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1HFHVVDU\� 5HODWLRQV�� 0DNLQJ�
WKH� %HVW� RI�4&$� 3RVVLELOLWLHV�

'DPLHQ� %RO�� DQG� )UDQFHVFD� /XSSL��

'2,�� ������������������������J�

$EVWUDFW�

&XUUHQW� VWDQGDUG� SUDFWLFHV� SXW� VXIILFLHQF\� DW� WKH� FRUH� RI� 4XDOLWDWLYH� &RPSDUDWLYH� $QDO\VLV� �4&$��� ZKLOH� WKH� DQDO\VLV�
RI� QHFHVVLW\� LV� OLPLWHG� WR� WKH� WHVW� IRU� QHFHVVDU\� FRQGLWLRQV�� +HUH�� ZH� DUJXH� WKDW� WKH� SRVVLELOLWLHV� RI� 4&$� LQ� WKH� ODWWHU�

GRPDLQ� DUH� PXFK� JUHDWHU�� ,Q� SDUWLFXODU�� LW�FDQ� EH� XVHG� WR� HPSLULFDOO\� FRQIURQW� WKHRULHV� FHQWHUHG� RQ� QHFHVVDU\� UHODWLRQV�

DQG� WKDW� LQYROYHG� YDULRXV� FRQGLWLRQV�� $� QHZ� RSHUDWLRQ�� ODEHOHG� WKH� �V\VWHPDWLF� QHFHVVLW\� DVVHVVPHQW��� LV� WKHUHIRUH�

LQWURGXFHG�� 7R� VKRZ� LWV� DGGHG� YDOXH�� D� SXEOLVKHG� 4&$� VWXG\� WKDW� FRQIURQWV� WKHRULHV� FHQWHUHG� RQ� QHFHVVDU\� UHODWLRQV�

EXW� XVLQJ� WKH� UHJXODU� PLQLPL]DWLRQ� LV� UHSOLFDWHG��

,QWURGXFWLRQ� VRPH� RI� WKHVH� FRQGLWLRQV� DUH� FRPELQHG�� VRPHWLPHV� LQ�

XQH[SHFWHG� ZD\V�� WR� IRUP� 68,1� FRQGLWLRQV� �VXIILFLHQW� EXW�

0RUH� WKDQ� ��� \HDUV� DJR�� 0RVW� DQG� 6WDUU� �������� IROORZHG� E\� XQQHFHVVDU\� SDUW� RI�D�FRQILJXUDWLRQ� WKDW� LV� LQVXIILFLHQW� EXW� QHF�

*RHUW]� DQG� 6WDUU� �������� FDOOHG� XSRQ� WKHLU� SHHUV� WR� EH� PRUH� HVVDU\� IRU�WKH� RXWFRPH��� 7KH� DUWLFOH� LV� VWUXFWXUHG� LQ� IRXU� SDUWV��

ULJRURXV� LQ� WKH� DQDO\VLV� RI� QHFHVVDU\� FRQGLWLRQV�� DOO� W\SHV� RI� ILUVW�� WKH� FXUUHQW� VWDQGDUG� SUDFWLFHV� FRQFHUQLQJ� QHFHVVLW\� LQ�

UHVHDUFK� GHVLJQ� FRQVLGHUHG�� 7KH\� DUJXHG� WKDW� GHVSLWH� WKH� 4&$� DUH� GHVFULEHG�� VHFRQG�� LQ� PLUURULQJ� WKH� PLQLPL]DWLRQ��

H[LVWHQFH� LQ� SROLWLFDO� VFLHQFH� RI� PDQ\� WKHRULHV� EDVHG� RQ� WKH� V\VWHPDWLF� QHFHVVLW\� DVVHVVPHQW� LV� SUHVHQWHG� WRJHWKHU�

QHFHVVDU\� UHODWLRQV�� UHVHDUFKHUV� UDUHO\� XVH� DSSURSULDWH� WHFK�� ZLWK� WKH� FHQWUDO� FRQFHSWV� RI� 68,1� FRQGLWLRQV�� WKLUG�� D� VWHS�

QLTXHV� WR� HPSLULFDOO\� WHVW� WKHP�� 7KH� UHDVRQ� IRU� WKLV� JDS�� OLHV� ZLVH� SURFHGXUH� WR� SHUIRUP� WKLV� RSHUDWLRQ� LV� GHVFULEHG� LQ� D�

LQ�WKH�DEVHQFH�RI�DQ�DGHTXDWH�WRRO�NLW��:LWK�WKH�H[FHSWLRQ�RI� GLGDFWLFDO� ZD\�� DQG�ILQDOO\��D�SXEOLVKHG� 4&$� DQDO\VLV� LV�
WKH� TXDQWLWDWLYH� PRGHOV� GHYHORSHG� E\� %UDXPRHOOHU� DQG� UHSOLFDWHG� WR� VKRZ� LWV� DGGHG� YDOXH��

*RHUW]�������� DQG�E\�&ODUN��*LOOLJDQ��DQG�*ROGHU� ��������
PDLQVWUHDP� TXDQWLWDWLYH� PHWKRGV� XQUDYHO� V\PPHWULF� FDXVDO�

UHODWLRQV� WKDW� FDQQRW� JUDVS� WKH� SDUWLFXODULW\� RI� QHFHVVDU\�
1HFHVVLW\� DQG� 4&$�

UHODWLRQV��4XDOLWDWLYH�&RPSDUDWLYH�$QDO\VLV��4&$�� LQ�FRQ�� 7KDQNV�WR�LWV�VHW�WKHRUHWLF�IHDWXUH��4&$� LV�ZHOO�HTXLSSHG�
WUDVW�� *RHUW]� DQG� 6WDUU� DUJXHG� ����������� FRXOG� SRWHQWLDOO\� IRU� WKH� DQDO\VLV� RI� QHFHVVDU\� FRQGLWLRQV�� 2QH� RI� LWV�

RYHUFRPH� WKHVH� VKRUWFRPLQJV� DQG� FRPSOHWH� WKH� WRRO�NLW� LQ� VWUHQJWKV� LQGHHG� UHVLGHV� LQ� LWV� DELOLW\� WR� GHDO� ZLWK� FDXVDO�

WKLV� UHVSHFW�� WKDQNV� WR� LWV� VHW�WKHRUHWLF� ORJLF�� FRPSOH[LW\� DQG� PRUH� SDUWLFXODUO\� ZLWK� DV\PPHWULFDO�

)RU� PDQ\� \HDUV�� KRZHYHU�� 4&$� GHYHORSHUV� GLG� QRW� VHHP� FDXVDOLW\� VXFK� DV� QHFHVVDU\� UHODWLRQV�� )RUPDOO\� VSHDNLQJ��

WR� KDYH� DWWDFKHG� JUHDW� LPSRUWDQFH� WR� WKLV� SRVVLELOLW\�� $V� D� QHFHVVLW\� DSSOLHV� WR� FRQGLWLRQV� WKDW� DUH� SUHVHQW� LQ� HYHU\�

PDWWHU� RI� IDFW�� WKH� GHYHORSPHQW� RI� WKH� PHWKRG� ZDV� PDLQO\� FDVH� GLVFORVLQJ� WKH� RXWFRPH�� <HW�� DQG� WKLV� LV� ZKHUH� WKH�

FRQFHUQHG� ZLWK� WKH� RWKHU� W\SH� RI� DV\PPHWULFDO� FDXVDO� UHOD�� DV\PPHWU\� DSSHDUV�� LW�GRHV� QRW� VD\� DQ\WKLQJ� IRU� WKH� FDVHV�

WLRQ��QDPHO\�VXIILFLHQF\��7RGD\�� GHVSLWH�WKH�UHFHQW�ULVH�RI� QRW�GLVFORVLQJ� LW��7KRVH� FDVHV� DUH�WKXV�LUUHOHYDQW�IRU�WKH�

VSHFLILF� RSHUDWLRQV� WR� HYDOXDWH� WKH� QHFHVVDU\� FKDUDFWHU� RI� QHFHVVDU\� UHODWLRQ� DV� WKH� RXWFRPH� PD\� EH� SUHVHQW� RU�

LQGLYLGXDO�FRQGLWLRQV��WKH�DQDO\VLV�RI�QHFHVVDU\�UHODWLRQV�LV� DEVHQW�ZLWKRXW�KLQGHULQJ�WKH�QHFHVVLW\�IHDWXUH�RI�WKH�FRQ�

VWLOO�IDOOLQJ�EHKLQG��7R� ILOO�WKLV�JDS��WKLV�DUWLFOH�SURSRVHV� D� GLWLRQV��3XW�LQ�WHUPV�RI�VHW�WKHRUHWLF�ORJLF�� LW�DPRXQWV�WR�

QHZ� RSHUDWLRQ�� ODEHOHG� DV� WKH� �V\VWHPDWLF� QHFHVVLW\� DVVHVV�� VD\LQJ� WKDW� WKH� RXWFRPH� LV� D� VXEVHW� RI� WKH� QHFHVVDU\� FRQ�

PHQW���WKDW�IXOO\�H[SORLWV� 4&$
V� SRVVLELOLWLHV� LQ� WKLV� GLWLRQ��5DJLQ� ������ ��������
GRPDLQ�� DQG� WKDW� SURGXFHV� XVHIXO� DQVZHUV� WR� UHVHDUFK�

TXHVWLRQV� DGGUHVVLQJ� FRPSHWLQJ� WKHRULHV� &HQWHUHG� 2Q� QHF�� ��
8QLYHUVLW\� RI�0RQWUHDO�� 4XHEHF�� &DQDGD�

HVVDU\� UHODWLRQV�� ,Q� SDUWLFXODU�� LW� DOORZV� LGHQWLI\LQJ� KRZ� �8QcYHUVLWDW� 3RPSHX� )DEUD��6SDLQ�
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���� 3ROLWLFDO�5HVHDUFK�4XDUWHUO\�����,��

1HYHUWKHOHVV�� GHVSLWH� 4&$
V� DELOLW\� WR� GHDO� ZLWK� RXWFRPH� DQG�$� LV�WKH�FRQILJXUDWLRQ� RI�FRQGLWLRQV�� LW�FDQ�

DV\PPHWULFDO� FDXVDO� UHODWLRQV�� QHFHVVLW\� GLG� QRW� RFFXS\� EH� ZULWWHQ� DV��

D� FHQWUDO�SRVLWLRQ� LQ�5DJLQ
V� VHPLQDO� ZRUN� LQWURGXFLQJ�
FV4&$� �5DJLQ� ������� 7KH�&RPSDUDWLYH� 0HWKRG� LQGHHG� &RYHUDJH� QHFHVVLW\� �e� �P
P�;-�<��Ie��;���
IRFXVHG� RQ�WKH��PLQLPL]DWLRQ��� ZKLFK�DLPV� WR��>UHGXFH@�
WKH� ORQJ� GHVFULSWLRQ� RI� WKH� WUXWK� WDEOH�� WR� WKH� VKRUWHVW� SRV�� $FFRUGLQJ� WR� WKLV� PHDVXUH�� D� ORZ� QHFHVVDU\� FRYHUDJH�

VLEOH� H[SUHVVLRQᒫWKH� PLQLPDO� IRUPXOD�� ZKLFK� LV� WKH� OLVW� RI� VD\� ����� ZDUQV� WKH� UHVHDUFKHU� WKDW� WKH� QHFHVVDU\� UHOD�

RI�WKH�SULPH�LPSOLFDQWVᒫWKDW� XQYHLOV� WKH�UHJXODULWLHV�LQ� WLRQ�PD\�EH�WULYLDO��RU�WUXLVWLF��,W�ZRXOG� LQGHHG�PHDQ�WKDW�
WKH�GDWD�� �5LKRX[� DQG� /REH� ������ ������ 7\SLFDOO\�� WKH� WKH�FRQGLWLRQ�LV�FRQVWDQW�RU�FORVH� WR�EHLQJ�FRQVWDQW�IRU�WKH�
PLQLPDO�IRUPXOD�LV�FRPSRVHG� RI�YDULRXV�SDWKV��ZKLFK�DUH� HQWLUH�SRSXODWLRQ�� LW�LV�QRW�UHOHYDQW�IRU�H[SODLQLQJ� WKH�RXW�
RIWHQ�FRPSRVHG� RI�VHYHUDO� FRQGLWLRQV�MRLQHG� E\�WKH�ORJL�� FRPH� �*RHUW]������������� ,Q�FRQWUDVW��D�QHFHVVDU\�FRQGL�
FDO� $1'�� OHDGLQJ� WR� WKH� RXWFRPH�� ,Q� WKLV� VHQVH�� WKRVH� WLRQ� ZLWK� D� KLJK� QHFHVVDU\� FRYHUDJH� RI� VD\� ����� LV� VDLG� WR�

SDWKV� DUH� VXIILFLHQW� FRQGLWLRQV� DQG� WDNH� WKH� VXEVWDQWLYH� EH� UHOHYDQW���

PHDQLQJ� RI�EHLQJ� WKH�PRVW�UHOHYDQW� H[SODQDWLRQ� RI�WKH� ,Q� 5HGHVLJQLQJ� 6RFLDO� ,QTXLU\� �������� 5DJLQ� SXW�
RXWFRPH� �5DJLQ� ������ �������� ,Q� WKLV� FRQWH[W�� QHFHVVLW\� WRJHWKHU� DOO� WKHVH� HOHPHQWV� DQG� SUHVHQWHG� D� VWDQGDUG� SUR�

ZDV� FRQVLGHUHG� DV� D� PHUH� E\�SURGXFW� RI� WKH� PLQLPL]DWLRQ�� FHGXUH� RI� 4&$� LQ� ZKLFK� QHFHVVDU\� FRQVLVWHQF\� DQG� FRY�

7KH� LGHD� ZDV� WKDW� D� VLQJOH� FRQGLWLRQ� WKDW� LV� SUHVHQW� LQ� HUDJH� VHUYH� DV� FRPSOHWLQJ� WKH� UHVXOWV� RI� WKH� PLQLPL]DWLRQ��

HYHU\� SDWK� RI� WKH� PLQLPDO� IRUPXOD� FDQ� EH� FRQVLGHUHG� DV� $FFRUGLQJ� WR� KLP�� SHUIRUPLQJ� D� VR�FDOOHG� WHVW� IRU� QHFHV�

QHFHVVDU\� IRU�WKH�RXWFRPH� �5DJLQ� ������ ��������� 0RUH� VDU\�FRQGLWLRQ��DKHDG� RI�WKH�PLQLPL]DWLRQ�� LV�UHTXLUHG�WR�
UHFHQW� ZRUNV� KDYH� VKRZQ� WKDW� WKLV� SURSHUW\� RQO\� KROGV� LQ� HQVXUH� WKDW� DOO� WKH� LQGLYLGXDO� FRQGLWLRQV� WKDW� DUH� SURYHQ� WR�

WKH� DEVHQFH� RI� OLPLWHG� GLYHUVLW\� DQG� RI� LQFRQVLVWHQW� WUXWK� EH� QHFHVVDU\�� DQG� QRQWULYLDO�� IRU� WKH� RXWFRPH� DUH� SUHVHQW�

WDEOH�URZV��6FKQHLGHU� DQG�:DJHPDQQ� ������ ��������� LQ�PLQLPDO� IRUPXOD��7KH� H[LVWHQFH� RI�OLPLWHG�GLYHUVLW\�
:LWK�)X]]\�6HW�6RFLDO� 6FLHQFH� �������� 5DJLQ� FRPSOH�� PD\� LQGHHG� LQFRUUHFWO\� H[FOXGH� WKHP� IURP�WKH� ILQDO�

PHQWHG�WKH�VKRUWFRPLQJV�RI�KLV�LQLWLDO�PHWKRG�E\�LQWUR�� UHVXOWV�� ,Q�WKRVH� VLWXDWLRQV��WKH�UHVHDUFKHU� LV�DGYLVHG� WR�

GXFLQJ� DQ� LQGLFDWRU� FDOOHG� �QHFHVVDU\� FRQVLVWHQF\���� EULQJ�WKHP�EDFN� LQ�E\�KDQG���5DJLQ� ������ ������
ZKLFK�LV�YDOLG�IRU�ERWK�FV4&$� DQG�IV4&$�� 7KLV�PHDVXUH� 5HFHQWO\�� LW�KDV�EHHQ� VDLG� WKDW�QHFHVVDU\� FRQVLVWHQF\�
JLYHV� WKH� GHJUHH� RI� QHFHVVLW\� RI� D� VLQJOH� FRQGLWLRQᒫRU� D� DQG� FRYHUDJH�� RU� VLPLODU� PHDVXUHV�� DUH� XVHIXO� WRROV� WR� WHVW�

FRQILJXUDWLRQ� RI� FRQGLWLRQVᒫIRU� WKH� RXWFRPH�� 0RUH� VSH�� WKH� HPSLULFDO� YDOLGLW\� RI� WKHRULHV� EDVHG� RQ� QHFHVVDU\� UHOD�

FLILFDOO\�� WKH� QHFHVVDU\� FRQVLVWHQF\� LV� WKH� SURSRUWLRQ� RI� WLRQV� SHU� VH�� DQG� QRW� RQO\� DV� D� FRPSOHPHQW� RI� WKH� PLQLPL�

FDVHV� GLVFORVLQJ� ERWK� WKH� FRQGLWLRQ� DQG� WKH� RXWFRPH� ]DWLRQ��'XO� HW�DO�������� *RHUW]�������� +RZHYHU�� DFFRUGLQJ�
DPRQJ� WKH� FDVHV� GLVFORVLQJ� WKH� RXWFRPH�� RU� LQ� RWKHU� WR� FXUUHQW� 4&$� VWDQGDUG� SUDFWLFHV�� WKH� UHVHDUFKHU� VKRXOG�

ZRUGV�� WKH� VXP� RI� WKH� PLQLPXP� YDOXHV� RI� D� FRQGLWLRQ� DQG� RQO\� WHVW� WKH� QHFHVVDU\� FKDUDFWHU� RI� LQGLYLGXDO� FRQGLWLRQV�

DQ� RXWFRPH� DFURVV� DOO� WKH� FDVHV� GLYLGHG� E\� WKH� VXP� RI� WKH� RU� SDLUV� RI� FRQGLWLRQV� ZKHQ� VKH� KDV� VWURQJ� UHDVRQ� WR�

YDOXHV� RI� WKLV� RXWFRPH� DFURVV� DOO� WKH� FDVHV� �5DJLQ� ������ DVVXPH� WKDW� WKH\� DFW� DV� IXQFWLRQDOO\� HTXLYDOHQW� QHFHVVDU\�

��������� $VVXPLQJ� <�LV�WKH�RXWFRPH� DQG�;��LV�WKH�FRQGL�� FRQGLWLRQV� �6FKQHLGHU� DQG�:DJHPDQQ� ������ �������� 7KH�
WLRQ�� LW�FDQ� EH� ZULWWHQ� DV�� WRRO�NLW� LV� HPSW\� ZKHQ� VKH� IDFHV� VXFK� WKHRUHWLFDO� H[SHFWD�

WLRQ� IRU� HYHU\� FRQGLWLRQ�� 7KLV� W\SLFDOO\� KDSSHQV� ZKHQ�

1HFHVVDU\� FRQVLVWHQF\�  � e� �PLQ�;�� 7���e� �<�� PXOWLSOH� WKHRULHV� FHQWHUHG� RQ� QHFHVVDU\� UHODWLRQV� DUH� ZLOO�

LQJ� WR� EH� FRQIURQWHG�� ,Q� WKLV� FRQWH[W�� WKH� UHVHDUFKHU� PD\�
7KH� FORVHU� IURP� ��WKH� PHDVXUH� LW�LV�� WKH� PRUH� QHFHVVDU\� EH� ZLOOLQJ� WR� XQYHLO� FRQILJXUDWLRQV� RI� FRQGLWLRQV�� DQG� QRW�

FRQVLVWHQW�WKH�FRQGLWLRQ��$�QHFHVVDU\�FRQVLVWHQF\�RI������� MXVW�SDLUV�RI�FRQGLWLRQV��WKDW�IRUP�68,1� FRQGLWLRQV�� 7KH�
IRU� H[DPSOH�� ZRXOG� PHDQ� WKDW� WKH� QHFHVVDU\� UHODWLRQV� QH[W� VHFWLRQ� VKHGV� OLJKW� RQ� WKLV� FRQFHSW� DQG� GHVFULEHV�

EHWZHHQ� WKH�FRQGLWLRQ�RU�WKH�FRQILJXUDWLRQ�RI�FRQGLWLRQV� KRZ�WKH\�FDQ�EH�LGHQWLILHG�ZLWK�WKH�XVH�RI�WKH�V\VWHPDWLF�
LV� VXSSRUWHG� E\� WKH� WUXWK� WDEOH��� QHFHVVLW\� DVVHVVPHQW� LQWURGXFHG� LQ� WKLV� DUWLFOH� WKDW� VRPH�

5DJLQ
V� ERRN� IURP������ LQWURGXFHG� DQRWKHU� PHD�� KRZ�PLUURUV�WKH�PLQLPL]DWLRQ��
VXUH�� DOVR� YDOLG� IRU�ERWK� FV4&$� DQG� IV4&$�� FDOOHG�

�QHFHVVDU\� FRYHUDJH��� 7KLV� PHDVXUH� HYDOXDWHV� WKH�

HPSLULFDO� LPSRUWDQFH� RI� DOUHDG\� FRQVLVWHQW� QHFHVVDU\�

FRQGLWLRQV� RU�FRQILJXUDWLRQV� RI�FRQGLWLRQV�� ,W�UHIHUV�WR� ,GHQWLI\� 68,1� &RQGLWLRQV�

WKH�SURSRUWLRQ� RI�FDVHV� GLVFORVLQJ� ERWK� WKH�FRQGLWLRQ� $V�GHVFULEHG� DERYH�� WKH�PLQLPL]DWLRQ�SURGXFHV� WKH�PLQL�
DQG� WKH� RXWFRPH� DPRQJ� FDVHV� GLVFORVLQJ� WKH� FRQGLWLRQ�� PDO� IRUPXODᒫWKDW� LV�� WKH� PRVW� VLPSOH� FRQILJXUDWLRQ� RI�

,Q� PRUH� IRUPDO� WHUPV�� WKLV� PHDQV� WKDW� WKH� VXP� RI� WKH� VXIILFLHQW� FRQGLWLRQV� IRU� WKH� RXWFRPH�� 7KH� WHUP� �PRVW�

PLQLPXP� YDOXHV� RI� D� FRQGLWLRQ� DQG� DQ� RXWFRPH� DFURVV� VLPSOH�� LV� KHUH� XVHG� DV� D� V\QRQ\P� RI� �PRVW� SDUVLPRQL�
DOO� WKH�FDVHV� GLYLGHG� E\�WKH�VXP� RI�WKH�YDOXHV� RI�WKLV� RXV��� RU� LQ� RWKHU� ZRUGV�� ZLWK� WKH� IHZHVW� FRQGLWLRQV�
FRQGLWLRQ� DFURVV� DOO� WKH� FDVHV�� $VVXPLQJ� <� LV� WKH� LQYROYHG�� $FFRUGLQJ� WR�WKHVH�OLQHV��WKH�PLQLPDO�IRUPXOD�

0LUURULQJ� WKH� 0LQLPL]DWLRQ�
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5LKRX[�DQG�0DU[� ����

)LJXUH� ,�� $� VXIILFLHQW� VHW� EHIRUH� �;�� DQG� DIWHU� WKH� )LJXUH� ��� $� QHFHVVDU\� VHW� EHIRUH� �;�� DQG� DIWHU� WKH�

PLQLPL]DWLRQ� �;� ��� SURFHGXUH� FRQVLVWLQJ� LQ�V\VWHPDWL]LQJ� WKH� WHVW� IRU� QHFHVVDU\�
FRQGLWLRQV� �;� ���Y� PD[
�

SURYLGHV�WKH�PRVW�JHQHUDO�H[SODQDWLRQ� IRU�WKH�RXWFRPH� LQ� �LQVXIILFLHQW�EXW�QRQ�UHGXQGDQW�SDUWV�RI�D�FRQGLWLRQ�ZKLFK�
WHUPV�RI�VXIILFLHQF\��5DJLQ� ������ �������� LV�LWVHOI�XQQHFHVVDU\�EXW�VXIILFLHQW�IRU�WKH�RFFXUUHQFH�RI�WKH�

7KH� PLQLPL]DWLRQ� LV�EDVHG� RQ� VHW�WKHRUHWLF�ORJLF� DQG� HIIHFW��WKDW�DUH�W\SLFDOO\�SURGXFHG� E\�WKH�PLQLPL]DWLRQ��
%RROHDQ� DOJHEUD�� ,W� FRQVLVWV� LQ� GHULYLQJ� D� �ORQJ� %RROHDQ� 68,1� FRQGLWLRQV� DUH� FHQWUDO� WR� FKDUDFWHUL]H� UHDO�OLIH� FRUQ�

IRUPXOD��WKDW�HQWLUHO\�GHVFULEHV�WKH�WUXWK�WDEOH��DQG�WKHQ�WR� SOH[LW\��0DKRQH\�� .LPEDOO�� DQG�.RLYX� ������ ������ 7KH\�
VLPSOLI\�LW�XVLQJ�WKH�SULQFLSOHV�RI�IRUPDO�ORJLF�� 5RXJKO\� FRUUHVSRQG�WR�FRQGLWLRQV�WKDW�DUH�IXQFWLRQDOO\�HTXLYDOHQW�
SXW�� WKLV� DPRXQWV� WR� H[FOXGLQJ� FRQGLWLRQV� WKDW� KDYH� GLIIHU�� DQG� SOD\� WKH� VDPH� UROH� LQ� WKH� FDXVDO� FKDLQ� SURGXFLQJ� QHF�

HQW� YDOXHV� LQ� WZR� FDVHV� WKDW� DUH� H[DFWO\� VLPLODU� WR� HDFK� RWKHU� HVVDU\� FRQGLWLRQV� IRU� WKH� RXWFRPH�� )RU� H[DPSOH�� WKH� RUJD�

FRQFHPLQJ� WKH� RXWFRPH� DQG� WKH� RWKHU� FRQGLWLRQV�� 7KH� FRQ�� QL]DWLRQ� RI� HOHFWLRQV� IRU� VHOHFWLQJ� SXEOLF� RIILFLDOV� RQ� RQH�

GLWLRQ�LV�WKHQ�VDLG�WR�EH�LUUHOHYDQW�LQ�WKH�SHUVSHFWLYH�RI�ILQG�� KDQG�RU�WKH�JDWKHULQJ�RI�FLWL]HQV
� DVVHPEOLHV� WKDW�DUH�GHFL�

LQJ�VXIILFLHQW�FRQGLWLRQV�IRU�WKH�RXWFRPH�� :KHQ� DSSOLHG� VLYH�RQ�SXEOLF� DIIDLUV�RQ�WKH�RWKHU�DUH�ERWK�68,1� FRQGL�

V\VWHPDWLFDOO\��LW�SURGXFHV� WKH�PLQLPDO� IRUPXOD���5DJLQ� WLRQV� RI� GHPRFUDWLF� FROOHFWLYH� GHFLVLRQ�PDNLQJ�� ,Q�

������ ����� 7KLV� RSHUDWLRQ� FDQ� EH� H[SUHVVHG� JUDSKLFDOO\� VKHGGLQJ� OLJKW�RQ� KRZ� FRQGLWLRQV� FDQ� EH� FRPELQHG� WR�

XVLQJ�VHW�WKHRU\��$V�VXIILFLHQF\�LPSOLHV�WKDW�WKH�RXWFRPH�LV� IRUP��VRPHWLPHV� LQ�XQH[SHFWHG� ZD\V�� 68,1� FRQGLWLRQV��

SUHVHQW� LQ� HYHU\� FDVH� GLVFORVLQJ� WKH� FRQGLWLRQV�� WKH� VXIIL�� WKH� QHZ� RSHUDWLRQ� SUHVHQWHG� LQ� WKLV� DUWLFOH� JLYHV� D� XVHIXO�

FLHQW� FRQGLWLRQ� LV� D� VXEVHW� RI� WKH� RXWFRPH�� ,Q� WKLV� VHQVH�� WKH� DQVZHU� WR� WKH� UHVHDUFK� TXHVWLRQ� DGGUHVVLQJ� FRPSHWLQJ� WKH�

PLQLPL]DWLRQ� FRUUHVSRQGV� WR� WKH� HQODUJHPHQW� RI� WKH� VHW� UHS�� RUHWLFDO� H[SODQDWLRQV� FHQWHUHG� RQ� QHFHVVDU\� UHODWLRQV��

UHVHQWLQJ� WKH� LQLWLDO� ORQJ� IRUPXOD� WR� DQRWKHU� ELJJHU� VHW� WKDW� 7KH� UHPDLQLQJ� TXHVWLRQ� LV� KRZ� WR� SHUIRUP� WKH� V\VWHP�

LV� VWLOO� LQVLGH� WKH� VHW� RXWFRPH�� ,I� LW� JRHV� EH\RQG� WKLV� VHW�� LW� DWLF� QHFHVVLW\� DVVHVVPHQW�� 8QOLNH� WKH� PLQLPL]DWLRQ� WKDW�

LQGHHG�ORVHV�LWV�VXIILFLHQW�FKDUDFWHU��VHH�)LJXUH����� FRQVLVWV� LQ�VLPSOLI\LQJ�WKH�ORQJ�IRUPXOD��WKH�JRDO� KHUH�LV�
3UHVHQWHG� WKLV� ZD\�� WKH� SULQFLSOHV� RI� WKH� PLQLPL]DWLRQ� WR� ILQG� WKH� PRVW� UHVWULFWLYH� QHFHVVDU\� FRQILJXUDWLRQ� RI�

FDQ� EH� LQWXLWLYHO\� PLUURUHG� WR� WKH� DQDO\VLV� RI� QHFHVVDU\� FRQGLWLRQV�� 7KH� SULQFLSOH� RI� IRUPDO� ORJLF� FDQQRW� EH�

UHODWLRQV�� 1HFHVVDU\� FRQGLWLRQV� DUH� LQGHHG� VXSHUVHWV� RI� DSSOLHG� WKHQ�� 7KHUHIRUH�� WKH� RQO\� SRVVLELOLW\� WR� SHUIRUP�

WKH� RXWFRPH� �VHH� DERYH��� $Q� DOWHUQDWLYH� RSHUDWLRQ� FDQ� WKLV� RSHUDWLRQ� LV� WR� V\VWHPDWLFDOO\� DSSO\� WKH� WHVW� RI� QHFHV�

WKXV� FRQVLVW� LQ� WKH� UHGXFWLRQ� RI� WKH� LQLWLDO� VHW� FRUUHVSRQG�� VDU\� FRQGLWLRQV� GHVFULEHG� DERYH� WR� HYHU\� FRQILJXUDWLRQ� RI�

LQJ� WR� D� K\SRWKHWLFDO� ORQJ� IRUPXOD� RI� QHFHVVDU\� FRQGL�� FRQGLWLRQV�� 7KH� QH[W� VHFWLRQ� LV� GHGLFDWHG� WR� D� GHWDLOHG�

WLRQV� WR� DQRWKHU� VPDOOHU� VHW� WKDW� LV� VWLOO� RXWVLGH� WKH� VHW� GHVFULSWLRQ� RI� WKH� SURFHGXUH� WR� IROORZ��

RXWFRPH� �VHH� )LJXUH�����
7KLV�RSHUDWLRQ�LV�WKH��V\VWHPDWLF�QHFHVVLW\�DVVHVVPHQW���

,W�SURGXFHV� D�VROXWLRQ�WKDW�FRQVLVWV� LQ�WKH�PRVW�UHVWULFWLYH�
$� 6WHS�:LVH� 3URFHGXUH�

FRQILJXUDWLRQ� RI� QHFHVVDU\� FRQGLWLRQV�� ,Q� RWKHU� ZRUGV�� WKH\� 7R� SHUIRUP� WKH� V\VWHPDWLF� QHFHVVLW\� DVVHVVPHQW�� WKH� QHF�

IRUP� WKH� PLQLPDO� UHTXLUHPHQWV� WKDW� D� FDVH� PXVW� IXOILOO� WR� HVVDU\� FRQVLVWHQF\� DQG� FRYHUDJH� RI� HDFK� FRQILJXUDWLRQ� RI�

GLVFORVH� WKH� RXWFRPH��� ,Q� SDUWLFXODU�� WKHVH� UHTXLUHPHQWV� FRQGLWLRQV� PXVW� EH� FDOFXODWHG�� 'HSHQGLQJ� RQ� WKH� QXPEHU�

PD\�EH�FRPSRVHG� RI�VHYHUDO�FRQGLWLRQV�MRLQHG� E\�WKH�ORJL�� RI�FRQGLWLRQV� LQYROYHG�� WKLV�RSHUDWLRQ�PD\�EH� YHU\�IDV�

FDO� 25�� ZKLFK� DUH�68,1� FRQGLWLRQV��PHDQLQJ��VXIILFLHQW� WLGLRXV��:LWK�WZR�FRQGLWLRQV� �;� ���IRU�LQVWDQFH��WKH�WZR�

EXW� XQQHFHVVDU\� SDUW� RI� D� FRQILJXUDWLRQ� WKDW� LV� LQVXIILFLHQW� PHDVXUHV� QHHG� WR� EH� FDOFXODWHG� IRU� HLJKW� FRQILJXUDWLRQV�

EXW�QHFHVVDU\� IRU�WKH�RXWFRPH��� -XVW�DV� ,186� FRQGLWLRQV� �VHH� 7DEOH� ����7KLV� QXPEHU�LQFUHDVHV� GUDPDWLFDOO\� ZLWK�

)LJXUH� ,�� $� VXIILFLHQW� VHW� EHIRUH� �;�� DQG� DIWHU� WKH�

PLQLPL]DWLRQ� �;� ���Y� PLQ
�

)LJXUH� ��� $� QHFHVVDU\� VHW� EHIRUH� �;�� DQG� DIWHU� WKH�

SURFHGXUH� FRQVLVWLQJ� LQ�V\VWHPDWL]LQJ� WKH� WHVW� IRU� QHFHVVDU\�
FRQGLWLRQV� �;� ���
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���� 3ROLWLFDO�5HVHDUFK�4XDUWHUO\���������

7DEOH� ��� /LVW� RI�&RQILJXUDWLRQV� RI�&RQGLWLRQV� ZLWK� 7ZR� 7DEOH� ��� +\SRWKHWLFDO� )X]]\� 7DEOH��

&RQGLWLRQV��
2XWFRPH�

;�� ;=� ;��

;_�;�� a;��;�� ;_�a;�� a;_�a;�� �� �� �� ��

;�� ;�� a;�� a;M�
��

��

��

�� ����� ��

�� �� �����
�� ����� ��

WKH� QXPEHU� RI� FRQGLWLRQV�� )RUPDOO\� VSHDNLQJ�� DVVXPLQJ� D�

QXPEHU� RI� FRQGLWLRQV� N�� WKH� WRWDO� QXPEHU� RI� FRQILJXUD�

WLRQV� IROORZV� WKH� HTXDWLRQ���

��

��

��

��

���� �� ��

�� ����� ��

�� �� �����

���� �� ��

���� �O����� ����

)RUWXQDWHO\�� YDULRXV� 4&$� VRIWZDUH� SDFNDJHV� FDQ� KHOS� QHFHVVDU\� FRQVLVWHQF\� RI� ��� ,W� LV� ZRUWK� QRWLQJ�

LQ� WKLV� WDVN� DV� WKH\� SURYLGH� VRPH� VRUW� RI� DXWRPDWHG� FRP�� WKDW� WKHUH� LV� QR� QHHG� WR� MRLQ� DQRWKHU� FRQGLWLRQ�

SXWDWLRQ� RI� QHFHVVDU\� FRQVLVWHQF\� DQG� FRYHUDJHᒫQDPHO\�� WR� DOUHDG\� FRQVLVWHQW� QHFHVVDU\� FRQGLWLRQ� VXFK�

WKH�4&$� SDFNDJH� LQ�5� �'XVD� DQG�7KLHP� ������� .LUT67� DV� ;�� DV� LW�ZRXOG� VLPSO\�HQODUJH� D� VHW��ZKLFK�

�5HLFKHUW� DQG� 5XELQVRQ� ������� DQG� WR� VRPH� H[WHQW� )6�� LV� DOUHDG\� ODUJH� HQRXJK� WR� EH� D� VXEVHW� RI� WKH�

4&$� �5DJLQ� DQG� 'DYH\� �������� 7KH� SUHVHQW� VWHSZLVH� RXWFRPH��

SURFHGXUH� GHVFULEHV�� LQ�D�ZD\�ZH� KRSH� WR�EH�GLGDFWLFDO�� ��� 7KH� QHFHVVDU\� FRQVLVWHQW� LQGLYLGXDO� FRQGLWLRQ�
KRZ� WR� SURFHHG� ZLWK� WKHVH� FDOFXODWLRQV�� $VVXPLQJ� WKUHH� DQG� FRQILJXUDWLRQV� RI� FRQGLWLRQVᒫWKDW� LV�� ;_�
FRQGLWLRQV�� ;���

DQG�
;���

IRU� ZKLFK� WKH� SUHVHQFH� LV� WKH�� DQG� ;A� ��
;�ᒫIRUP�

WKH� PRVW� UHVWULFWLYH� QHFHV�

RUHWLFDOO\� OLQNHG� WR� WKH� SUHVHQFH� RI� WKH� RXWFRPH�� DQG� WKH� VDU\� FRQILJXUDWLRQV� RI� FRQGLWLRQV�� $V� PHQWLRQHG�

K\SRWKHWLFDO� IX]]\� WDEOH� SUHVHQWHG� LQ� 7DEOH� ��� WKH� VWHSV� DERYH�� WKH\� FRXOG� EH� LQWHUSUHWHG� DV� WKH� YDUL�

DUH�WKH�IROORZLQJ�� RXV� FULWHULD�DQ\�FDVH� VKRXOG� IXOILOO�WR�GLVFORVH�
WKH� RXWFRPH�� 7KH\� WKXV� JLYH� D� XVHIXO� DQVZHU�

��� 7KH� QHFHVVDU\� FRQVLVWHQF\� RI� WKH� OHDVW� UHVWULF�� IRU� UHVHDUFKHV� FRQIURQWLQJ� PXOWLSOH� WKHRULHV�

WLYH� VHW� QHHGV� WR� EH� FDOFXODWHG�� 7KLV� SUHWHVW� FHQWHUHG� RQ� QHFHVVDU\� UHODWLRQV�� DV� WKH\� LGHQ�

HVWDEOLVKHV� ZKHWKHU�DW�OHDVW� RQH� FRQILJXUDWLRQ� WLI\�ERWK� WKH� FRQGLWLRQV� WKDW�DUH� LQGLYLGXDOO\�
RI� FRQGLWLRQV� WKDW� LV� QHFHVVDU\� IRU� WKH� RXWFRPH� QHFHVVDU\� IRU� WKH� RXWFRPH�� DQG� WKRVH� WKDW� DUH�

LV�SUHVHQW��%HFDXVH� DQ\�QHFHVVDU\� FRQGLWLRQ� LV� 68,1� FRQGLWLRQV�� ,W�VKRXOG�EH�QRWHG�WKDW�LI�WKHUH�
DOVR� D� VXSHUVHW� RI� WKH� RXWFRPH� �VHH� DERYH��� ZHUH� PRUH� WKDQ� WKUHH� FRQGLWLRQV�� WKH� SURFHGXUH�
LI�WKH�OHDVW� UHVWULFWLYH�VHW�LV�QRW�QHFHVVDU\�� QR� VKRXOG� EH� FRQWLQXHG� LQ�MRLQLQJ� D� WKLUG�FRQGL�
RWKHU� VHW� ZRXOG� HYHU� EH� QHFHVVDU\�� 7KLV� VHW� LV� WLRQ� WR� WKH� FRQILJXUDWLRQV� RI� WZR� FRQGLWLRQV� WKDW�

WKH� FRQILJXUDWLRQ� RI� DOO� WKH� FRQGLWLRQV� MRLQHG� ZHUH� QRW� VKRZQ� WR� EH� QHFHVVDU\� DW� WKH� SUHFHGLQJ�

E\� WKH� ORJLFDO� 25�� ,Q� RXU� H[DPSOH�� WKLV� ZRXOG� VWHS�� DQG� VR� RQ��

EH�
;I�

�� ;A� ��
;��� $FFRUGLQJ� WR� WKH� WUXWK� WDEOH� ��� +RZHYHU�� WKH� QHFHVVDU\� FRYHUDJH� RI� WKHVH� FUL�

SUHVHQWHG� DERYH�� LWV� QHFHVVDU\� FRQVLVWHQF\� LV� WHULD� QHHGV� WR� EH� FDOFXODWHG� WR� PDNH� VXUH� QRQH�

RI� ��� ,W� LV� WKXV� ZRUWK� FRQWLQXLQJ� ZLWK� RWKHU� RI� WKHP� LV� WULYLDO�� 7KHUH� LV� QR� QHHG� WR� FDOFXODWH�

VWHSV�� WKH� QHFHVVDU\� FRYHUDJH� IRU� RWKHU� FRQILJXUDWLRQV��
��� 7KH� VHFRQG� VWHS� FRQVLVWV� LQ�FDOFXODWLQJ� WKH� QHFHV�� DV� WKH� PHDVXUH� RQO\� PDNHV� VHQVH� IRU� QHFHVVDU\�

VDU\� FRQVLVWHQF\� RI� HDFK� LQGLYLGXDO� FRQGLWLRQᒫ� FRQVLVWHQW� FRQILJXUDWLRQV�� ,Q� RXU� H[DPSOH�� WKH�

WKDW� LV�� ;��� ;��� DQG�
;�ᒫVHSDUDWHO\��

,Q� RXU� QHFHVVDU\� FRYHUDJH� LV� RI� ���� IRU�
;��

DQG� RI� �����

H[DPSOH� WKH�QHFHVVDU\� FRQVLVWHQF\� LV�D�KLJK�IRU� IRU�;����;���ZKLFK�LQGLFDWHV� WKDW�WKH\�DUH�ERWK�

;M� ������� DQG� ORZ�IRU�WKH�RWKHU�FRQGLWLRQV� ����� UHOHYDQW��
DQG������� UHVSHFWLYHO\���

��� 7KH�WKLUG�VWHS�FRQVLVWV� LQ�FDOFXODWLQJ� WKH�QHFHV�� 7R� VKRZ� WKH�DGGHG� YDOXH� RI�WKH�V\VWHPDWLF�QHFHVVLW\�
VDU\�FRQVLVWHQF\� RI�SDLUV�RI�FRQGLWLRQV��MRLQHG� DVVHVVPHQW� DV�D�VWUDWHJ\�IRU�FRQIURQWLQJ�PXOWLSOH�WKHRULHV�

E\�WKH� ORJLFDO� 25�� DW� WKH�H[FHSWLRQ� RI� WKRVH� FHQWHUHG�RQ�QHFHVVDU\� UHODWLRQV�LQ�4&$�� WKH�QH[W�VHFWLRQ�
WKDW�LQFOXGH� DQ� LQGLYLGXDO� FRQGLWLRQ� WKDW�ZDV� UHSOLFDWHV� D�SXEOLVKHG� VWXG\�WKDW�RULJLQDOO\�XVHG� UHJXODU�
VKRZQ� WR� EH� QHFHVVDU\� DW� WKH� SUHFHGLQJ� VWHS�� ,Q� 4&$
V� SUDFWLFHV� WR� DFKLHYH� WKLV� JRDO� DQG� FRPSDUH� LWV�

RXU� H[DPSOH�� WKHVH� DUH�
;��

��
;���

ZKLFK� VKRZV� D� UHVXOWV� ZLWK� WKRVH� REWDLQHG� WKURXJK� WKLV� RSHUDWLRQ��

7DEOH� ,�� /LVW� RI�&RQILJXUDWLRQV� RI�&RQGLWLRQV� ZLWK� 7ZR�

&RQGLWLRQV��

;_�;�� a;��;�� ;��a;�� a;_�a;��

;� ;� a[� a[�
�� �� �� ��

7DEOH� ��� +\SRWKHWLFDO� )X]]\� 7DEOH��

2XWFRPH�
;�� [�� ;��

�� ��

�� ��

��

�����

��

��

�� �� �� �����
�� �� ����� ��

�� ���� �� ��

�� �� ����� ��

�� �� �� �����
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5LKRX[� DQG� 0DU[� ����

7DEOH� ��� %RFKVOHU
V� 3DUVLPRQRXV� 0LQLPDO� )RUPXOD�� 7DEOH� ��� 7KH� 5HVXOWV� 2EWDLQHG� WKURXJK� WKH� 6\VWHPDWL]DWLRQ�
RI�WKH� 7HVW� RI� 1HFHVVDU\� &RQGLWLRQV��3DWKV� 5DZ� FRYHUDJH� 8QLTXH� FRYHUDJH�

6SHFLDO� ����� �����

/HJDO� [�$YHUDJH� ���� �����
&RQFHQWUDWLRQ� [� /HJDO� [� ����� �����
1DWLRQDO�

&RQFHQWUDWLRQ� [� 1R� ����� �����
EDQ� [� 0DMRULWDULDQ�

6ROXWLRQ� FRYHUDJH� ��

6ROXWLRQ� FRQVLVWHQF\� �����

1HFHVVDU\� 1HFHVVDU\�
6HWV� FRQVLVWHQF\� FRYHUDJH�

1R� EDQ� �� ����

&RQFHQWUDWLRQ� �� OHJDO� ����� �����
&RQFHQWUDWLRQ� �� DYHUDJH� ����� �����

&RQFHQWUDWLRQ� �� QDWLRQDO� �� �����

)UHTXHQF\� WKUHVKROG�� ,��&RQVLVWHQF\� WKUHVKROG�  � ����� � ��� XS�WR�
WKH� ��� FDVHV� WKDW�VKRZ� WKH� SUHVHQFH� RI�WKH� RXWFRPH��� RQO\�WKH�

)UHTXHQF\� WKUHVKROG�  � ,�� FRQVLVWHQF\� WKUHVKROG�  � ����� FRQILJXUDWLRQV� RI�FRQGLWLRQV� WKDW�SDVV� WKH� FRQVLVWHQF\� WKUHVKROG� DUH�
GLVFORVHG��

5HSOLFDWLQJ� D� 3XEOLVKHG� (DFK� RI�WKHP�FRQVLVWV� RI�D�FRQILJXUDWLRQ�RI�RQH� WR�WKUHH�

4&$� $SSOLFDWLRQ�
FRQGLWLRQV��7KH�DXWKRU�LQWHUSUHWV�WKH�UHVXOWV�LQ�VWDWLQJ�WKDW�
�WKH�K\SRWKHVL]HG� HIIHFW�RI�>WKH�FRQGLWLRQ@� FRQFHQWUDWLRQ�

,Q� D� UHFHQWO\� SXEOLVKHG� VWXG\�� FV4&$� KDV� EHHQ� XVHG� LV� SDUWLFXODUO\� UHOHYDQW� IRU� WKH� H[SODQDWLRQ� RI� WKH� RXW�

WR� H[DPLQH� WKH� VXFFHVV� RI� HWKQLF� PLQRULW\�SDUWLHV� LQ� FRPHV�� �%RFKVOHU� ������������� $FFRUGLQJ� WR�WKH�DXWKRU��
SRVWFRPPXQLVW� FRXQWULHV� �%RFKVOHU� ������� ,W� ZDV� WKLV�VKRXOG�EH�FRPELQHG� ZLWK�D�FULWLFDO�PDVV�RI�SRWHQWLDO�
K\SRWKHVL]HG� WKDW� IRXU� LQVWLWXWLRQDO� EDUULHUV� FRXOG� SUHYHQW� YRWHUV� WR� SDVV� VRPH� VRUW� RI� WKUHVKROGV� RI� UHSUHVHQWDWLRQ��

WKH� SDUWLVDQ� UHSUHVHQWDWLRQ� RI� HWKQLF� PLQRULWLHV� LQ� QDWLRQDO� +RZHYHU�� ZKHQ� ORRNLQJ� DW� WKH� SDUVLPRQLRXV� PLQLPDO� IRU�

SRVWFRPPXQLVW� SDUOLDPHQWV�� �D�� WKH� SUHVHQFH� RI� FULWLFDO� PXOD�� LW� DSSHDUV� WKDW� PDQ\� RWKHU� FRQGLWLRQV� LQWHUYHQH��

PDVV� RI� YRWHUV� WR� SDVV� VHYHUDO� WKUHVKROGV�� OHJDO�� HIIHFWLYH� VRPHWLPHV� LQ� D� ZD\� FRQWUDGLFWLQJ� WKH� DXWKRU
V� WKHRUHWLFDO�

�EHLQJ� DW�WKH�QDWLRQDO�RU�DW�WKH�GLVWULFW�OHYHO��� DQG�QDWXUDO� H[SHFWDWLRQV��
UHVXOWLQJ� IURP� WKH� H[LVWHQFH� RI� D� PDMRULWDULDQ� IRUPXOD�� 7KH� UHVXOWV� REWDLQHG� WKURXJK� WKH� DSSOLFDWLRQ� RI� WKH�

�E�� WKH� GHJUHH� RI� JHRJUDSKLFDO� FRQFHQWUDWLRQ� RI� HWKQLF� V\VWHPDWLF� QHFHVVLW\� DVVHVVPHQW� WR� WKH� VDPH� GDWD���� DQG�

PLQRULWLHV���F�� WKH�DEVHQFH� RI�D� OHJDO� EDQ� RI�WKH�SDUWLHV� UHSRUWHG�LQ�7DEOH� ���DUH�UDWKHU�GLIIHUHQW��7KH\�VKRZ�IRXU�

GHIHQGLQJ�PLQRULWLHV
� LQWHUHVWV��DQG� �G�� WKH�DEVHQFH� RI� UHTXLUHPHQWV�DQ\�FDVH� VKRXOG� IXOILOO�WR�GLVFORVH� WKH�RXW�
UHVHUYHG�VHDWV�LQ�SDUOLDPHQW�IRU�WKRVH�PLQRULWLHV��%RFKVOHU� FRPH�� )LUVW��WKH�LQGLYLGXDO� FRQGLWLRQ�RI�QRW�EHLQJ�EDQQHG�

������ ������ 1HFHVVDU\� UHODWLRQV� EHWZHHQ� WKHVH� IRXU� FRQ�� IURP� WKH� HOHFWRUDO� FRPSHWLWLRQ� LV� QHFHVVDU\� IRU� D� SDUW\�

GLWLRQV� DQG� WKH� RXWFRPH� ZHUH� WKXV� H[SHFWHG� VXFK� DV� �QRW� UHSUHVHQWLQJ� HWKQLF� PLQRULWLHV� WR� EH� HOHFWHG�� :LWK� D�

EHLQJ� EDQQHG�� RU� �EHLQJ� FRQFHQWUDWHG� DQG� KDYLQJ� HQRXJK� QHFHVVDU\� FRYHUDJH� RI� ����� WKLV� FRQGLWLRQ� LV� QRW� RI� JUHDW�

YRWHUV� WR� SDVV� WKH� QDWLRQDO� HIIHFWLYH� WKUHVKROG�� DUH� QHFHV�� HPSLULFDO� UHOHYDQFH� WKRXJK�� ,W� LQGHHG� RQO\� FRQFHUQV�

VDU\�FRQGLWLRQV�IRU�WKH�HOHFWLRQ� RI�SDUWLHV�GHIHQGLQJ�HWK�� ��PLQRULW\�SDUWLHV��LQ�%XOJDULD� DQG�$OEDQLD�� RXW�RI�����LQ�
QLF�PLQRULWLHV��%RFKVOHU� ������ �������� 2QH� FDQ� VD\�WKDW� WRWDO��6HFRQG�� DQRWKHU�QHFHVVDU\� FRQGLWLRQ� LV�IRUPHG�E\�
WKH� JRDO� ZDV� WKHUHIRUH� WR� FRQIURQW� PXOWLSOH� WKHRULHV� FHQ�� WKH� XQLRQ� RI� WKH� JHRJUDSKLFDO� FRQFHQWUDWLRQ� RI� WKH� HWKQLF�

WHUHG� RQ� QHFHVVDU\� UHODWLRQV�� PLQRULWLHV� DQG� WKH� SUHVHQFH� RI� D� FULWLFDO� PDVV� RI� YRWHUV� WR�

7R� GR� VR�� WKH� DXWKRU� XVHG� D� UHJXODU� PLQLPL]DWLRQ� ZLWK� SDVV� WKH� OHJDO� WKUHVKROG�� 2QH� RI� WKHVH� WZR� FRQGLWLRQV�

D� YHU\� ORZ� FRQVLVWHQF\� WKUHVKROGᒫWKDW� LV�� ����ᒫDUJXLQJ� PXVW� EH� SUHVHQW� IRU� D� FDVH� WR� GLVFORVH� WKH� RXWFRPH�� ,Q�

WKDW� �FRQWUDGLFWLQJ� FRQILJXUDWLRQV� FDQ� EH� WUHDWHG� MRLQWO\� RWKHU� ZRUGV�� WKH\� FRQVWLWXWH� 68,1� FRQGLWLRQV�� 7KLUG�� VLP�

ZLWK� WKH� FRQILJXUDWLRQV� ZLWK� SRVLWLYH� RXWFRPHV� >DV� HYHQ� LODU� DJJUHJDWHG� QHFHVVDU\� FRQGLWLRQV� DUH� IRUPHG� E\� WKH�

LI@� WKH� QHFHVVDU\� FRQGLWLRQV� IRU� WKH� VXFFHVV� RI� DQ� HWKQLF� XQLRQ� RI� WKH� JHRJUDSKLFDO� FRQFHQWUDWLRQ� RI� WKH� HWKQLF�

PLQRULW\� SDUW\� DUH� IXOILOOHG����� WKLV� GRHV� QRW� DOZD\V� PHDQ� PLQRULW\� DQG� WKH� SUHVHQFH� RI� D� FULWLFDO� PDVV� RI� YRWHUV� WR�

WKDW�VXFK�D�SDUW\�ZLOO�EH�FUHDWHG�� �%RFKVOHU� ������ ������ SDVV� WKH�HIIHFWLYH�WKUHVKROG�DW�WKH�QDWLRQDO� OHYHO��RU��DQG�

$OWKRXJK�FRUUHFW��WKLV�VWUDWHJ\�LV�VXERSWLPDO�� $V�SRLQWHG� WKDW�IRUPV�D�IRXUWK�UHTXLUHPHQW��DW�WKH�GLVWULFW�OHYHO�� 7KH�

DERYH�� WKH�PLQLPL]DWLRQ� LV�LQGHHG�PDGH� IRU�XQYHLOLQJ�WKH� ODVW�WKUHH�QHFHVVDU\� FRQGLWLRQV� DOVR� GLVFORVH� D�UDWKHU�ORZ�

PRVW�UHOHYDQW�FRQILJXUDWLRQ�RI�VXIILFLHQW�FRQGLWLRQV� IRU� QHFHVVDU\� FRYHUDJH�� UDQJLQJ�IURP������ WR�������ZKLFK�LQ�

WKH� RXWFRPH�� WXUQ� UHVXOW� IURP� WKH� ODFN� RI� YDULDWLRQ� RI� WKH� GLIIHUHQW� FRQ�

7DEOH� �� UHSRUWV�WKH�REWDLQHG� SDUVLPRQLRXV� PLQLPDO� GLWLRQV�LQYROYHG��

IRUPXOD�� ,W� VKRZV� WKH� H[LVWHQFH� RI� IRXU� SDWKV� OHDGLQJ� WR� ,QWHUHVWLQJO\�� WKH� UHVXOWV� REWDLQHG� WKURXJK� WKH� V\VWHPDWLF�

WKH�HOHFWLRQ�RI�SDUWLHV�GHIHQGLQJ�HWKQLF�PLQRULWLHV
�LQWHUHVWV�� QHFHVVLW\� DVVHVVPHQW� UHIOHFW�PRUH�FOHDUO\�WKH�FRQFOXVLRQ�

7DEOH� ��� %RFKVOHU
V� 3DUVLPRQRXV� 0LQLPDO� )RUPXOD��

3DWKV� 5DZ� FRYHUDJH� 8QLTXH� FRYHUDJH�

6SHFLDO� ����� �����

/HJDO� [�$YHUDJH� ���� �����

&RQFHQWUDWLRQ� [� /HJDO� [� ����� �����

1DWLRQDO�

&RQFHQWUDWLRQ� [� 1R� ����� �����

EDQ� [� 0DMRULWDULDQ�

6ROXWLRQ� FRYHUDJH� ,�

6ROXWLRQ� FRQVLVWHQF\� �����

7DEOH� ��� 7KH� 5HVXOWV� 2EWDLQHG� WKURXJK� WKH� 6\VWHPDWL]DWLRQ�
RI�WKH� 7HVW� RI� 1HFHVVDU\� &RQGLWLRQV��

1HFHVVDU\� 1HFHVVDU\�
6HWV� FRQVLVWHQF\� FRYHUDJH�

1R� EDQ� �� ����

&RQFHQWUDWLRQ� �� OHJDO� ����� �����
&RQFHQWUDWLRQ� �� DYHUDJH� ����� �����

&RQFHQWUDWLRQ� �� QDWLRQDO� �� �����
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���� 3ROLWLFDO�5HVHDUFK�4XDUWHUO\����,��

RI� WKH� WKHRUHWLFDO� DUJXPHQWV� PDGH� E\� WKH� DXWKRU� RI� WKH�

RULJLQDO�DUWLFOH��,Q�SDUWLFXODU��WKH�UROH�SOD\HG� E\�WKH�JHR�
JUDSKLFDO� FRQFHQWUDWLRQ� RI� WKH� HWKQLF� PLQRULW\� WKDW� DFWV� DV�

D� IXQFWLRQDO� HTXLYDOHQW� WR� WKH� SUHVHQFH� RI� D� FULWLFDO� PDVV�

RI�YRWHUV�WR�SDVV� DOO�NLQG�RI�OHJDO� DQG�HIIHFWLYH�WKUHVKROGV�
WKDW�ZDV� HPSKDVL]HG� LQ� WKH� RULJLQDO� DUWLFOH� �%RFKVOHU�
������ ����� LV�FOHDUO\�KLJKOLJKWHG�LQ�7DEOH� ���

&RQFOXVLRQ�

'HVSLWH� UHFHQW� DGYDQFHPHQWV� LQ� WKH� DQDO\VLV� RI� QHFHVVDU\�

FRQGLWLRQV�LQ�4&$�� QR�RSHUDWLRQ�KDV�VR�IDU�EHHQ�GHYHORSHG�
WR� SURSHUO\� FRQIURQW� PXOWLSOH� WKHRULHV� EDVHG� RQ� QHFHVVDU\�

UHODWLRQV��7KH� DUWLFOH�DLPHG� WR�ILOO�WKLV�JDS� LQ�SUHVHQWLQJ�
D� QHZ� RSHUDWLRQ� ODEHOHG� DV� WKH� �V\VWHPDWLF� QHFHVVLW\�

DVVHVVPHQW��� ZKLFK�RIIHUV�WKH�SRVVLELOLW\�WR�LGHQWLW\�KRZ�
FRQGLWLRQV� FDQ� EH� FRPELQHG�� VRPHWLPHV� LQ� XQH[SHFWHG�

ZD\V�� WR� IRUP� 68,1� FRQGLWLRQV� WKDW� FRQVWLWXWH� XVHIXO�

DQVZHUV� IRU� UHVHDUFKHUV� DGGUHVVLQJ� WKLV� W\SH� RI� UHVHDUFK�

TXHVWLRQ��

:H� EHOLHYH� WKH� V\VWHPDWLF� QHFHVVLW\� DVVHVVPHQW� FRXOG�

EH� YDOXDEOH� LQ� RWKHU� FRQWH[WV�� )RU� H[DPSOH�� LW�ZRXOG� PDNH�

VHQVH� WR� XVH� LQ� FRPELQDWLRQ� ZLWK� WKH� UHJXODU� PLQLPL]D�

WLRQ�WR�VRPHKRZ� WDFNOH�WKH�SUREOHP� RI�OLPLWHG�GLYHUVLW\�
LQKHUHQW� WR� 4&$�� 7KH� V\VWHPDWLF� QHFHVVLW\� DVVHVVPHQW�

FRXOG� VHUYH� WR� UHGXFH� WKH� QXPEHU� RI� SRWHQWLDO� ORJLFDO�

UHPDLQGHUV� WR�EH� LQFOXGHG� LQ�WKH�PLQLPL]DWLRQ�� DV� VXJ�
JHVWHG� LQ�WKH��HQKDQFHG� VWDQGDUG� DQDO\VLV�� �6FKQHLGHU�
DQG�:DJHPDQQ� ������ ���������� $OWHUQDWLYHO\��DFFRUG�

LQJ� WR� XV�� WKLV� QHZ� RSHUDWLRQ� FRXOG� DOVR� EH� XVHG� WR� DQDO\]H�

GDWD� VHWV� WKDW� FRQWDLQ� WZR� JURXSV� RI� FRQGLWLRQV�� RQH� WKDW� LV�

H[SHFWHG� WR� EH� QHFHVVDU\� IRU� WKH� RXWFRPH�� DQG� WKH� RWKHU�

WKDW� LV� H[SHFWHG� WR� EH� VXIILFLHQW�� ,Q� WKRVH� VLWXDWLRQV�� D� V\V�

WHPDWLF� QHFHVVLW\� DQDO\VLV� FRXOG� EH� RSHUDWHG� ZLWK� WKH� ILUVW�

JURXS��ZKLOH� D�PLQLPL]DWLRQ� FRXOG� EH� RSHUDWHG�ZLWK�WKH�

VHFRQG�� DQG� WKH� WZR� UHVXOWV� LQWHUSUHWHG� MRLQWO\�� *LYHQ�

WKHVH� GLYHUVH� SRWHQWLDO� DSSOLFDWLRQV�� WKH� QHZ� RSHUDWLRQ�

SUHVHQWHG� LQ� WKLV� DUWLFOH� RIIHUV� JUHDW� SRWHQWLDO� IRU� WKH�

GHYHORSPHQW�DGYDQFHPHQW� RI� 4&$� DV� D� WRRO� IRU� VRFLDO�

LQTXLU\�� ,W�JRHV� ZLWKRXW� VD\LQJ� WKRXJK� WKDW�LW�KDV� WR�
EH� WHVWHG� LQ� GLIIHUHQW�VWXGLHV� WR� FRQILUP� LWV�SUDFWLFDO�
UHOHYDQFH��

1RWHV�

��� 7KH� V\VWHPDWLF� QHFHVVLW\� DVVHVVPHQW� SUHVHQWHG� LQ� WKLV�

DUWLFOH� KROGV� IRU�ERWK� FULVS�VHW� 4&$� �FV4&$�� DQG� IX]]\�

VHW� 4&$� �IV4&$��� ,W� LV� KRZHYHU� QRW� GLUHFWO\� DSSOLFDEOH�

WR� PXOWLYDOXH� 4&$� �PY4&$�� DV� WKLV� ODVW� VXEWHFKQLTXH�

LV� QRW� IXOO\� EDVHG� RQ� VHW�WKHRUHWLF� ORJLF� �9LQN� DQG� 9DQ�

9OLHW��������
��� ,Q� KLV� ERRN�� 5DJLQ� ������� WDONHG� DERXW� �FRQVLVWHQF\��

UHIHUULQJ� WR� ERWK� VXIILFLHQF\� DQG� QHFHVVDU\� FRQVLVWHQFLHV��

,Q� WKH� SUHVHQW� DUWLFOH�� ZH� VHSDUDWH� WKH� WZR� IRU� WKH� VDNH� RI�

FODULW\�� 7KH� VDPH� UHPDUN� DSSOLHV� WR� VXIILFLHQF\� DQG� QHFHV�

VDU\� FRYHUDJHV� �VHH� EHORZ���

��� 6WDWLQJ� D� EHQFKPDUN� YDOXH� IRU� QHFHVVDU\� FRQVLVWHQF\� DQG�

FRYHUDJH� �VHH� EHORZ��� ZKLFK� ZRXOG� DOZD\V� EH� UHFRP�

PHQGHG�� LV�KD]DUGRXV� DV� PDQ\� GLIIHUHQW� IDFWRUV� VXFK� DV� WKH�

QXPEHU� RI� FDVHV� RU� WKH� TXDOLW\� RI� WKH� FDOLEUDWLRQ� VKRXOG� EH�

FRQVLGHUHG� �5DJLQ� ������ �������

��� ,W� LV� ZRUWK� PHQWLRQLQJ� WKDW� 5DJLQ
V� LQGLFDWRU� GRHV� QRW�

FDSWXUH� WKH� WULYLDOQHVV� RI�QHFHVVDU\� FRQGLWLRQV� LQ� DOO� VLWX�

DWLRQV�� 7KLV� LVVXH� IDOOV� EH\RQG� WKH� VFRSH� RI� WKLV� DUWLFOH�

WKRXJK�� �)RU� D� IXUWKHU� GLVFXVVLRQ�� VHH� 6FKQHLGHU� DQG�

:DJHPDQQ� ������ ��������

��� 7KLV� LGHD� DOUHDG\� DSSHDUHG� LQ� IRUPHU� FRQWULEXWLRQV� RI� WKH�

VDPH� DXWKRU� �5DJLQ� ������ ������ D� VWURQJ� FDVH� IRU� WKH� H[�

DQWH� WHVW� IRU� QHFHVVDU\� FRQGLWLRQV� ZDV� RQO\� PDGH� LQ� KLV�

����� ERRN��

��� $FFRUGLQJ� WR� 4&$� FXUUHQW� SUDFWLFHV�� WKH� PLQLPL]DWLRQ�

VRPHWLPHV� GHPDQGV� WR� PDNH� DVVXPSWLRQV� RQ� ORJLFDO�

UHPDLQGHUV�� 'HSHQGLQJ� RQ� WKH� QXPEHU� DQG� RQ� WKH� W\SH� RI�

ORJLFDO� UHPDLQGHUV� LQFOXGHG�� GLIIHUHQW� PLQLPDO� IRUPXODV�

DUH� REWDLQHG� �VHH� 6FKQHLGHU� DQG� :DJHPDQQ� �������

$OWKRXJK� VLPLODU� FRQFHUQV� DUH� DOVR� DSSOLFDEOH� WR� WKH� QHZ�

RSHUDWLRQ� SUHVHQWHG� KHUH�� WKLV� IDOOV� EH\RQG� WKH� VFRSH� RI�WKH�

SUHVHQW� DUWLFOH�� :H� WKHUHIRUH� DVVXPH� WKDW� HLWKHU� OLPLWHG�

GLYHUVLW\� LV� LQH[LVWHQW� RU� WKDW� DVVXPSWLRQV� DUH� PDGH� RQ� DOO�

SRVVLEOH� ORJLFDO� UHPDLQGHUV�� ,Q� WKLV� VHQVH�� WKH� UHVXOWV�

REWDLQHG� WKURXJK� WKLV� QHZ� RSHUDWLRQ� FRUUHVSRQG� WR� WKH�

SDUVLPRQLRXV� PLQLPDO� IRUPXOD��

��� 8QOLNH� WKH� RSHUDWLRQ� SURSRVHG� E\� 5RKOILQJ� DQG� 6FKQHLGHU�

>WKLV� LVVXH@� WKDW� DOORZV� WR� DFKLHYH� D� VLPLODU� JRDO�� WKH� V\V�

WHPDWLF� QHFHVVLW\� DVVHVVPHQW� GRHV� QRW� DVVXPH� PRUH� FDVH�

NQRZOHGJH� WKDQ� D� UHJXODU� 4&$��

��� :KHQ� WKH� FRQGLWLRQV� DUH� FDUHIXOO\� VHOHFWHG�� LW�LV� SRLQWOHVV�

WR� FRPSXWH� WKH� QHFHVVDU\� FRQVLVWHQF\� RI� WKH� FRQILJXUD�

WLRQV� RI� FRQGLWLRQV� WKDW� DUH� MRLQHG� ZLWK� WKH� ORJLFDO� $1'��

EHFDXVH� LW�ZLOO� MXVW� KDYH� WKH� HIIHFW� RI� ORZHULQJ� GRZQ� WKLV�

YDOXH��

��� )RU� GLGDFWLFDO� SXUSRVHV�� D� UHDG\�WR�UXQ� ([FHO� VKHHW� WR�

SHUIRUP� WKLV� VWHSZLVH� SURFHGXUH� LV� GRZQORDGDEOH� IURP� WKH�

FRUUHVSRQGLQJ� DXWKRU
V� ZHEVLWH� �ZZZ�GDPLHQERO�HX���

:KHQ� WKH� XVHU� ILOOV� WKH� FROXPQV� RI� WKH� IX]]\� WDEOH�� WKH�

QHFHVVDU\� FRQVLVWHQF\� DQG� FRYHUDJH� RI� DOO� WKH� FRQILJX�

UDWLRQV� RI� XS� WR� WKUHH� FRQGLWLRQV� DUH� DXWRPDWLFDOO\�

FRPSXWHG��

���� ,W� VKRXOG� EH� QRWHG� WKDW� FRPSDUHG� ZLWK� WKH� RULJLQDO� DQDO\�

VLV�� WKH� FRQGLWLRQ� DFFRXQWLQJ� IRU�WKH� SUHVHQFH� RI� UHVHUYHG�

VHDWV� LQ�SDUOLDPHQW� IRU�SDUWLHV� UHSUHVHQWLQJ� HWKQLF� PLQRUL�

WLHV
� LQWHUHVWV� KDV� EHHQ� H[FOXGHG�� 8QOLNH� RWKHU� FRQGLWLRQV��

LW� REYLRXVO\� VXSSRVHV� D� UHODWLRQVKLS� RI� VXIILFLHQF\� ZLWK�

WKH� RXWFRPH� DQG� LV� WKHUHIRUH� QRW� DSSURSULDWH� IRU� WKLV�

RSHUDWLRQ��
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