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��� ,QWURGXFWLRQ�50 

1HXURQV�LQ�WKH�FHUHEUDO�FRUWH[�RI�PDQ\�PDPPDOV�VKRZ�FROXPQDU�RUJDQL]DWLRQ��FHUWDLQ�UHVSRQVH�51 

SURSHUWLHV�DUH�VLPLODU�DPRQJ�QHXURQV�DFURVV�WKH�GHSWK�RI�FRUWH[�DW�DQ\�JLYHQ�FRUWLFDO�SRVLWLRQ�DQG�FKDQJH�52 

JUDGXDOO\�ZLWK�WDQJHQWLDO�PRYHPHQW�DFURVV�FRUWH[��+XEHO�DQG�:LHVHO�������0RXQWFDVWOH�������UHYLHZHG�53 

LQ�+RUWRQ�DQG�$GDPV�������9DQ�+RRVHU��������,Q�FDW�SULPDU\�YLVXDO�FRUWH[��9����SURSHUWLHV�WKDW�VKRZ�54 

VXFK�RUJDQL]DWLRQ�LQFOXGH�SUHIHUUHG�VWLPXOXV�RULHQWDWLRQ��H�J���$OEXV�������%HUPDQ�HW�DO��������'H$QJHOLV�55 

HW�DO��������+HWKHULQJWRQ�DQG�6ZLQGDOH�������+XEHO�DQG�:LHVHO�������������/HH�HW�DO��������0DOGRQDGR�56 

DQG�*UD\�������0DOGRQDGR�HW�DO��������2KNL�HW�DO���������������SUHIHUUHG�VWLPXOXV�GLUHFWLRQ�RI�PRYHPHQW�57 

�H�J���%HUPDQ�HW�DO��������'H$QJHOLV�HW�DO��������.LP�HW�DO��������2KNL�HW�DO��������3D\QH�HW�DO��������58 

7ROKXUVW�HW�DO���������DQG�SUHIHUUHG�VSDWLDO�IUHTXHQF\�RI�D�GULIWLQJ�JUDWLQJ�VWLPXOXV��H�J���'H$QJHOLV�HW�DO��59 

������,VVD�HW�DO��������.LP�HW�DO��������0DIIHL�DQG�)LRUHQWLQL�������0DOOLN�HW�DO��������7ROKXUVW�DQG�60 

7KRPSVRQ��������&ROXPQDU�RUJDQL]DWLRQ�LPSOLHV�D�PRUH�HDVLO\�PHDVXUHG�SURSHUW\��VSDWLDO�FOXVWHULQJ��61 

PHDQLQJ�WKDW�QHDUE\�QHXURQV�DUH�RQ�DYHUDJH�PRUH�VLPLODU�LQ�WKHVH�SURSHUWLHV�WKDQ�SDLUV�RI�QHXURQV�FKRVHQ�62 

IURP�DUELWUDU\�ORFDWLRQV��63 

+HUH�ZH�H[DPLQH�ZKHWKHU�QHXURQV�VSDWLDOO\�FOXVWHU�E\�WKHLU�GHJUHH�RI�WXQLQJ��i.e.�E\�WKH�ZLGWK�RI�64 

WKHLU�RULHQWDWLRQ�RU�VSDWLDO�IUHTXHQF\�WXQLQJ�FXUYHV�RU�WKH�GHJUHH�RI�GLUHFWLRQ�VHOHFWLYLW\��XVLQJ�VLQJOH�65 

WHWURGH�UHFRUGLQJ�LQ�FDW�9��WR�VLPXOWDQHRXVO\�LVRODWH�PXOWLSOH�FHOOV�DW�VLQJOH�UHFRUGLQJ�VLWHV��%HWWHU�66 

FKDUDFWHUL]DWLRQ�RI�WKH�VWUXFWXUH�RI�VSDWLDO�FOXVWHULQJ�±�ZKLFK�IHDWXUHV�DUH�FOXVWHUHG��DQG�KRZ�VWURQJO\"�±�67 

FDQ�SURYLGH�VWURQJ�FRQVWUDLQWV�IRU�PRGHOV�RI�ERWK�WKH�GHYHORSPHQW�DQG�WKH�IXQFWLRQ�RI�FROXPQDU�FRUWH[��68 

0RGHOV�RI�FLUFXLW�GHYHORSPHQW�W\SLFDOO\�H[SODLQ�FOXVWHULQJ�DV�DULVLQJ�IURP�SURFHVVHV�RI�³+HEELDQ´�RU�69 

FRUUHODWLRQ�EDVHG�V\QDSWLF�SODVWLFLW\�WKDW�OHDG�QHDUE\�QHXURQV�WR�GHYHORS�FRUUHODWHG�UHVSRQVHV�DQG�PRUH�70 

GLVWDQW�QHXURQV�WR�GHYHORS�XQ��RU�DQWL�FRUUHODWHG�UHVSRQVHV��H�J���.DVFKXEH�HW�DO��������0LOOHU��������RU�71 

HOVH�DV�LQKHULWDQFH�IURP�XSVWUHDP�VWUXFWXUHV��3DLN�DQG�5LQJDFK�������EXW�VHH�+RUH�HW�DO��������6FKRWWGRUI�72 

HW�DO���������'LIIHUHQW�PRGHOV�ZLOO�KDYH�GLIIHUHQW�SUHGLFWLRQV�DV�WR�WKH�FOXVWHULQJ�RI�UHVSRQVH�SURSHUWLHV�73 
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WKDW�ZLOO�UHVXOW��7KH�IXQFWLRQ�RI�FROXPQDU�RUJDQL]DWLRQ�DQG�PRUH�JHQHUDOO\�RI�VSDWLDO�FOXVWHULQJ�RI�74 

UHVSRQVH�SURSHUWLHV�LV�XQFOHDU��+RUWRQ�DQG�$GDPV��������DOWKRXJK�LW�KDV�EHHQ�DUJXHG�WKDW�WKH\�PD\�75 

HQDEOH�SURFHVVLQJ�RI�VWLPXOXV�IHDWXUHV�ZLWK�PLQLPDO�ZLULQJ�OHQJWK��&KNORYVNLL�DQG�.RXODNRY��������76 

5RGHQWV�DQG�ODJRPRUSKV�DSSHDU�WR�ODFN�VSDWLDO�FOXVWHULQJ��9DQ�+RRVHU��������VXJJHVWLQJ�WKDW�WKHUH�PD\�77 

EH�WZR�GLIIHUHQW�EDVLF�FRUWLFDO�GHVLJQV��RQH�LQYROYLQJ�FROXPQDU�RUJDQL]DWLRQ�RI�GHULYHG�UHVSRQVH�IHDWXUHV�78 

�L�H��WKRVH�EH\RQG�WKH�WRSRJUDSK\�HVWDEOLVKHG�LQ�WKH�VHQVRU\�SHULSKHU\��DQG�RQH�ODFNLQJ�VXFK�RUJDQL]DWLRQ��79 

%RWK�WKH�GLIIHUHQFHV�LQ�GHYHORSPHQWDO�PHFKDQLVPV�WKDW�OHDG�WR�WKHVH�GLIIHUHQW�VWUXFWXUHV�DQG�WKH�80 

GLIIHUHQFHV��LI�DQ\��LQ�WKHLU�IXQFWLRQ�UHPDLQ�XQNQRZQ��8QGHUVWDQGLQJ�RI�ZKLFK�SURSHUWLHV�DUH�FOXVWHUHG��81 

DQG�KRZ�VWURQJO\��LQ�DQLPDOV�ZLWK�FROXPQDU�RUJDQL]DWLRQ�ZLOO�KHOS�LQIRUP�VWXGLHV�RI�WKHVH�GLIIHUHQFHV��82 

7KHUH�KDYH�EHHQ�IHZ�SUHYLRXV�VWXGLHV�RI�FOXVWHULQJ�RI�WXQLQJ�VWUHQJWK��$�KDQGIXO�RI�VWXGLHV�KDYH�83 

IRXQG�HYLGHQFH�IRU�FOXVWHULQJ�LQ�RULHQWDWLRQ�WXQLQJ�ZLGWK��+HWKHULQJWRQ�DQG�6ZLQGDOH�������1DXKDXV�HW�84 

DO���������EXW�XQWLO�UHFHQWO\��0DUWLQ�DQG�6FKURGHU��������WKH�VWUHQJWK�RI�FOXVWHULQJ�KDG�QRW�EHHQ�PHDVXUHG�85 

TXDQWLWDWLYHO\��DQG�QXPEHUV�LQ�WKDW�VWXG\�ZHUH�VPDOO�����FHOO�SDLUV���1R�VLJQLILFDQW�FOXVWHULQJ�KDV�EHHQ�86 

IRXQG�LQ�GLUHFWLRQ�VHOHFWLYLW\�LQGH[��'6,���'H$QJHOLV�HW�DO��������0DUWLQ�DQG�6FKURGHU��������RU�VSDWLDO�87 

IUHTXHQF\�WXQLQJ�ZLGWK��0DUWLQ�DQG�6FKURGHU��������EXW�QXPEHUV�LQ�WKRVH�VWXGLHV�ZHUH�VPDOO��������FHOO�88 

SDLUV��VR�LW�LV�XQFOHDU�ZKHWKHU�FOXVWHULQJ�ZDV�DEVHQW�RU�VLPSO\�WRR�ZHDN�WR�GHWHFW��:H�ZLOO�UHH[DPLQH�WKH�89 

FOXVWHULQJ�RI�DOO�RI�WKHVH�PHDVXUHV�RI�GHJUHH�RI�WXQLQJ�ZLWK�PXFK�ODUJHU�QXPEHUV��PDQ\�KXQGUHGV�RI�FHOO�90 

SDLUV���ERWK�IRU�UHVSRQVHV�WR�GULIWLQJ�DQG��H[FHSW�'6,��IODVKHG�JUDWLQJV��,Q�DGGLWLRQ�WR�DVVD\LQJ�FOXVWHULQJ�91 

RI�WXQLQJ�VWUHQJWK��ZH�DOVR��IRU�FRPSDULVRQ��FKDUDFWHUL]H�WKH�FOXVWHULQJ�RI�SUHIHUUHG�VWLPXOL�E\�WKH�VDPH�92 

PHWKRGV��$EVWUDFWV�RI�WKLV�ZRUN�KDYH�DSSHDUHG�SUHYLRXVO\��(PRQGL�HW�DO��������(PRQGL�HW�DO���������93 

�94 
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��� 0HWKRGV�95 

���� $QLPDO�SUHSDUDWLRQ�96 

������ 6XUJHU\�DQG�$QHVWKHVLD�97 
$OO�H[SHULPHQWDO�UHFRUGLQJV�ZHUH�FRQGXFWHG�XQGHU�D�SURWRFRO�DSSURYHG�E\�WKH�8QLYHUVLW\�RI�&DOLIRUQLD��98 

6DQ�)UDQFLVFR��&RPPLWWHH�RQ�$QLPDO�5HVHDUFK��:H�UHFRUGHG�IURP�DUHD����RI����DQHVWKHWL]HG�PDOH�DQG�99 

IHPDOH�FDWV�DJHG�IURP���WR���PRQWKV��6HYHUDO�KRXUV�EHIRUH�VXUJHU\��GH[DPHWKDVRQH��������PJ�NJ��,9��ZDV�100 

JLYHQ�WR�UHGXFH�DQWLFLSDWHG�FHUHEUDO�HGHPD��,QLWLDOO\�WKH�FDW�ZDV�DQHVWKHWL]HG�XVLQJ��������,VRIOXUDQH��101 

$IWHU�LQWXEDWLRQ�ZDV�SHUIRUPHG��WKH�,VRIOXUDQH�ZDV�GLVFRQWLQXHG�DQG�WKH�DQLPDO�ZDV�JLYHQ�SHQWREDUELWDO�102 

�1HPEXWDO�����PJ�NJ�LQLWLDO�GRVH��,9��IRU�WKH�UHPDLQGHU�RI�WKH�H[SHULPHQW��7KH�DQLPDO�ZDV�VZLWFKHG�WR�103 

H[WHUQDO�YHQWLODWLRQ�ZLWK�DQ�2��1LWURXV�R[LGH��XS�WR������PL[WXUH��ZLWK�WKH�RYHUDOO�IORZ�FKRVHQ�WR�NHHS�104 

OXQJ�SUHVVXUH�ZLWKLQ�SK\VLRORJLFDO�OLPLWV�������FP+�2���7KH�DQLPDO�ZDV�PRXQWHG�LQ�D�VWHUHRWD[LF�105 

DSSDUDWXV�DQG�D�VPDOO�FUDQLRWRP\�ZDV�PDGH�DERYH�WKH�YLVXDO�FRUWH[��7KH�GXUD�ZDV�UHPRYHG�DQG�FDUH�ZDV�106 

WDNHQ�WKHUHDIWHU�WR�NHHS�WKH�FRUWLFDO�VXUIDFH�LQ�JRRG�SK\VLRORJLFDO�FRQGLWLRQ��7KH�VXUIDFH�ZDV�NHSW�PRLVW�107 

DQG�RU�ZDV�SURWHFWHG�E\�DSSO\LQJ�DJDU�DQG�FRYHULQJ�WKH�DJDU�VXUIDFH�ZLWK�VLOLFRQH�RLO�WR�PDLQWDLQ�108 

PRLVWXUH��7KH�DQLPDO�ZDV�WKHQ�SDUDO\]HG�ZLWK�D�FRQWLQXRXV�,9�LQIXVLRQ�RI�*DOODPLQH����PJ�NJ�KU���109 

GLOXWHG�ZLWK�/DFWDWHG�5LQJHUV�DQG������'H[WURVH�������PO�NJ�KU����(YHU\������KRXUV�DWURSLQH�VXOIDWH�110 

������PJ�NJ��64��ZDV�JLYHQ�WR�UHGXFH�WUDFKHDO�VHFUHWLRQV��(YHU\����KRXUV��DQ�DQWLELRWLF��FHIWL]R[LPH�����111 

PJ�NJ��64��ZDV�DGPLQLVWHUHG�WR�SUHYHQW�LQIHFWLRQ��&RQWDFW�OHQVHV�ZHUH�XVHG�WR�SURWHFW�WKH�FRUQHDV�DQG�WR�112 

IRFXV�WKH�H\HV�RQ�D�WDQJHQW�VFUHHQ�DW�D�YLHZLQJ�GLVWDQFH�RI������FP��113 

������ 9LWDO�SDUDPHWHU�PRQLWRULQJ�114 
$�VHW�RI�YLWDO�SDUDPHWHUV�±�KHDUW�UDWH��((*��UHVSLUDWRU\�UDWH��OXQJ�SUHVVXUH��2��VDWXUDWLRQ��H[SLUDWRU\�&2���115 

DQG�ERG\�WHPSHUDWXUH�±�ZHUH�FRQWLQXRXVO\�PRQLWRUHG�WKURXJKRXW�WKH�HQWLUH�H[SHULPHQW��7KH�HQWLUH�VHW�RI�116 

SDUDPHWHUV�ZDV�GLVSOD\HG�QXPHULFDOO\�DQG�UHSUHVHQWHG�JUDSKLFDOO\�E\�YLWDO�PRQLWRU�VRIWZDUH��ZKLFK�DOVR�117 

VDPSOHG�WKRVH�SDUDPHWHUV�RQFH�D�PLQXWH�DQG�VWRUHG�WKHP�LQWR�D�GDWDEDVH��,QVWDQWDQHRXV�YDOXHV�DQG�ORQJ�118 
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WHUP�WUHQGV�RI�KHDUW�UDWH��&2��H[SLUDWLRQ�OHYHO��DQG�((*�VSHFWUXP�ZHUH�XVHG�WR�FRQWURO�SURSHU�DQHVWKHVLD�119 

OHYHO��DORQJ�ZLWK�PRQLWRULQJ�RI�KHDUW�UDWH�UHVSRQVHV�WR�QR[LRXV�VWLPXOL��SDZ�SLQFK���120 

������ 5HFRUGLQJ�/RFDWLRQV�121 
:H�UHFRUGHG�XVLQJ�RQH�WHWURGH�DW�D�WLPH��0RVW�RI�RXU�UHFRUGLQJV�ZHUH�IURP�SHQHWUDWLRQV�GRZQ�WKH�PHGLDO�122 

EDQN�RI�9���7KLV�PHDQV�WKDW�WHWURGHV�W\SLFDOO\�UDQ�URXJKO\�SDUDOOHO�WR�WKH�FRUWLFDO�OD\HUV��$V�D�UHVXOW��ZH�123 

KDYH�QR�UHDVRQ�WR�WKLQN�WKDW�ZH�KDYH�XQLIRUPO\�VDPSOHG�WKH�FRUWLFDO�OD\HUV��,Q�WRWDO��ZH�UHFRUGHG�IURP�����124 

VLWHV�LQ����GLIIHUHQW�HOHFWURGH�SHQHWUDWLRQV�LQ����DQLPDOV��125 

���� $SSDUDWXV�126 

������ 7HWURGHV�127 
:H�XVHG�GLIIHUHQW�W\SHV�RI�WHWURGHV�WR�UHFRUG�IURP�FDW�VWULDWH�FRUWH[��6RPH�ZHUH�PDGH�E\�7KRPDV�128 

5HFRUGLQJ�6FLHQWLILF�5HVRXUFHV��:LQFKHVWHU�6WUDVVH���������*HUPDQ\���0RVW�ZHUH�IDEULFDWHG�LQ�RXU�ODE��129 

PDGH�RI�HLWKHU������ȝP�1L&U�RU������������RU����ȝP�WXQJVWHQ�ZLWK�UHFRUGLQJ�WLSV�JROG�SODWHG��XVLQJ�D�130 

WHFKQLTXH�VLPLODU�WR�:LOVRQ�HW�DO���������DQG�*UD\�HW�DO����������,Q�WKLV�SURFHGXUH��D�KHDW�JXQ�LV�XVHG�WR�131 

PHOG�WKH�SODVWLF�FRDWLQJV�DURXQG�WKH���ZLUHV��:H�XVHG�WKH�KHDW�JXQ�H[WHQVLYHO\�ZLWK�WKH�JRDO�RI�132 

SUHYHQWLQJ�VSOD\LQJ�RI�WKH�WLSV��VXEVHTXHQWO\�FKHFNLQJ�LQWHU�HOHFWURGH�LPSHGDQFHV�WR�HQVXUH�QR�VKRUWV��133 

5HODWLYHO\�IUHTXHQW�PLFURVFRSLF�LQVSHFWLRQ�RI�WHWURGH�WLSV�VKRZHG�WLSV�LQWDFW�ZLWKRXW�VSOD\LQJ��WKRXJK�ZH�134 

FDQQRW�UXOH�RXW�WKDW�VSOD\LQJ�PD\�KDYH�RFFXUUHG�LQ�VRPH�FDVHV��,Q�DOO�WKH�WHWURGHV��VLQJOH�HOHFWURGH�135 

LPSHGDQFH�YDULHG�IURP�����WR�����0RKPV�PHDVXUHG�DW���.+]��136 

������ 'DWD�$FTXLVLWLRQ�137 
7KH�WHWURGH�ZDV�FRQQHFWHG�WR�D�FXVWRP�PDGH�KHDG�VWDJH�DPSOLILHU��EDVHG�RQ�WKH�,1$����FKLS�E\�%XUU�138 

%URZQ��SURYLGLQJ�D�JDLQ�RI�����'&�FRXSOHG��7KH�VLJQDO�ZDV�IXUWKHU�DPSOLILHG�DQG�EDQGSDVV�ILOWHUHG�E\�D�139 

&\EHU$PS������$[RQ�,QVWUXPHQWV��ZLWK�WKH�IROORZLQJ�VHWWLQJV��JDLQ�RI�������$&�FRXSOLQJ�DW�����+]��D�140 

%HVVHO�W\SH�IRXUWK�RUGHU�KLJK�FXW�ILOWHU�DW������+]��DQG�D�QRWFK�ILOWHU�DW���+]��7KH�YROWDJH�WUDFHV�ZHUH�141 

VDPSOHG�DW����N+]�ZLWK�����ELW�UHVROXWLRQ�DQG�VWUHDPHG�WR�GLVN��5HFRUGLQJ�WR�D�ILOH�ZDV�LQLWLDWHG�142 
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DSSUR[LPDWHO\�RQH�VHFRQG�EHIRUH�WKH�VWLPXOXV�RQVHW�DQG�ZDV�WHUPLQDWHG�DSSUR[LPDWHO\�RQH�VHFRQG�DIWHU�143 

WKH�VWLPXOXV�SUHVHQWDWLRQ�ZDV�FRPSOHWHG��144 

������ 9LVXDO�6WLPXODWRU�145 
*DPPD�FRUUHFWHG�YLVXDO�VWLPXOL�ZHUH�VKRZQ�RQ�D�)OH[6FDQ�);�(�����LQFK�FRORU�GLVSOD\�PRQLWRU��0RGHO�146 

0$���$���1$1$2�&RUSRUDWLRQ��ZLWK�����+]�IUDPH�XSGDWH�UDWH��7KH�PRQLWRU�ZDV�FDOLEUDWHG�DQG�147 

JDPPD�FRUUHFWHG�LQ�VRIWZDUH��6\QFKURQL]DWLRQ�EHWZHHQ�WKH�GDWD�DFTXLVLWLRQ�V\VWHP�DQG�WKH�YLVXDO�148 

VWLPXODWRU�UXQQLQJ�RQ�D�GLIIHUHQW�FRPSXWHU�ZDV�DFKLHYHG�E\�JHQHUDWLQJ�SXOVHV�LQ�VRIWZDUH�DW�WKH�VWDUW�RI�149 

HDFK�IUDPH�DQG�UHFRUGLQJ�WKHP�RQ�D�VHSDUDWH�FKDQQHO�DORQJ�ZLWK�WKH�IRXU�WHWURGH�YROWDJH�WUDFHV�DW�D�150 

FRPPRQ�VDPSOLQJ�UDWH��151 

���� 9LVXDO�VWLPXOL�152 
(DFK�VLWH�ZDV�GULYHQ�E\�RQH�RU�PRUH�RI�WKH�IROORZLQJ�VWLPXOXV�VHWV��GULIWLQJ�JUDWLQJV�VHWV��SRULHQW�DQG�SVSDW��153 

DQG�IODVKHG�JUDWLQJV��SIODVKHG��154 

������ 'ULIWLQJ�*UDWLQJV�155 
,Q�WKH�GULIWLQJ�JUDWLQJV�VHW�RI�H[SHULPHQWV��ZH�VWXGLHG�UHVSRQVHV�RI�9��QHXURQV�WR�GULIWLQJ�IXOO�ILHOG��RQ�D�156 

PRQLWRU�WKDW�FRYHUHG�����î�����RI�WKH�DQLPDO¶V�YLVXDO�ILHOG���VLQXVRLGDOO\�PRGXODWHG�OXPLQDQFH�JUDWLQJV��157 

7ZR�VHWV�RI�VWLPXOL��SRULHQW�DQG�SVSDW��ZHUH�XVHG�IRU�WKHVH�H[SHULPHQWV��SRULHQW�ZDV�XVHG�WR�HVWLPDWH�GLUHFWLRQ�158 

VHOHFWLYLW\�DQG�RULHQWDWLRQ�WXQLQJ�DW�D�VLWH��,W�LQFOXGHG�GULIWLQJ�JUDWLQJV�������FRQWUDVW��RI����GLIIHUHQW�159 

GLUHFWLRQV�RI�PRYHPHQW�FRYHULQJ��������LQ����VWHSV��ZLWK�VSDWLDO�IUHTXHQF\�����F\F�GHJ��8VLQJ����VWHSV�160 

JLYHV�HVVHQWLDOO\�WKH�VDPH�VWDWLVWLFDO�SRZHU�DV�XVLQJ�����VWHSV�ZLWK�WZLFH�WKH�QXPEHU�RI�UHSHWLWLRQV��EXW�161 

KHOSV�HQVXUH�WKDW�HYHQ�WKH�RFFDVLRQDO�YHU\�QDUURZO\�WXQHG�FHOO�ZLOO�EH�ZHOO�VWLPXODWHG��SVSDW�ZDV�XVHG�WR�162 

DVVHVV�VSDWLDO�IUHTXHQF\�WXQLQJ��,W�FRQVLVWHG�RI�GULIWLQJ�JUDWLQJV�������FRQWUDVW��RI����VSDWLDO�IUHTXHQFLHV��163 

VSDFHG�DSSUR[LPDWHO\�HYHQO\�RQ�D�ORJDULWKPLF�VFDOH�IURP�����WR�����F\F�GHJ��DQG�RI�PXOWLSOH�RULHQWDWLRQV�164 

FKRVHQ�DFFRUGLQJ�WR�WKH�SUHIHUUHG�RULHQWDWLRQV�PHDVXUHG�DW�WKH�VLWH�XVLQJ�SRULHQW��VHH�QH[W�VHFWLRQ���)RU�ERWK�165 

VHWV��WHPSRUDO�IUHTXHQF\�ZDV�VHW�WR�HLWKHU���RU���+]��$�EORFN�FRQVLVWHG�RI�PXOWLSOH�UHSHWLWLRQV�RI�SRULHQW�RU�166 
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SVSDW��ZLWK�DOO�RI�WKH�JUDWLQJV�LQ�D�EORFN�VKRZQ�LQ�SVHXGRUDQGRP�RUGHU��(DFK�JUDWLQJ�ZDV�VKRZQ�IRU���167 

VHFRQGV��ZLWK�VXFFHVVLYH�JUDWLQJV�VHSDUDWHG�E\�D�EODQN�SHULRG��JUD\�VFUHHQ�DW�VDPH�PHDQ�OXPLQDQFH�DV�WKH�168 

JUDWLQJV�����FG�P���RI�DSSUR[LPDWHO\���VHFRQG��169 

$W�HYHU\�FRUWLFDO�VLWH��ZH�ILUVW�WHVWHG�ZKHWKHU�WKH�VLWH�UHVSRQGHG�UHDVRQDEO\�WR�YLVXDO�VWLPXODWLRQ��170 

)RU�WKLV�ZH�XVHG�D�VHW�RI�GULIWLQJ�JUDWLQJV�RI�GLIIHUHQW�RULHQWDWLRQV��������������VWHSV��ZLWK�VSDWLDO�171 

IUHTXHQF\�����F\F�GHJ�DQG�WHPSRUDO�IUHTXHQF\���RU���+]��,I�WKH�VLWH�ZDV�VWDEOH�DQG�VKRZHG�UHDVRQDEOH�172 

YLVXDO�UHVSRQVHV��WKHQ�RULHQWDWLRQ�WXQLQJ�ZDV�PHDVXUHG�E\�VKRZLQJ�D�EORFN�RI���±���UHSHWLWLRQV�RI�SRULHQW��173 

IRU�ZKLFK�HDFK�JUDWLQJ�ZDV�SUHVHQWHG�IRU�D�IHZ�VHFRQGV��EHWZHHQ���±����F\FOHV���7KH�HQWLUH�EORFN�ODVWHG�174 

EHWZHHQ���±����PLQXWHV��7R�FRUUHFWO\�PHDVXUH�VSDWLDO�IUHTXHQF\�WXQLQJ��LW�LV�LPSRUWDQW�WKDW�D�FHOO�EH�175 

VWXGLHG�DW�LWV�SUHIHUUHG�RULHQWDWLRQ��H�J��,VVD�HW�DO���������:H�GLG�D�SUHOLPLQDU\�RQ�OLQH�VRUWLQJ�DQG�DQDO\VLV�176 

RI�WKH�GDWD�IURP�WKH�SRULHQW�VWLPXOXV�SUHVHQWDWLRQV�WR�HVWLPDWH�WKH�SUHIHUUHG�GLUHFWLRQV�RI�WKH�YDULRXV�FHOOV�177 

LVRODWHG�DW�WKH�VLWH��WKLV�WRRN�OHVV�WKDQ���PLQXWHV��,I�SUHIHUUHG�GLUHFWLRQV�IRU�DQ\�SDLU�RI�H[WUDFWHG�FHOOV�ZHUH�178 

ZLWKLQ����RI�RQH�DQRWKHU��WKHQ�ERWK�FHOOV�ZHUH�FRQVLGHUHG�DV�VKDULQJ�WKH�VDPH�SUHIHUUHG�GLUHFWLRQ��:H�WKHQ�179 

VKRZHG�D�EORFN�FRQVLVWLQJ�RI���UHSHWLWLRQV�RI�WKH�SVSDW�VWLPXOXV�VHW�DW�HDFK�SUHIHUUHG�GLUHFWLRQ��W\SLFDOO\�180 

EHWZHHQ������IRXQG�DW�WKDW�VLWH��7KH�HQWLUH�SVSDW�EORFN�FRQWDLQHG���UHSHWLWLRQV�î����VSDWLDO�IUHTXHQFLHV�î�181 

�1XPEHU�RI�GLIIHUHQW�GLUHFWLRQV��JUDWLQJV��HDFK�ODVWLQJ���VHFRQGV�IROORZHG�E\�D���VHFRQG�EODQN�SHULRG��DQG�182 

ODVWHG�IURP���WR����PLQXWHV�GHSHQGLQJ�RQ�WKH�QXPEHU�RI�GLIIHUHQW�JUDWLQJ�GLUHFWLRQV��183 

������ )ODVKHG�*UDWLQJV�184 
,Q�WKH�IODVKHG�JUDWLQJ�VHW�RI�H[SHULPHQWV��ZH�VWXGLHG�WKH�UHVSRQVHV�RI�9��QHXURQV�WR�VWDWLRQDU\�VLQXVRLGDO�185 

OXPLQDQFH�JUDWLQJV��VTXDUH����î����IUDPHV��FHQWHUHG�RQ�WKH�VLWH¶V�UHFHSWLYH�ILHOG���ZKLFK�ZH�FDOO�SIODVKHG��186 

7KH�VHW�RI�VWLPXOL�FRQVLVWHG�RI�JUDWLQJV�RI����RULHQWDWLRQV��LQ����VWHSV������VSDWLDO�IUHTXHQFLHV��HYHQO\�187 

VSDFHG�RQ�D�ORJDULWKPLF�VFDOH�IURP������WR�����F\FOHV�SHU�GHJUHH���DQG�HLWKHU���RU���VSDWLDO�SKDVHV��VSDFHG�188 

����RU�����DSDUW�UHVSHFWLYHO\���7KLV�NLQG�RI�VWLPXOXV�HQVHPEOH�LV�VRPHWLPHV�FDOOHG�D�+DUWOH\�VXEVSDFH�189 

VWLPXOXV�VHW��5LQJDFK�HW�DO���������7KH�PRQLWRU�ZDV�XSGDWHG�ZLWK�D�QHZ�JUDWLQJ�DW�D�IUDPH�UDWH�RI����+]��190 

���+]�RU����+]��PRQLWRU�UHIUHVK�UDWH�ZDV�����+]���7KH�VHW�SIODVKHG�FRQVLVWHG�RI�PXOWLSOH�SUHVHQWDWLRQV�RI�191 
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WKLV�VHW�RI�IUDPHV��HDFK�WLPH�LQ�D�SVHXGRUDQGRP�RUGHU��7R�PLQLPL]H�WKH�HIIHFW�RI�HOHFWURGH�GULIW��UHFRUGLQJ�192 

WLPHV�ZHUH�OLPLWHG�WR�������PLQXWHV��DQG�VR�WKH�IXOO�VHW�RI�JUDWLQJV�ZDV�SUHVHQWHG���WLPHV��IRU����+]�193 

IUDPH�UDWH�����WLPHV��IRU����+]�IUDPH�UDWH��RU����WLPHV��IRU����+]�IUDPH�UDWH���194 

���� 'DWD�SURFHVVLQJ�195 
$W�WKH�QH[W�VWDJH��GDWD�ZHUH�DQDO\]HG��RIIOLQH��LQ�RUGHU�WR�GHWHFW�VSLNHV�IURP�WKH�FRQWLQXRXV�YROWDJH�WUDFHV�196 

DQG�WKHQ�VRUW�WKH�VSLNHV�IURP�WKH�XQVRUWHG�PXOWLXQLW�SRRO�LQWR�FOXVWHUV�FRUUHVSRQGLQJ�WR�LVRODWHG�VLQJOH�197 

FHOOV��7KH�VRUWLQJ�RI�VSLNHV�ZDV�FRQGXFWHG�VHSDUDWHO\�IRU�WKH�UHVSRQVHV�WR�WKH�SRULHQW��SVSDW�DQG�SIODVKHG�EORFNV�198 

RI�VWLPXOL��:H�GLG�QRW�DWWHPSW�WR�GUDZ�FRUUHVSRQGHQFHV�EHWZHHQ�WKH�FHOOV�VWXGLHG�ZLWK�WKH�GLIIHUHQW�199 

VWLPXOXV�VHWV��WKDW�LV��WR�GHWHUPLQH�ZKLFK�FOXVWHU�LQ�WKH�UHVSRQVHV�WR�RQH�W\SH�FRUUHVSRQGV�WR�WKH�VDPH�FHOO�200 

DV�D�JLYHQ�FOXVWHU�LQ�WKH�UHVSRQVHV�WR�DQRWKHU�W\SH��(PRQGL�HW�DO���������:H�DQDO\]HG�WKH�UHVSRQVHV�WR�WKH�201 

SRULHQW�VWLPXOXV�IRU�RULHQWDWLRQ�DQG�GLUHFWLRQ�WXQLQJ��WKH�UHVSRQVHV�WR�WKH�SVSDW�VWLPXOXV�IRU�VSDWLDO�IUHTXHQF\�202 

WXQLQJ�DW�WKH�SUHIHUUHG�GLUHFWLRQ��DQG�WKH�UHVSRQVHV�WR�WKH�SIODVKHG�VWLPXOL�IRU�ERWK�RULHQWDWLRQ�DQG�VSDWLDO�203 

IUHTXHQF\�WXQLQJ��7KH�RQO\�FRUUHVSRQGHQFH�WKDW�ZDV�DVVXPHG�ZDV�WKDW�DOO�RI�WKH�SUHIHUUHG�GLUHFWLRQV�RI�204 

WKH�FHOOV�LVRODWHG�LQ�UHVSRQVH�WR�WKH�SVSDW�VWLPXOXV�EORFN�ZHUH�DFWXDOO\�VKRZQ�LQ�WKDW�EORFN��WKDW�LV��WKDW�QHZ�205 

FHOOV�ZLWK�GLIIHUHQW�SUHIHUUHG�GLUHFWLRQV�KDG�QRW�DSSHDUHG�LQ�WKH�WLPH�EHWZHHQ�WKH�VKRZLQJ�RI�WKH�SRULHQW�206 

EORFN�DQG�WKH�VKRZLQJ�RI�WKH�SVSDW�EORFN��207 

������ 6SLNH�'HWHFWLRQ�DQG�6RUWLQJ�208 
7KH�GHWHFWLRQ�DQG�VRUWLQJ�RI�VSLNHV�ZHUH�SHUIRUPHG�XVLQJ�FXVWRP�PDGH�0DWODE�VRIWZDUH��209 

6SLNH�'HWHFWLRQ��7KH���GLPHQVLRQDO�YROWDJH�WUDFH�v(t)��IURP�WKH���FKDQQHOV�RI�WKH�WHWURGH��ZDV�KLJK�SDVV�210 

ILOWHUHG�DW�����+]�XVLQJ�D��VW�RUGHU�%XWWHUZRUWK�ILOWHU��:H�FDOFXODWHG�WKH��î��FURVV�FKDQQHO�FRYDULDQFH�211 

PDWUL[��C��RI�WKLV���GLPHQVLRQDO�YROWDJH�GDWD��XVLQJ�UDQGRPO\�VHOHFWHG�WLPH�VHJPHQWV��:H�WKHQ�PDUNHG�D�212 

VSLNH�HYHQW�ZKHQHYHU�WKH�0DKDODQRELV�GLVWDQFH��ඥݒሺݐሻ்ିܥଵݒሺݐሻ��RI�WKH�WUDMHFWRU\�H[FHHGHG�D�WKUHVKROG�213 

ș. :H�FRPSXWHG�C�IURP�UHJLRQV�RI�WKH�YROWDJH�WUDFH�ZLWKRXW�VSLNHV��DV�IROORZV��:H�ILUVW�FRPSXWHG�DQ�214 

LQLWLDO�C�XVLQJ�WKH�IXOO�YROWDJH�WUDFH��WKHQ�PDUNHG�SRWHQWLDO�VSLNHV�XVLQJ�D�FRQVHUYDWLYH�WKUHVKROG�RI�ș=5 215 
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DQG�RPLWWHG�DOO�VHJPHQWV�RI�v(t) IURP��PV�EHIRUH�WR��PV�DIWHU�HDFK�SRWHQWLDO�VSLNH��:H�WKHQ�UHFRPSXWHG�216 

C�IURP�WKH�WUDFH�ZLWK�SRWHQWLDO�VSLNHV�RPLWWHG��DQG�ILQDOO\�PDUNHG�VSLNHV�XVLQJ�WKLV�C�ZLWK�ș� ����217 

)RU�HDFK�VSLNH��ZH�UHFRUGHG�LWV�WLPH�RI�RFFXUUHQFH�DV�WKH�WLPH�DW�ZKLFK�WKH�0DKDODQRELV�GLVWDQFH�218 

UHDFKHG�D�PD[LPXP�GXULQJ�WKDW�SDUWLFXODU�VSLNH��DV�ZHOO�DV�WKH�VXUURXQGLQJ�ZDYHIRUP�IURP�����PV�EHIRUH�219 

WKH�QHJDWLYH�SHDN�RQ�HDFK�FKDQQHO�XQWLO�����PV�DIWHU�LW�����VDPSOHV�IURP�HDFK�FKDQQHO�DW����N+]���7KH�220 

ZDYHIRUPV�IURP�HDFK�FKDQQHO�ZHUH�XS�VDPSOHG�E\�D�IDFWRU�RI����XVLQJ�)RXULHU�LQWHUSRODWLRQ�ZLWK�WKH�221 

VXUURXQGLQJ����VDPSOHV��DOLJQHG�E\�WKH�QHJDWLYH�SHDN�DPSOLWXGH�RQ�HDFK�FKDQQHO��DQG�WKHQ�GRZQ�VDPSOHG�222 

DJDLQ��223 

�224 
6SLNH�6RUWLQJ�,��)HDWXUH�([WUDFWLRQ��&OXVWHULQJ��)RU�HDFK�VSLNH��ZH�FRQFDWHQDWH�WKH�IRXU�ZDYHIRUPV�225 

IURP�HDFK�FKDQQHO��FUHDWLQJ�D���î�� �����GLPHQVLRQDO�YHFWRU��6LQFH�WKH�YROWDJH�VLJQDOV�LQ�D�WHWURGH�226 

UHFRUGLQJ�DUH�KLJKO\�FRUUHODWHG�DFURVV�FKDQQHOV��ZH�SHUIRUPHG�³FURVV�FKDQQHO�ZKLWHQLQJ´�WR�WUDQVIRUP�227 

WKHVH�YHFWRUV�WR�D�EDVLV�LQ�ZKLFK�WKH�UHGXQGDQF\�DFURVV�WKH���FKDQQHOV�ZDV�HOLPLQDWHG��(PRQGL�HW�DO��228 

�������7KLV�PHDQV��LQ�HVVHQFH��WKDW�GLIIHUHQFHV�EHWZHHQ�YROWDJHV�LQ�DQ\�GLUHFWLRQ�LQ�WKH���FKDQQHO�VSDFH�229 

DUH�DOZD\V�PHDVXUHG�LQ�XQLWV�RI�WKH�LQWULQVLF�YDULDELOLW\�LQ�WKDW�GLUHFWLRQ��:H�WKHQ�XVHG�WKH�*UDSK�230 

/DSODFLDQ�)HDWXUH��*/)��DOJRULWKP��*KDQEDUL�HW�DO���������D�PRGLILHG�YHUVLRQ�RI�3&$��GHVLJQHG�IRU�231 

FOXVWHULQJ�DSSOLFDWLRQV�VXFK�DV�VSLNH�VSRUWLQJ���WR�UHGXFH�WKH�GLPHQVLRQDOLW\�RI�WKH�VSLNH�YHFWRUV�IURP�����232 

GLPHQVLRQV�GRZQ�WR����:H�XVHG�WKLV�DOJRULWKP�ZLWK�k��WKH�SDUDPHWHU�WKDW�GHWHUPLQHV�QXPEHU�RI�QHDUHVW�233 

QHLJKERUV�FDOFXODWHG�IRU�HDFK�VSLNH��VHW�WR�����7KHVH���GLPHQVLRQDO�VSLNH�YHFWRUV�ZHUH�VRUWHG�LQWR�FOXVWHUV�234 

DXWRPDWLFDOO\�XVLQJ�WKH�.OXVWDNZLN�SURJUDP��NOXVWDNZLN�VRXUFHIRUJH�QHW���ZKLFK�ILWV�D�*DXVVLDQ�0L[WXUH�235 

0RGHO�WR�D�GLVWULEXWLRQ�RI�GDWD�SRLQWV��VSLNHV���:H�UDQ�WKH�SURJUDP�ZLWK�PRVW�RI�WKH�GHIDXOW�SDUDPHWHUV��236 

H[FHSW�WKDW�ZH�VHW�minClusters=10�DQG�nStarts=5��7KLV�UHVXOWV�LQ�D�ODUJHU�QXPEHU�RI�UDQGRP�237 

LQLWLDOL]DWLRQV������LQVWHDG�RI�WKH�GHIDXOW�RI������WKDW�LQFUHDVHV�WKH�SUREDELOLW\�RI�ILQGLQJ�WKH�FOXVWHU�238 

DUUDQJHPHQW�ZLWK�D�JOREDOO\�PD[LPXP�OLNHOLKRRG��239 

�240 
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6SLNH�6RUWLQJ�,,��&OXVWHU�³3UXQLQJ´��7R�³FOHDQ�XS´�WKH�FOXVWHUV�DQG�UHPRYH�FRQWDPLQDWLQJ�VSLNHV�IURP�241 

RWKHU�FHOOV��ZH�UHGXFHG�WKH�VL]H�RI�WKH�FOXVWHUV�E\�HOLPLQDWLQJ�VSLNHV�WKDW�YLRODWH�WKH�FHOO¶V�UHIUDFWRU\�242 

SHULRG��L�H��WKH\�RFFXU�OHVV�WKDQ�����PV�IURP�DQRWKHU�VSLNH�LQ�WKH�FOXVWHU���7KHVH�SDLUV�RI�VSLNHV�WKDW�243 

YLRODWH�WKH�UHIUDFWRU\�SHULRG�DUH�LQGLFDWRUV�RI�WKH�SUHVHQFH�RI�VSLNHV�IURP�PXOWLSOH�FHOOV��DQG�VR�UHGXFLQJ�244 

WKH�VL]H�RI�WKH�FOXVWHU�VR�WKDW�RQH�RI�WKH�WZR�VSLNHV�LQ�HDFK�SDLU�LV�UHPRYHG�PD\�UHGXFH�WKH�FRQWDPLQDWLRQ�245 

IURP�RWKHU�FHOOV��)RU�SXUSRVHV�RI�SUXQLQJ��ZH�UHSUHVHQWHG�HDFK�VSLNH�LQ�WKH���GLPHQVLRQDO�FKDQQHO�246 

ZKLWHQHG�YROWDJH�VSDFH��GHVFULEHG�DERYH��7KH�SUXQLQJ�ZDV�GRQH�E\�FXWWLQJ�WKLV�VSDFH�RI�VSLNHV�ZLWK�D�247 

K\SHU�SODQH�FKRVHQ�WR�HOLPLQDWH�RQH�UHIUDFWRU\�YLRODWLQJ�VSLNH�ZKLOH�UHPRYLQJ�DV�IHZ�VSLNHV�DV�SRVVLEOH�248 

IURP�WKH�FOXVWHU��DQG�UHSHDWLQJ�WKLV�SURFHVV�XQWLO�UHIUDFWRU\�YLRODWLRQV�ZHUH�HOLPLQDWHG��,I�WKLV�SURFHGXUH�249 

HOLPLQDWHG�PRUH�WKDQ�D�WKLUG�RI�WKH�VSLNHV�LQ�WKH�FOXVWHU��WKH�FOXVWHU�ZDV�GLVFDUGHG��7KLV�SURFHGXUH�IRFXVHV�250 

RQ�UHPRYLQJ�VSLNHV�WKDW�DUH�DV�IDU�DV�SRVVLEOH�IURP�WKH�PDLQ�GHQVLWLHV�RI�VSLNHV�LQ�WKH�FOXVWHU��VLQFH�WKH�251 

PDLQ�GHQVLW\�ZRXOG�EH�PRVW�OLNHO\�WR�FRPH�IURP�D�VLQJOH�FHOO��,Q�WHVWV�RI�WKLV�DOJRULWKP�DJDLQVW�D�GDWDVHW�252 

RI�WHWURGH�UHFRUGLQJV�LQ�ZKLFK�³JURXQG�WUXWK´�ZDV�NQRZQ�IRU�RQH�LQWUDFHOOXODUO\�UHFRUGHG�FHOO��XVLQJ�WKH�253 

GDWDVHW�IURP�+DUULV�HW�DO���������ZH�KDYH�IRXQG�WKDW�LW�SHUIRUPV�ZHOO��HOLPLQDWLQJ�D�IDU�KLJKHU�SHUFHQWDJH�254 

RI�WKH�VSLNHV�WKDW�GLG�QRW�EHORQJ�WR�WKH�FHOO�WKDQ�RI�VSLNHV�WKDW�GLG�FRPH�IURP�WKH�FHOO��:H�GHVFULEH�WKH�255 

DOJRULWKP�DQG�WKHVH�WHVWV�PRUH�IXOO\�LQ�D�VHSDUDWH�SDSHU��256 

�257 

6SLNH�6RUWLQJ�,,,��&OXVWHU�0HUJLQJ��7KH�.OXVWDNZLN�VSLNH�VRUWLQJ�SURJUDP�ILWV�D�*DXVVLDQ�0L[WXUH�258 

0RGHO�WR�WKH�VHW�RI�VSLNH�YHFWRUV��DQG�W\SLFDOO\�WHQGV�WR�³RYHU�FOXVWHU´�WKH�VSLNHV��L�H��ZH�XVXDOO\�JHW�259 

PDQ\�PRUH�FOXVWHUV�WKDQ�WKHUH�DUH�FHOOV���7KLV�KDSSHQV�EHFDXVH�WKH�FOXVWHUV�RI�VSLNHV�DUH�W\SLFDOO\�QRW�260 

H[DFWO\�*DXVVLDQ�VKDSHG��EXW�UDWKHU�KDYH�ORQJHU�WDLOV��+DUULV�HW�DO���������7R�FRPSOHWH�WKH�VSLNH�VRUWLQJ��LW�261 

LV�QHFHVVDU\�WR�LQVSHFW�WKH�RXWSXW�FOXVWHUV�DQG�LGHQWLI\�ZKLFK�RI�WKH�RXWSXW�FOXVWHUV�FDPH�IURP�WKH�VDPH�262 

FHOO�DQG�XSGDWH�WKHLU�FHOO�ODEHOV�DFFRUGLQJO\��7KLV�LQVSHFWLRQ�DQG�PHUJLQJ�RI�WKH�FOXVWHUV�ZDV�SHUIRUPHG�263 

PDQXDOO\�XVLQJ�FXVWRP�EXLOW�0DWODE�VRIWZDUH��GHVFULEHG�LQ�XQUHIHUHHG�VXSSOHPHQWDU\�PDWHULDOV��VHFWLRQ�264 

6���VHH�PDQXVFULSW�HQGQRWH���265 
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:H�FRPSXWHG�D�PHDVXUH�RI�FOXVWHULQJ�TXDOLW\��WKH�,VRODWLRQ�'LVWDQFH��,'���6FKPLW]HU�7RUEHUW�HW�266 

DO��������IRU�HDFK�LVRODWHG�FHOO��)RU�D�FOXVWHU�ZLWK�N�VSLNHV��WKH�,VRODWLRQ�'LVWDQFH�LV�WKH�VTXDUH�RI�WKH�267 

0DKDODQRELV�GLVWDQFH�RI�WKH�NWK�FORVHVW�QRQ�FOXVWHU�VSLNH��:H�RQO\�XVHG�FHOOV�WKDW�ZHUH�UHDVRQDEO\�ZHOO�268 

LVRODWHG�DQG�KDG�DQ�,'�RI�DW�OHDVW�����$�WRWDO�RI�����RI�RXU�LVRODWHG�FHOOV�VDWLVILHG�WKLV�FULWHULRQ��2I�RXU�269 

LVRODWHG�FHOOV��WKH�PHGLDQ�,'�ZDV�������ZLWK�D��WK�±���WK�SHUFHQWLOH�UDQJH�RI����±������270 

�271 

,QWHU�FOXVWHU�*DXVVLDQ�2YHUODS��7R�WHVW�ZKHWKHU�QHXURQV�WKDW�VKRZHG�PRUH�VLPLODU�UHVSRQVH�SURSHUWLHV�272 

VKRZHG�PRUH�VLPLODU�VSLNH�VKDSHV��D�SRVVLEOH�VLJQ�RI�FRQWDPLQDWLRQ�LQ�VSLNH�VRUWLQJ���ZH�FRPSXWHG�DQ�273 

RYHUODS�PHDVXUH�EHWZHHQ�WKH�VSLNH�FOXVWHUV�FRUUHVSRQGLQJ�WR�GLIIHUHQW�FHOOV��:H�ILUVW�ILW�D�274 

PXOWLGLPHQVLRQDO�*DXVVLDQ�WR�HDFK�FOXVWHU��E\�FDOFXODWLQJ�WKH�VDPSOH�PHDQ�DQG�FRYDULDQFH�RYHU�DOO�LWV�275 

SRLQWV�LQ�WKH���GLPHQVLRQDO�VSDFH�LQ�ZKLFK�WKH\�ZHUH�RULJLQDOO\�FOXVWHUHG���)RU�WZR�FOXVWHUV��ZH�WDNH�WKHLU�276 

VDPSOH�PHDQV��M��DQG�M���DQG�WKHLU�FRYDULDQFHV��C��DQG�C����DQG�FDOFXODWH�WKH�LQWHJUDOܫ�ଵǡଶ ൌ277 

ଵǡܯሺܫ ଶǡܯଵǡܥ �278�ଶሻ�RI�WKH�SURGXFW�RI�WKH�WZR�*DXVVLDQVܥ 

ଵǡଶܫ ൌ �
ͳ
ܼ ��� ൬

ͳ
Ͷ ܾ

்ሺିܣଵሻ்ܾ  ܿ൰ඥߨ ���ሺିܣଵሻ�

ZKHUH�279 

ܼ ൌ ඥሺʹߨሻଶ ���ሺܥଵሻ ���ሺܥଶሻ ǡ�

ܣ� ൌ
ͳ
ʹ
ሺܥଵିଵ  ଶିଵሻǡܥ ܾ ൌ ሺܯଵ

ଵିଵܥ்  ଶܯ
ଶିଵሻǡܥ் ܿ ൌ െ

ͳ
ʹ ሺܯଵ

ଵܯଵିଵܥ்  ଶܯ
�ଶሻܯଶିଵܥ்

7KH�IXUWKHU�DSDUW�WKH�WZR�FOXVWHUV�DUH��WKH�VPDOOHU�WKLV�LQWHJUDO�ZLOO�EH��7R�IDFWRU�RXW�WKH�HIIHFW�RI�280 

VL]H�DQG�HORQJDWLRQ�RI�HDFK�FOXVWHU��ZH�QRUPDOL]H�WKLV�LQWHJUDO�E\�GLYLGLQJ�E\�WKH�LQWHJUDO�ZH�ZRXOG�KDYH�281 

REWDLQHG�LI�WKH�FOXVWHUV�KDG�KDG�WKH�VDPH�PHDQ��282 

ଵǡଶ୬୭୰୫ܫ ൌ
ଵǡܯሺܫ ଶǡܯଵǡܥ ଶሻܥ
ଵǡܯሺܫ ଵǡܯଵǡܥ ଶሻܥ

�

7KH�*DXVVLDQ�2YHUODS��D�����EHWZHHQ�WZR�FOXVWHUV�LV�GHILQHG�DV�WKH�QHJDWLYH�ORJ�RI�WKH�QRUPDOL]HG�283 

LQWHJUDO��284 

ଵǡଶܦ ൌ െ ���ଵሺܫଵǡଶ୬୭୰୫ሻ�
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���� 0HDVXUHV�RI�5HVSRQVH�285 
$�FHOO¶V�UHVSRQVH�WR�D�JLYHQ�VWLPXOXV�ZDV�WDNHQ�WR�EH�WKH�DYHUDJH�ILULQJ�UDWH�WR�WKH�VWLPXOXV��PLQXV�WKH�286 

DYHUDJH�VSRQWDQHRXV�ILULQJ�UDWH��ZLWK�QHJDWLYH�YDOXHV�VHW�WR�]HUR��VLQFH�VRPH�RI�RXU�PHDVXUHV�RI�WXQLQJ�287 

DUH�RQO\�GHILQHG�IRU�QRQ�QHJDWLYH�YDOXHV���:KLOH�VRPH�SUHYLRXV�ZRUNV�KDYH�XVHG�VSRQWDQHRXV�VXEWUDFWHG�288 

UHVSRQVH�PHDVXUHV��DV�ZH�GR��H�J���*L]]L�HW�DO��������*XU�HW�DO��������6ZLQGDOH�HW�DO���������RWKHUV��289 

SDUWLFXODUO\�WKRVH�WKDW�KDYH�VWXGLHG�D�³JOREDO´�PHDVXUH�RI�RULHQWDWLRQ�WXQLQJ��FLUFXODU�YDULDQFH���KDYH�290 

LQFOXGHG�VSRQWDQHRXV�LQ�WKH�UHVSRQVH�PHDVXUH��H�J���$OLWWR�DQG�8VUH\�������5LQJDFK�HW�DO���������291 

,QFOXVLRQ�RI�VSRQWDQHRXV�VKLIWV�JOREDO�RULHQWDWLRQ�WXQLQJ�ZLGWKV�DQG�GLUHFWLRQ�VHOHFWLYLW\�LQGLFHV�WRZDUG�292 

EURDGHU�WXQLQJ��EXW�KDV�YHU\�PLQRU�HIIHFWV�RQ�PHDVXUHV�RI�FOXVWHULQJ��7KLV�LV�GHVFULEHG�IXUWKHU�LQ�293 

XQUHIHUHHG�VXSSOHPHQWDU\�PDWHULDOV��VHFWLRQ�6�����VHH�PDQXVFULSW�HQGQRWH���+HUHDIWHU��ZH�ZLOO�XVH�³ILULQJ�294 

UDWH´�WR�PHDQ�WKLV�VSRQWDQHRXV�VXEWUDFWHG��UHFWLILHG�ILULQJ�UDWH�XQOHVV�RWKHUZLVH�LQGLFDWHG��295 

�296 

'ULIWLQJ�JUDWLQJV��)RU�GULIWLQJ�JUDWLQJV��WKH�UHVSRQVH�WR�D�SDUWLFXODU�VWLPXOXV�RULHQWDWLRQ�DQG�VSDWLDO�297 

IUHTXHQF\�ZDV�FDOFXODWHG�DV�WKH�PHDQ�ILULQJ�UDWH�GXULQJ�WKH�SHULRG�WKH�JUDWLQJ�ZDV�EHLQJ�SUHVHQWHG��,Q�298 

VWXG\LQJ�WKH�UHVSRQVH�RI�FHOOV�WR�GULIWLQJ�JUDWLQJV��ZH�ZHUH�LQWHUHVWHG�LQ�VWHDG\�VWDWH�UHVSRQVHV���DV�299 

RSSRVHG�WR�IODVKHG�JUDWLQJ�VWXGLHV��LQ�ZKLFK�ZH�ZHUH�VWXG\LQJ�WUDQVLHQW�UHVSRQVHV���7KH�ILUVW�F\FOH�RIWHQ�300 

FRQWDLQHG�D�UHVSRQVH�WR�WKH�VXGGHQ�LQFUHDVH�LQ�FRQWUDVW��IURP�D�XQLIRUP�VFUHHQ�DW�PHDQ�OXPLQDQFH�WR�D�301 

GULIWLQJ�JUDWLQJ�DW�IXOO�FRQWUDVW��FRQVLVWLQJ�RI�DQ�LQFUHDVH�LQ�ILULQJ�UDWH�LQ�WKH�������PV�DIWHU�WKH�EHJLQQLQJ�302 

RI�WKH�ILUVW�F\FOH��VR�ZH�RPLWWHG�WKH�ILUVW�F\FOH�RI�HDFK�GULIWLQJ�JUDWLQJ�SUHVHQWDWLRQ�IURP�RXU�DQDO\VLV��303 

)ODVKHG�JUDWLQJV��)RU�WKH�IODVKHG�JUDWLQJ�H[SHULPHQWV��FDOFXODWLQJ�WKH�UHVSRQVH�ZDV�QRW�DV�304 

VWUDLJKWIRUZDUG��6LQFH�VWLPXOL�RI�GLIIHUHQW�RULHQWDWLRQV�DQG�VSDWLDO�IUHTXHQFLHV�ZHUH�LQWHUOHDYHG��LW�ZDV�305 

LPSRUWDQW�WR�GHWHUPLQH�ZKLFK�IODVKHG�JUDWLQJ�IUDPH�V��ZHUH�PRVW�OLNHO\�WR�EH�UHVSRQVLEOH�IRU�HYRNLQJ�D�306 

SDUWLFXODU�VSLNH��SDUWLFXODUO\�LQ�WKH�H[SHULPHQWV�ZKHUH�WKH�IUDPH�UDWH�ZDV����+]��DQG�HDFK�VWLPXOXV�ZDV�307 

GLVSOD\HG�IRU�RQO\����PV���6LQFH�WKH�VWURQJHVW�UHVSRQVH�WR�D�SUHIHUUHG�JUDWLQJ�W\SLFDOO\�RFFXUV�LQ�D�308 

ZLQGRZ�WKDW�FDQ�OLH�DQ\ZKHUH�LQ�D�ZLQGRZ�IURP����WR����PV�DIWHU�WKH�VWLPXOXV�LV�ILUVW�GLVSOD\HG�RQ�WKH�309 

VFUHHQ��DQG�WKLV�HSRFK�LV�GLIIHUHQW�IRU�HDFK�FHOO���ZH�ILUVW�KDG�WR�GHWHUPLQH�WKH�H[WHQW�RI�WKLV�ZLQGRZ�VR�ZH�310 
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FRXOG�FRUUHFWO\�DWWULEXWH�VSLNHV�WR�WKH�FRUUHVSRQGLQJ�VWLPXOL�WKDW�FDXVHG�WKHP��)RU�VLPSOLFLW\��ZH�XVHG�D�311 

VLQJOH�ZLQGRZ�IRU�DOO�VWLPXOL�IRU�D�JLYHQ�FHOO��HYHQ�WKRXJK�LQ�PDQ\�FDVHV�WKH�UHVSRQVHV�WR�GLIIHUHQW�VWLPXOL�312 

KDG�VOLJKWO\�GLIIHUHQW�ODWHQFLHV��IRU�H[DPSOH��FHOOV�WHQG�WR�KDYH�VKRUWHU�ODWHQFLHV�WR�JUDWLQJV�RI�ORZHU�313 

VSDWLDO�IUHTXHQFLHV��%UHGIHOGW�DQG�5LQJDFK�������0D]HU�HW�DO���������314 

7R�GHWHUPLQH�WKH�H[WHQW�RI�WKH�RSWLPDO�SRVW�VWLPXOXV�ZLQGRZ��ZH�XVHG�WKH�IROORZLQJ�DOJRULWKP��315 

PRGHOHG�DIWHU�WKDW�RI�0D]HU�HW�DO����������7KH�VSLNHV�IROORZLQJ�WKH�RQVHW�RI�HDFK�VWLPXOXV�ZHUH�ELQQHG�316 

LQWR���PV�ELQV��7R�RYHUFRPH�WKH�UHODWLYHO\�KLJK�DPRXQW�RI�VDPSOLQJ�QRLVH�ZLWK�VKRUW����PV��ELQV��ZH�317 

FRQVLGHUHG�UHVSRQVHV��VSLNH�FRXQW��LQ�D�VHW�RI���ELQV�FHQWHUHG�RQ�D�JLYHQ�SRVW�VWLPXOXV�ELQ��5HFDOO�WKDW�318 

HDFK�JUDWLQJ�VWLPXOXV�LV�SUHVHQWHG�PXOWLSOH��EHWZHHQ���DQG�����WLPHV�GXULQJ�WKH�H[SHULPHQW��)RU�HDFK�VHW�319 

RI���ELQV��ZH�FRQVWUXFWHG�rRGG��WKH�VHW�RI�UHVSRQVHV�WR�DOO�VWLPXOL�DYHUDJHG�RYHU�WKH�RGG�QXPEHUHG�320 

SUHVHQWDWLRQV��DQG�rHYHQ��DYHUDJLQJ�RYHU�WKH�HYHQ�QXPEHUHG�SUHVHQWDWLRQV��:H�FDOOHG�WKH�FHQWUDO�WLPH�ELQ�321 

µUHSURGXFLEOH¶�LI�rRGG�DQG�rHYHQ�ZHUH�VLJQLILFDQWO\�FRUUHODWHG��p���������XVLQJ�D�RQH�VLGHG�3HDUVRQ�322 

FRUUHODWLRQ�WHVW���7KH�ZLQGRZ�IRU�D�SDUWLFXODU�FHOO�ZDV�WKHQ�VLPSO\�WKH�FRQFDWHQDWLRQ�RI�DOO�UHSURGXFLEOH�323 

WLPH�ELQV��324 

:H�ZDQWHG�RXU�DOJRULWKP�WR�VHOHFW�ZLQGRZV�WKDW�FRQVLVWHG�RI�D�FRQWLJXRXV�VHW�RI�WLPH�ELQV��325 

8VXDOO\��DOO�WKH�UHSURGXFLEOH�ELQV�IRUPHG�D�VLQJOH�FRQWLQXRXV�VHTXHQFH��VR�WKLV�ZDV�QRW�DQ�LVVXH��326 

+RZHYHU��RQ�RFFDVLRQ�ZH�FDPH�DFURVV�FHOOV�LQ�ZKLFK�WKHUH�ZHUH�WZR�VHSDUDWH�VHTXHQFHV�RI�UHSURGXFLEOH�327 

WLPH�ELQV��VRPHWLPHV�UHODWLYHO\�IDU�DSDUW��PRUH�WKDQ����PV���,Q�VXFK�FDVHV��ZH�XVHG�WKH�UHSURGXFLELOLW\�RI�328 

WKH�HQWLUH�ZLQGRZ��DV�RSSRVHG�WR�WKDW�RI�LQGLYLGXDO�WLPH�ELQV��WR�DUELWUDWH�EHWZHHQ�WKUHH�SRVVLEOH�329 

ZLQGRZV��WKH�ZLQGRZ�FRQVLVWLQJ�RI��L��WKH�ILUVW�VHW�RI�ELQV���LL��WKH�VHFRQG�VHW�RI�ELQV���LLL��ERWK�VHWV�RI�330 

ELQV��LQFOXGLQJ�WKH�QRQ�UHSURGXFLEOH�WLPH�ELQV�LQ�EHWZHHQ�WKHP��:H�FKRVH�ZKLFKHYHU�RI�WKHVH�WKUHH�331 

ZLQGRZV�ZDV�WKH�PRVW�UHSURGXFLEOH��L�H��SURGXFHG�WKH�KLJKHVW�FRUUHODWLRQ�FRHIILFLHQW�EHWZHHQ�rRGG�DQG�332 

rHYHQ���$FURVV�DOO�FHOOV��WKH�VWDUW�WLPHV�RI�WKH�ZLQGRZ��UHODWLYH�WR�WKH�VWLPXOXV�RQVHW��ZHUH���������PV�333 

�PHDQ���VWDQGDUG�GHYLDWLRQ��ZLWK������UDQJH���WK�DQG���WK�SHUFHQWLOHV��RI���������PV��7KH�ZLGWK�RI�D�FHOO¶V�334 

UHVSRQVH�ZLQGRZ�ZDV�VWURQJO\�FRUUHODWHG�ZLWK�WKH�GXUDWLRQ�WKDW�HDFK�JUDWLQJ�ZDV�SUHVHQW�RQ�WKH�VFUHHQ�335 

�L�H����IUDPH�UDWH���)RU�FHOOV�UHVSRQGLQJ�WR�JUDWLQJV�IODVKHG�DW����+]��IUDPH�GXUDWLRQ������PV���ZLQGRZ�336 
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ZLGWKV�ZHUH���������PV�ZLWK������UDQJH�RI����±�����PV��)RU����+]�JUDWLQJV��IUDPH�GXUDWLRQ������PV��337 

ZLQGRZ�ZLGWKV�ZHUH���������PV�ZLWK������UDQJH�RI����±�����PV��)RU����+]�JUDWLQJV��IUDPH�GXUDWLRQ�����338 

PV��ZLQGRZ�ZLGWKV�ZHUH����������PV�ZLWK������UDQJH�RI����±�����PV��339 

6LQFH�RXU�ZLQGRZ�VHOHFWLRQ�PHWKRG�FDQ�VHOHFW�D�ZLQGRZ�WKDW�LV�ORQJHU�WKDQ�WKH�GXUDWLRQ�RI�HDFK�340 

VWLPXOXV��D�FRQFHUQ�LV�WKDW�VSLNHV�FROOHFWHG�LQ�UHVSRQVH�WR�D�SDUWLFXODU�VWLPXOXV�PLJKW�KDYH�EHHQ�GULYHQ�E\�341 

VWLPXOL�SUHVHQWHG�EHIRUH�RU�DIWHU��,Q�SUDFWLFH��WKLV�LV�QRW�DQ�LVVXH��ERWK�EHFDXVH�WKH�VHOHFWLRQ�IRU�342 

UHSURGXFLELOLW\�ZLOO�WHQG�WR�H[FOXGH�VWLPXOXV�ELQV�ZLWK�VLJQLILFDQW�FRQWDPLQDWLRQ�IURP�RWKHU�VWLPXOL��DQG�343 

EHFDXVH�WKH�IODVKHG�JUDWLQJ�VWLPXOXV�VSDFH�FRYHUV�D�ODUJH�UDQJH�RI�RULHQWDWLRQV��VSDWLDO�IUHTXHQFLHV�DQG�344 

SKDVHV�ZKLOH�HDFK�FHOO�W\SLFDOO\�UHVSRQGV�WR�RQO\�D�VPDOO�VXEVHW�RI�WKHVH�VWLPXOL��7KXV��WKH�VWLPXOL�EHIRUH�345 

DQG�DIWHU�DQ\�SUHIHUUHG�VWLPXOXV�DUH�XVXDOO\�RQH�RI�WKH�FHOO¶V�QRQ�SUHIHUUHG�VWLPXOL��OHDYLQJ�WKH�UHVSRQVH�WR�346 

SUHIHUUHG�VWLPXOL�PRVWO\�XQFRQWDPLQDWHG�E\�UHVSRQVHV�WR�RWKHU�VWLPXOL��+RZHYHU��WR�DGGUHVV�WKLV�FRQFHUQ�347 

GLUHFWO\��ZH�UHUDQ�RXU�DQDO\VLV�DQG�FRQVWUDLQHG�WKH�ZLQGRZ�WR�EH�QR�ORQJHU�WKDQ�WKH�OHQJWK�RI�SUHVHQWDWLRQ�348 

RI�HDFK�VWLPXOXV��DV�EHIRUH��VHOHFWLQJ�LWV�SRVLWLRQ�WR�PD[LPL]H�UHSURGXFLELOLW\�RI�WKH�ILULQJ�UDWHV�IRU�HDFK�349 

VWLPXOXV�EHWZHHQ�RGG�HYHQ�WULDOV���$OO�UHVSRQVH�SURSHUWLHV�ZHUH�HVVHQWLDOO\�XQFKDQJHG��WKH�PHGLDQ�350 

FKDQJHV�LQ�RULHQWDWLRQ�DQG�VSDWLDO�IUHTXHQF\�WXQLQJ�ZLGWKV��GHILQHG�EHORZ��ZHUH�DOO�OHVV�WKDQ�����7KXV��351 

DOORZLQJ�WKH�DQDO\VLV�ZLQGRZ�WR�EH�ORQJHU�WKDQ�WKH�IUDPH�SUHVHQWDWLRQ�WLPH�GRHV�QRW�VHHP�WR�KDYH�352 

DIIHFWHG�RXU�UHVXOWV��353 

���� 6WXGLHV�RI�RULHQWDWLRQ�DQG�GLUHFWLRQ�WXQLQJ�354 

������ &RPSXWLQJ�RULHQWDWLRQ�DQG�GLUHFWLRQ�WXQLQJ�FXUYHV�355 
:H�ILUVW�VWXGLHG�WKH�RULHQWDWLRQ�WXQLQJ�SURSHUWLHV�RI�FHOOV�UHVSRQGLQJ�WR�GULIWLQJ�JUDWLQJV��XVLQJ�UHVSRQVHV�356 

WR�WKH�SRULHQW�VWLPXOXV�EORFN��DQG�WR�IODVKHG�JUDWLQJV��XVLQJ�UHVSRQVHV�WR�WKH�SIODVKHG�EORFN���)RU�HDFK�FHOO��ZH�357 

FRPSXWHG�WKH�RULHQWDWLRQ��IODVKHG�JUDWLQJV��RU�GLUHFWLRQ��GULIWLQJ�JUDWLQJV��WXQLQJ�FXUYH��rk��ZKHUH�rk�358 

UHSUHVHQWV�WKH�ILULQJ�UDWH�HOLFLWHG�E\�JUDWLQJV�RI�WKH�kth�RULHQWDWLRQ�RU�GLUHFWLRQ��șk��DYHUDJHG�RYHU�F\FOHV�359 

�GULIWLQJ�JUDWLQJV��RU�VSDWLDO�SKDVHV��IODVKHG�JUDWLQJV���)RU�GULIWLQJ�JUDWLQJV��GLUHFWLRQ�WXQLQJ�ZDV�360 
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PHDVXUHG�DW�RQO\�RQH�VSDWLDO�IUHTXHQF\��+RZHYHU��IRU�IODVKHG�JUDWLQJV�ZH�KDYH�DQ�RULHQWDWLRQ�WXQLQJ�361 

FXUYH�IRU�HDFK�RI�WKH����VSDWLDO�IUHTXHQFLHV�XVHG��6LQFH�SUHIHUUHG�RULHQWDWLRQ�LV�ODUJHO\�LQGHSHQGHQW�RI�362 

VWLPXOXV�VSDWLDO�IUHTXHQF\��,VVD�HW�DO��������:HEVWHU�DQG�'H�9DORLV��������ZH�DYHUDJHG�RYHU�WKH�363 

UHVSRQVHV�WR�DOO�VSDWLDO�IUHTXHQFLHV�ZKHQ�HVWLPDWLQJ�WKH�SUHIHUUHG�RULHQWDWLRQ��2ULHQWDWLRQ�WXQLQJ�ZLGWK��364 

RQ�WKH�RWKHU�KDQG��GRHV�GHSHQG�RQ�VWLPXOXV�VSDWLDO�IUHTXHQF\��:H�WKXV�XVHG�WKH�UHVSRQVHV�RI�WKH�FHOO�DW�LWV�365 

SUHIHUUHG�VSDWLDO�IUHTXHQF\�ZKHQ�PHDVXULQJ�RULHQWDWLRQ�WXQLQJ�ZLGWK��366 

������ &HOO�VHOHFWLRQ�FULWHULD�DQG�WKH�PHDVXUH�RI�SUHIHUUHG�RULHQWDWLRQ�367 
3ULRU�WR�XVLQJ�WKH�FRPSXWHG�RULHQWDWLRQ�WXQLQJ�FXUYHV�IRU�WKH�HVWLPDWLRQ�RI�RULHQWDWLRQ�GLUHFWLRQ�WXQLQJ�368 

SDUDPHWHUV��ZH�XVHG�D�VHW�RI�WKUHH�FULWHULD�WR�GHWHUPLQH�ZKLFK�FHOOV�KDG�UHOLDEOH�UHVSRQVHV�WR�GLIIHUHQW�369 

RULHQWDWLRQV��2XU�FULWHULD�ZHUH�WKDW�����WKH�FHOOV�VKRZHG�RULHQWDWLRQ�VHOHFWLYLW\�����WKH\�JDYH�UHSURGXFLEOH�370 

UHVSRQVHV�WR�WKH�SUHVHQWHG�VWLPXOL�DQG�����WKH\�ZHUH�ZHOO�ILW�E\�D�*DXVVLDQ�VKDSHG�RULHQWDWLRQ�WXQLQJ�371 

FXUYH��7KLV�VHOHFWLRQ�SURFHVV�LV�QHFHVVDU\�EHFDXVH�WKH�WHWURGH�VDPSOHV�DOO�VHSDUDEOH�FHOOV�DW�D�JLYHQ�VLWH�372 

UHJDUGOHVV�RI�WKHLU�UHVSRQVLYHQHVV��EXW�WXQLQJ�FRXOG�RQO\�EH�FKDUDFWHUL]HG�LQ�FHOOV�WKDW�VKRZHG�373 

UHSURGXFLEOH�DQG�VHOHFWLYH�UHVSRQVHV��,Q�VLQJOH�FHOO�UHFRUGLQJV��VLPLODU�H[FOXVLRQ�LV�OLNHO\�WR�EH�GRQH�LQ�374 

WKH�SURFHVV�RI�LVRODWLQJ�D�FHOO�IRU�VWXG\��375 

2ULHQWDWLRQ�6HOHFWLYLW\��7R�FKHFN�LI�WKH�UHVSRQVH�RI�D�FHOO�ZDV�RULHQWDWLRQ�VHOHFWLYH��ZH�ILUVW�376 

FDOFXODWHG�WKH�FHOO¶V�SUHIHUUHG�RULHQWDWLRQ��:H�WRRN�rk��WKH�YHFWRU�RI�DYHUDJH�ILULQJ�UDWHV�LQ�UHVSRQVH�WR�377 

HDFK�RI�WKH�VWLPXOXV�GLUHFWLRQV�șk��DQG�XVHG�LW�WR�FDOFXODWH�WKH�RULHQWDWLRQ�UHVXOWDQW�YHFWRU��R��GHILQHG�DV��378 

�
ܴ ൌ ൬ ݎ FRVሺʹߠሻ

ேRUL

ୀଵ
ǡ ݎ VLQሺʹߠሻ

ேRUL

ୀଵ
൰� ����

L�H��ZH�DVVRFLDWH�HDFK�UHVSRQVH�rk�WR�VWLPXOXV�GLUHFWLRQ�șk�ZLWK�D�YHFWRU�RI�OHQJWK�rk�DQG�RULHQWDWLRQ��șk�DQG�379 

FDOFXODWH�WKH�YHFWRU�VXP�RI�WKHVH�YHFWRUV��'HILQLQJ�Rx DQG�Ry�DV�WKH�FRPSRQHQWV�RI�R��WKH�SUHIHUUHG�380 

RULHQWDWLRQ�ZDV�WKHQ�WDNHQ�WR�EH�WKH�KDOI�WKH�DQJOH�RI�WKH�UHVXOWDQW�YHFWRU��381 

� SUHIߠ ൌ
ͳ
ʹ ������ ൜

ܴ௬
ܴ௫
ൠ� ����
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7KH�DQJOHV�DUH�LQLWLDOO\�GRXEOHG�VR�WKDW�RSSRVLWH�GLUHFWLRQV�FRUUHVSRQG�WR�WKH�VDPH�DQJOH�DQG�DUH�DGGHG�382 

WRJHWKHU��ZKLOH�GLUHFWLRQV�WKDW�DUH�����DSDUW�FRUUHVSRQG�WR�RSSRVLWH�DQJOHV�DQG�DUH�VXEWUDFWHG�IURP�HDFK�383 

RWKHU��7KH�GLYLVLRQ�E\���LQ�HTXDWLRQ�����LV�WR�XQGR�WKH�LQLWLDO�GRXEOLQJ��384 

:H�WKHQ�GHWHUPLQHG�ZKHWKHU�WKH�SUHIHUHQFH�IRU�WKLV�SDUWLFXODU�RULHQWDWLRQ�ZDV�VWDWLVWLFDOO\�385 

VLJQLILFDQW��DV�IROORZV��:H�FDOFXODWHG�WKH�PDJQLWXGH�RI�WKH�RULHQWDWLRQ�UHVXOWDQW�YHFWRUݏ�� ൌ ȁܴȁ��,I�D�FHOO�386 

LV�WXQHG�IRU�RULHQWDWLRQ��WKH�FOXVWHULQJ�RI�UHODWLYHO\�KLJK�ILULQJ�UDWHV�DURXQG�WKH�SUHIHUUHG�RULHQWDWLRQ�ZLOO�387 

UHVXOW�LQ�R�KDYLQJ�D�ODUJH�DPSOLWXGH�LQ�WKH�GLUHFWLRQ��șk��&RQYHUVHO\��LI�WKH�FHOO�LV�QRW�WXQHG�IRU�388 

RULHQWDWLRQ��WKH�UHVSRQVHV�RI�WKH�FHOO�ZLOO�EH�UDQGRPO\�GLVWULEXWHG�DFURVV�WKH�YHFWRU�rk�DQG�ZLOO�PRVWO\�389 

FDQFHO�RXW�LQ�WKHLU�FRQWULEXWLRQ�WR�R��UHVXOWLQJ�LQ�R�KDYLQJ�D�VPDOO�DPSOLWXGH�LQ�D�UDQGRP�GLUHFWLRQ��:H�390 

XVHG�D�0RQWH�&DUOR�UDQGRPL]DWLRQ�WHVW�WR�GHWHUPLQH�ZKHWKHU�s��ZDV�VLJQLILFDQWO\�ODUJHU�WKDQ�ZKDW�ZRXOG�391 

EH�H[SHFWHG�LQ�WKH�DEVHQFH�RI�WXQLQJ��WKH�YHFWRU�rk�ZDV�UDQGRPO\�VKXIIOHG��D�QHZ�RULHQWDWLRQ�UHVXOWDQW�392 

YHFWRU�RUDQG�ZDV�FDOFXODWHG�IRU�WKLV�UDQGRPL]HG�rk�XVLQJ�HTXDWLRQ������DQG�ZH�FDOFXODWHG�LWV�PDJQLWXGH��393 

sUDQG� �_RUDQG_��7KLV�SURFHVV�ZDV�UHSHDWHG�NUHS� ��������WLPHV��\LHOGLQJ�NUHS�VDPSOHV�RI�sUDQG��,I�WKHUH�LV�VRPH�394 

GHJUHH�RI�RULHQWDWLRQ�WXQLQJ��WKHQ�s��VKRXOG�EH�ODUJHU�WKDQ�ZKDW�ZRXOG�EH�H[SHFWHG�IURP�D�UDQGRP�395 

UHDUUDQJHPHQW�RI�rk��7KH�SUREDELOLW\�RI�REWDLQLQJ�WKH�REVHUYHG�YDOXH�s��XQGHU�WKH�QXOO�K\SRWKHVLV�RI�QR�396 

RULHQWDWLRQ�WXQLQJ�LV�JLYHQ�E\�397 

�  ൌ
ܮ  ͳ
UܰHS  ʹ� ����

ZKHUH�L�LV�WKH�QXPEHU�RI�YDOXHV�RI�sUDQG�WKDW�DUH�JUHDWHU�WKDQ�RU�HTXDO�WR�s����7KLV�IRUPXOD�IRU�WKH�398 

SUREDELOLW\�LV�NQRZQ�DV�/DSODFH¶V�UXOH��VHH�-D\QHV���������&KDSWHU�����IRU�D�VLPSOH�GHULYDWLRQ�VHH�(UZLQ�399 

DQG�0LOOHU�(UZLQ�DQG�0LOOHU���������$SSHQGL[�$���:H�DFFHSW�WKH�UHVSRQVH�RI�WKH�FHOO�DV�RULHQWDWLRQ�400 

VHOHFWLYH�LI�p���������FKRVHQ�DV�D�FRQVHUYDWLYH�FULWHULRQ�WKDW�VKRXOG�UHMHFW�PDUJLQDO�FDVHV��401 

2ULHQWDWLRQ�5HSURGXFLELOLW\��7R�DVVHVV�WKH�UHSURGXFLELOLW\�RI�WKH�RULHQWDWLRQ�WXQLQJ�FXUYHV��ZH�402 

FRPSXWHG�rRGG�DQG�rHYHQ��WKH�RULHQWDWLRQ�WXQLQJ�FXUYHV�DYHUDJHG�RYHU�WKH�RGG��DQG�HYHQ�QXPEHUHG�WULDOV��$�403 

³WULDO´�LV�WKH�ILULQJ�UDWH�DYHUDJHG�RYHU�RQH�F\FOH��GULIWLQJ�JUDWLQJV��RU�RQH�SUHVHQWDWLRQ�RI�DOO�SKDVHV�404 

�IODVKHG�JUDWLQJV���:H�VPRRWKHG�rRGG�DQG�rHYHQ�E\�FRQYROYLQJ�ZLWK�D�*DXVVLDQ�RI�VWDQGDUG�GHYLDWLRQ�����405 
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8QGHU�WKH�QXOO�K\SRWKHVLV�WKDW�WKH�UHVSRQVH�WR�HDFK�RULHQWDWLRQ�LV�QRW�UHSURGXFLEOH��ZH�ZRXOG�H[SHFW�WKDW�406 

rRGG�DQG�rHYHQ�ZRXOG�EH�XQFRUUHODWHG��:H�WKXV�UHMHFWHG�WKH�QXOO�K\SRWKHVLV��DQG�GHILQHG�WKH�FHOO�DV�KDYLQJ�407 

UHSURGXFLEOH�UHVSRQVHV��LI�WKH�FRUUHODWLRQ�FRHIILFLHQW�EHWZHHQ�rRGG�DQG�rHYHQ�ZDV�SRVLWLYH�DQG�WKH�RQH�VLGHG�408 

p�YDOXH�ZDV�OHVV�WKDQ�������409 

*RRG�)LW��7KH�WKLUG�FULWHULRQ�IRU�DFFHSWDQFH�ZDV�WKDW�WKH�FHOO¶V�RULHQWDWLRQ�WXQLQJ�FXUYH�ZDV�410 

UHDVRQDEO\�ZHOO�ILW��R��!������E\�D�*DXVVLDQ��VHH�HTXDWLRQ�����EHORZ���2QH�RI�RXU�PHDVXUHV�RI�RULHQWDWLRQ�411 

WXQLQJ�ZLGWK�ZDV�WKH�ZLGWK�RI�WKH�*DXVVLDQ�WKDW�ILW�WKH�RULHQWDWLRQ�WXQLQJ�FXUYH��XVH�RI�WKLV�PHDVXUH�RI�412 

ZLGWK�LPSOLFLWO\�DVVXPHV�WKDW�WKH�*DXVVLDQ�WXQLQJ�FXUYH�LV�D�JRRG�GHVFULSWLRQ�RI�WKH�RULHQWDWLRQ�WXQLQJ�413 

FXUYH��,Q�SUDFWLFH��PRVW�RI�WKH�FHOOV�WKDW�KDG�UHOLDEOH�DQG�VLQJOH�SHDNHG�WXQLQJ��PXOWL�SHDNHG�WXQLQJ�PLJKW�414 

LQGLFDWH�SRRU�FOXVWHULQJ��ZHUH�ZHOO�ILW�E\�D�*DXVVLDQ��415 

)URP�D�WRWDO�RI�����������FHOOV�UHVSRQGLQJ�WR�GULIWLQJ��IODVKHG��JUDWLQJV������������FHOOV�SDVVHG�416 

WKH�RULHQWDWLRQ�VHOHFWLYLW\�FULWHULRQ������������FHOOV�SDVVHG�WKH�UHSURGXFLELOLW\�FULWHULRQ��DQG�����������417 

SDVVHG�ERWK�RI�WKHVH�FULWHULD��7KH�RULHQWDWLRQ�WXQLQJ�FXUYHV�RI�����������RI�WKHVH�RULHQWDWLRQ�VHOHFWLYH�DQG�418 

UHSURGXFLEOH�FHOOV�DOVR�KDG�JRRG�ILWV�WR�D�*DXVVLDQ�WXQLQJ�FXUYH��7KXV��D�WRWDO�RI���������������RI�RXU�419 

FHOOV�SDVVHG�DOO�WKUHH�VHOHFWLRQ�FULWHULD�DQG�ZHUH�DFFHSWHG�IRU�IXUWKHU�DQDO\VLV��7KHVH�����������FHOOV�ZHUH�420 

UHFRUGHG�IURP�����������VLWHV��DFURVV���������WHWURGH�SHQHWUDWLRQV��IURP��������DQLPDOV��421 

7KHVH�QXPEHUV�DUH�FRPSDUDEOH�WR��DOWKRXJK�VOLJKWO\�ORZHU�WKDQ��WKRVH�IRXQG�LQ�RWKHU�WHWURGH�422 

UHFRUGLQJ�VWXGLHV�LQ�9���ZKLFK�KDYH�IRXQG�EHWZHHQ�����DQG�����RI�FHOOV�WR�KDYH�UHOLDEOH�UHVSRQVHV�DQG�423 

JRRG�RULHQWDWLRQ�WXQLQJ�XVLQJ�GULIWLQJ�JUDWLQJV��*UD\�HW�DO��������+HWKHULQJWRQ�DQG�6ZLQGDOH�������424 

0DOGRQDGR�HW�DO���������425 

������ 0HDVXUHV�RI�RULHQWDWLRQ�VHOHFWLYLW\�426 
)RU�RULHQWDWLRQ�WXQLQJ�ZLGWK��ZH�FRQVLGHUHG�ERWK�D�³JOREDO´�DQG�D�³ORFDO´�PHDVXUH��$�³JOREDO´�PHDVXUH��427 

VXFK�DV�WKH�FLUFXODU�YDULDQFH��H�J���$OLWWR�DQG�8VUH\�������5LQJDFK�HW�DO���������LV�RQH�WKDW�LV�VHQVLWLYH�WR�428 

DOO�UHVSRQVHV�LQ�WKH�WXQLQJ�FXUYH��$�³ORFDO´�PHDVXUH��FRQYHUVHO\��LV�RQH�WKDW�LV�VHQVLWLYH�RQO\�WR�WKH�ZLGWK�429 

RI�WKH�WXQLQJ�FXUYH�SHDN��430 
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$V�D�JOREDO�PHDVXUH�RI�RULHQWDWLRQ�WXQLQJ�ZLGWK��ZH�XVH�WKH�RUGLQDU\��QRQ�FLUFXODU��VWDQGDUG�431 

GHYLDWLRQ�RI�WKH�GLVWULEXWLRQ�RI�UHVSRQVHV�rk��432 

�
,25ݓ
*OREDO ൌ ඨσ ݀൫ߠ െ ୮୰ୣ൯ߠ

ଶ ή ேݎ
ୀଵ

σ ேݎ
ୀଵ

� ����

ZKHUH�݀൫ߠ െ  ����WKH�WXQLQJ�FXUYH�rk�LV�433��୮୰ୣ൯�LV�WKH�VKRUWHVW�GLVWDQFH�DURXQG�D�FLUFOH�RI�������,Q�HTXDWLRQߠ

WUHDWHG�DV�D�GLVWULEXWLRQ�RYHU�RULHQWDWLRQV��ZLWK�D�PHDQ�RIߠ�SUHI��7KLV�PHDVXUH�LV�HVVHQWLDOO\�HTXLYDOHQW�WR�434 

WKH�FLUFXODU�YDULDQFH��EXW��DV�DQ�RUGLQDU\�VWDQGDUG�GHYLDWLRQ�H[SUHVVHG�LQ�GHJUHHV��KDV�D�PRUH�LQWXLWLYH�435 

PHDQLQJ��7KH�FLUFXODU�YDULDQFH�CV�FDQ�EH�WUDQVODWHG�LQWR�D�FLUFXODU�VWDQGDUG�GHYLDWLRQ�LQ�GHJUHHV�ı�DV�436 

ߪ ൌ ͳͺͲξʹܸܥȀʹߨ��%DWVFKHOHW�������)LVKHU��������WKH�GHQRPLQDWRU�LV�GLYLGHG�E\���WR�DFFRXQW�IRU�437 

RULHQWDWLRQ�EHLQJ�FLUFXODU�RYHU������UDWKHU�WKDQ��������:H�KDYH�IRXQG�HPSLULFDOO\�IRU�RXU�GDWD�WKDW�WKLV�ı�438 

LV�DOPRVW�SHUIHFWO\�FRUUHODWHG�ZLWK25ݓ�,
*OREDOǣ�ı� ��������������R� ������439 

$V�D�ORFDO�PHDVXUH�RI�WKH�ZLGWK�RI�WKH�SHDN�RI�WKH�WXQLQJ�FXUYH��ZH�XVHG�WKH�VWDQGDUG�GHYLDWLRQ�ı�440 

RI�WKH�*DXVVLDQ�LQ�D�ILW�RI�WKH�RULHQWDWLRQ�WXQLQJ�FXUYH�WR�D�*DXVVLDQ�SOXV�D�FRQVWDQW�WHUP��441 

�
݂ሺߠሻ ൌ ൭ܣ

݀൫ߠ െ ୮୰ୣ൯ߠ
ଶ

ଶߪʹ ൱  �ܤ ����

+HUH�ș�LV�UHVWULFWHG�WR�WKH�UDQJH�șSUHI��������7KH�SDUDPHWHUV�A��B��DQG�ı�ZHUH�VLPXOWDQHRXVO\�ILW�WR�442 

PLQLPL]H�WKH�OHDVW�VTXDUH�HUURU�EHWZHHQ�f�ș��DQG�WKH�RULHQWDWLRQ�WXQLQJ�FXUYH��:KHQ�ILWWLQJ��B�LV�443 

FRQVWUDLQHG�WR�EH�DW�OHDVW�DV�ODUJH�DV�WKH�VPDOOHVW�YDOXH�RI�rk�LQ�WKH�UDQJH�șSUHI��������7KH�FRQVWDQW�WHUP��B��444 

LQ�HTXDWLRQ�����DEVRUEV�DQ\�UHVSRQVH�IDU�IURP�WKH�SUHIHUUHG��DQG�VR�WKH�*DXVVLDQ�HQGV�XS�ILWWLQJ�WKH�SHDN�445 

ZLWKRXW�PXFK�HIIHFW�RI�IDU�IURP�SHDN�UHVSRQVHV��:H�UHIHU�WR�WKH�ORFDO�PHDVXUH�RI�RULHQWDWLRQ�WXQLQJ�446 

ZLGWK��ı��DV25ݓ�,
/RFDO��$Q�H[DPSOH�RI�WKH�VHW�RI�RULHQWDWLRQ�WXQLQJ�FXUYHV�DW�D�UHFRUGLQJ�VLWH��ZLWK�DQ�447 

LOOXVWUDWLRQ�RI�WKH�RULHQWDWLRQ�WXQLQJ�ZLGWKV��LV�VKRZQ�LQ�)LJ�����448 

%HFDXVH�WKH�GLIIHUHQFH�EHWZHHQ�JOREDO�DQG�ORFDO�PHDVXUHV�LQYROYHV�UHVSRQVHV�IDU�IURP�WKH�SHDN��449 

ZH�DOVR�WULHG�WR�GLUHFWO\�H[DPLQH�FOXVWHULQJ�RI�UHVSRQVHV�IDU�IURP�WKH�SHDN��DW�����IURP�WKH�SUHIHUUHG���450 

+RZHYHU��VSRQWDQHRXV�DFWLYLW\�LV�FOXVWHUHG�DQG�WKLV�FRQWDPLQDWHV�WKHVH�PHDVXUHPHQWV��VR�ZH�ZHUH�QRW�451 
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DEOH�WR�GUDZ�ILUP�FRQFOXVLRQV�DERXW�FOXVWHULQJ�RI�VXFK�UHVSRQVHV��GHVFULEHG�IXUWKHU�LQ�XQUHIHUHHG�452 

VXSSOHPHQWDU\�PDWHULDOV��VHFWLRQ�6�����VHH�PDQXVFULSW�HQGQRWH���453 

������ 3UHIHUUHG�GLUHFWLRQ�DQG�GLUHFWLRQ�VHOHFWLYLW\�LQGH[�454 
)RU�UHVSRQVHV�WR�GULIWLQJ�JUDWLQJV��ZH�GHILQHG�WKH�SUHIHUUHG�GLUHFWLRQ�DV�RQH�RI�WZR�YDOXHV��șSUHI�RU�șSUHI���455 

������GHSHQGLQJ�RQ�ZKLFK�RI�WKH�WZR�GLUHFWLRQV�JDYH�D�JUHDWHU�³LQWHJUDWHG�UHVSRQVH´��:H�GHILQH�WKH�456 

LQWHJUDWHG�UHVSRQVH� ఏܰ�DVVRFLDWHG�ZLWK�D�VSHFLILF�GLUHFWLRQ�ș�WR�EH�WKH�VXP�RI�WKH�UHVSRQVHV�IRU�DOO�457 

GLUHFWLRQV�LQ�WKH�UDQJH��ș�í������ș���������ZKHUH�WKH�ERXQGLQJ�GLUHFWLRQV�ș�í�����DQG�ș�������DUH�H[FOXGHG�458 

IURP�WKH�VXP��7KH�GLUHFWLRQ�VHOHFWLYLW\�LQGH[��'6,��ZDV�WKHQ�GHILQHG�DFFRUGLQJ�WR�WKH�IRUPXOD��459 

� ܫܵܦ ൌ ୮ܰ୰ୣ െ ୭ܰ୮୮

୮ܰ୰ୣ  ୭ܰ୮୮
� ����

ZKHUH�NSUHI�LV�WKH�LQWHJUDWHG�UHVSRQVH�DVVRFLDWHG�ZLWK�WKH�FHOO¶V�SUHIHUUHG�GLUHFWLRQ��DQG�NRSS�LV�WKH�460 

LQWHJUDWHG�UHVSRQVH�DVVRFLDWHG�ZLWK�WKH�RSSRVLWH�GLUHFWLRQ��$�'6,�FORVH�WR���LQGLFDWHV�URXJKO\�HTXDO�461 

UHVSRQVHV�WR�ERWK�WKH�SUHIHUUHG�GLUHFWLRQ�DQG�LWV�RSSRVLWH��ZKLOH�D�'6,�FORVH�WR���LQGLFDWHV�WKDW�WKH�FHOO�462 

UHVSRQGV�DOPRVW�H[FOXVLYHO\�WR�WKH�SUHIHUUHG�GLUHFWLRQ��463 

������ 0XOWLXQLWV�464 
,Q�DGGLWLRQ�WR�VWXG\LQJ�WKH�LQGLYLGXDO�FHOOV�DW�D�VLWH��ZH�DOVR�FRQVLGHUHG�WKH�PXOWLXQLW�DFWLYLW\�FRQVLVWLQJ�RI�465 

DOO�VSLNHV�GHWHFWHG�DW�D�VLWH�WKDW�ZHUH�QRW�DVVLJQHG�WR�D�FHOO��EXW�H[FOXGLQJ�VSLNHV�WKDW�ZHUH�³SUXQHG´�IURP�466 

FOXVWHUV��VHH�VHFWLRQ���������7KLV�ZDV�W\SLFDOO\�GRPLQDWHG�E\�WKH�PDQ\�VSLNHV�WRR�VPDOO�WR�EH�VRUWHG�LQWR�467 

FOXVWHUV�FRUUHVSRQGLQJ�WR�GLVWLQFW�FHOOV��:H�ZDQWHG�WR�PHDVXUH�GLIIHUHQFHV�LQ�SUHIHUUHG�RULHQWDWLRQ�468 

EHWZHHQ�FHOOV�DQG�WKH�VLWH��VR�ZH�XVHG�WKH�SUHIHUUHG�RULHQWDWLRQ�RI�WKH�PXOWLXQLW�DFWLYLW\�DV�DQ�LQGLFDWRU�RI�469 

WKH�SUHIHUUHG�RULHQWDWLRQ�RI�WKH�VLWH��:H�XVHG�WKH�PXOWLXQLWV�LI�WKH\�SDVVHG�WKH�RULHQWDWLRQ�VHOHFWLYLW\�DQG�470 

UHSURGXFLELOLW\�FULWHULD��EXW�ZH�GLG�QRW�LPSRVH�WKH�WKLUG��JRRGQHVV�RI�ILW�WR�D�*DXVVLDQ��FULWHULD��VLQFH�����471 

WKH�PXOWLXQLW�UHVSRQVH�LV�PDGH�XS�RI�WKH�UHVSRQVHV�RI�PXOWLSOH�FHOOV��ZKLFK�PD\�QRW�ILW�D�VLQJOH�*DXVVLDQ�472 

DQG�����ZH�ZHUH�QRW�WU\LQJ�WR�PHDVXUH�WKH�WXQLQJ�ZLGWK�RI�WKH�PXOWL�XQLW�UHVSRQVH��473 
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���� 6WXGLHV�RI�VSDWLDO�IUHTXHQF\�WXQLQJ�474 

������ 5HVSRQVH�PHDVXUHV�DQG�FHOO�VHOHFWLRQ�FULWHULD�475 
)RU�HDFK�LVRODWHG�FHOO�VWXGLHG�ZLWK�WKH�SVSDW��GULIWLQJ�JUDWLQJV��DQG�SIODVKHG��IODVKHG�JUDWLQJV��VWLPXOXV�VHWV��D�476 

VSDWLDO�IUHTXHQF\�WXQLQJ�FXUYH�ZDV�FRPSXWHG��$FFRUGLQJ�WR�WKH�H[SHULPHQWDO�GHVLJQ��HYHU\�FHOO�KDG�477 

PXOWLSOH�VSDWLDO�IUHTXHQF\�WXQLQJ�FXUYHV��DW�HDFK�RI�PXOWLSOH�RULHQWDWLRQV�RU�GLUHFWLRQV���)RU�HDFK�FHOO��ZH�478 

VHOHFWHG�WKH�VSDWLDO�IUHTXHQF\�WXQLQJ�FXUYH�DW�WKH�FHOO¶V�SUHIHUUHG�RULHQWDWLRQ�GLUHFWLRQ��)RU�WKH�GULIWLQJ�479 

JUDWLQJ�VWLPXOXV�VHW��VSDWLDO�IUHTXHQF\�WXQLQJ�ZDV�PHDVXUHG�IRU�HDFK�RI�WKH�KDQGIXO�������RI�GLUHFWLRQV�WKDW�480 

ZHUH�GHWHUPLQHG�WR�JLYH�JRRG�UHVSRQVHV��DQG�VR�SUHIHUUHG�GLUHFWLRQ�ZDV�GHILQHG�DV�WKH�GLUHFWLRQ�WKDW�KDG�481 

WKH�KLJKHVW�ILULQJ�UDWH�DYHUDJHG�RYHU�VSDWLDO�IUHTXHQFLHV��)RU�WKH�IODVKHG�JUDWLQJV��ZH�KDG�D�VSDWLDO�482 

IUHTXHQF\�FXUYH�IRU�DOO����RULHQWDWLRQV��DQG�VR�WKH�SUHIHUUHG�RULHQWDWLRQ�ZDV�FDOFXODWHG�XVLQJ�HTXDWLRQ������483 

)URP�WKH�SRRO�RI�VHOHFWHG�VSDWLDO�IUHTXHQF\�WXQLQJ�FXUYHV��ZH�DFFHSWHG�IRU�IXUWKHU�DQDO\VLV�RQO\�484 

WKRVH�WKDW�PHW�WZR�FULWHULD������WKH\�ZHUH�UHSURGXFLEOH�DFURVV�UHSHWLWLRQV��DQG�����WKH\�ZHUH�ZHOO�ILW�E\�D�485 

6NHZHG�/RJQRUPDO�IXQFWLRQ��HTXDWLRQ�����EHORZ���486 

5HSURGXFLELOLW\�ZDV�DVVHVVHG�LQ�D�VLPLODU�ZD\�DV�IRU�WKH�RULHQWDWLRQ�WXQLQJ�GDWD��:H�FRPSXWHG�487 

rRGG�DQG�rHYHQ��WKH�VSDWLDO�IUHTXHQF\�WXQLQJ�FXUYHV�DYHUDJHG�RYHU�WKH�RGG��DQG�HYHQ�QXPEHUHG�WULDOV�488 

�SUHVHQWDWLRQV�RI�WKH�VWLPXOXV��DYHUDJHG�DFURVV�SKDVH���:H�WKHQ�FDOFXODWHG�WKH�FRUUHODWLRQ�FRHIILFLHQW�489 

EHWZHHQ�WKHVH�WZR�YHFWRUV��DQG�FRQVLGHUHG�WKH�VSDWLDO�IUHTXHQF\�WXQLQJ�UHSURGXFLEOH�LI�WKH�FRUUHODWLRQ�490 

FRHIILFLHQW�ZDV�SRVLWLYH�ZLWK�D�RQH�VLGHG�p�YDOXH�OHVV�WKDQ�������491 

*RRGQHVV�RI�ILW�WR�D�VSDWLDO�IUHTXHQF\�WXQLQJ�FXUYH�ZDV�GHILQHG�DV�KDYLQJ�DQ�R��!�����IRU�WKH�ILW�RI�492 

WKH�WXQLQJ�FXUYH�WR�WKH�6NHZHG�/RJQRUPDO�IXQFWLRQ��HTXDWLRQ�����EHORZ���DQG�KDYLQJ�WKH�SHDN�RI�WKH�493 

ILWWHG�VSDWLDO�IUHTXHQF\�FXUYH�OLH�ZLWKLQ�WKH�UDQJH�RI�VWLPXOXV�VSDWLDO�IUHTXHQFLHV��VHH�QH[W�VHFWLRQ���494 

2I�WKH�����������FHOOV�ZKRVH�VSDWLDO�IUHTXHQF\�WXQLQJ�ZDV�VWXGLHG�LQ�UHVSRQVH�WR�GULIWLQJ�495 

�IODVKHG��JUDWLQJV������������KDG�UHSURGXFLEOH�WXQLQJ�FXUYHV��DQG�����������RI�WKHVH�ZHUH�ZHOO�ILW�E\�D�496 

6NHZHG�/RJQRUPDO�IXQFWLRQ��7KXV��D�WRWDO�RI���������������RI�RXU�UHFRUGHG�FHOOV�SDVVHG�RXU�VSDWLDO�497 

IUHTXHQF\�WXQLQJ�FULWHULD�DQG�ZHUH�XVHG�IRU�DQDO\VLV��7KHVH�����������FHOOV�ZHUH�UHFRUGHG�IURP����������498 

VLWHV��DFURVV���������WHWURGH�SHQHWUDWLRQV��IURP��������DQLPDOV��499 
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������ 0HDVXUHV�RI�SUHIHUUHG�VWLPXOL�DQG�VHOHFWLYLW\�500 
)RU�FHOOV�WKDW�SDVVHG�WKH�VHOHFWLRQ�FULWHULD�DERYH��WKH�SUHIHUUHG�VSDWLDO�IUHTXHQF\�DQG�WKH�VSDWLDO�IUHTXHQF\�501 

WXQLQJ�ZLGWK�ZHUH�REWDLQHG�IURP�WKH�ILW�RI�WKH�VSDWLDO�IUHTXHQF\�WXQLQJ�FXUYH�WR�ZKDW�ZH�FDOO�D�6NHZHG�502 

/RJQRUPDO��6/1��IXQFWLRQ��7KH�6/1�KDV�WKH�IROORZLQJ�IRUP��ZKLFK�KDV�VXIILFLHQW�IOH[LELOLW\�WR�FDSWXUH�503 

WKH�HVVHQWLDO�IHDWXUHV�RI�WKH�UHDO�WXQLQJ�FXUYHV��H�J��HLWKHU�ULJKW��RU�OHIW��VLGHG�VNHZQHVV���504 

�
ሺ݂ሻݎ ൌ

୫ୟ୶ݎ െ ୠ୩ݎ
ͳ െ ���ሺെͳ ଶΤݏ ሻ � ൭���൭െቆ

���൫݂ ୮݂୰ୣΤ ൯
ݓ  ݏ ���൫݂ ୮݂୰ୣΤ ൯

ቇ
ଶ

൱ െ ���ሺെͳ ଶΤݏ ሻ൱  �ୠ୩ݎ ����

7KLV�IXQFWLRQDO�IRUP�UHVHPEOHV�D�VNHZHG�YHUVLRQ�RI�D�VWDQGDUG�ORJQRUPDO�GLVWULEXWLRQ�ZLWK�WKH�H[FHSWLRQ�505 

WKDW�LW�PLJKW�WDNH�QHJDWLYH�YDOXHV��H[DPSOHV�RI�WKH�ILW�DUH�VKRZQ�LQ�)LJ�����+HUH�rPD[�LV�WKH�PD[LPXP�506 

UHVSRQVH��rENJ�FKDUDFWHUL]HV�D�'&�OHYHO��XQWXQHG�FRPSRQHQW�RI�UHVSRQVH���f�LV�VSDWLDO�IUHTXHQF\��fSUHI�LV�WKH�507 

SUHIHUUHG�VSDWLDO�IUHTXHQF\��w�LV�D�ZLGWK�SDUDPHWHU��DQG�s�GHWHUPLQHV�WKH�GHJUHH�RI�VNHZQHVV�IRU�WKH�508 

FXUYH��:H�WULHG�D�QXPEHU�RI�PHWKRGV�RI�FKDUDFWHUL]LQJ�WKH�VSDWLDO�IUHTXHQF\�WXQLQJ�FXUYHV�DQG�IRXQG�DOO�509 

WR�JLYH�URXJKO\�FRQVLVWHQW�UHVXOWV��EXW�ILWWLQJ�RI�WKH�6/1�FXUYH�VHHPHG�PRVW�UREXVW��510 

1RWH�WKDW�WKH�6/1�IXQFWLRQ�LV�XQFKDQJHG�LI�WKH�VLJQ�RI�ERWK�w�DQG�s�LV�VZLWFKHG��VR��ZLWKRXW�ORVV�511 

RI�JHQHUDOLW\��ZH�FRQVWUDLQHG�w�WR�EH�SRVLWLYH��WKHQ��SRVLWLYH�DQG�QHJDWLYH�YDOXHV�RI�s�FRUUHVSRQG�WR�ULJKW�512 

DQG�OHIW�VLGHG�VNHZQHVV��UHVSHFWLYHO\��7R�HQVXUH�WKDW�WKH�FXUYH�ILWWLQJ�SURYLGHG�D�SODXVLEOH�VSDWLDO�513 

IUHTXHQF\�WXQLQJ�FXUYH��ZH�FRQVWUDLQHG�rPD[�WR�EH�DW�PRVW�����WLPHV�WKH�PD[LPXP�UHVSRQVH�LQ�WKH�WXQLQJ�514 

FXUYH��7KLV�FRQVWUDLQW�SUHYHQWHG�WKH�FXUYH�IURP�WDNLQJ�RQ�XQUHDOLVWLFDOO\�ODUJH�YDOXHV�WR�ILW�WKH�SHDN�RI�WKH�515 

WXQLQJ�FXUYH��0RVW�RI�WKH�WLPH��PRUH�WKDQ�a����RI�WKH�WLPH���WKLV�FRQVWUDLQW�GRHV�QRW�DIIHFW�WKH�ILWWHG�516 

SDUDPHWHUV��7KH�H[DPSOH�LQ�)LJ���(�LOOXVWUDWHV�ZKHQ�WKLV�FRQVWUDLQW�LV�QHFHVVDU\��IRU�WXQLQJ�FXUYHV�ZKHUH�517 

WKHUH�DUH�YHU\�IHZ�������VDPSOHV�DURXQG�WKH�SHDN��DQG�RU�WKH�ILWWHG�YDOXH�RI�fSUHI�IDOOV�FORVH�WR�PLGZD\�518 

EHWZHHQ�WZR�VDPSOHG�VSDWLDO�IUHTXHQFLHV��DQ�XQFRQVWUDLQHG�ILW�FDQ�VRPHWLPHV�WDNH�RQ�XQUHDOLVWLFDOO\�ODUJH�519 

YDOXHV��,Q�FDVHV�VXFK�DV�WKHVH��HQIRUFLQJ�WKH�FRQVWUDLQW�RQ�rPD[�\LHOGV�D�PRUH�SODXVLEOH�ILW�WR�WKH�WXQLQJ�520 

FXUYH��521 

)RU�IRXU�FHOOV�UHVSRQGLQJ�WR�SVSDW�WKDW�RWKHUZLVH�KDG�UHSURGXFLEOH�WXQLQJ�FXUYHV�DQG�ZHUH�ZHOO�ILW�522 

E\�WKH�6/1�FXUYH��E\�WKH�R��PHDVXUH���WKH�ILWWHG�YDOXH�RI�fSUHI��WKH�SHDN�RI�WKH�ILWWHG�6/1�FXUYH��IHOO�523 
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RXWVLGH�RI�WKH�UDQJH�RI�WKH�VSDWLDO�IUHTXHQFLHV�WHVWHG��6LQFH�ZH�FRXOG�QRW�JHW�D�JRRG�VDPSOLQJ�RI�WKH�524 

UHVSRQVHV�RI�WKHVH�FHOOV�FORVH�WR�DQG�DURXQG�WKHLU�SUHIHUUHG�VSDWLDO�IUHTXHQFLHV��ZH�H[FOXGHG�WKHP�IURP�525 

RXU�DQDO\VLV�RI�SUHIHUUHG�VSDWLDO�IUHTXHQF\�DQG�VSDWLDO�IUHTXHQF\�WXQLQJ�ZLGWK��526 

7KH�VSDWLDO�IUHTXHQF\�WXQLQJ�ZLGWK�LQ�RFWDYHV�ZDV�JLYHQ�E\6ݓ�) ൌ ���ଶሺ K݂L O݂RΤ ሻ��ZKHUH� K݂L�DQG� O݂R�527 

DUH�WKH�VSDWLDO�IUHTXHQFLHV�KLJKHU�DQG�ORZHU�WKDQ� �݂����WKDW�JDYH�KDOI�PD[LPDO�UHVSRQVHV�LQ�WKH�ILWWHG�6/1�528 

FXUYH��7KLV�LV�KLJKO\�FRUUHODWHG�ZLWK�WKH�ZLGWK�SDUDPHWHU�w�RI�WKH�6/1��w� ��������529���� �����������R(6ݓ� 

���� 6WXGLHV�RI�)��'&�UDWLR�DQG�VLPSOH�FRPSOH[�FHOO�530 

FODVVLILFDWLRQ�531 
7R�FODVVLI\�FHOOV�DV�VLPSOH�RU�FRPSOH[��ZH�VWXGLHG�WKH�)��'&�UDWLR�HLWKHU�RI�WKH�FXUYH�RI�F\FOH�DYHUDJHG�532 

ILULQJ�UDWHV�YV��WLPH�GXULQJ�WKH�VWLPXOXV�F\FOH��GULIWLQJ�JUDWLQJV��RU�WKH�SKDVH�WXQLQJ�FXUYH��IODVKHG�533 

JUDWLQJV���+HUH��WKH�)��LV�WKH�ILUVW�KDUPRQLF��WKH�DPSOLWXGH�RI�WKH�)RXULHU�WUDQVIRUP�RI�WKH�FXUYH�DW�D�534 

IUHTXHQF\�RI�RQH�F\FOH�SHU�FXUYH�OHQJWK��DQG�WKH�'&��RU�)���LV�WKH�]HURWK�KDUPRQLF��ZKLFK�LV�SURSRUWLRQDO�535 

WR�WKH�PHDQ�UHVSRQVH�RYHU�WKH�FXUYH��&HOOV�ZHUH�FODVVLILHG�DV�VLPSOH�RU�FRPSOH[�LI�WKH�)��'&�UDWLR�ZDV�!��536 

RU����UHVSHFWLYHO\��6NRWWXQ�HW�DO��������EXW�VHH�.DJDQ�HW�DO��������0DUWLQH]�HW�DO��������0HFKOHU�DQG�537 

5LQJDFK�������3ULHEH�HW�DO�������IRU�DUJXPHQWV�DJDLQVW�WKH�DGHTXDF\�RI�WKLV�FODVVLILFDWLRQ���538 

,GHDOO\��FHOOV�VKRXOG�EH�FODVVLILHG�DV�VLPSOH�RU�FRPSOH[�EDVHG�RQ�WKHLU�UHVSRQVHV�WR�WKHLU�SUHIHUUHG�539 

RULHQWDWLRQ�DQG�VSDWLDO�IUHTXHQF\��:H�GR�VR�IRU�FHOOV�UHVSRQGLQJ�WR�IODVKHG�JUDWLQJV��SIODVKHG��DQG�IRU�540 

VWXGLHV�RI�VSDWLDO�IUHTXHQF\�WXQLQJ�LQ�FHOOV�UHVSRQGLQJ�WR�GULIWLQJ�JUDWLQJV��SVSDW���+RZHYHU��IRU�VWXGLHV�RI�541 

RULHQWDWLRQ�WXQLQJ�DQG�GLUHFWLRQ�VHOHFWLYLW\�WR�GULIWLQJ�JUDWLQJV��SRULHQW���FHOOV�ZHUH�VWXGLHG�DW�RQO\�D�VLQJOH�542 

VSDWLDO�IUHTXHQF\������F\F�GHJ��7KLV�LV�DQ�LQWHUPHGLDWH�VSDWLDO�IUHTXHQF\�WKDW�GULYHV�PRVW�FHOOV�UHDVRQDEO\�543 

ZHOO��8VLQJ�WKH�UHVSRQVHV�RI�FHOOV�WR�IODVKHG�JUDWLQJV��ZH�HVWLPDWHG�WKH�µPLVFODVVLILFDWLRQ�UDWH¶�XVLQJ�WKH�544 

)��'&�RI�WKH�UHVSRQVH�DW�����F\F�GHJ�LQVWHDG�RI�WKH�SUHIHUUHG�VSDWLDO�IUHTXHQF\�IRU�HDFK�FHOO�DQG�REWDLQHG�545 

D�PRGHVW����HUURU�UDWH��7KXV��ZH�SURFHHGHG�WR�XVH�WKH�)��'&�RI�FHOOV�UHVSRQGLQJ�WR�SRULHQW��DW�WKHLU�546 

SUHIHUUHG�RULHQWDWLRQ��EXW�DW�����F\F�GHJ��WR�FODVVLI\�WKHP�DV�VLPSOH�RU�FRPSOH[��547 
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���� -DFNNQLIH�SURFHGXUH�IRU�FRPSXWLQJ�VWDQGDUG�HUURUV�548 
:H�XVHG�D�MDFNNQLIH�SURFHGXUH��0LOOHU�������WR�GHWHUPLQH�WKH�VWDQGDUG�HUURUV�RI�RXU�HVWLPDWHV�RI�549 

SUHIHUUHG�VWLPXOL�DQG�WXQLQJ�ZLGWKV��)RU�D�SDUWLFXODU�VWLPXOXV�HQVHPEOH�ZLWK�M�WULDOV��ZH�FDOFXODWHG�WKH�550 

TXDQWLW\��SUHIHUUHG�VWLPXOXV�RU�WXQLQJ�ZLGWK��M�WLPHV��HDFK�WLPH�OHDYLQJ�RXW�RQH�RI�WKH�WULDOV��REWDLQLQJ�M�551 

HVWLPDWHVߠ��RI�WKH�JLYHQ�TXDQWLW\��ZKRVH�RYHUDOO�HVWLPDWHG�YDOXH�ZDV��7ߠ�KH�VWDQGDUG�HUURU�RI�WKH�552 

HVWLPDWH�LV�WKHQ�JLYHQ�E\��553 

�
ߠߜ ൌ ඨ

ܯ െ ͳ
ܯ  ሺߠ െ ሻଶߠ

ெ

ୀ
� ����

,Q�WKH�FDVH�RI�SUHIHUUHG�RULHQWDWLRQ��ሺߠ െ ߠሻ�LV�UHSODFHG�E\�Gሺߠ െ  ሻǡ�WKH�VKRUWHVW�GLVWDQFH�DURXQG�D�554ߠ

FLUFOH�RI�������IRU�RULHQWDWLRQ��RU�������IRU�GLUHFWLRQ��EHWZHHQߠ��DQGߠ���)RU�VSDWLDO�IUHTXHQFLHV��ZH�XVH�555 

WKH�GLIIHUHQFH�EHWZHHQ�WKH�WZR�VSDWLDO�IUHTXHQFLHV�LQ�RFWDYHV��ሺ���ଶ ߠ െ ���ଶ  ሻ��556ߠ

7R�HQVXUH�WKDW�VWXGLHG�UHVSRQVH�SURSHUWLHV�ZHUH�ZHOO�FKDUDFWHUL]HG��ZH�H[FOXGHG�D�PHDVXUHG�557 

UHVSRQVH�SURSHUW\�RI�D�FHOO�IURP�VWXG\�LI�LWV�VWDQGDUG�HUURUߠߜ��ZDV�DW�RU�DERYH�D�FRQVHUYDWLYH�WKUHVKROG�558 

�UHVXOWV�ZHUH�H[WUHPHO\�VLPLODU�LQ�DOO�UHVSHFWV�ZKHWKHU�RU�QRW�WKLV�H[FOXVLRQ�ZDV�GRQH���)RU�SUHIHUUHG�559 

RULHQWDWLRQ�DQG�RULHQWDWLRQ�WXQLQJ�ZLGWK��ZH�XVHG�D�WKUHVKROG�RI�����)RU25ݓ�,
*OREDO��WKLV�H[FOXGHG��������IRU�560 

GULIWLQJ�IODVKHG�JUDWLQJV��RI�FHOOV��VWDUWLQJ�IURP�WKH�VHW�RI�FHOOV�WKDW�SDVVHG�FHOO�VHOHFWLRQ�FULWHULD���IRU�561 

,25ݓ
/RFDO�����������DQG�IRU�SUHIHUUHG�RULHQWDWLRQ���������)RU�'6,��ZH�XVHG�D�WKUHVKROG�RI������ZKLFK�562 

UHPRYHG�����RI�FHOOV��)RU�SUHIHUUHG�VSDWLDO�IUHTXHQF\�DQG�VSDWLDO�IUHTXHQF\�WXQLQJ�ZLGWK��ZH�XVHG�D�563 

WKUHVKROG�RI�����RFWDYHV��ZKLFK�UHPRYHG��������SUHIHUUHG��RU����������ZLGWK��RI�FHOOV��)RU�VWXGLHV�RI�564 

)��'&�UDWLR�DQG�IRU�FODVVLI\LQJ�FHOOV�DV�HLWKHU�VLPSOH�RU�FRPSOH[��ZH�XVHG�D�VWDQGDUG�HUURU�WKUHVKROG�RI�565 

������ZKLFK�H[FOXGHG����������RI�FHOOV�IRU�VWXGLHV�RI�RULHQWDWLRQ�WXQLQJ�DQG��������RI�FHOOV�IRU�VWXGLHV�566 

RI�VSDWLDO�IUHTXHQF\�WXQLQJ��EHIRUH�FHOOV�ZHUH�DGGLWLRQDOO\�H[FOXGHG�IRU�H[FHVVLYH�MDFNNQLIH�HUURU�LQ�WKH�567 

PHDVXUHG�WXQLQJ�SURSHUWLHV���:H�LQFOXGHG�RU�H[FOXGHG�FHOO�UHVSRQVHV�LQGLYLGXDOO\�IRU�HDFK�PHDVXUH��VR�568 

WKDW�D�JLYHQ�FHOO�PLJKW�EH�LQFOXGHG�IRU�VRPH�PHDVXUHV�DQG�H[FOXGHG�IRU�RWKHUV��569 
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����� 0HDVXUHV�RI�&OXVWHULQJ�570 
:H�PHDVXUHG�WKH�GHJUHH�WR�ZKLFK�D�JLYHQ�UHVSRQVH�SURSHUW\��IRU�H[DPSOH��RULHQWDWLRQ�WXQLQJ�ZLGWK��WHQGV�571 

WR�VSDWLDOO\�FOXVWHU��)RU�D�SDUWLFXODU�UHVSRQVH�SURSHUW\��x��ZH�ILUVW�FDOFXODWHG�WKH�SDLUZLVH�GLIIHUHQFHV�LQ�x�572 

EHWZHHQ�DOO�SDLUV�RI�FHOOV��$V�LQ�WKH�SUHYLRXV�VHFWLRQ��HTXDWLRQ�������³GLIIHUHQFH´�LV�WKH�VKRUWHVW�GLVWDQFH�573 

DURXQG�D�FLUFOH�RI������IRU�SDLUV�RI�RULHQWDWLRQV��RU�DURXQG�D�FLUFOH�RI������IRU�SDLUV�RI�GLUHFWLRQV��WKH�574 

GLIIHUHQFH�LQ�RFWDYHV�IRU�SDLUV�RI�VSDWLDO�IUHTXHQFLHV��DQG�WKH�DEVROXWH�YDOXH�RI�WKH�GLIIHUHQFH�IRU�RWKHU�575 

TXDQWLWLHV��:H�FDQ�WKHQ�GHWHUPLQH�P:�x���WKH�GLVWULEXWLRQ�RI�GLIIHUHQFHV�RI�LQ�x�DPRQJ�SDLUV�RI�FHOOV�576 

UHFRUGHG�DW�WKH�VDPH�VLWH��WKH�³ZLWKLQ�VLWH´�GLVWULEXWLRQ��DQG�P%�x���WKH�GLVWULEXWLRQ�RI�GLIIHUHQFHV�DPRQJ�577 

SDLUV�RI�FHOOV�UHFRUGHG�IURP�GLIIHUHQW�VLWHV��WKH�³EHWZHHQ�VLWH´�GLVWULEXWLRQ���$V�LQ��'H$QJHOLV�HW�DO���������578 

RXU�PHDVXUH�RI�FOXVWHULQJ�ZDV�WKH�PHGLDQ�UDWLR��WKH�PHGLDQ�RI�P%�x��GLYLGHG�E\�WKH�PHGLDQ�RI�P:�x���579 

7R�GHWHUPLQH�WKH�SUHFLVLRQ�RI�RXU�HVWLPDWHV�RI�PHGLDQ�UDWLRV��ZH�DOVR�FDOFXODWHG�D�ERRWVWUDS�580 

HVWLPDWH�RI�WKH�VWDQGDUG�HUURU�RI�HDFK�PHGLDQ�UDWLR��H[SUHVVHG�DV�D�����FRQILGHQFH�LQWHUYDO�DURXQG�WKH�581 

HVWLPDWHG�YDOXH��(IURQ�DQG�7LEVKLUDQL��������)RU�D�JLYHQ�PHDVXUH��WKH�ZLWKLQ�VLWH�DQG�EHWZHHQ�VLWH�582 

GLVWULEXWLRQV�FRQVLVW�RI�N:�DQG�N%�SDLUZLVH�GLIIHUHQFHV��UHVSHFWLYHO\��$�VLQJOH�ERRWVWUDS�VDPSOH�RI�WKH�583 

PHGLDQ�UDWLR�LV�REWDLQHG�E\�WDNLQJ�N%�VDPSOHV��ZLWK�UHSODFHPHQW��IURP�WKH�EHWZHHQ�VLWH�GLVWULEXWLRQ�DQG�584 

N:�VDPSOHV��ZLWK�UHSODFHPHQW��IURP�WKH�ZLWKLQ�VLWH�GLVWULEXWLRQ��DQG�WDNLQJ�WKH�UDWLR�RI�WKH�PHGLDQV�RI�585 

WKHVH�WZR�VHWV�RI�VDPSOHV��:H�FDOFXODWHG������VXFK�VDPSOH�PHGLDQ�UDWLRV��DQG�GHWHUPLQHG�WKH�VWDQGDUG�586 

HUURU�PDUJLQ�WKDW�EUDFNHWHG�WKH�FHQWUDO�������RI�WKHVH�VDPSOHV��7R�DYRLG�SUREOHPV�ZLWK�WKH�GLIIHUHQW�587 

VDPSOHV�RI�SDLUZLVH�GLIIHUHQFHV�QRW�EHLQJ�LQGHSHQGHQW��EHFDXVH�D�VLQJOH�FHOO�PLJKW�FRQWULEXWH�WR�PXOWLSOH�588 

SDLUV���ZH�GLG�QRW�XVH�WKHVH�VWDQGDUG�HUURUV�WR�WHVW�VLJQLILFDQFH�RI�FOXVWHULQJ��EXW�LQVWHDG�XVHG�D�589 

UDQGRPL]DWLRQ�WHVW��GHVFULEHG�QH[W��590 

����� 7HVWV�IRU�VLJQLILFDQFH�RI�FOXVWHULQJ�PHDVXUHV�591 
$�0RQWH�&DUOR�UDQGRPL]DWLRQ�SURFHGXUH�ZDV�XVHG�WR�DVVD\�WKH�VWDWLVWLFDO�VLJQLILFDQFH�RI�FOXVWHULQJ��592 

VLPLODU�WR�WKH�FOXVWHU�LQGH[�LQWURGXFHG�E\�'H$QJHOLV�HW�DO����������6XSSRVH�ZH�KDYH�FDOFXODWHG�P:�x���WKH�593 

ZLWKLQ�VLWH�GLVWULEXWLRQ�RI�WKH�SDLUZLVH�GLIIHUHQFHV�IRU�D�SDUWLFXODU�SURSHUW\�x��DQG�LWV�PHGLDQ�m:��7R�WHVW�594 
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WKH�QXOO�K\SRWKHVLV�WKDW�WKHUH�LV�QR�VSDWLDO�FOXVWHULQJ��ZH�UDQGRPO\�SHUPXWHG�WKH�FHOOV�DPRQJ�WKH�595 

UHFRUGLQJ�VLWHV��OHDYLQJ�WKH�QXPEHU�RI�FHOOV�DW�HDFK�VLWH�XQFKDQJHG���UHFDOFXODWHG�WKH�GLVWULEXWLRQ�RI�WKH�596 

ZLWKLQ�VLWH�GLIIHUHQFH�PHDVXUH�XVLQJ�WKH�QHZ�UHDUUDQJHPHQW�RI�FHOOV��DQG�FRPSXWHG�WKH�PHGLDQ�DJDLQ�IRU�597 

WKLV�QHZ�UDQGRPL]HG�GLVWULEXWLRQ��:H�UHSHDWHG�WKLV�UDQGRPL]DWLRQ�SURFHVV�NUHS� ��������WLPHV��REWDLQLQJ�598 

D�VHW�RI�NUHS�UDQGRPL]HG�³ZLWKLQ�VLWH´�GLVWULEXWLRQV��ቄܲ:�UDQGሺݔሻቅ���DQG�D�VHW�RI�PHGLDQV�IURP�HDFK�RQH��599 

ሼ݉UDQGሽ��:H�WKHQ�FRPSXWHG�WKH�SUREDELOLW\�p��XQGHU�WKH�QXOO�K\SRWKHVLV�RI�QR�VSDWLDO�FOXVWHULQJ��RI�ILQGLQJ�600 

D�PHGLDQ�RI�P:�x��DV�VPDOO�DV��RU�VPDOOHU�WKDQ��WKDW�REVHUYHG��p �L�����NUHS������ZKHUH�L�LV�WKH�QXPEHU�RI�601 

UDQGRP�PHGLDQV�LQ�WKH�VHW�ሼ݉UDQGሽ�WKDW�DUH�OHVV�WKDQ�RU�HTXDO�WR�m:��/DSODFH¶V�5XOH��VHH�VHFWLRQ�������602 

DERYH���7KH�PHGLDQ�UDWLRV�WKDW�ZH�UHSRUW�DUH�WKH�UDWLR�RI�WKH�WUXH�EHWZHHQ�VLWH�PHGLDQ�WR�WKH�WUXH�ZLWKLQ�603 

VLWH�PHGLDQ��ZLWKRXW�UDQGRPL]DWLRQ���ZKLOH�WKH�p�YDOXHV�DUH�WKH�SUREDELOLWLHV�p�FRPSXWHG�XVLQJ�WKLV�604 

UDQGRPL]DWLRQ�SURFHGXUH��7KH�XVH�RI�NUHS� ��������JLYHV�RXU�VLJQLILFDQFH�WHVWV�D�³UHVROXWLRQ�OLPLW´�RI�605 

p�§���NUHS� �������606 

2XU�UDQGRPL]DWLRQ�SURFHGXUH��UDQGRPO\�VKXIIOLQJ�FHOOV�DFURVV�VLWHV��DQG�WKHQ�FRPSXWLQJ�WKH�QHZ�607 

³ZLWKLQ�VLWH´�GLVWULEXWLRQ��LV�FRQFHSWXDOO\�YHU\�VLPLODU�WR�WKH�SURFHGXUH�RI�'H$QJHOLV�HW�DO����������ZKR�608 

EXLOW�WKH�UDQGRPL]HG�ZLWKLQ�VLWH�GLVWULEXWLRQ�VLPSO\�E\�UHSHDWHG�GUDZV�RI�N:�VDPSOHV�IURP�WKH�EHWZHHQ�609 

VLWH�GLVWULEXWLRQ�P%�x���ZKHUH�N:�LV�WKH�QXPEHU�RI�SDLUV�LQ�WKH�ZLWKLQ�VLWH�GLVWULEXWLRQ��2XU�PHWKRG�GLIIHUV�610 

LQ�FRQWUROOLQJ�IRU�WKH�IDFW�WKDW�FHOOV�DW�VLWHV�ZLWK�PRUH�FHOOV�FRQWULEXWH�WR�PRUH�SDLUV�LQ�WKH�ZLWKLQ�VLWH�611 

GLVWULEXWLRQ�WKDQ�GR�FHOOV�DW�VLWHV�ZLWK�IHZHU�FHOOV��E\�VKXIIOLQJ�WKH�FHOOV�DFURVV�VLWHV�ZLWKRXW�FKDQJLQJ�WKH�612 

QXPEHU�SHU�VLWH�DQG�WKHQ�UHFRPSXWLQJ�WKH�ZLWKLQ�VLWH�GLVWULEXWLRQ��,Q�SUDFWLFH��WKLV�ZDV�QRW�DQ�LVVXH�LQ�WKH�613 

VWXG\�RI�'H$QJHOLV�HW�DO����������EHFDXVH�WKH\�UHFRUGHG�ZLWK�D�VLQJOH�HOHFWURGH�DQG�DOPRVW�DOZD\V�KDG�WKH�614 

VDPH�QXPEHU�RI�FHOOV�����DW�D�VLWH��DW�RQO\�WZR�VLWHV�GLG�WKH\�KDYH���FHOOV���,Q�FRQWUDVW��ZLWK�WHWURGHV�ZH�615 

UHFRUGHG�D�PHDQ�RI�a����FHOOV�SHU�VLWH��ZLWK���RU�PRUH�FHOOV�LQ�DERXW�����RI�VLWHV�DQG�DV�PDQ\�DV���RU���LQ�616 

DERXW����RI�VLWHV��7KXV�LW�ZDV�LPSRUWDQW�LQ�RXU�FDVH�WR�XVH�WKH�UDQGRP�FHOO�VKXIIOLQJ�FRQWURO��617 

*LYHQ�WKDW�GLIIHUHQFHV�EHWZHHQ�ZLWKLQ�VLWH�DQG�EHWZHHQ�VLWH�GLVWULEXWLRQV�DUH�YLVLEOH�LQ�618 

FXPXODWLYH�GLVWULEXWLRQV��)LJV��������������������RQH�PLJKW�WKLQN�WKDW�D�QDWXUDO�WHVW�RI�VLJQLILFDQFH�ZRXOG�619 
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EH�WKH�.ROPRJRURY�6PLUQRY��.6��WHVW��ZKLFK�WHVWV�ZKHWKHU�WZR�GLVWULEXWLRQV�VLJQLILFDQWO\�GLIIHU�EDVHG�RQ�620 

GLIIHUHQFHV�LQ�WKHLU�FXPXODWLYH�GLVWULEXWLRQV��:KLOH�D�.6�WHVW�GRHV�VKRZ�VLJQLILFDQW�FOXVWHULQJ�ZKHQ�RXU�621 

UDQGRPL]DWLRQ�WHVW�GRHV��LWV�DSSOLFDWLRQ�WR�RXU�GDWD�LV�QRW�YDOLG��7KH�.6�WHVW�UHTXLUHV�WKDW�WKH�GLIIHUHQW�GDWD�622 

SRLQWV�EH�LQGHSHQGHQW�VDPSOHV�IURP�WKH�UHVSHFWLYH�GLVWULEXWLRQV��D�FRQGLWLRQ�WKDW�GRHV�QRW�DSSO\�EHFDXVH�623 

GLIIHUHQW�SDLUZLVH�GLIIHUHQFHV�LQYROYLQJ�WKH�VDPH�FHOO�FDQQRW�EH�VDLG�WR�EH�LQGHSHQGHQW��7KH�624 

UDQGRPL]DWLRQ�WHVW�DYRLGV�WKLV�SUREOHP��DV�LW�UDQGRPL]HV�ZKLOH�SUHVHUYLQJ�WKH�VWDWLVWLFV�RI�WKH�QXPEHU�RI�625 

SDLUV�FRQWULEXWHG�WR�E\�VLQJOH�FHOOV��626 

)RU�VWXGLHV�RI�VLPSOH�DQG�FRPSOH[�FHOOV��OHWWLQJ�µ6¶�VWDQG�IRU�VLPSOH�DQG�µ&¶�IRU�FRPSOH[��ZH�627 

FRPSXWHG�WKH�PHGLDQ�UDWLRV�IRU�HDFK�VWXGLHG�UHVSRQVH�SURSHUW\�VHSDUDWHO\�IRU�66�SDLUV��&&�SDLUV�DQG�6&�628 

SDLUV��7R�FDOFXODWH�WKH�VLJQLILFDQFH�RI�WKH�PHGLDQ�UDWLRV�IRU�HDFK�RI�WKHVH�SDLU�W\SHV��ZH�SHUIRUPHG�629 

NUHS� ��������UDQGRPL]DWLRQ�WULDOV��ZKHUH�LQ�HDFK�UDQGRPL]DWLRQ�WKH�VLPSOH�FHOOV�ZHUH�UDQGRPL]HG�DPRQJ�630 

WKHPVHOYHV�DQG�WKH�FRPSOH[�FHOOV�ZHUH�UDQGRPL]HG�DPRQJ�WKHPVHOYHV�DFURVV�VLWHV��)RU�HDFK�SDLU�W\SH��ZH�631 

VHW�L�WR�EH�WKH�QXPEHU�RI�UDQGRPL]HG�PHGLDQ�UDWLRV�RI�WKDW�SDLU�W\SH�WKDW�ZHUH�DV�ODUJH�RU�ODUJHU�WKDQ�WKH�632 

RQH�REVHUYHG��DQG�WKHQ�REWDLQHG�WKH�p�YDOXH�XVLQJ�/DSODFH¶V�UXOH�DV�DERYH��:H�DOVR�GHWHUPLQHG�WKH�633 

VLJQLILFDQFH�RI�WKH�differences�LQ�UDWLRV�IRU�D�JLYHQ�UHVSRQVH�SURSHUW\�EHWZHHQ�DQ\�WZR�RI�WKHVH�WKUHH�SDLU�634 

W\SHV��66��6&�RU�&&���XQGHU�WKH�QXOO�K\SRWKHVLV�WKDW�DOO�WKUHH�SDLU�W\SHV�VKRZHG�HTXDO�FOXVWHULQJ�RI�WKH�635 

JLYHQ�UHVSRQVH�SURSHUW\��E\�XVLQJ�WKH�IROORZLQJ�UDQGRPL]DWLRQ�WHVW��:H�VKXIIOHG�WKH�ODEHOV�µVLPSOH¶�DQG�636 

µFRPSOH[¶�UDQGRPO\�DFURVV�FHOOV�NUHS� ��������WLPHV��OHDYLQJ�DOO�RWKHU�FHOO�UHVSRQVH�SURSHUWLHV�XQWRXFKHG��637 

7KLV�SUHVHUYHV�WKH�GHJUHH�RI�FOXVWHULQJ�LQ�WKH�ZLWKLQ�VLWH�GLVWULEXWLRQ��ZKLOH�UDQGRPL]LQJ�ZKLFK�FHOOV�DUH�638 

ODEHOHG�VLPSOH�RU�FRPSOH[��DQG�WKXV�ZKLFK�SDLUV�DUH�66��6&�DQG�&&��)RU�HDFK�UDQGRPL]DWLRQ��ZH�639 

FRPSXWHG�WKH�GLIIHUHQFH�LQ�PHGLDQ�UDWLRV�EHWZHHQ�WKH�WZR�SDLU�W\SHV��6HWWLQJ�L�WR�WKH�QXPEHU�RI�640 

UDQGRPL]DWLRQ�WULDOV�LQ�ZKLFK�WKH�GLIIHUHQFH�LQ�UDWLRV�KDV�DQ�DEVROXWH�YDOXH�WKDW�ZDV�DV�ODUJH�DV�RU�ODUJHU�641 

WKDQ�WKH�DEVROXWH�YDOXH�RI�WKH�REVHUYHG�UDWLR�GLIIHUHQFH��ZH�WKHQ�FRPSXWHG�WKH�VLJQLILFDQFH�OHYHO�XVLQJ�642 

/DSODFH¶V�UXOH�DV�DERYH��643 
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����� 6SDWLDO�H[WHQW�RI�FOXVWHULQJ�644 
7R�VWXG\�WKH�VSDWLDO�H[WHQW�RI�FOXVWHULQJ��ZH�WHVWHG�WKH�VLJQLILFDQFH�RI�FOXVWHULQJ�RI�D�UHVSRQVH�SURSHUW\�DV�645 

D�IXQFWLRQ�RI�GLVWDQFH�EHWZHHQ�UHFRUGLQJ�VLWHV�ZLWKLQ�D�WHWURGH�SHQHWUDWLRQ��:H�FROOHFWHG�WKH�EHWZHHQ�VLWH��646 

ZLWKLQ�SHQHWUDWLRQ��%6�:3��GLVWULEXWLRQ��FRQVLVWLQJ�RI�WKH�GLIIHUHQFH�LQ�WKH�UHVSRQVH�SURSHUW\�EHWZHHQ�DOO�647 

SDLUV�RI�FHOOV�WKDW�ZHUH�UHFRUGHG�DW�GLIIHUHQW�VLWHV�EXW�ZLWKLQ�WKH�VDPH�WHWURGH�SHQHWUDWLRQ��(DFK�SDLUZLVH�648 

GLIIHUHQFH�ZDV�WDJJHG�E\�WKH�GLVWDQFH�EHWZHHQ�WKH�WZR�DVVRFLDWHG�UHFRUGLQJ�VLWHV��ZLWK��WK�DQG���WK�649 

SHUFHQWLOHV�RI�GLVWDQFHV�JLYHQ�E\����DQG������PLFURQV��UHVSHFWLYHO\��:H�RUGHUHG�WKH�GLIIHUHQFHV�IURP�650 

VPDOOHVW�WR�ODUJHVW�UHFRUGLQJ�GLVWDQFH��DQG�FDOFXODWHG�WKH�PHGLDQ�GLIIHUHQFH�LQ�VOLGLQJ�ZLQGRZV�RI������651 

������SDLUV�RI�FHOOV�IRU�GULIWLQJ��IODVKHG��JUDWLQJV��ZLWK�D�ZLQGRZ�VWHS�VL]H�RI�����������SDLUV��:H�GHILQH�D�652 

ZLQGRZ¶V�GLVWDQFH�WR�EH�WKH�PHGLDQ�GLVWDQFH�EHWZHHQ�VLWHV�IRU�DOO�WKH�SDLUV�LW�FRQWDLQV��7R�DVVD\�DW�ZKDW�653 

GLVWDQFH�WKH�%6�:3�GLVWULEXWLRQ�ZDV�QRW�VLJQLILFDQWO\�GLIIHUHQW�IURP�WKH�IXOO�EHWZHHQ�VLWH��%6��654 

GLVWULEXWLRQ��ZH�QHHGHG�WR�FRQWURO�IRU�WKH�IDFW�WKDW�FHOOV�ZRXOG�DSSHDU�LQ�PDQ\�PRUH�SDLUV�LQ�SHQHWUDWLRQV�655 

ZLWK�PDQ\�UHFRUGHG�FHOOV�YV��SHQHWUDWLRQV�ZLWK�IHZHU�FHOOV��)RU�WKLV��ZH�XVHG�D�UDQGRPL]DWLRQ�WHVW��656 

PRGLILHG�VOLJKWO\�IURP�WKH�YHUVLRQ�GHVFULEHG�LQ�WKH�SUHYLRXV�VHFWLRQ��DV�IROORZV��WR�FROOHFW�RQH�VDPSOH�RI�657 

WKH�UDQGRPL]HG�%6�:3�GLVWULEXWLRQ��ZH�UDQGRPL]HG�FHOO�UHVSRQVH�SURSHUWLHV�DFURVV�DOO�VLWHV��DFURVV�DOO�658 

SHQHWUDWLRQV�DQG�DQLPDOV���ZKLOH�OHDYLQJ�WKH�LGHQWLW\�RI�WKH�UHFRUGLQJ�VLWH��DQG�LWV�DVVRFLDWHG�WHWURGH�659 

SHQHWUDWLRQ��XQWRXFKHG��7KXV��LQ�HDFK�VDPSOH�RI�WKH�UDQGRPL]HG�%6�:3�GLVWULEXWLRQ��WKH�QXPEHU�RI�SDLUV�660 

WR�ZKLFK�D�FHOO�FRQWULEXWHV�KDV�WKH�VDPH�GLVWULEXWLRQ�DV�LQ�WKH�REVHUYHG�%6�:3�GLVWULEXWLRQ��:H�JHQHUDWHG�661 

NUHS� �������VXFK�VDPSOHV�RI�WKH�%6�:3�GLVWULEXWLRQ��:H�WKHQ�SDUWLWLRQHG�HDFK�RI�WKH�UDQGRPL]HG�%6�:3�662 

GLVWULEXWLRQV�XVLQJ�WKH�VDPH�VHW�RI�VOLGLQJ�GLVWDQFH�ZLQGRZV�DV�IRU�WKH�DFWXDO�GDWD��)RU�HDFK�GLVWDQFH�663 

ZLQGRZ��ZH�FDOFXODWHG�WKH�PHGLDQ�RI�WKH�REVHUYHG�%6�:3�GLVWULEXWLRQ�DQG�WKH�PHGLDQV�RI�WKH�NUHS�664 

UDQGRPL]HG�%6�:3�GLVWULEXWLRQV��DQG�XVHG�/DSODFH¶V�UXOH�WR�REWDLQ�D�WZR�VLGHG�p�YDOXH��FRUUHVSRQGLQJ�WR�665 

WKH�SUREDELOLW\�WKDW�D�UDQGRP�PHGLDQ�IRU�WKDW�ZLQGRZ�ZRXOG�EH�DV�H[WUHPH�DV�WKH�ZLQGRZ¶V�REVHUYHG�666 

PHGLDQ��:H�IRXQG�WKH�LQGH[�j�RI�WKH�ILUVW�VOLGLQJ�ZLQGRZ�IRU�ZKLFK�WKLV�p�YDOXH�ZDV�JUHDWHU�WKDQ�������:H�667 

GHILQHG�WKH�VSDWLDO�H[WHQW�RI�FOXVWHULQJ�WR�EH�WKH�PLGSRLQW�EHWZHHQ�WKH�GLVWDQFH�RI�WKH�jWK�DQG�j��WK�668 
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ZLQGRZV��WKDW�LV��PLGZD\�EHWZHHQ�WKH�GLVWDQFH�RI�WKH�ILUVW�ZLQGRZ�WR�IDLO�WR�VKRZ�p��������DQG�WKH�669 

GLVWDQFH�RI�WKH�SUHYLRXV�ZLQGRZ��ZKLFK�GLG�VKRZ�p���������670 

����� (VWLPDWLQJ�WKH�HIIHFWV�RI�PHDVXUHPHQW�HUURUV�RQ�671 

PHGLDQ�UDWLRV�672 
,Q�WKH�5HVXOWV��VHFWLRQ��������ZH�FRQVLGHU�WKH�SRVVLEOH�HIIHFWV�RI�HUURUV�LQ�RXU�PHDVXUHPHQWV�RI�UHVSRQVH�673 

SURSHUWLHV�RQ�RXU�HVWLPDWHV�RI�FOXVWHULQJ��7R�PDNH�D�EDOOSDUN�HVWLPDWH�RI�WKH�PDJQLWXGH�RI�WKH�HIIHFW�RI�674 

PHDVXUHPHQW�HUURU��ZH�DVVXPH�WKDW��IRU�D�JLYHQ�UHVSRQVH�SURSHUW\�RI�D�FHOO��WKH�GLVWULEXWLRQ�RI�675 

PHDVXUHPHQW�HUURU��WKDW�LV��WKH�SUREDELOLW\�GLVWULEXWLRQ�IRU�WKH�FHOO¶V�WUXH�YDOXH�RI�WKH�SURSHUW\��FHQWHUHG�676 

DERXW�WKH�PHDVXUHG�YDOXH��FDQ�EH�WDNHQ�WR�EH�D�]HUR�PHDQ�*DXVVLDQ�ZLWK�D�VWDQGDUG�GHYLDWLRQ�JLYHQ�E\�LWV�677 

FRUUHVSRQGLQJ�MDFNNQLIH�VWDQGDUG�HUURU��:H�IXUWKHU�VLPSOLI\�E\�LJQRULQJ�WKH�GLYHUVLW\�DPRQJ�FHOOV�LQ�678 

PHDVXUHPHQW�HUURU��WDNLQJ�DOO�FHOOV�WR�KDYH�LGHQWLFDO�*DXVVLDQ�GLVWULEXWLRQV�RI�PHDVXUHPHQW�HUURU�ZLWK�679 

VWDQGDUG�GHYLDWLRQ�HTXDO�WR�WKH�PHGLDQ�MDFNNQLIH�VWDQGDUG�HUURU�DFURVV�DOO�FHOOVߪ����VHH�7DEOH�����6XSSRVH�680 

WKH�WUXH�GLVWULEXWLRQ�RI�ZLWKLQ�VLWH�VLJQHG�GLIIHUHQFHV�LQ�WKH�UHVSRQVH�SURSHUW\�LV�DQ�LQGHSHQGHQW�*DXVVLDQ�681 

ZLWK�YDULDQFHߪ�ZVଶ ��VR�WKH�REVHUYHG�ZLWKLQ�VLWH�GLVWULEXWLRQ�KDV�YDULDQFHߪ�ZVଶ  ଶߪʹ ��6LQFH�WKH�PHGLDQ�682 

DEVROXWH�GHYLDWLRQ�RI�D�*DXVVLDQ�LV�DERXW�c ������WLPHV�LWV�VWDQGDUG�GHYLDWLRQ��WKH�REVHUYHG�PHGLDQ�683 

ZLWKLQ�VLWH�GLIIHUHQFH�ZRXOG�EH�ܿඥߪZVଶ  ଶߪʹ ��7KXV��WKH�REVHUYHG�UDWLR��X��EHWZHHQ�WKH�PHGLDQ�ZLWKLQ�684 

VLWH�GLIIHUHQFH�DQG�WKH�PHGLDQ�MDFNNQLIH�VWDQGDUG�HUURU�LV�JLYHQ�E\�ܺ ൌ ܿඥߪZVଶ  ଶߪʹ Ȁߪ��5HDUUDQJLQJ��685 

ZH�REWDLQߪ� ൌ ݍ�ZV��ZKHUHߪݍ ൌ ͳȀඥሺܺȀܿሻଶ െ ʹ��1RWH�WKDW�WKLV�DSSURDFK�IDLOV�LI�ܺ ൏ ͲǤͻͷ��EHFDXVH�LQ�686 

WKDW�FDVH�WKH�HTXDWLRQ�ܺ ൌ ܿඥߪZVଶ  ଶߪʹ Ȁߪ�FDQQRW�EH�VDWLVILHG��VLQFH�WKH�ULJKW�VLGH�LV�ܿඥʹ  ZVଶߪ Ȁߪଶ 687 

ܿξʹ ൌ ͲǤͻͷ��&RUUHVSRQGLQJO\��IRU�ܺ ൏ ͲǤͻͷ�WKH�HTXDWLRQ�IRU�q�JLYHV�DQ�LPDJLQDU\�UHVXOW��688 

1RZ��DVVXPLQJ�ܺ  ͲǤͻͷ��VXSSRVH�WKDW�WKH�WUXH�RYHUDOO�GLVWULEXWLRQ��RYHU�DOO�VLWHV��RI�D�UHVSRQVH�689 

SURSHUW\�LV�D�*DXVVLDQ�ZLWK�YDULDQFHߪ�ଶ��VR�WKH�PHDVXUHG�EHWZHHQ�VLWH�GLVWULEXWLRQ�RI�GLIIHUHQFHV�LV�D�690 

*DXVVLDQ�ZLWK�YDULDQFH�ʹሺߪଶ  ଶߪ ሻ��7KHQ�WKH�REVHUYHG�PHGLDQ�UDWLR�±�WKH�UDWLR�RI�WKH�PHGLDQV�RI�WKH�691 

EHWZHHQ�VLWH�DQG�ZLWKLQ�VLWH�GLVWULEXWLRQV�±�VKRXOG�EH�HTXDO�WR�WKH�UDWLR�RI�WKH�VWDQGDUG�GHYLDWLRQV��692 
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REVܴܯ ൌ ඨʹߪ
ଶ  ଶߪʹ

ZVଶߪ  ଶߪʹ
�

ZKLOH�WKH�WUXH�PHGLDQ�UDWLR�LV��693 

WUXHܴܯ ൌ ඨʹߪ
ଶ

ZVଶߪ
�

3XWWLQJ�WKHVH�UHVXOWV�WRJHWKHU��ZH�ILQG�WKDW�WKH�REVHUYHG�PHGLDQ�UDWLR�LV�694 

REVܴܯ ൌ WUXHඨܴܯ
ͳ  WUXHሻଶܴܯଶȀሺݍʹ

ͳ  ଶݍʹ �

)RU�PHDVXUHPHQW�HUURUV�WR�FDXVH�WKH�PHGLDQ�UDWLR�WR�EH�XQGHUHVWLPDWHG�E\�PRUH�WKDQ������L�H��WR�KDYH�695 

REVܴܯ ൏ ͲǤͻܴܯ�WUXH���WKH�WHUP�LQVLGH�WKH�VTXDUH�URRW�PXVW�EH�OHVV�WKDQ�������6LQFH�WKLV�WHUP�LV�DOZD\V�696 

 ͳȀሺͳ  ଶሻ�ǡ�VXFK�DQ�XQGHUHVWLPDWLRQ�FDQ�RQO\�KDSSHQ�LI�ͳȀሺͳݍʹ  ଶሻݍʹ ൏ ͲǤͺͳ��L�H��ܺ ൏ ʹǤͳͻ��)RU�697 

ܺ ൏ ʹǤͳͻ��XQGHUHVWLPDWLRQ�E\�PRUH�WKDQ�����RQO\�RFFXUV�ZKHQ�WKH�WUXH�PHGLDQ�UDWLR�LV�VXIILFLHQWO\�ODUJH��698 

WUXHܴܯ  ඨ
ͳ

ͳ െ ሺܺȀʹǤͳͻሻଶ�

����� 6LPXODWLRQV�RI�RULHQWDWLRQ�SUHIHUHQFH�GLIIHUHQFHV�699 
,Q�WKH�'LVFXVVLRQ��DV�RQH�DVVD\�RI�WKH�OLNHO\�³VHHLQJ�GLVWDQFH´�RI�RXU�UHFRUGLQJV��ZH�SUHVHQW�VLPXODWLRQV�700 

RI�WKH�H[SHFWHG�PHGLDQ�GLIIHUHQFH��DV�D�IXQFWLRQ�RI�WKH�VHHLQJ�GLVWDQFH�RI�RXU�WHWURGHV��EHWZHHQ�SUHIHUUHG�701 

RULHQWDWLRQV�RI�FHOOV�UHFRUGHG�DW�D�VLWH�DQG�WKH�GRPLQDQW�SUHIHUUHG�RULHQWDWLRQ�DW�WKH�VLWH��PHDVXUHG�DV�WKH�702 

SUHIHUUHG�RULHQWDWLRQ�RI�WKH�VLWH¶V�PXOWLXQLWV���7KH�VLPXODWLRQV�ZHUH�FRQGXFWHG�DV�IROORZV��:H�FRQVWUXFWHG�703 

RULHQWDWLRQ�PDSV�ZLWK�DQ�RULHQWDWLRQ�SHULRG�RI����PP��D�W\SLFDO�VXFK�SHULRG�IRU�FDW�9���.DVFKXEH�HW�DO��704 

������DQG�UHDOLVWLF�VWDWLVWLFV�DFFRUGLQJ�WR�WKH�SUHVFULSWLRQ�RI�.DVFKXEH�HW�DO����������ZH�OHW�[�UHSUHVHQW���705 

GLPHQVLRQDO�FRUWLFDO�SRVLWLRQ�DQG�GHILQH�WKH�FRPSOH[�IXQFWLRQ�706 

ሻܠሺݖ ൌ��� ቀ݅൫ ݈ ή ࢞  ߶൯ቁ
ே

ୀଵ

�
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ZKHUH�݅ ൌ ξെͳ�� ݈�LV�UDQGRPO\�FKRVHQ�WR�EH���RU����IRU�HDFK�j��߶�LV�D�UDQGRP�SKDVH�FKRVHQ�IURP�D�707 

GLVWULEXWLRQ�XQLIRUP�RQ�>����ʌ��� ݇�LV�WKH���GLPHQVLRQDO�YHFWRU�݇൫��� ߠ ǡ ��� ൯��ZLWK�݇ߠ ൌ
ଶగ

ଵǤଶPP
�DQG�708 

ߠ ൌ ݆ గ
ே
��LQ�UDGLDQV��DQG�N� �����([SUHVVLQJݖ�ሺܠሻ ൌ  WKH�PRGXOXV�RI�]��DQG�709��ሻ�IRU�UHDO�QXPEHUV�rܠሻ݁ଶఏሺܠሺݎ

ș������WKH�DUJXPHQW�RI�z��DW�HDFK�SRVLWLRQ�[��WKH�PDS�RI�SUHIHUUHG�RULHQWDWLRQV�LV�JLYHQ�E\ߠ�ሺܠሻ��:H�710 

LGHQWLI\ߠ�ሺܠሻ�ZLWK�WKH�SUHIHUUHG�RULHQWDWLRQ�RI�WKH�PXOWLXQLWV�DW�VLWH�[��711 

7KH�GDWD�IRU�WKH�GLVWULEXWLRQ�RI�RULHQWDWLRQ�GLIIHUHQFHV�LQ�RXU�GDWDVHW�ZDV�WDNHQ�IURP�����712 

UHFRUGLQJ�VLWHV�DFURVV����RI�WKH�DQLPDOV��DQ�DYHUDJH�RI������UHFRUGLQJ�VLWHV�SHU�DQLPDO���7R�DSSUR[LPDWHO\�713 

UHSOLFDWH�WKLV�LQ�RXU�VLPXODWLRQV��ZH�JHQHUDWHG����PDSV��HDFK�ZLWK����UHFRUGLQJ�VLWHV��DV�IROORZV��(DFK�714 

RULHQWDWLRQ�PDS�ZDV�FUHDWHG�DV�D�����î�����PP�VTXDUH��VDPSOHG�DW�LQWHUYDOV�RI����ȝP��:H�SODFHG����715 

³UHFRUGLQJ�VLWHV´�RQ�D���î���JULG��VSDFHG���PP�IURP�HDFK�RWKHU�DQG�IURP�WKH�HGJH�RI�WKH�PDS��:H�WKHQ�716 

GHWHUPLQHG�WKH�VLPXODWHG�GLVWULEXWLRQ�RI�RULHQWDWLRQ�GLIIHUHQFHV�DV�IROORZV��717 

7KH�SUHIHUUHG�RULHQWDWLRQV�RI�FHOOV�DWܠ��YDU\�DERXWߠ�ሺܠሻ�ZLWK�D�PHGLDQ�DEVROXWH�GLIIHUHQFH�RI����718 

�2KNL�HW�DO���������:H�PRGHOHG�WKLV�E\�DVVXPLQJ�WKDW�WKH�SUHIHUUHG�RULHQWDWLRQ�RI�D�FHOO�DW�[�ZDV�GUDZQ�719 

IURP�D�1RUPDO�GLVWULEXWLRQ�WKDW�ZDV�FHQWHUHG�RQߠ�ሺܠሻ�DQG�KDG�D�VWDQGDUG�GHYLDWLRQ�RIߪ�ఏ� �����������§�720 

������WUXQFDWHG�DW�±����DERXWߠ�ሺܠሻ���ZKLFK�JLYHV�D�PHGLDQ�GLIIHUHQFH�RI�����ZH�ZULWH�WKLV�GLVWULEXWLRQ�DV�721 

ܰሺߠሺܠሻǡ  �IURP�WKH�722ܠఏሻ��:H�IXUWKHU�DVVXPHG�WKDW�WKH�SUREDELOLW\�RI�UHFRUGLQJ�IURP�D�FHOO�DW�D�GLVWDQFH�ȟߪ

UHFRUGLQJ�VLWH�LV�JLYHQ�E\�D�*DXVVLDQ�VHHLQJ�GLVWDQFH�IXQFWLRQ�SDUDPHWHUL]HG�E\�LWV�VWDQGDUG�GHYLDWLRQ��ı��723 

 ሻ��724ܠఙሺȟܩ

)RU�D�JLYHQ�VHHLQJ�GLVWDQFH�ı��ZH�EXLOW�D�GLVWULEXWLRQ� ܲ
ఙRI�RULHQWDWLRQ�GLIIHUHQFHV�DW�WKH�iWK�725 

UHFRUGLQJ�VLWHܠ��ǡ�DV�IROORZV��)RU�D�JLYHQ�FHOO�ORFDWLRQ�[��ZH�FDOFXODWHG�WKH�GLVWULEXWLRQ�RI�GLIIHUHQFHV�LQ�726 

RULHQWDWLRQ��FDOFXODWHG�DV�VKRUWHVW�GLVWDQFH�DURXQG�D������FLUFOH��EHWZHHQߠ�ሺܠሻ�DQG�WKH�VHW�RI�RULHQWDWLRQV�727 

ZLWK�GLVWULEXWLRQ�ܰሺߠሺܠሻǡ ܠఙሺȁܩ�\ఏሻǡ�DQG�ZHLJKWHG�WKLV�Eߪ െ  ȁሻ��:H�VXPPHG�WKHVH�ZHLJKWHG�728ܠ

GLVWULEXWLRQV�RYHU�DOO�[�ZLWKLQ�����ȝP�RIܠ���LQ���GLPHQVLRQV��DQG�QRUPDOL]HG�WKH�UHVXOWLQJ�VXP�RI�729 

ZHLJKWHG�GLVWULEXWLRQV�WR�KDYH�XQLW�LQWHJUDO�DQG�WKXV�DJDLQ�UHSUHVHQW�D�SUREDELOLW\�GLVWULEXWLRQ��%HFDXVH�RI�730 

WKH�DVVXPSWLRQ�WKDW�WKH�SUREDELOLW\�RI�VDPSOLQJ�GHSHQGV�RQ���GLPHQVLRQDO�GLVWDQFH�YLD�D�*DXVVLDQ�VHHLQJ�731 
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GLVWDQFH�IXQFWLRQ�DQG�WKH�IDFW�WKDW�SUHIHUUHG�RULHQWDWLRQV�GHSHQG�RQO\�RQ�KRUL]RQWDO��[�\��SRVLWLRQ�DQG�QRW�732 

RQ�YHUWLFDO��]��SRVLWLRQ��WKH�VDPH�UHVXOW�LV�REWDLQHG�ZKHWKHU�VXPPLQJ�RYHU���GLPHQVLRQV�RU�RQO\�RYHU�WKH�733 

��KRUL]RQWDO�GLPHQVLRQV��VR�LQ�SUDFWLFH�ZH�GLG�WKH�ODWWHU��734 

:H�SRROHG�DOO�WKH�GLVWULEXWLRQV�RI�GLIIHUHQFHV� ܲ
ఙ�IURP�DOO�UHFRUGLQJV�VLWHV�i�WRJHWKHU�WR�JLYH�D�735 

GLVWULEXWLRQ�ܲఙ��:H�FDOFXODWHG�WKH�PHGLDQ�RI�WKLV�SRROHG�GLVWULEXWLRQ��PHG�ܲఙ���DQG�DOVR�pRXW�ܲఙ���WKH�736 

SURSRUWLRQ�RI�³RXWOLHUV´��L�H��GLIIHUHQFHV�LQ�RULHQWDWLRQ�JUHDWHU�WKDQ������VHH�6HFWLRQ���������:H�UHSHDWHG�737 

WKLV�SURFHVV�IRU�D�UDQJH�RI�GLIIHUHQW�YDOXHV�RI�ı��WKH�VWDQGDUG�GHYLDWLRQ�RI�WKH�*DXVVLDQ�VHHLQJ�GLVWDQFH�738 

IXQFWLRQ��WR�JHQHUDWH�WKH�FXUYHV�PHG�ı��DQG�pRXW�ı��IRU�WKLV�PDS��:H�UHSHDWHG�WKLV�SURFHVV�IRU�N� ����739 

PDSV��DQG�WRRN�PHG�ı��DQG�pRXW�ı��WR�EH�WKH�DYHUDJH�RI�WKH�FXUYHV�REWDLQHG�IRU�DOO�PDSV��:H�LQWHUSRODWHG�740 

WKH�FXUYH�PHG�ı��WR�ILQG�ıEHVW��WKH�YDOXH�RI�ı�WKDW�JDYH�WKH�H[SHULPHQWDOO\�REVHUYHG�YDOXH�PHG�ı�� ������741 

�WKH�PHGLDQ�GLIIHUHQFH�EHWZHHQ�FHOOV�DQG�WKHLU�PXOWLXQLWV�LQ�UHVSRQVH�WR�GULIWLQJ�JUDWLQJV�WKDW�ZH�REVHUYHG�742 

LQ�RXU�GDWDVHW��6HFWLRQ���������:H�FDOFXODWHG�pRXW�EHVW�DV�pRXW�ıEHVW���:H�WKHQ�UHSHDWHG�WKLV�HQWLUH�SURFHVV�D�743 

WRWDO�RI�NUHS� �����WLPHV��HDFK�WLPH�JHQHUDWLQJ�D�QHZ�VHW�RI�N� ����PDSV��FDOFXODWLQJ�PHG�ı��DQG�744 

REWDLQLQJ�D�VDPSOHߪ�EHVWఈ ��DQG�RXW�EHVW
ఈ �IRU�HDFK�LWHUDWLRQ�Į��:H�XVHG�WKHVH�UHSHDWV�WR�JHW�PRUH�UREXVW�745 

HVWLPDWHV�RIߪ�DY ൌ RXW�DY�ఈ�DQGۄEHVWߪۃ ൌ  ఈ�ZKHUH�WKH�EUDFNHWV�LQGLFDWH�DYHUDJH�RYHU�WKH�����746ۄRXW�EHVWۃ

LWHUDWLRQV��DV�ZHOO�DV�WR�FDOFXODWH�����FRQILGHQFH�LQWHUYDOV�IRU�WKHVH�TXDQWLWLHV��)URP�ıDY�ZH�FDOFXODWHG�747 

R����WKH�UDGLXV�LQ�ZKLFK�ZH�VHH�����RI�WKH�FHOOV��L�H��WKH�UDGLXV�IRU�ZKLFK�WKH�LQWHJUDO�RI�WKH�*DXVVLDQ�748 

VHHLQJ�GLVWDQFH�IXQFWLRQ�LV�������ZKLFK�IRU�D��'�*DXVVLDQ�LV�JLYHQ�E\�R��� �������ıDY��749 

� �750 
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��� 5HVXOWV�751 

:H�XVHG�VLQJOH�WHWURGH�UHFRUGLQJV�WR�UHFRUG�PXOWLSOH�QHXURQV�DW�VLQJOH�UHFRUGLQJ�VLWHV��IURP���WR���752 

FHOOV�VLWH��PHDQ�DERXW�������$IWHU�VRUWLQJ�VSLNHV�LQWR�FOXVWHUV�FRUUHVSRQGLQJ�WR�FHOOV��Methods���ZH�RQO\�753 

DFFHSWHG�FHOOV�IRU�IXUWKHU�VWXG\�LI�WKH\�ZHUH�UHDVRQDEO\�ZHOO�LVRODWHG�DV�DVVD\HG�E\�DQ�,VRODWLRQ�'LVWDQFH�754 

�6FKPLW]HU�7RUEHUW�HW�DO��������RI�DW�OHDVW�����:H�DOVR�UHTXLUHG�WKDW�FHOOV�SDVVHG�FHUWDLQ�VHOHFWLRQ�FULWHULD�755 

IRU�UHSURGXFLEOH�DQG�WXQHG�UHVSRQVHV��VHH�Methods��DQG�EULHIO\�VXPPDUL]HG�EHORZ���)URP�DPRQJ�WKHVH�756 

FHOOV��ZH�RQO\�LQFOXGHG��LQ�WKH�VWXG\�RI�D�JLYHQ�UHVSRQVH�SURSHUW\��WKRVH�FHOOV��DQG�FRUUHVSRQGLQJ�SDLUV��757 

IRU�ZKLFK�WKH�SURSHUW\�ZDV�ZHOO�HVWLPDWHG��DV�GHWHUPLQHG�E\�D�MDFNNQLIH�HVWLPDWH�RI�WKH�VWDQGDUG�HUURU�RI�758 

WKH�SURSHUW\�EHLQJ�OHVV�WKDQ�D�WKUHVKROG��VHH�Methods��DQG�VXPPDUL]HG�EHORZ���759 

:H�DVVD\HG�FOXVWHULQJ�RI�HDFK�VWXGLHG�UHVSRQVH�SURSHUW\�E\�GHWHUPLQLQJ�ZKHWKHU�LW�ZDV��RQ�760 

DYHUDJH��VLJQLILFDQWO\�PRUH�VLPLODU�LQ�SDLUV�RI�QHXURQV�UHFRUGHG�VLPXOWDQHRXVO\�IURP�WKH�VDPH�VLWH�WKDQ�LQ�761 

SDLUV�RI�QHXURQV�UHFRUGHG�DW�GLIIHUHQW�VLWHV��DW�GLIIHUHQW�WLPHV���7R�GR�WKLV��ZH�IRUPHG�WZR�GLVWULEXWLRQV��762 

WKH�ZLWKLQ�VLWH�GLVWULEXWLRQ� ௐܲ�RI�SDLUZLVH�GLIIHUHQFHV�LQ�WKH�UHVSRQVH�SURSHUW\�DPRQJ�VLPXOWDQHRXVO\�763 

UHFRUGHG�FHOO�SDLUV��DQG�WKH�EHWZHHQ�VLWH�GLVWULEXWLRQ� ܲ�RI�DOO�SDLUZLVH�GLIIHUHQFHV�LQ�WKH�UHVSRQVH�764 

SURSHUW\�DPRQJ�SDLUV�RI�FHOOV�UHFRUGHG�DW�GLIIHUHQW�VLWHV��7R�TXDQWLI\�WKH�GHJUHH�RI�FOXVWHULQJ��ZH�IRUPHG�765 

WKH�PHGLDQ�UDWLR��WKH�UDWLR�RI�WKH�PHGLDQ�RI� ܲ�WR�WKH�PHGLDQ�RI� ௐܲ��'H$QJHOLV�HW�DO���������5DWLRV�ODUJHU�766 

WKDQ���LQGLFDWH�WKDW�SDLUV�UHFRUGHG�DW�WKH�VDPH�VLWH�WHQGHG�WR�KDYH�PRUH�VLPLODU�YDOXHV�WKDQ�SDLUV�VHOHFWHG�767 

DW�UDQGRP��:H�XVHG�D�0RQWH�&DUOR�UDQGRPL]DWLRQ�SURFHGXUH�WR�GHWHUPLQH�WKH�VLJQLILFDQFH�RI�UDWLRV�ODUJHU�768 

WKDQ����VHH�Methods���769 

:H�VXPPDUL]H�WKH�GLVWULEXWLRQV�RI�DOO�PHDVXUHG�FHOO�SURSHUWLHV�LQ�7DEOH����WKH�GLVWULEXWLRQV�RI�770 

ZLWKLQ�VLWH�DQG�EHWZHHQ�VLWH�SDLUZLVH�GLIIHUHQFHV�IRU�HDFK�PHDVXUHG�SURSHUW\�LQ�7DEOH����DQG�WKH�PHGLDQ�771 

UDWLRV�DQG�WKHLU�VLJQLILFDQFH�IRU�HDFK�PHDVXUHG�SURSHUW\�LQ�7DEOH����772 
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���� 6WXGLHV�RI�RULHQWDWLRQ�DQG�GLUHFWLRQ�VHOHFWLYLW\�773 
)RU�VWXGLHV�RI�RULHQWDWLRQ�DQG�GLUHFWLRQ�VHOHFWLYLW\��ZH�XVHG�WKH�UHVSRQVHV�RI�FHOOV�WR�����SRULHQW��D�VWLPXOXV�774 

VHW�FRQVLVWLQJ�RI�GULIWLQJ�JUDWLQJ�VWLPXOL�DW����GLUHFWLRQV��UDQGRPO\�LQWHUOHDYHG��DW���VSDWLDO�IUHTXHQF\��DQG�775 

����SIODVKHG��D�VWLPXOXV�VHW�FRQWDLQLQJ�IODVKHG�JUDWLQJV�DW����RULHQWDWLRQV�����VSDWLDO�IUHTXHQFLHV�DQG�HLWKHU���776 

RU���VSDWLDO�SKDVHV��UDQGRPO\�LQWHUOHDYHG��7KHUH�ZDV�D�VLJQLILFDQW�RYHUODS�EHWZHHQ�WKH�LGHQWLWLHV�RI�WKH�777 

FHOOV�LQ�WKHVH�WZR�VHWV�RI�VWLPXOL��DV�LQ�PDQ\�LQVWDQFHV�ERWK�SRULHQW�DQG�SIODVKHG�ZHUH�SUHVHQWHG�ZKLOH�778 

UHFRUGLQJ�IURP�WKH�VDPH�VLWH��+RZHYHU��ZH�GLG�QRW�WU\�WR�GHWHUPLQH�FRUUHVSRQGHQFHV�EHWZHHQ�FHOOV�779 

UHFRUGHG�XVLQJ�GULIWLQJ�JUDWLQJV�DQG�WKRVH�UHFRUGHG�XVLQJ�IODVKHG�JUDWLQJV��:H�RQO\�DQDO\]HG�FHOOV�WKDW�780 

ZHUH�VLJQLILFDQWO\�RULHQWDWLRQ�VHOHFWLYH�DQG�KDG�D�UHSURGXFLEOH�RULHQWDWLRQ�WXQLQJ�FXUYH�WKDW�ZDV�ZHOO�ILW�781 

E\�D�*DXVVLDQ��VHH�Methods���)RU�VWXGLHV�RI�RULHQWDWLRQ�WXQLQJ�ZLGWK�DQG�SUHIHUUHG�RULHQWDWLRQ��ZH�782 

UHTXLUHG�WKDW�WKH�MDFNNQLIH�VWDQGDUG�HUURU�LQ�RXU�HVWLPDWH�RI�WKH�FRUUHVSRQGLQJ�SURSHUW\�EH�OHVV�WKDQ��R��783 

)RU�GLUHFWLRQ�VHOHFWLYLW\�LQGH[��'6,��ZKLFK�UDQJHV�IURP���WR�����ZH�UHTXLUHG�MDFNNQLIH�VWDQGDUG�HUURU�WR�EH�784 

OHVV�WKDQ������785 

������ /RFDO�VFDWWHU�RI�RULHQWDWLRQ�WXQLQJ�ZLGWK�786 
)RU�UHVSRQVHV�WR�GULIWLQJ�JUDWLQJV��ZH�RQO\�VWXGLHG�RULHQWDWLRQ�WXQLQJ�RI�FHOOV�DW�D�VLQJOH�VSDWLDO�IUHTXHQF\��787 

����F\FOHV�GHJUHH��VHH�Methods���7KH�RULHQWDWLRQ�WXQLQJ�ZLGWK�LQ�FDW�9��GHSHQGV�RQ�WKH�VSDWLDO�IUHTXHQF\�788 

RI�WKH�VWLPXOXV��EHFRPLQJ�QDUURZHU�ZLWK�LQFUHDVLQJ�VSDWLDO�IUHTXHQF\��+DPPRQG�DQG�3RPIUHWW�������,VVD�789 

HW�DO��������-RQHV�HW�DO��������/DPSO�HW�DO��������9LG\DVDJDU�DQG�6LJ�HQ]D��������7KXV��LGHDOO\��790 

RULHQWDWLRQ�WXQLQJ�ZLGWK�VKRXOG�EH�DVVHVVHG�DW�WKH�FHOO¶V�SUHIHUUHG�VSDWLDO�IUHTXHQF\��1RQHWKHOHVV�ZH�FDQ�791 

H[DPLQH�WKH�GLVWULEXWLRQ�RI�WXQLQJ�ZLGWKV�WKDW�ZH�REVHUYHG�DW�WKLV�VLQJOH�VSDWLDO�IUHTXHQF\��)RU�RULHQWDWLRQ�792 

WXQLQJ�RI�FHOOV�LQ�UHVSRQVH�WR�IODVKHG�JUDWLQJV��ZH�XVHG�D�UDQJH�RI�VSDWLDO�IUHTXHQFLHV��DQG�ZHUH�WKXV�DEOH�793 

WR�VWXG\�RULHQWDWLRQ�WXQLQJ�DW�HDFK�FHOO¶V�SUHIHUUHG�VSDWLDO�IUHTXHQF\��794 

:H�FRQVLGHUHG�WZR�PHDVXUHV�RI�RULHQWDWLRQ�WXQLQJ�ZLGWK��2QH�LV�D�³JOREDO´�PHDVXUH��PHDQLQJ�795 

WKDW�LW�LV�LQIOXHQFHG�E\�WKH�HQWLUH�RULHQWDWLRQ�WXQLQJ�FXUYH��QRW�RQO\�E\�WKH�VKDSH�RI�WKH�UHJLRQ�DURXQG�WKH�796 

SHDN��)RU�WKLV��ZH�XVHG�WKH�VWDQGDUG�GHYLDWLRQ�RI�WKH�RULHQWDWLRQ�WXQLQJ�FXUYH��WUHDWHG�DV�D�GLVWULEXWLRQ��:H�797 
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UHIHU�WR�WKLV�DV25ݓ�,
*OREDO��7KH�VHFRQG�PHDVXUH�LV�D�³ORFDO´�PHDVXUH��PHDQLQJ�WKDW�LW�UHIOHFWV�RQO\�WKH�ZLGWK�RI�798 

WKH�SHDN�RI�WKH�RULHQWDWLRQ�WXQLQJ�FXUYH��)RU�WKLV�ZH�XVHG�WKH�VWDQGDUG�GHYLDWLRQ�RI�WKH�*DXVVLDQ�LQ�D�ILW�RI�799 

D�*DXVVLDQ�SOXV�D�FRQVWDQW�WR�WKH�RULHQWDWLRQ�WXQLQJ�FXUYH��:H�UHIHU�WR�WKLV�DV25ݓ�,
/RFDO��$V�IRXQG�LQ�SUHYLRXV�800 

ZRUN��H�J���$OLWWR�DQG�8VUH\�������5LQJDFK�HW�DO��������LW�LV�JHQHUDOO\�WUXH�WKDW25ݓ�,
*OREDO�!25ݓ�,

/RFDO��D�VFDWWHU�801 

SORW�RI25ݓ�,
*OREDO�YV25ݓ��,

/RFDO�URXJKO\�ILOOV�RXW�WKH�WULDQJOH�EHORZ�WKH�GLDJRQDO��WKH�IHZ�SRLQWV�DERYH�WKH�802 

GLDJRQDO�DUH�FORVH�WR�LW���7KH�GLVWULEXWLRQV�RI25ݓ�,
*OREDO�DQG25ݓ�,

/RFDO�DFURVV�UHFRUGHG�FHOOV�DUH�VXPPDUL]HG�LQ�803 

7DEOH����804 

7KH�SDLUZLVH�GLVWULEXWLRQV�RI�WKH�RULHQWDWLRQ�WXQLQJ�PHDVXUHV�DFURVV�VLPXOWDQHRXVO\�UHFRUGHG�FHOO�805 

SDLUV�FDQ�EH�VHHQ�LQ�)LJ�����$�&�,25ݓ�
*OREDO��%�'�,25ݓ�

/RFDO���7KH�FRUUHODWLRQ�EHWZHHQ�WKH�YDOXHV�RI25ݓ�,
*OREDO�806 

UHFRUGHG�RQ�QHDUE\�FHOOV�FDQ�EH�VHHQ�LQ�WKH�IDFW�WKDW�WKH�XSSHU�ULJKW�DQG�ORZHU�OHIW�FRUQHUV�LQ�SDQHOV�$�&�807 

DUH�PRUH�GHQVH�ZKLOH�WKH�XSSHU�OHIW�DQG�ORZHU�ULJKW�FRUQHUV�DUH�PRUH�VSDUVH��LQGLFDWLQJ�WKDW�YHU\�ZLGHO\�808 

DQG�YHU\�QDUURZO\�WXQHG�FHOOV�WHQGHG�WR�EH�IRXQG�DW�VHSDUDWH�VLWHV��,Q�WKH�SORWV�RI25ݓ�,
/RFDO��SDQHOV�%�'���WKH�809 

GHQVH�FOXPS�RI�FHOOV�ZLWK�VPDOOHU�YDOXHV�VKRZV�VRPH�WLOW��YHU\�ZHDNO\�IRU�IODVKHG�JUDWLQJV���LQGLFDWLQJ�810 

VRPH�FRUUHODWLRQ��811 

7R�TXDQWLI\�WKH�GHJUHH�RI�FOXVWHULQJ��ZH�H[DPLQHG�WKH�ZLWKLQ�VLWH�DQG�EHWZHHQ�VLWH�GLVWULEXWLRQV�812 

RI�GLIIHUHQFHV�EHWZHHQ�WXQLQJ�ZLGWKV��HLWKHU25ݓ�,
*OREDO�RU25ݓ�,

/RFDO��RI�SDLUV�RI�FHOOV��7KH�FXPXODWLYH�ZLWKLQ�813 

VLWH�DQG�EHWZHHQ�VLWH�GLVWULEXWLRQV�DUH�VKRZQ�LQ�)LJ�����DQG�WKH�VWDWLVWLFV�RI�WKHVH�GLVWULEXWLRQV�DUH�JLYHQ�LQ�814 

7DEOH����$V�FDQ�EH�VHHQ��WKH�ZLWKLQ�VLWH�GLVWULEXWLRQ�LV�JHQHUDOO\�VKLIWHG�WR�VPDOOHU�YDOXHV�WKDQ�WKH�815 

EHWZHHQ�VLWH�GLVWULEXWLRQ��7R�GHWHUPLQH�ZKHWKHU�WKHVH�VKLIWV�DUH�VLJQLILFDQW�DQG�WR�TXDQWLI\�WKH�GHJUHH�RI�816 

FOXVWHULQJ��ZH�FDOFXODWHG�WKH�PHGLDQ�UDWLR��WKH�UDWLR�RI�WKH�PHGLDQ�RI�WKH�EHWZHHQ�VLWH�GLVWULEXWLRQ�WR�WKH�817 

PHGLDQ�RI�WKH�ZLWKLQ�VLWH�GLVWULEXWLRQ���ZLWK�VLJQLILFDQFH�RI�UDWLRV�ODUJHU�WKDQ���GHWHUPLQHG�E\�D�818 

UDQGRPL]DWLRQ�SURFHGXUH��%RWK�JOREDO�DQG�ORFDO�PHDVXUHV�RI�RULHQWDWLRQ�WXQLQJ�ZLGWK�VKRZ�VLJQLILFDQW�819 

FOXVWHULQJ��7DEOH�����)RU25ݓ�,
*OREDO��WKH�PHGLDQ�UDWLR�LV�������p���������IRU�GULIWLQJ�DQG�������p� �������IRU�820 

IODVKHG�JUDWLQJV��ZKLOH�IRU25ݓ�,
/RFDO�WKH�UDWLRV�DUH�������p���������IRU�GULIWLQJ�DQG�������p� ��������IRU�IODVKHG�821 

JUDWLQJV��822 
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)RU25ݓ�,
/RFDO��ZH�IRXQG�D�VPDOO��EXW�VLJQLILFDQW��SRVLWLYH�FRUUHODWLRQ�EHWZHHQ�WKH�GLIIHUHQFH�LQ�WXQLQJ�823 

ZLGWK�DQG�WKH�GLIIHUHQFH�LQ�SUHIHUUHG�RULHQWDWLRQ�IRU�WZR�FHOOV�UHFRUGHG�DW�WKH�VDPH�VLWH��FRUUHODWLRQ�824 

FRHIILFLHQW��RU�FF� �������p� ������IRU�GULIWLQJ�JUDWLQJV��FF� �������p� ������IRU�IODVKHG�JUDWLQJV���7KLV�825 

PHDQV�WKDW�FHOOV�ZLWK�VLPLODU�SUHIHUUHG�RULHQWDWLRQV�DW�D�VLWH�ZHUH�PRUH�OLNHO\�WR�KDYH�VLPLODU�WXQLQJ�826 

ZLGWKV��XVLQJ�WKH�ORFDO�PHDVXUH���)RU25ݓ�,
*OREDO��WKLV�FRUUHODWLRQ�ZDV�SUHVHQW�IRU�IODVKHG�JUDWLQJV��FF� �������827 

p� ��������EXW�QRW�IRU�GULIWLQJ�JUDWLQJV��FF� �������p� �������828 

+HWKHULQJWRQ�DQG�6ZLQGDOH��������IRXQG�D�FRUUHODWLRQ�EHWZHHQ�RULHQWDWLRQ�VFDWWHU��WKH�VWDQGDUG�829 

GHYLDWLRQ�RI�SUHIHUUHG�RULHQWDWLRQ�DW�VLWHV�ZLWK�DW�OHDVW���FHOOV��DQG�RULHQWDWLRQ�WXQLQJ�ZLGWK��WKH�PHDQ�830 

RULHQWDWLRQ�WXQLQJ�ZLGWK�DW�WKH�VLWH���FF� ������p����������:H�REVHUYHG�D�VLPLODU�WUHQG�LQ�RXU�GDWDVHW��831 

ZKLFK��DOWKRXJK�ZHDNHU��ZDV�VWLOO�VWDWLVWLFDOO\�VLJQLILFDQW��8VLQJ25ݓ�,
*OREDO�DV�WKH�PHDVXUH�RI�RULHQWDWLRQ�832 

EDQGZLGWK��ZH�IRXQG�FF� �������p� ������IRU�GULIWLQJ�JUDWLQJV��DQG�FF� �������p� ������IRU�IODVKHG�JUDWLQJV��833 

)RU25ݓ�,
/RFDO��ZH�IRXQG�FF� �������p� �������IRU�GULIWLQJ�JUDWLQJV��DQG�FF� �������p� ������IRU�IODVKHG�834 

JUDWLQJV��835 

������ /RFDO�VFDWWHU�RI�SUHIHUUHG�RULHQWDWLRQ�DQG�³RXWOLHU´�FHOOV�836 
7KH�GLVWULEXWLRQ�RI�SUHIHUUHG�RULHQWDWLRQV�DFURVV�VLPXOWDQHRXVO\�UHFRUGHG�FHOO�SDLUV�LV�VKRZQ�LQ�)LJ���$�837 

�IRU�GULIWLQJ�JUDWLQJV��DQG��&��IRU�IODVKHG�JUDWLQJV���$V�H[SHFWHG��WKHUH�LV�REYLRXVO\�VWURQJ�FOXVWHULQJ��838 

ZLWK�QHDUE\�FHOOV�WHQGLQJ�WR�SUHIHU�VLPLODU�RULHQWDWLRQV��7KLV�LV�DOVR�DSSDUHQW�LQ�WKH�FRPSDULVRQ�RI�WKH�839 

FXPXODWLYH�ZLWKLQ�VLWH�DQG�EHWZHHQ�VLWH�GLVWULEXWLRQV�IRU�GLIIHUHQFHV�RI�SUHIHUUHG�RULHQWDWLRQ��ZKLFK�DUH�840 

GUDPDWLFDOO\�GLIIHUHQW��VHH�)LJ���%�'�DQG�7DEOH����7KLV�LV�FRQILUPHG�TXDQWLWDWLYHO\�E\�RXU�FOXVWHULQJ�841 

PHDVXUHV��SUHIHUUHG�RULHQWDWLRQ�KDG�D�PHGLDQ�UDWLR�RI��������������IRU�GULIWLQJ�IODVKHG�JUDWLQJV�842 

UHVSHFWLYHO\���ZKLFK�DUH�KLJKO\�VWDWLVWLFDOO\�VLJQLILFDQW��p���������VHH�7DEOH�����843 

,QWHUHVWLQJO\��LQ�DGGLWLRQ�WR�WKH�FOXVWHU�RI�FHOO�SDLUV�ZLWK�VPDOOHU�GLIIHUHQFHV��ZH�REVHUYHG�D�844 

QXPEHU�RI�SDLUV�ZLWK�GLIIHUHQFHV�LQ�RULHQWDWLRQ�JUHDWHU�WKDQ������)LJ���$�&��VHH�DOVR�7DEOH�����:H�845 

H[DPLQHG�WKH�GLVWULEXWLRQ�RI�WKH�GLIIHUHQFHV�EHWZHHQ�DQ�LQGLYLGXDO�FHOO¶V�SUHIHUUHG�RULHQWDWLRQ�DQG�WKH�846 

SUHIHUUHG�RULHQWDWLRQ�RI�WKH�PXOWLXQLWV�UHFRUGHG�DW�WKH�VDPH�VLWH��)LJ���%�'���7KH�PXOWLXQLWV�FRQVLVW�RI�WKH�847 
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PDQ\�VSLNHV�WRR�VPDOO�WR�EH�VRUWHG�LQWR�FOXVWHUV��7KXV��WKH�SUHIHUUHG�RULHQWDWLRQ�RI�WKH�PXOWLXQLWV�SURYLGHV�848 

D�QDWXUDO�³UHIHUHQFH´�RULHQWDWLRQ�DW�D�VLWH��VR�WKDW�GLIIHUHQFHV�IURP�WKH�SUHIHUUHG�RULHQWDWLRQ�RI�WKH�VLWH¶V�849 

PXOWLXQLWV�FDQ�EH�LQWHUSUHWHG�DV�GLIIHUHQFHV�IURP�WKH�VLWH¶V�SUHIHUUHG�RULHQWDWLRQ��0RVW�FHOOV�KDG�D�850 

SUHIHUUHG�RULHQWDWLRQ�WKDW�ZDV�OHVV�WKDQ�����IURP�WKH�VLWH¶V�PXOWLXQLWV��EXW���������RU������RI�FHOOV�851 

UHVSRQGLQJ�WR�GULIWLQJ�JUDWLQJV����������RU������RI�FHOOV�UHVSRQGLQJ�WR�IODVKHG�JUDWLQJV��KDG�SUHIHUUHG�852 

RULHQWDWLRQV�WKDW�GLIIHUHG�E\�PRUH�WKDQ������:H�UHIHU�WR�WKLV�VPDOO�VHW�RI�FHOOV�DV�³RXWOLHUV´��DQG�WKH�853 

UHPDLQLQJ�FHOOV�DV�³W\SLFDO�FHOOV´��7KH�WDLO�RI�WKH�GLVWULEXWLRQ�RI�SDLUZLVH�GLIIHUHQFHV�LQ�RULHQWDWLRQ�854 

�)LJ���$�&��LV�PRVWO\�DWWULEXWDEOH�WR�WKHVH�RXWOLHUV��RI�WKH�SDLUV�RI�FHOOV�WKDW�KDYH�GLIIHUHQFHV�LQ�SUHIHUUHG�855 

RULHQWDWLRQ�JUHDWHU�WKDQ���������RXW�RI������������IRU�GULIWLQJ�JUDWLQJV��DQG����RXW�RI������������IRU�856 

IODVKHG�JUDWLQJV��FRQWDLQ�DW�OHDVW�RQH�RI�WKHVH�RXWO\LQJ�FHOOV��$Q�H[DPSOH�RI�VXFK�DQ�RXWOLHU�LV�FHOO���LQ�857 

)LJ�����858 

7KHVH�RXWOLHUV�DV�DVVHVVHG�IURP�UHVSRQVHV�WR�GULIWLQJ�JUDWLQJV�ZHUH�GLVWLQJXLVKHG�LQ�RWKHU�ZD\V��859 

0RVW�SURPLQHQWO\��WKH\�KDG�VLJQLILFDQWO\�ZLGHU�RULHQWDWLRQ�WXQLQJ�ERWK�E\�WKH�JOREDO�DQG�ORFDO�PHDVXUH��860 

7KH�PHGLDQ25ݓ�,
*OREDO�RI�WKH�RXWOLHU�FHOOV�IRU�GULIWLQJ�JUDWLQJV�ZDV�����ZLGHU�WKDQ�WKDW�RI�W\SLFDO�FHOOV�861 

�PHGLDQ�IRU�RXWOLHU�FHOOV���������W\SLFDO�FHOOV���������p� �������8�WHVW��IRU�IODVKHG�JUDWLQJV��WKH�PHGLDQ�ZDV�862 

����ZLGHU��������YV���������EXW�WKLV�GLIIHUHQFH�ZDV�QRW�VWDWLVWLFDOO\�VLJQLILFDQW� p� �������8�WHVW���ZKLOH�WKH�863 

PHGLDQ25ݓ�,
/RFDO�ZDV�����ZLGHU��������YV�������� p� �������8�WHVW��IRU�IODVKHG�JUDWLQJV��WKH�PHGLDQ�ZDV�����864 

ZLGHU��������YV���������p� ��������$W�OHDVW�IRU�GULIWLQJ�JUDWLQJV��WKHVH�ZLGHU�RULHQWDWLRQ�WXQLQJ�ZLGWKV�ZHUH�865 

QRW�D�UHIOHFWLRQ�RI�JUHDWHU�XQFHUWDLQW\�LQ�HVWLPDWLQJ�WKH�ZLGWK��WKH�MDFNNQLIH�HVWLPDWH�RI�WKH�VWDQGDUG�HUURU�866 

ZDV�QRW�VLJQLILFDQWO\�GLIIHUHQW�EHWZHHQ�W\SLFDO�DQG�RXWOLHU�FHOOV��PHGLDQ�VWDQGDUG�HUURU�IRU�RXWOLHU�FHOOV��867 

������IRU�W\SLFDO�FHOOV��������p� �������:LOFR[RQ�UDQN�VXP�WHVW��)RU�IODVKHG�JUDWLQJV��WKH�VWDQGDUG�HUURU�ZDV�868 

VOLJKWO\�KLJKHU�IRU�RXWOLHU�FHOOV��PHGLDQ�VWDQGDUG�HUURU�IRU�RXWOLHU�FHOOV��������IRU�W\SLFDO�FHOOV��������p� �869 

������:LOFR[RQ�UDQN�VXP�WHVW���7KH�RXWOLHU�FHOOV�LQ�UHVSRQVHV�WR�GULIWLQJ�JUDWLQJV�DOVR�KDG�VOLJKWO\�EURDGHU�870 

ZDYHIRUPV�PHDVXUHG�IURP�WKH�QHJDWLYH�WR�SRVLWLYH�SHDN��ZLWK�PHGLDQ�SHDN�WR�SHDN�ZLGWK�RI������PV�YV��871 

�����PV�IRU�QRQ�RXWOLHU�FHOOV��p� �������8�WHVW�������YV�������PV��p� ������IRU�IODVKHG�JUDWLQJV���6FDWWHUSORWV�872 
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LOOXVWUDWLQJ�WKHVH�YDULRXV�RXWOLHU�SURSHUWLHV�FDQ�EH�IRXQG�LQ�XQUHIHUHHG�VXSSOHPHQWDU\�PDWHULDOV��VHFWLRQ�873 

6�����VHH�PDQXVFULSW�HQGQRWH���874 

0LJKW�WKHVH�FHOOV�EH�SRRUO\�FOXVWHUHG��GHVSLWH�RXU�FDUH�WR�FRQVLGHU�RQO\�ZHOO�FOXVWHUHG�XQLWV��VHH�875 

Methods���VR�WKDW�WKHLU�ZLGHU�WXQLQJ�VWHPV�IURP�PL[LQJ�WKH�WXQLQJ�RI�WZR�RU�PRUH�FHOOV�IURP�PXOWLXQLW�876 

DFWLYLW\"�:H�GR�QRW�WKLQN�WKLV�LV�WKH�FDVH��IRU�WZR�UHDVRQV��)LUVW��ZH�FDOFXODWHG�D�PHDVXUH�RI�FOXVWHU�877 

TXDOLW\��WKH�,VRODWLRQ�'LVWDQFH��6FKPLW]HU�7RUEHUW�HW�DO��������IRU�DOO�FHOOV��7KLV�TXDQWLW\�PHDVXUHV�KRZ�878 

ZHOO�VHSDUDWHG�WKH�FHOO¶V�VSLNHV�DUH�IURP�WKH�UHVW�RI�WKH�UHFRUGHG�VSLNHV��7KH�RXWOLHU�FHOOV�ZHUH�QRW�879 

VLJQLILFDQWO\�OHVV�ZHOO�LVRODWHG�WKDQ�WKH�UHVW�RI�WKH�FHOOV��PHGLDQ�,VRODWLRQ�'LVWDQFH�IRU�RXWOLHU�FHOOV�880 

UHVSRQGLQJ�WR�GULIWLQJ�JUDWLQJV��������IRU�W\SLFDO�FHOOV���������p� �������8�WHVW��IRU�IODVKHG�JUDWLQJV��RXWOLHU�881 

FHOOV�DFWXDOO\�WHQGHG�WR�EH�VOLJKWO\�EHWWHU�LVRODWHG��ZLWK�D�PHGLDQ�,VRODWLRQ�'LVWDQFH�RI������YV�������IRU�882 

W\SLFDO�FHOOV��p� ��������6HFRQG��LI�EDGO\�VHSDUDWHG�FOXVWHUV�RI�DFWLRQ�SRWHQWLDOV�IURP�PXOWLSOH�FHOOV�ZHUH�883 

PL[HG�WRJHWKHU��RQH�PLJKW�H[SHFW�WKH�SUHGRPLQDQW�FRQWULEXWLRQ�WR�EH�IURP�RULHQWDWLRQV�QHDU�WKDW�SUHIHUUHG�884 

E\�WKH�VLWH¶V�PXOWLXQLWV��ZKLFK�UHSUHVHQW�WKH�PDQ\�VPDOO�DFWLRQ�SRWHQWLDOV�WKDW�DUH�WRR�VPDOO�WR�FOXVWHU���885 

,QVWHDG��WKHVH�FHOOV�KDG�SUHIHUUHG�RULHQWDWLRQV�GLIIHULQJ�VWURQJO\�IURP�WKDW�RI�WKH�PXOWLXQLWV��886 

������ /RFDO�VFDWWHU�RI�GLUHFWLRQ�VHOHFWLYLW\�887 
7KH�GHJUHH�RI�GLUHFWLRQ�VHOHFWLYLW\�RI�D�FHOO�ZDV�SDUDPHWHUL]HG�E\�FRPSXWLQJ�WKH�GLUHFWLRQ�VHOHFWLYLW\�888 

LQGH[��'6,��VHH�Methods���DQG�FRXOG�RQO\�EH�PHDVXUHG�IRU�UHVSRQVHV�WR�GULIWLQJ�JUDWLQJV��7KH�GLVWULEXWLRQ�889 

RI�'6,�DFURVV�VLPXOWDQHRXVO\�UHFRUGHG�FHOO�SDLUV�LV�VKRZQ�LQ�)LJ���$��7KHUH�LV�QR�YLVXDOO\�REYLRXV�VLJQ�RI�890 

VSDWLDO�FOXVWHULQJ�RI�'6,��+RZHYHU��WKH�FXPXODWLYH�GLVWULEXWLRQV�RI�GLIIHUHQFHV�LQ�'6,�EHWZHHQ�FHOO�SDLUV�891 

VKRZ�WKDW�WKH�GLIIHUHQFHV�WHQG�WR�EH�VOLJKWO\�VPDOOHU�IRU�FHOOV�UHFRUGHG�DW�WKH�VDPH�VLWH�WKDQ�IRU�UDQGRPO\�892 

FKRVHQ�SDLUV��)LJ���%���7KH�PHGLDQ�UDWLR�ZDV�������p���������LQGLFDWLQJ�WKDW�FOXVWHULQJ�LV�KLJKO\�893 

VLJQLILFDQW��894 

:H�IRXQG�D�VLJQLILFDQW�QHJDWLYH�OLQHDU�FRUUHODWLRQ�EHWZHHQ�WKH�'6,�DQG�JOREDO�RULHQWDWLRQ�WXQLQJ�895 

ZLGWK��LQGLFDWLQJ�WKDW�WKHUH�ZDV�D�ZHDN�WHQGHQF\�IRU�PRUH�GLUHFWLRQ�WXQHG�QHXURQV�DOVR�WR�EH�PRUH�896 

RULHQWDWLRQ�VHOHFWLYH��7KH�FRUUHODWLRQ�FRHIILFLHQW�EHWZHHQ�'6,�DQG25ݓ�,
*OREDO�ZDV�������DQG�ZDV�KLJKO\�897 
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VLJQLILFDQW��p� ��������7KLV�PLJKW�UHIOHFW�WKH�IDFW�WKDW�KLJKHU�EDVHOLQH�ILULQJ�ZLOO�ERWK�LQFUHDVH25ݓ�,
*OREDO�DQG�898 

UHGXFH�'6,��)RU25ݓ�,
/RFDO��KRZHYHU��ZKLFK�LV�QRW�DIIHFWHG�E\�EDVHOLQH�ILULQJ�OHYHO��WKH�HIIHFW�ZDV�DEVHQW��899 

�FRUUHODWLRQ�FRHIILFLHQW� ��������p� ��������6FDWWHUSORWV�RI�WKHVH�UHODWLRQVKLSV�FDQ�EH�VHHQ�LQ�XQUHIHUHHG�900 

VXSSOHPHQWDU\�PDWHULDOV��VHFWLRQ�6�����VHH�PDQXVFULSW�HQGQRWH���901 

������ /RFDO�VFDWWHU�RI�SUHIHUUHG�GLUHFWLRQ�902 
7KH�GLVWULEXWLRQ�RI�SUHIHUUHG�GLUHFWLRQV�DFURVV�VLPXOWDQHRXVO\�UHFRUGHG�FHOO�SDLUV�LV�VKRZQ�LQ�)LJ���$��$V�903 

IRU�SUHIHUUHG�RULHQWDWLRQ��WKHUH�LV�FOHDUO\�VWURQJ�FOXVWHULQJ��7ZR�VWURQJ�OLQHV�RI�SRLQWV�FDQ�EH�VHHQ��904 

UHSUHVHQWLQJ�FHOO�SDLUV�ZLWK�VLPLODU�SUHIHUUHG�RULHQWDWLRQV�ZLWK�HLWKHU�VLPLODU�SUHIHUUHG�GLUHFWLRQV��FHQWUDO�905 

OLQH��RU�URXJKO\�RSSRVLWH�SUHIHUUHG�GLUHFWLRQV��WZR�SHULSKHUDO�OLQHV���%HWZHHQ�WKHVH�OLQHV�FDQ�EH�VHHQ�D�906 

ZHDN�VFDWWHULQJ�RI�SRLQWV��UHSUHVHQWLQJ�SDLUV�RI�FHOOV�WKDW�GLIIHU�LQ�SUHIHUUHG�RULHQWDWLRQ��7KH�VWURQJ�907 

WHQGHQF\�WR�SUHIHU�VLPLODU�RU�RSSRVLWH�GLUHFWLRQV�LV�DOVR�DSSDUHQW�LQ�WKH�FXPXODWLYH�GLVWULEXWLRQV��)LJ���%��908 

DQG�LQ�D�KLVWRJUDP�RI�WKH�GLIIHUHQFHV�LQ�SUHIHUUHG�GLUHFWLRQV��VKRUWHVW�GLVWDQFH�DURXQG�D�FLUFOH�RI�UDGLXV�909 

������)LJ���$�� 910 

%HFDXVH�RI�WKH�ELPRGDO�GLVWULEXWLRQ�RI�SDLUZLVH�GLIIHUHQFHV��WKH�PHGLDQ�UDWLR�LV�QRW�D�JRRG�911 

TXDQWLWDWLYH�PHDVXUH�RI�WKH�VWUHQJWK�RI�FOXVWHULQJ�RI�SUHIHUUHG�GLUHFWLRQ��:H�IRUPXODWHG�DQ�DOWHUQDWLYH�912 

TXDQWLWDWLYH�PHDVXUH�DV�IROORZV��$V�ZH�GLG�IRU�SUHIHUUHG�RULHQWDWLRQ��ZH�WRRN�WKH�SUHIHUUHG�GLUHFWLRQ�RI�WKH�913 

PXOWLXQLW�DFWLYLW\�WR�UHSUHVHQW�WKH�VLWH¶V�RYHUDOO�SUHIHUUHG�GLUHFWLRQ��DQG�VWXGLHG�WKH�GLIIHUHQFHV�EHWZHHQ�914 

WKLV�DQG�WKH�SUHIHUUHG�GLUHFWLRQV�RI�WKH�LQGLYLGXDO�FHOOV�UHFRUGHG�DW�WKH�VLWH��)LJ���%���:H�FDOO�D�FHOO�915 

³DOLJQHG´�ZLWK�LWV�VLWH¶V�SUHIHUUHG�GLUHFWLRQ�LI�WKH�GLIIHUHQFH�EHWZHHQ�LWV�SUHIHUUHG�GLUHFWLRQ�DQG�WKDW�RI�WKH�916 

VLWH¶V�PXOWLXQLWV�LV�OHVV�WKDQ�����������RU�������RI�FHOOV���³DQWL�DOLJQHG´�LI�WKLV�GLIIHUHQFH�LV�EHWZHHQ������917 

DQG������������RU�������RI�FHOOV���DQG�³XQDOLJQHG´�RWKHUZLVH��WKH�����RU�������RI�FHOOV�WKDW�ZHUH�918 

³RXWOLHUV´�RI�SUHIHUUHG�RULHQWDWLRQ���:H�LQGLFDWH�WKH�SUREDELOLW\�WKDW�D�FHOO�LV�DOLJQHG�ZLWK�WKH�VLWH¶V�919 

PXOWLXQLWV�E\�pa��WKH�SUREDELOLW\�WKDW�LW�LV�DQWL�DOLJQHG�E\�pƗ��DQG�WKH�SUREDELOLW\�WKDW�LW�LV�XQDOLJQHG�E\�pu��920 

HPSLULFDOO\��WKHVH�SUREDELOLWLHV�DUH�pa� �������pƗ� ������DQG�pu� ������UHVSHFWLYHO\��:H�FRPSXWHG�921 

FRQILGHQFH�LQWHUYDOV�IRU�WKHVH�SUREDELOLWLHV��E\�FDOFXODWLQJ�WKH�%D\HVLDQ�SRVWHULRU�SUREDELOLW\�WKDW�HDFK�p�922 
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KDV�D�FHUWDLQ�YDOXH��JLYHQ�WKH�REVHUYHG�GDWD�DQG�WKH�DVVXPSWLRQ�RI�XQLIRUP�SULRU�SUREDELOLWLHV�IRU�WKH�p¶V��923 

:H�IRXQG�WKDW�WKH�����FRQILGHQFH�LQWHUYDO�IRU�pa�LV�>����������@��IRU�pƗ��LW�LV�>����������@��DQG�IRU�pu�LW�LV�924 

>����������@��7KH�ODUJH�VL]H�RI�pa��������FRPSDUHG�WR�pƗ��������JLYHV�D�TXDQWLWDWLYH�PHDVXUH�RI�WKH�VWUHQJWK�925 

RI�FOXVWHULQJ�RI�SUHIHUUHG�GLUHFWLRQ��VLQFH�WKHVH�TXDQWLWLHV�ZRXOG�EH�HTXDO�LI�SUHIHUUHG�GLUHFWLRQ�ZDV�QRW�926 

FOXVWHUHG��927 

*LYHQ�WKH�SURSRUWLRQV�RI�DOLJQHG�DQG�DQWL�DOLJQHG�FHOOV�DFURVV�DOO�VLWHV��ZH�IRXQG�WKDW�WKH\�ZHUH�928 

GLVWULEXWHG�UDQGRPO\�DFURVV�VLWHV��ZLWKRXW�D�WHQGHQF\�IRU�DOLJQHG�RU�DQWL�DOLJQHG�FHOOV�WR�FOXVWHU�WRJHWKHU��929 

7R�WHVW�WKLV��ZH�UDQGRPO\�VKXIIOHG�WKH�ODEHOV�³DOLJQHG´�DQG�³DQWL�DOLJQHG´�DPRQJ�DOO�VXFK�FHOOV�DFURVV�DOO�930 

VLWHV��OHDYLQJ�WKH�XQDOLJQHG�FHOOV�XQWRXFKHG��GHWHUPLQHG�WKH�SURSRUWLRQV�RI�PL[HG�W\SH��aƗ��SDLUV�LQ�WKH�931 

UDQGRPL]HG�GLVWULEXWLRQ��DQG�UHSHDWHG�WKLV�NUHS� ��������WLPHV��:H�IRXQG�WKDW�WKH�SURSRUWLRQ�RI�PL[HG�932 

SDLUV�REVHUYHG�LQ�WKH�RULJLQDO�GDWD�������������������GLG�QRW�GLIIHU�VLJQLILFDQWO\�IURP�WKRVH�IRXQG�LQ�WKH�933 

UDQGRPL]HG�GLVWULEXWLRQV��PHDQ������� p� ������XVLQJ�WKH�UDQGRPL]DWLRQ�WHVW���934 

$ORQJ�WKH�OLQHV�RI�+HWKHULQJWRQ�DQG�6ZLQGDOH¶V�DQDO\VLV�PHQWLRQHG�DERYH��PHDVXULQJ�WKH�935 

FRUUHODWLRQ�EHWZHHQ�RULHQWDWLRQ�VFDWWHU�DQG�RULHQWDWLRQ�WXQLQJ�ZLGWK���ZH�IRXQG�D�VLJQLILFDQW�FRUUHODWLRQ�936 

EHWZHHQ�SURSRUWLRQ�RI�FHOOV�DOLJQHG�DW�D�VLWH��DQG�PHDQ�'6,�DW�WKDW�VLWH��FF� �������p� �������LQGLFDWLQJ�WKDW�937 

VLWHV�ZLWK�JUHDWHU�GLYHUVLW\�LQ�SUHIHUUHG�GLUHFWLRQ��L�H��D�ORZHU�SURSRUWLRQ�RI�DOLJQHG�FHOOV��DOVR�WHQGHG�WR�938 

KDYH�EURDGHU�GLUHFWLRQ�VHOHFWLYLW\��ORZHU�PHDQ�'6,���939 

���� 6WXGLHV�RI�VSDWLDO�IUHTXHQF\�940 
)RU�VWXGLHV�RI�VSDWLDO�IUHTXHQF\�WXQLQJ��ZH�XVHG�WKH�UHVSRQVHV�RI�FHOOV�WR�����SVSDW��D�VWLPXOXV�VHW�FRQVLVWLQJ�941 

RI�GULIWLQJ�JUDWLQJ�VWLPXOL�RI����VSDWLDO�IUHTXHQFLHV��UDQGRPO\�LQWHUOHDYHG���VSDFHG�DSSUR[LPDWHO\�HYHQO\�942 

RQ�D�ORJDULWKPLF�VFDOH�IURP�����WR�����F\F�GHJ��DQG�RI�PXOWLSOH�RULHQWDWLRQV�FKRVHQ�DFFRUGLQJ�WR�WKH�943 

SUHIHUUHG�RULHQWDWLRQV�PHDVXUHG�DW�WKH�VLWH�����WKH�SIODVKHG�VWLPXOXV�VHW��ZKLFK�DV�GHVFULEHG�SUHYLRXVO\�944 

FRQWDLQHG�IODVKHG�JUDWLQJV�DW����RULHQWDWLRQV�����VSDWLDO�IUHTXHQFLHV�DQG�HLWKHU���RU���VSDWLDO�SKDVHV��945 

UDQGRPO\�LQWHUOHDYHG��$JDLQ��ZH�GLG�QRW�WU\�WR�GHWHUPLQH�FRUUHVSRQGHQFHV�EHWZHHQ�FHOOV�UHFRUGHG�XVLQJ�946 

GULIWLQJ�JUDWLQJV�DQG�WKRVH�UHFRUGHG�XVLQJ�IODVKHG�JUDWLQJV��:H�RQO\�DQDO\]HG�FHOOV�WKDW�KDG�D�UHSURGXFLEOH�947 
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VSDWLDO�IUHTXHQF\�WXQLQJ�FXUYH�WKDW�ZDV�ZHOO�ILW�E\�D�6NHZHG�/RJQRUPDO�IXQFWLRQ��HTXDWLRQ������VHH�948 

Methods���)URP�DPRQJ�WKHVH�FHOOV��ZH�DJDLQ�LQFOXGHG��LQ�VWXG\LQJ�D�JLYHQ�SURSHUW\��RQO\�FHOOV�ZLWK�949 

MDFNNQLIH�VWDQGDUG�HUURU�RI�WKH�SURSHUW\�OHVV�WKDQ�D�WKUHVKROG��ZKLFK�ZDV�ò�RFWDYH�ERWK�IRU�VSDWLDO�950 

IUHTXHQF\�WXQLQJ�ZLGWK�DQG�SUHIHUUHG�VSDWLDO�IUHTXHQF\��951 

������ /RFDO�VFDWWHU�RI�VSDWLDO�IUHTXHQF\�WXQLQJ�ZLGWK�952 
6SDWLDO�IUHTXHQF\�WXQLQJ�ZLGWK�ZDV�PHDVXUHG�LQ�RFWDYHV��DV�WKH�ORJ��RI�WKH�UDWLR�RI�WKH�KLJK�DQG�ORZ�953 

IUHTXHQF\�YDOXHV�WKDW�JDYH�KDOI�PD[LPDO�UHVSRQVHV�LQ�D�ILWWHG�WXQLQJ�FXUYH��VHH�Methods���6SDWLDO�954 

IUHTXHQF\�WXQLQJ�ZDV�QDUURZHU�IRU�IODVKHG�WKDQ�IRU�GULIWLQJ�JUDWLQJV��WKH�PHGLDQ�ZLGWK�ZDV�����RFWDYHV�955 

IRU�GULIWLQJ�JUDWLQJV��EXW�RQO\�����RFWDYHV�IRU�IODVKHG�JUDWLQJV��7DEOH�����956 

7KH�GLVWULEXWLRQ�RI�VSDWLDO�IUHTXHQF\�WXQLQJ�ZLGWKV�RI�VLPXOWDQHRXVO\�UHFRUGHG�FHOO�SDLUV�VKRZV�957 

OLWWOH�YLVXDOO\�REYLRXV�FOXVWHULQJ�IRU�WKH�GULIWLQJ�JUDWLQJV��)LJ����$���DOWKRXJK�WKH�WLOW�LQ�WKH�VFDWWHU�SORW�LV�958 

VRPHZKDW�YLVLEOH�IRU�IODVKHG�JUDWLQJV��)LJ����&���'LIIHUHQFHV�FDQ�PRUH�FOHDUO\�EH�VHHQ��KRZHYHU��LQ�WKH�959 

FXPXODWLYH�ZLWKLQ�VLWH�DQG�EHWZHHQ�VLWH�GLVWULEXWLRQV��)LJ����%�'���([DPLQHG�TXDQWLWDWLYHO\��FOXVWHULQJ�LV�960 

ZHDNO\�VLJQLILFDQW�IRU�UHVSRQVHV�WR�GULIWLQJ�JUDWLQJV��PHGLDQ�UDWLR�������p� �������DQG�QRW�VLJQLILFDQW�IRU�961 

IODVKHG�JUDWLQJV��PHGLDQ�UDWLR�������p� �������+RZHYHU��ZKHQ�ZH�XVHG�WKH�)��'&�UDWLR�WR�FODVVLI\�FHOOV�DV�962 

VLPSOH�RU�FRPSOH[��VHH�Methods��DQG�GLVFXVVHG�IXUWKHU�EHORZ��DQG�UHVWULFWHG�RXU�DQDO\VLV�WR�SDLUV�RI�963 

VLPSOH�FHOOV��ZH�IRXQG�YHU\�VWURQJ�FOXVWHULQJ�RI�VSDWLDO�IUHTXHQF\�WXQLQJ�ZLGWK�LQ�UHVSRQVH�WR�IODVKHG�964 

JUDWLQJV��PHGLDQ�UDWLR�������p� ���������7KLV�FOXVWHULQJ�ZDV�DEVHQW�LQ�SDLUV�RI�FRPSOH[�FHOOV��p� ������RU�LQ�965 

VLPSOH�FRPSOH[�SDLUV��p� �������VHH�7DEOH�����7KXV�LW�DSSHDUV�WKDW��LQ�UHVSRQVHV�WR�IODVKHG�JUDWLQJV��966 

VLPSOH�FHOO�SDLUV�VKRZ�VWURQJ�FOXVWHULQJ�RI�VSDWLDO�IUHTXHQF\�WXQLQJ�ZLGWK��EXW�WKH�HIIHFW�LV�ZDVKHG�RXW�967 

ZKHQ�DOO�SDLUV�RI�FHOOV�DUH�FRQVLGHUHG��968 

$V�ZLWK�RULHQWDWLRQ�WXQLQJ��ZH�IRXQG�D�FRUUHODWLRQ�EHWZHHQ�WKH�GLIIHUHQFH�LQ�VSDWLDO�IUHTXHQF\�969 

WXQLQJ�ZLGWK�DQG�GLIIHUHQFH�LQ�SUHIHUUHG�VSDWLDO�IUHTXHQF\�IRU�WZR�FHOOV�DW�WKH�VDPH�VLWH��FRUUHODWLRQ�970 

FRHIILFLHQW� �������p� �������IRU�GULIWLQJ�JUDWLQJV��FF� �������p� ������IRU�IODVKHG�JUDWLQJV���7KLV�PHDQV�971 
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WKDW�FHOOV�ZLWK�VLPLODU�SUHIHUUHG�VSDWLDO�IUHTXHQFLHV�ZHUH�PRUH�OLNHO\�WR�KDYH�VLPLODU�VSDWLDO�IUHTXHQF\�972 

WXQLQJ�ZLGWKV��973 

������ /RFDO�VFDWWHU�RI�SUHIHUUHG�VSDWLDO�IUHTXHQF\�974 
2XU�UHFRUGLQJV�ZHUH�ZLWKLQ�WKH�FHQWUDO����GHJUHHV�RI�HFFHQWULFLW\��7KH�PHGLDQ�SUHIHUUHG�VSDWLDO�975 

IUHTXHQFLHV�RI�WKH�UHFRUGHG�FHOOV�ZDV������F\FOHV�GHJ�IRU�GULIWLQJ�JUDWLQJV�DQG������IRU�IODVKHG�JUDWLQJV��976 

FRQVLVWHQW�ZLWK�SUHYLRXV�PHDVXUHV�RI�SUHIHUUHG�VSDWLDO�IUHTXHQF\�DW�WKHVH�HFFHQWULFLWLHV��0RYVKRQ�HW�DO��977 

�������978 

3UHIHUUHG�VSDWLDO�IUHTXHQF\�VKRZV�FOXVWHULQJ�WKDW�LV�PXFK�ZHDNHU�WKDQ�IRU�SUHIHUUHG�RULHQWDWLRQ�RU�979 

GLUHFWLRQ��:H�PHDVXUHG�GLIIHUHQFHV�LQ�VSDWLDO�IUHTXHQF\�LQ�RFWDYHV��L�H��DV�_ORJ��f��f��_�ZKHUH�f��DQG�f��DUH�980 

WKH�WZR�IUHTXHQFLHV��,Q�VFDWWHUSORWV��)LJ����$�&���SUHIHUUHG�VSDWLDO�IUHTXHQFLHV�DUH�VKRZQ�RQ�D�ORJDULWKPLF�981 

VFDOH��VR�WKDW�WKH�GLVWDQFH�IURP�WKH����GHJUHH�OLQH�RI�D�GDWD�SRLQW�FRUUHVSRQGLQJ�WR�D�VLPXOWDQHRXVO\�982 

UHFRUGHG�FHOO�SDLU�UHSUHVHQWV�WKLV�GLIIHUHQFH�EHWZHHQ�WKHLU�WZR�SUHIHUUHG�VSDWLDO�IUHTXHQFLHV�LQ�RFWDYHV��983 

7KH�FOXVWHULQJ�WHVWV�VKRZHG�D�PHGLDQ�UDWLR�RI������IRU�GULIWLQJ�JUDWLQJV�ZKLFK�ZDV�KLJKO\�VLJQLILFDQW�984 

�p���������)RU�IODVKHG�JUDWLQJV��WKH�PHGLDQ�UDWLR�ZDV�RQO\������DQG�ZDV�QRW�VWDWLVWLFDOO\�VLJQLILFDQW�985 

�p� ������ZKHQ�FRQVLGHULQJ�DOO�SDLUV�RI�FHOOV��$V�ZLWK�VSDWLDO�IUHTXHQF\�WXQLQJ�ZLGWK��KRZHYHU��ZKHQ�ZH�986 

UHVWULFWHG�RXU�DQDO\VLV�RI�IODVKHG�JUDWLQJ�UHVSRQVHV�WR�SDLUV�RI�VLPSOH�FHOOV�ZH�IRXQG�YHU\�VWURQJ�987 

FOXVWHULQJ��ZLWK�D�PHGLDQ�UDWLR�RI�������p���������ZKHUHDV�QR�FOXVWHULQJ�ZDV�VHHQ�LQ�SDLUV�RI�FRPSOH[�FHOOV�988 

�p� ������RU�VLPSOH�FRPSOH[�SDLUV��p� ������VHH�7DEOH�����+HUH�DJDLQ��LW�DSSHDUV�WKDW�GHVSLWH�WKH�VWURQJ�989 

FOXVWHULQJ�RI�SUHIHUUHG�VSDWLDO�IUHTXHQF\�LQ�UHVSRQVHV�WR�IODVKHG�JUDWLQJV�IRU�VLPSOH�FHOO�SDLUV��WKH�HIIHFW�LV�990 

ZDVKHG�RXW�ZKHQ�DOO�SDLUV�DUH�FRQVLGHUHG�GXH�WR�ODFN�RI�FOXVWHULQJ�LQ�VLPSOH[�FRPSOH[�DQG�FRPSOH[�FHOO�991 

SDLUV��992 

$QDO\VLV�RI�FOXVWHULQJ�RI�SUHIHUUHG�VSDWLDO�IUHTXHQF\�VKRXOG�WDNH�LQWR�DFFRXQW�WKH�HFFHQWULFLW\�RI�993 

FHOOV�DW�D�SDUWLFXODU�UHFRUGLQJ�VLWH��VLQFH�SUHIHUUHG�VSDWLDO�IUHTXHQF\�GHSHQGV�RQ�HFFHQWULFLW\��H�J���994 

0RYVKRQ�HW�DO���������+RZHYHU��ZH�GR�QRW�KDYH�SUHFLVH�HFFHQWULFLW\�GDWD�IRU�RXU�UHFRUGLQJV��7KHUHIRUH��995 

WKH�DERYH�DSSURDFK�ZLOO�QHFHVVDULO\�RYHUHVWLPDWH�WKH�GHJUHH�RI�ORFDO�FOXVWHULQJ��DV�ZH�ZLOO�EH�FRPSDULQJ�996 
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WKH�ORFDO�YDULDELOLW\�RI�SUHIHUUHG�VSDWLDO�IUHTXHQF\�DW�D�VLQJOH�UHFRUGLQJ�VLWH�DW�RQH�HFFHQWULFLW\�WR�WKH�997 

YDULDELOLW\�DFURVV�DOO�UHFRUGLQJ�VLWHV�RYHU�D�UDQJH�RI�HFFHQWULFLWLHV��998 

$V�D�SDUWLDO�FRUUHFWLYH�WR�WKLV��ZH�DOVR�FDOFXODWHG�WKH�EHWZHHQ�VLWH�GLVWULEXWLRQ�XVLQJ�RQO\�SDLUV�RI�999 

FHOOV�DFURVV�VLWHV�UHFRUGHG�IURP�GLIIHUHQW�GHSWKV�RI�WKH�VDPH�WHWURGH�SHQHWUDWLRQ��2XU�SHQHWUDWLRQV�ZHUH�1000 

GRZQ�WKH�PHGLDO�EDQN�RI�9��DQG�KHQFH�ZHUH�PRYLQJ�ODUJHO\�KRUL]RQWDOO\�DFURVV�FRUWH[��VR�HFFHQWULFLWLHV�1001 

FKDQJHG�DFURVV�D�SHQHWUDWLRQ��EXW�ZH�H[SHFW�WKDW�RQ�DYHUDJH�HFFHQWULFLWLHV�YDULHG�OHVV�ZLWKLQ�D�SHQHWUDWLRQ�1002 

WKDQ�EHWZHHQ�SHQHWUDWLRQV��2Q�WKH�RWKHU�KDQG��VLQFH�SUHIHUUHG�VSDWLDO�IUHTXHQF\�GRHV�VSDWLDOO\�FOXVWHU�LQ�1003 

FRUWH[�RQ�ORFDO�VFDOHV��H�J���,VVD�HW�DO���������FHOOV�LQ�WKH�VDPH�SHQHWUDWLRQ�ZLOO�KDYH�OHVV�GLYHUVLW\�LQ�1004 

SUHIHUUHG�VSDWLDO�IUHTXHQF\�WKDQ�FHOOV�VDPSOHG�IURP�GLIIHUHQW�SHQHWUDWLRQV�DW�WKH�VDPH�HFFHQWULFLWLHV��VHH�1005 

VHFWLRQ�������LQ�ZKLFK�FDVH�WKLV�DSSURDFK�ZLOO�XQGHUHVWLPDWH�WKH�PHGLDQ�UDWLRV��7KH�PHGLDQ�UDWLRV�REWDLQHG�1006 

E\�FRPSDULQJ�WKH�ZLWKLQ�VLWH�GLVWULEXWLRQ�ZLWK�WKH�EHWZHHQ�VLWH��ZLWKLQ�SHQHWUDWLRQ�GLVWULEXWLRQ�DUH��1007 

LQGHHG��ORZHU�WKDQ�WKRVH�ZH�REWDLQHG�E\�FRPSDULQJ�ZLWK�WKH�IXOO�EHWZHHQ�VLWH�GLVWULEXWLRQ�������IRU�1008 

GULIWLQJ�JUDWLQJV�������IRU�IODVKHG�JUDWLQJV���EXW�DUH�VWLOO�KLJKO\�VLJQLILFDQW�IRU�GULIWLQJ�JUDWLQJV��p� ��������1009 

IRU�GULIWLQJ�JUDWLQJV��p� ������IRU�IODVKHG�JUDWLQJV��XVLQJ�DOO�SDLUV�RI�FHOOV����7KHVH�VLJQLILFDQFH�YDOXHV�1010 

ZHUH�REWDLQHG�XVLQJ�D�VLPLODU�UDQGRPL]DWLRQ�VFKHPH�DV�EHIRUH��H[FHSW�WKDW�ZH�RQO\�VKXIIOHG�FHOOV�DPRQJ�1011 

VLWHV�LQ�WKH�VDPH�SHQHWUDWLRQ���1012 

$V�ZH�GLG�IRU�RULHQWDWLRQ�DQG�GLUHFWLRQ��ZH�DSSOLHG�+HWKHULQJWRQ�DQG�6ZLQGDOH¶V�DQDO\VLV�1013 

�PHDVXULQJ�WKH�FRUUHODWLRQ�EHWZHHQ�VFDWWHU�DQG�WXQLQJ�ZLGWK��WR�VSDWLDO�IUHTXHQF\��DQG�WHVWHG�ZKHWKHU�VLWHV�1014 

ZLWK�JUHDWHU�GLYHUVLW\�LQ�SUHIHUUHG�VSDWLDO�IUHTXHQF\��VWDQGDUG�GHYLDWLRQ�RI��ORJ��SUHIHUUHG�VSDWLDO�1015 

IUHTXHQF\��DOVR�KDG�EURDGHU�WXQLQJ��PHDQ�VSDWLDO�IUHTXHQF\�WXQLQJ�ZLGWK���,Q�FRQWUDVW�WR�RULHQWDWLRQ�DQG�1016 

GLUHFWLRQ��KRZHYHU��ZH�IRXQG�QR�FRUUHODWLRQ��HLWKHU�IRU�GULIWLQJ�JUDWLQJV��FF� ��������p� ������RU�IODVKHG�1017 

JUDWLQJV��FF� �������p� ��������1018 

���� &RUUHODWLRQ�FRHIILFLHQWV�EHWZHHQ�UHVSRQVH�FXUYHV�1019 
$V�D�VHSDUDWH�PHWKRG�WR�DVVHVV�FOXVWHULQJ�RI�WXQLQJ�SURSHUWLHV��ZH�H[DPLQHG�WKH�FRUUHODWLRQ�FRHIILFLHQWV�1020 

�cc��EHWZHHQ�WXQLQJ�FXUYHV�RI�FHOOV�DW�WKH�VDPH�VLWH��7KLV�LV�D�PHDVXUHPHQW�WKDW�FRPELQHV�FRUUHODWLRQ�LQ�1021 
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SUHIHUUHG�VWLPXOXV�DQG�WXQLQJ�ZLGWK��7KH�PHDQ�cc�EHWZHHQ�SDLUV�RI�RULHQWDWLRQ�WXQLQJ�FXUYHV�ZDV��������1022 

�����IRU�GULIWLQJ���IODVKHG�JUDWLQJV�UHVSHFWLYHO\��7KLV�LV�LQ�FRPSDULVRQ�WR�WKH�EHWZHHQ�VLWH�GLVWULEXWLRQ��IRU�1023 

ZKLFK�WKH�PHDQ�FF�ZDV����7KH�PHDQ�cc�EHWZHHQ�SDLUV�RI�VSDWLDO�IUHTXHQF\�WXQLQJ�FXUYHV�DW�D�VLWH�ZDV������1024 

IRU�ERWK�GULIWLQJ�DQG�IODVKHG�JUDWLQJV��FRPSDUHG�ZLWK�WKH�PHDQ�RI�WKH�EHWZHHQ�VLWH�GLVWULEXWLRQ�ZKLFK�ZDV�1025 

������ZH�GLG�QRW�H[SHFW�WKLV�WR�EH�]HUR��VLQFH�WKH�GLVWULEXWLRQ�RI�SUHIHUUHG�VSDWLDO�IUHTXHQFLHV�LV�QRW�1026 

XQLIRUP���)RU�IODVKHG�JUDWLQJV��ZH�PHDVXUHG�UHVSRQVHV�IRU�DOO�FRPELQDWLRQV�RI�RULHQWDWLRQV�DQG�VSDWLDO�1027 

IUHTXHQFLHV�����RULHQWDWLRQV�î����VSDWLDO�IUHTXHQFLHV� �����VWLPXOL��DYHUDJHG�RYHU�VSDWLDO�SKDVH���7KH�1028 

PHDQ�cc�EHWZHHQ�WKHVH�����HOHPHQW�YHFWRUV�EHWZHHQ�SDLUV�RI�FHOOV�DW�WKH�VDPH�VLWH�ZDV�������FRPSDUHG�1029 

ZLWK������IRU�FHOOV�EHWZHHQ�VLWHV��WKLV�ZDV�DOVR�QRQ�]HUR�EHFDXVH�RI�WKH�QRQ�XQLIRUP�GLVWULEXWLRQ�RI�1030 

SUHIHUUHG�VSDWLDO�IUHTXHQFLHV���1031 

���� 6LPSOH�YV��&RPSOH[�FHOOV�1032 
:H�KDYH�DOUHDG\�QRWHG�WKH�GLVWLQFWLRQ�EHWZHHQ�VLPSOH�DQG�FRPSOH[�FHOOV�LQ�RXU�VWXGLHV�RI�VSDWLDO�1033 

IUHTXHQF\�WXQLQJ�LQ�UHVSRQVH�WR�IODVKHG�JUDWLQJV��+HUH�ZH�PRUH�JHQHUDOO\�H[DPLQH�WKH�UROH�RI�WKLV�1034 

GLVWLQFWLRQ�LQ�RXU�UHVXOWV��7R�FODVVLI\�FHOOV�DV�VLPSOH�RU�FRPSOH[��ZH�XVHG�WKH�UDWLR�RI�WKH�ILUVW�KDUPRQLF�1035 

�)���WR�WKH�PHDQ��'&��RI�WKH�SKDVH�WXQLQJ�FXUYH�RI�WKH�FHOO��IRU�D�GULIWLQJ�JUDWLQJ��WKLV�LV�MXVW�WKH�DYHUDJH�1036 

WHPSRUDO�UHVSRQVH�RYHU�D�VWLPXOXV�F\FOH���PHDVXUHG�DW�LWV�SUHIHUUHG�RULHQWDWLRQ�DQG�VSDWLDO�IUHTXHQF\��1037 

&HOOV�ZHUH�WKHQ�FODVVLILHG�DV�VLPSOH��)��'&�!����RU�FRPSOH[��)��'&�������6NRWWXQ�HW�DO���������EXW�VHH�1038 

.DJDQ�HW�DO��������0DUWLQH]�HW�DO��������0HFKOHU�DQG�5LQJDFK�������3ULHEH�HW�DO�������IRU�DUJXPHQWV�1039 

DJDLQVW�WKH�DGHTXDF\�RI�WKLV�FODVVLILFDWLRQ���:H�RQO\�DFFHSWHG�FHOOV�IRU�VWXG\�RI�WKH�)��'&�UDWLR�DQG�1040 

VLPSOH�FRPSOH[�FODVVLILFDWLRQ�LI�WKH�MDFNNQLIH�HVWLPDWH�RI�VWDQGDUG�HUURU�RI�WKH�)��'&�UDWLR�ZDV�OHVV�WKDQ�1041 

������$V�H[SHFWHG��ZH�IRXQG�D�ELPRGDO�GLVWULEXWLRQ�RI�WKH�)��'&�UDWLR��ZLWK�RQH�PRGH�ORFDWHG�DURXQG�����1042 

DQG�WKH�RWKHU�DURXQG�����LQ�UHVSRQVHV�WR�ERWK�GULIWLQJ�JUDWLQJV�DQG�IODVKHG�JUDWLQJV��KLVWRJUDPV�RI�)��'&�1043 

UDWLRV�DQG�H[DPSOH�SKDVH�WXQLQJ�FXUYHV�FDQ�EH�IRXQG�LQ�XQUHIHUHHG�VXSSOHPHQWDU\�PDWHULDOV��VHFWLRQ�6�����1044 

VHH�PDQXVFULSW�HQGQRWH���)RU�VWXGLHV�RI�RULHQWDWLRQ�DQG�GLUHFWLRQ�WXQLQJ�LQ�UHVSRQVH�WR�GULIWLQJ�JUDWLQJV��1045 

ZH�VWXGLHG�)��'&�UDWLR�DW�D�IL[HG�VSDWLDO�IUHTXHQF\������F\F�GHJ��UDWKHU�WKDQ�WKH�SUHIHUUHG�VSDWLDO�1046 
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IUHTXHQF\��EXW�ZH�HVWLPDWH�WKDW�WKLV�VKRXOG�QRW�JUHDWO\�GLVWRUW�UHVXOWV��VHH�Methods��)ODVKHG�JUDWLQJV�DUH�1047 

QRW�W\SLFDOO\�XVHG�WR�FODVVLI\�FHOOV�DV�VLPSOH�RU�FRPSOH[��+RZHYHU��WKH�)��'&�UDWLR�RI�WKH�SKDVH�WXQLQJ�1048 

FXUYHV�LQ�UHVSRQVH�WR�IODVKHG�JUDWLQJV�KDV�EHHQ�VKRZQ�WR�EH�VWURQJO\�FRUUHODWHG�ZLWK�WKH�UDWLR�REWDLQHG�LQ�1049 

UHVSRQVH�WR�GULIWLQJ�JUDWLQJV��DW�OHDVW�ZKHQ�ERWK�DUH�FKDUDFWHUL]HG�DW�WKH�GULIWLQJ�JUDWLQJ�SUHIHUUHG�1050 

RULHQWDWLRQ�DQG�VSDWLDO�IUHTXHQF\��1LVKLPRWR�HW�DO���������%DVHG�RQ�WKLV��ZH�DSSOLHG�RXU�DQDO\VLV�RI�1051 

VLPSOH�FRPSOH[�FHOOV�WR�UHVSRQVHV�WR�IODVKHG�JUDWLQJV�DV�ZHOO��1052 

$V�H[SHFWHG�IURP�WKH�GLIIHUHQW�SURSRUWLRQV�RI�VLPSOH�YV��FRPSOH[�FHOOV�LQ�GLIIHUHQW�OD\HUV�RI�9��1053 

�+XEHO�DQG�:LHVHO�������*LOEHUW��������WKHUH�LV�D�WHQGHQF\�IRU�VLPSOH�RU�FRPSOH[�FHOOV�WR�FOXVWHU�WRJHWKHU�1054 

DW�VSHFLILF�UHFRUGLQJ�VLWHV��)RU�FHOOV�UHVSRQGLQJ�WR�GULIWLQJ�JUDWLQJV�LQ�VWXGLHV�RI�VSDWLDO�IUHTXHQF\�WXQLQJ�1055 

�IRU�ZKLFK�)��'&�UDWLR�ZDV�FKDUDFWHUL]HG�DW�WKH�SUHIHUUHG�VSDWLDO�IUHTXHQF\���x ����RI�FHOOV�ZHUH�VLPSOH�1056 

DQG�y ����ZHUH�FRPSOH[��7KXV��ZH�ZRXOG�H[SHFW��xy ����RI�SDLUV�WR�EH�RI�PL[HG�VLPSOH�FRPSOH[��6&��1057 

W\SH�LI�VLPSOH�DQG�FRPSOH[�FHOOV�GLG�QRW�WHQG�WR�FR�RFFXU�DW�WKH�VDPH�VLWH��ZKHUHDV�RQO\�����ZHUH��7R�WHVW�1058 

WKH�VWDWLVWLFDO�VLJQLILFDQFH�RI�WKLV��ZH�UDQGRPO\�VKXIIOHG�FHOOV�DFURVV�WKH�UHFRUGLQJ�VLWHV�NUHS� ��������1059 

WLPHV��ZLWKRXW�UHJDUG�WR�WKHLU�LGHQWLW\�DV�VLPSOH�RU�FRPSOH[��DQG�QHYHU�REVHUYHG�����RU�IHZHU�6&�SDLUV��1060 

7KXV��WKH�FOXVWHULQJ�RI�VLPSOH�DQG�FRPSOH[�W\SHV�LV�KLJKO\�VLJQLILFDQW��p����������6LPLODUO\��IRU�FHOOV�1061 

UHVSRQGLQJ�WR�IODVKHG�JUDWLQJV������ZHUH�VLPSOH��DQG�����ZHUH�FRPSOH[��VR�ZH�ZRXOG�H[SHFW�����RI�1062 

SDLUV�WR�EH�6&�ZLWKRXW�FOXVWHULQJ��EXW�RQO\�����ZHUH��$JDLQ��XQGHU�UDQGRPL]DWLRQ�ZH�QHYHU�REVHUYHG�1063 

����RU�IHZHU�WR�EH�6&��p����������7KLV�WHQGHQF\�IRU�VLPSOH�FRPSOH[�FHOOV�WR�FOXVWHU�DOVR�PDQLIHVWV�LQ�1064 

FOXVWHULQJ�RI�WKH�)��'&�UDWLR��WKH�GLVWULEXWLRQV�RI�GLIIHUHQFHV�LQ�)��'&�UDWLRV��IRU�WKH�FHOOV�VWXGLHG�IRU�1065 

VSDWLDO�IUHTXHQF\��KDG�PHGLDQ�UDWLRV�RI�������������IRU�GULIWLQJ���IODVKHG�JUDWLQJV��UHVSHFWLYHO\��ZKLFK�ZHUH�1066 

ERWK�KLJKO\�VLJQLILFDQW��p ��������p� ���������1067 

:H�H[DPLQHG�WKH�UHODWLRQVKLS�EHWZHHQ�VLPSOH�FRPSOH[�FHOO�FODVVLILFDWLRQ�DQG�FOXVWHULQJ�RI�1068 

UHVSRQVH�SURSHUWLHV��SUHIHUUHG�RULHQWDWLRQ�VSDWLDO�IUHTXHQF\��DQG�RULHQWDWLRQ�VSDWLDO�IUHTXHQF\�WXQLQJ�1069 

ZLGWKV�DQG�'6,���)RU�HDFK�UHVSRQVH�SURSHUW\��ZH�VHSDUDWHG�WKH�RULJLQDO�ZLWKLQ�VLWH�DQG�EHWZHHQ�VLWH�1070 

GLVWULEXWLRQV�LQWR�VXEJURXSV�WKDW�FRQWDLQHG�HLWKHU�66��VLPSOH�VLPSOH���&&��FRPSOH[�FRPSOH[��DQG�6&�1071 

�VLPSOH�FRPSOH[��SDLUV��DQG�WKHQ�FRPSXWHG�WKH�PHGLDQ�UDWLRV�VHSDUDWHO\�IRU�66�SDLUV��&&�SDLUV�DQG�6&�1072 
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SDLUV��:H�WKHQ�XVHG�D�UDQGRPL]DWLRQ�WHVW�WR�FDOFXODWH�WKH�VLJQLILFDQFH�RI�WKH�GLIIHUHQFHV�LQ�UDWLR�EHWZHHQ�1073 

DQ\�WZR�RI�WKHVH�SDLU�W\SHV��Methods���XQGHU�WKH�QXOO�K\SRWKHVLV�WKDW�DOO�WKUHH�SDLU�W\SHV�FOXVWHUHG�WR�WKH�1074 

VDPH�GHJUHH��,Q�PRVW�FDVHV��UDWLR�GLIIHUHQFHV�EHWZHHQ�SDLU�W\SHV�ZHUH�QRW�VLJQLILFDQW�DW�WKH�p� ������OHYHO��1075 

7KH�QRWDEOH�H[FHSWLRQ�ZDV�LQ�VWXGLHV�RI�VSDWLDO�IUHTXHQF\�LQ�UHVSRQVH�WR�IODVKHG�JUDWLQJV�IRU�ZKLFK��LQ�1076 

DFFRUG�ZLWK�WKH�SUHVHQFH�RI�VLJQLILFDQW�FOXVWHULQJ�IRU�66�EXW�QRW�6&�RU�&&�DV�GHVFULEHG�DERYH��ZH�IRXQG�1077 

VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�66�DQG�6&�DQG�EHWZHHQ�66�DQG�&&�EXW�QRW�EHWZHHQ�6&�DQG�&&��VHH�1078 

7DEOH�����1079 

7KHUH�ZDV�RQH�RWKHU�VHW�RI�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�FOXVWHULQJ�RI�SDLU�W\SHV��IRU25ݓ�,
*OREDO�IRU�1080 

GULIWLQJ�JUDWLQJV��EXW�LWV�PHDQLQJ�ZDV�HTXLYRFDO��6&�SDLUV�KDG�VLJQLILFDQWO\�ORZHU�PHGLDQ�UDWLRV�WKDQ�66�1081 

RU�&&�SDLUV��EXW�WKLV�PLJKW�KDYH�EHHQ�DQ�DUWLIDFW�RI�VLPSOH�FHOOV�KDYLQJ�QDUURZHU�PHGLDQ25ݓ�,
*OREDO�WKDQ�1082 

FRPSOH[�FHOOV��WKLV�PHGLDQ�GLIIHUHQFH�PLJKW�KDYH�GRPLQDWHG�ERWK�EHWZHHQ�VLWH�DQG�ZLWKLQ�VLWH�SDLUZLVH�1083 

GLIIHUHQFHV��OHDGLQJ�WKH�WZR�GLVWULEXWLRQV�WR�EH�PRUH�VLPLODU�IRU�6&�WKDQ�IRU�66�RU�&&��7KHUH�ZHUH�QR�1084 

RWKHU�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�WKH�WKUHH�SDLU�W\SHV��:H�DOVR�FRQILUPHG�HDUOLHU�UHSRUWV��H�J���+HQU\�1085 

HW�DO��������5RVH�DQG�%ODNHPRUH�������:|UJ|WWHU�HW�DO��������EXW�VHH�*L]]L�HW�DO��������WKDW�VLPSOH�FHOOV�1086 

DUH�PRUH�VKDUSO\�WXQHG�WKDQ�FRPSOH[�FHOOV��DOWKRXJK�WKH�HIIHFW�ZDV�SUHVHQW�RQO\�IRU�GULIWLQJ�JUDWLQJ�1087 

UHVSRQVHV�IRU�RULHQWDWLRQ�WXQLQJ�ZLGWK��DQG�'6,��DQG�RQO\�IRU�IODVKHG�JUDWLQJ�UHVSRQVHV�IRU�VSDWLDO�1088 

IUHTXHQF\�WXQLQJ�ZLGWK��%HFDXVH�QRQH�RI�WKHVH�UHVXOWV�JDYH�FOHDU�RU�FRPSHOOLQJ�QHZ�FRQFOXVLRQV��ZH�1089 

OHDYH�GHWDLOV�RI�WKHVH�ILQGLQJV�RQ�VLPSOH�FRPSOH[�GLIIHUHQFHV�WR�XQUHIHUHHG�VXSSOHPHQWDU\�PDWHULDOV��1090 

VHFWLRQ�6�����VHH�PDQXVFULSW�HQGQRWH���1091 

���� 6SDWLDO�H[WHQW�RI�FOXVWHULQJ�PHDVXUHV�1092 
:H�DVNHG�RYHU�ZKDW�GLVWDQFH�WKH�PHDVXUHG�FOXVWHULQJ�H[WHQGV��7R�DGGUHVV�WKLV��ZH�FRQVLGHUHG�VLWHV�1093 

UHFRUGHG�ZLWKLQ�WKH�VDPH�WHWURGH�SHQHWUDWLRQ��:H�ELQQHG�WKH�VHW�RI�EHWZHHQ�VLWH��ZLWKLQ�SHQHWUDWLRQ�FHOOV�1094 

SDLUV�DFFRUGLQJ�WR�WKH�GLVWDQFH�EHWZHHQ�WKH�WZR�VLWHV�DW�ZKLFK�WKH�FHOOV�ZHUH�UHFRUGHG��)RU�HDFK�UHVSRQVH�1095 

SURSHUW\��ZH�GHILQHG�WKH�VSDWLDO�H[WHQW�RI�FOXVWHULQJ�WR�EH�WKH�LQWHU�VLWH�GLVWDQFH�DW�ZKLFK�WKH�GLVWULEXWLRQ�1096 
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RI�SDLUZLVH�GLIIHUHQFHV�LQ�WKH�UHVSRQVH�SURSHUWLHV�EHFDPH�VWDWLVWLFDOO\�LQGLVWLQJXLVKDEOH��p !�������IURP�1097 

WKH�IXOO�EHWZHHQ�VLWH�GLVWULEXWLRQ�RI�VXFK�GLIIHUHQFHV��ZKLFK�LQFOXGHV�EHWZHHQ�SHQHWUDWLRQ�DV�ZHOO�DV�1098 

ZLWKLQ�SHQHWUDWLRQ�SDLUV���VHH�Methods���7KH�VSDWLDO�H[WHQWV�RI�FOXVWHULQJ�RI�DOO�PHDVXUHG�FHOO�UHVSRQVH�1099 

SURSHUWLHV�DUH�OLVWHG�LQ�7DEOH����DQG�WKH�GHSHQGHQFLHV�RQ�GLVWDQFH�DUH�VKRZQ�LQ�)LJV�����DQG�����1100 

)LJ����$��IRU�H[DPSOH��VKRZV�WKH�PHGLDQ�GLIIHUHQFH�LQ�SUHIHUUHG�RULHQWDWLRQ�IRU�GULIWLQJ�JUDWLQJV�1101 

DV�D�IXQFWLRQ�RI�GLVWDQFH�EHWZHHQ�UHFRUGLQJ�VLWHV��XVLQJ�D�VOLGLQJ�ZLQGRZ�RI������SDLUV��ZLWK�SDLUV�1102 

RUGHUHG�E\�WKHLU�EHWZHHQ�UHFRUGLQJ�VLWHV�GLVWDQFH���)RU�VPDOO�GLVWDQFHV�EHWZHHQ�VLWHV��a�����P��WKH�1103 

PHGLDQ�GLIIHUHQFH�LV�VLPLODU�WR�WKDW�RI�WKH�ZLWKLQ�VLWH�GLVWULEXWLRQ��DQG�VLJQLILFDQWO\��p���������GLIIHUHQW�1104 

IURP�WKH�UDQGRPL]HG�FRQWURO��)RU�GLVWDQFHV�ODUJHU�WKDQ������P��KRZHYHU��WKH�PHGLDQ�GLIIHUHQFH�FHDVHV�WR�1105 

EH�VLJQLILFDQWO\�GLIIHUHQW�IURP�WKH�FRQWURO��DQG�WKXV�WKH�VSDWLDO�H[WHQW�LV�GHILQHG�DV������P��,QWHUHVWLQJO\��1106 

KRZHYHU��WKH�PHGLDQ�GLIIHUHQFHV�DJDLQ�EHFRPH�VLJQLILFDQW�DIWHU�DERXW������P��7KLV�LV�FRQVLVWHQW�ZLWK�RXU�1107 

WHWURGH�SHQHWUDWLRQV�EHLQJ�PRVWO\�KRUL]RQWDO��SDUDOOHO�WR�WKH�FRUWLFDO�VXUIDFH��DV�H[SHFWHG��VLQFH�PRVW�RI�1108 

RXU�SHQHWUDWLRQV�ZHUH�GRZQ�WKH�PHGLDO�EDQN�RI�9����VLQFH�SUHIHUUHG�RULHQWDWLRQ�LQ�FDWV�LV�SHULRGLF�DFURVV�1109 

WKH�FRUWLFDO�VXUIDFH�ZLWK�DQ�DYHUDJH�SHULRG�RI�DERXW�����PP��.DVFKXEH�HW�DO���������WZR�FHOOV�WKDW�DUH�1110 

DERXW���PP�DSDUW�KRUL]RQWDOO\�ZLOO�EH�PRUH�OLNHO\�WR�KDYH�D�VLPLODU�SUHIHUUHG�RULHQWDWLRQ�WKDQ�WZR�FHOOV�1111 

SLFNHG�DW�UDQGRP��7KXV��RXU�PHDVXUH�RI�WKH�VSDWLDO�H[WHQW�RI�FOXVWHULQJ�ODUJHO\�UHIOHFWV�WKH�GHSHQGHQFH�RQ�1112 

KRUL]RQWDO�GLVWDQFH��RXU�PHWKRGV�GLG�QRW�DOORZ�DQ�DVVD\�RI�GHSHQGHQFH�RQ�YHUWLFDO�GLVWDQFH�RU�RQ�OD\HU��1113 

)RU�PRVW�UHVSRQVH�SURSHUWLHV��WKH�VSDWLDO�H[WHQW�RI�FOXVWHULQJ�ZDV�W\SLFDOO\�DURXQG������P��,W�ZDV�1114 

FRQVLGHUDEO\�JUHDWHU�RQO\�IRU�GULIWLQJ�JUDWLQJ�UHVSRQVHV�IRU�SUHIHUUHG�RULHQWDWLRQ��RULHQWDWLRQ�WXQLQJ�ZLGWK�1115 

DQG�)��'&�UDWLR��WKH�ODUJH�VSDWLDO�H[WHQW�IRU�)��'&�UDWLR�OLNHO\�UHIOHFWV�WKH�ZHOO�NQRZQ�WHQGHQF\�RI�1116 

VLPSOH�DQG�FRPSOH[�FHOOV�WR�SUHGRPLQDWH�LQ�GLIIHUHQW�OD\HUV��H�J��0DUWLQH]�HW�DO����������ZKLOH�QR�LQWHU�VLWH�1117 

FOXVWHULQJ�FRXOG�EH�GHWHFWHG�DW�DQ\�GLVWDQFH�IRU�VSDWLDO�IUHTXHQF\�WXQLQJ�ZLGWK�RU��IRU�GULIWLQJ�JUDWLQJV��IRU�1118 

SUHIHUUHG�VSDWLDO�IUHTXHQF\��6LQFH�VSDWLDO�IUHTXHQF\�PHDVXUHV�IRU�IODVKHG�JUDWLQJV�ZHUH�VLJQLILFDQWO\�1119 

FOXVWHUHG�RQO\�DPRQJ�VLPSOH�FHOOV��ZH�ZRXOG�KDYH�OLNHG�WR�DQDO\]H�WKH�GLVWDQFH�GHSHQGHQFH�RI�66�SDLUV��1120 

EXW�ODFNHG�VXIILFLHQW�GDWD��,W�LV�SRVVLEOH�WKDW�WKH�OHVVHU�DPRXQW�RI�GDWD�IRU�IODVKHG�JUDWLQJV��ZKLFK�OHG�XV�WR�1121 

XVH�VOLGLQJ�GLVWDQFH�ZLQGRZV�FRQWDLQLQJ�KDOI�DV�PDQ\�SRLQWV�IRU�IODVKHG�DV�IRU�GULIWLQJ�JUDWLQJV��PLJKW�1122 
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KDYH�SOD\HG�VRPH�UROH�LQ�IDLOLQJ�WR�GHWHFW�VLJQLILFDQFH�DW�IXUWKHU�GLVWDQFHV�IRU�IODVKHG�JUDWLQJV�IRU�VRPH�RI�1123 

WKH�RULHQWDWLRQ�PHDVXUHV�RU�)��'&�UDWLRV��1124 

7KH�REVHUYHG�VSDWLDO�H[WHQWV�ZRXOG�QRW�EH�JUHDWO\�FKDQJHG�E\�WDNLQJ�LQWR�DFFRXQW�WKH�IDFW�WKDW�1125 

WHWURGHV�VDPSOH�FHOOV�RYHU�D�ILQLWH�GLVWDQFH��,Q�WKH�'LVFXVVLRQ��ZH�HVWLPDWH�WKDW��LI�ZH�LPDJLQH�WKDW�WKH�1126 

SUREDELOLW\�RI�VDPSOLQJ�FHOOV�DV�D�IXQFWLRQ�RI�GLVWDQFH�IURP�WKH�WHWURGH�LV�GHVFULEHG�E\�D���GLPHQVLRQDO�1127 

*DXVVLDQ�GLVWULEXWLRQ��WKHQ�LW�ZRXOG�KDYH�D�VWDQGDUG�GHYLDWLRQ�RI�DERXWߪ�VHHLQJ ൌ ͺͷ�ȝP��,I�ZH�DOVR�1128 

LPDJLQH�WKDW�WKH�DFWXDO�VWUHQJWK�RI�FOXVWHULQJ�GHFUHDVHV�DV�D�*DXVVLDQ�IXQFWLRQ�RI�GLVWDQFH�ZLWK�VWDQGDUG�1129 

GHYLDWLRQߪ�FOXVWHU��WKHQ�LQ�WHUPV�RI�WKH�REVHUYHG�VSDWLDO�H[WHQW�s��DQG�DVVXPLQJݏ�   VHHLQJ��ZH�ZRXOG�KDYH�1130ߪ�

FOXVWHUߪ ൌ ටͳݏ െ ൫ߪVHHLQJ Τݏ ൯ଶ��$�PHDVXUHG�VSDWLDO�H[WHQW�RI������P�ZRXOG�EH�FRUUHFWHG�WR������P�XQGHU�1131 

WKLV�WUDQVIRUPDWLRQ��1132 

���� 3RWHQWLDO�&RQIRXQGV�1133 
)RU�VRPH�RI�WKH�WXQLQJ�SURSHUWLHV�ZH�PHDVXUHG��FOXVWHULQJ�ZDV�YHU\�ZHDN��$�ZRUU\�LV�WKDW�WKLV�ZHDN�1134 

FOXVWHULQJ�PLJKW�EH�DUWLIDFWXDO��:H�FRQVLGHUHG�WKUHH�SRWHQWLDO�VRXUFHV�RI�FRQWDPLQDWLRQ�RI�FOXVWHULQJ�1135 

PHDVXUHV��EDG�FHOO�LVRODWLRQ��QRLVH�FRUUHODWLRQV�DQG�YDULDWLRQV�DFURVV�DQLPDOV��:H�DOVR�FRQVLGHUHG�D�1136 

FRQIRXQG�WKDW�PLJKW�KDYH�PDGH�FOXVWHULQJ�DSSHDU�DUWLIDFWXDOO\�ZHDN��HUURUV�LQ�HVWLPDWLQJ�UHVSRQVH�1137 

SURSHUWLHV��1138 

������ &HOO�,VRODWLRQ�1139 
6LPLODULW\�LQ�UHVSRQVH�SURSHUWLHV�RI�FHOOV�DW�D�VLQJOH�UHFRUGLQJ�VLWH�PLJKW�EH�DUWLIDFWXDOO\�LQGXFHG�E\�SRRU�1140 

VSLNH�VRUWLQJ��LQ�RQH�RI�DW�OHDVW�WZR�ZD\V������WXQLQJ�FXUYHV�RI�WZR�FHOOV�PLJKW�DSSHDU�PRUH�VLPLODU�WKDQ�1141 

WKH\�UHDOO\�DUH��LI�VSLNHV�IURP�RQH�FHOO�DUH�LQFRUSRUDWHG�LQ�WKH�WXQLQJ�FXUYH�RI�WKH�RWKHU�FHOO��RU�����D�FHOO�1142 

PLJKW�EH�FRPSDUHG�ZLWK�LWVHOI��LI�WKH�VSLNH�GLVWULEXWLRQ�IURP�D�FHOO�LV�ELPRGDO�LQ�WKH�FOXVWHULQJ�VSDFH�DQG�1143 

LV�PLVWDNHQO\�LGHQWLILHG�DV�WZR�VHSDUDWH�FHOOV��1144 

:H�RQO\�LQFOXGHG�LQ�RXU�VWXG\�FHOOV�WKDW�ZHUH�UHDVRQDEO\�ZHOO�LVRODWHG��DV�MXGJHG�E\�WKH�,VRODWLRQ�1145 

'LVWDQFH��,'���6FKPLW]HU�7RUEHUW�HW�DO���������D�PHDVXUH�RI�FOXVWHU�LVRODWLRQ�IRU�HDFK�FHOO��&OXVWHUV�ZLWK�1146 
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KLJKHU�,'V�WHQG�WR�KDYH�IHZHU�PLVFODVVLILHG�VSLNHV��EXW�WKHUH�LV�QR�µFRUUHFW¶�FULWHULRQ�IRU�WKH�PLQLPXP�1147 

DFFHSWDEOH�,'��WKH�DSSURSULDWH�WKUHVKROG�ZLOO�GHSHQG�RQ�WKH�OHYHO�RI�FRQWDPLQDWLRQ�DFFHSWDEOH�IRU�HDFK�1148 

VSHFLILF�VWXG\��:H�RQO\�XVHG�FHOOV�WKDW�KDG�DQ�,'�RI�DW�OHDVW�����1149 

1RQHWKHOHVV��LI�VLPLODULW\�LQ�D�SDLU¶V�UHVSRQVH�SURSHUWLHV�FRUUHODWHG�WR�ORZ�,'�RU�WR�VLPLODULW\�LQ�1150 

WKH�WZR�FHOO¶V�VSLNH�ZDYHIRUPV��WKLV�FRXOG�EH�DQ�LQGLFDWLRQ�WKDW�SRRU�VSLNH�VRUWLQJ�FRQWULEXWHG�WR�DSSDUHQW�1151 

FOXVWHULQJ��:H�H[DPLQHG�WKLV�SRVVLELOLW\�LQ���GLIIHUHQW�ZD\V��DOO�ZLWK�QHJDWLYH�UHVXOWV������:H�FDOFXODWHG�1152 

WKH�6SHDUPDQ��UDQN��FRUUHODWLRQ�EHWZHHQ�WKH�PHDVXUHG�SDLUZLVH�GLIIHUHQFHV�LQ�D�WXQLQJ�SURSHUW\��H�J��1153 

GLIIHUHQFHV�LQ�RULHQWDWLRQ�WXQLQJ�ZLGWK��DQG�WKH�PLQLPXP�,'�RI�D�FHOO�SDLU��DFURVV�DOO�FHOO�SDLUV��:H�GLG�1154 

WKLV�IRU�GLIIHUHQFHV�LQ�DOO�WXQLQJ�SURSHUWLHV��DQG�FKHFNHG�IRU�FRUUHODWLRQ�FRHIILFLHQWV�WKDW�ZHUH�VLJQLILFDQWO\�1155 

JUHDWHU�WKDQ�]HUR��1R�VLJQLILFDQW�WUHQGV�ZHUH�IRXQG�IRU�DQ\�WXQLQJ�SURSHUWLHV��p�!�����IRU�DOO�UDQN�1156 

FRUUHODWLRQ�FRHIILFLHQWV�������:H�XVHG�D�:LOFR[RQ�UDQN�VXP�WHVW�WR�WHVW�ZKHWKHU�WKH�PHGLDQ�SDLUZLVH�1157 

GLIIHUHQFHV�LQ�WXQLQJ�SURSHUWLHV�GLIIHUHG�EHWZHHQ�WKH�WKLUG�RI�FHOO�SDLUV�ZLWK�WKH�VPDOOHVW�PLQLPXP�,'V�1158 

DQG�WKH�WKLUG�RI�FHOO�SDLUV�ZLWK�WKH�ODUJHVW�PLQLPXP�,'V��$JDLQ��QR�VLJQLILFDQW�WUHQGV�ZHUH�IRXQG��p�!�����1159 

LQ�DOO�FDVHV�������,QVWHDG�RI�XVLQJ�WKH�PLQLPXP�,'��ZKLFK�UHSUHVHQWV�WKH�FOXVWHU�TXDOLW\�RI�WKH�OHVV�ZHOO�1160 

LVRODWHG�LQ�D�SDLU�RI�FHOOV��ZH�DOVR�PRUH�GLUHFWO\�H[DPLQHG�WKH�VHSDUDWLRQ�EHWZHHQ�WZR�FHOOV�LQ�WKH�1161 

FOXVWHULQJ�VSDFH��HLWKHU�XVLQJ�WKH�VLPSOH�(XFOLGHDQ�GLVWDQFH�EHWZHHQ�WKH�FOXVWHU�FHQWHUV�RU�E\�H[DPLQLQJ�D�1162 

PHDVXUH�RI�WKH�RYHUODS�RI�WKH�WZR�FOXVWHUV�ZKHQ�HDFK�LV�PRGHOHG�DV�D�PXOWL�GLPHQVLRQDO�*DXVVLDQ�1163 

�*DXVVLDQ�2YHUODS��GHILQHG�LQ�VHFWLRQ���������$V�ZLWK�WKH�PLQLPXP�,'��ZH�WHVWHG�ZKHWKHU�FHOOV�WKDW�ZHUH�1164 

FORVHU�WRJHWKHU�LQ�WKH�FOXVWHULQJ�VSDFH��DQG�ZHUH�WKXV�PRUH�OLNHO\�WR�KDYH�VSLNHV�PLVFODVVLILHG�IURP�RQH�WR�1165 

WKH�RWKHU��WHQGHG�WR�KDYH�VPDOOHU�GLIIHUHQFHV�LQ�WXQLQJ�SURSHUWLHV��:H�XVHG�ERWK�6SHDUPDQ¶V�UDQN�1166 

FRUUHODWLRQ�FRHIILFLHQW��DQG�WKH�:LOFR[RQ�UDQN�VXP�WHVWV�GHVFULEHG�DERYH��DQG�IRXQG�QR�VLJQLILFDQW�WUHQGV�1167 

�p�!�������,Q�VXP��ZH�GR�QRW�WKLQN�WKDW�EDG�FHOO�LVRODWLRQ�FRQWULEXWHG�WR�WKH�FOXVWHULQJ�UHSRUWHG�KHUH��1168 

������ 1RLVH�FRUUHODWLRQV�1169 
$QRWKHU�SRWHQWLDO�FRQIRXQG�LQ�PHDVXULQJ�FRUUHODWLRQ�LV�WR�PLVWDNHQO\�LGHQWLI\�QRLVH�FRUUHODWLRQV�1170 

�FRRUGLQDWHG�UHVSRQVHV�GXH�WR�FRQQHFWLRQV�EHWZHHQ�FHOOV�RU�VKDUHG�LQSXWV��DV�VLJQDO�FRUUHODWLRQV�1171 
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�FRUUHODWLRQV�GXH�WR�VLPLODU�WXQLQJ�SURSHUWLHV���7KDW�LV��EHFDXVH�RXU�UHVSRQVH�WXQLQJ�PHDVXUHV�DUH�EDVHG�RQ�1172 

ILQLWH�VDPSOHV��LW�LV�SRVVLEOH�WKDW�FRUUHODWHG�QRLVH�IOXFWXDWLRQV�PLJKW�FRQWULEXWH�VLJQLILFDQWO\�WR�WKH�1173 

PHDVXUHG�WXQLQJ�FXUYHV�RI�D�FHOO�SDLU��SDUWLFXODUO\�WR�WKH�SRUWLRQV�RI�WKH�WXQLQJ�FXUYHV�FRUUHVSRQGLQJ�WR�1174 

ZHDN�UHVSRQVHV��FDXVLQJ�WKH�WXQLQJ�FXUYHV�WR�DSSHDU�PRUH�VLPLODU�WKDQ�WKH\�UHDOO\�DUH��6LQFH�QRLVH�1175 

FRUUHODWLRQV�DUH�OHVV�OLNHO\�WR�DIIHFW�WKH�SHDNV�RI�WKH�WXQLQJ�FXUYHV��ZKHUH�UHVSRQVHV�DUH�VWURQJHU��DQG�1176 

VLQFH�PDQ\�RI�RXU�PHDVXUHV�GHSHQG�RQO\�RQ�WKH�UHJLRQV�DURXQG�WKH�SHDNV��ZH�GLG�QRW�WKLQN�WKLV�VFHQDULR�1177 

OLNHO\�RQ�LWV�IDFH��1178 

1RQHWKHOHVV��ZH�WHVWHG�WKLV�SRVVLELOLW\�DV�IROORZV��:H�UHSHDWHG�RXU�DQDO\VLV��EXW�WKLV�WLPH�GLYLGHG�1179 

WKH�H[SHULPHQW�LQWR�RGG��DQG�HYHQ�QXPEHUHG�WULDOV��DV�ZH�GLG�IRU�WKH�UHSURGXFLELOLW\�WHVWV��DQG�IRU�WKH�1180 

PHDVXUHV�RI�YDULDELOLW\���DQG�RQO\�FRPSDUHG�WXQLQJ�FXUYHV�WKDW�ZHUH�REWDLQHG�GXULQJ�GLIIHUHQW�KDOYHV�RI�1181 

WKH�H[SHULPHQW��)RU�H[DPSOH��IRU�D�SDUWLFXODU�PHDVXUH�RI�WXQLQJ�ZLGWK�IRU�FHOO�i,�ZH�FDOO�WKH�RGG�WULDO�1182 

DYHUDJHG�DQG�HYHQ�WULDO�DYHUDJHG�WXQLQJ�ZLGWKVݓ����Ǧ�DQGݓ�����Ǧ��7KHQ��WR�FDOFXODWH�WKH�GLIIHUHQFH�LQ�1183 

WXQLQJ�ZLGWK�EHWZHHQ�FHOOV�i�DQG�j��ZH�FDOFXODWH�ERWK�ቚݓ���Ǧ െ ����Ǧݓ����Ǧቚ�DQG�ቚݓ െ  ���Ǧቚ�DQG�SODFH�1184ݓ

ERWK�RI�WKHVH�YDOXHV�LQWR�WKH�ZLWKLQ�VLWH��RU�EHWZHHQ�VLWH��GLVWULEXWLRQ���2XU�RULJLQDO�GLVWULEXWLRQV�VLPSO\�1185 

FRQWDLQHG�WKH�YDOXH�หݓ െ  ห�IRU�HDFK�SDLU�RI�FHOOV�i�DQG�j���7KHVH�UHVSRQVH�GLIIHUHQFHV��FDOFXODWHG�IURP�1186ݓ

GLIIHUHQW�VHWV�RI�WULDOV�IRU�WKH�WZR�FHOOV��FDQQRW�FRQWDLQ�DQ\�FRQWULEXWLRQV�IURP�QRLVH�FRUUHODWLRQV��ZKLFK�1187 

RQO\�FDQ�DIIHFW�WZR�FHOOV�RQ�WKH�VDPH�WULDO��:H�FRPSDUHG�WKH�PHGLDQ�UDWLRV�ZH�REWDLQHG�XVLQJ�WKHVH�1188 

RGG�HYHQ�WULDO�DYHUDJHG�UHVSRQVH�SURSHUWLHV�WR�RXU�RULJLQDO�DOO�WULDO�DYHUDJHG�UHVSRQVH�SURSHUWLHV��7KHUH�1189 

ZHUH�PLQRU�GLIIHUHQFHV��VRPH�VOLJKW�LQFUHDVHV�LQ�WKH�PHGLDQ�UDWLR��VRPH�VOLJKW�GHFUHDVHV���EXW�QR�FKDQJHV�1190 

LQ�VLJQLILFDQFH�OHYHOV��GHILQHG�WR�PHDQ�ZKHWKHU�D�JLYHQ�FOXVWHULQJ�PHDVXUH�PHW�]HUR��RQH�RU�ERWK�RI�WKH�1191 

WZR��VRPHZKDW�DG�KRF��FRQGLWLRQV�p��������DQG�p���������7KXV��QRLVH�FRUUHODWLRQV�GR�QRW�VHHP�WR�KDYH�1192 

LQWURGXFHG�VSXULRXV�FRUUHODWLRQV�WKDW�VLJQLILFDQWO\�DIIHFWHG�RXU�UHVXOWV��1193 

������ 9DULDWLRQV�DFURVV�DQLPDOV�1194 
$�SRWHQWLDO�SUREOHP�ZLWK�XVLQJ�WKH�IXOO�EHWZHHQ�VLWH�GLVWULEXWLRQ�ZKHQ�FDOFXODWLQJ�WKH�PHGLDQ�UDWLR�LV�WKDW�1195 

LW�LQFOXGHV�SDLUV�RI�FHOOV�IURP�GLIIHUHQW�DQLPDOV��&OXVWHULQJ�RI�D�UHVSRQVH�SURSHUW\�PHDQV�WKDW�WKHUH�LV�OHVV�1196 
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YDULDELOLW\�LQ�WKH�SURSHUW\�DW�LQGLYLGXDO�VLWHV�LQ�DQ�DQLPDO�WKDQ�DFURVV�WKDW�DQLPDO¶V�9���7R�WKH�H[WHQW�WR�1197 

ZKLFK�WKHUH�LV�EHWZHHQ�DQLPDO�YDULDELOLW\�LQ�WKH�GLVWULEXWLRQV�RI�WKHVH�SURSHUWLHV��FRPSDULQJ�WKH�ZLWKLQ�1198 

VLWH�GLVWULEXWLRQ�RI�GLIIHUHQFHV�LQ�WKH�SURSHUW\�WR�WKH�IXOO�EHWZHHQ�VLWH�GLVWULEXWLRQ��LQFOXGLQJ�GLIIHUHQFHV�1199 

EHWZHHQ�SDLUV�RI�FHOOV�UHFRUGHG�LQ�GLIIHUHQW�DQLPDOV���DV�ZH�KDYH�GRQH��ZRXOG�WHQG�WR�H[DJJHUDWH�WKH�1200 

GHJUHH�RI�FOXVWHULQJ��:H�GLG�QRW�KDYH�VXIILFLHQW�GDWD�SHU�DQLPDO�WR�GLUHFWO\�DVVD\�IRU�EHWZHHQ�DQLPDO�1201 

GLIIHUHQFHV�LQ�UHVSRQVH�SURSHUW\�GLVWULEXWLRQV��H�J��IRU�VWXGLHV�RI�RULHQWDWLRQ�WXQLQJ�LQ�UHVSRQVH�WR�IODVKHG�1202 

JUDWLQJV�ZH�KDG��RQ�DYHUDJH�����FHOOV�DQLPDO�������VLWHV�DQLPDO��DQG���SHQHWUDWLRQV�DQLPDO��VHH�VHFWLRQ�1203 

��������ZLWK�FHOO�SURSHUWLHV�JHQHUDOO\�FRUUHODWHG�ZLWKLQ�VLWHV�DQG�EHWZHHQ�QHDUE\�VLWHV�LQ�D�SHQHWUDWLRQ�DV�1204 

ZH�KDYH�VHHQ�DERYH��1205 

,QVWHDG��DV�DQ�DGGLWLRQDO�FRQWURO��ZH�VRXJKW�WR�UHGR�RXU�FDOFXODWLRQV�XVLQJ�WKH�EHWZHHQ�VLWH��1206 

ZLWKLQ�DQLPDO��%6�:$��GLVWULEXWLRQ�DV�WKH�FRQWURO��LQVWHDG�RI�WKH�IXOO�EHWZHHQ�VLWH��%6��GLVWULEXWLRQ��1207 

+RZHYHU��D�VL]HDEOH�SURSRUWLRQ�RI�WKH�%6�:$�GLVWULEXWLRQ�FRQVLVWV�RI�FHOO�SDLUV�IURP�WKH�VDPH�1208 

SHQHWUDWLRQ��DQG�D�VL]HDEOH�SURSRUWLRQ�RI�WKRVH�SDLUV�FRPH�IURP�UHFRUGLQJ�VLWHV�FORVH�HQRXJK�WRJHWKHU�WR�1209 

VKRZ�PRUH�VLPLODU�FHOO�UHVSRQVH�SURSHUWLHV�WKDQ�H[SHFWHG�E\�FKDQFH��VHH�VHFWLRQ�������,QFOXGLQJ�WKHVH�1210 

SDLUV�ZLWK�VPDOOHU�GLIIHUHQFHV�LQ�WKH�FRQWURO�GLVWULEXWLRQ�ZRXOG�WHQG�WR�XQGHUHVWLPDWH�WKH�PHGLDQ�UDWLR��1211 

7KXV��ZH�H[FOXGHG�ZLWKLQ�SHQHWUDWLRQ��%6�:3��SDLUV��DQG�FRQVLGHUHG�RQO\�WKH�EHWZHHQ�SHQHWUDWLRQ��1212 

ZLWKLQ�DQLPDO��%6�%3�:$��SDLUV��:H�UHFDOFXODWHG�WKH�PHGLDQ�UDWLRV�XVLQJ�WKLV��%6�%3�:$��GLVWULEXWLRQ�1213 

DV�D�FRQWURO��DQG�FKHFNHG�ZKHWKHU�WKH�PHGLDQ�UDWLRV�ZHUH�VLJQLILFDQWO\�GLIIHUHQW�IURP�WKRVH�REWDLQHG�XVLQJ�1214 

WKH�IXOO�%6�GLVWULEXWLRQ��:H�IRXQG�WKDW��ZLWK�RQH�H[FHSWLRQ��PHGLDQ�UDWLRV�ZHUH�RQO\�VOLJKWO\�DIIHFWHG��1215 

ZLWK�VWDWLVWLFDOO\�VLJQLILFDQW�UDWLRV�FKDQJLQJ�E\�OHVV�WKDQ�����LQFOXGLQJ�ERWK�LQFUHDVHV�DQG�GHFUHDVHV��1216 

VWDQGDUG�HUURU�UDQJHV�RI�WKH�UDWLRV�RYHUODSSLQJ�ZLWK�WKRVH�IRXQG�SUHYLRXVO\��DQG�OLWWOH�RU�QR�FKDQJH�LQ�1217 

VLJQLILFDQFH�OHYHO��VHH�XQUHIHUHHG�VXSSOHPHQWDU\�PDWHULDOV��VHFWLRQ�6����DQG�7DEOH�6���VHH�PDQXVFULSW�1218 

HQGQRWH���1219 

7KH�RQH�H[FHSWLRQ�ZDV�JOREDO�RULHQWDWLRQ�ZLGWK�LQ�UHVSRQVH�WR�IODVKHG�JUDWLQJV��IRU�ZKLFK�1220 

FOXVWHULQJ�GLVDSSHDUHG��PHGLDQ�UDWLR������VWDQGDUG�HUURU�UDQJH������±�������p� ������ZKHQ�WKH�%6�%3�:$�1221 

GLVWULEXWLRQ�ZDV�XVHG�DV�D�FRQWURO��FOXVWHULQJ�ZDV�ZHDN�EXW�SUHVHQW�ZLWK�WKH�IXOO�%6�GLVWULEXWLRQ��PHGLDQ�1222 
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UDWLR�RI�������VWDQGDUG�HUURU�UDQJH������±�������p� ��������+RZHYHU��WKH�JUDGXDO�GHFUHDVH�LQ�FOXVWHULQJ�ZLWK�1223 

LQFUHDVLQJ�LQWHU�UHFRUGLQJ�VLWH�GLVWDQFH�RI�JOREDO�RULHQWDWLRQ�ZLGWK�IRU�IODVKHG�JUDWLQJV��)LJ����%��VWURQJO\�1224 

VXJJHVWV�WUXH�FOXVWHULQJ�RI�WKLV�SURSHUW\��7KH�%6�%3�:$�GLVWULEXWLRQV�KDYH�PDQ\�IHZHU�SDLUV�WKDQ�WKH�1225 

IXOO�%6�GLVWULEXWLRQV��IRU�IODVKHG�JUDWLQJ�JOREDO�RULHQWDWLRQ�ZLGWK��%6�%3�:$�GLVWULEXWLRQ��������SDLUV��1226 

ZLWK�D�PHDQ�RI�����SDLUV�SHU�DQLPDO��%6�GLVWULEXWLRQ���������SDLUV���7KXV��LW�VHHPV�OLNHO\�WKDW�WKH�1227 

UHGXFWLRQ�LQ�PHGLDQ�UDWLR�LQ�WKLV�FDVH�PD\�UHIOHFW�D�ODFN�RI�DGHTXDWH�VDPSOLQJ�RI�WKLV�UHVSRQVH�SURSHUW\�1228 

ZLWKLQ�LQGLYLGXDO�DQLPDOV��ZKLFK�ZRXOG�DUWLIDFWXDOO\�UHGXFH�WKH�PHGLDQ�UDWLR��UDWKHU�WKDQ�WKH�UHPRYDO�RI�1229 

LQWHU�DQLPDO�YDULDWLRQV�LQ�WKLV�UHVSRQVH�SURSHUW\��ZKLFK�ZRXOG�LQGLFDWH�D�WUXO\�VPDOOHU�UDWLR��1230 

������ (UURUV�LQ�HVWLPDWLQJ�UHVSRQVH�SURSHUWLHV�1231 
(UURUV�LQ�RXU�PHDVXUHPHQWV�RI�UHVSRQVH�SURSHUWLHV�FRXOG�DUWLIDFWXDOO\�UHGXFH�WKH�VWUHQJWK�RI�FOXVWHULQJ�1232 

WKDW�ZH�PHDVXUH��E\�DGGLQJ�DSSDUHQW�ZLWKLQ�VLWH�YDULDELOLW\�WKDW�ZDV�QRW�SUHVHQW�LQ�UHDOLW\��:H�HVWLPDWHG�1233 

WKH�SUHFLVLRQ�ZLWK�ZKLFK�ZH�FDQ�PHDVXUH�UHVSRQVH�SURSHUWLHV�E\�WKH�MDFNNQLIH�HVWLPDWH�RI�VWDQGDUG�HUURU�1234 

LQ�WKH�PHDVXUHG�SURSHUW\��)RU�PRVW�UHVSRQVH�SURSHUWLHV��WKH�PHGLDQ�ZLWKLQ�VLWH�GLIIHUHQFH��7DEOH����ZDV�1235 

FRQVLGHUDEO\�ODUJHU�WKDQ�WKH�PHGLDQ�MDFNNQLIH�VWDQGDUG�HUURU�IRU�PHDVXUHPHQWV�RI�WKDW�SURSHUW\��7DEOH�����1236 

LQGLFDWLQJ�WKDW�WKH�ZLWKLQ�VLWH�YDULDELOLW\�ZH�PHDVXUHG�ZDV�ZHOO�DERYH�DQ\�OLPLW�SODFHG�E\�PHDVXUHPHQW�1237 

HUURUV�DQG�KHQFH�WKDW�WKHUH�ZDV�OLWWOH�XQGHUHVWLPDWLRQ�RI�WKH�PHGLDQ�UDWLR��7KH�UDWLR��X��RI�PHGLDQ�ZLWKLQ�1238 

VLWH�GLIIHUHQFH�WR�PHGLDQ�MDFNNQLIH�HUURU�ZDV�DOZD\V�JUHDWHU�WKDQ������DQG�LW�ZDV�JUHDWHU�WKDQ���IRU�DOO�EXW�1239 

D�IHZ�SURSHUWLHV��)��'&�UDWLR�IRU�RULHQWDWLRQ�VWLPXOL��UDWLRV����������IRU�GULIWLQJ�IODVKHG�JUDWLQJV���)��'&�1240 

UDWLR�IRU�IODVKHG�VSDWLDO�IUHTXHQF\�VWLPXOL��UDWLR�������DQG�VSDWLDO�IUHTXHQF\�WXQLQJ�ZLGWK��UDWLRV�����������1241 

�+RZHYHU��WKH�UDWLR�ZDV�FRQVLGHUDEO\�VPDOOHU�IRU�VSDWLDO�IUHTXHQF\�WXQLQJ�ZLGWK�DQG�SUHIHUUHG�VSDWLDO�1242 

IUHTXHQF\�IRU�IODVKHG�JUDWLQJV�IRU�VLPSOH�VLPSOH�SDLUV��DV�IXUWKHU�GLVFXVVHG�EHORZ���1243 

7R�PDNH�D�EDOOSDUN�FDOFXODWLRQ�RI�WKH�TXDQWLWDWLYH�HIIHFW�RI�PHDVXUHPHQW�HUURUV��ZH�PDGH�1244 

VLPSOLI\LQJ�DVVXPSWLRQV�WKDW�WKH�WUXH�ZLWKLQ�VLWH�GLVWULEXWLRQ��WKH�WUXH�EHWZHHQ�VLWH�GLVWULEXWLRQ��DQG�WKH�1245 

GLVWULEXWLRQ�RI�PHDVXUHPHQW�HUURUV�DUH�DOO�*DXVVLDQV��ZLWK�WKH�VWDQGDUG�GHYLDWLRQ�RI�WKH�PHDVXUHPHQW�1246 

HUURU�GLVWULEXWLRQ�JLYHQ�E\�WKH�PHGLDQ�RI�WKH�MDFNNQLIH�VWDQGDUG�HUURUV�WKDW�ZH�REVHUYHG�RYHU�FHOOV��VHH�1247 
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Methods��VHFWLRQ��������:H�WKHQ�H[DPLQHG�WKH�HIIHFW�RI�PHDVXUHPHQW�HUURU�RQ�RXU�HVWLPDWH�RI�WKH�PHGLDQ�1248 

UDWLR��ZKLFK�LV�RXU�PHDVXUH�RI�WKH�VWUHQJWK�RI�FOXVWHULQJ��7KH�UHVXOW�LV�WKDW��IRU�PHDVXUHPHQW�HUURU�WR�KDYH�1249 

FDXVHG�RXU�REVHUYHG�PHGLDQ�UDWLR�WR�XQGHUHVWLPDWH�WKH�WUXH�PHGLDQ�UDWLR��FDOO�LWܴܯ�WUXH��E\�PRUH�WKDQ�1250 

�����LW�PXVW�EH�WKH�FDVH�WKDW�ܺ ൏ ʹǤͳͻ�DQGܴܯ�WUXH  ͳȀඥͳ െ ሺܺȀʹǤͳͻሻଶ��7KHVH�FRQGLWLRQV�H[FOXGH�DOO�RI�1251 

RXU�GDWD�IURP�7DEOHV��±���,I�;�!����DV�LV�WKH�FDVH�IRU�PRVW�RI�RXU�PHDVXUHPHQWV��WKH�PHGLDQ�UDWLR�ZLOO�EH�1252 

XQGHUHVWLPDWHG�E\�DW�PRVW�����7KLV�FDOFXODWLRQ��WKRXJK�EDVHG�RQ�VLPSOLILHG�DVVXPSWLRQV��VXSSRUWV�WKH�1253 

LGHD�WKDW�PHDVXUHPHQW�HUURU�GLG�QRW�JUHDWO\�UHGXFH�RXU�HVWLPDWHV�RI�FOXVWHULQJ�IRU�DQ\�RI�WKH�TXDQWLWLHV�LQ�1254 

7DEOH����1255 

+RZHYHU��WKH�HIIHFW�RI�PHDVXUHPHQW�HUURU�ZDV�OLNHO\�WR�KDYH�EHHQ�PRUH�VLJQLILFDQW�IRU�WKH�VWURQJ�1256 

PHGLDQ�UDWLRV�ZH�REVHUYHG�IRU�VSDWLDO�IUHTXHQF\�WXQLQJ�ZLGWK�DQG�SUHIHUUHG�VSDWLDO�IUHTXHQF\�RI�1257 

VLPSOH�VLPSOH�SDLUV�UHVSRQGLQJ�WR�IODVKHG�JUDWLQJV��7DEOH�����)RU�WKHVH�SDLUV�DQG�UHVSRQVH�SURSHUWLHV��WKH�1258 

PHGLDQ�MDFNNQLIH�VWDQGDUG�HUURU��WXQLQJ�ZLGWK��������SUHIHUUHG��������ZDV�FRPSDUDEOH�WR�WKH�PHGLDQ�1259 

ZLWKLQ�VLWH�GLIIHUHQFH��WXQLQJ�ZLGWK��������SUHIHUUHG���������)RU�SUHIHUUHG�VSDWLDO�IUHTXHQF\��ZLWK�WKH�1260 

REVHUYHG�UDWLR�X� �����DQG�DQ�REVHUYHG�PHGLDQ�UDWLR�RI�������WKH�DERYH�DSSURDFK�\LHOGV�DQ�HVWLPDWH�WKDW�1261 

WKH�WUXH�PHGLDQ�UDWLR�ZDV�������L�H��WKH�REVHUYHG�PHGLDQ�UDWLR�XQGHUHVWLPDWHG�WKH�WUXH�YDOXH�E\������)RU�1262 

VSDWLDO�IUHTXHQF\�WXQLQJ�ZLGWK��IRU�ZKLFK�X� �������WKH�DERYH�DSSURDFK�IDLOV��VHH�Methods���+RZHYHU��WKH�1263 

IDFW�WKDW�WKH�PHGLDQ�VWDQGDUG�HUURU�ZDV�JUHDWHU�WKDQ�WKH�PHGLDQ�ZLWKLQ�VLWH�GLIIHUHQFH�IRU�WXQLQJ�ZLGWK�1264 

VXJJHVWV�WKDW�REVHUYHG�ZLWKLQ�VLWH�YDULDELOLW\�ZDV�URXJKO\�DV�VPDOO�DV�SRVVLEOH�JLYHQ�PHDVXUHPHQW�HUURU��1265 

L�H��FOXVWHULQJ�ZDV�YHU\�VWURQJ��7KXV��SUHIHUUHG�VSDWLDO�IUHTXHQF\�DQG�VSDWLDO�IUHTXHQF\�WXQLQJ�ZLGWK�DUH�1266 

OLNHO\�WR�EH�FRQVLGHUDEO\�PRUH�VWURQJO\�FOXVWHUHG�IRU�VLPSOH�VLPSOH�SDLUV�UHVSRQGLQJ�WR�IODVKHG�JUDWLQJV�1267 

WKDQ�ZH�KDYH�HVWLPDWHG��HYHQ�WKRXJK�RXU�HVWLPDWHV�DOUHDG\�VKRZHG�VWURQJ�FOXVWHULQJ��1268 

��� 'LVFXVVLRQ�1269 

:H�KDYH�IRXQG�WKDW�QHXURQV�LQ�FDW�9��VKRZ�PRGHVW�EXW�VWDWLVWLFDOO\�VLJQLILFDQW�FOXVWHULQJ�E\�GHJUHH�RI�1270 

WXQLQJ��DV�VXPPDUL]HG�JUDSKLFDOO\�LQ�)LJ������DOO�TXDQWLWDWLYH�PHDVXUHV�RI�FOXVWHULQJ�VXPPDUL]HG�LQ�7DEOH�1271 
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����7R�PHDVXUH�FOXVWHULQJ��ZH�XVHG�WKH�PHGLDQ�UDWLR��WKH�UDWLR�RI�WKH�PHGLDQ�GLIIHUHQFH�EHWZHHQ�WKH�YDOXH�1272 

RI�WKH�SURSHUW\�IRU�WZR�FHOOV�IURP�GLIIHUHQW�VLWHV�WR�WKDW�EHWZHHQ�WZR�FHOOV�UHFRUGHG�DW�WKH�VDPH�VLWH��,Q�OLQH�1273 

ZLWK�SUHYLRXV�VWXGLHV��ZH�IRXQG�D�VWURQJ�FOXVWHULQJ�RI�RULHQWDWLRQ�WXQLQJ�ZLGWK��IRU�WKH�ORFDO�PHDVXUH�1274 

,25ݓ
/RFDO��IRU�H[DPSOH��ZH�IRXQG�D�PHGLDQ�UDWLR�RI�������p���������FRUUHVSRQGLQJ�WR�D�����GHFUHDVH�LQ�WKH�1275 

PHGLDQ�GLIIHUHQFH�EHWZHHQ�SDLUV�IURP�WKH�VDPH�VLWH��UHODWLYH�WR�SDLUV�IURP�GLIIHUHQW�VLWHV��)RU�IODVKHG�1276 

JUDWLQJV��WKH�PHGLDQ�UDWLR�ZDV�VPDOOHU��������FRUUHVSRQGLQJ�WR�D�����GHFUHDVH�LQ�WKH�PHGLDQ�GLIIHUHQFH���1277 

EXW�VWLOO�VWDWLVWLFDOO\�VLJQLILFDQW���p� ���������0HGLDQ�UDWLRV�IRU�JOREDO�RULHQWDWLRQ�ZLGWK25ݓ��,
*OREDOǡ�ZHUH�1278 

VLPLODU��,Q�FRQWUDVW�WR�SUHYLRXV�VWXGLHV��ZH�DOVR�IRXQG�KLJKO\�VLJQLILFDQW�FOXVWHULQJ�RI�GLUHFWLRQ�VHOHFWLYLW\�1279 

�'6,���ZLWK�D�PHGLDQ�UDWLR�RI�������p����������:H�IRXQG�ZHDN�FOXVWHULQJ�RI�VSDWLDO�IUHTXHQF\�WXQLQJ�ZLGWK�1280 

LQ�UHVSRQVH�WR�GULIWLQJ�JUDWLQJV��ZLWK�D�PHGLDQ�UDWLR�RI�������p� ��������)RU�IODVKHG�JUDWLQJV��FOXVWHULQJ�RI�1281 

VSDWLDO�IUHTXHQF\�WXQLQJ�ZLGWK�ZDV�VWURQJ�ZKHQ�FRQVLGHULQJ�RQO\�VLPSOH�FHOO�SDLUV��PHGLDQ�UDWLR�������p� �1282 

�������DV�GLVFXVVHG�DERYH��WKLV�LV�OLNHO\�WR�EH�DQ�XQGHUHVWLPDWH�RI�WKH�WUXH�VWUHQJWK�RI�FOXVWHULQJ�LQ�WKLV�1283 

FDVH��GXH�WR�HUURUV�LQ�HVWLPDWLQJ�WKH�ZLGWK���EXW�QR�FOXVWHULQJ�ZDV�VHHQ�LQ�VLPSOH�FRPSOH[�RU�1284 

FRPSOH[�FRPSOH[�SDLUV��7KHVH�PHDVXUHV�RI�FOXVWHULQJ�RI�WXQLQJ�ZLGWKV�VKRXOG�EH�FRPSDUHG�WR�WKH�1285 

JHQHUDOO\�PXFK�VWURQJHU�FOXVWHULQJ�RI�SUHIHUUHG�RULHQWDWLRQ��ZKLFK��IRU�IODVKHG�JUDWLQJV�KDG�D�PHGLDQ�UDWLR�1286 

RI��������p����������FRUUHVSRQGLQJ�WR�D�����UHGXFWLRQ�LQ�WKH�PHGLDQ�GLIIHUHQFH�DW�D�VLWH��DQG�RI�SUHIHUUHG�1287 

GLUHFWLRQ��IRU�ZKLFK�ZH�IRXQG�WKDW�DERXW�����RI�FHOOV�DW�D�VLWH�DUH�DOLJQHG�ZLWK�RQH�SUHIHUUHG�GLUHFWLRQ�DQG�1288 

����ZLWK�LWV�RSSRVLWH��WKH�PHGLDQ�UDWLR�LV�QRW�D�JRRG�PHDVXUH�IRU�SUHIHUUHG�GLUHFWLRQ��EHFDXVH�RI�WKH�1289 

W\SLFDO�SUHVHQFH�RI�DQWL�DOLJQHG�DV�ZHOO�DV�DOLJQHG�FHOOV���7KH�FOXVWHULQJ�RI�SUHIHUUHG�VSDWLDO�IUHTXHQF\�IRU�1290 

GULIWLQJ�JUDWLQJV�ZDV�VPDOO�FRPSDUHG�WR�WKDW�RI�SUHIHUUHG�RULHQWDWLRQ��DQG�FRPSDUDEOH�WR�WKH�RWKHU�1291 

PHDVXUHV�RI�WXQLQJ�ZLGWKV��ZLWK�D�PHGLDQ�UDWLR�RI�������p����������)RU�IODVKHG�JUDWLQJV��SUHIHUUHG�VSDWLDO�1292 

IUHTXHQF\��OLNH�VSDWLDO�IUHTXHQF\�WXQLQJ�ZLGWK��VKRZHG�VWURQJ�FOXVWHULQJ�IRU�VLPSOH�VLPSOH�SDLUV��PHGLDQ�1293 

UDWLR�������p��������LQ�WKLV�FDVH�DOVR��WKLV�LV�OLNHO\�WR�EH�DQ�XQGHUHVWLPDWH�RI�WKH�WUXH�VWUHQJWK�RI�FOXVWHULQJ���1294 

EXW�QR�FOXVWHULQJ�IRU�VLPSOH�FRPSOH[�RU�FRPSOH[�FRPSOH[�SDLUV��&OXVWHULQJ�KDG�D�KRUL]RQWDO�VSDWLDO�H[WHQW�1295 

RI�DERXW������P�IRU�WKH�PDMRULW\�RI�SURSHUWLHV��EXW�WKHUH�ZDV�D�FRQVLGHUDEO\�ODUJHU�VSDWLDO�H[WHQW�RI�1296 



55 

 
 

FOXVWHULQJ�LQ�UHVSRQVHV�WR�GULIWLQJ�JUDWLQJV�IRU�SUHIHUUHG�RULHQWDWLRQ��RULHQWDWLRQ�WXQLQJ�ZLGWKV��DQG�)��'&�1297 

UDWLR��ZKLOH�WKHUH�ZDV�QR�GHWHFWDEOH�VSDWLDO�H[WHQW�RI�FOXVWHULQJ�IRU�VSDWLDO�IUHTXHQF\�WXQLQJ�ZLGWK�RU��IRU�1298 

GULIWLQJ�JUDWLQJV��SUHIHUUHG�VSDWLDO�IUHTXHQF\��1299 

$V�QRWHG�LQ�WKH�,QWURGXFWLRQ��SUHYLRXV�VWXGLHV�IDLOHG�WR�ILQG�VLJQLILFDQW�FOXVWHULQJ�RI�GLUHFWLRQ�1300 

VHOHFWLYLW\��'H$QJHOLV�HW�DO��������0DUWLQ�DQG�6FKURGHU�������RU�VSDWLDO�IUHTXHQF\�WXQLQJ�ZLGWK�LQ�1301 

UHVSRQVHV�WR�GULIWLQJ�JUDWLQJV��0DUWLQ�DQG�6FKURGHU��������EXW�RQO\�KDG�DFFHVV�WR�D�VPDOO�QXPEHUV�RI�SDLUV�1302 

DQG��LQ�WKH�FDVH�RI�'H$QJHOLV�HW�DO����������XVHG�D�GLIIHUHQW�PHWKRGRORJ\�IRU�DVVD\LQJ�GLUHFWLRQ�VHOHFWLYLW\�1303 

LQGH[��,W�VHHPV�OLNHO\�WKDW�WKHVH�VPDOO�QXPEHUV�ODFNHG�WKH�VWDWLVWLFDO�SRZHU�WR�GHWHFW�WKH�UHODWLYHO\�PRGHVW�1304 

FOXVWHULQJ�ZH�IRXQG�IRU�WKHVH�PHDVXUHV��1305 

)RU�PDQ\�UHVSRQVH�SURSHUWLHV�ZH�REVHUYHG�GLIIHUHQFHV�EHWZHHQ�UHVSRQVHV�WR�GULIWLQJ�YV��IODVKHG�1306 

JUDWLQJV�LQ�WXQLQJ�VWUHQJWKV�RU�LQ�WKH�VWUHQJWK�RU�VSDWLDO�H[WHQW�RI�FOXVWHULQJ��3DUWLFXODUO\�QRWDEOH�ZHUH��L��1307 

IRU�IODVKHG�EXW�QRW�GULIWLQJ�JUDWLQJV��VLJQLILFDQW�FOXVWHULQJV�RI�VSDWLDO�IUHTXHQF\�WXQLQJ�ZLGWK�DQG�SUHIHUUHG�1308 

VSDWLDO�IUHTXHQF\�ZHUH�VHHQ�RQO\�IRU�VLPSOH�VLPSOH�SDLUV��DQG�WKHVH�VLPSOH�VLPSOH�FOXVWHULQJV�IRU�IODVKHG�1309 

JUDWLQJV�ZHUH�PXFK�VWURQJHU�WKDQ�WKH�FOXVWHULQJV�REVHUYHG�IRU�WKHVH�SURSHUWLHV�IRU�GULIWLQJ�JUDWLQJV��7DEOH�1310 

����DQG��LL��WKH�VSDWLDO�H[WHQWV�RI�FOXVWHULQJ�IRU�SUHIHUUHG�RULHQWDWLRQ��RULHQWDWLRQ�WXQLQJ�ZLGWKV�DQG�)��'&�1311 

UDWLR�ZHUH�UHVWULFWHG�WR�DURXQG������P�IRU�IODVKHG�JUDWLQJV��EXW�ZHUH�������WLPHV�ODUJHU�IRU�GULIWLQJ�1312 

JUDWLQJV��7DEOH�����6RPH�RI�WKHVH�GLIIHUHQFHV�PLJKW�UHIOHFW�GLIIHUHQFHV�EHWZHHQ�VWHDG\�VWDWH��DGDSWHG�1313 

FHOOXODU�DQG�QHWZRUN�UHVSRQVHV��ZKLFK�DUH�PHDVXUHG�LQ�UHVSRQVH�WR�GULIWLQJ�JUDWLQJV��DQG�WUDQVLHQW��1314 

XQDGDSWHG�UHVSRQVHV��ZKLFK�DUH�PHDVXUHG�LQ�UHVSRQVH�WR�IODVKHG�JUDWLQJV����1315 

7KH�ORFDO�YDULDELOLW\�ZH�IRXQG�LQ�SUHIHUUHG�VWLPXOL��ZKLFK�VHUYHV�DV�D�IRUP�RI�FDOLEUDWLRQ�RI�RXU�1316 

PHDVXUHPHQWV��LV�VLPLODU�WR�WKDW�IRXQG�LQ�SUHYLRXV�VWXGLHV��$OEXV�������%HUPDQ�HW�DO��������'H$QJHOLV�HW�1317 

DO��������+HWKHULQJWRQ�DQG�6ZLQGDOH�������/HH�HW�DO��������0DOGRQDGR�DQG�*UD\�������0DUWLQ�DQG�1318 

6FKURGHU�������7ROKXUVW�HW�DO��������7ROKXUVW�DQG�7KRPSVRQ��������H[FHSW�WKDW�ZH�IRXQG�PRUH�ORFDO�1319 

YDULDELOLW\�RI�SUHIHUUHG�VSDWLDO�IUHTXHQF\�WR�GULIWLQJ�JUDWLQJV�WKDQ�SUHYLRXV�VWXGLHV��$�IXOO�GLVFXVVLRQ�RI�1320 

WKLV�FRPSDULVRQ�WR�SUHYLRXV�VWXGLHV�LV�DYDLODEOH�LQ�XQUHIHUHHG�VXSSOHPHQWDU\�PDWHULDOV��VHFWLRQ�6���VHH�1321 

PDQXVFULSW�HQGQRWH���1322 
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���� 2ULJLQV�RI�ORFDO�UHVSRQVH�YDULDELOLW\�1323 
:KLOH�ZH�IRXQG�VLJQLILFDQW�FOXVWHULQJ�LQ�RULHQWDWLRQ�DQG�VSDWLDO�IUHTXHQF\�WXQLQJ�ZLGWK�DQG�LQ�GLUHFWLRQ�1324 

VHOHFWLYLW\��WKHUH�LV�VWLOO�D�ODUJH�GHJUHH�RI�GLYHUVLW\�DW�D�VLWH��DV�LV�DSSDUHQW�IURP�VFDWWHUSORWV�RI�HDFK�1325 

SURSHUW\��)LJV�����������DQG������7KH�ORFDO�GLYHUVLW\�ZH�REVHUYH�LQ�UHVSRQVH�SURSHUWLHV�FRXOG�KDYH�DW�OHDVW�1326 

WZR�FDXVHV��)LUVW��LW�PD\�UHIOHFW�JHQXLQH�GLVRUGHU�LQ�WKH�VSDWLDO�DUUDQJHPHQW�RI�WKHVH�SURSHUWLHV��6HFRQG��1327 

WKH\�PLJKW�EH�RUGHUHG�RQ�D�PXFK�ILQHU�VFDOH�WKDQ�WKH�VFDOH�RYHU�ZKLFK�WKH�WHWURGH�VDPSOHV��2XU�UHVXOWV�1328 

VKRZ�WKDW�PHDVXUHV�RI�VHOHFWLYLW\��RULHQWDWLRQ�DQG�VSDWLDO�IUHTXHQF\�WXQLQJ�ZLGWK��DQG�GLUHFWLRQ�1329 

VHOHFWLYLW\��PXVW�EH�PXFK�PRUH�ZHDNO\�FOXVWHUHG�DQG�RU�FOXVWHUHG�RQ�D�PXFK�ILQHU�VSDWLDO�VFDOH�WKDQ�1330 

SUHIHUUHG�RULHQWDWLRQ�RU�GLUHFWLRQ��1331 

������ 7HWURGH�6HHLQJ�'LVWDQFH�1332 
2XU�ILQGLQJV�RI�ZHDN�FOXVWHULQJ�IRU�PDQ\�UHVSRQVH�SURSHUWLHV�LQGLFDWH�GLYHUVLW\�LQ�WKHVH�UHVSRQVH�1333 

SURSHUWLHV�RYHU�WKH�WHWURGH�VDPSOLQJ�GLVWDQFH��EXW�GRHV�QRW�DGGUHVV�ZKHWKHU�VWURQJHU�FOXVWHULQJ�PD\�H[LVW�1334 

RQ�ILQHU�VFDOHV��7KXV��LW�LV�LPSRUWDQW�WR�HVWLPDWH�WKH�WHWURGH�VDPSOLQJ�GLVWDQFH��1335 

0HFKOHU�HW�DO���������PRGHOHG�WKH�VSLNLQJ�QHXURQ�DV�D�FXUUHQW�GLSROH��DV�VXJJHVWHG�WKHRUHWLFDOO\�1336 

�0HFKOHU�DQG�9LFWRU��������7KH\�FRQFOXGHG�IURP�PHDVXUHPHQWV�LQ�FDW�DQG�PDFDTXH�9��WKDW�WKH�UHFRUGHG�1337 

VSLNH�FRUUHVSRQGV�WR�D�GLSROH�WKDW�H[WHQGV�VRPH�WHQV�RI�PLFURQV�DORQJ�WKH�SULPDU\�GHQGULWH�WKDW�PRVW�1338 

FORVHO\�SRLQWV�WR�WKH�HOHFWURGH�WLS��7KH\�FDOFXODWHG�D�VHHLQJ�GLVWDQFH��R����GHILQHG�DV�WKH�UDGLDO�GLVWDQFH�1339 

IURP�WKH�WHWURGH�FRQWDLQLQJ�KDOI�RI�LVRODWHG�VRXUFH�GLSROHV��WKDW�WKH\�QRWHG�VFDOHV�DSSUR[LPDWHO\�OLQHDUO\�1340 

ZLWK�WKH�VHSDUDWLRQ�ǻV�EHWZHHQ�WKH�WHWURGH�ZLUHV��7KH\�IRXQG�R��� �����ȝP�IRU�WHWURGHV�ZLWK�ǻV� ����ȝP�1341 

DQG�R��� ����ȝP�IRU�ǻV� ����ȝP��,Q�PRVW�RI�RXU�H[SHULPHQWV�ZH�XVHG�VPDOOHU�WHWURGHV��ZLWK�ǻV�UDQJLQJ�1342 

IURP������ȝP��VHSDUDWLRQV�FRXOG�EH�ODUJHU�LI�WLSV�ZHUH�VSOD\HG��&KHODUX�DQG�-RJ�������-RJ�HW�DO�������EXW�1343 

ZH�EHOLHYH�RXU�WLSV�ZHUH�JHQHUDOO\�LQWDFW��VHH�Methods��6HFWLRQ���������([WUDSRODWLQJ�IURP�WKHLU�GDWD��WKHLU�1344 

DSSURDFK�ZRXOG�HVWLPDWH�WKH�R���RI�PRVW�RI�RXU�WHWURGHV�WR�EH�LQ�WKH�UDQJH�������ȝP��+RZHYHU��WKLV�LV�WKH�1345 

GLVWDQFH�RYHU�ZKLFK�WKH�QHDUHVW�SULPDU\�GHQGULWH�RI�����RI�UHFRUGHG�FHOOV�ZRXOG�EH�IRXQG��*LYHQ�WKDW�1346 

GHQGULWHV�RI�FHOOV�LQ�FDW�9��W\SLFDOO\�H[WHQG�KRUL]RQWDOO\�DW�OHDVW�����PLFURQV��H�J���.HOO\�DQG�YDQ�(VVHQ�1347 
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�������WKLV�VXJJHVWV�WKH�VHHLQJ�GLVWDQFH�LQ�WHUPV�RI�FHOO�ERGLHV�RI�UHFRUGHG�FHOOV�ZRXOG�EH�FRQVLGHUDEO\�1348 

ODUJHU��1349 

:H�HVWLPDWH�WKH�VHHLQJ�GLVWDQFH�LQ�WHUPV�RI�FHOOV�ERGLHV�XVLQJ�RXU�REVHUYHG�GLVWULEXWLRQ�RI�1350 

GLIIHUHQFHV�LQ�RULHQWDWLRQ�SUHIHUHQFHV��,Q�FDOFLXP�LPDJLQJ�VWXGLHV�LQ�XSSHU�OD\HUV�RI�$UHD����LQ�����ZHHN�1351 

ROG�NLWWHQV��2KNL�HW�DO���������IRXQG�WKDW�WKH�PHGLDQ�GLIIHUHQFH�RI�D�FHOO¶V�SUHIHUUHG�RULHQWDWLRQ�IURP�WKH�1352 

SUHIHUUHG�RULHQWDWLRQ�H[SHFWHG�DW�WKH�FHOO¶V�VLWH�ZDV����ZLWKLQ���µP�RI�SLQZKHHO�FHQWHUV�DQG����IXUWKHU�1353 

IURP�SLQZKHHOV��)RU�RULHQWDWLRQ�PDSV�ZLWK�D�SHULRG�RI������µP��D�W\SLFDO�SHULRG�IRU�FDW�9��.DVFKXEH�HW�1354 

DO���������DQG�D�GHQVLW\�RI�π�SLQZKHHOV�SHU������µP����.DVFKXEH�HW�DO���������UHJLRQV�ZLWKLQ���µP�RI�D�1355 

SLQZKHHO�RFFXS\�OHVV�WKDQ����RI�WKH�FRUWLFDO�VXUIDFH��VR�ZH�QHJOHFW�WKH�JUHDWHU�GLYHUVLW\�QHDU�SLQZKHHOV��1356 

:H�HTXDWH�WKH�SUHIHUUHG�RULHQWDWLRQ�RI�WKH�PXOWLXQLWV�DW�D�VLWH�ZLWK�WKH�SUHIHUUHG�RULHQWDWLRQ�DW�WKH�VLWH��DQG�1357 

DVVXPH�WKH�ORFDO�SUHIHUUHG�RULHQWDWLRQV�DW�WKH�VLWH�KDYH�D�*DXVVLDQ�GLVWULEXWLRQ�DERXW�WKH�VLWH¶V�SUHIHUUHG�1358 

ZLWK�D�PHGLDQ�DEVROXWH�GLIIHUHQFH�RI�����:H�WKHQ�DVNHG��VHH�Methods��RYHU�KRZ�ZLGH�DQ�DUHD�RI�1359 

VWDWLVWLFDOO\�UHDOLVWLF�RULHQWDWLRQ�PDSV��DYHUDJLQJ�RYHU�PDSV�DQG�PDS�ORFDWLRQV��ZRXOG�ZH�KDYH�WR�VDPSOH�1360 

WR�UHSURGXFH�RXU�REVHUYDWLRQ�WKDW�WKH�PHGLDQ�GLIIHUHQFH�RI�D�FHOO¶V�SUHIHUUHG�RULHQWDWLRQ�IURP�WKDW�RI�WKH�1361 

PXOWLXQLWV�DW�D�VLWH�LV�DERXW�������IRU�GULIWLQJ�JUDWLQJV���:H�DVVXPHG�WKDW�FHOOV�DUH�VDPSOHG�DV�D�*DXVVLDQ�1362 

IXQFWLRQ�RI�GLVWDQFH�ZLWK�D�VWDQGDUG�GHYLDWLRQ�σ��$V�VKRZQ�LQ�)LJ������WKLV�SURGXFHG�WKH�HVWLPDWH�1363 

σ� �����P������FRQILGHQFH�LQWHUYDOV����±�����P���ZKLFK�IRU�WKUHH�GLPHQVLRQDO�VDPSOLQJ�FRUUHVSRQGV�WR�1364 

DQ�R���RI������P������FRQILGHQFH�LQWHUYDOV�����±������P���:LWK�WKLV�VHHLQJ�GLVWDQFH��WKH�H[SHFWHG�1365 

SURSRUWLRQ�RI�³RXWOLHUV´�LQ�WKH�VLPXODWLRQV�LV�������VHH�)LJ����'��FORVH�WR�RXU�REVHUYHG�������ZKLFK�1366 

IXUWKHU�FRUURERUDWHV�WKLV�HVWLPDWH�RI�VHHLQJ�GLVWDQFH��7KLV�UHVXOW�LV�VLPLODU�WR�WKDW�RI�+HWKHULQJWRQ�DQG�1367 

6ZLQGDOH���������7KH\�LJQRUHG�ORFDO�GLYHUVLW\�RI�SUHIHUUHG�RULHQWDWLRQV�DQG�IRXQG�WKDW�WKHLU�PHDVXUHG�1368 

GLVWULEXWLRQ�RI�SDLUZLVH�GLIIHUHQFHV�LQ�SUHIHUUHG�RULHQWDWLRQV�FRXOG�EH�UHDVRQDEO\�DFFRXQWHG�IRU�E\�1369 

VDPSOLQJ�DQ�RULHQWDWLRQ�PDS�LQ���GLPHQVLRQV��ZLWK�VDPSOLQJ�SUREDELOLW\�JLYHQ�E\�D�XQLIRUP�GLVWULEXWLRQ�1370 

RYHU�D�FLUFOH�RI�UDGLXV���µP�FRQYROYHG�ZLWK�D�*DXVVLDQ�GLVWULEXWLRQ�ZLWK�σ� ���µP��VLPLODU�WR�WKH�1371 

σ   ����P�RI�WKH�*DXVVLDQ�VHHLQJ�GLVWDQFH�IXQFWLRQ�LQ�RXU�VLPXODWLRQV���1372 
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7KLV�HVWLPDWH�IRU�VHHLQJ�GLVWDQFH�DSSHDUV�FRQVLVWHQW�ZLWK�WKH�GLVWULEXWLRQ�RI�GLIIHUHQFHV�LQ�1373 

SUHIHUUHG�RULHQWDWLRQ�IURP�$OEXV���������+H�PHDVXUHG�WKH�GLVWULEXWLRQV�RI�GLIIHUHQFHV�LQ�SUHIHUUHG�1374 

RULHQWDWLRQ�EHWZHHQ�SDLUV�RI�FHOOV�UHFRUGHG�E\�HOHFWURGHV�DW�GLIIHUHQW�WDQJHQWLDO�GLVWDQFHV�IURP�RQH�1375 

DQRWKHU��+LV�)LJXUH��E��VKRZLQJ�WKH�GLVWULEXWLRQ�RI�SDLUZLVH�GLIIHUHQFHV�EHWZHHQ�FHOOV�UHFRUGHG�DW�VLWHV�1376 

�������ȝP�DSDUW��FORVHO\�UHVHPEOHV�RXU�)LJ���$��GLUHFW�FRPSDULVRQ�RI�ILJXUHV�LV�DYDLODEOH�LQ�XQUHIHUHHG�1377 

VXSSOHPHQWDU\�PDWHULDOV��)LJXUH�6���VHH�PDQXVFULSW�HQGQRWH���VXJJHVWLQJ�RXU�FHOO�SDLUV�DQG�KLV�KDG�D�1378 

VLPLODU�UDQJH�RI�VHSDUDWLRQV��7KH�UDQJH�RI�LQWHU�FHOO�VHSDUDWLRQV�LQ�$OEXV¶V�UHFRUGLQJV�ZRXOG�KDYH�1379 

H[FHHGHG�WKH�����ȝP�PD[LPDO�GLVWDQFH�EHWZHHQ�UHFRUGLQJ�HOHFWURGHV��VLQFH�WKH�VHHLQJ�GLVWDQFHV�RI�KLV�1380 

HOHFWURGHV�PXVW�DOVR�EH�WDNHQ�LQWR�DFFRXQW��7KLV�SURGXFHV�D�URXJK�HVWLPDWH�RI�VHHLQJ�GLVWDQFH�WKDW�VHHPV�1381 

LQ�OLQH�ZLWK�RXU�HVWLPDWH�IURP�RXU�VLPXODWLRQV�RI�RULHQWDWLRQ�PDSV��1382 

,Q�VXPPDU\��EDVHG�RQ�RXU�VLPXODWLRQV�DQG�FRPSDULVRQ�ZLWK�VRPH�SUHYLRXV�VWXGLHV��ZH�HVWLPDWH�1383 

WKH�VHHLQJ�GLVWDQFH��R����WKH�GLVWDQFH�RYHU�ZKLFK�ò�RI�FHOO�ERGLHV�RI�UHFRUGHG�FHOOV�ZRXOG�EH�IRXQG��RI�RXU�1384 

WHWURGHV�WR�EH�DURXQG������P��6LPXOWDQHRXV�WHWURGH�UHFRUGLQJ�DQG�FDOFLXP�LPDJLQJ�FRXOG�SURYLGH�SUHFLVH�1385 

DQVZHUV�DV�WR�WHWURGH�VDPSOLQJ��DW�OHDVW�LQ�XSSHU�OD\HUV�ZKHUH�FDOFLXP�LPDJLQJ�LV�UHDGLO\�DFFRPSOLVKHG��1386 

:KLOH�FDOFLXP�LPDJLQJ�FDQ�GLUHFWO\�JLYH�PRUH�SUHFLVH�DQVZHUV�WR�FOXVWHULQJ�ZLWKLQ�XSSHU�OD\HUV��WHWURGHV�1387 

FDOLEUDWHG�E\�FDOFLXP�LPDJLQJ�LQ�XSSHU�OD\HUV�FDQ�DVVD\�FOXVWHULQJ�DFURVV�WKH�FRUWLFDO�OD\HUV��1388 

������ 3UHIHUUHG�RULHQWDWLRQ�RXWOLHUV�1389 
$V�PHQWLRQHG�DERYH��LQ�RXU�VWXGLHV�RI�RULHQWDWLRQ�WXQLQJ��ZH�IRXQG�WKDW�D�VPDOO�IUDFWLRQ�RI�FHOOV�������1390 

UHVSRQGLQJ�WR�GULIWLQJ�JUDWLQJV��KDG�SUHIHUUHG�RULHQWDWLRQV�WKDW�GLIIHUHG�IURP�WKDW�RI�WKH�VLWH¶V�PXOWLXQLWV�1391 

E\�PRUH�WKDQ������7KHVH�FHOOV�WHQGHG�WR�KDYH�EURDGHU�RULHQWDWLRQ�WXQLQJ�FXUYHV�DQG�EURDGHU�ZDYHIRUPV�1392 

�PHDVXUHG�IURP�WKH�QHJDWLYH�WR�SRVLWLYH�SHDN���7KHVH�µRXWOLHUV¶�ZHUH�UHVSRQVLEOH�IRU�WKH�PDMRULW\�RI�SDLUV�1393 

RI�FHOOV�ZLWK�ODUJHU��!�����GLIIHUHQFHV�LQ�SUHIHUUHG�RULHQWDWLRQ��ZKLFK�KDYH�DOVR�EHHQ�VHHQ�LQ�SUHYLRXV�1394 

VWXGLHV��/HH�HW�DO��������0DOGRQDGR�DQG�*UD\��������2QH�SRVVLELOLW\�LV�WKDW�WKHVH�FHOOV�PD\�UHSUHVHQW�D�1395 

GLIIHUHQW�FODVV�RI�FHOO��ZKLFK�WHQGV�WR�KDYH�ZHDNHU�RULHQWDWLRQ�WXQLQJ�DQG�VOLJKWO\�ZLGHU�ZDYHIRUPV��7KLV�1396 

LV�FRQVLVWHQW�ZLWK�VXEVHTXHQW�UHSRUWV�RI�FRPSOH[�LQKLELWRU\�QHXURQV�ZLWK�SRRU�RULHQWDWLRQ�WXQLQJ��+LUVFK�1397 
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HW�DO��������1RZDN�HW�DO��������VHH�DOVR�6RK\D�HW�DO���������$QRWKHU�SRVVLELOLW\�LV�WKDW�WKHVH�FHOOV�DUH�1398 

VLPSO\�WKH�RFFDVLRQDO�FHOOV�WKDW�DUH�VDPSOHG�IURP�VLWHV�RI�YHU\�GLIIHUHQW�SUHIHUUHG�RULHQWDWLRQ�WKDQ�WKH�1399 

UHFRUGLQJ�VLWH��HLWKHU�ZKHQ�UHFRUGLQJ�QHDU�SLQZKHHOV�RU�IURP�WKH�VPDOO�QXPEHU�RI�FHOOV�UHFRUGHG�DW�WKH�1400 

IXUWKHVW�GLVWDQFHV�IURP�RXU�WHWURGHV��,QGHHG��ZKHQ�ZH�VDPSOHG�IURP�VLPXODWHG�RULHQWDWLRQ�PDSV��XVLQJ�D�1401 

*DXVVLDQ�VHHLQJ�GLVWDQFH�IXQFWLRQ�WKDW�PDWFKHG�RXU�REVHUYHG�PHGLDQ�RULHQWDWLRQ�GLIIHUHQFH�RI�UHFRUGHG�1402 

FHOOV�IURP�PXOWLXQLWV��ZH�REVHUYHG������RXWOLHU�FHOOV������FRQILGHQFH�LQWHUYDO������±��������ZKLFK�LV�1403 

FORVH�WR�WKH������WKDW�ZH�REVHUYHG��)LJ����)���&HOOV�DW�ODUJHU�GLVWDQFHV�ZRXOG�EH�PRUH�OLNHO\�WR�EH�1404 

VDPSOHG�LI�WKH\�KDYH�PRUH�ZLGHVSUHDG�GHQGULWLF�DUERUV��DFFRUGLQJ�WR�WKH�WKHRU\�RI�0HFKOHU�DQG�9LFWRU�1405 

��������DQG�ZLGHU�GHQGULWLF�DUERUV�PLJKW�SURYLGH�D�PHFKDQLVP�XQGHUO\LQJ�WKH�JUHDWHU�WKDQ�DYHUDJH�1406 

RULHQWDWLRQ�WXQLQJ�ZLGWK�VHHQ�LQ�WKHVH�RXWO\LQJ�FHOOV��1407 

������ 9DULDWLRQV�DFURVV�OD\HUV�1408 
5HVSRQVH�SURSHUWLHV�WKDW�GLIIHU�EHWZHHQ�OD\HUV�ZRXOG�DSSHDU�FOXVWHUHG�E\�RXU�DQDO\VLV��VLQFH�WKH�ZLWKLQ�1409 

VLWH�GLVWULEXWLRQ��ZKLFK�ZRXOG�PRVWO\�VDPSOH�VLQJOH�OD\HU�FHOO�SDLUV��ZRXOG�VKRZ�OHVV�YDULDELOLW\�WKDQ�WKH�1410 

EHWZHHQ�VLWH�GLVWULEXWLRQ��ZKLFK�ZRXOG�VDPSOH�PDQ\�SDLUV�LQ�ZKLFK�WKH�WZR�FHOOV�FDPH�IURP�GLIIHUHQW�1411 

OD\HUV���6LQFH�ZH�GLG�QRW�GR�SRVW�UHFRUGLQJ�KLVWRORJLFDO�DQDO\VLV��ZH�GR�QRW�NQRZ�LQ�ZKLFK�OD\HUV�HDFK�VHW�1412 

RI�FHOOV�ZDV�UHFRUGHG�DQG�FDQQRW�GLUHFWO\�DVVD\�ODPLQDU�GLIIHUHQFHV�LQ�UHVSRQVH�SURSHUWLHV��+RZHYHU��LI�1413 

FOXVWHULQJ�ZHUH�GXH�WR�ODPLQDU�GLIIHUHQFHV��LW�ZRXOG�EH�H[SHFWHG�WR�SHUVLVW�RYHU�ORQJ�KRUL]RQWDO�GLVWDQFHV��1414 

2XU�UHVXOWV�VKRZHG�WKDW�IRU�PRVW�SURSHUWLHV��WKH�VSDWLDO�H[WHQW�RI�FOXVWHULQJ��ZKLFK�ZH�DUJXHG�LV�YHU\�1415 

ODUJHO\�D�KRUL]RQWDO��ZLWKLQ�OD\HU��GLVWDQFH��ZDV�OHVV�WKDQ�����ȝP��7DEOH����)LJV����������7KH�H[FHSWLRQV�1416 

ZHUH��IRU�UHVSRQVHV�WR�GULIWLQJ�JUDWLQJV��SUHIHUUHG�RULHQWDWLRQ��ZKLFK�GRHV�QRW�YDU\�EHWZHHQ�OD\HUV�LQ�FDWV�1417 

�H�J���+XEHO�DQG�:LHVHO�������EXW�ZKLFK�VKRZHG�VSDWLDO�H[WHQW�RI�FOXVWHULQJ�FRQVLVWHQW�ZLWK�WKH�NQRZQ�1418 

SHULRGLF�DUUDQJHPHQW�RI�RULHQWDWLRQ�PDSV��H�J���.DVFKXEH�HW�DO���������DQG�)��'&�UDWLR��ZKLFK�LV�NQRZQ�1419 

WR�FOXVWHU�E\�OD\HUV��H�J���0DUWLQH]�HW�DO���������VKRZHG�VLPSOH�FHOOV�SUHGRPLQDWH�LQ�FDW�OD\HU����DQG�1420 

5LQJDFK�HW�DO���������LQ�PRQNH\V�VKRZHG�D�FRUUHVSRQGLQJ�UHVXOW�IRU�)��'&�UDWLR�IRU�GULIWLQJ�JUDWLQJV���1421 
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7KXV��ZH�FDQ�FRQFOXGH�WKDW��ZLWK�WKH�H[FHSWLRQ�RI�WKH�)��'&�UDWLR��ODPLQDU�GLIIHUHQFHV�LQ�UHVSRQVH�1422 

SURSHUWLHV�ZHUH�QRW�OLNHO\�WR�FRQWULEXWH�VXEVWDQWLDOO\�WR�WKH�FOXVWHULQJ�ZH�KDYH�VHHQ��1423 

������ (IIHFW�RI�VWLPXOXV�HQVHPEOH�1424 
,W�LV�SRVVLEOH�WKDW�VRPH�RI�WKH�GLYHUVLW\�ZH�REVHUYHG�LQ�RULHQWDWLRQ�WXQLQJ�ZLGWK�PLJKW�DFWXDOO\�UHSUHVHQW�1425 

XQGHUO\LQJ�GLYHUVLW\�LQ�VSDWLDO�IUHTXHQF\�WXQLQJ�DQG�VRPH�RI�WKH�REVHUYHG�GLYHUVLW\�LQ�GLUHFWLRQ�VHOHFWLYLW\�1426 

PLJKW�UHSUHVHQW�GLYHUVLW\�LQ�WHPSRUDO�WXQLQJ��2ULHQWDWLRQ�WXQLQJ�ZLGWK�RI�QHXURQV�LQ�FDW�9���DV�DVVD\HG�E\�1427 

ORFDO�PHDVXUHV��KDV�EHHQ�VKRZQ�WR�GHFUHDVH�ZLWK�LQFUHDVLQJ�VWLPXOXV�VSDWLDO�IUHTXHQF\��+DPPRQG�DQG�1428 

3RPIUHWW�������,VVD�HW�DO��������-RQHV�HW�DO��������/DPSO�HW�DO��������9LG\DVDJDU�DQG�6LJ�HQ]D��������$W�1429 
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[Note: unrefereed supplementary information may currently be found at ELW�O\��T��:=T. Upon 1496 

publication, we will provide a more permanent URL and, as mandated by the APS, the following endnote 1497 

will appear here:] 1498 
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GDVKHG�WR�LQGLFDWH�WKLV���7KH�SUHIHUUHG�GLUHFWLRQ�RI�WKH�PXOWLXQLWV�LV�LQGLFDWHG�E\�D�YHUWLFDO�GDVKHG�OLQH��1721 
:H�FDOO�FHOOV���DQG���µDOLJQHG¶�ZLWK�WKH�VLWH��ZKHUH�WKH�VLWH¶V�SUHIHUHQFH�LV�WDNHQ�WR�EH�WKDW�RI�WKH�1722 
PXOWLXQLWV���DV�WKHLU�SUHIHUUHG�GLUHFWLRQV�DUH�ZLWKLQ�����RI�WKDW�RI�WKH�PXOWLXQLWV��FHOOV���DQG���DUH�µDQWL�1723 
DOLJQHG¶��ZLWKLQ�����RI�WKH�RSSRVLWH�GLUHFWLRQ���DQG�FHOO���LV�µXQDOLJQHG¶��SUHIHUUHG�GLUHFWLRQ�EHWZHHQ�����1724 
DQG������DZD\�IURP�WKDW�RI�WKH�PXOWLXQLW���1725 
�1726 
)LJXUH����6SDWLDO�)UHTXHQF\�7XQLQJ�&XUYHV��$�'��([DPSOHV�RI�WKH�ILWV�RI�D�VNHZHG�ORJ�QRUPDO�FXUYH�1727 
WR�PHDVXUHG�VSDWLDO�IUHTXHQF\�WXQLQJ�FXUYHV��&LUFOHV�LQGLFDWH�DYHUDJH�ILULQJ�UDWHV�PHDVXUHG�DW����VSDWLDO�1728 
IUHTXHQFLHV��VSDFHG�DSDUW�HYHQO\�RQ�D�ORJDULWKPLF�VFDOH�IURP�����WR�����F\F�GHJ��(UURU�EDUV�VKRZ�VWDQGDUG�1729 
HUURU�RI�WKH�PHDQ��6ROLG�OLQHV�LQGLFDWH�WKH�ILW�RI�WKH�6/1��6NHZHG�/RJ1RUPDO��IXQFWLRQ��$ERYH�HDFK�1730 
FXUYH��WKH�SUHIHUUHG�VSDWLDO�IUHTXHQF\��fSUHI��DQG�WKH�WXQLQJ�ZLGWK�LQ�RFWDYHV��Bl��DUH�LQGLFDWHG��7KH�GDVKHG�1731 
KRUL]RQWDO�OLQH�LQ�HDFK�SORW�LOOXVWUDWHV�RXU�PHDVXUH�RI�WKH�ZLGWK�RI�WKH�WXQLQJ�FXUYH��LW�LQWHUVHFWV�WKH�6/1�1732 
FXUYH�DW�fOR�DQG�fKL��WKH�VSDWLDO�IUHTXHQFLHV�KLJKHU�DQG�ORZHU�WKDQ�WKH�SHDN�WKDW�JDYH�KDOI�PD[LPDO�1733 
UHVSRQVHV��:H�GHILQHG�WKH�ZLGWK�RI�WKH�6/1�FXUYH�DV�Bl� �ORJ��fKL�fOR�� �ORJ��fKL��±�ORJ��fOR���ZKLFK�LV�WKH�1734 
OHQJWK�RI�WKLV�GDVKHG�OLQH��:H�VKRZ�UHSUHVHQWDWLYH�H[DPSOHV�RI�UHODWLYHO\�ZLGH��$���QDUURZ��%���ULJKW�1735 
VNHZHG��&��DQG�OHIW�VNHZHG��'��VSDWLDO�IUHTXHQF\�WXQLQJ�FXUYHV��(��([DPSOH�RI�D�FDVH�ZKHUH�FRQVWUDLQLQJ�1736 
WKH�KHLJKW�RI�WKH�SHDN�RI�WKH�WXQLQJ�FXUYH��rPD[��ZDV�QHFHVVDU\�IRU�D�SODXVLEOH�ILW��6ROLG�OLQH��6/1�ILW�1737 
REWDLQHG�E\�FRQVWUDLQLQJ�rPD[�WR�EH�QR�PRUH�WKDQ�����WLPHV�WKH�PD[LPXP�YDOXH�LQ�WKH�WXQLQJ�FXUYH��1738 
'DVKHG�FXUYH��6/1�ILW�REWDLQHG�ZLWKRXW�LPSRVLQJ�WKLV�FRQVWUDLQW��1739 
�1740 
)LJXUH����2ULHQWDWLRQ�7XQLQJ�:LGWK��6FDWWHUSORWV�RI�RULHQWDWLRQ�WXQLQJ�ZLGWK�IRU�SDLUV�RI�1741 
VLPXOWDQHRXVO\�UHFRUGHG�FHOOV��$�&�,25ݓ�

*OREDO��JOREDO�PHDVXUH�RI�RULHQWDWLRQ�WXQLQJ�ZLGWK��ZKLFK�WDNHV�LQWR�1742 
DFFRXQW�ERWK�SHDN�DQG�IODQNV�RI�WXQLQJ�FXUYH���%�'�,25ݓ�

/RFDO��ORFDO�PHDVXUH�RI�RULHQWDWLRQ�WXQLQJ�ZLGWK��1743 
ZKLFK�WDNHV�LQWR�DFFRXQW�RQO\�WKH�SHDN���7RS�URZ��UHVSRQVHV�WR�GULIWLQJ�JUDWLQJV��ERWWRP�URZ��UHVSRQVHV�1744 
WR�IODVKHG�JUDWLQJV��,Q�WKLV�DQG�DOO�RWKHU�VFDWWHUSORWV��HDFK�SDLU�RI�FHOOV�LV�SORWWHG�WZLFH��RQFH�IRU�HDFK�1745 
FKRLFH�RI�FHOO�D[LV�SDLULQJV��WKXV��WKH�VFDWWHUSORWV�DUH�QHFHVVDULO\�V\PPHWULF�DERXW�WKH�GLDJRQDO��$[HV�1746 
VKRZ�RULHQWDWLRQ�WXQLQJ�ZLGWK�LQ�GHJUHHV��1747 
�1748 
)LJXUH����2ULHQWDWLRQ�7XQLQJ�:LGWK��&XPXODWLYH�GLVWULEXWLRQV�RI�GLIIHUHQFHV�RI�RULHQWDWLRQ�WXQLQJ�1749 
ZLGWKV�RI�VLPXOWDQHRXVO\�UHFRUGHG�FHOO�SDLUV��³ZLWKLQ�VLWH�GLIIV´��FLUFOHV��VROLG�OLQHV��DQG�RI�SDLUV�RI�FHOOV�1750 
IURP�GLIIHUHQW�VLWHV��³%HWZHHQ�VLWH�GLIIV´��VTXDUHV��GDVKHG�OLQHV���<�D[LV�YDOXH�VKRZV�IUDFWLRQ�RI�FHOO�SDLUV�1751 
KDYLQJ�D�GLIIHUHQFH�OHVV�WKDQ�RU�HTXDO�WR�WKH�;�D[LV�YDOXH��$�&25ݓ��,

*OREDO�,25ݓ��'�%�
/RFDO��7RS�URZ��UHVSRQVHV�1752 

WR�GULIWLQJ�JUDWLQJV��%RWWRP�URZ��UHVSRQVHV�WR�IODVKHG�JUDWLQJV��,QVHWV��ZLWKLQ�VLWH�SUREDELOLW\�GLVWULEXWLRQ�1753 
�VROLG��DQG�EHWZHHQ�VLWH�SUREDELOLW\�GLVWULEXWLRQ��GDVKHG���1754 
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�1755 
)LJXUH����3UHIHUUHG�2ULHQWDWLRQ��$�&��6FDWWHUSORW�RI�SUHIHUUHG�RULHQWDWLRQV�RI�VLPXOWDQHRXVO\�UHFRUGHG�1756 
FHOO�SDLUV��ZLWK�VDPH�FRQYHQWLRQV�DV�LQ�)LJ�����%�'��&XPXODWLYH�GLVWULEXWLRQV�RI�GLIIHUHQFHV�LQ�SUHIHUUHG�1757 
RULHQWDWLRQ�EHWZHHQ�VLPXOWDQHRXVO\�UHFRUGHG�FHOO�SDLUV��FLUFOHV��VROLG�OLQHV��RU�EHWZHHQ�DOO�SDLUV�UHJDUGOHVV�1758 
RI�UHFRUGLQJ�VLWH��VTXDUHV��GDVKHG�OLQHV���7RS�URZ��UHVSRQVHV�WR�GULIWLQJ�JUDWLQJV��%RWWRP�URZ��UHVSRQVHV�1759 
WR�IODVKHG�JUDWLQJV��,Q�$�&��6RPH�SRLQWV�LQ�WKH�SORW�DUH�RXWVLGH�WKH�UDQJH�>��������@�IRU�WKH�IROORZLQJ�1760 
UHDVRQ��6LQFH�RULHQWDWLRQ�LV�FLUFXODU�DURXQG�������GLIIHUHQFHV�LQ�RULHQWDWLRQ�FDQ�QHYHU�EH�PRUH�WKDQ������1761 
7KXV��ZKHQ�WKH�SUHIHUUHG�RULHQWDWLRQ�RI�FHOO���LV�PRUH�WKDQ�����JUHDWHU�WKDQ�WKDW�RI�FHOO����ZH�VXEWUDFW������1762 
IURP�WKH�SUHIHUUHG�RULHQWDWLRQ�RI�FHOO����VR�WKH�GLVWDQFH�EHWZHHQ�WKH�WZR�SRLQWV�LQ�WKH�SORW�LV�OHVV�WKDQ������1763 
6LPLODUO\��ZKHQ�WKH�SUHIHUUHG�RULHQWDWLRQ�RI�FHOO���LV�PRUH�WKDQ�����OHVV�WKDQ�WKDW�RI�FHOO����ZH�DGG������WR�1764 
WKH�SUHIHUUHG�RULHQWDWLRQ�RI�FHOO����1765 
�1766 
)LJXUH����3UHIHUUHG�2ULHQWDWLRQ��$�&��'LVWULEXWLRQ�RI�SDLUZLVH�GLIIHUHQFHV�LQ�SUHIHUUHG�RULHQWDWLRQ�IRU�1767 
SDLUV�RI�FHOOV�UHFRUGHG�DW�VLQJOH�VLWHV��3DLUV�RI�FHOOV�FRQWDLQLQJ�DW�OHDVW�RQH�RXWOLHU�FHOO��D�FHOO�ZLWK�D�1768 
GLIIHUHQFH�LQ�SUHIHUUHG�RULHQWDWLRQ�IURP�LWV�VLWH¶V�PXOWLXQLWV�RI�JUHDWHU�WKDQ������PXOWLXQLWV�DUH�WKH�VHW�RI�1769 
DFWLRQ�SRWHQWLDOV�WRR�VPDOO�WR�FOXVWHU�LQWR�GLVWLQFW�FHOOV��DUH�VKRZQ�LQ�OLJKW�JUD\��%�'��'LVWULEXWLRQ�RI�1770 
GLIIHUHQFHV�LQ�SUHIHUUHG�RULHQWDWLRQ�EHWZHHQ�LQGLYLGXDO�FHOOV�DQG�WKH�PXOWLXQLWV�UHFRUGHG�DW�WKH�VDPH�VLWH��1771 
2XWOLHU�FHOOV��GLIIHUHQFHV�!�����VKRZQ�LQ�OLJKW�JUD\��%LQV�DUH���GHJUHHV�ZLGH��7RS�URZ��UHVSRQVHV�WR�1772 
GULIWLQJ�JUDWLQJV��%RWWRP�URZ��UHVSRQVHV�WR�IODVKHG�JUDWLQJV��1773 
�1774 
)LJXUH����'LUHFWLRQ�6HOHFWLYLW\��$��6FDWWHUSORW�RI�GLUHFWLRQ�VHOHFWLYLW\�LQGH[��'6,��RI�VLPXOWDQHRXVO\�1775 
UHFRUGHG�FHOO�SDLUV��XVLQJ�VDPH�FRQYHQWLRQV�DV�LQ�)LJ�����%��&XPXODWLYH�GLVWULEXWLRQ�RI�GLIIHUHQFHV�LQ�'6,�1776 
EHWZHHQ�VLPXOWDQHRXVO\�UHFRUGHG�FHOO�SDLUV��FLUFOHV��VROLG�OLQHV��RU�EHWZHHQ�VLWH�SDLUV��VTXDUHV��GDVKHG�1777 
OLQHV���,QVHW��ZLWKLQ�VLWH�SUREDELOLW\�GLVWULEXWLRQ��VROLG��DQG�EHWZHHQ�VLWH�SUREDELOLW\�GLVWULEXWLRQ��GDVKHG���1778 
�1779 
)LJXUH����3UHIHUUHG�'LUHFWLRQ��$��6FDWWHUSORW�RI�SUHIHUUHG�GLUHFWLRQV�RI�VLPXOWDQHRXVO\�UHFRUGHG�FHOO�1780 
SDLUV��%��&XPXODWLYH�GLVWULEXWLRQV�RI�GLIIHUHQFHV�LQ�SUHIHUUHG�GLUHFWLRQ�EHWZHHQ�VLPXOWDQHRXVO\�UHFRUGHG�1781 
FHOO�SDLUV��FLUFOHV��VROLG�OLQH��RU�EHWZHHQ�DOO�SDLUV�UHJDUGOHVV�RI�UHFRUGLQJ�VLWH��VTXDUHV��GDVKHG�OLQH���1782 
�1783 
)LJXUH����3UHIHUUHG�'LUHFWLRQ��$��'LVWULEXWLRQ�RI�SDLUZLVH�GLIIHUHQFHV�LQ�SUHIHUUHG�GLUHFWLRQV�IRU�SDLUV�RI�1784 
FHOOV�UHFRUGHG�DW�VLQJOH�VLWHV��3DLUV�RI�FHOOV�FRQWDLQLQJ�DW�OHDVW�RQH�RXWOLHU�FHOO��D�FHOO�ZLWK�D�GLIIHUHQFH�LQ�1785 
SUHIHUUHG�RULHQWDWLRQ�IURP�WKH�PXOWLXQLW�JUHDWHU�WKDQ������DUH�FRORUHG�LQ�OLJKW�JUD\��%��'LVWULEXWLRQ�RI�1786 
GLIIHUHQFHV�LQ�SUHIHUUHG�GLUHFWLRQ�EHWZHHQ�LQGLYLGXDO�FHOOV�DQG�WKH�PXOWLXQLWV�UHFRUGHG�DW�WKH�VDPH�VLWH��1787 
%LQV�DUH���GHJUHHV�ZLGH��1788 
�1789 
)LJXUH�����6SDWLDO�IUHTXHQF\�WXQLQJ�ZLGWK��$�&��6FDWWHUSORW�RI�VSDWLDO�IUHTXHQF\�WXQLQJ�ZLGWKV�RI�1790 
VLPXOWDQHRXVO\�UHFRUGHG�FHOO�SDLUV��%�'��&XPXODWLYH�GLVWULEXWLRQV�RI�GLIIHUHQFHV�LQ�VSDWLDO�IUHTXHQF\�1791 
WXQLQJ�ZLGWK��LQ�RFWDYHV��EHWZHHQ�VLPXOWDQHRXVO\�UHFRUGHG�FHOO�SDLUV��FLUFOHV��VROLG�OLQHV��RU�EHWZHHQ�DOO�1792 
SDLUV�RI�FHOOV�DW�GLIIHUHQW�VLWHV��VTXDUHV��GDVKHG�OLQHV���6SDWLDO�IUHTXHQF\�WXQLQJ�ZLGWK�LV�PHDVXUHG�LQ�1793 
RFWDYHV��L�H���_ORJ��fKL�fOR�_��ZKHUH�fKL�DQG�fOR�DUH�WKH�IUHTXHQFLHV�DERYH�DQG�EHORZ�WKH�SHDN��UHVSHFWLYHO\��DW�1794 
ZKLFK�UHVSRQVH�LV�KDOI�PD[LPDO���7RS�URZ��UHVSRQVHV�WR�GULIWLQJ�JUDWLQJV��%RWWRP�URZ��UHVSRQVHV�WR�1795 
IODVKHG�JUDWLQJV��,QVHWV��ZLWKLQ�VLWH�SUREDELOLW\�GLVWULEXWLRQ��VROLG��DQG�EHWZHHQ�VLWH�SUREDELOLW\�1796 
GLVWULEXWLRQ��GDVKHG���1797 
�1798 
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)LJXUH�����3UHIHUUHG�VSDWLDO�IUHTXHQF\��$�&��6FDWWHUSORW�RI�SUHIHUUHG�VSDWLDO�IUHTXHQF\��F\FOHV�GHJUHH��1799 
RI�VLPXOWDQHRXVO\�UHFRUGHG�FHOO�SDLUV��%�'��&XPXODWLYH�GLVWULEXWLRQV�RI�GLIIHUHQFHV�LQ�SUHIHUUHG�VSDWLDO�1800 
IUHTXHQF\�EHWZHHQ�VLPXOWDQHRXVO\�UHFRUGHG�FHOO�SDLUV��FLUFOHV��VROLG�OLQHV��RU�EHWZHHQ�SDLUV�RI�FHOOV�IURP�1801 
GLIIHUHQW�UHFRUGLQJ�VLWHV��VTXDUHV��GDVKHG�OLQHV���'LIIHUHQFH�LQ�SUHIHUUHG�VSDWLDO�IUHTXHQF\�RI�SDLUV�RI�FHOOV�1802 
LV�PHDVXUHG�LQ�RFWDYHV��L�H���_�ORJ���f��f���_��ZKHUH�f��DQG�f��DUH�WKH�WZR�SUHIHUUHG�VSDWLDO�IUHTXHQFLHV���7RS�1803 
URZ��UHVSRQVHV�WR�GULIWLQJ�JUDWLQJV��%RWWRP�URZ��UHVSRQVHV�WR�IODVKHG�JUDWLQJV��,QVHWV��ZLWKLQ�VLWH�1804 
SUREDELOLW\�GLVWULEXWLRQ��VROLG��DQG�EHWZHHQ�VLWH�SUREDELOLW\�GLVWULEXWLRQ��GDVKHG���1805 
�1806 
)LJXUH�����6XPPDU\�RI�FOXVWHULQJ�VWDWLVWLFV�IRU�YDULRXV�SUHIHUUHG�IHDWXUHV��DQG�IRU�PHDVXUHV�RI�VHOHFWLYLW\��1807 
(DFK�URZ�VKRZV�D�FDUWRRQ�LOOXVWUDWLQJ�WKH�IHDWXUH�ZKRVH�FOXVWHULQJ�LV�EHLQJ�PHDVXUHG��)RU�WKH�PHDVXUHV�RI�1808 
WXQLQJ�ZLGWK��HDFK�FDUWRRQ�GHSLFWV�DQ�H[DPSOH�RI�D�QDUURZO\�WXQHG��EODFN��DQG�D�EURDGO\�WXQHG��JUD\��1809 
FHOO��$��3UHIHUUHG�RULHQWDWLRQ��%��*OREDO�RULHQWDWLRQ�ZLGWK��&��/RFDO�RULHQWDWLRQ�ZLGWK��'��'LUHFWLRQ�1810 
VHOHFWLYLW\�LQGH[��(��3UHIHUUHG�VSDWLDO�IUHTXHQF\�)��6SDWLDO�IUHTXHQF\�WXQLQJ�ZLGWK��7KH�OHQJWK�RI�HDFK�EDU�1811 
LQGLFDWHV�WKH�PDJQLWXGH�RI�WKH�PHGLDQ�UDWLR�IRU�WKDW�IHDWXUH��WKLV�YDOXH�LV�DOVR�GLVSOD\HG�DW�WKH�OHIW�VLGH�RI�1812 
WKH�EDU��)RU�RULHQWDWLRQ�GLUHFWLRQ�PHDVXUHV��$�'���HDFK�IHDWXUH�KDV�WZR�EDUV��IRU�GULIWLQJ�IODVKHG�JUDWLQJV�1813 
UHVSHFWLYHO\��H[FHSW�IRU�GLUHFWLRQ�VHOHFWLYLW\�LQGH[��ZKLFK�RQO\�DSSOLHV�WR�UHVSRQVHV�WR�GULIWLQJ�JUDWLQJV���1814 
)RU�SUHIHUUHG�VSDWLDO�IUHTXHQF\�DQG�VSDWLDO�IUHTXHQF\�WXQLQJ�ZLGWK��(�)���D�WKLUG�EDU�LQGLFDWHV�WKH�PHGLDQ�1815 
UDWLR�IRU�VLPSOH�VLPSOH�FHOO�SDLUV�UHVSRQGLQJ�WR�IODVKHG�JUDWLQJV���7KHVH�SDLUV�VKRZHG�VWURQJ�DQG�KLJKO\�1816 
VLJQLILFDQW�FOXVWHULQJ�WKDW�ZDV�ZDVKHG�RXW�ZKHQ�DOO�FHOO�SDLUV�ZHUH�FRQVLGHUHG��)RU�UHVSRQVHV�WR�GULIWLQJ�1817 
JUDWLQJV��VLPSOH�VLPSOH�SDLUV�ZHUH�QRW�GLVWLQJXLVKHG�IURP�RWKHU�SDLUV�IRU�WKHVH�SURSHUWLHV��VHH�7DEOH�����1818 
&XUYHV�DERYH�HDFK�EDU�VKRZ�WKH�GLVWULEXWLRQ�RI�PHGLDQ�UDWLRV�REWDLQHG�XVLQJ�WKH�UDQGRPL]DWLRQ�FRQWURO��1819 
6WDUV�LQGLFDWH�VLJQLILFDQFH�OHYHO�RI�WKH�p�YDOXH��VHH�OHJHQG���ZKLFK�FRUUHVSRQGV�WR�WKH�SURSRUWLRQ�RI�1820 
UDQGRPL]DWLRQV�WKDW�KDG�D�PHGLDQ�UDWLR�DW�OHDVW�DV�ODUJH�DV�WKH�RQH�REVHUYHG�IRU�WKH�RULJLQDO�ZLWKLQ�VLWH�1821 
GLVWULEXWLRQ�IRU�WKDW�IHDWXUH��1822 
�1823 
)LJXUH�����6SDWLDO�H[WHQW�RI�FOXVWHULQJ�IRU�RULHQWDWLRQ�WXQLQJ�PHDVXUHV��7KH�EHWZHHQ�VLWH��ZLWKLQ�1824 
SHQHWUDWLRQ��%6�:3��GLVWULEXWLRQ�RI�GLIIHUHQFHV�IRU�YDULRXV�UHVSRQVH�SURSHUWLHV�LV�ELQQHG�E\�GLVWDQFH�1825 
EHWZHHQ�UHFRUGLQJ�VLWHV��&HOO�SDLUV�DUH�RUGHUHG�E\�WKH�GLVWDQFH�EHWZHHQ�WKHLU�UHFRUGLQJ�VLWHV��DQG�HDFK�1826 
FLUFOH�UHSUHVHQWV�D�ZLQGRZ�RI������������FHOO�SDLUV�UHVSRQGLQJ�WR�GULIWLQJ��IODVKHG��JUDWLQJV��ZLWK�D�1827 
ZLQGRZ�VWHS�VL]H�RI�����������SDLUV��7KH�x�SRVLWLRQ�RI�HDFK�FLUFOH�UHSUHVHQWV�WKH�PHGLDQ�RI�WKH�GLVWDQFHV�1828 
EHWZHHQ�VLWHV�IRU�WKH�SDLUV�LQ�WKH�FRUUHVSRQGLQJ�ZLQGRZ��DQG�KRUL]RQWDO�HUURU�EDUV�LQGLFDWH��WK�DQG���WK�1829 
SHUFHQWLOHV�RI�WKH�GLVWDQFHV��7KH�y�SRVLWLRQ�LQGLFDWHV�WKH�PHGLDQ�GLIIHUHQFH�LQ�WKH�UHVSRQVH�SURSHUW\�1830 
�SUHIHUUHG�RULHQWDWLRQ�RU�ORFDO�RULHQWDWLRQ�ZLGWK��DFURVV�WKH�FHOO�SDLUV��7KH�WZR�WKLQ�VROLG�FXUYHV�LQGLFDWH�1831 
WKH��WK�DQG���WK�SHUFHQWLOHV�RI�WKH�PHGLDQV�RI�D�UDQGRPL]HG�FRQWURO�GLVWULEXWLRQ��VHH�Methods��6WDUV�DW�WKH�1832 
WRS�RI�WKH�SORW�LQGLFDWH�IRU�ZKLFK�RI�WKH�DQDO\VLV�ZLQGRZV��WKH�FLUFOHV��WKH�REVHUYHG�%6�:3�GLVWULEXWLRQ�1833 
ZDV�VLJQLILFDQWO\�GLIIHUHQW�IURP�WKH�UDQGRPL]HG�FRQWURO��p����������7KH�YHUWLFDO�GRWWHG�JUD\�OLQH�1834 
UHSUHVHQWV�RXU�HVWLPDWH�RI�WKH�VSDWLDO�H[WHQW�RI�FOXVWHULQJ��DQG�FRUUHVSRQGV�WR�WKH�x�SRVLWLRQ�PLGZD\�1835 
EHWZHHQ�WKH�ILUVW�SRLQW�QRW�VKRZLQJ�VLJQLILFDQFH�DQG�WKH�SUHYLRXV�SRLQW��'RWWHG�DQG�GDVKHG�KRUL]RQWDO�1836 
OLQHV�LQGLFDWH�WKH�PHGLDQV�RI�WKH�IXOO�EHWZHHQ�VLWH��%6��DQG�ZLWKLQ�VLWH��:6��GLVWULEXWLRQV��UHVSHFWLYHO\��1837 
�1838 
)LJXUH�����6SDWLDO�([WHQW�RI�FOXVWHULQJ�IRU�VSDWLDO�IUHTXHQF\�WXQLQJ�PHDVXUHV��ZLWK�VDPH�FRQYHQWLRQV�DV�1839 
LQ�)LJ������1840 
�1841 
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)LJXUH�����(VWLPDWHV�RI�VHHLQJ�GLVWDQFH�IURP�VLPXODWLRQV�RI�RULHQWDWLRQ�PDSV��(VWLPDWHV�RI�VHHLQJ�1842 
GLVWDQFH�IURP�VLPXODWLRQV�RI�RULHQWDWLRQ�PDSV��$��6DPSOH�RULHQWDWLRQ�PDS������î�����PP��ZLWK�D�SHULRG�RI�1843 
Ȝ� ����PP��&RORU�LQGLFDWHV�SUHIHUUHG�RULHQWDWLRQ��VHH�FRORU�EDU���%ODFN�SRLQWV�DUH�UHFRUGLQJ�VLWHV��VSDFHG���1844 
PP�DSDUW��%��6LPXODWHG�GLVWULEXWLRQ�RI�RULHQWDWLRQ�GLIIHUHQFHV�EHWZHHQ�UHFRUGLQJ�VLWHV�DQG�DOO�FHOOV�1845 
UHFRUGHG�DW�VLWH��SRROHG�DFURVV�DOO�UHFRUGLQJ�VLWHV��IRU�RQH�PDS��3UREDELOLW\�RI�UHFRUGLQJ�D�FHOO�IURP�D�VLWH�1846 
LV�JLYHQ�E\�D�*DXVVLDQ�VHHLQJ�GLVWDQFH�IXQFWLRQ��ZLWK�ı� ������ȝP��'DUN�OLJKW�JUD\�EDUV�FRUUHVSRQG�WR�1847 
GLIIHUHQFHV�OHVV�WKDQ�JUHDWHU�WKDQ������FRPSDUH�ZLWK�)LJXUH��%�'���6ROLG�OLQH�LQGLFDWHV�PHGLDQ�RI�WKH�1848 
GLVWULEXWLRQ��DW�������&��0HGLDQ�GLIIHUHQFH�LQ�RULHQWDWLRQ�DFURVV�N� ����VLPXODWHG�PDSV��HDFK�FRQWDLQLQJ�1849 
���UHFRUGLQJ�VLWHV�DV�LQ�SDQHO�$��YV��ı�RI�WKH�*DXVVLDQ�VHHLQJ�GLVWDQFH�IXQFWLRQ��(UURU�EDUV�FRUUHVSRQG�WR�1850 
WKH�VWDQGDUG�GHYLDWLRQ�DFURVV�WKH����PDSV��ıEHVW�LV�GHILQHG�DV�WKH�YDOXH�IRU�ZKLFK�WKH�LQWHUSRODWHG�FXUYH�1851 
�PHG�ı���LV�HTXDO�WR�WKH�H[SHULPHQWDOO\�REVHUYHG�YDOXH�RI�������'��pRXW�ı��FXUYH��WKH�SHUFHQWDJH�RI�RXWOLHUV�1852 
YV��ı��(UURU�EDUV�FRUUHVSRQG�WR�WKH�VWDQGDUG�GHYLDWLRQ�DFURVV�WKH����PDSV��(��'LVWULEXWLRQ�RI�HVWLPDWHG�1853 
ıEHVW�DFURVV�NUHS� �����LWHUDWLRQV�RI�WKH�DERYH�SURFHGXUH��JHQHUDWLQJ�N� ����PDSV�DQG�FDOFXODWLQJ�ı�EHVW�1854 
IURP�WKH�PHG�ı��FXUYH���6ROLG�OLQH�LQGLFDWHV�PHDQ�RI�WKH�GLVWULEXWLRQ��ı� ������ȝP���'DVKHG�OLQHV�LQGLFDWH�1855 
����FRQILGHQFH�LQWHUYDOV�������±������ȝP���)��'LVWULEXWLRQ�RI�HVWLPDWHG�pRXW��WKH�SHUFHQWDJH�RI�RXWOLHUV�1856 
DFURVV�%� �����LWHUDWLRQV�RI�WKH�DERYH�SURFHGXUH��6ROLG�OLQH�LQGLFDWHV�PHDQ�RI�WKH�GLVWULEXWLRQ��pRXW� �1857 
�������'DVKHG�OLQHV�LQGLFDWH�����FRQILGHQFH�LQWHUYDOV������±��������*��0HGLDQ�RI�GLVWULEXWLRQ�RI�1858 
RULHQWDWLRQ�GLIIHUHQFHV�DV�D�IXQFWLRQ�RI�UDGLDO�GLVWDQFH��OHIW�D[LV��EODFN�VTXDUHV���DQG�WKH�UHODWLYH�1859 
SURSRUWLRQ�RI�FHOOV�VDPSOHG�DV�D�IXQFWLRQ�RI�UDGLDO�GLVWDQFH��ULJKW�D[LV��JUH\�FLUFOHV���7KH�JUH\�GRWWHG�OLQH�1860 
LQGLFDWHV�WKH�IXQFWLRQݎ�ଶ����ሺെݎଶȀʹߪଶሻ��ZLWK�ı� ������ȝP��ZKLFK�PDWFKHV�WKH�JUH\�SRLQWV��DV�H[SHFWHG��1861 
7KH�PHGLDQ�RI�WKH�JUH\�FXUYH�LV�R��� ������ȝP��FRUUHVSRQGLQJ�WR�WKH�UDGLXV�FRQWDLQLQJ�KDOI�WKH�UHFRUGHG�1862 
FHOOV��+��0HGLDQ�SHUFHQWDJH�RI�RXWOLHUV�DV�D�IXQFWLRQ�RI�UDGLDO�GLVWDQFH��OHIW�D[LV��EODFN�VTXDUHV���*UH\�1863 
FLUFOHV�OLQH�DJDLQ�LQGLFDWH�WKH�SURSRUWLRQ�RI�VDPSOHG�FHOOV�DV�D�IXQFWLRQ�RI�GLVWDQFH��DV�LQ�*��1RWH�WKDW�DOO�1864 
UHVXOWV�UHSUHVHQW�VDPSOLQJ�RYHU���GLPHQVLRQV��ZLWK�WKH�DVVXPSWLRQV�WKDW�GLVWULEXWLRQV�RI�SUHIHUUHG�1865 
RULHQWDWLRQ�DUH�LQYDULDQW�LQ�WKH�YHUWLFDO�GLPHQVLRQ�ZKLOH�WKH�SUREDELOLW\�RI�VDPSOLQJ�LV�JLYHQ�E\�WKH�1866 
*DXVVLDQ�VHHLQJ�GLVWDQFH�IXQFWLRQ�RI�WKH���GLPHQVLRQDO�GLVWDQFH�IURP�WKH�UHFRUGLQJ�VLWH��1867 



 

 
 

7DEOHV�1 

7DEOH����'LVWULEXWLRQ�RI�&HOO�3DUDPHWHUV�2 
3DUDPHWHU� 0HDQ� 6WG� 0HGLDQ� 3��� 3��� 0HGLDQ�

6WG�(UU� 1�FHOOV� 1�VLWHV�

2ULHQWDWLRQ���'LUHFWLRQ�
,25ݓ
*OREDO� ������������� ������������� ������������ ������������ ������������ �������������� ���������� ���������
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�3 
7DEOH����6WDWLVWLFV�IRU�GLVWULEXWLRQV�RI�RULHQWDWLRQ��GLUHFWLRQ�DQG�VSDWLDO�IUHTXHQF\�WXQLQJ�DFURVV�DOO�FHOOV�4 
VWXGLHG�IRU�WKHVH�SURSHUWLHV��)RU�RULHQWDWLRQ�DQG�VSDWLDO�IUHTXHQF\�PHDVXUHV��WZR�QXPEHUV�DUH�JLYHQ�5 
VHSDUDWHG�E\�D�VODVK��ZKLFK�UHIHU�WR�WKH�UHVSRQVHV�WR�GULIWLQJ�DQG�IODVKHG�JUDWLQJV��UHVSHFWLYHO\��6 
'LUHFWLRQ�VHOHFWLYLW\�FRXOG�RQO\�EH�VWXGLHG�IRU�UHVSRQVHV�WR�GULIWLQJ�JUDWLQJV��VR�RQO\�RQH�QXPEHU�LV�7 
JLYHQ��)RU�HDFK�GLVWULEXWLRQ��WKH�PHDQ��VWDQGDUG�GHYLDWLRQ��VWG���PHGLDQ����WK�SHUFHQWLOH��3����DQG���WK�8 
SHUFHQWLOH��3����DUH�JLYHQ��0HGLDQ�6WG�(UU�LQGLFDWHV�WKH�PHGLDQ�DFURVV�FHOOV�RI�WKH�MDFNNQLIH�HVWLPDWH�RI�9 
WKH�VWDQGDUG�HUURU�RI�HDFK�PHDVXUH��µ1�FHOOV¶�LQGLFDWHV�WKH�QXPEHU�RI�FHOOV�FRQVWLWXWLQJ�WKH�GLVWULEXWLRQ�10 
DQG�µ1�VLWHV¶�LQGLFDWHV�WKH�QXPEHU�RI�VLWHV�IURP�ZKLFK�WKH\�ZHUH�UHFRUGHG��,Q�)��'&�URZV��µ6¶�DQG�µ&¶�11 
LQGLFDWH�QXPEHU�RI�VLPSOH�DQG�FRPSOH[�FHOOV�UHVSHFWLYHO\��7KH�SUHIHUUHG�RULHQWDWLRQV�DQG�SUHIHUUHG�12 
GLUHFWLRQV�KDYH�DSSUR[LPDWHO\�XQLIRUP�GLVWULEXWLRQV��VR�ZH�GR�QRW�UHSRUW�VWDWLVWLFV�IRU�WKHVH�13 
GLVWULEXWLRQV��$OO�VWDWLVWLFV�DUH�JLYHQ�IRU�WKH�FHOOV�VWXGLHG�IRU�D�JLYHQ�SURSHUW\��ZKLFK�DUH�WKRVH�FHOOV�WKDW�14 
SDVVHG�DOO�VHOHFWLRQ�FULWHULD�DQG�KDG�MDFNNQLIH�HVWLPDWHG�VWDQGDUG�HUURU�OHVV�WKDQ�WKH�WKUHVKROG�IRU�WKH�15 
JLYHQ�SURSHUW\��16 
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7DEOH����'LVWULEXWLRQV�RI�'LIIHUHQFHV�1 
3DUDPHWHU� 0HDQ� 6WG� 0HGLDQ� 3��� 3��� 1�RI�LWHPV�

2ULHQWDWLRQ���'LUHFWLRQ�
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3UHI�6)�
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�2 
7DEOH����6WDWLVWLFV�IRU�SDLUZLVH�GLIIHUHQFHV�EHWZHHQ�FHOOV��IRU�PHDVXUHV�UHODWHG�WR�RULHQWDWLRQ��GLUHFWLRQ�3 
DQG�VSDWLDO�IUHTXHQF\��$V�LQ�7DEOH����IRU�RULHQWDWLRQ�DQG�VSDWLDO�IUHTXHQF\�PHDVXUHV��QXPEHUV�IURP�4 
UHVSRQVHV�WR�ILUVW�GULIWLQJ��WKHQ�IODVKHG�JUDWLQJV�DUH�JLYHQ��VHSDUDWHG�E\�D�VODVK��GLUHFWLRQ�VHOHFWLYLW\�5 
FRXOG�RQO\�EH�PHDVXUHG�IRU�UHVSRQVHV�WR�GULIWLQJ�JUDWLQJV��³'LIIHUHQFH´�EHWZHHQ�WZR�PHDVXUHG�YDOXHV�6 
PHDQV��IRU�SUHIHUUHG�RULHQWDWLRQV��GLUHFWLRQV���WKH�DEVROXWH�YDOXH�RI�WKH�VPDOOHVW�GLVWDQFH�EHWZHHQ�WKH�WZR�7 
YDOXHV�DURXQG�D�FLUFOH�RI��������������IRU�SUHIHUUHG�VSDWLDO�IUHTXHQFLHV��WKH�DEVROXWH�YDOXH�RI�WKH�ORJ��RI�8 
WKH�UDWLR�RI�WKH�WZR�YDOXHV��DQG�IRU�'6,�DQG�GLIIHUHQFH�LQ�VSDWLDO�IUHTXHQF\�WXQLQJ�ZLGWK��WKH�DEVROXWH�9 
YDOXH�RI�WKH�GLIIHUHQFH�EHWZHHQ�WKH�WZR�YDOXHV��8QGHU�1�RI�LWHPV��³3U´�PHDQV�SDLUV��³&O´�PHDQV�FHOOV��10 
³08´�PHDQV�PXOWLXQLWV��IRU�H[DPSOH��IRU25ݓ�,

*OREDO�LQ�UHVSRQVH�WR�GULIWLQJ�JUDWLQJV��WKHUH�ZHUH�����FHOOV�11 
WKDW�KDG�D�MDFNNQLIH�VWDQGDUG�HUURU�RI�������7DEOH���������RI�WKHVH�FHOOV�ZHUH�DW�VLWHV�ZLWK�DW�OHDVW���FHOOV��12 
DQG�VR�FRQWULEXWHG�WR�WKH�����SDLUV�RI�FHOOV�LQ�WKH�ZLWKLQ�VLWH�GLVWULEXWLRQ��3DLULQJV�RI�WKH�����FHOOV�DFURVV�13 
VLWHV�\LHOGHG��������SDLUV�RI�FHOOV�WKDW�PDGH�XS�WKH�EHWZHHQ�VLWH�GLVWULEXWLRQ��)RU�)��'&��WKH�ODVW�FROXPQ�14 
DOVR�FRQWDLQV�D�URZ�LQGLFDWLQJ�WKH�QXPEHU�RI�SDLUV�WKDW�PDGH�XS�WKH�66��VLPSOH�VLPSOH���6&�15 
�VLPSOH�FRPSOH[��DQG�&&��FRPSOH[�FRPSOH[��ZLWKLQ�VLWH�GLVWULEXWLRQV��16 
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7DEOH����&OXVWHULQJ�6WDWLVWLFV�IRU�DOO�FHOOV�1 
3DUDPHWHU� 0HGLDQ�5DWLR� 6WDQGDUG�HUURU� 3�0HGLDQ�5DWLR��
,25ݓ
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,25ݓ
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3UHI�6)��

�VDPH�3HQHWUDWLRQ�� ������������ �����±�������������±������ � ��������������

)��'&�5DWLR��6)�� ������������ �����±�������������±������ � ��������������
�2 
7DEOH����&OXVWHULQJ�6WDWLVWLFV��0HGLDQ�UDWLRV�DUH�UDWLRV�RI�WKH�PHGLDQ�RI�WKH�EHWZHHQ�VLWH�GLVWULEXWLRQ��WKH�3 
GLVWULEXWLRQ�RI�SDLUZLVH�GLIIHUHQFHV�EHWZHHQ�FHOOV�IURP�GLIIHUHQW�VLWHV��WR�WKDW�RI�WKH�ZLWKLQ�VLWH�4 
GLVWULEXWLRQ��WKH�GLVWULEXWLRQ�RI�SDLUZLVH�GLIIHUHQFHV�EHWZHHQ�FHOOV�UHFRUGHG�DW�WKH�VDPH�VLWH���6WDQGDUG�5 
HUURUV�RI�WKH�PHGLDQ�UDWLR�DUH�FDOFXODWHG�XVLQJ�D�ERRWVWUDS�SURFHGXUH��DQG�DUH�H[SUHVVHG�DV�DQ�LQWHUYDO�6 
EUDFNHWLQJ�WKH�PHDVXUHG�PHGLDQ�UDWLR�FRQWDLQLQJ�����RI�WKH�ERRWVWUDSSHG�PHGLDQ�UDWLRV��3�PHGLDQ��7 
FRUUHVSRQGV�WR�WKH�SUREDELOLWLHV�WKDW�WKH�REVHUYHG�PHGLDQV�RI�WKH�ZLWKLQ�VLWH�GLVWULEXWLRQV�ZRXOG�EH�8 
REWDLQHG�LQ�WKH�DEVHQFH�RI�VSDWLDO�FOXVWHULQJ��DV�GHWHUPLQHG�E\�D�UDQGRPL]DWLRQ�WHVW��GHVFULEHG�LQ�9 
Methods���$V�LQ�SUHYLRXV�WDEOHV��QXPEHUV�DUH�JLYHQ�IRU�UHVSRQVHV�WR�GULIWLQJ�JUDWLQJV��WKHQ�IRU�IODVKHG�10 
JUDWLQJV��VHSDUDWHG�E\�D�VODVK��11 
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�2 
7DEOH����0HGLDQ�UDWLRV�DQG�WKHLU�SUREDELOLWLHV�DQG�VWDQGDUG�HUURUV�IRU�66��VLPSOH�VLPSOH���6&�3 
�VLPSOH�FRPSOH[��DQG�&&��FRPSOH[�FRPSOH[��SDLUV��DV�ZHOO�DV�WKH�VLJQLILFDQFH�RI�GLIIHUHQFHV�EHWZHHQ�4 
WKH�PHGLDQ�UDWLRV�RI�WKH�GLIIHUHQW�SDLU�W\SHV��2QO\�SUHIHUUHG�VSDWLDO�IUHTXHQF\�DQG�VSDWLDO�IUHTXHQF\�5 
WXQLQJ�ZLGWK�DUH�VKRZQ��DV�UHVXOWV�DUH�JHQHUDOO\�QRW�VLJQLILFDQWO\�GLIIHUHQW�DFURVV�GLIIHUHQW�SDLU�W\SHV�IRU�6 
RWKHU�PHDVXUHV��IXUWKHU�GLVFXVVHG�LQ�PDLQ�WH[W���$V�LQ�RWKHU�WDEOHV��QXPEHUV�DUH�JLYHQ�IRU�UHVSRQVHV�WR�7 
GULIWLQJ�JUDWLQJV��WKHQ�IRU�IODVKHG�JUDWLQJV��VHSDUDWHG�E\�D�VODVK��8 
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7DEOH����6SDWLDO�H[WHQW�RI�FOXVWHULQJ�1 
3DUDPHWHU� 6SDWLDO�H[WHQW���P��
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'6,� ����

)��'&�5DWLR��2UL�� ����������
�	�ݓ ������������

3UHI�6)� �����������
)��'&�5DWLR��6)�� ����������

�2 
7DEOH����6SDWLDO�H[WHQW�RI�FOXVWHULQJ�RI�FHOO�UHVSRQVH�SURSHUWLHV��IRU�GULIWLQJ���IODVKHG�JUDWLQJV��9DOXHV�3 
LQGLFDWH��URXJKO\��WKH�VPDOOHVW�GLVWDQFH��LQ�PLFURQV��EHWZHHQ�UHFRUGLQJ�VLWHV�UHFRUGHG�RQ�WKH�VDPH�WHWURGH�4 
SHQHWUDWLRQ�IRU�ZKLFK�WKH�PHGLDQ�GLIIHUHQFH�LQ�WKDW�FHOO�SURSHUW\�LV�QRW�VLJQLILFDQWO\�GLIIHUHQW�IURP�D�5 
UDQGRPL]HG�FRQWURO��VHH�Methods IRU�SUHFLVH�GHILQLWLRQ�RI�VSDWLDO�H[WHQW���9DOXHV�DUH�URXQGHG�WR�WKH�6 
QHDUHVW���PLFURQV��,Q�VRPH�FDVHV��HYHQ�WKH�VLWHV�DW�WKH�VPDOOHVW�PHDVXUHG�GLVWDQFH�EHWZHHQ�VLWHV�ZHUH�QRW�7 
VLJQLILFDQWO\�GLIIHUHQW�IURP�WKH�FRQWURO��DQG�VR�DOO�ZH�FDQ�JLYH�LV�DQ�XSSHU�ERXQG��LQGLFDWHG�E\�³�;´��8 
ZKHUH�;�LV�WKH�VPDOOHVW�PHDVXUHG�GLVWDQFH�EHWZHHQ�VLWHV�IRU�WKDW�SURSHUW\��$V�GLVFXVVHG�LQ�WKH�PDLQ�WH[W��9 
SHQHWUDWLRQV�ZHUH�ODUJHO\�KRUL]RQWDO�DFURVV�FRUWH[��DQG�WKH�ODUJH�VSDWLDO�H[WHQWV�IRU�)��'&�UDWLR�IRU�10 
GULIWLQJ�JUDWLQJV�DUH�OLNHO\�WR�UHIOHFW�FOXVWHULQJ�RI�VLPSOH�FRPSOH[�FHOOV�E\�OD\HU��11 
�12 
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Kenneth Miller
Note: there is an error in this version of Fig. 12: for spatial frequency tuning width for drifting gratings, the result is p<0.05 (one star), not ’ns’ (see Table 3). This will be corrected in the final 
version of the paper.  KM, 3/17/2015.
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