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3RO\FU\VWDOOLQH� VLOLFRQ� ILOPV� DUH� XVHG
ZLGHO\� DV� WKH� JDWH� HOHFWURGH� PDWHULDO� IRU
PHWDO�R[LGH�VHPLFRQGXFWRU� �026�� GHYLFHV�
WKH�FRQWDFW�PDWHULDO�IRU�YDULRXV�GHYLFHV�DQG
RWKHU� DSSOLFDWLRQV� LQ� PLFURHOHFWURQLFV�� 7KH
ILOP� VWUXFWXUH� LV� NQRZQ� WR� GHILQH� VLJQLIL�
FDQWO\� WKH� PHFKDQLFDO�� RSWLFDO�� DQG� HOHFWUL�
FDO�SURSHUWLHV�WKHUHRI�

-RLQWV� RI� JUDLQ� ERXQGDULHV� DUH� D� FKDUDF�
WHULVWLF� IHDWXUH� RI� SRO\FU\VWDOOLQH� ILOP
VWUXFWXUH�DQG�DUH�GHILQHG�DV�D�SHFXOLDU�NLQG
RI�OLQHDU�GHIHFWV�>�Ü�@��,W�LV�HYLGHQW�WKDW�WKH
MRLQWV� LQIOXHQFH� WKH� ILOP� VWUXFWXUH� IRUPD�
WLRQ�DQG�SURSHUWLHV�RI�WKH�ILOPV��7KLV�HIIHFW
LV�GLIIHUHQW� IRU�YDULRXV� MRLQWV� DQG� LV� VWUXF�
WXUH�GHSHQGHQW�� 8VXDOO\�� WKH� JUDLQ� ERXQGD�
ULHV� RI� JHQHUDO� W\SH� LQWHUDFW� WR� HDFK� RWKHU
IRUPLQJ� LQ� HTXLOLEULXP� WULSOH� ����� MRLQWV�
6SHFLDO� WULSOH� MRLQWV� UHVXOW� IURP� LQWHUDFWLRQ
RI� VSHFLDO�JUDLQ�ERXQGDULHV��6WXGLHV�RI� VSH�
FLDO�JUDLQ�ERXQGDULHV�KDYH�VKRZQ�WKDW�WKHVH
ERXQGDULHV�PD\� IRUP�VWDEOH�PXOWLSOH� �IRXU�
IROG�DQG�ILYHIROG��MRLQWV�RI�JUDLQ�ERXQGDULHV

>����@�� 2I� SDUWLFXODU� LQWHUHVW� LV� WKH� LQYHVWL�
JDWLRQ�RI� VSHFLDO�JUDLQ�ERXQGDU\� MRLQWV��EH�
FDXVH� WKHVH� MRLQWV� SRVVHVV� D� ORZ� HQHUJ\�
ZHDN�WUHQG�WR�LPSXULW\�DGVRUSWLRQ��ORZ�GLI�
IXVLYH� SHQHWUDWLRQ� DQG� VR� RQ�� $V� FRPSDUHG
WR� MRLQWV� RI�JHQHUDO� W\SH�� WKH� VSHFLDO� MRLQWV
DUH�PRUH�VWDEOH��EHFDXVH�PRELOLW\�RI�VSHFLDO
JUDLQ�ERXQGDULHV�LV�ORZ�>����@�

,W� LV� ZHOO� NQRZQ� >�@� WKDW� LQ� SRO\VLOLFRQ
ILOPV�� WKH� UHODWLYH� DPRXQW� RI� VSHFLDO� MRLQWV
LV� GHILQHG� E\� WKH� ILOP� VWUXFWXUH� W\SH
�HTXLD[LDO��GHQGULWLF��ILEURXV���+RZHYHU��WKH
JUDLQ�ERXQGDULHV�DQG�WKHLU�MRLQWV�LQ�SRO\VLOL�
FRQ� ILOPV� RI� GLIIHUHQW� VWUXFWXUH� PRGLILFD�
WLRQV� DUH� QRW� FRQVLGHUHG� LQ� GHWDLO�� ,W� ZDV
VKRZQ� IRU� GHQGULWLF� SRO\VLOLFRQ� ILOPV� WKDW
WKH� QXPEHU� RI� VSHFLDO� JUDLQ� ERXQGDULHV� LV
LQIOXHQFHG� E\� WKH� SUHVHQFH� RI� SKRVSKRUXV
>�@�� ,Q� WKLV� ZRUN�� D� FRPSDUDWLYH� VWXG\� RI
VSHFLDO� JUDLQ� ERXQGDU\� MRLQWV� DQG� VXUIDFH
URXJKQHVV� LQ� SRO\VLOLFRQ� ILOPV� RI� HTXLD[LDO
DQG� GHQGULWLF� VWUXFWXUHV� KDYH� EHHQ� FDUULHG
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RXW� E\� PHDQV� RI� DWRPLF� IRUFH� PLFURVFRS\
DQG�WUDQVPLVVLRQ�HOHFWURQ�PLFURVFRS\�

7KH� SRO\VLOLFRQ� ILOPV� ZHUH� SUHSDUHG� E\
ORZ�SUHVVXUH� FKHPLFDO� YDSRU� GHSRVLWLRQ�
)LOPV�ZHUH�GHSRVLWHG�RQ�WKHUPDOO\�R[LGL]HG
�����PP� R[LGH� WKLFNQHVV�� ������ VLQJOH� FU\V�
WDO� VLOLFRQ� ZDIHUV�� 7KH� ILOPV� ZHUH� ���� PP
WKLFN�� 6RPH� ILOPV�ZHUH�GRSHG�ZLWK� SKRVSKR�
UXV��7KH�GRSDQW�FRQFHQWUDWLRQ�ZDV������FPÜ��
'HSHQGLQJ� RQ� IRUPDWLRQ� FRQGLWLRQV�� WKH
ILOPV�KDG�GLIIHUHQW� VWUXFWXUHV�� HTXLD[LDO�RU
GHQGULWLF��7KH�HTXLD[LDO�VWUXFWXUH�ZDV�VWXG�
LHG� LQ� SKRVSKRUXV�GRSHG� SRO\VLOLFRQ� ILOPV
GHSRVLWHG� DW� ����&� DQG� DQQHDOHG� DW������&
LQ�QLWURJHQ�DWPRVSKHUH��'HQGULWLF�VWUXFWXUH
ZDV� REVHUYHG� LQ� XQGRSHG� DQG� SKRVSKRUXV�
GRSHG� SRO\VLOLFRQ� ILOPV� GHSRVLWHG� LQ� DPRU�
SKRXV� SKDVH� �WKH� GHSRVLWLRQ� WHPSHUDWXUH
����&�� DQG� DQQHDOHG� DW� WHPSHUDWXUH
d�����&�� 7KH� ILOP� VWUXFWXUH� GHSHQGLQJ� RQ
WKH� SUHSDUDWLRQ� FRQGLWLRQV� DQG� SRVW�WUHDW�
PHQWV�LV�FRQVLGHUHG�LQ�>�@�LQ�GHWDLO�

$WRPLF�IRUFH�PLFURVFRS\��$)0��KDV�EHHQ
XVHG� WR� REWDLQ� D� VHW� RI� VWDWLVWLFDO� GDWD� LQ
VWXGLHV� RI� JUDLQ� ERXQGDU\� MRLQWV�� 7KH� ILOP
VXUIDFH� LPDJHV�ZHUH�REWDLQHG�XVLQJ�D� VFDQ�

QLQJ� DWRPLF� IRUFH� PLFURVFRSH� 1DQR6FRSH
,,,D� LQ� WKH� SHULRGLF� FRQWDFW� PRGH� �7DSSLQJ
0RGH��ZLWK� D� VLOLFRQ� SUREHV� RI� ���QP�HGJH
UDGLXV������JUDLQ�ERXQGDU\�MRLQWV�KDYH�EHHQ
DQDO\]HG� IRU� HTXLD[LDO� ILOPV� �ILOPV� ZLWK
HTXLD[LDO�VWUXFWXUH�������MRLQWV�IRU�XQGRSHG
GHQGULWLF�ILOPV��DQG�����MRLQWV�IRU�SKRVSKR�
UXV�GRSHG�GHQGULWLF�ILOPV�

0RUH� GHWDLOHG� LQIRUPDWLRQ� FRQFHUQLQJ
WKH� QDWXUH� RI� JUDLQ� ERXQGDU\� MRLQWV�� HVSH�
FLDOO\�PXOWLSOH� MRLQWV��DQG�JUDLQ�ERXQGDULHV
KDV� EHHQ� REWDLQHG� IURP� WUDQVPLVVLRQ� HOHF�
WURQ� PLFURVFRSH� �7(0�� GDWD�� 7KH� VDPSOHV
IRU� 7(0� LQYHVWLJDWLRQV� ZHUH� SUHSDUHG� E\
FKHPLFDO�HWFKLQJ��)LJ����VKRZV� WKH�H[DPSOH
RI�LPDJHV�RI�WULSOH�JUDLQ�ERXQGDU\�MRLQW�RE�
WDLQHG�XVLQJ�$)0�DQG�7(0�

7KH� $)0� VWXGLHV� KDYH� VKRZQ� �)LJ����
WKDW� WULSOH� JUDLQ� ERXQGDU\� MRLQWV� GRPLQDWH
WKURXJKRXW�WKH�HQWLUH�H[DPLQHG�ILOPV��+RZ�
HYHU�� DV� LV� VHHQ� IURP�7DEOH��PRVW� RI� WULSOH
MRLQWV�LQ�XQGRSHG�GHQGULWLF�ILOPV�DUH�VSHFLDO
MRLQWV��WKDW�LV��WKHVH�MRLQWV�DUH�FRPSRVHG�RI
VSHFLDO� JUDLQ� ERXQGDULHV� �MRLQWV� VXFK� DV� �E
�F� �WKH�GHVFULSWLRQ�RI� MRLQW� W\SHV� LV�FRQVLG�
HUHG� >�@� LQ� GHWDLO���� $W� WKH� VDPH� WLPH�� LQ
HTXLD[LDO� ILOPV� DQG� LQ� SKRVSKRUXV�GRSHG
GHQGULWLF� ILOPV�� PRVW� RI� WULSOH� MRLQWV� DUH
IRUPHG�E\�JUDLQ�ERXQGDULHV�RI�JHQHUDO�W\SH�
7KH� QXPEHU� RI� PXOWLSOH� VSHFLDO� MRLQWV� LV
KLJKHU�LQ�XQGRSHG�ILOPV��WRR�

$� PRUH� GHWDLOHG� LQIRUPDWLRQ� FRQFHUQLQJ
WKH� QDWXUH� RI� JUDLQ� ERXQGDU\� MRLQWV� KDV
EHHQ� REWDLQHG� IURP� 7(0� VWXGLHV�� 8QIRUWX�
QDWHO\��WKLV�PHWKRG�JLYHV�QR�ZD\�WR�LQYHVWL�
JDWH�DV�ODUJH�DUHD�DV�ZLWK�WKH�XVH�RI�$)0�
7KXV�� QRW� DOO� MRLQW� W\SHV� ZKLFK� EHLQJ� RE�
VHUYHG� LQ� $)0�LPDJHV� DUH� SUHVHQWHG� LQ
)LJ�� ��� +RZHYHU�� )LJ���� GHPRQVWUDWHV� WKDW

)LJ�����$)0� LPDJH� �D�� DQG�7(0�PLFURJUDSK
�E�� RI� D� WULSOH� JUDLQ� ERXQGDU\� MRLQW� LQ� D
SRO\VLOLFRQ�ILOP�

7DEOH��5HODWLYH�QXPEHU�RI�WULSOH�DQG�PXOWLSOH�VSHFLDO�JUDLQ�ERXQGDU\�MRLQWV�LQ�SRO\VLOLFRQ�ILOPV
RI�HTXLD[LDO�DQG�GHQGULWLF�VWUXFWXUH��SHU�FHQW

6WUXFWXUH�
W\SH

7\SHV�RI�JUDLQ�ERXQGDU\�MRLQWV�DQG�WKHLU�VFKHPDWLF�UHSUHVHQWDWLRQ
7ULSOH 0XOWLSOH
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����Û�JUDLQ�ERXQGDU\�RI�JHQHUDO�W\SH��
������Û�VSHFLDO�JUDLQ�ERXQGDU\
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LQ� HTXLD[LDO� SRO\VLOLFRQ� ILOPV�� WKH� MRLQWV
FRQVLVW� RI� ODUJH�DQJOH� JUDLQ� ERXQGDULHV
�VXFK� ERXQGDULHV� DSSHDU� DV� VROLG� OLQHV� LQ
7(0�LPDJHV��)LJ����DÜG���$W�WKH�VDPH�WLPH�
LQ� GHQGULWLF� ILOPV�� ERWK� XQGRSHG� DQG� SKRV�
SKRUXV�GRSHG�� VRPH� SDUW� RI� WKH� PXOWLSOH
MRLQWV� �LQ� SDUWLFXODU� �D�� �F�� DUH� IRUPHG� E\
ORZ�DQJOH�JUDLQ�ERXQGDULHV�ZLWK�GLVORFDWLRQ
VWUXFWXUH��GDVKHG�OLQHV�LQ�7(0�LPDJHV��)LJ�
�J���L��

7KHUH� DUH� VHYHUDO� IRUPDWLRQ�PHFKDQLVPV
RI�VSHFLDO�JUDLQ�ERXQGDU\�MRLQWV�LQ�SRO\FU\V�
WDOOLQH� ILOPV�� )LUVW�� WKH� JUDLQ� ERXQGDU\
VSOLWWLQJ� LV� SRVVLEOH�� ,Q� PDWHULDOV� ZLWK� ORZ
HQHUJ\� RI� VWDFNLQJ� IDXOWV�� WR� ZKLFK� VLOLFRQ
EHORQJV�DOVR��WKH�JUDLQ�ERXQGDU\�VSOLWWLQJ�LV
REVHUYHG� RIWHQ� HQRXJK� >�@�� 7KH� JUDLQ
ERXQGDULHV�ZLWK�RULHQWDWLRQ�GHILQHG�E\�VXP
RI� WXUQV� UHVXOWLQJ� LQ� IRUPDWLRQ� RI� ORZ�HQ�
HUJ\�JUDLQ�ERXQGDU\��PD\�EHFRPH�VSOLW��6HF�
RQG�� D� UDQGRP� PHHWLQJ� RI� VSHFLDO� JUDLQ
ERXQGDULHV� PD\� RFFXU�� ,Q� WKH� WKLUG� FDVH�
VSHFLDO� JUDLQ� ERXQGDU\� MRLQWV� PD\� DULVH
IURP� PXOWLSOH[� WZLQQLQJ�� 7KH� PXOWLSOH[
WZLQQLQJ� LV� D� FKDUDFWHULVWLF� IHDWXUH� RI� D
IDFH�FHQWHUHG� FU\VWDO� ZLWK� ORZ� HQHUJ\� RI
VWDFNLQJ�IDXOWV��,QWHUDFWLRQ�RI�WZLQV�RI�YDUL�
RXV� RUGHUV� PD\� UHVXOW� LQ� PXOWLSOH� JUDLQ
ERXQGDU\�MRLQWV�IRUPDWLRQ�

7KH�PRUSKRORJ\�DQDO\VLV�KDV�VKRZQ�WKDW
DOO� WKUHH� PHFKDQLVPV� RI� VSHFLDO� JUDLQ
ERXQGDU\�MRLQW�IRUPDWLRQ�WDNH�SODFH�LQ�ERWK
HTXLD[LDO� DQG� GHQGULWLF� SRO\VLOLFRQ� ILOPV�
+RZHYHU�� HDFK� VWUXFWXUDO� PRGLILFDWLRQ� KDV
LWV� RZQ� SHFXOLDULWLHV�� ,Q� FDVH� RI� HTXLD[LDO
VWUXFWXUH��LW�LV�SRVVLEOH�WR�VXJJHVW��E\�DQDO�
RJ\� ZLWK� PHWDOV� >�@�� WKDW� PRVW� SUREDEOH
PHFKDQLVP�RI�VSHFLDO�MRLQW�IRUPDWLRQ�LV�VSOLW�
WLQJ�RI�JUDLQ�ERXQGDU\�XQGHU�DQQHDOLQJ�

$V� LV� VKRZQ� LQ� >�@�� WKH� GHQGULWLF� VWUXF�
WXUH�RI�SRO\VLOLFRQ�ILOPV�UHVXOWV�IURP�PXOWL�

SOH�WZLQQLQJ��7KH�GHQGULWLF�JUDLQV�DUH�FRP�
SOH[HV� RI� WKH� WZLQV� ZLWK�¦�Q� ERXQGDULHV�
,QWHUDFWLRQ� RI� WZLQ� ERXQGDULHV� UHVXOWV� LQ
IRUPDWLRQ� RI� VSHFLDO� JUDLQ� ERXQGDU\� MRLQWV�
)RU�H[DPSOH��LW�LV�NQRZQ�>�@�WKDW�ZKHQ�WZR¦�� ERXQGDULHV� VSDFHG� DW� GLIIHUHQW� �����
SODQHV�DUH�LQ�FRQWDFW��WKH�WKLUG�ERXQGDU\�LQ
WKH� MRLQW� DOZD\V� LV� D�¦��ERXQGDU\�� ,Q� WKLV
FDVH�� VSHFLDO� WULSOH� MRLQW� RI� �F� W\SH� LV
IRUPHG�� )XUWKHU� LQWHUDFWLRQ� RI�¦�� ERXQG�
DU\� ZLWK� QH[W� ¦�� ERXQGDU\�� QRQSDUDOOHO
ZLWK� ILUVW� WZR� RQHV�� FDXVHV�¦��� ERXQGDU\�
DQG� VR� RQ�� ,Q� DGGLWLRQ�� D� ODUJH� QXPEHU� RI
WZLQ�ERXQGDULHV�LQ�GHQGULWLF�ILOPV�UHVXOW�LQ
ODUJHU�SUREDELOLW\��DV�FRPSDUHG�WR�HTXLD[LDO
ILOP�VWUXFWXUH��RI�WKHLU�UDQGRP�PHHWLQJ�DQG
VSHFLDO�MRLQW�IRUPDWLRQ�

7KH�GLVWLQFWLRQ� LQ� WKH�QXPEHU� RI� VSHFLDO
JUDLQ� ERXQGDU\� MRLQWV� DQG� JUDLQ� ERXQGDU\
MRLQWV�RI�JHQHUDO�W\SH�LQ�XQGRSHG�DQG�SKRV�
SKRUXV�GRSHG�SRO\VLOLFRQ�ILOPV� LV�FDXVHG�E\
LQIOXHQFH� RI� SKRVSKRUXV� RQ� WKH� ILOP� VWUXF�
WXUH��7KH� SUHVHQFH� RI� SKRVSKRUXV� LV� NQRZQ
>�����@� WR� EH� DFFRPSDQLHG� E\� LQFUHDVLQJ
QXPEHU� RI� FKDUJH� YDFDQFLHV� WKDW� UHVXOWV� LQ
LQFUHDVHG� JUDLQ� ERXQGDU\� PRELOLW\� DQG� WKH
GLVORFDWLRQ�PRWLRQ�UDWH��0RWLRQV�RI�GLVORFD�
WLRQV� DUH� LPPHGLDWHO\� FRQQHFWHG� ZLWK� IRU�
PDWLRQ� RI� JUDLQ� ERXQGDULHV� DQG� JUDLQ
ERXQGDU\� MRLQWV�� 7KH� GLVORFDWLRQ� VWUXFWXUH
RI� JUDLQ� ERXQGDU\� �)LJ���J��L�� LQ� GHQGULWLF
ILOPV� LQGLFDWHV� WKDW� LQWHUQDO� VWUHVVHV� WDNH
SODFH� LQ� WKH� ILOPV�� $V� LV� NQRZQ� >��@�� WKH
SKRVSKRUXV�GRSHG� GHQGULWLF� ILOPV� DUH� FKDU�
DFWHUL]HG� E\� VLJQLILFDQWO\� ORZHU� LQWHUQDO
VWUHVV� OHYHO� DV� FRPSDUHG� WR� XQGRSHG� ILOPV�
,W� LV�EHOLHYHG� WKDW� WKH� LQFUHDVHG�GLVORFDWLRQ

)LJ����� $)0�LPDJHV� RI� SRO\VLOLFRQ� ILOPV�� HTXLD[LDO� �D��� XQGRSHG� GHQGULWLF� �E��� SKRVSKRUXV�GRSHG
GHQGULWLF��F���
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PRELOLW\� SURPRWHV� VWUHVV� UHOD[DWLRQ� LQ� WKH
ILOPV��7KLV�SURFHVV�LV�IROORZHG�E\�D�UHDOLJQ�
PHQW� RI�JUDLQ�ERXQGDU\��QDPHO\�� ORZ�DQJOH
JUDLQ� ERXQGDU\� KDYLQJ� ORQJ�UDQJH� ILHOG� RI
HODVWLF� VWUHVVHV� DUH� WUDQVIRUPHG� WR� ODUJH�
DQJOH� ERXQGDULHV� ZKHUH� WKH� VWUHVV� DS�
SURDFKHV� ]HUR�� 7KLV� LV� GXH� WR� WKH� IDFW� WKDW
SULQFLSOH�RI�ERXQGDU\�LV�FKDQJHG��)RU�ODUJH�
DQJOH� ERXQGDULHV�� LW� FRQVLVW� LQ� ORFDO� GLV�
SODFHPHQWV� RI� ODWWLFH� SRLQWV�� ZKLFK� FDQQRW
EH� GHVFULEHG� E\� WKH�+RRNH� ODZ��+HQFH�� WKH
VWUHVV�UHOD[DWLRQ�FDQ�EH�FRQVLGHUHG�DV�GULY�
LQJ�IRUFH�RI�JUDLQ�ERXQGDU\�UHDOLJQPHQW��,Q
WKLV�FDVH��WKH�PHFKDQLVP�RI�JUDLQ�ERXQGDU\
UHDOLJQPHQW� LQ� GHQGULWLF� SRO\VLOLFRQ� ILOPV
PD\�EH�WKRXJKW�WR�EH�GLVORFDWLRQ�JOLGLQJ��DV
IRU�PHWDOV�� 7KH� LQFUHDVHG� QXPEHU� RI� ODUJH�
DQJOH�ERXQGDULHV�UHVXOWV�LQ�LQFUHDVLQJ�QXP�

EHU�RI�JHQHUDO�W\SH�WULSOH�MRLQWV��VXFK�DV��D�
)LJ���D�� �I�� LQ� SKRVSKRUXV� GRSHG� GHQGULWLF
SRO\VLOLFRQ�ILOPV��$V�IRU�VXUIDFH�URXJKQHVV�
WKH�$)0�VWXGLHV�KDYH�VKRZQ��)LJ�����WKDW�LQ
HTXLD[LDO� SRO\VLOLFRQ� ILOPV� WKH� VXUIDFH
URXJKQHVV� LV� QHDUO\� WKUHH� WLPHV�PRUH� WKDQ
LQ�GHQGULWLF�RQHV����

7R� FRQFOXGH�� WKH� $)0� DQG� 7(0� VWXGLHV
RI�VSHFLDO�JUDLQ�ERXQGDU\�MRLQWV�DQG�VXUIDFH
URXJKQHVV� LQ� SRO\VLOLFRQ� ILOPV� ZLWK
HTXLD[LDO� DQG� GHQGULWLF� VWUXFWXUH� KDYH
VKRZQ�ZKDW� IROORZV�� %RWK� LQ� HTXLD[LDO� DQG
GHQGULWLF� �XQGRSHG� DQG� SKRVSKRUXV�GRSHG�
SRO\VLOLFRQ� ILOPV�� WKH� WULSOH� JUDLQ� ERXQGD�
ULHV� MRLQWV� RI� JHQHUDO� W\SH� SUHGRPLQDWH�
+RZHYHU�� LQ� XQGRSHG� GHQGULWLF� SRO\VLOLFRQ
ILOPV��LQ�FRQWUDVW�WR�HTXLD[LDO�DQG�SKRVSKR�
UXV�GRSHG�GHQGULWLF�RQHV��PRVW�RI�WKH�MRLQWV

)LJ����� 7KUHH�GLPHQVLRQDO�$)0� LPDJHV� RI� VXUIDFH� RI� SRO\VLOLFRQ� ILOPV�ZLWK� HTXLD[HG� �D�� DQG� GHQ�
IULWLF��E��VWUXFWXUH�

)LJ�����7(0�PLFURJUDSKV�RI�VRPH�JUDLQ�ERXQGDU\�MRLQWV� LQ�SRO\VLOLFRQ�ILOPV���D� MRLQW�LQ�HTXLD[LDO
VWUXFWXUH��D����D�MRLQW�LQ�GHQGULWLF�VWUXFWXUH��E���GDVK�OLQHV�SRLQW�WR�GLVORFDWLRQ�VWUXFWXUH�RI�JUDLQ
ERXQGDU\��
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DUH� VSHFLDO� RQHV�� L�H�� FRQWDLQ� VSHFLDO� JUDLQ
ERXQGDULHV��7KH�QXPEHU� RI�PXOWLSOH� VSHFLDO
MRLQWV� LV�KLJKHU� LQ�XQGRSHG�ILOPV��6SOLWWLQJ
RI� JUDLQ� ERXQGDULHV� XQGHU� DQQHDOLQJ� LV� WKH
PRVW� SUREDEOH� PHFKDQLVP� RI� VSHFLDO� MRLQW
IRUPDWLRQ� LQ� SRO\VLOLFRQ� ILOPV� RI� HTXLD[LDO
VWUXFWXUH�� ,Q� GHQGULWLF� ILOPV�� VSHFLDO� MRLQWV
DUH� D� UHVXOW� RI� PXOWLSOH� WZLQQLQJ� WKDW� RF�
FXUV�GXULQJ�WKH�ILOP�IRUPDWLRQ��0RUHRYHU��D
ODUJH� QXPEHU� RI� WZLQQLQJ� ERXQGDULHV� LQ
WKHVH�ILOPV�UHVXOWV�LQ�D�KLJKHU�SUREDELOLW\�RI
WKHLU�UDQGRP�PHHWLQJ�DQG�VSHFLDO�MRLQW�IRU�
PDWLRQ�� 7KH� GHFUHDVHG� QXPEHU� RI� VSHFLDO
JUDLQ� ERXQGDU\� MRLQWV� LQ� SKRVSKRUXV� GRSHG
GHQGULWLF�SRO\VLOLFRQ�ILOPV�DV�FRPSDUHG�ZLWK
XQGRSHG� GHQGULWLF� RQHV� LV� FDXVHG� E\� DQ� HI�
IHFW� RI� SKRVSKRUXV� GRSLQJ�� 3KRVSKRUXV
VWLPXODWHV� UHOD[DWLRQ�SURFHVVHV� WKDW�DUH�DF�
FRPSDQLHG� E\� D� UHDOLJQPHQW� RI� JUDLQ
ERXQGDULHV�� 6XUIDFH� URXJKQHVV� LQ� HTXLD[HG
ILOPV� LV� QHDUO\� WKUHH� WLPHV� PRUH� WKDQ� LQ
GHQGULWLF�ILOPV�

7KLV� UHVHDUFK� ZDV� VXSSRUWHG� LQ� SDUW� E\
8NUDLQLDQ� 0LQLVWU\� IRU� (GXFDWLRQ� DQG� 6FL�
HQFH�� JUDQW� 0����������� DQG� E\
7�6KHYFKHQNR�.\LY�1DWLRQDO�8QLYHUVLW\� �¢
��%)��������
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