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5DQNLQJ�ZLWK�6WDWLVWLFDO�9DULDQFH�3URFHGXUH�EDVHG�$QDO\WLF�
+LHUDUFK\�3URFHVV
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%X�oDOÖûPDGD�oRN�NULWHUOL�NDUDU�DQDOL]L�\|QWHPOHULQGHQ�$QDOLWLN�+L\HUDUûL�3URVHVL�
�$+3��LOH�VÖUDODPD�\|QWHPLQL�WHPHO�DODQ�oRN�NULWHUOL�ELU�QHVQHO�VÖUDODPD�\|QWHPL�
VXQXOPDNWDGÖU��dRN�NULWHUOL�NDUDU�DQDOL]L�\|QWHPOHUL��PDWHPDWLNVHO�DOW\DSÖODUÖQGDNL�
IDUNOÖOÖNODU� QHGHQL\OH�� D\QÖ� VÖUDODPD� SUREOHPL� LoLQ� IDUNOÖ� VÖUDODPD� o|]�POHUL�
�UHWHELOPHNWHGLU�� $+3� LOH� VÖUDODPD� \|QWHPLQGH� NDUDU� YHULFLOHULQ� ���� |OoHøLQGH�
EHOLUWWLøL� WHUFLKOHU� LOH� SR]LWLI� NDUûÖODûWÖUPDODU�PDWULVOHUL� ROXûWXUXOPDNWDGÖU��$QFDN�
NDUDU�YHULFLOHU�XIDN�oDSOÖ�ELU� VÖUDODPD�SUREOHPL� LoLQ�ELOH�oRN� VD\ÖGD�NDUûÖODûWÖUPD�
\DSDUNHQ�|]QHO�\DUJÖODU�WXWDUVÖ]�VÖUDODPDODUD�QHGHQ�RODELOPHNWHGLU��%X�oDOÖûPDGD�
VXQXODQ�$+3·QLQ� VDGHOHûWLULOPLû�KDOL� RODQ� ùVWDWLVWLNVHO�9DU\DQV�3URVHG�U�� �ù93��
WHPHOOL�$+3��ù93�$+3���oRN�NULWHUOL�ELU�YHUL�VHWLQGHNL�DOWHUQDWLIOHULQ�VÖUDODPDVÖQÖ�
PDOL\HWOL� DQNHW� V�UHoOHULQH� EDûYXUPDGDQ� NULWHU� GHøHUOHULQH� J|UH� EHOLUOHPHNWHGLU��
1HVQHO�ELU� VÖUDODPD�LoLQ�ù93�YH�YHNW|UHO�QRUPDOL]DV\RQX�$+3�LOH�E�W�QOHûWLUHQ�
ù93�$+3� \|QWHPLQGH� NULWHU� DøÖUOÖNODUÖ� ù93� LOH� EHOLUOHQLUNHQ� DOWHUQDWLIOHULQ�
NDUûÖODûWÖUPDODU�PDWULVOHUL�QRUPDOL]H�HGLOPLû�J|]OHP�GHøHUOHULQGHQ�ROXûPDNWDGÖU��
ù93�$+3�LOH�VÖUDODPD�\|QWHPL��$+3�LOH�VÖUDODPD�\|QWHPLQLQ�J�oO��|]HOOLøL�RODQ�
NDUûÖODûWÖUPDODU� PDWULVOHULQL� NXOODQÖUNHQ� WXWDUOÖOÖN� |Oo�POHULQH� LKWL\Do�
GX\PDPDNWDGÖU�� ù93�$+3� \|QWHPLQGH� VDGHFH� VÖUDODQPDVÖ� LVWHQHQ� DOWHUQDWLIOHU��
VHoLPL�HWNLOH\HQ�NULWHUOHU�YH�DOWHUQDWLIOHULQ�NULWHU�GHøHUOHULQLQ�ELOLQPHVL�\HWHUOL�ROXS�
EX�SDUDPHWUHOHU�LoLQ�²$+3�\|QWHPLQGH�ROGXøX�JLEL² NDUDU�YHULFL�\DUJÖODUÖQD�LKWL\Do�
EXOXQPDPDNWDGÖU�� %X� oDOÖûPDGD� |UQHN� ELU� YHUL� VHWLQGHQ� $+3� YH� ù93�$+3�
\|QWHPOHUL� LOH� HOGH� HGLOHQ� NDUûÖODûWÖUPDOÖ� EXOJXODU�� LûOHP� NROD\OÖøÖ� YH� $+3�
\|QWHPLQGHNL�|]QHOOLøL�JLGHUPHVL�DoÖVÖQGDQ�ù93�$+3�VÖUDODPD�\|QWHPLQLQ�HWNLQ�
YH�QHVQHO�ELU�VÖUDODPD�\|QWHPL�ROGXøXQD�LûDUHW�HWPHNWHGLU�

$QDKWDU� .HOLPHOHU� $QDOLWLN� +L\HUDUûL� 3URVHVL�� dRN� .ULWHUOL� .DUDU� 9HUPH��
.DUûÖODûWÖUPDODU�0DWULVL��9HNW|UHO�1RUPDOL]DV\RQ
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7KLV� VWXG\� LQWURGXFHV� DQ� REMHFWLYH� PXOWLFULWHULD� UDQNLQJ� PHWKRG� EDVHG� RQ� WKH�
$QDO\WLF�+LHUDUFK\�3URFHVV��$+3���'LIIHUHQW�PXOWLFULWHULD�GHFLVLRQ�DQDO\VLV�PHWKRGV�
JHQHUDWH�GLIIHUHQW�VROXWLRQV�IRU�WKH�VDPH�UDQNLQJ�SUREOHP�EHFDXVH�RI�WKHLU�YDU\LQJ�
PDWKHPDWLFDO� PRGHOV�� ,Q� $+3�� GHFLVLRQ� PDNHUV� FRQVWUXFW� SRVLWLYH� FRPSDULVRQ�
PDWULFHV� IURP� WKHLU� SUHIHUHQFHV�E\�XVLQJ� D� VFDOH�RI� �����+RZHYHU�� HYHQ� D� VLPSOH�
UDQNLQJ� SUREOHP� UHTXLUHV� QXPHURXV� FRPSDULVRQ� PDWULFHV� ZKLOH� VXEMHFWLYH�
MXGJPHQWV� OHDG� WR� LQFRQVLVWHQW� UDQNLQJV��$V�D�VLPSOLILHG�YHUVLRQ�RI� WKH�$+3�� WKH�
6WDWLVWLFDO�9DULDQFH�3URFHGXUH��693��EDVHG�$+3��693�$+3��H[WUDFWV�WKH�UDQNLQJ�RI�
DOWHUQDWLYHV�IURP�D�PXOWLFULWHULD�GDWDVHW�ZLWKRXW�UHIHUULQJ�WR�FRVWO\�VXUYH\�SURFHVVHV��
693�$+3�XVHV�SDLUZLVH�FRPSDULVRQ�PDWULFHV��WKH�SRZHUIXO�WRRO�RI�$+3��DQG�LW�GRHV�
QRW�QHHG�WR�PHDVXUH�FRQVLVWHQF\��)RU�DQ�REMHFWLYH�UDQNLQJ�RI�DOWHUQDWLYHV��693�$+3�
HPEHGV� YHFWRU� QRUPDOL]DWLRQ� DQG� 693� LQWR� WKH� $+3�� 693� GHWHUPLQHV� FULWHULD�
ZHLJKWV�ZKLOH�SDLUZLVH�FRPSDULVRQ�PDWULFHV�IRU�DOWHUQDWLYHV�DUH�FRQVWUXFWHG�XVLQJ�
WKH�QRUPDOL]HG�REVHUYDWLRQV��,Q�693�$+3��LW�LV�VXIILFLHQW�WR�NQRZ�RQO\�FULWHULD�DQG�
DOWHUQDWLYH� YDOXHV�� XQOLNH� $+3�� ZKHUH� WKH� PRGHO� UHTXLUHV� GHFLVLRQ� PDNHUV·�
MXGJPHQWV��5HVXOWV�RI�WKH�$+3�DQG�693�$+3�IRU�WKH�H[DPSOH�LQ�WKLV�VWXG\�SRLQW�
RXW� WKDW� 693�$+3� LV� DQ� HIILFLHQW� UDQNLQJ� PHWKRG� EHFDXVH� RI� LWV� FRPSXWDWLRQDO�
HIILFLHQ\�DQG�REMHFWLYLW\�

.H\ZRUGV� $QDO\WLF� +LHUDUFK\� 3URFHVV�� 0XOWLFULWHULD� 'HFLVLRQ� 0DNLQJ�� 3DLUZLVH�
&RPSDULVRQ�0DWUL[��9HFWRU�1RUPDOL]DWLRQ�
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7KLV�VXEPLVVLRQ�ILUVW�DSSHDUHG�
DV�SDUW�RI�+DOLW�$OSHU�7D\DOÖ·V�
GRFWRUDO�WKHVLV��WLWOHG�´6WDWLVWLFDO�

9DULDQFH�3URFHGXUH�%DVHG�
$QDO\WLFDO +LHUDUF\�3URFHVV��$Q�

$SSOLFDWLRQ�RQ�0XOWLFULWHULD�
)DFLOLW\�/RFDWLRQ�6HOHFWLRQµ�ZLWK�

DGYLVRUV�
3URI��0HKSDUH�7LPRU� 3K'

DQG�
3URI� 1HFGHW�g]oDNDU��3K'�
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,Q� PDQDJHPHQW� VFLHQFH�� PDQ\� SUREOHPV� IURP�
IDFLOLW\�ORFDWLRQ�WR�SURGXFWLRQ�VFKHGXOLQJ�LQYROYH�
VHOHFWLRQ�E\�UDQNLQJ�DOWHUQDWLYHV��5HVHDUFK�IURP�
PDWKHPDWLFV�� LQIRUPDWLFV�� DQG� GHFLVLRQ� VFLHQFHV�
GHYRWHG�WR�WKH�PXOWLFULWHULD�GHFLVLRQ�WKHRU\�KDYH�
H[WHQVLYH� DSSOLFDWLRQV� LQ� EXVLQHVV� DQDO\WLFV��
HFRQRPLFV��DQG�UHODWHG�ILHOGV�IRU�GHWHUPLQLQJ�WKH�
RSWLPDO�FKRLFH�E\�FODVVLI\LQJ�RU�UDQNLQJ�PXOWLSOH�
DOWHUQDWLYHV�� 7UDYHOLQJ� VDOHVPDQ� SUREOHP�� IRU�
H[DPSOH�� DLPV� WR� ILQG� WKH� PLQLPXP� WUDYHOLQJ�
GLVWDQFH� RI� D� VDOHVSHUVRQ� E\� UDQNLQJ� YDULRXV�
GHPDQG� SRLQWV� LQ� WKHLU� RUGHU� RI� YLVLW�� ,QWHUQHW�
VHDUFK�HQJLQHV�UDQN�WKH�OLVWHG�ZHE�VLWHV�DFFRUGLQJ�
WR�YDULRXV�FULWHULD�²L��H��FRQWHQW�TXDOLW\��5RXWLQJ�
SUREOHPV�DOVR�DLP�WR�ILQG�WKH�RUGHU�RI�MREV�LQ�D�
VSHFLILF�WLPH�ZLQGRZ�>�@��7KH�ILHOG�RI�PXOWLFULWHULD�
GHFLVLRQ� DQDO\VLV� KDV� EHHQ� GHYHORSLQJ� VLQFH� WKH�
VHFRQG�KDOI�RI�WKH���WK�FHQWXU\�>�@�

0DLQ�DGYDQWDJH�RI�0XOWLFULWHULD�'HFLVLRQ�0DNLQJ�
�0&'0��PRGHOV�VWHPV�IURP�WKH�IDFW�WKDW�FULWHULD�
YDOXHV�RI�DOWHUQDWLYHV�PHOW�LQ�WKH�VDPH�SRW�IRU�D�
KROLVWLF�HYDOXDWLRQ��DQG�W\SLFDOO\��WKHVH�PRGHOV�GR�
QRW� UHTXLUH� FULWHULD� VHOHFWLRQ� RU� VWDWLVWLFDO�
VLJQLILFDQFH� WHVWV� $QDO\WLF� +LHUDUFK\� 3URFHVV�
�$+3�� LV� DQ� 0&'0� DQG� UDQNLQJ� PRGHO� WKDW�
FRQYHUWV�YHUEDO�MXGJPHQWV�RI�WKH�GHFLVLRQ�PDNHUV�
�'0�� LQWR� TXDQWLWDWLYH� H[SUHVVLRQV�� +RZHYHU��
$+3� LQFOXGHV� D� GLIILFXOW� VXUYH\LQJ� SURFHVV� IRU�
HYDOXDWLQJ�DOWHUQDWLYHV��DQG�LV�OLPLWHG�WR�VXEMHFWLYH�
MXGJPHQWV��%HVLGHV��WKH�PRGHO�UHTXLUHV�UHSHWLWLYH�
SDLUZLVH� FRPSDULVRQV� WKDW� FRQIXVH� '0� DQG�
EHZLOGHU�WKHLU�MXGJPHQWDO�DELOLWLHV�

7KLV�VWXG\�SUHVHQWV�DQ�REMHFWLYH�UDQNLQJ�PHWKRG�
>�@�� ZKLFK� HPEHGV� YHFWRU� QRUPDOL]DWLRQ� DQG�
6WDWLVWLFDO� 9DULDQFH� 3URFHGXUH� �693�� LQWR� WKH�
$+3��$V� D� VLPSOLILHG� YHUVLRQ� RI� WKH�$+3�� WKH�
PHWKRG�RI�693�$+3�FRPSXWHV�FULWHULD�ZHLJKWV�
IURP� WKH� GDWD� LWVHOI�� HOLPLQDWHV� WKH� LVVXH� RI�
FRQVLVWHQF\�GXH�WR�VXEMHFWLYH�MXGJPHQWV��DQG�\HW�
FRQWLQXHV�WR�EHQHILW�IURP�WKH�VWUHQJWK�RI�SDLUZLVH�
FRPSDULVRQ�PDWULFHV��2UJDQL]DWLRQ�RI�WKH�UHVW�RI�
WKH� SDSHU� LV� DV� IROORZV�� 6HFWLRQ� �� UHYLHZV� WKH�
$+3�� 6HFWLRQ� �� H[SODLQV� YHFWRU� QRUPDOL]DWLRQ��
DQG�6HFWLRQ���GHVFULEHV� WKH�693�DV�D�ZHLJKWLQJ�
PHWKRG� LQ� WKH� 0&'0� PRGHOV�� 6HFWLRQ� ��
LQWURGXFHV� WKH� PHWKRGRORJ\� IRU� LQWHJUDWLQJ�
YHFWRU� QRUPDOL]DWLRQ�� 693� DQG� $+3� LQWR� DQ�
REMHFWLYH� UDQNLQJ�PHWKRG� DQG� WKH� SURRI� RI� WKH�
EHQHILW�RI�693�$+3�RQ�WKH�FRQVLVWHQF\�LVVXH�RI�
WKH�$+3�PRGHO��6HFWLRQ���FRPSDUHV�WKH�HPSLULFDO�

UHVXOWV�RI�D�IODW�VHOHFWLRQ�SUREOHP�REWDLQHG�ZLWK�
WKH� $+3� DQG� WKH� 693�$+3� PRGHOV� ZKLOH�
GLVFXVVLQJ� KRZ� WKH� 693�$+3� FRPSHQVDWHV� IRU�
WKH� GUDZEDFNV� RI� WKH� $+3�� )LQDOO\�� 6HFWLRQ� ��
FRQFOXGHV�ZLWK�FORVLQJ�UHPDUNV�
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7KHUH�H[LVW�YDULRXV�0&'0�PRGHOV�DQG�HDFK�KDV�
D� GLIIHUHQW� FDSDELOLW\� IRU� GHWHUPLQLQJ� WKH� EHVW�
DOWHUQDWLYH�RI�D�VHW�RI�SRVVLEOH�VROXWLRQV��0&'0�
PRGHOV�DUH�DSSOLFDEOH�WR�EXVLQHVV��HFRQRPLFV�DQG�
UHODWHG�ILHOGV��IURP�SURGXFWLRQ�WR�ILQDQFH�>�@>�@��
$�OLWHUDWXUH�UHYLHZ�RQ�WKH�ZLGH�UDQJLQJ�0&'0�
PRGHOV� IRU� GHFLVLRQ� VXSSRUW� V\VWHPV� ZLWK�
DSSOLFDWLRQV�� PRGHO� GHYHORSPHQW� DSSURDFKHV��
DQG�VRIWZDUH�LPSOHPHQWDWLRQV�DUH�DYDLODEOH�LQ�>�@��
7VRXNLjV�>�@�VWDWHV�WKDW�FRPSDUHG�WR�WKH�VWUXFWXUDO�
SUHFLVLRQ� RI� WKH� PXOWLREMHFWLYH� SURJUDPPLQJ�
PRGHOV�� WKH� FRQILJXUDWLRQ� RI� DQ�0&'0�PRGHO�
IRU�D�GHFLVLRQ�SUREOHP�LV�EDVHG�XSRQ DQ�DEVWUDFW�
ODQJXDJH� ZKHUH� VXEMHFWLYH� MXGJPHQW�� LQWXLWLRQ��
H[SHULHQFH��DQG�SUHIHUHQFHV�DUH�DW�WKH�IRUHIURQW��
$+3�� (/(&75(�� DQG� 7236,6� DUH� DPRQJ� WKH�
ZHOO�NQRZQ�UDQNLQJ�PHWKRGV�WKDW�DLP�WR�JHQHUDWH�
D�VROXWLRQ�IRU�DQ�0&'0�SUREOHP�

)LJXUH����0XOWLOHYHO�$+3 VWUXFWXUH

6DDW\�>�@�KDV�GHYHORSHG�WKH�TXDQWLWDWLYH�0&'0�
PHWKRG� RI� $+3� WR� GHWHUPLQH� WKH� UHODWLYH�
UDQNLQJV� RI� DOWHUQDWLYHV� E\� XVLQJ� WKH� SULQFLSDO�
HLJHQYHFWRU�RI�D�V\PPHWULFDOO\�UHFLSURFDO�SRVLWLYH�
SDLUZLVH�FRPSDULVRQ�PDWUL[��7KH�$+3�KDV�IRXQG�
D�JOREDO�DSSOLFDWLRQ�DUHD�>�@��)LJXUH���VKRZV�WKH�
VWUXFWXUH� RI� WKH� $+3� PRGHO� WKDW� LQFOXGHV� WKH�
LQWHUDFWLQJ�JRDO��FULWHULD��DQG�DOWHUQDWLYHV�

$+3� KDV� D� WKUHH�SKDVH� FDOFXODWLRQ� SURFHVV� IRU�
UDQNLQJ�D�VHW�RI�DOWHUQDWLYHV�DW�DQ�0&'0�VHWWLQJ��
$OO�'0�H[SUHVV�WKHLU�FRPSDUDWLYH�MXGJPHQWV�IRU�
HDFK�FULWHULRQ�ZLWK�UHVSHFW�WR�HDFK�FULWHULRQ��DQG�
WKH�$+3�GHWHUPLQHV�FULWHULD�ZHLJKWV�IURP�WKHVH�
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MXGJPHQWV� LQ� WKH� �VW� SKDVH�� )RU� HDFK� FULWHULRQ��
'0�FRPSDUH� DOWHUQDWLYHV� WR� HDFK� RWKHU� IRU� WKH�
ZHLJKWV�RI�DOWHUQDWLYHV�LQ�WKH��QG�SKDVH��7KH�ODVW
SKDVH�FRPSXWHV�WKH�ZHLJKWHG�DYHUDJH�RI�ZHLJKWV�
RI�FULWHULD�DQG�ZHLJKWV�RI�DOWHUQDWLYHV�ZKHUH� WKH�
FRUUHVSRQGLQJ� DOWHUQDWLYH� ZLWK� WKH� PD[LPXP�
ZHLJKWHG�DYHUDJH�LV�WKH�RSWLPXP�VROXWLRQ�RI�WKH�
$+3�PRGHO��$�VXPPDU\�RI�WKH�FRPSXWDWLRQV�RI�
WKH�$+3�PRGHO�

x 3KDVH����&RPSXWH�ZHLJKWV�IRU�DOO�FULWHULD
x 3KDVH����&RPSXWH�ZHLJKWV�IRU�DOO�

DOWHUQDWLYHV�ZLWK�UHVSHFW�WR�HDFK�FULWHULRQ
x 3KDVH����&RPSXWH�WKH�ZHLJKWHG�DYHUDJH�RI�

WKH�ZHLJKWV�RI�FULWHULD�DQG�DOWHUQDWLYHV

,Q�WKH�ILUVW�WZR�SKDVHV��'0�VWDWH�WKHLU�MXGJPHQWV�
LQ� WKH�IRUP�RI�SDLUZLVH�SULRULWLHV�RQ�D�����VFDOH�
>�@�� 7KH� LQSXW� RI� WKH� $+3� PRGHO� LV� D�
V\PPHWULFDOO\� UHFLSURFDO� SRVLWLYH� SDLUZLVH�
FRPSDULVRQ� PDWUL[�� ,I� '0� FRPSDUH� WKDW� WKH�
HYDOXDWHG�FULWHULD�RU�DOWHUQDWLYHV�VHHP�WR�EH�HTXDO�
WR� HDFK� RWKHU�� WKHQ� WKH� SDLUZLVH� FRPSDULVRQ�
HTXDOV�WR����,I�'0�H[SUHVV�WKDW�D�FULWHULRQ�RU�DQ�
DOWHUQDWLYH� LV� GHILQLWHO\� LPSRUWDQW� FRPSDUHG� WR�
WKH� RWKHU� FULWHULRQ� RU� DOWHUQDWLYH�� WKHQ� WKH�
UHVXOWLQJ�SDLUZLVH�FRPSDULVRQ�LV����2WKHU�YDOXHV�
RI� WKH�����VFDOH� UHSUHVHQW� WKH�SDLUZLVH�SULRULWLHV�
LQ�EHWZHHQ��'LDJRQDO�YDOXHV�RI�WKH�V\PPHWULFDOO\�
UHFLSURFDO�SRVLWLYH�SDLUZLVH�FRPSDULVRQ�PDWULFHV�
DUH�DOZD\V���EHFDXVH�ZLWKLQ�WKH�$+3�PRGHO�WKH\�
UHSUHVHQW�WKH�SDLUZLVH�FRPSDULVRQ�RI�D�FULWHULRQ�
RU�DQ�DOWHUQDWLYH�WR�LWVHOI�

&RQVLVWHQF\� >��@� LQ� WKH� $+3� PRGHO� FRQWUROV�
ZKHWKHU�WKH�ORJLF�RI�WKH�SDLUZLVH�SULRULWLHV�LV�IUHH�
IURP�FRQWUDGLFWLRQ��7KH�V\PPHWULFDOO\�UHFLSURFDO�
SRVLWLYH� SDLUZLVH� FRPSDULVRQ� PDWUL[ ሾܣሿ௣ൈ௣ LV�
FRQVLVWHQW� RU� WUDQVLWLYH�� LI� ܽ௜௝Ǥ ௝ܽ௞ ൌ

ܽ௜௞ ሺ׊ ݅ǡ ݆ǡ ݇ሻ>��@>��@�� 7KLV� SURSHUW\� DOVR� VWDWHV�
WKDW� DOO� URZV� DQG� FROXPQV� RI� $� DUH� OLQHDUO\�
GHSHQGHQW�DQG�WKH�GHWHUPLQDQW�RI�VXFK�D�PDWUL[�
LV�]HUR��$�LV�DOVR�FRQVLVWHQW�LI ሬሬԦݓܣ ൌ ሬሬԦݓ݌ ZKHUHݓ�ሬሬԦ
௜ݓ� ǡ ݅ ൌ ͳǡ ʹǡ ǥ ǡ ሻ݌ LV�WKH�UHVXOWLQJ�ZHLJKW�YHFWRU�
RI�FULWHULD�RU�DOWHUQDWLYHV�>��@�

$+3�GRHV�QRW�H[SHFW�WKH�SULRULWLHV�RI�WKH�'0�WR�
EH�DOZD\V�FRQVLVWHQW��7KHUHIRUH��WKH�$+3�DOORZV�
WKH� SDLUZLVH� FRPSDULVRQ� PDWULFHV� WR� EH�
LQFRQVLVWHQW�XS� WR�D�FHUWDLQ� OHYHO��$V�D�KHXULVWLF�
QRUPDOL]DWLRQ� PHWKRG� IRU� GHWHUPLQLQJ� WKH�
UHODWLYH� LPSRUWDQFH� RI� FULWHULD� DQG� DOWHUQDWLYHV��
WKH� � PDWKHPDWLFDO� VWUXFWXUH� RI� WKH� $+3� VWHPV�

IURP� HLJHQDQDO\VLV�� ZKLFK� SURYLGHV� DQ�
RSSRUWXQLW\�WR�FDOFXODWH�WKH�LQFRQVLVWHQF\�RI�WKH�
'0�SULRULWLHV�>��@>��@��,QFRQVLVWHQF\�LQ�WKH�$+3�
IUDPHZRUN� PHDVXUHV� WKH� DSSUR[LPDWLRQ� HUURU�
EHWZHHQ� WKH� UHDO� SULQFLSDO� HLJHQYDOXH� RI� WKH�
SDLUZLVH�FRPSDULVRQ�PDWUL[�DQG ƫPD[ RI WKH�$+3�
PRGHO�E\�XVLQJ� WKH�UDQGRP� LQGH[�PHWKRGRORJ\�
WKDW� DVVRFLDWHV� WKH� DSSUR[LPDWLRQ� HUURU� ZLWK� D�
SRVVLEOH� LQFRQVLVWHQF\� ZLWKLQ� '0� SULRULWLHV��
ƫPD[�LV�WKH�PD[LPXP�HLJHQYDOXH�WKDW�D�SDLUZLVH�
FRPSDULVRQ� PDWUL[� FDQ� REWDLQ�� 7KLV� KHXULVWLF�
SURFHVV� RI� QRUPDOL]DWLRQ� DSSUR[LPDWHV� WKH�
HLJHQYDOXH� RI� WKH� SULQFLSDO� HLJHQYHFWRU� RI� WKH�
SDLUZLVH� FRPSDULVRQ� PDWUL[�� ,I� WKH� SDLUZLVH�
FRPSDULVRQ�PDWUL[� LV� FRQVLVWHQW� WKHQ ɉ௠௔௫ ൌ �݌
LWV�URZV�DQG�FROXPQV�DUH�OLQHDUO\�GHSHQGHQW��DQG�
WKXV�LWV�GHWHUPLQDQW�LV�]HUR�>��@>��@�
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$Q� 0&'0� PHWKRG� W\SLFDOO\� KRVWV� D�
QRUPDOL]DWLRQ�SURFHVV�IRU�UHPRYLQJ�WKH�HIIHFW�RI�
GLIIHUHQW�PHDVXULQJ�XQLWV��2SULFRYLF� DQG�7]HQJ�
>��@� H[SUHVV� WKDW� QRUPDOL]DWLRQ� HOLPLQDWHV� WKH�
XQLWV�RI�FULWHULD�DQG�PDNHV�FULWHULD�GLPHQVLRQOHVV��
7KXV��QRUPDOL]DWLRQ�DOORZV�IRU�WKH�HYDOXDWLRQ�RI�
FRQIOLFWLQJ� FULWHULD� ZLWKLQ� WKH� VDPH� GHFLVLRQ�
IUDPHZRUN�� 7KH� DQDO\VHV� RI� WKH� HIIHFWV� RI�
QRUPDOL]DWLRQ� RQ� VHYHUDO� 0&'0� PHWKRGV� DUH�
DYDLODEOH�LQ�>��@�DQG�>��@��693�$+3�LPSOHPHQWV�
YHFWRU� QRUPDOL]DWLRQ� ²DV� LQ� 7236,6² IRU� DQ�
DUELWUDU\�UDQNLQJ�SUREOHP�

/HW�ሾܣሿ௡ൈ௣ ൌ ൥

ܽଵଵ ǥ ܽଵ௝
ڭ ڰ ڭ
ܽ௜ଵ ǥ ܽ௜௝

൩ EH�WKH�LQSXW�RI�DQ�

0&'0� SUREOHP� ZLWK� � DOWHUQDWLYHV WR� EH�

HYDOXDWHG� E\� � FULWHULD�� ZKHUH� ܽ௜௝ LV� WKH� ݅௧௛

REVHUYDWLRQ�YDOXH�ZLWK�UHVSHFW�WR�WKH�݆௧௛ FULWHULRQ�
ሺ݅ ൌ ሼͳǡ ʹǡ ǥ ǡ ݊ሽǢ ݆ ൌ ሼͳǡ ʹǡ ǥ ǡ ሽሻ݌ �� 7KH�
IROORZLQJ�HTXDWLRQV�QRUPDOL]H�ሾܣሿ YHFWRULDOO\�DQG
FRQYHUW�LW�WR�ሾܶሿ௡ൈ௣ǣ

x ,I�WKH�HYDOXDWHG�FULWHULRQ�RIܣ� LV�D�EHQHILW�
FULWHULRQ��WKHQ�

௜௝ݐ ൌ
ܽ௜௝

ටቀσ σ ห�୧୨ห
ଶ୮

୨ୀଵ
୬
୧ୀଵ ቁ

ሺͳሻ

x ,I�WKH�HYDOXDWHG�FULWHULRQ�RIܣ� LV�D�FRVW�
FULWHULRQ��WKHQ�
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ϯϰ

௜௝ݐ ൌ
൫ͳ ܽ௜௝Τ ൯

ටσ σ ห൫ͳ ܽ௜௝Τ ൯ห
ଶ୮

୨ୀଵ
୬
୧ୀଵ

ሺʹሻ

ZKHUHݐ�௜௝ DUH�HOHPHQWV�RI�ܶ

�� 67$7,67,&$/�9$5,$1&(�
352&('85(

:HLJKW� H[WUDFWLRQ� LV� RQH� RI� WKH PRVW� GLIILFXOW�
SURFHVVHV� LQ�0&'0�PRGHOV� >��@� DQG� WKH�PRVW�
LPSRUWDQW�SDUW�RI�WKH�$+3�LV�WR�GHWHUPLQH�FULWHULD�
ZHLJKWV� >��@�� $� FODVVLILFDWLRQ� DQG� D� GHWDLOHG�
GLVFXVVLRQ�RI�WKH�0&'0�PRGHOV�DUH�DYDLODEOH�LQ�
>��@� DORQJ� ZLWK� WKHLU� HPEHGGHG� ZHLJKWLQJ�
PHWKRGV� DQG� WKHLU� FDWHJRUL]DWLRQ�� 693� LV� DQ�
REMHFWLYH� ZHLJKWLQJ� PHWKRG� WKDW� DVVLJQV� DQ�
REMHFWLYH�ZHLJKW�WR�HDFK�FULWHULRQ�XVLQJ YDULDQFHV�
>��@��9DULDQFH� RI� D� GDWDVHW� FDUULHV� DQ� LPSRUWDQW�
LQIRUPDWLRQ��DQG�LW�LV�VXLWDEOH IRU�FRPSDULQJ�WKH�
FULWHULD� ZHLJKWV� DIWHU� QRUPDOL]DWLRQ� >��@�� 693�
$+3� HPEHGV� WKH� 693� LQWR� WKH� $+3�� DIWHU�
YHFWRULDOO\�QRUPDOL]LQJ�WKH�0&'0�GDWDVHW�

,I� ሾܶሿ௡ൈ௣ ൌ ቎

ଵଵݐ ǥ ଵ௝ݐ
ڭ ڰ ڭ
௜ଵݐ ǥ ௜௝ݐ

቏ LV� WKH� QRUPDOL]HG�

GDWDVHW� ZKHUH� ௜௝ݐ LV� WKH� ݅௧௛ REVHUYDWLRQ� ZLWK�

UHVSHFW� WR� WKH� ݆௧௛ FULWHULRQ�� WKHQ� WKH� VDPSOH�

YDULDQFH�RI�WKH�݆௧௛ FULWHULRQ�RI�ܶ�

�୨ ൌ ෍෍൫�୧୨ െ �ҧ୧୨൯
ଶ

୮

୨ୀଵ

୬

୧ୀଵ

ሺ� െ ͳሻ൘ ሺ͵ሻ

7KH�UDWLR�RI��୨ WR�WKH�WRWDO�YDULDQFH�RI�ܶǣ

�୨ ൌ
�୨
σ �୨
୮
୨ୀଵ

൘ ሺͶሻ

ZKHUH��୨ LV�WKH�REMHFWLYH�ZHLJKW�RI�WKH�݆WK FULWHULRQ�
WKDW�WKH�693�DVVLJQV�

�� 0(7+2'2/2*<

693�$+3� FRPSXWHV� WKH� ZHLJKW� SDUDPHWHU� YLD�
693�E\�GLYLGLQJ�WKH�YDULDQFH�RI�HDFK�FULWHULRQ�WR�
WKH�WRWDO�YDULDQFH�RI�WKH�QRUPDOL]HG�GDWDVHW��8VLQJ�
WKLV�PHWKRG�²LQVWHDG�RI�����VFDOH² DOORZV�IRU�WKH�

FRQVWUXFWLRQ� RI� FRQVLVWHQW� SDLUZLVH� FRPSDULRQV�
PDWULFHV�ZKHQ�GHWHUPLQLQJ�FULWHULD�DQG�DOWHUQDWLYH�
ZHLJKWV�DW�WKH�ILUVW�WZR�VWDJHV�RI�$+3�

/HW�ሾܶሿ௡ൈ௣ EH�WKH�YHFWRULDOO\�QRUPDOL]HG�GDWDVHW�
RI� DQ�0&'0� SUREOHP� REWDLQHG� DIWHU� DSSO\LQJ�
(TXDWLRQ��� DQG�(TXDWLRQ����7R� H[WUDFW�ZHLJKWV�
IURP�FULWHULD�RU�DOWHUQDWLYHV��LQVWHDG�RI�DVNLQJ�'0�
WKHLU� MXGJPHQWV� RQ� WKH� SULRULWLHV�� OHW�ሾܥሿ௣ൈ௣ EH�
WKH� V\PPHWULFDOO\� UHFLSURFDO� SRVLWLYH� DQG�
WUDQVLWLYH� SDLUZLVH� FRPSDULVRQ� PDWUL[� H[WUDFWHG�
IURP�ܶ XVLQJ�(TXDWLRQV���DQG���

ሾܥሿ௣ൈ௣ ൌ

ۏ
ێ
ێ
ێ
ێ
ێ
ۍ
௝ܿభ

௝ܿభ
ൗ ௝ܿభ

௝ܿమ
ൗ ǥ ௝ܿభ

௝ܿ೛
ൗ

௝ܿమ
௝ܿభ

ൗ ௝ܿమ
௝ܿమ

ൗ ǥ ௝ܿమ
௝ܿ೛

ൗ

ڭ ڭ ǥ ڭ
௝ܿ೛

௝ܿభ
ൗ

௝ܿ೛
௝ܿమ

ൗ ǥ
௝ܿ೛

௝ܿ೛
൘ ے

ۑ
ۑ
ۑ
ۑ
ۑ
ې

)RU� VLPSOLFLW\�� GHQRWH� ௝ܿ ZLWK�݁ DQG� QRWH� WKDW�

σ݁ ൌ ͳ VLQFH�σ�୨ ൌ ͳ DV�VWDWHG�LQ�(TXDWLRQ���

ሾܧሿ௣ൈ௣ ൌ

ۏ
ێ
ێ
ێ
ێ
ۍ
݁ଵ

݁ଵൗ
݁ଵ

݁ଶൗ ǥ
݁ଵ

݁௣ൗ

݁ଶ
݁ଵൗ

݁ଶ
݁ଶൗ ǥ

݁ଶ
݁௣ൗ

ڭ ڭ ǥ ڭ
݁௣

݁ଵൗ
݁௣

݁ଶൗ ǥ
݁௣

݁௣ൗ ے
ۑ
ۑ
ۑ
ۑ
ې

)RU� WKH� ZHLJKW� RI� WKH� ILUVW� FULWHULRQ�� $+3�
FRPSXWHV�WKH�VXP�RI�WKH�ILUVW�FROXPQ�

�ଵ ൌ
൫
݁ଵ

݁ଵൗ ൯ ൅ ൫
݁ଶ

݁ଵൗ ൯ ൅ ൅ڮ ቀ
݁௣

݁ଵൗ ቁ

݁ଵ
ൌ

ͳ

݁ଵ
ሺͷሻ

7KH�JHQHUDOL]DWLRQ�RI�(TXDWLRQ���OHDGV�WR�

�୨ ൌ
ͳ

௝݁

ሺ͸ሻ

&RQWLQXLQJ�ZLWK�WKH�QRUPDOL]DWLRQ�RI�WKH�$+3�

ሾܰሿ ൌ

ۏ
ێ
ێ
ێ
ێ
ۍ
ͳ
ܾଵ
ൗ

݁ଵ
݁ଶܾଶ
ൗ ǥ

݁ଵ
݁௣ܾ௣
ൗ

݁ଶ
݁ଵܾଵ
ൗ ͳ

ܾଶ
ൗ ǥ

݁ଶ
݁ଷܾଷ
ൗ

ڭ ڭ ǥ ڭ
݁௣

݁ଵܾଵ
ൗ

݁௣
݁ଶܾଶ
ൗ ǥ ͳ

ܾ௣
ൗ ے

ۑ
ۑ
ۑ
ۑ
ې

7KH�DYHUDJH�RI�WKH�ILUVW�URZ�RI�ܰ DW�(TXDWLRQ���
JLYHV�WKH�ZHLJKW�RI�WKH�ILUVW�FULWHULRQ�

௣ଵݓ
ൌ
ቀͳ ܾଵ
ൗ ቁ ൅ ቀ

݁ଵ
݁ଶܾଶ
ൗ ቁ ൅ڮ൅ ൬

݁ଵ
݁௣ܾ௣
ൗ ൰

݌
ൌ ݁ଵሺ͹ሻ
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ϯϱ

*HQHUDOL]LQJ�(TXDWLRQ ��

௣ݓ ൌ ݁ ሺͺሻ

3DLUZLVH� FRPSDULVRQ� PDWUL[� RI� ZHLJKWV� LV�
FRQVLVWHQW��ɉ௠௔௫஼

ൌ ȁܥ��DQG�ȁ݌ ൌ Ͳ�

�� (03,5,&$/�5(68/76

$Q�0&'0�GDWDVHW�RI�WKH�IODW�VHOHFWLRQ�SUREOHP�
LQ�>��@�FRQVLVWV�RI���DOWHUQDWLYHV�DQG���FULWHULD�DV�
JLYHQ�LQ�WKH�IROORZLQJ�GHFLVLRQ�PDWUL[��ሾܦሿǣ

ସൈଽܦ ൌ ൦

͵͹ͷǡͲͲͲ ͳͳͲ Ͷ ʹ ͳ ͳ ͳ ͳ Ͷ
͵ͳͲǡͲͲͲ ͳʹͲ Ͷ Ͷ ʹ ʹ ʹ ʹ ͳ
͵͵ͲǡͲͲͲ ͳ͵Ͳ ͷ ʹ ͵ ͵ ͵ ʹ ͵
͵ͷͲǡͲͲͲ ͳͶͲ ͵ ͳ Ͷ Ͷ Ͷ ͵ ʹ

൪

��DOWHUQDWLYH�IODWV�RI�;��:��<�DQG�=�LQ�WKH�URZV�RI�
ܦ DUH�WR�EH�HYDOXDWHG�DFFRUGLQJ�WR���FULWHULD�DW�WKH�
FROXPQV�RI��7ܦ�KHVH�FULWHULD�UHVSHFWLYHO\�PHDVXUH�
WKH� IODW·V� SULFH�� WKH� IODW·V� DUHD�� WKH� QXPEHU� RI�
URRPV�RI�WKH�IODW�� WKH�GLUHFWLRQ�RI�WKH�IDFDGH�RI�
WKH�IODW��TXDOLW\�RI�PDWHULDOV�XVHG�DW�WKH�IODW��TXDOLW\�
RI� EXLOGLQJ� LQ� JHQHUDO�� HDUWKTXDNH� UHVLVWDQFH� RI�
WKH�EXLOGLQJ��DYDLODELOLW\�RI�FDU�SDUN��DQG�GLVWDQFH�
WR� WKH� FLW\� FHQWHU�� $OO� FULWHULD� RWKHU� WKDQ� SULFH��
DUHD��DQG�QXPEHU�RI�URRPV�XVH�DQ�RUGLQDO�VFDOH�
IURP� �� WR� ��� ZKHUH� �� UHSUHVHQWV� WKH� EHVW�
SUHIHUHQFH�� DQG� DOO� FULWHULD� RWKHU� WKDQ� SULFH� DUH�
EHQHILW� FULWHULD�� 7KH� ZHLJKWV RI FULWHULD� DQG�
DOWHUQDWLYHV�RI�WKH�$+3�SUREOHP�DUH�DV�IROORZV�

ܪܣ ௪ܲ௘௜௚௛௧௦ ௢௙ ௖௥௜௧௘௥௜௔

ൌ ሾǤ ʹ͸ Ǥ ͳͲ Ǥ Ͳ͹ Ǥ ͲͶ Ǥ Ͳ͸ Ǥ Ͳ͵ Ǥ ʹʹ Ǥ Ͳͻ Ǥ ͳʹሿ

ܪܣ ௪ܲ௘௜௚௛௧௦ ௢௙ ௔௟௧௘௥௡௔௧௜௩௘௦

ൌ ൦

Ǥ Ͳ͹ Ǥ Ͳ͹ Ǥ ͳͶ Ǥ ͳ͸ Ǥ ͲͶ Ǥ ͲͶ Ǥ ͲͶ Ǥ ͲͶ Ǥ ͸ʹ
Ǥ Ͷ͹ Ǥ ͳͳ Ǥ ͳͶ Ǥ ͸Ͷ Ǥ ͳͲ Ǥ ͳͲ Ǥ Ͳͺ Ǥ ͳ͵ Ǥ ͲͶ
Ǥ ͵Ͳ Ǥ ʹͻ Ǥ ͷ͹ Ǥ ͲͶ Ǥ ʹͺ Ǥ ʹͷ Ǥ ʹ͸ Ǥ ͳ͵ Ǥ ʹ͵
Ǥ ͳ͹ Ǥ ͷʹ Ǥ ͳͶ Ǥ ͳ͸ Ǥ ͷͺ Ǥ ͸ͳ Ǥ ͸ʹ Ǥ ͸ͻ Ǥ ͳͳ

൪

7KH�ZHLJKWHG� DYHUDJH RI� FULWHULD� DQG� DOWHUQDWLYH�
ZHLJKWV�IRU�WKH�DOWHUQDWLYHV�RI�;��:��<�DQG�=�

ܲܪܣ ՜ ൦

ܺ
ܹ
ܻ
ܼ

൪ ൌ ൦

ͲǤͳ͵
ͲǤʹ͵
ͲǤʹͺ
ͲǤ͵͸

൪ ׵ ܼ ൐ ܻ ൐ ܹ ൐ ܺ

7KH�FULWLFDO�UDWLRV�� LQ�RWKHU�ZRUGV��WKH�PHDVXUHV�
RI� LQFRQVLVWHQF\� UHVSHFWLYHO\� IRU� FULWHULD� DQG�
DOWHUQDWLYH�ZHLJKWV�DUH� ����� ����� ����� ����� ����� �����
��������������������DQG������

1RWH�WKDW�WKH�HYDOXDWLRQ�RI�WKLV�UDQNLQJ�SUREOHP�
ZLWK�WKH�$+3�UHTXLUHV����FRPSDULVRQ�PDWULFHV�RI�
ZKLFK� ��� DUH� SDLUZLVH� FRPSDULVRQV� IRU�
GHWHUPLQLQJ� WKH� ZHLJKWV� RI� FULWHULD�� DQG� ��� DUH�
SDLUZLVH�FRPSDULVRQV�IRU�GHWHUPLQLQJ�WKH�ZHLJKWV�
RI�DOWHUQDWLYHV�

���� 1RUPDOL]LQJ�WKH�'HFLVLRQ�0DWUL[

$SSOLFDWLRQ� RI� WKH� PHWKRGRORJ\� LQ� 6HFWLRQ� ��
VWDUWV� ZLWK� YHFWRU� QRUPDOL]DWLRQ� DV� JLYHQ� LQ�
(TXDWLRQ� ��� DQG� (TXDWLRQ� �� DW� 6HFWLRQ� ��� 7KH�
QRUPDOL]DWLRQ�RIܦ�ସൈଽ OHDGV�WR�ሾܶሿସൈଽ�

ܶ ൌ ൦

Ǥ Ͷͷ Ǥ ͶͶ Ǥ Ͷͻ Ǥ ͶͲ Ǥ ͳͺ Ǥ ͳͺ Ǥ ͳͺ Ǥ ʹͶ Ǥ ͹͵
Ǥ ͷͷ Ǥ Ͷͺ Ǥ Ͷͻ Ǥ ͺͲ Ǥ ͵͹ Ǥ ͵͹ Ǥ ͵͹ Ǥ Ͷ͹ Ǥ ͳͺ
Ǥ ͷͳ Ǥ ͷʹ Ǥ ͸ʹ Ǥ ͶͲ Ǥ ͷͷ Ǥ ͷͷ Ǥ ͷͷ Ǥ Ͷ͹ Ǥ ͷͷ
Ǥ Ͷͺ Ǥ ͷ͸ Ǥ ͵͹ Ǥ ʹͲ Ǥ ͹͵ Ǥ ͹͵ Ǥ ͹͵ Ǥ ͹ͳ Ǥ ͵͹

൪

���� :HLJKWV�RI�&ULWHULD�ZLWK�WKH�6WDWLVWLFDO�
9DULDQFH�3URFHGXUH

7KH�VDPSOH�YDULDQFHV�RI�HDFK�FULWHULRQ�RI�ܶ XVLQJ�
(TXDWLRQ���LQ�6HFWLRQ���

ܵ ൌ ሾǤ ͲͲ Ǥ ͲͲ Ǥ Ͳͳ Ǥ Ͳ͸ Ǥ Ͳ͸ Ǥ Ͳ͸ Ǥ Ͳ͸ Ǥ ͲͶ Ǥ Ͳ͸ሿ

7KH�FRQVLVWHQW�ZHLJKWV�²DV�VKRZQ�LQ�6HFWLRQ �²
RI� WKH�693�$+3��REWDLQHG�XVLQJ�(TXDWLRQ��� LQ�
6HFWLRQ���
ܥ ൌ ሾǤ ͲͲ Ǥ Ͳͳ Ǥ Ͳ͵ Ǥ ͳͻ Ǥ ͳ͸ Ǥ ͳ͸ Ǥ ͳ͸ Ǥ ͳͳ Ǥ ͳ͸ሿ

���� :HLJKWV�RI�$OWHUQDWLYHV�ZLWK�WKH�
$QDO\WLF�+LHUDUFK\�3URFHVV

,Q�WKLV�SKDVH��693�$+3�FRPSXWHV�WKH�ZHLJKWV�RI�
DOWHUQDWLYHV H[DFWO\� WKH� VDPH� ZD\� DV� WKH� $+3�
GRHV��7KH�RQO\�GLIIHUHQFH�IURP�$+3�LV�WKDW�693�
$+3� XVHV� FULWHULD� YDOXHV� RI� DOWHUQDWLYHV� DV� WKH�
LQSXW�� LQVWHDG� RI� '0� SULRULWLHV�� )RU� HDFK�
FULWHULRQ�� 693�$+3� FRPSDUHV� DOWHUQDWLYHV� WR�
HDFK�RWKHU�XVLQJ�WKH�YDOXHV�RI�ܶ�

7KH� FRQVWUXFWLRQ RI� FRPSDULRQV� PDWULFHV� RI�
DOWHUQDWLYHV�DUH�GLUHFWO\� IURP�FULWHULD�YDOXHV��)RU�
H[DPSOH�� D� V\PPHWULFDOO\� UHFLSURFDO� DQG�
FRQVLVWHQW� SDLUZLVH� FRPSDULVRQ� PDWUL[� RI�
DOWHUQDWLYHV�FRQVWUXFWHG�IRU�WKH�ODVW�FROXPQ�RI�ܶ��
ZKLFK� LV� WKH� QRUPDOL]HG� GLVWDQFH� FULWHULRQ
�ሾǤ ͹͵ Ǥ ͳͺ Ǥ ͷͷ Ǥ ͵͹ሿ୘ǡ ሻ�
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ϯϲ

൦

ܺ
ܹ
ܻ
ܼ

൪

஽௜௦௧௔௡௖௘

ൌ ൦

ͳ ͶǤͲͲ ͳǤ͵͵ ʹǤͲͲ
ͲǤʹͷ ͳ ͲǤ͵͵ ͲǤͷͲ
ͲǤ͹ͷ ͵ǤͲͲ ͳ ͳǤͷͲ
ͲǤͷͲ ʹǤͲͲ ͲǤ͸͹ ͳ

൪

&RQWLQXLQJ�ZLWK� WKH� VDPH� FRPSXWDWLRQV� RI� WKH�
$+3�PRGHO��GLYLGLQJ�HDFK�FROXPQ·V�HOHPHQWV E\�
WKH� VXP� RI� HDFK� FROXPQ·V� HOHPHQWV� GHWHUPLQHV�
HDFK�DOWHUQDWLYH·V�ZHLJKW�ZLWK�UHVSHFW�WR�GLVWDQFH��
7KH� FRQVLVWHQW� ZHLJKWV� RI� DOWHUQDWLYHV� ZLWK�
UHVSHFW� WR� GLVWDQFH� FULWHULRQ�

ሾܺ ܹ ܻ ܼሿ୵ୣ୧୥୦୲̴ୢ୧ୱ୲ୟ୬ୡୣ
୘
ൌ

ሾǤ ͶͲ Ǥ ͳͲ Ǥ ͵Ͳ Ǥ ʹͲሿ୘

5HSHDWLQJ WKH�VDPH�SURFHGXUH�IRU�HDFK�FULWHULRQ�
FRQVWUXFWV�WKH�PDWUL[�RI�ZHLJKWV�RI�DOWHUQDWLYHV�

௔ܹ௟௧௘௥௡௔௧௜௩௘௦ ൌ

ൌ ൦

Ǥ ʹ͵ Ǥ ʹʹ Ǥ ʹͷ Ǥ ʹʹ Ǥ ͳͲ Ǥ ͳͲ Ǥ ͳͲ Ǥ ͳ͵ Ǥ ͶͲ
Ǥ ʹ͹ Ǥ ʹͶ Ǥ ʹͷ Ǥ ͶͶ Ǥ ʹͲ Ǥ ʹͲ Ǥ ʹͲ Ǥ ʹͷ Ǥ ͳͲ
Ǥ ʹ͸ Ǥ ʹ͸ Ǥ ͵ͳ Ǥ ʹʹ Ǥ ͵Ͳ Ǥ ͵Ͳ Ǥ ͵Ͳ Ǥ ʹͷ Ǥ ͵Ͳ
Ǥ ʹͶ Ǥ ʹͺ Ǥ ͳͻ Ǥ ͳͳ Ǥ ͶͲ Ǥ ͶͲ Ǥ ͶͲ Ǥ ͵ͺ Ǥ ʹͲ

൪

���� 5DQNLQJ�([SHFWHG�9DOXHV

7KH� H[SHFWHG YDOXHV� RI� FULWHULD� DQG� DOWHUQDWLYH�
ZHLJKWV�IRU�WKH�DOWHUQDWLYHV�RI�;��:��<�DQG�=�

ܸܵܲ െ ܲܪܣ ՜ ൦

ܺ
ܹ
ܻ
ܼ

൪ ൌ ൦

ͲǤͳͺ
ͲǤʹͶ
ͲǤʹͺ
ͲǤ͵Ͳ

൪

7KXV�� WKH� UDQNLQJ� RI� DOWHUQDWLYHV� YLD� 693�$+3�
\LHOGV� WKH� VDPH� UDQNLQJ� UHVXOWV� REWDLQHG� ZLWK�
$+3�

ܼ ൐ ܻ ൐ ܹ ൐ ܺ

���� 'LVFXVVLRQ

,Q� WKH�$+3� UHVXOWV� RI� WKH�SUREOHP� LQ� >��@�� WKH�
'0�JDYH�WKH�WRS�WKUHH�ZHLJKWV�WR�WKH�FULWHULD�RI�
SULFH� RI� WKH� IODW�� HDUWKTXDNH� UHVLVWDQFH� RI� WKH�
EXLOGLQJ��DQG�WKH�GLVWDQFH�WR�WKH�FLW\�FHQWHU��ZLWK�
DSSUR[LPDWH ZHLJKWV� RI� ����� ����� DQG� ����
UHVSHFWLYHO\� DV JLYHQ� LQ� WKH� EHJLQQLQJ� RI� WKLV�
6HFWLRQ� ��� 2Q� WKH� RWKHU� KDQG�� WKH� PHWKRG� RI�
693�$+3�GHWHUPLQHG�WKH�WRS�SULRULWLHV�WR�EH�WKH�
GLUHFWLRQ�RI�WKH�IDFDGH��TXDOLW\�RI�PDWHULDOV XVHG�
DW� WKH� IODW�� TXDOLW\� RI� EXLOGLQJ�� HDUWKTXDNH�
UHVLVWDQFH�RI�WKH�EXLOGLQJ��DQG�WKH�GLVWDQFH�WR�WKH�
FLW\� FHQWHU�� ZKHUH� WKH� DSSUR[LPDWH� ZHLJKWV� DUH�
����IRU�WKH�GLUHFWLRQ�RI�WKH�IDFDGH�DQG�����IRU�
WKH� RWKHU� FULWHULD�� 693�$+3� GHQRWHG� YHU\� OLWWOH�

ZHLJKW� WR� SULFH�� DSSUR[LPDWHO\� ������ VLQFH� IODW�
SULFHV�DUH�QRW�ZLGHO\�VSUHDG�RXW�

+\EULG� 0&'0� PRGHOV� FDQ� LQFOXGH� YDULRXV�
0&'0� DQG� ZHLJKWLQJ� PHWKRGV� LQ� GLIIHUHQW�
VWDJHV� RI� WKH� SUREOHP�� )RU� H[DPSOH�� >��@�
FRPSDUHV� DOWHUQDWLYH� ORFDWLRQV� IRU� VRODU� SRZHU�
SODQWV� XVLQJ� JHRJUDSKLFDO� LQIRUPDWLRQ V\VWHPV�
DQG�0&'0�WRROV�ZKHUH�$+3�GHWHUPLQHV�FULWHULD�
ZHLJKWV� DQG� 7236,6� UDQNV� DOWHUQDWLYHV�� $V� D�
K\EULG�0&'0�UDQNLQJ�PHWKRG��693�$+3�XVHV�
693� WR� GHWHUPLQH� FULWHULD� ZHLJKWV�� $IWHU� WKH�
YHFWRU� QRUPDOL]DWLRQ� RI� WKH� GDWDVHW� WR� DGG�
REMHFWLYLW\�LQWR�WKH�SURFHVV��WKH�UDQNLQJ�SURFHHGV�
ZLWK�WKH�PHWKRGRORJ\�RI�$+3�

0DQDJHULDO� GDWD� LV� PDLQO\� FRPSRVHG� RI�
TXDQWLWDWLYH�REVHUYDWLRQV�RI�'0�SUHIHUHQFHV�DQG�
EHKDYLRU�RI WKH�PDUNHW��DQG�693�$+3�SURYLGHV�
WKH FDSDFLW\�IRU�REMHFWLYH�UDQNLQJ�EHFDXVH�LW�GRHV�
QRW� LQMHFW� DQ\� IXUWKHU�'0� VXEMHFWLYLW\� LQWR� WKH�
UDQNLQJ�SURFHVV��,W�LV�QRWHZRUWK\�WR�DGG WKDW $+3�
VHHNV� WKH� LQGHSHQGHQFH� RI� FULWHULD�� \HW� PDQ\�
0&'0�SUREOHPV�WKDW�XVH�WKH�$+3 LJQRUHV�WKH�
LQGHSHQGHQF\� DVVXPSWLRQ�� VLQFH� LW� LV� QHDUO\�
LPSRVVLEOH� WR� VKRZ� D� WKHRUHWLFDO� LQGHSHQGHQFH�
DPRQJ� YDULDEOHV� DQG� REVHUYDWLRQV�� ,Q� DQ\� FDVH��
693�$+3�SUHVHQWV�D�SUDJPDWLF�DSSURDFK��DV�ZHOO�
DV� RWKHU� FULWLFDO� SRLQWV� RI� WKH�$+3�PRGHO� WKDW�
DULVH� LQ� ODUJH�VFDOH� UDQNLQJ�SUREOHPV�²L�� H�� UDQN�
UHYHUVDO� RU� FRQVLVWHQF\� 2EMHFWLYLW\� RI� WKH�
H[SHULPHQWDO UHVXOWV�RI�693�$+3�LV�FOHDU�DV�WKH\�
FRPSDUH� HIILFLHQWO\� WR� WKRVH� RI� WKH�PDLQVWUHDP�
0&'0�PHWKRGV�>�@�

�� &21&/86,21

'LIIHUHQW� 0&'0� PHWKRGV� JHQHUDWH� GLIIHUHQW�
VROXWLRQV�IRU�WKH�VDPH�UDQNLQJ�SUREOHP�EHFDXVH�
RI�WKH�YDU\LQJ�PDWKHPDWLFDO�PRGHOV��693�$+3�LV�
DQ�REMHFWLYH�UDQNLQJ�PHWKRG�WKDW�WDNHV�DGYDQWDJH�
RI� WKH� PHWKRGRORJ\� RI� $+3� DQG� SDLUZLVH�
FRPSDULVRQ� PDWULFHV� DORQJ� ZLWK� WKH� YHFWRU�
QRUPDOL]DWLRQ�� DQG� WKH� 693�� $V� WKH� VLPSOLILHG�
YHUVLRQ� RI� WKH�$+3�� WKH�PHWKRG� RI� 693�$+3�
UDQNV�DOWHUQDWLYHV ZLWK�WKHLU�IDFWXDO�FULWHULD�YDOXHV�
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,Q� 693�$+3�� '0� RQO\� QHHG� WR� VSHFLI\� WKH�
UHODWHG� FULWHULD� RI� WKH� GHFLVLRQ� SUREOHP� WR� UDQN�
DOWHUQDWLYHV��7KHUHIRUH��693�$+3�LV�IUHH�RI�WLPH�
FRQVXPLQJ� HYDOXDWLRQV� DQG� FRQVLVWHQF\�
PHDVXUHPHQWV�� )XWXUH� UHVHDUFK� GLUHFWLRQV� DUH�
WRZDUGV�EXLOGLQJ�D�VWRFKDVWLF YHUVLRQ�RI�WKH�693�
$+3�DQG�DQDO\]LQJ�LWV�UDQNLQJ�UHVXOWV�LQ�YDULRXV�
DSSOLFDWLRQV�ZLWK� D� FRPSDULVRQ� WR� RWKHU� UHODWHG�
PHWKRGV�

5()(5(1&(6

>�@� (VHQ�� +�� g��� ������ ´$SSOLHG� 2SHUDWLRQDO�
5HVHDUFKµ��´8\JXODPDOÖ�<|QH\OHP�$UDûWÖUPDVÖµ����6��
7ROXQ��(G����dDøOD\DQ�.LWDEHYL�

>�@� 5R\�� %��� 	� 9DQGHUSRRWHQ�� '��� ������ ´$Q�
RYHUYLHZ�RQ�´7KH�(XURSHDQ� VFKRRO�RI�0&'$��
(PHUJHQFH�� EDVLF� IHDWXUHV� DQG� FXUUHQW� ZRUNVµ��
(XURSHDQ� -RXUQDO� RI�2SHUDWLRQDO� 5HVHDUFK�� ����
��²���

>�@� 7D\DOÖ�� +�� $��� ������ ´6WDWLVWLFDO� YDULDQFH�
SURFHGXUH� EDVHG� DQDO\WLF� KLHUDUF\� SURFHVV�� $Q�
DSSOLFDWLRQ� RQ� PXOWLFULWHULD� IDFLOLW\� ORFDWLRQ�
VHOHFWLRQµ�� 5HWULHYHG� IURP�
KWWSV���WH]�\RN�JRY�WU�8OXVDO7H]0HUNH]L��

>�@� gP�UEHN�� 1��� 	� 0HUFDQ�� <��� ������
´3HUIRUPDQFH�(YDOXDWLRQ�RI� 6XE�PDQXIDFWXULQJ�
6HFWRUV� 8VLQJ� 7236,6� DQG� (/(&75(�
0HWKRGVµ��&DQNLUL�.DUDWHNLQ�8QLYHUVLW\� -RXUQDO�
RI�WKH�)DFXOW\�RI�(FRQRPLFV�DQG�$GPLQLVWUDWLYH�
6FLHQFHV�����������²����

>�@�;LGRQDV��3���0DYURWDV��*���	�3VDUUDV��-���������
´$�PXOWLFULWHULD�PHWKRGRORJ\�IRU�HTXLW\�VHOHFWLRQ�
XVLQJ� ILQDQFLDO� DQDO\VLVµ�� &RPSXWHUV� DQG�
2SHUDWLRQV�5HVHDUFK��������������²�����

>�@� =RSRXQLGLV�� &��� 	� 'RXPSRV�� 0��� ������
´0XOWLFULWHULD�FODVVLILFDWLRQ�DQG�VRUWLQJ�PHWKRGV��
$� OLWHUDWXUH� UHYLHZµ�� (XURSHDQ� -RXUQDO� RI�
2SHUDWLRQDO�5HVHDUFK�������������²����

>�@�7VRXNLjV��$���������´)URP�GHFLVLRQ�WKHRU\�WR�
GHFLVLRQ�DLGLQJ�PHWKRGRORJ\µ��(XURSHDQ�-RXUQDO�
RI�2SHUDWLRQDO�5HVHDUFK�������������²����

>�@� 6DDW\�� 7�� /��� ������ ´$� VFDOLQJ� PHWKRG� IRU�
SULRULWLHV� LQ� KLHUDUFKLFDO� VWUXFWXUHVµ�� -RXUQDO� RI�
0DWKHPDWLFDO�3V\FKRORJ\������������²����

>�@�6LSDKL��6���	�7LPRU��0���������´7KH�DQDO\WLF�

KLHUDUFK\�SURFHVV� DQG� DQDO\WLF�QHWZRUN�SURFHVV��
$Q� RYHUYLHZ� RI� DSSOLFDWLRQVµ�� 0DQDJHPHQW�
'HFLVLRQ������������²����

>��@�1HOVRQ��'���������´7KH�3HQJXLQ�'LFWLRQDU\�
RI�0DWKHPDWLFVµ��3HQJXLQ�8.�

>��@� $ORQVR�� -�� $��� 	� /DPDWD�� 0�� 7��� ������
´&RQVLVWHQF\�LQ�WKH�DQDO\WLF�KLHUDUFK\�SURFHVV��D�
QHZ� DSSURDFKµ�� ,QWHUQDWLRQDO� -RXUQDO� RI�
8QFHUWDLQW\�� )X]]LQHVV� DQG� .QRZOHGJH�%DVHG�
6\VWHPV������������²����

>��@� )DUNDV�� $��� ������ ´7KH� DQDO\VLV� RI� WKH�
SULQFLSDO� HLJHQYHFWRU� RI� SDLUZLVH� FRPSDULVRQ�
PDWULFHVµ��$FWD�3RO\WHFKQLFD�+XQJDULFD����������²
����

>��@�7DKD��+��$���������´2SHUDWLRQV�5HVHDUFK��$Q�
,QWURGXFWLRQµ��3HDUVRQ�(GXFDWLRQ�,QWHUQDWLRQDO�

>��@�6DDW\��7��/���������́ 'HFLVLRQ�PDNLQJ�ZLWK�WKH�
$+3�� :K\� LV� WKH� SULQFLSDO� HLJHQYHFWRU�
QHFHVVDU\µ�� (XURSHDQ� -RXUQDO� RI� 2SHUDWLRQDO�
5HVHDUFK������������²���

>��@� 6DDW\�� 7�� /��� ������ ´5HODWLYH� PHDVXUHPHQW�
DQG� LWV� JHQHUDOL]DWLRQ� LQ� GHFLVLRQ� PDNLQJ�� ZK\�
SDLUZLVH�FRPSDULVRQV�DUH�FHQWUDO�LQ�PDWKHPDWLFV�
IRU� WKH� PHDVXUHPHQW� RI� LQWDQJLEOH� IDFWRUVµ��
5HYLVWD�GH�/D�5HDO�$FDGHPLD�GH�&LHQFLDV�([DFWDV��
)LVLFDV�<�1DWXUDOHV��6HULH�$��0DWHPDWLFDV����������
���²����

>��@�3HOiH]��-��,���	�/DPDWD��0��7���������´$�QHZ�
PHDVXUH� RI� FRQVLVWHQF\� IRU� SRVLWLYH� UHFLSURFDO�
PDWULFHVµ�� &RPSXWHUV� DQG� 0DWKHPDWLFV� ZLWK�
$SSOLFDWLRQV��������������²�����

>��@� 2SULFRYLF�� 6��� 	� 7]HQJ�� *�� +��� ������
´&RPSURPLVH� VROXWLRQ� E\�0&'0�PHWKRGV�� $�
FRPSDUDWLYH� DQDO\VLV� RI�9,.25� DQG�7236,6µ��
(XURSHDQ� -RXUQDO� RI� 2SHUDWLRQDO� 5HVHDUFK��
�����������²����

>��@� g]GDøRøOX�� $��� ������ ´7KH� HIIHFWV� RI�
GLIIHUHQW� QRUPDOL]DWLRQ� PHWKRGV� WR� GHFLVLRQ�
PDNLQJ�SURFHVV�LQ�7236,6µ �´)DUNOÖ�QRUPDOL]DV\RQ�
\|QWHPOHULQLQ�7236,6·WH�NDUDU�YHUPH�V�UHFLQH�HWNLVLµ���
(JH�$FDGHPLF�5HYLHZ������������²����

>��@�3DYOLFLF��'��0���������´1RUPDOLVDWLRQ�DIIHFWV�
WKH� UHVXOWV� RI� 0$'0� PHWKRGVµ�� <XJRVODY�
-RXUQDO�RI�2SHUDWLRQV�5HVHDUFK������������²����

>��@�7HUYRQHQ��7���)LJXHLUD�� -���/DKGHOPD��5���	�
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'LDV�� -��� ������ ´$� VWRFKDVWLF� PHWKRG� IRU�
UREXVWQHVV� DQDO\VLV� LQ� VRUWLQJ� SUREOHPVµ��
(XURSHDQ� -RXUQDO� RI� 2SHUDWLRQDO� 5HVHDUFK��
�����������²����

>��@�=DUGDUL��1��+���$KPHG��.���6KLUD]L��6��0���	�
<XVRS��=��%LQ��� ������ ´:HLJKWLQJ�0HWKRGV� DQG�
WKHLU�(IIHFWV�RQ�0XOWL�&ULWHULD�'HFLVLRQ�0DNLQJ�
0RGHO� 2XWFRPHV� LQ� :DWHU� 5HVRXUFHV�
0DQDJHPHQWµ��6SULQJHU�,QWHUQDWLRQDO�3XEOLVKLQJ�

>��@�5DR��5���	�3DWHO��%���������´$�VXEMHFWLYH�DQG�
REMHFWLYH� LQWHJUDWHG� PXOWLSOH� DWWULEXWH� GHFLVLRQ�
PDNLQJ�PHWKRG�IRU�PDWHULDO�VHOHFWLRQµ��0DWHULDOV�
	�'HVLJQ��������������²�����

>��@� &KDULODV�� '�� (��� 3DQDJRSRXORV�� $�� '��� 	�
2XUDQLD�� 0�� ,��� ������ ´$� 8QLILHG� 1HWZRUN�
6HOHFWLRQ� )UDPHZRUN� 8VLQJ� 3ULQFLSDO�
&RPSRQHQW� $QDO\VLV� DQG� 0XOWL� $WWULEXWH�
'HFLVLRQ� 0DNLQJµ�� :LUHOHVV� 3HUVRQDO�
&RPPXQLFDWLRQV������������²����

>��@� 7LPRU�� 0��� ������ ´$QDO\WLF� +LHUDUFK\�
3URFHVVµ� �´$QDOLWLN� +L\HUDUûL� 3URVHVLµ� ,VWDQEXO��
7�UNPHQ�.LWDEHYL������

>��@� 6iQFKH]�/R]DQR�� -��� 	� 7HUXHO�6RODQR�� -���
������´*HRJUDSKLFDO�,QIRUPDWLRQ�6\VWHPV��*,6��
DQG� 0XOWL�&ULWHULD� 'HFLVLRQ� 0DNLQJ� �0&'0��
PHWKRGV� IRU� WKH� HYDOXDWLRQ� RI� VRODU� IDUPV�
ORFDWLRQV�� &DVH� VWXG\� LQ� VRXWK�HDVWHUQ� 6SDLQµ��
5HQHZDEOH�DQG�6XVWDLQDEOH�(QHUJ\�5HYLHZV������
���²����


