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���,QWURGXFWLRQ
$FFRUGLQJ�WR�LWV�UDGLDWLRQ�FKDUDFWHULVWLFV

6U&O��.� FU\VWDOV� DUH� VLPLODU� WR� FU\VWDOV� RIIOXRULGHV� RI� DONDOLQLW\� >����@�� 3XUH� 6U&O�FU\VWDOV� DUH� VWDEOH� IRU� LRQL]H� LUUDGLDWLRQ
WKDW�DOORZV�XVLQJ�WKHP�DV�VFLQWLOODWHV�>�Ü�@�

2Q�WKH�RWKHU�KDQG��WKH�FU\VWDOV�RI�6U&O��DOOR\HG�E\�DONDOLQH�PHWDOV�DUH�FKDUDFWHUL]HG
E\�YHU\�KLJK�UDGLDWLRQ�VXVFHSWLELOLW\�>����@�

,Q� WKH� SUHVHQW� VWXG\� ZLWKLQ� WKH� IUDPH�
ZRUN�RI�WKH�LRQ�FKDLQ�PRGHO�>������@��UDGLD�
WLRQ� SDUDPHWHUV� RI�6U&O��.� FU\VWDOV� GHSHQG�LQJ� RQ� WKH� TXDQWLW\� RI� DOOR\LQJ� DGGLWLYHV
DQG�LUUDGLDWLRQ�WHPSHUDWXUH�ZHUH�HVWLPDWHG�
7KH� UHVXOWV� RI� FDOFXODWLRQV� ZHUH� FRPSDUHG
ZLWK�WKH�VSHFWUDO�H[SHULPHQWDO�GDWD�

6U&O��.�FU\VWDOV�ZHUH�JURZQ�LQ�D�VROGHUHGTXDUW]� DPSRXOH� E\� WKH� PRGLILHG� PHWKRG� RI
6WRFNEXUJHU�� 7KH� DGGLWLYH� FRQFHQWUDWLRQV
ZHUH� ����� DQG� ���� PRO� �� .&O�� 7KH� DFWXDO
DPRXQW�RI�WKH�DGGLWLYH�ZDV�HVWLPDWHG�E\�WKH
PHWKRG�RI�WKHUPR�VWLPXODWHG�GHSRODUL]DWLRQ
DQG�FDOFXODWHG�E\�%XFFKL�IRUPXOD�>����@�DQG
LW� ZDV� ����� DQG� �������FP��� FRUUHVSRQ�
GHQWO\�

6DPSOHV� RI� 6U&O��.� VL]HG� ��u�u��PP�
ZHUH� LUUDGLDWHG� E\� ;�UD\V� ZLWKLQ� WKH� WHP�
SHUDWXUH� UDQJH� RI� ��y���� .�� $V� VRXUFH� RI

LUUDGLDWLRQ�LW�ZDV�XVHG�;�UD\�XQLW��ZRUNLQJ
XQGHU�WKH�IROORZLQJ�SDUDPHWHUV��8� ����N9�
,� ��� PN$�� WKH� WLPH� RI� LUUDGLDWLRQ� RI� WKH
VDPSOHV� W�Ü���K��$Q�HVWLPDWLRQ�RI�WKH�VSHFWUD
RI� GLUHFWHG� DEVRUSWLRQ� DQG� WKH� VSHFWUD� RI
WKHUPR�VWLPXODWHG� GHSRODUL]DWLRQ� ZHUH� FRQ�
GXFWHG�DFFRUGLQJ�WR�WKH�VWDQGDUG�PHWKRGRORJ\�

���5HVHDUFK�UHVXOWV
$W� ORZ� WHPSHUDWXUHV� DONDOL� PHWDO� LRQV

�.��� DUH� LQFOXGHG� LQ�WKH�6U&O��.�FU\VWDO� ODW�WLFH� DV� LPSXULW\�YDFDQF\� GLSROHV� �,9'�
0H�9D��W\SH�� ZKHUH� 0H�� LV� QHJDWLYHO\
FKDUJHG� LQ� UHODWLRQ� WR� WKH� ODWWLFH� RI� DONDOL
PHWDO� LRQ�� DQG� 9D�� LV� D� SRVLWLYHO\� FKDUJHGDQLRQ� YDFDQF\�� $V� LW� ZDV� VKRZQ� LQ� SUHYLRXV
ZRUNV�>������@�LI�FU\VWDOV�DUH�LUUDGLDWHG�DW�ORZ
WHPSHUDWXUHV��WKHQ�WKH\�JHQHUDWHG�^)$±9.'`�ÜFRPSOHPHQWDU\� SDLUV� RI� FRORU� FHQWHUV� SUR�
GXFHG�E\�WKH�ORFDOL]DWLRQ�RI�WKH�FKDUJH�FDU�
ULHUV�RQ�,9'�

H����0H�9D��o�)$� ���

H����0H�9D��o�9.'� ���
$� VWUXFWXUH� RI� LPSXULW\�YDFDQW� GLSROHV�

)$�DQG� 9.'�FRORU� FHQWHUV� DUH� SUHVHQWHG� LQ
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)LJ����� DQG� WKH� PHFKDQLVP� RI� WKHLU� IRUPD�
WLRQ� FDQ� EH� GHVFULEHG� E\� WKH� IROORZLQJ
VFKHPH�

,9'�����������,9'��/Z�Z� )$�����������9.'� ���

ZKHUH� ,9'�����������,9'� Ü� LRQ� FKDLQ� IUDJPHQW
ZLWK� WKH� OHQJWK� OLPLWHG� E\� LPSXULW\�YDFDQW
GLSROHV��Z��Ü�LV�D�SUREDELOLW\�RI�FKDUJH�FDU�ULHUV� �HÜ�� H��� FDSWXUH� E\� ,9'� DQG� D� SDLU
^)$±9.'`�SDLU�FRORU�FHQWHUV��IRUPDWLRQ��Z��ÜLV� D� SUREDELOLW\� RI� ^)$±9.'`�SDLU� FRORU� FHQ�WHUV� GHVWUXFWLRQ� GXH� WR� WKH� �HÜ�� H��� FKDUJH
FDUULHUV� ORFDOL]DWLRQ� RQ� WKH� FRORU� FHQWHUV
DQG�WKXV�WKH�,9'�FRXSOH�UHGXFWLRQ��

:LWK� DFFXPXODWLRQ� RI� WKH� FRORU� FHQWHUV
DQ� RSSRVLWH� UHDFWLRQ� WDNHV� HIIHFW�� ZKLFK� LV
WKH� FRQVHTXHQFH� RI� )$�FHQWHUV� KROHV� DQG9.'�FHQWHUV�HOHFWURQV�FDSWXULQJ�>��@�

)$���H��o�0H�9D�� ���

9.'���H��o�0H�9D���� ���
$V�D�UHVXOW��WKH�EOHDFKLQJ�RI�HDFK�SDLU�RI

WKH�FRORU�FHQWHUV�LV�DFFRPSDQLHG�E\�WKH�DULV�
LQJ�RI�DQ�DSSURSULDWH�SDLU�RI�GLSROHV��$W�WKH
VWDJH� RI� FRORU� FU\VWDO� VDWXUDWLRQ� WKH� G\�
QDPLF� EDODQFH� LV� UHDFKHG�EHWZHHQ� WKH� SURF�
HVVHV� RI� JHQHUDWLQJ� WKH� FRORU� FHQWHUV� DQG
EOHDFKLQJ� LQGXFHG� E\� UDGLDWLRQ� H[SRVXUH�
&RQFHQWUDWLRQ� RI� WKH� FRORU� FHQWHUV� DW� WKH
FRORU� VDWXUDWLRQ� VWDJH� LV� GHWHUPLQHG�E\� WKH
HTXDWLRQ�>��@�
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ZKHUH�&��LV�^)$±9.'`�Ü�FRPSOHPHQWDU\�SDLUVFRQFHQWUDWLRQ�LQ�VDWXUDWHG�FU\VWDO��&��Ü�,9'SDLUV�FRQFHQWUDWLRQ�LQ�WKH�FU\VWDO�EHIRUH�LU�
UDGLDWLRQ�

^)$±9.'`�SDLUV�DUH�WKHUPDOO\�VWDEOH�XQGHUWHPSHUDWXUHV� YDOXHV� ORZHU� WKDQ� RI� 7� 
���� .� >�Ü�@�� $W� KLJKHU� WHPSHUDWXUHV�� WKH
DQLRQ� YDFDQF\� SDUWV� WKHUPR� DFWLYHO\� IURP
WKH�KROH� FHQWHU��0RELOH�YDFDQF\� LV� ORFDOL]HG
RQ�)$�FHQWHU�DQG�0$��FHQWHU�LV�IRUPHG��$V�DUHVXOW�RI� LPSXOVLYH�KHDWLQJ�RI�FRORUHG�FU\V�
WDO� WR� WHPSHUDWXUHV� RI� 7�!����� .� WKH
^)$±9.'`�SDLU�FHQWHUV�GLVDSSHDU�LQ�WKH�FU\V�WDO� DQG� �0$�±9.$��FRPSOHPHQWDU\� SDLU� RIWKH� FRORU� FHQWHUV� LV� IRUPHG�� 7KH�PRGHOV� RI
0$�� DQG� 9.$�FHQWHUV� DUH� VKRZQ� LQ� )LJ����DQG� WKH� PHFKDQLVP� RI� WKHLU� IRUPDWLRQ� FDQ
EH�GHVFULEHG�DV�IROORZLQJ�

)$�����������9.'�����o
����. 0$������������9.$� ���

^0$�±9.$`�SDLUV�DUH�JHQHUDWHG�QRW�RQO\�DIWHUWKH�SXOVH�KHDWLQJ�WKH�FU\VWDO�WR�WKH�WHPSHUD�
WXUH�RI�7� �����.��(T��������EXW�DOVR�GLUHFWO\
GXULQJ�WKH�H[SRVXUH�DW�7�!�����.�>�@�

7KH� SURFHVV� RI� WKH� FRORU� FHQWHUV� IRUPD�
WLRQ�DQG�EOHDFKLQJ�LQGXFHG�E\�UDGLDWLRQ�FDQ
EH� GHVFULEHG� LQ� WKH� IRUP� RI� WKH� IROORZLQJ
VFKHPH�

'9'�����������'9'��/Z�Z� 0$������������9.'� ���

ZKHUH� Z�� DQG� Z�� DUH� WKH� SUREDELOLWLHV� RIIRUPDWLRQ� RI� ^0$�±9.$`�FRPSOHPHQWDU\� SDLUVRI�WKH�FRORU�FHQWHUV�DQG�WKHLU�EOHDFKLQJ��UH�
VSHFWLYHO\�

6LQFH� WKH� 0$�� DQG� 9.$� DUH� GHIHFWV� RIGLSROH� W\SH�� WKH� SUREDELOLWLHV� RI�Z�� DQG�Z�DUH� FRLQFLGHG� E\� WKH� YDOXH�� 7KHUHIRUH�� WKH
FULWLFDO� FRQFHQWUDWLRQ� RI� ^0$�±9.$`�SDLUVIRUPHG� LQ� FU\VWDOV� LUUDGLDWHG� DW� WHPSHUD�
WXUHV� 7�!����� .� LV� GHVFULEHG� E\� WKH� HTXD�
WLRQ�
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ZKHUH� &�� LV� D� FRQFHQWUDWLRQ� RI� ^0$�±9.$`�SDLUV� RQ� WKH� FRORU� VDWXUDWLRQ� VWDJH� RI� WKH
FU\VWDO� LUUDGLDWHG�DW�7�!�����.�DQG�&�� LV�DFRQFHQWUDWLRQ�RI� ,9'�SDLUV� EHIRUH� WKH�FU\V�
WDO�H[SRVXUH�

7KH� 7DEOH�� VKRZV� WKH� UHVXOWV� RI� FDOFXOD�
WLRQV� RI� UDGLDWLRQ� VHQVLWLYLW\� RI� IOXRULWHV
FU\VWDOV� DOOR\HG� E\� DONDOL�PHWDOV� GHSHQGLQJ
RQ� WKH� LPSXULW\� FRQFHQWUDWLRQ� DQG� LUUDGLD�
WLRQ� WHPSHUDWXUH�� &� LV� D� PRODU� FRQFHQWUD�
WLRQ�RI�LPSXULW\�LRQV��,9'��LQ�WKH�FU\VWDO��O

)LJ�����0RGHOV�RI�FRORU�FHQWHUV�
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Ü�DQ�DYHUDJH�GLVWDQFH�EHWZHHQ�LPSXULW\�LRQV
LQ� WKH� FU\VWDO� ODWWLFH�� E�Ü�SDUDPHWHU� RI� LRQ
FKDLQ�LQ�FU\VWDOORJUDSKLF�GLUHFWLRQ��E� ��CC�D�
>���@� �� ZKHUH� D� Ü� FU\VWDO� ODWWLFH� FRQVWDQW�
Z�� DQG�Z�� Ü� SUREDELOLWLHV� RI� WKH� FRORU� FHQ�WHUV� IRUPDWLRQ� DQG� WKHLU� EOHDFKLQJ� E\� WKH
HOHFWURQ�KROH� SDLUV� GHFD\�� UHVSHFWLYHO\�� &�DQG�&�� Ü� FRQFHQWUDWLRQV� RI� WKH� FRPSOHPHQ�WDU\�SDLUV�RI�WKH�FRORU�FHQWHUV�IRUPHG�LQ�WKH
FU\VWDO� DIWHU� LUUDGLDWLRQ� DW� WHPSHUDWXUHV�7
 ���� .� DQG� 7�!����� .� UHVSHFWLYHO\�� &�� &��� Ü� FRQFHQWUDWLRQ� RI� SDLUV� RI� GLSROHV� LQ
WKH� FU\VWDO�EHIRUH� LWV� H[SRVXUH��(�Ü�HQHUJ\
RI� LRQL]LQJ�UDGLDWLRQ��ZKLFK� LV�QHFHVVDU\�WR
IRUP�WKH�FRORU�FHQWHUV�SDLU���

���'LVFXVVLRQ�
)LJ����VKRZV�DQ�LQGXFHG�DEVRUSWLRQ�VSHFWUD

RI� FU\VWDO� 6U&O��.� H[SRVHG� WR� ;�UD\V� �;�UD\DSSDUDWXV�SDUDPHWHUV��8� ����N9��,� ����P$�
W� �����K��DW�7�� �����.��FXUYH����DQG�DW�7�� ���� .� �FXUYH� ���� WKDW� LV� DW� 7����7G�!�7��ZKHUH� 7�� ����� .� LV� D� WKHUPDO� GLVVRFLDWLRQWHPSHUDWXUH� RI� 9.'�FHQWHU� �(T�� ������ $VVKRZQ� LQ� )LJ���� LQGXFHG� DEVRUSWLRQ� VSHFWUD
�,$6��RI�FU\VWDOV�LUUDGLDWHG�DW�����.��FXUYH
���DQG�����.��FXUYH����GLIIHU�VLJQLILFDQWO\�
,$6�DW�����.�FRQWDLQV�EDQG�RI�9.'�DEVRUS�WLRQ� FHQWHUV� �EDQG� ���� QP�� DQG� D� GRXEOHW
DEVRUSWLRQ�EDQG�RI�)$�FHQWHUV��EDQG�����DQG���� QP��� ,$6� DW� ���� .� FRQVLVW� RI� WKH
����QP�EDQG� �9.'�FHQWHU� DEVRUSWLRQ� EDQG��WULSOHW� DEVRUSWLRQ� RI�0$��FHQWHUV� �EDQGV� DW���������DQG�����QP��DQG�)�EDQG������QP
EDQG���FXUYH����

7KXV�� WKH� VWXG\� RI� WKH� LQGXFHG� DEVRUS�
WLRQ�VSHFWUD�FRQILUPV�WKDW�WKH�IRUPDWLRQ�RI
WKH� FRORU� FHQWHUV� RFFXUV� DFFRUGLQJ� WR� WKH
HTXDWLRQV�����DQG�����

)URP�WKH�HTXDWLRQV�RI� ����DQG� ���� LW�IRO�
ORZV� WKDW�� UHJDUGOHVV� RI� WKH� YDOXH� RI� FU\V�
WDOV�LUUDGLDWLRQ�WHPSHUDWXUH��D�IRUPDWLRQ�RI
WKH� FRORU� FHQWHUV� RFFXUV� GXH� WR� ORFDOL]DWLRQ
RI� FKDUJH� FDUULHUV� RQ� LPSXULW\�YDFDQF\� GL�
SROHV��DQG�KHQFH�WKH�SURFHVV�LV�DFFRPSDQLHG
E\� UDGLDWLRQ� GHVWUXFWLRQ� RI� GLSROHV�� 5HGXF�
LQJ� WKH� FRQFHQWUDWLRQ� RI� WKH� GLSROHV� LQ� WKH

FU\VWDO� FDQ� EH� UHJLVWHUHG� E\�PHDVXULQJ� WKH
YDOXH�RI�WKHUPDOO\�VWLPXODWHG�GHSRODUL]DWLRQ
�76'��FXUUHQWV�EHIRUH�DQG�DIWHU�H[SRVXUH�RI
WKH�FU\VWDO�WR�;�UD\V�EHDPV��

)LJXUH� �� �FXUYH� ��� VKRZV� 76'� WKHUPR�
JUDP�FXUUHQWV�RI�WKH�6U&O��.&O�FU\VWDO�LUUD�GLDWHG�E\�;�UD\V�EHDPV�DW����.��76'�WKHU�
PRJUDP�KDV�WKUHH�PD[LPXPV�

x�����.�Û�FDXVHG�E\�WKH�UHRULHQWDWLRQ�RI
GLSROHV�

x�����.�Û�FDXVHG�E\�WKHUPDO�9.'�FHQWHUGHFD\�
x�JUHDW�PD[LPXP�DW�����.�LV�DVVRFLDWHG

ZLWK�WKH�,9'�WKHUPDO�GLVVRFLDWLRQ�
)LJXUH� �� �FXUYHV� �� DQG� ��� VKRZV� FXUYHV

ZKLFK� FKDUDFWHUL]H� WKH� GHSHQGHQFH� RI� FXU�
UHQWV� YDOXH� DW�PD[LPXP� RI� ����.� RI� LUUD�
GLDWLRQ� WHPSHUDWXUH� RI� GLIIHUHQW� VDPSOHV�
$V� VHHQ� IURP� WKLV� ILJXUH� WKH�PD[LPXP�GH�
VWUXFWLRQ� RI� GLSROHV� RFFXUV� LQ� WKH� UDQJH� RI
���Ü���� .� DQG� UHDFKHV� WKH� YDOXH� RI� ��Ü
��� �� RI� LQLWLDO� ,9'� FRQFHQWUDWLRQ�� ,I� WKH
FU\VWDO�LV�UD\HG�DW�7�������.�WKH�SRUWLRQ�RI
GHVWUR\HG�E\�UDGLDWLRQ�GLSROHV�PDNHV�XS�WKH
YDOXH�RI��Ü�����RI�,9'�FRQFHQWUDWLRQ��$QG
ZKHQ� WKH� VWUXFWXUH� RI� WKH� FRORU� FHQWHUV� LV
FKDQJHG� �)$�o�0$�� WKHUPDOO\� LQGXFHG� FRQ�YHUVLRQ��� WKH� HIIHFWLYHQHVV� RI� WKH� SURFHVV� RI
UDGLDWLRQ� GHVWUXFWLRQ� RI� GLSROHV� LQFUHDVHV� �Ü
���� WLPHV� PRUH�� $OO� WKHVH� GDWD� TXDOLWDWLYHO\
FRLQFLGH�ZLWK�WKH�UHVXOWV�RI�WKHRUHWLFDO�FDOFX�
ODWLRQV� IRU� KLJK�DOORZHG� FU\VWDOV� �7DEOH����
7KH� GDWD� SUHVHQWHG� LQ� )LJ���� LPSO\� WKDW� WKH
DYHUDJH� HIILFLHQF\� RI� UDGLDWLRQ� LQGXFHG� GH�
VWUXFWLRQ� LV� PD[LPDO� DW� ���� .�� DQG� FRQVH�
TXHQWO\�WKH�PD[LPXP�RI�FU\VWDO�FRORUDWLRQ�LV
WR�EH�DFKLHYHG�H[DFWO\�DW�D�JLYHQ�WHPSHUDWXUH�

2ZLQJ�WR�DQ�DEVHQFH�RI�OLWHUDWXUH�GDWD�RQ
RVFLOODWRU� VWUHQJWK� DV� IRU� HOHFWURQLF� DV� IRU
KROH� FRORU� FHQWHUV�� DQ� LQIRUPDWLRQ� RQ� WKH

)LJ����� 7KH� VSHFWUD� RI� LQGXFHG� DEVRUSWLRQ� LQ
WKH�FU\VWDOV�RI�6U&O�Ü���.&O� ���Û�DIWHU� LUUD�
GLDWLRQ� DW�7� �����.����Û� DIWHU� LUUDGLDWLRQ
DW�7� �����.��

7DEOH�� 7KH� SDUDPHWHUV� RI� UDGLDWLRQ� VHQVL�
WLYLW\�RI�6U&O��.�FU\VWDOV�
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FRORU� YDOXH� LQ� 6U&O��.� FU\VWDOV� FDQ� EH� RE�WDLQHG�E\�PHDVXULQJ�WKH�DUHD�XQGHU�WKH�DE�
VRUSWLRQ� VSHFWUD� �DUHD� XQGHU� WKH� JUDSK� RI
RSWLFDO�GHQVLW\�'�DV�D�IXQFWLRQ�RI�KQ��

,Q� )LJ����� FXUYHV� DUH� VKRZQ�� ZKLFK� UH�
IOHFW�WKH�DUHD�YDOXH�XQGHU�WKH�FRQWRXU�RI�)$DQG� )�DEVRUSWLRQ� EDQGV� �FXUYH� ����0$�� DE�VRUSWLRQ�EDQGV��FXUYH����DQG�)$��)�DQG�0$��EDQGV��FXUYH����

)URP� WKLV� ILJXUH� ZH� FDQ� VHH� WKDW� WKH
FU\VWDO� FRORUDWLRQ� RFFXUV� XQGHU� WKH� FRQGL�
WLRQV� RI� LUUDGLDWLRQ� RI� WKH� FU\VWDO� LQ� WKH
WHPSHUDWXUH� UDQJH� RI� ���Ü����.� �FXUYH� ��
DQG� LW� LV� FRQFHUQHG� ZLWK� WKH� 0$��FHQWHUVIRUPDWLRQ� LQ� WKH� FU\VWDO� PDWUL[� �FXUYH� ���
$IWHU� WKHUPDOO\� LQGXFHG� WUDQVIRUPDWLRQV
WKH� YDOXH� RI� FU\VWDO� FRORUDWLRQ� LQFUHDVHV
DERXW� ���� WLPHV� PRUH�� WKDW� LV� FRQVLVWHQW
ZLWK� WKH� GDWD� RI� WKHRUHWLFDO� FDOFXODWLRQV
�7DEOH����

7KHUPDO� EOHDFKLQJ� RI�6U&O��.� FU\VWDOV� DW7�!�����.�LV�FDXVHG�E\�9.$�FHQWHUV�WKHUPDOGLVVRFLDWLRQ��
)LJ�� �� �FXUYH� ��� VKRZV� WKH� WKHUPRJUDP

RI� WKHUPDOO\� VWLPXODWHG� OXPLQHVFHQFH� �76/�
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