5HJLVWHU 
46*0,,�6*0,,B3&6B65B
0,,B�B(;7B676 �[�����& : �[����&��� 65�0,,B��00'�([WHQGHG�6WDWXV�5HJLVWHU 
46*0,,�6*0,,B3&6B95B
0,,B�B',*B&75/� �[�$���� : �[�������� 95�0,,B��00'�'LJLWDO�&RQWURO��5HJLVWHU 
46*0,,�6*0,,B3&6B95B
0,,B�B$1B&75/ �[�$���� : �[�������� 95�0,,B��00'�$1�&RQWURO�5HJLVWHU 
46*0,,�6*0,,B3&6B95B
0,,B�B$1B,175B676 �[�$���� : �[�������� 95�0,,B��00'�$1�,QWHUUXSW�DQG�6WDWXV�5HJLVWHU 
46*0,,�6*0,,B3&6B95B
0,,B�B7& �[�$���& : �[�������� 95�0,,B��00'�7HVW�&RQWURO�5HJLVWHU� 
46*0,,�6*0,,B3&6B95B
0,,B�B'%*B&75/ �[�$���� : �[�������� 95�0,,B��00'�'HEXJ�&RQWURO�5HJLVWHU 
46*0,,�6*0,,B3&6B95B
0,,B�B(((B0&75/� �[�$���� : �[�������& 95�0,,B��00'�(((�0RGH�&RQWURO�5HJLVWHU 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

46*0,,�6*0,,B3&6B95B
0,,B�B(((B7;7,0(5 �[�$���� : �[�������� 95�0,,B��00'�(((�7[�7LPHU�5HJLVWHU 
46*0,,�6*0,,B3&6B95B
0,,B�B(((B5;7,0(5 �[�$���� : �[�������� 95�0,,B��00'�(((�5[�7LPHU�5HJLVWHU 
46*0,,�6*0,,B3&6B95B
0,,B�B/,1.B7,0(5B&75/ �[�$���� : �[�������� 95�0,,B��00'�/LQN�7LPHU�&RQWURO�5HJLVWHU 
46*0,,�6*0,,B3&6B95B
0,,B�B(((B0&75/� �[�$���& : �[�������� 95�0,,B��00'�(((�0RGH�&RQWURO���5HJLVWHU 
46*0,,�6*0,,B3&6B95B
0,,B�B',*B676 �[�$���� : �[�������� �95�0,,B��00'�'LJLWDO�6WDWXV�5HJLVWHU� 
46*0,,�6*0,,B3&6B95B
0,,B�B,&*B(55&17� �[�$���� : �[�������� 95�0,,B��00'�,QYDOLG�&RGH�*URXS�(UURU�&RXQW��5HJLVWHU 
46*0,,�6*0,,B3&6B95B
0,,B�B',*B&75/� �[�$���� : �[�������� 95�0,,B��00'�'LJLWDO�&RQWURO��5HJLVWHU 
46*0,,�6*0,,B3&6B95B
0,,B�B',*B(55&17B6(/ �[�$���� : �[�������� 95�0,,B��00'�'LJLWDO�(UURU�&RXQW�6HOHFW�5HJLVWHU 
46*0,,�6*0,,B3&6B65B
0,,B�B&75/ �[�&���� : �[�������� 65�0,,B��00'�&RQWURO�5HJLVWHU 

46*0,,�6*0,,B3&6B65B
0,,B�B676 �[�&���� : �[�������� 65�0,,B��00'�6WDWXV�5HJLVWHU 

46*0,,�6*0,,B3&6B65B
0,,B�B'(9B,'� �[�&���� : �[�������� 65�0,,B��00'�'HYLFH�,GHQWLILHU�5HJLVWHU�� 
46*0,,�6*0,,B3&6B65B
0,,B�B'(9B,'� �[�&���& : �[����&&�� 65�0,,B��00'�'HYLFH�,GHQWLILHU�5HJLVWHU�� 
46*0,,�6*0,,B3&6B65B
0,,B�B$1B$'9 �[�&���� : �[�������� 65�0,,B��00'�$1�$GYHUWLVHPHQW�5HJLVWHU 
46*0,,�6*0,,B3&6B65B
0,,B�B/3B%$%/ �[�&���� : �[�������� 65�0,,B��00'�$1�/LQN�3DUWQHU�%DVH�$ELOLW\�5HJLVWHU 
46*0,,�6*0,,B3&6B65B
0,,B�B$1B(;31 �[�&���� : �[�������� 65�0,,B��00'�$1�([SDQVLRQ�5HJLVWHU 
46*0,,�6*0,,B3&6B65B
0,,B�B(;7B676 �[�&���& : �[����&��� 65�0,,B��00'�([WHQGHG�6WDWXV�5HJLVWHU 
46*0,,�6*0,,B3&6B95B
0,,B�B',*B&75/� �[�(���� : �[�������� 95�0,,B��00'�'LJLWDO�&RQWURO��5HJLVWHU 
46*0,,�6*0,,B3&6B95B
0,,B�B$1B&75/ �[�(���� : �[�������� 95�0,,B��00'�$1�&RQWURO�5HJLVWHU 
46*0,,�6*0,,B3&6B95B
0,,B�B$1B,175B676 �[�(���� : �[�������� 95�0,,B��00'�$1�,QWHUUXSW�DQG�6WDWXV�5HJLVWHU 
46*0,,�6*0,,B3&6B95B
0,,B�B7& �[�(���& : �[�������� 95�0,,B��00'�7HVW�&RQWURO�5HJLVWHU� 
46*0,,�6*0,,B3&6B95B
0,,B�B'%*B&75/ �[�(���� : �[�������� 95�0,,B��00'�'HEXJ�&RQWURO�5HJLVWHU 
46*0,,�6*0,,B3&6B95B
0,,B�B(((B0&75/� �[�(���� : �[�������& 95�0,,B��00'�(((�0RGH�&RQWURO�5HJLVWHU 
46*0,,�6*0,,B3&6B95B
0,,B�B(((B7;7,0(5 �[�(���� : �[�������� 95�0,,B��00'�(((�7[�7LPHU�5HJLVWHU 
46*0,,�6*0,,B3&6B95B
0,,B�B(((B5;7,0(5 �[�(���� : �[�������� 95�0,,B��00'�(((�5[�7LPHU�5HJLVWHU 
46*0,,�6*0,,B3&6B95B
0,,B�B/,1.B7,0(5B&75/ �[�(���� : �[�������� 95�0,,B��00'�/LQN�7LPHU�&RQWURO�5HJLVWHU 
46*0,,�6*0,,B3&6B95B
0,,B�B(((B0&75/� �[�(���& : �[�������� 95�0,,B��00'�(((�0RGH�&RQWURO���5HJLVWHU 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

46*0,,�6*0,,B3&6B95B
0,,B�B',*B676 �[�(���� : �[�������� �95�0,,B��00'�'LJLWDO�6WDWXV�5HJLVWHU� 
46*0,,�6*0,,B3&6B95B
0,,B�B,&*B(55&17� �[�(���� : �[�������� 95�0,,B��00'�,QYDOLG�&RGH�*URXS�(UURU�&RXQW��5HJLVWHU 
46*0,,�6*0,,B3&6B95B
0,,B�B',*B&75/� �[�(���� : �[�������� 95�0,,B��00'�'LJLWDO�&RQWURO��5HJLVWHU 
46*0,,�6*0,,B3&6B95B
0,,B�B',*B(55&17B6(/ �[�(���� : �[�������� 95�0,,B��00'�'LJLWDO�(UURU�&RXQW�6HOHFW�5HJLVWHU 
46*0,,�6*0,,B3&6B65B
0,,B�B&75/ �[������ : �[�������� 65�0,,B��00'�&RQWURO�5HJLVWHU 

46*0,,�6*0,,B3&6B65B
0,,B�B676 �[������ : �[�������� 65�0,,B��00'�6WDWXV�5HJLVWHU 

46*0,,�6*0,,B3&6B65B
0,,B�B'(9B,'� �[������ : �[�������� 65�0,,B��00'�'HYLFH�,GHQWLILHU�5HJLVWHU�� 
46*0,,�6*0,,B3&6B65B
0,,B�B'(9B,'� �[�����& : �[����&&�� 65�0,,B��00'�'HYLFH�,GHQWLILHU�5HJLVWHU�� 
46*0,,�6*0,,B3&6B65B
0,,B�B$1B$'9 �[������ : �[�������� 65�0,,B��00'�$1�$GYHUWLVHPHQW�5HJLVWHU 
46*0,,�6*0,,B3&6B65B
0,,B�B/3B%$%/ �[������ : �[�������� 65�0,,B��00'�$1�/LQN�3DUWQHU�%DVH�$ELOLW\�5HJLVWHU 
46*0,,�6*0,,B3&6B65B
0,,B�B$1B(;31 �[������ : �[�������� 65�0,,B��00'�$1�([SDQVLRQ�5HJLVWHU 
46*0,,�6*0,,B3&6B65B
0,,B�B(;7B676 �[�����& : �[����&��� 65�0,,B��00'�([WHQGHG�6WDWXV�5HJLVWHU 
46*0,,�6*0,,B3&6B95B
0,,B�B',*B&75/� �[������ : �[�������� 95�0,,B��00'�'LJLWDO�&RQWURO��5HJLVWHU 
46*0,,�6*0,,B3&6B95B
0,,B�B$1B&75/ �[������ : �[�������� 95�0,,B��00'�$1�&RQWURO�5HJLVWHU 
46*0,,�6*0,,B3&6B95B
0,,B�B$1B,175B676 �[������ : �[�������� 95�0,,B��00'�$1�,QWHUUXSW�DQG�6WDWXV�5HJLVWHU 
46*0,,�6*0,,B3&6B95B
0,,B�B7& �[�����& : �[�������� 95�0,,B��00'�7HVW�&RQWURO�5HJLVWHU� 
46*0,,�6*0,,B3&6B95B
0,,B�B'%*B&75/ �[������ : �[�������� 95�0,,B��00'�'HEXJ�&RQWURO�5HJLVWHU 
46*0,,�6*0,,B3&6B95B
0,,B�B(((B0&75/� �[������ : �[�������& 95�0,,B��00'�(((�0RGH�&RQWURO�5HJLVWHU 
46*0,,�6*0,,B3&6B95B
0,,B�B(((B7;7,0(5 �[������ : �[�������� 95�0,,B��00'�(((�7[�7LPHU�5HJLVWHU 
46*0,,�6*0,,B3&6B95B
0,,B�B(((B5;7,0(5 �[������ : �[�������� 95�0,,B��00'�(((�5[�7LPHU�5HJLVWHU 
46*0,,�6*0,,B3&6B95B
0,,B�B/,1.B7,0(5B&75/ �[������ : �[�������� 95�0,,B��00'�/LQN�7LPHU�&RQWURO�5HJLVWHU 
46*0,,�6*0,,B3&6B95B
0,,B�B(((B0&75/� �[�����& : �[�������� 95�0,,B��00'�(((�0RGH�&RQWURO���5HJLVWHU 
46*0,,�6*0,,B3&6B95B
0,,B�B',*B676 �[������ : �[�������� �95�0,,B��00'�'LJLWDO�6WDWXV�5HJLVWHU� 
46*0,,�6*0,,B3&6B95B
0,,B�B,&*B(55&17� �[������ : �[�������� 95�0,,B��00'�,QYDOLG�&RGH�*URXS�(UURU�&RXQW��5HJLVWHU 
46*0,,�6*0,,B3&6B95B
0,,B�B',*B&75/� �[������ : �[�������� 95�0,,B��00'�'LJLWDO�&RQWURO��5HJLVWHU 
46*0,,�6*0,,B3&6B95B
0,,B�B',*B(55&17B6(/ �[������ : �[�������� 95�0,,B��00'�'LJLWDO�(UURU�&RXQW�6HOHFW�5HJLVWHU 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2081 

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

46*0,,�6*0,,B3&6B65B
9600'B30$B,'� �[������ : �[�������� 65�&RQWURO�00'�30$�'HYLFH�,GHQWLILHU�5HJLVWHU�� 
46*0,,�6*0,,B3&6B65B
9600'B30$B,'� �[������ : �[�������� 65�&RQWURO�00'�30$�'HYLFH�,GHQWLILHU�5HJLVWHU�� 
46*0,,�6*0,,B3&6B65B
9600'B'(9B,'� �[������ : �[�������� 65�&RQWURO�00'�'HYLFH�,GHQWLILHU�5HJLVWHU�� 
46*0,,�6*0,,B3&6B65B
9600'B'(9B,'� �[�����& : �[�������� 65�&RQWURO�00'�'HYLFH�,GHQWLILHU�5HJLVWHU�� 
46*0,,�6*0,,B3&6B65B
9600'B3&6B,'� �[������ : �[�������� 65�&RQWURO�00'�3&6�'HYLFH�,GHQWLILHU�5HJLVWHU�� 
46*0,,�6*0,,B3&6B65B
9600'B3&6B,'� �[������ : �[����&('� 65�&RQWURO�00'�3&6�'HYLFH�,GHQWLILHU�5HJLVWHU�� 
46*0,,�6*0,,B3&6B65B
9600'B$1B,'� �[������ : �[�������� 65�&RQWURO�00'�$1�'HYLFH�,GHQWLILHU�5HJLVWHU�� 
46*0,,�6*0,,B3&6B65B
9600'B$1B,'� �[�����& : �[�������� 65�&RQWURO�00'�$1�'HYLFH�,GHQWLILHU�5HJLVWHU�� 
46*0,,�6*0,,B3&6B65B
9600'B676 �[������ : �[�������� 65�&RQWURO�00'�6WDWXV�5HJLVWHU 

46*0,,�6*0,,B3&6B65B
9600'B&75/ �[������ : �[�������� �65�&RQWURO�00'�&RQWURO�5HJLVWHU 

46*0,,�6*0,,B3&6B65B
9600'B3.*,'� �[����� : �[�������� 65�&RQWURO�00'�3DFNDJH�,GHQWLILHU�5HJLVWHU�� 
46*0,,�6*0,,B3&6B65B
9600'B3.*,'� �[�����& : �[�������� 65�&RQWURO�00'�3DFNDJH�,GHQWLILHU�5HJLVWHU�� 
46*0,,�6*0,,B3&6B65B
0,,B&75/ �[�&���� : �[�������� 65�0,,�00'�&RQWURO�5HJLVWHU 

46*0,,�6*0,,B3&6B65B
0,,B676 �[�&���� : �[�������� 65�0,,B��00'�6WDWXV�5HJLVWHU 

46*0,,�6*0,,B3&6B65B
0,,B'(9B,'� �[�&���� : �[�������� 65�0,,�00'�'HYLFH�,GHQWLILHU�5HJLVWHU�� 
46*0,,�6*0,,B3&6B65B
0,,B'(9B,'� �[�&���& : �[����&('� 65�0,,�00'�'HYLFH�,GHQWLILHU�5HJLVWHU�� 
46*0,,�6*0,,B3&6B65B
0,,B$1B$'9 �[�&���� : �[�������� 65�0,,�00'�$1�$GYHUWLVHPHQW�5HJLVWHU 
46*0,,�6*0,,B3&6B65B
0,,B/3B%$%/ �[�&���� : �[�������� 65�0,,�00'�$1�/LQN�3DUWQHU�%DVH�$ELOLW\�5HJLVWHU 
46*0,,�6*0,,B3&6B65B
0,,B$1B(;31 �[�&���� : �[�������� 65�0,,�00'�$1�([SDQVLRQ�5HJLVWHU 
46*0,,�6*0,,B3&6B65B
0,,B(;7B676 �[�&���& : �[����&��� 65�0,,�00'�([WHQGHG�6WDWXV�5HJLVWHU 
46*0,,�6*0,,B3&6B65B
0,,B7,0(B6<1&B$%/ �[�&�&�� : �[�������� 65�0,,�00'�7LPH�6\QF�&DSDELOLW\�5HJLVWHU� 
46*0,,�6*0,,B3&6B65B
0,,B7,0(B6<1&B7;B0$;
B'/<B/:5 

�[�&�&�� : �[�������� �65�0,,�00'�7LPH�6\QF�7[�0D[�'HOD\�/RZHU�5HJLVWHU� 

46*0,,�6*0,,B3&6B65B
0,,B7,0(B6<1&B7;B0$;
B'/<B835 

�[�&�&�� : �[�������� 65�0,,�00'�7LPH�6\QF�7[�0D[�'HOD\�8SSHU�5HJLVWHU 

46*0,,�6*0,,B3&6B65B
0,,B7,0(B6<1&B7;B0,1
B'/<B/:5 

�[�&�&�& : �[�������� 65�0,,�00'�7LPH�6\QF�7[�0LQ�'HOD\�/RZHU�5HJLVWHU� 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2082 

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

46*0,,�6*0,,B3&6B65B
0,,B7,0(B6<1&B7;B0,1
B'/<B835 

�[�&�&�� : �[�������� 65�0,,�00'�7LPH�6\QF�7[�0LQ�'HOD\�8SSHU�5HJLVWHU� 

46*0,,�6*0,,B3&6B65B
0,,B7,0(B6<1&B5;B0$;
B'/<B/:5 

�[�&�&�� : �[��������  

46*0,,�6*0,,B3&6B65B
0,,B7,0(B6<1&B5;B0$;
B'/<B835 

�[�&�&�� : �[�������� 65�0,,�00'�7LPH�6\QF�5[�0D[�'HOD\�8SSHU�5HJLVWHU� 

46*0,,�6*0,,B3&6B65B
0,,B7,0(B6<1&B5;B0,1
B'/<B/:5 

�[�&�&�& : �[�������� 65�0,,�00'�7LPH�6\QF�5[�0LQ�'HOD\�/RZHU�5HJLVWHU� 

46*0,,�6*0,,B3&6B65B
0,,B7,0(B6<1&B5;B0,1
B'/<B835 

�[�&�&�� : �[�������� 65�0,,�00'�7LPH�6\QF�5[�0LQ�'HOD\�8SSHU�5HJLVWHU 

46*0,,�6*0,,B3&6B95B
0,,B',*B&75/� �[�(���� : �[�������� 95�0,,�00'�'LJLWDO�&RQWURO��5HJLVWHU 
46*0,,�6*0,,B3&6B95B
0,,B$1B&75/ �[�(���� : �[�������� 95�0,,�00'�$1�&RQWURO�5HJLVWHU 

46*0,,�6*0,,B3&6B95B
0,,B$1B,175B676 �[�(���� : �[�������$ 95�0,,�00'�$1�,QWHUUXSW�DQG�6WDWXV�5HJLVWHU 
46*0,,�6*0,,B3&6B95B
0,,B7& �[�(���& : �[�������� 95�0,,�00'�7HVW�&RQWURO�5HJLVWHU� 

46*0,,�6*0,,B3&6B95B
0,,B'%*B&75/ �[�(���� : �[�������� 95�0,,�00'�'HEXJ�&RQWURO�5HJLVWHU 
46*0,,�6*0,,B3&6B95B
0,,B(((B0&75/� �[�(���� : �[�������& 95�0,,�00'�(((�0RGH�&RQWURO�5HJLVWHU 
46*0,,�6*0,,B3&6B95B
0,,B(((B7;7,0(5 �[�(���� : �[�������� 95�0,,�00'�(((�7[�7LPHU�5HJLVWHU 
46*0,,�6*0,,B3&6B95B
0,,B(((B5;7,0(5 �[�(���� : �[�������� 95�0,,�00'�(((�5[�7LPHU�5HJLVWHU 
46*0,,�6*0,,B3&6B95B
0,,B/,1.B7,0(5B&75/ �[�(���� : �[�������� 95�0,,�00'�/LQN�7LPHU�&RQWURO�5HJLVWHU 
46*0,,�6*0,,B3&6B95B
0,,B(((B0&75/� �[�(���& : �[�������� 95�0,,�00'�(((�0RGH�&RQWURO���5HJLVWHU 
46*0,,�6*0,,B3&6B95B
0,,B',*B676 �[�(���� : �[�������� �95�0,,�00'�'LJLWDO�6WDWXV�5HJLVWHU� 
46*0,,�6*0,,B3&6B95B
0,,B,&*B(55&17� �[�(���� : �[�������� 95�0,,�00'�,QYDOLG�&RGH�*URXS�(UURU�&RXQW��5HJLVWHU 
46*0,,�6*0,,B3&6B95B
0,,B0,6&B676 �[�(���� : �[�������� 95�0,,�00'�0LVFHOODQHRXV�6WDWXV�5HJLVWHU 
46*0,,�6*0,,B3&6B95B
0,,B5;B/676 �[�(���� : �[�������� 95�0,,�3+<�5[�/DQH�6WDWXV�5HJLVWHU 
46*0,,�6*0,,B3&6B95B
0,,B',*B&75/� �[�(���� : �[�������� 95�0,,�00'�'LJLWDO�&RQWURO��5HJLVWHU 
46*0,,�6*0,,B3&6B95B
0,,B',*B(55&17B6(/ �[�(���� : �[�������� 95�0,,�00'�'LJLWDO�(UURU�&RXQW�6HOHFW�5HJLVWHU 
1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV��':�
'RXEOH�:25'�����ELWV��DFFHVV�  
21.3.3 'HWDLO�5HJLVWHUV�'HVFULSWLRQ�  
46*0,,�6*0,,B3&6B65B0,,B�B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������� 



5.5.�����750�3DUW� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 5: �[� 

567 
6RIW�5HVHW��5:�6&�7\SH� 
)RU�1RQ�6\QRSV\V�3+<�FRQILJXUDWLRQV� 
:KHQ�WKH�KRVW�VHWV�WKLV�ELW��WKH�&65�EORFN�WULJJHUV�WKH�VRIWZDUH�
UHVHW�SURFHVV�LQ�ZKLFK�DOO�LQWHUQDO�EORFNV�DUH�UHVHW��H[FHSW�WKH�
0DQDJHPHQW�,QWHUIDFH�EORFN��7KH�UHJLVWHUV�DUH�UHVHW�WR�WKHLU�
GHIDXOW�YDOXHV��:KHQ�WKLV�ELW�LV�VHW��LW�DOVR�UHVHWV�WKH�3+<� 
7KLV�ELW�LV�VHOI�FOHDUHG�DIWHU�WKH�IROORZLQJ� 
���FONBFVUBL�FORFNV�IRU�WKH�0&,�LQWHUIDFH 
��0'&�FORFN�SHULRG�IRU�WKH�0',2�LQWHUIDFH 

�� 52 �[� 
/%( 
/RRSEDFN�(QDEOH 
7KLV�ELW�UHIOHFWV�WKH�YDOXH�RI�/%(�ELW�RI�65B0,,B&75/�5HJLVWHU� 

�� 5: �[� 

66�� 
6SHHG�6HOHFWLRQ��/6%� 
7KLV�ELW��DORQJ�ZLWK�WKH�66��ELW�DQG�66��ELW�RI�WKLV�UHJLVWHU��
LQGLFDWHV�WKH�VSHHG�RI�*0,,�;*0,,�SRUW����6SHHG�HQFRGLQJ�DV�
IROORZV� 
)RU�46*0,,� 
:KHQ�66� ��DQG�66�� ���VSHHG�LV������0ESV 
:KHQ�66� ��DQG�66�� ���VSHHG�LV�����0ESV 
:KHQ�66� ��DQG�66�� ���VSHHG�LV����0ESV 

�� 5: �[� 
$1B(1$%/( 
(QDEOH�$XWR�1HJRWLDWLRQ 
:KHQ�VHW�WR����WKLV�ELW�HQDEOHV�WKH�&ODXVH����DXWR�QHJRWLDWLRQ 
SURFHVV�IRU�SRUW��� 

�� 5: �[� 

� /30 
3RZHU�'RZQ�0RGH 
7KLV�ELW�FRQWUROV�WKH�SRZHU�GRZQ�PRGH�RI�WKH�
46*0,,�6*0,,B3&6� 
���1RUPDO�RSHUDWLRQ 
���7KH�46*0,,�6*0,,B3&6�JRHV�WR�WKH�SRZHU�GRZQ�PRGH�DORQJ 
ZLWK�WKH�3+<� 
)RU�QRQ�6\QRSV\V�3+<��WKH�3&6BSGRZQBR�SRUW�LV�DVVHUWHG� 
:KHQ�WKH�KRVW�FOHDUV�WKLV�ELW��WKH�46*0,,�6*0,,B3&6�UHVXPHV�
WKH 
QRUPDO�RSHUDWLRQ��,Q�D�6\QRSV\V�3+<�FRQILJXUDWLRQ��DIWHU 
FOHDULQJ�WKLV�ELW��WKH�KRVW�PXVW�ZDLW�XQWLO�%LWV>���@�RI 
95B;6B3&6B',*B676�95B0,,B',*B676�5HJLVWHU�LQGLFDWH 
WKDW�WKH�46*0,,�6*0,,B3&6�LV�LQ�WKH�QRUPDO�VWDWH 

�� 52 �[� 5HVHUYHGB�� 
5HVHUYHG 

� 5: �[� 

5(67$57B$1 
5HVWDUW�$XWR�1HJRWLDWLRQ��5:�6&�7\SH� 
:KHQ�WKH�KRVW�ZULWHV�WKLV�ELW��WKH�46*0,,�6*0,,B3&6�LQLWLDWHV�
WKH�DXWR�QHJRWLDWLRQ�SURFHVV�IRU�SRUW��� 
7KLV�ELW�LV�XVHG�WR�UHVWDUW�WKH�DXWR�QHJRWLDWLRQ�ZKLFK�LV�DOUHDG\�
LQLWLDWHG�E\�VHWWLQJ�%LW�����7KH�46*0,,�6*0,,B3&6�FOHDUV�WKLV�ELW�
DIWHU�UHVWDUWLQJ�WKH�DXWR�QHJRWLDWLRQ� 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2084 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

'83/(;B02'( 
'XSOH[�0RGH 
7KLV�ELW�VSHFLILHV�WKH�GXSOH[�PRGH�RI�WKH�46*0,,�6*0,,B3&6�
DORQJ 
SRUW��� 
���+DOI�GXSOH[ 
���)XOO�GXSOH[ 
,I�%LW����LV�VHW�WR����WKLV�ELW�GHWHUPLQHV�WKH�3+<�OLQN�GXSOH[�PRGH��
,I�%LW����LV�VHW�WR����WKHQ�WKH�3+<�OLQN�GXSOH[�PRGH�LV�
LQGHSHQGHQW�RI�WKLV�ELW��DOWKRXJK�WKH�KRVW�FDQ�ZULWH�DQ\�YDOXH��
DQG�LV�GHWHUPLQHG�E\�WKH�RXWFRPH�RI�WKH�&ODXVH����DXWR�
QHJRWLDWLRQ�SURFHVV� 

� 52 �[� 5HVHUYHGB� 
5HVHUYHG 

� 5: �[� 

66� 
6SHHG�6HOHFWLRQ 
7KLV�ELW��DORQJ�ZLWK�WKH�66��DQG�66���ELWV�RI�WKLV�UHJLVWHU 
LQGLFDWHV�WKH�VSHHG�RI�RSHUDWLRQ�RI�*0,,�;*0,,�3RUW��� 
)RU�PRUH�LQIRUPDWLRQ��VHH�GHVFULSWLRQ�RI�WKH�66���ELW� 

� 52 �[� 

66� 
6SHHG�6HOHFWLRQ 
7KLV�ELW��DORQJ�ZLWK�66��DQG�66���ELWV��FRQWURO�WKH�VSHHG�RI 
RSHUDWLRQ�RI�;*0,,�*0,,�3RUW��� 
)RU�PRUH�LQIRUPDWLRQ��VHH�GHVFULSWLRQ�RI�WKH�66���ELW��  

��� 52 �[�� 5HVHUYHGB�B� 
5HVHUYHG 

 
46*0,,�6*0,,B3&6B65B0,,B�B676�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 52 �[� 
$%/���7� 
���%$6(�7��$ELOLW\ 
7KH�46*0,,�6*0,,B3&6�DOZD\V�UHWXUQV���EHFDXVH�LW�GRHV�QRW�
VXSSRUW�WKLV�IXQFWLRQDOLW\� 

�� 52 �[� 
)'���$%/ 
���%$6(�;�)XOO�'XSOH[�$ELOLW\ 
7KH�46*0,,�6*0,,B3&6�DOZD\V�UHWXUQV���EHFDXVH�LW�GRHV�QRW�
VXSSRUW�WKLV�IXQFWLRQDOLW\� 

�� 52 �[� 
+'���$%/ 
���%$6(�;�+DOI�'XSOH[�$ELOLW\ 
7KH�46*0,,�6*0,,B3&6�DOZD\V�UHWXUQV���EHFDXVH�LW�GRHV�QRW�
VXSSRUW�WKLV�IXQFWLRQDOLW\ 

�� 52 �[� 

)'��$%/ 
���0ESV�)XOO�'XSOH[�$ELOLW\ 
7KH�46*0,,�6*0,,B3&6�DOZD\V�UHWXUQV���EHFDXVH�LW�GRHV�QRW�
VXSSRUW 
WKLV�IXQFWLRQDOLW\� 

�� 52 �[� 
+'��$%/ 
���0ESV�+DOI�'XSOH[�$ELOLW\ 
7KH�46*0,,�6*0,,B3&6�DOZD\V�UHWXUQV���EHFDXVH�LW�GRHV�QRW�
VXSSRUW�WKLV�IXQFWLRQDOLW\ 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2085 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 52 �[� 

)'���7 
���%$6(�7��)XOO�'XSOH[�$ELOLW\ 
7KH�46*0,,�6*0,,B3&6�DOZD\V�UHWXUQV���EHFDXVH�LW�GRHV�QRW�
VXSSRUW 
WKLV�IXQFWLRQDOLW\ 

� 52 �[� 

+'���7 
���%$6(�7��+DOI�'XSOH[�$ELOLW\ 
7KH�46*0,,�6*0,,B3&6�DOZD\V�UHWXUQV���EHFDXVH�LW�GRHV�QRW�
VXSSRUW 
WKLV�IXQFWLRQDOLW\� 

� 52 �[� 

(;7B676B$%/ 
([WHQGHG�6WDWXV�,QIRUPDWLRQ 
���1R�([WHQGHG�6WDWXV�LQIRUPDWLRQ�LV�SUHVHQW�DW�UHJLVWHU 
DGGUHVV���
K���)�RI�WKLV�00'�GHYLFH� 
���([WHQGHG�6WDWXV�LQIRUPDWLRQ�LV�SUHVHQW�DW�UHJLVWHU 
DGGUHVV���
K���)�RI�WKLV�00'�GHYLFH� 
46*0,,�6*0,,B3&6�UHWXUQV�WKLV�ELW�DV��� 

� 52 �[� 

81B',5B$%/ 
8QLGLUHFWLRQDO�$ELOLW\ 
���7KH�46*0,,�6*0,,B3&6�LV�DEOH�WR�WUDQVPLW�*0,,�LUUHVSHFWLYH�
RI 
ZKHWKHU�GHYLFH�KDV�GHWHUPLQHG�WKH�YDOLG�OLQN�RU�QRW� 
���7KH�46*0,,�6*0,,B3&6�LV�DEOH�WR�WUDQVPLW�*0,,�RQO\�ZKHQ�
WKH 
GHYLFH�KDV�GHWHUPLQHG�WKH�YDOLG�OLQN� 
7KH�46*0,,�6*0,,B3&6�DOZD\V�UHWXUQV�WKLV�ELW�DV��� 

� 52 �[� 

0)B35(B683 
0)�3UHDPEOH�6XSSUHVVLRQ 
���7KH�46*0,,�6*0,,B3&6�DFFHSWV�WKH�0',2�IUDPHV�ZLWK�
SUHDPEOH�VXSSUHVVHG� 
���7KH�46*0,,�6*0,,B3&6�GRHV�QRW�DFFHSW�WKH�0',2�IUDPHV�
ZLWK�SUHDPEOH�VXSSUHVVHG� 
7KLV�ELW�LV�DOZD\V�VHW�WR�� 

� 52 �[� 

$1B&03/ 
$XWR�QHJRWLDWLRQ�&RPSOHWH�IRU�3RUW�� 
���7KH�$1�SURFHVV�LV�FRPSOHWH 
���7KH�$1�SURFHVV�LV�QRW�FRPSOHWH 
7KLV�ELW�UHWXUQV���LI�$1B(1$%/(�RI�65B0,,B�B&75/�5HJLVWHU�LV�VHW�
WR��� 

� 52 �[� 

5) 
5HPRWH�)DXOW 
7KLV�UHJLVWHU�ELW�LV�VKDUHG�ZLWK�5)�ELW�RI�65B0,,B676�UHJLVWHU� 
7KH�YDOXH�UHWXUQHG�E\�WKLV�ILHOG�VKRXOG�EH�LJQRUHG�E\�WKH�VRIWZDUH�
DV�LW�LV�QRW�YDOLG�LQ�46*0,,�6*0,,�86;*0,,�0RGHV 

� 52 �[� 

$1B$%/ 
$XWR�QHJRWLDWLRQ�$ELOLW\ 
7KH�46*0,,�6*0,,B3&6�DOZD\V�UHWXUQV�WKLV�ELW�DV��� 
���7KH�46*0,,�6*0,,B3&6�LV�DEOH�WR�SHUIRUP�DXWR�QHJRWLDWLRQ� 
���7KH�46*0,,�6*0,,B3&6�LV�QRW�DEOH�WR�SHUIRUP�DXWR�
QHJRWLDWLRQ 

� 52 �[� 
/,1.B676 
/LQN�6WDWXV 
7KLV�UHJLVWHU�ELW�LV�VKDUHG�ZLWK�5/8�ELW�RI�65B0,,B676�UHJLVWHU� 

� 52 �[� 5HVHUYHGB� 
5HVHUYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2086 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 52 �[� 
(;7B5(*B&$3 
([WHQGHG�5HJLVWHU�&DSDELOLW\ 
���([WHQGHG�5HJLVWHU�FDSDELOLW\�H[LVWV��7KLV�ELW�LV�DOZD\V�VHW�WR��� 
���([WHQGHG�5HJLVWHU�FDSDELOLW\�GRHV�QRW�H[LVW� 

 
46*0,,�6*0,,B3&6B65B0,,B�B'(9B,'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 52 �[���� 

96B0,,B'(9B28,B�B�� 
2UJDQL]DWLRQDOO\�8QLTXH�,GHQWLILHU>����@ 
7KLV�ILHOG�FRQWDLQV�%LWV�>����@�RI����ELW�28,�RI�GHYLFH 
PDQXIDFWXUHU��7KH�46*0,,�6*0,,B3&6�RIIHUV����FRQILJXUDEOH�
%LWV>����@ 
IRU�LGHQWLI\LQJ�WKH�GHYLFH�PDQXIDFWXUHU��7KLV�UHJLVWHU�UHIOHFWV 
WKH�VDPH�YDOXH�DV�WKDW�RI�65B0,,B'(9B,'��UHJLVWHU� 

 
46*0,,�6*0,,B3&6B65B0,,B�B'(9B,'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�����&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

����� 52 �[�� 

96B00'B'(9B28,B��B�� 
2UJDQL]DWLRQDOO\�8QLTXH�,GHQWLILHU�>�����@ 
7KLV�ILHOG�FRQWDLQV�%LWV>�����@�RI����ELW�28,�RI�GHYLFH 
PDQXIDFWXUHU��7KH�46*0,,�6*0,,B3&6�RIIHUV����FRQILJXUDEOH�
%LWV>����@ 
IRU�LGHQWLI\LQJ�WKH�GHYLFH�PDQXIDFWXUHU� 

��� 52 �[�� 
96B00'B'(9B001B�B� 
0RGHO�1XPEHU 
7KLV�ILHOG�FRQWDLQV�WKH���ELW�0RGHO�1XPEHU�RI�WKH�GHYLFH� 

��� 52 �[� 
96B00'B'(9B51B�B� 
5HYLVLRQ�1XPEHU 
7KLV�ILHOG�FRQWDLQV�WKH���ELW�5HYLVLRQ�1XPEHU�RI�WKH�GHYLFH 

 
46*0,,�6*0,,B3&6B65B0,,B�B$1B$'9�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 52 �[� 
13 
1H[W�3DJH 
7KLV�ELW�UHIOHFWV�WKH�YDOXH�RI�13�ELW�RI�65B0,,B$1B$'9�5HJLVWHU� 

�� 52 �[� 5HVHUYHGB�� 
5HVHUYHG 

����� 52 �[� 
5) 
5HPRWH�)DXOW 
7KLV�ELW�UHIOHFWV�WKH�YDOXH�RI�5)�ELW�RI�65B0,,B$1B$'9�5HJLVWHU� 

���� 52 �[� 5HVHUYHGB��B� 
5HVHUYHG 

��� 52 �[� 
3$86( 
3DXVH�$ELOLW\� 
7KLV�ELW�UHIOHFWV�WKH�YDOXH�RI�3$86(�ELW�RI�65B0,,B$1B$'9�
5HJLVWHU 

� 52 �[� 
+' 
+DOI�'XSOH[ 
7KLV�ELW�UHIOHFWV�WKH�YDOXH�RI�+'�ELW�RI�65B0,,B$1B$'9�5HJLVWHU� 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2087 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

)' 
)XOO�'XSOH[ 
:KHQ�WKLV�ELW�LV�VHW��LW�LQGLFDWHV�WKH�GHYLFH��SRUW����FDQ�RSHUDWH�LQ�
IXOO�GXSOH[�PRGH� 
7KLV�ELW�LV�XVHG�LQ�&ODXVH����DXWR�QHJRWLDWLRQ��7[B&RQILJB5HJ��
GRQH�E\�SRUW����ZKHQ�46*0,,�6*0,,B3&6�LV� � FRQILJXUHG�DV�3+<�
VLGH�46*0,,� 

��� 52 �[�� 5HVHUYHGB�B� 
5HVHUYHG 

 
46*0,,�6*0,,B3&6B65B0,,B�B/3B%$%/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 52 �[� /3B13 
1H[W�3DJH 

�� 52 �[� /3B$&. 
$&.�ELW�IURP�WKH�/LQN�3DUWQHU 

����� 52 �[� /3B5) 
5HPRWH�)DXOW 

���� 52 �[� 5HVHUYHGB��B� 
5HVHUYHG 

��� 52 �[� /3B3$86( 
3DXVH�$ELOLW\ 

� 52 �[� /3B+' 
+DOI�'XSOH[ 

� 52 �[� /3B)' 
)XOO�'XSOH[ 

��� 52 �[�� 5HVHUYHGB�B� 
5HVHUYHG 

 
46*0,,�6*0,,B3&6B65B0,,B�B$1B(;31�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 52 �[� 

/'B13B$%/ 
/RFDO�'HYLFH�13�$EOH 
���7KH�ORFDO�GHYLFH�KDV�WKH�QH[W�SDJH�DELOLW\ 
���7KH�ORFDO�GHYLFH�GRHV�QRW�KDYH�WKH�QH[W�SDJH�DELOLW\ 
7KH�46*0,,�6*0,,B3&6�DOZD\V�UHWXUQV�WKLV�ELW�DV���EHFDXVH�LW�
GRHV 
QRW�VXSSRUW�1H[W�3DJH� 

� 52 �[� 

3*B5&9' 
3DJH�5HFHLYHG��52��/+�7\SH� 
7KLV�ELW�LQGLFDWHV�WKDW�WKH�ORFDO�GHYLFH�UHFHLYHG�D�SDJH�IURP 
WKH�OLQN�SDUWQHU��GXULQJ�SRUW���DXWR�QHJRWLDWLRQ�� 
���7KH�ORFDO�GHYLFH�UHFHLYHG�D�QHZ�SDJH 
���7KH�ORFDO�GHYLFH�GLG�QRW�UHFHLYH�D�QHZ�SDJH 

� 52 �[� 5HVHUYHGB� 
5HVHUYHG 

 
46*0,,�6*0,,B3&6B65B0,,B�B(;7B676�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�����&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2088 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 52 �[� &$3B�*B;B)' 
����%$6(�;�)XOO�'XSOH[�&DSDEOH 

�� 52 �[� &$3B�*B;B+' 
����%$6(�;�+DOI�'XSOH[�&DSDEOH 

�� 52 �[� &$3B�*B7B)' 
����%$6(�7�)XOO�'XSOH[�&DSDEOH 

�� 52 �[� &$3B�*B7B+' 
����%$6(�7�+DOI�'XSOH[�&DSDEOH 

���� 52 �[��� 5HVHUYHGB��B� 
5HVHUYHG 

 
46*0,,�6*0,,B3&6B95B0,,B�B',*B&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�$����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 5: �[� 

95B567 
9HQGRU�6SHFLILF�6RIW�5HVHW��5:�6&�7\SH� 
:KHQ�WKH�KRVW�VHWV�WKLV�ELW��WKH�&65�EORFN�WULJJHUV�WKH 
YHQGRU�VSHFLILF�VRIWZDUH�UHVHW�SURFHVV�LQ�ZKLFK�DOO�LQWHUQDO 
EORFNV��H[FHSW�WKH�0DQDJHPHQW�,QWHUIDFH�EORFN�DQG�&65 
EORFN��DUH�UHVHW��:KHQ�WKLV�ELW�LV�VHW��LW�DOVR�UHVHWV�WKH�3+<� 
7KLV�ELW�LV�VHOI�FOHDUHG�XQGHU�WKH�IROORZLQJ�FRQGLWLRQV� 
)RU�6\QRSV\V�3+<��7KLV�ELW�LV�VHOI�FOHDUHG�ZKHQ�%LWV>���@�LQ 
95B0,,B',*B676�5HJLVWHU�DUH�HTXDO�WR��
E�����WKDW�LV��7[�5[ 
FORFNV�DUH�VWDEOH�DQG�LQ�3RZHUB*RRG�VWDWH� 
)RU�1RQ�6\QRSV\V�3+<�7KLV�ELW�LV�VHOI�FOHDUHG�DIWHU�WKH 
IROORZLQJ� 
���FONBFVUBL�FORFNV�IRU�WKH�0&,�LQWHUIDFH 
��0'&�FORFN�SHULRG�IRU�WKH�0',2�LQWHUIDFH 
1RWH��)RU�LQIRUPDWLRQ�DERXW�WKH�UHDG�RU�ZULWH�DFFHVV�IRU�DQ\ 
UHJLVWHU�GXULQJ�WKH�UHVHW�SURFHVV��VHH��6SHFLDO�&DVH�5HJLVWHU 
$FFHVV��VHFWLRQ� 

�� 5: �[� 

5�7/%( 
5[�WR�7[�/RRSEDFN�(QDEOH 
7KLV�ELW�FRQWUROV�WKH�ORRSEDFN�SDWK�IURP�WKH�*0,,�;*0,,�5[�WR 
WKH�*0,,�;*0,,�7[�DW�WKH�*0,,�;*0,,�LQWHUIDFH��SRUW���� 
���/RRSEDFN�SDWK�LV�GLVDEOHG 
���/RRSEDFN�SDWK�LV�HQDEOHG 

�� 52 �[� 
(1B9600'� 
(QDEOH�9HQGRU�6SHFLILF�00'� 
7KLV�LV�D�UHDG�RQO\�ELW�ZKLFK�UHIOHFWV�WKH�YDOXH�RI�(1B9600'� 
ELW�RI�95B0,,B',*B&75/��5HJLVWHU� 

�� 52 �[� 
&/��B%3 
(QDEOH�&ODXVH����$1�LQ�%DFNSODQH�&RQILJXUDWLRQ 
7KLV�LV�D�UHDG�RQO\�ELW�ZKLFK�UHIOHFWV�WKH�YDOXH�RI�&/��B%3�ELW 
RI�95B0,,B',*B&75/��5HJLVWHU� 

�� 52 �[� 3:569 
5HVHUYHG 

�� 5: �[� 

&6B(1 
&ORFN�6WRS�(QDEOH 
���7KH�3+<�PD\�VWRS�WKH�FORFN�GXULQJ�/3,�PRGH 
���7KH�FORFN�FDQQRW�EH�VWRSSHG�GXULQJ�/3,�PRGH 
<RX�VKRXOG�SURJUDP�WKLV�ELW�EDVHG�RQ�WKH�FDSDELOLW\�RI�WKH�0$& 
�FRQQHFWHG�WR�*0,,�3RUW����GXULQJ�5[�/3,�PRGH� 
1RWH��7KLV�ILHOG�LV�YDOLG�RQO\�LQ�46*0,,�PRGH 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2089 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

0$&B$872B6: 
$XWRPDWLF�6SHHG�0RGH�&KDQJH�DIWHU�&/���$1��IRU�SRUW��� 
,I�WKLV�ILHOG�LV�VHW�WR����46*0,,�6*0,,B3&6�DXWRPDWLFDOO\�VZLWFKHV�
WR�WKH 
QHJRWLDWHG�86;*0,,�46*0,,�SRUW���VSHHG��DIWHU�WKH 
FRPSOHWLRQ�RI�&ODXVH����DXWR�QHJRWLDWLRQ��7KLV�PRGH�LV�YDOLG 
RQO\�ZKHQ�46*0,,�6*0,,B3&6�LV�FRQILJXUHG�DV�0$&�VLGH 
86;*0,,�46*0,,�DQG�VKRXOG�EH�VHW�RQO\�ZKHQ 
$XWR�QHJRWLDWLRQ�LV�HQDEOHG��$1B(1$%/(�ELW�LV�VHW�WR���� 
,I�WKLV�ELW�LV�VHW�WR����46*0,,�6*0,,B3&6�RSHUDWHV�DW�WKH�
VSHHG�GXSOH[ 
PRGH�DV�SHU�WKH�YDOXHV�SURJUDPPHG�WR�65B0,,B�B&75/ 
5HJLVWHU��,Q�WKDW�FDVH��DIWHU�WKH�FRPSOHWLRQ�RI�&/���$1� 
DSSOLFDWLRQ�KDV�WR�UHDG�WKH�QHJRWLDWHG�6SHHG�'XSOH[�0RGH 
IURP�95B0,,B�B$1B,175B676�5HJLVWHU�DQG�WKHQ�SURJUDP 
65B0,,B�B&75/�5HJLVWHU�DSSURSULDWHO\� 
,I�WKLV�ELW�LV�VHW�WR���LQ�46*0,,�PRGH� 
3&6BTVJPLLBOLQNBVWVBS�BR��3&6BOLQNBVSHHGBS�BR�DQG 
3&6BTVJPLLBIXOOBGXSOH[BS�BR�RXWSXWV�UHIOHFW�WKH 
DXWR�QHJRWLDWHG�YDOXHV��WKDW�LV��YDOXHV�IURP 
&/��B$16*0B676�ILHOG�RI�95B0,,B�B$1B,175B676 
5HJLVWHU� 
)RU�86;*0,,�PRGH��LI�FONB[JPLLBW[BS�BL�DQG 
FONB[JPLLBU[BS�BL�GR�QRW�VWDELOL]H�DW�WKH�QHZ�RSHUDWLQJ 
IUHTXHQF\��EDVHG�RQ�WKH�VHOHFWHG�VSHHG��LPPHGLDWHO\�DIWHU�WKH 
FRPSOHWLRQ�RI�DXWR�QHJRWLDWLRQ��WKHQ�VRIWZDUH�PLJKW�QHHG�WR 
SURJUDP�
865$B567
�ELW�SULRU�WR�VWDUWLQJ�SDFNHW�WUDQVIHU�LQ�WKH 
QHZ�VSHHG�PRGH� 

� 52 �[� 
,1,7 
,1,7 
7KLV�ELW�UHIOHFWV�WKH�YDOXH�RI�,1,7�ELW�RI�95B0,,B',*B&75/��
5HJLVWHU� 

� 52 �[� 
06.B5'B(55 
0DVN�5XQQLQJ�'LVSDULW\�(UURU 
7KLV�ELW�UHIOHFWV�WKH�YDOXH�RI�06.B5'B(55�ELW�RI�
95B0,,B',*B&75/��5HJLVWHU� 

� 5: �[� 

35(B(03 
3UH�HPSWLRQ�3DFNHW�(QDEOH� 
7KLV�ELW�VKRXOG�EH�VHW�WR���WR�DOORZ�WKH�46*0,,�6*0,,B3&6�WR�
SURSHUO\�UHFHLYH�WUDQVPLW�SUH�HPSWLRQ�SDFNHWV�DORQJ�*0,,�SRUW����
ZKHQ�  
RSHUDWLQJ�LQ���0����0�0RGHV� 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2090 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 52 �[� 

865$B567 
86;*0,,�5DWH�$GDSWRU�5HVHW��3RUW��� 
7KLV�ELW�FDQ�EH�VHW�WR���WR�UHVHW�LQLWLDOL]H�WKH�86;*0,,�5DWH�
$GDSWRU�/RJLF��IRU�SRUW����LQVLGH�46*0,,�6*0,,B3&6��7KH�5DWH�
$GDSWRU�/RJLF�PDSV�*0,,�GDWD�WR�;*0,,��DQG�YLFH�YHUVD�LQ�5[�
SDWK��GDWD�DQG�SHUIRUP�GDWD�UHSOLFDWLRQ�IRU�ORZHU�86;*0,,�
VSHHGV��7KLV�LV�D�VHOI�FOHDU�ELW��5:�6&��DQG�FOHDUV�LWVHOI�DIWHU�WKH�
UHVHW�RI�7[�DQG�5[�5DWH�$GDSWRU�/RJLF�LV�FRPSOHWH��$IWHU�VHWWLQJ�
WKLV�ELW�WR����DSSOLFDWLRQ�VKRXOG�SROO�WKLV�ELW�WLOO�LW�VHOI�FOHDUV� 
1RWH��,I�&/.&203 (QDEOHG��WKLV�ELW�DOVR�LQLWLDOL]HV�WKH�FORFN�
FRPSHQVDWLRQ�),)2��FRUUHVSRQGLQJ�WR�SRUW�����:KHQ�WKLV�ELW�LV�
SURJUDPPHG�WR����5;),)2B29)�5;),)2B81)�ELWV�RI�
95B0,,B�B',*B676 
5HJLVWHU�PLJKW�JHW�VHW�LQFRUUHFWO\��7KHUHIRUH��UHDG�WKHVH�UHJLVWHU�
ELWV��5;),)2B29)�DQG�5;),)2B81)��VR�WKDW�WKH\�JHW�FOHDUHG��
7KHUHDIWHU��5;),2)B81)�DQG�5;),)2B81)�ELWV�DUH�UHOLDEOH� 

� 52 �[� 
'7;/$1('B� 
7[�/DQH���'LVDEOH 
7KLV�ELW�UHIOHFWV�WKH�YDOXH�RI�'7;/$1('B��ELW�RI�
95B0,,B',*B&75/��5HJLVWHU� 

� 52 �[� 
&/��B705B295B5,'( 
2YHU�5LGH�&RQWURO�IRU�&/���/LQN�7LPHU� 
7KLV�ELW�UHIOHFWV�WKH�YDOXH�RI�&/��B705B295B5,'(�ELW�RI�
95B0,,B',*B&75/��5HJLVWHU� 

� 52 �[� 
(1B�B�*B02'( 
(QDEOH����*�*0,,�0RGH��*0,,�LQWHUIDFH�RYHU�FORFNHG���� 
7KLV�ELW�UHIOHFWV�WKH�YDOXH�RI�(1B�B�*B02'(�ELW�RI�
95B0,,B',*B&75/��5HJLVWHU� 

� 52 �[� %<3B3:583 
5HVHUYHG 

� 52 �[� 

3+<B02'(B&75/ 
46*0,,�86;*0,,�3+<�PRGH�FRQWURO�RQ�3RUW�� 
7KLV�ELW�FRQWUROV�WKH�&ODXVH����DXWR�QHJRWLDWLRQ�ZKHQ�RSHUDWLQJ�
LQ�46*0,,�86;*0,,��3RUW����3+<�PRGH� 
46*0,� 
:KHQ�WKLV�ELW�LV�VHW�WR����46*0,,�6*0,,B3&6�DGYHUWLVHV�WKH�
YDOXHV�RI�LQSXW�SRUWV�3&6BTVJPLLBOLQNBVWVBS�BL��
3&6BTVJPLLBOLQNBVSHHGBS�BL�DQG�3&6BTVJPLLBIXOOBGXSOH[BS�BL�
GXULQJ�46*0,,�3RUW����DXWR�QHJRWLDWLRQ� 
:KHQ�WKLV�ELW�LV�VHW�WR����46*0,,�3RUW����DXWR�QHJRWLDWLRQ 
DGYHUWLVHV�WKH�YDOXHV�SURJUDPPHG�WR� 
ELW����6*0,,B/,1.B676��RI�95B0,,B�B$1B&75/�5HJLVWHU 
ELW�����VV����DQG����VV���RI�65B0,,B�B&75/�5HJLVWHU�DQG 
ELW����)'��RI�65B0,,B�B$1B$'9�5HJLVWHU 

 
46*0,,�6*0,,B3&6B95B0,,B�B$1B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�$����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

����� 52 �[�� 5HVHUYHGB��B�� 
5HVHUYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2091 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

,1'B7;B(1 
,QGHSHQGHQW�7UDQVPLW�(QDEOH 
,I�WKLV�ELW�LV�VHW�WR����46*0,,�6*0,,B3&6�LV�DEOH�WR�WUDQVPLW�WKH�
SRUW���*0,,�7[�GDWD��LUUHVSHFWLYH�RI�LWV�UHFHLYH�OLQN�VWDWXV�GXULQJ�
46*0,,�PRGH��SURYLGHG�DXWR�QHJRWLDWLRQ�LV�QRW�HQDEOHG�� 
,I�WKLV�ELW�LV�VHW�WR����46*0,,�6*0,,B3&6�VHQGV�,'/(��IRU�SRUW����
WLOO�LWV�UHFHLYHU�KDV�DWWDLQHG�V\QFKURQL]DWLRQ� 

� 5: �[� 

0,,B&75/ 
0,,�&RQWURO 
7KLV�ELW�FRQWUROV�WKH�ZLGWK�RI�WKH�0$&�LQWHUIDFH��FRQQHFWHG�WR 
*0,,�SRUW����ZKHQ�RSHUDWLQJ�DW����0ESV�RU�����0ESV 
�����ELW�0,, 
�����ELW�0,, 
7KLV�ELW�DOVR�FRQWUROV�WKH�3&6BPLLBFWUOBS�BR�VLJQDO�ZKLFK�LV 
XVHG�IRU�H[WHUQDO�FORFN�PXOWLSOH[LQJ�RI�WKH 
FONBPLLBW[BS�BL�FONB[JPLLBW[BS�BL�DQG 
FONBPLLBU[BS�BL�FONB[JPLLBU[BS�BL�VLJQDOV 

��� 52 �[� 5HVHUYHGB�B� 
5HVHUYHG 

� 5: �[� 

6*0,,B/,1.B676 
46*0,,�86;*0,,�/LQN�6WDWXV��SRUW��� 
7KLV�ELW�LV�XVHG�LQ�%LW����RI�WKH�7[B&RQILJB5HJ�GXULQJ�&ODXVH 
���DXWR�QHJRWLDWLRQ��DORQJ�SRUW����ZKHQ�46*0,,�6*0,,B3&6�LV 
SURJUDPPHG�DV�46*0,,�3+<��RU�DV�86;*0,,�3+<��DQG 
ZKHQ�3+<B02'(B&75/�ELW�RI�95B0,,B�B',*B&75/� 
5HJLVWHU�LV���� 
���/LQN�'RZQ 
���/LQN�8S 

� 52 �[� 
7;B&21),* 
7UDQVPLW�&RQILJXUDWLRQ 
7KLV�ILHOG�UHIOHFWV�WKH�YDOXH�RI�7;B&21),*�RI�95B0,,B$1B&75/�
5HJLVWHU� 

��� 52 �[� 

3&6B02'( 
3&6�0RGH�  
7KLV�ILHOG�UHIOHFWV�WKH�YDOXH�RI�3&6B02'(�RI�95B0,,B$1B&75/�
5HJLVWHU�IRU�FRQILJXUDWLRQV�ZLWK�46*0,,�VXSSRUW��)RU�RWKHU�
FRQILJXUDWLRQV��WKLV�ILHOG�UHWXUQV��
E��� 

� 5: �[� 

0,,B$1B,175B(1 
&ODXVH����$1�&RPSOHWH�,QWHUUXSW�(QDEOH��SRUW��� 
:KHQ�VHW�WR����WKLV�ELW�HQDEOHV�WKH�JHQHUDWLRQ�RI�&ODXVH��� 
DXWR�QHJRWLDWLRQ�FRPSOHWH��RQ�SRUW����LQWHUUXSW�RXWSXW� 
:KHQ�VHW�WR����LW�GLVDEOHV�WKH�JHQHUDWLRQ�RI�&ODXVH��� 
DXWR�QHJRWLDWLRQ�FRPSOHWH�LQWHUUXSW� 

 
46*0,,�6*0,,B3&6B95B0,,B�B$1B,175B676�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�$����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 52 �[� 5HVHUYHGB�� 
5HVHUYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2092 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�� 

86;*B$1B676 
86;*0,,�&ODXVH����$1�6WDWXV��DORQJ�3RUW��� 
7KLV�ILHOG�LV�YDOLG�RQO\�ZKHQ�FODXVH����DXWR�QHJRWLDWLRQ�LV 
FRPSOHWH�LQ�86;*0,,�0RGH�DORQJ�3RUW����,W�LQGLFDWHV�WKH 
VWDWXV�UHFHLYHG�IURP�UHPRWH�OLQN�DIWHU�WKH�86;*0,, 
DXWR�QHJRWLDWLRQ�LV�FRPSOHWH� 
86;*B$1B676>�@ 
���/LQN�LV�'RZQ 
���/LQN�LV�8S 
86;*B$1B676>�@ 
���+DOI�'XSOH[ 
���)XOO�'XSOH[ 
86;*B$1B676>���@ 
��������0ESV�VSHHG�OLQN 
���������0ESV�VSHHG�OLQN 
����������0ESV�VSHHG�OLQN 
��������*ESV�VSHHG�OLQN 
���������*ESV�VSHHG�OLQN 
�������*ESV�VSHHG�OLQN 
86;*B$1B676>�@ 
���(((�VXSSRUWHG 
���(((�QRW�VXSSRUWHG 
86;*B$1B676>�@ 
���(((�FORFN�VWRS�VXSSRUWHG 
���(((�FORFN�VWRS�QRW�VXSSRUWHG 
1RWH�7KLV�ILHOG�LV�SUHVHQW�RQO\�LQ�FRQILJXUDWLRQV�ZLWK�0XOWL�SRUW 
86;*0,,�VXSSRUW� 

� 52 �[� 5HVHUYHGB� 
5HVHUYHG 

� 52 �[� 

/3B&.B673 
/LQN�3DUWQHU�(((�&ORFN�6WRS�&DSDELOLW\ 
7KLV�ILHOG�LQGLFDWHV�WKH�(((�FORFN�VWRS�FDSDELOLW\��RU�HQDEOH�LQ 
FDVH�IDU�HQG�LV�DFWLQJ�DV�46*0,,�0$&��DGYHUWLVHG�E\�WKH 
IDU�HQG�GHYLFH��7KLV�ILHOG�LV�YDOLG�RQO\�ZKHQ�3&6B02'(>���@�LV 
VHW�WR�WKH�46*0,,�PRGH�DQG�WKH�DXWR�QHJRWLDWLRQ�LV�FRPSOHWH 
DORQJ�SRUW��� 
1RWH�7KLV�ILHOG�LV�SUHVHQW�RQO\�LQ�FRQILJXUDWLRQV�ZLWK�46*0,, 

� 52 �[� 

/3B(((B&$3 
/LQN�3DUWQHU�(((�&DSDELOLW\ 
7KLV�ILHOG�LQGLFDWHV�WKH�(((�FDSDELOLW\�DGYHUWLVHG�E\�WKH�IDU�HQG�
GHYLFH��3RUW���46*0,,�3+<���7KLV�ILHOG�LV�YDOLG�RQO\�ZKHQ�
3&6B02'(>���@�LV�VHW�WR�WKH�46*0,,�PRGH�DQG�WKH�DXWR�
QHJRWLDWLRQ�LV�FRPSOHWH�DORQJ�SRUW��� 
1RWH�7KLV�ILHOG�LV�SUHVHQW�RQO\�LQ�FRQILJXUDWLRQV�ZLWK�46*0,,� 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2093 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 52 �[� 

&/��B$16*0B676 
&ODXVH����$1�46*0,,�6WDWXV��SRUW����  
7KLV�ILHOG�LV�YDOLG�RQO\�ZKHQ�WKH�3&6B02'(>���@�LV�VHW�WR�WKH�
46*0,,�PRGH�DQG�WKH�DXWR�QHJRWLDWLRQ�LV�FRPSOHWH�DORQJ�SRUW��� 
,W�LQGLFDWHV�WKH�VWDWXV�UHFHLYHG�IURP�UHPRWH�OLQN�SDUWQHU� 
&/��B$16*0B676>�@ 
���+DOI�'XSOH[ 
���)XOO�'XSOH[ 
&/��B$16*0B676>���@ 
�������0ESV�VSHHG�OLQN 
��������0ESV�VSHHG�OLQN 
���������0ESV�VSHHG�OLQN 
&/��B$16*0B676>�@ 
���/LQN�LV�'RZQ 
���/LQN�LV�8S 
1RWH�7KLV�ILHOG�LV�SUHVHQW�RQO\�LQ�FRQILJXUDWLRQV�ZLWK�46*0,,� 

� 5: �[� 

&/��B$1&03/7B,175 
&ODXVH����$1�&RPSOHWH�,QWHUUXSW��66�:&�7\SH� 
7KH�46*0,,�6*0,,B3&6�VHWV�WKLV�ELW�ZKHQ�&ODXVH����DXWR�
QHJRWLDWLRQ 
LV�FRPSOHWH�IRU�SRUW����7KH�KRVW�PXVW�FOHDU�WKLV�ELW�E\�ZULWLQJ�� 
WR�LW� 

 
46*0,,�6*0,,B3&6B95B0,,B�B7&�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�$���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 52 �[� 73( 
7HVW�3DWWHUQ�(QDEOH�/DQHV 

��� 52 �[� 73 
7HVW�3DWWHUQ�6HOHFW 

 
46*0,,�6*0,,B3&6B95B0,,B�B'%*B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�$����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� 52 �[� 

7;B30%/B&7/ 
7UDQVPLW�3UHDPEOH�&RQWURO 
7KLV�ELW�PHUHO\�UHIOHFWV�WKH�YDOXH�RI�7;B30%/B&7/�ILHOG�RI�
95B0,,B'%*B&75/�5HJLVWHU��IRU�����%DVH;�2QO\�3&6�
FRQILJXUDWLRQV��RU�95B;6B3&6B'(%8*B&75/�5HJLVWHU��IRU�RWKHU�
FRQILJXUDWLRQV�� 

� 52 �[� 

5;B6<1&B&7/ 
5HFHLYH�6\QFKURQL]DWLRQ�&RQWURO�� 
7KLV�ELW�PHUHO\�UHIOHFWV�WKH�YDOXH�RI�5;B6<1&B&7/�ILHOG�RI�
95B0,,B'%*B&75/�5HJLVWHU��IRU�����%DVH;�2QO\�3&6�
FRQILJXUDWLRQV��RU�95B;6B3&6B'(%8*B&75/�5HJLVWHU��IRU�RWKHU�
FRQILJXUDWLRQV�� 

� 52 �[� 

5;B'7B(1B&7/ 
5[�'DWD�(QDEOH�&RQWURO� 
7KLV�ELW�PHUHO\�UHIOHFWV�WKH�YDOXH�RI�5;B'7B(1B&7/�ILHOG�RI 
95B0,,B'%*B&75/�5HJLVWHU��IRU�����%DVH;�2QO\�3&6 
FRQILJXUDWLRQV��RU�95B;6B3&6B'(%8*B&75/�5HJLVWHU��IRU 
RWKHU�FRQILJXUDWLRQV�� 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2094 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 52 �[� 

6835(66B(((B/26B'(7 
6XSSUHVV�(((�/RVV�RI�6LJQDO�'HWHFWLRQ� 
7KLV�ELW�PHUHO\�UHIOHFWV�WKH�YDOXH�RI�6835(66B(((B/26B'(7�ILHOG�
RI�95B0,,B'%*B&75/�5HJLVWHU��IRU�����%DVH;�2QO\�3&6�
FRQILJXUDWLRQV��RU 
95B;6B3&6B'(%8*B&75/�5HJLVWHU��IRU�RWKHU�FRQILJXUDWLRQV�� 

� 52 �[� 

6835(66B/26B'(7 
6XSSUHVV�/RVV�RI�6LJQDO�'HWHFWLRQ 
7KLV�ELW�PHUHO\�UHIOHFWV�WKH�YDOXH�RI�6835(66B/26B'(7�ILHOG�RI�
95B0,,B'%*B&75/�5HJLVWHU��IRU�����%DVH;�2QO\�3&6�
FRQILJXUDWLRQV��RU�95B;6B3&6B'(%8*B&75/�5HJLVWHU��IRU�RWKHU�
FRQILJXUDWLRQV� 

��� 52 �[� UHVHUYHG 

� 5: �[� 

5(67$5B6<1& 
5HVWDUW�6\QFKURQL]DWLRQ 
:KHQ�VHW�WR����WKLV�ELW�UHVWDUWV�WKH�5[�6\QFKURQL]DWLRQ�6WDWH�
PDFKLQH�RQ�SRUW����7KH�KRVW�PXVW�FOHDU�WKLV�ELW�WR���EHIRUH�
VHWWLQJ�LW�WR���QH[W�WLPH� 

 
46*0,,�6*0,,B3&6B95B0,,B�B(((B0&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�$����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

����� 52 �[� &/.6723 
&ORFN�6WRS 

���� 52 �[� 08/7B)$&7B���16 
����QV�&ORFN�7LF�0XOWLSO\LQJ�)DFWRU 

� 52 �[� 5;B(1B&75/ 
5[�&RQWURO�(QDEOH 

� 52 �[� 6,*1B%,7 
(IIHFWLYH�����QV�7LF�9DOXH 

� 52 �[� 5HVHUYHGB� 
5HVHUYHG 

� 52 �[� 7;B(1B&75/ 
7[�&RQWURO�(QDEOH 

� 52 �[� 5;B48,(7B(1 
5[�4XLHW�(QDEOH 

� 52 �[� 7;B48,(7B(1 
7[�4XLHW�(QDEOH 

� 52 �[� /5;B(1 
/3,�5[�(QDEOH 

� 52 �[� /7;B(1 
/3,�7[�(QDEOH 

 
46*0,,�6*0,,B3&6B95B0,,B�B(((B7;7,0(5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�$����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 52 �[�� 76/B5(6 
76/�5HVROXWLRQ 

 
46*0,,�6*0,,B3&6B95B0,,B�B(((B5;7,0(5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�$����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2095 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�� 7:5B5(6 
7:5�5HVROXWLRQ 

��� 52 �[�� 5(6B���8 
����XV�5HVROXWLRQ 

 
46*0,,�6*0,,B3&6B95B0,,B�B/,1.B7,0(5B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�$����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 52 �[���� 95B0,,B�B/,1.B7,0(5B&75/ 
3URJUDPPDEOH�/LQN�7LPHU�9DOXH�IRU�&ODXVH����DXWR�QHJRWLDWLRQ� 

 
46*0,,�6*0,,B3&6B95B0,,B�B(((B0&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�$���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 52 �[� 751B/3, 
7UDQVSDUHQW�7[�/3,�0RGH�(QDEOH 

 
46*0,,�6*0,,B3&6B95B0,,B�B',*B676�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�$����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

����� 52 �[� 

/7;B67$7( 
/3,�7UDQVPLW�6WDWH� 
7KLV�ILHOG�UHIOHFWV�WKH�YDOXH�RI�/7;B67$7(�ILHOG�RI�
95B0,,B',*B676�5HJLVWHU��IRU�����%DVH;�2QO\�3&6�
FRQILJXUDWLRQV��RU�95B;6B3&6B',*B676�5HJLVWHU��IRU�RWKHU�
FRQILJXUDWLRQV�� 

����� 52 �[� 

/5;B67$7( 
/3,�5HFHLYH�6WDWH 
7KLV�ILHOG�UHIOHFWV�WKH�YDOXH�RI�/5;B67$7(�ILHOG�RI�
95B0,,B',*B676�5HJLVWHU��IRU�����%DVH;�2QO\�3&6�
FRQILJXUDWLRQV��RU�95B;6B3&6B',*B676�5HJLVWHU��IRU�RWKHU�
FRQILJXUDWLRQV�� 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2096 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 52 �[� 

,19B;*0B&+$5 
,QYDOLG�;*0,,�&KDUDFWHU��52�/+�7\SH���3RUW�� 
7KLV�ELW�LQGLFDWHV�DQ�LQYDOLG�;*0,,�FKDUDFWHU�RQ�WKH�7UDQVPLW�SDWK�
�SRUW���� 
���1R�,QYDOLG�;*0,,�FKDUDFWHU 
���,QYDOLG�FKDUDFWHU 
7KLV�ELW�LV�VHW�ZKHQ�RQH�RI�WKH�IROORZLQJ�FRQGLWLRQV�LV�WUXH�RQ�WKH�
;*0,,�LQWHUIDFH� 
_4_�LV�GHWHFWHG�RQ�D�ODQH�RWKHU�WKDQ�/DQH��� 
_4_�LV�GHWHFWHG�RQ�/DQH���DQG�DOVR�DQ\�RI�WKH�IROORZLQJ�FRQGLWLRQV�
LV�WUXH� 
1R��
K���GDWD�LQ�/DQH��� 
1R��
K���GDWD�LQ�/DQH��� 
1R��
K���RU��
K���GDWD�RQ�/DQH��� 
_(_�RU�_7_�LV�HQFRXQWHUHG�LQ�QRQ�GDWD�SKDVH�DQG�_4_�LV�
HQFRXQWHUHG�LQ�GDWD�SKDVH� 
_'_�LV�GHWHFWHG�GXULQJ�WKH�,GOH�SKDVH��DIWHU�7HUPLQDWH�DQG�EHIRUH�
YDOLG�62)�� 
_,_�LV�GHWHFWHG�GXULQJ�WKH�GDWD�SKDVH��DIWHU�62)�DQG�EHIRUH�
7HUPLQDWH�� 
1RWH��7KLV�ILHOG�LV�SUHVHQW�RQO\�IRU�0XOWL�SRUW�86;*0,,�
FRQILJXUDWLRQV� 

� 52 �[� 

,19B;*0B7 
,QYDOLG�;*0,,�7�&KDUDFWHU��52�/+�7\SH���3RUW�� 
7KLV�ELW�LQGLFDWHV�WKDW�WKH�WUDQVPLW�GDWD��SRUW����UHFHLYHG�RQ�
;*0,,�KDV�DQ�LQYDOLG�7HUPLQDWH�FKDUDFWHU� 
���1RUPDO�RSHUDWLRQ 
���,QYDOLG�7HUPLQDWH�FKDUDFWHU 
7KH�IROORZLQJ�FDQ�FDXVH�DQ�LQYDOLG�7HUPLQDWH�FKDUDFWHU� 
,Q�7HUPLQDWH�FROXPQ��EHIRUH�ODQH�FRUUHVSRQGV�WR�WKH�_7_�
FKDUDFWHU��WKHUH�LV�D�_,_�RU�_4_�FKDUDFWHU� 
,Q�7HUPLQDWH�FROXPQ��DIWHU�ODQH�FRUUHVSRQGV�WR�WKH�_7_�FKDUDFWHU��
WKHUH�LV�D�QRQ�_,_�FKDUDFWHU 
1RWH�7KLV�ILHOG�LV�SUHVHQW�RQO\�IRU�0XOWL�SRUW�86;*0,,�
FRQILJXUDWLRQV� 

� 52 �[� 

,19B;*0B623 
,QYDOLG�;*0,,�6WDUW�&KDUDFWHU��52�/+�7\SH���3RUW�� 
7KLV�ELW�LQGLFDWHV�WKDW�WKH�;*0,,�WUDQVPLW��3RUW����IUDPH�FRQWDLQV�
LQYDOLG�623�FKDUDFWHU� 
���1RUPDO�RSHUDWLRQ 
���,QYDOLG�623�FKDUDFWHU 
$Q�LQYDOLG�623�HYHQW�RFFXUV�ZKHQ�D�_6_�FKDUDFWHU�LV�GHWHFWHG�LQ�D�
ODQH�RWKHU�WKDQ�/DQH��� 
1RWH�7KLV�ILHOG�LV�SUHVHQW�RQO\�IRU�0XOWL�SRUW�86;*0,,�
FRQILJXUDWLRQV� 

� 52 �[� 

5;),)2B29) 
5[�),)2�2YHUIORZ��52�/+�7\SH� 
7KLV�ELW�LQGLFDWHV�WKH�FORFN�UDWH�FRPSHQVDWLRQ�),)2�RYHUIORZ�IRU�
SRUW��� 
���1RUPDO�RSHUDWLRQ 
���),)2�RYHUIORZ 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2097 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 52 �[� 

5;),)2B81') 
5[�),)2�8QGHUIORZ��52�/+�7\SH� 
7KLV�ELW�LQGLFDWHV�WKH�FORFN�UDWH�FRPSHQVDWLRQ�),)2�XQGHUIORZ�IRU�
SRUW��� 
���1RUPDO�RSHUDWLRQ 
���),)2�XQGHUIORZ 

��� 52 �[� 36(4B67$7( 
5HVHUYHG 

� 52 �[� /%B$&7,9( 
5HVHUYHG 

� 52 �[� 5HVHUYHGB� 
5HVHUYHG 

 
46*0,,�6*0,,B3&6B95B0,,B�B,&*B(55&17��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�$����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 52 �[�� 

(&� 
,QYDOLG�&RGH�*URXS�&RXQW��3RUW����52�/+�7\SH� 
7KLV�ILHOG�JLYHV�WKH�LQYDOLG�FRGH�JURXS�FRXQW�LQ�SRUW����RI 
46*0,,��ZKHQ�%LW���RI�95�0,,B��00'�'LJLWDO�(UURU�&RXQW 
6HOHFW�5HJLVWHU�LV�VHW�WR��� 

 
46*0,,�6*0,,B3&6B95B0,,B�B',*B&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�$����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 52 �[� 7;B32/B,19B� 
7[�3RODULW\�,QYHUW�RQ�/DQH�� 

��� 52 �[� 5HVHUYHGB�B� 
5HVHUYHG 

� 52 �[� 5;B32/B,19B� 
5[�3RODULW\�,QYHUW�RQ�/DQH�� 

 
46*0,,�6*0,,B3&6B95B0,,B�B',*B(55&17B6(/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�$����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� 

,19B(&B(1 
,QYDOLG�&RGH�*URXS�(UURU�&RXQWHU�(QDEOH 
:KHQ�WKLV�ELW�LV�VHW��WKH�FRXQWLQJ�RI�LQYDOLG�FRGH�JURXS�HUURUV 
�RQ�SRUW����LV�HQDEOHG� 
���7KH�FRXQWLQJ�RI�HUURUV�LV�GLVDEOHG 
���7KH�FRXQWLQJ�RI�HUURUV�LV�HQDEOHG 
)RU�LQIRUPDWLRQ�DERXW�WKH�ILHOGV�FRQWDLQLQJ�WKH�QXPEHU�RI 
HUURUV�FRXQWHG��VHH�95B0,,B�B,&*B(55&17��5HJLVWHU� 

��� 52 �[� 5HVHUYHGB�B� 
5HVHUYHG 

� 5: �[� 

&25 
&OHDU�RQ�5HDG 
:KHQ�WKLV�ELW�LV�VHW�DQG�WKH�KRVW�UHDGV�SRUW���HUURU�FRXQWHU 
�95B0,,B�B,&*B(55&17��5HJLVWHU���WKDW�FRXQWHU�LV�FOHDUHG 
DIWHU�WKH�UHDG�F\FOH� 
���1RUPDO�RSHUDWLRQ 
���&OHDU�HUURU�FRXQWHU�WKDW�LV�UHDG 
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46*0,,�6*0,,B3&6B65B0,,B�B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�&����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 5: �[� 

567 
6RIW�5HVHW��5:�6&�7\SH� 
)RU�1RQ�6\QRSV\V�3+<�FRQILJXUDWLRQV� 
:KHQ�WKH�KRVW�VHWV�WKLV�ELW��WKH�&65�EORFN�WULJJHUV�WKH�VRIWZDUH�
UHVHW�SURFHVV�LQ�ZKLFK�DOO�LQWHUQDO�EORFNV�DUH�UHVHW��H[FHSW�WKH�
0DQDJHPHQW�,QWHUIDFH�EORFN��7KH�UHJLVWHUV�DUH�UHVHW�WR�WKHLU�
GHIDXOW�YDOXHV��:KHQ�WKLV�ELW�LV�VHW��LW�DOVR�UHVHWV�WKH�3+<� 
7KLV�ELW�LV�VHOI�FOHDUHG�DIWHU�WKH�IROORZLQJ� 
���FONBFVUBL�FORFNV�IRU�WKH�0&,�LQWHUIDFH 
��0'&�FORFN�SHULRG�IRU�WKH�0',2�LQWHUIDFH 

�� 52 �[� 
/%( 
/RRSEDFN�(QDEOH 
7KLV�ELW�UHIOHFWV�WKH�YDOXH�RI�/%(�ELW�RI�65B0,,B&75/�5HJLVWHU� 

�� 5: �[� 

66�� 
6SHHG�6HOHFWLRQ��/6%� 
7KLV�ELW��DORQJ�ZLWK�WKH�66��ELW�DQG�66��ELW�RI�WKLV�UHJLVWHU��
LQGLFDWHV�WKH�VSHHG�RI�*0,,�;*0,,�SRUW����6SHHG�HQFRGLQJ�DV�
IROORZV� 
)RU�46*0,,� 
:KHQ�66� ��DQG�66�� ���VSHHG�LV������0ESV 
:KHQ�66� ��DQG�66�� ���VSHHG�LV�����0ESV 
:KHQ�66� ��DQG�66�� ���VSHHG�LV����0ESV 

�� 5: �[� 
$1B(1$%/( 
(QDEOH�$XWR�1HJRWLDWLRQ 
:KHQ�VHW�WR����WKLV�ELW�HQDEOHV�WKH�&ODXVH����DXWR�QHJRWLDWLRQ 
SURFHVV�IRU�SRUW��� 

�� 5: �[� 

� /30 
3RZHU�'RZQ�0RGH 
7KLV�ELW�FRQWUROV�WKH�SRZHU�GRZQ�PRGH�RI�WKH�
46*0,,�6*0,,B3&6� 
���1RUPDO�RSHUDWLRQ 
���7KH�46*0,,�6*0,,B3&6�JRHV�WR�WKH�SRZHU�GRZQ�PRGH�DORQJ 
ZLWK�WKH�3+<� 
)RU�QRQ�6\QRSV\V�3+<��WKH�3&6BSGRZQBR�SRUW�LV�DVVHUWHG� 
:KHQ�WKH�KRVW�FOHDUV�WKLV�ELW��WKH�46*0,,�6*0,,B3&6�UHVXPHV�
WKH 
QRUPDO�RSHUDWLRQ��,Q�D�6\QRSV\V�3+<�FRQILJXUDWLRQ��DIWHU 
FOHDULQJ�WKLV�ELW��WKH�KRVW�PXVW�ZDLW�XQWLO�%LWV>���@�RI 
95B;6B3&6B',*B676�95B0,,B',*B676�5HJLVWHU�LQGLFDWH 
WKDW�WKH�46*0,,�6*0,,B3&6�LV�LQ�WKH�QRUPDO�VWDWH 

�� 52 �[� 5HVHUYHGB�� 
5HVHUYHG 

� 5: �[� 

5(67$57B$1 
5HVWDUW�$XWR�1HJRWLDWLRQ��5:�6&�7\SH� 
:KHQ�WKH�KRVW�ZULWHV�WKLV�ELW��WKH�46*0,,�6*0,,B3&6�LQLWLDWHV�
WKH�DXWR�QHJRWLDWLRQ�SURFHVV�IRU�SRUW��� 
7KLV�ELW�LV�XVHG�WR�UHVWDUW�WKH�DXWR�QHJRWLDWLRQ�ZKLFK�LV�DOUHDG\�
LQLWLDWHG�E\�VHWWLQJ�%LW�����7KH�46*0,,�6*0,,B3&6�FOHDUV�WKLV�ELW�
DIWHU�UHVWDUWLQJ�WKH�DXWR�QHJRWLDWLRQ� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

'83/(;B02'( 
'XSOH[�0RGH 
7KLV�ELW�VSHFLILHV�WKH�GXSOH[�PRGH�RI�WKH�46*0,,�6*0,,B3&6�
DORQJ 
SRUW��� 
���+DOI�GXSOH[ 
���)XOO�GXSOH[ 
,I�%LW����LV�VHW�WR����WKLV�ELW�GHWHUPLQHV�WKH�3+<�OLQN�GXSOH[�PRGH��
,I�%LW����LV�VHW�WR����WKHQ�WKH�3+<�OLQN�GXSOH[�PRGH�LV�
LQGHSHQGHQW�RI�WKLV�ELW��DOWKRXJK�WKH�KRVW�FDQ�ZULWH�DQ\�YDOXH��
DQG�LV�GHWHUPLQHG�E\�WKH�RXWFRPH�RI�WKH�&ODXVH����DXWR�
QHJRWLDWLRQ�SURFHVV� 

� 52 �[� 5HVHUYHGB� 
5HVHUYHG 

� 5: �[� 

66� 
6SHHG�6HOHFWLRQ 
7KLV�ELW��DORQJ�ZLWK�WKH�66��DQG�66���ELWV�RI�WKLV�UHJLVWHU 
LQGLFDWHV�WKH�VSHHG�RI�RSHUDWLRQ�RI�*0,,�;*0,,�3RUW��� 
)RU�PRUH�LQIRUPDWLRQ��VHH�GHVFULSWLRQ�RI�WKH�66���ELW� 

� 52 �[� 

66� 
6SHHG�6HOHFWLRQ 
7KLV�ELW��DORQJ�ZLWK�66��DQG�66���ELWV��FRQWURO�WKH�VSHHG�RI 
RSHUDWLRQ�RI�;*0,,�*0,,�3RUW��� 
)RU�PRUH�LQIRUPDWLRQ��VHH�GHVFULSWLRQ�RI�WKH�66���ELW��  

��� 52 �[�� 5HVHUYHGB�B� 
5HVHUYHG 

 
46*0,,�6*0,,B3&6B65B0,,B�B676�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�&����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 52 �[� 
$%/���7� 
���%$6(�7��$ELOLW\ 
7KH�46*0,,�6*0,,B3&6�DOZD\V�UHWXUQV���EHFDXVH�LW�GRHV�QRW�
VXSSRUW�WKLV�IXQFWLRQDOLW\� 

�� 52 �[� 
)'���$%/ 
���%$6(�;�)XOO�'XSOH[�$ELOLW\ 
7KH�46*0,,�6*0,,B3&6�DOZD\V�UHWXUQV���EHFDXVH�LW�GRHV�QRW�
VXSSRUW�WKLV�IXQFWLRQDOLW\� 

�� 52 �[� 
+'���$%/ 
���%$6(�;�+DOI�'XSOH[�$ELOLW\ 
7KH�46*0,,�6*0,,B3&6�DOZD\V�UHWXUQV���EHFDXVH�LW�GRHV�QRW�
VXSSRUW�WKLV�IXQFWLRQDOLW\ 

�� 52 �[� 

)'��$%/ 
���0ESV�)XOO�'XSOH[�$ELOLW\ 
7KH�46*0,,�6*0,,B3&6�DOZD\V�UHWXUQV���EHFDXVH�LW�GRHV�QRW�
VXSSRUW 
WKLV�IXQFWLRQDOLW\� 

�� 52 �[� 
+'��$%/ 
���0ESV�+DOI�'XSOH[�$ELOLW\ 
7KH�46*0,,�6*0,,B3&6�DOZD\V�UHWXUQV���EHFDXVH�LW�GRHV�QRW�
VXSSRUW�WKLV�IXQFWLRQDOLW\ 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 52 �[� 

)'���7 
���%$6(�7��)XOO�'XSOH[�$ELOLW\ 
7KH�46*0,,�6*0,,B3&6�DOZD\V�UHWXUQV���EHFDXVH�LW�GRHV�QRW�
VXSSRUW 
WKLV�IXQFWLRQDOLW\ 

� 52 �[� 

+'���7 
���%$6(�7��+DOI�'XSOH[�$ELOLW\ 
7KH�46*0,,�6*0,,B3&6�DOZD\V�UHWXUQV���EHFDXVH�LW�GRHV�QRW�
VXSSRUW 
WKLV�IXQFWLRQDOLW\� 

� 52 �[� 

(;7B676B$%/ 
([WHQGHG�6WDWXV�,QIRUPDWLRQ 
���1R�([WHQGHG�6WDWXV�LQIRUPDWLRQ�LV�SUHVHQW�DW�UHJLVWHU 
DGGUHVV���
K���)�RI�WKLV�00'�GHYLFH� 
���([WHQGHG�6WDWXV�LQIRUPDWLRQ�LV�SUHVHQW�DW�UHJLVWHU 
DGGUHVV���
K���)�RI�WKLV�00'�GHYLFH� 
46*0,,�6*0,,B3&6�UHWXUQV�WKLV�ELW�DV��� 

� 52 �[� 

81B',5B$%/ 
8QLGLUHFWLRQDO�$ELOLW\ 
���7KH�46*0,,�6*0,,B3&6�LV�DEOH�WR�WUDQVPLW�*0,,�LUUHVSHFWLYH�
RI 
ZKHWKHU�GHYLFH�KDV�GHWHUPLQHG�WKH�YDOLG�OLQN�RU�QRW� 
���7KH�46*0,,�6*0,,B3&6�LV�DEOH�WR�WUDQVPLW�*0,,�RQO\�ZKHQ�
WKH 
GHYLFH�KDV�GHWHUPLQHG�WKH�YDOLG�OLQN� 
7KH�46*0,,�6*0,,B3&6�DOZD\V�UHWXUQV�WKLV�ELW�DV��� 

� 52 �[� 

0)B35(B683 
0)�3UHDPEOH�6XSSUHVVLRQ 
���7KH�46*0,,�6*0,,B3&6�DFFHSWV�WKH�0',2�IUDPHV�ZLWK�
SUHDPEOH�VXSSUHVVHG� 
���7KH�46*0,,�6*0,,B3&6�GRHV�QRW�DFFHSW�WKH�0',2�IUDPHV�
ZLWK�SUHDPEOH�VXSSUHVVHG� 
7KLV�ELW�LV�DOZD\V�VHW�WR�� 

� 52 �[� 

$1B&03/ 
$XWR�QHJRWLDWLRQ�&RPSOHWH�IRU�3RUW�� 
���7KH�$1�SURFHVV�LV�FRPSOHWH 
���7KH�$1�SURFHVV�LV�QRW�FRPSOHWH 
7KLV�ELW�UHWXUQV���LI�$1B(1$%/(�RI�65B0,,B�B&75/�5HJLVWHU�LV�VHW�
WR��� 

� 52 �[� 

5) 
5HPRWH�)DXOW 
7KLV�UHJLVWHU�ELW�LV�VKDUHG�ZLWK�5)�ELW�RI�65B0,,B676�UHJLVWHU� 
7KH�YDOXH�UHWXUQHG�E\�WKLV�ILHOG�VKRXOG�EH�LJQRUHG�E\�WKH�VRIWZDUH�
DV�LW�LV�QRW�YDOLG�LQ�46*0,,�6*0,,�86;*0,,�0RGHV 

� 52 �[� 

$1B$%/ 
$XWR�QHJRWLDWLRQ�$ELOLW\ 
7KH�46*0,,�6*0,,B3&6�DOZD\V�UHWXUQV�WKLV�ELW�DV��� 
���7KH�46*0,,�6*0,,B3&6�LV�DEOH�WR�SHUIRUP�DXWR�QHJRWLDWLRQ� 
���7KH�46*0,,�6*0,,B3&6�LV�QRW�DEOH�WR�SHUIRUP�DXWR�
QHJRWLDWLRQ 

� 52 �[� 
/,1.B676 
/LQN�6WDWXV 
7KLV�UHJLVWHU�ELW�LV�VKDUHG�ZLWK�5/8�ELW�RI�65B0,,B676�UHJLVWHU� 

� 52 �[� 5HVHUYHGB� 
5HVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 52 �[� 
(;7B5(*B&$3 
([WHQGHG�5HJLVWHU�&DSDELOLW\ 
���([WHQGHG�5HJLVWHU�FDSDELOLW\�H[LVWV��7KLV�ELW�LV�DOZD\V�VHW�WR��� 
���([WHQGHG�5HJLVWHU�FDSDELOLW\�GRHV�QRW�H[LVW� 

 
46*0,,�6*0,,B3&6B65B0,,B�B'(9B,'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�&����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 52 �[���� 

96B0,,B'(9B28,B�B�� 
2UJDQL]DWLRQDOO\�8QLTXH�,GHQWLILHU>����@ 
7KLV�ILHOG�FRQWDLQV�%LWV�>����@�RI����ELW�28,�RI�GHYLFH 
PDQXIDFWXUHU��7KH�46*0,,�6*0,,B3&6�RIIHUV����FRQILJXUDEOH�
%LWV>����@ 
IRU�LGHQWLI\LQJ�WKH�GHYLFH�PDQXIDFWXUHU��7KLV�UHJLVWHU�UHIOHFWV 
WKH�VDPH�YDOXH�DV�WKDW�RI�65B0,,B'(9B,'��UHJLVWHU� 

 
46*0,,�6*0,,B3&6B65B0,,B�B'(9B,'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�&���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

����� 52 �[�� 

96B00'B'(9B28,B��B�� 
2UJDQL]DWLRQDOO\�8QLTXH�,GHQWLILHU�>�����@ 
7KLV�ILHOG�FRQWDLQV�%LWV>�����@�RI����ELW�28,�RI�GHYLFH 
PDQXIDFWXUHU��7KH�46*0,,�6*0,,B3&6�RIIHUV����FRQILJXUDEOH�
%LWV>����@ 
IRU�LGHQWLI\LQJ�WKH�GHYLFH�PDQXIDFWXUHU� 

��� 52 �[�� 
96B00'B'(9B001B�B� 
0RGHO�1XPEHU 
7KLV�ILHOG�FRQWDLQV�WKH���ELW�0RGHO�1XPEHU�RI�WKH�GHYLFH� 

��� 52 �[� 
96B00'B'(9B51B�B� 
5HYLVLRQ�1XPEHU 
7KLV�ILHOG�FRQWDLQV�WKH���ELW�5HYLVLRQ�1XPEHU�RI�WKH�GHYLFH 

 
46*0,,�6*0,,B3&6B65B0,,B�B$1B$'9�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�&����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 52 �[� 
13 
1H[W�3DJH 
7KLV�ELW�UHIOHFWV�WKH�YDOXH�RI�13�ELW�RI�65B0,,B$1B$'9�5HJLVWHU� 

�� 52 �[� 5HVHUYHGB�� 
5HVHUYHG 

����� 52 �[� 
5) 
5HPRWH�)DXOW 
7KLV�ELW�UHIOHFWV�WKH�YDOXH�RI�5)�ELW�RI�65B0,,B$1B$'9�5HJLVWHU� 

���� 52 �[� 5HVHUYHGB��B� 
5HVHUYHG 

��� 52 �[� 
3$86( 
3DXVH�$ELOLW\� 
7KLV�ELW�UHIOHFWV�WKH�YDOXH�RI�3$86(�ELW�RI�65B0,,B$1B$'9�
5HJLVWHU 

� 52 �[� 
+' 
+DOI�'XSOH[ 
7KLV�ELW�UHIOHFWV�WKH�YDOXH�RI�+'�ELW�RI�65B0,,B$1B$'9�5HJLVWHU� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

)' 
)XOO�'XSOH[ 
:KHQ�WKLV�ELW�LV�VHW��LW�LQGLFDWHV�WKH�GHYLFH��SRUW����FDQ�RSHUDWH�LQ�
IXOO�GXSOH[�PRGH� 
7KLV�ELW�LV�XVHG�LQ�&ODXVH����DXWR�QHJRWLDWLRQ��7[B&RQILJB5HJ��
GRQH�E\�SRUW����ZKHQ�46*0,,�6*0,,B3&6�LV� � FRQILJXUHG�DV�3+<�
VLGH�46*0,,� 

��� 52 �[�� 5HVHUYHGB�B� 
5HVHUYHG 

 
46*0,,�6*0,,B3&6B65B0,,B�B/3B%$%/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�&����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 52 �[� /3B13 
1H[W�3DJH 

�� 52 �[� /3B$&. 
$&.�ELW�IURP�WKH�/LQN�3DUWQHU 

����� 52 �[� /3B5) 
5HPRWH�)DXOW 

���� 52 �[� 5HVHUYHGB��B� 
5HVHUYHG 

��� 52 �[� /3B3$86( 
3DXVH�$ELOLW\ 

� 52 �[� /3B+' 
+DOI�'XSOH[ 

� 52 �[� /3B)' 
)XOO�'XSOH[ 

��� 52 �[�� 5HVHUYHGB�B� 
5HVHUYHG 

 
46*0,,�6*0,,B3&6B65B0,,B�B$1B(;31�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�&����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 52 �[� 

/'B13B$%/ 
/RFDO�'HYLFH�13�$EOH 
���7KH�ORFDO�GHYLFH�KDV�WKH�QH[W�SDJH�DELOLW\ 
���7KH�ORFDO�GHYLFH�GRHV�QRW�KDYH�WKH�QH[W�SDJH�DELOLW\ 
7KH�46*0,,�6*0,,B3&6�DOZD\V�UHWXUQV�WKLV�ELW�DV���EHFDXVH�LW�
GRHV 
QRW�VXSSRUW�1H[W�3DJH� 

� 52 �[� 

3*B5&9' 
3DJH�5HFHLYHG��52��/+�7\SH� 
7KLV�ELW�LQGLFDWHV�WKDW�WKH�ORFDO�GHYLFH�UHFHLYHG�D�SDJH�IURP 
WKH�OLQN�SDUWQHU��GXULQJ�SRUW���DXWR�QHJRWLDWLRQ�� 
���7KH�ORFDO�GHYLFH�UHFHLYHG�D�QHZ�SDJH 
���7KH�ORFDO�GHYLFH�GLG�QRW�UHFHLYH�D�QHZ�SDJH 

� 52 �[� 5HVHUYHGB� 
5HVHUYHG 

 
46*0,,�6*0,,B3&6B65B0,,B�B(;7B676�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�&���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 52 �[� &$3B�*B;B)' 
����%$6(�;�)XOO�'XSOH[�&DSDEOH 

�� 52 �[� &$3B�*B;B+' 
����%$6(�;�+DOI�'XSOH[�&DSDEOH 

�� 52 �[� &$3B�*B7B)' 
����%$6(�7�)XOO�'XSOH[�&DSDEOH 

�� 52 �[� &$3B�*B7B+' 
����%$6(�7�+DOI�'XSOH[�&DSDEOH 

���� 52 �[��� 5HVHUYHGB��B� 
5HVHUYHG 

 
46*0,,�6*0,,B3&6B95B0,,B�B',*B&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�(����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 5: �[� 

95B567 
9HQGRU�6SHFLILF�6RIW�5HVHW��5:�6&�7\SH� 
:KHQ�WKH�KRVW�VHWV�WKLV�ELW��WKH�&65�EORFN�WULJJHUV�WKH 
YHQGRU�VSHFLILF�VRIWZDUH�UHVHW�SURFHVV�LQ�ZKLFK�DOO�LQWHUQDO 
EORFNV��H[FHSW�WKH�0DQDJHPHQW�,QWHUIDFH�EORFN�DQG�&65 
EORFN��DUH�UHVHW��:KHQ�WKLV�ELW�LV�VHW��LW�DOVR�UHVHWV�WKH�3+<� 
7KLV�ELW�LV�VHOI�FOHDUHG�XQGHU�WKH�IROORZLQJ�FRQGLWLRQV� 
)RU�6\QRSV\V�3+<��7KLV�ELW�LV�VHOI�FOHDUHG�ZKHQ�%LWV>���@�LQ 
95B0,,B',*B676�5HJLVWHU�DUH�HTXDO�WR��
E�����WKDW�LV��7[�5[ 
FORFNV�DUH�VWDEOH�DQG�LQ�3RZHUB*RRG�VWDWH� 
)RU�1RQ�6\QRSV\V�3+<�7KLV�ELW�LV�VHOI�FOHDUHG�DIWHU�WKH 
IROORZLQJ� 
���FONBFVUBL�FORFNV�IRU�WKH�0&,�LQWHUIDFH 
��0'&�FORFN�SHULRG�IRU�WKH�0',2�LQWHUIDFH 
1RWH��)RU�LQIRUPDWLRQ�DERXW�WKH�UHDG�RU�ZULWH�DFFHVV�IRU�DQ\ 
UHJLVWHU�GXULQJ�WKH�UHVHW�SURFHVV��VHH��6SHFLDO�&DVH�5HJLVWHU 
$FFHVV��VHFWLRQ� 

�� 5: �[� 

5�7/%( 
5[�WR�7[�/RRSEDFN�(QDEOH 
7KLV�ELW�FRQWUROV�WKH�ORRSEDFN�SDWK�IURP�WKH�*0,,�;*0,,�5[�WR 
WKH�*0,,�;*0,,�7[�DW�WKH�*0,,�;*0,,�LQWHUIDFH��SRUW���� 
���/RRSEDFN�SDWK�LV�GLVDEOHG 
���/RRSEDFN�SDWK�LV�HQDEOHG 

�� 52 �[� 
(1B9600'� 
(QDEOH�9HQGRU�6SHFLILF�00'� 
7KLV�LV�D�UHDG�RQO\�ELW�ZKLFK�UHIOHFWV�WKH�YDOXH�RI�(1B9600'� 
ELW�RI�95B0,,B',*B&75/��5HJLVWHU� 

�� 52 �[� 
&/��B%3 
(QDEOH�&ODXVH����$1�LQ�%DFNSODQH�&RQILJXUDWLRQ 
7KLV�LV�D�UHDG�RQO\�ELW�ZKLFK�UHIOHFWV�WKH�YDOXH�RI�&/��B%3�ELW 
RI�95B0,,B',*B&75/��5HJLVWHU� 

�� 52 �[� 3:569 
5HVHUYHG 

�� 5: �[� 

&6B(1 
&ORFN�6WRS�(QDEOH 
���7KH�3+<�PD\�VWRS�WKH�FORFN�GXULQJ�/3,�PRGH 
���7KH�FORFN�FDQQRW�EH�VWRSSHG�GXULQJ�/3,�PRGH 
<RX�VKRXOG�SURJUDP�WKLV�ELW�EDVHG�RQ�WKH�FDSDELOLW\�RI�WKH�0$& 
�FRQQHFWHG�WR�*0,,�3RUW����GXULQJ�5[�/3,�PRGH� 
1RWH��7KLV�ILHOG�LV�YDOLG�RQO\�LQ�46*0,,�PRGH 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2104 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

0$&B$872B6: 
$XWRPDWLF�6SHHG�0RGH�&KDQJH�DIWHU�&/���$1��IRU�SRUW��� 
,I�WKLV�ILHOG�LV�VHW�WR����46*0,,�6*0,,B3&6�DXWRPDWLFDOO\�VZLWFKHV�
WR�WKH 
QHJRWLDWHG�86;*0,,�46*0,,�SRUW���VSHHG��DIWHU�WKH 
FRPSOHWLRQ�RI�&ODXVH����DXWR�QHJRWLDWLRQ��7KLV�PRGH�LV�YDOLG 
RQO\�ZKHQ�46*0,,�6*0,,B3&6�LV�FRQILJXUHG�DV�0$&�VLGH 
86;*0,,�46*0,,�DQG�VKRXOG�EH�VHW�RQO\�ZKHQ 
$XWR�QHJRWLDWLRQ�LV�HQDEOHG��$1B(1$%/(�ELW�LV�VHW�WR���� 
,I�WKLV�ELW�LV�VHW�WR����46*0,,�6*0,,B3&6�RSHUDWHV�DW�WKH�
VSHHG�GXSOH[ 
PRGH�DV�SHU�WKH�YDOXHV�SURJUDPPHG�WR�65B0,,B�B&75/ 
5HJLVWHU��,Q�WKDW�FDVH��DIWHU�WKH�FRPSOHWLRQ�RI�&/���$1� 
DSSOLFDWLRQ�KDV�WR�UHDG�WKH�QHJRWLDWHG�6SHHG�'XSOH[�0RGH 
IURP�95B0,,B�B$1B,175B676�5HJLVWHU�DQG�WKHQ�SURJUDP 
65B0,,B�B&75/�5HJLVWHU�DSSURSULDWHO\� 
,I�WKLV�ELW�LV�VHW�WR���LQ�46*0,,�PRGH� 
3&6BTVJPLLBOLQNBVWVBS�BR��3&6BOLQNBVSHHGBS�BR�DQG 
3&6BTVJPLLBIXOOBGXSOH[BS�BR�RXWSXWV�UHIOHFW�WKH 
DXWR�QHJRWLDWHG�YDOXHV��WKDW�LV��YDOXHV�IURP 
&/��B$16*0B676�ILHOG�RI�95B0,,B�B$1B,175B676 
5HJLVWHU� 
)RU�86;*0,,�PRGH��LI�FONB[JPLLBW[BS�BL�DQG 
FONB[JPLLBU[BS�BL�GR�QRW�VWDELOL]H�DW�WKH�QHZ�RSHUDWLQJ 
IUHTXHQF\��EDVHG�RQ�WKH�VHOHFWHG�VSHHG��LPPHGLDWHO\�DIWHU�WKH 
FRPSOHWLRQ�RI�DXWR�QHJRWLDWLRQ��WKHQ�VRIWZDUH�PLJKW�QHHG�WR 
SURJUDP�
865$B567
�ELW�SULRU�WR�VWDUWLQJ�SDFNHW�WUDQVIHU�LQ�WKH 
QHZ�VSHHG�PRGH� 

� 52 �[� 
,1,7 
,1,7 
7KLV�ELW�UHIOHFWV�WKH�YDOXH�RI�,1,7�ELW�RI�95B0,,B',*B&75/��
5HJLVWHU� 

� 52 �[� 
06.B5'B(55 
0DVN�5XQQLQJ�'LVSDULW\�(UURU 
7KLV�ELW�UHIOHFWV�WKH�YDOXH�RI�06.B5'B(55�ELW�RI�
95B0,,B',*B&75/��5HJLVWHU� 

� 5: �[� 

35(B(03 
3UH�HPSWLRQ�3DFNHW�(QDEOH� 
7KLV�ELW�VKRXOG�EH�VHW�WR���WR�DOORZ�WKH�46*0,,�6*0,,B3&6�WR�
SURSHUO\�UHFHLYH�WUDQVPLW�SUH�HPSWLRQ�SDFNHWV�DORQJ�*0,,�SRUW����
ZKHQ�  
RSHUDWLQJ�LQ���0����0�0RGHV� 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2105 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 52 �[� 

865$B567 
86;*0,,�5DWH�$GDSWRU�5HVHW��3RUW��� 
7KLV�ELW�FDQ�EH�VHW�WR���WR�UHVHW�LQLWLDOL]H�WKH�86;*0,,�5DWH�
$GDSWRU�/RJLF��IRU�SRUW����LQVLGH�46*0,,�6*0,,B3&6��7KH�5DWH�
$GDSWRU�/RJLF�PDSV�*0,,�GDWD�WR�;*0,,��DQG�YLFH�YHUVD�LQ�5[�
SDWK��GDWD�DQG�SHUIRUP�GDWD�UHSOLFDWLRQ�IRU�ORZHU�86;*0,,�
VSHHGV��7KLV�LV�D�VHOI�FOHDU�ELW��5:�6&��DQG�FOHDUV�LWVHOI�DIWHU�WKH�
UHVHW�RI�7[�DQG�5[�5DWH�$GDSWRU�/RJLF�LV�FRPSOHWH��$IWHU�VHWWLQJ�
WKLV�ELW�WR����DSSOLFDWLRQ�VKRXOG�SROO�WKLV�ELW�WLOO�LW�VHOI�FOHDUV� 
1RWH��,I�&/.&203 (QDEOHG��WKLV�ELW�DOVR�LQLWLDOL]HV�WKH�FORFN�
FRPSHQVDWLRQ�),)2��FRUUHVSRQGLQJ�WR�SRUW�����:KHQ�WKLV�ELW�LV�
SURJUDPPHG�WR����5;),)2B29)�5;),)2B81)�ELWV�RI�
95B0,,B�B',*B676 
5HJLVWHU�PLJKW�JHW�VHW�LQFRUUHFWO\��7KHUHIRUH��UHDG�WKHVH�UHJLVWHU�
ELWV��5;),)2B29)�DQG�5;),)2B81)��VR�WKDW�WKH\�JHW�FOHDUHG��
7KHUHDIWHU��5;),2)B81)�DQG�5;),)2B81)�ELWV�DUH�UHOLDEOH� 

� 52 �[� 
'7;/$1('B� 
7[�/DQH���'LVDEOH 
7KLV�ELW�UHIOHFWV�WKH�YDOXH�RI�'7;/$1('B��ELW�RI�
95B0,,B',*B&75/��5HJLVWHU� 

� 52 �[� 
&/��B705B295B5,'( 
2YHU�5LGH�&RQWURO�IRU�&/���/LQN�7LPHU� 
7KLV�ELW�UHIOHFWV�WKH�YDOXH�RI�&/��B705B295B5,'(�ELW�RI�
95B0,,B',*B&75/��5HJLVWHU� 

� 52 �[� 
(1B�B�*B02'( 
(QDEOH����*�*0,,�0RGH��*0,,�LQWHUIDFH�RYHU�FORFNHG���� 
7KLV�ELW�UHIOHFWV�WKH�YDOXH�RI�(1B�B�*B02'(�ELW�RI�
95B0,,B',*B&75/��5HJLVWHU� 

� 52 �[� %<3B3:583 
5HVHUYHG 

� 52 �[� 

3+<B02'(B&75/ 
46*0,,�86;*0,,�3+<�PRGH�FRQWURO�RQ�3RUW�� 
7KLV�ELW�FRQWUROV�WKH�&ODXVH����DXWR�QHJRWLDWLRQ�ZKHQ�RSHUDWLQJ�
LQ�46*0,,�86;*0,,��3RUW����3+<�PRGH� 
46*0,� 
:KHQ�WKLV�ELW�LV�VHW�WR����46*0,,�6*0,,B3&6�DGYHUWLVHV�WKH�
YDOXHV�RI�LQSXW�SRUWV�3&6BTVJPLLBOLQNBVWVBS�BL��
3&6BTVJPLLBOLQNBVSHHGBS�BL�DQG�3&6BTVJPLLBIXOOBGXSOH[BS�BL�
GXULQJ�46*0,,�3RUW����DXWR�QHJRWLDWLRQ� 
:KHQ�WKLV�ELW�LV�VHW�WR����46*0,,�3RUW����DXWR�QHJRWLDWLRQ 
DGYHUWLVHV�WKH�YDOXHV�SURJUDPPHG�WR� 
ELW����6*0,,B/,1.B676��RI�95B0,,B�B$1B&75/�5HJLVWHU 
ELW�����VV����DQG����VV���RI�65B0,,B�B&75/�5HJLVWHU�DQG 
ELW����)'��RI�65B0,,B�B$1B$'9�5HJLVWHU 

 
46*0,,�6*0,,B3&6B95B0,,B�B$1B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�(����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

����� 58 �[�� 5HVHUYHGB��B�� 
5HVHUYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2106 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

,1'B7;B(1 
,QGHSHQGHQW�7UDQVPLW�(QDEOH 
,I�WKLV�ELW�LV�VHW�WR����46*0,,�6*0,,B3&6�LV�DEOH�WR�WUDQVPLW�WKH�
SRUW���*0,,�7[�GDWD��LUUHVSHFWLYH�RI�LWV�UHFHLYH�OLQN�VWDWXV�GXULQJ�
46*0,,�PRGH��SURYLGHG�DXWR�QHJRWLDWLRQ�LV�QRW�HQDEOHG�� 
,I�WKLV�ELW�LV�VHW�WR����46*0,,�6*0,,B3&6�VHQGV�,'/(��IRU�SRUW����
WLOO�LWV�UHFHLYHU�KDV�DWWDLQHG�V\QFKURQL]DWLRQ� 

� 5: �[� 

0,,B&75/ 
0,,�&RQWURO 
7KLV�ELW�FRQWUROV�WKH�ZLGWK�RI�WKH�0$&�LQWHUIDFH��FRQQHFWHG�WR 
*0,,�SRUW����ZKHQ�RSHUDWLQJ�DW����0ESV�RU�����0ESV 
�����ELW�0,, 
�����ELW�0,, 
7KLV�ELW�DOVR�FRQWUROV�WKH�3&6BPLLBFWUOBS�BR�VLJQDO�ZKLFK�LV 
XVHG�IRU�H[WHUQDO�FORFN�PXOWLSOH[LQJ�RI�WKH 
FONBPLLBW[BS�BL�FONB[JPLLBW[BS�BL�DQG 
FONBPLLBU[BS�BL�FONB[JPLLBU[BS�BL�VLJQDOV 

��� 52 �[� 5HVHUYHGB�B� 
5HVHUYHG 

� 5: �[� 

6*0,,B/,1.B676 
46*0,,�86;*0,,�/LQN�6WDWXV��SRUW��� 
7KLV�ELW�LV�XVHG�LQ�%LW����RI�WKH�7[B&RQILJB5HJ�GXULQJ�&ODXVH 
���DXWR�QHJRWLDWLRQ��DORQJ�SRUW����ZKHQ�46*0,,�6*0,,B3&6�LV 
SURJUDPPHG�DV�46*0,,�3+<��RU�DV�86;*0,,�3+<��DQG 
ZKHQ�3+<B02'(B&75/�ELW�RI�95B0,,B�B',*B&75/� 
5HJLVWHU�LV���� 
���/LQN�'RZQ 
���/LQN�8S 

� 52 �[� 
7;B&21),* 
7UDQVPLW�&RQILJXUDWLRQ 
7KLV�ILHOG�UHIOHFWV�WKH�YDOXH�RI�7;B&21),*�RI�95B0,,B$1B&75/�
5HJLVWHU� 

��� 52 �[� 

3&6B02'( 
3&6�0RGH�  
7KLV�ILHOG�UHIOHFWV�WKH�YDOXH�RI�3&6B02'(�RI�95B0,,B$1B&75/�
5HJLVWHU�IRU�FRQILJXUDWLRQV�ZLWK�46*0,,�VXSSRUW��)RU�RWKHU�
FRQILJXUDWLRQV��WKLV�ILHOG�UHWXUQV��
E��� 

� 5: �[� 

0,,B$1B,175B(1 
&ODXVH����$1�&RPSOHWH�,QWHUUXSW�(QDEOH��SRUW��� 
:KHQ�VHW�WR����WKLV�ELW�HQDEOHV�WKH�JHQHUDWLRQ�RI�&ODXVH��� 
DXWR�QHJRWLDWLRQ�FRPSOHWH��RQ�SRUW����LQWHUUXSW�RXWSXW� 
:KHQ�VHW�WR����LW�GLVDEOHV�WKH�JHQHUDWLRQ�RI�&ODXVH��� 
DXWR�QHJRWLDWLRQ�FRPSOHWH�LQWHUUXSW� 

 
46*0,,�6*0,,B3&6B95B0,,B�B$1B,175B676�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�(����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 52 �[� 5HVHUYHGB�� 
5HVHUYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2107 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�� 

86;*B$1B676 
86;*0,,�&ODXVH����$1�6WDWXV��DORQJ�3RUW��� 
7KLV�ILHOG�LV�YDOLG�RQO\�ZKHQ�FODXVH����DXWR�QHJRWLDWLRQ�LV�
FRPSOHWH�LQ�86;*0,,�0RGH�DORQJ�3RUW����,W�LQGLFDWHV�WKH�VWDWXV�
UHFHLYHG�IURP�UHPRWH�OLQN�DIWHU�WKH�86;*0,,�DXWR�QHJRWLDWLRQ�LV�
FRPSOHWH� 
86;*B$1B676>�@ 
���/LQN�LV�'RZQ 
���/LQN�LV�8S 
86;*B$1B676>�@ 
���+DOI�'XSOH[ 
���)XOO�'XSOH[ 
86;*B$1B676>���@ 
��������0ESV�VSHHG�OLQN 
���������0ESV�VSHHG�OLQN 
����������0ESV�VSHHG�OLQN 
��������*ESV�VSHHG�OLQN 
���������*ESV�VSHHG�OLQN 
�������*ESV�VSHHG�OLQN 
86;*B$1B676>�@ 
���(((�VXSSRUWHG 
���(((�QRW�VXSSRUWHG 
86;*B$1B676>�@ 
���(((�FORFN�VWRS�VXSSRUWHG 
���(((�FORFN�VWRS�QRW�VXSSRUWHG 
1RWH�7KLV�ILHOG�LV�SUHVHQW�RQO\�LQ�FRQILJXUDWLRQV�ZLWK�0XOWL�SRUW 
86;*0,,�VXSSRUW� 

� 52 �[� 5HVHUYHGB� 
5HVHUYHG 

� 52 �[� 

/3B&.B673 
/LQN�3DUWQHU�(((�&ORFN�6WRS�&DSDELOLW\ 
7KLV�ILHOG�LQGLFDWHV�WKH�(((�FORFN�VWRS�FDSDELOLW\��RU�HQDEOH�LQ 
FDVH�IDU�HQG�LV�DFWLQJ�DV�46*0,,�0$&��DGYHUWLVHG�E\�WKH 
IDU�HQG�GHYLFH��7KLV�ILHOG�LV�YDOLG�RQO\�ZKHQ�3&6B02'(>���@�LV 
VHW�WR�WKH�46*0,,�PRGH�DQG�WKH�DXWR�QHJRWLDWLRQ�LV�FRPSOHWH 
DORQJ�SRUW��� 
1RWH�7KLV�ILHOG�LV�SUHVHQW�RQO\�LQ�FRQILJXUDWLRQV�ZLWK�46*0,, 

� 52 �[� 

/3B(((B&$3 
/LQN�3DUWQHU�(((�&DSDELOLW\ 
7KLV�ILHOG�LQGLFDWHV�WKH�(((�FDSDELOLW\�DGYHUWLVHG�E\�WKH�IDU�HQG�
GHYLFH��3RUW���46*0,,�3+<���7KLV�ILHOG�LV�YDOLG�RQO\�ZKHQ�
3&6B02'(>���@�LV�VHW�WR�WKH�46*0,,�PRGH�DQG�WKH�DXWR�
QHJRWLDWLRQ�LV�FRPSOHWH�DORQJ�SRUW��� 
1RWH�7KLV�ILHOG�LV�SUHVHQW�RQO\�LQ�FRQILJXUDWLRQV�ZLWK�46*0,,� 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2108 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 52 �[� 

&/��B$16*0B676 
&ODXVH����$1�46*0,,�6WDWXV��SRUW����  
7KLV�ILHOG�LV�YDOLG�RQO\�ZKHQ�WKH�3&6B02'(>���@�LV�VHW�WR�WKH�
46*0,,�PRGH�DQG�WKH�DXWR�QHJRWLDWLRQ�LV�FRPSOHWH�DORQJ�SRUW��� 
,W�LQGLFDWHV�WKH�VWDWXV�UHFHLYHG�IURP�UHPRWH�OLQN�SDUWQHU� 
&/��B$16*0B676>�@ 
���+DOI�'XSOH[ 
���)XOO�'XSOH[ 
&/��B$16*0B676>���@ 
�������0ESV�VSHHG�OLQN 
��������0ESV�VSHHG�OLQN 
���������0ESV�VSHHG�OLQN 
&/��B$16*0B676>�@ 
���/LQN�LV�'RZQ 
���/LQN�LV�8S 
1RWH�7KLV�ILHOG�LV�SUHVHQW�RQO\�LQ�FRQILJXUDWLRQV�ZLWK�46*0,,� 

� 5: �[� 

&/��B$1&03/7B,175 
&ODXVH����$1�&RPSOHWH�,QWHUUXSW��66�:&�7\SH� 
7KH�46*0,,�6*0,,B3&6�VHWV�WKLV�ELW�ZKHQ�&ODXVH����DXWR�
QHJRWLDWLRQ 
LV�FRPSOHWH�IRU�SRUW����7KH�KRVW�PXVW�FOHDU�WKLV�ELW�E\�ZULWLQJ�� 
WR�LW� 

 
46*0,,�6*0,,B3&6B95B0,,B�B7&�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�(���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 52 �[� 73( 
7HVW�3DWWHUQ�(QDEOH�/DQHV 

��� 52 �[� 73 
7HVW�3DWWHUQ�6HOHFW 

 
46*0,,�6*0,,B3&6B95B0,,B�B'%*B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�(����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� 52 �[� 

7;B30%/B&7/ 
7UDQVPLW�3UHDPEOH�&RQWURO 
7KLV�ELW�PHUHO\�UHIOHFWV�WKH�YDOXH�RI�7;B30%/B&7/�ILHOG�RI�
95B0,,B'%*B&75/�5HJLVWHU��IRU�����%DVH;�2QO\�3&6�
FRQILJXUDWLRQV��RU�95B;6B3&6B'(%8*B&75/�5HJLVWHU��IRU�RWKHU�
FRQILJXUDWLRQV�� 

� 52 �[� 

5;B6<1&B&7/ 
5HFHLYH�6\QFKURQL]DWLRQ�&RQWURO�� 
7KLV�ELW�PHUHO\�UHIOHFWV�WKH�YDOXH�RI�5;B6<1&B&7/�ILHOG�RI�
95B0,,B'%*B&75/�5HJLVWHU��IRU�����%DVH;�2QO\�3&6�
FRQILJXUDWLRQV��RU�95B;6B3&6B'(%8*B&75/�5HJLVWHU��IRU�RWKHU�
FRQILJXUDWLRQV�� 

� 52 �[� 

5;B'7B(1B&7/ 
5[�'DWD�(QDEOH�&RQWURO� 
7KLV�ELW�PHUHO\�UHIOHFWV�WKH�YDOXH�RI�5;B'7B(1B&7/�ILHOG�RI 
95B0,,B'%*B&75/�5HJLVWHU��IRU�����%DVH;�2QO\�3&6 
FRQILJXUDWLRQV��RU�95B;6B3&6B'(%8*B&75/�5HJLVWHU��IRU 
RWKHU�FRQILJXUDWLRQV�� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 52 �[� 

6835(66B(((B/26B'(7 
6XSSUHVV�(((�/RVV�RI�6LJQDO�'HWHFWLRQ� 
7KLV�ELW�PHUHO\�UHIOHFWV�WKH�YDOXH�RI�6835(66B(((B/26B'(7�ILHOG�
RI�95B0,,B'%*B&75/�5HJLVWHU��IRU�����%DVH;�2QO\�3&6�
FRQILJXUDWLRQV��RU 
95B;6B3&6B'(%8*B&75/�5HJLVWHU��IRU�RWKHU�FRQILJXUDWLRQV�� 

� 52 �[� 

6835(66B/26B'(7 
6XSSUHVV�/RVV�RI�6LJQDO�'HWHFWLRQ 
7KLV�ELW�PHUHO\�UHIOHFWV�WKH�YDOXH�RI�6835(66B/26B'(7�ILHOG�RI�
95B0,,B'%*B&75/�5HJLVWHU��IRU�����%DVH;�2QO\�3&6�
FRQILJXUDWLRQV��RU�95B;6B3&6B'(%8*B&75/�5HJLVWHU��IRU�RWKHU�
FRQILJXUDWLRQV� 

��� 52 �[� UHVHUYHG 

� 5: �[� 

5(67$5B6<1& 
5HVWDUW�6\QFKURQL]DWLRQ 
:KHQ�VHW�WR����WKLV�ELW�UHVWDUWV�WKH�5[�6\QFKURQL]DWLRQ�6WDWH�
PDFKLQH�RQ�SRUW����7KH�KRVW�PXVW�FOHDU�WKLV�ELW�WR���EHIRUH�
VHWWLQJ�LW�WR���QH[W�WLPH� 

 
46*0,,�6*0,,B3&6B95B0,,B�B(((B0&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�(����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

����� 52 �[� &/.6723 
&ORFN�6WRS 

���� 52 �[� 08/7B)$&7B���16 
����QV�&ORFN�7LF�0XOWLSO\LQJ�)DFWRU 

� 52 �[� 5;B(1B&75/ 
5[�&RQWURO�(QDEOH 

� 52 �[� 6,*1B%,7 
(IIHFWLYH�����QV�7LF�9DOXH 

� 52 �[� 5HVHUYHGB� 
5HVHUYHG 

� 52 �[� 7;B(1B&75/ 
7[�&RQWURO�(QDEOH 

� 52 �[� 5;B48,(7B(1 
5[�4XLHW�(QDEOH 

� 52 �[� 7;B48,(7B(1 
7[�4XLHW�(QDEOH 

� 52 �[� /5;B(1 
/3,�5[�(QDEOH 

� 52 �[� /7;B(1 
/3,�7[�(QDEOH 

 
46*0,,�6*0,,B3&6B95B0,,B�B(((B7;7,0(5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�(����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 52 �[�� 76/B5(6 
76/�5HVROXWLRQ 

 
46*0,,�6*0,,B3&6B95B0,,B�B(((B5;7,0(5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�(����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�� 7:5B5(6 
7:5�5HVROXWLRQ 

��� 52 �[�� 5(6B���8 
����XV�5HVROXWLRQ 

 
46*0,,�6*0,,B3&6B95B0,,B�B/,1.B7,0(5B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�(����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 52 �[���� 95B0,,B�B/,1.B7,0(5B&75/ 
3URJUDPPDEOH�/LQN�7LPHU�9DOXH�IRU�&ODXVH����DXWR�QHJRWLDWLRQ� 

 
46*0,,�6*0,,B3&6B95B0,,B�B(((B0&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�(���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 52 �[� 751B/3, 
7UDQVSDUHQW�7[�/3,�0RGH�(QDEOH 

 
46*0,,�6*0,,B3&6B95B0,,B�B',*B676�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�(����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

����� 52 �[� 

/7;B67$7( 
/3,�7UDQVPLW�6WDWH� 
7KLV�ILHOG�UHIOHFWV�WKH�YDOXH�RI�/7;B67$7(�ILHOG�RI�
95B0,,B',*B676�5HJLVWHU��IRU�����%DVH;�2QO\�3&6�
FRQILJXUDWLRQV��RU�95B;6B3&6B',*B676�5HJLVWHU��IRU�RWKHU�
FRQILJXUDWLRQV�� 

����� 52 �[� 

/5;B67$7( 
/3,�5HFHLYH�6WDWH 
7KLV�ILHOG�UHIOHFWV�WKH�YDOXH�RI�/5;B67$7(�ILHOG�RI�
95B0,,B',*B676�5HJLVWHU��IRU�����%DVH;�2QO\�3&6�
FRQILJXUDWLRQV��RU�95B;6B3&6B',*B676�5HJLVWHU��IRU�RWKHU�
FRQILJXUDWLRQV�� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 52 �[� 

,19B;*0B&+$5 
,QYDOLG�;*0,,�&KDUDFWHU��52�/+�7\SH���3RUW�� 
7KLV�ELW�LQGLFDWHV�DQ�LQYDOLG�;*0,,�FKDUDFWHU�RQ�WKH�7UDQVPLW�SDWK�
�SRUW���� 
���1R�,QYDOLG�;*0,,�FKDUDFWHU 
���,QYDOLG�FKDUDFWHU 
7KLV�ELW�LV�VHW�ZKHQ�RQH�RI�WKH�IROORZLQJ�FRQGLWLRQV�LV�WUXH�RQ�WKH�
;*0,,�LQWHUIDFH� 
_4_�LV�GHWHFWHG�RQ�D�ODQH�RWKHU�WKDQ�/DQH��� 
_4_�LV�GHWHFWHG�RQ�/DQH���DQG�DOVR�DQ\�RI�WKH�IROORZLQJ�FRQGLWLRQV�
LV�WUXH� 
1R��
K���GDWD�LQ�/DQH��� 
1R��
K���GDWD�LQ�/DQH��� 
1R��
K���RU��
K���GDWD�RQ�/DQH��� 
_(_�RU�_7_�LV�HQFRXQWHUHG�LQ�QRQ�GDWD�SKDVH�DQG�_4_�LV�
HQFRXQWHUHG�LQ�GDWD�SKDVH� 
_'_�LV�GHWHFWHG�GXULQJ�WKH�,GOH�SKDVH��DIWHU�7HUPLQDWH�DQG�EHIRUH�
YDOLG�62)�� 
_,_�LV�GHWHFWHG�GXULQJ�WKH�GDWD�SKDVH��DIWHU�62)�DQG�EHIRUH�
7HUPLQDWH�� 
1RWH��7KLV�ILHOG�LV�SUHVHQW�RQO\�IRU�0XOWL�SRUW�86;*0,,�
FRQILJXUDWLRQV� 

� 52 �[� 

,19B;*0B7 
,QYDOLG�;*0,,�7�&KDUDFWHU��52�/+�7\SH���3RUW�� 
7KLV�ELW�LQGLFDWHV�WKDW�WKH�WUDQVPLW�GDWD��SRUW����UHFHLYHG�RQ�
;*0,,�KDV�DQ�LQYDOLG�7HUPLQDWH�FKDUDFWHU� 
���1RUPDO�RSHUDWLRQ 
���,QYDOLG�7HUPLQDWH�FKDUDFWHU 
7KH�IROORZLQJ�FDQ�FDXVH�DQ�LQYDOLG�7HUPLQDWH�FKDUDFWHU� 
,Q�7HUPLQDWH�FROXPQ��EHIRUH�ODQH�FRUUHVSRQGV�WR�WKH�_7_�
FKDUDFWHU��WKHUH�LV�D�_,_�RU�_4_�FKDUDFWHU� 
,Q�7HUPLQDWH�FROXPQ��DIWHU�ODQH�FRUUHVSRQGV�WR�WKH�_7_�FKDUDFWHU��
WKHUH�LV�D�QRQ�_,_�FKDUDFWHU 
1RWH�7KLV�ILHOG�LV�SUHVHQW�RQO\�IRU�0XOWL�SRUW�86;*0,,�
FRQILJXUDWLRQV� 

� 52 �[� 

,19B;*0B623 
,QYDOLG�;*0,,�6WDUW�&KDUDFWHU��52�/+�7\SH���3RUW�� 
7KLV�ELW�LQGLFDWHV�WKDW�WKH�;*0,,�WUDQVPLW��3RUW����IUDPH�FRQWDLQV�
LQYDOLG�623�FKDUDFWHU� 
���1RUPDO�RSHUDWLRQ 
���,QYDOLG�623�FKDUDFWHU 
$Q�LQYDOLG�623�HYHQW�RFFXUV�ZKHQ�D�_6_�FKDUDFWHU�LV�GHWHFWHG�LQ�D�
ODQH�RWKHU�WKDQ�/DQH��� 
1RWH�7KLV�ILHOG�LV�SUHVHQW�RQO\�IRU�0XOWL�SRUW�86;*0,,�
FRQILJXUDWLRQV� 

� 52 �[� 

5;),)2B29) 
5[�),)2�2YHUIORZ��52�/+�7\SH� 
7KLV�ELW�LQGLFDWHV�WKH�FORFN�UDWH�FRPSHQVDWLRQ�),)2�RYHUIORZ�IRU�
SRUW��� 
���1RUPDO�RSHUDWLRQ 
���),)2�RYHUIORZ 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 52 �[� 

5;),)2B81') 
5[�),)2�8QGHUIORZ��52�/+�7\SH� 
7KLV�ELW�LQGLFDWHV�WKH�FORFN�UDWH�FRPSHQVDWLRQ�),)2�XQGHUIORZ�IRU�
SRUW��� 
���1RUPDO�RSHUDWLRQ 
���),)2�XQGHUIORZ 

��� 52 �[� 36(4B67$7( 
5HVHUYHG 

� 52 �[� /%B$&7,9( 
5HVHUYHG 

� 52 �[� 5HVHUYHGB� 
5HVHUYHG 

 
46*0,,�6*0,,B3&6B95B0,,B�B,&*B(55&17��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�(����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 52 �[�� 

(&� 
,QYDOLG�&RGH�*URXS�&RXQW��3RUW����52�/+�7\SH� 
7KLV�ILHOG�JLYHV�WKH�LQYDOLG�FRGH�JURXS�FRXQW�LQ�SRUW����RI 
46*0,,��ZKHQ�%LW���RI�95�0,,B��00'�'LJLWDO�(UURU�&RXQW 
6HOHFW�5HJLVWHU�LV�VHW�WR��� 

 
46*0,,�6*0,,B3&6B95B0,,B�B',*B&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�(����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 52 �[� 7;B32/B,19B� 
7[�3RODULW\�,QYHUW�RQ�/DQH�� 

��� 52 �[� 5HVHUYHGB�B� 
5HVHUYHG 

� 52 �[� 5;B32/B,19B� 
5[�3RODULW\�,QYHUW�RQ�/DQH�� 

 
46*0,,�6*0,,B3&6B95B0,,B�B',*B(55&17B6(/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�(����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� 

,19B(&B(1 
,QYDOLG�&RGH�*URXS�(UURU�&RXQWHU�(QDEOH 
:KHQ�WKLV�ELW�LV�VHW��WKH�FRXQWLQJ�RI�LQYDOLG�FRGH�JURXS�HUURUV 
�RQ�SRUW����LV�HQDEOHG� 
���7KH�FRXQWLQJ�RI�HUURUV�LV�GLVDEOHG 
���7KH�FRXQWLQJ�RI�HUURUV�LV�HQDEOHG 
)RU�LQIRUPDWLRQ�DERXW�WKH�ILHOGV�FRQWDLQLQJ�WKH�QXPEHU�RI 
HUURUV�FRXQWHG��VHH�95B0,,B�B,&*B(55&17��5HJLVWHU� 

��� 52 �[� 5HVHUYHGB�B� 
5HVHUYHG 

� 5: �[� 

&25 
&OHDU�RQ�5HDG 
:KHQ�WKLV�ELW�LV�VHW�DQG�WKH�KRVW�UHDGV�SRUW���HUURU�FRXQWHU 
�95B0,,B�B,&*B(55&17��5HJLVWHU���WKDW�FRXQWHU�LV�FOHDUHG 
DIWHU�WKH�UHDG�F\FOH� 
���1RUPDO�RSHUDWLRQ 
���&OHDU�HUURU�FRXQWHU�WKDW�LV�UHDG 
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46*0,,�6*0,,B3&6B65B0,,B�B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 5: �[� 

567 
6RIW�5HVHW��5:�6&�7\SH� 
)RU�1RQ�6\QRSV\V�3+<�FRQILJXUDWLRQV� 
:KHQ�WKH�KRVW�VHWV�WKLV�ELW��WKH�&65�EORFN�WULJJHUV�WKH�VRIWZDUH�
UHVHW�SURFHVV�LQ�ZKLFK�DOO�LQWHUQDO�EORFNV�DUH�UHVHW��H[FHSW�WKH�
0DQDJHPHQW�,QWHUIDFH�EORFN��7KH�UHJLVWHUV�DUH�UHVHW�WR�WKHLU�
GHIDXOW�YDOXHV��:KHQ�WKLV�ELW�LV�VHW��LW�DOVR�UHVHWV�WKH�3+<� 
7KLV�ELW�LV�VHOI�FOHDUHG�DIWHU�WKH�IROORZLQJ� 
���FONBFVUBL�FORFNV�IRU�WKH�0&,�LQWHUIDFH 
��0'&�FORFN�SHULRG�IRU�WKH�0',2�LQWHUIDFH 

�� 52 �[� 
/%( 
/RRSEDFN�(QDEOH 
7KLV�ELW�UHIOHFWV�WKH�YDOXH�RI�/%(�ELW�RI�65B0,,B&75/�5HJLVWHU� 

�� 5: �[� 

66�� 
6SHHG�6HOHFWLRQ��/6%� 
7KLV�ELW��DORQJ�ZLWK�WKH�66��ELW�DQG�66��ELW�RI�WKLV�UHJLVWHU��
LQGLFDWHV�WKH�VSHHG�RI�*0,,�;*0,,�SRUW����6SHHG�HQFRGLQJ�DV�
IROORZV� 
)RU�46*0,,� 
:KHQ�66� ��DQG�66�� ���VSHHG�LV������0ESV 
:KHQ�66� ��DQG�66�� ���VSHHG�LV�����0ESV 
:KHQ�66� ��DQG�66�� ���VSHHG�LV����0ESV 

�� 5: �[� 
$1B(1$%/( 
(QDEOH�$XWR�1HJRWLDWLRQ 
:KHQ�VHW�WR����WKLV�ELW�HQDEOHV�WKH�&ODXVH����DXWR�QHJRWLDWLRQ 
SURFHVV�IRU�SRUW��� 

�� 5: �[� 

� /30 
3RZHU�'RZQ�0RGH 
7KLV�ELW�FRQWUROV�WKH�SRZHU�GRZQ�PRGH�RI�WKH�
46*0,,�6*0,,B3&6� 
���1RUPDO�RSHUDWLRQ 
���7KH�46*0,,�6*0,,B3&6�JRHV�WR�WKH�SRZHU�GRZQ�PRGH�DORQJ 
ZLWK�WKH�3+<� 
)RU�QRQ�6\QRSV\V�3+<��WKH�3&6BSGRZQBR�SRUW�LV�DVVHUWHG� 
:KHQ�WKH�KRVW�FOHDUV�WKLV�ELW��WKH�46*0,,�6*0,,B3&6�UHVXPHV�
WKH 
QRUPDO�RSHUDWLRQ��,Q�D�6\QRSV\V�3+<�FRQILJXUDWLRQ��DIWHU 
FOHDULQJ�WKLV�ELW��WKH�KRVW�PXVW�ZDLW�XQWLO�%LWV>���@�RI 
95B;6B3&6B',*B676�95B0,,B',*B676�5HJLVWHU�LQGLFDWH 
WKDW�WKH�46*0,,�6*0,,B3&6�LV�LQ�WKH�QRUPDO�VWDWH 

�� 52 �[� 5HVHUYHGB�� 
5HVHUYHG 

� 5: �[� 

5(67$57B$1 
5HVWDUW�$XWR�1HJRWLDWLRQ��5:�6&�7\SH� 
:KHQ�WKH�KRVW�ZULWHV�WKLV�ELW��WKH�46*0,,�6*0,,B3&6�LQLWLDWHV�
WKH�DXWR�QHJRWLDWLRQ�SURFHVV�IRU�SRUW��� 
7KLV�ELW�LV�XVHG�WR�UHVWDUW�WKH�DXWR�QHJRWLDWLRQ�ZKLFK�LV�DOUHDG\�
LQLWLDWHG�E\�VHWWLQJ�%LW�����7KH�46*0,,�6*0,,B3&6�FOHDUV�WKLV�ELW�
DIWHU�UHVWDUWLQJ�WKH�DXWR�QHJRWLDWLRQ� 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2114 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

'83/(;B02'( 
'XSOH[�0RGH 
7KLV�ELW�VSHFLILHV�WKH�GXSOH[�PRGH�RI�WKH�46*0,,�6*0,,B3&6�
DORQJ 
SRUW��� 
���+DOI�GXSOH[ 
���)XOO�GXSOH[ 
,I�%LW����LV�VHW�WR����WKLV�ELW�GHWHUPLQHV�WKH�3+<�OLQN�GXSOH[�PRGH��
,I�%LW����LV�VHW�WR����WKHQ�WKH�3+<�OLQN�GXSOH[�PRGH�LV�
LQGHSHQGHQW�RI�WKLV�ELW��DOWKRXJK�WKH�KRVW�FDQ�ZULWH�DQ\�YDOXH��
DQG�LV�GHWHUPLQHG�E\�WKH�RXWFRPH�RI�WKH�&ODXVH����DXWR�
QHJRWLDWLRQ�SURFHVV� 

� 52 �[� 5HVHUYHGB� 
5HVHUYHG 

� 5: �[� 

66� 
6SHHG�6HOHFWLRQ 
7KLV�ELW��DORQJ�ZLWK�WKH�66��DQG�66���ELWV�RI�WKLV�UHJLVWHU 
LQGLFDWHV�WKH�VSHHG�RI�RSHUDWLRQ�RI�*0,,�;*0,,�3RUW��� 
)RU�PRUH�LQIRUPDWLRQ��VHH�GHVFULSWLRQ�RI�WKH�66���ELW� 

� 52 �[� 

66� 
6SHHG�6HOHFWLRQ 
7KLV�ELW��DORQJ�ZLWK�66��DQG�66���ELWV��FRQWURO�WKH�VSHHG�RI 
RSHUDWLRQ�RI�;*0,,�*0,,�3RUW��� 
)RU�PRUH�LQIRUPDWLRQ��VHH�GHVFULSWLRQ�RI�WKH�66���ELW��  

��� 52 �[�� 5HVHUYHGB�B� 
5HVHUYHG 

 
46*0,,�6*0,,B3&6B65B0,,B�B676�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 52 �[� 
$%/���7� 
���%$6(�7��$ELOLW\ 
7KH�46*0,,�6*0,,B3&6�DOZD\V�UHWXUQV���EHFDXVH�LW�GRHV�QRW�
VXSSRUW�WKLV�IXQFWLRQDOLW\� 

�� 52 �[� 
)'���$%/ 
���%$6(�;�)XOO�'XSOH[�$ELOLW\ 
7KH�46*0,,�6*0,,B3&6�DOZD\V�UHWXUQV���EHFDXVH�LW�GRHV�QRW�
VXSSRUW�WKLV�IXQFWLRQDOLW\� 

�� 52 �[� 
+'���$%/ 
���%$6(�;�+DOI�'XSOH[�$ELOLW\ 
7KH�46*0,,�6*0,,B3&6�DOZD\V�UHWXUQV���EHFDXVH�LW�GRHV�QRW�
VXSSRUW�WKLV�IXQFWLRQDOLW\ 

�� 52 �[� 

)'��$%/ 
���0ESV�)XOO�'XSOH[�$ELOLW\ 
7KH�46*0,,�6*0,,B3&6�DOZD\V�UHWXUQV���EHFDXVH�LW�GRHV�QRW�
VXSSRUW 
WKLV�IXQFWLRQDOLW\� 

�� 52 �[� 
+'��$%/ 
���0ESV�+DOI�'XSOH[�$ELOLW\ 
7KH�46*0,,�6*0,,B3&6�DOZD\V�UHWXUQV���EHFDXVH�LW�GRHV�QRW�
VXSSRUW�WKLV�IXQFWLRQDOLW\ 
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&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2115 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 52 �[� 

)'���7 
���%$6(�7��)XOO�'XSOH[�$ELOLW\ 
7KH�46*0,,�6*0,,B3&6�DOZD\V�UHWXUQV���EHFDXVH�LW�GRHV�QRW�
VXSSRUW 
WKLV�IXQFWLRQDOLW\ 

� 52 �[� 

+'���7 
���%$6(�7��+DOI�'XSOH[�$ELOLW\ 
7KH�46*0,,�6*0,,B3&6�DOZD\V�UHWXUQV���EHFDXVH�LW�GRHV�QRW�
VXSSRUW 
WKLV�IXQFWLRQDOLW\� 

� 52 �[� 

(;7B676B$%/ 
([WHQGHG�6WDWXV�,QIRUPDWLRQ 
���1R�([WHQGHG�6WDWXV�LQIRUPDWLRQ�LV�SUHVHQW�DW�UHJLVWHU 
DGGUHVV���
K���)�RI�WKLV�00'�GHYLFH� 
���([WHQGHG�6WDWXV�LQIRUPDWLRQ�LV�SUHVHQW�DW�UHJLVWHU 
DGGUHVV���
K���)�RI�WKLV�00'�GHYLFH� 
46*0,,�6*0,,B3&6�UHWXUQV�WKLV�ELW�DV��� 

� 52 �[� 

81B',5B$%/ 
8QLGLUHFWLRQDO�$ELOLW\ 
���7KH�46*0,,�6*0,,B3&6�LV�DEOH�WR�WUDQVPLW�*0,,�LUUHVSHFWLYH�
RI 
ZKHWKHU�GHYLFH�KDV�GHWHUPLQHG�WKH�YDOLG�OLQN�RU�QRW� 
���7KH�46*0,,�6*0,,B3&6�LV�DEOH�WR�WUDQVPLW�*0,,�RQO\�ZKHQ�
WKH 
GHYLFH�KDV�GHWHUPLQHG�WKH�YDOLG�OLQN� 
7KH�46*0,,�6*0,,B3&6�DOZD\V�UHWXUQV�WKLV�ELW�DV��� 

� 52 �[� 

0)B35(B683 
0)�3UHDPEOH�6XSSUHVVLRQ 
���7KH�46*0,,�6*0,,B3&6�DFFHSWV�WKH�0',2�IUDPHV�ZLWK�
SUHDPEOH�VXSSUHVVHG� 
���7KH�46*0,,�6*0,,B3&6�GRHV�QRW�DFFHSW�WKH�0',2�IUDPHV�
ZLWK�SUHDPEOH�VXSSUHVVHG� 
7KLV�ELW�LV�DOZD\V�VHW�WR�� 

� 52 �[� 

$1B&03/ 
$XWR�QHJRWLDWLRQ�&RPSOHWH�IRU�3RUW�� 
���7KH�$1�SURFHVV�LV�FRPSOHWH 
���7KH�$1�SURFHVV�LV�QRW�FRPSOHWH 
7KLV�ELW�UHWXUQV���LI�$1B(1$%/(�RI�65B0,,B�B&75/�5HJLVWHU�LV�VHW�
WR��� 

� 52 �[� 

5) 
5HPRWH�)DXOW 
7KLV�UHJLVWHU�ELW�LV�VKDUHG�ZLWK�5)�ELW�RI�65B0,,B676�UHJLVWHU� 
7KH�YDOXH�UHWXUQHG�E\�WKLV�ILHOG�VKRXOG�EH�LJQRUHG�E\�WKH�VRIWZDUH�
DV�LW�LV�QRW�YDOLG�LQ�46*0,,�6*0,,�86;*0,,�0RGHV 

� 52 �[� 

$1B$%/ 
$XWR�QHJRWLDWLRQ�$ELOLW\ 
7KH�46*0,,�6*0,,B3&6�DOZD\V�UHWXUQV�WKLV�ELW�DV��� 
���7KH�46*0,,�6*0,,B3&6�LV�DEOH�WR�SHUIRUP�DXWR�QHJRWLDWLRQ� 
���7KH�46*0,,�6*0,,B3&6�LV�QRW�DEOH�WR�SHUIRUP�DXWR�
QHJRWLDWLRQ 

� 52 �[� 
/,1.B676 
/LQN�6WDWXV 
7KLV�UHJLVWHU�ELW�LV�VKDUHG�ZLWK�5/8�ELW�RI�65B0,,B676�UHJLVWHU� 

� 52 �[� 5HVHUYHGB� 
5HVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 52 �[� 
(;7B5(*B&$3 
([WHQGHG�5HJLVWHU�&DSDELOLW\ 
���([WHQGHG�5HJLVWHU�FDSDELOLW\�H[LVWV��7KLV�ELW�LV�DOZD\V�VHW�WR��� 
���([WHQGHG�5HJLVWHU�FDSDELOLW\�GRHV�QRW�H[LVW� 

 
46*0,,�6*0,,B3&6B65B0,,B�B'(9B,'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 52 �[���� 

96B0,,B'(9B28,B�B�� 
2UJDQL]DWLRQDOO\�8QLTXH�,GHQWLILHU>����@ 
7KLV�ILHOG�FRQWDLQV�%LWV�>����@�RI����ELW�28,�RI�GHYLFH 
PDQXIDFWXUHU��7KH�46*0,,�6*0,,B3&6�RIIHUV����FRQILJXUDEOH�
%LWV>����@ 
IRU�LGHQWLI\LQJ�WKH�GHYLFH�PDQXIDFWXUHU��7KLV�UHJLVWHU�UHIOHFWV 
WKH�VDPH�YDOXH�DV�WKDW�RI�65B0,,B'(9B,'��UHJLVWHU� 

 
46*0,,�6*0,,B3&6B65B0,,B�B'(9B,'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�����&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

����� 52 �[�� 

96B00'B'(9B28,B��B�� 
2UJDQL]DWLRQDOO\�8QLTXH�,GHQWLILHU�>�����@ 
7KLV�ILHOG�FRQWDLQV�%LWV>�����@�RI����ELW�28,�RI�GHYLFH 
PDQXIDFWXUHU��7KH�46*0,,�6*0,,B3&6�RIIHUV����FRQILJXUDEOH�
%LWV>����@ 
IRU�LGHQWLI\LQJ�WKH�GHYLFH�PDQXIDFWXUHU� 

��� 52 �[�� 
96B00'B'(9B001B�B� 
0RGHO�1XPEHU 
7KLV�ILHOG�FRQWDLQV�WKH���ELW�0RGHO�1XPEHU�RI�WKH�GHYLFH� 

��� 52 �[� 
96B00'B'(9B51B�B� 
5HYLVLRQ�1XPEHU 
7KLV�ILHOG�FRQWDLQV�WKH���ELW�5HYLVLRQ�1XPEHU�RI�WKH�GHYLFH 

 
46*0,,�6*0,,B3&6B65B0,,B�B$1B$'9�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 52 �[� 
13 
1H[W�3DJH 
7KLV�ELW�UHIOHFWV�WKH�YDOXH�RI�13�ELW�RI�65B0,,B$1B$'9�5HJLVWHU� 

�� 52 �[� 5HVHUYHGB�� 
5HVHUYHG 

����� 52 �[� 
5) 
5HPRWH�)DXOW 
7KLV�ELW�UHIOHFWV�WKH�YDOXH�RI�5)�ELW�RI�65B0,,B$1B$'9�5HJLVWHU� 

���� 52 �[� 5HVHUYHGB��B� 
5HVHUYHG 

��� 52 �[� 
3$86( 
3DXVH�$ELOLW\� 
7KLV�ELW�UHIOHFWV�WKH�YDOXH�RI�3$86(�ELW�RI�65B0,,B$1B$'9�
5HJLVWHU 

� 52 �[� 
+' 
+DOI�'XSOH[ 
7KLV�ELW�UHIOHFWV�WKH�YDOXH�RI�+'�ELW�RI�65B0,,B$1B$'9�5HJLVWHU� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

)' 
)XOO�'XSOH[ 
:KHQ�WKLV�ELW�LV�VHW��LW�LQGLFDWHV�WKH�GHYLFH��SRUW����FDQ�RSHUDWH�LQ�
IXOO�GXSOH[�PRGH� 
7KLV�ELW�LV�XVHG�LQ�&ODXVH����DXWR�QHJRWLDWLRQ��7[B&RQILJB5HJ��
GRQH�E\�SRUW����ZKHQ�46*0,,�6*0,,B3&6�LV� � FRQILJXUHG�DV�3+<�
VLGH�46*0,,� 

��� 52 �[�� 5HVHUYHGB�B� 
5HVHUYHG 

 
46*0,,�6*0,,B3&6B65B0,,B�B/3B%$%/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 52 �[� /3B13 
1H[W�3DJH 

�� 52 �[� /3B$&. 
$&.�ELW�IURP�WKH�/LQN�3DUWQHU 

����� 52 �[� /3B5) 
5HPRWH�)DXOW 

���� 52 �[� 5HVHUYHGB��B� 
5HVHUYHG 

��� 52 �[� /3B3$86( 
3DXVH�$ELOLW\ 

� 52 �[� /3B+' 
+DOI�'XSOH[ 

� 52 �[� /3B)' 
)XOO�'XSOH[ 

��� 52 �[�� 5HVHUYHGB�B� 
5HVHUYHG 

 
46*0,,�6*0,,B3&6B65B0,,B�B$1B(;31�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 52 �[� 

/'B13B$%/ 
/RFDO�'HYLFH�13�$EOH 
���7KH�ORFDO�GHYLFH�KDV�WKH�QH[W�SDJH�DELOLW\ 
���7KH�ORFDO�GHYLFH�GRHV�QRW�KDYH�WKH�QH[W�SDJH�DELOLW\ 
7KH�46*0,,�6*0,,B3&6�DOZD\V�UHWXUQV�WKLV�ELW�DV���EHFDXVH�LW�
GRHV 
QRW�VXSSRUW�1H[W�3DJH� 

� 52 �[� 

3*B5&9' 
3DJH�5HFHLYHG��52��/+�7\SH� 
7KLV�ELW�LQGLFDWHV�WKDW�WKH�ORFDO�GHYLFH�UHFHLYHG�D�SDJH�IURP 
WKH�OLQN�SDUWQHU��GXULQJ�SRUW���DXWR�QHJRWLDWLRQ�� 
���7KH�ORFDO�GHYLFH�UHFHLYHG�D�QHZ�SDJH 
���7KH�ORFDO�GHYLFH�GLG�QRW�UHFHLYH�D�QHZ�SDJH 

� 52 �[� 5HVHUYHGB� 
5HVHUYHG 

 
46*0,,�6*0,,B3&6B65B0,,B�B(;7B676�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�����&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 52 �[� &$3B�*B;B)' 
����%$6(�;�)XOO�'XSOH[�&DSDEOH 

�� 52 �[� &$3B�*B;B+' 
����%$6(�;�+DOI�'XSOH[�&DSDEOH 

�� 52 �[� &$3B�*B7B)' 
����%$6(�7�)XOO�'XSOH[�&DSDEOH 

�� 52 �[� &$3B�*B7B+' 
����%$6(�7�+DOI�'XSOH[�&DSDEOH 

���� 52 �[��� 5HVHUYHGB��B� 
5HVHUYHG 

 
46*0,,�6*0,,B3&6B95B0,,B�B',*B&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 5: �[� 

95B567 
9HQGRU�6SHFLILF�6RIW�5HVHW��5:�6&�7\SH� 
:KHQ�WKH�KRVW�VHWV�WKLV�ELW��WKH�&65�EORFN�WULJJHUV�WKH 
YHQGRU�VSHFLILF�VRIWZDUH�UHVHW�SURFHVV�LQ�ZKLFK�DOO�LQWHUQDO 
EORFNV��H[FHSW�WKH�0DQDJHPHQW�,QWHUIDFH�EORFN�DQG�&65 
EORFN��DUH�UHVHW��:KHQ�WKLV�ELW�LV�VHW��LW�DOVR�UHVHWV�WKH�3+<� 
7KLV�ELW�LV�VHOI�FOHDUHG�XQGHU�WKH�IROORZLQJ�FRQGLWLRQV� 
)RU�6\QRSV\V�3+<��7KLV�ELW�LV�VHOI�FOHDUHG�ZKHQ�%LWV>���@�LQ 
95B0,,B',*B676�5HJLVWHU�DUH�HTXDO�WR��
E�����WKDW�LV��7[�5[ 
FORFNV�DUH�VWDEOH�DQG�LQ�3RZHUB*RRG�VWDWH� 
)RU�1RQ�6\QRSV\V�3+<�7KLV�ELW�LV�VHOI�FOHDUHG�DIWHU�WKH 
IROORZLQJ� 
���FONBFVUBL�FORFNV�IRU�WKH�0&,�LQWHUIDFH 
��0'&�FORFN�SHULRG�IRU�WKH�0',2�LQWHUIDFH 
1RWH��)RU�LQIRUPDWLRQ�DERXW�WKH�UHDG�RU�ZULWH�DFFHVV�IRU�DQ\ 
UHJLVWHU�GXULQJ�WKH�UHVHW�SURFHVV��VHH��6SHFLDO�&DVH�5HJLVWHU 
$FFHVV��VHFWLRQ� 

�� 5: �[� 

5�7/%( 
5[�WR�7[�/RRSEDFN�(QDEOH 
7KLV�ELW�FRQWUROV�WKH�ORRSEDFN�SDWK�IURP�WKH�*0,,�;*0,,�5[�WR 
WKH�*0,,�;*0,,�7[�DW�WKH�*0,,�;*0,,�LQWHUIDFH��SRUW���� 
���/RRSEDFN�SDWK�LV�GLVDEOHG 
���/RRSEDFN�SDWK�LV�HQDEOHG 

�� 52 �[� 
(1B9600'� 
(QDEOH�9HQGRU�6SHFLILF�00'� 
7KLV�LV�D�UHDG�RQO\�ELW�ZKLFK�UHIOHFWV�WKH�YDOXH�RI�(1B9600'� 
ELW�RI�95B0,,B',*B&75/��5HJLVWHU� 

�� 52 �[� 
&/��B%3 
(QDEOH�&ODXVH����$1�LQ�%DFNSODQH�&RQILJXUDWLRQ 
7KLV�LV�D�UHDG�RQO\�ELW�ZKLFK�UHIOHFWV�WKH�YDOXH�RI�&/��B%3�ELW 
RI�95B0,,B',*B&75/��5HJLVWHU� 

�� 52 �[� 3:569 
5HVHUYHG 

�� 5: �[� 

&6B(1 
&ORFN�6WRS�(QDEOH 
���7KH�3+<�PD\�VWRS�WKH�FORFN�GXULQJ�/3,�PRGH 
���7KH�FORFN�FDQQRW�EH�VWRSSHG�GXULQJ�/3,�PRGH 
<RX�VKRXOG�SURJUDP�WKLV�ELW�EDVHG�RQ�WKH�FDSDELOLW\�RI�WKH�0$& 
�FRQQHFWHG�WR�*0,,�3RUW����GXULQJ�5[�/3,�PRGH� 
1RWH��7KLV�ILHOG�LV�YDOLG�RQO\�LQ�46*0,,�PRGH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

0$&B$872B6: 
$XWRPDWLF�6SHHG�0RGH�&KDQJH�DIWHU�&/���$1��IRU�SRUW��� 
,I�WKLV�ILHOG�LV�VHW�WR����46*0,,�6*0,,B3&6�DXWRPDWLFDOO\�VZLWFKHV�
WR�WKH 
QHJRWLDWHG�86;*0,,�46*0,,�SRUW���VSHHG��DIWHU�WKH 
FRPSOHWLRQ�RI�&ODXVH����DXWR�QHJRWLDWLRQ��7KLV�PRGH�LV�YDOLG 
RQO\�ZKHQ�46*0,,�6*0,,B3&6�LV�FRQILJXUHG�DV�0$&�VLGH 
86;*0,,�46*0,,�DQG�VKRXOG�EH�VHW�RQO\�ZKHQ 
$XWR�QHJRWLDWLRQ�LV�HQDEOHG��$1B(1$%/(�ELW�LV�VHW�WR���� 
,I�WKLV�ELW�LV�VHW�WR����46*0,,�6*0,,B3&6�RSHUDWHV�DW�WKH�
VSHHG�GXSOH[ 
PRGH�DV�SHU�WKH�YDOXHV�SURJUDPPHG�WR�65B0,,B�B&75/ 
5HJLVWHU��,Q�WKDW�FDVH��DIWHU�WKH�FRPSOHWLRQ�RI�&/���$1� 
DSSOLFDWLRQ�KDV�WR�UHDG�WKH�QHJRWLDWHG�6SHHG�'XSOH[�0RGH 
IURP�95B0,,B�B$1B,175B676�5HJLVWHU�DQG�WKHQ�SURJUDP 
65B0,,B�B&75/�5HJLVWHU�DSSURSULDWHO\� 
,I�WKLV�ELW�LV�VHW�WR���LQ�46*0,,�PRGH� 
3&6BTVJPLLBOLQNBVWVBS�BR��3&6BOLQNBVSHHGBS�BR�DQG 
3&6BTVJPLLBIXOOBGXSOH[BS�BR�RXWSXWV�UHIOHFW�WKH 
DXWR�QHJRWLDWHG�YDOXHV��WKDW�LV��YDOXHV�IURP 
&/��B$16*0B676�ILHOG�RI�95B0,,B�B$1B,175B676 
5HJLVWHU� 
)RU�86;*0,,�PRGH��LI�FONB[JPLLBW[BS�BL�DQG 
FONB[JPLLBU[BS�BL�GR�QRW�VWDELOL]H�DW�WKH�QHZ�RSHUDWLQJ 
IUHTXHQF\��EDVHG�RQ�WKH�VHOHFWHG�VSHHG��LPPHGLDWHO\�DIWHU�WKH 
FRPSOHWLRQ�RI�DXWR�QHJRWLDWLRQ��WKHQ�VRIWZDUH�PLJKW�QHHG�WR 
SURJUDP�
865$B567
�ELW�SULRU�WR�VWDUWLQJ�SDFNHW�WUDQVIHU�LQ�WKH 
QHZ�VSHHG�PRGH� 

� 52 �[� 
,1,7 
,1,7 
7KLV�ELW�UHIOHFWV�WKH�YDOXH�RI�,1,7�ELW�RI�95B0,,B',*B&75/��
5HJLVWHU� 

� 52 �[� 
06.B5'B(55 
0DVN�5XQQLQJ�'LVSDULW\�(UURU 
7KLV�ELW�UHIOHFWV�WKH�YDOXH�RI�06.B5'B(55�ELW�RI�
95B0,,B',*B&75/��5HJLVWHU� 

� 5: �[� 

35(B(03 
3UH�HPSWLRQ�3DFNHW�(QDEOH� 
7KLV�ELW�VKRXOG�EH�VHW�WR���WR�DOORZ�WKH�46*0,,�6*0,,B3&6�WR�
SURSHUO\�UHFHLYH�WUDQVPLW�SUH�HPSWLRQ�SDFNHWV�DORQJ�*0,,�SRUW����
ZKHQ�  
RSHUDWLQJ�LQ���0����0�0RGHV� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 52 �[� 

865$B567 
86;*0,,�5DWH�$GDSWRU�5HVHW��3RUW��� 
7KLV�ELW�FDQ�EH�VHW�WR���WR�UHVHW�LQLWLDOL]H�WKH�86;*0,,�5DWH�
$GDSWRU�/RJLF��IRU�SRUW����LQVLGH�46*0,,�6*0,,B3&6��7KH�5DWH�
$GDSWRU�/RJLF�PDSV�*0,,�GDWD�WR�;*0,,��DQG�YLFH�YHUVD�LQ�5[�
SDWK��GDWD�DQG�SHUIRUP�GDWD�UHSOLFDWLRQ�IRU�ORZHU�86;*0,,�
VSHHGV��7KLV�LV�D�VHOI�FOHDU�ELW��5:�6&��DQG�FOHDUV�LWVHOI�DIWHU�WKH�
UHVHW�RI�7[�DQG�5[�5DWH�$GDSWRU�/RJLF�LV�FRPSOHWH��$IWHU�VHWWLQJ�
WKLV�ELW�WR����DSSOLFDWLRQ�VKRXOG�SROO�WKLV�ELW�WLOO�LW�VHOI�FOHDUV� 
1RWH��,I�&/.&203 (QDEOHG��WKLV�ELW�DOVR�LQLWLDOL]HV�WKH�FORFN�
FRPSHQVDWLRQ�),)2��FRUUHVSRQGLQJ�WR�SRUW�����:KHQ�WKLV�ELW�LV�
SURJUDPPHG�WR����5;),)2B29)�5;),)2B81)�ELWV�RI�
95B0,,B�B',*B676 
5HJLVWHU�PLJKW�JHW�VHW�LQFRUUHFWO\��7KHUHIRUH��UHDG�WKHVH�UHJLVWHU�
ELWV��5;),)2B29)�DQG�5;),)2B81)��VR�WKDW�WKH\�JHW�FOHDUHG��
7KHUHDIWHU��5;),2)B81)�DQG�5;),)2B81)�ELWV�DUH�UHOLDEOH� 

� 52 �[� 
'7;/$1('B� 
7[�/DQH���'LVDEOH 
7KLV�ELW�UHIOHFWV�WKH�YDOXH�RI�'7;/$1('B��ELW�RI�
95B0,,B',*B&75/��5HJLVWHU� 

� 52 �[� 
&/��B705B295B5,'( 
2YHU�5LGH�&RQWURO�IRU�&/���/LQN�7LPHU� 
7KLV�ELW�UHIOHFWV�WKH�YDOXH�RI�&/��B705B295B5,'(�ELW�RI�
95B0,,B',*B&75/��5HJLVWHU� 

� 52 �[� 
(1B�B�*B02'( 
(QDEOH����*�*0,,�0RGH��*0,,�LQWHUIDFH�RYHU�FORFNHG���� 
7KLV�ELW�UHIOHFWV�WKH�YDOXH�RI�(1B�B�*B02'(�ELW�RI�
95B0,,B',*B&75/��5HJLVWHU� 

� 52 �[� %<3B3:583 
5HVHUYHG 

� 52 �[� 

3+<B02'(B&75/ 
46*0,,�86;*0,,�3+<�PRGH�FRQWURO�RQ�3RUW�� 
7KLV�ELW�FRQWUROV�WKH�&ODXVH����DXWR�QHJRWLDWLRQ�ZKHQ�RSHUDWLQJ�
LQ�46*0,,�86;*0,,��3RUW����3+<�PRGH� 
46*0,� 
:KHQ�WKLV�ELW�LV�VHW�WR����46*0,,�6*0,,B3&6�DGYHUWLVHV�WKH�
YDOXHV�RI�LQSXW�SRUWV�3&6BTVJPLLBOLQNBVWVBS�BL��
3&6BTVJPLLBOLQNBVSHHGBS�BL�DQG�3&6BTVJPLLBIXOOBGXSOH[BS�BL�
GXULQJ�46*0,,�3RUW����DXWR�QHJRWLDWLRQ� 
:KHQ�WKLV�ELW�LV�VHW�WR����46*0,,�3RUW����DXWR�QHJRWLDWLRQ 
DGYHUWLVHV�WKH�YDOXHV�SURJUDPPHG�WR� 
ELW����6*0,,B/,1.B676��RI�95B0,,B�B$1B&75/�5HJLVWHU 
ELW�����VV����DQG����VV���RI�65B0,,B�B&75/�5HJLVWHU�DQG 
ELW����)'��RI�65B0,,B�B$1B$'9�5HJLVWHU 

 
46*0,,�6*0,,B3&6B95B0,,B�B$1B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

����� 52 �[�� 5HVHUYHGB��B�� 
5HVHUYHG 
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&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2121 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

,1'B7;B(1 
,QGHSHQGHQW�7UDQVPLW�(QDEOH 
,I�WKLV�ELW�LV�VHW�WR����46*0,,�6*0,,B3&6�LV�DEOH�WR�WUDQVPLW�WKH�
SRUW���*0,,�7[�GDWD��LUUHVSHFWLYH�RI�LWV�UHFHLYH�OLQN�VWDWXV�GXULQJ�
46*0,,�PRGH��SURYLGHG�DXWR�QHJRWLDWLRQ�LV�QRW�HQDEOHG�� 
,I�WKLV�ELW�LV�VHW�WR����46*0,,�6*0,,B3&6�VHQGV�,'/(��IRU�SRUW����
WLOO�LWV�UHFHLYHU�KDV�DWWDLQHG�V\QFKURQL]DWLRQ� 

� 5: �[� 

0,,B&75/ 
0,,�&RQWURO 
7KLV�ELW�FRQWUROV�WKH�ZLGWK�RI�WKH�0$&�LQWHUIDFH��FRQQHFWHG�WR 
*0,,�SRUW����ZKHQ�RSHUDWLQJ�DW����0ESV�RU�����0ESV 
�����ELW�0,, 
�����ELW�0,, 
7KLV�ELW�DOVR�FRQWUROV�WKH�3&6BPLLBFWUOBS�BR�VLJQDO�ZKLFK�LV 
XVHG�IRU�H[WHUQDO�FORFN�PXOWLSOH[LQJ�RI�WKH 
FONBPLLBW[BS�BL�FONB[JPLLBW[BS�BL�DQG 
FONBPLLBU[BS�BL�FONB[JPLLBU[BS�BL�VLJQDOV 

��� 52 �[� 5HVHUYHGB�B� 
5HVHUYHG 

� 5: �[� 

6*0,,B/,1.B676 
46*0,,�86;*0,,�/LQN�6WDWXV��SRUW��� 
7KLV�ELW�LV�XVHG�LQ�%LW����RI�WKH�7[B&RQILJB5HJ�GXULQJ�&ODXVH 
���DXWR�QHJRWLDWLRQ��DORQJ�SRUW����ZKHQ�46*0,,�6*0,,B3&6�LV 
SURJUDPPHG�DV�46*0,,�3+<��RU�DV�86;*0,,�3+<��DQG 
ZKHQ�3+<B02'(B&75/�ELW�RI�95B0,,B�B',*B&75/� 
5HJLVWHU�LV���� 
���/LQN�'RZQ 
���/LQN�8S 

� 52 �[� 
7;B&21),* 
7UDQVPLW�&RQILJXUDWLRQ 
7KLV�ILHOG�UHIOHFWV�WKH�YDOXH�RI�7;B&21),*�RI�95B0,,B$1B&75/�
5HJLVWHU� 

��� 52 �[� 

3&6B02'( 
3&6�0RGH�  
7KLV�ILHOG�UHIOHFWV�WKH�YDOXH�RI�3&6B02'(�RI�95B0,,B$1B&75/�
5HJLVWHU�IRU�FRQILJXUDWLRQV�ZLWK�46*0,,�VXSSRUW��)RU�RWKHU�
FRQILJXUDWLRQV��WKLV�ILHOG�UHWXUQV��
E��� 

� 5: �[� 

0,,B$1B,175B(1 
&ODXVH����$1�&RPSOHWH�,QWHUUXSW�(QDEOH��SRUW��� 
:KHQ�VHW�WR����WKLV�ELW�HQDEOHV�WKH�JHQHUDWLRQ�RI�&ODXVH��� 
DXWR�QHJRWLDWLRQ�FRPSOHWH��RQ�SRUW����LQWHUUXSW�RXWSXW� 
:KHQ�VHW�WR����LW�GLVDEOHV�WKH�JHQHUDWLRQ�RI�&ODXVH��� 
DXWR�QHJRWLDWLRQ�FRPSOHWH�LQWHUUXSW� 

 
46*0,,�6*0,,B3&6B95B0,,B�B$1B,175B676�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 52 �[� 5HVHUYHGB�� 
5HVHUYHG 



5.5.�����750�3DUW� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�� 

86;*B$1B676 
86;*0,,�&ODXVH����$1�6WDWXV��DORQJ�3RUW��� 
7KLV�ILHOG�LV�YDOLG�RQO\�ZKHQ�FODXVH����DXWR�QHJRWLDWLRQ�LV�
FRPSOHWH�LQ�86;*0,,�0RGH�DORQJ�3RUW����,W�LQGLFDWHV�WKH�VWDWXV�
UHFHLYHG�IURP�UHPRWH�OLQN�DIWHU�WKH�86;*0,,�DXWR�QHJRWLDWLRQ�LV�
FRPSOHWH� 
86;*B$1B676>�@ 
���/LQN�LV�'RZQ 
���/LQN�LV�8S 
86;*B$1B676>�@ 
���+DOI�'XSOH[ 
���)XOO�'XSOH[ 
86;*B$1B676>���@ 
��������0ESV�VSHHG�OLQN 
���������0ESV�VSHHG�OLQN 
����������0ESV�VSHHG�OLQN 
��������*ESV�VSHHG�OLQN 
���������*ESV�VSHHG�OLQN 
�������*ESV�VSHHG�OLQN 
86;*B$1B676>�@ 
���(((�VXSSRUWHG 
���(((�QRW�VXSSRUWHG 
86;*B$1B676>�@ 
���(((�FORFN�VWRS�VXSSRUWHG 
���(((�FORFN�VWRS�QRW�VXSSRUWHG 
1RWH�7KLV�ILHOG�LV�SUHVHQW�RQO\�LQ�FRQILJXUDWLRQV�ZLWK�0XOWL�SRUW 
86;*0,,�VXSSRUW� 

� 52 �[� 5HVHUYHGB� 
5HVHUYHG 

� 52 �[� 

/3B&.B673 
/LQN�3DUWQHU�(((�&ORFN�6WRS�&DSDELOLW\ 
7KLV�ILHOG�LQGLFDWHV�WKH�(((�FORFN�VWRS�FDSDELOLW\��RU�HQDEOH�LQ 
FDVH�IDU�HQG�LV�DFWLQJ�DV�46*0,,�0$&��DGYHUWLVHG�E\�WKH 
IDU�HQG�GHYLFH��7KLV�ILHOG�LV�YDOLG�RQO\�ZKHQ�3&6B02'(>���@�LV 
VHW�WR�WKH�46*0,,�PRGH�DQG�WKH�DXWR�QHJRWLDWLRQ�LV�FRPSOHWH 
DORQJ�SRUW��� 
1RWH�7KLV�ILHOG�LV�SUHVHQW�RQO\�LQ�FRQILJXUDWLRQV�ZLWK�46*0,, 

� 52 �[� 

/3B(((B&$3 
/LQN�3DUWQHU�(((�&DSDELOLW\ 
7KLV�ILHOG�LQGLFDWHV�WKH�(((�FDSDELOLW\�DGYHUWLVHG�E\�WKH�IDU�HQG�
GHYLFH��3RUW���46*0,,�3+<���7KLV�ILHOG�LV�YDOLG�RQO\�ZKHQ�
3&6B02'(>���@�LV�VHW�WR�WKH�46*0,,�PRGH�DQG�WKH�DXWR�
QHJRWLDWLRQ�LV�FRPSOHWH�DORQJ�SRUW��� 
1RWH�7KLV�ILHOG�LV�SUHVHQW�RQO\�LQ�FRQILJXUDWLRQV�ZLWK�46*0,,� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 52 �[� 

&/��B$16*0B676 
&ODXVH����$1�46*0,,�6WDWXV��SRUW����  
7KLV�ILHOG�LV�YDOLG�RQO\�ZKHQ�WKH�3&6B02'(>���@�LV�VHW�WR�WKH�
46*0,,�PRGH�DQG�WKH�DXWR�QHJRWLDWLRQ�LV�FRPSOHWH�DORQJ�SRUW��� 
,W�LQGLFDWHV�WKH�VWDWXV�UHFHLYHG�IURP�UHPRWH�OLQN�SDUWQHU� 
&/��B$16*0B676>�@ 
���+DOI�'XSOH[ 
���)XOO�'XSOH[ 
&/��B$16*0B676>���@ 
�������0ESV�VSHHG�OLQN 
��������0ESV�VSHHG�OLQN 
���������0ESV�VSHHG�OLQN 
&/��B$16*0B676>�@ 
���/LQN�LV�'RZQ 
���/LQN�LV�8S 
1RWH�7KLV�ILHOG�LV�SUHVHQW�RQO\�LQ�FRQILJXUDWLRQV�ZLWK�46*0,,� 

� 5: �[� 

&/��B$1&03/7B,175 
&ODXVH����$1�&RPSOHWH�,QWHUUXSW��66�:&�7\SH� 
7KH�46*0,,�6*0,,B3&6�VHWV�WKLV�ELW�ZKHQ�&ODXVH����DXWR�
QHJRWLDWLRQ 
LV�FRPSOHWH�IRU�SRUW����7KH�KRVW�PXVW�FOHDU�WKLV�ELW�E\�ZULWLQJ�� 
WR�LW� 

 
46*0,,�6*0,,B3&6B95B0,,B�B7&�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�����&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 52 �[� 73( 
7HVW�3DWWHUQ�(QDEOH�/DQHV 

��� 52 �[� 73 
7HVW�3DWWHUQ�6HOHFW 

 
46*0,,�6*0,,B3&6B95B0,,B�B'%*B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� 52 �[� 

7;B30%/B&7/ 
7UDQVPLW�3UHDPEOH�&RQWURO 
7KLV�ELW�PHUHO\�UHIOHFWV�WKH�YDOXH�RI�7;B30%/B&7/�ILHOG�RI�
95B0,,B'%*B&75/�5HJLVWHU��IRU�����%DVH;�2QO\�3&6�
FRQILJXUDWLRQV��RU�95B;6B3&6B'(%8*B&75/�5HJLVWHU��IRU�RWKHU�
FRQILJXUDWLRQV�� 

� 52 �[� 

5;B6<1&B&7/ 
5HFHLYH�6\QFKURQL]DWLRQ�&RQWURO�� 
7KLV�ELW�PHUHO\�UHIOHFWV�WKH�YDOXH�RI�5;B6<1&B&7/�ILHOG�RI�
95B0,,B'%*B&75/�5HJLVWHU��IRU�����%DVH;�2QO\�3&6�
FRQILJXUDWLRQV��RU�95B;6B3&6B'(%8*B&75/�5HJLVWHU��IRU�RWKHU�
FRQILJXUDWLRQV�� 

� 52 �[� 

5;B'7B(1B&7/ 
5[�'DWD�(QDEOH�&RQWURO� 
7KLV�ELW�PHUHO\�UHIOHFWV�WKH�YDOXH�RI�5;B'7B(1B&7/�ILHOG�RI 
95B0,,B'%*B&75/�5HJLVWHU��IRU�����%DVH;�2QO\�3&6 
FRQILJXUDWLRQV��RU�95B;6B3&6B'(%8*B&75/�5HJLVWHU��IRU 
RWKHU�FRQILJXUDWLRQV�� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 52 �[� 

6835(66B(((B/26B'(7 
6XSSUHVV�(((�/RVV�RI�6LJQDO�'HWHFWLRQ� 
7KLV�ELW�PHUHO\�UHIOHFWV�WKH�YDOXH�RI�6835(66B(((B/26B'(7�ILHOG�
RI�95B0,,B'%*B&75/�5HJLVWHU��IRU�����%DVH;�2QO\�3&6�
FRQILJXUDWLRQV��RU 
95B;6B3&6B'(%8*B&75/�5HJLVWHU��IRU�RWKHU�FRQILJXUDWLRQV�� 

� 52 �[� 

6835(66B/26B'(7 
6XSSUHVV�/RVV�RI�6LJQDO�'HWHFWLRQ 
7KLV�ELW�PHUHO\�UHIOHFWV�WKH�YDOXH�RI�6835(66B/26B'(7�ILHOG�RI�
95B0,,B'%*B&75/�5HJLVWHU��IRU�����%DVH;�2QO\�3&6�
FRQILJXUDWLRQV��RU�95B;6B3&6B'(%8*B&75/�5HJLVWHU��IRU�RWKHU�
FRQILJXUDWLRQV� 

��� 52 �[� UHVHUYHG 

� 5: �[� 

5(67$5B6<1& 
5HVWDUW�6\QFKURQL]DWLRQ 
:KHQ�VHW�WR����WKLV�ELW�UHVWDUWV�WKH�5[�6\QFKURQL]DWLRQ�6WDWH�
PDFKLQH�RQ�SRUW����7KH�KRVW�PXVW�FOHDU�WKLV�ELW�WR���EHIRUH�
VHWWLQJ�LW�WR���QH[W�WLPH� 

 
46*0,,�6*0,,B3&6B95B0,,B�B(((B0&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

����� 52 �[� &/.6723 
&ORFN�6WRS 

���� 52 �[� 08/7B)$&7B���16 
����QV�&ORFN�7LF�0XOWLSO\LQJ�)DFWRU 

� 52 �[� 5;B(1B&75/ 
5[�&RQWURO�(QDEOH 

� 52 �[� 6,*1B%,7 
(IIHFWLYH�����QV�7LF�9DOXH 

� 52 �[� 5HVHUYHGB� 
5HVHUYHG 

� 52 �[� 7;B(1B&75/ 
7[�&RQWURO�(QDEOH 

� 52 �[� 5;B48,(7B(1 
5[�4XLHW�(QDEOH 

� 52 �[� 7;B48,(7B(1 
7[�4XLHW�(QDEOH 

� 52 �[� /5;B(1 
/3,�5[�(QDEOH 

� 52 �[� /7;B(1 
/3,�7[�(QDEOH 

 
46*0,,�6*0,,B3&6B95B0,,B�B(((B7;7,0(5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 52 �[�� 76/B5(6 
76/�5HVROXWLRQ 

 
46*0,,�6*0,,B3&6B95B0,,B�B(((B5;7,0(5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�� 7:5B5(6 
7:5�5HVROXWLRQ 

��� 52 �[�� 5(6B���8 
����XV�5HVROXWLRQ 

 
46*0,,�6*0,,B3&6B95B0,,B�B/,1.B7,0(5B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 52 �[���� 95B0,,B�B/,1.B7,0(5B&75/ 
3URJUDPPDEOH�/LQN�7LPHU�9DOXH�IRU�&ODXVH����DXWR�QHJRWLDWLRQ� 

 
46*0,,�6*0,,B3&6B95B0,,B�B(((B0&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�����&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 52 �[� 751B/3, 
7UDQVSDUHQW�7[�/3,�0RGH�(QDEOH 

 
46*0,,�6*0,,B3&6B95B0,,B�B',*B676�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

����� 52 �[� 

/7;B67$7( 
/3,�7UDQVPLW�6WDWH� 
7KLV�ILHOG�UHIOHFWV�WKH�YDOXH�RI�/7;B67$7(�ILHOG�RI�
95B0,,B',*B676�5HJLVWHU��IRU�����%DVH;�2QO\�3&6�
FRQILJXUDWLRQV��RU�95B;6B3&6B',*B676�5HJLVWHU��IRU�RWKHU�
FRQILJXUDWLRQV�� 

����� 52 �[� 

/5;B67$7( 
/3,�5HFHLYH�6WDWH 
7KLV�ILHOG�UHIOHFWV�WKH�YDOXH�RI�/5;B67$7(�ILHOG�RI�
95B0,,B',*B676�5HJLVWHU��IRU�����%DVH;�2QO\�3&6�
FRQILJXUDWLRQV��RU�95B;6B3&6B',*B676�5HJLVWHU��IRU�RWKHU�
FRQILJXUDWLRQV�� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 52 �[� 

,19B;*0B&+$5 
,QYDOLG�;*0,,�&KDUDFWHU��52�/+�7\SH���3RUW�� 
7KLV�ELW�LQGLFDWHV�DQ�LQYDOLG�;*0,,�FKDUDFWHU�RQ�WKH�7UDQVPLW�SDWK�
�SRUW���� 
���1R�,QYDOLG�;*0,,�FKDUDFWHU 
���,QYDOLG�FKDUDFWHU 
7KLV�ELW�LV�VHW�ZKHQ�RQH�RI�WKH�IROORZLQJ�FRQGLWLRQV�LV�WUXH�RQ�WKH�
;*0,,�LQWHUIDFH� 
_4_�LV�GHWHFWHG�RQ�D�ODQH�RWKHU�WKDQ�/DQH��� 
_4_�LV�GHWHFWHG�RQ�/DQH���DQG�DOVR�DQ\�RI�WKH�IROORZLQJ�FRQGLWLRQV�
LV�WUXH� 
1R��
K���GDWD�LQ�/DQH��� 
1R��
K���GDWD�LQ�/DQH��� 
1R��
K���RU��
K���GDWD�RQ�/DQH��� 
_(_�RU�_7_�LV�HQFRXQWHUHG�LQ�QRQ�GDWD�SKDVH�DQG�_4_�LV�
HQFRXQWHUHG�LQ�GDWD�SKDVH� 
_'_�LV�GHWHFWHG�GXULQJ�WKH�,GOH�SKDVH��DIWHU�7HUPLQDWH�DQG�EHIRUH�
YDOLG�62)�� 
_,_�LV�GHWHFWHG�GXULQJ�WKH�GDWD�SKDVH��DIWHU�62)�DQG�EHIRUH�
7HUPLQDWH�� 
1RWH��7KLV�ILHOG�LV�SUHVHQW�RQO\�IRU�0XOWL�SRUW�86;*0,,�
FRQILJXUDWLRQV� 

� 52 �[� 

,19B;*0B7 
,QYDOLG�;*0,,�7�&KDUDFWHU��52�/+�7\SH���3RUW�� 
7KLV�ELW�LQGLFDWHV�WKDW�WKH�WUDQVPLW�GDWD��SRUW����UHFHLYHG�RQ�
;*0,,�KDV�DQ�LQYDOLG�7HUPLQDWH�FKDUDFWHU� 
���1RUPDO�RSHUDWLRQ 
���,QYDOLG�7HUPLQDWH�FKDUDFWHU 
7KH�IROORZLQJ�FDQ�FDXVH�DQ�LQYDOLG�7HUPLQDWH�FKDUDFWHU� 
,Q�7HUPLQDWH�FROXPQ��EHIRUH�ODQH�FRUUHVSRQGV�WR�WKH�_7_�
FKDUDFWHU��WKHUH�LV�D�_,_�RU�_4_�FKDUDFWHU� 
,Q�7HUPLQDWH�FROXPQ��DIWHU�ODQH�FRUUHVSRQGV�WR�WKH�_7_�FKDUDFWHU��
WKHUH�LV�D�QRQ�_,_�FKDUDFWHU 
1RWH�7KLV�ILHOG�LV�SUHVHQW�RQO\�IRU�0XOWL�SRUW�86;*0,,�
FRQILJXUDWLRQV� 

� 52 �[� 

,19B;*0B623 
,QYDOLG�;*0,,�6WDUW�&KDUDFWHU��52�/+�7\SH���3RUW�� 
7KLV�ELW�LQGLFDWHV�WKDW�WKH�;*0,,�WUDQVPLW��3RUW����IUDPH�FRQWDLQV�
LQYDOLG�623�FKDUDFWHU� 
���1RUPDO�RSHUDWLRQ 
���,QYDOLG�623�FKDUDFWHU 
$Q�LQYDOLG�623�HYHQW�RFFXUV�ZKHQ�D�_6_�FKDUDFWHU�LV�GHWHFWHG�LQ�D�
ODQH�RWKHU�WKDQ�/DQH��� 
1RWH�7KLV�ILHOG�LV�SUHVHQW�RQO\�IRU�0XOWL�SRUW�86;*0,,�
FRQILJXUDWLRQV� 

� 52 �[� 

5;),)2B29) 
5[�),)2�2YHUIORZ��52�/+�7\SH� 
7KLV�ELW�LQGLFDWHV�WKH�FORFN�UDWH�FRPSHQVDWLRQ�),)2�RYHUIORZ�IRU�
SRUW��� 
���1RUPDO�RSHUDWLRQ 
���),)2�RYHUIORZ 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 52 �[� 

5;),)2B81') 
5[�),)2�8QGHUIORZ��52�/+�7\SH� 
7KLV�ELW�LQGLFDWHV�WKH�FORFN�UDWH�FRPSHQVDWLRQ�),)2�XQGHUIORZ�IRU�
SRUW��� 
���1RUPDO�RSHUDWLRQ 
���),)2�XQGHUIORZ 

��� 52 �[� 36(4B67$7( 
5HVHUYHG 

� 52 �[� /%B$&7,9( 
5HVHUYHG 

� 52 �[� 5HVHUYHGB� 
5HVHUYHG 

 
46*0,,�6*0,,B3&6B95B0,,B�B,&*B(55&17��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 52 �[�� 

(&� 
,QYDOLG�&RGH�*URXS�&RXQW��3RUW����52�/+�7\SH� 
7KLV�ILHOG�JLYHV�WKH�LQYDOLG�FRGH�JURXS�FRXQW�LQ�SRUW����RI 
46*0,,��ZKHQ�%LW���RI�95�0,,B��00'�'LJLWDO�(UURU�&RXQW 
6HOHFW�5HJLVWHU�LV�VHW�WR��� 

 
46*0,,�6*0,,B3&6B95B0,,B�B',*B&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 52 �[� 7;B32/B,19B� 
7[�3RODULW\�,QYHUW�RQ�/DQH�� 

��� 52 �[� 5HVHUYHGB�B� 
5HVHUYHG 

� 52 �[� 5;B32/B,19B� 
5[�3RODULW\�,QYHUW�RQ�/DQH�� 

 
46*0,,�6*0,,B3&6B95B0,,B�B',*B(55&17B6(/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� 

,19B(&B(1 
,QYDOLG�&RGH�*URXS�(UURU�&RXQWHU�(QDEOH 
:KHQ�WKLV�ELW�LV�VHW��WKH�FRXQWLQJ�RI�LQYDOLG�FRGH�JURXS�HUURUV 
�RQ�SRUW����LV�HQDEOHG� 
���7KH�FRXQWLQJ�RI�HUURUV�LV�GLVDEOHG 
���7KH�FRXQWLQJ�RI�HUURUV�LV�HQDEOHG 
)RU�LQIRUPDWLRQ�DERXW�WKH�ILHOGV�FRQWDLQLQJ�WKH�QXPEHU�RI 
HUURUV�FRXQWHG��VHH�95B0,,B�B,&*B(55&17��5HJLVWHU� 

��� 52 �[� 5HVHUYHGB�B� 
5HVHUYHG 

� 5: �[� 

&25 
&OHDU�RQ�5HDG 
:KHQ�WKLV�ELW�LV�VHW�DQG�WKH�KRVW�UHDGV�SRUW���HUURU�FRXQWHU 
�95B0,,B�B,&*B(55&17��5HJLVWHU���WKDW�FRXQWHU�LV�FOHDUHG 
DIWHU�WKH�UHDG�F\FOH� 
���1RUPDO�RSHUDWLRQ 
���&OHDU�HUURU�FRXQWHU�WKDW�LV�UHDG 
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46*0,,�6*0,,B3&6B65B9600'B30$B,'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 52 �[���� 30$'28,B�B�� 
5HVHUYHG 

 
46*0,,�6*0,,B3&6B65B9600'B30$B,'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[������ UHVHUYHG 

�� 52 �[� 30$'28,B��B�� 
5HVHUYHG 

��� 52 �[�� 30$'001B�B� 
5HVHUYHG 

��� 52 �[� 30$'51B�B� 
5HVHUYHG 

 
46*0,,�6*0,,B3&6B65B9600'B'(9B,'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 52 �[���� 

96'28,B�B�� 
2UJDQL]DWLRQDOO\�8QLTXH�,GHQWLILHU>����@�IRU�9HQGRU�6SHFLILF�
00'� 
7KLV�ILHOG�FRQWDLQV�%LWV>����@�RI����ELW�28,�RI�GHYLFH�
PDQXIDFWXUHU��7KH�46*0,,�6*0,,B3&6�RIIHUV����FRQILJXUDEOH�ELWV�
>����@��NQRZQ�DV�28,��IRU�LGHQWLI\LQJ�WKH�GHYLFH�PDQXIDFWXUHU��
<RX�FDQ�FRQILJXUH�WKH�YDOXH�RI�HDFK�00'�XVLQJ 
FRUH&RQVXOWDQW� 
$FFHVV�7\SH� 
5:��)RU�FRQILJXUDWLRQV�ZLWK�,(((B5(*B:5B6833257 (QDEOHG� 
52��)RU�DOO�RWKHU�FRQILJXUDWLRQV� 

 
46*0,,�6*0,,B3&6B65B9600'B'(9B,'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�����&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

����� 52 �[�� 

96'28,B��B�� 
2UJDQL]DWLRQDOO\�8QLTXH�,GHQWLILHU>�����@�IRU�9HQGRU�6SHFLILF� �
00'� 
7KLV�ILHOG�FRQWDLQV�%LWV>�����@�RI�WKH�GHYLFH�PDQXIDFWXUHU
V����ELW�
28,��7KH�46*0,,�6*0,,B3&6�RIIHUV����FRQILJXUDEOH�ELWV�>����@��
NQRZQ�DV�28,��IRU�LGHQWLI\LQJ�WKH�GHYLFH�PDQXIDFWXUHU��  

��� 52 �[�� 

96'001B�B� 
0RGHO�1XPEHU�IRU�9HQGRU�6SHFLILF�00'� 
7KLV�ILHOG�FRQWDLQV�WKH���ELW�0RGHO�QXPEHU�RI�WKH�YHQGRU�VSHFLILF�
00'��<RX�FDQ�FRQILJXUH�WKH�GHIDXOW�YDOXH�WKURXJK�
FRUH&RQVXOWDQW� 
$FFHVV�7\SH� 
5:��)RU�FRQILJXUDWLRQV�ZLWK�,(((B5(*B:5B6833257� �(QDEOHG� 
52��)RU�DOO�RWKHU�FRQILJXUDWLRQV� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 52 �[� 

96'51B�B� 
5HYLVLRQ�1XPEHU�IRU�9HQGRU�6SHFLILF�00'� 
7KLV�ILHOG�FRQWDLQV�WKH���ELW�5HYLVLRQ�QXPEHU�RI�WKH�YHQGRU�
VSHFLILF�00'���<RX�FDQ�FRQILJXUH�WKH�GHIDXOW�YDOXH�WKURXJK�
FRUH&RQVXOWDQW� 
$FFHVV�7\SH� 
5:��)RU�FRQILJXUDWLRQV�ZLWK�,(((B5(*B:5B6833257� �(QDEOHG� 
52��)RU�DOO�RWKHU�FRQILJXUDWLRQV� 

 
46*0,,�6*0,,B3&6B65B9600'B3&6B,'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 52 �[���� 

3&6'28,B�B�� 
2UJDQL]DWLRQDOO\�8QLTXH�,GHQWLILHU>����@�IRU�3&6�00' 
7KLV�ILHOG�FRQWDLQV�%LWV>����@�RI����ELW�28,�RI�GHYLFH 
PDQXIDFWXUHU��7KH�46*0,,�6*0,,B3&6�RIIHUV����FRQILJXUDEOH�ELWV 
>����@��NQRZQ�DV�28,��IRU�LGHQWLI\LQJ�WKH�GHYLFH�PDQXIDFWXUHU� 
7KH�GHIDXOW�YDOXH�RI�WKLV�UHJLVWHU�LV�VLPLODU�WR�WKH�GHIDXOW�YDOXH 
RI�65�;6�RU�3&6�00'�'HYLFH�,GHQWLILHU�5HJLVWHU����7KH�YDOXH 
ZULWWHQ�LQ�WKLV�UHJLVWHU�LV�UHIOHFWHG�LQ�65�;6�RU�3&6�00' 
'HYLFH�,GHQWLILHU�5HJLVWHU��� 

 
46*0,,�6*0,,B3&6B65B9600'B3&6B,'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

����� 52 �[�� 

3&6'28,B��B�� 
2UJDQL]DWLRQDOO\�8QLTXH�,GHQWLILHU>�����@�IRU�3&6�00' 
7KLV�ILHOG�FRQWDLQV�%LWV>�����@�RI����ELW�28,�RI�GHYLFH 
PDQXIDFWXUHU��7KH�46*0,,�6*0,,B3&6�RIIHUV����FRQILJXUDEOH�ELWV 
>����@��NQRZQ�DV�28,��IRU�LGHQWLI\LQJ�WKH�GHYLFH�PDQXIDFWXUHU� 
7KH�GHIDXOW�YDOXH�RI�WKLV�ILHOG�LV�VLPLODU�WR�WKH�GHIDXOW�YDOXH�RI 
WKH�FRUUHVSRQGLQJ�ILHOG�LQ�65�;6�RU�3&6�00'�'HYLFH 
,GHQWLILHU�5HJLVWHU����7KH�YDOXH�ZULWWHQ�LQ�WKLV�ILHOG�LV�UHIOHFWHG 
LQ�WKH�FRUUHVSRQGLQJ�ILHOG�RI�65�;6�RU�3&6�00'�'HYLFH 
,GHQWLILHU�5HJLVWHU��� 

��� 52 �[�G 

3&6'001B�B� 
0RGHO�1XPEHU�IRU�;6�RU�3&6�00' 
7KLV�ILHOG�FRQWDLQV�WKH���ELW�0RGHO�QXPEHU�RI�YHQGRU�VSHFLILF 
;6�RU�3&6�00'��7KH�GHIDXOW�YDOXH�RI�WKLV�ILHOG�LV�VLPLODU�WR�WKH 
GHIDXOW�YDOXH�RI�WKH�FRUUHVSRQGLQJ�ILHOG�LQ�65�;6�RU�3&6�00' 
'HYLFH�,GHQWLILHU�5HJLVWHU����7KH�YDOXH�ZULWWHQ�LQ�WKLV�ILHOG�LV 
UHIOHFWHG�LQ�WKH�FRUUHVSRQGLQJ�ILHOG�RI�65�;6�RU�3&6�00' 
'HYLFH�,GHQWLILHU�5HJLVWHU��� 

��� 52 �[� 

3&6'51B�B� 
5HYLVLRQ�1XPEHU�IRU�;6�RU�3&6�00' 
7KLV�ILHOG�FRQWDLQV�WKH���ELW�5HYLVLRQ�QXPEHU�RI�YHQGRU�VSHFLILF 
;6�RU�3&6�00'��7KH�GHIDXOW�YDOXH�RI�WKLV�ILHOG�LV�VLPLODU�WR�WKH 
GHIDXOW�YDOXH�RI�WKH�FRUUHVSRQGLQJ�ILHOG�LQ�65�;6�RU�3&6�00' 
'HYLFH�,GHQWLILHU�5HJLVWHU����7KH�YDOXH�ZULWWHQ�LQ�WKLV�ILHOG�LV 
UHIOHFWHG�LQ�WKH�FRUUHVSRQGLQJ�ILHOG�RI�65�;6�RU�3&6�00' 
'HYLFH�,GHQWLILHU�5HJLVWHU��� 

 
46*0,,�6*0,,B3&6B65B9600'B$1B,'��  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 52 �[� $1'28,B�B�� 
5HVHUYHG 

 
46*0,,�6*0,,B3&6B65B9600'B$1B,'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�����&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

����� 52 �[�� $1'28,B��B�� 
5HVHUYHG 

��� 52 �[�� $1'001B�B� 
5HVHUYHG 

��� 52 �[� $1'51B�B� 
5HVHUYHG 

 
46*0,,�6*0,,B3&6B65B9600'B676�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

����� 52 �[� 

96'3 
&RQWURO�00'�'HYLFH�3UHVHQW 
7KLV�ILHOG�LQGLFDWHV�LI�WKH�FRQWURO�00'�GHYLFH�LV�SUHVHQW�DQG 
UHVSRQGLQJ�WR�WKLV�DGGUHVV� 
����'HYLFH�UHVSRQGLQJ�DW�WKLV�DGGUHVV 
��������RU�����1R�GHYLFH�UHVSRQGLQJ�DW�WKLV�DGGUHVV 

���� 52 �[���� 5HVHUYHGB��B� 
5HVHUYHG 

 
46*0,,�6*0,,B3&6B65B9600'B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� 

3'B&75/ 
3RZHU�'RZQ�&RQWURO 
7KLV�ELW�LV�XVHG�WR�FRQWURO�WKH�RXWSXW�SRUW�
3&6BSGRZQBR
��,I 
WKLV�ELW�LV�VHW��3&6BSGRZQBR�SRUW�LV�127�DVVHUWHG�ZKHQ�/30 
�/RZ�3RZHU�(QDEOH��ELW�LV�SURJUDPPHG�WR����,I�WKLV�ELW�LV�ORZ� 
3&6BGRZQBR�SRUW�LV�DVVHUWHG�ZKHQ�/30��/RZ�3RZHU�(QDEOH� 
ELW�LV�SURJUDPPHG�WR��� 

� 5: �[� 

)$676,0 
)DVW�6LPXODWLRQ�(QDEOH 
:KHQ�VHW��WKLV�ELW�LQGLFDWHV�WKDW�WKH�)DVW�VLPXODWLRQ�LV�HQDEOHG� 
:KHQ�WKLV�ELW�LV�VHW�WR����DOO�,(((�6WG�������GHILQHG�ORQJ 
WLPHUV��LPSOHPHQWHG�LQ�WKH�46*0,,�6*0,,B3&6�DUH�UHGXFHG�WR�
VKRUWHU 
WLPH�SHULRG�WR�UHGXFH�WKH�VLPXODWLRQ�WLPH��7KH�ORQJ�WLPHUV�DUH 
LPSOHPHQWHG�LQ�&ODXVH����DQG�&ODXVH����DXWR�QHJRWLDWLRQ 
PRGXOHV�DQG�DOVR�(((�7[�DQG�5[�PRGXOHV� 
7HVWDEOH��XQWHVWDEOH 

� 5: �[� 30$B00'B(1 
5HVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

0,,B00'B(1 
96�00'�(QDEOH 
:KHQ�VHW��WKLV�ELW�LQGLFDWHV�WKDW�WKH�YHQGRU�VSHFLILF�00'� 
GHYLFH�LV�DFFHVVLEOH��:KHQ�UHVHW��WKLV�ELW�LQGLFDWHV�WKDW�WKH 
YHQGRU�VSHFLILF�00'���0,,�00'��GHYLFH�LV�QRW�DFFHVVLEOH� 

� 52 �[� 3&6B;6B00'B(1 
5HVHUYHG 

� 52 �[� $1B00'B(1 
5HVHUYHG 

 
46*0,,�6*0,,B3&6B65B9600'B3.*,'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������ 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 52 �[� 00'328,B�B�� 
5HVHUYHG 

 
46*0,,�6*0,,B3&6B65B9600'B3.*,'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�����&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

����� 52 �[�� 00'328,B��B�� 
5HVHUYHG 

��� 52 �[�� 00'3001B�B� 
5HVHUYHG 

��� 52 �[� 00'351B�B� 
5HVHUYHG 

 
46*0,,�6*0,,B3&6B65B0,,B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�&����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 5: �[� 

567 
6RIW�5HVHW��5:�6&�7\SH� 
)RU�1RQ�6\QRSV\V�3+<�FRQILJXUDWLRQV� 
:KHQ�WKH�KRVW�VHWV�WKLV�ELW��WKH�&65�EORFN�WULJJHUV�WKH�VRIWZDUH�
UHVHW�SURFHVV�LQ�ZKLFK�DOO�LQWHUQDO�EORFNV�DUH�UHVHW��H[FHSW�WKH�
0DQDJHPHQW�,QWHUIDFH�EORFN��7KH�UHJLVWHUV�DUH�UHVHW�WR�WKHLU�
GHIDXOW�YDOXHV��:KHQ�WKLV�ELW�LV�VHW��LW�DOVR�UHVHWV�WKH�3+<� 
7KLV�ELW�LV�VHOI�FOHDUHG�DIWHU�WKH�IROORZLQJ� 
���FONBFVUBL�FORFNV�IRU�WKH�0&,�LQWHUIDFH 
��0'&�FORFN�SHULRG�IRU�WKH�0',2�LQWHUIDFH 

�� 5: �[� 
/%( 
/RRSEDFN�(QDEOH 
7KLV�ELW�UHIOHFWV�WKH�YDOXH�RI�/%(�ELW�RI�65B0,,B&75/�5HJLVWHU� 

�� 5: �[� 

66�� 
6SHHG�6HOHFWLRQ��/6%� 
7KLV�ELW��DORQJ�ZLWK�WKH�66��ELW�DQG�66��ELW�RI�WKLV�UHJLVWHU��
LQGLFDWHV�WKH�VSHHG�RI�*0,,�;*0,,�SRUW����6SHHG�HQFRGLQJ�DV�
IROORZV� 
)RU�46*0,,� 
:KHQ�66� ��DQG�66�� ���VSHHG�LV������0ESV 
:KHQ�66� ��DQG�66�� ���VSHHG�LV�����0ESV 
:KHQ�66� ��DQG�66�� ���VSHHG�LV����0ESV 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
$1B(1$%/( 
(QDEOH�$XWR�1HJRWLDWLRQ 
:KHQ�VHW�WR����WKLV�ELW�HQDEOHV�WKH�&ODXVH����DXWR�QHJRWLDWLRQ 
SURFHVV�IRU�SRUW��� 

�� 5: �[� 

� /30 
3RZHU�'RZQ�0RGH 
7KLV�ELW�FRQWUROV�WKH�SRZHU�GRZQ�PRGH�RI�WKH�
46*0,,�6*0,,B3&6� 
���1RUPDO�RSHUDWLRQ 
���7KH�46*0,,�6*0,,B3&6�JRHV�WR�WKH�SRZHU�GRZQ�PRGH�DORQJ 
ZLWK�WKH�3+<� 
)RU�QRQ�6\QRSV\V�3+<��WKH�3&6BSGRZQBR�SRUW�LV�DVVHUWHG� 
:KHQ�WKH�KRVW�FOHDUV�WKLV�ELW��WKH�46*0,,�6*0,,B3&6�UHVXPHV�
WKH 
QRUPDO�RSHUDWLRQ��,Q�D�6\QRSV\V�3+<�FRQILJXUDWLRQ��DIWHU 
FOHDULQJ�WKLV�ELW��WKH�KRVW�PXVW�ZDLW�XQWLO�%LWV>���@�RI 
95B;6B3&6B',*B676�95B0,,B',*B676�5HJLVWHU�LQGLFDWH 
WKDW�WKH�46*0,,�6*0,,B3&6�LV�LQ�WKH�QRUPDO�VWDWH 

�� 52 �[� 5HVHUYHGB�� 
5HVHUYHG 

� 5: �[� 

5(67$57B$1 
5HVWDUW�$XWR�1HJRWLDWLRQ��5:�6&�7\SH� 
:KHQ�WKH�KRVW�ZULWHV�WKLV�ELW��WKH�46*0,,�6*0,,B3&6�LQLWLDWHV�
WKH�DXWR�QHJRWLDWLRQ�SURFHVV�IRU�SRUW��� 
7KLV�ELW�LV�XVHG�WR�UHVWDUW�WKH�DXWR�QHJRWLDWLRQ�ZKLFK�LV�DOUHDG\�
LQLWLDWHG�E\�VHWWLQJ�%LW�����7KH�46*0,,�6*0,,B3&6�FOHDUV�WKLV�ELW�
DIWHU�UHVWDUWLQJ�WKH�DXWR�QHJRWLDWLRQ� 

� 5: �[� 

'83/(;B02'( 
'XSOH[�0RGH 
7KLV�ELW�VSHFLILHV�WKH�GXSOH[�PRGH�RI�WKH�46*0,,�6*0,,B3&6�
DORQJ 
SRUW��� 
���+DOI�GXSOH[ 
���)XOO�GXSOH[ 
,I�%LW����LV�VHW�WR����WKLV�ELW�GHWHUPLQHV�WKH�3+<�OLQN�GXSOH[�PRGH��
,I�%LW����LV�VHW�WR����WKHQ�WKH�3+<�OLQN�GXSOH[�PRGH�LV�
LQGHSHQGHQW�RI�WKLV�ELW��DOWKRXJK�WKH�KRVW�FDQ�ZULWH�DQ\�YDOXH��
DQG�LV�GHWHUPLQHG�E\�WKH�RXWFRPH�RI�WKH�&ODXVH����DXWR�
QHJRWLDWLRQ�SURFHVV� 

� 52 �[� 5HVHUYHGB� 
5HVHUYHG 

� 5: �[� 

66� 
6SHHG�6HOHFWLRQ 
7KLV�ELW��DORQJ�ZLWK�WKH�66��DQG�66���ELWV�RI�WKLV�UHJLVWHU 
LQGLFDWHV�WKH�VSHHG�RI�RSHUDWLRQ�RI�*0,,�;*0,,�3RUW��� 
)RU�PRUH�LQIRUPDWLRQ��VHH�GHVFULSWLRQ�RI�WKH�66���ELW� 

� 52 �[� 

66� 
6SHHG�6HOHFWLRQ 
7KLV�ELW��DORQJ�ZLWK�66��DQG�66���ELWV��FRQWURO�WKH�VSHHG�RI 
RSHUDWLRQ�RI�;*0,,�*0,,�3RUW��� 
)RU�PRUH�LQIRUPDWLRQ��VHH�GHVFULSWLRQ�RI�WKH�66���ELW��  

��� 52 �[�� 5HVHUYHGB�B� 
5HVHUYHG 

 
46*0,,�6*0,,B3&6B65B0,,B676�  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�&����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 52 �[� 
$%/���7� 
���%$6(�7��$ELOLW\ 
7KH�46*0,,�6*0,,B3&6�DOZD\V�UHWXUQV���EHFDXVH�LW�GRHV�QRW�
VXSSRUW�WKLV�IXQFWLRQDOLW\� 

�� 52 �[� 
)'���$%/ 
���%$6(�;�)XOO�'XSOH[�$ELOLW\ 
7KH�46*0,,�6*0,,B3&6�DOZD\V�UHWXUQV���EHFDXVH�LW�GRHV�QRW�
VXSSRUW�WKLV�IXQFWLRQDOLW\� 

�� 52 �[� 
+'���$%/ 
���%$6(�;�+DOI�'XSOH[�$ELOLW\ 
7KH�46*0,,�6*0,,B3&6�DOZD\V�UHWXUQV���EHFDXVH�LW�GRHV�QRW�
VXSSRUW�WKLV�IXQFWLRQDOLW\ 

�� 52 �[� 

)'��$%/ 
���0ESV�)XOO�'XSOH[�$ELOLW\ 
7KH�46*0,,�6*0,,B3&6�DOZD\V�UHWXUQV���EHFDXVH�LW�GRHV�QRW�
VXSSRUW 
WKLV�IXQFWLRQDOLW\� 

�� 52 �[� 
+'��$%/ 
���0ESV�+DOI�'XSOH[�$ELOLW\ 
7KH�46*0,,�6*0,,B3&6�DOZD\V�UHWXUQV���EHFDXVH�LW�GRHV�QRW�
VXSSRUW�WKLV�IXQFWLRQDOLW\ 

�� 52 �[� 

)'���7 
���%$6(�7��)XOO�'XSOH[�$ELOLW\ 
7KH�46*0,,�6*0,,B3&6�DOZD\V�UHWXUQV���EHFDXVH�LW�GRHV�QRW�
VXSSRUW 
WKLV�IXQFWLRQDOLW\ 

� 52 �[� 

+'���7 
���%$6(�7��+DOI�'XSOH[�$ELOLW\ 
7KH�46*0,,�6*0,,B3&6�DOZD\V�UHWXUQV���EHFDXVH�LW�GRHV�QRW�
VXSSRUW 
WKLV�IXQFWLRQDOLW\� 

� 52 �[� 

(;7B676B$%/ 
([WHQGHG�6WDWXV�,QIRUPDWLRQ 
���1R�([WHQGHG�6WDWXV�LQIRUPDWLRQ�LV�SUHVHQW�DW�UHJLVWHU 
DGGUHVV���
K���)�RI�WKLV�00'�GHYLFH� 
���([WHQGHG�6WDWXV�LQIRUPDWLRQ�LV�SUHVHQW�DW�UHJLVWHU 
DGGUHVV���
K���)�RI�WKLV�00'�GHYLFH� 
46*0,,�6*0,,B3&6�UHWXUQV�WKLV�ELW�DV��� 

� 52 �[� 

81B',5B$%/ 
8QLGLUHFWLRQDO�$ELOLW\ 
���7KH�46*0,,�6*0,,B3&6�LV�DEOH�WR�WUDQVPLW�*0,,�LUUHVSHFWLYH�
RI 
ZKHWKHU�GHYLFH�KDV�GHWHUPLQHG�WKH�YDOLG�OLQN�RU�QRW� 
���7KH�46*0,,�6*0,,B3&6�LV�DEOH�WR�WUDQVPLW�*0,,�RQO\�ZKHQ�
WKH 
GHYLFH�KDV�GHWHUPLQHG�WKH�YDOLG�OLQN� 
7KH�46*0,,�6*0,,B3&6�DOZD\V�UHWXUQV�WKLV�ELW�DV��� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 52 �[� 

0)B35(B683 
0)�3UHDPEOH�6XSSUHVVLRQ 
���7KH�46*0,,�6*0,,B3&6�DFFHSWV�WKH�0',2�IUDPHV�ZLWK�
SUHDPEOH�VXSSUHVVHG� 
���7KH�46*0,,�6*0,,B3&6�GRHV�QRW�DFFHSW�WKH�0',2�IUDPHV�
ZLWK�SUHDPEOH�VXSSUHVVHG� 
7KLV�ELW�LV�DOZD\V�VHW�WR�� 

� 52 �[� 

$1B&03/ 
$XWR�QHJRWLDWLRQ�&RPSOHWH�IRU�3RUW�� 
���7KH�$1�SURFHVV�LV�FRPSOHWH 
���7KH�$1�SURFHVV�LV�QRW�FRPSOHWH 
7KLV�ELW�UHWXUQV���LI�$1B(1$%/(�RI�65B0,,B�B&75/�5HJLVWHU�LV�VHW�
WR��� 

� 52 �[� 

5) 
5HPRWH�)DXOW 
7KLV�UHJLVWHU�ELW�LV�VKDUHG�ZLWK�5)�ELW�RI�65B0,,B676�UHJLVWHU� 
7KH�YDOXH�UHWXUQHG�E\�WKLV�ILHOG�VKRXOG�EH�LJQRUHG�E\�WKH�VRIWZDUH�
DV�LW�LV�QRW�YDOLG�LQ�46*0,,�6*0,,�86;*0,,�0RGHV 

� 52 �[� 

$1B$%/ 
$XWR�QHJRWLDWLRQ�$ELOLW\ 
7KH�46*0,,�6*0,,B3&6�DOZD\V�UHWXUQV�WKLV�ELW�DV��� 
���7KH�46*0,,�6*0,,B3&6�LV�DEOH�WR�SHUIRUP�DXWR�QHJRWLDWLRQ� 
���7KH�46*0,,�6*0,,B3&6�LV�QRW�DEOH�WR�SHUIRUP�DXWR�
QHJRWLDWLRQ 

� 52 �[� 
/,1.B676 
/LQN�6WDWXV 
7KLV�UHJLVWHU�ELW�LV�VKDUHG�ZLWK�5/8�ELW�RI�65B0,,B676�UHJLVWHU� 

� 52 �[� 5HVHUYHGB� 
5HVHUYHG 

� 52 �[� 
(;7B5(*B&$3 
([WHQGHG�5HJLVWHU�&DSDELOLW\ 
���([WHQGHG�5HJLVWHU�FDSDELOLW\�H[LVWV��7KLV�ELW�LV�DOZD\V�VHW�WR��� 
���([WHQGHG�5HJLVWHU�FDSDELOLW\�GRHV�QRW�H[LVW� 

 
46*0,,�6*0,,B3&6B65B0,,B'(9B,'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�&����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 52 �[���� 

96B0,,B'(9B28,B�B�� 
2UJDQL]DWLRQDOO\�8QLTXH�,GHQWLILHU>����@ 
7KLV�ILHOG�FRQWDLQV�%LWV�>����@�RI����ELW�28,�RI�GHYLFH 
PDQXIDFWXUHU��7KH�46*0,,�6*0,,B3&6�RIIHUV����FRQILJXUDEOH�
%LWV>����@ 
IRU�LGHQWLI\LQJ�WKH�GHYLFH�PDQXIDFWXUHU��7KLV�UHJLVWHU�UHIOHFWV 
WKH�VDPH�YDOXH�DV�WKDW�RI�65B0,,B'(9B,'��UHJLVWHU� 

 
46*0,,�6*0,,B3&6B65B0,,B'(9B,'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�&���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� 

96B00'B'(9B28,B��B�� 
2UJDQL]DWLRQDOO\�8QLTXH�,GHQWLILHU�>�����@ 
7KLV�ILHOG�FRQWDLQV�%LWV>�����@�RI����ELW�28,�RI�GHYLFH 
PDQXIDFWXUHU��7KH�46*0,,�6*0,,B3&6�RIIHUV����FRQILJXUDEOH�
%LWV>����@ 
IRU�LGHQWLI\LQJ�WKH�GHYLFH�PDQXIDFWXUHU� 

��� 52 �[�G 
96B00'B'(9B001B�B� 
0RGHO�1XPEHU 
7KLV�ILHOG�FRQWDLQV�WKH���ELW�0RGHO�1XPEHU�RI�WKH�GHYLFH� 

��� 52 �[� 
96B00'B'(9B51B�B� 
5HYLVLRQ�1XPEHU 
7KLV�ILHOG�FRQWDLQV�WKH���ELW�5HYLVLRQ�1XPEHU�RI�WKH�GHYLFH 

 
46*0,,�6*0,,B3&6B65B0,,B$1B$'9�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�&����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 52 �[� 
13 
1H[W�3DJH 
7KLV�ELW�UHIOHFWV�WKH�YDOXH�RI�13�ELW�RI�65B0,,B$1B$'9�5HJLVWHU� 

�� 52 �[� 5HVHUYHGB�� 
5HVHUYHG 

����� 5: �[� 
5) 
5HPRWH�)DXOW 
7KLV�ELW�UHIOHFWV�WKH�YDOXH�RI�5)�ELW�RI�65B0,,B$1B$'9�5HJLVWHU� 

���� 52 �[� 5HVHUYHGB��B� 
5HVHUYHG 

��� 5: �[� 
3$86( 
3DXVH�$ELOLW\� 
7KLV�ELW�UHIOHFWV�WKH�YDOXH�RI�3$86(�ELW�RI�65B0,,B$1B$'9�
5HJLVWHU 

� 5: �[� 
+' 
+DOI�'XSOH[ 
7KLV�ELW�UHIOHFWV�WKH�YDOXH�RI�+'�ELW�RI�65B0,,B$1B$'9�5HJLVWHU� 

� 5: �[� 

)' 
)XOO�'XSOH[ 
:KHQ�WKLV�ELW�LV�VHW��LW�LQGLFDWHV�WKH�GHYLFH��SRUW����FDQ�RSHUDWH�LQ�
IXOO�GXSOH[�PRGH� 
7KLV�ELW�LV�XVHG�LQ�&ODXVH����DXWR�QHJRWLDWLRQ��7[B&RQILJB5HJ��
GRQH�E\�SRUW����ZKHQ�46*0,,�6*0,,B3&6�LV� � FRQILJXUHG�DV�3+<�
VLGH�46*0,,� 

��� 52 �[�� 5HVHUYHGB�B� 
5HVHUYHG 

 
46*0,,�6*0,,B3&6B65B0,,B/3B%$%/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�&����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 52 �[� /3B13 
1H[W�3DJH 

�� 52 �[� /3B$&. 
$&.�ELW�IURP�WKH�/LQN�3DUWQHU 

����� 52 �[� /3B5) 
5HPRWH�)DXOW 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[� 5HVHUYHGB��B� 
5HVHUYHG 

��� 52 �[� /3B3$86( 
3DXVH�$ELOLW\ 

� 52 �[� /3B+' 
+DOI�'XSOH[ 

� 52 �[� /3B)' 
)XOO�'XSOH[ 

��� 52 �[�� 5HVHUYHGB�B� 
5HVHUYHG 

 
46*0,,�6*0,,B3&6B65B0,,B$1B(;31�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�&����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 52 �[� 

/'B13B$%/ 
/RFDO�'HYLFH�13�$EOH 
���7KH�ORFDO�GHYLFH�KDV�WKH�QH[W�SDJH�DELOLW\ 
���7KH�ORFDO�GHYLFH�GRHV�QRW�KDYH�WKH�QH[W�SDJH�DELOLW\ 
7KH�46*0,,�6*0,,B3&6�DOZD\V�UHWXUQV�WKLV�ELW�DV���EHFDXVH�LW�
GRHV 
QRW�VXSSRUW�1H[W�3DJH� 

� 52 �[� 

3*B5&9' 
3DJH�5HFHLYHG��52��/+�7\SH� 
7KLV�ELW�LQGLFDWHV�WKDW�WKH�ORFDO�GHYLFH�UHFHLYHG�D�SDJH�IURP 
WKH�OLQN�SDUWQHU��GXULQJ�SRUW���DXWR�QHJRWLDWLRQ�� 
���7KH�ORFDO�GHYLFH�UHFHLYHG�D�QHZ�SDJH 
���7KH�ORFDO�GHYLFH�GLG�QRW�UHFHLYH�D�QHZ�SDJH 

� 52 �[� 5HVHUYHGB� 
5HVHUYHG 

 
46*0,,�6*0,,B3&6B65B0,,B(;7B676�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�&���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 52 �[� &$3B�*B;B)' 
����%$6(�;�)XOO�'XSOH[�&DSDEOH 

�� 52 �[� &$3B�*B;B+' 
����%$6(�;�+DOI�'XSOH[�&DSDEOH 

�� 52 �[� &$3B�*B7B)' 
����%$6(�7�)XOO�'XSOH[�&DSDEOH 

�� 52 �[� &$3B�*B7B+' 
����%$6(�7�+DOI�'XSOH[�&DSDEOH 

���� 52 �[��� 5HVHUYHGB��B� 
5HVHUYHG 

 
46*0,,�6*0,,B3&6B65B0,,B7,0(B6<1&B$%/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�&�&��� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 52 �[� 

0,,B7;B'/<B$%/ 
46*0,,�6*0,,B3&6�7UDQVPLW�3DWK�'DWD�'HOD\�,QIRUPDWLRQ�
$YDLODEOH� 
,I�WKLV�ELW�LV�VHW��LW�LQGLFDWHV�WKDW�WKH�LQIRUPDWLRQ�UHJDUGLQJ�WKH 
PD[LPXP�DQG�PLQLPXP�WUDQVPLW�GDWD�GHOD\�RI�
46*0,,�6*0,,B3&6�LV 
DYDLODEOH�LQ�0,,�00'�7[�7LPH�'HOD\�5HJLVWHUV 

� 52 �[� 

0,,B5;B'/<B$%/ 
46*0,,�6*0,,B3&6�5HFHLYH�3DWK�'DWD�'HOD\�,QIRUPDWLRQ�
$YDLODEOH� 
,I�WKLV�ELW�LV�VHW��LW�LQGLFDWHV�WKDW�WKH�LQIRUPDWLRQ�UHJDUGLQJ�WKH 
PD[LPXP�DQG�PLQLPXP�UHFHLYH�GDWD�GHOD\�RI�
46*0,,�6*0,,B3&6�LV 
DYDLODEOH�LQ�0,,�00'�5[�7LPH�'HOD\�5HJLVWHUV 

 
46*0,,�6*0,,B3&6B65B0,,B7,0(B6<1&B7;B0$;B'/<B/:5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�&�&��� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 52 �[��� 
0,,B7;B0$;B'/<B/:5 
7KLV�ILHOG�LQGLFDWHV�WKH�ORZHU����ELW�RI�WKH����ELW�YDOXH�ZKLFK 
LQGLFDWHV�WKH�0D[LPXP�'DWD�'HOD\�LQ�WKH�7UDQVPLW�3DWK��LQ 
QDQRVHFRQGV��RI�46*0,,�6*0,,B3&6� 

 
46*0,,�6*0,,B3&6B65B0,,B7,0(B6<1&B7;B0$;B'/<B835�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�&�&��� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 52 �[���� 
0,,B7;B0$;B'/<B835 
7KLV�ILHOG�LQGLFDWHV�WKH�XSSHU����ELW�RI�WKH����ELW�YDOXH�ZKLFK 
LQGLFDWHV�WKH�0D[LPXP�'DWD�'HOD\�LQ�WKH�7UDQVPLW�3DWK��LQ 
QDQRVHFRQGV��RI�46*0,,�6*0,,B3&6� 

 
46*0,,�6*0,,B3&6B65B0,,B7,0(B6<1&B7;B0,1B'/<B/:5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�&�&�&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 52 �[��� 
0,,B7;B0,1B'/<B/:5 
7KLV�ILHOG�LQGLFDWHV�WKH�ORZHU����ELW�RI�WKH����ELW�YDOXH�ZKLFK 
LQGLFDWHV�WKH�0LQLPXP�'DWD�'HOD\�LQ�WKH�7UDQVPLW�3DWK��LQ 
QDQRVHFRQGV��RI�46*0,,�6*0,,B3&6 

 
46*0,,�6*0,,B3&6B65B0,,B7,0(B6<1&B7;B0,1B'/<B835�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�&�&��� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 52 �[���� 
0,,B7;B0,1B'/<B835 
7KLV�ILHOG�LQGLFDWHV�WKH�XSSHU����ELW�RI�WKH����ELW�YDOXH�ZKLFK 
LQGLFDWHV�WKH�0LQLPXP�'DWD�'HOD\�LQ�WKH�7UDQVPLW�3DWK��LQ 
QDQRVHFRQGV��RI�46*0,,�6*0,,B3&6� 

 
46*0,,�6*0,,B3&6B65B0,,B7,0(B6<1&B5;B0$;B'/<B/:5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�&�&��� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[���� 
0,,B5;B0$;B'/<B/:5 
7KLV�ILHOG�LQGLFDWHV�WKH�ORZHU����ELW�RI�WKH����ELW�YDOXH�ZKLFK 
LQGLFDWHV�WKH�0D[LPXP�'DWD�'HOD\�LQ�WKH�5HFHLYH�3DWK��LQ 
QDQRVHFRQGV��RI�46*0,,�6*0,,B3&6� 

 
46*0,,�6*0,,B3&6B65B0,,B7,0(B6<1&B5;B0$;B'/<B835�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�&�&��� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 52 �[���� 
0,,B5;B0$;B'/<B835 
7KLV�ILHOG�LQGLFDWHV�WKH�XSSHU����ELW�RI�WKH����ELW�YDOXH�ZKLFK 
LQGLFDWHV�WKH�0D[LPXP�'DWD�'HOD\�LQ�WKH�5HFHLYH�3DWK��LQ 
QDQRVHFRQGV��RI�46*0,,�6*0,,B3&6 

 
46*0,,�6*0,,B3&6B65B0,,B7,0(B6<1&B5;B0,1B'/<B/:5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�&�&�&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 52 �[���� 
0,,B5;B0,1B'/<B/:5 
7KLV�ILHOG�LQGLFDWHV�WKH�ORZHU����ELW�RI�WKH����ELW�YDOXH�ZKLFK 
LQGLFDWHV�WKH�0LQLPXP�'DWD�'HOD\�LQ�WKH�5HFHLYH�3DWK��LQ 
QDQRVHFRQGV��RI�3&6� 

 
46*0,,�6*0,,B3&6B65B0,,B7,0(B6<1&B5;B0,1B'/<B835�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�&�&��� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 52 �[���� 
0,,B5;B0,1B'/<B835 
7KLV�ILHOG�LQGLFDWHV�WKH�XSSHU����ELW�RI�WKH����ELW�YDOXH�ZKLFK 
LQGLFDWHV�WKH�0LQLPXP�'DWD�'HOD\�LQ�WKH�5HFHLYH�3DWK��LQ 
QDQRVHFRQGV��RI�3&6 

 
46*0,,�6*0,,B3&6B95B0,,B',*B&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�(����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 5: �[� 

95B567 
9HQGRU�6SHFLILF�6RIW�5HVHW��5:�6&�7\SH� 
:KHQ�WKH�KRVW�VHWV�WKLV�ELW��WKH�&65�EORFN�WULJJHUV�WKH 
YHQGRU�VSHFLILF�VRIWZDUH�UHVHW�SURFHVV�LQ�ZKLFK�DOO�LQWHUQDO 
EORFNV��H[FHSW�WKH�0DQDJHPHQW�,QWHUIDFH�EORFN�DQG�&65 
EORFN��DUH�UHVHW��:KHQ�WKLV�ELW�LV�VHW��LW�DOVR�UHVHWV�WKH�3+<� 
7KLV�ELW�LV�VHOI�FOHDUHG�XQGHU�WKH�IROORZLQJ�FRQGLWLRQV� 
)RU�6\QRSV\V�3+<��7KLV�ELW�LV�VHOI�FOHDUHG�ZKHQ�%LWV>���@�LQ 
95B0,,B',*B676�5HJLVWHU�DUH�HTXDO�WR��
E�����WKDW�LV��7[�5[ 
FORFNV�DUH�VWDEOH�DQG�LQ�3RZHUB*RRG�VWDWH� 
)RU�1RQ�6\QRSV\V�3+<�7KLV�ELW�LV�VHOI�FOHDUHG�DIWHU�WKH 
IROORZLQJ� 
���FONBFVUBL�FORFNV�IRU�WKH�0&,�LQWHUIDFH 
��0'&�FORFN�SHULRG�IRU�WKH�0',2�LQWHUIDFH 
1RWH��)RU�LQIRUPDWLRQ�DERXW�WKH�UHDG�RU�ZULWH�DFFHVV�IRU�DQ\ 
UHJLVWHU�GXULQJ�WKH�UHVHW�SURFHVV��VHH��6SHFLDO�&DVH�5HJLVWHU 
$FFHVV��VHFWLRQ� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

5�7/%( 
5[�WR�7[�/RRSEDFN�(QDEOH 
7KLV�ELW�FRQWUROV�WKH�ORRSEDFN�SDWK�IURP�WKH�*0,,�;*0,,�5[�WR 
WKH�*0,,�;*0,,�7[�DW�WKH�*0,,�;*0,,�LQWHUIDFH��SRUW���� 
���/RRSEDFN�SDWK�LV�GLVDEOHG 
���/RRSEDFN�SDWK�LV�HQDEOHG 

�� 5: �[� 
(1B9600'� 
(QDEOH�9HQGRU�6SHFLILF�00'� 
7KLV�LV�D�UHDG�RQO\�ELW�ZKLFK�UHIOHFWV�WKH�YDOXH�RI�(1B9600'� 
ELW�RI�95B0,,B',*B&75/��5HJLVWHU� 

�� 52 �[� 
&/��B%3 
(QDEOH�&ODXVH����$1�LQ�%DFNSODQH�&RQILJXUDWLRQ 
7KLV�LV�D�UHDG�RQO\�ELW�ZKLFK�UHIOHFWV�WKH�YDOXH�RI�&/��B%3�ELW 
RI�95B0,,B',*B&75/��5HJLVWHU� 

�� 52 �[� 3:569 
5HVHUYHG 

�� 5: �[� 

&6B(1 
&ORFN�6WRS�(QDEOH 
���7KH�3+<�PD\�VWRS�WKH�FORFN�GXULQJ�/3,�PRGH 
���7KH�FORFN�FDQQRW�EH�VWRSSHG�GXULQJ�/3,�PRGH 
<RX�VKRXOG�SURJUDP�WKLV�ELW�EDVHG�RQ�WKH�FDSDELOLW\�RI�WKH�0$& 
�FRQQHFWHG�WR�*0,,�3RUW����GXULQJ�5[�/3,�PRGH� 
1RWH��7KLV�ILHOG�LV�YDOLG�RQO\�LQ�46*0,,�PRGH 

� 5: �[� 

0$&B$872B6: 
$XWRPDWLF�6SHHG�0RGH�&KDQJH�DIWHU�&/���$1��IRU�SRUW��� 
,I�WKLV�ILHOG�LV�VHW�WR����46*0,,�6*0,,B3&6�DXWRPDWLFDOO\�VZLWFKHV�
WR�WKH 
QHJRWLDWHG�86;*0,,�46*0,,�SRUW���VSHHG��DIWHU�WKH 
FRPSOHWLRQ�RI�&ODXVH����DXWR�QHJRWLDWLRQ��7KLV�PRGH�LV�YDOLG 
RQO\�ZKHQ�46*0,,�6*0,,B3&6�LV�FRQILJXUHG�DV�0$&�VLGH 
86;*0,,�46*0,,�DQG�VKRXOG�EH�VHW�RQO\�ZKHQ 
$XWR�QHJRWLDWLRQ�LV�HQDEOHG��$1B(1$%/(�ELW�LV�VHW�WR���� 
,I�WKLV�ELW�LV�VHW�WR����46*0,,�6*0,,B3&6�RSHUDWHV�DW�WKH�
VSHHG�GXSOH[ 
PRGH�DV�SHU�WKH�YDOXHV�SURJUDPPHG�WR�65B0,,B�B&75/ 
5HJLVWHU��,Q�WKDW�FDVH��DIWHU�WKH�FRPSOHWLRQ�RI�&/���$1� 
DSSOLFDWLRQ�KDV�WR�UHDG�WKH�QHJRWLDWHG�6SHHG�'XSOH[�0RGH 
IURP�95B0,,B�B$1B,175B676�5HJLVWHU�DQG�WKHQ�SURJUDP 
65B0,,B�B&75/�5HJLVWHU�DSSURSULDWHO\� 
,I�WKLV�ELW�LV�VHW�WR���LQ�46*0,,�PRGH� 
3&6BTVJPLLBOLQNBVWVBS�BR��3&6BOLQNBVSHHGBS�BR�DQG 
3&6BTVJPLLBIXOOBGXSOH[BS�BR�RXWSXWV�UHIOHFW�WKH 
DXWR�QHJRWLDWHG�YDOXHV��WKDW�LV��YDOXHV�IURP 
&/��B$16*0B676�ILHOG�RI�95B0,,B�B$1B,175B676 
5HJLVWHU� 
)RU�86;*0,,�PRGH��LI�FONB[JPLLBW[BS�BL�DQG 
FONB[JPLLBU[BS�BL�GR�QRW�VWDELOL]H�DW�WKH�QHZ�RSHUDWLQJ 
IUHTXHQF\��EDVHG�RQ�WKH�VHOHFWHG�VSHHG��LPPHGLDWHO\�DIWHU�WKH 
FRPSOHWLRQ�RI�DXWR�QHJRWLDWLRQ��WKHQ�VRIWZDUH�PLJKW�QHHG�WR 
SURJUDP�
865$B567
�ELW�SULRU�WR�VWDUWLQJ�SDFNHW�WUDQVIHU�LQ�WKH 
QHZ�VSHHG�PRGH� 

� 5: �[� 
,1,7 
,1,7 
7KLV�ELW�UHIOHFWV�WKH�YDOXH�RI�,1,7�ELW�RI�95B0,,B',*B&75/��
5HJLVWHU� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
06.B5'B(55 
0DVN�5XQQLQJ�'LVSDULW\�(UURU 
7KLV�ELW�UHIOHFWV�WKH�YDOXH�RI�06.B5'B(55�ELW�RI�
95B0,,B',*B&75/��5HJLVWHU� 

� 5: �[� 

35(B(03 
3UH�HPSWLRQ�3DFNHW�(QDEOH� 
7KLV�ELW�VKRXOG�EH�VHW�WR���WR�DOORZ�WKH�46*0,,�6*0,,B3&6�WR�
SURSHUO\�UHFHLYH�WUDQVPLW�SUH�HPSWLRQ�SDFNHWV�DORQJ�*0,,�SRUW����
ZKHQ�  
RSHUDWLQJ�LQ���0����0�0RGHV� 

� 52 �[� 
(1B���0 
(QDEOH����0ESV�3&6�0RGH� 
7KLV�ELW�VKRXOG�EH�VHW�WR���WR�HQDEOH����0ESV�3&6�0RGH�RI 
RSHUDWLRQ�7KLV�ELW�GULYHV�WKH�RXWSXW�SRUW�
3&6B���PBR
� 

� 5: �[� 
'7;/$1('B� 
7[�/DQH���'LVDEOH 
7KLV�ELW�UHIOHFWV�WKH�YDOXH�RI�'7;/$1('B��ELW�RI�
95B0,,B',*B&75/��5HJLVWHU� 

� 5: �[� 
&/��B705B295B5,'( 
2YHU�5LGH�&RQWURO�IRU�&/���/LQN�7LPHU� 
7KLV�ELW�UHIOHFWV�WKH�YDOXH�RI�&/��B705B295B5,'(�ELW�RI�
95B0,,B',*B&75/��5HJLVWHU� 

� 5: �[� 
(1B�B�*B02'( 
(QDEOH����*�*0,,�0RGH��*0,,�LQWHUIDFH�RYHU�FORFNHG���� 
7KLV�ELW�UHIOHFWV�WKH�YDOXH�RI�(1B�B�*B02'(�ELW�RI�
95B0,,B',*B&75/��5HJLVWHU� 

� 52 �[� %<3B3:583 
5HVHUYHG 

� 52 �[� 

3+<B02'(B&75/ 
46*0,,�86;*0,,�3+<�PRGH�FRQWURO�RQ�3RUW�� 
7KLV�ELW�FRQWUROV�WKH�&ODXVH����DXWR�QHJRWLDWLRQ�ZKHQ�RSHUDWLQJ�
LQ�46*0,,�86;*0,,��3RUW����3+<�PRGH� 
46*0,� 
:KHQ�WKLV�ELW�LV�VHW�WR����46*0,,�6*0,,B3&6�DGYHUWLVHV�WKH�
YDOXHV�RI�LQSXW�SRUWV�3&6BTVJPLLBOLQNBVWVBS�BL��
3&6BTVJPLLBOLQNBVSHHGBS�BL�DQG�3&6BTVJPLLBIXOOBGXSOH[BS�BL�
GXULQJ�46*0,,�3RUW����DXWR�QHJRWLDWLRQ� 
:KHQ�WKLV�ELW�LV�VHW�WR����46*0,,�3RUW����DXWR�QHJRWLDWLRQ 
DGYHUWLVHV�WKH�YDOXHV�SURJUDPPHG�WR� 
ELW����6*0,,B/,1.B676��RI�95B0,,B�B$1B&75/�5HJLVWHU 
ELW�����VV����DQG����VV���RI�65B0,,B�B&75/�5HJLVWHU�DQG 
ELW����)'��RI�65B0,,B�B$1B$'9�5HJLVWHU 

 
46*0,,�6*0,,B3&6B95B0,,B$1B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�(����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

����� 52 �[�� 5HVHUYHGB��B�� 
5HVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

,1'B7;B(1 
,QGHSHQGHQW�7UDQVPLW�(QDEOH 
,I�WKLV�ELW�LV�VHW�WR����46*0,,�6*0,,B3&6�LV�DEOH�WR�WUDQVPLW�WKH�
SRUW���*0,,�7[�GDWD��LUUHVSHFWLYH�RI�LWV�UHFHLYH�OLQN�VWDWXV�GXULQJ�
46*0,,�PRGH��SURYLGHG�DXWR�QHJRWLDWLRQ�LV�QRW�HQDEOHG�� 
,I�WKLV�ELW�LV�VHW�WR����46*0,,�6*0,,B3&6�VHQGV�,'/(��IRU�SRUW����
WLOO�LWV�UHFHLYHU�KDV�DWWDLQHG�V\QFKURQL]DWLRQ� 

� 5: �[� 

0,,B&75/ 
0,,�&RQWURO 
7KLV�ELW�FRQWUROV�WKH�ZLGWK�RI�WKH�0$&�LQWHUIDFH��FRQQHFWHG�WR 
*0,,�SRUW����ZKHQ�RSHUDWLQJ�DW����0ESV�RU�����0ESV 
�����ELW�0,, 
�����ELW�0,, 
7KLV�ELW�DOVR�FRQWUROV�WKH�3&6BPLLBFWUOBS�BR�VLJQDO�ZKLFK�LV 
XVHG�IRU�H[WHUQDO�FORFN�PXOWLSOH[LQJ�RI�WKH 
FONBPLLBW[BS�BL�FONB[JPLLBW[BS�BL�DQG 
FONBPLLBU[BS�BL�FONB[JPLLBU[BS�BL�VLJQDOV 

��� 52 �[� 5HVHUYHGB�B� 
5HVHUYHG 

� 5: �[� 

6*0,,B/,1.B676 
46*0,,�86;*0,,�/LQN�6WDWXV��SRUW��� 
7KLV�ELW�LV�XVHG�LQ�%LW����RI�WKH�7[B&RQILJB5HJ�GXULQJ�&ODXVH 
���DXWR�QHJRWLDWLRQ��DORQJ�SRUW����ZKHQ�46*0,,�6*0,,B3&6�LV 
SURJUDPPHG�DV�46*0,,�3+<��RU�DV�86;*0,,�3+<��DQG 
ZKHQ�3+<B02'(B&75/�ELW�RI�95B0,,B�B',*B&75/� 
5HJLVWHU�LV���� 
���/LQN�'RZQ 
���/LQN�8S 

� 5: �[� 

7;B&21),* 
:KHQ�6*0,,B(1 (QDEOHG�RU�46*0,,B(1 (QDEOHG�RU�
86;0,,B(1 (QDEOHG�7UDQVPLW�&RQILJXUDWLRQ 
7KLV�ELW�FRQWUROV�WKH�&RQILJB5HJ�YDOXH�WR�EH�XVHG�GXULQJ�WKH�
&ODXVH����DXWR�QHJRWLDWLRQ�LQ�WKH�6*0,,�46*0,,�86;*0,,�PRGH� 
���&RQILJXUHV�WKH�46*0,,�6*0,,B3&6�DV�WKH�3+<�VLGH�
6*0,,�46*0,,�86;*0,,� 
���&RQILJXUHV�WKH�46*0,,�6*0,,B3&6�DV�WKH�0$&�VLGH�
6*0,,�46*0,,�86;*0,,� 

��� 5: �[� 

3&6B02'( 
:KHQ�6*0,,B(1 (QDEOHG�RU�46*0,,B(1 (QDEOHG�3&6�0RGH 
7KLV�ILHOG�FRQWUROV�WKH�DXWR�QHJRWLDWLRQ��DQG�RSHUDWLQJ��PRGH� 
��������%$6(�;�PRGH��FODXVH����DXWR�QHJRWLDWLRQ�LV�DV�SHU�
����%DVH;�� 
����6*0,,�PRGH��FODXVH����DXWR�QHJRWLDWLRQ�LV�DV�SHU�6*0,,�� 
����46*0,,�PRGH��FODXVH����DXWR�QHJRWLDWLRQ�FRQIRUPV�WR�
46*0,,��,I�WKLV�ILHOG�LV�VHW�DV��
E����WKHQ�46*0,,�6*0,,B3&6�
DVVHUWV�WKH�
[J[VBTVJPLLBPRGHBR
�SRUW� 

� 5: �[� 

0,,B$1B,175B(1 
&ODXVH����$1�&RPSOHWH�,QWHUUXSW�(QDEOH��SRUW��� 
:KHQ�VHW�WR����WKLV�ELW�HQDEOHV�WKH�JHQHUDWLRQ�RI�&ODXVH��� 
DXWR�QHJRWLDWLRQ�FRPSOHWH��RQ�SRUW����LQWHUUXSW�RXWSXW� 
:KHQ�VHW�WR����LW�GLVDEOHV�WKH�JHQHUDWLRQ�RI�&ODXVH��� 
DXWR�QHJRWLDWLRQ�FRPSOHWH�LQWHUUXSW� 

 
46*0,,�6*0,,B3&6B95B0,,B$1B,175B676�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�(����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 52 �[� 5HVHUYHGB�� 
5HVHUYHG 

���� 52 �[�� 

86;*B$1B676 
86;*0,,�&ODXVH����$1�6WDWXV��DORQJ�3RUW��� 
7KLV�ILHOG�LV�YDOLG�RQO\�ZKHQ�FODXVH����DXWR�QHJRWLDWLRQ�LV 
FRPSOHWH�LQ�86;*0,,�0RGH�DORQJ�3RUW����,W�LQGLFDWHV�WKH 
VWDWXV�UHFHLYHG�IURP�UHPRWH�OLQN�DIWHU�WKH�86;*0,, 
DXWR�QHJRWLDWLRQ�LV�FRPSOHWH� 
86;*B$1B676>�@ 
���/LQN�LV�'RZQ 
���/LQN�LV�8S 
86;*B$1B676>�@ 
���+DOI�'XSOH[ 
���)XOO�'XSOH[ 
86;*B$1B676>���@ 
��������0ESV�VSHHG�OLQN 
���������0ESV�VSHHG�OLQN 
����������0ESV�VSHHG�OLQN 
��������*ESV�VSHHG�OLQN 
���������*ESV�VSHHG�OLQN 
�������*ESV�VSHHG�OLQN 
86;*B$1B676>�@ 
���(((�VXSSRUWHG 
���(((�QRW�VXSSRUWHG 
86;*B$1B676>�@ 
���(((�FORFN�VWRS�VXSSRUWHG 
���(((�FORFN�VWRS�QRW�VXSSRUWHG 
1RWH�7KLV�ILHOG�LV�SUHVHQW�RQO\�LQ�FRQILJXUDWLRQV�ZLWK�0XOWL�SRUW 
86;*0,,�VXSSRUW� 

� 52 �[� 5HVHUYHGB� 
5HVHUYHG 

� 52 �[� 

/3B&.B673 
/LQN�3DUWQHU�(((�&ORFN�6WRS�&DSDELOLW\ 
7KLV�ILHOG�LQGLFDWHV�WKH�(((�FORFN�VWRS�FDSDELOLW\��RU�HQDEOH�LQ 
FDVH�IDU�HQG�LV�DFWLQJ�DV�46*0,,�0$&��DGYHUWLVHG�E\�WKH 
IDU�HQG�GHYLFH��7KLV�ILHOG�LV�YDOLG�RQO\�ZKHQ�3&6B02'(>���@�LV 
VHW�WR�WKH�46*0,,�PRGH�DQG�WKH�DXWR�QHJRWLDWLRQ�LV�FRPSOHWH 
DORQJ�SRUW��� 
1RWH�7KLV�ILHOG�LV�SUHVHQW�RQO\�LQ�FRQILJXUDWLRQV�ZLWK�46*0,, 

� 52 �[� 

/3B(((B&$3 
/LQN�3DUWQHU�(((�&DSDELOLW\ 
7KLV�ILHOG�LQGLFDWHV�WKH�(((�FDSDELOLW\�DGYHUWLVHG�E\�WKH�IDU�HQG�
GHYLFH��3RUW���46*0,,�3+<���7KLV�ILHOG�LV�YDOLG�RQO\�ZKHQ�
3&6B02'(>���@�LV�VHW�WR�WKH�46*0,,�PRGH�DQG�WKH�DXWR�
QHJRWLDWLRQ�LV�FRPSOHWH�DORQJ�SRUW��� 
1RWH�7KLV�ILHOG�LV�SUHVHQW�RQO\�LQ�FRQILJXUDWLRQV�ZLWK�46*0,,� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 52 �[� 

&/��B$16*0B676 
&ODXVH����$1�46*0,,�6WDWXV��SRUW����  
7KLV�ILHOG�LV�YDOLG�RQO\�ZKHQ�WKH�3&6B02'(>���@�LV�VHW�WR�WKH�
46*0,,�PRGH�DQG�WKH�DXWR�QHJRWLDWLRQ�LV�FRPSOHWH�DORQJ�SRUW��� 
,W�LQGLFDWHV�WKH�VWDWXV�UHFHLYHG�IURP�UHPRWH�OLQN�SDUWQHU� 
&/��B$16*0B676>�@ 
���+DOI�'XSOH[ 
���)XOO�'XSOH[ 
&/��B$16*0B676>���@ 
�������0ESV�VSHHG�OLQN 
��������0ESV�VSHHG�OLQN 
���������0ESV�VSHHG�OLQN 
&/��B$16*0B676>�@ 
���/LQN�LV�'RZQ 
���/LQN�LV�8S 
1RWH�7KLV�ILHOG�LV�SUHVHQW�RQO\�LQ�FRQILJXUDWLRQV�ZLWK�46*0,,� 

� 5: �[� 

&/��B$1&03/7B,175 
&ODXVH����$1�&RPSOHWH�,QWHUUXSW��66�:&�7\SH� 
7KH�46*0,,�6*0,,B3&6�VHWV�WKLV�ELW�ZKHQ�&ODXVH����DXWR�
QHJRWLDWLRQ�LV�FRPSOHWH�IRU�SRUW����7KH�KRVW�PXVW�FOHDU�WKLV�ELW�E\�
ZULWLQJ���WR�LW� 

 
46*0,,�6*0,,B3&6B95B0,,B7&�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�(���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 52 �[� 

73( 
7HVW�3DWWHUQ�(QDEOH�/DQHV 
7KLV�ELW�LQGLFDWHV�WKDW�D�WHVW�SDWWHUQ�FDQ�EH�HQDEOHG�LQ�WKH�7[�
SDWK�DIWHU�WKH�FXUUHQW�QRUPDO�IUDPH�WUDQVPLVVLRQ�LV�FRPSOHWH� 
���7HVW�SDWWHUQ�GLVDEOHG 
���7HVW�SDWWHUQ�HQDEOHG 
'HSHQGHQFLHV� 
7KH�VSHFLILF�WHVW�SDWWHUQ�WKDW�LV�JHQHUDWHG�LV�EDVHG�RQ�%LWV>���@�RI�
WKLV�UHJLVWHU 

��� 5: �[� 

73 
7HVW�3DWWHUQ�6HOHFW 
7KLV�ILHOG�LQGLFDWHV�WKH�SDWWHUQ�W\SH�WKDW�LV�HQDEOHG�ZLWK�%LW���RI 
WKLV�UHJLVWHU��7KH�IROORZLQJ�DUH�WKH�VXSSRUWHG�WHVW�SDWWHUQV� 
�
E����+LJK�)UHTXHQF\�7HVW�3DWWHUQ 
�
E����/RZ�)UHTXHQF\�7HVW�3DWWHUQ 
�
E����0L[HG�)UHTXHQF\�7HVW�3DWWHUQ 
�
E����5HVHUYHG 
7KH�GHILQLWLRQ�RI�WKHVH�WHVW�SDWWHUQV�LV�VSHFLILHG�LQ�,(((�6WG�
�����DH��$QQH[���$� 

 
46*0,,�6*0,,B3&6B95B0,,B'%*B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�(����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

7;B30%/B&7/ 
7UDQVPLW�3UHDPEOH�&RQWURO 
7KLV�ELW�FDQ�EH�VHW�WR���WR�SUHYHQW�SRVVLEOH�SUHDPEOH�WUXQFDWLRQ 
LQ�WKH�46*0,,�6*0,,B3&6�WUDQVPLWWHU�ZKHQ�RSHUDWLQJ�LQ�
����%$6(�; 
�RU����*�0RGH�RYHU�*0,,��0RGH��$V�SHU�,(((�VSHF��LW�LV 
SHUPLVVLEOH�IRU�D�FRPSOLDQW�����%$6(�;�3&6�WUDQVPLW 
SURFHVV�WR�WUXQFDWH�WKH�ILUVW�E\WH�RI�SUHDPEOH�LQ�RUGHU�WR�DOLJQ 
WKH�VWDUW�RI�WKH�SDFNHW�RQ�WKH�(9(1�ERXQGDU\� 
,I�WKLV�ELW�LV�VHW�WR����46*0,,�6*0,,B3&6�GRHV�QRW�GHOHWH�DQ\�
SUHDPEOH 
E\WHV��UHFHLYHG�IURP�*0,,�7[�LQWHUIDFH��DQG�SDVVHV�RQ�WKH 
VDPH�QXPEHU�RI�SUHDPEOH�E\WHV�WR�LWV�RXWSXW��
46*0,,�6*0,,B3&6 
FDUULHV�RXW�WKLV�RSHUDWLRQ�E\�DGMXVWLQJ�WKH�,3*��7KLV�PRGH�LV�D 
GHYLDWLRQ�IURP�&ODXVH����RI�,(((������VSHFLILFDWLRQ��%XW�LW�FDQ 
SURYH�XVHIXO�ZKHQ�RSHUDWLQJ�DW����*�0RGH��RYHU�FORFNHG 
����%$6(�;�0RGH��DQG�WKH�IDU�HQG�GHYLFH�LV�FRPSOLDQW�WR 
,(((�����E]�FE�VSHFLILFDWLRQ� 

� 52 �[� 

5;B6<1&B&7/ 
5HFHLYH�6\QFKURQL]DWLRQ�&RQWURO�� 
7KLV�ELW�PHUHO\�UHIOHFWV�WKH�YDOXH�RI�5;B6<1&B&7/�ILHOG�RI�
95B0,,B'%*B&75/�5HJLVWHU��IRU�����%DVH;�2QO\�3&6�
FRQILJXUDWLRQV��RU�95B;6B3&6B'(%8*B&75/�5HJLVWHU��IRU�RWKHU�
FRQILJXUDWLRQV�� 

� 52 �[� 5;B'7B(1B&7/ 
5HVHUYHG 

� 5: �[� 

6835(66B(((B/26B'(7 
6XSSUHVV�(((�/RVV�RI�6LJQDO�'HWHFWLRQ� 
:KHQ�WKLV�ILHOG�LV�VHW�WR����/RVV�RI�6LJQDO�LQGLFDWHG�E\�WKH�3+<�
�EDVHG�RQ�LQSXW�SRUW�3&6BORVBL��LV�LJQRUHG�E\�
46*0,,�6*0,,B3&6�ZKLOH�HYDOXDWLQJ�WKH�5HFHLYH�OLQN�ZKHQ�
RSHUDWLQJ�LQ�(((�PRGH��5HFHLYH�OLQN�LV�HYDOXDWHG�EDVHG�WKH�RQ�
GDWD�UHFHLYHG�E\�46*0,,�6*0,,B3&6�IURP�3+<� 
:KHQ�WKLV�ILHOG�LV�VHW�WR����/RVV�RI�VLJQDO�LQGLFDWHG�E\�WKH�3+<�LV�
FRQVLGHUHG�E\�WKH�46*0,,�6*0,,B3&6�ZKLOH�HYDOXDWLQJ�WKH�
5HFHLYH�OLQN�VWDWXV�LQ�(((�PRGH� 

� 5: �[� 

6835(66B/26B'(7 
6XSSUHVV�/RVV�RI�6LJQDO�'HWHFWLRQ 
:KHQ�WKLV�ILHOG�LV�VHW�WR����/RVV�RI�6LJQDO�LQGLFDWHG�E\�WKH�3+< 
�EDVHG�RQ�LQSXW�SRUW�3&6BORVBL��LV�LJQRUHG�E\�
46*0,,�6*0,,B3&6 
ZKLOH�HYDOXDWLQJ�WKH�5HFHLYH�OLQN��5HFHLYH�OLQN�LV�HYDOXDWHG 
EDVHG�WKH�5[�GDWD�UHFHLYHG�RQ�WKH�
[J[VBU[BGDWDODQHBL
�SRUW 
RI�46*0,,�6*0,,B3&6� 
:KHQ�WKLV�ILHOG�LV�VHW�WR����/RVV�RI�VLJQDO�LQGLFDWHG�E\�WKH�3+< 
LV�FRQVLGHUHG�E\�WKH�46*0,,�6*0,,B3&6�ZKLOH�HYDOXDWLQJ�WKH�
5HFHLYH 
OLQN�VWDWXV� 

��� 52 �[� UHVHUYHG 

� 5: �[� 

5(67$5B6<1& 
5HVWDUW�6\QFKURQL]DWLRQ 
:KHQ�VHW�WR����WKLV�ELW�UHVWDUWV�WKH�5[�6\QFKURQL]DWLRQ�6WDWH�
PDFKLQH�RQ�SRUW����7KH�KRVW�PXVW�FOHDU�WKLV�ELW�WR���EHIRUH�
VHWWLQJ�LW�WR���QH[W�WLPH� 
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46*0,,�6*0,,B3&6B95B0,,B(((B0&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�(����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

����� 52 �[� 

&/.6723 
&ORFN�6WRS 
7KLV�ILHOG�KROGV�WKH�FRXQW�YDOXH�DIWHU�ZKLFK�WKH�5[�FORFN�WR�WKH 
0$&�FDQ�EH�VWRSSHG��7KH�GHIDXOW�YDOXH�LV����7KH�KRVW�VKRXOG 
SURJUDP�WKLV�YDOXH�GHSHQGLQJ�RQ�WKH�FDSDELOLW\�RI�WKH�0$&� 
7KLV�ILHOG�LV�XVHG�WR�FRQWURO�WKH�DVVHUWLRQ�RI�WKH 
3&6BOU[BFONBJDWBR�VLJQDO��WR�JDWH�WKH�5[�FORFN�RI�WKH�0$&��%\ 
GHIDXOW��WKH�3&6BOU[BFONBJDWBR�VLJQDO�LV�DVVHUWHG�DIWHU�WKH 
3&6�5[�PRGXOH�GHWHFWV�WKH�/3,�SDWWHUQ�IROORZHG�E\�WKH 
IROORZLQJ��1XPEHU�RI�FONB[J[VBU[�BL�RU�FONBUSFVBU[BL�FORFNV 
�VSHFLILHG�LQ�WKLV�ILHOG����FONBHHHBL�V\QFKURQL]DWLRQ�GHOD\�� 
),)2�LQLWLDOL]DWLRQ�GHOD\ 

���� 5: �[� 

08/7B)$&7B���16 
����QV�&ORFN�7LF�0XOWLSO\LQJ�)DFWRU 
7KLV�ELW�LV�WKH�PXOWLSO\LQJ�IDFWRU�WR�WKH�FONBHHHBL�FORFN�WLPH 
SHULRG�WR�PDNH�LW�FORVHU�WR�����QV��)RU�H[DPSOH��LI�WKH 
FONBHHHBL�FORFN�WLPH�SHULRG��FONBHHHBLBWLPHBSHULRG��LV����QV� 
WKH�YDOXH�RI�WKLV�ILHOG�LV����WKDW�LV����OHVV�WKDQ�����7KLV�YDOXH 
VKRXOG�EH�SURJUDPPHG�VXFK�WKDW�WKH�FONBHHHBLBWLPHBSHULRG� 
�08/7B)$&7B���16������VKRXOG�EH�ZLWKLQ����QV�WR�����QV� 
7KH�GHIDXOW�YDOXH�RI�WKLV�UHJLVWHU�LV����DVVXPLQJ�WKDW�WKH�GHIDXOW 
FONBHHHBL�WLPH�SHULRG�WR�EH����QV� 

� 52 �[� 

5;B(1B&75/ 
5[�&RQWURO�(QDEOH 
7KLV�ELW�FRQWUROV�WKH�JHQHUDWLRQ�RI�WKH�3&6BU[BHQBRODQH 
VLJQDO� 
:KHQ�WKLV�ELW�LV�VHW�WR����WKH�3&6BU[BHQBRODQH�VLJQDO�LV 
GH�DVVHUWHG�ZKHQ�WKH�(((�UHFHLYH�FRQWUROOHU�UHDFKHV�WKH 
4XLHW�VWDWH��:KHQ�WKLV�ELW�VHW�WR����WKH�3&6BU[BHQBRODQH 
VLJQDO�LV�QRW�GH�DVVHUWHG�ZKHQ�WKH�(((�WUDQVPLW�FRQWUROOHU 
UHDFKHV�WKH�4XLHW�VWDWH� 

� 52 �[� 

6,*1B%,7 
(IIHFWLYH�����QV�7LF�9DOXH 
7KH�KRVW�VKRXOG�XVH�WKLV�ELW�WR�ILQH�WXQH�WKH�(((�WLPLQJ 
UHTXLUHPHQW��7KH�KRVW�VKRXOG�VHW�WKLV�ELW�WR���ZKHQ�WKH 
FONBHHHBLBWLPHBSHULRG���08/7B)$&7B���16������YDOXH�LV 
PRUH�WKDQ�����QV��7KH�KRVW�VKRXOG�VHW�WKLV�ELW�WR���ZKHQ�WKH 
FONBHHHBL�FORFN�SHULRG���08/7B)$&7B���16������YDOXH�LV 
OHVV�WKDQ�RU�HTXDO�WR�����QV� 

� 52 �[� 5HVHUYHGB� 
5HVHUYHG 

� 5: �[� 

7;B(1B&75/ 
7[�&RQWURO�(QDEOH 
7KLV�ELW�FRQWUROV�WKH�JHQHUDWLRQ�RI�WKH�IROORZLQJ�VLJQDOV� 
[J[VBW[ODQHBHQBR��IRU�6\QRSV\V�3+<� 
3&6BW[BHQBRODQH��IRU�QRQ�6\QRSV\V�3+<� 
:KHQ�WKLV�ELW�LV�VHW�WR����WKH�[J[VBW[ODQHBHQBR�RU 
3&6BW[BHQBRODQH�VLJQDO�LV�GH�DVVHUWHG�ZKHQ�WKH�((( 
WUDQVPLW�FRQWUROOHU�UHDFKHV�WKH�4XLHW�VWDWH��:KHQ�WKLV�ELW�VHW�WR 
���WKH�[J[VBW[ODQHBHQBR�RU�3&6BW[BHQBRODQH�VLJQDO�LV�QRW 
GH�DVVHUWHG�ZKHQ�WKH�(((�WUDQVPLW�FRQWUROOHU�UHDFKHV�WKH 
4XLHW�VWDWH� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

5;B48,(7B(1 
5[�4XLHW�(QDEOH 
7KLV�ELW�FRQWUROV�WKH�JHQHUDWLRQ�RI�WKH�3&6BOSLW[BTXLHWBR 
RXWSXW��:KHQ�WKLV�ELW�LV�VHW�WR����WKH�3&6BOSLW[BTXLHWBR�RXWSXW 
LV�VHW�WR���ZKHQ�WKH�(((�UHFHLYH�FRQWUROOHU�UHDFKHV�WKH�4XLHW 
VWDWH��:KHQ�WKLV�ELW�VHW�WR����WKH�3&6BOSLW[BTXLHWBR�RXWSXW�LV 
QRW�VHW�WR��� 

� 5: �[� 

7;B48,(7B(1 
7[�4XLHW�(QDEOH 
7KLV�ELW�FRQWUROV�WKH�JHQHUDWLRQ�RI�WKH�3&6BOSLW[BTXLHWBR 
RXWSXW��:KHQ�WKLV�ELW�LV�VHW�WR����WKH�3&6BOSLW[BTXLHWBR�RXWSXW 
LV�VHW�WR���ZKHQ�WKH�(((�WUDQVPLW�FRQWUROOHU�UHDFKHV�WKH�4XLHW 
VWDWH��:KHQ�WKLV�ELW�VHW�WR����WKH�3&6BOSLW[BTXLHWBR�RXWSXW�LV 
QRW�VHW�WR��� 

� 5: �[� 

/5;B(1 
/3,�5[�(QDEOH 
:KHQ�VHW�WR����WKLV�ELW�HQDEOHV�WKH�(QHUJ\�(IILFLHQW�(WKHUQHW 
VXSSRUW�LQ�WKH�46*0,,�6*0,,B3&6�UHFHLYH�SDWK��:KHQ�VHW�WR����LW 
GLVDEOHV�WKH�VXSSRUW�IRU�(QHUJ\�(IILFLHQW�(WKHUQHW�LQ�WKH 
46*0,,�6*0,,B3&6�UHFHLYH�SDWK� 

� 5: �[� 

/7;B(1 
/3,�5[�(QDEOH 
:KHQ�VHW�WR����WKLV�ELW�HQDEOHV�WKH�(QHUJ\�(IILFLHQW�(WKHUQHW 
VXSSRUW�LQ�WKH�46*0,,�6*0,,B3&6�UHFHLYH�SDWK��:KHQ�VHW�WR����LW 
GLVDEOHV�WKH�VXSSRUW�IRU�(QHUJ\�(IILFLHQW�(WKHUQHW�LQ�WKH 
46*0,,�6*0,,B3&6�UHFHLYH�SDWK� 

 
46*0,,�6*0,,B3&6B95B0,,B(((B7;7,0(5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�(����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[�� 

76/B5(6 
76/�5HVROXWLRQ 
7KLV�ILHOG�VWRUHV�WKH�UHVROXWLRQ�YDOXH�IRU�WKH�76/�WLPHU��:KHQ 
WKH�JHQHUDWHG�����QV�WLF�WLPHU�LV�QRW�H[DFWO\�����QV��WKLV�ILHOG�LV 
SURJUDPPHG�ZLWK�WKH�UHTXLUHG�YDOXH��7KH�SURJUDPPHG�YDOXH 
LV�HTXLYDOHQW�WR�WKH�QXPEHU�RI�PRUH��6,*1B%,7�LV�ORZ��RU�OHVV 
�6,*1B%,7�LV�KLJK��FRXQWV�WKDQ�WKH�LGHDO�FRXQW�WR�PHHW�WKH 
UDQJH�RI�WKH�76/�WLPHU� 
7KH�46*0,,�6*0,,B3&6�PDLQWDLQV�WKH�GHIDXOW�YDOXH�RI�WKH�76/�
WLPHU 
DV������DVVXPLQJ�FONBHHHBLBWLPHBSHULRG� 
�08/7B)$&7B���16������LV�HTXDO�WR�����QV�WR�SURGXFH 
������QV�������XV��DV�SHU�WKH�76/�UHTXLUHPHQW�LQ�WKH�,((( 
VWDQGDUG� 
,I�FONBHHHBLBWLPHBSHULRG���08/7B)$&7B���16������LV���� 
WKH�GHIDXOW�76/�WLPHU�SURGXFHV�������QV��������XV��ZKLFK�LV 
OHVVHU�WKDQ�WKH�VWDQGDUG������XV��7R�PDNH�LW������XV��\RX 
VKRXOG�SURJUDP�WKLV�UHJLVWHU�VXFK�WKDW����������76/B5(6�� 
��08/7B)$&7B���16�������FONBHHHBLBWLPHBSHULRG��LV 
JUHDWHU�WKDQ������XV�DQG�OHVV�WKDQ������XV��PD[�OLPLW���WKDW�LV� 
�������76/B5(6���� ������XV� 
7:/B5(6� ����PHHWV�WKH�UHTXLUHPHQW�ZKLFK�SURGXFHV������ 
XV��7KH�6,*1B%,7�VKRXOG�EH�SURJUDPPHG�DV��� 
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46*0,,�6*0,,B3&6B95B0,,B(((B5;7,0(5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�(����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

���� 5: �[�� 

7:5B5(6 
7:5�5HVROXWLRQ 
7KLV�ILHOG�VWRUHV�WKH�UHVROXWLRQ�YDOXH�IRU�WKH�7:5�WLPHU��:KHQ 
WKH�JHQHUDWHG�����QV�WLF�WLPHU�LV�QRW�H[DFWO\�����QV��WKLV�ILHOG�LV 
SURJUDPPHG�ZLWK�WKH�UHTXLUHG�YDOXH��7KH�SURJUDPPHG�YDOXH 
LV�HTXLYDOHQW�WR�WKH�QXPEHU�RI�PRUH��6,*1B%,7�LV�ORZ��RU�OHVV 
�6,*1B%,7�LV�KLJK��FRXQWV�WKDQ�WKH�LGHDO�FRXQW�WR�PHHW�WKH 
UDQJH�RI�WKH�7:5�WLPHU� 
7KH�GHIDXOW�YDOXH�LV����XV�IRU�����%$6(;�2QO\�3&6�PRGH� 
7KLV�YDOXH�LV�DV�SHU�WKH�UHTXLUHPHQWV�VSHFLILHG�LQ�WKH�VWDQGDUG 
DVVXPLQJ�WKDW�FONBHHHBLBWLPHBSHULRG���08/7B)$&7B���16 
�����SURGXFHV�����QV�WLFN� 
([DPSOH� 
)RU�.;�PRGH��WKH�WLPH�UHTXLUHPHQW�LV����XV��7KH�
46*0,,�6*0,,B3&6 
PDLQWDLQV�WKH�GHIDXOW�YDOXH�RI�WKH�7:5�WLPHU�DV������DVVXPLQJ 
FONBHHHBLBWLPHBSHULRG���08/7B)$&7B���16������LV�HTXDO�WR 
����QV�WR�SURGXFH�������QV�����XV���,I�FONBHHHBLBWLPHBSHULRG 
��08/7B)$&7B���16������LV������WKH�GHIDXOW�7:5�WLPHU 
SURGXFHV�������QV�������XV��ZKLFK�LV�PRUH�WKDQ����XV��7R 
PDNH�LW����XV��\RX�PXVW�SURJUDP�WKLV�UHJLVWHU�VXFK�WKDW����� 
����7:5B5(6�����08/7B)$&7B���16������ 
FONBHHHBLBWLPHBSHULRG�� ����XV� 
7KHUHIRUH��XVH�WKH�IROORZLQJ�HTXDWLRQ���������7:5B5(6������ 
 �������QV 
7:/B5(6� ����PHHWV�WKH�UHTXLUHPHQW�ZKLFK�SURGXFHV����XV� 
7KH�6,*1B%,7�VKRXOG�EH�SURJUDPPHG�DV��� 

��� 5: �[�� 

5(6B���8 
����XV�5HVROXWLRQ 
7KLV�ILHOG�VWRUHV�WKH�UHVROXWLRQ�YDOXH�IRU�WKH�����XV�WLPHU��,I�WKH 
JHQHUDWHG�����QV�WLF�WLPHU�LV�QRW�H[DFWO\�����QV��WKLV�ILHOG�LV 
SURJUDPPHG�ZLWK�WKH�UHTXLUHG�YDOXH��7KH�SURJUDPPHG�YDOXH 
LV�HTXLYDOHQW�WR�WKH�QXPEHU�RI�PRUH��6,*1B%,7�LV�ORZ��RU�OHVV 
�6,*1B%,7�LV�KLJK��FRXQWV�WKDQ�WKH�LGHDO�FRXQW�WR�PHHW�WKH 
UDQJH�RI�WKH�����XV�WLPHU��7KLV�ILHOG�LV�XVHG�WR�FRQWURO�WKH 
JHQHUDWLRQ�RI�����XV�WLPH�WLFN�XVLQJ�WKH�FONBHHHBL�FORFN�DQG 
08/7B)$&7B���16�ILHOG��%\�GHIDXOW��WKH�����XV�WLPHU�LV 
JHQHUDWHG�DVVXPLQJ�FONBHHHBLBWLPHBSHULRG� 
�08/7B)$&7B���16������LV�HTXDO�WR�����QV��7KHUHIRUH��WKH 
46*0,,�6*0,,B3&6�PDLQWDLQV�WKH�GHIDXOW�YDOXH�RI�WKH�����XV�
WLPHU�DV 
�����WR�DFKLHYH��������QV������XV���<RX�VKRXOG�XVH�WKLV�ILHOG 
LI�FONBHHHBLBWLPHBSHULRG���08/7B)$&7B���16������LV�QRW 
HTXDO�WR�����QV� 
7R�SURJUDP�WKLV�ILHOG��XVH�WKH�IROORZLQJ�HTXDWLRQ����������� 
5(6B���86����08/7B)$&7B���16������ 
FONBHHHBLBWLPHBSHULRG�� �����XV 
7KH�6,*1B%,7�VKRXOG�EH�SURJUDPPHG�DV���IRU�����DQG���IRU 
���� 

 
46*0,,�6*0,,B3&6B95B0,,B/,1.B7,0(5B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�(����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� 

95B0,,B�B/,1.B7,0(5B&75/ 
3URJUDPPDEOH�/LQN�7LPHU�9DOXH�IRU�&ODXVH����DXWR�QHJRWLDWLRQ� 
7KLV�ILHOG�FDQ�EH�SURJUDPPHG�WR�DQ\�GHVLUHG�YDOXH�LI 
DSSOLFDWLRQ�ZLVKHV�WR�RYHUULGH�WKH�VWDQGDUG�VSHFLILHG�YDOXHV�IRU 
/LQN�7LPHU�XVHG�GXULQJ�&ODXVH����$XWR�QHJRWLDWLRQ��/LQN�WLPHU 
LV�LPSOHPHQWHG�LQ�46*0,,�6*0,,B3&6�XVLQJ�D����ELW�WLPHU�:KHQ 
RSHUDWLQJ�LQ�86;*0,,�PRGH��OLQN�WLPHU�UXQV�DW��������0+]� 
:KHQ�RSHUDWLQJ�LQ�����%DVH;�6*0,,�PRGH��WKLV�WLPHU 
RSHUDWHV�DW�����0+]� 
)RU�86;*0,,�FRQILJXUDWLRQV�7KLV�ILHOG�IRUPV�WKH�XSSHU 
���ELW�RI�WKH����ELW�YDOXH�WKDW�JHWV�ORDGHG�WR�WKH�OLQN�WLPHU�7KH 
ORZHU���ELWV�DUH�KDUG�FRGHG�DV�]HUR��)RU�H[DPSOH��LI 
&/��B/,1.B7,0(� ����WKH�YDOXH�WKDW�LV�ORDGHG�WR�WKH�WLPHU�LV 
��
K�����ZKLFK�FRUUHVSRQGV�WR�D�GXUDWLRQ�RI������QV 
�������QV��LQ�86;*0,,�PRGH�RU������QV������QV��LQ 
����%DVH;�6*0,,�PRGH� 
)RU�FRQILJXUDWLRQV�ZLWKRXW�86;*0,,�7KLV�ILHOG�IRUPV�WKH 
XSSHU����ELW�RI�WKH����ELW�YDOXH�WKDW�JHWV�ORDGHG�WR�WKH�OLQN 
WLPHU�7KH�ORZHU���ELWV�DUH�KDUGFRGHG�DV��
K�'��)RU�H[DPSOH��LI 
&/��B/,1.B7,0(� ����WKH�YDOXH�WKDW�LV�ORDGHG�WR�WKH�WLPHU�LV 
��
K��'��ZKLFK�FRUUHVSRQGV�WR�D�GXUDWLRQ�RI������QV 
�����QV�� 
$IWHU�SURJUDPPLQJ�WKLV�UHJLVWHU��DSSOLFDWLRQ�VKRXOG�SHUIRUP 
HLWKHU�RI�WKH�IROORZLQJ�VWHSV��VR�WKDW�WKH�QHZ�YDOXHV�WDNHV 
HIIHFW� 
6HW�&/��B705B295B5,'(�ELW��ELW>�@��RI�95B0,,B',*B&75/��
5HJLVWHU�WR�� 
)$67B6,0�ELW�RI�65�&RQWURO�00'�&RQWURO�5HJLVWHU�VKRXOG 
EH�FOHDUHG��LI�DOUHDG\�VHW��DQG�WKHQ�VHW�EDFN�WR��� 

 
46*0,,�6*0,,B3&6B95B0,,B(((B0&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�(���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 

751B/3, 
7UDQVSDUHQW�7[�/3,�0RGH�(QDEOH� 
:KHQ�VHW�WR����DORQJ�ZLWK�/7;B(1 ����WUDQVSDUHQW�/3,�PRGH 
JHWV�DFWLYDWHG�LQ�WKH�46*0,,�6*0,,B3&6�7UDQVPLW�SDWK��,Q�WKLV�
PRGH� 
WKH�WUDQVPLW�/3,�VWDWH�PDFKLQH�GRHV�QRW�PRYH�WR�7;B48,(7 
VWDWH��2Q�GHWHFWLQJ�/RZHU�3RZHU�,GOH�RQ�*0,,�7[�LQWHUIDFH� 
46*0,,�6*0,,B3&6�JRHV�WR�WKH�7;B6/((3�VWDWH�DQG�UHPDLQV�LQ�
WKLV 
VWDWH�WLOO�0$&�VWRSV�VHQGLQJ�/3,��,Q�WKLV�
PRGH�46*0,,�6*0,,B3&6 
PHUHO\�VHQGV�WKH�HQFRGHG�/3,�SDWWHUQ�WR�WKH�VHUGHV� 
7KLV�PRGH�GRHV�QRW�LQYROYH�JDWLQJ�RII�RI�DQ\�FORFNV�WR 
46*0,,�6*0,,B3&6��,Q�DGGLWLRQ��WKH�VHUGHV�WUDQVPLWWHU�LV�QRW�
GLVDEOHG 
�3&6BW[BGDWDBHQBR�VLJQDO�UHPDLQV�KLJK���0$&�VKRXOG�HQVXUH 
WKDW�LW�GRHV�QRW�JDWH�RII�;*0,,�*0,,�7[�FORFN�WR�
46*0,,�6*0,,B3&6 
GXULQJ�WKLV�PRGH�RI�RSHUDWLRQ� 

 
46*0,,�6*0,,B3&6B95B0,,B',*B676�  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�(����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

����� 52 �[� 

/7;B67$7( 
/3,�7UDQVPLW�6WDWH� 
7KLV�ILHOG�UHIOHFWV�WKH�YDOXH�RI�/7;B67$7(�ILHOG�RI�
95B0,,B',*B676�5HJLVWHU��IRU�����%DVH;�2QO\�3&6�
FRQILJXUDWLRQV��RU�95B;6B3&6B',*B676�5HJLVWHU��IRU�RWKHU�
FRQILJXUDWLRQV�� 

����� 52 �[� 

/5;B67$7( 
/3,�5HFHLYH�6WDWH 
7KLV�ILHOG�UHIOHFWV�WKH�YDOXH�RI�/5;B67$7(�ILHOG�RI�
95B0,,B',*B676�5HJLVWHU��IRU�����%DVH;�2QO\�3&6�
FRQILJXUDWLRQV��RU�95B;6B3&6B',*B676�5HJLVWHU��IRU�RWKHU�
FRQILJXUDWLRQV�� 

� 52 �[� 

,19B;*0B&+$5 
,QYDOLG�;*0,,�&KDUDFWHU��52�/+�7\SH���3RUW�� 
7KLV�ELW�LQGLFDWHV�DQ�LQYDOLG�;*0,,�FKDUDFWHU�RQ�WKH�7UDQVPLW�SDWK�
�SRUW���� 
���1R�,QYDOLG�;*0,,�FKDUDFWHU 
���,QYDOLG�FKDUDFWHU 
7KLV�ELW�LV�VHW�ZKHQ�RQH�RI�WKH�IROORZLQJ�FRQGLWLRQV�LV�WUXH�RQ�WKH�
;*0,,�LQWHUIDFH� 
_4_�LV�GHWHFWHG�RQ�D�ODQH�RWKHU�WKDQ�/DQH��� 
_4_�LV�GHWHFWHG�RQ�/DQH���DQG�DOVR�DQ\�RI�WKH�IROORZLQJ�FRQGLWLRQV�
LV�WUXH� 
1R��
K���GDWD�LQ�/DQH��� 
1R��
K���GDWD�LQ�/DQH��� 
1R��
K���RU��
K���GDWD�RQ�/DQH��� 
_(_�RU�_7_�LV�HQFRXQWHUHG�LQ�QRQ�GDWD�SKDVH�DQG�_4_�LV�
HQFRXQWHUHG�LQ�GDWD�SKDVH� 
_'_�LV�GHWHFWHG�GXULQJ�WKH�,GOH�SKDVH��DIWHU�7HUPLQDWH�DQG�EHIRUH�
YDOLG�62)�� 
_,_�LV�GHWHFWHG�GXULQJ�WKH�GDWD�SKDVH��DIWHU�62)�DQG�EHIRUH�
7HUPLQDWH�� 
1RWH��7KLV�ILHOG�LV�SUHVHQW�RQO\�IRU�0XOWL�SRUW�86;*0,,�
FRQILJXUDWLRQV� 

� 52 �[� 

,19B;*0B7 
,QYDOLG�;*0,,�7�&KDUDFWHU��52�/+�7\SH���3RUW�� 
7KLV�ELW�LQGLFDWHV�WKDW�WKH�WUDQVPLW�GDWD��SRUW����UHFHLYHG�RQ�
;*0,,�KDV�DQ�LQYDOLG�7HUPLQDWH�FKDUDFWHU� 
���1RUPDO�RSHUDWLRQ 
���,QYDOLG�7HUPLQDWH�FKDUDFWHU 
7KH�IROORZLQJ�FDQ�FDXVH�DQ�LQYDOLG�7HUPLQDWH�FKDUDFWHU� 
,Q�7HUPLQDWH�FROXPQ��EHIRUH�ODQH�FRUUHVSRQGV�WR�WKH�_7_�
FKDUDFWHU��WKHUH�LV�D�_,_�RU�_4_�FKDUDFWHU� 
,Q�7HUPLQDWH�FROXPQ��DIWHU�ODQH�FRUUHVSRQGV�WR�WKH�_7_�FKDUDFWHU��
WKHUH�LV�D�QRQ�_,_�FKDUDFWHU 
1RWH�7KLV�ILHOG�LV�SUHVHQW�RQO\�IRU�0XOWL�SRUW�86;*0,,�
FRQILJXUDWLRQV� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

,19B;*0B623 
,QYDOLG�;*0,,�6WDUW�&KDUDFWHU��52�/+�7\SH���3RUW�� 
7KLV�ELW�LQGLFDWHV�WKDW�WKH�;*0,,�WUDQVPLW��3RUW����IUDPH�FRQWDLQV�
LQYDOLG�623�FKDUDFWHU� 
���1RUPDO�RSHUDWLRQ 
���,QYDOLG�623�FKDUDFWHU 
$Q�LQYDOLG�623�HYHQW�RFFXUV�ZKHQ�D�_6_�FKDUDFWHU�LV�GHWHFWHG�LQ�D�
ODQH�RWKHU�WKDQ�/DQH��� 
1RWH�7KLV�ILHOG�LV�SUHVHQW�RQO\�IRU�0XOWL�SRUW�86;*0,,�
FRQILJXUDWLRQV� 

� 52 �[� 

5;),)2B29) 
5[�),)2�2YHUIORZ��52�/+�7\SH� 
7KLV�ELW�LQGLFDWHV�WKH�FORFN�UDWH�FRPSHQVDWLRQ�),)2�RYHUIORZ�IRU�
SRUW��� 
���1RUPDO�RSHUDWLRQ 
���),)2�RYHUIORZ 

� 52 �[� 

5;),)2B81') 
5[�),)2�8QGHUIORZ��52�/+�7\SH� 
7KLV�ELW�LQGLFDWHV�WKH�FORFN�UDWH�FRPSHQVDWLRQ�),)2�XQGHUIORZ�IRU�
SRUW��� 
���1RUPDO�RSHUDWLRQ 
���),)2�XQGHUIORZ 

��� 52 �[� 36(4B67$7( 
5HVHUYHG 

� 52 �[� /%B$&7,9( 
5HVHUYHG 

� 52 �[� 5HVHUYHGB� 
5HVHUYHG 

 
46*0,,�6*0,,B3&6B95B0,,B,&*B(55&17��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�(����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 52 �[�� 

(&� 
,QYDOLG�&RGH�*URXS�&RXQW��3RUW����52�/+�7\SH� 
7KLV�ILHOG�JLYHV�WKH�LQYDOLG�FRGH�JURXS�FRXQW�LQ�SRUW����RI 
46*0,,��ZKHQ�%LW���RI�95�0,,B��00'�'LJLWDO�(UURU�&RXQW 
6HOHFW�5HJLVWHU�LV�VHW�WR��� 

 
46*0,,�6*0,,B3&6B95B0,,B0,6&B676�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�(����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 52 �[� 

%,7B6)7 
%LW�6KLIW 
7KLV�ILHOG�LQGLFDWHV�WKH�QXPEHU�RI�ELW�VKLIWV�FDUULHG�RXW�E\ 
FRPPD�GHWHFW�ORJLF�VR�DV�WR�DOLJQ�WKH�LQFRPLQJ����ELW�;*;6 
5[�GDWD 

 
46*0,,�6*0,,B3&6B95B0,,B5;B/676�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�(����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[� 

5;B9$/,'B�B� 
'3//�/RFN�6WDWXV�IRU�/DQHV>���@ 
7KLV�ILHOG�LQGLFDWHV�WKDW�WKH�'3//�LQ�WKH�3+<�LV�ORFNHG�RQ�WKH 
VHULDO�GDWD�LQ�WKH�FRUUHVSRQGLQJ�ODQH� 
�
E���/DQH���'3//�ELW�ORFNHG 
�
E���/DQH���'3//�ELW�ORFNHG 
�
E���/DQH���'3//�ELW�ORFNHG 
'HSHQGHQF\� 
7KLV�ILHOG�LV�SUHVHQW�RQO\�WKH�IROORZLQJ�FRQILJXUDWLRQV� 
6\QRSV\V�3+<�FRQILJXUDWLRQV 
%DFNSODQH�(WKHUQHW�3&6�FRQILJXUDWLRQV�ZLWK�QRQ�6\QRSV\V�3+< 

�� 52 �[� 

5;B9$/,'B� 
'3//�/RFN�6WDWXV�IRU�/DQH�� 
7KLV�ILHOG�LQGLFDWHV�WKDW�WKH�'3//�LQ�WKH�3+<�LV�ORFNHG�RQ�WKH 
VHULDO�GDWD�LQ�/DQH����7KH�YDOXH��
E��LQGLFDWHV�WKDW�/DQH�� 
'3//�ELW�LV�ORFNHG� 
'HSHQGHQF\� 
7KLV�ILHOG�LV�SUHVHQW�RQO\�WKH�IROORZLQJ�FRQILJXUDWLRQV� 
6\QRSV\V�3+<�FRQILJXUDWLRQV 
%DFNSODQH�(WKHUQHW�3&6�FRQILJXUDWLRQV�ZLWK�QRQ�6\QRSV\V�3+< 

���� 52 �[� �5;B3//B67$7(B�B� 
5HVHUYHG 

� 52 �[� 5;B3//B67$7(B� 
5HVHUYHG 

��� 52 �[� 6,*B'(7B�B� 
5HVHUYHG 

� 52 �[� 

6,*B'(7B� 
5[�6LJQDO�'HWHFW�IRU�/DQH�� 
7KLV�ELW�LQGLFDWHV�WKDW�WKH�5[�GHWHFWHG�WKH�VLJQDO�RQ�/DQH��� 
7KLV�ELW�LV�WKH�FRPSOHPHQW�YDOXH�RI�WKH�VLJQDOV�LQSXW�IURP�3+< 
�3&6BORVBL>�@��RQ�/DQH����7KH�YDOXH��
E��LQGLFDWHV�WKDW�/DQH�� 
VLJQDO�LV�GHWHFWHG� 

��� 52 �[� 5HVHUYHGB�B� 
5HVHUYHG 

 
46*0,,�6*0,,B3&6B95B0,,B',*B&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�(����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� 
7;B32/B,19B� 
7[�3RODULW\�,QYHUW�RQ�/DQH�� 
:KHQ�VHW�WR����WKLV�ELW�UHYHUVHV�WKH�GDWD�SRODULW\�RQ�WKH�7[ 
GLIIHUHQWLDO�OLQHV�RI�/DQH��� 

��� 52 �[� 5HVHUYHGB�B� 
5HVHUYHG 

� 5: �[� 

5;B32/B,19B� 
5[�3RODULW\�,QYHUW�RQ�/DQH�� 
:KHQ�VHW��WKH�ELWV�ZLWKLQ�WKLV�ILHOG�LQGLFDWH�WKDW�WKH�GDWD 
UHFHLYHG�RQ�5[�VHULDO�OLQH�LV�LQYHUWHG�RQ�/DQH����7KLV�UHYHUVHV 
WKH�SRODULW\�RQ�WKH�GDWD�UHFHLYHG�IURP�WKH�3+<�FRUH��7KH�YDOXH 
��LQGLFDWHV�WKDW�5[�GDWD�RQ�/DQH���LV�LQYHUWHG 

 
46*0,,�6*0,,B3&6B95B0,,B',*B(55&17B6(/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�(����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� 

,19B(&B(1 
,QYDOLG�&RGH�*URXS�(UURU�&RXQWHU�(QDEOH 
:KHQ�WKLV�ELW�LV�VHW��WKH�FRXQWLQJ�RI�LQYDOLG�FRGH�JURXS�HUURUV 
�RQ�SRUW����LV�HQDEOHG� 
���7KH�FRXQWLQJ�RI�HUURUV�LV�GLVDEOHG 
���7KH�FRXQWLQJ�RI�HUURUV�LV�HQDEOHG 
)RU�LQIRUPDWLRQ�DERXW�WKH�ILHOGV�FRQWDLQLQJ�WKH�QXPEHU�RI 
HUURUV�FRXQWHG��VHH�95B0,,B�B,&*B(55&17��5HJLVWHU� 

��� 52 �[� 5HVHUYHGB�B� 
5HVHUYHG 

� 5: �[� 

&25 
&OHDU�RQ�5HDG 
:KHQ�WKLV�ELW�LV�VHW�DQG�WKH�KRVW�UHDGV�SRUW���HUURU�FRXQWHU 
�95B0,,B�B,&*B(55&17��5HJLVWHU���WKDW�FRXQWHU�LV�FOHDUHG 
DIWHU�WKH�UHDG�F\FOH� 
���1RUPDO�RSHUDWLRQ 
���&OHDU�HUURU�FRXQWHU�WKDW�LV�UHDG 

 
 
21.4 Application Notes  
21.4.1 ,QLWLDOL]LQJ�WKH�46*0,,�6*0,,B3&6�&RQWUROOHU 
&RPSOHWH�WKH�IROORZLQJ�VWHSV�WR�LQLWLDOL]H�WKH�46*0,,�6*0,,B3&6�FRQWUROOHU� 
���6ZLWFK�RQ�WKH�SRZHU�VXSSO\��5HVHW�LV�DVVHUWHG��SZUBRQBUVWBQ ��� 
���:DLW�IRU�WKH�UHTXLUHG�DPRXQW�RI�WLPH�GHSHQGLQJ�RQ�WKH�3+<�UHTXLUHPHQWV� 
���'H�DVVHUW�UHVHW��SZUBRQBUVWBQ �� 
���:DLW�WLOO�WKH���WK�ELW�RI�65B0,,B&75/�5HJLVWHU�LV�UHDG�DV�� 
����2SWLRQDO���,I�\RX�KDYH�³(QDEOH�&ODXVH����$XWR�1HJRWLDWLRQ´�SDUDPHWHU�HQDEOHG��WKHQ�IROORZ�
WKH�SURJUDPPLQJ�IORZ�RXWOLQHG�LQ�³3URJUDPPLQJ�*XLGHOLQHV�IRU�&ODXVH����$XWR�1HJRWLDWLRQ´ 
���,I�FODXVHV���������RU����DUH�QRW�HQDEOHG��ZDLW�IRU�/,1.B676�RI�65B0,,B676�5HJLVWHU�WR�EH�
VHW�WR���7KH�46*0,,�6*0,,B3&6�FRUH�LV�QRZ�UHDG\�WR�WUDQVPLW�RU�UHFHLYH�GDWD� 
 

21.4.2 6ZLWFKLQJ�WR��*�DQG����RU�����0ESV�6*0,,�6SHHG 
,Q��*�PRGH��WKH�46*0,,�6*0,,B3&6�3+<�LQWHUIDFH�ZRUNV�DW����ELW�SDUDOOHO�GDWD�ZLWK�WKH�FORFN�
UDWH�RI�����0+]��2QO\�/DQH��� LV� IXQFWLRQDO��7KH�VHULDO� ODQH�ZRUNV�DW�WKH�EDXG�UDWH�RI������
*ESV�� 7KH� HIIHFWLYH� GDWD� WUDQVIHU� UDWH�� FRQVLGHULQJ� WKH� RYHUKHDG� RI� �%���%� HQFRGLQJ� RU�
GHFRGLQJ��LV���*ESV� 
7R�VZLWFK�EHWZHHQ�WKH��*�DQG���*�PRGHV��SURJUDP�%LW�����66����RI�65B30$B&75/�DQG 
65B;6B3&6B&75/��5HJLVWHUV��:KHQ�WKLV�ELW�LV�FOHDUHG�WR����46*0,,�6*0,,B3&6�RSHUDWHV�LQ�
WKH� ����%$6(�;� ��*�� PRGH�� 7KH� RXWSXW� VLJQDO� 3&6BN[BN[�QBR� LV� DVVHUWHG� ZKHQ� WKH�
46*0,,�6*0,,B3&6�ZRUNV�LQ�WKLV�PRGH� 
7R�VZLWFK�IURP�6*0,,�DQG�����%$6(�;�PRGH�DQG�YLFH�YHUVD��SURJUDP�3&6B02'(�ILHOG�RI 
95B0,,B$1B&75/�UHJLVWHU�WR��
E���RU��
E���UHVSHFWLYHO\� 
 
3URJUDPPLQJ�6HTXHQFH�IRU�1RQ�6\QRSV\V�3+< 
7R�VZLWFK�WR��*�RU�.;�PRGH�ZKHQ�XVLQJ�QRQ�6\QRSV\V�3+<��FRPSOHWH�WKH�IROORZLQJ�VWHSV� 
���:ULWH��
E�����WR�%LWV>���@�RI�65B;6B3&6B&75/� 
���&OHDU�%LW���RI�95B;6B3&6B;$8,B&75/�WR����7KLV�ELW�FRQWUROV�WKH�3&6BU[DXLBPRGHBR�RXWSXW� 
��� 6HW� %LW� ��� RI� 65B30$B&75/�� �RQO\� IRU� %DFNSODQH� (WKHUQHW� 3&6� FRQILJXUDWLRQV�� RU�
65B;6B3&6B&75/��WR����7KLV�ELW�FRQWUROV�WKH�3&6BN[BN[�QBR�RXWSXW��7KLV�ELW�LV�LQYHUWHG�WR�
GULYH�WKH�3&6BN[BN[�QBR�RXWSXW� 
��� �2SWLRQDO�� ,I� WKH� 6*0,,� PRGH� LV� HQDEOHG�� \RX� FDQ� SURJUDP� %LW� ��� DQG� %LW� �� RI� WKH�
65B0,,B&75/�WR�VHW�WKH�6*0,,�VSHHG�DV�VKRZQ�LQ�IROORZLQJ�WDEOH� 
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6SHHG�PRGH�  66��  66�� 
�����0ESV�6*0,,�  ��  � 
����0ESV�6*0,,�  ��  � 
���0ESV�6*0,,�  ��  � 

 
���6HW�%LW����RI�65B;6B3&6B&75/��WR���WR�SRZHU�GRZQ�46*0,,�6*0,,B3&6� 
���:DLW�WLOO�%LWV>���@�RI�95B;6B3&6B',*B676�DUH�VHW�WR�DQ\�YDOXH�RWKHU�WKDQ��
E���� 
���&OHDU�%LW����RI�WKH�65B;6B3&6B&75/��WR���WR�SRZHU�XS�46*0,,�6*0,,B3&6� 
 

21.4.3 3URJUDPPLQJ�*XLGHOLQHV�IRU�46*0,,�0RGH 
7R�VZLWFK�WR�46*0,,�PRGH��SHUIRUP�WKH�IROORZLQJ�VWHSV� 
���&OHDU�%LW�>��@�RI�65B;6B3&6B&75/��5HJLVWHU�WR��� 
��� 3URJUDP� ELWV� >���@� RI� 95B0,,B$1B&75/� 5HJLVWHU� WR� �¶E���� 7KLV� DVVHUWV�

[J[VBTVJPLLBPRGHBR
�SRUW�RI�46*0,,�6*0,,B3&6� 
���6HW�%LW�>��@�RI�65B0,,B&75/�5HJLVWHU�WR���WR�SRZHU�GRZQ�46*0,,�6*0,,B3&6� 
���:DLW�WLOO�%LWV>���@�RI�95B0,,B',*B676�5HJLVWHU�DUH�VHW�WR�DQ\�YDOXH�RWKHU�WKDQ��
E���� 
���&OHDU�%LW�>��@�RI�65B0,,B&75/�5HJLVWHU�WR���WR�SRZHU�XS�46*0,,�6*0,,B3&6� 
 

21.4.4 3URJUDPPLQJ�*XLGHOLQHV�IRU�&ODXVH����$XWR�1HJRWLDWLRQ 
7KH�&ODXVH����DXWR�QHJRWLDWLRQ�LV�HQDEOHG�RQO\�ZKHQ�%LW����RI�WKH�65B0,,B&75/�5HJLVWHU�LV�
VHW��7KH�GHIDXOW�YDOXH�RI�WKLV�ELW�LV����:KHQ�WKLV�ELW�LV�HQDEOHG��WKH�&ODXVH����DXWR�QHJRWLDWLRQ�
LV�LQLWLDWHG�RQ�WKH�IROORZLQJ�HYHQWV� 
z 3RZHU�RQ�5HVHW 
z 6RIW�5HVHW 
7KH�46*0,,�6*0,,B3&6�LQLWLDWHV�WKH�DXWR�QHJRWLDWLRQ�RQ�WKH�IROORZLQJ�HYHQWV� 
z :KHQ� WKH� OLQN� SDUWQHU� UHTXHVWV� DXWR�QHJRWLDWLRQ� E\� WUDQVPLWWLQJ� FRQILJXUDWLRQ� FRGH�

JURXSV� 
z :KHQ�WKH�UHFHLYH�GDWD�SDWK�ORVHV�FRGH�JURXS�V\QFKURQL]DWLRQ�IRU�PRUH�WKDQ����PV��LQ�

����%$6(�;�PRGH��RU�����PV��LQ�6*0,,�PRGH�� 
z :KHQ�DQ�HUURU�FRQGLWLRQ�LV�GHWHFWHG�ZKLOH�UHFHLYLQJ�WKH��&��RU��,��RUGHU�VHWV� 
z :KHQ�WKH�KRVW�RU�VRIWZDUH�UHTXHVWV�DXWR�QHJRWLDWLRQ�E\�VHWWLQJ�%LW���LQ�WKH�65B0,,B&75/�

5HJLVWHU� 
7KH�IROORZLQJ�OLVW�H[SODLQV�WKH�DXWR�QHJRWLDWLRQ�SURFHVV� 
��� 7KH� 46*0,,�6*0,,B3&6� VWDUWV� DXWR�QHJRWLDWLRQ� E\� ILUVW� WUDQVPLWWLQJ� WKH� FRQILJXUDWLRQ�
ZRUGV�ZLWK�DOO�]HURHV�IRU����PV������PV�IRU�WKH�6*0,,�LQWHUIDFH�� 
��� 7KH� 65B0,,B$1B$'9�5HJLVWHU� FRQWHQW� LV� WUDQVPLWWHG� LQ� WKH� FRQILJXUDWLRQ�ZRUGV� LQ� WKH�
����%$6(�;�PRGH��,Q�WKH�6*0,,�PRGH��WKH�YDOXHV�JLYHQ�LQ�WKH�IROORZLQJ�7DEOH�DUH�WUDQVPLWWHG�
LQ� WKH� FRQILJXUDWLRQ�ZRUG�� 7KH�DXWR�QHJRWLDWLRQ� LV� FRPSOHWH�ZKHQ�ERWK� OLQN�SDUWQHUV�KDYH�
H[FKDQJHG�WKHLU�EDVH�SDJHV� 

&RQILJB5HJ�
%LW 

����%$6(�;�
0RGH 

6*0,,�
0RGH9DOXH�
:KHQ�7;�
B&21),*� ���
9DOXH 

6*0,,�0RGH9DOXH�:KHQ�7;�B&21),*� �
��9DOXH 

���  
1H[W�SDJH�
VXSSRUW 
�13��  

� 

/LQN�83�RU�/LQN�'RZQ� 
,I�ELW>�@�RI�95B0,,B',*B&75/��LV����WKLV�ELW 
LV�GHULYHG�IURP�%LW����6*0,,B/,1.B676��RI 
WKH�95B0,,B$1B&75/� 
,I�ELW>�@�RI�95B0,,B',*B&75/��LV����WKLV�ELW 
LV�GHULYHG�IURP�WKH�LQSXW�SRUW 
µ3&6BVJPLLBOLQNBVWVBL¶ 

���  $&.�  ��  � 
���  5)>�@�  ��  � 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2154 

&RQILJB5HJ�
%LW 

����%$6(�;�
0RGH 

6*0,,�
0RGH9DOXH�
:KHQ�7;�
B&21),*� ���
9DOXH 

6*0,,�0RGH9DOXH�:KHQ�7;�B&21),*� �
��9DOXH 

���  5)>�@�  � 

)8//B'83/(; 
,I�ELW>�@�RI�95B0,,B',*B&75/��LV����WKLV�ELW 
LV�GHULYHG�IURP�%LW����)'��RI�WKH 
65B0,,B$1B$'9� 
,I�ELW>�@�RI�95B0,,B',*B&75/��LV����WKLV�ELW 
LV�GHULYHG�IURP�WKH�LQSXW�SRUW 
µ3&6BVJPLLBIXOOBGXSOH[BL¶ 

������  5HVHUYHG�  � 

,I�ELW>�@�RI�95B0,,B',*B&75/��LV���WKH�
YDOXH 
RI�WKHVH�ELWV�LV�GHULYHG�IURP�%LW�����66��� 
DQG�%LW����66���RI�WKH�65B0,,B&75/� 
,I�ELW>�@�RI�95B0,,B',*B&75/��LV����WKLV�ELW 
LV�GHULYHG�IURP�WKH�LQSXW�SRUW 
µ3&6BVJPLLBOLQNBVSHHGBL>���@¶ 
Ƶ����������0ESV 
Ƶ���������0ESV 
Ƶ��������0ESV 

��  ���5HVHUYHG��  ��  � 
��  3$86(>�@�  ��  � 
��  3$86(>�@�  ��  � 
��  +$/)B'83/(;�  ��  � 
��  )8//B'83/(;�  ��  � 
��  ���5HVHUYHG��  ��  � 
��  ���5HVHUYHG��  ��  � 
��  ���5HVHUYHG��  ��  � 
��  ���5HVHUYHG��  ��  � 
��  ���5HVHUYHG��  ��  � 

 
���46*0,,�6*0,,B3&6�JHQHUDWHV�DQ�LQWHUUXSW�RQ�FRPSOHWLRQ��VEGBLQWUBR��RI�DXWR�QHJRWLDWLRQ�
ZKHQ�%LW���RI�95B0,,B$1B&75/�5HJLVWHU�LV�VHW�WR��� 
���7KH�DXWR�QHJRWLDWLRQ�FRPSOHWLRQ�LV�LQGLFDWHG�LQ�WKH�95B0,,B$1B,175B676�5HJLVWHU� 
���,Q�WKH�0$&�DWWDFKHG�WR�WKH�46*0,,�6*0,,B3&6��WKH�7UDQVPLW�DQG�5HFHLYH�)ORZ�&RQWURO�
PRGH�LV�GHWHUPLQHG�EDVHG�RQ�WKH�FDSDELOLWLHV�RI�WKH�SDUWQHU��JLYHQ�LQ�65B0,,B/3B%$%/��DQG�
WKH�KDOI�GXSOH[�RU�IXOO�GXSOH[�RSHUDWLQJ�PRGH� 
,Q�6*0,,�DXWR�QHJRWLDWLRQ��WKH�UHFHLYHG�OLQN�VWDWXV�VXFK�DV�VSHHG��GXSOH[�PRGH�LV�DOVR�JLYHQ�
LQ�WKH�95B0,,B$1B,175B676�5HJLVWHU� 
:KHQ�&ODXVH����DXWR�QHJRWLDWLRQ�LV�FRPSOHWH��46*0,,�6*0,,B3&6�DXWRPDWLFDOO\�UHVROYHV�WKH�
GXSOH[�PRGH�E\�VHOHFWLQJ�WKH�GXSOH[�PRGH�RI�LWV�OLQN�SDUWQHU��,I�DXWR�QHJRWLDWLRQ�LV�GLVDEOHG��
WKH�46*0,,�6*0,,B3&6�VHOHFWV�WKH�GXSOH[�PRGH�GHILQHG�LQ�%LW���RI�65B0,,B&75/�5HJLVWHU� 

21.4.4.1 6*0,,�$XWR�1HJRWLDWLRQ 

&ODXVH����DXWR�QHJRWLDWLRQ�FDQ�EH�SHUIRUPHG� LQ� WKH�6*0,,�PRGH�E\�SURJUDPPLQJ�YDULRXV�
UHJLVWHUV�DV�IROORZV� 
���,Q�FRQILJXUDWLRQV�ZLWK�ERWK���*�DQG��*�PRGH�VSHHG�PRGH��VZLWFK�46*0,,�6*0,,B3&6�WR�
�*�VSHHG�PRGH�E\�IROORZLQJ�WKH�VWHSV�GHVFULEHG�LQ�³6ZLWFKLQJ�WR��*�RU�.;�0RGH�DQG����RU�
����0ESV�6*0,,�6SHHG´�  
���'LVDEOH�&ODXVH����DXWR�QHJRWLDWLRQ�E\�SURJUDPPLQJ�ELW�>��@��$1B(1$%/(��RI�65B0,,B&75/�
5HJLVWHU�WR����LQ�FDVH�LW�LV�DOUHDG\�HQDEOHG�� 
���3URJUDP�YDULRXV�ILHOGV�RI�95B0,,B$1B&75/�5HJLVWHU�DSSURSULDWHO\�DV�IROORZV� 
z 3URJUDP�3&6B02'(�WR��¶E�� 
z 3URJUDP� 7;B&21),*� WR� �� �3+<� VLGH� 6*0,,�� RU� �� �0$&� VLGH� 6*0,,�� EDVHG� RQ� \RXU�
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UHTXLUHPHQW 
z 3URJUDP�0,,B$1B,175B(1�WR����WR�HQDEOH�DXWR�QHJRWLDWLRQ�FRPSOHWH�LQWHUUXSW 
z ,I�7;B&21),*�LV�VHW�WR���DQG�ELW>�@�RI�95B0,,B',*B&75/��5HJLVWHU�LV�VHW�WR����SURJUDP�

6*0,,B/,1.B676�WR�LQGLFDWH�WKH�OLQN�VWDWXV�WR�WKH�0$&�VLGH�6*0,,� 
z 3URJUDP�0,,B&75/�WR���RU����DV�SHU�\RXU�UHTXLUHPHQW� 
��� ,I� 46*0,,�6*0,,B3&6� LV� FRQILJXUHG� DV� 3+<�VLGH� 6*0,,� LQ� WKH� SUHYLRXV� VWHS�� \RX� FDQ�
SURJUDP�ELW�>�@�RI�95B0,,B',*B&75/��5HJLVWHU� WR���� LI�\RX�ZLVK�WR�XVH� WKH�YDOXHV�RI� WKH�
3&6BVJPLLBOLQNBVWVBL� LQSXW� SRUWV�� 3&6BVJPLLBIXOOBGXSOH[BL� DQG� 3&6BVJPLLBOLQNBVSHHGBL� DV�
WKH�WUDQVPLWWHG�FRQILJXUDWLRQ�ZRUG� 
���,I�46*0,,�6*0,,B3&6�LV�FRQILJXUHG�DV�3+<�VLGH�6*0,,�DQG�LI�ELW>�@�RI�95B0,,B',*B&75/��
5HJLVWHU�LV�VHW�WR��� 
z 3URJUDP�66���DQG�66��ELWV�RI�65B0,,B&75/�5HJLVWHU�WR�WKH�UHTXLUHG�6*0,,�6SHHG 
z 3URJUDP�ELW�>�@��)'��RI�65B0,,B$1B$'9�WR�WKH�GHVLUHG�PRGH��7KLV�VWHS�LV�PDQGDWRU\�

HYHQ�LI�\RX�ZLVK�WR�OHDYH�WKH�)'�UHJLVWHU�ELW�WR�LWV�GHIDXOW�YDOXH� 
��� ,I� 46*0,,�6*0,,B3&6� LV� FRQILJXUHG� DV� 0$&�VLGH� 6*0,,� LQ� VWHS� ��� SURJUDP� ELW>�@� RI�
95B0,,B',*B&75/�� 5HJLVWHU� WR� ��� IRU� 46*0,,�6*0,,B3&6� WR� DXWRPDWLFDOO\� VZLWFK� WR� WKH�
QHJRWLDWHG�OLQN�VSHHG��DIWHU�WKH�FRPSOHWLRQ�RI�DXWR�QHJRWLDWLRQ� 
���(QDEOH�&/���$XWR�QHJRWLDWLRQ�E\�SURJUDPPLQJ�ELW>��@�RI�WKH�65B0,,B&75/�5HJLVWHU�WR��� 

21.4.4.2 46*0,,�$XWR�1HJRWLDWLRQ 

&ODXVH����DXWR�QHJRWLDWLRQ�FDQ�EH� LQGHSHQGHQWO\�SHUIRUPHG�IRU�HDFK�RI�WKH���SRUWV��ZKHQ�
RSHUDWLQJ�LQ�46*0,,�PRGH��46*0,,�6*0,,B3&6�KDV���VHSDUDWH�00'V��0,,��0,,B���0,,B��DQG�
0,,B���WR�FRQWURO��DQG�WR�UHIOHFW�WKH�VWDWXV��WKH�DXWR�QHJRWLDWLRQ�RSHUDWLRQ� 
z 0,,�00'��!�3RUW�� 
z 0,,B��00'��!�3RUW�� 
z 0,,B��00'��!�3RUW�� 
z 0,,B��00'��!�3RUW�� 
$IWHU�VZLWFKLQJ�WR�46*0,,�PRGH��DV�GHVFULEHG�LQ�³3URJUDPPLQJ�*XLGHOLQHV�IRU�46*0,,�0RGH´�
IROORZ�WKHVH�VWHSV�WR�HQDEOH�DXWR�QHJRWLDWLRQ�RQ�D�SDUWLFXODU�SRUW��VD\�SRUW���� 
���,Q�%DFNSODQH�(WKHUQHW�3&6�FRQILJXUDWLRQV��SURJUDP�ELW�>��@��$1B(1��RI�65�$1�00'�&RQWURO�
5HJLVWHU�WR���DQG�ELW�>��@��&/��B%3��RI�95�;6�RU�3&6�00'�'LJLWDO�&RQWURO��5HJLVWHU�WR��� 
���'LVDEOH�&ODXVH����DXWR�QHJRWLDWLRQ�E\�SURJUDPPLQJ�ELW�>��@��$1B(1$%/(��RI�65�0,,B��
00'�&RQWURO�5HJLVWHU�WR����UHTXLUHG�RQO\�LQ�FDVH�LW�LV�DOUHDG\�HQDEOHG�� 
���3URJUDP�YDULRXV�ILHOGV�RI�95�0,,B��00'�$1�&RQWURO�5HJLVWHU�DSSURSULDWHO\�DV�IROORZV� 
z 3URJUDP�7;B&21),*�WR����3+<�VLGH�46*0,,��RU����0$&�VLGH�46*0,,��EDVHG�RQ�\RXU�

UHTXLUHPHQW 
z 3URJUDP�0,,B$1B,175B(1�WR����WR�HQDEOH�DXWR�QHJRWLDWLRQ�FRPSOHWH�LQWHUUXSW��RSWLRQDO�

VWHS� 
z 3URJUDP�46*0,,B/,1.B676�VXLWDEO\�WR�LQGLFDWH�WKH�OLQN�VWDWXV�WR�WKH�0$&�VLGH�46*0,,��

LI�7;B&21),*�LV�VHW�WR����46*0,,�3+<��DQG�ELW�>�@�RI�95�0,,B��00'�'LJLWDO�&RQWURO���
5HJLVWHU�LV�VHW�WR��� 

z 3URJUDP�0,,B&75/�WR���RU����DV�SHU�\RXU�UHTXLUHPHQW� 
��� ,I�46*0,,�6*0,,B3&6� LV� FRQILJXUHG�DV� 3+<�VLGH�46*0,,� LQ� WKH�SUHYLRXV� VWHS�� \RX�FDQ�
SURJUDP�ELW�>�@�RI�95�0,,B��00'�'LJLWDO�&RQWURO���5HJLVWHU�WR����LI�\RX�ZLVK�WR�XVH�WKH�YDOXHV�
RI� WKH� 3&6BTVJPLLBOLQNBVWVBS�BL�3&6BTVJPLLBIXOOBGXSOH[BS�BL�
DQG3&6BTVJPLLBOLQNBVSHHGBS�BL�LQSXW�SRUWV�DV�WKH�WUDQVPLWWHG�FRQILJXUDWLRQ�ZRUG� 
���,I�46*0,,�6*0,,B3&6�LV�FRQILJXUHG�DV�3+<�VLGH�46*0,,�DQG�LI�ELW�>�@�RI�95�0,,B��00'�
'LJLWDO�&RQWURO���5HJLVWHU�LV�VHW�WR��� 
z 3URJUDP�66���DQG�66��ELWV�RI�65�0,,B��00'�&RQWURO�5HJLVWHU�WR�WKH�UHTXLUHG�6SHHG�

0RGH� 
z 3URJUDP�ELW�>�@��)'��RI�65�0,,B��00'�$1�$GYHUWLVHPHQW�5HJLVWHU�WR�WKH�GHVLUHG�PRGH�  
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7KHVH�YDOXHV�JHW�DGYHUWLVHG�LQ�WKH�FRQILJXUDWLRQ�ZRUG�WUDQVPLWWHG�WR�WKH�OLQN�SDUWQHU� 
���,I�46*0,,�6*0,,B3&6�LV�FRQILJXUHG�DV�0$&�VLGH�46*0,,�LQ�VWHS����SURJUDP�ELW�>�@�RI�95�
0,,B��00'�'LJLWDO�&RQWURO���5HJLVWHU�WR����VR�WKDW�46*0,,�6*0,,B3&6�DXWRPDWLFDOO\�VZLWFKHV�
WR�WKH�QHJRWLDWHG�OLQN�VSHHG��DIWHU�WKH�FRPSOHWLRQ�RI�DXWR�QHJRWLDWLRQ���RSWLRQDO�VWHS� 
��� (QDEOH�&/���$XWR�QHJRWLDWLRQ�� E\� SURJUDPPLQJ� ELW� >��@� RI� WKH�65�0,,B��00'�&RQWURO�
5HJLVWHU� WR����&RPSOHWLRQ�RI�DXWR�QHJRWLDWLRQ� LV� LQGLFDWHG�E\�ELW�>�@�RI�95�0,,B��00'�$1�
,QWHUUXSW�6WDWXV�5HJLVWHU��,I�VWHS���KDV�QRW�EHHQ�SHUIRUPHG��SURJUDP�66���DQG�66��ELWV�RI�
65� 0,,B�� 00'� &RQWURO� 5HJLVWHU� VXLWDEO\�� EDVHG� RQ� WKH� RXWFRPH� RI� DXWR�QHJRWLDWLRQ�
�&/��B$16*0B676�ILHOG�RI�95�0,,B��00'�$1�,QWHUUXSW�6WDWXV�5HJLVWHU�� 
 

21.4.5 3URJUDPPLQJ�*XLGHOLQHV�IRU�(QHUJ\�(IILFLHQW�(WKHUQHW 
7R�HQDEOH�WKH�(QHUJ\�(IILFLHQW�(WKHUQHW��(((��IHDWXUH��WKH�KRVW�VKRXOG�FRPSOHWH�WKH�
IROORZLQJ� 
���&KHFN�LI�46*0,,�6*0,,B3&6�VXSSRUWV�WKH�(((�IHDWXUH�E\�UHDGLQJ�WKH�
65B;6B3&6B(((B$%/�UHJLVWHU��,I�%LW���RI�WKLV�UHJLVWHU�LV�VHW��LW�LQGLFDWHV�WKDW�
46*0,,�6*0,,B3&6�VXSSRUWV�(((�LQ����%$6(�;�PRGH� 
���3URJUDP�YDULRXV�WLPHUV�XVHG�LQ�WKH�(((�PRGH�GHSHQGLQJ�RQ�WKH�FONBHHHBL�FORFN�
IUHTXHQF\� 
)RU�����%$6(;�2QO\�3&6�FRQILJXUDWLRQV��SURJUDP�WKH�IROORZLQJ�UHJLVWHUV� 
z 95B0,,B(((B0&75/� 
z 95B0,,B(((B7;7,0(5 
z 95B0,,B(((B5;7,0(5 
���(QDEOH�WKH�(((�IHDWXUH�RQ�WKH�7[�SDWK�E\�VHWWLQJ�%LW���RI�95B;6B3&6B(((B0&75/��
5HJLVWHU��6LPLODUO\��HQDEOH�WKH�(((�IHDWXUH�RQ�WKH�5[�SDWK�E\�VHWWLQJ�%LW���RI�
95B;6B3&6B(((B0&75/��5HJLVWHU��:KHQ�WKHVH�ELWV�DUH�VHW��46*0,,�6*0,,B3&6�HQDEOHV�
WKH�HQFRGLQJ�RU�GHFRGLQJ�RI�WKH�/3,�FRGH�JURXSV�DQG�DOVR�HQDEOHV�WKH�(((�7[�DQG�5[�
FRQWUROOHUV� 
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Chapter 22 MULTI-PHY  
22.1 Overview  
08/7,�3+<�,3�VXSSRUW�SK\VLFDO�OD\HU�RI�PXOWLSOH�DSSOLFDWLRQ�LQFOXGLQJ�86%����6XSHU�6SHHG�
��*7�V���3&,(�*HQ��*HQ�����*7�V�DQG��*7�V���6$7$�*HQ��*HQ��*HQ������*7��*7��*7��
DQG�46*0,,�����*7��*7�� 
7KH�NH\�IHDWXUHV�RI�WKH�08/7,�3+<�FRUH�LQFOXGH� 
z &RPSDWLEOH�ZLWK�3&,(�86%��6$7$�46*0,,�EDVH�6SHFLILFDWLRQ 
z )XOO\�FRPSDWLEOH�ZLWK�3,3(����LQWHUIDFH�VSHFLILFDWLRQ 
z 'DWD�UDWH�FRQILJXUDEOH�WR�����*����*����*��*��*��*�IRU�GLIIHUHQW�DSSOLFDWLRQ 
z 6XSSRUW����ELW�RU����ELW�SDUDOOHO�LQWHUIDFH�ZKHQ�HQFRGH�GHFRGH�HQDEOHG 
z 6XSSRUW����ELW�SDUDOOHO�LQWHUIDFH�ZKHQ�HQFRGH�GHFRGH�E\SDVVHG 
z 6XSSRUW�IOH[LEOH�UHIHUHQFH�FORFN�IUHTXHQF\ 
z 6XSSRUW����0+]�GLIIHUHQWLDO�UHIHUHQFH�FORFN�LQSXW�RU�RXWSXW��RSWLRQDO�ZLWK�66&��LQ�3&,(�

0RGH 
z 6XSSRUW�6SUHDG�6SHFWUXP�FORFN��66&��JHQHUDWLRQ�DQG�UHFHLYLQJ�IURP������SSP�WR�

�SSP 
z 6XSSRUW�SURJUDPPDEOH�WUDQVPLW�DPSOLWXGH�DQG�'H�HPSKDVLV 
z 6XSSRUW�7;�GHWHFW�5;�IXQFWLRQ�LQ�3&,(�DQG�86%����0RGH 
z 6XSSRUW�%HDFRQ�VLJQDO�JHQHUDWLRQ�DQG�GHWHFWLRQ�LQ�3&,(�0RGH 
z 6XSSRUW�/RZ�)UHTXHQF\�3HULRGLF�6LJQDOLQJ��/)36��JHQHUDWLRQ�DQG�GHWHFWLRQ�LQ�86%����

0RGH 
z 6XSSRUW�&20:$.(��&20,1,7�DQG�&205(6(7��22%��JHQHUDWLRQ�DQG�GHWHFWLRQ�LQ�6$7$�

0RGH 
z 6XSSRUW�/��VXE�VWDWH�SRZHU�PDQDJHPHQW 
z 6XSSRUW�5;�ORZ�ODWHQF\�PRGH�LQ�6$7$�RSHUDWLRQ�PRGH 
z 6XSSRUW�/RRSEDFN�%(57�DQG�0XOWLSOH�3DWWHUQ�%,67�0RGH 
22.2 Function Description  
22.2.1 %ORFN�'LDJUDP�DQG�'HVFULSWLRQ 

 
Fig. 22-1 PMA Block Diagram of Multi-PHY 
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Fig. 22-2 PCS Block Diagram of Multi-PHY 

0XOWL�3+<�LQFOXGHV�WZR�PDMRU�EORFNV��30$�DQG�3&6��30$�LV�DQ�DQDORJ�PDFUR�WR�SHUIRUP�
VHULDOWR�SDUDOOHO�DQG�SDUDOOHO�WR�VHULDO�FRQYHUVLRQ��30$�LQFOXGHV�WKUHH�EORFNV��7UDQVPLWWHU��
5HFHLYHU�DQG�68�LQFOXGHV�3//��,95()��HWF����3&6�LV�D�GLJLWDO�V\QWKHVLV�PDFUR�WR�SHUIRUP�3+<�
FRGLQJ�VXE�OD\HU�IXQFWLRQ�OLNH��ELW���ELW�FRGH�DQG�GHFRGH��HODVWLF�EXIIHU��FRPPD�DOLJQPHQW�
DQG�%(57�ORRSEDFN��LW�DOVR�LQFOXGHV�D�UHJLVWHU�LQWHUIDFH�WR�DFFHVV�LQWHUQDO�FRQWURO�UHJLVWHUV�
ZLWK�$3%�LQWHUIDFH� 
22.2.2 6+$5('�81,7��68� 
3//�WDNHV�UHIHUHQFH�FORFN�LQSXW�IURP�&.5()3�1�DQG�3//B&.5()B,11(5��WR�
JHQHUDWH�D�KLJK�VSHHG�FORFN�IRU�GDWD�WUDQVPLVVLRQ�DQG�FORFN�GDWD�UHFRYHU\��7KH�KLJK�
VSHHG�FORFN�JHQHUDWHG�E\�3//�FRXOG�EH�66&��VSHFWUXP�VSUHDG�FORFN��PRGXODWHG�LI�66&�
PRGH�LV�WXUQHG�RQ��:KHQ�66&�LV�HQDEOHG��WKH�3+<�LV�WUDQVPLWWLQJ�VSUHDG�VSHFWUXP�
VHULDO�GDWD�ZLWK�IUHTXHQF\�RIIVHW�LQ�����.+]�SHULRGLFDOO\� 
,95()�LQFOXGHV�D�YROWDJH�DQG�FXUUHQW�UHIHUHQFH�JHQHUDWRU��ZKLFK�FRPSULVHV�D�%DQGJDS�
5HIHUHQFH�DQG�D�9ROWDJH�5HJXODWRU��5HIHUHQFH�YROWDJH�DQG�FXUUHQW�DUH�JHQHUDWHG�IRU�
LQWHUQDO�FLUFXLW�XVDJH��,95()�EORFN�LV�DOZD\V�RQ�DV�ORQJ�DV�,3�SRZHU�XS��LW�ZLOO�
FRQVXPH�a���X$�VWDWLF�FXUUHQW�DOO�WKH�WLPH��  
&.'59�LV�DQ�LQSXW�RXWSXW�GLIIHUHQWLDO�FORFN�EXIIHU��ZKHQ�LW�LV�XVHG�DV�LQSXW��LW�FDQ�
UHFHLYH�D�ZLGH�UDQJH�GLIIHUHQWLDO�UHIHUHQFH�FORFN��:KHQ�XVHG�DV�RXWSXW��&.'59�FDQ�
GULYH�D����0+]�GLIIHUHQWLDO�FORFN�IRU�3&,(�KRVW�DSSOLFDWLRQ� 
22.2.3 75$160,77(5��7;� 
7KH�6HULDOL]HU�EORFN�FRQYHUWV�SDUDOOHO�GDWD�IURP�3+<�3&6�WR�KLJK�VSHHG�VHULDO�GDWD�E\�XVLQJ�
KLJK�VSHHG�FORFN�JHQHUDWHG�E\�3//��$�IHHG�IRUZDUG�HTXDOL]HU��))(��LV�LPSOHPHQWHG�WR�
FRPSHQVDWH�FKDQQHO�,6,� 
'ULYHU�ZLOO�FRQYHUW�WKH�VHULDO�GDWD�WR�GLIIHUHQWLDO�VLJQDO�RQ�7;3�7;0��DOVR�WKH�GULYHU�ZLOO�
WUDQVPLW�%HDFRQ�6LJQDO��3&,(������22%�6$7$��RU�/)36�86%�����VLJQDOLQJ��7KH�GLIIHUHQWLDO�
RXWSXW�DPSOLWXGH�DQG�'HHPSKDVLV�OHYHO�FDQ�EH�SURJUDPPHG�YLD�VHWWLQJ�3,3(��FRQWURO�SLQV�
7;B6:,1*��7;B'((03+>���@�DQG�7;B0$5*,1>���@��  
7KH�UHFHLYHU�GHWHFWRU�ZLOO�EH�XVHG�WR�GHWHFW�WKH�IDU�HQG�UHFHLYHU�SUHVHQW�RU�QRW� 
22.2.4 5(&(,9(5��5;� 
7KH�&7/(��&RQWLQXRXV�7LPH�/LQHDU�(TXDOL]HU��LV�XVHG�WR�FRPSHQVDWH�FKDQQHO�ORVV�DQG�FDQFHO�
,6,�RI�WKH�LQSXW�VLJQDOV�E\�ERRVWLQJ�KLJK�IUHTXHQF\�JDLQ��7KH�&7/(�FDQ�EH�VHW�WR�DGDSWLYH�
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PRGH�RU�PDQXDO�VHWWLQJ�PRGH� 
7KH�&'5��&ORFN�DQG�'DWD�5HFRYHU��WUDFNV�LQSXW�GDWD�VWUHDP�DQG�JHQHUDWH�UHFRYHUHG�FORFN�
IRU�GDWD�GHVHULDOL]HU��'H�6HULDOL]HU�FRQYHUWV�LQFRPLQJ�VHULDO�ELW�VWUHDP�UHFRYHUHG�E\�&'5�LQWR�
D�V\QFKURQL]HG�SDUDOOHO�GDWD�EXV�DQG�IRUZDUG�LW�WR�3+<�3&6�EORFN� 
7KH�6LJQDO�'HWHFWRU�GHWHFWV�22%�/)36�RQ�WKH�5;�LQSXW�SDLU� 
22.2.5 3&6 
3&6�PRGXOH�LV�D�SXUH�GLJLWDO�V\QWKHVLV�PRGXOH��LW�ZRUNV�DV�DQ�LQWHUIDFH�EHWZHHQ�30$�DQG�
0$&��LW�DFFRPSOLVKHV�IXQFWLRQV�LQFOXGLQJ�FRPPD�DOLJQPHQW���ELW���ELW�FRGH�GHFRGH��HODVWLF�
EXIIHU��SRZHU�FRQWURO�DQG�,3�WHVWLQJ��7KLV�PRGXOH�DOVR�LQFOXGHV�D�$3%�LQWHUIDFH�IRU�DFFHVVLQJ�
3+<�FRQWURO�UHJLVWHUV��3&6�LV�IXOO\�FRPSDWLEOH�ZLWK�WKH�3,3(��LQWHUIDFH�RI�³3+<�LQWHUIDFH�IRU�
3&,�H[SUHVV�DQG�86%����DUFKLWHFWXUH�E\�LQWHO �́ 
 
22.3 Register Description  
22.3.1 ,QWHUQDO�$GGUHVV�0DSSLQJ�  
6ODYH�DGGUHVV�FDQ�EH�GLYLGHG�LQWR�GLIIHUHQW�OHQJWK�IRU�GLIIHUHQW�XVDJH��ZKLFK�LV�VKRZQ�DV�
IROORZV� 
 
22.3.2 5HJLVWHUV�6XPPDU\�  

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

0XOWL�3+<B5HJLVWHU��� �[���� : �[�������� 5HJLVWHU��� 
0XOWL�3+<B5HJLVWHU��� �[���� : �[�������� 5HJLVWHU��� 
0XOWL�3+<B5HJLVWHU��� �[���� : �[������)) 5HJLVWHU��� 
0XOWL�3+<B5HJLVWHU��� �[���& : �[�������� 5HJLVWHU��� 
0XOWL�3+<B5HJLVWHU��� �[���� : �[�������� 5HJLVWHU��� 
0XOWL�3+<B5HJLVWHU��� �[���� : �[�������� 5HJLVWHU��� 
0XOWL�3+<B5HJLVWHU��� �[���� : �[�������� 5HJLVWHU��� 
0XOWL�3+<B5HJLVWHU��� �[���& : �[�������� 5HJLVWHU��� 
0XOWL�3+<B5HJLVWHU��� �[���� : �[������(� 5HJLVWHU��� 
0XOWL�3+<B5HJLVWHU��� �[���� : �[�������' 5HJLVWHU��� 
0XOWL�3+<B5HJLVWHU��� �[���& : �[�������� 5HJLVWHU��� 
0XOWL�3+<B5HJLVWHU��� �[���� : �[�������� 5HJLVWHU��� 
0XOWL�3+<B5HJLVWHU��� �[���� : �[�������% 5HJLVWHU��� 
0XOWL�3+<B5HJLVWHU��� �[���� : �[�������� 5HJLVWHU��� 
0XOWL�3+<B5HJLVWHU��� �[���& : �[�������� 5HJLVWHU��� 
0XOWL�3+<B5HJLVWHU��� �[���� : �[�������� 5HJLVWHU��� 
0XOWL�3+<B5HJLVWHU��� �[���� : �[�������� 5HJLVWHU��� 
0XOWL�3+<B5HJLVWHU��� �[���� : �[�������� 5HJLVWHU��� 
0XOWL�3+<B5HJLVWHU��� �[���& : �[�������� 5HJLVWHU��� 
0XOWL�3+<B5HJLVWHU��� �[���� : �[�������� 5HJLVWHU��� 
0XOWL�3+<B5HJLVWHU��� �[���� : �[�������� 5HJLVWHU��� 
0XOWL�3+<B5HJLVWHU��� �[���� : �[�������& 5HJLVWHU��� 
0XOWL�3+<B5HJLVWHU��� �[���& : �[�������� 5HJLVWHU��� 
0XOWL�3+<B5HJLVWHU��� �[���� : �[�������� 5HJLVWHU��� 
0XOWL�3+<B5HJLVWHU��� �[���� : �[�������� 5HJLVWHU��� 
0XOWL�3+<B5HJLVWHU��� �[���� : �[�������� 5HJLVWHU��� 
0XOWL�3+<B5HJLVWHU��� �[���& : �[�������� 5HJLVWHU��� 
0XOWL�3+<B5HJLVWHU��� �[���� : �[�������� 5HJLVWHU��� 
0XOWL�3+<B5HJLVWHU��� �[���� : �[�������� 5HJLVWHU��� 
0XOWL�3+<B5HJLVWHU��� �[���� : �[�������� 5HJLVWHU��� 
0XOWL�3+<B5HJLVWHU��� �[���& : �[�������� 5HJLVWHU��� 
0XOWL�3+<B5HJLVWHU��� �[���� : �[�������� 5HJLVWHU��� 
1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV��':�
'RXEOH�:25'�����ELWV��DFFHVV�  
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22.3.3 'HWDLO�5HJLVWHUV�'HVFULSWLRQ�  
0XOWL�3+<B5HJLVWHU����  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� 5: �[� 
&/.B287B6(/ 
6HOHFW�ZKLFK�LQWHUQDO�FORFN�FRQQHFW�WR�RXWSXW�WHVWBFON�  
�
E���7;3//�FORFN���  
�
E���5;&'5�FORFN�� 

� 5: �[� ,19B7;3//B&/. 
,I����LQYHUW�WKH�3//�FORFN�IURP�3+<�WR�3&6�LQ�3&6 

� 5: �[� ,19B5;&'5B&/. 
,I����LQYHUW�WKH�&'5�FORFN�IURP�3+<�WR�3&6�LQ�3&6 

��� 52 �[�� UHVHUYHG 
 
0XOWL�3+<B5HJLVWHU����  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[� 
3:'1B&75/>���@ 
>�@��,I����3+<�EORFN�SRZHU�FRQWUROOHG�E\�SZRQ�VLJQDOV�LQVWHDG�
RI�3,3(�VLJQDOV 
>�@��(QDEOH�,95()�LQ�30$�ZKHQ�SZGQBFWUO>�@ � 

��� 52 �[�� UHVHUYHG 

� 5: �[� &86720B63(&,),& 
%\SDVV�HODVWLFBEXIIHU�LQ�VDWD�PRGH 

 
0XOWL�3+<B5HJLVWHU����  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[II 

3:'1B&75/>���@ 
>�@��(QDEOH�3:21B7;B%8)�WR�SRZHU�RQ�7;�GULYHU�LQ�30$�
SZGQBFWUO>�@ � 
>�@��(QDEOH�3:21B7;3//�WR�SRZHU�RQ�3//�LQ�30$�SZGQBFWUO>�@ � 
>�@��(QDEOH�3:21B,'/(B'(7�WR�SRZHU�RQ�3&,(�(,'/(�GHWHFW�
GULYHU�LQ�30$ 
SZGQBFWUO>�@ � 
>�@��(QDEOH�3:21B/)36B'(7�WR�SRZHU�RQ�86%�/)36�GHWHFW�LQ�
30$ 
SZGQBFWUO>�@ � 
>�@��(QDEOH�3:21B5;B%8)�WR�SRZHU�RQ�5;�&7/(�LQ�30$�
SZGQBFWUO>�@ � 
>�@��(QDEOH�3:21B&'5�WR�SRZHU�RQ�5;�&'5�LQ�30$�
SZGQBFWUO>�@ � 
>�@��(QDEOH�3:21B22%B'(7�WR�SRZHU�RQ�6$7$�22%�GHWHFW�LQ�
30$ 
SZGQBFWUO>�@ � 
>�@��(QDEOH�3:21B+6B'(7�WR�SRZHU�RQ�6$7$�KLJK�VSHHG�GDWD�
GHWHFW�LQ�30$�SZGQBFWUO>�@ � 

 
0XOWL�3+<B5HJLVWHU����  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2161 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

5;B57(50B9&20 
5;�YFRP�YROWDJH�VHOHFW�VLJQDO 
�
E����*1' 
�
E�������IORDWLQJ 
�
E�������P9 

��� 52 �[�� UHVHUYHG 
 
0XOWL�3+<B5HJLVWHU����  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 
 
0XOWL�3+<B5HJLVWHU����  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[� 

3//B&/.5()B',9 
3OO�LQSXW�FORFN�GLYLGHU��YDOLG�ZKHQ�VXBWULP>��@ � 
�
E����� 
�
E������� 
�
E������� 
�
E������� 

��� 52 �[�� UHVHUYHG 
 
0XOWL�3+<B5HJLVWHU����  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[� 

7;B57(50 
7;�RXWSXW�UHVLVWHU�DGMXVW�VLJQDO�E\�VWHS�DERXW��RKP 
�
E�������� 
�
E�������� 
�
E�������� 
GHIDXOW�� �QRW�VXSSRUWHG 

��� 5: �[� 

5;B57(50 
5;�LQSXW�UHVLVWHU�DGMXVW�VLJQDO�E\�VWHS�DERXW��RKP 
�
E�������� 
�
E�������� 
�
E���������� 
GHIDXOW�� �QRW�VXSSRUWHG 

 
0XOWL�3+<B5HJLVWHU����  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� 5: �[� 

%<36B&'5B(1 
�
E���&'5�UHFRYHUHG�FORFN�ZLOO�EH�RSHUDWLRQ�ZKLOH�3//�LV�ORFNHG�
DQG�&'5�LV�RSHUDWLRQ��DQG�U[BFGUBWULP>�@�RQO\�FDQ�EH�VHW�WR��
E��
XVLQJ�UHIHUHQFH�FORFN�IRU�U[BUG\�JHQHUDWLRQ� 
�
E���&'5�UHFRYHUHG�FORFN�ZLOO�EH�RSHUDWLRQ�ZKLOH�3//�LV�ORFNHG��
DQG 
U[BFGUBWULP>�@�FDQ�EH�VHW�WR��
E��XVLQJ�UHFRYHUHG�FORFN�IRU�
U[BUG\�JHQHUDWLRQ� 

� 5: �[� 7;B6:,1* 
5HVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 1($5B(1'B/3.B(1$%/( 
3+<�1HDU�HQG�ORRS�EDFN�HQDEOH�LQ�%,67�PRGH 

� 5: �[� 
66&B(1 
,Q�8��DQG�6$7$�PRGH��WKLV�ELW ����VHW�66&�RQ 
,Q�3&,(�PRGH��WKLV�ELW ��VHW�66&�RII 

��� 5: �[� 

7;B6:,1*B&20 
7;�ERRVW�OHYHO�DGMXVW�VLJQDO 
�
E�����PLQLPXP 
�
E�����PD[LPXP 
GHIDXOW�� �QRW�VXSSRUWHG 

 
0XOWL�3+<B5HJLVWHU����  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� 5: �[� 

%<36B&'5B)/B(1 
�
E���U[BUG\�LV�SXOVH�VLQJDO�WR�LQGLFDWH�&'5�VWDUW�WR�FORFN�DQG�
GDWD�UHFRYHG�IURP�LQSXW�VHULDO�GDWD� 
�
E���U[BUG\�LV�QRW�FRQWUROOHG�E\�30$�3&6�LQWHUIDFH�VLJQDO�
�FGUBIOBHQ�� 

� 5: �[� 
%<36B&3$7+B/,0,7 
�
E���&'5�&3$7+�ZLOO�EH�UHVHW�ZKLOH�&'5�&3$7+�LV�RYHUIORZ� 
�
E���&'5�&3$7+�ZLOO�EH�ORFNHG�WR�0$;�IUHTXHQF\�RIIVHW�ZKLOH�
&'5�&3$7+�LV�RYHUIORZ� 

� 5: �[� 
%<36B&3$7+B29(5)/2: 
�
E���&'5�&3$7+�LV�FRQWUROOHG�E\�&'5�&3$7+�RYHUIORZ� 
�
E���&'5�&3$7+�LV�QRW�FRQWUROOHG�E\�&'5�&3$7+�RYHUIORZ 

� 5: �[� 

%<36B)*$,1B$'37 
�
E���&'5�&3$7+�JDLQ�LV�;��ZKLOH�&'5�UHFRYHU�IUHTXHQF\�ZKLOH�
U[BFGUBWULP>�@ �� 
�
E���&'5�&3$7+�JDLQ�LV�;��ZKLOH�&'5�UHFRYHU�IUHTXHQF\�ZKLOH 
U[BFGUBWULP>�@ �� 

� 5: �[� 

%<36B3:21B5;B%8) 
�
E���&7/(�DQG�/26�GHWHFWRU�LV�FRQWUROOHG�E\�3:'1>���@� 
�
E���&7/(�DQG�/26�GHWHFWRU�LV�RSHUDWLRQ�ZKLOH�UHIHUHQFH�FORFN�
DQG�5; 
WHUPLQDWLRQ�DUH�SUHVHQW� 

� 5: �[� 

%<36B3:21B5;B&'5 
�
E���&'5�LV�FRQWUROOHG�E\�3:'1>���@� 
�
E���&'5�LV�RSHUDWLRQ�DIWHU�3//�LV�ORFNHG�ZKLOH�UHIHUHQFH�FORFN�
DQG�5; 
WHUPLQDWLRQ�DUH�SUHVHQW� 

� 5: �[� 
%<36B3:21B7;B%8) 
�
E���7;�'ULYHU�LV�FRQWUROOHG�E\�3:'1>���@� 
�
E���7;�'ULYHU�LV�RSHUDWLRQ�DIWHU�3//�LV�ORFNHG�ZKLOH�UHIHUHQFH�
FORFN�LV�SUHVHQW�DQG�7;�GHWHFW�5;�LV�ILQLVKHG� 

� 5: �[� 
%<36B5(6(71 
�
E���30$�LV�UHVHW�E\�5671� 
�
E���30$�LV�QRW�FRQWUROOHG�E\�5671� 

 
0XOWL�3+<B5HJLVWHU����  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2163 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[�G 

68B75,0>���@ 
5HIHU�DV�68�DGMXVW�VLJQDO>���@ 
>���@��3//�.9&2�DGMXVW�������PLQ������PD[ 
>�@��3//�IRUFH�ORFN 
>���@��3//�FKDUJH�SXPS�FXUUHQW�DGMXVW�������PLQ������PD[ 
>�@��3//�/3)�5��DGMXVW>�@ 
���PD[����PLQ 
>��@��E\SDVV�SOO�SRZHU�GRZQ�FRQWURO 
>��@��E\SDVV�UHI�FORFN�GHWHFW�IXQFWLRQ 
>��@��E\SDVV�YFQWO�GHWHFW 
>��@��E\SDVV�3//�ORRS�GLYLGHU�FRGH 
>��@��E\SDVV�LYUHI�SRZHU�GRZQ�FRQWURO 
>��@��E\SDVV�3//�ORFN�GHWHFW�PRGH�RI�DOZD\V�GHWHFW 
>��@��E\SDVV�325�IXQFWLRQ 
>��@��E\SDVV�LYUHI�SRZHU�GRZQ�FRQWURO 
>��@��&.5&9�FRPPRQ�YROWDJH�DGMXVW 
���IORDWLQJ 
���*1' 
>�����@��&.5&9�WHUPLQDWLRQ�UHVLVWHU�DGMXVW 
�������RKP 
�������RKP 
��������RKP 
����+L�= 
>��@��&.5&9�PRGH�VHOHFW 
���GLIIHUHQFH�UHFHLYHU�PRGH 
���VLJQDO�UHFHLYHU�PRGH��&.5()3�LV�YDOLG�&.5()1�LV�GLVDEOH� 
>�����@��&.5&9�DPS�LQSXW�FRPPRQ�YROWDJH�DGMXVW 
��������P9 
��������P9 
��������P9��GHIDXOW� 
��������P9 
>�����@��&.'59�RXWSXW�VZLQJ�DGMXVW�����������P9�����������
P9��VWHS����P9 
>��@��&.'59�LQSXW�FORFN�VHOHFW�VLJQDO� 
���FN���PBSFLH�IURP�3// 
���FNUHI�IURP�&.5&9 
>�����@��&.'59�RXWSXW�VOHZ�UDWH�DGMXVW������IDVW������VORZ 

 
0XOWL�3+<B5HJLVWHU����  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 

68B75,0>����@ 
5HIHU�DV�68�DGMXVW�VLJQDO�>����@ 
>���@�3//�/3)�5��DGMXVW������PD[�����PLQ 
>�@��E\SDVV�SOO�SRZHU�GRZQ�FRQWURO 
>�@��E\SDVV�UHI�FORFN�GHWHFW�IXQFWLRQ 
>�@��E\SDVV�YFQWO�GHWHFW 
>�@��E\SDVV�3//�ORRS�GLYLGHU�FRGH 
>�@��E\SDVV�LYUHI�SRZHU�GRZQ�FRQWURO 
 

 
0XOWL�3+<B5HJLVWHU����  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2164 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 

68B75,0>�����@ 
5HIHU�DV�68�DGMXVW�VLJQDO�>�����@ 
>�@��E\SDVV�3//�ORFN�GHWHFW�PRGH�RI�DOZD\V�GHWHFW 
>�@��E\SDVV�325�IXQFWLRQ 
>�@��E\SDVV�LYUHI�SRZHU�GRZQ�FRQWURO 
>�@��&.5&9�FRPPRQ�YROWDJH�DGMXVW 
�
E���IORDWLQJ 
�
E���*1' 
>���@��&.5&9�WHUPLQDWLRQ�UHVLVWHU�DGMXVW 
�
E�������RKP 
�
E�������RKP 
�
E��������RKP 
�
E����+L�= 
>�@��&.5&9�PRGH�VHOHFW 
�
E���GLIIHUHQFH�UHFHLYHU�PRGH 
�
E���VLJQDO�UHFHLYHU�PRGH��&.5()3�LV�YDOLG�&.5()1�LV�GLVDEOH� 
>�@��&.5&9�DPS�LQSXW�FRPPRQ�YROWDJH�DGMXVW>�@ 
�
E��������P9 
�
E��������P9 
�
E��������P9��GHIDXOW� 
�
E��������P9 
>�����@��&.'59�RXWSXW�VZLQJ�DGMXVW�����������P9�����������
P9��VWHS����P9 
>��@��&.'59�LQSXW�FORFN�VHOHFW�VLJQDO� 
���FN���PBSFLH�IURP�3// 
���FNUHI�IURP�&.5&9 
>�����@��&.'59�RXWSXW�VOHZ�UDWH�DGMXVW������IDVW������VORZ 

 
0XOWL�3+<B5HJLVWHU����  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�E 

68B75,0>�����@ 
5HIHU�DV�68�DGMXVW�VLJQDO>����@ 
>�@��&.5&9�DPS�LQSXW�FRPPRQ�YROWDJH�DGMXVW>�@ 
�
E��������P9 
�
E��������P9 
�
E��������P9��GHIDXOW� 
�
E��������P9 
>���@��&.'59�RXWSXW�VZLQJ�DGMXVW 
�
E���������P9 
�
E���������P9 
VWHS����P9 
>�@��&.'59�LQSXW�FORFN�VHOHFW�VLJQDO 
�
E���FN���PBSFLH�IURP�3// 
�
E���FNUHI�IURP�&.5&9 
>���@��&.'59�RXWSXW�VOHZ�UDWH�DGMXVW 
�
E����IDVW 
�
E����VORZ 
GHIDXOW�� �QRW�VXSSRUWHG 

 
0XOWL�3+<B5HJLVWHU����  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2165 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[� 

66&B&17>���@ 
3//�FRQWURO�66&�PRGXOH�SHULRG 
:KHQ�WKH�SOOBFNUHIBLQQHU�LV����0+]���0+]��7KLV�VLJQDOV�VKRXOG�
EH�VHW�WR�LWV�GHIDXOW�YDOXH�XQOHVV�WKH�XVHU�ZDQW�FKDQJH�WKH�
����.+]�66&�PRGXODWLRQ�IUHTXHQF\ 
:KHQ�WKH�SOOBFNUHIBLQQHU�LV���0+]��WKLV�VLJQDO�VKRXOG�EH�VHW�WR�LWV�
GHIDXOW�YDOXH�XQOHVV�WKH�XVHU�ZDQW�FKDQJH�WKH�����.+]�66&�
PRGXODWLRQ�IUHTXHQF\ 

��� 5: �[� 7(67B6(/ 
5HVHUYHG 

� 5: �[� 

5;B76(4 
86%�0RGH 
:KHQ�DVVHUWHG��LW�LV�XVHG�WR�LQVWUXFW�86%����3+<�WR�E\SDVV�
QRUPDO�RSHUDWLRQ�DQG�GR�D�UHFHLYHU�HTXDOL]DWLRQ�WUDLQLQJ��3OHDVH�
UHIHU�WR�3,3(��LQWHUIDFH�DQG�86%����EDVH�VSHF�IRU�PRUH�GHWDLO�
LQIRUPDWLRQ 

� 5: �[� 
(1B$'37 
$GDSWLYH�&RQWLQXRXV�7LPH�/LQHDU�(TXDOL]HU��&7/(��HQDEOH�VLJQDO 
�
E���HQDEOH�DGDSWLYH�&7/( 
�
E���GLVDEOH�DGDSWLYH�&7/( 

 
0XOWL�3+<B5HJLVWHU����  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 

66&B&17>���@ 
3//�FRQWURO�66&�PRGXOH�SHULRG 
:KHQ�WKH�SOOBFNUHIBLQQHU�LV����0+]���0+]��7KLV�VLJQDOV�VKRXOG�
EH�VHW�WR�LWV�GHIDXOW�YDOXH�XQOHVV�WKH�XVHU�ZDQW�FKDQJH�WKH�
����.+]�66&�PRGXODWLRQ�IUHTXHQF\ 
:KHQ�WKH�SOOBFNUHIBLQQHU�LV���0+]��WKLV�VLJQDO�VKRXOG�EH�VHW�WR�LWV�
GHIDXOW�YDOXH�XQOHVV�WKH�XVHU�ZDQW�FKDQJH�WKH�����.+]�66&�
PRGXODWLRQ�IUHTXHQF\ 

 
0XOWL�3+<B5HJLVWHU����  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 
3//B',9>���@ 
3OO�ORRS�GLYLGHU��YDOLG�ZKHQ�VXBWULP>��@ ���>�����@�LV�WKH�LQWHJHU�
QXPEHU�RI�GLYLGHU�IDFWRU��DQG�>���@�DUH�WKH�GHFLPDO�IUDFWLRQ 

 
0XOWL�3+<B5HJLVWHU����  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� 5: �[� 

)5(=B$37B(4 
�
E���WKH�DGDSWLYH�HTXDOL]HU�ZLOO�IUHH]H�DW�LWV�ILQDO�UHVXOW�ZKHQ�
HTXDOL]HU�WUDLQLQJ�SDWWHUQ�WUDQVPLVVLRQ�LV�GRQH� 
7KLV�VLJQDO�LV�XVHG�LQ�86%����PRGH��ZKHQ�HTXDOL]HU�WUDLQLQJ�
SDWWHUQ�WUDQVPLVVLRQ�LV�GRQH��,3�XVHU�FDQ�VWRS�DGDSWLYH�
HTXDOL]DWLRQ�DQG�IUHH]H�WKH�UHVXOW� 
�
E���WKH�DGDSWLYH�HTXDOL]HU�ZLOO�EH�DOZD\V�ZRUNLQJ�ZKHQ�WKH�
DGDSWLYH�HTXDOL]HU�IXQFWLRQ�LV�HQDEOH 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2166 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[�� 
3//B',9>����@ 
3OO�ORRS�GLYLGHU��YDOLG�ZKHQ�VXBWULP>��@ ���>�����@�LV�WKH�LQWHJHU�
QXPEHU�RI�GLYLGHU�IDFWRU��DQG�>���@�DUH�WKH�GHFLPDO�IUDFWLRQ 

 
0XOWL�3+<B5HJLVWHU����  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[� 
5;B$)(B75,0 
5HFHLYHU��VW�VWDJH�HTXDOL]HU�UHV�FRQWURO��XVHG�WR�DGMXVW�SROH�]HUR�
RI�5;�HT� 

��� 5: �[� 
5;B$)(B&75,0 
5HFHLYHU��VW�VWDJH�HTXDOL]HU�FDS�FRQWURO��XVHG�WR�DGMXVW�SROH�]HUR�
RI�5;�(4 

 
0XOWL�3+<B5HJLVWHU����  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� %($&20B7,0(287B6(/ 
3&,(�EHDFRQ�WLPHRXW�VHOHFW 

� 5: �[� 
5;B32/$5 
5;�RXWSXW�SRODULW\�VHW 
�
E����QR�LQYHUW�5;�RXWSXW�GDWD�SRODULW\ 
�
E����LQYHUW�5;�RXWSXW�GDWD�SRODULW\ 

��� 5: �[� 
5;B$)(B575,0 
5HFHLYHU��VW�VWDJH�HTXDOL]HU�UHV�FRQWURO��XVHG�WR�DGMXVW�SROH�]HUR�
RI�5;�HT 

 
0XOWL�3+<B5HJLVWHU����  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 

5;B64'(7B75,0>���@ 
5;�VTXHOFK�DGMXVW>���@ 
>���@��VTXHOFK�LQSXW�ILOOHU�EDQGZLGWK�DGMXVW��  
�
E�����PD[�EDQGZLGWK�  
�
E�����PLQ�EDQGZLGWK 
GHIDXOW�� �QRW�VXSSRUWHG 
>���@��VTXHOFK�GHOD\�DGMXVW��  
�
E����PD[�GHOD\�  
�
E����PLQ�GHOD\ 
GHIDXOW�� �QRW�VXSSRUWHG 
>���@��DPS�ELDV�DGMXVW��  
�
E����PD[�LELDV 
�
E����PLQ�LELDV 
GHIDXOW�� �QRW�VXSSRUWHG 
>�@��VTXHOFK�GHWHFW�YWK�DGMXVW>�@ 
�
E����PLQ�YWK�  
�
E����PD[�YWK 
GHIDXOW�� �QRW�VXSSRUWHG 

 
0XOWL�3+<B5HJLVWHU����  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2167 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[� 
5;B$'37B(4B75,0>���@ 
5;B$'37B(4B75,0>���@ 
>���@��DGDSWLYH�HTXDOL]HU�GHWHFWLRQ�WKUHVKROG�FRQWURO 
>�@��DGDSWLYH�HTXDOL]HU�JDLQ�FRQWURO 

��� 5: �[� 

5;B64'(5B75,0>����@ 
5;�VTXHOFK�DGMXVW>����@ 
>�@��VTXHOFK�GHWHFW�YWK�DGMXVW>�@ 
�
E����PLQ�YWK�  
�
E����PD[�YWK 
GHIDXOW�� �QRW�VXSSRUWHG 
>�@��E\SDVV�U[BVXSHUVSHHG�����U[BVXSHUVSHHG � 
>�@��U[BVXSHUVSHHG�IXQFWLRQ�VHOHFW 
�
E���aORV�RXWSXW��  
�
E���aORV�RXWSXW�_�VTXHOFK�RXWSXW 
>�@��U[BSFLHBLGOH�IXQFWLRQ�VHOHFW�  
�
E���a�VTXHOFK�RXWSXW 
�
E���ORV�RXWSXW 

 
0XOWL�3+<B5HJLVWHU����  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�F 

5;B$'37B(4B75,0>����@ 
5;B$'37B(4B75,0>����@ 
>���@��DGDSWLYH�HTXDOL]HU�EDQGZLGWK�FRQWURO 
>���@��DGDSWLYH�RXWSXW�UHIUHVK�EDQGZLGWK�FRQWURO 
>�@��E\SDVV�WKH�DGDSWLYH�&M�IXQFWLRQ 
>�@��WHVW�PRGH�VHOHFW 
>�@��5HVHUYHG 

 
0XOWL�3+<B5HJLVWHU����  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[� 
5;B&'5B75,0>���@ 
>�@��&'5�JDLQ�DGMXVW�����������������>�@ ��������>�@ �� 
>���@��7KH�VOHZ�UDWH�FRQWURO�IRU�3,�������IDVW�VOHZ�UDWH�������VORZ�
VOHZ�UDWH 

��� 5: �[� 
5;B/26B75,0 
5;�ORV�GHWHFW�DGMXVW 
>���@��ORZ�YWK�DGMXVW� 
>���@��5HVHUYHG 

 
0XOWL�3+<B5HJLVWHU����  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2168 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[�� 

5;B&'5B75,0>����@ 
>�@��&'5�JDLQ�DGMXVW 
�
E��������  
�
E�������ZKHQ�U[BFGUBWULP>�@ � 
>�@��&'5�SKDVH�SDWK�JDLQ�DGMXVW�  
�
E���[� 
�
E���[� 
>�@��&'5�FSDWK�EDQGZLGWK�JDLQ�DGMXVW 
�
E���ORZ�EDQGZLGWK 
�
E���KLJK�EDQGZLGWK 
>�@��U[BUG\�FRXQWHU�FORFN�VHOHFW�  
�
E���UHI�FORFN 
�
E���&'5�UHFRYHU\�FORFN 
>���@��U[BUG\�GHOD\�WLPH�VHOHFW�  
�
E��������XV�  
�
E��������XV�  
�
E��������XV 
�
E��������XV 
>���@��5HVHUYHG 

 
0XOWL�3+<B5HJLVWHU����  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 

7;B75,0>���@ 
7;�DGMXVW 
>���@��7;�))(�DGMXVW�YDOLG�ZKHQ�W[BWULP>�@ �� 
>�@��PDQXDO�PRGH�HQDEOH 
>�@��IRUFH�UWHUP�GHWHFW�UHDG\�����IRUFH�UWHUQBGHWBRXW � 
>�@��IRUFH�HLGOH�����W[S�W[P�LV�HLGOH 
>�@��KL�]�LGOH�HQDEOH 

 
0XOWL�3+<B5HJLVWHU����  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 

7;B75,0>����@ 
7;�DGMXVW 
>�@��W[BSFN�LQYHUW�HQDEOH 
>�@��06%�HQDEOH 
>�@��E\SDVV�ORZ�UHVLVWHU�HLGOH�PRGH 
�
E���HLGOH�KDV�QRW�KL�]�PRGH 
�
E���HLGOH�KDV�KL�]�PRGH 
>�@��E\SDVV����NRKP�FKDUJH�UHVLVWHU 
�
E������NRKP�UHVLVWHU�  
�
E����NRKP�UHVLVWHU 
>���@��UWHUP�GHWHFW�YWK�DGMXVW��  
�
E����PD[�YWK�  
�
E����PLQ�YWK 
>�@��E\SDVV�VLJQDO�RI�JDWHBW[BSFN� 

 
0XOWL�3+<B5HJLVWHU����  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[�� 
5;B75,0 
>�@��U[BSFN�LQYHUW�HQDEOH 
>�@��5;�06%�HQDEOH 
>���@��5HVHUYHG 

 
0XOWL�3+<B5HJLVWHU����  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[� 7;B0$5*,1 
5HVHUYHG 

��� 5: �[�� 

57(50B'(7B75,0 
>���@��UWHUP�GHWHFW�SUH�FKDUJH�WLPH�DGMXVW 
�
E�������XV�  
�
E��������XV 
>���@��UWHUP�GHWHFW�SRVW�FKDUJH�WLPH�DGMXVW�  
�
E�����XV�  
�
E������XV 
>�@��5HVHUYHG 

 
0XOWL�3+<B5HJLVWHU����  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[� 8186(' 
5HVHUYHG 

� 52 �[� UHVHUYHG 

��� 5: �[� 7;B'((03+>���@ 
5HVHUYHG 

 
0XOWL�3+<B5HJLVWHU����  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 7(672B6(/ 
SFV�LQWHUQDO�VLJQDO�WR�WHVWR�LR�VHOHFW 

 
0XOWL�3+<B5HJLVWHU����  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 

5(6>���@ 
>�@��E\SDVV�WKH�PRGH�RI�SGBFN���P�FRQWUROOLQJ�&.'59 
�
E���&.'59�LV�RQ�RQO\�LQ�3&,(�PRGH 
�
E���&.'59�LV�FRQWUROOHG�E\�FNUHIBVUF>���@� 
>�@��VHOHFW�VLJQDO�RI�SOOBORFN�WR�7;�5; 
�
E���SOOBORFN�LV�FRQWUROOHG�E\�UDWH>���@ 
�
E���SOOBORFN�LV�QRW�FRQWUROOHG�E\�UDWH>���@ 
>�@��E\SDVV�WKH�PRGH�RI�UDWH>���@�FRQWUROOLQJ�SOOBORFNBSFV 
�
E���SOOBORFNBSFV�LV�FRQWUROOHG�E\�UDWH>���@ 
�
E���SOOBORFNBSFV�LV�QRW�FRQWUROOHG�E\�UDWH>���@ 
>���@��5HVHUYHG 

 
0XOWL�3+<B5HJLVWHU����  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 

5(6>����@ 
>�@��SOOBUG\�GHOD\�FRQWURO�ZKHQ�UDWH�FKDQJH�  
�
E���GHOD\��7;B3&.�UHODWLYH�WR�WKH�IDOOLQJ�HGJH�RI�JDWHBW[BSFN��  
�
E���GHOD\�DERXW���XV�UHODWLYH�WR�WKH�IDOOLQJ�HGJH�RI�JDWHBW[BSFN 
>�@��VHOHFW�SOOBORFN�WR�7;�5;�  
�
E���SOOBORFNBW[U[�LV�VDPH�WR�SOOBORFNBSFV 
�
E���SOOBORFNBW[U[�LV�QRW�FRQWUROHG�E\�JDWHBW[BSFN 
>���@��3//�.9&2�ILQH�WXQLQJ�VLJQDOV 
>���@��5HVHUYHG 

 
 
22.4 Interface Description  
22.5 Application Notes  
22.5.1 2SHUDWLRQ�0RGH�6XSSRUW 
7KH�IROORZLQJ�PRGH�DUH�VXSSRUWHG�IRU�,3�RSHUDWLRQ��,3�FRQILJXUDWLRQ�RWKHU�WKDQ�WKLV�OLVW�DUH�
QRW�VXSSRUWHG 

Table 22-1 PHY operation mode 

46*0,,�02'( 
3+<B02
'( 

5$7
( 

%86B:,'7
+ 

3+<�2SHUDWLRQ�0RGH 

� 

�� 

�� 
���  3&,(�*HQ�����ELW��3&/. ����0 

�� 3&,(�*HQ�����ELW��3&/. ���0 

�� 
�� 3&,(�*HQ�����ELW��3&/. ���0 

�� 3&,(�*HQ�����ELW��3&/. ���0 

���  �� ���  86%�������ELW��3&/. ���0 

���  �� �� 86%�������ELW��3&/. ���0 

�� 

�� 
���  6$7$�*HQ�����ELW��3&/. ����0 

�� 6$7$�*HQ�����ELW��3&/. ��0 

�� 
�� 6$7$�*HQ�����ELW��3&/. ��0 

�� 6$7$�*HQ�����ELW��3&/. ���0 

�� 
�� 6$7$�*HQ�����ELW��3&/. ���0 

�� 6$7$�*HQ�����ELW��3&/. ���0 

� �� 
�� �� 6*0,,����ELW��3&/. ����0 

�� �� 46*0,,����ELW��3&/. ���0 

z 46*0,,�02'(�LV�FRQILJXUHG�E\�*5)B3,3(B&21�>��@ 
z 3+<� 02'(� LV� FRQILJXUHG� E\� *5)B3,3(B&21�>�@� ILUVW� WR� HQDEOH� WKH� VHOHFWLRQ�� WKHQ�

FRQILJXUHG�E\�*5)B3,3(B&21�>���@ 
z 5$7(�LV�FRQILJXUHG�E\�*5)B3,3(B&21�>���@ 
z %86B:,'7+�LV�FRQILJXUHG�E\�*5)B3,3(B&21�>���@ 
 
22.5.2 32:(5�'2:1�02'( 
3RZHU�GRZQ�FRQWURO�VLJQDOV�WR�LQGLYLGXDO�DQDORJ�PRGXOHV�DUH�JHQHUDWHG�EDVHG�RQ�3:'1>���@�
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VHWWLQJ�IURP�3,3(�LQSXWV�DV�VKRZQ�LQ�WDEOH�������$Q�RYHUULGH�IXQFWLRQ�LV�SURYLGHG�IRU�GHEXJ�
SXUSRVH��VHH�UHJLVWHU�OLVW���¥�±�DFWLYH��͖±�SRZHU�GRZQ� 

Table 22-2 PCIE power down mode 
3:'1>���@�  7;B(/(&,'/(�  7;B%XIIHU�  5;B%XIIHU�  &'5�  7;B3// 
���  ���  ¥�  ¥�  ¥�  ¥ 

�� 
��LOOHJDO��  ¥�  ¥�  ¥�  ¥ 
� ͖ ¥�  ¥ ¥ 

�� 
��LOOHJDO��  ¥�  ͖�  ͖�  ¥ 
��  ͖�  ͖�  ͖ ¥ 

�� 
��  ¥�  ͖�  ͖�  ͖ 
��  ͖�  ͖�  ͖ ͖ 

,Q�3&,(�PRGH��SRZHU�IRU�,95()�DQG�3&,(�LGOH�GHWHFWRU�DUH�DOZD\V�RQ��ZKLOH�SRZHU�IRU�/)36��
���*�6$7$�LGOH�DQG��*��*�6$7$�LGOH�GHWHFWRUV�DUH�DOZD\V�RII��DQG�SRZHU�RI�5[�EXIIHU�LV�RII�
ZKHQ�5;B67$1'%<�LV�KLJK� 
1RWH��,I�7;B(/(&,'/(�DQG�7;B&203/,$1&(�DUH�ERWK�DVVHUWHG��DOO�SRZHUV�DUH�RII� 

������ʹʹǦ͵����͵���������������� 
3:'1>���@�  7;B(/(&,'/(�  7;B%XIIHU�  5;B%XIIHU�  &'5�  7;B3// 
���  ���  ¥�  ¥�  ¥ ¥ 

�� 
� ¥�  ¥�  ͖ ¥ 
� ¥ ¥�  ͖ ¥ 

�� 
� ¥�  ¥ ͖�  ¥ 
��  ¥�  ¥ ͖ ¥ 

�� 
��  ¥�  ¥ ͖�  ͖ 
��  ͖�  ¥ ͖ ͖ 

,Q�86%����PRGH��SRZHU�IRU�,95()�DQG�/)36�GHWHFWRU�DUH�DOZD\V�RQ��ZKLOH�SRZHU�IRU�3&,(�
LGOH�����*�6$7$�LGOH�DQG��*��*�6$7$�LGOH�GHWHFWRUV�DUH�DOZD\V�RII��DQG�SRZHU�RI�/)36�
GHWHFWRU�DQG�SRZHU�RI�5[�EXIIHU�DUH�WXUQHG�RII�LI�WHUPLQDWLRQ�LV�QRW�RQ� 

Table 22-4 SATA power down mode 
3:'1>���@�  7;B(/(&,'/(�  7;B%XIIHU�  5;B%XIIHU�  &'5�  7;B3// 
���  ���  ¥�  ¥�  ¥�  ¥ 

�� 
��LOOHJDO��  ¥�  ͖�  ¥�  ¥ 
� ͖�  ͖�  ¥ ¥ 

�� 
��  ¥�  ͖�  ͖�  ¥ 
��  ͖�  ͖�  ͖ ¥ 

,Q�6$7$�PRGH��SRZHU�IRU�,95()�DQG����*�6$7$�LGOH�GHWHFWRU�DUH�DOZD\V�RQ��ZKLOH�SRZHU�IRU�
/)36�DQG�3&,(�LGOH�GHWHFWRUV�DUH�DOZD\V�RII��DQG�SRZHU�RI�5[�EXIIHU�LV�RII�ZKHQ�
5;B67$1'%<�LV�KLJK� 
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Chapter 23 AXI_SPLIT 
23.1 AXI_SPLIT 
$;,B63/,7�LV�D�EULGJH�EHWZHHQ�PDLQ�EXV�LQWHUFRQQHFW�DQG�''5�FRQWUROOHU�WR�FRYHUW�VWDQGDUG�
$;,�SURWRFRO�WR�VSHFLILF�IRUPDW�WKDW�FRQIRUPV�WR�WKH�$;,�LQWHUIDFH�RI�WKH�''5�FRQWUROOHU��,W�LV�
GHVLJQHG�WR�VXSSRUW�WKH�DSSOLFDWLRQV�WKDW�WZR�GLIIHUHQW�FDSDFLW\�RI�PHPRU\�SDUWLFOHV�DUH�
XVHG�LQ����ELW�PHPRU\�LQWHUIDFH�RU����ELW�PHPRU\�LQWHUIDFH� 
$;,B63/,7�VXSSRUWV�WKH�IROORZLQJ�IHDWXUHV� 
z 6XSSRUW�E\SDVV�PRGH 
z 6XSSRUW�RQH�LQWHUQDO����ELW�ZLGH�DQG����ORFDWLRQ�GHHS�),)2�IRU�VWRULQJ�$;,�UHDG�

FRPPDQG 
z 6XSSRUW�VSOLW�DGGUHVV�FRQILJXUDEOH�E\�''5*5) 
z 6XSSRUW�PHPRU\�V\VWHP�PDGH�XS�RI�GLIIHUHQW�FDSDFLW\�RI�PHPRU\�SDUWLFOHV 
z 6XSSRUW�WKH�KLJK�RU�ORZ����ELWV�RI����ELW�PHPRU\�LQWHUIDFH��KLJK�RU�ORZ���ELWV�RI����ELW�

PHPRU\�LQWHUIDFH�FRQILJXUDEOH�LI�WKH�LQSXW�DGGUHVV�LV�DERYH�WKH�VSOLW�DGGUHVV�  
23.2 Block Diagram 

WR_SPLIT

RD_SPLIT

RD_CMD_QUEUE

AXI write cmd and data

AXI read cmd AXI read cmd

AXI read data and response

read cmd

AXI read data and response

AXI write cmd and data

AXI write response AXI write response

 
Fig.23-1 AXI_SPLIT Block Diagram 

$;,B63/,7�FRPSULVHV�ZLWK� 
z :5B63/,7��$;,�ZULWH�VSOLW�  
z 5'B63/,7��$;,�UHDG�VSOLW�  
z 5'B&0'B48(8(��$;,�UHDG�FRPPDQG�TXHXH 
7KH�:5B63/,7�DQG�5'B63/,7�DUH�XVHG�WR�FRYHUW�VWDQGDUG�$;,�SURWRFRO�WR�VSHFLILF�IRUPDW��,Q�
RUGHU�WR�VXSSRUW�UHDG�RXWVWDQGLQJ�WUDQVDFWLRQV��WKH�UHDG�FRPPDQGV�H[WUDFWHG�IURP�VWDQGDUG�
$;,�DUH�SXVKHG�LQWR�5'B&0'B48(8(�DQG�SRS�IURP�WKH�TXHXH�LI�UHDG�UHVSRQVH�UHWXUQ��  
23.3 Register Description 
7KLV�VHFWLRQ�GHVFULEHV�WKH�FRQWURO�VWDWXV�UHJLVWHUV�RI�WKH�GHVLJQ��7KHUH�LV�QR�FRQILJXUDWLRQ�SRUW�
LQ�$;,B63/,7��LW�LV�FRQILJXUHG�E\�''5B*5)��3OHDVH�UHIHU�WR�''5B*5)�RU�WKH�IROORZLQJ�UHJLVWHU�
VXPPDU\� 
23.3.1 5HJLVWHUV�6XPPDU\ 

Name  Offset  Size  
Reset 
Value  

Description  

AXI_SPLIT_SPLIT_CTRL  0x0000  W  0x00000110  Split Control Register  
1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV 
23.3.2 'HWDLO�5HJLVWHU�'HVFULSWLRQ 
$;,B63/,7B63/,7B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:11   RO   0x0  reserved 
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Bit  Attr  Reset Value  Description  

10:9   RW   0x0  

SPMODE 
2'b00: DDR controller and PHY are configured as 32 bits mode. 
Low 16 bits are valid if access address is above split address. 
2'b01: DDR controller and PHY are configured as 32 bits mode. 
High 16 bits are valid if access address is above split address. 
2'b10: DDR controller and PHY are configured as 16 bits mode. 
Low 8 bits are valid if access address is above split address. 
2'b11: DDR controller and PHY are configured as 16 bits mode. 
High 8 bits are valid if access address is above split address. 

8   RW   0x0  
BYPASS 
1'b0: Not bypass 
1'b1: Bypass 

7:0   RW   0x00  

SPADDR 
Split address high 8 bits. For example, if SPADDR=0x10, then the 
split address is 0x10000000. The AXI_SPLIT will be bypassed if 
read or write DDR below split address, otherwise a standard AXI 
burst will be split. 

23.4 Application Notes 
7KH�$;,B63/,7�EHJLQV�WR�ZRUN�LI�%<3$66 ��DQG�ZULWH�RU�UHDG�''5�DGGUHVV�DUH�DERYH�
63$''5��RWKHUZLVH�LW�ZLOO�EH�E\SDVVHG��)ROORZLQJ�ILJXUHV�DUH�IRXU�PRGHV�WKDW�LW�VXSSRUWV��,Q�
RUGHU�WR�LOOXVWUDWH�KRZ�WKH�$;,B63/,7�ZRUNV��LW�DVVXPHV�WKDW�WRWDO�UDQJH�RI�''5�LV�IURP�
�[���������WR��[�IIIIIII�DQG�VSOLW�DGGUHVV�LV��[��������� 

512MB256MB

512MB512MB

512MB Device

256MB DeviceInvalid

AXI Master

DDR Controller

Memory Particles

0x2000_0000 0

0

0x2fff_ffff

High 16bits

Low 16bits

0x3fff_ffff

A0

A1A2
 

Fig.23-2 Mode 0 
Mode 0 shows that an AXI Master can access DDR from address 0x00000000 to 0x2fff_ffff. 
The AXI_SPLIT will convert input write or read DDR address above split address if BYPASS is 
0, and then output converted address to the DDR controller. As a result, area A2 is invalid 
and will not be accessed. This mode is only valid if the DDR controller and PHY are 
configured as 32-bit mode. 
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512MB256MB

512MB512MB

512MB Device

256MB DeviceInvalid

AXI Master

DDR Controller

Memory Particles

0x2000_0000 0

0

0x2fff_ffff

High 16bits

Low 16bits

0x3fff_ffff

A0 A1

A2
 

Fig.23-3 Mode 1 
Mode 1 is similar as mode 0 except that high 16 bits are valid if access address is above 
split address. As a result, area A0 is invalid and will not be accessed.  
 

512MB256MB

512MB512MB

512MB Device

256MB DeviceInvalid

AXI Master

DDR Controller

Memory Particles

0x2000_0000 0

0

0x2fff_ffff

High 8bits

Low 8bits

0x3fff_ffff

A0

A1A2
 

Fig.23-4 Mode 2 
Mode 2 is only valid if the DDR controller and PHY are configured as 16-bit mode. As a 
result, area A2 is invalid and will not be accessed.  
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512MB256MB

512MB512MB

512MB Device

256MB DeviceInvalid

AXI Master

DDR Controller

Memory Particles

0x2000_0000 0

0

0x2fff_ffff

High 8bits

Low 8bits

0x3fff_ffff

A0 A1

A2
 

Fig.23-5 Mode 3 
Mode 3 is similar as mode 2 except that high 8 bits are valid if access address is above split 
address. As a result, area A0 is invalid and will not be accessed.  
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Chapter 24 CAN 
24.1 Overview 
&$1��&RQWUROOHU�$UHD�1HWZRUN��EXV�LV�D�UREXVW�YHKLFOH�EXV�VWDQGDUG�GHVLJQHG�WR�DOORZ�
PLFURFRQWUROOHUV�DQG�GHYLFHV�WR�FRPPXQLFDWH�ZLWK�HDFK�RWKHU�LQ�DSSOLFDWLRQV�ZLWKRXW�D�KRVW�
FRPSXWHU��,W�LV�D�PHVVDJH�EDVHG�SURWRFRO��GHVLJQHG�RULJLQDOO\�IRU�PXOWLSOH[�HOHFWULFDO�ZLULQJ�
ZLWKLQ�DXWRPRELOHV�WR�VDYH�RQ�FRSSHU��EXW�LV�DOVR�XVHG�LQ�PDQ\�RWKHU�FRQWH[WV� 
&$1�FRQWUROOHU�VXSSRUWV�WKH�IROORZLQJ�IHDWXUHV� 
z 6XSSRUW�&$1����%�SURWRFRO 
z 6XSSRUW����ELW�$3%�EXV 
z 6XSSRUW�FODVVLFDO�DQG�FDQ�IG�WUDQVPLW�RU�UHFHLYH�VWDQGDUG�IUDPH 
z 6XSSRUW�FODVVLFDO�DQG�FDQ�IG�WUDQVPLW�RU�UHFHLYH�H[WHQGHG�IUDPH 
z 6XSSRUW�WUDQVPLW�RU�UHFHLYH�GDWD�IUDPH��UHPRWH�IUDPH��RYHUORDG�IUDPH��HUURU�IUDPH�DQG�

IUDPH�LQWHUYDO 
z 6XSSRUW�WUDQVPLW�RU�UHFHLYH�HUURU�FRXQW 
z 6XSSRUW�DFFHSWDQFH�ILOWHULQJ 
z 6XSSRUW�ELW�HUURU��ELW�VWXIILQJ�HUURU��IRUP�HUURU��DFN�HUURU�DQG�FUF�HUURU 
z 6XSSRUW���W\SHV�RI�LQWHUUXSW�DQG�DOO�LQWHUUXSW�FDQ�EH�PDVNHG 
z 6XSSRUW�&$1�FRQWUROOHU�VWDWXV�TXHU\ 
z 6XSSRUW�FDSWXUH�WKH�ELW�SRVLWLRQ�RI�DUELWUDWLRQ�VHFWLRQ�ZKHUH�WKH�DUELWUDWLRQ�ZDV�ORVW 
z 6XSSRUW�HUURU�FRGH�FKHFN 
z 6XSSRUW�VHOI�WHVW�PRGH 
z 6XSSRUW�VLQJOH�VDPSOH�DQG�WKUHH�VDPSOH�FRQILJXUDEOH 
z 6XSSRUW�6-:�UH6\QFKURQL]DWLRQ�-XPS�:LGWK��FRQILJXUDEOH 
z 6XSSRUW�%53�V\VWHP�SUHVFDOHU�FRHIILFLHQW��FRQILJXUDEOH 
z 6XSSRUW�ELW�WLPLQJ�FRQILJXUDEOH 
z 6XSSRUW�ORRS�EDFN�PRGH�IRU�VHOI�WHVW�RSHUDWLRQ 
z 6XSSRUW�VLOHQW�PRGH�IRU�GHEXJ�  
z 6XSSRUW�UHFHLYH�VHOI�WUDQVPLW�GDWD�PRGH�U[VW[BPRGH� 
z 6XSSRUW�7;�GDWD�DQG�5;�GDWD�RUGHU�VHOHFW 
z 6XSSRUW�5;�GDWD�FRYHU�PRGH 
z 6XSSRUW�DXWR�UHWUDQVPLVVLRQ�PRGH 
z 6XSSRUW�DXWR�EXV�RQ�DIWHU�EXV�RII�VWDWH 
z 6XSSRUW�VSDFHBU[BPRGH 
z 6XSSRUW�WUDQVPLWWHU�GHOD\�FRPSHQVDWLRQ�DQG�663�SRVLWLRQ�FRQILJXUDEOH 
z 6XSSRUW�VOHHS�PRGH 
z 6XSSRUW�WLPHVWDPS 
z 6XSSRUW�WUDQVPLW�HYHQW�),)2 
z 6XSSRUW���WUDQVPLW�EXIIHUV 
z 6XSSRUW�UHFHLYH�EXIIHU�),)2�PRGH 
z 6XSSRUW�SURWRFRO�H[FHSWLRQ�HYHQW 
z 6XSSRUW�'0$ 
24.2 Function Description 
7KH�IHDWXUHV�OLVWHG�EHORZ�ZKLFK�PD\�RU�PD\�QRW�EH�SUHVHQW�LQ�DFWXDO�SURGXFW��PD\�EH�
VXEMHFW�WR�WKH�WKLUG�SDUW\�OLFHQVLQJ�UHTXLUHPHQWV��3OHDVH�FRQWDFW�5RFNFKLS�IRU�DFWXDO�SURGXFW�
IHDWXUH�FRQILJXUDWLRQV�DQG�OLFHQVLQJ�UHTXLUHPHQWV� 
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24.2.1 %ORFN�'LDJUDP 
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Fig.24-1 CAN Controller Block Diagram 

7KLV�YHUVLRQ�RI�&$1�FRQWUROOHU�LQFOXGHV�WKH�SUHYLRXV�YHUVLRQ�RI�&$1�ORJLF�LQ�FRPSOLDQFH�ZLWK�
ROG�VRIWZDUH�DSSOLFDWLRQ�DQG�DOVR�LQFOXGHV�QHZ�&$1)'�ORJLF�ZKLFK�VXSSRUW�WUDQVPLWWLQJ�DQG�
UHFHLYLQJ�ERWK�&$1�DQG�&$1)'�IUDPH�� �  
24.2.2 $&&(37$1&(�),/7(5 
7KH�DFFHSWDQFH�ILOWHU�SHUIRUPV�ILOWHULQJ�XVLQJ�WKH�DFFHSWDQFH�,'�UHJLVWHU�DQG�WKH�,'�PDVN�
UHJLVWHU��7KH�DFFHSWDQFH�ILOWHU�XVHV�PXOWLSOH�WLPH�ILOWHULQJ��,W�LQFOXGHV�WKH�ROG�YHUVLRQ�
UHFHLYLQJ�ILOWHU�DQG�ILYH�DGGLWLRQ�,'�ILOWHUV��(DFK�,'�ILOWHU�SDLU�KDV�D�)LOWHU�0DVN�UHJLVWHU�DQG�D�
)LOWHU�,'�UHJLVWHU��(DFK�ILOWHU�SDLU�LV�FRQWUROOHG�E\�FRUUHVSRQGLQJ�),/7(5�&75/�ELW�LQ�$)5�
UHJLVWHU��)RU�HDFK�SDLU�XVLQJ�,'�UHJLVWHU�DQG�,'�PDVN�UHJLVWHU�FRQWUROOHG�E\�DFFHSWDQFH�ILOWHU�
UHJLVWHU�VDPSOLQJ�DOO�WKH�ELWV�RI�WKH�,'��LW�LV�FRPSDUHG�ZLWK�WKH�,'�UHJLVWHU��,W�LV�QRW�D�
FRPSDULVRQ�HYHU\�WLPH�D�ELW�LV�VDPSOHG��$QG�GRQ¶W�FKHFN�WKH�ELW�LQ�WKH�,'�PDVN�UHJLVWHU�WKDW�
LV����2QFH�DOO�WKH�,'�ELWV�KDYH�SDVVHG�WKH�ILOWHULQJ��WKH�FRQWUROOHU�FRQVLGHUV�WKH�IUDPH�GDWD�DV�
WKH�GHVLUHG�,'��WKHUHE\�SHUIRUPLQJ�WKH�QH[W�RSHUDWLRQ� 
 
24.2.3 %,7�7,0,1* 
24.2.3.1 �%LW�7LPLQJ�/RJLF 

7KH�&$1�)'�SURWRFRO�GHILQHV�WZR�ELW�UDWHV��WKH�ILUVW�IRU�WKH�$5%,75$7,21�3+$6(�ZLWK�D 
ORQJHU�ELW�WLPH�DQG�WKH�VHFRQG�IRU�WKH�GDWD�SKDVH�ZLWK�WKH�VDPH�RU�ZLWK�D�VKRUWHU�ELW�WLPH��
7KH�GHILQLWLRQ�IRU�WKH�ILUVW�ELW�UDWH�LV�WKH�VDPH�DV�IRU�WKH�120,1$/�%,7�5$7(�DQG�WKH�120,1$/�
%,7�7,0(�LQ�WKH�&$1�SURWRFRO�VSHFLILFDWLRQ��7KH�GHILQLWLRQ�IRU�WKH�VHFRQG�ELW�UDWH��WKH�'$7$�
%,7�5$7(�:,7+�WKH�'$7$�%,7�7,0(��UHTXLUHV�D�VHSDUDWH�FRQILJXUDWLRQ�UHJLVWHU�VHW� 

7KH�ELW�WLPLQJ�ORJLF�FRQWUROV�WKH�VDPSOLQJ�SRLQW�SRVLWLRQ�WKURXJK�WKH�EXIIHU�ELWV�LQ�WKH�
WLPLQJ�UHJLVWHU�WR�HQVXUH�WKH�DFFXUDF\�RI�WKH�GDWD�VDPSOLQJ��7KH�ELW�WLPLQJ�ORJLF�UHFHLYHV�WKH�
FORFN�IUHTXHQF\�GLYLVLRQ�VLJQDO�IRU�LGHQWLILFDWLRQ��VHWV�WKH�EXV�WLPLQJ�SDUDPHWHUV��HVWDEOLVKHV�
V\QFKURQL]DWLRQ�SDUDPHWHUV��DQG�DGMXVWV�WKH�EXV�WUDQVPLVVLRQ�UDWH��$W�WKH�VDPH�WLPH��WKH�
EXV�LV�PRQLWRUHG�DQG�WKH�PHVVDJH�WR�EH�VHQW�LV�WUDQVPLWWHG�WR�WKH�EXV�DW�WKH�VHW�WLPLQJ� 

$FFRUGLQJ�WR�WKH�SURYLVLRQV�RI�WKH�&$1�SURWRFRO��WKH�&$1�EXV�LV�DOZD\V�DW�D�KLJK�OHYHO�
ZKHQ�QR�PHVVDJH�LV�VHQW��DQG�WKH�FRQWLQXRXV�UHFHVVLYH�ELW�LV�PRQLWRUHG�RQ�WKH�EXV��$W�WKLV�
WLPH��WKH�EXV�LV�LQ�DQ�LGOH�VWDWH��DQG�WKH�DUELWUDWLRQ�SULRULW\�LV�ORZ��UHDG\�WR�UHFHLYH�GDWD�DW�
DQ\�WLPH��:KHQ�WKH�EXV�GHWHFWV�D�WUDQVLWLRQ�IURP�D�UHFHVVLYH�ELW�WR�D�GRPLQDQW�ELW��LW�LV�
SURYHG�WKDW�WKH�IUDPH�VWDUW�ELW�VWDUWV�WUDQVPLWWLQJ��DQG�WKH�EXV�SHUIRUPV�D�KDUG�
V\QFKURQL]DWLRQ�LQ�WKH�ELW�VWDUW�V\QF�VHJPHQW��7KHQ��LQ�WKH�SURFHVV�RI�UHFHLYLQJ�WKH�
PHVVDJH��RQFH�WKH�HGJH�RI�WKH�WUDQVLWLRQ�FORVH�WR�WKH�VDPSOLQJ�SRLQW�LV�GHWHFWHG�DQG�WKH�
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HGJH�RI�WKH�HGJH�DQG�WKH�V\QFKURQL]DWLRQ�VHJPHQW�KDYH�D�SKDVH�HUURU�ORZHU�WKDQ�WKH�
V\QFKURQL]DWLRQ�ZLGWK��6-:�LV�WDNHQ�ZKHQ�WKH�YDOXH�H[FHHGV�6-:���WKH�FRQWUROOHU�H[HFXWHV�
RQFH�UHV\QFKURQL]DWLRQ��UHV\QFKURQL]DWLRQ�FDQ�EH�SHUIRUPHG�PXOWLSOH�WLPHV�GXULQJ�RQH�GDWD�
WUDQVPLVVLRQ� 

 
24.2.3.2 � %LW�7LPLQJ�'HILQLWLRQ 
7KH�WUDQVPLVVLRQ�WLPH�RI�HDFK�ELW�LV�GLYLGHG�LQWR���SDUWV� 

_ _ _ 1 _ 2nbt sync seg prop seg phase seg phase segt t t t t � � �
 

 WV\QFBVHJ��WSURSBVHJ��WSKDVHBVHJ��DQG�WSKDVHBVHJ��DUH�LQWHJHU�PXOWLSOHV�RI�WKH�XQLW�WLPH�WVFON���DQG�
WKLV�XQLW�WLPH�LV�D�VSHFLILF�PXOWLSOH�RI�WKH�V\VWHP�FORFN��ZKLFK�LV�GHWHUPLQHG�E\�WKH�GLYLVLRQ�
IDFWRU�%53�LQ�WKH�EXV�WLPLQJ�UHJLVWHU�����7KH�FRXQWHU�LV�REWDLQHG�E\�WKH�%53�RSHUDWLRQ�����
7KH�V\VWHP�FORFN�FON�LV�FRXQWHG�E\�WKH�FRXQWHU�����:KHQ�WKH�OLPLW�LV�UHDFKHG��D�FORFN�ZLWK�D�
SHULRG�RI�WVFON�LV�JHQHUDWHG��  

,Q�WKH�V\VWHP�GHVLJQ��FRQVLGHULQJ�WKH�F\FOLFDO�RFFXUUHQFH�RI�HDFK�WLPH�SHULRG��D�VWDWH�
PDFKLQH�ZLWK�WKUHH�VWDWHV�LV�XVHG�LQ�WKH�ELW�WLPLQJ�GHVLJQ��7KH�WKUHH�VWDWHV�FRUUHVSRQG�WR�
WKH�V\QF�VHJPHQW�V\QFBVHJ��DQG�WKH�SKDVH�EXIIHU�VHJPHQW���
�SKDVHBVHJ� SKDVHBVHJ��SURJBVHJ��DQG�WKH�SKDVH�EXIIHU�VHJPHQW����SKDVHBVHJ����
UHVSHFWLYHO\��:KHUH�3+$6(B6(*��UDQJH���a����3+$6(B6(*��UDQJH���a���%53�UDQJH��
�a��� 
 _ 1sync seg sclkt t u

 

 _ _ 1 (8 1.3 4 1.2 2 1.1 1.0 1)prop seg phase seg sclkt t t TSEG TSEG TSEG TSEG�  u u � u � u � �  

 _ 2 (4 2.2 2 2.1 1.0 1)phase seg sclkt t TSEG TSEG TSEG u u � u � �  

'HILQH�D�FRXQWHU�WR�FRXQW�WVFON��:KHQ�WKH�FRXQW�UHDFKHV�WKH�76(*���76(*��GHILQHG�LQ�WKH�
EXV�WLPLQJ�UHJLVWHU�DQG�WKH�OHQJWK�RI�WKH�V\QFKURQL]DWLRQ�VHJPHQW�GHILQHG�LQ�WKH�GHVLJQ��WKH�
V\VWHP�ZLOO�JHQHUDWH�WKH�FRUUHVSRQGLQJ�WUDQVLWLRQ�FRQGLWLRQV��JRBVHJ���JRBVHJ���JRBV\QF� 
%\�MXGJLQJ�WKHVH�WUDQVLWLRQ�FRQGLWLRQV��WKH�FRQWURO�VWDWH�PDFKLQH�F\FOHV�WKURXJK�WKH�DERYH�
WKUHH�VWDWHV� 

sync_seg

phase_seg1 phase_seg2

go_seg1

go_seg2

go_sync

 
Fig.24-2 Bit timing FSM 

  

 
Fig.24-3 Bit timing waveform diagram 

24.2.3.3 %LW�WLPH�WUDQVLWLRQ 
7KH�ILUVW�SDUW�RI�D�&$1�)'�IUDPH��XQWLO�WKH�%56�ELW��LV�WUDQVPLWWHG�ZLWK�WKH�120,1$/�%,7 

5$7(��7KH�ELW�UDWH�LV�VZLWFKHG�LI�WKH�%56�ELW�LV�UHFHVVLYH��XQWLO�WKH�&5&�'(/,0,7(5�LV 
UHDFKHG�RU�XQWLO�WKH�&$1�)'�FRQWUROOHU�VHHV�DQ�HUURU�FRQGLWLRQ�WKDW�UHVXOWV�LQ�WKH�VWDUWLQJ 
RI�DQ�(5525�)5$0(��&$1�)'�(5525�)5$0(6��DV�ZHOO�DV�$&.�),(/'��(1'�2)�)5$0(� 
29(5/2$'�)5$0(6��DQG�DOO�IUDPHV�LQ�&$1�IRUPDW�DUH�WUDQVPLWWHG�ZLWK�WKH�120,1$/�%,7 
5$7(� 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2179 

 
Fig.24-4 CANFD Frame Bit Time 

24.2.3.4 � 6DPSOLQJ�3RLQW�DQG�6HQGLQJ�3RLQW 
6DPSOLQJ�3RLQW��$FFRUGLQJ�WR�WKH�DJUHHPHQW��WKH�VDPSOH�SRLQW�VDPSOHBSRLQW�VKRXOG�EH�
EHWZHHQ�SKDVHBVHJ��DQG�SKDVHBVHJ���,W�LV�GHVLJQHG�WR�EH�LQ�WKH�SRVLWLRQ�RI�SKDVHBVHJ��
V\QFKURQL]DWLRQ��7KH�VDPSOLQJ�SXOVH�ZLGWK�LV�GHILQHG�DV�RQH�V\VWHP�FORFN�F\FOH��&RQVLGHULQJ�
WKH�DFFXUDF\�RI�VDPSOLQJ��\RX�FDQ�XVH�WKH�PHWKRG�RI�WDNLQJ�WKUHH�VDPSOHV�WR�WDNH�WKH�
PHDQ��7KH�LQWHUYDO�EHWZHHQ�HDFK�VDPSOH�SRLQW�LV�RQH�WVFON� 

 

 
Fig.24-5 Three sampling diagram 

6HQGLQJ�3RLQW��7KH�ORFDWLRQ�RI�WKH�WUDQVPLVVLRQ�SRLQW�W[BSRLQW��VKRXOG�EH�DW�WKH�EHJLQQLQJ�
RI�HDFK�ELW�WLPH�DFFRUGLQJ�WR�WKH�SURWRFRO��DQG�LW�LV�GHVLJQHG�WR�V\QFKURQL]H�LW�ZLWK�WKH�
JRBV\QF�VLJQDO��,Q�DGGLWLRQ��LI�LW�LV�LQ�V\QF�RU�UHV\QFKURQL]H��W[BSRLQW�ZLOO�EH�YDOLG�
LPPHGLDWHO\� 
 
24.2.3.5 � %LW�6\QFKURQL]DWLRQ 

:LWK�WKH�V\QFKURQL]DWLRQ�PHWKRG��RQH�RU�PRUH�QRGHV�WKDW�VDWLVI\�WKH�V\QFKURQL]DWLRQ�
FRQGLWLRQ�DOLJQ�WKHLU�V\QFKURQL]DWLRQ�VHJPHQWV�ZLWK�WKH�WUDQVPLVVLRQ�GDWD�RQ�WKH�EXV�DW�D�
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VSHFLILF�WLPH��6\QFKURQL]DWLRQ�RFFXUV�RQ�WKH���WR���WUDQVLWLRQ�HGJH�LQ�RUGHU�WR�FRQWURO�WKH�
GLVWDQFH�IURP�WKH�WUDQVLWLRQ�HGJH�WR�WKH�VDPSOH�SRLQW��7ZR�V\QFKURQL]DWLRQ�PHWKRGV�DUH�
GHILQHG�LQ�WKH�&$1�EXV�FRPPXQLFDWLRQ�SURWRFRO��KDUG�V\QFKURQL]DWLRQ�DQG�
UHV\QFKURQL]DWLRQ� 

+DUGBV\QF��$OO�QRGHV�PXVW�EH�V\QFKURQL]HG�WR�WKH�OHDGLQJ�HGJH�RI�WKH�VWDUWLQJ�IUDPH�RI�
WKH�QRGH�WKDW�ILUVW�VWDUWHG�WUDQVPLWWLQJ�WKH�PHVVDJH��$W�WKH�EHJLQQLQJ�RI�HDFK�IUDPH�RI�GDWD��
D�V\QFKURQL]DWLRQ�DFWLRQ�LV�WDNHQ�EHWZHHQ�WKH�QRGHV� 

+DUG�V\QFKURQL]DWLRQ�LPSOHPHQWDWLRQ�PHWKRG��GHWHUPLQH�ZKHWKHU�WKH�EXV�VWDWH�PHHWV�
WKH�IUDPH�VWDUW�FRQGLWLRQ�VSHFLILHG�LQ�WKH�SURWRFRO��DQG�WKH�QRGH�LV�QRW�LQ�WKH�VWDWH�RI�WKH�
GDWD�WR�EH�WUDQVPLWWHG��$W�WKLV�WLPH��D�KDUG�V\QFKURQL]DWLRQ�IODJ�VLJQDO�KDUGBV\QF�LV�
JHQHUDWHG��DQG�WKH�SXOVH�ZLGWK�LV�D�V\VWHP�FORFN��7KH�KDUGBV\QF�HQWU\�LV�DGGHG�WR�WKH�
FRQWURO�FRQGLWLRQ�RI�WKH�JRBVHJ��VLJQDO��DQG�JRBVHJ��LV�YDOLG�LPPHGLDWHO\�ZKHQ�WKH�
KDUGBV\QF�VLJQDO�LV�
�
��7KHUHIRUH��RQFH�WKH�KDUG�V\QFKURQL]DWLRQ�FRQGLWLRQ�LV�PHW��WKH�
V\VWHP�HQWHUV�WKH�SKDVHBVHJ��VHJPHQW��WKHUHE\�DFKLHYLQJ�V\QFKURQL]DWLRQ� 

 
Fig.24-6 Hard_sync waveform diagram 

5HV\QFKURQL]DWLRQ��,Q�DGGLWLRQ�WR�JHQHUDWLQJ�KDUG�V\QFKURQL]DWLRQ�DW�WKH�EHJLQQLQJ�RI�
HDFK�IUDPH�RI�GDWD��WKH�&$1�EXV�FRPPXQLFDWLRQ�SURWRFRO�DOVR�VSHFLILHV�WKH�WUDQVPLVVLRQ�RI�
GDWD�IRU�HDFK�IUDPH��:KHQ�WKH�WLPLQJ�FRRUGLQDWLRQ�EHWZHHQ�WKH�QRGHV�LV�QRW�LGHDO��LW�ZLOO�EH�
UHV\QFKURQL]HG��VR�WKDW�WKH�FRRSHUDWLRQ�EHWZHHQ�WKH�QRGHV�LV�LQ�D�JRRG�VWDWH� 

)RU�WKH�UHFHLYHU��WKH�EXV�FKDQJHV�LW�UHFHLYHG�VKRXOG�RFFXU�LQ�WKH�V\QF�VHJPHQW��2QFH�WKH�
UHFHLYHU
V�VWDWXV�YLRODWHV�WKLV�UXOH��WKH�UHFHLYHU�ZLOO�SHUIRUP�D�UHV\QFKURQL]DWLRQ� 

7ZR�VLWXDWLRQV�WKDW�UHTXLUH�UHV\QFKURQL]DWLRQ� 
���7KH�MXPS�RI�WKH�EXV�YDOXH�
�
�WR�
�
�RFFXUV�EHWZHHQ�WKH�V\QF�VHJPHQW�DQG�WKH�VDPSOH�

SRLQW��ZKLFK�LV�D�GHOD\�MXPS� 
���7KH�MXPS�RI�WKH�EXV�YDOXH�
�
�WR�
�
�RFFXUV�EHWZHHQ�WKH�VDPSOH�SRLQW�DQG�WKH�V\QF�

VHJPHQW��ZKLFK�LV�DQ�HDUO\�MXPS� 

 
Fig.24-7 Resynchronization 

5HV\QFKURQL]DWLRQ�PHWKRG��  
���&RQGLWLRQ�IRU�UHV\QFKURQL]DWLRQ��WKH�UHFHLYHU�LV�LQ�D�PRGH�RI�UHFHLYLQJ�GDWD��QRW�LQWHU�

IUDPH�VSDFH�RU�EXV�LGOH���DQG�D�UHV\QFKURQL]DWLRQ�IODJ�VLJQDO�µUHV\QF¶�LV�JHQHUDWHG�ZKHQ�D�
MXPS�RI�WKH�EXV�YDOXH�
�
�WR�
�
�RFFXUV��  

���$FFRUGLQJ�WR�WKH�SRVLWLRQ�RI�WKH�UHV\QFKURQL]DWLRQ�IODJ�VLJQDO��LW�LV�GHWHUPLQHG�WKDW�WKH�
DEQRUPDO�MXPS�LV�D�GHOD\�MXPS�RU�DQ�HDUO\�MXPS��  

���&RXQWLQJ�WKH�GHOD\�RU�WKH�OHQJWK�RI�WKH�DGYDQFH�E\�WKH�FRXQWHU��  
���,Q�WKLV�ELW��SKDVHBVHJ��LV�DGGHG�ZLWK�D�GHOD\�WLPH�RU�SKDVHBVHJ��LV�VXEWUDFWHG�IURP�

WKH�DGYDQFH�WLPH�WR�REWDLQ�D�QHZ�SKDVH�EXIIHU�WLPH�IRU�WKH�ELW��WKHUHE\�DFKLHYLQJ�
V\QFKURQL]DWLRQ� 
24.2.3.6 7UDQVPLWWHU�'HOD\�&RPSHQVDWLRQ 

'XULQJ�WKH�GDWD�SKDVH�RI�D�&$1�)'�WUDQVPLVVLRQ��RQO\�RQH�QRGH�LV�WUDQVPLWWLQJ��DOO�
RWKHUV�DUH�UHFHLYLQJ��7KHUHIRUH��WKH�SURSDJDWLRQ�GHOD\�GRHV�QRW�OLPLW�WKH�PD[LPXP�GDWD�
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UDWH� 
:KHQ�WUDQVPLWWLQJ�YLD�SLQ��7;&$1��WKH�&$1�)'�&RQWUROOHU�PRGXOH�UHFHLYHV�WKH�WUDQVPLWWHG�
GDWD�IURP�LWV�ORFDO�&$1�WUDQVFHLYHU�YLD�SLQ��5;&$1��7KH�UHFHLYHG�GDWD�DUH�GHOD\HG�E\�WKH�
&$1 
WUDQVFHLYHU¶V�ORRS�GHOD\��,Q�FDVH�WKLV�GHOD\�LV�JUHDWHU�WKDQ�����'76(*���D�ELW�HUURU�ZLOO�EH�
GHWHFWHG� 

,Q�RUGHU�WR�HQDEOH�D�GDWD�SKDVH�ELW�WLPH�WKDW�LV�VKRUWHU�WKDQ�WKH�WUDQVFHLYHU�ORRS�GHOD\��
WKH 
7UDQVPLWWHU�'HOD\�&RPSHQVDWLRQ��7'&��LV�LPSOHPHQWHG��,QVWHDG�RI�VDPSOLQJ�DIWHU�'76(*���
D 
6HFRQGDU\�6DPSOH�3RLQW��663��LV�FDOFXODWHG�DQG�XVHG�IRU�VDPSOLQJ�GXULQJ�WKH�GDWD�SKDVH�RI�
D 
&$1�)'�PHVVDJH� 

)LJ������LOOXVWUDWHV�KRZ�WKH�WUDQVFHLYHU�ORRS�GHOD\�LV�PHDVXUHG�DQG�(TXDWLRQ�663� �7'&9�
��7'&2�VKRZV�KRZ�WKH�663�LV�FDOFXODWHG� 

 
Fig.24-8 Measurement of Secondary Sample Point 

 
 
 
24.2.4 675($0�352&(66 
24.2.4.1 � 'DWD�%XIIHULQJ 

7KH�GDWD�FDFKH�LQFOXGHV�WZR�SDUWV��D�WUDQVPLW�EXIIHU�DQG�D�UHFHLYH�EXIIHU��7KH�GDWD�WR�EH�
VHQW�RQ�WKH�&$1�EXV�LV�ORDGHG�LQWR�WKH�EXIIHU�DUHD��7KLV�EXIIHU�DUHD�LV�FDOOHG�WKH�
�WUDQVPLVVLRQ�EXIIHU���7KH�GDWD�UHFHLYHG�IURP�WKH�&$1�EXV�LV�DOVR�VWRUHG�LQ�WKH�EXIIHU�DUHD��
ZKLFK�LV�FDOOHG�WKH��UHFHLYHU�EXIIHU���7KH�VL]H�RI�WKH�EXIIHU�LV����E\WHV��LQFOXGLQJ���E\WH�
IUDPH�LQIRUPDWLRQ����WR���E\WH�LGHQWLILHUV��VWDQGDUG�RU�H[WHQGHG�IUDPH���DQG���E\WHV�RI�GDWD� 

7KH�&38�FRQILJXUHV�WKH�WUDQVPLVVLRQ�RI�WKH�GDWD�LQIRUPDWLRQ��IUDPH�LQIRUPDWLRQ��
LGHQWLILFDWLRQ�FRGH��GDWD���DQG�WKHQ�HQDEOH�WKH�WUDQVPLW�ELW��7KH�WUDQVPLW�GDWD�LQIRUPDWLRQ�LV�
VSOLFHG�LQWR�D�SDUDOOHO�FRPSOHWH�GDWD�WR�EH�WUDQVPLWWHG��LQFOXGLQJ�WKH�&5&�FKHFN�FRGH��
DFFRUGLQJ�WR�WKH�FXUUHQW�IUDPH�LQIRUPDWLRQ�DQG�VWRUHG�LQ�WUDQVPLVVLRQ�EXIIHU��6WUHDP�
SURFHVV�XQLW�ZDLW�IRU�WKH�DSSURSULDWH�WLPH�WR�VHQG�GDWD�WR�WKH�ELW�WLPLQJ�XQLW� 

7KH�UHFHLYHG�PHVVDJH�LV�SODFHG�LQ�WKH�UHFHLYLQJ�EXIIHU��$IWHU�UHFHLYLQJ��WKH�UHFHLYLQJ�
FRPSOHWLRQ�LQWHUUXSW�ZLOO�EH�JHQHUDWHG��$IWHU�UHFHLYLQJ�WKH�LQWHUUXSW��WKH�&38�ZLOO�UHDG�WKH�
GDWD�LQ�WKH�UHFHLYLQJ�EXIIHU�DQG�FOHDU�WKH�UHFHLYLQJ�EXIIHU��DQG�67$7(>�@�ZLOO�EH����,I�WKH�&38�
GRHV�QRW�UHDG�LQ�WLPH��67$7(>�@�ZLOO�UHPDLQ�DW����,I�D�QHZ�PHVVDJH�LV�UHFHLYHG�DW�WKLV�WLPH��
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RYHUIORZ�ZLOO�RFFXU�DQG�QRW�UHVSRQG�ZLWK�DFN�E\�GHIDXOW��  
,Q�QHZ�&$1)'�GHVLJQ��WKHUH�LV�DQRWKHU�LQGHSHQGHQW�WUDQVPLW�EXIIHU�ZKLFK�KDV�DQRWKHU�

FRUUHVSRQGLQJ�WUDQVPLW�UHTXHVW�ELW��%HVLGHV��WKHUH�LV�D�UHFHLYH�),)2�FDQ�EH�FRQILJXUHG�WR�
XVH��5[�GDWD�KDV�D�5'$7$�DGGUHVV�WR�EH�UHDG�E\�KRVW��7KH�VL]H�RI�GDWD�LV����ZRUG����ZRUG�
IUDPH�LQIRUPDWLRQ����ZRUG�,G�����ZRUG�GDWD��IRU�WUDQVPLW�DQG����ZRUG����ZRUG�WLPHVWDPS�
DGGLWLRQDO��IRU�UHFHLYH��5[�),)2�KDV���ELWVh����PHPRU\�VSDFH�ZKLFK�DOORZ�WR�
FRQWDLQ���UHFHLYH�PHVVDJH��  

7ZR�WUDQVPLW�UHTXHVW�ELW�LQ�&$1B&0'�FRUUHVSRQGV�WR�WZR�WUDQVPLW�EXIIHUV��7UDQVPLW�
PHVVDJH�PXVW�ZULWWHQ�WR�UHJLVWHUV�EHIRUH�VHWWLQJ�WUDQVPLW�UHTXHVW�ELW��$IWHU�VHWWLQJ�WUDQVPLW�
UHTXHVW�ELW��WUDQVPLW�PHVVDJHV�LQ�UHJLVWHUV�VWRUHV�LQ�FRUUHVSRQGLQJ�WUDQVPLW�EXIIHU��:KHQ�
WKH�5.&$1�EXIIHU��WUDQVPLVVLRQ�IUDPH�FRPSOHWH��
W[BUHTB�
�LV�DXWRPDWLFDOO\�FOHDUHG�WR��� 

&$1)'�VXSSRUW�5;�),)2��:KHQ�),)2�HQDEOHG��UHFHLYH�GDWD�VWRUHG�LQ�),)2�DV�5HFHLYH�
),)2�PHVVDJH�IRUPDW�VKRZQ�EHORZ��5GDWD�VKRXOG�UHDG�IURP�WKH�5;),)2�HQWUDQFH��,)�),)2�LV�
GLVDEOHG��5GDWD�VWRUHG�LQ�5GDWD�UHJLVWHUV�DQG�VKRXOG�UHDG�IURP�WKRVH�UHJLVWHUV�HYHU\�WLPH� 

 
Table 24-1 Receive FIFO message format 

NAME Offset  Access  Description 
RX FIFO RB0-INFO 0x0000  RO  Same as CAN_RXFRAMEINFO 
RX FIFO RB0-ID 0x0004  RO  Same as CAN_RXID 
RX FIFO TB0-
TIMESTAMP 

0x0008  RO  RX TIMESTAMP VALUE 

RX FIFO RB0-DATA0 0x000c  RO  Same as CAN_RXDATA 
RX FIFO RB0-DATA1 0x0010  RO  Same as CAN_RXDATA 
RX FIFO RB0-DATA2 0x0014  RO  Same as CAN_RXDATA 
« « « « 
RX FIFO RB0-DATA15 0x0048  RO  Same as CAN_RXDATA 
 

24.2.4.2 �5HFHLYH�'DWD 
$FFRUGLQJ�WR�WKH�EXV�SURWRFRO��WDNLQJ�WKH�GDWD�IUDPH�RI�WKH�H[WHQGHG�IUDPH�IRUPDW�DV�DQ�

H[DPSOH��WKH�UHFHLYLQJ�GDWD�VWDWH�PDFKLQH�LV�DV�IROORZV� 
 

RX ID1
(11bit)

RX RTR1
(1bit)

RX IDE
(1bit)

RX ID2
(18bit)

RX DLC
(4bit)

RX r0
(1bit)

RX r1
(1bit)

RX RTR2
(1bit)

RX data
(64bit)

RX CRC
(15bit)

RX CRC boundary
(1bit)

RX ACK
(1bit)

Interframe space
(3~11bit)

End of frame
(7bit)

RX ACK boundary
(1bit)

go_rx_id1

go_rx_rtr1 go_rx_ide go_rx_id2

go_rx_rtr2

go_rx_r1go_rx_r0go_rx_dlc

go_rx_data

go_rx_crc go_rx_crc_lim

go_rx_ack_lim

go_rx_ack

go_rx_eofgo_rx_inter

 
Fig.24-9 Receive data state diagram 

(DFK�VWDWH�RI�WKH�VWDWH�PDFKLQH�FRUUHVSRQGV�WR�ZKLFK��ILHOG��RI�WKH�IUDPH�GDWD�WKH�
UHFHLYHU�LV�LQ�ZKHQ�UHFHLYLQJ�GDWD��DQG�RQO\�RQH�RI�DOO�VWDWH�IODJV�LV�YDOLG�DW�WKH�VDPH�WLPH��
7KH�PHWKRG�RI�LPSOHPHQWDWLRQ�LV�DV�IROORZV� 

'HILQH�D�ELW�FRXQWHU�ELWBFQW���DGG�RQH�WR�HDFK�VDPSOH�SRLQW��SURYLGHG�E\�WKH�ELW�WLPLQJ�
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PRGXOH���$W�WKH�VDPH�WLPH��DFFRUGLQJ�WR�WKH�FXUUHQW�VWDWH�RI�WKH�VWDWH�PDFKLQH��LW�LV�
GHWHUPLQHG�LQ�WKLV�VWDWH�WKDW�WKH�ELW�FRXQWHU�QHHGV�WR�FRXQW�WR�ZKDW�YDOXH��GHWHUPLQHG�E\�
WKH�OHQJWK�RI�HDFK�ILHOG�GHILQHG�LQ�WKH�SURWRFRO��WR�JHQHUDWH�D�MXPS�VLJQDO�WR�WKH�QH[W�VWDWH�
WUDQVLWLRQ��:KHQHYHU�D�KRSSLQJ�VLJQDO�LV�JHQHUDWHG��WKH�FRXQWHU�LV�FOHDUHG�DQG�UHDG\�WR�
EHJLQ�FRXQWLQJ�IRU�WKH�QH[W�VWDWH� 

7KH�UHFHLYLQJ�VWDWH�PDFKLQH�HQVXUHV�WKDW�WKH�EXV�FRQWUROOHU�FDQ�DXWRPDWLFDOO\�UHFRJQL]H�
WKH�FXUUHQW�UHFHLYLQJ�VWDWH�ZKHQ�UHFHLYLQJ�GDWD��$IWHU�WKDW��WKH�GDWD�RI�HDFK�GDWD�ILHOG�QHHGV�
WR�EH�VWRUHG�LQ�WKH�FRUUHVSRQGLQJ�UHJLVWHU�DFFRUGLQJ�WR�GLIIHUHQW�VWDWHV��DQG�WKHQ�WKH�QH[W�
RSHUDWLRQ�LV�SHUIRUPHG��  
 
24.2.4.3 � 7UDQVPLW�'DWD 

The CAN FD accesses message element space of a buffer in TX block only if the respective 
request bit is set. The Host must respect access rules to avoid memory collisions, that is, after 
the Host sets a buffer ready request through the CMD register, it should not read or write the 
respective message element space until the respective request bit is in a clear/unset state. 

3DUDOOHO�GDWD�LV�VHULDOO\�WUDQVPLWWHG�WR�WKH�EXV�DFFRUGLQJ�WR�D�VSHFLILF�WLPLQJ��7KH�VHQGLQJ�
SRLQW�LV�WKH�W[BSRLQW��7KH�WUDQVPLW�FRXQWHU�LV�VHOI�DGGHG�LQ�WKH�YDOLG�GDWD�SRUWLRQ�RI�WKH�GDWD�
IUDPH��DQG�LV�FOHDUHG�ZKHQ�RQH�IUDPH�RI�GDWD�LV�WUDQVPLWWHG�RU�WKH�EXV�LV�LQ�DQ�HUURU�VWDWH� 

7KH�LPSOHPHQWDWLRQ�LV�DV�IROORZV� 
���&RPELQH�DOO�WKH�GDWD�WR�EH�VHQW�LQWR�D�FRPSOHWHO\�SDUDOOHO�GDWD�FKDLQ�DFFRUGLQJ�WR�WKH�

FXUUHQWO\�VHW�IUDPH�W\SH� 
���XVLQJ�W[BSRLQWHU�DV�D�GDWD�OLQN�SRLQWHU��REWDLQLQJ�D�VHULDO�GDWD�VLJQDO��W[BELW��WR�EH�

WUDQVPLWWHG� 
���'HWHUPLQH�ZKDW�W\SH�RI�GDWD�WR�VHQG�DFFRUGLQJ�WR�WKH�FXUUHQW�VWDWH��DQG�GHWHUPLQH�

WKH�GDWD�W[BQH[W�WR�EH�VHQW�DW�WKH�QH[W�WUDQVPLVVLRQ�WLPH��  
���6\QFKURQL]H�WKH�GDWD�WUDQVPLVVLRQ�VLJQDO�W[�ZLWK�WKH�W[BQH[W�WKURXJK�WKH�WUDQVPLVVLRQ�

SRLQW�W[BSRLQW�WR�REWDLQ�D�WUXH�WUDQVPLVVLRQ�VLJQDO�W[� 
 

24.2.4.4 � %LW�6WXIILQJ 
%LW�VWXIILQJ�LV�D�IXQFWLRQ�VHW�WR�SUHYHQW�EXUVW�HUURUV��$GG�D�ELW�RI�LQYHUVLRQ�GDWD�ZKHQ�WKH�

VDPH�OHYHO�ODVWV���ELWV� 
,Q�&$1�)'�IRUPDW�IUDPHV��WKH�&$1�ELW�VWXIILQJ�PHWKRG�LV�FKDQJHG�IRU�WKH�&5&�

6(48(1&(��+HUH��WKH�678))�%,76�VKDOO�EH�LQVHUWHG�DW�IL[HG�SRVLWLRQV��7KHUH�VKDOO�EH�D�IL[HG�
678))�%,7�EHIRUH�WKH�ILUVW�ELW�RI�WKH�&5&�6(48(1&(��HYHQ�LI�WKH�ODVW�ELWV�RI�WKH�SUHFHGLQJ�
ILHOG�GR�QRW�IXOILOO�WKH�&$1�VWXII�FRQGLWLRQ��$�IXUWKHU�678))�%,7�VKDOO�EH�LQVHUWHG�DIWHU�HDFK�
IRXUWK�ELW�RI�WKH�&5&�6(48(1&(��7KH�YDOXH�RI�VXFK�D�IL[HG�678))�%,7�VKDOO�EH�WKH�LQYHUVH�
YDOXH�RI�WKH�ELW�SUHFHGLQJ�WKH�IL[HG�678))�%,7� 

6HQGLQJ�XQLW��7KH�GDWD�EHWZHHQ�WKH�62)�DQG�&5&�VHJPHQWV�ZKHQ�WUDQVPLWWLQJ�GDWD�
IUDPHV�DQG�UHPRWH�IUDPHV��,I�WKH�VDPH�OHYHO�ODVWV�IRU���ELWV��WKH�QH[W�ELW��ELW����LV�LQVHUWHG�
ZLWK�WKH�OHYHO�RI�WKH��VW�ELW�DQG�WKH�ILUVW���ELWV� 

5HFHLYLQJ�XQLW��'DWD�EHWZHHQ�62)�DQG�&5&�VHJPHQWV�ZKHQ�UHFHLYLQJ�GDWD�IUDPHV�DQG�
UHPRWH�IUDPHV��,I�WKH�VDPH�OHYHO�ODVWV�IRU���GLJLWV��WKH�QH[W�ELW��ELW����QHHGV�WR�EH�GHOHWHG�
DQG�UHFHLYHG��,I�WKH��WK�ELW�LV�WKH�VDPH�OHYHO�DV�WKH�ILUVW���ELWV��LW�ZLOO�EH�WUHDWHG�DV�DQ�HUURU�
DQG�DQ�HUURU�IUDPH�ZLOO�EH�VHQW� 
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Fig.24-10 Bit Stuffing 

24.2.4.5 7UDQVPLW�(YHQW�),)2 
7KH�7UDQVPLW�(YHQW�),)2��7()��DOORZV�WKH�DSSOLFDWLRQ�WR�NHHS�WUDFN�RI�WKH�RUGHU�DQG�WLPH�

WKH�PHVVDJHV�ZHUH�WUDQVPLWWHG��7KH�7()�ZRUNV�VLPLODU�WR�D�5HFHLYH�),)2��ZKLFK�LV�D���ELWVh
���),)2��,QVWHDG�RI�VWRULQJ�UHFHLYHG�PHVVDJHV��LW�VWRUHV�WUDQVPLWWHG�PHVVDJHV��0HVVDJHV�
DUH�RQO\�VDYHG�LI�7()�HQDEOH�LV�VHW��7KH�6HTXHQFH�1XPEHU��6(4��RI�WKH�WUDQVPLWWHG�PHVVDJH�
LV�FRSLHG�LQWR�WKH�7()�2EMHFW��7KH�SD\ORDG�GDWD�DUH�QRW�VWRUHG��7UDQVPLWWHG�PHVVDJHV�DUH�
WLPHVWDPSHG�LI�7()76(1�LV�VHW��7UDQVPLW�PHVVDJH�IRUPDW�VWRUH�LQ�7;(�),)2�DV�IROORZ� 

Table 24-2 TXE FIFO message format 

NAME Offset  Access  Description 
TXE FIFO TB0-INFO 0x0000  RO  Same as CAN_TXFRAMEINFO 
TXE FIFO TB0-ID 0x0004  RO  Same as CAN_TXID 
TXE FIFO TB0-
TIMESTAMP 

0x0008  RO  TX TIMESTAMP VALUE 

TXE FIFO TB1-INFO 0x000c  RO  Same as CAN_TXFRAMEINFO 
TXE FIFO TB1-ID 0x0010  RO  Same as CAN_TXID 
TXE FIFO TB1-
TIMESTAMP 

0x0014  RO  TX TIMESTAMP VALUE 

« « « « 
 
24.2.4.6 � 7,0(67$03 

7KH�&$1�)'�&RQWUROOHU�PRGXOH�FRQWDLQV�D�7LPH�%DVH�&RXQWHU��7%&���7KH�7%&�LV�D����ELW 
IUHH�UXQQLQJ�FRXQWHU�WKDW�LQFUHPHQWV�RQ�PXOWLSOHV�RI�&$1&/.�DQG�UROOV�RYHU�WR�]HUR��7%&�FDQ�
EH�FOHDUHG�E\�ZULWLQJ�DQ\�YDOXH�WR�7%&� 
��7,0(67$03B&75/�LV�XVHG�WR�FRQILJXUH�WKH�SUHVFDOHU�IRU�WKH�7%&� 
��6HWWLQJ�7,0(67$03B&75/�7%&(1�HQDEOHV�WKH�7%&� 
��&OHDULQJ�7%&(1�GLVDEOHV��VWRSV�DQG�UHVHWV�WKH�7%&� 
��7KH�7%&�KDV�WR�EH�GLVDEOHG�EHIRUH�ZULWLQJ�WR�7%&�E\�FOHDULQJ�7%&(1� 
��7KH�DSSOLFDWLRQ�FDQ�UHDG�7%&�DW�DQ\�WLPH��/LNH�ZLWK�DQ\�PXOWLE\WH�FRXQWHU��WKH�DSSOLFDWLRQ�
KDV�WR�FRQVLGHU�WKDW�WKH�FRXQWHU�LQFUHPHQWV�DQG�PLJKW�UROORYHU�EHWZHHQ�UHDGLQJ�WKH�
GLIIHUHQW�E\WHV�RI�WKH�FRXQWHU��$�UROORYHU�RI�WKH�7%&�ZLOO�JHQHUDWH�DQ�LQWHUUXSW� 

&DSWXULQJ�RI�WLPH�VWDPSV�DW�WKH�6$03/(�32,176�RI�WKH�67$57�2)�)5$0(�ELWV�RI�
UHFHLYHG�DQG�WUDQVPLWWHG�IUDPHV� 
 
24.2.5 (5525�352&(66 

7KHUH�DUH�ILYH�W\SHV�RI�HUURUV��0XOWLSOH�HUURUV�FDQ�RFFXU�DW�WKH�VDPH�WLPH� 
z %,7�(5525��  

$�XQLW�WKDW�LV�VHQGLQJ�D�ELW�RQ�WKH�EXV�DOVR�PRQLWRUV�WKH�EXV��$�%,7�(5525�KDV�
WR�EH�GHWHFWHG�DW�WKDW�ELW�WLPH��ZKHQ�WKH�ELW�YDOXH�WKDW�LV�PRQLWRUHG�LV�GLIIHUHQW�
IRUP�WKH�ELW�YDOXH�WKDW�LV�VHQW��$Q�H[FHSWLRQ�LV�WKH�VHQGLQJ�RI�D�µUHFHVVLYH¶�ELW�
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GXULQJ�WKH�VWXIIHG�ELW�VWUHDP�RI�WKH�$5%,75$7,21�),(/'�RI�GXULQJ�WKH�$&.�6/27��
7KHQ�QR�%,7�(5525�RFFXUV�ZKHQ�D�µGRPLQDQW¶�ELW�LV�PRQLWRUHG��$�75$160,77(5�
VHQGLQJ�D�3$66,9(�(5525�)/$*�DQG�GHWHFWLQJ�D�µGRPLQDQW¶�ELW�GRHV�QRW�
LQWHUSUHW�WKLV�DV�D�%,7�(5525� 

z %,7�678))�(5525� 
$�678))�(5525�KDV�WR�EH�GHWHFWHG�DW�WKH�ELW�WLPH�RI�WKH��WK�FRQVHFXWLYH�HTXDO�
ELW�OHYHO�LQ�D�PHVVDJH�ILHOG�WKDW�VKRXOG�EH�FRGHG�E\�WKH�PHWKRG�RI�ELW�VWXIILQJ� 

z )250�(5525� 
$�)250�(5525�KDV�WR�EH�GHWHFWHG�ZKHQ�D�IL[HG�IRUP�ELW�ILHOG�FRQWDLQV�RQH�RU�
PRUH�LOOHJDO�ELWV���([FHSWLRQ�LV�WKH�GHWHFWLRQ�RI�D�GRPLQDQW�ELW�GXULQJ�WKH�ODVW�ELW�
RI�(1'�2)�)5$0(�E\�D�5(&(,9(5��RU�WKH�GHWHFWLRQ�RI�D�GRPLQDQW�ELW�GXULQJ�WKH�
ODVW�ELW�RI�(5525�'(/,0,7(5�RU�29(5/2$'�'(/,0,7(5�E\�DQ\�QRGH���:KHQ�WKH�
YDOXH�RI�D�IL[HG�678))�%,7�LQ�WKH�&$1�)'�IRUPDW�&5&�6(48(1&(�LV�HTXDO�WR�LWV�
SUHFHGLQJ�ELW��WKLV�VKDOO�DOVR�EH�GHWHFWHG�DV�D�)250�(5525� 

z $&.�(5525� 
$Q�$&.�(5525�KDV�WR�EH�GHWHFWHG�E\�D�WUDQVPLWWHU�ZKHQHYHU�LW�GRHV�QRW�
PRQLWRU�D�µGRPLQDQW¶�ELW�GXULQJ�WKH�$&.�6/27� 

z &5&�(5525� 
7KH�&5&�VHTXHQFH�FRQVLVWV�RI�WKH�UHVXOW�RI�WKH�&5&�FDOFXODWLRQ�E\�WKH�
WUDQVPLWWHU��7KH�UHFHLYHUV�FDOFXODWH�WKH�&5&�LQ�WKH�VDPH�ZD\�DV�WKH�WUDQVPLWWHU��
$�&5&�(5525�KDV�WR�EH�GHWHFWHG��LI�WKH�FDOFXODWHG�UHVXOW�LV�QRW�WKH�VDPH�DV�WKDW�
UHFHLYHG�LQ�WKH�&5&�VHTXHQFH� 

24.3 Register Description 
24.3.1 ,QWHUQDO�$GGUHVV�0DSSLQJ 
6ODYH�DGGUHVV�FDQ�EH�GLYLGHG�LQWR�GLIIHUHQW�OHQJWK�IRU�GLIIHUHQW�XVDJH��ZKLFK�LV�VKRZQ�DV�
IROORZV��  
 
24.3.2 5HJLVWHUV�6XPPDU\ 

Name  Offset  Size  
Reset 
Value  

Description  

CAN_MODE  0x0000  W  0x00000000  
CAN controller working mode 
configure register  

CAN_CMD  0x0004  W  0x00000000  CAN command register  
CAN_STATE  0x0008  W  0x00000000  CAN state register  
CAN_INT  0x000c  W  0x00000000  Interrupt state register  
CAN_INT_MASK  0x0010  W  0x00000000  Interrupt enable registers  
CAN_DMA_CTRL  0x0014  W  0x00000000  dma mode control  
CAN_BITTIMING  0x0018  W  0x00000000  Bit timing configure register  
CAN_ARBITFAIL  0x0028  W  0x00000000  Arbit fail code register  
CAN_ERROR_CODE  0x002c  W  0x00000000  Error code register  
CAN_RXERRORCNT  0x0034  W  0x00000000  Receive error counter  
CAN_TXERRORCNT  0x0038  W  0x00000000  Transmit error counter  
CAN_IDCODE  0x003c  W  0x00000000  CAN controller's identifier  

CAN_IDMASK  0x0040  W  0x00000000  
Identification code bit mask 
register  

CAN_TXFRAMEINFO  0x0050  W  0x00000000  
TX frame information 
configuration register  

CAN_TXID  0x0054  W  0x00000000  CAN controller transmit ID  
CAN_TXDATA0  0x0058  W  0x00000000  CAN controller transmit DATA1  
CAN_TXDATA1  0x005c  W  0x00000000  CAN controller transmit DATA1  
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Name  Offset  Size  
Reset 
Value  

Description  

CAN_RXFRAMEINFO  0x0060  W  0x00000000  
RX frame information register.This 
register needs to be read(clear) 
before receiving the next frame.  

CAN_RXID  0x0064  W  0x00000000  
CAN controller receive ID.This 
register needs to be read(clear) 
before receiving the next frame.  

CAN_RXDATA0  0x0068  W  0x00000000  
Receive Data Reg0This register 
needs to be read(clear) before 
receiving the next frame.  

CAN_RXDATA1  0x006c  W  0x00000000  
Receive Data Reg1This register 
needs to be read(clear) before 
receiving the next frame.  

CAN_RTL_VERSION  0x0070  W  0x00000021  CAN RTL version  
CAN_FD_NOMINAL_BITTI
MING  

0x0100  W  0x00000000  
CANFD nominal bit timing 
configure  

CAN_FD_DATA_BITTIMIN
G  

0x0104  W  0x00000000  CANFD data bit timing configure  

CAN_TRANSMIT_DELAY_C
OMPENSATION  

0x0108  W  0x00000000  
transmitter delay compensation 
configure  

CAN_TIMESTAMP_CTRL  0x010c  W  0x00000000  timestamp counter configure  
CAN_TIMESTAMP  0x0110  W  0x00000000  timestamp counter  
CAN_TXEVENT_FIFO_CTR
L  

0x0114  W  0x00000000  tx event fifo configure  

CAN_RX_FIFO_CTRL  0x0118  W  0x00000000  rx fifo configure  
CAN_AFR_CTRL  0x011c  W  0x00000000  Acceptance filter register control  
CAN_IDCODE0  0x0120  W  0x00000000  CAN controller's identifier  

CAN_IDMASK0  0x0124  W  0x00000000  
Identification code bit mask 
register  

CAN_IDCODE1  0x0128  W  0x00000000  CAN controller's identifier  

CAN_IDMASK1  0x012c  W  0x00000000  
Identification code bit mask 
register  

CAN_IDCODE2  0x0130  W  0x00000000  CAN controller's identifier  

CAN_IDMASK2  0x0134  W  0x00000000  
Identification code bit mask 
register  

CAN_IDCODE3  0x0138  W  0x00000000  CAN controller's identifier  

CAN_IDMASK3  0x013c  W  0x00000000  
Identification code bit mask 
register  

CAN_IDCODE4  0x0140  W  0x00000000  CAN controller's identifier  

CAN_IDMASK4  0x0144  W  0x00000000  
Identification code bit mask 
register  

CAN_FD_TXFRAMEINFO  0x0200  W  0x00000000  
CANFD TX frame information 
configuration register  

CAN_FD_TXID  0x0204  W  0x00000000  CAN controller transmit ID  
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Name  Offset  Size  
Reset 
Value  

Description  

CAN_FD_TXDATA0  0x0208  W  0x00000000  CANFD controller transmit DATA0  
CAN_FD_TXDATA1  0x020c  W  0x00000000  CAN controller transmit DATA1  
CAN_FD_TXDATA2  0x0210  W  0x00000000  CAN controller transmit DATA2  
CAN_FD_TXDATA3  0x0214  W  0x00000000  CAN controller transmit DATA3  
CAN_FD_TXDATA4  0x0218  W  0x00000000  CAN controller transmit DATA4  
CAN_FD_TXDATA5  0x021c  W  0x00000000  CAN controller transmit DATA5  
CAN_FD_TXDATA6  0x0220  W  0x00000000  CAN controller transmit DATA6  
CAN_FD_TXDATA7  0x0224  W  0x00000000  CAN controller transmit DATA7  
CAN_FD_TXDATA8  0x0228  W  0x00000000  CAN controller transmit DATA8  
CAN_FD_TXDATA9  0x022c  W  0x00000000  CAN controller transmit DATA9  
CAN_FD_TXDATA10  0x0230  W  0x00000000  CAN controller transmit DATA10  
CAN_FD_TXDATA11  0x0234  W  0x00000000  CAN controller transmit DATA11  
CAN_FD_TXDATA12  0x0238  W  0x00000000  CAN controller transmit DATA12  
CAN_FD_TXDATA13  0x023c  W  0x00000000  CAN controller transmit DATA13  
CAN_FD_TXDATA14  0x0240  W  0x00000000  CAN controller transmit DATA14  
CAN_FD_TXDATA15  0x0244  W  0x00000000  CAN controller transmit DATA15  

CAN_FD_RXFRAMEINFO  0x0300  W  0x00000000  
CANFD RX frame information 
configuration register  

CAN_FD_RXID  0x0304  W  0x00000000  CAN controller receive ID  
CAN_FD_RXTIMESTAMP  0x0308  W  0x00000000  CAN controller receive timestamp  

CAN_FD_RXDATA0  0x030c  W  0x00000000  
Receive Data Reg0.This register 
refresh after receiving the next 
frame.  

CAN_FD_RXDATA1  0x0310  W  0x00000000  
Receive Data Reg1.This register 
refresh after receiving the next 
frame.  

CAN_FD_RXDATA2  0x0314  W  0x00000000  
Receive Data Reg2This register 
refresh after receiving the next 
frame.  

CAN_FD_RXDATA3  0x0318  W  0x00000000  
Receive Data Reg3This register 
refresh after receiving the next 
frame.  

CAN_FD_RXDATA4  0x031c  W  0x00000000  
Receive Data Reg4This register 
refresh after receiving the next 
frame.  

CAN_FD_RXDATA5  0x0320  W  0x00000000  
Receive Data Reg5This register 
refresh after receiving the next 
frame.  

CAN_FD_RXDATA6  0x0324  W  0x00000000  
Receive Data Reg6This register 
refresh after receiving the next 
frame.  
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Name  Offset  Size  
Reset 
Value  

Description  

CAN_FD_RXDATA7  0x0328  W  0x00000000  
Receive Data Reg7This register 
refresh after receiving the next 
frame.  

CAN_FD_RXDATA8  0x032c  W  0x00000000  
Receive Data Reg8This register 
refresh after receiving the next 
frame.  

CAN_FD_RXDATA9  0x0330  W  0x00000000  
Receive Data Reg9This register 
refresh after receiving the next 
frame.  

CAN_FD_RXDATA10  0x0334  W  0x00000000  
Receive Data Reg10This register 
refresh after receiving the next 
frame.  

CAN_FD_RXDATA11  0x0338  W  0x00000000  
Receive Data Reg11This register 
refresh after receiving the next 
frame.  

CAN_FD_RXDATA12  0x033c  W  0x00000000  
Receive Data Reg12This register 
refresh after receiving the next 
frame.  

CAN_FD_RXDATA13  0x0340  W  0x00000000  
Receive Data Reg13This register 
refresh after receiving the next 
frame.  

CAN_FD_RXDATA14  0x0344  W  0x00000000  
Receive Data Reg14This register 
refresh after receiving the next 
frame.  

CAN_FD_RXDATA15  0x0348  W  0x00000000  
Receive Data Reg15This register 
refresh after receiving the next 
frame.  

CAN_RX_FIFO_RDATA  0x0400  W  0x00000000  
This register gives the value read 
from rx fifo  

CAN_TXE_FIFO_RDATA  0x0500  W  0x00000000  
This register gives the value read 
from tx event fifo  

1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV 
 
24.3.3 'HWDLO�5HJLVWHU�'HVFULSWLRQ 
&$1B02'(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:16   RO   0x0  reserved 

15   RW   0x0  

CAN_FD_mode_enable 
CAN FD Mode ENABLE. 
1'b0 : Disable. 
1'b1 : Enable. 
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Bit  Attr  Reset Value  Description  

14   RW   0x0  

DPEE 
Disable Protocol Exception Event Detection/Generation. 
1'b0: PEE detection/generation is enabled. If the CAN FD 
receiver detects the res bit as 1, it goes to Bus Integration state 
(PEE_config) and waits for Bus Idle condition (11 consecutive 
nominal recessive bits). The error counter remains unchanged. 
1'b1: Disable Protocol Exception Event detection/generation by 
CAN FD receiver if "res" bit in CAN FD frame is detected as 1. 
In this case, CAN FD receiver generates Form error. 

13   RW   0x0  

BRSD 
CAN FD Bit Rate Switch Disable Override. 
1'b0: Makes the core transmit CAN FD frames as per BRS bit in 
the TX Message element. 
1'b1: Makes the core transmit CAN FD frames only in nominal 
bit rate (by overriding the TX Message element BRS bit 
setting). 

12   RW   0x0  

space_rx_mode 
Interframe Spaceing RX Mode. 
1'b0 : Enable. 
1'b1 : Disable. 

11   RW   0x0  

auto_bus_on 
Auto Bus On Enable. 
1'b0 : After the RKCAN has entered bus_off state, the software 
can start a bus_off_recovery sequence by resetting the 
work_mode to 0. 
1'b1 : Automatic reset TEC/REC to bus_on after 128 occurrence 
of 11 consecutive recessive bits have been monitored on the bus. 

10   RW   0x0  

auto_retx_mode 
Auto Retransmission Mode. 
1'b0 : Disable. RKCAN return to idle state after transmit 
DATA/RTR frame failed, and set tx_req to 0. 
1'b1 : Enable. The RKCAN automatically retransmit frames which 
have lost arbitration or have been disturbed by errors during 
transmission. 

9   RW   0x0  

ovld_mode 
Overload Mode. 
1'b0: overload lite mode.  
1'b1: overload extended mode. RKCAN 

8   RW   0x0  

cover_mode 
Rx Data Cover Mode. 
1'b0 : RKCAN can't receive new frame before receive registers 
cleared. 
1'b1 : RKCAN can receive new frame before receive registers 
cleared, and new rxdata will cover old rxdata. 
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Bit  Attr  Reset Value  Description  

7   RW   0x0  

rxsort_mode 
RX Data Sort Mode. 
1'b0: The data received first is placed in the lower address. 
1'b1: The data received first moves to the upper address, and the 
data received later is placed at the lower addrsss. 

6   RW   0x0  

txorder_mode 
TX Data Order Mode. 
1'b0: tx_data1[7:0] --> tx_data1[15:8] --> tx_data1[23:16] --> 
tx_data1[31:24] -->tx_data2[7:0] --> tx_data2[15:8] --> 
tx_data2[23:16] --> tx_data2[31:24]. 
1'b1: tx_data2[31:0] --> tx_data1[31:0]. 

5   RW   0x0  

rxstx_mode 
Receive Self Transmit data mode. 
1'b0: Disable; 
1'b1: Enable. When the RKCAN sends data, it can also receive the 
data sent by itself. 

4   RW   0x0  

lback_mode 
Loopback Mode. 
1'b0: Disable. 
1'b1: Enable. 

3   RW   0x0  

silent_mode 
Silent Mode. 
1'b0: Disable. 
1'b1: Enable. 

2   RW   0x0  

self_test 
Self check ACK slot when TX frame. 
1'b0: Normal 
1'b1: Self test mode. When in self test mode, the receiver does 
not need to return an ACK signal when receiving data. Therefore, 
no ack_error will occur in self test mode. When in 'lback_mode' 
or 'silent_mode', it need to enable 'self_test' mode when sending 
frame. 

1   RW   0x0  

sleep_mode 
Sleep Mode 
This is the Sleep mode request bit. 
1'b0: No such request. 
1'b1: Request core to be in Sleep mode. 
This bit is cleared when the core wakes up from Sleep mode. 

0   RW   0x0  

work_mode 
Work Mode. 
1'b0: Reset mode, CAN stop transmit and registers can be 
configured. 
1'b1: Work mode, CAN enter the working mode, RX/TX data. 

 
 
&$1B&0'�  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
Bit  Attr  Reset Value  Description  

31:2   RO   0x0  reserved 

1   
R/W
SC   

0x0  

tx1_req 
Transmit request enable 
1'b0: Disable; 
1'b1: Enable. 
When 'tx_req' is enable, the RKCAN buffer1 is in the transmit 
mode and cannot receive frames from other CANs. When the 
RKCAN buffer1 transmission frame complete, 'tx_req' is 
automatically cleared to 0. Also, when RKCAN is set 'work_mode' 
to 'reset_mode', tx_req' is cleared to 0. 

0   
R/W
SC   

0x0  

tx0_req 
Transmit request enable 
1'b0: Disable; 
1'b1: Enable. 
When 'tx_req' is enable, the RKCAN buffer0 is in the transmit 
mode and cannot receive frames from other CANs. When the 
RKCAN buffer0 transmission frame complete, 'tx_req' is 
automatically cleared to 0. Also, when RKCAN is set 'work_mode' 
to 'reset_mode', tx_req' is cleared to 0. 

 
 
&$1B67$7(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:7   RO   0x0  reserved 

6   RO   0x0  

sleep_state 
sleep_state 
1'b0: None 
1'b1: CAN controller is in the sleep state 

5   RO   0x0  

bus_off_state 
1'b0: None 
1'b1: Bus off state: When the error counter is incremented to 
255, the CAN controller will enter the bus off state, generate an 
error warning interrupt and enter reset mode, waiting for the CPU 
to restart. (rx/tx_err_cnt >=32'd255) 

4   RO   0x0  

error_warning_state 
1'b0: None 
1'b1: Error state: At least one error counter has reached the 
error warning threshold (rx/tx_err_cnt >=32'd96) 

3   RO   0x0  
tx_period 
1'b0: Not in transmiting state 
1'b1: CAN controller is in the transmiting state 

2   RO   0x0  
rx_period 
1'b0: Not in receiving state 
1'b1: CAN controller is in the receiving state 
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Bit  Attr  Reset Value  Description  

1   RO   0x0  

tx_buffer_full 
Transmit buffer full flag bit 
1'b0: Not full 
1'b1: TX buffer is full. There is data in buffer waiting to be sent or 
being sent. 

0   RO   0x0  

rx_buffer_full 
Receive buffer full flag bit 
1'b0: Not full 
1'b1: RX buffer is full. A complete message is stored in the 
buffer. 

 
 
&$1B,17�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  
31:15   RO   0x0  reserved 

14   RW   0x0  

wakeup_int 
1'b0: None 
1'b1: Indicates that the core entered Normal mode from Sleep 
mode. Write 1 then clear. 

13   
W1
C   

0x0  

tx_event_fifo_full_int 
0 = None 
1 = Indicates that TX Event FIFO is full based on watermark 
programming. 
The interrupt continues to assert as long as the TX Event FIFO Fill 
Level 
is above TX Event FIFO Full watermark. 

12   
W1
C   

0x0  

tx_event_fifo_overflow_int 
0 = None 
1 = Indicates that a message has been lost. This condition occurs 
when the core has successfully transmitted a message for which 
an 
event store is requested but the TX Event FIFO is full. 

11   
W1
C   

0x0  

timestamp_counter_overflow_int 
1'b0: None 
1'b1: 1 = Indicates that Timestamp counter rolled over (from 
0xffff to 0x0). Write 1 then clear. 

10   
W1
C   

0x0  

bus_off_recovery_int 
1'b0: None 
1'b1: Indicates that the core recoveryed from Bus-off mode. 
Write 1 then clear. 

9   
W1
C   

0x0  

bus_off_int 
1'b0: None 
1'b1: Indicates that the CAN core entered Bus-off mode. Write 1 
then clear. 
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Bit  Attr  Reset Value  Description  

8   
W1
C   

0x0  

rx_fifo_overflow_int 
RX FIFO Overflow Interrupt (RX FIFO ENABLE). 
0 = None 
1 = Indicates that a message has been lost. This condition occurs 
when a new message with ID matching to Receive FIFO is 
received and the Receive FIFO is full. 

7   
W1
C   

0x0  

rx_fifo_full_int 
RX FIFO full Interrupt (FIFO Mode enable). 
1'b0: None 
1'b1: Indicates that RX FIFO is full based on watermark setting. 

6   
W1
C   

0x0  

error_int 
1'b0: None 
1'b1: CAN bus error interrupt. This interrupt is generated when a 
bus error is detected.  Error details can refer to the 
ERROR_CODE  register. Write 1 then clear. 

5   
W1
C   

0x0  

tx_arbit_fail_int 
1'b0: None 
1'b1: Arbitration loss interrupt. This interrupt is generated when 
the loss of arbitration is turned into a receiver. Write 1 then clear. 

4   
W1
C   

0x0  

passive_error_int 
1'b0: None 
1'b1: Passive error interrput. This interrupt is generated when the 
controller enters an error passive state (at least one error counter 
reaches 127) or returns from the error passive state to the error 
active state.  Write 1 then clear. 

3   
W1
C   

0x0  

overload_int 
1'b0: None 
1'b1: CAN bus overload interrupt. This interrupt is generated 
when a overload frame is generated. 

2   
W1
C   

0x0  

error_warning_int 
Error warning interrupt  
1'b0: None 
1'b1: error_warning_int. This interrupt is generated when the 
error_warning_state bits change. Write 1 then clear. 

1   
W1
C   

0x0  

tx_finish_int 
Transmit finish interrupt 
1'b0: None 
1'b1: tx_finish_int. CAN controller sends the message and the 
buffer is empty. Write 1 then clear. 

0   
W1
C   

0x0  

rx_finish_int 
Receive finish interrupt 
1'b0: None 
1'b1: RX finish int. CAN controller has received the message and 
the rx_buffer is full. Write 1 then clear. 
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&$1B,17B0$6.�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:15   RO   0x0  reserved 

14   RW   0x0  
wakeup_int_mask 
1'b0: Unmasked 
1'b1: Masked 

13   RW   0x0  
tx_event_fifo_full_int_mask 
1'b0: Unmasked 
1'b1: Masked 

12   RW   0x0  
tx_event_fifo_overflow_int_mask 
1'b0: Unmasked 
1'b1: Masked 

11   RW   0x0  
timestamp_counter_overflow_int_mask 
1'b0: Unmasked 
1'b1: Masked 

10   RW   0x0  
bus_off_recovery_int_mask 
1'b0: Unmasked 
1'b1: Masked 

9   RW   0x0  
bus_off_int_mask 
1'b0: Unmasked 
1'b1: Masked 

8   RW   0x0  
rx_fifo_overflow_int_mask 
1'b0: Unmasked 
1'b1: Masked 

7   RW   0x0  
rx_fifo_full_int_mask 
1'b0: Unmasked 
1'b1: Masked 

6   RW   0x0  
error_int_mask 
1'b0: Unmasked 
1'b1: Masked 

5   RW   0x0  
tx_arbit_fail_int_mask 
1'b0: Unmasked 
1'b1: Masked 

4   RW   0x0  
passive_error_int_mask 
1'b0: Unmasked 
1'b1: Masked 

3   RW   0x0  
rx_buffer_overflow_int_mask 
1'b0: Unmasked 
1'b1: Masked 

2   RW   0x0  
error_warning_int_mask 
1'b0: Unmasked 
1'b1: Masked 
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Bit  Attr  Reset Value  Description  

1   RW   0x0  
tx_finish_int_mask 
1'b0: Unmasked 
1'b1: Masked 

0   RW   0x0  
rx_finish_int_mask 
1'b0: Unmasked 
1'b1: Masked 

 
 
&$1B'0$B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:2   RO   0x0  reserved 

1   RW   0x0  

dma_rx_mode 
DMA receive request enable 
1'b0: Disable; 
1'b1: Enable. 
When 'DMA_rx_req' is enable, the RKCAN is in the DMA receive 
mode. Also, when RKCAN is set 'work_mode' to 'reset_mode', 
tx_req' is clear. 

0   RW   0x0  

dma_tx_mode 
DMA Transmit request enable 
1'b0: Disable; 
1'b1: Enable. 
When 'DMA_tx_req' is enable, the RKCAN is in the DMA transmit 
mode. When RKCAN is set 'work_mode' to 'reset_mode', tx_req' 
is cleared to 0. 

 
 
&$1B%,77,0,1*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:17   RO   0x0  reserved 

16   RW   0x0  

sample_mode 
CAN controller sampling mode configuration register. 
1'b0: Single sample mode 
11'b1: Three sample mode 
᧘㦀֯⭘single sample mode. 

15:14   RW   0x0  

sjw 
SJW: reSynchronization Jump Width 
Each unit has a synchronization error due to a clock frequency 
deviation or a transmission delay. SJW is to compensate for the 
maximum value of this error. 

13:8   RW   0x00  
brp 
brp: system prescaler coefficient 
Tsclk = 2 x Tclk x (brp + 1). 

7   RO   0x0  reserved 
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Bit  Attr  Reset Value  Description  

6:4   RW   0x0  
tseg2 
Phase buffer segment 2 
Tphase_seg2 = Tsclk x (tseg2 + 1) 

3:0   RW   0x0  
tseg1 
Phase buffer segment 1 
Tphase_seg1 = Tsclk x (tseg1 + 1) 

 
 
&$1B$5%,7)$,/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:7   RO   0x0  reserved 

6:0   RO   0x00  
arbit_fail_code 
This register indicates the bit position of arbitration section where 
the arbitration was lost. 

 
 
&$1B(5525B&2'(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  
31:30   RO   0x0  reserved 

29   RW   0x0  
error_phase 
0: Arbitration Phase 
1: Data Phase 

28:26   RO   0x0  

error_type 
Error type: 
3'b000: BIT ERROR 
3'b001: BIT STUFF ERROR 
3'b010: FORM ERROR 
3'b011: ACK ERROR 
3'b100: CRC ERROR 

25   RO   0x0  
error_direction 
1'b0: TX error 
1'b1: RX error 

24:16   RW   0x000  

tx_error_position 
Indicate transmit error position. 
9'b000000001 : TRANSMIT_IDLE. 
9'b000000010 : TRANSMIT_SOF_DLC. 
9'b000000100 : TRANSMIT_DATA. 
9'b000001000 : TRANSMIT_STUFF_COUNT. 
9'b000010000 : TRANSMIT_CRC. 
9'b000100000 : TRANSMIT_ACK_EOF. 
9'b001000000 : TRANSMIT_ACK. 
9'b010000000 : TRANSMIT_ERROR. 
9'b100000000 : TRANSMIT_OVERLOAD. 
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Bit  Attr  Reset Value  Description  

15:0   RO   0x0000  

rx_error_position 
Indicate receive error position 
16'b0000000000000001: RECEIVE_IDLE 
16'b0000000000000010: RECEIVE_SOF_IDE 
16'b0000000000000100: RECEIVE_ID2_RTR 
16'b0000000000001000: RECEIVE_FDF 
16'b0000000000010000: RECEIVE_RES 
16'b0000000000100000: RECEIVE_BRS_ESI 
16'b0000000001000000: RECEIVE_DLC 
16'b0000000010000000: RECEIVE_DATA 
16'b0000000100000000: RECEIVE_STUFF_COUNT 
16'b0000001000000000: RECEIVE_CRC 
16'b0000010000000000: RECEIVE_CRC_LIM 
16'b0000100000000000: RECEIVE_ACK 
16'b0001000000000000: RECEIVE_ACK_LIM 
16'b0010000000000000: RECEIVE_EOF 
16'b0100000000000000: RECEIVE_SPACE 
16'b1000000000000000: RECEIVE_BUF_INT 

 
 
&$1B5;(5525&17�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:8   RO   0x0  reserved 

7:0   RO   0x00  

rx_err_cnt 
Receive Error Counter(REC). 
Actual state of the Receive Error Counter. Value between 0 and 
127. 

 
 
&$1B7;(5525&17�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:9   RO   0x0  reserved 

8:0   RO   0x000  

tx_err_cnt 
Transmit Error Counter(TEC). 
Actual state of the Transmit Error Counter. Value between 0 and 
255. 

 
 
&$1B,'&2'(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
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Bit  Attr  Reset Value  Description  
31:29   RO   0x0  reserved 

28:0   RW   0x00000000  

id_code 
CAN controller ID code: 
Standard frame ID: id_code[10:0]; 
Extended frame ID: id_code[28:0]. 

 
 
&$1B,'0$6.�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:29   RO   0x0  reserved 

28:0   RW   0x00000000  
id_mask 
[0]: Unmasked 
[1]: Masked 

 
 
&$1B7;)5$0(,1)2�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:8   RO   0x0  reserved 

7   RW   0x0  
txframe_format 
1'b0: Standard frame 
1'b1: Extended frame 

6   RW   0x0  
tx_rtr 
1'b0: Data frame 
1'b1: Remote frame 

5:4   RO   0x0  reserved 

3:0   RW   0x0  

txdata_length 
Transmit data length configure register.(unit:byte) 
4'b0000: 0byte 
4'b0001: 1byte 
4'b0010: 2byte 
4'b0011: 3byte 
4'b0100: 4byte 
4'b0101: 5byte 
4'b0110: 6byte  
4'b0111: 7byte 
4'b1000: 8byte 
others: reserved 

 
 
&$1B7;,'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:29   RO   0x0  reserved 

28:0   RW   0x00000000  
tx_id 
can_tx_id[28:0] 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2199 

 
 
&$1B7;'$7$��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  
tx_data0 
tx_data0 

 
 
&$1B7;'$7$��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  
tx_data1 
tx_data1 

 
 
&$1B5;)5$0(,1)2�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:8   RO   0x0  reserved 

7   RC   0x0  
rxframe_format 
1'b0: Standard frame 
1'b1: Extended frame 

6   RC   0x0  
rx_rtr 
1'b0: Data frame 
1'b1: Remote frame 

5:4   RO   0x0  reserved 

3:0   RC   0x0  

rxdata_length 
Receive data length register.(unit:byte) 
4'b0000: 0byte 
4'b0001: 1byte 
4'b0010: 2byte 
4'b0011: 3byte 
4'b0100: 4byte 
4'b0101: 5byte 
4'b0110: 6byte  
4'b0111: 7byte 
4'b1000: 8byte 
others: reserved 

 
 
&$1B5;,'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:29   RO   0x0  reserved 

28:0   RC   0x00000000  
rx_id 
rx_id[28:0] 

 
 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2200 

&$1B5;'$7$��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RC   0x00000000  
rx_data0 
rx_data0[31:0] 

 
 
&$1B5;'$7$��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  

31:0   RC   0x00000000  
rx_data1 
rx_data1[31:0] 

 
 
&$1B57/B9(56,21�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RO   0x00000021  
version 
CAN rtl version = 32'h22 

 
 
&$1B)'B120,1$/B%,77,0,1*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31   RW   0x0  

sample_mode 
CAN controller sampling mode configuration register. 
1'b0: Single sample mode 
1'b1: Three sample mode 

30:24   RW   0x00  

sjw 
SJW: reSynchronization Jump Width 
Each unit has a synchronization error due to a clock frequency 
deviation or a transmission delay. SJW is to compensate for the 
maximum value of this error. 

23:16   RW   0x00  
brq 
brp: system prescaler coefficient 
Tsclk = 2 x Tclk x (brp + 1). 

15   RO   0x0  reserved 

14:8   RW   0x00  
tseg2 
Phase buffer segment 2 
Tphase_seg2 = Tsclk x (tseg2 + 1) 

7:0   RW   0x00  
tseg1 
Phase buffer segment 1 
Tphase_seg1 = Tsclk x (tseg1 + 1) 

 
 
&$1B)'B'$7$B%,77,0,1*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2201 

Bit  Attr  Reset Value  Description  
31:22   RO   0x0  reserved 

21   RW   0x0  

sample_mode 
CAN controller sampling mode configuration register. 
1'b0: Single sample mode 
1'b1: Three sample mode 

20:17   RW   0x0  

sjw 
SJW: reSynchronization Jump Width 
Each unit has a synchronization error due to a clock frequency 
deviation or a transmission delay. SJW is to compensate for the 
maximum value of this error. 

16:9   RW   0x00  
brq 
brp: system prescaler coefficient 
Tsclk = 2 x Tclk x (brp + 1). 

8:5   RW   0x0  
tseg2 
Phase buffer segment 2 
Tphase_seg2 = Tsclk x (tseg2 + 1) 

4:0   RW   0x00  
tseg1 
Phase buffer segment 1 
Tphase_seg1 = Tsclk x (tseg1 + 1) 

 
 
&$1B75$160,7B'(/$<B&203(16$7,21�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:7   RO   0x0  reserved 

6:1   RW   0x00  

tdc_offset 
Transmitter Delay Compensation Offset 
This offset is specified in CAN clock cycles and is added to the 
measured transmitter delay to place the Secondary Sample Point 
(SSP) at appropriate position (for example, set this to half data 
bit time in terms of CAN clock cycles to place SSP in the middle of 
the data bit). 

0   RW   0x0  

tdc_enable 
Transmitter Delay Compensation (TDC) Enable 
1 = Enables TDC function as specified in the CAN FD standard. 
0 = TDC is disabled. 

 
 
&$1B7,0(67$03B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  
31:7   RO   0x0  reserved 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2202 

Bit  Attr  Reset Value  Description  

6:1   RW   0x00  

time_base_counter_prescale 
Time Base Counter Prescaler bit 
0 = TBC increments every 1 clock 
1 = TBC increments every 2 clock 
... 
31 = TBC increments every 32 clock 

0   RW   0x0  

time_base_counter_enable 
Time Base Counter (TBC) Enable 
1 = Enables TBC 
0 = Disable and reset TBC 

 
 
&$1B7,0(67$03�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  
time_base_counter 
This Status field gives running value of the timestamp counter. 

 
 
&$1B7;(9(17B),)2B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:9   RO   0x0  reserved 

8:5   RW   0x0  
TXE_FIFO_CNT 
TXE_FIFO_FRAME_CNT 
This field represents number of frame in TXE FIFO 

4:1   RW   0x0  

TXE_FIFO_WATERMARK 
TX Event FIFO generates FULL interrupt based on the value 
programmed in this field. 
Set it within (1-15) range. 
The TX FIFO Full Watermark interrupt in the ISR register 
continues to assert as long as the TX Event FIFO Fill Level is 
above TX Event FIFO Full watermark. 

0   RW   0x0  

TXE_FIFO_ENABLE 
transmit event fifo enable 
0: disable 
1: enable 

 
 
&$1B5;B),)2B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:7   RO   0x0  reserved 

6:4   RO   0x0  
rx_fifo_cnt 
RX_FIFO_FRAME_CNT 
This field represents number of frame in Rx FIFO 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2203 

Bit  Attr  Reset Value  Description  

3:1   RW   0x0  

rx_fifo_full_watermark 
RX FIFO Full Watermark. 
RX FIFO generates FULL interrupt based on the value 
programmed in this field. 
Set it within (1-5) range. 
The RX FIFO Full Watermark interrupt in the ISR register 
continues to assert as long as the RX FIFO-0 Fill Level is above 
RX FIFO Full watermark. 
This field can be written to only when CEN bit in SRR is 0. 

0   RW   0x0  

rx_fifo_enable 
receive fifo enable bit 
0: disable 
1: enable 

 
 
&$1B$)5B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  
31:5   RO   0x0  reserved 

4   RW   0x0  

UAF5 
enable the use of acceptance filter pair 5 
0: disable 
1: enable 

3   RW   0x0  

UAF4 
enable the use of acceptance filter pair 4 
0: disable 
1: enable 

2   RW   0x0  

UAF3 
enable the use of acceptance filter pair 3 
0: disable 
1: enable 

1   RW   0x0  

UAF2 
enable the use of acceptance filter pair 2 
0: disable 
1: enable 

0   RW   0x0  

UAF1 
enable the use of acceptance filter pair 1 
0: disable 
1: enable 

 
 
&$1B,'&2'(��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2204 

Bit  Attr  Reset Value  Description  
31:29   RO   0x0  reserved 

28:0   RW   0x00000000  

id_code 
CAN controller ID code: 
Standard frame ID: id_code[10:0]; 
Extended frame ID: id_code[28:0]. 

 
 
&$1B,'0$6.��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:29   RO   0x0  reserved 

28:0   RW   0x00000000  
id_mask 
[0]: Unmasked 
[1]: Masked 

 
 
&$1B,'&2'(��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:29   RO   0x0  reserved 

28:0   RW   0x00000000  

id_code 
CAN controller ID code: 
Standard frame ID: id_code[10:0]; 
Extended frame ID: id_code[28:0]. 

 
 
&$1B,'0$6.��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  
31:29   RO   0x0  reserved 

28:0   RW   0x00000000  
id_mask 
[0]: Unmasked 
[1]: Masked 

 
 
&$1B,'&2'(��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:29   RO   0x0  reserved 

28:0   RW   0x00000000  

id_code 
CAN controller ID code: 
Standard frame ID: id_code[10:0]; 
Extended frame ID: id_code[28:0]. 

 
 
&$1B,'0$6.��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2205 

Bit  Attr  Reset Value  Description  
31:29   RO   0x0  reserved 

28:0   RW   0x00000000  
id_mask 
[0]: Unmasked 
[1]: Masked 

 
 
&$1B,'&2'(��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:29   RO   0x0  reserved 

28:0   RW   0x00000000  

id_code 
CAN controller ID code: 
Standard frame ID: id_code[10:0]; 
Extended frame ID: id_code[28:0]. 

 
 
&$1B,'0$6.��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  
31:29   RO   0x0  reserved 

28:0   RW   0x00000000  
id_mask 
[0]: Unmasked 
[1]: Masked 

 
 
&$1B,'&2'(��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:29   RO   0x0  reserved 

28:0   RW   0x00000000  

id_code 
CAN controller ID code: 
Standard frame ID: id_code[10:0]; 
Extended frame ID: id_code[28:0]. 

 
 
&$1B,'0$6.��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:29   RO   0x0  reserved 

28:0   RW   0x00000000  
id_mask 
[0]: Unmasked 
[1]: Masked 

 
 
&$1B)'B7;)5$0(,1)2�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2206 

Bit  Attr  Reset Value  Description  
31:8   RO   0x0  reserved 

7   RW   0x0  
txframe_format 
1'b0: Standard frame 
1'b1: Extended frame 

6   RW   0x0  
tx_rtr 
1'b0: Data frame 
1'b1: Remote frame 

5   RW   0x0  

tx_fdf 
Extended Data Length/FD Frame Format 
This bit distinguishes between CAN format and CAN FD 
format frames. 
1 = CAN FD format frame. 
0 = CAN format frame. 

4   RW   0x0  

tx_brs 
Bit Rate Switch 
The BRS bit decides whether the bit rate is switched inside a 
CAN FD format frame or not (provided BRSD bit is not set in 
MSR register). 
1 = Bit rate is switched from the standard bit rate of the 
Arbitration phase to the preconfigured alternate bit rate 
of the Data phase inside a CAN FD frame. 
0 = Bit rate is not switched inside a CAN FD frame. 
Note: BRS does not exist in CAN format frames and should be set 
to 0. 

3:0   RW   0x0  

txdata_length 
Transmit data length configure register.(unit:byte) 
4'b0000: 0byte 
4'b0001: 1byte 
4'b0010: 2byte 
4'b0011: 3byte 
4'b0100: 4byte 
4'b0101: 5byte 
4'b0110: 6byte  
4'b0111: 7byte 
4'b1000: 8byte 
4'b1001:12byte 
4'b1010:16byte 
4'b1011:20byte 
4'b1100:24byte 
4'b1101:32byte 
4'b1110:48byte 
4'b1111:64byte 

 
 
&$1B)'B7;,'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2207 

Bit  Attr  Reset Value  Description  
31:29   RO   0x0  reserved 

28:0   RW   0x00000000  
tx_id 
can_tx_id[28:0] 

 
 
&$1B)'B7;'$7$��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  
tx_data0 
tx_data0 

 
 
&$1B)'B7;'$7$��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  
tx_data1 
tx_data1 

 
 
&$1B)'B7;'$7$��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  
tx_data2 
tx_data2 

 
 
&$1B)'B7;'$7$��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  
tx_data3 
tx_data3 

 
 
&$1B)'B7;'$7$��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  
tx_data4 
tx_data4 

 
 
&$1B)'B7;'$7$��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  
tx_data5 
tx_data5 

 
 
&$1B)'B7;'$7$��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2208 

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  
tx_data6 
tx_data6 

 
 
&$1B)'B7;'$7$��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  
tx_data7 
tx_data7 

 
 
&$1B)'B7;'$7$��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  
tx_data8 
tx_data8 

 
 
&$1B)'B7;'$7$��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  
tx_data9 
tx_data9 

 
 
&$1B)'B7;'$7$���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  
tx_data10 
tx_data10 

 
 
&$1B)'B7;'$7$���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  
tx_data11 
tx_data11 

 
 
&$1B)'B7;'$7$���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  
tx_data12 
tx_data12 

 
 
&$1B)'B7;'$7$���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2209 

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  
tx_data13 
tx_data13 

 
 
&$1B)'B7;'$7$���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  
tx_data14 
tx_data14 

 
 
&$1B)'B7;'$7$���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  
tx_data15 
tx_data15 

 
 
&$1B)'B5;)5$0(,1)2�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:8   RO   0x0  reserved 

7   RW   0x0  
rxframe_format 
1'b0: Standard frame 
1'b1: Extended frame 

6   RW   0x0  
rx_rtr 
1'b0: Data frame 
1'b1: Remote frame 

5   RW   0x0  

rx_fdf 
Extended Data Length/FD Frame Format 
This bit distinguishes between CAN format and CAN FD 
format frames. 
1 = CAN FD format frame. 
0 = CAN format frame. 
to 0. 

4   RW   0x0  

rx_brs 
Bit Rate Switch 
The BRS bit decides whether the bit rate is switched inside a 
CAN FD format frame or not (provided BRSD bit is not set in 
MSR register). 
1 = Bit rate is switched from the standard bit rate of the 
Arbitration phase to the preconfigured alternate bit rate 
of the Data phase inside a CAN FD frame. 
0 = Bit rate is not switched inside a CAN FD frame. 
Note: BRS does not exist in CAN format frames and should be set 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2210 

Bit  Attr  Reset Value  Description  

3:0   RW   0x0  

rxdata_length 
Transmit data length configure register.(unit:byte) 
4'b0000: 0byte 
4'b0001: 1byte 
4'b0010: 2byte 
4'b0011: 3byte 
4'b0100: 4byte 
4'b0101: 5byte 
4'b0110: 6byte  
4'b0111: 7byte 
4'b1000: 8byte 
4'b1001:12byte 
4'b1010:16byte 
4'b1011:20byte 
4'b1100:24byte 
4'b1101:32byte 
4'b1110:48byte 
4'b1111:64byte 

 
 
&$1B)'B5;,'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:29   RO   0x0  reserved 

28:0   RO   0x00000000  
rx_id 
can_rx_id[28:0] 

 
 
&$1B)'B5;7,0(67$03�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RO   0x00000000  
timestamp 
rx_timestamp 

 
 
&$1B)'B5;'$7$��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  

31:0   RO   0x00000000  
rx_data0 
rx_data0[31:0] 

 
 
&$1B)'B5;'$7$��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RO   0x00000000  
rx_data1 
rx_data1[31:0] 

 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2211 

 
&$1B)'B5;'$7$��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RO   0x00000000  
rx_data2 
rx_data2[31:0] 

 
 
&$1B)'B5;'$7$��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RO   0x00000000  
rx_data3 
rx_data3[31:0] 

 
 
&$1B)'B5;'$7$��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  

31:0   RO   0x00000000  
rx_data4 
rx_data4[31:0] 

 
 
&$1B)'B5;'$7$��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RO   0x00000000  
rx_data5 
rx_data5[31:0] 

 
 
&$1B)'B5;'$7$��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RO   0x00000000  
rx_data6 
rx_data6[31:0] 

 
 
&$1B)'B5;'$7$��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RO   0x00000000  
rx_data7 
rx_data7[31:0] 

 
 
&$1B)'B5;'$7$��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  

31:0   RO   0x00000000  
rx_data8 
rx_data8[31:0] 

 
 
&$1B)'B5;'$7$��  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
Bit  Attr  Reset Value  Description  

31:0   RO   0x00000000  
rx_data9 
rx_data9[31:0] 

 
 
&$1B)'B5;'$7$���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RO   0x00000000  
rx_data10 
rx_data10[31:0] 

 
 
&$1B)'B5;'$7$���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RO   0x00000000  
rx_data11 
rx_data11[31:0] 

 
 
&$1B)'B5;'$7$���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  

31:0   RO   0x00000000  
rx_data12 
rx_data12[31:0] 

 
 
&$1B)'B5;'$7$���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RO   0x00000000  
rx_data13 
rx_data13[31:0] 

 
 
&$1B)'B5;'$7$���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RO   0x00000000  
rx_data14 
rx_data14[31:0] 

 
 
&$1B)'B5;'$7$���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RO   0x00000000  
rx_data15 
rx_data15[31:0] 

 
 
&$1B5;B),)2B5'$7$�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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Bit  Attr  Reset Value  Description  

31:0   RO   0x00000000  
rx_fifo_rdata 
rx fifo read data value 

 
 
&$1B7;(B),)2B5'$7$�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RO   0x00000000  
txe_fifo_rdata 
tx event fifo read data value 

 
 
24.4 Interface Description 

������ʹͶǦ͵�&$1�,QWHUIDFH�'HVFULSWLRQ 
Module Pin Dir. Pad Name IOMUX Setting 

CAN0mux0 Interface 

can0_rx I I2C1_SDA/CAN0_RX_M0/PCIE20_BUTTONRSTn/M

CU_JTAG_TCK/GPIO0_B4_u 

PMUGRF_GPIO0B_IOMUX_SEL_H[3:0]=4'h2 

can0_tx O I2C1_SCL/CAN0_TX_M0/PCIE30X1_BUTTONRSTn/

MCU_JTAG_TDO/GPIO0_B3_u 

PMUGRF_GPIO0B_IOMUX_SEL_L[15:12]=4'h2 

CAN0mux1 Interface 

can0_rx I SDMMC0_CLK/TEST_CLKOUT/UART5_TX_M0/CAN0

_RX_M1/GPIO2_A2_d 

GRF_GPIO2A_IOMUX_SEL_L[11:8]=4'h4 

can0_tx O SDMMC0_CMD/PWM10_M1/UART5_RX_M0/CAN0_

TX_M1/GPIO2_A1_u 

GRF_GPIO2A_IOMUX_SEL_L[7:4]=4'h4 

CAN1mux0 Interface 

can1_rx I I2C3_SDA_M0/UART3_RX_M0/CAN1_RX_M0/AUDI

OPWM_LOUT_P/ACODEC_ADC_DATA/GPIO1_A0_u 

GRF_GPIO1A_IOMUX_SEL_L[3:0]=4'h2 

can1_tx O I2C3_SCL_M0/UART3_TX_M0/CAN1_TX_M0/AUDI

OPWM_LOUT_N/ACODEC_ADC_CLK/GPIO1_A1_u 

PMUGRF_GPIO1A_IOMUX_SEL_L[7:4]=4'h2 

CAN1mux1 Interface 

can1_rx I PWM14_M1/SPI3_CLK_M1/CAN1_RX_M1/PCIE30X

2_CLKREQn_M2/I2S3_MCLK_M1/GPIO4_C2_d 

GRF_GPIO4C_IOMUX_SEL_L[11:8]=4'h4 

can1_tx O PWM15_IR_M1/SPI3_MOSI_M1/CAN1_TX_M1/PCIE

30X2_WAKEn_M2/I2S3_SCLK_M1/GPIO4_C3_d 

GRF_GPIO4C_IOMUX_SEL_L[15:12]=4'h4 

CAN2mux0 Interface 

can2_rx I I2C2_SDA_M1/EBC_GDSP/CAN2_RX_M0/ISP_FLAS

H_TRIGIN/VOP_BT656_CLK_M1/GPIO4_B4_d 

PMUGRF_GPIO4B_IOMUX_SEL_H[3:0]=4'h3 

can2_tx O I2C2_SCL_M1/EBC_SDSHR/CAN2_TX_M0/I2S1_SD

O3_M1/GPIO4_B5_d 

PMUGRF_GPIO4B_IOMUX_SEL_H[7:4]=4'h3 

CAN2mux1 Interface 

can2_rx I SDMMC1_PWREN/I2C4_SDA_M1/UART8_RTSn_M0

/CAN2_RX_M1/GPIO2_B1_d 

GRF_GPIO2B_IOMUX_SEL_L[7:4]=4'h4 

can2_tx O SDMMC1_DET/I2C4_SCL_M1/UART8_CTSn_M0/CA

N2_TX_M1/GPIO2_B2_u 

GRF_GPIO2B_IOMUX_SEL_L[11:8]=4'h4 
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24.5 Application Notes 
24.5.1 Controller initialization flow 
7KH�FRQWUROOHU�PXVW�FRQILJXUH�WKH�UHJLVWHUV�DIWHU�SRZHU�XS�RU�KDUGZDUH�UHVHW��'XULQJ�WKH�
RSHUDWLRQ�RI�WKH�FRQWUROOHU��D�VRIWZDUH�UHVHW�UHTXHVW�PD\�EH�VHQW�DQG�UHFRQILJXUHG��UH�
LQLWLDOL]HG��DV�VKRZQ�EHORZ� 
$IWHU�WKH�LQLWLDOL]DWLRQ�LV�FRPSOHWHG��WKH�FRQWUROOHU�HQWHUV�WKH�ZRUNLQJ�PRGH��VHQGV�WKH�IUDPH�
WR�EH�VHQW�WR�WKH�EXIIHU��DQG�WKHQ�VHWV�WKH��VHQG�UHTXHVW��IODJ�RI�WKH�FRPPDQG�UHJLVWHU�WR�
VWDUW�WUDQVPLWWLQJ� 
 

Stop controller interrupt enable

Start initialization or 

reconfiguration

Enter reset mode

Whether to enter

reset mode˛

1. Configuration mode register

2. Configure the receive code/mask code register

3. Configure the bus timing register

Y

Enter working mode

Whether to enter 

the working mode?

Y

Enable interrupt

End of initialization

N

 
Fig.24-11 CANFD Initialization Flow 

24.5.2 Loop-back Mode 
7KH�FRQWUROOHU�PXVW�FRQILJXUH�WKH�UHJLVWHUV�DIWHU�SRZHU�XS�RU�KDUGZDUH�UHVHW��'XULQJ�WKH�
RSHUDWLRQ�RI�WKH�FRQWUROOHU��D�VRIWZDUH�UHVHW�UHTXHVW�PD\�EH�VHQW�DQG�UHFRQILJXUHG��UH�
LQLWLDOL]HG��DV�VKRZQ�EHORZ� 
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TX

RX

txdata

rxdataX

RKCAN

 
Fig.24-12 Loopback Mode 

24.5.3 Silent Mode 
7KH�FRQWUROOHU�PXVW�FRQILJXUH�WKH�UHJLVWHUV�DIWHU�SRZHU�XS�RU�KDUGZDUH�UHVHW��'XULQJ�WKH�
RSHUDWLRQ�RI�WKH�FRQWUROOHU��D�VRIWZDUH�UHVHW�UHTXHVW�PD\�EH�VHQW�DQG�UHFRQILJXUHG��UH�
LQLWLDOL]HG��DV�VKRZQ�EHORZ� 

TX

RX

txdata

rxdata

RKCAN

1

 
Fig.24-13 Silent Mode 

24.5.4 RXSTX Mode 
���U[VW[BPRGH ���5.&$1�FDQQRW�UHFHLYH�WKH�GDWD�VHQW�E\�LWVHOI��  
���U[VW[BPRGH ���5.&$1�FDQ�UHFHLYH�WKH�GDWD�VHQW�E\�LWVHOI��DQG�ZKHQ�WKH�,'�RI�WKH�IUDPH�
LV�WKH�VDPH�DV�WKH�,'B&2'(�RI�5.&$1�LWVHOI��5.&$1�ZLOO�VWRUH�WKH�IUDPH�LQIRUPDWLRQ�LQWR�
&$1B5;'$7$���� 
 
24.5.5 TXORDER Mode 
7KH�7;25'(5�0RGH�LV�XVHG�WR�GHWHUPLQH�WKH�RUGHU�LQ�ZKLFK�GDWD�LV�VHQW��  
���W[RUGHUBPRGH ���'DWD�WUDQVPLVVLRQ�RUGHU�LV�³W[BGDWD�>���@���!�W[BGDWD�>����@���!�
W[BGDWD�>�����@���!�W[BGDWD�>�����@���!W[BGDWD�>���@���!�W[BGDWD�>����@���!�
W[BGDWD�>�����@���!�W[BGDWD�>�����@´� 
���W[RUGHUBPRGH ���'DWD�WUDQVPLVVLRQ�RUGHU�LV�³W[BGDWD�>����@���!�W[BGDWD�>����@ �́ 
 
24.5.6 RXSORT Mode 
7KH�7;6257�0RGH�LV�XVHG�WR�GHWHUPLQH�KRZ�WKH�UHFHLYHG�GDWD�LV�VWRWHG� 
���U[VRUWBPRGH ���7KH�GDWD�UHFHLYHG�ILUVW�LV�SODFHG�LQ�WKH�ORZHU�DGGUHVV� 
���U[VRUWBPRGH ���7KH�GDWD�UHFHLYHG�ILUVW�PRYHV�WR�WKH�XSSHU�DGGUHVV��DQG�WKH�GDWD�
UHFHLYHG�ODWHU�LV�SODFHG�DW�WKH�ORZHU�DGGUVVV� 
 
24.5.7 COVER Mode 
���FRYHUBPRGH �
E����5.&$1�FDQ
W�UHFHLYH�QHZ�IUDPH�EHIRUH�UHFHLYH�UHJLVWHUV�FOHDUHG� 
���FRYHUBPRGH �
E����5.&$1�FDQ�UHFHLYH�QHZ�IUDPH�EHIRUH�UHFHLYH�UHJLVWHUV�FOHDUHG��DQG�
QHZ�U[GDWD�ZLOO�FRYHU�ROG�U[GDWD��  
 
24.5.8 Overload Mode 

$FFRUGLQJ�WR�WKH�&$1�SURWRFRO��D�&$1�WUDQVFHLYHU�ZLOO�JHQHUDWH�DQ�29(5/2$'�IUDPH�LQ�
WKUHH�FDVHV��  

&$6(���:KHQ�WKH�&$1�LV�XVHG�DV�D�UHFHLYHU��LI�LW�LV�QHFHVVDU\�WR�GHOD\�WKH�QH[W�IUDPH� 
&$6(��'HWHFWLRQ�RI�D�GRPLQDQW�ELW�DW�WKH�ILUVW�DQG�VHFRQG�ELW�RI�,QWHUPLVVLRQ� 
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&$6(��,I�DQ�&$1�QRGH�VDPSOHV�D�GRPLQDQW�ELW�DW�WKH�HLJKW�ELW��WKH�ODVW�ELW���RI�DQ�
(5525�'(/,0,7(5�RU�29(5/2$'�'(/,0,7(5� 

�¶E��2YHUORDG�/LWH�0RGH��5.&$1�RQO\�JHQHUDWHV�RYHUORDG�IUDPHV�LQ�WKH�&$6(�� 
�¶E��2YHUORDG�([WHQGHG�0RGH��5.&$1�FDQ�JHQHUDWHV�RYHUORDG�IUDPHV�LQ�DOO�WKUHH�FDVHV� 
 

24.5.9 Auto Retx Mode 
$XWR�5HWUDQVPLVVLRQ�0RGH��   
�
E����'LVDEOH��5.&$1�UHWXUQ�WR�LGOH�VWDWH�DIWHU�WUDQVPLW�'$7$�575�IUDPH�IDLOHG��DQG�VHW�

W[BUHT�WR��� 
�
E����(QDEOH��7KH�5.&$1�DXWRPDWLFDOO\�UHWUDQVPLW�IUDPHV�ZKLFK�KDYH�ORVW�DUELWUDWLRQ�RU�

KDYH�EHHQ�GLVWXUEHG�E\�HUURUV�GXULQJ�WUDQVPLVVLRQ� 
 

24.5.10 Auto Bus On 
$XWR�%XV�2Q�(QDEOH� 
�
E����$IWHU�WKH�5.&$1�KDV�HQWHUHG�EXVBRII�VWDWH��WKH�VRIWZDUH�FDQ�VWDUW�D�

EXVBRIIBUHFRYHU\�VHTXHQFH�E\�UHVHWWLQJ�WKH�ZRUNBPRGH�WR��� 
�
E����$XWRPDWLF�UHVHW�7(&�5(&�WR�EXVBRQ�DIWHU�����RFFXUUHQFH�RI����FRQVHFXWLYH�

UHFHVVLYH�ELWV�KDYH�EHHQ�PRQLWRUHG�RQ�WKH�EXV� 
 

24.5.11 Sleep Mode 
7KH�FRUH�HQWHUV�6OHHS�PRGH�IURP�&RQILJXUDWLRQ�RU�1RUPDO�PRGH�ZKHQ�WKH�6/((3�ELW�LV�� 
LQ�WKH�&$1B02'(�UHJLVWHU��WKH�&$1�EXV�LV�LGOH��DQG�WKHUH�DUH�QR�SHQGLQJ�WUDQVPLVVLRQ�
UHTXHVWV� 
7KH�FRUH�HQWHUV�&RQILJXUDWLRQ�PRGH�ZKHQ�DQ\�FRQILJXUDWLRQ�FRQGLWLRQ�LV�VDWLVILHG��7KH�FRUH 
HQWHUV�1RUPDO�PRGH��FOHDULQJ�WKH�6/((3�UHTXHVW�ELW�LQ�WKHVOHHS�UHJLVWHU�DQG�DOVR�FOHDULQJ 
WKH�FRUUHVSRQGLQJ�VWDWXV�ELW��XQGHU�WKH�IROORZLQJ��ZDNH�XS��FRQGLWLRQV� 
��:KHQHYHU�WKH�6/((3�ELW�LV�VHW�WR��� 
��:KHQHYHU�WKH�6/((3�ELW�LV����DQG�EXV�DFWLYLW\�LV�GHWHFWHG� 
��:KHQHYHU�WKHUH�LV�D�QHZ�PHVVDJH�IRU�WUDQVPLVVLRQ� 
,QWHUUXSWV�DUH�JHQHUDWHG�ZKHQ�WKH�FRUH�HQWHUV�6OHHS�PRGH�RU�ZDNHV�XS�IURP�6OHHS�PRGH� 
 
24.5.12 DMA Support 
7KH�&$1)'�VXSSRUWV�'0$�VLJQDOOLQJ�ZLWK�WKH�XVH�RI�WZR�RXWSXW�VLJQDOV��GPDBW[BUHT�DQG�
GPDBU[BUHT��WR�LQGLFDWH�ZKHQ�WUDQVPLW�EXIIHU�LV�HPSW\�RU�ZKHQ�WKH�UHFHLYH�),)2�LV�IXOO��7KH�
FRQWUROOHU�XVHV�WZR�'0$�FKDQQHOV��RQH�IRU�WKH�WUDQVPLW�GDWD�DQG�RQH�IRU�WKH�UHFHLYH�GDWD��  
'0$�WUDQVPLW�DQG�UHFHLYH�VXSSRUW�HQDEOHG�E\�VHWWLQJ�FRUUHVSRQGLQJ�ELW�LQ�&$1B'0$B&75/�
UHJLVWHU��2QFH�HQDEOHG�ZKHQHYHU�ERWK�WUDQVPLW�EXIIHU�LV�HPSW\�GPDBW[BUHT�LV�VHW��'0$�
VKRXOG�ZULWH�WUDQVPLW�PHVVDJH��$W�ODVW�&38�VHW�WUDQVPLW�UHTXHVW�ELW�WR�LQLWLDWH�&$1)'��  
,I�5;�),)2�LV�GLVDEOHG��GPDBU[BUHT�LV�VHW�ZKHQ�PHVVDJH�UHFHLYHG�VXFFHVVIXOO\��'0$�VKRXOG�
UHDG�5GDWD�IURP�UHFHLYH�UHJLVWHUV� 
,I�5;�),)2�LV�HQDEOHG��GPDBU[BUHT�LV�VHW�ZKHQ�PHVVDJH�UHFHLYHG�DQG�),)2�UHDFKHG�
ZDWHUPDUNˈ'0$�VKRXOG�UHDG�5GDWD�IURP�5[�),)2�HQWUDQFH� 
 
24.5.13 CANFD MODE 
7KH�&$1)'�02'(�IURP�&$1B02'(�UHJLVWHU�GHFLGH�WKH�FRQWUROOHU�LQWHUQDO�VHWWLQJ��:KHQ�LW�LV�
GLVDEOHG��LW�XVHV�WKH�SUHYLRXV�FDQ�GHVLJQ��ZKLFK�RQO\�WUDQVPLW�DQG�UHFHLYH�&$1�IUDPH��,I�
&$1)'�PRGH�HQDEOHG��LW�DOORZV�DGGHG�IHDWXUH�DQG�FDQ�WUDQVPLW�UHFHLYH�ERWK�&$1�DQG�
&$1)'�IUDPH� 
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IDLE

Disable

SPI

Configure Master by writing 

CTRLR0.CTRLR1, BAUDR,

TXFTLR, RXFTLR,IMR, SER

Enable

SPI

Write data to

Tx FIFO

Transfer in

progress

Interrupt?

BUSY?

Read Rx

FIFO

Interrupt Service

Routine

YES

NO

NO

Transmit Only

YES

You may fill FIFO here:

Transfer begins when first 

data word is present in the 

transmit FIFO and a slave 

is enabled.

If the transmit FIFO is 

requesting and all data 

have not been sent, then 

write data into transmit 

FIFO.

If the receive FIFO is 

requesting, then read data 

from receive FIFO.

 
Fig.24-14 SPI Master transfer flow diagram 
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IDLE

Disable

SPI

Configure Master by writing 

CTRLR0.CTRLR1,

TXFTLR, RXFTLR,IMR

Enable

SPI

Write data to

Tx FIFO

Transfer in

progress

Interrupt?

BUSY?

Read Rx

FIFO

Interrupt Service

Routine

YES

NO

NO

Transmit Only

YES

If the transmit FIFO is 

requesting and all data 

have not been sent, then 

write data into transmit 

FIFO.

If the receive FIFO is 

requesting, then read data 

from receive FIFO.

Wait for master

to select slave

Receive Only

 
Fig.24-15 SPI Slave transfer flow diagram 
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Chapter 25 Smart Card Reader (SCR) 
25.1 Overview 
7KH�6PDUW�&DUG�5HDGHU��6&5��LV�D�FRPPXQLFDWLRQ�FRQWUROOHU�WKDW�WUDQVPLWV�GDWD�EHWZHHQ�
WKH�VXSHULRU�V\VWHP�DQG�WKH�6PDUW�&DUG��7KH�FRQWUROOHU�FDQ�SHUIRUP�D�FRPSOHWH�VPDUW�FDUG�
VHVVLRQ��LQFOXGLQJ�FDUG�DFWLYDWLRQ��FDUG�GHDFWLYDWLRQ��FROG�ZDUP�UHVHW��$QVZHU�WR�5HVHW��$75��
UHVSRQVH�UHFHSWLRQ��GDWD�WUDQVIHUV��HWF� 
6&5�VXSSRUWV�WKH�IROORZLQJ�IHDWXUHV� 
z 6XSSRUWV�WKH�,62�,(&�������������(��DQG�(09�����������VSHFLILFDWLRQV 
z 3HUIRUPV�IXQFWLRQV�QHHGHG�IRU�FRPSOHWH�VPDUW�FDUG�VHVVLRQV��LQFOXGLQJ� 
z &DUG�DFWLYDWLRQ�DQG�GHDFWLYDWLRQ 
z &ROG�ZDUP�UHVHW 
z $QVZHU�WR�5HVHW��$75��UHVSRQVH�UHFHSWLRQ 
z 'DWD�WUDQVIHUV�WR�DQG�IURP�WKH�FDUG 
z ([WHQVLYH�LQWHUUXSW�VXSSRUW�V\VWHP 
z $GMXVWDEOH�FORFN�UDWH�DQG�ELW��EDXG��UDWH 
z &RQILJXUDEOH�DXWRPDWLF�E\WH�UHSHWLWLRQ 
z +DQGOHV�FRPPRQO\�XVHG�FRPPXQLFDWLRQ�SURWRFROV� 
z 7 ��IRU�DV\QFKURQRXV�KDOI�GXSOH[�FKDUDFWHU�WUDQVPLVVLRQ 
z 7 ��IRU�DV\QFKURQRXV�KDOI�GXSOH[�EORFN�WUDQVPLVVLRQ 
z $XWRPDWLF�FRQYHQWLRQ�GHWHFWLRQ 
z &RQILJXUDEOH�WLPLQJ�IXQFWLRQV� 
z 6PDUW�FDUG�DFWLYDWLRQ�WLPH 
z 6PDUW�FDUG�UHVHW�WLPH 
z *XDUG�WLPH 
z 7LPHRXW�WLPHUV 
z $XWRPDWLF�RSHUDWLQJ�YROWDJH�FODVV�VHOHFWLRQ 
z 6XSSRUWV�V\QFKURQRXV�DQG�DQ\�RWKHU�QRQ�,62������DQG�QRQ�(09�FDUGV 
z $GYDQFHG�3HULSKHUDO�%XV��$3%��VODYH�LQWHUIDFH�IRU�HDV\�LQWHJUDWLRQ�ZLWK�$0%$�EDVHG�

KRVW�V\VWHPV�%ORFN�'LDJUDP 
25.2 Block Diagram 

 

APB 
Interface

Config 
Registers

Receivo 
FIFO

Transmit 
FIFO

Clock 
Generator

Controller

SCR

 
Fig.25-1 SCR Block Diagram 

7KH�KRVW�SURFHVVRU�JHWV�DFFHVV�WR�3:0�5HJLVWHU�%ORFN�WKURXJK�WKH�$3%�VODYH�LQWHUIDFH� 

25.2.1 $3%�,QWHUIDFH 
7KH�KRVW�SURFHVVRU�JHWV�DFFHVV�WR�3:0�5HJLVWHU�%ORFN�WKURXJK�WKH�$3%�VODYH�LQWHUIDFH� 
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25.2.2 &RQILJXUDWLRQ�5HJLVWHUV 
7KH�&RQILJXUDWLRQ�5HJLVWHUV�EORFN�SURYLGHV�FRQWURO�RYHU�DOO�IXQFWLRQV�RI�WKH�6PDUW�&DUG�
5HDGHU 
25.2.3 &RQWUROOHU 
7KH�&RQWUROOHU�LV�WKH�PDLQ�EORFN�LQ�WKH�6&5�FRUH��7KLV�EORFN�FRQWUROV�UHFHLYLQJ�FKDUDFWHUV�
WUDQVPLWWHG�E\�WKH�6PDUW�&DUG��VWRULQJ�WKHP�LQ�WKH�5;�),)2��DQG�WUDQVPLWWLQJ�WKHP�WR�WKH�
6PDUW�&DUG��7KLV�EORFN�DOVR�SHUIRUPV�FDUG�DFWLYDWLRQ��GHDFWLYDWLRQ��DQG�FROG�DQG�ZDUP�UHVHW��
$IWHU�WKH�FDUG�LV�UHVHW��WKH�$QVZHU�7R�5HVHW��$75��VHTXHQFH�LV�UHFHLYHG�E\�WKH�FRQWUROOHU�DQG�
VWRUHG�LQ�5;�),)2� 
7KH�SDUDOOHO�WR�VHULDO�FRQYHUVLRQ�QHHGHG�WR�WUDQVPLW�GDWD�IURP�D�6PDUW�&DUG�5HDGHU�WR�D�
6PDUW�&DUG�DQG�WKH�VHULDO�WR�SDUDOOHO�FRQYHUVLRQ�QHHGHG�WR�WUDQVPLW�GDWD�LQ�WKH�RSSRVLWH�
GLUHFWLRQ�LV�SHUIRUPHG�E\�WKH�8$57��7KH�8$57�DOVR�SHUIRUPV�WKH�JXDUG�WLPH��SDULW\�FKHFNLQJ�
DQG�FKDUDFWHU�UHSHDWLQJ�IXQFWLRQV� 
25.2.4 5HFHLYH�),)2 
7KH�5HFHLYH�),)2�LV�XVHG�WR�VWRUH�WKH�GDWD�UHFHLYHG�IURP�WKH�6PDUW�&DUG�XQWLO�WKH�GDWD�LV�
UHDG�RXW�E\�WKH�VXSHULRU�V\VWHP� 
25.2.5 7UDQVPLW�),)2 
7KH�7UDQVPLW�),)2�LV�XVHG�WR�VWRUH�WKH�GDWD�WR�EH�WUDQVPLWWHG�WR�WKH�6PDUW�&DUG� 
25.2.6 &ORFN�*HQHUDWRU 
7KH�&ORFN�*HQHUDWRU�JHQHUDWHV�WKH�6PDUW�&DUG�&ORFN�VLJQDO�DQG�WKH�%DXG�&ORFN�,PSXOVH�
VLJQDO��XVHG�LQ�WLPLQJ�WKH�6PDUW�&DUG�5HDGHU�� 
25.3 Function Description 
$�6PDUW�&DUG�VHVVLRQ�FRQVLVWV�RI�IROORZLQJ�VWDJHV� 
z 6PDUW�&DUG�LQVHUWLRQ 
z $FWLYDWLRQ�RI�FRQWDFWV�DQG�FROG�UHVHW�VHTXHQFH 
z $QVZHU�7R�5HVHW�VHTXHQFH��$75� 
z ([HFXWLRQ�RI�WUDQVDFWLRQ 
z 'HDFWLYDWLRQ�RI�FRQWDFWV 
z 6PDUW�&DUG�UHPRYDO 
25.3.1 6PDUW�&DUG�,QVHUWLRQ 
$�6PDUW�&DUG�VHVVLRQ�VWDUWV�ZLWK�WKH�LQVHUWLRQ�RI�WKH�6PDUW�&DUG��7KLV�HYHQW�LV�VLJQDOHG�WR�
WKH�6&5�XVLQJ�WKH�6&'(7(&7�LQSXW��7KH�6&35(6(17�ELW�LV�VHW�DQG�DOVR�WKH�6&,16�LQWHUUXSW�
LV�DVVHUWHG��LI�HQDEOHG�� 
:KHQ�WKH�H[WHUQDO�FDUG�GHWHFW�VZLWFK�LV�QRW�XVHG��WKH�LQSXW�SLQ�6&'(7(&7�PXVW�EH�WLHG�WR�
LQDFWLYH�VWDWH� 
25.3.2 $XWRPDWLF�RSHUDWLQJ�YROWDJH�FODVV�VHOHFWLRQ 
7KHUH�DUH�WKUHH�RSHUDWLQJ�FODVVHV�����9���FODVV�&���9���FODVV�%�DQG��9���FODVV�$��GHILQHG�LQ�
,62�,(&��������������VSHFLILFDWLRQ��2QO\����9�DQG����9�DUH�VXSSRUWHG�E\�WKH�6&5� 
%HIRUH�WKH�DFWLYDWLRQ�RI�FRQWDFWV��RSHUDWLQJ�FODVVHV�KDYH�WR�EH�HQDEOHG�YLD�ELWV�9&&����
9&&���LQ�&75/��UHJLVWHU��,Q�FDVH�WKDW�QR�RSHUDWLQJ�FODVV�LV�HQDEOHG��WKH�FRQWUROOHU�SHUIRUPV�
DFWLYDWLRQ�IRU�DOO�WZR�YROWDJH�FODVVHV�����9���9��LQ�VHTXHQFH� 
:KHQ�6PDUW�&DUG�5HDGHU�SHUIRUPV�DFWLYDWLRQ�RI�FRQWDFWV�WKH�ORZHVW�HQDEOHG�YROWDJH�FODVV�LV�
DXWRPDWLFDOO\�DSSOLHG�ILUVW��:KHQ�WKH�ILUVW�FKDUDFWHU�VWDUW�ELW�RI�$75�VHTXHQFH�LV�UHFHLYHG��
WKH�VHOHFWHG�YROWDJH�FODVV�LV�FRUUHFW��HYHQ�LI�WKH�$75�LV�WKHQ�UHFHLYHG�ZLWK�HUURUV���:KHQ�WKH�
$75�VHTXHQFH�UHFHSWLRQ�GRHV�QRW�VWDUW��$75)$,/�LQWHUUXSW�LV�QRW�DFWLYDWHG��GHDFWLYDWLRQ�LV�
SHUIRUPHG�DQG�QH[W�KLJKHU�HQDEOHG�YROWDJH�FODVV�LV�DSSOLHG��,I�WKH�$75�VHTXHQFH�UHFHSWLRQ�
GRHV�QRW�VWDUW�DQG�QR�RWKHU�KLJKHU�FODVV�LV�HQDEOHG�ZDV�DOUHDG\�DSSOLHG�WKH�$75)$,/�
LQWHUUXSW�LV�DFWLYDWHG�DQG�WKH�ODVW�DSSOLHG�YROWDJH�FODVV�UHPDLQV�DFWLYH� 
$IWHU�WKH�DXWRPDWLF�YROWDJH�FODVV�VHOHFWLRQ�LV�ILQLVKHG�WKH�VHOHFWHG�FODVV�FDQ�EH�UHDG�IURP�
ELWV�9&&����9&&���LQ�&75/��UHJLVWHU��,I�WKH�DXWRPDWLF�YROWDJH�FODVV�VHOHFWLRQ�IDLOV��WKHVH�ELWV�
UHPDLQ�XQWRXFKHG� 
7KHUH�LV�D�GHOD\�DSSOLHG�EHWZHHQ�GHDFWLYDWLRQ�RI�FRQWDFWV�ZLWK�ORZHU�YROWDJH�FODVV�DQG�
DFWLYDWLRQ�RI�FRQWDFWV�ZLWK�KLJKHU�YROWDJH�FODVV��7KLV�GHOD\�VKRXOG�EH�DW�OHDVW����PV�
DFFRUGLQJ�WR�WKH�,62�,(&��������VSHFLILFDWLRQ��  
25.3.3 $FWLYDWLRQ�RI�&RQWDFWV�DQG�&ROG�5HVHW�6HTXHQFH 
:KHQ�WKH�6PDUW�&DUG�LV�SURSHUO\�LQVHUWHG�DQG�WKH�$&7�ELW�LQ�&75/��UHJLVWHU�LV�DVVHUWHG��WKH�
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DFWLYDWLRQ�RI�FRQWDFWV�FDQ�EH�VWDUWHG��7KH�GXUDWLRQ�RI�HDFK�SDUW�RI�WKH�DFWLYDWLRQ�LV�WKH�WLPH�
7D��ZKLFK�LV�HTXDO�WR�WKH�$'($7,0(�UHJLVWHU�YDOXH��,I�QR�9SS�LV�QHFHVVDU\��WKH�DFWLYDWLRQ�DQG�
GHDFWLYDWLRQ�SDUW�RI�9SS�FDQ�EH�RPLWWHG�E\�FOHDULQJ�WKH�$872$'($933�ELW�LQ�6&3$'6�
UHJLVWHU� 
7KH�&ROG�5HVHW�VHTXHQFH�IROORZV�LPPHGLDWHO\�DIWHU�WKH�DFWLYDWLRQ��7LPH��7F��LV�WKH�GXUDWLRQ�
RI�WKH�5HVHW��7KH�(09�VSHFLILFDWLRQ�UHFRPPHQGV�WKDW�WKLV�YDOXH�VKRXOG�EH�EHWZHHQ�������
DQG��������7KH�DFWLYDWLRQ�RI�FRQWDFWV�DQG�FROG�UHVHW�VHTXHQFH�LV�VKRZQ�LQ�)LJ������ 

 

Fig.25-2 Activation, Cold Reset and ATR 
25.3.4 ([HFXWLRQ�RI�7UDQVDFWLRQ 
$OO�WUDQVIHUV�EHWZHHQ�WKH�6PDUW�&DUG�5HDGHU�DQG�D�6PDUW�&DUG�DUH�XQGHU�WKH�FRQWURO�RI�WKH�
VXSHULRU�V\VWHP��,W�FRQWUROV�WKH�QXPEHU�RI�FKDUDFWHUV�VHQW�WR�WKH�6PDUW�&DUG�DQG�LW�NQRZV�
WKH�QXPEHU�RI�FKDUDFWHUV�H[SHFWHG�WR�EH�UHWXUQHG�IURP�WKH�6PDUW�&DUG� 
25.3.5 :DUP�5HVHW 
7KH�:DUP�5HVHW�VHTXHQFH�LV�LQLWLDOL]HG�E\�VHWWLQJ�WKH�:567�ELW�LQ�WKH�&75/��UHJLVWHU�WR�
µ�¶�6PDUW�&DUG�5HDGHU�GULYHV�WKH�6&5671�VLJQDO�WR�µ�¶�WR�SHUIRUP�WKH�:DUP�5HVHW�DV�VKRZQ�
LQ�)LJ��������$IWHU�WKH�6&5671�DVVHUWLRQ��WKH�:DUP�5HVHW�VHTXHQFH�WKHQ�FRQWLQXHV�WKH�VDPH�
ZD\�DV�WKH�&ROG�5HVHW�VHTXHQFH� 
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Fig.25-3 Warm Reset and ATR 
25.3.6 'HDFWLYDWLRQ�RI�&RQWDFWV 
$IWHU�WKH�VPDUW�FDUG�UHDGHU�GHWHFWV�WKH�UHPRYDO�RI�WKH�VPDUW�FDUG��6&5(0�LQWHUUXSW��RU�WKH�
VXSHULRU�V\VWHP�LQLWLDWHV�GHDFWLYDWLRQ�E\�VHWWLQJ�WKH�'($&7�ELW�LQ�WKH�&75/��UHJLVWHU�WR�µ�¶��
WKH�GHDFWLYDWLRQ�LV�SHUIRUPHG�LPPHGLDWHO\�DV�VKRZQ�LQ���7KH�GXUDWLRQ�WLPH��7D���RI�HDFK�SDUW�
RI�WKH�GHDFWLYDWLRQ�VHTXHQFH�WLPH�LV�GHILQHG�LQ�WKH�$'($7,0(�UHJLVWHU� 

 

Fig.25-4 Deactivation Sequence 
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25.4 Register Description  
25.4.1 5HJLVWHUV�6XPPDU\�  

Name Offset Size 

Reset 
Value 

Description 

SCR_CTRL1 0x0000 HW 0x00000000 Control Register 1 

SCR_CTRL2 0x0004 HW 0x00000000 Control Register 2 

SCR_SCPADS 0x0008 HW 0x00000000 Smart Card Pads Register 
SCR_INTEN1 0x000C HW 0x00000000 Interrupt Enable Register 1 

SCR_INTSTAT1 0x0010 HW 0x00000000 Interrupt Status Register 1 

SCR_FIFOCTRL 0x0014 HW 0x00000000 FIFO Control Register 
SCR_LEGTXFICNT 0x0018 B 0x00000000 Legacy TX FIFO Counter 
SCR_LEGRXFICNT 0x0019 B 0x00000000 Legacy RX FIFO Counter 
SCR_RXFITH 0x001C HW 0x00000000 RX FIFO Threshold 

SCR_REP 0x0020 B 0x00000000 Repeat 
SCR_SCCDDIV 0x0024 HW 0x00000000 Smart Card Clock Divisor 
SCR_BAUDDIV 0x0028 HW 0x00000000 Baud Clock Divisor 
SCR_SCGUTIME 0x002C B 0x00000000 Smart Card Guard-time 

SCR_ADEATIME 0x0030 HW 0x00000000 Activation / Deactivation Time 

SCR_LOWRSTTIME 0x0034 HW 0x00000000 Reset Duration 

SCR_ATRSTARTLIMIT 0x0038 HW 0x00000000 ATR  Start Limit 
SCR_C2CLIM 0x003C HW 0x00000000 Two Characters Delay Limit 
SCR_INTEN2 0x0040 HW 0x00000000 Interrupt Enable Register 2 

SCR_INTSTAT2 0x0044 HW 0x00000000 Interrupt Status Register 2 

SCR_TXFITH 0x0048 HW 0x00000000 TX FIFO Threshold 

SCR_TXFIFOCNT 0x004C HW 0x00000000 TX FIFO Counter 
SCR_RXFIFOCNT 0x0050 HW 0x00000000 RX FIFO Counter 
SCR_BAUDTUNE 0x0054 B 0x00000000 Baud Tune Register 
SCR_FIFO 0x0200 B 0x00000000 FIFO 

Notes:Size:B- Byte (8 bits) access, HW- Half WORD (16 bits) access, W-WORD (32 bits) access, DW-
Double WORD (64 bits) access  
25.4.2 'HWDLO�5HJLVWHUV�'HVFULSWLRQ�  
SCR_CTRL1  
Address: Operational Base + offset (0x0000) 

Bit Attr Reset Value Description 

31:16 RO 0x0000 reserved 

15 RW 0x0 

GINTEN 

When high, INTERRUPT output assertion is enabled. 
14 RO 0x0 reserved 

13 RW 0x0 

TCKEN 

When enabled all ATR bytes beginning from T0 are being XOR-ed. 
The result must be equal to TCK byte (when present). If the TCK 
byte does not match the computed value the ATR is considered to 
be malformed. 

12 RW 0x0 

ATRSTFLUSH 

When enabled, both FIFOs are flushed before the ATR is started. 

11 RW 0x0 

T0T1 

Controls the using of T=0 or T=1 protocol. No character 
repeating is used when T=1 protocol is selected. 
The Character Guard-time (minimum delay between the leading 
edges of two consecutive characters) is reduced to 11 ETU when 
T=1 protocol is used and Guard-time value N = 255. 
The delay between the leading edge of the last received character 
and the leading edge of the first character transmitted is 16 ETU 
when T=0 protocol is used and 22 ETU when T=1 protocol is 
used. 
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Bit Attr Reset Value Description 

10 RW 0x0 

TS2FIFO 

Enables to store the first ATR character TS in RX FIFO. During 
ideal card session there is no necessity to store TS character, so 
it can be disabled 

9 RW 0x0 

RXEN 

When enabled the characters sent by the Smart Card are 
received by the UART and stored in RX FIFO. Receiving is 
internally disabled while a transmission is in progress. 

8 RW 0x0 

TXEN 

When enabled the characters are read from TX FIFO and 
transmitted through UART to the Smart Card 

7 RW 0x0 

CLKSTOPVAL 

The value of the scclk output during the clock stop state. 

6 RW 0x0 

CLKSTOP 

Clock Stop. When this bit is asserted and the smart card I/O line 
is in 'Z' state, the SCR core stops driving of the smart card clock 
signal after the CLKSTOPDELAY time expires. The smart card 
clock is restarted immediately after the CLKSTOP signal is de-
asserted. New character transmission can be started by superior 
system after the CLKSTARTDELAY time expires. The expiration of 
both times is signaled by the CLKSTOPRUN bit in the Interrupt 
registers.  Reading '1' from this bit signals that the clock is 
stopped or CLKSTARTDELAY time not expired yet. Reading '0' 
from this bit signals that the clock is not stopped.    

 

5:3 RO 0x0 reserved 

2 RW 0x0 

PECH2FIFO 

Enables storage of the characters received with wrong parity in 
RX FIFO. 

1 RW 0x0 

INVORD 

When High, inverse bit ordering convention(MSB-LSB) is used. 

0 RW 0x0 

INVLEV 

When high, inverse level convention is used(A= '1', Z='0'); 
 

SCR_CTRL2  
Address: Operational Base + offset (0x0004) 

Bit Attr Reset Value Description 

31:16 RO 0x0000 reserved 

15:8 RO 0x00 

Reserved 

Reserved bits are hard-wired to zero 

7 RW 0x0 

VCC50 

Control 5V Smart Card Vcc. Setting of this bit allows selection of 
5V Vcc for Smart Card session (Class A). After the selection of 
operating class is completed, this bit is in '1' if this class was 
selected. Default value after reset is '0'. 

6 RW 0x0 

VCC33 

Setting of this bit allows selection of 3V Vcc for Smart Card 
session (Class B). After the selection of operating class is 
completed, this bit is in '1' if this class was selected. Default 
value after reset is '0'. 

5 RW 0x0 

VCC18 

Control 1.8V Smart Card Vcc. Setting of this bit allows selection 
of 1.8V Vcc for Smart Card session (Class C). After the selection 
of operating class is completed, this bit is in '1' if this class was 
selected. Default value after reset is '0'. 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2225 

Bit Attr Reset Value Description 

4 RW 0x0 

DEACT 

Setting of this bit initializes the deactivation sequence. When the 
deactivation is finished, the DEACT bit is automatically cleared. 

3 RW 0x0 

ACT 

Setting of this bit initializes the activation sequence. When the 
activation is finished, the ACT bit is automatically cleared. 

2 WO 0x0 

WARMRST 

Writing '1' to this bit initializes Warm Reset of the Smart Card. 
This bit is always read as '0'. 

1:0 RO 0x0 reserved 

 

SCR_SCPADS  
Address: Operational Base + offset (0x0008) 

Bit Attr Reset Value Description 

31:10 RO 0x000000 reserved 

9 RO 0x0 

SCPRESENT 

This bit is set to '1' when the SCDETECT input is active at least 
for SCDETECTTIME 

8 RW 0x0 

DSCFCB 

It provides direct access to SCFCB output 

7 RW 0x0 

DSCVPPPP 

It provides direct access to SCVPPPP output 

6 RW 0x0 

DSCVPPEN 

It provides direct access to SCVPPEN output 

5 RW 0x0 

AUTOADEAVPP 

When high, it enables automatic handling of DSCVPPEN and 
DSCVPPPP signals during activation and deactivation sequence. 

4 RW 0x0 

DSCVCC 

Direct Smart Card Vcc. When DIRACCPADS = '1', the DSCVCC bit 
provides direct access to SCVCCx outputs. The appropriate 
SCVCC18, SCVCC33 and SCVCC50 outputs are driven according 
to state of bits VCC18, VCC33 and VCC50 in CTRL2 register. 

3 RW 0x0 

DSCRST 

When DIRACCPADS = '1', the DSCRST bit provides direct access 
to SCRST output 

2 RW 0x0 

DSCCLK 

When DIRACCPADS = '1', the DSCCLK bit provides direct access 
to SCCLK output 

1 RW 0x0 

DSCIO 

When DIRACCPADS = '1', the DSCIO bit provides direct access to 
SCIO pad. 

0 RW 0x0 

DIRACCPADS 

When high, it disables a serial interface functionality and enables 
direct control of the smart card pads using following 4 bits. 

 

SCR_INTEN1  
Address: Operational Base + offset (0x000C) 

Bit Attr Reset Value Description 

31:16 RO 0x0000 reserved 

15 RW 0x0 

SCDEACT 

When enabled, this interrupt is asserted after the Smart Card 
deactivation sequence is complete. 

14 RW 0x0 

SCACT 

When enabled, this interrupt is asserted after the Smart Card 
activation sequence is complete. 
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Bit Attr Reset Value Description 

13 RW 0x0 

SCINS 

When enabled, this interrupt is asserted after the smart card 
insertion 

12 RW 0x0 

SCREM 

When enabled, this interrupt is asserted after the smart card 
removal. 

11 RW 0x0 

ATRDONE 

When enabled, this interrupt is asserted after the ATR sequence 
is successfully completed. 

10 RW 0x0 

ATRFAIL 

When enabled, this interrupt is asserted if the ATR sequence fails. 

9 RW 0x0 

RXTHRESHOLD 

When enabled, this interrupt is asserted if the number of bytes in 
RX FIFO is equal or exceeds the RX FIFO threshold. 

8 RW 0x0 

C2CFULL 

When enabled, this interrupt is asserted if the time between two 
consecutive characters, transmitted between the Smart Card and 
the Reader in both directions, is equal the Two Characters Delay 
Limit described below. The C2CFULL interrupt is internally 
enabled from the ATR start to the deactivation or ATR restart 
initialization. It is recommended to use this counter to detect 
unresponsive Smart Cards. 

7 RW 0x0 

RXPERR 

When enabled, this interrupt is asserted after the character with 
wrong parity was received when the number of repeated 
receptions exceeds RXREPEAT value or T=1 protocol is used 

6 RW 0x0 

TXPERR 

When enabled, this interrupt is asserted if the Smart Card signals 
wrong character parity during the guard-time after the character 
transmission was repeated TXREPEAT-times 

5 RW 0x0 

RXDONE 

When enabled, this interrupt is asserted after a character was 
received from the Smart Card. 

4 RW 0x0 

TXDONE 

When enabled, this interrupt is asserted after one character was 
transmitted to the Smart Card. 

3 RW 0x0 

CLKSTOPRUN 

When enabled, this interrupt is asserted in two cases: 
1. When the smart card clock is stopped (after CLOCKSTOP 
assertion). 
2. When the new character transfer can be started (the smart 
card clock is fully running after CLOCKSTOP de-assertion). 

2 RW 0x0 

RXFIFULL 

When enabled, this interrupt is asserted if the RX FIFO is filled 
up. 

1 RW 0x0 

TXFIEMPTY 

When enabled, this interrupt is asserted if the TX FIFO is emptied 
out. 

0 RW 0x0 

TXFIDONE 

When enabled, this interrupt is asserted after all bytes from TX 
FIFO were transferred to the Smart Card 

 

SCR_INTSTAT1  
Address: Operational Base + offset (0x0010) 
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Bit Attr Reset Value Description 

31:16 RO 0x0000 reserved 

15 RW 0x0 

SCDEACT 

When enabled, this interrupt is asserted after the Smart Card 
deactivation sequence is complete. 

14 RW 0x0 

SCACT 

When enabled, this interrupt is asserted after the Smart Card 
activation sequence is complete. 

13 RW 0x0 

SCINS 

When enabled, this interrupt is asserted after the smart card 
insertion 

12 RW 0x0 

SCREM 

When enabled, this interrupt is asserted after the smart card 
removal. 

11 RW 0x0 

ATRDONE 

When enabled, this interrupt is asserted after the ATR sequence 
is successfully completed. 

10 RW 0x0 

ATRFAIL 

When enabled, this interrupt is asserted if the ATR sequence fails. 

9 RW 0x0 

RXTHRESHOLD 

When enabled, this interrupt is asserted if the number of bytes in 
RX FIFO is equal or exceeds the RX FIFO threshold. 

8 RW 0x0 

C2CFULL 

When enabled, this interrupt is asserted if the time between two 
consecutive characters, transmitted between the Smart Card and 
the Reader in both directions, is equal the Two Characters Delay 
Limit described below. The C2CFULL interrupt is internally 
enabled from the ATR start to the deactivation or ATR restart 
initialization. It is recommended to use this counter to detect 
unresponsive Smart Cards. 

7 RW 0x0 

RXPERR 

When enabled, this interrupt is asserted after the character with 
wrong parity was received when the number of repeated 
receptions exceeds RXREPEAT value or T=1 protocol is used 

6 RW 0x0 

TXPERR 

When enabled, this interrupt is asserted if the Smart Card signals 
wrong character parity during the guard-time after the character 
transmission was repeated TXREPEAT-times 

5 RW 0x0 

RXDONE 

When enabled, this interrupt is asserted after a character was 
received from the Smart Card. 

4 RW 0x0 

TXDONE 

When enabled, this interrupt is asserted after one character was 
transmitted to the Smart Card. 

3 RW 0x0 

CLKSTOPRUN 

When enabled, this interrupt is asserted in two cases: 
1. When the smart card clock is stopped (after CLOCKSTOP 
assertion). 
2. When the new character transfer can be started (the smart 
card clock is fully running after CLOCKSTOP de-assertion). 

2 RW 0x0 

RXFIFULL 

When enabled, this interrupt is asserted if the RX FIFO is filled 
up. 

1 RW 0x0 

TXFIEMPTY 

When enabled, this interrupt is asserted if the TX FIFO is emptied 
out. 
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Bit Attr Reset Value Description 

0 RW 0x0 

TXFIDONE 

When enabled, this interrupt is asserted after all bytes from TX 
FIFO were transferred to the Smart Card 

 

SCR_FIFOCTRL  
Address: Operational Base + offset (0x0014) 

Bit Attr Reset Value Description 

31:11 RO 0x000000 reserved 

10 WO 0x0 

RXFIFLUSH 

RX FIFO is flushed, when '1' is written to this bit. 

9 RO 0x0 

RXFIFULL 

RX FIFO Full 

8 RO 0x0 

RXFIEMPTY 

RX FIFO Empty 

7:3 RO 0x00 reserved 

2 WO 0x0 

TXFIFLUSH 

TX FIFO is flushed, when '1' is written to this bit. 

1 RO 0x0 

TXFIFULL 

TX FIFO Full 

0 RO 0x0 

TXFIEMPTY 

TX FIFO Empty. 
 

SCR_LEGTXFICNT  
Address: Operational Base + offset (0x0018) 

Bit Attr Reset Value Description 

31:8 RO 0x000000 reserved 

7:0 RO 0x00 

LEGTXFICNT 

It is equal to TX FIFO Counter up to value 255. All values above 
255 are read as 255. It is recommended to use the 16-bit TX 
FIFO Counter instead of this register. 

 

SCR_LEGRXFICNT  
Address: Operational Base + offset (0x0019) 

Bit Attr Reset Value Description 

31:8 RO 0x000000 reserved 

7:0 RO 0x00 

LEGRXFICNT 

It is equal to RX FIFO Counter up to value 255. All values above 
255 are read as 255. It is recommended to use the 16-bit RX 
FIFO Counter instead of this register. 

 

SCR_RXFITH  
Address: Operational Base + offset (0x001C) 

Bit Attr Reset Value Description 

31:16 RO 0x0000 reserved 

15:0 RW 0x0000 

RXFITH 

The interrupt is asserted when the number of bytes it receives is 
equal to, or exceeds the threshold 

 

SCR_REP  
Address: Operational Base + offset (0x0020) 

Bit Attr Reset Value Description 

31:8 RO 0x000000 reserved 
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Bit Attr Reset Value Description 

7:4 RW 0x0 

RXREP 

This is a 4-bit, read/write register that specifies the number of 
attempts to request character re-transmission after wrong parity 
was detected. The re-transmission of the character is requested 
using the 1 ETU long error signal during the guard-time 

3:0 RW 0x0 

TXREP 

This is a 4-bit, read/write register that specifies the number of 
attempts to re-transmit the character after the Smart Card 
signals the wrong parity during the guardtime. 

 

SCR_SCCDDIV  
Address: Operational Base + offset (0x0024) 

Bit Attr Reset Value Description 

31:16 RO 0x0000 reserved 

15:0 RW 0x0000 

SCCDDIV 

This is a 16-bit, read/write register that defines the divisor value 
used to generate the Smart Card Clock from the system clock. 

 

SCR_BAUDDIV  
Address: Operational Base + offset (0x0028) 

Bit Attr Reset Value Description 

31:16 RO 0x0000 reserved 

15:0 RW 0x0000 

BAUDDIV 

This is a 16-bit, read/write register that defines a divisor value 
used to generate the Baud Clock impulses from the system clock 

 

SCR_SCGUTIME  
Address: Operational Base + offset (0x002C) 

Bit Attr Reset Value Description 

31:8 RO 0x000000 reserved 

7:0 RW 0x00 

SCGUTI 
This is an 8-bit, read/write register that sets a delay at the end of 
each character transmitted from the Smart Card Reader to the 
Smart Card. The value is in Elementary Time Units (ETU). The 
parity error is besides signaled during the guardtime 

 

SCR_ADEATIME  
Address: Operational Base + offset (0x0030) 

Bit Attr Reset Value Description 

31:16 RO 0x0000 reserved 

15:8 RW 0x00 

ADEATIME 

Sets the duration of each part of the activation and deactivation 
sequence. The value is in Smart Card Clock Cycles.  

7:0 RW 0x00 

Reserved 

Reserved bits are hard-wired to zero. 
 

SCR_LOWRSTTIME  
Address: Operational Base + offset (0x0034) 

Bit Attr Reset Value Description 

31:16 RO 0x0000 reserved 

15:8 RW 0x00 

LOWRSTTIME 

Sets the duration of the smart card reset sequence. This value is 
same for the cold and warm reset. The value is in terms of smart 
card clock cycles.  
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Bit Attr Reset Value Description 

7:0 RW 0x00 

Reserved 

Bits (7:0) of this register are hard-wired to zero. 
 

SCR_ATRSTARTLIMIT  
Address: Operational Base + offset (0x0038) 

Bit Attr Reset Value Description 

31:16 RO 0x0000 reserved 

15:8 RW 0x00 

ATRSTARTLIMIT 

Defines the maximum time between the rising edge of the 
SCRSTN signal and the start of ATR response. The value is in 
terms of smart card clock cycles 

7:0 RW 0x00 

Reserved 

Bits (7:0) of this register are hard-wired to zero 

 

SCR_C2CLIM  
Address: Operational Base + offset (0x003C) 

Bit Attr Reset Value Description 

31:16 RO 0x0000 reserved 

15:0 RW 0x0000 

C2CLIM 

This is a 16-bit, read/write register that sets the maximum time 
between the leading edges of two, consecutive characters. The 
value is in ETUs. 

 

SCR_INTEN2  
Address: Operational Base + offset (0x0040) 

Bit Attr Reset Value Description 

31:2 RO 0x00000000 reserved 

1 RW 0x0 

TCKERR 

When enabled, this interrupt is asserted if the TCK byte does not 
match computed value. 

0 RW 0x0 

TXTHRESHOLD 

When enabled, this interrupt is asserted if the number of bytes in 
TX FIFO is equal or less than the TX FIFO threshold. 

 

SCR_INTSTAT2  
Address: Operational Base + offset (0x0044) 

Bit Attr Reset Value Description 

31:2 RO 0x00000000 reserved 

1 RW 0x0 

TCKERR 

When enabled, this interrupt is asserted if the TCK byte does not 
match computed value. 

0 RW 0x0 

TXTHRESHOLD 

When enabled, this interrupt is asserted if the number of bytes in 
TX FIFO is equal or less than the TX FIFO threshold. 

 

SCR_TXFITH  
Address: Operational Base + offset (0x0048) 

Bit Attr Reset Value Description 

31:16 RO 0x0000 reserved 

15:0 RW 0x0000 

TXFITH 

The interrupt is asserted when the number of bytes in TX FIFO is 
equal or less than the threshold 

 

SCR_TXFIFOCNT  
Address: Operational Base + offset (0x004C) 
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Bit Attr Reset Value Description 

31:16 RO 0x0000 reserved 

15:0 RO 0x0000 

TXFIFOCNT 

This is a 16-bit, read-only register that provides the number of 
bytes stored in the RX FIFO 

 

SCR_RXFIFOCNT  
Address: Operational Base + offset (0x0050) 

Bit Attr Reset Value Description 

31:16 RO 0x0000 reserved 

15:0 RO 0x0000 

RXFIFOCNT 

This is a 16-bit, read-only register that provides the number of 
bytes stored in the RX FIFO. 

 

SCR_BAUDTUNE  
Address: Operational Base + offset (0x0054) 

Bit Attr Reset Value Description 

31:4 RO 0x0000000 reserved 

3:0 RW 0x0 

BAUDTUNE 

This is a 3-bit, read/write register that defines an additional value 
used to increase the accuracy of the Baud Clock impulses 

 

SCR_FIFO  
Address: Operational Base + offset (0x0200) 

Bit Attr Reset Value Description 

31:8 RO 0x000000 reserved 

7:0 RW 0x00 

FIFO 

This is an 8-bit, read/write register that provides access to the 
receive and transmit FIFO buffers. The TX FIFO is accessed 
during the APB write transfer. The RX FIFO is accessed during the 
APB read transfer. All read/write accesses at address range 200h-
3ffh are redirected to the FIFO. 

25.5 Interface Description 
Table 25-1 SCR Interface Description 

Module Pin Dir. Pad Name IOMUX Setting 
sc_clk O I2S1_MCLK_M0/UART3_RTSn_M0/SCR_CLK/PCIE30X1_PERS

Tn_M2/GPIO1_A2_d 
*5)B*3,2�$B,208;B/>����@ �¶K� 

sc_rst O I2S1_LRCK_TX_M0/UART4_RTSn_M0/SCR_RST/PCIE30X1_C
LKREQn_M2/ACODEC_DAC_SYNC/GPIO1_A5_d 

*5)B*3,2�$B,208;B+>���@ �¶K� 

sc_detect I I2S1_SDO0_M0/UART4_CTSn_M0/SCR_DET/AUDIOPWM_RO
UT_N/ACODEC_DAC_DATAL/GPIO1_A7_d 

*5)B*3,2�$B,208;B+>�����@ �¶K� 

sc_io I I2S1_SCLK_TX_M0/UART3_CTSn_M0/SCR_IO/PCIE30X1_WA
KEn_M2/ACODEC_DAC_CLK/GPIO1_A3_d 

*5)B*3,2�$B,208;B/>�����@ �¶K� 

1RWHV��, LQSXW��2 RXWSXW��,�2 LQSXW�RXWSXW��ELGLUHFWLRQDO 
25.6 Application Notes 
25.6.1 %&+67�%&+/2&�%&+'(�63$5(�$SSOLFDWLRQ 
7KH�6PDUW�&DUG�&ORFN�VLJQDO�LV�XVHG�DV�WKH�PDLQ�FORFN�IRU�WKH�VPDUW�FDUG��,WV�IUHTXHQF\�FDQ�
EH�DGMXVWHG�XVLQJ�WKH�6PDUW�&DUG�&ORFN�'LYLVRU��6&&',9���7KLV�YDOXH�LV�XVHG�WR�GLYLGH�WKH�
V\VWHP�FORFN� 
7KH�6&&/.�IUHTXHQF\�LV�JLYHQ�E\�WKH�IROORZLQJ�HTXDWLRQ� 

�����୰ୣ୯ ൌ �
���̴����

ʹ כ ሺ������  ͳሻ
ǡ ������ ؆

���୰ୣ୯

ʹ כ �����୰ୣ୯
െ ͳ 

6&&/.BIUHT±�6PDUW�&DUG�&ORFN�)UHTXHQF\ 
&/.BIUHT��6\VWHP�&ORFN�)UHTXHQF\ 
7KH�%DXG�&ORFN�,PSXOVH�VLJQDO�LV�XVHG�WR�WUDQVPLW�DQG�UHFHLYH�VHULDO�GDWD�EHWZHHQ�WKH�
6PDUW�&DUG�5HDGHU�DQG�WKH�6PDUW�&DUG��7KH�EDXG�UDWH�FDQ�EH�PRGLILHG�XVLQJ�WKH�%DXG�
&ORFN�'LYLVRU��%$8'',9�ZKLFK�LV�XVHG�WR�GLYLGH�WKH�V\VWHP�FORFN��7KH�%$8'',9�YDOXH�PXVW�
EH�! ����7KH�%$8'�UDWH�LV�JLYHQ�E\�WKH�IROORZLQJ�HTXDWLRQ� 
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����୰ୟ୲ୣ ൌ �
���̴����

ʹ כ ሺ�������  ͳሻ
 

7KH�GXUDWLRQ�RI�RQH�ELW��(OHPHQWDU\�7LPH�8QLW��(78��DQG�SDUDPHWHUV�)�DQG�'�DUH�GHILQHG�LQ�
WKH�,62�,(&�������VSHFLILFDWLRQ� 

ͳ
����̴����

؆ ��� ൌ �
	
�
כ

ͳ
�����୰ୣ୯

ǡ
	
�
؆ �

�������  ͳ
������  ͳ

 

%$8'',9�HTXDWLRQ�EDVHG�RQ�6&&',9�YDOXH�DQG�6PDUW�&DUG�SDUDPHWHUV�)�DQG�'�LV�IROORZLQJ� 

������� ؆ ሺ������  ͳሻ כ
	
�
െ ͳ 

'XULQJ�WKH�ILUVW�DQVZHU�WR�UHVHW�UHVSRQVH�DIWHU�WKH�FROG�UHVHW��WKH�LQLWLDO�(78�PXVW�EH�HTXDO�
WR�����6PDUW�&DUG�&ORFN�&\FOHV��JLYHQ�E\�SDUDPHWHUV�) ����DQG�' ����,Q�WKLV�FDVH��WKH�
%$8'',9�VKRXOG�EH� 

������� ؆ ሺ������  ͳሻ כ
͵ʹ
ͳ

െ ͳ 

$IWHU�WKH�$75�LV�FRPSOHWHG��WKH�%$8'',9�UHJLVWHU�YDOXH�FDQ�EH�FKDQJHG�DFFRUGLQJ�WR�6PDUW�
&DUG�SDUDPHWHUV�)�DQG�'� 
%DXG�7XQH�5HJLVWHU��%$8'781(����ELW�YDOXH�WKDW�FDQ�EH�XVHG�WR�LQFUHDVH�WKH�DFFXUDF\�RI�WKH�
%DXG�&ORFN�LPSXOVHV�WLPLQJ�E\�XVLQJ�WKH�%$8'781(�,QFUHPHQW�IURP�7DEOH�OLVWHG�EHORZ�LQ�
FRPELQDWLRQ�ZLWK�%$8'',9�UHJLVWHU�YDOXH� 

Table 25-2 BAUDTUNE register 
%$8'781( ��� ��� ��� ��� ��� ��� ��� ��� 
%$8'781(,1&5 �� ������ ���� ������ ���� ������ ����� ������ 

�������  ��������୍ୈ ؆ ሺ������  ͳሻ כ
	
�
െ ͳ 

7KH�%$8'',9�UHJLVWHU�YDOXH��QHDUHVW�LQWHJHU��FDQ�EH�FRPSXWHG�XVLQJ�IROORZLQJ�HTXDWLRQ� 

������� ؆ ሺ������  ͳሻ כ
	
�
െ ͳ െ ��������୍ୈ 

25.6.2 �6PDUW�&DUG�'HWHFW�$SSOLFDWLRQ 
,W�LV�FRQILJXUDEOH�IRU�6&5¶V�GHWHFW�SLQ�ZKHQ�6PDUW�&DUG�LV�LQVHUWHG� 
:KHQ�FRQILJ�*5)B62&B&21�>�@ ���6&'(7(&7CV�DFWLYH�VWDWH�LV��� 
:KHQ�FRQILJ�*5)B62&B&21�>�@ ���6&'(7(&7CV�DFWLYH�VWDWH�LV��� 
 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2233 

Chapter 26 EBC 
26.1 Overview 
(%&�LV�WKH�7&21�PRGXOH�IRU�(�LQN�(OHFWURQLF�3DSHU�'LVSOD\��(3'�� 
26.1.1 )HDWXUHV�  
z 6\VWHP�LQWHUIDFH 

z $+%�VODYH�IRU�UHJLVWHU�FRQILJXUDWLRQ 
z $+%�PDVWHU�IRU�IUDPH�GDWD�WUDQVIHU��'0$� 
z ,QWHUUXSW�RXWSXW 

z (3'�LQWHUIDFH 
z (�LQN�(3'�FRPSDWLEOH 
z 8S�WR�����[�����UHVROXWLRQ 
z 8S�WR����OHYHO�JUD\�VFDOH 
z 8S�WR�����IUDPHV�HYHU\�VFDQQLQJ 
z /87�XSGDWHDEOH����.%� 
z 'LUHFW�PRGH�DQG�/8 7�PRGH��7+5((B:,1B02'(��(,1.BPRGH 
z $OO�XSGDWH�PRGH�DQG�'LII�XSGDWH�PRGH 
z 6LQJOH�SKDVH�DQG�PXOWL�SKDVH�PRGH 
z 6XSSRUW�ZLQGRZ�GLVSOD\ 
z 6RXUFH�GULYHU�LQWHUIDFH 
z *DWH�GULYHU�LQWHUIDFH 

26.2 Block Diagram 

EBC

Dsp_ctrl

A
H

B

Dsp_outDsp_timing

Fifo 0

Win_prs

Ahb_slave Reg_file

ahb_inf

EPD

Source driver

Gate driver

Power control
Ahb_master

Fifo 1

LUT

 
Fig.26-1 EBC Block Diagram 

26.3 Function Description 
26.3.1 'DWD�)RUPDW 

������ʹǦͳ����������������	����� 

'63B/87 
02'( 

:,1B)07 
>���@ 'DWD�IRUPDW %LW�0DS 

� [[ 6�GDWD��ESS� ^6�>���@��6�>���@��6�>���@��6�>���@` 
� �� <�GDWD��ESS� ^<�>���@��<�>���@��<�>���@��<�>���@� 

<�>���@��<�>���@��<�>���@��<�>���@` 
� �� <�GDWD��ESS� ^<�>���@��<�>���@��<�>���@��<�>���@` 
� �� 5*%��� ^�¶E[��5>���@��*>���@��%>���@` 
� �� 5*%��� ^�5�>���@��*�>���@��%�>���@��  

5�>���@��*�>���@��%�>���@` 
�  
26.3.2 :DYHIRUP�JHQHUDWLRQ�PRGH 
1. 'LUHFW�PRGH 
In direct scanning mode, the source data is just read by internal DMA and sent to the display output directly. 
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S1
[0]

S1
[1]

S2
[0]

S2
[1]

S3
[0]

S3
[1]

S4
[0]

S4
[1]

Source data

FIFO LUT Dsp_ctrl

 
	��ǤʹǦʹ������������������ 

2. /87�PRGH 
In LUT scanning mode, internal DMA read the original pixel data into the FIFO, then the pixel data is sent to the 

look-up table to be translated the EPD source data. 

 

	��ǤʹǦ͵����������������� 
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= {frame_num[7:0],
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win1_data[3:0]}

Source
data

32-bit

LUT RAM

{frame_num[7:0],
win0_data[3:0]}

win1_data[3:0]

 
 

Fig.26-4 EBC LUT structure 
 

3. �ZLQ�/87�PRGH 
&RPSDUHG�ZLWK�WKH�/87�PRGH�� LQ�DGGLWLRQ�WR�WKH�FXUUHQW� LPDJH�DQG�WKH�WDUJHW� LPDJH�� WKH�
PHPRU\� DOVR� FRQWDLQV� IUDPH� QXPEHU� LQIRUPDWLRQ�� 7KH� IUDPH� QXPEHU� LQIRUPDWLRQ� LQ� WKH�
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RULJLQDO�/87�PRGH�LV�FRXQWHG�E\�D�FRXQWHU��ZKLOH�WKH�IUDPH�QXPEHU�LQIRUPDWLRQ�LQ��ZLQBPRGH�
LV�UHDG�IURP�PHPRU\� 

Current image

Next image

Memory

Frame number

AHB 
MASTER

Interface read
FIFO1

FIFO2

FIFO3

LUT dsp_ctrl EPD

win_prs

Parallel read

 
Fig.26-5 EBC 3win mode 

�  
4. (,1.�PRGH 
 
'LIIHUHQW�IURP�WKH�RWKHU�WZR�ORRN�XS�WDEOH�PRGHV��WKH�GDWD�RI�WKH�FXUUHQW�LPDJH�DQG�WKH�
QH[W�LPDJH�RI�HLQNBPRGH�DUH�VWRUHG�LQ�WKH�VDPH�PHPRU\� 

 

Current image Next image

Memory

Frame number

AHB 
MASTERInterface read

FIFO1

FIFO3

LUT dsp_ctrl EPD

win_prs

Parallel read

 
	��ǤʹǦ���������� 

 
26.3.3 :LQGRZ�GLVSOD\�PRGH 
:LQGRZ�GLVSOD\�LV�VXSSRUWHG�LQ�(%&��GVSBZLQBZLGWK�GVSBZLQBKHLJKW�DQG�GVSBZLQBVW�VKRXOG�
EH�VHW�WR�GHILQH�WKH�GLVSOD\�ZLQGRZ��7KH�VRXUFH�YDOXH�RI�RWKHU�DUHD�LV�EDFNJURXQG�YDOXH��
ZKLFK�LV�FRQILJXUDEOH� 
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Win

dsp_w
in_height

dsp_win_width

dsp_hact_st

dsp_vact_end

dsp_hact_end

dsp_vact_st

Background

dsp_win_st

(0,0)
(x0,y0)

 
Fig.26-7 EBC window display 

  

26.3.4 ,2�GHVFULSWLRQ 
� ������ʹǦʹ���������������� 

(,1. 'HVFULSWLRQ 
6&/. 6RXUFH�FORFN 
6/( 6RXUFH�ODWFK�GDWD�HQDEOH 
62( 6RXUFH�GDWD�HQDEOH�VWDUW�SXOVH 
6&(>���@  
6'2>���@ 6RXUFH�GDWD 
6',5 ;�VFDQQLQJ�GLUHFWLRQ 
*&/. *DWH�FORFN 
*63 *DWH�VWDUW�SXOVH 
*2( *DWH�RXWSXW�HQDEOH 
*',5 <�VFDQQLQJ�GLUHFWLRQ 
%25'(5>���@ &20�YROWDJH 
9&20B&75/ 9&20�HQDEOH 
3:5>���@ 32:(5�FRQWURO 

 
26.3.5 (LQN�(3'�GULYHU�LQWHUIDFH 
1. �6RXUFH�GULYHU�LQWHUIDFH 
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2. *DWH�GULYHU�LQWHUIDFH 
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26.4 Register Description 
26.4.1 5HJLVWHUV�6XPPDU\ 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

(%&B'63B67$57 �[���� : �[�������� )UDPH�VWDUW�UHJLVWHU 
(%&B(3'B&75/ �[���� : �[�������� (3'�FRQWURO�UHJLVWHU 
(%&B'63B&75/ �[���� : �[�������� GLVSOD\�FRQWURO�UHJLVWHU 

(%&B'63B+7,0,1*� �[���& : �[�������� 
SDQHO�VFDQQLQJ�WLPLQJ�
UHJLVWHU�KRUL]RQWDO�SHULRG��KV\QF�
SXOVH�ZLGWK� 

(%&B'63B+7,0,1*� �[���� : �[�������� 
SDQHO�VFDQQLQJ�WLPLQJ�
UHJLVWHU�KRUL]RQWDO�DFWLYH�
VWDUW�HQG�SRLQW� 

(%&B'63B97,0,1*� �[���� : �[�������� 
SDQHO�VFDQQLQJ�WLPLQJ�
UHJLVWHU�YHUWLFDO�SHULRG��YV\QF�
SXOVH�ZLGWK� 

(%&B'63B97,0,1*� �[���� : �[�������� 
SDQHO�VFDQQLQJ�WLPLQJ�
UHJLVWHU�YHUWLFDO�DFWLYH�VWDUW�HQG�
SRLQW� 

(%&B'63B$&7B,1)2 �[���& : �[�������� GLVSOD\�ZLGWK�KHLJKW�UHJLVWHU 
(%&B:,1B&75/ �[���� : �[�������� ZLQ�GDWD�VWDUW�DGGUHVV�LQ�PHPRU\ 

(%&B:,1B067� �[���� : �[�������� FXUUHQW�LPDJH�GDWD�VWDUW�DGGUHVV�LQ�PHPRU\ 

(%&B:,1B067� �[���� : �[�������� QH[W�LPDJH�GDWD�VWDUW�DGGUHVV�LQ�PHPRU\ 
(%&B:,1B9,5 �[���& : �[�������� ZLQ�YLUWXDO�ZLGWK�KHLJKW�UHJLVWHU 
(%&B:,1B$&7 �[���� : �[�������� :LQ�DFWLYH�ZLGWK�KHLJKW�UHJLVWHU 
(%&B:,1B'63 �[���� : �[�������� ZLQ�GLVSOD\�ZLGWK�KHLJKW�UHJLVWHU 
(%&B:,1B'63B67 �[���� : �[�������� ZLQ�GLVSOD\�VWDUW�SRLQW 
(%&B,17B67$786 �[���& : �[�������� ,QWHUUXSW�VWDWXV�UHJLVWHU 
(%&B9&20� �[���� : �[�������� 9&20�VHWWLQJ�UHJLVWHU 
(%&B9&20� �[���� : �[�������� 9&20�VHWWLQJ�UHJLVWHU 
(%&B9&20� �[���� : �[�������� 9&20�VHWWLQJ�UHJLVWHU 
(%&B9&20� �[���& : �[�������� 9&20�VHWWLQJ�UHJLVWHU 
(%&B&21),*B'21( �[���� : �[�������� UHJLVWHU�FRQILJ�GRQH�IODJ 
(%&B9180 �[���� : �[�������� (%&�OLQH�IODJ�QXP 
(%&B:,1B067� �[���� : �[�������� )UDPH�ZLQ�PHPRU\�VWDUW 
(%&B/87B$''5(66B0$3
B� �[���� : �[�������� /87�$''5(66B� 

(%&B/87B$''5(66B0$3
B���� �[�))& : �[�������� /87�$''5(66B���� 
1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV��':�
'RXEOH�:25'�����ELWV��DFFHVV 
 
26.4.2 'HWDLO�5HJLVWHU�'HVFULSWLRQ 
(%&B'63B67$57�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
GVSBRXWBORZ 
�
E���QRUPDO 
�
E���RXWSXWV�DUH�ORZ 

����� 52 �[�� UHVHUYHG 

����� 5: �[��� GVSBVGFHBZLGWK 
VRXUFH�GULYHU�OHQJWK 

����� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
GVSBHLQNBPRGH 
HLQN�PRGH�HQDEOH 
�
E���OXW�PRGH�RU�GLUHFW�PRGH�RU��ZLQ�PRGH 
�
E���HLQN�PRGH 

�� 5: �[� 
VZBEXUVWBFWUO 
�
E���RULJLQDO�EXUVW 
�
E���PRGLILHG�EXUVW 

����� 52 �[� UHVHUYHG 

��� 5: �[�� 
GVSBIUPBWRWDO 
IUDPH�WRWDO�QXPEHU�Q� 
IUDPHBQXP� �Q��� 

� 5: �[� GVSBUVW 
VRIW�UHVHW�ELW 

� 5: �[� 
GVSBIUPBVW 
IUDPH�VWDUW�ELW 
ZULWLQJ�
�
�WR�WULJJHU�IUDPH�GLVSOD\� 
UHDG�WKLV�ELW�IRU�KROG�VWDWXV� 

 
(%&B(3'B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
HLQNBPRGHBVZDS 
�
E���QR�VZDS 
�
E���VZDS 

�� 5: �[� 
HLQNBPRGHBIUPBVHO 
�
E���IUDPH�FQW 
�
E���ZLQ��GDWD 

����� 52 �[� UHVHUYHG 

����� 5: �[��� 
GVSBJGBHQG 
*&/.�IDOOLQJ�HGJH�SRLQW�6&/.���ZKLFK�FRXQW�IURP�WKH�IDOOLQJ�HGJH�
RI�KV\QF 

���� 5: �[�� 
GVSBJGBVW 
*&/.�ULVLQJ�HGJH�SRLQW�6&/.���ZKLFK�FRXQW�IURP�WKH�IDOOLQJ�HGJH�
RI�KV\QF 

� 5: �[� 
GVSBWKUHHBZLQBPRGH 
WKUHH�ZLQ�PRGH�HQDEOH 
�
E���OXW�PRGH�RU�GLUHFW�PRGH 
�
E���WKUHH�ZLQ�PRGH 

� 5: �[� 
GVSBVGGZBPRGH 
VRXUFH�GDWD�RXWSXW�ZLGWK 
�
E�����ELW�RXWSXW 
�
E������ELW�RXWSXW 

� 5: �[� 
HSGBDXR 
(3'�SDQHO 
�
E���(LQN 
�
E���$82 

��� 5: �[� HSGBSZU 
SRZHU�HQDEOH 

� 5: �[� 
HSGBJGUO 
JDWH�VFDQQLQJ�GLUHFWLRQ 
�
E���WRS�WR�EXWWRQ 
�
E���EXWWRQ�WR�WRS 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
HSGBVGVKU 
VRXUFH�VFDQQLQJ�GLUHFWLRQ 
�
E���OHIW�WR�ULJKW 
�
E���ULJKW�WR�OHIW 

 
(%&B'63B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

GVSBVZDSBPRGH 
GLVSOD\�VZDS 
IRU��ELW�RXWSXW 
�
E����6'2>���@� �3��3��3��3� 
�
E����6'2>���@� �3��3��3��3� 
�
E����6'2>���@� �3��3��3��3� 
�
E����6'2>���@� �3��3��3��3� 
IRU���ELW�RXWSXW 
�
E����6'2>����@� �3��3��3��3��3��3��3��3� 
�
E����6'2>����@� �3��3��3��3��3��3��3��3� 
�
E����6'2>����@� �3��3��3��3��3��3��3��3� 
�
E����6'2>����@� �3��3��3��3��3��3��3��3� 

�� 5: �[� 
GVSBGLIIBPRGH 
GLII�XSGDWH�PRGH�HQDEOH 
�
E���QRUPDO�XSGDWH�PRGH 
�
E���GLII�XSGDWH�PRGH 

�� 5: �[� 
GVSBOXWBPRGH 
GLVSOD\�PRGH 
�
E���GLUHFW�PRGH 
�
E���/87�PRGH 

�� 5: �[� 
GVSBYFRPBPRGH 
9&20�0RGH 
�
E���RQH�SKDVH�VFDQQLQJ�PRGH 
�
E���PXOWL�SKDVH�VFDQQLQJ�PRGH 

�� 5: �[� 
GVSBJGRHBSRO 
'63�287387�*2(�SRODULW\�LQYHUW 
�
E���GHIDXOW 
�
E���LQYHUW 

�� 5: �[� 
GVSBJGVSBSRO 
'63�287387�*63�SRODULW\�LQYHUW 
�
E���GHIDXOW 
�
E���LQYHUW 

�� 5: �[� 
GVSBJGFONBSRO 
'63�287387�*&/.�SRODULW\�LQYHUW 
�
E���GHIDXOW 
�
E���LQYHUW 

�� 5: �[� 
GVSBVGFHBSRO 
'63�287387�6&(�SRODULW\�LQYHUW 
�
E���GHIDXOW 
�
E���LQYHUW 

�� 5: �[� 
GVSBVGRHBSRO 
'63�287387�62(�SRODULW\�LQYHUW 
�
E���GHIDXOW 
�
E���LQYHUW 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
GVSBVGOHBSRO 
'63�287387�6/(�SRODULW\�LQYHUW 
�
E���GHIDXOW 
�
E���LQYHUW 

�� 5: �[� 
GVSBVGFONBSRO 
'63B287387�6&/.�SRODULW\�LQYHUW 
�
E���GHIDXOW 
�
E���LQYHUW 

����� 5: �[� 
GVSBVGFONBGLY 
6&/.�GLYLGH�UDWH 
6&/.� ��'63B&/.B',9�������'&/. 

���� 5: �[���� GVSBEDFNJURXQG 
6'2�GHIDXOW�YDOXH 

 
(%&B'63B+7,0,1*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[��� GVSBKWRWDO 
SDQHO�GLVSOD\�VFDQQLQJ�KRUL]RQWDO�SHULRG� 

���� 52 �[�� UHVHUYHG 

��� 5: �[�� GVSBKVBHQG 
SDQHO�GLVSOD\�VFDQQLQJ�KV\QF�6/(��SXOVH�ZLGWK� 

 
(%&B'63B+7,0,1*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[��� GVSBKDFWBHQG 
SDQHO�GLVSOD\�VFDQQLQJ�KRUL]RQWDO�DFWLYH�HQG�SRLQW 

���� 52 �[�� UHVHUYHG 

��� 5: �[�� GVSBKDFWBVW 
SDQHO�GLVSOD\�VFDQQLQJ�KRUL]RQWDO�DFWLYH�VWDUW�SRLQW 

 
(%&B'63B97,0,1*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[��� GVSBYWRWDO 
SDQHO�GLVSOD\�VFDQQLQJ�YHUWLFDO�SHULRG� 

���� 52 �[�� UHVHUYHG 

��� 5: �[�� GVSBYVBHQG 
SDQHO�GLVSOD\�VFDQQLQJ�YV\QF�*2(��SXOVH�ZLGWK� 

 
(%&B'63B97,0,1*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[��� GVSBYDFWBHQG 
SDQHO�GLVSOD\�VFDQQLQJ�YHUWLFDO�DFWLYH�HQG�SRLQW 

���� 52 �[�� UHVHUYHG 

��� 5: �[�� GVSBYDFWBVW 
SDQHO�GLVSOD\�VFDQQLQJ�YHUWLFDO�DFWLYH�VWDUW�SRLQW 
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(%&B'63B$&7B,1)2�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[��� GVSBKHLJKW 
GLVSOD\�KHLJKW 

����� 52 �[� UHVHUYHG 

���� 5: �[��� GVSBZLGWK 
GLVSOD\�ZLGWK 

 
(%&B:,1B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[��� ZLQ�BILIRBDOPRVWBIXOOBOHYHO 
ZLQ��IUDPHBQXP��ILIR�DOPRVW�IXOO�OHYHO 

�� 5: �[� ZLQBHQ 
ZLQ�HQDEOH 

����� 5: �[�� DKEBLQFUBQXPBUHJ 
DKE�PDVWHU�LQFU�QXP 

����� 5: �[� DKEBEXUVWBUHJ 
DKE�PDVWHU�EXUVW�W\SH 

��� 5: �[�� ZLQBILIRBDOPRVWBIXOOBOHYHO 
ZLQ�ILIR�DOPRVW�IXOO�OHYHO 

��� 5: �[� 

ZLQBIPW 
ZLQ�VRXUFH�GDWD�IRUPDW� 
�
E����<�GDWD��ESS� 
�
E����<�GDWD��ESS� 
�
E����5*%������ESS� 
�
E����5*%������ESS� 

 
(%&B:,1B067��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� ZLQBPVW� 
VWDUW�DGGUHVV�RI�FXUUHQW�LPDJH�GDWD�LQ�PHPRU\ 

 
(%&B:,1B067��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� ZLQBPVW� 
VWDUW�DGGUHVV�RI�QH[W�LPDJH�GDWD�LQ�PHPRU\ 

 
(%&B:,1B9,5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� ZLQBYLUBKHLJKW 
ZLQ�YLUWXDO�KHLJKW 

���� 5: �[���� ZLQBYLUBZLGWK 
ZLQ�YLUWXDO�ZLGWK 

 
(%&B:,1B$&7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[��� ZLQBDFWBKHLJKW 
ZLQ�DFWLYH�KHLJKW 

����� 52 �[� UHVHUYHG 

���� 5: �[��� ZLQBDFWBZLGWK 
ZLQ�DFWLYH�ZLGWK 

 
(%&B:,1B'63�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[��� ZLQBGVSBKHLJKW 
ZLQ�GLVSOD\�KHLJKW 

����� 52 �[� UHVHUYHG 

���� 5: �[��� ZLQBGVSBZLGWK 
ZLQ�GLVSOD\�ZLGWK 

 
(%&B:,1B'63B67�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[��� ZLQBGVSB\VW 
ZLQ�GLVSOD\�\�VWDUW�SRLQW 

����� 52 �[� UHVHUYHG 

���� 5: �[��� ZLQBGVSB[VW 
ZLQ�GLVSOD\�[�VWDUW�SRLQW 

 
(%&B,17B67$786�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[�� 
GVSBIUPBLQWBQXP 
IUDPH�QXPEHU�RI�WKH�VFDQQLQJ�IODJ�LQWHUUXSW 
WKH�GLVSOD\�IUDPH�QXPEHU�ZKHQ�WKH�IODJ�LQWHUUXSW�RFFXU��WKH�
UDQJH�LV���a'63B)50B180���� 

�� 5: �[� 
OLQHBIODJBLQWBFOU 
OLQH�IODJ�LQWHUUXSW�FOHDU� 
DIWHU�EH�VHW�WR����WKLV�ELW�ZLOO�FOHDU�E\�LWVHOI���F\FOH�ODWHU� 

�� 5: �[� 
GVSBIUPBLQWBFOU 
GLVSOD\�IUDPH�LQWHUUXSW�FOHDU� 
DIWHU�EH�VHW�WR����WKLV�ELW�ZLOO�FOHDU�E\�LWVHOI���F\FOH�ODWHU� 

� 5: �[� 
GVSBHQGBLQWBFOU 
GLVSOD\�HQG�LQWHUUXSW�FOHDU� 
DIWHU�EH�VHW�WR����WKLV�ELW�ZLOO�FOHDU�E\�LWVHOI���F\FOH�ODWHU� 

� 5: �[� 
IUPBHQGBLQWBFOU 
IUDPH�HQG�LQWHUUXSW�FOHDU� 
DIWHU�EH�VHW�WR����WKLV�ELW�ZLOO�FOHDU�E\�LWVHOI���F\FOH�ODWHU� 

� 5: �[� 
OLQHBIODJBLQWBPVN 
OLQH�IODJ�LQWHUUXSW�PDVN 
�
E���XQPDVN 
�
E���PDVN 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
GVSBIUPBLQWBPVN 
IUDPH�IODJ�LQWHUUXSW�PDVN� 
�
E���XQPDVN 
�
E���PDVN 

� 5: �[� 
GVSBHQGBLQWBPVN 
GLVSOD\�HQG�LQWHUUXSW�PDVN� 
�
E���XQPDVN 
�
E���PDVN 

� 5: �[� 
IUPBHQGBLQWBPVN 
IUDPH�HQG�LQWHUUXSW�PDVN� 
�
E���XQPDVN 
�
E���PDVN 

� 52 �[� OLQHBIODJBLQWBVW 
OLQH�IODJ�LQWHUUXSW�VWDWXV 

� 52 �[� GVSBIUPBLQWBVW 
IUDPH�IODJ�LQWHUUXSW�VWDWXV 

� 52 �[� GVSBHQGBLQWBVW 
GLVSOD\�HQG�LQWHUUXSW�VWDWXV 

� 52 �[� IUPBHQGBLQWBVW 
IUDPH�HQG�LQWHUUXSW�VWDWXV 

 
(%&B9&20��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

GVSBERUGHUB� 
9&20>���@�YDOXHV�LQ������IUDPH� 
7KH�9&20�>���@�LQGLFDWH�WKH�&20�YROWDJH�LQ�RQH�IUDPH��7KH�
9&20�FDQ�EH�GLIIHUHQW�LQ�GLIIHUHQW�IUDPH��6R�ZH�FDQ�VHW�WKH�
9&20�>���@�VHTXHQFH�XVLQJ�GLVSOD\�IUDPHV�EHIRUH�VWDUW�WKH�
GLVSOD\� 

 
(%&B9&20��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

GVSBERUGHUB� 
9&20>���@�YDOXHV�LQ�������IUDPH� 
7KH�9&20�>���@�LQGLFDWH�WKH�&20�YROWDJH�LQ�RQH�IUDPH��7KH�
9&20�FDQ�EH�GLIIHUHQW�LQ�GLIIHUHQW�IUDPH��6R�ZH�FDQ�VHW�WKH�
9&20�>���@�VHTXHQFH�XVLQJ�GLVSOD\�IUDPHV�EHIRUH�VWDUW�WKH�
GLVSOD\� 

 
(%&B9&20��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

GVSBERUGHUB� 
9&20>���@�YDOXHV�LQ�������IUDPH� 
7KH�9&20�>���@�LQGLFDWH�WKH�&20�YROWDJH�LQ�RQH�IUDPH��7KH�
9&20�FDQ�EH�GLIIHUHQW�LQ�GLIIHUHQW�IUDPH��6R�ZH�FDQ�VHW�WKH�
9&20�>���@�VHTXHQFH�XVLQJ�GLVSOD\�IUDPHV�EHIRUH�VWDUW�WKH�
GLVSOD\� 

 
(%&B9&20��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

GVSBERUGHUB� 
9&20>���@�YDOXHV�LQ�������IUDPH� 
7KH�9&20�>���@�LQGLFDWH�WKH�&20�YROWDJH�LQ�RQH�IUDPH��7KH�
9&20�FDQ�EH�GLIIHUHQW�LQ�GLIIHUHQW�IUDPH��6R�ZH�FDQ�VHW�WKH�
9&20�>���@�VHTXHQFH�XVLQJ�GLVSOD\�IUDPHV�EHIRUH�VWDUW�WKH�
GLVSOD\� 

 
(%&B&21),*B'21(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 

UHJBFRQILJBGRQH 
LQ�WKH�ILUVW�VHWWLQJ�RI�WKH�UHJLVWHU��WKH�QHZ�YDOXH�ZDV�VDYHG�LQWR�
WKH�PLUURU�UHJLVWHU� 
ZKHQ�DOO�WKH�UHJLVWHU�FRQILJ�ILQLVK��ZULWLQJ�WKLV�UHJLVWHU�WR�HQDEOH�
WKH�FRS\ULJKW�RI�WKH�PLUURU�UHJLVWHU�WR�UHDO�UHJLVWHU��WKHQ�UHJLVWHU�
ZRXOG�EH�XSGDWHG�DW�WKH�VWDUW�RI�HYHU\�IUDPH� 

 
(%&B9180�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� GVSBYFQW 
UHDGDEOH�UHJLVWHU�IRU�,QWHUQDO�OLQH�QXPEHU 

����� 52 �[� UHVHUYHG 

���� 5: �[��� 
OLQHBIODJBQXP 
OLQH�QXPEHU�RI�WKH�VFDQQLQJ�IODJ�LQWHUUXSW 
WKH�GLVSOD\�OLQH�QXPEHU�ZKHQ�WKH�IODJ�LQWHUUXSW�RFFXU�WKH�UDQJH�LV�
��a'63B9727$/���� 

 
(%&B:,1B067��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� ZLQBPVW� VWDUW�DGGUHVV�RI�IUDPH�GDWD�LQ�PHPRU\ 
 
(%&B/87B$''5(66B0$3B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� OXWBGDWD� /87BGDWD� 
 
(%&B/87B$''5(66B0$3B�����  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�))&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� OXWBGDWD���� /87BGDWD���� 
26.5 Interface Description 

Table 26-3 EBC Interface Description 
Module Pin Dir. Pad Name IOMUX Setting 

ebc_sddo[0] I/O GPIO3_C6/EBC_SDDO0 *5)B*3,2�&B,208;B+>����@� ��¶K� 
ebc_sddo[1] I/O GPIO3_C7/EBC_SDDO1 *5)B*3,2�&B,208;B+>�����@� ��¶K� 
ebc_sddo[2] I/O GPIO3_D0/EBC_SDDO2 *5)B*3,2�'B,208;B/>���@� ��¶K� 
ebc_sddo[3] I/O GPIO3_D1/EBC_SDDO3 *5)B*3,2�'B,208;B/>���@� ��¶K� 
ebc_sddo[4] I/O GPIO3_D2/EBC_SDDO4 *5)B*3,2�'B,208;B/>����@� ��¶K� 
ebc_sddo[5] I/O GPIO3_D3/EBC_SDDO5 *5)B*3,2�'B,208;B/>�����@� ��¶K� 
ebc_sddo[6] I/O GPIO3_D4/EBC_SDDO6 *5)B*3,2�'B,208;B+>���@� ��¶K� 
ebc_sddo[7] I/O GPIO3_D5/EBC_SDDO7 *5)B*3,2�'B,208;B+>���@� ��¶K� 
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Module Pin Dir. Pad Name IOMUX Setting 
ebc_sddo[8] I/O GPIO3_D6/EBC_SDDO8 *5)B*3,2�'B,208;B+>����@� ��¶K� 
ebc_sddo[9] I/O GPIO3_D7/EBC_SDDO9 *5)B*3,2�'B,208;B+>�����@� ��¶K� 
ebc_sddo[10] I/O GPIO4_A0/EBC_SDDO10 *5)B*3,2�$B,208;B/>���@� ��¶K� 
ebc_sddo[11] I/O GPIO4_A1/EBC_SDDO11 *5)B*3,2�$B,208;B/>���@� ��¶K� 
ebc_sddo[12] I/O GPIO4_A2/EBC_SDDO12 *5)B*3,2�$B,208;B/>����@� ��¶K� 
ebc_sddo[13] I/O GPIO4_A3/EBC_SDDO13 *5)B*3,2�$B,208;B/>�����@� ��¶K� 
ebc_sddo[14] I/O GPIO4_A4/EBC_SDDO14 *5)B*3,2�$B,208;B+>���@� ��¶K� 
ebc_sddo[15] I/O GPIO4_A5/EBC_SDDO15 *5)B*3,2�$B,208;B+>���@� ��¶K� 

HEFBVGFH>�@ I/O GPIO4_A6/EBC_SDCE0 *5)B*3,2�$B,208;B+>����@� ��¶K� 
HEFBVGFH>�@ I/O GPIO4_A7/EBC_SDCE1 *5)B*3,2�$B,208;B+>�����@� ��¶K� 
HEFBVGFH>�@ I/O GPIO4_B0/EBC_SDCE2 *5)B*3,2�%B,208;B/>���@� ��¶K� 
HEFBVGFH>�@ I/O GPIO4_B1/EBC_SDCE3 *5)B*3,2�%B,208;B/>���@� ��¶K� 
HEFBYFRP I/O GPIO4_B2/EBC_VCOM *5)B*3,2�%B,208;B/>����@� ��¶K� 
HEFBJGRH I/O GPIO4_B3/EBC_GDOE *5)B*3,2�%B,208;B/>�����@� ��¶K� 
HEFBJGVS I/O GPIO4_B4/EBC_GDSP *5)B*3,2�%B,208;B+>���@� ��¶K� 
HEFBVGVKU I/O GPIO4_B5/EBC_SDSHR *5)B*3,2�%B,208;B+>���@� ��¶K� 
HEFBVGOH I/O GPIO4_B6/EBC_SDLE *5)B*3,2�%B,208;B+>����@� ��¶K� 
HEFBVGRH I/O GPIO4_B7/EBC_SDOE *5)B*3,2�%B,208;B+>�����@� ��¶K� 
HEFBJGFON I/O GPIO4_C0/EBC_GDCLK *5)B*3,2�&B,208;B/>���@� ��¶K� 
HEFBVGFON I/O GPIO4_C1/EBC_SDCLK *5)B*3,2�&B,208;B/>���@� ��¶K� 
1RWHV��, LQSXW��2 RXWSXW��,�2 LQSXW�RXWSXW��ELGLUHFWLRQDO 
26.6 Application Notes 
:H�XVH�$+%�EXV�WR�FRQILJXUH�(%&��7KHUH�DUH�IRXU�PRGHV�LQ�(%&�DQG�WKH�VSHFLILF�
FRQILJXUDWLRQ�LV�DV�IROORZ� 
26.6.1 'LUHFW�PRGH 
6WHS���VHW�GVSBHLQNBPRGH ���GVSBWKUHHBZLQBPRGH ���GVSBOXWBPRGH �� 
6WHS���VHW�GVSBVGFONBGLY �¶G��IRU���ELW�VFUHHQ�RU�VHW�GVSBVGFONBGLY �¶G��IRU����ELW�VFUHHQ� 
26.6.2 /87�PRGH 
6WHS���VHW�GVSBHLQNBPRGH ���GVSBWKUHHBZLQBPRGH ���GVSBOXWBPRGH �� 
6WHS���VHW�GVSBVGFONBGLY �¶G��IRU���ELW�VFUHHQ�RU�VHW�GVSBVGFONBGLY �¶G��IRU����ELW�VFUHHQ� 
26.6.3 �ZLQ�/87�PRGH 
6WHS���VHW�GVSBHLQNBPRGH ���GVSBWKUHHBZLQBPRGH ���GVSBOXWBPRGH �� 
6WHS���VHW�GVSBVGFONBGLY �¶G��IRU���ELW�VFUHHQ�RU�VHW�GVSBVGFONBGLY �¶G��IRU����ELW�VFUHHQ� 
26.6.4 (LQNBPRGH 
6WHS���VHW�GVSBHLQNBPRGH ���GVSBWKUHHBZLQBPRGH ���GVSBOXWBPRGH ��� �
HLQNBPRGHBVZDS �� 
6WHS���VHW�GVSBVGFONBGLY �¶G��IRU���ELW�VFUHHQ�RU�VHW�GVSBVGFONBGLY �¶G��IRU����ELW�VFUHHQ� 
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Chapter 27 MIPI CSI HOST 
27.1 Overview 
7KH�&6,���+RVW�&RQWUROOHU�LV�GHVLJQHG�WR�UHFHLYH�GDWD�IURP�D�&6,���FRPSOLDQW�FDPHUD�VHQVRU��
$�'�3+<�FRQILJXUHG�DV�D�6ODYH�DFWV�DV�WKH�SK\VLFDO�OD\HU��  
7KH�0,3,�&6,���+RVW�&RQWUROOHU�VXSSRUWV�WKH�IROORZLQJ�IHDWXUHV� 
z &RPSOLDQW�ZLWK�0,3,�$OOLDQFH�6SHFLILFDWLRQ�IRU�&6,����9HUVLRQ�����������1RYHPEHU�

���� 
z ,QWHUIDFH�ZLWK�0,3,�'�3+<�IROORZLQJ�3+<�3URWRFRO�,QWHUIDFH��DV�GHILQHG�LQ�³0,3,�

$OOLDQFH� � � � � � � � � � � �6SHFLILFDWLRQ�IRU�'�3+<��9HUVLRQ�������1RYHPEHU�����´ 
z 8S�WR�IRXU�'�3+<�5;�GDWD�ODQHV 
z '\QDPLFDOO\�FRQILJXUDEOH�PXOWL�ODQH�PHUJLQJ 
z /RQJ�DQG�6KRUW�SDFNHW�GHFRGLQJ 
z 7LPLQJ�DFFXUDWH�VLJQDOLQJ�RI�)UDPH�DQG�/LQH�V\QFKURQL]DWLRQ�SDFNHWV 
z 6HYHUDO�)UDPH�IRUPDWV 

� *HQHUDO�)UDPH�RU�'LJLWDO�,QWHUODFHG�9LGHR�ZLWK�RU�ZLWKRXW�DFFXUDWH�V\QF�WLPLQJ 
� 'DWD�7\SH��3DFNHW�RU�)UDPH�/HYHO��DQG�9LUWXDO�&KDQQHO�LQWHUOHDYLQJ 

z ���ELW�,PDJH�'DWD�,QWHUIDFH�GHOLYHULQJ�GDWD�IRUPDWWHG�DV�UHFRPPHQGHG�LQ�&6,���
6SHFLILFDWLRQ 

z $OO�SULPDU\�DQG�VHFRQGDU\�GDWD�IRUPDWV 
� 5*%��<89��DQG�5$:�FRORU�VSDFH�GHILQLWLRQV 
� )URP����ELW�GRZQ�WR���ELW�SHU�SL[HO 
� *HQHULF�RU�XVHU�GHILQHG�E\WH�EDVHG�GDWD�W\SHV 

z (UURU�GHWHFWLRQ�DQG�FRUUHFWLRQ 
� 3+<�OHYHO 
� 3DFNHW�OHYHO 
� /LQH�OHYHO 
� )UDPH�OHYHO 

z 6XSSRUW�'6,�YLGHR�PRGH�FRPPDQG�PRGH�  
27.2 Block Diagram 
7KH�IROORZLQJ�GLDJUDP�VKRZV�WKH�0,3,�&6,���+RVW�&RQWUROOHU�DUFKLWHFWXUH� 

System
Data

Interface

Register
Bank

Packet
Analyzer

PHY
Adaptation

Layer

CLK PPI

PPI

Image
Data I/F

APB Bus

 

Fig. 27-1 MIPI CSI-2 Host Controller Architecture 
z 3+<�$GDSWDWLRQ�/D\HU��0DQDJHV�WKH�'�3+<�33,�LQWHUIDFH 
z 3DFNHW�$QDO\]HU��0HUJHV�WKH�GDWD�IURP�WKH�GLIIHUHQW�ODQHV 
z ,PDJH�'DWD�,QWHUIDFH��5HRUGHUV�SL[HOV�LQWR����ELW�GDWD�IRU�PHPRU\�VWRUDJH�DQG�

JHQHUDWHV�WLPLQJ�DFFXUDWH�YLGHR�V\QFKURQL]DWLRQ�VLJQDOV 
z $0%$�$3%�5HJLVWHU�%DQN��3URYLGHV�DFFHVV�WR�FRQILJXUDWLRQ�DQG�FRQWURO�UHJLVWHUV 
27.3 Function Description 
27.3.1 6XSSRUWHG�5HVROXWLRQV�DQG�)UDPH�5DWHV 
7KH�&6,���VSHFLILFDWLRQ�GRHV�QRW�GHILQH�WKH�VXSSRUWHG�VWDQGDUG�UHVROXWLRQV�RU�IUDPH�UDWHV��
&DPHUD�VHQVRU�UHVROXWLRQ��EODQNLQJ�SHULRGV��V\QFKURQL]DWLRQ�HYHQWV��IUDPH�UDWHV��DQG�SL[HO�
FRORU�GHSWK�SOD\�D�IXQGDPHQWDO�UROH�LQ�WKH�UHTXLUHG�EDQGZLGWK��$OO�WKHVH�YDULDEOHV�PDNH�LW�
GLIILFXOW�WR�GHILQH�D�VWDQGDUG�SURFHGXUH�WR�HVWLPDWH�WKH�PLQLPXP�ODQH�UDWH�DQG�WKH�PLQLPXP�
QXPEHU�RI�ODQHV�WKDW�VXSSRUW�D�VSHFLILF�&6,���GHYLFH��  
)ROORZLQJ�WDEOH�SUHVHQWV�VRPH�SUHGHILQHG�DQG�VXSSRUWHG�FDPHUD�VHWWLQJV��DVVXPLQJ�WKH�
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IROORZLQJ� 
z &ORFN�ODQH�IUHTXHQF\�LV�����0+]�RU�����0+]�WKDW�UHVXOWV�LQ�D�EDQGZLGWK�RI���*ESV�RU�����

*ESV�UHVSHFWLYHO\��IRU�HDFK�GDWD�ODQH� 
z 1R�VLJQLILFDQW�FRQWURO�UHVHUYHG�WUDIILF�LV�SUHVHQW�RQ�WKH�OLQN�ZKHQ�SL[HO�GDWD�LV�EHLQJ�

WUDQVPLWWHG��  
7KH�ODVW�FROXPQ�RI�IROORZLQJ�WDEOH�SUHVHQWV�WKH�PLQLPXP�QXPEHU�RI�ODQHV�UHTXLUHG�IRU�HDFK�
FRQILJXUDWLRQ� 

Table 27-1 Supported Camera Settings 
Mega 
Pixels 

Mega 
Pixels with 
Overhead 

Refresh 
Rate 
(Hz) 

Color 
Depth 
(bpp) 

CSI2 BW 
(Mbits) 

D-PHY at 
1 Gbps 
Number 
of Lanes 

D-PHY at 
1.5Gbps 
Number 
of Lanes 

2MP 2560000 15 24 922 1 1 
2MP 2560000 30 24 1843 2 2 
3MP 3840000 15 16 922 1 1 
3MP 3840000 30 16 1843 2 2 
3MP 3840000 30 24 2765 3 2 
5MP 6400000 15 16 1536 2 2 
5MP 6400000 15 24 2304 3 2 
5MP 6400000 30 16 3072 4 3 
8MP 10240000 15 16 2458 3 2 
8MP 10240000 15 24 3686 4 3 
8MP 10240000 30 12 3686 4 3 
12MP 15360000 15 12 2765 3 2 
12MP 15360000 15 16 3686 4 3 
14MP 17920000 15 12 3226 4 3 
16MP 20480000 15 12 3686 4 3 

Video Formats 
1280x720 
pixels(720p) 

921600 30 24 664 1 1 

1280x720 
pixels(720p) 

921600 60 24 1327 2 1 

1920x1080 
pixels(1080p

) 

2073600 60 24 2986 3 2 

27.3.2 (UURU�'HWHFWLRQ 
7KH�&6,���+RVW�&RQWUROOHU�DQDO\]HV�WKH�UHFHLYHG�SDFNHWV�DQG�GHWHUPLQHV�LI�WKHUH�DUH�SURWRFRO�
HUURUV��,W�LV�SRVVLEOH�WR�PRQLWRU�WKH�IROORZLQJ�HUURUV� 
z )UDPH�HUURUV�VXFK�DV�LQFRUUHFW�)UDPH�VHTXHQFH��UHFHSWLRQ�RI�D�&5&�HUURU�LQ�WKH�PRVW�

UHFHQW�IUDPH��DQG�WKH�PLVPDWFK�EHWZHHQ�)UDPH�6WDUW�DQG�)UDPH�(QG 
z /LQH�HUURUV�VXFK�DV�LQFRUUHFW�OLQH�VHTXHQFH�DQG�PLVPDWFK�EHWZHHQ�/LQH�6WDUW�DQG�/LQH�

(QG 
z 3DFNHW�HUURUV�VXFK�DV�(&&�RU�&5&�PLVPDWFK 
z '�3+<�HUURUV�VXFK�DV�V\QFKURQL]DWLRQ�SDWWHUQ�PLVPDWFK 
)ROORZLQJ�WDEOH�VKRZV�DOO�WKH�HUURUV�WKDW�&6,���+RVW�&RQWUROOHU�FDQ�LGHQWLI\� 

Table 27-2 Errors Identified by the CSI-2 Host Controller 
(UURU 'HVFULSWLRQ /HYHO $FWLRQ 
SK\BHUUVRWV\QFKV
B 

6WDUW�RI�WUDQVPLVVLRQ�HUURU�
RQ�GDWD�ODQH�ZLWK�QR�
V\QFKURQL]DWLRQ�DFKLHYHG 

3+< 3DFNHWV�ZLWK�WKLV�HUURU�
DUH�QRW�GHOLYHUHG�LQ�,',�
LQWHUIDFH 

SK\BHUUHVFB (VFDSH�HQWU\�HUURU��8/30��
RQ�GDWD�ODQH 

3+< ,QIRUPDWLYH�RQO\��(UURU�LV�
DFNQRZOHGJHG�LQ�WKH�
UHJLVWHU�DQG�WKH�LQWHUUXSW�
SLQ�LV�UDLVHG� 

SK\BHUUVRWKVB 6WDUW�RI�WUDQVPLVVLRQ�HUURU�
RQ�GDWD�ODQH�EXW�

3+< ,QIRUPDWLYH�RQO\�VLQFH�
3+<�FDQ�UHFRYHU�IURP�WKLV�
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(UURU 'HVFULSWLRQ /HYHO $FWLRQ 
V\QFKURQL]DWLRQ�FDQ�VWLOO�EH�
DFKLHYHG 

HUURU��(UURU�LV�
DFNQRZOHGJHG�LQ�UHJLVWHU�
DQG�WKH�LQWHUUXSW�SLQ�LV�
UDLVHG� 

YFBHUUBFUF &KHFNVXP�HUURU�GHWHFWHG�
RQ�YLUWXDO�FKDQQHO 

3DFNHW ,QIRUPDWLYH�RQO\��(UURU�LV�
DFNQRZOHGJHG�LQ�WKH�
UHJLVWHU�DQG�,QWHUUXSW�SLQ�
LV�UDLVHG� 

YFBHUUBFUF +HDGHU�(&&�FRQWDLQV�RQH�
HUURU�GHWHFWHG�RQ�YLUWXDO�
FKDQQHO 

3DFNHW ,QIRUPDWLYH�RQO\�VLQFH�
FRQWUROOHU�FDQ�UHFRYHU�WKH�
FRUUHFW�KHDGHU��(UURU�LV�
DFNQRZOHGJHG�LQ�WKH�
UHJLVWHU�DQG�WKH�LQWHUUXSW�
SLQ�LV�UDLVHG� 

HUUBHFFBGRXEOH +HDGHU�(&&�FRQWDLQV�WZR�
HUURUV��8QUHFRYHUDEOH� 

3DFNHW 3DFNHWV�ZLWK�WKLV�HUURU�
DUH�QRW�GHOLYHUHG�LQ�,',�V 

HUUBLGBYF 8QUHFRJQL]HG�RU�
XQLPSOHPHQWHG�GDWD�W\SH�
GHWHFWHG�LQ�YLUWXDO�
FKDQQHO 

3DFNHW ,QIRUPDWLYH�RQO\��(UURU�LV�
DFNQRZOHGJHG�LQ�WKH�
UHJLVWHU�DQG�WKH�LQWHUUXSW�
SLQ�LV�UDLVHG 

HUUBIBEQGU\BPDWF
KBYF 

(UURU�PDWFKLQJ�)UDPH�
6WDUW�ZLWK�)UDPH�(QG�IRU�
YLUWXDO�FKDQQHO 

)UDPH ,QIRUPDWLYH�RQO\��(UURU�LV�
DFNQRZOHGJHG�LQ�UHJLVWHU�
DQG�WKH�LQWHUUXSW�SLQ�LV�
UDLVHG�LI�QRW�PDVNHG� 

HUUBIBVHTBYF ,QFRUUHFW�)UDPH�6HTXHQFH�
GHWHFWHG�LQ�YLUWXDO�
FKDQQHO 

)UDPH ,QIRUPDWLYH�RQO\��(UURU�LV�
DFNQRZOHGJHG�LQ�UHJLVWHU�
DQG�WKH�LQWHUUXSW�SLQ�LV�
UDLVHG�LI�QRW�PDVNHG� 

HUUBIUDPHBGDWDBY
F 

/DVW�UHFHLYHG�IUDPH��LQ�
YLUWXDO�FKDQQHO��KDG�DW�
OHDVW�RQH�&5&�HUURU 

)UDPH ,QIRUPDWLYH�RQO\��(UURU�LV�
DFNQRZOHGJHG�LQ�WKH�
UHJLVWHU�DQG�WKH�LQWHUUXSW�
SLQ�LV�UDLVHG� 

27.4 Register Description 
27.4.1 ,QWHUQDO�$GGUHVV�0DSSLQJ�  
6ODYH�DGGUHVV�FDQ�EH�GLYLGHG�LQWR�GLIIHUHQW�OHQJWK�IRU�GLIIHUHQW�XVDJH��ZKLFK�LV�VKRZQ�DV�
IROORZV� 
27.4.2 5HJLVWHUV�6XPPDU\�  

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

&6,�+267B9(56,21 �[���� : �[�������� &RQWUROOHU�YHUVLRQ�LGHQWLILFDWLRQ 
&6,�+267B1B/$1(6 �[���� : �[�������� 1XPEHU�RI�DFWLYH�GDWD�ODQHV 
&6,�+267B&6,�B5(6(71 �[���� : �[�������� &6,��FRQWUROOHU�UHVHW 
&6,�+267B3+<B67$7( �[���� : �[�������� *HQHUDO�VHWWLQJV�IRU�DOO�EORFNV 

&6,�+267B'$7$B,'6B� �[���� : �[�������� 'DWD�,'6�IRU�ZKLFK�,',�UHSRUWV�OLQH�ERXQGDU\�PDWFKLQJ�HUURUV 

&6,�+267B'$7$B,'6B� �[���& : �[�������� 'DWD�,'6�IRU�ZKLFK�,',�UHSRUWV�OLQH�ERXQGDU\�PDWFKLQJ�HUURUV 
&6,�+267B(55� �[���� : �[�������� (UURU�VWDWH�UHJLVWHU�� 
&6,�+267B(55� �[���� : �[�������� (UURU�VWDWH�UHJLVWHU�� 
&6,�+267B06.� �[���� : �[�������� 0DVNV�IRU�HUURUV�� 
&6,�+267B06.� �[���& : �[�������� 0DVNV�IRU�HUURUV�� 
&6,�+267B&21752/ �[���� : �[�&������ &RQWURO 
1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV��':�
'RXEOH�:25'�����ELWV��DFFHVV�  
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27.4.3 'HWDLO�5HJLVWHUV�'HVFULSWLRQ�  
&6,�+267B9(56,21�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 52 �[� YHUVLRQ 
9HUVLRQ�RI�WKH�FVL�KRVW� 

 
&6,�+267B1B/$1(6�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

��� 5: �[� 

QBODQHV 
1XPEHU�RI�DFWLYH�GDWD�ODQHV� 
�
E������GDWD�ODQH�ODQH��� 
�
E������GDWD�ODQHV�ODQH��DQG��� 
�
E������GDWD�ODQHV�ODQH����DQG��� 
�
E������GDWD�ODQHV�$//� 
&DQ�RQO\�EH�XSGDWHG�ZKHQ�WKH�'�3+<�ODQH�LV�LQ�WKH�6WRS�VWDWH� 

 
&6,�+267B&6,�B5(6(71�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 
FVL�BUHVHWQ 
&6,��FRQWUROOHU�UHVHW�RXWSXW� 
$FWLYH�ORZ� 

 
&6,�+267B3+<B67$7(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

�� 5: �[� E\SDVVB�HFFBWVW 
3D\ORDG�%\SDVV�WHVW�PRGH�IRU�GRXEOH�(&&�HUURUV� 

�� 52 �[� SK\BVWRSVWDWHFON 
&ORFN�ODQH�LQ�6WRS�VWDWH� 

� 52 �[� 
SK\BU[XOSVFONQRW 
7KLV�VLJQDO�LQGLFDWHV�WKDW�WKH�FORFN�ODQH�PRGXOH�KDV�HQWHUHG�WKH�
8OWUD�/RZ�3RZHU�VWDWH� 
$FWLYH�ORZ� 

� 52 �[� SK\BU[FONDFWLYHKV 
,QGLFDWHV�WKDW�WKH�FORFN�ODQH�LV�DFWLYHO\�UHFHLYLQJ�D�''5�FORFN� 

� 52 �[� SK\BVWRSVWDWHGDWDB� 
'DWD�ODQH���LQ�6WRS�VWDWH� 

� 52 �[� SK\BVWRSVWDWHGDWDB� 
'DWD�ODQH���LQ�6WRS�VWDWH� 

� 52 �[� SK\BVWRSVWDWHGDWDB� 
'DWD�ODQH���LQ�6WRS�VWDWH� 

� 52 �[� SK\BVWRSVWDWHGDWDB� 
'DWD�ODQH���LQ�6WRS�VWDWH� 

� 52 �[� SK\BU[XOSVHVFB� 
/DQH�PRGXOH��KDV�HQWHUHG�WKH�8OWUD�/RZ�3RZHU�PRGH� 

� 52 �[� SK\BU[XOSVHVFB� 
/DQH�PRGXOH��KDV�HQWHUHG�WKH�8OWUD�/RZ�3RZHU�PRGH� 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2253 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 52 �[� SK\BU[XOSVHVFB� 
/DQH�PRGXOH��KDV�HQWHUHG�WKH�8OWUD�/RZ�3RZHU�PRGH� 

� 52 �[� SK\BU[XOSVHVFB� 
/DQH�PRGXOH��KDV�HQWHUHG�WKH�8OWUD�/RZ�3RZHU�PRGH� 

 
&6,�+267B'$7$B,'6B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� GL�BYF 
'DWD�,'���YLUWXDO�FKDQQHO� 

����� 5: �[�� GL�BGW 
'DWD�,'���GDWD�W\SH� 

����� 5: �[� GL�BYF 
'DWD�,'���YLUWXDO�FKDQQHO� 

����� 5: �[�� GL�BGW 
'DWD�,'���GDWD�W\SH� 

����� 5: �[� GL�BYF 
'DWD�,'���YLUWXDO�FKDQQHO� 

���� 5: �[�� GL�BGW 
'DWD�,'���GDWD�W\SH� 

��� 5: �[� GL�BYF 
'DWD�,'���YLUWXDO�FKDQQHO� 

��� 5: �[�� GL�BGW 
'DWD�,'���GDWD�W\SH� 

 
&6,�+267B'$7$B,'6B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� GL�BYF 
'DWD�,'���YLUWXDO�FKDQQHO� 

����� 5: �[�� GL�BGW 
'DWD�,'���GDWD�W\SH� 

����� 5: �[� GL�BYF 
'DWD�,'���YLUWXDO�FKDQQHO� 

����� 5: �[�� GL�BGW 
'DWD�,'���GDWD�W\SH� 

����� 5: �[� GL�BYF 
'DWD�,'���YLUWXDO�FKDQQHO� 

���� 5: �[�� GL�BGW 
'DWD�,'���GDWD�W\SH� 

��� 5: �[� GL�BYF 
'DWD�,'���YLUWXDO�FKDQQHO� 

��� 5: �[�� GL�BGW 
'DWD�,'���GDWD�W\SH� 

 
&6,�+267B(55��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� HUUBSKBFUFBODQH� 
3DFNHW�FUF�HUURU�RI�ODQH��ZKHQ�VZBFSK\BHQ �� 

�� 5: �[� HUUBSKBFUFBODQH� 
3DFNHW�FUF�HUURU�RI�ODQH��ZKHQ�VZBFSK\BHQ �� 

�� 5: �[� HUUBSKBFUFBODQH� 
3DFNHW�FUF�HUURU�RI�ODQH��ZKHQ�VZBFSK\BHQ �� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 52 �[� HUUBHFFBGRXEOH 
+HDGHU�(&&�FRQWDLQV���HUURUV�XQUHFRYHUDEOH� 

�� 52 �[� YF�BHUUBFUF 
&KHFNVXP�HUURU�GHWHFWHG�RQ�YLUWXDO�FKDQQHO��� 

�� 52 �[� YF�BHUUBFUF 
&KHFNVXP�HUURU�GHWHFWHG�RQ�YLUWXDO�FKDQQHO��� 

�� 52 �[� YF�BHUUBFUF 
&KHFNVXP�HUURU�GHWHFWHG�RQ�YLUWXDO�FKDQQHO��� 

�� 52 �[� YF�BHUUBFUF 
&KHFNVXP�HUURU�GHWHFWHG�RQ�YLUWXDO�FKDQQHO��� 

����� 52 �[�� UHVHUYHG 

�� 52 �[� 
HUUBIUDPHBGDWDBYF� 
/DVW�UHFHLYHG�IUDPH�LQ�YLUWXDO�FKDQQHO���KDG�DW�OHDVW�RQH�&5&�
HUURU� 

�� 52 �[� 
HUUBIUDPHBGDWDBYF� 
/DVW�UHFHLYHG�IUDPH�LQ�YLUWXDO�FKDQQHO���KDG�DW�OHDVW�RQH�&5&�
HUURU� 

�� 52 �[� 
HUUBIUDPHBGDWDBYF� 
/DVW�UHFHLYHG�IUDPH�LQ�YLUWXDO�FKDQQHO���KDG�DW�OHDVW�RQH�&5&�
HUURU� 

�� 52 �[� 
HUUBIUDPHBGDWDBYF� 
/DVW�UHFHLYHG�IUDPH�LQ�YLUWXDO�FKDQQHO���KDG�DW�OHDVW�RQH�&5&�
HUURU� 

�� 52 �[� HUUBIBVHTBYF� 
,QFRUUHFW�IUDPH�VHTXHQFH�GHWHFWHG�LQ�YLUWXDO�FKDQQHO��� 

�� 52 �[� HUUBIBVHTBYF� 
,QFRUUHFW�IUDPH�VHTXHQFH�GHWHFWHG�LQ�YLUWXDO�FKDQQHO��� 

� 52 �[� HUUBIBVHTBYF� 
,QFRUUHFW�IUDPH�VHTXHQFH�GHWHFWHG�LQ�YLUWXDO�FKDQQHO��� 

� 52 �[� HUUBIBVHTBYF� 
,QFRUUHFW�IUDPH�VHTXHQFH�GHWHFWHG�LQ�YLUWXDO�FKDQQHO��� 

� 52 �[� HUUBIBEQGU\BPDWFKBYF� 
(UURU�PDWFKLQJ�IUDPH�VWDUW�ZLWK�IUDPH�HQG�IRU�YLUWXDO�FKDQQHO��� 

� 52 �[� HUUBIBEQGU\BPDWFKBYF� 
(UURU�PDWFKLQJ�IUDPH�VWDUW�ZLWK�IUDPH�HQG�IRU�YLUWXDO�FKDQQHO��� 

� 52 �[� HUUBIBEQGU\BPDWFKBYF� 
(UURU�PDWFKLQJ�IUDPH�VWDUW�ZLWK�IUDPH�HQG�IRU�YLUWXDO�FKDQQHO��� 

� 52 �[� HUUBIBEQGU\BPDWFKBYF� 
(UURU�PDWFKLQJ�IUDPH�VWDUW�ZLWK�IUDPH�HQG�IRU�YLUWXDO�FKDQQHO��� 

� 52 �[� SK\BHUUVRWV\QFKVB� 
6WDUW�RI�WUDQVPLVVLRQ�HUURU�RQ�GDWD�ODQH��� 

� 52 �[� SK\BHUUVRWV\QFKVB� 
6WDUW�RI�WUDQVPLVVLRQ�HUURU�RQ�GDWD�ODQH��� 

� 52 �[� SK\BHUUVRWV\QFKVB� 
6WDUW�RI�WUDQVPLVVLRQ�HUURU�RQ�GDWD�ODQH��� 

� 52 �[� 
SK\BHUUVRWV\QFKVB� 
6WDUW�RI�WUDQVPLVVLRQ�HUURU�RQ�GDWD�ODQH���QR�V\QFKURQL]DWLRQ�
DFKLHYHG�� 

 
&6,�+267B(55��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� SK\BHUUFRGHKVB� 
/DQH���UHFHLY�HUURU�FRGH� 

�� 5: �[� SK\BHUUFRGHKVB� 
/DQH���UHFHLY�HUURU�FRGH� 

�� 5: �[� SK\BHUUFRGHKVB� 
/DQH���UHFHLY�HUURU�FRGH� 

�� 5: �[� SK\BHUUFRGHKVB� 
/DQH���UHFHLY�HUURU�FRGH� 

����� 52 �[�� UHVHUYHG 

�� 5: �[� 
HUUBLGBYF� 
8QUHFRJQL]HG�RU�XQLPSOHPHQWHG�GDWD�W\SH�GHWHFWHG�LQ�YLUWXDO�
FKDQQHO��� 

�� 5: �[� 
HUUBLGBYF� 
8QUHFRJQL]HG�RU�XQLPSOHPHQWHG�GDWD�W\SH�GHWHFWHG�LQ�YLUWXDO�
FKDQQHO��� 

�� 5: �[� 
HUUBLGBYF� 
8QUHFRJQL]HG�RU�XQLPSOHPHQWHG�GDWD�W\SH�GHWHFWHG�LQ�YLUWXDO�
FKDQQHO��� 

�� 5: �[� 
HUUBLGBYF� 
8QUHFRJQL]HG�RU�XQLPSOHPHQWHG�GDWD�W\SH�GHWHFWHG�LQ�YLUWXDO�
FKDQQHO��� 

�� 5: �[� YF�BHUUBHFFBFRUUHFWHG 
+HDGHU�HUURU�GHWHFWHG�DQG�FRUUHFWHG�RQ�YLUWXDO�FKDQQHO��� 

�� 5: �[� YF�BHUUBHFFBFRUUHFWHG 
+HDGHU�HUURU�GHWHFWHG�DQG�FRUUHFWHG�RQ�YLUWXDO�FKDQQHO��� 

� 5: �[� YF�BHUUBHFFBFRUUHFWHG 
+HDGHU�HUURU�GHWHFWHG�DQG�FRUUHFWHG�RQ�YLUWXDO�FKDQQHO��� 

� 5: �[� YF�BHUUBHFFBFRUUHFWHG 
+HDGHU�HUURU�GHWHFWHG�DQG�FRUUHFWHG�RQ�YLUWXDO�FKDQQHO��� 

� 5: �[� 
SK\BHUUVRWKVB� 
6WDUW�RI�WUDQVPLVVLRQ�HUURU�RQ�GDWD�ODQH���V\QFKURQL]DWLRQ�FDQ�
VWLOO�EH�DFKLHYHG�� 

� 5: �[� 
SK\BHUUVRWKVB� 
6WDUW�RI�WUDQVPLVVLRQ�HUURU�RQ�GDWD�ODQH���V\QFKURQL]DWLRQ�FDQ�
VWLOO�EH�DFKLHYHG�� 

� 5: �[� 
SK\BHUUVRWKVB� 
6WDUW�RI�WUDQVPLVVLRQ�HUURU�RQ�GDWD�ODQH���V\QFKURQL]DWLRQ�FDQ�
VWLOO�EH�DFKLHYHG�� 

� 5: �[� 
SK\BHUUVRWKVB� 
6WDUW�RI�WUDQVPLVVLRQ�HUURU�RQ�GDWD�ODQH���V\QFKURQL]DWLRQ�FDQ�
VWLOO�EH�DFKLHYHG�� 

� 5: �[� SK\BHUUHVFB� 
(VFDSH�HQWU\�HUURU�8/30��RQ�GDWD�ODQH��� 

� 5: �[� SK\BHUUHVFB� 
(VFDSH�HQWU\�HUURU�8/30��RQ�GDWD�ODQH��� 

� 5: �[� SK\BHUUHVFB� 
(VFDSH�HQWU\�HUURU�8/30��RQ�GDWD�ODQH��� 

� 5: �[� SK\BHUUHVFB� 
(VFDSH�HQWU\�HUURU�8/30��RQ�GDWD�ODQH��� 

 
&6,�+267B06.��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� PDVNBHUUBSKBFUFBODQH� 
0DVN�IRU�HUUBSKBFUFBODQH�� 

�� 5: �[� PDVNBHUUBSKBFUFBODQH� 
0DVN�IRU�HUUBSKBFUFBODQH�� 

�� 5: �[� PDVNBHUUBSKBFUFBODQH� 
0DVN�IRU�HUUBSKBFUFBODQH�� 

�� 5: �[� PDVNBHUUBHFFBGRXEOH 
0DVN�IRU�HUUBHFFBGRXEOH� 

�� 5: �[� PDVNBYF�BHUUBFUF 
0DVN�IRU�YF�BHUUBFUF� 

�� 5: �[� PDVNBYF�BHUUBFUF 
0DVN�IRU�YF�BHUUBFUF� 

�� 5: �[� PDVNBYF�BHUUBFUF 
0DVN�IRU�YF�BHUUBFUF� 

�� 5: �[� PDVNBYF�BHUUBFUF 
0DVN�IRU�YF�BHUUBFUF� 

����� 52 �[�� UHVHUYHG 

�� 5: �[� PDVNBHUUBIUDPHBGDWDBYF� 
0DVN�IRU�HUUBIUDPHBGDWDBYF�� 

�� 5: �[� PDVNBHUUBIUDPHBGDWDBYF� 
0DVN�IRU�HUUBIUDPHBGDWDBYF�� 

�� 5: �[� PDVNBHUUBIUDPHBGDWDBYF� 
0DVN�IRU�HUUBIUDPHBGDWDBYF�� 

�� 5: �[� PDVNBHUUBIUDPHBGDWDBYF� 
0DVN�IRU�HUUBIUDPHBGDWDBYF�� 

�� 5: �[� PDVNBHUUBIBVHTBYF� 
0DVN�IRU�HUUBIBVHTBYF�� 

�� 5: �[� PDVNBHUUBIBVHTBYF� 
0DVN�IRU�HUUBIBVHTBYF�� 

� 5: �[� PDVNBHUUBIBVHTBYF� 
0DVN�IRU�HUUBIBVHTBYF�� 

� 5: �[� PDVNBHUUBIBVHTBYF� 
0DVN�IRU�HUUBIBVHTBYF�� 

� 5: �[� PDVNBHUUBIBEQGU\BPDWFKBYF� 
0DVN�IRU�HUUBIBEQGU\BPDWFKBYF�� 

� 5: �[� PDVNBHUUBIBEQGU\BPDWFKBYF� 
0DVN�IRU�HUUBIBEQGU\BPDWFKBYF�� 

� 5: �[� PDVNBHUUBIBEQGU\BPDWFKBYF� 
0DVN�IRU�HUUBIBEQGU\BPDWFKBYF�� 

� 5: �[� PDVNBHUUBIBEQGU\BPDWFKBYF� 
0DVN�IRU�HUUBIBEQGU\BPDWFKBYF�� 

� 5: �[� PDVNBSK\BHUUVRWV\QFKVB� 
0DVN�IRU�SK\BHUUVRWV\QFKVB�� 

� 5: �[� PDVNBSK\BHUUVRWV\QFKVB� 
0DVN�IRU�SK\BHUUVRWV\QFKVB�� 

� 5: �[� PDVNBSK\BHUUVRWV\QFKVB� 
0DVN�IRU�SK\BHUUVRWV\QFKVB�� 

� 5: �[� PDVNBSK\BHUUVRWV\QFKVB� 
0DVN�IRU�SK\BHUUVRWV\QFKVB�� 

 
&6,�+267B06.��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� PDVNBSK\BHUUFRGHKVB� 
0DVN�IRU�SK\BHUUFRGHKVB�� 

�� 5: �[� PDVNBSK\BHUUFRGHKVB� 
0DVN�IRU�SK\BHUUFRGHKVB�� 

�� 5: �[� PDVNBSK\BHUUFRGHKVB� 
0DVN�IRU�SK\BHUUFRGHKVB�� 

�� 5: �[� PDVNBSK\BHUUFRGHKVB� 
0DVN�IRU�SK\BHUUFRGHKVB�� 

����� 52 �[�� UHVHUYHG 

�� 5: �[� PDVNBHUUBLGBYF� 
0DVN�IRU�HUUBLGBYF�� 

�� 5: �[� PDVNBHUUBLGBYF� 
0DVN�IRU�HUUBLGBYF�� 

�� 5: �[� PDVNBHUUBLGBYF� 
0DVN�IRU�HUUBLGBYF�� 

�� 5: �[� PDVNBHUUBLGBYF� 
0DVN�IRU�HUUBLGBYF�� 

�� 5: �[� PDVNBYF�BHUUBHFFBFRUUHFWHG 
0DVN�IRU�YF�BHUUBHFFBFRUUHFWHG� 

�� 5: �[� PDVNBYF�BHUUBHFFBFRUUHFWHG 
0DVN�IRU�YF�BHUUBHFFBFRUUHFWHG� 

� 5: �[� PDVNBYF�BHUUBHFFBFRUUHFWHG 
0DVN�IRU�YF�BHUUBHFFBFRUUHFWHG� 

� 5: �[� PDVNBYF�BHUUBHFFBFRUUHFWHG 
0DVN�IRU�YF�BHUUBHFFBFRUUHFWHG� 

� 5: �[� PDVNBSK\BHUUVRWKVB� 
0DVN�IRU�SK\BHUUVRWKVB�� 

� 5: �[� PDVNBSK\BHUUVRWKVB� 
0DVN�IRU�SK\BHUUVRWKVB�� 

� 5: �[� PDVNBSK\BHUUVRWKVB� 
0DVN�IRU�SK\BHUUVRWKVB� 

� 5: �[� PDVNBSK\BHUUVRWKVB� 
0DVN�IRU�SK\BHUUVRWKVB�� 

� 5: �[� PDVNBSK\BHUUHVFB� 
0DVN�IRU�SK\BHUUHVFB�� 

� 5: �[� PDVNBSK\BHUUHVFB� 
0DVN�IRU�SK\BHUUHVFB�� 

� 5: �[� PDVNBSK\BHUUHVFB� 
0DVN�IRU�SK\BHUUHVFB�� 

� 5: �[� PDVNBSK\BHUUHVFB� 
0DVN�IRU�SK\BHUUHVFB�� 

 
&6,�+267B&21752/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�� VZBGDWDW\SHBOH 
7KH�GDWDW\SH�RI�OLQH�HQG� 

����� 5: �[�� VZBGDWDW\SHBOV 
7KH�GDWDW\SH�RI�OLQH�VWDUW� 

����� 5: �[�� VZBGDWDW\SHBIH 
7KH�GDWDW\SH�RI�IUDPH�HQG� 

���� 5: �[�� VZBGDWDW\SHBIV 
7KH�GDWDW\SH�RI�IUDPH�VWDUW� 

��� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
VZBGVLBHQ 
�
E���)RU�FVL� 
�
E���)RU�GVL 

��� 52 �[� UHVHUYHG 

� 5: �[� 
VZBFSK\BHQ 
�
E���)RU�GSK\ 
�
E���)RU�FSK\ 

27.5 Application Notes 
7KH�PRVW�LPSRUWDQW�VWHS�LV�FRQILJXULQJ�WKH�ULJKW�&6,�+267B1B/$1(6�EHIRUH�SXOOLQJ�XS�
FVLBUHVHWQ��,I�WKH�KRVW�LV�XVHG�WR�UHFHLYH�'6,�GDWD��WKH�VZBGVLBHQ�PXVW�EH�HQDEOHG��DQG�WKH�
VZBGDWDW\SHBIV��VZBGDWDW\SHBIH��VZBGDWDW\SHBOV��VZBGDWDW\SHBOH�PXVW�EH�FRQILJXUHG�
FRUUHFWO\��:KHQ�WKH�VZBGVLBHQ�LV�HQDEOHG��WKRVH�GHEXJ�RU�HUURU�GHWHFWLRQ�UHJLVWHUV�DUH�
XVHOHVV� 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2259 

Chapter 28 MIPI CSI DPHY 
28.1 Overview 
7KH�IHDWXUHV�RI�0,3,�&6,�'3+<�DUH�DV�IROORZ� 

� $QDORJ�PL[HG�VLJQDO�KDUG�PDFUR�/3�+6�5HFHLYHU�VROXWLRQ 
� 'HVLJQHG�WR�0,3,�Y����6SHFLILFDWLRQV 
� ,QWHJUDWHG�3+<�3URWRFRO�,QWHUIDFH�33,��LQWHUIDFHV�WR�'6,�&6,�DQG�8QL3UR�0,3,�

SURWRFROV 
� ����*ESV�PD[LPXP�GDWD�WUDQVIHU�UDWH�SHU�ODQH 
� ([SDQGDEOH�WR�VXSSRUW���GDWD�ODQHV��SURYLGLQJ�XS�WR����*ESV�WUDQVIHU�UDWH 
� +6�5;��/3�5;��/3�7;�DQG�&DOLEUDWLRQ�VXSSRUWHG 
� ��0ESV�SHU�ODQH�LQ�ORZ�SRZHU�PRGH 
� 8QLGLUHFWLRQDO�DQG�EL�GLUHFWLRQDO�PRGHV�VXSSRUWHG 
� $XWRPDWLF�WHUPLQDWLRQ�FRQWURO�IRU�+6�DQG�/3�PRGHV 
� /2:�3RZHU�GLVVLSDWLRQ��OHVV�WKDQ����P$�/DQH�LQ�'�3+<�+6�5;�PRGH 
� %XIIHUV�ZLWK�WXQDEOH�2Q�'LH�7HUPLQDWLRQ 
� ,QFOXGHV�HPEHGGHG�(6'��ERXQGDU\�VFDQ�DQG�%,67 
� 'XDO�FORFN�ODQHV�PRGH�VXSSRUWHG 

28.2 Block Diagram 
0,3,�'�3+<�FRQILJXUDWLRQ�FRQWDLQV�RQH�&ORFN�/DQH�0RGXOH�DQG�IRXU�'DWD�/DQH�0RGXOHV��(DFK�
RI�WKHVH�3+<�/DQH�0RGXOHV�FRPPXQLFDWHV�YLD�WZR�/LQHV�WR�D�FRPSOHPHQWDU\�SDUW�DW�WKH�
RWKHU�VLGH�RI�WKH�/DQH�,QWHUFRQQHFW��)LJXUH�EHORZ�VKRZV�D�8QLYHUVDO�/DQH�0RGXOH�'LDJUDP�
ZLWK�D�JOREDO�RYHUYLHZ�RI�LQWHUQDO�IXQFWLRQDOLW\�RI�WKH�&,/�IXQFWLRQ��7KLV�8QLYHUVDO�0RGXOH�FDQ�
EH�XVHG�IRU�DOO�/DQH�W\SHV��7KH�UHTXLUHPHQWV�IRU�WKH�µ&RQWURO�DQG�,QWHUIDFH�/RJLF¶�&,/��
IXQFWLRQ�GHSHQG�RQ�WKH�/DQH�W\SH�DQG�/DQH�VLGH� 

 

 
Fig. 28-1 MIPI CSI DPHY Block Diagram 

28.3 Register Description 
28.3.1 ,QWHUQDO�$GGUHVV�0DSSLQJ�  
6ODYH�DGGUHVV�FDQ�EH�GLYLGHG�LQWR�GLIIHUHQW�OHQJWK�IRU�GLIIHUHQW�XVDJH��ZKLFK�LV�VKRZQ�DV�
IROORZV� 
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28.3.2 5HJLVWHUV�6XPPDU\�  

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

'3+<5;B/$1(B(1 �[���� : �[�������� &ON�GDWD�ODQH�HQDEOH 
'3+<5;B',*,7$/B&/.B3
+$6( �[���� : �[�������� 'LJLWDO�FORFN�SKDVH 

'3+<5;B/$1(B&/.B�B3+
$6( �[���� : �[�������� /DQH�FORFN���SKDVH 

'3+<5;B/$1(B�B�B�B3+
$6( �[���& : �[�������� 'DWD�ODQH�������SKDVH 

'3+<5;B',*,7$/B&/.B5
(9(56( �[���� : �[�������� 'LJLWDO�FORFN�UHYHUVH 

'3+<5;B'8$/B&/.B(1$
%/( �[���� : �[�������� 0,3,�/9'6�HQDEOH 

'3+<5;B/$1(B&.B02'( �[���� : �[�������� &ORFN�ODQH�PRGH 
'3+<5;B/$1(B&.B06% �[���� : �[�������� 06%�HQDEOH 
'3+<5;B/$1(B&.B77$*
2 �[���� : �[�������� 7KH�YDOXH�RI�FRXQWHU�IRU�7WD�JR�RI�WXUQDURXQG 
'3+<5;B/$1(B&.B77$68
5( �[���� : �[�������� 7KH�YDOXH�RI�FRXQWHU�IRU�7WD�VXUH�RI�WXUQDURXQG 
'3+<5;B/$1(B&.B77$:
$,7 �[���� : �[�������� 7KH�YDOXH�RI�FRXQWHU�IRU�7WD�ZDLW�RI�WXUQDURXQG 
'3+<5;B/$1(B&.B7+66
(77/( �[���� : �[�������% 7KH�FRXQW�WLPH�RI�WKH�7+6�6(77/(�E\�SURWRFRO 
'3+<5;B/$1(B&.B&$/B(
1 �[���� : �[�������� &DOLEUDWLRQ�UHFHSWLRQ�HQDEOH 

'3+<5;B/$1(B�B06% �[��%� : �[�������� 06%�HQDEOH 

'3+<5;B/$1(B�B77$*2 �[��&� : �[�������� 7KH�YDOXH�RI�FRXQWHU�IRU�7WD�JR�RI�WXUQDURXQG 
'3+<5;B/$1(B�B77$685
( �[��&� : �[�������� 7KH�YDOXH�RI�FRXQWHU�IRU�7WD�VXUH�RI�WXUQDURXQG 
'3+<5;B/$1(B�B77$:$,
7 �[��&� : �[�������� 7KH�YDOXH�RI�FRXQWHU�IRU�7WD�ZDLW�RI�WXUQDURXQG 
'3+<5;B/$1(B�B7+66(7
7/( �[��(� : �[�������% 7KH�FRXQW�WLPH�RI�WKH�7+6�6(77/(�E\�SURWRFRO 
'3+<5;B/$1(B�B&$/B(1 �[��(� : �[�������� &DOLEUDWLRQ�UHFHSWLRQ�HQDEOH 
'3+<5;B/$1(B�B06% �[���� : �[�������� 06%�HQDEOH 

'3+<5;B/$1(B�B77$*2 �[���� : �[�������� 7KH�YDOXH�RI�FRXQWHU�IRU�7WD�JR�RI�WXUQDURXQG 
'3+<5;B/$1(B�B77$685
( �[���� : �[�������� 7KH�YDOXH�RI�FRXQWHU�IRU�7WD�VXUH�RI�WXUQDURXQG 
'3+<5;B/$1(B�B77$:$,
7 �[���� : �[�������� 7KH�YDOXH�RI�FRXQWHU�IRU�7WD�ZDLW�RI�WXUQDURXQG 
'3+<5;B/$1(B�B7+66(7
7/( �[���� : �[�������% 7KH�FRXQW�WLPH�RI�WKH�7+6�6(77/(�E\�SURWRFRO 
'3+<5;B/$1(B�B&$/B(1 �[���� : �[�������� &DOLEUDWLRQ�UHFHSWLRQ�HQDEOH 
'3+<5;B/$1(B�B06% �[��%� : �[�������� 06%�HQDEOH 

'3+<5;B/$1(B�B77$*2 �[��&� : �[�������� 7KH�YDOXH�RI�FRXQWHU�IRU�7WD�JR�RI�WXUQDURXQG 
'3+<5;B/$1(B�B77$685
( �[��&� : �[�������� 7KH�YDOXH�RI�FRXQWHU�IRU�7WD�VXUH�RI�WXUQDURXQG 
'3+<5;B/$1(B�B77$:$,
7 �[��&� : �[�������� 7KH�YDOXH�RI�FRXQWHU�IRU�7WD�ZDLW�RI�WXUQDURXQG 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

'3+<5;B/$1(B�B7+66(7
7/( �[��(� : �[�������% 7KH�FRXQW�WLPH�RI�WKH�7+6�6(77/(�E\�SURWRFRO 
'3+<5;B/$1(B�B&$/B(1 �[��(� : �[�������� &DOLEUDWLRQ�UHFHSWLRQ�HQDEOH 
'3+<5;B/$1(B�B06% �[���� : �[�������� 06%�HQDEOH 

'3+<5;B/$1(B�B77$*2 �[���� : �[�������� 7KH�YDOXH�RI�FRXQWHU�IRU�7WD�JR�RI�WXUQDURXQG 
'3+<5;B/$1(B�B77$685
( �[���� : �[�������� 7KH�YDOXH�RI�FRXQWHU�IRU�7WD�VXUH�RI�WXUQDURXQG 
'3+<5;B/$1(B�B77$:$,
7 �[���� : �[�������� 7KH�YDOXH�RI�FRXQWHU�IRU�7WD�ZDLW�RI�WXUQDURXQG 
'3+<5;B/$1(B�B7+66(7
7/( �[���� : �[�������% 7KH�FRXQW�WLPH�RI�WKH�7+6�6(77/(�E\�SURWRFRO 
'3+<5;B/$1(B�B&$/B(1 �[���� : �[�������� &DOLEUDWLRQ�UHFHSWLRQ�HQDEOH 
'3+<5;B/$1(B&.�B02'
( �[��$� : �[�������� &ORFN�ODQH��PRGH 

'3+<5;B/$1(B&.�B06% �[��%� : �[�������� 06%�HQDEOH 
'3+<5;B/$1(B&.�B77$*
2 �[��&� : �[�������� 7KH�YDOXH�RI�FRXQWHU�IRU�7WD�JR�RI�WXUQDURXQG 
'3+<5;B/$1(B&.�B77$6
85( �[��&� : �[�������� 7KH�YDOXH�RI�FRXQWHU�IRU�7WD�VXUH�RI�WXUQDURXQG 
'3+<5;B/$1(B&.�B77$
:$,7 �[��&� : �[�������� 7KH�YDOXH�RI�FRXQWHU�IRU�7WD�ZDLW�RI�WXUQDURXQG 
'3+<5;B/$1(B&.�B7+6
6(77/( �[��(� : �[�������% 7KH�FRXQW�WLPH�RI�WKH�7+6�6(77/(�E\�SURWRFRO 
'3+<5;B/$1(B&.�B&$/B
(1 �[��(� : �[�������� &DOLEUDWLRQ�UHFHSWLRQ�HQDEOH 
1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV��':�
'RXEOH�:25'�����ELWV��DFFHVV�  
28.3.3 'HWDLO�5HJLVWHUV�'HVFULSWLRQ�  
'3+<5;B/$1(B(1�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� ODQHBHQBFN 
(QDEOH�'�3+<�FORFN�ODQH�DFWLYH�KLJK� 

� 5: �[� ODQHBHQB� 
(QDEOH�'�3+<�ODQH��DFWLYH�KLJK� 

� 5: �[� ODQHBHQB� 
(QDEOH�'�3+<�ODQH��DFWLYH�KLJK� 

� 5: �[� ODQHBHQB� 
(QDEOH�'�3+<�ODQH��DFWLYH�KLJK� 

� 5: �[� ODQHBHQB� 
(QDEOH�'�3+<�ODQH��DFWLYH�KLJK� 

��� 52 �[� UHVHUYHG 
 
'3+<5;B',*,7$/B&/.B3+$6(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

GLJLWDOBFONBSKDVH 
�
E�����3KDVH���GHIDXOW�YDOXH� 
�
E�����3KDVH�� 
�
E�����3KDVH�� 
�
E�����3KDVH�� 
�
E�����3KDVH�� 
�
E�����3KDVH�� 
�
E�����3KDVH�� 
�
E�����3KDVH�� 
3KDVH���LV�HDUOLHVW�DQG�SKDVH���LV�ODWHVW� 
(DFK�VWHS�EHWZHHQ�WKH�DGMDFHQW�SKDVH�LV�DERXW���SV� 

 
'3+<5;B/$1(B&/.B�B3+$6(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[� 

ODQHBFONBSKDVH 
�
E�����3KDVH�� 
�
E�����3KDVH�� 
�
E�����3KDVH�� 
�
E�����3KDVH���GHIDXOW�YDOXH� 
�
E�����3KDVH�� 
�
E�����3KDVH�� 
�
E�����3KDVH�� 
�
E�����3KDVH�� 
3KDVH���LV�HDUOLHVW�DQG�SKDVH���LV�ODWHVW� 
(DFK�VWHS�EHWZHHQ�WKH�DGMDFHQW�SKDVH�LV�DERXW���SV� 

��� 5: �[� 

ODQHB�BSKDVH 
�
E�����3KDVH�� 
�
E�����3KDVH�� 
�
E�����3KDVH�� 
�
E�����3KDVH���GHIDXOW�YDOXH� 
�
E�����3KDVH�� 
�
E�����3KDVH�� 
�
E�����3KDVH�� 
�
E�����3KDVH�� 
3KDVH���LV�HDUOLHVW�DQG�SKDVH���LV�ODWHVW� 
(DFK�VWHS�EHWZHHQ�WKH�DGMDFHQW�SKDVH�LV�DERXW���SV� 

� 5: �[� ODQHB�BSKDVHBPVE 
6HH�ODQHB�BSKDVH�IRU�WKH�GHWDLOV�RI�WKH�UHJLVWHU� 

 
'3+<5;B/$1(B�B�B�B3+$6(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

ODQHB�BSKDVH 
^ODQHB�BSKDVHBPVE�ODQHB�BSKDVH` 
�
E�����3KDVH�� 
�
E�����3KDVH�� 
�
E�����3KDVH�� 
�
E�����3KDVH���GHIDXOW�YDOXH� 
�
E�����3KDVH�� 
�
E�����3KDVH�� 
�
E�����3KDVH�� 
�
E�����3KDVH�� 
3KDVH���LV�HDUOLHVW�DQG�SKDVH���LV�ODWHVW� 
(DFK�VWHS�EHWZHHQ�WKH�DGMDFHQW�SKDVH�LV�DERXW���SV� 

��� 5: �[� 

ODQHB�BSKDVH 
�
E�����3KDVH�� 
�
E�����3KDVH�� 
�
E�����3KDVH�� 
�
E�����3KDVH���GHIDXOW�YDOXH� 
�
E�����3KDVH�� 
�
E�����3KDVH�� 
�
E�����3KDVH�� 
�
E�����3KDVH�� 
3KDVH���LV�HDUOLHVW�DQG�SKDVH���LV�ODWHVW� 
(DFK�VWHS�EHWZHHQ�WKH�DGMDFHQW�SKDVH�LV�DERXW���SV� 

��� 5: �[� 

ODQHB�BSKDVH 
�
E�����3KDVH�� 
�
E�����3KDVH�� 
�
E�����3KDVH�� 
�
E�����3KDVH���GHIDXOW�YDOXH� 
�
E�����3KDVH�� 
�
E�����3KDVH�� 
�
E�����3KDVH�� 
�
E�����3KDVH�� 
3KDVH���LV�HDUOLHVW�DQG�SKDVH���LV�ODWHVW� 
(DFK�VWHS�EHWZHHQ�WKH�DGMDFHQW�SKDVH�LV�DERXW���SV� 

 
'3+<5;B',*,7$/B&/.B5(9(56(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� 5: �[� 
GLJLWDOBFONBUHYHUVH 
�
E���0DNH�WKH�GLJLWDO�VDPSOH�FORFN�SRVLWLYH�GHIDXOW�YDOXH� 
�
E���5HYHUVH�WKH�GLJLWDO�VDPSOH�FORFN 

��� 52 �[�� UHVHUYHG 
 
'3+<5;B'8$/B&/.B(1$%/(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� 
GXDOBFONBPRGHBHQ 
�
E���(QDEOH�VLQJOH�FORFN�ODQH�PRGH 
�
E���(QDEOH�GXDO�FORFN�ODQHV�PRGH 

��� 52 �[�� UHVHUYHG 

� 5: �[� 
UHJBGLJBUVWQ 
�
E���5HVHW 
�
E���1RUPDO 
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'3+<5;B/$1(B&.B02'(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[� 
ODQHBFNBPRGH 
�
E����'LVDEOH�FRQWLQXRXV�FORFN�PRGH 
�
E����(QDEOH�FRQWLQXRXV�FORFN�PRGH 

��� 52 �[� UHVHUYHG 
 
'3+<5;B/$1(B&.B06%�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� 
ODQHBFNBPVE 
06%�HQDEOH�IRU�SLQBU[GDWDKVB 
�
E���'LVDEOH 
�
E���(QDEOH 

��� 52 �[�� UHVHUYHG 
 
'3+<5;B/$1(B&.B77$*2�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[�� 
ODQHBFNBWWDJR 
7KH�YDOXH�RI�FRXQWHU�IRU�7WD�JR�RI�WXUQDURXQG� 
7WD�JR� �7W[FONHVFYDOXH� 

 
'3+<5;B/$1(B&.B77$685(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[�� 
ODQHBFNBWWDVXUH 
7KH�YDOXH�RI�FRXQWHU�IRU�7WD�VXUH�RI�WXUQDURXQG� 
7WD�VXUH� �7W[FONHVFYDOXH� 

 
'3+<5;B/$1(B&.B77$:$,7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[�� 

ODQHBFNBWWDZDLW 
7KH�YDOXH�RI�FRXQWHU�IRU�7WD�ZDLW�RI�WXUQDURXQG� 
,QWHUYDO�IURP�UHFHLYLQJ�SSL�WXUQDURXQG�UHTXHVW�WR�VHQGLQJ�HVF�
UHTXHVW� 
7WD�ZDLW� �7W[FONHVFYDOXH� 

 
'3+<5;B/$1(B&.B7+66(77/(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[�E 

ODQHBFNBWKVVHWWOH 
7KH�FRXQW�WLPH�RI�WKH�7+6�6(77/(�E\�SURWRFRO� 
$IWHU�WKH�FRXQW�GRQH��'�3+<�ZLOO�EHJLQ�WR�UHFHLYH�WKH�KLJK�VSHHG�
GDWD� 
)UHTXHQF\���8,�� � �9DOXH�+(;� 
������0+]� � � � � � � � � � � � � � ��� 
�������0+]� � � � � � � � � � � � ��� 
�������0+]� � � � � � � � � � � � ��� 
�������0+]� � � � � � � � � � � � ��� 
�������0+]� � � � � � � � � � � � ��� 
�������0+]� � � � � � � � � � � � ��� 
�������0+]� � � � � � � � � � � � ��E 
�������0+]� � � � � � � � � � � � ��H 
�������0+]� � � � � � � � � � � � ��� 
�������0+]� � � � � � � � � � � � ��� 
��������0+]� � � � � � � � � � � ��� 
���������0+]� � � � � � � � � � ��H 
���������0+]� � � � � � � � � � ��� 
���������0+]� � � � � � � � � � ��G 
���������0+]� � � � � � � � � � ��� 
���������0+]� � � � � � � � � � ��� 
���������0+]� � � � � � � � � � ��F 
���������0+]� � � � � � � � � � ��� 
���������0+]� � � � � � � � � � ��� 

 
'3+<5;B/$1(B&.B&$/B(1�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� 5: �[� 
ODQHBFNBFDOBHQ 
&DOLEUDWLRQ�UHFHSWLRQ�HQDEOH� 
�
E���'LVDEOH�FDOLEUDWLRQ�UHFHSWLRQ 
�
E���(QDEOH�FDOLEUDWLRQ�UHFHSWLRQ 

��� 52 �[�� UHVHUYHG 
 
'3+<5;B/$1(B�B06%�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� 
ODQHB�BPVE 
06%�HQDEOH�IRU�SLQBU[GDWDKVB� 
�
E���'LVDEOH 
�
E���(QDEOH 

��� 52 �[�� UHVHUYHG 
 
'3+<5;B/$1(B�B77$*2�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[�� 
ODQHB�BWWDJR 
7KH�YDOXH�RI�FRXQWHU�IRU�7WD�JR�RI�WXUQDURXQG� 
7WD�JR� �7W[FONHVFYDOXH� 

 
'3+<5;B/$1(B�B77$685(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[�� 
ODQHB�BWWDVXUH 
7KH�YDOXH�RI�FRXQWHU�IRU�7WD�VXUH�RI�WXUQDURXQG� 
7WD�VXUH� �7W[FONHVFYDOXH� 

 
'3+<5;B/$1(B�B77$:$,7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[�� 

ODQHB�BWWDZDLW 
7KH�YDOXH�RI�FRXQWHU�IRU�7WD�ZDLW�RI�WXUQDURXQG� 
,QWHUYDO�IURP�UHFHLYLQJ�SSL�WXUQDURXQG�UHTXHVW�WR�VHQGLQJ�HVF�
UHTXHVW� 
7WD�ZDLW� �7W[FONHVFYDOXH� 

 
'3+<5;B/$1(B�B7+66(77/(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[�E 

ODQHB�BWKVVHWWOH 
7KH�FRXQW�WLPH�RI�WKH�7+6�6(77/(�E\�SURWRFRO� 
$IWHU�WKH�FRXQW�GRQH��'�3+<�ZLOO�EHJLQ�WR�UHFHLYH�WKH�KLJK�VSHHG�
GDWD� 
)UHTXHQF\���8,�� � �9DOXH�+(;� 
������0+]� � � � � � � � � � � � � � ��� 
�������0+]� � � � � � � � � � � � ��� 
�������0+]� � � � � � � � � � � � ��� 
�������0+]� � � � � � � � � � � � ��� 
�������0+]� � � � � � � � � � � � ��� 
�������0+]� � � � � � � � � � � � ��� 
�������0+]� � � � � � � � � � � � ��E 
�������0+]� � � � � � � � � � � � ��H 
�������0+]� � � � � � � � � � � � ��� 
�������0+]� � � � � � � � � � � � ��� 
��������0+]� � � � � � � � � � � ��� 
���������0+]� � � � � � � � � � ��H 
���������0+]� � � � � � � � � � ��� 
���������0+]� � � � � � � � � � ��G 
���������0+]� � � � � � � � � � ��� 
���������0+]� � � � � � � � � � ��� 
���������0+]� � � � � � � � � � ��F 
���������0+]� � � � � � � � � � ��� 
���������0+]� � � � � � � � � � ��� 

 
'3+<5;B/$1(B�B&$/B(1�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� 5: �[� 
ODQHB�BFDOBHQ 
&DOLEUDWLRQ�UHFHSWLRQ�HQDEOH� 
�
E���'LVDEOH�FDOLEUDWLRQ�UHFHSWLRQ 
�
E���(QDEOH�FDOLEUDWLRQ�UHFHSWLRQ 

��� 52 �[�� UHVHUYHG 
 
'3+<5;B/$1(B�B06%�  
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&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2267 

$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� 
ODQHB�BPVE 
06%�HQDEOH�IRU�SLQBU[GDWDKVB� 
�
E���'LVDEOH 
�
E���(QDEOH 

��� 52 �[�� UHVHUYHG 
 
'3+<5;B/$1(B�B77$*2�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[�� 
ODQHB�BWWDJR 
7KH�YDOXH�RI�FRXQWHU�IRU�7WD�JR�RI�WXUQDURXQG� 
7WD�JR� �7W[FONHVFYDOXH� 

 
'3+<5;B/$1(B�B77$685(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[�� 
ODQHB�BWWDVXUH 
7KH�YDOXH�RI�FRXQWHU�IRU�7WD�VXUH�RI�WXUQDURXQG� 
7WD�VXUH� �7W[FONHVFYDOXH� 

 
'3+<5;B/$1(B�B77$:$,7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[�� 

ODQHB�BWWDZDLW 
7KH�YDOXH�RI�FRXQWHU�IRU�7WD�ZDLW�RI�WXUQDURXQG� 
,QWHUYDO�IURP�UHFHLYLQJ�SSL�WXUQDURXQG�UHTXHVW�WR�VHQGLQJ�HVF�
UHTXHVW� 
7WD�ZDLW� �7W[FONHVFYDOXH� 

 
'3+<5;B/$1(B�B7+66(77/(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2268 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[�E 

ODQHB�BWKVVHWWOH 
7KH�FRXQW�WLPH�RI�WKH�7+6�6(77/(�E\�SURWRFRO� 
$IWHU�WKH�FRXQW�GRQH��'�3+<�ZLOO�EHJLQ�WR�UHFHLYH�WKH�KLJK�VSHHG�
GDWD� 
)UHTXHQF\���8,�� � �9DOXH�+(;� 
������0+]� � � � � � � � � � � � � � ��� 
�������0+]� � � � � � � � � � � � � �� 
�������0+]� � � � � � � � � � � � ��� 
�������0+]� � � � � � � � � � � � ��� 
�������0+]� � � � � � � � � � � � ��� 
�������0+]� � � � � � � � � � � � ��� 
�������0+]� � � � � � � � � � � � ��E 
�������0+]� � � � � � � � � � � � ��H 
�������0+]� � � � � � � � � � � � ��� 
�������0+]� � � � � � � � � � � � ��� 
��������0+]� � � � � � � � � � � ��� 
���������0+]� � � � � � � � � � ��H 
���������0+]� � � � � � � � � � ��� 
���������0+]� � � � � � � � � � ��G 
���������0+]� � � � � � � � � � ��� 
���������0+]� � � � � � � � � � ��� 
���������0+]� � � � � � � � � � ��F 
���������0+]� � � � � � � � � � ��� 
���������0+]� � � � � � � � � � ��� 

 
'3+<5;B/$1(B�B&$/B(1�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� 5: �[� 
ODQHB�BFDOBHQ 
&DOLEUDWLRQ�UHFHSWLRQ�HQDEOH� 
�
E���'LVDEOH�FDOLEUDWLRQ�UHFHSWLRQ 
�
E���(QDEOH�FDOLEUDWLRQ�UHFHSWLRQ 

��� 52 �[�� UHVHUYHG 
 
'3+<5;B/$1(B�B06%�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� 
ODQHB�BPVE 
06%�HQDEOH�IRU�SLQBU[GDWDKVB� 
�
E���'LVDEOH 
�
E���(QDEOH 

��� 52 �[�� UHVHUYHG 
 
'3+<5;B/$1(B�B77$*2�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[�� 
ODQHB�BWWDJR 
7KH�YDOXH�RI�FRXQWHU�IRU�7WD�JR�RI�WXUQDURXQG� 
7WD�JR� �7W[FONHVFYDOXH� 

 
'3+<5;B/$1(B�B77$685(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
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&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2269 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[�� 
ODQHB�BWWDVXUH 
7KH�YDOXH�RI�FRXQWHU�IRU�7WD�VXUH�RI�WXUQDURXQG� 
7WD�VXUH� �7W[FONHVFYDOXH� 

 
'3+<5;B/$1(B�B77$:$,7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[�� 

ODQHB�BWWDZDLW 
7KH�YDOXH�RI�FRXQWHU�IRU�7WD�ZDLW�RI�WXUQDURXQG� 
,QWHUYDO�IURP�UHFHLYLQJ�SSL�WXUQDURXQG�UHTXHVW�WR�VHQGLQJ�HVF�
UHTXHVW� 
7WD�ZDLW� �7W[FONHVFYDOXH� 

 
'3+<5;B/$1(B�B7+66(77/(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[�E 

ODQHB�BWKVVHWWOH 
7KH�FRXQW�WLPH�RI�WKH�7+6�6(77/(�E\�SURWRFRO� 
$IWHU�WKH�FRXQW�GRQH��'�3+<�ZLOO�EHJLQ�WR�UHFHLYH�WKH�KLJK�VSHHG�
GDWD� 
)UHTXHQF\���8,�� � �9DOXH�+(;� 
������0+]� � � � � � � � � � � � � � ��� 
�������0+]� � � � � � � � � � � � � �� 
�������0+]� � � � � � � � � � � � ��� 
�������0+]� � � � � � � � � � � � ��� 
�������0+]� � � � � � � � � � � � ��� 
�������0+]� � � � � � � � � � � � ��� 
�������0+]� � � � � � � � � � � � ��E 
�������0+]� � � � � � � � � � � � ��H 
�������0+]� � � � � � � � � � � � ��� 
�������0+]� � � � � � � � � � � � ��� 
��������0+]� � � � � � � � � � � ��� 
���������0+]� � � � � � � � � � ��H 
���������0+]� � � � � � � � � � ��� 
���������0+]� � � � � � � � � � ��G 
���������0+]� � � � � � � � � � ��� 
���������0+]� � � � � � � � � � ��� 
���������0+]� � � � � � � � � � ��F 
���������0+]� � � � � � � � � � ��� 
���������0+]� � � � � � � � � � ��� 

 
'3+<5;B/$1(B�B&$/B(1�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� 5: �[� 
ODQHB�BFDOBHQ 
&DOLEUDWLRQ�UHFHSWLRQ�HQDEOH� 
�
E���'LVDEOH�FDOLEUDWLRQ�UHFHSWLRQ 
�
E���(QDEOH�FDOLEUDWLRQ�UHFHSWLRQ 

��� 52 �[�� UHVHUYHG 
 
'3+<5;B/$1(B�B06%�  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� 
ODQHB�BPVE 
06%�HQDEOH�IRU�SLQBU[GDWDKVB� 
�
E���'LVDEOH 
�
E���(QDEOH 

��� 52 �[�� UHVHUYHG 
 
'3+<5;B/$1(B�B77$*2�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[�� 
ODQHB�BWWDJR 
7KH�YDOXH�RI�FRXQWHU�IRU�7WD�JR�RI�WXUQDURXQG� 
7WD�JR� �7W[FONHVFYDOXH� 

 
'3+<5;B/$1(B�B77$685(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[�� 
ODQHB�BWWDVXUH 
7KH�YDOXH�RI�FRXQWHU�IRU�7WD�VXUH�RI�WXUQDURXQG� 
7WD�VXUH� �7W[FONHVFYDOXH� 

 
'3+<5;B/$1(B�B77$:$,7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[�� 

ODQHB�BWWDZDLW 
7KH�YDOXH�RI�FRXQWHU�IRU�7WD�ZDLW�RI�WXUQDURXQG� 
,QWHUYDO�IURP�UHFHLYLQJ�SSL�WXUQDURXQG�UHTXHVW�WR�VHQGLQJ�HVF�
UHTXHVW� 
7WD�ZDLW� �7W[FONHVFYDOXH� 

 
'3+<5;B/$1(B�B7+66(77/(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[�E 

ODQHB�BWKVVHWWOH 
7KH�FRXQW�WLPH�RI�WKH�7+6�6(77/(�E\�SURWRFRO� 
$IWHU�WKH�FRXQW�GRQH��'�3+<�ZLOO�EHJLQ�WR�UHFHLYH�WKH�KLJK�VSHHG�
GDWD� 
)UHTXHQF\���8,�� � �9DOXH�+(;� 
������0+]� � � � � � � � � � � � � � ��� 
�������0+]� � � � � � � � � � � � � �� 
�������0+]� � � � � � � � � � � � ��� 
�������0+]� � � � � � � � � � � � ��� 
�������0+]� � � � � � � � � � � � ��� 
�������0+]� � � � � � � � � � � � ��� 
�������0+]� � � � � � � � � � � � ��E 
�������0+]� � � � � � � � � � � � ��H 
�������0+]� � � � � � � � � � � � ��� 
�������0+]� � � � � � � � � � � � ��� 
��������0+]� � � � � � � � � � � ��� 
���������0+]� � � � � � � � � � � �H 
���������0+]� � � � � � � � � � ��� 
���������0+]� � � � � � � � � � ��G 
���������0+]� � � � � � � � � � ��� 
���������0+]� � � � � � � � � � ��� 
���������0+]� � � � � � � � � � ��F 
���������0+]� � � � � � � � � � ��� 
���������0+]� � � � � � � � � � ��� 

 
'3+<5;B/$1(B�B&$/B(1�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� 5: �[� 
ODQHB�BFDOBHQ 
&DOLEUDWLRQ�UHFHSWLRQ�HQDEOH� 
�
E���'LVDEOH�FDOLEUDWLRQ�UHFHSWLRQ 
�
E���(QDEOH�FDOLEUDWLRQ�UHFHSWLRQ 

��� 52 �[�� UHVHUYHG 
 
'3+<5;B/$1(B&.�B02'(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[� 
ODQHBFN�BPRGH 
�
E����'LVDEOH�FRQWLQXRXV�FORFN�PRGH 
�
E����(QDEOH�FRQWLQXRXV�FORFN�PRGH 

��� 52 �[� UHVHUYHG 
 
'3+<5;B/$1(B&.�B06%�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� 
ODQHBFN�BPVE 
06%�HQDEOH�IRU�SLQBU[GDWDKVB 
�
E���'LVDEOH 
�
E���(QDEOH 

��� 52 �[�� UHVHUYHG 
 
'3+<5;B/$1(B&.�B77$*2�  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[�� 
ODQHBFN�BWWDJR 
7KH�YDOXH�RI�FRXQWHU�IRU�7WD�JR�RI�WXUQDURXQG� 
7WD�JR� �7W[FONHVFYDOXH� 

 
'3+<5;B/$1(B&.�B77$685(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[�� 
ODQHBFN�BWWDVXUH 
7KH�YDOXH�RI�FRXQWHU�IRU�7WD�VXUH�RI�WXUQDURXQG� 
7WD�VXUH� �7W[FONHVFYDOXH� 

 
'3+<5;B/$1(B&.�B77$:$,7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[�� 

ODQHBFN�BWWDZDLW 
7KH�YDOXH�RI�FRXQWHU�IRU�7WD�ZDLW�RI�WXUQDURXQG� 
,QWHUYDO�IURP�UHFHLYLQJ�SSL�WXUQDURXQG�UHTXHVW�WR�VHQGLQJ�HVF�
UHTXHVW� 
7WD�ZDLW� �7W[FONHVFYDOXH� 

 
'3+<5;B/$1(B&.�B7+66(77/(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[�E 

ODQHBFN�BWKVVHWWOH 
7KH�FRXQW�WLPH�RI�WKH�7+6�6(77/(�E\�SURWRFRO� 
$IWHU�WKH�FRXQW�GRQH��'�3+<�ZLOO�EHJLQ�WR�UHFHLYH�WKH�KLJK�VSHHG�
GDWD� 
)UHTXHQF\���8,�� � �9DOXH�+(;� 
������0+]� � � � � � � � � � � � � � ��� 
�������0+]� � � � � � � � � � � � ��� 
�������0+]� � � � � � � � � � � � ��� 
�������0+]� � � � � � � � � � � � ��� 
�������0+]� � � � � � � � � � � � ��� 
�������0+]� � � � � � � � � � � � ��� 
�������0+]� � � � � � � � � � � � ��E 
�������0+]� � � � � � � � � � � � ��H 
�������0+]� � � � � � � � � � � � ��� 
�������0+]� � � � � � � � � � � � � �� 
��������0+]� � � � � � � � � � � ��� 
���������0+]� � � � � � � � � � ��H 
���������0+]� � � � � � � � � � ��� 
���������0+]� � � � � � � � � � ��G 
���������0+]� � � � � � � � � � ��� 
���������0+]� � � � � � � � � � ��� 
���������0+]� � � � � � � � � � ��F 
���������0+]� � � � � � � � � � ��� 
���������0+]� � � � � � � � � � ��� 

 
'3+<5;B/$1(B&.�B&$/B(1�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� 5: �[� 
ODQHBFN�BFDOBHQ 
&DOLEUDWLRQ�UHFHSWLRQ�HQDEOH� 
�
E���'LVDEOH�FDOLEUDWLRQ�UHFHSWLRQ 
�
E���(QDEOH�FDOLEUDWLRQ�UHFHSWLRQ 

��� 52 �[�� UHVHUYHG 
28.4 Application Notes 
28.4.1 0,3,�6,1*/(�&/2&.�/$1(�0RGH�$SSOLFDWLRQ 
VWHS���VHQG��[�G�WR�UHJLVWHU�/$1(B(1��(QDEOH�WKH�'�3+<� 
VWHS���VHQG��[��I���I��WR�UHJLVWHU�*5)B9,B&21��(QDEOH�WKH�FORFN�ODQH�DQG���GDWD�ODQHV� 
VWHS���$FFRUGLQJ�WR�GDWD�UDWH��ZULWH�FRUUHVSRQGLQJ�YDOXH�WR�7KV�VHWWOH�UHJLVWHUV�IRU�ODQHV� 
28.4.2 0,3,�'8$/�&/2&.�/$1(6�02'(�$SSOLFDWLRQ 
VWHS���VHQG��[�G�WR�UHJLVWHU�/$1(B(1��(QDEOH�WKH�'�3+<� 
VWHS���VHQG��[�I�WR�UHJLVWHU�'8$/B&/.B(1$%/(�(QDEOH�GXDO�FORFN�ODQHV�PRGH� 
VWHS���VHQG��[��I���I��WR�UHJLVWHU�*5)B9,B&21��(QDEOH���FORFN�ODQHV�DQG���GDWD�ODQHV� 
VWHS���$FFRUGLQJ�WR�GDWD�UDWH��ZULWH�FRUUHVSRQGLQJ�YDOXH�WR�7KV�VHWWOH�UHJLVWHUV�IRU�ODQHV� 
 
,Q�GXDO�FORFN�ODQHV�PRGH�*5)B9,B&21��PXVW�EH�FRQILJXUHG�DFFRUGLQJ�WR�WKH�IROORZLQJ�WDEOH��  
 /$1(��� /$1(��� *5)B9,B&21��

9$/8( 
&RQQHFWHG�,3 ,63 &6,�+267 �[�������� 

&6,�+267 ,63 �[�������� 
,63ǃ&6,�+267  �[�������� 
 ,63ǃ&6,�+267 �[�������� 

 

Chapter 29 MIPI DSI HOST Controller 
29.1 Overview 
7KH�'LVSOD\�6HULDO�,QWHUIDFH��'6,��LV�SDUW�RI�D�JURXS�RI�FRPPXQLFDWLRQ�SURWRFROV�GHILQHG�E\�
WKH�0,3,�$OOLDQFH��7KH�0,3,�'6,�+267�&RQWUROOHU�LV�D�GLJLWDO�FRUH�WKDW�LPSOHPHQWV�DOO�SURWRFRO�
IXQFWLRQV�GHILQHG�LQ�WKH�0,3,�'6,�6SHFLILFDWLRQ��7KH�0,3,�'6,�+267�&RQWUROOHU�SURYLGHV�DQ�
LQWHUIDFH�EHWZHHQ�WKH�V\VWHP�DQG�WKH�0,3,�'�3+<��DOORZLQJ�WKH�FRPPXQLFDWLRQ�ZLWK�D�'6,�
FRPSOLDQW�GLVSOD\��7KH�0,3,�'6,�+267�&RQWUROOHU�VXSSRUWV�RQH�WR�IRXU�ODQHV�IRU�GDWD�
WUDQVPLVVLRQ�ZLWK�0,3,�'�3+<� 
 
7KH�0,3,�'6,�+267�&RQWUROOHU�VXSSRUWV�WKH�IROORZLQJ�IHDWXUHV� 
z 7KH�0,3,�'6,�+267�&RQWUROOHU�FRQIRUPV�WR�WKH�IROORZLQJ�VWDQGDUGV 

� 0,3,�$OOLDQFH�6SHFLILFDWLRQ�IRU�'6,�Y��� 
� 0,3,�$OOLDQFH�6SHFLILFDWLRQ�IRU�'&6�Y��� 
� 0,3,�$OOLDQFH�6WDQGDUG�IRU�'3,���  
� 0,3,�$OOLDQFH�6SHFLILFDWLRQ�IRU�6')�Y��� 
� 0,3,�$OOLDQFH�6SHFLILFDWLRQ�IRU�'3+<�Y��� 
� $0%$�����6SHFLILFDWLRQ�$3%��IURP�$50 

z 6XSSRUW�WKH�'3,�LQWHUIDFH�FRORU�FRGLQJ�PDSSLQJV�LQWR����ELW�,QWHUIDFH 
� ���ELWV�SHU�SL[HO��FRQILJXUDWLRQV�����DQG�� 
� ���ELWV�SHU�SL[HO��FRQILJXUDWLRQV���DQG�� 
� ���ELWV�SHU�SL[HO 

z 3URJUDPPDEOH�SRODULW\�RI�DOO�'3,�LQWHUIDFH�VLJQDOV 
z 0D[LPXP�UHVROXWLRQ�LV�����[����#��+] 
z ,QWHUIDFH�ZLWK�0,3,�'�3+<�IROORZLQJ�3+<�3URWRFRO�,QWHUIDFH��33,���DV�GHILQHG�LQ�0,3,�

$OOLDQFH�6SHFLILFDWLRQ�IRU�'�3+< 
z 8S�WR�IRXU�'�3+<�'DWD�/DQHV 
z %LGLUHFWLRQDO�FRPPXQLFDWLRQ�DQG�HVFDSH�PRGH�VXSSRUW�WKURXJK�GDWD�ODQH�� 
z 7UDQVPLVVLRQ�RI�DOO�JHQHULF�FRPPDQGV 
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z (&&�DQG�&KHFNVXP�FDSDELOLWLHV 
z (QG�RI�7UDQVPLVVLRQ�3DFNHW�(27S� 
z 8OWUD�/RZ�3RZHU�PRGH 
z )DXOW�UHFRYHU\�VFKHPHV 
29.2 Block Diagram 
7KH�IROORZLQJ�GLDJUDP�VKRZV�WKH�0,3,�'6,�+267�&RQWUROOHU�DUFKLWHFWXUH� 

DPI 
Interface

DPI ctrl
FIFO

DPI pixel
FIFO

GEN
FIFOs

APB 2 
Generic

Control Register Bank
Error Management 
Contention Logic

Clk Manager
Packet

Handler

PHY
Interfacel
Control

DPI

APB Interface

C
T
R

LP
IF

HS
IF

LP
IF

HS
IF

PHY
Error

Signals

Lane0

LaneN

CLK Lane

DSI HOST

 
 

	��Ǥ�ʹͻǦͳ�������������������������������������� 
 
7KH�'3,�LQWHUIDFH�FDSWXUHV�WKH�GDWD�DQG�FRQWURO�VLJQDOV�DQG�FRQYH\V�WKHP�WR�D�),)2�IRU�
YLGHR�FRQWURO�VLJQDOV�DQG�DQRWKHU�RQH�IRU�SL[HO�GDWD��7KLV�GDWD�LV�WKHQ�XVHG�WR�EXLOG�9LGHR�
SDFNHWV��KHQ�LQ�9LGHR�PRGH� 
 
7KH�5HJLVWHU�%DQN�LV�DFFHVVLEOH�WKURXJK�D�VWDQGDUG�$0%$�$3%�VODYH�LQWHUIDFH��SURYLGLQJ�
DFFHVV�WR�WKH�0,3,�'6,�+267�&RQWUROOHU�UHJLVWHUV�IRU�FRQILJXUDWLRQ�DQG�FRQWURO��7KHUH�LV�DOVR�
D�IXOO\�SURJUDPPDEOH�LQWHUUXSW�JHQHUDWRU�WR�LQIRUP�WKH�V\VWHP�DERXW�FHUWDLQ�HYHQWV� 
7KH�3+<�,QWHUIDFH�&RQWURO�LV�UHVSRQVLEOH�IRU�PDQDJLQJ�WKH�'�3+<�33,�LQWHUIDFH��,W�
DFNQRZOHGJHV�WKH�FXUUHQW�RSHUDWLRQ�DQG�HQDEOHV�ORZ�SRZHU�WUDQVPLVVLRQ�UHFHSWLRQ�RU�D�
KLJK�VSHHG�WUDQVPLVVLRQ��,W�DOVR�SHUIRUPV�GDWD�VSOLWWLQJ�EHWZHHQ�DYDLODEOH�'�3+<�ODQHV�IRU�
KLJK�VSHHG�WUDQVPLVVLRQ� 
 
7KH�3DFNHW�+DQGOHU�VFKHGXOHV�WKH�DFWLYLWLHV�LQVLGH�WKH�OLQN��,W�SHUIRUPV�VHYHUDO�IXQFWLRQV�
EDVHG�RQ�WKH�LQWHUIDFHV�WKDW�DUH�FXUUHQWO\�'3,�DQG�WKH�YLGHR�WUDQVPLVVLRQ�PRGH�WKDW�LV�XVHG�
�EXUVW�PRGH�RU�QRQ�EXUVW�PRGH�ZLWK�V\QF�SXOVH�RU�V\QF�HYHQWV���,W�EXLOGV�ORQJ�RU�VKRUW�
SDFNHW�JHQHUDWLQJ�FRUUHVSRQGHQW�(&&�DQG�&5&�FRGHV��7KLV�EORFN�DOVR�SHUIRUPV�WKH�IROORZLQJ�
IXQFWLRQV��3DFNHW�UHFHSWLRQ��9DOLGDWLRQ�RI�SDFNHW�KHDGHU�E\�FKHFNLQJ�WKH�(&&��+HDGHU�
FRUUHFWLRQ�DQG�QRWLILFDWLRQ�IRU�VLQJOH�ELW�HUURUV��7HUPLQDWLRQ�RI�UHFHSWLRQ��0XOWLSOH�KHDGHU�
HUURU�QRWLILFDWLRQ� 
 
7KH�$3%�WR�*HQHULF�EORFN�EULGJHV�WKH�$3%�RSHUDWLRQV�LQWR�),)2V�KROGLQJ�WKH�*HQHULF�
FRPPDQGV��7KH�EORFN�LQWHUIDFHV�ZLWK�WKH�IROORZLQJ�),)2��&RPPDQG�),)2��:ULWH�SD\ORDG�
),)2��5HDG�SD\ORDG�),)2� 
 
7KH�(UURU�0DQDJHPHQW�QRWLILHV�DQG�PRQLWRUV�WKH�HUURU�FRQGLWLRQV�RQ�WKH�'6,�OLQN��,W�FRQWUROV�
WKH�WLPHUV�XVHG�WR�GHWHUPLQH�LI�D�WLPHRXW�FRQGLWLRQ�RFFXUUHG��SHUIRUPLQJ�DQ�LQWHUQDO�VRIW�
UHVHW�DQG�WULJJHULQJ�DQ�LQWHUUXSWLRQ�QRWLILFDWLRQ� 
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29.3 Function Description 
29.3.1 '3,�LQWHUIDFH�IXQFWLRQ 
7KH�'3,�LQWHUIDFH�IROORZV�WKH�0,3,�'3,�VSHFLILFDWLRQ�ZLWK�SL[HO�GDWD�EXV�ZLGWK�XS�WR����ELWV��
,W�LV�XVHG�WR�WUDQVPLW�WKH�LQIRUPDWLRQ�LQ�9LGHR�PRGH�LQ�ZKLFK�WKH�WUDQVIHUV�IURP�WKH�KRVW�
SURFHVVRU�WR�WKH�SHULSKHUDO�WDNH�WKH�IRUP�RI�D�UHDO�WLPH�SL[HO�VWUHDP��7KLV�LQWHUIDFH�DOORZV�
VHQGLQJ�6KXW'RZQ��6'��DQG�&RORU0RGH��&0��FRPPDQGV��ZKLFK�DUH�WULJJHUHG�GLUHFWO\�E\�
ZULWLQJ�WR�WKH�UHJLVWHU�RI�92B&21>���@�LQ�WKH�*5)�0RGXOH��7R�WUDQVIHU�DGGLWLRQDO�
FRPPDQGV�IRU�H[DPSOH��WR�LQLWLDOL]H�WKH�GLVSOD\���XVH�DQRWKHU�LQWHUIDFH�VXFK�DV�$3%�6ODYH�
*HQHULF�,QWHUIDFH�WR�FRPSOHPHQW�WKH�'3,�LQWHUIDFH� 
 
7KH�'3,�LQWHUIDFH�FDSWXUHV�WKH�GDWD�DQG�FRQWURO�VLJQDOV�DQG�FRQYH\V�WKHP�WR�WKH�),)2�
LQWHUIDFHV�WKDW�WUDQVPLW�WKHP�WR�WKH�'6,�OLQN��7ZR�GLIIHUHQW�VWUHDPV�RI�GDWD�DUH�SUHVHQWHG�DW�
WKH�LQWHUIDFH��YLGHR�FRQWURO�VLJQDOV�DQG�SL[HO�GDWD��'HSHQGLQJ�RQ�WKH�LQWHUIDFH�FRORU�FRGLQJ��
WKH�SL[HO�GDWD�LV�GLVSRVHG�GLIIHUHQWO\�WKURXJKRXW�WKH�GSLSL[GDWD�EXV��7KH�IROORZLQJ�WDEOH�
VKRZV�WKH�,QWHUIDFH�SL[HO�FRORU�FRGLQJ� 
 

Table 29-1 Color table 
 
6LJQDO�
/LQH 

���ELW ���ELW ��ELW 

&RQILJ &RQILJ� &RQILJ� &RQILJ� &RQILJ� &RQILJ� &RQILJ� 
'SLGDWD�� 1RW�XVHG 1RW�XVHG 1RW�XVHG 1RW�XVHG 1RW�XVHG 5� 
'SLGDWD�� 1RW�XVHG 1RW�XVHG 1RW�XVHG 1RW�XVHG 1RW�XVHG 5� 
'SLGDWD�� 1RW�XVHG 1RW�XVHG 5� 1RW�XVHG 5� 5� 
'SLGDWD�� 1RW�XVHG 5� 5� 1RW�XVHG 5� 5� 
'SLGDWD�� 1RW�XVHG 5� 5� 1RW�XVHG 5� 5� 
'SLGDWD�� 1RW�XVHG 5� 5� 1RW�XVHG 5� 5� 
'SLGDWD�� 1RW�XVHG 5� 5� 5� 5� 5� 
'SLGDWD�� 1RW�XVHG 5� 1RW�XVHG 5� 5� 5� 
'SLGDWD�� 5� 1RW�XVHG 1RW�XVHG 5� 1RW�XVHG *� 
'SLGDWD�� *� 1RW�XVHG 1RW�XVHG *� 1RW�XVHG *� 
'SLGDWD�� *� *� *� *� *� *� 
'SLGDWD�� *� *� *� *� *� *� 
'SLGDWD�� *� *� *� *� *� *� 
'SLGDWD�� *� *� *� *� *� *� 
'SLGDWD� *� *� *� *� *� *� 
'SLGDWD� *� *� *� *� *� *� 
'SLGDWD� *� 1RW�XVHG 1RW�XVHG *� 1RW�XVHG %� 
'SLGDWD� *� 1RW�XVHG 1RW�XVHG *� 1RW�XVHG %� 
'SLGDWD� *� 1RW�XVHG %� %� %� %� 
'SLGDWD� %� %� %� %� %� %� 
'SLGDWD� %� %� %� %� %� %� 
'SLGDWD� %� %� %� %� %� %� 
'SLGDWD� %� %� %� %� %� %� 
'SLGDWD� %� %� 1RW�XVHG %� %� %� 
 
 
7KH�'3,�LQWHUIDFH�FDQ�EH�FRQILJXUHG�WR�LQFUHDVH�IOH[LELOLW\�DQG�SURPRWH�FRUUHFW�XVDJH�RI�WKLV�
LQWHUIDFH�IRU�VHYHUDO�V\VWHPV��7KHVH�FRQILJXUDWLRQ�RSWLRQV�DUH�DV�IROORZV�3RODULW\�FRQWURO��$OO�
WKH�FRQWURO�VLJQDOV�DUH�SURJUDPPDEOH�WR�FKDQJH�WKH�SRODULW\�GHSHQGLQJ�RQ�V\VWHP�
UHTXLUHPHQWV� 
 
$IWHU�WKH�0,3,�'6,�+267�&RQWUROOHU�UHVHW��'3,�ZDLWV�IRU�WKH�ILUVW�96<1&�DFWLYH�WUDQVLWLRQ�WR�
VWDUW�VLJQDO�VDPSOLQJ��LQFOXGLQJ�SL[HO�GDWD��DQG�SUHYHQWLQJ�LPDJH�WUDQVPLVVLRQ�LQ�WKH�PLGGOH�
RI�D�IUDPH� 
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,I�LQWHUIDFH�SL[HO�FRORU�FRGLQJ�LV����ELWV�DQG�WKH����ELW�ORRVHO\�SDFNHG�VWUHDP�LV�GLVDEOHG��WKH�
QXPEHU�RI�OLQHV�SURJUDPPHG�LQ�WKH�SL[HOV�SHU�OLQHV�FRQILJXUDWLRQ�LV�D�PXOWLSOH�RI�IRXU��7KLV�
PHDQV�WKDW�LQ�WKLV�PRGH��WKH�WZR�/6%V�LQ�WKH�FRQILJXUDWLRQ�DUH�DOZD\V�LQIHUUHG�DV�]HUR��7KH�
VSHFLILFDWLRQ�VWDWHV�WKDW�LQ�WKLV�PRGH��WKH�SL[HO�OLQH�VL]H�VKRXOG�EH�D�PXOWLSOH�RI�IRXU� 
 
29.3.2 $3%�6ODYH�*HQHULF�,QWHUIDFH 
7KH�$3%�6ODYH�LQWHUIDFH�DOORZV�WKH�WUDQVPLVVLRQ�RI�JHQHULF�LQIRUPDWLRQ�LQ�&RPPDQG�PRGH��
DQG�IROORZV�WKH�SURSULHWDU\�UHJLVWHU�LQWHUIDFH��&RPPDQGV�VHQW�WKURXJK�WKLV�LQWHUIDFH�DUH�QRW�
FRQVWUDLQHG�WR�FRPSO\�ZLWK�WKH�'&6�VSHFLILFDWLRQ��DQG�FDQ�LQFOXGH�JHQHULF�FRPPDQGV�
GHVFULEHG�LQ�WKH�'6,�VSHFLILFDWLRQ�DV�PDQXIDFWXUHU�VSHFLILF� 
 
7KH�0,3,�'6,�+267�&RQWUROOHU�VXSSRUWV�WKH�WUDQVPLVVLRQ�RU�ZULWH�DQG�UHDG�FRPPDQG�PRGH�
SDFNHWV�DV�GHVFULEHG�LQ�WKH�'6,�VSHFLILFDWLRQ��7KHVH�SDFNHWV�DUH�EXLOW�XVLQJ�WKH�$3%�UHJLVWHU�
DFFHVV��7KH�*(1B3/'B'$7$�UHJLVWHU�KDV�WZR�GLVWLQFW�IXQFWLRQV�EDVHG�RQ�WKH�RSHUDWLRQ��  
 
:ULWLQJ�WR�WKLV�UHJLVWHU�VHQGV�WKH�GDWD�DV�SD\ORDG�ZKHQ�VHQGLQJ�D�&RPPDQG�PRGH�SDFNHW��
5HDGLQJ�WKLV�UHJLVWHU�UHWXUQV�WKH�SD\ORDG�RI�D�UHDG�EDFN�RSHUDWLRQ��7KH�*(1B+'5�UHJLVWHU�
FRQWDLQV�WKH�&RPPDQG�PRGH�SDFNHW�KHDGHU�W\SH�DQG�KHDGHU�GDWD��:ULWLQJ�WR�WKLV�UHJLVWHU�
WULJJHUV�WKH�WUDQVPLVVLRQ�RI�WKH�SDFNHW�LPSO\LQJ�WKDW�IRU�D�ORQJ�&RPPDQG�PRGH�SDFNHW��WKH�
SDFNHW¶V�SD\ORDG�QHHGV�WR�EH�ZULWWHQ�LQ�DGYDQFH�LQ�WKH�*(1B3/'B'$7$�UHJLVWHU� 
 
7KH�YDOLG�SDFNHWV�DYDLODEOH�WR�EH�WUDQVPLWWHG�WKURXJK�WKH�*HQHULF�LQWHUIDFH�DUH�DV�IROORZV��  
z *HQHULF�:ULWH�6KRUW�3DFNHW���3DUDPHWHUV 
z *HQHULF�:ULWH�6KRUW�3DFNHW���3DUDPHWHUV 
z *HQHULF�:ULWH�6KRUW�3DFNHW���3DUDPHWHU 
z *HQHULF�:ULWH�6KRUW�3DFNHW���3DUDPHWHU 
z *HQHULF�:ULWH�6KRUW�3DFNHW���3DUDPHWHUV 
z *HQHULF�:ULWH�6KRUW�3DFNHW���3DUDPHWHU 
z 0D[LPXP�5HDG�3DFNHW�&RQILJXUDWLRQ 
z *HQHULF�/RQJ�:ULWH�3DFNHW 
z '&6�:ULWH�6KRUW�3DFNHW���3DUDPHWHU 
z '&6�:ULWH�6KRUW�3DFNHW���3DUDPHWHU 
z '&6�:ULWH�6KRUW�3DFNHW���3DUDPHWHU 
z '&6�:ULWH�/RQJ�3DFNHW 

 

$�VHW�RI�ELWV�LQ�WKH�&0'B3.7B67$786�UHJLVWHU�UHSRUW�WKH�VWDWXV�RI�WKH�),)2V�DVVRFLDWHG�ZLWK�
$3%�LQWHUIDFH�VXSSRUW� 
 
*HQHULF�LQWHUIDFH�SDFNHWV�DUH�DOZD\V�WUDQVSRUWHG�XVLQJ�RQH�RI�WKH�'6,�WUDQVPLVVLRQ�PRGHV��
9LGHR�PRGH�RU�&RPPDQG�PRGH��,I�QHLWKHU�RI�WKHVH�PRGH�DUH�VHOHFWHG��WKH�SDFNHWV�DUH�QRW�
WUDQVPLWWHG�WKURXJK�WKH�OLQN�DQG�WKH�UHOHDVHG�),)2V�HYHQWXDOO\�JHW�RYHUIORZHG� 
7KH�WUDQVIHU�RI�SDFNHWV�WKURXJK�WKH�$3%�EXV�LV�EDVHG�RQ�WKH�IROORZLQJ�FRQGLWLRQV� 
7KH�$3%�SURWRFRO�GHILQHV�WKDW�WKH�ZULWH�DQG�UHDG�SURFHGXUH�WDNHV�WZR�FORFN�F\FOHV�HDFK�WR�
EH�H[HFXWHG��7KLV�PHDQV�WKDW�WKH�PD[LPXP�LQSXW�GDWD�UDWH�WKURXJK�WKH�$3%�LQWHUIDFHV�LV�
DOZD\V�KDOI�WKH�VSHHG�RI�WKH�$3%�FORFN� 
 
7KH�GDWD�LQSXW�EXV�KDV�D�PD[LPXP�ZLGWK�RI����ELWV��7KLV�DOORZV�IRU�D�UHODWLRQ�WR�EH�GHILQHG�
EHWZHHQ�WKH�LQSXW�$3%�FORFN�IUHTXHQF\�DQG�PD[LPXP�EL�UDWH�DFKLHYDEOH�E\�WKH�$3%�
LQWHUIDFH� 
7KH�'6,�OLQN�ELW�UDWH�ZKHQ�XVLQJ�VROHO\�$3%�LV�HTXDO�WR��$3%�FORFN�IUHTXHQF\�����0ESV� 
7KH�EDQGZLGWK�LV�GHSHQGHQW�RQ�WKH�$3%�FORFN�IUHTXHQF\��WKH�DYDLODEOH�EDQGZLGWK�LQFUHDVHV�
ZLWK�WKH�FORFN�IUHTXHQF\� 
 
7R�GULYH�WKH�$3%�LQWHUIDFH�WR�DFKLHYH�KLJK�EDQGZLGWK�&RPPDQG�PRGH�WUDIILF�WUDQVSRUWHG�E\�
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WKH�'6,�OLQN��WKH�0,3,�'6,�+267�&RQWUROOHU�VKRXOG�RSHUDWH�LQ�WKH�&RPPDQG�PRGH�RQO\�DQG�
WKH�$3%�LQWHUIDFH�VKRXOG�EH�WKH�RQO\�GDWD�VRXUFH�WKDW�LV�FXUUHQWO\�LQ�XVH��7KXV��WKH�$3%�
LQWHUIDFH�KDV�WKH�HQWLUH�EDQGZLGWK�RI�WKH�'6,�OLQN�DQG�GRHV�QRW�VKDUH�LW�ZLWK�DQ\�DQRWKHU�
LQSXW�LQWHUIDFH�VRXUFH� 
 
7KH�PHPRU\�ZULWH�FRPPDQGV�UHTXLUH�PD[LPXP�WKURXJKRXW�IURP�WKH�$3%�LQWHUIDFH��EHFDXVH�
WKH\�FRQWDLQ�WKH�PRVW�DPRXQW�RI�GDWD�FRQYH\HG�E\�WKH�'6,�OLQN��:KLOH�ZULWLQJ�WKH�SDFNHW�
LQIRUPDWLRQ��ILUVW�ZULWH�WKH�SD\ORDG�RI�D�JLYHQ�SDFNHW�LQWR�WKH�SD\ORDG�),)2�XVLQJ�WKH�
*(1B3/'B'$7$�UHJLVWHU��:KHQ�WKH�SD\ORDG�GDWD�LV�IRU�WKH�FRPPDQG�SDUDPHWHUV��SODFH�WKH�
ILUVW�E\WH�WR�EH�WUDQVPLWWHG�LQ�WKH�OHDVW�VLJQLILFDQW�E\WH�SRVLWLRQ�RI�WKH�$3%�GDWD�EXV��  
 
$IWHU�ZULWLQJ�WKH�SD\ORDG��ZULWH�WKH�SDFNHW�KHDGHU�LQWR�WKH�FRPPDQG�),)2��)RU�PRUH�
LQIRUPDWLRQ�DQG�LW�VKRXOG�IROORZ�WKH�SL[HO�WR�E\WH�FRQYHUVLRQ�RUJDQL]DWLRQ�UHIHUUHG�LQ�WKH�
$QQH[XUH�$�RI�WKH�'&6�VSHFLILFDWLRQ��7KH�IROORZ�ILJXUH�VKRZ�KRZ�WKH�SL[HO�GDWD�VKRXOG�EH�
RUJDQL]HG�LQ�WKH�$3%�GDWD�ZULWH�EXV��7KH�PHPRU\�ZULWH�FRPPDQGV�DUH�FRQYH\HG�LQ�'&6�
ORQJ�SDFNHWV��'&6�ORQJ�SDFNHWV�DUH�HQFDSVXODWHG�LQ�D�'6,�SDFNHW��7KH�'6,�LQFOXGHG�LQ�WKH�
GLDJUDPV�,Q�WKH�IROORZ�ILJXUHV��WKH�:ULWH�0HPRU\�&RPPDQG�FDQ�EH�UHSODFHG�E\�WKH�'&6�
FRPPDQG�:ULWH�0HPRU\�6WDUW�DQG�:ULWH�0HPRU\�&RQWLQXH� 

 
Fig 1-2  24 bpp APB Pixel to Byte Organization 

29.3.3 7UDQVPLVVLRQ�RI�&RPPDQGV�LQ�9LGHR�0RGH 
 
7KH�0,3,�'6,�+267�&RQWUROOHU�VXSSRUWV�WKH�WUDQVPLVVLRQ�RI�FRPPDQGV��ERWK�LQ�KLJK�VSHHG�
DQG�ORZ�SRZHU��ZKLOH�LQ�9LGHR�PRGH��7KH�'6,�FRQWUROOHU�XVHV�%ODQNLQJ�RU�/RZ�3RZHU�%//3��
SHULRGV�WR�WUDQVPLW�FRPPDQGV�LQVHUWHG�WKURXJK�WKH�$3%�*HQHULF�LQWHUIDFH��7KRVH�SHULRGV�
FRUUHVSRQG�WR�WKH�VKDGHG�DUHDV�RI�WKH�IROORZLQJ�ILJXUH� 

� � �
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Fig. 29-3 Command Transmission Periods within the Image Area 

&RPPDQGV�DUH�WUDQVPLWWHG�LQ�WKH�EODQNLQJ�SHULRGV�DIWHU�WKH�IROORZLQJ�SDFNHW�VWDWHV� 
z %HUWLFDO�6\QF�6WDUW��966��SDFNHWV��LI�WKH�9LGHR�6\QF�SXOVHV�DUH�QRW�HQDEOHG 
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z +RUL]RQWDO�6\QF�(QG��+6(��SDFNHWV��LQ�WKH�96$��9%3��DQG�9)3�UHJLRQV 
z +RUL]RQWDO�6\QF�6WDUW��+66��SDFNHWV��LI�WKH�9LGHR�6\QF�SXOVHV�DUH�QRW�HQDEOHG�LQ�WKH�

96$��9%3��DQG�9)3�UHJLRQV 
z +RUL]RQWDO�$FWLYH��+$&7��VWDWH 

2QO\�RQH�FRPPDQG�LV�WUDQVPLWWHG�SHU�OLQH��HYHQ�LQ�WKH�FDVH�RI�WKH�ODVW�OLQH�RI�D�IUDPH�EXW�
RQH�FRPPDQG�LV�SRVVLEOH�IRU�HDFK�OLQH� 
 
7KH�0,3,�'6,�+267�&RQWUROOHU�DYRLGV�VHQGLQJ�FRPPDQGV�LQ�WKH�ODVW�OLQH�EHFDXVH�LW�LV�
SRVVLEOH�WKDW�WKH�ODVW�OLQH�LV�VKRUWHU�WKDQ�WKH�RWKHU�RQHV��)RU�LQVWDQFH��WKH�OLQH�WLPH��W/��
FRXOG�EH�KDOI�D�F\FOH�ORQJHU�WKDQ�WKH�W/�RQ�WKH�'3,�LQWHUIDFH��WKDW�LV��HDFK�OLQH�LQ�WKH�IUDPH�
WDNLQJ�KDOI�D�F\FOH�IURP�WLPH�IRU�WKH�ODVW�OLQH��7KLV�UHVXOWV�LQ�WKH�ODVW�OLQH�EHLQJ������F\FOH���
�QXPEHU�RI�OLQHV�����VKRUWHU�WKDQ�W/� 
 
7KH�GSLFRORUP�DQG�GSLVKXWGQ�LQSXW�VLJQDOV�DUH�DOVR�DEOH�WR�WULJJHU�WKH�VHQGLQJ�RI�FRPPDQG�
SDFNHWV��7KH�FRPPDQGV�DUH�'6,�GDWD�W\SHV�&RORU�0RGH�2Q��&RORU�0RGH�2II��6KXW�'RZQ�
3HULSKHUDO��DQG�7XUQ�RQ�3HULSKHUDO��7KHVH�FRPPDQGV�DUH�QRW�VHQW�LQ�WKH�9$&7�UHJLRQ��,I�WKH�
OSFPGHQ�ELW�RI�WKH�9,'B02'(B&)*�UHJLVWHU�LV����WKHVH�FRPPDQGV�DUH�VHQW�LQ�/3�PRGH��,Q�
/3�PRGH��WKH�RXYDFWBOSFPGBWLPH�ILHOG�RI�WKH�/3B&0'B7,0�UHJLVWHU�LV�XVHG�WR�GHWHUPLQH�LI�
WKHVH�FRPPDQGV�FDQ�EH�WUDQVPLWWHG��,W�LV�DVVXPHG�WKDW�RXWYDFWBOSFPGBWLPH�LV�JUHDWHU�WKDQ�
RU�HTXDO�WR���E\WHV��QXPEHU�RI�E\WHV�LQ�D�VKRUW�SDFNHW���EHFDXVH�WKH�'6,�+267�GRHV�QRW�
WUDQVPLW�WKHVH�FRPPDQGV�RQ�WKH�ODVW�OLQH� 
 
,I�WKH�IUDPHB%7$BDFN�ILHOG�LV�VHW�LQ�WKH�9,'B02'(B&)*�UHJLVWHU��D�%7$�LV�JHQHUDWHG�E\�'6,�
+267�DIWHU�WKH�ODVW�OLQH�RI�D�IUDPH��7KLV�PD\�FRLQFLGH�ZLWK�D�ZULWH�FRPPDQG�RU�D�UHDG�
FRPPDQG��,Q�HLWKHU�FDVH��WKH�HGSLKDOW�VLJQDO�LV�KHOG�DVVHUWHG�XQWLO�DQ�DFNQRZOHGJH�KDV�EHHQ�
UHFHLYHG��FRQWURO�RI�WKH�'6,�EXV�LV�UHWXUQHG�WR�WKH�KRVW�� 
 
,I�WKH�OSFPGHQ�ELW�RI�WKH�9,'B02'(B&)*�UHJLVWHU�LV�VHW�WR����WKH�FRPPDQGV�DUH�VHQW�LQ�ORZ�
SRZHU�LQ�9LGHR�PRGH��,Q�WKLV�FDVH��LW�LV�QHFHVVDU\�WR�FDOFXODWH�WKH�WLPH�DYDLODEOH��LQ�E\WHV��WR�
WUDQVPLW�D�FRPPDQG�LQ�/3�PRGH�IRU�+RUL]RQWDO�)URQW�3RUFK��+)3���9HUWLFDO�6\QF�$FWLYH�
�96$���9HUWLFDO�%DFN�3RUFK��9%3���DQG�9HUWLFDO�)URQW�3RUFK�9)3��UHJLRQV� 
 
7KH�RXWYDFWBOSFPGBWLPH�ILHOG�RI�WKH�/3B&0'B7,0�UHJLVWHU�LQGLFDWHV�WKH�WLPH�DYDLODEOH��LQ�
E\WHV��WR�WUDQVPLW�D�FRPPDQG�LQ�/3�PRGH��EDVHG�RQ�WKH�HVFDSH�FORFN��RQ�D�OLQH�GXULQJ�WKH�
96$��9%3��DQG�WKH�9)3�  
2XWYDFWBOSFPGBWLPH �W/��7LPH�WR�WUDQVPLW�+66�DQG�+6(�IUDPHV��W+6$�7LPH�WR�HQWHU�DQG�
OHDYH�/3�PRGH�7LPH�WR�VHQG�WKH�'�3+<�/3'7�FRPPDQG�����HVFDSH�FORFN�SHULRG�������� 
:KHUH��W/ /LQH�WLPH��DQG�W+6$ 7LPH�WR�VHQG�D�VKRUW�SDFNHW��IRU�V\QF�HYHQWV��RU�WLPH�RI�WKH�
+$6�SXOVH��IRU�V\QF�SXOVHV�� 
 
,Q�WKH�DERYH�HTXDWLRQ��GLYLVLRQ�E\�HLJKW�LV�GRQH�WR�FRQYHUW�WKH�WLPH�DYDLODEOH�WR�E\WHV�DQG�
GLYLVLRQ�E\�WZR�LV�GRQH�EHFDXVH�RQH�ELW�LV�WUDQVPLWWHG�RQFH�LQ�HYHU\�WZR�HVFDSH�FORFN�F\FOHV� 
 
7KH�RXWYDFWBOSFPGBWLPH�ILOHG�FDQ�EH�FRPSDUHG�GLUHFWO\�ZLWK�WKH�VL]H�RI�WKH�FRPPDQG�WR�EH�
WUDQVPLWWHG�WR�GHWHUPLQH�LI�WKHUH�LV�HQRXJK�WLPH�WR�WUDQVPLW�WKH�FRPPDQG��7KH�PD[LPXP�
VL]H�RI�D�FRPPDQG�WKDW�FDQ�EH�WUDQVPLWWHG�LQ�/3�PRGH�LV�OLPLWHG�WR�����E\WHV�E\�WKLV�ILHOG��
7KLV�UHJLVWHU�PXVW�EH�SURJUDPPHG�WR�D�YDOXH�JUHDWHU�WKDQ�RU�HTXDO�WR���E\WHV�IRU�WKH�
WUDQVPLVVLRQ�RI�WKH�'&75/�FRPPDQGV�VXFK�DV�VKXWGRZQ�DQG�FRORUP�LQ�/3�PRGH� 
 
&RQVLGHU�DQ�H[DPSOH�ZLWK�������V�SHU�OLQH�DQG�DVVXPH�DQ�HVFDSH�FORFN�IUHTXHQF\�RI����
0+]��,Q�WKLV�FDVH������HVFDSH�FORFN�F\FOHV�DUH�DYDLODEOH�WR�HQWHU�DQG�H[LW�/3�PRGH�DQG�
WUDQVPLW�FRPPDQG��7KH�IROORZLQJ�DUH�DVVXPHG� 
z 6\QF�SXOVHV�DUH�QRW�EHLQJ�WUDQVPLWWHG 
z 7ZR�ODQH�E\WH�FORFN�WLFNV�DUH�UHTXLUHG�WR�WUDQVPLW�D�VKRUW�SDFNHW 

16_2_  timehslpphy  
20_2_  timeplpphy  

,Q�WKLV�H[DPSOH��D����E\WH�FRPPDQG�FDQ�EH�WUDQVPLWWHG�DV�IROORZV� 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2279 

bytestimelpcmdoutvact 11__   
7KH�LQYDFWBOSFPGBWLPH�ILHOG�RI�WKH�/3B&0'B7,0�UHJLVWHU�LQGLFDWHV�WKH�WLPH�DYDLODEOH��LQ�
E\WHV��WR�WUDQVPLWH�D�FRPPDQG�LQ�/3�PRGH��EDVHG�RQ�WKH�HVFDSH�FORFN��LQ�WKH�9HUWLFDO�
$FWLYH��9$&7��UHJLRQ��7KLV�WLPH�LV�FDOFXODWHG�DV�IROORZV� 
,QYDFWBOSFPGBWLPH ��W+)3�7LPH�WR�HQWHU�DQG�OHDYH�ORZ�SRZHU�PRGH���%ODQNLQJ�SHULRG�
EHIRUH�WKH�+)3�ZKHQ�LQ�%XUVW�PRGH��7LPH�WR�VHQG�WKH�'�3+<�/3'7�FRPPDQG����HVFDSH�FORFN�
SHULRG�������:KHUH��  

tHACTtHBPtHSAtimelinetHFP ��� _  
W+$&7 YLGBSNWBVL]HELWVBSHUBSL[HOODQHBE\WHBFORFNBSHULRG���QXPBODQHV 
7KH�LQYDFWBOSFPGBWLPH�ILHOG�FDQ�EH�FRPSDUHG�GLUHFWO\�ZLWK�WKH�VL]H�RI�WKH�FRPPDQG�WR�EH�
WUDQVPLWWHG�WR�GHWHUPLQHG�LI�WKHUH�LV�WLPH�WR�WUDQVPLW�WKH�FRPPDQG� 
 
&RQVLGHU�DQ�H[DPSOH�ZKHUH�WKH�UHIUHVK�UDWH�LV����+]��7KH�QXPEHU�RI�OLQHV�LV�������W\SLFDO���
7KH�W/�LQ�WKLV�FDVH�LV������V��:LWK�D�ODQH�E\WH�FORFN�RI�����0+]�������FORFN�WLFNV�DUH�
DYDLODEOH�WR�WUDQVPLW�D�VLQJOH�IUDPH��,I�����WLFNV�DUH�XVHG�IRU�SL[HO�GDWD�WKHQ�����WLFNV�
�����V��DUH�DYDLODEOH�IRU�+RUL]RQWDO�6\QF�6WDUW��+66���+)3��DQG�+%3��$VVXPLQJ�WKDW�����V�LV�
DYDLODEOH�IRU�+)3�DQG�WKH�HVFDSH�FORFN�LV���0+]��RQO\����/3�FORFN�WLFNV�DUH�DYDLODEOH�WR�HQWHU�
/3��WUDQVPLW�D�FRPPDQG��DQG�UHWXUQ�IURP�/3�PRGH��$SSUR[LPDWHO\����HVFDSH�FORFN�WLFNV�DUH�
UHTXLUHG�WR�HQWHU�DQG�OHDYH�/3�PRGH��7KHUHIRUH��RQO\���E\WH�FRXOG�EH�WUDQVPLWWHG�LQ�WKLV�
SHULRG� 
 
$�VKRUW�SDFNHW��IRU�H[DPSOH��JHQHULF�VKRUW�ZULWH��UHTXLUHV�D�PLQLPXP�RI���E\WHV��7KHUHIRUH��
LQ�WKLV�H[DPSOHG��FRPPDQGV�DUH�QRW�VHQW�LQ�WKH�9$&7�UHJLRQ��,I�%XUVW�PRGH�LV�HQDEOHG��
PRUH�WLPH�LV�DYDLODEOH�WR�WUDQVPLW�FRPPDQGV�LQ�WKH�9$&7�UHJLRQ��7KH�IROORZLQJ�DUH�
DVVXPHG� 
7KH�FRQWUROOHU�LV�QRW�LQ�%XUVW�PRGH� 

16_2_  timehslpphy  
,Q�WKLV�H[DPSOH�LQYDFWBOSFPGBWLPH�LV�FDOFXODWHG�DV�IROORZV� 
,QYDFWBOSFPGBWLPH� ������V�±������QV��������QV�������QV�������QV����� ���E\WHV 
7KH�RXWYDFWBOSFPGBWLPH�DQG�LQYDFWBOSFPGBWLPH�ILHOGV�DOORZ�D�VLPSOH�FRPSDULVRQ�WR�
GHWHUPLQH�LI�D�FRPPDQG�FDQ�EH�WUDQVPLWWHG�LQ�DQ\�RI�WKH�%//3�SHULRGV� 
)ROORZLQJ�ILJXUH�LOOXVWUDWHV�WKH�PHDQLQJ�RI�LQYDFWBOSFPGBWLPH�DQG�RXWYDFWBOSFPGBWLPH��
PDWFKLQJ�WKHP�ZLWK�WKH�VKDGHG�DUHDV�DQG�WKH�9$&7�UHJLRQ� 
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Fig. 29-4 Location in the Image Area 

,I�WKH�OSFPGHQ�ELW�RI�WKH�9,'B02'(B&)*�UHJLVWHU�LV����WKH�FRPPDQGV�DUH�VHQW�LQ�
KLJKBVSHHG�LQ�9LGHR�0RGH��,Q�WKLV�FDVH��WKH�'6,�+267�DXWRPDWLFDOO\�GHWHUPLQHV�WKH�DUHD�
ZKHUH�HDFK�FRPPDQG�FDQ�EH�VHQW�DQG�QR�SURJUDPPLQJ�RU�FDOFXODWLRQ�LV�UHTXLUHG� 
 
2Q�UHDG�FRPPDQG�7UDQVPLVVLRQ��WKH�PD[BUGBWLPH�ILHOG�RI�WKH�3+<B705B&)*�UHJLVWHU�
FRQILJXUHV�WKH�PD[LPXP�DPRXQW�RI�WLPH�UHTXLUHG�WR�SHUIRUP�D�UHDG�FRPPDQG�LQ�ODQH�E\WH�
FORFN�F\FOHV� 
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7KH�PD[LPXP�WLPH�UHTXLUHG�WR�SHUIRUP�D�UHDG�FRPPDQG�LQ�/DQH�E\WH�FORFN�F\FOHV�
�PD[BUGBWLPH�� 7LPH�WR�WUDQVPLW�WKH�UHDG�FRPPDQG�LQ�/3�PRGH���7LPH�WR�HQWHU�DQG�OHDYH�
/3�PRGH���7LPH�WR�UHWXUQ�WKH�UHDG�GDWD�SDFNHW�IURP�WKH�SHULSKHUDO�GHYLFH� 
7KH�WLPH�WR�UHWXUQ�WKH�UHDG�GDWD�SDFNHW�IURP�WKH�SHULSKHUDO�GHSHQGV�RQ�WKH�QXPEHU�RI�E\WHV�
UHDG�DQG�WKH�HVFDSH�FORFN�IUHTXHQF\�RI�WKH�SHULSKHUDO��QRW�WKH�HVFDSH�FORFN�RI�WKH�KRVW��7KH�
PD[BUGBWLPH�ILHOG�LV�XVHG�LQ�ERWK�+6�DQG�/3�PRGH�WR�GHWHUPLQH�LI�WKHUH�LV�WLPH�WR�FRPSOHWH�
D�UHDG�FRPPDQG�LQ�D�%//3�SHULRG��  
 
,Q�KLJK�VSHHG�PRGH��OSFPGHQ ����PD[BUGBWLPH�LV�FDOFXODWHG�DV�IROORZV� 
PD[BUGBWLPH� �SK\BKV�OSBWLPH���7LPH�WR�UHWXUQ�WKH�UHDG�GDWD�SDFNHW�IURP�WKH�SHULSKHUDO�
GHYLFH���SK\BKV�KVBWLPH 
,Q�ORZ�SRZHU�PRGH��OSFPGHQ� �����PD[BUGBWLPH�LV�FDOFXODWHG�DV�IROORZV� 
PD[BUGBWLPH� �SK\BKV�OSBWLPH��/3'7�FRPPDQG�WLPH���5HDG�FRPPDQG�WLPH�LQ�/3�PRGH���
7LPH�WR�UHWXUQ�WKH�GDWD�UHDG�IURP�WKH�SHULSKHUDO�GHYLFH���SK\BOS�KVBWLPH 
:KHUH��  
/3'7�FRPPDQG�WLPH� ���+RVW�HVFDSH�FORFN�SHULRG����/DQH�E\WH�FORFN�SHULRG 
5HDG�FRPPDQG�WLPH�LQ�/3�PRGH� ������KRVW�HVFDSH�FORFN�SHULRG����ODQH�E\WH�FORFN�SHULRG 
,W�LV�UHFRPPHQGHG�WR�NHHS�WKH�PD[LPXP�QXPEHU�RI�E\WHV�UHDG�IURP�WKH�SHULSKHUDO�WR�D�
PLQLPXP�WR�KDYH�VXIILFLHQW�WLPH�DYDLODEOH�WR�LVVXH�WKH�UHDG�FRPPDQGV�RQ�D�OLQH��(QVXUH�WKDW�
PD[BUGBWLPH�/DQH�E\WH�FORFN�SHULRG�LV�OHVV�WKDQ�RXWYDFWBOSFPGBWLPH��(VFDSH�FORFN�
SHULRG�RI�WKH�KRVW� 
 
2WKHUZLVH��WKH�UHDG�FRPPDQGV�DUH�VHUYLFHG�RQ�WKH�ODVW�OLQH�RI�D�IUDPH�DQG�WKH�HGSLKDOW�
VLJQDO�PD\�EH�DVVHUWHG��,I�LW�LV�QHFHVVDU\�WR�UHDG�D�ODUJH�QXPEHU�RI�SDUDPHWHUV��˚�����
LQFUHDVH�WKH�PD[BUGBWLPH�ZKLOH�WKH�UHDG�FRPPDQG�LV�EHLQJ�H[HFXWHG��:KHQ�WKH�UHDG�KDV�
FRPSOHWHG��GHFUHDVH�WKH�PD[BUGBWLPH�WR�D�ORZHU�YDOXH� 
 

29.4 Register Description 
29.4.1 ,QWHUQDO�$GGUHVV�0DSSLQJ 
6ODYH�DGGUHVV�FDQ�EH�GLYLGHG�LQWR�GLIIHUHQW�OHQJWK�IRU�GLIIHUHQW�XVDJH��ZKLFK�LV�VKRZQ�DV�
IROORZV��  
 
29.4.2 5HJLVWHUV�6XPPDU\ 

Name  Offset  Size  
Reset 
Value  

Description  

MIPI_DSI_HOST_VERSIO
N  

0x0000  W  0x3133302a  Version 

MIPI_DSI_HOST_PWR_UP  0x0004  W  0x00000000  Power up  

MIPI_DSI_HOST_CLKMGR
_CFG  

0x0008  W  0x00000000  
Configure the factor of the 
internal dividers to divide 
lanebyteclk  

MIPI_DSI_HOST_DPI_VCI
D  

0x000c  W  0x00000000  DPI virtual channel id 

MIPI_DSI_HOST_DPI_COL
OR_CODING  

0x0010  W  0x00000000  DPI color coding 

MIPI_DSI_HOST_DPI_CF
G_POL  

0x0014  W  0x00000000  Polarity of the DPI signals  

MIPI_DSI_HOST_DPI_LP_
CMD_TIM  

0x0018  W  0x00000000  
The timing for the low-power 
command while in video mode 
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Name  Offset  Size  
Reset 
Value  

Description  

MIPI_DSI_HOST_PCKHDL
_CFG  

0x002c  W  0x00000000  
Configures how EoTp,BTA,CRC 
and ECC are to be used , to meet 
the peripheral¶s characteristics 

MIPI_DSI_HOST_GEN_VC
ID  

0x0030  W  0x00000000  
The virtual channel id of the read 
responses to store and return to 
the Generic interface 

MIPI_DSI_HOST_MODE_C
FG  

0x0034  W  0x00000001  

This register configures the mode 
of operation - Video mode or 
Command mode(Commands can 
be sent even in video mode too)  

MIPI_DSI_HOST_VID_MO
DE_CFG  

0x0038  W  0x00000000  
Configure several aspects of the 
Video mode operation 

MIPI_DSI_HOST_VID_PKT
_SIZE  

0x003c  W  0x00000000  The video packet size 

MIPI_DSI_HOST_VID_NU
M_CHUNKS  

0x0040  W  0x00000000  The number of chunks to use 

MIPI_DSI_HOST_VID_NU
LL_SIZE  

0x0044  W  0x00000000  The size of null packets 

MIPI_DSI_HOST_VID_HS
A_TIME  

0x0048  W  0x00000000  HSA time 

MIPI_DSI_HOST_VID_HB
P_TIME  

0x004c  W  0x00000000  HBP time 

MIPI_DSI_HOST_VID_HLI
NE_TIME  

0x0050  W  0x00000000  The overall time for video line 

MIPI_DSI_HOST_VID_VS
A_LINES  

0x0054  W  0x00000000  VSA period 

MIPI_DSI_HOST_VID_VB
P_LINES  

0x0058  W  0x00000000  VBP period 

MIPI_DSI_HOST_VID_VFP
_LINES  

0x005c  W  0x00000000  VFP period 

MIPI_DSI_HOST_VID_VA
CTIVE_LINES  

0x0060  W  0x00000000  
The vertical resolution of the 
video 

MIPI_DSI_HOST_EDPI_C
MD_SIZE  

0x0064  W  0x00000000  The size of eDPI packet  

MIPI_DSI_HOST_CMD_M
ODE_CFG  

0x0068  W  0x00000000  
Configure several aspects of the 
command mode operation 

MIPI_DSI_HOST_GEN_HD
R  

0x006c  W  0x00000000  
Set the header for new packets 
sent using the Generic interface  

MIPI_DSI_HOST_GEN_PL
D_DATA  

0x0070  W  0x00000000  
The payload for the packet sent 
using the Generic interface  

MIPI_DSI_HOST_CMD_PK
T_STATUS  

0x0074  W  0x00000000  
The status of FIFOs related to the 
Generic interface 

MIPI_DSI_HOST_TO_CNT
_CFG  

0x0078  W  0x00000000  
The counters that trigger the 
timeout error 
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Name  Offset  Size  
Reset 
Value  

Description  

MIPI_DSI_HOST_HS_RD_
TO_CNT  

0x007c  W  0x00000000  
The Peripheral Response timeout 
after high-speed read operation 

MIPI_DSI_HOST_LP_RD_
TO_CNT  

0x0080  W  0x00000000  
The Peripheral Response timeout 
after low-power read operation  

MIPI_DSI_HOST_HS_WR_
TO_CNT  

0x0084  W  0x00000000  
The Peripheral Response timeout 
after high-speed write operation 

MIPI_DSI_HOST_LP_WR_
TO_CNT  

0x0088  W  0x00000000  
The Peripheral Response timeout 
after low-power write operation  

MIPI_DSI_HOST_BTA_TO
_CNT  

0x008c  W  0x00000000  
The Peripheral Response timeout 
after the Bus Turnaround 
completion 

MIPI_DSI_HOST_SDF_3D  0x0090  W  0x00000000  
The 3D control information for 
VSS 
Packets in video mode  

MIPI_DSI_HOST_LPCLK_C
TRL  

0x0094  W  0x00000000  
Using non-continuous clock in the 
clock lane 

MIPI_DSI_HOST_PHY_TM
R_LPCLK_CFG  

0x0098  W  0x00000000  

Set the time that the HOST 
assumes in calculations for the 
clock lane to switch between high-
speed and low-power 

MIPI_DSI_HOST_PHY_TM
R_CFG  

0x009c  W  0x00000000  

Set the time that the HOST 
assumes in calculations for the 
data lanes to switch between 
high-speed and low-power 

MIPI_DSI_HOST_PHY_RS
TZ  

0x00a0  W  0x00000000  The reset of the PLL and DPHY 

MIPI_DSI_HOST_PHY_IF_
CFG  

0x00a4  W  0x00000003  
The minimum time to remain in 
Stop state 

MIPI_DSI_HOST_PHY_ST
ATUS  

0x00b0  W  0x00000000  The DPHY status 

MIPI_DSI_HOST_INT_ST0  0x00bc  W  0x00000000  
The status of the interrupt 
sources 

MIPI_DSI_HOST_INT_ST1  0x00c0  W  0x00000000  
The status of the interrupt 
sources  

MIPI_DSI_HOST_INT_MS
K0  

0x00c4  W  0x00000000  The masks of interrupt sources 

MIPI_DSI_HOST_INT_MS
K1  

0x00c8  W  0x00000000  The masks of interrupt sources 

MIPI_DSI_HOST_INT_FO
RCE0  

0x00d8  W  0x00000000  Force interrupts 

MIPI_DSI_HOST_INT_FO
RCE1  

0x00dc  W  0x00000000  Force interrupts 

MIPI_DSI_HOST_VID_SH
ADOW_CTRL  

0x0100  W  0x00000000  Control the DPI shadow register 
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Name  Offset  Size  
Reset 
Value  

Description  

MIPI_DSI_HOST_DPI_VCI
D_ACT  

0x010c  W  0x00000000  
The virtual channel id for the DPI 
traffic 

MIPI_DSI_HOST_DPI_COL
OR_CODING_ACT  

0x0110  W  0x00000000  DPI color coding 

MIPI_DSI_HOST_DPI_LP_
CMD_TIM_ACT  

0x0118  W  0x00000000  
The timing for low-power 
commands sent while in Video 
mode 

MIPI_DSI_HOST_VID_MO
DE_CFG_ACT  

0x0138  W  0x00000000  
Configure several aspects of Video 
mode operation 

MIPI_DSI_HOST_VID_PKT
_SIZE_ACT  

0x013c  W  0x00000000  Configure the video packet size  

MIPI_DSI_HOST_VID_NU
M_CHUNKS_ACT  

0x0140  W  0x00000000  
Configure the number of chunks 
to use 

MIPI_DSI_HOST_VID_NU
LL_SIZE_ACT  

0x0144  W  0x00000000  The size of null packets 

MIPI_DSI_HOST_VID_HS
A_TIME_ACT  

0x0148  W  0x00000000  HSA time 

MIPI_DSI_HOST_VID_HB
P_TIME_ACT  

0x014c  W  0x00000000  HBP time 

MIPI_DSI_HOST_VID_HLI
NE_TIME_ACT  

0x0150  W  0x00000000  
The overall time for each video 
line 

MIPI_DSI_HOST_VID_VS
A_LINES_ACT  

0x0154  W  0x00000000  VSA period 

MIPI_DSI_HOST_VID_VB
P_LINES_ACT  

0x0158  W  0x00000000  VBP period 

MIPI_DSI_HOST_VID_VFP
_LINES_ACT  

0x015c  W  0x00000000  VFP period 

MIPI_DSI_HOST_VID_VA
CTIVE_LINES_ACT  

0x0160  W  0x00000000  The vertical resolution of video 

MIPI_DSI_HOST_SDF_3D
_ACT  

0x0190  W  0x00000000  
Store 3D control information for 
VSS in video mode 

1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV 
 
29.4.3 'HWDLO�5HJLVWHU�'HVFULSWLRQ 
0,3,B'6,B+267B9(56,21�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:0   RW   0x3133302a  version 
 
 
0,3,B'6,B+267B3:5B83�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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Bit  Attr  Reset Value  Description  
31:1   RO   0x0  Reserved 

0   RW   0x0  

shutdownz 
This bit configures the core either to power up or to reset. Its 
default value is 0. After the core configuration, to enable the DSI 
Host Controller, set this register to 1. 
1¶b0: Reset 
�¶b1: Power-up 

 
 
0,3,B'6,B+267B&/.0*5B&)*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:16   RO   0x0  Reserved 

15:8   RW   0x00  

to_clk_division 
This field indicates the division factor for the Time Out clock used 
as 
the timing unit in the configuration of HS to LP and LP to HS 
transition error 

7:0   RW   0x00  

tx_esc_clk_division 
This field indicates the division factor for the TX Escape clock 
source 
(lanebyteclk). The values 0 and 1 stop the TX_ESC clock 
generation 

 
 
 
0,3,B'6,B+267B'3,B9&,'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  
31:2   RO   0x0  Reserved 

1:0   RW   0x0  

dpi_vcid 
This field configures the DPI virtual channel id that is indexed to 
the  
Video mode packets 

 
 
0,3,B'6,B+267B'3,B&2/25B&2',1*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:9   RO   0x0  Reserved 

8   RW   0x0  
loosely18_en 
When set to 1, this bit activates loosely packed variant to 18-bit 
configurations 

7:4   RO   0x0  Reserved 
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Bit  Attr  Reset Value  Description  

3:0   RW   0x0  

dpi_color_coding 
This field configures the DPI color coding as follows: 
4¶b0000: 16-bit configuration 1 
4¶b0001: 16-bit configuration 2 
4¶b0010: 16-bit configuration 3 
4¶b0011: 18-bit configuration 1 
4¶b0100: 18-bit configuration 2 
4¶b0101: 24-bit 
4¶b0110: 20-bit YCbCr 4:2:2 loosely packed 
4¶b0111: 24-bit YCbCr 4:2:2 
4¶b1000: 16-bit YCbCr 4:2:2 
4¶b1001: 30-bit 
4¶b1010: 36-bit 
4¶b1011-4¶b1111: 12-bit YCbCr 4:2:0 

 
 
 
0,3,B'6,B+267B'3,B&)*B32/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:5   RO   0x0  Reserved 

4   RW   0x0  

colorm_active_low 
When set to 1, this bit configures the color mode pin (dpicolorm) 
as 
active low 

3   RW   0x0  

shutd_active_low 
When set to 1, this bit configures the shutdown pin (dpishutdn) 
as 
active low 

2   RW   0x0  
hsync_active_low 
When set to 1, this bit configures the horizontal synchronism pin 
(dpihsync) as active low 

1   RW   0x0  
vsync_active_low 
When set to 1, this bit configures the vertical synchronism pin 
(dpivsync) as active low 

0   RW   0x0  

dataen_active_low 
When set to 1, this bit configures the data enable pin (dpidataen) 
as 
active low 

 
 
0,3,B'6,B+267B'3,B/3B&0'B7,0�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:24   RO   0x0  Reserved 
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Bit  Attr  Reset Value  Description  

23:16   RW   0x00  

outvact_lpcmd_time 
This field is used for the transmission of commands in low-power 
mode. It defines the size, in bytes, of the largest packet that can 
fit in a line during the VSA, VBP, and VFP regions 

15:8   RO   0x0  Reserved 

7:0   RW   0x00  

invact_lpcmd_time 
This field is used for the transmission of commands in low-power 
mode. It defines the size, in bytes, of the largest packet that can 
fit in a line during the VACT region 

 
 
0,3,B'6,B+267B3&.+'/B&)*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  
31:5   RO   0x0  Reserved 

4   RW   0x0  
crc_rx_en 
When set to 1, this bit enables the CRC reception and error 
reporting 

3   RW   0x0  
ecc_rx_en 
When set to 1, this bit enables the ECC reception, error 
correction, and reporting 

2   RW   0x0  
bta_en 
When set to 1, this bit enables the Bus Turn-Around (BTA) 
request 

1   RW   0x0  
eotp_rx_en 
When set to 1, this bit enables the EoTp reception 

0   RW   0x0  
eotp_tx_en 
When set to 1, this bit enables the EoTp transmission 

 
 
0,3,B'6,B+267B*(1B9&,'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:2   RO   0x0  Reserved 

1:0   RW   0x0  

gen_vcid_rx 
This field indicates the Generic interface read-back virtual 
channel 
identification 

 
 
0,3,B'6,B+267B02'(B&)*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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Bit  Attr  Reset Value  Description  
31:1   RO   0x0  Reserved 

0   RW   0x1  

cmd_video_mode 
This bit configures the operation mode: 
1¶b0: Video mode 
1¶b1: Command mode 

 
 
0,3,B'6,B+267B9,'B02'(B&)*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:25   RO   0x0  Reserved 

24   RW   0x0  

vpg_orientation 
This field indicates the color bar orientation as follows: 
1¶b0: Vertical mode 
�¶b1: Horizontal mode 

23:21   RO   0x0  Reserved 

20   RW   0x0  

vpg_mode 
This field is to select the pattern: 
1¶b0: Color bar (horizontal or vertical) 
1¶b1: BER pattern (vertical only) 

19:17   RO   0x0  Reserved 

16   RW   0x0  
vpg_en 
When set to 1, this bit enables the video mode pattern generator 

15   RW   0x0  
lp_cmd_en 
When set to 1, this bit enables the command transmission only in 
lowpower mode 

14   RW   0x0  
frame_bta_ack_en 
When set to 1, this bit enables the request for an acknowledge 
response at the end of a frame 

13   RW   0x0  
lp_hfp_en 
When set to 1, this bit enables the return to low-power inside the 
Horizontal Front Porch (HFP) period when timing allows 

12   RW   0x0  
lp_hbp_en 
When set to 1, this bit enables the return to low-power inside the 
Horizontal Back Porch (HBP) period when timing allows 

11   RW   0x0  
lp_vact_en 
When set to 1, this bit enables the return to low-power inside the 
Vertical Active (VACT) period when timing allows 

10   RW   0x0  
lp_vfp_en 
When set to 1, this bit enables the return to low-power inside the 
Vertical Front Porch (VFP) period when timing allows 

9   RW   0x0  
lp_vbp_en 
When set to 1, this bit enables the return to low-power inside the 
Vertical Back Porch (VBP) period when timing allows 
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Bit  Attr  Reset Value  Description  

8   RW   0x0  
lp_vsa_en 
When set to 1, this bit enables the return to low-power inside the 
Vertical Sync Time (VSA) period when timing allows 

7:2   RO   0x0  Reserved 

1:0   RW   0x0  

vid_mode_type 
This field indicates the video mode transmission type as follows: 
2'b00: Non-burst with sync pulses 
2'b01: Non-burst with sync events 
2'b10 and 2'b11: Burst mode 

 
 
0,3,B'6,B+267B9,'B3.7B6,=(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  
31:14   RO   0x0  Reserved 

13:0   RW   0x0000  

vid_pkt_size 
This field configures the number of pixels in a single video 
packet. For 18-bit not loosely packed data types, this number 
must be a multiple of 4. For YCbCr data types, it must be a 
multiple of 2, as described in the DSI specification 

 
 
0,3,B'6,B+267B9,'B180B&+81.6�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:13   RO   0x0  Reserved 

12:0   RW   0x0000  

vid_num_chunks 
This register configures the number of chunks to be transmitted 
during a Line period (a chunk consists of a video packet and a 
null packet). If set to 0 or 1, the video line is transmitted in a 
single packet. If set to 1, the packet is part of a chunk, so a null 
packet follows it if vid_null_size > 0. Otherwise, multiple chunks 
are used to transmit each video line 

 
0,3,B'6,B+267B9,'B18//B6,=(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:13   RO   0x0  Reserved 

12:0   RW   0x0000  
vid_null_size 
This register configures the number of bytes inside a null packet. 
Setting it to 0 disables the null packets 

 
 
0,3,B'6,B+267B9,'B+6$B7,0(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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Bit  Attr  Reset Value  Description  
31:12   RO   0x0  Reserved 

11:0   RW   0x000  
vid_hsa_time 
This field configures the Horizontal Synchronism Active period in 
lane byte clock cycles 

 
 
0,3,B'6,B+267B9,'B+%3B7,0(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  
31:12   RO   0x0  Reserved 

11:0   RW   0x000  
vid_hsa_time 
This field configures the Horizontal Synchronism Active period in 
lane byte clock cycles 

 
 
0,3,B'6,B+267B9,'B+/,1(B7,0(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:15   RO   0x0  Reserved 

14:0   RW   0x0000  
vid_hline_time 
This field configures the size of the total line time 
(HSA+HBP+HACT+HFP) counted in lane byte clock cycles 

 
0,3,B'6,B+267B9,'B96$B/,1(6�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:10   RO   0x0  Reserved 

9:0   RW   0x000  
vsa_lines 
This field configures the Vertical Synchronism Active period 
measured in number of horizontal lines 

 
 
0,3,B'6,B+267B9,'B9%3B/,1(6�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:10   RO   0x0  Reserved 

9:0   RW   0x000  
vbp_lines 
This field configures the Vertical Back Porch period measured in 
number of horizontal lines 

 
 
0,3,B'6,B+267B9,'B9)3B/,1(6�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  
31:1   RO   0x0  Reserved 

0   RW   0x0  
vfp_lines 
This field configures the Vertical Front Porch period measured in 
number of horizontal lines 
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0,3,B'6,B+267B9,'B9$&7,9(B/,1(6�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:14   RO   0x0  Reserved 

13:0   RW   0x0000  
v_active_lines 
This field configures the Vertical Active period measured in 
number of horizontal lines 

 
0,3,B'6,B+267B('3,B&0'B6,=(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:16   RO   0x0  Reserved 

15:0   RW   0x0000  

edpi_allowed_cmd_size 
This field configures the maximum allowed size for an eDPI write 
memory command, measured in pixels. Automatic partitioning of 
data obtained from eDPI is permanently enabled 

 
 
0,3,B'6,B+267B&0'B02'(B&)*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:25   RO   0x0  Reserved 

24   RW   0x0  

max_rd_pkt_size 
This bit configures the maximum read packet size command 
transmission type: 
1'b0: High-speed 
1'b1: Low-power 

23:20   RO   0x0  Reserved 

19   RW   0x0  

dcs_lw_tx 
This bit configures the DCS long write packet command 
transmission 
type: 
1'b0: High-speed 
1'b1: Low-power 

18   RW   0x0  

dcs_sr_0p_tx 
This bit configures the DCS short read packet with zero 
parameter 
command transmission type: 
1'b0: High-speed 
1'b1: Low-power 

17   RW   0x0  

dcs_sw_1p_tx 
This bit configures the DCS short write packet with one 
parameter 
command transmission type: 
1'b0: High-speed 
1'b1: Low-power 
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Bit  Attr  Reset Value  Description  

16   RW   0x0  

dcs_sw_0p_tx 
This bit configures the DCS short write packet with zero 
parameter 
command transmission type: 
1'b0: High-speed 
1'b1: Low-power 

15   RO   0x0  Reserved 

14   RW   0x0  

gen_lw_tx 
This bit configures the Generic long write packet command 
transmission type: 
1'b0: High-speed 
1'b1: Low-power 

13   RW   0x0  

gen_sr_2p_tx 
This bit configures the Generic short read packet with two 
parameters 
command transmission type: 
1'b0: High-speed 
1'b1: Low-power 

12   RW   0x0  

gen_sr_1p_tx 
This bit configures the Generic short read packet with one 
parameter 
command transmission type: 
1'b0: High-speed 
1'b1: Low-power 

11   RW   0x0  

gen_sr_0p_tx 
This bit configures the Generic short read packet with zero 
parameter 
command transmission type: 
1'b0: High-speed 
1'b1: Low-power 

10   RW   0x0  

gen_sw_2p_tx 
This bit configures the Generic short write packet with two 
parameters 
command transmission type: 
1'b0: High-speed 
1'b1: Low-power 

9   RW   0x0  

gen_sw_1p_tx 
This bit configures the Generic short write packet with one 
parameter 
command transmission type: 
1'b0: High-speed 
1'b1: Low-power 
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Bit  Attr  Reset Value  Description  

8   RW   0x0  

gen_sw_0p_tx 
This bit configures the Generic short write packet with zero 
parameter 
command transmission type: 
1'b0: High-speed 
1'b1: Low-power 

7:2   RO   0x0  Reserved 

1   RW   0x0  

ack_rqst_en 
When set to 1, this bit enables the acknowledge request after 
each 
packet transmission 

0   RW   0x0  
tear_fx_en 
When set to 1, this bit enables the tearing effect acknowledge 
request 

 
 
0,3,B'6,B+267B*(1B+'5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  
31:24   RO   0x0  Reserved 
23:16   RW   0x00  gen_wc_msbyte 

15:8   RW   0x00  

gen_wc_lsbyte 
This field configures the least significant byte of the header 
packet's 
Word count for long packets or data 0 for short packets 

7:6   RW   0x0  
gen_vc 
This field configures the virtual channel id of the header packet 

5:0   RW   0x00  
gen_dt 
This field configures the packet data type of the header packet 

 
 
0,3,B'6,B+267B*(1B3/'B'$7$�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:24   RW   0x00  
gen_pld_b4 
This field indicates byte 4 of the packet payload 

23:16   RW   0x00  
gen_pld_b3 
This field indicates byte 3 of the packet payload 

15:8   RW   0x00  
gen_pld_b2 
This field indicates byte 2 of the packet payload 

7:0   RW   0x00  
gen_pld_b1 
This field indicates byte 1 of the packet payload 

 
0,3,B'6,B+267B&0'B3.7B67$786�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:15   RO   0x0  Reserved 
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Bit  Attr  Reset Value  Description  

14   RW   0x0  
dbi_rd_cmd_busy 
This bit is set when a read command is issued and cleared when 
the entire response is stored in the FIFO 

13   RO   0x0  
dbi_pld_r_full 
This bit indicates the full status of the DBI read payload FIFO 

12   RO   0x0  
dbi_pld_r_empty 
This bit indicates the empty status of the DBI read payload FIFO 

11   RO   0x0  
dbi_pld_w_full 
This bit indicates the full status of the DBI write payload FIFO 

10   RO   0x0  
dbi_pld_w_empty 
This bit indicates the empty status of the DBI write payload FIFO 

9   RO   0x0  
dbi_cmd_full 
This bit indicates the full status of the DBI command FIFO 

8   RO   0x0  
dbi_cmd_empy 
This bit indicates the empty status of the DBI command FIFO 

7   RO   0x0  Reserved 

6   RO   0x0  
gen_rd_cmd_busy 
This bit is set when a read command is issued and cleared when 
the entire response is stored in the FIFO 

5   RO   0x0  
gen_pld_r_full 
This bit indicates the full status of the generic read payload FIFO 

4   RO   0x0  
gen_pld_r_empty 
This bit indicates the empty status of the generic read payload 
FIFO 

3   RO   0x0  
gen_pld_w_full 
This bit indicates the full status of the generic write payload FIFO 

2   RO   0x0  
gen_pld_w_empty 
This bit indicates the empty status of the generic write payload 
FIFO 

1   RO   0x0  
gen_cmd_full 
This bit indicates the full status of the generic command FIFO 

0   RO   0x0  
gen_cmd_empty 
This bit indicates the empty status of the generic command FIFO 

 
 
0,3,B'6,B+267B72B&17B&)*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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Bit  Attr  Reset Value  Description  

31:16   RW   0x0000  

hstx_to_cnt 
This field configures the timeout counter that triggers a high-
speed 
transmission timeout contention detection (measured in 
TO_CLK_DIVISION cycles). If using the non-burst mode and 
there is no sufficient time to switch from HS to LP and back in the 
period which is from one line data finishing to the next line sync 
start, the DSI link returns the LP state once per frame, then you 
should configure the TO_CLK_DIVISION and hstx_to_cnt to be in 
accordance with:  
hstx_to_cnt * lanebyteclkperiod * TO_CLK_DIVISION >= the 
time of one FRAME data transmission * (1 + 10%) In burst 
mode, RGB pixel packets are time-compressed, leaving more 
time during a can line. Therefore, if in burst mode and there is 
sufficient time to switch from HS to LP and back in the period of 
time from one line data finishing to the next line sync start, the 
DSI link can return LP mode and back in this time interval to save 
power. For this, configure the TO_CLK_DIVISION and hstx_to_cnt 
to be in ccordance with: 
hstx_to_cnt * lanebyteclkperiod * TO_CLK_DIVISION >= the 
time of one LINE data transmission * (1 + 10%) 

15:0   RW   0x0000  

lprx_to_cnt 
This field configures the timeout counter that triggers a low-
power 
reception timeout contention detection (measured in 
TO_CLK_DIVISION cycles) 

0,3,B'6,B+267B+6B5'B72B&17�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  
31:16   RO   0x0  Reserved 

15:0   RW   0x0000  

hs_rd_to_cnt 
This field sets a period for which the DSI Host Controller keeps 
the 
link still, after sending a high-speed read operation. This period is 
measured in cycles of lanebyteclk. The counting starts when the 
D-PHY enters the Stop state and causes no interrupts 

 
 
0,3,B'6,B+267B/3B5'B72B&17�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:16   RO   0x0  Reserved 
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Bit  Attr  Reset Value  Description  

15:0   RW   0x0000  

lp_rd_to_cnt 
This field sets a period for which the DSI Host Controller keeps 
the 
link still, after sending a low-power read operation. This period is 
measured in cycles of lanebyteclk. The counting starts when the 
D-PHY enters the Stop state and causes no interrupts 

 
 
0,3,B'6,B+267B+6B:5B72B&17�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:25   RO   0x0  Reserved 

24   RW   0x0  

presp_to_mode 
When set to 1, this bit ensures that the peripheral response 
timeout 
caused by hs_wr_to_cnt is used only once per eDPI frame, when 
both the following conditions are met: 

dpivsync_edpiwms has risen and fallen. 
Packets originated from eDPI have been transmitted and its 

FIFO 
is empty again. 
In this scenario no non-eDPI requests are sent to the D-PHY, 
even if there is traffic from generic or DBI ready to be sent, 
making it return to stop state. When it does so, PRESP_TO 
counter is ctivated and only when it finishes does the controller 
send any other traffic that is ready 

23:16   RO   0x0  Reserved 

15:0   RW   0x0000  

hs_wr_to_cnt 
This field sets a period for which the DSI Host Controller keeps 
the 
link inactive after sending a high-speed write operation. This 
period is measured in cycles of lanebyteclk. The counting starts 
when the 
D-PHY enters the Stop state and causes no interrupts 

 
 
0,3,B'6,B+267B/3B:5B72B&17�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:16   RO   0x0  Reserved 

15:0   RW   0x0000  

lp_wr_to_cnt 
This field sets a period for which the DSI Host Controller keeps 
the 
link still, after sending a low-power write operation. This period is 
measured in cycles of lanebyteclk. The counting starts when the 
D-PHY enters the Stop state and causes no interrupts 
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0,3,B'6,B+267B%7$B72B&17�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  
31:1   RO   0x0  Reserved 

0   RW   0x0  

bta_to_cnt 
This field sets a period for which the DSI Host Controller keeps 
the 
link still, after completing a Bus Turn-Around. This period is 
measured in cycles of lanebyteclk. The counting starts when the 
D-PHY enters the Stop state and causes no interrupts 

 
 
0,3,B'6,B+267B6')B�'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:17   RO   0x0  Reserved 

16   RW   0x0  
send_3d_cfg 
When set, causes the next VSS packet to include 3D control 
payload in every VSS packet 

15:6   RO   0x0  Reserved 

5   RW   0x0  

right_first 
This bit defines the left or right order: 
1'b0: Left eye data is sent first, and then the right eye data is 
sent 
1'b1: Right eye data is sent first, and then the left eye data is 
sent 

4   RW   0x0  

second_vsync 
This field defines whether there is a second VSYNC pulse between 
Left and Right Images, when 3D Image Format is Frame-based: 
1'b0: No sync pulses between left and right data 
1'b1: Sync pulse (HSYNC, VSYNC, blanking) between left and 
right data 

3:2   RW   0x0  

format_3d 
This field defines the 3D image format: 
2'b00: Line (alternating lines of left and right data) 
2'b01: Frame (alternating frames of left and right data) 
2'b10: Pixel (alternating pixels of left and right data) 
2'b11: Reserved 

1:0   RW   0x0  

mode_3d 
This field defines the 3D mode on/off and display orientation: 
2'b00: 3D mode off (2D mode on) 
2'b01: 3D mode on, portrait orientation 
2'b10: 3D mode on, landscape orientation 
2'b11: Reserved 

 
 
0,3,B'6,B+267B/3&/.B&75/�  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
Bit  Attr  Reset Value  Description  

31:2   RO   0x0  Reserved 

1   RW   0x0  

auto_clklane_ctrl 
This bit enables the automatic mechanism to stop providing clock 
in 
the clock lane when time allows 

0   RW   0x0  
phy_txrequestclkhs 
This bit controls the D-PHY PPI txrequestclkhs signal 

 
 
0,3,B'6,B+267B3+<B705B/3&/.B&)*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:26   RO   0x0  Reserved 

25:16   RW   0x000  

phy_clkhs2lp_time 
This field configures the maximum time that the D-PHY clock lane 
takes to go from high-speed to low-power transmission measured 
in lane byte clock cycles 

15:10   RO   0x0  Reserved 

9:0   RW   0x000  

phy_clklp2hs_time 
This field configures the maximum time that the D-PHY clock lane 
takes to go from low-power to high-speed transmission measured 
in lane byte clock cycles 

 
 
0,3,B'6,B+267B3+<B705B&)*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  

31:24   RW   0x00  

phy_hs2lp_time 
This field configures the maximum time that the D-PHY data 
lanes 
take to go from high-speed to low-power transmission measured 
in 
lane byte clock cycles 

23:16   RW   0x00  

phy_lp2hs_time 
This field configures the maximum time that the D-PHY data 
lanes 
take to go from low-power to high-speed transmission measured 
in 
lane byte clock cycles 

15   RO   0x0  Reserved 

14:0   RW   0x0000  

max_rd_time 
This field configures the maximum time required to perform a 
read 
command in lane byte clock cycles. This register can only be 
modified when no read command is in progress 
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0,3,B'6,B+267B3+<B567=�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  

Bit  Attr  Reset Value  Description  
31:4   RO   0x0  Reserved 

3   RW   0x0  

phy_forcepll 
When the D-PHY is in ULPS, this bit enables the D-PHY PLL. 
Dependency: DSI_HOST_FPGA = 0. Otherwise, this bit is 
Reserved 

2   RW   0x0  
phy_enableclk 
When set to1, this bit enables the D-PHY Clock Lane module 

1   RW   0x0  

phy_rstz 
When set to 0, this bit places the digital section of the D-PHY in 
the 
reset state 

0   RW   0x0  
phy_shutdownz 
When set to 0, this bit places the D-PHY macro in power-down 
state 

 
 
0,3,B'6,B+267B3+<B,)B&)*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  

Bit  Attr  Reset Value  Description  
31:16   RO   0x0  Reserved 

15:8   RW   0x00  
phy_stop_wait_time 
This field configures the minimum wait period to request a high-
speed transmission after the Stop state 

7:2   RO   0x0  Reserved 

1:0   RW   0x3  

n_lanes 
This field configures the number of active data lanes: 
2'b00: One data lane (lane 0) 
2'b01: Two data lanes (lanes 0 and 1) 
2'b10: Three data lanes (lanes 0, 1, and 2) 
2'b11: Four data lanes (lanes 0, 1, 2, and 3) 

 
 
0,3,B'6,B+267B3+<B67$786�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��E���  

Bit  Attr  Reset Value  Description  
31:13   RO   0x0  Reserved 

12   RO   0x0  
phy_ulpsactivenot3lane 
This bit indicates the status of ulpsactivenot3lane D-PHY signal 

11   RO   0x0  
phy_stopstate3lane 
This bit indicates the status of phystopstate3lane D-PHY signal 

10   RO   0x0  
phy_ulpsactivenot2lane 
This bit indicates the status of ulpsactivenot2lane D-PHY signal 

9   RO   0x0  
phy_stopstate2lane 
This bit indicates the status of phystopstate2lane D-PHY signal 
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Bit  Attr  Reset Value  Description  

8   RO   0x0  
phy_ulpsactivenot1lane 
This bit indicates the status of ulpsactivenot1lane D-PHY signal 

7   RO   0x0  
phy_stopstate1lane 
This bit indicates the status of phystopstate1lane D-PHY signal 

6   RO   0x0  
phy_rxulpsesc0lane 
This bit indicates the status of rxulpsesc0lane D-PHY signal 

5   RO   0x0  
phy_ulpsactivenot0lane 
This bit indicates the status of ulpsactivenot0lane D-PHY signal 

4   RO   0x0  
phy_stopstate0lane 
This bit indicates the status of phystopstate0lane D-PHY signal 

3   RO   0x0  
phy_ulpsactivenotclk 
This bit indicates the status of phyulpsactivenotclk D-PHY signal 

2   RO   0x0  
phy_stopstateclklane 
This bit indicates the status of phystopstateclklane D-PHY signal 

1   RO   0x0  
phy_direction 
This bit indicates the status of phydirection D-PHY signal 

0   RO   0x0  
phy_lock 
This bit indicates the status of phylock D-PHY signal 

 
 
0,3,B'6,B+267B,17B67��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��EF��  

Bit  Attr  Reset Value  Description  
31:21   RO   0x0  Reserved 

20   RO   0x0  
dphy_errors_4 
This bit indicates the LP1 contention error ErrContentionLP1 from 
Lane 0 

19   RW   0x0  
dphy_errors_3 
This bit indicates the LP0 contention error ErrContentionLP0 from 
Lane 0 

18   RO   0x0  
dphy_errors_2 
This bit indicates the ErrControl error from Lane 0 

17   RO   0x0  
dphy_errors_1 
This bit indicates ErrSyncEsc low-power data transmission 
synchronization error from Lane 0 

16   RO   0x0  
dphy_errors_0 
This bit indicates ErrEsc escape entry error from Lane 0 

15   RO   0x0  
ack_with_err_15 
This bit retrieves the DSI protocol violation from the Acknowledge 
error report 

14   RO   0x0  
ack_with_err_14 
This bit retrieves the Reserved (specific to device) from the 
Acknowledge error report 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2300 

Bit  Attr  Reset Value  Description  

13   RO   0x0  
ack_with_err_13 
This bit retrieves the invalid transmission length from the 
Acknowledge error report 

12   RO   0x0  
ack_with_err_12 
This bit retrieves the DSI VC ID Invalid from the Acknowledge 
error report 

11   RO   0x0  
ack_with_err_11 
This bit retrieves the not recognized DSI data type from the 
Acknowledge error report 

10   RO   0x0  
ack_with_err_10 
This bit retrieves the checksum error (long packet only) from the 
Acknowledge error report 

9   RO   0x0  
ack_with_err_9 
This bit retrieves the ECC error, multi-bit (detected, not 
corrected) from the Acknowledge error 

8   RO   0x0  
ack_with_err_8 
This bit retrieves the ECC error, single-bit (detected and 
corrected) from the Acknowledge error 

7   RO   0x0  
ack_with_err_7 
This bit retrieves the Reserved (specific to device) from the 
Acknowledge error report 

6   RO   0x0  
ack_with_err_6 
This bit retrieves the False Control error from the Acknowledge 
error report 

5   RO   0x0  
ack_with_err_5 
This bit retrieves the Peripheral Timeout error from the 
Acknowledge Error report 

4   RO   0x0  
ack_with_err_4 
This bit retrieves the LP Transmit Sync error from the 
Acknowledge error report 

3   RO   0x0  
ack_with_err_3 
This bit retrieves the Escape Mode Entry Command error from the 
Acknowledge error report 

2   RO   0x0  
ack_with_err_2 
This bit retrieves the EoT Sync error from the Acknowledge error 
report 

1   RO   0x0  
ack_with_err_1 
This bit retrieves the SoT Sync error from the Acknowledge error 
report 

0   RO   0x0  
ack_with_err_0 
This bit retrieves the SoT error from the Acknowledge error 
report 

 
 
0,3,B'6,B+267B,17B67��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��F���  
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Bit  Attr  Reset Value  Description  
31:18   RO   0x0  Reserved 

17   RW   0x0  
dbi_ilegal_comm_err 
This bit indicates that an attempt to write an illegal command on 
the DBI interface is made and the core is blocked by transmission 

16   RO   0x0  
dbi_pld_recv_err 
This bit indicates that during a DBI read back packet, the payload 
FIFO becomes full and the received data is corrupted 

15   RO   0x0  
dbi_pld_rd_err 
This bit indicates that during a DCS read data, the payload FIFO 
goes empty and the data sent to the interface is corrupted 

14   RO   0x0  

dbi_pld_wr_err 
This bit indicates that the system tried to write the payload data 
through the DBI interface and the FIFO is full. Therefore, the 
command is not written 

13   RO   0x0  

dbi_cmd_wr_err 
This bit indicates that the system tried to write a command 
through the DBI but the command FIFO is full. Therefore, the 
command is not written 

12   RO   0x0  

gen_pld_recev_err 
This bit indicates that during a generic interface packet read 
back, the payload FIFO becomes full and the received data is 
corrupted 

11   RO   0x0  
gen_pld_rd_err 
This bit indicates that during a DCS read data, the payload FIFO 
becomes empty and the data sent to the interface is corrupted 

10   RO   0x0  
gen_pld_send_err 
This bit indicates that during a Generic interface packet build, the 
payload FIFO becomes empty and corrupt data is sent 

9   RO   0x0  

gen_pld_wr_err 
This bit indicates that the system tried to write a payload data 
through the Generic interface and the FIFO is full. Therefore, the 
payload is not written 

8   RO   0x0  

gen_cmd_wr_err 
This bit indicates that the system tried to write a command 
through the Generic interface and the FIFO is full. Therefore, the 
command is not written 

7   RO   0x0  
dpi_pld_wr_err 
This bit indicates that during a DPI pixel line storage, the payload 
FIFO becomes full and the data stored is corrupted 

6   RO   0x0  
eopt_err 
This bit indicates that the EoTp packet is not received at the end 
of the incoming peripheral transmission 

5   RO   0x0  
pkt_size_err 
This bit indicates that the packet size error is detected during the 
packet reception 
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Bit  Attr  Reset Value  Description  

4   RO   0x0  
crc_err 
This bit indicates that the CRC error is detected in the received 
packet payload 

3   RO   0x0  
ecc_multi_err 
This bit indicates that the ECC multiple error is detected in a 
received packet 

2   RO   0x0  
ecc_single_err 
This bit indicates that the ECC single error is detected and 
corrected in a received packet 

1   RO   0x0  
to_lp_rx 
This bit indicates that the low-power reception timeout counter 
reached the end and contention is detected 

0   RO   0x0  
to_hs_tx 
This bit indicates that the high-speed transmission timeout 
counter reached the end and contention is detected 

 
 
0,3,B'6,B+267B,17B06.��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��F���  

Bit  Attr  Reset Value  Description  
31:21   RO   0x0  Reserved 

20   RW   0x0  
dphy_errors_4 
This bit indicates the LP1 contention error ErrContentionLP1 from 
Lane 0 

19   RW   0x0  
dphy_errors_3 
This bit indicates the LP0 contention error ErrContentionLP0 from 
Lane 0 

18   RW   0x0  
dphy_errors_2 
This bit indicates the ErrControl error from Lane 0 

17   RW   0x0  
dphy_errors_1 
This bit indicates ErrSyncEsc low-power data transmission 
synchronization error from Lane 0 

16   RW   0x0  
dphy_errors_0 
This bit indicates ErrEsc escape entry error from Lane 0 

15   RW   0x0  
ack_with_err_15 
This bit retrieves the DSI protocol violation from the Acknowledge 
error report 

14   RW   0x0  
ack_with_err_14 
This bit retrieves the Reserved (specific to device) from the 
Acknowledge error report 

13   RW   0x0  
ack_with_err_13 
This bit retrieves the invalid transmission length from the 
Acknowledge error report 
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Bit  Attr  Reset Value  Description  

12   RW   0x0  
ack_with_err_12 
This bit retrieves the DSI VC ID Invalid from the Acknowledge 
error report 

11   RW   0x0  
ack_with_err_11 
This bit retrieves the not recognized DSI data type from the 
Acknowledge error report 

10   RW   0x0  
ack_with_err_10 
This bit retrieves the checksum error (long packet only) from the 
Acknowledge error report 

9   RW   0x0  
ack_with_err_9 
This bit retrieves the ECC error, multi-bit (detected, not 
corrected) from the Acknowledge error 

8   RW   0x0  
ack_with_err_8 
This bit retrieves the ECC error, single-bit (detected and 
corrected) from the Acknowledge error 

7   RW   0x0  
ack_with_err_7 
This bit retrieves the Reserved (specific to device) from the 
Acknowledge error report 

6   RW   0x0  
ack_with_err_6 
This bit retrieves the False Control error from the Acknowledge 
error report 

5   RW   0x0  
ack_with_err_5 
This bit retrieves the Peripheral Timeout error from the 
Acknowledge Error report 

4   RW   0x0  
ack_with_err_4 
This bit retrieves the LP Transmit Sync error from the 
Acknowledge error report 

3   RW   0x0  
ack_with_err_3 
This bit retrieves the Escape Mode Entry Command error from the 
Acknowledge error report 

2   RW   0x0  
ack_with_err_2 
This bit retrieves the EoT Sync error from the Acknowledge error 
report 

1   RW   0x0  
ack_with_err_1 
This bit retrieves the SoT Sync error from the Acknowledge error 
report 

0   RW   0x0  
ack_with_err_0 
This bit retrieves the SoT error from the Acknowledge error 
report 

 
 
0,3,B'6,B+267B,17B06.��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��F���  

Bit  Attr  Reset Value  Description  
31:18   RO   0x0  Reserved 
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Bit  Attr  Reset Value  Description  

17   RW   0x0  
dbi_ilegal_comm_err 
This bit indicates that an attempt to write an illegal command on 
the DBI interface is made and the core is blocked by transmission 

16   RW   0x0  
dbi_pld_recv_err 
This bit indicates that during a DBI read back packet, the payload 
FIFO becomes full and the received data is corrupted 

15   RW   0x0  
dbi_pld_rd_err 
This bit indicates that during a DCS read data, the payload FIFO 
goes empty and the data sent to the interface is corrupted 

14   RW   0x0  

dbi_pld_wr_err 
This bit indicates that the system tried to write the payload data 
through the DBI interface and the FIFO is full. Therefore, the 
command is not written 

13   RW   0x0  

dbi_cmd_wr_err 
This bit indicates that the system tried to write a command 
through the DBI but the command FIFO is full. Therefore, the 
command is not written 

12   RW   0x0  

gen_pld_recev_err 
This bit indicates that during a generic interface packet read 
back, the payload FIFO becomes full and the received data is 
corrupted 

11   RW   0x0  
gen_pld_rd_err 
This bit indicates that during a DCS read data, the payload FIFO 
becomes empty and the data sent to the interface is corrupted 

10   RW   0x0  
gen_pld_send_err 
This bit indicates that during a Generic interface packet build, the 
payload FIFO becomes empty and corrupt data is sent 

9   RW   0x0  

gen_pld_wr_err 
This bit indicates that the system tried to write a payload data 
through the Generic interface and the FIFO is full. Therefore, the 
payload is not written 

8   RW   0x0  

gen_cmd_wr_err 
This bit indicates that the system tried to write a command 
through the Generic interface and the FIFO is full. Therefore, the 
command is not written 

7   RW   0x0  
dpi_pld_wr_err 
This bit indicates that during a DPI pixel line storage, the payload 
FIFO becomes full and the data stored is corrupted 

6   RW   0x0  
eopt_err 
This bit indicates that the EoTp packet is not received at the end 
of the incoming peripheral transmission 

5   RW   0x0  
pkt_size_err 
This bit indicates that the packet size error is detected during the 
packet reception 
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Bit  Attr  Reset Value  Description  

4   RW   0x0  
crc_err 
This bit indicates that the CRC error is detected in the received 
packet payload 

3   RW   0x0  
ecc_multi_err 
This bit indicates that the ECC multiple error is detected in a 
received packet 

2   RW   0x0  
ecc_single_err 
This bit indicates that the ECC single error is detected and 
corrected in a received packet 

1   RW   0x0  
to_lp_rx 
This bit indicates that the low-power reception timeout counter 
reached the end and contention is detected 

0   RW   0x0  
to_hs_tx 
This bit indicates that the high-speed transmission timeout 
counter reached the end and contention is detected 

 
 
0,3,B'6,B+267B,17B)25&(��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��G���  

Bit  Attr  Reset Value  Description  
31:21   RO   0x0  Reserved 

20   RW   0x0  
dphy_errors_4 
This bit indicates the LP1 contention error ErrContentionLP1 from 
Lane 0 

19   RW   0x0  
dphy_errors_3 
This bit indicates the LP0 contention error ErrContentionLP0 from 
Lane 0 

18   RW   0x0  
dphy_errors_2 
This bit indicates the ErrControl error from Lane 0 

17   RW   0x0  
dphy_errors_1 
This bit indicates ErrSyncEsc low-power data transmission 
synchronization error from Lane 0 

16   RW   0x0  
dphy_errors_0 
This bit indicates ErrEsc escape entry error from Lane 0 

15   RW   0x0  
ack_with_err_15 
This bit retrieves the DSI protocol violation from the Acknowledge 
error report 

14   RW   0x0  
ack_with_err_14 
This bit retrieves the Reserved (specific to device) from the 
Acknowledge error report 

13   RW   0x0  
ack_with_err_13 
This bit retrieves the invalid transmission length from the 
Acknowledge error report 
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Bit  Attr  Reset Value  Description  

12   RW   0x0  
ack_with_err_12 
This bit retrieves the DSI VC ID Invalid from the Acknowledge 
error report 

11   RW   0x0  
ack_with_err_11 
This bit retrieves the not recognized DSI data type from the 
Acknowledge error report 

10   RW   0x0  
ack_with_err_10 
This bit retrieves the checksum error (long packet only) from the 
Acknowledge error report 

9   RW   0x0  
ack_with_err_9 
This bit retrieves the ECC error, multi-bit (detected, not 
corrected) from the Acknowledge error 

8   RW   0x0  
ack_with_err_8 
This bit retrieves the ECC error, single-bit (detected and 
corrected) from the Acknowledge error 

7   RW   0x0  
ack_with_err_7 
This bit retrieves the Reserved (specific to device) from the 
Acknowledge error report 

6   RW   0x0  
ack_with_err_6 
This bit retrieves the False Control error from the Acknowledge 
error report 

5   RW   0x0  
ack_with_err_5 
This bit retrieves the Peripheral Timeout error from the 
Acknowledge Error report 

4   RW   0x0  
ack_with_err_4 
This bit retrieves the LP Transmit Sync error from the 
Acknowledge error report 

3   RW   0x0  
ack_with_err_3 
This bit retrieves the Escape Mode Entry Command error from the 
Acknowledge error report 

2   RW   0x0  
ack_with_err_2 
This bit retrieves the EoT Sync error from the Acknowledge error 
report 

1   RW   0x0  
ack_with_err_1 
This bit retrieves the SoT Sync error from the Acknowledge error 
report 

0   RW   0x0  
ack_with_err_0 
This bit retrieves the SoT error from the Acknowledge error 
report 

 
 
0,3,B'6,B+267B,17B)25&(��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��GF��  

Bit  Attr  Reset Value  Description  
31:18   RO   0x0  Reserved 
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Bit  Attr  Reset Value  Description  

17   RW   0x0  
dbi_ilegal_comm_err 
This bit indicates that an attempt to write an illegal command on 
the DBI interface is made and the core is blocked by transmission 

16   RW   0x0  
dbi_pld_recv_err 
This bit indicates that during a DBI read back packet, the payload 
FIFO becomes full and the received data is corrupted 

15   RW   0x0  
dbi_pld_rd_err 
This bit indicates that during a DCS read data, the payload FIFO 
goes empty and the data sent to the interface is corrupted 

14   RW   0x0  

dbi_pld_wr_err 
This bit indicates that the system tried to write the payload data 
through the DBI interface and the FIFO is full. Therefore, the 
command is not written 

13   RW   0x0  

dbi_cmd_wr_err 
This bit indicates that the system tried to write a command 
through the DBI but the command FIFO is full. Therefore, the 
command is not written 

12   RW   0x0  

gen_pld_recev_err 
This bit indicates that during a generic interface packet read 
back, the payload FIFO becomes full and the received data is 
corrupted 

11   RW   0x0  
gen_pld_rd_err 
This bit indicates that during a DCS read data, the payload FIFO 
becomes empty and the data sent to the interface is corrupted 

10   RW   0x0  
gen_pld_send_err 
This bit indicates that during a Generic interface packet build, the 
payload FIFO becomes empty and corrupt data is sent 

9   RW   0x0  

gen_pld_wr_err 
This bit indicates that the system tried to write a payload data 
through the Generic interface and the FIFO is full. Therefore, the 
payload is not written 

8   RW   0x0  

gen_cmd_wr_err 
This bit indicates that the system tried to write a command 
through the Generic interface and the FIFO is full. Therefore, the 
command is not written 

7   RW   0x0  
dpi_pld_wr_err 
This bit indicates that during a DPI pixel line storage, the payload 
FIFO becomes full and the data stored is corrupted 

6   RW   0x0  
eopt_err 
This bit indicates that the EoTp packet is not received at the end 
of the incoming peripheral transmission 

5   RW   0x0  
pkt_size_err 
This bit indicates that the packet size error is detected during the 
packet reception 
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Bit  Attr  Reset Value  Description  

4   RW   0x0  
crc_err 
This bit indicates that the CRC error is detected in the received 
packet payload 

3   RW   0x0  
ecc_multi_err 
This bit indicates that the ECC multiple error is detected in a 
received packet 

2   RW   0x0  
ecc_single_err 
This bit indicates that the ECC single error is detected and 
corrected in a received packet 

1   RW   0x0  
to_lp_rx 
This bit indicates that the low-power reception timeout counter 
reached the end and contention is detected 

0   RW   0x0  
to_hs_tx 
This bit indicates that the high-speed transmission timeout 
counter reached the end and contention is detected 

 
 
0,3,B'6,B+267B9,'B6+$'2:B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:17   RO   0x0  Reserved 

16   RW   0x0  
vid_shadow_pin_req 
When set to 1, the video request is done by external pin. In this 
mode, vid_shadow_req is ignored 

15:9   RO   0x0  Reserved 

8   RW   0x0  
vid_shadow_req 
When set to 1, the DPI registers are copied to the auxiliary 
registers. After copying, this bit is auto cleared 

7:1   RO   0x0  Reserved 

0   RW   0x0  

vid_shadow_en 
When set to 1, DPI receives the active configuration from the 
auxiliary registers. When this bit is set along with the 
id_shadow_req bit, the auxiliary registers are automatically 
updated 

 
0,3,B'6,B+267B'3,B9&,'B$&7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  
31:2   RO   0x0  Reserved 

1:0   RW   0x0  

dpi_vcid 
This field configures the DPI virtual channel id that is indexed to 
the  
Video mode packets 

 
 
0,3,B'6,B+267B'3,B&2/25B&2',1*B$&7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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Bit  Attr  Reset Value  Description  
31:9   RO   0x0  Reserved 

8   RW   0x0  
loosely18_en 
When set to 1, this bit activates loosely packed variant to 18-bit 
configurations 

7:4   RO   0x0  Reserved 

3:0   RW   0x0  

dpi_color_coding 
This field configures the DPI color coding as follows: 
4¶b0000: 16-bit configuration 1 
4¶b0001: 16-bit configuration 2 
4¶b0010: 16-bit configuration 3 
4¶b0011: 18-bit configuration 1 
4¶b0100: 18-bit configuration 2 
4¶b0101: 24-bit 
4¶b0110: 20-bit YCbCr 4:2:2 loosely packed 
4¶b0111: 24-bit YCbCr 4:2:2 
4¶b1000: 16-bit YCbCr 4:2:2 
4¶b1001: 30-bit 
4¶b1010: 36-bit 
4¶b1011-4¶b1111: 12-bit YCbCr 4:2:0 

 
0,3,B'6,B+267B'3,B/3B&0'B7,0B$&7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:24   RO   0x0  Reserved 

23:16   RO   0x00  

outvact_lpcmd_time 
This field is used for the transmission of commands in low-power 
mode. It defines the size, in bytes, of the largest packet that can 
fit in a line during the VSA, VBP, and VFP regions 

15:8   RO   0x0  Reserved 

7:0   RO   0x00  

invact_lpcmd_time 
This field is used for the transmission of commands in low-power 
mode. It defines the size, in bytes, of the largest packet that can 
fit in a line during the VACT region 

 
 
0,3,B'6,B+267B9,'B02'(B&)*B$&7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:25   RO   0x0  Reserved 

24   RW   0x0  

vpg_orientation 
This field indicates the color bar orientation as follows: 
1¶b0: Vertical mode 
1¶b1: Horizontal mode 

23:21   RO   0x0  Reserved 
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Bit  Attr  Reset Value  Description  

20   RO   0x0  

vpg_mode 
This field is to select the pattern: 
1¶b0: Color bar (horizontal or vertical) 
1¶b1: BER pattern (vertical only) 

19:17   RO   0x0  Reserved 

16   RO   0x0  
vpg_en 
When set to 1, this bit enables the video mode pattern generator 

15   RO   0x0  
lp_cmd_en 
When set to 1, this bit enables the command transmission only in 
lowpower mode 

14   RO   0x0  
frame_bta_ack_en 
When set to 1, this bit enables the request for an acknowledge 
response at the end of a frame 

13   RO   0x0  
lp_hfp_en 
When set to 1, this bit enables the return to low-power inside the 
Horizontal Front Porch (HFP) period when timing allows 

12   RO   0x0  
lp_hbp_en 
When set to 1, this bit enables the return to low-power inside the 
Horizontal Back Porch (HBP) period when timing allows 

11   RO   0x0  
lp_vact_en 
When set to 1, this bit enables the return to low-power inside the 
Vertical Active (VACT) period when timing allows 

10   RO   0x0  
lp_vfp_en 
When set to 1, this bit enables the return to low-power inside the 
Vertical Front Porch (VFP) period when timing allows 

9   RO   0x0  
lp_vbp_en 
When set to 1, this bit enables the return to low-power inside the 
Vertical Back Porch (VBP) period when timing allows 

8   RO   0x0  
lp_vsa_en 
When set to 1, this bit enables the return to low-power inside the 
Vertical Sync Time (VSA) period when timing allows 

7:2   RO   0x0  Reserved 

1:0   RO   0x0  

vid_mode_type 
This field indicates the video mode transmission type as follows: 
2'b00: Non-burst with sync pulses 
2'b01: Non-burst with sync events 
2'b10 and 2'b11: Burst mode 

 
 
0,3,B'6,B+267B9,'B3.7B6,=(B$&7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
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Bit  Attr  Reset Value  Description  
31:14   RO   0x0  Reserved 

13:0   RO   0x0000  

vid_pkt_size 
This field configures the number of pixels in a single video 
packet. For 18-bit not loosely packed data types, this number 
must be a multiple of 4. For YCbCr data types, it must be a 
multiple of 2, as described in the DSI specification 

 
 
0,3,B'6,B+267B9,'B180B&+81.6B$&7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:13   RO   0x0  Reserved 

12:0   RO   0x0000  

vid_num_chunks 
This register configures the number of chunks to be transmitted 
during a Line period (a chunk consists of a video packet and a 
null packet). If set to 0 or 1, the video line is transmitted in a 
single packet. If set to 1, the packet is part of a chunk, so a null 
packet follows it if vid_null_size > 0. Otherwise, multiple chunks 
are used to transmit each video line 

 
0,3,B'6,B+267B9,'B18//B6,=(B$&7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:13   RO   0x0  Reserved 

12:0   RW   0x0000  
vid_null_size 
This register configures the number of bytes inside a null packet. 
Setting it to 0 disables the null packets 

 
 
0,3,B'6,B+267B9,'B+6$B7,0(B$&7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:12   RO   0x0  Reserved 

11:0   RO   0x000  
vid_hsa_time 
This field configures the Horizontal Synchronism Active period in 
lane byte clock cycles 

 
 
0,3,B'6,B+267B9,'B+%3B7,0(B$&7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  
31:12   RO   0x0  Reserved 

11:0   RW   0x000  
vid_hsa_time 
This field configures the Horizontal Synchronism Active period in 
lane byte clock cycles 

 
 
0,3,B'6,B+267B9,'B+/,1(B7,0(B$&7�  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
Bit  Attr  Reset Value  Description  

31:15   RO   0x0  Reserved 

14:0   RO   0x0000  
vid_hline_time 
This field configures the size of the total line time 
(HSA+HBP+HACT+HFP) counted in lane byte clock cycles 

 
0,3,B'6,B+267B9,'B96$B/,1(6B$&7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:10   RO   0x0  Reserved 

9:0   RO   0x000  
vsa_lines 
This field configures the Vertical Synchronism Active period 
measured in number of horizontal lines 

 
 
0,3,B'6,B+267B9,'B9%3B/,1(6B$&7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:10   RO   0x0  Reserved 

9:0   RW   0x000  
vbp_lines 
This field configures the Vertical Back Porch period measured in 
number of horizontal lines 

 
 
0,3,B'6,B+267B9,'B9)3B/,1(6B$&7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  
31:1   RO   0x0  Reserved 

0   RO   0x0  
vfp_lines 
This field configures the Vertical Front Porch period measured in 
number of horizontal lines 

 
 
0,3,B'6,B+267B9,'B9$&7,9(B/,1(6B$&7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:14   RO   0x0  Reserved 

13:0   RO   0x0000  
v_active_lines 
This field configures the Vertical Active period measured in 
number of horizontal lines 

 
0,3,B'6,B+267B6')B�'B$&7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:17   RO   0x0  Reserved 

16   RW   0x0  
send_3d_cfg 
When set, causes the next VSS packet to include 3D control 
payload in every VSS packet 
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Bit  Attr  Reset Value  Description  
15:6   RO   0x0  Reserved 

5   RO   0x0  

right_first 
This bit defines the left or right order: 
1'b0: Left eye data is sent first, and then the right eye data is 
sent. 
1'b1: Right eye data is sent first, and then the left eye data is 
sent 

4   RO   0x0  

second_vsync 
This field defines whether there is a second VSYNC pulse between 
Left and Right Images, when 3D Image Format is Frame-based: 
1'b0: No sync pulses between left and right data 
1'b1: Sync pulse (HSYNC, VSYNC, blanking) between left and 
right data 

3:2   RO   0x0  

format_3d 
This field defines the 3D image format: 
2'b00: Line (alternating lines of left and right data) 
2'b01: Frame (alternating frames of left and right data) 
2'b10: Pixel (alternating pixels of left and right data) 
2'b11: Reserved 

1:0   RO   0x0  

mode_3d 
This field defines the 3D mode on/off and display orientation: 
2'b00: 3D mode off (2D mode on) 
2'b01: 3D mode on, portrait orientation 
2'b10: 3D mode on, landscape orientation 
2'b11: Reserved 

 
 
29.5 Application Notes 
3HUIRUP�WKH�IROORZLQJ�VWHSV�WR�FRQILJXUH�WKH�'3,�SDFNHW�WUDQVPLVVLRQ� 
z 6WHS���*OREDO�FRQILJXUDWLRQ� 

� &RQILJXUH�QBODQHV��3+<B,)B&)*�>���@��WR�GHILQH�WKH�QXPEHU�RI�ODQHV�LQ�ZKLFK�WKH�
FRQWUROOHU�KDV�WR�SHUIRUP�KLJK�VSHHG�WUDQVPLVVLRQV� 

z 6WHS���&RQILJXUH�WKH�'3,�,QWHUIDFH�WR�GHILQH�KRZ�WKH�'3,�LQWHUIDFH�LQWHUDFWV�ZLWK�WKH�
FRQWUROOHU� 
� &RQILJXUH�GSLBYLG��'3,B&)*�>���@���7KLV�ILHOG�FRQILJXUHV�WKH�YLUWXDO�FKDQQHO�WKDW�WKH�

SDFNHW�JHQHUDWHG�E\�WKH�'3,�LQWHUIDFH�LV�LQGH[HG�WR� 
� &RQILJXUH�GSLBFRORUBFRGLQJ��'3,B&)*�>���@���7KLV�ILHOG�FRQILJXUHV�WKH�ELWV�SHU�SL[HOV�

WKDW�WKH�LQWHUIDFH�WUDQVPLWV�DQG�DOVR�WKH�YDULDQW�FRQILJXUDWLRQ�RI�HDFK�ESS��,I�\RX�
VHOHFW����ESS��DQG�WKH�(QDEOHB��BORRVHO\BSDFNHG�LV�QRW�DFWLYH��WKH�QXPEHU�RU�SL[HOV�
SHU�OLQH�VKRXOG�EH�D�PXOWLSOH�RI�IRXU� 

� &RQILJXUH�GDWDHQBDFWLYHBORZ��'3,B&)*�>�@���7KLV�ELW�FRQILJXUHV�WKH�SRODULW\�RI�WKH�
GSLGDWDHQ�VLJQDO�DQG�HQDEOHV�LI�LW�LV�DFWLYH�ORZ� 

� &RQILJXUH�YV\QFBDFWLYHBORZ��'3,B&)*�>�@���7KLV�ELW�FRQILJXUHV�WKH�SRODULW\�RI�WKH�
GSLYV\QF�VLJQDO�DQG�HQDEOHV�LI�LW�LV�DFWLYH�ORZ� 

� &RQILJXUH�YV\QFBDFWLYHBORZ��'3,B&)*�>�@���7KLV�ELW�FRQILJXUHV�WKH�SRODULW\�RI�WKH�
GSLYV\QF�VLJQDO�DQG�HQDEOHV�LI�LW�LV�DFWLYH�ORZ� 

� &RQILJXUH�YV\QFBDFWLYHBORZ��'3,B&)*�>�@���7KLV�ELW�FRQILJXUHV�WKH�SRODULW\�RI�WKH�
GSLVKXWGQ�VLJQDO�DQG�HQDEOHV�LI�LW�LV�DFWLYH�ORZ� 

� &RQILJXUH�YV\QFBDFWLYHBORZ��'3,B&)*�>�@���7KLV�ELW�FRQILJXUHV�WKH�SRODULW\�RI�WKH�
GSLFRORUP�VLJQDO�DQG�HQDEOHV�LI�LW�LV�DFWLYH�ORZ� 
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� &RQILJXUH�HQ��BORRVHO\��'3,B&)*�>��@���7KLV�ELW�FRQILJXUHV�LI�WKH�SL[HO�SDFNLQJ�LV�
GRQH�ORRVHO\�RU�SDFNHG�ZKHQ�GSLBFRORUBFRGLQJ�LV����ESS��7KLV�ELW�HQDEOHV�ORRVHO\�
SDFNLQJ� 

z 6WHS���6HOHFW�WKH�9LGHR�7UDQVPLVVLRQ�0RGH�WR�GHILQH�KRZ�WKH�SURFHVVRU�UHTXLUHV�WKH�
YLGHR�OLQH�WR�EH�WUDQVSRUWHG�WKURXJK�WKH�'6,�OLQN� 
� &RQILJXUH�ORZ�SRZHU�WUDQVLWLRQV��9,'B02'(B&)*�>���@���7KLV�GHILQHV�WKH�YLGHR�OLQH�

WR�EH�WUDQVSRUWHG�WKURXJK�WKH�'6,�OLQN� 
� &RQILJXUH�ORZ�SRZHU�WUDQVLWLRQV��9,'B02'(B&)*�>���@���7KLV�GHILQHV�WKH�YLGHR�

SHULRGV�ZKLFK�DUH�SHUPLWWHG�WR�JR�WR�ORZ�SRZHU�LI�WKHUH�LV�DYDLODEOH�WLPH�WR�GR�VR� 
� &RQILJXUH�IUDPHB%7$BDFN��9,'B02'(B&)*�>��@���7KLV�VSHFLILHV�LI�WKH�FRQWUROOHU�

VKRXOG�UHTXHVW�WKH�SHULSKHUDO�DFNQRZOHGJH�PHVVDJH�DW�WKH�HQG�RI�IUDPHV� 
� %XUVW�PRGH��,Q�WKLV�PRGH��WKH�HQWLUH�DFWLYH�SL[HO�OLQH�LV�EXIIHUHG�LQWR�D�),)2�DQG�

WUDQVPLWWHG�LQ�D�VLQJOH�SDFNHG�ZLWK�QR�LQWHUUXSWLRQV��7KLV�WUDQVPLVVLRQ�PRGH�
UHTXLUHV�WKDW�WKH�'3,�3L[HO�),)2�KDV�WKH�FDSDFLW\�WR�VWRUH�D�IXOO�OLQH�RI�DFWLYH�SL[HO�
GDWD�LQVLGH�LW��7KLV�PRGH�LV�RSWLPDOO\�XVHG�LI�WKH�GLIIHUHQFH�EHWZHHQ�SL[HO�UHTXLUHG�
EDQGZLGWK�DQG�'6,�OLQN�EDQGZLGWK�LV�YHU\�GLIIHUHQW��7KLV�HQDEOHV�WKH�'6,�+RVW�
&RQWUROOHU�WR�TXLFNO\�GLVSDWFK�WKH�HQWLUH�DFWLYH�YLGHR�OLQH�LQ�D�VLQJOH�EXUVW�RI�GDWD�DQG�
WKHQ�UHWXUQ�WR�ORZ�SRZHU�PRGH� 
¾ &RQILJXUH�WKH�UHJLVWHU�ILHGO�YLGBPRGHBW\SH��9,'B02'(B&)*�>��@���QXPBFKXQNV�

�9,'B3.7B&)*�>�����@���DQG�QXOOBSNWBVL]H��9,'B3.7B&)*�>�����@��DUH�
DXWRPDWLFDOO\�LJQRUHG�E\�WKH�'6,�+RVW�&RQWUROOHU� 

� 1RQ�%XUVW�PRGH��,Q�WKLV�PRGH��WKH�SURFHVVRU�XVHV�WKH�SDUWLWLRQLQJ�SURSHUWLHV�RI�WKH�
'6,�+RVW�&RQWUROOHU�WR�GLYLGH�WKH�YLGHR�OLQH�WUDQVPLVVLRQ�LQWR�VHYHUDO�'6,�SDFNHWV��
7KLV�LV�GRQH�WR�PDWFK�WK�SL[HO�UHTXLUHG�EDQGZLGWK�ZLWK�WKH�'6,�OLQN�EDQGZLGWK��:LWK�
WKLV�PRGH��WKH�FRQWUROOHU�FRQILJXUDWLRQ�GRHV�QRW�UHTXLUH�D�IXOO�OLQH�RI�SL[HO�GDWD�WR�EH�
VWRUHG�LQVLGH�WKH�'3,�3L[HO�),)2��,W�UHTXLUHV�RQO\�WKH�FRQWHQW�RI�RQH�YLGHR�SDFNHW��  
¾ &RQILJXUH�WKH�YLGBPRGHBW\SH�ILHOG��9,'B02'(B&)*�>���@��ZLWK��ÿE�[� 
¾ &RQILJXUH�WKH�YLGBPRGHBW\SH�ILHOG��9,'B02'(B&)*�>���@��ZLWK��ÿE��[�WR�

HQDEOH�WKH�WUDQVPLVVLRQ�RI�V\QF�SXOVHV� 
¾ &RQILJXUH�WKH�YLGBPRGHBW\SH�ILHOG��9,'B02'(B&)*�>���@��ZLWK��ÿE��WR�

HQDEOH�WKH�WUDQVPLVVLRQ�RI�V\QF�HYHQWV� 
¾ &RQILJXUH�WKH�YLGBPRGHBW\SH�ILHOG��9,'B02'(B&)*�>����@��ZLWK�WKH�QXPEHU�RI�

SL[HOV�WR�EH�WUDQVPLWWHG�LQ�D�VLQJOH�SDFNHW� 
¾ &RQILJXUH�WKH�HQBPXOWLBSNW�ILHOG��9,'B02'(B&)*�>�@��WR�HQDEOH�WKH�GLYLVLRQ�RI�

WKH�DFWLYH�YLGHR�WUDQVPLVVLRQ�LQWR�PRUH�WKDQ�RQH�SDFNHW� 
¾ &RQILJXUH�WKH�QXPBFKXQNV�ILHOG��9,'B02'(B&)*�>�����@��ZLWK�WKH�QXPEHU�RI�

YLGHR�FKXQNV�WKDW�WKH�DFWLYH�YLGHR�WUDQVPLVVLRQ�LV�GLYLGHG�LQWR� 
¾ &RQILJXUH�WKH�HQBQXOOBSNW�ILHOG��9,'B02'(B&)*�>��@��WR�HQDEOH�WKH�LQVHUWLRQ�RI�

QXOO�SDFNHWV�EHWZHHQ�YLGHR�SDFNHWV� 
¾ 7KH�ILHOG�LV�HIIHFWLYH�RQO\�ZKHQ�HQBPXOWLBSNW�ILHOG�LV�DFWLYDWHG��RWKHUZLVH�WKH�

FRQWUROOHU�LJQRUHV�LW�DQG�GRHV�QRW�VHQW�WKH�QXOO�SDFNHWV� 
¾ &RQILJXUH�WKH�QXOOBSNWBVL]H�ILHOG��9,'B02'(B&)*�>�����@��ZLWK�WKH�DFWXDO�VL]H�

RI�WKH�LQVHUWHG�QXOO�SDFNHW� 
z 6WHS���'HILQH�WKH�'3,�+RUL]RQWDO�WLPLQJ�FRQILJXUDWLRQ�DV�IROORZV� 

� &RQILJXUH�WKH�KOLQHBWLPH�ILHOG��705B/,1(B&)*�>�����@��ZLWK�WKH�WLPH�WDNHQ�E\�D�
'3,�YLGHR�OLQH�DFFRXQWHG�LQ�&ORFN�/DQH�E\WHV�FORFN�F\FOHV��IRU�D�FORFN�ODQH�DW�����
0+]�WKH�/DQH�E\WH�FORFN�SHULRG�LV���QV���:KHQ�WKH�'3,�FORFN�DQG�&ORFN�/DQH�FORFN�
DUH�QRW�PXOWLSOHV��WKH�KOLQHBWLPH�LV�D�UHVXOW�RI�D�URXQG�RI�D�QXPEHU��,I�WKH�'6,�+RVW�
&RQWUROOHU�LV�FRQILJXUHG�WR�JR�WR�ORZ�SRZHU��LW�LV�SRVVLEOH�WKDW�WKH�HUURU�LQFOXGHG�LQ�D�
OLQH�LV�LQFUHPHQWHG�ZLWK�WKH�QH[W�RQH��$W�WKH�HQG�RI�VHYHUDO�OLQHV��WKH�'6,�+RVW�
&RQWUROOHU�FDQ�KDYH�D�QXPEHU�RI�HUURUV�WKDW�FDQ�FDXVH�D�PDOIXQFWLRQ�RI�WKH�YLGHR�
WUDQVPLVVLRQ� 

� &RQILJXUH�WKH�KVDBWLPH�ILHOG��705B/,1(B&)*�>���@��ZLWK�WKH�WLPH�WDNHQ�E\�D�'3,�
+RUL]RQWDO�6\QF�$FWLYH�SHULRG�DFFRXQWHG�LQ�&ORFN�/DQH�E\WH�FORFN�F\FOHV��QRUPDOO\�D�
SHULRG�RI��QV�� 

� &RQILJXUH�WKH�KESBWLPH�ILHOG��705B/,1(B&)*�>����@��ZLWK�WKH�WLPH�WDNHQ�E\�D�'3,�
+RUL]RQWDO�6\QF�$FWLYH�SHULRG�DFFRXQWHG�LQ�&ORFN�/DQH�E\WH�FORFN�F\FOHV��QRUPDOO\�D�
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SHULRG�RI��QV���6SHFLDO�DWWHQWLRQ�VKRXOG�EH�JLYHQ�WR�WKH�FDOFXODWLRQ�RI�WKLV�SDUDPHWHU� 
z 6WHS���'HILQH�WKH�9HUWLFDO�OLQH�FRQILJXUDWLRQ� 

� &RQILJXUH�WKH�YVDBOLQHV�ILHOG��97,0,1*B&)*�>���@��ZLWK�WKH�QXPEHU�RI�OLQHV�H[LVWLQJ�
LQ�WKH�'3,�9HUWLFDO�6\QF�$FWLYH�SHULRG� 

� &RQILJXUH�WKH�YESBOLQHV�ILHOG��97,0,1*B&)*�>���@��ZLWK�WKH�QXPEHU�RI�OLQHV�H[LVWLQJ�
LQ�WKH�'3,�9HUWLFDO�%DFN�3RUFK�SHULRG� 

� &RQILJXUH�WKH�YISBOLQHV�ILHOG��97,0,1*B&)*�>�����@��ZLWK�WKH�QXPEHU�RI�OLQHV�
H[LVWLQJ�LQ�WKH�'3,�9HUWLFDO�)URQW�3RUFK�SHULRG� 

� &RQILJXUH�WKH�YBDFWLYHBOLQHV�ILHOG��97,0,1*B&)*�>�����@��ZLWK�WKH�QXPEHU�RI�OLQHV�
H[LVWLQJ�LQ�WKH�'3,�9HUWLFDO�$FWLYH�SHULRG� 
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Chapter 30 MIPI_TX_DPHY  
30.1 Overview  
7KH�0,3,�7;�'3+<�VXSSRUWV�XS�WR����*ESV�KLJK�VSHHG�GDWD�WUDQVPLWWHU��SOXV�D�0,3,�ORZ�
SRZHU�ORZ�VSHHG�WUDQVFHLYHU�WKDW�VXSSRUWV�GDWD�WUDQVIHU�LQ�WKH�EL�GLUHFWLRQDO�PRGH��  
 
)HDWXUHV 
z 0,3,�  

� 2QH�FORFN�ODQH�FKDQQHO�DQG�IRXU�GDWD�FKDQQHOV 
� 'HVLJQHG�WR�0,3,�����VSHFLILFDWLRQ 
� 'DWD�&KDQQHO����%L�GLUHFWLRQDO�ZLWK�/RZ�3RZHU�5;�/3�5;��DQG�/RZ�3RZHU�&'�/3�&'� 
� &KDQQHO�a���+LJK�6SHHG�7;�+6�7;��DQG�D�ORZ�3RZHU�7;�/3�7;� 
� 0D[LPXP�+6�GDWD�UDWH�����*ESV�SHU�ODQH 
� /3�RSHUDWLRQ�UDWH����0ESV�SHU�ODQH 
� 6NHZ�&DOLEUDWLRQ�VXSSRUWHG 
� $XWRPDWLF�WHUPLQDWLRQ�FRQWURO�IRU�+6�DQG�/3�PRGHV 
� /RZ�3RZHU�GLVVLSDWLRQ��OHVV�WKDQ���P:�ODQH�LQ�0,3,�+6�7;�PRGH 

z /9'6 
� 0D[LPXP�6XSSRUW�GDWD�UDWH�����*ESV�SHU�ODQH 

30.2 Function Description   
0,3,�7;�'3+<�FRQILJXUDWLRQ�FRQWDLQV�RQH�FORFN�ODQH�PRGXOH�DQG�IRXU�GDWD�ODQH�PRGXOHV��
(DFK�RI�WKHVH�3+<�ODQH�PRGXOHV�FRPPXQLFDWHV�YLD�WZR�OLQHV�WR�D�FRPSOHPHQWDU\�SDUW�DW�WKH�
RWKHU�VLGH�RI�WKH�ODQH�LQWHUFRQQHFW�)LJXUH�EHORZ�VKRZV�D�8QLYHUVDO�/DQH�0RGXOH�'LDJUDP�
ZLWK�D�JOREDO�RYHUYLHZ�RI�LQWHUQDO�IXQFWLRQDOLW\�RI�WKH�&,/�IXQFWLRQ� 

 
	��Ǥ�͵ͲǦͳ�������������������������� 

30.2.1 0,3,�0RGH�+LJK�6SHHG�'DWD�7UDQVPLVVLRQ 
2QFH�WKH�LQLWLDOL]DWLRQ�VHTXHQFH�LV�FRPSOHWHG��WKH�7;�'3+<�UHPDLQV�LQ�FRQWURO�PRGH��)URP�
WKH�WUDQVPLWWHU�VLGH��KLJK�VSHHG�PRGH�LV�HQWHUHG�ZKHQ�WKH�FRUUHVSRQGLQJ�W[UHTXHVWKV�LQSXW�
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LV�VHW�KLJK�WKURXJK�'6,�+RVW�&RQWUROOHU��$�EXUVW�FRQWDLQV�WKH�ORZ�SRZHU�LQLWLDOL]DWLRQ�
VHTXHQF��WKH�KLJK�VSHHG�GDWD�SD\ORDG�DQG�WKH�HQG�RI�WUDQVPLVVLRQ�VHTXHQFH� 

 
	��Ǥ�͵ͲǦʹ�������������������������������������������� 

30.2.2 /9'6�0RGH�'DWD�7UDQVPLVVLRQ 
)LJXUH�EHORZ�VKRZV�WKH�/9'6�RXWSXW�WLPLQJ�&/.3�LV�WKH�RXWSXW�FORFN��ZKRVH�IUHTXHQF\�LV�WKH�
VDPH�DV�WKH�SL[HO�FORFN��'�3�'�1�LV�D�SDLU�GLIIHUHQWLDO�VHULDO�GDWD�RXWSXW�7KH�RXWSXW�VHULDO�
GDWD�LV�WUDQVPLWWHG�DV�06%�ILUVW��7KH�ULVLQJ�HGJH�RI�WKH�RXWSXW�FORFN�LV�DW�WKH�WUDQVLWLRQ�RI�
ELW��DQG�ELW��RI�WKH�SLQBSGDWDB>���@� 

 
	��Ǥ�͵ͲǦ͵����������������������� 

30.3 Register Description  
30.3.1 ,QWHUQDO�$GGUHVV�0DSSLQJ�  
6ODYH�DGGUHVV�FDQ�EH�GLYLGHG�LQWR�GLIIHUHQW�OHQJWK�IRU�GLIIHUHQW�XVDJH��ZKLFK�LV�VKRZQ�DV�
IROORZV� 
 
30.3.2 5HJLVWHUV�6XPPDU\�  

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

0,3,B7;B3+<B$1$/2*B5
(*�� �[���� % �[�������� 3RZHU�FRQWURO�DQG�ODQH�HQDEOH�  

0,3,B7;B3+<B$1$/2*B5
(*�� �[���� % �[������(� 3//�SRZHU�FRQWURO�  

0,3,B7;B3+<B$1$/2*B5
(*�� �[���� % �[�������� 3//B35(',9 

0,3,B7;B3+<B$1$/2*B5
(*�� �[���� % �[������)$ 3//B)%',9 

0,3,B7;B3+<B$1$/2*B5
(*�� �[���� % �[�������( 3//�SRVW�GLYLGHU 

0,3,B7;B3+<B',*,7$/B5
(*�� �[���� % �[�������) 'LJLWDO�5HVHW 

0,3,B7;B3+<B',*,7$/B5
(*�� �[���� % �[�������� 5HYHUW�FORFN 

0,3,B7;B3+<B/9'6B5(*
�� �[��(� % �[�������� /9'6�06%�PRGH 

0,3,B7;B3+<B/9'6B5(*
�� �[��(� % �[�������� /9'6�GLJLWDO�HQDEOH 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

0,3,B7;B3+<B/9'6B5(*
�� �[��(� % �[�������� 3+<�0RGH 

0,3,B7;B3+<B/9'6B5(*
�% �[��(% % �[�������� /9'6�SRZHU�FWUO�DQG�ODQH�HQDEOH 
1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV��':�
'RXEOH�:25'�����ELWV��DFFHVV�  
30.3.3 'HWDLO�5HJLVWHUV�'HVFULSWLRQ�  
0,3,B7;B3+<B$1$/2*B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
EDQGJDSBSRZHU 
EDQGJDS�SRZHU�GRZQ�HQDEOH 
�
E���3RZHU�GRZQ 
�
E���3RZHU�RQ 

� 5: �[� 
ODQHBHQBFN 
&ORFN�ODQH�HQDEOH 
�
E���(QDEOH 
�
E���'LVDEOH 

� 5: �[� 
ODQHBHQB� 
/DQH��HQDEOH 
�
E���(QDEOH 
�
E���'LVDEOH 

� 5: �[� 
ODQHBHQB� 
/DQH��HQDEOH 
�
E���(QDEOH 
�
E���'LVDEOH 

� 5: �[� 
ODQHBHQB� 
/DQH��HQDEOH 
�
E���(QDEOH 
�
E���'LVDEOH 

� 5: �[� 
ODQHBHQB� 
/DQH��HQDEOH 
�
E���(QDEOH 
�
E���'LVDEOH 

��� 5: �[� 
SRZHU 
�
E����
E����3RZHU�ZRUN�HQDEOH 
�
E����3RZHU�ZRUN�GLVDEOH 
�
E����5HVHUYHG 

 
0,3,B7;B3+<B$1$/2*B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[�F 5HVHUYHG 
5HVHUYHG 

� 5: �[� 
V\QFUVW 
�
E���5HVHW 
�
E���1RUPDO 

� 5: �[� 
OGRSG 
�
E���3RZHU�GRZQ 
�
E���3RZHU�RQ 

� 5: �[� 
SOOSG 
�
E���3RZHU�GRZQ 
�
E���3RZHU�RQ 
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0,3,B7;B3+<B$1$/2*B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 5HVHUYHG 
5HVHUYHG 

� 5: �[� IEGLYBPVE 
,QWHUJHU�YDOXH�SURJUDPPHG�LQWR�IHHGEDFN�IEGLY>�@ 

��� 5: �[�� SOOBSUHGLY 
3//�LQSXW�UHIHUHQFH�FORFN�GLYLGHU 

 
0,3,B7;B3+<B$1$/2*B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[ID SOOBIEGLY 
3//�IHHGEDFN�GLYLGHU>���@ 

 
0,3,B7;B3+<B$1$/2*B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
3UHBHPSKDVLV 
3UH�HPSKDVLV�HQDEOH 
�
E���(QDEOH 
�
E���'LVDEOH�GHIDXOW� 

� 5: �[� 5HVHUYHG 
5HVHUYHG 

� 5: �[� 
SOOBSRVWGLY 
�
E���(QDEOH 
�
E���'LVDEOH 

� 52 �[� UHVHUYHG 

��� 5: �[H 

GDWDBODQHBYRG 
'DWD�ODQHV�9RG�UDQJH�VHW 
�
K���0LQ�UDQJH 
�
K���0LG�UDQJH 
�
K���%LJJHU�UDQJH�GHIDXOW�YDOXH� 
�
KI�� �0D[�UDQJH 

 
0,3,B7;B3+<B',*,7$/B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[�I 5HVHUYHG 
5HVHUYHG 

� 5: �[� 
GLJBUVWQ 
3+<�GLJLWDO�ORJLF�UHVHW 
�
E���1RUPDO 
�
E���5HVHW 

 
0,3,B7;B3+<B',*,7$/B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
��� 52 �[� UHVHUYHG 

� 5: �[� 
W[FONHVFBUHYHUW 
,QYHUWLQJ�SLQBW[FONHVF�HQDEOH 
�
E���(QDEOH 
�
E���'LVDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
W[E\WHFONBUHYHUW 
,QYHUWLQJ�SLQBW[E\WHFONKV�HQDEOH 
�
E���(QDEOH 
�
E���'LVDEOH 

 
0,3,B7;B3+<B/9'6B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[�� 5HVHUYHG 
5HVHUYHG 

� 5: �[� 
OYGVBGLJLWDOBUHVHW 
'LJLWDO�LQWHUQDO�UHVHW 
�
E���1RUPDO�GHIDXOW� 
�
E���5HVHW 

� 52 �[� UHVHUYHG 

� 5: �[� 
PVEBPRGH 
6HOHFWLRQ�IRU�06%�DQG�/6% 
�
E���06% 
�
E���/6% 

 
0,3,B7;B3+<B/9'6B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
OYGVBGLJBLQWHUQDOBHQDEOH 
OYGVBGLJBLQWHUQDOBHQDEOH 
�
E���$FWLYH 
�
E���2II 

��� 5: �[�� 5HVHUYHG 
5HVHUYHG 

 
0,3,B7;B3+<B/9'6B5(*���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[�� 5HVHUYHG 
5HVHUYHG 

� 5: �[� 
WWOBPRGHBHQDEOH 
77/�PRGH�HQDEOH 
�
E���(QDEOH�77/�0RGH 
�
E���'LVDEOH 

� 5: �[� 
OYGVBPRGHBHQDEOH 
/9'6�PRGH�HQDEOH 
�
E���(QDEOH�/9'6�0RGH 
�
E���'LVDEOH 

� 5: �[� 
PLSLBPRGHBHQDEOH 
0,3,�PRGH�HQDEOH 
�
E���(QDEOH�0,3,�0RGH 
�
E���'LVDEOH 

 
0,3,B7;B3+<B/9'6B5(*�%�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(%� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
ODQHBHQB� 
/DQH��HQDEOH�/9'6�PRGH 
�
E���(QDEOH 
�
E���'LVDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
ODQHBHQB� 
/DQH��HQDEOH�/9'6�PRGH 
�
E���(QDEOH 
�
E���'LVDEOH 

� 5: �[� 
ODQHBHQB� 
/DQH��HQDEOH�/9'6�PRGH 
�
E���(QDEOH 
�
E���'LVDEOH 

� 5: �[� 
ODQHBHQB� 
/DQH��HQDEOH�IRU�/9'6�PRGH 
�
E���(QDEOH 
�
E���'LVDEOH 

� 5: �[� 
ODQHBHQBFN 
&ORFN�ODQH�HQDEOH�IRU�/9'6�PRGH 
�
E���(QDEOH 
�
E���'LVDEOH 

� 5: �[� 
SRZHU 
3//�SRZHU�IRU�/9'6�PRGH 
�
E���3RZHU�RII 
�
E���3RZHU�RQ 

��� 52 �[� UHVHUYHG 
 
 
30.4 Application Notes 
30.4.1 0,3,�0RGH�,QLWLDOL]DWLRQ 
6HWXS�6WHSV� 

1. $IWHU�SRZHU�RQ�DQG�UHVHW�GRQH��VHW�WKH�SLQBHQDEOHBFN���������RI�ODQHV�WR�EH�XVHG�WR�KLJK�
OHYHO�DQG�WKH�RWKHUV�WR�ORZ� 

2. 6HQG��¶K���WR�UHJLVWHU��¶K����&RQILJXUH�3//�35(',9� 

3. 6HQG��¶K���WR�UHJLVWHU��¶K����&RQILJXUH�3//�)%',9� 

4. ,I�GLVDEOH�SRVW�GLYLGHU��VHQG��¶K�H�WR�UHJLVWHU��¶K����&RQILJXUH�3//�3267',9� 

5. 6HQG��¶KH��WR�UHJLVWHU��¶K����(QDEOH�3//�DQG�/'2� 

6. 6HQG��¶K�G�WR�UHJLVWHU��¶K����(QDEOH�DOO�ODQHV�RQ�DQDORJ�SDUW��HQDEOH�SRZHU�ZRUN��
EDQGJDS�SRZHU�RQ� 

7. 6HQG��¶KH��WR�UHJLVWHU��¶K���5HVHW�DQDORJ� 

8. :DLW�D�SHULRG�DIWHU�DQDORJ�KDV�EHHQ�UHVHW� 

9. 6HQG��¶K�H�WR�UHJLVWHU��¶K���5HVHW�GLJLWDO� 

10. 6HQG��¶K�I�WR�UHJLVWHU��¶K���5HVHW�GLJLWDO� 

11. :DLW�VRPH�LQWHUEDO�XQWLO�3//�ORFNHG� 

 
30.4.2 /9'6�0RGH�,QLWLDOL]DWLRQ 
1. 6HW�IRUFHU[PRGH� ���WKURXJK�*5)�92B&21��IRU�7;�'3+<���UHJLVWHU� 

2. &RQILJXUH�3//�:ULWH��¶K���WR�WKH�UHJLVWHU��¶K���:ULWH��¶K�H�WR�WKH�UHJLVWHU��¶K��� 

3. 6HOHFW�/6%�PRGH��GHIDXOW�06%�PRGH��:ULWH��¶K���WR�WKH�UHJLVWHU��¶KH���2SWLRQDO� 

4. (QDEOH�/9'6�GLJLWDO�ORJLF�:ULWH��¶K���WR�WKH�UHJLVWHU��¶KH�� 
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5. (QDEOH�/9'6�DQDORJ�GULYHU�:ULWH��¶KI��WR�WKH�UHJLVWHU��¶KHE� 

6. 6HOHFW�/9'6�PRGH�:ULWH��¶K���WR�WKH�UHJLVWHU��¶KH�� 

7. :DLW�D�SHULRG�XQWLO�3//�ORFNHG� 

 
30.4.3 3URJUDPPDEOH�3//�  

7KH�7;�'3+<�3//�RXWSXW�IUHTXHQF\�FDQ�EH�FDOFXODWHG�XVLQJ�D�VDPSOH�IRUPXOD� 

POSTDIV

FBDIV
PREDIV
FREF

FREQUENCYOUTPUTPLL
))

__
u

 
˄˄

 

 
:KHUH�3//B287387B)5(48(1&<�HTXDOV�WR�WKH���''5�&ORFN�)UHTXHQFH����� 
)5()��3//�LQSXW�UHIHUHQFH�IUHTXHQF\�����0K]� 
35(',9��3//�LQSXW�UHIHUHQFH�FORFN�GLYLGHU�ZKLFK�FDQ�EH�FRQILJXUHG�E\�WKH�UHJLVWHU�RI�
UHJBSUHGLY� 
)%',9��,QWHJHU�YDOXH�SURJUDPPHG�LQWR�IHHGEDFN�GLYLGHU�ZKLFK�FDQ�FRQILJXUHG�E\�WKH�
UHJLVWHU�RI�UHJBIEGLY� 
3267',9��3//�SRVW�GLYLGHU���FDQ�EH�FRQILJXUHG�E\�WKH�UHJLVWHUV�RI�UHJBSRVWGLY�,I�
UHJBSRVWGLY�LV�VHW�WR�����WKH�3267',9�YDOXH�LV����2WKHUZLVH��WKH�YDOXH�LV��� 
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Chapter 31 EDP TX Controller 
31.1 Overview 
7KLV�H'3�7;�&RQWUROOHU�LV�FRPSOLDQW�ZLWK�'LVSOD\3RUW�VWDQGDUG����D�DQG�H'3������'LVSOD\3RUW�
LV�DQ�LQGXVWU\�VWDQGDUG�WR�DFFRPPRGDWH�WKH�JURZLQJ�EURDG�DGRSWLRQ�RI�GLJLWDO�GLVSOD\�
WHFKQRORJ\�ZLWKLQ�WKH�3&�DQG�FRQVXPHU�HOHFWURQLFV��&(��LQGXVWULHV��,W�FRQVROLGDWHV�WKH�
LQWHUQDO�DQG�H[WHUQDO�FRQQHFWLRQ�PHWKRGV�WR�UHGXFH�GHYLFH�FRPSOH[LW\�DQG�FRVW��VXSSRUWV�
QHFHVVDU\�IHDWXUHV�IRU�NH\�FURVV�LQGXVWU\�DSSOLFDWLRQV��DQG�SURYLGHV�SHUIRUPDQFH�VFDODELOLW\�
WR�HQDEOH�WKH�QH[W�JHQHUDWLRQ�RI�GLVSOD\V�IHDWXULQJ�KLJKHU�FRORU�GHSWKV��UHIUHVK�UDWHV��DQG�
GLVSOD\�UHVROXWLRQV� 
('3�7;�&RQWUROOHU�VXSSRUWV�WKH�IROORZLQJ�IHDWXUHV� 
z &RPSOLDQW�ZLWK�'LVSOD\3RUW70�6SHFLILFDWLRQ��9HUVLRQ���� 
z &RPSOLDQW�ZLWK�H'370�6SHFLILFDWLRQ��9HUVLRQ���� 
z 0DLQ�OLQN�FRQWDLQLQJ���SK\VLFDO�ODQHV�RI����������*ESV�ODQH 
z %L�GLUHFWLRQDO�DX[LOLDU\�OLQN�ZLWK�XS�WR��0ESV�VSHHG 
z 5*%��<&E&U��������<&E&U�������DQG������ELW�SHU�FRPSRQHQW�YLGHR�IRUPDW 
z 6XSSRUW�+'&3�Y�����LQWHJUDWHG�+'&3�HQFU\SWLRQ�HQJLQH�IRU�WUDQVPLWWLQJ�SURWHFWHG�DXGLR�

DQG�YLGHR�FRQWHQW 
z 6XSSRUW�,�6�DXGLR�LQWHUIDFH��WKH�PD[LPXP�QXPEHU�RI�FKDQQHOV�LV�� 
z 6XSSRUW�6�3',)�DXGLR�LQWHUIDFH 
z ���0K]�FU\VWDO�FORFN 
z 35%6�RU�SURJUDPPDEOH�WUDQVPLWWHU�SDWWHUQ�IRU�PDLQ�OLQN�TXDOLW\�WHVW 
z +RW�SOXJ�DQG�XQSOXJ�GHWHFWLRQ�DQG�OLQN�VWDWXV�PRQLWRU 
31.2 Block Diagram 
('3�7;�&RQWUROOHU�FRPSULVHV�ZLWK� 
z 9LGHR�GDWD�FDSWXUH 
z $XGLR�GDWD�FDSWXUH 
z '3�WUDQVPLWWHU 
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Fig. 31-1 EDP TX Controller Block Diagram 

31.3 Function Description 
31.3.1 9LGHR�GDWD�FDSWXUH 
7KLV�PRGXOH�FDSWXUH�YLGHR�GDWD�IURP�923� 
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31.3.2 $XGLR�GDWD�FDSWXUH 
7KLV�PRGXOH�FDSWXUH�DXGLR�GDWD�IURP�,�6�DQG�6�3',)��  
31.3.3 '3�WUDQVPLWWHU 
7KLV�LV�PDLQ�PRGXOH�LQ�WKH�H'3�7;��,W�FRQWDLQV�GDWD�SDFNLQJ��PDLQ�OLQN�SURFHVV��DX[�SURFHVV�
DQG�GDWD�SURFHVV��HWF� 
31.4 Register Description 
31.4.1 ,QWHUQDO�$GGUHVV�0DSSLQJ 
6ODYH�DGGUHVV�FDQ�EH�GLYLGHG�LQWR�GLIIHUHQW�OHQJWK�IRU�GLIIHUHQW�XVDJH��ZKLFK�LV�VKRZQ�DV�
IROORZV��  
31.4.2 5HJLVWHUV�6XPPDU\ 

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

('3B7;B'3B7;B9(56,21 �[���� : �[�������� '3B7;B9(56,21 
('3B7;B)81&B(1B� �[���� : �[�������' )XQFWLRQ�(QDEOH�5HJLVWHU�� 
('3B7;B)81&B(1B� �[���& : �[�������� )XQFWLRQ�(QDEOH�5HJLVWHU�� 
('3B7;B9,'(2B&7/B� �[���� : �[�������� 9LGHR�&RQWURO�5HJLVWHU�� 
('3B7;B9,'(2B&7/B� �[���� : �[�������� 9LGHR�&RQWURO�5HJLVWHU�� 
('3B7;B9,'(2B&7/B� �[���� : �[�������� 9LGHR�&RQWURO�5HJLVWHU�� 
('3B7;B9,'(2B&7/B� �[���& : �[�������� 9LGHR�&RQWURO�5HJLVWHU�� 
('3B7;B9,'(2B&7/B� �[���& : �[�������� 9LGHR�&RQWURO�5HJLVWHU�� 
('3B7;B9,'(2B&7/B�� �[���� : �[�������� 9LGHR�&RQWURO�5HJLVWHU��� 
('3B7;B727$/B/,1(B&)
*B/ �[���� : �[�������� 7RWDO�/LQH�%\WH�&RQILJXUH�5HJLVWHU 

('3B7;B727$/B/,1(B&)
*B+ �[���& : �[�������� 7RWDO�/LQH�+LJK�%\WH�&RQILJXUH�5HJLVWHU 
('3B7;B$&7,9(B/,1(B&)
*B/ �[���� : �[�������� $FWLYH�/LQH�/RZ�%\WH�&RQILJXUH�5HJLVWHU 
('3B7;B$&7,9(B/,1(B&)
*B+ �[���� : �[�������� $FWLYH�/LQH�+LJK�%\WH�&RQILJXUH�5HJLVWHU 

('3B7;B9B)B325&+B&)* �[���� : �[�������� 9HUWLFDO�)URQW�3RUFK�&RQILJXUH�5HJLVWHU 
('3B7;B9B6<1&B:,'7+
B&)* �[���& : �[�������� 9HUWLFDO�6\QF�:LGWK�&RQILJXUH�5HJLVWHU 
('3B7;B9B%B325&+B&)
* �[���� : �[�������� 9HUWLFDO�%DFN�3RUFK�&RQILJXUH�5HJLVWHU 
('3B7;B727$/B3,;(/B&)
*B/ �[���� : �[�������� 7RWDO�3L[HO�/RZ�%\WH�&RQILJXUH�5HJLVWHU 
('3B7;B727$/B3,;(/B&)
*B+ �[���� : �[�������� 7RWDO�3L[HO�+LJK�%\WH�&RQILJXUH�5HJLVWHU 
('3B7;B$&7,9(B3,;(/B&
)*B/ �[���& : �[�������� $FWLYH�3L[HO�/RZ�%\WH�&RQILJXUH�5HJLVWHU 
('3B7;B$&7,9(B3,;(/B&
)*B+ �[���� : �[�������� $FWLYH�3L[HO�+LJK�%\WH�&RQILJXUH�5HJLVWHU 
('3B7;B+B)B325&+B&)
*B/ �[���� : �[�������� +RUL]RQ�)URQW�3RUFK�/RZ�%\WH�&RQILJXUH�5HJLVWHU 
('3B7;B+B)B325&+B&)
*B+ �[���� : �[�������� +RUL]RQ�)URQW�3RUFK�+LJK�%\WH�&RQILJXUH�5HJLVWHU 

('3B7;B+B6<1&B&)*B/ �[���& : �[�������� +RUL]RQ�6\QF�:LGWK�/RZ�%\WH�&RQILJXUH�5HJLVWHU 

('3B7;B+B6<1&B&)*B+ �[���� : �[�������� +RUL]RQ�6\QF�:LGWK�+LJK�%\WH�&RQILJXUH�5HJLVWHU 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

('3B7;B+B%B325&+B&)
*B/ �[���� : �[�������� +RUL]RQ�%DFN�3RUFK�/RZ�%\WH�&RQILJXUH�5HJLVWHU 
('3B7;B+B%B325&+B&)
*B+ �[���� : �[�������� +RUL]RQ�%DFN�3RUFK�+LJK�%\WH�&RQILJXUH�5HJLVWHU 
('3B7;B9,'(2B67$786 �[���& : �[�������� ,QSXW�9LGHR�6WDWXV�5HJLVWHU 
('3B7;B727$/B/,1(B67$
B/ �[���� : �[�������� 7RWDO�/LQH�6WDWXV�/RZ�%\WH�5HJLVWHU 
('3B7;B727$/B/,1(B67$
B+ �[���� : �[�������� 7RWDO�/LQH�6WDWXV�+LJK�%\WH�5HJLVWHU 
('3B7;B$&7,9(B/,1(B67
$B/ �[���� : �[�������� $FWLYH�/LQH�6WDWXV�/RZ�%\WH�5HJLVWHU 
('3B7;B$&7,9(B/,1(B67
$B+ �[���& : �[�������� $FWLYH�/LQH�6WDWXV�+LJK�%\WH�5HJLVWHU 

('3B7;B9B)B325&+B67$ �[��$� : �[�������� 9HUWLFDO�)URQW�3RUFK�6WDWXV�5HJLVWHU 

('3B7;B9B6<1&B67$ �[��$� : �[�������� 9HUWLFDO�6\QF�:LGWK�6WDWXV�5HJLVWHU 

('3B7;B9B%B325&+B67$ �[��$� : �[�������� 9HUWLFDO�%DFN�3RUFK�6WDWXV�5HJLVWHU 
('3B7;B727$/B3,;(/B67
$B/ �[��$& : �[�������� 7RWDO�3L[HO�6WDWXV�/RZ�%\WH�5HJLVWHU 
('3B7;B727$/B3,;(/B67
$B+ �[��%� : �[�������� 7RWDO�3L[HO�6WDWXV�+LJK�%\WH�5HJLVWHU 
('3B7;B$&7,9(B3,;(/B6
7$B/ �[��%� : �[�������� $FWLYH�3L[HO�6WDWXV�/RZ�%\WH�5HJLVWHU 
('3B7;B$&7,9(B3,;(/B6
7$B+ �[��%� : �[�������� $FWLYH�3L[HO�6WDWXV�+LJK�%\WH�5HJLVWHU 
('3B7;B+B)B325&+B67$
B/ �[��%& : �[�������� +RUL]RQ�)URQW�3RUFK�6WDWXV�/RZ�%\WH�5HJLVWHU 
('3B7;B+B)B325&+B67$
B+ �[��&� : �[�������� +RUL]RQ�)URQW�3RUFK�6WDWXV�+LJK�%\WH�5HJLVWHU 

('3B7;B+B6<1&B67$B/ �[��&� : �[�������� +RUL]RQ�6\QF�:LGWK�6WDWXV�/RZ�%\WH�5HJLVWHU 

('3B7;B+B6<1&B67$B+ �[��&� : �[�������� +RUL]RQ�6\QF�:LGWK�6WDWXV�+LJK�%\WH�5HJLVWHU 
('3B7;B+B%B325&+B67$
B/ �[��&& : �[�������� +RUL]RQ�%DFN�3RUFK�6WDWXV�/RZ�%\WH�5HJLVWHU 
('3B7;B+B%B325&+B67$
B+ �[��'� : �[�������� +RUL]RQ�%DFN�3RUFK�6WDWXV�+LJK�%\WH�5HJLVWHU 
('3B7;B63',)B$8',2B&
7/B� �[��'� : �[�������� 63',)�$XGLR�&RQWURO�5HJLVWHU�� 

('3B7;B'3B$8',2B&7/B
� �[��'& : �[�������� '3�$XGLR�&RQWURO�5HJLVWHU�� 

('3B7;B63',)B$8',2B6
7$B� �[��(� : �[�������� 63',)�$XGLR�6WDWXV�5HJLVWHU�� 

('3B7;B63',)B$8',2B6
7$B� �[��(� : �[�������� $XGLR�63',)�6WDWXV�5HJLVWHU�� 

('3B7;B63',)B(55B7+5
' �[��(� : �[�������� 63',)�(UURU�7KUHVKROG�5HJLVWHU 

('3B7;B63',)B(55B&17 �[��(& : �[�������� 63',)�(UURU�&RXQWHU�5HJLVWHU 
('3B7;B$8',2B%,67B&7
/ �[��)� : �[�������� $XGLR�%,67�&RQWURO�5HJLVWHU 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

('3B7;B$8'B)5(4B&17
B� �[��)� : �[�������� $XGLR�,QSXW�&ORFN�)UHTXHQF\�&RXQWHU�5HJLVWHU�� 
('3B7;B$8'B)5(4B&17
B� �[��)� : �[�������� $XGLR�,QSXW�&ORFN�)UHTXHQF\�&RXQWHU�5HJLVWHU�� 

('3B7;B$9,B'% �[��'� : �[�������� 
$9,�,QIR)UDPH�3DFNHW�'DWD�%\WH��
DGGUHVV�LV�%DVH����[��'��a�%DVH�
���[������$9,B'%��a�$9,B'%�� 

('3B7;B$8',2B'% �[���& : �[�������� 
$XGLR�,QIR)UDPH�3DFNHW�'DWD�
%\WH��DGGUHVV�LV�%DVH����[���&�a�
%DVH����[������$8',2B'%��a�
$8',2B'%�� 

('3B7;B,)B7<3( �[���� : �[�������� ,QIR)UDPH�3DFNHW�7\SH�&RGH� 

('3B7;B,)B3.7B'% �[���� : �[�������� 
,QIR)UDPH�3DFNHW�'DWD�%\WH��
DGGUHVV�LV�%DVH����[�����a�%DVH�
���[��%���,)B3.7B'%��a�
,)B3.7B'%�� 

('3B7;B03(*B'% �[��'� : �[�������� 
03(*�6RXUFH�,QIR)UDPH�3DFNHW�
'DWD�%\WH��DGGUHVV�LV�%DVH���
�[��'��a�%DVH����[��)���
03(*B'%��a�03(*B'%�� 

('3B7;B5(86(B63'B+% �[��)� : �[�������� 5HXVH�63'�+%��a�+%���DGGUHVV�LV�%DVH����[��)��a�%DVH����[���� 

('3B7;B5(86(B63'B3% �[���� : �[�������� 5HXVH�63'�3%��a�3%���DGGUHVV�LV�%DVH����[�����a�%DVH����[���� 
('3B7;B365B)5$0(B83'
$7$B&75/ �[���� : �[�������� 365�IUDPH�XSGDWH�FRQWURO 

('3B7;B96&B6+$'2:B'
% �[���& : �[�������� 

96&�VKDGRZ�GDWD�E\WHV���a����
DGGUHVV�LV�%DVH���[���&�a�
%DVH���[������
96&B6+$'2:B'%��a�
96&B6+$'2:B'%� 

('3B7;B96&B6+$'2:B3
% �[���& : �[�������� 

96&�VKDGRZ�SDULW\�E\WHV���a����
DGGUHVV�LV�%DVH���[���&�a�
%DVH���[������
96&B6+$'2:B3%��a�
96&B6+$'2:B3%� 

('3B7;B$8',2B,�6B&+B
67$� �[���� : �[�������� $XGLR�,�6�&KDQQHO�6WDWXV�5HJLVWHU�� 
('3B7;B$8',2B,�6B&+B
67$� �[���� : �[�������� $XGLR�,�6�&KDQQHO�6WDWXV�5HJLVWHU�� 
('3B7;B$8',2B,�6B&+B
67$� �[���& : �[�������� $XGLR�,�6�&KDQQHO�6WDWXV�5HJLVWHU�� 
('3B7;B$8',2B,�6B&+B
67$� �[���� : �[�������� ,�6�&KDQQHO�6WDWXV�5HJLVWHU�� 

('3B7;B$8',2B,�6B&+B
67$� �[���� : �[�������� $XGLR�&KDQQHO�6WDWXV�5HJLVWHU�� 

('3B7;B/$1(B0$3 �[���& : �[�������� /DQH�0DS�5HJLVWHU 
('3B7;B,17B67$7( �[��&� : �[�������� ,QWHUUXSW�6WDWXV�5HJLVWHU 
('3B7;B&20021B,17B6
7$B� �[��&� : �[�������� &RPPRQ�,QWHUUXSW�6WDWXV�5HJLVWHU�� 
('3B7;B&20021B,17B6
7$B� �[��&� : �[�������� &RPPRQ�,QWHUUXSW�6WDWXV�5HJLVWHU�� 
('3B7;B&20021B,17B6
7$B� �[��&& : �[�������� &RPPRQ�,QWHUUXSW�6WDWXV�5HJLVWHU�� 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

('3B7;B&20021B,17B6
7$B� �[��'� : �[�������� &RPPRQ�,QWHUUXSW�6WDWXV�5HJLVWHU�� 
('3B7;B63',)B%,3+$6(B
,17B67$ �[��'� : �[�������� 63',)�%LSKDVH�,QWHUUXSW�6WDWXV�5HJLVWHU 

('3B7;B'3B,17B67$ �[��'& : �[�������� 'LVSOD\3RUW�,QWHUUXSW�6WDWXV�5HJLVWHU 
('3B7;B&20021B,17B0
$6.B� �[��(� : �[�������� ,QWHUUXSW�0DVN�5HJLVWHU 

('3B7;B&20021B,17B0
$6.B� �[��(� : �[�������� ,QWHUUXSW�0DVN�5HJLVWHU 

('3B7;B&20021B,17B0
$6.B� �[��(� : �[�������� ,QWHUUXSW�0DVN�5HJLVWHU 

('3B7;B&20021B,17B0
$6.B� �[��(& : �[�������� ,QWHUUXSW�0DVN�5HJLVWHU 

('3B7;B'3B,17B67$B0$
6. �[��)� : �[�������� ,QWHUUXSW�HQDEOH�5HJLVWHU 

('3B7;B,17B&7/ �[��)& : �[�������� ,QWHUUXSW�&RQWURO�5HJLVWHU 
('3B7;B6<6B&7/B� �[���� : �[�������� 6\VWHP�&RQWURO�5HJLVWHU�� 
('3B7;B6<6B&7/B� �[���� : �[�������� 6\VWHP�&RQWURO�5HJLVWHU�� 
('3B7;B6<6B&7/B� �[���� : �[�������� 6\VWHP�&RQWURO�5HJLVWHU�� 
('3B7;B6<6B&7/B� �[���& : �[�������� 6\VWHP�&RQWURO�5HJLVWHU�� 
('3B7;B'3B9,'B&7/ �[���� : �[�������� '3�9LGHR�&RQWURO�5HJLVWHU 
('3B7;B3.7B6(1'B&7/ �[���� : �[�������� 3DFNHW�6HQG�&RQWURO�5HJLVWHU� 

('3B7;B'3B+'&3B&7/ �[���� : �[�������� 'LVSOD\3RUW�+'&3�&RQWURO�5HJLVWHU� 
('3B7;B63',)B3+$6(�B
&7/B� �[���� : �[�������� 7KLV�UHJLVWHU�FRQWURO�63',)���F\FOH�SKDVH�FRXQWHU�YDOXH�>���@ 
('3B7;B63',)B3+$6(�B
&7/B� �[���� : �[�������� 7KLV�UHJLVWHU�HQDEOHV�IRUFH�RI�WKH���F\FOH�SKDVH�FRXQWHU�YDOXH�>�@ 
('3B7;B63',)B3+$6(�B
&7/B� �[���� : �[�������� 7KLV�UHJLVWHU�FRQWURO�63',)���F\FOH�SKDVH�FRXQWHU�YDOXH�>���@ 
('3B7;B63',)B3+$6(�B
&7/B� �[���& : �[�������� 7KLV�UHJLVWHU�FRQWURO�63',)���F\FOH�SKDVH�FRXQWHU�YDOXH�>�@ 
('3B7;B63',)B3+$6(�B
&7/B� �[���� : �[�������� 7KLV�UHJLVWHU�FRQWURO�63',)���F\FOH�SKDVH�FRXQWHU�YDOXH�>���@ 
('3B7;B63',)B3+$6(�B
&7/B� �[���� : �[�������� 7KLV�UHJLVWHU�FRQWURO�63',)���F\FOH�SKDVH�FRXQWHU�YDOXH�>�@ 
('3B7;B/,1.B%:B6(7 �[���� : �[�������$ 0DLQ�OLQN�EDQGZLGWK�VHWWLQJ 
('3B7;B/$1(B&2817B6(
7 �[���� : �[�������� 0DLQ�OLQN�ODQH�FRXQW 

('3B7;B'3B75$,1,1*B3
71B6(7 �[���� : �[�������� '3�7UDLQLQJ�3DWWHUQ�6HW�5HJLVWHU 

('3B7;B'3B/1�B/,1.B7
5$,1,1*B&7/ �[���& : �[�������� '3�/DQH���/LQN�7UDLQLQJ�&RQWURO�5HJLVWHU� 
('3B7;B'3B/1�B/,1.B7
5$,1,1*B&7/ �[���� : �[�������� '3�/DQH���/LQN�7UDLQLQJ�&RQWURO�5HJLVWHU� 
('3B7;B'3B/1�B/,1.B7
5$,1,1*B&7/ �[���� : �[�������� '3�/DQH���/LQN�7UDLQLQJ�&RQWURO�5HJLVWHU� 
('3B7;B'3B/1�B/,1.B7
5$,1,1*B&7/ �[���� : �[�������� '3�/DQH���/LQN�7UDLQLQJ�&RQWURO�5HJLVWHU� 
('3B7;B'3B+:B/,1.B75
$,1,1*B&7/ �[��$� : �[�������� '3�KDUGZDUH�WUDLQLQJ�FRQWURO�UHJLVWHUV� 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

('3B7;B+3'B'(*/,7&+B
/ �[��&� : �[�������( +3'B'(*/,7&+�LV�XVHG�WR�GH�JOLWFK�WKH�+3'�VLJQDO� 
('3B7;B+3'B'(*/,7&+B
+ �[��&� : �[�������$ +3'B'(*/,7&+�LV�XVHG�WR�GH�JOLWFK�WKH�+3'�VLJQDO� 
('3B7;B32//,1*B3(5,2
' �[��&& : �[�������( 32//,1*B3(5,2' 

('3B7;B'3B/,1.B'(%8*
B&7/ �[��(� : �[�������� '3�/LQN�'HEXJ�&RQWURO�5HJLVWHU 

('3B7;B'3B6,1.B&2817 �[��(� : �[�������� 6,1.B&2817 
('3B7;B'3B,5'B9(&725 �[��(� : �[�������� ,54B9(&725 
('3B7;B'3B/,1.B67$78
6� �[��(& : �[�������� '3B/,1.B67$786� 

('3B7;B'3B/,1.B67$78
6� �[��)� : �[�������� '3B/,1.B67$786� 

('3B7;B'3B$/,*1B67$7
86 �[��)� : �[�������� $/,*1B67$786 

('3B7;B0B9,'B� �[���� : �[�������� 0B9,'>���@ 
('3B7;B0B9,'B� �[���� : �[�������� 0B9,'>����@ 
('3B7;B0B9,'B� �[���� : �[�������� 0B9,'>�����@ 
('3B7;B1B9,'B� �[���& : �[�������� 1B9,'>���@ 
('3B7;B1B9,'B� �[���� : �[�������� 1B9,'>����@ 
('3B7;B1B9,'B� �[���� : �[�������� 1B9,'>�����@ 
('3B7;B0B9,'B021 �[���� : �[�������� 0B9,'�YDOXH�PRQLWRULQJ�UHJLVWHU 
('3B7;B'3B9,'(2B),)2
B7+5' �[���� : �[�������� '3�9LGHR�'DWD�),)2�7KUHVKROG�5HJLVWHU 
('3B7;B'3B*16B&75/ �[���� : �[�������� '3�*16�&21752/�5(*,67(5 
('3B7;B'3B$8',2B0$5
*,1 �[���& : �[�������� '3�$XGLR�0DUJLQ�5HJLVWHU 

('3B7;B0B$8'B021 �[���� : �[�������� 0B$8'�YDOXH�PRQLWRULQJ�UHJLVWHU 
('3B7;B0B$8'B� �[���� : �[�������� 0B$8'>���@ 
('3B7;B0B$8'B� �[���& : �[�������� 0B$8'>����@ 
('3B7;B0B$8'B� �[���� : �[�������� 0B$8'>�����@ 
('3B7;B1B$8'B� �[���� : �[�������� 1B$8'>���@ 
('3B7;B1B$8'B� �[���� : �[�������� 1B$8'>����@ 
('3B7;B1B$8'B� �[���& : �[�������� 1B$8'>�����@ 

('3B7;B'3B0B&$/B&7/ �[���� : �[�������� '3�0�9DOXH�&DOFXODWLRQ�&RQWURO�5HJLVWHU 
('3B7;B0B9,'B*(1B),/
7(5B7+ �[���� : �[�������� 7KH�WKUHVKROG�RI�0B9,'�JHQHUDWLRQ�ILOWHU 
('3B7;B0B$8'B*(1B),/
7(5B7+ �[���� : �[�������� 7KH�WKUHVKROG�RI�0B$8'�JHQHUDWLRQ�ILOWHU 

('3B7;B$8;B&+B67$ �[���� : �[�������� $8;�&KDQQHO�$FFHVV�6WDWXV�5HJLVWHU 

('3B7;B$8;B(55B180 �[���� : �[�������� $8;�&KDQQHO�$FFHVV�(UURU�&RGH�5HJLVWHU�  
('3B7;B$8;B&+B'()(5B
&7/ �[���� : �[�������) '3�$8;�&+�'()(5�&RQWURO�5HJLVWHU 
('3B7;B$8;B5;B&200 �[���& : �[�������� $8;�&+�UHFHLYHG�FRPPDQG 
('3B7;B%8))(5B'$7$B&
7/ �[���� : �[�������� '3�%XIIHU�'DWD�&RXQW�5HJLVWHU 

('3B7;B$8;B&+B&7/B� �[���� : �[�������� '3�$8;�&KDQQHO�&RQWURO�5HJLVWHU�� 
('3B7;B$8;B$''5B�B� �[���� : �[�������� $8;B$''5>���@ 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2329 

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

('3B7;B$8;B$''5B��B
� �[���& : �[�������� $8;B$''5>����@ 

('3B7;B$8;B$''5B��B
�� �[��$� : �[�������� $8;B$''5>�����@ 

('3B7;B$8;B&+B&7/B� �[��$� : �[�������� '3�$8;�&+�&RQWURO�5HJLVWHU�� 

('3B7;B%8)B'$7$ �[��&� : �[������)) 
$8;�&+�EXIIHU�GDWD���a�����
DGGUHVV�LV�%DVH����[��&��a�
%DVH��[��)& 

('3B7;B62&B*(1(5$/B
&7/ �[���� : �[�������� *HQHUDO�FRQWURO�UHJLVWHU 

('3B7;B'3B7(67B��%B3
$77(51� �[���& : �[�������� '3�WHVW���ELW�SDWWHUQ� 

('3B7;B'3B7(67B��%B3
$77(51� �[���� : �[�������� '3�WHVW���ELW�SDWWHUQ� 

('3B7;B'3B7(67B��%B3
$77(51� �[���� : �[�������� '3�WHVW���ELW�SDWWHUQ� 

('3B7;B$8'B&7/ �[���� : �[�������� $XGLR�&RQWURO�UHJLVWHU 
('3B7;B&5&B&21 �[���� : �[�������� &5&�FKHFN�FRQWURO 
('3B7;B&5&B5(68/7 �[���� : �[�������� &5&�UHVXOW 
('3B7;B,�6B&75/ �[��&� : �[�������� ,�6B&75/ 
('3B7;B,�6B&+B6:$3 �[��&& : �[�������% ,�6�FKDQQHO�VZDS 
('3B7;B,�6B&+B&75/ �[��'� : �[������(� ,�6�FKDQQHO�FRQWURO 
('3B7;B,�6B&+B&75/� �[��'� : �[�������� ,�6�FKDQQHO�FRQWURO�� 
('3B7;B/,1.B32/,&< �[��'� : �[�������� /LQNB3ROLF\ 
1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV��':�
'RXEOH�:25'�����ELWV��DFFHVV�  
31.4.3 'HWDLO�5HJLVWHUV�'HVFULSWLRQ 
('3B7;B'3B7;B9(56,21�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� GSBW[BYHUVLRQ 
9HUVLRQ 

 
('3B7;B)81&B(1B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� 
YLGBFDSBIXQFBHQBQ 
9LGHR�FDSWXUH�IXQFWLRQV�HQDEOH� 
�
E���1RUPDO�RSHUDWLRQ 
�
E���'LVDEOH�YLGHR�FDSWXUH 

� 5: �[� 
YLGBILIRBIXQFBHQBQ 
9LGHR�),)2�IXQFWLRQV�HQDEOH� 
�
E���1RUPDO�RSHUDWLRQ 
�
E���'LVDEOH�YLGHR�),)2 

� 5: �[� 
DXGBILIRBIXQFBHQBQ 
$XGLR�),)2�IXQFWLRQV�HQDEOH� 
�
E���1RUPDO�RSHUDWLRQ 
�
E���'LVDEOH�$XGLR�),)2 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

DXGBIXQFBHQBQ 
$XGLR�),)2�DQG�FDSWXUH�PRGXOH�IXQFWLRQ�HQDEOH� 
�
E���1RUPDO�RSHUDWLRQ 
�
E���'LVDEOH�$XGLR�),)2�DQG�FDSWXUH�PRGXOH 
,I�DXGLR�GDWD��'0$�RU�63',)��VKRXOG�EH�WUDQVPLWWHG��
$8'B)81&B(1B1�DQG�$8'B),)2B)81&B(1B1�VKRXOG�EH�VHW�WR���
�HQDEOH�� 

� 5: �[� 

KGFSBIXQFBHQBQ 
+'&3�PRGXOH�IXQFWLRQV�HQDEOH� 
�
E���1RUPDO�RSHUDWLRQ 
�
E���'LVDEOH�+'&3�ORJLF 
%\�GLVDEOLQJ�DQG�HQDEOLQJ�+'&3��DOO�RI�UHJLVWHUV�LQ�+'&3�DUH�
FOHDUHG��H[FHSW�IRU�WKH�+'&3�NH\�LQVLGH�RI�6365$0��7KHUHIRUH��DV�
DQ�HDV\�ZD\�WR�SUHSDUH�UH�DXWKHQWLFDWLRQ��ILUPZDUH�FDQ�GLVDEOH�
DQG�HQDEOH�DJDLQ�WR�FOHDU�DOO�+'&3�UHJLVWHUV� 

� 52 �[� UHVHUYHG 

� 5: �[� 

VZBIXQFBHQBQ 
6RIWZDUH�GHILQHG�IXQFWLRQ�HQDEOH� 
�
E���1RUPDO�RSHUDWLRQ 
�
E���'LVDEOH�$OO�WKH�IXQFWLRQ�PRGXOHV 
7KH�ELW�KDV�WKH�KLJKHVW�SULRULW\��LI�WKH�ELW�LV����RWKHU�IXQFWLRQ�
HQDEOH�ELWV�GRHV�QRW�ZRUN� 

 
('3B7;B)81&B(1B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� 5: �[� 

VVFBIXQFBHQBQ 
66&�PRGXOH�HQDEOH� 
�
E���1RUPDO�PRGH 
�
E���'LVDEOH�66&�PRGXOH 
7R�DSSO\�XSGDWHG�66&�SDUDPHWHUV�LQWR�66&�RSHUDWLRQ��ILUPZDUH�
PXVW�GLVDEOH�DQG�HQDEOH�WKLV�ELW� 

��� 52 �[� UHVHUYHG 

� 5: �[� 
DX[BIXQFBHQBQ 
$8;�FKDQQHO�PRGXOH�IXQFWLRQ�HQDEOH� 
�
E���1RUPDO�RSHUDWLRQ 
�
E���'LVDEOH�$8;�FKDQQHO�PRGXOH 

� 5: �[� 

VHUGHVBILIRBIXQFBHQBQ 
6HUGHV�),)2�IXQFWLRQ�HQDEOH� 
�
E���1RUPDO�PRGH 
�
E���'LVDEOH�6HUGHV�),)2 
7R�UHVHW�WKH�VHUGHV�ILIR��ILUPZDUH�PXVW�GLVDEOH�DQG�HQDEOH�WKLV�
ELW� 

� 5: �[� 

OVBFONBGRPDLQBIXQFBHQBQ 
/LQN�V\PERO�FORFN�GRPDLQ�PRGXOHV�IXQFWLRQV�HQDEOH� 
�
E���1RUPDO�PRGH 
�
E���'LVDEOH�WKH�PRGXOHV�LQ�OLQN�V\PERO�FORFN�GRPDLQ� 
7R�UHVHW�WKH�PRGXOHV�LQ�OLQN�V\PERO�FORFN�GRPDLQ��ILUPZDUH�PXVW�
GLVDEOH�DQG�HQDEOH�WKLV�ELW� 

 
('3B7;B9,'(2B&7/B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

YLGHRBHQ 
9LGHR�GDWD�LQSXW�HQDEOH� 
�
E���'LVDEOH�YLGHR�GDWD�LQSXW� 
�
E���(QDEOH�YLGHR�GDWD�LQSXW� 
,W�WDNHV�HIIHFW�DW�QH[W�YLGHR�IUDPH� 

� 5: �[� 

YLGHRBPXWH 
9LGHR�PXWH�HQDEOH��,Q�YLGHR�PXWH�PRGH��WKH�VROLG�FRORU��VSHFLILHG�
LQ�%DVH����[��$��a�%DVH����[��%���LV�GLVSOD\HG� 
�
E���'LVDEOH 
�
E���(QDEOH 
2XWSXW�YLGHR�GDWD�LV�FKDQJHG�SURSHUO\�DV�VRRQ�DV�WKLV�ELW�LV�
FRQILJXUHG� 

��� 52 �[�� UHVHUYHG 
 
('3B7;B9,'(2B&7/B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� 5: �[� 

LQBGBUDQJH 
'\QDPLF�UDQJH��7KLV�ELW�ILHOG�LV�XVHG�WR�VSHFLI\�YLGHR�GDWD�IRUPDW�
LQ�PDLQ�VWUHDP�DWWULEXWH�GDWD� 
�
E���&($�UDQJH�����a����� 
�
E���9(6$�UDQJH����a����� 

��� 5: �[� 

LQBESF 
9LGHR�LQSXW�ELW�SHU�FRORU��FRPSRQHQW��ESF���7KLV�ELW�ILHOG�LV�XVHG�
WR�VSHFLI\�YLGHR�GDWD�IRUPDW�LQ�PDLQ�VWUHDP�DWWULEXWH�GDWD��1RWH�
WKDW���ESF�PRGH�LV�LQYDOLG�LQ�<&E&U�����PRGH� 
�
E��������ELWV 
�
E��������ELWV 
�
E�������ELWV 
�
E�������ELWV 
2WKHU��5HVHUYHG 

��� 52 �[� UHVHUYHG 

��� 5: �[� 

LQBFRORUBI 
&RORULPHWULF�IRUPDW�RI�LQSXW�YLGHR��7KLV�LV�XVHG�WR�VSHFLI\�YLGHR�
GDWD�IRUPDW�LQ�PDLQ�VWUHDP�DWWULEXWH�GDWD� 
�
E����5HVHUYHG 
�
E����<&E&U��� 
�
E����<FE&U��� 
�
E����5*% 

 
('3B7;B9,'(2B&7/B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� 5: �[� 

LQB\FBFRHIIL 
<&E&U�&RHIILFLHQWV�RI�LQSXW�YLGHR��7KLV�LV�XVHG�WR�VSHFLI\�YLGHR�
GDWD�IRUPDW�LQ�PDLQ�VWUHDP�DWWULEXWH�GDWD� 
�
E���,78��� 
�
E���,78��� 

��� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

YLGBFKNBXSGDWHBW\SH 
6HOHFW�YLGHR�IRUPDW�VWDELOLW\�FKHFN�PHWKRG�LQ�YLGHR�FDSWXUH�EORFN� 
�
E���&KHFN�VWDELOLW\�ZLWK�WKH�GLIIHUHQFH�EHWZHHQ�DGMDFHQW�
IUDPHV� 
�
E���&KHFN�VWDELOLW\�ZLWK�WKH�GLIIHUHQFH�RI�GLIIHUHQFHV�EHWZHHQ�
DGMDFHQW�IUDPHV��&RPSDUHV�GLIIHUHQFH�RI��VW�DQG��QG�WR�
GLIIHUHQFH�RI��UG�DQG��WK�IUDPH� 

��� 52 �[� UHVHUYHG 
 
('3B7;B9,'(2B&7/B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� 
ELVWBHQ 
9LGHR�%,67�HQDEOH� 
�
E���(QDEOH�YLGHR�%,67 
�
E���1RUPDO�RSHUDWLRQ�PRGH 

� 5: �[� 
ELVWBZLGWK 
&RQWURO�GLVSOD\�%,67�FRORU�EDU�ZLGWK� 
�
E���(DFK�EDU�LV����SL[HO�ZLGWK� 
�
E���(DFK�EDU�LV����SL[HO�ZLGWK� 

��� 5: �[� 

ELVWBW\SH 
'LVSOD\�%,67�W\SH� 
�
E����&RORU�EDU 
�
E����:KLWH��JUD\�DQG�EODFN�EDU 
�
E����0RELOH�ZKLWH�EDU 
�
E����5HVHUYHG 

 
('3B7;B9,'(2B&7/B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[� 
YLGBKUHVBWK 
9LGHR�)UDPH�+RUL]RQWDO�5HVROXWLRQ�YDULDWLRQ�WKUHVKROG�IRU�YLGHR�
FDSWXUH�EORFN��7KLV�ELW�ILHOG�LV�XVHG�E\�&$3785(�EORFN�WR�
GHWHUPLQH�ZKHWKHU�6750B9$/,'�VKRXOG�EH�DVVHUWHG� 

��� 5: �[� 
YLGBYUHVBWK 
9LGHR�)UDPH�9HUWLFDO�5HVROXWLRQ�YDULDWLRQ�WKUHVKROG�IRU�YLGHR�
FDSWXUH�EORFN��7KLV�ELW�ILHOG�LV�XVHG�E\�&$3785(�EORFN�WR�
GHWHUPLQH�ZKHWKHU�6750B9$/,'�VKRXOG�EH�DVVHUWHG� 

 
('3B7;B9,'(2B&7/B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

IBVHO 
9LGHR�IRUPDW�VHOHFW��  
�
E���9LGHR�IRUPDW�LQIRUPDWLRQ�IURP�UHJLVWHU 
�
E���9LGHR�IRUPDW�LQIRUPDWLRQ�IURP�YLGHRBFDSWXUH�PRGXOH 
$FFRUGLQJ�WR�WKH�FRQILJXUDWLRQ�RI�WKLV�ELW�ILHOG��WKH�YDOXHV�RI�YLGHR�
IRUPDW�VWDWXV�UHJLVWHUV�LQ�%DVH����[���&a��[��'��DUH�
GHWHUPLQHG��ZKLFK�DUH�WUDQVIHUUHG�DV�PDLQ�VWUHDP�DWWULEXWH�
SDFNHW� 
1RWH�WKDW�LI�%,67B(1�LV�VHW�WR����)B6(/�PXVW�EH�FOHDUHG�WR���
DOWKRXJK�YLGHR�IRUPDW�LQIRUPDWLRQ�FRPHV�IURP�UHJLVWHUV�VHW�E\�
XVHU��  

� 52 �[� UHVHUYHG 

� 5: �[� 

VODYHBLBVFDQBFIJ 
,QWHUODFH�VFDQ�PRGH�FRQILJXUDWLRQ� 
�
E���3URJUHVVLYH 
�
E���,QWHUODFH 
:KHQ�)B6(/�LV����WKLV�YDOXH�LV�VHQW�LQ�PDLQ�VWUHDP�DWWULEXWH�
SDFNHW� 
:KHQ�%,67B(1�LV����WKLV�ELW�ILHOG�LV�XVHG�WR�VSHFLI\�WKH�%,67�YLGHR�
VWUHDP�IRUPDW� 

� 5: �[� 

VODYHBYV\QFBSBFIJ 
6ODYH�PRGH�96<1&�SRODULW\�FRQILJXUDWLRQ��  
�
E���/RZ�LV�DFWLYH� 
�
E���+LJK�LV�DFWLYH� 
:KHQ�)B6(/�LV����WKLV�YDOXH�LV�VHQW�LQ�PDLQ�VWUHDP�DWWULEXWH�
SDFNHW��  
:KHQ�%,67B(1�LV����WKLV�ELW�ILHOG�LV�XVHG�WR�VSHFLI\�WKH�%,67�YLGHR�
VWUHDP�IRUPDW� 

� 5: �[� 

VODYHBKV\QFBSBFIJ 
6ODYH�PRGH�+6<1&�SRODULW\�FRQILJXUDWLRQ� 
�
E���/RZ�LV�DFWLYH� 
�
E���+LJK�LV�DFWLYH� 
:KHQ�)B6(/�LV����WKLV�YDOXH�LV�VHQW�LQ�PDLQ�VWUHDP�DWWULEXWH�
SDFNHW��  
:KHQ�%,67B(1�LV����WKLV�ELW�ILHOG�LV�XVHG�WR�VSHFLI\�WKH�%,67�YLGHR�
VWUHDP�IRUPDW� 

 
('3B7;B727$/B/,1(B&)*B/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 

WRWDOBOLQHBFIJBO 
727$/B/,1(B&)*�LV�XVHG�WR�VSHFLI\�WKH�QXPEHU�RI�OLQHV�LQ�HDFK�
IUDPH��7KLV�UHJLVWHU�LV�727$/B/,1(B&)*�>���@� 
:KHQ�)B6(/�LV����WKLV�YDOXH�LV�VHQW�LQ�PDLQ�VWUHDP�DWWULEXWH�
SDFNHW� 
:KHQ�%,67B(1�LV����WKLV�ELW�ILHOG�LV�XVHG�WR�VSHFLI\�WKH�%,67�YLGHR�
VWUHDP�IRUPDW� 

 
('3B7;B727$/B/,1(B&)*B+�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

WRWDOBOLQHBFIJBK 
727$/B/,1(B&)*�LV�XVHG�WR�VSHFLI\�WKH�QXPEHU�RI�OLQHV�LQ�HDFK�
IUDPH��7KLV�UHJLVWHU�LV�727$/B/,1(B&)*�>����@� 
:KHQ�)B6(/�LV����WKLV�YDOXH�LV�VHQW�LQ�PDLQ�VWUHDP�DWWULEXWH�
SDFNHW� 
:KHQ�9LGHR�%,67B(1�LV�HQDEOHG��WKLV�ELW�PXVW�EH�FRQILJXUHG�ULJKW�
WR�JHQHUDWH�ULJKW�YLGHR�IRUPDW� 

 
('3B7;B$&7,9(B/,1(B&)*B/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 

DFWLYHBOLQHBFIJBO 
$&7,9(B/,1(B&)*�LV�XVHG�WR�VSHFLI\�WKH�QXPEHU�RI�DFWLYH�OLQHV�LQ�
HDFK�IUDPH��7KLV�UHJLVWHU�LV�$&7,9(B/,1(B&)*�>���@� 
:KHQ�)B6(/�LV����WKLV�YDOXH�LV�VHQW�LQ�PDLQ�VWUHDP�DWWULEXWH�
SDFNHW� 
:KHQ�%,67B(1�LV����WKLV�ELW�ILHOG�LV�XVHG�WR�VSHFLI\�WKH�%,67�YLGHR�
VWUHDP�IRUPDW� 

 
('3B7;B$&7,9(B/,1(B&)*B+�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[� 

DFWLYHBOLQHBFIJBK 
$&7,9(B/,1(B&)*�LV�XVHG�WR�VSHFLI\�WKH�QXPEHU�RI�DFWLYH�OLQHV�LQ�
HDFK�IUDPH��7KLV�UHJLVWHU�LV�$&7,9(B/,1(B&)*�>����@� 
:KHQ�)B6(/�LV����WKLV�YDOXH�LV�VHQW�LQ�PDLQ�VWUHDP�DWWULEXWH�
SDFNHW� 
:KHQ�%,67B(1�LV����WKLV�ELW�ILHOG�LV�XVHG�WR�VSHFLI\�WKH�%,67�YLGHR�
VWUHDP�IRUPDW� 

 
('3B7;B9B)B325&+B&)*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 

YBIBSRUFKBFIJ 
7KLV�LV�XVHG�WR�VSHFLI\�WKH�QXPEHU�RI�OLQHV�LQ�YHUWLFDO�IURQW�SRUFK�
SDUW��  
:KHQ�)B6(/�LV����WKLV�YDOXH�LV�VHQW�LQ�PDLQ�VWUHDP�DWWULEXWH�
SDFNHW��  
:KHQ�%,67B(1�LV����WKLV�ELW�ILHOG�LV�XVHG�WR�VSHFLI\�WKH�%,67�YLGHR�
VWUHDP�IRUPDW� 

 
('3B7;B9B6<1&B:,'7+B&)*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 

YBV\QFBZLGWKBFIJ 
7KLV�LV�XVHG�WR�VSHFLI\�WKH�QXPEHU�RI�OLQHV�LQ�96<1&�SHULRG��  
:KHQ�)B6(/�LV����WKLV�YDOXH�LV�VHQW�LQ�PDLQ�VWUHDP�DWWULEXWH�
SDFNHW��  
:KHQ�%,67B(1�LV����WKLV�ELW�ILHOG�LV�XVHG�WR�VSHFLI\�WKH�%,67�YLGHR�
VWUHDP�IRUPDW� 
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('3B7;B9B%B325&+B&)*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 

YBEBSRUFKBFIJ 
7KLV�LV�XVHG�WR�VSHFLI\�WKH�QXPEHU�RI�OLQHV�LQ�IUDPH�EDFN�SRUFK�
SDUW��  
:KHQ�)B6(/�LV����WKLV�YDOXH�LV�VHQW�LQ�PDLQ�VWUHDP�DWWULEXWH�
SDFNHW� 
:KHQ�%,67B(1�LV����WKLV�ELW�ILHOG�LV�XVHG�WR�VSHFLI\�WKH�%,67�YLGHR�
VWUHDP�IRUPDW� 

 
('3B7;B727$/B3,;(/B&)*B/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 

WRWDOBSL[HOBFIJBO 
727$/B3,;(/B&)*�LV�XVHG�WR�VSHFLI\�WKH�QXPEHU�RI�SL[HOV�LQ�HDFK�
OLQH��7KLV�UHJLVWHU�LV�727$/B3,;(/B&)*>���@� 
:KHQ�)B6(/�LV����WKLV�YDOXH�LV�VHQW�LQ�PDLQ�VWUHDP�DWWULEXWH�
SDFNHW� 
:KHQ�%,67B(1�LV����WKLV�ELW�ILHOG�LV�XVHG�WR�VSHFLI\�WKH�%,67�YLGHR�
VWUHDP�IRUPDW� 

 
('3B7;B727$/B3,;(/B&)*B+�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[�� 

WRWDOBSL[HOBFIJBK 
727$/B3,;(/B&)*�LV�XVHG�WR�VSHFLI\�WKH�QXPEHU�RI�SL[HOV�LQ�HDFK�
OLQH��7KLV�UHJLVWHU�LV�727$/B3,;(/B&)*�>����@� 
:KHQ�)B6(/�LV����WKLV�YDOXH�LV�VHQW�LQ�PDLQ�VWUHDP�DWWULEXWH�
SDFNHW� 
:KHQ�%,67B(1�LV����WKLV�ELW�ILHOG�LV�XVHG�WR�VSHFLI\�WKH�%,67�YLGHR�
VWUHDP�IRUPDW� 

 
('3B7;B$&7,9(B3,;(/B&)*B/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 

DFWLYHBSL[HOBFIJBO 
$&7,9(B3,;(/B&)*�LV�XVHG�WR�VSHFLI\�WKH�QXPEHU�RI�DFWLYH�SL[HOV�
LQ�HDFK�OLQH��7KLV�UHJLVWHU�LV�$&7,9(B3,;(/B&)*�>���@� 
:KHQ�)B6(/�LV����WKLV�YDOXH�LV�VHQW�LQ�PDLQ�VWUHDP�DWWULEXWH�
SDFNHW� 
:KHQ�%,67B(1�LV����WKLV�ELW�ILHOG�LV�XVHG�WR�VSHFLI\�WKH�%,67�YLGHR�
VWUHDP�IRUPDW� 

 
('3B7;B$&7,9(B3,;(/B&)*B+�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[�� 

DFWLYHBSL[HOBFIJBK 
$&7,9(B3,;(/B&)*�LV�XVHG�WR�VSHFLI\�WKH�QXPEHU�RI�DFWLYH�SL[HOV�
LQ�HDFK�OLQH��7KLV�UHJLVWHU�LV�$&7,9(B3,;(/B&)*�>����@� 
:KHQ�)B6(/�LV����WKLV�YDOXH�LV�VHQW�LQ�PDLQ�VWUHDP�DWWULEXWH�
SDFNHW� 
:KHQ�%,67B(1�LV����WKLV�ELW�ILHOG�LV�XVHG�WR�VSHFLI\�WKH�%,67�YLGHR�
VWUHDP�IRUPDW� 

 
('3B7;B+B)B325&+B&)*B/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 

KBIBSRUFKBFIJBO 
+B)B325&+B&)*�LV�XVHG�WR�VSHFLI\�WKH�QXPEHU�RI�SL[HOV�LQ�IUDPH�
KRUL]RQ�IURQW�SRUFK�SDUW��7KLV�UHJLVWHU�LV�+B)B325&+B&)*>���@ 
:KHQ�)B6(/�LV����WKLV�YDOXH�LV�VHQW�LQ�PDLQ�VWUHDP�DWWULEXWH�
SDFNHW��  
:KHQ�%,67B(1�LV����WKLV�ELW�ILHOG�LV�XVHG�WR�VSHFLI\�WKH�%,67�YLGHR�
VWUHDP�IRUPDW� 

 
('3B7;B+B)B325&+B&)*B+�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[� 

KBIBSRUFKBFIJBK 
+B)B325&+B&)*�LV�XVHG�WR�VSHFLI\�WKH�QXPEHU�RI�SL[HOV�LQ�IUDPH�
KRUL]RQ�IURQW�SRUFK�SDUW��7KLV�UHJLVWHU�LV�+B)B325&+B&)*�>����@ 
:KHQ�)B6(/�LV����WKLV�YDOXH�LV�VHQW�LQ�PDLQ�VWUHDP�DWWULEXWH�
SDFNHW��  
:KHQ�%,67B(1�LV����WKLV�ELW�ILHOG�LV�XVHG�WR�VSHFLI\�WKH�%,67�YLGHR�
VWUHDP�IRUPDW� 

 
('3B7;B+B6<1&B&)*B/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 

KBV\QFBFIJBO 
+B6<1&B&)*�LV�XVHG�WR�VSHFLI\�WKH�QXPEHU�RI�SL[HOV�LQ�+6<1&�
SHULRG��7KLV�UHJLVWHU�LV�+B6<1&B&)*�>���@� 
:KHQ�)B6(/�LV����WKLV�YDOXH�LV�VHQW�LQ�PDLQ�VWUHDP�DWWULEXWH�
SDFNHW��  
:KHQ�%,67B(1�LV����WKLV�ELW�ILHOG�LV�XVHG�WR�VSHFLI\�WKH�%,67�YLGHR�
VWUHDP�IRUPDW� 

 
('3B7;B+B6<1&B&)*B+�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 

KBV\QFBFIJBK 
+B6<1&B&)*�LV�XVHG�WR�VSHFLI\�WKH�QXPEHU�RI�SL[HOV�LQ�+6<1&�
SHULRG��7KLV�UHJLVWHU�LV�+B6<1&B&)*�>����@� 
:KHQ�)B6(/�LV����WKLV�YDOXH�LV�VHQW�LQ�PDLQ�VWUHDP�DWWULEXWH�
SDFNHW��  
:KHQ�%,67B(1�LV����WKLV�ELW�ILHOG�LV�XVHG�WR�VSHFLI\�WKH�%,67�YLGHR�
VWUHDP�IRUPDW� 
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('3B7;B+B%B325&+B&)*B/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 

KBEBSRUFKBFIJBO 
+B%B325&+B&)*�LV�XVHG�WR�VSHFLI\�WKH�QXPEHU�RI�SL[HO�LQ�IUDPH�
KRUL]RQ�EDFN�SRUFK�SDUW��7KLV�UHJLVWHU�LV�+B%B325&+B&)*�>���@� 
:KHQ�)B6(/�LV����WKLV�YDOXH�LV�VHQW�LQ�PDLQ�VWUHDP�DWWULEXWH�
SDFNHW��  
:KHQ�%,67B(1�LV����WKLV�ELW�ILHOG�LV�XVHG�WR�VSHFLI\�WKH�%,67�YLGHR�
VWUHDP�IRUPDW� 

 
('3B7;B+B%B325&+B&)*B+�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

��� 5: �[� 

KBEBSRUFKBFIJBK 
+B%B325&+B&)*�LV�XVHG�WR�VSHFLI\�WKH�QXPEHU�RI�SL[HO�LQ�IUDPH�
KRUL]RQ�EDFN�SRUFK�SDUW��7KLV�UHJLVWHU�LV�+B%B325&+B&)*�>����@� 
:KHQ�)B6(/�LV����WKLV�YDOXH�LV�VHQW�LQ�PDLQ�VWUHDP�DWWULEXWH�
SDFNHW��  
:KHQ�%,67B(1�LV����WKLV�ELW�ILHOG�LV�XVHG�WR�VSHFLI\�WKH�%,67�YLGHR�
VWUHDP�IRUPDW� 

 
('3B7;B9,'(2B67$786�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� 

ILHOGBV 
,QWHUODFH�VFDQ�ILHOG�VWDWXV� 
�
E���6HFRQG�ILHOG� 
�
E���)LUVW�ILHOG� 
7KLV�ELW�ILHOG�LV�YDOLG�RQO\�ZKHQ�6750B9$/,'�LV�KLJK��$QG�
6750B9$/,'�EHFRPHV�KLJK�ZKHQ�WZR�VXFFHVVLYH�IUDPHV�DUH�
GHWHUPLQHG�DV�VWDEOH� 

� 5: �[� 

LBVFDQBV 
$XWR�GHWHFW�LQWHUODFH�RU�SURJUHVVLYH�VFDQ�VWDWXV� 
�
E���,QWHUODFH�VFDQ� 
�
E���3URJUHVVLYH�VFDQ� 
7KLV�ELW�ILHOG�LV�YDOLG�RQO\�ZKHQ�6750B9$/,'�LV�KLJK��$QG�
6750B9$/,'�EHFRPHV�KLJK�ZKHQ�WZR�VXFFHVVLYH�IUDPHV�DUH�
GHWHUPLQHG�DV�VWDEOH� 

� 5: �[� 

YV\QFBSBV 
$XWR�GHWHFW�96<1&�SRODULW\� 
�
E���/RZ�LV�DFWLYH� 
�
E���+LJK�LV�DFWLYH� 
7KLV�ELW�ILHOG�LV�YDOLG�RQO\�ZKHQ�6750B9$/,'�LV�KLJK��$QG�
6750B9$/,'�EHFRPHV�KLJK�ZKHQ�WZR�VXFFHVVLYH�IUDPHV�DUH�
GHWHUPLQHG�DV�VWDEOH� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

KV\QFBSBV 
$XWR�GHWHFW�+6<1&�SRODULW\� 
�
E���/RZ�LV�DFWLYH� 
�
E���+LJK�LV�DFWLYH� 
7KLV�ELW�ILHOG�LV�YDOLG�RQO\�ZKHQ�6750B9$/,'�LV�KLJK��$QG�
6750B9$/,'�EHFRPHV�KLJK�ZKHQ�WZR�VXFFHVVLYH�IUDPHV�DUH�
GHWHUPLQHG�DV�VWDEOH��  

 
('3B7;B727$/B/,1(B67$B/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 

WRWDOBOLQHBVWDBO 
727$/B/,1(�>���@�ZKLFK�LV�GHWHFWHG�E\�YLGHR�FDSWXUH�PRGXOH��  
7KLV�ELW�ILHOG�LV�YDOLG�RQO\�ZKHQ�6750B9$/,'�LV�KLJK��$QG�
6750B9$/,'�EHFRPHV�KLJK�ZKHQ�WZR�VXFFHVVLYH�IUDPHV�DUH�
GHWHUPLQHG�DV�VWDEOH� 

 
('3B7;B727$/B/,1(B67$B+�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[� 

WRWDOBOLQHBVWDBK 
727$/B/,1(�>����@�ZKLFK�LV�GHWHFWHG�E\�YLGHR�FDSWXUH�PRGXOH� 
7KLV�ELW�ILHOG�LV�YDOLG�RQO\�ZKHQ�6750B9$/,'�LV�KLJK��$QG�
6750B9$/,'�EHFRPHV�KLJK�ZKHQ�WZR�VXFFHVVLYH�IUDPHV�DUH�
GHWHUPLQHG�DV�VWDEOH� 

 
('3B7;B$&7,9(B/,1(B67$B/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 

DFWLYHBOLQHBVWDBO 
$&7,9(B/,1(�>���@�ZKLFK�LV�GHWHFWHG�E\�YLGHR�FDSWXUH�PRGXOH� 
7KLV�ELW�ILHOG�LV�YDOLG�RQO\�ZKHQ�6750B9$/,'�LV�KLJK��$QG�
6750B9$/,'�EHFRPHV�KLJK�ZKHQ�WZR�VXFFHVVLYH�IUDPHV�DUH�
GHWHUPLQHG�DV�VWDEOH� 

 
('3B7;B$&7,9(B/,1(B67$B+�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[�� 

DFWLYHBOLQHBVWDBK 
$&7,9(B/,1(�>����@�ZKLFK�LV�GHWHFWHG�E\�YLGHR�FDSWXUH�PRGXOH� 
7KLV�ELW�ILHOG�LV�YDOLG�RQO\�ZKHQ�6750B9$/,'�LV�KLJK��$QG�
6750B9$/,'�EHFRPHV�KLJK�ZKHQ�WZR�VXFFHVVLYH�IUDPHV�DUH�
GHWHUPLQHG�DV�VWDEOH� 

 
('3B7;B9B)B325&+B67$�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[�� 

YBIBSRUFKBVWD 
9B)B325&+��YHUWLFDO�IURQW�SRUFK��ZKLFK�LV�GHWHFWHG�E\�YLGHR�
FDSWXUH�PRGXOH� 
7KLV�ELW�ILHOG�LV�YDOLG�RQO\�ZKHQ�6750B9$/,'�LV�KLJK��$QG�
6750B9$/,'�EHFRPHV�KLJK�ZKHQ�WZR�VXFFHVVLYH�IUDPHV�DUH�
GHWHUPLQHG�DV�VWDEOH� 

 
('3B7;B9B6<1&B67$�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 

YBV\QFBVWD 
9B6<1&B:,'7+��YHUWLFDO�V\QF�ZLGWK��ZKLFK�LV�GHWHFWHG�E\�YLGHR�
FDSWXUH�PRGXOH� 
7KLV�ELW�ILHOG�LV�YDOLG�RQO\�ZKHQ�6750B9$/,'�LV�KLJK��$QG�
6750B9$/,'�EHFRPHV�KLJK�ZKHQ�WZR�VXFFHVVLYH�IUDPHV�DUH�
GHWHUPLQHG�DV�VWDEOH� 

 
('3B7;B9B%B325&+B67$�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 

YBEBSRUFKBVWD 
9B%B325&+��YHUWLFDO�EDFN�SRUFK��ZKLFK�LV�GHWHFWHG�E\�YLGHR�
FDSWXUH�PRGXOH� 
7KLV�ELW�ILHOG�LV�YDOLG�RQO\�ZKHQ�6750B9$/,'�LV�KLJK��$QG�
6750B9$/,'�EHFRPHV�KLJK�ZKHQ�WZR�VXFFHVVLYH�IUDPHV�DUH�
GHWHUPLQHG�DV�VWDEOH� 

 
('3B7;B727$/B3,;(/B67$B/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 

WRWDOBSL[HOBVWDBO 
727$/B3,;(/�>���@�ZKLFK�LV�GHWHFWHG�E\�YLGHR�FDSWXUH�PRGXOH� 
7KLV�ELW�ILHOG�LV�YDOLG�RQO\�ZKHQ�6750B9$/,'�LV�KLJK��$QG�
6750B9$/,'�EHFRPHV�KLJK�ZKHQ�WZR�VXFFHVVLYH�IUDPHV�DUH�
GHWHUPLQHG�DV�VWDEOH� 

 
('3B7;B727$/B3,;(/B67$B+�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[�� 

WRWDOBSL[HOBVWDBK 
727$/B3,;(/�>����@�ZKLFK�LV�GHWHFWHG�E\�YLGHR�FDSWXUH�PRGXOH� 
7KLV�ELW�ILHOG�LV�YDOLG�RQO\�ZKHQ�6750B9$/,'�LV�KLJK��$QG�
6750B9$/,'�EHFRPHV�KLJK�ZKHQ�WZR�VXFFHVVLYH�IUDPHV�DUH�
GHWHUPLQHG�DV�VWDEOH� 

 
('3B7;B$&7,9(B3,;(/B67$B/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[�� 

DFWLYHBSL[HOBVWDBO 
$&7,9(B3,;(/�>���@�ZKLFK�LV�GHWHFWHG�E\�YLGHR�FDSWXUH�PRGXOH� 
7KLV�ELW�ILHOG�LV�YDOLG�RQO\�ZKHQ�6750B9$/,'�LV�KLJK��$QG�
6750B9$/,'�EHFRPHV�KLJK�ZKHQ�WZR�VXFFHVVLYH�IUDPHV�DUH�
GHWHUPLQHG�DV�VWDEOH� 

 
('3B7;B$&7,9(B3,;(/B67$B+�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[�� 

DFWLYHBSL[HOBVWDBK 
$&7,9(B3,;(/�>����@�ZKLFK�LV�GHWHFWHG�E\�YLGHR�FDSWXUH�PRGXOH� 
7KLV�ELW�ILHOG�LV�YDOLG�RQO\�ZKHQ�6750B9$/,'�LV�KLJK��$QG�
6750B9$/,'�EHFRPHV�KLJK�ZKHQ�WZR�VXFFHVVLYH�IUDPHV�DUH�
GHWHUPLQHG�DV�VWDEOH� 

 
('3B7;B+B)B325&+B67$B/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 

KBIBSRUFKBVWDBO 
+B)B325&+�>���@��KRUL]RQ�IURQW�SRUFK��ZKLFK�LV�GHWHFWHG�E\�
YLGHR�FDSWXUH�PRGXOH� 
7KLV�ELW�ILHOG�LV�YDOLG�RQO\�ZKHQ�6750B9$/,'�LV�KLJK��$QG�
6750B9$/,'�EHFRPHV�KLJK�ZKHQ�WZR�VXFFHVVLYH�IUDPHV�DUH�
GHWHUPLQHG�DV�VWDEOH� 

 
('3B7;B+B)B325&+B67$B+�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[� 

KBIBSRUFKBVWDBK 
+B)B325&+�>����@��KRUL]RQ�IURQW�SRUFK��ZKLFK�LV�GHWHFWHG�E\�
YLGHR�FDSWXUH�PRGXOH� 
7KLV�ELW�ILHOG�LV�YDOLG�RQO\�ZKHQ�6750B9$/,'�LV�KLJK��$QG�
6750B9$/,'�EHFRPHV�KLJK�ZKHQ�WZR�VXFFHVVLYH�IUDPHV�DUH�
GHWHUPLQHG�DV�VWDEOH� 

 
('3B7;B+B6<1&B67$B/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 

KBV\QFBVWDBO 
+B6<1&�>���@��KRUL]RQ�V\QF�ZLGWK��ZKLFK�LV�GHWHFWHG�E\�YLGHR�
FDSWXUH�PRGXOH� 
7KLV�ELW�ILHOG�LV�YDOLG�RQO\�ZKHQ�6750B9$/,'�LV�KLJK��$QG�
6750B9$/,'�EHFRPHV�KLJK�ZKHQ�WZR�VXFFHVVLYH�IUDPHV�DUH�
GHWHUPLQHG�DV�VWDEOH� 

 
('3B7;B+B6<1&B67$B+�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

KBV\QFBVWDBK 
+B6<1&�>����@��KRUL]RQ�V\QF�ZLGWK��ZKLFK�LV�GHWHFWHG�E\�YLGHR�
FDSWXUH�PRGXOH� 
7KLV�ELW�ILHOG�LV�YDOLG�RQO\�ZKHQ�6750B9$/,'�LV�KLJK��$QG�
6750B9$/,'�EHFRPHV�KLJK�ZKHQ�WZR�VXFFHVVLYH�IUDPHV�DUH�
GHWHUPLQHG�DV�VWDEOH� 

 
('3B7;B+B%B325&+B67$B/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 

KBEBSRUFKBVWDBO 
+B%B325&+�>���@��KRUL]RQ�EDFN�SRUFK��ZKLFK�LV�GHWHFWHG�E\�
YLGHR�FDSWXUH�PRGXOH� 
7KLV�ELW�ILHOG�LV�YDOLG�RQO\�ZKHQ�6750B9$/,'�LV�KLJK��$QG�
6750B9$/,'�EHFRPHV�KLJK�ZKHQ�WZR�VXFFHVVLYH�IUDPHV�DUH�
GHWHUPLQHG�DV�VWDEOH� 

 
('3B7;B+B%B325&+B67$B+�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[� 

KBEBSRUFKBVWDBK 
+B%B325&+�>����@��KRUL]RQ�EDFN�SRUFK��ZKLFK�LV�GHWHFWHG�E\�
YLGHR�FDSWXUH�PRGXOH� 
7KLV�ELW�ILHOG�LV�YDOLG�RQO\�ZKHQ�6750B9$/,'�LV�KLJK��$QG�
6750B9$/,'�EHFRPHV�KLJK�ZKHQ�WZR�VXFFHVVLYH�IUDPHV�DUH�
GHWHUPLQHG�DV�VWDEOH� 

 
('3B7;B63',)B$8',2B&7/B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� 5: �[� 
DXGBVSGLIBHQ 
6HW�63',)�DXGLR�VWUHDP�LQSXW�HQDEOH��  
�
E���'LVDEOH 
�
E���(QDEOH 

��� 52 �[� UHVHUYHG 

� 5: �[� UHXVHBVSGBHQ 
5HXVH�VSG�LQIRUIUDPH�UHJLVWHUV� 

� 5: �[� 

IRUFHBVSGLIBGHW 
)RUFH�63',)B675($0B'(7��ZKLFK�LV�63',)�GHWHFW�VWDWXV��WR����
�7HVW�SXUSRVH�RQO\� 
�
E���)RUFH�63',)B675($0B'(7�WR��� 
�
E���63',)B675($0B'(7�LV�VHW�E\�KDUGZDUH�GHWHFWRU� 

� 5: �[� 

VSGLIBSDULW\BFWUO 
&RQWURO�WKH�63',)�SDULW\�JHQHUDWLRQ�VFKHPH��,Q�WKH�,(&��������
DXGLR�SDFNHW�LV����ELW��%XW�LQ�WKH�'3�VWDQGDUG�Y�����WKH�DXGLR�
SDFNHW�LV����ELW����PRUH�FRQWURO�ELWV�KDYH�EHHQ�DGGHG��7KH�
FRQWURO�ELW�VHOHFWV�WKH�SDULW\�VFKHPH�RI�RULJLQDO����ELW�GHILQHG�LQ�
,(&�������RU�SDULW\�VFKHPH�RI����ELW�GHILQHG�LQ�'3�VWDQGDUG�
Y���� 
�
E���3DULW\�RI�'3�OLQN�DXGLR�VDPSOH����ELW� 
�
E���3DULW\�RI�63',)�DXGLR�VDPSOH����ELW� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

VSGLIBFONBGHWBUHVHWBE\SDVV 
%\SDVV�63',)�FORFN�GHWHFW�DXWR�UHVHW� 
�
E���%\SDVV�63',)�FORFN�GHWHFW�DXWR�UHVHW��63',)�PRGXOH�ZLOO�
QRW�EH�UHVHW�HYHQ�63',)�FORFN�LV�QRW�GHWHFWHG� 
�
E���,I�63',)�FORFN�LV�QRW�GHWHFWHG��63',)�PRGXOH�LV�UHVHW�
DXWRPDWLFDOO\� 

 
('3B7;B'3B$8',2B&7/B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� 

DXGBPXWHBHQ� 
$XGLR�GDWD�DXWR�PXWH�FRQWURO�HQDEOH�IRU�DXGLR�),)2�XQGHU�UXQ�
LQWHUUXSW� 
�
E���(QDEOH 
�
E���'LVDEOH 

� 5: �[� 

DXGBPXWHBHQ� 
$XGLR�GDWD�DXWR�PXWH�FRQWURO�HQDEOH�IRU�DXGLR�),)2�RYHUUXQ�
LQWHUUXSW� 
�
E���(QDEOH 
�
E���'LVDEOH 

� 5: �[� 
DXGBPXWHBHQ� 
$XGLR�GDWD�DXWR�PXWH�FRQWURO�HQDEOH�IRU�+'&3�IDLOHG�LQWHUUXSW� 
�
E���(QDEOH 
�
E���'LVDEOH 

� 5: �[� 
DXGBPXWHBHQ� 
$XGLR�GDWD�DXWR�PXWH�FRQWURO�HQDEOH�IRU�63',)�XQVWDEOH�LQWHUUXSW� 
�
E���(QDEOH 
�
E���'LVDEOH 

� 5: �[� 

DXGBPXWHBHQ� 
$XGLR�GDWD�DXWR�PXWH�FRQWURO�HQDEOH�IRU�$XGLR�FORFN�FKDQJH�
LQWHUUXSW� 
�
E���(QDEOH 
�
E���'LVDEOH 

� 52 �[� UHVHUYHG 
 
('3B7;B63',)B$8',2B67$B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� 5: �[� 
VSGLIBFONBGHW 
63',)�DXGLR�FORFN�GHWHFWHG�IODJ� 
�
E���&ORFN�GHWHFWHG 
�
E���&ORFN�QRW�GHWHFWHG 

��� 52 �[�� UHVHUYHG 

� 5: �[� 
VSGLIBVWUHDPBGHW 
63',)�DXGLR�VWUHDP�GHWHFWHG�IODJ� 
�
E���,QSXW�GHWHFWHG 
�
E���1R�LQSXW�GHWHFWHG 

 
('3B7;B63',)B$8',2B67$B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

VSGLIBIVBIUHT 
6DPSOLQJ�FORFN�IUHTXHQF\��FRUUHVSRQGLQJ�WR�FKDQQHO�VWDWXV�ELWV�
>�����@�� 
�
E�����������.+] 
�
E���������.+] 
�
E���������.+] 
�
E�����������.+] 
�
E���������.+] 
�
E����������.+] 
2WKHUV��5HVHUYHG 
63',)B)6B)5(4�FDQ�EH�UHDG�ZKHQ�63',)B675($0B'(7�DQG�
96<1&B'(7�DUH�KLJK� 

��� 5: �[� 

VSGLIBZRUGBOHQ 
$XGLR�ZRUG�OHQJWK��FRUUHVSRQGLQJ�WR�FKDQQHO�VWDWXV�ELWV�>�����@���  
�
E���������ELWV 
�
E���������ELWV 
�
E���������ELWV 
�
E���������ELWV 
�
E���������ELWV 
�
E���������ELWV 
�
E���������ELWV 
�
E���������ELWV 
�
E���������ELWV 
�
E���������ELWV 
63',)B:25'B/(1�FDQ�EH�UHDG�ZKHQ�63',)B675($0B'(7�DQG�
96<1&B6(7�DUH�KLJK� 

 
('3B7;B63',)B(55B7+5'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 

VSGLIBHUUBWKUG 
63',)�SDULW\�HUURU�WKUHVKROG�IRU�WKH�63',)B(55�LQWHUUXSW��  
:KHQ�63',)�VWUHDP�GDWD�SDULW\�HUURU�RFFXUV��WKH�
63',)B(55B&17�ZLOO�LQFUHDVH�E\����$QG�ZKHQ�63',)B(55B&17�
HTXDOV�WR�63',)B(55B7+5'��63',)B(55�LQWHUUXSW�KDSSHQV� 

 
('3B7;B63',)B(55B&17�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 
VSGLIBHUUBFQW 
63',)�SDULW\�HUURUV�FRXQWHU��  
:ULWH�DQ\�YDOXH�WR�FOHDU� 

 
('3B7;B$8',2B%,67B&7/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

VLQBDPSO 
6HW�WKH�6LQ�ZDYH�DPSOLWXGH�IRU�DXGLR�%,67�GDWD��  
�
E��������� 
�
E��������� 
�
E���������� 
�
E���������� 
�
E���������� 
�
E���������� 
�
E����������� 
�
E����������� 
�
E����������� 
�
E������������ 
�
E������������ 
�
E������������ 
�
E������������� 
�
E������������� 
�
E������������� 
�
E������������� 

��� 52 �[� UHVHUYHG 

� 5: �[� 
DXGBELVWBHQ 
$XGLR�%,67�HQDEOH��  
�
E���(QDEOH 
�
E���'LVDEOH 

 
('3B7;B$8'B)5(4B&17B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 
DXGBIUHTBFQWBO 
$XGLR�LQSXW�FORFN�IUHTXHQF\�FRXQWHU�UHJLVWHU��)RU�WHVW�SXUSRVH�
RQO\� 

 
('3B7;B$8'B)5(4B&17B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[� 
DXGBIUHTBFQWBK 
$XGLR�LQSXW�FORFN�IUHTXHQF\�FRXQWHU�UHJLVWHU��)RU�WHVW�SXUSRVH�
RQO\� 

 
('3B7;B$9,B'%�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� DYLBGE 
$9,�,QIR)UDPH�3DFNHW�'DWD�%\WH���a��� 

 
('3B7;B$8',2B'%�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� DXGLRBGE 
$XGLR�,QIR)UDPH�3DFNHW�'DWD�%\WH���a��� 

 
('3B7;B,)B7<3(�  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 

LIBW\SH 
,QIR)UDPH�3DFNHW�7\SH�&RGH��,W�FDQ�EH�VHW�DV���[�����,QIR)UDPH�
7\SH�&RGH��DQG�VHQG�DQ\�W\SH�RI�LQIRIUDPH�GHILQHG�LQ�&($����&� 
&RPPRQO\��ZH�VHW�LW�DV��[����[������[�����[���LV�WKH�W\SH�FRGH�
RI�63'�,QIR)UDPH��DQG�VHQG�63'�LQIRIUDPH� 

 
('3B7;B,)B3.7B'%�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 
LIBSNWBGE 
,QIR)UDPH�3DFNHW�'DWD�%\WH���a�����7KH�UHJLVWHUV�GHILQH�WKH�GDWD�
LQ�WKH�,QIR)UDPH�DQG�WKH�,QIR)UDPH�W\SH�LV�GHILQHG�E\�,)B7<3(� 

 
('3B7;B03(*B'%�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� PSHJBGE 
03(*�6RXUFH�,QIR)UDPH�3DFNHW�'DWD�%\WH���a��� 

 
('3B7;B5(86(B63'B+%�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� UHXVHBVSGBKE 
5HXVH�63'�+%��a�+%� 

 
('3B7;B5(86(B63'B3%�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� UHXVHBVSGBSE 
5HXVH�63'�3%��a�3%� 

 
('3B7;B365B)5$0(B83'$7$B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 
SVUBIUDPHBXSBW\SH 
6HOHFW�365�)UDPH�8SGDWH�W\SH� 
�
E���%XUVW�VLQJOH�IUDPH�XSGDWH 
�
E���6LQJOH�IUDPH�XSGDWH 

� 5: �[� SVUBIUDPHBXSGDWH 
(QDEOH�365�)UDPH�8SGDWH 

 
('3B7;B96&B6+$'2:B'%�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� YVFBVKDGRZBGE 
96&�VKDGRZ�GDWD�E\WHV���a�� 
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('3B7;B96&B6+$'2:B3%�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� YVFBVKDGRZBSE 
96&�VKDGRZ�SDULW\�E\WHV���a�� 

 
('3B7;B$8',2B,�6B&+B67$��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[� 
DXGLRBPRGH 
�
E����3&0�$XGLR 
2WKHUV��1R�3&0�$XGLR�VWUHDP 

��� 5: �[� 
SFPBPRGH 
�
E�������DXGLR�FKDQQHOV�ZLWKRXW�SUH�HPSKDVLV 
�
E�������DXGLR�FKDQQHOV�ZLWK�������SUH�HPSKDVLV 

� 5: �[� 
VZBFSUJW 
�
E���6RIWZDUH�IRU�ZKLFK�FRS\ULJKW�LV�DVVHUWHG 
�
E���6RIWZDUH�IRU�ZKLFK�QR�FRS\ULJKW�LV�DVVHUWHG 

� 5: �[� 
QRQBSFP 
�
E���$XGLR�VDPSOH�ZRUG�UHSUHVHQWV�OLQHDU�3&0�VDPSOHV 
�
E���$XGLR�VDPSOH�ZRUG�XVHG�IRU�RWKHU�SXUSRVHV 

� 5: �[� 
DXGLRBL�VBFKBVWD� 
�
E���&RQVXPHU�DSSOLFDWLRQV 
�
E���3URIHVVLRQDO�DSSOLFDWLRQV 

 
('3B7;B$8',2B,�6B&+B67$��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� FDWBFRGH 
&DWHJRU\�FRGH��FRUUHVSRQGLQJ�WR�FKDQQHO�VWDWXV�ELWV�>����@� 

 
('3B7;B$8',2B,�6B&+B67$��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[� 
FKBQXP 
&KDQQHO�QXPEHU��FRUUHVSRQGLQJ�WR�FKDQQHO�VWDWXV�ELWV�>�����@���
2QO\��BFKDQQHO�LV�VXSSRUWHG�LQ�%,67�PRGH� 

��� 5: �[� 
VRXUFHBQXP 
6RXUFH�QXPEHU��FRUUHVSRQGLQJ�WR�FKDQQHO�VWDWXV�ELWV�>�����@���
2QO\��BFKDQQHO�LV�VXSSRUWHG�LQ�%,67�PRGH� 

 
('3B7;B$8',2B,�6B&+B67$��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[� FKQOBELW� 
&RUUHVSRQGLQJ�WR�FKDQQHOV�VWDWXV�ELWV�>�����@� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 
FONBDFFXU 
&ORFN�DFFXUDF\��FRUUHVSRQGLQJ�WR�FKDQQHOV�VWDWXV�ELWV�>�����@���
7KHVH�WZR�ELWV�GHILQH�WKH�VDPSOLQJ�IUHTXHQF\�WROHUDQFH��7KH�ELWV�
DUH�VHW�LQ�WKH�WUDQVPLWWHU��  

��� 5: �[� 

IVBIUHT 
6DPSOLQJ�FORFN�IUHTXHQF\��FRUUHVSRQGLQJ�WR�FKDQQHO�VWDWXV�ELWV�
>�����@���  
�
E�����������.+] 
�
E���������.+] 
�
E���������.+] 
�
E�����������.+] 
�
E���������.+] 
�
E����������.+] 
2WKHUV��5HVHUYHG 
:KHQ�VHW�63',)B)6B295:5�WR������WKH�IRXU�ELWV�VDPSOH�FORFN�
IUHTXHQF\�LQ�FKDQQHO�VWDWXV�LV�UHSODFHG�E\�WKLV�UHJLVWHU�VHWWLQJ� 
1RWH�WKDW�WKH�DXGLR�VLQH�ZDYH�IUHTXHQF\�HTXDOV�WR�$XGLR�6DPSOH�
)UHTXHQF\������)RU�H[DPSOH��LI�WKH�VDPSOLQJ�FORFN�IUHTXHQF\�LV�
����.��WKH�VLQH�ZDYH�IUHTXHQF\�LV������������ ������+]� 

 
('3B7;B$8',2B,�6B&+B67$��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[� FKQOBELW� 
&RUUHVSRQGLQJ�WR�FKDQQHOV�VWDWXV�ELWV�>�����@� 

��� 5: �[� 

ZRUGBOHQJWK 
$XGLR�ZRUG�OHQJWK��FRUUHVSRQGLQJ�WR�FKDQQHO�VWDWXV�ELWV�>�����@���  
:KHQ�:25'B0$;���� 
�
E��������ELWV 
�
E��������ELWV 
�
E��������ELWV 
�
E��������ELWV 
�
E��������ELWV 
:KHQ�:25'B0$;���� 
�
E��������ELWV 
�
E��������ELWV 
�
E��������ELWV 
�
E��������ELWV 
�
E��������ELWV 

� 5: �[� 
ZRUGBPD[ 
$XGLR�ZRUG�OHQJWK�0D[��FRUUHVSRQGLQJ�WR�FKDQQHO�VWDWXV�ELWV������  
�
E���0D[LPDO�ZRUG�OHQJWK�LV����ELWV� 
�
E���0D[LPDO�ZRUG�OHQJWK�LV����ELWV� 

 
('3B7;B/$1(B0$3�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[� 

ODQH�BPDS 
&RQWURO�SK\VLFDO�ODQH���ZLOO�PDS�WR�ZKLFK�ORJLF�ODQH� 
�
E����/RJLF�ODQH�� 
�
E����/RJLF�ODQH�� 
�
E����/RJLF�ODQH�� 
�
E����/RJLF�ODQH�� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

ODQH�BPDS 
&RQWURO�SK\VLFDO�ODQH���ZLOO�PDS�WR�ZKLFK�ORJLF�ODQH� 
�
E����/RJLF�ODQH�� 
�
E����/RJLF�ODQH�� 
�
E����/RJLF�ODQH�� 
�
E����/RJLF�ODQH�� 

��� 5: �[� 

ODQH�BPDS 
&RQWURO�SK\VLFDO�ODQH���ZLOO�PDS�WR�ZKLFK�ORJLF�ODQH� 
�
E����/RJLF�ODQH�� 
�
E����/RJLF�ODQH�� 
�
E����/RJLF�ODQH�� 
�
E����/RJLF�ODQH�� 

��� 5: �[� 

ODQH�BPDS 
&RQWURO�SK\VLFDO�ODQH���ZLOO�PDS�WR�ZKLFK�ORJLF�ODQH� 
�
E����/RJLF�ODQH�� 
�
E����/RJLF�ODQH�� 
�
E����/RJLF�ODQH�� 
�
E����/RJLF�ODQH�� 

 
('3B7;B,17B67$7(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 
LQWBVWDWH 
,QWHUUXSW�UHTXHVW�VWDWXV�  
�
E���,QWHUUXSW�VHUYLFH�LV�UHTXHVWHG� 
�
E���1R�LQWHUUXSW�VHUYLFH�LV�UHTXHVWHG� 

 
('3B7;B&20021B,17B67$B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� 5: �[� YV\QFBGHW 
�
E���96<1&�DFWLYH�HGJH�KDV�EHHQ�GHWHFWHG� 

� 5: �[� 
SOOBORFNBFKJ 
�
E���3//�ORFN�VWDWH�LV�FKDQJHG� 
&KHFN�3//B/2&.�RI�UHJLVWHU�'3B'(%8*B&7/�IRU�3//�ORFN�VWDWXV� 

� 5: �[� 

VSGLIBHUU 
�
E���63',)�SDULW\�HUURUV 
:ULWH���WR�FOHDU��6RIWZDUH�FDQ�FKDQJH�WKLV�LQWHUUXSW�JHQHUDWLRQ�E\�
VHWWLQJ�WKH�UHJLVWHU�63',)B(55B7+5'� 
:KHQ�63',)B(55��VRIWZDUH�VKDOO�FKHFN�63',)�VWDWXV�RQ�UHJLVWHU�
63',)B$8',2B67$B�� 

� 5: �[� VSGLIBXQVWEO 
�
E���1RW�ILQG�H[SHFWHG�SUHDPEOH�IRU�63',)�LQSXW� 

� 5: �[� YLGBIRUPDWBFKJ 
�
E���9LGHR�LQSXW�IRUPDW�FKDQJH�LV�GHWHFWHG� 

� 5: �[� DXGBFONBFKJ 
�
E���$XGLR�LQSXW�FORFN�FKDQJH�LV�GHWHFWHG� 

� 5: �[� YLGBFONBFKJ 
�
E���9LGHR�LQSXW�FORFN�FKDQJH�LV�GHWHFWHG��  

� 5: �[� VZBLQW 
�
E���6RIWZDUH�LQGXFHG�LQWHUUXSW� 

 
('3B7;B&20021B,17B67$B��  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� 

HQFBHQBFKJ 
�
E���+'&3B(1&B(1�FKDQJHG�GHWHFWHG� 
:ULWH���WR�FOHDU� 
(1&B(1B&+*�KDSSHQV�ZKHQHYHU�+'&3B(1&B(1�LV�FKDQJHG�IURP�
��WR���RU�IRUP���WR����7KLV�LQWHUUXSW�LV�JHQHUDWHG�ZKHQ�WKH�
LQWHUQDO�+'&3�FLSKHU�PRGXOH�ILQG�RXW�WKDW�HQFU\SWLRQ�VWDWXV�LV�
FKDQJHG� 
6RIWZDUH�FDQ�FKHFN�HQFU\SWLRQ�VWDWXV�RQ�ELW�(1&5<37�RI�UHJLVWHU�
+'&3B67$� 

��� 52 �[� UHVHUYHG 

� 5: �[� 
KZBENVYBUG\ 
�
E���%.69�LV�UHDG\� 
:ULWH���WR�FOHDU��,W�LV�IRU�+�:�+'&3 

� 5: �[� 
KZBVKDBGRQH 
�
E���+'&3�KDUGZDUH�FRPSXWLQJ�9�KDV�HQGHG� 
:ULWH���WR�FOHDU��'XULQJ�+�:�+'&3�DXWKHQWLFDWLRQ��LW�LV�JHQHUDWHG�
DIWHU�FDOFXODWLQJ�9��  

� 5: �[� 

KZBDXWKBVWDWHBFKJ 
�
E���+�:�+'&3�DXWKHQWLFDWLRQ�VWDWH�KDV�FKDQJHG� 
+:B$87+B67$7(B&+*�KDSSHQV�DIWHU�+�:�+'&3�LV�HQDEOHG 
6RIWZDUH�FDQ�FKHFN�KDUGZDUH�DXWKHQWLFDWLRQ�VWDWXV�RQ�ELW�
+:B$87+(1B3$66�RI�UHJLVWHU�+'&3B67$�  
7KLV�ELW�LV�VHW�RQO\�ZKHQ�DXWKHQWLFDWLRQ�VXFFHVV�RU�IDLOXUH�VWDWXV�LV�
FKDQJHG��6R��VXFFHVVLYH�DXWKHQWLFDWLRQ�IDLOXUH�GRHV�QRW�VHW�WKLV�
ELW� 

� 5: �[� 

KZBDXWKBGRQH 
�
E���+�:�+'&3�DXWKHQWLFDWLRQ�KDV�HQGHG� 
7KLV�ELW�LV�VHW�ZKHQ�+�:�+'&3�DXWKHQWLFDWLRQ�LV�ILQLVKHG�
UHJDUGOHVV�RI�VXFFHVV�RU�IDLOXUH� 
6RIWZDUH�FDQ�FKHFN�KDUGZDUH�DXWKHQWLFDWLRQ�VWDWXV�RQ�ELW�
+:B$87+(1B3$66�RI�UHJLVWHU�+'&3B67$ 

 
('3B7;B&20021B,17B67$B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� 5: �[� 
DILIRBXQGHU 
�
E���$XGLR�),)2�LV�XQGHU�UXQ� 
:ULWH���WR�FOHDU� 

� 5: �[� 
DILIRBRYHU 
�
E���$XGLR�),)2�LV�RYHUUXQ� 
:ULWH���WR�FOHDU��  

� 5: �[� 

U�BFKNBIODJ 
)RU�KDUGZDUH�DXWKHQWLFDWLRQ��ZLWK�+'&3�UHSHDWHU�� 
�
E���5��FKHFN�LV�ILQLVKHG� 
)RU�VRIWZDUH�DXWKHQWLFDWLRQ� 
�
E���5��LV�UHDG\�IRU�VRIWZDUH�FKHFN� 
:ULWH���WR�FOHDU��,I�+�:�UH�DXWKHQWLFDWLRQ�LV�QHHGHG�DQG�WKLV�ELW�LV�
VHW�WR����WKHQ�WKLV�ELW�PXVW�EH�FOHDUHG�EHIRUH�+�:�UH�
DXWKHQWLFDWLRQ� 

� 5: �[� 
GSFGBVSHFLILFBLUT 
�
E���6LQN�VSHFLILF�LQWHUUXSW�LQ�'3&'�LV�GHWHFWHG� 
:ULWH���WR�FOHDU 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
P\GSBSOXJBLQ 
�
E���0<'3�SOXJ�RXW�HYHQW�LV�GHWHFWHG� 
:ULWH���WR�FOHDU 

� 5: �[� 
P\GSBSOXJBRXW 
�
E���0<'3�SOXJ�RXW�HYHQW�LV�GHWHFWHG� 
:ULWH���WR�FOHDU 

� 5: �[� 
P\GSBKSGBLUT 
�
E���0<'3�+3'�LQWHUUXSW�LV�GHWHFWHG� 
:ULWH���WR�FOHDU 

� 5: �[� 
KGFSBOLQNBFKHFNBIDLO 
�
E���+'&3�OLQN�FKHFN�IDLOXUH�LV�GHWHFWHG� 
:ULWH���WR�FOHDU� 

 
('3B7;B&20021B,17B67$B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� 
VSGLIBELBSKDVHBHUU 
�
E���63',)�EL�SKDVH�HUURU�KDV�RFFXUUHG� 
:ULWH���WR�FOHDU��6RIWZDUH�UHVHW�ZLOO�QRW�FOHDU�WKLV�LQWHUUXSW� 

��� 52 �[� UHVHUYHG 

� 5: �[� 

KRWSOXJBFKJ 
�
E���+RW�SOXJ�FKDQJH�GHWHFWHG��:ULWH���WR�FOHDU� 
+273/8*B&+*�KDSSHQV�ZKHQHYHU�WKH�SLQ�,B'3B+'3�FKDQJHV�
DQG�WKH�FKDQJH�UHPDLQV�IRU�DW�OHDVW�KRW�SOXJ�GHJOLWFK�WLPH��$QG�
WKH�KRW�SOXJ�GHJOLWFK�WLPH�LV�GHILQHG�LQ�+3'B'(*/,7&+B/�DQG�
+3'B'(*/,7&+B+��:KHQ�+273/8*B&+*�LV�KLJK��VRIWZDUH�VKDOO�
FKHFN�WKH�VWDWXV�RI�+3'�VLJQDO�RQ�UHJLVWHU�+3'B67$786� 

� 5: �[� 

KSGBORVW 
+RW�SOXJ�GHWHFW�VLJQDO�ORVW�WLPHU�ODUJHU�WKDQ��PV��WKDW�PHDQV�
FDEOH�LV�SOXJJHG�RXW� 
�
E���,QWHUUXSW�DVVHUW 
�
E���1RW�LQWHUUXSW�RFFXUUHG 
:ULWH���WR�WKLV�ELW�WR�FOHDU�WKLV�LQWHUUXSW�VRXUFH� 

� 5: �[� 

SOXJ 
+RW�SOXJ�GHWHFW�VLJQDO�ORVW�WLPH�LV�ODUJHU�WKDQ��PV�EHIRUH�FDEOH�
SOXJJHG��LW�PHDQV�FDEOH�LV�SOXJJHG�LQ� 
�
E���,QWHUUXSW�DVVHUW 
�
E���1RW�LQWHUUXSW�RFFXUUHG 
:ULWH���WR�WKLV�ELW�WR�FOHDU�WKLV�LQWHUUXSW�VRXUFH� 

 
('3B7;B63',)B%,3+$6(B,17B67$�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� 5: �[� VSGLIBELSKDVHBHUUBFOU 
63',)�ELSKDVH�HUURU 

��� 52 �[�� UHVHUYHG 
 
('3B7;B'3B,17B67$�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2351 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

LQWBKSG 
,54��+3'�GH�DVVHUWHG�OHVV�WKDQ��PV��GHWHFW�LQWHUUXSW� 
�
E���,54�LQWHUUXSW�DVVHUW 
�
E���1RW�LQWHUUXSW�RFFXUUHG 
:ULWH���WR�WKLV�ELW�WR�FOHDU�WKLV�LQWHUUXSW�VRXUFH� 

� 5: �[� 

KZBWUDLQLQJBILQLVK 
7UDLQLQJ�)60�PRGXOH�ILQLVK�OLQN�WUDLQLQJ�SURFHGXUH� 
�
E���+DUGZDUH�OLQN�WUDLQLQJ�ILQLVKHG 
�
E���1RW�LQWHUUXSW�RFFXUUHG 
:ULWH���WR�WKLV�ELW�WR�FOHDU�WKLV�LQWHUUXSW�VRXUFH� 

� 52 �[� UHVHUYHG 

� 5: �[� 

VLQNBORVW 
6LQN�ORVW�LQWHUUXSW 
�
E���6LQN�ORVW�RFFXUUHG 
�
E���1RW�LQWHUUXSW�RFFXUUHG 
:ULWH���WR�WKLV�ELW�WR�FOHDU�WKLV�LQWHUUXSW�VRXUFH� 

� 5: �[� 

OLQNBORVW 
/LQN�ORVW�LQWHUUXSW 
�
E���/LQN�ORVW�RFFXUUHG 
�
E���1RW�LQWHUUXSW�RFFXUUHG 
:ULWH���WR�WKLV�ELW�WR�FOHDU�WKLV�LQWHUUXSW�VRXUFH� 

� 5: �[� 

USO\BUHFHLY 
$8;�FKDQQHO�FRPPDQG�UHSO\�LV�UHFHLYHG� 
�
E���,QWHUUXSW�DVVHUW 
�
E���1RW�LQWHUUXSW�RFFXUUHG 
:ULWH���WR�WKLV�ELW�WR�FOHDU�WKLV�LQWHUUXSW�VRXUFH� 

� 5: �[� 

DX[BHUU 
$8;�FKDQQHO�DFFHVV�HUURU�LQWHUUXSW� 
�
E���,QWHUUXSW�DVVHUW 
�
E���1RW�LQWHUUXSW�RFFXUUHG 
:ULWH���WR�WKLV�ELW�WR�FOHDU�WKLV�LQWHUUXSW�VRXUFH� 

 
('3B7;B&20021B,17B0$6.B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 

FRPPRQBLQWBPDVNB� 
(DFK�ELW�FRUUHVSRQGV�WR�WKH�VDPH�ELW�LQ�&RPPRQ�,QWHUUXSW�6WDWXV�
5HJLVWHU��� 
���0DVN�LQWHUUXSW 
���(QDEOH�LQWHUUXSW 

 
('3B7;B&20021B,17B0$6.B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 

FRPPRQBLQWBPDVNB� 
(DFK�ELW�FRUUHVSRQGV�WR�WKH�VDPH�ELW�LQ�&RPPRQ�,QWHUUXSW�6WDWXV�
5HJLVWHU��� 
���0DVN�LQWHUUXSW 
���(QDEOH�LQWHUUXSW 

 
('3B7;B&20021B,17B0$6.B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 

FRPPRQBLQWBPDVNB� 
(DFK�ELW�FRUUHVSRQGV�WR�WKH�VDPH�ELW�LQ�&RPPRQ�,QWHUUXSW�6WDWXV�
5HJLVWHU��� 
���0DVN�LQWHUUXSW 
���(QDEOH�LQWHUUXSW 

 
('3B7;B&20021B,17B0$6.B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[�� 

FRPPRQBLQWBPDVNB� 
(DFK�ELW�FRUUHVSRQGV�WR�WKH�VDPH�ELW�LQ�&RPPRQ�,QWHUUXSW�6WDWXV�
5HJLVWHU��� 
���0DVN�LQWHUUXSW 
���(QDEOH�LQWHUUXSW 

 
('3B7;B'3B,17B67$B0$6.�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[�� 

GSBLQWBVWDBPDVN 
(DFK�ELW�FRUUHVSRQGV�WR�WKH�VDPH�ELW�LQ�'LVSOD\3RUW�,QWHUUXSW�
6WDWXV�5HJLVWHU��'3B,17B67$�� 
���(QDEOH�LQWHUUXSW 
���0DVN�LQWHUUXSW 

 
('3B7;B,17B&7/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� VHUGHVBRYHUIORZBFOHDU 
�
E���FOHDU�6HU'HV�),)2�RYHUIORZ�IODJ 

� 5: �[� VHUGHVBXQGHUIORZBFOHDU 
�
E���FOHDU�6HU'HV�),)2�XQGHUIORZ�IODJ 

� 52 �[� UHVHUYHG 

� 5: �[� 
VRIWBLQWBFWUO 
6HW�6RIWZDUH�,QWHUUXSW��  
�
E���6HW�LQWHUUXSW 
�
E���'R�QRW�VHW�LQWHUUXSW 

� 52 �[� UHVHUYHG 

� 5: �[� 
LQWBSRO 
,17�SLQ�DVVHUWLRQ�SRODULW\� 
�
E���$VVHUW�KLJK 
�
E���$VVHUW�ORZ 

 
('3B7;B6<6B&7/B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[� KEU�BH\HBV\BFWUO 
+%5��SDWWHUQ�FRQWURO 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

GHWBVWD 
9LGHR�VWUHDP�FORFN�GHWHFW�VWDWXV��,W�ZLOO�QRW�DIIHFW�YLGHR�RXWSXW� 
�
E���6WUHDP�FORFN�GHWHFWHG 
�
E���6WUHDP�FORFN�QRW�GHWHFWHG 
:ULWH�DQ\�YDOXH�WR�XSGDWH�WKH�FXUUHQW�VWDWXV� 

� 5: �[� 

IRUFHBGHW 
)RUFH�YLGHR�VWUHDP�FORFN�GHWHFW��WKLV�ELW�LV�RQO\�DFWLYH�ZKHQ�
'(7B&75/�LV�� 
�
E���)RUFH�YLGHR�VWUHDP�FORFN�GHWHFWHG 
�
E���)RUFH�YLGHR�VWUHDP�FORFN�QRW�GHWHFWHG 
7KLV�ELW
V�W\SH�LV�5�:� 

� 5: �[� 

GHWBFWUO 
9LGHR�VWUHDP�FORFN�GHWHFW�VWDWXV�FRQWURO� 
�
E���8VH�IRUFH�GHWHFW�VWDWXV 
�
E���8VH�DXWR�GHWHFWHG�VWDWXV 
7KLV�ELW
V�W\SH�LV�5�:� 

 
('3B7;B6<6B&7/B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[� 

FKDBFUL 
3L[HO�FORFN�FKDQJH�GHWHFWLRQ�WKUHVKROG� 
7KH�LQFRPLQJ�SL[HO�FORFN�LQSXW�LV�FRXQWHG�FRQWLQXRXVO\�E\�WKH�
��0K]�UHIHUHQFH�FORFN��7KLV�UHJLVWHU�GHILQHV�D�QXPEHU��LI�WKH�
FRXQWHU�QXPEHU�FKDQJH�LV�PRUH�WKDQ�WKLV�YDOXH�IRU���SL[HO�FORFN�
HGJHV��WKH�&+$B67$�ELW�LV�DVVHUWHG� 
7KLV�ELW
V�W\SH�LV�5�:� 

� 52 �[� UHVHUYHG 

� 5: �[� 

FKDBVWD 
9LGHR�VWUHDP�FORFN�FKDQJH�VWDWXV��,W�ZLOO�QRW�DIIHFW�YLGHR�RXWSXW 
�
E���&ORFN�IUHTXHQF\�FKDQJHG� 
�
E���&ORFN�IUHTXHQF\�QRW�FKDQJHG� 
:ULWH�DQ\�YDOXH�WR�XSGDWH�WKH�FXUUHQW�VWDWXV� 

� 5: �[� 

IRUFHBFKD 
)RUFH�VWUHDP�FORFN�FKDQJH�VWDWXV��WKLV�ELW�RQO\�DFWLYH�ZKHQ�
&+$B&75/�LV���  
�
E���)RUFH�FORFN�FKDQJH��:KHQ�DVVHUWHG��&+$B67$�LV�
�
� 
�
E���)RUFH�FORFN�QRW�FKDQJH� 
7KLV�ELW
V�W\SH�LV�5�:� 

� 5: �[� 

FKDBFWUO 
3L[HO�FORFN�IUHTXHQF\�FKDQJH�VWDWXV�FRQWURO�  
�
E���8VH�IRUFH�FKDQJH�VWDWXV 
�
E���8VH�DXWR�GHWHFWHG�VWDWXV 
7KLV�ELW
V�W\SH�LV�5�:� 

 
('3B7;B6<6B&7/B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

KSGBVWDWXV 
+RW�SOXJ�GHWHFW�VWDWXV� 
�
E���+3'�LV��� 
�
E���+3'�LV��� 
7KLV�ELW
V�W\SH�LV�52� 
:KHQ�WKLV�ELW�LV����$8;�&+�ZLOO�QRW�ZRUN� 
1RWH�WKDW�WKH�+3'B67$786�LV�RQO\�FKDQJHG�DIWHU�WKH�FKDQJH�RI�
WKH�SLQ�,B'3B+3'�UHPDLQV�IRU�QR�OHVV�WKDQ�KRW�SOXJ�GHJOLWFK�WLPH��
$QG�WKH�KRW�SOXJ�GHJOLWFK�WLPH�LV�GHILQHG�LQ�+3'B'(*/,7&+B/�
DQG�+3'B'(*/,7&+B+� 

� 5: �[� 

IBKSG 
)RUFH�KRW�SOXJ�GHWHFW� 
�
E���)RUFH�+3'��� 
�
E���)RUFH�+3'��� 
7KLV�ELW
V�W\SH�LV�5�:� 

� 5: �[� 

KSGBFWUO 
+RW�SOXJ�GHWHFW�PDQXDO�FRQWURO� 
�
E���)RUFH�+3'�ZLWK�)B+3'� 
�
E���8VH�3,1B+3'�VWDWH� 
7KLV�ELW
V�W\SH�LV�5�:� 

� 5: �[� 

KGFSBUG\ 
+'&3�UHDG\�VWDWXV� 
�
E���+'&3�LV�UHDG\� 
�
E���+'&3�LV�QRW�UHDG\� 
7KLV�ELW
V�W\SH�LV�52� 
7KLV�ELW�LV�DQ�LQGLFDWRU�RI�ZKHWKHU�+'&3�LV�UHDG\�WR�SHUIRUP��
8VXDOO\��LW�LV�VHW�DV�VRRQ�DV�+3'�VLJQDO�LV�GHWHFWHG�DV�SOXJJHG� 

� 5: �[� 

VWUPBYDOLG 
,QSXW�VWUHDP�KDYH�FRQVWDQW�YLGHR�IRUPDW��DQG�WKLV�VWUHDP�LV�YDOLG�
WR�VHQG�RXW�WKURXJK�OLQN� 
�
E���,QSXW�VWUHDP�LV�YDOLG� 
�
E���,QSXW�VWUHDP�LV�QRW�YDOLG� 
:ULWH�DQ\�YDOXH�WR�XSGDWH�WKH�FXUUHQW�VWDWXV� 
+DUGZDUH�ZLOO�QRW�VHQG�RXW�YLGHR�WKURXJK�OLQN�ZKHQ�WKLV�ELW�LV��� 

� 5: �[� 

IBYDOLG 
)RUFH�VWUHDP�YDOLG��WKLV�ELW�RQO\�DFWLYH�ZKHQ�9$/,'B&75/�LV��� 
�
E���)RUFH�LQSXW�YLGHR�VWUHDP�YDOLG� 
�
E���)RUFH�LQSXW�YLGHR�VWUHDP�QRW�YDOLG� 
7KLV�ELW
V�W\SH�LV�5�:� 

� 5: �[� 

YDOLGBFWUO 
6WUHDP�YDOLG�FRQWURO� 
�
E���8VH�)B9$/,'�ELW�WR�FRQWURO�YLGHR�VWUHDP�YDOLG�VWDWXV 
�
E���8VH�YLGHR�VWUHDP�YDOLG�DXWR�GHWHFW 
7KLV�ELW
V�W\SH�LV�5�:� 

 
('3B7;B6<6B&7/B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� 
IL[BPBDXG 
)L[�0B$8'�YDOXH�  
�
E���8VH�UHJLVWHU�0B$8'�YDOXH�WR�EH�VHQW�RXW� 
�
E���8VH�FDOFXODWHV�0B$8'�YDOXH�WR�EH�VHQW�RXW� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
HQKDQFHG 
'LVSOD\3RUW�(QKDQFHG�PRGH�HQDEOH 
�
E���(QKDQFHG�PRGH 
�
E���1RUPDO�PRGH 

� 5: �[� 
IL[BPBYLG 
)L[�0B9,'�YDOXH 
�
E���8VH�UHJLVWHU�0B9,'�YDOXH�WR�EH�VHQW�RXW� 
�
E���8VH�FDOFXODWHV�0B9,'�YDOXH�WR�EH�VHQW�RXW� 

��� 5: �[� 

PBYLGBXSGDWHBFWUO 
&RQWURO�0B9,'�XSGDWH�IUHTXHQF\ 
�
E��������;�XSGDWH�UDWH 
�
E��������;�XSGDWH�UDWH 
�
E��������;�XSGDWH�UDWH 
�
E����1RUPDO�UDWH 

 
('3B7;B'3B9,'B&7/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[� 

ESF 
%LW�SHU�FRORU��FRPSRQHQW�ZLWK�YLGHR�ZKLFK�WUDQVIHUUHG�YLD�'3�
PDLQ�OLQN 
�
E��������ELWV 
�
E��������ELWV 
�
E�������ELWV 
�
E�������ELWV 
2WKHU��5HVHUYHG 

� 5: �[� 
\FBFRHII 
<&E&U�&RHIILFLHQWV�ZLWK�YLGHR�ZKLFK�WUDQVIHUUHG�YLD�'3�PDLQ�OLQN 
�
E���,78��� 
�
E���,78��� 

� 5: �[� 
GBUDQJH 
'\QDPLF�UDQJH�  
�
E���&($�UDQJH 
�
E���9(6$�UDQJH��IURP���WR�WKH�PD[LPXP� 

��� 5: �[� 

FRORUBI 
&RORULPHWULF�IRUPDW�ZLWK�YLGHR�ZKLFK�WUDQVIHUUHG�YLD�'3�PDLQ�OLQN 
�
E����5HVHUYHG 
�
E����<FE&U��� 
�
E����<FE&U��� 
�
E����5*% 

� 52 �[� UHVHUYHG 
 
('3B7;B3.7B6(1'B&7/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� 5: �[� 

DXGLRBLQIRBXS 
$XGLR�,QIR)UDPH�FRQWHQW�KDV�EHHQ�XSGDWHG� 
�
E���8SGDWHG� 
�
E���'RQ
W�FDUH� 
:ULWH���WR�WKLV�ELW�DIWHU�$XGLR�3DFNHW�&RQWHQW�5HJLVWHUV�KDYH�EHHQ�
FRQILJXUHG�DV�$XGLR�,QIR)UDPH�FRQWHQW�KDV�EHHQ�XSGDWHG� 
7KLV�ELW
V�W\SH�LV�5�:��7KLV�ELW�LV�VHOI�FOHDUHG�DIWHU�WKH�UHJLVWHU�
FRQILJXUHG�FRQWHQW�KDV�EHHQ�XVHG�WR�XSGDWH�WKH�,QIR)UDPH� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

DYLBLQIRBXS 
$9,�,QIR)UDPH�FRQWHQW�KDV�EHHQ�XSGDWHG� 
�
E���8SGDWHG 
�
E���'RQ
W�FDUH 
:ULWH���WR�WKLV�ELW�DIWHU�$9,�3DFNHW�&RQWHQW�5HJLVWHUV�KDYH�EHHQ�
FRQILJXUHG�DV�$9,�,QIR)UDPH�FRQWHQW�KDV�EHHQ�XSGDWHG� 
7KLV�ELW
V�W\SH�LV�5�:��7KLV�ELW�LV�VHOI�FOHDUHG�DIWHU�WKH�UHJLVWHU�
FRQILJXUHG�FRQWHQW�KDV�EHHQ�XVHG�WR�XSGDWH�WKH�,QIR)UDPH� 

� 5: �[� 

PSHJBLQIRBXS 
03(*�,QIR)UDPH�FRQWHQW�KDV�EHHQ�XSGDWHG��  
�
E���8SGDWHG 
�
E���'RQ
W�FDUH 
:ULWH���WR�WKLV�ELW�DIWHU�03(*�3DFNHW�&RQWHQW�5HJLVWHUV�KDYH�EHHQ�
FRQILJXUHG�DV�03(*�,QIR)UDPH�FRQWHQW�KDV�EHHQ�XSGDWHG� 
7KLV�ELW
V�W\SH�LV�5�:��7KLV�ELW�LV�VHOI�FOHDUHG�DIWHU�WKH�UHJLVWHU�
FRQILJXUHG�FRQWHQW�KDV�EHHQ�XVHG�WR�XSGDWH�WKH�,QIR)UDPH� 

� 5: �[� 

LIBXS 
&RQILJXUDEOH�,QIR)UDPH�FRQWHQW�KDV�EHHQ�XSGDWHG� 
�
E���8SGDWHG 
�
E���'RQ
W�FDUH 
:ULWH���WR�WKLV�ELW�DIWHU�,)B7<3(�DQG�,)B3.7B'%�a���5HJLVWHUV�
KDYH�EHHQ�FRQILJXUHG�DV�FRQILJXUDEOH�,QIR)UDPH�FRQWHQW�KDYH�
EHHQ�XSGDWHG� 
7KLV�ELW
V�W\SH�LV�5�:��7KLV�ELW�LV�VHOI�FOHDUHG�DIWHU�WKH�UHJLVWHU�
FRQILJXUHG�FRQWHQW�KDV�EHHQ�XVHG�WR�XSGDWH�WKH�,QIR)UDPH� 

� 5: �[� 

DXGLRBLQIRBHQ 
$XGLR�,QIR)UDPH�VHQG�HQDEOH� 
�
E���6HQG�$XGLR�,QIR)UDPH 
�
E���'RQ
W�VHQG�$XGLR�,QIR)UDPH 
0DNH�VXUH�WKDW�WKH�$XGLR�3DFNHW�&RQWHQW�5HJLVWHUV�KDG�EHHQ�
FRQILJXUHG�FRUUHFWO\�DQG�WKH�$8',2B,1)2B83�KDG�EHHQ�ZULWWHQ�
ZLWK��� 
7KLV�ELW
V�W\SH�LV�5�:� 

� 5: �[� 

DYLBLQIRBHQ 
$9,�,QIR)UDPH�VHQG�HQDEOH� 
�
E���6HQG�$9,�,QIR)UDPH 
�
E���'RQ
W�VHQG�$9,�,QIR)UDPH 
0DNH�VXUH�WKDW�WKH�$9,�3DFNHW�&RQWHQW�5HJLVWHUV�KDG�EHHQ�
FRQILJXUHG�FRUUHFWO\�DQG�WKH�$9,B,1)2B83�KDG�EHHQ�ZULWWHQ�ZLWK�
�� 
7KLV�ELW
V�W\SH�LV�5�:� 

� 5: �[� 

PSHJBLQIRBHQ 
03(*�,QIR)UDPH�VHQG�HQDEOH� 
�
E���6HQG�03(*�,QIR)UDPH 
�
E���'RQ
W�VHQG�03(*�,QIR)UDPH 
0DNH�VXUH�WKDW�WKH�03(*�3DFNHW�&RQWHQW�5HJLVWHUV�KDG�EHHQ�
FRQILJXUHG�FRUUHFWO\�DQG�WKH�03(*B,1)2B83�KDG�EHHQ�ZULWWHQ�
ZLWK��� 
7KLV�ELW
V�W\SH�LV�5�:� 

� 5: �[� 

SNWBVHQGBFWO 
&RQILJXUDEOH�,QIR)UDPH�VHQG�HQDEOH� 
�
E���6HQG�,QIR)UDPH�GHILQHG�LQ�,)B7<3(�DQG�,)B3.7B'%�a��� 
�
E���'RQ
W�VHQG�,QIR)UDPH� 
0DNH�VXUH�WKDW�WKH�,)B7<3(�DQG�,)B3.7B'%�a���5HJLVWHUV�KDG�
EHHQ�FRQILJXUHG�FRUUHFWO\�DQG�WKH�,)B83�KDG�EHHQ�ZULWWHQ�ZLWK��� 
7KLV�ELW
V�W\SH�LV�5�:� 
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('3B7;B'3B+'&3B&7/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� 
KGFSBKSGBUVW 
+'&3�EORFN�UHVHW�FRQWURO��  
�
E���1R�UHVHW�IRU�+'&3�EORFN�ZKHQ�+3'�LV�ORZ� 
�
E���5HVHW�+'&3�ZKHQ�+3'�LV�ORZ� 

��� 52 �[� UHVHUYHG 

� 5: �[� 

OLQNBFKHFNBPRGH 
+'&3�OLQN�LQWHJULW\�FKHFN�PRGH� 
�
E���+'&3�SROOLQJ�OLQN�LQWHJULW\�FKHFN�VWDWXV��DQG�UH�VWDUW�+'&3�
$XWKHQWLFDWLRQ�DXWRPDWLFDOO\�ZKHQ�GHWHFWHG�OLQN�LQWHJULW\�FKHFN�
IDLO� 
�
E���+'&3�GRQ
W�SROOLQJ�OLQN�LQWHJULW\�FKHFN�VWDWXV� 

� 5: �[� 

KZBKGFSBLQW 
7KH�'3�UHFHLYHU�LQLWLDWHV�D�+'&3�LQWHUUXSW�WKURXJK�+RW�3OXJ�
'HWHFW�3LQ�WR�'3�WUDQVPLWWHU�ZKHQHYHU�'3�UHFHLYHU�ILQGV�5�
�
FDOFXODWLRQ�GRQH��GRZQVWUHDP�.69�OLVW�LV�UHDG\�DQG�9
�FDOFXODWLRQ�
GRQH��RU�+'&3�OLQN�LQWHJULW\�FKHFN�IDLOXUH��$�ILUPZDUH�RQ�'3�
WUDQVPLWWHU�PXVW�VHW�WKLV�ELW�WR���LQ�RUGHU�WR�PDNH�+�:�+'&3�
DXWKHQWLFDWLRQ�PRGXOH�GR�VRPH�SURSHU�DFWLRQ�ZKHQ�ILUPZDUH�RI�
'3�WUDQVPLWWHU�ILQG�LW�RXW�WKDW�WKH�LQWHUUXSW�DERXW�+'&3� 
7KLV�ELW�LV�VHOI�FOHDUHG��  

 
('3B7;B63',)B3+$6(�B&7/B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 

VSGLIBSKDVH�BFWOB� 
7KLV�UHJLVWHU�FRQWURO�63',)���F\FOH�SKDVH�FRXQWHU�YDOXH�>���@��LI�
ELW�63',)B3+$6(�B&7/B(1�LV����WKH���F\FOH�SKDVH�FRXQWHU�YDOXH�
>���@�LV�UHDG�RXW��,I�WKH�UHJLVWHU�63',)B3+$6(�B&7/B(1�LV����
ILUPZDUH�FDQ�IRUFH�WKLV�YDOXH�E\�ZULWLQJ�GDWD�WR�WKLV�UHJLVWHU� 
7KH�ELWV�FDQ�EH�UHDG�RQO\�ZKHQ�63',)B675($0B'(7�LV�RQH� 
63',)B3+$6(�B&7/�VKRXOG�EH�VHW�DV�)OVBFON���
���)DXGLRBIUHTXHQF\��$XGLR&KDQQHO1XP������+HUH���DUH�IRU�
ELSKDVH�HQFRGLQJ�DQG����LV�IRU�HDFK�VXE�IUDPH� 
)RU�H[DPSOH�LI�DXGLRBIUHTXHQF\�LV�����.+]��$XGLR�&KDQQHO�
1XPEHU�LV���DQG�OVBFON�IUHTXHQF\�LV����0�+]� 
�������������������������� ������ 
63',)B3+$6(�B&7/�VKRXOG�VHW�WR���� 

 
('3B7;B63',)B3+$6(�B&7/B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� 5: �[� 

VSGLIBSKDVH�BFWOBHQ 
7KLV�UHJLVWHU�HQDEOHV�IRUFH�RI�WKH���F\FOH�SKDVH�FRXQWHU�YDOXH�
IXQFWLRQ� 
�
E���63',)���F\FOH�SKDVH�FRXQWHU�YDOXH�XVH�FKLS�FRXQWHG�YDOXH� 
�
E���63',)���F\FOH�SKDVH�FRXQWHU�YDOXH�XVH�WKH�GDWD�ZULWWHQ�WR�
UHJLVWHU�63',)B3+$6(�B&7/B��DQG�63',)B3+$6(�B&7/B�� 

��� 52 �[�� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

VSGLIBSKDVH�BFWOB� 
7KLV�UHJLVWHU�FRQWURO�63',)���F\FOH�SKDVH�FRXQWHU�YDOXH�>�@��LI�ELW�
3+$6(B�B&21752/B(1�LV����WKH���F\FOH�SKDVH�FRXQWHU�YDOXH�>�@�
LV�UHDG�RXW��,I�WKH�UHJLVWHU�63',)B3+$6(�B&7/B(1�LV����ILUPZDUH�
FDQ�IRUFH�WKLV�YDOXH�E\�ZULWLQJ�GDWD�WR�WKLV�UHJLVWHU� 

 
('3B7;B63',)B3+$6(�B&7/B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 

VSGLIBSKDVH�BFWOB� 
7KLV�UHJLVWHU�FRQWURO�63',)���F\FOH�SKDVH�FRXQWHU�YDOXH�>���@��LI�
ELW�63',)B3+$6(�B&7/B(1�LV����WKH���F\FOH�SKDVH�FRXQWHU�YDOXH�
>���@�LV�UHDG�RXW��,I�WKH�UHJLVWHU�63',)B3+$6(�B&7/B(1�LV����
ILUPZDUH�FDQ�IRUFH�WKLV�YDOXH�E\�ZULWLQJ�GDWD�WR�WKLV�UHJLVWHU� 
7KH�ELWV�FDQ�EH�UHDG�RQO\�ZKHQ�63',)B675($0B'(7�LV�RQH� 
63',)B3+$6(�B&7/�VKRXOG�EH�VHW�DV��)OVBFON���
���)DXGLRBIUHTXHQF\��$XGLR&KDQQHO1XP������+HUH���DUH�IRU�
ELSKDVH�HQFRGLQJ�DQG����LV�IRU�HDFK�VXE�IUDPH� 
)RU�H[DPSOH�LI�DXGLRBIUHTXHQF\�LV�����.+]��$XGLR�&KDQQHO�
1XPEHU�LV���DQG�OVBFON�IUHTXHQF\�LV����0�+]� 
��������������������������� ������ 
63',)B3+$6(�B&7/�VKRXOG�VHW�WR���� 

 
('3B7;B63',)B3+$6(�B&7/B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� 5: �[� 

VSGLIBSKDVH�BFWOBHQ 
7KLV�UHJLVWHU�HQDEOHV�IRUFH�RI�WKH���F\FOH�SKDVH�FRXQWHU�YDOXH�
IXQFWLRQ� 
�
E���63',)���F\FOH�SKDVH�FRXQWHU�YDOXH�XVH�FKLS�FRXQWHG�YDOXH� 
�
E���63',)���F\FOH�SKDVH�FRXQWHU�YDOXH�XVH�WKH�GDWD�ZULWWHQ�WR�
UHJLVWHU�63',)B3+$6(�B&7/B��DQG�63',)B3+$6(�B&7/B�� 

��� 52 �[�� UHVHUYHG 

� 5: �[� 

VSGLIBSKDVH�BFWOB� 
7KLV�UHJLVWHU�FRQWURO�63',)���F\FOH�SKDVH�FRXQWHU�YDOXH�>�@��LI�ELW�
63',)B3+$6(�B&7/B(1�LV����WKH���F\FOH�SKDVH�FRXQWHU�YDOXH�>�@�
LV�UHDG�RXW��,I�WKH�UHJLVWHU�63',)B3+$6(�B&7/B(1�LV����ILUPZDUH�
FDQ�IRUFH�WKLV�YDOXH�E\�ZULWLQJ�GDWD�WR�WKLV�UHJLVWHU� 

 
('3B7;B63',)B3+$6(�B&7/B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[�� 

VSGLIBSKDVH�BFWOB� 
7KLV�UHJLVWHU�FRQWURO�63',)���F\FOH�SKDVH�FRXQWHU�YDOXH�>���@��LI�
ELW�63',)B3+$6(�B&7/B(1�LV����WKH���F\FOH�SKDVH�FRXQWHU�YDOXH�
>���@�LV�UHDG�RXW��,I�WKH�UHJLVWHU�63',)B3+$6(�B&7/B(1�LV����
ILUPZDUH�FDQ�IRUFH�WKLV�YDOXH�E\�ZULWLQJ�GDWD�WR�WKLV�UHJLVWHU� 
7KH�ELWV�FDQ�EH�UHDG�RQO\�ZKHQ�63',)B675($0B'(7�LV�RQH� 
63',)B3+$6(�B&7/�VKRXOG�EH�VHW�DV��)OVBFON���
���)DXGLRBIUHTXHQF\��$XGLR&KDQQHO1XP������+HUH���DUH�IRU�
ELSKDVH�HQFRGLQJ�DQG����LV�IRU�HDFK�VXE�IUDPH� 
)RU�H[DPSOH�LI�DXGLRBIUHTXHQF\�LV�����.+]��$XGLR�&KDQQHO�
1XPEHU�LV���DQG�OVBFON�IUHTXHQF\�LV����0�+]� 
��������������������������� ������ 
63',)B3+$6(�B&7/�VKRXOG�VHW�WR���� 

 
('3B7;B63',)B3+$6(�B&7/B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� 5: �[� 

VSGLIBSKDVH�BFWOBHQ 
7KLV�UHJLVWHU�HQDEOHV�IRUFH�RI�WKH���F\FOH�SKDVH�FRXQWHU�YDOXH�
IXQFWLRQ� 
�
E���63',)���F\FOH�SKDVH�FRXQWHU�YDOXH�XVH�FKLS�FRXQWHG�YDOXH� 
�
E���63',)���F\FOH�SKDVH�FRXQWHU�YDOXH�XVH�WKH�GDWD�ZULWWHQ�WR�
UHJLVWHU�63',)B3+$6(�B&7/B��DQG�63',)B3+$6(�B&7/B�� 

��� 52 �[�� UHVHUYHG 

� 5: �[� 

VSGLIBSKDVH�BFWOB� 
7KLV�UHJLVWHU�FRQWURO�63',)���F\FOH�SKDVH�FRXQWHU�YDOXH�>�@��LI�ELW�
63',)B3+$6(�B&7/B(1�LV����WKH���F\FOH�SKDVH�FRXQWHU�YDOXH�>�@�
LV�UHDG�RXW��,I�WKH�UHJLVWHU�63',)B3+$6(�B&7/B(1�LV����ILUPZDUH�
FDQ�IRUFH�WKLV�YDOXH�E\�ZULWLQJ�GDWD�WR�WKLV�UHJLVWHU� 

 
('3B7;B/,1.B%:B6(7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[D 

OLQNBEZBVHW 
0DLQ�OLQN�EDQGZLGWK�VHWWLQJ� 
�[�������*SEV�SHU�ODQH 
�[D�����*SEV�SHU�ODQH 
2WKHU��5HVHUYHG 

 
('3B7;B/$1(B&2817B6(7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

��� 5: �[� 

ODQHBFRXQWBVHW 
0DLQ�OLQN�ODQH�FRXQW�  
�[���RQH�ODQH 
�[���WZR�ODQHV 
�[���IRXU�ODQHV 
2WKHU��5HVHUYHG 

 
('3B7;B'3B75$,1,1*B371B6(7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� 
VFUDPEOLQJBGLVDEOH 
'LVDEOH�VFUDPEOH�  
�
E���'LVDEOH�  
�
E���1RUPDO�RSHUDWLRQ 

��� 5: �[� 

OLQNBTXDOBSDWWHUQBVHW 
/LQN�TXDOLW\�SDWWHUQ�VHWWLQJ� 
�
E�����+%5��&RPSOLDQFH�  
�
E��������ELW�WHVW�SDWWHUQ 
�
E�����35%6���ELW�  
�
E�����V\PERO�HUURU�UDWH�PHDVXUHPHQW�SDWWHUQ�LV�VHQW 
�
E�����'�����WHVW�SDWWHUQ�LV�VHQW 
�
E�����OLQN�TXDOLW\�WHVW�SDWWHUQ�QRW�VHQW 

��� 5: �[� 

VZBWUDLQLQJBSDWWHUQBVHW 
/LQN�WUDLQLQJ�SDWWHUQ�VHWWLQJ��6:B75$,1,1*B3$77(51B6(7�KDV�
KLJKHU�SULRULW\�WKDQ�/,1.B48$/B3$77(5B6(7� 
�
E����5HVHUYHG 
�
E����6HQGLQJ�WUDLQLQJ�SDWWHUQ�� 
�
E����6HQGLQJ�WUDLQLQJ�SDWWHUQ�� 
�
E����7UDLQLQJ�SDWWHUQ�QRW�VHQW 

 
('3B7;B'3B/1�B/,1.B75$,1,1*B&7/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� 
PD[BSUHBUHDFKB� 
7KLV�ELW�ILHOG�LV�VHW�WR���DXWRPDWLFDOO\�ZKHQ�PD[�SUH�HPSKDVLV�
OHYHO�RI�'3�7[�LV�UHDFKHG� 

��� 5: �[� 

SUHBHPSKDVLVBVHWB� 
/DQH���SUH�HPSKDVLV�OHYHO�VHWWLQJ�  
�
E��������G% 
�
E��������G% 
�
E��������G% 
�
E������G%��1R�SUH�HPSKDVLV� 
7KLV�ELW
V�W\SH�LV�5�:� 

� 5: �[� 
PD[BGULYHBUHDFKB� 
7KLV�ELW�ILHOG�LV�VHW�WR���DXWRPDWLFDOO\�ZKHQ�PD[�GULYLQJ�FXUUHQW�
OHYHO�RI�'3�7[�LV�UHDFKHG��)RU�WHVW�SXUSRVH�RQO\��7KLV�ELW
V�W\SH�LV�
52��)RU�PRUH�LQIRUPDWLRQ��UHIHU�WR�0$;B35(B5($&+B���  

��� 5: �[� 

GULYHBFXUUHQWBVHWB� 
/DQH���RXWSXW�DPSOLWXGH�VHWWLQJ�  
�
E���������P9 
�
E��������P9 
�
E��������P9 
�
E��������P9 
7KLV�ELW
V�W\SH�LV�5�:� 

 
('3B7;B'3B/1�B/,1.B75$,1,1*B&7/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� 
PD[BSUHBUHDFKB� 
7KLV�ELW�ILHOG�LV�VHW�WR���DXWRPDWLFDOO\�ZKHQ�PD[�SUH�HPSKDVLV�
OHYHO�RI�'3�7[�LV�UHDFKHG� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

SUHBHPSKDVLVBVHWB� 
/DQH���SUH�HPSKDVLV�OHYHO�VHWWLQJ�  
�
E��������G% 
�
E��������G% 
�
E��������G% 
�
E������G%��1R�SUH�HPSKDVLV� 
7KLV�ELW
V�W\SH�LV�5�:� 

� 5: �[� 
PD[BGULYHBUHDFKB� 
7KLV�ELW�ILHOG�LV�VHW�WR���DXWRPDWLFDOO\�ZKHQ�PD[�GULYLQJ�FXUUHQW�
OHYHO�RI�'3�7[�LV�UHDFKHG��)RU�PRUH�LQIRUPDWLRQ��UHIHU�WR�
0$;B35(B5($&+B���)RU�WHVW�SXUSRVH�RQO\��7KLV�ELW
V�W\SH�LV�52� 

��� 5: �[� 

GULYHBFXUUHQWBVHWB� 
/DQH���RXWSXW�DPSOLWXGH�VHWWLQJ�  
�
E���������P9 
�
E��������P9 
�
E��������P9 
�
E��������P9 
7KLV�ELW
V�W\SH�LV�5�:� 

 
('3B7;B'3B/1�B/,1.B75$,1,1*B&7/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� 
PD[BSUHBUHDFKB� 
7KLV�ELW�ILHOG�LV�VHW�WR���DXWRPDWLFDOO\�ZKHQ�PD[�SUH�HPSKDVLV�
OHYHO�RI�'3�7[�LV�UHDFKHG� 

��� 5: �[� 

SUHBHPSKDVLVBVHWB� 
/DQH���SUH�HPSKDVLV�OHYHO�VHWWLQJ�  
�
E��������G% 
�
E��������G% 
�
E��������G% 
�
E������G%��1R�SUH�HPSKDVLV� 
7KLV�ELW
V�W\SH�LV�5�:� 

� 5: �[� 
PD[BGULYHBUHDFKB� 
7KLV�ELW�ILHOG�LV�VHW�WR���DXWRPDWLFDOO\�ZKHQ�PD[�GULYLQJ�FXUUHQW�
OHYHO�RI�'3�7[�LV�UHDFKHG��)RU�PRUH�LQIRUPDWLRQ��UHIHU�WR�
0$;B35(B5($&+B���)RU�WHVW�SXUSRVH�RQO\��7KLV�ELW
V�W\SH�LV�52� 

��� 5: �[� 

GULYHBFXUUHQWBVHWB� 
/DQH���RXWSXW�DPSOLWXGH�VHWWLQJ�  
�
E���������P9 
�
E��������P9 
�
E��������P9 
�
E��������P9 
7KLV�ELW
V�W\SH�LV�5�:� 

 
('3B7;B'3B/1�B/,1.B75$,1,1*B&7/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� 
PD[BSUHBUHDFKB� 
7KLV�ELW�ILHOG�LV�VHW�WR���DXWRPDWLFDOO\�ZKHQ�PD[�SUH�HPSKDVLV�
OHYHO�RI�'3�7[�LV�UHDFKHG� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

SUHBHPSKDVLVBVHWB� 
/DQH���SUH�HPSKDVLV�OHYHO�VHWWLQJ�  
�
E��������G% 
�
E��������G% 
�
E��������G% 
�
E������G%��1R�SUH�HPSKDVLV� 
7KLV�ELW
V�W\SH�LV�5�:� 

� 5: �[� 
PD[BGULYHBUHDFKB� 
7KLV�ELW�ILHOG�LV�VHW�WR���DXWRPDWLFDOO\�ZKHQ�PD[�GULYLQJ�FXUUHQW�
OHYHO�RI�'3�7[�LV�UHDFKHG��)RU�PRUH�LQIRUPDWLRQ��UHIHU�WR�
0$;B35(B5($&+B���)RU�WHVW�SXUSRVH�RQO\��7KLV�ELW
V�W\SH�LV�52� 

��� 5: �[� 

GULYHBFXUUHQWBVHWB� 
/DQH���RXWSXW�DPSOLWXGH�VHWWLQJ�  
�
E���������P9 
�
E��������P9 
�
E��������P9 
�
E��������P9 
7KLV�ELW
V�W\SH�LV�5�:� 

 
('3B7;B'3B+:B/,1.B75$,1,1*B&7/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[� 

KZBWUDLQLQJBHUURUBFRGH 
7UDLQLQJ�HUURU�FRGH�  
�
G���2. 
�
G���$8;B:5,7(B(5525 
�
G���0$;B'5,9(B5($&+(' 
�
G���:521*B/$1(B&2817B6(77,1* 
�
G���/223B6$0(B�B7,0( 
�
G���&5B)$,/B,1B(4 
�
G���(4B/223B�B7,0( 

��� 52 �[� UHVHUYHG 

� 5: �[� 
KZBWUDLQLQJBHQ 
/LQN�WUDLQLQJ�VHTXHQFH�HQDEOH�  
:ULWH���WR�HQDEOH�WUDLQLQJ�VHTXHQFH��ZULWH���WR�IRUFH�WUDLQLQJ�
VHTXHQFH�VWRS��WKLV�ELW�ZLOO�VHOI�FOHDU�ZKHQ�WUDLQLQJ�GRQH� 

 
('3B7;B+3'B'(*/,7&+B/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�H 
KSGBGHJOLWFKBO 
+3'B'(*/,7&+��ZKLFK�LV�FRXQWHG�DW����0+]��LV�XVHG�WR�GH�JOLWFK�
WKH�+3'�VLJQDO�7KLV�UHJLVWHU�LV�+3'B'(*/,7&+�>���@��7KH�GHIDXOW�
YDOXH�LV��[�(�IRU��������XV�GHJOLWFK�WLPH� 

 
('3B7;B+3'B'(*/,7&+B+�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[�D 
KSGBGHJOLWFKBK 
+3'B'(*/,7&+��ZKLFK�LV�FRXQWHG�DW����0+]��LV�XVHG�WR�GH�JOLWFK�
WKH�+3'�VLJQDO��7KLV�UHJLVWHU�LV�+3'B'(*/,7&+�>����@��7KH�
GHIDXOW�YDOXH�LV��[�$�IRU��������XV�GHJOLWFK�WLPH� 
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('3B7;B32//,1*B3(5,2'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�H 
SROOLQJBSHULRG 
7KLV�UHJLVWHU�FRQWUROV�WKH�LQWHUYDO�EHWZHHQ�HDFK�WLPH�RI�SROOLQJ�
RSHUDWLRQ��,QWHUYDO�WLPH� �32//,1*B3(5,2'���A����3HULRG�RI�
��0�FORFN� 

 
('3B7;B'3B/,1.B'(%8*B&7/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� 
QHZBSUEV� 
&RQWURO�WKH�35%6���IRUPXOD� 
�
E���8VH�QHZ�35%6��IRUPXOD�LQ�'3�����YHUVLRQ 
�
E���8VH�ROG�35%6��IRUPXOD�LQ�'3�����YHUVLRQ 

� 5: �[� 
GLVBILIRBUVW 
'LVDEOH�YLGHR�),)2�UHVHW�HYHU\�OLQH 
�
E���'LVDEOH 
�
E���5HVHW�YLGHR�),)2�HYHU\�OLQH 

� 5: �[� 

GLVDEOHBDXWRBUHVHWBHQFRGHU 
'LVDEOH��E����HQFRGHU�DXWR�UHVHW 
�
E���'LVDEOHG�DXWR�UHVHW��E����HQFRGH�EHIRUH�VHQGLQJ�/LQN�
7UDLQLQJ�3DWWHUQ�� 
�
E���$XWR�UHVHW��E����HQFRGH�EHIRUH�VHQGLQJ�/LQN�7UDLQLQJ�
3DWWHUQ�� 

� 52 �[� UHVHUYHG 

� 5: �[� 
SUEV��BHQ 
(QDEOH�'LVSOD\3RUW�35%6���� 
�
E���(QDEOHG 
�
E���1RUPDO�PRGH 

 
('3B7;B'3B6,1.B&2817�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� GSBVLQNBFRXQW 
6LQN�&RXQW 

 
('3B7;B'3B,5'B9(&725�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� GSBLUGBYHFWRU 
,UTBYHFWRU 

 
('3B7;B'3B/,1.B67$786��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� OQ�BV\EROBORFN 
/DQH��V\PERO�ORFN 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� OQ�BHTBGRQH 
/DQH��(4�GRQH 

� 5: �[� OQ�BFUBGRQH 
/DQH��&5�GRQH 

� 52 �[� UHVHUYHG 

� 5: �[� OQ�BV\EROBORFN 
/DQH��V\PERO�ORFN 

� 5: �[� OQ�BHTBGRQH 
/DQH��(4�GRQH 

� 5: �[� OQ�BFUBGRQH 
/DQH��&5�GRQH 

 
('3B7;B'3B/,1.B67$786��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� 5: �[� LQWHUBOQBDOLJQ 
,QWHUODFH�DOLJQ 

� 5: �[� OQ�BV\EROBORFN 
/DQH��V\PERO�ORFN 

� 5: �[� OQ�BHTBGRQH 
/DQH��(4�GRQH 

� 5: �[� OQ�BFUBGRQH 
/DQH��&5�GRQH 

� 52 �[� UHVHUYHG 

� 5: �[� OQ�BV\EROBORFN 
/DQH��V\PERO�ORFN 

� 5: �[� OQ�BHTBGRQH 
/DQH��(4�GRQH 

� 5: �[� OQ�BFUBGRQH 
/DQH��&5�GRQH 

 
('3B7;B'3B$/,*1B67$786�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� GSBDOLJQBVWDWXV 
$/,*1B67$786 

 
('3B7;B0B9,'B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 
PBYLGB� 
0B9,'�>���@��,I�),;B0B9,'�LV����WKLV�0B9,'�LV�XVHG��2WKHUZLVH�
WKH�0B9,'�YDOXH�ZKLFK�FKLS�FDOFXODWHG�LV�XVHG� 

 
('3B7;B0B9,'B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 
PBYLGB� 
0B9,'�>����@��,I�),;B0B9,'�LV����WKLV�0B9,'�LV�XVHG��2WKHUZLVH�
WKH�0B9,'�YDOXH�ZKLFK�FKLS�FDOFXODWHG�LV�XVHG� 
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('3B7;B0B9,'B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 
PBYLGB� 
0B9,'�>�����@��,I�),;B0B9,'�LV����WKLV�0B9,'�LV�XVHG��2WKHUZLVH�
WKH�0B9,'�YDOXH�ZKLFK�FKLS�FDOFXODWHG�LV�XVHG� 

 
('3B7;B1B9,'B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 
QBYLGB� 
1B9,'>���@ 
7KH�PD[LPXP�YDOXH�RI�0B9,'�LV��[))))�LQ�$6<1&�PRGH� 

 
('3B7;B1B9,'B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� QBYLGB� 
1B9,'>����@ 

 
('3B7;B1B9,'B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� QBYLGB� 
1B9,'>�����@ 

 
('3B7;B0B9,'B021�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
PBYLGBPRQ 
7KLV�UHJLVWHU�VKRZV�0B9,'�YDOXH�ZKLFK�LV�DFWXDOO\�WUDQVPLWWHG�WR�
5[�IRU�PRQLWRULQJ�SXUSRVH� 

 
('3B7;B'3B9,'(2B),)2B7+5'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� 

YLGHRBWKBFWUO 
9LGHR�'DWD�),)2�WKUHVKROG�FRQWURO�HQDEOHV� 
�
E���9LGHR�'DWD�),)2�WKUHVKROG�XVHV�9,'(2B7+B9$/8(� 
�
E���9LGHR�'DWD�),)2�WKUHVKROG�XVHV�LQWHUQDO�FDOFXODWH�YDOXH�
DXWRPDWLFDOO\� 

��� 5: �[� 
YLGHRBWKBYDOXH 
9LGHR�'DWD�),)2�WKUHVKROG�YDOXH��,I�9,'(2B7+B&75/�LV����DQG�
GDWD�FRXQW�LQ�YLGHR�GDWD�),)2�KDYH�UHDFKHG�),)2�WKUHVKROG�YDOXH��
YLGHR�GDWD�LV�UHDG�RXW�IURP�),)2� 

 
('3B7;B'3B*16B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� 
HTBWUDLQLQJBORRSBFRQWURO 
���(QDEOH 
���'LVDEOH�  

� 52 �[� UHVHUYHG 

� 5: �[� 
VFUDPEOHBFWUO 
6FUDPEOH�IRUPXOD�FRQWURO� 
�
E���1HZ�IRUPXOD 
�
E���2OG�IRUPXOD 

� 5: �[� 
LQBH[ 
&RQWURO�VFUDPEOHU�VWUXFWXUH� 
�
E���,QWHUQDO�W\SH 
�
E���([WHUQDO�W\SH 

� 5: �[� 
GLVDEOHBVHUGHVBILIRBUVHW 
�
E���'LVDEOH�VHUGHV�),)2�DXWR�UHVHW� 
�
E���(QDEOH�VHUGHV�),)2�DXWR�UHVHW� 

� 5: �[� 
YLGHRBPDSBFWUO 
&RQWURO�XVH�RU�QRW�WKH�YLGHR�GDWD�PDS�LQ�<&E&U�������PRGH� 
�
E���8VH�YLGHR�GDWD�PDS�LQ�<&E&U�������PRGH 
�
E���'RQ
W�XVH 

� 5: �[� 
UVBFWUO 
&RQWURO�56�SDUDPHWHU� 
�
E���SDUDPHWHU�GHILQH�E\�9��� 
�
E���SDUDPHWHU�LQ�*16 

 
('3B7;B'3B$8',2B0$5*,1�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� 5: �[� 

IRUFHBDXGLRBPDUJLQ 
)RUFH�DXGLR�PDUJLQ 
�
E���$XGLR�PDUJLQ�XVH�UHJLVWHU�YDOXH�$8',2B0$5*,1� 
�
E���$XGLR�PDUJLQ�XVH�KDUGZDUH�FDOFXODWLRQ��,W�LV�WKH�GHIDXOW�
VHWWLQJ� 

��� 5: �[�� 

DXGLRBPDUJLQ 
$XGLR�SDFNHW�LV�VHQW�RXW�GXULQJ�YHUWLFDO�EODQN�RU�KRUL]RQWDO�EODQN��
7KLV�UHJLVWHU�LV�XVHG�WR�VSHFLI\�PLQLPXP�VWUHDP�FORFN�F\FOHV�WR�
WUDQVIHU�DXGLR�VWUHDP�SDFNHW��,I�FXUUHQW�UHPDLQLQJ�VWUHDP�FORFN�
F\FOHV�EHIRUH�VHQGLQJ�DFWLYH�YLGHR�GDWD�LV�OHVV�WKDQ�WKH�YDOXH��'3�
SRVWSRQH�VHQGLQJ�DXGLR�VWUHDP�SDFNHWV�WR�WKH�QH[W�YLGHR�EODQN�
LQWHUYDO� 
$8',2B0$5*,1�RQO\�WDNHV�HIIHFW�ZKHQ�)25&(B$8',2B0$5*,1�
LV�VHW��� 

 
('3B7;B0B$8'B021�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

���� 5: �[������ 
PBDXGBPRQ 
7KLV�UHJLVWHU�VKRZV�0B$8'�YDOXH�ZKLFK�LV�DFWXDOO\�WUDQVPLWWHG�WR�
5[�IRU�PRQLWRULQJ�SXUSRVH� 

 
('3B7;B0B$8'B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 
PBDXGB� 
0B$8'�>���@��,I�),;B0B$8'�LV����WKLV�0B$8'�LV�XVHG��2WKHUZLVH�
WKH�FDOFXODWHG�0B$8'�YDOXH�LV�XVHG� 

 
('3B7;B0B$8'B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 
PBDXGB� 
0B$8'�>����@��,I�),;B0B$8'�LV����WKLV�0B$8'�LV�XVHG��
2WKHUZLVH�WKH�FDOFXODWHG�0B$8'�YDOXH�LV�XVHG� 

 
('3B7;B0B$8'B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[�� 
PBDXGB� 
0B$8'�>�����@��,I�),;B0B$8'�LV����WKLV�0B$8'�LV�XVHG��
2WKHUZLVH�WKH�FDOFXODWHG�0B$8'�YDOXH�LV�XVHG� 

 
('3B7;B1B$8'B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� QBDXGB� 
1B$8'>���@ 

 
('3B7;B1B$8'B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� QBDXGB� 
1B$8'>����@ 

 
('3B7;B1B$8'B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� QBDXGB� 
1B$8'>�����@ 

 
('3B7;B'3B0B&$/B&7/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� 

PBDXGBJHQBILOWHUBHQ 
(QDEOH�0B$8'�YDOXH�JHQHUDWLRQ�ILOWHU�WR�UHGXFH�WKH�YDULDWLRQ�RI�
0B$8'�YDOXH��7KLV�ILOWHU�LV�D�ORZ�SDVV�ILOWHU�WR�VPRRWK�RXW�WKH�
0B$8'�YDULDWLRQ 
�
E���(QDEOH�WKH�ILOWHU 
�
E���'LVDEOH�WKH�ILOWHU 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

PBYLGBJHQBILOWHUBHQ 
(QDEOH�0B9,'�YDOXH�JHQHUDWLRQ�ILOWHU�WR�UHGXFH�WKH�YDULDWLRQ�RI�
0B9,'�YDOXH��7KLV�ILOWHU�LV�D�ORZ�SDVV�ILOWHU�WR�VPRRWK�RXW�WKH�
0B9,'�YDULDWLRQ 
�
E���(QDEOH�WKH�ILOWHU 
�
E���'LVDEOH�WKH�ILOWHU 

� 52 �[� UHVHUYHG 

� 5: �[� 
PBJHQBFONBVHO 
6HOHFW�ZKLFK�OLQN�FORFN�LV�XVHG�WR�JHQHUDWH�WKH�0�YDOXH 
�
E���&ORFN�ZLWK�GRZQ�VSUHDGLQJ�LV�XVHG 
�
E���&ORFN�ZLWKRXW�GRZQ�VSUHDGLQJ�LV�XVHG 

 
('3B7;B0B9,'B*(1B),/7(5B7+�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 
PBYLGBJHQBILOWHUBWK 
7KH�WKUHVKROG�RI�0B9,'�JHQHUDWLRQ�ILOWHU�,W�RQO\�WDNHV�HIIHFW�ZKHQ�
0B9,'B*(1B),/7(5B(1�LV�VHW�WR�� 

 
('3B7;B0B$8'B*(1B),/7(5B7+�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 
PBDXGBJHQBILOWHUBWK 
7KH�WKUHVKROG�RI�0B$8'�JHQHUDWLRQ�ILOWHU��,W�RQO\�WDNHV�HIIHFW�
ZKHQ�0B$8'B*(1B),/7(5B(1�LV�VHW�WR�� 

 
('3B7;B$8;B&+B67$�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� 

DX[BEXV\ 
$8;�FKDQQHO�VWDWXV�ELW��,I�WKLV�ELW�LV�UHDG�DV����$8;�FKDQQHO�
DFFHVV�VKRXOG�EH�KDOWHG��  
�
E���$8;�&+�LV�EXV\ 
�
E���$8;�&+�LV�LGOH 

��� 5: �[� 

DX[BVWDWXV 
7KLV�UHJLVWHU�LQGLFDWH�WKH�$8;�FKDQQHO�DFFHVV�VWDWXV�  
�
G���2.�  
�
G���1$&.B(5525 
�
G���7,0(287B(5525�  
�
G���81.12:1B(5525�  
�
G���08&+B'()(5B(5525 
�
G���7;B6+257B(5525�  
�
G���5;B6+257B(5525�  
�
G���1$&.B:,7+287B0B(5525 
�
G���,�&B1$&.B(5525 
2WKHU��5HVHUYHG 

 
('3B7;B$8;B(55B180�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[�� 

DX[BHUUBQXP 
7KH�HUURU�QXPEHU�FRXQWHU�RI�$8;�FKDQQHO�FRXQWV�ZKHQ�$8;�
FKDQQHO�DFFHVV�IDLOHG� 
,Q�$8;�&+�UHDGLQJ��WKLV�QXPEHU�LQGLFDWHV�WKH�QXPEHU�RI�UHDG�
EDFN�E\WH� 
,Q�$8;�&+�ZULWLQJ��WKLV�QXPEHU�LQGLFDWHV�WKH�QXPEHU�RI�UHSO\�
FRPPDQG� 

 
('3B7;B$8;B&+B'()(5B&7/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� 5: �[� 

GHIHUBFWUOBHQ 
$8;�&+�UHFHLYHG�'()(5�FRPPDQG�FRXQW�FRQWURO�HQDEOH 
�
E���,I�WKH�FRXQW�WKDW�$8;�&+�UHFHLYH�'()(5�FRPPDQG�HTXDO�WR�
�'()(5B&2817�������WKH�$8;�&+�WUDQVDFWLRQ�LV�WHUPLQDWHG��DQG�
WKH�$8;B67$786�LV����� 
�
E���7KH�FRXQW�WKDW�$8;�&+�UHFHLYH�'()(5�FRPPDQG�LV�
XQOLPLWHG 

��� 5: �[�I 

GHIHUBFRXQW 
7KH�FRXQW�LV�GHILQHG�WR�OLPLW�WKH�PD[�FRXQW�$8;�&+�UHFHLYH�
'()(5�FRPPDQG 
:KHQ�'()(5B&75/B(1�LV���DQG�$8;�&+�UHFHLYHG��'()(5B&2817�
�����'()(5�FRPPDQG��WKH�$8;�&+�ZLOO�WHUPLQDWH�WKH�
WUDQVDFWLRQ 

 
('3B7;B$8;B5;B&200�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[� DX[BU[BFRPP 
$8;�&+�UHFHLYHG�FRPPDQG 

 
('3B7;B%8))(5B'$7$B&7/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� 5: �[� 

EXIBFOU 
:ULWH���WR�WKLV�ELW�WR�FOHDU�$8;�&+�GDWD�EXIIHU��%8)B'$7$B��a�
%8)B'$7$B���� 
$OZD\V�UHDG�EDFN���IURP�WKLV�ELW� 
7KLV�ELW
V�W\SH�LV�5�:��7KLV�ELW�LV�VHOI�FOHDUHG� 
1RWH��)RU�WKH�ZULWH�RSHUDWLRQ��VHW�WKLV�ELW�WR���EHIRUH�ZULWLQJ�GDWD�
WR�%8)B'$7$B�a����$QG�IRU�5($'�RSHUDWLRQ��WKLV�ELW�KDV�RQO\�WR�
EH�VHW�EHIRUH�VWDUWLQJ�GDWD�WUDQVIHU�E\�VHWWLQJ�$8;B(1��  

��� 52 �[� UHVHUYHG 

� 5: �[� 
EXIBKDYHBGDWD 
�
E���%XIIHU�KDYH�GDWD 
�
E���%XIIHU�KDYH�QRW�GDWD 

��� 5: �[� EXIIHUBGDWDBFRXQW 
7KH�FRXQWV�RI�GDWD�$8;�&+�EXIIHU�KDYH� 

 
('3B7;B$8;B&+B&7/B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[� DX[BOHQJWK 
5HJLVWHU�FRQWURO�$8;�&+�WUDQVDFWLRQ�OHQJWK� 

��� 5: �[� DX[BW[BFRPP 
5HJLVWHU�FRQWURO�$8;�&+�WUDQVDFWLRQ�FRPPDQG� 

 
('3B7;B$8;B$''5B�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� DX[BDGGUB�B� 
$8;B$''5>���@��5HJLVWHU�FRQWURO�$8;�&+�DGGUHVV� 

 
('3B7;B$8;B$''5B��B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� DX[BDGGUB��B� 
$8;B$''5>����@��5HJLVWHU�FRQWURO�$8;�&+�DGGUHVV 

 
('3B7;B$8;B$''5B��B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[� DX[BDGGUB��B�� 
$8;B$''5>���@��5HJLVWHU�FRQWURO�$8;�&+�DGGUHVV� 

 
('3B7;B$8;B&+B&7/B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� 
SGBDX[BLGOH 
3RZHU�GRZQ�$8;�&+�ZKHQ�$8;�&+�LV�LQ�LGOH�VWDWH� 
�
E���3RZHU�GRZQ�$8;�&+�LQ�LGOH�VWDWH� 
�
E���.HHS�$8;�&+�SRZHU�XS�LQ�LGOH�VWDWH� 

� 5: �[� 
DX[BSQBLQY 
,QYHUW�$8;�&+�31 
�
E���,QYHUW�31 
�
E���1RUPDO�PRGH 

� 5: �[� 
DGGUBRQO\ 
$8;�&+�LVVXH��DGGUHVV�RQO\��FRPPDQG 
�
E���,VVXH��DGGUHVV�RQO\��FRPPDQG 
�
E���1RUPDO�$8;�&+�FRPPDQG 

� 5: �[� 

DX[BHQ 
5HJLVWHU�FRQWURO�$8;�&+�RSHUDWLRQ�HQDEOH 
:ULWH���WR�WKLV�ELW�WR�HQDEOH�$8;�&+�RSHUDWLRQ 
7KLV�ELW�ZLOO�VHOI�FOHDU�ZKHQ�$8;�&+�RSHUDWLRQ�LV�ILQLVKHG��7KLV�ELW�
LV�VHOI�FOHDUHG� 

 
('3B7;B%8)B'$7$�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[II EXIBGDWD 
$8;�&+�EXIIHU�GDWD���a��� 

 
('3B7;B62&B*(1(5$/B&7/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

����� 5: �[� 

DXGLRBELWBPDSSLQJBW\SH 
$XGLR�ELW�PDSSLQJ�W\SH�LQ���ELW�DXGLR�PRGH 
�
G���7\SH�� 
�
G���7\SH�� 
�
G���7\SH�� 
�
G���5HVHUYHG 

�� 52 �[� UHVHUYHG 

����� 5: �[� 

SFPBVL]H 
3&0�GDWD�ELW�VL]H 
�
E�������ELW 
�
E�������ELW 
�
E�������ELW 
�
E����5HVHUYHG 

���� 52 �[�� UHVHUYHG 

��� 5: �[�� 

DXGLRBFKBVWDWXVBVDPH 
6HOHFW�WKH�FKDQQHO�VWDWXV�ELWV�IRU�DXGLR�FKDQQHO��a�� 
�
E���8VH�WKH�VDPH�GDWD�FKDQQHO�VWDWXV�ELWV�IURP�
$8',2B*3�B67$786BQ�UHJLVWHUV� 
�
E���8VH�HDFK�FKDQQHO�VWDWXV�ELWV�IURP�WKH�FRUUHVSRQGLQJ�
$8',2B*3[B67$786BQ�UHJLVWHUV� 

 
('3B7;B'3B7(67B��%B3$77(51��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

���� 5: �[�������� GSBWHVWB��EBSDWWHUQ� '3�WHVW���ELW�SDWWHUQ�>����@ 
 
('3B7;B'3B7(67B��%B3$77(51��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

���� 5: �[�������� GSBWHVWB��EBSDWWHUQ� '3�WHVW���ELW�SDWWHUQ�>�����@ 
 
('3B7;B'3B7(67B��%B3$77(51��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

���� 5: �[����� GSBWHVWB��EBSDWWHUQ� 
'3�WHVW���ELW�SDWWHUQ�>�����@ 

 
('3B7;B$8'B&7/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

DXGBFKDQQHOBFRXQW 
$XGLR�&KDQQHO�1XPEHU 
�
E�������FKDQQHO 
�
E�������FKDQQHO 
�
E�������FKDQQHO 

 
('3B7;B&5&B&21�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 
YLGBFUFBIOXVK 
9LGHR�&5&�IOXVK�HQDEOH��7KH�YLGHR�&5&�YDOXH�LV�LQLWLDOL]HG�DW�
HYHU\�Y�V\QF� 

� 52 �[� UHVHUYHG 

� 5: �[� 
YLGBFUFBHQDEOH 
9LGHR�&5&�HQDEOH��  
�
E���'LVDEOH 
�
E���(QDEOH 

 
('3B7;B&5&B5(68/7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� DXGBFUFBUHVXOW 
$XGLR�&5&�UHVXOW 

���� 5: �[���� YLGBFUFBUHVXOW 
9LGHR�&5&�UHVXOW 

 
('3B7;B,�6B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[� L�VBHQ 
,�6�HQDEOH 

��� 5: �[� L�VBIPWBFWUO 
,�6�)RUPDW�&RQWURO 

 
('3B7;B,�6B&+B6:$3�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[� L�VBFKBVZDS 
,�6�FKDQQHO�VZDS 

��� 5: �[E L�VBZGBOHQ 
,�6�ZRUG�OHQJWK 

 
('3B7;B,�6B&+B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[H� L�VBFKBFWUO 
,�6�FKDQQHO�FRQWURO 

 
('3B7;B,�6B&+B&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� L�VBDXGBOD\RXW 
$XGLR�OD\RXW 

� 5: �[� L�VBDXGBYBELW 
$XGLR�YBELW 

� 5: �[� L�VBDXWBH[WBVWD 
$XGLR�H[W�FKDQQHO�VWDWXV 

 
('3B7;B/,1.B32/,&<�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� 5: �[� DOWHUQDWHBVUBHQ 
$OWHUQDWH�65�HQDEOH 

��� 5: �[� OLQNBWUDLQBFUBOSBLQ 
/LQN�WUDLQLQJ�&5�ORRS�LQ 

� 5: �[� OLQNBWUDLQBZUBHQ 
7UDLQLQJ�ILUVW�ZULWH�HQ 

� 52 �[� UHVHUYHG 

� 5: �[� OLQNBWUDLQBLQY 
,QYHUW�WUDLQLQJ�ELW�HQDEOH 

� 5: �[� IUDPHBFKDQJHBHQ 
)UDPLQJ�FKDQJH�HQDEOH 

 
31.5 Interface Description 

Table 31-1 EDP TX PHY Interface Description 
Module Pin Direction Pin Name Descriptions 

EDP_PHY_AUXN I/O EDP_PHY_AUXN Auxiliary channel bidirectional IO, 
negative terminal 

EDP_PHY_AUXP I/O EDP_PHY_AUXP Auxiliary channel bidirectional IO, 
positive terminal 

EDP_PHY_TXM0 O EDP_PHY_TXM0 Serial data output of channel 0,negative 
terminal 

EDP_PHY_TXP0 O EDP_PHY_TXP0 Serial data output of channel 0, positive 
terminal 

EDP_PHY_TXM1 O EDP_PHY_TXM1 Serial data output of channel 1,negative 
terminal 

EDP_PHY_TXP1 O EDP_PHY_TXP1 Serial data output of channel 1, positive 
terminal 

EDP_PHY_TXM2 O EDP_PHY_TXM2 Serial data output of channel 2,negative 
terminal 

EDP_PHY_TXP2 O EDP_PHY_TXP2 Serial data output of channel 2, positive 
terminal 

EDP_PHY_TXM3 O EDP_PHY_TXM3 Serial data output of channel 3,negative 
terminal 

EDP_PHY_TXP3 O EDP_PHY_TXP3 Serial data output of channel 3, positive 
terminal 

 
31.6 Application Notes 
31.6.1 67$57�83�6HTXHQFH�IRU�3+< 
%HIRUH�SRZHU�XS�WKH�3+<��PDNH�VXUH�WKH�SRZHU�VXSSO\�DQG�WKH�UHIHUHQFH�FORFN�LV�  
UHDG\�IRU�RSHUDWLRQ��$�SURSRVHG�SRZHU�XS�VHTXHQFH�LV�OLNH�WKLV� 
z VWHS�� 
3RZHU�XS�WKH�FKLS�DQG�GR�SRZHU�RQ�UHVHW�GHWHFWLRQ��7KHUH�LQFOXGH�D�UHVHW�GHWHFWLRQ�  
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IXQFWLRQ�LQ�3+<��WKH�GXUDWLRQ�IRU�UHVHW�GHWHFWLRQ�LV�OHVV�WKDQ����XV� 
z VWHS�� 
:ULWH�UHJLVWHUV��ORDG�SDUDPHWHUV��DQG�SUHSDUH�WR�SRZHU�XS� 
z VWHS�� 
0DNH�VXUH�WKH�UHIHUHQFH�FORFN�VRXUFH�LV�UHDG\�IRU�RSHUDWLRQ��UHOHDVH�SGBSOO��%HIRUH�  
UHOHDVH�W[BSG>1@��PXVW�VHW�W[BPRGH>���@ ����WKHQ�UHOHDVH�W[BSG>1@��VHW�W[BLGOH>1@ �� 
z VWHS�� 
:KHQ�3//�JHWV�ORFNHG��WKH�LQWHUQDO�FORFN�LV�UHDG\�IRU�XVH��GLJLWDO�FDQ�VHQG�GDWD� 
z VWHS�� 
6HW�W[BLGOH>1@� ���WR�VWDUW�QRUPDO�RSHUDWLRQ��7;31�7;01�ZLOO�FKDQJH�IURP�FRPPRQ�PRGH�WR�
GDWD�PRGH� 
7KH�GHWDLO�RI�('3�7;�3+<�FRQILJXUH�UHJLVWHU�LV�LQ�&+��*5)������('3B3+<�5HJLVWHU�
'HVFULSWLRQ� 
7KH�W[BSG>1@�PHDQV�('3B3+<B*5)B&21��ELW���� 
7KH�W[BLGOH>1@�PHDQV�('3B3+<B*5)B&21��ELW����� 
7KH�W[BPRGH�PHDQV�('3B3+<B*5)B&21��ELW���� 
31.6.2 6HWWLQJV�$ERXW�('3�7;�3+< 
7KH�PRUH�GHWDLO�RI�('3�7;�3+<�FRQILJXUH�UHJLVWHU�LV�LQ�&+��*5)������('3B3+<�5HJLVWHU�
'HVFULSWLRQ� 
7KH�VHWWLQJ�RI�UHJLVWHUV�LV�EHORZ� 
z /LQN�UDWH����*+] 
7KH�GHIDXOW�FRQILJXUDWLRQ�LV�DW����*+]��VR�LW�GR�QRW�QHHG�FRQILJXUH�DQ\WKLQJ� 
z /LQN�UDWH�����*+] 
6HW�('3B3+<B*5)B&21��ELW�>����@� ��[���� 
6HW�('3B3+<B*5)B&21��ELW�>���@� � ��[� 
z 3RZHU�GRZQ�ODQH 
('3B3+<B*5)B&21��ELW�>���@�FDQ�SRZHU�GRZQ�HDFK�ODQH�LQGHSHQGHQWO\� 
31.6.3 6HWWLQJ�IRU�+3'�,2 
7KHUH�DUH�+3'���DQG���ZKLFK�FDQ�EH�VHOHFWHG�E\�,208;� 
)RU�+3'��� 
6HW�*5)B*3,2�&B,208;B+�ELW>���@� ��[� 
6HW�*5)B,2)81&B6(/��ELW�>�@� ��[� 
)RU�+3'��� 
6HW�308B*5)B*3,2�&B,208;B/�ELW�>����@� ��[� 
6HW�*5)B,2)81&B6(/��ELW�>�@� ��[� 
31.6.4 H'3�7;�&RQWUROOHU�3URJUDPPLQJ�*XLGH 

1.6.4.1 How to initialize DP 
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Fig. 31-2 DP Initial 
 
 

1.6.4.2 How to Detect hot plug insertion 
,Q�:DLW�+RW�SOXJ�VWDWH��FKLS�LV�LQ�SRZHU�GRZQ�VWDWXV��6\VWHP�RQO\�UHVSRQVHV�WR�KRW�SOXJ�
FKDQJH�LQWHUUXSW��:KHQ�D�KRW�SOXJ�LQWHUUXSW�LV�GHWHFWHG��LQ�WKH�LQWHUUXSW�URXWLQH��ILUPZDUH�
ZLOO�MXGJH�ZKHWKHU�LW�LV�D�UHFHLYHU�SOXJ�LQ�RU�XQ�SOXJ�RU�OLQN�WUDLQLQJ�UHTXHVW��,I�SOXJ�LQ��FKLS�
ZLOO�EH�SRZHUHG�RQ�DQG�V\VWHP�VWDWH�ZLOO�EH�VHW�WR�5HDG�DQG�3DUVH�(','� 

1.6.4.3 How to access DPCD space in DP Rx 

DPCD Read
Set DPCD Address

Set 20 bits DPCD address to 
AUX_ADDR_7_0, 

AUX_ADDR_15_8 and 
AUX_ADDR_19_16

Set DPCD Read Command

Set AUX_TX_COMM of 
AUX_CH_CTL_1 
with value 0x09

Set DPCD Read Length

Set AUX_LENGTH of 
AUX_CH_CTL_1 

with expected length M (< 16)

Set BUF_CLR to 1
Enable AUX CH operation

Set AUX_EN of 
AUX_CH_CTL_2

Wait  till AUX CH operation is 
completed

Check  if AUX_EN is cleared

AUX_EN = 0?

Read AUX buffer to 
get DPCD value

Read BUF_DATA_0 ~ 
BUF_DATA_M

Y

N

 
 

Fig. 31-3 DPCP Read 
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DPCD Write

Set DPCD Address

Set 20 bits DPCD address to 
AUX_ADDR_7_0, 

AUX_ADDR_15_8 and 
AUX_ADDR_19_16

Set DPCD Write Command

Set AUX_TX_COMM of 
AUX_CH_CTL_1 
with value 0x08

Set DPCD Write Length

Set AUX_LENGTH of 
AUX_CH_CTL_1 

with expected length M (< 16)

Enable AUX CH operation

Set AUX_EN of 
AUX_CH_CTL_2

Wait  till AUX CH operation is 
completed

Check  if AUX_EN is cleared

AUX_EN = 0?

Set BUF_CLR to 1
Set the data to write to DPCD 

to AUX buffer

Set BUF_DATA_0 ~ 
BUF_DATA_M with the data

N

 
Fig. 31-4 DPCP Write 

1.6.4.4 How to Write into EDID space in DP Rx 
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EDID Write

Set EDID Device Address

Set AUX_ADDR_7_0 = 0x50; 
AUX_ADDR_15_8 = 0x00; 

AUX_ADDR_19_16 = 0x00;

Set I2C Write Command with 
MOT = 1

Set AUX_TX_COMM of 
AUX_CH_CTL_1 
with value 0x04

Set EDID Write Length

Set AUX_LENGTH of 
AUX_CH_CTL_1 

with 0x00

Enable AUX CH operation

Set AUX_EN of 
AUX_CH_CTL_2

Wait  till AUX CH operation is 
completed

Check  if AUX_EN is cleared

AUX_EN = 0?

Set BUF_CLR to 1
Set EDID offset xx to AUX 

buffer

Set BUF_DATA_0 = xx;

N

Set data to write to AUX buffer

Set BUF_DATA_0 ~ 
BUF_DATA_M with expected 

data;

Y

Set EDID Write Length

Set AUX_LENGTH of 
AUX_CH_CTL_1 

with length M (< 16)

Enable AUX CH operation

Set AUX_EN of 
AUX_CH_CTL_2

Wait  till AUX CH operation is 
completed

Check  if AUX_EN is cleared

AUX_EN = 0?

N

Write more?

Y

Y

Set Address only Command to 
terminate transaction.
Set ADDR_ONLY and 

AUX_EN of AUX_CH_CTL_2

Wait  till AUX CH operation is 
completed

Check  if AUX_EN is cleared

AUX_EN = 0?

N

N

Clear Address only Command 

Clear ADDR_ONLY of 
AUX_CH_CTL_2

Y

 
Fig. 31-5 EDID Write 

1.6.4.5 How to Read from EDID space in DP Rx 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2378 

EDID Read

Set I2C Read Command with 
MOT = 1

Set AUX_TX_COMM of 
AUX_CH_CTL_1 
with value 0x05

Set EDID Read Length

Set AUX_LENGTH of 
AUX_CH_CTL_1 

with expected length (M < 16)

Set BUF_CLR to 1
Enable AUX CH operation

Set AUX_EN of 
AUX_CH_CTL_2

Wait  till AUX CH operation is 
completed

Check  if AUX_EN is cleared

AUX_EN = 0?

Use ಯEDID Writeರ flow to set 
offset to EDID

N

Read more?

Set Address only Command to 
terminate transaction.
Set ADDR_ONLY and 

AUX_EN of AUX_CH_CTL_2

Wait  till AUX CH operation is 
completed

Check  if AUX_EN is cleared

AUX_EN = 0?

N

N

Clear Address only Command 

Clear ADDR_ONLY of 
AUX_CH_CTL_2

Y

Set offset with MOT = 1

accumulative total of 
N < M?

Add up N

Read N bytes from 
AUX buffer:BUF_DATA_0 ~ 

BUF_DATA_N

Check the counts N of byte received 
from RX

Read BUF_DATA_COUNT of 
BUFFER_DATA_CTL

M = M - N

Y

Y
N

Y

 
Fig. 31-6 EDID Read 

1.6.4.6 How to do SW link training 
 
z 6WDWH�0DFKLQH�RI�6:�/LQN�7UDLQLQJ 
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LT_START
CHANNEL_CR

CHANNEL_EQ

LT_END

C
R

 done

CR failed at HBR

EQ failed at HBRCR loss during Channel EQ at HBR

C
R

 not done

LT_INITIAL

In
iti

al
 d

on
e

 
Fig. 31-7 State Machine of SW Link Training  

z 6WDWH�/7B,1,7,$/ 
 

LT_INITIAL
Get MAX.LINK RATE and MAX. LANE 

COUNT from DPCD

Band_width = DpReadFromDPCD(0x00001 );
Lane_count = DpReadFromDPCD(0x00002 ) 

Set state machine to LT_START
 

Fig. 31-8 State LT_INITIAL 
z 6WDWH�/7B67$57 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2380 

LT_START

Set band width and lane count to local 
registers

Set band_width to LINK_BW_SET;
Set lane_count to LANE_COUNT_SET

Set band width and lane count to RX DPCD

DpWriteIntoDPCD(0x00100, band_width );
DpWriteIntoDPCD(0x00101, lane_count )

Set min. swing and pre-emphasis to 
local registers

Set 0x00 to 
DP_LN0_LINK_TRAINNG_CTL and 

DP_LN1_LINK_TRAINNG_CTL

Set training pattern 1 (0x01: CR_PT) to 
local register

Set 0x01 to DP_TRAINING_PTN_SET

Set training pattern 1 (0x01: CR_PT)  to RX 
DPCD

DpWriteIntoDPCD(0x00102, 0x01 )

Set state to CHANNEL_CR
 

Fig. 31-9 State LT_INITIAL 
z 6WDWH�&+$11(/B&5 
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IDLE

TRAINING_EN = 1

No

write local reg LINK_BW_SET = link_rate ( 0x0000_0680h 
)
write DPCD LINK_BW_SET = link_rate   ( 00100h )
set reg drive_current_reg = 00
set reg pre_emphasis_reg = 00
set reg training_loop = 1

Wait 100us

Read DPCD LANE0_1_STATUS and 
LANE2_3_STATUS ( 00202h - 00203h )

All CR_DONE = 1

Yes

A

No
All 

MAX_CURRENT_REACH
ED

No

Yes

Read DPCD ADJUST_REQUESE_LANE0_1 and 
ADJUST_REQUESE_LANE0_1 ( 00206h - 00207h )

set  reg drive_current_reg = ADJUST_REQUESE_LANE

Reg link_rate = 0

Fail

Yes

Set reg link_rate = 0
Set reg training_loop = 1
set reg drive_current = 0
set reg pre_emphasis = 0

No

write local reg LANE_COUNT_SET = lane_count ( 
0x0000_0684h )
write DPCD LANE_COUNT_SET = lane_count ( 00101h )

write local reg TRAINING_PATTERN_SET = 01 
(0x0000_0688h )
write DPCD TRAINING_PATTERN_SET = 01 ( 00102h )

Initial training

Read DPCD MAX_LINK_RATE ( 00001h )

MAX_LINK_RATE = 10
Yes

Set reg link_rate = 1 Set reg link_rate = 0

No

Read DPCD MAX_LANE_COUNT ( 00002h )

Set reg lane_count = MAX_LANE_COUNT

B

Reg drive_current_reg == 
ADJUST_REQUEST_LANE

Reg training_loop == 5

Yes

Yes

No

No

Set reg training_loop = 1 Set reg training_loop = training_loop + 1

write local reg DRIVE_CURRENT_SET = drive_current_reg  ( 
0x0000_068ch )
write DPCD TRAINING_LANEx_SET = {drive_current_reg, 
pre_emphasis } ( 00103h - 00106h )

Pll_lock = 1

No

Yes

Read DPCD 
DPCD_REV 

( 00000h )

Sink is DPCD V1.0?

Yes

FailNo

Write local reg TRAINING_EN = 1

set reg link_rate = LINK_BW_SET
set reg drive_current_reg = DRIVE_CURRENT_SET
set reg pre_emphasis_reg = PRE_EMPHASIS_SET
set reg training_loop = 1

 
 

Fig. 31-10 State CHANNEL_CR 
z 6WDWH�&+$11(/B(4 
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A

set reg pre_emphasis_reg = 00
set reg training_loop = 1

write local reg PRE_EMPHASIS_SET = pre_emphasis_reg  
( 0x0000_068ch )
write DPCD TRAINING_LANEx_SET = {drive_current_reg, 
pre_emphasis } ( 00103h - 00106h )

Wait 400us

Read DPCD LANE0_1_STATUS and 
LANE2_3_STATUS ( 00202h - 00203h )

All CR_DONE = 1 No Reg link_rate = 0

Fail

Yes

B

No

All LANE_SYMBOL_LOCK = 1
 INTERLANE_ALIGNED = 1

Yes

OK

Yes

Yes

Reg training_loop = 5

Yes

Read DPCD ADJUST_REQUESE_LANE0_1 and 
ADJUST_REQUESE_LANE0_1 ( 00206h - 00207h )

set reg drive_current_reg = ADJUST_REQUESE_LANE
set reg pre_emphasis = ADJUST_REQUESE_LANE

No

No

write local reg TRAINING_PATTERN_SET = 10 
(0x0000_0688h )
write DPCD TRAINING_PATTERN_SET = 10 ( 00102h )

Note :  link_rate, lane_count,  drive_current_reg,
 pre_emphasis_reg and  training_loop are temporary 
variables.

 
Fig. 31-11 State CHANNEL_EQ 

1.6.4.7 How to setup main stream attribute data 
 
z $WWULEXWH�RI�9LGHR�WLPLQJ�  
&KLS�KDUGZDUH�VHWXSV�DWWULEXWH�RI�YLGHR�WLPLQJ�DXWRPDWLFDOO\� 
z $WWULEXWH�RI�&RORU�'HSWK 
6HW�,1B%3&�RI�ZLWK�9,'(2B&7/B��FRUUHFW�YDOXH� 
z $WWULEXWH�RI�&RORU�6SDFH 
6HW�,1B&2/25B)�RI�9,'(2B&7/B��ZLWK�FRUUHFW�YDOXH� 
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,1B<&B&2()),�RI�9,'(2B&7/B��>�@�DOVR�PXVW�EH�VHW� 
 

1.6.4.8 How to do HDCP authentication and encryption 
z 6:�+'&3�6WDWH�0DFKLQH 

State A:
Authentication 

State B:
Encryption

State C:
Monitor HDCP link 

integrality 

AUTH Pass (R0 = R0')

Link integrality fail 
(Ri /= Riÿ)

Hot plug changed

AUTH Fail

 
Fig. 31-12 SW HDCP State Machine 

z 6:�+'&3�)ORZFKDUW 
1RWH�WKDW�%.69�WR�%.69�a%.69��DUH�ORDGHG�WZR�WLPHV�LQ�VWHS��DQG�LQ�VWHS��LQ�ILJXUH�������
:LWK�WKH�ILUVW�%.69�ZULWLQJ��$.69�VWDUWV�WR�EH�ORDGHG�DQG�6:B6725(B$1�IXQFWLRQ�LV�
HQDEOHG��$V�DQRWKHU�IXQFWLRQ��YDOLGLW\�RI�%.69�LV�SRVVLEOH�E\�WKH�ELW�ILOHG��%.69B9$/,'��,Q�
WKH�RWKHU�KDQG��WKH�VHFRQG�%.69�ZULWLQJ�VWDUWV�WKH�5��FDOFXODWLRQ� 
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2.Write BKSV into BKSV0 ± BKSV4
Set SW_STORE_AN and then clear 

SW_STORE_AN

HDCP capable?

Y

A

A

Authentication 

3.Set AN to RX

Get AN from AN0 to AN7  
and set to DPCD register 

0x6800C ~ 0x68013 

4.Set AKSV to RX

Get AKSV from  registers 
AKSV0 to AKSV4 when AKSV_VALID is 1

And set to DPCD registers
 0x68007 ~ 0x6800B  

9.Get R0 from TX

Get R0 from  registers 
RI0~RI1

10.R0 = R0'?NAuthentication 

1.Check Sink side HDCP
Capability and read BKSV

Read  DPCD 68028h
Read DPCD 68000h ± 68004h

5.Set BKSV to TX

Set BKSV to BKSV0-BKSV4 

6.Wait RX r0_available

7.Get R0' from RX

Get R0' from  DPCD register 
0x68005 ~ 0x68006 

8.Wait TX r0 Ready

11.Set HDCP_CTL_0 bit 4 to 1

12. Set HDCP_CTL_0 bit2, 
HDCP_ENC_EN  

 
Fig. 31-13 SW HDCP Flowchart 0 
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B

Set HDCP_CTL_0 bit 4 to 1

Set HDCP_CTL_0 bit2, HDCP_ENC_EN

C

C

Monitor HDCP link integrality 

Read DPCD 00201h, check bit2 
(CP_IRQ)

IRQ got?

CP_IRQ set?

Read DPCD 68029h, check bit2 
(LINK_INTEGRITY_FAILURE)

LINK_INTEGRITY_FAILURE
set?

Stop ecryption

Clear HDCP_CTL_0 bit2, HDCP_ENC_EN

Y

Y

N

N

Cable lost?

Y

N

Cable plug_in?

Link training process

Video configuration process

A

Y

Authentication 

Encryption 

Monitor HDCP link integrality 

Stop ecryption

Clear HDCP_CTL_0 bit2, HDCP_ENC_EN

 
 

Fig. 31-14 SW HDCP Flowchart 1 
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1.6.4.9 How to configure video 

System link 
training done? N Return

Stream clock 
detected?

Base + 0x0600

Stream clock 
stable?

Base + 0x0604

Set BPC mode& 
Dynamic range & 

colorimetric
Base + 0x0024

Set YCbCr 
coeficients

Base + 0x0028

Enable Video input
Base + 0x0020

Video format 
stable?

Base + 0x0608
Bit 2

Set system to 
configure packet

N

N

Y

Y

Y

N

Y

Set Video mode to 
slave

Base + 0x0800

Set F_SEL = 0
Base +0x00044

Bit 4

Check the video 
format of two 

consecutive frames

Set FIX_M_VID = 0,
Base + 0x60C

 
Fig. 31-15 Configure Video Flowchart  

6ODYH�PRGH�YLGHR�FRQILJXUDWLRQ�SURFHVV��0�YDOXH�DXWR�JHQHUDWHG� 
1RWH��8VXDOO\��\RX�GR�QRW�QHHG�WR�VHW�),;B0B9,'�WR����,I�),;B0B9,'�LV����WKHQ�WKH�KDUGZDUH�
FDOFXODWHG�0B9,'�YDOXH�LV�XVHG��%XW��LI�),;B0B9,'�PXVW�EH�VHW�WR���E\�DQ\�UHDVRQ��WKHQ�
0B9,'B���0B9,'B��DQG�0B9,'B��VKRXOG�EH�VHW�E\�XVLQJ�IROORZLQJ�IRUPXOD� 
0B9,'� �)6750B&/.��1B9,'���)/6B&/.�  
1B9,'�PXVW�EH�FKRRVH�OHW�WKH�UHVXOW�RI�WKLV�HTXDWLRQ�LV�DQ�LQWHJHU��IRU�H[DPSOH�1B9,'�LV�
��������[��EF��LQ����*�DQG��������[�ID���LQ�����*� 
���*��0B9,'� �)B6750B&/.�[��%&����0 
����*��0B9,'� �)B6750B&/.�[�)$����0 
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)RU�H[DPSOH��LI�LQSXW�LV�����[��������0��5*%��������*� 
0B9,'� �����[��%&���� ��[�$����  
VHW�0B9,'B�� ��[����VHW�0B9,'B�� ��[�$��VHW�0B9,'B�� ��� 

1.6.4.10 How to configure audio 

Enable SPDIF 
interface
0x00D8

SPDIF audio 
detected?

Base + 0x00E0

Enable Audio
Base + 0x0618

Set FIX_M_AUD = 0
Base + 0x060C

Enable I2S 
interface
0x09C8

SPDIF select

Y

N
(I2S select)

 
Fig. 31-16 Slave mode audio configuration process (M value auto-generated) 

Enable SPDIF 
interface
0x00D8

SPDIF audio 
detected?

Base + 0x00E0

Set FIX_M_AUD = 1
Base + 0x060C

Enable Audio
Base + 0x0618

Set M_AUD = 0x00400
Base + (0x0748~0x750)

Set N_AUD = 0x15F9
Base + (0x0754~0x75C)

Enable I2S 
interface
0x09C8

SPDIF select

Y

N
(I2S Select)

 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2388 

Fig. 31-17 Slave mode audio configuration process (Register defined M value, 48 KHz, 2.7 G) 
1RWH��8VXDOO\��\RX�GR�QRW�QHHG�WR�VHW�),;B0B$8'�WR����,I�),;B0B$8'�LV����WKHQ�WKH�
KDUGZDUH�FDOFXODWHG�0B$8'�YDOXH�LV�XVHG��%XW��LI�),;B0B$8'�PXVW�EH�VHW�WR���E\�DQ\�
UHDVRQ��WKHQ�0B$8'B���0B$8'B���0B$8'B��DQG�1B$8'B���1B$8'B���1B$8'B��VKRXOG�EH�
VHW�E\�XVLQJ�IROORZLQJ�IRUPXOD� 
0B$8'� ����)DXGBVDPSOH�1B$8'������)OVBFON 
���* 0B$8'� ����)DXGBVDPSOH�1B$8'������������ 
����* 0B$8'� ����)DXGBVDPSOH1B$8'������������ 

1.6.4.11 How to PROCESS interrupt 

System in Hot 
plug state

Read Hotplug status
Base + 0x03D0 bit 0

Hot plug in 
detected?

HPD process
HPD changed?
Base + 0x03D0 

bit 0

HPD process

Read interrupt status

IRQ happened?
Base + 0x03DC 

bit 6

IRQ process

Cable lost?
Base + 0x03D0 

bit 1

HPD process

Video change
Base + 0x03C4

Bit 1, bit 3

Video change 
process

PLL Lock 
change?

Base + 0x03C4 
bit 6

PLL change process

HDCP auth 
change?

Base + 0x03C8 
bit 1

Auth change process

HDCP Auth 
Done?

Base + 0x03C8 
bit 0

HDCP auth done 
process

Link training 
finished?

Base + 0x03DC 
bit 5

Set video enhanced 
mode

N

Return

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

N

N

N

N

N

N

N

Return

Interrupt process

N

 
Fig. 31-18 Interrupt process 
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1.6.4.12 How to Send Secondary-data Packets 

Load packet content to 
registers

(AVI_DB*,AUDIO_DB*,I
F_PKT_DB*,MPEG_DB*)

Set packet updated 
bit

Base + 0x0640

Set packet enable bit
Base + 0x0640

 
Fig. 31-19 Send Secondary-data Packets 
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Chapter 32 HDMI TX 

32.1 Overview 
+'0,�7;�LV�IXOO\�FRPSOLDQW�ZLWK�+'0,����D�DQG����D�VSHFLILFDWLRQ��,W�RIIHUV�D�VLPSOH�
LPSOHPHQWDWLRQ�IRU�FRQVXPHU�HOHFWURQLFV�OLNH�'9'�SOD\HU�UHFRUGHU�DQG�FDPFRUGHU��+'0,�7;�
FRQVLVWV�RI�RQH�+0',�WUDQVPLWWHU�FRQWUROOHU�DQG�RQH�+0',�WUDQVPLWWHU�3+<� 

,W�VXSSRUWV�IROORZLQJ�IHDWXUHV� 

z 9LGHR�IRUPDWV� 
� $OO�&($�����(�YLGHR�IRUPDWV�XS�WR�����S�DW����+]�DQG����S�����L�DW�����+] 
� +'0,����E�YLGHR�IRUPDWV 

� $OO�&($�����(�YLGHR�IRUPDWV�XS�WR�����S�DW�����+] 
� +'0,����E��.�[��.�YLGHR�IRUPDWV 
� +'0,����E��'�YLGHR�PRGHV�ZLWK�XS�WR�����0+]��70'6�FORFN� 

� +'0,�����YLGHR�IRUPDWV��$OO�&($�����)�YLGHR�IRUPDWV 
z &RORULPHWU\�����ELW�5*%������ 
z 3L[HO�FORFN�IURP������0+]�XS�WR�����0+] 
z 8S�WR�����N+]�,(&������DXGLR�VDPSOLQJ�UDWH 
z )OH[LEOH�V\QFKURQRXV�HQDEOH�SHU�FORFN�GRPDLQ�WR�VHW�IXQFWLRQDO�SRZHU�GRZQ�PRGHV 
z $0%$�$3%�����UHJLVWHU�DFFHVV 
z ,�&�''&��(','�EORFN�UHDG�PRGH 
z 6&'&�,�&�''&�DFFHVV 
z 70'6�6FUDPEOHU�WR�HQDEOH�VXSSRUW�IRU�����S#��+]�ZLWK�5*%������ 
z ,QWHJUDWHG�&(&�KDUGZDUH�HQJLQH 
32.2 Block Diagram 

HDMI controller

video 
sampler

I2S
S/PDIF

AMBA 
APB

Color Space 
Converter

Audio 
Packetizer

Video 
Packetizer

Frame
Composer

Register 
Bank

main 
control 

HDCP 1.4
Encryptor

I2C/DDC 
master

I2C master

CEC 
Controller

HDM
I PHY

HDCP 22
Encryptor

HDMI
Receiver

HDP 
line

cec link

ddc scl
ddc sda

RK3399

VOP2

I2S_8CH
SPDIF_2C

H TMDS

TMDS

TMDS

TMDS

 

Fig. 32-1 HDMI TX Block Diagram 
 
32.3 Function Description 
32.3.1 ,208; 

&XVWRPHU�VKRXOG�QRWLFH�WKDW�&(&�FKDQQHO�XVH�
,2B+'0,7;FHFP�B63,�FV�P�B9&&,2�*3,2�G��DQG�''&�FKDQQHO�XVH�3$'�
,2B+'0,7;VFOB,�&�VFOP�B9&&,2�*3,2�F��DQG�
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,2B+'0,7;VGDB,�&�VGDP�B9&&,2�*3,2�G�� 

1RWH��3$'�,2B+'0,B''&&(&�LV�*URXQG�UHIHUHQFH�IRU�WKH�+RW�3OXJ�'HWHFW�VLJQDO� 

32.3.2 9LGHR�'DWD�3URFHVVLQJ 

7KH�YLGHR�SURFHVVLQJ�FRQWDLQV�YLGHR�IRUPDW�WLPLQJV��SL[HO�HQFRGLQJV��5*%�WR�<&E&U��RU�
<&E&U�WR�5*%���FRORULPHWU\�DQG�FRUUHVSRQGLQJ�UHTXLUHPHQWV��7KLV�IXQFWLRQ�LV�LPSOHPHQWHG�
E\�VRPH�IXQFWLRQDO�EORFNV��9LGHR�&DSWXUH�EORFN��&RORU�6SDFH�&RQYHUVLRQ�EORFN��DQG�'HHS�
&RORU�EORFN� 

7KH�LQSXW�YLGHR�SL[HOV�FDQ�EH�HQFRGHG�LQ�HLWKHU�5*%��<&%&5�������RU�<&%&5�������IRUPDWV�
E\�&RORU�6SDFH�&RQYHUVLRQ�EORFN� 

7KH�LQSXW�9LGHR�GDWD�FDQ�KDYH�D�SL[HO�VL]H�RI���ELWV��7KH�GHHS�FRORU�EORFN�LV�XVHG�WR�GHDO�
ZLWK�GLIIHUHQW�SL[HO�VL]H��9LGHR�DW�WKH�GHIDXOW����ELW�FRORU�GHSWK�LV�FDUULHG�DW�D�70'6�FORFN�
UDWH�HTXDO�WR�WKH�SL[HO�FORFN�UDWH��+LJKHU�FRORU�GHSWKV�DUH�FDUULHG�XVLQJ�D�FRUUHVSRQGLQJO\�
KLJKHU�70'6�FORFN�UDWH��+'0,�7UDQVPLWWHU�VXSSRUW�YLGHR�IRUPDWV�ZLWK�70'6�UDWHV�EHORZ�
��0+]��H�J������0+]�IRU����L�176&��WKDW�FDQ�EH�WUDQVPLWWHG�XVLQJ�D�SL[HO�UHSHWLWLRQ�
VFKHPH�E\�VHWWLQJ�UHODWLYH�UHJLVWHUV� 

&RORU�6SDFH�&RQYHUVLRQ 

+'0,�7UDQVPLWWHU�&RORU�VSDFH�FRQYHUVLRQ��&6&��LV�UHVSRQVLEOH�IRU�FDUU\LQJ�RXW�WKH�IROORZLQJ�
YLGHR�FRORU�VSDFH�FRQYHUVLRQ�IXQFWLRQV� 

z 5*%�WR�IURP�<&E&U 
z ������WR�IURP�������XS��SL[HO�UHSHWLWLRQ�RU�OLQHDU�LQWHUSRODWLRQ��GRZQ�FRQYHUWHU 
z /LPLWHG�WR�IURP�IXOO�TXDQWL]DWLRQ�UDQJH�FRQYHUVLRQ 
z 7KH�&6&�VXSSRUWV�DOO�WKH�WLPLQJV�UHSRUWHG�LQ�WKH�&($�����'�VSHFLILFDWLRQ�DQG�WKH�

IROORZLQJ�SL[HO�PRGHV� 
z 5*%�����DQG�<&E&U������������������DQG����ELWV 
z <&E&U��������������DQG����ELWV 

7KH�FRORU�VSDFH�FRQYHUVLRQ�PDWUL[�LV�UXOHG�E\�WKH�IROORZLQJ�HTXDWLRQV�OLVWHG�LQ�EHORZ�ILJXUH� 

 

Fig. 32-2 HDMI Color Space Conversion Matrix Equations 

1RWH��&RORU�6SDFH�&RQYHUVLRQ�WR�DQG�IURP�<&U&E�������LV�QRW�VXSSRUWHG� 

32.3.3 $XGLR�'DWD�3URFHVVLQJ 

7KH�+'0,�7;�DXGLR�SURFHVV�FRQWDLQ�DXGLR�FORFN�UHJHQHUDWLRQ��SODFHPHQW�RI�DXGLR�VDPSOHV�
ZLWKLQ�SDFNHWV��SDFNHW�WLPLQJ�FRQWURO��DXGLR�VDPSOH�UDWHV�VHWWLQJ��DQG�FKDQQHO�VSHDNHU�
DVVLJQPHQWV��7KLV�IXQFWLRQ�LV�LPSOHPHQWHG�E\�$XGLR�&DSWXUH�EORFNV 

7KH�$XGLR�&DSWXUH�VXSSRUW�HLWKHU�63',)�RU�IRXU�FKDQQHO�,�6�LQSXW��63',)�LQSXW�VXSSRUWV�
DXGLR�VDPSOLQJ�UDWHV�IURP����WR�����.+]��7KH�,�6�LQSXW�VXSSRUWV�IURP���FKDQQHO�WR���
FKDQQHO�DXGLR�XS�WR�����.+]� 

7KH�VFKHPH�RI�DXGLR�SURFHVVLQJ�DV�VKRZQ�LQ�WKH�ILJXUH�EHORZ� 
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I2S
Interface

SPDIF
Interface

I2S Data Stream

SPDIF Data Stream

AUDIO
DATA

PROCESSING

CTS/N

AUDIO
FIFO

 
Fig. 32-3 HDMI Audio Data Processing Diagram 

��,�6 

7KH�IXQFWLRQ�RI�WKLV�PRGXOH�LV�WR�LPSOHPHQW�,�6�DXGLR�LQSXW�IHDWXUH��7KH�LQFRPLQJ�DXGLR�
VWUHDP�LV�FDSWXUHG��SURFHVVHG�WKHQ�WUDQVPLWWHG�LQWR�WKH�70'6�OLQN��)RXU�,�6�LQSXWV�DOVR�
DOORZ�WUDQVPLVVLRQ�RI�'9'�$XGLR�DQG�GHFRGHG�'ROE\�'LJLWDO�WR�$�9�5HFHLYHUV�DQG�KLJK�HQG�
GLVSOD\V��7KH�LQWHUIDFH�VXSSRUWV�IURP���FKDQQHO�WR���FKDQQHO�DXGLR�XS�WR�����N+]��7KH�,�6�
SLQV�PXVW�DOVR�EH�FRKHUHQW�ZLWK�PFON��7KH�DSSURSULDWH�UHJLVWHUV�PXVW�EH�FRQILJXUHG�WR�
GHVFULEH�WKH�IRUPDW�RI�DXGLR�EHLQJ�LQSXW��7KLV�LQIRUPDWLRQ�LV�SDVVHG�RYHU�WKH�+'0,�OLQN�LQ�
WKH�&($����'�$XGLR�,QIR��$,��SDFNHWV��7DEOH�VKRZV�WKH�,�6���FKDQQHO�DXGLR�IRUPDWV�WKDW�DUH�
VXSSRUWHG�IRU�HDFK�RI�WKH�YLGHR�IRUPDWV� 

Table 32-1 HDMI TX I2S 2 Channel Audio Sampling Frequency 
9LGHR�)RUPDW ��N+] ����N+] ��N+] ����N+] ��N+] �����N+] ���N+] 
���[���S�
����[���S 

<HV <HV <HV <HV <HV <HV <HV 

����[���L� 
����[���L 

<HV <HV <HV <HV <HV <HV <HV 

���S <HV <HV <HV <HV <HV <HV <HV 
����L <HV <HV <HV <HV <HV <HV <HV 
����S <HV <HV <HV <HV <HV <HV <HV 

 
Table 32-2 HDMI TX I2S 8 Channel Audio Sampling Frequency 

9LGHR�)RUPDW ��N+] ����N+] ��N+] ����N+] ��N+] �����N+] ���N+] 
���[���S�
����[���S 

<HV <HV <HV 1R 1R 1R 1R 

����[���L� 
����[���L 

<HV <HV <HV <HV 1R 1R 1R 

���S <HV <HV <HV <HV <HV <HV <HV 
����L <HV <HV <HV <HV <HV <HV <HV 
����S <HV <HV <HV <HV <HV <HV <HV 

 

��63',) 

7KH�IXQFWLRQ�RI�WKLV�PRGXOH�LV�WR�LPSOHPHQW�63',)�DXGLR�LQSXW�IHDWXUH��7KH�LQFRPLQJ�DXGLR�
VWUHDP�LV�FDSWXUHG��SURFHVVHG�WKHQ�WUDQVPLWWHG�LQWR�WKH�70'6�OLQN��63',)�VWUHDP�FDQ�FDUU\�
��FKDQQHO�XQFRPSUHVVHG�3&0�GDWD��,(&��������RU�D�FRPSUHVVHG�ELW�VWUHDP�IRU�PXOWL�
FKDQQHO��,(&��������IRUPDWV��7KH�DXGLR�GDWD�FDSWXUH�ORJLF�IRUPV�WKH�DXGLR�GDWD�LQWR�
SDFNHWV�LQ�DFFRUGDQFH�ZLWK�WKH�+'0,�VSHFLILFDWLRQ��63',)�LQSXW�VXSSRUWV�DXGLR�VDPSOLQJ�
UDWHV�IURP����WR�����.+]��7KH�IROORZLQJ�VKRZV�WKH�63',)�DXGLR�IRUPDWV�WKDW�DUH�VXSSRUWHG�
IRU�HDFK�RI�WKH�YLGHR�IRUPDWV 

Table 32-3 HDMI SPDIF Sampling Frequency at Each Video Format 
9LGHR�)RUPDW ��N+] ����N+] ��N+] ����N+] ��N+] �����N+] ���N+] 
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���[���S�
����[���S 

<HV <HV <HV <HV <HV 1R 1R 

����[���L� 
����[���L 
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��$XGLR�6DPSOH�&ORFN�&DSWXUH�DQG�5HJHQHUDWLRQ 

$XGLR�GDWD�LV�FDUULHG�DFURVV�WKH�+'0,�OLQN��ZKLFK�LV�GULYHQ�E\�D�70'6�FORFN�UXQQLQJ�DW�D�UDWH�
FRUUHVSRQGLQJ�WR�WKH�YLGHR�SL[HO�UDWH��GRHV�QRW�UHWDLQ�WKH�RULJLQDO�DXGLR�VDPSOH�FORFN��7KH�
WDVN�RI�UHFUHDWLQJ�WKLV�FORFN�DW�WKH�6LQN�LV�FDOOHG�$XGLR�&ORFN�5HJHQHUDWLRQ� 

7KH�+'0,�7UDQVPLWWHU�GHWHUPLQH�WKH�IUDFWLRQDO�UHODWLRQVKLS�EHWZHHQ�WKH�70'6�FORFN�DQG�DQ�
DXGLR�UHIHUHQFH�FORFN������DXGLR�VDPSOH�UDWH�>IV@��DQG�SDVV�WKH�QXPHUDWRU�DQG�GHQRPLQDWRU�
RI�WKDW�IUDFWLRQ�WR�WKH�+'0,�6LQN�DFURVV�WKH�+'0,�OLQN��7KH�6LQN�WKHQ�UH�FUHDWH�WKH�DXGLR�
FORFN�IURP�WKH�70'6�FORFN�E\�XVLQJ�D�FORFN�GLYLGHU�DQG�D�FORFN�PXOWLSOLHU� 

7KH�H[DFW�UHODWLRQVKLS�EHWZHHQ�WKH�WZR�FORFNV�ZLOO�EH� 

���āIV� �I70'6BFORFN��1���&76� 

7KH�VFKHPH�RI�WKH�$XGLR�6DPSOH�&ORFN�&DSWXUH�DQG�5HJHQHUDWLRQ�DV�VKRZQ�EHORZ� 

 
Fig. 32-4 HDMI Audio Clock Regeneration Model 

%HFDXVH�WKHUH�LV�QR�DXGLR�FORFN�FDUULHG�WKURXJK�WKH�+'0,�OLQN��RQO\�WKH�70'6�FORFN�LV�XVHG��
6RIWZDUH�VHWV�WKH�&76�1�ZLWK�D�YDOXH�WDNHQ�IRUP�WKH�EHORZ�WDEOH��ZKLFK�VKRZV�WKH�&76�DQG�
1�YDOXH�IRU�WKH�VXSSRUWHG�VWDQGDUG��$OO�RWKHU�70'6�FORFNV�DUH�QRW�VXSSRUWHG��7KH�70'6�
FORFNV�GLYLGHG�RU�PXOWLSOLHG�E\�������FRHIILFLHQWV�DUH�QRW�VXSSRUWHG� 

 

 

 

 

 

 

 

Table 32-4 HDMI CTS and N table 
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32.3.4 ''& 

7KH�''&�IXQFWLRQDO�EORFN�LV�XVHG�IRU�FRQILJXUDWLRQ�DQG�VWDWXV�H[FKDQJH�EHWZHHQ�WKH�+'0,�
6RXUFH�DQG�+'0,�6LQN��+0',�7UDQVPLWWHU�&RQWUROOHU�KDV�,�&�0DVWHU�,QWHUIDFH�IRU�''&�
WUDQVDFWLRQV��,W�HQDEOHV�IRU�KRVW�FRQWUROOHU�WR�UHDG�(','��+'&3�DXWKHQWLFDWLRQ�E\�LVVXLQJ�
VLPSOH�UHJLVWHU�DFFHVV��7KH�,�&�EXV�VSHHG�LV�OLPLWHG�E\�''&�VSHFLILFDWLRQ��''&�EXV�DFFHVV�
IUHTXHQF\�FDQ�EH�FRQWUROOHG� 

32.3.5 (',' 

([WHQGHG�'LVSOD\�,GHQWLILFDWLRQ�'DWD��(','��ZDV�FUHDWHG�E\�9(6$�WR�HQDEOH�SOXJ�DQG�SOD\�
FDSDELOLWLHV�RI�PRQLWRUV��7KLV�GDWD��ZKLFK�LV�VWRUHG�LQ�WKH�VLQN�GHYLFH��GHVFULEHV�YLGHR�
IRUPDWV�WKDW�WKH�'79�0RQLWRU�LV�FDSDEOH�RI�UHFHLYLQJ�DQG�UHQGHULQJ��7KH�LQIRUPDWLRQ�LV�
VXSSOLHG�WR�WKH�VRXUFH�GHYLFH��RYHU�WKH�LQWHUIDFH��XSRQ�WKH�UHTXHVW�RI�WKH�VRXUFH�GHYLFH��7KH�
VRXUFH�GHYLFH�WKHQ�FKRRVHV�LWV�RXWSXW�IRUPDW��WDNLQJ�LQWR�DFFRXQW�WKH�IRUPDW�RI�WKH�RULJLQDO�
YLGHR�VWUHDP�DQG�WKH�IRUPDWV�VXSSRUWHG�E\�WKH�'79�0RQLWRU��7KH�IXQFWLRQ�RI�WKLV�PRGXOH�LV�
WR�LPSOHPHQW�(','�IHDWXUH� 

32.3.6 +'&3 

+'0,�7UDQVPLWWHU�KDV�D�FDSDELOLW\�IRU�+'&3�DXWKHQWLFDWLRQ�E\�KDUGZDUH��7KH�IXQFWLRQ�RI�WKLV�
PRGXOH�LV�WR�LPSOHPHQW�+'&3�HQFU\SWLRQ�IHDWXUH��7KLV�IHDWXUH�FDQ�EH�WXUQHG�RQ�RU�RII�
GHSHQGLQJ�RQ�UHJLVWHU�VHWWLQJ� 

,W�VXSSRUWV�XS�WR�+'&3������+'&3�����LV�GRQH�E\�+'0,�7UDQVPLWWHU�LWVHOI��+'&3���LV�
GHVFULSWHG�LQ�DQRWKHU�FKDSWHU��  

32.3.7 +RW�3OXJ�'HWHFW 

+'0,�7UDQVPLWWHU�KDV�D�FDSDELOLW\�IRU�GHWHFWLQJ�WKH�6LQN�SOXJ�LQ�RU�SOXJ�RXW��DQG�ODXQFK�DQ�
LQWHUUXSW�DQG�UHJLVWHUV�VWDWH�LQGLFDWLQJ�IRU�VRIWZDUH�FRQWUROOLQJ� 

32.3.8 70'6�HQFRGHU 

7KH�70'6�HQFRGHU�FRQYHUWV�WKH�������ELWV�GDWD�LQWR�WKH����ELW�'&�EDODQFHG�70'6�GDWD� 

+'0,�7;�SXW�WKH�70'6�HQFRGLQJ�RQ�WKH�DXGLR��YLGHR��DX[�GDWD�UHFHLYHG�IURP�WKH�+'&3�;25�
PDVN��7KLV�GDWD�LV�RXWSXW�RQWR�WKUHH�70'6�GLIIHUHQWLDO�GDWD�OLQHV�DORQJ�ZLWK�D�70'6�
GLIIHUHQWLDO�FORFN� 

32.3.9 &(& 

7KH�&(&�IXQFWLRQDO�EORFN�SURYLGHV�KLJK�OHYHO�FRQWURO�IXQFWLRQV�EHWZHHQ�DOO�RI�WKH�YDULRXV�
DXGLRYLVXDO�SURGXFWV�LQ�D�XVHU
V�HQYLURQPHQW�WKURXJK�RQH�OLQH� 
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32.4 HDMI PHY 
7KH�+'0,�7[�3+<�LV�WKH�SK\VLFDO�OD\HU�RI�DQ�+'0,�GLJLWDO�WUDQVPLWWHU��VRXUFH���FDSDEOH�RI�
HQFRGLQJ�DQG�WUDQVPLWWLQJ�KLJK�VSHHG�GDWD�VWUHDPV�FDUU\LQJ�5*%�YLGHR��DXGLR��DQG�FRQWURO�
LQIRUPDWLRQ� 

7KH�+'0,�7[�3+<�LQFOXGHV�RQH�3//�WKDW�V\QWKHVL]HV�WKH�KLJK�VSHHG�VHULDO�ELW�FORFN��UHTXLUHG�
E\�WKH�WUDQVPLWWHU��IURP�D�UHIHUHQFH�SL[HO�FORFN�ZLWK�D�IUHTXHQF\�WKDW�FDQ�YDU\�EHWZHHQ�
���������0+]�IRU�+'0,�RSHUDWLRQ��7KH�WUDQVPLWWHU�LV�FDSDEOH�RI�WUDQVPLWWLQJ�XS�WR����*ESV�
XVLQJ�WKUHH�ODQHV�IRU�+'0,�RSHUDWLRQ�7KH�+'0,�7[�3+<�KDV�RQH�L�F�FRQILJ�EXV�ZKLFK�LV�
GULYHQ�E\�KGPLW[�FRQWUROOHU��  

7KH�+'0,�7[�3+<�GULYHV�DXGLR�DQG�YLGHR�DFURVV�WKH�70'6�GDWD�FKDQQHOV��)RU�+'0,�
RSHUDWLRQ��HDFK�VHULDO�70'6�OLQN�KDV�D�GDWD�UDWH�UDQJH�RI��������*ESV��7KH�+'0,�7[�3+<�
DOVR�GULYHV�WKH�70'6�FORFN�DW�����WK�RI�WKH�VHULDO�GDWD�UDWH�ZLWK�D�IUHTXHQF\�UDQJH�RI����
����0+]�IRU�GDWD�UDWHV�EHORZ����*ESV��)RU�D�VHULDO�GDWD�UDWH�EHWZHHQ����*ESV�DQG��*ESV��
WKH�+'0,�7[�3+<�GULYHV�WKH�70'6�FORFN�DW�����WK�RI�WKH�VHULDO�GDWD�UDWH� 

:LWKLQ�WKH�+'0,�7[�3+<��DGGLWLRQDO�VXSSRUW�EORFNV�H[LVW� 

z %DQGJDS�EORFN��IRU�EORFNV�ELDVLQJ� 
z 5HVLVWRU�&DOLEUDWLRQ�EORFN 
z $'& 
z $QDORJ�WHVW�EXV 
z %XLOW�LQ�6HOI�7HVW�%,67� 

$Q�H[WHUQDO�������Nƻ�UHIHUHQFH�UHVLVWRU��FRQQHFWHG�WR�JURXQG��LV�UHTXLUHG�IRU�SUHFLVH�FXUUHQW�
DQG�ELDVLQJ��ZLWKLQ�HDFK�EORFN�� 

32.4.1 ,�&�LQWHUIDFH 

7KH�+'0,�7[�3+<¶V�VWDWXV�DQG�FRQILJXUDWLRQ�LV�DFFHVVHG�WKURXJK�LQWHUQDO�,�&�LQWHUIDFH��7KH�
LQWHUQDO�,�&�LQWHUIDFH�LV�PDSSHG�WR�3+<�&RQILJXUDWLRQ�5HJLVWHUV�LQ�+'0,�7;�UHJLVWHUV�DW�
DGGUHVV��[������&XVWRPHUV�FDQ�DFFHVV�WKHVH�UHJLVWHUV�WKRXJK�+'0,�FRQWUROOHU¶V�5HJLVWHU��
2SHUDWLQJ�WR�WKHVH�UHJLVWHU�FDQ�WULJJHU�RQH�L�F�ZULWH�SURFHVV�RU�L�F�UHDG�SURFHVV� 

32.4.2 3//�2SHUDWLRQ 

7KH�3//�LV�UHVSRQVLEOH�IRU�WKH�JHQHUDWLRQ�RI�WKH�KLJK�VSHHG�VHULDOL]DWLRQ�FORFNV��DV�ZHOO�DV�IRU�
WKH�RWKHU�FORFNV�LQYROYHG�RQ�WKH�GDWD�WUDQVPLVVLRQ��FORFNV�RQ�WKH�70'6�ODQHV��RU�LQYROYHG�
RQ�WKH�VXSSRUWHG�WHVWDELOLW\� 

7KH�3//�FDQ�EH�FRQILJXUHG�IRU�WKH�YLGHR�PRGHV�UHTXLUHG�IRU�HDFK�RI�WKH�VXSSRUWHG�PRGHV�RI�
RSHUDWLRQ��)RU�DGGLWLRQDO�LQIRUPDWLRQ�DERXW�WKH�3//�FRQILJXUDWLRQ��SOHDVH�UHIHU�³3+<�03//�
&RQILJXUDWLRQ �́ 

32.4.3 +3'�5;6(16(�2SHUDWLRQ 

)RU�+'0,�RSHUDWLRQ��WR�GHWHFW�WKH�SUHVHQFH�RI�DQ�+'0,�VLQN�V\VWHP��WKH�+'0,�7[�3+<�
VXSSRUWV�WZR�GLIIHUHQW�PHFKDQLVPV�WR�GHWHUPLQH�ZKHWKHU�D�+RW�3OXJ�'HWHFW��+3'��VLJQDO�LV�
DYDLODEOH�DQG�ZKHWKHU�+'0,�VLQN�WHUPLQDWLRQV�DUH�SUHVHQW�DQG�SRZHUHG� 

,I�YROWDJH�LV�SUHVHQW�RQ�WKH�+3'�OLQH�SURYLGHG�E\�WKH�+'0,�VLQN�V\VWHP��WKH�+3'�FLUFXLW�
LGHQWLILHV�DQG�DVVHUWV�WKH�61.'(7�VLJQDO�RQ�WKH�3+<¶V�GLJLWDO�LQWHUIDFH��SURYLGHG�WKH�YROWDJH�
OHYHO�LV���������9��DV�VSHFLILHG�E\�WKH�+'0,�VSHFLILFDWLRQ��7KH�+3'�FLUFXLW�HQDEOHV�WKH�+'0,�
7[�3+<�WR�LGHQWLI\�ZKHWKHU�WKH�+'0,�VLQN�V\VWHP�LV�FRQQHFWHG�DQG�LV�SURYLGLQJ�D�FRUUHFW�
+3'�YROWDJH�OHYHO� 

7KH�5;6(16(�FLUFXLW�GHWHUPLQHV��IRU�HDFK�70'6�GDWD�DQG�FORFN�ODQH�IRU�WKH�+'0,�RSHUDWLRQ��
ZKHWKHU�WKH�+'0,�VLQN�WHUPLQDWLRQV�DUH�SUHVHQW��8VHUV�FDQ�REVHUYH�5;6(16(�WKDW�UHIOHFWV�
WKH�VWDWH�RI�WKH�70'6�ODQHV�HYDOXDWHG�IURP�SK\BVWDW��LQ�+'0,�FRQWUROOHU�UHJLVWHU� 
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32.4.4 3RZHU�&ROODSVLQJ 

7KH�+'0,�7[�3+<�VXSSRUWV�SRZHU�FROODSVLQJ��7KLV�IHDWXUH�HQDEOHV�WKH�+'0,�7[�3+<�WR�
VWD\²LQ�DQ\�JLYHQ�FRPELQDWLRQ�RI�SRZHU�VXSSO\�DYDLODELOLW\��SUHVHQW��IORDWLQJ��RU�
JURXQGHG�²LQ�D�NQRZQ�VWDWH�ZLWK�ORZ�FXUUHQW�FRQVXPSWLRQ��7KLV�ORZ�FXUUHQW�FRQVXPSWLRQ�
UHPDLQV�VLPLODU�WR��RU�EHORZ��WKH�FXUUHQW�FRQVXPSWLRQ�LQ�SRZHU�GRZQ�PRGH� 

3RZHU�FROODSVLQJ�SURYLGHV�FXVWRPHUV�ZKR�UHTXLUH�FRQWURO�RYHU�WKH�SRZHU�OLQHV�ZLWK�
LQGHSHQGHQW�FRQWURO�RI�WKH�3+<�SRZHU�VXSSOLHV� 

32.4.5 2SHUDWLQJ�0RGHV 

7KH�+'0,�7[�3+<�FDQ�EH�SODFHG�LQ�WZR�GLIIHUHQW�RSHUDWLQJ�PRGHV��3RZHU�'RZQ�DQG�$FWLYH��
&XVWRPHUV�FDQ�DVVHUW�D�VRIW�UHVHW�WKURXJK�WKH�+'0,�FRQWURO�UHJLVWHUV��[���D�ZLWK�
FRQILJXUDWLRQ����7KLV�VRIW�UHVHW�FOHDUV�DOO�V\VWHP�)60V�H[FHSW�,�&��-7$*��DQG�FRQWURO�
UHJLVWHUV�� �  

)RU�HDFK�VHSDUDWH�YLGHR�PRGH�LQ�ZKLFK�WKH�+'0,�7[�3+<�LV�VHW�WR�WUDQVPLW��GXH�WR�GLIIHUHQW�
RSHUDWLQJ�IUHTXHQF\��FRORU�GHSWK�DQG�SL[HO�UHSHWLWLRQ�WKDW�FKDUDFWHUL]HV�HDFK�RQH��\RX�QHHG�
WR�FRQILJXUH�WKH�+'0,�7[�3+<�EORFN�IRU�FRUUHFW�RSHUDWLRQ�DQG�RSWLPL]HG�SHUIRUPDQFH��,W�LV�
UHFRPPHQGHG�IRU�WKH�3+<�FRQILJXUDWLRQ�WKURXJK�WKH�,�&�RU�-7$*�LQWHUIDFH�WR�EH�GRQH�ZKLOH�
WKH�3+<�LV�LQ�SRZHU�GRZQ�PRGH� 

&RQILJXUDWLRQ�LQYROYHV�SURJUDPPLQJ�WKH�3//�GLYLGHUV�DQG�DQDORJ�FRQILJXUDWLRQ�DV�ZHOO�DV�WKH�
DQDORJ�GULYHUV
�VRXUFH�WHUPLQDWLRQ�YDOXH��VLJQDOV�YROWDJH�OHYHO��SUH�HPSKDVLV�DQG�VORSH�
ERRVWLQJ��7KLV�SURJUDPPLQJ�LV�GRQH�WKURXJK�WKH�,�&�LQWHUIDFH� 

32.5 Register Description 
7KH�DGGUHVV�RIIVHW�RI�WKH�+'0,�7;�LV��[II��������LW�FRQWDLQV����DGGUHVV�VHFWLRQ��7KH�RIIVHW�
RI�WKH�WDEOH�RI�5HJLVWHU�6XPPDU\�PXVW�PXOWLSOH�ZLWK���ZKHQ�VRIWZDUH�FRQILJXUH�LWǄ/LNH�WKH�
,QWHUUXSW�UHJLVWHUVˈLWV�EDVH�DGGUHVV�LV��[�����,I�ZH�ZDQW�WR�FRQILJXUH�LW��LWV�UHDO�DGGUHVV�LV�
�[II��������[������ 

 

32.5.1 5HJLVWHU�6XPPDU\ 

Name  Offset  Size  
Reset 
Value  

Description  

Identification Registers 0x0000  B   ,GHQWLILFDWLRQ�UHOHDWHG�UHJLVWHUV 
Interrupt registers 0x0100  B   ,QWHUUXSW�UHOHDWHG�UHJLVWHUV 
Video Sampler registers 0x0200  B   9LGHR�6DPSOHU�UHJLVWHUV�  
Video Packetizer 
registers 

0x0800  B   9LGHR�3DFNHWL]HU�UHJLVWHUV�  

Frame Composer 
Registers 

0x1000 B   )UDPH�&RPSRVHU�5HJLVWHUV�  

HDMI Source PHY 
Registers 

0x3000 B    +'0,�6RXUFH�3+<�5HJLVWHUV 

I2C Master PHY 
Registers 

0x3020 B   ,�&�0DVWHU�3+<�5HJLVWHUV 

Audio Sampler 
Registers 

0x3100 B    $XGLR�6DPSOHU�5HJLVWHUV 
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Name  Offset  Size  
Reset 
Value  

Description  

Main Controller 
Registers 

0x4000 B   Main Controller Registers 

Color Space Converter 
Registers 

0x4100  B   Color Space Converter Registers 

HDCP Encryption Engine 
Registers 

0x5000  B   HDCP Encryption Engine Registers  

HDCP BKSV Registers  0x7800  B   HDCP BKSV Registers 
HDCP AN Registers  0x7805  B   HDCP AN Registers 
Encrypted DPK 
Embedded Storage 
Registers  

0x780E  B   
Encrypted DPK Embedded Storage 
Registers  

CEC Engine Registers  0x7D00 B   CEC Engine Registers  
I2C Master Registers  0x7E00 B   I2C Master Registers for E-DDC/SCDC 

 

Identification Registers 
Identification Registers. Follow the link for the register to see a detailed description of the 
register. 
Registers for Address Block: Identification 
 

Register O
f
f
s
e
t 

Description 

design_id  0
x
0 

Design Identification 
Register revision_id 0

x
1 

Revision Identification 
Register product_id0  0

x
2 

Product Identification 
Register 0 product_id1  0

x
3 

Product Identification 
Register 1 config0_id  0

x
4 

Configuration 
Identification Register 0 config1_id  0

x
5 

Configuration 
Identification Register 1 config2_id  0

x
6 

Configuration 
Identification Register 2 config3_id  0

x
7 

Configuration 
Identification Register 3  

design_id 

Description: Design Identification Register 
Size: 8 bits 
Offset: 0x0 
 

Bits Name Attr Description 

7:0 design_id R 

Design ID code fixed by HDMI that Identifies the 
instantiated DWC_hdmi_tx controller. For 
example, DWC_hdmi_tx 2.11a, DESIGN_ID = 21 
Value After Reset: 0x21 

 

revision_id 
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Description: Revision Identification Register 
Size: 8 bits 
Offset: 0x1 
Bits Name Attr Description 
7:0 revision_id R Revision ID code fixed by HDMI that Identifies the 

instantiated DWC_hdmi_tx controller.  
Value After Reset: 0x1a 

product_id0 
Description: Product Identification Register 0 
Size: 8 bits 
Offset: 0x2 
Bits Name Attr Description 
7:0 product_id0 R This one byte fixed code Identifies HDMI 's product 

line ("A0h" for DWC_hdmi_tx products). 
Value After Reset: 0xa0 

 

product_id1 
Description: Product Identification Register 1 
Size: 8 bits 
Offset: 0x3 
Bits Name Attr Description 
7:6 product_id1_hdcp R These bits identify a HDMI Controller with HDCP 

encryption according to HDMI product line. 
Value After Reset: "(HDCP== 1) ? 3 : 0" 

5:2   Reserved for future use. 
1 product_id1_rx R This bit Identifies HDMI 's DWC_hdmi_rx Controller 

according to HDMI product line. 
Value After Reset: 0x0 

0 product_id1_tx R This bit Identifies H Controller according to HDMI 
product line. 
Value After Reset: 0x1 

 
config0_id 
Description: Configuration Identification Register 0 
Size: 8 bits 
Offset: 0x4 
Bits Name Attr Description 
7 prepen R Indicates if it is possible to use internal pixel 

repetition Value After Reset: 
"(HDMI_TX_INTPREPEN== 1) ? 1 : 0" 

6   Reserved for future use. 
5 audspdif R Indicates if the SPDIF audio interface is present 

Value After Reset: "(SPDIFPORTS== 1) ? 1 : 0"  
4 audi2s R Indicates if I2S interface is present 

Value After Reset: "(I2SPORTS== 1) ? 1 : 0" 
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Bits Name Attr Description 
3 hdmi14 R Indicates if HDMI 1.4 features are present 

Value After Reset: "(HDMI_TX_14== 1) ? 1 : 0" 
2 csc R Indicates if Color Space Conversion block is present 

Value After Reset: "(CSC== 1) ? 1 : 0" 
1 cec R Indicates if CEC is present 

Value After Reset: "(CEC== 1) ? 1 : 0" 
0 hdcp R Indicates if HDCP is present 

Value After Reset: "(HDCP== 1) ? 1 : 0" 
 
config1_id 
Description: Configuration Identification Register 1 
Size: 8 bits 
Offset: 0x5 

Bits Name Attr Description 
7 hdcp22_snps R Indicates if HDCP 2.2 SNPS solution is present 

Value After Reset: (HTX_HDCP22_SNPS== 1) ? 1 : 
0 

6 hdcp22_ext R Indicates if external HDCP 2.2 interface support is 
present Value After Reset: 
"(HTX_HDCP22_EXTERNAL== 1) ? 1 : 0" 

5 hdmi20 R Indicates if HDMI 2.0 features are present 
Value After Reset: "(HDMI_TX_20== 1) ? 1 : 0" 

4:2   Reserved for future use. 
1 confapb R Indicates that configuration interface is APB interface 

Value After Reset: 0x1 
0   Reserved for future use. 
 
config2_id 
Description: Configuration Identification Register 2 
Size: 8 bits 
Offset: 0x6 
Bits Name Attr Description 
7:0 phytype R Indicates the type of PHY interface selected: 0x00: 

Legacy PHY (HDMI Tx PHY) 
0xF2: PHY GEN2 (HDMI 3D TX PHY) 
0xE2: PHY GEN2 (HDMI 3D TX PHY) + HEAC PHY 
0xC2: PHY MHL COMBO (MHL+HDMI 2.0 TX PHY) 
0xB2: PHY MHL COMBO (MHL+HDMI 2.0 TX PHY) + 
HEAC PHY 
0xF3: PHY HDMI 20 (HDMI 2.0 TX PHY) 
0xE3: PHY HDMI 20 (HDMI 2.0 TX PHY) + HEAC PHY 
0xFE: External PHY 
Value After Reset: "(PHY_HDMI20==1) ? 
((HDMI_HEAC_PHY_EN==1)? 0xE3 : 0xF3) : 
(PHY_MHL_COMBO==1) 
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Bits Name Attr Description 
? ((HDMI_HEAC_PHY_EN==1)? 0xB2 : 0xC2) : 
(PHY_GEN2==1) ? ((HDMI_HEAC_PHY_EN==1)? 
0xE2 : 0xF2) : (PHY_EXTERNAL==1)? 0xFE : 0x00" 

 
config3_id 
Description: Configuration Identification Register 3 
Size: 8 bits 
Offset: 0x7 
Bits Name Attr Description 
7:2   Reserved for future use. 
1 confahbauddma R Indicates that the audio interface is AHB AUD DMA 

Value After Reset: "(AHBAUDDMAIF== 1) ? 1 : 0"  
0 confgpaud R Indicates that the audio interface is Generic Parallel 

Audio (GPAUD) 
Value After Reset: "(GPAUDPORTS== 1) ? 1 : 0" 

 
 
Interrupt Registers 
Interrupt Registers. Follow the link for the register to see a detailed description of the 
register. 
Registers for Address Block: Interrupt 
Register Offset Description 
ih_fc_stat0 0x100 Frame Composer Interrupt Status Register 0 

(Packet Interrupts) 
ih_fc_stat1 0x101 Frame Composer Interrupt Status Register 1 

(Packet Interrupts) 
ih_fc_stat2 0x102 Frame Composer Interrupt Status Register 2 

(Packet Interrupts) 
ih_as_stat0 0x103 Audio Sampler Interrupt Status Register (FIFO 

Threshold, Underflow and Overflow Interrupts) 
ih_phy_stat0 0x104 PHY Interface Interrupt Status Register (RXSENSE, 

PLL Lock and HPD Interrupts) 
ih_i2cm_stat0 0x105 E-DDC I2C Master Interrupt Status Register (Done 

and Error Interrupts) 
ih_cec_stat0 0x106 CEC Interrupt Status Register (Functional 

Operation Interrupts) 
ih_vp_stat0 0x107 Video Packetizer Interrupt Status Register (FIFO 

Full and Empty Interrupts) 
ih_i2cmphy_stat0 0x108 PHY GEN2 I2C Master Interrupt Status Register 

(Done and Error Interrupts) 
ih_ahbdmaaud_stat0  0x109 AHB Audio DMA Interrupt Status Register 

(Functional Operation, Buffer Full and Empty... 
ih_decode  0x170 Interruption Handler Decode Assist Register 
ih_mute_fc_stat0 0x180 Frame Composer Interrupt Mute Control Register 0 
ih_mute_fc_stat1 0x181 Frame Composer Interrupt Mute Control Register 1 
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Register Offset Description 
ih_mute_fc_stat2 0x182 Frame Composer Interrupt Mute Control Register 2 
ih_mute_as_stat0 0x183 Audio Sampler Interrupt Mute Control Register 
ih_mute_phy_stat0 0x184 PHY Interface Interrupt Mute Control Register 
ih_mute_i2cm_stat0 0x185 E-DDC I2C Master Interrupt Mute Control Register 
ih_mute_cec_stat0 0x186 CEC Interrupt Mute Control Register 
ih_mute_vp_stat0 0x187 Video Packetizer Interrupt Mute Control Register 
ih_mute_i2cmphy_stat0 0x188 PHY GEN2 I2C Master Interrupt Mute Control 

Register 
ih_mute_ahbdmaaud_stat0 0x189 AHB Audio DMA Interrupt Mute Control Register 
ih_mute  0x1ff Global Interrupt Mute Control Register 
 
ih_fc_stat0 
Description: Frame Composer Interrupt Status Register 0 (Packet Interrupts) 
Size: 8 bits 
Offset: 0x100 
Bits Name Attr Description 
7 AUDI R/W1C Active after successful transmission of an Audio 

InfoFrame packet. 
Value After Reset: 0x0    

6 ACP R/W1C Active after successful transmission of an Audio 
Content Protection packet. 
Value After Reset: 0x0 

5 HBR R/W1C Active after successful transmission of an Audio 
HBR packet. 
Value After Reset: 0x0 

4 MAS R/W1C Active after successful transmission of an 
MultiStream Audio packet 
Value After Reset: 0x0 

3 NVBI R/W1C Active after successful transmission of an NTSC 
VBI packet 
Value After Reset: 0x0 

2 AUDS R/W1C Active after successful transmission of an Audio 
Sample packet. Due to high number of audio 
sample packets transmitted, this interrupt is by 
default masked at frame composer. 
Value After Reset: 0x0 

1 ACR R/W1C Active after successful transmission of an Audio 
Clock Regeneration (N/ CTS transmission) packet. 
Value After Reset: 0x0 

0 NULL R/W1C Active after successful transmission of an Null 
packet. Due to high number of audio sample 
packets transmitted, this interrupt is by default 
masked at frame composer. 
Value After Reset: 0x0 
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ih_fc_stat1 
Description: Frame Composer Interrupt Status Register 1 (Packet Interrupts) 
Size: 8 bits 
Offset: 0x101 
Bits Name Attr Description 
7 GMD R/W1C Active after successful transmission of an Gamut 

metadata packet. 
Value After Reset: 0x0 

6 ISCR1 R/W1C Active after successful transmission of an 
International Standard Recording Code 1 packet. 
Value After Reset: 0x0 

5 ISCR2 R/W1C Active after successful transmission of an 
International Standard Recording Code 2 packet 
Value After Reset: 0x0 

4 VSD R/W1C Active after successful transmission of an Vendor 
Specific Data InfoFrame packet. 
Value After Reset: 0x0 

3 SPD R/W1C Active after successful transmission of an Source 
Product Descriptor InfoFrame packet. 
Value After Reset: 0x0 

2 AMP R/W1C Active after successful transmission of an Audio 
Metadata packet 
Value After Reset: 0x0 

1 AVI R/W1C Active after successful transmission of an AVI 
InfoFrame packet. 
Value After Reset: 0x0 

0 GCP R/W1C Active after successful transmission of an General 
Control Packet. 
Value After Reset: 0x0 

 
ih_fc_stat2 
Description: Frame Composer Interrupt Status Register 2 (Packet Interrupts) 
Size: 8 bits 
Offset: 0x102 
Bits Name Attr Description 
7:5   Reserved for future use. 
4 DRM R/W1C Active after successful transmission of an DRM 

packet 
Value After Reset: 0x0 

1 LowPriority_overflow R/W1C Frame Composer low priority packet queue 
descriptor overflow indication 
Value After Reset: 0x0 

0 HighPriority_overflow R/W1C Frame Composer high priority packet queue 
descriptor overflow indication 
Value After Reset: 0x0 
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ih_as_stat0 
Description: Audio Sampler Interrupt Status Register (FIFO Threshold, Underflow and 
Overflow Interrupts) 
Size: 8 bits 
Offset: 0x103 
Bits Name Attr Description 
7:5   Reserved for future use. 
4 fifo_underrun R/W1C Indicates an underrun on the audio FIFO 

Value After Reset: 0x0 
3 fifo_overrun R/W1C Indicates an overrun on the audio FIFO. 

Value After Reset: 0x0 
2 Aud_fifo_underflow_thr R/W1C Audio Sampler audio FIFO empty threshold (four 

samples) indication for the legacy HBR audio 
interface. 
For AHB_DMA, this bit indicates that the number of 
samples in the FIFO is equal to (or less) than the 
number of active audio channels. 
This bit is not relevant for I2S, SPDIF, and GPA 
interfaces. 
Value After Reset: 0x0 

1 Aud_fifo_underflow R/W1C Audio Sampler audio FIFO empty indication. 
Value After Reset: 0x0 

0 Aud_fifo_overflow R/W1C Audio Sampler audio FIFO full indication. 
Value After Reset: 0x0 

 
ih_phy_stat0 
Description: PHY Interface Interrupt Status Register (RXSENSE, PLL Lock and HPD 
Interrupts) 
Size: 8 bits 
Offset: 0x104 
Bits Name Attr Description 
7:6   Reserved for future use. 
5 RX_SENSE_3 R/W1C TX PHY RX_SENSE indication for driver 3. You may 

need to mask or change polarity of this interrupt 
after it has become active. 
Value After Reset: 0x0 

4 RX_SENSE_2 R/W1C TX PHY RX_SENSE indication for driver 2. You may 
need to mask or change polarity of this interrupt 
after it has become active. 
Value After Reset: 0x0 

3 RX_SENSE_1 R/W1C TX PHY RX_SENSE indication for driver 1. You may 
need to mask or change polarity of this interrupt 
after it has become active. 
Value After Reset: 0x0 

2 RX_SENSE_0 R/W1C TX PHY RX_SENSE indication for driver 0. You may 
need to mask or change polarity of this interrupt 
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Bits Name Attr Description 
after it has become active. 
Value After Reset: 0x0 

1 TX_PHY_LOCK R/W1C TX PHY PLL lock indication. 
Value After Reset: 0x0 

0 HPD R/W1C HDMI Hot Plug Detect indication. You may need to 
mask or change polarity of this interrupt after it 
has become active. Value After Reset: 0x0 

 
ih_i2cm_stat0 
Description: E-DDC I2C Master Interrupt Status Register (Done and Error Interrupts) 
Size: 8 bits 
Offset: 0x105 
Bits Name Attr Description 
7:3   Reserved for future use. 
2 scdc_readreq R/W1C I2C Master SCDC read request indication. 

Value After Reset: 0x0 
1 I2Cmasterdone R/W1C I2C Master done indication Value After Reset: 0x0  
0 I2Cmastererror R/W1C I2C Master error indication Value After Reset: 0x0  
 
ih_cec_stat0 
Description: CEC Interrupt Status Register (Functional Operation Interrupts) 
Size: 8 bits 
Offset: 0x106 
Bits Name Attr Description 
7   Reserved for future use. 
6 WAKEUP R/W1C CEC Wake-up indication Value After Reset: 0x0  
5 ERROR_FOLLOW R/W1C CEC Error Follow indication Value After Reset: 0x0  
4 ERROR_INITIATOR R/W1C CEC Error Initiator indication Value After Reset: 

0x0  
3 ARB_LOST R/W1C CEC Arbitration Lost indication Value After Reset: 

0x0  
2 NACK R/W1C CEC Not Acknowledge indication 

Value After Reset: 0x0 
1 EOM R/W1C CEC End of Message Indication 

Value After Reset: 0x0 
0 DONE R/W1C CEC Done Indication Value After Reset: 0x0  
 
ih_vp_stat0 
Description: Video Packetizer Interrupt Status Register (FIFO Full and Empty Interrupts) 
Size: 8 bits 
Offset: 0x107 
Bits Name Attr Description 
7 fifofullrepet R/W1C Video Packetizer pixel repeater FIFO full interrupt 

Value After Reset: 0x0 
6 fifoemptyrepet R/W1C Video Packetizer pixel repeater FIFO empty 
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interrupt 
Value After Reset: 0x0 

5 fifofullpp R/W1C Video Packetizer pixel packing FIFO full interrupt 
Value After Reset: 0x0 

4 fifoemptypp R/W1C Video Packetizer pixel packing FIFO empty 
interrupt 
Value After Reset: 0x0 

3 fifofullremap R/W1C Video Packetizer pixel YCC 422 re-mapper FIFO full 
interrupt 
Value After Reset: 0x0 

2 fifoemptyremap R/W1C Video Packetizer pixel YCC 422 re-mapper FIFO 
empty interrupt 
Value After Reset: 0x0 

1:0  R/W1C Reserved and read as zero 
 
ih_i2cmphy_stat0 
Description: PHY GEN2 I2C Master Interrupt Status Register (Done and Error Interrupts) 
Size: 8 bits 
Offset: 0x108 
Bits Name Attr Description 
7:2   Reserved for future use. 
1 I2Cmphydone R/W1C I2C Master PHY done indication 

Value After Reset: 0x0 
0 I2Cmphyerror R/W1C I2C Master PHY error indication 

Value After Reset: 0x0 
 
ih_ahbdmaaud_stat0 
Description: AHB Audio DMA Interrupt Status Register (Functional Operation, Buffer Full and 
Empty Interrupts) 
Size: 8 bits 
Offset: 0x109 
Bits Name Attr Description 
7   Reserved for future use. 
6 ahbdmaaud_intbuffoverrun R/W1C AHB audio DMA Buffer overrun interruption 

Value After Reset: 0x0 
5 ahbdmaaud_interror R/W1C AHB audio DMA error interrupt Value After Reset: 

0x0  
4 ahbdmaaud_intlostownersh

ip 
R/W1C AHB audio DMA lost ownership interrupt 

Value After Reset: 0x0 
 

3 ahbdmaaud_intretrysplit R/W1C AHB audio DMA RETRY/SPLIT interrupt 
Value After Reset: 0x0 

2 ahbdmaaud_intdone R/W1C AHB audio DMA done interrupt Value After Reset: 
0x0  

1 ahbdmaaud_intbufffull R/W1C AHB audio DMA Buffer full interrupt 
Value After Reset: 0x0 
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Bits Name Attr Description 
0 ahbdmaaud_intbuffempty R/W1C AHB audio DMA Buffer empty interrupt 

Value After Reset: 0x0 
 
ih_decode 
Description: Interruption Handler Decode Assist Register 
Size: 8 bits 
Offset: 0x170 
Bits Name Attr Description 
7 ih_fc_stat0 R Interruption active at the ih_fc_stat0 register 

Value After Reset: 0x0 
6 ih_fc_stat1 R Interruption active at the ih_fc_stat1 register 

Value After Reset: 0x0 
5 ih_fc_stat2_vp R Interruption active at the ih_fc_stat2 or 

ih_vp_stat0 register 
Value After Reset: 0x0 

4 ih_as_stat0 R Interruption active at the ih_as_stat0 register 
Value After Reset: 0x0 

3 ih_phy R Interruption active at the ih_phy_stat0 or 
ih_i2cmphy_stat0 register 
Value After Reset: 0x0 

2 ih_i2cm_stat0 R Interruption active at the ih_i2cm_stat0 register 
Value After Reset: 0x0 

1 ih_cec_stat0 R Interruption active at the ih_cec_stat0 register 
Value After Reset: 0x0 

0 ih_ahbdmaaud_stat0 R Interruption active at the ih_ahbdmaaud_stat0 
register 
Value After Reset: 0x0 

 
ih_mute_fc_stat0 
Description: Frame Composer Interrupt Mute Control Register 0 
Size: 8 bits 
Offset: 0x180 

Bits Name Attr Description 
7 AUDI R/W When set to 1, mutes ih_fc_stat0[7] 

Value After Reset: 0x0 
6 ACP R/W When set to 1, mutes ih_fc_stat0[6] 

Value After Reset: 0x0 
5 HBR R/W When set to 1, mutes ih_fc_stat0[5] 

Value After Reset: 0x0 
4 MAS R/W When set to 1, mutes ih_fc_stat0[4]. Otherwise, 

this field is a "spare" bit with no associated 
functionality. 
Value After Reset: "(HDMI_TX_20== 1) ? 1 : 0" 

3 NVBI R/W When set to 1, mutes ih_fc_stat0[3]. Otherwise, 
this field is a "spare" bit with no associated 
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Bits Name Attr Description 
functionality. 
Value After Reset: "(HDMI_TX_20== 1) ? 1 : 0" 

2 AUDS R/W When set to 1, mutes ih_fc_stat0[2] 
Value After Reset: 0x0 

1 ACR R/W When set to 1, mutes ih_fc_stat0[1] 
Value After Reset: 0x0 

0 NULL R/W When set to 1, mutes ih_fc_stat0[0] 
Value After Reset: 0x0 

 
ih_mute_fc_stat1 
Description: Frame Composer Interrupt Mute Control Register 1 
Size: 8 bits 
Offset: 0x181 
Bits Name Attr Description 
7 GMD R/W When set to 1, mutes ih_fc_stat1[7] 

Value After Reset: 0x0 
6 ISCR1 R/W When set to 1, mutes ih_fc_stat1[6] 

Value After Reset: 0x0 
5 ISCR2 R/W When set to 1, mutes ih_fc_stat1[5] 

Value After Reset: 0x0 
4 VSD R/W When set to 1, mutes ih_fc_stat1[4] 

Value After Reset: 0x0 
3 SPD R/W When set to 1, mutes ih_fc_stat1[3] 

Value After Reset: 0x0 
2 AMP R/W When set to 1, mutes ih_fc_stat1[2]. Otherwise, 

this field is a "spare" bit with no associated 
functionality. 
Value After Reset: "(HDMI_TX_20== 1) ? 1 : 0" 
Exists: HDMI_TX_20==1 

1 AVI R/W When set to 1, mutes ih_fc_stat1[1] 
Value After Reset: 0x0 

0 GCP R/W When set to 1, mutes ih_fc_stat1[0] 
Value After Reset: 0x0 

 
ih_mute_fc_stat2 
Description: Frame Composer Interrupt Mute Control Register 2 
Size: 8 bits 
Offset: 0x182 
Bits Name Attr Description 
7:5   Reserved for future use. 
4 DRM R/W When set to 1, mutes ih_fc_stat2[4]. 

Value After Reset: (HDMI_TX_20== 1) ? 1 : 0 
3:2   Reserved for future use 
1 LowPriority_overflow R/W When set to 1, mutes ih_fc_stat2[1] 

Value After Reset: 0x0 
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0 HighPriority_overflow R/W When set to 1, mutes ih_fc_stat2[0] 
Value After Reset: 0x0 

 
ih_mute_as_stat0 
Description: Audio Sampler Interrupt Mute Control Register 
Size: 8 bits 
Offset: 0x183 
Bits Name Attr Description 
7:5   Reserved for future use. 
4 fifo_underrun R/W When set to 1, mutes ih_as_stat0[4] 

Value After Reset: 0x1 
3 fifo_overrun R/W When set to 1, mutes ih_as_stat0[3] 

Value After Reset: 0x1 
2 Aud_fifo_underflow_thr R/W When set to 1, mutes ih_as_stat0[2] 

Value After Reset: 0x0 
1 Aud_fifo_underflow R/W When set to 1, mutes ih_as_stat0[1] 

Value After Reset: 0x0 
0 Aud_fifo_overflow R/W When set to 1, mutes ih_as_stat0[0] 

Value After Reset: 0x0 
 
ih_mute_phy_stat0 
Description: PHY Interface Interrupt Mute Control Register 
Size: 8 bits 
Offset: 0x184 
Bits Name Attr Description 
7:6   Reserved for future use. 
5 RX_SENSE_3 R/W When set to 1, mutes ih_phy_stat0[5] 

Value After Reset: 0x0 
4 RX_SENSE_2 R/W When set to 1, mutes ih_phy_stat0[4] 

Value After Reset: 0x0 
3 RX_SENSE_1 R/W When set to 1, mutes ih_phy_stat0[3] 

Value After Reset: 0x0 
2 RX_SENSE_0 R/W When set to 1, mutes ih_phy_stat0[2] 

Value After Reset: 0x0 
1 TX_PHY_LOCK R/W When set to 1, mutes ih_phy_stat0[1] 

Value After Reset: 0x0 
0 HPD R/W When set to 1, mutes ih_phy_stat0[0] 

Value After Reset: 0x0 
 
ih_mute_i2cm_stat0 
Description: E-DDC I2C Master Interrupt Mute Control Register 
Size: 8 bits 
Offset: 0x185 
Bits Name Attr Description 
7:3   Reserved for future use. 
2 scdc_readreq R/W When set to 1, mutes ih_i2cm_stat0[2] 
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Value After Reset: 0x1 
1 I2Cmasterdone R/W When set to 1, mutes ih_i2cm_stat0[1] 

Value After Reset: 0x0 
0 I2Cmastererror R/W When set to 1, mutes ih_i2cm_stat0[0] 

Value After Reset: 0x0 
 
ih_mute_cec_stat0 
Description: CEC Interrupt Mute Control Register 
Size: 8 bits 
Offset: 0x186 
Bits Name Attr Description 
7   Reserved for future use. 
6 WAKEUP R/W When set to 1, mutes ih_cec_stat0[6] 

Value After Reset: 0x0 
5 ERROR_FOLLOW R/W When set to 1, mutes ih_cec_stat0[5] 

Value After Reset: 0x0 
4 ERROR_INITIATOR R/W When set to 1, mutes ih_cec_stat0[4] 

Value After Reset: 0x0 
3 ARB_LOST R/W When set to 1, mutes ih_cec_stat0[3] 

Value After Reset: 0x0 
2 NACK R/W When set to 1, mutes ih_cec_stat0[2] 

Value After Reset: 0x0 
1 EOM R/W When set to 1, mutes ih_cec_stat0[1] 

Value After Reset: 0x0 
0 DONE R/W When set to 1, mutes ih_cec_stat0[0] 

Value After Reset: 0x0 
 
ih_mute_vp_stat0 
Description: Video Packetizer Interrupt Mute Control Register 
Size: 8 bits 
Offset: 0x187 
Bits Name Attr Description 
7 fifofullrepet R/W When set to 1, mutes ih_vp_stat0[7] 

Value After Reset: 0x0 
6 fifoemptyrepet R/W When set to 1, mutes ih_vp_stat0[6] 

Value After Reset: 0x0 
5 fifofullpp R/W When set to 1, mutes ih_vp_stat0[5] 

Value After Reset: 0x0 
4 fifoemptypp R/W When set to 1, mutes ih_vp_stat0[4] 

Value After Reset: 0x0 
3 fifofullremap R/W When set to 1, mutes ih_vp_stat0[3] 

Value After Reset: 0x0 
2 fifoemptyremap R/W When set to 1, mutes ih_vp_stat0[2] 

Value After Reset: 0x0 
1 spare_2 R/W ReserveG�DV�³VSDUH´�ELW�ZLWK�QR�DVVRFLDWHG�

functionality. 
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Bits Name Attr Description 
Value After Reset: 0x0 

0 spare_1 R/W 5HVHUYHG�DV�³VSDUH´�ELW�ZLWK�QR�DVVRFLDWHG�
functionality. 
Value After Reset: 0x0 

 
ih_mute_i2cmphy_stat0 
Description: PHY GEN2 I2C Master Interrupt Mute Control Register 
Size: 8 bits 
Offset: 0x188 
Bits Name Attr Description 
7:2   Reserved for future use. 
1 I2Cmphydone R/W When set to 1, mutes ih_i2cmphy_stat0[1] 

Value After Reset: 0x0 
0 I2Cmphyerror R/W When set to 1, mutes ih_i2cmphy_stat0[0] 

Value After Reset: 0x0 
ih_mute_ahbdmaaud_stat0 
Description: AHB Audio DMA Interrupt Mute Control Register 
Size: 8 bits 
Offset: 0x189 
Bits Name Attr Description 
7   Reserved for future use. 
6 ahbdmaaud_intbuffoverrun R/W When set to 1, mutes ih_ahbdmaaud_stat0[6] 

Value After Reset: 0x1 
5 ahbdmaaud_interror R/W When set to 1, mutes ih_ahbdmaaud_stat0[5] 

Value After Reset: 0x0 
4 ahbdmaaud_intlostownersh

ip 
R/W When set to 1, mutes ih_ahbdmaaud_stat0[4] 

Value After Reset: 0x0 
3 ahbdmaaud_intretrysplit R/W When set to 1, mutes ih_ahbdmaaud_stat0[3] 

Value After Reset: 0x0 
2 ahbdmaaud_intdone R/W When set to 1, mutes ih_ahbdmaaud_stat0[2] 

Value After Reset: 0x0 
1 ahbdmaaud_intbufffull R/W When set to 1, mutes ih_ahbdmaaud_stat0[1] 

Value After Reset: 0x0 
0 ahbdmaaud_intbuffempty R/W When set to 1, mutes ih_ahbdmaaud_stat0[0] 

Value After Reset: 0x0 
 
ih_mute 
Description: Global Interrupt Mute Control Register 
Size: 8 bits 
Offset: 0x1ff 
Bits Name Attr Description 
7:2   Reserved for future use. 
1 mute_wakeup_interrupt R/W When set to 1, mutes the main interrupt output 

port. The sticky bit interrupts continue with their 
state accessible through the configuration bus, 
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only the main interrupt line is muted. 
Value After Reset: 0x1 

0 mute_all_interrupt R/W When set to 1, mutes the main interrupt line 
(where all interrupts are ORed). The sticky bit 
interrupts continue with their state; only the main 
interrupt line is muted. 
Value After Reset: 0x1 

 
VideoSampler Registers 
Video Sampler Registers. Follow the link for the register to see a detailed description of the 
register. 
Registers for Address Block: VideoSampler 
Register Offset Description 
tx_invid0 0x200 Video Input Mapping and Internal Data Enable 

Configuration Register 
tx_instuffing 0x201 Video Input Stuffing Enable Register 
tx_gydata0 0x202 Video Input gy Data Channel Stuffing Register 0 
tx_gydata1 0x203 Video Input gy Data Channel Stuffing Register 1 
tx_rcrdata0 0x204 Video Input rcr Data Channel Stuffing Register 0 
tx_rcrdata1 0x205 Video Input rcr Data Channel Stuffing Register 1 
tx_bcbdata0 0x206 Video Input bcb Data Channel Stuffing Register 0 
tx_bcbdata1 0x207 Video Input bcb Data Channel Stuffing Register 1 
 
tx_invid0 
Description: Video Input Mapping and Internal Data Enable Configuration Register 
Size: 8 bits 
Offset: 0x200 
Bits Name Attr Description 
7 internal_de_generator R/W Internal data enable (DE) generator enable. If data 

enable is not available for the input video, set this 
bit to one to activate the internal data enable 
generator. 
Attention: This feature only works for input video 
modes that have native repetition (such as, all CEA 
videos). No desired pixel repetition can be used 
with this feature because these configurations only 
affect the Frame Composer and not this block. 
The DE Generator does not work for the following 
conditions: 
Transmission of video with CEA VIC 39 
Transmission of 3D video using the field 
alternative structure 
Value After Reset: 0x0 

6:5   Reserved for future use. 
4:0 video_mapping R/W Video Input mapping (color space/color depth): 

0x01: RGB 4:4:4/8 bits 
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Bits Name Attr Description 
0x03: RGB 4:4:4/10 bits 
0x05: RGB 4:4:4/12 bits 
0x07: RGB 4:4:4/16 bits 
0x09: YCbCr 4:4:4 or 4:2:0/8 bits 0x0B: YCbCr 
4:4:4 or 4:2:0/10 bits 0x0D: YCbCr 4:4:4 or 
4:2:0/12 bits 0x0F: YCbCr 4:4:4 or 4:2:0/16 bits 
0x16: YCbCr 4:2:2/8 bits 
0x14: YCbCr 4:2:2/10 bits 0x12: YCbCr 4:2:2/12 
bits 0x17: YCbCr 4:4:4 (IPI)/8 bits 
0x18: YCbCr 4:4:4 (IPI)/10 bits 
0x19: YCbCr 4:4:4 (IPI)/12 bits 
0x1A: YCbCr 4:4:4 (IPI)/16 bits 
0x1B: YCbCr 4:2:2 (IPI)/12 bits 
0x1C: YCbCr 4:2:0 (IPI)/8 bits 
0x1D: YCbCr 4:2:0 (IPI)/10 bits 
0x1E: YCbCr 4:2:0 (IPI)/12 bits 
0x1F: YCbCr 4:2:0 (IPI)/16 bits 
Value After Reset: 0x1 

 
tx_instuffing 
Description: Video Input Stuffing Enable Register 
Size: 8 bits 
Offset: 0x201 
Bits Name Attr Description 
7:3   Reserved for future use. 
2 bcbdata_stuffing R/W 0b: When the dataen signal is low, the value in the 

bcbdata[15:0] output is the one sampled from the 
corresponding input data. 
1b: When the dataen signal is low, the value in the 
bcbdata[15:0] output is given by the values in the 
TX_BCBDTA0 and TX_BCBDATA1 registers. 
Value After Reset: 0x0 

1 rcrdata_stuffing R/W 0b: When the dataen signal is low, the value in the 
rcrdata[15:0] output is the one sampled from the 
corresponding input data. 
1b: When the dataen signal is low, the value in the 
rcrdata[15:0] output is given by the values in 
TX_RCRDTA0 and TX_RCRDATA1 registers. 
Value After Reset: 0x0 

0 gydata_stuffing R/W 0b: When the dataen signal is low, the value in the 
gydata[15:0] output is the one sampled from the 
corresponding input data. 
1b: When the dataen signal is low, the value in the 
gydata[15:0] output is given by the values in 
TX_GYDTA0 and TX_GYDATA1 registers. 
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Bits Name Attr Description 
Value After Reset: 0x0 

 
tx_gydata0 
Description: Video Input gy Data Channel Stuffing Register 0 
Size: 8 bits 
Offset: 0x202 
Bits Name Attr Description 
7:0 gydata R/W This register defines the value of gydata[7:0] 

when TX_INSTUFFING[0] (gydata_stuffing) is set 
to 1b. Value After Reset: 0x0 

 
tx_gydata1 
Description: Video Input gy Data Channel Stuffing Register 1 
Size: 8 bits 
Offset: 0x203 
Bits Name Attr Description 
7:0 gydata R/W This register defines the value of gydata[15:8] 

when TX_INSTUFFING[0] (gydata_stuffing) is set 
to 1b. Value After Reset: 0x0 

 
tx_rcrdata0 
Description: Video Input rcr Data Channel Stuffing Register 0 
Size: 8 bits 
Offset: 0x204 
Bits Name Attr Description 
7:0 rcrdata R/W This register defines the value of rcrydata[7:0] 

when TX_INSTUFFING[1] (rcrdata_stuffing) is set 
to 1b. 
Value After Reset: 0x0 

 
tx_rcrdata1 
Description: Video Input rcr Data Channel Stuffing Register 1 
Size: 8 bits 
Offset: 0x205 
Bits Name Attr Description 
7:0 rcrdata R/W This register defines the value of rcrydata[15:8] 

when TX_INSTUFFING[1] (rcrdata_stuffing) is set 
to 1b. 
Value After Reset: 0x0 

 
tx_bcbdata0 
Description: Video Input bcb Data Channel Stuffing Register 0 
Size: 8 bits 
Offset: 0x206 
Bits Name Attr Description 
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7:0 bcbdata R/W This register defines the value of bcbdata[7:0] 
when TX_INSTUFFING[2] (bcbdata_stuffing) is set 
to 1b. Value After Reset: 0x0 

 
tx_bcbdata1 
Description: Video Input bcb Data Channel Stuffing Register 1 
Size: 8 bits 
Offset: 0x207 
Bits Name Attr Description 
7:0 bcbdata R/W This register defines the value of bcbdata[15:8] 

when TX_INSTUFFING[2] (bcbdata_stuffing) is set 
to 1b. Value After Reset: 0x0 

 
VideoPacketizer Registers 
Video Packetizer Registers. Follow the link for the register to see a detailed description of 
the register. 
Register Offset Description 
vp_status 0x800 Video Packetizer Packing Phase Status Register 
vp_pr_cd 0x801 Video Packetizer Pixel Repetition and Color Depth Register 
vp_stuff  0x802 Video Packetizer Stuffing and Default Packing Phase Register 
vp_remap 0x803 Video Packetizer YCC422 Remapping Register 
vp_conf 0x804 Video Packetizer Output and Enable Configuration Register 
vp_mask  0x807 Video Packetizer Interrupt Mask Register 
 
vp_status 
Description: Video Packetizer Packing Phase Status Register 
Size: 8 bits 
Offset: 0x800 
Bits Name Attr Description 
7:4   Reserved for future use. 
3:0 packing_phase R Read only register that holds the "packing phase" 

output of the Video Packetizer block. 
Value After Reset: 0x0 

 
vp_pr_cd 
Description: Video Packetizer Pixel Repetition and Color Depth Register 
Size: 8 bits 
Offset: 0x801 
Bits Name Attr Description 
7:4 color_depth R/W The Color depth configuration is described as the 

following, with the action stated corresponding to 
color_depth[3:0]: 
0000b: 24 bits per pixel video (8 bits per 
component). 8-bit packing mode. 
0001b-0011b: Reserved. Not used. 
0100b: 24 bits per pixel video (8 bits per 
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Bits Name Attr Description 
component). 8-bit packing mode. 
0101b: 30 bits per pixel video (10 bits per 
component). 10-bit packing mode. 
0110b: 36 bits per pixel video (12 bits per 
component). 12-bit packing mode. 
0111b: 48 bits per pixel video (16 bits per 
component). 16-bit packing mode. 
Other: Reserved. Not used. Value After Reset: 0x0  

3:0 desired_pr_factor R/W Desired pixel repetition factor configuration. The 
configured value sets H13T PHY PLL to multiply 
pixel clock by the factor in order to obtain the 
desired repetition clock. For the CEA modes some 
are already defined with pixel repetition in the 
input video. So for CEA modes this shall be always 
0. Shall only be used if the user wants to do pixel 
repetition using H13TCTRL controller. 
The action is stated corresponding to 
desired_pr_factor[3:0]: 
0000b: No pixel repetition (pixel sent only once) 
0001b: Pixel sent two times (pixel repeated once) 
0010b: Pixel sent three times 
0011b: Pixel sent four times 
0100b: Pixel sent five times 
0101b: Pixel sent six times 
0110b: Pixel sent seven times 
0111b: Pixel sent eight times 
1000b: Pixel sent nine times 
1001b: Pixel sent 10 times 
Other: Reserved. Not used Value After Reset: 0x0  

 
vp_stuff 
Description: Video Packetizer Stuffing and Default Packing Phase Register 
Size: 8 bits 
Offset: 0x802 
Bits Name Attr Description 
7:6   Reserved for future use. 
5 idefault_phase R/W Controls the default phase packing machine used 

according to HDMI 1.4b specification: 
"If the transmitted video format has timing such 
that the phase of the first pixel of every Video 
Data Period corresponds to pixel packing phase 0 
(e.g. 10P0, 12P0, 16P0), the Source may set the 
Default_Phase bit in the GCP. The Sink may use 
this bit to optimize its filtering or handling of the 
PP field." 
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Bits Name Attr Description 
This means that for 10-bit mode the Htotal must 
be dividable by 4; for 12- bit mode, the Htotal 
must be divisible by 2. 
Value After Reset: 0x0 

4 ifix_pp_to_last R/W Reserved. Controls packing machine strategy 
Value After Reset: 0x0 

3 icx_goto_p0_st R/W Reserved. Controls packing machine strategy 
Value After Reset: 0x0 

2 ycc422_stuffing R/W YCC 422 remap stuffing control. For horizontal 
blanking, the action is stated corresponding to 
ycc422_stuffing: 
0b: YCC 422 remap block in direct mode (input 
blanking data goes directly to output). 
1b: YCC 422 remap block in stuffing mode. When 
"de" goes to low the outputs are fixed to 0x00. 
Value After Reset: 0x0 

1 pp_stuffing R/W Pixel packing stuffing control. The action is stated 
corresponding to pp_stuffing: 
0b: Pixel packing block in direct mode (input 
blanking data goes directly to output). 
1b: Pixel packing block in stuffing mode. When 
"de_rep" goes to low the outputs are fixed to 
0x00. 
Value After Reset: 0x0 

 
Fields for Register: vp_stuff (Continued) 
Bits Name Attr Description 
0 pr_stuffing R/W Pixel repeater stuffing control. The action is stated 

corresponding to pp_stuffing: 
0b: Pixel repeater block in direct mode (input 
blanking data goes directly to output). 
1b: Pixel repeater block in stuffing mode. When 
"de" goes to low the outputs are fixed to 0x00. 
Value After Reset: 0x0 

 
vp_remap 
Description: Video Packetizer YCC422 Remapping Register 
Size: 8 bits 
Offset: 0x803 
Bits Name Attr Description 
7:2   Reserved for future use. 
1:0 ycc422_size R/W YCC 422 remap input video size ycc422_size[1:0] 

00b: YCC 422 16-bit input video (8 bits per 
component) 01b: YCC 422 20-bit input video (10 
bits per component) 10b: YCC 422 24-bit input 
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video (12 bits per component) 11b: Reserved. Not 
used 
Value After Reset: 0x0 

 
vp_conf 
Description: Video Packetizer Output and Enable Configuration Register 
Size: 8 bits 
Offset: 0x804 
Bits Name Attr Description 
7   Reserved for future use. 
6 bypass_en R/W When set to 1'b1, Pixel packing enable. When set 

to 1b'0, the pixel packing block is controlled by 
pp_en. 
Value After Reset: 0x0 

5 pp_en R/W Pixel packing enable. When set to 0, the pixel 
SDFNLQJ�EORFN�LV�GLVDEOHG�LI�E\SDVVBHQ�LV��¶E�� 
Value After Reset: 0x1 

4 pr_en R/W Pixel repeater enable. When set to 0, the pixel 
repetition block is disabled. 
Value After Reset: 0x0 

3 ycc422_en R/W YCC 422 select enable. Disabling forces bypass 
module to output always zeros. 
Value After Reset: 0x0 

2 bypass_select R/W bypass_select 
0b: Data from pixel repeater block 
1b: Data from input of Video Packetizer block 
Value After Reset: 0x1 

1 output_selector R/W When set to 1'b1, Data from pixel packing block. 
Value After Reset: 0x0 

0 output_selector_0 R/W Video Packetizer output selection 0b: Data from 
pixel packing block 1b: Data from YCC422 remap 
block Value After Reset: 0x0 

 
vp_mask 
Description: Video Packetizer Interrupt Mask Register 
Size: 8 bits 
Offset: 0x807 
Bits Name Attr Description 
7 ointfullrepet R/W Mask bit for Video Packetizer pixel repeater FIFO 

full 
Value After Reset: 0x0 

6 ointemptyrepet R/W Mask bit for Video Packetizer pixel repeater FIFO 
empty 
Value After Reset: 0x0 

5 ointfullpp R/W Mask bit for Video Packetizer pixel packing FIFO 
full 
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Value After Reset: 0x0 
4 ointemptypp R/W Mask bit for Video Packetizer pixel packing FIFO 

empty 
Value After Reset: 0x0 

3 ointfullremap R/W Mask bit for Video Packetizer pixel YCC 422 re-
mapper FIFO full 
Value After Reset: 0x0 

2 ointemptyremap R/W Mask bit for Video Packetizer pixel YCC 422 re-
mapper FIFO empty 
Value After Reset: 0x0 

1 spare_2 R/W 5HVHUYHG�DV�³VSDUH´�bit with no associated 
functionality. 
Value After Reset: 0x0 

0 spare_1 R/W 5HVHUYHG�DV�³VSDUH´�ELW�ZLWK�QR�DVVRFLDWHG�
functionality. 
Value After Reset: 0x0 

 
FrameComposer Registers 
Frame Composer Registers. Follow the link for the register to see a detailed description of 
the register. 
Registers for Address Block: FrameComposer 
Register Offset Description 
fc_invidconf 0x1000 Frame Composer Input Video Configuration and HDCP 

Keepout Register 
fc_inhactiv0  0x1001 Frame Composer Input Video HActive Pixels Register 

0 
fc_inhactiv1 0x1002 Frame Composer Input Video HActive Pixels Register 

1 
fc_inhblank0 0x1003 Frame Composer Input Video HBlank Pixels Register 0 
fc_inhblank1 0x1004 Frame Composer Input Video HBlank Pixels Register 1 
fc_invactiv0 0x1005 Frame Composer Input Video VActive Pixels Register 

0 
fc_invactiv1 0x1006 Frame Composer Input Video VActive Pixels Register 

1 
fc_invblank 0x1007 Frame Composer Input Video VBlank Pixels Register 
fc_hsyncindelay0 0x1008 Frame Composer Input Video HSync Front Porch 

Register 0 
fc_hsyncindelay1 0x1009 Frame Composer Input Video HSync Front Porch 

Register 1 
fc_hsyncinwidth0 0x100a Frame Composer Input Video HSync Width Register 0 
fc_hsyncinwidth1 0x100b Frame Composer Input Video HSync Width Register 1 
fc_vsyncindelay  0x100c Frame Composer Input Video VSync Front Porch 

Register 
fc_vsyncinwidth  0x100d Frame Composer Input Video VSync Width Register 
fc_infreq0 0x100e Frame Composer Input Video Refresh Rate Register 0 
fc_infreq1 0x100f Frame Composer Input Video Refresh Rate Register 1 
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Register Offset Description 
fc_infreq2 0x1010 Frame Composer Input Video Refresh Rate Register 2 
fc_ctrldur 0x1011 Frame Composer Control Period Duration Register 
fc_exctrldur 0x1012 Frame Composer Extended Control Period Duration 

Register 
fc_exctrlspac 0x1013 Frame Composer Extended Control Period Maximum 

Spacing Register 
fc_ch0pream 0x1014 Frame Composer Channel 0 Non-Preamble Data 

Register 
fc_ch1pream 0x1015 Frame Composer Channel 1 Non-Preamble Data 

Register 
fc_ch2pream 0x1016 Frame Composer Channel 2 Non-Preamble Data 

Register 
fc_aviconf3 0x1017 Frame Composer AVI Packet Configuration Register 3 
fc_gcp 0x1018 Frame Composer GCP Packet Configuration Register 
fc_aviconf0 0x1019 Frame Composer AVI Packet Configuration Register 0 
fc_aviconf1 0x101a Frame Composer AVI Packet Configuration Register 1 
Registers for Address Block: FrameComposer (Continued) 

Register Offset Description 
fc_aviconf2 0x101b Frame Composer AVI Packet Configuration Register 2 
fc_avivid 0x101c Frame Composer AVI Packet VIC Register 
fc_avietb[0:1] 0x101d + 

(i * 0x1) 
Frame Composer AVI Packet End of Top Bar Register 
Array 

fc_avisbb[0:1] 0x101f + 
(i * 0x1) 

Frame Composer AVI Packet Start of Bottom Bar 
Register Array 

fc_avielb[0:1] 0x1021 + 
(i * 0x1) 

Frame Composer AVI Packet End of Left Bar Register 
Array 

fc_avisrb[0:1] 0x1023 + 
(i * 0x1) 

Frame Composer AVI Packet Start of Right Bar 
Register Array 

fc_audiconf0 0x1025 Frame Composer AUD Packet Configuration Register 
0 

fc_audiconf1 0x1026 Frame Composer AUD Packet Configuration Register 
1 

fc_audiconf2 0x1027 Frame Composer AUD Packet Configuration Register 
2 

fc_audiconf3 0x1028 Frame Composer AUD Packet Configuration Register 
3 

fc_vsdieeeid2 0x1029 Frame Composer VSI Packet Data IEEE Register 2 
fc_vsdsize 0x102a Frame Composer VSI Packet Data Size Register 
fc_vsdieeeid1 0x1030 Frame Composer VSI Packet Data IEEE Register 1 
fc_vsdieeeid0 0x1031 Frame Composer VSI Packet Data IEEE Register 0 
fc_vsdpayload[0:23] 0x1032 + 

(i * 0x1) 
Frame Composer VSI Packet Data Payload Register 
Array 

fc_spdvendorname[0:7] 0x104a + 
(i * 0x1) 

Frame Composer SPD Packet Data Vendor Name 
Register Array 

fc_spdproductname[0:15] 0x1052 + Frame Composer SPD packet Data Product Name 
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Register Offset Description 
(i * 0x1) Register Array 

fc_spddeviceinf 0x1062 Frame Composer SPD Packet Data Source Product 
Descriptor Register 

fc_audsconf 0x1063 Frame Composer Audio Sample Flat and Layout 
Configuration Register 

fc_audsstat 0x1064 Frame Composer Audio Sample Flat and Layout 
Status Register 

fc_audsv 0x1065 Frame Composer Audio Sample Validity Flag Register 
fc_audsu 0x1066 Frame Composer Audio Sample User Flag Register 
fc_audschnl0 0x1067 Frame Composer Audio Sample Channel Status 

Configuration Register 0 
fc_audschnl1 0x1068 Frame Composer Audio Sample Channel Status 

Configuration Register 1 
Registers for Address Block: FrameComposer (Continued) 

Register Offset Description 
fc_audschnl2 0x1069 Frame Composer Audio Sample Channel Status 

Configuration Register 2 
fc_audschnl3 0x106a Frame Composer Audio Sample Channel Status 

Configuration Register 3 
fc_audschnl4 0x106b Frame Composer Audio Sample Channel Status 

Configuration Register 4 
fc_audschnl5 0x106c Frame Composer Audio Sample Channel Status 

Configuration Register 5 
fc_audschnl6 0x106d Frame Composer Audio Sample Channel Status 

Configuration Register 6 
fc_audschnl7 0x106e Frame Composer Audio Sample Channel Status 

Configuration Register 7 
fc_audschnl8 0x106f Frame Composer Audio Sample Channel Status 

Configuration Register 8 
fc_ctrlqhigh 0x1073 Frame Composer Number of High Priority Packets 

Attended Configuration Register 
fc_ctrlqlow  0x1074 Frame Composer Number of Low Priority Packets 

Attended Configuration Register 
fc_acp0 0x1075 Frame Composer ACP Packet Type Configuration 

Register 0 
fc_acp16 0x1082 Frame Composer ACP Packet Body Configuration 

Register 16 
fc_acp15 0x1083 Frame Composer ACP Packet Body Configuration 

Register 15 
fc_acp14 0x1084 Frame Composer ACP Packet Body Configuration 

Register 14 
fc_acp13 0x1085 Frame Composer ACP Packet Body Configuration 

Register 13 
fc_acp12 0x1086 Frame Composer ACP Packet Body Configuration 

Register 12 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2421 

Register Offset Description 
fc_acp11 0x1087 Frame Composer ACP Packet Body Configuration 

Register 11 
fc_acp10 0x1088 Frame Composer ACP Packet Body Configuration 

Register 10 
fc_acp9 0x1089 Frame Composer ACP Packet Body Configuration 

Register 9 
fc_acp8 0x108a Frame Composer ACP Packet Body Configuration 

Register 8 
fc_acp7 0x108b Frame Composer ACP Packet Body Configuration 

Register 7 
fc_acp6 0x108c Frame Composer ACP Packet Body Configuration 

Register 6 
Registers for Address Block: FrameComposer (Continued) 

Register Offset Description 
fc_acp5 0x108d Frame Composer ACP Packet Body Configuration 

Register 5 
fc_acp4 0x108e Frame Composer ACP Packet Body Configuration 

Register 4 
fc_acp3 0x108f Frame Composer ACP Packet Body Configuration 

Register 3 
fc_acp2 0x1090 Frame Composer ACP Packet Body Configuration 

Register 2 
fc_acp1 0x1091 Frame Composer ACP Packet Body Configuration 

Register 1 
fc_iscr1_0 0x1092 Frame Composer ISRC1 Packet Status, Valid, and 

Continue Configuration Register 
fc_iscr1_16 0x1093 Frame Composer ISRC1 Packet Body Register 16 
fc_iscr1_15 0x1094 Frame Composer ISRC1 Packet Body Register 15 
fc_iscr1_14 0x1095 Frame Composer ISRC1 Packet Body Register 14 
fc_iscr1_13 0x1096 Frame Composer ISRC1 Packet Body Register 13 
fc_iscr1_12 0x1097 Frame Composer ISRC1 Packet Body Register 12 
fc_iscr1_11 0x1098 Frame Composer ISRC1 Packet Body Register 11 
fc_iscr1_10 0x1099 Frame Composer ISRC1 Packet Body Register 10 
fc_iscr1_9 0x109a Frame Composer ISRC1 Packet Body Register 9 
fc_iscr1_8  0x109b Frame Composer ISRC1 Packet Body Register 8 
fc_iscr1_7 0x109c Frame Composer ISRC1 Packet Body Register 7 
fc_iscr1_6 0x109d Frame Composer ISRC1 Packet Body Register 6 
fc_iscr1_5 0x109e Frame Composer ISRC1 Packet Body Register 5 
fc_iscr1_4 0x109f Frame Composer ISRC1 Packet Body Register 4 
fc_iscr1_3 0x10a0 Frame Composer ISRC1 Packet Body Register 3 
fc_iscr1_2 0x10a1 Frame Composer ISRC1 Packet Body Register 2 
fc_iscr1_1  0x10a2 Frame Composer ISRC1 Packet Body Register 1 
fc_iscr2_15 0x10a3 Frame Composer ISRC2 Packet Body Register 15 
fc_iscr2_14 0x10a4 Frame Composer ISRC2 Packet Body Register 14 
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Register Offset Description 
fc_iscr2_13 0x10a5 Frame Composer ISRC2 Packet Body Register 13 
fc_iscr2_12  0x10a6 Frame Composer ISRC2 Packet Body Register 12 
fc_iscr2_11 0x10a7 Frame Composer ISRC2 Packet Body Register 11 
fc_iscr2_10  0x10a8 Frame Composer ISRC2 Packet Body Register 10 
fc_iscr2_9 0x10a9 Frame Composer ISRC2 Packet Body Register 9 
fc_iscr2_8  0x10aa Frame Composer ISRC2 Packet Body Register 8 
fc_iscr2_7 0x10ab Frame Composer ISRC2 Packet Body Register 7 
Registers for Address Block: FrameComposer (Continued) 
Register Offset Description 
fc_iscr2_6  0x10ac Frame Composer ISRC2 Packet Body Register 6 
fc_iscr2_5 0x10ad Frame Composer ISRC2 Packet Body Register 5 
fc_iscr2_4 0x10ae Frame Composer ISRC2 Packet Body Register 4 
fc_iscr2_3 0x10af Frame Composer ISRC2 Packet Body Register 3 
fc_iscr2_2 0x10b0 Frame Composer ISRC2 Packet Body Register 2 
fc_iscr2_1 0x10b1 Frame Composer ISRC2 Packet Body Register 1 
fc_iscr2_0 0x10b2 Frame Composer ISRC2 Packet Body Register 0 
fc_datauto0 0x10b3 Frame Composer Data Island Auto Packet Scheduling 

Register 0 Configures the Frame Composer 
RDRB(1)/ Manual(0)... 

fc_datauto1 0x10b4 Frame Composer Data Island Auto Packet Scheduling 
Register 1 Configures the Frame Composer (FC)... 

fc_datauto2 0x10b5 Frame Composer Data Island Auto packet scheduling 
Register 2 Configures the Frame Composer (FC)... 

fc_datman 0x10b6 Frame Composer Data Island Manual Packet Request 
Register Requests to the Frame Composer the 
data... 

fc_datauto3 0x10b7 Frame Composer Data Island Auto Packet Scheduling 
Register 3 Configures the Frame Composer 
Automatic(1)/ RDRB(0)... 

fc_rdrb0 0x10b8 Frame Composer Round Robin ACR Packet Insertion 
Register 0 Configures the Frame Composer (FC) 
RDRB... 

fc_rdrb1 0x10b9 Frame Composer Round Robin ACR Packet Insertion 
Register 1 Configures the Frame Composer (FC) 
RDRB... 

fc_rdrb2 0x10ba Frame Composer Round Robin AUDI Packet Insertion 
Register 2 Configures the Frame Composer (FC)... 

fc_rdrb3 0x10bb Frame Composer Round Robin AUDI Packet Insertion 
Register 3 Configures the Frame Composer (FC)... 

fc_rdrb4 0x10bc Frame Composer Round Robin GCP Packet Insertion 
Register 4 Configures the Frame Composer (FC) 
RDRB... 

fc_rdrb5 0x10bd Frame Composer Round Robin GCP Packet Insertion 
Register 5 Configures the Frame Composer (FC) 
RDRB... 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2423 

Register Offset Description 
fc_rdrb6 0x10be Frame Composer Round Robin AVI Packet Insertion 

Register 6 Configures the Frame Composer (FC) 
RDRB... 

fc_rdrb7 0x10bf Frame Composer Round Robin AVI Packet Insertion 
Register 7 Configures the Frame Composer (FC) 
RDRB... 

fc_rdrb8 0x10c0 Frame Composer Round Robin AMP Packet Insertion 
Register 8 

 
Registers for Address Block: FrameComposer (Continued) 
Register Offset Description 
fc_rdrb9 0x10c1 Frame Composer Round Robin AMP Packet Insertion 

Register 9 
fc_rdrb10 0x10c2 Frame Composer Round Robin NTSC VBI Packet 

Insertion Register 10 
fc_rdrb11 0x10c3 Frame Composer Round Robin NTSC VBI Packet 

Insertion Register 11 
fc_rdrb12  0x10c4 Frame Composer Round Robin DRM Packet Insertion 

Register 12 
fc_rdrb13 0x10c5 Frame Composer Round Robin DRM Packet Insertion 

Register 13 
fc_mask0 0x10d2 Frame Composer Packet Interrupt Mask Register 0 
fc_mask1 0x10d6 Frame Composer Packet Interrupt Mask Register 1 
fc_mask2 0x10da Frame Composer High/Low Priority Overflow 

Interrupt Mask Register 2 
fc_prconf 0x10e0 Frame Composer Pixel Repetition Configuration 

Register 
fc_scrambler_ctrl 0x10e1 Frame Composer Scrambler Control 
fc_multistream_ctrl 0x10e2 Frame Composer Multi-Stream Audio Control 
fc_packet_tx_en 0x10e3 Frame Composer Packet Transmission Control 
fc_actspc_hdlr_cfg 0x10e8 Frame Composer Active Space Control 
fc_invact_2d_0 0x10e9 Frame Composer Input Video 2D VActive Pixels 

Register 0 
fc_invact_2d_1 0x10ea Frame Composer Input Video VActive pixels Register 

1 
fc_gmd_stat 0x1100 Frame Composer GMD Packet Status Register 

Gamut metadata packet status bit information for 
no_current_gmd,... 

fc_gmd_en 0x1101 Frame Composer GMD Packet Enable Register This 
register enables Gamut metadata (GMD) packet 
transmission.... 

fc_gmd_up 0x1102 Frame Composer GMD Packet Update Register This 
register performs an GMD packet content update 
according... 

fc_gmd_conf 0x1103 Frame Composer GMD Packet Schedule 
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Register Offset Description 
Configuration Register This register configures the 
number of... 

fc_gmd_hb 0x1104 Frame Composer GMD Packet Profile and Gamut 
Sequence Configuration Register This register 
configures... 

fc_gmd_pb[0:27] 0x1105 + 
(i * 0x1) 

Frame Composer GMD Packet Body Register Array 
Configures the GMD packet body of the GMD... 

fc_amp_hb1 0x1128 Frame Composer AMP Packet Header Register 1 
fc_amp_hb2 0x1129 Frame Composer AMP Packet Header Register 2 
Registers for Address Block: FrameComposer (Continued) 
Register Offset Description 

fc_amp_pb[0:27] 0x112a + 
(i * 0x1) 

Frame Composer AMP Packet Body Register Array 

fc_nvbi_hb1 0x1148 Frame Composer NTSC VBI Packet Header Register 
1 

fc_nvbi_hb2 0x1149 Frame Composer NTSC VBI Packet Header Register 
2 

fc_nvbi_pb[0:26] 0x114a + 
(i * 0x1) 

Frame Composer NTSC VBI Packet Body Register 
Array 

fc_drm_up 0x1167 Frame Composer DRM Packet Update Register 
fc_drm_hb[0:1] 0x1168 + 

(i * 0x1) 
Frame Composer DRM Packet Header Register Array 

fc_drm_pb[0:26] 0x116a + 
(i * 0x1) 

Frame Composer DRM Packet Body Register Array 

fc_dbgforce 0x1200 Frame Composer video/audio Force Enable Register 
This register allows to force the controller to... 

fc_dbgaud0ch0  0x1201 Frame Composer Audio Data Channel 0 Register 0 
Configures the audio fixed data to be used in 
channel... 

fc_dbgaud1ch0 0x1202 Frame Composer Audio Data Channel 0 Register 1 
Configures the audio fixed data to be used in 
channel... 

fc_dbgaud2ch0 0x1203 Frame Composer Audio Data Channel 0 Register 2 
Configures the audio fixed data to be used in 
channel... 

fc_dbgaud0ch1 0x1204 Frame Composer Audio Data Channel 1 Register 0 
Configures the audio fixed data to be used in 
channel... 

fc_dbgaud1ch1 0x1205 Frame Composer Audio Data Channel 1 Register 1 
Configures the audio fixed data to be used in 
channel... 

fc_dbgaud2ch1 0x1206 Frame Composer Audio Data Channel 1 Register 2 
Configures the audio fixed data to be used in 
channel... 

fc_dbgaud0ch2 0x1207 Frame Composer Audio Data Channel 2 Register 0 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2425 

Register Offset Description 

Configures the audio fixed data to be used in 
channel... 

fc_dbgaud1ch2 0x1208 Frame Composer Audio Data Channel 2 Register 1 
Configures the audio fixed data to be used in 
channel... 

fc_dbgaud2ch2 0x1209 Frame Composer Audio Data Channel 2 Register 2 
Configures the audio fixed data to be used in 
channel... 

fc_dbgaud0ch3 0x120a Frame Composer Audio Data Channel 3 Register 0 
Configures the audio fixed data to be used in 
channel... 

fc_dbgaud1ch3 0x120b Frame Composer Audio Data Channel 3 Register 1 
Configures the audio fixed data to be used in 
channel... 

fc_dbgaud2ch3 0x120c Frame Composer Audio Data Channel 3 Register 2 
Configures the audio fixed data to be used in 
channel... 

Registers for Address Block: FrameComposer (Continued) 
Register Offset Description 
fc_dbgaud0ch4 0x120d Frame Composer Audio Data Channel 4 Register 0 

Configures the audio fixed data to be used in 
channel... 

fc_dbgaud1ch4  0x120e Frame Composer Audio Data Channel 4 Register 1 
Configures the audio fixed data to be used in 
channel... 

fc_dbgaud2ch4  0x120f Frame Composer Audio Data Channel 4 Register 2 
Configures the audio fixed data to be used in 
channel... 

fc_dbgaud0ch5 0x1210 Frame Composer Audio Data Channel 5 Register 0 
Configures the audio fixed data to be used in 
channel... 

fc_dbgaud1ch5 0x1211 Frame Composer Audio Data Channel 5 Register 1 
Configures the audio fixed data to be used in 
channel... 

fc_dbgaud2ch5 0x1212 Frame Composer Audio Data Channel 5 Register 2 
Configures the audio fixed data to be used in 
channel... 

fc_dbgaud0ch6 0x1213 Frame Composer Audio Data Channel 6 Register 0 
Configures the audio fixed data to be used in 
channel... 

fc_dbgaud1ch6  0x1214 Frame Composer Audio Data Channel 6 Register 1 
Configures the audio fixed data to be used in 
channel... 

fc_dbgaud2ch6 0x1215 Frame Composer Audio Data Channel 6 Register 2 
Configures the audio fixed data to be used in 
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Register Offset Description 
channel... 

fc_dbgaud0ch7 0x1216 Frame Composer Audio Data Channel 7 Register 0 
Configures the audio fixed data to be used in 
channel... 

fc_dbgaud1ch7 0x1217 Frame Composer Audio Data Channel 7 Register 1 
Configures the audio fixed data to be used in 
channel... 

fc_dbgaud2ch7 0x1218 Frame Composer Audio Data Channel 7 Register 2 
Configures the audio fixed data to be used in 
channel... 

fc_dbgtmds[0:2] 0x1219 + 
(i * 0x1) 

Frame Composer TMDS Data Channel Register Array 
Configures the video fixed data to be used in 
TMDS... 

 
fc_invidconf 
Description: Frame Composer Input Video Configuration and HDCP Keepout Register 
Size: 8 bits 
Offset: 0x1000 
Bits Name Attr Description 
7 HDCP_keepout R/W Start/stop HDCP keepout window generation 1b: 

Active 
Value After Reset: 0x0 

6 vsync_in_polarity R/W Vsync input polarity 1b: Active high 
0b: Active low 
Value After Reset: 0x1 

5 hsync_in_polarity R/W Hsync input polarity 1b: Active high 
0b: Active low 
Value After Reset: 0x1 

4 de_in_polarity R/W Data enable input polarity 1b: Active high 
0b: Active low 
Value After Reset: 0x1 

3 DVI_modez R/W Active low 
0b: DVI mode selected 1b: HDMI mode selected 
Value After Reset: 0x0  

2   Reserved for future use. 
1 r_v_blank_in_osc R/W Used for CEA861-D modes with fractional Vblank 

(for example, modes 5, 6, 7, 10, 11, 20, 21, and 
22). For more modes, see the CEA861-D 
specification. 
Note: Set this field to 1 for video mode 39, 
although there is no Vblank oscillation. 
1b: Active high 
Value After Reset: 0x0 

 
Fields for Register: fc_invidconf (Continued) 
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Bits Name Attr Description 
0 in_I_P R/W Input video mode: 1b: Interlaced 

0b: Progressive 
Value After Reset: 0x0 

 
fc_inhactiv0 
Description: Frame Composer Input Video HActive Pixels Register 0 
Size: 8 bits 
Offset: 0x1001 
Bits Name Attr Description 
7:0 H_in_activ R/W Input video Horizontal active pixel region width. 

Number of Horizontal active pixels [0...8191]. 
Value After Reset: 0x0 

 
fc_inhactiv1 
Description: Frame Composer Input Video HActive Pixels Register 1 
Size: 8 bits 
Offset: 0x1002 
Bits Name Attr Description 
7:6   Reserved for future use. 
5 H_in_activ_13 R/W Input video Horizontal active pixel region width (0 .. 

16383) If the configuration parameter HDMI_TX_20 
= True (1), this bit field holds bit 13. 
Value After Reset: 0x0 

 
Fields for Register: fc_inhactiv1 (Continued) 
Bits Name Attr Description 
4 H_in_activ_12 R/W Input video Horizontal active pixel region width 

(0 . . 8191) If configuration parameter 
HDMI_TX_14 = True (1), this bit field holds bit 12. 
Value After Reset: 0x0 

3:0 H_in_activ R/W Input video Horizontal active pixel region width 
Value After Reset: 0x0 

 
 
fc_inhblank0 
Description: Frame Composer Input Video HBlank Pixels Register 0 
Size: 8 bits 
Offset: 0x1003 
Bits Name Attr Description 
7:0 H_in_blank R/W Input video Horizontal blanking pixel region width. 

Number of Horizontal blanking pixels [0...4095]. 
Value After Reset: 0x0 

 
fc_inhblank1 
Description: Frame Composer Input Video HBlank Pixels Register 1 
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Size: 8 bits 
Offset: 0x1004 
Bits Name Attr Description 
7:5   Reserved for future use. 
4:2 H_in_blank_12 R/W Input video Horizontal blanking pixel region width 

If configuration parameter HDMI_TX_14 = True (1), 
this bit field holds bit 12:10 of number of horizontal 
blanking pixels. 
Value After Reset: 0x0 

1:0 H_in_blank R/W Input video Horizontal blanking pixel region width 
this bit field holds bits 9:8 of number of Horizontal 
blanking pixels. 
Value After Reset: 0x0 

 
fc_invactiv0 
Description: Frame Composer Input Video VActive Pixels Register 0 
Size: 8 bits 
Offset: 0x1005 
Bits Name Attr Description 
7:0 V_in_activ R/W Input video Vertical active pixel region width. This 

bit field holds bits 7:0 of number of Vertical active 
pixels. 
Value After Reset: 0x0 

 
fc_invactiv1 
Description: Frame Composer Input Video VActive Pixels Register 1 
Size: 8 bits 
Offset: 0x1006 
Bits Name Attr Description 
7:5   Reserved for future use. 
4:3 V_in_activ_12_11 R/W Input video Vertical active pixel region width. 

If the configuration parameter HDMI_TX_14 = True 
(1), this bit field holds bits 12:10 of number of 
Vertical active pixels. 
Value After Reset: 0x0 

2:0 V_in_activ R/W Input video Vertical active pixel region width. This 
bit field holds bits 9:8 of number of Vertical active 
pixels. 
Value After Reset: 0x0 

 
fc_invblank 
Description: Frame Composer Input Video VBlank Pixels Register 
Size: 8 bits 
Offset: 0x1007 
Bits Name Attr Description 
7:0 V_in_blank R/W Input video Vertical blanking pixel region width. 
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Number of Vertical blanking lines [0...255]. 
Value After Reset: 0x0 

 
fc_hsyncindelay0 
Description: Frame Composer Input Video HSync Front Porch Register 0 
Size: 8 bits 
Offset: 0x1008 
Bits Name Attr Description 
7:0 H_in_delay R/W Input video Hsync active edge delay. Integer 

number of pixel clock cycles from "de" non active 
edge of the last "de" valid period [0...4095]. Value 
After Reset: 0x0 

 
fc_hsyncindelay1 
Description: Frame Composer Input Video HSync Front Porch Register 1 
Size: 8 bits 
Offset: 0x1009 
Bits Name Attr Description 
7:5   Reserved for future use. 
4:3 H_in_delay_12 R/W Input video Horizontal active edge delay. 

If configuration parameter HDMI_TX_14 = True 
(1), this bit field holds bit 12. Integer number of 
pixel clock cycles from "de" non-active edge of the 
last "de" valid period [0...8191]. 
Value After Reset: 0x0 

2:0 H_in_delay R/W Input video Horizontal active edge delay. 
Value After Reset: 0x0 

 
fc_hsyncinwidth0 
Description: Frame Composer Input Video HSync Width Register 0 
Size: 8 bits 
Offset: 0x100a 
Bits Name Attr Description 
7:0 H_in_width R/W Input video Hsync active pulse width. Integer 

number of pixel clock cycles [0...511]. 
Value After Reset: 0x0 

 
fc_hsyncinwidth1 
Description: Frame Composer Input Video HSync Width Register 1 
Size: 8 bits 
Offset: 0x100b 
Bits Name Attr Description 
7:2   Reserved for future use. 
1 H_in_width_9 R/W Input video Hsync active pulse width. 

If configuration parameter HDMI_TX_14 = True 
(1), then this bit field holds bit 9. Number of 
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Horizontal active pixels [0...1024]. 
Value After Reset: 0x0 

0 H_in_width R/W Input video Hsync active pulse width. 
Value After Reset: 0x0 

 
fc_vsyncindelay 
Description: Frame Composer Input Video VSync Front Porch Register 
Size: 8 bits 
Offset: 0x100c 
Bits Name Attr Description 
7:0 V_in_delay R/W Input video Vsync active edge delay. Integer 

number of Hsync pulses from "de" non active edge 
of the last "de" valid period. [0...255]. 
Value After Reset: 0x0 

 
fc_vsyncinwidth 
Description: Frame Composer Input Video VSync Width Register 
Size: 8 bits 
Offset: 0x100d 
Bits Name Attr Description 
7:6   Reserved for future use. 
5:0 V_in_width R/W Description: Input video Vsync active pulse width. 

Integer number of video lines [0...63]. 
Value After Reset: 0x0 

 
fc_infreq0 
Description: Frame Composer Input Video Refresh Rate Register 0 
Size: 8 bits 
Offset: 0x100e 
Bits Name Attr Description 
7:0 infreq R/W Video refresh rate in Hz*1E3 format. This register 

is provided for debug and informative purposes. 
The Hdmi_tx does not write any data to this 
register; the data written by software is not used 
by the Hdmi_tx. 
Value After Reset: 0x0 

 
fc_infreq1 
Description: Frame Composer Input Video Refresh Rate Register 1 
Size: 8 bits 
Offset: 0x100f 
Bits Name Attr Description 
7:0 infreq R/W Video refresh rate in Hz*1E3 format. This register 

is provided for debug and informative purposes. 
The Hdmi_tx does not write any data to this 
register; the data written by software is not used 
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by the Hdmi_tx. 
Value After Reset: 0x0 

 
fc_infreq2 
Description: Frame Composer Input Video Refresh Rate Register 2 
Size: 8 bits 
Offset: 0x1010 
Bits Name Attr Description 
7:4   Reserved for future use. 
3:0 infreq R/W Video refresh rate in Hz*1E3 format. This register 

is provided for debug and informative purposes. 
The Hdmi_tx does not write any data to this 
register; the data written by software is not used 
by the Hdmi_tx. 
Value After Reset: 0x0 

 
fc_ctrldur 
Description: Frame Composer Control Period Duration Register 
Size: 8 bits 
Offset: 0x1011 
Bits Name Attr Description 
7:0 ctrlperiodduration R/W Configuration of the control period minimum 

duration (minimum of 12 pixel clock cycles; refer to 
HDMI 1.4b specification). Integer number of pixel 
clocks cycles [0..223]. 
Value After Reset: 0x0 

 
fc_exctrldur 
Description: Frame Composer Extended Control Period Duration Register 
Size: 8 bits 
Offset: 0x1012 
Bits Name Attr Description 
7:0 exctrlperiodduration R/W Configuration of the extended control period 

minimum duration (minimum of 32 pixel clock 
cycles; refer to HDMI 1.4b specification). Integer 
number of pixel clocks cycles [0..223]. 
Value After Reset: 0x0 

 
fc_exctrlspac 
Description: Frame Composer Extended Control Period Maximum Spacing Register 
Size: 8 bits 
Offset: 0x1013 
Bits Name Attr Description 
7:0 exctrlperiodspacing R/W Configuration of the maximum spacing between 

consecutive extended control periods (maximum of 
50ms; refer to the applicable HDMI specification). 
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When using the HDMI 2.0 supported features 
(HDMI_TX_20 = 1): 
generated spacing = (1/freq tmds 
clock)*256*512*(extctrlperiodspacing +1) 
else 
generated spacing = (1/freq tmds 
clock)*256*256*(extctrlperiodspacing +1) 
Value After Reset: 0x0 

 
fc_ch0pream 
Description: Frame Composer Channel 0 Non-Preamble Data Register 
Size: 8 bits 
Offset: 0x1014 
Bits Name Attr Description 
7:0 ch0_preamble_filter R/W When in control mode, configures 8 bits that fill the 

channel 0 data lines not used to transmit the 
preamble (for more clarification, refer to the HDMI 
1.4b specification). 
Value After Reset: 0x0 

 
fc_ch1pream 
Description: Frame Composer Channel 1 Non-Preamble Data Register 
Size: 8 bits 
Offset: 0x1015 
Bits Name Attr Description 
7:6   Reserved for future use. 
5:0 ch1_preamble_filter R/W When in control mode, configures 6 bits that fill the 

channel 1 data lines not used to transmit the 
preamble (for more clarification, refer to the HDMI 
1.4b specification). 
Value After Reset: 0x0 

 
fc_ch2pream 
Description: Frame Composer Channel 2 Non-Preamble Data Register 
Size: 8 bits 
Offset: 0x1016 
Bits Name Attr Description 
7:6   Reserved for future use. 
5:0 ch2_preamble_filter R/W When in control mode, configures 6 bits that fill the 

channel 2 data lines not used to transmit the 
preamble (for more clarification, refer to the HDMI 
1.4b specification). 
Value After Reset: 0x0 

 
fc_aviconf3 
Description: Frame Composer AVI Packet Configuration Register 3 
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Size: 8 bits 
Offset: 0x1017 
Bits Name Attr Description 
7:4   Reserved for future use. 
3:2 YQ R/W YCC Quantization range according to the CEA 

specification 
Value After Reset: 0x0 

1:0 CN R/W IT content type according to CEA the specification 
Value After Reset: 0x0 

 
fc_gcp 
Description: Frame Composer GCP Packet Configuration Register 
Size: 8 bits 
Offset: 0x1018 
Bits Name Attr Description 
7:3   Reserved for future use. 
2 default_phase R/W Value of "default_phase" in the GCP packet. This 

data must be equal to the default phase used at 
Video Packetizer packing machine. 
Value After Reset: 0x0 

1 set_avmute R/W Value of "set_avmute" in the GCP packet 
Once the AVmute is set, the frame composer 
schedules the GCP packet with AVmute set in the 
packet scheduler to be sent once (may only be 
transmitted between the active edge of VSYNC and 
384 pixels following this edge). 
Value After Reset: 0x0 

0 clear_avmute R/W Value of "clear_avmute" in the GCP packet 
Value After Reset: 0x0 

 
fc_aviconf0 
Description: Frame Composer AVI Packet Configuration Register 0 
Size: 8 bits 
Offset: 0x1019 
Bits Name Attr Description 
7 rgc_ycc_indication_2 R/W Y2, Bit 2 of rgc_ycc_indication 

Value After Reset: 0x0 
6 active_format_present R/W Active format present Value After Reset: 0x0  
5:4 scan_information R/W Scan information 

Value After Reset: 0x0 
3:2 bar_information R/W Bar information data valid Value After Reset: 0x0  
1:0 rgc_ycc_indication R/W Y1,Y0 RGB or YCC indicator Value After Reset: 0x0  

 
fc_aviconf1 
Description: Frame Composer AVI Packet Configuration Register 1 
Size: 8 bits 
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Offset: 0x101a 
Bits Name Attr Description 
7:6 Colorimetry R/W Colorimetry 

Value After Reset: 0x0 
5:4 picture_aspect_ratio R/W Picture aspect ratio Value After Reset: 0x0  
3:0 active_aspect_ratio R/W Active aspect ratio Value After Reset: 0x0  

 
fc_aviconf2 
Description: Frame Composer AVI Packet Configuration Register 2 
Size: 8 bits 
Offset: 0x101b 
Bits Name Attr Description 
7 it_content R/W IT content 

Value After Reset: 0x0 
6:4 extended_colorimetry R/W Extended colorimetry Value After Reset: 0x0  
3:2 quantization_range R/W Quantization range Value After Reset: 0x0  
1:0 non_uniform_picture_s

caling 
R/W Non-uniform picture scaling Value After Reset: 0x0  

 
fc_avivid 
Description: Frame Composer AVI Packet VIC Register 
Size: 8 bits 
Offset: 0x101c 
Bits Name Attr Description 
7 fc_avivid_7 R/W Bit 7 of fc_avivid register 

Value After Reset: 0x0 
6:0 fc_avivid R/W Configures the AVI InfoFrame Video Identification 

code. For more information, refer to the CEA-861-E 
specification. 
Value After Reset: 0x0 

 
fc_avietb[0:1] 
Description: Frame Composer AVI Packet End of Top Bar Register Array 
Size: 8 bits 
Offset: 0x101d + (i * 0x1) 
Bits Name Attr Description 
7:0 fc_avietb R/W Defines the AVI InfoFrame End of Top Bar value. 

For more information, refer to the CEA-861-E 
specification. 
Value After Reset: 0x0 

 
fc_avisbb[0:1] 
Description: Frame Composer AVI Packet Start of Bottom Bar Register Array 
Size: 8 bits 
Offset: 0x101f + (i * 0x1) 
Bits Name Attr Description 
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7:0 fc_avisbb R/W This register defines the AVI InfoFrame Start of 
Bottom Bar value. For more information, refer to 
the CEA-861-E specification. 
Value After Reset: 0x0 

 
fc_avielb[0:1] 
Description: Frame Composer AVI Packet End of Left Bar Register Array 
Size: 8 bits 
Offset: 0x1021 + (i * 0x1) 
Bits Name Attr Description 
7:0 fc_avielb R/W This register defines the AVI InfoFrame End of Left 

Bar value. For more information, refer to the CEA-
861-E specification. 
Value After Reset: 0x0 

 
fc_avisrb[0:1] 
Description: Frame Composer AVI Packet Start of Right Bar Register Array 
Size: 8 bits 
Offset: 0x1023 + (i * 0x1) 
Bits Name Attr Description 
7:0 fc_avisrb R/W This register defines the AVI InfoFrame Start of 

Right Bar value. For more information, refer to the 
CEA-861-E specification. 
Value After Reset: 0x0 

 
fc_audiconf0 
Description: Frame Composer AUD Packet Configuration Register 0 
Size: 8 bits 
Offset: 0x1025 
Bits Name Attr Description 
7   Reserved for future use. 
6:4 CC R/W Channel count 

Value After Reset: 0x0 
3:0 CT R/W Coding Type 

Value After Reset: 0x0 
 
fc_audiconf1 
Description: Frame Composer AUD Packet Configuration Register 1 
Size: 8 bits 
Offset: 0x1026 
Bits Name Attr Description 
7:6   Reserved for future use. 
5:4 SS R/W Sampling size 

Value After Reset: 0x0 
3   Reserved for future use. 
2:0 SF R/W Sampling frequency Value After Reset: 0x0  
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fc_audiconf2 
Description: Frame Composer AUD Packet Configuration Register 2 
Size: 8 bits 
Offset: 0x1027 
Bits Name Attr Description 
7:0 CA R/W Channel allocation Value After Reset: 0x0  

 
fc_audiconf3 
Description: Frame Composer AUD Packet Configuration Register 3 
Size: 8 bits 
Offset: 0x1028 
Bits Name Attr Description 
7   Reserved for future use. 
6:5 LFEPBL R/W LFE playback information 

LFEPBL1, LFEPBL0 LFE playback level as compared 
to the other channels. 
Value After Reset: 0x0 

4 DM_INH R/W Down mix enable Value After Reset: 0x0  
3:0 LSV R/W Level shift value (for down mixing) 

Value After Reset: 0x0 
 
fc_vsdieeeid2 
Description: Frame Composer VSI Packet Data IEEE Register 2 
Size: 8 bits 
Offset: 0x1029 
Bits Name Attr Description 
7:0 IEEE R/W This register configures the Vendor Specific 

InfoFrame IEEE registration identifier. For more 
information, refer to the CEA- 861-E specification. 
Value After Reset: 0x0 

 
fc_vsdsize 
Description: Frame Composer VSI Packet Data Size Register 
Size: 8 bits 
Offset: 0x102a 
Bits Name Attr Description 
7:5   Reserved for future use. 
4:0 VSDSIZE R/W Packet size as described in the HDMI Vendor 

Specific InfoFrame (from the HDMI specification). 
Value After Reset: 0x1b 

 
fc_vsdieeeid1 
Description: Frame Composer VSI Packet Data IEEE Register 1 
Size: 8 bits 
Offset: 0x1030 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2437 

Bits Name Attr Description 
7:0 IEEE R/W This register configures the Vendor Specific 

InfoFrame IEEE registration identifier. For more 
information, refer to the CEA-861-E specification. 
Value After Reset: 0x0 

 
fc_vsdieeeid0 
Description: Frame Composer VSI Packet Data IEEE Register 0 
Size: 8 bits 
Offset: 0x1031 
 
 
Bits Name Attr Description 
7:0 IEEE R/W This register configures the Vendor Specific 

InfoFrame IEEE registration identifier. For more 
information, refer to the CEA-861-E specification. 
Value After Reset: 0x0 

 
fc_vsdpayload[0:23] 
Description: Frame Composer VSI Packet Data Payload Register Array 
Size: 8 bits 
Offset: 0x1032 + (i * 0x1) 
Bits Name Attr Description 
7:0 fc_vsdpayload R/W Frame Composer VSI Packet Data Payload Register 

Array Configures the Vendor Specific infoFrame 24 
bytes specific payload. For more information, refer 
to the CEA-861-E specification. 
Value After Reset: 0x0 

 
fc_spdvendorname[0:7] 
Description: Frame Composer SPD Packet Data Vendor Name Register Array 
Size: 8 bits 
Offset: 0x104a + (i * 0x1) 

Bits Name Attr Description 
7:0 fc_spdvendorname R/W Frame Composer SPD Packet Data Vendor Name 

Register Array Configures the Source Product 
Descriptor infoFrame 8 bytes Vendor name. For 
more information, refer to the CEA-861-E 
specification. 
Value After Reset: 0x0 

 
fc_spdproductname[0:15] 
Description: Frame Composer SPD packet Data Product Name Register Array 
Size: 8 bits 
Offset: 0x1052 + (i * 0x1) 

Bits Name Attr Description 
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7:0 fc_spdproductname R/W Frame Composer SPD packet Data Product Name 
Register Array Configures the Source Product 
Descriptor infoFrame 16 bytes Product name. For 
more information, refer to the CEA-861-E 
specification. 
Value After Reset: 0x0 

 
fc_spddeviceinf 
Description: Frame Composer SPD Packet Data Source Product Descriptor Register 
Size: 8 bits 
Offset: 0x1062 
Bits Name Attr Description 
7:0 fc_spddeviceinf R/W Frame Composer SPD Packet Data Source Product 

Descriptor Register 
Value After Reset: 0x0 

 
fc_audsconf 
Description: Frame Composer Audio Sample Flat and Layout Configuration Register 
Size: 8 bits 
Offset: 0x1063 
Bits Name Attr Description 
7:4 aud_packet_sampflt R/W Set the audio packet sample flat value to be sent 

on the packet. 
Value After Reset: 0x0 

3:1   Reserved for future use. 
0 aud_packet_layout R/W Set the audio packet layout to be sent in the 

packet: 1b: layout 1 
0b: layout 0 
If HDMI_TX_20 is defined and register field 
fc_multistream_ctrl.fc_mas_packet_en is active, 
this bit has no effect. 
Value After Reset: 0x0 

 
 
fc_audsstat 
Description: Frame Composer Audio Sample Flat and Layout Status Register 
Size: 8 bits 
Offset: 0x1064 

Bits Name Attr Description 
7:4   Reserved for future use. 
3:0 packet_sampprs R Shows the data sample present indication of the 

last Audio sample packet sent by the HDMI Tx 
Controller. This register information is at TMDS 
clock rate. 
Value After Reset: 0x0 
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fc_audsv 
Description: Frame Composer Audio Sample Validity Flag Register 
Size: 8 bits 
Offset: 0x1065 

Bits Name Attr Description 
7 V3r R/W Set validity bit "V" for Channel 3, Right 

Value After Reset: 0x0 
6 V2r R/W Set validity bit "V" for Channel 2, Right 

Value After Reset: 0x0 
5 V1r R/W Set validity bit "V" for Channel 1, Right 

Value After Reset: 0x0 
4 V0r R/W Set validity bit "V" for Channel 0, Right 

Value After Reset: 0x0 
3 V3l R/W Set validity bit "V" for Channel 3, Left 

Value After Reset: 0x0 
2 V2l R/W Set validity bit "V" for Channel 2, Left 

Value After Reset: 0x0 
1 V1l R/W Set validity bit "V" for Channel 1, Left 

Value After Reset: 0x0 
0 V0l R/W Set validity bit "V" for Channel 0, Left 

Value After Reset: 0x0 
 
fc_audsu 
Description: Frame Composer Audio Sample User Flag Register 
Size: 8 bits 
Offset: 0x1066 
Bits Name Attr Description 
7 U3r R/W Set user bit "U" for Channel 3, Right 

Value After Reset: 0x0 
6 U2r R/W Set user bit "U" for Channel 2, Right 

Value After Reset: 0x0 
5 U1r R/W Set user bit "U" for Channel 1, Right 

Value After Reset: 0x0 
4 U0r R/W Set user bit "U" for Channel 0, Right 

Value After Reset: 0x0 
3 U3l R/W Set user bit "U" for Channel 3, Left 

Value After Reset: 0x0 
2 U2l R/W Set user bit "U" for Channel 2, Left 

Value After Reset: 0x0 
1 U1l R/W Set user bit "U" for Channel 1, Left 

Value After Reset: 0x0 
0 U0l R/W Set user bit "U" for Channel 0, Left 

Value After Reset: 0x0 
 
fc_audschnl0 
Description: Frame Composer Audio Sample Channel Status Configuration Register 0 
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Size: 8 bits 
Offset: 0x1067 

Bits Name Attr Description 
7:6   Reserved for future use. 
5:4 oiec_cgmsa R/W CGMS-A 

Value After Reset: 0x0 
3:1   Reserved for future use. 
0 oiec_copyright R/W IEC Copyright indication Value After Reset: 0x0  

 
fc_audschnl1 
Description: Frame Composer Audio Sample Channel Status Configuration Register 1 
Size: 8 bits 
Offset: 0x1068 
Bits Name Attr Description 
7:0 oiec_categorycode R/W Category code 

Value After Reset: 0x0 
 
fc_audschnl2 
Description: Frame Composer Audio Sample Channel Status Configuration Register 2 
Size: 8 bits 
Offset: 0x1069 
Bits Name Attr Description 
7   Reserved for future use. 
6:4 oiec_pcmaudiomode R/W PCM audio mode Value After Reset: 0x0  
3:0 oiec_sourcenumber R/W Source number 

Value After Reset: 0x0 
 
fc_audschnl3 
Description: Frame Composer Audio Sample Channel Status Configuration Register 3 
Size: 8 bits 
Offset: 0x106a 

Bits Name Attr Description 
7:4 oiec_channelnumcr1 R/W Channel number for second right sample 

Value After Reset: 0x0 
3:0 oiec_channelnumcr0 R/W Channel number for first right sample 

Value After Reset: 0x0 
 
 
fc_audschnl4 
Description: Frame Composer Audio Sample Channel Status Configuration Register 4 
Size: 8 bits 
Offset: 0x106b 

Bits Name Attr Description 
7:4 oiec_channelnumcr3 R/W Channel number for fourth right sample 

Value After Reset: 0x0 
3:0 oiec_channelnumcr2 R/W Channel number for third right sample 
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Value After Reset: 0x0 
 
fc_audschnl5 
Description: Frame Composer Audio Sample Channel Status Configuration Register 5 
Size: 8 bits 
Offset: 0x106c 
Bits Name Attr Description 
7:4 oiec_channelnumcl1 R/W Channel number for second left sample 

Value After Reset: 0x0 
3:0 oiec_channelnumcl0 R/W Channel number for first left sample 

Value After Reset: 0x0 
 
fc_audschnl6 
Description: Frame Composer Audio Sample Channel Status Configuration Register 6 
Size: 8 bits 
Offset: 0x106d 
Bits Name Attr Description 
7:4 oiec_channelnumcl3 R/W Channel number for fourth left sample 

Value After Reset: 0x0 
3:0 oiec_channelnumcl2 R/W Channel number for third left sample 

Value After Reset: 0x0 
 
fc_audschnl7 
Description: Frame Composer Audio Sample Channel Status Configuration Register 7 
Size: 8 bits 
Offset: 0x106e 
Bits Name Attr Description 
7:6 oiec_sampfreq_ext R/W Sampling frequency (channel status bits 31 and 

30) 
Value After Reset: 0x0 

5:4 oiec_clkaccuracy R/W Clock accuracy 
Value After Reset: 0x0 

3:0 oiec_sampfreq R/W Sampling frequency Value After Reset: 0x0  
 
fc_audschnl8 
Description: Frame Composer Audio Sample Channel Status Configuration Register 8 
Size: 8 bits 
Offset: 0x106f 

Bits Name Attr Description 
7:4 oiec_origsampfreq R/W Original sampling frequency Value After Reset: 

0x0  
3:0 oiec_wordlength R/W Word length configuration Value After Reset: 0x0  

 
fc_ctrlqhigh 
Description: Frame Composer Number of High Priority Packets Attended Configuration 
Register 
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Size: 8 bits 
Offset: 0x1073 

Bits Name Attr Description 
7:5   Reserved for future use. 
4:0 onhighattended R/W Configures the number of high priority packets or 

audio sample packets consecutively attended 
before checking low priority queue status. Valid 
range is from 5'd1 to 5'd31. 
Value After Reset: 0xf 

 
fc_ctrlqlow 
Description: Frame Composer Number of Low Priority Packets Attended Configuration 
Register 
Size: 8 bits 
Offset: 0x1074 

Bits Name Attr Description 
7:5   Reserved for future use. 
4:0 onlowattended R/W Configures the number of low priority packets or 

null packets consecutively attended before 
checking high priority queue status or audio 
samples availability. Valid range is from 5'd1 to 
5'd31. 
Value After Reset: 0x3 

 
fc_acp0 
Description: Frame Composer ACP Packet Type Configuration Register 0 
Size: 8 bits 
Offset: 0x1075 
Bits Name Attr Description 
7:0 acptype R/W Configures the ACP packet type. 

Value After Reset: 0x0 
 
fc_acp16 
Description: Frame Composer ACP Packet Body Configuration Register 16 
Size: 8 bits 
Offset: 0x1082  
Bits Name Attr Description 
7:0 fc_acp16 R/W Frame Composer ACP Packet Body Configuration 

Register 16 
Value After Reset: 0x0 

 
fc_acp15 
Description: Frame Composer ACP Packet Body Configuration Register 15 
Size: 8 bits 
Offset: 0x1083 
Bits Name Attr Description 
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7:0 fc_acp15 R/W Frame Composer ACP Packet Body Configuration 
Register 15 
Value After Reset: 0x0 

 
fc_acp14 
Description: Frame Composer ACP Packet Body Configuration Register 14 
Size: 8 bits 
Offset: 0x1084 
Bits Name Attr Description 
7:0 fc_acp14 R/W Frame Composer ACP Packet Body Configuration 

Register 14 
Value After Reset: 0x0 

 
fc_acp13 
Description: Frame Composer ACP Packet Body Configuration Register 13 
Size: 8 bits 
Offset: 0x1085 
Bits Name Attr Description 
7:0 fc_acp13 R/W Frame Composer ACP Packet Body Configuration 

Register 13 
Value After Reset: 0x0 

 
fc_acp12 
Description: Frame Composer ACP Packet Body Configuration Register 12 
Size: 8 bits 
Offset: 0x1086 
Bits Name Attr Description 
7:0 fc_acp12 R/W Frame Composer ACP Packet Body Configuration 

Register 12 
Value After Reset: 0x0 

 
fc_acp11 
Description: Frame Composer ACP Packet Body Configuration Register 11 
Size: 8 bits 
Offset: 0x1087 
Bits Name Attr Description 
7:0 fc_acp11 R/W Frame Composer ACP Packet Body Configuration 

Register 11 
Value After Reset: 0x0 

 
fc_acp10 
Description: Frame Composer ACP Packet Body Configuration Register 10 
Size: 8 bits 
Offset: 0x1088 
Bits Name Attr Description 
7:0 fc_acp10 R/W Frame Composer ACP Packet Body Configuration 
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Register 10 
Value After Reset: 0x0 

 
fc_acp9 
Description: Frame Composer ACP Packet Body Configuration Register 9 
Size: 8 bits 
Offset: 0x1089 
Bits Name Attr Description 
7:0 fc_acp9 R/W Frame Composer ACP Packet Body Configuration 

Register 9 
Value After Reset: 0x0 

 
fc_acp8 
Description: Frame Composer ACP Packet Body Configuration Register 8 
Size: 8 bits 
Offset: 0x108a 
Bits Name Attr Description 
7:0 fc_acp8 R/W Frame Composer ACP Packet Body Configuration 

Register 8 
Value After Reset: 0x0 

 
fc_acp7 
Description: Frame Composer ACP Packet Body Configuration Register 7 
Size: 8 bits 
Offset: 0x108b 
Bits Name Attr Description 
7:0 fc_acp7 R/W Frame Composer ACP Packet Body Configuration 

Register 7 
Value After Reset: 0x0 

 
fc_acp6 
Description: Frame Composer ACP Packet Body Configuration Register 6 
Size: 8 bits 
Offset: 0x108c 
Bits Name Attr Description 
7:0 fc_acp6 R/W Frame Composer ACP Packet Body Configuration 

Register 6 
Value After Reset: 0x0 

 
fc_acp5 
Description: Frame Composer ACP Packet Body Configuration Register 5 
Size: 8 bits 
Offset: 0x108d 
Bits Name Attr Description 
7:0 fc_acp5 R/W Frame Composer ACP Packet Body Configuration 

Register 5 
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Value After Reset: 0x0 
 
fc_acp4 
Description: Frame Composer ACP Packet Body Configuration Register 4 
Size: 8 bits 
Offset: 0x108e 
Bits Name Attr Description 
7:0 fc_acp4 R/W Frame Composer ACP Packet Body Configuration 

Register 4 
Value After Reset: 0x0 

 
fc_acp3 
Description: Frame Composer ACP Packet Body Configuration Register 3 
Size: 8 bits 
Offset: 0x108f 
Bits Name Attr Description 
7:0 fc_acp3 R/W Frame Composer ACP Packet Body Configuration 

Register 3 
Value After Reset: 0x0 

 
fc_acp2 
Description: Frame Composer ACP Packet Body Configuration Register 2 
Size: 8 bits 
Offset: 0x1090 
Bits Name Attr Description 
7:0 fc_acp2 R/W Frame Composer ACP Packet Body Configuration 

Register 2 
Value After Reset: 0x0 

 
fc_acp1 
Description: Frame Composer ACP Packet Body Configuration Register 1 
Size: 8 bits 
Offset: 0x1091 
Bits Name Attr Description 
7:0 fc_acp1 R/W Frame Composer ACP Packet Body Configuration 

Register 1 
Value After Reset: 0x0 

 
fc_iscr1_0 
Description: Frame Composer ISRC1 Packet Status, Valid, and Continue Configuration 
Register 
Size: 8 bits 
Offset: 0x1092 
Bits Name Attr Description 
7:5   Reserved for future use. 
4:2 isrc_status R/W ISRC1 Status signal Value After Reset: 0x0  
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1 isrc_valid R/W ISRC1 Valid control signal Value After Reset: 0x0  
0 isrc_cont R/W ISRC1 Indication of packet continuation (ISRC2 will 

be transmitted) 
Value After Reset: 0x0 

 
fc_iscr1_16 
Description: Frame Composer ISRC1 Packet Body Register 16 
Size: 8 bits 
Offset: 0x1093 
Bits Name Attr Description 
7:0 fc_iscr1_16 R/W Frame Composer ISRC1 Packet Body Register 16; 

configures ISRC1 packet body of the ISRC1 packet 
Value After Reset: 0x0 

 
fc_iscr1_15 
Description: Frame Composer ISRC1 Packet Body Register 15 
Size: 8 bits 
Offset: 0x1094 
Bits Name Attr Description 
7:0 fc_iscr1_15 R/W Frame Composer ISRC1 Packet Body Register 15 

Value After Reset: 0x0 
 
fc_iscr1_14 
Description: Frame Composer ISRC1 Packet Body Register 14 
Size: 8 bits 
Offset: 0x1095 
Bits Name Attr Description 
7:0 fc_iscr1_14 R/W Frame Composer ISRC1 Packet Body Register 14 

Value After Reset: 0x0 
 
fc_iscr1_13 
Description: Frame Composer ISRC1 Packet Body Register 13 
Size: 8 bits 
Offset: 0x1096 
Bits Name Attr Description 
7:0 fc_iscr1_13 R/W Frame Composer ISRC1 Packet Body Register 13 

Value After Reset: 0x0 
 
fc_iscr1_12 
Description: Frame Composer ISRC1 Packet Body Register 12 
Size: 8 bits 
Offset: 0x1097 
Bits Name Attr Description 
7:0 fc_iscr1_12 R/W Frame Composer ISRC1 Packet Body Register 12 

Value After Reset: 0x0 
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fc_iscr1_11 
Description: Frame Composer ISRC1 Packet Body Register 11 
Size: 8 bits 
Offset: 0x1098 
Bits Name Attr Description 
7:0 fc_iscr1_11 R/W Frame Composer ISRC1 Packet Body Register 11 

Value After Reset: 0x0 
 
fc_iscr1_10 
Description: Frame Composer ISRC1 Packet Body Register 10 
Size: 8 bits 
Offset: 0x1099 
Bits Name Attr Description 
7:0 fc_iscr1_10 R/W Frame Composer ISRC1 Packet Body Register 10 

Value After Reset: 0x0 
 
fc_iscr1_9 
Description: Frame Composer ISRC1 Packet Body Register 9 
Size: 8 bits 
Offset: 0x109a 
Bits Name Attr Description 
7:0 fc_iscr1_9 R/W Frame Composer ISRC1 Packet Body Register 9 

Value After Reset: 0x0 
 
fc_iscr1_8 
Description: Frame Composer ISRC1 Packet Body Register 8 
Size: 8 bits 
Offset: 0x109b 
Bits Name Attr Description 
7:0 fc_iscr1_8 R/W Frame Composer ISRC1 Packet Body Register 8 

Value After Reset: 0x0 
 
fc_iscr1_7 
Description: Frame Composer ISRC1 Packet Body Register 7 
Size: 8 bits 
Offset: 0x109c 
Bits Name Attr Description 
7:0 fc_iscr1_7 R/W Frame Composer ISRC1 Packet Body Register 7 

Value After Reset: 0x0 
 
fc_iscr1_6 
Description: Frame Composer ISRC1 Packet Body Register 6 
Size: 8 bits 
Offset: 0x109d 
Bits Name Attr Description 
7:0 fc_iscr1_6 R/W Frame Composer ISRC1 Packet Body Register 6 
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Value After Reset: 0x0 
 
fc_iscr1_5 
Description: Frame Composer ISRC1 Packet Body Register 5 
Size: 8 bits 
Offset: 0x109e 
Bits Name Attr Description 
7:0 fc_iscr1_5 R/W Frame Composer ISRC1 Packet Body Register 5 

Value After Reset: 0x0 
 
fc_iscr1_4 
Description: Frame Composer ISRC1 Packet Body Register 4 
Size: 8 bits 
Offset: 0x109f 
Bits Name Attr Description 
7:0 fc_iscr1_4 R/W Frame Composer ISRC1 Packet Body Register 4 

Value After Reset: 0x0 
 
fc_iscr1_3 
Description: Frame Composer ISRC1 Packet Body Register 3 
Size: 8 bits 
Offset: 0x10a0 
Bits Name Attr Description 
7:0 fc_iscr1_3 R/W Frame Composer ISRC1 Packet Body Register 3 

Value After Reset: 0x0 
 
fc_iscr1_2 
Description: Frame Composer ISRC1 Packet Body Register 2 
Size: 8 bits 
Offset: 0x10a1 
Bits Name Attr Description 
7:0 fc_iscr1_2 R/W Frame Composer ISRC1 Packet Body Register 2 

Value After Reset: 0x0 
 
fc_iscr1_1 
Description: Frame Composer ISRC1 Packet Body Register 1 
Size: 8 bits 
Offset: 0x10a2 
Bits Name Attr Description 
7:0 fc_iscr1_1 R/W Frame Composer ISRC1 Packet Body Register 1 

Value After Reset: 0x0 
 
fc_iscr2_15 
Description: Frame Composer ISRC2 Packet Body Register 15 
Size: 8 bits 
Offset: 0x10a3 
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Bits Name Attr Description 
7:0 fc_iscr2_15 R/W Frame Composer ISRC2 Packet Body Register 15; 

configures the ISRC2 packet body of the ISRC2 
packet Value After Reset: 0x0 

 
fc_iscr2_14 
Description: Frame Composer ISRC2 Packet Body Register 14 
Size: 8 bits 
Offset: 0x10a4 
Bits Name Attr Description 
7:0 fc_iscr2_14 R/W Frame Composer ISRC2 Packet Body Register 14 

Value After Reset: 0x0 
 
fc_iscr2_13 
Description: Frame Composer ISRC2 Packet Body Register 13 
Size: 8 bits 
Offset: 0x10a5 
Bits Name Attr Description 
7:0 fc_iscr2_13 R/W Frame Composer ISRC2 Packet Body Register 13 

Value After Reset: 0x0 
 
fc_iscr2_12 
Description: Frame Composer ISRC2 Packet Body Register 12 
Size: 8 bits 
Offset: 0x10a6 
Bits Name Attr Description 
7:0 fc_iscr2_12 R/W Frame Composer ISRC2 Packet Body Register 12 

Value After Reset: 0x0 
 
fc_iscr2_11 
Description: Frame Composer ISRC2 Packet Body Register 11 
Size: 8 bits 
Offset: 0x10a7 
Bits Name Attr Description 
7:0 fc_iscr2_11 R/W Frame Composer ISRC2 Packet Body Register 11 

Value After Reset: 0x0 
 
fc_iscr2_10 
Description: Frame Composer ISRC2 Packet Body Register 10 
Size: 8 bits 
Offset: 0x10a8 
Bits Name Attr Description 
7:0 fc_iscr2_10 R/W Frame Composer ISRC2 Packet Body Register 10 

Value After Reset: 0x0 
 
fc_iscr2_9 
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Description: Frame Composer ISRC2 Packet Body Register 9 
Size: 8 bits 
Offset: 0x10a9 
Bits Name Attr Description 
7:0 fc_iscr2_9 R/W Frame Composer ISRC2 Packet Body Register 9 

Value After Reset: 0x0 
 
fc_iscr2_8 
Description: Frame Composer ISRC2 Packet Body Register 8 
Size: 8 bits 
Offset: 0x10aa 
Bits Name Attr Description 
7:0 fc_iscr2_8 R/W Frame Composer ISRC2 Packet Body Register 8 

Value After Reset: 0x0 
 
fc_iscr2_7 
Description: Frame Composer ISRC2 Packet Body Register 7 
Size: 8 bits 
Offset: 0x10ab 
Bits Name Attr Description 
7:0 fc_iscr2_7 R/W Frame Composer ISRC2 Packet Body Register 7 

Value After Reset: 0x0 
 
fc_iscr2_6 
Description: Frame Composer ISRC2 Packet Body Register 6 
Size: 8 bits 
Offset: 0x10ac 
Bits Name Attr Description 
7:0 fc_iscr2_6 R/W Frame Composer ISRC2 Packet Body Register 6 

Value After Reset: 0x0 
 
fc_iscr2_5 
Description: Frame Composer ISRC2 Packet Body Register 5 
Size: 8 bits 
Offset: 0x10ad 
Bits Name Attr Description 
7:0 fc_iscr2_5 R/W Frame Composer ISRC2 Packet Body Register 5 

Value After Reset: 0x0 
 
fc_iscr2_4 
Description: Frame Composer ISRC2 Packet Body Register 4 
Size: 8 bits 
Offset: 0x10ae 
Bits Name Attr Description 
7:0 fc_iscr2_4 R/W Frame Composer ISRC2 Packet Body Register 4 

Value After Reset: 0x0 
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fc_iscr2_3 
Description: Frame Composer ISRC2 Packet Body Register 3 
Size: 8 bits 
Offset: 0x10af 
Bits Name Attr Description 
7:0 fc_iscr2_3 R/W Frame Composer ISRC2 Packet Body Register 3 

Value After Reset: 0x0 
 
fc_iscr2_2 
Description: Frame Composer ISRC2 Packet Body Register 2 
Size: 8 bits 
Offset: 0x10b0 
Bits Name Attr Description 
7:0 fc_iscr2_2 R/W Frame Composer ISRC2 Packet Body Register 2 

Value After Reset: 0x0 
 
fc_iscr2_1 
Description: Frame Composer ISRC2 Packet Body Register 1 
Size: 8 bits 
Offset: 0x10b1 
Bits Name Attr Description 
7:0 fc_iscr2_1 R/W Frame Composer ISRC2 Packet Body Register 1 

Value After Reset: 0x0 
 
fc_iscr2_0 
Description: Frame Composer ISRC2 Packet Body Register 0 
Size: 8 bits 
Offset: 0x10b2 
Bits Name Attr Description 
7:0 fc_iscr2_0 R/W Frame Composer ISRC2 Packet Body Register 0 

Value After Reset: 0x0 
 
fc_datauto0 
Description: Frame Composer Data Island Auto Packet Scheduling Register 0 
Configures the Frame Composer RDRB(1)/Manual(0) data island packet insertion for SPD, 
VSD, ISRC2, ISRC1 and ACP packets. On RDRB mode the described packet scheduling is 
controlled by registers FC_DATAUTO1 and FC_DATAUTO2, while in Manual mode register 
FC_DATMAN requests to FC the insertion of the requested packet. 
Size: 8 bits 
Offset: 0x10b3 
Bits Name Attr Description 
7:5   Reserved for future use. 
4 spd_auto R/W Enables SPD automatic packet scheduling 

Value After Reset: 0x0 
3 vsd_auto R/W Enables VSD automatic packet scheduling 
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Value After Reset: 0x0 
2 iscr2_auto R/W Enables ISRC2 automatic packet scheduling 

Value After Reset: 0x0 
1 iscr1_auto R/W Enables ISRC1 automatic packet scheduling 

Value After Reset: 0x0 
0 acp_auto R/W Enables ACP automatic packet scheduling 

Value After Reset: 0x0 
 
fc_datauto1 
Description: Frame Composer Data Island Auto Packet Scheduling Register 1 
Configures the Frame Composer (FC) RDRB frame interpolation for SPD, VSD, ISRC2, ISRC1 
and ACP packet insertion on data island when FC is on RDRB mode for the listed packets. 
Size: 8 bits 
Offset: 0x10b4 
Bits Name Attr Description 
7:4   Reserved for future use. 
3:0 auto_frame_interpolati

on 
R/W Packet frame interpolation for automatic packet 

scheduling 
Value After Reset: 0x0 

 
fc_datauto2 
Description: Frame Composer Data Island Auto packet scheduling Register 2 
Configures the Frame Composer (FC) RDRB line interpolation and number of packets in 
frame for SPD, VSD, ISRC2, ISRC1 and ACP packet insertion on data island when FC is on 
RDRB mode for the listed packets. 
Size: 8 bits 
Offset: 0x10b5 
Bits Name Attr Description 
7:4 auto_frame_packets R/W Packets per frame, for automatic packet scheduling 

Value After Reset: 0x0 
3:0 auto_line_spacing R/W Packets line spacing, for automatic packet 

scheduling 
Value After Reset: 0x0 

 
fc_datman 
Description: Frame Composer Data Island Manual Packet Request Register 
Requests to the Frame Composer the data island packet insertion for NULL, SPD, VSD, 
ISRC2, ISRC1 and ACP packets when FC_DATAUTO0 bit is in manual mode for the packet 
requested. 
Size: 8 bits 
Offset: 0x10b6 
Bits Name Attr Description 
7:6   Reserved for future use. 
5 null_tx W Null packet 

Value After Reset: 0x0 
4 spd_tx W SPD packet 
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Value After Reset: 0x0 
3 vsd_tx W VSD packet 

Value After Reset: 0x0 
2 iscr2_tx W ISRC2 packet 

Value After Reset: 0x0 
1 iscr1_tx W ISRC1 packet 

Value After Reset: 0x0 
0 acp_tx W ACP packet 

Value After Reset: 0x0 
 
 
fc_datauto3 
Description: Frame Composer Data Island Auto Packet Scheduling Register 3 
Configures the Frame Composer Automatic(1)/RDRB(0) data island packet insertion for AVI, 
GCP, AUDI and ACR packets. In Automatic mode, the packet is inserted on Vblanking when 
first line with active Vsync appears. 
Size: 8 bits 
Offset: 0x10b7 
Bits Name Attr Description 
7:6   Reserved for future use. 
5 nvbi_auto R/W Enables NTSC VBI packet insertion 

Value After Reset: 0x1 
4 amp_auto R/W Enables AMP packet insertion 

Value After Reset: 0x1 
3 avi_auto R/W Enables AVI packet insertion Value After Reset: 0x1  
2 gcp_auto R/W Enables GCP packet insertion Value After Reset: 0x1  
1 audi_auto R/W Enables AUDI packet insertion Value After Reset: 

0x1  
0 acr_auto R/W Enables ACR packet insertion Value After Reset: 0x1  
 
fc_rdrb0 
Description: Frame Composer Round Robin ACR Packet Insertion Register 0 
Configures the Frame Composer (FC) RDRB frame interpolation for ACR packet insertion on 
data island when FC is on RDRB mode for this packet. 
Size: 8 bits 
Offset: 0x10b8 
Bits Name Attr Description 
7:4   Reserved for future use. 
3:0 ACRframeinterpolation R/W ACR Frame interpolation Value After Reset: 0x0  
 
fc_rdrb1 
Description: Frame Composer Round Robin ACR Packet Insertion Register 1 
Configures the Frame Composer (FC) RDRB line interpolation and number of packets in 
frame for the ACR packet insertion on data island when FC is on RDRB mode this packet. 
Size: 8 bits 
Offset: 0x10b9 
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Bits Name Attr Description 
7:4 ACRpacketsinframe R/W ACR packets in frame Value After Reset: 0x0  
3:0 ACRpacketlinespacing R/W ACR packet line spacing Value After Reset: 0x0  
 
fc_rdrb2 
Description: Frame Composer Round Robin AUDI Packet Insertion Register 2 
Configures the Frame Composer (FC) RDRB frame interpolation for AUDI packet insertion on 
data island when FC is on RDRB mode for this packet. 
Size: 8 bits 
Offset: 0x10ba 
Bits Name Attr Description 
7:4   Reserved for future use. 
3:0 AUDIframeinterpolation R/W Audio frame interpolation Value After Reset: 0x0  
 
fc_rdrb3 
Description: Frame Composer Round Robin AUDI Packet Insertion Register 3 
Configures the Frame Composer (FC) RDRB line interpolation and number of packets in 
frame for the AUDI packet insertion on data island when FC is on RDRB mode this packet. 
Size: 8 bits 
Offset: 0x10bb 
Bits Name Attr Description 
7:4 AUDIpacketsinframe R/W Audio packets per frame Value After Reset: 0x0  
3:0 AUDIpacketlinespacing R/W Audio packets line spacing Value After Reset: 0x0  
 
fc_rdrb4 
Description: Frame Composer Round Robin GCP Packet Insertion Register 4 
Configures the Frame Composer (FC) RDRB frame interpolation for GCP packet insertion on 
data island when FC is on RDRB mode for this packet. 
Size: 8 bits 
Offset: 0x10bc 
Bits Name Attr Description 
7:4   Reserved for future use. 
3:0 GCPframeinterpolation R/W Frames interpolated between GCP packets 

Value After Reset: 0x0 
 
fc_rdrb5 
Description: Frame Composer Round Robin GCP Packet Insertion Register 5 
Configures the Frame Composer (FC) RDRB line interpolation and number of packets in 
frame for the GCP packet insertion on data island when FC is on RDRB mode this packet. 
Size: 8 bits 
Offset: 0x10bd 
Bits Name Attr Description 
7:4 GCPpacketsinframe R/W GCP packets per frame Value After Reset: 0x0  
3:0 GCPpacketlinespacing R/W GCP packets line spacing Value After Reset: 0x0  
 
fc_rdrb6 
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Description: Frame Composer Round Robin AVI Packet Insertion Register 6 
Configures the Frame Composer (FC) RDRB frame interpolation for AVI packet insertion on 
data island when FC is on RDRB mode for this packet. 
Size: 8 bits 
Offset: 0x10be 
Bits Name Attr Description 
7:4   Reserved for future use. 
3:0 AVIframeinterpolation R/W Frames interpolated between AVI packets 

Value After Reset: 0x0 
 
fc_rdrb7 
Description: Frame Composer Round Robin AVI Packet Insertion Register 7 
Configures the Frame Composer (FC) RDRB line interpolation and number of packets in 
frame for the AVI packet insertion on data island when FC is on RDRB mode this packet. 
Size: 8 bits 
Offset: 0x10bf 
Bits Name Attr Description 
7:4 AVIpacketsinframe R/W AVI packets per frame Value After Reset: 0x0  
3:0 AVIpacketlinespacing R/W AVI packets line spacing Value After Reset: 0x0  
 
fc_rdrb8 
Description: Frame Composer Round Robin AMP Packet Insertion Register 8 
Size: 8 bits 
Offset: 0x10c0 
Bits Name Attr Description 
7:4   Reserved for future use. 
3:0 AMPframeinterpolation R/W AMP frame interpolation Value After Reset: 0x0  
 
fc_rdrb9 
Description: Frame Composer Round Robin AMP Packet Insertion Register 9 
Size: 8 bits 
Offset: 0x10c1 
Bits Name Attr Description 
7:4 AMPpacketsinframe R/W AMP packets per frame Value After Reset: 0x0  
3:0 AMPpacketlinespacing R/W AMP packets line spacing Value After Reset: 0x0  
 
fc_rdrb10 
Description: Frame Composer Round Robin NTSC VBI Packet Insertion Register 10 
Size: 8 bits 
Offset: 0x10c2 
Bits Name Attr Description 
7:4   Reserved for future use. 
3:0 NVBIframeinterpolation R/W NTSC VBI frame interpolation Value After Reset: 0x0  
 
fc_rdrb11 
Description: Frame Composer Round Robin NTSC VBI Packet Insertion Register 11 
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Size: 8 bits 
Offset: 0x10c3 
Bits Name Attr Description 
7:4 NVBIpacketsinframe R/W NTSC VBI packets per frame Value After Reset: 0x0  
3:0 NVBIpacketlinespacing R/W NTSC VBI packets line spacing Value After Reset: 

0x0   
 
fc_rdrb12 
Description: Frame Composer Round Robin DRM Packet Insertion Register 12 
Size: 8 bits 
Offset: 0x10c4 
Bits Name Attr Description 
7:4   Reserved for future use. 
3:0 DRMframeinterpolation R/W Description: DRM frame interpolation 

Value After Reset: 0x0 
 
fc_rdrb13 
Description: Frame Composer Round Robin DRM Packet Insertion Register 13 
Size: 8 bits 
Offset: 0x10c5 
Bits Name Attr Description 
7:4 DRMpacketsinframe R/W DRM packets per frame Value After Reset: 0x0  
3:0 DRMpacketlinespacing R/W DRM packets line spacing Value After Reset: 0x0  
 
fc_mask0 
Description: Frame Composer Packet Interrupt Mask Register 0 
Size: 8 bits 
Offset: 0x10d2 
Bits Name Attr Description 
7 AUDI R/W Mask bit for FC_INT0.AUDI interrupt bit 

Value After Reset: 0x0 
6 ACP R/W Mask bit for FC_INT0.ACP interrupt bit 

Value After Reset: 0x0 
5 HBR R/W Mask bit for FC_INT0.HBR interrupt bit 

Value After Reset: 0x1 
4 MAS R/W Mask bit for FC_INT0.MAS interrupt bit. Otherwise, 

this field is a "spare" bit with no associated 
functionality. 
Value After Reset: "(HDMI_TX_20== 1) ? 1 : 0" 

3 NVBI R/W Mask bit for FC_INT0.NVBI interrupt bit. Otherwise, 
this field is a "spare" bit with no associated 
functionality. 
Value After Reset: "(HDMI_TX_20== 1) ? 1 : 0" 

2 AUDS R/W Mask bit for FC_INT0.AUDS interrupt bit 
Value After Reset: 0x1 

1 ACR R/W Mask bit for FC_INT0.ACR interrupt bit 
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Bits Name Attr Description 
Value After Reset: 0x0 

0 NULL R/W Mask bit for FC_INT0.NULL interrupt bit 
Value After Reset: 0x1 

 
fc_mask1 
Description: Frame Composer Packet Interrupt Mask Register 1 
Size: 8 bits 
Offset: 0x10d6 
Bits Name Attr Description 
7 GMD R/W Mask bit for FC_INT1.GMD interrupt bit 

Value After Reset: 0x0 
6 ISCR1 R/W Mask bit for FC_INT1.ISRC1 interrupt bit 

Value After Reset: 0x0 
5 ISCR2 R/W Mask bit for FC_INT1.ISRC2 interrupt bit 

Value After Reset: 0x0 
4 VSD R/W Mask bit for FC_INT1.VSD interrupt bit 

Value After Reset: 0x0 
3 SPD R/W Mask bit for FC_INT1.SPD interrupt bit 

Value After Reset: 0x0 
2 AMP R/W Mask bit for FC_INT1.AMP interrupt bit. Otherwise, 

this field is a "spare" bit with no associated 
functionality. 
Value After Reset: "(HDMI_TX_20== 1) ? 1 : 0" 

1 AVI R/W Mask bit for FC_INT1.AVI interrupt bit 
Value After Reset: 0x0 

0 GCP R/W Mask bit for FC_INT1.GCP interrupt bit 
Value After Reset: 0x0 

 
fc_mask2 
Description: Frame Composer High/Low Priority Overflow and DRM Interrupt Mask Register 
2 
Size: 8 bits 
Offset: 0x10da 
Bits Name Attr Description 
7:5   Reserved for future use. 
4 DRM R/W Mask bit for FC_INT2.DRM interrupt bit. 

Value After Reset: (HDMI_TX_20== 1) ? 1 : 0 
3:2   Reserved for future use. 
1 LowPriority_overflow R/W Mask bit for FC_INT2.LowPriority_overflow interrupt 

bit 
Value After Reset: 0x0 

0 HighPriority_overflow R/W Mask bit for FC_INT2.HighPriority_overflow interrupt 
bit 
Value After Reset: 0x0 
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fc_prconf 
Description: Frame Composer Pixel Repetition Configuration Register 
Size: 8 bits 
Offset: 0x10e0 

Bits Name Attr Description 
7:4 incoming_pr_factor R/W Configures the input video pixel repetition. For CEA 

modes, this value must be extracted from the CEA 
specification for the video mode being input. 
incoming_pr_factor[3:0] 0000b: No action. Not used. 
0001b: No pixel repetition (pixel sent only once) 
0010b: Pixel sent two times (pixel repeated once) 
0011b: Pixel sent three times 
0100b: Pixel sent four times 0101b: Pixel sent five 
times 0110b: Pixel sent six times 0111b: Pixel sent 
seven times 1000b: Pixel sent eight times 1001b: 
Pixel sent nine times 1010b: Pixel sent 10 times 
Other: Reserved. Not used Value After Reset: 0x1  

3:0 output_pr_factor R/W Configures the video pixel repetition ratio to be sent 
on the AVI InfoFrame. This value must be valid 
according to the HDMI specification. The 
output_pr_factor = incoming_pr_factor * 
(desired_pr_factor + 1) ± 1. 
output_pr_factor[3:0] 0000b: No action. Not used. 
0001b: Pixel sent two times (pixel repeated once) 
0010b: Pixel sent three times 
0011b: Pixel sent four times 0100b: Pixel sent five 
times 0101b: Pixel sent six times 0110b: Pixel sent 
seven times 0111b: Pixel sent eight times 1000b: 
Pixel sent nine times 1001b: Pixel sent 10 times 
Other: Reserved. Not used 
Note: When working in YCC422 video, the actual 
repetition of the stream is Incoming_pr_factor * 
(desired_pr_factor + 1). This calculation is done 
internally in the H13TCTRL and no hardware overflow 
protection is available. Care must be taken to avoid 
this result passes the maximum number of 10 pixels 
repeated because no HDMI support is available for 
this in the specification and the H13TPHY does not 
support this higher repetition values. 
Value After Reset: 0x0 

 
fc_scrambler_ctrl 
Description: Frame Composer Scrambler Control 
Size: 8 bits 
Offset: 0x10e1 

Bits Name Attr Description 
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7:5   Reserved for future use. 
4 scrambler_ucp_line R/W Debug register. When active (1'b1), the 

Unscrambled Control Period is generated after each 
active video line (non-compliant behavior). This is 
quasi-static field which requires a a 
mc_swrstzreq.tmdsswrst_req reset request to be 
performed after the change of this configuration bit. 
Value After Reset: 0x0 

3:1   Reserved for future use. 
0 scrambler_on R/W When set (1'b1), this field activates the HDMI 2.0 

scrambler feature. When disabled (1'b0) the 
scrambler feature is bypassed, placing Hdmi_tx in 
HDMI 1.4b compatible mode. To activate the 
scrambler feature, you must ensure that the quasi-
static 
configuration bit fc_invidconf.HDCP_keepout is set 
(1'b1) at configuration time, before the required 
mc_swrstzreq.tmdsswrst_req reset request is issued. 
This is field can be changed in runtime. 
Value After Reset: 0x0 

 
fc_multistream_ctrl 
Description: Frame Composer Multi-Stream Audio Control 
Size: 8 bits 
Offset: 0x10e2 
Bits Name Attr Description 
7:1   Reserved for future use. 
0 fc_mas_packet_en R/W This field, when set (1'b1), activates the HDMI 2.0 

Multi- Stream support. The audio stream present at 
the input of the Hdmi_tx controller is transported 
using Multi-Stream Audio Sample Packets. 
Value After Reset: 0x0 

 
fc_packet_tx_en 
Description: Frame Composer Packet Transmission Control 
Size: 8 bits 
Offset: 0x10e3 

Bits Name Attr Description 
7 drm_tx_en R/W DRM transmission control 1b: Transmission enabled 

0b: Transmission disabled Value After Reset: 0x0 
6 nvbi_tx_en R/W NTSC VBI transmission control 1b: Transmission 

enabled 
0b: Transmission disabled 
Value After Reset: 0x0 

5 amp_tx_en R/W AMP transmission control 1b: Transmission enabled 
0b: Transmission disabled Value After Reset: 0x0 
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4 aut_tx_en R/W ACP, SPD, VSIF, ISRC1, and SRC2 packet 
transmission control 1b: Transmission enabled 
0b: Transmission disabled Value After Reset: 0x1  

3 audi_tx_en R/W AUDI packet transmission control 1b: Transmission 
enabled 
0b: Transmission disabled Value After Reset: 0x1  

2 avi_tx_en R/W AVI packet transmission control 1b: Transmission 
enabled 
0b: Transmission disabled Value After Reset: 0x1  

1 gcp_tx_en R/W GCP transmission control 1b: Transmission enabled 
0b: Transmission disabled Value After Reset: 0x1 

0 acr_tx_en R/W ACR packet transmission control 1b: Transmission 
enabled 
0b: Transmission disabled Value After Reset: 0x1 

 
fc_actspc_hdlr_cfg 
Description: Frame Composer Active Space Control 
Size: 8 bits 
Offset: 0x10e8 

Bits Name Attr Description 
7:2   Reserved for future use. 
1 actspc_hdlr_tgl R/W Active Space handler control 

1b: Active space 1 value is different from Active 
Space 2 value. Refer to Figure 8-4: 3D Structure of 
the HDMI 1.4b specification. 
0b: Active space not oscillating Value After Reset: 
0x0  

0 actspc_hdlr_en R/W Active Space Handler Control 
1b: Fixed active space value mode enabled. During 
active space, a fixed value of 0xAA is applied to all 
TMDS channels. 
0b: Fixed active space value mode disabled 
Value After Reset: 0x0 

 
fc_invact_2d_0 
Description: Frame Composer Input Video 2D VActive Pixels Register 0 
Size: 8 bits 
Offset: 0x10e9 

Bits Name Attr Description 
7:0 fc_invact_2d_0 R/W 2D Input video vertical active pixel region width. 

Number of 2D video vertical active lines [7:0]. 
Value After Reset: 0x0 

 
fc_invact_2d_1 
Description: Frame Composer Input Video VActive pixels Register 1 
Size: 8 bits 
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Offset: 0x10ea 
Bits Name Attr Description 
7:4   Reserved for future use. 
3:0 fc_invact_2d_1 R/W 2D Input video vertical active pixel region width. 

Number of 2D video vertical active lines [11:8]. 
Value After Reset: 0x0 

 
fc_gmd_stat 
Description: Frame Composer GMD Packet Status Register 
Gamut metadata packet status bit information for no_current_gmd, next_gmd_field, 
gmd_packet_sequence and current_gamut_seq_num. For more information, refer to the 
HDMI 1.4b specification. 
Size: 8 bits 
Offset: 0x1100 

Bits Name Attr Description 
7 igmdno_crnt_gbd R Gamut scheduling: No current gamut data 

Value After Reset: 0x0 
6 igmddnext_field R Gamut scheduling: Gamut Next field 

Value After Reset: 0x0 
5:4 igmdpacket_seq R Gamut scheduling: Gamut packet sequence 

Value After Reset: 0x0 
3:0 igmdcurrent_gamut_se

q_num 
R Gamut scheduling: Current Gamut packet sequence 

number 
Value After Reset: 0x0 

 
fc_gmd_en 
Description: Frame Composer GMD Packet Enable Register 
This register enables Gamut metadata (GMD) packet transmission. Packets are inserted in 
the incoming frame, starting in the line where active Vsync indication starts. After enable of 
GMD packets the outgoing packet is sent with no_current_gmd active indication until update 
GMD request is performed in the controller. 
Size: 8 bits 
Offset: 0x1101 

Bits Name Attr Description 
7:1   Reserved for future use. 
0 gmdenabletx R/W Gamut Metadata packet transmission enable (1b) 

Value After Reset: 0x0 
 
fc_gmd_up 
Description: Frame Composer GMD Packet Update Register 
This register performs an GMD packet content update according to the configured packet 
body (FC_GMD_PB0 to FC_GMD_PB27) and packet header (FC_GMD_HB). This active high 
auto clear register reflects the body and header configurations on the GMD packets sent 
arbitrating the current_gamut_seq_num, gmd_packet_sequence and next_gmd_field bits on 
packet to correctly indicate to source the Gamut change to be performed. After enable GMD 
packets the first update request is also responsible for deactivating the no_current_gmd 
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indication bit. 
Attention packet update request must only be done after correct configuration of GMD 
packet body and header registers. Correct affected_gamut_seq_num and gmd_profile 
configuration is user responsibility and must convey with HDMI 1.4b standard gamut rules. 
Size: 8 bits 
Offset: 0x1102 

Bits Name Attr Description 
7:1   Reserved for future use. 
0 gmdupdatepacket W Gamut Metadata packet update 

Value After Reset: 0x0 
 
fc_gmd_conf 
Description: Frame Composer GMD Packet Schedule Configuration Register 
This register configures the number of GMD packets to be inserted per frame (starting 
always in the line where the active Vsync appears) and the line spacing between the 
transmitted GMD packets. 
Note that for profile P0 (refer to the HDMI 1.4b specification) this register should only 
indicate one GMD packet to be inserted per video field. 
Size: 8 bits 
Offset: 0x1103 

Bits Name Attr Description 
7:4 gmdpacketsinframe R/W Number of GMD packets per frame or video field 

(profile P0) 
Value After Reset: 0x1 

3:0 gmdpacketlinespacing R/W Number of line spacing between the transmitted 
GMD packets 
Value After Reset: 0x0 

 
fc_gmd_hb 
Description: Frame Composer GMD Packet Profile and Gamut Sequence Configuration 
Register 
This register configures the GMD packet header affected_gamut_seq_num and gmd_profile 
bits. For more information, refer to the HDMI 1.4b specification. 
Size: 8 bits 
Offset: 0x1104 

Bits Name Attr Description 
7   Reserved for future use. 
6:4 gmdgbd_profile R/W GMD profile bits. Hdmi_tx only supports Profile 0 

(P0) of the Gamut Boundary Description Metadata 
Profiles described in the HDMI 1.4 Specification 
(which defines four profiles, P0-P4). 
Value After Reset: 0x0 

3:0 gmdaffected_gamut_se
q_num 

R/W Affected gamut sequence number 
Value After Reset: 0x0 

 
fc_gmd_pb[0:27] 
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Description: Frame Composer GMD Packet Body Register Array Configures the GMD packet 
body of the GMD packet. 
Size: 8 bits 
Offset: 0x1105 + (i * 0x1) 

Bits Name Attr Description 
7:0 fc_gmd_pb R/W Frame Composer GMD Packet Body Register Array 

Value After Reset: 0x0 
 
fc_amp_hb1 
Description: Frame Composer AMP Packet Header Register 1 
Size: 8 bits 
Offset: 0x1128 

Bits Name Attr Description 
7:0 fc_amp_hb0 R/W Frame Composer AMP Packet Header Register 1 

Value After Reset: 0x0 
 
fc_amp_hb2 
Description: Frame Composer AMP Packet Header Register 2 
Size: 8 bits 
Offset: 0x1129 

Bits Name Attr Description 
7:0 fc_amp_hb1 R/W Frame Composer AMP Packet Header Register 2 

Value After Reset: 0x0 
 
fc_amp_pb[0:27] 
Description: Frame Composer AMP Packet Body Register Array 
Size: 8 bits 
Offset: 0x112a + (i * 0x1) 

Bits Name Attr Description 
7:0 fc_amp_pb R/W Frame Composer AMP Packet Body Register Array 

Value After Reset: 0x0 
 
fc_nvbi_hb1 
Description: Frame Composer NTSC VBI Packet Header Register 1 
Size: 8 bits 
Offset: 0x1148 

Bits Name Attr description 
7:0 fc_nvbi_hb0 R/W Frame Composer NTSC VBI Packet Header Register 1 

Value After Reset: 0x0 
 
fc_nvbi_hb2 
Description: Frame Composer NTSC VBI Packet Header Register 2 
Size: 8 bits 
Offset: 0x1149 

Bits Name Attr Description 
7:0 fc_nvbi_hb1 R/W Frame Composer NTSC VBI Packet Header Register 2 
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Value After Reset: 0x0 
 
fc_nvbi_pb[0:26] 
Description: Frame Composer NTSC VBI Packet Body Register Array 
Size: 8 bits 
Offset: 0x114a + (i * 0x1) 

Bits Name Attr Description 
7:0 fc_nvbi_pb R/W Frame Composer NTSC VBI Packet Body Register 

Array 
Value After Reset: 0x0 

 
fc_drm_up 
Description: Frame Composer DRM Packet Update Register 
This register performs an DRM packet content update according to the configured packet 
body (FC_DRM_PB0 to FC_DRM_PB27) and packet header (FC_DRM_HB). This active high 
auto clear register reflects the body and header configurations on the DRM packets change 
to be performed. 
Attention packet update request must only be done after correct configuration of DRM 
packet body and header registers. 
Size: 8 bits 
Offset: 0x1167 

Bits Name Attr Description 
7:1   Reserved for future use. 
0 drmpacketupdate W DRM packet update Value After Reset: 0x0  
 
fc_drm_hb[0:1] 
Description: Frame Composer DRM Packet Header Register Array 
Size: 8 bits 
Offset: 0x1168 + (i * 0x1) 

Bits Name Attr Description 
7:0 fc_drm_hb R/W Frame Composer DRM Packet Header Register Array 

Value After Reset: 0x0 
 
fc_drm_pb[0:26] 
Description: Frame Composer DRM Packet Body Register Array 
Size: 8 bits 
Offset: 0x116a + (i * 0x1) 

Bits Name Attr Description 
7:0 fc_drm_pb R/W Frame Composer DRM Packet Body Register Array 

Value After Reset: 0x0 
 
fc_dbgforce 
Description: Frame Composer video/audio Force Enable Register 
This register allows to force the controller to output audio and video data the values 
configured in the FC_DBGAUD and FC_DBGTMDS registers. 
Size: 8 bits 
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Offset: 0x1200 
Bits Name Attr Description 
7:5   Reserved for future use. 
4 forceaudio R/W Force fixed audio output with FC_DBGAUDxCHx 

register contents. 
Value After Reset: 0x0 

3:1   Reserved for future use. 
0 forcevideo R/W Force fixed video output with FC_DBGTMDSx register 

contents. 
Value After Reset: 0x0 

 
fc_dbgaud0ch0 
Description: Frame Composer Audio Data Channel 0 Register 0 
Configures the audio fixed data to be used in channel 0 when in fixed audio selection. 
Size: 8 bits 
Offset: 0x1201 

Bits Name Attr Description 
7:0 fc_dbgaud0ch0 R/W Frame Composer Audio Data Channel 0 Register 0 

Value After Reset: 0x0 
 
fc_dbgaud1ch0 
Description: Frame Composer Audio Data Channel 0 Register 1 
Configures the audio fixed data to be used in channel 0 when in fixed audio selection. 
Size: 8 bits 
Offset: 0x1202 

Bits Name Attr Description 
7:0 fc_dbgaud1ch0 R/W Frame Composer Audio Data Channel 0 Register 1 

Value After Reset: 0x0 
 
fc_dbgaud2ch0 
Description: Frame Composer Audio Data Channel 0 Register 2 
Configures the audio fixed data to be used in channel 0 when in fixed audio selection. 
Size: 8 bits 
Offset: 0x1203 

Bits Name Attr Description 
7:0 fc_dbgaud2ch0 R/W Frame Composer Audio Data Channel 0 Register 2 

Value After Reset: 0x0 
 
fc_dbgaud0ch1 
Description: Frame Composer Audio Data Channel 1 Register 0 
Configures the audio fixed data to be used in channel 1 when in fixed audio selection. 
Size: 8 bits 
Offset: 0x1204 

Bits Name Attr Description 
7:0 fc_dbgaud0ch1 R/W Frame Composer Audio Data Channel 1 Register 0 

Value After Reset: 0x0 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2466 

 
fc_dbgaud1ch1 
Description: Frame Composer Audio Data Channel 1 Register 1 
Configures the audio fixed data to be used in channel 1 when in fixed audio selection. 
Size: 8 bits 
Offset: 0x1205 

Bits Name Attr Description 
7:0 fc_dbgaud1ch1 R/W Frame Composer Audio Data Channel 1 Register 1 

Value After Reset: 0x0 
 
fc_dbgaud2ch1 
Description: Frame Composer Audio Data Channel 1 Register 2 
Configures the audio fixed data to be used in channel 1 when in fixed audio selection. 
Size: 8 bits 
Offset: 0x1206 

Bits Name Attr Description 
7:0 fc_dbgaud2ch1 R/W Frame Composer Audio Data Channel 1 Register 2 

Value After Reset: 0x0 
 
fc_dbgaud0ch2 
Description: Frame Composer Audio Data Channel 2 Register 0 
Configures the audio fixed data to be used in channel 2 when in fixed audio selection. 
Size: 8 bits 
Offset: 0x1207 

Bits Name Attr Description 
7:0 fc_dbgaud0ch2 R/W Frame Composer Audio Data Channel 2 Register 0 

Value After Reset: 0x0 
 
fc_dbgaud1ch2 
Description: Frame Composer Audio Data Channel 2 Register 1 
Configures the audio fixed data to be used in channel 2 when in fixed audio selection. 
Size: 8 bits Offset: 0x1208  

Bits Name Attr Description 
7:0 fc_dbgaud1ch2 R/W Frame Composer Audio Data Channel 2 Register 1 

Value After Reset: 0x0 
 
fc_dbgaud2ch2 
Description: Frame Composer Audio Data Channel 2 Register 2 
Configures the audio fixed data to be used in channel 2 when in fixed audio selection. 
Size: 8 bits 
Offset: 0x1209 

Bits Name Attr Description 
7:0 fc_dbgaud2ch2 R/W Frame Composer Audio Data Channel 2 Register 2 

Value After Reset: 0x0 
 
fc_dbgaud0ch3 
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Description: Frame Composer Audio Data Channel 3 Register 0 
Configures the audio fixed data to be used in channel 3 when in fixed audio selection. 
Size: 8 bits 
Offset: 0x120a 

Bits Name Attr Description 
7:0 fc_dbgaud0ch3 R/W Frame Composer Audio Data Channel 3 Register 0 

Value After Reset: 0x0 
 
 
fc_dbgaud1ch3 
Description: Frame Composer Audio Data Channel 3 Register 1 
Configures the audio fixed data to be used in channel 3 when in fixed audio selection. 
Size: 8 bits 
Offset: 0x120b 

Bits Name Attr Description 
7:0 fc_dbgaud1ch3 R/W Frame Composer Audio Data Channel 3 Register 1 

Value After Reset: 0x0 
 
fc_dbgaud2ch3 
Description: Frame Composer Audio Data Channel 3 Register 2 
Configures the audio fixed data to be used in channel 3 when in fixed audio selection. 
Size: 8 bits 
Offset: 0x120c 

Bits Name Attr Description 
7:0 fc_dbgaud2ch3 R/W Frame Composer Audio Data Channel 3 Register 2 

Value After Reset: 0x0 
 
fc_dbgaud0ch4 
Description: Frame Composer Audio Data Channel 4 Register 0 
Configures the audio fixed data to be used in channel 4 when in fixed audio selection. 
Size: 8 bits 
Offset: 0x120d 

Bits Name Attr Description 
7:0 fc_dbgaud0ch4 R/W Frame Composer Audio Data Channel 4 Register 0 

Value After Reset: 0x0 
 

 
fc_dbgaud1ch4 
Description: Frame Composer Audio Data Channel 4 Register 1 
Configures the audio fixed data to be used in channel 4 when in fixed audio selection. 
Size: 8 bits 
Offset: 0x120e 

Bits Name Attr Description 
7:0 fc_dbgaud1ch4 R/W Frame Composer Audio Data Channel 4 Register 1 

Value After Reset: 0x0 
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fc_dbgaud2ch4 
Description: Frame Composer Audio Data Channel 4 Register 2 
Configures the audio fixed data to be used in channel 4 when in fixed audio selection. 
Size: 8 bits 
Offset: 0x120f 

Bits Name Attr Description 
7:0 fc_dbgaud2ch4 R/W Frame Composer Audio Data Channel 4 Register 2 

Value After Reset: 0x0 
 
fc_dbgaud0ch5 
Description: Frame Composer Audio Data Channel 5 Register 0 
Configures the audio fixed data to be used in channel 5 when in fixed audio selection. 
Size: 8 bits 
Offset: 0x1210 

Bits Name Attr Description 
7:0 fc_dbgaud0ch5 R/W Frame Composer Audio Data Channel 5 Register 0 

Value After Reset: 0x0 
 
fc_dbgaud1ch5 
Description: Frame Composer Audio Data Channel 5 Register 1 
Configures the audio fixed data to be used in channel 5 when in fixed audio selection. 
Size: 8 bits 
Offset: 0x1211 

Bits Name Attr Description 
7:0 fc_dbgaud1ch5 R/W Frame Composer Audio Data Channel 5 Register 1 

Value After Reset: 0x0 
 
fc_dbgaud2ch5 
Description: Frame Composer Audio Data Channel 5 Register 2 
Configures the audio fixed data to be used in channel 5 when in fixed audio selection. 
Size: 8 bits 
Offset: 0x1212 

Bits Name Attr Description 
7:0 fc_dbgaud2ch5 R/W Frame Composer Audio Data Channel 5 Register 2 

Value After Reset: 0x0 
 
fc_dbgaud0ch6 
Description: Frame Composer Audio Data Channel 6 Register 0 
Configures the audio fixed data to be used in channel 6 when in fixed audio selection. 
Size: 8 bits 
Offset: 0x1213 

Bits Name Attr Description 
7:0 fc_dbgaud0ch6 R/W Frame Composer Audio Data Channel 6 Register 0 

Value After Reset: 0x0 
 
fc_dbgaud1ch6 
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Description: Frame Composer Audio Data Channel 6 Register 1 
Configures the audio fixed data to be used in channel 6 when in fixed audio selection. 
Size: 8 bits 
Offset: 0x1214 

Bits Name Attr Description 
7:0 fc_dbgaud1ch6 R/W Frame Composer Audio Data Channel 6 Register 1 

Value After Reset: 0x0 
 
fc_dbgaud2ch6 
Description: Frame Composer Audio Data Channel 6 Register 2 
Configures the audio fixed data to be used in channel 6 when in fixed audio selection. 
Size: 8 bits 
Offset: 0x1215 

Bits Name Attr Description 
7:0 fc_dbgaud2ch6 R/W Frame Composer Audio Data Channel 6 Register 2 

Value After Reset: 0x0 
 
fc_dbgaud0ch7 
Description: Frame Composer Audio Data Channel 7 Register 0 
Configures the audio fixed data to be used in channel 7 when in fixed audio selection. 
Size: 8 bits 
Offset: 0x1216 

Bits Name Attr Description 
7:0 fc_dbgaud0ch7 R/W Frame Composer Audio Data Channel 7 Register 0 

Value After Reset: 0x0 
 
 
fc_dbgaud1ch7 
Description: Frame Composer Audio Data Channel 7 Register 1 
Configures the audio fixed data to be used in channel 7 when in fixed audio selection. 
Size: 8 bits 
Offset: 0x1217 

Bits Name Attr Description 
7:0 fc_dbgaud1ch7 R/W Frame Composer Audio Data Channel 7 Register 1 

Value After Reset: 0x0 
 
fc_dbgaud2ch7 
Description: Frame Composer Audio Data Channel 7 Register 2 
Configures the audio fixed data to be used in channel 7 when in fixed audio selection. 
Size: 8 bits 
Offset: 0x1218 

Bits Name Attr Description 
7:0 fc_dbgaud2ch7 R/W Frame Composer Audio Data Channel 7 Register 2 

Value After Reset: 0x0 
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fc_dbgtmds[0:2] 
Description: Frame Composer TMDS Data Channel Register Array 
Configures the video fixed data to be used in TMDS channel x (where x is 0 to 2) when in 
fixed video selection. 
For Channel 0, this equals to set B pixel component value in RGB video or Cb pixel 
component value in YCbCr. 
For Channel 1, this equals set G pixel component value in RGB video or Y pixel component 
value in YCbCr. 
For Channel 2, this equals to set R pixel component value in RGB video or Cr pixel 
component value in YCbCr. 
Size: 8 bits 
Offset: 0x1219 + (i * 0x1) 

Bits Name Attr Description 
7:0 fc_dbgtmds R/W Frame Composer TMDS Data Channel 0 Register 

Value After Reset: 0x0 
 
PHYConfiguration Registers 
PHY Configuration Registers. Follow the link for the register to see a detailed description of 
the register. 
Registers for Address Block: PHYConfiguration 

Register Offset Description 
phy_conf0 0x3000 PHY Configuration Register This register holds the 

power down, data enable polarity, and interface... 
phy_tst0 0x3001 PHY Test Interface Register 0 PHY TX mapped test 

interface (control). For more information, refer... 
phy_tst1 0x3002 PHY Test Interface Register 1 PHY TX mapped text 

interface (data in). For more information, refer... 
phy_tst2 0x3003 PHY Test Interface Register 2 PHY TX mapped text 

interface (data out). For more information, refer... 
phy_stat0 0x3004 PHY RXSENSE, PLL Lock, and HPD Status Register 

This register contains the following active high... 
phy_int0 0x3005 PHY RXSENSE, PLL Lock, and HPD Interrupt Register 

This register contains the interrupt indication... 
phy_mask0 0x3006 PHY RXSENSE, PLL Lock, and HPD Mask Register 

Mask register for generation of PHY_INT0... 
phy_pol0 0x3007 PHY RXSENSE, PLL Lock, and HPD Polarity Register 

Polarity register for generation of PHY_INT0... 
PHY_PCLFREQ0 0x3008 PHY Test Interface Register 0 
PHY_PCLFREQ1 0x3009 PHY Test Interface Register 1 
PHY_PLLCFGFREQ0 0x300a PHY PLL Test Interface Register 0 
PHY_PLLCFGFREQ1 0x300b PHY PLL Test Interface Register 1 
PHY_PLLCFGFREQ2 0x300c PHY PLL Test Interface Register 2 
phy_i2cm_slave 0x3020 PHY I2C Slave Address Configuration Register 
phy_i2cm_address 0x3021 PHY I2C Address Configuration Register This register 

writes the address for read and write... 
phy_i2cm_datao_1 0x3022 PHY I2C Data Write Register 1 
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phy_i2cm_datao_0 0x3023 PHY I2C Data Write Register 0 
phy_i2cm_datai_1 0x3024 PHY I2C Data Read Register 1 
phy_i2cm_datai_0 0x3025 PHY I2C Data Read Register 0 
phy_i2cm_operation 0x3026 PHY I2C RD/RD_EXT/WR Operation Register This 

register requests read and write operations from 
the... 

phy_i2cm_int 0x3027 PHY I2C Done Interrupt Register This register 
contains and configures I2C master PHY done... 

Registers for Address Block: PHYConfiguration (Continued) 
Register Offset Description 
phy_i2cm_ctlint 0x3028 PHY I2C error Interrupt Register This register 

contains and configures the I2C master PHY error... 
phy_i2cm_div 0x3029 PHY I2C Speed control Register This register wets 

the I2C Master PHY to work in either Fast or... 
phy_i2cm_softrstz 0x302a PHY I2C SW reset control register This register sets 

the I2C Master PHY software reset. 
phy_i2cm_ss_scl_hcnt_1_addr 0x302b PHY I2C Slow Speed SCL High Level Control 

Register 1 
phy_i2cm_ss_scl_hcnt_0_addr 0x302c PHY I2C Slow Speed SCL High Level Control 

Register 0 
phy_i2cm_ss_scl_lcnt_1_addr 0x302d PHY I2C Slow Speed SCL Low Level Control Register 

1 
phy_i2cm_ss_scl_lcnt_0_addr 0x302e PHY I2C Slow Speed SCL Low Level Control Register 

0 
phy_i2cm_fs_scl_hcnt_1_addr 0x302f PHY I2C Fast Speed SCL High Level Control Register 

1 
phy_i2cm_fs_scl_hcnt_0_addr 0x3030 PHY I2C Fast Speed SCL High Level Control Register 

0 
phy_i2cm_fs_scl_lcnt_1_addr 0x3031 PHY I2C Fast Speed SCL Low Level Control Register 

1 
phy_i2cm_fs_scl_lcnt_0_addr 0x3032 PHY I2C Fast Speed SCL Low Level Control Register 

0 
phy_i2cm_sda_hold 0x3033 PHY I2C SDA HOLD Control Register 
jtag_phy_config 0x3034 PHY I2C/JTAG I/O Configuration Control Register 
jtag_phy_tap_tck 0x3035 PHY JTAG Clock Control Register 
jtag_phy_tap_in 0x3036 PHY JTAG TAP In Control Register 
jtag_phy_tap_out 0x3037 PHY JTAG TAP Out Control Register 
jtag_phy_addr 0x3038 PHY JTAG Address Control Register 
 
phy_conf0 
Description: PHY Configuration Register 
This register holds the power down, data enable polarity, and interface control of the HDMI 
Source PHY control. 
Size: 8 bits 
Offset: 0x3000 
Bits Name Attr description 
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7 PDZ R/W Power-down enable (active low 0b). Otherwise, this 
field is a "spare" bit with no associated functionality. 
Value After Reset: 0x0 

6 ENTMDS R/W Enable TMDS drivers, bias, and TMDS digital logic. 
Otherwise, this field is a "spare" bit with no 
associated functionality. 
Value After Reset: 0x0 

5 svsret R/W PHY SVSRET signal. Otherwise, this field is a "spare" 
bit with no associated functionality. 
Value After Reset: 0x0 

4 pddq R/W PHY PDDQ signal. Otherwise, this field is a "spare" 
bit with no associated functionality. 
Value After Reset: "(PHY_MHL_COMBO== 1) ? 1 : 
0" 

3 txpwron R/W PHY TXPWRON signal. Otherwise, this field is a 
"spare" bit with no associated functionality. 
Value After Reset: 0x0 

2 enhpdrxsense R/W PHY ENHPDRXSENSE signal. Otherwise, this field is a 
"spare" bit with no associated functionality. 
Value After Reset: 0x1 

1 seldataenpol R/W Select data enable polarity. Value After Reset: 0x1  
0 seldipif R/W Select interface control. Value After Reset: 0x0  
 
phy_tst0 
Description: PHY Test Interface Register 0 
PHY TX mapped test interface (control). 
Size: 8 bits 
Offset: 0x3001 

Bits Name Attr Description 
7:6 spare_2 R/W Reserved as "spare" bit with no associated 

functionality. 
Value After Reset: 0x0 

5 testclr R/W Test Clear signal. Otherwise, this field is a "spare" 
bit with no associated functionality. 
Value After Reset: 0x0 

4 testen R/W Test Enable signal. Otherwise, this field is a "spare" 
bit with no associated functionality. 
Value After Reset: 0x0 

3:1 spare_1 R/W Reserved as "spare" bit with no associated 
functionality. 
Value After Reset: 0x0 

0 testclk R/W Test Clock signal. Otherwise, this field is a "spare" 
bit with no associated functionality. 
Value After Reset: 0x0 

 
phy_tst1 
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Description: PHY Test Interface Register 1 
PHY TX mapped text interface (data in). 
Size: 8 bits 
Offset: 0x3002 

Bits Name Attr Description 
7:0 testdin R/W Test Data input Otherwise, this field is a "spare" bit 

with no associated functionality. 
Value After Reset: 0x0 

 
phy_tst2 
Description: PHY Test Interface Register 2 
PHY TX mapped text interface (data out). 
Size: 8 bits 
Offset: 0x3003 
Bits Name Attr Description 
7:0 testdout R Test Data output. Otherwise, this field is a "spare" 

bit with no associated functionality. 
Value After Reset: 0x0 

 
phy_stat0 
Description: PHY RXSENSE, PLL Lock, and HPD Status Register 
This register contains the following active high packet sent status indications. 
Size: 8 bits 
Offset: 0x3004 

Bits Name Attr Description 
7 RX_SENSE_3 R Status bit. TX PHY RX_SENSE indication for TMDS 

channel 3 driver. You may need to mask or change 
polarity of this interrupt after it has became active. 
Value After Reset: 0x0 

6 RX_SENSE_2 R Status bit. TX PHY RX_SENSE indication for TMDS 
channel 2 driver. You may need to mask or change 
polarity of this interrupt after it has became active. 
Value After Reset: 0x0 

5 RX_SENSE_1 R Status bit. TX PHY RX_SENSE indication for TMDS 
channel 1 driver. You may need to mask or change 
polarity of this interrupt after it has became active. 
Value After Reset: 0x0 

4 RX_SENSE_0 R Status bit. TX PHY RX_SENSE indication for TMDS 
channel 0 driver. You may need to mask or change 
polarity of this interrupt after it has became active. 
Value After Reset: 0x0 

3:2   Reserved for future use. 
1 HPD R Status bit. HDMI Hot Plug Detect indication. You may 

need to mask or change polarity of this interrupt 
after it has became active. 
Value After Reset: 0x0 
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Bits Name Attr Description 
0 TX_PHY_LOCK R Status bit. TX PHY PLL lock indication. You may need 

to mask or change polarity of this interrupt after it 
has became active. 
Value After Reset: 0x0 

 
phy_int0 
Description: PHY RXSENSE, PLL Lock, and HPD Interrupt Register 
This register contains the interrupt indication of the PHY_STAT0 status interrupts. Interrupt 
generation is accomplished in the following way: 
interrupt = (mask == 1'b0) && (polarity == status); 
All these interrupts are forwarded to the Interrupt Handler sticky bit register ih_phy_stat0 
and after ORed to a single main interrupt line to micro controller. Assertion of this interrupt 
implies that data related with the corresponding packet has been sent through the HDMI 
interface. 
Size: 8 bits 
Offset: 0x3005 

Bits Name Attr Description 
7 RX_SENSE_3 R Interrupt indication bit. TX PHY RX_SENSE indication 

interruption for TMDS CLK driver. 
Value After Reset: 0x0 

6 RX_SENSE_2 R Interrupt indication bit. TX PHY RX_SENSE indication 
interruption for TMDS channel 2 driver. 
Value After Reset: 0x0 

5 RX_SENSE_1 R Interrupt indication bit. TX PHY RX_SENSE indication 
interruption for TMDS channel 1 driver. 
Value After Reset: 0x0 

4 RX_SENSE_0 R Interrupt indication bit. TX PHY RX_SENSE indication 
interruption for TMDS channel 0 driver. 
Value After Reset: 0x0 

3:2   Reserved for future use. 
1 HPD R Interrupt indication bit. HDMI Hot Plug Detect 

indication interrupt. 
Value After Reset: 0x0 

0 TX_PHY_LOCK R Interrupt indication bit. TX PHY PLL lock indication 
interrupt. 
Value After Reset: 0x0 

 
phy_mask0 
Description: PHY RXSENSE, PLL Lock, and HPD Mask Register Mask register for generation of 
PHY_INT0 interrupts. 
Size: 8 bits 
Offset: 0x3006 

Bits Name Attr Description 
7 RX_SENSE_3 R/W Mask bit for PHY_INT0.RX_SENSE[3] interrupt bit 

Value After Reset: 0x0 
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6 RX_SENSE_2 R/W Mask bit for PHY_INT0.RX_SENSE[2] interrupt bit 
Value After Reset: 0x0 

5 RX_SENSE_1 R/W Mask bit for PHY_INT0.RX_SENSE[1] interrupt bit 
Value After Reset: 0x0 

4 RX_SENSE_0 R/W Mask bit for PHY_INT0.RX_SENSE[0] interrupt bit 
Value After Reset: 0x0 

3:2   Reserved for future use. 
1 HPD R/W Mask bit for PHY_INT0.HPD interrupt bit 

Value After Reset: 0x0 
0 TX_PHY_LOCK R/W Mask bit for PHY_INT0.TX_PHY_LOCK interrupt bit 

Value After Reset: 0x0 
 
phy_pol0 
Description: PHY RXSENSE, PLL Lock, and HPD Polarity Register Polarity register for 
generation of PHY_INT0 interrupts. 
Size: 8 bits 
Offset: 0x3007 
Bits Name Attr Description 
7 RX_SENSE_3 R/W Polarity bit for PHY_INT0.RX_SENSE[3] interrupt bit 

Value After Reset: 0x1 
6 RX_SENSE_2 R/W Polarity bit for PHY_INT0.RX_SENSE[2] interrupt bit 

Value After Reset: 0x1 
5 RX_SENSE_1 R/W Polarity bit for PHY_INT0.RX_SENSE[1] interrupt bit 

Value After Reset: 0x1 
4 RX_SENSE_0 R/W Polarity bit for PHY_INT0.RX_SENSE[0] interrupt bit 

Value After Reset: 0x1 
3:2   Reserved for future use. 
1 HPD R/W Polarity bit for PHY_INT0.HPD interrupt bit 

Value After Reset: 0x1 
0 TX_PHY_LOCK R/W Polarity bit for PHY_INT0.TX_PHY_LOCK interrupt bit 

Value After Reset: 0x1 
 
 
PHY_PCLFREQ0 
Description: PHY Test Interface Register 0 
Size: 8 bits 
Offset: 0x3008 
Bits Name Attr Description 
7:0 pclk_freq R/W Pixel Clock Frequency (pclk_freq[7:0]). 

Value After Reset: 0x32 
 
PHY_PCLFREQ1 
Description: PHY Test Interface Register 1 
Size: 8 bits 
Offset: 0x3009 
Bits Name Attr Description 
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7:2   Reserved for future use. 
1:0 pclk_freq R/W Pixel Clock Frequency (pclk_freq[9:8]). 

Value After Reset: 0x0 
 
PHY_PLLCFGFREQ0 
Description: PHY PLL Test Interface Register 0 
Size: 8 bits 
Offset: 0x300a 
Bits Name Attr Description 
7:0 pllcfgfreq R/W PLL Configuration Frequency (pllcfgfreq[7:0]). 

Value After Reset: 0x20 
 
PHY_PLLCFGFREQ1 
Description: PHY PLL Test Interface Register 1 
Size: 8 bits 
Offset: 0x300b 
Bits Name Attr Description 
7:0 pllcfgfreq R/W PLL Configuration Frequency (pllcfgfreq[15:8]). 

Value After Reset: 0x27 
 
PHY_PLLCFGFREQ2 
Description: PHY PLL Test Interface Register 2 
Size: 8 bits 
Offset: 0x300c 
Bits Name Attr Description 
7:0 pllcfgfreq R/W PLL Configuration Frequency (pllcfgfreq[23:16]). 

Value After Reset: 0x0 
 
phy_i2cm_slave 
Description: PHY I2C Slave Address Configuration Register 
Size: 8 bits 
Offset: 0x3020 
Bits Name Attr Description 
7   Reserved for future use. 
6:0 slaveaddr R/W Slave address to be sent during read and write 

operations. 
PHY Gen2 slave address: 7'h69 
HEAC PHY slave address: 7'h49 
Value After Reset: 0x0 

 
phy_i2cm_address 
Description: PHY I2C Address Configuration Register 
This register writes the address for read and write operations. 
Size: 8 bits 
Offset: 0x3021 
Bits Name Attr Description 
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7:0 address R/W Register address for read and write operations 
Value After Reset: 0x0 

 
phy_i2cm_datao_1 
Description: PHY I2C Data Write Register 1 
Size: 8 bits 
Offset: 0x3022 
Bits Name Attr Description 
7:0 datao R/W Data MSB (datao[15:8]) to be written on register 

pointed by phy_i2cm_address [7:0]. 
Value After Reset: 0x0 

 
 
phy_i2cm_datao_0 
Description: PHY I2C Data Write Register 0 
Size: 8 bits 
Offset: 0x3023 
Bits Name Attr Description 
7:0 datao R/W Data LSB (datao[7:0]) to be written on register 

pointed by phy_i2cm_address [7:0]. 
Value After Reset: 0x0 

 
phy_i2cm_datai_1 
Description: PHY I2C Data Read Register 1 
Size: 8 bits 
Offset: 0x3024 
Bits Name Attr Description 
7:0 datai R Data MSB (datai[15:8]) read from register pointed by 

phy_i2cm_address[7:0]. 
Value After Reset: 0x0 

 
phy_i2cm_datai_0 
Description: PHY I2C Data Read Register 0 
Size: 8 bits 
Offset: 0x3025 
Bits Name Attr Description 
7:0 datai R Data LSB (datai[7:0]) read from register pointed by 

phy_i2cm_address[7:0]. 
Value After Reset: 0x0 

 
phy_i2cm_operation 
Description: PHY I2C RD/RD_EXT/WR Operation Register 
This register requests read and write operations from the I2C Master PHY. This register can 
only be written; reading this register always results in 00h. Writing 1'b1 simultaneously to 
read and write requests is considered a read request. 
Size: 8 bits 
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Offset: 0x3026 
Bits Name Attr Description 
7:5   Reserved for future use. 
4 wr W Write operation request Value After Reset: 0x0  
3:1   Reserved for future use. 
0 rd W Read operation request Value After Reset: 0x0  
 
phy_i2cm_int 
Description: PHY I2C Done Interrupt Register 
This register contains and configures I2C master PHY done interrupt. 
Size: 8 bits 
Offset: 0x3027 
Bits Name Attr Description 
7:4   Reserved for future use. 
3 done_pol R/W Done interrupt polarity configuration 

Value After Reset: 0x1 
2 done_mask R/W Done interrupt mask signal Value After Reset: 0x0  
1 done_interrupt R Operation done interrupt bit. Only lasts for 1 SFR 

clock cycle and is auto cleared after it. 
{done_interrupt = (done_mask==0b) && 
(done_status==done_pol)} 
Value After Reset: 0x0 

0 done_status R Operation done status bit. Marks the end of a read or 
write operation. 
Value After Reset: 0x0 

 
phy_i2cm_ctlint 
Description: PHY I2C error Interrupt Register 
This register contains and configures the I2C master PHY error interrupts. 
Size: 8 bits 
Offset: 0x3028 
Bits Name Attr Description 
7 nack_pol R/W Not acknowledge error interrupt polarity 

configuration 
Value After Reset: 0x1 

6 nack_mask R/W Not acknowledge error interrupt mask signal 
Value After Reset: 0x0 

5 nack_interrupt R Not acknowledge error interrupt bit. Only lasts for 
one SFR clock cycle and is auto cleared after it. 
{nack_interrupt = (nack_mask==0b) && 
(nack_status==nack_pol)}. Note: This bit field is 
read by the sticky bits present on the 
ih_i2cmphy_stat0 register. 
Value After Reset: 0x0 

4 nack_status R Not acknowledge error status bit. Error on I2C not 
acknowledge. Note: This bit field is read by the sticky 
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Bits Name Attr Description 
bits present on the ih_i2cmphy_stat0 register. 
Value After Reset: 0x0 

3 arbitration_pol R/W Arbitration error interrupt polarity configuration. 
Value After Reset: 0x1 

2 arbitration_mask R/W Arbitration error interrupt mask signal. 
Value After Reset: 0x0 

1 arbitration_interrupt R Arbitration error interrupt bit 
{arbitration_interrupt = (arbitration_mask==0b) && 
(arbitration_status==arbitration_pol)} 
Note: This bit field is read by the sticky bits present 
on the ih_i2cmphy_stat0 register. 
Value After Reset: 0x0 

 
Fields for Register: phy_i2cm_ctlint (Continued) 
Bits Name Attr Description 
0 arbitration_status R Arbitration error status bit. Error on master I2C 

protocol arbitration. Only lasts for one SFR clock 
cycle and is auto cleared after it. 
Note: This bit field is read by the sticky bits present 
on the ih_i2cmphy_stat0 register. 
Value After Reset: 0x0 

 
phy_i2cm_div 
Description: PHY I2C Speed control Register 
This register wets the I2C Master PHY to work in either Fast or Standard mode. 
Size: 8 bits 
Offset: 0x3029 
Bits Name Attr Description 
7:4   Reserved for future use. 
3 fast_std_mode R/W Sets the I2C Master to work in Fast Mode or Standard 

Mode: 1: Fast Mode 
0: Standard Mode Value After Reset: 0x1  

2:0 spare R/W Reserved as "spare" register with no associated 
functionality. 
Value After Reset: 0x3 

 
phy_i2cm_softrstz 
Description: PHY I2C SW reset control register 
This register sets the I2C Master PHY software reset. 
Size: 8 bits 
Offset: 0x302a 
Bits Name Attr Description 
7:1   Reserved for future use. 
0 i2c_softrstz R/W I2C Master Software Reset. Active by writing a zero 

and auto cleared to one in the following cycle. 
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Bits Name Attr Description 
Value After Reset: 0x1 

 
phy_i2cm_ss_scl_hcnt_1_addr 
Description: PHY I2C Slow Speed SCL High Level Control Register 1 
Size: 8 bits 
Offset: 0x302b 
Bits Name Attr Description 
7:0 i2cmp_ss_scl_hcnt1 R/W PHY I2C Slow Speed SCL High Level Control Register 

1 
Value After Reset: 0x0 

 
phy_i2cm_ss_scl_hcnt_0_addr 
Description: PHY I2C Slow Speed SCL High Level Control Register 0 
Size: 8 bits 
Offset: 0x302c 
Bits Name Attr Description 
7:0 i2cmp_ss_scl_hcnt0 R/W PHY I2C Slow Speed SCL High Level Control Register 

0 
Value After Reset: 0x6c 

 
phy_i2cm_ss_scl_lcnt_1_addr 
Description: PHY I2C Slow Speed SCL Low Level Control Register 1 
Size: 8 bits 
Offset: 0x302d 
Bits Name Attr Description 
7:0 i2cmp_ss_scl_lcnt1 R/W PHY I2C Slow Speed SCL Low Level Control Register 

1 
Value After Reset: 0x0 

 
phy_i2cm_ss_scl_lcnt_0_addr 
Description: PHY I2C Slow Speed SCL Low Level Control Register 0 
Size: 8 bits 
Offset: 0x302e 
Bits Name Attr Description 
7:0 i2cmp_ss_scl_lcnt0 R/W PHY I2C Slow Speed SCL Low Level Control Register 

0 
Value After Reset: 0x7f 

 
phy_i2cm_fs_scl_hcnt_1_addr 
Description: PHY I2C Fast Speed SCL High Level Control Register 1 
Size: 8 bits 
Offset: 0x302f 
Bits Name Attr Description 
7:0 i2cmp_fs_scl_hcnt1 R/W PHY I2C Fast Speed SCL High Level Control Register 

1 
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Value After Reset: 0x0 
 
phy_i2cm_fs_scl_hcnt_0_addr 
Description: PHY I2C Fast Speed SCL High Level Control Register 0 
Size: 8 bits 
Offset: 0x3030 
Bits Name Attr Description 
7:0 i2cmp_fs_scl_hcnt0 R/W PHY I2C Fast Speed SCL High Level Control Register 

0 
Value After Reset: 0x11 

 
phy_i2cm_fs_scl_lcnt_1_addr 
Description: PHY I2C Fast Speed SCL Low Level Control Register 1 
Size: 8 bits 
Offset: 0x3031 
Bits Name Attr Description 
7:0 i2cmp_fs_scl_lcnt1 R/W PHY I2C Fast Speed SCL Low Level Control Register 1 

Value After Reset: 0x0 
 
phy_i2cm_fs_scl_lcnt_0_addr 
Description: PHY I2C Fast Speed SCL Low Level Control Register 0 
Size: 8 bits 
Offset: 0x3032 
Bits Name Attr Description 
7:0 i2cmp_fs_scl_lcnt0 R/W PHY I2C Fast Speed SCL Low Level Control Register 0 

Value After Reset: 0x24 
 
phy_i2cm_sda_hold 
Description: PHY I2C SDA HOLD Control Register 
Size: 8 bits 
Offset: 0x3033 
Bits Name Attr Description 
7:0 osda_hold R/W Defines the number of SFR clock cycles to meet 

tHD:DAT (300 ns) 
osda_hold = round_to_high_integer (300 ns / (1/ 
isfrclk_frequency)) 
Value After Reset: 0x9 

 
jtag_phy_config 
Description: PHY I2C/JTAG I/O Configuration Control Register 
Size: 8 bits 
Offset: 0x3034 
Bits Name Attr Description 
7:5   Reserved for future use. 
4 i2c_jtagz R/W Configures the JTAG PHY interface output pin 

I2C_JTAGZ to select the PHY configuration interface 
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Bits Name Attr Description 
when in internal control mode (iphy_ext_ctrl=1'b0) 
or ophyext_jtag_i2c_jtagz when PHY_EXTERNAL=1. 
1'b0: JTAG configuration Interface 
1'b1: I2C configuration Interface 
Value After Reset: 0x1 

3:1   Reserved for future use. 
0 jtag_trst_n R/W Configures the JTAG PHY interface output pin 

JTAG_TRST_N when in internal control mode 
(iphy_ext_ctrl=1'b0) or ophyext_jtag_trst_n when 
PHY_EXTERNAL=1. 
Value After Reset: 0x1 

 
jtag_phy_tap_tck 
Description: PHY JTAG Clock Control Register 
Size: 8 bits 
Offset: 0x3035 
Bits Name Attr Description 
7:1   Reserved for future use. 
0 jtag_tck R/W Configures the JTAG PHY interface pin JTAG_TCK 

when in internal control mode (iphy_ext_ctrl=1'b0) 
or ophyext_jtag_tck when PHY_EXTERNAL=1. 
Value After Reset: 0x0 

 
jtag_phy_tap_in 
Description: PHY JTAG TAP In Control Register 
Size: 8 bits 
Offset: 0x3036 
Bits Name Attr Description 
7:5   Reserved for future use. 
4 jtag_tms R/W Configures the JTAG PHY interface pin JTAG_TMS 

when in internal control mode (iphy_ext_ctrl=1'b0) 
or ophyext_jtag_tms when PHY_EXTERNAL=1. Value 
After Reset: 0x1 

3:1   Reserved for future use. 
0 jtag_tdi R/W Configures the JTAG PHY interface pin JTAG_TDI 

when in internal control mode (iphy_ext_ctrl=1'b0) 
or ophyext_jtag_tdi when PHY_EXTERNAL=1. 
Value After Reset: 0x0 

 
jtag_phy_tap_out 
Description: PHY JTAG TAP Out Control Register 
Size: 8 bits 
Offset: 0x3037 
Bits Name Attr Description 
7:5   Reserved for future use. 
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Bits Name Attr Description 
4 jtag_tdo_en R Read JTAG PHY interface input pin JTAG_TDO_EN 

when in internal control mode (iphy_ext_ctrl=1'b0) 
or iphyext_jtag_tdo_en when PHY_EXTERNAL=1 
Value After Reset: 0x0 

3:1   Reserved for future use. 
0 jtag_tdo R Read JTAG PHY interface input pin JTAG_TDO when 

in internal control mode (iphy_ext_ctrl=1'b0) or 
iphyext_jtag_tdo when PHY_EXTERNAL=1 Value After 
Reset: 0x0 

 
jtag_phy_addr 
Description: PHY JTAG Address Control Register 
Size: 8 bits 
Offset: 0x3038 
Bits Name Attr Description 
7:0 jtag_addr R/W Configures the JTAG PHY interface pin 

JTAG_ADDR[7:0] when in internal control mode 
(iphy_ext_ctrl=1'b0) or iphyext_jtag_addr[7:0] when 
PHY_EXTERNAL=1 
Value After Reset: 0x0 

 
AudioSample Registers 
Audio Sample Registers. Follow the link for the register to see a detailed description of the 
register. 
Registers for Address Block: AudioSample 

Register Offset Description 

aud_conf0 0x3100 Audio I2S Software FIFO Reset, Select, and Enable 
Control Register 0 This register configures the... 

aud_conf1 0x3101 Audio I2S Width Configuration Register 1 This 
register configures the data width of the input... 

aud_int 0x3102 I2S FIFO status and interrupts. This register 
configures the I2S FIFO status and interrupts. 

aud_conf2 0x3103 Audio I2S PCUV, NLPCM and HBR configuration 
Register 2 This register configures the I2S Audio 
Data... aud_int1 0x3104 I2S Mask Interrupt Register This register masks the 
interrupts present in the I2S module. 

 
aud_conf0 
Description: Audio I2S Software FIFO Reset, Select, and Enable Control Register 0 
This register configures the I2S input enable that indicates which input I2S channels have 
valid data. It also allows the system processor to reset audio FIFOs upon underflow/overflow 
error detection. 
Size: 8 bits 
Offset: 0x3100 
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Bits Name Attr Description 
7 sw_audio_fifo_rst R/W Audio FIFOs software reset 

Writing 0b: no action taken 
Writing 1b: Resets all audio FIFOs Reading from this 
register always returns 0b. 
Note: If a FIFO reset request (via SFR command) 
lands in the middle 
of an I2S transaction, the samples become misaligned 
(left-right sequence lost). As a solution, for each FIFO 
reset, an associated I2S reset must be issued (writing 
8'hF7 to MC_SWRSTZ register). 
Value After Reset: 0x0 

6 spare_2 R/W Reserved as "spare" bit with no associated 
functionality. 
Value After Reset: 0x0 

5 i2s_select R/W 1b: Selects I2S Audio Interface 0b: Selects the 
second (SPDIF/GPA) interface, in configurations with 
more that one audio interface (DOUBLE/GDOUBLE) 
Value After Reset: 0x1 

4 spare_1 R/W Reserved as "spare" bit with no associated 
functionality. 
Value After Reset: 0x0 

3:0 I2S_in_en R/W Action 
I2S_in_en[0] - I2Sdata[0] enable I2S_in_en[1] - 
I2Sdata[1] enable I2S_in_en[2] - I2Sdata[2] enable 
I2S_in_en[3] - I2Sdata[3] enable Value After Reset: 
0xf 

 
aud_conf1 
Description: Audio I2S Width Configuration Register 1 This register configures the data 
width of the input data. 
Size: 8 bits 
Offset: 0x3101 

Bits Name Attr Description 
7:5   Reserved for future use. 
4:0 I2S_width R/W I2S input data width I2S_width[4:0] | Action 

00000b-01111b | Not used 
10000b | 16 bit data samples at input 
10001b | 17 bit data samples at input 
10010b | 18 bit data samples at input 
10011b | 19 bit data samples at input 
10100b | 20 bit data samples at input 
10101b | 21 bit data samples at input 
10110b | 22 bit data samples at input 
10111b | 23 bit data samples at input 
11000b | 24 bit data samples at input 11001b-11111b
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 | Not Used 
Value After Reset: 0x18 

 
aud_int 
Description: I2S FIFO status and interrupts. 
This register configures the I2S FIFO status and interrupts. 
Size: 8 bits 
Offset: 0x3102 
Bits Name Attr Description 
7:4   Reserved for future use. 
3 fifo_empty_mask R/W FIFO empty mask. Value After Reset: 0x0  
2 fifo_full_mask R/W FIFO full mask. 

Value After Reset: 0x0 
1:0   Reserved for future use. 
 
aud_conf2 
Description: Audio I2S PCUV, NLPCM and HBR configuration Register 2 
This register configures the I2S Audio Data mapping. By default, audio data mapping is the 
standard I2S Linear PCM (L-PCM) mapping. You can choose to use the I2S interface to 
transport HBR or Non- Linear PCM (NL-PCM) audio, by setting the relevant bit in this 
register. 
Size: 8 bits 
Offset: 0x3103 

Bits Name Attr Description 
7:3   Reserved for future use. 
2 insert_pcuv R/W When set (1'b1), this bit enables the insertion of the 

PCUV (Parity, Channel Status, User bit and Validity) 
bits on the incoming audio stream (support limited to 
Linear PCM audio). If disabled, the incoming audio 
stream must contain the PCUV bits, mapped according 
to Databook. 
Value After Reset: 0x1 

1 NLPCM R/W I2S NLPCM Mode Enable. When enabled, this bit 
assumes that PCUV data is included on the I2S audio 
stream according to the description located in the 
"I2S Interface" section of Chapter 2, "Functional 
Description." 
Value After Reset: 0x0 

0 HBR R/W I2S HBR Mode Enable. When enabled, the I2S audio 
stream is transmitted using HBR packets. 
Value After Reset: 0x0 

 
aud_int1 
Description: I2S Mask Interrupt Register 
This register masks the interrupts present in the I2S module. 
Size: 8 bits 
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Offset: 0x3104 
Bits Name Attr Description 
7:5   Reserved for future use. 
4 fifo_overrun_mask R/W FIFO overrun mask Value After Reset: 0x1  
3:0   Reserved for future use. 
 
AudioPacketizer Registers 
Audio Packetizer Registers. Follow the link for the register to see a detailed description of 
the register. 
Registers for Address Block: AudioPacketizer 
 
Register Offset Description 
aud_n1 0x3200 Audio Clock Regenerator N Value Register 1 For N 

expected values, refer to the HDMI 1.4b... 
aud_n2 0x3201 Audio Clock Regenerator N Value Register 2 For N 

expected values, refer to the HDMI 1.4b... 
aud_n3 0x3202 Audio Clock Regenerator N Value Register 3 For N 

expected values, refer to the HDMI 1.4b... 
aud_cts1 0x3203 Audio Clock Regenerator CTS Value Register 1 For 

CTS expected values, refer to the HDMI 1.4b... 
aud_cts2 0x3204 Audio Clock Regenerator CTS Register 2 For CTS 

expected values, refer to the HDMI 1.4b... 
aud_cts3 0x3205 Audio Clock Regenerator CTS value Register 3. For 

CTS expected values, refer to the HDMI 1.4b... 
aud_inputclkfs 0x3206 Audio Input Clock FS Factor Register 
aud_cts_dither 0x3207 Audio CTS Dither Register 
 
aud_n1 
Description: Audio Clock Regenerator N Value Register 1 For N expected values, refer to the 
HDMI 1.4b specification. 
Size: 8 bits 
Offset: 0x3200 
Bits Name Attr Description 
7:0 AudN R/W HDMI Audio Clock Regenerator N value 

Value After Reset: 0x0 
 
aud_n2 
Description: Audio Clock Regenerator N Value Register 2 For N expected values, refer to the 
HDMI 1.4b specification. 
Size: 8 bits 
Offset: 0x3201 
Bits Name Attr Description 
7:0 AudN R/W HDMI Audio Clock Regenerator N value 

Value After Reset: 0x0 
 
aud_n3 
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Description: Audio Clock Regenerator N Value Register 3 For N expected values, refer to the 
HDMI 1.4b specification. 
Size: 8 bits 
Offset: 0x3202 

Bits Name Attr Description 
7 ncts_atomic_write R/W When set, the new N and CTS values are only used 

when aud_n1 register is written. If clear, N and CTS 
data is updated each time a new N or CTS byte is 
written. 
The following write sequence is recommended: 
aud_n3 (set bit ncts_atomic_write if desired) 
aud_cts3 (set CTS_manual and CTS value if 
desired/enabled) 
aud_cts2 (required in CTS_manual) 
aud_cts1 (required in CTS_manual) 
aud_n3 (bit ncts_atomic_write with same value as in 
step 1.) 
aud_n2 
aud_n1 
For dynamic N/CTS changes, perform only steps 
from 2-7 or 5-7 depending on the state of 
CTS_manual. 
Value After Reset: 0x0 

6:4   Reserved for future use. 
3:0 AudN R/W HDMI Audio Clock Regenerator N value 

Value After Reset: 0x0 
 
aud_cts1 
Description: Audio Clock Regenerator CTS Value Register 1 For CTS expected values, refer 
to the HDMI 1.4b specification. 
Size: 8 bits 
Offset: 0x3203 

Bits Name Attr Description 
7:0 AudCTS R/W HDMI Audio Clock Regenerator CTS calculated value. 

This value can be manually set using the CTS_manual 
(AUD_CTS3) mechanism. 
Value After Reset: 0x0 

 
aud_cts2 
Description: Audio Clock Regenerator CTS Register 2 
For CTS expected values, refer to the HDMI 1.4b specification. 
Size: 8 bits 
Offset: 0x3204 

Bits Name Attr Description 
7:0 AudCTS R/W HDMI Audio Clock Regenerator CTS calculated value. 

This value can be manually set using the CTS_manual 
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(AUD_CTS3) mechanism. 
Value After Reset: 0x0 

 
aud_cts3 
Description: Audio Clock Regenerator CTS value Register 3. For CTS expected values, refer 
to the HDMI 1.4b specification. 
Size: 8 bits 
Offset: 0x3205 

Bits Name Attr Description 
7:5 Spare_bits R/W Reserved as "spare" bits with no associated 

functionality. 
Value After Reset: 0x0 

4 CTS_manual R/W If the CTS_manual bit equals 0b, this registers 
contains audCTS[19:0] generated by the Cycle time 
counter according to the specified timing. If the 
CTS_manual bit equals 1b, this register is configured 
with the audCTS[7:0] value that is output by the Audio 
Packetizer. 
Note: When the General Parallel Audio Interface 
(GPAUD) is enabled (AUDIO_IF = 6) or the AHB DMA 
Audio Interface is enabled (AUDIO_IF = 8), writing to 
these bits has no effect; reading these bits always 
return 0. 
Value After Reset: 0x0 

3:0 AudCTS R/W HDMI Audio Clock Regenerator CTS calculated value. 
This value can be manually set using the CTS_manual 
(AUD_CTS3) mechanism. 
Value After Reset: 0x0 

 
aud_inputclkfs 
Description: Audio Input Clock FS Factor Register 
Size: 8 bits 
Offset: 0x3206 

Bits Name Attr Description 
7:3   Reserved for future use. 
2:0 ifsfactor R/W Fs factor configuration: 

ifsfactor[2:0] | Audio Clock |   Action 
0 | 128xFs |  If you select the Bypass SPDIF DRU 
unit in coreConsultant, the input audio clock (either 
I2S or SPDIF according to configuration) is used at the 
audio packetizer to calculate the CTS value and ACR 
packet insertion rate. 
| 256xFs |  The input audio clock (I2S only) is 
divided by 2 and then used at audio packetizer to 
calculate the CTS value and ACR packet insertion rate. 
| 512xFs | The input audio clock (either I2S or 
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Bits Name Attr Description 
SPDIF according to configuration) used divided by 4 
and then used at the audio packetizer to calculate the 
CTS value and ACR packet insertion rate. 
Note: When the SPDIF interface is receiving an HBR 
audio stream ("Support for HBR over SDPIF" 
parameter must be enabled), it is required that the 
selected IFSFACTOR to be set at 512xFs in order to 
comply with the HDMI ACR requirements for HBR 
audio streams. 
| Reserved 
|   64xFs | The input audio clock (I2S only) is 
multiplied by 2 and then used at the audio packetizer 
to calculate the CTS value and ACR packet insertion 
rate. 
others | 128xFs |  If you select the Bypass SPDIF 
DRU unit in coreConsultant, the input audio clock 
(either I2S or SPDIF according to configuration) is 
used at the audio packetizer to calculate the CTS 
value and ACR packet insertion rate. 
The SPDIF interface, for non HBR audio, requires that 
the configured oversampling value to be 128xFs when 
HTX_SPDIFBYPDRU is enabled and 512xFs if not. 
When the SPDIF interface is receiving HBR audio 
(HBR_ON_SPDIF must be enabled), in order to comply 
with the HDMI ACR requirements for HBR audio 
streams. 
Value After Reset: 0x0 

 
 
aud_cts_dither 
Description: Audio CTS Dither Register 
Size: 8 bits 
Offset: 0x3207 
Bits Name Attr Description 
7:4 divisor R/W Dither divisor (4'd1 if no CTS Dither). This field 

should be configured with the value of divisor from 
the HDMI specification. 
Value After Reset: 0x1 

3:0 dividend R/W Dither dividend (4'd1 if no CTS Dither). This field 
should be configured with the value of dividend from 
the HDMI specification. 
Value After Reset: 0x1 

 
AudioSampleSPDIF Registers 
Audio Sample SPDIF Registers. Follow the link for the register to see a detailed description 
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of the register. 
Registers for Address Block: AudioSampleSPDIF 

Register Offset Description 
aud_spdif0 0x3300 Audio SPDIF Software FIFO Reset Control Register 0 

This register allows the system processor to... 
aud_spdif1 0x3301 Audio SPDIF NLPCM and Width Configuration Register 

1 This register configures the SPDIF data... 
aud_spdifint 0x3302 Audio SPDIF FIFO Empty/Full Mask Register 
aud_spdifint1 0x3303 Audio SPDIF Mask Interrupt Register 1 This register 

masks interrupts present in the SPDIF... 
aud_spdif2 0x3304 Audio SPDIF Enable Confiiguration Register 2 This 

register configures the SPDIF input enable that... 
 
aud_spdif0 
Description: Audio SPDIF Software FIFO Reset Control Register 0 
This register allows the system processor to reset audio FIFOs upon underflow/overflow 
error detection. 
Size: 8 bits 
Offset: 0x3300 

Bits Name Attr Description 
7 sw_audio_fifo_rst R/W Audio FIFOs software reset Writing 0b: no action 

taken 
Writing 1b: Resets all audio FIFOs 
Reading from this register always returns 0b. 
Note: If a FIFO reset request (via register write 
command) lands in the middle of an SPDIF audio 
transaction, the samples become misaligned (left-
right sequence lost). As a solution, for each FIFO 
reset, an associated SPDIF reset must be issued 
(writing 8'hEF to MC_SWRSTZ register). 
Value After Reset: 0x0 

6:0 spare R/W Reserved as "spare" bit with no associated 
functionality. 
Value After Reset: 0xf 

 
aud_spdif1 
Description: Audio SPDIF NLPCM and Width Configuration Register 1 This register configures 
the SPDIF data width. 
Size: 8 bits 
Offset: 0x3301 

Bits Name Attr Description 
7 setnlpcm R/W Select Non-Linear (1b) / Linear (0b) PCM mode 

Value After Reset: 0x0 
6 spdif_hbr_mode R/W When set to 1'b1, this bit field indicates that the input 

stream has a High Bit Rate (HBR) to be transmitted in 
HDMI HBR packets. When clear (1b'0), the audio is 
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transmitted in HDMI AUDS packets.Note:< Otherwise, 
this field is a "spare" bit with no associated 
functionality. 

 
aud_spdifint 
Description: Audio SPDIF FIFO Empty/Full Mask Register 
Size: 8 bits 
Offset: 0x3302 

Bits Name Attr Description 
7:4   Reserved for future use. 
3 spdif_fifo_empty_mask R/W Description: SPDIF FIFO empty mask 

Value After Reset: 0x0 
2 spdif_fifo_full_mask R/W Description: SPDIF FIFO full mask 

Value After Reset: 0x0 
1:0   Reserved for future use. 
 
aud_spdifint1 
Description: Audio SPDIF Mask Interrupt Register 1 
This register masks interrupts present in the SPDIF module. 
Size: 8 bits 
Offset: 0x3303 

Bits Name Attr Description 
7:5   Reserved for future use. 
4 fifo_overrun_mask R/W FIFO overrun mask Value After Reset: 0x1  
3:0   Reserved for future use. 
 
aud_spdif2 
Description: Audio SPDIF Enable Confiiguration Register 2 
This register configures the SPDIF input enable that indicates which input SPDIF channels 
have valid data. 
Size: 8 bits 
Offset: 0x3304 

Bits Name Attr Description 
7:4   Reserved for future use. 
3:0 SPDIF_in_en R/W Action 

SPDIF_in_en[0] - ispdifdata[0] enable SPDIF_in_en[1] 
- ispdifdata[1] enable SPDIF_in_en[2] - ispdifdata[2] 
enable SPDIF_in_en[3] - ispdifdata[3] enable Value 
After Reset: 0x1 

 
AudioSampleGP Registers 
Audio Sample GP Registers. Follow the link for the register to see a detailed description of 
the register. 

Register Offset Description 
gp_conf0 0x3500 Audio GPA Software FIFO Reset Control Register 0 
gp_conf1 0x3501 Audio GPA Channel Enable Configuration Register 1 
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gp_conf2 0x3502 Audio GPA HBR Enable Register 2 
gp_mask 0x3506 Audio GPA FIFO Full and Empty Mask Interrupt 

Register 
 
gp_conf0 
Description: Audio GPA Software FIFO Reset Control Register 0 
Size: 8 bits 
Offset: 0x3500 

Bits Name Attr Description 
7:1   Reserved for future use. 
0 sw_audio_fifo_rst R/W Audio FIFOs software reset 

Writing 0b: no action taken 
Writing 1b: Resets all audio FIFOs Reading from this 
register always returns 0b. 
Note: If a FIFO reset request (via register write 
command) lands in the 
middle of an GPAUD audio transaction, the samples 
become misaligned (left-right sequence lost). As a 
solution, for each FIFO reset, an associated SPDIF 
reset must be issued (writing 8'h7F to MC_SWRSTZ 
register). 
Value After Reset: 0x0 

 
gp_conf1 
Description: Audio GPA Channel Enable Configuration Register 1 
Size: 8 bits 
Offset: 0x3501 

Bits Name Attr Description 
7:0 ch_in_en R/W Each bit controls the enabling of the respective audio 

channel. For instance, bit 1, when set (1'b1), the 
audio Channel 1 is enabled. When cleared, the 
referred channel is disabled. 
Value After Reset: 0x0 

 
gp_conf2 
Description: Audio GPA HBR Enable Register 2 
Size: 8 bits 
Offset: 0x3502 

Bits Name Attr Description 
7:2   Reserved for future use. 
1 insert_pcuv R/W When set (1'b1), this bit enables the insertion of the 

PCUV (Parity, Channel Status, User bit and Validity) 
bits on the incoming audio stream (support limited to 
Linear PCM audio). If disabled, the incoming audio 
stream must contain the PCUV bits, mapped according 
to 2.6.4.2 Data Mapping Examples. 
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Value After Reset: 0x0 
0 HBR R/W HBR packets enable. The Hdmi_tx sends the HBR 

packets. This bit is enabled when the audio frequency 
is higher than 192 kHz. If this bit is enabled, the 
number of channels configured in GP_CONF1 must be 
set to 8'hFF. 
Value After Reset: 0x0 

 
gp_mask 
Description: Audio GPA FIFO Full and Empty Mask Interrupt Register 
Size: 8 bits 
Offset: 0x3506 

Bits Name Attr Description 
7:5   Reserved for future use. 
4 fifo_overrun_mask R/W FIFO overrun mask Value After Reset: 0x1  
3:2   Reserved for future use. 
1 fifo_empty_mask R/W FIFO empty flag mask Value After Reset: 0x0  
0 fifo_full_mask R/W FIFO full flag mask Value After Reset: 0x0  
 
 
 
AudioDMA Registers 
Audio DMA Registers. Follow the link for the register to see a detailed description of the 
register. 

Register Offset Description 
ahb_dma_conf0 0x3600 Audio DMA SW FIFO reset and DMA Configuration 

Register 0 This register contains the software reset... 
ahb_dma_start 0x3601 Audio DMA Start Register The start_dma_transaction 

bit field signals the AHB audio DMA to start... 
ahb_dma_stop 0x3602 Audio DMA Stop Register The stop_dma_transaction 

bit field signals the AHB audio DMA to stop current... 
ahb_dma_thrsld 0x3603 Audio DMA FIFO Threshold Register This register 

defines the FIFO medium threshold occupation 
value.... 

ahb_dma_straddr_set0[0:3] 0x3604 
+ 
(i * 0x1) 

Audio DMA Start Address Set0 Register Array Address 
offset: i = 0 to 3 These registers define... 

ahb_dma_stpaddr_set0[0:3] 0x3608 
+ 
(i * 0x1) 

Audio DMA Stop Address Set0 Register Array Address 
offset: i = 0 to 3 This registers define the... 

ahb_dma_bstraddr[0:3] 0x360c 
+ 
(i * 0x1) 

Audio DMA Burst Start Address Register Array Address 
offset: i = 0 to 3 These read-only registers... 

ahb_dma_mblength0 0x3610 Audio DMA Burst Length Register 0 This registers holds 
the length of the current burst operation.... 

ahb_dma_mblength 0x3611 Audio DMA Burst Length Register 1 This registers holds 
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Register Offset Description 
the length of the current burst operation.... 

ahb_dma_mask 0x3614 Audio DMA Mask Interrupt Register This register 
masks each of the interrupts present in the AHB... 

ahb_dma_conf 0x3616 Audio DMA Channel Enable Configuration Register 1 In 
AUDS packet configuration with layout 0 selected,... 

ahb_dma_buffmask 0x3619 Audio DMA Buffer Mask Interrupt Register 
ahb_dma_mask1 0x361b Audio DMA Mask Interrupt Register 1 This register 

masks interrupts present in the AHB audio DMA... 
ahb_dma_status 0x361c Audio DMA Status 
ahb_dma_conf2 0x361d Audio DMA Configuration Register 2 
ahb_dma_straddr_set1[0:3]  0x3620 

+ 
(i * 0x1) 

Audio DMA Start Address Set 1 Register Array Address 
offset: i = 0 to 3 These registers define... 

ahb_dma_stpaddr_set1[0:3] 0x3624 
+ 
(i * 0x1) 

Audio DMA Stop Address Set 1 Register Array Address 
offset: i = 0 to 3 These registers define... 

 
ahb_dma_conf0 
Description: Audio DMA SW FIFO reset and DMA Configuration Register 0 
This register contains the software reset bit for the audio FIFOs. It also configures operating 
modes of the AHB master. 
Size: 8 bits 
Offset: 0x3600 

Bits Name Attr Description 
7 sw_fifo_rst R/W This is the software reset bit for the audio and FIFO 

clear. 
Writing 0'b does not result in any action. 
Writing 1'b to this register resets all audio FIFOs. 
Reading from this register always returns 0'b. 
Value After Reset: 0x0 

6 insert_pcuv R/W Enables the insertion of PCUV data 
Value After Reset: 0x0 

5   Reserved for future use. 
4 hbr R/W HBR packet enable 

The Hdmi_tx sends the HBR packets. This bit must be 
enabled when transmitting non-linear audio of frequency 
higher than 192 kHz. If this bit is enabled, the number of 
channels configured in AHB_DMA_CONF1 is always 8. 
Value After Reset: 0x0 

3 enable_hlock R/W Enable request of locked burst AHB mechanism. 
1'b: Enables the usage of hlock for master request to 
arbiter of a locked complete burst. 
0'b: Disables request of locked burst AHB mechanism 
Value After Reset: 0x0 

2:1 incr_type R/W Selects the preferred burst length size 
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00'b: Corresponds to INCR4 fixed four beat, incremental 
AHB burst mode. Only valid when burst_mode is high. 
01'b: Corresponds to INCR8 fixed eight beat incremental 
AHB burst mode. Only valid when burst_mode is high. 
10'b: Corresponds to INCR16 fixed 16 beat incremental 
AHB burst mode. Only valid when burst_mode is high. 
11'b: Corresponds to INCR16 fixed 16 beat incremental 
AHB burst mode. Only valid when burst_mode is high. 
Value After Reset: 0x0 

0 burst_mode R/W 1'b: Forces the burst mode to be fixed beat, incremental 
burst mode designated by the incr_type[1:0] signal. 
0'b: Normal operation is unspecified length, incremental 
burst. It corresponds to INCR AHB burst mode. 
Value After Reset: 0x0 

 
ahb_dma_start 
Description: Audio DMA Start Register 
The start_dma_transaction bit field signals the AHB audio DMA to start accessing system 
memory in order to fetch data samples to store in the FIFO. After the operation starts, a 
new request for a DMA start is ignored until the DMA is stopped or it reaches the end 
address. Only in one of these situations is a new start request acknowledged. 
The first DMA burst request after start_dma_transaction configuration uses 
initial_addr[31:0] as ohaddr[31:0] value; mburstlength[8:0] is set to the maximum 
admissible value. This maximum value is constrained by the size of buffer provided, the 
instantiated FIFO depth, or/and the number of words up to the next 1 Kbyte boundary. 
Size: 8 bits 
Offset: 0x3601 

Bits Name Attr Description 
7:1   Reserved for future use. 
0 start_dma_transaction R/W Start DMA transaction 

This register is auto-cleared when the transfer operation 
is completed (done). 
Value After Reset: 0x0 

 
ahb_dma_stop 
Description: Audio DMA Stop Register 
The stop_dma_transaction bit field signals the AHB audio DMA to stop current Attr. After it 
stops, if a new start DMA operation is requested, the DMA engine restarts the Attr using the 
initial_addr[31:0], which is programmed at ahb_dma_straddr0 to ahb_dma_straddr3. 
Size: 8 bits 
Offset: 0x3602 

Bits Name Attr Description 
7:1   Reserved for future use. 
0 stop_dma_transaction R/W Stop DMA transaction 

This register is auto-cleared when the transfer operation 
is stopped (done). 
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Value After Reset: 0x0 
 
ahb_dma_thrsld 
Description: Audio DMA FIFO Threshold Register 
This register defines the FIFO medium threshold occupation value. 
After the AHB master completes a burst transaction successfully, the FIFO may remain full 
till the data fetch interface requests samples. Each data fetch operation reduces the number 
of samples stored in the FIFO by the number of channels enabled. 
Therefore, the fifo_threshold[7:0] is the medium number of samples that should be 
available in the audio FIFO across the DMA operation. 
As soon as the number of samples in the FIFO drops lower than the fifo_threshold[7:0], the 
DMA engine requests a new burst of samples for the AHB master. The length is constrained 
by the size of buffer provided, the instantiated FIFO depth minus fifo_threshold[7:0], and/or 
the number of words up to the next 1 kbyte boundary. 
Size: 8 bits 
Offset: 0x3603 

Bits Name Attr Description 
7:0 fifo_threshold R/W FIFO medium threshold occupation value 

Value After Reset: 0x0 
 
ahb_dma_straddr_set0[0:3] 
Description: Audio DMA Start Address Set0 Register Array Address offset: i = 0 to 3 
These registers define the initial_addr[31:0] used to initiate the DMA burst read transactions 
upon start_dma_transaction configuration. 
Size: 8 bits 
Offset: 0x3604 + (i * 0x1) 

Bits Name Attr Description 
7:0 initial_addr R/W Defines init_addr[7:0] to initiate DMA burst transactions 

Value After Reset: 0x0 
 
ahb_dma_stpaddr_set0[0:3] 
Description: Audio DMA Stop Address Set0 Register Array Address offset: i = 0 to 3 
This registers define the final_addr[31:0] used as the final point to the DMA burst read 
transactions. 
Upon start_dma_transaction configuration, the DMA engine starts requesting burst reads 
from the external system memory. Each burst read can have a maximum theoretical length 
of 256 words (due to the AMBA AHB specification 1 Kbyte boundary burst limitation). 
The DMA engine is responsible for incrementing the burst starting address and defining its 
corresponding burst length to reach the final_addr[31:0] address. The last burst request 
issued by the DMA engine takes into account that it should only request data until the 
final_addr[31:0] address (included) and for that should calculate the correct burst length. 
After reaching the final_addr[31:0] address, the done interrupt is active to signal completion 
of DMA operation. 
Size: 8 bits 
Offset: 0x3608 + (i * 0x1) 

Bits Name Attr Description 
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7:0 final_addr R/W Defines final_addr[7:0] to end DMA burst transactions 
Value After Reset: 0x0 

 
ahb_dma_bstraddr[0:3] 
Description: Audio DMA Burst Start Address Register Array Address offset: i = 0 to 3 
These read-only registers compose the start address of the current burst operation. 
burst_start_addr[31:0] = haddr[31:0] = initial_addr[31:0] + 16. 
Size: 8 bits 
Offset: 0x360c + (i * 0x1) 

Bits Name Attr Description 
7:0 burst_addr R Start address for the current burst operation 

Value After Reset: 0x0 
 
ahb_dma_mblength0 
Description: Audio DMA Burst Length Register 0 
This registers holds the length of the current burst operation. As an example, if the first 
burst transaction of the AHB audio DMA is a length of 8, then the second burst should start 
at address ohaddr[31:0] = initial_addr[31:0] + 32. 
Size: 8 bits 
Offset: 0x3610 

Bits Name Attr Description 
7:0 mburstlength R Requested burst length (mburstlength[7:0]) 

Value After Reset: 0x0 
 
ahb_dma_mblength1 
Description: Audio DMA Burst Length Register 1 
This registers holds the length of the current burst operation. As an example, if the first 
burst transaction of the AHB audio DMA is a length of 8, then the second burst should start 
at address ohaddr[31:0] = initial_addr[31:0] + 32. 
Size: 8 bits 
Offset: 0x3611 

Bits Name Attr Description 
7:1   Reserved for future use. 
0 mburstlength R Requested burst length Value After Reset: 0x0  
 
ahb_dma_mask 
Description: Audio DMA Mask Interrupt Register 
This register masks each of the interrupts present in the AHB audio DMA module. 
Size: 8 bits 
Offset: 0x3614 

Bits Name Attr Description 
7 done_mask R/W DMA end of operation interrupt mask. Active when DMA 

engine reaches final_addr[15:0] or when stop DMA 
operation is activated. Value After Reset: 0x1 

6 retrysplit_mask R/W Retry/split interrupt mask. Active when AHB master 
receives a RETRY or SPLIT response from slave. 
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Value After Reset: 0x1 
5 lostownership_mask R/W Master lost ownership interrupt mask when in burst 

transfer. Active when AHB master loses BUS ownership 
within the course of a burst transfer. 
Value After Reset: 0x1 

4 error_mask R/W Error interrupt mask. Active when slave indicates error 
through the isresp[1:0]. 
Value After Reset: 0x1 

3   Reserved for future use. 
2 fifo_thrempty_mask R/W Audio FIFO empty interrupt mask when audio FIFO has 

less than the number of enabled audio channels. 
Value After Reset: 0x1 

1 fifo_full_mask R/W Audio FIFO full interrupt mask. Value After Reset: 0x1  
0 fifo_empty_mask R/W Audio FIFO empty interrupt mask. 

Value After Reset: 0x1 
 
ahb_dma_conf1 
Description: Audio DMA Channel Enable Configuration Register 1 
In AUDS packet configuration with layout 0 selected, the maximum number of active 
channels is 2. 
Size: 8 bits 
Offset: 0x3616 

Bits Name Attr Description 
7:0 ch_in_en R/W Each bit controls the enabling of the respective audio 

channel. For instance, when bit 1 is set (1'b1) the audio 
Channel 1 is enabled. When cleared, the referred channel 
is disabled. 
Value After Reset: 0x0 

 
ahb_dma_buffmask 
Description: Audio DMA Buffer Mask Interrupt Register 
Size: 8 bits 
Offset: 0x3619 

Bits Name Attr Description 
7:5   Reserved for future use. 
4 mask_fifo_overrun R/W Buffer overrun flag mask Value After Reset: 0x1  
3:2   Reserved for future use. 
1 mask_buff_full R/W Buffer full flag mask Value After Reset: 0x1  
0 mask_buff_empty R/W Buffer empty flag mask Value After Reset: 0x1  
 
ahb_dma_mask1 
Description: Audio DMA Mask Interrupt Register 1 
This register masks interrupts present in the AHB audio DMA module. 
Size: 8 bits 
Offset: 0x361b 

Bits Name Attr Description 
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7:2   Reserved for future use. 
1 fifo_underrun_mask R/W AHB DMA FIFO underrun mask 

Value After Reset: 0x1 
0 fifo_overrun_mask R/W AHB DMA FIFO overrun mask Value After Reset: 0x1  
 
ahb_dma_status 
Description: Audio DMA Status 
Size: 8 bits 
Offset: 0x361c 

Bits Name Attr Description 
7:1   Reserved for future use. 
0 autostart_status R Indicates the set of start and stop addresses currently 

used by the AHB audio DMA. 
If cleared (1'b0), the start and stop addresses configured 
in the address range 0x3604 to 0x360B are being used. 
When set (1'b1), the configurations at address range 
0x3620 to 0x3627 are being used. 
This bit is always at zero when autostart_enable is 
cleared (1'b0). 
Value After Reset: 0x0 

 
ahb_dma_conf2 
Description: Audio DMA Configuration Register 2 
Size: 8 bits 
Offset: 0x361d 

Bits Name Attr Description 
7:2   Reserved for future use. 
1 autostart_loop R/W Enables the AHB audio DMA auto-start loop mode 

Value After Reset: 0x1 
0 autostart_enable R/W Enables the AHB audio DMA auto-start feature 

Value After Reset: 0x0 
 
ahb_dma_straddr_set1[0:3] 
Description: Audio DMA Start Address Set 1 Register Array Address offset: i = 0 to 3 
These registers define the initial_addr_1[31:0] used to initiate the DMA burst read 
transactions upon start_dma_transaction configuration. 
Size: 8 bits 
Offset: 0x3620 + (i * 0x1) 

Bits Name Attr Description 
7:0 initial_addr_1 R/W Defines init_addr_1[7:0] to initiate DMA burst 

transactions 
Value After Reset: 0x0 

 
ahb_dma_stpaddr_set1[0:3] 
Description: Audio DMA Stop Address Set 1 Register Array Address offset: i = 0 to 3 
These registers define the final_addr_1[31:0] used as the final point to the DMA burst read 
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transactions. Upon start_dma_transaction configuration, the DMA engine starts requesting 
burst reads from the external system memory. Each burst read can have a maximum 
theoretical length of 256 words (due to the AMBA AHB specification 1 Kbyte boundary burst 
limitation). 
The DMA engine is responsible for incrementing the burst starting address and defining its 
corresponding burst length to reach the final_addr[31:0] address. The last burst request 
issued by the DMA engine takes into account that it should only request data until the 
final_addr[31:0] address (included) and for that should calculate the correct burst length. 
After reaching the final_addr_1[31:0] address, the done interrupt is active to indicate 
completion of the DMA operation. 
Size: 8 bits 
Offset: 0x3624 + (i * 0x1) 

Bits Name Attr Description 
7:0 final_addr_1 R/W Defines final_addr_1[7:0] to end DMA burst transactions 

Value After Reset: 0x0 
 
MainController Registers 
Main Controller Registers. Follow the link for the register to see a detailed description of the 
register. 

Register Offset Description 
mc_clkdis 0x4001 Main Controller Synchronous Clock Domain Disable 

Register 
mc_swrstzreq 0x4002 Main Controller Software Reset Register Main controller 

software reset request per clock domain.... 
mc_opctrl 0x4003 Main Controller HDCP Bypass Control Register 
mc_flowctrl 0x4004 Main Controller Feed Through Control Register 
mc_phyrstz 0x4005 Main Controller PHY Reset Register 
mc_lockonclock 0x4006 Main Controller Clock Present Register 
mc_heacphy_rst 0x4007 Main Controller HEAC PHY Reset Register 
mc_lockonclock_2 0x4009 Main Controller Clock Present Register 2 
mc_swrstzreq_2 0x400a Main Controller Software Reset Register 2 Main 

controller software reset request per clock domain.... 
mc_opsts 0x4010 Main Controller Status Register This register contains the 

information regarding the status of... 
base_sfrdivlow 0x4018 SFR Clock Base Time Register Low 
base_sfrdivhigh 0x4019 SFR Clock Base Time Register High 
 
mc_clkdis 
Description: Main Controller Synchronous Clock Domain Disable Register 
Size: 8 bits 
Offset: 0x4001 

Bits Name Attr Description 
7 h22sclk_disable R/W HDCP22 clock synchronous disable signal. When active 

(1b), simultaneously bypasses HDCP22. 
Value After Reset: 0x0 

6 hdcpclk_disable R/W HDCP clock synchronous disable signal. When active 
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Bits Name Attr Description 
(1b), simultaneously bypasses HDCP. 
Value After Reset: 0x0 

5 cecclk_disable R/W CEC Engine clock synchronous disable signal. 
Value After Reset: 0x0 

4 cscclk_disable R/W Color Space Converter clock synchronous disable signal. 
Value After Reset: 0x0 

3 audclk_disable R/W Audio Sampler clock synchronous disable signal. 
Value After Reset: 0x0 

2 prepclk_disable R/W Pixel Repetition clock synchronous disable signal. 
Value After Reset: 0x0 

1 tmdsclk_disable R/W TMDS clock synchronous disable signal. 
It is required to perform a write action on one of the 
following registers: 
fc_invidconf, fc_inhactiv0, fc_inhactiv1, fc_inhblank0, 
fc_inhblank1, fc_invactiv0 
fc_invactiv1, fc_invblank, fc_hsyncindelay0, 
fc_hsyncindelay1, fc_hsyncinwidth0 
fc_hsyncinwidth1, fc_vsyncindelay, fc_vsyncinwidth, 
fc_ctrldur, fc_exctrldur, fc_exctrlspac 
Value After Reset: 0x0 

0 pixelclk_disable R/W Pixel clock synchronous disable signal. 
Value After Reset: 0x0 

 
 
mc_swrstzreq 
Description: Main Controller Software Reset Register 
Main controller software reset request per clock domain. Writing zero to a bit of this register 
results in an NRZ signal toggle at sfrclk rate to an output signal that indicates a software 
reset request. This toggle must be used to generate a synchronized reset to de 
corresponding domain, with at least 1 clock cycle. 
Size: 8 bits 
Offset: 0x4002 

Bits Name Attr Description 
7 igpaswrst_req R/W GPAUD interface soft reset request. This bit is enabled 

when the Generic Parallel Audio (GPAUD) interface is 
enabled (AUDIO_IF = 6). Otherwise, this bit returns 
zero. 
Value After Reset: 0x1 

6 cecswrst_req R/W CEC software reset request. Defaults back to 1b after 
reset request. Note: After you configure cecswrst_req, 
set the value of the bit csc_clk_disable of the register 
mc_clkdis to 1, 0, and then 1 again. 
Value After Reset: 0x1 

5   Reserved for future use. 
4 ispdifswrst_req R/W SPDIF audio software reset request. 
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Value After Reset: 0x1 
3 ii2sswrst_req R/W I2S audio software reset request. 

Value After Reset: 0x1 
2 prepswrst_req R/W Pixel Repetition software reset request. 

Value After Reset: 0x1 
1 tmdsswrst_req R/W TMDS software reset request. 

It is required to perform a write action on one of the 
following registers: 
fc_invidconf, fc_inhactiv0, fc_inhactiv1, fc_inhblank0, 
fc_inhblank1, fc_invactiv0 
fc_invactiv1, fc_invblank, fc_hsyncindelay0, 
fc_hsyncindelay1, fc_hsyncinwidth0 
fc_hsyncinwidth1, fc_vsyncindelay, fc_vsyncinwidth, 
fc_ctrldur, fc_exctrldur, fc_exctrlspac 
Value After Reset: 0x1 

0 pixelswrst_req R/W Pixel software reset request. Value After Reset: 0x1 
 
 
mc_opctrl 
Description: Main Controller HDCP Bypass Control Register 
Size: 8 bits 
Offset: 0x4003 

Bits Name Attr Description 
7:6   Reserved for future use. 
5 h22s_ovr_val R/W HDCP SNPS 2.2 versus 1.4 switch override value 

1'b0: The switch is routed to HDCP 1.4 signals when 
hdcp22snps_switch_lock is not set to 1'b1. 
1'b1: The switch is routed to HDCP 2.2 SNPS signals 
when hdcp22snps_switch_lock is not set to 1'b1. 
Value After Reset: 0x1 

4 h22s_switch_lck R/W HDCP 2.2 SNPS switch lock 
1'b0: Enables you to change the direction of the HDCP 
2.2 SNPS versus 1.4 switch by using the 
hdcp22snps_ovr_val. 
1'b1: You can still write to hdcp22snps_ovr_val but has 
no effect over the HDCP 2.2 SNPS versus 1.4 switch, that 
keeps as it was configured by hdcp22snps_ovr_val at the 
time the 1'b1 was written to this bit field. 
Once you set the value to 1'b1, you can change the value 
back to 1'b0 only by issuing a master reset to the 
Hdmi_tx. 
Value After Reset: 0x0 

3:1   Reserved for future use. 
0 hdcp_block_byp R/W Block HDCP bypass mechanism 

1'b0: This is the default value. You can write to the 
hdcp_clkdisable bit of the register mc_clkdis and bypass 
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Bits Name Attr Description 
HDCP by acting on the register mc_clkdis bit 6 
(hdcp_clkdisable) 
1'b1: You can still write to the hdcp_clkdisable bit of the 
register mc_clkdis but this action disables the HDCP 
module and blocks the bypass mechanism. The output 
data is frozen and the HDMI Tx and RX fail 
authentication. 
Once you set the value to 1'b1, you can change the value 
back to 1'b0 only by issuing a master reset to the 
Hdmi_tx. Otherwise, this field is a "spare" bit with no 
associated functionality. 
Value After Reset: 0x0 

 
mc_flowctrl 
Description: Main Controller Feed Through Control Register 
Size: 8 bits 
Offset: 0x4004 

Bits Name Attr Description 
7:1   Reserved for future use. 
0 Feed_through_off R/W Video path Feed Through enable bit: 

1b: Color Space Converter is in the video data path. 
0b: Color Space Converter is bypassed (not in the video 
data path). 
Value After Reset: 0x0 

 
mc_phyrstz 
Description: Main Controller PHY Reset Register 
Size: 8 bits 
Offset: 0x4005 

Bits Name Attr Description 
7:1   Reserved for future use. 
0 phyrstz R/W HDMI Source PHY active low reset control for PHY GEN1, 

active high reset control for PHY GEN2. 
Value After Reset: "(PHY_GEN2== 1) ? 1 : 0" 

 
mc_lockonclock 
Description: Main Controller Clock Present Register 
Size: 8 bits 
Offset: 0x4006 

Bits Name Attr Description 
7 igpaclk R/W1C GPAUD interface clock status. This bit is enabled when 

the Generic Parallel Audio (GPAUD) interface is enabled 
(AUDIO_IF = 6). Otherwise, this bit returns zero. 
This bit indicates the clock is present in the system. It is 
cleared by writing 1 to this bit. 
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Value After Reset: 0x0 
6 pclk R/W1C Pixel clock status. Indicates that the clock is present in 

the system. Cleared by WR 1 to this position. 
Value After Reset: 0x0 

5 tclk R/W1C TMDS clock status. Indicates that the clock is present in 
the system. Cleared by WR 1 to this position. 
Value After Reset: 0x0 

4 prepclk R/W1C Pixel Repetition clock status. Indicates that the clock is 
present in the system. Cleared by WR 1 to this position. 
Value After Reset: 0x0 

3 i2sclk R/W1C I2S clock status. Indicates that the clock is present in the 
system. Cleared by WR 1 to this position. 
Value After Reset: 0x0 

2 audiospdifclk R/W1C SPDIF clock status. Indicates that the clock is present in 
the system. Cleared by WR 1 to this position. 
Value After Reset: 0x0 

1   Reserved for future use. 
0 cecclk R/W1C CEC clock status. Indicates that the clock is present in 

the system. Cleared by WR 1 to this position. 
Value After Reset: 0x0 

 
mc_heacphy_rst 
Description: Main Controller HEAC PHY Reset Register 
Size: 8 bits 
Offset: 0x4007 

Bits Name Attr Description 
7:1   Reserved for future use. 
0 heacphyrst R/W HEAC PHY reset (active high) Value After Reset: 0x1  
mc_lockonclock_2 
Description: Main Controller Clock Present Register 2 
Size: 8 bits 
Offset: 0x4009 

Bits Name Attr Description 
7:1   Reserved for future use. 
0 ahbdmaclk R/W1C AHB audio DMA clock status. Indicates that the clock is 

present in the system. Cleared by WR 1 to this position. 
Value After Reset: 0x0 

 
mc_swrstzreq_2 
Description: Main Controller Software Reset Register 2 
Main controller software reset request per clock domain. Writing zero to a bit of this register 
results in a signal toggle that indicates a software reset request. This toggle is used to 
generate a synchronized reset to the corresponding domain, with one or more clock cycles. 
Size: 8 bits 
Offset: 0x400a 

Bits Name Attr Description 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2505 

7:1   Reserved for future use. 
0 ahbdmaswrst_req R/W AHB audio DMA software reset request. 

Writing 1'b1 does not result in any action. 
Writing 1'b0 to this register resets all AHB audio logic. 
Value After Reset: 0x0 

 
mc_opsts 
Description: Main Controller Status Register 
This register contains the information regarding the status of the HDCP SNPS 2.2 versus 1.4 
switch. 
Size: 8 bits 
Offset: 0x4010 

Bits Name Attr Description 
7:1   Reserved for future use. 
0 h22s_switch_sts R HDCP SNPS 2.2 versus 1.4 switch  value status. 

1'b0: HDCP 1.4 selected 
1'b1: HDCP 2.2 selected Value After Reset: 0x1  

 
base_sfrdivlow 
Description: SFR Clock Base Time Register Low 
Size: 8 bits 
Offset: 0x4018 

Bits Name Attr Description 
7:0 base_sfrdiv_lo R/W SFR clock divider Low 

This register must be configured with the 8 least-
significant bits of the value sfrclk frequency divided by 
1000 (for example, for 27 MHz base_sfrdiv[14:0] = 
27027). The configured data is used to generate a 
reference pulse of 1ms period that is needed by several 
timers within the controller. 
Value After Reset: 0x93 

 
base_sfrdivhigh 
Description: SFR Clock Base Time Register High 
Size: 8 bits 
Offset: 0x4019 

Bits Name Attr Description 
7   Reserved for future use. 
6:0 base_sfrdiv_hi R/W SFR clock divider High 

This register must be configured with the 7 most-
significant bits of the value sfrclk frequency divided by 
1000 (for example, for 27 MHz base_sfrdiv[14:0] 
= 27027). The configured data is used to generate a 
reference pulse of 1ms period that is needed by several 
timers within the controller. 
Value After Reset: 0x69 
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ColorSpaceConverter Registers 
Color Space Converter Registers Registers. Follow the link for the register to see a detailed 
description of the register. 

Register Offset Description 
csc_cfg 0x4100 Color Space Converter Interpolation and Decimation 

Configuration Register 
csc_scale 0x4101 Color Space Converter Scale and Deep Color 

Configuration Register 
csc_coef_a1_msb 0x4102 Color Space Converter Matrix A1 Coefficient Register MSB 

Notes:   - The coefficients used in the... 
csc_coef_a1_lsb 0x4103 Color Space Converter Matrix A1 Coefficient Register LSB 

Notes:   - The coefficients used in the... 
csc_coef_a2_msb 0x4104 Color Space Converter Matrix A2 Coefficient Register MSB 

Color Space Conversion A2... 
csc_coef_a2_lsb 0x4105 Color Space Converter Matrix A2 Coefficient Register LSB 

Color Space Conversion A2... 
csc_coef_a3_msb 0x4106 Color Space Converter Matrix A3 Coefficient Register MSB 

Color Space Conversion A3... 
csc_coef_a3_lsb 0x4107 Color Space Converter Matrix A3 Coefficient Register LSB 

Color Space Conversion A3... 
csc_coef_a4_msb 0x4108 Color Space Converter Matrix A4 Coefficient Register MSB 

Color Space Conversion A4... 
csc_coef_a4_lsb 0x4109 Color Space Converter Matrix A4 Coefficient Register LSB 

Color Space Conversion A4... 
csc_coef_b1_msb 0x410a Color Space Converter Matrix B1 Coefficient Register MSB 

Color Space Conversion B1... 
csc_coef_b1_lsb 0x410b Color Space Converter Matrix B1 Coefficient Register LSB 

Color Space Conversion B1... 
csc_coef_b2_msb 0x410c Color Space Converter Matrix B2 Coefficient Register MSB 

Color Space Conversion B2... 
csc_coef_b2_lsb 0x410d Color Space Converter Matrix B2 Coefficient Register LSB 

Color Space Conversion B2... 
csc_coef_b3_msb 0x410e Color Space Converter Matrix B3 Coefficient Register MSB 

Color Space Conversion B3... 
csc_coef_b3_lsb 0x410f Color Space Converter Matrix B3 Coefficient Register LSB 

Color Space Conversion B3... 
csc_coef_b4_msb 0x4110 Color Space Converter Matrix B4 Coefficient Register MSB 

Color Space Conversion B4... 
Registers for Address Block: ColorSpaceConverter (Continued) 

Register Offset Description 
csc_coef_b4_lsb  0x4111 Color Space Converter Matrix B4 Coefficient Register LSB 

Color Space Conversion B4... 
csc_coef_c1_msb 0x4112 Color Space Converter Matrix C1 Coefficient Register MSB 

Color Space Conversion C1... 
csc_coef_c1_lsb 0x4113 Color Space Converter Matrix C1 Coefficient Register LSB 
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Color Space Conversion C1... 
csc_coef_c2_msb 0x4114 Color Space Converter Matrix C2 Coefficient Register MSB 

Color Space Conversion C2... 
csc_coef_c2_lsb 0x4115 Color Space Converter Matrix C2 Coefficient Register LSB 

Color Space Conversion C2... 
csc_coef_c3_msb 0x4116 Color Space Converter Matrix C3 Coefficient Register MSB 

Color Space Conversion C3... 
csc_coef_c3_lsb 0x4117 Color Space Converter Matrix C3 Coefficient Register LSB 

Color Space Conversion C3... 
csc_coef_c4_msb 0x4118 Color Space Converter Matrix C4 Coefficient Register MSB 

Color Space Conversion C4... 
csc_coef_c4_lsb 0x4119 Color Space Converter Matrix C4 Coefficient Register LSB 

Color Space Conversion C4... 
csc_limit_up_msb 0x411a Color Space Converter Matrix Output Up Limit Register 

MSB For more details, refer to the HDMI 1.4... 
csc_limit_up_lsb 0x411b Color Space Converter Matrix output Up Limit Register 

LSB For more details, refer to the HDMI 1.4... 
csc_limit_dn_msb 0x411c Color Space Converter Matrix output Down Limit Register 

MSB For more details, refer to the HDMI... 
csc_limit_dn_lsb 0x411d Color Space Converter Matrix output Down Limit Register 

LSB For more details, refer to the HDMI... 
csc_cfg 
Description: Color Space Converter Interpolation and Decimation Configuration Register 
Size: 8 bits 
Offset: 0x4100 

Bits Name Attr Description 
7 csc_limit R/W When set (1'b1), the range limitation values 

defined in registers csc_mat_uplim and 
csc_mat_dnlim are applied to the output of the 
Color Space Conversion matrix. This feature 
ensures that the video output range is always 
respected, independently of the matrix coefficient 
configuration or of the video input stream. 
Value After Reset: 0x0 

6 spare_2 R/W Reserved as "spare" register with no associated 
functionality. 
Value After Reset: 0x0 

5:4 intmode R/W Chroma interpolation configuration: 
intmode[1:0] | Chroma Interpolation 
00 | interpolation disabled 
01 | Hu (z) =1 + z^(-1) 
10 | Hu(z)=1/ 2 + z^(-11)+1/2 z^(-2) 
11 | interpolation disabled 
Value After Reset: 0x0 

3:2 spare_1 R/W Reserved as "spare" register with no associated 
functionality. 
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Value After Reset: 0x0 
1:0 decmode R/W Chroma decimation configuration: 
   decmode[1:0] | Chroma Decimation 
   00 | decimation disabled 
   01 | Hd (z) =1 
   10 | Hd(z)=1/ 4 + 1/2z^(-1 )+1/4 z^(-2) 
   11 | Hd(z)x2^(11)= -5+12z^(-2) - 22z^(-

4)+39z^(-8) 
   +109z^(-10) -204z^(-12)+648z^(-14) + 

1024z^(-15) +648z^(-16) - 
   204z^(-18) +109z^(-20)- 65z^(-22) +39z^(-24) -

22z^(-26) +12z^(- 
   28)-5z^(-30) 
   Value After Reset: 0x0 
    
 
csc_scale 
Description: Color Space Converter Scale and Deep Color Configuration Register 
Size: 8 bits 
Offset: 0x4101 

Bits Name Attr Description 
7:4 csc_color_depth R/W Color space converter color depth configuration: 

csc_colordepth[3:0] | Action 
0000 | 24 bit per pixel video (8 bit per 
component). 
0001-0011 | Reserved. Not used. 
0100 | 24 bit per pixel video (8 bit per 
component). 
0101 | 30 bit per pixel video (10 bit per 
component). 
0110 | 36 bit per pixel video (12 bit per 
component). 
0111 | 48 bit per pixel video (16 bit per 
component). 
other | Reserved. Not used. 
Value After Reset: 0x0 

3:2 spare R/W The is a Reserved as "spare" register with no 
associated functionality. 
Value After Reset: 0x0 

1:0 cscscale R/W Defines the cscscale[1:0] scale factor to apply to all 
coefficients in Color Space Conversion. This scale 
factor is expressed in the number of left shifts to 
apply to each of the coefficients, ranging from 0 to 
2. 
Value After Reset: 0x1 

 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2509 

csc_coef_a1_msb 
Description: Color Space Converter Matrix A1 Coefficient Register MSB Notes: 
The coefficients used in the CSC matrix use only 15 bits for the internal computations. 
Coefficients are represented in 2's complementary format and stored in two registers: 
csc_coef_*_lsb[7:0]: coefficient bits 7 to 0 
csc_coef_*_msb[7]: spare bit 
csc_coef_*_msb[6:0]: coefficient bits 14 to 8 
Examples for standard ITU601 and ITU709 RGB/YCC conversion CSC coefficients exist in the 
Video Datapath Application Note. 
Size: 8 bits 
Offset: 0x4102 

Bits Name Attr Description 
7:0 csc_coef_a1_msb R/W Color Space Converter Matrix A1 Coefficient 

Register MSB 
Value After Reset: 0x20 

 
csc_coef_a1_lsb 
Description: Color Space Converter Matrix A1 Coefficient Register LSB Notes: 
The coefficients used in the CSC matrix use only 15 bits for the internal computations. 
Coefficients are represented in 2's complementary format and stored in two registers: 
csc_coef_*_lsb[7:0]: coefficient bits 7 to 0 
csc_coef_*_msb[7]: spare bit 
csc_coef_*_msb[6:0]: coefficient bits 14 to 8 
Examples for standard ITU601 and ITU709 RGB/YCC conversion CSC coefficients exist in the 
Video Datapath Application Note. 
Size: 8 bits 
Offset: 0x4103 

Bits Name Attr Description 
7:0 csc_coef_a1_lsb R/W Color Space Converter Matrix A1 Coefficient 

Register LSB 
Value After Reset: 0x0 

 
csc_coef_a2_msb 
Description: Color Space Converter Matrix A2 Coefficient Register MSB Color Space 
Conversion A2 coefficient. 
Size: 8 bits 
Offset: 0x4104 

Bits Name Attr Description 
7:0 csc_coef_a2_msb R/W Color Space Converter Matrix A2 Coefficient 

Register MSB 
Value After Reset: 0x0 

 
csc_coef_a2_lsb 
Description: Color Space Converter Matrix A2 Coefficient Register LSB Color Space 
Conversion A2 coefficient. 
Size: 8 bits 
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Offset: 0x4105 
Bits Name Attr Description 
7:0 csc_coef_a2_lsb R/W Color Space Converter Matrix A2 Coefficient 

Register LSB 
Value After Reset: 0x0 

 
csc_coef_a3_msb 
Description: Color Space Converter Matrix A3 Coefficient Register MSB Color Space 
Conversion A3 coefficient. 
Size: 8 bits 
Offset: 0x4106 

Bits Name Attr Description 
7:0 csc_coef_a3_msb R/W Color Space Converter Matrix A3 Coefficient 

Register MSB 
Value After Reset: 0x0 
 

 
csc_coef_a3_lsb 
Description: Color Space Converter Matrix A3 Coefficient Register LSB Color Space 
Conversion A3 coefficient. 
Size: 8 bits 
Offset: 0x4107 

Bits Name Attr Description 
7:0 csc_coef_a3_lsb R/W Color Space Converter Matrix A3 Coefficient 

Register LSB 
Value After Reset: 0x0 

 
csc_coef_a4_msb 
Description: Color Space Converter Matrix A4 Coefficient Register MSB Color Space 
Conversion A4 coefficient. 
Size: 8 bits 
Offset: 0x4108 

Bits Name Attr Description 
7:0 csc_coef_a4_msb R/W Color Space Converter Matrix A4 Coefficient 

Register MSB 
Value After Reset: 0x0 

 
csc_coef_a4_lsb 
Description: Color Space Converter Matrix A4 Coefficient Register LSB Color Space 
Conversion A4 coefficient. 
Size: 8 bits 
Offset: 0x4109 

Bits Name Attr Description 
7:0 csc_coef_a4_lsb R/W Color Space Converter Matrix A4 Coefficient 

Register LSB 
Value After Reset: 0x0 
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csc_coef_b1_msb 
Description: Color Space Converter Matrix B1 Coefficient Register MSB Color Space 
Conversion B1 coefficient. 
Size: 8 bits 
Offset: 0x410a 

Bits Name Attr Description 
7:0 csc_coef_b1_msb R/W Color Space Converter Matrix B1 Coefficient 

Register MSB 
Value After Reset: 0x0 
 

 
csc_coef_b1_lsb 
Description: Color Space Converter Matrix B1 Coefficient Register LSB Color Space 
Conversion B1 coefficient. 
Size: 8 bits 
Offset: 0x410b 

Bits Name Attr Description 
7:0 csc_coef_b1_lsb R/W Color Space Converter Matrix B1 Coefficient 

Register LSB 
Value After Reset: 0x0 

 
 
csc_coef_b2_msb 
Description: Color Space Converter Matrix B2 Coefficient Register MSB Color Space 
Conversion B2 coefficient. 
Size: 8 bits 
Offset: 0x410c 

Bits Name Attr Description 
7:0 csc_coef_b2_msb R/W Color Space Converter Matrix B2 Coefficient 

Register MSB 
Value After Reset: 0x20 

 
csc_coef_b2_lsb 
Description: Color Space Converter Matrix B2 Coefficient Register LSB Color Space 
Conversion B2 coefficient. 
Size: 8 bits 
Offset: 0x410d 

Bits Name Attr Description 
7:0 csc_coef_b2_lsb R/W Color Space Converter Matrix B2 Coefficient 

Register LSB 
Value After Reset: 0x0 

 
csc_coef_b3_msb 
Description: Color Space Converter Matrix B3 Coefficient Register MSB Color Space 
Conversion B3 coefficient. 
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Size: 8 bits 
Offset: 0x410e 

Bits Name Attr Description 
7:0 csc_coef_b3_msb R/W Color Space Converter Matrix B3 Coefficient 

Register MSB 
Value After Reset: 0x0 

 
csc_coef_b3_lsb 
Description: Color Space Converter Matrix B3 Coefficient Register LSB Color Space 
Conversion B3 coefficient. 
Size: 8 bits 
Offset: 0x410f 

Bits Name Attr Description 
7:0 csc_coef_b3_lsb R/W Color Space Converter Matrix B3 Coefficient 

Register LSB 
Value After Reset: 0x0 

 
csc_coef_b4_msb 
Description: Color Space Converter Matrix B4 Coefficient Register MSB Color Space 
Conversion B4 coefficient. 
Size: 8 bits 
Offset: 0x4110 

Bits Name Attr Description 
7:0 csc_coef_b4_msb R/W Color Space Converter Matrix B4 Coefficient 

Register MSB 
Value After Reset: 0x0 

 
csc_coef_b4_lsb 
Description: Color Space Converter Matrix B4 Coefficient Register LSB Color Space 
Conversion B4 coefficient. 
Size: 8 bits 
Offset: 0x4111 

Bits Name Attr Description 
7:0 csc_coef_b4_lsb R/W Color Space Converter Matrix B4 Coefficient 

Register LSB 
Value After Reset: 0x0 

 
csc_coef_c1_msb 
Description: Color Space Converter Matrix C1 Coefficient Register MSB Color Space 
Conversion C1 coefficient. 
Size: 8 bits 
Offset: 0x4112 

Bits Name Attr Description 
7:0 csc_coef_c1_msb R/W Color Space Converter Matrix C1 Coefficient 

Register MSB 
Value After Reset: 0x0 
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csc_coef_c1_lsb 
Description: Color Space Converter Matrix C1 Coefficient Register LSB Color Space 
Conversion C1 coefficient. 
Size: 8 bits 
Offset: 0x4113 

Bits Name Attr Description 
7:0 csc_coef_c1_lsb R/W Color Space Converter Matrix C1 Coefficient 

Register LSB 
Value After Reset: 0x0 

 
csc_coef_c2_msb 
Description: Color Space Converter Matrix C2 Coefficient Register MSB Color Space 
Conversion C2 coefficient. 
Size: 8 bits 
Offset: 0x4114 

Bits Name Attr Description 
7:0 csc_coef_c2_msb R/W Color Space Converter Matrix C2 Coefficient 

Register MSB 
Value After Reset: 0x0 

 
csc_coef_c2_lsb 
Description: Color Space Converter Matrix C2 Coefficient Register LSB Color Space 
Conversion C2 coefficient. 
Size: 8 bits 
Offset: 0x4115 

Bits Name Attr Description 
7:0 csc_coef_c2_lsb R/W Color Space Converter Matrix C2 Coefficient 

Register LSB 
Value After Reset: 0x0 

 
csc_coef_c3_msb 
Description: Color Space Converter Matrix C3 Coefficient Register MSB Color Space 
Conversion C3 coefficient. 
Size: 8 bits 
Offset: 0x4116 

Bits Name Attr Description 
7:0 csc_coef_c3_msb R/W Color Space Converter Matrix C3 Coefficient 

Register MSB 
Value After Reset: 0x20 

 
csc_coef_c3_lsb 
Description: Color Space Converter Matrix C3 Coefficient Register LSB Color Space 
Conversion C3 coefficient. 
Size: 8 bits 
Offset: 0x4117 
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Bits Name Attr Description 
7:0 csc_coef_c3_lsb R/W Color Space Converter Matrix C3 Coefficient 

Register LSB 
Value After Reset: 0x0 

 
csc_coef_c4_msb 
Description: Color Space Converter Matrix C4 Coefficient Register MSB Color Space 
Conversion C4 coefficient. 
Size: 8 bits 
Offset: 0x4118 

Bits Name Attr Description 
7:0 csc_coef_c4_msb R/W Description: Color Space Converter Matrix C4 

Coefficient Register MSB 
Value After Reset: 0x0 

 
csc_coef_c4_lsb 
Description: Color Space Converter Matrix C4 Coefficient Register LSB Color Space 
Conversion C4 coefficient. 
Size: 8 bits 
Offset: 0x4119 

Bits Name Attr Description 
7:0 csc_coef_c4_lsb R/W Color Space Converter Matrix C4 Coefficient 

Register LSB 
Value After Reset: 0x0 

 
csc_limit_up_msb 
Description: Color Space Converter Matrix Output Up Limit Register MSB 
For more details, refer to the HDMI 1.4 specification, paragraph 6.6 Video Quantization 
Ranges. For an RGB output of 8 bits, the expected limit is 254, and this register must be 
configured with 0x00. 
Size: 8 bits 
Offset: 0x411a 

Bits Name Attr Description 
7:0 csc_limit_up_msb R/W Color Space Converter Matrix Output Upper Limit 

Register MSB 
Value After Reset: 0xff 

 
csc_limit_up_lsb 
Description: Color Space Converter Matrix output Up Limit Register LSB 
For more details, refer to the HDMI 1.4 specification, paragraph 6.6 Video Quantization 
Ranges. For an RGB output of 8 bits, the expected limit is 254, and this register must be 
configured with 0xFE. 
Size: 8 bits 
Offset: 0x411b 

Bits Name Attr Description 
7:0 csc_limit_up_lsb R/W Color Space Converter Matrix Output Upper Limit 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2515 

Register LSB 
Value After Reset: 0xff 

 
csc_limit_dn_msb 
Description: Color Space Converter Matrix output Down Limit Register MSB 
For more details, refer to the HDMI 1.4 specification, paragraph 6.6 Video Quantization 
Ranges. For an RGB output of 8 bits, the expected limit is 1, and this register must be 
configured with 0x00. 
Size: 8 bits 
Offset: 0x411c 

Bits Name Attr Description 
7:0 csc_limit_dn_msb R/W Color Space Converter Matrix output Down Limit 

Register MSB 
Value After Reset: 0x0 

 
csc_limit_dn_lsb 
Description: Color Space Converter Matrix output Down Limit Register LSB 
For more details, refer to the HDMI 1.4 specification, paragraph 6.6 Video Quantization 
Ranges. For an RGB output of 8 bits, the expected limit is 1, and this register must be 
configured with 0x01. 
Size: 8 bits 
Offset: 0x411d 

Bits Name Attr Description 
7:0 csc_limit_dn_lsb R/W Color Space Converter Matrix Output Down Limit 

Register LSB 
Value After Reset: 0x0 

 
HDCP Registers 
HDCP Registers. Follow the link for the register to see a detailed description of the register. 

Register Offset Description 
a_hdcpcfg0 0x5000 HDCP Enable and Functional Control Configuration 

Register 0 
a_hdcpcfg1 0x5001 HDCP Software Reset and Functional Control 

Configuration Register 1 
a_hdcpobs0 0x5002 HDCP Observation Register 0 
a_hdcpobs1  0x5003 HDCP Observation Register 1 
a_hdcpobs2  0x5004 HDCP Observation Register 2 
a_hdcpobs3 0x5005 HDCP Observation Register 3 
a_apiintclr 0x5006 HDCP Interrupt Clear Register Write only register, 

active high and auto cleared, cleans the 
respective... 

a_apiintstat 0x5007 HDCP Interrupt Status Register Read only register, 
reports the interruption which caused the 
activation... 

a_apiintmsk 0x5008 HDCP Interrupt Mask Register The configuration of 
this register mask a given setup of interruption,... 
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Register Offset Description 
a_vidpolcfg 0x5009 HDCP Video Polarity Configuration Register 
a_oesswcfg 0x500a HDCP OESS WOO Configuration Register Pulse 

width of the encryption enable (CTL3) signal in 
the... 

a_coreverlsb 0x5014 HDCP Controller Version Register LSB Design ID 
number. 

a_corevermsb 0x5015 HDCP Controller Version Register MSB Revision ID 
number. 

a_ksvmemctrl 0x5016 HDCP KSV Memory Control Register The 
KSVCTRLupd bit is a notification flag. This flag 
changes polarity... 

hdcp_bstatus[0:1] 0x5020 
+ 
(i * 
0x1) 

HDCP BStatus Register Array 

hdcp_m0[0:7] 0x5022 
+ 
(i * 
0x1) 

HDCP M0 Register Array 

hdcp_ksv[0:634] 0x502a 
+ 
(i * 
0x1) 

HDCP KSV Registers 

hdcp_vh[0:19] 0x52a5 
+ 
(i * 
0x1) 

HDCP SHA-1 VH Registers 

hdcp_revoc_size_0 0x52b9 HDCP Revocation KSV List Size Register 0 
hdcp_revoc_size_1 0x52ba HDCP Revocation KSV List Size Register 1 
hdcp_revoc_list[0:5059] 0x52bb 

+ (i * 
0x1) 

HDCP Revocation KSV Registers 

hdcpreg_bksv0 0x7800 HDCP KSV Status Register 0 
Registers for Address Block: HDCP (Continued) 

Register Offset Description 
hdcpreg_bksv1 0x7801 HDCP KSV Status Register 1 
hdcpreg_bksv2 0x7802 HDCP KSV Status Register 2 
hdcpreg_bksv3 0x7803 HDCP KSV Status Register 3 
hdcpreg_bksv4 0x7804 HDCP KSV Status Register 4 
hdcpreg_anconf 0x7805 HDCP AN Bypass Control Register 
hdcpreg_an0 0x7806 HDCP Forced AN Register 0 
hdcpreg_an1 0x7807 HDCP Forced AN Register 1 
hdcpreg_an2 0x7808 HDCP forced AN Register 2 
hdcpreg_an3 0x7809 HDCP Forced AN Register 3 
hdcpreg_an4 0x780a HDCP Forced AN Register 4 
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Register Offset Description 
hdcpreg_an5 0x780b HDCP Forced AN Register 5 
hdcpreg_an6 0x780c HDCP Forced AN Register 6 
hdcpreg_an7 0x780d HDCP Forced AN Register 7 
hdcpreg_rmlctl 0x780e HDCP Encrypted Device Private Keys Control 

Register This register is the control register for 
the... 

hdcpreg_rmlsts 0x780f HDCP Encrypted DPK Status Register The required 
software configuration sequence is documented in... 

hdcpreg_seed0 0x7810 HDCP Encrypted DPK Seed Register 0 This register 
contains a byte of the HDCP Encrypted DPK seed... 

hdcpreg_seed1 0x7811 HDCP Encrypted DPK Seed Register 1 This register 
contains a byte of the HDCP Encrypted DPK seed... 

hdcpreg_dpk0 0x7812 HDCP Encrypted DPK Data Register 0 This register 
contains an HDCP DPK byte. The required 
software... 

hdcpreg_dpk1 0x7813 HDCP Encrypted DPK Data Register 1 This register 
contains an HDCP DPK byte. The required 
software... 

hdcpreg_dpk2 0x7814 HDCP Encrypted DPK Data Register 2 This register 
contains an HDCP DPK byte. The required 
software... 

hdcpreg_dpk3 0x7815 HDCP Encrypted DPK Data Register 3 This register 
contains an HDCP DPK byte. The required 
software... 

hdcpreg_dpk4 0x7816 HDCP Encrypted DPK Data Register 4 This register 
contains an HDCP DPK byte. The required 
software... 

hdcpreg_dpk5 0x7817 HDCP Encrypted DPK Data Register 5 This register 
contains an HDCP DPK byte. The required 
software... 

hdcpreg_dpk6 0x7818 HDCP Encrypted DPK Data Register 6 This register 
contains an HDCP DPK byte. The required 
software... 

 
a_hdcpcfg0 
Description: HDCP Enable and Functional Control Configuration Register 0 
Size: 8 bits 
Offset: 0x5000 

Bits Name Attr Description 
7 ELVena R/W Enables the Enhanced Link Verification from the 

transmitter's side 
Value After Reset: 0x0 

6 I2Cfastmode R/W Enable the I2C fast mode option from the 
transmitter's side. 
Value After Reset: 0x0 
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5 bypencryption R/W Bypasses all the data encryption stages 
Value After Reset: "(HDMI_HDCP_BYPASS== 1) ? 
1 : 0" 

4 syncricheck R/W Configures if the Ri check should be done at every 
2s even or synchronously to every 128 encrypted 
frame. 
Value After Reset: 0x0 

3 avmute R This register holds the current AVMUTE state of the 
Hdmi_tx controller, as expected to be perceived by 
the connected HDMI/HDCP sink device. 
Value After Reset: 0x0 

2 rxdetect R/W Information that a sink device was detected 
connected to the HDMI port 
Value After Reset: 0x0 

1 en11feature R/W Enable the use of features 1.1 from the 
transmitter's side 
Value After Reset: 0x0 

0 hdmidvi R/W Configures the transmitter to operate with a HDMI 
capable device or with a DVI device. 
Value After Reset: 0x0 

 
a_hdcpcfg1 
Description: HDCP Software Reset and Functional Control Configuration Register 1 
Size: 8 bits 
Offset: 0x5001 

Bits Name Attr Description 
7:5 spare R/W Reserved as "spare" register with no associated 

functionality. 
Value After Reset: 0x0 

4 hdcp_lock R/W Lock the HDCP bypass and encryption disable 
mechanisms: 
1'b0: The default 1'b0 value enables you to bypass 
HDCP through bit 5 (bypencryption) of the 
A_HDCPCFG0 register or to disable the encryption 
through bit 1 (encryptiondisable) of A_HDCPCFG1. 
1'b1: You can still write to the bit bypencryption of 
A_HDCPCFG0 or encryptiondisable bit of 
A_HDCPCFG1 but you cannot enable the bypass. 
Once you set the value to 1'b1, you can change the 
value back to 1'b0 only by issuing a master reset to 
the Hdmi_tx. 
Value After Reset: 0x0 

3 dissha1check R/W Disables the request to the API processor to verify 
the SHA1 message digest of a received KSV List 
Value After Reset: 0x0 

2 ph2upshftenc R/W Enables the encoding of packet header in the 
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Bits Name Attr Description 
tmdsch0 bit[0] with cipher[2] instead of the 
tmdsch0 bit[2] 
Note: This bit must always be set to 1 for all PHYs. 
Value After Reset: 0x0 

1 encryptiondisable R/W Disable encryption without losing authentication 
Value After Reset: 0x0 

0 swreset R/W Software reset signal, active by writing a zero and 
auto cleared to 1 in the following cycle. 
Value After Reset: 0x1 

 
a_hdcpobs0 
Description: HDCP Observation Register 0 
Size: 8 bits 
Offset: 0x5002 

Bits Name Attr Description 
7:4 STATEA R Observability register informs in which state the 

authentication machine is on. 
Value After Reset: 0x0 

3:1 SUBSTATEA R Observability register informs in which sub-state the 
authentication is on. 
Value After Reset: 0x0 

0 hdcpengaged R Informs that the current HDMI link has the HDCP 
protocol fully engaged. 
Value After Reset: 0x0 

 
a_hdcpobs1 
Description: HDCP Observation Register 1 
Size: 8 bits 
Offset: 0x5003 
Bits Name Attr Description 
7   Reserved for future use. 
6:4 STATEOEG R Observability register informs in which state the 

OESS machine is on. 
Value After Reset: 0x0 

3:0 STATER R Observability register informs in which state the 
revocation machine is on. 
Value After Reset: 0x0 

 
a_hdcpobs2 
Description: HDCP Observation Register 2 
Size: 8 bits 
Offset: 0x5004 
Bits Name Attr Description 
7:6   Reserved for future use. 
5:3 STATEE R Observability register informs in which state the 
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cipher machine is on. 
Value After Reset: 0x0 

2:0 STATEEEG R Observability register informs in which state the 
EESS machine is on. 
Value After Reset: 0x0 

 
a_hdcpobs3 
Description: HDCP Observation Register 3 
Size: 8 bits 
Offset: 0x5005 

Bits Name Attr Description 
7 HDMI_RESERVED_1 R Register read from attached sink device: 

Bcap(0x40) bit 7. 
Value After Reset: 0x0 

6 REPEATER R Register read from attached sink device: 
Bcap(0x40) bit 6. 
Value After Reset: 0x0 

5 KSV_FIFO_READY R Register read from attached sink device: 
Bcap(0x40) bit 5. 
Value After Reset: 0x0 

4 FAST_I2C R Register read from attached sink device: 
Bcap(0x40) bit 4. 
Value After Reset: 0x0 

3 HDMI_RESERVED_2 R Register read from attached sink device: 
Bstatus(0x41) bit 13. 
Value After Reset: 0x0 

2 HDMI_MODE R Register read from attached sink device: 
Bstatus(0x41) bit 12. 
Value After Reset: 0x0 

1 FEATURES_1_1 R Register read from attached sink device: 
Bcap(0x40) bit 1. 
Value After Reset: 0x0 

0 FAST_REAUTHENTICATION R Register read from attached sink device: 
Bcap(0x40) bit 0. 
Value After Reset: 0x0 

 
a_apiintclr 
Description: HDCP Interrupt Clear Register 
Write only register, active high and auto cleared, cleans the respective interruption in the 
interrupt status register. 
Size: 8 bits 
Offset: 0x5006 

Bits Name Attr Description 
7 HDCP_engaged W Clears the interruption related to HDCP 

authentication process successful. 
Value After Reset: 0x0 
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6 HDCP_failed W Clears the interruption related to HDCP 
authentication process failed. 
Value After Reset: 0x0 

5 KSVsha1calcdoneint W Clears the interruption related to SHA1 verification 
has been done 
Value After Reset: 0x0 

4 I2Cnack W Clears the interruption related to I2C NACK 
reception. 
Value After Reset: 0x0 

3 Lostarbitration W Clears the interruption related to I2C arbitration 
lost. 
Value After Reset: 0x0 

2 Keepouterrorint W Clears the interruption related to keep out window 
error. 
Value After Reset: 0x0 

1 KSVsha1calcint W Clears the interruption related to KSV list update in 
memory that needs to be SHA1 verified. 
Value After Reset: 0x0 

0 KSVaccessint W Clears the interruption related to KSV Attr grant for 
Read-Write access. 
Value After Reset: 0x0 

 
a_apiintstat 
Description: HDCP Interrupt Status Register 
Read only register, reports the interruption which caused the activation of the interruption 
output pin. 
Size: 8 bits 
Offset: 0x5007 

Bits Name Attr Description 
7 HDCP_engaged R Notifies that the HDCP authentication process was 

successful 
Value After Reset: 0x0 

6 HDCP_failed R Notifies that the HDCP authentication process was 
failed. 
Value After Reset: 0x0 

5 KSVsha1calcdoneint R Notifies that the HDCP13TCTRL controller SHA1 
verification has been done. The status ready to be 
read. 
Value After Reset: 0x0 

4 I2Cnack R Notifies that the I2C received a NACK from slave 
device. 
Value After Reset: 0x0 

3 Lostarbitration R Notifies that the I2C lost the arbitration to 
communicate. Another master gained arbitration. 
Value After Reset: 0x0 

2 Keepouterrorint R Notifies that during the keep out window, the 
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Bits Name Attr Description 
ctlout[3:0] bus was used besides control period. 
Value After Reset: 0x0 

1 KSVsha1calcint R Notifies that the HDCP13TCTRL controller as 
updated a KSV list in memory that needs to be 
SHA1 verified. 
Value After Reset: 0x0 

0 KSVaccessint R Notifies that the KSV Attr as been guaranteed for 
Read-Write access. 
Value After Reset: 0x0 

 
a_apiintmsk 
Description: HDCP Interrupt Mask Register 
The configuration of this register mask a given setup of interruption, disabling them from 
generating interruption pulses in the interruption output pin. 
Size: 8 bits 
Offset: 0x5008 

Bits Name Attr Description 
7 HDCP_engaged R/W Masks the interruption related to HDCP 

authentication process successful. 
Value After Reset: 0x0 

6 HDCP_failed R/W Masks the interruption related to HDCP 
authentication process failed. 
Value After Reset: 0x0 

5 KSVsha1calcdoneint R/W Masks the interruption related to SHA1 verification 
has been done Otherwise, this field is a "spare" bit 
with no associated functionality. 
Value After Reset: 0x0 

4 I2Cnack R/W Masks the interruption related to I2C NACK 
reception. 
Value After Reset: 0x0 

3 Lostarbitration R/W Masks the interruption related to I2C arbitration 
lost. 
Value After Reset: 0x0 

2 Keepouterrorint R/W Masks the interruption related to keep out window 
error. 
Value After Reset: 0x0 

1 KSVsha1calcint R/W Masks the interruption related to KSV list update in 
memory that needs to be SHA1 verified. Otherwise, 
this field is a "spare" bit with no associated 
functionality. 
Value After Reset: 0x0 

0 KSVaccessint R/W Masks the interruption related to KSV Attr grant for 
Read-Write access. 
Value After Reset: 0x0 
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a_vidpolcfg 
Description: HDCP Video Polarity Configuration Register 
Size: 8 bits 
Offset: 0x5009 

Bits Name Attr Description 
7   Reserved for future use. 
6:5 unencryptconf R/W Configuration of the color sent when sending 

unencrypted video data 
Value After Reset: 0x0 

4 dataenpol R/W Configuration of the video data enable polarity 
Value After Reset: 0x0 

3 vsyncpol R/W Configuration of the video Vertical synchronism 
polarity 
Value After Reset: 0x0 

2 spare_2 R/W Reserved as "spare" bit with no associated 
functionality. 
Value After Reset: 0x0 

1 hsyncpol R/W Configuration of the video Horizontal synchronism 
polarity. 
Value After Reset: 0x0 

0 spare_1 R/W Reserved as "spare" bit with no associated 
functionality. 
Value After Reset: 0x0 

 
a_oesswcfg 
Description: HDCP OESS WOO Configuration Register 
Pulse width of the encryption enable (CTL3) signal in the HDCP OESS mode. The window of 
opportunity for the Original Encryption Status Signaling starts at the active edge of the 
Vertical synchronism and stops after oesswindowoffset[7:0]*4 clock cycles of TMDS clock. 
According to the HDCP specification, the CTL3 signal must be asserted at least for eight 
TMDS clock cycles (oesswindowoffset[7:0] must be greater than 1), and it is recommended 
to transmit a larger pulse width for enhanced link reliability. 
Size: 8 bits 
Offset: 0x500a 

Bits Name Attr Description 
7:0 a_oesswcfg R/W HDCP OESS WOO Configuration Register 

Value After Reset: 0x80 
 
a_coreverlsb 
Description: HDCP Controller Version Register LSB Design ID number. 
Size: 8 bits 
Offset: 0x5014 

Bits Name Attr Description 
7:0 a_coreverlsb R HDCP Controller Version Register LSB 

Value After Reset: 0x2 
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a_corevermsb 
Description: HDCP Controller Version Register MSB Revision ID number. 
Size: 8 bits 
Offset: 0x5015 

Bits Name Attr Description 
7:0 a_corevermsb R HDCP Controller Version Register MSB 

Value After Reset: 0x3 
 
a_ksvmemctrl 
Description: HDCP KSV Memory Control Register 
The KSVCTRLupd bit is a notification flag. This flag changes polarity whenever the register is 
written. This flag acts as a trigger to other blocks that processes this data. Upon reset the 
flag returns to low default value. 
Size: 8 bits 
Offset: 0x5016 

Bits Name Attr Description 
7:5   Reserved for future use. 
4 KSVsha1status R Notification whether the KSV list message digest is 

correct from the controller: 1'b1 if digest message 
verification failed 1'b0 if digest message verification 
succeeded 
Value After Reset: 0x0 

3 SHA1fail R/W Notification whether the KSV list message digest is 
correct. 
Value After Reset: 0x0 

2 KSVCTRLupd R/W Set to inform that the KSV list in memory has been 
analyzed and the response to the Message Digest 
has been updated if on configurations on software 
SHA-1 calculation. 
Value After Reset: 0x0 

1 KSVMEMaccess R Notification that the KSV Attr as been guaranteed. 
Value After Reset: 0x0 

0 KSVMEMrequest R/W Request access to the KSV memory; must be de-
asserted after the access is completed by the 
system. 
Value After Reset: 0x0 

 
hdcp_bstatus[0:1] 
Description: HDCP BStatus Register Array 
Size: 8 bits 
Offset: 0x5020 + (i * 0x1) 

Bits Name Attr Description 
7:0 bstatus R/W HDCP BSTATUS[15:0]. If Attr has not been granted 

(see register a_ksvmemctrl), the value read will be 
8'hff. 
Value After Reset: 0xff 
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hdcp_m0[0:7] 
Description: HDCP M0 Register Array 
Size: 8 bits 
Offset: 0x5022 + (i * 0x1) 

Bits Name Attr Description 
7:0 M0 R/W HDCP M0[32:0]. If Attr has not been granted (see 

register a_ksvmemctrl) , the value read will be 
8'hff. These values are only available on a 
configuration that has the SHA1 calculation by 
software. 
Value After Reset: 0xff 

 
hdcp_ksv[0:634] 
Description: HDCP KSV Registers. 
Size: 8 bits 
Offset: 0x502a + (i * 0x1) 

Bits Name Attr Description 
7:0 hdcp_ksv_byte R/W Sink KSV FIFO byte, ordered in little endian (byte at 

address 0x502a belongs to byte 0 of KSV0). If Attr 
has not been granted (see register a_ksvmemctrl), 
the value read is 8'hff. 
In this address space, 635 KSV FIFO bytes are 
mapped, which allow for 127 KSV values, each with 
5 bytes (40 bits). 
Value After Reset: 0xff 

 
hdcp_vh[0:19] 
Description: HDCP SHA-1 VH Registers. 
Size: 8 bits 
Offset: 0x52a5 + (i * 0x1) 

Bits Name Attr Description 
7:0 hdcp_vh_byte R/W Sink VH' byte, ordered in little endian (byte at 

address 0x525a belongs to byte 0 of VH0). If Attr 
has not been granted (see register a_ksvmemctrl), 
the value read is 8'hff. 
In this address space 20 VH bytes are mapped, 
which allow for 5 VH values, each with 4 bytes 
(32bits). 
Value After Reset: 0xff 

 
hdcp_revoc_size_0 
Description: HDCP Revocation KSV List Size Register 0 
Size: 8 bits 
Offset: 0x52b9 

Bits Name Attr Description 
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7:0 hdcp_revoc_size_0 R/W Register containing the LSB of KSV list size 
(ksv_list_size[7:0]). If Attr has not been granted 
(see register a_ksvmemctrl), the value read is 8'hff. 
Value After Reset: 0xff 

 
hdcp_revoc_size_1 
Description: HDCP Revocation KSV List Size Register 1 
Size: 8 bits 
Offset: 0x52ba 

Bits Name Attr Description 
7:0 hdcp_revoc_size_1 R/W Register containing the MSB of KSV list size 

(ksv_list_size[15:8]). If Attr has not been granted 
(see register a_ksvmemctrl), the value read is 8'hff. 
Value After Reset: 0xff 

 
hdcp_revoc_list[0:5059] 
Description: HDCP Revocation KSV Registers. 
Size: 8 bits 
Offset: 0x52bb + (i * 0x1) 

Bits Name Attr Description 
7:0 hdcp_revoc_list_ksv_byte R/W Revocation KSV byte, ordered in little endian (byte 

at address 0x52bb belongs to byte 0 of the first 
revoked KSV). If Attr has not been granted (see 
register a_ksvmemctrl), the value read is 8'hff. 
In this address space 5060 revoked KSV bytes are 
mapped, which allow for 1012 KSV values, each 
with 5 bytes (40 bits). 
Value After Reset: 0xff 

 
hdcpreg_bksv0 
Description: HDCP KSV Status Register 0 
Size: 8 bits 
Offset: 0x7800 

Bits Name Attr Description 
7:0 hdcpreg_bksv0 R Contains the value of BKSV[7:0]. 

Value After Reset: 0x0 
 
hdcpreg_bksv1 
Description: HDCP KSV Status Register 1 
Size: 8 bits 
Offset: 0x7801 

Bits Name Attr Description 
7:0 hdcpreg_bksv1 R Description: Contains the value of BKSV[15:8]. 

Value After Reset: 0x0 
 
hdcpreg_bksv2 
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Description: HDCP KSV Status Register 2 
Size: 8 bits 
Offset: 0x7802 

Bits Name Attr Description 
7:0 hdcpreg_bksv2 R Contains the value of BKSV[23:16]. 

Value After Reset: 0x0 
 
hdcpreg_bksv3 
Description: HDCP KSV Status Register 3 
Size: 8 bits 
Offset: 0x7803 

Bits Name Attr Description 
7:0 hdcpreg_bksv3 R Contains the value of BKSV[31:24]. 

Value After Reset: 0x0 
 
hdcpreg_bksv4 
Description: HDCP KSV Status Register 4 
Size: 8 bits 
Offset: 0x7804 

Bits Name Attr Description 
7:0 hdcpreg_bksv4 R Contains the value of BKSV[39:32]. 

Value After Reset: 0x0 
 
hdcpreg_anconf 
Description: HDCP AN Bypass Control Register 
Size: 8 bits 
Offset: 0x7805 

Bits Name Attr Description 
7:1   Reserved for future use. 
0 oanbypass R/W When oanbypass=1, the value of AN used in the 

HDCP engine comes from the hdcpreg_an0 to 
hdcpreg_an7 registers. 
When oanbypass=0, the value of AN used in the 
HDCP engine comes from the random number input. 
Value After Reset: 0x0 

 
hdcpreg_an0 
Description: HDCP Forced AN Register 0 
Size: 8 bits 
Offset: 0x7806 

Bits Name Attr Description 
7:0 hdcpreg_an0 R/W Contains the value of AN[7:0] Value After Reset: 

0x0  
 
hdcpreg_an1 
Description: HDCP Forced AN Register 1 
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Size: 8 bits 
Offset: 0x7807 
Bits Name Attr Description 
7:0 hdcpreg_an1 R/W Contains the value of AN[15:8] Value After Reset: 

0x0  
 
hdcpreg_an2 
Description: HDCP forced AN Register 2 
Size: 8 bits 
Offset: 0x7808 
Bits Name Attr Description 
7:0 hdcpreg_an2 R/W Contains the value of AN[23:16] 

Value After Reset: 0x0 
 
hdcpreg_an3 
Description: HDCP Forced AN Register 3 
Size: 8 bits 
Offset: 0x7809 
Bits Name Attr Description 
7:0 hdcpreg_an3 R/W Contains the value of AN[31:24] 

Value After Reset: 0x0 
 
hdcpreg_an4 
Description: HDCP Forced AN Register 4 
Size: 8 bits 
Offset: 0x780a 
Bits Name Attr Description 
7:0 hdcpreg_an4 R/W Contains the value of AN[39:32] 

Value After Reset: 0x0 
 
hdcpreg_an5 
Description: HDCP Forced AN Register 5 
Size: 8 bits 
Offset: 0x780b 
Bits Name Attr Description 
7:0 hdcpreg_an5 R/W Contains the value of AN[47:40] 

Value After Reset: 0x0 
 
hdcpreg_an6 
Description: HDCP Forced AN Register 6 
Size: 8 bits 
Offset: 0x780c 
Bits Name Attr Description 
7:0 hdcpreg_an6 R/W Contains the value of AN[55:48] 

Value After Reset: 0x0 
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hdcpreg_an7 
Description: HDCP Forced AN Register 7 
Size: 8 bits 
Offset: 0x780d 
Bits Name Attr Description 
7:0 hdcpreg_an7 R/W Contains the value of BKSV[63:56] 

Value After Reset: 0x0 
 
hdcpreg_rmlctl 
Description: HDCP Encrypted Device Private Keys Control Register 
This register is the control register for the software programmable encrypted DPK embedded 
storage feature. The required software configuration sequence is documented in the   Cores 
HDMI Transmitter User Guide in the "Programming" chapter, Section 3.2.4, "Configure 
HDCP." 
Size: 8 bits 
Offset: 0x780e 
Bits Name Attr Description 
7:1   Reserved for future use. 
0 odpk_decrypt_enable R/W When set (1'b1), this bit activates the decryption of 

the Device Private keys. 
Value After Reset: 0x0 

 
hdcpreg_rmlsts 
Description: HDCP Encrypted DPK Status Register 
The required software configuration sequence is documented in the   Cores HDMI 
Transmitter User Guide in the "Programming" chapter, Section 3.2.4, "Configure HDCP." 
Size: 8 bits 
Offset: 0x780f 
Bits Name Attr Description 
7   Reserved for future use. 
6 idpk_wr_ok_sts R When high (1'b1), it indicates that a DPK write is 

allowed. 
Value After Reset: 0x0 

5:0 idpk_data_index R Current Device Private Key being written plus one. 
Position 0 is occupied by the AKSV. 
Value After Reset: 0x0 

 
hdcpreg_seed0 
Description: HDCP Encrypted DPK Seed Register 0 
This register contains a byte of the HDCP Encrypted DPK seed value used to encrypt the 
Device Private Keys. The required software configuration sequence is documented in the   
Cores HDMI Transmitter User Guide in the "Programming" chapter, Section 3.2.4, "Configure 
HDCP." 
Size: 8 bits 
Offset: 0x7810 
Bits Name Attr Description 
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7:0 hdcpreg_seed0 W Least significant byte of the decryption seed value 
(dpk_decrypt_seed[7:0]). 
Value After Reset: 0x0 

 
hdcpreg_seed1 
Description: HDCP Encrypted DPK Seed Register 1 
This register contains a byte of the HDCP Encrypted DPK seed value used to encrypt the 
Device Private Keys. The required software configuration sequence is documented in the   
Cores HDMI Transmitter User Guide in the "Programming" chapter, Section 3.2.4, "Configure 
HDCP." 
Size: 8 bits 
Offset: 0x7811 
Bits Name Attr Description 
7:0 hdcpreg_seed1 W Most significant byte of the decryption seed value 

(dpk_decrypt_seed[15:8]). 
Value After Reset: 0x0 

 
hdcpreg_dpk0 
Description: HDCP Encrypted DPK Data Register 0 
This register contains an HDCP DPK byte. The required software configuration sequence is 
documented in the   Cores HDMI Transmitter User Guide in the "Programming" chapter, 
Section 3.2.4, "Configure HDCP." 
Size: 8 bits 
Offset: 0x7812 
Bits Name Attr Description 
7:0 dpk_data W Byte of the encrypted DPK value. dpk[7:0] 

When this byte is written, a strobe signal is 
generated that triggers the decryption and/or 
storage of the DPK word on the DPK internal RAM 
memory. Value After Reset: 0x0 

 
hdcpreg_dpk1 
Description: HDCP Encrypted DPK Data Register 1 
This register contains an HDCP DPK byte. The required software configuration sequence is 
documented in the   Cores HDMI Transmitter User Guide in the "Programming" chapter, 
Section 3.2.4, "Configure HDCP." 
Size: 8 bits 
Offset: 0x7813 
Bits Name Attr Description 
7:0 dpk_data W Byte of the encrypted DPK value. dpk[15:8] 

Value After Reset: 0x0 
 
hdcpreg_dpk2 
Description: HDCP Encrypted DPK Data Register 2 
This register contains an HDCP DPK byte. The required software configuration sequence is 
documented in the   Cores HDMI Transmitter User Guide in the "Programming" chapter, 
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Section 3.2.4, "Configure HDCP." 
Size: 8 bits 
Offset: 0x7814 
Bits Name Attr Description 
7:0 dpk_data W Byte of the encrypted DPK value. dpk[23:16] 

Value After Reset: 0x0 
 
hdcpreg_dpk3 
Description: HDCP Encrypted DPK Data Register 3 
This register contains an HDCP DPK byte. The required software configuration sequence is 
documented in the   Cores HDMI Transmitter User Guide in the "Programming" chapter, 
Section 3.2.4, "Configure HDCP." 
Size: 8 bits 
Offset: 0x7815 
Bits Name Attr Description 
7:0 dpk_data W Byte of the encrypted DPK value. dpk[31:24] 

Value After Reset: 0x0 
 
hdcpreg_dpk4 
Description: HDCP Encrypted DPK Data Register 4 
This register contains an HDCP DPK byte. 
Size: 8 bits 
Offset: 0x7816 
Bits Name Attr Description 
7:0 dpk_data W Byte of the encrypted DPK value. dpk[39:32] 

Value After Reset: 0x0 
 
hdcpreg_dpk5 
Description: HDCP Encrypted DPK Data Register 5 
This register contains an HDCP DPK byte. The required software configuration sequence is 
documented in the   Cores HDMI Transmitter User Guide in the "Programming" chapter, 
Section 3.2.4, "Configure HDCP." 
Size: 8 bits 
Offset: 0x7817 
Bits Name Attr Description 
7:0 dpk_data W Contains the value of DPK[x][47:40] 

Value After Reset: 0x0 
 
hdcpreg_dpk6 
Description: HDCP Encrypted DPK Data Register 6 
This register contains an HDCP DPK byte. The required software configuration sequence is 
documented in the   Cores HDMI Transmitter User Guide in the "Programming" chapter, 
Section 3.2.4, "Configure HDCP." 
Size: 8 bits 
Offset: 0x7818 
Bits Name Attr Description 
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7:0 dpk_data W Contains the value of DPK[x][55:48] 
Value After Reset: 0x0 

 
 
HDCP22 Registers 
HDCP22 Registers. Follow the link for the register to see a detailed description of the 
register. 
Register Offset Description 
hdcp22reg_id 0x7900 HDCP 2.2 Identification Register 
hdcp22reg_ctrl 0x7904 HDCP 2.2 Control Register 
hdcp22reg_ctrl1 0x7905 HDCP 2.2 Control Register 1 
hdcp22reg_sts 0x7908 HDCP 2.2 Status Register 
hdcp22reg_mask 0x790c HDCP 2.2 Interrupt Mask Register 
hdcp22reg_stat  0x790d HDCP 2.2 interrupt Sticky Bit Status Register 
hdcp22reg_mute  0x790e HDCP 2.2 Interrupt Mute Vector 
 
hdcp22reg_id 
Description: HDCP 2.2 Identification Register 
Size: 8 bits 
Offset: 0x7900 
Bits Name Attr Description 
7:3   Reserved for future use. 
2 hdcp22_3rdparty R Indicates that External HDCP 2.2 interface is present 

and 3rd party HDCP 2.2 module is connected to this 
interface. 
Value After Reset: 
"(HTX_HDCP22_EXTERNAL_ELLP== 1) ? 1 : 0" 

1 hdcp22_externalif R Indicates that External HDCP 2.2 interface is 
present. 
Value After Reset: 
"(HTX_HDCP22_EXTERNAL_NONE== 1) ? 1 : 0" 

0   Reserved for future use. 
 
hdcp22reg_ctrl 
Description: HDCP 2.2 Control Register 
Size: 8 bits 
Offset: 0x7904 
Bits Name Attr Description 
7:6   Reserved for future use. 
5 hpd_ovr_val R/W HPD Override Value 

1'b0: If hpd_ovr_en is 1'b1 the HPD value to the 
HDCP 2.2 external interface is set to 1'b0. 
1'b1: If hpd_ovr_en is 1'b1 the HPD value to the 
HDCP 2.2 external interface is set to 1'b1. 
Value After Reset: 0x0 

4 hpd_ovr_en R/W HPD Override enable 
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Bits Name Attr Description 
1'b0: The HPD value to the HDCP 2.2 external 
interface comes from the PHY as in phy_stat0.HPD. 
1'b1: The HPD value to the HDCP 2.2 external 
interface comes from hpd_ovr_val bit field. 
Value After Reset: 0x0 

3   Reserved for future use. 
2 hdcp22_ovr_val R/W HDCP 2.2 versus 1.4 switch override value 

1'b0: The switch is routed to HDCP 1.4 signals when 
hdcp22_ovr_en is 1'b1 and hdcp22_switch_lock is 
not set to 1'b1. 
1'b1: The switch is routed to HDCP 2.2 signals when 
hdcp22_ovr_en is 1'b1 and hdcp22_switch_lock is 
not set to 1'b1. 
Value After Reset: 0x0 

1 hdcp22_ovr_en R/W HDCP 2.2 versus 1.4 switch override enable 
1'b0: The switch is automatically controlled by the 
HDCP 2.2 controller using the ist_hdcp2_capable 
and ist_hdcp2_not_capable status level indications. 
If the HDCP 2.2 controller indicates 
ist_hdcp2_capable at 1'b1, the switch is routed to 
HDCP 2.2 signals. If the HDCP 2.2 controller 
indicates ist_hdcp2_not_capable at 1'b1, the switch 
is routed to HDCP 1.4 signals. 
1'b1: The HDCP 2.2 ist_hdcp2_capable and 
ist_hdcp2_not_capable values are ignored, and the 
direction of the HDCP 2.2 versus 1.4 switch is 
directly controlled by the hdcp22_ovr_val. 
Value After Reset: 0x0 

0 hdcp22_switch_lck R/W HDCP 2.2 switch lock 
1'b0: Enables you to change the direction of the 
HDCP 2.2 versus 
1.4 switch by using the hdcp22_ovr_en and 
hdcp22_ovr_val. 
1'b1: You can still write to hdcp22_ovr_en and 
hdcp22_ovr_val but has no effect over the HDCP 2.2 
versus 1.4 switch, that keeps as it was configured 
by hdcp22_ovr_en and hdcp22_ovr_val at the time 
the 1'b1 was written to this bit field. 
Once you set the value to 1'b1, you can change the 
value back to 1'b0 only by issuing a master reset to 
the Hdmi_tx. 
Value After Reset: 0x0 

 
hdcp22reg_ctrl1 
Description: HDCP 2.2 Control Register 1 
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Size: 8 bits 
Offset: 0x7905 

Bits Name Attr Description 
7:4 hdcp22_cd_ovr_val R/W HDCP color depth override value, which is sent 

through the HDCP 
2.2 external interface when 
hdcp22reg_ctrl1.hdcp22_cd_ovr_en is set. 
For reference on the HDMI allowed values consult the 
HDMI 1.4b specification, Table 6-1. 
Value After Reset: 0x0 

3 hdcp22_cd_ovr_en R/W HDCP 2.2 versus 1.4 color depth override enable: 
1'b0: The default 1'b0 value indicates that the color 
depth sent to the external interface is the one 
configured in the vp_pr_cd.color_depth register field. 
1'b1: Although the used color depth for pixel 
encoding is defined by the field vp_pr_cd.color_depth 
register, the color depth sent to the external 
interface is the one defined in register field 
hdcp22reg_ctrl1.hdcp22_cd_ovr_val. 
Value After Reset: 0x0 

2   Reserved for future use. 
1 hdcp22_avmute_ovr_val R/W HDCP AV_MUTE override value, which is sent through 

the HDCP 
2.2 external interface when 
hdcp22reg_ctrl1.hdcp22_avmute_ovr_en is set. 
Value After Reset: 0x0 

0 hdcp22_avmute_ovr_en R/W HDCP 2.2 versus 1.4 avmute override enable 
1'b0: The default 1'b0 value indicates that the 
AVMUTE sent to the external interface is the one 
configured through register fields fc_gcp.set_avmute 
and fc_gcp.clear_avmute. 
1'b1: Although the GCP packet sends the set_avmute 
or clear_avmute as configured in register fc_gcp, the 
AV_MUTE sent to the external interface is the one 
defined in register field 
hdcp22reg_ctrl1.hdcp22_avmute_ovr_val. 
Value After Reset: 0x0 

 
hdcp22reg_sts 
Description: HDCP 2.2 Status Register 
Size: 8 bits 
Offset: 0x7908 
Bits Name Attr Description 
7:4   Reserved for future use. 
3 hdcp_decrypted_sts R Value of HDCP 2.2 ist_hdcp_decrypted line. Provided 

for debug only 
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Bits Name Attr Description 
Value After Reset: 0x0 

2 hdcp22_switch_sts R HDCP 2.2 HDCP 2.2 versus 1.4 switch status after 
lock mechanism 
(hdcp22reg_ctrl.hdcp22_switch_lock, 
hdcp22reg_ctrl.hdcp22_ovr_en and 
hdcp22reg_ctrl.hdcp22_ovr_val). 
1'b0: HDCP 1.4 selected 
1'b1: HDCP 2.2 selected Value After Reset: 0x0  

1 hdcp_avmute_sts R HDCP 2.2 AVMUTE external interface status. 
1'b0: External HDCP used AVMUTE is clear 
1'b1: External HDCP AVMUTE is set (audio/video 
should be muted) 
Value After Reset: 0x0 

0 hdmi_hpd_sts R HDCP 2.2 HPD external interface status after lock 
mechanism (hdcp22reg_ctrl.hdcp22_switch_lock, 
hdcp22reg_ctrl.hdcp22_ovr_en and 
hdcp22reg_ctrl.hdcp22_ovr_val). 
1'b0: Sink not detected (HPD line clear ) 
1'b1: Sink detected (HPD line set) 
Value After Reset: 0x0 

 
hdcp22reg_mask 
Description: HDCP 2.2 Interrupt Mask Register 
Size: 8 bits 
Offset: 0x790c 
Bits Name Attr Description 
7:6   Reserved for future use. 
5 mask_hdcp_decrypted_ch

g 
R/W Active high interrupt mask to HDCP 2.2 decrypted 

value change interrupt status 
Value After Reset: 0x1 

4 mask_hdcp_authenticatio
n_fail 

R/W Active high interrupt mask to HDCP 2.2 
authentication fail interrupt status 
Value After Reset: 0x1 

3 mask_hdcp_authenticated R/W Active high interrupt mask to HDCP 2.2 
authenticated interrupt status 
Value After Reset: 0x1 

2 mask_hdcp_authenticatio
n_lost 

R/W Active high interrupt mask to HDCP 2.2 
authentication lost interrupt status 
Value After Reset: 0x1 

1 mask_hdcp2_not_capable R/W Active high interrupt mask to HDCP 2.2 not capable 
rise interrupt status 
Value After Reset: 0x1 

0 mask_hdcp2_capable R/W Active high interrupt mask to HDCP 2.2 capable rise 
interrupt status 
Value After Reset: 0x1 
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hdcp22reg_stat 
Description: HDCP 2.2 interrupt Sticky Bit Status Register 
Size: 8 bits 
Offset: 0x790d 
Bits Name Attr Description 
7:6   Reserved for future use. 
5 st_hdcp_decrypted_chg R/W1C HDCP 2.2 decrypted value change interrupt status 

sticky bit. Clear by Write 1 to this bit field 
Value After Reset: 0x0 

4 st_hdcp_authentication_fa
il 

R/W1C HDCP 2.2 authentication fail interrupt status sticky 
bit. Clear by Write 1 to this bit field 
Value After Reset: 0x0 

3 st_hdcp_authenticated R/W1C HDCP 2.2 authenticated interrupt status sticky bit. 
Clear by Write 1 to this bit field 
Value After Reset: 0x0 

2 st_hdcp_authentication_lo
st 

R/W1C HDCP 2.2 authentication lost interrupt status sticky 
bit. Clear by Write 1 to this bit field 
Value After Reset: 0x0 

1 st_hdcp2_not_capable R/W1C HDCP 2.2 not capable rise interrupt status sticky bit. 
Clear by Write 1 to this bit field 
Value After Reset: 0x0 

0 st_hdcp2_capable R/W1C HDCP 2.2 capable rise interrupt status sticky bit. 
Clear by Write 1 to this bit field 
Value After Reset: 0x0 

 
hdcp22reg_mute 
Description: HDCP 2.2 Interrupt Mute Vector 
Size: 8 bits 
Offset: 0x790e 
Bits Name Attr Description 
7:6   Reserved for future use. 
5 mute_hdcp_decrypted_ch

g 
R/W Active high interrupt mute to HDCP 2.2 decrypted 

value change interrupt status 
Value After Reset: 0x1 

4 mute_hdcp_authenticatio
n_fail 

R/W Active high interrupt mute to HDCP 2.2 
authentication fail interrupt status 
Value After Reset: 0x1 

3 mute_hdcp_authenticated R/W Active high interrupt mute to HDCP 2.2 
authenticated interrupt status 
Value After Reset: 0x1 

2 mute_hdcp_authenticatio
n_lost 

R/W Active high interrupt mute to HDCP 2.2 
authentication lost interrupt status 
Value After Reset: 0x1 

1 mute_hdcp2_not_capable R/W Active high interrupt mute to HDCP 2.2 not capable 
rise interrupt status 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2537 

Bits Name Attr Description 
Value After Reset: 0x1 

0 mute_hdcp2_capable R/W Active high interrupt mute to HDCP 2.2 capable rise 
interrupt status 
Value After Reset: 0x1 

 
CEC Registers 
CEC Registers. Follow the link for the register to see a detailed description of the register. 

Register Offset Description 
cec_ctrl 0x7d00 CEC Control Register This register handles the main 

control of the CEC initiator. 
cec_mask 0x7d02 CEC Interrupt Mask Register This read/write register 

masks/unmasks the interrupt events. When the... 
cec_addr_l 0x7d05 CEC Logical Address Register Low This register 

indicates the logical address(es) allocated to the... 
cec_addr_h 0x7d06 CEC Logical Address Register High This register 

indicates the logical address(es) allocated to... 
cec_tx_cnt 0x7d07 CEC TX Frame Size Register This register indicates the 

size of the frame in bytes (including header... 
cec_rx_cnt 0x7d08 CEC RX Frame Size Register This register indicates the 

size of the frame in bytes (including header... 
cec_tx_data[0:15] 0x7d10 

+ 
(i * 0x1) 

CEC TX Data Register Array Address offset: i = 0 to 15 
These registers (8 bits each) are the buffers... 

cec_rx_data[0:15] 0x7d20 
+ 
(i * 0x1) 

CEC RX Data Register Array Address offset: i =0 to 15 
These registers (8 bit each) are the buffers... 

cec_lock 0x7d30 CEC Buffer Lock Register 
cec_wakeupctrl 0x7d31 CEC Wake-up Control Register After receiving a 

message in the CEC_RX_DATA1 (OPCODE) registers,... 
 
cec_ctrl 
Description: CEC Control Register 
This register handles the main control of the CEC initiator. 
Size: 8 bits 
Offset: 0x7d00 

Bits Name Attr Description 
7:5   Reserved for future use. 
4 standby R/W 1: CEC controller responds with a NACK to all 

messages and generates a wakeup status for opcode. 
It only responds with a NACK when the EOM is 
received. This means only the last block of a frame 
responds with NACK. The follower sends an ACK to the 
message when there is only one head block pointed to 
the follower, if the follower is in the standby mode. 
0: CEC controller responds the ACK to all messages. 
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Bits Name Attr Description 
Value After Reset: 0x0 

3 bc_nack R/W 1'b1: Set by software to NACK the received broadcast 
message. This bit holds until software resets. The 
broadcasts is answered with 1'b0, indicating the 
follower reject the message. 
1'b0: Reset by software to ACK the received broadcast 
message. 
Value After Reset: 0x0 

2:1 frame_typ R/W 2'b00: Signal Free Time = 3-bit periods. Previous 
attempt to send frame is unsuccessful. 
2'b01: Signal Free Time = 5-bit periods. New initiator 
wants to send a frame. 
2'b10: Signal Free Time = 7-bit periods. Present 
initiator wants to send another frame immediately 
after its previous frame. (specification CEC 9.1). 
2'b11: Illegal value. If software writes this value, 
hardware sets the value to the default 2'b01. 
Value After Reset: 0x1 

0 send R/W 1'b1: Set by software to trigger CEC sending a frame 
as an initiator. This bit keeps at 1'b1 while the 
transmission is going on. 
1'b0: Reset to 1'b0 by hardware when the CEC 
transmission is done (no matter successful or failed). 
It can also work as an indicator checked by software to 
see whether the transmission is finished. 
Value After Reset: 0x0 

 
cec_mask 
Description: CEC Interrupt Mask Register 
This read/write register masks/unmasks the interrupt events. When the bit is set to 1 
(masked), the corresponding event does not trigger an interrupt signal at the system 
interface. When the bit is reset to 0, the interrupt event is unmasked. 
Size: 8 bits 
Offset: 0x7d02 
Bits Name Attr Description 
7   Reserved for future use. 
6 wakeup R/W Follower wake-up signal mask Value After Reset: 0x0  
5 error_flow R/W An error is notified by a follower. Abnormal logic data 

bit error (for follower) 
Value After Reset: 0x0 

4 error_initiator R/W An error is detected on a CEC line (for initiator only). 
Value After Reset: 0x0 

3 arb_lost R/W The initiator losses the CEC line arbitration to a second 
initiator. (specification CEC 9) 
Value After Reset: 0x0 
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Bits Name Attr Description 
2 nack R/W A frame is not acknowledged in a directly addressed 

message. Or a frame is negatively acknowledged in a 
broadcast message (for initiator only) 
Value After Reset: 0x0 

1 eom R/W EOM is detected so that the received data is ready in 
the receiver data buffer (for follower only) 
Value After Reset: 0x0 

0 done R/W The current transmission is successful (for initiator 
only) 
Value After Reset: 0x0 

 
cec_addr_l 
Description: CEC Logical Address Register Low 
This register indicates the logical address(es) allocated to the CEC device. 
This register is written by software when the logical allocation is finished. Bit value 1 means 
the corresponding logical address is allocated to this device. Bit value 0 means the 
corresponding logical address is not allocated to this device. 
Size: 8 bits 
Offset: 0x7d05 
Bits Name Attr Description 
7 cec_addr_l_7 R/W Logical address 7 - Tuner 3 Value After Reset: 0x0  
6 cec_addr_l_6 R/W Logical address 6 - Tuner 2 Value After Reset: 0x0  
5 cec_addr_l_5 R/W Logical address 5 - Audio System 

Value After Reset: 0x0 
4 cec_addr_l_4 R/W Logical address 4 - Playback Device 1 

Value After Reset: 0x0 
3 cec_addr_l_3 R/W Logical address 3 - Tuner 1 Value After Reset: 0x0  
2 cec_addr_l_2 R/W Logical address 2 - Recording Device 2 

Value After Reset: 0x0 
1 cec_addr_l_1 R/W Logical address 1 - Recording Device 1 

Value After Reset: 0x0 
0 cec_addr_l_0 R/W Logical address 0 - Device TV Value After Reset: 0x0  
 
cec_addr_h 
Description: CEC Logical Address Register High 
This register indicates the logical address(es) allocated to the CEC device. 
This register is written by software when the logical allocation is finished. Bit value 1 means 
the corresponding logical address is allocated to this device. Bit value 0 means the 
corresponding logical address is not allocated to this device. 
Size: 8 bits 
Offset: 0x7d06 
Bits Name Attr Description 
7 cec_addr_h_7 R/W Logical address 15 - Unregistered (as initiator 

address), Broadcast (as destination address) 
Value After Reset: 0x1 
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6 cec_addr_h_6 R/W Logical address 14 - Free use Value After Reset: 0x0  
5 cec_addr_h_5 R/W Logical address 13 - Reserved Value After Reset: 0x0  
4 cec_addr_h_4 R/W Logical address 12 - Reserved Value After Reset: 0x0  
3 cec_addr_h_3 R/W Logical address 11 - Playback Device 3 

Value After Reset: 0x0 
2 cec_addr_h_2 R/W Logical address 10 - Tuner 4 Value After Reset: 0x0  
1 cec_addr_h_1 R/W Logical address 9 - Playback Device 3 

Value After Reset: 0x0 
0 cec_addr_h_0 R/W Logical address 8 - Playback Device 2 

Value After Reset: 0x0 
 
cec_tx_cnt 
Description: CEC TX Frame Size Register 
This register indicates the size of the frame in bytes (including header and data blocks), 
which are available in the transmitter data buffer. 
Note: When the value is zero, the CEC controller ignores the send command triggered by 
software. When the transmission is done (no matter success or not), the current value is 
held until it is overwritten by software. 
Size: 8 bits 
Offset: 0x7d07 
Bits Name Attr Description 
7:5   Reserved for future use. 
4:0 cec_tx_cnt R/W CEC Transmitter Counter register 5'd0: No data needs 

to be transmitted 5'd1: Frame size is 1 byte 
5'd16: Frame size is 16 bytes Value After Reset: 0x0  

 
cec_rx_cnt 
Description: CEC RX Frame Size Register 
This register indicates the size of the frame in bytes (including header and data blocks), 
which are available in the receiver data buffer. 
Note: Only after the whole receiving process is finished successfully, the counter is refreshed 
to the value which indicates the total number of data bytes in the Receiver Data Register. 
Size: 8 bits 
Offset: 0x7d08 

Bits Name Attr Description 
7:5   Reserved for future use. 
4:0 cec_rx_cnt R CEC Receiver Counter register: 5'd0: No data received 

5'd1: 1-byte data is received 
5'd16: 16-byte data is received Value After Reset: 0x0  

 
cec_tx_data[0:15] 
Description: CEC TX Data Register Array Address offset: i = 0 to 15 
These registers (8 bits each) are the buffers used for storing the data waiting for 
transmission (including header and data blocks). 
Size: 8 bits 
Offset: 0x7d10 + (i * 0x1) 
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Bits Name Attr Description 
7:0 databyte R/W Data byte[x], where x is 0 to 15 Value After Reset: 0x0  
 
cec_rx_data[0:15] 
Description: CEC RX Data Register Array Address offset: i =0 to 15 
These registers (8 bit each) are the buffers used for storing the received data (including 
header and data blocks). 
Size: 8 bits 
Offset: 0x7d20 + (i * 0x1) 

Bits Name Attr Description 
7:0 databyte R Data byte[x], where x is 0 to 15 Value After Reset: 0x0  
 
cec_lock 
Description: CEC Buffer Lock Register 
Size: 8 bits 
Offset: 0x7d30 

Bits Name Attr Description 
7:1   Reserved for future use. 
0 locked_buffer R/W When a frame is received, this bit would be active. The 

CEC controller answers to all the messages with NACK 
until the CPU writes it to '0'. Value After Reset: 0x0 

 
cec_wakeupctrl 
Description: CEC Wake-up Control Register 
After receiving a message in the CEC_RX_DATA1 (OPCODE) registers, the CEC engine 
verifies the message opcode[7:0] against one of the previously defined values to generate 
the wake-up status: 
Wakeupstatus is 1 when: 
received opcode is 0x04 and opcode0x04en is 1 or 
received opcode is 0x0D and opcode0x0Den is 1 or 
received opcode is 0x41 and opcode0x41en is 1 or 
received opcode is 0x42 and opcode0x42en is 1 or 
received opcode is 0x44 and opcode0x44en is 1 or 
received opcode is 0x70 and opcode0x70en is 1 or 
received opcode is 0x82 and opcode0x82en is 1 or 
received opcode is 0x86 and opcode0x86en is 1 
Wakeupstatus is 0 when none of the previous conditions are true. 
This formula means that the wake-up status (on CEC_STAT[6] register) is only '1' if the 
opcode[7:0] received is equal to one of the defined values and the corresponding enable bit 
of that defined value is set to '1'. 
Size: 8 bits 
Offset: 0x7d31 

Bits Name Attr Description 
7 opcode0x86en R/W OPCODE 0x86 wake up enable 

Value After Reset: 0x1 
6 opcode0x82en R/W OPCODE 0x82 wake up enable 
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Bits Name Attr Description 
Value After Reset: 0x1 

5 opcode0x70en R/W OPCODE 0x70 wake up enable 
Value After Reset: 0x1 

4 opcode0x44en R/W OPCODE 0x44 wake up enable 
Value After Reset: 0x1 

3 opcode0x42en R/W OPCODE 0x42 wake up enable 
Value After Reset: 0x1 

2 opcode0x41en R/W OPCODE 0x41 wake up enable 
Value After Reset: 0x1 

1 opcode0x0Den R/W OPCODE 0x0D wake up enable 
Value After Reset: 0x1 

0 opcode0x04en R/W OPCODE 0x04 wake up enable 
Value After Reset: 0x1 

 
EDDC Registers 
E-DDC Registers. Follow the link for the register to see a detailed description of the register. 

Register Offset Description 
i2cm_slave 0x7e00 I2C DDC Slave address Configuration Register 
i2cm_address 0x7e01 I2C DDC Address Configuration Register 
i2cm_datao 0x7e02 I2C DDC Data Write Register 
i2cm_datai 0x7e03 I2C DDC Data read Register 
i2cm_operation 0x7e04 I2C DDC RD/RD_EXT/WR Operation Register Read and 

write operation request. This register can only... 
i2cm_int 0x7e05 I2C DDC Done Interrupt Register This register 

configures the I2C master interrupts. 
i2cm_ctlint 0x7e06 I2C DDC error Interrupt Register This register 

configures the I2C master arbitration lost and not... 
i2cm_div 0x7e07 I2C DDC Speed Control Register This register 

configures the division relation between master and... 
i2cm_segaddr 0x7e08 I2C DDC Segment Address Configuration Register This 

register configures the segment address for... 
i2cm_softrstz  0x7e09 I2C DDC Software Reset Control Register This register 

resets the I2C master. 
i2cm_segptr 0x7e0a I2C DDC Segment Pointer Register This register 

configures the segment pointer for extended RD/WR... 
i2cm_ss_scl_hcnt_1_addr 0x7e0b I2C DDC Slow Speed SCL High Level Control Register 

1 
i2cm_ss_scl_hcnt_0_addr 0x7e0c I2C DDC Slow Speed SCL High Level Control Register 

0 
i2cm_ss_scl_lcnt_1_addr 0x7e0d I2C DDC Slow Speed SCL Low Level Control Register 1 
i2cm_ss_scl_lcnt_0_addr 0x7e0e I2C DDC Slow Speed SCL Low Level Control Register 0 
i2cm_fs_scl_hcnt_1_addr 0x7e0f I2C DDC Fast Speed SCL High Level Control Register 1 
i2cm_fs_scl_hcnt_0_addr 0x7e10 I2C DDC Fast Speed SCL High Level Control Register 0 
i2cm_fs_scl_lcnt_1_addr 0x7e11 I2C DDC Fast Speed SCL Low Level Control Register 1 
i2cm_fs_scl_lcnt_0_addr 0x7e12 I2C DDC Fast Speed SCL Low Level Control Register 0 
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Register Offset Description 
i2cm_sda_hold 0x7e13 I2C DDC SDA Hold Register 
i2cm_scdc_read_update 0x7e14 SCDC Control Register This register configures the 

SCDC update status read through the I2C master... 
i2cm_read_buff0 0x7e20 I2C Master Sequential Read Buffer Register 0 
i2cm_read_buff1 0x7e21 I2C Master Sequential Read Buffer Register 1 
Registers for Address Block: EDDC (Continued) 

Register Offset Description 
i2cm_read_buff2 0x7e22 I2C Master Sequential Read Buffer Register 2 
i2cm_read_buff3 0x7e23 I2C Master Sequential Read Buffer Register 3 
i2cm_read_buff4 0x7e24 I2C Master Sequential Read Buffer Register 4 
i2cm_read_buff5 0x7e25 I2C Master Sequential Read Buffer Register 5 
i2cm_read_buff6 0x7e26 I2C Master Sequential Read Buffer Register 6 
i2cm_read_buff7 0x7e27 I2C Master Sequential Read Buffer Register 7 
i2cm_scdc_update0 0x7e30 I2C SCDC Read Update Register 0 
i2cm_scdc_update1 0x7e31 I2C SCDC Read Update Register 1 
 
i2cm_slave 
Description: I2C DDC Slave address Configuration Register 
Size: 8 bits 
Offset: 0x7e00 

Bits Name Attr Description 
7   Reserved for future use. 
6:0 slaveaddr R/W Slave address to be sent during read and write normal 

operations. 
Value After Reset: 0x0 

 
i2cm_address 
Description: I2C DDC Address Configuration Register 
Size: 8 bits 
Offset: 0x7e01 

Bits Name Attr Description 
7:0 address R/W Register address for read and write operations 

Value After Reset: 0x0 
 
i2cm_datao 
Description: I2C DDC Data Write Register 
Size: 8 bits 
Offset: 0x7e02 

Bits Name Attr Description 
7:0 datao R/W Data to be written on register pointed by 

address[7:0]. 
Value After Reset: 0x0 

 
i2cm_datai 
Description: I2C DDC Data read Register 
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Size: 8 bits 
Offset: 0x7e03 

Bits Name Attr Description 
7:0 datai R Data read from register pointed by address[7:0]. 

Value After Reset: 0x0 
 
i2cm_operation 
Description: I2C DDC RD/RD_EXT/WR Operation Register 
Read and write operation request. This register can only be written; reading this register 
always results in 00h. Writing 1'b1 simultaneously to rd, rd_ext and wr requests is 
considered as a read (rd) request. 
Size: 8 bits 
Offset: 0x7e04 
Bits Name Attr Description 
7:6   Reserved for future use. 
5 busclear W Bus clear operation request. Value After Reset: 0x0  
4 wr W Single byte write operation request. 

Value After Reset: 0x0 
3 rd8_ext W Extended sequential read operation request. Eight 

bytes are read starting at the address defined in 
register field i2cm_address.address and stored in 
registers i2cm_read_buffx. 
Value After Reset: 0x0 

2 rd8 W Sequential read operation request. Eight bytes are read 
starting at the address defined in the 
i2cm_address.address register field and stored in the 
i2cm_read_buffx registers. 
Value After Reset: 0x0 

1 rd_ext W After writing 1'b1 to rd_ext bit a extended data read 
operation is started (E-DDC read operation). 
Value After Reset: 0x0 

0 rd W Single byte read operation request 
Value After Reset: 0x0 

 
i2cm_int 
Description: I2C DDC Done Interrupt Register This register configures the I2C master 
interrupts. 
Size: 8 bits 
Offset: 0x7e05 
Bits Name Attr Description 
7   Reserved for future use. 
6 read_req_mask R/W Read request interruption mask signal. 

Value After Reset: 0x1 
5:3   Reserved for future use. 
2 done_mask R/W Done interrupt mask signal. Value After Reset: 0x0  
1:0   Reserved for future use. 
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i2cm_ctlint 
Description: I2C DDC error Interrupt Register 
This register configures the I2C master arbitration lost and not acknowledge error 
interrupts. 
Size: 8 bits 
Offset: 0x7e06 
Bits Name Attr Description 
7   Reserved for future use. 
6 nack_mask R/W Not acknowledge error interrupt mask signal. 

Value After Reset: 0x0 
5:3   Reserved for future use. 
2 arbitration_mask R/W Arbitration error interrupt mask signal. 

Value After Reset: 0x0 
1:0   Reserved for future use. 
 
i2cm_div 
Description: I2C DDC Speed Control Register 
This register configures the division relation between master and scl clock. 
Size: 8 bits 
Offset: 0x7e07 
Bits Name Attr Description 
7:4   Reserved for future use. 
3 fast_std_mode R/W Sets the I2C Master to work in Fast Mode or Standard 

Mode: 1: Fast Mode 
0: Standard Mode Value After Reset: 0x1  

2:0 spare R/W Reserved as "spare" bit with no associated 
functionality. 
Value After Reset: 0x3 

 
i2cm_segaddr 
Description: I2C DDC Segment Address Configuration Register 
This register configures the segment address for extended R/W destination and is used for 
EDID reading operations, particularly for the Extended Data Read Operation for Enhanced 
DDC. 
Size: 8 bits 
Offset: 0x7e08 
Bits Name Attr Description 
7   Reserved for future use. 
6:0 seg_addr R/W I2C DDC Segment Address Configuration Register 

Value After Reset: 0x0 
 
i2cm_softrstz 
Description: I2C DDC Software Reset Control Register This register resets the I2C master. 
Size: 8 bits 
Offset: 0x7e09 
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Bits Name Attr Description 
7:1   Reserved for future use. 
0 i2c_softrstz R/W I2C Master Software Reset. Active by writing a zero 

and auto cleared to one in the following cycle. 
Value After Reset: 0x1 

 
i2cm_segptr 
Description: I2C DDC Segment Pointer Register 
This register configures the segment pointer for extended RD/WR request. 
Size: 8 bits 
Offset: 0x7e0a 
Bits Name Attr Description 
7:0 segptr R/W I2C DDC Segment Pointer Register 

Value After Reset: 0x0 
 
i2cm_ss_scl_hcnt_1_addr 
Description: I2C DDC Slow Speed SCL High Level Control Register 1 
Size: 8 bits 
Offset: 0x7e0b 
Bits Name Attr Description 
7:0 i2cmp_ss_scl_hcnt1 R/W I2C DDC Slow Speed SCL High Level Control Register 1 

Value After Reset: 0x0 
 
i2cm_ss_scl_hcnt_0_addr 
Description: I2C DDC Slow Speed SCL High Level Control Register 0 
Size: 8 bits 
Offset: 0x7e0c 
Bits Name Attr Description 
7:0 i2cmp_ss_scl_hcnt0 R/W I2C DDC Slow Speed SCL High Level Control Register 0 

Value After Reset: 0x6c 
 
i2cm_ss_scl_lcnt_1_addr 
Description: I2C DDC Slow Speed SCL Low Level Control Register 1 
Size: 8 bits 
Offset: 0x7e0d 
Bits Name Attr Description 
7:0 i2cmp_ss_scl_lcnt1 R/W I2C DDC Slow Speed SCL Low Level Control Register 1 

Value After Reset: 0x0 
 
i2cm_ss_scl_lcnt_0_addr 
Description: I2C DDC Slow Speed SCL Low Level Control Register 0 
Size: 8 bits 
Offset: 0x7e0e 
Bits Name Attr Description 
7:0 i2cmp_ss_scl_lcnt0 R/W I2C DDC Slow Speed SCL Low Level Control Register 0 

Value After Reset: 0x7f 
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i2cm_fs_scl_hcnt_1_addr 
Description: I2C DDC Fast Speed SCL High Level Control Register 1 
Size: 8 bits 
Offset: 0x7e0f 
Bits Name Attr Description 
7:0 i2cmp_fs_scl_hcnt1 R/W I2C DDC Fast Speed SCL High Level Control Register 1 

Value After Reset: 0x0 
 
i2cm_fs_scl_hcnt_0_addr 
Description: I2C DDC Fast Speed SCL High Level Control Register 0 
Size: 8 bits 
Offset: 0x7e10 

Bits Name Attr Description 
7:0 i2cmp_fs_scl_hcnt0 R/W I2C DDC Fast Speed SCL High Level Control Register 0 

Value After Reset: 0x11 
 
i2cm_fs_scl_lcnt_1_addr 
Description: I2C DDC Fast Speed SCL Low Level Control Register 1 
Size: 8 bits 
Offset: 0x7e11 
Bits Name Attr Description 
7:0 i2cmp_fs_scl_lcnt1 R/W I2C DDC Fast Speed SCL Low Level Control Register 1 

Value After Reset: 0x0 
 
i2cm_fs_scl_lcnt_0_addr 
Description: I2C DDC Fast Speed SCL Low Level Control Register 0 
Size: 8 bits 
Offset: 0x7e12 
Bits Name Attr Description 
7:0 i2cmp_fs_scl_lcnt0 R/W I2C DDC Fast Speed SCL Low Level Control Register 0 

Value After Reset: 0x24 
 
i2cm_sda_hold 
Description: I2C DDC SDA Hold Register 
Size: 8 bits 
Offset: 0x7e13 

Bits Name Attr Description 
7:0 osda_hold R/W Defines the number of SFR clock cycles to meet 

tHD;DAT (300 ns) osda_hold = round_to_high_integer 
(300 ns / (1 / isfrclk_frequency)) 
Value After Reset: 0x9 

 
i2cm_scdc_read_update 
Description: SCDC Control Register 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2548 

This register configures the SCDC update status read through the I2C master interface. 
Size: 8 bits 
Offset: 0x7e14 

Bits Name Attr Description 
7:6   Reserved for future use. 
5 updtrd_vsyncpoll_en R/W Update read polling enabled. When active (1'b1), an 

SCDC Update Read is performed at the fall of the active 
edge of the vertical sync pulse. 
Value After Reset: 0x0 

4 read_request_en R/W Read request enabled. When active (1'b1) an SCDC 
Update Read shall be performed whenever a SCDC read 
request is detected. 
Value After Reset: 0x0 

3:1   Reserved for future use. 
0 read_update W When set to 1'b1, a SCDC Update Read is performed 

and the read data loaded into registers 
i2cm_scdc_update0 and i2cm_scdc_update1. 
Value After Reset: 0x0 

 
i2cm_read_buff0 
Description: I2C Master Sequential Read Buffer Register 0 
Size: 8 bits 
Offset: 0x7e20 
Bits Name Attr Description 
7:0 i2cm_read_buff0 R Byte 0 of a I2C read buffer sequential read (from 

address i2cm_address) 
Value After Reset: 0x0 

 
i2cm_read_buff1 
Description: I2C Master Sequential Read Buffer Register 1 
Size: 8 bits 
Offset: 0x7e21 

Bits Name Attr Description 
7:0 i2cm_read_buff1 R Byte 1 of a I2C read buffer sequential read (from 

address i2cm_address+1) 
Value After Reset: 0x0 

 
i2cm_read_buff2 
Description: I2C Master Sequential Read Buffer Register 2 
Size: 8 bits 
Offset: 0x7e22 

Bits Name Attr Description 
7:0 i2cm_read_buff2 R Byte 2 of a I2C read buffer sequential read (from 

address i2cm_address+2) 
Value After Reset: 0x0 
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i2cm_read_buff3 
Description: I2C Master Sequential Read Buffer Register 3 
Size: 8 bits 
Offset: 0x7e23 
Bits Name Attr Description 
7:0 i2cm_read_buff3 R Byte 3 of a I2C read buffer sequential read (from 

address i2cm_address+3) 
Value After Reset: 0x0 

 
i2cm_read_buff4 
Description: I2C Master Sequential Read Buffer Register 4 
Size: 8 bits 
Offset: 0x7e24 
Bits Name Attr Description 
7:0 i2cm_read_buff4 R Byte 4 of a I2C read buffer sequential read (from 

address i2cm_address+4) 
Value After Reset: 0x0 

 
i2cm_read_buff5 
Description: I2C Master Sequential Read Buffer Register 5 
Size: 8 bits 
Offset: 0x7e25 
Bits Name Attr Description 
7:0 i2cm_read_buff5 R Byte 5 of a I2C read buffer sequential read (from 

address i2cm_address+5) 
Value After Reset: 0x0 

 
i2cm_read_buff6 
Description: I2C Master Sequential Read Buffer Register 6 
Size: 8 bits 
Offset: 0x7e26 
Bits Name Attr Description 
7:0 i2cm_read_buff6 R Byte 6 of a I2C read buffer sequential read (from 

address i2cm_address+6) 
Value After Reset: 0x0 

 
i2cm_read_buff7 
Description: I2C Master Sequential Read Buffer Register 7 
Size: 8 bits 
Offset: 0x7e27 
Bits Name Attr Description 
7:0 i2cm_read_buff7 R Byte 7 of a I2C read buffer sequential read (from 

address i2cm_address+7) 
Value After Reset: 0x0 

 
i2cm_scdc_update0 
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Description: I2C SCDC Read Update Register 0 
Size: 8 bits 
Offset: 0x7e30 
Bits Name Attr Description 
7:0 i2cm_scdc_update0 R Byte 0 of a SCDC I2C update sequential read 

Value After Reset: 0x0 
 
i2cm_scdc_update1 
Description: I2C SCDC Read Update Register 1 
Size: 8 bits 
Offset: 0x7e31 
Bits Name Attr Description 
7:0 i2cm_scdc_update1 R Byte 1 of a SCDC I2C update sequential read 

Value After Reset: 0x0 
 

 

32.5.2 ,QLWLDO�2SHUDWLRQ 

7KH�GHIDXOW�+'0,�WUDQVPLWWHU�LV�FRQILJXUHG�WR���ELW�5*%�����3�UHVROXWLRQ�YLGHR�ZLWK���
FKDQQHO���.�VDPSOH�,�6�IRUPDW�DXGLR�LQSXW��,W�LV�HDVLO\�IRU�FXVWRPHU�WR�WXUQ�RQ�+'0,�
WUDQVPLWWHU�ZLWKRXW�GRLQJ�PRUH�FRPSOH[�RSHUDWLRQ��-XVW�GR�WKH�VWHS��UHVHW�WKH�+'0,�7;� 

 

Fig. 32-5 HDMI programming sequence 
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32.5.3 6WHS�$��+RW�3OXJ�'HWHFWLRQ 

7KH�+RW�3OXJ�'HWHFW�LQIRUPDWLRQ�QRWLILHV�WKH�+'0,�7;�FRQWUROOHU�ZKHQ�WKH�FDEOH�LV�SOXJJHG�
LQWR�D�6LQN��5HFHLYHU��GHYLFH�DQG�ZKHQ�WKH�GHYLFH�LV�UHDG\�WR�UHFHLYH�YLGHR�FRQWHQW� 

7KH�+RW�3OXJ�'HWHFWLRQ�LQGLFDWLRQ�LV�D���9�VLJQDO�RQ�WKH�+'0,�FDEOH��7KH�+'0,�7;�3+<�
SHUIRUPV�OHYHO�VKLIWLQJ�WR�D�ORZ�OHYHO�GLJLWDO�VLJQDO� 

)RU�WKLV�VWHS��UHJLVWHUV�DUH�XVHG�RQ�WKH�+'0,�7;�3+<��  

7R�FKHFN�WKH�+RW�3OXJ�'HWHFW�VWDWXV��WKH�IROORZLQJ�VWHSV�KDYH�WR�EH�IROORZHG� 

���3RZHU�RQ�WKH�+'0,�7;�3+<�+3'�'HWHFWRU��:ULWH��
E��LQ�WKH�SK\BFRQI��HQKSGU[VHQVH�ELW�
ILHOG�UHJLVWHU� 

���&KHFN�WKH�+3'�VWDWXV�ELW� 

z 5HDG�WKH�SK\BVWDW��+3'�ELW�ILHOG�UHJLVWHU� 
Ƶ ,I�+3'� ����WKH�+RW�3OXJ�VLJQDO�LV�ORZ��QR�6LQN��5HFHLYHU��GHWHFWHG�� 
Ƶ ,I�+3'� ����WKH�+RW�3OXJ�VLJQDO�LV�KLJK��6LQN��5HFHLYHU��GHWHFWHG�� 

1RWH��6RPH�UHFHLYHUV�PD\�WXUQ�RII�WKH�+RW�3OXJ�'HWHFW�LQGLFDWLRQ�ZKHQ�WKH�+'0,�LQSXW�LV�QRW�
VHOHFWHG��HYHQ�ZKHQ�WKH�FDEOH�LV�SOXJJHG�LQ� 

<RX�FDQ�FRQWURO�WKLV�IXQFWLRQ�E\�XVLQJ�WKH�LQWHUUXSW�VLJQDO�DQG�SURSHU�UHJLVWHUV�IURP�WKH�
+'0,�WUDQVPLWWHU�ZLWK�IHZ�RSHUDWLRQV��  

32.5.4 6WHS�%��&RQILJXUH�9LGHR�0RGH 

2QFH�D�UHFHLYHU�LV�GHWHFWHG��LW�LV�QHFHVVDU\�WR�VWDUW�VHQGLQJ�YLGHR�FRQWHQW�LQ�'9,�PRGH��
%HFDXVH�VRPH�UHFHLYHUV�QHHG�WR�UHFHLYH�D�YLGHR�VLJQDO��70'6�FORFN�PRUH�SUHFLVHO\���LW�LV�
LPSRUWDQW�WR�FORFN�DOO�WKH�GLJLWDO�ORJLF�DQG�EH�DEOH�WR�UHSO\�RQ�DQ�(�(','�UHDG�DFFHVV��6WHS�
&���)ROORZLQJ�IORZ�LV�D�FRQILJXUDWLRQ�H[DPSOH�RI�9*$�����[���S�� 

 

Fig. 32-6 Configure Video Mode 
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7KH�9*$�����[���S��PRGH�LV�PDQGDWRU\�IRU�DOO�UHFHLYHUV�DQG�WUDQVPLWWHUV��EHFDXVH�LW�
UHTXLUHV�WKH�ORZHVW�GDWD�UDWH�SRVVLEOH�RQ�WKH�+'0,�VSHFLILFDWLRQ� 

���6HW�9*$�����[���S��LQ�'9,�PRGH� 

z 7R�VHOHFW�WKH�9LGHR�0DSSLQJ�LQSXW�5*%�������ELWV�SHU�FRORU�FRPSRQHQWV�����ELWV�5*%���
ZULWH�³�´�LQ�WKH�W[BLQYLG��YLGHRBPDSSLQJ�UHJLVWHU� 

z 7R�FRQILJXUH�9*$�WLPLQJ�LQIRUPDWLRQ��&($�PRGH���� 

Ƶ�:ULWH�Ā�ā� LQ�WKH�IFBLQYLGFRQI�YV\QFBLQBSRODULW\�UHJLVWHU� 

Ƶ�:ULWH�Ā�ā� LQ�WKH�IFBLQYLGFRQI�KV\QFBLQBSRODULW\�UHJLVWHU� 

Ƶ�:ULWH�Ā�ā� LQ�WKH�IFBLQYLGFRQI�GHBLQBSRODULW\�UHJLVWHU� 

Ƶ�:ULWH�Ā�ā� LQ�WKH�IFBLQYLGFRQI�UBYBEODQNBLQBRVF�UHJLVWHU� 

Ƶ�:ULWH�Ā�ā� LQ�WKH�IFBLQYLGFRQI�LQB,B3�UHJLVWHU� 

Ƶ�����+�DFWLYH�SL[HOV���[��� 

��:ULWH�³�´�LQ�WKH�IFBLQKDFWLY��+BLQBDFWLY�UHJLVWHU� 

��:ULWH�³�[��´�LQ�WKH�IFBLQKDFWLY��+BLQBDFWLY�UHJLVWHU� 

Ƶ�����9�DFWLYH�SL[HOV���[�(� 

��:ULWH�³�´�LQ�WKH�IFBLQYDFWLY��9BLQBDFWLY�UHJLVWHU� 

��:ULWH�³�[(�´�LQ�WKH�IFBLQYDFWLY��9BLQBDFWLY�UHJLVWHU� 

Ƶ�����+�EODQNLQJ�SL[HOV���[$� 

:ULWH�³�[$�´�LQ�WKHIFBLQKEODQN��+BLQBEODQN� 

Ƶ����9�EODQNLQJ�SL[HOV���[�' 

:ULWH�³�[�'´�LQ�WKH�IFBLQYEODQN�9BLQBEODQN�UHJLVWHU� 

Ƶ����6\QF�RIIVHW���[�� 

:ULWH�³�[��´�LQ�WKH�IFBKV\QFLQGHOD\��+BLQBGHOD\�UHJLVWHU� 

Ƶ����9V\QF�RIIVHW���[�$ 

:ULWH�³�[�$´�LQ�WKH�IFBYV\QFLQGHOD\��9BLQBGHOD\�UHJLVWHU� 

Ƶ����+6\QF�SXOVH�ZLGWK���[�� 

:ULWH�³�[��´�LQ�WKH�IFBKV\QFLQZLGWK��+BLQBZLGWK�UHJLVWHU� 

Ƶ���96\QF�SXOVH�ZLGWK���[�� 

:ULWH�³�[��´�LQ�WKH�IFBYV\QFLQZLGWK��9BLQBZLGWK�UHJLVWHU� 

z 7R�VHOHFW�WKH�+'0,�PRGH� 

:ULWH�³�´�LQ�WKH�IFBLQYLGFRQI�'9,BPRGH]�UHJLVWHU� 

���3RZHU�RQ��FRQILJXUH�WKH�3//��DQG�UHVHW�WKH�+'0,�7;�3+<� 

7KH�+'0,�7;�3+<�KDV�DQ�LQWHUQDO�3//�WKDW�JHQHUDWHV�70'6�FORFN�IURP�3L[HO�FORFN�LQSXW��7KH�
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SRZHU�RQ�VHTXHQFH�DQG�3//�FRQILJXUDWLRQ�LV�SDUW�RI�WKH�+'0,�7;�3+<�GRFXPHQWDWLRQ� 

7R�FRQILJXUH�+'0,�7;�3+<��\RX�DUH�JHQHUDOO\�UHTXLUHG�WR� 

D��3ODFH�WKH�3+<�LQ�UHVHW�E\�ZULWLQJ��[���LQ�WKH�PFBSK\UVW]�UHJLVWHU� 

E��:ULWH�WKH�GHVLUHG�FRORU�GHSWK�DQG�WKH�SL[HO�UHSHWLWLRQ�LQ�WKH�YSBSUBFG�UHJLVWHU� 

F��$IWHU�D�3+<�GHSHQGHQW�WLPH��LW�LV�UHTXLUHG�WR�OLIW�WKH�UHVHW�E\�ZULWLQJ��[���WR�WKH�
PFBSK\UVW]�UHJLVWHU� 

G��&OHDU�WKH�SGGT��W[SZURQ�FRQILJXUDWLRQ�ELWV��GHILQH�WKH�GDWD�HQDEOH�SRODULW\�DQG�FOHDU�WKH�
LQWHUIDFH�FRQWURO�VHOHFWLRQ�E\�ZULWLQJ�WKHVH�YDOXHV�LQ�WKH�SK\BFIJ��UHJLVWHU� 

H��6HW�WKH�3+<�VODYH�DGGUHVV�E\�ZULWLQJ��[���LQ�WKH�SK\BL�FPBVODYH�UHJLVWHU� 

I��<RX�DUH�UHTXLUHG�WR�ORRN�XS�WKH�FRQILJXUDWLRQ�IRU�\RXU�LQWHQGHG�YLGHR�PRGH�DQG�ZULWH�
WKRVH�YDOXHV�RQ�WKH�3+<�,�&�LQWHUIDFH��7KH�EDVHOLQH�IORZ�WR�ZULWH�WR�WKH�3+<�WKURXJK�WKH�
,�&�LQWHUIDFH�LV� 

z :ULWH�UHJLVWHU�DGGUHVV�LQ�WKH�SK\BL�FPBDGGUHVV�UHJLVWHU� 
z :ULWH�GDWD�LQ�WKH�SK\BL�FPBGDWDRB���06%��>����@��DQG�SK\BL�FPBGDWDRB���/6%��>���@��

UHJLVWHUV� 
z ,QLWLDOL]H�WKH�ZULWH�RSHUDWLRQ�E\�ZULWLQJ��
K���LQ�WKH�SK\BL�FPBRSHUDWLRQ�UHJLVWHU� 
z :DLW�IRU�D�GRQH�LQWHUUXSWLRQ�IURP�WKH�,�&�PDVWHU� 

J��$IWHU�DOO�RI�WKH�UHTXLUHG�3+<�,�&�UHJLVWHUV�KDYH�EHHQ�FRQILJXUHG��\RX�QRZ�QHHG�WR�VHW�
WKH�W[SZURQ�ELW�LQ�WKH�3+<B&21)��UHJLVWHU��OHDYLQJ�WKH�UHPDLQLQJ�ELWV�LQ�WKH�VWDWH�GHILQHG�
SUHYLRXVO\� 

���+DQGOH�HUURUV�GXULQJ�3+<�FRQILJXUDWLRQ� 

,I�WKH�3+<�LV�QRW�FRUUHFWO\�FRQILJXUHG��WKH�3//�GRHV�QRW�ORFN�DQG�QR�DFWLYLW\�FDQ�KDSSHQ�RQ�
WKH�+'0,�RXWSXW� 

���(QDEOH�WKH�YLGHR�SDWK� 

D��6HW�GHIDXOW�SDUDPHWHUV�LQ�WKH�+'0,�7;�&RQWUROOHU��&RQWURO�SHULRG�GXUDWLRQ�������[�&� 

:ULWH�³�[�&´�LQ�WKH�IFBFWUOGXU�FWUOSHULRGGXUDWLRQ�ELW�ILHOG�UHJLVWHU� 

E��6HW�GHIDXOW�SDUDPHWHUV�LQ�WKH�+'0,�7;�&RQWUROOHU��([WHQGHG�&RQWURO�SHULRG�GXUDWLRQ��
�����[��� 

:ULWH�³�[��´�LQ�WKH�IFBH[FWUOGXU�H[FWUOSHULRGGXUDWLRQ�ELW�ILHOG�UHJLVWHU� 

F��6HW�GHIDXOW�SDUDPHWHUV�LQ�WKH�+'0,�7;�&RQWUROOHU��0D[�VSDFLQJ�EHWZHHQ�H[WHQGHG�
&RQWURO�SHULRG�GXUDWLRQ������[�� 

:ULWH�³�[��´�LQ�WKH�IFBH[FWUOVSDF�H[FWUOSHULRGVSDFLQJ�ELW�ILHOG�UHJLVWHU� 

G��6HW�GHIDXOW�SDUDPHWHUV�LQ�WKH�+'0,�7;�&RQWUROOHU��3UHDPEOH�ILOWHUV�WR�ILOO�70'6�GDWD�
FKDQQHOV� 

Ƶ�:ULWH�Ā�[�%ā� LQ�WKH�IFBFK�SUHDP�FK�BSUHDPEOHBILOWHU�ELW�ILHOG�UHJLVWHU� 
Ƶ�:ULWH�Ā�[��ā� LQ�WKH�IFBFK�SUHDP�FK�BSUHDPEOHBILOWHU�ELW�ILHOG�UHJLVWHU� 
Ƶ�:ULWH�Ā�[��ā� LQ�WKH�IFBFK�SUHDP�FK�BSUHDPEOHBILOWHU�ELW�ILHOG�UHJLVWHU� 
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H��(QDEOH�SL[HO�FORFN�GDWD�SDWK� 

:ULWH�³�´�LQ�WKH�PFBFONGLV�SL[HOFONBGLVDEOH�ELW�ILHOG�UHJLVWHU� 

I��(QDEOH�70'6�FORFN�GDWD�SDWK� 

L��:ULWH�³�´�LQ�WKH�PFBFONGLV�WPGVFONBGLVDEOH�ELW�ILHOG�UHJLVWHU� 

LL��5H�:ULWH�WKH�96\QF�SXOVH�ZLGWK�LQ�WKH�IFBYV\QFLQZLGWK��9BLQBZLGWK�ELW�ILHOG�UHJLVWHU� 

$IWHU�WKHVH�VWHSV��LW�LV�H[SHFWHG�WR�REVHUYH�D�YLGHR�SLFWXUH�LQ�9*$�PRGH�RQ�WKH�UHFHLYHU�
VLGH� 

32.5.5 6WHS�&��5HDGLQJ�(�(',' 

7KH�(�(','�LV�D�PHPRU\�SUHVHQW�RQ�WKH�UHFHLYHU�VLGH��,W�FRQWDLQV�WKH�YLGHR�DQG�DXGLR�
FDSDELOLWLHV�RI�WKH�UHFHLYHU��,W�LV�LPSRUWDQW�WR�UHDG�WKLV�LQIRUPDWLRQ�DQG�SDUVH�LW�LQ�RUGHU�WR�
FRQILJXUH�WKH�WUDQVPLWWHU�V\VWHP�LQ�DFFRUGDQFH�WR�ZKDW�WKH�UHFHLYHU�VXSSRUWV��7KH�(�(','�LV�
UHDG�XVLQJ�WKH�(�''&�FKDQQHO�SUHVHQW�RQ�WKH�+'0,�FDEOH� 

7KH�(�''&�FKDQQHO�SURWRFRO�LV�EDVHG�RQ�,�&��ZLWK�VHJPHQW�SRLQWHU�DGGUHVVLQJ�H[WHQVLRQ�
�VXFK�DV��([WHQGHG�5HDG���7KH�KGPL�W[�FRQWUROOHU�KDV�DQ�,�&�0DVWHU�FRQWUROOHU�IRU�WKLV�
SXUSRVH� 

���7R�SHUIRUP�D�³QRUPDO´�UHDG�RSHUDWLRQ 

z 6HW�,�&�VODYH�DGGUHVV� 

:ULWH�L�FPBVODYH�VODYHDGGU>���@�ELW�ILHOG�UHJLVWHU� 

z 6HW�,�&�UHJLVWHU�DGGUHVV� 

:ULWH�L�FPBDGGUHVV�DGGUHVV>���@�ELW�ILHOG�UHJLVWHU� 

z $FWLYDWH�5HDG�RSHUDWLRQ� 

:ULWH�³�´�LQ�WKH�L�FPBRSHUDWLRQ�UG�ELW�ILHOG�UHJLVWHU� 

z :DLW�IRU�LQWHUUXSWLRQ� 

:DLW�IRU�WKH�LL�FPDVWHUGRQH�LQWHUUXSW�LQ�WKH�LKBL�FPBVWDW��UHJLVWHU� 

z 5HDG�GDWD�UHVXOW� 

5HDG�GDWD�LQ�WKH�L�FPBGDWDL�GDWDL>���@�ELW�ILHOG� 

���7R�SHUIRUP�DQ�(�''&�H[WHQGHG�UHDG�RSHUDWLRQ 

z 6HW�,�&�VODYH�DGGUHVV� 

:ULWH�L�FPBVODYH�VODYHDGGU>���@�ELW�ILHOG�UHJLVWHU� 

z 6HW�,�&�VHJPHQW�DGGUHVV� 

:ULWH�WKH�L�FPBVHJDGGU�VHJBDGGU�ELW�ILHOG�UHJLVWHU� 

z 6HW�,�&�VHJPHQW�SRLQWHU� 

:ULWH�L�FPBVHJSWU�VHJSWU�ELW�ILHOG�UHJLVWHU� 

z $FWLYDWH�5HDG�RSHUDWLRQ� 
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:ULWH�³�´LQ�WKH�L�FPBRSHUDWLRQ�UGBH[W�ELW�ILHOG�UHJLVWHU� 

z :DLW�IRU�LQWHUUXSWLRQ� 

:DLW�IRU�WKH�LL�FPDVWHUGRQH�LQWHUUXSW�LQ�WKH�LKBL�FPBVWDW��UHJLVWHU� 

z 5HDG�GDWD�UHVXOW� 

5HDG�GDWD�LQ�WKH�L�FPBGDWDL�GDWDL>���@�ELW�ILHOG�UHJLVWHU� 

32.5.6 6WHS�'��&RQILJXUH�9LGHR�0RGH 

7KH�YLGHR�PRGH�VHOHFWHG�KDV�WR�PDWFK�ZKDW�LV�VXSSRUWHG�E\�WKH�VRXUFH�RI�WKH�YLGHR�
�7UDQVPLWWHU�VLGH��DQG�WKH�VLQN�RI�WKH�YLGHR��UHFHLYHU�VLGH���7KH�YLGHR�FDSDELOLWLHV�RI�WKH�
UHFHLYHU�DUH�H[WUDFWHG�IURP�WKH�(�(','�LQIRUPDWLRQ��UHIHU�WR�VWHS�&�� 

7R�FRQILJXUH�DQ\�YLGHR�PRGH��D�VLPLODU�SURFHGXUH�LQ�VWHS�%�KDV�WR�EH�IROORZHG� 

 

Fig. 32-7 Video Mode Configuration 

%HIRUH�DQ\�FKDQJH�LV�PDGH�RQ�WKH�YLGHR�PRGHV��LV�LW�UHFRPPHQGHG�\RX�SRZHU�GRZQ�WKH�
+'0,�7;�3+<�WR�DYRLG�DQ\�XQH[SHFWHG�EHKDYLRU�RQ�WKH�UHFHLYHU�VLGH� 

���3RZHU�GRZQ�+'0,�7;�3+<�'HWHFWRU 

z 3ODFH�WKH�3+<�LQ�UHVHW�E\�ZULWLQJ��[���LQ�WKH�PFBSK\UVW]�UHJLVWHU� 
z 7KHQ�SURFHHG�WR�VHW�6965(7B02'(=�WR��µE���3''4�WR��µE��DQG�7;B3:521�WR��E���E\�

ZULWLQJ��µK���LQ�WKH�SK\BFRQI��UHJLVWHU� 

���6HW�GHVLUHG�YLGHR�PRGH� 

z 7R�VHOHFW�WKH�9LGHR�0DSSLQJ�LQSXW�PRGH��5*%�����<&&�����<&&������:ULWH�WKH�YLGHR�
FRGH�LQ�WKH�W[BLQYLG��YLGHRBPDSSLQJ�ELW�ILHOG�UHJLVWHU� 

z 6HW�YLGHR�WLPLQJ�LQIRUPDWLRQ�FRQILJXUDWLRQ� 
Ƶ�:ULWH�WKH�IFBLQYLGFRQI�YV\QFBLQBSRODULW\�UHJLVWHU� 
Ƶ�:ULWH�WKH�IFBLQYLGFRQI�KV\QFBLQBSRODULW\�UHJLVWHU� 
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Ƶ�:ULWH�WKH�IFBLQYLGFRQI�GHBLQBSRODULW\�UHJLVWHU� 
Ƶ�:ULWH�WKH�IFBLQYLGFRQI�UBYBEODQNBLQBRVF�UHJLVWHU� 
Ƶ�:ULWH�WKH�IFBLQYLGFRQI�LQB,B3�UHJLVWHU� 
Ƶ�+�DFWLYH�SL[HOV 

��:ULWH�WKH�IFBLQKDFWLY��+BLQBDFWLY�UHJLVWHU� 

��:ULWH�WKH�IFBLQKDFWLY��+BLQBDFWLY�UHJLVWHU� 

Ƶ�9�DFWLYH�SL[HOV 

,I�WKH�GHVLUHG�YLGHR�PRGH�LV��'��WKH�IFBLQYDFWB�GB���IFBLQYDFWB�GB���DQG�DOO�
UHJLVWHUV�LQ�WKH�IROORZLQJ�WDEOH�PXVW�EH�ZULWWHQ� 

Table 32-5 HDMI 3D structure table 

�'�6758&785( 

IFBDFWVSFBKGOUBFIJ 
IFBDFWVSF

BKGOU
BWJO 

IFBDFWVSF
BKGOU
BHQ 

)UDPH�3DFNLQJ�IRU�
LQWHUODFHG�
IRUPDW 

� � 

)UDPH�3DFNLQJ�IRU�
SURJUHVVLYH�
IRUPDW 

� � 

)LHOG�DOWHUQDWLYH � � 
/LQH�$OWHUQDWLYH � � 
6LGH�E\�

6LGH�)8//� 
� � 

/�GHSWK � � 
/�GHSWK�JUDSKLFV

�JUDSKLFV�
GHSWK 

� � 

7RS�DQG�%RWWRP � � 
5HVHUYHG�IRU�

)XWXUH�8VH 
� � 

6LGH�E\�
6LGH�)8//� 

� � 

5HVHUYHG�IRU�
)XWXUH�8VH 

� � 

1RW�LQ�XVH � � 

��:ULWH�WKH�IFBLQYDFWB�'B��UHJLVWHU�ZLWK�WKH��'�9HUWLFDO�YLGHR�DFWLYH>����@� 

��:ULWH�WKH�IFBLQYDFWB�'B��UHJLVWHU�ZLWK�WKH��'�9HUWLFDO�YLGHR�DFWLYH>���@ 

7KH�IROORZLQJ�UHJLVWHUV�PXVW�DOZD\V�EH�ZULWWHQ�ZLWK�WKH�IXOO�9�DFWLYH�RI�WKH�GHVLUHG�
YLGHR 

UHJDUGOHVV�RI�WKH�W\SH�RI�WKH�YLGHR�PRGH� 

��:ULWH�WKH�IFBLQYDFWLY��9BLQBDFWLY�UHJLVWHU� 

��:ULWH�WKH�IFBLQYDFWLY��9BLQBDFWLY�UHJLVWHU� 

Ƶ�+�EODQNLQJ�SL[HOV 

:ULWH�WKH�IFBLQKEODQN��+BLQBEODQN�UHJLVWHU� 
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Ƶ�9�EODQNLQJ�SL[HOV 

:ULWH�WKH�IFBLQYEODQN�9BLQBEODQN�UHJLVWHU� 

Ƶ�+6\QF�RIIVHW 

:ULWH�WKH�IFBKV\QFLQGHOD\��+BLQBGHOD\�UHJLVWHU� 

Ƶ�96\QF�RIIVHW 

:ULWH�WKH�IFBYV\QFLQGHOD\��9BLQBGHOD\�UHJLVWHU� 

Ƶ�+6\QF�SXOVH�ZLGWK 

:ULWH�WKH�IFBKV\QFLQZLGWK��+BLQBZLGWK�UHJLVWHU� 

Ƶ�96\QF�SXOVH�ZLGWK 

:ULWH�WKH�IFBYV\QFLQZLGWK��9BLQBZLGWK�UHJLVWHU� 

z 6HOHFW�'9,�RU�+'0,�PRGH� 

:ULWH�³�´�IRU�+'0,�LQ�WKH�IFBLQYLGFRQI�'9,BPRGH]�ELW�ILHOG�UHJLVWHU� 

���3RZHU�RQ��FRQILJXUH�WKH�3//��DQG�UHVHW�WKH�+'0,�7;�3+<��VDPH�DV�6WHS�%��� 

7KH�+'0,�7;�3+<�KDV�DQ�LQWHUQDO�3//�WKDW�JHQHUDWHV�70'6�FORFN�IURP�3L[HO�FORFN�LQSXW��$OO�
WKH�SRZHU�RQ�VHTXHQFH�DQG�3//�FRQILJXUDWLRQ�LV�SDUW�RI�WKH�+'0,�7;�3+<�GRFXPHQWDWLRQ� 

7KH�+'0,�7;�&RQWUROOHU�SURYLGHV�DOO�UHJLVWHUV�QHFHVVDU\�IRU�WKH�3+<�VHTXHQFH�
LPSOHPHQWDWLRQ��ZKLFK�DUH�SUHVHQWHG�LQ�WKH�³+'0,�3+<�5HJLVWHUV �́ 

z 3ODFH�WKH�3+<�LQ�UHVHW�E\�ZULWLQJ��[���LQ�WKH�PFBSK\UVW]�UHJLVWHU� 
z :ULWH�LQ�WKH�GHVLUHG�FRORU�GHSWK�DQG�WKH�SL[HO�UHSHWLWLRQ�LQ�WKH�YSBSUBFG�UHJLVWHU� 
z $IWHU�D�3+<�GHSHQGHQW�WLPH��LW�LV�UHTXLUHG�WR�OLIW�WKH�UHVHW�E\�ZULWLQJ��[���WR�WKH�

PFBSK\UVW]�UHJLVWHU� 
z &OHDU�WKH�SGGT��W[SZURQ�FRQILJXUDWLRQ�ELWV��GHILQH�WKH�GDWD�HQDEOH�SRODULW\�DQG�FOHDU�WKH�

LQWHUIDFH�FRQWURO�VHOHFWLRQ�E\�ZULWLQJ�WKHVH�YDOXHV�LQ�WKH�SK\BFRQI��UHJLVWHU� 
z 6HW�WKH�3+<�VODYH�DGGUHVV�E\�ZULWLQJ��[���WR�WKH�SK\BL�FPBVODYH�UHJLVWHU� 
z /RRN�XS�WKH�FRQILJXUDWLRQ�IRU�\RXU�LQWHQGHG�YLGHR�PRGH�DQG�ZULWH�WKRVH�YDOXHV�RQ�WKH�

3+<�,�&�LQWHUIDFH��7KH�EDVHOLQH�IORZ�WR�ZULWH�LQ�WKH�3+<�WKURXJK�WKH�,�&�LQWHUIDFH�LV 

Ƶ�:ULWH�WKH�UHJLVWHU�DGGUHVV�LQ�WKH�SK\BL�FPBDGGUHVV�UHJLVWHU� 

Ƶ�:ULWH�GDWD�LQWR�SK\BL�FPBGDWDRB���06%��>���@��DQG�SK\BL�FPBGDWDRB���/6%��>���@��
UHJLVWHUV� 

Ƶ� ,QLWLDOL]H�WKH�ZULWH�RSHUDWLRQ�E\�ZULWLQJ��
K���LQ�WKH�SK\BL�FPBRSHUDWLRQ�UHJLVWHU� 

Ƶ�:DLW�IRU�D�GRQH�LQWHUUXSW�VLJQDO�,�&PSK\GRQH�ZKLFK�LQ�UHJLVWHU�LKBL�FPSK\BVWDW��ELW�
��IURP�WKH�,�&�PDVWHU� 

z $IWHU�DOO�RI�WKH�UHTXLUHG�3+<�,�&�UHJLVWHUV�KDYH�EHHQ�FRQILJXUHG��\RX�QRZ�QHHG�WR�VHW�
WKH�SK\BFRQI��W[SZURQ�UHJLVWHU��OHDYLQJ�WKH�UHPDLQLQJ�ELWV�LQ�WKH�VWDWH�GHILQHG�
SUHYLRXVO\� 

32.5.7 6WHS�(��$XGLR�LQSXW�FRQILJXUDWLRQ 

+'0,�WUDQVPLWWHU�DXGLR�VXSSRUW�HLWKHU�63',)�RU�IRXU�FKDQQHO�,�6�LQSXW��63',)�LQSXW�
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VXSSRUWV�DXGLR�VDPSOLQJ�UDWHV�IURP����WR�����.+]��7KH�,�6�LQSXW�VXSSRUWV�IURP���FKDQQHO�
WR���FKDQQHO�DXGLR�XS�WR�����.+]��7KH�GHIDXOW�DXGLR�IRUPDW�LV�,�6�LQSXW�ZLWK���FKDQQHOV��
7KH�DXGLR�VDPSOH�UDWH�LV���.� 

z &RQILJXUH�$XGLR�,QSXW�)RUPDW�ZLWK�,�6�6WHSV� 
Ƶ�6HOHFW�,�6�LQSXW� 
:ULWH�³�´�LQ�WKH�DXGBFRQI��L�VBVHOHFW�ELW�ILHOG�UHJLVWHU� 
Ƶ Enable I2S inputs: 
:ULWH�³�´�LQ�WKe aud_conf0.i2s_in_en[3:0] bit field register. 
Ƶ Set I2S Mode [Standard | Right-justified | Left-justified | Burst1 | Burst2]: 
Write the aud_conf1.i2s_mode[2:0] bit field register. 
Ƶ Set I2S data width [16 bits up to 24 bits]: 
Write the aud_conf1.i2s_width[4:0] bit field. 

z &RQILJXUH�$XGLR�,QSXW�)RUPDW�ZLWK�63',)�6WHSV� 
Ƶ Select SPDIF input. 
:ULWH�³�´�LQ�WKH�DXGBFRQI��L�VBVHOHFW�ELW�ILHOG�UHJLVWHU� 
Ƶ Set S/PDIF Linear-PCM or Non-Linear PCM audio samples: 
Write the aud_spdif1.setnlpcm bit field register. 
Ƶ Set SPDIF data width [16 bits up to 24 bits]: 
Write the aud_spdif1.spdif_width[4:0] bit field. 

z &RQILJXUH�$XGLR�3DUDPHWHUV�6WHSV� 
Ƶ Set Audio input frequency clock FS ratio factor [128 Fs | 256 Fs |512 Fs]: 
Write the aud_inputclkfs.lfsfactor bit field register. 
Ƶ Set Audio fixed N factor for Audio Clock Regeneration. This factor depends on the 
audio sampling rate and video mode.  
Write the aud_n1.audN, aud_n2.audN, and aud_n3.audN bit field registers. 
Ƶ Set Audio CTS factor for Audio Clock Regeneration. This factor can be generated 
automatically or manually. 
For Automatic CTS generation 
:ULWH�³�´�RQ�WKH�ELW�ILHOG�³&76BPDQXDO´��5HJLVWHU��[������$8'B&76� 
For Manual CTS setting 
:ULWH�³�´�LQ�WKH�DXGBFWV��&76BPDQXDO�UHJLVWHU�ELW�ILHOG� 
Write the aud_cts1.audCTS, aud_cts2.audCTS, aud_cts3.audCTS bit field registers. 
Ƶ Enable Audio sampler block: 
:ULWH�³�´�LQ�WKH�PFBFONGLV�DXGFONBGLVDEOH�ELW�ILHOG�UHJLVWHU� 

32.5.8 6WHS�)��&RQILJXUH�,QIRIUDPHV 

7KLV�VWHS�LV�RQO\�UHOHYDQW�ZKHQ�WKH�+'0,�7;�FRQWUROOHU�LV�FRQILJXUHG�LQ�+'0,�PRGH��UHIHU�WR�
³6WHS�'��&RQILJXUH�9LGHR�0RGH´���,Q�'9,�PRGH��QR�,QIRIUDPHV�DUH�WUDQVPLWWHG��7KH�
FRQILJXUDWLRQ�RI�WKH�,QIRIUDPHV�LV�HVVHQWLDO�WR�FRUUHFWO\�LQIRUP�WKH�+'0,�5HFHLYHU�DERXW�WKH�
FRQWHQW�RI�WKH�YLGHR�DQG�DXGLR�IRUPDW�EHHQ�WUDQVPLWWHG��$OO�WKH�GHWDLOHG�LQIRUPDWLRQ�LV�
SURYLGHG�LQ�WKH�+'0,����E�6SHFLILFDWLRQ� 

32.5.9 6WHS�*��&RQILJXUH�+'&3���� 

)ROORZLQJ�IORZ�LV�DQ�LQLWLDOL]DWLRQ�RI�+'&3������7R�GHWHFW�LI�WKH�+'0,�7;�&RQWUROOHU�LV�+'&3�
FDSDEOH� 
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���5HDG�WKH�SURGXFWBLG��SURGXFWBLG��ELW�ILHOG�UHJLVWHU� 

z ,I�SURGXFWBLG�� �����+'&3�LV�QRW�SUHVHQW� 
z ,I�SURGXFWBLG�� �&���+'&3�LV�SUHVHQW� 

���6HOHFW�+'0,�PRGH� 

z :ULWH�³�´�IRU�+'0,�LQ�WKH�DBKGFSFIJ��KGPLGYL�ELW�ILHOG�UHJLVWHU� 

���6HW�WKH�'DWD�HQDEOH��+V\QF�DQG�96\QF�SRODULW\� 

:ULWH�WKH�GDWDHQSRO��YV\QFSRO��DQG�KV\QFSRO�ELW�ILHOGV�RI�WKH�DBYLGSROFIJ�UHJLVWHU� 

���6HW�HQFU\SWLRQ�RQ� 

z :ULWH�³�����[���´�IRU�³2HVVZLQGRZ6L]H´�LQ�WKH�DBRHVVZFIJ�UHJLVWHU� 
z :ULWH�³�´�IRU�³QR�+'&3�E\SDVV´�DBKGFSFIJ��%\SDVV(QFU\SWLRQ�ELW�ILHOG�UHJLVWHU� 
z :ULWH�³�´�IRU�³+'&3�HQDEOH´�LQ�WKH�DBKGFSFIJ��HQFU\SWLRQGLVDEOH�ELW�ILHOG�UHJLVWHU� 

���5HVHW�+'&3�HQJLQH� 

z :ULWH�³�´�LQ�WKH�DBKGFSFIJ��VZUHVHW�ELW�ILHOG�UHJLVWHU� 

���&RQILJXUH�'HYLFH�3ULYDWH�.H\V��ZKLFK�LV�LOOXVWUDWHG�LQ�WKH�IORZ�FKDUW�)LJXUH���� 

���(QDEOH�WKH�HQFU\SWLRQ� 

z :ULWH�³�´�LQ�WKH�DBKGFSFIJ��U[GHWHFW�ELW�ILHOG�UHJLVWHU� 

���:KHQ�FRQQHFWHG�WR�D�UHSHDWHU�WKH�6+$���FDOFXODWLRQ�LV�QHHGHG�WR�EH�GRQH�E\�VRIWZDUH��
ZKLFK�DUH�LQGLFDWHG�LQ�WKH�IROORZLQJ�VWHSV 

D��:DLW�IRU�DQ�LQWHUUXSW�WR�EH�WULJJHUHG��DBDSLLQWVWDW�.696KD�FDOFLQW�� 

E��5HTXHVW�DFFHVV�WR�.69�PHPRU\�WKURXJK�VHWWLQJ�DBNVYPHPFWUO�.690(0UHTXHVW�WR��
E��
DQG�SRRO�DBNVYPHPFWUO�.690(0DFFHVV�XQWLO�WKLV�YDOXH�LV��
E���DFFHVV�JUDQWHG�� 

F��5HDG�9+
��0���%VWDWXV��DQG�WKH�.69�),)2� 

7KH�GDWD�LV�VWRUHG�LQ�WKH�UHYRFDWLRQ�PHPRU\� 

G��&DOFXODWH�WKH�6+$���FKHFNVXP��9+��RYHU�0���%VWDWXV��DQG�WKH�.69�),)2� 

H��,I�WKH�FDOFXODWHG�9+�HTXDOV�WKH�9+µ��VHW�DBNVYPHPFWUO�6+$�IDLO�WR���DQG�VHW�
DBNVYPHPFWUO�.69&75/XSG�WR����,I�WKH�FDOFXODWHG�9+�LV�GLIIHUHQW�IURP�9+µ�WKHQ�VHW�
DBNVYPHPFWUO�6+$�IDLO�WR���DQG�VHW�DBNVYPHPFWUO�.69&75/XSG�WR����IRUFLQJ�WKH�
FRQWUROOHU�WR�UH�DXWKHQWLFDWH�IURP�WKH�EHJLQQLQJ� 
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Fig. 32-8 Configuring Device Protection Key Process 

 

32.5.10 &(&�23(5$7,21�  

7KH�&(&�OLQH�LV�XVHG�IRU�KLJK�OHYHO�XVHU�FRQWURO�RI�+'0,�FRQQHFWHG�GHYLFHV�7KH�+'0,�7;�
FRQWDLQ�&(&�7;�RSHUDWLRQV�DQG�&(&�5;�RSHUDWLRQV� 

<RX�FDQ�FRQWURO�WKLV�IXQFWLRQ�E\�XVLQJ�WKH�LQWHUUXSW�VLJQDO�DQG�SURSHU�UHJLVWHUV�IURP�WKH�
+'0,�WUDQVPLWWHU�ZLWK�IHZ�RSHUDWLRQV��7KH�UHJLVWHU�RIIVHW�LV�IURP��[�'��� 

z &RQILJXUH�7KH�&(&�6WHS��  

Ƶ Write the CEC logical address to cec_addr_l,cec_addr_h register 
Ƶ Write the size of the frame in bytes which are available in the transmitter data buffer 
to cec_tx_cnt register  



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2561 

Ƶ Write the desired CEC data(including header and data blocks) to cec_tx_data0 to 
cec_tx_data15 
Ƶ Write 1 to cec_ctrl.send register, to start the cec transmit. 

 

32.5.11 +'0,�3+<�03//�FRQILJXUDWLRQ 
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13.5 1 10 1.4 0 1 0 0 0 0 1 0 1 1 1 0 0 1 1 1 1 1 0 0 1 1 0 33.75 
13.5 1 12 1.4 1 0 0 0 0 0 1 1 0 1 1 0 0 1 1 1 1 1 1 0 1 1 0 40.5 
13.5 1 16 1.4 1 1 0 0 0 0 1 0 0 1 1 0 0 1 0 1 1 1 0 0 1 1 0 54 
13.5 3 8 1.4 0 0 0 0 0 0 1 0 0 1 1 0 0 1 0 1 1 1 0 0 1 1 0 54 
13.5 3 10 1.4 0 1 0 0 0 0 1 0 1 1 1 0 0 1 0 1 1 1 0 0 1 1 0 67.5 
13.5 3 12 1.4 1 0 0 0 0 0 1 1 0 1 1 0 0 1 0 1 1 1 1 0 1 1 0 81 
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18 2 8 1.4 0 0 0 0 0 0 0 1 1 1 1 0 0 1 0 1 1 0 0 0 0 1 0 54 
18 2 10 1.4 0 1 0 0 0 0 1 0 1 1 0 0 0 1 0 1 1 1 0 0 1 1 0 67.5 
18 2 12 1.4 1 0 0 0 0 0 1 1 0 1 0 0 0 1 0 1 1 1 0 0 1 1 0 81 
18 2 16 1.4 1 1 0 0 0 0 0 1 1 1 1 0 0 0 1 1 1 0 0 0 0 1 0 108 
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18 5 8 1.4 0 0 0 0 0 0 0 1 1 1 1 0 0 0 1 1 1 0 0 0 0 1 0 108 
18 5 10 1.4 0 1 0 0 0 0 1 0 1 1 0 0 0 0 1 1 1 1 0 0 1 1 0 135 
18 5 12 1.4 1 0 0 0 0 0 1 1 0 1 0 0 0 0 1 1 1 1 0 0 1 1 0 162 
18 5 16 1.4 1 1 0 0 0 0 0 1 1 1 1 0 0 0 0 1 1 0 0 0 0 1 0 216 

21.6 4 8 1.4 0 0 0 0 0 0 1 0 1 0 1 0 0 0 1 1 1 0 0 0 0 1 0 108 
21.6 4 12 1.4 1 0 0 0 0 0 1 0 1 1 0 0 0 0 1 1 1 1 0 0 1 1 0 162 

21.6 4 16 1.4 1 1 0 0 0 0 1 0 1 0 1 0 0 0 0 1 1 0 0 0 0 1 0 216 
21.6 9 8 1.4 0 0 0 0 0 0 1 0 1 0 1 0 0 0 0 1 1 0 0 0 0 1 0 216 
21.6 9 12 1.4 1 0 0 0 0 0 1 0 1 1 0 0 0 0 0 1 1 1 0 0 1 1 0 324 
21.6 9 16 2 1 1 1 1 0 1 1 0 1 1 1 0 0 0 0 1 1 0 0 0 1 1 1 432 
24 8 8 1.4 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 1 0 1 0 0 0 1 0 216 
24 8 16 2 1 1 1 1 0 1 1 1 0 1 0 0 0 0 0 1 1 0 0 0 1 1 1 432 

25.175 No 8 1.4 0 0 0 0 0 0 0 1 0 1 1 0 0 1 1 1 0 1 0 0 0 1 0 25.175 
25.175 No 10 1.4 0 1 0 0 0 0 1 0 1 0 1 0 0 1 1 1 1 0 0 0 0 1 0 31.46875 
25.175 No 12 1.4 1 0 0 0 0 0 0 1 1 1 1 0 0 1 1 1 1 0 0 0 0 1 0 37.7625 
25.175 No 16 1.4 1 1 0 0 0 0 0 1 0 1 1 0 0 1 0 1 0 1 0 0 0 1 0 50.35 

27 No 8 1.4 0 0 0 0 0 0 0 1 0 1 1 0 0 1 1 1 0 1 0 0 0 1 0 27 

27 No 10 1.4 0 1 0 0 0 0 1 0 1 0 1 0 0 1 1 1 1 0 0 0 0 1 0 33.75 
27 No 12 1.4 1 0 0 0 0 0 0 1 1 1 1 0 0 1 1 1 1 0 0 0 0 1 0 40.5 
27 No 16 1.4 1 1 0 0 0 0 0 1 0 1 1 0 0 1 0 1 0 1 0 0 0 1 0 54 
27 1 8 1.4 0 0 0 0 0 0 0 1 0 1 1 0 0 1 0 1 0 1 0 0 0 1 0 54 
27 1 10 1.4 0 1 0 0 0 0 1 0 1 0 1 0 0 1 0 1 1 0 0 0 0 1 0 67.5 
27 1 12 1.4 1 0 0 0 0 0 0 1 1 1 1 0 0 1 0 1 1 0 0 0 0 1 0 81 
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27 1 16 1.4 1 1 0 0 0 0 0 1 0 1 1 0 0 0 1 1 0 1 0 0 0 1 0 108 
27 3 8 1.4 0 0 0 0 0 0 0 1 0 1 1 0 0 0 1 1 0 1 0 0 0 1 0 108 
27 3 10 1.4 0 1 0 0 0 0 1 0 1 0 1 0 0 0 1 1 1 0 0 0 0 1 0 135 
27 3 12 1.4 1 0 0 0 0 0 0 1 1 1 1 0 0 0 1 1 1 0 0 0 0 1 0 162 

27 3 16 1.4 1 1 0 0 0 0 0 1 0 1 1 0 0 0 0 1 0 1 0 0 0 1 0 216 

27 7 8 1.4 0 0 0 0 0 0 0 1 0 1 1 0 0 0 0 1 0 1 0 0 0 1 0 216 
27 7 10 1.4 0 1 0 0 0 0 1 0 1 0 1 0 0 0 0 1 1 0 0 0 0 1 0 270 
27 7 12 1.4 1 0 0 0 0 0 0 1 1 1 1 0 0 0 0 1 1 0 0 0 0 1 0 324 
27 7 16 2 1 1 1 1 0 1 1 0 0 1 1 0 0 0 0 1 1 0 0 0 1 1 1 432 

31.5 No 8 1.4 0 0 0 0 0 0 0 1 0 1 1 0 0 1 1 1 0 1 0 0 0 1 0 31.5 
33.75 No 8 1.4 0 0 0 0 0 0 0 1 0 1 1 0 0 1 1 1 0 1 0 0 0 1 0 33.75 
35.5 No 8 1.4 0 0 0 0 0 0 0 1 0 1 1 0 0 1 1 1 0 1 0 0 0 1 0 35.5 
36 No 8 1.4 0 0 0 0 0 0 0 1 0 1 1 0 0 1 1 1 0 1 0 0 0 1 0 36 
36 2 8 1.4 0 0 0 0 0 0 0 1 0 1 0 0 0 0 1 1 0 1 0 0 0 1 0 108 
36 2 10 1.4 0 1 0 0 0 0 1 0 1 1 0 0 1 0 1 1 1 1 0 0 1 1 0 135 
36 2 12 1.4 1 0 0 0 0 0 0 1 1 1 0 0 0 0 1 1 0 1 0 0 0 1 0 162 

36 2 16 1.4 1 1 0 0 0 0 0 1 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 216 
36 5 8 1.4 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 216 
36 5 10 1.4 0 1 0 0 0 0 1 0 1 1 0 0 1 0 0 1 1 1 0 0 1 1 0 270 
36 5 12 1.4 1 0 0 0 0 0 0 1 1 1 0 0 0 0 0 1 0 1 0 0 0 1 0 324 
36 5 16 2 1 1 1 1 0 1 0 1 1 1 1 0 0 0 0 1 1 0 0 0 1 1 1 432 
40 No 8 1.4 0 0 0 0 0 0 0 1 0 1 1 0 0 1 1 1 0 1 0 0 0 1 0 40 

43.2 4 8 1.4 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 1 1 0 1 0 1 0 216 
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43.2 4 12 1.4 1 0 0 0 0 0 1 0 1 1 0 0 1 0 0 1 1 1 0 0 1 1 0 324 
43.2 4 16 2 1 1 1 1 0 1 1 0 1 0 1 0 0 0 0 1 1 0 0 0 1 1 1 432 

44.9 No 8 1.4 0 0 0 0 0 0 0 1 0 1 1 0 0 1 1 1 0 1 0 0 0 1 0 44.9 
49.5 No 8 1.4 0 0 0 0 0 0 0 0 1 1 1 0 0 1 0 0 1 1 0 1 0 1 0 49.5 

50 No 8 1.4 0 0 0 0 0 0 0 0 1 1 1 0 0 1 0 0 1 1 0 1 0 1 0 50 
50.35 No 8 1.4 0 0 0 0 0 0 0 0 1 1 1 0 0 1 0 0 1 1 0 1 0 1 0 50.35 
50.35 No 10 1.4 0 1 0 0 0 0 1 0 1 0 0 0 0 1 0 0 1 1 0 1 0 1 0 62.9375 
50.35 No 12 1.4 1 0 0 0 0 0 0 1 0 1 0 0 0 1 0 1 0 1 0 0 0 1 0 75.525 
50.35 No 16 1.4 1 1 0 0 0 0 0 0 1 1 1 0 0 0 1 0 1 1 0 1 0 1 0 100.7 

54 No 8 1.4 0 0 0 0 0 0 0 0 1 1 1 0 0 1 0 0 1 1 0 1 0 1 0 54 
54 No 10 1.4 0 1 0 0 0 0 1 0 1 0 0 0 0 1 0 0 1 1 0 1 0 1 0 67.5 
54 No 12 1.4 1 0 0 0 0 0 0 1 0 1 0 0 0 1 0 1 0 1 0 0 0 1 0 81 
54 No 16 1.4 1 1 0 0 0 0 0 0 1 1 1 0 0 0 1 0 1 1 0 1 0 1 0 108 
54 1 8 1.4 0 0 0 0 0 0 0 0 1 1 1 0 0 0 1 0 1 1 0 1 0 1 0 108 

54 1 10 1.4 0 1 0 0 0 0 1 0 1 0 0 0 0 0 1 0 1 1 0 1 0 1 0 135 

54 1 12 1.4 1 0 0 0 0 0 0 1 0 1 0 0 0 0 1 1 0 1 0 0 0 1 0 162 
54 1 16 1.4 1 1 0 0 0 0 0 0 1 1 1 0 0 0 0 0 1 1 0 1 0 1 0 216 
54 3 8 1.4 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 1 1 0 1 0 1 0 216 
54 3 10 1.4 0 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 1 1 0 1 0 1 0 270 
54 3 12 1.4 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 324 
54 3 16 2 1 1 1 1 0 1 0 1 0 1 1 0 0 0 0 1 1 0 0 0 1 1 1 432 

56.25 No 8 1.4 0 0 0 0 0 0 0 0 1 1 1 0 0 1 0 0 1 1 0 1 0 1 0 56.25 
59.4 No 8 1.4 0 0 0 0 0 0 0 0 1 1 1 0 0 1 0 0 1 1 0 1 0 1 0 59.4 
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59.4 No 10 1.4 0 1 0 0 0 0 1 0 1 0 0 0 0 1 0 0 1 1 0 1 0 1 0 74.25 

59.4 No 12 1.4 1 0 0 0 0 0 0 1 0 1 0 0 0 1 0 1 0 1 0 0 0 1 0 89.1 
59.4 No 16 1.4 1 1 0 0 0 0 0 0 1 1 1 0 0 0 1 0 1 1 0 1 0 1 0 118.8 

65 No 8 1.4 0 0 0 0 0 0 0 0 1 1 1 0 0 1 0 0 1 1 0 1 0 1 0 65 
68.25 No 8 1.4 0 0 0 0 0 0 0 0 1 1 1 0 0 1 0 0 1 1 0 1 0 1 0 68.25 

71 No 8 1.4 0 0 0 0 0 0 0 0 1 1 1 0 0 1 0 0 1 1 0 1 0 1 0 71 
72 No 8 1.4 0 0 0 0 0 0 0 0 1 1 1 0 0 1 0 0 1 1 0 1 0 1 0 72 
72 No 10 1.4 0 1 0 0 0 0 1 0 1 0 0 0 0 1 0 0 1 1 0 1 0 1 0 90 
72 No 12 1.4 1 0 0 0 0 0 0 0 1 1 0 0 0 0 1 0 1 0 0 0 0 1 0 108 
72 No 16 1.4 1 1 0 0 0 0 0 0 1 1 1 0 0 0 1 0 1 1 0 1 0 1 0 144 
72 2 8 1.4 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 0 0 0 0 1 0 216 
72 2 10 1.4 0 1 0 0 0 0 1 0 1 1 0 1 1 0 0 1 1 1 0 0 1 1 0 270 
72 2 12 1.4 1 0 0 0 0 0 0 1 1 1 0 0 1 0 0 1 0 1 0 0 0 1 0 324 

72 2 16 2 1 1 1 1 0 1 0 1 0 1 0 0 0 0 0 1 1 0 0 0 1 1 1 432 

73.25 No 8 1.4 0 0 0 0 0 0 0 0 1 1 1 0 0 1 0 0 1 1 0 1 0 1 0 73.25 
74.25 No 8 1.4 0 0 0 0 0 0 0 0 1 1 1 0 0 1 0 0 1 1 0 1 0 1 0 74.25 
74.25 No 10 1.4 0 1 0 0 0 0 1 0 1 0 0 0 1 0 1 0 1 1 0 1 0 1 0 92.8125 
74.25 No 12 1.4 1 0 0 0 0 0 0 0 1 1 0 0 0 0 1 0 1 0 0 0 0 1 0 111.375 
74.25 No 16 1.4 1 1 0 0 0 0 0 0 1 1 1 0 0 0 1 0 1 1 0 1 0 1 0 148.5 

75 No 8 1.4 0 0 0 0 0 0 0 0 1 1 1 0 0 1 0 0 1 1 0 1 0 1 0 75 
78.75 No 8 1.4 0 0 0 0 0 0 0 0 1 1 1 0 0 1 0 0 1 1 0 1 0 1 0 78.75 
79.5 No 8 1.4 0 0 0 0 0 0 0 0 1 1 1 0 0 1 0 0 1 1 0 1 0 1 0 79.5 
82.5 No 8 1.4 0 0 0 0 0 0 0 0 1 1 1 0 0 1 0 0 1 1 0 1 0 1 0 82.5 
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82.5 No 10 1.4 0 1 0 0 0 0 1 0 1 0 0 0 1 0 1 0 1 1 0 1 0 1 0 103.125 

82.5 No 12 1.4 1 0 0 0 0 0 0 0 1 1 0 0 0 0 1 0 1 0 0 0 0 1 0 123.75 

82.5 No 16 1.4 1 1 0 0 0 0 0 0 1 1 1 0 0 0 1 0 1 1 0 1 0 1 0 165 
83.5 No 8 1.4 0 0 0 0 0 0 0 0 1 1 1 0 0 1 0 0 1 1 0 1 0 1 0 83.5 
85.5 No 8 1.4 0 0 0 0 0 0 0 0 1 1 1 0 0 1 0 0 1 1 0 1 0 1 0 85.5 

88.75 No 8 1.4 0 0 0 0 0 0 0 0 1 1 1 0 0 1 0 0 1 1 0 1 0 1 0 88.75 
90 No 8 1.4 0 0 0 0 0 0 0 0 1 1 1 0 0 1 0 0 1 1 0 1 0 1 0 90 
90 No 10 1.4 0 1 0 0 0 0 1 0 1 0 0 0 1 0 1 0 1 1 0 1 0 1 0 112.5 
90 No 12 1.4 1 0 0 0 0 0 0 0 1 1 0 0 0 0 1 0 1 0 0 0 0 1 0 135 
90 No 16 1.4 1 1 0 0 0 0 0 0 1 1 1 0 0 0 1 0 1 1 0 1 0 1 0 180 

94.5 No 8 1.4 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0 0 1 0 1 0 1 0 94.5 
99 No 8 1.4 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0 0 1 0 1 0 1 0 99 

99 No 10 1.4 0 1 0 0 0 0 1 0 1 0 0 0 1 0 1 0 1 1 0 1 0 1 0 123.75 

99 No 12 1.4 1 0 0 0 0 0 0 0 1 1 0 0 0 0 1 0 1 0 0 0 0 1 0 148.5 
99 No 16 1.4 1 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 1 0 1 0 1 0 198 

100.7 No 8 1.4 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0 0 1 0 1 0 1 0 100.7 
100.7 No 10 1.4 0 1 0 0 0 0 1 0 1 0 0 0 1 0 1 0 1 1 0 1 0 1 0 125.875 
100.7 No 12 1.4 1 0 0 0 0 0 0 0 1 1 0 0 0 0 1 0 1 0 0 0 0 1 0 151.05 
100.7 No 16 1.4 1 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 1 0 1 0 1 0 201.4 
101 No 8 1.4 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0 0 1 0 1 0 1 0 101 

102.25 No 8 1.4 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0 0 1 0 1 0 1 0 102.25 
106.5 No 8 1.4 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0 0 1 0 1 0 1 0 106.5 

108 No 8 1.4 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0 0 1 0 1 0 1 0 108 
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108 No 10 1.4 0 1 0 0 0 0 1 0 1 0 0 0 1 0 1 0 1 1 0 1 0 1 0 135 

108 No 12 1.4 1 0 0 0 0 0 0 0 1 1 0 0 0 0 1 0 1 0 0 0 0 1 0 162 
108 No 16 1.4 1 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 1 0 1 0 1 0 216 
108 1 8 1.4 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 1 0 1 0 1 0 216 
108 1 10 1.4 0 1 0 0 0 0 1 0 1 0 0 0 1 0 0 0 1 1 0 1 0 1 0 270 
108 1 12 1.4 1 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 0 0 0 0 1 0 324 
108 1 16 2 1 1 1 1 0 1 0 0 1 1 1 0 0 0 0 1 0 1 0 0 1 1 1 432 

115.5 No 8 1.4 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0 0 1 0 1 0 1 0 115.5 
117.5 No 8 1.4 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0 0 1 0 1 0 1 0 117.5 
118.8 No 8 1.4 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0 0 1 0 1 0 1 0 118.8 
118.8 No 10 1.4 0 1 0 0 0 0 1 0 1 0 0 0 1 0 1 0 1 1 0 1 0 1 0 148.5 
118.8 No 12 1.4 1 0 0 0 0 0 0 0 1 1 0 0 0 0 1 0 1 0 0 0 0 1 0 178.2 

118.8 No 16 1.4 1 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 1 0 1 0 1 0 237.6 
119 No 8 1.4 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0 0 1 0 1 0 1 0 119 

121.75 No 8 1.4 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0 0 1 0 1 0 1 0 121.75 
122.5 No 8 1.4 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0 0 1 0 1 0 1 0 122.5 
135 No 8 1.4 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0 0 1 0 1 0 1 0 135 

136.75 No 8 1.4 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0 0 1 0 1 0 1 0 136.75 
140.25 No 8 1.4 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0 0 1 0 1 0 1 0 140.25 

144 No 8 1.4 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0 0 1 0 1 0 1 0 144 
144 No 10 1.4 0 1 0 0 0 0 1 0 1 0 0 0 1 0 1 0 1 1 0 1 0 1 0 180 
144 No 12 1.4 1 0 0 0 0 0 0 0 1 1 0 0 1 0 0 0 1 0 0 0 0 1 0 216 

144 No 16 1.4 1 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 1 0 1 0 1 0 288 
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146.25 No 8 1.4 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0 0 1 0 1 0 1 0 146.25 
148.25 No 8 1.4 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0 0 1 0 1 0 1 0 148.25 
148.5 No 8 1.4 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0 0 1 0 1 0 1 0 148.5 
148.5 No 10 1.4 0 1 0 0 0 0 1 0 1 0 0 1 1 0 0 0 1 1 0 1 0 1 0 185.625 
148.5 No 12 1.4 1 0 0 0 0 0 0 0 1 1 0 0 1 0 0 0 1 0 0 0 0 1 0 222.75 
148.5 No 16 1.4 1 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 1 0 1 0 1 0 297 
154 No 8 1.4 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0 0 1 0 1 0 1 0 154 
156 No 8 1.4 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0 0 1 0 1 0 1 0 156 
157 No 8 1.4 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0 0 1 0 1 0 1 0 157 

157.5 No 8 1.4 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0 0 1 0 1 0 1 0 157.5 

162 No 8 1.4 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0 0 1 0 1 0 1 0 162 

165 No 8 1.4 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0 0 1 0 1 0 1 0 165 
165 No 10 1.4 0 1 0 0 0 0 1 0 1 0 0 1 1 0 0 0 1 1 0 1 0 1 0 206.25 
165 No 12 1.4 1 0 0 0 0 0 0 0 1 1 0 0 1 0 0 0 1 0 0 0 0 1 0 247.5 
165 No 16 1.4 1 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 1 0 1 0 1 0 330 

175.5 No 8 1.4 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0 0 1 0 1 0 1 0 175.5 
179.5 No 8 1.4 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0 0 1 0 1 0 1 0 179.5 
180 No 8 1.4 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0 0 1 0 1 0 1 0 180 
180 No 10 1.4 0 1 0 0 0 0 1 0 1 0 0 1 1 0 0 0 1 1 0 1 0 1 0 225 
180 No 12 1.4 1 0 0 0 0 0 0 0 1 1 0 0 1 0 0 0 1 0 0 0 0 1 0 270 

180 No 16 2 1 1 1 1 0 1 0 0 1 0 1 0 0 0 0 0 1 0 0 0 1 1 1 360 
182.75 No 8 1.4 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0 0 1 0 1 0 1 0 182.75 

185.625 No 8 1.4 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 0 185.625 
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185.625 No 10 1.4 0 1 0 0 0 0 1 0 1 0 0 1 1 0 0 0 1 1 0 1 0 1 0 232.03125 
185.625 No 12 1.4 1 0 0 0 0 0 0 0 1 1 0 0 1 0 0 0 1 0 0 0 0 1 0 278.4375 
185.625 No 16 2 1 1 1 1 0 1 0 0 1 0 1 0 0 0 0 0 1 0 0 0 1 1 1 371.25 

187 No 8 1.4 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 0 187 
187.25 No 8 1.4 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 0 187.25 

189 No 8 1.4 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 0 189 
193.25 No 8 1.4 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 0 193.25 

198 No 8 1.4 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 0 198 
198 No 10 1.4 0 1 0 0 0 0 1 0 1 0 0 1 1 0 0 0 1 1 0 1 0 1 0 247.5 
198 No 12 1.4 1 0 0 0 0 0 0 0 1 1 0 0 1 0 0 0 1 0 0 0 0 1 0 297 

198 No 16 2 1 1 1 1 0 1 0 0 1 0 1 0 0 0 0 0 1 0 0 0 1 1 1 396 
202.5 No 8 1.4 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 0 202.5 

204.75 No 8 1.4 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 0 204.75 
208 No 8 1.4 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 0 208 

214.75 No 8 1.4 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 0 214.75 
216 No 8 1.4 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 0 216 
216 No 10 1.4 0 1 0 0 0 0 1 0 1 0 0 1 1 0 0 0 1 1 0 1 0 1 0 270 
216 No 12 1.4 1 0 0 0 0 0 0 0 1 1 0 0 1 0 0 0 1 0 0 0 0 1 0 324 
216 No 16 2 1 1 1 1 0 1 0 0 1 0 1 0 0 0 0 0 1 0 0 0 1 1 1 432 

218.25 No 8 1.4 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 0 218.25 

229.5 No 8 1.4 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 0 229.5 

234 No 8 1.4 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 0 234 
237.6 No 8 1.4 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 0 237.6 
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237.6 No 10 1.4 0 1 0 0 0 0 1 0 1 0 0 1 1 0 0 0 1 1 0 1 0 1 0 297 
237.6 No 12 2 1 0 1 1 0 1 0 0 1 1 0 0 1 0 0 0 1 1 0 0 1 1 1 356.4 
237.6 No 16 2 1 1 1 1 0 1 0 0 1 0 1 0 0 0 0 0 1 0 0 0 1 1 1 475.2 

245.25 No 8 1.4 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 0 245.25 
245.5 No 8 1.4 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 0 245.5 
261 No 8 1.4 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 0 261 

268.25 No 8 1.4 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 0 268.25 
268.5 No 8 1.4 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 0 268.5 

281.25 No 8 1.4 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 0 281.25 

288 No 8 1.4 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 0 288 
288 No 10 2 0 1 1 1 0 1 1 0 1 0 0 1 1 0 0 1 1 0 0 0 1 1 1 360 
288 No 12 2 1 0 1 1 0 1 0 0 1 1 0 0 1 0 0 0 1 1 0 0 1 1 1 432 
288 No 16 2 1 1 1 1 0 1 0 0 1 0 1 0 0 0 0 0 1 0 0 0 1 1 1 576 
297 No 8 1.4 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 0 297 
297 No 10 2 0 1 1 1 0 1 1 0 1 0 0 1 1 0 0 1 1 0 0 0 1 1 1 371.25 
297 No 12 2 1 0 1 1 0 1 0 0 1 1 0 0 1 0 0 0 1 1 0 0 1 1 1 445.5 
297 No 16 2 1 1 1 1 0 1 0 0 1 0 1 0 0 0 0 0 1 0 0 0 1 1 1 594 
317 No 8 1.4 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 0 317 

330 No 8 1.4 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 0 330 

330 No 10 2 0 1 1 1 0 1 1 0 1 0 0 1 1 0 0 1 1 0 0 0 1 1 1 412.5 

330 No 12 2 1 0 1 1 0 1 0 0 1 1 0 0 1 0 0 0 1 1 0 0 1 1 1 495 
333.25 No 8 1.4 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 0 333.25 

340 No 8 1.4 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 0 340 



5.5.�����750�3DUW� 

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  2571 

 Divider  
Settings 

Op 
Mod

e 

Divider Settings MPLL Charge Pump 
Settings 

 

0x06 0x10 0x15 

pr
ep

_d
iv

 

tm
ds

_c
nt

rl 

op
m

od
e 

fb
di

v2
_c

nt
rl 

fb
di

v1
_c

 n
tr

l 

re
f_

cn
t r

l 

n_
cn

tr
l 

pr
op

_c
nt

rl 

in
t_

cn
tr

l 

gm
p_

cn
tr

l 

00
06

:B
it 

14
 

00
06

:B
it 

13
 

00
06

:B
it 

12
 

00
06

:B
it 

11
 

00
06

:B
it 

10
 

00
06

:B
it 

9 
00

06
:B

it 
8 

00
06

:B
it 

7 
00

06
:B

it 
6 

00
06

:B
it 

5 
00

06
:B

it 
4 

00
06

:B
it 

3 
00

06
:B

it 
2 

00
06

:B
it 

1 
00

06
:B

it 
0 

00
10

: B
it 

5 
00

10
: B

it 
4 

00
10

: B
it 

3 
00

10
: B

it 
2 

00
10

: B
it 

1 
00

10
: B

it 
0 

00
15

: B
it 

1 
00

15
: B

it 
0 

Pi
xe

l C
lo

ck
(M

hz
) 

Pi
xe

l R
ep

et
iti

on
 

Co
lo

r d
ep

th
 [b

its
] 

O
PM

O
DE

 
pr

ep
_d

iv
<1

> 
pr

ep
_d

iv
<0

> 
tm

ds
_c

nt
rl<

1>
 

tm
ds

_c
nt

rl<
0>

 
op

m
od

e<
1>

 
op

m
od

e<
0>

 
fb

di
v2

_c
nt

rl<
2>

 
fb

di
v2

_c
nt

rl<
1>

 
fb

di
v2

_c
nt

rl<
0>

 
fb

di
v1

_c
nt

rl<
1>

 
fb

di
v1

_c
nt

rl<
0>

 
re

f_
cn

tr
l<

1>
 

re
f_

cn
tr

l<
0>

 
n_

cn
tr

l<
1>

 
n_

cn
tr

l<
0>

 
pr

op
_c

nt
rl<

2>
 

pr
op

_c
nt

rl<
1>

 
pr

op
_c

nt
rl<

0>
 

in
t_

cn
tr

l<
2>

 
in

t_
cn

tr
l<

1>
 

in
t_

cn
tr

l<
0>

 
gm

p_
cn

tr
l<

1>
 

gm
p_

cn
tr

l<
0>

 
TM

DS
CL

KS
RC

 (M
Hz

) 

348.5 No 8 2 0 0 1 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 1 348.5 
356.5 No 8 2 0 0 1 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 1 356.5 
360 No 8 2 0 0 1 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 1 360 
360 No 10 2 0 1 1 1 0 1 1 0 1 0 0 1 1 0 0 1 1 0 0 0 1 1 1 450 
360 No 12 2 1 0 1 1 0 1 0 0 1 1 0 0 1 0 0 0 1 1 0 0 1 1 1 540 

371.25 No 8 2 0 0 1 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 1 371.25 
371.25 No 10 2 0 1 1 1 0 1 1 0 1 0 0 1 1 0 0 1 1 0 0 0 1 1 1 464.0625 

371.25 No 12 2 1 0 1 1 0 1 0 0 1 1 0 0 1 0 0 0 1 1 0 0 1 1 1 556.875 

281.25 No 8 1.4 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 0 281.25 
396 No 8 2 0 0 1 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 1 396 
396 No 10 2 0 1 1 1 0 1 1 0 1 0 0 1 1 0 0 1 1 0 0 0 1 1 1 495 
396 No 12 2 1 0 1 1 0 1 0 0 1 1 0 0 1 0 0 0 1 1 0 0 1 1 1 594 
432 No 8 2 0 0 1 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 1 432 
432 No 10 2 0 1 1 1 0 1 1 0 1 0 0 1 1 0 0 1 1 0 0 0 1 1 1 540 

380.5 No 8 2 0 0 1 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 1 380.5 
475.2 No 8 2 0 0 1 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 1 475.2 
475.2 No 10 2 0 1 1 1 0 1 1 0 1 0 0 1 1 0 0 1 1 0 0 0 1 1 1 594 

495 No 8 2 0 0 1 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 1 495 
505.25 No 8 2 0 0 1 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 1 505.25 

552.75 No 8 2 0 0 1 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 1 552.75 
594 No 8 2 0 0 1 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 1 594 
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Chapter 33 HDCP22 Controller 

33.1 Overview 
7KH�+'&3���FRQWUROOHU�LV�DQ�(PEHGGHG�6HFXULW\�0RGXOH��(60���7KLV�PRGXOH�LV�D�VHOI�
FRQWDLQHG�PRGXOH�WKDW�FDQ�EH�LQWHJUDWHG�ZLWK�+'0,�FRUHV�WR�HQVXUH�'&3�UREXVWQHVV�UXOHV�
IRU�+'&3��  
7KH�(60�KDV�D�VPDOO�0&8�LQVLGH��,W�UHDGV�(60�,PDJH�IRU�RSHUDWLRQ�WKURXJK�WKH�$;,�LQWHUIDFH� 
7KH�+'&3���&RQWUROOHU�VXSSRUWV�IROORZLQJ�IHDWXUHV� 
z 6XSSRUWV�+'&3�5HYLVLRQ���� 
z %XV�,QWHUIDFH�)HDWXUHV� 

� $Q�$;,�SRUW�IRU�LQVWUXFWLRQ�IHWFK�DQG�VKDUHG�5�:�PHPRU\ 
� $Q�,GHQWLW\�,QWHUIDFH�IRU�VHFUHW�NH\V�XVHG�WR�VHFXUH�WKH�(60 
� $Q�(QWURS\�,QWHUIDFH�WR�D�WUXH�UDQGRP�QXPEHU�JHQHUDWRU 
� $�+RVW�3RUW�,QWHUIDFH�IRU�DQ�H[WHUQDO�KRVW�SURFHVVRU�WR�VHQG�FRPPDQGV�DQG�JHW�VWDWXV�

IURP�WKH�(60� 
�$3%�,QWHUIDFH� 

z 7KH�7[�SRUWV�FRQWDLQ�LQWHUIDFHV�WR�D�+'0,�FRQWUROOHU��ZKHUH�HDFK�SRUW�LV�IDFWRU\�
FRQILJXUDEOH�IRU�+'0,�VXSSRUW��7KH�+'0,�SRUWLRQ�RI�WKH�SRUW�FRQWDLQV�WKH�IROORZLQJ�
LQWHUIDFHV� 
� +'0,�YLGHR�GDWD�DQG�DVVRFLDWHG�FRQWURO 
� ,�&�LQWHUIDFH�IRU�DFFHVV�WR�WKH�UHPRWH�HQG�RI�WKH�+'&3�OLQN 
� $�*3,2�LQWHUIDFH�IRU�GLUHFW�KDUGZDUH�VLJQDOLQJ�EHWZHHQ�WKH�(60�DQG�WKH�FRQWUROOHU 

z 008� 
� �N���N�SDJH�VL]H 
� 7/%�SUH�IHWFK 

33.2 Block Diagram 
The following figure illustrates the HDMI controller connections with external interfaces. The 
ESM executes firmware from system memory external to the ESM which must be processed 
with the supplied tools as the firmware image is encrypted to the keys you created to 
present on the ID Interface. A host library (supplied in source code) is compiled with your 
application software running on the host processor to send commands to the ESM and 
monitor its status for results. 
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Fig. 33-1 hdcp22 Controller Block Diagram 

7KH�HPEHGGHG�VHFXULW\�PRGXOH�LV�FRPSRVHG�RI�WZR�SDUWV� 
z 7KH�$XWKHQWLFDWLRQ�(QJLQH��$(��FRQWDLQV�D�FRQWUROOHU�WKDW�UXQV�WKH�+'&3�DXWKHQWLFDWLRQ�

SURFHVV� 
z 7KH�&RQWHQW�(QFU\SWLRQ�(QJLQH��&((��LV�DQ�(60�FRPSRQHQW�WKDW�HQFU\SWV�GDWD�IRU�WKH�

+'&3�WUDQVPLWWHU� 
The following figure represents how the ESM is typically integrated in a SoC. 

 
Fig. 33-2 Typical ESM Integration in a SoC 

33.3 Function Description 
33.3.1 $;,�LQWHUIDFH 
7KH�(60�UHTXLUHV�FRQWLQXRXV�DFFHVV�WR�LWV�ILUPZDUH�IRU�RSHUDWLRQ��ZKLFK�LV�DFFHVVHG�WKURXJK�
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WKH�$;,�LQWHUIDFH�DQG�XVXDOO\�SODFHG�D�UHVHUYHG�SRUWLRQ�RI�6'5$0��,W�DOVR�XVHV�WKLV�LQWHUIDFH�
IRU�FRPPXQLFDWLQJ�PHVVDJHV�ZLWK�WKH�H[WHUQDO�KRVW�SURFHVVRU�WR�SDVV�FRQWHQW�VXFK�DV�650�
GDWD��SDLULQJ�LQIRUPDWLRQ��DQG�GHEXJ�ORJJLQJ�LQIRUPDWLRQ� 
7KH�(60�UHTXLUHV�DFFHVV�WR�UHODWLYHO\�IDVW�DQG�ORZ�ODWHQF\�H[WHUQDO�PHPRU\�DV�LW�UDQGRPO\ 
DFFHVVHV�LWV�ILUPZDUH�SHULRGLFDOO\�WR�SHUIRUP�RSHUDWLRQV��)RU�$;,�WUDQVDFWLRQV�WKH�DYHUDJH�
LQLWLDO�DFFHVV�ODWHQF\�PD\�EH�XS�WR�����QV��  
1RWH��7KH�(60�VWLOO�IXQFWLRQV�LQ�KLJKHU�ODWHQF\�V\VWHPV��KRZHYHU��WKH�(60�PD\�H[SHULHQFH 
LQWHUPLWWHQW�HUURUV��VXFK�DV�IDLOLQJ�WR�DXWKHQWLFDWH��DV�WKHUH�DUH�IL[HG�WLPHRXW�UHTXLUHPHQWV�GXULQJ�WKH�
DXWKHQWLFDWLRQ�SURFHVV�ZKLFK�PXVW�EH�PHW��$�V\VWHP�ZLWK�SHUVLVWHQW�KLJK�ODWHQF\�PHPRU\�DFFHVVHV�PD\�
SUHYHQW�WKH�(60�IURP�IHWFKLQJ�LWV�ILUPZDUH�LQ�D�WLPHO\�IDVKLRQ�UHVXOWLQJ�LQ�SURWRFRO�WLPHRXWV�)ROORZLQJ�7DEOH�
VXPPDUL]HV�WKH�YDULRXV�UHTXLUHPHQWV�WKH�(60�SODFHV�RQ�WKH�5.����¶V�PHPRU\��DVVXPLQJ�DQ�$;,�LQWHUIDFH�
FORFN�RI�����0+]�DQG�DQ�DYHUDJH�ODWHQF\�RI������QV� 

Table 33-1 ESM average memory bandwidth usage 
 

3KDVH 'XUDWLRQ 
�PV� 

$SSURSULDWH�
%DQGZLGWK 
�0E\WHV�VHF� 

'HVFULSWLRQ 

%RRWXS ����
�PD[LPXP� 

��� ,QLWLDO�VWDUWXS�RI�(60�WR�,GOH�
VWDWH� 

7[�$XWKHQWLFDWLRQ ���PV ��� (60�WUDQVPLWWHU�DXWKHQWLFDWLRQ�
SKDVH�LQFOXGLQJ�FDSDELOLW\�
FKHFN� 

5[�$XWKHQWLFDWLRQ ����PV ��� (60�UHFHLYHU�DXWKHQWLFDWLRQ�
SKDVH� 

,GOH��DXWKHQWLFDWHG Q�D ���������� (60�LV�HLWKHU�LQ�WKH�,GOH�VWDWH�
ZDLWLQJ�WR�VWDUW�DXWKHQWLFDWLRQ�
RU�LQ�WKH�DXWKHQWLFDWHG�VWDWH��
7KH�VHFRQG�QXPEHU�LV�ZKHQ�
WKH�(60�KDV�GHEXJ�ORJJLQJ�
HQDEOHG� 

 
7KH�H[WHUQDO�KRVW�PHPRU\�UHTXLUHG�E\�WKH�(60�PXVW�EH�SK\VLFDOO\�FRQWLJXRXV�DQG�DOORFDWHG�
EHIRUH�WKH�(60�FDQ�EH�VWDUWHG��7KH�(60�,PDJH�DQG�5�:�PHPRU\�EXIIHU�DGGUHVVHV�PXVW�EH�
�.�DOLJQHG�RWKHUZLVH�WKH�(60�FDQQRW�SURSHUO\�DFFHVV�WKH�PHPRU\��)ROORZLQJ�WDEOH�GHVFULEHV�
WKH�UHTXLUHPHQWV� 

Table 33-2 ESM average memory bandwidth usage 
6L]H��E\WHV� (60�$FFHVV 3XUSRVH 

a���. 5HDG�2QO\ &RQWDLQV�WKH�(60�ILUPZDUH��7KLV�VL]H�
YDULHV�GHSHQGLQJ�RQ�WKH�SDUWLFXODU�
FRQILJXUDWLRQ�RI�WKH�(60�\RX�DUH�
XVLQJ� 

��.���SQ�����7[� 
�S�LV�WKH�QXPEHU�RI 
WUDQVPLWWHUV�DQG�Q�LV�WKH 
QXPEHU�RI�SDLUHG�GHYLFHV 
VXSSRUWHG� 

5HDG���:ULWH %LGLUHFWLRQDO�FRPPXQLFDWLRQ�EXIIHU�WR�
H[FKDQJH�GDWD�ZLWK�WKH�+RVW��
0HVVDJHV�VXFK�DV�650�XSGDWHV��
SDLULQJ�GDWD��DQG�ORJJLQJ�
LQIRUPDWLRQ�DUH�SODFHG�LQ�WKLV�DUHD�
E\�WKH�KRVW�DQG�WKH�(60� 

7KH�QXPEHU�RI�SDLUV�VXSSRUWHG�E\�WKLV�
SDUDPHWHU�LV�GHILQHG�LQ�WKH�
FRQILJXUDWLRQ�ILOH� 

,Q�5.�����WKH�SURYLGHG�(60�KRVW�DSSOLFDWLRQ�OLEUDU\�DOORFDWHV�D�VPDOO�DPRXQW�RI�WKH�
SURFHVVRU¶V�PHPRU\�VSDFH��ZKLFK�LV�DFFHVVLEOH�E\�WKH�(60��&RPPXQLFDWLRQ�ZLWK�WKLV�
LQWHUIDFH�LV�SURYLGHG�E\�WKH�(60�KRVW�DSSOLFDWLRQ�OLEUDU\� 
33.3.2 +3,�,QWHUIDFH 
7KH�H[WHUQDO�KRVW�LVVXHV�FRPPDQGV�WR�WKH�(60�WKURXJK�WKH�+3,�ZKLFK�VXSSRUWV�D�OLPLWHG�VHW�
RI�FRPPDQGV�VXFK�DV� 
z (QDEOLQJ�DQG�GLVDEOLQJ�RI�VHFXULW\�RQ�WKH�OLQN 
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z (QDEOLQJ�GHEXJJLQJ�ORJJLQJ 
z 5HWULHYLQJ�SDLULQJ�LQIRUPDWLRQ 
z 8SGDWLQJ�WKH�650 
z (60�VWDWXV 
&RPPXQLFDWLRQ�ZLWK�WKLV�LQWHUIDFH�LV�SURYLGHG�E\�WKH�(60�KRVW�DSSOLFDWLRQ�OLEUDU\� 
33.3.3 $3%�LQWHUIDFH��+3,� 
7KH�H[WHUQDO�KRVW�LVVXHV�FRPPDQGV�WR�WKH�(60�WKURXJK�WKH�+3,��7KH�(60�VXSSRUWV�D�OLPLWHG�
VHW�RI�FRPPDQGV�VXFK�DV� 
z (QDEOLQJ�DQG�GLVDEOLQJ�RI�VHFXULW\�RQ�WKH�OLQN 
z (QDEOLQJ�GHEXJJLQJ�ORJJLQJ 
z 5HWULHYLQJ�SDLULQJ�LQIRUPDWLRQ 
z 8SGDWLQJ�WKH�650 
z (60�VWDWXV 
7KH�H[WHUQDO�KRVW�PXVW�LVVXH�D�650�OLVW�WR�WKH�(60�ZKHQ�RQH�LV�DYDLODEOH��DFFRUGLQJ�WR�WKH�
UHTXLUHPHQWV�RI�'&3�//&� 
&RPPXQLFDWLRQ�ZLWK�WKLV�LQWHUIDFH�LV�SURYLGHG�E\�WKH�(60�KRVW�DSSOLFDWLRQ�OLEUDU\� 
33.3.4 ,GHQWLW\�,QWHUIDFH 
7KLV�LQWHUIDFH�FRQWDLQV�WKH�VHFUHW�NH\V�WKH�(60�UHTXLUHV�WR�LPSOHPHQW�LWV�VHFXULW\��7KH�.3I�
DQG 
'8.�VLJQDOV�RQ�WKLV�LQWHUIDFH�PXVW�EH�VHFXUH�IURP�WDPSHULQJ�DQG�H[WHUQDO�XVHU�REVHUYDWLRQ�
DV�LW�LV�XVHG�E\�WKH�(60�WR�FUHDWH�VHVVLRQ�NH\V�DQG�RWKHU�FU\SWRJUDSKLF�VHFUHWV�UHTXLUHG�IRU�
RSHUDWLRQ� 
:KHQ�LQWHJUDWLQJ�WKH�(60�LQWR�\RXU�GHVLJQ��\RX�PXVW�WDNH�WR�HQVXUH�WKDW�WKHVH�
UHTXLUHPHQWV�DUH�PHW�RWKHUZLVH�WKH�RSHUDWLRQ�RI�WKH�(60�FDQ�EH�FRPSURPLVHG� 

Table 33-3 Secure Key for ESM 
'HVFULSWLRQ 3XUSRVH 

3ODWIRUP�.H\��3.I� $�FXVWRPHU�FUHDWHG�VHFUHW�UDQGRP�NH\�XVHG�WR�GHFU\SW�WKH�(60�
ILUPZDUH� 

7KH�.3I�LV�LQWHQGHG�WR�EH�FRPPRQ�DFURVV�D�GHSOR\HG�PRGHO�RI�D�
SURGXFW� 

'HYLFH�8QLTXH�.H\�
�'8.� 

$�FXVWRPHU�FUHDWHG�VHFUHW�UDQGRP�NH\�XVHG�WR�GHFU\SW�WKH�'&3�
NH\�GDWD�DQG 

WR�HQFU\SW�DQG�GHFU\SW�FRQWHQW�XQLTXH�WR�WKH�(60�VXFK�DV�WKH�
SDLULQJ 

PHVVDJH�FRQWHQW��,W�LV�VWURQJO\�UHFRPPHQGHG�WKLV�YDOXH�VKRXOG�
EH�XQLTXH�IRU 

HYHU\�XQLW� 
'HYLFH�1XPEHU�

�'HYQXP� 
7KLV�LV�D�QRQ�VHFUHW�GHYLFH�QXPEHU�DQG�LV�FXUUHQWO\�QRW�XVHG� 

1RWH��7KH�3.I�DQG�'8.�PXVW�EH�NHSW�FRQILGHQWLDO�DV�H[SRVLQJ�HLWKHU�RQH�FRPSURPLVHV�WKH�VHFXULW\�RI�WKH�
(60� 
33.3.5 (QWURS\�,QWHUIDFH 
7KLV�LQWHUIDFH�FRQQHFWV�WR�D�7UXH�5DQGRP�1XPEHU�*HQHUDWRU��751*���7KH�QRQFH�GDWD�RQ�WKLV 
LQWHUIDFH�PXVW�EH�VHFXUH�IURP�WDPSHULQJ�DQG�H[WHUQDO�XVHU�REVHUYDWLRQ�DV�LW�LV�XVHG�E\�WKH�
(60�WR�FUHDWH�VHVVLRQ�NH\V�DQG�RWKHU�FU\SWRJUDSKLF�VHFUHWV�UHTXLUHG�IRU�RSHUDWLRQ� 

Table 33-4 Entropy Interface 
'HVFULSWLRQ 3XUSRVH 

Entropy Valid This is the nonce data from the TRNG. The value is used to seed 
WKH�(60¶V�351* which is used to generate keys for the 
authentication process and session keys. The value must be 
truly random and not generated by another PRNG, as per the 
HDCP for HDMI specification, Section 2.13 (Random Number 
Generation).  
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33.3.6 *3,2�,QWHUIDFH 

This interface contains a number of general purpose inputs and outputs which can be used 
by the host to monitor the status of the ESM. 
33.3.7 +'0,�,QWHUIDFH 

The HDMI interface contains logic to apply content protection to the Data and Video Islands 
as the TMDS data passes through the ESM. 

Table 33-5 Entropy Interface 
'HVFULSWLRQ 3XUSRVH 

I2C A standard I2C serial interface for HDCP protocol communication 
with the remote device, mapped by the controller onto the 
DDC interface. 

GPIO Direct signals between the controller and the ESM to indicate the 
status of the ESM to the controller, and to signal the ESM 

TMDS In TMDS data output from the controller. For a Tx this is the 
unencrypted data, for the Rx this is the encrypted data. 

TMDS Out TMDS data input to the controller. For a Tx this is the encrypted 
data, for the Rx this is the decrypted data. 

33.3.8 +'&3���&RQWUROOHU�%HKDYLRU 

 
Fig. 33-3 Transmitter Authentication 

+GFS���FRQWUROOHU�LQ�5.�����LV�D�WUDQVPLWWHU��LW�ZRUNV�DV�IROORZLQJ�VWHSV� 
1. The controller asserts the Connected signal to the ESM. The application software1 
receives the notification from the controller. For HDMI operation the ESM outputs a fixed 
pattern (the BSOD value) on the TMDS data output. 
2. The application software issues the HLC_HDCPTX_SetCapability() command which causes 
the ESM to perform a capability check with the receiver. Before this point in time the ESM 
GRHV�QRW�NQRZ�WKH�FDSDELOLW\�RI�WKH�5[�VR�WKH�SRUW¶V�capable GPIO output signal is not 
asserted. 
���7KH�(60�TXHULHV�WKH�UHFHLYHU��,I�WKH�UHFHLYHU�GRHV�QRW�VXSSRUW�+'&3�����WKHQ�WKH�SRUW¶V�
not_capable GPIO output is asserted. The application software should then check if the 
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receiver supports HDCP 1.4 (or no link protection) and take appropriate action; the ESM is 
no longer required. If the receiver supports HDCP 2.2 then the capable GPIO output is 
asserted and the ESM transitions to a pre-authorized state. For HDMI operation this means 
unencrypted low value content is permitted on the video path (TMDS interface). 
4. If the receiver supports HDCP 2.2 the application software issues the 
HLC_HDCP_Authenticate() command to the ESM. As a security feature the ESM enforces a 
timeout (set in the configuration file) after the receiver indicates it is HDCP 2.2 capable to 
the time the HLC_HDCP_Authenticate() command must be issued. If you exceed this 
timeout you must repeat the process from step #2. (When the port is configured for HDMI it 
will switch its TMDS output back to the fixed pattern output). 
5. The ESM initiates authentication with the receiver and successfully completes 
authentication (or not). The application software and the HDMI controller are appropriately 
notified (authenticated and authentication_failed outputs asserted accordingly). 
6. If authentication is successful the ESM starts to encrypt the TMDS data (HDMI). 
7. The application software can now send high value content securely on the link. 
Following successful authentication the ESM periodically checks the status of the connected 
receiver. If a response is not received, or the receiver requests re-authentication the ESM 
immediately outputs a fixed pattern on the TMDS output (HDMI), asserts the outputs 
authentication_failed along with a reath_req, and returns to the Idle state. To re-
authenticate you must call HLC_HDCP_Authenticate() to drop authentication and then call 
the function again to start authentication. 
33.3.9 +'&3���6RIWZDUH�,QLWLDOL]DWLRQ 
$Q�H[WHUQDO�KRVW�FRQWUROOHU��$50�&RUH�RU�0&8��DOORFDWHV�PHPRU\��LQLWLDOL]HV�WKH�(60��DQG�
HQDEOHV�WKH�(60�FRQWUROOHU��7KH�JHQHUDO�UHVHW�DQG�VWDUWXS�VHTXHQFH�LV� 
a.  &RQILJXUH�FORFNV�IRU�KGFS�FRQWUROOHU� 
b.  /RDG�3.)�	�'8.�IURP�HIIXVH�WR�JDVNHW� 
c.  The ESM reset is de-asserted and the ESM enters a reset state. 
d.  The host allocates contiguous memory for the firmware and R/W areas. The buffers are 

4K aligned. 
e.  7KH�KRVW�FRQILJXUHV�WKH�(60¶V�+3,�LQWHUIDFH��GHILQLQJ�WKH�SK\VLFDO�PHPRU\�SRLQWHU�IRU�

the 
ESM firmware. 

f.  The host copies the ESM firmware from persistent storage to the firmware memory 
location. 

g.  The host enables the ESM controller, putting it in a running state. At this point the ESM 
initiates transactions on the AXI bus to fetch its firmware. 

h.  ESM asserts a GPIO to indicate it is booted to indicate it can accept commands. The 
status 
can also be monitored from the HPI interface. 

7KH�(60�KRVW�DSSOLFDWLRQ�OLEUDU\�SURYLGHV�WKH�VWDUWXS�VHTXHQFH�IURP�VWHSV�G�WKURXJK�K� 
33.3.10 $XWRVWDUW 

The autostart feature is an option which permits a transmitter or receiver port (configurable 
per port) on the ESM to autonomously take over the detection of a connection and run 
through the authentication process without intervention from the external host. In the event 
of an error the port automatically retries up to a specified number of attempts (configuration 
based) before idling requiring intervention from the host. 
For a transmitter this feature automates the capability checking and authentication along 
with any reauthentication which may be required due to link errors. For a receiver this 
feature enables the port to immediately respond to authentication requests without host 
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intervention. 
33.3.11 .H\�8VDJH 

There are two secret, 128 bit keys you are responsible for creating for use by the ESM. 
The Platform Key (KPf) is used by the ESM to decrypt its firmware. It is recommended this 
key be common for all ESMs deployed for a particular product as it permits a common 
(encrypted) firmware image to be deployed. 
The Device Unique Key (DUK) is used by the ESM to protect secrets unique to the device 
such as HDCP receiver keys and locally generated data such as pairing information. Although 
it is not required, it is strongly recommended this key be unique for every different unit 
deployed in a product so that if the kPf is and DUK are compromised, device specific secrets 
for only that unit are exposed. Using a common DUK for all devices could permit device 
specific secrets for all devices to be exposed. 
As shipped from the factory, the firmware cannot be used as-is and must be processed with 
tools that are provided with the ESM software package. Figure 1-3 illustrates the tools and 
the flow that are required to produce encrypted ESM firmware. You edit the firmware.aic file 
supplied with the firmware image and replace the factory test/simulation values with your 
secret KPf and DUK keys. 

 
Fig. 33-4 ESM Image tool flow 

The DCP Tx key data is common for all transmitter ports whereas the DCP Rx key data is 
unique for each receiver port. 
To facilitate manufacturing it is highly desirable to build and deploy a common software 
image for all units. If your ESM only contains transmitter ports then it is possible to do this, 
however if you also have receiver ports you are required by DCP to have a unique receiver 
key for each receiver in your design. 
33.4 Application Notes 
33.4.1 +RVW�$SSOLFDWLRQ�6RIWZDUH 
7KH�(60�SDFNDJH�FRQWDLQV�D�VHULHV�RI�WRROV�DQG�D�UXQ�WLPH�OLEUDU\�DV�EHOORZ� 
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Fig. 33-5 ESM software 

33.4.2 5XQ�7LPH�/LEUDU\ 
7KLV�OLEUDU\�LV�SURYLGHG�DV�VRXUFH�FRGH�DQG�LV�XVHG�E\�WKH�KRVW�DSSOLFDWLRQ�SURFHVVRU�WR�
FRQWURO�WKH�(60� 
6HWWLQJ�WKH�FRQILJXUDEOH�RSWLRQV�RI�WKH�(60�LV�QRW�SURYLGHG�WKURXJK�$3,V�IRU�VHFXULW\�
UHDVRQV��,W�LV�LQVWHDG�HPEHGGHG�LQWR�WKH�(60¶V�,PDJH�DV�SDUW�RI�WKH�SURFHVV�RI�EXLOGLQJ�D�
GHSOR\DEOH�LPDJH� 
7KH�$3,V�SURYLGH�D�PLQLPDO�LQWHUIDFH�WR�WKH�(60��ZKLFK�LQFOXGH�WKH�IROORZLQJ� 
z /RDG�,QLWLDOL]H�ILUPZDUH�LPDJH 
z 6WDUW�DXWKHQWLFDWLRQ�WR�VHFXUH�D�OLQN 
z 7HUPLQDWH�DQ�DXWKHQWLFDWHG�OLQN 
z &ROOHFW�ORJJLQJ�GDWD 
z *HW�6HW�SDLULQJ�LQIRUPDWLRQ 
z 8SGDWH�650�GDWD 
z 6WDWXV�XSGDWHV 
6DPSOH�FRGH�LV�SURYLGHG�DQG�GHPRQVWUDWHV�KRZ�WR�XVH�WKH�YDULRXV�$3,V��,Q�DGGLWLRQ��D�
VRIWZDUH�$3,�UHIHUHQFH�JXLGH�LV�LQFOXGHG�DQG�SURYLGHV�GHWDLOV�RQ�WKH�$3,�FDOOV�DQG�WKHLU�
SDUDPHWHUV� 
33.4.3 2IIOLQH�7RROV 
7KHUH�DUH�WKUHH�VHSDUDWH�RIIOLQH�WRROV�WKDW�DUH�UHTXLUHG�WR�EXLOG�D�GHSOR\DEOH�LPDJH�IRU�WKH�
(60�DV�VKRZQ�LQ�)LJXUH�(60�,PDJH�WRRO�IORZ�DQG�RQH�WRRO�IRU�ORJJLQJ�LQIRUPDWLRQ��$OO�RI�
WKHVH�WRROV�DUH�GHYHORSHG�WR�UXQ�RQ�D����ELW�/LQX[�V\VWHP� 
33.4.4 &RQILJXUDWLRQ�7RRO 

The troot_base_config_interface tool is used to convert the various configuration files into a 
data blob to be used by the aictool which creates the encrypted ESM firmware. There are a 
number of different configuration files which the tools reads, with each configuration file 
containing a mix of factory configured parameters, and user-adjustable parameters.  
This tool also requires the firmware.aic file in order to generate the data blob. 
8VHU�3DUDPHWHUV�IRU�&RQILJXUDWLRQ�)LOHV 
The following table indicates which parameters in the configuration files are user-adjustable 
and other non-described parameters should not be changed. A basic description of the 
parameter is LQFOXGHG�EHORZ��VHH�WKH�FRQILJXUDWLRQ�ILOH¶V�FRPPHQWV�IRU�D�PRUH�FRPSOHWH�
description. 

Table 33-6 Configuration files 
)LOH�1DPH 3DUDPHWHU 'HVFULSWLRQ 

troot_base_config.cfg [LOGGING_MODE] Logging on/off 
[LOGGING_LEVEL] Sets the verbosity of the output log 

messages. 
[RESEED_TIMEOUT] Specifies the time the ESM will wait 

for the TRNG to supply a new 
nonce before reporting an error 
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)LOH�1DPH 3DUDPHWHU 'HVFULSWLRQ 
[RESEED_AUTO_INTERVAL] By default the ESM will periodically 

query the TRNG for a new 
nonce at the period specified. 

[CPU_FREQ] Sets the frequency of the esm_clk 
input. Mandatory to change. 

troot_hdcpmgr_tx.cfg [SRM_VERSION] Denotes whether the SRM is to be 
checked or not and the 
minimum version number 
permitted. 

troot_hdcptx.cfg [I2C_FREQ] (HDMI) Sets the default I2C 
frequency. Can be changed via 
an API. 

[I2C_USE_SHORT_READ] (HDMI) Sets whether the interface 
uses short reads for status 
requests. Can be changed via 
an API. 

[CEE_BSOD] (HDMI) Sets the 24 bit fixed 
pattern value output by the 
ESM. See the description 
following this table for more 
details. 

[AUTO_START] Sets the default startup state of the 
Autostart feature 

[HDCP_TIMEOUTS] Sets whether the ESM enforces the 
HDCP timeout periods. Should 
be enabled only for testing 
and/or debugging. 

[CEE_FRAME_CNT_DEBUG] (HDMI) The ESM emits periodic log 
messages once authenticated, 
based on the number of VSYNC 
pulses counted by this 
parameter. 

[PAIRING_ENABLED] Sets whether pairing will be 
enabled or not 

[MAX_PAIRING_DEVICES] Sets the maximum number of 
paired devices supported per 
port. Note the external R/W 
memory requirements increase 
based on this setting, and the 
number of Tx ports in your 
design. 

[MEM_PAIRING_SIZE] Sets the amount of R/W memory 
the pairing data will occupy. 

[CAPABLE_BYPASS_TIME] (HDMI) Sets the maximum amount 
of time the ESM will enable low 
value content after a capability 
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)LOH�1DPH 3DUDPHWHU 'HVFULSWLRQ 
check 

before switching back to a fixed 
pattern output. See 
HLC_HDCPTX_SetCapability in 
the API guide. 

[LVC_TIMEOUT] (HDMI) Sets the maximum amount 
of time the ESM will enable low 
value content without a 
capability check. See 
HLC_HDCPTX_EnableLowValueC
ontent in the API guide. 

[LVC_EXPIRED_CNT] (HDMI) Sets the maximum number 
of LVC timeouts permitted. 

The [CEE_BSOD] is a 32 bit decimal value which parameter represents fixed data output on 
the TMDS data bus if the ESM encounters an authentication issue or detects attempts have 
been made to tamper with it. The value is only relevant for ports configured for HDMI. This 
32 bit value is output as follows: 

Table 33-7 ESM BSOD Output Mapping 
%62'�%LW�3RVLWLRQV +'0,�&RQWUROOHU�70'6�'DWD�&KDQQHO 

���� O_tmds_ch0�>����@ 
����� O_tmds_ch1�>����@ 
������ O_tmds_ch2�>����@ 
������ 1RW�XVHG 

33.4.5 +'&3�.H\�7RROV 

This tool (hdcpkeys) is used to create a DCP key data file, which is required to build the 
encrypted DCP data blob needed for creating the encrypted ESM firmware. The tool reads a 
configuration file that contains the Rx or Tx key information from DCP in clear text and 
outputs a structured data file for the configuration interface tool to encrypt with the 
appropriate secret keys. 
The tools can also accept the DCP published key files themselves. 
33.4.6 $,&�7RRO 

The aictool tool is used to create the encrypted ESM firmware. To build the encrypted 
firmware, you must first create the data files for the DCP keys and the configuration. These 
files, along with an input configuration file for this tool are used to build an image that can 
be used by the ESM. In addition to specifying the Platform and Device Unique Keys in the 
configuration file, there are additional keys that also must be specified as noted below. 
&RQWHQW�5DQGRPL]DWLRQ 
There are two separate values in the firmware.aic file, IK and IVc (128 bits and 96 bits 
respectively), which you must randomly generate to create a new encrypted ESM firmware 
image. Failure to do this puts secret data in the ESM firmware at risk of being compromised. 
33.4.7 /RJ�'DWD�([WUDFWLRQ 

The logging information from the ESM is output in a proprietary format. This tool is used to 
produce readable output of captured logging data content. 
The Host Library contains a core library component which includes all the functions 
necessary to use the ESM. The library is built using portable C code and uses various 
abstraction functions to allow for migration to different platforms. Before using the ESM in 
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your system you must properly implement the abstraction components specific to your 
platform. 
There are two distinct abstraction components used by the Host Library, the System 
Abstraction Layer and the Host Library Driver (HLD) component. The System Abstraction 
Layer (or Common Component) defines system level functions used by the Host Library, 
such as malloc, memcpy, etc. 
These functions are linked into the Host Library when it is built. 
The Host Library Driver (HLD) component establishes a communication between the library 
and the physical ESM hardware, including managing the memory required for the ESM 
Image and the read/write area. This is a run-time plug-in module that is defined in your 
application and specified as a parameter to the ESM initialization function. 
The figure below illustrates the abstraction components used by the Host Library package. 
This figure demonstrates one example where there are three separate ESMs in the system, 
requiring (typically) three separate HLD instantiations. Consult the ESM Host Library API 
guide for more details on the HLD implementation. 
33.4.8 +RVW�/LEUDU\ 
 

 
Fig. 33-6 Host Library Layers 

The Host Library provides a number of sample applications using the ESM with the library. 
The 
applications demonstrate using the library in a User Space Linux application: 
z 5HSHDWHU�&RQYHUWHU��/LQX[��>3ODQQHG�LQ�ODWHU�UHOHDVHV�±�QRW�FXUUHQWO\�DYDLODEOH@ 
z 7UDQVPLWWHU��/LQX[� 
All the sample applications demonstrate API usage, loading the ESM firmware, and running a 
specific ESM application. 
The sample applications provided as a Linux User Space application communicate to the ESM 
hardware through a Linux Kernel driver which is implemented as a Host Library Driver (HLD) 
plug-in. 
Transmitter 
There is a sample transmitter applications provided in the samples folder: 
hdcp_tx.c is a Linux based example and utilizes file IO and threads. 
 


