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PDWHULDO� PRWLRQ� XQGHU� GHIRUPDWLRQ� XVLQJ� PDUNHUV� DV� ZHOO� DV� VWUXFWXUH� VWXGLHV� KDYH
UHYHDOHG� LQKRPRJHQHLW\� LQ�WKH�VWUHVV�ILHOGV�DQG� LQ�WKH�FU\VWDO�GLVORFDWLRQ�VWUXFWXUH��)RXU
FU\VWDO� UHJLRQV� KDYH� EHHQ� GLVWLQJXLVKHG� GLIIHULQJ� LQ� WKH� GLVORFDWLRQ� VWUXFWXUHV� DQG� WKH
GLVORFDWLRQ� LQWHUDFWLRQ� PHFKDQLVPV�� )RU� HDFK� UHJLRQ�� WKH� VWUXFWXUH� HYROXWLRQ� KDV� EHHQ
VWXGLHG� DQG� WKH� VWUXFWXUH� VWDWH� GLDJUDP� KDV� EHHQ� FRQVWUXFWHG� DV� D� IXQFWLRQ� RI� WKH� SUH�
VWUDLQLQJ�UDWH�
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,W�LV�NQRZQ�>����@�WKDW��XQGHU�SODVWLF�GH�
IRUPDWLRQ� RI� VLQJOH� FU\VWDOV� RI�1D&O� ODWWLFH
W\SH� RULHQWHG� DORQJ� >���@� UHODWLYHO\� WR� WKH
ORDGLQJ� DQG� KDYLQJ� WKH� KHLJKW� �D�� WR� EDVH
VLGH��F��UDWLR�DERXW���WR����WKH�JOLGLQJ�LQ�WKH
LQLWLDO� GHIRUPDWLRQ� VWDJHV� RFFXUV� DORQJ� WKH
^���`����!�SODQHV�WLOWHG�DW�����WR�WKH�ORDG�
LQJ�GLUHFWLRQ�

7KH�SODVWLF�GHIRUPDWLRQ�RI�VLQJOH�FU\VWDOV
ZLWK�D�F����� LV� VSHFLILF� LQ� WKDW� WKH�GLVORFD�
WLRQ� H[LW� RXW� RI� WKH� JOLGLQJ� VWULSV� WR� WKH
VXUIDFH� LQ� WKH� FHQWUDO� UHJLRQ� LV� EORFNHG� E\
WKH� GHIRUPLQJ� VHWXS� URGV�� 7KH� VWXGLHV� RQ
PHWDOV� >����@� KDYH� HYLGHQFHG� WKDW�ZKHQ� WKH
D�F����� VDPSOHV� DUH� GHIRUPHG� E\� FRPSUHV�
VLRQ�� D� EXON� VWUHVV�VWUDLQHG� VWDWH� �666�
DULVHV� LQ� WKH� FU\VWDO� GXH� WR� WKH� SODVWLF
VWUDLQ� LQKRPRJHQHLW\�� ,Q� WKH� ZRUNV� FLWHG�
SRO\FU\VWDOOLQH� VDPSOHV� ZHUH� FRQVLGHUHG�

WKXV��WKH�VDPSOH�VWUXFWXUH�FRQVLVWHG�RI�D�VHW
RI�PXWXDOO\�PLVRULHQWHG�JUDLQV��DQG�WKH�GLV�
ORFDWLRQ�H[LW�RXW�RI�WKH�JOLGLQJ�VWULSV�WR�WKH
VXUIDFH� ZDV� EORFNHG� E\� JUDLQ� ERXQGDULHV�
7KHUH� DUH� QR� OLWHUDWXUH� GDWD� RQ� WKH� 666
VWXGLHV� LQ� 1D&O� W\SH� FU\VWDOV� EHLQJ� GH�
IRUPHG� XQGHU� WKH� ORDGLQJ� XQGHU� FRQVLGHUD�
WLRQ�� 7KRVH� GLIIHU� IURP� WKH� PHWDOV� LQ� WKDW
WKHUH� DUH� RQO\� WKUHH� SRVVLEOH� DFWLYH� JOLGLQJ
V\VWHPV������!������!��DQG�����!��DFWLQJ
DW� ���� DQG� ���� WR� HDFK� RWKHU�� 7KH� SODVWLF
VWUDLQ� LQKRPRJHQHLW\�PLJKW� UHVXOW� LQ� LQKR�
PRJHQHRXV� VWUHVV� UHOD[DWLRQ� IRU� YDULRXV
FU\VWDO�UHJLRQV�DQG�WKXV� LQ�YDULRXV�GLVORFD�
WLRQ� VWUXFWXUHV� �WKH� GLVORFDWLRQ� LQWHUDFWLRQ
PHFKDQLVPV��� ,W� WKLV� FRQQHFWLRQ�� RI� LPSRU�
WDQFH� LV� WR� VWXG\� WKH� VSHFLILF� IHDWXUHV� RI
1D&O� ODWWLFH� W\SH� FU\VWDOV� GHIRUPHG� LQ� WKH
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FDVH�ZKHQ�WKH�VDPSOH�KHLJKW�LV�VPDOOHU�WKDQ
WKH�EDVH�VLGH�

6LPXODWLRQ��7R�FDOFXODWH�666��LQ�SDUWLFX�
ODU��WR�VWXG\�WKH�PDWHULDO�VKLIW�GLVWULEXWLRQ
DQG�VWUHVVHV�LQ�WKH�FU\VWDO���WKH�&26026�0
VRIWZDUH� ZDV� XVHG� GHYHORSHG� DW� 6WUXFWXUDO
5HVHDUFK� DQG�$QDO\VLV� &RUS��� �����/LQFROQ
%RXOHY���6XLWH�����6DQWD�0RQLFD��&DOLIRUQLD
�������������ZKHUH�WKH�666�RI�DQ�REMHFW�LV
FDOFXODWHG� XVLQJ� WKH� ILQLWH� HOHPHQW� �)(�
PHWKRG�� 7KH� VLPXODWLRQ� RI� WKH� SODVWLF
VWUDLQLQJ�SURFHVV�E\�WKH�)(�PHWKRG�KDG�WKH
IROORZLQJ� VSHFLILF� IHDWXUHV�� �L�� ZKHQ� VLPX�
ODWLQJ� WKH� VWUDLQ�XS� WR� VWUHVVHV� FRUUHVSRQG�
LQJ�WR�WKH�SODVWLF�VWUDLQ�SURFHVV�RQVHW��\LHOG
OLPLW���WKH�FDOFXODWLRQ�DFFXUDF\�XVLQJ�)(�EH�
WZHHQ� WKH�VWUHVV�GLVWULEXWLRQ�DQG�WKH�PDWH�
ULDO�VKLIW� LQ�D�UHDO��SK\VLFDO��DQG�VLPXODWHG
�YLUWXDO�� FU\VWDO� GHSHQGV� RQ� WKH� LQLWLDOO\
SUHVHW� SK\VLFDO� DQG� PHFKDQLFDO� FKDUDF�
WHULVWLFV� RI� WKH�PDWHULDO�� DQG� �LL�� ZKHQ� WKH
FU\VWDO� EHLQJ� VLPXODWHG� LV� VWUDLQHG� XS� WR
VWUHVVHV� H[FHHGLQJ� WKH� \LHOG� OLPLW�� WKH� )(
FDOFXODWLRQ� GRHV� QRW� WDNH� LQWR� DFFRXQW� WKH
FKDQJHV� LQ� WKH� LQWHUQDO� VWUHVV� ILHOGV� FDXVHG
E\�WKH�PXOWLSOLFDWLRQ�DQG�PRWLRQ�RI�GLVORFD�
WLRQV�� 2QO\� WKH� PDFUR�VFDOH� FKDQJHV� LQ� WKH
LQWHUQDO� VWUHVVHV� ZDV� DFFRXQWHG� IRU� E\
PHDQV�RI� VHWWLQJ� WKH�SODVWLF� IORZ� ODZ�IRU�D
JURXS�RI�)(��7KDW�IDFWRU�ZDV�GHVFULEHG�DV�D
VWUDLQ�LQGXFHG� KDUGHQLQJ� FXUYH� REWDLQHG� LQ
H[SHULPHQW� IRU� D� FU\VWDO� EHLQJ�GHIRUPHG� LQ
FRQGLWLRQV�ZKHUH�WKH�GLVORFDWLRQ� LQWHUDFWLRQ
SURFHVVHV� W\SLFDO� RI� D� FHUWDLQ� JURXS� RI� )(
GRPLQDWH�WKHUHLQ�

6LQFH� LW� LV� MXVW� WKH� IFF� ODWWLFH� WKDW� LV
W\SLFDO�RI�1D&O��.&O��DQG�1D,� FU\VWDOV�� LW� LV
MXVW�.&O�WKDW�ZDV�VHOHFWHG�DV�WKH�PRGHO�PD�
WHULDO� WR� VWXG\� WKH� VWUXFWXUH� SHFXOLDULWLHV
XQGHU� LQKRPRJHQHRXV� 666� GXH� WR� LWV� ORZ
K\JURVFRSLFLW\�� 7KH� VDPSOH� WR� EH� VLPXODWHG
KDYLQJ� WKH� UDWLR� D�F����� ZDV� FRDWHG� E\� D
UHFWDQJXODU�)(�JUDWLQJ�ZKHUH� WKH�PHFKDQL�
FDO�FKDUDFWHULVWLFV�RI�.&O�VLQJOH�FU\VWDO�ZHUH
SUHVHW�>�@��)RU�WKH�)(�JURXS�DUUDQJHG�LQ�WKH

FHQWUDO� UHJLRQ�RI� WKH�YLUWXDO� FU\VWDO� �ZKHUH
WKH� GLVORFDWLRQ� H[LW� WR� WKH� VXUIDFH� LQ� D� UHDO
FU\VWDO� LV� EORFNHG� E\� WKH� GHIRUPLQJ� VHWXS
URGV��� D� SODVWLF� IORZ� ODZ� �WKH� VWUDLQ�LQGXFHV
KDUGHQLQJ�FXUYH��ZDV�VHW�REWDLQHG�IRU�WKH�VDP�
SOHV�VWUDLQHG�DW�D�F������)RU�WKH�SHULSKHUDO�)(
JURXS�DUUDQJHG�LQ�WKH�UHJLRQ�ZKHUH�WKH�GLVORFD�
WLRQ� H[LW� WR� WKH� VXUIDFH� LV� SRVVLEOH� LQ� D� UHDO
FU\VWDO�� WKH� SODVWLF� IORZ� ODZ�ZDV� VHW� REWDLQHG
IRU�WKH�VDPSOHV�ZLWK�D�F� ������)LJ����SUHVHQWV
WKH� FURVV�VHFWLRQ�RI� WKH� FU\VWDO� EHLQJ� VLPX�
ODWHG�DORQJ�LWV�YHUWLFDO�V\PPHWU\�D[LV�DW�WKH
UHODWLYH� VWUDLQ� RI� WKH� VDPSOH� DV� D� ZKROH
HTXDO� WR� ������ 7KH� GRWWHG� OLQH� VKRZV� WKH
)(� VKLIW� LQ� WKH�PDWUL[�ZKLOH� WKH� VROLG� RQH�
WKH� �LVR�VWUHVVHG� OLQHV��� &RQVLGHULQJ� WKDW
SLFWXUH�� LW� LV� WR� QRWH� WKDW� DW� WKH�PRGHUDWH
FU\VWDO� VWUDLQLQJ� QHDU� WKH� XSSHU� DQG� ORZHU
VXUIDFHV�� WKH� PDWHULDO� UHODWLYH� VWUDLQ� LQ�
FUHDVHV� IURP� ����� WR� ����� ZKHQ� SDVVLQJ
IURP�WKH�FHQWHU�WR�SHULSKHU\�

([SHULPHQWDO�� 7KH� PDWHULDO� ZDV� GH�
IRUPHG� XVLQJ� DQ� ,QVWURQ� WHVWLQJ� PDFKLQH�
7KH�VDPSOH�GLVORFDWLRQ�VWUXFWXUH�ZDV�YLVXDO�
L]HG�E\�VHOHFWLYH�HWFKLQJ�ZLWK�3E&O��LQ�HWKDQRO�7R�FRPSDUH�WKH�PDWHULDO�VKLIW�SDWWHUQV�LQ
WKH� SK\VLFDO� DQG� YLUWXDO� FU\VWDOV�� D� PRGHO�
LQJ� H[SHULPHQW� ZDV� FDUULHG� RXW�� 7KH
��u��u���PP��SODWHV�ZHUH�FOHDYHG�RXW�RI�D
VLQJOH�FU\VWDO�LQJRW�DORQJ�WKH�FOHDYDJH�SODQHV�
7KH� GLVORFDWLRQ� GHQVLW\� ZDV� ����FPÜ��� 7KH
VXUIDFH� ZDV� FRDWHG� E\� ���Ü� ���� PP� WKLFN
JUDSKLWH� OD\HU�� 7KH� SODWHV� ZHUH� VWDFNHG� WR�
JHWKHU� DV� D� VDQGZLFK�� 7KH� VDPSOH� VR� RE�
WDLQHG�ZDV�KHDWHG�XS�WR�D�SUH�PHOWLQJ�WHP�
SHUDWXUH�� VWUDLQHG� E\� �� WR� �� �� DQG� KROG
XQGHU�ORDGLQJ�IRU���K��$V�D�UHVXOW��WKH�VLQ�
WHULQJ� ERXQGDU\�ZDV� GHFRUDWHG� E\�ZHOO� YLV�
LEOH� EODFN�PLFUR�SDUWLFOHV�� 7KHQ� WKH� VDPSOH
ZDV� XQORDGHG� DQG� WXUQHG� E\� ����� 7KH� UH�
SHDWHG� VWUDLQLQJ� RI� WKH� VDPSOH� HYLGHQFH� D
VKLIW�RI�GHFRUDWLQJ�EODFN�SRLQWV��,Q�IDFW��WKH
H[SHULPHQW� SURYLGHV� D� VKLIW� GLDJUDP� RI� DOO
WKH� FU\VWDO� SRLQWV� XQGHU� VWUDLQLQJ� DW� HOH�
YDWHG�WHPSHUDWXUHV��,Q�)LJ�����VKRZQ�LV�WKH
FURVV�VHFWLRQ� RI� D� VDPSOH� VHW� XS� E\� �����
7KH� PDWHULDO� VKLIW� SLFWXUH� REWDLQHG� XQGHU
SODVWLF�IORZLQJ�RI�D�SK\VLFDO�FU\VWDO�LV�VLPL�
ODU�WR�WKDW�RI�WKH�ILQLWH�HOHPHQWDO�PDWUL[�LQ
D�YLUWXDO�FU\VWDO��WKXV�HYLGHQFLQJ�WKH�DGPLV�

)LJ����� 'LVWULEXWLRQ� RI� WKH� PDWHULDO� VKLIW
GLDJUDPV� LQ� WKH� VLPXODWHG� FU\VWDO� DW� H� YDO�
XHV� �SHU� FHQW����������������������������������
��� ����� ��� ����� ��� �����'RWWHG� OLQH� VKRZV� WKH
)(�PDWUL[�VKLIW�RI�WKH�VDPSOH�

)LJ����� 0DWHULDO� PDVV� WUDQVIHU� LQ� D� FU\VWDO
XQGHU�VWUDLQLQJ�

$�<X�%R\DULQWVHY�HW�DO����7KH�VWUHVV�VWUDLQ�VWDWH�RI����

)XQFWLRQDO�PDWHULDOV������������� ���



VLELOLW\�RI�WKH�REWDLQHG�FDOFXODWHG�YDOXHV�RI
WKH�PDWHULDO�VWUDLQ�LQ�WKH�FU\VWDO�

'LVFXVVLRQ��:KHQ� FRQVLGHULQJ� WKH� VWUDLQ
GLVWULEXWLRQ� GLDJUDPV�� WKH� KRUL]RQWDO� �SHU�
SHQGLFXODU�WR�WKH�FRPSUHVVLRQ�D[LV��LQKRPR�
JHQHLW\� DV� ZHOO� DV� WKH� YHUWLFDO� �DORQJ� WKH
FRPSUHVVLRQ� D[LV�� RQH� DUH� WR� EH� GLVWLQ�
JXLVKHG�� $V� WR� WKH� KRUL]RQWDO� LQKRPR�
JHQHLW\��WKH�PDWHULDO�VWUDLQ�YDOXH� LQFUHDVHV
IURP� WKH� FHQWHU� WR� WKH� SHULSKHU\� DQG� GH�
FUHDVHV�DW�WKH�FU\VWDO�HGJH��$V�WR�WKH�YHUWL�
FDO�LQKRPRJHQHLW\��WKH�VWUDLQ�LQ�WKH�FHQWUDO
UHJLRQ� LQFUHDVHV� IURP� WKH�EXWWV� �FRQWDFWLQJ
ZLWK�WKH�GHIRUPLQJ�VHWXS�URGV��WRZDUGV�WKH
FHQWHU��$W�WKH�SHULSKHU\��DQ�LQYHUVH�SURFHVV
WDNHV� SODFH�� WKDW� LV�� WKH� UHODWLYH� VWUDLQ� GH�
FUHDVHV�IURP�WKH�EXWWV�WR�WKH�FHQWHU�

7KH� LQKRPRJHQHRXV� SODVWLF� IORZ� RI� WKH
PDWHULDO� DQG� WKH� FRUUHVSRQGLQJ� LQKRPR�
JHQHLW\� LQ� WKH� LQWHUQDO� VWUHVV� GLVWULEXWLRQ
PXVW�UHVXOW� LQ�DQ� LQKRPRJHQHRXV�VWUHVV� UH�
OD[DWLRQ� GXH� WR� GLVORFDWLRQ� PXOWLSOLFDWLRQ
DQG�PRWLRQ��$V�D�FRQVHTXHQFH��WZR�VSHFLILF
IHDWXUHV�DUH�WR�EH�QRWHG�LQ�WKH�VWUHVV�UHOD[D�
WLRQ� DW� WKH� FU\VWDO� VWUDLQLQJ�� )LUVW� RI� DOO�
WKH� GLVORFDWLRQ� VWUXFWXUH� VWXGLHV� KDYH
VKRZQ� WKDW� DW� WKH�SHULSKHU\�ZKHUH� WKH�GLV�
ORFDWLRQ�H[LW�RQWR� WKH� VLGH� VXUIDFH� LV�SRVVL�
EOH�� WKH�VWUXFWXUH�GLIIHUV�KHDYLO\�IURP�WKDW
RI�UHJLRQV�SRVLWLRQHG�QHDU�WKH�FU\VWDO�FHQWHU
ZKHUH� WKH� GLVORFDWLRQ� H[LW� RQWR� WKH� VXUIDFH
LV�EORFNHG�E\�WKH�GHIRUPLQJ�VHWXS�URGV��7KH
SKRWR� LQ� )LJ���� LOOXVWUDWHV� WKRVH� FU\VWDO
]RQHV� �ULJKW�� WKH� UHJLRQ� ZKHUH� WKH� GLVORFD�
WLRQ�H[LW�RQWR�WKH�VXUIDFH�LV�EORFNHG�E\�WKH
GHIRUPLQJ� VHWXS� URGV�� OHIW�� WKDW� ZKHUH� WKH
GLVORFDWLRQ�H[LW�RQWR�WKH�VLGH�VXUIDFH�LV�SRV�
VLEOH��� 7KH� LQWHUIDFH� EHWZHHQ� WKRVH� UHJLRQV
LV�LQ�WKH�YHUWLFDO�FOHDYDJH�SODQH�DW�����IURP
WKH�FU\VWDO�HGJH�WR�WKH�KRUL]RQWDO�V\PPHWU\
D[LV��7KH�VRPHZKDW�XQXVXDO�ORRN�RI�WKH�GLV�
ORFDWLRQ� VWUXFWXUH� SKRWR� LV� DVVRFLDWHG� ZLWK
WKH� VWUXFWXUH� VWXG\� GLIILFXOWLHV� LQ� WKH� VH�
OHFWHG� FRQGLWLRQV� RI� WKH� FU\VWDO� GHIRUPLQJ�
6R� DW� WKH�PDWHULDO� VWUDLQ� RI� �� WR� ����� WKH
GLVORFDWLRQV�ZKLFK� FDQQRW� JR� WR� WKH� FU\VWDO
VXUIDFH�DUH�DFFXPXODWHG�WKHUHLQ��7KHUHIRUH�
DW�WKH�FKHPLFDO�HWFKLQJ��RQO\�D�KLJK�GLVORFD�
WLRQ�GHQVLW\�LV�REVHUYHG�DQG�WKH�VPDOO�DQJOH
ERXQGDULHV� IRUPLQJ� WKH� VXEVWUXFWXUH� DUH
GLIILFXOW� WR� GLVWLQJXLVK�� 7KDW� LV� ZK\� LW� LV
GLIILFXOW� WR� HVWLPDWH� WKH� LQWHUQDO� VXEVWUXF�
WXUH� SDUDPHWHUV�� ,Q� WKLV� FRQQHFWLRQ�� WKH
SURFHGXUH� ZDV� XVHG� SURYLGLQJ� WKH� HWFKLQJ�
RII�RI�VLQJOH�GLVORFDWLRQ�DQG�FOHDU�YLVLELOLW\
RI�WKH�GLVORFDWLRQ�ZDOOV��ERXQGDULHV��RQO\��,W
LV� NQRZQ� >�@� WKDW� WKH� GLVWDQFH� EHWZHHQ� WKH
GLVORFDWLRQ�ZDOOV� DOORZV� WR� MXGJH� WKH� LQWHU�
QDO� VWUHVVHV� LQ� D� FU\VWDO�� $� VPDOOHU� LQWHU�

ZDOO� GLVWDQFH� LV� W\SLFDO� RI� KLJKHU� VWUHVVHV�
7KXV�� WKH� VKDUS� GLIIHUHQFH� LQ� GLVORFDWLRQ
VWUXFWXUH� RQ� WKH� FU\VWDO� DUHD� RI� �u��PP�
VL]H� �)LJ�����HYLGHQFHV�WKH�GLIIHUHQFH�LQ�WKH
LQWHUQDO� VWUHVV� OHYHOV�DQG�VHHPV� WR� EH�DVVR�
FLDWHG�ZLWK�GLIIHUHQW�PHFKDQLVPV�RI�GLVORFD�
WLRQ�LQWHUDFWLRQ�DW�WKH�FU\VWDO�SHULSKHU\�DQG
LQ� LWV� FHQWHU�� 7KLV� FRQILUPV� WKDW� WKH� VH�
OHFWHG� FDOFXODWLRQ� PRGHO� LV� YDOLG� ZKHQ� WKH
SODVWLF� VWUDLQLQJ� LV� VLPXODWHG�XVLQJ� WKH�)(
PHWKRG�

$QRWKHU�VSHFLILF�IHDWXUH�RI�WKH�VWUHVV�UH�
OD[DWLRQ�FRQVLVWV�LQ�WKDW�DW�WKH�LQLWLDO�SODV�
WLF� VWUDLQLQJ� VWDJH�� ZKHQ� WKH� GLVORFDWLRQ
VWUXFWXUH� FDQ� EH� VWXGLHG� E\� RSWLFDO�PLFURV�
FRS\�� WKH� GLVORFDWLRQ� GHQVLW\� QHDU� WKH� FRQ�
WDFW� VXUIDFHV� DW� H� ����� �� LQFUHDVHV� IURP
���u���� WR� �u����FPÜ�� DQG� WKH� PDWHULDO
UHODWLYH� VWUDLQ� LQFUHDVHV�E\�D�IDFWRU�RI�����
7KLV� SKHQRPHQRQ� FDQ� EH� LQWHUSUHWHG� DV� D
UHVXOW� RI� KLQGHUHG� VWUHVV� UHOD[DWLRQ� ZLWKLQ
WKH�UHJLRQ�ZKHUH�WKH�PDWHULDO�VKLIW�LV�VPDOO�
7KXV��WKH�UHVLGXDO�VWUHVVHV�DW�SODVWLF�VWUDLQ�
LQJ�GHFUHDVH�IURP�WKH�FHQWHU�WR�SHULSKHU\�

)LJ�����(WFKLQJ�SDWWHUQ�RI�WUDQVYHUVDO�FURVV�VHF�
WLRQ�RI�WKH�FU\VWDO�UHJLRQ�ZKHUH�YDULRXV�GLVORFD�
WLRQ�LQWHUDFWLRQ�PHFKDQLVPV�DUH�DFWLQJ��u����
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7KH� ZKROH� VHW� RI� WKH� UHVXOWV� REWDLQHG
DOORZ� WR� GLVWLQJXLVK� VHYHUDO� FKDUDFWHULVWLF
UHJLRQV� LQ� WKH� FU\VWDO�ZLWK�VSHFLILF�GLVORFD�
WLRQ�VWUXFWXUHV�LQKHUHQW�WKHUHLQ��VHH�)LJ�����
)LUVW��WKHUH�LV�D�UHJLRQ�RI�WKH�HTXDO�PDWHULDO
VKLIW� DUUDQJHG� QHDU� WKH� KRUL]RQWDO� V\PPH�
WU\�D[LV��,W�LV�FKDUDFWHUL]HG�E\�WKH�PDWHULDO
VKLIWLQJ� LQKRPRJHQHLW\� RI� PD[LPXP� �� ��
7KH� UHODWLYH� VWUDLQ� YDOXH� LV� LQ� FRUUHODWLRQ
ZLWK�H�YDOXH�IRU�WKH�FU\VWDO�DV�D�ZKROH��7KH
VHFRQG�UHJLRQ�LV�WKDW�RI�KLQGHUHG�VWUDLQLQJ�
,W�LV�DW�WKH�FHQWHU�QHDU�WKH�FRQWDFW�VXUIDFHV�
7KH� PDWHULDO� LV� VXEMHFWHG� WR� YROXPH� FRP�
SUHVVLRQ��$V� D� UHVXOW�� WKH�PDWHULDO� VKLIW� LQ
WKDW� UHJLRQ� LV� PLQLPDO� DQG� DPRXQWV� ��� WR
����� OHVV� WKDQ� WKDW� LQ� WKH� HTXDO� PDWHULDO
VKLIW� UHJLRQ�� 7KXV�� WKH� VWUHVV� UHOD[DWLRQ� LV
DOVR� KLQGHUHG� LQ� WKDW� UHJLRQ�� 7KH� WKLUG� UH�
JLRQ� LV� WKH� LQWHQVH� PDVV� WUDQVIHU� RQH� DU�
UDQJHG� DW� WKH� SHULSKHU\� QHDU� WKH� FRQWDFW
VXUIDFHV� DQG� FKDUDFWHUL]HG� E\� WKH�PRVW� LQ�
WHQVH�PDWHULDO�VWUDLQLQJ��ORZ�OHYHO�RI�UHVLG�
XDO� VWUHVVHV��� $W� ODVW�� WKHUH� LV� D� UHJLRQ� RI
WKH�SRVVLEOH�GLVORFDWLRQ� H[LW� WR� WKH�VXUIDFH�
,W� LV�DUUDQJHG�DW�WKH�SHULSKHU\�QHDU�WKH�FRQ�
WDFW� VXUIDFHV�� ,W� WKDW� UHJLRQ�� WKH� GLVORFDWLRQ
LQWHUDFWLRQ�PHFKDQLVPV�DUH�W\SLFDO�RI�FU\VWDOV
VWUDLQHG�DW�D�F�UDWLR�DPRXQWV���WR���

7KH� PDWHULDO� SODVWLF� VWUDLQLQJ� LQKRPR�
JHQHLW\� DQG� HIIHFWV� RI� YDULRXV� GLVORFDWLRQ
LQWHUDFWLRQ� PHFKDQLVPV� UHVXOW� LQ� GLIIHUHQW
VWUXFWXUH�VWDWHV�RI�GLIIHUHQW�FU\VWDO�UHJLRQV�
WKH� VWUDLQ� YDOXH� RI� WKH� FU\VWDO� DV� D� ZKROH
EHLQJ� WKH� VDPH�� )LJ���� SUHVHQWV� WKH� VWUXF�
WXUH� VWDWH� GLDJUDP� IRU� .&O�� 1D&O�� 1D,�7O�

FU\VWDOV�VWUDLQHG�DW�7� ������WR������7P�IRUGLIIHUHQW�D�F�YDOXHV�IURP������WR���
7R� FRQFOXGH�� WKH� VWUDLQ�VWUHVVHG� VWDWH� RI

FU\VWDOV� ZLWK� D�F����� LV� VWURQJO\� LQKRPR�
JHQHRXV�DQG�LV�GXH�WR�WZR�IDFWRUV��7KH�ILUVW
RQH�LV�WKH�LQKRPRJHQHRXV�PDWHULDO�VKLIW�UH�
VXOWLQJ� IURP� WKH� IDFW� WKDW� WKH� WDQJHQWLDO
VWUHVVHV�JHQHUDWHG�E\�IULFWLRQ�DW�WKH�FRQWDFW
VXUIDFHV��RI�WKH�VDPSOHV�DQG�GHIRUPLQJ�HOH�
PHQWV�� DUH� GLVWULEXWHG� QRQ�XQLIRUPO\� RYHU
WKH� FU\VWDO� KHLJKW� DQG� DPRXQW� WR� D� PD[L�
PXP�DW�WKH�FRQWDFW�VXUIDFHV�DQG�WR�D�PLQL�
PXP� DW� WKH� FU\VWDO� KDOI�KHLJ� KW�� $QRWKHU
IDFWRU�LV�WKH�HGJH�HIIHFW�DVVRFLDWHG�ZLWK�WKH
SRVVLEOH�H[LW�RI�GLVORFDWLRQV�WR�WKH�VLGH�VXU�
IDFH��7KLV�UHVXOWV� LQ�DQ� LQKRPRJHQHRXV�GLV�
WULEXWLRQ�RI�VWUDLQV�DQG�VWUHVVHV�DV�ZHOO�DV�RI
WKH� VXEVHTXHQW� VWUHVV� UHOD[DWLRQ� DQG� RI� WKH
DFFRPSDQ\LQJ� UHVLGXDO� VWUHVV� SDWWHUQ� LQ� WKH
FU\VWDO��7KLV�LV�FRQILUPHG�ERWK�E\�H[SHULPHQ�
WDO�VWXGLHV�RI�WKH�FU\VWDO�GLVORFDWLRQ�VWUXFWXUH
DQG�E\�FDOFXODWLRQV�RI�WKH�VWUHVVHG�VWDWH�

5HIHUHQFHV
� ���(�6FKLG��:�%RDV��&U\VWDO�3ODVWLFLW\��6SULQJHU�

%HUOLQ��������
� ���*�*LOPDQQ��8VS��)L]��1DXN������������������
� ���0�9�6WRUR]KHY�� (�$�3RSRY�� 7KHRU\� RI� 0HWDO

3URFHVVLQJ� E\� 3UHVVXUH�� 0DVKLQRVWURHQLH�
0RVFRZ��������>LQ�5XVVLDQ@�

� ���/�'�7RPOHQRY�� 7KHRU\� RI� 0HWDO� 3ODVWLF� 'H�
IRUPLQJ��0HWDOOXUJLD��0RVFRZ��������>LQ�5XV�
VLDQ@�

� ���$�$�%OLVWDQRY��9�6�%RQGDUHQNR��9�9�&KNDORYD
HW� DO��� $FRXVWLF� &U\VWDOV�� 1DXND�� 0RVFRZ
�������>LQ�5XVVLDQ@�

� ���$�9�*HNWLQ�� 0�9�*ODGNLNK�� /�*�(LGHOPDQ�
8NU��)L]��=K������������������

)LJ�����6FKHPH�RI�FU\VWDO�UHJLRQV�ZLWK�GLIIHU�
HQW�VWUHVV�UHOD[DWLRQ�LQWHQVLWLHV�XQGHU�SODVWLF
VWUDLQLQJ��WKH�HTXDO�PDWHULDO�VKLIW�UHJLRQ�����
WKH� KLQGHUHG� VWUDLQLQJ� RQH� ����� WKH� LQWHQVH
VWUDLQLQJ� RQH� ����� WKH� UHJLRQ� ZKHUH� GLVORFD�
WLRQ� H[LW� WR� WKH� FU\VWDO� VXUIDFH� RXW� RI� WKH
JOLGLQJ�VWULSV�LV�SRVVLEOH�����

)LJ����� 6WUXFWXUH� VWDWH� GLDJUDP� IRU� FU\VWDOV
RI�1D,�7O�� W\SH� ODWWLFH� VWUDLQHG� DW� WKH� KHLJKW
VPDOOHU�WKDQ�WKH�EDVH�VLGH��WKH�LQWHQVH�VWUDLQ�
LQJ� UHJLRQ� ����� WKH� HTXDO� PDWHULDO� VKLIW� RQH
�����WKH�KLQGHUHG�VWUDLQLQJ�RQH������WKH�UHJLRQ
ZKHUH� GLVORFDWLRQ� H[LW� WR� WKH� FU\VWDO� VXUIDFH
RXW�RI�WKH�JOLGLQJ�VWULSV�LV�SRVVLEOH�����
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