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5HFHLYHG�$SULO��������
� 7KH� WHPSHUDWXUH� GHSHQGHQFHV� RI� HOHFWULFDO� UHVLVWDQFH� DORQJ� WKH� F�D[LV� DQG� LQ� WKH� DE

SODQH�IRU�+R%D�&X�2�±G� VLQJOH�FU\VWDOV�ZLWK�YDULRXV�R[\JHQ�FRQWHQW�KDYH�EHHQ�PHDVXUHG�7KH�WHPSHUDWXUH�GHSHQGHQFHV�RI�WKH�SVHXGRJDS�YDOXH�KDYH�EHHQ�GHWHUPLQHG��7KHVH�GHSHQG�
HQFHV�KDYH�EHHQ�VKRZQ�WR�EH�GHVFULEHG�VDWLVIDFWRULO\�ZLWKLQ�WKH�IUDPH�RI�FURVVRYHU��%&6�
%(.�� WKHRU\�� 7KH� LQWHQVLILFDWLRQ� RI� ORFDOL]DWLRQ� HIIHFWV� UHVXOWV� LQ� GHSUHVVLRQ� RI� WKH
SVHXGRJDS� VWDWH�� $� FRQVLGHUDEOH� DQLVRWURS\� RI� WKH� VXSHUFRQGXFWLYH� SURSHUWLHV� KDV� EHHQ
REVHUYHG�ZKHQ�PHDVXULQJ� WKH� WHPSHUDWXUH�GHSHQGHQFHV� RI� HOHFWULFDO� UHVLVWDQFH�DORQJ�DQG
DFURVV�WKH�EDVLV�SODQH�
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,W� LV� ZHOO� NQRZQ� WKDW� WKH� FKDQJH� RI� WKH
R[\JHQ� DQG� LPSXULW\� FRQFHQWUDWLRQV� LQ
KLJK�WHPSHUDWXUH� VXSHUFRQGXFWLQJ� FRP�
SRXQGV� �+76&�� LQIOXHQFHV� VXEVWDQWLDOO\� WKH
FXUUHQW� FDUULHU� GHQVLW\�� WKH� PDWHULDO� WKHU�
PDO� DQG� HOHFWULFDO� FRQGXFWLYLW\� >����@�� 5H�
FHQWO\�� WKH� UHDOL]DWLRQ� RI� SVHXGRJDS� VWDWH
�3*��DQRPDOLHV�DULVLQJ�LQ�WKH��XQGHUGRSHG�
+76&�FRPSRVLWLRQV�ZLWK� ORZHU� FXUUHQW� FDU�
ULHU� FRQFHQWUDWLRQ� WKDQ� WKH� RSWLPXP� RQH
�VHH��H�J���>�Ü�@���$FFRUGLQJ�WR�PRGHUQ�FRQ�
FHSWV�� WKHUH�DUH� WZR�PDLQ�VFHQDULRV� IRU� WKH
RQVHW�RI�WKH�3*�DQRPDOLHV�LQ�+76&�V\VWHPV�
$FFRUGLQJ� WR� WKH� ILUVW� VFHQDULR�� WKH�3*�DS�
SHDUDQFH� LV� UHODWHG� WR� �GLHOHFWULF�� W\SH
VKRUW�UDQJH� RUGHU� IOXFWXDWLRQV�� H�J��� WKH
DQWL�IHUURPDJQHWLF� IOXFWXDWLRQV�� VSLQ� DQG
FKDUJLQJ� GHQVLW\� ZDYHV�� HWF�� �VHH� >�@� IRU� D
UHYLHZ��� 7KH� VHFRQG� VFHQDULR� VXSSRVHV� WKH

IRUPDWLRQ� RI� &RRSHU� SDLUV� DOUHDG\� DW� WHP�
SHUDWXUHV� VXEVWDQWLDOO\� H[FHHGLQJ� WKH� FULWL�
FDO� RQH�� ��!!��°�� IROORZHG� E\� WKH� HVWDE�OLVKPHQW�RI�WKHLU�SKDVH�FRKHUHQFH�DW�����7F>����@�� 'HVSLWH� WKH� H[WHQVLYH� H[SHULPHQWDO
PDWHULDO� FROOHFWHG� XQWLO� QRZ�� WKLV� TXHVWLRQ
UHPDLQV�VWLOO�XQGHWHUPLQHG��:LWKLQ�WKLV�DV�
SHFW��WKH�PRVW�SURPLVLQJ�PDWHULDOV�WR�VWXG\
DUH�FRPSRXQGV�RI�WKH�5H%D�&X�2�±G�V\VWHP�5H� �<�RU�RWKHU�UDUH�HDUWK�LRQ���WKDW�LV�GXH
WR�WKH�DFTXLUHG�NQRZOHGJH�LQ�VLQJOH�FU\VWDOV
SURGXFWLRQ� WHFKQRORJ\� DQG� WKH� UHODWLYHO\
HDV\� ZD\� WR� UHSODFH� \WWULXP� ZLWK� LWV� LVR�
HOHFWURQ�UDUH�HDUWK�DQDORJXHV��7KLV��LQ�WXUQ�
PDNHV�LW�SRVVLEOH�WR�YDU\�WKH�FRPSRXQG�FRQ�
GXFWLYLW\� FKDUDFWHULVWLFV� E\� SDUWLDO� RU� FRP�
SOHWH�VXEVWLWXWLRQ�RI�LWV�FRPSRQHQWV��,Q�WKLV
ZRUN��ZH� UHSRUW� WKH� UHVXOWV� FRQFHUQLQJ� WKH
3*�YDOXH�HYROXWLRQ�DQG�WHPSHUDWXUH�GHSHQG�

)XQFWLRQDO�0DWHULDOV�����1R��������� �������Û�,QVWLWXWH�IRU�6LQJOH�&U\VWDOV
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HQFH��WKDW�KDYH�EHHQ�REWDLQHG�E\�PHDVXULQJ
WKH�FRQGXFWLYLW\�LQ�WKH�DE�SODQH�DQG�WKH�HQ�
HUJ\� FKDUJH� WUDQVIHU� JDSV� DORQJ�F� D[LV��� LQ
R[\JHQ� GRSHG�+R%D�&X�2�±G� VLQJOH� FU\VWDOVDW�GHFUHDVLQJ�R[\JHQ�FRQWHQW��

7KH� +R%D�&X�2�±G� VLQJOH� FU\VWDOV� ZHUHJURZQ� LQ� D� JROG� FUXFLEOH� E\� VHOI�IOX[
PHWKRG�VLPLODU�WR�<%D�&X�2�±G�VLQJOH� FU\V�WDOV�V\QWKHVLV�WHFKQRORJ\�GHVFULEHG�LQ�GHWDLO
LQ� >�@�� )RU� WKH� UHVLVWLYLW\� PHDVXUHPHQWV�
WKH�VLQJOH� FU\VWDOV�RI��u���r����PP�� �6DP�
SOH� .��� DQG� ���u���u����PP�� �6DPSOH� .��
VL]HV�ZHUH�VHOHFWHG�ZLWK�WKH�°�D[LV�RULHQWHG
DORQJ� WKH� VPDOOHVW� GLPHQVLRQ�� 7KH� H[SHUL�
PHQWDO� JHRPHWU\� ZDV� VHOHFWHG� VR� WKDW� WKH
WUDQVSRUW� FXUUHQW� YHFWRU� ZDV� GLIIHUHQW� IURP
WKH� WZLQ� ERXQGDULHV� �7%�� RULHQWDWLRQ� LQ� WKH
DE�SODQH��DV�LV�VKRZQ�LQ�WKH�LQVHW�RI�)LJ����D��
7KH�HOHFWULF�FRQWDFWV�ZHUH�IRUPHG�DFFRUGLQJ
WR� WKH� VWDQGDUG� IRXU�FRQWDFW� VFKHPH�E\� DS�
SO\LQJ� VLOYHU�SDVWH� RQWR� WKH� FU\VWDO� VXUIDFH
DQG� WKH� FRQQHFWLRQ� RI� JROG� FRQGXFWRUV
������PP�LQ�GLD����7KLV�SURFHGXUH�SURYLGHG
D� FRQWDFW� WUDQVLWLRQ� UHVLVWDQFH� RI� OHVV� WKDQ

��:��7KH�HOHFWULF� UHVLVWDQFH� LQ� WKH�DE�SODQH
DQG� DORQJ� F�D[LV� ZDV� PHDVXUHG� XVLQJ� WKH
VWDQGDUG�PHWKRG�IRU�WZR�RSSRVLWH�GLUHFWLRQV
RI� D� GF� FXUUHQW� XS� WR� ��� P$�� DV� LW� ZDV
GHVFULEHG�LQ�GHWDLO�LQ�>�@��7R�REWDLQ�VDPSOHV
ZLWK� DQ� RSWLPXP� R[\JHQ� FRQWHQW� DQG� KLJK
�°�� WKH� FU\VWDOV� ZHUH� DQQHDOHG� LQ� R[\JHQIORZ� DW� ����&� IRU� �� GD\V�� 7R� GHFUHDVH� WKH
R[\JHQ� FRQWHQW�� WKH� FU\VWDOV�ZHUH� DQQHDOHG
LQ� YDFXXP� DW� ����&�� 7KH� SDUDPHWHUV� DQG
WKH�GDWD�REWDLQHG�IRU�WKH�VDPSOHV�DUH�JLYHQ
LQ�7DEOH��7KH�WHPSHUDWXUH�ZDV�PHDVXUHG�E\
D� FRSSHU�FRQVWDQWDQ� WKHUPRFRXSOH�� $OO� WKH
PHDVXUHPHQWV� ZHUH� FDUULHG� RXW� WKUHH� GD\V
DIWHU� DQQHDOLQJ�� WKXV� SURYLGLQJ� DQ� HTXLOLE�
ULXP� R[\JHQ� GLVWULEXWLRQ� RYHU� WKH� VDPSOH
YROXPH��DW�URRP�WHPSHUDWXUH�>�@��

7KH�UF�7��GHSHQGHQFHV�PHDVXUHG�SULRU�WRDQG�DIWHU�WKH�VDPSOH�DQQHDOLQJ�DW�GLIIHUHQW
WHPSHUDWXUHV� DUH� VKRZQ� LQ� )LJ����D��� 7KH
UHVLVWLYH� WUDQVLWLRQV� WR� WKH� VXSHUFRQGXFWLYH
VWDWH� DUH� VKRZQ� LQ� )LJ����E��� ,W� FDQ� EH� QR�
WLFHG� WKDW� DV� WKH� R[\JHQ� FRQFHQWUDWLRQ� LV
UHGXFHG��UF� LQFUHDVHV��7F� GHFUHDVHV� DQG� WKH

)LJ�����7HPSHUDWXUH�GHSHQGHQFHV�UF�7��DORQJ�F�D[LV�LQ�FRRUGLQDWHV�U�U����Û�7��D���OQ>�U�U�����7@�Ü
��7� �F��� OQ>�U�U�����7���@�Ü���7���� �G��� 7KH� UHVLVWLYH� WUDQVLWLRQV� WR� WKH� VXSHUFRQGXFWLQJ� VWDWH� DUH
VKRZQ�LQ�)LJ����E���7KH�RSHQ�V\PEROV�IRU�.��FU\VWDO�GDWD��WKH�IXOO�RQHV��WR�WKH�.���7KH������DQG���
��FXUYHV�DUH�PHDVXUHG�SULRU�WR�DQG�DIWHU�UHGXFWLRQ�RI�WKH�R[\JHQ�FRQWHQW��UHVSHFWLYHO\��,Q�WKH�LQVHW
WKH�H[SHULPHQW�JHRPHWU\�LV�VKRZQ�VFKHPDWLFDOO\�
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UF�7��FXUYHV�VKRZ�D�WUDQVLWLRQ�IURP�WKH�PH�WDOOLF�EHKDYLRU�WR� WKDW�ZLWK�D�FKDUDFWHULVWLF
VHPLFRQGXFWRU�GHIOHFWLRQ��,Q�)LJV����F��DQG���G��
WKH�VDPH�GHSHQGHQFHV�DUH�VKRZQ�LQ�FRRUGLQDWHV
OQ�UF�7��Ü����� DQG� OQ�UF�7�����Ü��������� WKDWFRUUHVSRQG�WR�WKH�GHVFULSWLRQ�RI�UF� �I�7��IXQF�WLRQ�E\�PHDQV�RI�DQDO\WLFDO�H[SUHVVLRQV�

UF� �$ 7H[S�'F�e�7�� ���

UF� �%7��e�H[S�7��e�7��e��� ���
ZKHUH�$��%��DQG�7��DUH�FRQVWDQWV�DQG�'F� LVWKH� DFWLYDWLRQ� HQHUJ\�� ,W� LV�NQRZQ�WKDW� WKH
ILUVW�H[SUHVVLRQ�LV�W\SLFDO�IRU�WKH�DFWLYDWLRQ
PHFKDQLVP�RI�WKH�FDUULHU�PRWLRQ��ZKLOH�WKH
VHFRQG� RQH� LV� W\SLFDO� IRU� WKH� KRSSLQJ� FRQ�
GXFWDQFH�ZLWK�D�YDULDEOH�KRSSLQJ�OHQJWK��,W
LV� VHHQ� IURP� WKH� )LJXUH� WKDW� IRU� VDPSOHV
ZLWK�RSWLPXP�R[\JHQ�FRPSRVLWLRQ��WKH�UF�7�

GHSHQGHQFH�RI�LV�EHWWHU�ILWWHG�E\�WKH�(T�����
ZKLOH� IRU� R[\JHQ�GHILFLHQW� VDPSOHV�� WKH� GH�
SHQGHQFHV�DUH�EHWWHU�GHVFULEHG�E\�(T������,W�LV
DOVR�VHHQ�IURP�WKH�)LJXUH�WKDW�WKH�VORSH�RI�WKH
FXUYHV�LQFUHDVHV�ZLWK�WKH�LQFUHDVLQJ�R[\JHQ�GH�
ILFLHQF\��ZKLFK��LQ�WXUQ��PHDQV�WKDW�WKH�DFWLYD�
WLRQ�HQHUJ\�DOVR�LQFUHDVHV��VHH�7DEOH���,W�LV�DOVR
WR�QRWH�WKDW�WKH�VORSH�RI�WKH�FXUYH�FRUUHVSRQG�
LQJ� WR� WKH� PLQLPXP� 7F|��� z� FKDQJHV� PRUHWKDQ�WZLFH�DW�����.�DQG����.��ZKDW��LQ�WXUQ�
FRUUHVSRQGV� WR� WKH� DFWLYDWLRQ� HQHUJ\� FKDQJH
IURP� ��� WR� ��� DQG� WR� ���� PH9�� UHVSHFWLYHO\�
DQG� UHIOHFWV� WKH� SUHVHQFH� RI� SKDVH� WUDQVLWLRQV
REVHUYHG�EHIRUH�>�@�IRU�<%D&X2�VLQJOH�FU\VWDOV�
$FFRUGLQJ�WR�>�@��VXFK�SKDVH�WUDQVLWLRQV�DIIHFW
WKH�FKDUJH�WUDQVSRUW�NLQHWLFV��7KXV��WKH�FRQVLG�
HUDWLRQ� RI� WKH� H[SHULPHQWDO� GDWD� REWDLQHG� DO�
ORZV�XV�WR�VXSSRVH�WKDW�WKH�GHFUHDVLQJ�R[\JHQ
FRQWHQW� UHVXOWV� LQ� ORFDOL]DWLRQ� RI� WKH� FDUULHUV

)LJ�����7HPSHUDWXUH�GHSHQGHQFHV�RI�WKH�HOHFWULF�UHVLVWDQFH�LQ�WKH�DE�SODQH�UDE�7��IRU�WKH�.��FU\VWDO�RSHQ�V\PEROV��DQG�IRU�WKH�.��FU\VWDO��IXOO�V\PEROV��PHDVXUHG�SULRU�WR��D��DQG�DIWHU��E��WKH�WKH�R[\JHQ
FRQWHQW� UHGXFWLRQ�� ,QVHWV� VKRZ� WKH� UHVLVWLYH� WUDQVLWLRQV� LQWR� WKH� VXSHUFRQGXFWLQJ� VWDWH� LQ� 5� Û� 7
FRRUGLQDWHV��>�È�Ü���@��>�E�Ü���@�DQG�LQ�G5�G7�Ü�7�FRRUGLQDWHV��>�È�Ü���@�DQG�>�E�Ü���@�
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DORQJ� WKH�F�D[LV�GLUHFWLRQ�DQG�LQ�D�PRGLILFD�
WLRQ�RI�WKH�OD\HU�LQWHUDFWLRQ�

,Q�)LJ�����VKRZQ�DUH�WKH�WHPSHUDWXUH�GH�
SHQGHQFHV� RI� WKH� HOHFWULF� UHVLVWDQFH� LQ� WKH
DE�SODQH�� UDE�7��� IRU� WKH� VDPH� VDPSOHV�PHDVXUHG�SULRU�WR��D��DQG�DIWHU��E��WKH�R[\�
JHQ�FRQWHQW�UHGXFWLRQ��$�SULQFLSDO�EHKDYLRU
GLIIHUHQFH� RI� WKHVH� GHSHQGHQFHV� LV� VHHQ� DV
FRPSDUHG�WR�WKRVH�REVHUYHG�ZKHQ�PHDVXULQJ
WKH�WHPSHUDWXUH�GHSHQGHQFH�RI�HOHFWULFDO�UH�
VLVWDQFH� SHUSHQGLFXODU� WR� WKH� EDVLV� SODQH�
:KLOH� WKH� R[\JHQ� VWRLFKLRPHWU\� GHIOHFWLRQ
UHVXOWV� LQ� D�PHWDO�VHPLFRQGXFWRU� WUDQVLWLRQ
IRU� WKH� U°���� FXUYHV� UHODWHG� WR� WKH� EDVLFSODQH�� WKH� OLQHDU� UDE���� GHSHQGHQFHV� DUHPDLQWDLQHG� ZLWKLQ� D� FRQVLGHUDEOH� UDQJH� RI
UDWKHU� KLJK� WHPSHUDWXUHV�� 7KLV�� DFFRUGLQJ
WR�1$)/� >�@�� HYLGHQFHV� UHOLDEO\� WKH�QRUPDO
V\VWHP� VWDWH�� $W� IXUWKHU� WHPSHUDWXUH� GH�
FUHDVLQJ�EHORZ�D�FHUWDLQ�FKDUDFWHULVWLF�YDOXH
7�� D� GHYLDWLRQ� RI� UDE�7�� IURP� WKH� OLQHDUGHSHQGHQFH� RFFXUV�� ZKLFK� HYLGHQFHV� WKH
SUHVHQFH� RI� VRPH� H[FHVV� FRQGXFWLYLW\� WKDW
PD\� EH� FDXVHG� E\� WUDQVLWLRQ� WR� WKH
SVHXGRJDS��3*��UHJLPH��WKDW�ZLOO�EH�FRQVLG�
HUHG�LQ�GHWDLO�EHORZ��

,W� LV� VHHQ� IURP� 7DEOH� DQG� )LJ����E�� WKDW
DV�R[\JHQ�FRQFHQWUDWLRQ�GHFUHDVHV��WKH�FULWL�
FDO� WHPSHUDWXUH� GHFUHDVHV�� WKH� DEVROXWH
YDOXH� RI� HOHFWULF� UHVLVWDQFH� LQFUHDVHV� DQG
WKH� DUHD� RI� WKH� OLQHDU� UDE�7�� GHSHQGHQFHQDUURZV� VLJQLILFDQWO\�� 7KH� VPDOO� ZLGWK� RI
WKH� VXSHUFRQGXFWLQJ� WUDQVLWLRQ� �'7Fd����.�LQFUHDVHV�FRQVLGHUDEO\��DQG�IRU�WKH�.��VDP�
SOH�WKH�WUDQVLWLRQ�DFTXLUHV�D�VWHS�OLNH�FKDU�
DFWHU� ZKLFK� HYLGHQFHV� REYLRXVO\� WKH� RFFXU�
UHQFH�RI�WZR�SKDVHV�LQ�WKH�VDPSOH�ZLWK�GLI�
IHUHQW� VXSHUFRQGXFWLYH� WUDQVLWLRQ� FULWLFDO
WHPSHUDWXUHV�� %HFDXVH� VXFK� D� ZLGH� ERWWRP
VWHS�ZDV�QRW�REVHUYHG� LQ�WKH�PHDVXUHPHQWV
RI�.�� VDPSOH� �,�__�7%�� �RSHQ� V\PEROV��� LW� LV
ORJLFDO� WR� H[SODLQ� LWV� H[LVWHQFH� LQ� WKH� ILUVW
FDVH� E\� WKH� VXSHUFRQGXFWLYLW\� VXSSUHVVLRQ
DW�7%��7KH�DERYH� LV� FRQILUPHG�E\� D� FOHDUO\
GHILQHG� VWHS�OLNH� IRUP� RI� WKH� VXSHUFRQ�
GXFWLQJ� �6&�� WUDQVLWLRQ� REWDLQHG� IURP� WKH
U°�7��PHDVXUHPHQWV� LQ�WKH�VDPH�.��FU\VWDODORQJ� °�D[LV� �)LJ����E���� ,Q� IDFW�� WKH� SUR�
QRXQFHG�VWHS�SUHVHQFH� LQ�WKH�UDE�7�� LPSOLHVWKH� SUHVHQFH� RI� SHUFRODWLRQ� SDWKV� IRU� WKH
WUDQVSRUW� FXUUHQW� LQ� WKH� KLJK�WHPSHUDWXUH
SKDVH� ZKHQ� ,__7%__F� DQG� WKHLU� DEVHQFH� ZKHQ
WKH�DQJOH�EHWZHHQ�,�DQG�7%�LV������,W�VKRXOG
EH�DOVR�QRWHG�WKDW�VXFK�D�IHDWXUH�LQ�WKH�6&
WUDQVLWLRQ� ZDV� VKRZQ� IRU� WKH� .�� FU\VWDO
HYHQ�EHIRUH�R[\JHQ�GHSOHWLRQ���°� ����z��DVWZR�FOHDU�SHDNV�LQ�WKH�G5�7��G7�GHSHQGHQFHV
�LQVHW�����LQ�)LJ����D����7KH�ZLGWK�LQFUHDVH�IRU

ERWK� WKH� SHDNV� XQGHU� R[\JHQ� GHILFLHQF\
�LQVHW� ���� LQ�)LJ����E��� VKRZV� WKDW� WKH�GLIIHU�
HQFH� EHWZHHQ� WKH� FULWLFDO� WHPSHUDWXUHV� RI
WKH� ORZ�DQG� KLJK�WHPSHUDWXUH� VXSHUFRQ�
GXFWLQJ� SKDVHV� �°�� DQG� �°�� LQFUHDVHV� �VHH7DEOH��

$� VHFRQG� LPSRUWDQW� IHDWXUH� RI� WKH� HOHF�
WULF�UHVLVWLYLW\�WHPSHUDWXUH�GHSHQGHQFHV�IRU
WKH� VDPSOHV� ZLWK� ORZ��°� FRQVLVWV� LQ� D� VLJ�QLILFDQW� �DERXW� ��� .�� GLIIHUHQFH� EHWZHHQ
WKH� FULWLFDO� WHPSHUDWXUHV� PHDVXUHG� DORQJ
WKH� EDVLF� SODQH� DQG� SHUSHQGLFXODU� WKHUHWR�
6XFK� DQ� HIIHFW� ZDV� REVHUYHG� LQ
%L�6U�&D[&X�2��[� >�@� DQG� <%D�&X�2�±G� >�@VLQJOH�FU\VWDOV�ZLWK�D� ODUJH�GHIOHFWLRQ�IURP
R[\JHQ�VWRLFKLRPHWU\�GXULQJ�WKH�UHVLVWLYLW\
DQG� PDJQHWLF� VXVFHSWLELOLW\� PHDVXUHPHQWV�
7KH�DXWKRUV� >�@� H[SODLQHG� WKH�HIIHFW�E\�WKH
UHDOL]DWLRQ� RI� )ULGHO� WUDQVLWLRQ� LQ� WKH� VDP�
SOH� >�@�� ZKLFK� FRQVLVWV� LQ� WKH� WUDQVYHUVDO
VXSHUFRQGXFWLYLW\�VXSSUHVVLRQ�ZLWKLQ�D�WHP�
SHUDWXUH� UDQJH� XQGHU� WKH� FULWLFDO� 7I���7��7F� �7I�Û�)ULGHO� WHPSHUDWXUH��GXH� WR�D�VSH�
FLILF� PHFKDQLVP� RI� -RVHSKVRQ� YRUWLFH
JURZWK� LQ� OD\HUHG� VXSHUFRQGXFWRUV�� $V� LW
ZDV�VKRZQ�LQ�WKHRUHWLFDO�ZRUN� >��@��WKH�UH�
DOL]DWLRQ�RI� VXFK�PHFKDQLVP� LQ�UHDO� FU\VWDO
LV� SRVVLEOH� LQ� FDVH� RI� VRPH� GLVUXSWLRQ� LQ
SHULRGLFDO�GLVWULEXWLRQ�RI�FRQGXFWLQJ�OD\HUV�
7KH� REVHUYHG� HIIHFW� VHHPV� WR� UHVXOW� DOVR
IURP� WKH� VDPSOH� LQKRPRJHQHLW\�� IRU� H[DP�
SOH��IURP�WKH�VXSHUFRQGXFWLYLW\�VXSSUHVVLRQ
DW�7%��+RZHYHU��WDNLQJ�XQGHU�FRQVLGHUDWLRQ
WKH�H[SHULPHQWDO�JHRPHWU\��ZH�FDQ�FRQFOXGH
WKDW�WKLV�LV�QRW�WKH�JRYHUQLQJ�IDFWRU�LQ�WKH
REVHUYHG��°� DQLVRWURS\�� ,Q� IDFW�� DV� LV� VHHQIURP� 7DEOH�� ZKHQ� WKH� WUDQVSRUW� FXUUHQW
SDVVHV�ERWK�DORQJ�DQG�DFURVV�WKH�7%�LQ�EDVLF
SODQH�� WKH� VLJQLILFDQW� GLIIHUHQFH� LV� PDLQ�
WDLQHG�EHWZHHQ�WKH�FULWLFDO�WHPSHUDWXUH�YDO�
XHV�PHDVXUHG�DORQJ�F� D[LV�DQG� LQ�DE�SODQH�
LQFOXGLQJ� WKH� �°�� DQG� �°�� YDOXHV� REVHUYHGIRU� ERWK� SHDNV� LQ� G5����G7� GHSHQGHQFHV�
$FFRUGLQJ�WR�>�@��D�SHULRGLFLW\�GLVUXSWLRQ�LQ
WKH�FRQGXFWLYH�OD\HUV�GLVWULEXWLRQV�FRXOG�EH
GXH�WR�WKH�H[LVWHQFH�RI�OD\HUV�ZLWK�GLIIHUHQW
7F� ZLWKLQ� WKH� VDPSOH�� VHSDUDWHG� IURP� HDFKRWKHU��7KLV�VFHQDULR� LV�HYLGHQFHG�E\�UHVXOWV
>�@�ZKLFK�GHPRQVWUDWH�WKDW�WKH�R[\JHQ�FRQ�
FHQWUDWLRQ� UHGXFWLRQ� LQ�<%D�&X�2�±G� VLQJOHFU\VWDOV� FDXVHV� WKH� FRQGXFWLQJ� VXEV\VWHP
GLVLQWHJUDWLRQ� LQWR� VHYHUDO� SKDVHV�ZLWK�GLI�
IHUHQW��°��7KH�H[LVWHQFH�RI�VLPLODU�SKDVHV�LVQRW�REVHUYHG�RIWHQ�GXULQJ�WKH�UHVLVWLYLW\�6&
WUDQVLWLRQV�PHDVXUHG�LQ�WKH�DE�SODQH�GXH�WR
SHUFRODWLRQ� SDWKV� RI� WKH� WUDQVSRUW� FXUUHQW
LQ�WKH�SKDVH�ZLWK�PD[LPXP��°��OLNH�LW�LV�LQFDVH� ZKHQ� ,__7%__F� Û� RSHQ� V\PEROV� LQ� WKH
LQVHWV�����DQG�����LQ�)LJ�����
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$V� LW�ZDV� DERYH�PHQWLRQHG�� EHORZ�D�FHU�
WDLQ� FKDUDFWHULVWLF� WHPSHUDWXUH� 7�� WKH
UDE�7�� GHSHQGHQFHV� EHFRPH� �URXQGHG��� SHU�KDSV� WKLV� IDFW�PLJKW� EH� GXH� WR� WKH� DSSHDU�
DQFH� RI� DQ� H[FHVV� FRQGXFWLYLW\� GHWHUPLQHG
E\�WKH�UHODWLRQVKLS

'V� �V���V�� ���
ZKHUH�V�� �U�Ü�� ��k���{��Ü��LV�WKH�FRQGXF�WLYLW\� YDOXH� GHWHUPLQHG� E\� H[WUDSRODWLQJ� WKH
OLQHDU�VHFWLRQ�WR�]HUR�WHPSHUDWXUH�DQG�V� �UÜ�
LV�WKH�H[SHULPHQWDO�FRQGXFWLYLW\�LQ�WKH�QRU�
PDO� VWDWH�� 7KH� WHPSHUDWXUH� GHSHQGHQFHV� RI
WKH� H[FHVV� FRQGXFWLYLW\� LQ� OQ'V�Ü���7� DQG
'V�Ü��� �LQVHW� �È��� FRRUGLQDWHV� DUH� VKRZQ� LQ
)LJ�����,W�LV�VHHQ�WKDW�WKHVH�GHSHQGHQFHV�DUH
OLQHDU� LQ� D� ZLGH� WHPSHUDWXUH� LQWHUYDO�� LQ
DJUHHPHQW�ZLWK�WKH�H[SUHVVLRQ��

'VaH[S�'DE �e�7� ���

ZKHUH� 'DE� LV� D� TXDQWLW\� GHILQLQJ� D� FHUWDLQWKHUPR�DFWLYDWLRQ� SURFHVV� DFURVV� WKH� HQHUJ\
JDS�� DOVR� FDOOHG� �SVHXGR�JDS�� �3*��� $V� LW� LV
VHHQ� IURP� 7DEOH�� WKH� 3*� YDOXH� FDOFXODWHG
IURP� ����� UHGXFHV� IURP� ��� WR� ��� PH9� ZLWK
GHFUHDVLQJ� R[\JHQ� FRQFHQWUDWLRQ�� 7KXV�� D
FOHDU�FRUUHODWLRQ�H[LVWV�LQ�WKH�HYROXWLRQ�RI�WKH
3*�YDOXH�'DE� LQ�WKH�EDVLF�SODQH�DQG�WKH�HQ�HUJ\�JDS�RI� FKDUJH� WUDQVIHU�DORQJ�WKH�F� D[LV
GLUHFWLRQ�'°�� DV� R[\JHQ� FRQFHQWUDWLRQ�YDULHV�
7KH� 'DE� YDOXH� GHFUHDVHV� ZKLOH� 'F� LQFUHDVHV�DQG�YLFH�YHUVD��7KXV�� WKH�DQDO\VLV�RI� WKH�RE�
WDLQHG� H[SHULPHQWDO� GDWD� DOORZ� XV� WR� FRQFOXGH
WKH� 3*�UHJLPH� VXSSUHVVLRQ� DW� D� VLPXOWDQHRXV
DPSOLILFDWLRQ�RI�WKH�ORFDOL]DWLRQ�HIIHFWV�

7KH� H[SRQHQWLDO� GHSHQGHQFH� 'V���� ZDV
REVHUYHG� LQ� <%D&X2� FHUDPLFV� >��@�� ILOPV
>�@�� DQG� PDQJDQHVH� GRSHG� VDPSOHV� >��@�
ZLWK�FRPSDUDEOH�'�YDOXHV��$V�VKRZQ�LQ�>�@�
WKH� H[SHULPHQWDO� GDWD� DSSUR[LPDWLRQ� FRXOG
EH�H[WHQGHG�VLJQLILFDQWO\�E\�LQWURGXFLQJ�WKH
���Ü������ IDFWRU�� ,Q� WKLV� FDVH�� WKH� H[FHVV
FRQGXFWLYLW\� LV� SURSRUWLRQDO� WR� WKH� GHQVLW\
RI� VXSHUFRQGXFWLQJ� FDUULHUV� QV�a����Ü�����DQG� LQ� LQYHUVH�SURSRUWLRQ�WR�WKH�QXPEHU�RI
SDLUV� aH[S�Ü'�N7�� GHVWUR\HG� E\� WKHUPDO
PRWLRQ��

'V�a��������e���H[S�'DE �e�7� ���
7�LV�FRQVLGHUHG�DV�WKH�ILHOG�DYHUDJHG�VXSHU�
FRQGXFWLQJ� WUDQVLWLRQ� WHPSHUDWXUH�� ZKLOH
WKH�WHPSHUDWXUH� LQWHUYDO�7F���7���7�ZKHUHWKH�SVHXGRJDS�VWDWH�H[LVWV�LV�GHILQHG�E\�WKH

ULJLGLW\�RI�WKH�RUGHU�SDUDPHWHU�SKDVH�ZKLFK
GHFUHDVHV� DV� WKH� R[\JHQ� GHILFLHQF\� LQ�
FUHDVHV�� ,W� LV� VHHQ� LQ� )LJ���� WKDW� WKH� 'DEYDOXH�LV�HVVHQWLDOO\�WHPSHUDWXUH�LQGHSHQGHQW
IDU�IURP����'DE� �'PÈ²��DQG�EHFRPHV�WHP�SHUDWXUH�GHSHQGHQW� TXDQWLW\� ZKHQ� DS�
SURDFKLQJ����

'DE ����a�'PD[ �������e�����e��� ���

7KH� 'V���� GHSHQGHQFH� DSSUR[LPDWLRQ� E\
H[SUHVVLRQV����������DQG�����LV�VKRZQ�LQ�)LJ���
E\�GDVK�DQG�GRW��GRW�DQG�GDVK�OLQHV��UHVSHF�
WLYHO\��,Q�VXFK�D�PDQQHU��XVLQJ�WKH�PHWKRG�
RORJ\� SURSRVHG� LQ� >�@�� WKH� WHPSHUDWXUH� GH�
SHQGHQFH� 'DE���� FDQ� EH� FRQVWUXFWHG� IURPWKH� H[SHULPHQWDO� FXUYH� OQ'V� XS� WR� WKH� SRLQW
��� ,QVHW� �E�� LQ� )LJ���� VKRZ� WKH� WHPSHUDWXUH
3*�GHSHQGHQFHV� LQ�'����'PÈ²�Ü����� FRRUGL�QDWHV��'PÈ²�LV�WKH�SODWHDX�'�YDOXH�IDU�IURP���� 7KH�'����'���� YV������ GHSHQGHQFH� LQ
WKLV� )LJXUH� DUH� VKRZQ� E\� WKH� GRWWHG� OLQH�
7KH� GHSHQGHQFHV� ZHUH� FDOFXODWHG� DFFRUGLQJ
WR� >������@�XVLQJ� WKH�DYHUDJH� ILHOG�DSSUR[L�
PDWLRQ�ZLWKLQ�WKH�%&6�%(.�FURVVRYHU�WKHR�
UHWLFDO� PRGHO�� WDNLQJ� DV� WKH� FURVVRYHU� SD�

)LJ����� 7HPSHUDWXUH� GHSHQGHQFHV� RI� WKH� H[�
FHVV� FRQGXFWLYLW\� LQ� WKH�DE�SODQH� IRU� WKH�.�
FU\VWDO� LQ� OQ�'V��Ü���7�DQG�'V�Ü��� >LQVHW� �È�@
FRRUGLQDWHV� PHDVXUHG� SULRU� WR� DQG� DIWHU� WKH
R[\JHQ� FRQWHQW� UHGXFWLRQ� �FXUYHV� �� DQG� ��
UHVSHFWLYHO\��� ,QVHW� �E�� SUHVHQWV� WKH
SVHXGRJDS� WHPSHUDWXUH� GHSHQGHQFHV� LQ� WKH
'����'PD[�Ü����� FRRUGLQDWHV� �'PD[� LV�SOD�
WHDX�'�YDOXH�IDU�IURP�����7KH�RSHQ�V\PEROV
DUH�IRU�.��FU\VWDO�GDWD��WKH�IXOO�RQHV��IRU�.��
7KH�FXUYHV�GHQRWHG�E\�VTXDUHV�ZHUH�PHDVXUHG
SULRU� WR� WKH� R[\JHQ� FRQWHQW� UHGXFWLRQ�� WKRVH
GHQRWHG�E\�FLUFOHV��DIWHU�WKDW��7KH�RWWHG� OLQH
VKRZV�WKH�'����'����YV������GHSHQGHQFH�FDO�
FXODWHG�LQ�>������@�
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UDPHWHU� P�'���� ���� �ZKHUH� P� LV� FKHPLFDO
SRWHQWLDO� RI� WKH� FDUULHU� V\VWHP�� '����� WKH
HQHUJ\� JDS� YDOXH� IRU� �� ����� 7DNLQJ� LQWR
FRQVLGHUDWLRQ� WKH� FRQYHQWLRQDOLW\� LQ� GHWHU�
PLQLQJ�WKH�3*�RSHQLQJ�YDOXH�7�DV�D�GHYLD�
WLRQ�IURP�OLQHDULW\�LQ�WKH�5�7��GHSHQGHQFH�
ZH� PD\� FRQVLGHU� WKH� H[SHULPHQW� WR� DJUHH
ZHOO�ZLWK�WKH�WKHRU\�

$V� LV� VKRZQ� LQ� )LJ����� 'V� LQFUHDVHV
VKDUSO\� ZKHQ� DSSURDFKLQJ� �°�� ,W� LV� ZHOONQRZQ� >��@� WKDW� WKH� H[FHVV� FRQGXFWLYLW\
QHDU��°�LV�FDXVHG�E\�WKH�IOXFWXDWLQJ�SDLULQJRI�FDUULHUV��)&��WKH�FRQWULEXWLRQ�RI�ZKLFK�WR
WKH� FRQGXFWLYLW\� DW� 7�!�7F�� UHJDUGLQJ� WKHWZR�GLPHQVLRQDO���'��DQG�WKUHH�GLPHQVLRQDO
��'��FDVHV��DUH�GHVFULEHG�E\�WKH�HTXDWLRQV�

'V�'� � H�
��KGH���

���

'V�'� � H�
��K[F���

H��e�� ���

ZKHUH� H� ��7�Ü�7F��7F�� Ë� LV� HOHFWURQ� FKDUJH�
[°���� LV�WKH�FRKHUHQFH�OHQJWK�DORQJ�F�D[LV�DW
��o���� DQG� G�� D� FKDUDFWHULVWLF� VL]H� RI� WKH
WZR�GLPHQVLRQDO� OD\HU��$V�PHQWLRQHG�DERYH�
WKH��°� YDOXH�ZDV�GHWHUPLQHG� LQ� RXU� FDVH� LQWKH� PD[LPXP� SRLQW� RI� WKH� G5DE�7��G7� GH�SHQGHQFH� LQ� WKH� VXSHUFRQGXFWLYH� WUDQVLWLRQ
DUHD� FRUUHVSRQGLQJ� WR� WKH� KLJK�WHPSHUDWXUH
SKDVH��)LJ�����

,Q� )LJ����� WKH� 'V���� GHSHQGHQFHV� DUH� SUH�
VHQWHG�LQ�OQ'V�OQH��FRRUGLQDWHV��,Q�WKH�WHPSHUD�
WXUH�LQWHUYDO�EHWZHHQ��°�DQG������Ü������°��GH�SHQGLQJ� RQ� WKH� R[\JHQ� FRQFHQWUDWLRQ��� WKHVH
GHSHQGHQFHV�DUH�DSSUR[LPDEOH�ZHOO�E\�VWUDLJKW
OLQH�ZLWK�D�VORSH�RI�WJD�|Ü����� LQ�DFFRUGDQFHWR�WKH�SRZHU�LQGH[�Ü����LQ�WKH�HTXDWLRQ�����
WKXV�HYLGHQFLQJ�WKH��'�FKDUDFWHU�RI�IOXFWX�
DWLQJ� VXSHUFRQGXFWLYLW\� ZLWKLQ� WKLV� WHP�
SHUDWXUH�UDQJH��$W�WKH�IXUWKHU�WHPSHUDWXUH
HOHYDWLRQ�� WKH�'V� GHFOLQH� UDWH� LQFUHDVHV� DS�
SUHFLDEO\��WJD�|Ü����7KLV�LV�DQ�LQGLFDWLRQ�RIWKH� IOXFWXDWLRQ� FRQGXFWLYLW\� �)&�� GLPHQ�
VLRQDO� FKDQJH�� 7KHQ�� LW� IROORZV� IURP� WKH
HTXDWLRQV� ���� DQG� ���� WKDW� DW� WKH� �'��'
FURVVRYHU�SRLQW��

[F���H���e�� �G�e��� ���
,Q� WKLV� FDVH�� KDYLQJ� GHWHUPLQHG� WKH� H�YDOXH�DQG�XVLQJ�SXEOLVKHG�GDWD�RQ�WKH�LQWHU�

SODQH� GLVWDQFH� GHSHQGHQFH� RQ� G� >��@
�G|�����c���ZH� FDQ� FDOFXODWH� WKH� WKH� FRKHU�
HQFH�OHQJWK�[°�����$V�LV�VKRZQ�LQ�7DEOH��WKH[°���� YDOXH� FDOFXODWHG� DFFRUGLQJ� WR� ����� LQ�

FUHDVHV� IURP� ���Ü���� �º� ���� c� DV� 7°� GH�
FUHDVHV�� ZKLFK� LV� LQ� DJUHHPHQW� ZLWK� [°���YDOXHV� REWDLQHG� IRU� <%D&X2� VDPSOHV� ZLWK
YDULRXV�R[\JHQ�FRQFHQWUDWLRQV�>��@�

,Q�VXPPDU\��WKH�PDLQ�UHVXOWV�RI�WKH�SUH�
VHQW�ZRUN�DUH�DV�IROORZV��$�GHFUHDVH�RI�WKH
R[\JHQ� GRSLQJ� GHJUHH� LQ� WKH�+R%D�&X�2�±GVLQJOH� FU\VWDO� UHVXOWV� LQ� D� WUDQVLWLRQ� IURP
WKH� PHWDOOLF� EHKDYLRU� RI� WHPSHUDWXUH� FRQ�
GXFWLYLW\� GHSHQGHQFHV� DORQJ� WKH� D[LV� F� WR
WKH� KRSSLQJ� FRQGXFWLYLW\� ZLWK� D� YDULDEOH
OHQJWK� RI� KRS�� ,Q� WKH� FDVH� RI� R[\JHQ� GHIL�
FLHQF\�� SKDVH� WUDQVLWLRQV� DW� ���� DQG� ��� .
FKDQJH� WKH� DFWLYDWLRQ� HQHUJ\� RI� WKH� FKDUJH
WUDQVIHU� DORQJ� WKH� F�D[LV�� ,Q� WKH� DE�SODQH�
WKH�UHGXFWLRQ�RI�R[\JHQ�FRQWHQW�UHVXOWV�LQ�D
VLJQLILFDQWO\� QDUURZHG� OLQHDULW\� LQWHUYDO� RI
UDE�7�� GHSHQGHQFH� DQG� LQ� H[WHQGHG� LQWHUYDOZKHUH�WKH�SVHXGRJDS�UHJLPH�LV�UHDOL]HG��7KH
H[FHVV�FRQGXFWLYLW\�LV�GHVFULEHG�E\�H[SRQHQ�
WLDO� WHPSHUDWXUH� GHSHQGHQFH� ZLWKLQ� D� ZLGH
WHPSHUDWXUH� UDQJH�� :KHQ� WKH� R[\JHQ� FRQ�
WHQW� LV� YDULHG�� WKH� DEVROXWH� YDOXHV� RI� WKH
LQ�SODQH� DQG� RII�SODQH� HQHUJ\� JDSV� �LQ� WKH
DE�SODQH��DORQJ�F�D[LV��FKDQJH��WKH�VLJQV�RI
WKHLU�GHULYDWLYHV�EHLQJ�GLIIHUHQW��:KHQ�WKH
'F� LQFUHDVHV�� WKH� SVHXGRJDS� YDOXH� 'DE� GH�FUHDVHV� DQG� YLFH� YHUVD�� 7KH� WKHRUHWLFDO
PRGHO� RI� FURVVRYHU� �%&6� ��%(.��SURYLGHV� D
VDWLVIDFWRU\� GHVFULSWLRQ� RI� WKH� SVHXGRJDS
WHPSHUDWXUH� GHSHQGHQFH�� 7KH� VKLIW� WRZDUGV
ORZHU�FULWLFDO� WHPSHUDWXUH�YDOXHV� IRU� WKH� VX�
SHUFRQGXFWLQJ� WUDQVLWLRQ� IRU� WKH� U°� FRPSR�
QHQWV�DV� FRPSDUHG�WR�UDE�PD\�EH�D� UHVXOW�RI)ULGHO�WUDQVLWLRQ�LQ�WKH�LQYHVWLJDWHG�VDPSOHV�

)LJ����� &RQGXFWLYLW\� 'V���� GHSHQGHQFHV� LQ
OQ'V�Ü�OQH�FRRUGLQDWHV��7KH�FXUYHV�LQ�DUH�QX�
PHUDWHV�DV�LQ�)LJ�����7KH�GRWWHG�OLQHV�SUHVHQW
WKH� DSSUR[LPDWLRQ� DW� WJD�|Ü���� ��'� UHJLPH�
DQG�WJD�|Ü������'�UHJLPH��
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