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2XU� FRQFHUQ� LQ� /6$� 6$)� LV� WR� GHYHORS� DQ� RSHUDWLRQDO� DOJRULWKP� IRU� UHWULHYLQJ� IUDFWLRQDO�
YHJHWDWLRQ� FRYHU� �)9&�� DQG� OHDI� DUHD� LQGH[� �/$,�� RQ� D� JOREDO� VFDOH� XVLQJ� VSHFWUDO� DQG�
GLUHFWLRQDO�LQIRUPDWLRQ�SURYLGHG�E\�06*�DQG�(36�GDWD��7KH�RYHUDOO�SURWRW\SH�FRQVLVWV�RI�WZR�
LQYHUVLRQ� DSSURDFKHV�� ����7KH�90(60$�SURFHGXUH��ZKLFK� LV� DQ�RSWLPLVHG� VSHFWUDO�PL[WXUH�
DQDO\VLV�� DSSOLHG� RQ� D� YDULDEOH� EDVH� XVLQJ� WKH� QDGLU�]HQLWK� �N��� DV� LQSXW� GDWD� IRU� WKH�
LQYHUVLRQ��7KH�RXWSXW�RI�WKH�90(60$�LV�WKH�)9&��7KH�/$,�LV�REWDLQHG�XVLQJ�D�VHPL�HPSLULFDO�
UHODWLRQVKLS�� 7KH�90(60$�RXWSXWV�ZLOO� VHUYH�DV�EDFNXS� IRU� WKH�PRUH� VRSKLVWLFDWHG�',60$�
DOJRULWKP�� DVVXULQJ� WKH� )9&�/$,� SURGXFW� DOVR� LI� RQO\� VSHFWUDO� LQIRUPDWLRQ� LV� DYDLODEOH� �H�J��
SRRU� GLUHFWLRQDO� VDPSOLQJ� WR� LQYHUW� VDWLVIDFWRULO\� ',60$� PRGHO��� )XUWKHUPRUH�� WKH� )9&�
GHULYHG�ZLWK�90(60$�ZLOO�VHUYH�DV�SULRU�LQIRUPDWLRQ�LQ�RUGHU�WR�GHILQH�PRUH�DFFXUDWHO\�WKH�
DGPLWWHG�VROXWLRQV�LQ�WKH�LQYHUVLRQ�RI�WKH�',60$�PRGHO��,Q�DGGLWLRQ��WKH�VWDWLVWLFDO�DQDO\VLV�RI�
WKH�LPDJHV�GXULQJ�WKH�H[HFXWLRQ�RI�90(60$�ZLOO�DOVR�VHUYH�WR�GHILQH�SURSHUO\�VRPH�LQSXWV�RI�
WKH� ',60$�� LQ� SDUWLFXODU�� WKH� VRLO� VSHFWUDO� FRQWULEXWLRQ� DQG� OHDI� DOEHGR�� ���� 7KH� ',60$�
DOJRULWKP��ZKLFK�UHOLHV�RQ�D�SK\VLFDO�PRGHO�LQYHUVLRQ��DSSOLHG�DOVR�RQ�D�YDULDEOH�EDVH�XVLQJ�
WKH�VSHFWUDO�DQG�GLUHFWLRQDO�LQIRUPDWLRQ��WR�UHWULHYH�VLPXOWDQHRXVO\�)9&�DQG�/$,�

7KH�SXUSRVH� RI� WKLV� YLVLWLQJ� VFLHQWLVW� VWDJH�KDV� EHHQ� WR� HYDOXDWH� WKH� SK\VLFDO� IXQFWLRQDOLW\�
DQG� SHUIRUPDQFH� RI� WKH� ',60$� DOJRULWKP� �VHH� VHFWLRQ� ��� E\� SURWRW\SLQJ� ZLWK�
32/'(5�$'(26�%5')�PRQWKO\�V\QWKHVLV�GDWDEDVH��)RU�WKDW��VRPH�LQSXWV�RI�WKH�PRGHO��VXFK�
XV� WKH� VRLO� %5')� PRGHO� RU� WKH� FOXPSLQJ� LQGH[�� KDYH� EHHQ� GHILQHG� �VHH� VHFWLRQ� ���� ,Q�
DGGLWLRQ�� DQ� DXWRPDWLF� PHWKRG� WR� UHWULHYH� OHDI� DOEHGR� IURP� WKH� GDWD� KDV� EHHQ� WHVWHG�
SURYLGLQJ�JRRG�UHVXOWV���

7KH� IHDVLELOLW\� RI� WKH� DOJRULWKP� KDV� EHHQ� HYDOXDWHG� DJDLQVW� 32/'(5� YHJHWDWLRQ� SURGXFWV��
ZKLFK�KDYH�EHHQ�REWDLQHG�XVLQJ�HPSLULFDO�UHODWLRQVKLSV�ZLWK�YHJHWDWLRQ�LQGLFHV�DQG�SK\VLFDO�
PRGHO� LQYHUVLRQ�DSSURDFKHV��7KH�UHVXOWV� �VHH�VHFWLRQ����FRQILUP�WKDW�WKH�',60$�SURWRW\SH�
SURYLGH�UHDVRQDEOH�HVWLPDWHV�IRU�WKH�IXOO�UDQJH�RI�YDULDWLRQ�RI�)9&�DQG�/$,�IRU�ELRPHV�RI�YHU\�
GLIIHUHQW�DUFKLWHFWXUH��7KHVH�UHVXOWV�IURP�WKH�SURWRW\SLQJ�KDYH�FRQVWLWXWHG�D�YDOXDEOH�PHDQV�
RI�WHVWLQJ�WKH�XQGHUO\LQJ�SK\VLFV�RI�WKH�DOJRULWKP�DQG�DOVR�IRU�LPSURYLQJ�VRPH�SDUWV�RI�WKH�
',60$�DOJRULWKP���
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6DWHOOLWH�$SSOLFDWLRQ�)DFLOLWLHV��6$)��RQ�/DQG�6XUIDFH�$QDO\VLV��/6$��LV�DLPHG�WR�SURGXFH�DQG�
GLVVHPLQDWH�JHRSK\VLFDO�SDUDPHWHUV�IURP�WKH�V\QHUJLVWLF�XVH�RI�WKH�JHRVWDWLRQDU\�0HWHRVDW�
6HFRQG� *HQHUDWLRQ� �06*�� DQG� SRODU� RUELWLQJ� (XURSHDQ� 3RODU� 6\VWHP� �(36�� (80(76$7�
VDWHOOLWHV�VHQVRU�GDWD��/6$�6$)�SURGXFWV�DUH�PDLQO\�RULHQWHG�WR�QXPHULFDO�ZHDWKHU�SUHGLFWLRQ��
ODQG�VXUIDFH�PRQLWRULQJ�DQG�FOLPDWH�FKDQJH�FRPPXQLWLHV���

2XU�PDLQ�FRQFHUQ�LQ�/6$�6$)�LV�WR�GHYHORS�DQ�RSHUDWLRQDO�DOJRULWKP�IRU�UHWULHYLQJ�YHJHWDWLRQ�
SDUDPHWHUV�RQ�D�JOREDO�VFDOH�XVLQJ�6(9,5,�06*�DQG�$9+55��(36�GDWD��/6$�6$)�9HJHWDWLRQ�
3URGXFWV� �IRU�H[WHUQDO�XVHUV��DUH� WKH� IUDFWLRQDO�YHJHWDWLRQ�FRYHU��)9&��DQG� OHDI�DUHD� LQGH[�
�/$,���7KHVH�SURGXFWV�ZLOO�EH�GHOLYHUHG�RYHU�WKH�IXOO�06*�GLVN��PDLQO\�FRYHULQJ�(XURSH�DQG�
$IULFD��DW���NP�VSDWLDO�UHVROXWLRQ��)9&�UHIHUV�WR�WKH�VXUIDFH�FRYHU�E\�YHJHWDWLRQ�ZKHUHDV�/$,�
UHIHUV�WR�WKH�YROXPH�RI�YHJHWDWLRQ�LQ�WKH�WKUHH�GLPHQVLRQDO�VSDFH��%RWK�RI�WKHP�SURYLGH�XV�
ZLWK� FRPSOHPHQWDU\� LQIRUPDWLRQ� RI� WKH� YHJHWDWLRQ� FDQRS\� IRU� GHVFULSWLRQ� RI� ERWK� ODQG�
VXUIDFH�SURFHVVHV�DQG�ODQG�DWPRVSKHUH�LQWHUDFWLRQV��)9&�DQG�/$,�DUH�SULPDU\�SDUDPHWHUV�LQ�
ODQG�VXUIDFH� SDUDPHWHULVDWLRQ� VFKHPHV� HPSOR\HG� LQ� 6RLO�9HJHWDWLRQ�$WPRVSKHUH� 7UDQVIHU�
PRGHOV��ZKLFK�DUH�XVHG�LQ�*OREDO�&LUFXODWLRQ�0RGHOV�RI�DWPRVSKHUH�IRU�IRUHFDVWLQJ�ZHDWKHU�
DQG� FOLPDWH�� 7KH\� DUH� DOVR� SDUDPHWHUV� RI� SULPDU\� LQWHUHVW� IRU� D� UDQJH� RI� /DQG� %LRVSKHUH�
$SSOLFDWLRQV� VXFK� XV� HQYLURQPHQWDO� PDQDJHPHQW�� ODQG� XVH� DQG� ODQG� FRYHU� FKDQJH��
K\GURORJ\��QDWXUDO�KD]DUGV��GHVHUWLILFDWLRQ�DQG�GURXJKW�FRQGLWLRQV�PRQLWRULQJ��

7KH�V\QHUJLVWLF�XVH�RI�6(9,5,��VXQ�YDU\LQJ�GDWD��DQG�$9+55���YLHZ�YDU\LQJ�GDWD�FORVH�WKH�
SULQFLSDO�SODQH��ZLOO�RIIHU�DQ�LQQRYDWLYH�GLUHFWLRQDO�VDPSOLQJ�RI�WKH�%LGLUHFWLRQDO�5HIOHFWDQFH�
'LVWULEXWLRQ� )XQFWLRQ� �%5')�� WKDQNV� WR� FRQFRPLWDQW� PXOWLSOH� YLHZLQJ� DQG� LOOXPLQDWLRQ�
JHRPHWULHV��9DQ�/HHXZHQ�DQG�5RXMHDQ��������7KHUHIRUH��D�YHU\�JRRG�GHWHUPLQDWLRQ�RI�WKH�
DQLVRWURS\� SURSHUWLHV� RI� (DUWK¶V� VXUIDFHV� LV� H[SHFWHG�� WKXV� LPSURYLQJ� WKH� DFFXUDF\� RI� WKH�
HVWLPDWHV�GHULYHG�IURP�QH[W�JHQHUDWLRQ�(80(76$7�V\VWHPV��

6LQFH� WKH� UHWULHYDO�RI�ELRSK\VLFDO�SDUDPHWHUV� IURP�FRDUVH�UHVROXWLRQ�VDWHOOLWHV� LV�RQH�RI� WKH�
PDMRU� LVVXHV� LQ� UHPRWH� VHQVLQJ� VHYHUDO� PHWKRGV� KDYH� EHHQ� GHYHORSHG� WR� HVWLPDWH� WKHP�
WDNLQJ� LQWR� DFFRXQW� DV� PXFK� DV� SRVVLEOH� DOVR� GLUHFWLRQDO� HIIHFWV�� 7KH� FXUUHQWO\� XVHG�
DSSURDFKHV� FDQ� EH� GLYLGH� LQ� WZR� ODUJH� JURXSV� �:HLVV� DQG� %DUHW� ������� VHPL�(PSLULFDO�
5HODWLRQVKLSV� EDVHG� RQ� 9HJHWDWLRQ� ,QGLFHV� �(59,�� DQG� PHWKRGV� EDVHG� RQ� 3K\VLFDO� 0RGHO�
,QYHUVLRQ� �30,��� 6HPL�HPSLULFDO� UHODWLRQVKLSV� KDYH� EHHQ� HVWDEOLVKHG� EHWZHHQ� YHJHWDWLRQ�
LQGLFHV�DQG�ELRSK\VLFDO� SDUDPHWHUV� �$VUDU� HW� DO�� �������9HJHWDWLRQ� LQGLFHV�DUH�GHVLJQHG� WR�
PD[LPL]H� VHQVLWLYLW\� WR� WKH� YHJHWDWLRQ� ZKLOVW� PLQLPL]LQJ� FRQIXVLQJ� IDFWRUV� VXFK� XV� VRLO�
EDFNJURXQG�RU�DWPRVSKHULF�HIIHFWV��+RZHYHU��YHJHWDWLRQ�LQGLFHV�DUH�VWURQJO\�DIIHFWHG�E\�WKH�
VXQ�YLHZ� JHRPHWU\�� OLPLWLQJ� WKXV� WKH� XVHIXOQHVV� RI� VHPLHPSLULFDO� DSSURDFKHV�� ,Q� RUGHU� WR�
PLQLPL]H�WKHVH�SHUWXUELQJ�IDFWRUV�DQG�PD[LPL]H�WKH�FRQILGHQFH�RI�WKH�UHODWLRQVKLSV�ZLWK�WKH�
ELRSK\VLFDO� SDUDPHWHU�� RSWLPDO� JHRPHWULHV� KDYH� EHHQ� GHWHUPLQHG� �5RXMHDQ� DQG� %UpRQ�
������� 7KH� SHUIRUPDQFH� RI� WKLV� PHWKRG� FDQ� EH� LPSURYHG� E\� FRPELQLQJ� VSHFWUDO� DQG�
GLUHFWLRQDO�LQIRUPDWLRQ��IRU�LQVWDQFH�REWDLQLQJ�YHJHWDWLRQ�LQGLFHV�LQ�DQ�RSWLPDO�FRQILJXUDWLRQ�
�H�J��VXQ�DW�]HQLWK�DQG�YLHZ�DW�QDGLU�IRU�)9&�UHWULHYDO��E\�XVLQJ�NHUQHO�GULYHQ�%5')�PRGHOV��
DV� LW� ZDV� VKRZQ� RQ� DLUERUQH� GDWD� �5RXMHDQ� HW� DO�� ������ DQG� VDWHOOLWH� GDWD� �5RXMHDQ� DQG�
/DFD]H� ������� 7KH� PDLQ� OLPLWDWLRQV� RI� WKLV� DSSURDFK� FRPHV� IURP� WKH� OLPLWHG� DPRXQW� RI�
LQIRUPDWLRQ� XVHG�� PRVWO\� UHG� DQG� LQIUDUHG� VSHFWUDO� LQIRUPDWLRQ�� ZKHQ� FRPSDUHG� WR� WKH�
QXPEHU�RI�LQSXW�YDULDEOHV�WKDW�GHWHUPLQH�WKH�UDGLDWLYH�UHJLPHQ�ZLWKLQ�WKH�FDQRS\��%DUHW�DQG�
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*X\RW� ������� 2Q� WKH� RWKHU� KDQG�� PRGHO� LQYHUVLRQ� FRQVLVWV� RI� GHWHUPLQLQJ� WKH� VHW� RI�
SDUDPHWHUV� �ELRSK\VLFDO� YDULDEOHV� RI� LQWHUHVW�� WKDW� PLQLPL]H� WKH� GLVWDQFHV� EHWZHHQ� WKH�
PRGHOOHG� DQG� PHDVXUHG� UHIOHFWDQFH�� 7KLV� DSSURDFK� PRVWO\� DSSOLHV� WR� ERWK� VSHFWUDO� DQG�
GLUHFWLRQDO� GRPDLQV� �3LQW\� HW� DO�� ������ .Q\D]LNKLQ� HW� DO�� ������ %LFKHURQ� DQG� /HUR\� �������
0HWKRGV�EDVHG�RQ� WKH� LQYHUVLRQ�RI�D�%5')�PRGHO�DUH� WKHRUHWLFDOO\�SRZHUIXO�DQG� LW�FDQ�EH�
SRWHQWLDOO\� DSSOLHG� WR� YDU\LQJ� VXUIDFH� W\SHV�� )XUWKHUPRUH�� WKH� XVH� RI� PXOWL�DQJXODU� GDWD�
GHFUHDVHV� WKH� GLVSHUVLRQ� DQG� VDWXUDWLRQ� RI� WKH� /$,� LQFUHDVLQJ� WKH� TXDOLW\� DQG� DFFXUDF\� RI�
UHWULHYHG�SDUDPHWHUV��HVSHFLDOO\�LQ�JHRPHWULFDOO\�FRPSOH[�FDQRSLHV��=KDQJ�HW�DO���������7KH�
SULPDU\�OLPLWDWLRQ�LV�WKH�GLIILFXOW\�LQ�GHWHUPLQLQJ�DSSURSULDWHO\�DOO�WKH�LQSXW�SDUDPHWHUV�RI�WKH�
PRGHO�� DORQJ� ZLWK� WKH� IDFW� WKDW� D� GLIIHUHQW� VHW� RI� SDUDPHWHUV� PD\� \LHOG� WR� YHU\� VLPLODU�
VSHFWUR�GLUHFWLRQDO� VLJQDWXUHV� OHDGLQJ� WR� XQVWDEOH� VROXWLRQV� �:HLV� DQG� %DUHW��������
)XUWKHUPRUH�WKH\�DUH�PRUH�FRPSOH[�DQG�WLPH�GHPDQGLQJ�WKDQ�WKH�SUHYLRXV�RQH��,Q�RUGHU�WR�
WDNH�DGYDQWDJHV�RI�ERWK�DSSURDFKHV�DQG�WR�XVH�D�VLQJOH�DOJRULWKP�LUUHVSHFWLYHO\�RI�WKH�%5')�
VDPSOLQJ� �LQ� D� ILUVW� VWDJH� RQO\�06*�GDWD�ZLOO� EH� DYDLODEOH��ZH�KDYH� FRQVLGHUHG� LQ� SDUDOOHO�
WKHVH�WZR�PDLQ�DSSURDFKHV�WR�UHWULHYH�)9&�DQG�/$,��VHH�VHFWLRQ���IRU�GHWDLOV���,Q�WKLV�VWXG\�
ZH� DUH� IRFXVHG�RQO\� LQ� WKH�SK\VLFDO�PRGHO� LQYHUVLRQ�DSSURDFK��ZKLFK� LV�QDPHG�GLUHFWLRQDO�
VSHFWUDO�PL[WXUH�DQDO\VLV��',60$���

��2EMHFWLYHV�

2XU� PDLQ� WDVN� GXULQJ� WKH� GHYHORSPHQW� SKDVH� RI� WKH� /6$� 6$)� SURMHFW� LV� WR� GHYHORS� D�
SURWRW\SH�WR�HYDOXDWH�WKH�RSHUDWLRQDOO\��DQG�IHDVLELOLW\�RI�WKH�DOJRULWKP�WR�UHWULHYH�)9&�DQG�
/$,�� DORQJ� ZLWK� GHWHUPLQLQJ� SRVVLEOH� HUURU� VRXUFHV�� 7KH� ',60$� SURWRW\SLQJ�� ZKLFK� LV�
GHVFULEHG�KHUHDIWHU��ZDV�SUHYLRXVO\�DSSOLHG�WR�DLUERUQH�32/'(5�GDWD�RYHU�D�ZHOO�NQRZQ�FURS�
DUHD��VKRZLQJ�YHU\�JRRG�DJUHHPHQW�ZLWK�JURXQG�WUXWK��*DUFLD�+DUR�HW�DO���������+RZHYHU��
WKH� UHVXOWV� REWDLQHG� DW� ��P� VSDWLDO� UHVROXWLRQ� RYHU� KRPRJHQRXV� SORWV� FDQ� EH� KDUGO\�
H[WUDSRODWHG� WR� VSDWLDO� UHVROXWLRQ� RI� NLORPHWUHV� RYHU� WKH� JOREDO� UDQJH� RI� ELRPHV��
)XUWKHUPRUH�� VRPH� TXHVWLRQV� UHPDLQHG� VWLOO� XQFOHDU� VXFK� XV� WKH� GHWHUPLQDWLRQ� RI� VRPH�
LPSRUWDQW�IL[HG�SDUDPHWHUV�RI�WKH�PRGHO��

'XULQJ� WKLV�YLVLWLQJ�VFLHQWLVW� VWDJH��RXU�PDLQ�REMHFWLYH�ZDV� WR�HYDOXDWH� WKH�SHUIRUPDQFH�RI�
WKH� ',60$� SURWRW\SLQJ� DOJRULWKP� DSSOLHG� WR� 32/'(5�$'(26� VDWHOOLWH� GDWD�� 7R� IXOILO� WKLV�
REMHFWLYH�RXU�ZRUN�ZDV�WZRIROG��

•�$GDSWDWLRQ�RI�WKH�',60$�SURWRW\SLQJ�IRU� LWV�XVH�RQ�D�JOREDO�VFDOH��'HILQLWLRQ�RI�WKH�
LQSXWV�SDUDPHWHUV�RI� WKH�',60$�PRGHO�� LQ�SDUWLFXODU�� VRLO�%5')�� OHDI� UHIOHFWDQFH�DQG�
FOXPSLQJ�LQGH[���

•�&RPSDULVRQ�RI�',60$�HVWLPDWHV�DJDLQVW�VWDQGDUG�/$,�32/'(5�SURGXFWV�GHULYHG�XVLQJ�
GLIIHUHQW�PHWKRGRORJLHV��7KH� LQWHU�FRPSDULVRQ�HQFRPSDVVHV�D�ZLGH�UDQJH�RI�ELRPHV��
HVSHFLDOO\�WKRVH�H[LVWLQJ�LQ�(XURSH�DQG�$IULFD��ZLWK�IXOO�YDULDWLRQ�RI�)9&�DQG�/$,�YDOXHV����

�

��',60$�352727<3,1*�$/*25,7+0�

����29(5$//�352727<3,1*�$/*25,7+0�

,Q� RUGHU� WR� DFFRPSOLVK� WKH� UHWULHYDO� RI� YHJHWDWLRQ� SDUDPHWHUV� ZLWK� WKH� (80(76$7� QHZ�
JHQHUDWLRQ�V\VWHPV�D�SURWRW\SLQJ�DOJRULWKP��ILJXUH����KDV�EHHQ�GHVLJQHG��ZKLFK�LQFRUSRUDWHV�
WKH�WZR�PDLQV�DSSURDFKHV�DIRUHPHQWLRQHG��&DPDFKR�GH�&RFD�HW�DO����������

�
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)LJXUD����)ORZ�GLDJUDP�RI�WKH�06$�DQG�(36�SURWRW\SH�DOJRULWKP�IRU�UHWULHYLQJ�)9&�DQG�
/$,��4)�VWDQGV�IRU�4XDOLW\�)ODJ��DQG�(0�IRU�(QG�0HPEHU��

�

7KH�SURSRVHG�DOJRULWKP�LV�EDVHG�RQ�WKH�FRPSOHPHQWDU\�XVH�RI�DQ�RSWLPLVHG�VSHFWUDO�PL[WXUH�
DQDO\VLV� �90(60$�� �*DUFLD�+DUR� HW� DO�� ����E�� &DPDFKR�GH� &RFD� HW� DO�� ������ DQG� WKH�
LQYHUVLRQ�RI�D�SK\VLFDO�EDVHG�FDQRS\�UHIOHFWDQFH�PRGHO� �',60$���*DUFLD�+DUR�HW�DO����������
7KH�PDLQ�VWHSV�RI�WKH�SURWRW\SH�DUH�WKH�IROORZLQJ��

•�)LUVW�6WHS�±�7KH�VHJPHQWDWLRQ�RI�WKH�VWXG\�DUHD��,*%3�ODQG�FRYHU�PDS��)$2�VRLO�PDS���
ZKLFK� DOORZV� WKH� SDUWLWLRQLQJ� RI� WKH� VFHQH� LQWR� GLIIHUHQW� FDWHJRULHV� DV� D� IXQFWLRQ� RI� LWV�
VSHFWUDO�DQG�GLUHFWLRQDO�DWWULEXWHV��7KH�VWUDWLILFDWLRQ�RI�WKH�VFHQH�VXEDUHDV�LV�D�FULWLFDO�VWHS�WR�
LPSURYH�WKH�DFFXUDF\�RI�WKH�GHULYHG�ELRSK\VLFDO�SURGXFWV��7KH�VHJPHQWDWLRQ�ZLOO�DOVR�DOORZV�
IRU� VHOHFWLYH� DQDO\VLV� �H�J�� WR� FRQFHQWUDWH� WKH�DQDO\VLV�RQ�SUREOHPDWLF� DUHDV�ZKLOH� NHHSLQJ�
SUHYLRXV� RXWFRPHV� LQ�ZHOO�PRGHOOHG� DUHDV�� DQG� HDVHV� WKH� LWHUDWLYH� LPSURYHPHQW� RI�PRGHO�
LQSXWV���

•�6HFRQG�6WHS�±�7KH�SUHYLRXV�VHJPHQWDWLRQ�RI�WKH�DUHD�DOORZV�XV�WR�VHOHFW�WKH�EHVW�VXEVHWV�
RI�PRGHO� LQSXWV��WHUPHG�6SHFWUDO�DQG�'LUHFWLRQDO�HQGPHPEHUV��(0V���DFFRUGLQJ�ZLWK�
ODQGVFDSHV�XQLWV� LQ�RUGHU� WR� LPSURYH�WKH�PRGHO�SHUIRUPDQFH��3ULQFLSDO�FRPSRQHQW�DQDO\VLV�
�3&V��ZLOO�DOORZ�GHWHUPLQLQJ�WKH�VHW�RI�VSHFWUDO�(0V�IRU�HDFK�VRLO�DQG�YHJHWDWLRQ�FODVV��ZKLFK�

%5')

6(9,5�06* $9+55�(36

.HUQHO�GULYHQ�PRGHO
LQYHUVLRQ

1DGLU�=HQLWK
�N���UHIOHFWDQFHV

2SWLPDO�VDPSOLQJ

6SHFWUR�GLUHFWLRQDO
GDWD

�6XQ�YDU\LQJ

6WUDWLILFDWLRQ�RI�WKH�DUHD
,*%3��M�FODVVHV���)$2�VRLO�PDSV��N�FODVVHV�

6SHFWUDO�(0V��M�N�

3&V�DQDO\VLV

'LUHFWLRQDO�(0V��N�

�6RLO�VSHFWUDO�N�

�/HDI�DOEHGR�M�

90(60$ ',60$

)9&

/$,

%

D

F

N

X

S

4)

4)
)9&4) /$, 4)

9LHZ�YDU\LQJ
/6$�6$)�,1387

/6$�6$)�287387
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DUH� LQSXWV� LQ� WKH� 90(60$� DOJRULWKP�� 7KLV� SULRU� DQDO\VLV�ZLOO� DOVR� VHUYH� WR� GHILQH� SURSHUO\�
VRPH�LQSXWV�RI�WKH�',60$�DOJRULWKP�VXFK�XV�WKH�VSHFWUDO�VRLO�UHIOHFWDQFH�RU�WKH�OHDI�DOEHGR��
7KH�GLUHFWLRQDO�(0V� IRU� WKH�',60$�DOJRULWKP�FRQVLVWV� LQ� VHOHFW� WKH�EHVW�PRGHO� IRU� WKH�VRLO�
GLUHFWLRQDO�FRPSRQHQW���

•�7KLUG�6WHS�±�7ZR�FRPSOHPHQWDU\�LQYHUVLRQ�DSSURDFKHV�DUH�FRQVLGHUHG�IRU�WKH�UHWULHYDO�
RI�)9&�DQG�/$,��

7KH� ILUVW� DSSURDFK� LV� D� YDULDEOH� DQG� PXOWLSOH� HQGPHPEHU� VSHFWUDO� PL[WXUH� DQDO\VLV�
�90(60$�� �*DUFtD�+DUR� HW� DO�� ����E�� E\� XVLQJ� DV� LQSXW� WKH� QDGLU�]HQLWK� �N��� 72&�
UHIOHFWDQFHV� SURYLGHG� E\� OD\HU� ,$� �0pWpR�)UDQFH�� RQ� D� GDLO\� DQG� ���GD\V� EDVLV�� 90(60$�
HQKDQFHV� WKH� XVH� RI� WKHPDWLF�PDSV� �VWHSV� ��� SURYLGLQJ� HVWLPDWHV� RI� WKH� )9&� YHU\� UREXVW�
DJDLQVW� H[WHUQDO� IDFWRUV� �LOOXPLQDWLRQ�� VRLO� EDFNJURXQG�� DQG� FDQRS\� VKDGH� �.HPSHU� HW� DO��
������� 7KH� UHWULHYHG� )9&�ZLOO� EH� WKHQ�XVHG� WR� GHULYH� WKH� /$,� FRUUHFWHG� RI� FOXPSLQJ�DV� LQ�
5RXMHDQ�DQG�/DFD]H���������7KLV�UREXVW�DQG�RSHUDWLRQDO�PHWKRGRORJ\�KDV�EHHQ�VDWLVIDFWRULO\�
WHVWHG� RQ� ERWK� DLUERUQH� 32/'(5� GDWD�� DFTXLUHG� GXULQJ� WKH� '$,6(;� FDPSDLJQ� RI� WKH�
(XURSHDQ�6SDFH�$JHQF\��DQG�V\QWKHWLF�6(9,5,�GDWD�SURYLGHG�E\�0pWpR�)UDQFH��&DPDFKR�GH�
&RFD�HW�DO���������7KLV�DSSURDFK�WR�GHULYH�/$,�LV�FORVHO\�UHODWHG�ZLWK�WKH�YHJHWDWLRQ�LQGLFHV�
RQHV��,W�XVH�RQO\�VSHFWUDO� LQIRUPDWLRQ�RQ�DQ� LGHDO�JHRPHWU\�WR�GHULYH�)9&�XVLQJ���VSHFWUDO�
FKDQQHOV�� DQG� WKHQ� DSSOLHV� D� VHPL�HPSLULFDO� UHODWLRQVKLS� WR� GHULYH� /$,�� 7KH� PDLQ�
LPSURYHPHQW�FRPHV�IURP�WKH�H[SHFWHG�KLJKHU�DFFXUDF\�LQ�WKH�)9&�UHWULHYHG�ZLWK�D�YDULDEOH�
PL[WXUH�DQDO\VLV����

8VLQJ�WKH�QRUPDOLVHG�UHIOHFWDQFH�WKH�PDLQ�GUDZEDFN�RI�WKH�60$�DSSURDFK��ZKLFK�LV�UHODWHG�
WR�WKH�GLIIHUHQW�DFTXLVLWLRQ�JHRPHWU\�LQ�WKH�GDWD��LV�VROYHG��+RZHYHU��OLQHDU�PL[WXUH�GRHV�QRW�
WDNH� LQWR� DFFRXQW� QHLWKHU� PXOWLSOH� VFDWWHUHG� UDGLDQFH� QRU� FURZQ� WUDQVSDUHQF\� DQG�� WKXV��
LQIRUPDWLRQ� UHODWHG� ZLWK� VWUXFWXUDO� SDUDPHWHUV� VXFK� XV� WKH� /$,� RU� WKH� OHDI� RULHQWDWLRQ� LV�
LJQRUHG�� 7KHUHIRUH�� D� ELDV� LQ� WKH� HVWLPDWHV� VKRXOG�EH�H[SHFWHG� LQ� WKH�90(60$�DSSURDFK��
)XUWKHUPRUH�� DV� WKH�90(60$�DOJRULWKP�UHOLHV�RQ�QRUPDOLVHG�GDWD�� LW�GRHV�QRW� IXOO\�H[SORLW�
WKH�LQIRUPDWLRQ�SURYLGHG�E\�WKH�ULFK�GLUHFWLRQDO�VDPSOLQJ�DYDLODEOH�ZKHQ�PHUJLQJ�6(9,5,�DQG�
$9+55�FDSDELOLWLHV�

7KH� VHFRQG�DSSURDFK� �GLUHFWLRQDO� VSHFWUDO�PL[WXUH�DQDO\VLV� �',60$���EDVHG�RQ�D�SK\VLFDO�
PRGHO�LQYHUVLRQ�DLPV�WR�WDNH�EHQHILW�RI�WKH�GLUHFWLRQDO�LQIRUPDWLRQ�DQG�VROYH�WKH�OLPLWDWLRQV�
RI�WKH�60$�DSSURDFK��)RU�WKDW��ZH�SURSRVH�D�K\EULG�PRGHO��ZKLFK�FRPELQHV�WKH�JHRPHWULF�
RSWLFV� RI� ODUJH�VFDOH� FDQRS\� VWUXFWXUH� ZLWK� SULQFLSOHV� RI� UDGLDWLYH� WUDQVIHU� IRU� YROXPH�
VFDWWHULQJ� ZLWKLQ� LQGLYLGXDO� FURZQV�� 7KH� PRGHO� IRUPDOLVP� DQG� WKH� YROXPH� VFDWWHULQJ�
IRUPXODWLRQ�DUH�VLPLODU�WR�WKH�*+267�PRGHO��/DFD]H�DQG�5RXMHDQ���������EXW�WKH�EHWZHHQ�
FURZQ�JDS�SUREDELOLW\� LV� IRUPXODWHG� LQ� WHUPV�RI�)9&�DQG�D�JHRPHWULFDO�YDULDEOH�DVVRFLDWHG�
ZLWK� WKH� VKDSH� RI� SODQWV� �VHH� GHWDLOV� LQ� VHFWLRQ� ������ ,Q� DGGLWLRQ�� WKH�PRGHO� DOORZV� XV� WR�
GHULYH� RWKHU� SDUDPHWHUV� VXFK� XV� WKH� HQWLUH� %5')� GLVWULEXWLRQ�� DOEHGR� RU� DEVRUSWDQFH��
LQFOXGLQJ�WKH�UHODWLYH�FRQWULEXWLRQ�RI�YHJHWDWLRQ�DQG�VRLO��VHH�*DUFLD�+DUR�HW�DO���������

•�)RXUWK�6WHS�±�$IWHU�WKH�LQYHUVLRQ�SURFHGXUH��DQ�HUURU�DVVHVVPHQW�ZLOO�EH�FRQGXFWHG�DQG�WKH�
TXDOLW\�IODJ�RI�WKH�SURGXFWV�GHILQHG��,W�LV�H[SHFWHG�WKDW�WKH�LQYHUVLRQ�RI�WKH�',60$�PRGHO�ZLOO�
EH�GHSHQGHQW�RI� WKH�DYDLODEOH�GLUHFWLRQDO�VDPSOLQJ��)RU� WKDW� UHDVRQ��ZH�XVHG�WKH�)9&�DQG�
/$,� GHULYHG� IURP� WKH� 90(60$� DOJRULWKP� DV� D� EDFNXS� IRU� WKH� ',60$� DOJRULWKP�� GXH� WR�
90(60$�XVHV�RQO\� WKH�VSHFWUDO�QRUPDOLVHG� UHIOHFWDQFH�� WKXV� LW�ZRUNV� LQGHSHQGHQWO\�RI� WKH�
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GLUHFWLRQDO�VDPSOLQJ�DYDLODEOH��ZKHUHDV�',60$�PD\�ZRUN�EHWWHU�DV�WKH�GLUHFWLRQDO�VDPSOLQJ�
LQFUHDVH��

�

����',60$�)2508/$7,21�

7KH� UHIOHFWDQFH� RI� DQ� LQGLYLGXDO� SL[HO� LV� DVVXPHG� WR� FRQVLVW� RI� DQ� DUHD� ZHLJKWHG� OLQHDU�
FRPELQDWLRQ�RI�WKH�VRLO�DQG�YHJHWDWLRQ�FRQWULEXWLRQV��

��� VY 555 += � ������ �� � � ��������

7KH� YHJHWDWLRQ� UHIOHFWDQFH� LV� H[SUHVVHG� DV� D� VXP� RI� VLQJOH� VFDWWHULQJ� �VV�� DQG� PXOWLSOH�
VFDWWHULQJ��PV��UHIOHFWDQFHV��+DSNH�������/DFD]H�DQG�5RXMHDQ���������

�������������������������������������� { [ ] }PV9VVV
YV

Y ,���+��+,��3
�

�
5 −µµ+ξ⋅

µµ
ω= ����� ��������

ZKHUH�ω�LV�WKH�OHDI�VFDWWHULQJ�DOEHGR� Y�VY�V FRVθ=µ ��ξ�LV�WKH�SKDVH�DQJOH��DQG�WKH�IDFWRUV�,VV�
DQG�,PV�PRGHO� WKH�SURSRUWLRQ�RI� UDGLDWLRQ� IOX[�ZKLFK� LV�VLQJOH�PXOWLSOH�VFDWWHUHG�E\� IROLDJH�
HOHPHQWV�RQ�WKH�GRZQJRLQJ�DQG�RXWJRLQJ�RSWLFDO�SDWKZD\V�DV�D�ZKROH��7KH�&KDQGUDVHNKDU�
IXQFWLRQ� +�µV�Y�� LV� XVHG� WR� FRPSXWH� PXOWLSOH� VFDWWHULQJ� �+DSNH�� ������� 3�ξ�� LV� D� WXUELG�
PHGLXP�SKDVH�IXQFWLRQ��5RVV�������/DFD]H�DQG�5RXMHDQ���������

7KH�SURSRVHG�PRGHO�DVVXPHV�WKDW�WKH�JHRPHWULFDO�FRPSRQHQW�DQG�WKH�YROXPH�FRPSRQHQW�RI�
WKH� UDGLDWLRQ� IOX[HV�FDQ�EH�GHFRXSOHG� LQ�VXFK�D�ZD\�WKDW� WKH� IOX[� LQWHUFHSWLRQ�RI� UDGLDWLRQ�
FDQ�EH�H[SUHVVHG�DV�IROORZV��

��� � � ��� JHR�PVYRO�PVPVJHR�VVYRO�VVVV ,,,,,, ⋅=⋅= � � ��������

7KH� PRQRGLUHFWLRQDO� IROLDJH� SURMHFWLRQ� *�IXQFWLRQ� �5RVV�� ������ FRQWUROV� WKH� YROXPH�
FRPSRQHQW� GHSHQGLQJ� RQ� WKH� ZLWKLQ�FURZQ� HOHPHQW� GLVWULEXWLRQ�� ZKHUHDV� WKH� H[WHUQDO�
JHRPHWULF�FRPSRQHQW�GHSHQGLQJ�RQ�WKH�FURZQ�VKDSH�DQG�GLPHQVLRQ� LV�HYDOXDWHG�XVLQJ�DQ�
DYHUDJH�WKHRU\�RI�WKH�JDS�SUREDELOLW\��

�

��9ROXPH�FRPSRQHQW�

7KH�YROXPH�VLQJOH�PXOWLSOH�VFDWWHUHG�FRPSRQHQW�FDQ�EH�GHVFULEHG�XVLQJ�WKH�%HHUV
�ODZ��

[ ]�J�/$,H[S��
�

, F(YRO�VV γΩ∆−−
∆

= � ����������������������������

[ ]�J�/$,
H[S��
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∆
= � � ������������������

ZKHUH (Ω � LV� WKH� FOXPSLQJ� LQGH[� RI� WKH� VKRRWV�� ZKLFK� TXDQWLILHV� WKH� OHYHO� RI� IROLDJH�
DJJUHJDWLRQ�ZLWKLQ�WKH�WUHH�FURZQ��/$,�LV�WKH�VFHQH�OHDI�DUHD�LQGH[�GHILQHG�DV�KDOI�WKH�WRWDO�
OHDI�DUHD�SHU�XQLW�JURXQG�VXUIDFH�DUHD��JF�GHQRWHV�WKH�IUDFWLRQDO�YHJHWDWLRQ�FRYHU�DQG�γ�LV�D�
EDQG�VSHFLILF� IDFWRU��ZKLFK�ZDV� DVVXPHG� WR� EH� GHSHQGHQW� RQ� WKH� OHDI� WUDQVPLWWDQFH� �H�J��
%pJXp���������$VVXPLQJ�SODQWV�ZLWK�VLPLODU�IROLDU�GHQVLW\�LQ�WKH�VFHQH��/$,�JF�UHSUHVHQWV�DQ�
DYHUDJH�YDOXH�RI�WKH�/$,�RI�LQGLYLGXDO�SODQWV��7KLV�WHUP�LV�PRUH�SHUWLQHQW�WR�GHVFULEH�FURZQ�
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WUHHV� WUDQVSDUHQF\� WKDQ� VFHQH� /$,�� ∆� GHQRWHV� WKH� �ELGLUHFWLRQDO�� QRUPDOLVHG� H[WLQFWLRQ�
FRHIILFLHQW� IRU� VLQJO\� VFDWWHUHG� UDGLDQFH��� )RU� WKH� RQFH� VFDWWHUHG� UDGLDWLRQ�� WKHUH� H[LWV� D�
FRXSOLQJ� EHWZHHQ� WKH� GRZQJRLQJ� DQG� RXWJRLQJ� RSWLFDO� SDWKZD\V�� VR�FDOOHG� WKH� KRW� VSRW�
HIIHFW��+DSNH�HW�DO��������4LQ�DQG�*RHO��������:H�DUH�DGRSWHG�WKH�H[SUHVVLRQ�VXJJHVWHG�E\�
5RXMHDQ��������WKDW�WDNHV�LQWR�DFFRXQW�WKH�KRW�VSRW��

��������������������������������������������� ξ
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ZKHUH� *V�Y� LV� WKH� ZHOO�NQRZQ� IXQFWLRQ� GHILQHG� E\� 5RVV� ������� WR� UHSUHVHQW� WKH� PHDQ�
PRQRGLUHFWLRQDO�IROLDJH�SURMHFWLRQ��ZKLFK�GHSHQGV�RQ�WKH�/$'��+HQFH��WKH�VKDSH�RI�WKH�KRW�
VSRW�ZLOO�EH�FRQWUROOHG�E\�WKH�IROLDJH�RULHQWDWLRQ��)RU�PXOWLSOH�VFDWWHUHG�UDGLDWLRQ��ZKHUH�WKH�
KRS�VSRW�HIIHFW�LV�QRW�SUHVHQW��WKH�HTXDWLRQ�UHGXFHV�WR�WKH�FODVVLFDO�H[SUHVVLRQ�∆¶���

Y

Y

V

V
 **

µ
+

µ
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��*HRPHWULF�FRPSRQHQW�

7KH�JHRPHWULF�FRPSRQHQW�RI�WKH�VLQJOH�VFDWWHULQJ�,VV�JHR�LV�GHWHUPLQHG�E\�WKH�EHWZHHQ�FURZQ�
OLJKW� SHQHWUDWLRQ� DQG� WKH� YLVLELOLW\� RI� LOOXPLQDWHG� REMHFWV�� 7KLV� FRPSRQHQW� LV� SDUWLFXODUO\�
UHOHYDQW� IRU� GLVFRQWLQXRXV� FDQRSLHV�� )RU� H[DPSOH�� IRUHVW� UHIOHFWDQFH� LV� GRPLQDWHG� E\� WKH�
FRQWUDVW� EHWZHHQ� WKH� VXQOLW� DQG� VKDGHG� FRPSRQHQWV�� HVSHFLDOO\� LQ� WKH� YLVLEOH� SDUWV� RI� WKH�
VSHFWUXP��2QH�TXHVWLRQ�WKDW�DULVHV�LV�WR�GHVFULEH�WKH�FRQWULEXWLRQ�RI�VKDGHG�DQG�LOOXPLQDWHG�
JURXQG� DQG� FURZQ�� HYHQ� ZKHQ� RYHUODSSLQJ� FRPSOLFDWHV� WKH� JHQHUDOLVDWLRQ� IRU� GHQVHU�
FDQRSLHV��,QWHUFHSWHG�IOX[HV�ZHUH�IRUPXODWHG�LQ�WHUPV�RI�KRUL]RQWDO�SURMHFWLRQ�RI�WKH�FURZQ��
/HW�GHQRWH�E\�3��θ�� WKH��EHWZHHQ�FURZQ��PRQRGLUHFWLRQDO�JDS�IUDFWLRQ��ZKLFK�FRUUHVSRQGV�
WR� WKH� IUDFWLRQ�RI� VRLO� VHHQ� LQ� WKH�GLUHFWLRQ�θ� �1LOVRQ��������� ,W� LV�D�ELRSK\VLFDO�YDULDEOH�RI�
SULPH�LQWHUHVW�IRU�UHPRWH�VHQVLQJ�VLQFH�LW�GLUHFWO\�GHWHUPLQHV�WKH�VLQJOH�VFDWWHULQJ�SURFHVV�LQ�
WKH�UDGLDWLYH�WUDQVIHU��:HLVV�DQG�%DUHW��������/$,�LV�VWURQJO\�UHODWHG�WR�WKH�PRQRGLUHFWLRQDO�
JDS�IUDFWLRQ��,Q�IDFW��3��DW�SDUWLFXODU�GLUHFWLRQV�SURYLGHV�DQ�LQGLUHFW�ZD\�WR�HVWLPDWH�/$,�DQG�
I$3$5� �:HLVV� DQG� %DUHW� ������� )RU� KRPRJHQHRXV� 3RLVVRQ� GLVWULEXWLRQ�� WKH� SUREDELOLW\� RI�
REVHUYLQJ�WKH�JURXQG�XQGHU�WKH�WUHH�FURZQV�LQ�DQ\�JLYHQ�SL[HO�DSSURDFKHV�WR��-DVLQVNL�DQG�
(DJOHVRQ���������

���
FV� �J����3 +η−=θ �� � � ������������������

ZKHUH�η�LV�GHILQHG�DV�WKH�UDWLR�RI�JURXQG�SURMHFWHG�VKDGRZ�WR�SODQW�DUHD��,W�DEVRUEV�DOO�WKH�
JHRPHWULF� IDFWRUV��ZKLFK� UHODWH� FDQRS\� DUHD� WR� VKDGRZLQJ�DUHD� LQWR�RQO\�RQH�YDULDEOH�� ,WV�
DQDO\WLFDO� H[SUHVVLRQ� IRU� WKH�PRVW� FRPPRQ� JHRPHWULFDO� ERGLHV� LV� SURYLGHG� LQ� -DVLQVNL� DQG�
(DJOHVRQ���������)RU�H[DPSOH��IRU�WKH�FDVH�RI�VTXDUH�F\OLQGHUV��ZH�KDYH E�WDQ θ=η ��ZKHUH�
E�LV�WKH�VLPLODULW\�SDUDPHWHU��GHILQHG�DV�WKH�UDWLR�RI�WKH�PHDQ�ZLGWK�'�WR�WKH�PHDQ�KHLJKW�+��
7KH� SUREDELOLW\� RI� KDYLQJ� VXQOLW� JURXQG� 3LJ� DQG� YLHZHG� JURXQG� 3YJ� FDQ� EH� H[SUHVVHG� DV�
IROORZV��

�� � � � ��33��33 V�LJY�YJ θ=θ= � � ����������������������������
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$� IXQFWLRQDO� UHODWLRQVKLS� FDQ� EH� DOVR� IRXQG� EHWZHHQ� VXESL[HO� VKDGHG� JURXQG� 3VJ� DQG�
IUDFWLRQDO�YHJHWDWLRQ�FRYHU��

������
���

FFVJ
V�J��J�3
+η−−−= � � � � �������

/RJLFDOO\��WKH�YHUWLFDO�FURZQ�FRYHU�SURMHFWLRQV�LQ�WKH�YLHZ�DQG�VXQ�GLUHFWLRQV�DUH�JLYHQ�E\��

��3�3��3�3 V�LFY�YF θ−=θ−= � � � �����������������

7KH� DERYH� HTXDWLRQV� DUH� DSSOLFDEOH� DW� ODUJH� VDPSOLQJ� VFDOHV�� ZKHQ� LPDJLQJ� VWDQGV�
UHVROXWLRQV�JUHDWHU�WKDQ�WKH�VL]H�RI�WKH�WUHH�FURZQV��,Q�RUGHU�WR�FRQILUP�WKHVH�PDWKHPDWLFDO�
UHODWLRQVKLSV��GLIIHUHQW�QDGLU�LPDJHV�ZHUH�VLPXODWHG�E\�PHDQV�RI�D�FDQRS\�UHIOHFWDQFH�PRGHO�
�*DUFtD�+DUR� DQG� 6RPPHU� ������� 7KH� VSDWLDO� GLVWULEXWLRQV� RI� VXEFDQRSLHV�� GLPHQVLRQV��
GHQVLW\�DQG�VXQ�JHRPHWU\�ZHUH�V\VWHPDWLFDOO\�DOWHUHG��DOORZLQJ�XV�WR�HYDOXDWH�WKH�FRQGLWLRQV�
LQ�ZKLFK�WKH�SURSRVHG�SDUDPHWHULVDWLRQ�LV�DSSOLFDEOH��7KH�VWXG\�UHYHDOHG�D�FORVH�DJUHHPHQW�
EHWZHHQ� WKH�YDOXHV�RI�3VJ� GHULYHG�XVLQJ� WKH� VLPXODWLRQ�DQG� WKH�YDOXHV�REWDLQHG�XVLQJ�(T��
�������

7KH�SUREDELOLW\�RI�REVHUYLQJ�VXQOLW�FURZQ�ZKHQ�3LF�DQG�3YF�DUH�QRW�FRUUHODWHG� LV�VLPSO\�WKH�
SURGXFW� RI� ERWK� SUREDELOLWLHV�3LF3YF�� ZKHUH�3LF� FRQWUROV� WKH� DPRXQW� RI� OLJKW� LQWHUFHSWHG� E\�
FURZQV�DQG�3YF�FRQWUROV� WKH�FRQWULEXWLRQ�RI�YLVLEOH�FURZQV�WR�WKH�VFHQH�UDGLDQFH��+RZHYHU��
KRW� VSRW� NHUQHOV� DUH� QHFHVVDU\� WR� DFFRXQW� IRU� WKH� FRUUHODWLRQ� EHWZHHQ� WKH� WZR� JDS�
SUREDELOLWLHV� DORQJ� VXQ� DQG� YLHZ�GLUHFWLRQV�� 7KH\� VKRXOG� EH� XQLW\�ZKHQ� WKH� VXQ� DQG� YLHZ�
SRVLWLRQV�DOLJQ��L�H��DW�WKH�KRW�VSRW��DQG�YDQLVK�ZKHQ�WKH�SKDVH�DQJOH�LV�ODUJH�HQRXJK��)RU�
ODUJH�SL[HOV�DQG�KHWHURJHQHRXV�FDQRSLHV�WKH�KRW�VSRW�HIIHFW�VHHPV�WR�EH�GRPLQDWHG�E\�WKH�
UDGLDWLRQ� WUDQVPLVVLRQ� EHWZHHQ� WKH� JDSV� RI� PDFUR�VFDOH� HOHPHQWV� IRUPLQJ� WKH� ODQGVFDSH�
VXFK�DV�JURXSV�RI� WUHHV� LQVWHDG�RI�PLFUR�VFDOH�HOHPHQWV� OLNH�QHHGOHV� �/DFD]H�HW�DO���������
'LUHFW� FDOFXODWLRQV� IRU� WKH� MRLQW�SUREDELOLW\�DUH��KRZHYHU��YHU\�FRPSOLFDWHG�DQG� UHTXLUH� WKH�
XVH� RI� FHUWDLQ� VLPSOLILFDWLRQV�� )RU� H[DPSOH�� WKH\� XVXDOO\� DVVXPH� NQRZQ� WKH� GLVWULEXWLRQ� RI�
JDS� VL]H� LQVLGH� DQG� EHWZHHQ� WUHH� FURZQV� �&KHQ� DQG� /HEODQF� ������ RU� XVH� D� VLPSOH�
SUHVFULEHG� UHSUHVHQWDWLRQ� RI� FURZQ� WUHHV� VL]HV�� VKDSHV� DQG� GLVWULEXWLRQV� �/L� DQG� 6WUDKOHU�
������4LQ�HW�DO���������$�KRW�VSRW�NHUQHO��)F�ξ���REWDLQHG�IURP�WKH�RYHUODS�IXQFWLRQ�EHWZHHQ�
YLHZLQJ�DQG�LOOXPLQDWHG�VKDGRZV�DV�SURMHFWHG�RQ�WKH�EDFNJURXQG��/L�DQG�6WUDKOHU�������KDV�
EHHQ� WKHQ�XVHG� WR� WDNH� LQWR� DFFRXQW� WKH� KRW� VSRW�HIIHFW� IRU�RQFH�VFDWWHUHG� UDGLDWLRQ��7KH�
JHRPHWULF�FRPSRQHQWV�RI�WKH�VLQJOH�DQG�PXOWLSOH�VFDWWHULQJ�DUH�H[SUHVVHG�DV��

�

������������������������������������������������ [ ] ��)33333, FYFLFLFYFLFJHR�VV ξ−+= �����������������������������

YFLFJHR�PV 33, = � ��������������������������������������

�

��6RLO�FRPSRQHQW��

7KH�VRLO�FRQWULEXWLRQ��5V��LV�H[SUHVVHG�DV�WKH�SURGXFW�RI�VRLO�ELGLUHFWLRQDO�UHIOHFWDQFH��γV��DQG�
YHJHWDWLRQ�WUDQVPLWWDQFH�7��

� VV 75 γ= � � � � � �������



(80(76$7���/6$�6$)�
9,6,7,1*�6&,(17,67�5(3257�

(YDOXDWLRQ�RI�WKH�',60$�SURWRW\SH�XVLQJ�WKH�%5')�
32/'(5�$'(26�GDWDEDVH�

8,7�
8QLYHUVLWDW�GH�9DOqQFLD��

�

� ������� �

7KH�YHJHWDWLRQ�WUDQVPLWWDQFH�FDQ�EH�H[SUHVVHG�DV�WKH�VXP�RI�WKH�SUREDELOLW\�WKDW�D�VRODU�UD\�
EHDP� ZLOO� UHDFK� WKH� JURXQG� ZLWKRXW� LQWHUFHSWLQJ� DQ\� FURZQ� 7JHR� SOXV� WKH� SUREDELOLW\� RI�
LQWHUFHSWLQJ�D�FURZQ�ZLWKRXW�KLWWLQJ�DQ\�IROLDJH�HOHPHQW��L�H���

�������� YROJHRJHR 7�7��77 −+= � � � � �������

7KH�IROORZLQJ�H[SUHVVLRQV�ZHUH�FRQVLGHUHG�IRU�WKH�WUDQVPLVVLRQV��

����� � � � �J�/$,H[S�7 F(YRO γΩ∆−= � � � �����������������

[ ] ��ξ*YJLJLJYJLJJHR )333337 −+= � � � �����������������

ZKHUH�)*�LV�D�KRW�VSRW�NHUQHO��ZKLFK�WHQGV�WR�]HUR�ZKHQ�WKH�VXQ�DQG�YLHZ�GLUHFWLRQV�DUH�IDUH�
DSDUW��,Q�WKLV�VWXG\��LW�KDV�EHHQ�SDUDPHWHULVHG�XVLQJ�D�VLPSOH�DQDO\WLFDO�H[SUHVVLRQ��7KH�KRW�
VSRW�NHUQHOV�)F�DQG�)*�DUH�VLPLODU�WR�WKH�KRW�VSRW�IXQFWLRQ�SURSRVHG�E\�:KLWH�HW�DO����������
ZKLFK�PDWFK�WKH�KRW�VSRW�UHJLRQ�PHDVXUHG�LQ�PDQ\�%25($6�VLWHV��/HEODQF�HW�DO���������

0RGHO� QHJOHFWV� VLGH� VFDWWHUHG� GLIIXVH� UDGLDWLRQ� LQFLGHQW� RQ� JURXQG� VXUIDFH� DIWHU� PXOWLSOH�
VFDWWHULQJ�ZLWK� OHDYHV� RI� QHLJKERULQJ� SODQWV�� )LHOG�PHDVXUHPHQWV� DQG� UDGLRVLW\�PRGHOV� DOO�
VKRZ� WKDW� WKH� VLGH� VFDWWHUHG� OLJKW� FDQ�EH� YHU\� VLJQLILFDQW� �5REHUWV� HW� DO�� ������ %RUHO� DQG�
*HUVWO��������7KH�PRGHO�LV�WKXV�JHQHUDOO\�DFFXUDWH�IRU�YLVLEOH�SDUW�RI�WKH�VRODU�VSHFWUXP��EXW�
OHVV�DFFXUDWH�DW�QHDU�LQIUDUHG�ZDYHOHQJWKV�DW�ZKLFK�PXOWLSOH�VFDWWHULQJ�LQ�SODQW�FDQRSLHV�LV�
WKH�VWURQJHVW�ZLWKLQ� WKH�VRODU� VSHFWUXP��7KHVH�QRQ�OLQHDU�HIIHFWV�H[HUW�D�VWURQJ� LPSDFW�DW�
VKUXE�VFDOH�EXW�WKH\�FDQ�EH�FRQVLGHUHG�VPDOO�DW�ODQGVFDSH�VFDOHV�ZKHQ�WKHUH�LV�DQ�KRUL]RQWDO�
PL[LQJ�RI�YHJHWDWLRQ�W\SHV�RU�PDWHULDOV��$VQHU�HW�DO��������4LQ�DQG�*HUVWO���������

��'LIIXVH�FRPSRQHQW�

7KH� DERYH� HTXDWLRQV� FRQVLGHU� RQO\� WKH� FRQWULEXWLRQ� RI� GLUHFW� UDGLDWLRQ� WR� WKH� UHIOHFWDQFH��
&RQVLGHULQJ�DOVR�WKH�SUHVHQFH�RI�VN\OLJKW� LUUDGLDQFH��WKH�UHIOHFWDQFH�FDQ�EH�H[SUHVVHG�DV�D�
VXP�RI�WKH�GLUHFW�DQG�LVRWURSLF�GLIIXVH�FRPSRQHQWV��

������������������������������������������������ GLIIXVHGGLUHFWG 5N5�N��5 +−= � ����������������������������

ZKHUH� WKH� FRPSRQHQW� RI� GLIIXVH� UHIOHFWDQFH� ZDV� FDOFXODWHG� DV� WKH� DYHUDJH� RI� WKH�
PHDVXUHPHQWV�LQ�WKH�SULQFLSDO�SODQH��NG�GHQRWHV�WKH�IUDFWLRQ�RI�GLIIXVH�LUUDGLDQFH��ZKLFK�ZDV�
SDUDPHWHULVHG�DV�IROORZV��/DFD]H�DQG�5RXMHDQ��������

��� � � � � �
V

G
����

����
N

µ+
= � ��������������������������������������

�

�

�

���0(7+2'2/2*<�

����32/'(5�$'(26�'$7$�

��3ROGHU�GDWDEDVH�

7KH�32/'(5� LQVWUXPHQW� LV�GHVFULEHG� LQ�'HVFKDPSV�HW� DO�� �������� ,W� LV� FRPSRVHG�RI� WKUHH�
PDMRU� FRPSRQHQWV�� D� &&'� PDWUL[� GHWHFWRU�� D� URWDWLQJ� ZKHHO� FDUU\LQJ� WKH� SRODUL]HUV� DQG�
ILOWHUV�� LQFOXGLQJ�RQH�IRU�PHDVXULQJ�GDUN�FXUUHQW��DQG�D�ZLGH�ILHOG�RI�YLHZ��)29��WHOHFHQWULF�



(80(76$7���/6$�6$)�
9,6,7,1*�6&,(17,67�5(3257�

(YDOXDWLRQ�RI�WKH�',60$�SURWRW\SH�XVLQJ�WKH�%5')�
32/'(5�$'(26�GDWDEDVH�

8,7�
8QLYHUVLWDW�GH�9DOqQFLD��

�

� ������� �

OHQV��7KH�&&'�GHWHFWRU� LV�FRPSRVHG�RI����×����SL[HOV�� WKH���VSHFWUDO�ILOWHUV�DUH�����������
������������������������DQG�����QP�ZDYHOHQJWK�FHQWUHG�ZLWK�D�EDQGZLGWK�RI�DSSUR[LPDWHO\�
���QP���LLL��WKH�)29�ZDV�DORQJ�WUDFN�DQG�FURVV�WUDFN�RI�±����DQG�±����UHVSHFWLYHO\��ZLWK�D�
GLDJRQDO� )29� RI� ±����� 7KH� (DUWK� FXUYDWXUH� UHVXOWV� LQ� VXUIDFH� REVHUYDWLRQ� DW� ODUJHU� YLHZ�
]HQLWK�DQJOHV���±� ���� �DORQJ� WUDFN���±����� �DFURVV� WUDFN��DQG�±����� �LQ� WKH�GLDJRQDO���7KH�
SRODUL]HUV�DUH�WKUHH�FKDQQHOV�����������DQG�����QP���

7KH�EDVLF� LQSXWV� IRU� WKH�FRQVWUXFWLRQ�RI� WKH�%5')�GDWD�VHW� LV� OHYHO���EL�GLUHFWLRQDO� VXUIDFH�
UHIOHFWDQFHV�DW���������������DQG�����QP�RYHU� WKH���PRQWKV�RI�32/'(5�DFTXLVLWLRQ��7KH�
SL[HOV� DUH� FODVVLILHG� DFFRUGLQJ� WKH� ��� ELRPHV� RI� WKH� ,*%3� FODVVLILFDWLRQ� ^��� (YHUJUHHQ�
QHHGOHOHDI� IRUHVW�� ��� (YHUJUHHQ� EURDGOHDI� IRUHVW�� ��� 'HFLGXRXV� QHHGOHOHDI� IRUHVW�� ���
'HFLGXRXV� EURDGOHDI� IRUHVW�� ���0L[HG� IRUHVW�� ��� &ORVHG� VKUXEODQGV�� ���2SHQ� VKUXEODQG�� ���
:RRG\�VDYDQQDV�����6DYDQQDV������*UDVVODQGV������3HUPDQHQW�ZHWODQGV������&URSODQGV������
8UEDQ�DQG�EXLOW�XS������&URSODQG�QDWXUDO�YHJHWDWLRQ�PRVDLF������6QRZ�DQG�,FH������%DUUHQ�
RU�VSDUVHO\�YHJHWDWHG������:DWHU�ERGLHV`��WKH�SHULRG�RI�PHDVXUHPHQW��WKH�1'9,�IURP�OHYHO���
V\QWKHVLV� SURGXFW� DQG� WKH� ORFDWLRQ� RI� WKH� SL[HO� LQ� �� EDQGV� RI� ODWLWXGH� ����1����1�� ���1�
���1�����1����6�����6����6�����6����6��

7KH� FULWHULD� RI� VHOHFWLRQ� IRU� WKH� SL[HOV� DUH�� ���� 7KH� QXPEHU� RI� YLHZ� RQ� WKH� WUDFN� VKDOO� EH�
KLJKHU�RU�HTXDO�WR���������7KH�GLVWULEXWLRQ�RI�WUDFNV�LQ�WKH�YLHZLQJ�KHPLVSKHUH��7KLV�RQH�LV�
VDPSOHG�E\����DQG�WKH�WUDFNV��FKDUDFWHUL]HG�E\�WKH�YLHZLQJ�]HQLWK�DQJOH�RI�WKHLU�FHQWHU��DUH�
GLVWULEXWHG�LQ�WKH�FRUUHVSRQGLQJ�GLUHFWLRQDO�FODVVHV��$�SL[HO�VKDOO�KDYH�DW�OHDVW�RQH�WUDFN�LQ���
GLIIHUHQW� DQJXODU� FODVVHV� GXULQJ� WKH� FRQVLGHUHG�PRQWK� WR� EH� VHOHFWHG�� ���� 7KH� QXPEHU� RI�
FOHDU�WUDFNV�FROOHFWHG�GXULQJ�WKH�FRQVLGHUHG�PRQWK�VKDOO�EH�KLJKHU�RU�HTXDO�WR����$�ILOWHULQJ�
DOJRULWKP�GHYHORSHG�LQ�WKH�IUDPH�RI�/HYHO���³/DQG�6XUIDFH´�SURFHVVLQJ�OLQH�IRU�32/'(5��LV�
DSSOLHG��,W�DOORZV�UHPRYLQJ�WKH�UHVLGXDO�FORXG\�WUDFNV�DQG�GDWD�SHUWXUEHG�E\�D�KLJK�FRQWHQW�
RI� DHURVROV� XVLQJ� D� WHPSRUDO� DQDO\VLV� RI� GLUHFWLRQDO� REVHUYDWLRQV� DFTXLUHG� FORVH� WR� WKH�
SHUSHQGLFXODU�SODQH��:H�NHHS�RQO\�SL[HOV�IRU�ZKLFK�WKH�SUHYLRXV�FULWHULD���DQG���VKDOO�UHPDLQ�
YDOLG�DIWHU�ILOWHULQJ��$W�ILQDO��������SL[HOV�IUDPH�WKH�GDWDEDVH��/DFD]H����������

7KH�',6FRYHU�,*%3�UHSUHVHQWV�WKH�ILUVW�RSSRUWXQLW\�RI�D�JOREDO�ODQG�FRYHU�DW�WKLV�UHVROXWLRQ���
+RZHYHU�� WKH� ,*%3� FODVVLILFDWLRQ� RXWVLGH� WKH� 86$� LV� TXLWH� LQDFFXUDWH�� 7KH� 32/'(5� %5')�
SURYHV� WKDW�� LQ� VRPH� SL[HOV�� WKH� ,*%3� YHJHWDWLRQ� GRHV� QRW� ILW� WKH� VXUIDFH� FRYHU� �/DFD]H��
�������8SGDWHG� ODQG� FRYHU� FODVVLILFDWLRQ� VXFK�XV� WKH�*OREDO� /DQG�&RYHU�*/&�������ZLOO� EH�
XVHG�LQVWHDG�ZKHQ�DYDLODEOH��

)LJXUH� �� VKRZV� DQ� H[DPSOH� RI� WKH�%5')�DW� ���� DQG�����QP� IRU� WZR�GLIIHUHQW� ODQG� FRYHU�
W\SHV��7KH�SORWV� VKRZ� WKH�KLJK�DQLVRWURSLF�EHKDYLRXU�RI�YHJHWDWLRQ�FDQRSLHV��7KH�%5')� LV�
DOPRVW� V\PPHWULFDO� UHJDUGLQJ� WKH� SULQFLSDO� SODQH�� DQG� YHU\� DV\PPHWULF� UHJDUGLQJ� WKH�
RUWKRJRQDO� SODQH�� VKRZLQJ� WKH� KLJKHVW� YDOXHV� LQ� WKH� KRW� VSRW� GRPDLQ�� 7KH� GLUHFWLRQDO�
VLJQDWXUH�LQ�WKH�SULQFLSDO�SODQH�EHWZHHQ�±����LV�XVHG�DV�LQSXW�GDWD�IRU�WKH�LQYHUVLRQ�RI�WKH�
',60$�PRGHO� �ILJXUH� ����+RZHYHU�� WKH�',60$�PRGHO� FRXOG�EH� LQYHUWHG�DJDLQVW�GLUHFWLRQDO�
GDWD�DFTXLUHG�LQ�RWKHU�FRQILJXUDWLRQV��*DUFLD�+DUR�HW�DO����������

�

���
�����������������������������������������������������������
�
�KWWS���ZZZ�JYP�VDL�MUF�LW�JOF�����GHIDXOW*/&�����KWP�
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)LJXUD�����([DPSOHV�RI�32/'(5�%5')�DW�����QP��OHIW��DQG�����QP��ULJKW��IRU�(YHUJUHHQ�
QHGOHOHDI� IRUHVW� �WRS�� DQG� &ORVHG� VKUXEODQGV� �ERWWRP��� 7KH� VWDU� UHSUHVHQWV� WKH� VXQ�
SRVLWLRQ�DQG�WKH�FURVVHVV��RQ�WKH�OHIW�VLGH��WKH�YLHZLQJ�JHRPHWU\���

�

�

)LJXUD�����([DPSOHV�RI�32/'(5�%5')�DW�����QP��OHIW��DQG�����QP��ULJKW��IRU�(YHUJUHHQ�
QHGOHOHDI� IRUHVW� �WRS�� DQG� &ORVHG� VKUXEODQGV� �ERWWRP��� 7KH� VWDU� UHSUHVHQWV� WKH� VXQ�
SRVLWLRQ��
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��/$,�32/'(5�JOREDO�SURGXFWV��

,Q�RUGHU�WR�HYDOXDWH�RXU�DOJRULWKP�WZR�GLIIHUHQW�/$,�32/'(5�SURGXFWV�KDYH�EHHQ�XVHG���

���� 7KH� ILUVW� RQH� FRUUHVSRQGV� WR� WKH� FDWHJRU\� RI� HPSLULFDO� UHODWLRQVKLSV� ZLWK� YHJHWDWLRQ�
LQGLFHV��(59,���7KH�PHWKRG�LV�GHVFULEHG�LQ�5RXMHDQ�DQG�/DFD]H���������)LUVW��WKH�%5')�GDWD�
LV�XVHG�WR�GHULYH� WKH���SDUDPHWHUV�RI�WKH�NHUQHO�GULYHQ�5RXMHDQ�HW�DO���������PRGHO��$IWHU�
WKDW�� WKH�QDGLU�]HQLWK��N��� UHIOHFWDQFH� LV�XVHG�WR�FRPSXWH�WKH�YHUWLFDO�GLIIHUHQFH�YHJHWDWLRQ�
LQGH[��'9,����7KH�)9&�LV�WKHQ�REWDLQHG�IURP�D�VLPSOH�HPSLULFDO�UHODWLRQVKLS�)9&�'9,���7KHQ�
WKH�/$,�LV�UHODWHG�ZLWK�WKH�)9&�E\�WKH�IROORZLQJ�UHODWLRQVKLS��

� � � � [ ]{ }/$,*E)9& VV Ω−−= = �FRV���H[S� θθθ ��� � � �������

ZKHUH�Ω� LV� WKH� FOXPSLQJ� LQGH[�� DQG� E� LV� D� SDUDPHWHU� UHODWHG�ZLWK� WKH� OHDI� DOEHGR�� 6RPH�
K\SRWKHVLV� DUH� UHTXLUHG� VXFK� XV� UDQGRPO\� RULHQWHG� OHDYHV� �* ����� RU� WKH� YDOXH� RI� WKH� E�
SDUDPHWHU� ��������� 7KH� FOXPSLQJ� LQGH[� LV� FRPSXWHG� XVLQJ� D� UHODWLRQVKLS� ZLWK� WKH� '9,�
FRQVWUDLQHG�E\�WZR�WKUHVKROG�YDOXHV�RQ�WKH�YHUWLFDO�VLPSOH�UDWLR��ZKLFK�DUH�IL[HG�HPSLULFDOO\�
�5RXMHQ� DQG� /DFD]H�� ������� )RU� WKLV� DSSURDFK��ZH� KDYH� ���GD\V� /$,� JOREDO� SURGXFWV��:H�
KDYH�XVHG�WKH�/$,�SURGXFW�RI�$SULO¶���FHQWUHG�LQ�WKH�GD\�������

����7KH�VHFRQG�RQH�FRUUHVSRQGV�WR�WKH�FDWHJRU\�RI�SK\VLFDO�PRGHO�LQYHUVLRQ��7KH�PHWKRG�LV�
GHVFULEHG� LQ�%LFKHURQ�DQG�/HUR\���������7KH�FDQRS\� LV�PRGHOHG�DV�D�KRPRJHQHRXV� WXUELG�
PHGLXP�� OLPLWHG�E\�D�VRLO� OD\HU�DOVR�KRPRJHQHRXV��7KLV�DVVXPSWLRQ�FRXOG�EH�XQUHDOLVWLF� LQ�
VRPH�VLWXDWLRQV��IRU�LQVWDQFH�LQ�FODVVHV�ZLWK�SURPLQHQW�YHUWLFDO�VWUXFWXUHV���1HYHUWKHOHVV��WKH�
DSSURDFK� SURYLGHV� D� VRXQG� SK\VLFDO� UHSUHVHQWDWLRQ� RI� WKH� DYHUDJH� SURSHUWLHV� RI� VRLO�
YHJHWDWLRQ�OD\HU��,Q�DGGLWLRQ��LW�VKRXOG�SURYLGH�D�VHQVLWLYH�LPSURYHPHQW�UHODWLYH�WR�WKH�XVH�RI�
VHPL�HPSLULFDOO\� UHODWLRQVKLSV� GXH� WR� WKH� ZLGH� UDQJH� RI� ELRPHV� DQG� JHRPHWULHV� ZKHUH� LW�
FRXOG�EH�DSSOLHG��7KH�%5')�PRGHO�LV�D�VOLJKWO\�PRGLILHG�YHUVLRQ�RI�WKH�.XXVN���������ZKLFK�
LV�GHULYHG� IURP� WKH�1LOVRQ�DQG�.XXVN� �������PRGHO� IRU� WKH�GHVFULSWLRQ�RI�VLQJOH�VFDWWHULQJ�
�LQFOXGLQJ�KRW�VSRW���WKH�6$,/��9HUKRHI��������PRGHO�IRU�PXOWLSOH�VFDWWHULQJ��WKH�35263(&7�
�-DFTXHPRXG�DQG�%DUHW��������PRGHO�IRU�RSWLFDO�SURSHUWLHV�RI�OHDYHV��DQG�3ULFH��������DQG�
:DOWKDOO�HW�DO���������IRU�PRGHOOLQJ�WKH�VRLO�%5')��$�QHXURQDO�QHWZRUN�DSSURDFK�LV�XVHG�WR�
LQYHUW�WKH�PRGHO��7KH�PDLQ�RXWSXWV�RI�WKH�LQYHUVLRQ�DUH�WKH�/$,�DQG�WKH�FKORURSK\OO�FRQWHQW��
WKH�VRLO�VSHFWUDO�SDUDPHWHU��D���DQG�WKH�VWUXFWXUDO�SDUDPHWHU��OHDI�VL]H�WR�FDQRS\�KHLJKW��DUH�
IUHH�SDUDPHWHUV�DQG�WKXV�DOVR�PRGHO�RXWSXWV��7KH�/$,�SURGXFW�GHULYHG�XVLQJ�WKLV�PHWKRG�LV�
PRQWKO\��,Q�WKLV�ZRUN��ZH�KDYH�XVHG�WKH�$SULO¶���SURGXFW����

,Q�RUGHU�WR�SHUIRUP�WKH�HYDOXDWLRQ�RI�WKH�',60$�SURWRW\SH�D�FRPSDULVRQ�RI�/$,�)9&�',60$�
HVWLPDWHV� DJDLQVW� 32/'(5� SURGXFWV� KDV� EHHQ� XQGHUWDNHQ�� )RU� WKDW�� ZH� KDYH� VHOHFWHG� ���
VDPSOHV�ZLWK�1'9,�UDQJLQJ�IURP������WR������IRU�HDFK�RQH�RI�WKH���GLIIHUHQW�,*%3�FODVVHV�
VHOHFWHG��ZKLFK�DUH��(YHUJUHHQ�1HHGOHOHDI�)RUHVW��(YHUJUHHQ�%URDGOHDI�)RUHVW��0L[HG�)RUHVW��
&ORVHG�6KUXEODQGV�DQG�%DUUHQ�RI�6SDUVHO\�9HJHWDWHG��7KH� ORFDWLRQ�RI� WKH�VDPSOHV�XVHG� LQ�
WKLV�VWXG\�LV�VKRZQ�LQ�ILJXUH����

�

�

�

�
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)LJXUD���� /RFDWLRQ� RI� WKH� VDPSOHV� XVHG� LQ� WKLV� VWXG\��'LIHUHQW� FRORUV�DQG� V\PEROV� DUH�
XVHG�IRU�HDFK�FRQVLGHUHG�,*3%�FODVV��(1)��(YHUJUHHQ�1HHGOHOHDI�)RUHVW���(%)��(YHUJUHHQ�
%URDGOHDI� )RUHVW���0)� �0L[HG� )RUHVW��� &6/� �&ORVHG� 6KUXEODQGV��� 6� �6DYDQQDV�� DQG�%69�
�%DUUHQ�DQG�6SDUVHO\�9HJHWDWHG���7KH�QXPEHU�RI�WKH�,*%3�FODVV�LV�VKRZQ�LQ�WKH�OHJHQG��

�

����),;('�3$5$0(7(56�'(),1,7,21�

��6HOHFWLRQ�RI�WKH�VRLO�%5')
V�PRGHO�

)RU� WKH� VRLO� PRGHO� VSHFWUDO�GLUHFWLRQDO� UHIOHFWDQFHV�� ZH� KDYH� FKRVHQ� WKH� FRXSOHG� 3ULFH�
:DOWKDOO� PRGHO�� 7KH� VXLWDELOLW\� RI� WKLV� PRGHO� IRU� UHWULHYLQJ� ELRSK\VLFDO� SDUDPHWHUV� E\�
LQYHUVLRQ� RI� D� FDQRS\� UHIOHFWDQFH�PRGHO� ZDV� GHPRQVWUDWHG� LQ� %LFKHURQ� DQG� /HUR\� �������
XVLQJ�DLUERUQH�32/'(5�GDWD��7KH�VRLO� VSHFWUD� LV�PRGHOOHG�E\�FRQVLGHULQJ� LW�DV�D�VXP�RI�D�
VPDOO�QXPEHU�RI�EDVLV�IXQFWLRQV��3ULQFH��������ZKHUHDV�WKH�GLUHFWLRQDO�EHKDYLRXU�LV�PRGHOOHG�
E\�XVLQJ�WKH�SDUDPHWULF�:DOWKDOO
V�%5')�PRGHO��:DOWKDOO�HW�DO�����������

7KH�3ULFH�:DOWKDOO�%5')�PRGHOV�UHDGV��

�

����������� φθθλφθθλρ YVYV JI ⋅= �� � � �������

ZKHUH�

���������� �������� λλλλλ IDIDIDIDI +++= �� � �������

��FRV�����
����

YVFYVEYVDYV :::J θθθθφθθφθθ ++++= �������������������

�
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7KH�3ULFH�:DOWKDOO�PRGHO�KDV���VSHFWUDO�SDUDPHWHUV�DQG���GLUHFWLRQDO�SDUDPHWHUV��7KLV�PRGHO�
FRXOG�EH�RSWLPLVHG�IRU�UHPRWH�VHQVLQJ�DSSOLFDWLRQ�UHGXFLQJ�WKH�QXPEHU�RI�IUHH�SDUDPHWHUV��
7ZR�RSWLPLVHG�3ULFH�:DOWKDOO�PRGHOV�ZHUH�SURSRVHG�E\�4XHVQH\�HW�DO���������IRU�LWV�XVH�LQ�
WKH�FKDLQ�RI�32/'(5��ELRSK\VLFDO�SURGXFWV��7KLV�RSWLPLVDWLRQ�RI�WKH�3ULFH�:DOWKDOO�PRGHO�LV�
EDVHG� RQ� WKH� DQDO\VLV� RI� PRUH� WKDQ� ����� 32/'(5�$'(26� %5')V� RI� VHPL�DULG� DUHDV�
������1'9,�W��������7KH�SDUDPHWHULVDWLRQ�LV�ZULWWHQ�DV�IROORZV��

�

���FRV�����������
��

�� YVVEYVVDYV ::ID θθθφθθθλφθθλρ ⋅+⋅+⋅= �����������������

�

ZKHUH�

Â �� ���������������� VVVD: θθθ −+−= �� � � � � � ���

Â �� ���������������� VVVE: θθθ +−+−= �� �

� � � � � �

DQG�WKH�3ULFH�IXQFWLRQ�WDNHV�WKH�IROORZLQJ�YDOXHV��

ÂI������QP� �������

ÂI������QP� �������

ÂI������QP� �������

�

8VLQJ�WKLV�SDUDPHWHULVDWLRQ��WKH�VSHFWUDO�VRLO�FRPSRQHQW�LV�FRQWUROOHG�E\�RQH�SDUDPHWHU��D���
DQG�WKH�GLUHFWLRQDO�FRPSRQHQW�LV�GULYHQ�E\�WKH�VXQ�DQG�YLHZ�DQJOHV��7KLV�DSSURDFK�SURYLGHV�
DQ�HUURU�OHVVHU�WKDQ����IRU�WKH�����RI�WKH�DQDO\VHG�32/'(5�SL[HOV��4XHVQH\�HW�DO���������
+RZHYHU�D�VOLJKW�PRGLILFDWLRQ�KDV�EHHQ� LQWURGXFHG�RQ� WKH�VSHFWUDO�SDUW�RI� WKH�PRGHO��7KH�
3ULFH�:DOWKDOO� �D��� SDUDPHWHU� KDV� EHHQ� FRQVLGHUHG� ZDYHOHQJWK� GHSHQGHQW� �D��λ���� DQG�
REWDLQHG�E\�ILWWLQJ�VSHFWUDOO\�WKH�PRGHO�WR�WKH�32/'(5�%5')�RI�VDPSOHV�ZLWK�D�1'9,������
7KLV� LPSURYHV� VOLJKWO\� WKH� DGMXVWPHQW� EHWZHHQ� PRGHO� DQG� REVHUYDWLRQV�� ,Q� WKH� 06*�
DOJRULWKP�WKH�VSHFWUDO�VRLO�FRPSRQHQW�ZLOO�EH�ILWWHG�WR�WKH�VRLO�(0V�H[WUDFWHG�XVLQJ�D�VRLO�PDS�
GXULQJ� WKH�H[HFXWLRQ�RI� WKH�90(60$�DOJRULWKP��7KH�DQJXODU�SDUW�RI�WKH�PRGHO��GLUHFWLRQDO�
(0�� FRXOG� EH� LPSURYHG� FRQVLGHULQJ� RWKHU�PRGHOV� VXFK� XV� WKH� 539�PRGHO� �5DKPDQ� HW� DO��
�������1HYHUWKHOHVV��WKH�VLPSO\�:DOWKDOO�PRGHO�SURYLGHV�DQ�DFFHSWDEOH�UHSUHVHQWDWLRQ�RI�WKH�
GLUHFWLRQDO�VRLO�UHIOHFWDQFH��DW�OHDVW�IRU�FRDUVH�VSDWLDO�UHVROXWLRQ�GDWD��VHH�ILJXUH�������

1RWH� LQ� ILJXUH� �� WKDW� WKH� VLPSOH� :KDOWKDOO¶V� PRGHO� GRHV� QRW� ILW� ZHOO� WKH� VRLO� GLUHFWLRQDO�
VLJQDWXUH� ZKHQ� WKH� DQLVRWURS\� LV� KLJK�� 7KLV� FRXOG� WUDQVODWH� LQWR� D� ELDV� LQ� WKH� ',60$�
RXWFRPHV� GXH� WR� WKH� GLIIHUHQFH� EHWZHHQ� PRGHOOHG� DQG� PHDVXUHG� UHIOHFWDQFHV� FRXOG� EH�
FRPSHQVDWHG� E\� DQ� LQFUHDVLQJ� YHJHWDWLRQ� DPRXQW� JLYLQJ� XQUHDOLVWLF� UHVXOWV�� 1HYHUWKHOHVV��
PRVW�RI�WKH�VDPSOHV�VWXGLHG�ZLWK�1'9,�����DUH�ZHOO�ILWWHG�XVLQJ�WKH�:DOWKDOO�PRGHO��

�

�

�

�
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� �
)LJXUD����6RLO�32/'(5�GLUHFWLRQDO�VLJQDWXUHV��GLDPRQGV��DQG�WKH�PRGHOOHG�3ULFH�:DOWKDOO�
VLJQDWXUH� �OLQHV�� IRU�GLIIHUHQW�VDPSOHV� �1'9,������FRUUHVSRQGLQJ� WR� WKH�,*%3�%DUUHQ�RU�
VSDUVHO\�YHJHWDWLRQ��WRS���&ORVHG�VKUXEODQGV��ERWWRP�OHIW��DQG�6DYDQQDV��ERWWRP�ULJKW���
7KH�VSHFWUDO�SDUDPHWHU�RI�WKH�3ULFH�:DOWKDOO�PRGHO�KDV�EHHQ�ILWWHG�WR�WKH�QDGLU�YLHZ��7KH�
VWDU�UHSUHVHQWV�WKH�VXQ�]HQLWK�DQJOH��

�

)RU� HDFK� ,*%3� FODVV�� ZH� KDYH� VHOHFWHG� �� VDPSOHV� ZLWK� 1'9,����� DQG� REWDLQHG� LWV�
FRUUHVSRQGLQJ�VRLO�VSHFWUDO�SDUDPHWHU��D��λ����)RU�WKH� LQYHUVLRQ�RI�',60$��WKH�PDLQ�YDOXH��
WKH�KLJKHVW��EULJKWHU�VRLO��DQG�WKH�ORZHVW��GDUNHU�VRLO��YDOXH�DUH�XVHG�DV�LQSXW�RI�WKH�',60$�
�WKH�PDLQ�YDOXHV�RI�D��XVHG�LQ�WKH�LQYHUVLRQ�DUH�VKRZQ�LQ�7DEOH�����7KH�VROXWLRQ�FRUUHVSRQGV�
WR�WKDW�ZLWK�WKH� ORZHVW�506�HUURU�� �)LJXUH���VKRZV�WKH�506�HUURU�DV�D�IXQFWLRQ�RI�WKH�VRLO�
VSHFWUDO�SDUDPHWHU��PHDQ��GDUN�RU�EULJKW��XVHG��,Q�PRVW�RI�WKH�FDVHV�WKH�PHDQ�YDOXH�JLYHV�
WKH� ORZHVW�506��7KH�506�UDQJHV�W\SLFDOO\�EHWZHHQ������DQG������IRU�DOO�WKH�,*3%�FODVVHV��
ZKLFK�VKRZV�WKH�JRRGQHVV�RI�WKH�ILW��

�

7DEOH����0HDQ�VRLO�VSHFWUDO�SDUDPHWHU�XVHG�IRU�VRLO�PRGHOOLQJ�
� D������� D������� D�������

,*%3���� ����� ����� ����

,*%3���� ���� ����� �����

,*%3���� ����� ����� �����

,*%3���� ����� ����� �����

,*%3���� ����� ����� �����

,*%3���� ����� ����� �����

�

�
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)LJXUD����506�RI� WKH� ILW�XVLQJ� WKUHH�GLIIHUHQW�VRLO� VSHFWUDO�SDUDPHWHU� �PHDQ��GDUN�DQG�
EULJKW�� IRU� WKH� FRQVLGHUHG� ,*%3� FODVVHV�� %5')� VDPSOHV� DUH� RUGHUHG� IURP� ORZ� WR� KLJK�
1'9,���

��/HDI�DOEHGR�HVWLPDWLRQ�DQG�FOXPSLQJ�LQGH[�

$�PHWKRG�WR�HVWLPDWH�WKH�OHDI�DOEHGR�DXWRPDWLFDOO\�IURP�WKH�GDWD�KDV�EHHQ�SURSRVHG��7KH�
PHWKRG� UHOLHV� RQ� WKH� DVVXPSWLRQ� WKDW� SL[HOV� SUHVHQWLQJ� D� QHJOLJLEOH� FRQWULEXWLRQ� RI� VRLO�
EDFNJURXQJ�FDQ�EH�IRXQG�LQ�WKH�VFHQH��,Q�WKHVH�SL[HOV��(T������FDQ�EH�LQYHUWHG�LQ�RUGHU�WR�
UHWULHYH�ω� XVLQJ�DQ� LWHUDWLYH�PHWKRG��5HVXOWV�KDYH� LQGLFDWHG� WKH�DGHTXDWH� FRQYHUJHQFH�RI�
WKH�PHWKRG�� SURYLGLQJ� UHDVRQDEOH� UHVXOWV� LUUHVSHFWLYHO\� RI� WKH� GDWD� VHW� FRQVLGHUHG�� 7KH� ��
VHOHFWHG�%5')�VDPSOHV�FRUUHVSRQGLQJ�WR�WKH�KLJKHVW�1'9,�FODVV��1'9,!�����KDYH�EHHQ�XVHG�
WR� UHWULHYH�GLIIHUHQW� OHDI�DOEHGR��7KH�JLYHQ�VROXWLRQ�XVHV� WKH� OHDI�DOEHGR� WKDW�SURYLGHV� WKH�
ORZHVW� 506� HUURU�� 7KLV� SURFHGXUH� ZLOO� EH� RSWLPLVHG� GXULQJ� WKH� SURFHVV� RI� (0V� VHOHFWLRQ��
7\SLFDO�YDOXHV�IRU�DOEHGR�DUH�VKRZQ�LQ�WDEOH����1RWH�WKDW���GLIIHUHQW�YDOXHV�IRU� OHDI�DOEHGR�
REWDLQHG�YDU\LQJ� WKH�/$,� LQ�(T������KDYH�EHHQ�XVHG���$�XQLIRUP�OHDI�DQJOH�GLVWULEXWLRQ�KDV�
EHHQ�XVHG��
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�������7DEOH����([DPSOH�RI�OHDI�DOEHGR��ω��XVHG�LQ�',60$�
� ω������ ω������� ω�������

,*%3���� ���� ����� �����

,*%3���� ����� ����� �����

,*%3���� ����� ����� �����

,*%3���� ����� ���� �����

,*%3���� ���� ����� �����

,*%3���� :H�XVH�WKH�,*%3����YDOXHV�

,Q� DGGLWLRQ� WKH� FOXPSLQJ� LQGH[� KDV� EHHQ� HVWLPDWHG� E\� XVLQJ� WKH� PHWKRG� SURSRVHG� LQ�
5RXMHDQ�DQG�/DFD]H���������7KH�HVWLPDWHG�YDOXHV�UDQJHV�EHWZHHQ�����DQG�����IRU�VDPSOHV�
ZLWK�1'9,�KLJKHU�WKDQ������

��$GPLWWHG�VROXWLRQV��

7KH�ODVW�VWHS�EHIRUH�WKH�H[HFXWLRQ�RI�WKH�DOJRULWKP�ZDV�WKH�GHILQLWLRQ�RI�D�GRPDLQ�RI�SK\VLFDO�
VROXWLRQV�DQG�WKH�XVH�RI�D�SULRU�LQIRUPDWLRQ�LQ�RUGHU�WR�UHGXFH�WKH�WLPH�RI�FRPSXWDWLRQ��7KH�
LQYHUVLRQ� RI� WKH� ',60$� DOJRULWKP� LV� FDUULHG� RXW� VLPXOWDQHRXVO\� E\� XVLQJ� WKH� VSHFWUDO� DQG�
GLUHFWLRQDO� LQIRUPDWLRQ�� 7KH� LQYHUVLRQ� SURFHGXUH� FRQVLVWV� LQ� GHWHUPLQLQJ� WKH� VHW� RI�
SDUDPHWHUV��/$,��)9&��WKDW�PLQLPLVH�WKH�GLVWDQFH�EHWZHHQ�REVHUYDWLRQ�DQG�PRGHOOHG�YDOXHV��
7R� GHILQH� WKH� GRPDLQ� RI� DGPLWWHG� VROXWLRQV� LQ� WKH� LQYHUVLRQ� SURFHGXUH�ZH� KDYH� XVHG� WKH�
VDPH� H[SRQHQWLDO� UHODWLRQVKLS� XVHG� WR� UHWULHYH� )9&� IURP� /$,� LQ� WKH� 32/'(5� OHYHO� ��
DOJRULWKP���7KXV��WKH�DGPLWWHG�VROXWLRQV�DUH�FRQVWUDLQHG�E\�WKLV�H[SRQHQWLDO�IXQFWLRQ�DV�LW�LV�
VKRZQ�LQ�ILJXUH����

�

)LJXUH�����$GPLWWHG�VROXWLRQV�LQ�WKH�LQYHUVLRQ�RI�',60$�

%HIRUH�WKH�H[HFXWLRQ�RI�WKH�',60$�DOJRULWKP�D�SULRUL�LQIRUPDWLRQ�LV�FRQVLGHUHG�WR�GHWHUPLQH�
WKH� LQWHUYDO� ZKHUH� VROXWLRQV� PXVW� EH� ORFDWHG��:H� DSSOLHG� D� VLPSOH� 60$� WR� REWDLQ� D� ILUVW�
DSSURDFK�WR�WKH�)9&�YDOXH��$�GLVWDQFH�ORZHU�WKDQ�����RI�WKH�ILUVW�)9&�YDOXH�UHVWULFWV�WKH�ILQDO�
GRPDLQ�RI�VROXWLRQV��,Q�WKH�06*�DOJRULWKP�WKLV�VWUDWHJ\�ZLOO�EH�DOVR�HPSOR\HG�XVLQJ�WKH�)9&�
DQG�/$,�YDOXHV�GHULYHG� IURP�90(60$�DOJRULWKP�WR�GHILQH� WKH�ELGLPHQVLRQDO�ERXQGV� LQ� WKH�
VROXWLRQ�GRPDLQ���
�����������������������������������������������������������
�
�KWWS���VPVF�FQHV�IU�32/'(5�6&,(352'�OVS�DOJRO��KWP�



(80(76$7���/6$�6$)�
9,6,7,1*�6&,(17,67�5(3257�

(YDOXDWLRQ�RI�WKH�',60$�SURWRW\SH�XVLQJ�WKH�%5')�
32/'(5�$'(26�GDWDEDVH�

8,7�
8QLYHUVLWDW�GH�9DOqQFLD��

�

� ������� �

��0RGHO�LQYHUVLRQ�

7KH� LQYHUVLRQV� DUH� DFKLHYHG� VLPXOWDQHRXVO\� IRU� DOO� VSHFWUDO� EDQGV�� L�H�� E\� FRXSOLQJ� WKH�
VSHFWUDO�DQG�GLUHFWLRQDO�GDWD�DYDLODEOH��7KH�YDULDEOHV� WR�EH�UHWULHYHG�DUH�/$,�DQG�)9&��JF���
*LYHQ� %5')� YDOXHV� 5PHDV�L �����Q��� UHSUHVHQWLQJ� WKH� FRQGLWLRQV� RI� REVHUYDWLRQ� �L�H��
ZDYHOHQJWKV� DQG� YLHZ� DQG� LOOXPLQDWLRQ� JHRPHWULHV��� WKH� UHWULHYDOV� DUH� SHUIRUPHG� E\�
FRPSDULQJ�REVHUYHG�DQG�PRGHOHG�5',60$� �L �����Q��%5')V��7KH�FRPSDULVRQV�DUH�HYDOXDWHG�
IRU� D� IXOO� VHW� RI� SUHVFULEHG� FDQRS\� UHDOLVDWLRQV� �JF� �� /$,�� WKDW� FRYHU� D� UDQJH� RI� H[SHFWHG�
QDWXUDO�FRQGLWLRQV�DV�GHVFULEH�EHIRUH��VHH�ILJXUH�����7KRVH�SDLUV�IRU�ZKLFK�WKH�FDQRS\�PRGHO�
JHQHUDWHV�LQSXWV�FRPSDUDEOH�ZLWK�PHDVXUHG�GDWD��ZLWKLQ�WKH�OLPLWV�RI�DFFXUDF\�RI�GDWD��L�H���

�

��������������� 155:55 ',60$PHDV

7

',60$PHDV <−− − ���� � ��������������������������������

DUH� FRQVLGHUHG� DV� DFFHSWDEOH� VROXWLRQV�� ZKHUH� :� LV� WKH� FRYDULDQFH� PDWUL[� RI� WKH�
PHDVXUHPHQWV��7KH�GLDJRQDO�HOHPHQWV�RI�:�DUH�WKH�YDULDQFH��ZKLFK�VKRXOG�DFFRXQW�IRU�ERWK�
GDWD�XQFHUWDLQW\�DQG�XQTXDQWLILHG�HUURUV�DVVRFLDWHG�ZLWK�WKH�VLPSOLI\LQJ�DVVXPSWLRQV�RI�WKH�
WKHRUHWLFDO�PRGHO��7KH�LQIRUPDWLRQ�DERXW�XQFHUWDLQW\�DQG�WKHLU�FRUUHODWLRQ�PD\�LPSURYH�WKH�
DFFXUDF\�RI�UHWULHYDOV��DV�VKRZQ�LQ�&RPEDO�HW�DO���������

7KH� GLVWULEXWLRQ� RI� VROXWLRQV� GHILQHV� D� GRPDLQ� IRU� )9&� DQG� /$,� DURXQG� WKH� ³WUXH´� YDOXHV��
0HDQ�YDOXHV�RI�)9&�DQG�/$,�DYHUDJHG�RYHU�D�VHW�RI�VROXWLRQV�ZLWK� ORZHVW�506����FDVHV�LQ�
WKLV�VWXG\��DUH�JLYHQ�DV�VROXWLRQ��7KLV�SURFHGXUH�QRW�RQO\�LQFUHDVHV�WKH�QXPHULFDO�VWDELOLW\�RI�
WKH� LQYHUVLRQ� EXW� DOVR� HQDEOHV� XV� WR� GHULYH� WKH� XQFHUWDLQW\� DQG� FRUUHODWLRQ� RI� GHULYHG�
SDUDPHWHUV��

�

���5(68/76�

2QFH� WKH� LQSXW� GHILQLWLRQ�ZDV� FRPSOHWHG�� WKH�',60$�PRGHO�ZDV� LQYHUWHG�DJDLQVW�32/'(5�
PHDVXUHPHQWV�RI�GLIIHUHQW�,*%3�FODVVHV��7KH�UHVXOWV�VKRZ�WKH�FDSDELOLW\�RI�WKH�',60$�PRGHO�
WR�ILW�VLPXOWDQHRXVO\�VSHFWUDO�DQG�GLUHFWLRQDO�UHIOHFWDQFH�GDWD�XQGHU�YHU\�GLIIHUHQW�YHJHWDWLRQ�
DPRXQW��IURP�EDUH�VRLO�WR�GHQVHVW�FDQRSLHV��IRU�WKH�VL[�FRQVLGHUHG�,*%3�FODVVHV��FRQILUPLQJ�
WKH�DGHTXDWH�VHOHFWLRQ�RI�WKH�LQSXWV��0HDVXUHG�DQG�PRGHOOHG�32/'(5�GLUHFWLRQDO�VLJQDWXUHV�
IRU�HDFK�FRQVLGHUHG�1'9,�OHYHO��IURP������WR�������DQG�,*%3�FODVV�DUH�VKRZQ�LQ�WKH�$QQH[���
7KH�FRPSDULVRQ�RI�WKH�/$,�DQG�)9&�YDOXHV�LV�VKRZQ�LQ�VHFWLRQ�����DQG�����UHVSHFWLYHO\��

�

����/($)�$5($�,1'(;�

)LJXUH����RQ� WKH� OHIW�VLGH��VKRZV�WKH�UHWULHYHG�/$,�YDOXHV�XVLQJ�WKH�',60$�PRGHO�DQG�WKH�
WZR�DOJRULWKPV��EDVHG�RQ�HPSLULFDO�UHODWLRQVKLS�ZLWK�YHJHWDWLRQ�LQGLFHV��(59,��DQG�D�SK\VLFDO�
PRGHO�LQYHUVLRQ��30,���GHVFULEHG�DERYH�DV�D�IXQFWLRQ�RI�WKH�1'9,�RI�WKH�VDPSOH��7KH�EHVW�ILW�
RI�WKH�/$,�GDWD�DV�D�IXQFWLRQ�RI�WKH�1'9,� LV�SORWWHG�LQ�WKH�JUDSKV�DORQJ�ZLWK�WKH�VWDQGDUG�
GHYLDWLRQ�RI� WKH�GDWD� WR� WKH� ILW�� )LJXUH��� �RQ� WKH� ULJKW� VLGH�� VKRZV� WKH� UHODWLYH�GLIIHUHQFH��
H[SUHVVHG�LQ�SHUFHQWDJH��RI�WKH�/$,�YDOXHV�REWDLQHG�XVLQJ�WKH�GLIIHUHQW�DSSURDFKHV�IRU�WKH�
���VDPSOHV��RUGHUHG�IURP�ORZ�WR�KLJK�1'9,�OHYHO��RI�HDFK�,*%3�FODVV��

�
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)LJXUH�����&RQWLQXDWLRQ��

7KH�FRPSDULVRQ�RI�WKH�/$,�UHVXOWV�VKRZ�WKDW�',60$�PRGHO�RXWSXWV�SUHVHQW�D�VLPLODU�WUHQG�
ZLWK�WKH�1'9,�WKDW�WKH�(59,�RU�30,�RXWFRPHV��ZKLFK�LQ�JHQHUDO�DUH�PRUH�FRUUHODWHG�EHWZHHQ�
WKHP�WKDW�ZLWK�',60$��VSHFLDOO\� IRU� WKH�(YHUJUHHQ�QHHGOHOHDI� IRUHVW� FODVV�� ,Q�DYHUDJH�� WKH�
UHODWLYH� GLIIHUHQFH� EHWZHHQ� WKH� /$,� 32/'(5� SURGXFWV� LV� W\SLFDOO\� RI� ����� ZKLOVW� WKLV�
GLIIHUHQFH� LV� W\SLFDOO\� RI� ����ZKHQ� FRPSDULQJ� ',60$� ZLWK� (59,� DQG� DURXQG� ����ZKHQ�
FRPSDULQJ�',60$�ZLWK�30,�/$,�YDOXHV��7KH�VWDQGDUG�GHYLDWLRQ�RI�WKH�GDWD�DURXQG�WKH�EHVW�
ILW�LV�ORZHU�LQ�WKH�',60$�ZLWK�WKH�H[FHSWLRQ�RI�WKH�%DUUHQ�DQG�VSDUHO\�YHJHWDWHG�FODVV���

,Q�JHQHUDO�WKH�',60$�/$,�HVWLPDWHV�UDQJH�EHWZHHQ�WKH�VDPH�PLQLPXP�DQG�PD[LPXP�YDOXHV�
DV�WKRVH�GHULYHG�IURP�30,�RU�(59,�DSSURDFK��)RU�WKH�ORZHVW�1'9,�VDPSOHV��WKH�',60$�/$,�
YDOXHV�DUH�YHU\�FORVH�WR�]HUR��DOWKRXJK�D�VOLJKW�ELDV�UHJDUGLQJ�WKH�RWKHU�SURGXFWV�RFFXUV�LQ�
VRPH�FDVHV��DV�FDQ�EH�REVHUYHG�LQ�WKH�%DUUHQ�RU�VSDUVHO\�YHJHWDWHG�FODVV��7KLV�HUURU�FDQ�EH�
SDUWO\� DVVRFLDWHG� WR�D�GHILFLHQW� FKDUDFWHUL]DWLRQ�RI� WKH�VRLO�%5')�� LQ�ERWK� WKH�VSHFWUDO�SDUW�
DQG�WKH�GLUHFWLRQDO�RQH�GXH�WR�WKH�:DOWKDOO�PRGHO�QRW�DOZD\V�ILWV�ZHOO�WKH�VRLO�%5')�VKDSH��
7KH�VSHFWUDO�SDUDPHWHU�RI� WKH�VRLO�3ULFH�:DOWKDOO�PRGHO�ZLOO�EH� LPSURYHG�ZKHQ�DSSOLHG� WKH�
ZKROH� SURWRW\SLQJ� DOJRULWKP� WR� VDWHOOLWH� GDWD�� 1HYHUWKHOHVV�� LQ� WKH� ILQDO� DOJRULWKP� PRUH�
DFFXUDWH�%5')�PRGHOV�FRXOG�EH�XVHG�LQVWHDG�:DOWKDOO�PRGHO��&RQFHUQLQJ�WKH�KLJKHVW�YDOXHV�
RI� WKH�/$,�� WKH�',60$�DOJRULWKP�SURYLGHV�VLPLODU�YDOXHV� WKDQ�WKH�RWKHU�DSSURDFKHV��ZKLFK�
FRQILUPV� WKDW� WKH� G\QDPLF� UDQJH� RI� ',60$� /$,� HVWLPDWHV� LV� DGHTXDWH�� )XUWKHUPRUH�� WKH�
PD[LPXP�YDOXH�RI�UHWULHYHG�/$,�ZLWK�',60$�LV�FRQVLVWHQW�ZLWK�WKH�H[SHFWHG�YDOXH�DFFRUGLQJ�
WKH� ELRPH� W\SH�� )RU� LQVWDQFH�� WKH� /$,� JRHV� XS� WR� �� IRU� (YHUJUHHQ� QHHGOHOHDI� IRUHVW� DQG�
(YHUJUHHQ�EURDGOHDI�IRUHVW��LW�UHDFKHV�����IRU�0L[HG�IRUHVW�DQG�6DYDQQDV��RQO\�JRHV�XS�WR���
IRU� &ORVHG� VKUXEODQGV� DQG� LW� LV� ORZHU� WKDQ� �� IRU� %DUUHQ� RU� VSDUVHO\� YHJHWDWHG�� )RU� DOO� WKH�
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FDVHV��WKH�PD[LPXP�YDOXH�LV�YHU\�FORVH�WR�WKH�(59,�DQG�30,�HVWLPDWHV��ZLWK�WKH�H[FHSWLRQ�RI�
&ORVHG� VKUXEODQGV� ZKHUH� ',60$� SURYLGHV� ORZHU� YDOXHV�� ,Q� SULQFLSOH�� ',60$� PRGHO� LV�
SK\VLFDOO\� PRUH� VXLWDEOH� WR� UHSURGXFH� KHWHURJHQHRXV� YHJHWDWLRQ� FDQRSLHV� WKDQ� WKH�
KRPRJHQHRXV� DVVXPSWLRQ� RI� 30,� RU� (59,� DSSURDFKHV�� 0DMRU� GLIIHUHQFHV� RFFXU� ZLWK�
LQWHUPHGLDWH�KLJK� YHJHWDWLRQ� DPRXQW�� URXJKO\� EHWZHHQ� ���� DQG� ���� 1'9,�� ZKHUH� ',60$�
RXWSXW� XQGHUHVWLPDWHV� WKH� YDOXHV� RI� WKH� 32/'(5� SURGXFWV�� HVSHFLDOO\� LQ� WKH� (YHUJUHHQ�
QHHGOHOHDI� DQG� 6DYDQQDV� FODVVHV�� 1HYHUWKHOHVV�� WKH�PD[LPXP� UHODWLYH� GLIIHUHQFHV� DUH� QRW�
ODUJHU�WKDQ�WKRVH�H[KLELW��LQ�VRPH�FDVHV��EHWZHHQ�32/'(5�DQG�02',6�/$,�SURGXFWV��/DFD]H��
�������2Q�WKH�RWKHU�KDQG��WKH�VWDQGDUG�GHYLDWLRQ�RI�WKH�/$,�',60$�RXWSXW�DURXQG�WKH�ILW�LV�
FRQVLGHUDEO\� ORZHU� IRU� WKH� ',60$� UHVXOWV�� HVSHFLDOO\� LQ� WKH� (YHUJUHHQ� QHHGOHOHDI� FODVV��
+RZHYHU��DW�WKLV�PRPHQW�ZH�GRQ¶W�KDYH�HQRXJK�HOHPHQWV�WR�MXGJH�LI�WKH�',60$�/$,�UHVXOWV�
DUH�ZRUVH�RU�E\�WKH�FRQWUDU\�UHSUHVHQWV�EHWWHU�WKH�QDWXUH�WKDQ�32/'(5�SURGXFW�UHVXOWV��)RU�
WKDW� UHDVRQ�� YDOLGDWLRQ� RI� WKH�',06$�SURGXFWV� RQ� D�ZLGHU� VSDWLDO� DQG� WHPSRUDO� GLPHQVLRQ�
EHFRPH�RI�JUHDW�LPSRUWDQFH�IRU�WKH�ILQDO�DVVHVVPHQW�RI�XQFHUWDLQWLHV��

�

����)5$&7,21$/�9(*(7$7,21�&29(5��

)LJXUH���VKRZV� WKH�FRPSDULVRQ�RI� WKH�)9&�YDOXHV�DQG� WKH� UHODWLYH�GLIIHUHQFH�EHWZHHQ� WKH�
GLIIHUHQW�SURGXFWV��7KH�)9&�32/'(5�SURGXFWV�KDYH�EHHQ�GHULYHG�IURP�WKH�/$,�SURGXFWV��)RU�
WKH�(59,�DSSURDFK�ZH�KDYH�LQYHUWHG�(T�������XVLQJ�WKH�VDPH�FOXPSLQJ�LQGH[�YDOXHV�XVHG�IRU�
WKH� ',60$� LQYHUVLRQ�� )RU� WKH� 30,� DSSURDFK�ZH� KDYH� DSSOLHG� WKH� H[SRQHQWLDO� UHODWLRQVKLS�
�)9& ���H[S������[�/$,���XVHG�LQ�WKH�32/'(5�OHYHO���DOJRULWKP��

�

�

)LJXUH�����5HWULHYHG�YDOXHV�RI�/$,�XVLQJ�',60$��30,��DQG�(59,�DSSURDFKHV��RQ�WKH�OHIW�
VLGH���)9&�UHODWLYH�GLIIHUHQFH�DPRQJ�WKH�GLIIHUHQW�DSSURDFKHV��RQ�WKH�ULJKW�VLGH��
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7KH� FRPSDULVRQ�RI� WKH�)9&�YDOXHV�VKRZV� WKH�VDPH� LQFUHDVLQJ� OLQHDU� WUHQG�ZLWK� LQFUHDVLQJ�
1'9,��SUHVHQWLQJ�WKH�',60$�RXWSXWV�VOLJKWO\�ORZHU�VWDQGDUG�GHYLDWLRQV��)RU�DOO�WKH�DQDO\VHG�
ELRPHV� WKH�(59,�DSSURDFK�SURYLGHV� WKH� ORZHVW�)9&�HVWLPDWHV��ZKLOVW� WKH�',60$�DSSURDFK�
SURYLGHV� WKH�KLJKHVW� YDOXHV��7KH� UHODWLYH�GLIIHUHQFH�RI�',60$�)9&�RXWFRPHV�ZLWK� WKH�30,�
HVWLPDWHV� LV� DURXQG� ����� WKH� VDPH� UHODWLYH� GLIIHUHQFH� REWDLQHG� EHWZHHQ� 30,� DQG� (59,�
UHVXOWV��7KH�GLIIHUHQFH�EHWZHHQ�',60$�DQG�(59,�LV�DURXQG�������

7KH�',60$�)9&�YDOXHV�SUHVHQW�D�VOLJKWO\�KLJKHU�G\QDPLF�UDQJH�WKDQ�WKH�RWKHU�DSSURDFKHV��
7KH� ',60$� )9&� UDQJHV� EHWZHHQ� �� DQG� �� IRU�PRVW� RI� WKH� ELRPHV�� ZLWK� WKH� H[FHSWLRQ� RI�
&ORVHG�VKUXEODQGV�ZKHUH�WKH�PD[LPXP�)9&�YDOXHV�LV������DQG�%DUUHQ�RI�VSDUVHO\�YHJHWDWLRQ�
ZKHUH�WKH�PD[LPXP�YDOXH�LV������ZKLFK�DUH�LQ�WKH�VDPH�OHYHO�RI�WKH�32/'(5�SURGXFWV��7KH�
30,� )9&� YDOXHV� DUH� RQO\� VOLJKWO\� ORZHU� WKDQ� ',60$� )9&� LQ� PRVW� RI� WKH� DQDO\VHG� ,*%3�
FODVVHV�� 7KH� GLIIHUHQFH� DUH� PRUH� LPSRUWDQW� ZKHQ� FRPSDULQJ� ZLWK� WKH� (59,� )9&� YDOXHV��
VSHFLDOO\� LQ� WKH�0L[HG� )RUHVW�ZKHUH� WKH�PD[LPXP� YDOXHV� RI� )9&� DUH� DURXQG� ����ZKHUHDV�
',60$�DQG�30,�UHVXOWV�DUH�FORVH�WR������7KH�PD[LPXP�UHODWLYH�GLIIHUHQFHV�DUH�IRU�ORZ�1'9,�
YDOXHV��7KH�',60$�)9&�SUHVHQWV�DJDLQ�D�ELDV�IRU�EDUH�VRLO�RI�DURXQG�����DV�LW�FDQ�EH�VHHQ�LQ�
WKH� %DUUHQ� RU� VSDUVHO\� YHJHWDWLRQ� FODVV�� 7KLV� FRXOG� EH� SURGXFHG� E\� D� GHILFLHQW�
FKDUDFWHUL]DWLRQ�RI�WKH�VRLO�%5')��,Q�DGGLWLRQ��',60$�SURGXFHV�KLJKHU�)9&�YDOXHV�IRU�1'9,�
DURXQG�����ZKHUH�ZH�PXVW�H[SHFW�YHU\�ORZ�YHJHWDWLRQ�FRYHUDJH��+RZHYHU��',60$�SURYLGHV�
)9&�FORVH� WR�����LQ�PRVW�RI� WKH�FDVHV��DQG�JRHV�EH\RQG� LQ�VRPH�FDVHV��6DYDQQDV���7KLV�
SUREOHP�IRU�ORZ�YHJHWDWLRQ�FRYHUDJH�FRXOG�EH�VROYHG�ZKHQ�DSSO\LQJ�WKH�RYHUDOO�SURWRW\SLQJ�
DOJRULWKP� WR� VDWHOOLWH� LPDJHV�� 7KLV� ZLOO� EH� DFKLHYHG� WKDQNV� WR� D� PRUH� DFFXUDWH�
FKDUDFWHUL]DWLRQ�RI�WKH�VRLO�VSHFWUDO�%5')�DQG�GHILQLWLRQ�RI�WKH�GRPDLQ�RI�DGPLWWHG�VROXWLRQV�
EDVHG�LQ�WKH�)9&�RXWSXW�RI�90(60$�PRGXOH���

�

���&21&/86,216��

'XULQJ� WKLV� YLVLWLQJ� VFLHQWLVW� VWD\�� WKH�',60$�DOJRULWKP�KDV�EHHQ�SURWRW\SHG�ZLWK�PRQWKO\�
V\QWKHVLV� %5')� 32/'(5�$'(26� GDWD�� 7KH� IHDVLELOLW\� RI� WKH� ',60$� DOJRULWKP� DSSOLHG� WR�
GLUHFWLRQDO� VLJQDWXUHV� LQ� �� FKDQQHOV� GDWD� KDYH� EHHQ� HYDOXDWHG� DJDLQVW� VWDQGDUG� 32/'(5�
SURGXFWV� GHULYHG� IURP� WKH� VDPH� LQSXW� GDWD� XVLQJ� WZR� GLIIHUHQW� DSSURDFKHV�� HPSLULFDO�
UHODWLRQVKLSV�ZLWK�YHJHWDWLRQ�LQGLFHV�DQG�SK\VLFDO�PRGHO�LQYHUVLRQ���

,Q� WKH�SURWRW\SLQJ�XVLQJ�32/'(5�$'(26�GDWD�� WKH�3ULFH�:DOWKDOO� VRLO�PRGHO�� WKH�FOXPSLQJ�
LQGH[� DQG� DQ� DXWRPDWLF�PHWKRG� WR� GHULYH� OHDI� DOEHGR� IURP�GDWD� KDYH�EHHQ� LPSOHPHQWHG��
5HVXOWV�FRQILUP�WKDW�WKH�',60$�SURWRW\SH�UHSURGXFHV�DFFXUDWHO\�WKH�GLUHFWLRQDO�VLJQDWXUHV�RI�
PDMRU� ELRPHV� DW� FRDUVH� VSDWLDO� UHVROXWLRQ�� 7KH� LQYHUVLRQ� RI� WKH�',60$�DOJRULWKP�SURYLGHV�
)9&�DQG�/$,�HVWLPDWHV��ZKLFK�DUH�SK\VLFDOO\�FRKHUHQW�ZLWK�WKH�H[SHFWHG�DFFRUGLQJ�WKH�ELRPH�
W\SH�� )RU� LQVWDQFH�� WKH�PD[LPXP�RI� WKH� /$,� LV� DURXQG��� IRU� IRUHVW� �HYHUJUHHQ�QHHGOHOHDI��
EURDGOHOHDI�DQG�PL[HG�IRUHVW���FORVH�WR�����IRU�VDYDQQDV��WR���IRU�VKUXEODQGV�DQG�ORZHU�WKDQ�
��IRU�EDUUHQ�RU�VSDUVHO\�YHJHWDWLRQ��DQG�VLPLODU�IRU�WKH�IUDFWLRQDO�YHJHWDWLRQ�FRYHU���

7KH� FRPSDULVRQ� RI� WKH� ',60$� /$,� DQG� )9&� HVWLPDWHV� ZLWK� WKH� 32/'(5� OHYHO� �� 3URGXFWV�
VKRZV�WKDW�WKH�HVWLPDWHG�YHJHWDWLRQ�SDUDPHWHUV�DUH�FRQVLVWHQW��VKRZLQJ�WKH�IHDVLELOLW\�RI�WKH�
',60$�DOJRULWKP�IRU�UHWULHYLQJ�YHJHWDWLRQ�SDUDPHWHUV���,Q�JHQHUDO��WKH�DJUHHPHQW�EHWZHHQ�
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',60$�RXWSXWV�DQG�32/'(5�SURGXFWV�LV�QRWLFHDEOH��+RZHYHU��WKH�/$,�REWDLQHG�ZLWK�',60$�
XQGHUHVWLPDWH�WKH�32/'(5�/$,�YDOXHV�LQ�WKH�UDQJH�EHWZHHQ����������ZKHUHDV�RYHUHVWLPDWHV�
WKH� )9&� UHJDUGLQJ� WKH� 32/'(5� SURGXFWV�� LUUHVSHFWLYHO\� RI� WKH� DPRXQW� RI� YHJHWDWLRQ��
1HYHUWKHOHVV�� WKH� UHODWLYH� GLIIHUHQFHV� EHWZHHQ� ',60$� HVWLPDWHV� DQG� 32/'(5� YHJHWDWLRQ�
SURGXFWV�DUH�QRW�ODUJHU�WKDQ�WKH�GLIIHUHQFHV�EHWZHHQ�32/'(5�SURGXFWV��RQ�WKH�RUGHU�RI�����
IRU�/$,�DQG�����IRU�)9&��GHPRQVWUDWLQJ�WKH�VXLWDELOLW\�RI�WKH�',60$�DOJRULWKP�IRU�UHWULHYLQJ�
YHJHWDWLRQ�SDUDPHWHUV�DW�FRDUVH�VSDWLDO�UHVROXWLRQ��

�

��� 9$/8$7,21�$1'�35263(&76���

'XULQJ� WKLV� VWD\�� WKH�',60$�DOJRULWKP�KDV�EHHQ�SURWRW\SHG�WR�D�FRDUVH�UHVROXWLRQ�VDWHOOLWH�
GDWD��)RU�WKDW��ZH�KDYH�WDNHQ�DGYDQWDJH�RI�WKH�PHWKRGRORJLHV�WR�GHULYH�32/'(5�YHJHWDWLRQ�
SURGXFWV�� IRU� LQVWDQFH� WR�GHILQH� WKH�VRLO�%5')�PRGHO�RU� WR� LQFRUSRUDWH� WKH�FOXPSLQJ� LQGH[�
HVWLPDWLRQV� LQ� WKH�HTXDWLRQV�� ,Q�DGGLWLRQ��DQ�DXWRPDWLF�PHWKRG�WR�UHWULHYH� OHDI�DOEHGR�KDV�
EHHQ�WHVWHG�SURYLGLQJ�JRRG�UHVXOWV��7KLV�UHVHDUFK�KDV�FRQILUPHG�WKDW�WKH�',60$�SURWRW\SH�
SURYLGH�UHDVRQDEOH�HVWLPDWHV�LQ�WKH�IXOO�UDQJH�RI�YDULDWLRQ�RI�)9&�DQG�/$,�IRU�ELRPHV�RI�YHU\�
GLIIHUHQW� DUFKLWHFWXUH�� 7KHUHIRUH�� WKH� UHVXOWV� IURP� WKH� SURWRW\SLQJ� KDYH� FRQVWLWXWHG� D�
YDOXDEOH�PHDQV�RI�WHVWLQJ�WKH�XQGHUO\LQJ�SK\VLFV�RI�WKH�DOJRULWKP�DQG�DOVR�IRU�LPSURYLQJ�WKH�
',60$�DOJRULWKP�EHKDYLRU��SURYLGLQJ�EDVLV� IRU� LPSURYHG�UHWULHYDO�RI�YHJHWDWLRQ�SDUDPHWHUV�
IURP�06*�DQG�(36��

&RQVHTXHQWO\�� WKH�REMHFWLYHV�RI�WKLV�YLVLWLQJ�VFLHQWLVW�VWDJH�KDYH�EHHQ�VDWLVIDFWRULO\�IXOILOOHG���
1HYHUWKHOHVV�� WKH� UHVXOWV� DUH� OLPLWHG� WR� D� VPDOO� VDPSOLQJ�� DQG� VHYHUDO� VLPSOLILFDWLRQV� KDYH�
EHHQ�DVVXPHG��2QFH�ZH�KDYH�GHPRQVWUDWH�WKH�VXLWDELOLW\�RI�WKH�',60$�DOJRULWKP��WKH�QH[W�
VWHS�ZLOO�EH�WR�DSSO\�WKH�RYHUDOO�SURWRW\SLQJ�DOJRULWKP�RYHU�32/'(5�$'(26�GDWD�WR�SURGXFH�
)9&� DQG� /$,�PDSV�� DQG� YDOLGDWH� WKHVH�PDSV� DJDLQVW� WKH� 32/'(5�PDSV� RQ� D� VWDWLVWLFDOO\�
VLJQLILFDQFH�VSDWLDO�DQG�WHPSRUDO�GLPHQVLRQV���

,Q� DGGLWLRQ� WR� WKDW�� GXULQJ� WKLV� VWDJH� VHYHUDO�PHHWLQJ�ZLWK�0pWpR�)UDQFH� �/6$� 6$)� WHDP��
KDYH�EHHQ�XQGHUWDNHQ��LPSURYLQJ�WKH�FRPPXQLFDWLRQ�EHWZHHQ�/6$�6$)�OD\HUV�,$�\�,,,'��,Q�
SDUWLFXODU��WKLV�KDV�UHVXOWHG�LQ�VHYHUDO�GLVFXVVLRQV�DERXW�RSWLPDO�VDPSOLQJ��YDOLGDWLRQ�RI�WKH�
06*�SURGXFWV��0pWpR�)UDQFH�ZLOO�SDUWLFLSDWH�LQ�WKH�QH[W�ILHOG�FDPSDLJQ�DW�%DUUD[���DQG�WKH�
WUDQVIHUV� RI� GDWD� WR� WHVW� RXU� DOJRULWKP� �0pWpR�)UDQFH� KDV� SURYLGHG� XV� D� QHZ� VHW� RI�06*�
V\QWKHWLF� GDWD� DORQJ� ZLWK� 9(*(7$7,21� 6�� GDWD��� 7KLV� FROODERUDWLRQ� UHVXOWV� LQ� D� VWURQJ�
EHQHILW�IRU�XV�DQG�WKXV�IRU�WKH�JRRG�IXQFWLRQLQJ�RI�WKH�/6$�6$)�SURMHFW��

&RQFHUQLQJ� WKH� YDOLGDWLRQ� RI� WKH�06*�YHJHWDWLRQ� SURGXFW�� LW� LV� IRUHVHHQ� WR� VWDUW� LQ� -XO\¶���
GXULQJ� WKH� LQWHQVLYH� ILHOG� FDPSDLJQ� WR� EH� FDUULHG� RXW� DW� %DUUD[� �63$,1��� ZLWK� WKH�
SDUWLFLSDWLRQ�RI� WKH�(6$� �0(5,6�DQG�&+5,6�352%$�YDOLGDWLRQ��DQG�9$/(5,�SURMHFW��'XULQJ�
WKLV�SHULRG��WKH�YDOLGDWLRQ�RI�WKH�06*�)9&�/$,�LQ�WKH�FRQWH[W�RI�WKH�9$/(5,�SURMHFW�KDV�EHHQ�
GHILQHG� �GXULQJ� WKH� SDUWLFLSDWLRQ� LQ� WKH� 9$/(5,� PHHWLQJ�� $YLJQRQ��PDUFK¶����� 7KH� %DUUD[�
DUHD�KDV�EHHQ�LQFOXGHG�DV�WHVW�VLWH�IRU�9$/(5,�LQ�WKH�������7KHUHIRUH��9$/(5,�ZLOO�SURYLGH�
VRPH�PDWHULDO�DQG�D�6327�LPDJH�RI�WKH�DUHD��7KH�ILHOG�FDPSDLJQ�ZLOO�EH�FRLQFLGHQW�ZLWK�WKH�
(6$�DFWLYLWLHV�WR�WDNH�IXOO�DGYDQWDJH�RI�WKH�PDQSRZHU�DORQJ�ZLWK�WKH�JURXQG��DLUERUQH�DQG�
VDWHOOLWH�GDWD��

/DVW�EXW�QRW�OHDVW��WKLV�YLVLWLQJ�VFLHQWLVW�VWDJH�KDV�FRQWULEXWHG�WR�HVWDEOLVK�FORVH�OLQNV�EHWZHHQ�
WKH�*HRODQG� )3�� SURMHFW� DQG� /6$� 6$)�89� WHDP�� ,W� LV� H[SHFWHG� WKDW� WKLV� FRQQHFWLRQ� FRXOG�
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VHUYH�WR�LPSURYH�RXU�VWUDWHJLHV�IRU�WZR�LPSRUWDQW�IRUWKFRPLQJ�LVVXHV��YDOLGDWLRQ�RI�WKH�06*�
SURGXFWV�DQG�GDWD�IXVLRQ��06*�DQG�(36���,W�LV�H[SHFWHG�WR�NQRZ�WKH�XVHU�QHHGV�IRU�GLIIHUHQW�
FRPPXQLWLHV� WKDQ�PHWHRURORJLFDO� FRPPXQLW\�� )RU� WKDW�� LW� LV�QHHGHG�D�EHWWHU�NQRZOHGJH�RI�
WKH� XVHUV� UHTXLUHPHQWV� WKDW� PD\� WUDQVODWH� LQ� DQ� LPSURYHPHQW� RI� WKH� /6$� 6$)� SURGXFW�
GLVVHPLQDWLRQ����

�

$&.12:/('*(0(17�

7KH�DXWKRU�WKDQNV�WR�WKH�9LVLWLQJ�6FLHQWLVW�3URJUDP�RI�(80(76$7�IRU�IRXQGLQJ�WKLV�UHVHDUFK��
6SHFLDO�WKDQNV�DUH�JLYHQ�WR�0DUF�/HUR\�IRU�VXSSRUWLQJ�WKLV�YLVLWLQJ�VFLHQWLVW�DW�0pGLDV�)UDQFH��
IRU�VHYHUDO�GLVFXVVLRQV�RQ�WKH�SURWRW\SH�DQG�RWKHU�YDOXDEOH�VXJJHVWLRQV��7R�5RVHO\QH�/DFD]H�
DQG� %DVWLDQ� 0LUDV� WR� SURYLGH�PH� DOO� WKH� QHFHVVDU\� WR� FDUU\� RXW� WKLV� ZRUN�� DQG� WR� DOO� WKH�
SHRSOH�WKDW�,�PHW�LQ�0pGLDV�)UDQFH��HVSHFLDOO\�WR�+HUYp��)DELDQQH�DQG�&KDQWDO�IRU�LWV�IULHQGO\�
ZHOFRPH�� 7R� -HDQ�/RXLV� 5RXMHDQ� DQG� %HUQKDUG� *HLJKHU� IRU� VFLHQWLILF� GLVFXVVLRQ� RQ� WKH�
SURWRW\SH�GXULQJ�VHYHUDO�PHHWLQJV�LQ�0pWpR�)UDQFH��7R�)UDQoRLV�0DULH�%UpRQ�IRU�GLVFXVVLRQV�
RQ�WKH�KRW�VSRW�LVVXH�GXULQJ�P\�YLVLW�DW�&($�/6&(��)LQDOO\��WR�P\�FROOHJH�-DYLHU�*DUFtD�+DUR�
IRU�WKH�LPSOHPHQWDWLRQ�RI�WKH�',60$�PRGHO��7KH�%5')�PRQWKO\�V\QWKHVLV�GDWDEDVH�KDV�EHHQ�
SURGXFHG� E\� 0pGLDV�)UDQFH�� 7KH� RULJLQDO� DOJRULWKP� KDV� EHHQ� GHYHORSHG� E\� 1RYHOWLV� �2��
+DXWHFRHXU��$��4XHVQH\�DQG�7��/DODQQH��XSRQ�&1(6�FRQWUDFW��7KH�32/'(5�GDWD�DUH� IURP�
&1(6�1$6'$�
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5()(5(1&(6�

$VUDU�� *��� .DQHPDVX�� (�5��� DQG� <RVKLGD�� 0�� �������� (VWLPDWHV� RI� OHDI� DUHD� LQGH[� IURP� VSHFWUDO�
UHIOHFWDQFH� RI� ZKHDW� XQGHU� GLIIHUHQW� FXOWXUDO� SUDFWLFHV� DQG� VRODU� DQJOH�� 5HPRWH� 6HQVLQJ� RI�
(QYLURQPHQW�����������

$VQHU�� *�� 3��� %DWHVRQ�� &�� $��� 3ULYHWWH�� -�� /��� (O� 6DOHRXV�� 1��� DQG�:HVVPDQ�� &�� $��� ������ (VWLPDWLQJ�
YHJHWDWLRQ�VWUXFWXUDO�HIIHFWV�RQ�FDUERQ�XSWDNH�XVLQJ�VDWHOOLWH�GDWD�IXVLRQ�DQG�LQYHUVH�PRGHOLQJ��
-��*HRSK\V��5HV���������������������

%DUHW�� )�� DQG� *�� *X\RW�� �������� 3RWHQWLDOV� DQG� OLPLWV� RI� YHJHWDWLRQ� LQGLFHV� IRU� /$,� DQG� $3$5�
DVVHVVPHQW��5HPRWH�6HQVLQJ�RI�(QYLURQPHQW���������������

%LFKHURQ�� 3� DQG�0�� /HUR\�� �������� $�0HWKRG� RI� %LRSK\VLFDO� 3DUDPHWHU� 5HWULHYDO� DW� *OREDO� 6FDOH� E\�
,QYHUVLRQ�RI�D�9HJHWDWLRQ�5HIOHFWDQFH�0RGHO��5HPRWH�6HQVLQJ�RI�(QYLURQPHQW���������������

%RUHO��&�&��DQG�6�$�:��*HUVWO��������1RQOLQHDU�VSHFWUDO�PL[LQJ�PRGHOV�IRU�YHJHWDWLYH�DQG�VRLO�VXUIDFHV��
5HPRWH�6HQV��(QYLURQ��������������

&DPDFKR� GH� &RFD�� )��� )�-�� *DUFtD�+DUR�� %��0DUWtQH]� �������� $Q� RSHUDWLRQDO� VWUDWHJ\� IRU� UHWULHYDO� RI�
YHJHWDWLRQ� SURGXFWV� IURP� 6(9,5,� 	� $9+55��� GDWD�� 3URFHHGLQJV� RI� WKH� /6$� 6$)� 7UDLQLQJ�
:RUNVKRS���(G��(80(76$7��'DUPVWDGW���/LVERD�������-XOLR��LQ�SUHVV���

&DPDFKR�GH�&RFD��)���)��-��*DUFtD�+DUR��0��$��*LODEHUW�DQG�-��0HOLi���������9HJHWDWLRQ�FRYHU�VHDVRQDO�
FKDQJHV�DVVHVVPHQW�IURP�70�LPDJHU\�LQ�D�VHPLDULG�ODQGVFDSH��,QWHUQDWLRQDO�-RXUQDO�RI�5HPRWH�
6HQVLQJ��LQ�SUHVV���

&KHQ�� -�0�� DQG� /HEODQF�� 6�*��� ������ $� IRXU�VFDOH� ELGLUHFWLRQDO� UHIOHFWDQFH� PRGHO� EDVHG� RQ� FDQRS\�
DUFKLWHFWXUH��,(((�7UDQV��*HRVFL��5HPRWH�6HQV���������� ������

&RPEDO��%���)��%DUHW��0��:HLVV��$��7UXEXLO��$��0DFp��$��3UDJQHUqWH��5��0\QHQL��<��.Q\D]LNKLQ�DQG�/��
:DQJ�� �������� 5HWULHYDO� RI� ELRSK\VLFDO� YDULDEOHV� IURP� ELGLUHFWLRQDO� UHIOHFWDQFHV� XVLQJ� SULRU�
LQIRUPDWLRQ�WR�VROYH�LOO�SRVHG�LQYHUVLRQ�SUREOHPV��5HPRWH�6HQVLQJ�RI��(QYLURQPHQW�������������

'(6&+$036��3��<��%5(Ï1��)�0���/(52<��0���32'$,5(��$���%5,&$8'��$���%85,(=��-�&��$1'�6Ê=(��*���
�������� 7KH� 32/'(5� 0LVVLRQ�� ,QVWUXPHQW� &KDUDFWHULVWLFV� DQG� 6FLHQWLILF� 2EMHFWLYHV�� ,(((�
7UDQVDFWLRQV�RQ�*HRVFLHQFH�DQG�5HPRWH�6HQVLQJ��YRO������Q��������������

*DUFtD�+DUR�� )�-��� )�� &DPDFKR� GH� &RFD� DQG� -�0HOLi� �������� 5HWULHYLQJ� OHDI� DUHD� LQGH[� IURP�PXOWL�
DQJXODU�DLUERUQH�GDWD��$QQDOV�RI�*HRSK\VLFDH��VXEPLWWHG����

*DUFtD�+DUR�)�-���)��&DPDFKR�GH�&RFD�DQG�-��0HOLi����������5HWULHYDO�RI�ELRSK\VLFDO�SDUDPHWHUV�XVLQJ�
GLUHFWLRQDO� VSHFWUDO� PL[WXUH� DQDO\VLV�� ,Q� 5HFHQW� DGYDQFHV� LQ� TXDQWLWDWLYH� UHPRWH� VHQVLQJ�� SS��
���������-��6REULQR��(G���8QLYHUVLWDW�GH�9DOHQFLD��

*DUFtD�+DUR��)�-��6RPPHU��6��DQG�.HPSHU��7�������E���9DULDEOH�PXOWLSOH�HQGPHPEHU�VSHFWUDO�PL[WXUH�
DQDO\VLV��90(60$���D�KLJK�SHUIRUPDQFH�FRPSXWLQJ�DQG�HQYLURQPHQW�DQDO\VLV�WRRO��,QWHUQDWLRQDO�
-RXUQDO�RI�5HPRWH�6HQVLQJ��VXEPLWWHG���

+DSNH��%���������%LGLUHFWLRQDO�UHIOHFWDQFH�VSHFWURVFRS\�����7KHRU\��-��*HRSK\V��5HV����������������
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+DSNH�� %��� '�� 'LPXFFL�� 5�� 1HOVRQ� DQG�:�6P\WKH�� �������� 7KH� FDXVH� RI� WKH� KRW� VSRW� LQ� YHJHWDWLRQ�
FDQRSLHV� DQG� VRLOV�� VKDGRZ�KLGLQJ� YHUVXV� FRKHUHQW� EDFNVFDWWHU�� 5HPRWH� 6HQVLQJ� RI�
(QYLURQPHQW�������������

-DFTXHPRXG��6��DQG�)��%DUHW����������35263(&7��D�0RGHO�RI�/HDI�2SWLFDO�3URSHUWLHV�6SHFWUD��5HPRWH�
6HQVLQJ�RI�(QYLURQPHQW������������

-DVLQVNL��0�)��DQG�(DJOHVRQ��3�6�����������7KH�VWUXFWXUH�RI�UHG�LQIUDUHG�VFDWWHUJUDPV�RI�VHPLYHJHWDWHG�
ODQGVFDSHV��,(((�7UDQV��*HRVFL��5HPRWH�6HQV���������� �����

-DVLQVNL��0�)��DQG�(DJOHVRQ��3�6�����������(VWLPDWLRQ�RI�VXESL[HO�YHJHWDWLRQ�FRYHU�XVLQJ�UHG�LQIUDUHG�
VFDWWHUJUDPV��,(((�7UDQVDQFWLRQV�RQ�*HRVFLHQFH�DQG�5HPRWH�6HQVLQJ��������� �����

.HPSHU�� 7��� *DUFtD�+DUR�� )�-��� 3UHLVVOHU�� +��� 0HKO��:��� 6RPPHU�� 6��� �������� $�PXOWLSOH� HQGPHPEHU�
XQPL[LQJ�DSSURDFK� IRU�PDSSLQJ�KHDY\�PHWDO� FRQWDPLQDWLRQ�DIWHU� WKH�'RxDQD�PLQLQJ�DFFLGHQW�
�6HYLOOH�� 6SDLQ��� 6HFRQG� ($56H/� :RUNVKRS� RQ� ,PDJLQJ� 6SHFWURVFRS\�� (QVFKHGH�� 7KH�
1HWKHUODQGV��������-XO\�������

.Q\D]LNKLQ�� <��� 0DUWRQFKLN�� -�9��� 0\QHQL�� 5�%��� 'LQHU�� '�-�� DQG� 5XQQLQJ�� 6�:�� �������� 6\QHUJLVWLF�
DOJRULWKP� IRU� HVWLPDWLQJ� YHJHWDWLRQ� FDQRS\� OHDI� DUHD� LQGH[� DQG� IUDFWLRQ� RI� DEVRUEHG�
SKRWRV\QWKHWLFDOO\� DFWLYH� UDGLDWLRQ� IURP� 02',6� DQG� 0,65� GDWD�� -RXUQDO� RI� *HRSK\VLFDO�
5HVHDUFK������'��������������������

.XXVN��$����������$�IDVW��LQYHUWLEOH�FDQRS\�UHIOHFWDQFH�PRGHO��5HPRWH�6HQVLQJ�RI�(QYLURQPHQW��
������������

/DFD]H��5�����������32/'(5�%5')�GDWDEDVH��8VHU�GRFXPHQW��0(',$6�)UDQFH�5HSRUW�����SS��

/DFD]H��5�����������&RPSDUDLVRQ�GHV�SURGXLWV�/$,�32/'(5�DX�SURGXLW�/$,�02',6�HW�DX[�PHDVXUHV�LQ�
VLWX�DFTXLVHV�SHQGDQW�OHV�FDPSDJQHV�WHUUDLQ�GX�SURJUDPPH�9$/(5,��0(',$6�)UDQFH�5HSRUW�����
SS��

/DFD]H�� 5��� -�0�� &KHQ�� -�/�� 5RXMHDQ�� 6�*�� /HEODQF�� �������� 5HWULHYDO� RI� YHJHWDWLRQ� FOXPSLQJ� LQGH[�
XVLQJ�KRW� VSRW� VLJQDWXUHV�PHDVXUHG�E\�32/'(5� LQVWUXPHQW��5HPRWH�6HQVLQJ�RI�(QYLURQPHQW��
�����������

/DFD]H�� 5�� DQG� 5RXMHDQ�� -�/��� �������� *�IXQFWLRQ� DQG� +RW� 6SR7� �*+267�� UHIOHFWDQFH� PRGHO��
$SSOLFDWLRQ�WR�PXOWL�VFDOH�DLUERUQH�32/'(5�PHDVXUHPHQWV��5HPRWH�6HQV��(QYLURQ�������������

/HEODQF�� 6�*��� 3�� %LFKHURQ�� -��0�� &KHQ�� 0�� /HUR\� DQG� -�� &LKODU�� �������� ,QYHVWLJDWLRQ� RI� UDGLDWLYH�
WUDQVIHU� LQ� ERUHDO� IRUHVW� ZLWK� DQ� LPSURYHG� ��VFDOH� PRGHO� DQG� DLUERUQH� 32/'(5� GDWD�� ,(((�
7UDQVDFWLRQV�RQ�*HRVFLHQFH�DQG�5HPRWH�6HQVLQJ�����������������

/L��;��DQG�$�+��6WUDKOHU����������*HRPHWULFDO�RSWLFDO�ELGLUHFWLRQDO�UHIOHFWDQFH�PRGHOLQJ�RI�WKH�GLVFUHWH�
FURZQ�YHJHWDWLRQ�FDQRS\��(IIHFW�RI�FURZQ�VKDSH�DQG�PXWXDO�VKDGRZLQJ��,(((�7UDQVDFWLRQV�RQ�
*HRVFLHQFH�DQG�5HPRWH�6HQVLQJ��������������

1LOVRQ�� 7��� �������� $� WKHRUHWLFDO� DQDO\VLV� RI� WKH� IUHTXHQF\� RI� JDSV� LQ� SODQW� VWDQGV�� $JULF��0HWHRURO��
���������

1LOVRQ�� 7� DQG� $�� .XXVN�� �������� $� UHIOHFWDQFH� PRGHO� IRU� WKH� KRPRJHQHRXV� SODQW� FDQRS\� DQG� LWV�
LQYHUVLRQ��5HPRWH�6HQVLQJ�RI�(QYLURQPHQW��������������

3ULFH�� -�&��� �������� 2Q� WKH� LQIRUPDWLRQ� FRQWHQW� RI� VRLO� UHIOHFWDQFH� VSHFWUD�� 5HPRWH� 6HQVLQJ� RI�
(QYLURQPHQW���������������
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3LQW\��%���0��9HUVWUHDWH�DQG�%��'LFNLQVRQ����������$�SK\VLFDO�PRGHO�RI�WKH�ELGLUHFWLRQDO�UHIOHFWDQFH�RI�
FDQRSLHV�����,QYHUVLRQ�DQG�YDOLGDWLRQ��-RXUQDO�RI�*HRSK\VLFDO�5HVHDUFK������'������������������

4XHVQH\�� $��� 2�� +DWHFRHXU� DQG� 5�� %UX�� �������� 3DUDPpWULVDWLRQ� GX� PRGqOH� GH� :DOWKDOO�3ULFH��
2SWLPLVDWLRQ�G¶XQ�PRGHOH�GH�VRO�QX�SRXU�32/'(5��129(/7,6�UHSRUW�����SS��129������17������

4LQ�:��DQG�1�6��*RHO����������$Q�HYDOXDWLRQ�KRWVSRW�PRGHOV�IRU�YHJHWDWLRQ�FDQRSLHV��5HPRWH�6HQVLQJ�
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