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7KH�FRQFHQWUDWLRQ�GHSHQGHQFHV�RI�JDUQHW�FRQVWLWXWLQJ�HOHPHQWV��PDJQHWR�RSWLFDO�SURSHU�

WLHV� DQG� VXUIDFH� PRUSKRORJ\� RI� �%L6P/X���)H*D$O��2��� /3(� LURQ� JDUQHW� ILOPV� �� �����*G�*D�2��� VXEVWUDWH� LQWHUIDFHV� KDYH� EHHQ� VWXGLHG��7KH�PDJQHWLF� SURSHUWLHV� DQG� FRPSOH[VKDSHV� RI� PDJQHWR�RSWLFDO� K\VWHUHVLV� ORRSV� IRU� VRPH� JDUQHW� ILOPV� KDYH� EHHQ� IRXQG� WR
GHSHQG� RQ� WKH� ILOP�VXEVWUDWH�LQWHUIDFH� FKDUDFWHULVWLFV�� ,Q� VRPH� ILOPV�� WKH� HIIHFW� RI� WKH
VXEODWWLFH� PDJQHWLF� PRPHQW� VSLQ�UHRULHQWDWLRQ� DFFRPSDQLHG� E\� WKH� VXEVHTXHQW� WKHUPR�
PDJQHWLF�K\VWHUHVLV�KDV�EHHQ�UHYHDOHG�QHDU�WKH�FRPSHQVDWLRQ�SRLQW�
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���,QWURGXFWLRQ
$V� LV� ZHOO� NQRZQ�� WKH� LQLWLDO� DQG� WKH

ILQDO� VWDJHV� RI� OLTXLG� SKDVH� HSLWD[\� �/3(�
DUH� QRQVWDWLRQDU\� SURFHVVHV�� VR� WKH
ILOP�VXEVWUDWH�DQG�ILOP�DLU�WUDQVLHQW�OD\HUV
PD\�EH�IRUPHG�DW�WKRVH�VWDJHV�>�Ü�@��7KRVH
OD\HUV� PD\� LQIOXHQFH� WKH� SURSHUWLHV� RI� WKH
ILOP�DV�D�ZKROH�>�Ü�@��,Q�>�@��ZH�KDYH�LQYHV�
WLJDWHG� WKH� WKLFNQHVV� GHSHQGHQFHV� RI� PDJ�
QHWLF� SURSHUWLHV� IRU� �%L6P/X���)H*D$O��2��/3(� LURQ� JDUQHW� ILOPV� EHLQJ� XVHG� IRU
WKHUPR�PDJQHWLF� GDWD� UHFRUGLQJ�� 8VXDOO\�
VXFK� ILOPV� JURZ� XQGHU� WKH� KLJK� VXSHUFRRO�
LQJ�YDOXHV�'7V��VR�WKH�FRPSRVLWLRQ�RI�JURZ�LQJ� ILOPV� LV� H[WUHPHO\� VHQVLWLYH� WR� WKH
JURZWK�FRQGLWLRQV�DQG�WKH�VWDELOLW\�WKHUHRI�
,W� KDV� EHHQ� VKRZQ� WKDW� GXULQJ� WKH� ILOP
JURZWK� SURFHVV�� WKH� OD\HUV� ZLWK� GLIIHUHQW
+F��4)��7F��DQG�7FRPS��YDOXHV�DUH�IRUPHG�LQWKH�ILOPV�DORQJ�WKH�JURZWK�D[LV��7KH�DLP�RI

WKLV� ZRUN� LV� WR� VWXG\� WKH� FRQFHQWUDWLRQ� RI
WKH�JDUQHW�FRQVWLWXWLQJ�HOHPHQWV�LQ�WKH��%L6�
P/X���)H*D$O��2��� /3(� LURQ� JDUQHW� ILOPV������� *G�*D�2��� �***�� VXEVWUDWHV� LQWHU�IDFHV� DQG� HIIHFW� RI� FRQFHQWUDWLRQ� RQ� PRU�
SKRORJ\� DQG� PDJQHWLF� SURSHUWLHV� RI� WKH
ILOPV�

���([SHULPHQWDO�
�%L6P/X���)H*D$O��2��� /3(� LURQ� JDUQHWILOPV� RI� �Ü�� PP� WKLFNQHVV� ZHUH� JURZQ� RQ

WKH� ***� ������ VLQJOH� FU\VWDO� VXEVWUDWHV
IURP� D� VXSHUVDWXUDWHG� VROXWLRQ�PHOW� EDVHG
RQ�3E2±%�2�±%L�2��IOX[��7KH�DV�JURZQ�DQGSROLVKHG� ILOPV� ZHUH� HWFKHG� VWHS� E\� VWHS
XVLQJ� $U�� LRQV� WR� WKH� ILOP� WKLFNQHVV� OHVV
WKDQ� �� PP�� 7KHQ� WKH� ILOPV� ZHUH� HWFKHG
XVLQJ� DQ� XQIRFXVHG� LRQ� EHDP� WR� IRUP� D
�ZHGJH�� RI� ��Ü��� PP� OHQJWK� ZLWK� WKH
WKLFNQHVV�YDU\LQJ�IURP����Ü����PP�WR�]HUR�
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7KH� IROORZLQJ� ILOP� FKDUDFWHULVWLFV� ZHUH
PHDVXUHG� DIWHU� HDFK� HWFKLQJ� VWHS� DQG� WKHQ
DORQJ� WKH� ZHGJH� �L�H�� DORQJ� WKH� ILOP� WKLFN�
QHVV�FKDQJH��

Û� WKH� ILOP� HOHPHQWDO� FRPSRVLWLRQ� DQG
VXUIDFH� VWDWH� E\� HOHFWURQ� PLFURSUREH� PL�
FURDQDO\VLV� �(30$�� DQG� VFDQQLQJ� HOHFWURQ
PLFURVFRS\��6(0����

Û� PDJQHWR�RSWLFDO� K\VWHUHVLV� ORRSV
�ZKHUHIURP�+F�� 4)�� 7F�� 7FRPS�� ZHUH� GHWHU�PLQHG�� XVLQJ� D� )DUDGD\� PDJQHWR�SRODULPH�
WHU�DW�O� �����QP�DQG�7� ���Ü���&�DQG�ODW�
WLFH� PLVPDWFK� 'D�� E\� ;�UD\� GLIIUDFWRPHWHU
�;5'��

���5HVXOWV�DQG�GLVFXVVLRQ
7KH� )DUDGD\� K\VWHUHVLV� ORRSV� �)+/V�� RI

DV�JURZQ�ILOPV�DW�7� ����&�>�@�DUH�VKRZQ�LQ
)LJ�����7R�PHDVXUH�WKH�LQWHUIDFH�SURSHUWLHV�
FKRVHQ�ZHUH� WKH�6DPSOHV���������ZLWK�FRP�
SOH[� ORRS� VKDSHV� EXW� EHLQJ� PRQROD\HU� DF�
FRUGLQJ� WR� ;5'�� DV� ZHOO� DV� WKH� 6DPSOH� �
ZLWK�FRPSOH[�)+/�DQG�6DPSOH���ZLWK�XVXDO
)+/��ERWK�ELOD\HU�DFFRUGLQJ�WR�;5'���

7KH�)+/�PHDVXUHPHQWV�RI�6DPSOH���KDYH
VKRZQ�GRXEOH�LQYHUVLRQ�RI�4)�VLJQ��)LJ���D�DQG� 7FRPS�� YDULDWLRQ� �)LJ���E�� DORQJ� WKHZHGJH�� 7KUHH� WKLFNQHVV� UHJLRQV� DUH� REVHUY�
DEOH�DORQJ�WKH�ZHGJH��WKH�ILOP�DLU�LQWHUIDFH
UHJLRQ�������dKd����PP��ZLWK��ULJKW��)+/V�
FHQWUDO�UHJLRQ��� ����dKd����PP��ZLWK��OHIW�

)+/V�DQG�ILOP�VXEVWUDWH� LQWHUIDFH�UHJLRQ��
�Kd����PP��ZLWK��ULJKW��)+/V�� ,Q� WKHVH�UH�
JLRQV��7FRPS�� LQFUHDVHV�IURP�UHJLRQ���WR�UH�JLRQ� �� IURP� ��� XS� WR� ���&�� DQG� GHFUHDVHV
IURP�UHJLRQ���WR�UHJLRQ���IURP����GRZQ�WR
�����&�� 6XFK� D� EHKDYLRU� RI� 4)� DQG� 7FRPS�PD\� EH� GXH� RQO\� WR� FKHPLFDO� FRPSRVLWLRQ
FKDQJHV� DORQJ� WKH� ILOP� WKLFNQHVV�� 6R�� )LJ�
�F� VKRZV� WKH� FRQFHQWUDWLRQ� GHSWK� SURILOH
DQG� )+/V� DORQJ� WKH� ZHGJH� �L�H�� DORQJ� WKH
ILOP�WKLFNQHVV�FKDQJH��LQ�WKH�UHJLRQV��Ü��RI
WKH� 6DPSOH� �� DW� WKH� ILOP� WKLFNQHVV� EHORZ
����PP��7� ����&��+PD[� ���N2H���,W�LV�VHHQWKDW�LQ�WKH�ILOP�YROXPH�DQG�DW�WKH�ILOP�VXE�
VWUDWH� LQWHUIDFH�� WKHUH� LV� D� FRQFHQWUDWLRQ
JUDGLHQW�RI�JDUQHW�FRQVWLWXWLQJ�HOHPHQWV��,Q
WKH� UHJLRQ� ��� WKH� WRWDO� FRQFHQWUDWLRQ� RI
*D���DQG�$O��� LRQV� LV�KLJKHU�WKDQ�LQ�UHJLRQ
��DQG� WKH� WUDQVLHQW� ILOP�VXEVWUDWH� UHJLRQ��
LV� HQULFKHG� LQ� VXEVWUDWH� HOHPHQWV�*G��� DQG
*D���� $V� LV� ZHOO� NQRZQ� >�@�� WKH�*D��� DQG
$O��� FRQFHQWUDWLRQ� LQFUHDVH� LQ� WHWUDKHGUDO
SRVLWLRQV� LQ� JDUQHW� FDXVHV� LQFUHDVHG� 7FRPS�DQG�GHFUHDVHG�7F��7KXV��WKH�LQFUHDVH�RI�WKHWRWDO�*D��� DQG�$O��� FRQFHQWUDWLRQ� IURP����
WR�����DW��I�X�� �DWRPV�SHU�IRUPXOD�XQLW��UH�
VXOWV� LQ� LQFUHDVHG�7FRPS�� LQ� WKH�UHJLRQ��� DVFRPSDUHG� WR� UHJLRQ� ��� ,Q� UHJLRQ� ��� WKH
DPRXQW� RI� *D��� DQG� $O��� H[FHHGV
���� DW��I�X��� EXW�4)� LV� SRVLWLYH� DQG� 7FRPS�YDOXH� LV� ORZHU� WKDQ� LQ� UHJLRQ� ��� :H� KDYH
DVVXPHG�WKDW�WKLV�LV�GXH�WR�ORZ�GHSWK�UHVR�

)LJ�����)DUDGD\�K\VWHUHVLV�ORRSV�RI�DV�JURZQ�ILOPV�ZH�LQYHVWLJDWHG��7� ����&��+PD[� ���N2H��4)PD[� ������
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OXWLRQ� RI� (30$�PHWKRG� �GHHS� SHQHWUDWLRQ
RI� HOHFWURQ� EHDP��� UHDOO\�� WKH�PDLQ� DPRXQW
RI� *D��� DV� DQDO\]HG� E\� (30$� LV� LQ� VXE�
VWUDWH�EXW�QRW�LQ�WKH�ILOP�

1RWH�WKDW�)+/�LQ�UHJLRQ���DW����&�ZRXOG
KDYH� WR� EH� D� VXSHUSRVLWLRQ� RI� K\VWHUHVLV
ORRSV� RI� RSSRVLWH� VLJQV� IURP� WKH� LQQHU� OD\�
HUV� DQG� WR�KDYH�PRUH� FRPSOH[� VKDSH��+RZ�
HYHU�� LW� LV� SRVVLEOH� WKDW� WKH� SUR[LPLW\� RI
7FRPS�� WR�WKH�PHDVXULQJ�WHPSHUDWXUH�FDXVHVUHRULHQWDWLRQ� RI� WKH� PDJQHWLF� PRPHQWV� LQ
WKH�VHFRQG�OD\HU�GXH�WR�VWURQJ�H[FKDQJH�PR�
OHFXODU� ILHOG� RI� WKH� QHDU�VXUIDFH� OD\HU�
7KXV�� ZH� REVHUYH� WKH� V\QSKDVH� UH�PDJQHWL�
]DWLRQ�SURFHVV�LQ�DOO�WKH�OD\HUV�DQG�WKH�VLP�
SOH�)+/�VKDSH�LQ�UHJLRQ���DW����&��%XW�DW
7� ����&�� ZH� REVHUYH� D� FRPSOH[� )+/� �VHH
LQVHW� LQ� )LJ���F��� ,WV� FKDUDFWHULVWLF� IHDWXUH
LV� WKH�4)� VLJQ� FKDQJH�ZKHQ�WKH�PDJQHWL]D�WLRQ�ILHOG�GHFUHDVHV�

,Q� WKH� UHJLRQ� �� RI� WKH� 6DPSOH� �� DW
7d7FRPS�� �UHJLRQ� RI� WKH� �OHIW�� )+/V��� WKHILOP�PDJQHWL]DWLRQ�LQ�WKH�ILHOG�+t��N2H�OHG
WR� DQ� DEUXSW� FKDQJH� RI� WKH� 4)� VLJQ� DW� DFHUWDLQ� ILHOG�+I�� L�H�� WR� �WXUQRYHU�� RI� WKHVXEODWWLFH� PDJQHWLF� PRPHQW�� 7KHVH� KLJK�
ILHOG�VWDWH�ZDV��IUR]HQ��DQG�SHUVLVWHG�DW�WKH
ILHOG� GHFUHDVH� DQG� WKH� VXEVHTXHQW� UHYHUVDO�
,Q� WKDW� FDVH�� )+/V� IURP� WKH� �OHIW�� EHFDPH
�ULJKW��� 7KH� UHWXUQ� WR� WKH� ORZ�ILHOG� SKDVH
DQG� WKH� RULJLQDO� )+/V� DSSHDUDQFH� RFFXUUHG
RQO\� DIWHU� ORZHULQJ� WKH� WHPSHUDWXUH� WR
7d7FRPS��� L�H�� ZH� REVHUYHG� WKH� WHPSHUDWXUHPDJQHWLF� K\VWHUHVLV�� 7KH� ILHOG� +I� FDXVLQJWKDW� HIIHFW�ZDV� ORZHUHG�ZKHQ�7� DSSURDFKHV
7FRPS��DW�7� ����&��+I� �����N2H��DW�7� ������&�+I� �����N2H��7KLV�HIIHFW�FRXOG�EH�H[SODLQHGDV�IROORZV��7KH�SKDVH�WUDQVLWLRQ�RI��FRPSHQ�
VDWLRQ�SRLQW��W\SH�LQ�WKUHH�VXEODWWLFHV�IHUUL�
PDJQHWV� LV� GXH� WR� FRPSHWLWLRQ� RI� SDUDPDJ�
QHWLF� UDUH�HDUWK� LRQV�PDJQHWL]HG� LQ� WKH� H[�
FKDQJH� ILHOG� ZLWK� LURQ� LRQV� LQ� D�� DQG� G�
VXEODWWLFHV�� RU� GXH� WR� FRPSHWLWLRQ� RI� LURQ
LRQV�LQ�D��DQG�G�VXEODWWLFHV��,Q�WKH�ILOPV�ZH
LQYHVWLJDWHG�� WKH� VHFRQG� SKDVH� WUDQVLWLRQ
FDVH� LV� UHDOL]HG�� EHFDXVH� 6P�IHUULWH�JDUQHW
KDV� QR� FRPSHQVDWLRQ� SRLQW� RI� WKH�PDJQHWLF
PRPHQW� >�@�� 7KH� LQYHVWLJDWHG� ILOPV� H[KLELW
D� ODUJH� PDJQHWLF� XQLD[LDO� DQLVRWURS\� �RYHU
���N2H���7KHUHIRUH��DFFRUGLQJO\�WR�WKH�ILHOG�
WHPSHUDWXUH� +Ü7� SKDVH� GLDJUDP� >��@�� DW
WKH� ILOP�PDJQHWL]DWLRQ� DORQJ� WKH� HDV\� D[LV
DQG� DSSURDFKLQJ� WR� 7FRPS��� GLIIHUHQW� W\SHVRI� FROOLQHDU� DQG� QRQFROOLQHDU� SKDVHV� PD\
H[LVW�LQ�WKH�ILOPV��7KH�FROOLQHDU�SKDVHV�KDYH
GLIIHUHQW� PDJQHWLF� PRPHQW� RULHQWDWLRQV� LQ
LURQ�VXEODWWLFHV�ZLWK�UHVSHFW�WR�WKH�H[WHUQDO
PDJQHWLF� ILHOG�� $W� 7���7FRPS��� WKH� RFWDKH�GUDO� LURQ� VXEODWWLFH� LV� RULHQWHG� DORQJ� WKH

ILHOG�� WKH� UH�PDJQHWL]DWLRQ� SURFHVV� FDXVHV
WKH� �OHIW��)+/��$W�7�!�7FRPS��� WKH� WHWUDKH�GUDO� LURQ� VXEODWWLFH� LV� RULHQWHG� DORQJ� WKH
H[WHUQDO�PDJQHWLF�ILHOG�DQG�WKH�UH�PDJQHWL�
]DWLRQ�SURFHVV�UHVXOWV�LQ�WKH��ULJKW��)+/��$
VKDUS��WXUQRYHU��RI�WKH�VXEODWWLFH�PDJQHWLF
PRPHQWV� LQ� FHUWDLQ� PDJQHWL]LQJ� ILHOGV� ZH
REVHUYHG� LV� DVVRFLDWHG� ZLWK� WKH� WUDQVLWLRQ
EHWZHHQ� WKH� FROOLQHDU� SKDVHV�� ZKLFK� LV� D
MXPS�W\SH� ILUVW� RUGHU� SKDVH� WUDQVLWLRQ�� ,Q
DFFRUGDQFH�WR�WKH�+Ü7�GLDJUDP��WKH�ILHOG�RI
WKLV� WUDQVLWLRQ� VKRXOG� GHFUHDVH� ZKHQ� DS�
SURDFKLQJ� WKH�FRPSHQVDWLRQ�SRLQW��ZKLFK� LV
REVHUYHG� LQ� H[SHULPHQW� UHDOO\�� ,Q� DGGLWLRQ�

)LJ�����4)�K�� DW�7� ����&� DQG�+PD[� ���N2H�D���7FRPS��K�� �E��� FRQFHQWUDWLRQ� GHSWK� SURILOHDQG�)+/V��F��DORQJ�WKH�ZHGJH�RI�WKH�VDPSOH���
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WKH�REVHUYHG�WHPSHUDWXUH�PDJQHWLF�K\VWHUH�
VLV� DOVR� FRQILUPV� WKDW� D� ILUVW� RUGHU� SKDVH
WUDQVLWLRQ�RFFXUV�UHDOO\�LQ�WKH�V\VWHP�

)LJ����VKRZV�WKH�GLVWULEXWLRQ�RI�HOHPHQWV
DORQJ� WKH� ZHGJH� DQG� )+/V� DW� 7� ����&� LQ
WKH� 6DPSOH� ��� 7KH� LQLWLDO� VDPSOH� KDG� WKH
FRPSOH[� )+/� VKDSH�� WKLV� VKDSH� SHUVLVWHG
XQWLO� WKH� VXEVWUDWH� LWVHOI�� DQG� )+/� EHFDPH
VLPSOH� �OHIW�� RQO\� QHDU� WKH� LQWHUIDFH�� 7KH
WRWDO�FRQWHQW�RI�*D���DQG�$O���QHDU�WKH�VXE�
VWUDWH� H[FHHGHG� �� DW��I�X�� :LWK� LQFUHDVLQJ
K��*D��� FRQWHQW� GHFUHDVHG��4)� FKDQJHG� LWVVLJQ��DQG�)+/�DFTXLUHG�D�VKDSH�W\SLFDO�RI�D
ILOP�ZLWK�D�YDULDEOH� FRPSRVLWLRQ�DFURVV�WKH
WKLFNQHVV��ZKHUH�WKH�OD\HUV�KDYH�7FRPS��YDO�XHV�DERYH�DQG�EHORZ�WKH�PHDVXUHPHQW� WHP�
SHUDWXUH��WKXV�UHVXOWLQJ�LQ�D�FRPSOH[�)+/V
VKDSHV�

,Q�WKH�6DPSOH����DV�LQ�WKH�6DPSOH����WKH
)+/V� QHDU� WKH� ILOP�VXEVWUDWH� LQWHUIDFH� DUH
�OHIW��� WKH� WRWDO� *D��� DQG� $O��� FRQWHQW� LQ
WKLV� UHJLRQ� UHDFKHG� ���� DW��I�X��� 7FRPS�� ���&��:LWK� LQFUHDVLQJ� K��*D��� FRQWHQW� GH�
FUHDVHG��4)� FKDQJHG� LWV� VLJQ�� DQG� )+/� DF�TXLUHG�D�VKDSH�W\SLFDO�RI�D�ILOP�ZLWK�D�YDUL�
DEOH�FRPSRVLWLRQ�DFURVV�WKH�WKLFNQHVV�

$V�LV�VHHQ�IURP�)LJ�����)+/V�RI�WKH�6DP�
SOHV������DQG���GLIIHU�IURP�HDFK�RWKHU��EXW
)+/V� RI� WUDQVLWLRQ� ILOP�VXEVWUDWH� OD\HUV
WKHUHLQ�DUH� LGHQWLFDO��$V� WR�PDJQHWLF�VWDWH�
WKHVH� VDPSOHV� DUH� DW� OHDVW� GRXEOH�OD\HU�� ,Q
WKHVH�VDPSOHV��D�OD\HU�ZLWK�D�ORZ�FRQFHQWUD�
WLRQ� RI� GLDPDJQHWLF� LRQV� DQG� WKH� �ULJKW�
)+/� JURZV� RQ� D� OD\HU�ZLWK� D� KLJK� FRQFHQ�
WUDWLRQ� RI� GLDPDJQHWLF� *D��� DQG� $O��� LRQV
DQG�WKH��OHIW��)+/��7KH�)+/V�GLIIHUHQFH�RI
WKH� 6DPSOHV� ��� ��� �� LV� GHILQHG� RQO\� E\� WKH
UHODWLYH� WKLFNQHVV� RI� WKHVH� OD\HUV� DQG� WKHLU
7FRPS��� WKLV�XOWLPDWHO\�GHILQHV� WKH�)+/� RI
WKH�ILOP�DV�D�ZKROH��7KXV��WKH��OHIW��)+/�RI
WKH� ILOP�VXEVWUDWH� OD\HU�� ZKHUH� WKH� PDJ�
QHWL]DWLRQ� LV� GXH� WR� WKH� RFWDKHGUDO� VXEODW�
WLFH�� DIIHFWV� VLJQLILFDQWO\� WKH� )+/� W\SH� RI
WKH�ILOP�DV�D�ZKROH��

7KH�6DPSOH��� �EHLQJ�VLQJOH�OD\HU�RQH�DF�
FRUGLQJ� WR� WKH� ;5'�� LV� FKDUDFWHUL]HG� DV
PDJQHWR�LQKRPRJHQHRXV� DFFRUGLQJ� LWV� )+/�
$W� WKH� ILOP�VXEVWUDWH� LQWHUIDFH�� WKH� )+/V
DUH� �ULJKW��� WKH� *D��� DQG� $O��� FRQWHQW� LV
OHVV� WKDQ� �� DW��I�X��:LWK� LQFUHDVLQJ�K�� WKH
)+/� VKDSH� EHFRPHV� FRPSOH[�� EHFDXVH� WKH
WRS� OD\HU� ZLWK� KLJK� FRQFHQWUDWLRQ� RI� *D��
DQG� $O��� DQG� WKH� �OHIW�� )+/� LV� JURZLQJ�
7KXV�� WKH� �ULJKW�� )+/� RI� WUDQVLHQW
ILOP�VXEVWUDWH� OD\HU�� ZKHUH� WKH� PDJQHWL]D�
WLRQ� LV� GXH� WR� WKH� WHWUDKHGUDO� VXEODWWLFH�
DOVR� LQIOXHQFHV� VLJQLILFDQWO\� WKH� UHVXOWLQJ
)+/� DSSHDUDQFH� RI� WKH� ILOP� DV� D� ZKROH�� LW

FRQWDLQV� ODWHUDO� K\VWHUHVLV� ORRSV� RI� WKH
ILOP�VXEVWUDWH�OD\HU�

7KH� FRHUFLYH� IRUFH� +F� RI� WKH� VWXGLHGILOPV� YDULHG� LQ� D� ZLGH� UDQJH�� )LJ���� VKRZV
WKH�GHSHQGHQFH�RI�+F�K��DORQJ�WKH�ZHGJH�IRUWKH�6DPSOHV��Ü��DQG��� DW�7� ����&�� ,Q� WKH
6DPSOH����+F�FKDQJHV�RQO\�VOLJKWO\�IURP�WKHVXEVWUDWH� WR�K� �����PP�DQG� LQFUHDVHV� DW
K�!�����PP� �)LJ���D��� ,Q� WKH� 6DPSOH� ���+FKDV� PLQLPXP� YDOXH� DW� WKH� VDPSOH� VXUIDFH
�����2H��DQG�LQFUHDVHV�DOPRVW���WLPHV�ZKHQ
DSSURDFKLQJ� WKH� VXEVWUDWH� �)LJ���E��� ,Q� WKH
6DPSOHV� �� DQG� ��� +F�K�� GHSHQGHQFHV� DUH1�VKDSHG� �)LJ���F�� G��� 7KH�PD[LPXP� YDOXH
+F� ������2H�LQ�WKH�6DPSOH���LV�DWWDLQHG�DWK�a�����PP��)LJ���F��FXUYH�����LQ�WKH�6DPSOH
���WKH�PD[LPXP�YDOXH�+F� ������2H�FRUUH�VSRQGV�WR�K�a���PP��)LJ���G���,Q�WKH�6DPSOH
���+F�LQFUHDVHV�ZLWK�LQFUHDVLQJ�K��)LJ���H���,W� LV� NQRZQ� WKDW� FRHUFLYH� IRUFH� LV�PD[L�
PXP�QHDU�7FRPS��>��@��7KHUHIRUH��WR�H[SODLQWKH�+F�K��EHKDYLRU��LW�LV�LPSRUWDQW�WR�NQRZ7FRPS���6R��LQ�WKH�6DPSOH����DOO�)+/V�DORQJWKH� ZHGJH� DUH� �ULJKW��� WKH� PHDVXUHPHQW
WHPSHUDWXUH�H[FHHGV�7FRPS��FRQVLGHUDEO\�� ,QWKH�6DPSOH����DOO�)+/V�DORQJ�WKH�ZHGJH�DUH
�OHIW��� WKH�PHDVXUHPHQW� WHPSHUDWXUH� EHLQJ
EHORZ�7FRPS���VR�7FRPS��KDV�QR�HIIHFW�RQ�WKHUHVXOWV� RI�+F�PHDVXUHPHQWV� IRU� WKHVH� VDP�SOHV�� ,Q� WKH� 6DPSOH���� WKH� PHDVXUHPHQW
WHPSHUDWXUH� LV� QHDU� 7FRPS�� RI� WKH� OD\HU� �DQG�WKLV�LV�PRVW�OLNHO\�WKH�FDXVH�RI�1�VKDSHG
+F�K�� GHSHQGHQFH� IRU� WKLV� VDPSOH�� ,QGHHG�+F�K�� PHDVXUHPHQWV� DW� 7� ����&�!�7FRPS�VKRZ� WKDW�+F|���� 2H� DORQJ� WKH� ZHGJH� H[�FHSW� IRU� K� �����PP�� ZKHUH� +F� �����2H�)LJ���F��FXUYH�����

7KXV�� WKH� DQRPDORXV� GHSHQGHQFHV�+F�K�LQ�WKH�VWXGLHG�ILOPV�DUH�GXH�WR�WKH�SUR[LP�
LW\� RI� WKH� PHDVXUHPHQW� WHPSHUDWXUH� WR
7FRPS�� IRU� DQ\� OD\HU�� ,Q� LWV� WXUQ�� WKLV� LVGHILQHG�E\�WKH�FKHPLFDO�FRPSRVLWLRQ�RI�HDFK

)LJ�����&RQFHQWUDWLRQ�GHSWK�SURILOH�DQG�)+/V
RI�WKH�VDPSOH�1R����
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ILOP�OD\HU��)RU�H[DPSOH��LQ�6DPSOHV���������
RQ�WKH�OD\HU�ZLWK�D�KLJK�*D���FRQFHQWUDWLRQ
�DQG�� UHVSHFWLYHO\�� KLJK� 7FRPS�� DQG� �OHIW�)+/��� DQRWKHU� OD\HU� JURZV� ZLWK� D� ORZHU
*D���FRQFHQWUDWLRQ��DQG��UHVSHFWLYHO\��ORZHU
7FRPS�� DQG� �ULJKW�� )+/��� ZKLOH� IRU� 6DPSOH��� WKH� VLWXDWLRQ� LV� LQYHUVH�� 7FRPS�� RI� WUDQ�VLHQW�OD\HU�EHWZHHQ�WKHVH�WZR�OD\HUV�LV�FORVH
W� WKH� PHDVXUHPHQW� WHPSHUDWXUH�� DQG� WKLV
FDXVHV�D�FRUUHVSRQGLQJ�+F�LQFUHDVH�ZLWK�LQ�FUHDVLQJ�K�

7KH�PDJQHWLF�QDWXUH�RI�WKH�+F�K��DQRPD�OLHV� LV� IXUWKHU� HYLGHQFHG� E\� WKH� LQYHVWLJD�
WLRQV�RI�WKH�ILOP�VXUIDFH�PRUSKRORJ\��)LJ���
VKRZV� WKH� VXUIDFH�SKRWRJUDSKV� RI� WKH�6DP�
SOH���DQG�***�VXEVWUDWH�SULRU� WR�DQG�DIWHU
YDULRXV�W\SHV�RI�VXUIDFH�SURFHVVLQJ��7KH�+FYDOXHV� DW� ���&� DUH� SUHVHQWHG�� WRR�� 7KH� DV�
JURZQ�ILOP�VXUIDFH�VKRZV� WKH�VR�FDOOHG�IDF�
HWHG� VWUXFWXUH� ZKLFK� LV� WKHQ� UHPRYHG� E\
PHFKDQLFDO�SROLVKLQJ��$IWHU���K�RI�LRQ�HWFK�
LQJ�� WKH� EXWW�HQG� WUDFHV�RI� WKH�UHYHDOHG�FR�
OXPQDU�VWUXFWXUH�ZLWK�GLIIHUHQW�IDFHWLQJ�EH�
FRPH�DSSDUHQW� LQ� VPDOO�QXPEHU�� WKH� VL]H� LV
�Ü��PP�LQ�GLDPHWHU��:KHQ�K�����PP��WKHVH
WUDFHV�� �XQFRYHUHG��E\� WKH� LRQ�EHDP�� FRYHU
WKH� HQWLUH�PLFURVFRSH� YLHZ� ILHOG��:KHQ�DS�
SURDFKLQJ� WKH� VXEVWUDWH� �UHJLRQ� ���� WKHLU
VL]H� LV� LQFUHDVHG� WR� �� PP� LQ� GLDPHWHU�� 7KH
WUDFHV� RI� WKH�FROXPQV� FRQVWLWXWLQJ� WKH� ILOP
VWUXFWXUH�DUH�REVHUYHG�DW�WKH�VXEVWUDWH�VXU�
IDFH� HYHQ� DIWHU� D� SURORQJHG� ��� K�� HWFKLQJ�
7KH�VXUIDFH�RI�WKH�FOHDQ�VXEVWUDWH�DIWHU�LRQ
HWFKLQJ� GRHV� QRW� VKRZ� VXFK� D� SDWWHUQ�
6LPLODU� LPDJHV�ZHUH� REWDLQHG� IRU� WKH� RWKHU
VWXGLHG�ILOPV��+RZHYHU��WKH�GLIIHUHQW�+F�K�GHSHQGHQFHV�QHDU�WKH�LQWHUIDFHV�RI�WKH�VDP�
SOHV� DV� ZHOO� DV� DQDO\VLV� RI� WKH�+F�K�� WHP�SHUDWXUH�GHSHQGHQFH� LQGLFDWH� WKDW� WKH�SUHV�
HQFH�RI�WKH�FROXPQDU�VWUXFWXUH�LV�QRW�HVVHQ�
WLDO� LQ� GHILQLQJ� WKH� QDWXUH� RI� WKH� +F�K�GHSHQGHQFH�� 7KH� LRQ� HWFKLQJ� GLG� QRW� DIIHFW
VLJQLILFDQWO\� WKH�+F�K��� WRR�� GXH� WR� ORZ� LRQHQHUJ\��7KH�+F�K��GHSHQGHQFH� LV�GHILQHG� WRD� JUHDWHU� H[WHQW� E\� 7FRPS�� FKDQJHV� LQ� WKHWUDQVLHQW� OD\HUV� RI� ILOP�VXEVWUDWH� LQWHUIDFH
GXH�WR�*D���DQG�$O���FRQFHQWUDWLRQ�FKDQJHV�DW
WKH�FU\VWDOOL]DWLRQ�IURQW�RI�WKH�JURZLQJ�ILOP�

����&RQFOXVLRQ
7KH�PDJQHWLF�SURSHUWLHV�RI�WKH�%L�VXEVWL�

WXWHG� LURQ�JDUQHW� ILOP���***�VXEVWUDWH� LQ�
WHUIDFH� DUH� GHILQHG� E\� WKH� FRQFHQWUDWLRQ
JUDGLHQW�RI�WKH�JDUQHW�FRQVWLWXWLQJ�HOHPHQWV
DORQJ� LWV� WKLFNQHVV�� ,Q� SDUWLFXODU�� WKH� RE�
VHUYHG� +F�K�� GHSHQGHQFHV� IRU� GLIIHUHQWILOPV�UHVXOW�IURP�WKH�*D���DQG�$O���LRQ�FRQ�
FHQWUDWLRQ� SURILOH� YDULDWLRQV�� 7KH� FRPSOH[
VKDSHV� RI� PDJQHWR�RSWLFDO� K\VWHUHVLV� ORRSV

)LJ�����7KLFNQHVV�GHSHQGHQFHV�RI�+F�IRU�VDP�SOHV�1R���Ü�����
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DQG�� FRQVHTXHQWO\�� WKH� PDJQHWLF� SURSHUWLHV
RI� PLFURPHWHU� WKLFNQHVV� ILOPV� PD\� EH� GH�
ILQHG� E\� WKH� SURSHUWLHV� RI� WKHLU� ILOP�VXE�
VWUDWH�LQWHUIDFHV��,Q�%L�VXEVWLWXWHG�LURQ�JDU�
QHW� ILOPV�� WKH�HIIHFW�RI� WKH� VXEODWWLFH�PDJ�
QHWLF� PRPHQW� �WXUQRYHU�� QHDU� WKH
FRPSHQVDWLRQ� WHPSHUDWXUH� LV� REVHUYHG�� DF�
FRPSDQLHG�E\�VXEVHTXHQW� WHPSHUDWXUH�PDJ�
QHWLF�K\VWHUHVLV��

5HIHUHQFHV
� ���:�7RONVGRUI�� *�%DUWHOV�� +�-�7ROOH�� -��&U\VW�

*URZWK������������������
� ���1�$�*URVKHQNR��$�0�3URNKRURY��9�9�5DQGRVKNLQ

HW�DO���)L]��7YHUG��7HOD������������������
� ���1�$�*URVKHQNR��9�9�5DQGRVKNLQ��$�1�6KDSR�

VKQLNRY�HW�DO���=K��7HNKQ��)L]������������������
� ���$�6�.DP]LQ�� <X�1�0DOWVHY�� )L]��7YHUG��7HOD�

����������������

� ���$�6�.DP]LQ�� <X�1�0DOWVHY�� )L]��7YHUG��7HOD�
����������������

� ���8�6��3DWHQW�����������%���������
� ���$�1�6KDSRVKQLNRY�� $�5�3URNRSRY�� 9�1�%HU�

]KDQVN\� HW� DO��� LQ�� 0HPRLU� RI� 7DYULGD� 1DW�
8QLY��6HU��3K\V��� 6LPIHURSRO�� ��� ������ 1R���
�����������>LQ�5XVVLDQ@�

� ���9�9�5DQGRVKNLQ��$�<D�&KHUYRQHQNLV��$SSOLHG
0DJQHWRRSWLFV�� (QHUJRDWRPL]GDW�� 0RVFRZ
�������>LQ�5XVVLDQ@�

� ���*�,�=KXUDYOHY�� &KHPLVWU\� DQG� 7HFKQRORJ\� RI
)HUULWHV�� .KLPLD�� /HQLQJUDG� ������� >LQ� 5XV�
VLDQ@�

����.�3�%HORY�� $�.�=YH]GLQ�� $�0�.DGRPWVHYD�
2ULHQWDWLRQ� 7UDQVLWLRQV� LQ� 5DUH�(DUWK� 0DJ�
QHWLFV��1DXND��0RVFRZ��������>LQ�5XVVLDQ@�

����.�3�%HORY�� )HUULWHV� LQ� 6WURQJ� 0DJQHWLF
)LHOGV��1DXND��0RVFRZ��������>LQ�5XVVLDQ@�

)LJ�����3KRWRV�RI�VXUIDFHV�RI�DV�JURZQ�SROLVKHG�DQG�GLIIHUHQW�WLPH��KRXUV��LRQ�HWFKHG��,(��ILOPV���
DQG�***�VXUIDFH�DIWHU���K�RI�,(�
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