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6LOLFRQ� FDUELGH� �6L&�� LV� D� VHPLFRQGXFWRU
ZLWK�D�ZLGH�EDQG�JDS��WKLV�IDFW�SURYLGHV�LWV
DSSOLFDWLRQV�LQ�KLJK�WHPSHUDWXUH�DQG�VXSHU�
SRZHU� HOHFWURQLFV� >�@�� 7KH� H[LVWHQFH� RI
SRO\W\SHV� DQG� DQ� H[WUD� UHVLVWDQFH� DJDLQVW
KDUG� UDGLDWLRQ� DUH� WKH� 6L&� SURSHUWLHV� RI
JUHDW� LPSRUWDQFH�� 7KHUHIRUH�� LW� LV� SRVVLEOH
WR� XVH� 6L&� ILOPV� LQ� VHQVRUV� EHLQJ� RSHUDWHG
LQ�KDUG�FRQGLWLRQV�RU� LQ�89�UDQJH��)RU�DS�
SOLHG� SXUSRVHV�� LW� LV� MXVW� WKH� ORZ�WHPSHUD�
WXUH� 6L&� GHSRVLWLRQ� WHFKQLTXHV� �������&�
WKDW�DUH�RI�D� VSHFLDO�JRRG�SURPLVH��EHFDXVH
WKDW�ZD\� SURYLGHV� D�ZLGHQHG� UDQJH� RI� VXS�
SRUWV� LQ� WHFKQLFDO� XVH� DQG� DQ� LQWHJUDWLRQ
ZLWK� VLOLFRQ� WHFKQRORJ\�� ,W� KDV� EHHQ� VKRZQ
EHIRUH�>�@�WKDW�DW�ORZ�WHPSHUDWXUHV��WKH�6L&
ILOPV� RQ� VXSSRUWV� FDQ� EH� IRUPHG� DV� DPRU�
SKRXV�SKDVHV��SRO\FU\VWDOV��DQG�VLQJOH�FU\V�
WDOV�� 7KH�6L&� ILOPV� GHSRVLWHG� LQ� VRPH� ORZ�
WHPSHUDWXUH� FRQGLWLRQV� VKRZ� D� FRPSOH[
SKDVH� FRPSRVLWLRQ� DQG� DUH� QDQRFU\VWDOOLQH
>�@��7KH�VWUXFWXUDO�YDULHW\�FDXVHV�VRPH�GLI�

ILFXOWLHV� LQ� VWXGLHV� RI� WKH� VWUXFWXUH� DQG
SURSHUWLHV� RI� VXFK� ILOPV�� 7KH� VWXG\� RI� WKH
IXQGDPHQWDO�DEVRUSWLRQ�HGJH�PDNHV�LW�SRVVL�
EOH�WR�LQYHVWLJDWH�WKH�HOHFWURQ�WUDQVLWLRQV�LQ
WKH�VLOLFRQ�FDUELGH�ILOPV�DQG�WR�REWDLQ�LQIRU�
PDWLRQ� RQ� HOHFWURQ� OHYHOV� UHODWHG� WR� VKRUW�
UDQJH� DQG� LQWHUPHGLDWH�UDQJH� DWRPLF� RUGHU
LQ� WKH� 6L&� ILOPV� DQG� WKXV� WR� FKDUDFWHUL]H
WKH� DEVRUSWLRQ� SHFXOLDULWLHV� LQ� WKRVH�QDQRV�
WUXFWXUHG�ILOPV��7KDW�LV�ZK\�WKH�SXUSRVH�RI
WKLV�ZRUN�LV�WR�VWXG\�WKH�RSWLFDO�DEVRUSWLRQ
RI� WKH� QDQRFU\VWDOOLQH�6L&� ILOPV� LQ� WKH� UH�
JLRQ� RI� WKH� IXQGDPHQWDO� DEVRUSWLRQ� EDQG
IROORZHG�E\�WKH�VWXG\�RI�WKH�VWUXFWXUH�SURS�
HUWLHV�WKHUHRI�
)RU� WKH� VWXG\�� VHOHFWHG� ZHUH� QDQRFU\V�

WDOOLQH� 6L&� ILOPV� RI� SUHGRPLQDQW� FXELF
SRO\W\SH� �&�6L&� VWUXFWXUH� XVHG� ZLGHO\� LQ
HOHFWURRSWLFV��7KH�VLOLFRQ�FDUELGH�ILOPV�ZHUH
GHSRVLWHG� RQWR� $O�2�� ������� GLHOHFWULF� VXE�VWUDWHV�XVLQJ�WKH�GLUHFW�LRQ�GHSRVLWLRQ�WHFK�
QLTXH� >�@�� 7R� REWDLQ� WKH� ILOPV� RI� SUHGRPL�
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QDQW��&�6L&�VWUXFWXUH��WKH�FRQGLWLRQV�GHWHU�
PLQHG�EHIRUH� >�@�ZHUH�XVHG�� WKH� LRQ�HQHUJ\
(�|����� H9� DW� WKH� VXEVWUDWH� WHPSHUDWXUH
7V�|������&�� 7KH� DEVRUSWLRQ� DQG� UHIOHFWLRQVSHFWUD� ZLWKLQ� WKH� ���� WR� ����� QP� UDQJH
ZHUH� PHDVXUHG� XVLQJ� D� 3HUNLQ�(OPHU
/DPEGD� ��� VSHFWURSKRWRPHWHU� DFFRUGLQJ� WR
NQRZQ�SURFHGXUHV� >�@��7KH� VWUXFWXUH� RI� GH�
SRVLWHG� 6L&� ILOPV� ZDV� H[DPLQHG� E\� ;�UD\
GLIIUDFWLRQ� �;5'�� PHWKRG� XVLQJ� D� GLIIUDF�
WRPHWHU� ZLWK� FRSSHU� DQRGH� �&X.D�� O� 
��������c�� LQ� T�Ü��T� JHRPHWU\�� 7KH� PRU�
SKRORJ\�RI� WKH� ILOPV�ZDV�VWXGLHG�E\�DWRPLF
IRUFH�PLFURVFRS\��$)0��
7KH� SKRWRHOHFWURQ� VSHFWURVFRS\� �3(6�

VSHFWUD�>�@�KDYH�VKRZQ�WKDW�WKH�DWRPLF�FRQ�
FHQWUDWLRQ�UDWLR�RI�6L�DQG�&�LQ�WKH�6L&�ILOPV
LV� DERXW� �����7KH� VLOLFRQ� FDUELGH� FRQWHQW� LV
��� �� DV� FDOFXODWHG� EDVLQJ� RQ� WKH� SHDN
DUHDV�� %HVLGHV� RI� WKH�6L&� SKDVH�� WKH� KRPR�
ERXQG� 6L� DQG� &� SKDVHV� DV� ZHOO� DV� VPDOO
DPRXQWV� RI� 6LH[� DQG� &2[� FRPSRXQGV� DUHUHYHDOHG�LQ�3(6�VSHFWUD�
)LJ���� VKRZV� D� W\SLFDO� ;�UD\� GLIIUDFWLRQ

VSHFWUXP� IRU� D� VWUXFWXUH� VHOHFWHG� IURP� WKH
VHULHV� RI� ILOPV� GHSRVLWHG� RQ� $O�2�� ������VXEVWUDWHV��,Q�WKH�VSHFWUXP��OLQHV�UHODWHG�WR
FU\VWDOOLQH� VLOLFRQ�� 6L� ������� 6L� ������� 6L
������ DUH� FOHDUO\� LGHQWLILHG� DW� �T� �������
������� �������� UHVSHFWLYHO\�� 7KH� FU\VWDOOLQH
VLOLFRQ�LV�OLNH�WR�EH�IRUPHG�IURP�VLOLFRQ�XQ�
UHDFWHG�ZLWK�FDUERQ��7KH�IUHH�FDUERQ�LV�DOVR
FDSDEOH�RI�D�FDUERQ�SKDVH�IRUPDWLRQ��EXW�QR
GLIIUDFWLRQ� UHIOHFWLRQV� IURP� FDUERQ� SKDVHV

DUH� REVHUYDEOH�� 3HUKDSV� WKLV� LV� FRQQHFWHG
ZLWK� D� ORZ� DWRPLF� IDFWRU� RI� FDUERQ�� 7KH
FRQVLGHUDWLRQ� RI� UHIOHFWLRQ� PD[LPD� FRUUH�
VSRQGLQJ� WR� VLOLFRQ� FDUELQH� SKDVHV� ��T� 
������� �������� �������� DQG� �������� KDV
VKRZQ�WKDW�WKH�PDLQ�SRO\W\SH�LQ�WKH�VWXGLHG
6L&� ILOP� LV� FXELF� �&�6L&�� UKRPERKHGUDO
SRO\W\SHV� ��5�6L&� DQG� ��5�6L&� EHLQJ� SUH�
VHQW��WRR��7KH�DQDO\VLV�UHVXOWV�DQG�VWUXFWXUH
SDUDPHWHUV� FDOFXODWLRQV� DUH� VXPPDUL]HG� LQ
7DEOH���
7KH� VL]H� RI� VLOLFRQ� FDUELGH� DQG� VLOLFRQ

FU\VWDOOLWHV� �RU� WKH� FRKHUHQW� VFDWWHULQJ� UH�
JLRQV�� ZDV� GHWHUPLQHG� XVLQJ� WKH� 6FKHUUHU

)LJ�����;5'�VSHFWUXP�RI�D�QF�6L&�ILOP�GHSRV�
LWHG�DW�VXEVWUDWH�WHPSHUDWXUH������&�DQG�LRQ
HQHUJ\� � ���� H9�� ,QVHW�� DSSUR[LPDWLRQ� H[DP�
SOH�RI�D�FRPSRXQG�GLIIUDFWLRQ�SHDN��SHDN�D��
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IRUPXOD� >�@��7KH�6L&� ILOP�FDQ�EH�SUHVHQWHG
DV�D�VHW�RI�FXELF��&�6L&�SRO\W\SH�QDQRFU\V�
WDOV� RI� DERXW� ���� QP� VL]H�� VRPH� DPRXQW� RI
UKRPERKHGUDO���5�6L&�DQG���5�6L&�SRO\W\SH
QDQRFU\VWDOV� RI� DERXW� ���� QP� WR� ����� QP
VL]H�� DQG� VLOLFRQ� QDQRFU\VWDOV� ZLWK� LQWHU�
ERXQGDU\� UHJLRQ� FRQWDLQLQJ� GLVRUGHUHG
SKDVHV� RI� VLOLFRQ� FDUELGH� DQG� R[LGHV� �6L2[�&2[���7KH�VWUXFWXUH�SHFXOLDULWLHV�RI�WKH�6L&ILOPV� GHILQH� WKH� VSHFWUDO� FKDUDFWHULVWLFV
WKHUHRI��)LJ����SUHVHQWV�WKH�VSHFWUDO�GHSHQG�
HQFH�RI�DEVRUSWLRQ�FRHIILFLHQW�D�RQ�WKH�SKR�
WRQ�HQHUJ\�KQ�IRU�D�VLOLFRQ�FDUELGH�ILOP��7KH
D� YDOXHV� IRU� 6L&� ILOPV� GHSRVLWHG� RQWR� D
WUDQVSDUHQW� GLHOHFWULF� VXEVWUDWH�ZHUH� FDOFX�
ODWHG� WDNLQJ� LQWR� DFFRXQW� WKH� UHIOHFWLRQ� FR�
HIILFLHQW� DV� GHVFULEHG� LQ� >�@�� 7KUHH� UHJLRQV
RI� RSWLFDO� DEVRUSWLRQ� FDQ� EH� GLVWLQJXLVKHG
EDVLQJ� RQ� EHKDYLRU� RI� WKH� IXQGDPHQWDO� DE�
VRUSWLRQ� HGJH�� 7KH� ILUVW� UHJLRQ� FRUUHVSRQG�
LQJ� WR� WKH� SKRWRQ� HQHUJ\� UDQJH� RI� �����Ü
����� H9� GHPRQVWUDWHV� DQ� H[SRQHQWLDO� GH�
SHQGHQFH� DQG� LV� GXH� WR� RSWLFDO� WUDQVLWLRQV
LQFOXGLQJ� GLUHFWO\� WKH� GHIHFW� VWDWHV� >�@�� ,W
KDV� EHHQ� VKRZQ� >�@� WKDW� DFFRXQW� IRU� WKH
VFDWWHULQJ�RQ�LPSXULWLHV�UHVXOWV�LQ�D�FKDQJH
LQ� WKH� VWDWH� GHQVLW\� IXQFWLRQV� DW� WKH� JDS
HGJHV� WKDW� FRUUHVSRQG� WR� IRUPDWLRQ� RI� WKH
ILQDO� VWDWH� GHQVLW\� �WDLOV�� GHFUHDVLQJ� H[SR�
QHQWLDOO\� LQWR� GHSWK� RI� WKH� EDQG� JDS�� 7KH
RSWLFDO� WUDQVLWLRQV� EHWZHHQ� WKH� SDUDEROLF
SDUW� RI� D� EDQG� DQG� WKH� WDLO� RI� DQRWKHU� RQH

UHVXOW�LQ�D�VKLIW�RI�WKH�IXQGDPHQWDO�DEVRUS�
WLRQ�HGJH�WRZDUGV�ORQJHU�ZDYHOHQJWKV�ZKHUH
WKH�DEVRUSWLRQ�FRUUHVSRQGV�WR�WKH�IROORZLQJ
HPSLULFDO�UXOH�>�@�

D� �D�H[S>�KQ���(J��e�(X@� ���
+HUH�D�� LV� D� FRQVWDQW��(X�� WKH� ORJDULWK�PLF� VORSH�RI�WKH�DEVRUSWLRQ�FRHIILFLHQW�WKDW

FKDUDFWHUL]HV� WKH� 8KUEDFK� WDLO� ZLGWK� DQG
PHDQV� WKDW� WKH� DEVRUSWLRQ� EHORZ� WKH� GLUHFW
EDQG�LV�FRQWULEXWHG�E\�ERWK�VWDWLF�VWUXFWXUH
GLVRUGHUV�DQG�G\QDPLF�WKHUPDO�RQHV�� ,W�KDV
EHHQ� VKRZQ� >��@� WKDW� DW� URRP�WHPSHUDWXUH�
WKH�VWUXFWXUH�GLVRUGHU�GXH�WR�JUDLQ�ERXQGD�
ULHV�DQG�RWKHU�GHIHFWV�SURYLGHV�WKH�GRPLQDW�
LQJ� FRQWULEXWLRQ� WR� WKH� 8KUEDFK� WDLO�� 7KH
DSSUR[LPDWLRQ�UHVXOWV�RI�WKH�D�KQ��FXUYH�DUH
SUHVHQWHG�LQ�)LJ�����7KH�H[SRQHQWLDO�DEVRUS�
WLRQ�UHJLRQ�LV�GHVFULEHG�ZHOO�DV�D� ��������
H[S� >�KQÜ����������@�� $V� LV� VHHQ�� IRU� WKH
ILOPV� GHVFULEHG� LQ� WKLV� ZRUN� DUH� FKDUDF�
WHUL]HG� E\� UDWKHU� KLJK� (X� YDOXHV� �DERXW����� H9�� WKDW� HYLGHQFH� WKH� SUHVHQFH� RI�GLV�
RUGHUHG�UHJLRQV�LQ�WKH�VDPSOH�VWXGLHG�
7KH� VHFRQG� DEVRUSWLRQ� UHJLRQ� ������ WR

����� H9�� LV� GHVFULEHG� E\� D� SRZHU� IXQFWLRQ
WKDW� LV� GXH� XVXDOO\� WR� GLUHFW� DQG� LQGLUHFW
LQWHUEDQG�WUDQVLWLRQV��7KH�DEVRUSWLRQ�FRHIIL�
FLHQW� GHSHQGHQFH� RQ� WKH� SKRWRQ� HQHUJ\� IRU
LQWHUEDQG�RSWLFDO�WUDQVLWLRQV�KDV�WKH�IRUP

Dp� �k�p���pJ�P�� ���
ZKHUH� $� LV� D� FRQVWDQW� FRQQHFWHG� ZLWK� WKH
EDQG� VWUXFWXUH� IHDWXUHV�� pJ�� WKH� RSWLFDOEDQG�JDS�ZLGWK��P� �����FRUUHVSRQGV�WR�GL�
UHFW�LQWHUEDQG�WUDQVLWLRQV�DQG�P� ����WR�LQ�
GLUHFW�RQHV��+DYLQJ�FRQVWUXFWHG�WKH�GHSHQG�
HQFHV�RI��DKQ���P�ºQ�KQ��ZH�KDYH�GHWHUPLQHG
pJ�E\�H[WUDSRODWLQJ� WKH� VWUDLJKW� OLQH� WR� LQ�WHUVHFWLRQ� ZLWK� WKH� (� D[LV� IRU� WZR� FDVHV�
QDPHO\��GLUHFW�DQG�LQGLUHFW�WUDQVLWLRQV��)LJ�����
,Q� WKH� FDVH�P� ���� WKH� FXUYH� LV� VHHQ� WR� LQ�
FOXGH�D�OLQHDU�VHFWLRQ�FURVVLQJ�WKH�(�D[LV�DW
pLJ� ����� H9�� 7KH� REWDLQHG� YDOXH� pLJ� ����H9�FRUUHVSRQGV�WR�LQGLUHFW�WUDQVLWLRQV�LQ
WKH� VWXGLHG� 6L&� ILOP�� )RU� GLUHFW� LQWHUEDQG
WUDQVLWLRQV��P� �������WKHUH�DUH�WKUHH�OLQHDU
VHFWLRQV�� 7KH� pGJ� YDOXHV� IRU� WKRVH� WKUHHVWUDLJKWHQHG� VHFWLRQV� �D�� E�� DQG� F�� RI� WKH
DEVRUSWLRQ�FXUYH��DKQ���DUH�����H9�������H9�
DQG������ H9�� UHVSHFWLYHO\��7KH� H[LVWHQFH� RI
GLUHFW� RSWLFDO� EDQG� KDYLQJ� WKH� YDOXH� RI
���� H9� FDQQRW� EH� H[SODLQHG� E\� WKH� GHSHQG�
HQFH� RI� WKH� RSWLFDO� EDQG� ZLGWK� RQ� WKH
QDQRFU\VWDO� VL]H� >��@�� EHFDXVH� WKH� DYHUDJH
QDQRFU\VWDO� VL]H� IRU� VLOLFRQ� �DFFRUGLQJ� WR

)LJ����� $EVRUSWLRQ� FRHIILFLHQW� RI� D� QF�6L&
ILOP� DV� D� IXQFWLRQ� RI� WKH� SKRWRQ� HQHUJ\�
&XUYH� �� Û� H[SHULPHQWDO�� FXUYHV� ��� ��� �� Û
FDOFXODWHG�� &XUYH� �� LV� FDOFXODWHG� DFFRUGLQJ� WR
WKH� 8UEDFK� IRUPXOD�� D� �������� H[S>�KQ�Ü
���������@�� &XUYHV� �� DQG� �� DUH� FDOFXODWHG� DF�
FRUGLQJ� WR� WKH� 7DXF� IRUPXOD�� &XUYH� �� Û
�DQK����� �$�KQ�Ü�(J���$� ��������FPÜ����H9����
(J� ������H9��&XUYH���Û� �DQK��� �%�KQ�Ü�(J��
%� �������FPÜ��H9���(J� �����H9�
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6FKHUUHU��LV����QP�DQG�H[FHHGV�FRQVLGHUDEO\
WKH� %RKU� UDGLXV� IRU� HOHFWURQV� DQG� KROHV
�DERXW�����QP���+RZHYHU��LW�KDV�EHHQ�VKRZQ
>��@� WKDW�ZKHQ� D�6L2[� �����[������ LQWHUIDFHOD\HU� LV�SUHVHQW� LQ� VLOLFRQ�QDQRFU\VWDOV�� WKH
EDQG�JDS�ZLGWK�LV�GHILQHG�E\�WKH�WUDQVLWLRQ
DW� WKH� 6L�6L2[� LQWHUIDFH�� GHSHQGV� RQO\VOLJKWO\�RQ� WKH�FU\VWDOOLWH� VL]H��DQG�KDV� WKH
YDOXH�pJ� ����� H9��7KH� QH[W� WZR�pJ� YDOXHVDUH� FORVH� WR� WKRVH� IRU� EDQG� JDS� RI� FXELF
�&�6L&� DQG� ��5�6L&� SRO\W\SHV�� UHVSHFWLYHO\
>������@�
,Q� WKLUG� UHJLRQ� �!����� H9��� WKH� DEVRUS�
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