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QDO� FU\VWDOV� DQG� VWDFNLQJ� IDXOWV� LQ� WKH� IRUP� RI� H[WUD� RU� PLVVLQJ� OD\HUV� LQ� SHURYVNLWH
VWUXFWXUHV� DUH� GLVFXVVHG�� ,W� LV� VKRZQ� WKDW� DW� D� KLJK� GHQVLW\� RI� GHIHFWV�� D� VKLIW� RI� WKH
GLIIUDFWLRQ� SHDNV� IURP� WKH� EDVLF� VWUXFWXUH� FDXVHV� D� VLJQLILFDQW� GLVFUHSDQF\� EHWZHHQ� WKH
REVHUYHG�GLIIUDFWLRQ�SDWWHUQ�DQG�WKH�UHVXOWV�H[SHFWHG�IURP�D�QDLYH�DSSOLFDWLRQ�RI�%UDJJ�V
ODZ�� )RU� VRPH� FDVHV�� DSSURDFKHV� DUH� SURSRVHG� WKDW� DOORZ� WR� SUHYHQW� WKH� GHWHUPLQDWLRQ
HUURUV�RI�WKH�ODWWLFH�FRQVWDQWV�DQG�RWKHU�SDUDPHWHUV�RI�WKH�GLVRUGHUHG�VWUXFWXUHV�
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���,QWURGXFWLRQ
&U\VWDO�ODWWLFHV�RI�PDQ\�IXQFWLRQDO�PDWH�

ULDOV�DUH�GLVWRUWHG��DPRQJ�RWKHU�IDFWRUV��E\
WKH� SUHVHQFH� RI� SODQDU� GHIHFWV� �3'��� 7ZLQ
ERXQGDULHV� DQG� VWDFNLQJ� IDXOWV� DUH� WKH� 3'
REVHUYHG� RIWHQ� LQ� FU\VWDOOLQH� PDWHULDOV�
7ZLQQLQJ� LV�NQRZQ�WR�EH�D�FRPPRQ�IHDWXUH
IRU� D� QXPEHU� RI� WKH� PDWHULDOV� XQGHUJRLQJ
GLIIXVLRQOHVV� �PDUWHQVLWLF�� WUDQVIRUPDWLRQV
UHVXOWLQJ� LQ� D� UHGXFHG� V\PPHWU\� RI� SDUHQW
SKDVH� VWUXFWXUH�� 7KH� LQWHUHVW� LQ� WKH� VWXG\
RI� WZLQQHG� VWUXFWXUHV� LV� LQWHQVLILHG� LQ� WKH
ODVW�GHFDGH� LQ�FRQQHFWLRQ�ZLWK�WKH�UHODWLRQ�
VKLS� RI� WKH� VKDSH�PHPRU\� SKHQRPHQRQ� WR
WKH� IRUPDWLRQ� RI� WKH� VR�FDOOHG� PRGXODWHG
VWUXFWXUHV� >�Ü�@�� $FFRUGLQJ� WR� WKH� KLJK
UHVROXWLRQ�7(0�UHVXOWV�>����@�WKH�PRGXODWHG
VWUXFWXUHV�DUH�WR�EH�FRQVLGHUHG�DV�D�VWDFNLQJ
VHTXHQFH�RI�WZLQ�UHODWHG�ODPHOODH�RI�VHYHUDO
LQWHUSODQDU�GLVWDQFHV�WKLFN��WKH�VWDFNLQJ�VH�
TXHQFH� LV� QRW� ZHOO�RUGHUHG�� EXW� D� SUHGRPL�
QDQW�WZLQ�WKLFNQHVV�LV�RQO\�REVHUYHG��

7KH�UHFHQW�VWXGLHV�RI�FRPSOH[�SHURYVNLWH�
OLNH�R[LGHV��IHUURHOHFWULF��SLH]RHOHFWULF��PDJ�
QHWRUHVLVWLYH�� DQG� KLJK�7F� VXSHUFRQGXFWLQJPDWHULDOV�� KDYH� IRXQG� WKH� VWUXFWXUH� GLVRU�
GHU� LQ� WKH� FU\VWDOV�GXH� WR�PLVVLQJ�RU� H[WUD
OD\HUV�UHVXOWLQJ�LQ�IDXOWLQJ�RI�D�EDVLF�VWUXF�
WXUH�DORQJ�F�D[LV��ZLWK�QR�GLVRUGHU�DORQJ�D
DQG�E�D[HV�EHLQJ�REVHUYHG� >�Ü��@��6XFK�GH�
IHFWV� LQ� WKH� SHURYVNLWH�UHODWHG� VWUXFWXUHV
DUH� RIWHQ� LQWHUSUHWHG� DV� D� VSHFLDO� NLQG� RI
VWDFNLQJ� IDXOWV�� &RQVLGHULQJ� WKDW� WKH� GH�
IHFWV� DIIHFW� FRQVLGHUDEO\� WKH�PDWHULDO� SURS�
HUWLHV��WKH�PHWKRGV�DUH�UHTXLUHG�WKDW�ZRXOG
SURYLGH� WKH� FKDUDFWHUL]DWLRQ� RI� VXFK� GLVRU�
GHUHG� VWUXFWXUHV�� 7KH� GLUHFW� REVHUYDWLRQ� RI
WKH� VWDFNLQJ� VHTXHQFH� LQ� OD\HUHG� PDWHULDOV
E\� +57(0� LV�� RI� FRXUVH�� D� YHU\� XVHIXO
PHWKRG�� +RZHYHU�� +57(0� SURYLGHV� GDWD
IURP�D�YHU\� OLPLWHG�DUHD� DQG� WKH�GDWD�PD\
QRW�UHSUHVHQW�WKH�HQWLUH�VDPSOH��6R��WKH�XVH
RI�+57(0� RQO\�PD\� EH� LQVXIILFLHQW� LI� WKH
VSHFLILF� FKDUDFWHULVWLFV� RI� WKH� GLVRUGHULQJ
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KDYH� WR� EH� IRXQG�� ,Q� WKLV� FDVH�� GLIIUDFWLRQ
PHWKRGV�VHHP�WR�EH�YHU\�XVHIXO�WR�ILQG�WKH
VWUXFWXUDO� SURSHUWLHV� RI� WKH� GLVRUGHUHG
VWDFNLQJ�VHTXHQFH�LQ�D�EXON�VDPSOH��7KLV�LV
FRQILUPHG� E\� WKH� IDFW� WKDW� WKH� UHJXODULW\
GLVUXSWLRQ�LQ�WKH�VWDFNLQJ�RUGHU�RU��LQ�RWKHU
ZRUGV��WKH�3'�DSSHDUDQFH��DIIHFWV�FRQVLGHU�
DEO\� WKH� HOHFWURQ�� QHXWURQ�� DQG� ;�UD\� GLI�
IUDFWLRQ�SDWWHUQV�

7KH�SHDN�EURDGHQLQJ�� VWUHDNLQJ�� VKLIW�RI
SHDN� SRVLWLRQV�� DQG� LQWHQVLW\� PRGXODWLRQ
DUH� WKH� GLIIUDFWLRQ� IHDWXUHV� ZHOO�NQRZQ
IURP� WKH� H[SHULPHQWDO� GDWD� DQG� WKHRUHWLFDO
ZRUNV� DLPHG� DW� WKH� VWXG\� RI� FU\VWDO� VWUXF�
WXUHV� GLVRUGHUHG� E\� 3'�� ,Q� PDQ\� FDVHV�
WKHVH� IHDWXUHV� DUH� SURQRXQFHG� DQG�� WKHUH�
IRUH��WKH\�VKRXOG�EH�XVHG�WR�H[DPLQH�VWDFN�
LQJ�GLVRUGHU��SURYLGHG�WKDW�D�FRUUHODWLRQ�EH�
WZHHQ�SDUDPHWHUV�RI�WKH�GLIIUDFWLRQ�SDWWHUQ
DQG�VWDFNLQJ�SDWWHUQ�LV�NQRZQ��2Q�WKH�RWKHU
KDQG�� WKH� VDPH� GLIIUDFWLRQ� IHDWXUHV� PD\
FDXVH� GLIILFXOWLHV� LQ� VWUXFWXUDO� FKDUDF�
WHUL]DWLRQ� RI� WKH� EDVLF� VWUXFWXUH� ZKHUH� WKH
3'� DUH� RFFXUUHG�� 7KLV� LV� HVSHFLDOO\� WUXH� LQ
UHJDUG� WR� WKH� SRVLWLRQV� RI� WKH� EDVLF� VWUXF�
WXUH�GLIIUDFWLRQ�SHDNV�ZKLFK�WKH�3'��LI�SUH�
VHQW��PD\�VKLIW�FRQVLGHUDEO\�IURP�WKRVH�UH�
ODWHG� WR� WKH� YDOXHV� IRU� WKH� EDVLF� VWUXFWXUH
ODWWLFH� FRQVWDQWV�� 6R�� D� VLJQLILFDQW� GLVFUHS�
DQF\� EHWZHHQ� WKH� REVHUYHG� GLIIUDFWLRQ� SDW�
WHUQ� DQG� WKH� UHVXOWV� H[SHFWHG� IURP�D�QDLYH
DSSOLFDWLRQ�RI�%UDJJ�V�ODZ�FRXOG�DULVH��

7KXV�� WKH� SUREOHP� LV� WKDW� RQ� WKH� RQH
KDQG��WKH�EDVLF�VWUXFWXUH�VWUXFWXUDO�SURSHU�

WLHV� DUH� WR� EH� GHWHUPLQHG� SURSHUO\� WR� FKDU�
DFWHUL]H�WKH�VWDFNLQJ�VHTXHQFH��2Q�WKH�RWKHU
KDQG�� LI� WKH� 3'� HIIHFW� LV� GLVUHJDUGHG�� WKH
VKLIW�RI�WKH�SHDN�SRVLWLRQV�GXH�WR�WKH�SUHV�
HQFH� RI� 3'� SUHVHQWV� GLIILFXOWLHV� LQ� DQ� DW�
WHPSW�WR�GHWHUPLQH�WKHVH�VWUXFWXUDO�SURSHU�
WLHV�EDVLQJ�RQ�WKH�SHDN�SRVLWLRQV��7KLV�ZRUN
GLVFXVVHV� SUREOHPV� LQ� WKH� FU\VWDO� VWUXFWXUH
VROXWLRQ�FDXVHG�E\�WKH�HIIHFW�RI�YDULRXV�3'
RQ� WKH� EDVLF� VWUXFWXUH� SHDN� SRVLWLRQV� DQG
WKH�DSSURDFKHV�LQWHQGHG�WR�FRUUHODWH�WKH�3'
GHQVLW\�DQG�GLVWULEXWLRQ�ZLWK�WKH�SHDN�SRVL�
WLRQV��

���0RGHOV�RI�FU\VWDOV�DQG
FDOFXODWLRQ�WHFKQLTXH

7R�FDOFXODWH�WKH�LQWHQVLW\�GLIIUDFWHG�E\�D
OD\HUHG�VWUXFWXUH��LW�LV�FRQYHQLHQW�WR�FKRRVH
WKH�FRRUGLQDWH�V\VWHP�ZKHUH�WZR�D[HV�OLH�LQ
RQH�RI�WKH�OD\HUV�ZKHUH�WKH�VWDFNLQJ�LV�FRQ�
VLGHUHG� DQG� WKLUG� D[LV� LV� QRUPDO� WR� WKH
OD\HU�� 7KH� VWUXFWXUHV� DQG� WKH� FRRUGLQDWH
V\VWHPV� �$���$���$��� WDNHQ� LQ� WKH� FDOFXOD�WLRQV�DUH�VKRZQ�LQ�)LJ�����6R��WKH�QHZ�FRRU�
GLQDWH� V\VWHP� $�� �F�Ü�D�� $�� �E�� $�� 
D�K����K���������E���K������� GHULYHG� IURP
WKH�D[LV��D��E��F��LV�VXLWDEOH�IRU�UHSUHVHQWLQJ
WHWUDJRQDO�FU\VWDO�FRQWDLQLQJ�7%�RI�WKH�V\V�
WHP� ������� ���Ü�!� �K� �F�D��� IRU
SHURYVNLWH�OLNH� VWUXFWXUHV�� $�� �D�� $�� �E�$�� �F� ZKHUH� �D�� E�� F�� LV� WKH� FRQYHQWLRQDOFRRUGLQDWH�V\VWHP�RI�D�WHWUDJRQDO�FU\VWDO��

)LJ�����5HSUHVHQWDWLRQ�RI�FU\VWDOV�DV� OD\HUHG�VWUXFWXUHV�� �D��VWDFNLQJ�VHTXHQFH�RI�WKH� ������DWRPLF
OD\HUV�LQ�WHWUDJRQDO�FU\VWDO�FRQWDLQLQJ�7%��1L�0Q*D�VWUXFWXUH�DV�DQ�H[DPSOH����E��VWUXFWXUDO�OD\HUVLQ�SHUIHFW�6U%L�1E�2��VWUXFWXUH��WKH�OD\HU��$�$���LV�D�KDOI�RI�WKH�XQLW�FHOO���F��WKH�SUHVHQFH�RI�3'�DVWZR�H[WUD�6U2±1E2��SODQHV�LQ�OD\HU�$�UHVXOWV�LQ�WKH�IRUPDWLRQ�RI�D�QHZ�OD\HU�%�ZKLFK�LV�FRQVLGHUHGDV�D�KDOI�RI�WKH�XQLW�FHOO�RI�SHUIHFW�6U�%L�1E�2���VWUXFWXUH�
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7KH� 0RQWH� &DUOR� VLPXODWLRQ� WHFKQLTXH
EDVHG� RQ� WKH� PDWUL[� PHWKRG� E\� .DNLQRNL
DQG� .RPXUD� >��@� DQG� WKH� GLIIHUHQFH� HTXD�
WLRQ�PHWKRG�E\�:LOVRQ� >��@�KDYH�EHHQ�XVHG
WR� FDOFXODWH� WKH� VFDWWHULQJ� LQWHQVLW\�� ,�+�
.�� ]��� LQ� WKH� UHFLSURFDO� VSDFH��+HUH��+��.�
]�DUH�FRRUGLQDWHV�DORQJ�WKH�GLUHFWLRQV�SDUDO�
OHO�WR�WKH�$�
�$�
��DQG�$�
��7KH�FDOFXODWLRQSURFHGXUHV� DUH� GHWDLOHG� H�J�� LQ� >��Ü��@��ZH
RQO\�HPSKDVL]H�VRPH�LPSRUWDQW�WKLQJV��7KH
DVVXPSWLRQ�RI�VWUXFWXUDO�RUGHU�LQ�WKH�SODQHV
RI� OD\HUV�DQG�D�GLVRUGHU� LQ�WKH�VWDFNLQJ�VH�
TXHQFH�RI�WKH�OD\HUV�UHVXOWV�LQ�WKDW�WKH�VFDW�
WHULQJ� LQWHQVLW\� VKRXOG� EH� FDOFXODWHG� DORQJ
WKH� UHFLSURFDO� ODWWLFH� URGV� SUHVSHFLILHG� E\
LQWHJHUV�+� DQG�.� FRQVLGHULQJ� ]� DV� D� FRQ�
WLQXRXV� YDULDEOH� DORQJ� $�
�� 7KH� 0RQWH&DUOR�DSSURDFK�DOORZV�WKH�LQWHQVLW\�FDOFXOD�
WLRQ� IRU� DQ\� 3'� W\SH�� SURYLGHG� WKDW� VWDFN�
LQJ�PRGHO�RI�WKH�OD\HUV�LV�JLYHQ��7KH�VWDFN�
LQJ� PRGHO� GHVFULEHV� LQ� D� SUREDELOLVWLF� ZD\
WKH� SRVLWLRQ� DQG� W\SH� RI� WKH� QH[W� OD\HU� GH�
SHQGLQJ� RQ� WKH� SUHFHGLQJ� OD\HUV��7KH� SURE�
DELOLVWLF�ODZV�ZLOO�EH�GLVFXVVHG�ZKHUH�DSSUR�
SULDWH�LQ�WKH�IROORZLQJ�VHFWLRQV�

���&U\VWDOV�FRQWDLQLQJ�FRKHUHQW
WZLQ�ERXQGDULHV�RI�WKH�������

��Ü��V\VWHP�
7KH�GLIIUDFWLRQ�SDWWHUQV�KDYH�EHHQ�VKRZQ

WR� EH� YHU\� FRPSOH[� IRU� FU\VWDOV� FRQWDLQLQJ
FRKHUHQW� WZLQ� ERXQGDULHV� DW� D� KLJK�GHQVLW\
>��Ü��@��,W�ZDV�IRXQG�WKDW�QR�VLPSOH�FRUUH�
VSRQGHQFH� LV� REVHUYHG� EHWZHHQ� DQ\� FKDUDF�
WHULVWLF�RI�WKH�GLIIUDFWLRQ�SDWWHUQ�DQG�D�SD�
UDPHWHU� RI� WKH� WZLQQHG� VWUXFWXUH�� ,Q� SDU�
WLFXODU��ERWK�DYHUDJH�WKLFNQHVV�RI�WKH�WZLQV
DQG�GLVSHUVLRQ�RI� WKH� WZLQ� WKLFNQHVV�GLVWUL�
EXWLRQ� DIIHFW� WKH� SHDN� SURILOH� ZLGWKV� DQG
HYHQ� SRVLWLRQV� RI� WKH� WHWUDJRQDO� GRXEOHW
FRPSRQHQWV�

&U\VWDO�RI�D�ORZ�FHOO�WHWUDJRQDOLW\��VLQJOH
PRGH�GLVWULEXWLRQ�RI� WZLQV��7KH�UHVXOWV�GLV�
FXVVHG� LQ� WKLV� VHFWLRQ� UHODWH� WR� WHWUDJRQDO
FU\VWDO�ZLWK�WKH�UDWLR�F�D� �������$Q�H[DP�
SOH� RI� VXFK� FU\VWDO� LV� WKH� IHUURHOHFWULF
%D7L2�� ZKHUH� D� YDULHW\� RI� WZLQQHG� VWUXF�WXUHV� ZDV� IRXQG� GHSHQGLQJ� PDLQO\� RQ� WKH
PDWHULDO� JUDLQ� VL]H��7KH� WZLQV� DUH� DVVXPHG
WR�EH�GLVWULEXWHG�LQ�WKH�FU\VWDO�DFFRUGLQJ�WR
D� ORJ�QRUPDO� IXQFWLRQ�3�Q�� �I�P��V���ZKHUH
Q� LV� QXPEHU� RI� WKH� ������ SODQHV� LQ� D� WZLQ�
P� LV� WKH� GLVWULEXWLRQ� PLGOLQH�� DQG� V� LV� WKH
GLVWULEXWLRQ� GLVSHUVLRQ�� 7KH� WKLFNQHVV� GLV�
WULEXWLRQV� ZHUH� WKH� VDPH� IRU� ERWK� WZLQ�UH�
ODWHG�GRPDLQV��VR�WKDW�WKH�WZLQ�GLVWULEXWLRQ
RYHU� WKH� ZKROH� FU\VWDO� LV� D� VLQJOH�PRGH
IXQFWLRQ��

$� FKDQJH� LQ� WKH� GLIIUDFWLRQ� SDWWHUQ� GXH
WR�D�GHFUHDVH�RI�WKH�DYHUDJH�WZLQ�WKLFNQHVV�
RWKHU�VWUXFWXUDO�SDUDPHWHUV�EHLQJ�FRQVWDQW�
LV� LOOXVWUDWHG� LQ� )LJ����� ,W� LV� VHHQ� WKDW� WKH
FRPSRQHQWV� RI� WKH� WHWUDJRQDO� GRXEOHW� WHQG
WR�EH�EURDGHQHG�ZLWK�GHFUHDVLQJ�WZLQ�WKLFN�
QHVV��QDQ���7KH�EURDGHQLQJ�KDV�D�SURQRXQFHGDV\PPHWU\�� DV� D� UHVXOW�� D� �SODWHDX�� LV
IRUPHG�EHWZHHQ� WKH�SHDNV� WKDW� LQFUHDVHV� LQ
LWV� LQWHQVLW\� DV� WKH� DYHUDJH� WZLQ� WKLFNQHVV
GHFUHDVHV�� $� IXUWKHU� LQFUHDVH� RI� WKH� �SOD�
WHDX�� LQWHQVLW\� ZLWK� GHFUHDVLQJ� DYHUDJH
WZLQ�WKLFNQHVV�GRZQ�WR�D�FULWLFDO�YDOXH��QFU�UHVXOWV� LQ� WKH� IRUPDWLRQ� RI� RQH� YHU\� EURDG
SHDN�LQVWHDG�RI�WKH�WHWUDJRQDO�GRXEOHW��,W�LV
WR�QRWH�WKDW�WKH�SHDN�ZLGWK�GHFUHDVHV�DV�WKH
DYHUDJH� WZLQ� WKLFNQHVV� GHFUHDVHV� VWLOO� IXU�
WKHU�� DQG� WKH� SHDN� SRVLWLRQ� LV� FRQVLVWHQW
ZLWK�D��FXELF��VWUXFWXUH�ZLWK�WKH�ODWWLFH�FRQ�
VWDQW�YDOXH��D���F����

9DOXH� RI� WKH� WZLQ� WKLFNQHVV� GLVWULEXWLRQ
GLVSHUVLRQ� PD\� EH� FRQVLGHUHG� DV� DQ� LQGLFD�
WLRQ� RI� RUGHU� �RU� GLVRUGHU�� LQ� WKH� WZLQ
ERXQGDU\� GLVWULEXWLRQ� LQ� WKH� FU\VWDO�� )RU
ORZ� YDOXHV� RI� WKH� WZLQ� GLVWULEXWLRQ� GLVSHU�
VLRQ� PHDQLQJ� WKDW� WZLQV� WHQG� WR� RUGHU� WR
IRUP�D�VXSHUVWUXFWXUH��WKH�QXPEHU�RI�SHDNV
DQG�WKHLU�SRVLWLRQV�DUH�FORVHO\�UHODWHG�WR�WKH
DYHUDJH�WZLQ�WKLFNQHVV��)LJ����GHPRQVWUDWHV
ZKDW�WKH�GLIIUDFWLRQ�FKDQJHV�RFFXU�GXH�WR�D
GHFUHDVH�RI�WKH�GLVSHUVLRQ��V��LQ�WKH�FDVH�RI
UHODWLYHO\� WKLFN� WZLQV�� $W� ILUVW�� SURILOHV� RI
WKH� WHWUDJRQDO� SHDNV� WHQG� WR� EH� EURDGHQHG

)LJ�����,QWHQVLW\�GLVWULEXWLRQV�FDOFXODWHG�LQ�D
UDQJH� RI� WKH� UHFLSURFDO� ODWWLFH� VLWHV� �������
IRU�D�FU\VWDO�FRQWDLQLQJ�WZLQV�RI�YDULRXV�DY�
HUDJH� WKLFNQHVV�� QDQ�� 7R� SURYLGH� GLIIHUHQW
YDOXHV�QDQ��P� YDOXH� RI� WKH� ORJ�QRUPDO�GLVWUL�EXWLRQ�ZDV�YDULHG�LQ�WKH�FDOFXODWLRQ��WKH�GLV�
WULEXWLRQ�GLVSHUVLRQ��V� ������EHLQJ�FRQVWDQW�
7KH� YHUWLFDO� GDVKHG� OLQHV� VKRZ� WKH� SRVLWLRQV
UHODWHG�WR�WKH�JLYHQ�UDWLR�F�D� ������
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DV� WKH� V� GHFUHDVHV� DQG� WKHQ� WKH� SHDN� SUR�
ILOHV� WDNH� DQ� LUUHJXODU� IRUP� DQG� VSOLW� LQWR
FRPSRQHQWV�� 7KH� QXPEHU� DQG� SRVLWLRQV� RI
WKH�SHDNV�GHSHQG�RQ�WKH�DYHUDJH�WZLQ�WKLFN�
QHVV�� 1R� SHDNV� DW� WKH� SRVLWLRQV� RI� WKH
�FXELF�� VWUXFWXUH� DUH� REVHUYHG� LI� WKH� DYHU�
DJH�WZLQ�WKLFNQHVV�LV�UHODWLYHO\�ODUJH�DV�LW�LV
VHHQ�� IRU� H[DPSOH�� LQ� WKH� FXUYHV� FDOFXODWHG
IRU� QDQ� YDOXH� RI� ���� OD\HUV� �)LJ������ +RZ�HYHU�� DQ� LQWHQVH� SHDN� DW� WKLV� SRVLWLRQ� LV
DOUHDG\� VHHQ� LQ� WKH� FXUYH� FDOFXODWHG� IRU
QDQ� ���� OD\HUV� �)LJ������7KH�SHDN�LQWHQVLW\LQFUHDVHV�VWLOO�IXUWKHU�ZLWK�GHFUHDVLQJ�DYHU�
DJH�WZLQ�WKLFNQHVV��DQG�RWKHU�SHDNV�EHFRPH
OHVV�LQWHQVH���

$Q�LPSRUWDQW�SRLQW�LV�WKDW�LI�WKH�FU\VWDO
FRQVWLWXWHV�D� VHTXHQFH�RI� WKLQ� WZLQV�DW�DQ\
WZLQ� WKLFNQHVV� GLVWULEXWLRQ� GLVSHUVLRQ�� QR
SHDNV� LQ� WKH� GLIIUDFWLRQ� SDWWHUQ� DUH� RE�
VHUYHG�DW�WKH�SRVLWLRQV�GLUHFWO\�UHODWHG�WR�D
VSHFLILHG� F�D� UDWLR�� 7KH� VDPH� LV� DOVR� WUXH
ZKHQ� FU\VWDO� LV� FRPSRVHG�RI� WKLFN� WZLQV� DW
D�ORZ�GLVSHUVLRQ�YDOXH�RI�WKH�WZLQ�WKLFNQHVV
GLVWULEXWLRQ�� 6R�� D� GHFUHDVH� RI� WKH� WZLQ
WKLFNQHVV� GLVWULEXWLRQ� GLVSHUVLRQ� DQG� DYHU�
DJH�WZLQ�WKLFNQHVV�PD\�UHVXOW�LQ�VXFK�SRVL�
WLRQV� RI� WKH� GLIIUDFWLRQ� SHDNV� WKDW� ZURQJ
YDOXHV� RI� WKH� ODWWLFH� FRQVWDQWV� DQG� HYHQ
ZURQJ�V\PPHWU\�RI�WKH�ODWWLFH�FRXOG�EH�FRQ�
FOXGHG� LI� WKH� HIIHFW� RI� WKH� WZLQV� RQ� WKH
GLIIUDFWLRQ�ZLOO�EH�GLVUHJDUGHG�

&U\VWDO�RI�D�KLJK�FHOO�WHWUDJRQDOLW\��ELPR�
GDO� GLVWULEXWLRQ� RI� WZLQV�� 7KH� GLIIUDFWLRQ

IHDWXUHV�GXH�WR�FRKHUHQW�WZLQ�ERXQGDULHV�LQ
WHWUDJRQDO�FU\VWDO�RI�D�KLJK�FHOO�WHWUDJRQDO�
LW\�DUH�GHPRQVWUDWHG�LQ�ZKDW�IROORZV�WDNLQJ
WKH�VR�FDOOHG�PRGXODWHG�VWUXFWXUHV�DV�DQ�H[�
DPSOH�� ,W� LV� MXVW� WKH� RUGHULQJ� LQ� WKH� WZLQ
ERXQGDU\� GLVWULEXWLRQ� WKDW� LV� VXSSRVHG� WR
FDXVH�WKH�IRUPDWLRQ�RI�WKH�PRGXODWHG�VWUXF�
WXUHV�� DQG� H[DPSOHV� DUH� IRXQG� LQ� VXFK�PD�
WHULDOV� DV� PDJQHWLF� VKDSH� PHPRU\� DOOR\V�
7KH�WZLQV�LQ�WKRVH�VWUXFWXUHV�DUH�YHU\�WKLQ
DQG� FRQVLVW� RI� VHYHUDO� DWRPLF� OD\HUV�� DQG
WKH� PRVW� VWUXFWXUHV� VKRZ� WKH� WZLQ�UHODWHG
GRPDLQV� RI� GLIIHUHQW� WKLFNQHVV�� 6R�� WZR
YDULRXV� IXQFWLRQV� DUH� UHTXLUHG� WR� GHVFULEH
WKH� WKLFNQHVV� GLVWULEXWLRQV� IRU� WKH� RUGHUHG
GRPDLQV�RI�WZR�RULHQWDWLRQV��$�VKRUW�UDQJH
RUGHU� LQ�WKH�WZLQ�ERXQGDU\�GLVWULEXWLRQ�GH�
VFULEHG� E\� WZR� SUREDELOLVWLF� IXQFWLRQV�
3��Q��� D�� DQG� 3��Q��� D��� ZDV� WDNHQ� DV� DPRGHO� RI� WKH� WZLQQHG� FU\VWDO�� 7KLV� PRGHO
DVVXPHV� WKDW� D� QH[W� WZLQ� ERXQGDU\� FDQQRW
EH�IRUPHG�FORVHU�WR�WKH�SUHYLRXV�RQH�WKDQ�DW
D�FHUWDLQ�PLQLPXP�GLVWDQFH�RI�Q��������OD\�HUV� DQG�Q�� ������ OD\HUV��DW�RWKHU�GLVWDQFHV�Q��LW�LV�IRUPHG�ZLWK�D�FRQVWDQW�SUREDELOLW\�D�

7R� EH� VSHFLILF�� OHW� XV� FRQVLGHU� WKH� FDVHV
ZKHQ�WKH�PRVW�SUREDEOH�WZLQ�WKLFNQHVV�YDO�
XHV�DUH�Q�� ���DQG�Q�� ����DQG�WKH�GLVWULEX�WLRQ�GLVSHUVLRQ�DQG�WKH�UHODWHG�DYHUDJH�WZLQ
WKLFNQHVVHV�� QDQ�� DQG� QDQ��� GHFUHDVH� DW� LQ�FUHDVLQJ� D� IURP� D� QHDU�]HUR� YDOXH� WR� WKDW
DSSUR[LPDWLQJ� XQLW\�� )LJ���� GHPRQVWUDWHV
WKH�FKDQJHV�LQ�WKH�GLIIUDFWLRQ�SDWWHUQ�IURP
D�WHWUDJRQDO�FU\VWDO�LI�WKH�FU\VWDO�LV�WZLQQHG

)LJ�����,QWHQVLW\�GLVWULEXWLRQV�FDOFXODWHG�LQ�D
UDQJH� RI� WKH� UHFLSURFDO� ODWWLFH� VLWHV� �������
IRU�D�FU\VWDO�FRQWDLQLQJ�WZLQV�RI�YDULRXV�DY�
HUDJH� WZLQ� WKLFNQHVV�� QDQ�� WKH� GLVWULEXWLRQ
GLVSHUVLRQ�V� �����EHLQJ�FRQVWDQW�

)LJ�����,QWHQVLW\�GLVWULEXWLRQV�FDOFXODWHG�LQ�D
UDQJH� RI� WKH� UHFLSURFDO� ODWWLFH� VLWHV� �������
IRU� D� FU\VWDO� FRQWDLQLQJ� WZLQV� GLVWULEXWHG� LQ
WKH� FU\VWDO� DFFRUGLQJ� WR� D� ORJ� QRUPDO� IXQF�
WLRQ� DW� GLIIHUHQW� GLVWULEXWLRQ� GLVSHUVLRQ� YDO�
XHV�� V�� WKH� DYHUDJH� WKLFNQHVV� QDQ� �����OD\�HUV�EHLQJ�FRQVWDQW�
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VR�WKDW�WKH�WZLQV�DUH�DUUDQJHG�LQ�WKH�DERYH
ZD\��,W� LV�VHHQ�WKDW�DIWHU�WKH�FRUUHODWLRQ�LQ
WKH� WZLQ�GLVWULEXWLRQ� KDV�SURJUHVVHG� WR� WKH
SRLQW�ZKHUH�H[WUD�SHDNV�IRUPHG��WKH�FXUYHV
�Ü�� LQ�)LJ������QR�GLIIUDFWLRQ�SHDNV�DUH�RE�
VHUYHG� LQ� WKH� SRVLWLRQV� WKDW� VKRXOG� EH� IRU
WKH� QRQ�WZLQQHG� FU\VWDO� ZLWK� WKH� VSHFLILHG
ODWWLFH�FRQVWDQWV��7KLV�UDLVHV�WKH�TXHVWLRQ�RI
ZKHWKHU� DQ\� SHDN� LQ� VXFK� GLIIUDFWLRQ� SDW�
WHUQ� FDQ� EH� FRQVLGHUHG� DV� UHODWLQJ� WR� WKH
EDVLF� WHWUDJRQDO� VWUXFWXUH�� ,W� LV� DQ� LPSRU�
WDQW� TXHVWLRQ�� EHFDXVH� WKH� PRVW� LQWHQVH
SHDNV� LQ� WKH� GLIIUDFWLRQ� SDWWHUQV� RI� WKLV
NLQG� DUH� XVXDOO\� DVVRFLDWHG� ZLWK� D� EDVLF
FU\VWDO� ZLWK� FRUUHVSRQGLQJ�� WKDW� LV� PRGL�
ILHG��ODWWLFH�FRQVWDQWV�

,Q� DGGLWLRQ�� SRVLWLRQV� RI� WKH� SHDNV� QHDU
WR� WKH� PRVW� LQWHQVH� RQHV� GHSHQG� RQ� WKH
RUGHU� SDUDPHWHU� VR� WKDW� WKH� GLVWDQFH� EH�
WZHHQ� WKH� SHDNV� LQFUHDVHV� DV� WKH� VWUXFWXUH
EHFRPHV�PRUH� DQG�PRUH� RUGHUHG��7KH�SRLQW
PD\� EH� D� SUREOHP� LQ� ILQGLQJ� WUXH� PRGXOD�
WLRQ� SHULRG� RI� VXFK� VWUXFWXUH� LI� WKH� WZLQ
RUGHULQJ�LV�LQVXIILFLHQW�WR�SURYLGH�DOO�SHDNV
RI� D� GHWHFWDEOH� LQWHQVLW\� UHODWHG� WR� WKH
VWUXFWXUH��

���&U\VWDOV�FRQWDLQLQJ�H[WUD�RU
PLVVLQJ�OD\HUV�DV�UDQGRP

VWDFNLQJ�IDXOWV
7R� VKRZ� ZKDW� SUREOHPV� DUH� HQFRXQWHUHG

LQ� WKH� VROXWLRQ� RI� VXFK� GLVRUGHUHG� VWUXF�
WXUHV� XVLQJ� WKH� GLIIUDFWLRQ� WHFKQLTXHV�� OHW
FRQVLGHU�WKH�DQDO\VLV�UHVXOWV�RI�WKH�GLIIUDF�
WLRQ�SDWWHUQV�IRU�WZR�F�RULHQWHG�6%1�ILOPV�>��@�
RQH�RI�WKH�ILOPV�KDV�WKH�VWRLFKLRPHWULF�FRPSRVL�
WLRQ� 6U%L�1E�2�� �)LOP� ���� DQG� RWKHU� LV� ELV�PXWK�GHILFLHQW� �)LOP������6LPLODU�SUREOHPV
ZLWK�VWUXFWXUH�VROXWLRQ�PD\�RFFXU�IRU�RWKHU
GLVRUGHUHG� SHURYVNLWH�OLNH� FU\VWDOV�� IRU� H[�
DPSOH�IRU�KLJK�WHPSHUDWXUH�VXSHUFRQGXFWRUV
RI�WKH�%L±6U±&D±&X±2�V\VWHP�>��@�

7KH� +57(0� VWXG\� >��@� RI� D� QRQ�
VWRLFKLRPHWULF� FRPSRVLWLRQ� VDPSOH� KDV
VKRZQ� WKH� SUHVHQFH� LQ� RI� VWUXFWXUDO� IUDJ�
PHQWV�ZLWK� D�SHULRGLFLW\� DORQJ�F�D[LV� RWKHU
WKDQ�WKDW�RI�WKH�VWUXFWXUDO�IUDJPHQWV�LQ�WKH
VWRLFKLRPHWULF�VDPSOH��7KH�DGGLWLRQDO�VWUXF�
WXUDO� IUDJPHQWV� GLG� QRW� DOZD\V� IRUP� D
ZKROH� XQLW� FHOO�� EXW�ZHUH� RIWHQ� RQO\� D� KDOI
RI� WKH�XQLW� FHOO�DQG��WKHUHIRUH�� WKH\�VKRXOG
EH�FRQVLGHUHG�WR�EH�RFFXUUHG�GXH�WR�VWDFNLQJ
IDXOWV�� 7KH� ILOP����KDV� VKRZQ� WKH�GLIIUDF�
WLRQ� SDWWHUQ� ZKHUH� SHDNV� UHODWHG� WR� WKH
6U%L�1E�2�� FRPSRXQG� VWUXFWXUH� ZLWK� F� ODW�WLFH� FRQVWDQW� RI� ������ QP� DUH� RQO\� SUH�
VHQWHG�� %DVLQJ� RQ� FRPSOH[� SURILOHV� RI� WKH
GLIIUDFWLRQ� SHDNV� LQ� WKH� SDWWHUQ� IURP� WKH
ILOP� ���� LW� ZDV� VXJJHVWHG� WKDW� WKH� ILOP

VWUXFWXUDO� VWDWH� VKRXOG�EH� FKDUDFWHUL]HG� DV�D
PL[WXUH�RI�DW� OHDVW�WZR�SKDVHV�UDWKHU�WKDQ�D
VLQJOH� RQH�� 7KH� SKDVH� 6U%L�1E�2�� �WKH� VR�FDOOHG�SKDVH��P� ����RU�6%1��VKRXOG�DVVXPHG
WR� EH� RQH� RI� WKH� SKDVHV�� &RQVLGHULQJ� WKH
+57(0� UHVXOWV�� WKH� FRPSRXQG�6U�%L�1E�2���SKDVH� �P� ����� VKRXOG� EH� WKH� VHFRQG� SKDVH�
7KH� DWWHPSWV� WR� PHDVXUH� WKH� F� ODWWLFH� FRQ�
VWDQWV�RI�WKH�VWUXFWXUHV��P� ����DQG��P� ���
IURP� WKH� SHDN� SRVLWLRQV� KDYH� VKRZQ� WKDW� QR
UHJXODULW\�LQ�WKH�PHDVXUHG�VFDWWHUHG�F�ODWWLFH
FRQVWDQWV� LV� REVHUYHG� �)LJ������1RWH� WKDW� WKH
]LJ]DJ�GHSHQGHQFHV��OLNH�WKDW�VKRZQ�LQ�)LJ����
RI�WKH�ODWWLFH�FRQVWDQW�RQ�WKH�SHDN�LQGH[�DUH
W\SLFDO�RI�RQH�GLPHQVLRQDOO\�GLVRUGHUHG�VWUXF�
WXUHV��7KXV��ZH�PD\�FRQFOXGH�WKDW�ERWK�VWUXF�
WXUDO�SDUWV���P� ����DQG��P� �����DUH�LPSHU�
IHFW�DQG�FRQWDLQ�VWDFNLQJ�IDXOWV�

7KH� TXHVWLRQ� DULVHV� DV� WR� ZKDW� RI� WKHVH
FDOFXODWHG�YDOXHV�LV�WUXH�YDOXH�RI�WKH�F�ODWWLFH
FRQVWDQW�� �7KH� WHUP� �ODWWLFH� FRQVWDQW�� LQ� D
GLVRUGHUHG� VWUXFWXUH� KDV� REYLRXVO\� D� ORFDO
PHDQLQJ� LQ� WKH� DUHDV� ZKHUH� WKHUH� DUH� PRUH
WKDQ� WZR�DGMDFHQW� VWUXFWXUH� OD\HUV���7KH� DQ�
VZHU� LV� RI� LQWHUHVW�QRW�RQO\�DV� VXFK�� EXW� LW

)LJ����� ,QWHQVLW\� GLVWULEXWLRQV� FDOFXODWHG� LQ� D
UDQJH� EHWZHHQ� WKH� UHFLSURFDO� ODWWLFH� VLWHV
�������� DQG� �������� IRU� D� WHWUDJRQDO� FU\VWDO
ZLWK� WKH� UDWLR� F�D� ������ FRQWDLQLQJ� WZLQ�UH�
ODWHG�GRPDLQV�RI�GLIIHUHQW�DYHUDJH�WKLFNQHVVHV
QDQ��DQG�QDQ�������Û�D� ������QDQ�� �����QDQ�� 
��������Û�D� ������QDQ�� ����QDQ�� ��������Û�D
 ������ �QDQ�� ������ QDQ�� ������ ����Û� D� �����
QDQ�� ������ QDQ�� ������ ���� Û� D� ������ QDQ�� 
����� QDQ�� ������ ���� Û� D� ������ QDQ�� ������
QDQ��  ������� ���� Û� D� ������� � QDQ�� ������QDQ�� �������7KH�YHUWLFDO�GDVKHG�OLQHV�VKRZ�WKHSRVLWLRQV�UHODWHG�WR�WKH�JLYHQ�UDWLR�F�D�
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LV� QHFHVVDU\� WR� ILQG� IHDWXUHV� RI� WKH� VWUXF�
WXUH� GLVRUGHU�� ILUVW� RI� DOO�� WKH� GHQVLW\� RI
VWDFNLQJ�IDXOWV��$�SUREOHP�LV�WKDW�WKH�SRVL�
WLRQ� RI� HDFK� SHDN� LV� GHSHQGHQW� RQ� WKH�GHQ�
VLW\� RI� VWDFNLQJ� IDXOWV� DQG�� LQ� DGGLWLRQ�� RQ
WKH� UDWLR� EHWZHHQ� WKH� VL]HV�� G$� DQG� G%�DORQJ�F�D[LV�RI�WKH�OD\HU��$��UHODWHG�WR�WKH
PDWUL[� VWUXFWXUH� DQG� WKH� OD\HU� �%�� IRUPHG
GXH�WR�WKH�VWDFNLQJ�IDXOW��DV�WR�WKH��$��DQG
�%�� OD\HUV�� VHH� )LJ���E�� F��� 8QIRUWXQDWHO\�
WKHUH�LV�QR�ZD\�WR�ILQG�WKH�ODWWLFH�FRQVWDQW
GLUHFWO\� IURP� WKH� SHDN� SRVLWLRQV��+RZHYHU�
DVVXPLQJ�WKDW�WKH�ILOP�VWUXFWXUH�LV�D�UDQGRP
VWDFNLQJ� RI� WKH� WZR� VWUXFWXUDO� OD\HU� NLQGV�
HVWLPDWLRQ�RI�WKH�VWDFNLQJ�IDXOW�GHQVLW\��D��LV
SRVVLEOH�DW�XQNQRZQ�YDOXHV�RI�WKH�ODWWLFH�FRQ�
VWDQWV��XVLQJ�WKH�UHODWLYH�SRVLWLRQV�RI�FHUWDLQ
SDLUV�RI�WKH�SHDNV��6R��ILUVW�VWHS�LQ�WKH�VWUXF�
WXUH� VROXWLRQ� VKRXOG� EH� FKDUDFWHUL]DWLRQ� RI
WKH�VWDFNLQJ�IDXOW�GHQVLW\�UDWKHU�WKDQ�RI�WKH
ODWWLFH�FRQVWDQWV�YDOXHV�

7KH� UHODWLYH� SRVLWLRQ� RI� SHDNV� ��OL� DQG��OM� LV� H[SUHVVHG� LQ� WHUPV� RI� WKH� UDWLR
N�D�� �VLQT��OL�e�VLQT��OM� EHWZHHQ� VLQHV� RI� WKH
GLIIUDFWLRQ� DQJOHV� FRUUHVSRQGLQJ� WR� WKH
SHDNV��7KH�UHODWLYH�SRVLWLRQV�ZHUH�VKRZQ�WR
GHSHQG� RQ� WKH� GHQVLW\� RI� UDQGRP� VWDFNLQJ
IDXOWV��EXW�LQGHSHQGHQW�RI�WKH�UDWLR�EHWZHHQ
G$� DQG� G%�� 6RPH� RI� WKH� GHSHQGHQFHV� DUHVKRZQ� LQ� )LJ���� ZKHUH� WKH� YDOXHV� NH[S� DUHVKRZQ�DV�ZHOO�GHULYHG�IURP�SRVLWLRQV�RI�WKH
SHDNV� LQ� WKH� H[SHULPHQWDO� ;5'� SDWWHUQ�
)URP� WKHVH� UHVXOWV�� WKH� VWDFNLQJ� IDXOW�GHQ�
VLW\� LQ� WKH� �P� ���� SKDVH� �WKH� VWDFNLQJ
IDXOW� LV� D� KDOI� RI� WKH� �P� ���� XQLW� FHOO�� LV
DERXW� D�� ������ DQG� LQ� WKH� �P� ���� SKDVH

�WKH�VWDFNLQJ�IDXOW�LV�D�KDOI�RI�WKH��P� ���
XQLW�FHOO��LV�DERXW�D�� �������7KH� QH[W� VWHS� LQ� WKH� VWUXFWXUH� VROXWLRQ
ZRXOG� EH� GHWHUPLQDWLRQ� RI� WKH� ODWWLFH� FRQ�
VWDQW� F� E\� D� ILWWLQJ� SURFHGXUH� ZLWK� WKH
JLYHQ� VWDFNLQJ� IDXOW� GHQVLW\�� 7KH� F� YDOXH
YDULDWLRQ� UDQJH� LV� OLPLWHG� E\� WKH� IDFW� WKDW
VRPH�SHDNV� LQ�WKH�H[SHULPHQWDO�SDWWHUQ�DUH
VOLJKWO\�GLVWRUWHG�VLQJOH�OLQHV�LQ�FRQWUDVW�WR
RWKHU� SHDNV� KDYLQJ� SURILOHV� DV� FRPSOH[
FXUYHV� LQGLFDWLQJ� WKDW� WKH� SHDNV� DUH� FRP�
SRVHG�RI�WZR�OLQHV��7KH�SRVLWLRQV�RI�WKH�VLQ�
JOH�OLQH�SHDNV�DUH�QHDUO\�FRQVLVWHQW�ZLWK�WKH
SHDNV� ����� ������ ����� RI� WKH� VWUXFWXUH
�P�  ���� DQG� ZLWK� WKH� SHDNV� ����� �����
����� RI� WKH� VWUXFWXUH� �P� ����� 7KH� YDOXHV
F�P ��� DQG� F�P ��� RI� WKH� ODWWLFH� FRQVWDQWVGHULYHG� IURP� WKH� SRVLWLRQV� RI� WKHVH� VSHFLDO
SHDNV� DUH� LQ� WKH� �����Ü������ QP� DQG
�����Ü������ QP� UDQJH�� UHVSHFWLYHO\�� $V
)LJ����VKRZV��WKHVH�YDOXHV�DUH�FORVHU�WR�RQH
DQRWKHU� WKDQ� WKRVH� GHULYHG� IURP� WKH� SRVL�
WLRQV� RI� RWKHU� SHDNV�� ,Q� DGGLWLRQ�� WKHVH
SHDNV� DSSHDUHG� WR� EH� FRQVLGHUDEO\� OHVV
EURDGHQHG� WKDQ� RWKHU� REVHUYHG� SHDNV�� 6R�
WKH�F� YDOXH� LQ� WKH� ILWWLQJ�PD\�EH�YDULHG� LQ
WKH�UDQJH�UHVXOWHG�IURP�WKH�SRVLWLRQV�RI�WKH
VSHFLDO� SHDNV� ��O��:KHQ� FRPSDULQJ� WKH� LQ�
WHQVLW\�GLVWULEXWLRQV� FDOFXODWHG�XQGHU� WKHVH
DVVXPSWLRQV�ZLWK�WKH�H[SHULPHQWDO�SDWWHUQ�
LW� ZDV� IRXQG� WKDW� WKH� WZR� FXUYHV� DUH� LQ� D

)LJ����� 7KH� F� ODWWLFH� FRQVWDQW� YDOXHV� IRU
VWUXFWXUHV� �P� ���� �OHIW� YHUWLFDO� D[LV�� DQG
�P�� ���� �ULJKW� YHUWLFDO� D[LV�� GHULYHG� IURP
SRVLWLRQV�RI�WKH�SHDNV�DWWULEXWHG�WR�WKH�VWUXF�
WXUHV� LQ� H[SHULPHQWDO�;�UD\� GLIIUDFWLRQ� VFDQ
IURP�D�ILOP�RI�WKH�[[�FRPSRVLWLRQ�>��@�

)LJ����� 7KH� UDWLR� VLQT��OL�VLQT��OM� FDOFXODWHGIRU� WKH� GLIIUDFWLRQ� DQJOHV� UHODWHG� WR� WKH
�������DQG�������SHDNV�RI�WKH��P� ����VWUXF�
WXUH�FRQWDLQLQJ�UDQGRP�OD\HUV��%��RI�GHQVLW\
D� �OHIW� YHUWLFDO� D[LV� DQG� VROLG� FXUYH�� DQG� WR
WKH� ������� DQG� ������� SHDNV� RI� WKH� �P� ���
VWUXFWXUH� FRQWDLQLQJ� UDQGRP� OD\HUV� �$�� RI
GHQVLW\� D� �ULJKW� YHUWLFDO� D[LV� DQG� GDVKHG
FXUYH���7KH�VTXDUHV�LQ�WKH�SORW�VKRZ�WKH�YDO�
XHV� RI� VLQT��OL�VLQT��OM� GHULYHG� IURP� WKH� UH�ODWHG�SHDN�SRVLWLRQV�LQ�WKH�H[SHULPHQWDO�;5'
SDWWHUQ�
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JRRG� DJUHHPHQW� IRU� F�P ��� �������QP�DQGF�P ��� �������QP�7KH�SUHVHQFH�RI�VXFK�VSHFLDO�SHDNV�LV�GXH
WR� D� PLQLPDO� VKLIW� RI� WKH� SHDNV� IURP� WKH
UHJXODU�SRVLWLRQV�LI�VWDFNLQJ�IDXOWV�RFFXU�LQ
WKH�FU\VWDO��7KH�LQGLFHV�O�RI�WKH�SHDNV�IROORZ
D�UXOH�ZKLFK� LV�GHWHUPLQHG�E\� WKH�UDWLR�EH�
WZHHQ� WKH� VL]HV� �PHDVXUHG� DORQJ� F� D[LV�� RI
WKH� VWUXFWXUDO� OD\HU� UHODWHG� WR� WKH� PDWUL[
VWUXFWXUH�DQG�WKDW�IRUPHG�GXH�WR�WKH�VWDFN�
LQJ� IDXOW�� 2QO\� LQ� WKH� FDVH� WKDW� WKH� UDWLR
G�$��_G�$��Ü�G�%�_� HTXDOV� H[DFWO\� WR� DQ� LQWH�JHU��SHDNV�DUH�SRVVLEOH�KDYLQJ�WKH�SRVLWLRQV
DQG� SURILOHV� DEVROXWHO\� XQDIIHFWHG� E\� WKH
SUHVHQFH� RI� VWDFNLQJ� IDXOWV�� ,W� VHHPV� WR� EH
FOHDU�WKDW�WKLV�LQWHJHU�LV�MXVW�WKH�SHULRGLFLW\
LQ� WKH� LQGLFHV� O� RI� WKH� SHDNV� ��O� ZKLFK
VKRXOG� VKRZ� WKHLU� SRVLWLRQV� UHODWHG� WR� WKH
VDPH�YDOXH�RI�WKH�F�ODWWLFH�FRQVWDQW��
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7KH�SUHVHQWHG�UHVXOWV�VKRZ�WKDW�LQWHUSUH�

WDWLRQ� RI� WKH� FU\VWDO� FRQWDLQLQJ� SODQDU� GH�
IHFWV� DW� D� KLJK� GHQVLW\� DV� D� V\VWHP� �EDVLF
VWUXFWXUH� DQG� GHYLDWLRQV� IURP� WKH� EDVLF
VWUXFWXUH�� PD\� UHVXOW� LQ� PLVLQWHUSUHWDWLRQ
RI� WKH�GLIIUDFWLRQ�SDWWHUQ�IURP�WKH�FU\VWDO�
7KLV� LV� GXH� WR� WKDW� WKH� GLIIUDFWLRQ� SDWWHUQ
IURP� VXFK� D� FU\VWDO� GLIIHUV� FRQVLGHUDEO\
IURP�WKDW�VKRXOG�EH�IRU�WKH�GHIHFW�IUHH�FU\V�
WDO�� 7KH� GLIIHUHQFH� FRQVLVWV� LQ� D� FKDQJH� RI
ERWK� QXPEHU� DQG� SRVLWLRQV� RI� WKH� GLIIUDF�
WLRQ�SHDNV��7KH� ODWWHU� IDFW�SUHVHQWV�D�SURE�
OHP� ZKHQ� DSSO\LQJ� VWDQGDUG� VWUXFWXUDO
DQDO\VLV� PHWKRGV� WR� VROYH� VXFK� GLVRUGHUHG
VWUXFWXUHV�GLVUHJDUGLQJ� WKH� SUHVHQFH� RI� WKH
GHIHFWV��%HFDXVH� WKH�GLIIUDFWLRQ�SDWWHUQ�GH�
SHQGV� LQ� D� FRPSOLFDWHG� ZD\� RQ� PDQ\� SD�
UDPHWHUV� RI� WKH� EDVLF� VWUXFWXUH� DQG� SODQDU
GHIHFWV�� QR� PHWKRGV� DUH� \HW� SURSRVHG� WKDW
ZRXOG�SURYLGH�D�PHDQV�WR�LGHQWLI\�WKH�GLVRU�
GHUHG�VWUXFWXUHV�ZLWKLQ�D�JHQHUDO�DSSURDFK�

7KH� VWUXFWXUDO� SURSHUWLHV� RI� WKH� FU\VWDOV
FRQWDLQLQJ� VWDFNLQJ� IDXOWV� LQ� WKH� IRUP� RI
H[WUD� RU� PLVVLQJ� OD\HUV� DSSHDU� WR� EH� VROY�
DEOH� EDVLQJ�PDLQO\� RQ� WKH� SRVLWLRQV� RI� GLI�
IUDFWLRQ� SHDNV�� $� QHFHVVDU\� FRQGLWLRQ� IRU
VXFK�D�VWUXFWXUH�WR�EH�VROYHG�LQ�WKLV�ZD\�LV
WKH� SULRU� NQRZOHGJH� RI� WKH� GHSHQGHQFH� EH�
WZHHQ�GHQVLW\�RI�WKH�LQWHUJURZWKV�DQG�UHOD�
WLYH� SRVLWLRQV� RI� WKH� SHDNV� OLNH� WKDW� GLV�
FXVVHG� DERYH� LQ� 6HFWLRQ� ��� ,Q� FRQWUDVW�� IRU
FU\VWDOV�FRQWDLQLQJ�WZLQV�WKDW�WHQG�WR�RUGHU�
HVWLPDWLRQ� RI� VWUXFWXUDO� SDUDPHWHUV� IURP
WKH� SHDN� SRVLWLRQV� VHHPV� WR� EH� LPSRVVLEOH
HYHQ� DV� D� ILUVW� VWHS� RI� WKH� VWUXFWXUH� VROX�
WLRQ��2XU�SUHOLPLQDU\�VWXG\�KDV�VKRZQ�WKDW
WKH� FHOO� WHWUDJRQDOLW\� RI� D� WZLQQHG� FU\VWDO
DIIHFWV� VWURQJO\� WKH� UHODWLYH� LQWHQVLWLHV� RI

WKH�GLIIUDFWLRQ�SHDNV��RWKHU�FU\VWDO�SDUDPH�
WHUV� EHLQJ� FRQVWDQW�� $� ILWWLQJ� SURFHGXUH
XVLQJ� UHODWLYH� LQWHQVLWLHV� RI� SHDNV� LQ� DGGL�
WLRQ� WR� WKH� SHDN� SRVLWLRQV� LV� H[SHFWHG� WR
SURYLGH� D� ZD\� WR� LGHQWLI\� WKH� VWUXFWXUHV
SURSHUO\��7KHUH� LV� QR� GRXEW� WKDW� D� UHODWLRQ
EHWZHHQ�VWUXFWXUH�SURSHUWLHV�RI�D�GLVRUGHUHG
FU\VWDO� DQG� SDUDPHWHUV� RI� WKH� GLIIUDFWLRQ
SDWWHUQ� IURP� WKH� FU\VWDO� LV� WRR� FRPSOH[� WR
VROXWH� WKH� FU\VWDO� VWUXFWXUH� E\� XVLQJ� WKH
GLIIUDFWLRQ�PHWKRGV� RQO\�� 6R�� D� FRPSOH[� RI
H[SHULPHQWDO� WHFKQLTXHV� VKRXOG� EH� XVHG� WR
VWXG\� VXFK� VWUXFWXUHV�� ,Q� WKLV� UHJDUG�� WKH
HOHFWURQ�PLFURVFRS\�GDWD�RQ�WKH�W\SH�RI�WKH
SODQDU� GHIHFWV�PD\� EH� RI� SDUWLFXODU� XVHIXO�
QHVV�LI�QRW�FULWLFDO��
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