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7KH�NLQHWLFV�RI�WKHUPROXPLQHVFHQFH� �7/��DULVLQJ�IURP�VKDOORZ�WUDSV� LQ�VLQJOH�FU\VWDOV
RI� DQLRQ�GHIHFWLYH� DOXPLQXP� R[LGH� KDV� EHHQ� FRQVLGHUHG�� ,W� KDV� EHHQ� VKRZQ� WKDW� WKH� 7/
SHDN�DW����Ü����.�LV�FKDUDFWHUL]HG�E\�LGHQWLFDO�NLQHWLF�SDUDPHWHUV�LQ�VDPSOHV�FRQWDLQLQJ
YDULRXV� FRQFHQWUDWLRQV� RI� VKDOORZ� WUDSV��.LQHWLF� 7/� SDUDPHWHUV� IRU� WKLV� SHDN� KDYH� EHHQ
FDOFXODWHG�E\�DQDO\]LQJ�RI�WKH�OXPLQHVFHQFH�LVRWKHUPDO�GHFD\�FXUYHV��YDU\LQJ�WKH�KHDWLQJ
UDWH�� DQG� WKH�SHDN� VKDSH��$Q� LQWHUDFWLYH� UHODWLRQVKLS� RI� VKDOORZ�DQG�GRVLPHWULF� WUDSV� LQ
WKH�FU\VWDOV�XQGHU�VWXG\�KDV�EHHQ�VXSSRVHG��
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7KH� LQWHUHVW� LQ� WKHUPROXPLQHVFHQFH� �7/�
SURSHUWLHV� RI� DQLRQ�GHIHFWLYH� DOXPLQXP
R[LGH� VLQJOH� FU\VWDOV� LV� H[SODLQHG� E\� ZLGH
XVH� WKHUHRI� DV� LRQL]LQJ� UDGLDWLRQ� GHWHFWRUV
>����@�� 7KH� WKHUPROXPLQHVFHQFH� FXUYH� IRU
D�$O�2�� LQFOXGHV� VHYHUDO� SHDNV�� 7KH� GRPL�QDWLQJ�SHDN�LV�WKDW�DW����Ü����.��ZKLFK�LV
XVHG�LQ�GRVLPHWULF�PHDVXUHPHQWV�>�@��0RUH�
RYHU�� SHDNV� RI� KLJK�WHPSHUDWXUH� 7/� FRQ�
QHFWHG�ZLWK�GHHS�WUDSV�>�@��DQG�D�7/�SHDN�DW
���Ü����.�DVVRFLDWHG�ZLWK�VKDOORZ�WUDSV�>�@
DUH�UHYHDOHG�LQ�WKHVH�FU\VWDOV��7KH�VWXG\�RI
7/� SURSHUWLHV� RI� WKLV� SHDN� SUHVHQWV� DQ� LP�
SRUWDQW� WDVN� VLQFH� VKDOORZ� WUDSV� PD\� FRP�
SHWH�ZLWK� GRVLPHWULF� FHQWHUV� XQGHU� LUUDGLD�
WLRQ�DQG�GLVWRUW�LQIRUPDWLRQ�RQ�WKH�DFFXPX�
ODWHG�GRVH��+RZHYHU��WKH�7/�NLQHWLFV�LQ�WKLV
SHDN�KDV�QRW�EHHQ�VWXGLHG�LQ�GHWDLO�WR�GDWH�
7KLV� VWXG\� GHDOV� ZLWK� VSHFLILF� IHDWXUHV� RI
WKH� 7/� NLQHWLFV� DULVLQJ� IURP� VKDOORZ� WUDS�
SLQJ� FHQWHUV� LQ� DQLRQ�GHIHFWLYH� FRUXQGXP
VLQJOH�FU\VWDOV��

7KH� REMHFWV� RI� VWXG\� ZHUH� VDPSOHV� RI
QRPLQDOO\�SXUH� DQLRQ�GHIHFWLYH�D�$O�2�� VLQ�JOH� FU\VWDOV� JURZQ� E\� 6WHSDQRY� PHWKRG
XQGHU� UHGXFLQJ� FRQGLWLRQV�� 7KHUPROXPLQHV�
FHQFH�ZDV� H[FLWHG� XVLQJ� D� ��6U���<� EHWD�UD�
GLDWLRQ� VRXUFH�� 7KH� VRXUFH� GRVH� UDWH� ZDV
���P*\�PLQ��0HDVXUHPHQWV� RI� 7/� LQ� VKDO�
ORZ� WUDSV� DUH� FRPSOLFDWHG� EHFDXVH� WKRVH
VWDUW�WR�HPSW\�LPPHGLDWHO\�DIWHU�H[FLWDWLRQ
DW� URRP� WHPSHUDWXUH��7R� SURYLGH� UHSURGXF�
LEOH�PHDVXUHPHQW�UHVXOWV� IRU�7/� LQ�VKDOORZ
WUDSV�� WKH� LUUDGLDWHG� VDPSOHV� ZHUH� NHSW� LQ
GDUN� IRU� WKH� VDPH� WLPH� SHULRG� ���� V��� 7/
ZDV�UHFRUGHG�GXULQJ�OLQHDU�KHDWLQJ�RU�LQ�WKH
LVRWKHUPDO�UHJLPH�LQ�WKH�OXPLQHVFHQFH�EDQG
RI�)�FHQWHUV������QP���7KH�SKRWRVWLPXODWHG
WUDQVIHU�RI�FKDUJH�FDUULHUV�IURP�GHHS�WUDSV
WR�D�VKDOORZ�RQH�ZDV�UHDOL]HG�XVLQJ�DQ�RSWL�
FDO� UDGLDWLRQ� VRXUFH� SURYLGLQJ� D� KLJK� VSHF�
WUDO�LQWHQVLW\�DW�WKH�����QP�ZDYHOHQJWK��

)LJ����SUHVHQWV�7/�FXUYHV�IRU�WKUHH�VDP�
SOHV� RI� DQLRQ�GHIHFWLYH� DOXPLQXP� R[LGH
DIWHU� H[SRVXUH� WR� D� VWDQGDUG� GRVH� RI� EHWD�
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UDGLDWLRQ� IRU� �� PLQ� DW� D� KHDWLQJ� UDWH� RI
��.�V��,W�LV�VHHQ�WKDW�WKH�GRVLPHWULF�SHDN�DW
����.� LV� DFFRPSDQLHG�E\� D�SHDN�DW�����.�
ZKLFK� LV� FRQQHFWHG� ZLWK� VKDOORZ� WUDSSLQJ
OHYHOV��7KH� VWXG\�KDV� VKRZQ�DOVR� WKDW� VDP�
SOHV� KDYLQJ� D� QHDUO\� WKH� VDPH� GRVLPHWULF
VHQVLWLYLW\�DV�HVWLPDWHG�IURP�WKH�OLJKW�VXP
LQ� WKH� GRVLPHWULF� SHDN�� FRXOG� EH� FKDUDF�
WHUL]HG�E\�FRQVLGHUDEO\�GLIIHUHQW�LQWHQVLWLHV
RI� 7/� GHWHUPLQHG� E\� WKH� FRQFHQWUDWLRQ� RI
VKDOORZ� WUDSV�� $Q� H[DPLQDWLRQ� RI� )LJ���
VKRZV� WKDW� WKH� LQWHQVLW\� RI� WKH�7/�SHDN�DW
����.�FDQ�GLIIHU�E\�PRUH�WKDQ�RQH�RUGHU�RI
PDJQLWXGH��+RZHYHU�� WKH� WHPSHUDWXUH�SRVL�
WLRQ�DQG�WKH�VKDSH�RI�WKLV�SHDN�UHPDLQ�XQ�
FKDQJHG� LQ� YDULRXV� VDPSOHV�� 7KLV� REVHUYD�
WLRQ� SRLQWV� WR� WKH� LGHQWLW\� RI� NLQHWLF� SD�
UDPHWHUV� RI� 7/� LQ� YDULRXV� VDPSOHV�� ,W� KDV
EHHQ�IRXQG�DOVR�WKDW�SDUDPHWHUV�RI�WKH�ORZ�
WHPSHUDWXUH�7/� SHDN�GR�QRW�GHSHQG�RQ� WKH
FU\VWDO�GRVLPHWULF�VHQVLWLYLW\�

:KHQ� WKH� LUUDGLDWHG� VDPSOHV� ZHUH� NHSW
DW�URRP�WHPSHUDWXUH��WKH�VKDOORZ�WUDSV�DUH
HPSWLHG�� DQG� WKH� WUDS� GHSOHWLRQ� LV� VHHQ� DV
WKH�LQWHQVLW\�GHFUHDVH�RI�WKHLU�DVVRFLDWHG�7/
SHDN� GXULQJ� VXEVHTXHQW� PHDVXUHPHQWV�
)LJ�� �� SUHVHQWV� GHSHQGHQFHV� RI� WKH� ���� .
7/� SHDN� LQWHQVLW\� RQ� WKH� KROGLQJ� WLPH� DW
URRP� WHPSHUDWXUH� IRU� ILYH� LUUDGLDWHG� VDP�
SOHV�KDYLQJ�GLIIHUHQW�FRQFHQWUDWLRQV�RI�VKDO�
ORZ�WUDSV��,W�LV�VHHQ�WKDW�WKH�FXUYHV�H[KLELW
D�QHDUO\�FRLQFLGHQW�WUHQG�LQ�DOO�WKH�VDPSOHV
VWXGLHG�� WKH� GHSOHWLRQ� NLQHWLFV� RI� VKDOORZ
WUDSV�EHLQJ�FKDUDFWHUL]HG�E\�FORVH�SDUDPHWHUV�

.LQHWLF�7/�SDUDPHWHUV�LQ�WKH�SHDN�XQGHU
VWXG\�ZHUH�GHWHUPLQHG�XVLQJ�VHYHUDO�GLIIHU�
HQW�PHWKRGV�� 7KH� NLQHWLFV� RUGHU�ZDV� FDOFX�
ODWHG�E\� DQDO\]LQJ�RI� WKH� OXPLQHVFHQFH� LVR�

WKHUPDO� GHFD\� FXUYHV� >�@�� 7KH� LVRWKHUPDO
GHFD\� FXUYHV� ZHUH� PHDVXUHG� DW� GLIIHUHQW
WHPSHUDWXUHV�� 7KH� FXUYHV� REWDLQHG� DW� ���
����DQG����&�DUH�VKRZQ�LQ�)LJ����ZKHUH�WKH
RUGLQDWH�LV�WKH�QDWXUDO� ORJDULWKP�RI�WKH�7/
LQWHQVLW\�� ,W� LV� VHHQ� WKDW� WKHVH�GHSHQGHQFHV
DUH� GHVFULEHG� ZHOO� E\� D� OLQHDU� IXQFWLRQ�
7KHUHIRUH�� WKH� 7/� GHFD\� LV� H[SRQHQWLDO�
)URP� WKLV� H[SHULPHQW�� LW� PD\� EH� LQIHUUHG
WKDW� WKH� SHDN� DW� ���� .� LV� GXH� WR� D� VLQJOH
PRQR�HQHUJ\� WUDS�DQG� WKH�7/�NLQHWLFV� LV�RI
WKH� ILUVW� RUGHU�� ,W� KDV� EHHQ� IRXQG� WKDW� WKH
WHPSHUDWXUH� RI� WKH� SHDN� DVVRFLDWHG� ZLWK� D
VKDOORZ�WUDS�GRHV�QRW�FKDQJH�DV�WKH�LUUDGLD�
WLRQ� GRVH� LQFUHDVHV�� 7KLV� LV� RQH� PRUH� HYL�
GHQFH� FRQILUPLQJ� WKH� VXSSRVHG� ILUVW� RUGHU
RI� WKH�7/�NLQHWLFV��3ORWWLQJ� RI� WKH� GHSHQG�
HQFH� OQ�P�� �OQ�6H[S�Ü(�N7���� ZKHUH� P� LV
WKH� VORSH� RI� WKH� VWUDLJKW� OLQHV� LQ� )LJ���

)LJ����� ,QWHQVLW\� RI� WKH� ���� .� 7/� SHDN� YV�
KROGLQJ� WLPH� DW� URRP� WHPSHUDWXUH� IRU� ILYH
LUUDGLDWHG� VDPSOHV� RI� DQLRQ�GHIHFWLYH� DOXPL�
QXP�R[LGH�

)LJ����� &XUYHV� RI� LVRWKHUPDO� OXPLQHVFHQFH
GHFD\�DW����&���������&�����DQG����&�����

)LJ�����7KHUPROXPLQHVFHQFH�FXUYHV�IRU�DQLRQ�
GHIHFWLYH� VLQJOH� FU\VWDOV� RI� DOXPLQXP� R[LGH
H[SRVHG�WR�WKH�VDPH�LUUDGLDWLRQ�GRVH��+HDWLQJ
UDWH���.�V�
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DJDLQVW� WKH� LQYHUVH� WHPSHUDWXUH� ���7�� DOVR
JLYHV�D�VWUDLJKW�OLQH��LWV�VORSH�FRXOG�EH�XVHG
WR� GHWHUPLQH� WKH� 7/� DFWLYDWLRQ� HQHUJ\�� ,Q
WKLV� FDVH�� WKH� IUHTXHQF\� IDFWRU� LV� IRXQG
IURP�SDUDPHWHUV�RI�WKH�LQWHUVHFWLRQ�SRLQW�RI
WKH�VWUDLJKW�OLQH�DQG�WKH�RUGLQDWH�D[LV��7KH
REWDLQHG� YDOXHV� DQG� UHVXOWV� RI� FDOFXODWLRQV
PDGH� E\� RWKHU� PHWKRGV� DUH� JLYHQ� LQ� WKH
7DEOH�

7KH� NLQHWLF� SDUDPHWHUV� ZHUH� DOVR� GHWHU�
PLQHG�IURP�WKH�SHDN�VKDSH�>�@��7KLV�PHWKRG
LV�WKH�VLPSOHVW�RQH�IRU�GHWHUPLQDWLRQ�RI�WKH
7/�DFWLYDWLRQ�HQHUJ\�DQG�WKH�IUHTXHQF\�IDF�
WRU�� VLQFH� RQO\� VHYHUDO� SRLQWV� LQ� WKH� 7/
FXUYH� DUH� XVHG��7KH�PD[LPXP�WHPSHUDWXUH
7P� DQG� WKH� WHPSHUDWXUHV�7�� DQG�7�� ZKLFKDUH� GHWHUPLQHG� OHIW�VLGH� DQG� ULJKW�VLGH� RI
7P� DW� ):+0�� DUH� HPSOR\HG� PRVW� IUH�
TXHQWO\�LQ�FDOFXODWLRQV��,Q�>�@��HTXDWLRQV�DUH
SUHVHQWHG� UHODWLQJ� WKH� DFWLYDWLRQ� HQHUJ\� WR
WKH�SHDN�IXOO�ZLGWK�Z��WKH�ZLGWK�RI�LWV�ORZ�
WHPSHUDWXUH�SDUW�W� �7P�Ü�7���DQG�WKH�KLJK�WHPSHUDWXUH�SDUW�G��7KH�JHQHUDO�IRUPXOD�IRU
FDOFXODWLQJ�WKH�(�YDOXH�LV�

(� �&J�N7P� �e�J���%J��N7P��� ���
ZKHUH�N� LV� WKH�%ROW]PDQQ�FRQVWDQW�DQG�J� LV
Z�� W�� RU� G�� 7KH� FRQVWDQWV� &J� DQG� %J� DUHH[SUHVVHG� WKURXJK� WKH� VKDSH� IDFWRU� DQG
KDYH� GLIIHUHQW� YDOXHV� GHSHQGLQJ� RQ� WKH
TXDQWLW\�XVHG�DV�WKH�SDUDPHWHU�J��$QDO\WLFDO
H[SUHVVLRQV� IRU� WKHVH� FRQVWDQWV� DUH� DOVR
JLYHQ� LQ� >�@�� 7KH� (� YDOXH� ZDV� FDOFXODWHG
XVLQJ� HDFK� RI� WKH� WKUHH� SRVVLEOH� PHWKRGV
DQG� WKHQ�ZDV� DYHUDJHG��7KH� IUHTXHQF\� IDF�
WRU�ZDV�FDOFXODWHG�IURP�WKH�IRUPXOD�>�@�
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ZKHUH� E� LV� WKH� KHDWLQJ� UDWH�� 7KH� REWDLQHG
UHVXOWV�DUH�VXPPDUL]HG�LQ�WKH�7DEOH��

7KH� NLQHWLF� SDUDPHWHUV� ZHUH� DOVR� FDOFX�
ODWHG� E\� WKH� KHDWLQJ� UDWH� YDULDWLRQ�PHWKRG
>�@�� 7KH� DFWLYDWLRQ� HQHUJ\� ZDV� GHWHUPLQHG
IURP�WKH�IRUPXOD�
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ZKHUH�7P��DQG�7P��GHQRWH�WHPSHUDWXUHV�RI
WKH�SHDNV�FRUUHVSRQGLQJ�WR�KHDWLQJ�UDWHV�E�
DQG�E��>�@��7KH�DFWLYDWLRQ�HQHUJ\�ZDV�FDOFX�ODWHG�IRU�GLIIHUHQW�SDLUV�RI�KHDWLQJ�UDWH�YDO�
XHV��7KHQ�LWV�DYHUDJH�ZDV�XVHG�WR�GHWHUPLQH
WKH� IUHTXHQF\� IDFWRU� IURP�(T������7KH� UHOH�
YDQW�UHVXOWV�DUH�JLYHQ�LQ�WKH�7DEOH�

$Q� H[DPLQDWLRQ�RI� WKH�7DEOH� VKRZV� WKDW
YDOXHV� RI� WKH� NLQHWLF� 7/� SDUDPHWHUV� LQ� WKH
SHDN� XQGHU� VWXG\� GHWHUPLQHG� E\� GLIIHUHQW
PHWKRGV� DUH� LQ� D� JRRG� PXWXDO� DJUHHPHQW�
7KH� RQO\� H[FHSWLRQ� LV� WKH� IUHTXHQF\� IDFWRU
GHWHUPLQHG�IURP�WKH�DQDO\VLV�RI�WKH�LVRWKHU�
PDO� GHFD\� FXUYHV�� 7KLV� GLVFUHSDQF\� FDQ� EH
H[SODLQHG� E\� LQDFFXUDFLHV� LQFXUUHG� LQ� WKH
WHPSHUDWXUH�PHDVXUHPHQWV�DQG� WKH�FDOFXOD�
WLRQV��$FFRUGLQJ�WR�RXU�HVWLPDWHV��WKLV�HUURU
PD\�EH� DV� ODUJH� DV�RQH�RUGHU�RI�PDJQLWXGH
RI�WKH�IUHTXHQF\�IDFWRU�

7KH� YDOLGLW\� RI� WKH� REWDLQHG� UHVXOWV�ZDV
YHULILHG� E\� FRPSDULQJ� H[SHULPHQWDO� 7/
FXUYHV�DQG�WKRVH�FDOFXODWHG�LQ�WKH�IUDPH�RI
D�VLPSOHVW�7/�PRGHO�ZLWK�RQH�WUDSSLQJ�OHYHO
>�@��7KH�DSSUR[LPDWLRQ�HUURU�ZDV�HVWLPDWHG
E\�WKH�IRUPXOD�>�@�
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7KH� DSSUR[LPDWLRQ� HUURU� RI� DQ� H[SHUL�
PHQWDO�7/�FXUYH�ZDV� IRXQG�WR�EH� OHVV�WKDQ
��� ��� WKXV� FRUUHVSRQGLQJ� WR� WKH� FULWHULD
DGRSWHG� LQ� WKH� OLWHUDWXUH� IRU� WKH� DQDO\WLFDO
GHVFULSWLRQ�RI�7/�FXUYHV�>�@�

,W� ZDV� IRXQG� DOVR� WKDW� 7/� SURSHUWLHV� RI
VKDOORZ� WUDSV� GHSHQG� RQ� 7/� SDUDPHWHUV� RI
GRVLPHWULF� WUDSSLQJ� FHQWHUV�� $� FRUUHODWLRQ
EHWZHHQ� WKH� ���� .� 7/� SHDN� LQWHQVLW\� DQG
):+0�RI�WKH�GRVLPHWULF�SHDN�DW�����.�KDV
EHHQ� UHYHDOHG�� 7KH� REWDLQHG� UHVXOWV� DUH
VKRZQ� LQ�)LJ����� ,W� LV� VHHQ� WKDW� LQ� VDPSOHV
ZLWK�D�VPDOO�):+0�RI�WKH�GRVLPHWULF�SHDN
���Ü��� .��� WKH� YDOXH� RI� WKH� ���� .� SHDN
PD\� FKDQJH� ZLWKLQ� EURDG� OLPLWV� GHSHQGLQJ
RQ�WKH�FRQFHQWUDWLRQ�RI�VKDOORZ�WUDSV��+RZ�
HYHU�� LQ� VDPSOHV� ZLWK� D� ZLGH� PDLQ� SHDN
�):+0�RYHU����.���WKH�LQWHQVLW\�RI�WKH�DW
����.�SHDN� LV�YHU\� ORZ� LQ� DOO� WKH� VDPSOHV�
7KLV� UHJXODULW\� ZDV� REVHUYHG� PRUH� WKDQ
RQFH�LQ�VDPSOHV�KDYLQJ�GLIIHUHQW�GRVLPHWULF
VHQVLWLYLWLHV�� 7KH� LQWHUSUHWDWLRQ� RI� WKH� RE�
WDLQHG� UHVXOWV� FDOOV� IRU� IXUWKHU� UHVHDUFK�

7DEOH��.LQHWLF�SDUDPHWHUV�RI�WKH�����.�7/
SHDN�

0HWKRG $FWLYDWLRQ
HQHUJ\��H9

)UHTXHQF\
IDFWRU��VÜ��

,VRWKHUPDO�GHFD\ ���� ��������
+HDWLQJ�UDWH�

YDULDWLRQ�PHWKRG
���� ��������

$QDO\VLV�RI�WKH
SHDN�VKDSH

���� ���������
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1HYHUWKHOHVV�� WKH� IROORZLQJ� FRPPHQWV� PD\
EH�PDGH�HYHQ�QRZ��,W�LV�NQRZQ�WKDW�):+0
RI� WKH� PDLQ� SHDN� PD\� FKDQJH� GXH� WR� WKH
SUHVHQFH� RI� WUDFHV� RI� YDULRXV� LPSXULWLHV�
VSHFLILFDOO\�WHWUDYDOHQW�WLWDQLXP��LQ�WKH�ODW�
WLFH�RI�QRPLQDOO\�SXUH�DOXPLQXP�R[LGH�>��@�
,PSXULW\�LRQV�DFW�DV�WUDSV�IRU�FKDUJH�FDUUL�
HUV� DQG� JLYH� ULVH� WR� WKHLU� FKDUDFWHULVWLF
WKHUPROXPLQHVFHQFH��GLVWRUWLQJ�WKH�VKDSH�RI
WKH�GRVLPHWULF�SHDN��,Q�WKLV�FDVH��WKH�FKDUJH
PD\� EH� FDUULHG� EHWZHHQ� VKDOORZ� WUDSV� DQG
LPSXULW\�WLWDQLXP�LRQV��ZKLFK�DUH�UHVSRQVL�
EOH� IRU� ZLGHQLQJ� RI� WKH� PDLQ� SHDN�� 7KLV
FKDUJH� WUDQVIHU�FRPSHWHV�ZLWK�WKH�UHFRPEL�
QDWLRQ� RI� FDUULHUV� DW� OXPLQHVFHQFH� FHQWHUV�
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