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$EVWUDFW
7KH�*$/(1�5HSUHVHQWDWLRQ�DQG�,QWHJUDWLRQ�/DQJXDJH��*5$,/��KDV�EHHQ
GHYHORSHG�WR�VXSSRUW�HIIHFWLYH�FOLQLFDO�XVHU�LQWHUIDFHV�DQG�H[WHQVLEOH�UH�XVDEOH�
PRGHOV�RI�PHGLFDO�WHUPLQRORJ\����,W�KDV�EHHQ�XVHG�VXFFHVVIXOO\�WR�GHYHORS�WKH
SURWRW\SH�*$/(1�&RPPRQ�5HIHUHQFH��&25(��0RGHO�IRU�PHGLFDO�WHUPLQRORJ\
DQG�IRU�D�VHULHV�RI�SURMHFWV�LQ�FOLQLFDO�XVHU�LQWHUIDFHV�ZLWKLQ�WKH�*$/(1�DQG
3(1	3$'�SURMHFWV����*5$,/�LV�D�'HVFULSWLRQ�/RJLF�RU�)UDPH�/DQJXDJH�ZLWK
QRYHO�IHDWXUHV�WR�VXSSRUW�SDUW�ZKROH�DQG�RWKHU�WUDQVLWLYH�UHODWLRQV�DQG�WR
VXSSRUW�WKH�*$/(1�PRGHOOLQJ�VW\OH�DLPHG�DW�UH�XVH�DQG�DSSOLFDWLRQ
LQGHSHQGHQFH���*5$,/�EHJDQ�DV�DQ�H[SHULPHQWDO�ODQJXDJH���,W�KDV�FODULILHG
PDQ\�UHTXLUHPHQWV�IRU�DQ�HIIHFWLYH�NQRZOHGJH�UHSUHVHQWDWLRQ�ODQJXDJH�IRU
FOLQLFDO�FRQFHSWV���,W�VWLOO�KDV�QXPHURXV�OLPLWDWLRQV�GHVSLWH�LWV�SUDFWLFDO
VXFFHVVHV���7KH�*5$,/�H[SHULHQFH�LV�H[SHFWHG�WR�IRUP�WKH�EDVLV�IRU�IXWXUH
ODQJXDJHV�ZKLFK�PHHW�WKH�VDPH�UHTXLUHPHQWV�EXW�KDYH�JUHDWHU�H[SUHVVLYHQHVV
DQG�PRUH�VRXQGO\�EDVHG�VHPDQWLFV���7KLV�SDSHU�SURYLGHV�D�GHVFULSWLRQ�DQG
PRWLYDWLRQ�IRU�WKH�*5$,/�ODQJXDJH�DQG�JLYHV�H[DPSOHV�RI�WKH�PRGHOOLQJ
SDUDGLJP�ZKLFK�LW�VXSSRUWV�

.H\ZRUGV���WHUPLQRORJ\��NQRZOHGJH�UHSUHVHQWDWLRQ��GHVFULSWLRQ�ORJLF��FRQFHSW
PRGHOV��UH�XVH��PHGLFDO�UHFRUGV
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$FNQRZOHGJHPHQWV
7KLV�ZRUN�VXSSRUWHG�LQ�SDUW�E\�SURMHFW�QXPEHU������IURP�WKH�LQLWLDWLYH�RQ
$GYDQFHG�,QIRUPDWLFV�LQ�0HGLFLQH��$,0��RI�WKH�(XURSHDQ�8QLRQ��*$/(1��DQG
E\�SURMHFW�QXPEHU�*5�.�������3$(35��IURP�WKH�8.�(QJLQHHULQJ�DQG�3K\VLFDO
6FLHQFHV�5HVHDUFK�&RXQFLO�

7KH�*$/(1�&RQVRUWLXP�FRQVLVWV�RI��8QLYHUVLW\�RI�0DQFKHVWHU��8.�
&RRUGLQDWRU���&HQWUH�+{SLWDOLHU�8QLYHUVLWDLUH�GH�*HQqYH��6ZLW]HUODQG��
&RQVLJOLR�1D]LRQDOH�GHOOH�5LFKHUFKH��,WDO\���&RQVHU�6\VWHPL�$YDQ]DWL��,WDO\��
WKH�$VVRFLDWLRQ�RI�)LQQLVK�/RFDO�$XWKRULWLHV��WKH�7HFKQLFDO�5HVHDUFK�&HQWUH�RI
)LQODQG��977���)LQODQG���*6)�)RUVFKXQJV]HQWUXP���*HUPDQ\���+HZOHWW�
3DFNDUG�/WG��8QLYHUVLW\�RI�1LMPHJHQ��+ROODQG���8QLYHUVLW\�RI�/LQN|SLQJ
�6ZHGHQ���8QLYHUVLW\�RI�/LYHUSRRO��8.����7KH�*5$,/�ODQJXDJH�DQG�VRIWZDUH
DUH�FRS\ULJKW�8QLYHUVLW\�RI�0DQFKHVWHU�
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7DEOH�RI�&RQWHQWV
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����� &ULWHULD�VHWV�DQG�IRUPDO�VXEVXPSWLRQ�������������������������������� ������������������������������� �
����� 'HVFULSWLYH��6WDWHPHQWV�DQG�WKH�FRKHUHQFH�RI�HQWLWLHV�������������������������������� ����� �
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��� 6DWLVIDFWLRQ�RI�0RWLYDWLQJ�5HTXLUHPHQWV�������������������������������� ������ ��
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�� ,QWURGXFWLRQ
��� &RPSRVLWLRQDO�PRGHOV�RI�PHGLFDO�WHUPLQRORJ\
7KH�*$/(1�5HSUHVHQWDWLRQ�DQG�,QWHJUDWLRQ�/DQJXDJH��*5$,/��KDV�EHHQ�GHYHORSHG�WR�VXSSRUW
HIIHFWLYH�FOLQLFDO�XVHU�LQWHUIDFHV�DQG�H[WHQVLEOH�UH�XVDEOH�PRGHOV�RI�PHGLFDO�WHUPLQRORJ\����,W�KDV�EHHQ
XVHG�VXFFHVVIXOO\�WR�GHYHORS�WKH�SURWRW\SH�*$/(1�&RPPRQ�5HIHUHQFH��&25(��0RGHO�IRU�PHGLFDO
WHUPLQRORJ\�>��@��WKH�*$/(1�7HUPLQRORJ\�6HUYHU�>��@��DQG�IRU�D�VHULHV�RI�SURMHFWV�LQ�FOLQLFDO�XVHU
LQWHUIDFHV�ZLWKLQ�WKH�*$/(1�DQG�3(1	3$'�SURMHFWV�>�����������������@���&RPPHUFLDO�GHYHORSPHQW�RI
FOLQLFDO�XVHU�LQWHUIDFHV�EDVHG�RQ�WKH�*$/(1�PRGHOV�DQG�*5$,/�DUH�LQ�SURJUHVV���*5$,/�EHJDQ�DV�DQ
H[SHULPHQWDO�ODQJXDJH���,W�LV�VXIILFLHQWO\�ZHOO�GHYHORSHG�DQG�GRFXPHQWHG�WKDW�IRXU�LQGHSHQGHQW
LPSOHPHQWDWLRQV�KDYH�EHHQ�EXLOW��YDOLGDWHG�IRU�FRQIRUPLW\��DQG�XVHG�IRU�DSSOLFDWLRQV�
7KH�RYHUDOO�JRDO�RI�SURYLGLQJ�D�ULJRURXV�IRXQGDWLRQ�IRU�PHGLFDO�WHUPLQRORJ\�LV�VKDUHG�ZLWK�D
QXPEHU�RI�RWKHU�UHVHDUFKHUV��QRWDEOH�WKRVH�RI�WKH�&$121�JURXS�>�������������@����2WKHU�DXWKRUV
HPSKDVLVH�WKH�UROH�RI�VKDUHG�WHUPLQRORJLHV�¦�RU�PRUH�EURDGO\�VKDUHG�©RQWRORJLHVª�¦�LQ�GHYHORSLQJ
UH�XVDEOH�UHDVRQLQJ�VWUDWHJLHV�IRU�PDQDJLQJ�GHYHORSLQJ�DQG�PDLQWDLQLQJ�FRPSXWHU�EDVHG�VXSSRUW
IRU�FOLQLFDO�SURWRFROV�>������������������@���$�PRUH�JHQHUDO�GLVFXVVLRQ�RI�WKH�JRDOV�IRU�WKH�*5$,/
ODQJXDJH�FDQ�EH�IRXQG�LQ�>��@��DQG�RI�LWV�XVH�LQ�WKH�*$/(1�7HUPLQRORJ\�6HUYHU�LQ�>��@���6HSDUDWH
SDSHUV�GLVFXVV�WKH�XVH�RI�*5$,/�IRU�PHGLFDO�UHFRUGV�>��@��DQG�LWV�XVH�LQ�FRQMXQFWLRQ�ZLWK�QDWXUDO
ODQJXDJH�LQ�>�@����7KH�UHODWLRQVKLS�RI�WHUPLQRORJ\�WR�WKH�0HGLFDO�/RJLF�0RGXOHV�IRU�H[FKDQJH�RI
FOLQLFDO�SURWRFROV�FDQ�EH�IRXQG�LQ�>�@���$�VNHWFK�RI�*$/(1ªV�PRGHO�RI�DQDWRPLFDO�FRQFHSWV�FDQ�EH
IRXQG�LQ�>��@�

*$/(1ªV�NQRZOHGJH�UHSUHVHQWDWLRQ�ODQJXDJH��*5$,/��LV�UHODWHG�WR�©GHVFULSWLRQ�ORJLFVª��VRPHWLPHV
FDOOHG�©)UDPH�ODQJXDJHVª��VXFK�DV�./�21(�>��@��&/$66,&�>�@��/220�>��@�DQG�%$&.�>��@����$�UHYLHZ
RI�VXFK�V\VWHPV�FDQ�EH�IRXQG�LQ�>��@���,W�LV�DOVR�UHODWHG�WR�&RQFHSWXDO�*UDSKV�>��@��DQG�WR�W\SHG
IHDWXUH�VWUXFWXUHV�>��@����0RUH�SUHFLVHO\��*5$,/�LV�D�WHUPLQRORJLFDO�ODQJXDJH��DQDORJRXV�WR�WKH
WHUPLQRORJLFDO�FRPSRQHQW�¦�RU�©7�%R[ª�>�@�¦�RI�VXFK�V\VWHPV���+RZHYHU��*5$,/�KDV�HYROYHG
VHSDUDWHO\�VLQFH�WKH�ODWH�����V��GULYHQ�E\�FOLQLFDO�DSSOLFDWLRQV�DQG�WKH�QHHG�WR�SURYLGH�D�UH�XVDEOH
UHIHUHQFH�PRGHO�IRU�PHGLFDO�WHUPLQRORJ\���,W�KDV�GUDZQ�ERWK�FDYHDWV�DQG�LQVSLUDWLRQ�IURP�(YDQªV
ZRUN�RQ�UHSUHVHQWLQJ�FRQFHSWV�LQ�0('6257�>������@��0DVDULH�HW�DO�ªV�ZRUN�RQ�XVLQJ�IUDPH�V\VWHPV
DV�DQ�LQWHUOLQJXD�IRU�FOLQLFDO�WHUPLQRORJLHV�>��@��DQG�'R\OH�DQG�3DWLOªV�DWWHPSWV�WR�XVH�DQ�HDUO\
WHUPLQRORJLFDO�ODQJXDJH��1,./��WR�UHSUHVHQW�PHGLFDO�WHUPLQRORJ\�>��@����$V�D�UHVXOW��*5$,/�KDV
WDNHQ�GLIIHUHQW�GHFLVLRQV�IURP�RWKHU�GHVFULSWLRQ�ORJLFV�FRQFHUQLQJ�ZKLFK�SRWHQWLDO�IHDWXUHV�WR�LQFOXGH
LQ�D�©WHUPLQRORJLFDO�FRPSRQHQWª�DQG�KRZ�WR�DSSURDFK�WKH�IXQGDPHQWDO�WUDGH�RIIV�LQ�WKH�GHVLJQ�RI�D
NQRZOHGJH�UHSUHVHQWDWLRQ�ODQJXDJHV�

7KHVH�FKRLFHV�KDYH�SURGXFHG�D�V\VWHP�ZKLFK�KDV�D�GLVWLQFW�IODYRXU�DQG�ZKLFK�KDV�SURYHG�LWVHOI�ERWK
DV�D�UHSUHVHQWDWLRQ�IRU�WHUPLQRORJLHV�SHU�VH�DQG�DV�D�EDVLV�IRU�FOLQLFDO�DSSOLFDWLRQV��VRPH�QRZ
DSSURDFKLQJ�FRPPHUFLDO�H[SORLWDWLRQ���0RUH�UHFHQW�ZRUN�RQ�WKH�IRXQGDWLRQV�RI�GHVFULSWLRQ�ORJLFV
DQG�WKHLU�DVVRFLDWHG�FODVVLILFDWLRQ�DOJRULWKPV�SURPLVHV�WKDW�IXWXUH�V\VWHPV�PD\�DYRLG�PDQ\�RI�WKH
UHVWULFWLRQV�DQG�FRPSURPLVHV�LPSRVHG�WR�PDNH�*5$,/�SUDFWLFDO�ZKLOH�VWLOO�UHWDLQLQJ�LWV�NH\
FKDUDFWHULVWLFV���+RZHYHU��WKH�H[LVWLQJ�ODQJXDJH�KDV�SURYLGHG�D�EDVLV�IRU�SUDFWLFDO�H[SHULPHQWV�ZKLFK
KDYH�VHW�WKH�UHTXLUHPHQWV�IRU�IXWXUH�V\VWHPV�

7KLV�SDSHU�GHVFULEHV�WKH�NH\�IHDWXUHV�RI�*5$,/�DORQJ�ZLWK�WKHLU�PRWLYDWLRQ�DQG�XVH�ZLWKLQ�WKH
*$/(1�&RPPRQ�5HIHUHQFH��&25(��PRGHO�RI�PHGLFDO�FRQFHSWV���,W�SUHVHQWV�H[DPSOHV�RI�KRZ
*5$,/�LV�XVHG�WR�VROYH�D�QXPEHU�RI�DZNZDUG�PRGHOOLQJ�SUREOHPV�DV�ZHOO�DV�WKH�OLPLWDWLRQV�DQG
UHVWULFWLRQV�LQ�WKH�FXUUHQW�YHUVLRQ��VRPH�RI�ZKLFK�ZH�KRSH�WR�UHPRYH�LQ�IXWXUH�GHYHORSPHQWV�
��� 0RWLYDWLRQ�IRU�*5$,/
7KH�JRDO�ZKLFK�KDV�JXLGHG�*5$,/ªV�GHVLJQ�LV�WKH�GHYHORSPHQW�RI�D�PRGHO�RI�PHGLFDO�WHUPLQRORJ\
ZKLFK�LV�
‡ ([SUHVVLYH�¦��&DSDEOH�RI�UHSUHVHQWLQJ�WKH�YDVW�PDMRULW\�RI�WKH�FOLQLFDO�WHUPLQRORJ\�IRXQG�LQ

H[LVWLQJ�FODVVLILFDWLRQV�DV�ZHOO�DV�WKH�JUHDWHU�GHWDLO�UHTXLUHG�IRU�PHGLFDO�UHFRUGV�IRU�FOLQLFDO
FDUH���2YHUO\�QDUURZ�GHILQLWLRQV�RI�WHUPLQRORJLFDO�UHDVRQLQJ�VXFK�DV�WKRVH�H[SORUHG�E\�'R\OH
DQG�3DWLO�>��@��ZHUH�WKHUHIRUH�XQDFFHSWDEOH�

‡ 5H�XVDEOH��¦�6XLWDEOH�IRU�IRUPXODWLQJ�D�XQLILHG�IRUPDO�PRGHO�RI�PHGLFDO�WHUPLQRORJ\�ZKLFK
FRXOG�EH�XVHG�DV�DQ�LQWHUOLQJXD�WR�UHSUHVHQW�H[LVWLQJ�DQG�SURSRVHG�FRQWUROOHG�PHGLFDO
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YRFDEXODULHV�IRU�D�YDULHW\�RI�DSSOLFDWLRQV�LQ�D�YDULHW\�RI�VSHFLDOWLHV�XVLQJ�D�UDQJH�RI�QDWXUDO
ODQJXDJHV�

‡ ([WHQVLEOH��¦�$EOH�WR�EH�H[WHQGHG�E\�XVHUV�FRKHUHQWO\�WR�PHHW�ORFDO�UHTXLUHPHQWV�ZLWK�D
PLQLPXP�QHHG�IRU�UHIHUHQFH�WR�D�FHQWUDO�DXWKRULW\�

‡ *HQHUDWLYH��DQG�DEOH�WR�VXSSRUW�GLUHFW�GDWD�HQWU\�E\�FOLQLFLDQV�¦��$EOH�WR�VXSSRUW�VWUXFWXUHG�GDWD
HQWU\�IRU�DOO�FOLQLFDOO\�VLJQLILFDQW�LQIRUPDWLRQ�LQ�WKH�PHGLFDO�UHFRUG��>������@�

� &RPSXWDWLRQDOO\�WUDFWDEOH�DQG�VFDODEOH�¦�$EOH�WR�EH�VFDOHG�XS�WR�ZRUNLQJ�V\VWHPV�ZKLFK�FRYHU
ODUJH�DUHDV�RI�PHGLFLQH�ZKLOH�UHPDLQLQJ�HIILFLHQW�HQRXJK�IRU�XVH�LQ�SUDFWLFDO�FOLQLFDO�V\VWHPV�

$FKLHYLQJ�UH�XVH�RI�WKH�WD[RQRPLHV�KDV�EHHQ�D�SDUWLFXODUO\�LPSRUWDQW�PRWLYDWLQJ�IDFWRU�LQ�WKH�GHVLJQ
RI�*5$,/���7KH�WZR�NH\�VWUDWHJLHV�IRU�DFKLHYLQJ�UH�XVH�VXSSRUWHG�E\�*5$,/�DUH�
‡ &RRUGLQDWLQJ�LQGHSHQGHQW�WD[RQRPLHV�¦�E\�IRUPLQJ�FRPSRVLWH�HQWLWLHV�DQG�FODVVLI\LQJ�WKHP

DXWRPDWLFDOO\����,W�LV�DVVXPHG�LQ�*5$,/�PRGHOV�WKDW�PRVW�SULPLWLYH�HQWLWLHV�ZLOO�KDYH�H[DFWO\
RQH�SULPLWLYH�SDUHQW���$OO�RWKHU�VXEVXPSWLRQ�LV�SULQFLSOHG�DQG�SHUIRUPHG�DXWRPDWLFDOO\�EDVHG
RQ�WKH�GHVFULSWLRQV�DQG�GHILQLWLRQV�RI�HQWLWLHV���)RU�H[DPSOH�WKH�SULPLWLYH�SDUHQW�RI�§VWRPDFK¨
PLJKW�EH�§ERG\�SDUW¨���,I�§VWRPDFK¨�ZHUH�GHVFULEHG�DV�KROORZ��WKHQ�LW�ZRXOG�DXWRPDWLFDOO\�EH
FODVVLILHG�XQGHU�GHILQHG�FRPSRVLWH�HQWLW\�§KROORZ�ERG\�SDUW¨��QR�IXUWKHU�H[SOLFLW�VXEVXPSWLRQ
E\�IXUWKHU�SULPLWLYHV�ZRXOG�EH�UHTXLUHG�

‡ %ULGJLQJ�OHYHOV�RI�GHWDLO�¦�E\�KDYLQJ�HDFK�HQWLW\�UHSUHVHQW��SRWHQWLDOO\��D�UDQJH�RI�FRQFHSWV�UDWKHU
WKDQ�D�VLQJOH�FRQFHSW���)RU�H[DPSOH��§VWRPDFK�XOFHU¨��§XOFHU�RI�WKH�ZDOO�RI�WKH�VWRPDFK¨�DQG
§XOFHU�RI�WKH�PXFRVD�RI�WKH�ZDOO�RI�WKH�VWRPDFK¨�PLJKW�DOO�EH�FRQVLGHUHG�WKH�VDPH�HQWLW\
GHVSLWH�WKH�GLIIHUHQW�JUDQXODULW\�RI�GHWDLO�SURYLGHG�

.H\�SUHPLVHV�EHKLQG�*5$,/ªV�GHVLJQ�LQFOXGH�
‡ 7HUPLQRORJLHV�ZLOO�FRQWLQXH�WR�EH�GHYHORSHG�VHSDUDWHO\�IURP�WKH�GDWDEDVHV�DQG�GHFLVLRQ

VXSSRUW�V\VWHPV�ZKLFK�XVH�WKHP��MXVW�DV�WKH�GHYHORSPHQW�RI�H[LVWLQJ�FRGLQJ�DQG�FODVVLILFDWLRQ
V\VWHPV�VXFK�DV�WKH�,&'�DQG�6120('�KDV�RFFXUUHG�VHSDUDWHO\�IURP�WKH�GHYHORSPHQW�RI
H[LVWLQJ�FOLQLFDO�LQIRUPDWLRQ�V\VWHPV���7KLV�PHDQV�WKDW�WKH�VDPH�PHFKDQLVPV�PXVW�EH�XVHG�WR
FODVVLI\�FDWHJRULHV�LQ�WKH�WHUPLQRORJ\�DQG�LQVWDQFHV�LQ�WKH�PHGLFDO�UHFRUG�XVLQJ�WKDW
WHUPLQROROJ\���3URFHGXUDO�DWWDFKPHQWV�ZKLFK�DFW�RQO\�RQ�LQVWDQFHV�DUH�WKHUHIRUH�XQDFFHSWDEOH�

‡ 7KH�UHSUHVHQWDWLRQ�PXVW�EH�H[HFXWDEOH�DQG�VHUYH�DV�WKH�EDVLV�IRU�D�©WHUPLQRORJ\�VHUYHUª�
‡ 0RVW�UHSUHVHQWDWLRQV�IRUFH�DSSOLFDWLRQ�VSHFLILF�GHFLVLRQV�RQ�LPSOHPHQWRUV�DQG�WKDW�WKLV�LV�RQH

PDMRU�UHDVRQ�WKDW�UH�XVH�LV�HOXVLYH�
‡ ([WHQVLELOLW\�GHSHQGV�RQ�WUDQVSDUHQW��ULJRURXV�VWUXFWXUH�

��� 6XPPDU\�RI�GLVWLQJXLVKLQJ�IHDWXUHV�RI�*5$,/
7KH�UHVXOW�RI�WKHVH�PRWLYDWLRQV�LV�D�ODQJXDJH�ZKLFK�VKDUHV�PDQ\�IHDWXUHV�ZLWK�'HVFULSWLRQ�/RJLFV
DQG�&RQFHSWXDO�*UDSKV�EXW�KDV�D�GLVWLQFWLYH�VHW�RI�IHDWXUHV�DQG�UHVWULFWLRQV�ZKLFK�ZH�VXPPDULVH
EHORZ�DQG�H[SODLQ�LQ�GHWDLO�LQ�WKH�QH[W�VHFWLRQ�
L� ([WHQVLRQV�WR�FODVVLILFDWLRQ�

D� 6XSSRUW�IRU�©HVVHQWLDO�FULWHULDª�RU�©QHFHVVDU\�VWDWHPHQWVª�DV�ZHOO�DV�GHILQLQJ�FULWHULD�
E� &RRUGLQDWLRQ�RI�RWKHU�WUDQVLWLYH�UHODWLRQV�ZLWK�VXEVXPSWLRQ�XVLQJ�WKH�©VSHFLDOLVHG�E\ª

FRQVWUXFW�
F� 'HILQLWLRQ�RI�LUUHGXQGDQW�FDQRQLFDO�IRUPV�IRU�HDFK�HQWLW\

LL� 7KH�XVH�RI�PXOWL�OHYHO�VDQFWLRQLQJ�WR�FRQVWUDLQ�FRPSRVLWLRQ�
LLL� $�V\QWD[�ZKLFK�PDNHV�QDWXUDO�WKH�IRUPDWLRQ�RI�HPEHGGHG�GHILQLWLRQV�DQG�ZKLFK�GLVWLQJXLVKHV

FOHDUO\�EHWZHHQ�GHILQLQJ�DQG�HVVHQWLDO�FULWHULD�
LY� +RPRJHQHRXV�FODVVLILFDWLRQ�RI�FDWHJRULHV��FODVVHV��DQG�LQGLYLGXDOV��LQVWDQFHV����7KHUH�LV�QR�©$�

%R[ª�LQ�*5$,/�LQ�ZKLFK�VWDWHPHQWV�DIIHFW�WKH�FODVVLILFDWLRQ�RI�LQGLYLGXDOV�EXW�QRW�FDWHJRULHV�DV
WKHUH�LV�LQ�V\VWHPV�VXFK�DV�/RRP>��@�

Y� 5HVWULFWLRQV�RQ�QHJDWLRQ��GLVMXQFWLRQ��HTXDOLW\��TXDQWLILFDWLRQ�DQG�FR�UHIHUHQFH
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��� 9RFDEXODU\�DQG�UHODWHG�V\VWHPV
*5$,/ )UDPH�/DQJXDJH

DQG�'HVFULSWLRQ

/RJLFV

&RQFHSWXDO

*UDSKV

&(1�7&��� � 2EMHFW

2ULHQWHG

$QDO\VLV

6PDOOWDON�

HQWLW\ IUDPH�REMHFW W\SH��LQGLYLGXDO 6HPDQWLF

&DWHJRU\

REMHFW REMHFW

FDWHJRU\ FODVV W\SH 6HPDQWLF

&DWHJRU\

FODVV FODVV

LQGLYLGXDO LQVWDQFH�

LQGLYLGXDO

LQGLYLGXDO LQGLYLGXDO

�LQVWDQFH�

LQVWDQFH LQVWDQFH

DWWULEXWH VORW�UROH��DWWULEXWH DWWULEXWH VHPDQWLF�OLQN UHODWLRQ�

DWWULEXWH

PHWKRG�

LQVWDQFH

YDULDEOH

DQRQ\PRXV

FRPSRVLWH

HQWLW\

� DQRQ\PRXV�W\SH � � �

QDPHG

FRPSRVLWH

HQWLW\

GHILQHG�REMHFW GHILQHG�W\SH GHILQHG�FRQFHSW DJJUHJDWLRQ�

5HODWLRQ�ZLWK

LPPXWDEOH

DWWULEXWH�W\SHV

�

7DEOH�����5RXJK�HTXLYDOHQFLHV�RI�YRFDEXODU\�EHWZHHQ�UHODWHG�V\VWHPV��1RWH�WKDW��WKH�ZRUG�DWWULEXWH��LV
XVHG�WR�PHDQ�D�VLQJOH�YDOXHG��IXQFWLRQDO��UROH�LQ�PDQ\�GHVFULSWLRQ�ORJLFV�

*5$,/�VKDUHV�PXFK�RI�WKLV�EDVLF�VWUXFWXUH�ZLWK�IUDPH�ODQJXDJHV��&RQFHSWXDO�*UDSKV�DQG��URXJKO\�
ZLWK�REMHFW�RULHQWHG�GDWDEDVHV��ODQJXDJHV�VXFK�DV�6PDOOWDON�RU�&���� DQG�ZLWK�WKH�FRQFHSWXDO
IUDPHZRUN�EHLQJ�SURPXOJDWHG�E\�&(1�7&����DQG�LWV�ZRUNLQJ�*URXSV�>������@���+RZHYHU��WKH
YRFDEXODU\�XVHG�YDULHV�DQG�FDQ�OHDG�WR�FRQIXVLRQ���*5$,/ªV�YRFDEXODU\�KDV�EHHQ�VHOHFWHG�ZKHUHYHU
SRVVLEOH�WR�EH�GLVWLQFW�ERWK�IURP�WKDW�RI�WKH�6PDOOWDON�SURJUDPPLQJ�ODQJXDJH�LQ�ZKLFK�LW�ZDV
RULJLQDOO\�LPSOHPHQWHG�DQG�IURP�WKH�ODQJXDJH�XVHG�LQ�WKH�&(1�7&����DQG�RWKHU�VWDQGDUGV
ERGLHV�¦�DW�OHDVW�DV�RI�WKH�WLPH�WKH�YRFDEXODU\�ZDV�HVWDEOLVKHG���7DEOH���JLYHV�D�XVHIXO�VHW�RI�URXJK
HTXLYDOHQFLHV�LQ�WKH�YRFDEXODU\�EHWZHHQ�*5$,/��)UDPH�ODQJXDJHV��&RQFHSWXDO�*UDSKV�DQG�WKH
XVDJH�LQ�6PDOOWDON�DQG�2EMHFW�2ULHQWHG�DQDO\VLV�

�� 'HVFULSWLRQ�RI�0DMRU�)HDWXUHV�RI�*5$,/
��� 6WUXFWXUH�DQG�6XEVXPSWLRQ�RI�*5$,/�(QWLWLHV�DQG�&RPSDULVRQ�RI

9RFDEXODU\�
����� (QWLWLHV��VWDWHPHQWV�DQG�FULWHULD

$�*5$,/�PRGHO�FRQVLVWV�RI�D�QHWZRUN�RI�QRGHV�FDOOHG�©HQWLWLHVª�DQG�GLUHFWHG�DUFV�FDOOHG�©VWDWHPHQWVª�
6WDWHPHQWV�DUH�ODEHOOHG�E\�VSHFLDO�HQWLWLHV�FDOOHG�©DWWULEXWHVª���KHQFH�D�VWDWHPHQW�FDQ�EH�FRQVLGHUHG�DV
D�WULSOH�RI�WKH�IRUP�

7RSLF(QWLW\�$WWULEXWH�9DOXH(QWLW\�
(YHU\�DWWULEXWH�KDV�DQ�LQYHUVH�ZULWWHQ�LQY�$WWULEXWH���RU�JLYHQ�D�VHSDUDWH�QDPH��VR�WKDW�DQ�LQYHUVH�FDQ
EH�FUHDWHG�IRU�HYHU\�VWDWHPHQW�

9DOXH(QWLW\�LQY�$WWULEXWH�7RSLF(QWLW\�

������������������������������ �������������������������
� 6HH�UHIHUHQFH�>��@
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,I�ERWK�D�VWDWHPHQW�DQG�LWV�LQYHUVH�DUH�SUHVHQW�LQ�WKH�PRGHO��WKH�VWDWHPHQW�LV�VDLG�WR�EH�©EL�
GLUHFWLRQDOª��RWKHUZLVH�LW�LV�VDLG�WR�EH�©XQL�GLUHFWLRQDOª���%\�FRQYHQWLRQ��PRVW�DWWULEXWHV�DUH�ZULWWHQ�LQ
WKH�IRUP�KDV;�DQG�WKHLU�LQYHUVH�LQ�WKH�IRUP�LV;2I��H�J��KDV/RFDWLRQ�DQG�LWV�LQYHUVH�LV/RFDWLRQ2I�
)RU�PDQ\�SXUSRVHV�LW�LV�FRQYHQLHQW�WR�WKLQN�RI�VWDWHPHQWV�DV�FRQVLVWLQJ�RI�D�WRSLF�HQWLW\�DQG�D
©FULWHULRQª�FRQVLVWLQJ�RI�DQ�DWWULEXWH�YDOXH�SDLU�

7RSLF(QWLW\�&ULWHULRQ
ZKHUH

&ULWHULRQ� �$WWULEXWH�YDOXH�
(QWLWLHV�DUH�GLYLGHG�LQWR�©FDWHJRULHVª�DQG�©LQGLYLGXDOVª���&DWHJRULHV�FDQ�EH�HLWKHU�HOHPHQWDU\�RU
GHILQHG�
7KH�HOHPHQWDU\�FDWHJRULHV�DQG�DWWULEXWHV�DUH�RUJDQLVHG�LQ�D�VXEVXPSWLRQ�WD[RQRP\�ZKLFK�PXVW�EH
DQ�DF\FOLF�GLUHFWHG�JUDSK���6XEVXPSWLRQ�LV�RIWHQ�ZULWWHQ�DV�(��Ø�(� ��PHDQLQJ�§(� �VXEVXPHV�RU�LV
HTXDO�WR�(� ¨���$WWULEXWHV�DUH�OLNHZLVH�RUJDQLVHG�LQWR�D�VXEVXPSWLRQ�WD[RQRP\�ZKLFK�PXVW�EH�DQ
DF\FOLF�GLUHFWHG�JUDSK���'HILQLWLRQ�RI�FRPSRVLWH�DWWULEXWHV�LV�QRW�VXSSRUWHG�

����� &RPSRVLWH�HQWLWLHV���GHILQLWLRQV�DQG�HVVHQWLDO�FULWHULD
&RPSRVLWH�HQWLWLHV�DUH�FUHDWHG�XVLQJ�WKH�RSHUDWRU�ZKLFK���IRU�H[DPSOH�

%RG\3DUW�ZKLFK�KDV/DWHUDOLW\�OHIW/DWHUDOLW\

+DQG��ZKLFK��KDV/DWHUDOLW\�OHIW/DWHUDOLW\

(DFK�FRPSRVLWH�HQWLW\�FRQVLVWV�RI�D�©EDVHª�DQG�D�©GHILQLWLRQª���7KH�EDVH�FRQVLVWV�RI�DQ�HOHPHQWDU\
HQWLW\��DQG�WKH�GHILQLWLRQ�FRQVLVWV�RI�D�VHW�RI�FULWHULD�

,Q�DGGLWLRQ��ERWK�HOHPHQWDU\�DQG�FRPSRVLWH�HQWLWLHV�PD\�EH�IXUWKHU�GHVFULEHG�E\�©HVVHQWLDO�FULWHULDª
ZKLFK�DUH�QHFHVVDU\�WR�WKH�HQWLW\�EXW�GR�QRW�IRUP�SDUW�RI�DQ\�VXIILFLHQW�VHW�RI�FULWHULD�WR�UHFRJQLVH�LW�
(VVHQWLDO�FULWHULD�SURYLGH�DQ�LPSRUWDQW�SDUW�RI�*5$,/ªV�DELOLW\�WR�EULGJH�OHYHOV�RI�GHWDLO�DQG
FRRUGLQDWH�WD[RQRPLHV���)RU�H[DPSOH��EHLQJ�§DQ�XOFHU�ORFDWHG�LQ�WKH�VWRPDFK¨�LV�VXIILFLHQW�WR
UHFRJQLVH�§JDVWULF�XOFHU¨�EXW�WKH�HVVHQWLDO�FULWHULD�LQFOXGH�WKDW�LW�LV�IXUWKHU�ORFDWHG�LQ�WKH�§PXFRVD�RI
WKH�ZDOO�RI�WKH�VWRPDFK¨���7KH�RSHUDWLRQV�DUH�GHILQHG�VR�WKDW�ERWK�WKHVH�GHVFULSWLRQV�DQG�DQ\�RWKHU
GHVFULSWLRQ�ZLWK�DQ�LQWHUPHGLDWH�OHYHO�RI�GHWDLO�¦�H�J��§XOFHU�RI�WKH�ZDOO�RI�WKH�VWRPDFK¨�¦
FRUUHVSRQG�WR�WKH�VDPH�HQWLW\����(VVHQWLDO�FULWHULD�H[WHQG�WKH�QRWLRQ�RI�©WHUPLQRORJLFDO�NQRZOHGJHª�WR
LQFOXGH�UHVWULFWHG�IRUPV�RI�LQIRUPDWLRQ�ZKLFK�PXVW�EH�UHSUHVHQWHG�DVVHUWLRQDOO\�LQ�RWKHU�IRUPDOLVPV�

$OO�FULWHULD�DUH�LQKHULWHG�LQGHIHDVLEO\�DORQJ�WKH�VXEVXPSWLRQ�WD[RQRP\�

$Q�HQWLW\�LQ�D�PRGHO�PD\�WKHUHIRUH�EH�FRQVLGHUHG�DV�D�IRXU�WXSOH�FRQVLVWLQJ�RI�DQ�HOHPHQWDU\�HQWLW\
DQG�WKUHH�FULWHULD�VHWV�

�EDVH��GHILQLWLRQDO�FULWHULD��HVVHQWLDO�FULWHULD��LQKHULWHG�FULWHULD!

7KH�VHW�RI�GHILQLWLRQDO�FULWHULD�LV�RIWHQ�UHIHUUHG�WR�VLPSO\�DV�WKH�©GHILQLWLRQª����*5$,/�HQWLWLHV�FDQ�EH
WKRXJKW�RI�DV�UHSUHVHQWLQJ�D�UHJLRQ�UDWKHU�WKDQ�D�SRLQW�LQ�FDWHJRU\�VSDFH�ERXQGHG�DW�WKH�WRS�E\�WKH
GHILQLWLRQ�DQG�DW�WKH�ERWWRP�E\�WKH�FRPSOHWH�FULWHULD�VHW�DV�VKRZQ�LQ�)LJ����
����� &ULWHULD�VHWV�DQG�IRUPDO�VXEVXPSWLRQ

Definition: 
{Fracture,  
hasLocation Greater Trochanter}

Complete criteria set: 
{Fracture, 
 hasLocation GreaterTrochanter, 
 hasLocation Femur 
 hasLocation Hip} 

Cone of equivalence

)LJXUH����7KH�FRQH�RI�HTXLYDOHQFH�RI�D�*5$,/�HQWLW\�
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2QH�FULWHULRQ�VXEVXPHV�DQRWKHU�LI�ERWK�LWV�DWWULEXWH�DQG�YDOXH�VXEVXPH�WKH�RWKHUªV����7KLV�GHILQLWLRQ
LV�H[WHQGHG�LQ�6HFWLRQ�����EHORZ�����2QH�FULWHULD�VHW�VXEVXPHV�DQRWKHU�LI�HYHU\�FULWHULRQ�LQ�WKH�ILUVW�VHW
VXEVXPHV�VRPH�FULWHULRQ�LQ�WKH�VHFRQG���7KH�JHQHUDOLVHG�XQLRQ��RU�©PHHWª��RI�WZR�FULWHULD�VHWV�FRQVLVWV
RI�D�VHW�VXFK�WKDW�HYHU\�FULWHULRQ�LQ�HLWKHU�VHW�VXEVXPHV�VRPH�FULWHULD�LQ�WKHLU�XQLRQ�DQG�QR�FULWHULRQ
LQ�WKH�XQLRQ�VXEVXPHV�DQ\�RWKHU�FULWHULRQ�LQ�WKH�XQLRQ�

)RU�DQ\�HQWLW\��WKH�JHQHUDOLVHG�XQLRQ�RI�WKH�GHILQLWLRQ��WKH�HVVHQWLDO�FULWHULD�DQG�WKH�LQKHULWHG�FULWHULD
LV�UHIHUUHG�WR�DV�WKH�©FRPSOHWH�FULWHULD�VHWª�RU�©FRPSOHWH�GHVFULSWLRQª���7ZR�HQWLWLHV�DUH�FRQVLGHUHG
HTXDO�LI�WKH\�KDYH�WKH�VDPH�EDVH�DQG�WKH�VDPH�FRPSOHWH�FULWHULD�VHW���2QH�HQWLW\�VXEVXPHV�DQRWKHU�LI
WKH�EDVHV�VXEVXPH�DQG�WKH�GHILQLWLRQ�RI�WKH�ILUVW�HQWLW\�VXEVXPHV�WKH�FRPSOHWH�FULWHULD�VHW�RI�WKH�VHFRQG�
7KH�HIIHFW�RI�WKH�GHILQLWLRQ�RI�VXEVXPSWLRQ�LV�WKDW�HDFK�*5$,/�HQWLW\�PD\�EH�WKRXJKW�RI�DV
UHSUHVHQWLQJ�D�UHJLRQ�RU�©FRQH�RI�HTXLYDOHQFHª�LQ�FRQFHSW�VSDFH�UDWKHU�WKDQ�D�VLQJOH�FRQFHSW���7KLV�LV
VKRZQ�GLDJUDPPDWLFDOO\�LQ�)LJ������$Q\�TXHU\�XVLQJ�WKH�RSHUDWRU�ZKLFK��WKDW�IDOOV�ZLWKLQ�WKH�FRQH�RI
HTXLYDOHQFH�ZLOO�UHWXUQ�WKH�VDPH�HQWLW\��7KH�FDQRQLFDO�IRUP�LV�WKH�WRS�RI�WKH�FRQH�RI�HTXLYDOHQFH�
7KH�FRPSOHWH�FULWHULD�VHW�LV�WKH�ERWWRP���7KH�UDQJH�RI�JUDQXODULW\�ZKLFK�FDQ�EH�EULGJHG�E\�WKH�PRGHO
LV�UHSUHVHQWHG�E\�WKH�KHLJKW�RI�WKH�FRQH�FRQQHFWLQJ�WKHP�

����� 'HVFULSWLYH��6WDWHPHQWV�DQG�WKH�FRKHUHQFH�RI�HQWLWLHV

'HVFULSWLYH�VWDWHPHQWV�DGG�FULWHULD�WR�DQ�HQWLWLHV�HVVHQWLDO�FULWHULD�VHW��'HVFULSWLYH�VWDWHPHQWV�DERXW
FDWHJRULHV�DUH�XVXDOO\�NQRZQ�DV�©QHFHVVDU\�VWDWHPHQWVª��GHVFULSWLYH�VWDWHPHQWV�DERXW�LQGLYLGXDOV�DUH
NQRZQ�DV�©IDFWVª���%RWK�HOHPHQWDU\�DQG�FRPSRVLWH�FDWHJRULHV�PD\�EH�GHVFULEHG�E\�QHFHVVDU\
VWDWHPHQWV��1HFHVVDU\�VWDWHPHQWV�XVH�WKH�NH\ZRUG�QHFHVVDULO\��IDFWV�XVH�WKH�NH\ZRUG�UHDOO\���)RU
H[DPSOH�

)HPXU�QHFHVVDULO\�LV&RPSRQHQW2I�7KLJK
+ROORZ2EMHFW�QHFHVVDULO\�GHILQHV�&DYLW\�
-RKQ�UHDOO\���LV2EVHUYHG7R+DYH�'LDEHWHV

/LNH�UHVWULFWLRQV�LQ�IUDPH�ODQJXDJHV��HVVHQWLDO�FULWHULD�LQWURGXFHG�E\�QHFHVVDU\�VWDWHPHQWV�FDQ�EH
WLJKWHQHG��¦�L�H��PDGH�PRUH�UHVWULFWLYH�¦DV�RQH�PRYHV�GRZQ�WKH�VXEVXPSWLRQ�WD[RQRP\�EXW�FDQQRW
EH�UHOD[HG�

1HFHVVDU\�VWDWHPHQW�FRUUHVSRQG�WR�D�VXEVHW�RI�TXDQWLILHG�DVVHUWLRQV�LQ�RWKHU�WHUPLQRORJ\�ODQJXDJHV�
+RZHYHU��XQOLNH�PRVW�RWKHU�WHUPLQRORJ\�ODQJXDJHV��QHFHVVDU\�VWDWHPHQWV�DUH�FRQVLGHUHG�SDUW�RI�WKH
LQWHQVLRQDO�PHDQLQJ�RI�WKH�FDWHJRU\�DQG�DUH�XVHG�LQ�FODVVLILFDWLRQ���&RUUHVSRQGLQJO\��©QHFHVVDU\
VWDWHPHQWVª�DUH�UHVWULFWHG�LQ�WKHLU�XVH�RI�GLVMXQFWLRQ��H[LVWHQWLDO�TXDQWLILFDWLRQ��DQG�QHJDWLRQ�E\
FRPSDULVRQ�WR�JHQHUDO�©DVVHUWLRQVª�LQ�ILUVW�RUGHU�ORJLF��&RQFHSWXDO�*UDSKV�RU�WKH�©$�%R[ª�RI�)UDPH
/DQJXDJHV�VXFK�DV�/220�

����� &RQVLVWHQF\�RI�FULWHULD�VHWV�DQG�FRQIOLFWLQJ�FULWHULD

5RXJKO\�VSHDNLQJ��WZR�FULWHULD�FRQIOLFW�LI�WKH\�KDYH�WKH�VDPH�VLQJOH�YDOXHG�DWWULEXWH�DQG�GLIIHUHQW
YDOXHV��VHH�©FDUGLQDOLW\ª�LQ�6HFWLRQ�������EHORZ����0RUH�SUHFLVHO\��WZR�FULWHULD�FRQIOLFW�LI�WKH��DWWULEXWH
RI�RQH�VXEVXPHV�RU�LV�HTXDO�WR�WKH�DWWULEXWH�RI�WKH�RWKHU��WKH�VXEVXPLQJ�DWWULEXWH�LV�VLQJOH�YDOXHG�
DQG�RQH�FULWHULRQ�GRHV�QRW�VXEVXPH�WKH�RWKHU���$�FULWHULD�VHW�LV�FRQVLVWHQW�LI�LW�FRQWDLQV�QR�FRQIOLFWLQJ
FULWHULD���$Q\�HQWLW\�ZLWK�FRQIOLFWLQJ�FULWHULD�LQ�LWV�FRPSOHWH�FULWHULD�VHW�¦�ZKHWKHU�DFTXLUHG�E\�ZD\
RI�LWV�GHILQLWLRQ��QHFHVVDU\�VWDWHPHQWV��RU�LQKHULWDQFH�¦�LV�VDLG�WR�EH�LQFRQVLVWHQW����*5$,/�DVVXPHV
WKDW�VLEOLQJ�HQWLWLHV�DUH�GLVMRLQW�IRU�WKLV�SXUSRVH���,W�FDQQRW�UHFRJQLVH�WKH�H[LVWHQFH�RI�D�FRPPRQ
VXEVXPHG�HQWLW\�LQ�WKLV�VLWXDWLRQ��DQG�LQ�WKLV�UHVSHFW�LWV�UHDVRQLQJ�LV�LQFRPSOHWH���,Q�SUDFWLFH��WKLV�KDV
SURYHG�D�XVHIXO�VLPSOLILFDWLRQ��
����� 1RUPDO�IRUPV���LUUHGXQGDQF\�DQG�WKH�©FRQH�RI�HTXLYDOHQFHª�

(QWLWLHV�DUH�QRUPDOO\�SULQWHG�LQ�D�QRUPDOLVHG�RU�FDQRQLFDO�IRUP��DQG�WKH�ZKLFK�RSHUDWRU�SHUIRUPV
FHUWDLQ�QRUPDOLVDWLRQV�RQ�H[SUHVVLRQV�ZKLOH�FODVVLI\LQJ�WKHP���7KH�UHVXOWLQJ�SVHXGR�RSHUDWLRQ�WR
SURGXFH�WKH�QRUPDO�RU�©FDQRQLFDOª�IRUP�RI�DQ�H[SUHVVLRQ�KDV�WKUHH�VWHSV�
L� 3ULRU�WR�FODVVLILFDWLRQ��WKH�H[SUHVVLRQ�LV�IODWWHQHG�OHIWZDUGV��L�H��H[SUHVVLRQV�RI�WKH�IRUP�

������%�ZKLFK�&���ZKLFK�&�������ZKLFK�&Q�

DUH�FRQYHUWHG�WR�WKH�IRUP�

%�ZKLFK��&� �&�� ���&Q�

LL� 7KH�UHVXOWLQJ�FULWHULD�VHW�LV�WDNHQ�DV�WKH�UHYLVHG�GHILQLWLRQ�DQG�FRPELQHG�ZLWK�WKH�EDVH�DQG
FODVVLILHG�LWHUDWLYHO\�
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LLL� )ROORZLQJ�FODVVLILFDWLRQ��WKH�PRVW�JHQHUDO�HTXLYDOHQW�GHILQLWLRQ�LV�FKRVHQ�VR�DV�WR�UHPRYH
UHGXQGDQFLHV���$�GHILQLWLRQ�FRQWDLQV�UHGXQGDQFLHV�LI�LW�LV�VXEVXPHG�E\�DQ�DOWHUQDWLYH�GHILQLWLRQ
IRU�ZKLFK�WKH�RSHUDWRU�ZKLFK�UHWXUQV�WKH�VDPH�HQWLW\��H�J�

+DQG�ZKLFK��KDV/DWHUDOLW\�ULJKW���LV'LYLVLRQ2I�8SSHU([WUHPLW\!
LV�SULQWHG�VLPSO\�WR�

+DQG�ZKLFK�KDV/DWHUDOLW\�ULJKW
EHFDXVH�KDQGV�DUH�QHFHVVDULO\�SDUW�RI�XSSHU�H[WUHPLW\�VR�WKH�FULWHULRQ�LV'LYLVLRQ2I
8SSHU([WUHPLW\�LV�UHGXQGDQW�
7KH�VSHFLDOLVHG%\��PHFKDQLVP�FDQ�LQWHUDFW�ZLWK�WKH�UHPRYDO�RI�UHGXQGDQW�FULWHULD��VR�WKDW�JLYHQ
WKH�VWDWHPHQWV�LQ�����SOXV�

*UHDWHU7URFKDQWHU�QHFHVVDULO\�LV'LYLVLRQ2I�)HPXU�
LW�IROORZV�WKDW�KDV/RFDWLRQ�)HPXU�LV�UHGXQGDQW�LQ�WKH�FULWHULD�VHW��KDV/RFDWLRQ�*UHDWHU7URFKDQWHU
KDV/RFDWLRQ�)HPXU!��VR�WKDW�

)UDFWXUH�ZKLFK���KDV/RFDWLRQ�*UHDWHU7URFKDQWHU��KDV/RFDWLRQ�)HPXU!
LV�QRUPDOLVHG�WR�WKH�FDQRQLFDO�IRUP�

)UDFWXUH�ZKLFK�KDV/RFDWLRQ�*UHDWHU7URFKDQWHU

,Q�HIIHFW��WKH�FDQRQLFDO�IRUP�LV�WKH�WRS�RI�WKH�©FRQH�RI�HTXLYDOHQFHª�GHILQHG�LQ�������

�1RWH�WKDW�VWHS�LLL�LV�DFWXDOO\�SHUIRUPHG�DIWHU�FODVVLILFDWLRQ���7KLV�SUHYHQWV�WKH�GLVFRYHU\�LQ�FHUWDLQ
FLUFXPVWDQFHV�WKDQ�DQ�HQWLW\�LV�HPEHGGHG�LQ�LWVHOI�ZKLFK�FRXOG�RWKHUZLVH�OHDG�WR�F\FOHV�LQ�D
GHVFULSWLRQ�ORJLF�VXSSRUWLQJ�WUDQVLWLYLW\�>����@���,Q�WKLV�UHVSHFW�*5$,/�VDFULILFHV�FRPSOHWHQHVV�IRU
GHFLGDELOLW\�>��@���7KH�SUREOHP�KDV�QRW�EHHQ�QRWHG�WR�RFFXU�LQ�SUDFWLFH��

����� &DWHJRULHV�DQG�LQGLYLGXDOV

$Q\�FDWHJRU\�PD\�EH�LQGLYLGXDWHG�E\�WKH�FRPPDQG�QHZ,QGLYLGXDO��H�J�

3DWLHQW�QHZ,QGLYLGXDO�-RKQ

'HVFULELQJ�DQ�LQGLYLGXDO�FDXVHV�LW�WR�EH�UHFODVVLILHG��GHVFULELQJ�D�FDWHJRU\�FDXVHV�LW�WR�EH�VSHFLDOLVHG�
,Q�WKLV�UHVSHFW�*5$,/�LV�FORVHU�WR�&RQFHSWXDO�*UDSKVª�YLHZ�RI�W\SHV�DV�ODPEGD�DEVWUDFWLRQV�RI
LQGLYLGXDOV�WKDQ�WR�WKH�YLHZ�WDNHQ�E\�IRUPDOLVPV�IURP�WKH�./�21(�IDPLO\�
0RVW�GHVFULSWLRQ�ORJLFV�LQ�WKH�./�21(�IDPLO\�UHTXLUH�WKH�XVHU�WR�FKRRVH�D�OHYHO�RI�VSHFLDOLVDWLRQ
DUELWUDULO\�IRU�WKH�GLYLVLRQ�EHWZHHQ�FODVV�DQG�LQVWDQFH�¦�©FDWHJRU\ª�DQG�©LQGLYLGXDOª�LQ�*5$,/ªV
YRFDEXODU\���$V�GHVFULEHG�GUDPDWLFDOO\�E\�%UDFKPDQ�LQ�>��@��WKH�FKRLFH�RI�WKH�OHYHO�RI�VSHFLDOLVDWLRQ
DW�ZKLFK�WR�PDNH�WKH�GLYLVLRQ�GHSHQGV�RQ�WKH�DSSOLFDWLRQ���,Q�DGGLWLRQ�WR�OLPLWLQJ�UH�XVH��RQH�RI�WKH
HDUOLHVW�REVHUYDWLRQV�ZKLFK�OHG�WR�*5$,/�ZDV�WKDW��LQ�PHGLFLQH��VXFK�DUELWUDU\�GLVWLQFWLRQV�DUH�RIWHQ
XQWHQDEOH�HYHQ�ZLWKLQ�D�VLQJOH�DSSOLFDWLRQ���)RU�H[DPSOH��FRQVLGHU�D�GUXJ�GDWDEDVH��VKRXOG�ZH
FKRRVH�§DVSLULQ¨��§FKLOGUHQªV�DVSLULQ¨��§FKLOGUHQªV�IODYRXUHG�DVSLULQ¨��§FKLOGUHQªV�IODYRXUHG�DVSLULQ
E\�;<=�FRPSDQ\¨��§FKLOGUHQªV�IODYRXUHG�DVSLULQ�E\�;<=�FRPSDQ\�IURP�ORW�����¨�HWF��DV�WKH�OHYHO�RI
VSHFLDOLVDWLRQ�IRU�DQ�LQGLYLGXDO"��*5$,/�VLGH�VWHSV�WKLV�FKRLFH�E\�UHSUHVHQWLQJ�RQO\�WKH�DVSLULQ�LQ
SDUWLFXODU�SK\VLFDO�WDEOHWV�DV�LQGLYLGXDOV���$OO�RWKHU�QRWLRQV�DUH�UHSUHVHQWHG�DV�FDWHJRULHV�

$V�WKH�JRDO�RI�*$/(1�ZDV�WR�VHSDUDWH�RI�WKH�FDWHJRULHV�XVHG�WR�UHSUHVHQW�WHUPLQRORJ\�IURP�WKH
LQGLYLGXDOV�XVHG�LQ�WKH�PHGLFDO�UHFRUG�WR�DOORZ�WKHP�WR�EH�GHYHORSHG�VHSDUDWHO\��*$/(1�IRFXVHV�RQ
FDWHJRULHV�DV�GRHV�WKH�UHPDLQGHU�RI�WKLV�SDSHU�

��� &RQVWUDLQLQJ�FRPSRVLWLRQ��6DQFWLRQLQJ��JHQHULFLW\�DQG�FDUGLQDOLW\�
����� 0XOWLOHYHO�VDQFWLRQLQJ

6DQFWLRQLQJ�VWDWHPHQWV�FRQVWUDLQ�KRZ�FDWHJRULHV�PD\�EH�XVHG�LQ�WKH�IRUPDWLRQ�RI�FRPSRVLWH�HQWLWLHV
EXW�GR�QRW�DGG�WR�WKH�FDWHJRU\ªV�GHVFULSWLRQ���+HQFH�VDQFWLRQV�KDYH�QR�HIIHFW�RQ�KRZ�D�FDWHJRU\�LV
FODVVLILHG���6DQFWLRQLQJ�VWDWHPHQWV�DUH�DQDORJRXV�WR�FDQRQLFDO�JUDSKV�LQ�&RQFHSWXDO�*UDSK�7KHRU\�
7KH\�DUH�WKH�FRQYHUVH�RI�UHVWULFWLRQ�DV�IRXQG�LQ�W\SLFDO�GHVFULSWLRQ�ORJLFV�RI�WKH�./�21(�IDPLO\���,Q
GHVFULSWLRQ�ORJLFV��WKH�PHWDSKRU�LV�WKDW�HYHU\WKLQJ�LV�SHUPLWWHG�DQG�LQFUHDVLQJO\�VWULQJHQW
©UHVWULFWLRQVª�DUH�DSSOLHG�DV�RQH�JRHV�IURP�JHQHUDO�WR�VSHFLILF���,Q�*5$,/�DQG�&RQFHSWXDO�*UDSKV��WKH
PHWDSKRU�LV�WKDW�QRWKLQJ�LV�SHUPLWWHG�XQWLO�LW�LV�ILUVW�VDQFWLRQHG���1HZ�VDQFWLRQV�FDQ�EH�DGGHG�WR�DV
RQH�JRHV�GRZQ�WKH�WD[RQRP\�IURP�JHQHUDO�WR�VSHFLILF��EXW�VDQFWLRQV�FDQQRW�EH�QDUURZHG���7KHUH�DUH
WKUHH�OHYHOV�RI�VDQFWLRQLQJ�VWDWHPHQWV�LQ�*5$,/�
‡ &RQFHLYDEOH�¦�VWDWHPHQWV�WKDW�DQ�DWWULEXWH�H[LVWV�DQG�PD\�EH�XVHG�
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� *UDPPDWLFDO�¦�VWDWHPHQWV�WKDW�DQ�DEVWUDFWLRQ�LV�XVHIXO�IRU�TXHU\LQJ�EXW�QRW�VXIILFLHQWO\
FRQVWUDLQHG�IRU�JHQHUDWLRQ���*UDPPDU�OHYHO�VDQFWLRQV�DUH�URXJKO\�HTXLYDOHQW�WR�IXQFWLRQ
©VLJQDWXUHVª�DQG�DUH�DSSOLHG�DW�D�VLPLODU�OHYHO�WR�UHVWULFWLRQV�LQ�RWKHU�IUDPH�ODQJXDJHV�

‡ 6HQVLEOH� �¦ �VWDWHPHQWV�WKDW�WKH�FRQVWUDLQWV�DUH�VXIILFLHQWO\�WLJKW�WKDW�DOO�DQG�RQO\�WKH
FRPSRVLWLRQV�VDQFWLRQHG�FDQ�EH�JHQHUDWHG�

(DFK�OHYHO�RI�VDQFWLRQLQJ�VWDWHPHQW�PXVW�EH�VDQFWLRQHG�E\�WKH�RQH�DERYH�¦�JUDPPDU�OHYHO�VDQFWLRQV
E\�FRQFHLYDEOH�OHYHO�VDQFWLRQV�DQG�VHQVLEOH�OHYHO�VDQFWLRQV�E\�JUDPPDU�OHYHO�VDQFWLRQV���'HVFULSWLYH
VWDWHPHQWV�DQG�FULWHULD�XVHG�LQ�GHILQLWLRQV�RI�GHVFULSWLYH�HQWLWLHV�PXVW�EH�VDQFWLRQHG�DW�WKH�VHQVLEOH
OHYHO��GHILQLWLRQV�RI�©JHQHUDOLVHGª�RU�©TXHU\�HQWLWLHVª�QHHG�RQO\�EH�VDQFWLRQHG�DW�WKH�JUDPPDU�OHYHO���,I
D�VWDWHPHQW�LV�VDQFWLRQHG�DW�WZR�RU�PRUH�GLIIHUHQW�OHYHOV�DORQJ�GLIIHUHQW�SDWKV�LQ�WKH�WD[RQRP\��WKHQ
WKH�ORZHU�OHYHO�VDQFWLRQ�DSSOLHV�

7KH�GLVWLQFWLRQ�EHWZHHQ�JUDPPDU�DQG�VHQVLEOH�OHYHO�VDQFWLRQV�DOORZV�ERWK�FRDUVH�JUDLQHG�DQG�ILQH�
JUDLQHG�FRQVWUDLQWV�WR�EH�GHILQHG��7KH�GLVWLQFWLRQ�LV�XVHIXO�EHFDXVH�WKH�FRQVWUDLQWV�RQ�TXHULHV�DUH
GLIIHUHQW�IURP�WKRVH�RQ�GHVFULSWLRQV���)RU�H[DPSOH�WKH�SKUDVH�§/HVLRQ�ORFDWHG�LQ�WLVVXH¨�PDNHV�VHQVH
DV�D�TXHU\�HYHQ�WKRXJK�LW�PD\�SURGXFH�DQ�HPSW\�UHSO\����+RZHYHU��QRW�DOO�OHVLRQV�FDQ�VHQVLEO\�EH
ORFDWHG�LQ�HYHU\�WLVVXH���2QO\�VRPH�VSHFLDOLVDWLRQV�DUH�VHQVLEOH�DV�VWDWHPHQWV�DERXW�SDWLHQWV�
2WKHUV�¦�H�J���§$EVFHVV�ORFDWHG�LQ�EORRG¨�¦�DUH�QRQVHQVH���7KLV�SDWWHUQ�LV�UHSUHVHQWHG�LQ�*5$,/�E\
VDQFWLRQLQJ�§/HVLRQ�ORFDWHG�LQ�WLVVXH¨�DW�WKH�JUDPPDWLFDO�OHYHO�DQG�VDQFWLRQLQJ�§DEVFHVV�ORFDWHG�LQ
VROLG�WLVVXH¨�DW�WKH�VHQVLEOH�OHYHO�

&RUUHVSRQGLQJO\��WKH�RSHUDWRU�ZKLFK��KDV�WZR�YDULDQWV�
ZKLFK UHTXLUHV�WKH�GHVFULSWLRQ�WR�EH�VDQFWLRQHG�DW�WKH�VHQVLEOH�OHYHO�DQG�LV�XVHG�IRU

VWDWHPHQWV�DERXW�LQGLYLGXDOV�DQG�JHQHUDWLRQ�
ZKLFK* UHTXLUHV�WKH�GHVFULSWLRQ�WR�EH�VDQFWLRQHG�RQO\�DW�WKH�JUDPPDWLFDO�OHYHO�DQG�LV�XVHG

IRU�TXHULHV�DQG�DEVWUDFW�VWDWHPHQWV�H[SUHVVLQJ�FRQVWUDLQWV�ZLWKLQ�WKH�PRGHO�

&RPSRVLWH�HQWLWLHV�UHWXUQHG�E\�ZKLFK�DUH�NQRZQ�DV�©GHVFULSWLYH�HQWLWLHVª��FRPSRVLWH�HQWLWLHV�UHWXUQHG
E\�ZKLFK*��DUH�NQRZQ�DV�©JHQHUDOLVHG�HQWLWLHVª�RU�©TXHU\�HQWLWLHVª����7KHUHIRUH��WR�EH�VWULFWO\�FRUUHFW�
WKH�H[DPSOH�IURP�6HFWLRQ�������VKRXOG�KDYH�EHHQ�H[SUHVVHG�DV�

%RG\3DUW�ZKLFK*�KDV/DWHUDOLW\�OHIW/DWHUDOLW\

+DQG��ZKLFK��KDV/DWHUDOLW\�OHIW/DWHUDOLW\

6LQFH�KDV/DWHUDOLW\�LV�RQO\�VDQFWLRQHG�DW�WKH�JUDPPDWLFDO�OHYHO�IRU�%RG\3DUW��EXW�LV�VDQFWLRQHG�DW�WKH
VHQVLEOH�OHYHO�IRU�+DQG�
����� *HQHUDWLRQ�DQG�WKH�XVH�RI�VDQFWLRQV

7KH�XVH�DQG�H[DPSOHV�RI�WKH�WKUHH�OHYHOV�RI�VDQFWLRQ�SOXV�GHILQLWLRQV�DQG�QHFHVVDU\�VWDWHPHQWV�LV
LOOXVWUDWHG�LQ�)LJ���D�LQ�WH[W�IRUP���7KH�GHILQLWLRQV�DUH�SUHVHQWHG�LQ�GLDJUDPPDWLF�IRUP�LQ�)LJ���E�DQG
WKH�QHFHVVDU\�VWDWHPHQWV�LQ�)LJ���F���(DFK�VWDWHPHQW�LV�VDQFWLRQHG�E\�WKH�VWDWHPHQW�DERYH���(YHU\
GHILQLWLRQ�DQG�QHFHVVDU\�VWDWHPHQW�LV�VDQFWLRQHG�E\�D�VHQVH�OHYHO�VDQFWLRQ���6DQFWLRQV�DW�WZR�OHYHOV
PD\�FRUUHVSRQG�DQG�WKH�FRPSLOHU�DFFHSWV�DEEUHYLDWLRQV�IRU�VXFK�FDVHV�¦�H�J��LQ�)LJ���D�ZH�PLJKW
KDYH�ZULWWHQ��)HPXU�VHQVLEO\$QG1HFHVVDULO\�LV'LYLVLRQ2I�7KLJK�

$OO�FODVVLILFDWLRQ�RI�FRPSRVLWH�HQWLWLHV�LV�DXWRPDWLF���6XEVXPSWLRQ�GXH�WR�DXWRPDWLF�FODVVLILFDWLRQ�LV
VKRZQ�E\�GRWWHG�DUURZV�LQ�WKH�GLDJUDPPDWLF�UHSUHVHQWDWLRQ���1RWH�SDUWLFXODUO\�KRZ�WKH�QHFHVVDU\
VWDWHPHQW�LQ�FDXVHV�)HPXU�WR�EH�FODVVLILHG�DXWRPDWLFDOO\�DV�D�%RG\3DUW�ZKLFK*�LV&RPSRQHQW2I�7KLJK�DV
VKRZQ�LQ�)LJ���F�

:LWK�RQO\�VOLJKW�H[WHQVLRQ�RI�WKH�PRGHO�VKRZQ�LQ�)LJ�����ZH�FDQ�JHQHUDWH�DOO�UHOHYDQW�FRPELQDWLRQV�RI
IUDFWXUHV�RI�WKH�YDULRXV�SDUWV�RI�WKH�ULJKW�DQG�OHIW�IHPXU�FDXVHG�E\�WUDXPD�RU�RVWHRSRURVLV��DQG�E\
RVWHRSRURVLV�FDXVHG�E\�SRVW�PHQRSDXVDO�FKDQJHV��SDUDWK\URLG�GLVHDVH��FDQFHU��HWF���)XUWKHUPRUH�ZH
FDQ�FUHDWH�DOO�RI�WKH�SRWHQWLDO�DEVWUDFWLRQV�XQGHU�ZKLFK�WKH\�PLJKW�EH�FODVVLILHG�IRU�GLIIHUHQW
SXUSRVHV�DV�DQG�ZKHQ�QHHGHG��H�J���/HVLRQ�ZKLFK*�LV&DXVHGE\�3RVWPHQRSDXVDO&KDQJH���:KLOH�VWDQGDUG
FODVVLILFDWLRQV�ZRXOG�EH�XQOLNHO\�WR�LQFOXGH�VXFK�D�FDWHJRU\��VSHFLDOLVHG�FODVVLILFDWLRQV�IRU�HOGHUO\

������������������������������ �������������������������
� 7KH�QDPHV�IRU�WKH�OHYHOV��SDUWLFXODUO\�WKH�©VHQVLEOHª�OHYHO�KDYH�EHHQ�KRWO\�GHEDWHG�RYHU�WLPH���:KDW�LV�QRZ

FDOOHG�WKH�©VHQVLEOHª�RU�©VHQVHª�OHYHO�ZDV�RULJLQDOO\�FDOOHG�©SRVVLEOHª��WKHQ�©SODXVLEOHª��EXW�ERWK�FDXVHG
FRQIXVLRQ�
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FDUH�RU�J\QDHFRORJ\�PLJKW�UHTXLUH�LW���7KH�GHFLVLRQ�RI�ZKHWKHU�RU�QRW�WR�FUHDWH�VXFK�DQ�DEVWUDFWLRQ
QHHG�QRW�EH�PDGH�LQ�DGYDQFH�EXW�FDQ�EH�OHIW�WR�LQGLYLGXDO�DSSOLFDWLRQV�

W\SH /HYHO 8VH ([DPSOH
FRQFHLYDEOH $WWULEXWH

GHFODUDWLRQ
7RS7KLQJ�FRQFHLYDEO\�KDV/RFDWLRQ�7RS7KLQJ�

7RS7KLQJ�FRQFHLYDEOH�KDV&DXVH�7RS7KLQJ�

7RS7KLQJ�FRQFHLYDEO\��LV&RPSRQHQW2I�7RS7KLQJ�

6DQF�
WLRQ�
LQJ

JUDPPDWLFDO 4XHULHV�DQG
DEVWUDFW
VWDWHPHQWV

/HVLRQ�JUDPPDWLFDOO\�KDV/RFDWLRQ�%RG\3DUW�

/HVLRQ�JUDPPDWLFDOO\�KDV&DXVH�3URFHVV�

3URFHVV�JUDPPDWLFDOO\�KD&DXVH�3URFHVV�

%RG\3DUW�JUDPPDWLFDOO\�LV&RPSRQHQW2I�%RG\3DUW

VHQVLEOH *HQHUDWLRQ
DQG�VHPDQWLF
YDOLGDWLRQ

)UDFWXUH�VHQVLEO\�KDV/RFDWLRQ�%RQH�
)UDFWXUH�VHQVLEO\�KDV&DXVH�2VWHRSRURVLV�
2VWHRSRURVLV�VHQVLEO\�KDV&DXVH�3RVW0HQRSDXVDO&KDQJH�
)HPXU�VHQVLEO\�LV'LYLVLRQ2I�7KLJK

'H�
VFULSW�
LYH

GHILQLWLRQ 6XIILFLHQW
FULWHULD�IRU
UHFRJQLWLRQ

)UDFWXUH�ZKLFK��
KDV/RFDWLRQ�)HPXU
KDV&DXVH��2VWHRSRURVLV�ZKLFK

KDV&DXVH�3RVW0HQRSDXVDO&KDQJH�!

QHFHVVDU\
VWDWHPHQW

GHVFULSWLRQ�RI
HVVHQWLDO
SURSHUWLHV

)HPXU�QHFHVVDULO\��LV&RPSRQHQW2I�7KLJK�

)LJXUH��D���8VH�DQG�H[DPSOHV�RI�OHYHOV�RI�VWDWHPHQW���1%�WKH�VWDWHPHQWV�XVLQJ�FRQFHLYDEO\�DUH�LQVHUWHG
DXWRPDWLFDOO\�ZKHQ�DWWULEXWHV�DUH�GHILQHG�EXW�DUH�LQFOXGHG�KHUH�IRU�FRPSOHWHQHVV��
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g grammar-level sanction
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TopTh ingTopTh ing

Femur
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)LJXUH��E���'LDJUDP�RI�WKH�GHILQLWLRQV�LQ�)LJ���D�VKRZLQJ�WKUHH�OHYHOV�RI�VDQFWLRQV�IRU�HDFK�GHILQLWLRQ��HDFK
VDQFWLRQHG�E\�WKH�OHYHO�DERYH��7KH�V\PERO��LV�HTXLYDOHQW�WR�WKH�RSHUDWRU�ZKLFK���6ROLG�DUURZV�LQGLFDWH
VXEVXPSWLRQV�HQWHUHG�H[SOLFLWO\�E\�WKH�PRGHOOHU���'RWWHG�DUURZV�LQGLFDWH�VXEVXPSWLRQ�SURYLGHG�DXWRPDWLFDOO\
E\�WKH�*5$,/�FODVVLILFDWLRQ�PHFKDQLVP���)RU�FODULW\��FDUGLQDOLWLHV�RI�VWDWHPHQWV�KDYH�EHHQ�RPLWWHG��DQG�WKH
QDPHV�RI�HQWLWLHV�KDYH�EHHQ�JLYHQ�LQ�WKHLU�QDWXUDO�ODQJXDJH�UDWKHU�IRUP�UDWKHU�WKDQ�*5$,/�V\QWD[�

Bon e

Fe m u r

Bod y Par t

T opTh i ng

isCompone n t Of

Th i ghCo mp on e n t
o f  Th ig h

g

s

TopTh ingc

Bo d y Par tg

g g r amm at ica l co m po s i t i on  - wh i ch G

b i d i r e ct i on al n e ce ssa r y  st at e m e n t

)LJXUH��F���'LDJUDP�RI�HIIHFW�RI�QHFHVVDU\�VWDWHPHQWV�DQG�DXWRPDWLF�FODVVLILFDWLRQ�LQ�)LJ���D���§)HPXU¨��LV
DXWRPDWLFDOO\�FODVVLILHG�DV�D��FRPSRQHQW�RI�WKH�WKLJK��EHFDXVH�RI�WKH�QHFHVVDU\�VWDWHPHQW���1RWH�DOVR�WKH�XVH�RI
ZKLFK*��GLDJUDPPHG�DV�ZKLFK�QHHGV�RQO\�WR�EH�VDQFWLRQHG�E\�D�JUDPPDWLFDO�OHYHO�VWDWHPHQW
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����� &DUGLQDOLW\

$OO�DWWULEXWHV�KDYH�D�FDUGLQDOLW\��EXW�WKH�FDUGLQDOLWLHV�LQ�*5$,/�DUH�UHVWULFWHG�WR�WKRVH�FRPPRQO\
XVHG�LQ�GDWDEDVH�VFKHPDWD�¦�RQH�RQH��RQH�PDQ\��PDQ\�RQH��DQG�PDQ\�PDQ\���7KLV�UHVWULFWLRQ�ZDV
FKRVHQ�EHFDXVH�LQWHUDFWLRQV�RI�PRUH�JHQHUDO�FDUGLQDOLW\�FRQVWUDLQWV�DUH�NQRZQ�WR�EH�DQ�LPSRUWDQW
IDFWRU�LQ�WKH�FRPSXWDWLRQDO�LQWUDFWDELOLW\�RI�RWKHU�GHVFULSWLRQ�ORJLFV�>��@��DQG�YHU\�IHZ�FRQFHSWV�ZHUH
IRXQG�LQ�H[LVWLQJ�PHGLFDO�QRPHQFODWXUHV�ZKLFK�UHTXLUHG�PRUH�FRPSOH[�FDUGLQDOLW\�FRQVWUDLQWV�

�1RWH�WKDW�LQ�WKH�./�21(�IDPLO\�RI�V\VWHPV�DQG�VRPH�GDWDEDVH�FRPPXQLWLHV�VLQJOH�YDOXHG�OLQNV�DUH
FDOOHG�©DWWULEXWHVª��PXOWL�YDOXHG�OLQNV�DUH�FDOOHG�©UROHVª��DQG�WKH�ZRUG�©FDUGLQDOLW\ª�LV�UHVHUYHG�IRU
PRUH�FRPSOH[�QXPHULFDO�UHVWULFWLRQV�VXFK�DV�©!�ª�RU�©×��∧�Ø�ª���*5$,/ªV�XVDJH�FRUUHVSRQGV�WR�WKDW
FRPPRQO\�XVHG�LQ�REMHFW�RULHQWHG�DQDO\VLV�DQG�RWKHU�SDUWV�RI�WKH�GDWDEDVH�FRPPXQLW\��
����� ,QWHUDFWLRQ�RI�&RKHUHQFH�DQG�6DQFWLRQLQJ

Sanctioned Categories

Coherent Categories

Legal 
Categories

)LJXUH����,QWHUDFWLRQ�RI�FRQVWUDLQWV�UHSUHVHQWHG�E\�FRKHUHQFH�DQG�VDQFWLRQV�

6DQFWLRQLQJ�DQG�FRKHUHQFH�DUH�RUWKRJRQDO���6DQFWLRQV�FDQ�RQO\�EH�DGGHG�DQG�WKHUHIRUH�EHFRPH�PRUH
OD[�DV�RQH�PRYHV�GRZQ�WKH�WD[RQRP\���&RKHUHQFH�LV�FRQWUROOHG�E\�QHFHVVDU\�VWDWHPHQWV�ZKLFK�DUH
LQGHIHDVLEOH�DQG�WKHUHIRUH�SURYLGLQJ�LQFUHDVLQJO\�QDUURZ�FRQVWUDLQWV�DV�RQH�JRHV�GRZQ�WKH
WD[RQRP\���/HJDO�FDWHJRULHV�DUH�WKRVH�ZKLFK�DUH�ERWK�FRKHUHQW�DQG�VDQFWLRQHG�DV�VKRZQ
VFKHPDWLFDOO\�E\�WKH�LQWHUVHFWLRQ�LQ�)LJ����

��� &RRUGLQDWLRQ�RI�WD[RQRPLHV
$�NH\�VWUDWHJ\�LQ�*5$,/�IRU�DFKLHYLQJ�DSSOLFDWLRQ�LQGHSHQGHQFH�LV�WR�VHSDUDWH�FRQFHSWV�LQWR�WKHLU
FRPSRQHQWV��FODVVLI\�WKH�FRPSRQHQWV�VHSDUDWHO\��DQG�WKHQ�UHFRPELQH�WKHP�LQWR�FRPSRVLWH�HQWLWLHV
DQG�FODVVLI\�WKHP�RQ�WKH�EDVLV�RI�WKHLU�GHILQLWLRQV�DQG�GHVFULSWLRQV���0DQ\�RI�WKH�WD[RQRPLHV�WR�EH
FRRUGLQDWHG�GHSHQG�RQ�WKH�VXEVXPSWLRQ�UHODWLRQ�¦�IRU�H[DPSOH�WKH�WD[RQRP\�RI�SURFHVVHV�DQG
NLQGV�RI�FDXVDWLYH�RUJDQLVPV���+RZHYHU��PDQ\�GR�QRW�
0DQ\�PHGLFDO�FRQFHSWV�DUH�WKH�FRPELQDWLRQ�RI�DQ�DQDWRP\��WRSRJUDSK\��DQG�D�OHVLRQ�RU�SURFHVV�¦
H�J��§XOFHU�RI�WKH�VWRPDFK¨��§IUDFWXUH�RI�WKH�IHPXU¨�¦�RU�E\�D�SURFHVV�DQG�D�FDXVH�¦�H�J��§YLUDO
KHSDWLWLV¨��§GLDEHWLF�UHWLQRSDWK\¨����7KH�RUJDQLVDWLRQ�RI�DQDWRP\�LV�VWURQJO\�GHSHQGHQW�RQ�SDUW�
ZKROH�UHODWLRQV�DQG�WKH�RUJDQLVDWLRQ�RI�FDXVDO�VWUXFWXUHV�E\�FDXVDO�UHODWLRQV��ERWK�RI�ZKLFK�DUH
WUDQVLWLYH�LQ�PDQ\�VLWXDWLRQV���6LQFH�DOO�UHDVRQLQJ�LQ�*5$,/�LV�E\�PHDQV�RI�FODVVLILFDWLRQ�LQ�WKH
VXEVXPSWLRQ�KLHUDUFK\��WKHVH�RWKHU�WUDQVLWLYH�UHODWLRQV�PXVW�EH�FRRUGLQDWHG�ZLWK�WKH�SULPDU\
VXEVXPSWLRQ�KLHUDUFK\���7KH�UHODWLRQVKLS�LV�QRW�VWUDLJKWIRUZDUG��WKH�§VKDIW�RI�WKH�IHPXU¨�LV�D�SDUW�RI
WKH�IHPXU�UDWKHU�WKDQ�D�NLQG�RI�WKH�IHPXU��EXW�D�§IUDFWXUH�RI�WKH�VKDIW�RI�WKH�IHPXU¨�LV�D�NLQG�RI�D
§IUDFWXUH�RI�WKH�IHPXU¨�DQG�D�§IHPXU�ZLWK�D�IUDFWXUHG�VKDIW¨�LV�D�NLQG�RI�D�§IUDFWXUHG�IHPXU¨�
7KH�EDVLF�VFKHPDWD�DUH�VKRZQ�LQ�)LJ���D�DORQJ�ZLWK�DQ�H[DPSOH�DQG�WKH�XQGHUO\LQJ�VHPDQWLFV�

7KH�VDPH�FRQVWUXFW�SURYLGHV�IRU�WUDQVLWLYH�UHODWLRQVKLSV�DV�VKRZQ�LQ�)LJ���E����)RU�FRQYHQLHQFH��WKH
FRQVWUXFW�$�VSHFLDOLVHG%\�$��FDQ�EH�DEEUHYLDWHG�WR�$�WUDQVLWLYH8S�RU�WR�LQY�$�WUDQVLWLYH'RZQ�
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6FKHPDWD�

$ �� VSHFLDOLVHG%\�$�

LPSOLHV

( � �ZKLFK�$� �9�Ø ���
( � �ZKLFK�$� ��( � �ZKLFK�$ � �9�

DQG

9�ZKLFK�LQY�$�� ( � �Ø ���
9�ZKLFK�LQY�$� ��( �� ZKLFK�LQY�$� �( � �

([DPSOH�

KDV/RFDWLRQ�VSHFLDOLVHG%\�LV'LYLVLRQ2I

LPSOLHV

)UDFWXUH�ZKLFK�KDV/RFDWLRQ�)HPXU�Ø� ���
)UDFWXUH�ZKLFK�KDV/RFDWLRQ��$QDWRPLFDO1HFN�ZKLFK�LV'LYLVLRQ2I�)HPXU�

DQG

)HPXU�ZKLFK�LV/RFDWLRQ2I�)UDFWXUH�Ø� ���
)HPXU�ZKLFK�KDV'LYLVLRQ��$QDWRPLFDO1HFN�ZKLFK�LV/RFDWLRQ2I�)UDFWXUH�

6HPDQWLFV�

VSHFLDOLVHG%\�$� ��$ � �

LPSOLHV
∀[�\�]���$ � �[��\�� ∧�$ �� �\��]�� →�$ � �[��]� ���

IURP�ZKLFK�LW�IROORZV�WKDW�E\�UH�DUUDQJHPHQW�

∀[�\�]���$����]��\��∧�$����\��[��→�$����]��[� ���
>UHVWULFWLRQ��$� $��RU��VSHFLDOLVHG%\�$���$����@

)LJXUH��D��7KH�WZR�EDVLF�VFKHPDWD�IRU�VSHFLDOLVHG%\�FRQVWUXFW�ZLWK�DQ�H[DPSOH�DQG�VHPDQWLFV���1XPEHUV�LQ
SDUHQWKHVHV�LQGLFDWH�VFKHPD���RU�VFKHPD���IRU�ODWHU�UHIHUHQFH�

6FKHPD�

$�VSHFLDOLVHG%\�$
LPSOLHV

(��ZKLFK�$��9��Ø ���
(��ZKLFK�$���9��ZKLFK�$��9��

([DPSOH�

LV'LYLVLRQ2I�VSHFLDOLVHG%\�LV'LYLVLRQ2I
LPSOLHV

3DUW�ZKLFK�LV'LYLVLRQ2I�:KROH�Ø ���
3DUW�ZKLFK�LV'LYLVLRQ2I��2WKHU3DUW�ZKLFK�LV'LYLVLRQ2I�:KROH�

)LJXUH��E��&RQVWUXFWLRQ�RI�WUDQVLWLYH�UHODWLRQV�XVLQJ�VSHFLDOLVHG%\�FRQVWUXFW���1XPEHUV�LQ�SDUHQWKHVHV�LQGLFDWH
WKH�UHOHYDQW�VFKHPD�

+DQG�QHFHVVDULO\�LV'LYLVLRQ2I�8SSHU([WUHPLW\

)LQJHU�QHFHVVDULO\�LV'LYLVLRQ2I�+DQG

LPSOLHV
%RG\3DUW�ZKLFK�LV'LYLVLRQ2I�8SSHU([WUHPLW\�Ø ���

)LQJHU

)LJXUH��F��1HFHVVDU\�VWDWHPHQWV�DIIHFW�FODVVLILFDWLRQ��1XPEHUV�LQ�SDUHQWKHVHV�LQGLFDWH�WKH�UHOHYDQW�VFKHPD�
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1HFHVVDU\�VWDWHPHQWV�DIIHFW�FODVVLILFDWLRQ��VR�WKDW�JLYHQ�WKH�QHFHVVDU\�VWDWHPHQWV�LQ�)LJ���F�WKH
FODVVLILFDWLRQ�VKRZQ�IROORZV�DXWRPDWLFDOO\�
,Q�RUGHU�WR�DFFRPPRGDWH�WKH�VSHFLDOLVHG%\�FRQVWUXFW��WKH�GHILQLWLRQ�RI�VXEVXPSWLRQ�RI�FULWHULD�PXVW
EH�JHQHUDOLVHG�IURP�WKDW�JLYHQ�LQ�6HFWLRQ�������VR�WKDW�RQH�FULWHULRQ�VXEVXPHV�DQRWKHU�LI�HLWKHU�WKH
DWWULEXWHV�DQG�YDOXHV�VXEVXPH�HDFK�RWKHU�UHVSHFWLYHO\�RU�WKHUH�LV�D�SDWK�IURP�WKH�VXEVXPHG�FULWHULRQ
WR�WKH�VXEVXPLQJ�FULWHULRQ�LQGLFDWHG�E\�WKH�VSHFLDOLVHG%\�GHFODUDWLRQV�

/LNHZLVH��WKH�UXOHV�IRU�VDQFWLRQLQJ�DUH�H[WHQGHG�VR�WKDW�

,I� $� �VSHFLDOLVHG%\�$� �∧
( � �ZKLFK�$� �( � �LV�VDQFWLRQHG�

WKHQ ( ��ZKLFK�$���( ��ZKLFK�$ ��(��� LV�VDQFWLRQHG�
)RU�H[DPSOH��LQ�)LJ��D��WKH�ORFDWLRQ�RI�D�IUDFWXUH�LQ�WKH�§DQDWRPLFDO�QHFN�RI�WKH�IHPXU¨�LV
DXWRPDWLFDOO\�VDQFWLRQHG�E\�WKH�VDQFWLRQ�IRU�D�IUDFWXUH�LQ�WKH�§)HPXU¨�EHFDXVH

KDV/RFDWLRQ�VSHFLDOLVHG%\�LV'LYLVLRQ2I�

)RU�FRQYHQLHQFH��SDUWLFXODUO\�LQ�GLDJUDPV��$ ��VSHFLDOLVHG%\�$��PD\�DOVR�EH�ZULWWHQ�DV�$ ��UHILQHG$ORQJ
$� �� �
7KH�VSHFLDOLVHG%\�FRQVWUXFW�KDV�D�ZLGH�UDQJH�RI�XVHV�ZLWKLQ�*5$,/�PRGHOV��)XUWKHU�H[DPSOHV�FDQ�EH
IRXQG�LQ�6HFWLRQV�����DQG�������

��� &ODVVLILFDWLRQ��0RGHOV�DQG�1DPHV
����� &ODVVLILFDWLRQ

&ODVVLILFDWLRQ�LV�WKH�RQO\�IRUP�RI�LQIHUHQFH�LQ�*5$,/���7KH�SULPDU\�RSHUDWLRQ�RQ�*5$,/�LV�WKH
RSHUDWRU�ZKLFK��ZKLFK�FODVVLILHV�SURSRVHG�HQWLWLHV�RQ�WKH�EDVLV�RI�WKHLU�GHILQLWLRQV���$OO�TXHULHV�DUH
SHUIRUPHG�XVLQJ�WKLV�RSHUDWLRQ���7KH�©DQVZHUª�WR�WKH�TXHU\�LV�WKH�WD[RQRP\�RI�HQWLWLHV�VXEVXPHG�E\
WKH�UHVXOW�RI�WKH�ZKLFK�RSHUDWRU���,QWXLWLYHO\�WKH�UHVXOW�LV�WKH�VLPSOHVW�HQWLW\�ZKRVH�GHILQLWLRQ
VXEVXPHV�WKH�H[SUHVVLRQ�DQG�ZKRVH�FRPSOHWH�FULWHULD�VHW�LV�VXEVXPHG�E\�WKH�H[SUHVVLRQ���0RUH
IRUPDOO\��LQ�WKH�QRWDWLRQ�RI�������

%�ZKLFK�&V���ZKHUH�%� ��%%��%'��%(��%,!���DQG�&V�LV�D�FULWHULD�VHW�
LV�WKH�VLPSOHVW�HQWLW\

( ��%%��'��(��,!�VXFK�WKDW�'�Ø��&V�∪�%'��Ø��'�∪�(�∪�,�
%HFDXVH�RI�WKH�SUHVHQFH�RI�HVVHQWLDO�FULWHULD��FODVVLILFDWLRQ�LQ�*5$,/�LV�LWHUDWLYH��$Q�HQWLW\�LV�ILUVW
FODVVLILHG�RQ�WKH�EDVLV�RI�LWV�GHILQLWLRQ��LWV�FRPSOHWH�FULWHULD�VHW�LV�WKHQ�GHWHUPLQHG��LW�LV�WKHQ
UHFODVVLILHG�RQ�WKH�EDVLV�RI�DQ\�QHZ�FULWHULD�LQKHULWHG��DQG�WKH�SURFHVV�LV�UHSHDWHG�XQWLO�QR�QHZ
FULWHULD�DUH�IRXQG���7KH�UHVWULFWLRQV�LQ�*5$,/�HQVXUH�WKDW�WKH�SURFHVV�LV�PRQRWRQLF�¦�L�H��WKDW�DGGLQJ
DGGLWLRQDO�FULWHULD�GXULQJ�WKH�FODVVLILFDWLRQ�SURFHVV�FDQ�QHYHU�FDXVH�SUHYLRXVO\�IRXQG�FULWHULD�WR�EH
UHPRYHG����7KLV�LV�D�NH\�SURSHUW\�LQ�JXDUDQWHHLQJ�WKDW�FODVVLILFDWLRQ�WHUPLQDWHV��L�H���WKDW�LW�LV
GHFLGDEOH�

����� %DVHV��FRKHUHQFH�DQG�HTXLYDOHQFH
)RU�DQ\�*5$,/�PRGHO��WKHUH�LV�DW�OHDVW�RQH�©EDVLVª�ZKLFK�FRQVLVWV�RI�MXVW�WKRVH�VWDWHPHQWV�ZKLFK�DUH
UHTXLUHG�WR�JHQHUDWH�DOO�RI�WKH�HQWLWLHV�LQ�WKH�H[WHQGHG�PRGHO�XVLQJ�ZKLFK���$Q\�*5$,/�PRGHO�LV�VDLG
WR�EH�DQ�©H[SDQVLRQª�RI�LWV�EDVLV����7ZR�*5$,/�PRGHOV�DUH�VDLG�WR�EH�©FRKHUHQWª�LI�D�FRPPRQ�EDVLV�FDQ
EH�IRXQG��XS�WR�UHQDPLQJ����7ZR�*5$,/�PRGHOV�DUH�VDLG�WR�EH�HTXLYDOHQW�LI�H[DFWO\�WKH�VDPH�HQWLWLHV
�XS�WR�UHQDPLQJ��DUH�UHWXUQHG�IURP�HDFK�XVLQJ�WKH�RSHUDWRU�ZKLFK�

�������������������������������������������������������
� 7KH�XVH�RI�§H[SDQVLRQ¨�KHUH�LV�HTXLYDOHQW�WR�ZKDW�LV�RIWHQ�WHUPHG�WKH�§H[WHQVLRQ¨���+RZHYHU�

WKH�ZRUG�§H[WHQVLRQ¨�KDV�JHQHUDWHG�LQWHQVH�FRQIXVLRQ�ZKHQ�XVHG�LQ�WKLV�FRQWH[W�EHFDXVH�RI�WKH
FRQIOLFW�ZLWK�XVDJHV�VXFK�DV�§H[WHQVLELOLW\¨��§H[WHQVLRQ�IRU�FDUGLDF�GLVHDVHV¨��DQG�WKH�FRQIXVLRQ
EHWZHHQ�WKH�§H[WHQVLRQ�RI�D�FDWHJRU\¨�DQG�WKH�§H[WHQVLRQ�RI�D�PRGHO�RU�WKHRU\¨���7KH�ZRUG
§H[SDQVLRQ¨�KDV�WKHUHIRUH�EHHQ�DGRSWHG�LQVWHDG�
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)RU�SUDFWLFDO�SXUSRVHV��WKH�JRDO�RI�©UHXVDELOLW\ª�LV�WR�DFKLHYH�D�FRPPRQ�EDVLV�ZKLFK�LV�VXIILFLHQW�WR
JHQHUDWH�WKH�H[SDQVLRQV�VXLWDEOH�IRU�D�ZLGH�UDQJH�RI�DSSOLFDWLRQV�SOXV�GHILQLWLRQV�RI�FRPSRVLWH
HQWLWLHV�DQG�LQWHUSUHWDWLRQV�ZKLFK�IDLWKIXOO\�UHIOHFW�WKH�GLIIHUHQW�XVDJHV�LQ�WKDW�UDQJH�RI�DSSOLFDWLRQV�
����� ,QWHUSUHWDWLRQV�DQG�QDPLQJ

*5$,/�VHSDUDWHV�GHILQLWLRQ�DQG�QDPLQJ� ���$Q\�HQWLW\��FRPSRVLWH�RU�HOHPHQWDU\�FDQ�EH�QDPHG���)RU
H[DPSOH�

�+DQG��ZKLFK��KDV/DWHUDOLW\�OHIW/DWHUDOLW\��QDPH�/HIW+DQG�
�%RG\3DUW�ZKLFK�KDV/DWHUDOLW\�OHIW/DWHUDOLW\��QDPH�/HIW6LGHG%RG\3DUW�

$Q�HQWLW\�PD\�KDYH�PRUH�WKDQ�RQH�QDPH��EXW�HYHU\�QDPH�PXVW�UHIHU�WR�H[DFWO\�RQH�HQWLW\���(QWLWLHV
QHHG�QRW�EH�QDPHG��DQG�WKH�DYDLODELOLW\�RI�DQRQ\PRXV�HQWLWLHV�DOORZV�HPEHGGHG�H[SUHVVLRQV�VXFK�DV
WKRVH�LQ�)LJ����

1DPLQJ�DQ�HQWLW\�GRHV�QRW�LQFUHDVH�WKH�H[SUHVVLYH�SRZHU�RI�WKH�PRGHO�¦�L�H��LW�GRHV�QRW�FKDQJH�KRZ
HQWLWLHV�ZLOO�EH�FODVVLILHG�QRU�WKH�UHVXOWV�UHWXUQHG�E\�WKH�RSHUDWRU�ZKLFK���+HQFH�QDPLQJ�GRHV�QRW
DIIHFW�HLWKHU�D�PRGHOªV��FRKHUHQFH�RU�HTXLYDOHQFH�ZLWK�RWKHU�PRGHOV�

6WULFWO\�VSHDNLQJ��DOO�QDPHV�LQ�D�PRGHO�EHORQJ�WR�WKH�©SULPLWLYH�LQWHUSUHWDWLRQª�RI�WKH�PRGHO�UDWKHU
WKDQ�WR�WKH�PRGHO�LWVHOI���+RZHYHU��VLQFH�WKH�SXUSRVH�RI�DQ\�PRGHO�LV�LQWLPDWHO\�LQWHUWZLQHG�ZLWK�LWV
LQWHUSUHWDWLRQ��WKH�PRGHO�DQG�LWV�SULPLWLYH�LQWHUSUHWDWLRQ�DUH�QRUPDOO\�FRQVLGHUHG�DV�D�XQLW�

��� ([WULQVLF�VWDWHPHQWV���OLQNLQJ�WR�DSSOLFDWLRQV
$SSOLFDWLRQV�PD\�XVH�*5$,/�PRGHOV�LQ�WZR�ZD\V���7KH\�PD\�VLPSO\�DVN�TXHVWLRQV�RI�WKH
WHUPLQRORJ\�IRU�WKHLU�RZQ�SURFHVVLQJ���$OWHUQDWLYHO\��WKH\�PD\�FKRRVH�WR�XVH�WKH�WHUPLQRORJ\�DV�D
FRQFHSWXDO�IUDPHZRUN�RQ�ZKLFK�WR�KDQJ�LQIRUPDWLRQ���7\SLFDOO\�VXFK�LQIRUPDWLRQ�ZLOO�EH�XVHG�LQ
GHIDXOW�VW\OH�UHDVRQLQJ���)RU�FRQYHQLHQFH��*5$,/�SURYLGHV�DQ�RSHUDWLRQ�WR�LQVHUW�VWDWHPHQWV�XVLQJ
WKH�NH\ZRUG�H[WULQVLFDOO\�DQDORJRXVO\�WR�VHQVLEO\��QHFHVVDULO\��HWF���([WULQVLF�VWDWHPHQWV�DUH�LJQRUHG�E\
WKH�FODVVLILHU���*5$,/�SURYLGHV�DQ�RSHUDWLRQ�WR�UHWXUQ�WKH�VHW�RI�PRVW�VSHFLILF�H[WULQVLF�VWDWHPHQWV
DQG�WKHLU�VRXUFHV�IURP�D�PRGHO�EXW�SURYLGHV�QR�IXUWKHU�UHDVRQLQJ�WR�GHFLGH�DPRQJVW�SRWHQWLDO
FRQIOLFWV�DQG�DPELJXLWLHV���$Q\�GLVDPELJXDWLRQ�RU�RWKHU�LQWHUSUHWDWLRQ�RI�H[WULQVLF�VWDWHPHQWV�LV�OHIW
WR�WKH�DSSOLFDWLRQV�XVLQJ�WKHP�

��� 5HVWULFWLRQV�DQG�RPLWWHG�IHDWXUHV
7KH�SULRULWLHV�LQ�LPSOHPHQWLQJ�WKH�*5$,/�.HUQHO�KDYH�EHHQ�GHWHUPLQHG�E\�WKH�H[LVWLQJ�FRUSXV�RI
FRQWUROOHG�PHGLFDO�YRFDEXODULHV�DQG�E\�WKH�QHHGV�WR�NHHS�WKH�IRUPDOLVP�FRPSXWDWLRQDOO\�WUDFWDEOH�
7KHUH�DUH�D�QXPEHU�RI�UHVWULFWLRQV�DQG�VRPH�IHDWXUHV�RIWHQ�IRXQG�LQ�UHODWHG�ODQJXDJHV�KDYH�EHHQ
GHOLEHUDWHO\�RPLWWHG�
� 7KHUH�LV�QR�RSHUDWRU�IRU�GLVMXQFWLRQ�QRU�DQ\�RSHUDWRU�IRU�FRQMXQFWLRQ�RI�HOHPHQWDU\�HQWLWLHV�
� &DUGLQDOLW\�FRQVWUDLQWV�DUH�OLPLWHG�WR�RQH�RU�PDQ\�
� 1HJDWLRQ�LV�QRW�LPSOHPHQWHG�LQ�*5$,/���
,Q�DGGLWLRQ��7KH�*5$,/�.HUQHO�LV�WHUPLQRORJLFDO��DOEHLW�WKH�XVH�RI�©QHFHVVDU\�VWDWHPHQWVª�H[WHQGV�WKH
PHDQLQJ�RI�WHUPLQRORJLFDO�VLJQLILFDQWO\���7KHUH�LV�QR�GHIDXOW�UHDVRQLQJ�ZLWKLQ�WKH�ODQJXDJH�LWVHOI�
DOWKRXJK�WKH�WD[RQRP\�PDNHV�DQ�HIIHFWLYH�IUDPHZRUN�DURXQG�ZKLFK�WR�LPSOHPHQW�GHIDXOW�UHDVRQHUV�
6LPLODUO\�WKHUH�DUH�QR�H[SOLFLW�TXDQWLILHUV�
)RU�SUDFWLFDO�UHDVRQV��WKHUH�DUH�DOVR�D�QXPEHU�RI�RWKHU�IHDWXUHV�QRW�LPSOHPHQWHG�LQ�*5$,/���
� 7KHUH�DUH�QR�VKDUHG�YDULDEOHV��F\FOLFDO�GHVFULSWLRQV�DUH�QRW�DOORZHG�DQG�WKHUH�LV�QR�6$0(�$6

RSHUDWRU�
�� 1RUPDOLVDWLRQ�LQ�*5$,/���GRHV�QRW�GHDO�ZLWK�FDVHV�VXFK�DV�WKH�HTXLYDOHQFH�EHWZHHQ�

�+DQG�ZKLFK�KDV/DWHUDOLW\�ULJKW/DWHUDOLW\
DQG

�+DQG�ZKLFK�LV'LYLVLRQ2I��$UP�ZKLFK�KDV/DWHUDOLW\�ULJKW/DWHUDOLW\��
�7KLV�IHDWXUH�LV�UHIHUUHG�WR�DV�©H[WHULRUL]DWLRQª�LQ�WKH�*5$,/�PDQXDOV�

������������������������������ �������������������������
� 1RWH�WKDW�WKH�SKUDVHV�©QDPLQJª�DQG�©WKH�XQLTXH�QDPH�SURSHUW\ª�DUH�XVHG�DQDORJRXVO\�WR�©QRUPDO�IRUPVª�LQ

VRPH�RI�WKH�GHVFULSWLRQ�ORJLF�OLWHUDWXUH�
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‡ *5$,/���GRHV�QRW�VXSSRUW�V\PPHWULF�DWWULEXWHV�L�H��DWWULEXWH�VXFK�WKDW�$ LQY�$�H�J�
$VVRFLDWHG:LWK���

� 6WDWHPHQWV�DQG�DWWULEXWHV�FDQQRW�EH�WKHPVHOYHV�GHVFULEHG�
‡ &DUGLQDOLW\�LV�GHILQHG�DW�WKH�OHYHO�RI�WKH�DWWULEXWH�UDWKHU�WKDQ�WKH�VWDWHPHQW�
‡ 1DPLQJ�RI�FRPSRVLWH�DWWULEXWHV��6HFWLRQ�������EHORZ��LV�QRW�VXSSRUWHG�
‡ &DWHJRULHV�ZLWK�PXOWLSOH�DOWHUQDWLYH�GHILQLWLRQV�DUH�QRW�VXSSRUWHG�DOWKRXJK�WKH�XQGHUO\LQJ

VHPDQWLFV�LPSOLHV�WKHLU�H[LVWHQFH��IRU�H[DPSOH�E\�VD\LQJ�WKDW�§7ULDQJOH�QHFHVVDULO\�KDV�WKUHH
VLGHV¨�DQG�§7KUHH�VLGHG�SRO\JRQ�QHFHVVDULO\�KDV�WKUHH�DQJOHV¨���(QWU\�RI�GHILQLWLRQV�RU
QHFHVVDU\�VWDWHPHQWV�ZKLFK�ZRXOG�PDNH�WZR�HQWLWLHV�HTXLYDOHQW�DUH�WUDSSHG�DV�HUURUV�LQ�WKH
FXUUHQW�LPSOHPHQWDWLRQ�

‡ 7KH�FODVVLILFDWLRQ�DOJRULWKP�LV�QRW�FRPSOHWH�ZLWK�UHVSHFW�WR�F\FOHV�LQWURGXFHG�E\�WUDQVLWLYH
UHODWLRQV�DQG�D�IHZ�RWKHU�UHODWHG�VLWXDWLRQV����6WUDLJKWIRUZDUG�LPSOHPHQWDWLRQ�RI�D�FRPSOHWH
DOJRULWKP�OHDGV�WR�XQGHFLGDELOLW\��

�� ([DPSOHV�DQG�,VVXHV
��� 3RVW�KRF�FODVVLILFDWLRQ
&RQVLGHU�WKH�FDWHJRU\�GHILQHG�LQ�)LJ����

)UDFWXUH�ZKLFK��
KDV/RFDWLRQ

�$QDWRPLFDO1HFN�ZKLFK
LV'LYLVLRQ2I�)HPXU�

KDV&DXVH��2VWHRSRURVLV�ZKLFK
KDV&DXVH�3RVW0HQRSDXVDO&KDQJH�!

7KHQ�ZH�FDQ�VHH�WKDW�WKLV�FDWHJRU\�ZLOO�EH�FODVVLILHG�XQGHU�PDQ\�GLIIHUHQW�DEVWUDFWLRQV��IRU�H[DPSOH�

)UDFWXUH
)UDFWXUH�ZKLFK�KDV/RFDWLRQ�/RQJ%RQH�
)UDFWXUH�ZKLFK�KDV/RFDWLRQ��$QDWRPLFDO1HFN�ZKLFK�LV'LYLVLRQ2I�/RQJ%RQH��
)UDFWXUH�ZKLFK�KDV/RFDWLRQ�7KLJK�
)UDFWXUH�ZKLFK�KDV/RFDWLRQ�+LS�
/HVLRQ�ZKLFK�LV&DXVHG%\��2VWHRSRURVLV�
/HVLRQ�ZKLFK�LV&DXVHG%\�3RVWPHQRSDXVDO&KDQJH�
HWF�

7KH�FKRLFH�RI�ZKLFK�DEVWUDFWLRQV�WR�LQFOXGH�LQ�WKH�V\VWHP�QHHG�QRW�EH�PDGH�LQ�DGYDQFH���1HZ
DEVWUDFWLRQV�FDQ�EH�FUHDWHG�DV�UHTXLUHG�DQG�WKH�FODVVLILHU�ZLOO�ILQG�WKH�UHOHYDQW�LWHPV���'LIIHUHQW
DSSOLFDWLRQV�FDQ�XVH�GLIIHUHQW�DEVWUDFWLRQV�ZKLFK�ZLOO��LQ�HIIHFW��RUJDQLVH�WKH�PRGHO�DORQJ�GLIIHUHQW
D[HV���7KH�FODVVLILFDWLRQ�FDQ�EH�EXLOW�XS�SRVW�KRF�IURP�WKH�GHILQLWLRQV�WR�ILW�UHTXLUHPHQWV�RI�HDFK
DSSOLFDWLRQ�UDWKHU�EHLQJ�IL[HG�D�SULRUL�

([WHQGLQJ�WKH�H[DPSOH�VRPHZKDW�IXUWKHU��D�FRPPRQ�RSHUDWLRQ�WR�WUHDW�WKH�FRQGLWLRQ�PLJKW�EH
H[SUHVVHG�DV�

,QVHUWLRQ�ZKLFK��
KDV,QWHQGHG2XWFRPH��)L[DWLRQ�ZKLFK

DFWV2Q��)UDFWXUH�ZKLFK��
KDV/RFDWLRQ��$QDWRPLFDO1HFN�ZKLFK

LV'LYLVLRQ2I�)HPXU�
KDV&DXVH��2VWHRSRURVLV�ZKLFK

KDV&DXVH�3RVW0HQRSDXVDO&KDQJH�!
DFWV2Q��3LQ�ZKLFK

KDV7DUJHW/RFDWLRQ��$QDWRPLFDO1HFN�ZKLFK
LV'LYLVLRQ2I�)HPXU��!

7KLV�FDWHJRU\�PLJKW�EH�FODVVLILHG�LQ�D�ZLGH�QXPEHU�RI�ZD\V�GHSHQGLQJ�RQ�WKH�DSSOLFDWLRQ�UDQJLQJ
IURP�§RSHUDWLRQV�WR�UHSDLU�IUDFWXUHV¨�WR�§2SHUDWLRQV�LQVHUWLQJ�GHYLFHV¨�WR�§KLS�RSHUDWLRQV¨�WR
§RSHUDWLRQV�IRU�FRPSOLFDWLRQV�RI�PHWDEROLF�FRQGLWLRQV¨���7KH�HQWLUH�H[SUHVVLRQ�RU�DQ\�RI�LWV
FRPSRQHQWV�FDQ�EH�QDPHG�WR�PDNH�WKH�H[SUHVVLRQ�DV�FRPSDFW�DV�GHVLUHG�E\�SDUWLFXODU�XVHUV�
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)XUWKHUPRUH��DV�ORQJ�DV�WKH�XQGHUO\LQJ�GHILQLWLRQV�DUH�WKH�VDPH��WZR�DSSOLFDWLRQV�RU�WZR�VLWHV�FDQ
XVH�GLIIHUHQW�QDPLQJ�FRQYHQWLRQV�

��� 0RGHOOLQJ�VWUDWHJLHV�DQG�FRQYHQWLRQV
����� &RRUGLQDWLRQ�RI�7D[RQRPLHV��WKH�XVH�RI�UROHV��VLJQV�DQG�V\PSWRPV
�7KH�SULPH�VWUDWHJ\�IRU�DFKLHYLQJ�UH�XVH�LQ�*5$,/�PRGHOV�LV�WR�VHSDUDWH�WD[RQRPLHV�>��@���7KH
VLPSOHVW�H[DPSOH�LV�WKH�XVH�RI�©UROHVª�WR�VHSDUDWH�WKH�IXQFWLRQ�SOD\HG�E\�VWUXFWXUHV�DQG�VXEVWDQFHV
IURP�WKHLU�IRUP��)RU�H[DPSOH��FRQVLGHU�WKH�QRWLRQV�RI��§YLWDPLQ¨��§KRUPRQH¨��§VWHURLG¨�DQG
§SURWHLQ¨���&OHDUO\��§YLWDPLQ¨�DQG�§KRUPRQH¨�DUH�IXQFWLRQDOO\�GHILQHG�ZKHUHDV�§VWHURLG¨�DQG
§SURWHLQ¨�DUH�VWUXFWXUDOO\�GHILQHG����5ROHV�DUH�XVHG�LQ�WKH�*$/(1�&25(�PRGHO�WR�VHSDUDWH
VWUXFWXUHV�DQG�VXEVWDQFHV�IURP�WKH�UROH�WKH\�SOD\�SK\VLRORJLFDOO\�DQG�WR�VHSDUDWH�WKH�PHDQV�RI
REVHUYDWLRQ�IURP�WKH�WKLQJ�REVHUYHG����)RU�H[DPSOH�

�&KHPLFDO6XEVWDQFH�ZKLFK*��SOD\V3K\VLRORJLFDO5ROH�9LWDPLQ5ROH���QDPH�9LWDPLQ
�&KHPLFDO6XEVWDQFH�ZKLFK*�SOD\V3K\VLRORJLFDO5ROH�+RUPRQH5ROH��QDPH�+RUPRQH

,Q�D�VLPLODU�ZD\��WKH�PHDQV�RI�REVHUYDWLRQ�IURP�WKH�WKLQJ�REVHUYHG�WR�GLVWLQJXLVK�EHWZHHQ�VLJQV�
V\PSWRPV��WHVWV��HWF���IRU�H[DPSOH�6\PSWRP�DQG�6LJQ�DUH�GHILQHG�E\�

�3KHQRPHQRQ�ZKLFK*�LV6KRZQ%\�3DWLHQW5HSRUW��QDPH�6\PSWRP�
�3KHQRPHQRQ��ZKLFK*�LV6KRZQ%\�&OLQLFDO([DPLQDWLRQ��QDPH�6LJQ�

7KLV�XVH�RI�©UROHVª�KDV�EHFRPH�RQH�RI�WKH�IXQGDPHQWDO�PHFKDQLVPV�RI�WKH�PRGHO���,W�KDV�YLUWXDOO\
UHSODFHG�H[SOLFLW�VWDWHPHQWV�WKDW�DQ�HQWLW\�KDV�PRUH�WKDQ�RQH�SDUHQW���,W�LV�DOPRVW�DOZD\V�SUHIHUDEOH
WR�UHSUHVHQW�WKH�VXEVXPSWLRQ�IRUPDOO\�XVLQJ�D�UROH�DV�DERYH��EHFDXVH�WKH�XVH�RI�WKH�UROH�H[SODLQV�ZK\
WKH�RQH�HQWLW\�LV�VXEVXPHG�E\�WKH�RWKHU�ZKHUHDV�WKH�XVH�RI�DQ�H[SOLFLW�VXEVXPSWLRQ�OLQN�WR�WZR
SDUHQWV�GRHV�QRW�
����� %ULGJLQJ�OHYHOV�RI�GHWDLO

'LIIHUHQW�DSSOLFDWLRQV�UHTXLUH�GLIIHUHQW�OHYHOV�RI�GHWDLO�¦�*5$,/�VHHNV�WR�DYRLG�IRUFLQJ�D�IL[HG�FKRLFH
RI�OHYHO�RI�GHWDLO�RQ�GHYHORSHUV���7KH�*$/(1�&25(�PRGHO�VHHNV��RQ�WKH�RQH�KDQG��WR�KDYH�D
VXIILFLHQWO\�GHWDLOHG�WHUPLQRORJ\�IRU�WKH�PRVW�GHWDLOHG�RI�WKH�DSSOLFDWLRQV�VXSSRUWHG�DQG��RQ�WKH
RWKHU�KDQG��WR�DOORZ�DSSOLFDWLRQV�WR�LJQRUH�GHWDLO�ZKLFK�LV�LUUHOHYDQW�WR�WKHLU�VSHFLILF�QHHGV���7KHUH
DUH�IRXU�PHWKRGV�IRU�EULGJLQJ�OHYHOV�RI�GHWDLO���RQO\�WKH�ILUVW�WZR�RI�ZKLFK�DUH�IXOO\�LPSOHPHQWHG�LQ
*5$,/����
‡ 1DPHG�FRPSRVLWH�HQWLWLHV�DOORZ�DSSOLFDWLRQV�WR�HQFDSVXODWH�FRPSOH[�GHVFULSWLRQV�LQ�D�VLQJOH�WHUP�
� (VVHQWLDO�FULWHULD�DOORZ�DGGLWLRQDO�LQIRUPDWLRQ�WR�EH�DGGHG�WR�DQ�HQWLW\�ZLWKRXW�DIIHFWLQJ�LWV

GHILQLWLRQ���7KH�QRUPDOLVDWLRQ�PHFKDQLVP�JXDUDQWHHV�WKDW�WKLV�LQIRUPDWLRQ�LV�LQYLVLEOH�XQOHVV
UHTXLUHG���)RU�H[DPSOH��IRU�PRVW�SXUSRVHV�LW�LV�VXIILFLHQW�WR�FRQVLGHU�§XOFHUV¨�WR�EH�ORFDWHG�LQ
WKH�§VWRPDFK¨���+RZHYHU��LQ�VRPH�DSSOLFDWLRQV��§XOFHUV¨�QHHG�WR�EH�FODVVLILHG�XQGHU�FRQGLWLRQV
RI��WKH�§PXFRVD¨����,Q�*5$,/�LI�ZH�DGG�WR�WKH�PRGHO�WKH�WZR�VWDWHPHQWV�

�8OFHU�ZKLFK�KDV/RFDWLRQ�6WRPDFK��QHFHVVDULO\�KDV/RFDWLRQ
�0XFRVD�ZKLFK�LV/D\HU2I�6WRPDFK�

KDV/RFDWLRQ�VSHFLDOLVHG%\�LV/D\HU2I
WKHQ�

8OFHU�ZKLFK�KDV/RFDWLRQ��0XFRVD�ZKLFK�LV/D\HU2I�6WRPDFK��→
8OFHU�ZKLFK�KDV/RFDWLRQ�6WRPDFK

EHFDXVH�WKH�PRUH�VSHFLDOLVHG�FULWHULRQ�0XFRVD�ZKLFK�LV/D\HU2I�6WRPDFK�DGGV�QRWKLQJ�WR�WKH
FRPSOHWH�FULWHULD�VHW�RI�8OFHU�ZKLFK�KDV/RFDWLRQ�6WRPDFK�DQG�LV�KHQFH�UHGXQGDQW���0HFKDQLVPV�WR
DOORZ�PRUH�JHQHUDO�VSHFLILFDWLRQ�RI�VXFK�FRQVWUXFWV�XVLQJ�D�FRQVWUXFW�DQDORJRXV�WR�6$0(�$6�LQ
./�21(�ZLOO�EH�LQFOXGHG�LQ�*5$,/��,�

� 1DPHG�FRPSRVLWH�DWWULEXWHV�DOORZ�DSSOLFDWLRQV��VLPLODUO\��WR�GHDO�RQO\�ZLWK�D�VLPSOLILHG�YLHZ�RI
WKH�VWUXFWXUH�RI�WKH�PRGHO��H�J�

�KDV)HDWXUH�6HYHULW\�KDV6WDWH��QDPHG$WWULEXWH�KDV6HYHULW\
1DPHG�FRPSRVLWH�DWWULEXWHV�ZHUH�LQLWLDOO\�FRQVLGHUHG�XQQHFHVVDU\�DQG�ZHUH�QRW�VXSSRUWHG�LQ
*5$,/�����+RZHYHU��H[SHULHQFH�KDV�VKRZQ�WKDW�UH�XVDELOLW\�UHTXLUHV�PDQ\�DWWULEXWHV�WR�EH
H[SDQGHG�LQWR�DWWULEXWH�HQWLW\�DWWULEXWH�VHTXHQFHV�ZKLOH�PDQ\�DSSOLFDWLRQV�UHTXLUH�VLPSOH
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DWWULEXWHV����/RFDO�XVHU�FRPPXQLWLHV�KDYH�VWURQJ�YLHZV�RQ�ZKLFK�IRUP�WR�XVH���$FFRPPRGDWLQJ
ORFDO�XVDJH�LV�PRUH�VXFFHVVIXO�WKDQ�DWWHPSWLQJ�WR�LPSRVH�D�VLQJOH�VROXWLRQ�

‡ ©,QWHULRUL]DWLRQª��D�VSHFLDO�FRQVWUXFW��KLGHV�DZNZDUG�OHYHOV�RI�HPEHGGLQJ�¦�H�J��LW�FRQYHUWV�

�/REH�ZKLFK�LV'LYLVLRQ2I�/XQJ��ZKLFK�KDV/DWHUDOLW\�ULJKW
WR�

/REH�ZKLFK�LV'LYLVLRQ2I��/XQJ�ZKLFK�KDV/DWHUDOLW\�ULJKW�
����� 8VH�RI�LWHUDWLYH�FODVVLILFDWLRQ�IRU�VLPSOH�LQIHUHQFH

&RQVLGHU�WKH�IROORZLQJ���$OO�KROORZ�REMHFWV�GHILQH�VSDFHV��EXW�QRW�DOO�VSDFHV�DUH�GHILQHG�E\�KROORZ
REMHFWV���6WDWLQJ�WKDW�DQ�REMHFW�LV�KROORZ�VKRXOG�EH�VXIILFLHQW�WR�VDQFWLRQ�WKH�JHQHUDWLRQ�RI�WKH�VSDFH
GHILQHG�E\�WKDW�REMHFW���)XUWKHUPRUH��VWDWLQJ�DGGLWLRQDOO\�WKDW�WKH�REMHFW�GHILQHV�D�VSDFH�LV�UHGXQGDQW�
*5$,/�UHSUHVHQWV�WKHVH�IDFWV�DV�IROORZV���7KH�NH\ZRUG�WRSLF1HFHVVDULO\��GHQRWHV�D�XQL�GLUHFWLRQDO
QHFHVVDU\�VWDWHPHQW��

�6WUXFWXUH�ZKLFK*�KDV7RSRORJ\�KROORZ�
VHQVLEO\$QG7RSLF1HFHVVDULO\�GHILQHV6SDFH�6SDFH�

�6SDFH�ZKLFK*�LV'HILQHG%\
�6WUXFWXUH�ZKLFK*�KDV7RSRORJ\�KROORZ��

QDPH�&DYLW\�

6WRPDFK�WRSLF1HFHVVDULO\�KDV7RSRORJ\�KROORZ�

)URP�WKHVH�VWDWHPHQWV�LW�IROORZV�WKDW�6WRPDFK�LV�FODVVLILHG�XQGHU��6WUXFWXUH�ZKLFK*�KDV7RSRORJ\�KROORZ�
DQG�KHQFH�GHILQHV�D�6SDFH�QDPHG�D�&DYLW\�
+RZHYHU��ZHUH�ZH�WR�UHTXHVW�WKH�FDWHJRU\�6WRPDFK�ZKLFK�GHILQHV6SDFH�&DYLW\�WKH�V\VWHP�ZRXOG
VLPSO\�UHWXUQ�6WRPDFK��VLQFH�WKH�QHFHVVDU\�VWDWHPHQW�KDV�DOUHDG\�DGGHG�WKH�FULWHULRQ
GHILQHV6SDFH�6SDFH�WR�WKH�GHVFULSWLRQ�RI�6WRPDFK��DQG�VLQFH�WKH�GHILQLWLRQ�RI�&DYLW\�LV�VLPSO\�WKDW�LW�LV�D
6SDFH�GHILQHG�E\�D�KROORZ�REMHFW�

6XFK�VLPSOH�RQH�VWDJH�RU�WZR�VWDJH�LQIHUHQFHV�DUH�HVVHQWLDO�WR�FDSWXUH�WKH�VHQVH�RI�PXFK�WHUPLQRORJ\
DQG�DFKLHYH�LQWXLWLYH�EHKDYLRXU�IURP�WKH�V\VWHP���+RZHYHU��WKH\�DUH�GLIILFXOW�RU�LPSRVVLEOH�WR
FDSWXUH�ZLWK�PRVW�GHVFULSWLRQ�ORJLFV�RU�ZLWK�&RQFHSWXDO�*UDSKV�ZLWKRXW�UHVRUW�WR�WKH�©$�%R[ª�ZKLFK
GRHV�QRW�QRUPDOO\�DIIHFW�FODVVLILFDWLRQ�RI�FDWHJRULHV���8VH�RI�VXFK�LQIHUHQFH�PXVW�EH�OLPLWHG��KRZHYHU�
WR�VKRUW�FKDLQV�RU�LW�ZLOO�KDYH�DQ�XQDFFHSWDEOH�LPSDFW�RQ�SHUIRUPDQFH�

����� /HYHOV�RI�VSHFLILFDWLRQ
%HFDXVH�*5$,/�DYRLGV�WKH�XVH�RI�WKH�FODVV�LQVWDQFH�ERXQGDU\�WR�LQGLFDWH�WKH�FULWLFDO�OHYHO�RI
VSHFLDOLVDWLRQ�RU�©VSHFLILFDWLRQª��IRU�DQ�DSSOLFDWLRQ��WKH�GHJUHH�RI�VSHFLDOLVDWLRQ�RI�D�FDWHJRU\�PXVW�EH
PRGHOOHG�H[SOLFLWO\�LQ�*5$,/�UDWKHU�WKDQ�LPSOLHG�E\�WKH�FODVV�LQVWDQFH�GLVWLQFWLRQ���7KH�SULPDU\
DQDWRPLFDO�FRQFHSW�RI�VSHFLILFDWLRQ�LV�WKH�GHJUHH�WR�ZKLFK�D�JLYHQ�VWUXFWXUH�LV�XQLTXH�LQ�WKH�ERG\�¦
WKH�§OLYHU¨��§ULJKW�NLGQH\¨��§OHIW�IRXUWK�ILQJHU¨�DUH�HDFK�XQLTXHO\�VSHFLILHG�DOWKRXJK�WKH�ILUVW�LV
DWRPLF��DQG�WKH�UHPDLQGHU�DUH�FRPSRVLWHV�ZLWK�LQFUHDVLQJO\�FRPSOH[�SDWWHUQV�RI�VHOHFWRUV���'HJUHH�RI
VSHFLILFDWLRQ�LV�DSSOLHG�XVLQJ�QHFHVVDU\�OHYHO�VWDWHPHQWV��H�J�

�)LQJHU�ZKLFK�� KDV2UGLQDO3RVLWLRQ�2UGLQDO9DOXH7\SH
KDV/DWHUDOLW\�ODWHUDOLW\9DOXH7\SH!�

QHFHVVDULO\�KDV6SHFLILFDWLRQ/HYHO�XQLTXHO\6SHFLILHG�

7KH�DQDWRPLF�OHYHO�LV�LQWHQGHG�WR�GLVWLQJXLVK�EHWZHHQ�WKH�OHYHO�ZKLFK�ZRXOG�XVXDOO\�EH�DGHTXDWH�LQ
D�UHWULHYDO�RI�HSLGHPLRORJLFDO�VWDWHPHQW�¦�H�J��§LQMXU\�WR�ILQJHU¨�¦�ZLWK�WKH�GHJUHH�RI�VSHFLILFDWLRQ
UHTXLUHG�LQ�D�PHGLFDO�UHFRUG�RU�LQVWUXFWLRQ�WR�D�VXUJHRQ�¦�§LQMXU\�WR�OHIW�IRXUWK�ILQJHU¨�
,Q�DGGLWLRQ��GLIIHUHQW�DSSOLFDWLRQV�UHTXLUH�GLIIHUHQW�PHDVXUH�RI�WKH�GHJUHH�RI�VSHFLILFDWLRQ�IRU
GLIIHUHQW�SXUSRVHV���(DFK�DSSOLFDWLRQ�FDQ�GHILQH�DQDORJRXV�DSSOLFDWLRQ�VSHFLILF�OHYHOV�RI�VSHFLILFDWLRQ
ZLWKRXW�FRPSURPLVLQJ�WKH�UH�XVDELOLW\�RI�WKH�PRGHO��H�J�

�+HSDWLWLV�ZKLFK�KDV&DXVH�9LUXV�
QHFHVVDULO\�KDV$SSOLFDWLRQ6SHFLILFDWLRQ/HYHO

�DGHTXDWHO\6SHFLILHG�ZKLFK�LV:LWK5HVSHFW7R�$SSOLFDWLRQ6FKHPD��
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��� *HQHUDO�,VVXHV
����� 'XDOLWLHV

0DQ\�PHGLFDO�SKHQRPHQD�FRPH�LQ�SDLUV���7KH�PRVW�FRPPRQ�SDLULQJ�LV�SURFHVV�DQG�OHVLRQ��H�J�
§XOFHUDWLRQ¨�DQG�§XOFHU¨���2IWHQ�WKH�VDPH�ZRUG�LV�XVHG�IRU�ERWK�PHPEHUV�RI�WKH�SDLU��H�J���§HURVLRQ¨
�D�SURFHVV��DQG�§HURVLRQ¨��D�OHVLRQ����2IWHQ��FRPPRQ�XVDJH�EOXUV�WKH�GLVWLQFWLRQ���)RU�H[DPSOH�ZH
VSHDN�ERWK�RI�§JDVWULWLV¨�DV�LI�LW�ZHUH�D�SURFHVV�¦�§ZRUVHQLQJ¨��§SURJUHVVLYH¨��§FKURQLF¨��HWF��¦�DQG
RI�§JDVWULWLV¨�DV�VRPHWKLQJ�ZKLFK�FDQ�EH�VHHQ�WKURXJK�D�JDVWURVFRSH��KDV�D�GLDPHWHU�DQG�D�FRORXU�¦
FOHDUO\�D�SK\VLFDO�OHVLRQ�

7KH�SKHQRPHQRQ�LV�TXLWH�JHQHUDO�DQG�QRW�OLPLWHG�WR�SDWKRORJLFDO�OHVLRQV��H�J��FRQVLGHU�WKH�SURFHVV�RI
§VHFUHWLRQ¨�DQG�WKH�§VHFUHWLRQ¨�ZKLFK�LV�LWV�RXWFRPH���/DQJXDJH�EOXUV�WKHVH�GLVWLQFWLRQV�LQ�VRPH
FDVHV�DQG�HPSKDVLVHV�WKHP�LQ�RWKHUV�¦�H�J��WKHUH�LV�D�FOHDU�GLVWLQFWLRQ�LQ�PRVW�ODQJXDJHV�EHWZHHQ
§YLUDO�KHSDWLWLV¨�DQG�§KHSDWLWLV�YLUXV¨����$�IRUPDO�PRGHO�PXVW�HLWKHU�PLUURU�WKLV�SDWWHUQ�RI�EOXUULQJ
DQG�GLVWLQJXLVKLQJ�RU�SURYLGH�IRUPDO�WUDQVIRUPDWLRQV�EHWZHHQ�WKH�GLIIHUHQW�IRUPV���,I�LW�LV�WR�EH
LQGHSHQGHQW�RI�VXUIDFH�ODQJXDJH��LW�PXVW�GR�VR�LQ�D�ZD\�ZKLFK�GRHV�QRW�FRPPLW�LW�WR�WKH�XVDJH�LQ
DQ\�RQH�OLQJXLVWLF�FRPPXQLW\���7KH�&25(�0RGHO�XVHV�WKH�DWWULEXWHV�KDV6SHFLILF2XWFRPH�
KDV6SHFLILF&DXVH�HWF��DQG�PDNHV�DQ�DUELWUDU\��EXW�FRQVLVWHQW��FKRLFH�WR�WUHDW�SURFHVVHV�DQG�RUJDQLVPV
DV�SULPLWLYH�

����� ,QWHUSUHWDWLRQ�RI�HVVHQWLDO�FULWHULD�DQG�QHFHVVDU\�VWDWHPHQWV
6WDWHPHQWV�VXFK�DV�+DQG�QHFHVVDULO\�LV'LYLVLRQ2I�8SSHU([WUHPLW\�VRPHWLPHV�FDXVH�FRQIXVLRQ�
4XHVWLRQV�DUH�DVNHG�VXFK�DV�§:KDW�LI�WKH�KDQG�LV�VHYHUHG�¨��$�NH\�IHDWXUH�RI�*$/(1ªV�PRGHOOLQJ
VW\OH�LV�WR�DYRLG�VXFK�FRQXQGUXPV���:KDW�LV�EHLQJ�UHSUHVHQWHG�LV�WHUPLQRORJ\�RU�§ZKDW�FDQ�EH�VDLG¨�
(YHQ�LI��WKH�KDQG�KDV�EHHQ�VHYHUHG��LW�LV�VWLOO�UHDVRQDEOH�WR�WDON�DERXW�LW�¦�H�J��WR�H[SUHVV�WKH�IDFW�WKDW
WKH�KDQG�ZKLFK�LV�SDUW�RI�WKH�OHIW�XSSHU�H[WUHPLW\�LV�VHYHUHG���$FWXDO�DWWDFKPHQW�PXVW�EH�H[SUHVVHG
E\�D�GLIIHUHQW�DWWULEXWH���7KH�VDPH�SDWWHUQ�KROGV�IRU�DOO�DQDORJRXV�FDVHV�

����� ([WHUQDO�UHDVRQHUV��6SDWLDO�DQG�7HPSRUDO�5HDVRQLQJ

*5$,/�VXSSRUWV�UHDVRQLQJ�IRU�WUDQVLWLYH�UHODWLRQV�DQG�WKH�VSHFLDOLVHG%\�FRQVWUXFW���7KHVH�FDQ�EH�XVHG
WR�SURYLGH�D�EDVLF�PRGHO�IRU�SDUW�ZKROH�UHODWLRQV�DQG�VRPH�DVSHFWV�RI�WHPSRUDO�LQFOXVLRQ���+RZHYHU�
GHWDLOHG�VSDWLDO�DQG�WHPSRUDO�UHDVRQLQJ�FRQFHUQLQJ�FRQWLJXLW\��PDQLSXODWLRQ�RI�WHPSRUDO�LQWHUYDOV
DQG�HYHQWV��HWF��LV�QRW�SDUW�RI�WKH�*5$,/�ODQJXDJH�LWVHOI���7KH�FRQFHSWV�UHTXLUHG�IRU�VXFK�UHDVRQLQJ
FDQ�XVXDOO\�EH�PRGHOOHG�LQ�*5$,/��EXW�WKHLU�LPSOLFDWLRQV�DQG�LQWHUUHODWLRQV�DUH�WKH�SURYLQFH�RI
VSHFLDOLVHG�UHDVRQHUV�ZKLFK�XVH�WKH�WHUPLQRORJ\�UDWKHU�WKDQ�RI�WKH�WHUPLQRORJLFDO�UHDVRQLQJ�LWVHOI�
*5$,/�VHHNV�WR�SURYLGH�DQ�DSSOLFDWLRQ�LQGHSHQGHQW�IUDPHZRUN�IRU�WHUPLQRORJ\�ZKLFK�FDQ�EH�XVHG
E\�VXFK�DSSOLFDWLRQ�VSHFLILF�UHDVRQLQJ�V\VWHPV�

����� 8VH�DV�DQ�LQWHUOLQJXD��VHSDUDWLRQ�RI�DSSOLFDWLRQ�VSHFLILF�DQG�UH�XVDEOH�QRWLRQV

7KH�RULJLQDO�LGHD�RI�FRQYHUVLRQ�EHWZHHQ�FRGLQJ�V\VWHPV�YLD�DQ�LQWHUOLQJXD�HQYLVDJHG�D�VLQJOH�©EHVWª
PDSSLQJ���([SHULHQFH�KDV�VKRZQ�WKDW�WKH�©EHVWª�VWUDWHJ\�IRU�PDSSLQJ�GHSHQGV�RQ�WKH�DSSOLFDWLRQ�
)RU�H[DPSOH��PDSSLQJV�IRU�ELEOLRJUDSKLF�VHDUFKHV�JHQHUDOO\�VKRXOG�EH�DV�LQFOXVLYH�DV�SRVVLEOH
0DSSLQJV�IRU�DXWRPDWLF�HQFRGLQJ�IRU�VWDQGDUG�UHWXUQV�DOPRVW�DOZD\V�UHTXLUH�DQ�DGGLWLRQDO
UHDVRQLQJ�PRGXOH�WR�WDNH�WKH�FDQGLGDWHV�DQG�UHILQH�WKHP���0DSSLQJ�IRU�VRPH�PHGLFDO�UHFRUG
SXUSRVHV�UHTXLUHV�WDNLQJ�WKH�QHDUHVW�PDWFK�EDVHG�RQ�D�FRXQW�RI�WKH�QXPEHU��DQG�SHUKDSV�WKH�SULRULW\
RI��WKH�FULWHULD�FRQWDLQHG�LQ�WKH�YDULRXV�DYDLODEOH�FRGHV���,Q�HDFK�FDVH�WKH�ILUVW�VWHS�LV�WR�WKH�VWDQGDUG
*5$,/�RSHUDWLRQ�RQ�H[WULQVLF�VWDWHPHQWV�WR�ILQG�WKH�VHW�RI�PRVW�VSHFLILF�PDSSLQJV�WR�FRGHV�
6XEVHTXHQW�SURFHVVLQJ�LV�DSSOLFDWLRQ�VSHFLILF�

��� 6SHFLDO�LVVXHV�LQ�PHGLFDO�DSSOLFDWLRQV
����� 0DSSLQJ�WR�H[LVWLQJ�QRPHQFODWXUHV�DQG�FRGLQJ�V\VWHPV��&OLQLFDO6LWXDWLRQV��SUHVHQFH�DQG

DEVHQFH��DQG�§V\QGURPHV¨

3UH�H[LVWLQJ�QRPHQFODWXUHV�DQG�FRGLQJ�V\VWHPV�RIWHQ�SUHVHQW�VSHFLDO�SUREOHPV���7KH�VROXWLRQ�WR�WZR
RI�WKHVH�SUREOHPV�ZLWK�UHVSHFW�WR�VWDQGDUG�FOLQLFDO�FRGLQJ�V\VWHPV�IXUWKHU�LOOXVWUDWHV�WKH�IHDWXUHV�RI
*5$,/����7KH�ILUVW�SUREOHP�FRQFHUQV�FRQVWUXFWV�ZKLFK�DUH�FRPPRQ�LQ�WKH�,QWHUQDWLRQDO�&ODVVLILFDWLRQ
RI�'LVHDVHV��,&'��ZKLFK�FRQWDLQ�H[SUHVVLRQV�VXFK�DV�§ZLWK¨�DQG�§ZLWKRXW¨��IRU�H[DPSOH�,&'�����
§$FXWH�JDVWULF�XOFHU�ZLWK�KDHPRUUKDJH�DQG�SHUIRUDWLRQ¨�>��@�RU�6120('�'��������§*DVWULF�XOFHU
ZLWK�KDHPRUUKDJH�DQG�SHUIRUDWLRQ�EXW�ZLWKRXW�REVWUXFWLRQ¨�>��@���7KHVH�FRQVWUXFWV�SUHVHQW�WZR
GLIILFXOWLHV�
‡ 7KH\�UHIHU�WR�PRUH�WKDQ�RQH�FRQFHSW�
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‡ 7KH\�LQYROYH�QHJDWLRQ�

7KH�*$/(1�&RUH�PRGHO�VROYHV�WKH�SUREOHP�WKDW�,&'�FRGHV�FDQ�PDS�WR�PRUH�WKDQ�D�VLQJOH�FRQFHSW
E\�PDSSLQJ�DOO�,&'�FRGHV��WR�FOLQLFDO�VLWXDWLRQV�UDWKHU�WKDQ�SK\VLRORJLFDO�VWUXFWXUHV�RU�SURFHVVHV�
7KH�WHUPV�§ZLWK�DQG�ZLWKRXW¨�DUH�FRSHG�ZLWK�E\�LQVHUWLQJ�§SUHVHQFH¨�RU�§DEVHQFH¨�DV�VWDWHV���+HQFH
§8OFHU�ZLWK�KDHPRUUKDJH�EXW�ZLWKRXW�SHUIRUDWLRQ¨�EHFRPHV�

&OLQLFDO�6LWXDWLRQ�ZKLFK��
VKRZV��SUHVHQFH�ZKLFK�LV6WDWH2I�8OFHU�
VKRZV��SUHVHQFH�ZKLFK�LV6WDWH2I�+DHPRUUKDJH�
VKRZV��DEVHQFH�ZKLFK�LV6WDWH2I�3HUIRUDWLRQ�!

7KH�DERYH�H[SUHVVLRQ�ZLOO�EH�FODVVLILHG�XQGHU�DQ\�FRGH�VKRZLQJ�WKH�§XOFHU¨��§SUHVHQFH�RI
KDHPRUUKDJH¨�RU�WKH�§DEVHQFH�RI�SHUIRUDWLRQ¨���1RWH�WKDW�LW�LV�FULWLFDO�WR�XVH�3UHVHQFH2U$EVHQFH�ZKLFK
LV6WDWH2I�&RQGLWLRQ�UDWKHU�WKDQ�&RQGLWLRQ�ZKLFK�KDV6WDWH�3UHVHQFH2U$EVHQFH�EHFDXVH�&RQGLWLRQ�Ø
&RQGLWLRQ�ZKLFK�KDV6WDWH�DEVHQFH�¦�IRU�H[DPSOH�WKDW�§XOFHU¨�VXEVXPHV�§DEVHQW�XOFHUV¨�¦�ZKLFK�VHHPV
DW�OHDVW�SHFXOLDU�

$�IXUWKHU�SUREOHP�LQ�H[LVWLQJ�QRPHQFODWXUHV�LV�WKDW�FOLQLFLDQV�WUHDW�WKH�ORRVH�DVVRFLDWLRQ�UHSUHVHQWHG
E\� &OLQLFDO6LWXDWLRQ�GLIIHUHQWO\�IURP�KRZ�WKH\�WUHDW�VWDQGDUG�©V\QGURPHVª�¦�DVVRFLDWLRQV�RI
FRQGLWLRQV�EHOLHYHG�WR�KDYH�D�FRPPRQ��EXW�RIWHQ�XQNQRZQ��FDXVH�
7KH�FRQVWUXFW�ZKLFK�H[SUHVVHV�WKH�LGHD�RI�©V\QGURPHª�LV�VKRZQ�EHORZ�

LV6WDWH2I�VSHFLDOLVHG%\�LQFOXGHV

WKHUHIRUH�
SUHVHQFH��ZKLFK�LV6WDWH2I�&RQGLWLRQ�Ø

SUHVHQFH��ZKLFK��LV6WDWH2I��6\QGURPH�ZKLFK�LQFOXGHV�&RQGLWLRQ�

+HQFH��IRU�H[DPSOH��FRQVLGHU�D�FRPSOH[�V\QGURPH�VXFK�DV�©WHWURORJ\�RI�IDORWª�FRQVLVWLQJ�RI�IRXU
DVVRFLDWHG�FRQGLWLRQV���7KLV�FDQ�EH�FDSWXUHG�DQG�UHODWHG�WR�DQ�DSSURSULDWH�,&'�FRGH�E\�

������&OLQLFDO�6LWXDWLRQ�ZKLFK�VKRZV��SUHVHQFH�ZKLFK
LV6WDWH2I���6\QGURPH�ZKLFK��

LQFOXGHV�9HQWULFXODU6HSWDO'HIHFW
LQFOXGHV�3XOPRQDU\6WHQRVLV
LQFOXGHV�5LJKW9HQWULFXODU+\SHUWURSK\
LQFOXGHV�$RUWLF2YHUULGLQJ!���

8VLQJ�WKH�ILUVW�WHPSODWH�IURP�)LJ�����LW�IROORZV�WKDW�WKH�DERYH�FDWHJRU\�LV�VXEVXPHG�E\�
&OLQLFDO6LWXDWLRQ�ZKLFK��VKRZV��SUHVHQFH�ZKLFK��LV6WDWH2I�9HQWULFXODU6HSWDO'HIHFW�

+HQFH�WKH�FRGH�IRU�§WHWURORJ\�RI�IDORW¨�LV�VXEVXPHG�XQGHU�WKDW�IRU�§YHQWULFXODU�VHSWDO�GHIHFWV¨�

����� :KDW�LV�D�GLVHDVH"

7KH�PHGLFDO�QRWLRQ�RI�§GLVHDVH¨�RU�§GLVRUGHU¨�LV�GLIILFXOW�WR�FDSWXUH�LQ�D�VWURQJO\�W\SHG�ODQJXDJH
VXFK�DV�*5$,/�EXW�HVVHQWLDO�WR�LQWXLWLYH�UHWULHYDO�RI�PHGLFDO�FRQFHSWV���§'LVHDVHV�RI�WKH�KHDUW¨�
§GLVRUGHUV�RI�WKH�NLGQH\¨�RU�§GLVRUGHUV�RI�FLUFXODWLRQ¨�DUH�LPSRUWDQW��EXW�KHWHURJHQHRXV�FRQFHSWV
LQFOXGLQJ�OHVLRQV��SURFHVVHV��DEQRUPDO�IHDWXUHV�DQG�VWDWHV�
7R�DFKLHYH�WKLV�WKH�*$/(1�&25(�0RGHO�LQWURGXFHV�WZR�VSHFLDO�DEVWUDFWLRQV�
‡ $Q�HQWLW\�ZKLFK�VXEVXPHV�6WUXFWXUH��3URFHVV��)HDWXUH�DQG�6WDWH��FXUUHQWO\�QDPHG�3KHQRPHQRQ�
‡ $Q�DWWULEXWH�ZKLFK�VXEVXPHV�LV6WDWH2I��LV)HDWXUH2I��KDV/RFDWLRQ��LV)XQFWLRQ2I��DQG�DFWV2Q�

FXUUHQWO\�NQRZQ�DV�LV2I�RU�KDV/RFDWLYH$WWULEXWH�

)URP�WKHVH�FRQVWUXFWV�ZH�FDQ�WKHQ�GHILQH�'LVHDVH�E\�

�3KHQRPHQRQ�ZKLFK*�KDV3DWKRORJLFDO6WDWXV�SDWKRORJLFDO��QDPH�'LVHDVH�

'LVHDVH2I7KH+HDUW�WKHQ�EHFRPHV�VLPSO\�
'LVHDVH�ZKLFK*��LV2I�+HDUW�

1RWH�WKDW�WKLV�VWLOO�GRHV�QRW�FRPSOHWHO\�FDSWXUH�WKH�FRPPRQ�QRWLRQ�RI�§KHDUW�GLVHDVH¨�IRXQG�LQ
H[LVWLQJ�FODVVLILFDWLRQV���)RU�H[DPSOH�§SRVW�P\RFDUGLDO�V\QGURPH¨�LV�FDXVHG�E\�D�FDUGLDF�FKDQJHV
UDWKHU�WKDQ�ORFDWHG�LQ�WKH�KHDUW���:H�KDYH�VR�IDU�EHHQ�UHOXFWDQW�WR�HOLGH�FDXVDWLRQ�DQG�ORFDWLRQ��VR
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WKDW�FHUWDLQ�,&'�FKDSWHU�KHDGLQJV�PXVW�PDS�WR�WZR�RU�PRUH�SRLQWV�LQ�WKH�*$/(1�WD[RQRP\��RQH�IRU
FDXVH�DQG�WKH�RWKHU�IRU�ORFDWLRQ�

����� ©([WULQVLF�NQRZOHGJHª��:K\�GLDJQRVWLF�FULWHULD�DUH�QRW�WHUPLQRORJLFDO

7KH�JRDO�RI�WKH�*$/(1�&RPPRQ�UHIHUHQFH�PRGHO�LV�WR�FDSWXUH�WKH�©WHUPLQRORJLFDOª�SDUW�RI�FOLQLFDO
NQRZOHGJH���7KH�GLVWLQFWLRQ�LV�QRW�HDV\�WR�GHILQH���7HFKQLFDOO\��WKH�ERXQGDULHV�DUH�GUDZQ�DW�WKH�OLPLWV
RI�ZKDW�FDQ�EH�UHSUHVHQWHG�ZLWKLQ�D�VHW�RI�FRQVWUXFWV���2UJDQLVDWLRQDOO\�LW�LV�VHW�E\�ZKHUH�FRQVHQVXV
FDQ�EH�UHDFKHG���3UDJPDWLFDOO\��WKHUH�LV�RIWHQ�D�URXJK�FRUUHVSRQGHQFH���)RU�H[DPSOH�WKH�FODVVLILFDWLRQ
RI�§UKHXPDWRLG�DUWKULWLV¨�DV�DQ�LQIODPPDWRU\�DUWKULWLV�LV�XQFRQWURYHUVLDO���+RZHYHU��YDULRXV
GLIIHUHQW�FOLQLFDO�JURXSV�KDYH�HVWDEOLVKHG�YDULRXV�GLDJQRVWLF�FULWHULD�EDVHG�RQ�VFRULQJ�V\VWHPV�¦�ILYH
RXW�RI�VHYHQ�VHW�RI�VHYHQ�FULWHULD�IRU�RQH��VL[�RXW�RI�WHQ�IRU�DQRWKHU��HWF��7R�UHTXLUH�FRQVHQVXV�RQ�WKH
GLDJQRVWLF�FULWHULD�EHIRUH�ZH�FDQ�DJUHH�D�WHUPLQRORJ\�LV�IUXLWOHVV���&RLQFLGHQWDOO\��WKRXJK�WKH
LQGLYLGXDO�FULWHULD�FDQ�EH�UHSUHVHQWHG�LQ�*5$,/��QRWLRQV�VXFK�DV�§ILYH�RXW�RI�VHYHQ¨�FDQQRW�EH�
+HQFH�ZH�WDNH�§LQIODPPDWRU\�DUWKULWLV¨�DV�WHUPLQRORJLFDO�DQG�WKH�GLDJQRVWLF�FULWHULD�DV�©H[WULQVLFª
UHTXLULQJ�D�VHSDUDWH��SRVVLEO\�DSSOLFDWLRQ�VSHFLILF�UHDVRQHU���7KH�RYHUDOO�K\SRWKHVLV�LV�WKDW�WKH�WZR
WHVWV�PDWFK�ZHOO�HQRXJK�WR�EH�XVHIXO�

�� 'LVFXVVLRQ�DQG�([SHULHQFH
��� &KRLFH�RI�IHDWXUHV
*5$,/�KDV�EHHQ�KLJKO\�VXFFHVVIXO�LQ�VXSSRUWLQJ�WKH�SULPDU\�VWUDWHJ\�LQ�WKLV�PRGHOOLQJ�VW\OH¦
©FRRUGLQDWLQJ�WD[RQRPLHVª���,W�RYHUFRPHV�PDQ\�VKRUWFRPLQJV�RI�RWKHU�ODQJXDJHV�LQ�VXSSRUWLQJ�WKH
VHFRQG�NH\�VWUDWHJ\�¦�©EULGJLQJ�OHYHOV�RI�GHWDLOª�¦�EXW�LW�UHTXLUHV�IXUWKHU�HQKDQFHPHQW�EHIRUH�LW�FDQ
EH�UHJDUGHG�DV�IXOO\�VXFFHVVIXO�LQ�WKLV�UHJDUG���2YHUDOO�LW�LOOXVWUDWHV�WKDW�WKHUH�LV�D�ZLGHU�UDQJH�RI
SRWHQWLDO�IHDWXUHV�WR�EH�LQFOXGHG�LQ�WHUPLQRORJLFDO�ODQJXDJHV�WKDQ�PLJKW�DW�ILUVW�EH�WKRXJKW�IURP�WKH
OLWHUDWXUH�

7KH�PRVW�VXFFHVVIXO�QRYHO�IHDWXUHV�DUH�
‡ 7KH�H[WHQVLRQV�WR�FODVVLILFDWLRQ�LQ�RUGHU�WR�PDNH�FODVVLILFDWLRQ�RI�FDWHJRULHV�DQG�LQGLYLGXDOV

HTXLYDOHQW�
� WKH�VSHFLDOLVHG%\�PHFKDQLVP�IRU�FRRUGLQDWLQJ�RWKHU�UHODWLRQV�ZLWK�VXEVXPSWLRQ�ZKLFK�KDV

SURYHG�IUXLWIXO�LQ�D�ZLGH�YDULHW\�RI�FRQWH[WV�EH\RQG�LW�RULJLQDO�LQWHQGHG�XVH�LQ
FRRUGLQDWLQJ�SDUWLWLYH�DQG�JHQHULF�UHODWLRQV����2WKHU�PHGLFDO�UHVHDUFKHUV�KDYH�VLQFH
SURSRVHG�VLPLODU�FRQVWUXFWV�>�����@�DQG�LW�LV�DOVR�FORVHO\�UHODWHG�WR�WKH�75$16)(56 �7+58
FRQVWUXFW�IURP�&\F/�>��@�

� 7KH�GLVWLQFWLRQ�EHWZHHQ�GHILQLQJ�DQG�HVVHQWLDO�FULWHULD�ZKLFK�KDV�DOORZHG�OHYHOV�RI�GHWDLO
WR�EH�EULGJHG�WR�D�PXFK�JUHDWHU�GHJUHH�WKDQ�KDG�EHHQ�H[SHFWHG�DQG�KDV�GLVVROYHG
QXPHURXV�RWKHUZLVH�LQWUDFWDEOH�DUJXPHQWV���*5$,/ªV�H[WHQGHG�QRWLRQ�RI�WHUPLQRORJLFDO
UHDVRQLQJ�DOORZV�PRVW�H[LVWLQJ�QRPHQFODWXUHV�WR�EH�PDSSHG�WR�FDWHJRULHV�ZKLFK�DUH
FODVVLILHG�FRUUHFWO\�ZLWKRXW�DG�KRF�SURFHGXUDO�DWWDFKPHQWV�RU�RWKHU�RSDTXH�FRQVWUXFWV�

� 7KH�VXEVWLWXWLRQ�RI�DQ�H[SOLFLWO\�PRGHOOHG�©OHYHO�RI�VSHFLILFDWLRQª�IRU�WKH�DUELWUDU\�GLVWLQFWLRQ
EHWZHHQ�FDWHJRU\�DQG�LQGLYLGXDO��FODVV�DQG�LQVWDQFH��ZKLFK�DYRLGV�DQ�LPSRUWDQW�FODVV�RI
DUELWUDU\�DSSOLFDWLRQ�VSHFLILF�GHFLVLRQV�LQ�WKH�PRGHO�

� 7KH�HDVH�RI�IRUPLQJ�HPEHGGHG�VWUXFWXUHV�DQG�DQRQ\PRXV�W\SHV�ZKLFK�JUHDWO\�VLPSOLILHV�WKH
PRGHOOLQJ�WDVN�

� 7KH�OLPLWDWLRQ�RI�*5$,/�WR�D�VXEVHW�RI�LQIHUHQFH�DQG�WKH�GHPDQG�WKDW�LW�EH�LPSOHPHQWDEOH�
7KLV�H[FOXGHG�DSSURDFKHV�VXFK�DV�WKDW�RI�.,)�2QWROLQJXD�WRRO�NLW�ZKLFK�DUH�GHVLJQHG�DV�D�QRQ�
H[HFXWDEOH�PHDQV�RI�GHVFULELQJ�DQG�WUDQVODWLQJ�RQWRORJLHV�LPSOHPHQWHG�LQ�PRUH�OLPLWHG
H[HFXWDEOH�IRUPDOLVPV�>����������@���/LNHZLVH��*5$,/�PRGHOV�KDYH�QR�DPELWLRQ�WR�EH�FRPSOHWH
WKHRULHV�RI�PHGLFLQH��OHW�DORQH�RI�WKH�ZRUOG��VXFK�DV�WKRVH�IRXQG�LQ�&\F�>������@�

7KH�PRVW�WURXEOHVRPH�RPLVVLRQV�WR�EH�UHFWLILHG�LQ�IXWXUH�YHUVLRQV�DUH�
‡ 7KH�DEVHQFH�RI�DQ\�FRQVWUXFW�IRU�GHILQHG�DWWULEXWHV��GHILQHG�UHODWLRQV��ZKLFK�PDNHV�LW�GLIILFXOW

WR�KLGH�WKH�FRPSOH[LW\�RI�WKH�PRGHO�IURP�XVHUV��7KH�QHHG�IRU�VXFK�D�FRQVWUXFW�LV�LQFUHDVLQJ�DV
WKH�PRGHO�LV�EHLQJ�PDGH�PRUH�JHQHUDO�WR�DFKLHYH�UH�XVDELOLW\�

‡ 7KH�DEVHQFH�RI�D�FRQVWUXFW�DQDORJRXV�WKH�6$0(�$6�RSHUDWRU�LQ�./�21(�RU�WR�F\FOLFDO
FRQFHSWXDO�JUDSKV�ZKLFK�PHDQV�WKDW�FHUWDLQ�FRQVWUXFWV�FDQ�RQO\�EH�H[SUHVVHG�LPSUHFLVHO\�
&OLQLFDOO\�SODXVLEOH�H[DPSOHV�RI�VXFK�FRQVWUXFWV�DUH�UDUH�LI�WKH�UHSUHVHQWDWLRQ�LV�FRQILQHG�WR�D
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VLQJOH�OHYHO�RI�GHWDLO�EXW�EHFRPH�LQFUHDVLQJO\�FRPPRQ�DV�PRGHOV�DWWHPSW�WR�EULGJH�PXOWLSOH
OHYHOV�RI�GHWDLO�

‡ 7KH�DEVHQFH�RI�QHJDWLRQ�DOWKRXJK�LW�KDV�SURYHG�OHVV�RI�D�SUREOHP�WKDQ�DQWLFLSDWHG�EHFDXVH�RI
WKH�GHYHORSPHQW�RI�WKH�©ZRUN�DURXQGVª�LQ�WKH�PRGHOOLQJ�VW\OH�VXFK�DV�WKH�XVH�RI�SUHVHQFH�DQG
DEVHQFH���+RZHYHU��DOWKRXJK�WKH�XVH�RI�QHJDWLRQ�FDQ�EH�OLPLWHG�LQ�IRUPXODWLQJ��FRQFHSWV��LW�LV
HVVHQWLDO�LQ�H[SUHVVLQJ�DQG�TXHU\LQJ�HQWULHV�LQ�PHGLFDO�UHFRUGV���,PSOHPHQWLQJ�OLPLWHG
FRQVWUXFWV�IRU�QHJDWLRQ�LV�QRZ�D�SULRULW\�

:KHWKHU�RU�QRW�WKH�OLPLWDWLRQV�RQ�FDUGLQDOLW\�DUH�D�VHULRXV�SUREOHP�UHPDLQV�FRQWURYHUVLDO����7KHUH�LV
QR�GRXEW�WKDW�IRU�VRPH�DSSOLFDWLRQV�RXWVLGH�WKH�LQLWLDO�WDUJHW�GRPDLQ�RI�FOLQLFDO�WHUPLQRORJ\��PRUH
VRSKLVWLFDWHG�QRWLRQV�RI�FDUGLQDOLW\�DQG�VHWV�DUH�HVVHQWLDO���7KH�QXPEHU�RI�VLWXDWLRQV�LQ�ZKLFK�WKH\
DUH�UHTXLUHG�WR�UHSUHVHQW�QRWLRQV�LQ�H[LVWLQJ�FOLQLFDO�WHUPLQRORJLHV�UHPDLQV�VXUSULVLQJO\�VPDOO�EXW
QRQHWKHOHVV�D�VRXUFH�RI�LUULWDWLRQ�WR�XVHUV�

7KH�XVH�RI�VDQFWLRQV�WR�FRQVWUDLQ�FRPSRVLWLRQ�VHHPV�QDWXUDO�WR�WKRVH�IDPLOLDU�ZLWK�WKH�XVH�RI
&DQRQLFDO�*UDSKV�LQ�6RZDªV�&RQFHSWXDO�*UDSK�7KHRU\���7KH�XVH�RI�PRUH�WKDQ�RQH�OHYHO�RI�FDQRQLFDO
JUDSK�RU�VDQFWLRQLQJ�VHHPV�D�PRGHVW�H[WHQVLRQ���+RZHYHU��WKH�XVH�RI�VDQFWLRQV�IRU�FRQVWUDLQWV�LV
VLJQLILFDQWO\�GLIIHUHQW�IURP�WKH�XVDJH�LQ�WKH�./�21(�IDPLO\�RI�ODQJXDJHV��DQG�H[SHULHQFH�KDV�VKRZQ
WKDW�LW�FDQ�EH�VXUSULVLQJO\�GLIILFXOW�WR�WUDQVODWH�IURP�RQH�WR�WKH�RWKHU�>��@���7KH�IXQGDPHQWDO�SXUSRVH
RI�WKH�VDQFWLRQLQJ�PHFKDQLVP�LV�WR�FRQVWUDLQ�JHQHULFLW\�WR�VXSSRUW�VRSKLVWLFDWHG�XVHU�LQWHUIDFHV�
:KHWKHU�RU�QRW�DOWHUQDWLYH�DSSURDFKHV�FDQ�EH�IRXQG�DQG�PDGH�HIILFLHQW�UHPDLQV�WR�EH�VHHQ�

��� 6DWLVIDFWLRQ�RI�0RWLYDWLQJ�5HTXLUHPHQWV
5HWXUQLQJ�WR�WKH�LQLWLDO�PRWLYDWLRQV�IRU�GHYHORSLQJ�*5$,/�OLVWHG�LQ�6HFWLRQ�����
� ([SUHVVLYHQHVV�¦�*5$,/�KDV�SURYHG�VXIILFLHQWO\�H[SUHVVLYH�WR�FDSWXUH�WKH�FRQWHQW�RI�H[LVWLQJ

PHGLFDO�WHUPLQRORJLHV�ZLWK�RQO\�UDUH�H[FHSWLRQV���,W�VXSSRUWV�PRGHOOLQJ�FRQYHQWLRQV�FDSDEOH�RI
GHDOLQJ�ZLWK�NQRZQ�DZNZDUG�SUREOHPV�VXFK�DV�WKH�DJJUHJDWLRQ�RI�FRQGLWLRQV�LQ�D�VLQJOH�FRGH
LQ�H[LVWLQJ�FODVVLILFDWLRQV���,Q�JHQHUDO��LW�KDV�EHHQ�SRVVLEOH�WR�ZRUN�DURXQG�WKH�PRVW�LUNVRPH
OLPLWDWLRQV�VXFK�DV�WKH�DEVHQFH�RI�QHJDWLRQ��7KH�PRGHO�QRZ�FRYHUV�DOPRVW�DOO�RI�WKH�JDVWUR�
LQWHVWLQDO�DQG�FDUGLRORJ\�VHFWLRQV�RI�6120('�DQG�,&'���SOXV�D�ZLGH�UDQJH�RI�FRPPRQ
FRQGLWLRQV��VLJQV��V\PSWRPV��DQG�DVVRFLDWHG�GLVRUGHUV�DQG�LV�SURYLQJ�VXIILFLHQW�IRU�D
FRPPHUFLDO�GDWD�HQWU\�V\VWHP�IRU�FRPPRQ�FRQGLWLRQV�LQ�JHQHUDO�SUDFWLFH�

� 5H�XVDELOLW\�DQG�DSSOLFDWLRQ�LQGHSHQGHQFH�¦�)XOO�GHPRQVWUDWLRQ�RI�UH�XVDELOLW\�PXVW�DZDLW�D�ZLGHU
UDQJH�RI�DSSOLFDWLRQV�ZKLFK�XVH�WKH�*$/(1�&25(�0RGHO���+RZHYHU��*5$,/�KDV�EHHQ
VXFFHVVIXO�LQ�RYHUFRPLQJ�D�QXPEHU�RI�LGHQWLILHG�EDUULHUV�WR�UH�XVH�LQ�RWKHU�IRUPDOLVPV��DQG�WKH
VDPH�KLJK�OHYHO�VFKHPDWD�VXSSRUW�VHYHUDO�GLIIHUHQW�FOLQLFDO�GDWD�HQWU\�V\VWHPV�DQG�WKH
GHVFULSWLRQ�RI�VHYHUDO�GLIIHUHQW�H[LVWLQJ�FRGLQJ�V\VWHPV�

‡ ([WHQVLELOLW\�¦�7KH�DELOLW\�WR�QDPH�DQG�FODVVLI\�GHWDLOHG�FRQFHSWV�IURP�D�UHVWULFWHG�*5$,/�EDVLV
IRUPV�D�SRZHUIXO�PHWKRG�RI�H[WHQVLRQ���7KH�VWURQJ�FRQVWUDLQWV�LQ�WKH�ODQJXDJH�DOVR�PHDQ�WKDW
PDQ\�DVSHFWV�RI�PRGHOOLQJ�VW\OH�FDQ�EH�HQIRUFHG�VR�WKDW�QHZ�GHWDLOHG�FRQFHSWV�FDQ�EH
LQWURGXFHG�ZLWK�FRQILGHQFH�

� *HQHULFLW\�DQG�DELOLW\�WR�VXSSRUW�GLUHFW�GDWD�HQWU\�E\�FOLQLFLDQV�¦�6XSSRUW�IRU�GLUHFW�GDWD�HQWU\�DQG
JHQHUDWLRQ�LV�*5$,/ªV�PDMRU�VXFFHVV���8VHU�LQWHUIDFHV�EDVHG�RQ�*5$,/�KDYH�EHHQ�LPSOHPHQWHG
LQ�VHYHUDO�DUHDV�DQG�DUH�QRZ�EHLQJ�GHYHORSHG�FRPPHUFLDOO\����$XWRPDWLF�JHQHUDWLRQ�DV�DQ�DLG
WR�IRUPXODWLRQ�RI�FODVVLILFDWLRQ�V\VWHPV�KDV�EHHQ�GHPRQVWUDWHG�LQ�SURWRW\SHV�DQG�ZLOO�EH�SXW�WR
SUDFWLFDO�WHVW�RQ�D�VLJQLILFDQW�VFDOH�LQ�WKH�QH[W�SKDVH�RI�WKH�SURMHFW�

‡ &RPSXWDWLRQDO�WUDFWDELOLW\�DQG�VFDOLQJ�¦�(PSLULFDO�H[SHULPHQWDWLRQ�LQGLFDWHV�WKDW�FODVVLILFDWLRQ
WLPH�LQ�WKH�FXUUHQW�*5$,/�LPSOHPHQWDWLRQ�LV�DSSUR[LPDWHO\�OLQHDU�ZLWK��WKH�VL]H�RI�WKH�PRGHO
>��@���7KH�FXUUHQW�*$/(1�&25(�PRGHO�FRQWDLQV�RQ�WKH�RUGHU�RI�VHYHQ�WKRXVDQG�FRQFHSWV��DQG
WKH�EDVLV�LPSOLHV�WKH�SRVVLELOLW\�RI�JHQHUDWLQJ�LQGHILQLWHO\�PDQ\�PRUH����3HUIRUPDQFH�LQ�WKH
RULJLQDO�6PDOOWDON�LPSOHPHQWDWLRQ�LV�QRZ�EHFRPLQJ�PDUJLQDO��EXW�SHUIRUPDQFH�LQ�WKH�&��

YHUVLRQ��URXJKO\����WLPHV�IDVWHU��VXJJHVWV�WKDW�PRGHOV�RI�ILYH�WLPHV�WKLV�VL]H�RU�PRUH�DUH
SUDFWLFDO���,Q�DGGLWLRQ��HPSLULFDO�WHVWLQJ�LQGLFDWHV�WKDW�WKH�SHUIRUPDQFH�LV�GLVSURSRUWLRQDWHO\
DIIHFWHG�E\�WKH�EUXWH�IRUFH�LPSOHPHQWDWLRQ�RI�D�IHZ�XQDQWLFLSDWHG�FRQVWUXFWV�VXFK�DV
&OLQLFDO6LWXDWLRQ�ZKLFK�LW�VKRXOG�EH�SRVVLEOH�WR�RSWLPLVH�LQ�IXWXUH�YHUVLRQV�

��� &RQFOXVLRQ
*5$,/�ZDV�GHYHORSHG�EHFDXVH�QR�V\VWHP�ZDV�DYDLODEOH�ZKLFK�SURYLGHG�WKH�FRPELQDWLRQ�RI�IHDWXUHV
UHTXLUHG�DQG�EHFDXVH�H[SHULHQFH�HOVHZKHUH�ZLWK�H[LVWLQJ�V\VWHPV�KDG�FRQILUPHG�WKH�XQVXLWDELOLW\�RI
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WKRVH�V\VWHPV�>��@���0RVW�DFXWHO\��QR�V\VWHP�GHDOW�ZLWK�WKH�LQWHUDFWLRQ�RI�SDUWLWLYH�DQG�RWKHU
WUDQVLWLYH�UHODWLRQV�ZLWK�VXEVXPSWLRQ���7KH�IDFW�WKDW�WKH�LQLWLDO�FRPELQDWLRQ�RI�IHDWXUHV�LQ�LWV
SUHGHFHVVRU�ODQJXDJH��60.�>��@��SURYHG�HIIHFWLYH�DQG�WUDFWDEOH�ZDV�JUDWLI\LQJ�DQG�HYHQ�VXUSULVLQJ�
7KH�ODQJXDJH�KDV�GHYHORSHG�VLQFH�WR�VXSSRUW�D�VW\OH�RI�FRQFHSWXDO�PRGHOOLQJ�ZKLFK�LV�SURYLQJ
HIIHFWLYH�LQ�GHDOLQJ�ZLWK�PHGLFDO�WHUPLQRORJ\�DQG��LQFUHDVLQJO\��EURDGHU�DSSOLFDWLRQV���7KH�EDVLF
VWUDWHJLHV�RI�FRRUGLQDWLQJ�WD[RQRPLHV�DQG�EULGJLQJ�OHYHOV�RI�GHWDLO��DSSHDU�ZLGHO\�DSSOLFDEOH�
,QGHSHQGHQWO\��RYHU�WKH�ODVW�GHFDGH�WKHUH�KDYH�EHHQ�PDMRU�DGYDQFHV�LQ�GHVFULSWLRQ�ORJLFV�DQG
FODVVLILFDWLRQ�DOJRULWKPV���$�QXPEHU�RI�WKH�UHVWULFWLRQV�LQ�*5$,/�PD\�QRZ�EH�XQQHFHVVDU\��DQG�PRUH
SRZHUIXO�DOJRULWKPV�ZLWK�SURYDEOH�UHVXOWV�RQ�FRPSOHWHQHVV�DQG�GHFLGDELOLW\�QRZ�H[LVW�IRU�PDQ\
PRUH�FRPELQDWLRQV�RI�IHDWXUHV����([SHULHQFH�ZLWK�*5$,/�KDV�DOORZHG�XV�WR�PDNH�RXU�UHTXLUHPHQWV
IRU�GHVFULSWLRQ�ODQJXDJHV�IRU�PHGLFDO�WHUPLQRORJ\�PXFK�FOHDUHU���([SHULPHQWV�LQ�QRQ�PHGLFDO
GRPDLQV�FRQYLQFH�XV�WKDW�WKHVH�UHTXLUHPHQWV�DUH�UHOHYDQW�PRUH�ZLGHO\�WKDQ�MXVW�PHGLFLQH�>������@��$
NH\�FKDOOHQJH�LV�WR�LQFRUSRUDWH�DQG�H[WHQG�DGYDQFHV�PDGH�HOVHZKHUH�LQ�RUGHU�WR�SURYLGH�D�VXFFHVVRU
ODQJXDJH�ZKLFK�LV�PRUH�H[SUHVVLYH�DQG�VRXQGO\�EDVHG�ZKLOH�UHWDLQLQJ�WKH�IHDWXUHV�ZKLFK�KDYH�PDGH
*5$,/�VXFFHVVIXO�

5HIHUHQFHV
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>��@�7��5��*UXEHU��7RZDUG�SULQFLSOHV�IRU�WKH�GHVLJQ�RI�RQWRORJLHV�XVHG�IRU�NQRZOHGJH�VKDULQJ�
7HFKQLFDO�5HSRUW�6WDQIRUG��.QRZOHGJH�6\VWHPV�/DERUDWRU\�������

>��@�5��*XKD��'�� /HQDW��(QDEOLQJ�DJHQWV�WR�ZRUN�WRJHWKHU��&RPPXQLFDWLRQV�RI�WKH�$&0����������
��������

>��@�+��+HDWKILHOG��-��.LUE\��'HVLJQLQJ�D�SDWLHQW�UHFRUG�V\VWHP�IRU�HOGHUO\�FDUH����WK�DQQXDO
6\PSRVLXP�RQ�&RPSXWHU�$SSOLFDWLRQV�LQ�0HGLFDO�&DUH��6&$0&�����0F*UDZ�+LOO��:DVKLQJWRQ�
86$����������������

>��@�%��+RUDQ��HW�DO���6XSSRUWLQJ�D�+XPDQO\�,PSRVVLEOH�7DVN��7KH�&OLQLFDO�+XPDQ�&RPSXWHU
(QYLURQPHQW��'��'LDSHUV��HGV���,QWHUDFW�����(OVHYLHU�6FLHQFH�3XEOLVKHUV��%�9�1RUWK�+ROODQG�������
��������

>��@�,��+RUURFNV��0DVWHUV�WKHVLV��8QLYHUVLW\�RI�0DQFKHVWHU��������
>��@�'��%��/HQDW��5��9��*XKD��%XLOGLQJ�/DUJH�.QRZOHGJH�%DVHG�6\VWHPV��5HSUHVHQWDWLRQ�DQG

LQIHUHQFH�LQ�WKH�&\F�3URMHFW��$GGLVRQ�:HVOH\��5HDGLQJ��0$��������
>��@�5��0DF*UHJRU��7KH�HYROYLQJ�WHFKQRORJ\�RI�FODVVLILFDWLRQ�EDVHG�NQRZOHGJH�UHSUHVHQWDWLRQ

V\VWHPV��LQ�3ULQFLSOHV�RI�6HPDQWLF�1HWZRUNV��([SORUDWLRQV�LQ�WKH�UHSUHVHQWDWLRQ�RI�NQRZOHGJH��-�
6RZD��HGV���0RUJDQ�.DXIPDQQ��6DQ�0DWHR��&$����������������

>��@�5��0DF*UHJRU��,QVLGH�WKH�/220�GHVFULSWLRQ�FODVVLILHU��6,*$57�%XOOHWLQ����������������
>��@�)��0DVDULH��5��0LOOHU��2��%RXKDGGRX��1��*LXVH��+��:DUQHU��$Q�LQWHUOLQJXD�IRU�HOHFWURQLF

LQWHUFKDQJH�RI�PHGLFDO�LQIRUPDWLRQ��XVLQJ�IUDPHV�WR�PDS�EHWZHHQ�FOLQLFDO�YRFDEXODULHV�
&RPSXWHUV�LQ�%LRPHGLFDO�5HVHDUFK�������������������

>��@�0��0XVHQ��'LPHQVLRQV�RI�NQRZOHGJH�VKDULQJ�DQG�UHXVH��&RPSXWHUV�DQG�%LRPHGLFDO�5HVHDUFK���
���������������

>��@�0��0XVHQ��$��6FKUHLEHU��$UFKLWHFWXUHV�IRU�LQWHOOLJHQW�V\VWHPV�EDVHG�RQ�UHXVDEOH�FRPSRQHQWV�
$UWLILFLDO�,QWHOOLJHQFH�LQ�0HGLFLQH���������

>��@�0��0XVHQ��6��7X��$��'DV��<��6KDKDU��$�FRPSRQHQW�EDVHG�DUFKLWHFWXUH�IRU�DXWRPDWLRQ�RI
SURWRFRO�GLUHFWHG�WKHUDS\��3��%DUDKRQD��0��6WHIDQHOOL��-��:\DWWV��HGV���)LIWK�FRQIHUHQFH�RQ
$UWLILFLDO�,QWHOOLJHQFH�LQ�0HGLFLQH�(XURSH��$,0(�
�����6SULQJHU��3DYLD��,WDO\�������������

>��@�%��1HEHO��&RPSXWDWLRQDO�&RPSOH[LW\�RI�7HUPLQRORJLFDO�5HDVRQLQJ�LQ�%DFN��$UWLILFLDO�,QWHOOLJHQFH
������������������

>��@�:��1RZODQ��$��5HFWRU��0HGLFDO�.QRZOHGJH�5HSUHVHQWDWLRQ�DQG�3UHGLFWLYH�'DWD�(QWU\��0�
6WHIDQHOOL��$��+DVPDQ��0��)LHVFK��-��7DOPRQV��HGV���$UWLILFLDO�,QWHOOLJHQFH�LQ�0HGLFLQH�(XURSH
�$,0(������6SULQJHU�9HUODJ��0DDVWULFKW����������������
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>��@�:��1RZODQ��$��5HFWRU��6��.D\��%��+RUDQ��$��:LOVRQ��$�3DWLHQW�&DUH�:RUNVWDWLRQ�%DVHG�RQ�D�8VHU
&HQWUHG�'HVLJQ�DQG�D�)RUPDO�7KHRU\�RI�0HGLFDO�7HUPLQRORJ\��3(1	3$'�DQG�WKH�60.
)RUPDOLVP��3��&OD\WRQV��HGV���)LIWHHQWK�$QQXDO�6\PSRVLXP�RQ�&RPSXWHU�$SSOLFDWLRQV�LQ
0HGLFDO�&DUH��6&$0&�����0F*UDZ��+LOO��,QF��:DVKLQJWRQ�'&����������������

>��@�:��$��1RZODQ��&OLQLFDO�ZRUNVWDWLRQ��,GHQWLI\LQJ�FOLQLFDO�UHTXLUHPHQWV�DQG�XQGHUVWDQGLQJ
FOLQLFDO�LQIRUPDWLRQ��,QWHUQDWLRQDO�-RXUQDO�RI�%LR�0HGLFDO�&RPSXWLQJ�����������������

>��@�5��6��3DWLO��5��(��)LNHV��3��)��3DWHO�6FKQHLGHU��'��0F.D\��7��)LQLQ��7��*UXEHU��5��1HFKHV��7KH
'$53$�.QRZOHGJH�6KDULQJ�(IIRUW��3URJUHVV�5HSRUW��3ULQFLSOHV�RI�.QRZOHGJH�5HSUHVHQWDWLRQ
DQG�5HDVRQLQJ��7KLUG�,QWHUQDWLRQDO�&RQIHUHQFH��0RUJDQ�.DXIPDQQ��&DPEULGJH�0$��������

>��@�$��5HFWRU��&RPSRVLWLRQDO�PRGHOV�RI�PHGLFDO�FRQFHSWV��WRZDUGV�UH�XVDEOH�DSSOLFDWLRQ�
LQGHSHQGHQW�PHGLFDO�WHUPLQRORJLHV��LQ�.QRZOHGJH�DQG�'HFLVLRQV�LQ�+HDOWK�7HOHPDWLFV�3�
%DUDKRQD��-��&KULVWHQVHQ��HGV���,26�3UHVV����������������

>��@�$��5HFWRU��&RRUGLQDWLQJ�WD[RQRPLHV��.H\�WR�UH�XVDEOH�FRQFHSW�UHSUHVHQWDWLRQV��3��%DUDKRQD��0�
6WHIDQHOOL��-��:\DWWV��HGV���)LIWK�FRQIHUHQFH�RQ�$UWLILFLDO�,QWHOOLJHQFH�LQ�0HGLFLQH�(XURSH��$,0(

����� 6SULQJHU��3DYLD��,WDO\��������������

>��@�$��5HFWRU��$��*DQJHPL��(��*DOHD]]L��$��*ORZLQVNL��$��5RVVL�0RUL��7KH�*$/(1�&25(�0RGHO
6FKHPDWD�IRU�$QDWRP\��7RZDUGV�D�UH�XVDEOH�DSSOLFDWLRQ�LQGHSHQGHQW�PRGHO�RI�PHGLFDO
FRQFHSWV��3��%DUDKRQD��0��9HORVR��-��%U\DQWV��HGV���7ZHOIWK�,QWHUQDWLRQDO�&RQJUHVV�RI�WKH
(XURSHDQ�)HGHUDWLRQ�IRU�0HGLFDO�,QIRUPDWLFV��0,(������/LVERQ��3RUWXJDO����������������

>��@�$��5HFWRU��$��*ORZLQVNL��:��1RZODQ��$��5RVVL�0RUL��0HGLFDO�FRQFHSW�PRGHOV�DQG�PHGLFDO
UHFRUGV��$Q�DSSURDFK�EDVHG�RQ�*$/(1�DQG�3(1	3$'��-RXUQDO�RI�WKH�$PHULFDQ�0HGLFDO
,QIRUPDWLFV�$VVRFLDWLRQ����������������

>��@�$��5HFWRU��:��1RZODQ��$��*ORZLQVNL��*RDOV�IRU�&RQFHSW�5HSUHVHQWDWLRQ�LQ�WKH�*$/(1�SURMHFW�
��WK�$QQXDO�6\PSRVLXP�RQ�&RPSXWHU�$SSOLFDWLRQV�LQ�0HGLFDO�&DUH��6&$0&������0F*UDZ�+LOO�
��������������

>��@�$��5HFWRU��:��1RZODQ��6��.D\��8QLI\LQJ�0HGLFDO�,QIRUPDWLRQ�XVLQJ�DQ�$UFKLWHFWXUH�%DVHG�RQ
'HVFULSWLRQV��5��0LOOHUV��HGV����WK�$QQXDO�6\PSRVLXP�RQ�&RPSXWHU�$SSOLFDWLRQV�LQ�0HGLFDO
&DUH���6&$0&������,(((�&RPSXWHU�6RFLHW\�3UHVV��:DVKLQJWRQ�'&�����������������

>��@�$��5HFWRU��:��6RORPRQ��:��1RZODQ��7��5XVK��$�7HUPLQRORJ\�6HUYHU�IRU�0HGLFDO�/DQJXDJH�DQG
0HGLFDO�,QIRUPDWLRQ�6\VWHPV��0HWKRGV�RI�,QIRUPDWLRQ�LQ�0HGLFLQH�������������������

>��@�$��5RVVL�0RUL��&(1�3URMHFW�7HDP�37�����0RGHO�IRU�UHSUHVHQWDWLRQ�RI�VHPDQWLFV�LQ�0HGLFLQH�
7HFKQLFDO�5HSRUW�&(1�7&����:*�������

>��@�-��6PDUW��0��5RX[��0HGLFDO�NQRZOHGJH�UHSUHVHQWDWLRQ�IRU�PHGLFDO�UHSRUW�DQDO\VLV��3��%DUDKRQD�
0��6WHIDQHOOL��-��:\DWWV��HGV���)LIWK�FRQIHUHQFH�RQ�$UWLILFLDO�,QWHOOLJHQFH�LQ�0HGLFLQH�(XURSH
�$,0(�
�����6SULQJHU��3DYLD��,WDO\��������������

>��@�-��6RZD��&RQFHSWXDO�6WUXFWXUHV��.QRZOHGJH�5HSUHVHQWDWLRQ�LQ�0LQG�DQG�0DFKLQH��-RKQ�:LOH\�	
6RQV��1HZ�<RUN��������

>��@�6��7X��+��(ULNVVRQ��-��*HQQDUL��<��6KDKDU��0��0XVHQ��2QWRORJ\�EDVHG�FRQILJXUDWLRQ�RI�SUREOHP�
VROYLQJ�PHWKRGV�DQG�JHQHUDWLRQ�RI�NQRZOHGJH�DFTXLVLWLRQ�WRROV���DSSOLFDWLRQ�RI�3527(*(�,,�WR
SURWRFRO�EDVHG�GHFLVLRQ�VXSSRUW��$UWLILFLDO�,QWHOOLJHQFH�LQ�0HGLFLQH������������������

>��@�*��9DQKHLMVW��6��)DODVFRQL��$��$EXKDQQD��*��6FKUHLEHU��0��6WHIDQHOOL��$�FDVH�VWXG\�LQ�RQWRORJ\
OLEUDU\�FRQVWUXFWLRQ��$UWLILFLDO�,QWHOOLJHQFH�LQ�0HGLFLQH������������������

>��@�:RUOG�+HDOWK�2UJDQLVDWLRQ��0DQXDO�RI�WKH�,QWHUQDWLRQDO�6WDWLVWLFDO�&ODVVLILFDWLRQ�RI�'LVHDVHV�
,QMXULHV�DQG�&DXVHV�RI�'HDWK��QLQWK�UHYLVLRQ���:RUOG�+HDOWK�2UJDQLVDWLRQ��*HQHYD��������
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$SSHQGL[����%ULHI�VXPPDU\�RI�HVVHQWLDO�*5$,/�RSHUDWLRQV�DQG
V\QWD[

)RU�FRPSOHWH�GHWDLOV�VHH�UHIHUHQFH�PDQXDO�DQG�WXWRULDO�DYDLODEOH�DW�85/
KWWS���ZZZ�FV�PDQ�DF�XN�PLJ�JDOHQ�
&DWHJRU\�QHZ6XE�VWULQJ

H�J�

%RG\3DUW�QHZ6XE�6WRPDFK

&UHDWHV�D�QHZ�HOHPHQWDU\�FDWHJRU\�ZLWK�WKH�QDPH�VWULQJ

VXEVXPHG�E\�&DWHJRU\

&DWHJRU\� ��DGG6XSHU�&DWHJRU\� &DXVHV�&DWHJRU\� �WR�VXEVXPH�&DWHJRU\� ���%RWK�&DWHJRU\� �DQG

&DWHJRU\� �PXVW�EH�HOHPHQWDU\�

$WWULEXWH�QHZ$WWULEXWH�6WULQJ��6WULQJ�

FDUGLQDOLW\

&UHDWHV�D�QHZ�DWWULEXWH�ZLWK�QDPH�VWULQJ��DQG�LQYHUVH�QDPHG

VWULQJ��ZLWK�FDUGLQDOLW\�FDUGLQDOLW\���FDUGLQDOLW\�LV�RQH�RQH2QH�
RQH0DQ\��PDQ\2QH�RU�PDQ\0DQ\�

&DWHJRU\�QHFHVVDULO\�$WWULEXWH�9DOXH
H�J�
+DQG�QHFHVVDULO\�LV3DUW2I�8SSHU([WUHPLW\

(QWHUV�D�ELGLUHFWLRQDO�QHFHVVDU\�VWDWHPHQW��WKHUHE\�DGGLQJ�WKH

FULWHULRQ�$WWULEXWH�9DOXH�WR�WKH�HVVHQWLDO�FULWHULD�VHW�RI�&DWHJRU\
DQG�LQY�$WWU�&DWHJRU\�WR�WKH�HVVHQWLDO�FULWHULD�VHW�RI�9DOXH

&DWHJRU\�WRSLF1HFHVVDULO\�$WWULEXWH�9DOXH

H�J�

+ROORZ2EMHFW�WRSLF1HFHVVDULO\�GHILQHV�&DYLW\

(QWHUV�D�XQLGLUHFWLRQDO�QHFHVVDU\�VWDWHPHQW�WKHUHE\�DGGLQJ�WKH
FULWHULRQ�$WWULEXWH�9DOXH�WR�WKH�HVVHQWLDO�FULWHULD�VHW�RI�&DWHJRU\�

&DWHJRU\�FRPSRVLWH2S�$WWULEXWH�9DOXH
H�J�
+DQG�VHQVLEO\$QG1HFHVVDULO\
� LV'LYLVLRQ2I�8SSHU�H[WJUHPLW\

6DQFWLRQLQJ�RSHUDWRUV�DQG�QHFHVVDULO\�PD\�EH�FRPELQHG�LQWR
VLQJOH�RSHUDWLRQV�IRU�FRQYHQLHQFH���7KH�PHDQLQJ�RI�VXFK
FRPSRVLWH�VWDWHPHQWV�LV�WKH�VDPH�DV�LI�WKH�VWDWHPHQWV�KDG�EHHQ
JLYHQ�LQGLYLGXDOO\�

&DWHJRU\�VDQFWLRQLQJ2S�$WWULEXWH�9DOXH
H�J�
([WUHPLW\�VHQVLEO\�KDV/DWHUDOLW\�/DWHUDOLW\

6DQFWLRQV�WKH�FULWHULRQ�$WWULEXWH�9DOXH�IRU�&DWHJRU\�DQG�WKH

FULWHULRQ�LQY�$WWULEXWH�&DWHJRU\�IRU�9DOXH�DW�WKH�OHYHO�LQGLFDWHG�E\

VDQFWLRQLQJ2S���6DQFWLRQLQJ2SV�DUH�FRQFHLYDEO\��JUDPPDWLFDOO\�DQG

VHQVLEO\�

%DVH�ZKLFK2S�&ULWHULD6HW

H�J�

+DQG�ZKLFK�KDV/DWHUDOLW\�ULJKW/DWHUDOLW\

5HWXUQV�WKH�FDWHJRU\�GHILQHG�E\�%DVH��DQG�&ULWHULD�VHW�LI�SRVVLEOH�

%DVH�LV�D�FDWHJRU\���ZKLFK2S�FDQ�EH�ZKLFK�RU�ZKLFK*��&ULWHULD6HW
FDQ�EH�RI�WKH�IRUP�$�9 �RU��$ � �9 � �$ �� 9 � ���$ Q�9 Q! �ZKHUH�WKH�$ V�DUH

DWWULEXWHV�DQG�WKH�9 V�DUH�HQWLWLHV�

,I�WKH�UHVXOWLQJ�FDWHJRU\�GRHV�QRW�H[LVW�LQ�WKH�0RGHO��LW�LV�FUHDWHG

DQG�FODVVLILHG���,I�WKH�UHVXOWLQJ�FDWHJRU\�LV�FRKHUHQW�DQG

VDQFWLRQHG�DW�WKH�OHYHO�LQGLFDWHG�E\�ZKLFK2S��LW�LV�UHWXUQHG���,I�QRW�
DQ�HUURU�LV�UHWXUQHG�DQG�WKH�FDWHJRU\�LV�GLVFDUGHG�

$WWULEXWH��WUDQVLWLYH'RZQ 'HFODUHV�$WWULEXWH�WR�EH�WUDQVLWLYH�GRZQZDUGV�DV�GHILQHG�LQ
6HFWLRQ�����

$WWULEXWH�� VSHFLDOLVHG%\�$WWULEXWH� 'HFODUHV�$WWULEXWH� �WR�EH�VSHFLDOLVHG�E\�DWWULEXWH��DV�GHILQHG�LQ

6HFWLRQ����
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$SSHQGL[����%ULHI�6XPPDU\�RI�2SHUDWLRQDO�6HPDQWLFV
7KH�IROORZLQJ�LV�D�VXPPDU\�RI�WKH�RSHUDWLRQDO�VHPDQWLFV�RI�*5$,/��UHVWULFWHG�WR�ZKDW�LV�FXUUHQWO\
LPSOHPHQWHG��ZKLFK�URXJKO\�IROORZV�WKH�SUHVHQWDWLRQ�LQ�WKH�SDSHU���,QGLYLGXDOV�DUH�RPLWWHG�DV
FDWHJRULHV�DUH�WKH�PDLQ�IRFXV�RI�*$/(1ªV�XVH�RI�*5$,/���$OWKRXJK�HQWLWLHV�DUH�GHVFULEHG�DV�IRXU�
WXSOHV�LQ�WKH�WH[W��WKH\�DUH�KHUH�FRQGHQVHG�WR�WKUHH�WXSOHV�ZLWK�WKH�EDVH�LQGLFDWHG�E\�WKH�VSHFLDO
SVHXGR�DWWULEXWH�LV�3�ZKHUH�3�LV�D�SULPLWLYH���)RU�EUHYLW\��PLQRU�YDULDQWV�VXFK�DV�WKH�GLVWLQFWLRQ
EHWZHHQ�RSHUDWRUV�ZKLFK�DQG�ZKLFK*��KDYH�EHHQ�RPLWWHG�DV�KDV�WKH�FRQYHQLHQW�DEEUHYLDWLRQ�ZKLFK
DOORZV�SULPLWLYHV�WR�EH�LQWURGXFHG�DV�FKLOGUHQ�RI�FRPSRVLWHV����1RWH�WKDW�EHFDXVH�*5$,/�LQFOXGHV
WUDQVLWLYLWLW\��D�VWULFW�ILUVW�RUGHU�PRGHO�WKHRUHWLF�VHPDQWLFV�LV�QRW�SRVVLEOH�>����@���$OWHUQDWLYH
VHPDQWLFV�EDVHG�RQ�ILQLWH�DXWRPDWD�KDYH�EHHQ�VXJJHVWHG�EXW�DUH�EH\RQG�WKH�VFRSH�RI�WKLV�SDSHU�
6LPLODUO\��WZR�DOWHUQDWLYH�PRGHO�WKHRUHWLF�DSSURDFKHV�WR�WKH�VHPDQWLFV�RI�PXOWL�OHYHO�VDQFWLRQLQJ
KDYH�EHHQ�VXJJHVWHG��

0RGHO $�PRGHO�FRQVLVWV�RI�D��WXSOH�RI�VHWV�DV�GHILQHG�EHORZ�
�3ULPLWLYHV��$WWULEXWHV��VS��VD��(QWLWLHV��6WDWHPHQWV��LQYHUVH��FDUGLQDOLW\�
VSHFLDOLVHG%\!��ZKHUH

3ULPLWLYHV�LV�D�VHW�RI�SULPLWLYH�V\PEROV

$WWULEXWHV�LV�D�VHW�RI�SULPLWLYH�V\PEROV�GLVMRLQW�IURP�3ULPLWLYHV

VS�LV�D�UHODWLRQ�RQ�3ULPLWLYHV�IRUPLQJ�DQ�DF\FOLF�GLUHFWLYH�JUDSK�

VD�LV�D�UHODWLRQ�RQ�$WWULEXWHV�IRUPLQJ�DQ�DF\FOLF�GLUHFWHG�JUDSK

(QWLWLHV�LV�D�VHW�RI�HQWLWLHV�DV�GHILQHG�EHORZ�FRQVWUXFWHG�IURP�WKH
PHPEHUV�RI3ULPLWLYHV�DQG�$WWULEXWHV�

6WDWHPHPWV�LV�D�VHW�RI�VWDWHPHQWV�DV�GHILQHG�EHORZ�FRQVWUXFWHG�IURP
WKH�PHPEHUV�RI�3ULPWLLYHV�DQG�$WWULEXWHV

LQYHUVH�LV�D�IXQFWLRQ�RQ�$WWULEXWHV�VXFK�WKDW
∀$ ∈$WWULEXWHV���LQYHUVH�LQYHUVH�$���� �$�∧ LQYHUVH�$�B�$

FDUGLQDOLW\�LV�D�IXQFWLRQ�IURP�$WWULEXWHV�WR�^PDQ\�RQH`

VSHFLDOLVHG%\�LV�D�IXQFWLRQ�IURP�$WWULEXWHV�WR�$WWULEXWHV


0RGHO�LQGHSHQGHQW
3ULPLWLYHV

7KH�VHW�4XDOLILHUV � ^FRQFHLYDEOH��JUDPPDWLFDO��VHQVLEOH��QHFHVVDU\`�DQG�WKH
RUGHULQJ�FRQFHLYDEOH!JUDPPDWLFDO!VHQVLEOH!QHFHVVDU\�

7KH�VHW�RI�FDUGLQDOLW\�V\PEROV�^RQH�PDQ\`
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6WUXFWXUHV ,Q�D�PRGHO�0 �3V�$V�USV�UDV�(V�6V�LQY�FDUG�VE!�WKH�IROORZLQJ�VWUXFWXUHV�DUH
GHILQHG�

&ULWHULD 2UGHUHG�SDLUV�RI�WKH�IRUP�$�(�R U�LV�3�ZKHUH�$� ∈$V��( ∈(V�
3∈3ULPLWLWLYHV

(QWLWLHV 7ULSOHV�RI�WKH�IRUP��'��1��,!� ZKHUH��'�1�,� DUH�DOO�VHWV�RI�FULWHULD�DQG
WKHUH�LV�H[DFWO\�RQH�FULWHULRQ�LQ�'� �RI�WKH�IRUP�LV�3�ZKHUH�3�LV�D
SULPLWLYH

&RPSOHWH�FULWHULD�VHW
RI�DQ�(QWLW\

FFV��'�1�,!�� �'� ∪�1� ∪�,

(OHPHQWDU\�(QWLWLHV (OHPHQWDU\�HQWLWLHV�DUH�FRQVWUXFWHG�IURP�SULPLWLYHV�E\�WKH�IXQFWLRQ�HH
GHULYHG�IURP�WKH�OHPPD�WKDW�
∀S∈3V���∃� ( ∈�(V���( �^LV�3`��1��,!� ZULWWHQ�HH�3�
7KH�XQLTXHQHVV�RI�HOHPHQWDU\�HQWLWLHV�FDQ�EH�SURYHQ�IURP�WKH
LQYDULDQWV�EXW�LV�EH\RQG�WKH�VFRSH�RI�WKLV�SUHVHQWDWLRQ�

6WDWHPHQWV�DQG
LQYHUVHV

)RXU�WXSOHV�RI�WKH�IRUP��7�$�9�4! �ZKHUH�7�9� ∈ (V��$ �∈ $V���4
∈�4XDOLILHUV

LQYHUVH��7�$�9�4!��� ��9�LQYHUVH�$��7�4!

6XEVXPSWLRQ ,Q�D�PRGHO�0 �3V�$V�USV�UDV�(V�6V�LQY�FDUG�VE!��VXEVXPSWLRQ�LV�GHILQHG�E\�

(QWLWLHV ( � �Ø�(� �LII�( �  ��' �� �1 � ��, � !�� ∧�'� � Ø�FFV�(� ��
&ULWHULD�6HWV &V��Ø�&V��LII�∀�F��∈�&V����∃�F��∈�&V����F�Ø�F�
&ULWHULD $��9�Ø$��9��LII�RQH�RI�WKH�IROORZLQJ�KROGV�

D��$��9� LV�3��∧�$��9� LV�3��∧�3�Ø3��
E��$�Ø$��∧�9�Ø9�
F��∃�$��9��∈ FFV�9������$��∈�VSHFLDOLVHG%\�$� ��∧�9 � Ø9��� ∧�$ � Ø$�

G��∃�$ � �9 �� ∈ FFV�9������ LQY�HUVH�$� �∈�VSHFLDOLVHG%\�LQYHUVH��$� ��� ∧
9 � Ø9��� ∧�$ � Ø$�

H��∃�$ � �9 ���� $ � �9 � Ø�$� �9 ��� ∧�$ � �9 �� Ø��$� �9 �� L

6WDWHPHQWV �7 � �$ � �9 � �4 � !�Ø��7 � �$ � �9 �� 4 � !�� LII
$ � �9 � Ø$� �9 �� ∧�LQY�$��7� ØLQY�$� �7 �

(TXLYDOHQFH ,Q�D�PRGHO�0 �3V�$V� USV�UDV�(V�6V�LQY�FDUG�VE!��HTXLYDOHQFH�LV�GHILQHG�E\�

; � ×Ø;� �LII��; � Ø;�� ∧��; �� Ø;�� �ZKHUH�;�PD\�EH�D�FULWHULRQ��FULWHULD�VHW�
VWDWHPHQW�RU�HQWLW\�

6DQFWLRQLQJ ,Q�D�PRGHO�0 �3V�$V�USV�UDV�(V�6V�LQY�FDUG�VE!��VDQFWLRQLQJ�LV�GHILQHG�E\�
6WDWHPHQWV VDQFWLRQHG��7�$�9�4!���0��� �WUXH���LII

∀T∈4XDOLILHUV���TØ4→
∃<7
�$
�9
�T!�� ∈6V���7
�$
�9
�T!�Ø��7�$�9�4!
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(QWLWLHV VDQFWLRQHG�(��T�0��� �WUXH�L�ZKHUH�0� �LV�D�PRGHO�LII
∀$�9 ∈FV�(��VDQFWLRQHG��(�$�9�T!��0�� �WUXH
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&RKHUHQFH ,Q�D�PRGHO�0 �3V�$V�USV�UDV�(V�6V�LQY�FDUG�VE!��FRKHUHQFH�LV�GHILQHG�E\�WKUHH
IXQFWLRQV��FRQVLVWHQF\��VRXQGQHVV�DQG�LUUHGXQGDQF\��GHILQHG�E\�

&RQVLVWHQF\ FRQVLVWHQW�(�0�� WUXH��ZKHUH�( �'�1�,! �LV�DQ�HQWLW\�LQ�0 �LII�DOO�RI�WKH
IROORZLQJ�KROG�

D���∃$��9��$��9�∈FFV�(����$�Ø$��∧�FDUGLQDOLW\�$�� RQH�∧� š�$ � �

9 � Ø$� �9 �� ∨��$ � �9 �� Ø�$� �9 ��� �

E��š∃ $�9 � �$�9 � �

$�9 � ∈FFV�(��∧��LQYHUVH�$��9� ∈FFV�9� ���∧
FDUGLQDOLW\�LQYHUVH�$�� RQH�∧

��š�$9 � Ø$� �9 �� ∨��$ �9 �� Ø�$�9���

F�� ��∃ $��9��$��9��
�$��$��∨�$��$���∧
$��9�∈FVF�(��∧��LQYHUVH�$���9�∈FFV�9��

6RXQGQHVV HVVHQWLDOO\BVRXQG�(�0�� WUXH�ZKHUH�( � � �'�1�,! �LV�DQ�HQWLW\�LQ�0� LII
∀ $�9���(�$�9�QHFHVVDU\!��∈�6V��↔�$�9� ∈�1

LQKHULWDQFHBVRXQG�(�0� WUXH�ZKHUH�( � � �'�1�,! �LV�DQ�HQWLW\�LQ�0�LII
>∀F
�(
���(
∈(V & (
!(�& F
∈FFV�(
��→�∃F∈FFV�(����F
ØF@�∧
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∈(V F
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����(
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 F��∧

��∃ F

∈1�. FØF
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,UUHGXQGDQF\ LUUHGXQGDQW�(�0� WUXH�ZKHUH�( ��'�1�,!�� �LV�DQ�HQWLW\�LQ�0 �LII

š∃�(
�'
�,
���(
 �'
�1�,
!�∧�'
!�'�∧�LQKHULWDQFHBVRXQG�(
�0��∧
�����������VDQFWLRQHG�(
0��∧�FRQVLVWHQW�(
��∧�FFV�(�×ØFFV�(
�

������������������������������ �������������������������
� &RQGLWLRQ�F��LV�DQ�DGGHG�UHVWULFWLRQ�ZKLFK�DYRLGV�KDYLQJ�WR�GHDO�ZLWK�SHFXOLDU�FDVHV���6R�IDU�QR�SUDFWLFDO

H[DPSOH�RI�VXFK�FDVHV�KDV�EHHQ�VXJJHVWHG�
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0RGHO�,QYDUDQWV ,Q�D�PRGHO�0 �3V�$V�USV�UDV�(V�6V�LQY�FDUG�VE!��WKH�IROORZLQJ�LQYDULDQWV�DUH
GHILQHG�

LQYHUVHBFRPSOHWHLQYHUVHBFRPSOHWH�0� WUXH��LII
∀6∈6V���6 �7�$�9�4!� ∧

4� ∈�^FRQFHLYDEOH��JUDPPDWLFDO�VHQVLEOH�→
LQYHUVH�6�∈6V

HVVHQWLDOO\BVRXQGHVVHQWLDOO\BVRXQG0�� �WUXH��LII
∀( ∈(V��HVVHQWLDOO\BVRXQG�(�0� WUXH�

LQKHULWDQFHBVRXQGLQKHULWDQFHBVRXQG�0� WUXH���LII
∀(∈(V��LQKHULWDQFHBVRXQG�(�0� WUXH�

FRKHUHQFH FRKHUHQW�0� WUXH���LII�DOO�RI�WKH�IROORZLQJ�KROG��

D� ∀( ∈(V���VDQFWLRQHG�(�0� WUXH�∧�FRQVLVWHQW�(�0� WUXH
E� ∀6∈6V���VDQFWLRQHG�6�0� WUXH�
F�� �∃ (��(��∈�(V���(� �'��1��,�!�∧�(� �'��1��,�!�

∧��(�×Ø(��∧���'�×Ø'��
LUUHGXQGDQF\ LUUHGXQGDQW�0�� WUXH���LII

∀(∈(V���LUUHGXQGDQW�(�0� WUXH�
XQLTXHQHVV XQLTXHQHVV�0� WUXH���LII

�∃(�(
�∈�(V���(
×Ø(�∧��(B(
�
SURSHUO\BVWUXFWXUHGSURSHUO\BVWUXFWXUHG�0� WUXH�LII

LQYHUVHBFRPSOHWH�0� WUXH�∧LQKHULWDQFHBVRXQG�0�� WUXH�∧
HVVHQWLDOO\BVRXQG�0�� WUXH�∧�FRKHUHQW�0�� WUXH�∧��
XQLTXHQHVV�0� WUXH��∧�LUUHGXQGDQW�0� WUXH

2SHUDWLRQV
QHZBSULP�S
��S��0�→

0

0� ��3V�$V�USV�UDV�(V�6V�LQY�FDUG�VE!�,
0
� ��3V
�$V�US
�UD�(V
�6V�LQY�FDUG�VE!�ZKHUH

3V
� �3V�∪�^S
`��US
� �US�∪ ^�S�S
!`��(V
 (V ∪{(`� ZKHUH�( �LV�3�^`
,! �DQG�,�LV�VXFK�WKDW�LQKHULWDQFHBVRXQG�(�0�

QHZBDWWU�D
��LQYD
��F��FL�0�→
0


0� ��3V�$V�USV�UDV�(V�6V�LQY�FDUG�VE!���F��FL∈�&DUGLQDOLWLHV;
0
� ��3V�$V
�US�UD
�(V�6V�LQY
�FDUG
�VE!�ZKHUH

$V
� �$V� ∪�^D
`��UD
� �UD�∪ ^�D�D
!`��LQY
 LQY∪ {<D
�LQYD
!`�
FDUG
 FDUG∪{�D�F!��LQYD�FL!`

VSHFLDOLVHGBE\�D� �D� �0�→
0
�_�HUURU�

0� ��3V�$V�USV�UDV�(V�6V�LQY�FDUG�VE!���F��FL∈�&DUGLQDOLWLHV;
,)� ∃6∈�6V��6 �7�D �� 9�T!� ∨�6 �7�LQYHUVH�D� ��9�T!
7+(1�HUURU
(/6(
0
� ��3V�$V�US�UD�(V�6V�LQY�FDUG�VE
!�ZKHUH
VE
 VE∪�^�D��D�!`

�������������������������������������������������������
� 1%��7KLV�LV�D�VLJQLILFDQW�UHVWULFWLRQ���7KH�QDWXUDO�VHPDQWLFV�ZRXOG�DOORZ�PRUH�WKDQ�RQH�GHILQLWLRQ��DQG�LW�LV

H[SHFWHG�WKDW�WKLV�ZLOO�EH�VXSSRUWHG�LQ�IXWXUH�YHUVLRQV�
� 7KH�UHVWULFWLRQ�WR�GHFODULQJ�VSHFLDOLVDWLRQ�EHIRUH�DQ\�XVH�RI�DQ�DWWULEXWH�LV�HQIRUFHG�RQO\�E\�FRQYHQWLRQ�LQ

WKH�FXUUHQW�LPSOHPHQWDWLRQ�
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QHZBVWDWHPHQW�6�0�→
0
�_�HUURU

0� ��3V�$V�USV�UDV�(V�6V�LQY�FDUG�VE!

0
� ��3V�$V�US�(V
�6V
�LQY
�FDUG
�VE!�ZKHUH
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ZKLFK�(���&V��0�→
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��0
!�_�HUURU
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VDQFWLRQHG�(
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