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7KH� IUHTXHQF\� VSHFWUD� RI� XOWUDVRXQG� GLVORFDWLRQ� ORVVHV� LQ� .%U� VLQJOH� FU\VWDOV� ZLWK

GLIIHUHQW� GLVORFDWLRQV� GHQVLW\� /� KDYH� EHHQ� UHVHDUFKHG� DW� IL[HG� WHPSHUDWXUHV� LQ� WKH
7� ����Ü���.�LQWHUYDO��,W�LV�IRXQG�WKDW�DW�DQ\�7� �FRQVW�ZLWKLQ�WKH�PHQWLRQHG�UDQJH��WKH
LQYHUVLRQ� HIIHFW� LV� REVHUYHG� UHVXOWLQJ� IURP� WKH� VDPSOH� GHIRUPDWLRQ�� 7KH� HIIHFW� KDV� EHHQ
GLVFXVVHG�LQ�WKH�IUDPHZRUN�RI�WKH�GLVORFDWLRQ�LQWHUDFWLRQ�PRGHO��7KH�YLVFRVLW\�FRHIILFLHQW
%� KDV� EHHQ� HVWDEOLVKHG� WR� EH� LQGHSHQGHQW� RI�/�ZLWKLQ� WKH�ZKROH� WHPSHUDWXUH� UDQJH��7KH
H[SHULPHQWDO� GDWD� RQ� %�/�� KDYH� EHHQ� IRXQG� WR� DJUHH� ZLWK� WKH� FRQFOXVLRQV� IURP� WKH
$OVKLWV�,QGHQERP�WKHRU\�RI�G\QDPLF�GLVORFDWLRQ�GUDJ��
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5HFHQWO\��FRQVLGHUDEOH�HIIRUWV�ZHUH�PDGH
WR�VWXG\�WKH�HIIHFW�RI�ORDGLQJ�SXOVHV�GLIIHU�
LQJ� LQ� VKDSHV�� GXUDWLRQ�� DQG�DPSOLWXGH� >�@�
PDJQHWLF� ILHOG� >�Ü�@�� FRPELQHG� DFWLRQ� RI
HOHFWULF� DQG�PDJQHWLF� ILHOGV� >�@�� ;�UD\V� >�@
DQG�89� OLJKW� >��@�RQ�WKH�GLVORFDWLRQ�PRELO�
LW\� DV� ZHOO� DV� RQ� GLVORFDWLRQ� LQHODVWLFLW\� LQ
SXUH� DQG� GRSHG� $+&�� 7KLV� ZRUN� FRXOG� EH
UHODWHG�WR�WKH�DERYH�PHQWLRQH�VHW��VLQFH�LW�LV
DLPHG� DW� WKH� VWXG\� RI� WKH� GLVORFDWLRQ� G\�
QDPLFV� IHDWXUHV� LQ� LRQLF� FU\VWDOV� XQGHU
YDU\LQJ� WKH� GLVORFDWLRQ� VWUXFWXUH� VWDWH� DQG
WKH� WHVW� WHPSHUDWXUH�� ,Q� WKH� DFWXDO� RSHUD�
WLRQ� FRQGLWLRQV� RI� $+&�� WKH� SHUIRUPDQFH
FKDUDFWHULVWLFV� WKHUHRI� PD\� YDU\� FRQVLGHU�
DEO\�GXH�WR�GLVORFDWLRQ�GHDOORFDWLRQ�IURP�WKH
SLQQLQJ�FHQWHUV�VWLPXODWHG�E\�WKH�DERYH�H[�
WHUQDO� IDFWRUV�� 7KXV�� WKH� VWXGLHV� RI� WKLV
NLQG�DUH�QR�GRXEW�RI�D�SUDFWLFDO�LQWHUHVW��

7R�VROYH�WKH�SUREOHPV�FRQQHFWHG�ZLWK�WKH
VWXG\�RI�PHFKDQLVPV�FRQWUROOLQJ�WKH�YLVFRXV
GLVORFDWLRQ� GUDJ� LQ� FU\VWDOV�� WKH� SXOVH� HFKR
PHWKRG� LQ� KLJK� IUHTXHQF\� UDQJH� >��@� LV
ZLGHO\� XVHG�� $FFRUGLQJ� WR� WKH� WKHRU\� >��@�
WKH�GLVORFDWLRQ�GDPSLQJ�FRHIILFLHQW�%�LV�GH�
WHUPLQHG�RQ�WKH�GHVFHQGLQJ�EUDQFK�RI�GLVOR�
FDWLRQ�UHVRQDQFH�ZLWK�LWV�DPSOLWXGH�DQG�IUH�
TXHQF\� ORFDOL]DWLRQ� GHSHQGLQJ� RQ� WKH� WHVW
WHPSHUDWXUH�DQG�WKH�VDPSOH�SUH�VWUDLQ��7KH
LQIOXHQFH� RI� GLVORFDWLRQ� VWUXFWXUH� SDUDPH�
WHUV�FKDQJHV�GXH�WR�WKH�VDPSOH�VWUDLQLQJ�RQ
WKH�SKRQRQ�GLVORFDWLRQ�UHWDUGDWLRQ�SURFHVVHV
UHPDLQHG� XQNQRZQ� IRU� D� ORQJ� WLPH�� DO�
WKRXJK�VRPH�H[SHULPHQWV�LQ�WKLV�ILHOG�ZHUH
FRQGXFWHG�>��Ü��@��,Q�>������@�LW�ZDV�HVWDE�
OLVKHG� E\� V\VWHPDWLF� UHVHDUFK� RQ� WHPSHUD�
WXUH� VKLIW� RI� GDPSHG� GLVORFDWLRQ� UHVRQDQFH
LQ� VWUDLQHG� .%U� FU\VWDOV� WKDW� WKH� WHPSHUD�
WXUH� ORZHULQJ�IURP����� WR����.�� WKH�UHVLG�
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XDO�GHIRUPDWLRQ�YDOXH�EHLQJ�IL[HG��LW�DOZD\V
VKLIWV� LW� WRZDUGV� KLJKHU� IUHTXHQFLHV�� 7KH
LQFUHDVH� RI� VDPSOH� SUH�VWUDLQ� >��@� DW� WKH
IL[HG� WHPSHUDWXUH� �7� �����.�� UHVXOWV� LQ� D
QRQ�PRQRWRQRXV� FKDQJH� RI� UHVRQDQFH� SD�
UDPHWHUV� �GHFUHPHQW� 'P� DQG� � IP� IUHTXHQF\
DW�PD[LPXP��� IROORZLQJ� D� FXUYH� VKRZLQJ� D
PD[LPXP��$V�WKH�VWUDLQ�VWDUWV��WKH�GLVORFD�
WLRQ�UHVRQDQFH�ULVHV�LQ�DPSOLWXGH�DQG�VKLIWV
WRZDUGV� ORZHU� IUHTXHQFLHV�� )XUWKHU�� DV� WKH
VWUDLQ� JURZV�� WKH� PHQWLRQHG� SURFHVVHV� RI
UHVRQDQFH�VKLIW�DUH�UHWDUGHG�DQG��DIWHU�VWRS�
SLQJ�� UHYHUVH� WKH� PRWLRQ� GLUHFWLRQ�� %DVLQJ
RQ� WKH� REVHUYHG� LQYHUVLRQ� HIIHFW� RI� UHVR�
QDQFH� FXUYHV� FDXVHG� E\� WKH� LQFUHDVLQJ
VWUDLQLQJ�RI�.%U�VDPSOHV��LW�KDV�EHHQ�HVWDE�
OLVKHG� >��@� WKDW� WKH� GDPSLQJ� FRHIILFLHQW�%
DW� URRP� WHPSHUDWXUH� LV� LQGHSHQGHQW� RI�GLV�
ORFDWLRQ�GHQVLW\� DQG�RI�GLVORFDWLRQ� VHJPHQW
OHQJWK�/��WKH�ODWWHU�EHLQJ�FKDQJHG�FRQVLGHU�
DEO\� LQ� WKH� PHQWLRQHG� WHVW� FRQGLWLRQV�� 5H�
VXOWV� >��@� DERXW� WKH� LQGHSHQGHQFH� %� RI� /
FRQILUPHG� FRQYLQFLQJO\� VLPLODU� GDWD� >��@
JRW�HDUOLHU�IRU�1D&O�VLQJOH�FU\VWDOV��

,W�LV�RI�LQWHUHVW�WR�WUDFH�ZKHWKHU�WKH�W\SH
RI� IXQFWLRQDO� UHODWLRQVKLS�%�/�� DQG� WKH� LQ�
YHUVLRQ�HIIHFW�LWVHOI�LQ�WKH�IUHTXHQF\�FXUYHV
'G�I�� DW� ORZHU� WHPSHUDWXUHV� LQ� WKH� ��Ü����.�UDQJH�ZLOO�EH�FRQVHUYHG�DW�QRWLFHDEOH
GHFUHDVLQJ�SKRQRQ�JDV�GHQVLW\�DQG�FKDQJLQJ
GLVORFDWLRQ�VWUXFWXUH�FU\VWDO�VWDWH�

,Q� WKLV� ZRUN�� VWXGLHG� DUH� WKH� SHFXOLDUL�
WLHV�RI�WKH�GLVORFDWLRQ�UHVRQDQFH�VKLIW�XQGHU
YDU\LQJ� VWUDLQ� DW� IL[HG� WHPSHUDWXUHV� ORZHU
WKDQ� WKH� URRP� RQH�� 7KH� QHFHVVLW\� LQ� VXFK
LQIRUPDWLRQ� LV� TXLWH� REYLRXV�� 2Q� WKH� RQH
KDQG��WKH�GDWD�RQ�WKH�XOWUDVRXQG�UHVRQDQFH
DEVRUSWLRQ� LQ� FU\VWDOV� FRQWDLQLQJ� WKH
�IUHVK�� GLVORFDWLRQV� DUH� YHU\� LPSRUWDQW� LQ
FOHDULQJ� XS� WKH� QDWXUH� RI� SKRQRQ� PHFKD�

QLVPV� FRQWUROOLQJ� WKH� PRELOLW\� WKHUHRI
XQGHU� FKDQJLQJ� H[WHUQDO� HIIHFWV� �WHPSHUD�
WXUH�DQG�VDPSOH�VWUDLQ���2Q�WKH�RWKHU�KDQG�
WKH�LQIRUPDWLRQ�RQ�WKH�LQIOXHQFH�RI�H[WHUQDO
IDFWRUV� RQ� WKH� GLVORFDWLRQ� VWUXFWXUH� FKDQJH
HYROXWLRQ� �WKDW� LV� DFFRPSDQLHG� E\� KLJK� XO�
WUDVRXQG�HQHUJ\�ORVVHV�LQ�WKH�VDPSOH��FDQ�EH
XVHG� LQ� SUDFWLFDO� SXUSRVHV�� LQ� SDUWLFXODU�
ZKLOH�GHYHORSLQJ�WKH�SUHSDUDWLRQ�WHFKQRORJ\
RI� IXQFWLRQDO� FU\VWDOV� LQWHQGHG� WR� XVH� LQ
YDULRXV�DFRXVWR�RSWLF�GHYLFHV��

8VLQJ�WKH�UHVXOWV�IURP�>������@�DQG�VRPH
GDWD�QRW�UHSRUWHG�LQ�WKRVH�SXEOLFDWLRQV��RE�
WDLQHG�XVLQJ�WKH�VDPSOHV�ZLWK�GLIIHUHQW�GLV�
ORFDWLRQ� GHQVLW\� LQ� WKH� WHPSHUDWXUH� UDQJH
��Ü����.��ZH�KDYH�GHILQHG�WHPSHUDWXUH�GH�
SHQGHQFHV� RI� GDPSHG� GLVORFDWLRQ� UHVRQDQFH
SDUDPHWHUV� IP�7�� DQG� 'P�7�� VKRZQ� LQ)LJV�� �� DQG� ��� ,W� LV� VHHQ� IURP� WKH� ILJXUHV
WKDW� WKH� ORZHULQJ� RI� WHVW� WHPSHUDWXUH� IRU
WKH� LQYHVWLJDWHG�.%U� VDPSOHV� DOZD\V� FDXVHV
D� PRQRWRQRXV� LQFUHDVH� RI� UHVRQDQFH� PD[L�
PXP� IUHTXHQF\� IP� �)LJ����� DQG� VPRRWK� UH�GXFWLRQ� RI� LWV� DPSOLWXGH� YDOXH�'P� �)LJ�����%HVLGHV��WKH�LQYHUVLRQ�HIIHFW�FRQQHFWHG�ZLWK
WKH�LQFUHDVLQJ�GLVORFDWLRQ�GHQVLW\�/�LQ�FU\V�
WDOV� LV� VHHQ� FOHDUO\�� $V� WKH� VDPSOH� VWUDLQ
LQFUHDVHV�� WKH� FXUYHV� IP�7�� DUH� VKLIWHG� DWILUVW� WRZDUGV� ORZ� IUHTXHQFLHV� �)LJ����� FXUYHV
��DQG�����WKHQ�WKH�VKLIWLQJ�LV�VWRSSHG�DQG�LW
VWDUWV�JR�RQ�LQ�WKH�RSSRVLWH�GLUHFWLRQ��)LJ����
FXUYHV� �� DQG� ���� 7KH� WHPSHUDWXUH� VKLIWLQJ
RI� UHVRQDQFH� IUHTXHQF\�PD[LPXP� IP� LV� DF�FRPSDQLHG�� DV� LV� VHHQ� LQ� )LJ����� E\� D� V\Q�
FKURQLF�EXW�RSSRVLWH�LQ�VLJQ�VKLIWLQJ�RI�WHP�
SHUDWXUH�GHSHQGHQFHV�'P�7���+HUH��WKH�UHVR�QDQFH� ORVVHV� RI� XOWUDVRXQG� LQ� FU\VWDOV�� DV
WKH�VWUDLQLQJ�VWDUWV��DUH�QRWLFHDEO\�JURZQ�DW
ILUVW��FXUYHV�������DQG�WKHQ��DW� ODUJH�VWUDLQ
GHJUHHV��EHJLQ�WR�GHFUHDVH��FXUYHV���DQG����

)LJ����� 7HPSHUDWXUH� YDULDWLRQV� RI� UHVRQDQFH
IUHTXHQF\�IRU�.%U�FU\VWDOV�ZLWK�GLIIHUHQW�GLV�
ORFDWLRQ�GHQVLW\��/�����PÜ���������������������
��������������

)LJ����� 7HPSHUDWXUH� GHSHQGHQFHV� RI� UHVR�
QDQFH�GLVORFDWLRQ�GDPSLQJ�GHFUHPHQW�IRU�.%U
FU\VWDOV� ZLWK� GLIIHUHQW� GLVORFDWLRQ� GHQVLW\
�/�����PÜ������������������������������������
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7KH� LQYHUVLRQ� RI� UHVRQDQFH� PD[LPXP
FDXVHG� E\� WKH� VDPSOHV� VWUDLQLQJ� DW� IL[HG
WHPSHUDWXUHV�����DQG����.�LV�GHPRQVWUDWHG
PRUH� FOHDUO\� LQ� )LJV���D� DQG� �E�� ,W� LV� VHHQ
WKDW� DW� WKRVH� WHPSHUDWXUHV�� VLPLODU� WR� WKH
H[SHULPHQWV� >��@� FDUULHG� RXW� DW�7� �����.�
WKH�VKLIW�RI�UHVRQDQFH�FXUYHV�'G�I��VKRZV�DQLQYHUVLRQ�� 7KH� RQO\� GLIIHUHQFH� LV� WKDW� WKH
VHWV�RI�UHVRQDQFH�FXUYHV�'G�I��FRUUHVSRQGLQJWR�����.�>��@������DQG����.��KDYH�GLIIHUHQW
IUHTXHQF\� DQG� DPSOLWXGH� ORFDOL]DWLRQ�� ,W� LV
WR� QRWH� WKDW� WKH� DUUDQJHPHQW� RI� UHVRQDQFH
FXUYHV� 'G�I�� IRU� RWKHU� WHPSHUDWXUHV� ZLWKLQWKH���Ü����.�LV�TXDOLWDWLYHO\�VLPLODU�

$V� LW� LV� VHHQ� IURP� )LJ����� WKH�PHDVXUHG
GLVORFDWLRQ� ORVVHV� RI� XOWUDVRXQG� DUH� RI� WKH
UHVRQDQFH�FKDUDFWHU��7KH�H[SHULPHQWDO�SRLQWV
DUH� GHVFULEHG� ZHOO� E\� WKH� WKHRUHWLFDO� IUH�
TXHQF\�SURILOH�IRXQG�LQ�>��@�IRU�WKH�H[SRQHQ�
WLDO� GLVWULEXWLRQ� RI� GLVORFDWLRQ� ORRS� OHQJWKV�

$FFRUGLQJ� WR� >��@�� WKH� UHODWLRQ� GHVFULELQJ
WKH� GHVFHQGLQJ� EUDQFK� RI� IUHTXHQF\� GHFUH�
PHQW� GHSHQGHQFH� KDV� WKH� IROORZLQJ� IRUP��

'f� ��:*E�/�e�S�%I� ���
ZKHUH�'f�LV�WKH�GLVORFDWLRQ�GHFUHPHQW�YDOXHIRU� WKH� IUHTXHQFLHV� I�!�IP�� IP�� WKH� UHVR�QDQFH�PD[LPXP�IUHTXHQF\��E��%XUJHUV�YHF�
WRU��:�� WKH� RULHQWDWLRQ� IDFWRU��*�� WKH� VKHDU
PRGXOXV� RI� WKH� DFWLQJ� VOLS� V\VWHP�� /�� WKH
GLVORFDWLRQ� GHQVLW\�� %�� WKH� GDPSLQJ� FRQ�
VWDQW�� )URP� (T������ LW� LV� HDV\� WR� FDOFXODWH
WKH�YDOXH��KDYLQJ�GHWHUPLQHG�SUHYLRXVO\�'f
IURP� WKH� KLJK� IUHTXHQF\� DV\PSWRWH� DQG�/�� XVLQJ� WKH
HWFKLQJ�SLWV�7DNLQJ�IURP�>������@�WKH�YDOXHV�RI�FKDU�
DFWHULVWLFV�:��*�� E�� DQG�/� LQFOXGHG� LQ� ����
ZH� EXLOW� WKH� VHW� RI� FXUYHV�%�/�� IRU� GLIIHUHQW
WHPSHUDWXUHV�RI���Ü����.�UDQJH��WKDW�LV�VKRZQ
RQ� )LJ����� 7KH� GDPSLQJ� FRHIILFLHQWV� RI�%� DUH
VHHQ�WR�EH�LQGHSHQGHQW�RI�GLVORFDWLRQ�GHQVLW\�/
FDXVHG�E\�WKH�VDPSOH�SODVWLF�VWUDLQLQJ��

$FFRUGLQJ�WR� >��@�� WKH�H[SHULPHQWDO�FRQ�
ILUPDWLRQ�RI�%�LQGHSHQGHQFH�RI�/�VKRZ�WKDW
%�LV�D�IXQGDPHQWDO�FRQVWDQW�RI�GDPSHG�GLV�
ORFDWLRQ�EXW�QRW�D�FHUWDLQ�SKHQRPHQRORJLFDO
SDUDPHWHU� WKDW� YDULHV� GHSHQGLQJ� RQ� WKH� H[�
SHULPHQWDO�FRQGLWLRQV�DQG�WKH�VDPSOH�SUHKLV�
WRU\�� 6XFK� H[SHULPHQWV� PDNH� LW� SRVVLEOH� WR
ILQG�DEVROXWH�YDOXHV�RI�YLVFRVLW\�FRHIILFLHQW�%
LQ� FRQGLWLRQV� H[FOXGLQJ� WKH� LQIOXHQFHV� RI� HU�
URUV� WKDW� DUH� DVVXPHG�ZKHQ� WKH� GLVORFDWLRQV
GHQVLW\�LV�GHWHUPLQHG�XVLQJ�HWFKLQJ�SLWV�

7R� FOHDU� RXW� WKH� UHDVRQV� FDXVLQJ� WKH� LQ�
YHUVLRQ� LQ� IUHTXHQF\� FXUYHV� 'G�I�� �)LJ�����ZH� KDYH� FDOFXODWHG� WKH� DYHUDJH� HIIHFWLYH
OHQJWK� RI� WKH� GLVORFDWLRQ� VHJPHQW� /� XVLQJ
WKH�IRUPXOD�>��@

)LJ����� �D��)UHTXHQF\�GHSHQGHQFHV�RI�GLVORFD�
WLRQ� GHFUHPHQW� DW� ���� .� IRU� .%U� VDPSOHV
ZLWK� GLIIHUHQW� UHVLGXDO� VWUDLQ� YDOXHV� �H�����
����������c������������c�������������c����������c��
1R�LQWHUUXSWHG�OLQHV������������DUH�WKHRUHWLFDO
FXUYHV� >��@���c���c���c���c�� WKH�KLJK�IUHTXHQF\
DV\PSWRWHV� WKHUHRI�� �E�� )UHTXHQF\� GHSHQG�
HQFHV� RI� GLVORFDWLRQ� GHFUHPHQW� DW� ��� .� IRU
.%U� VDPSOHV� ZLWK� GLIIHUHQW� UHVLGXDO� VWUDLQ
YDOXHV� �H������ ����� ���� �c��� ���� ���� �c��� ����
�����c���7KH�VROLG�OLQHV���������DUH�WKHRUHWLFDO
FXUYHV� >��@���c���c���c�� WKH�KLJK�IUHTXHQF\�DV�
\PSWRWHV�WKHUHRI�

)LJ����� 'HSHQGHQFHV� RI� GDPSLQJ� FRQVWDQW� %
RQ� GLVORFDWLRQ� GHQVLW\� /� IRU� .%U� FU\VWDOV� DW
WHPSHUDWXUHV� �7�� .��� ���� >��@� ����� ���� ����
�������������������������
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ZKHUH�Q�LV�WKH�3RLVVRQ�UDWLR��,Q�WKRVH�FDOFX�
ODWLRQV��ZH�XVHG�WKH�%�DQG�IP�YDOXHV�VKRZQLQ� )LJV���� DQG� ��� DQG� WKH�*� DQG� E�� YDOXHV
WDNHQ� IURP� >������@� DQG� Q� RQHV� FDOFXODWHG
XVLQJ� WKH� UHODWLRQ� Q� �&����&�����&���� >��@�ZKHUH� WKH� HODVWLF� FRQVWDQWV� &��� DQG� &��ZHUH�WDNHQ�IURP�>��@���

8VLQJ� WKH� FDOFXODWLRQ� UHVXOWV�� WKH� GH�
SHQGHQFHV�/�/��IRU�GLIIHUHQW�IL[HG�WHPSHUD�
WXUHV� ZHUH� SORWWHG� ZKLFK� DUH� SUHVHQWHG� LQ
)LJ�����,W� LV�VHHQ�WKDW�DV�/�ULVHV�GXH�WR�WKH
LQFUHDVLQJ�FU\VWDO�VWUDLQLQJ��WKH�YDOXH�/�LQ�
FUHDVHV�DW�ILUVW�DQG�WKHQ��KDYLQJ�UHDFKHG�LWV
PD[LPXP� YDOXH�� VWDUWV� WR� GHFUHDVH�� 7KH
/�/�� GHSHQGHQFH� FKDUDFWHU� UHPDLQV� XQ�
FKDQJHG�ZKHQ�WKH�WHVW�WHPSHUDWXUH�GURSV�WR
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