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5HFHLYHG�-XQH���������
8VLQJ� VSHFWURSKRWRPHWU\� DQG� HOHFWURQ� PLFURVFRS\�� WKH� SURSHUWLHV� RI� GLVRUGHUHG� 6L&

ILOPV� KDYH� EHHQ� VWXGLHG��$�QRQWULYLDO� FKDUDFWHU� RI� VSHFWUDO� DEVRUSWLRQ�KDV� EHHQ� UHYHDOHG
GHSHQGLQJ�RQ�WKH�VWUXFWXUDO�DQG�SRO\W\SH�FRQVWLWXWLRQ�RI�WKH�ILOPV��6L&�SRO\W\SHV�IRUPLQJ
WKH� ILOP�DQG� WKH� EDQG�JDS�ZLGWKV�KDYH� EHHQ�GHWHUPLQHG�� ,W� KDV� EHHQ� VKRZQ�WKDW� LQ� WKLV
FDVH�� LW� LV� SRVVLEOH� WR� REWDLQ� WKH� LQIRUPDWLRQ� RQ� WKH� RSWLFDO� EDQG�WR�EDQG� WUDQVLWLRQ
PRGLILFDWLRQ�GHSHQGLQJ�RQ�WKH�ILOP�VWUXFWXUH�SURSHUW\�DQG�SKDVH�FRPSRVLWLRQ�DV�ZHOO�DV�RQ
WKH�LQIOXHQFH�RI�YDULRXV�SKDVHV�DQG�6L&�ILOP�FU\VWDOOLQLW\�H[WHQW�RQ�WKH�EDQG�JDS�ZLGWK�
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7KLQ� VLOLFRQ� FDUELGH� ILOPV� GHPRQVWUDWH
VRPH� SURSHUWLHV� WKDW� PDNH� WKHVH� PDWHULDOV
UDWKHU�SURPLVLQJ�IRU�DSSOLFDWLRQ�LQ�ILHOGV�RI
RSWLFV� DQG� HOHFWURRSWLFV�� 7KH� PRGHUQ� LRQ�
SODVPD� WHFKQRORJ\� RI� 6L&� ILOP� IDEULFDWLRQ
SURYLGHV� GHSRVLWLRQ� RI� WKLQ� VLOLFRQ� FDUELGH
ILOPV� �HLWKHU� LQ� FU\VWDOOLQH� RU� DPRUSKRXV
VWDWH�� RQWR� GLHOHFWULF� VXEVWUDWHV� >�@�� $PRU�
SKRXV� ILOPV� DUH� SHFXOLDU� LQ� SRVVHVVLQJ� WKH
GHQVLW\�RI�VWDWH� �WDLOV�� ZLWK� WKH� H[SOLFLW
IRUP� EHLQJ� GHILQHG� E\� YDOXH� RI� GHYLDWLRQ
IURP� LGHDO� SHULRGLFLW\�� DQG� HGJHV� RI�PRELO�
LW\� ]RQHV� ZKLFK� VHSDUDWH� ORFDOL]HG� VWDWHV
IURP� QRQ�ORFDOL]HG� RQHV�� 7KH� DERYH� ILOPV
DUH�D�PDLQ�H[SHULPHQWDO�PDWHULDO�IRU�ZRUN�
LQJ� XS� WKH� PDQXIDFWXULQJ� WHFKQRORJ\� RI
SRO\FU\VWDO�DQG�VLQJOH�FU\VWDO�6L&�ILOPV�>�@�
7R�VWXG\�VXFK�ILOPV��FRPSOH[�PHDVXUHPHQWV
RI� WKHLU� PLFUR�VWUXFWXUH�� SKDVH� �L�H��
SRO\W\SH�� FRPSRVLWLRQ� DQG� RSWLFDO� FKDUDF�
WHULVWLFV� DUH� QHFHVVDU\�� 7KH� JRDO� RI� WKLV

ZRUN�LV�WR�VWXG\�WKH�PRVW�LQIRUPDWLYH�FKDU�
DFWHULVWLFV� VXFK� DV� VSHFWUDO� GHSHQGHQFHV� RI
DEVRUSWLRQ� DQG� UHIOHFWLRQ� RI� VLOLFRQ� FDUELGH
ILOPV� LQ� FRQQHFWLRQ� ZLWK� WKHLU� PLFURVWUXF�
WXUH�DQG�SRO\W\SH�FRPSRVLWLRQ�
6XEMHFWHG� WR� WKHVH� VWXGLHV� ZHUH� WZR� VH�

ULHV� RI� VLOLFRQ� FDUELGH� ILOPV� RI� DERXW
���� QP� WKLFNQHVV� SUHSDUHG� E\� GLUHFW� LRQ
GHSRVLWLRQ� RQWR� .&O� VXEVWUDWHV� EHLQJ� DW
URRP�WHPSHUDWXUH�IRU�WKH�ILUVW�VHULHV��,��DQG
KHDWHG� XS� WR�7� �����&� IRU� WKH� VHFRQG� RQH
�,,��� ,QIOXHQFH� RI� VDSSKLUH� VXEVWUDWH� WHP�
SHUDWXUH� �DV� ZHOO� DV� HQHUJLHV� RI� LRQV� EHLQJ
GHSRVLWHG�� RQ� VWUXFWXUH� DQG� SURSHUWLHV� RI
WKLQ� ILOPV� KDYH� EHHQ� LQYHVWLJDWHG� LQ� GHWDLO
EHIRUH� >�@�� 7KH� PLFURVWUXFWXUH� DQG� SKDVH
FRPSRVLWLRQ� RI� VLOLFRQ� FDUELGH� ILOPV� ZHUH
VWXGLHG�XVLQJ� WUDQVPLVVLRQ�HOHFWURQ�PLFURV�
FRS\� �D� 3(0�8� HOHFWURQ�PLFURVFRSH�� ��� N9
DFFHOHUDWLRQ� YROWDJH�� ZLWK� VXEVHTXHQW
SKRWRPHWULF� VFDQQLQJ� RI� EODFNHQHG� SKRWR�
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ILOP��DQG�SORWWLQJ�WKH�GHSHQGHQFH�RI�SKRWR�
ILOP� EODFNHQLQJ� LQWHQVLW\� RQ� WKH� VFDQQLQJ
VWHS�OHQJWK�DORQJ�GLIIUDFWLRQ�ULQJ�GLDPHWHU�
7R� HYDOXDWH� WKH� GLDPHWHUV� RI� GLIIUDFWLRQ
ULQJV��WKH�EODFNHQLQJ�RI�SKRWRPHWULF�FXUYHV
ZDV� DSSUR[LPDWHG� E\� D� VHW� RI� *DXVVLDQV�
7KH� DERYH� PHWKRG� ZDV� FRQVLVWHG� LQ� VHDUFK
IRU� UHVXOWDQW� DSSUR[LPDWLRQ� FXUYHV� WKDW
ZRXOG� DJUHH� ZLWK� H[SHULPHQWDO� FXUYH� DW� D
PLQLPDO�HUURU��,Q�IDFW��WKH�RSWLPDO�DSSUR[L�
PDWLRQ� ZDV� DWWDLQHG� XVLQJ� �� WR� ��� *DXV�
VLDQV��,Q�WKDW�FDVHV�� WKH�U�P�V��GHYLDWLRQ�RI
FDOFXODWHG� UHVXOWV� YV� H[SHULPHQWDO� RQHV
PDGH� XS� ����Ü��� 7KH� XVH� RI� DSSUR[LPDWLRQ
WHFKQLTXHV�PDGH�LW�SRVVLEOH�WR�GHWHUPLQH�WKH
GLDPHWHUV�RI�KDOR�ULQJV�DQG�WR�HYDOXDWH�WKH
GHJUHHV�EOXUULQJ�DQG�LQWHQVLW\�RI�GLIIUDFWLRQ
UHIOHFWLRQV� IURP� WKH� KHLJKW� DQG� VHPL�ZLGWK
RI� *DXVVLDQV�� 7KLV� DGGLWLRQ� E\�SURGXFW� RI
WKH� DERYH�PHQWLRQHG� PHWKRG� LV� HVSHFLDOO\
XVHIXO� DW� LQYHVWLJDWLRQ� RI� GLVRUGHUHG� DQG
DPRUSKRXV� ILOPV� LQ� FDVHV� ZKHQ� ERXQGDULHV
RI� KDOR� DUH� VLJQLILFDQWO\� EOXUUHG� RII� �L�H��
GLIIXVHG��� 7KH� RSWLFDO� SURSHUWLHV� RI� GHSRV�
LWHG� 6L&�ILOPV� ZHUH� VWXGLHG� E\� PHDVXULQJ
WKH� UHIOHFWLRQ� DQG� WUDQVPLVVLRQ� VSHFWUD� LQ
���Ü����� QP� VSHFWUDO� UDQJH�� XVLQJ� D� 3HU�
NLQ� (OPHU� �/$0%'$����� VSHFWURSKRWRPH�
WHU�ZLWK�D�GLIIXVLRQ�OLJKW�UHIOHFWLRQ�DGDSWHU�

7KH� 6HULHV� ,� WKLQ� ILOPV� DUH� QRQ�XQLIRUP
RQHV�� WKDW� LV�� VLPXOWDQHRXVO\� ZLWK� SURSHU
LUUHJXODULWLHV��ZKLFK�UHVHPEOH�ERXQGDULHV�RI
JUDLQV��FOHDUO\�VHHQ�RQ�EDFNJURXQG�RI�DPRU�
SKRXV�PDWUL[��WKHUH�DOVR�H[LVWV�D�FU\VWDOOLQH
PRUSKRORJ\�RI�UDWKHU�UHJXODU�UKRPE�VKDSHG
IRUPDWLRQV�� DERXW� ��� QP� LQ� VL]H�� )LJ���D
SUHVHQWV� DQ� HOHFWURQ� GLIIUDFWLRQ� SDWWHUQ
WDNHQ� IURP� D� GLVRUGHUHG� SRUWLRQ� RI� DQ� H[�
SHULPHQWDO� ILOP�� 7KH� LPDJH� VKRZV� D� GLIIX�
VLRQ�EOXUUHG� KDOR� ZLWK� SUDFWLFDOO\� HYHQ� LQ�
WHQVLW\� WKDW� PDNHV� LW� LPSRVVLEOH� WR� GLVWLQ�
JXLVK� EHWZHHQ� WKH� SURILOHV� RI� GLIIUDFWLRQ
ULQJV�� $SSOLFDWLRQ� RI� DSSUR[LPDWLRQ� PHWK�
RGRORJ\� XVHG� LQ� WKLV� H[SHULPHQW� PDGH� LW
SRVVLEOH� WR� GLVFHUQ� WKH� SURILOHV� RI� GLIIUDF�
WLRQ� ULQJV� DQG� WKXV� WR� GHWHUPLQH� FRRUGL�
QDWHV� RI� GLIIUDFWLRQ� PD[LPD� IRU� YDULRXV
JURXSV� RI�6L&� SRO\W\SHV�� )LJ���E� VKRZV� WKH
UHVXOWV�RI�D�VLPLODU�H[SHULPHQWDO�SURFHVVLQJ
RI� SKRWRPHWULF� FXUYHV� IRU� 6HULHV� ,,� WKLQ
ILOPV� FRQWDLQLQJ� DERXW� ���� WR� ����� QP
VL]HG� FU\VWDOOLQH� LQFOXVLRQV�� 5HVXOWV� RI� DS�
SUR[LPDWLRQ� PHWKRGRORJ\� LQ� XVH� DUH� DOVR
UHSUHVHQWHG�LQ�7DEOH�
$V� WR� WKH� GLVRUGHUHG� DUHDV� RI� 6HULHV� ,

WKLQ� ILOPV�� WKH�PRVW� W\SLFDO� DUH� UHIOHFWLRQV
ZLWK�JUDYLW\�FHQWHU�GKNO|������c�ZKLFK�FRU�UHVSRQG�WR� VLOLFRQ�SKDVH� >�@��7KH�UHPDLQLQJ
DWRPLF� LQWHUSODQDU� VSDFHV� FRUUHVSRQG� WR

)LJ����� 3KRWRPHWULF� FXUYHV� RI� HOHFWURQ� GLIIUDFWLRQ� IRU� WKH� ILOPV� RI� 6HULHV� ,� �D�� DQG� ,,� �E��� ,QVHWV�
HOHFWURQ�PLFURVFRSLF� LPDJHV� RI� WKH� ILOPV� IURP�6HULHV� ,�DQG� ,,�DQG�GLIIUDFWLRQ�PLFURSDWWHUQV� IURP
WKHVH�ILOPV�
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FXELF�� UKRPERKHGUDO�� DQG� KH[DJRQDO
SRO\W\SHV�RI�VLOLFRQ�FDUELGH���&�6L&���+�6L&�
�s�6L&�� DQG� ��5�6L&�� UHVSHFWLYHO\�� ZLWK
GLVRUGHUHG�VWUXFWXUHV�>�@�
,W� LV� WR� QRWH� WKDW� DV� WR� 6HULHV� ,,� WKLQ

ILOPV��WKH�DERYH�PHQWLRQHG�HOHFWURQ�GLIIUDF�
WLRQ� SDWWHUQ� SURYLGHV� D� PRUH� FOHDU� GLVWLQF�
WLRQ�RI�GLIIUDFWLRQ�ULQJV��-XGJLQJ�IURP�WKH
)LJXUH� VKRZLQJ� WKH� DSSUR[LPDWLRQ� FXUYHV�
VRPH�FKDQJHV�FDQ�EH�QRWHG�IRU�ORFDWLRQV�DQG
VHPL�ZLGWKV� RI� SHDNV�� ZKLFK� DOO� LV� DQ� HYL�
GHQFH� RI� � GKNO�� YDOXH� YDULDWLRQ�� 7KHVH� UH�VXOWV� GHPRQVWUDWH� WKDW� WKH� VHULHV� ,,� ILOPV
FRQWDLQ� SRO\FU\VWDOOLQH� DUHDV� ZLWK� H[SHUL�
PHQWDOO\� REWDLQHG� GKNO� YDOXHV� EHLQJ� LQDJUHHPHQW�ZLWK�WKH�VDPH�SDUDPHWHU�IRU�VLOL�
FRQ� FDUELGH� RI� KH[DJRQDO� �+�6L&� VWUXFWXUH
DQG��+�6L&�LQFOXVLRQV�
)LJ���� UHSUHVHQWV� WKH� VSHFWUDO� GHSHQG�

HQFHV��DKQ�����RQ�WKH�SKRWRQ�HQHUJ\�IRU�WZR
W\SHV� RI� WKLQ� ILOPV��+HUH��D� LV� WKH� DEVRUS�
WLRQ�FRHIILFLHQW�� LWV�PHDVXUHPHQW�SURFHGXUH
LV�GHVFULEHG�LQ�>�@��7KH�)LJXUH�FOHDUO\�VKRZV
WKDW�VSHFWUDO�FXUYHV�RI�DEVRUSWLRQ�GLIIHU�QR�
WDEO\� IURP� HDFK� RWKHU�� 7KXV�� YDOXHV� RI�(JIRU� RSWLFDO� JDS� �GHWHUPLQHG� IURP� WKH� IXQF�
WLRQ� �DKQ����� SORW�� PDGH� XS� ����� H9� DQG
����� H9� IRU� 6HULHV� ,� DQG� 6HULHV� ,,� WKLQ
ILOPV��FRUUHVSRQGLQJO\�
0RUHRYHU�� WKHUH� DUH� IXUWKHU� GLIIHUHQFHV

LQ� H[SRQHQWLDO� VHFWLRQV� RI� FXUYHV�� 7KH� 8U�
EDFK�HQHUJ\�(8��ZKLFK�LV�NQRZQ�DV�D�PHDV�XUH�IRU�GLVRUGHU��HYDOXDWHG�IURP�WKH�VSHFWUD
PDGH�XS�����H9�DQG�����H9�IRU�6HULHV�,�DQG
6HULHV�,,�VDPSOHV��UHVSHFWLYHO\��7KXV��YDOXHV
RI� (J� DQG� (8� GHPRQVWUDWH� DQ� RUGHULQJ� RIVWUXFWXUH�� EHLQJ� LQ� D� JRRG� FRUUHODWLRQ�ZLWK
UHVXOWV� RI� HOHFWURQ� PLFURVFRS\� H[DPLQD�
WLRQV�� ,W�KDV�EHHQ� VKRZQ� WKDW�ZLWK� LQFUHDV�
LQJ� VXEVWUDWH� WHPSHUDWXUH�� WKH� FU\VWDO�
OL]DWLRQ� SURFHVVHV� EHFRPH� LQWHQVLILHG�
ZKHUHE\� FRPSRVLWLRQ� RI� SRO\W\SH� SKDVHV
WHQGV� WR� VKLIW� WRZDUGV� DUHD� RI� KH[DJRQDO
SRO\W\SHV��7KH�RSWLFDO�JDS�(J�YDOXHV�IRU�6H�ULHV�,,�VDPSOHV�WHQG�WR�LQFUHDVH��PDNLQJ�XS
DSSUR[LPDWHO\� D�PHDQ� DULWKPHWLF� YDOXH� EH�
WZHHQ� WKRVH� YDOXHV� RI� RSWLFDO� IRUELGGHQ

EDQGV� IRU�SRO\W\SHV� VLOLFRQ�FDUELGH��&���+�
�+����5�DQG�6L�
7KXV�� LW�KDV� EHHQ� VKRZQ� WKDW�XWLOL]DWLRQ

RI�LQGHSHQGHQW�DQDO\VLV�PHWKRGV�RI�VSHFWUR�
SKRWRPHWU\�WHFKQLTXHV�DQG�HOHFWURQ�PLFURV�
FRS\�PDNHV� LW�SRVVLEOH�WR�JHW�GHWDLOHG�FKDU�
DFWHULVWLFV� RI� VLOLFRQ� FDUELGH� ILOPV� LQ� YDUL�
RXV�SKDVH�DQG�VWUXFWXUDO�VWDWHV��$V�D�UHVXOW�
WKH�LQIRUPDWLRQ�EHFRPHV�DYDLODEOH�RQ�WUDQV�
IRUPDWLRQ� RI� RSWLFDO� LQWHUEDQG� WUDQVLWLRQV�
GHSHQGLQJ�RQ�FKDQJHV�LQ�WKH�ILOP�VWUXFWXUHV
DQG�SKDVH�FRPSRVLWLRQV��LQIOXHQFH�RI�GLIIHU�
HQW�SKDVHV�RQ�EDQG�JDS�ZLGWK��DQG�FU\VWDO�
OLQLW\�GHJUHH�RI�6L&�ILOPV�

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

QRVW���1R��������������
� ���$�9�6HPHQRY��$�9�/RSLQ��9�0�3X]LNRY�HW�DO��

)XQFWLRQDO�0DWHULDOV�����������������
� ���$�9�6HPHQRY��$�9�/RSLQ��9�0�3X]LNRY�HW�DO��

7KLQ�6ROLG�)LOPV�������������������
� ���$�,�0LUNLQ��5HIHUHQFH�%RRN�RQ�;�5D\�$QDO\�

VLV� IRU� 3RO\FU\VWDOV�� 1DXND�� 0RVFRZ� ������
>LQ�5XVVLDQ@�

� ���6�$�'REUROH]K�� 6�0�=XENRYD�� 9�$�&UDYHW]� HW
DO���6LOLFRQ�&DUELGH��3XEO��7HNKQ��/LWHU��.\LY
������@�>LQ�5XVVLDQ@�

� ���$�9�/RSLQ��$�9�6HPHQRY��9�0�3X]LNRY�HW�DO��
)XQFWLRQDO�0DWHULDOV�����������������

)LJ�����6SHFWUDO�GHSHQGHQFHV�RI��DKQ�����YDOXH
RQ�SKRWRQ�HQHUJ\�

7DEOH����6WUXFWXUDO�SDUDPHWHUV�DQG�SRO\WXSHV�RI�H[SHULPHQWDO�VDPSOHV

6DPSOH GKNO
)LOP�RI�6HULHV�,� ����� ����� ����� ���� ����� ���� ���� ����� �����
WKH�SRO\W\SH �+ �+ �& �&���+����5 ��5 6L �& �&���+ 6L

)LOP�RI�6HULHV�,, ����� ����� ����� ���� ����� ���� ���� ���� ����
WKH�SRO\W\SH �+ �+ �& �&���+����5 �+ �+ �+ �+ 6L
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