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UHFXUVLRQ��,Q�WKLV�UHSRUW��,�GHVFULEH�WKH�6(0,�DOJRULWKP��WKH�RSWLPL]DWLRQV�LW�LQFRUSRUDWHV�
DQG�WKH�FKDUDFWHULVWLFV�RI�-DYD�SURJUDPV�WKDW�MXVWLI\�WKH�RSWLPL]DWLRQV�

7KLV�UHVHDUFK�LV�VSRQVRUHG�LQ�SDUW�E\�WKH�'HIHQVH�$GYDQFHG�5HVHDUFK�3URMHFWV�$JHQF\�DQG�WKH�:ULJKW
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���,QWURGXFWLRQ
$V�SDUW�RI�WKH�$MD[�V\VWHP�IRU�DQDO\]LQJ�-DYD�E\WHFRGH��,�GHYHORSHG�DQ�DQDO\VLV�EDVHG�RQ
W\SH�LQIHUHQFH�ZLWK�SRO\PRUSKLF�UHFXUVLRQ�>+��@��FDOOHG�6(0,���³6(0,´�VWDQGV�IRU
³VHPLXQLILFDWLRQ´���6(0,�KDV�WKUHH�PDMRU�FRPSRQHQWV�

�� $�³FRQVWUDLQW�JHQHUDWLRQ´�SKDVH��ZKLFK�WUDYHUVHV�WKH�SURJUDP�FRGH�WR�EXLOG�DQ�LQLWLDO
FRQVWUDLQW�VHW

�� $�³VROYHU´�SKDVH��UHVSRQVLEOH�IRU�DQDO\]LQJ�WKH�VHW�RI�FRQVWUDLQWV�DQG�DGGLQJ�QHZ
FRQVWUDLQWV�WR�WKH�VHW�LQ�RUGHU�WR�UHDFK�D�³FORVHG�IRUP´

�� $Q�³LQWHUSUHWDWLRQ´�SKDVH��ZKLFK�H[DPLQHV�WKH�VWUXFWXUH�RI�WKH�FORVHG�IRUP�WR�GHGXFH
LQIRUPDWLRQ�DERXW�WKH�SRVVLEOH�EHKDYLRUV�RI�WKH�SURJUDP�

7KLV�GRFXPHQW�IRFXVHV�RQ�WKH�VSHFLILFDWLRQ�DQG�LPSOHPHQWDWLRQ�RI�WKH�VROYHU��LQ
SDUWLFXODU��WKH�RSWLPL]DWLRQV�LQWURGXFHG�WR�PDNH�LW�HIILFLHQW��7KLV�GRFXPHQW�LV�D�WHFKQLFDO
PHPRUDQGXP�GHVFULELQJ�D�YDULHW\�RI�LPSOHPHQWDWLRQ�WHFKQLTXHV��DQG�ZLOO�PDLQO\�EH�RI
LQWHUHVW�WR�VRPHRQH�LPSOHPHQWLQJ�D�V\VWHP�XVLQJ�VLPLODU�WHFKQRORJ\��<RX�KDYH�EHHQ
ZDUQHG�

$Q�LPSRUWDQW�SRLQW�LQ�WKH�GHVLJQ�DQG�LPSOHPHQWDWLRQ�RI�6(0,�LV�WKDW�LW�LV�QRW��VWULFWO\
VSHDNLQJ��D�W\SH�LQIHUHQFH�V\VWHP��,�PDNH�QR�DWWHPSW�WR�DVVLJQ�VHPDQWLFV�WR�WKH�VWUXFWXUHV
SURGXFHG�E\�6(0,��H[FHSW�IRU�RQH�VSHFLILF�VRXQGQHVV�WKHRUHP�WKDW�UHODWHV�SURSHUWLHV�RI�D
³FORVHG´�FRQVWUDLQW�VHW�WR�WKH�EHKDYLRU�RI�WKH�SURJUDP�ZKLFK�LQGXFHG�WKH�LQLWLDO�VHW�RI
FRQVWUDLQWV��7KH�GHVLJQ�LV�PRWLYDWHG�E\�W\SHV��DQG�LW�LV�RIWHQ�KHOSIXO�WR�XVH�FRQFHSWV�RI
W\SH�LQIHUHQFH�WR�WKLQN�DERXW�6(0,��EXW�WKH�VHPDQWLFV�XVXDOO\�DVVRFLDWHG�ZLWK�W\SHV�GR
QRW�DSSO\�

���7KH�&RQVWUDLQW�6\VWHP

����� 7\SH�LQIHUHQFH�ZLWK�SRO\PRUSKLF�UHFXUVLRQ

7UDGLWLRQDO�W\SH�LQIHUHQFH�ZLWK�SRO\PRUSKLF�UHFXUVLRQ�KDV�EHHQ�GHVFULEHG�DV�D�VROXWLRQ
SURFHGXUH�RYHU�FRQVWUDLQWV�EHWZHHQ�WHUPV�>+��@��7KH�WHUPV�UHSUHVHQW�W\SHV�LQ�D�VWDQGDUG
ZD\��IRU�H[DPSOH��WKHUH�DUH�XQDU\�V\PEROV�UHSUHVHQWLQJ�VFDODU�W\SHV��D�ELQDU\�V\PERO
UHSUHVHQWLQJ�IXQFWLRQ�W\SHV��DQG�YDULDEOH�DULW\�V\PEROV�UHSUHVHQWLQJ�WXSOH�W\SHV��$�WHUP
PD\�DOVR�EH�D�W\SH�YDULDEOH��ZKLFK�PD\�EHFRPH�ERXQG�WR�RWKHU�W\SH�YDULDEOHV�RU�WHUPV�
7KH�FRQVWUDLQWV�DUH�RI�WKH�IRUP�³W�� L�W�´��PHDQLQJ�WKDW�W��LV�LQVWDQFH�L�RI�W���)RU�H[DPSOH�
W��PD\�UHSUHVHQW�WKH�W\SH�RI�D�SRO\PRUSKLF�IXQFWLRQ��DQG�W��DQ�LQVWDQFH�RI�W��DW�VRPH�FDOO
VLWH�L�

7KH�W\SH�LQIHUHQFH�SURFHGXUH�ILQGV�DVVLJQPHQWV�WR�WKH�W\SH�YDULDEOHV��DQG�IRU�HDFK
LQVWDQFH�L�D�VXEVWLWXWLRQ�6L�VXFK�WKDW�W�� L�W��LPSOLHV�6L�W��� �W���(DFK�VXEVWLWXWLRQ�6L

GHVFULEHV�KRZ�SRO\PRUSKLF�W\SH�YDULDEOHV�DUH�LQVWDQWLDWHG�DW�LQVWDQFH�QXPEHU�L��8SRQ
WHUPLQDWLRQ��WKH�W\SH�LQIHUHQFH�SURFHGXUH�ZLOO�UHWXUQ�D�SULQFLSDO�W\SH�>'0��@��L�H��WKH
PRVW�JHQHUDO�W\SH�DVVLJQPHQW�SRVVLEOH��LI�VXFK�D�VROXWLRQ�GRHV�QRW�H[LVW��LW�ZLOO�VLJQDO�DQ
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HUURU��7HUPLQDWLRQ�LV�QRW�JXDUDQWHHG��EXW�IRONORUH�DVVHUWV�WKDW�WKH�DOJRULWKP�WHUPLQDWHV�IRU
SUDFWLFDO�H[DPSOHV�

8QIRUWXQDWHO\��WHUPV�DUH�QRW�ZHOO�VXLWHG�WR�UHSUHVHQWLQJ�UHFXUVLYH�VWUXFWXUHV��$GGLQJ
UHFXUVLRQ�WR�WHUPV�UHTXLUHV�WKH�LQWURGXFWLRQ�RI�D�QHZ�W\SH��H�J��³mW�7´�ZKHUH�W�RFFXUV�IUHH
LQ�7��PHDQLQJ�WKH�VROXWLRQ�WR�WKH�IL[SRLQW�HTXDWLRQ�W� �7�W��

$�VXEWOHU�SUREOHP�ZLWK�XVLQJ�WHUPV�LQ�P\�SURJUDP�DQDO\VLV�LV�WKDW�WKH�V\PERO�QDPHV�LQ
W\SH�WHUPV�DUH�QRW�XVHIXO��7KH�W\SH�LQIHUHQFH�DOJRULWKP�RQO\�XVHV�V\PERO�QDPHV�WR�GHWHFW
W\SH�HUURUV��H�J��ZKHQ�WKH�SURJUDP�UHTXLUHV�D�YDOXH�WR�KDYH�ERWK�D�IXQFWLRQ�W\SH�DQG�D
VFDODU�W\SH��+RZHYHU��$MD[�QHYHU�UHMHFWV�D�SURJUDP�DQG�GRHV�QRW�QHHG�WR�GHWHFW�WKHVH
³HUURUV´�

����� 7KH�6(0,�FRQVWUDLQW�V\VWHP

,W�LV�QDWXUDO�WR�UHSUHVHQW�D�WHUP�DV�D�WUHH��ZKHUH�WKH�URRW�RI�WKH�WUHH�LV�ODEHOHG�ZLWK�WKH
WHUP¶V�1�DULW\�V\PERO�DQG�KDV�1�HGJHV��ODEHOHG���WR�1����(GJH�L�OHDGV�WR�D�VXEWUHH
UHSUHVHQWLQJ�WKH�VXEWHUP�DW�DUJXPHQW�SRVLWLRQ�L��$�UHFXUVLYH�W\SH�FDQ�EH�UHSUHVHQWHG�DV�DQ
LQILQLWH�WUHH��WKH�³LQILQLWH�XQIROGLQJ´�RI�WKH�UHFXUVLYH�GHILQLWLRQ��2I�FRXUVH��LQ�SUDFWLFH�WKH
UHSUHVHQWDWLRQ�PXVW�EH�ILQLWH��DQG�LW�LV�QDWXUDO�WR�VLPSO\�UHSUHVHQW�WKH�UHFXUVLYH�W\SH�DV�D
F\FOLF�JUDSK��,Q�RWKHU�ZRUGV�³mW�7´�LV�UHSUHVHQWHG�DV�D�URRWHG�JUDSK�LQ�ZKLFK�W�LV
DVVRFLDWHG�ZLWK�WKH�URRW�QRGH�DQG�UHIHUHQFHV�WR�W�LQ�7�DUH�VLPSO\�HGJHV�SRLQWLQJ�EDFN�WR
WKH�URRW�

7KHUHIRUH�,�GLVFDUG�WHUPV�DQG�ZRUN�GLUHFWO\�ZLWK�WKH�JUDSK�VWUXFWXUH��7KH�JUDSK�HGJHV
WKDW�FRQQHFW�D�QRGH�WR�LWV�DUJXPHQWV�EHFRPH�³FRPSRQHQW�FRQVWUDLQWV´��)RU�H[DPSOH��WKH
IXQFWLRQ�W\SH�W� �³D���E´�EHFRPHV�WKH�WZR�FRQVWUDLQWV�^�W� DUJ�D��W� UHVXOW�E�`��:LWK
FRPSRQHQW�FRQVWUDLQWV��UHFXUVLYH�VWUXFWXUHV�UHTXLUH�QR�VSHFLDO�PDFKLQHU\��)XUWKHUPRUH�
ZH�VKDOO�VHH�WKDW�WKH�SURSHUWLHV�RI�SRO\PRUSKLF�UHFXUVLRQ�EHFRPH�HDV\�WR�VWDWH��LQ�D�ZD\
WKDW�LV�FORVH�WR�WKH�LPSOHPHQWDWLRQ�

7KH�6(0,�VROYHU�XVHV�WKH�IROORZLQJ�VWUXFWXUHV�

�� 9�²�WKH�VHW�RI�YDULDEOHV��ZKLFK�FDQ�EH�WKRXJKW�RI�DV�W\SH�YDULDEOHV��

�� /�²�WKH�VHW�RI�FRPSRQHQW�ODEHOV��H�J�´DUJ´��³UHVXOW´���6(0,�WUHDWV�WKHP�DV�DEVWUDFW
HQWLWLHV�DQG�DVVLJQV�QR�PHDQLQJ�WR�WKHP�

�� ,�²�WKH�VHW�RI�LQVWDQFH�ODEHOV��HDFK�LQVWDQFH�ODEHO�UHSUHVHQWV�D�SURJUDP�VLWH�DW�ZKLFK�D
SRO\PRUSKLF�YDOXH�LV�EHLQJ�XVHG��6(0,�WUHDWV�WKHP�DV�DEVWUDFW�HQWLWLHV�DQG�DVVLJQV�QR
PHDQLQJ�WR�WKHP�

�� &�²�D�VHW�RI�FRQVWUDLQWV�RI�WKH�IROORZLQJ�NLQGV�

�� ³D� �E´�²�DQ�HTXDOLW\�FRQVWUDLQW�H[SUHVVLQJ�WKH�IDFW�WKDW�WKH�WZR�YDULDEOHV�D�DQG�E
DUH�WR�EH�FRQVLGHUHG�LGHQWLFDO�

�� ³D� F�E´�²�D�FRPSRQHQW�FRQVWUDLQW�H[SUHVVLQJ�WKH�IDFW�WKDW�YDULDEOH�D¶V
FRPSRQHQW�ZLWK�ODEHO�F�LV�YDULDEOH�E�

�� ³D� L�E´�²�DQ�LQVWDQFH�FRQVWUDLQW�H[SUHVVLQJ�WKH�IDFW�WKDW�YDULDEOH�D¶V�LQVWDQFH�L�LV
YDULDEOH�E�
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/DWHU�LQ�WKLV�GRFXPHQW�,�LQWURGXFH�DGGLWLRQDO�FRQVWUDLQWV�WR�VXSSRUW�FHUWDLQ�RSWLPL]DWLRQV�

,I�WKH�FRQVWUDLQW�D� L�E�LV�SUHVHQW�LQ�D�VHW��WKHQ�,�ZULWH�³E�LV�DQ�LQVWDQFH�RI�D´�DQG�³D�LV�D
VRXUFH�RI�E´��7KH�VHW�VKRXOG�EH�FOHDU�IURP�FRQWH[W��/LNHZLVH��LI�³D� F�E´�LV�LQ�D�VHW��WKHQ�,
ZULWH�³E�LV�D�FRPSRQHQW�RI�D´�DQG�³D�LV�D�SDUHQW�RI�E´�

,�DOVR�XVH�WUDQVLWLYH�YHUVLRQV�RI�WKH�LQVWDQFH�DQG�FRPSRQHQW�UHODWLRQVKLSV�

�� D� &�E� �$L���«��LQ��W���«��WQ����^�D� L��W���«��WQ�� LQ�E�`�²�&

�� D� &�E� �$F���«��FQ��W���«��WQ����^�D� F��W���«��WQ�� FQ�E�`�²�&

����� &ORVXUH

,�QRZ�GHILQH�ZKDW�LW�PHDQV�IRU�D�VHW�RI�FRQVWUDLQWV�&�WR�EH�FORVHG��&ORVXUH�FDQ�EH�WKRXJKW
RI�DV�D�JXDUDQWHH�WKDW�WKH�VHW�LV�D�FRQVLVWHQW�GHVFULSWLRQ�RI�W\SHV�DQG�WKHLU�UHODWLRQVKLSV�

�� (TXDOLW\�FORVXUH�UXOHV
(TXDOLW\�KDV�WKH�XVXDO�SURSHUWLHV�RI�UHIOH[LYLW\��V\PPHWU\��WUDQVLWLYLW\��DQG
VXEVWLWXWLRQDO�HTXLYDOHQFH���5HIOH[LYLW\�LV�LPSOLFLW���FRQVWUDLQWV�RI�WKH�IRUP�³X� �X´
DUH�QRW�UHTXLUHG�WR�EH�SDUW�RI�WKH�FRQVWUDLQW�VHW��
^�W� �X�`�²�&�Ã�^�X� �W�`�²�&
^�W� �X��X� �Y�`�²�&�Ã�^�W� �Y�`�²�&
^�W� �X��W� F�Y�`�²�&�Ã�^�X� F�Y�`�²�&
^�W� �X��Y� F�W�`�²�&�Ã�^�Y� F�X�`�²�&
^�W� �X��W� L�Y�`�²�&�Ã�^�X� L�Y�`�²�&
^�W� �X��Y� L�W�`�²�&�Ã�^�X� L�W�`�²�&

�� &RPSRQHQW�FRQVLVWHQF\�UXOH
$�JLYHQ�FRPSRQHQW�RI�D�YDULDEOH�KDV�RQO\�RQH�YDOXH��7KLV�DQG�WKH�SUHYLRXV�UXOHV
WRJHWKHU�SHUIRUP�D�NLQG�RI�XQLILFDWLRQ��HIIHFWLYHO\�D�PRQRPRUSKLF�W\SH�LQIHUHQFH�
^�W� F�X��W� F�Y�`�²�&�Ã�^�X� �Y�`�²�&

�� ,QVWDQFH�FRQVLVWHQF\�UXOH
$�SDUWLFXODU�LQVWDQWLDWLRQ�PDSV�HYHU\�RFFXUUHQFH�RI�D�JLYHQ�YDULDEOH�WR�WKH�VDPH�QHZ
YDULDEOH�
^�W� L�X��W� L�Y�`�²�&�Ã�^�X� �Y�`�²�&

�� &RPSRQHQW�SURSDJDWLRQ�UXOH
&RPSRQHQWV�SURSDJDWH�WKURXJK�LQVWDQFHV�
^�W� L�X��W� F�Y�`�²�&�Ã�$Z��^�X� F�Z�`�²�&

�� ,QVWDQFH�SURSDJDWLRQ�UXOH
,QVWDQFHV�SURSDJDWH�GRZQ�PDWFKLQJ�FRPSRQHQWV
^�W� L�X��W� F�Y��X� F�Z�`�²�&�Ã�^�Y� L�Z�`�²�&

����� 6ROYHU�VSHFLILFDWLRQ

*LYHQ�DQ�LQLWLDO�FRQVWUDLQW�VHW�&,��WKH�MRE�RI�WKH�VROYHU�LV�VLPSO\�WR�ILQG�D�FORVHG�VHW�&
FRQWDLQLQJ�&,�
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&,�UHSUHVHQWV�FRQVWUDLQWV�LQGXFHG�E\�WKH�SURJUDP�XQGHU�DQDO\VLV��&�UHSUHVHQWV�DQ
H[WHQVLRQ�RI�WKRVH�FRQVWUDLQWV�LQWR�D�FRPSOHWH�DQG�FRQVLVWHQW�GHVFULSWLRQ�RI�WKH�³W\SHV´�LQ
WKH�SURJUDP�

1RWH�WKDW�VXFK�D�&�DOZD\V�H[LVWV��)RU�H[DPSOH��JLYHQ�&,��DGG�FRQVWUDLQWV�PDNLQJ�DOO
YDULDEOHV�HTXDO�DQG�PDNLQJ�DOO�FRPSRQHQW�DQG�LQVWDQFH�UHODWLRQVKLSV�KROG�EHWZHHQ�DOO
YDULDEOHV���7KLV�LV�ILQLWH�EHFDXVH�RQO\�WKH�YDULDEOHV��FRPSRQHQW�ODEHOV�DQG�LQVWDQFH�ODEHOV
WKDW�RFFXU�LQ�&,�QHHG�EH�FRQVLGHUHG���(IIHFWLYHO\�WKLV�PHUJHV�HYHU\WKLQJ�LQWR�RQH�JLDQW
W\SH��,Q�SUDFWLFH�WKLV�UHVXOW�ZRXOG�QRW�EH�XVHIXO��DQG�LW�LV�SUHIHUDEOH�WR�UHWDLQ�GLVWLQFWLRQV
EHWZHHQ�W\SHV�ZKHQHYHU�SRVVLEOH��EXW�WKLV�H[DPSOH�LOOXVWUDWHV�WKDW�LPSOHPHQWDWLRQV�RI�WKH
VSHFLILFDWLRQ�FDQ�WUDGH�RII�DFFXUDF\�IRU�SHUIRUPDQFH�

����� 'HFLGDELOLW\�DQG�SHUIRUPDQFH

,W�KDV�EHHQ�VKRZQ�WKDW�WKH�JHQHUDO�SUREOHP�RI�ILQGLQJ�D�SULQFLSDO�W\SH�LV�XQGHFLGDEOH�LQ
+HQJOHLQ¶V�W\SH�LQIHUHQFH�V\VWHP��+RZHYHU��LQ�SUDFWLFH�DOO�H[DPSOHV�VHHP�WUDFWDEOH��,Q
IDFW��WKH�DOJRULWKP�LV�UHSRUWHG�>+��@�WR�EH�TXLWH�HIILFLHQW�DW�LQIHUULQJ�W\SHV�IRU�IXQFWLRQDO
SURJUDPV�

7R�D�ODUJH�H[WHQW��WKHVH�UHVXOWV�FDUU\�RYHU�LQWR�P\�GRPDLQ��,Q�P\�ZRUN�RQ�WKH�VROYHU�
ZKLFK�LV�VLPLODU�LQ�VWUXFWXUH�WR�+HQJOHLQ¶V�DOJRULWKP��QRQWHUPLQDWLQJ�FDVHV�KDYH�DOZD\V
EHHQ�WUDFHG�EDFN�WR�HUURUV�LQ�WKH�VROYHU�LPSOHPHQWDWLRQ��,W�LV�DOVR�UHODWLYHO\�HIILFLHQW�
DOORZLQJ�IRU�WKH�IDFW�WKDW�-DYD�SURJUDPV�LQGXFH�FRQVWUDLQW�VHWV�WKDW�DUH�FRQVLGHUDEO\�PRUH
FRPSOH[�WKDQ�WKH�FRQVWUDLQWV�LQGXFHG�E\�PRVW�IXQFWLRQDO�SURJUDPV��+RZHYHU��LW�LV�VWLOO
WUXH�WKDW�P\�DOJRULWKP�KDV�QR�JXDUDQWHH�RI�WHUPLQDWLRQ��&OHDUO\�WKHUH�DUH�ZRUVW�FDVHV�WKDW
JLYH�DUELWUDULO\�SRRU�SHUIRUPDQFH��HIILFLHQF\�GHSHQGV�RQ�WKH�FKDUDFWHULVWLFV�RI�³DYHUDJH
FDVH´�SURJUDPV�

,Q�IDFW��DV�QRWHG�DERYH��WKHUH�LV�QR�XQLTXH�VROXWLRQ�WR�P\�SUREOHP�RI�ILQGLQJ�D�FORVHG�VHW�
DQG�VXFK�D�VHW�FDQ�DOZD\V�EH�IRXQG��P\�SUREOHP�LV�WULYLDOO\�GHFLGDEOH��7KH�JRDO�LV�VLPSO\
WR�REWDLQ�D�³JRRG´�VROXWLRQ�HIILFLHQWO\����³*RRG´�JHQHUDOO\�PHDQV�WKDW�WKH�VROYHU�UHIUDLQV
IURP�PDNLQJ�YDULDEOHV�HTXDO��ZKHQ�WKDW�LV�SRVVLEOH���,W�WXUQV�RXW�WKDW�³RSWLPDO´�VROXWLRQV
�ZKLFK�ZRXOG�FRUUHVSRQG�WR�SULQFLSDO�W\SHV��GR�QRW�DFWXDOO\�H[LVW�LQ�P\�GRPDLQ��GXH�WR
WKH�FRPELQDWLRQ�RI�XQUHVWULFWHG�UHFXUVLYH�W\SHV�DQG�SRO\PRUSKLF�UHFXUVLRQ��VHH�$SSHQGL[
$�IRU�D�SURRI��

7KHUHIRUH��EHFDXVH�WHUPLQDWLRQ�RI�P\�DOJRULWKP�LV�QRW�JXDUDQWHHG�DQG�RSWLPDO�VROXWLRQV
GR�QRW�H[LVW��,�PHDVXUH�SHUIRUPDQFH�DQG�SUHFLVLRQ�HPSLULFDOO\��7KDW�LV�ZK\�,�SUHVHQW�QR
ZRUVW�FDVH�ERXQGV�RQ�WKH�EHKDYLRU�RI�P\�DOJRULWKPV�

����� 5HILQHG�VSHFLILFDWLRQ

7KH�6(0,�DQDO\VLV�HQJLQH�H[WUDFWV�D�³YDOXH�SRLQW�UHODWLRQ´� 3�&�IURP�WKH�FORVHG�VHW�&�
7KLV�UHODWLRQ�LV�WKH�RQO\�IXQFWLRQ�RI�&�WKDW�LV�XVHG��7KHUHIRUH�,�UHOD[�WKH�VSHFLILFDWLRQ�RI
WKH�VROYHU�WR�DOORZ�LW�WR�SURGXFH�DQ\�VHW�&
�WKDW�JLYHV�WKH�VDPH�YDOXH�SRLQW�UHODWLRQ�DV�WKH

�����������������������������������������������
���)RU�WKLV�UHDVRQ��,�FRXOG�JXDUDQWHH�WHUPLQDWLRQ�E\�WLPLQJ�RXW�DQG�IDOOLQJ�EDFN�WR�DQ
DOJRULWKP�WKDW�LV�JXDUDQWHHG�WR�WHUPLQDWH��EXW�,�KDYH�QRW�IRXQG�WKLV�WR�EH�QHFHVVDU\�



�

FORVHG�VHW�&��,�ZLOO�FDOO�VXFK�D�VHW�³TXDVL�FORVHG´��7KLV�UHOD[DWLRQ�HQDEOHV�PDQ\
RSWLPL]DWLRQV�

3�&�LV�GHILQHG�DV�IROORZV�

%�� 3�&�%�� �$[��0�%��� &�[�¾�0�%��� &�[

0�LV�D�PDS�IURP�E\WHFRGH�H[SUHVVLRQV��H�J��D�YDULDEOH�LQ�WKH�E\WHFRGH�ODQJXDJH��WR
FRQVWUDLQW�YDULDEOHV�

7KLV�GHILQLWLRQ�PHDQV�WKDW�6(0,�FKHFNV�WR�VHH�LI�WZR�H[SUHVVLRQV�DUH�UHODWHG�E\�ILUVW
FRQYHUWLQJ�WKHP�WR�FRQVWUDLQW�YDULDEOHV�XVLQJ�WKH�PDS�0��WKHQ�WU\LQJ�WR�ILQG�VRPH
YDULDEOH�[�WKDW�LV�DQ�LQVWDQFH�RI�ERWK�YDULDEOHV��SRVVLEO\�WUDQVLWLYHO\���7KLV�FDQ�EH�GRQH�E\
WUDYHUVLQJ�WKH�JUDSK�RI� �FRQVWUDLQWV�

7KH�UDQJH�RI�0�LV�UHTXLUHG�WR�DOZD\V�EH�FRQWDLQHG�LQ�WKH�YDULDEOHV�RFFXUULQJ�LQ�&,��:KHQ
TXHU\LQJ�RQ�H[SUHVVLRQV�WKDW�GR�QRW�RFFXU�LQ�WKH�SURJUDP�WH[W��WKH�V\VWHP�PD\�DGG
FRQVWUDLQWV�WR�&,�WR�DVVRFLDWH�FRQVWUDLQW�YDULDEOHV�ZLWK�WKHVH�H[SUHVVLRQV��)RU�H[DPSOH��LI
5�LV�D�ORFDO�YDULDEOH��WKHQ�WKHUH�ZLOO�EH�VRPH�DVVRFLDWHG�0�5��JLYLQJ�WKH�FRQVWUDLQW
YDULDEOH�IRU�5��6XSSRVH�5�KDV�D�ILHOG�3�WKDW�LV�QHYHU�DFFHVVHG�E\�WKH�SURJUDP��EXW�WKHUH�LV
D�TXHU\�RQ�WKH�H[SUHVVLRQ�³5�3´��7KH�FRQVWUDLQWV�LQGXFHG�E\�WKH�SURJUDP�PD\�QRW
DVVRFLDWH�D�YDULDEOH�ZLWK�³5�3´��7KH�V\VWHP�ZLOO�QHHG�WR�DGG�WKH�FRQVWUDLQW�³0�5�� 3�W´
WR�WKH�LQLWLDO�VHW�VR�WKDW�0�5�3��FDQ�UHWXUQ�W�

)URP�WKHVH�GHILQLWLRQV��LW�IROORZV�WKDW�&
�LV�TXDVL�FORVHG�LI�WKHUH�H[LVWV�D�&�VXFK�WKDW

�� &�LV�FORVHG

�� &�FRQWDLQV�&,

�� "W��X�³�9DUV�&,����$[��W� &
�[�¾�X� &
�[��À��$[��W� &�[�¾�X� &�[�

����� ,QFUHPHQWDOLW\

7KH�6(0,�VROYHU�LV�LQFUHPHQWDO��LQ�WKH�VHQVH�WKDW�RQH�FDQ�DGG�WR�WKH�LQLWLDO�FRQVWUDLQW�VHW
&,�DW�DQ\�WLPH�DQG�WKH��TXDVL��FORVHG�VHW�&�ZLOO�FRUUHVSRQGLQJO\�H[SDQG��7KLV�LV�QRW
GLIILFXOW�WR�LPSOHPHQW�DQG�LV�QRW�GLVFXVVHG�IXUWKHU�LQ�WKLV�GRFXPHQW�

����� 7KH�JUDSK�UHSUHVHQWDWLRQ�RI�WKH�YDOXH�SRLQW�UHODWLRQ

,�KDYH�GHVFULEHG�KRZ�WR�WUHDW�WKH�FRPSXWHG�YDOXH�SRLQW�UHODWLRQ�DV�D�JUDSK�LQ�RUGHU�WR
PDNH�FRPSOH[�TXHULHV�H[HFXWH�PRUH�HIILFLHQWO\�>2��@��,W�LV�QRW�KDUG�WR�WUDQVIRUP�WKH
JUDSK�RI� �FRQVWUDLQWV�LQWR�WKH�UHTXLUHG�IRUP��EXW�,�ZLOO�QRW�GHWDLO�WKH�WUDQVIRUPDWLRQ
KHUH��,Q�WKLV�GRFXPHQW�,�ZLOO�RQO\�GHVFULEH�KRZ�WR�H[WHQG�DQ�LQLWLDO�FRQVWUDLQW�VHW�WR�D
TXDVL�FORVHG�VWDWH�

���&RQVWUDLQWV�IRU�-DYD�E\WHFRGH�SURJUDPV
$OWKRXJK�WKH�GHWDLOV�RI�WKH�H[WUDFWLRQ�DUH�EH\RQG�WKH�VFRSH�RI�WKLV�UHSRUW��,�JLYH�H[DPSOHV
WR�VKRZ�KRZ�WKH�FRQVWUDLQWV�DUH�XVHG�



�

����� ([DPSOH

6HH�)LJXUH����%\WHFRGH�HTXLYDOHQW�WR�WKH�FRGH�LQ�)LJXUH���ZRXOG�EH�JHQHUDWHG�E\�WKH
IROORZLQJ�-DYD�FRGH�

FODVV�;�^
�����������;�I�;�D�������^�UHWXUQ�WKLV��`
����VWDWLF�;�J�;�F��;�G��^�UHWXUQ�F�I�G���`
����VWDWLF�;�PDLQ�;�E����^�UHWXUQ�J�QHZ�;����E���`
`

%\WHFRGH ,QGXFHG�,QLWLDO�&RQVWUDLQWV

FODVV�;�^ 7I� I�LQ�;�W;�I &;� I�W;�I

��I�D��^ 7I� DUJ���/WKLV�SDUDP�I

7I� UHVXOW�5I

7I� DUJ���/D�SDUDP�I

�� ����DORDG�WKLV�

�� ����DUHWXUQ� 5I� �/WKLV�SDUDP�I

��`

��VWDWLF�J�F��G��^ 7J� DUJ���/F�SDUDP�J

7J� UHVXOW�5J

7J� DUJ���/G�SDUDP�J

�� ����DORDG�F

�� ����DORDG�G

�� ����LQYRNHYLUWXDO�I� /F�SDUDP�J� I�X
X� DUJ���/G�SDUDP�J

X� DUJ���/F�SDUDP�J

�� ����DUHWXUQ� X� UHVXOW�5J

��`

��VWDWLF�PDLQ�E��^ 7PDLQ� DUJ���/E�SDUDP�PDLQ 7PDLQ� UHVXOW�5PDLQ

�� ����QHZ�;� &;� QHZ�DW���LQ�PDLQ�/WPS���PDLQ

�� ����DORDG�E�

�� ����LQYRNHVWDWLF�J� 7J� PDLQ���W
W� DUJ���/E�SDUDP�PDLQ

W� DUJ���/WPS���PDLQ

�� ����DUHWXUQ� W� UHVXOW�5PDLQ

��`

`

)LJXUH����&RQVWUDLQWV�IRU�D�E\WHFRGH�SURJUDP



�

)RU�WKLV�SURJUDP��RQH�PLJKW�DVN�³FDQ�PDLQ¶V�UHVXOW�HTXDO�WKH�QHZ�;�REMHFW�LW�FUHDWHV"´
:H�VKDOO�VHH�KRZ�WKLV�TXHVWLRQ�LV�DQVZHUHG�E\�H[WUDFWLQJ�WKH�LQLWLDO�FRQVWUDLQWV��VKRZQ�LQ
)LJXUH����DQG�ILQGLQJ�D�FORVHG�IRUP�

����� 7KH�LQLWLDO�FRQVWUDLQWV

&RQVLGHU�WKH�FRGH�DQG�LQLWLDO�FRQVWUDLQWV�IRU�IXQFWLRQ�I��7I�LV�WKH�FRQVWUDLQW�YDULDEOH
DVVRFLDWHG�ZLWK�I��I¶V�SDUDPHWHUV�DQG�UHVXOWV�DUH�DOVR�KDYH�FRQVWUDLQW�YDULDEOHV�DVVRFLDWHG
ZLWK�WKHP��/WKLV�SDUDP�I��/D�SDUDP�I�DQG�5I��&RPSRQHQW�FRQVWUDLQWV�UHFRUG�WKH�UHODWLRQVKLS
EHWZHHQ�WKHVH�FRQVWUDLQW�YDULDEOHV�DQG�7I��5HWXUQLQJ�³WKLV´�IURP�I�LQGXFHV�WKH�HTXDOLW\
FRQVWUDLQW�5I� �/WKLV�SDUDP�I�

7KH�FODVV�;�LV�DVVRFLDWHG�ZLWK�D�FRQVWUDLQW�YDULDEOH�&;��WKLV�FDQ�EH�WKRXJKW�RI�DV�WKH
LQIHUUHG�³W\SH´�IRU�D�SURWRW\SLFDO�REMHFW�RI�FODVV�;��&;�KDV�D�FRPSRQHQW�IRU�HDFK
QRQVWDWLF�PHWKRG�RI�;��,Q�WKLV�FDVH��WKHUH�LV�MXVW�RQH�QRQVWDWLF�PHWKRG��I��7KXV��&;�KDV�DQ
I�FRPSRQHQW��W;�I��W;�I�LV�DQ�LQVWDQFH�RI�7I��EHFDXVH�PXOWLSOH�FODVVHV�PD\�LQKHULW�I�DQG�ZH
VKRXOG�NHHS�WKHVH�GLIIHUHQW�XVHV�RI�I�VHSDUDWH��VR�WKDW�SODFLQJ�D�FRQVWUDLQW�RQ�RQH�LQVWDQFH
GRHVQ¶W�XQQHFHVVDULO\�FRQVWUDLQ�WKH�RWKHU�LQVWDQFHV�

$�FRQVWUDLQW�YDULDEOH�DVVRFLDWHG�ZLWK�DQ�REMHFW�UHIHUHQFH�QRW�RQO\�KDV�FRPSRQHQWV�IRU�WKH
YLUWXDO�PHWKRGV�RI�WKDW�REMHFW��LW�FDQ�DOVR�KDYH�FRPSRQHQWV�IRU�WKH�ILHOGV�RI�WKDW�REMHFW�
7KH�ILHOG�FRPSRQHQWV�DUH�XVHG�E\�³SXWILHOG´�DQG�³JHWILHOG´�LQVWUXFWLRQV�WR�DFFHVV�WKH
LQIHUUHG�³W\SH´�RI�WKH�ILHOG��7KH�FRQVWUDLQW�YDULDEOH�IRU�WKH�FODVV�LWVHOI��H�J��&;��KDV�QR
ILHOG�FRPSRQHQWV��EHFDXVH�QRWKLQJ�LV�NQRZQ�DERXW�WKH�LQIHUUHG�W\SHV�RI�ILHOGV�XQWLO�FRGH
LV�IRXQG�WR�EH�RSHUDWLQJ�RQ�DFWXDO�REMHFW�LQVWDQFHV�

9LUWXDO�PHWKRG�FRPSRQHQWV�DUH�XVHG�ZKHQ�D�YLUWXDO�PHWKRG�LV�FDOOHG��VXFK�DV�LQ�WKH�FRGH
IRU�J��J�KDV�D�UHIHUHQFH�WR�DQ�;�LQ�LWV�F�SDUDPHWHU��DVVRFLDWHG�ZLWK�YDULDEOH�/F�SDUDP�J��7R
FDOO�WKH�YLUWXDO�PHWKRG�I�RQ�F��WKH�I�FRPSRQHQW�RI�/F�SDUDP�J�LV�H[WUDFWHG��LQWR�YDULDEOH
³X´��DQG�LWV�UHVXOW�DQG�SDUDPHWHU�YDULDEOHV�DUH�ERXQG�WR�YDULDEOHV�IRU�WKH�DFWXDO
SDUDPHWHUV�DQG�UHVXOWV��1RWH�WKDW�³X´�LWVHOI�LV�XVHG��QRW�DQ�LQVWDQFH�RI�³X´��8VLQJ�DQ
LQVWDQFH�RI�³X´�ZRXOG�PDNH�WKH�DQDO\VLV�XQVRXQG��WKH�LQWXLWLYH�UHDVRQ�LV�WKDW�RQO\
FRQVWDQW�YDOXHV�FDQ�EH�WUHDWHG�SRO\PRUSKLFDOO\�

6WDWLF�PHWKRG�FDOOV�FDQ�XVH�D�IUHVK�LQVWDQFH�RI�WKH�FDOOHG�PHWKRG¶V�FRQVWUDLQW�YDULDEOH�
EHFDXVH�WKH�FDOOHH�LV�D�FRQVWDQW��,Q�PDLQ��WKH�FRQVWUDLQW�YDULDEOH�³W´�LV�D�IUHVK�LQVWDQFH�RI
WKH�FRQVWUDLQW�YDULDEOH�IRU�WKH�FDOOHH��J�

:KHQ�D�QHZ�REMHFW�LV�FUHDWHG��WKH�YDULDEOH�FRUUHVSRQGLQJ�WR�WKH�QHZ�REMHFW��/WPS���PDLQ�LQ
WKLV�H[DPSOH��LV�PDGH�D�IUHVK�LQVWDQFH�RI�WKH�FODVV¶V�DVVRFLDWHG�FRQVWUDLQW�YDULDEOH��&;��
7KXV�WKH�FRPSRQHQWV�IRU�WKH�YLUWXDO�PHWKRGV�RI�;�ZLOO�SURSDJDWH�WR�WKH�LQVWDQFH�

����� )LQGLQJ�D�FORVHG�IRUP

&ORVLQJ�WKH�FRQVWUDLQW�VHW�JHQHUDWHV�WKH�IROORZLQJ�DGGLWLRQDO�FRQVWUDLQWV��DPRQJ�RWKHUV��

7KH�HTXDOLW\�FRQVWUDLQWV�ZLWKLQ�I�JLYH

7I� UHVXOW�/WKLV�SDUDP�I

:H�SURSDJDWH�FRPSRQHQWV�RI�7I�WR�7[�I��JHWWLQJ



��

W;�I� DUJ���Y W;�I� UHVXOW�Y

�ZKHUH�/WKLV�SDUDP�I� I�LQ�;�Y�

1RZ�ZH�SURSDJDWH�7[�I�DQG�LWV�FRPSRQHQWV�WR�WKH�LQVWDQFH�RI�&;�LQ�PDLQ�

/WPS���PDLQ� I�W
;�I W
;�I� DUJ���Y
 W
;�I� UHVXOW�Y


�ZKHUH�Y� QHZ�DW���LQ�PDLQ�Y
�

,Q�RWKHU�ZRUGV��ZH�NQRZ�LQ�PDLQ�WKDW�WKH�REMHFW¶V�I�PHWKRG�DOLDVHV�LWV�ILUVW�SDUDPHWHU�DQG
UHVXOW��1RZ�ZH�QHHG�WR�ZRUN�RQ�J��J¶V�HTXDOLW\�FRQVWUDLQWV�JLYH�XV

/F�SDUDP�J� I�X X� DUJ���/F�SDUDP�J X� UHVXOW�5J

6R�LQVLGH�J��ZH�NQRZ�WKDW�ZH�SDVV�F�LQWR�F¶V�I�PHWKRG��DQG�WKH�UHVXOW�RI�WKDW�PHWKRG�LV
UHWXUQHG�IURP�J��:H�GRQ¶W�DVVXPH�DQ\WKLQJ�HOVH�DERXW�I�KHUH�

:H�SURSDJDWH�J¶V�FRQVWUDLQWV�WR�PDLQ�

/F�SDUDP�J� PDLQ���/WPS���PDLQ 5J� PDLQ���5PDLQ

)URP�KHUH�ZH�JHW

/WPS���PDLQ� I�X
 X
� DUJ���/WPS���PDLQ X
� UHVXOW�5PDLQ

�ZKHUH�X� PDLQ���X
��

1RZ�/WPS���PDLQ� I�X
�DQG�/WPS���PDLQ� I�W
;�I�UHTXLUH�XV�WR�VHW�X
� �W
;�I��,Q�RWKHU�ZRUGV��ZH
KDYH�³GLVFRYHUHG´�WKH�LPSOHPHQWDWLRQ�RI�I�WKDW�J�XVHV�

)URP�WKH�DUJ���FRPSRQHQWV�RI�X
�DQG�W
;�I��ZH�JHW

Y
� �/WPS���PDLQ Y
� �5PDLQ

7KXV

/WPS���PDLQ� �5PDLQ

7KH�FRQFOXVLRQ�LV�WKDW�WKH�UHVXOW�RI�PDLQ�PD\�EH�WKH�QHZ�;�LW�FUHDWHV��DW�OHDVW��WKLV
DQDO\VLV�FDQQRW�SURYH�RWKHUZLVH�

���7KH�EDVLF�DOJRULWKP
,�ZLOO�GHVFULEH�D�VHULHV�RI�DOJRULWKPV�OHDGLQJ�XS�WR�WKH�IXOO�6(0,�DOJRULWKP��HDFK�PRUH
VRSKLVWLFDWHG�WKDQ�WKH�ODVW��$OO�WKH�DOJRULWKPV�VWDUW�ZLWK�WKH�LQLWLDO�FRQVWUDLQW�VHW�&,�DQG
DGG�FRQVWUDLQWV�WR�WKH�VHW�XQWLO�LW�LV�FORVHG��RU�TXDVL�FORVHG���7KH�EDVLF�DOJRULWKP
SUHVHQWHG�LQ�WKLV�VHFWLRQ�FRUUHVSRQGV�WR�+HQJOHLQ¶V�W\SH�LQIHUHQFH�SURFHGXUH�>+��@�

����� (TXDOLW\�HOLPLQDWLRQ

/LNH�HYHU\�DOJRULWKP�RI�WKLV�NLQG��P\�VROYHU�XVHV�D�UHSUHVHQWDWLRQ�RI�WKH�FRQVWUDLQW�VHW
WKDW�DYRLGV�H[SOLFLW�HTXDOLW\�FRQVWUDLQWV��:KHQHYHU�D�FRQVWUDLQW�RI�WKH�IRUP�³D� �E´�LV
HQFRXQWHUHG�RU�SURGXFHG��LW�LV�GLVFDUGHG��DQG�WKH�VROYHU�VXEVWLWXWHV�E�IRU�D��RU�D�IRU�E��LQ
DOO�WKH�RWKHU�FRQVWUDLQWV��7KLV�FDQ�EH�LPSOHPHQWHG�HIILFLHQWO\�E\�WUHDWLQJ�HDFK�YDULDEOH�DV
DQ�HTXLYDOHQFH�FODVV�DQG�HPSOR\LQJ�WKH�XQLRQ�ILQG�DOJRULWKP�WR�PHUJH�HTXLYDOHQFH
FODVVHV�



��

����� )XQFWLRQDO�UHSUHVHQWDWLRQ�RI�FRPSRQHQWV�DQG�LQVWDQFHV

7KH�FRPSRQHQW�FRQVLVWHQF\�UXOH�JXDUDQWHHV�WKDW�IRU�D�JLYHQ�YDULDEOH�W�DQG�FRPSRQHQW
ODEHO�F��WKHUH�LV�DW�PRVW�RQH�Y�VXFK�WKDW�W� F�Y��DIWHU�WDNLQJ�LQWR�DFFRXQW�HTXLYDOHQFLHV��
7KXV�WKH�FRPSRQHQW�FRQVWUDLQWV�FDQ�EH�UHSUHVHQWHG�DV�D�FXUULHG�SDUWLDO�IXQFWLRQ�) ��
9���/� �9�

/LNHZLVH�WKH�LQVWDQFH�FRQVWUDLQWV�FDQ�EH�UHSUHVHQWHG�DV�) ���9���,� �9�

,Q�WKH�LPSOHPHQWDWLRQ��HDFK�YDULDEOH�Y�KDV�WZR�KDVK�WDEOHV�DVVRFLDWHG�ZLWK�LW��RQH
UHSUHVHQWLQJ�) �Y��DQG�WKH�RWKHU�) �Y��

:KHQ�D�YDULDEOH�Y�LV�VXEVWLWXWHG�IRU�X�EHFDXVH�X�DQG�Y�KDYH�EHHQ�VHW�HTXDO��X¶V�/� �9
FRPSRQHQW�PDS�LV�PHUJHG�LQWR�Y¶V�/� �9�FRPSRQHQW�PDS��7KH�WULFN\�SDUW�RI�WKLV�SURFHVV
LV�WKDW��IRU�HDFK�O�LQ�WKH�LQWHUVHFWLRQ�RI�WKHLU�GRPDLQV��WKH�YDULDEOH�) �X��O��LV�PDGH�HTXDO
WR�WKH�YDULDEOH�) �Y��O���WKXV��WKH�PHUJH�SURFHGXUH�FDQ�LQYRNH�LWVHOI�UHFXUVLYHO\��7KH
SURFHGXUH�FRUUHVSRQGV�WR�XQLILFDWLRQ�RI�WHUPV�

7KH�DOJRULWKP�DOVR�KDV�WR�PHUJH�X¶V�,� �9�LQVWDQFH�PDS�LQWR�Y¶V�,� �9�LQVWDQFH�PDS�
7KLV�LV�VLPLODU�WR�WKH�FDVH�RI�WKH�FRPSRQHQW�PDSV��DQG�FDQ�DOVR�UHVXOW�LQ�UHFXUVLYH�PHUJH
FDOOV�

����� &RPSRQHQW�SURSDJDWLRQ

7KH�DERYH�QRUPDOL]DWLRQ�SURFHGXUHV�HQVXUH�WKDW�WKH�FRQVWUDLQW�VHW�LV�DOZD\V�FORVHG�XQGHU
DOO�UXOHV��H[FHSW�IRU�WKH�FRPSRQHQW�DQG�LQVWDQFH�SURSDJDWLRQ�UXOHV��1DWXUDOO\��WKLV�LV
ZKHUH�WKLQJV�VWDUW�WR�JHW�LQWHUHVWLQJ�

:H�WUHDW�WKH�UXOHV�DV�SURGXFWLRQ�UXOHV�

�� &RPSRQHQW�SURSDJDWLRQ
8SRQ�GHWHFWLQJ�^�W� L�X��W� F�Y�`�²�&�IRU�VRPH�W��X��Y��L�DQG�F��DGG�D�QHZ�YDULDEOH�Z
DQG�FRQVWUDLQW�X� F�Z��XQOHVV�WKHUH�LV�DOUHDG\�D�Z�VXFK�WKDW�X� F�Z��

�� ,QVWDQFH�SURSDJDWLRQ
8SRQ�GHWHFWLQJ�^�W� L�X��W� F�Y��X� F�Z�`�²�&�IRU�VRPH�W��X��Y��Z��L�DQG�F��DGG
FRQVWUDLQW�Y� L�Z��LI�QRW�DOUHDG\�SUHVHQW��

7KLV�LV�LPSOHPHQWHG�XVLQJ�D�ZRUNOLVW��7KH�DOJRULWKP�PDLQWDLQV�D�OLVW�RI�³GLUW\´
FRPSRQHQW�FRQVWUDLQWV��H�J��³W� F�Y´��WKDW�PXVW�EH�FKHFNHG�E\�WKH�FRPSRQHQW�SURSDJDWLRQ
UXOH��$OO�FRPSRQHQW�FRQVWUDLQWV�LQ�&,�VWDUW�RII�LQ�WKH�GLUW\�OLVW��:KHQHYHU�D�QHZ
FRPSRQHQW�FRQVWUDLQW�LV�DGGHG��LW�LV�DGGHG�WR�WKH�GLUW\�OLVW��:KHQHYHU�D�YDULDEOH�W�LV
VXEVWLWXWHG�IRU�DQRWKHU�YDULDEOH�Z��DOO�WKH�FRPSRQHQWV�RI�W�WKDW�GR�QRW�DOUHDG\�DSSHDU�LQ�Z
DUH�PDGH�GLUW\��DQG�OLNHZLVH�DOO�WKH�FRPSRQHQWV�RI�Z�WKDW�GR�QRW�DOUHDG\�DSSHDU�LQ�W�DUH
PDGH�GLUW\��IRUPDOO\�

^�W� F�Y�_�^�W� F�Y�`�²�&�¾��¤$X��^�Z� F�X�`�²�&��`�
^�Z� F�Y�_�^�Z� F�Y�`�²�&�¾��¤$X��^�W� F�X�`�²�&��`

$OVR��ZKHQHYHU�DQ�LQVWDQFH�FRQVWUDLQW�W� L�X�LV�DGGHG��DOO�WKH�FRPSRQHQWV�RI�W�DQG�X�DUH
PDGH�GLUW\�



��

'XULQJ�HDFK�LWHUDWLRQ�RI�WKH�VROYHU��LW�SXOOV�RQH�GLUW\�FRPSRQHQW�FRQVWUDLQW�W� F�Y�IURP�WKH
GLUW\�OLVW��7KHQ�IRU�HDFK�X�DQG�L�VXFK�WKDW�^�W� L�X�`�²�&��WKH�WZR�SURGXFWLRQ�UXOHV�DUH
FKHFNHG��$OVR��IRU�HDFK�X�DQG�L�VXFK�WKDW�^�X� L�W�`�²�&��WKH�VHFRQG�SURGXFWLRQ�UXOH�LV
FKHFNHG��VZDSSLQJ�X�ZLWK�W�DQG�Y�ZLWK�Z��1RWH�WKDW�LQ�FKHFNLQJ�WKH�VHFRQG�UXOH��VLQFH�X
DQG�F�DUH�NQRZQ��WKHUH�FDQ�EH�DW�PRVW�RQH�DSSOLFDEOH�Z�

,WHUDWLRQ�FRQWLQXHV�XQWLO�WKH�ZRUNOLVW�RI�GLUW\�FRPSRQHQW�FRQVWUDLQWV�LV�HPSW\��8SRQ
WHUPLQDWLRQ��WKH�FRQVWUDLQW�VHW�LV�FORVHG�

:KHQ�DQ�HTXDOLW\�FRQVWUDLQW�LV�SURFHVVHG�E\�DSSO\LQJ�D�VXEVWLWXWLRQ�WR�WKH�HQWLUH
FRQVWUDLQW�VHW��WKH�VDPH�VXEVWLWXWLRQ�LV�DSSOLHG�WR�WKH�HOHPHQWV�RI�WKH�ZRUNOLVW�

����� 6DYLQJ�WLPH�E\�UHFRUGLQJ�DGGLWLRQDO�GLUW\QHVV�LQIRUPDWLRQ

)RU�VRPH�YDULDEOHV�W�WKHUH�PD\�EH�PDQ\�X�VXFK�WKDW�W� L�X�RU�X� L�W��:KHQ�D�GLUW\
FRPSRQHQW�W� F�Y�LV�EHLQJ�SURFHVVHG��LW�FDQ�EH�VORZ�WR�VFDQ�DOO�WKH�LQVWDQFHV�X�VXFK�WKDW
W� L�X�DQG�DOO�WKH�VRXUFHV�X�VXFK�WKDW�X� L�W��7KHUHIRUH�IRU�HDFK�GLUW\�FRPSRQHQW�W� F�Y�
ZH�PDLQWDLQ�D�OLVW�RI�DOO�WKH�W� L�X�DQG�X� L�W�WKDW�QHHG�WR�EH�LQVSHFWHG�LQ�FRQMXQFWLRQ�ZLWK
WKDW�FRPSRQHQW�FRQVWUDLQW��)RU�HYHU\�VLWXDWLRQ�LQ�ZKLFK�D�FRPSRQHQW�FRQVWUDLQW�PD\
EHFRPH�GLUW\��WKHUH�LV�DQ�DVVRFLDWHG�VHW�RI�LQVWDQFH�DQG�VRXUFH�FRQVWUDLQWV�WKDW�ZLOO�QHHG
WR�EH�LQVSHFWHG��,I�D�FRPSRQHQW�FRQVWUDLQW�LV�DOUHDG\�GLUW\��LWV�DVVRFLDWHG�VHWV�FDQ�VWLOO�EH
H[WHQGHG�ZLWK�DGGLWLRQDO�LQVWDQFH�DQG�VRXUFH�FRQVWULDQWV�WR�EH�LQVSHFWHG�

�� :KHQ�D�QHZ�FRPSRQHQW�FRQVWUDLQW�W� F�Y�LV�DGGHG��DOO�FRQVWUDLQWV�RI�WKH�IRUP�W� L�X
DQG�X� L�W�QHHG�WR�EH�LQVSHFWHG�

�� :KHQ�WKH�YDULDEOH�W�LV�VXEVWLWXWHG�IRU�YDULDEOH�Z��WKHQ�IRU�HDFK�W� F�Y�VXFK�WKDW
^�W� F�Y�`�²�&�¾��¤$X��^�Z� F�X�`�²�&���DOO�FRQVWUDLQWV�RI�WKH�IRUP�Z� L�X�DQG�X� L�Z
QHHG�WR�EH�LQVSHFWHG�LQ�FRQMXQFWLRQ�ZLWK�W� F�Y��/LNHZLVH��IRU�HDFK�Z� F�Y�VXFK�WKDW
^�Z� F�Y�`�²�&�¾��¤$X��^�W� F�X�`�²�&���DOO�FRQVWUDLQWV�RI�WKH�IRUP�W� L�X�DQG�X� L�W
QHHG�WR�EH�LQVSHFWHG�LQ�FRQMXQFWLRQ�ZLWK�Z� F�Y�

�� :KHQHYHU�DQ�LQVWDQFH�FRQVWUDLQW�W� L�X�LV�DGGHG��WKHQ�IRU�HDFK�W� F�Y�LQ�&��WKH
LQVWDQFH�FRQVWUDLQW�W� L�X�PXVW�EH�LQVSHFWHG�LQ�FRQMXQFWLRQ�ZLWK�W� F�Y��$OVR��IRU�HDFK
X� F�Y�LQ�&��WKH�VRXUFH�FRQVWUDLQW�W� L�X�PXVW�EH�LQVSHFWHG�LQ�FRQMXQFWLRQ�ZLWK�X� F�Y�

7KLV�DGGLWLRQDO�ERRNNHHSLQJ�JUHDWO\�LPSURYHG�UXQWLPH��ZKLOH�DGGLQJ�D�VPDOO�DPRXQW�RI
VSDFH�RYHUKHDG��ERXQGHG�E\�D�VPDOO�FRQVWDQW�IDFWRU�LQ�WKH�ZRUVW�FDVH��EXW�VWLOO
VLJQLILFDQW��

����� 1RQWHUPLQDWLRQ�SUREOHPV

8QIRUWXQDWHO\��LW�LV�HDV\�WR�FRQVWUXFW�FRQVWUDLQW�VHWV�IRU�ZKLFK�WKLV�DOJRULWKP�GRHV�QRW
WHUPLQDWH��)XUWKHUPRUH��WKHVH�VHWV�GR�DULVH�LQ�SUDFWLFH�

)RU�H[DPSOH��FRQVLGHU�WKH�VHW�^�7I� UHVXOW�7U��7I� L�7U�`��7KLV�FRXOG�DULVH�IURP�DQ�DQDO\VLV
RI�WKH�IROORZLQJ�SURJUDP�

I���^�UHWXUQ�I��`
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I¶V�UHVXOW�LV�DQ�LQVWDQFH�RI�I���7KLV�LV�D�FRQWULYHG�H[DPSOH��5HDO�H[DPSOHV�LQ�-DYD�DUH
PRUH�FRPSOLFDWHG��H�J��ZKHQ�D�PHWKRG�0�UHWXUQV�D�UHIHUHQFH�WR�D�QHZ�REMHFW�ZKLFK
FRQWDLQV�0��

6XSSRVH�ZH�DSSO\�WKH�DERYH�DOJRULWKP�WR�WKLV�FRQVWUDLQW�VHW�

�� $SSO\�FRPSRQHQW�SURSDJDWLRQ�WR�^�7I� UHVXOW�7U��7I� L�7U�`�
DGG�7��DQG�FRQVWUDLQW�^�7U� UHVXOW�7��`

�� $SSO\�LQVWDQFH�SURSDJDWLRQ�WR�^�7I� UHVXOW�7U��7I� L�7U��7U� UHVXOW�7��`�
DGG�FRQVWUDLQW�^�7U� L�7��`

�� $SSO\�FRPSRQHQW�SURSDJDWLRQ�WR�^�7U� UHVXOW�7���7U� L�7��̀ �
DGG�7��DQG�FRQVWUDLQW�^�7�� UHVXOW�7��`

�� $SSO\�LQVWDQFH�SURSDJDWLRQ�WR�^�7U� UHVXOW�7���7U� L�7���7�� UHVXOW�7��`�
DGG�FRQVWUDLQW�^�7�� L�7��`

�� «

����� 7KH�H[WHQGHG�RFFXUV�FKHFN

,Q�W\SH�LQIHUHQFH��WKH�W\SH�RI�I�ZRXOG�EH�DQ�LQILQLWH�WHUP�

YRLG����YRLG����YRLG���«��

7KLV�UHFXUVLYH�W\SH�LV�QRW�YDOLG�LQ�+HQJOHLQ¶V�VFKHPH��WKHUHIRUH�KLV�DOJRULWKP�GHWHFWV�WKLV
VLWXDWLRQ�DQG�UHSRUWV�IDLOXUH��+H�FDOOV�WKLV�GHWHFWLRQ�WKH�³H[WHQGHG�RFFXUV�FKHFN´���,W�LV
DQDORJRXV�WR�WKH�RFFXUV�FKHFN�SHUIRUPHG�GXULQJ�WHUP�XQLILFDWLRQ���,Q�WHUPV�RI�P\
IRUPDOLVP��WKH�H[WHQGHG�RFFXUV�FKHFN�ILUHV�ZKHQHYHU��IRU�VRPH�VHWV�RI�YDULDEOHV�WL�DQG�XL�

^�W�� L��X���«��XQ��� �LQ�XQ��W�� FRPS��W���«��WP� FRPSQ�XQ�`�²�&

7KLV�PHDQV�WKDW�WKH�H[WHQGHG�RFFXUV�FKHFN�LV�DSSOLFDEOH�ZKHQHYHU�ZH�KDYH�D�YDULDEOH�W�
WKDW�KDV�D�WUDQVLWLYH�LQVWDQFH�XQ�WKDW�LV�DOVR�WUDQVLWLYHO\�D�FRPSRQHQW�RI�W��

:KHQ�WKH�H[WHQGHG�RFFXUV�FKHFN�ILUHV�LQ�6(0,��WKH�VROYHU�VLPSO\�IRUPV�D�UHFXUVLYH�W\SH
E\�VHWWLQJ�W�� �XQ��DQG�FRQWLQXHV��,Q�WKH�H[DPSOH��WKH�H[WHQGHG�RFFXUV�FKHFN�VHWV�7U� �7I�
KDOWLQJ�WKH�H[SDQVLRQ�

1RWH�WKDW�DGGLQJ�WKLV�HTXDOLW\�IRUFHV�YDULDEOHV�WR�EH�HTXDO�WKDW�GR�QRW�QHFHVVDULO\�QHHG�WR
EH�HTXDO�DFFRUGLQJ�WR�WKH�LQLWLDO�FRQVWUDLQWV��7KLV�LV�ZK\�6(0,�GRHV�QRW�FRPSXWH�D�PRVW
JHQHUDO��L�H��SULQFLSDO��VROXWLRQ��7KH�GHPRQVWUDWLRQ�RI�QRQ�H[LVWHQFH�RI�SULQFLSDO�W\SHV�LQ
$SSHQGL[�$�LV�EDVHG�RQ�D�VLPLODU�H[DPSOH�

7KH�LPSOHPHQWDWLRQ�RI�WKH�6(0,�VROYHU�SHUIRUPV�DQ�H[WHQGHG�RFFXUV�FKHFN�ZKHQHYHU�WKH
LQVWDQFH�SURSDJDWLRQ�UXOH�DGGV�D�QHZ�LQVWDQFH�FRQVWUDLQW�W� L�X�WR�&��,W�VHWV�XQ��� �W��XQ� �X�
DQG�LQ� �L��DQG�WKHQ�VHDUFKHV�WKH�FRPSRQHQW�DQG�LQVWDQFH�JUDSKV�IRU�D�YDULDEOH�W�
VDWLVI\LQJ�WKH�FKHFN��$Q\�VXFK�YDULDEOHV�IRXQG�DUH�ERXQG�WR�X��7KH�VHDUFK�SURFHHGV�E\
ILUVW�VFDQQLQJ�WKH�LQVWDQFH�JUDSK�EDFNZDUGV��ILQGLQJ�DOO�FDQGLGDWH�W�V�WKDW�DUH�WUDQVLWLYH
VRXUFHV�RI�W��LQFOXGLQJ�W�LWVHOI���DQG�IRU�HDFK�FDQGLGDWH��VFDQQLQJ�LWV�FRPSRQHQWV
WUDQVLWLYHO\�ORRNLQJ�IRU�X�

7KLV�FKHFN�FRXOG�HDVLO\�EH�FKDQJHG�IURP�ZRUVW�FDVH�2�1���WLPH��ZKHUH�1�LV�WKH�QXPEHU
RI�YDULDEOHV��WR�2�1��WLPH��VLPSO\�E\�ILQGLQJ�DOO�WUDQVLWLYH�VRXUFHV�RI�W�ILUVW��WKHQ�VFDQQLQJ
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DOO�RI�W¶V�WUDQVLWLYH�SDUHQWV��YDULDEOHV�WKDW�KDYH�W�DV�D�WUDQVLWLYH�FRPSRQHQW���,Q�SUDFWLFH�
KRZHYHU��WKH�DYHUDJH�QXPEHUV�RI�WUDQVLWLYH�LQVWDQFHV��VRXUFHV��FRPSRQHQWV�RU�SDUHQWV�WKDW
D�YDULDEOH�KDV�DUH�DOO�YHU\�ODUJH��DQG�D�FKHFN�WKDW�LV�OLQHDU�WLPH�LQ�DQ\�RI�WKHVH�TXDQWLWLHV
LV�SURKLELWLYHO\�H[SHQVLYH��VLQFH�WKH�H[WHQGHG�RFFXUV�FKHFN�LV�SHUIRUPHG�IUHTXHQWO\��
7KHUHIRUH�D�PRUH�FRPSOH[�DSSURDFK�LV�UHTXLUHG��GHVFULEHG�EHORZ���ZKLFK�EXLOGV�RQ�WKH
EDVLF�DOJRULWKP�DERYH��,W�WXUQV�RXW�WKDW�LQ�WKH�SUHVHQFH�RI�WKRVH�RSWLPL]DWLRQV��WKH�ZRUVW
FDVH�2�1A���YHUVLRQ�SHUIRUPV�D�ORW�EHWWHU�

���2SWLPL]LQJ�WKH�RFFXUV�FKHFN��FOXVWHUV
7KH�QDwYH�DSSURDFK�WR�SHUIRUPLQJ�WKH�H[WHQGHG�RFFXUV�FKHFN�FDQ�EH�VSHG�XS�HQRUPRXVO\
E\�H[SORLWLQJ�WKH�VWUXFWXUH�RI�WKH�FRQVWUDLQWV�LQGXFHG�E\�D�-DYD�SURJUDP��RU�DQ\�SURJUDP
WKDW�KDV�OD\HUV�LQ�LWV�DUFKLWHFWXUH��L�H��DOPRVW�DOO�SURJUDPV��

����� &RQVWUDLQW�VWUXFWXUH

6(0,�JHQHUDWHV�LQVWDQFH�FRQVWUDLQWV�IURP�D�-DYD�SURJUDP�LQ�WKH�IROORZLQJ�VLWXDWLRQV�

�� $�PHWKRG�ERG\�0��PDNHV�D�³VWDWLF´�FDOO�WR�DQRWKHU�PHWKRG�0���0��GHSHQGV�RQ�0��

�� $�PHWKRG�ERG\�0��FUHDWHV�D�QHZ�REMHFW�RI�D�FODVV�&��0��GHSHQGV�RQ�&�

�� $�PHWKRG�ERG\�0��LV�LQVWDOOHG�LQ�WKH�G\QDPLF�GLVSDWFK�WDEOH�RI�D�FODVV�&��&�GHSHQGV
RQ�0��

'XH�WR�WKH�OD\HUHG�VWUXFWXUH�RI�PRVW�SURJUDPV��WKH�JUDSK�RI�GHSHQGHQFLHV�LV�³PRVWO\´
DF\FOLF��+RZHYHU��WKH�-'.�FODVV�OLEUDU\�LWVHOI�FRQWDLQV�D�QXPEHU�RI�VXUSULVLQJO\�FRPSOH[
F\FOHV��VR�LW�LV�LPSRUWDQW�WR�EH�DEOH�WR�KDQGOH�F\FOHV�ZHOO�

����� &OXVWHUV

1RUPDOO\��L�H���LQ�WKH�DEVHQFH�RI�D�UHFXUVLYH�FKDLQ�RI�GHSHQGHQFLHV���WKH�YDULDEOHV
DVVRFLDWHG�ZLWK�SDUDPHWHUV��ORFDO�YDULDEOHV��UHVXOWV��DQG�LQWHUPHGLDWH�YDOXHV�ZLWKLQ�D
JLYHQ�PHWKRG��DQG�WKHLU�FRPSRQHQWV��DUH�UHODWHG�RQO\�E\�FRPSRQHQW�FRQVWUDLQWV��,QVWDQFH
FRQVWUDLQWV��DQG�RQO\�LQVWDQFH�FRQVWUDLQWV��UHODWH�WKHVH�YDULDEOHV�WR�YDULDEOHV�DVVRFLDWHG
ZLWK�RWKHU�PHWKRGV��6LPLODUO\��LQ�D�FODVV�WKHUH�DUH�YDULDEOHV�DVVRFLDWHG�ZLWK�WKH�PHWKRG
VORWV��DQG�D�YDULDEOH�IRU�WKH�SURWRW\SH�REMHFW�RI�WKH�FODVV��ZKLFK�DUH�UHODWHG�WR�HDFK�RWKHU
E\�FRPSRQHQW�FRQVWUDLQWV�RQO\��,QVWDQFH�FRQVWUDLQWV�UHODWH�WKHVH�YDULDEOHV�WR�YDULDEOHV�LQ
WKH�PHWKRGV�WKDW�FUHDWH�REMHFWV�RI�WKH�FODVV��DQG�WR�YDULDEOHV�LQ�WKH�PHWKRG�ERGLHV�XVHG�E\
WKH�FODVV�

7KH�6(0,�VROYHU�H[SOLFLWO\�FDSWXUHV�WKLV�VWUXFWXUH��7KH�YDULDEOHV�DUH�SDUWLWLRQHG�LQWR
DEVWUDFW�FOXVWHUV��WKH�SDUWLWLRQ�LV�ZULWWHQ�5���9���;��ZKHUH�;�LV�WKH�VHW�RI�FOXVWHU�ODEHOV��
7KH�RQO\�UHTXLUHG�SURSHUW\�RI�5�LV�WKDW�LI�W� F�X�LV�D�FRQVWUDLQW��WKHQ�5�W�� �5�X���,Q�RWKHU
ZRUGV��DOO�YDULDEOHV�UHODWHG�E\�RQO\�FRPSRQHQW�FRQVWUDLQWV�DUH�LQ�WKH�VDPH�FOXVWHU�
7\SLFDOO\��-DYD�SURJUDPV�JLYH�ULVH�WR�D�ODUJH�QXPEHU�RI�VPDOO�FOXVWHUV��RQH�FOXVWHU�SHU
PHWKRG��
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,W�LV�QRW�VWULFWO\�QHFHVVDU\�WR�KDYH�5�EH�WKH�PRVW�UHILQHG�SDUWLWLRQ�SRVVLEOH��EXW�WKDW�LV�HDV\
WR�LPSOHPHQW�DQG�JLYHV�WKH�EHVW�UHVXOWV��7KDW�LV��LI�W�DQG�X�DUH�QRW�UHODWHG�E\�DQ\�FKDLQ�RI
FRPSRQHQW�FRQVWUDLQWV��LJQRULQJ�GLUHFWLRQ��WKHQ�5�W����5�X��

7KH�LPSOHPHQWDWLRQ�PDLQWDLQV�WKH�FOXVWHU�PDS�G\QDPLFDOO\��WDNLQJ�DFFRXQW�RI�YDULDEOH
PHUJLQJ��QHZ�FRQVWUDLQWV��HWF�

����� 2SWLPL]LQJ�WKH�H[WHQGHG�RFFXUV�FKHFN�XVLQJ�FOXVWHUV

7KH�FOXVWHU�PDS�LV�XVHG�WR�VKRUW�FLUFXLW�WKH�VXEURXWLQH�WKDW�FRPSXWHV�³,V�X�D�WUDQVLWLYH
FRPSRQHQW�RI�W�"´��,I�5�X����5�W����WKHQ�WKH�UHVXOW�PXVW�EH�IDOVH��6LQFH�FOXVWHUV�DUH
JHQHUDOO\�VPDOO�DQG�QXPHURXV��DQG�IROORZLQJ�DQ�LQVWDQFH�FRQVWUDLQW�XVXDOO\�OHDGV�WR
DQRWKHU��GLIIHUHQW��FOXVWHU��5�X����5�W���DOPRVW�DOZD\V�KROGV�GXULQJ�WKH�H[WHQGHG�RFFXUV
FKHFN�VHDUFK�

����� &OXVWHU�OHYHOV

8QIRUWXQDWHO\��HYHQ�VFDQQLQJ�DOO�WUDQVLWLYH�VRXUFHV�RI�D�YDULDEOH�DQG�SHUIRUPLQJ�D
FRQVWDQW�WLPH�FKHFN�IRU�HDFK�LV�WRR�H[SHQVLYH��JLYHQ�WKH�IUHTXHQF\�ZLWK�ZKLFK�H[WHQGHG
RFFXUV�FKHFNV�DUH�SHUIRUPHG�

6(0,�UHVROYHV�WKLV�SUREOHP�E\�H[SOLFLWO\�FDSWXULQJ�WKH�³PRVWO\�DF\FOLF´�VWUXFWXUH�RI�WKH
LQWHU�FOXVWHU�LQVWDQFH�JUDSK��7KH�LQVWDQFH�FRQVWUDLQWV�DUH�SURMHFWHG�RQWR�WKH�FOXVWHUV��L�H�
WKH�FOXVWHUV�DUH�DVVHPEOHG�LQWR�D�GLUHFWHG�JUDSK�*�VXFK�WKDW�IRU�HDFK�W� L�X���5�W���5�X���LV
DQ�HGJH�LQ�*��7KHQ�WKH�JUDSK�LV�SDUWLWLRQHG�LQWR�VWURQJO\�FRQQHFWHG�FRPSRQHQWV��FDOOHG
FOXVWHU�OHYHOV��7KLV�SDUWLWLRQ�LV�ZULWWHQ�6���;���=��ZKHUH�=�LV�WKH�VHW�RI�FOXVWHU�OHYHO
ODEHOV��%\�GHILQLWLRQ��*�SURMHFWHG�RQWR�FOXVWHU�OHYHOV�LV�DF\FOLF��H[FOXGLQJ�VHOI�ORRSV���7KH
IDFW�WKDW�*�LWVHOI�LV�³PRVWO\�DF\FOLF´�PHDQV�WKDW�PRVW�FOXVWHU�OHYHOV�FRQWDLQ�MXVW�RQH
FOXVWHU�

7KH�LPSOHPHQWDWLRQ�PDLQWDLQV�WKH�FOXVWHU�OHYHOV�G\QDPLFDOO\��DV�WKH�XQGHUO\LQJ�FRQVWUDLQW
V\VWHP�FKDQJHV��,�KDYH�GHYHORSHG�DQ�HIILFLHQW�LPSOHPHQWDWLRQ��EXW�LW�LV�WULFN\��EHFDXVH
GHWHFWLQJ�F\FOHV�FDQ�EH�H[SHQVLYH��,�IRXQG�LW�KHOSIXO�WR�GHOD\�F\FOH�GHWHFWLRQ��LQ�UHVSRQVH
WR�FKDQJHV�LQ�WKH�FRQVWUDLQW�V\VWHP��XQWLO�WKH�FOXVWHU�OHYHOV�DUH�UHTXLUHG�WR�EH�LQ�D
FRQVLVWHQW��DF\FOLF��VWDWH��H�J���XQWLO�WKH�QH[W�H[WHQGHG�RFFXUV�FKHFN���0\�V\VWHP
PDLQWDLQV�D�³GLUW\´�ELW�IRU�HDFK�FOXVWHU�OHYHO��LQGLFDWLQJ�WKDW�LW�PD\�EH�SDUW�RI�D�F\FOH�RI
FOXVWHU�OHYHOV�EHFDXVH�RI�WKH�DGGLWLRQ�RI�QHZ�LQVWDQFH�FRQVWUDLQWV�LQFLGHQW�WR�WKH�FOXVWHU
OHYHO��:KHQ�WKH�DF\FOLF�VWDWH�LV�UHTXLUHG��WKH�DOJRULWKP�SHUIRUPV�D�ZRUVW�FDVH�OLQHDU�WLPH
WUDYHUVDO�RI�WKH�FOXVWHU�OHYHO�JUDSK�²�D�GHSWK�ILUVW�VHDUFK�EDFNZDUGV�DORQJ�WKH�LQVWDQFH
HGJHV��VWDUWLQJ�IURP�WKH�GLUW\�FOXVWHU�OHYHOV��$Q\�F\FOHV�IRXQG�DUH�UHFRUGHG��)LQDOO\��WKH
FOXVWHU�OHYHOV�LQ�HDFK�F\FOH�DUH�PHUJHG��,W�UHTXLUHV�FDUH�WR�PDNH�VXUH�WKDW�DOO�F\FOHV�DUH
GHWHFWHG��VLQFH�WKH�VWUDLJKWIRUZDUG�GHSWK�ILUVW�VHDUFK�DOJRULWKP�LV�RQO\�JXDUDQWHHG�WR�ILQG
RQH�F\FOH��DVVXPLQJ�D�F\FOH�H[LVWV��

,Q�P\�V\VWHP��WKH�FRVW�RI�PDLQWDLQLQJ�WKH�FOXVWHU�OHYHOV�LV�XVXDOO\�QHJOLJLEOH�DQG�QHYHU�WKH
SHUIRUPDQFH�ERWWOHQHFN�



��

����� 2SWLPL]LQJ�WKH�H[WHQGHG�RFFXUV�FKHFN�XVLQJ�FOXVWHU�OHYHOV

7KH�FOXVWHU�OHYHO�PDS�LV�XVHG�WR�RSWLPL]H�WKH�VXEURXWLQH�WKDW�VFDQV�WKH�VRXUFH�JUDSK�IRU
DOO�FDQGLGDWH�W�V�WKDW�DUH�WUDQVLWLYH�VRXUFHV�RI�W�

7KH�H[WHQGHG�RFFXUV�FKHFN�VXEURXWLQH�UHFHLYHV�W�DQG�X�ZKHUH�X�LV�DQ�LQVWDQFH�RI�W�
7KHUHIRUH�HYHU\�FDQGLGDWH�W��KDV�X�DV�D�WUDQVLWLYH�LQVWDQFH��1RZ�VXSSRVH�6�5�X����
6�5�W�����7KHUH�PXVW�EH�D�SDWK�IURP�6�5�W����WR�6�5�X���LQ�WKH�LQVWDQFH�JUDSK�SURMHFWHG
RQWR�WKH�FOXVWHU�OHYHOV��EHFDXVH�WKHUH�LV�D�SDWK�IURP�W��WR�X�LQ�WKH�LQVWDQFH�JUDSK��%HFDXVH
WKH�FOXVWHU�OHYHO�LQVWDQFH�JUDSK�LV�DF\FOLF��WKHUH�FDQQRW�EH�D�SDWK�IURP�6�5�X���WR�6�5�W����
7KHUHIRUH��IRU�DOO�WUDQVLWLYH�VRXUFHV�V�RI�W���6�5�V�����6�5�X����EHFDXVH�RWKHUZLVH�ZH
ZRXOG�KDYH�DQ�LQVWDQFH�SDWK�IURP�6�5�V��� �6�5�X���WR�6�5�W����

7KHUHIRUH��ZKHQHYHU�WKH�H[WHQGHG�RFFXUV�FKHFN�VXEURXWLQH�GHWHFWV�6�5�X�����6�5�W�����W�¶V
VRXUFHV�QHHG�QRW�EH�VHDUFKHG��,Q�SUDFWLFH�WKLV�SUXQHV�WKH�VHDUFK�WUHPHQGRXVO\��,Q
SDUWLFXODU��LI�6�5�X�����6�5�W���WKHQ�5�X����5�W��IROORZV��DQG�QHLWKHU�W�QRU�LWV�VRXUFHV�QHHG
EH�FKHFNHG��WKH�HQWLUH�FKHFN�WDNHV�FRQVWDQW�WLPH�

,Q�WKH�VSHFLDO�FDVH�LQ�ZKLFK�WKHUH�DUH�QR�UHFXUVLYH�GHSHQGHQFLHV�LQ�WKH�RULJLQDO�SURJUDP�
WKH�LQVWDQFH�JUDSK�SURMHFWHG�RQWR�FOXVWHUV�LV�DF\FOLF��L�H��6�LV�RQH�WR�RQH��7KHQ�WKH
H[WHQGHG�RFFXUV�FKHFN�DOZD\V�FRPSOHWHV�LQ�FRQVWDQW�WLPH��,Q�RWKHU�ZRUGV��WKLV
RSWLPL]DWLRQ�HQVXUHV�WKDW�WKH�H[WHQGHG�RFFXUV�FKHFN�RQO\�LQFXUV�D�FRVW�ZKHQ�SRO\PRUSKLF
UHFXUVLRQ�LV�DFWXDOO\�EHLQJ�XVHG�

����� 5HSODFLQJ�WKH�H[WHQGHG�RFFXUV�FKHFN�ZLWK�D�FRQVHUYDWLYH
DSSUR[LPDWLRQ

,Q�WKH�FDVH�6�5�X��� �6�5�W����LQVWHDG�RI�SHUIRUPLQJ�WKH�UHVW�RI�WKH�H[WHQGHG�RFFXUV�FKHFN�
RQH�FRXOG�VLPSO\�DGG�WKH�HTXDOLW\�FRQVWUDLQW�³X� �W´��7KH�QHZ�LQVWDQFH�FRQVWUDLQW�W� L�X�LV
UHGXFHG�WR�D�VHOI�ORRS�LQ�WKH�LQVWDQFH�JUDSK��ZKLFK�IRUHVWDOOV�WKH�QRQWHUPLQDWLQJ�EHKDYLRU
WKDW�WKH�H[WHQGHG�RFFXUV�FKHFN�LV�GHVLJQHG�WR�SUHYHQW��7KLV�DSSURDFK�LV�VLPLODU�WR�WKH
+LQGOH\�0LOQHU�DOJRULWKP��ZKLFK��LQWHUSUHWHG�LQ�WKLV�FRQWH[W��VLPSO\�SURKLELWV�DQ\
SRO\PRUSKLVP�FRQVWUDLQWV�ZLWKLQ�D�FOXVWHU�OHYHO��7KLV�EHKDYLRU�FDQ�OHDG�WR�VPDOOHU
FRQVWUDLQW�VHWV�EHFDXVH�RI�WKH�³XQQHFHVVDU\´�LQHTXDOLWLHV�WKDW�DUH�LQWURGXFHG��ZKLFK
LPSURYHV�SHUIRUPDQFH�EXW�GRHV�\LHOG�D�QRWLFHDEOH�GHFUHDVH�LQ�DFFXUDF\�IRU�VRPH
DSSOLFDWLRQV�RI�WKH�DQDO\VLV�

����� 3RVVLEOH�³OD]\´�H[WHQGHG�RFFXUV�FKHFNLQJ

,�FRQVLGHUHG�VHYHUDO�VFKHPHV�IRU�UHGXFLQJ�WKH�IUHTXHQF\�DQG�DPRUWL]HG�FRVW�RI�H[WHQGHG
RFFXUV�FKHFNV�E\�SRVWSRQLQJ�WKHP�DQG�SURFHVVLQJ�VHYHUDO�DW�RQFH�LQ�D�VLQJOH�VHDUFK��7KLV
VHHPHG�WR�EH�H[WUHPHO\�GLIILFXOW��SDUWO\�GXH�WR�WKH�FRPSOH[LWLHV�RI�LPSOHPHQWDWLRQ��EXW
DOVR�EHFDXVH�RQFH�DQ�H[WHQGHG�RFFXUV�YLRODWLRQ�DULVHV��WKH�VROYHU�FDQ�UHSHDWHGO\
³XQZLQG´�WKH�VWUXFWXUH�WR�JHQHUDWH�D�ODUJH�QXPEHU�RI�QHZ�FRQVWUDLQWV��7KXV�LW�VHHPV
QHFHVVDU\�WR�GHWHFW�DQG�FRUUHFW�WKH�VLWXDWLRQ�DV�VRRQ�DV�SRVVLEOH�

,Q�DQ\�FDVH��IXUWKHU�RSWLPL]DWLRQ�RI�WKH�H[WHQGHG�RFFXUV�FKHFN�VHHPV�XQSURILWDEOH�DW�WKLV
WLPH��7KH�DPRXQW�RI�WLPH�DQG�VSDFH�WKH�VROYHU�VSHQGV�RQ�WKH�WDVN�LV�FXUUHQWO\�QHJOLJLEOH�



��

���6FKHGXOLQJ�WKH�ZRUNOLVW�XVLQJ�FOXVWHU�OHYHOV
,W�WXUQV�RXW�WKDW�WKH�DF\FOLF�FOXVWHU�OHYHO�JUDSK�LV�XVHIXO�IRU�WDVNV�RWKHU�WKDQ�RSWLPL]LQJ�WKH
H[WHQGHG�RFFXUV�FKHFN�

����� 7KH�VFKHGXOLQJ�SUREOHP

&RPSRQHQWV�SURSDJDWH�IURP�VRXUFHV�WR�LQVWDQFHV��EXW�QRW�WKH�RWKHU�ZD\�DURXQG�
7KHUHIRUH�DV�FKDQJHV�DUH�PDGH�WR�FRQVWUDLQWV�DW�WKH�³ERWWRP´�RI�WKH�LQVWDQFH�JUDSK��WKH\
WHQG�WR�³EXEEOH´�XS�WR�LQVWDQFHV��,W�LPSURYHV�SHUIRUPDQFH�WR�GR�DV�PXFK�ZRUN�DV�SRVVLEOH
DW�WKH�ERWWRP�RI�WKH�LQVWDQFH�JUDSK�EHIRUH�PDNLQJ�FKDQJHV�IXUWKHU�XS�WKH�JUDSK��E\
UHGXFLQJ�WKH�QXPEHU�RI�WLPHV�HDFK�FRPSRQHQW�LV�YLVLWHG�RU�H[DPLQHG�

����� 8VLQJ�FOXVWHU�OHYHOV

$�FOXVWHU�OHYHO�O�LV�³GLUW\´�LI�WKHUH�LV�D�FRPSRQHQW�FRQVWUDLQW�LQ�WKH�ZRUNOLVW�RI�WKH�IRUP
³W� F�X´��ZKHUH�6�5�W��� �O�

:KHQHYHU�6(0,�FKRRVHV�D�FRPSRQHQW�FRQVWUDLQW�IURP�WKH�ZRUNOLVW��LW�FKRRVHV�D
FRQVWUDLQW�W� F�X�ZKHUH�WKH�FOXVWHU�OHYHO�6�5�W���KDV�QR�GLUW\�FOXVWHU�OHYHOV�EHORZ�LW�LQ�WKH
SURMHFWHG�LQVWDQFH�JUDSK��6XFK�D�FRQVWUDLQW�LV�JXDUDQWHHG�WR�H[LVW�EHFDXVH�WKH�FOXVWHU�OHYHO
JUDSK�LV�DF\FOLF�

0DNLQJ�WKLV�FKRLFH�HIILFLHQWO\�LV�WULFN\��EXW�UHTXLUHV�QHJOLJLEOH�WLPH�DQG�VSDFH�LQ�P\
V\VWHP��7KH�GLUW\�FRPSRQHQW�FRQVWUDLQWV�DUH�VWRUHG�RQ�WKH�ZRUNOLVW�LQGH[HG�E\�FOXVWHU
OHYHOV��WKH�SUREOHP�UHGXFHV�WR�ILQGLQJ�DQ�DSSURSULDWH�FOXVWHU�OHYHO�WR�ZRUN�RQ��,�UHFRUG�LQ
HDFK�FOXVWHU�OHYHO�ZKHWKHU�LW�LV�GLUW\��,�DOVR�FDFKH�WZR�IDFWV�LQ�HDFK�FOXVWHU�OHYHO��ZKHWKHU
LW�LV�NQRZQ�WKDW�WKHUH�DUH�VRPH�GLUW\�FOXVWHU�OHYHOV�EHORZ�LW�RQ�WKH�SURMHFWHG�LQVWDQFH
JUDSK��DQG�ZKHWKHU�LW�LV�NQRZQ�WKDW�WKHUH�DUH�QR�GLUW\�FOXVWHU�OHYHOV�EHORZ�LW�RQ�WKH
SURMHFWHG�LQVWDQFH�JUDSK��,Q�SUDFWLFH��WKLV�FDFKH�FDQ�EH�XSGDWHG�DQG�LQYDOLGDWHG�HIILFLHQWO\
LQ�UHVSRQVH�WR�FKDQJHV�LQ�GLUW\�VWDWH�DQG�FKDQJHV�LQ�WKH�XQGHUO\LQJ�FRQVWUDLQW�VHW�

7KH�V\VWHP�NHHSV�D�OLVW�RI�GLUW\�FOXVWHU�OHYHOV��VHSDUDWHG�LQWR�WZR�SDUWV��WKH�VHW�RI�GLUW\
FOXVWHU�OHYHOV�WKDW�DUH�NQRZQ�WR�KDYH�QR�GLUW\�FOXVWHU�OHYHOV�EHORZ�WKHP�RQ�WKH�SURMHFWHG
LQVWDQFH�JUDSK��DQG�WKH�UHVW��:KHQ�D�FRQVWUDLQW�LV�VHOHFWHG�IURP�WKH�ZRUNOLVW��D�FOXVWHU
OHYHO�LV�FKRVHQ�IURP�WKH�IRUPHU�VHW�DQG�RQH�RI�LWV�GLUW\�FRQVWUDLQWV�LV�XVHG��,I�WKH�IRUPHU
VHW�LV�HPSW\��WKHQ�D�FOXVWHU�OHYHO�O�LV�FKRVHQ�IURP�WKH�ODWWHU�VHW��7KHQ�WKH�DOJRULWKP
SHUIRUPV�D�GHSWK�ILUVW�VHDUFK�RI�WKH�FOXVWHU�OHYHO�SURMHFWHG�LQVWDQFH�JUDSK��EDFNZDUGV
IURP�O��IURP�LQVWDQFHV�WR�VRXUFHV��'XULQJ�WKLV�VHDUFK��HDFK�YLVLWHG�FOXVWHU�OHYHO�LV�PDUNHG
DV�HLWKHU�KDYLQJ�GLUW\�FOXVWHU�OHYHOV�EHORZ�LW��RU�QRW��7KH�DF\FOLF�QDWXUH�RI�WKH�SURMHFWHG
LQVWDQFH�JUDSK�JXDUDQWHHV�WKDW�DIWHU�WKLV�SURFHGXUH��DW�OHDVW�RQH�GLUW\�FOXVWHU�OHYHO�ZLOO�EH
IRXQG�ZLWK�QR�GLUW\�FOXVWHU�OHYHOV�EHORZ�LW��XQOHVV�WKHUH�DUH�QR�GLUW\�FOXVWHU�OHYHOV�OHIW��LQ
ZKLFK�FDVH�WKH�DOJRULWKP�WHUPLQDWHV��
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���6XSSUHVVLQJ�FRPSRQHQWV��DGYHUWLVHPHQWV

����� 8VHOHVV�FRPSRQHQW�SURSDJDWLRQ

6XSSRVH�)�LV�D�IXQFWLRQ�LQ�WKH�SURJUDP�IRU�ZKLFK�ZH�LQIHU�D�ODUJH�³W\SH´��7)��7KLV�PHDQV
WKDW�7)�LV�WKH�URRW�RI�D�ODUJH�JUDSK�RI�FRPSRQHQW�FRQVWUDLQWV��$W�HYHU\�XVH�RI�)��D�GLUHFW
FDOO�RU�WKH�XVH�RI�)�WR�ILOO�D�VORW�LQ�D�PHWKRG�WDEOH���D�QHZ�LQVWDQFH�L�RI�7)�LV�FUHDWHG��DQG�D
FRQVWUDLQW�7)� L�W�LV�DGGHG��7KH�FRPSRQHQW�SURSDJDWLRQ�UXOH�ZLOO�HIIHFWLYHO\�FRS\�WKH
WUDQVLWLYH�FRPSRQHQWV�RI�7)��L�H���WKH�FRPSRQHQW�JUDSK�XQGHU�7)��WR�WKH�LQVWDQFH��2IWHQ�
KRZHYHU��PXFK�RI�WKLV�VWUXFWXUH�ZLOO�QRW�EH�XVHG��)RU�H[DPSOH��FRQVLGHU�WKLV�-DYD�FRGH�

)RR�[� �EDU���
SULQWOQ�[�NLWW\��

*LYHQ�WKH�FRGH�IRU�EDU��WKH�DQDO\VLV�PD\�ZRUN�RXW�VRPH�FRPSOH[�W\SH�VWUXFWXUH�IRU�LWV
UHWXUQ�YDOXH��LQFOXGLQJ�LQIRUPDWLRQ�DERXW�WKH�YDULRXV�PHWKRGV�DQG�ILHOGV�RI�[��$OO�WKLV
LQIRUPDWLRQ�ZLOO�EH�SURSDJDWHG�WR�WKH�FDOOHU��EXW�RQO\�RQH�ILHOG�LV�XVHG��DQG�WKHUHIRUH�WKH
UHVW�RI�WKH�LQIRUPDWLRQ�LV�LUUHOHYDQW�

)XUWKHUPRUH��VXSSRVH�EDU�LV�LPSOHPHQWHG�DV�D�ZUDSSHU�

)RR�EDU���^�UHWXUQ�ED]�����`

6XFK�FRQVWUXFWV�DUH�FRPPRQ��DQG�GHIHDW�SXUHO\�ORFDO�VFKHPHV�IRU�VXSSUHVVLQJ�XVHOHVV
VWUXFWXUH�

����� ,OOXVWUDWLRQ

&RQVLGHU�WKH�IROORZLQJ�FRQVWUDLQW�VHW�4��7KLV�GLDJUDP�DQG�WKH�GLDJUDPV�WKDW�IROORZ
UHSUHVHQW�JUDSKV��1RGHV�FRUUHVSRQG�WR�YDULDEOHV��$�FRQVWUDLQW�RI�WKH�IRUP�W� F�X�LV
GLVSOD\HG�DV�D�EODFN�HGJH�IURP�W¶V�QRGH�WR�X¶V�QRGH�ODEHOOHG�ZLWK� F��$�FRQVWUDLQW�RI�WKH
IRUP�W� L�X�LV�GLVSOD\HG�DV�D�JUD\�HGJH�IURP�W¶V�QRGH�WR�X¶V�QRGH�ODEHOOHG�ZLWK� L�



��

7�UHSUHVHQWV�WKH�W\SH�RI�VRPH�FRPSRXQG�REMHFW�ZLWK�DQ�LQVWDQFH�L�DQG�IXUWKHU�LQVWDQFHV�M
DQG�N��$VVXPH�4�FRQWDLQV�WKH�LQLWLDO�FRQVWUDLQW�VHW��&,��7KH�EDVLF�DOJRULWKP�H[WHQGV�4�WR
WKH�IROORZLQJ�FORVHG�VHW�&�

7KH�EDVLF�DOJRULWKP�UHDFKHV�&�E\�FRS\LQJ�7¶V�FRPSRQHQW�WUHH�WR�DOO�WKH�LQVWDQFHV��DQG
FRQQHFWLQJ�WKH�FRPSRQHQWV�ZLWK�LQVWDQFH�UHODWLRQVKLSV�

����� 4XDVL�FORVXUH�FRQGLWLRQV

7KHVH�QHZ�FRPSRQHQWV�DUH�DOO�XQQHFHVVDU\��4�LV��LQ�IDFW��TXDVL�FORVHG��7R�VHH�WKLV�
FRQVLGHU�WZR�YDULDEOHV�LQ�&,��X�DQG�Y��,�PXVW�VKRZ�WKDW�X�DQG�Y�DUH�UHODWHG�LQ�4�LI�DQG�RQO\
LI�WKH\�DUH�UHODWHG�LQ�&��7KHUH�DUH�WZR�FDVHV�

�� 6XSSRVH�X�DQG�Y�DUH�QRW�UHODWHG�LQ�&��7KHQ�½$[��X� &�[�¾�Y� &�[��,W�IROORZV�WKDW
½$[��X� 4�[�¾�Y� 4�[��VLQFH�&�LV�D�VXSHUVHW�RI�4�
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�� 6XSSRVH�X�DQG�Y�DUH�UHODWHG�DFFRUGLQJ�WR�&��7KHQ�$[��X� &�[�¾�Y� &�[��,�VKRZ�WKDW
$S��X� 4�S�¾�Y� 4�S��E\�LQGXFWLRQ�RQ�WKH�OHQJWK�RI�WKH�VKRUWHVW�FKDLQ�RI�LQVWDQFHV
MXVWIL\LQJ�X� &�[�
5HJDUGOHVV�RI�WKH�OHQJWK�RI�WKH�FKDLQ��LI�[�RFFXUV�LQ�4��WKHQ�X� 4�[�¾�Y� 4�[��VLQFH�WKH
FKDLQV�RI�LQVWDQFHV�MXVWLI\LQJ�X� &�[�DQG�Y� &�[�DUH�DOVR�LQ�4���,Q�RWKHU�ZRUGV��HYHU\
LQVWDQFH�FRQVWUDLQW�LQ�&�WKDW�KROGV�EHWZHHQ�YDULDEOHV�LQ�4�LV�LV�DOUHDG\�LQ�4����7KXV
WKH�LQGXFWLRQ�K\SRWKHVLV�KROGV��VHWWLQJ�S� �[�
,I�WKH�OHQJWK�RI�WKH�FKDLQ�LV�]HUR��WKHQ�[� �X��KHQFH�[�LV�LQ�4�DQG�WKH�K\SRWKHVLV�KROGV�
,I�[�LV�QRW�LQ�4��WKHQ�LW�PXVW�EH�D�FKLOG�YDULDEOH�RI�RQH�RI�WKH�QHZ�FRPSRQHQW
FRQVWUDLQWV��(DFK�VXFK�YDULDEOH�KDV�D�XQLTXH�SUHGHFHVVRU�3[�VXFK�WKDW�3[� �[��7KH
FKDLQV�X� &�[�DQG�Y� &�[�PXVW�KDYH�OHQJWK�DW�OHDVW�RQH��VLQFH�[�LV�QRW�LQ�4�DQG
WKHUHIRUH�GRHV�QRW�HTXDO�X�RU�Y��7KHUHIRUH�WKH�ODVW�OLQN�RI�HDFK�FKDLQ�PXVW�EH�3[� �[�
7KHUHIRUH��LW�DOVR�KROGV�WKDW�X� &�3[�¾�Y� &�3[��%\�WKH�LQGXFWLRQ�K\SRWKHVLV�
$S��X� 4�S�¾�Y� 4�S�

7KLV�DUJXPHQW�FDQ�EH�JHQHUDOL]HG��$�JHQHUDO�VHW�4�LV�TXDVL�FORVHG�RYHU�&,�LI�

��� (TXDOLWLHV�KDYH�EHHQ�HOLPLQDWHG�IURP�4��DQG�LW�LV�FORVHG�XQGHU�WKH�LQVWDQFH�DQG
FRPSRQHQW�FRQVLVWHQF\�UXOHV��JXDUDQWHHG�E\�P\�UHSUHVHQWDWLRQ��

��� 4�FRQWDLQV�&,�

��� 4�LV�FORVHG�XQGHU�WKH�LQVWDQFH�SURSDJDWLRQ�UXOH�

��� )RU�DOO�W��X��Y��F��[��\��LI�W� 4�X�¾�X� 4�Y�¾�^�W� F�[��Y� F�\�`�²�4��WKHQ�WKHUH�LV�D�Z
VXFK�WKDW�^�X� F�Z�`�²�4�

��� )RU�DOO�W��X��F��Y��LI�W� 4�X�¾�^�W� F�Y�`�²�4�EXW�^�X� F�Z�`� �4�IRU�DQ\�Z��WKHQ�WKH�VHW
^�[�_�$M��Z��\��\� 4�X�¾�^�[� M�\��[� F�Z�`�²�4�¾��"]��^�\� F�]�`� �4��`� �^�W�`�

&RQGLWLRQV���DQG���DUH�IXQGDPHQWDO��&RQGLWLRQV���DQG���DUH�UHTXLUHG�WR�MXVWLI\�WKH�³[�LQ
4´�SDUW�RI�WKH�SURRI��WKH\�UHTXLUH�4�WR�EH�FORVHG�H[FHSW�SRVVLEO\�IRU�VRPH�XQH[SDQGHG
LQVWDQFHV�RI�FRPSRXQG�VWUXFWXUHV��&RQGLWLRQ���LV�UHTXLUHG�WR�MXVWLI\�WKH�³[�QRW�LQ�4´�SDUW
RI�WKH�SURRI��LW�HQVXUHV�WKDW�LI�D�FRPSRQHQW�F�LV�QRW�SURSDJDWHG�WR�X��WKHQ�WKHUH�LV�D�XQLTXH
LQVWDQFH�FKDLQ�SUHGHFHVVRU�WKDW�KDV�D�UHDO�FRPSRQHQW�WKDW�ZH�FDQ�IDOO�EDFN�WR��,�KDYH�QRW
ZRUNHG�RXW�WKH�GHWDLOV�RI�WKH�DUJXPHQW�\HW��EXW�WKLV�LV�ZKDW�WKH�V\VWHP�GRHV�

����� $GYHUWLVHPHQWV

7KH�V\VWHP�UHDFKHV�WKLV�VWDWH�E\�SURSDJDWLQJ�FRPSRQHQWV�OD]LO\��:KHQ�WKH�FRPSRQHQW
SURSDJDWLRQ�UXOH�ILUHV��LW�DFWXDOO\�SURSDJDWHV�DQ�DGYHUWLVHPHQW��UHSUHVHQWLQJ�WKH
SRVVLELOLW\�RI�D�FRPSRQHQW�EHLQJ�SUHVHQW�LQ�WKH�LQVWDQFH��$Q�DGYHUWLVHPHQW�LV�D�SDLU��WKH
SDUHQW�YDULDEOH��Y��DQG�D�FRPSRQHQW�ODEHO��F��ZULWWHQ�Y� F��7KHVH�DGYHUWLVHPHQWV�DUH
SURSDJDWHG�DORQJ�WKH�LQVWDQFH�JUDSK�XVLQJ�WZR�UXOHV�

�� $GYHUWLVHPHQW�SURSDJDWLRQ�IURP�FRPSRQHQW
8SRQ�GHWHFWLQJ�^�W� L�X��W� F�Y�`�²�&�IRU�VRPH�W��X��Y��L�DQG�F��DGG�X� F�

�� $GYHUWLVHPHQW�SURSDJDWLRQ�IURP�DGYHUWLVHPHQW
8SRQ�GHWHFWLQJ�^�W� L�X��W� F�`�²�&�IRU�VRPH�W��X��L�DQG�F��DGG�X� F�



��

,I�D�YDULDEOH�W�DOUHDG\�KDV�D�FRPSRQHQW�F��WKHQ�LW�GRHV�QRW�QHHG�DQ�DGYHUWLVHPHQW�IRU�WKH
VDPH�FRPSRQHQW�

�� 5HGXQGDQW�DGYHUWLVHPHQW�VXSSUHVVLRQ
8SRQ�GHWHFWLQJ�^�W� F��W� F�Y��`�²�&�IRU�VRPH�W��Y�DQG�F��GHOHWH�W� F�

7KH�FRPSRQHQW�SURSDJDWLRQ�UXOH�IURP�WKH�EDVLF�DOJRULWKP�LV�QRW�XVHG��EXW�WKH�LQVWDQFH
SURSDJDWLRQ�UXOH�VWLOO�LV��7KXV�WKH�DOJRULWKP�ZLOO�WHUPLQDWH�ZLWK�D�VHW�VDWLVI\LQJ�DW�OHDVW
TXDVL�FORVXUH�FRQGLWLRQV������DQG���

����� ([DPSOH

,QVWHDG�RI�FRS\LQJ�7¶V�HQWLUH�FRPSRQHQW�WUHH��ZH�KDYH�DGGHG�DGYHUWLVHPHQWV�IRU�7¶V
LPPHGLDWH�FRPSRQHQWV�

����� (QVXULQJ�TXDVL�FORVXUH��ILOO�LQ

7R�VDWLVI\�TXDVL�FORVXUH�FRQGLWLRQ����WKH�DOJRULWKP�³ILOOV�LQ´�DQ�DGYHUWLVHPHQW�WKDW�KDV�D
UHDO�FRPSRQHQW�DERYH�LW�LQ�WKH�LQVWDQFH�JUDSK�

�� $GYHUWLVHPHQW�ILOO�LQ
8SRQ�GHWHFWLQJ�^�W� L�X��W� F��X� F�Z�`�²�&�IRU�VRPH�W��X�DQG�Z��DGG�W� F�Y��ZKHUH�Y�LV
D�IUHVK�YDULDEOH�

)RU�H[DPSOH��FRQVLGHU�WKH�LQLWLDO�VHW�
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$Q�DGYHUWLVHPHQW�ZLOO�EH�DGGHG�EHWZHHQ�7�DQG�8��7KH�ILOO�LQ�UXOH�ZLOO�HQVXUH�WKDW�WKH
DGYHUWLVHPHQW�LV�UHSODFHG�ZLWK�D�UHDO�FRPSRQHQW��7KH�LQVWDQFH�SURSDJDWLRQ�UXOH�ZLOO
HQVXUH�WKDW�WKH�LQVWDQFH�FKDLQ�IURP�7F�WR�8F�LV�FRPSOHWHG�

����� (QVXULQJ�TXDVL�FORVXUH��GHWHFWLQJ�FRQIOLFWLQJ�VRXUFHV

7R�VDWLVI\�TXDVL�FORVXUH�FRQGLWLRQ����HDFK�DGYHUWLVHPHQW�LV�DVVRFLDWHG�ZLWK�DQ
DGYHUWLVHPHQW�VRXUFH��V��WKDW�UHFRUGV�WKH�YDULDEOH�WKH�DGYHUWLVHPHQW�LV�GHULYHG�IURP��7KH
DGYHUWLVHPHQW�LV�ZULWWHQ�W� F�>V@��4XDVL�FORVXUH�FRQGLWLRQ���EHFRPHV�WKH�³XQLTXH�VRXUFH
FRQGLWLRQ´�

,I�WKH�DGYHUWLVHPHQW�X� F�>V@�H[LVWV��WKHQ�WKH�VHW�^�[�_�$M��Z��\��^�[� M�\��\� &�X��[� F�Z�`�²
&�¾��"]��³\� F�]´�´�&��`� �^�V�`�

7KH�DGYHUWLVHPHQW�UXOHV�DUH�H[WHQGHG�

�� $GYHUWLVHPHQW�SURSDJDWLRQ�IURP�FRPSRQHQW
8SRQ�GHWHFWLQJ�^�W� L�X��W� F�Y�`�²�&�IRU�VRPH�W��X��Y��L�DQG�F��DGG�X� F�>W@�

�� $GYHUWLVHPHQW�SURSDJDWLRQ�IURP�DGYHUWLVHPHQW
8SRQ�GHWHFWLQJ�^�W� L�X��W� F�>V@�`�²�&�IRU�VRPH�W��X��V��L�DQG�F��DGG�X� F�>V@�

�� 5HGXQGDQW�DGYHUWLVHPHQW�VXSSUHVVLRQ
8SRQ�GHWHFWLQJ�^�W� F�>V@��W� F�Y��`�²�&�IRU�VRPH�W��Y��V�DQG�F��GHOHWH�W� F�>V@�

�� $GYHUWLVHPHQW�ILOO�LQ
8SRQ�GHWHFWLQJ�^�W� L�X��W� F�>V@��X� F�Z�`�²�&�IRU�VRPH�W��X��V�DQG�Z��DGG�W� F�Y�
ZKHUH�Y�LV�D�IUHVK�YDULDEOH�

:KHQ�D�FRQIOLFW�DULVHV�²�WZR�DGYHUWLVHPHQWV�IRU�WKH�VDPH�FRPSRQHQW�VKRZ�GLIIHUHQW
VRXUFHV�²�ZH�FROODSVH�WKH�DGYHUWLVHPHQWV�DQG�PDNH�D�UHDO�FRPSRQHQW�

L M

F

7

F

8

7F 8F

L M

F

7

F

8

7F 8F

F

L M



��

�� &RQIOLFWLQJ�DGYHUWLVHPHQW�GHWHFWLRQ
8SRQ�GHWHFWLQJ�^�W� F�>V@��W� F�>U@�`�²�&�IRU�VRPH�W��V��F�DQG�U��ZKHUH�U���V��FUHDWH�D
QHZ�Z�DQG�DGG�W� F�Z�

7KLV�UXOH�WHVWV�IRU�WKH�LQHTXDOLW\�RI�WZR�YDULDEOHV��7KLV�FRXOG�EH�WULFN\�EHFDXVH�YDULDEOHV
FDQ�EHFRPH�HTXDO�GXULQJ�WKH�UXQ�RI�WKH�DOJRULWKP��EXW�LQ�IDFW�LW�RQO\�PHDQV�WKDW�FRQIOLFWV
PD\�EH�GHWHFWHG�WKDW�LQ�WKH�HQG�PD\�QRW�EH�³WUXH´�FRQIOLFWV��6LQFH�UHSODFLQJ�DQ
DGYHUWLVHPHQW�ZLWK�D�UHDO�FRPSRQHQW�LV�DOZD\V�D�FRQVHUYDWLYH�RSHUDWLRQ��SRVVLEO\�KXUWLQJ
SHUIRUPDQFH��EXW�QHYHU�FRUUHFWQHVV���WKLV�LV�QRW�D�SUREOHP�

7KH�FRQIOLFWLQJ�DGYHUWLVHPHQW�UXOH�JXDUDQWHHV�WKDW�XSRQ�WHUPLQDWLRQ��WKH�XQLTXH�VRXUFH
FRQGLWLRQ�LV�VDWLVILHG�

����� 6LPSOH�H[DPSOH

)RU�H[DPSOH��FRQVLGHU�WKLV�&,�

7KH�DOJRULWKP�SURSDJDWHV�DGYHUWLVHPHQWV�IURP�8�DQG�7�WR�9��EXW�VLQFH�8���7��WKH�FRQIOLFW
GHWHFWLRQ�UXOH�ILUHV�DQG�D�UHDO�FRPSRQHQW�LV�FUHDWHG�IRU�9��7KLV�LV�QHFHVVDU\�WR�PDNH�WKH
UHVXOW�TXDVL�FORVHG�

����� $GYHUWLVHPHQW�VRXUFH�XSGDWHV

7KH�FRQIOLFWLQJ�DGYHUWLVHPHQW�GHWHFWLRQ�UXOH�DORQH�LV�QRW�VDWLVIDFWRU\��KRZHYHU��&RQVLGHU
WKLV�H[DPSOH�
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6XSSRVH�WKH�DOJRULWKP�SURSDJDWHV�DQ�DGYHUWLVHPHQW�IURP�7�WR�9�DQG�WKHQ�:��DQG�WKHQ
SURSDJDWHV�DQ�DGYHUWLVHPHQW�IURP�8�WR�9���7KLV�VFKHGXOH�PLJKW�EH�FKRVHQ�EHFDXVH�RI
DGGLWLRQDO�FRQVWUDLQWV�QRW�VKRZQ���1RZ�DW�9�WKHUH�DUH�FRQIOLFWLQJ�DGYHUWLVHPHQWV��ZLWK
VRXUFHV�8�DQG�7��7KH�DOJRULWKP�FUHDWHV�D�UHDO�FRPSRQHQW�DW�9��1H[W�LW�SURSDJDWHV�DQ
DGYHUWLVHPHQW�IRU�WKDW�FRPSRQHQW�WR�:��1RZ�WKHUH�DUH�FRQIOLFWLQJ�DGYHUWLVHPHQWV�DW�:�
ZLWK�VRXUFHV�7�DQG�9��VR�D�QHZ�FRPSRQHQW�PXVW�DOVR�EH�FUHDWHG�DW�:��7KLV�LV�VXERSWLPDO
EHFDXVH�:�FRXOG�VLPSO\�KDYH�DQ�DGYHUWLVHPHQW�ZLWK�VRXUFH�9�

7R�DYHUW�VXFK�VLWXDWLRQV��LW�VXIILFHV�WR�GHVWUR\�WKH�DGYHUWLVHPHQWV�WKDW�FRXOG�EH�DIIHFWHG
E\�D�QHZ�FRPSRQHQW��WKH\�ZLOO�EH�UHJHQHUDWHG�ZLWK�FRUUHFW�VRXUFH�LQIRUPDWLRQ��LI
SRVVLEOH�

�� $GYHUWLVHPHQW�VRXUFH�XSGDWH
8SRQ�GHWHFWLQJ�^�W� F�>V@��\� F�]�`�²�&�IRU�VRPH�W��V��\��]�DQG�F��ZKHUH�V� &�\��\� &�W
DQG�V���\��GHOHWH�³W� F�>V@´�

������ ,PSOHPHQWDWLRQ

$GYHUWLVHPHQW�FRQVWUDLQWV�DUH�HDVLO\�DGGHG�E\�WUHDWLQJ�WKHP�DV�D�GHJHQHUDWH�NLQG�RI
FRPSRQHQW��3URSDJDWLRQ�DQG�ILOO�LQ�GHWHFWLRQ�DUH�LPSOHPHQWHG�E\�DOORZLQJ
DGYHUWLVHPHQWV�DV�ZHOO�DV�FRPSRQHQWV�WR�EH�RQ�WKH�ZRUNOLVW��&RQIOLFWLQJ�DGYHUWLVHPHQW
GHWHFWLRQ�LV�VWUDLJKWIRUZDUG�WR�LPSOHPHQW�DQG�LV�GRQH�HDJHUO\�

7KH�DGYHUWLVHPHQW�VRXUFH�XSGDWH�LV�GLIILFXOW�WR�LPSOHPHQW�HIILFLHQWO\��7KH�VWUDLJKWIRUZDUG
LPSOHPHQWDWLRQ�FDQ�GHVWUR\�DQG�UHFUHDWH�PDQ\�DGYHUWLVHPHQWV�HDFK�WLPH�D�FRPSRQHQW�LV
DGGHG��0\�V\VWHP�XVHV�DQ�DOWHUQDWLYH�UHSUHVHQWDWLRQ�IRU�WKH�VRXUFH�ILHOG�RI�DQ
DGYHUWLVHPHQW��$Q�DGYHUWLVHPHQW�IRU�F�DW�W�UHFRUGV�D�³ERWWOHQHFN�YDULDEOH´�Y�VXFK�WKDW
HYHU\�LQVWDQFH�FKDLQ�IURP�WKH�WUXH�VRXUFH�V�WR�W�SDVVHV�WKURXJK�Y��Y�PD\�EH�V��RU�LW�PD\�EH
VRPH�LQVWDQFH�RI�V��LQ�ZKLFK�FDVH�Y�DOVR�KDV�DQ�DGYHUWLVHPHQW�IRU�F��DQG�LWV�RZQ
ERWWOHQHFN�YDULDEOH��HWF���7KH�WUXH�VRXUFH�V�IRU�W�FDQ�EH�IRXQG�TXLFNO\��LW�LV�HLWKHU�Y��RU�LW�LV
Y¶V�WUXH�VRXUFH��:KHQ�Y�LV�QRW�V��FRPSRQHQWV�PD\�EH�DGGHG�DORQJ�WKH�SDWK�IURP�V�WR�Y
ZLWKRXW�KDYLQJ�WR�XSGDWH�WKH�LQIRUPDWLRQ�FDFKHG�LQ�WKH�DGYHUWLVHPHQW�DW�W�
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���6XSSUHVVLQJ�FRPSRQHQWV��PRGDOLW\

����� ([DPSOH

&RQVLGHU�WKH�IROORZLQJ�-DYD�FRGH�

)RR�[� �E�"�QHZ�%DU�����QHZ�%D]���
SULQWOQ�[�NLWW\��

7KH�DGYHUWLVHPHQW�DOJRULWKP�GRHV�QRW�SHUIRUP�ZHOO�RQ�WKLV�FRGH��6XSSRVH�7[�LV�WKH
FRQVWUDLQW�YDULDEOH�DVVRFLDWHG�ZLWK�[��)RU�HDFK�G\QDPLFDOO\�GLVSDWFKHG�PHWKRG�P�GHILQHG
LQ�ERWK�FODVVHV�%DU�DQG�%D]��7[�ZLOO�JHW�WZR�DGYHUWLVHPHQWV�IRU�FRPSRQHQW�P��RQH�IURP
%DU�DQG�RQH�IURP�%D]��,I�WKH�PHWKRG�LPSOHPHQWDWLRQV�DUH�GLIIHUHQW��WKHQ�WKH
DGYHUWLVHPHQWV�ZLOO�KDYH�FRQIOLFWLQJ�VRXUFHV��VR�WKH�VWUXFWXUH�RI�WKH�PHWKRG¶V�LQIHUUHG
W\SH�ZLOO�EH�H[SDQGHG��IRUPLQJ�WKH�XQLILFDWLRQ�RI�WKH�W\SHV�RI�%DU¶V�P�DQG�%D]¶V�P��
7KLV�FDQ�UHVXOW�LQ�D�ODUJH�QXPEHU�RI�XQQHFHVVDU\�FRQVWUDLQWV�

����� $SSURDFK

,�DQQRWDWH�FRPSRQHQW�FRQVWUDLQWV�ZLWK�PRGH�LQIRUPDWLRQ�LQGLFDWLQJ�KRZ�WKDW�FRPSRQHQW
LV�XVHG��$�FRPSRQHQW�FRQVWUDLQW�LV�ZULWWHQ�W� F

��X��W� F
F�X��W� F

G�X��RU�W� F
FG�X��7KH

VXSHUVFULSW�³F´�PHDQV�WKDW�WKH�FRPSRQHQW�LV�XVHG�LQ�³FRQVWUXFWRU´�PRGH��7KH�VXSHUVFULSW
³G´�PHDQV�WKDW�WKH�FRPSRQHQW�LV�XVHG�LQ�³GHVWUXFWRU´�PRGH��7KH�VXSHUVFULSW�³�³�PHDQV
WKDW�WKH�FRPSRQHQW�LV�QRW�XVHG�LQ�DQ\�PRGH��³FG´�PHDQV�WKDW�WKH�FRPSQHQW�LV�XVHG�LQ�ERWK
PRGHV�

7KH�LGHD�FRPHV�IURP�WKH�UHDOP�RI�IXQFWLRQDO�ODQJXDJHV��,Q�WKDW�GRPDLQ��FRPSRQHQW
FRQVWUDLQWV�DUH�DVVRFLDWHG�ZLWK�WKH�XVH�RI�W\SH�FRQVWUXFWRUV��VXFK�DV�WKH�DUURZ�W\SH�IRU
IXQFWLRQV��7KH�W\SH�UXOHV�IRU�WKHVH�ODQJXDJHV�KDYH�WZR�IRUPV��RQH�IRUP�WKDW�LQWURGXFHV�D
QHZ�RFFXUUHQFH�RI�WKH�FRQVWUXFWRU��³FRQVWUXFWRU�PRGH´���H�J���WKH�³ODPEGD´�UXOH�IRU
FUHDWLQJ�D�QHZ�IXQFWLRQ��DQG�DQRWKHU�IRUP�WKDW�HOLPLQDWHV�DQ�RFFXUUHQFH�RI�WKH
FRQVWUXFWRU�DQG�XVHV�WKH�FRPSRQHQWV��³GHVWUXFWRU�PRGH´���H�J���WKH�³DSS´�UXOH�IRU
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DSSO\LQJ�D�IXQFWLRQ��7KH�LQWXLWLRQ�,�UHO\�RQ�LV�WKDW�LI�D�FRPSRQHQW�LV�QRW�XVHG�LQ�ERWK
FRQVWUXFWRU�DQG�GHVWUXFWRU�PRGHV��WKHQ�QR�XVHIXO�LQIRUPDWLRQ�LV�WUDQVPLWWHG�WKURXJK�LW�
)RU�H[DPSOH��LI�D�IXQFWLRQ�W\SH�LV�LQWURGXFHG�WKURXJK�WKH�³ODPEGD´�UXOH�EXW�LV�QHYHU
VXEMHFW�WR�WKH�³DSS´�UXOH��WKHQ�LW�GRHV�QRW�PDWWHU�ZKDW�LWV�FRPSRQHQWV�DUH��6LPLODUO\��LI
WKHUH�LV�DQ�³DSS´�ZLWK�QR�FRUUHVSRQGLQJ�³ODPEGD´�WKHQ�WKH�FRPSRQHQWV�GR�QRW�PDWWHU���,Q
RSHUDWLRQDO�WHUPV��WKH�FRGH�SHUIRUPLQJ�WKH�DSSOLFDWLRQ�PXVW�EH�GHDG��

:KHQ�6(0,�JDWKHUV�FRQVWUDLQWV�IURP�WKH�RULJLQDO�-DYD�E\WHFRGH�SURJUDP��LW�DGGV�PRGH
DQQRWDWLRQV�WR�WKH�FRPSRQHQW�FRQVWUDLQWV�DV�IROORZV�

�� ,QVWDOOLQJ�D�PHWKRG�LPSOHPHQWDWLRQ�LQWR�D�QHZ�REMHFW�W\SH�DGGV�D�FRPSRQHQW
FRQVWUDLQW�LQ�FRQVWUXFWRU�PRGH�

�� &DOOLQJ�D�YLUWXDO�PHWKRG�LQ�DQ�REMHFW�W\SH�DGGV�D�FRPSRQHQW�FRQVWUDLQW�LQ�GHVWUXFWRU
PRGH�

�� :ULWLQJ�D�ILHOG�RI�DQ�REMHFW�W\SH�DGGV�D�FRPSRQHQW�FRQVWUDLQW�LQ�FRQVWUXFWRU�PRGH�

�� 5HDGLQJ�D�ILHOG�RI�DQ�REMHFW�W\SH�DGGV�D�FRPSRQHQW�FRQVWUDLQW�LQ�GHVWUXFWRU�PRGH�

�� &DOOLQJ�D�PHWKRG�DGGV�SDUDPHWHU�DQG�UHVXOW�FRPSRQHQW�FRQVWUDLQWV�WR�WKH�PHWKRG�W\SH
LQ�GHVWUXFWRU�PRGH�

�� 'HFODULQJ�D�PHWKRG�DGGV�SDUDPHWHU�DQG�UHVXOW�FRPSRQHQW�FRQVWUDLQWV�WR�WKH�PHWKRG
W\SH�LQ�FRQVWUXFWRU�PRGH�

7KLV�PRGH�LQIRUPDWLRQ�FKDQJHV�WKH�LQWHUIDFH�WR�WKH�VROYHU�DQG�LWV�VSHFLILFDWLRQ��7KH
UHOHYDQW�FKDQJH�LV�LQ�WKH�GHILQLWLRQ�RI�FORVXUH��7KH�IROORZLQJ�SDUWV�RI�WKH�GHILQLWLRQ�RI
FORVXUH�DUH�DOWHUHG�

�� &RPSRQHQW�SURSDJDWLRQ�UXOH
&RPSRQHQWV�SURSDJDWH�WKURXJK�LQVWDQFHV��ZLWK�QRQGHFUHDVLQJ�PRGHV�
^�W� L�X��W� F

P�Y�`�²�&�Ã�$Z��P
��^�X� F
P
�Z�¾�P�²�P
�`�²�&

7KH�EHQHILW�RI�PRGHV�LV�WKDW�ZH�FDQ�VDIHO\�LQKLELW�VRPH�LQVWDQFH�SURSDJDWLRQ�

�� ,QVWDQFH�SURSDJDWLRQ�UXOH
,QVWDQFHV�SURSDJDWH�GRZQ�PDWFKLQJ�FRPSRQHQWV��LI�WKH�PRGHV�PDWFK
^�W� L�X��W� F

P�Y��X� F�Z�`�²�&�¾��$\��]��X� &�\�¾�^�\� F
FG�]�`�²�&��Ã�^�Y� L�Z�`�²�&

7KH�LQVWDQFH�FRQVWUDLQW�LV�RQO\�SURSDJDWHG�WR�WKH�FRPSRQHQW�LI�WKHUH�LV�VRPH�WUDQVLWLYH
LQVWDQFH�RI�WKH�FRPSRQHQW�FRQVWUDLQW�WKDW�LV�XVHG�LQ�ERWK�FRQVWUXFWRU�DQG�GHVWUXFWRU
PRGH��2WKHUZLVH�WKH�LQVWDQFH�FRQVWUDLQW�QHHG�QRW�EH�SURSDJDWHG�

����� 6ROYHU�UXOHV

7KH�VROYHU�UXOHV�JLYHQ�LQ�SUHYLRXV�VHFWLRQV�UHPDLQ�LQ�IRUFH��5XOHV�WKDW�PDWFK�D
FRPSRQHQW�FRQVWUDLQW�PDWFK�DQ\�PRGH�DQQRWDWLRQ��5XOHV�WKDW�DGG�FRPSRQHQW�FRQVWUDLQWV
DGG�FRQVWUDLQWV�ZLWK�WKH�³QR�PRGH´�DQQRWDWLRQ��:H�LQWURGXFH�D�VHSDUDWH�UXOH�WR�SURSDJDWH
DQQRWDWLRQ�LQIRUPDWLRQ�

�� 0RGH�SURSDJDWLRQ
8SRQ�GHWHFWLQJ�^�W� L�X��W� F

P�Y��X� F
P
�Z�`�²�&�IRU�VRPH�W��X��Y��L��F��Z��P�DQG�P
�

UHSODFH�³X� F
P
�Z´�ZLWK�³X� F

P��P
�Z´�



��

�� ,QVWDQFH�SURSDJDWLRQ
8SRQ�GHWHFWLQJ�^�W� L�X��W� F

P�Y��X� F�Z�`�²�&�IRU�VRPH�W��X��Y��Z��L��F��DQG�P�
LI�$\��]��X� &�\�¾�\� F

FG�]��WKHQ�DGG�FRQVWUDLQW�Y� L�Z��LI�QRW�DOUHDG\�SUHVHQW��

����� ,PSOHPHQWDWLRQ

7KHVH�UXOHV�DUH�QRW�GLIILFXOW�WR�LPSOHPHQW��DQG�FRVW�YHU\�OLWWOH�LQ�WLPH�DQG�VSDFH��0RGH
SURSDJDWLRQ�WDNHV�SODFH�DORQJ�ZLWK�WKH�RWKHU�ZRUN�RQ�HDFK�GLUW\�FRQVWUDLQW�IURP�WKH
ZRUNOLVW��7KH�LQVWDQFH�SURSDJDWLRQ�FKHFN�LV�SHUIRUPHG�YHU\�HIILFLHQWO\�E\�WUDFNLQJ��IRU
HDFK�W� F�Y��ZKHWKHU�WKHUH�LV�DQ�LQVWDQFH�RI�WKH�FRPSRQHQW�ZLWK�WKH�³FG´�DQQRWDWLRQ��WKLV
³LQVWDQFH�PRGH´�LQIRUPDWLRQ�LV�SURSDJDWHG�IURP�LQVWDQFHV�WR�VRXUFHV�

���*OREDOV

����� (QFRGLQJ�JOREDOV

,W�LV�VWUDLJKWIRUZDUG�WR�HQFRGH�JOREDO�YDULDEOHV��³VWDWLF�ILHOGV´�LQ�-DYD��LQ�WKH�FRQVWUDLQW
V\VWHP�SUHVHQWHG��7KH\�FDQ�EH�WUHDWHG�DV�D�VLQJOH�³JOREDOV´�REMHFW�ZLWK�RQH�ILHOG�IRU�HDFK
YDULDEOH��ZKLFK�LV�SDVVHG�LQWR�HDFK�IXQFWLRQ�DV�D�SDUDPHWHU��+RZHYHU��WKLV�LV�QRW�YHU\
HIILFLHQW�EHFDXVH�JOREDOV�LQIRUPDWLRQ�PXVW�EH�SURSDJDWHG�WKURXJK�HDFK�PHWKRG�W\SH��,W�LV
PXFK�PRUH�HIILFLHQW��DQG�QR�OHVV�DFFXUDWH��WR�KDYH�MXVW�RQH�YDULDEOH�UHSUHVHQWLQJ�WKH
JOREDOV�REMHFW�DQG�RQH�FRS\�RI�WKH�LQIRUPDWLRQ�IRU�WKH�JOREDO�YDULDEOHV�

����� &KDUDFWHUL]DWLRQ�RI�FRQVWUDLQWV�IRU�JOREDOV

,Q�WHUPV�RI�WKH�FRQVWUDLQWV��D�YDULDEOH�Y�LQ�DQ�LQLWLDO�VHW�&,�LV�JOREDO�LI��IRU�DOO�FORVHG�VHWV�&
FRQWDLQLQJ�&,��$J�"\��Y� &�\�Ã�\� &�J��7KLV�PHDQV�WKDW��IRU�D�YDULDEOH�FRUUHVSRQGLQJ�WR
JOREDO�GDWD�LQ�VRPH�FRQWH[W��WKHUH�LV�D�FRUUHVSRQGLQJ�³WRS�OHYHO´�YDULDEOH�UHSUHVHQWLQJ�WKH
RULJLQDO�JOREDO�GDWD�WKDW�LV�SDVVHG�LQWR�WKH�³PDLQ´�PHWKRG�DQG�LV�XVHG�HYHU\ZKHUH�

6XSSRVH�WKDW�YDULDEOHV�W�DQG�X�DUH�UHODWHG�DFFRUGLQJ�WR�WKH�TXDVL�FORVXUH�FKHFN��7KHQ�$[�
W� &�[�¾�X� &�[��,I�[�FRUUHVSRQGV�WR�JOREDO�GDWD��WKHQ�$J�"\��[� &�\�Ã�\� &�J��7KHUHIRUH
$J��W� &�J�¾�X� &�J�¾�J�LV�D�WRS�OHYHO�JOREDO��7KXV��IRU�TXDVL�FORVXUH��ZH�GR�QRW�QHHG�DQ\
FRSLHV�RI�JOREDO�YDULDEOH�LQIRUPDWLRQ�RWKHU�WKDQ�WKH�WRS�OHYHO�FRS\�

����� ,PSOHPHQWDWLRQ

6(0,�JLYHV�KLQWV�WR�WKH�VROYHU�WKDW�D�YDULDEOH�FRUUHVSRQGV�WR�JOREDO�GDWD��7KH�VROYHU
PDUNV�VXFK�YDULDEOHV�DV�JOREDO�DQG�WUHDWV�JOREDO�YDULDEOHV�VSHFLDOO\�

�� ,I�W� F�Y�DQG�W�LV�JOREDO�WKHQ�Y�LV�PDGH�JOREDO�

�� *OREDO�YDULDEOHV�GR�QRW�EHORQJ�WR�DQ\�FOXVWHU�RU�FOXVWHU�OHYHO��7KH�FOXVWHU�LQYDULDQW�LV
PRGLILHG�WR�³LI�W� F�Y�DQG�Y�LV�QRW�JOREDO�WKHQ�W�DQG�Y�EHORQJ�WR�WKH�VDPH�FOXVWHU´��7KH
VFKHGXOHU�NHHSV�D�VHSDUDWH�OLVW�RI�GLUW\�FRQVWUDLQWV�RQ�JOREDO�YDULDEOHV�DQG�DOZD\V
SURFHVVHV�WKHP�ODVW��ZKHQ�QR�GLUW\�FOXVWHUV�DUH�DYDLODEOH�

�� ,I�W� L�X�DQG�W�LV�JOREDO�WKHQ�WKH�DOJRULWKP�VHWV�W� �X�DQG�GHOHWHV�WKH�LQVWDQFH
FRQVWUDLQW�



��

����� ([FHSWLRQV

6(0,�HQFRGHV�H[FHSWLRQV�WKURZQ�E\�PHWKRGV�DV�DX[LOLDU\�UHVXOW�FRPSRQHQWV�RI�PHWKRG
W\SHV��,Q�SUDFWLFH��DV�IDU�DV�6(0,�LV�FRQFHUQHG��DQ\�H[FHSWLRQ�WKURZQ�E\�D�PHWKRG�FDQ�EH
SURSDJDWHG�WR�WKH�WRS�OHYHO���7KLV�PHDQV�WKDW�YDULDEOHV�FRUUHVSRQGLQJ�WR�WKURZQ
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