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,W� LV� NQRZQ� WKDW� VLOLFRQ� FDUELGH� �6L&�
ILOPV� REWDLQHG� XQGHU� YDULRXV� WHFKQRORJLFDO
FRQGLWLRQV�GLIIHU� VXEVWDQWLDOO\� LQ� WKH� VWUXF�
WXUH�� SKDVH� FRPSRVLWLRQ� DQG� KHQFH� LQ� WKH
RSWLFDO� IHDWXUHV�� $SSOLFDWLRQ� RI� PRGHUQ
VSHFWURVFRS\� PHWKRGV� PDNHV� LW� SRVVLEOH� WR
PHDVXUH� WKH� LPSRUWDQW� RSWLFDO� SDUDPHWHUV
WKDW� SURYLGH� TXDOLWDWLYH� FKDUDFWHUL]DWLRQ� RI
WKH�PDWHULDO�PDQXIDFWXUHG� XVLQJ� D� VSHFLILF
WHFKQRORJ\�� 7KLV� ZRUN� SUHVHQWV� WKH� UHVXOWV
RI� VWXGLHV� IRU� WUDQVPLVVLRQ� DQG� UHIOHFWLRQ
VSHFWUD�RI�6L&�ILOPV�REWDLQHG�E\�GLUHFW�GHSR�
VLWLRQ� RQ� VDSSKLUH� VXEVWUDWHV� DW� GLIIHUHQW
WHFKQRORJLFDO� SDUDPHWHUV�� 7KLV� ZRUN� LV
DLPHG� DW� WKH� VWXG\� RI� RSWLFDO� DEVRUSWLRQ
FKDUDFWHULVWLFV��L�H���H[WLQFWLRQ�FRHIILFLHQWV��
DV�ZHOO�DV�DW�WKH�FRQVLGHUDWLRQ�RI�IXQGDPHQ�
WDO� DEVRUSWLRQ� HGJH� RI�6L&� ILOPV� GHSHQGLQJ
RQ�YDU\LQJ�GHSRVLWLRQ�FRQGLWLRQV�

7R� SURGXFH� VLOLFRQ� FDUELGH� ILOPV� RQ� VDS�
SKLUH� VXEVWUDWHV�� D�XQLTXH� VHWXS� �GHYHORSHG
DW� WKH� ,QVWLWXWH� IRU� 6LQJOH� &U\VWDOV�� LQ�

WHQGHG� IRU� GLUHFW� LRQ� GHSRVLWLRQ� XVLQJ
SODVPD�VRXUFH�ZLWK�D�6L&� FDWKRGH�ZDV�XVHG
IRU�WKH�ILUVW�WLPH��$SSOLFDWLRQ�RI�WKH�SODVPD
VRXUFH� JHQHUDWLQJ� D� PL[HG� IORZ� RI� FDUERQ
DQG�VLOLFRQ�LRQV�WR�GHSRVLW�WKHVH�LRQV��RI�SUH�
VHW�HQHUJLHV��RQWR�D�VXEVWUDWH�PDGH�LW�SRVVLEOH
WR� REWDLQ�� DW� UHODWLYHO\� ORZ� WHPSHUDWXUHV� RI
VXEVWUDWHV��������&���6L&�ILOPV�KDYLQJ�D�KLJK
FRQWHQW� RI� QDQRFU\VWDO� VLOLFRQ� FDUELGH� SKDVH
>�@��7KLV�PHWKRG�KDV�GHPRQVWUDWHG�LWV�WHFKQR�
ORJLFDO� YHUVDWLOLW\�� VLQFH� LW� SURYLGHV� D� ZLGH
LQGHSHQGHQW�YDULDWLRQ�UDQJH�RI�ERWK�VXEVWUDWH
WHPSHUDWXUH� ����&� WR� �����&��� DQG� HQHUJ\
����WR������H9��RI�LRQV�EHLQJ�GHSRVLWHG��7KH
SRVVLELOLW\� WR�YDU\� WKHVH� LPSRUWDQW�SDUDPH�
WHUV� DV� ZHOO� DV� UHOLDELOLW\� RI� WKHLU� FRQWURO
SURYLGHV�WKH�REWDLQLQJ�RI�UHSURGXFLEOH�ILOPV
ZLWK� VWUXFWXUHV�YDU\LQJ� IURP�PHUHO\� DPRU�
SKRXV� WR�SRO\FU\VWDOOLQH� >�@�� ,Q� WKLV� H[SHUL�
PHQW�� WKH� ILOPV�ZHUH�GHSRVLWHG�DW�GLIIHUHQW
WHPSHUDWXUHV�RI�GLHOHFWULF�VXEVWUDWH��DQG�DW
SUHVHW� RSWLPL]HG� YDOXHV� RI� LRQ� HQHUJ\�� 7KH
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VXEVWUDWH� WHPSHUDWXUH�ZDV�SUHVHW�E\�PHDQV
RI�D�UHVLVWLYH�KHDWHU�DQG�FRQWUROOHG�E\�RI�DQ
RSWLFDO� S\URPHWHU�� 7KH� VXEVWUDWH� WHPSHUD�
WXUH� ZDV� 7� �����&� IRU� VHULHV� ,,,� WHVW� VDP�
SOHV��7� �����&� IRU� VHULHV� ,,� RQHV� DQG� 7� 
����&�IRU�VHULHV�¢�����RQHV�

7KH� WUDQVPLVVLRQ� FRHIILFLHQWV� �RSWLFDO
GHQVLW\�� DQG� UHIOHFWLRQ� RQHV�ZHUH�PHDVXUHG
E\� D� 3HUNLQ�(OPHU� /DPEGD���� �86$�� DQG
6)���� W\SH� �5XVVLD�� VSHFWURSKRWRPHWHUV�
ZLWKLQ� ���� WR� ����� QP� ZDYHOHQJWK� UDQJH�
7KH� ILOP�WKLFNQHVV� IRU� VDPSOHV�ZLWK�UHIOHF�
WLRQ� VSHFWUD� UHSUHVHQWLQJ� LQWHUIHUHQFH� SUR�
ILOH� ZDV� PHDVXUHG� E\� VSHFWUDO�H[WUHPH
PHWKRG��$XWKRUV�KDYH�DOVR�PHDVXUHG�VSHFWUDO
GHSHQGHQFHV� RI� UHIOHFWLRQ� FRHIILFLHQWV� XQGHU
IRUZDUG�>5� �I�O�@�DQG�UHYHUVH�>5c� �I�O�@�LOOX�
PLQDWLRQ� RI� WKH� ILOP�VXEVWUDWH� V\VWHP�� 7R
FDOFXODWH�WKH�ILOP�WKLFNQHVV��ZH�GHWHUPLQHG
WKH� RUGHU� RI� LQWHUIHUHQFH� H[WUHPH� XVLQJ� D
IRUPXOD�IRU�5c� �I�O��>�@�

P� �OP���e��OP���OP���� ���
ZKHUH�OP� DQG�OP��� DUH�ZDYHOHQJWKV�RI� WZRQHLJKERULQJ�H[WUHPHV�

7KH� DEVROXWH� YDOXH� RI� UHIOHFWLRQ� IRU� D
JLYHQ�PD[LPXP�ZDV�GHWHUPLQHG�IURP�5� �I�O�
FXUYH�� 7KH� VSHFWUDO� GHSHQGHQFHV� RI� UHIOHF�
WLRQ� FRHIILFLHQWV� DW� IRUZDUG� DQG� UHYHUVH� LO�
OXPLQDWLRQ�RI�WKH�ILOP�VXEVWUDWH�V\VWHP�IRU
D�ILOP�IURP�VHULHV�,,�DUH�SUHVHQWHG�LQ�)LJ����
7KH�6L&�OD\HU�WKLFNQHVV�ZDV�FDOFXODWHG�IURP
WKH�IRUPXOD�>�@��

G� �MOPD[�e��SQ� ���
ZKHUH�M� LV� SKDVH� RI� OPD[� ZDYH��G�� WKH�6L&
ILOP� WKLFNQHVV�� Q�� UHIUDFWLYH� LQGH[� DW� OPD[
ZDYHOHQJWK��DQG�OPD[��WKH�ZDYHOHQJWK�RI�LQ�WHUIHUHQFH� PD[LPXP� IRU� UHIOHFWLRQ� FRHIIL�
FLHQW� 5PD[�� 7KH� WKLFNQHVV� DQG� UHIUDFWLYHLQGH[� ZHUH� FDOFXODWHG� IRU� WKH� YLVLEOH� VSHF�
WUDO�UHJLRQ��ZKHUH�WKH�H[WLQFWLRQ�FRHIILFLHQW
N������IRU�PRVW�ILOPV��7KHUHIRUH��WKH�DSSOL�
FDWLRQ�RI�IRUPXOD�����LV�MXVWLILHG��7KH�WKLFN�
QHVV� YDOXHV� FDOFXODWHG� XVLQJ� IRUPXOD� ���
DJUHHG�ZHOO�ZLWK�PHDVXUHPHQW�IRU�UHIHUHQFH
ILOPV� XVLQJ� D� 0,,���� PLFURLQWHUIHURPHWHU�
7KH�UHIUDFWLYH� LQGH[�RI�6L&� ILOP�ZDV�FDOFX�
ODWHG�XVLQJ�DQ�HTXDWLRQ�IROORZLQJ�IURP�UDWLR
RI� UHIOHFWLRQ� DQG� WUDQVPLVVLRQ� FRHIILFLHQWV
ZLWKLQ�WKH�DLU�ILOP�VXEVWUDWH�V\VWHP�>�@�

Q������QV5OP���e��Q���QV� ��� ���
+HUH�� 5OP� LV� WKH� YDOXH� RI

5�OPD[��7�OPD[�� IXQFWLRQ� DW� ZDYHOHQJWK

OPD[�� QV�� WKH� UHIUDFWLYH� LQGH[� RI� VDSSKLUHVXEVWUDWH� ZKLFK�� LQ� LWV� WXUQ�� FDQ� EH� GHWHU�
PLQHG�XVLQJ�DQ�HTXDWLRQ�ZKLFK�LQFOXGHV�WKH
VDSSKLUH� VXEVWUDWH� WUDQVPLVVLRQ� FRHIILFLHQW
7V�>�@�:KHQ� FDOFXODWLQJ� WKH� H[WLQFWLRQ� FRHIIL�
FLHQW�N�RI�ILOPV�GHSRVLWHG�RQ�VXEVWUDWHV�KDY�
LQJ� D� UHIUDFWLYH� LQGH[�GLIIHUHQW� IURP� WKRVH
RI� WKH� ILOP� EHLQJ� VWXGLHG� DQG� RI� DLU�� WKH
UHIOHFWLRQ� IURP�WKH� ILOP�VXEVWUDWH�DQG�VXE�
VWUDWH�DLU� LQWHUIDFHV� VKRXOG� EH� WDNHQ� LQWR
DFFRXQW�� ,Q� WKLV� FDVH�� WKH�H[WLQFWLRQ�FRHIIL�
FLHQW�ZDV�GHWHUPLQHG�DV�>�@�

N� �O�e��SG���OQ�{�e�7�� ���
ZKHUH� %� LV� D� SUH�H[SRQHQW� WDNLQJ� LQWR� DF�
FRXQW� RSWLFDO� SURSHUWLHV� RI� WKH� VXEVWUDWH
PDWHULDO� DV� ZHOO� DV� UHIOHFWLRQ� IURP� LQWHU�
IDFHV�� LQ� WKH� FDVH� RI� VWURQJ� DEVRUSWLRQ� LQ
6L&�ILOP�DQG�ORZ�DEVRUSWLRQ�LQ�VDSSKLUH�VXE�
VWUDWH�� WKLV� SDUDPHWHU�PD\� EH� H[SUHVVHG� DV
{� �>���Ü�5�����Ü�5��� ���Ü�5����� +HUH�� 5��5��� 5��� DUH� UHIOHFWLRQ� FRHIILFLHQWV� IURP
ILOP�DLU�� VXEVWUDWH�DLU� DQG� 6L&� ILOP�VXE�
VWUDWH� LQWHUIDFHV�� UHVSHFWLYHO\�� G�� WKH� 6L&
ILOP� WKLFNQHVV��7�� H[SHULPHQWDO� GHSHQGHQFH
RI�WUDQVPLVVLRQ�FRHIILFLHQW�RQ�ZDYHOHQJWK�

$SSOLFDWLRQ�RI�VSHFWUDO�GHSHQGHQFH�RI�H[�
WLQFWLRQ�FRHIILFLHQW�N� �N�O��LV�QHFHVVDU\�IRU
LGHQWLILFDWLRQ� RI� VWURQJ� DQG� ZHDN� SHDNV
ZLWKLQ� DEVRUSWLRQ� VSHFWUXP� VWUXFWXUH�� ,W
KDV� EHHQ� IRXQG� H[SHULPHQWDOO\� WKDW� FXUYHV
RI�UHIOHFWLRQ�DQG�H[WLQFWLRQ�VSHFWUDO�GHSHQG�
HQFHV� N� �N�O�� DUH� VLPLODU� WR� VSHFWUD� RI
LPDJLQDU\� GLHOHFWULF� SHUPHDELOLW\� FRPSR�
QHQW�� ZKLFK� GHVFULEH� ZHOO� WKH� IHDWXUHV� RI

)LJ�����6SHFWUDO�GHSHQGHQFHV�RI�UHIOHFWLRQ�FR�
HIILFLHQWV�DW�GLUHFW�5� �I�O�� �FXUYH����DQG�UH�
YHUVH� 5c� �I�O�� ���� LOOXPLQDWLRQ� RI� WKH� ILOP�
VXEVWUDWH�V\VWHP�
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H[FLWHG� VWDWH� LQ� DPRUSKRXV� DQG� FU\VWDO
VHPLFRQGXFWRUV�>�@�

:KHQ� VWXG\LQJ� WKH� H[FLWHG� VWDWHV� DERYH
WKH� DEVRUSWLRQ� EDQG� HGJH� LQ� DPRUSKRXV
VHPLFRQGXFWRUV�� WKH� 3HQQD� PRGHO� >�@� LV
RIWHQ� XVHG� WKHUH� WR� GHVFULEH� WKH� EDQG� JDS�
WKH� PRGHO� PDNHV� LW� SRVVLEOH� WR� GHWHUPLQH
PDMRU�IHDWXUHV�RI�VWDWH�GHQVLW\�GLVWULEXWLRQ
ZLWKLQ� YDOHQFH� EDQG�� 7KLV� PRGHO� LV� YHU\
VXLWDEOH�WR�FRQVLGHU�WKH�RSWLFDO�SURSHUWLHV�RI
DPRUSKRXV�VHPLFRQGXFWRUV��,W�LV�NQRZQ�WKDW
LQ� WKH�3HQQD�EDQG�JDS�� WKH�KQJ�YDOXH�FRLQ�FLGHV� DW� D� JRRG� DFFXUDF\� ZLWK� WKH� VSHFWUDO
PD[LPXP� N�KQ�� >�@�� 7KHUHIRUH�� PHDVXUH�
PHQW� RI� H[WLQFWLRQ�FRHIILFLHQW� GHSHQGHQFHV
�N� �N�KQ�� � SURYLGHV� WKH� GHWHUPLQDWLRQ� RI
EDQG�JDS�ZLGWK�

2SWLFDO� WUDQVPLVVLRQ� VSHFWUD� IRU� 6L&
ILOPV� GHSRVLWHG� RQWR� VDSSKLUH� VXEVWUDWHV� DUH
VKRZQ� LQ� )LJ����� ,Q� DOO� WKH� VHULHV�� WKH� 6L&
ILOPV� ZHUH� DERXW� �� PP� WKLFN�� 7R� IDFLOLWDWH
FRPSDULVRQ� RI� WUDQVPLVVLRQ� LQGLFHV� 7� �7�O��
WKH� UHOHYDQW� JUDSKV� ZHUH� QRUPDOL]HG� DQG
FRQYHUWHG� WR�D� FRPPRQ� VFDOH��7KHVH�JUDSKV
GHPRQVWUDWH�REYLRXVO\�D�VKLIW�RI�VSHFWUDO�GH�
SHQGHQFHV� WRZDUGV� VKRUWHU� ZDYHOHQJWKV� DV
WKH� VXEVWUDWH� WHPSHUDWXUH� ULVHV� �����&�
����&�DQG�����&�IRU�WKH�VDPSOHV�RI�VHULHV�,�
,,�DQG�,,,��UHVSHFWLYHO\���7KH�VKLIW�RI�WUDQV�
PLVVLRQ� FXUYH� HGJH� DW� LQFUHDVH� RI� VDSSKLUH
VXEVWUDWH�WHPSHUDWXUH�IURP�����&�WR�����&
ZDV�DERXW�����QP� �WKH�HQHUJ\�RI�GHSRVLWHG
LRQV� EHLQJ� XQFKDQJHG��� $� IXUWKHU� WHPSHUD�
WXUH� ULVH� E\� DQRWKHU� ����&� UHVXOWHG� LQ� DQ�
RWKHU�����QP�VKLIW��ZKHUHE\�WKH�WRWDO�VKLIW
YDOXH�PDGH� ����QP� �WKH� WUDQVPLVVLRQ� FRHI�
ILFLHQW�ZDV�PHDVXUHG�DW������RI�PD[LPXP
WUDQVPLVVLRQ�YDOXH��

,Q� RXU� RSLQLRQ�� WKDW� WKH� LQFUHDVLQJ� ILOP
WUDQVSDUHQFH� DW� WKH� VXEVWUDWH� WHPSHUDWXUH
HOHYDWLRQ� LV� UHOHYDQW� WR� RUGHULQJ�DQG�SRVVL�
EOH�FU\VWDOOL]DWLRQ�RI�6L&�DPRUSKRXV�SKDVH�

7R� DQDO\]H� WKH� IXQGDPHQWDO� DEVRUSWLRQ
HGJH��ZH�KDYH�PHDVXUHG�RSWLFDO�GHQVLW\�DQG
FDOFXODWHG� WKH� DEVRUSWLRQ� FRHIILFLHQW� RI� WKH
ILOP� VDPSOHV�� )LJ���� UHSUHVHQWV� WKH� DEVRUS�
WLRQ� VSHFWUD� D� �D�p��� ZLWK� YDOXHV� RI� 6L&
ILOP� UHIOHFWLRQ� VSHFWUD� EHLQJ� WDNHQ� LQWR� DF�
FRXQW�� $V� LV� VHHQ� LQ� )LJ����� WKH� DEVRUSWLRQ
HGJH�KDV�D�FRPSOH[�VKDSH��$W�ORZ�HQHUJ\�RI
SKRWRQV�� WKH� VSHFWUDO� GHSHQGHQFH� VKRZV� D
WDLO��ZKLFK�LV�SUHVXPDEO\�DQ�HYLGHQFH�RI�DE�
VRUSWLRQ� RQ� GHIHFW� VWDWHV� RI� GLVRUGHUHG
VWUXFWXUH�� 7KH� VXEVHTXHQW� SKDVH� RI� WKH
FXUYH� VKRZV� WKDW� WKH� DEVRUSWLRQ� LQGH[� GH�
SHQGV� RQ� SKRWRQ� HQHUJ\� H[SRQHQWLDOO\� DQG
ODWHU� RQ�� LW� FKDQJHV� DFFRUGLQJ� WR� D� SRZHU
ODZ�DFFRUGLQJ�WR�8UEDFK�DQG�7DXW]�ODZV�>�@�
6XFK� VRUW� RI� FXUYH� LV� W\SLFDO� RI� ILOPV� WKDW
FRQWDLQ� DPRUSKRXV�SKDVH��ZKHUHDV� WKH� ILOP
VWUXFWXUH� KDV� QR� ORQJ�UDQJH� RUGHU� SHUL�
RGLFLW\�� ,Q� RWKHU� ZRUGV�� WKH�6L&� ILOPV� SRV�
VHVV� WKH� VWDWH� GHQVLW\� WDLOV� VLWXDWHG� ZLWKLQ
WKH�VHPLFRQGXFWRU�EDQG�JDS��)LJ����H[HPSOL�
ILHV�DQ�DSSUR[LPDWLRQ�RI�D�FRPSOH[�FXUYH�RI
DEVRUSWLRQ� FRHIILFLHQW� D� �D�p�� E\� 8UEDFK
IXQFWLRQV� �FXUYH� D�� D� �D�H[S�KQ�(X��� DQG7DXW]�IXQFWLRQV�D�KQ�� �'� �KQ�Ü�(J�T� �FXUYHE��� IRU�D� VDPSOH� IURP�,,,� VHULHV�� ,Q�WKH�8U�
EDFK� IRUPXOD�� SDUDPHWHU�(X� LV� 8UEDFK� HQ�HUJ\�� DQG� D�� LV� SUH�H[SRQHQWLDO� PXOWLSOLHU�,Q� WKH� 7DXW]� IRUPXOD� GHVFULELQJ� WKH� LQWHU�
EDQG� DEVRUSWLRQ�� T� ����� DQG� T� ��� FRUUH�
VSRQG�WR�GLUHFW�DQG�LQGLUHFW�WUDQVLWLRQV��UH�

)LJ�����'HSHQGHQFHV�RI�6L&�ILOP�WUDQVPLVVLRQ
RQ� ZDYHOHQJWK� IRU� VDPSOHV� IURP� VHULHV
¢����������¢���������DQG�¢����������3ORWV
DUH�QRUPDOL]HG�WR�D�XQLILHG�VFDOH��

)LJ����� 6L&�ILOP� DEVRUSWLRQ� VSHFWUD� D� �D�p�
IRU�VDPSOHV�IURP�VHULHV�,������,,�����DQG�,,,�����
8VLQJ� WHVW�VDPSOH� ,,,�� GHPRQVWUDWHG� LV� DQ� DS�
SUR[LPDWLRQ�RI�IXQGDPHQWDO�DEVRUSWLRQ�HGJH�E\
FXUYHV� �D�� DQG� �E��� DFFRUGLQJ� WR� 8UEDFK� DQG
7DXW]�ODZV��UHVSHFWLYHO\�
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VSHFWLYHO\�� 7KH� PXOWLSOLHU� '� LV� GHILQHG� E\
FRPELQHG� GHQVLW\� RI� VWDWHV� DVVRFLDWHG� ZLWK
GLUHFW�DQG�LQGLUHFW�WUDQVLWLRQV�WKURXJK�RSWL�
FDO�JDSV�(J�7KH� SORWV� LQ� )LJ���� GHPRQVWUDWH� RSWLFDO
DEVRUSWLRQ� VKLIWV� DORQJ� WKH� HQHUJ\� D[LV�
HYROXWLRQ� RI� FRPSOH[� IXQGDPHQWDO� DEVRUS�
WLRQ�HGJH� VWUXFWXUH��DV�ZHOO� DV�YDULDWLRQ�RI
SDUDPHWHUV� (X� DQG� D�� �WKH� 8UEDFK� HQHUJ\(X� FKDUDFWHUL]HV� WKH�PHDVXUH� RI� VWDWLF� GLV�RUGHU�ZLWKLQ�FU\VWDO� ODWWLFH�FDXVHG�E\�DFFX�
PXODWLRQ� RI� YDULRXV� GHIHFWV��� 7KH� SDUDPH�
WHUV�(X�DQG�D���GHILQHG�E\�FRQFHQWUDWLRQ�RIORFDOL]HG� VWDWHV� DQG� E\� RYHUODS� H[WHQW
WKHUHRI� LQ� YDULRXV� H[SHULPHQWDO� VDPSOHV�
DUH�GLIIHUHQW��WKXV�HYLGHQFLQJ�WKH�GLIIHUHQW
GLVRUGHU�GHJUHH�LQ�FU\VWDO� ODWWLFH�RI�PDWHUL�
DOV�XQGHU�VWXG\��([LVWHQFH�RI�SKRWRQ�HQHUJ\
LQWHUYDOV�'�KQ��ZKHUH�OQD�a�KQ��HYLGHQFHG�E\
FRPSOLDQFH� ZLWK� WKH� 8UEDFK� ODZ�� GHPRQ�
VWUDWHV� H[SRQHQWLDO� FKDUDFWHU� RI� HQHUJ\�GH�
SHQGHG�GHQVLW\�GLVWULEXWLRQ�IRU�VWDWHV�ORFDO�
L]HG�LQ�WKH�EDQG�JDS�

7KH� GHSRVLWLRQ� WHPSHUDWXUH� ORZHULQJ� DW
FRQVWDQW� LRQ� HQHUJ\� �ZLWKLQ� ��� WR� ��� H9
UDQJH�� UHVXOWV� LQ� D� VLJQLILFDQW� UHGXFWLRQ�RI
RSWLFDO�JDS�(J��7R�FKDUDFWHUL]H�RSWLFDO�WUDQ�VLWLRQV��VSHFWUDO�GHSHQGHQFH�RI�6L&�ILOP�H[�
WLQFWLRQ�FRHIILFLHQWV�LV�RI�PDMRU�LPSRUWDQFH�
)LJ����VKRZV�WKH�VSHFWUDO�GHSHQGHQFHV�RI�H[�
WLQFWLRQ� IRU� VDPSOHV� IURP� ,�� ,,� DQG� ,,,� VH�
ULHV��$XWKRUV�DWWULEXWH�WKH�PDLQ�DEVRUSWLRQ
EDQG�QHDU������H9�WR�H[FLWDWLRQ�RI� LQGLUHFW
WUDQVLWLRQV� LQVLGH� FXELF� VLOLFRQ� FDUELGH
�UHIHU� WR�(�� ������ H9� IRU� ,� VHULHV� VDPSOH�FXUYH�����7KH�WUDQVLWLRQ�HQHUJ\�IRU�,,�VHULHV
VDPSOH� LV� (�� ������ H9�� 7KH� VDPSOH� IURP,,,�VHULHV�KDV�D�SODWHDX�QHDU�����H9�DUHD�LQ
WKH� H[WLQFWLRQ� VSHFWUXP�� 7KH� H[SHULPHQWDO
H[WLQFWLRQ�VSHFWUXP�KDV�EHHQ�H[SDQGHG�LQWR
HOHPHQWDU\� FRPSRQHQWV� �L�H��� *DXVVLDQV��
ZLWK�WKH�DLP�WR�FKDUDFWHUL]H�LQWHUEDQG�WUDQ�
VLWLRQV� RFFXUULQJ� DW� DEVRUSWLRQ� ZLWKLQ� WKH
,,,�VHULHV�ILOP��$IWHU�D�UHOHYDQW�DSSUR[LPD�
WLRQ��ZH� FDQ� VXJJHVW� WKDW��DV� WR� WKH�DERYH�
PHQWLRQHG� VDPSOH�� WZR� GLUHFW� WUDQVLWLRQV
RFFXU� LQ� WKH� SODWHDX� DUHD� ZLWK� LQWHUEDQG
GLVWDQFHV�RI������DQG������H9� �FXUYH����� ,W
LV� VHHQ� IURP� WKHVH� SORWV� WKDW� WKHVH� WUDQVL�
WLRQV� SRVVHVV� D� PD[LPXP� RVFLOODWRU� IRUFH�
ZKLFK� LV� D�PHDVXUH� RI� LQWHJUDO� LQWHQVLW\�RI
WKH� ZKROH� DEVRUSWLRQ� EDQG�� 7KH� WUDQVLWLRQ
ZLWK�HQHUJ\�(�� ������H9�FRUUHVSRQGV�WR�LQ�GLUHFW� WUDQVLWLRQ� ;�°�Ü�*��Q� LQ� WKH� �&�6L&SRO\W\SH� �L�H��� D� FXELF� PRGLILFDWLRQ��� 7KDW
ZLWK�HQHUJ\�(�� ������H9�FRUUHVSRQGV�WR�LQ�GLUHFW� WUDQVLWLRQ� 0�°Ü*�Q� ZLWK� LQWHUEDQG� GLV�
WDQFH� RI� ����� H9�� LQ� �+�6L&� SRO\W\SH�� 7KH� WUDQVLWLRQp�� ������� H9� DSSUR[LPDWHV� GLUHFW� WUDQVL�

WLRQ� *�Q�Ü�*��Q� ������ H9��� ZKHUHDV� � p�� ����� H9� FRUUHVSRQGV� WR� WUDQVLWLRQ�;�°Ü;�QLQ��&�6L&�ZKLFK�PDNHV������H9�>�@�
7KHVH� WUDQVLWLRQV� DUH� LQYROYHG� LPPHGL�

DWHO\� LQ� IRUPDWLRQ� RI� 6L&�ILOP� DEVRUSWLRQEDQG�HGJH��7KH�VWDWHV�ORFDOL]HG�GXH�WR�DFFX�
PXODWLRQ�RI�GHIHFWV��DV�ZHOO� DV� WKH� LQWHUDF�
WLRQ� RI� WKRVH� VWDWHV�� UHVXOW� SUHVXPDEO\� LQ
IRUPDWLRQ�RI�VXEEDQGV�ZLWKLQ�WKH�EDQG�JDS�
$EVRUSWLRQ�LV�IRUPHG�XS�XQGHU�LQYROYHPHQW
RI� GLUHFW� DQG� LQGLUHFW� DOORZHG� WUDQVLWLRQV
EHWZHHQ�VWDWHV�RI�WKH�DOORZHG�EDQG�DQG�VXE�
EDQG��7KXV��LQ�VDPSOHV�IURP�,,�DQG�,�VHULHV�
WKH�EDQG�HGJH�LV�IRUPHG�XQGHU�LQYROYHPHQW
RI�LQGLUHFW�WUDQVLWLRQV�(�� ������H9�DQG�(� ������ H9� DQG� GLUHFW� WUDQVLWLRQV� (�� �����H9��VHULHV�,,,���,W�VKRXOG�EH�QRWHG�WKDW
LQ� VSHFWUD� RI� ILOPV�GHSRVLWHG� DW�7V� �����&�,� VHULHV��� DORQJ� ZLWK� WKH� PDLQ� DEVRUSWLRQ
EDQG� �(�� ������ H9��� VKRXOGHUV� DUH� VHHQQHDU�����H9�DQG�����H9��ZKHUHDV�LQ�VSHFWUD
RI�ILOPV�GHSRVLWHG�DW�7V� �����&��,,�VHULHV��D�EDQG�DW�����H9�LV�SUHVHQW��,Q�RWKHU�ZRUGV�
WKH�DEVRUSWLRQ�EDQGV�QHDU������H9�������H9�
����� H9�� DQG� ����� H9� DUH� SUHVHQW� LQ� HYHU\
VDPSOH�� WKRXJK� KDYLQJ� VLJQLILFDQWO\� GLIIHU�
HQW�LQWHQVLW\�YDOXHV�

5HVXOWV� RI� IXQGDPHQWDO� DEVRUSWLRQ� HGJH
DSSUR[LPDWLRQ�GHPRQVWUDWH�WKH�H[LVWHQFH�RI
QRW�RQO\�H[SRQHQWLDO�DUHD�RI�DEVRUSWLRQ��EXW
DV� ZHOO� RI� WKDW� PHHWLQJ� WKH� SRZHU� ODZ�� ,Q
IDFW�� LQ� �DKQ�����Ü�KQ� FRRUGLQDWHV�� ZLWKLQ
�����WR������H9�������WR������H9�DQG�����WR
�����H9�UDQJHV�IRU�,��,,�DQG�,,,�VHULHV��UHVSHF�
WLYHO\�� WKH� FXUYHV� WHQG� WR� EH� OLQHDU� �)LJ�����
7KHUHIRUH�� ZLWK� DFFRXQW� IRU� >�@�� WKH� ORQJ�
ZDYH� LQFUHDVH� RI� SDUDPHWHU� D� DW� VXFK� WKH
HQHUJ\� YDOXHV� FDQ� EH� DWWULEXWHG� WR� LQGLUHFW

)LJ����� 6SHFWUDO� GHSHQGHQFHV� RI� 6L&�ILOP� H[�
WLQFWLRQ� IRU� VDPSOHV� IURP� VHULHV� ,� ����� ,,� ���
DQG�,,,�����
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WUDQVLWLRQV�� ([WUDSRODWLRQ� RI� GHSHQGHQFHV
�DKQ�����o��� DOORZV� WR� GHWHUPLQH� (J�� $V� DUHVXOW�� RSWLFDO� JDSV� PDNH� XS� ����� H9�
����� H9�� DQG� ����� H9� IRU� WKH� WKUHH� FDVHV�
UHVSHFWLYHO\�� )RU� FRQYHQLHQFH�� WKH� RSWLFDO
DEVRUSWLRQ� FKDUDFWHULVWLFV� DQG� WKH� HOHFWURQ
VWUXFWXUH�SDUDPHWHUV�RI�6L&�ILOPV�GHSHQGLQJ
RQ� WKH� SUHSDUDWLRQ� FRQGLWLRQV� DUH� VXPPD�
UL]HG�LQ�7DEOH��

.QRZLQJ� WKH� H[WLQFWLRQ� FRHIILFLHQW� GH�
SHQGHQFH� N� �N�KQ��� WKH� OLPLWLQJ� EDQG� JDS
ZLGWK�FDQ�EH�GHWHUPLQHG�W\SLFDO�RI�VWURQJO\
VWUXFWXUL]HG� ILOPV��7KH�SUHVHQFH� RI� YDULRXV
GHIHFWV� LQ� ILOPV� UHVXOWV� LQ� D�JHQWO\�GURS�RI
ORQJ�ZDYH�DEVRUSWLRQ�HGJH��7KH�REVHUYHG�(JYDULDWLRQ� FDQ� SUHVXPDEO\� EH� H[SODLQHG� E\
IRUPDWLRQ�RI�D�FHUWDLQ�DPRXQW�RI�KRPRJHQH�
RXVO\� WLHG� PROHFXOHV� DQG� FOXVWHUV� RI� &±&
DQG�6L±6L��ZKLFK�HPHUJH�DW�ORZ�WHPSHUDWXUH
�������&��V\QWKHVLV�RI�VLOLFRQ�FDUELGH�ILOPV�
0RUHRYHU��D�FRQVLGHUDEOH�FRQWULEXWLRQ�WR�(JYDULDWLRQ�LV�GXH�WR�GHHS�OHYHOV�RI�UDGLDWLRQ�
LQGXFHG� GHIHFWV� �VXFK� DV� YDFDQFLHV�� LQWHU�
VWLFH� DWRPV� DQG� FRPSOH[HV� WKHUHRI�� EHLQJ
FDXVHG� E\� LRQ� ERPEDUGPHQW� RI� ILOP� EHLQJ
V\QWKHVL]HG��7KLV� LV�� WKH� FRPSRVLWLRQ�GLVRU�
GHU� JURZV� XS� DQG� RSWLFDO� JDS� UHGXFHV�� IRO�
ORZHG� E\� LQFUHDVH� RI� RSWLFDO� FRQVWDQWV�
(YDOXDWLRQ�RI�UHIUDFWLYH�LQGH[�IRU�GHSRVLWHG
6L&� ILOPV�VKRZV�WKDW� LWV�YDOXH�H[FHHGV�FRQ�
VLGHUDEO\�WKDW�IRU�VLQJOH�FU\VWDOV�ZLWKLQ�WKH
VSHFWUDO� UHJLRQ� LQ� VWXG\�� )RU� H[DPSOH�� DW
O� �����QP�� WKH� UHIUDFWLYH� LQGH[�PD\� YDU\
IURP� ����� WR� ����� GHSHQGLQJ� RQ� GHSRVLWLRQ
UHJLPH�� 2SWLFDO� SURSHUWLHV� RI� VXFK� D� PDWH�
ULDO� FDQ� EH� GHVFULEHG� ZLWKLQ� WKH� IUDPH� RI
HIIHFWLYH�HQYLURQPHQW� WKHRU\��7KLV�DVVXPHV
D� QHFHVVLW\� WR� XVH� WKH� GLIIXVH� UHIOHFWLRQ
PHWKRG� IRU� ILOP� VDPSOHV�� ZKLFK� ZRXOG� ID�
FLOLWDWH� DQ� DFFXUDWH� PHDVXUHPHQW� RI� 6L&
ILOP�DEVRUSWLRQ�FKDUDFWHULVWLFV�

7KXV�� LQ� WKH� ZRUN�� VLOLFRQ� FDUELGH� ILOPV
ZLWK� UHSURGXFLEOH� RSWLFDO� FKDUDFWHULVWLFV
KDYH�EHHQ�REWDLQHG�E\�GLUHFW�LRQ�GHSRVLWLRQ�
$�UHODWLYHO\�VLPSOH�FRQWURO�PHWKRG�IRU�RSWL�
FDO� FKDUDFWHULVWLFV� E\� FKDQJLQJ� LPSRUWDQW
WHFKQRORJLFDO� UHJLPH� SDUDPHWHUV� �VXFK� DV
VXEVWUDWH� WHPSHUDWXUH� DQG� LRQ� HQHUJ\�� KDV
EHHQ�GHPRQVWUDWHG��,W�ZDV�VKRZQ�WKDW�VSHF�
WUDO�PHWKRGV�SURYLGH�QRW�RQO\�GHWHUPLQDWLRQ
RI� RSWLFDO� PRELOLW\� JDS�� EXW� VKRZ� LWV� YDUL�
DWLRQ� DV� ZHOO�� 7KH� VSHFWUDO� DEVRUSWLRQ
FXUYHV�DQG� LQWULQVLF�DEVRUSWLRQ�HGJH�RI�6L&
ILOPV� DUH� VKRZQ� WR� EH� ZHOO� GHVFULEDEOH� E\
H[SRQHQWLDO� DQG� SRZHU� ODZV�� 7KH� YDULDWLRQ
UDQJH�RI�WKH�EDQG�JDS�������WR������H9��DQG
RI� LQWULQVLF� DEVRUSWLRQ� FRHIILFLHQW� LV� GHWHU�
PLQHG� ����� WR� ����FPÜ���� $W� VDSSKLUH� VXE�
VWUDWH� WHPSHUDWXUH� FKDQJH� IURP�7V� �����&WR�7V� �����&�� LQWHQVLWLHV� RI� RSWLFDO� WUDQVL�WLRQV�WKDW�FRUUHVSRQG�WR�YDULRXV�PRGLILFDWLRQV
�L�H���SRO\W\SHV��RI�VLOLFRQ�FDUELGH�YDU\��7KHVH
IDFWV�GHILQH�ZLGHQLQJ�RU�QDUURZLQJ�RI�RSWLFDO
JDS��WKXV�FKDQJLQJ�JUHDWO\�WKH�SRVVLELOLWLHV�RI
WKH�ILOP�DSSOLFDWLRQ�

)LJ�����'HSHQGHQFHV� �D(�����ÜK�Z� RI�6L&�ILOPV
IRU�VDPSOHV�IURP�VHULHV�,������,,�����DQG�,,�����

7DEOH���([SHULPHQWDO�YDOXHV�RI�HQHUJLHV�RI�HOHFWURQLF�WUDQVLWLRQV�DQG�WKHLU�LQWHUSUHWDWLRQ
6HULHV 7HPSHUDWXUH

RI�VXEVWUDWH�
7V��&

7UDQVLWLRQ
HQHUJ\��
p��H9

,QWHUSUHWDWLRQ�RI�H[SHULPHQWDO�UHVXOWV 3DUDPHWHU�(J�RSWLFDO�JDSV��
H97UDQVLWLRQ�W\SH 6L&�SRO\W\SH

�PRGLILFDWLRQ��
, ��� ���� LQGLUHFW

;�°Ü*��Q
�&Ü6L& ����

,, ��� ���� LQGLUHFW
0�°Ü*�Q

�+Ü6L& ����

,,, ��� ���� GLUHFW
*�QÜ*��Q

�&Ü6L& ����

���� GLUHFW
;�°Ü;�Q

�&Ü6L&
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5HIHUHQFHV
� ���$�9�6HPHQRY�� $�9�/RSLQ�� 9�0�3X]LNRY�

3RYHUNKQRVW��� 5HQWJHQ�� 6LQNKURWURQ�� 1HLWURQ
,VVOHG��1R��������������

� ���$�9�6HPHQRY��$�9�/RSLQ��9�0�3X]LNRY��)XQF�
WLRQDO�0DWHULDOV�����������������

� ���9�p�zºQGUDVKRY�� |SWLFV� RI� 3KRWRFDWKRGHV�
1DXND��0RVFRZ��������>LQ�5XVVLDQ@�

� ���6�*�<DVWUHERY�� ��kOOHQ�� 9�,�,YDQRY�2PVN\� HW
DO���3LV�PD�Y�=K��7HNKQ��)L]�����������������

� ���<X�,�8NKDQRY��2SWLFDO�3URSHUWLHV�RI�6HPLFRQ�
GXFWRUV��1DXND��0RVFRZ��������>LQ�5XVVLDQ@�

� ���-�&�3KLOOLSV��6ROLG�6WDWH�3K\V�����������������
� ���$PRUSKRXV�6HPLFRQGXFWRUV��HG��E\�0�+�%URG�

VN\�� 6SULQJHU�9HUODJ�� %HUOLQ�+HLGHOEHUJ�1HZ
<RUN��������

� ���7KH�3K\VLFV�RI�+\GURJHQDWHG�$PRUSKRXV�6LOL�
FRQ� ,,��(OHFWURQLF�DQG�9LEUDWLRQDO�3URSHUWLHV�
HG�� E\� -�'�-RDQQRSRXORV� DQG� *�/XFRYVN\�
6SULQJHU� 9HUODJ�� %HUOLQ�+HLGHOEHUJ�1�<��
7RN\R��������

� ���6�0�=XENRYD�� /�1�5XVLQD�� (�9�6PHO\DQVN\�
)L]��L�7HNKQ��3ROXSURYRG������������������
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