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6SDFLQJ�LQ�)ODW�/DPSV�LQYROYHV�ERWK�RSWLFDO�DQG��PHFKDQLFDO�DVSHFWV��*ODVV�VSDFHUV�ZLWK�
KLJK� DVSHFW� UDWLR� �7DJOLD��� DUH�SURSRVHG�E\�6DLQW�*REDLQ�'LVSOD\�*ODVV� IRU�)('�DQG�)ODW�
/DPSV�LQ�WKH�IRUP�RI�ULE�RU�SLOODU�ZLWK�UHFWDQJXODU�RU�FURVV�VKDSH�VHFWLRQ���

6SDFHUV� DUH� NQRZQ� WR� FUHDWH� XQZDQWHG� VKDGRZV� RQ� WKH� HPLVVLYH� VLGH��+RZHYHU� ORVVHV� RI�
HPLVVLRQ�UHODWHG�WR�WKH�VKDSHV�RI�WKH�VSDFHUV��KDYH�QRW�EHHQ�LQYHVWLJDWHG�\HW��:KHQ�WKLQ�JODVV�
VXEVWUDWH�LV�FRQVLGHUHG������PP���LW�KDV�EHHQ�SRLQWHG�RXW�WKDW�WKH�WHQVLOH�VWUHVV�RQ�WKH�RXWHU�
VLGH�RI�WKH�VXEVWUDWH�LV�D�FULWLFDO�SDUDPHWHU�IRU�WKH�PHFKDQLFDO�GHVLJQ������+RZHYHU��WKH�VKDSH�
RI�WKH�VSDFHUV�LV�H[SHFWHG�WR�LPSDFW�RQ�WKLV�VWUHVV��0RUHRYHU��LQGHQWDWLRQ�RU�GDPDJH�LQGXFHG�
E\� WKH� VSDFHU� RQ� WKH� LQQHU� VLGH� RI� WKH� VXEVWUDWH� DOVR� GHSHQGV� RQ� LWV� VKDSH�� 3RVVLEOH�
LQGHQWDWLRQ� GDPDJH� KDV� WR� EH� WDNHQ� LQWR� DFFRXQW�� DV� LW� PLJKW� EHFRPH� FULWLFDO� ZKHQ� WKH�
WKHUPDO�VWUHVVHV�RI�WKH�ODPS�DUH�VXSHUSRVHG�WR�WKRVH�GXH�WR�WKH�DWPRVSKHULF�SUHVVXUH��7KHVH�
DVSHFWV�DUH�KLJKOLJKWHG�WKURXJK�WKH�FRPSDULVRQ�EHWZHHQ�JODVV�EHDGV�DQG�7DJOLD��FURVV�W\SH�
VSDFHUV��IRU�GLIIHUHQW�JDSV�EHWZHHQ�WKH�VXEVWUDWHV��

2SWLFDO�&RQVLGHUDWLRQV�

2QH� PRVW� LPSRUWDQW� SRLQW� IRU� WKH� YLVXDO� DVSHFW� RI� D� IODW� ODPS� LV� LWV� OXPLQRXV�
KRPRJHQHLW\�� 0RVW� RI� WKH� WLPH� GLIIXVHUV� DUH� XVHG� WR� UHDFK� DQ� DFFHSWDEOH� OHYHO� IRU� WKLV�
FKDUDFWHULVWLF��+RZHYHU�WKRVH�RQHV�UHGXFH�QRWLFHDEO\�WKH�OXPLQRXV�IOX[��,I�ZLWKRXW�GLIIXVHUV��
WKH� OXPLQRXV�KRPRJHQHLW\�ZHUH� LPSURYHG�� WKH� UHTXLUHPHQW�RQ� WKH�FRQWUDVW�DWWHQXDWLRQ�RI�
WKH�GLIIXVHU�ZRXOG�EH�OHVV�VWULQJHQW�DQG�WKXV�WKH�OXPLQRXV�IOX[�FRXOG�EH�LQFUHDVHG��

:LWK� WKH�KHOS�RI�D� UD\�WUDFLQJ�VRIWZDUH��ZH�KDYH�FRPSDUHG� WKH� VLPXODWHG�YLVXDO�DVSHFWV�RI�
IODW� ODPSV� ZLWK� GLIIHUHQW� JDSV� EHWZHHQ� JODVV� SDQHOV� HTXLSSHG� ZLWK� JODVV� EHDGV� RU� 7DJOLD���
VSDFHUV��7KH�JHRPHWU\�RI�WKH�VSDFHUV�LV�JLYHQ�LQ�)LJXUH����7KH�PDWHULDO�XVHG�LV�D�FOHDU�JODVV�
ZKLFK� LV� VXSSRVHG� WR� EH� DEVRUELQJ� IRU� WKH� 89� UDGLDWLRQ� DQG� WUDQVSDUHQW� IRU� WKH� YLVLEOH��
7KHLU�VXUIDFHV�DUH�VXSSRVHG�WR�EH�FKDUDFWHUL]HG�E\�D�����/DPEHUWLDQ�GLIIXVH�UHIOHFWLRQ��7KH�
RQO\�SDUDPHWHU�WR�EH�PRGLILHG�LV�WKH�JDS�+��ZKLFK�LV�DOVR�WKH�VSDFHU�KHLJKW���

7KH� IODW� ODPS� LV� FRPSRVHG� RI� WZR� JODVV� SDQHOV� �)LJXUH� ��� ZLWK� D� KRPRJHQHRXV� HPLVVLRQ�
IURP� WKH� LQVLGH� VXUIDFH� RI� WKH� EDFN� SDQHO�� 7KH� HPLVVLRQ� LQ� WKH� 89� UDQJH� UDGLDWLRQ� LV�
FRQYHUWHG� LQ� YLVLEOH� OLJKW� E\� SKRVSKRUV� RQ� WKH� LQVLGH� VXUIDFH� RI� WKH� WRS� SDQHO�� 7KH�
FRQYHUVLRQ�RI�WKH�89�UDGLDWLRQ�LQ�YLVLEOH�OLJKW�LV�QRW�VLPXODWHG��)RU�YLVXDO�DVSHFWV��WKH�FULWLFDO�
SRLQW�LV�WKH�DEVRUSWLRQ�RI�WKH�89�UDGLDWLRQ�E\�WKH�VSDFHUV��:H�RQO\�SXW�GLIIXVLQJ�VXUIDFHV�RQ�
RQH�VLGH�RI�HDFK�SDQHO��
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)LJXUH����*HRPHWU\�RI�WKH�VSDFHUV� )LJXUH����*HRPHWU\�RI�WKH�VLPXODWHG�ODPS�

5HVXOWV��6SDFHUV�ZLWKRXW�6XSSRUWV�

,Q�D�ILUVW�SDUW�WKH�VSDFHUV�KDYH�EHHQ�GHVLJQHG�LQ�WKH�ODPS�ZLWKRXW�VXSSRUWV��7KH�UHVXOWV�
RI�WKH�VLPXODWLRQV�DUH�JLYHQ�LQ�JUH\�VFDOH�RI�OXPLQDQFH��)LJXUH�����2Q�HDFK�LPDJH����JUH\�
SRLQWV�RI�YDULRXV�LQWHQVLWLHV�DQG�VKDSHV�DSSHDU��FRUUHVSRQGLQJ�WR���VSDFHUV��

� � � � �

� � � � �

)LJXUH����6LPXODWLRQV�RI�D�ODPS�ZLWK���GLIIXVLQJ�VSDFHUV�IRU�GLIIHUHQW�JDSV�

$V�H[SHFWHG��DERYH���PP�WKH�GLIIHUHQFH�LQ�YLVXDO�DVSHFW�EHWZHHQ�7DJOLD��VSDFHUV�DQG�JODVV�
EHDGV� LQFUHDVHV� LQ� VKDSH� DQG� LQWHQVLW\� WR� WKH�GHWULPHQW� RI� JODVV� EHDGV�� ,Q� IDFW�� GXH� WR� WKH�
DEVRUSWLRQ�RI�WKH�89�UDGLDWLRQ�E\�WKH�JODVV��WKH�´NH\�HOHPHQWµ�LV� WKH�YLVLEOH�VXUIDFH�RI�WKH�
VSDFHU�VHHQ�IURP�WKH�WRS��$V�WKH�JDS�+�LQFUHDVHV��WKH��YLVLEOH�VXUIDFH�RI�WKH�JODVV�EHDGV�RI�
GLDPHWHU�+�DOVR�LQFUHDVHV�ZKHUHDV�WKH�YLVLEOH�VXUIDFH�RI�7DJOLD��VSDFHUV�GRHV�QRW��

5HVXOWV��6SDFHUV�ZLWK�6XSSRUWV�

,Q�D�VHFRQG�SDUW��ZH�KDYH�VLPXODWHG�WKH�YLVXDO�DVSHFW�RI�IODW�ODPSV�LQ�ZKLFK�VXSSRUWV�DUH�
XVHG� WR� PDLQWDLQ� WKH� VSDFHUV�� 7KH� VXSSRUW� LV� D� SDVWH� DEVRUELQJ� 89� UDGLDWLRQ� DQG� SDUWO\�
GLIIXVLQJ�LQ�UHIOHFWLRQ��,W�ZDV�GHVLJQHG�DV�D�ULQJ�RI�KHLJKW���PP�DQG�GLDPHWHU�/�DURXQG�WKH�
VSDFHU��)LJXUH�����:H�KDYH�VLPXODWHG�WZR�GLIIHUHQW�JDSV�+����PP�DQG���PP��)RU���PP��/�LV�
WKH�VDPH�IRU�WKH�WZR�GLIIHUHQW�W\SHV�RI�VSDFHUV������PP��)RU���PP��/�LV���PP�IRU�WKH�JODVV�
EHDGV�DQG�����PP�IRU�WKH�7DJOLD��VSDFHUV�LQ�RUGHU�WR�EH�FRPSDWLEOH�ZLWK�WKH�GLDPHWHU�RI�WKH�
JODVV�EHDGV��

JODVV�EHDGV�

7DJOLD��VSDFHUV�
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)LJXUH����'HVLJQ�RI�WKH�

VXSSRUW�

)LJXUH����6LPXODWLRQV�RI�D�ODPS�ZLWK���GLIIXVLQJ�VSDFHUV�

RQ�D�VXSSRUW�IRU�GLIIHUHQW�JDSV�

$V�IRU�WKH�VLWXDWLRQ�ZLWKRXW�VXSSRUW��ZKHQ�WKH�JDS�LQFUHDVHV��WKH�KRPRJHQHLW\�RI�WKH�ODPS�LV�
LPSURYHG� ZLWK� 7DJOLD�� VSDFHUV�� FRPSDUHG� WR� WKH� VDPH� ODPS� ZLWK� JODVV� EHDGV� �)LJXUH� ���
EHFDXVH�WKH�SURMHFWHG�DUHD�UHPDLQV�WKH�VDPH�XQOLNH�WR�WKH�RQH�ZLWK�WKH�JODVV�EHDGV��

0HFKDQLFDO�&RQVLGHUDWLRQV�

:H�DUH�QRZ�FRQVLGHULQJ�IODW� ODPSV�KDYLQJ�D�JDS�ORZHU�WKDQ���PP��9DFXXP�LQVLGH�WKH�
ODPS�JHQHUDWHV�PHFKDQLFDO�LVVXHV�WKDW�KDYH�WR�EH�RYHUFRPH����$PRQJ�WKHP��ZH�FRQFHQWUDWH�
ILUVW�RQ�WKH� WHQVLOH� VWUHVV� JHQHUDWHG�RQ� WKH� H[WHUQDO� VLGH�RI� WKH� VXEVWUDWH��ZKLFK�KDV�D�PD[LPXP�σPD[�
MXVW�DERYH� WKH�VSDFHU��7KLV� VLGH�EHLQJ�H[SRVHG� WR�DPELHQW�PRLVWXUH�DQG�FRQWDFWV� WKDW�PD\�
JHQHUDWH�IODZV��WKLV�WHQVLRQ�VKRXOG�QRW�H[FHHG�VRPH�VDIHW\�YDOXH��7KHQ��WKH�GDPDJH�JHQHUDWHG�DW�
WKH�VSDFHU���VXEVWUDWH�LQWHUIDFH��LV�LQYHVWLJDWHG��

2XWVLGH�6WUHVV�

���03D�ZDV�FKRVHQ�IRU�WKH�OLPLW� WKDW� WKH�RXWVLGH�VWUHVV�VKRXOG�QRW�H[FHHG�IRU�D�VDIHO\�
GHVLJQHG� DQQHDOHG� JODVV� VXEMHFWHG� WR� SHUPDQHQW� VWUHVV� DQG� H[SRVHG� WR� DPELHQW�PRLVWXUH��

7KH� SUREOHP� LV� WR� ILQG� WKH�PD[LPXP� SLWFK�λ� DOORZDEOH� IRU� D� VTXDUH� DUUD\V� RI� VSDFHUV� LQ�
RUGHU�WR�NHHS�ZLWK�WKLV�OLPLW��,Q�RUGHU�WR�LQYHVWLJDWH�WKH�HIIHFW�RI�WKH�W\SH�RI�VSDFHU�RQ�WKH�
WHQVLOH�VWUHVV�LQGXFHG�DW�WKH�RXWVLGH�VXUIDFH�RI�WKH�VXEVWUDWHV��D�ILQLWH�HOHPHQWV�DQDO\VLV��)($��
LV�SHUIRUPHG��7KH�$%$486�VRIWZDUH�LV�XVHG��

7KH�ODPS�LV�VXSSRVHG�WR�EH�DQ�LQILQLWH��UHJXODU�VTXDUH�DUUD\�RI�VSDFHUV��7KH�XQLW�FHOO�RI�WKLV�

ODWWLFH�LV�D�VLQJOH�VSDFHU��FHQWHUHG�RQ�D�VXEVWUDWH�VTXDUH�KDYLQJ�D�ZLGWK�HTXDO�WR�WKH�SLWFK�λ��
7KDQNV�WR�V\PPHWULHV��RQO\�WKLV�XQLW�FHOO�LV�VLPXODWHG�ZLWK�ERXQGDU\�FRQGLWLRQV�RI�)LJXUH����
'LPHQVLRQV�DUH�DV�IROORZ��VXEVWUDWH�WKLFNQHVV�LV�����PP��JDS�EHWZHHQ�VXEVWUDWHV�LV���PP�RU�
��PP��DQG�7DJOLD��VSDFHU�JHRPHWU\�LV�WKDW�RI�)LJXUH����7KLV�VSDFHU�PD\�KDYH�D�WLOW�DQJOH�ZLWK�
WKH�VTXDUH�DUUD\�GXH�WR�LWV�FURVV�VHFWLRQ�����DQG�����DQJOHV�DUH�LQYHVWLJDWHG��IRU�WKH�VSDFHU���
VXEVWUDWH�LQWHUIDFH����GLIIHUHQW�H[WUHPH�FRQWDFWLQJ�FRQGLWLRQV�DUH�WHVWHG��SHUIHFW�VOLSSDJH�DQG�

��PP� ��PP�*DS��



SHUIHFW� ERQGLQJ�� (YHQWXDOO\�� SUHVVXUH� GLIIHUHQWLDO� LV� WDNHQ� WR� EH� ����DWP�� DSSOLHG� RQ� WKH�

H[WHUQDO�VLGH�RI�WKH�XQLW�FHOO��$�SLWFK�λ ���PP�LV�FKRVHQ�IRU�WKH�VLPXODWLRQ��7KLV�YDOXH�JLYHV�
DQ� RXWVLGH� VWUHVV� RI� ���03D� DFFRUGLQJ� WR� DQ� DQDO\WLFDO� IRUPXOD� JLYHQ� LQ� UHIHUHQFH��� )($�
UHVXOWV�DUH�VKRZQ�LQ�)LJXUH����

→→→→�� GLVSODFHPHQW
FRQVWUDLQHG�LQ
WKH�LQGLFDWHG

GLUHFWLRQ
� � �

)LJXUH����ERXQGDU\�FRQGLWLRQV�IRU�

VLPXODWLRQ�
)LJXUH����)($�UHVXOWV�ZLWK�λ ���PP�
�RXWVLGH�VXEVWUDWH�LV�VHHQ�IURP�DERYH�

��03D�EHWZHHQ�HDFK�JUD\VFDOH�

)RU� WKH� WHQVLOH� VWUHVV�σPD[�JHQHUDWHG�RQ� WKH�H[WHUQDO�VLGH�RI� WKH�VXEVWUDWH��)($�VKRZV�WKDW�

Ê�σPD[�RQ�WKH�RXWVLGH�LV�ORZHU�ZLWK�7DJOLD
��WKDQ�ZLWK�EHDGV������03D�YHUVXV����03D���Ë�σPD[�

LV� WKH� VDPH� IRU� ERWK� JDS�YDOXHV�� HYHQ� IRU� WKH� FDVH� RI� JODVV� EHDGV��7KLV� LV� FRQVLVWHQW�ZLWK�

UHVXOWV�REWDLQHG�IRU�F\OLQGULFDO�SLOODUV���Ì�7KHUH�LV�QHLWKHU�VLJQLILFDQW�GHSHQGHQFH�RI�σPD[�RQ�

WKH�WLOW�DQJOH�RI�WKH�7DJOLD��VSDFHU��Í�QRU�RQ�WKH�FRQWDFWLQJ�FRQGLWLRQV��

7KH� VDIH�SLWFK� IRU�EHDGV� LV� IRXQG� WR�EH�λ ��PP��&RPSDULQJ�ZLWK�λ ���PP��ZH�VHH� WKDW�
XVLQJ�7DJOLD��VDYHV�DERXW�����RI�VSDFHUV��)RU�D���··�ODPS��LW�FRUUHVSRQGV�WR�DSSUR[LPDWHO\�
�����EHDGV��ZKHUHDV������7DJOLD��ZRXOG�EH�HQRXJK��

6XEVWUDWH�,QGHQWDWLRQ�

%HFDXVH� RI� 6DLQW�9HQDQW·V� SULQFLSOH�� LW� LV� H[SHFWHG� WKDW� WKH� RXWVLGH� VWUHVV� VKRXOG� QRW�
GHSHQG�RQ� WKH� W\SH�RI�VSDFHU� IRU� WKLFNHU�VXEVWUDWHV� �!���PP��� ,W� LV�DOVR�H[SHFWHG� WKDW� OHVV�
VSDFHUV� ZRXOG� EH� UHTXLUHG�� VLQFH� WKH� WHQVLOH� VWUHVV� H[SHULHQFHG� E\� WKH� VXEVWUDWH� ZRXOG�
GHFUHDVH��7KLV�PHDQV�KRZHYHU�DQ�LQFUHDVH�LQ�WKH�ORDG�SHU�VSDFHU��DQG�KHQFH�D�ODUJHU�ULVN�RI�
GDPDJLQJ�WKH�VXEVWUDWH�RQ�WKH�LQQHU�VLGH��7KHUHIRUH�WKHUH�LV�D�FRQFHUQ�DERXW�WKH�LQGHQWDWLRQ�
LQGXFHG�E\�WKH�GLIIHUHQW�NLQGV�RI�VSDFHUV�RQ�WKH�VXEVWUDWHV��

7KH�IROORZLQJ�H[SHULPHQW�ZDV�PDGH� LQ�RUGHU�WR�JHW�DQ� LQVLJKW� LQWR�WKH�GDPDJLQJ�HIIHFW�RI�
WKH���NLQGV�RI�VSDFHUV��,Q�D�ILUVW�VWHS��LQGHQWDWLRQ���D�VSDFHU�LV�ORDGHG�RQ�D���PP�WKLFN�JODVV�VDPSOH��
7KH� ORDGLQJ� VSHHG� LV� FRQVWDQW�� :KHQ� WKH� GHVLUHG� ORDG� LV� UHDFKHG� �����1��� WKH� VSDFHU� LV�
LPPHGLDWHO\� XQORDGHG��4XLFN� ORDGLQJ� �§��V� IRU� ERWK�7DJOLD�� DQG� EHDGV��PLQLPL]HV� IDWLJXH�
HIIHFW�� 7KHQ�� ´ULQJ� RQ� �� EDOOVµ� EHQGLQJ� WHVW� LV� LPPHGLDWHO\� SHUIRUPHG� RQ� WKH� JODVV� VDPSOH�
�LQGHQWHG�VLGH�XQGHU�WHQVLOH�VWUHVV��XS�WR�EUHDNDJH��)LJXUH�����/RDGLQJ�VSHHG�LV����03D�V��WR�
PLQLPL]H� IDWLJXH� HIIHFW� DV� LQ� VWHS���� 7KLV� WHVW� LV� DGDSWHG� IRU� DOO� VSDFHU� VKDSHV�� EHFDXVH�
LQGXFHG� VWUHVV� LV� URXJKO\� LVRWURSLF� DQG� XQLIRUP� XQGHU� WKH� ULQJ�� WKHUHIRUH� DQ\� IODZ� LV�
DFWLYDWHG��ZKDWHYHU� LWV�RULHQWDWLRQ��%UHDNDJH�VWUHVV� LV�PHDVXUHG��DQG� LV�XVHG�WR�HYDOXDWH�WKH�
GDPDJH�LQGXFHG�E\�WKH�VSDFHU��
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�
)LJXUH����³ULQJ�RQ���EDOOV´�EHQGLQJ�WHVW� )LJXUH����:HDNHQLQJ�RI�����1�LQGHQWHG�VXEVWUDWHV�

%URNHQ�VDPSOHV�ZHUH�DQDO\]HG��DQG�IRU�DOO�RI�WKHP�RULJLQ�RI�IDLOXUH�ZDV�IRXQG�WR�EH�ZKHUH�
WKH� VSDFHU� KDG� EHHQ� SODFHG�� 7KHUHIRUH� UHVXOWV� VKRZQ� LQ� )LJXUH� �� RQO\� DFFRXQW� IRU� IODZV�
LQGXFHG�E\�VSDFHU�LQGHQWDWLRQ��7KXV��WKH�FRPSDULVRQ�EHWZHHQ�UHIHUHQFH�JODVV�DQG�LQGHQWHG�
VDPSOHV� VKRZV� HYLGHQFH� RI� LQGHQWDWLRQ�ZHDNHQLQJ��0RUHRYHU�� WKH� FRPSDULVRQ� EHWZHHQ� EHDGV�
DQG�7DJOLD��IRU�D�����1��LQGHQWDWLRQ�ORDG���VKRZV�WKDW�WKH�ORZHVW�IDLOXUH�VWUHVV�LV�����VPDOOHU�
IRU�EHDGV�WKDQ�IRU�7DJOLD���ZKDWHYHU�WKHLU�GLDPHWHU��

)ODZV�FUHDWHG�E\�EHDGV�DUH�PRUH�VHULRXV�WKDQ�WKRVH�FUHDWHG�E\�7DJOLD���(YHQ�LI�WKHUH�LV�QR�
PRLVWXUH� LQVLGH� WKH� ODPS��DQG� WKXV�QR�IDWLJXH�RI� WKH� LQGHQWHG�VXEVWUDWH�� WKHVH� IODZV�PLJKW�
EHFRPH�FULWLFDO�ZKHQ�DFWLYDWHG�E\�WKH�VWUHVV�ILHOG�GXH�WR�WKH�ODPS�WKHUPDO�JUDGLHQW��

&RQFOXVLRQV�

,W� KDV� EHHQ� VKRZQ� WKDW� IRU� JDSV� KLJKHU� WKDQ� ��PP�� RSWLFDO� VKDGRZV� FUHDWHG� E\� JODVV�
EHDGV�DUH�PXFK�PRUH�GLIILFXOW�WR�VXSSUHVV�ZLWK�D�GLIIXVHU�WKDQ�WKRVH�FUHDWHG�E\�7DJOLD���)RU�
WKLQ�VXEVWUDWHV������PP���WKH�UHTXLUHG�QXPEHU�RI�EHDGV�LV�����KLJKHU�WKDQ�WKDW�RI�7DJOLD���
ZKDWHYHU�WKH�JDS��+LJK�ORDGV�RQ�VSDFHUV�PD\�EH�KD]DUGRXV�EHFDXVH�RI�LQGHQWDWLRQ�GDPDJH��
HVSHFLDOO\�ZLWK�EHDGV��
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