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5HFHLYHG�-XQH��������
7KH� IUHTXHQF\� GHSHQGHQFH� RI� D� GLVORFDWLRQ� GDPSLQJ� GHFUHPHQW� RI� XOWUDVRXQG� LQ� D%U

VLQJOH� FU\VWDOV� SUHOLPLQDU\� VWUDLQHG� XS� WR� ���� LQ� WKH� WHPSHUDWXUH� UDQJH� ��Ü����.� DQG
IUHTXHQF\� UDQJH� ���Ü������ 0+]� KDV� EHHQ� LQYHVWLJDWHG�� 7KH� WHPSHUDWXUH� FRXUVH� RI� WKH
SKRQRQ�YLVFRVLW\�FRHIILFLHQW�%�ZDV�GHWHUPLQHG��ZKLFK�LV�DJUHHG�ERWK�ZLWK�WKH�WKHRU\�DQG
H[SHULPHQWDO�OLWHUDWXUH�GDWD��7KH�HIIHFW�RI�WHPSHUDWXUH�LQGXFHG�FKDQJHV�LQ�WKH�GLVORFDWLRQ
VHJPHQW�OHQJWK�RQ�SDUDPHWHUV�RI�WKH�UHVRQDQFH�PD[LPXP�DQG�G\QDPLF�GUDJ�RI�GLVORFDWLRQV
E\�SKRQRQV�KDV�EHHQ�UHYHDOHG�DQG�FRQVLGHUHG�
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7KH� LQIRUPDWLYH� DQG� YHU\� UHOLDEOH� SXOVH
HFKR�PHWKRG�RI�KLJK�IUHTXHQF\��0+]��UDQJH
LV� XVHG�PRVW� RIWHQ� LQ� H[SHULPHQWDO� VWXGLHV
RI� SKRQRQ� GLVORFDWLRQ� GUDJ� PHFKDQLVPV� LQ
FU\VWDOV� >����@�� 7KH�GLVORFDWLRQ� GDPSLQJ� FR�
HIILFLHQW�%� LV�GHWHUPLQHG� IURP�WKH�SDUDPH�
WHUV� RI� GDPSHG� GLVORFDWLRQ� UHVRQDQFH�� WKH
ORFDOL]DWLRQ� RI� WKH� ODWWHU� EHLQJ� GHSHQGHQW
VXEVWDQWLDOO\�RQ�WKH�VDPSOH�SUH�VWUDLQ�YDOXH
DQG�WHPSHUDWXUH�>�@��%DVLQJ�RQ�H[SHULPHQWV
RQ� VRPH� LRQLF� FU\VWDOV�� LW� ZDV� HVWDEOLVKHG
WKDW�WKH�WHPSHUDWXUH�ORZHULQJ�>�Ü�@�UHVXOWV
DOZD\V�LQ�D�VKLIW�RI�WKH�UHVRQDQFH�PD[LPXP
WRZDUGV� KLJKHU� IUHTXHQFLHV�� DQG� D� FRQWLQX�
RXV� LQFUHDVH� RI� VWUDLQ� DW� URRP� WHPSHUDWXUH
>�@�GLVSODFHV�WKH�UHVRQDQFH�SDUDPHWHUV� �IUH�
TXHQF\� DQG� GHFUHPHQW� LQ� D�PD[LPXP�� LQ� D
QRQPRQRWRQLF�ZD\��DFFRUGLQJ�WR�WKH�W\SH�RI
D�FXUYH�KDYLQJ�D�PD[LPXP��7KDW� LV��XQGHU
VPDOO� VWUDLQV�� ZKHQ� RQO\� WKH� SULPDU\� VOLS
SODQHV� LQ� D� FU\VWDO� DUH� LQYROYHG�� WKH� UHVR�

QDQFH� FXUYHV� LQFUHDVLQJ� LQ� DPSOLWXGH� VKLIW
WRZDUGV�ORZHU�IUHTXHQFLHV�
8QGHU� KLJK� ORDGLQJV�� ZKHQ� GLVORFDWLRQV

RI��IRUHVW��DULVH�LQ�D�FU\VWDO��WKH�UHVRQDQFH
PD[LPXP� VWDUWV� WR� UHGXFH� LQ� KHLJKW� DQG
VKLIW� WRZDUGV� KLJKHU� IUHTXHQFLHV�� ,Q� WKLV
FRQQHFWLRQ�� LW� LV� RI� LQWHUHVW� WR� VWXG\� WKH
LQIOXHQFH�RI�GLIIHUHQFHV�LQ�SUHOLPLQDU\�VDP�
SOH� VWUDLQLQJ� RQ� WKH� WHPSHUDWXUH�LQGXFHG
VKLIW� RI� WKH� UHVRQDQFH� PD[LPXP�� 6XFK� LQ�
IRUPDWLRQ� LV�RI�D� ODUJH�LPSRUWDQFH��ILUVW�RI
DOO�� IRU� WKH� VROXWLRQ� RI� DFWXDO� VFLHQWLILF
SUREOHPV�ERXQG�ZLWK�WKH�GHSHQGHQFH�RI�WKH
GLVORFDWLRQ� GDPSLQJ� FRHIILFLHQW� %� E\� SKR�
QRQV�RQ�WHPSHUDWXUH���DQG�GLVORFDWLRQ�GHQ�
VLW\� /�� 7KH� SUHOLPLQDU\� UHVHDUFKHV� RI� WKDW
NLQG� KDYH� DOUHDG\� EHHQ� FRQGXFWHG� LQ� D� UH�
FHQW�ZRUN� >��@�RQ�.%U�FU\VWDOV�ZLWK�SHUPD�
QHQW� VWUDLQ� RI� ������� 7KH� LQGLFDWHG� VWUDLQ
ZDV�VHOHFWHG�DFFRUGLQJ�WR�>�@�WR�EH�RI�VXFK�D
YDOXH� SURYLGLQJ� WKH� UHVRQDQFH� PD[LPXP
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VKLIW� WR� WKH� UDQJH� RI� ORZHU� IUHTXHQFLHV� DW
URRP�WHPSHUDWXUH��7KH�SXUSRVH�RI�WKLV�ZRUN
LV� WR� FRQVLGHU� WKH� UHVRQDQFH� PD[LPXP� EH�
KDYLRU� LQ� .%U� VDPSOHV� ZLWK� SHUPDQHQW� GH�
IRUPDWLRQ�H� ������ZKLFK�LQ�FRQWUDVW�WR�>�@�
H[HUWV�DW��� �����z�DQ�LQYHUVH�LQIOXHQFH�RQ
ORFDOL]DWLRQ�RI�WKH�UHVRQDQFH�SDUDPHWHUV��UH�
GXFLQJ� LWV� DPSOLWXGH� YDOXH� DQG� VKLIWV� WKH
UHVRQDQFH�WRZDUGV�KLJKHU�IUHTXHQFLHV�
7KH� GDPSHG� GLVORFDWLRQ� UHVRQDQFH� ZDV

VWXGLHG� RQ� SRWDVVLXP� EURPLGH� VLQJOH� FU\V�
WDOV�E\�D�SXOVH�HFKR�PHWKRG�XVLQJ�ORQJLWXGL�
QDO� ZDYHV� LQ� WKH� IUHTXHQF\� UDQJH� RI� ���Ü
������ 0+]� DQG� WHPSHUDWXUH� UDQJH� ��Ü
���� .�� 7KH� FU\VWDOV� RI� WKH� VDPH� VHW� DV� LQ
>����@�ZHUH�XVHG� LQ� WKH� H[SHULPHQWV��7R� LQ�
WURGXFH� IUHVK� GLVORFDWLRQV�� WKH� VDPSOH� ZDV
SUHYLRXVO\� GHIRUPHG� XQWLO� H� ��� �� DORQJ
WKH� ����!� FU\VWDOORJUDSKLF� GLUHFWLRQ�� 7KH
XOWUDVRXQG� ZDV� SDVVHG� WKURXJK� WKH� VDPSOH
DORQJ� WKH� VDPH� GLUHFWLRQ�� 7KH� VDPSOHV
SUHSDUDWLRQ� WHFKQRORJ\�� LQFOXGLQJ� FOHDYLQJ�
WKLQ�JULQGLQJ�� RSWLFDO� SROLVKLQJ�� WHPSHUDWXUH
DQQHDO� DV� ZHOO� DV� WKH� FKHPLFDO� HWFKLQJ� WHFK�
QLTXHV�DQG�PHWDOORJUDSKLF�VWXGLHV�RI�WKHLU�VXU�
IDFHV�DUH�GHVFULEHG�LQ�GHWDLO�LQ�>����@��7KH�GLV�
FULPLQDWLRQ�SURFHGXUH�RI�WKH�GLVORFDWLRQ�FRQ�
WULEXWLRQ� RXW� RI� PHDVXUHG� XOWUDVRXQG
DEVRUSWLRQ� DQG� WKH� ORZ�WHPSHUDWXUH� H[SHUL�
PHQWDO�WHFKQLTXH�DUH�GHVFULEHG�WKHUH��WRR��
7KH�IUHTXHQF\�GHSHQGHQFH�RI�WKH�GLVORFD�

WLRQ� GHFUHPHQW� 'G�I�� ZDV� VWXGLHG� XVLQJ� DQRULJLQDO� SUHFLVLRQ� DSSDUDWXV� SURYLGLQJ� WKH
PHDVXUHPHQWV�RI�SURSDJDWLRQ�VSHHG�DQG�DE�
VRUSWLRQ� RI� XOWUDVRXQG� ZLWK� VLPXOWDQHRXV
UHFRUGLQJ� WKH� VDPSOH� ORDGLQJ� FXUYH�� 7R
PHDVXUH� WKH�PHQWLRQHG� DFRXVWLF� SURSHUWLHV�
WKH� SXOVH� LQWHUIHUHQFH� DQG� FDOLEUDWHG� H[SR�
QHQW�PHWKRGV�ZHUH�XVHG��UHVSHFWLYHO\�
)LJ���� WKH� IUHTXHQF\� GHSHQGHQFHV� RI� WKH

GLVORFDWLRQ� GDPSLQJ� GHFUHPHQW� 'G�I�� RI� XO�WUDVRXQG� LQ� .%U� FU\VWDOV� ZLWK� SUHOLPLQDU\
VWUDLQHG�WR�H� �����DUH�VKRZQ�DW���Ü����z�
7KH� FRPSDULVRQ� DQG� DQDO\VLV� RI� WKHVH� GDWD
ZLWK� VLPLODU� UHVXOWV� REWDLQHG� EHIRUH� IRU
VWUDLQ�H� �������>��@�KDYH�VKRZQ�WKDW�ERWK
WKH�FKDUDFWHU�RI�H[SHULPHQWDO�IUHTXHQF\�GH�
SHQGHQFHV� 'G�I�� DQG� WKHLU� UDWKHU� JRRG� GH�VFULSWLRQ�E\�DQ�WKHRUHWLFDO�IUHTXHQF\�SURILOH
>��@�DV�ZHOO�DV�WKH�FKDQJH�WHQGHQF\�RI�UHVR�
QDQFH� PD[LPXP� SDUDPHWHUV� ZLWK� WHPSHUD�
WXUH�DUH�LQ�D�JRRG�TXDOLWDWLYH�DJUHHPHQW��$V
IRU� IUHTXHQF\� ORFDOL]DWLRQ� RI� H[SHULPHQWDO
FXUYHV� IRU� WKH�PRGHOV�ZLWK�D�YDULRXV�GLVOR�
FDWLRQ� GHQVLW\�� LW� GLIIHUV� QRWDEO\�� ,Q� WKH
VDPSOH� VWUDLQHG� XS� WR� H� ��� �� DW� D� URRP
WHPSHUDWXUH� �VHH� FXUYH����)LJ������ WKH�UHVR�
QDQFH� PD[LPXP� LV� DSSHDUHG� DW� IUHTXHQF\

I�  ���� 0+]�� ZKHUHDV� WKH� PD[LPXP� LQ� D
VLPLODU� FXUYH� IRU� ������ VWUDLQ� >��@�ZDV� DW
I� ������0+]�
$V� WKH� WHVW� WHPSHUDWXUH� GHFUHDVHV�� LQ

WKLV� ZRUN�� VLPLODU� WR� >��@�� WKH� UHVRQDQFH
PD[LPXP� VKLIWV�� DV� H[SHFWHG�� WR� WKH� KLJK�
IUHTXHQF\� UHJLRQ�� ZKLOH� UHGXFLQJ� LQ� DPSOL�
WXGH�� $W� WKH� VDPH� WLPH�� WKH� WHPSHUDWXUH
VKLIW� RI� WKH� � IUHTXHQF\� UHVRQDQFH� IRXQG� LQ
WKLV�ZRUN�LV�VPDOOHU�WKDQ�WKDW�HVWDEOLVKHG�LQ
>��@�� $V� LV� VHHQ� IURP�)LJ���� �FXUYH� ���� WKH
UHVRQDQFH�PD[LPXP�DW�OLTXLG�QLWURJHQ�WHP�
SHUDWXUH� LV� VKLIWHG�WRZDUGV�KLJKHU�IUHTXHQ�
FLHV��VR�WKDW�WKH�GHVFHQGLQJ�EUDQFK�RI�'G�I�GHSHQGHQFH� KDV� DOUHDG\� SDUWO\� OHIW� WKH� OLP�
LWV� RI� WKH� HIIHFWLYH� PHDVXUHG� IUHTXHQF\
UDQJH����Ü������0+]��7KH�EHKDYLRU�RI�IUH�
TXHQF\� UHVRQDQFH� SDUDPHWHUV� DW� WKH� WHP�
SHUDWXUH� YDULDWLRQ� LV� GHPRQVWUDWHG� LQ
)LJ�� ��� ,W� LV� VHHQ� WKDW� DV� WKH� WHPSHUDWXUH
GURSV�� WKH� GLVORFDWLRQ� GHFUHPHQW� YDOXH� 'PDQG�WKH�UHVRQDQFH�IUHTXHQF\�IP�LQ�WKH�PD[L�PXP�DUH�FKDQJHG�PRQRWRQLFDOO\�LQ�RSSRVLWH
GLUHFWLRQV�� 7KDW� LV�� WKH� GHFUHDVLQJ� RI� 'PYDOXH� DW� WKH� WHPSHUDWXUH� GURS� LV� DFFRPSD�
QLHG�E\�D�IDVW�LQFUHDVH�RI�SDUDPHWHU�IP��7KHH[SHULPHQW� FRQILUPV� FOHDUO\� WKH� VKLIW� RI
UHVRQDQFH� IUHTXHQF\�FXUYHV�� FDXVHG�DW� ILUVW
E\� WKH� VDPSOH� VWUDLQLQJ� >�����@� DW� D� FRQ�
VWDQW� �URRP�� WHPSHUDWXUH�� DQG� WKHQ�� E\� LWV
FRROLQJ� XS� WR� QLWURJHQ� WHPSHUDWXUH� >�Ü��@�
$W� WKH� FU\VWDO� VWUDLQV� H[FHHGLQJ� �� ��� WKH
UHVRQDQW�PD[LPXP��PRQRWRQLFDOO\�UHGXFLQJ
LQ� DPSOLWXGH��ZLOO� EH� H[SHFWHG� WR� OHDYH� WKH
ZRUNLQJ� UDQJH� RI� PHDVXULQJ� IUHTXHQFLHV
DQG�LWV�REVHUYDWLRQ�ZLOO�EHFRPH�GLIILFXOW�
:KHQ� SURFHVVLQJ� WKH� REWDLQHG� H[SHUL�

PHQWDO� UHVXOWV� SUHVHQWHG� LQ� )LJV���� DQG� �
ZLWKLQ�WKH�IUDPHZRUN�RI�WKH�WKHRU\�>�@��LW�LV
SRVVLEOH�WR�HVWLPDWH�WKH�GDPSLQJ�FRHIILFLHQW
%� IRU� YDULRXV� WHPSHUDWXUHV�� $FFRUGLQJ� WR

)LJ����� )UHTXHQF\� GHSHQGHQFH� RI� GLVORFDWLRQ
XOWUDVRXQG� ORVVHV� DW� YDULRXV� WHPSHUDWXUHV�
WKHRUHWLFDO� FXUYHV� ��Ü��� >��@� DQG� WKHLU� KLJK
IUHTXHQF\� DV\PSWRWHV�� ��� ��� Ü� ���.����� ��� Ü
���.�� ��� ��� Ü� ���.�� ��� ��� Ü� ���.�� ��� ��� Ü
���.��������Ü���.��
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>�@�� WKH�PRVW�SUHIHUDEOH�IRU�WKDW�SXUSRVH�LV
WKH� HTXDWLRQ� ����� GHVFULELQJ� WKH� GHVFHQGLQJ
EUDQFK� RI� WKH� UHVRQDQFH� FXUYH� 'G�I��� ZKHUHWKH�YDOXH�'f�GRHV�QRW�GHSHQG�RQ�WKH�DYHUDJHHIIHFWLYH�OHQJWK�RI�WKH�GLVORFDWLRQ�VHJPHQW�/

%� ��:*E�/S�'fI
� ���

ZKHUH�E�LV�WKH�PRGXOXV�RI�WKH�%XUJHUV�YHFWRU�
/��WKH�GLVORFDWLRQ�GHQVLW\��*��WKH�VKHDU�PRGX�
OXV�LQ�WKH�DFWLYH�VOLGLQJ�V\VWHP��:��WKH�RULHQWD�
WLRQ� IDFWRU�� 'f�� WKH� GHFUHPHQW� YDOXH� LQ� WKH
GHVFHQGLQJ�EUDQFK�RI� WKH�'G�I��GHSHQGHQFH�� ,QWKH�FDVHV�ZKHUH�LW�LV�SRVVLEOH�WR�GHWHUPLQH�UHOL�
DEO\� WKH�UHVRQDQFH�'P�DQG�IP�SDUDPHWHUV�� WKHYDOXHV�RI�FRHIILFLHQW�%�FDQ�DOVR�EH�IRXQG�IURP
HTXDWLRQ�����GHVFULELQJ�WKH�UHVRQDQFH�UDQJH�>�@
�

%� ������������:*E�/'PIP
� ���

,Q� RUGHU� WR� DSSO\� FRUUHFWO\� WKH� IRUPXODV
����DQG������WKH�WKHRUHWLFDO�IUHTXHQF\�SURILOH
LQ�WKLV�ZRUN�ZDV�ILWWHG�WR�WKH�H[SHULPHQWDO
GDWD� H[WUHPHO\� EDVLQJ� RQ� GDWD� SRLQWV� O\LQJ
LQ� WKH� UHVRQDQFH� ILHOG� DQG� LQ� GHVFHQGLQJ
EUDQFK� 'G�I��� DV� LV� UHFRPPHQGHG� LQ� >����@�$V�LV�VHHQ�IURP�WKH�IRUPXODV�����DQG������WR
FDOFXODWH� WKH� UHODWLRQVKLS�%����� LW� LV� QHFHV�
VDU\�WR�NQRZ�WKH�GLVORFDWLRQ�GHQVLW\��WKH�VHW
RI� UHVRQDQFH� FKDUDFWHULVWLFV� 'G�I�� IRU� YDUL�RXV�WHPSHUDWXUHV��DQG� WHPSHUDWXUH�FKDQJHV
RI� RWKHU� SK\VLFDO� FKDUDFWHULVWLFV� >:����
*�����E���@��,W�LV�WR�QRWH�WKDW�WKH�GHQVLW\�RI
PRELOH� GLVORFDWLRQV� LQ� WKH�.%U� VDPSOHV�ZDV
GHWHUPLQHG� E\�XV� LQ� >�@� EHIRUH� E\� VHOHFWLYH

HWFKLQJ� DQG� DPRXQWHG�/� ��������PÜ��� 7KH
WHPSHUDWXUH� UHODWLRQV� :����� *���� DQG� E�7�
ZHUH�WDNHQ�IURP�>�@�
7R�FKHFN�WKH�FRPSDUDELOLW\�RI�UHVXOWV�UH�

FHLYHG� XQGHU� WHPSHUDWXUH� GLVSODFHPHQW� RI
UHVRQDQFH�FXUYHV�'G�I���LQ�WKLV�ZRUN�WKH�FDO�FXODWLRQ� RI� SDUDPHWHU� %� ZDV� PDGH� E\� WZR
ZD\V�Û�DQG�RQ�D�GHVFHQGLQJ�EUDQFK��DQG�RQ
D� UHVRQDQFH�� 7KH� FDOFXODWLRQ� UHVXOWV� RI� WKH
FRHIILFLHQW�%�IRU�WKH�WHPSHUDWXUH���Ü����.
DUH�VKRZQ�LQ�)LJ�����,W�LV�VHHQ�WKDW�WKH�WHP�
SHUDWXUH�GHSHQGHQFHV�%����REWDLQHG�E\�YDUL�
RXV�ZD\V�SUDFWLFDOO\�GR�QRW�GLIIHU�IURP�HDFK
RWKHU��:LWKLQ�HUURU�OLPLWV�RI�WKH�H[SHULPHQ�
WDO� WHFKQLTXH�� WKRVH� DJUHH� FRPSOHWHO\� ZLWK
WKH� UHVXOWV� RI� >�@� REWDLQHG� IRU�.%U� FU\VWDOV
ZLWK�SHUPDQHQW�VWUDLQ�H� ���������7KH�FRP�
SDULVRQ�RI�WKH�DERYH�H[SHULPHQWDO�GDWD�GHPRQ�
VWUDWHV� WKDW� WKH� LQFUHDVH� RI� WKH� .%U� FU\VWDO
SUHOLPLQDU\� VWUDLQ� IURP������XS� WR�����FRQ�
VLGHUDEO\�LQIOXHQFHV�WKH�XOWUDVRXQG�DEVRUSWLRQ
OHYHO� DQG� WKH� IUHTXHQF\� ORFDOL]DWLRQ� RI� WKH
GDPSHG� GLVORFDWLRQ� UHVRQDQFH�� $W� WKH� VDPH
WLPH��WKH�DFFRXQW�IRU�LWV�IUHTXHQF\�DQG�DPSOL�
WXGH�VKLIW�SUDFWLFDOO\�KDV�QRW�HIIHFWHG�WKH�DEVR�
OXWH�YDOXH�DQG�WHPSHUDWXUH�FRXUVH�RI�WKH�SKR�
QRQ�G\QDPLF�GLVORFDWLRQ�GUDJ�%�����7KLV�UHVXOW
FRQILUPV� WKH� RSLQLRQ� >��@� WKDW� WKH� GDPSLQJ
FRQVWDQW�%�LV�D�IXQGDPHQWDO�FKDUDFWHULVWLF�RI�D
FU\VWDO� DQG� LV� LQGHSHQGHQW� RI� LWV� GLVORFDWLRQ
VWUXFWXUH� SDUDPHWHUV� �GLVORFDWLRQ� GHQVLW\� /
DQG�OHQJWK�RI�VHJPHQW�/���
:KHQ�FRQVLGHULQJ�WKH�PHQWLRQHG�UHVXOWV�

LW�ZDV� IRXQG� WKDW� LQ� D� VDPSOH�ZLWK� SHUPD�
QHQW� VWUDLQ� ������ >��@�� WKH� UHVRQDQFH� IUH�
TXHQF\�RI�WKH�PD[LPXP�IP�VKLIWV�IURP�����XS�WR����0+]��WKDW�LV��LQFUHDVHV�E\�D�IDFWRU
RI� ����� DV� WKH� WHPSHUDWXUH� GHFUHDVHV� IURP
����WR����.��$W�WKH�VDPH�WLPH��WKH�VLPLODU
FKDUDFWHULVWLF� IRU� D� VDPSOH� VWUDLQHG� XS� WR
���� LQFUHDVHV� RQO\�E\�D� IDFWRU�RI�������7R

)LJ����� 7HPSHUDWXUH� FKDQJHV� RI� UHVRQDQFH
IUHTXHQF\� IP� DQG� WKH�GHFUHPHQW�'P� YDOXH� LQWKH�PD[LPXP�RI�D�UHVRQDQFH�FKDUDFWHULVWLF�

)LJ����� $� WHPSHUDWXUH� FRXUVH� RI� WKH� SKRQRQ
GUDJ� IDFWRU� RI� GLVORFDWLRQV�{�� WKH� GDWD� IURP
>�@� IRU� � ������ �� �OLJKW� VTXDUHV��� WKH� GDWD
IURP� WKLV� ZRUN� REWDLQHG� RQ� D� GHVFHQGLQJ
EUDQFK� �OLJKW� FLUFOHV�� DQG� SDUDPHWHUV� RI� D
UHVRQDQFH��GDUN�VTXDUHV��
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HOXFLGDWH�WKH�UHDVRQV�IRU�WKH�GHFUHDVH�RI�WKH
IUHTXHQF\� VSHFWUXP� VKLIW�� LQ� WKLV�ZRUN� WKH
SDUDPHWHU�/�ZDV�HVWLPDWHG�WKHRUHWLFDOO\�>�@
XVLQJ�WKH�IRUPXOD�

/� ��CCCCCCCCC��������*���E�
%���IP��������Q� ���

���

ZKHUH�Q�LV�3RLVVRQ�IDFWRU��
8VLQJ� WKH� GDWD� IRU� %� DQG� IP� VKRZQ� LQ)LJV����DQG���� DQG�DOVR� WDNLQJ�IURP� >�����@

WKH� YDOXHV� RI� UHPDLQLQJ� SDUDPHWHUV� LQ�
FOXGHG�LQ������ZH�KDYH�GHWHUPLQHG�WKH�DYHU�
DJH� HIIHFWLYH� OHQJWK� RI� GLVORFDWLRQ� VHJPHQW
/���� ��������Ü�� P� DQG� /��� ��������Ü��PIRU� D� VDPSOH�ZLWK� SHUPDQHQW� VWUDLQ� �����
DW� URRP� DQG� QLWURJHQ� WHPSHUDWXUH�� UHVSHF�
WLYHO\�� )RU� FU\VWDOV�ZLWK� H� ������VXFK�HVWL�
PDWLRQV�PDNH�/���� ��������Ü��P�DQG�/��� �������Ü��P��:KHQ� FRPSDULQJ� WKRVH� UHVXOWV�
LW�LV�VHHQ�WKDW�WKH�GLVORFDWLRQ�VHJPHQW�OHQJWK
/���� IRU� WKH� VDPSOH� ZLWK� ���� �� VWUDLQ� LV�����WLPHV�LV�PRUH�ODUJHU�WKDQ�WKDW�FDOFXODWHG
IRU�H� ������$V�D�UHVXOW��WKH�GLVORFDWLRQ�UHVR�
QDQFH� >�@�DW��� �����z�IRU�FU\VWDOV�ZLWK�H� 
����OLHV�LQ�KLJKHU�IUHTXHQF\�UDQJH��WKDQ�WKDW
IRU�D�VDPSOH�ZLWK�H� �������
7KH� FDXVH� RI� GHFUHDVLQJ� GLVORFDWLRQ� VHJ�

PHQW� HIIHFWLYH� OHQJWK�/� RI�D�ZLWK� WHPSHUD�
WXUH�GURS�REVHUYHG� LQ�WKLV�ZRUN�DQG� LQ� >�Ü
�����@�DVVRFLDWHG�ZLWK�GHFUHDVLQJ�GHQVLW\�RI
SKRQRQ�JDV��'XH�WR�LQFUHDVH�RI�VKHDU�PRGX�
OXV�*� >�@��WKH�LQWHUDFWLRQ�HQHUJ\�RI�GLVORFD�
WLRQ� ZLWK� LPSXULW\� DWRPV� LQFUHDVHV�� WKDW
PDNHV� SRWHQWLDO� VWRSSHUV� �LPSXULW\� DWRPV�
WKH�UHDO�SRLQWV�RI�SLQQLQJ��$V�D�UHVXOW�� WKH
HIIHFWLYH� GLVORFDWLRQ� VHJPHQW� OHQJWK� /� GH�
FUHDVHV�� WKDW� EHFRPHV� DSSDUHQW� LQ� H[SHUL�
PHQW� DV� D� VKLIW� RI� WKH�UHVRQDQFH�PD[LPXP
ERWK�LQ�DPSOLWXGH�DQG�IUHTXHQF\��)LJV�������
%HVLGHV�� GXH� WR� WKH� VWDWHG� LQFUHDVH� RI� *
XQGHU�WHPSHUDWXUH�GHFUHDVH��WKH� OLQHDU�WHQ�
VLRQ� IRUFH�RI�GLVORFDWLRQV� LQFUHDVHV� �a�*E���
$W�D� VSHFLILHG� OHYHO�RI� H[WHUQDO� VWUHVVHV� �LQ
WKH�DPSOLWXGH�LQGHSHQGHQW�UHJLRQ���WKH�FXU�
YDWXUH�DQG�DPSOLWXGH�RI�WKH�GLVORFDWLRQ�VHJ�
PHQW�GHFUHDVH��WKDW�UHVXOWV�LQ�GLPLQXWLRQ�RI
WKH� DUHD� ZKLFK� LV� VZHSW� RXW� E\� GLVORFDWLRQ
XQGHU�LWV�RVFLOODWRU\�PRWLRQ��$�FRQVHTXHQFH
LV� WKH� GHFUHDVH� RI� D� GLVORFDWLRQ� GDPSLQJ
GHFUHPHQW� 'G� DW� GHFUHDVLQJ� WHPSHUDWXUH�)LJ���������1RWH�WKDW�DOO�GHVFULEHG�SURFHVVHV
DUH� UHYHUVLEOH�� $V� WKH� WHPSHUDWXUH� ULVHV
IURP����XS�WR�����z��DOO�WKH�SURFHVVHV�UXQ�LQ
WKH� RSSRVLWH� GLUHFWLRQ��:LWKLQ� WKH� IUDPH� RI
WKH�SUHVHQWHG�TXDOLWDWLYH�DQDO\VLV�� LW� LV�REYL�
RXVO\�SRVVLEOH�WR�H[SODLQ�WHPSHUDWXUH�LQGXFHG

VKLIWV� RI� SDUDPHWHUV� IP� DQG�/� IRXQG� LQ� WKHSUHVHQW�ZRUN��ZKLFK�DUH�VPDOOHU�WKDQ�LQ�VDP�
SOHV��GHIRUPHG�XS�WR�H� �������>��@�
,Q� D� FU\VWDO� SUH�VWUDLQHG� XS� WR� H� �����

WKH� GLVORFDWLRQV� RI� SULPDU\� VOLS� SODQHV� DUH
LQWHUFHSWHG� E\� GLVORFDWLRQV� RI� �IRUHVW��� ,Q
WKH� LQWHUFHSWLRQ� SRLQWV�� DSSHDU� VWURQJ� SLQ�
QLQJ�FHQWHUV�DULVH��UHVXOWLQJ�LQ�D�OLPLWHG�PR�
ELOLW\� RI� SULPDU\� GLVORFDWLRQV� DQG� OLQHDU
VKULQNDJH� RI� WKHLU� HIIHFWLYH� OHQJWK�� :KHQ
WHPSHUDWXUH�GHFUHDVHV�IURP�����WR����z��WKH
GLVORFDWLRQ� SLQQLQJ� HIIHFW� E\� ZHDN� VWRSSLQJ
FHQWHUV� DOVR� EHFRPHV� DSSDUHQW�� WKRXJK� LW� LV
OHVV�SURQRXQFHG�LQ�WKH�SUHVHQFH�RI�DERYH�PHQ�
WLRQHG�VWURQJ�VWRSSHUV��$V�VWDWHG�DERYH��LW�LV
VHHQ� WKDW� ZKLOH� WKH� UDWLR� /����/��� IRU� WKHVDPSOHV�VWUDLQHG�XS�WR�����PDNHV�������LW�LV
HTXDO�WR������IRU�FU\VWDOV�ZLWK�������VWUDLQ�
7KXV�� LQ� WKLV� ZRUN�� ZH� DUH� PDQDJHG� WR

UHYHDO�WKH�VLPXOWDQHRXV�LQIOXHQFH�RI�VWURQJ
DQG� JHQWOH� VWRSSHUV� RQ� WKH� WHPSHUDWXUH�LQ�
GXFHG�FKDQJH�RI�GLVORFDWLRQ�VHJPHQW� OHQJWK
/�� 0RUHRYHU�� WKH� LQIOXHQFH� RI� GLVORFDWLRQ
VWUXFWXUH�SDUDPHWHUV�RQ� ORFDOL]DWLRQ�RI�IUH�
TXHQF\� DFRXVWLF� ORVVHV� DQG� RQ� WKH� WHPSHUD�
WXUH�FRXUVH�RI�WKH�RI�D�G\QDPLF�GLVORFDWLRQ
GUDJ� FRQVWDQW� %� KDV� EHHQ� DOVR� VWXGLHG�� $
UDWKHU�JRRG�ILWWLQJ�WR�RQH�%����FXUYH�RI�WKH
H[SHULPHQWDO� GDWD� REWDLQHG� IRU� VDPSOHV
ZLWK� YDULRXV� GLVORFDWLRQ� GHQVLWLHV� WHVWLILHV
WKDW� LQGHSHQGHQFH� WKH� %�/�� DW� �� �����.
HVWDEOLVKHG�LQ�>�@��ZLOO�SHUKDSV�EH�FRQILUPHG
HYHQ�DW�ORZHU�WHPSHUDWXUHV��
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