
3K\VLFDO�PHFKDQLVPV�RI�PLFURVWUXFWXUHIRUPDWLRQ�LQ�QLRELXP�ILOPV�XQGHU�ORZWHPSHUDWXUH�LRQLF�DWRPLF�GHSRVLWLRQ�
,�*�0DUFKHQNR��,�0�1HNO\XGRY

1DWLRQDO�6FLHQFH�&HQWHU��.KDUNLY�,QVWLWXWH�IRU�3K\VLFV�DQG�(QJLQHHULQJ��
��$NDGHPLWFKHVND\D�6W���������.KDUNLY��8NUDLQH

5HFHLYHG�0DUFK��������
7KH� PROHFXODU� G\QDPLFV� PHWKRG� KDV� EHHQ� XVHG� WR� VWXG\� WKH� HIIHFW� RI� ORZ�HQHUJ\

LUUDGLDWLRQ�ZLWK� VHOI�LRQV� RQ� WKH�PLFURVWUXFWXUH� DQG� UHVLGXDO� VWUHVVHV� DULVLQJ� LQ�QLRELXP
ILOPV� LQ� WKH�FRXUVH�RI� LRQ�DWRPLF�GHSRVLWLRQ��7KH� LRQ� IORZ�FRQVWLWXWHG������RI� WKH� WRWDO
DWRPLF�IORZ�EHLQJ�GHSRVLWHG��WKH� LRQ�HQHUJ\�ZDV�����H9��$IWHU�WKHUPDO�GHSRVLWLRQ�RI�WKH
ILOP� DW� ���� .� XS� WR� WKH� WKLFNQHVV� DW� ZKLFK� WKH� VWHDG\�VWDWH� GHQVLW\� LV� DWWDLQHG�� WKH
LRQLF�DWRPLF� GHSRVLWLRQ� RI� WKH� ILOP�ZDV� SHUIRUPHG�� 7KH� JURZLQJ� ILOP� GHQVLW\�ZDV� LQFUHDVHG
XQGHU� LRQ� DFWLRQ�� 7KLV� LQFUHDVH� KDV� EHHQ� VKRZQ� WR� EH� FDXVHG�PDLQO\� E\� WKH� ILOP� VPRRWKLQJ
XQGHU�LRQ�ERPEDUGPHQW�WKDW�UHVXOWV�LQ�GHFUHDVLQJ�QXPEHU�RI��PLFUR�FUDFNV��EHORZ�ZKLFK�WKH
SRUHV�DUH�ORFDOL]HG��7KH�LQYHVWLJDWLRQ�UHVXOWV�VKRZ�WKDW�WKH�LRQ�DFWLRQ�FKDQJHV�WKH�FKDUDFWHU�RI
LQWHUQDO�PLFURVWUHVVHV��7KLV�LV�UHODWHG�ZLWK�IRUPDWLRQ�RI�LQWHUVWLWLDO�DWRP�FOXVWHUV��$�FRUUHODWLRQ
KDV�EHHQ�IRXQG�EHWZHHQ�WKH�GHQVLW\�RI�ILOPV�IRUPHG��WKHLU�PLFURVWUXFWXUH�DQG�DULVLQJ�PLFURV�
WUHVVHV�
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7KH� PLFURVWUXFWXUH� IRUPDWLRQ� LQ� ILOPV
GXULQJ� WKH�SK\VLFDO�YDSRU�GHSRVLWLRQ� �39'�
LV� WKH� REMHFW� RI� LQWHQVH� VWXG\� GXULQJ�PDQ\
\HDUV�>�Ü�@��7KLQ�ILOPV�H[KLELW�D�ZLGH�YDUL�
HW\� RI� PLFURVWUXFWXUHV� GHSHQGLQJ� RQ� WKH
VXEVWUDWH� WHPSHUDWXUH� 7�� 0RYFKDQ� DQG
'HPFKLVKLQ� GHYHORSHG� WKH� VWUXFWXUH� ]RQH
PRGHOV� ZKLFK� V\VWHPDWLFDOO\� FDWHJRUL]H� WKH
VHOI�RUJDQL]HG� VWUXFWXUH� HYROXWLRQ� GXULQJ
39'� >�@��7KH\�KDYH� HVWDEOLVKHG� WKDW� LQ� WKH
GHSRVLWHG�PHWDOV��WKHUH�DUH���GLIIHUHQW�WHP�
SHUDWXUH� UDQJHV� VHSDUDWHG� E\� WKH� WHPSHUD�

WXUHV� 7��|����7PO� DQG� 7��|����7PO�� ZKHUH7PS�LV�WKH�PHOWLQJ�SRLQW��,W�LV�WKDW�WKH�SURF�HVVHV� RI� FRDUVH� PLFUR�FU\VWDOOLWH� JURZWK� LQ
=RQH� ,,,� �7�!�7��� DUH� DVVXPHG� WR� EH� DVVRFL�DWHG� ZLWK� WKH� EXON� GLIIXVLRQ� SURFHVVHV�� 7KH
IRUPDWLRQ�RI�D�FROXPQDU�VWUXFWXUH�LQ�=RQH�,,
LV� JHQHUDOO\� DVVRFLDWHG�ZLWK� WKH� VXUIDFH� VHOI�
GLIIXVLRQ�� 7KH� ILOP� JURZWK� DW� WKH� WHPSHUD�
WXUH� �7���7��� SURFHHGV� LQ� WKH� ORZ�WHPSHUD�WXUH�GHSRVLWLRQ�=RQH�,��7KH�ORZ�WHPSHUDWXUH
GHSRVLWLRQ�SHUPLWV� WR� REWDLQ�SURWHFWLYH� OD\�
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HUV�DYRLGLQJ�GHJUDGDWLRQ�RI�EXON�SURSHUWLHV
LQ� WKH� SURGXFWV� XQGHU� WUHDWPHQW�� $W� WKH
VDPH� WLPH�� WKH� ILOPV�GHSRVLWHG� DW� ORZ� WHP�
SHUDWXUHV�DUH�SRURXV�DQG�VKRZ�D�ZHDN�DGKH�
VLRQ� WR� WKH� VXEVWUDWH�� 5HFHQWO\�� YDULRXV
WHFKQRORJLHV�RI�LRQ�EHDP�DVVLVWHG�GHSRVLWLRQ
DUH�XVHG�WR�LPSURYH�WKH�SURWHFWLYH��KDUGHQ�
LQJ�� IULFWLRQ�� DQG� RWKHU� SURSHUWLHV� RI� FRDW�
LQJV��7KHVH�PHWKRGV�PDNH�LW�SRVVLEOH�WR�RE�
WDLQ�FRPSDFW�FRDWLQJV�ZLWK�D�JRRG�DGKHVLRQ
DW�ORZ�WHPSHUDWXUHV��2QH�RI�WKH�PHWKRGV�WR
IRUP� ILOPV� IURP� DWRPLF�LRQLF� IORZV� LV� WKH
WKHUPRLRQLF� GHSRVLWLRQ� �7,'�� >�@�� 7KH� HV�
VHQFH� RI� WKH� 7,'� FRQVLVWV� LQ� ZKDW� IROORZV�
XVLQJ� DQ� HOHFWURQ� EHDP� IRU� PDWHULDO� KHDW�
LQJ�� SDUWLDOO\� LRQL]HG� PHWDO� YDSRUV� DUH� RE�
WDLQHG�WR�EH�GHSRVLWHG�RQWR�D�VXEVWUDWH��7KH
LRQ�FXUUHQW�GHQVLW\� LV� FRQWUROOHG�E\� WKH�GH�
JUHH� RI� YDSRU� LRQL]DWLRQ� LQ� WKH� ORZ�YROWDJH
'&� GLVFKDUJH�� 7KH� LRQ� HQHUJ\� LV� YDULHG� E\
WKH� SRWHQWLDO� DSSOLHG� WR� WKH� VXEVWUDWH�� 7KH
H[SHULPHQWDO� GDWD� HYLGHQFH� WKDW� FKDQJLQJ
WKH�DWRPLF�LRQLF�IORZ�HQHUJ\�DQG� LRQL]DWLRQ
GHJUHH�� LW� LV� SRVVLEOH� WR� LQIOXHQFH� DSSUHFLD�
EO\� WKH�PLFURVWUXFWXUH� RI� ILOPV�� WKHLU� GHQ�
VLW\�� UHVLGXDO� PLFURVWUHVV� OHYHO�� HWF�� >����@�
'HVSLWH�WKH�DYDLODEOH�H[SHULPHQWDO�GDWD�DQG
WKH� WKHRUHWLFDO� LQYHVWLJDWLRQV� >�Ü��@�� WKH
PHFKDQLVPV� RI� WKLV� LRQ� LUUDGLDWLRQ� HIIHFW
DUH�QRW� IXOO\� FOHDU�XS� WR�QRZ��7KH�SXUSRVH
RI�WKLV�ZRUN� LV�WR�VWXG\�WKH�PHFKDQLVPV�RI
LRQ� LUUDGLDWLRQ� HIIHFW� RQ� WKH� VWUXFWXUDO
SURSHUWLHV� RI� QLRELXP� ILOPV� LQ� WKH� SURFHVV
RI� ORZ�WHPSHUDWXUH� DWRPLF�LRQLF� GHSRVLWLRQ
XVLQJ�FRPSXWHU�VLPXODWLRQ�

1LRELXP�ZDV� FKRVHQ� DV� D�PDWHULDO� WR� EH
LQYHVWLJDWHG� WDNLQJ� LQWR� DFFRXQW� WKH� DYDLO�
DEOH� H[SHULPHQWDO� GDWD� RQ� WKH� FKDQJHV� RI
QLRELXP� ILOP� SURSHUWLHV� GXULQJ� WKH� GHSRVL�
WLRQ� XQGHU� GLIIHUHQW� FRQGLWLRQV� >����@��1LR�
ELXP�DWWUDFWV�DQ�LQFUHDVLQJ�LQWHUHVW�LQ�HQJL�
QHHULQJ�EHFDXVH�RI�LWV�XVH�LQ�PDQXIDFWXULQJ
RI�-RVHSKVRQ�WXQQHO� MXQFWLRQV�>������@��DQG
WKLQ� QLRELXP� ILOPV� DUH� FRQVLGHUHG� DV� D
SURPLVLQJ�PDWHULDO�IRU�DSSOLFDWLRQ�LQ�VXSHU�
FRQGXFWLYH�FDYLWLHV�IRU�SDUWLFOH�DFFHOHUDWLRQ
>������@�� 7KH� QLRELXP� ILOP� GHSRVLWLRQ� ZDV
VLPXODWHG�E\�WKH�PROHFXODU�G\QDPLFV�PHWKRG
XVLQJ� WKH� 6G\Q� SURJUDP� DV� DQ� XSGDWHG� YHU�
VLRQ�RI�WKH�'<02'�SURJUDP�>��@�GHVLJQHG�WR
VWXG\� WKH� PDWHULDO� VXUIDFH� SURSHUWLHV�� 7KH
HTXDWLRQV�RI�PRWLRQ�ZHUH�VROYHG�E\�D�9HUOHW�
OLNH�DOJRULWKP�PHWKRG�DW�WKH�WLPH�VWHS�DERXW
�� IV�� 7KH� LQWHUDFWLRQ� EHWZHHQ� PHWDO� DWRPV
ZDV�GHVFULEHG�E\� WKH�HPEHGGHG�DWRP�PHWKRG
�($0��>��@��7KH�WRWDO�HQHUJ\�RI�DQ�HOHPHQWDO
V\VWHP�LV�UHSUHVHQWHG�DV���

(� �¦�
L
)L�UL������¦�

MzL
MLM�5LM�� ���

ZKHUH�MLM� LV� WKH�SDLU�SRWHQWLDO�DV�D�IXQFWLRQ�RI
WKH�GLVWDQFH�5LM�EHWZHHQ�DWRPV�L�DQG�M��)L�UL���WKHHPEHGGLQJ�HQHUJ\�DV�D�IXQFWLRQ�RI�WKH�KRVW�HOHF�
WURQ�GHQVLW\�UL� LQGXFHG� DW� D� VLWH� L�E\�DOO�RWKHUDWRPV�LQ�WKH�V\VWHP��7KH�ODWWHU�LV�JLYHQ�E\����
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ZKHUH�UM��5LM�� LV� WKH�HOHFWURQ�GHQVLW\�IXQFWLRQ�
7KH� VLPXODWLRQV� ZHUH� FRQGXFWHG� XVLQJ� WKH
-RKQVRQ�2K�($0�SRWHQWLDO�IRU�1E�>��@��,Q�VPDOO
LQWHUDWRPLF� VSDFHV�� WKH� +DUWUHH�)RFN� SRWHQWLDO
ZDV�XVHG�LQ�WKH�0ROLHU�DSSUR[LPDWLRQ�>��@�

7KH� DWRPLF� IORZ� GHSRVLWLRQ� RI� �� FORVH�
SDFNHG�SODQHV�ZLWK�^���`�RULHQWDWLRQ�RQWR�D
VXEVWUDWH� ZDV� VLPXODWHG�� )RXU� ILUVW� OD\HUV
ZHUH�IL[HG� LQ�WKH�SRVLWLRQV�RI�D�SHUIHFW�EFF
ODWWLFH�� 7R� SURYLGH� WKH� UHTXLUHG� VXEVWUDWH
WHPSHUDWXUH� EHIRUH� WKH� GHSRVLWLRQ� RQVHW�� D
NLQHWLF� HQHUJ\�ZDV�JLYHQ� WR�PRYDEOH� DWRPV
RI�WKH�QH[W�ILYH�OD\HUV��7KH�SURFHGXUH�XVHG
WR� HVWDEOLVK� WKH� WKHUPDO� HTXLOLEULXP� KDV
WDNHQ���QV��7KH�WKHUPDO�ILOP�GHSRVLWLRQ�ZDV
FDUULHG�RXW�DW�����.��7KH�WHPSHUDWXUH�FRQ�
WURO�ZDV�SURYLGHG�E\�VFDOLQJ�WKH�DWRPLF�YH�
ORFLWLHV�>��@��7KH�YHORFLW\�FRUUHFWLRQ�ZDV�DS�
SOLHG� WR� DOO� WKH� DWRPV� H[FHSW� IRU� IRXU� ODVW
GHSRVLWHG� PRQROD\HUV�� 7KHUPDOO\� GHSRVLWHG
DWRPV� KDG� NLQHWLF� HQHUJ\� RI� ���� H9� DQG� D
SXOVH� GLUHFWLRQ� QRUPDO� WR� WKH� GHSRVLWLRQ
SODQH��7KH�GHSRVLWLRQ�WLPH�RI�RQH�PRQROD\HU
WPRQR� ZDV� ������ QV�� 7KH� LRQ� IORZ� FKDUDF�WHULVWLFV�LQ�WKH�FRPSXWHU�VLPXODWLRQ�ZHUH�DV
IROORZLV�� LRQ� HQHUJ\� ���� H9�� LRQ� QXPEHU
��� �� RI� WKH� WRWDO� QXPEHU� RI� LPSLQJLQJ
DWRPV� FRUUHVSRQGLQJ� WR� WKH�PD[LPXP� GHQ�
VLW\� RI� ILOPV� REVHUYHG� LQ� H[SHULPHQWV�� 7KH
LQFLGHQW�DWRPV�ZHUH�GLVWULEXWHG�UDQGRPO\�LQ
WKH� SODQH� SDUDOOHO� WR� WKH� GHSRVLWLRQ� SODQH�
&U\VWDOOLWHV� ZHUH� JURZQ� LQ� WKH� =� D[LV� GLUHF�
WLRQ�� 7KH� ;� D[LV� KDG� >���@� WKH� FU\VWDO�
ORJUDSKLF�GLUHFWLRQ��<�Ü�WKH�>���@�DQG�=Ü�WKH
>��
BB
�@�RQH��3HULRGLF�ERXQGDU\�FRQGLWLRQV�ZHUH

DSSOLHG�LQ�ERWK�;�DQG�<�GLUHFWLRQV��7KH�VLPX�
ODWLQJ� FHOO� ZDV� D� UHFWDQJXODU� SDUDOOHOHSLSHG
ZLWK� GLPHQVLRQV� RI������� ������ DQG������QP
DORQJ�;��<�DQG�=�D[HV��UHVSHFWLYHO\�

7KH�DWRPLF�VWUXFWXUH�DQG�VXUIDFH�DWRPLF
GLVWULEXWLRQ�LQ�WKH�ILOP�ZHUH�DQDO\]HG�XVLQJ
WKH� DOJRULWKP� GHVFULEHG� LQ� >��@� EDVHG� RQ
FRQVLGHUDWLRQ�RI�WKH�HOHFWURQ�GHQVLW\�VSDWLDO
GLVWULEXWLRQ�� 7KH� HQWLUH� VSDFH� RI� WKH� VLPX�
ODWLQJ� FHOO� ZDV� VHSDUDWHG� LQWR� FXELF� EORFNV
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ZLWK� DQ� HGJH� PXFK� OHVV� WKHQ� WKH� DWRPLF
UDGLXV��7KH� FHOO� VSDFH�ZDV� FRQVLGHUHG� WR� EH
�EODQN�� LI� WKH�HOHFWURQ�GHQVLW\�ZDV� OHVV�WKDQ
D�FHUWDLQ�YDOXH�UQ��7KH�DWRPV�QHLJKERULQJ�WRWKHVH� FHOOV� ZHUH� FRQVLGHUHG� DV� VXUIDFH� RQHV�
6XFFHVVLYH� DQDO\VLV� RI� QHLJKERULQJ� FHOOV� IURP
WKH�XSSHU�SRLQW�RI�WKH�VLPXODWLQJ�FHOO��FHUWDLQO\
�EODQN���DOORZV�XV�WR�VHSDUDWH�WKH�DWRPV�RI�WKH
LQWHUQDO�DQG�H[WHUQDO�VXUIDFHV��7KH�UQ�SDUDPH�WHU�YDOXH�ZDV�GHWHUPLQHG�E\�WHVW�FDOFXODWLRQV�VR
WKDW� DWRPV�RI� WKH�H[WHUQDO�SODQDU� VXUIDFH�DQG
YDFDQF\�QHLJKERULQJ� DWRPV� EH� VHOHFWHG� FRU�
UHFWO\��7KH�ILOP�PDWHULDO�GHQVLW\�LQ�GHSWK�ZDV
FKDUDFWHUL]HG� E\� WKH� DWRPLF� OD\HU� RFFXSDWLRQ
T�=Q��� ZKHUH�=Q� LV� WKH� FHQWHU� FRRUGLQDWH�=� RIWKH�DWRPLF�OD\HU�SDUDOOHO� WR�WKH�VXEVWUDWH��7KH
YDOXH� T� ��� FRUUHVSRQGV� WR� WKH� IXOO\� RFFXSLHG
������OD\HU�RI�WKH�SHUIHFW�ODWWLFH�

:H� KDYH� FDOFXODWHG� WKH�PLFURVWUHVV� WHQ�
VRU�RQ�HYHU\�DWRP�IRU�WKH�VWUHVVHV�DULVLQJ�LQ
WKH�GHSRVLWHG�ILOPV�>��Ü��@����
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+HUH��VLDE�LV�WKH�VWUHVV�WHQVRU�FRPSRQHQW�LQ�WKH
SRLQW�UL�ZKHUH�WKH�DWRP�L�LV�SRVLWLRQHG��*LMD�LV�WKH
D� FRPSRQHQW� RI� WKH� IRUFH� DFWLQJ� EHWZHHQ� WKH
DWRPV�L�DQG�M��:L�LV�WKH�DWRPLF�YROXPH�RI�WKH�DWRP
L��ULME�LV�WKH�E�FRPSRQHQW�RI�WKH�GLVWDQFH�EHWZHHQ
WKH�DWRPV�L�DQG�M��ULM�LV�WKH�GLVWDQFH�EHWZHHQ�WKH
DWRPV�L�DQG�M��0L�LV�WKH�PDVV�RI�DWRP�L��9LD�LV�WKH
!�YHORFLW\�FRPSRQHQW�RI�DWRP�L��7KH�PHDQ�K\GUR�
VWDWLF�PLFURVWUHVV�RYHU�WKH�ILOP�GHSWK�ZDV�GHWHU�
PLQHG�E\�DYHUDJLQJ�RYHU�WKH�DWRPLF�OD\HU����
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ZKHUH� WKH� VXPPDWLRQ� ZDV� PDGH� RYHU� DWRPV� N
EHORQJLQJ� WR� WKH� OD\HU� KDYLQJ� D� FHQWHU� ZLWK� =
FRRUGLQDWH��1]�LV�WKH�QXPEHU�RI�DWRPV�LQ�WKH�OD\HU�7R� FOHDU� XS� WKH� UROH� RI� LRQLF� LUUDGLDWLRQ
LQ� WKH� IRUPDWLRQ� RI� D� ILOP� VWUXFWXUH�� WKH
WKHUPDO� GHSRVLWLRQ� RI� D� QLRELXP� ILOP� ZDV
ILUVW� VLPXODWHG�� 7KH� PHWKRGV� RI� FRPSXWHU
VLPXODWLRQ� ZHUH� XVHG� EHIRUH� WR� LQYHVWLJDWH
WKH� SURFHVVHV� WDNLQJ� SODFH� LQ� IRUPDWLRQ� RI
VXFK� QLRELXP� ILOPV� E\� YDFXXP� GHSRVLWLRQ

>��@�� ,W�KDV� EHHQ�VKRZQ�WKDW� LQ� WKH�SURFHVV
RI�ORZ�WHPSHUDWXUH�GHSRVLWLRQ��WKH�ILOP�VWUXF�
WXUH�LV�GHILQHG�E\�WKH�LQVWDELOLW\�RI�D�VPRRWK
IRUP� RI� WKH� ILOP� VXUIDFH� GXULQJ� GHSRVLWLRQ�
2Q� WKH� VXUIDFH� RI� D� JURZLQJ� ILOP�� D� UHOLHI
DULVHV� FRQVLVWLQJ� RI� ULSSOHV� RULHQWHG� PDLQO\
DORQJ� WKH� ����!� FU\VWDOORJUDSKLF� GLUHFWLRQ�
'HYHORSPHQW� RI� WKLV� UHOLHI� UHVXOWV� LQ� WKH
URXJKQHVV�EXLOG�XS�DQG��PLFURFUDFNV��IRUPD�
WLRQ�� 7KH� VWDWLVWLFDO� PHDVXUH� RI� WKH� VXUIDFH
PRUSKRORJ\�YDULDWLRQ� LQ�WLPH� W�DORQJ� WKH�GL�
UHFWLRQ� GHWHUPLQHG� E\� WKH� YHFWRU� U� LV� WKH
KHLJKW�KHLJKW�FRUUHODWLRQ�IXQFWLRQ����
&�U�W�� ����]�[�W����]�W�!��]�[���U�W����]�W�!�!����
ZKHUH�WKH�YHFWRU�[�GHWHUPLQHV�WKH�DWRP�FR�
RUGLQDWHV�DQG�WKH�EUDFNHWV�UHIHU�WR�WKH�DYHU�
DJLQJ�RYHU�WKH�VXUIDFH�DWRPV��,Q�)LJ�����WKH
KROORZ�PDUNHUV�UHSUHVHQW�WKH�SORWV�RI�IXQF�
WLRQV� &\� �&� �\�W�� DORQJ� WKH� YHFWRU� SDUDOOHOWR� WKH� VLPXODWLQJ� FHOO� HGJH� <� RI� WKH� ILOP
REWDLQHG� E\� 39'�� 7KH� PRUSKRORJ\� RI� WKH
VWDWLVWLFDOO\� RUGHUHG� VXUIDFH� VWUXFWXUH� LV
TXDOLWDWLYHO\� GHVFULEHG� E\� WKH� FRUUHODWLRQ
OHQJWK�O�W��� WKDW� LV�JHQHUDOO\�GHWHUPLQHG�DV
WKH� YDOXH� U� RI� WKH� ILUVW� PD[LPXP� LQ� WKH
FRUUHODWLRQ� IXQFWLRQ� &�U�W�� >��@�� $V� LW� IRO�
ORZV� IURP� WKH� SUHYLRXV� LQYHVWLJDWLRQV� UH�
VXOWV�� GXULQJ� WKH� ORZ�WHPSHUDWXUH� GHSRVL�
WLRQ� RI� QLRELXP� ILOPV� DORQJ� WKH� ����!� GL�
UHFWLRQ�� WKH� IRUPDWLRQ� RI� D� FRUUHODWHG
VWUXFWXUH� ZLWK� WKH� XQFKDQJHG� O�W�� YDOXH� LV
REVHUYHG�� ,Q� WKH� VDPH� )LJ����� WKH� VROLG
PDUNHUV� VKRZ� WKH� FKDQJH� LQ� WKH� KHLJKW�
KHLJKW� FRUUHODWLRQ� IXQFWLRQ� GXULQJ� WKH� IXU�
WKHU� DWRPLF�LRQLF� IORZ� GHSRVLWLRQ� RQWR� WKH
ILOP��$V� LV� VHHQ� IURP� WKH�)LJXUH�� WKH�SUHV�
HQFH� RI� LRQV� LQ� WKH� IORZ� EHLQJ� GHSRVLWHG

)LJ����� 7KH� KHLJKW�KHLJKW� FRUUHODWLRQ� IXQF�
WLRQV� &\� DORQJ� WKH� GLUHFWLRQ� <� LQ� GLIIHUHQWPRPHQWV� RI� DGGLWLRQDO� WKHUPRLRQLF� GHSRVL�
WLRQ�� �� � Ü� PRPHQW� RI� GHSRVLWLRQ� RQVHW�� �� Ü
DIWHU�W� ��WPRQR����Ü�DIWHU�W� ��WPRQR�
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UHVXOWV� ILUVW� LQ� D�GHFUHDVH� RI� WKH�PD[LPXP
O�W�� DQG� WKHQ� LQ� WKH� IXOO� GLVDSSHDUDQFH� RI
WKH�ODWWHU��&RQVHTXHQWO\��WKH�LRQV�KLQGHU�WKH
IRUPDWLRQ� RI� D� FRUUHODWHG� VWUXFWXUH� RQ� WKH
ILOP� VXUIDFH� LQ� WKH� FRXUVH� RI� GHSRVLWLRQ� E\
EORFNLQJ� WKH� PHFKDQLVP� RI� PLFURFUDFNLQJ
DQG�IRUPDWLRQ�RI�QDQREORFNV��

,W� LV�NQRZQ�WKDW�RQH�FDXVH�RI� LQVWDELOLW\
DULVLQJ� GXULQJ� WKH� ILOP� GHSRVLWLRQ� LV� WKH
SUHVHQFH�RI�(KUOLFK�6FKZRHEHO�EDUULHUV�>��@�
7KLV�LV�WKH�HQHUJ\�QHFHVVDU\�WR�WKH�DWRP�WR
SHUIRUP� D� WKHUPDOO\� DFWLYDWHG� MXPS� IURP
WKH� XSSHU� DWRPLF� WHUUDFH� RQWR� WKH� ORZHU
RQH�� ,UUDGLDWLRQ� RI� WKH� ILOP� GHSRVLWHG� ZLWK
ORZ�WHPSHUDWXUH�LRQV�UHVXOWV�LQ�DQ�LQFUHDVHG
IUHTXHQF\�RI�DWRPLF�WUDQVLWLRQV�EHWZHHQ�WKH
WHUUDFHV�GXULQJ�WKH�QRQHTXLOLEULXP�VWDJH�RI
DWRP�DWRP�FROOLVLRQ�FDVFDGH��7KH�FDOFXODWLRQ
UHVXOWV� VKRZ� >��@� WKDW� WKH� SUREDELOLW\� RI
DWRPLF� GLVSODFHPHQWV� EHWZHHQ� WKH� WHUUDFHV
LQFUHDVHV� E\� VHYHUDO� WLPHV�� ,W� IROORZV� IURP
WKH� DQDO\VLV� RI� GDWD� REWDLQHG� WKDW� GXULQJ
WKHUPDO� GHSRVLWLRQ�� ZKLOH� IRUPLQJ� RQH
PRQROD\HU�� DSSUR[LPDWHO\� HYHU\� ILIWK� DWRP
XQGHUJRHV� WKH� WUDQVLWLRQ�� 8QGHU� DWRPLF�
LRQLF� DFWLRQ�� WKH� QXPEHU� RI� DWRPLF� WUDQVL�
WLRQV� LQFUHDVHV�� (YHU\� LPSLQJLQJ� LRQ� SUR�
YRNHV�LQ�DYHUDJH�DERXW����DGGLWLRQDO�DWRPLF
WUDQVLWLRQV�EHWZHHQ�WKH�OD\HUV��6R��WKH�PDLQ
PHFKDQLVP� RI� ORZ�HQHUJ\� LUUDGLDWLRQ� HIIHFW
RQ�WKH�ILOP�VWUXFWXUH�LV�WKH�LQFUHDVH�RI�WKH
DWRPLF� WUDQVLWLRQ� IUHTXHQF\� EHWZHHQ� WKH
WHUUDFHV�� DQG�� DV� D� FRQVHTXHQFH�� WKH� EORFN�
LQJ� RI� WKH� PHFKDQLVP� RI� FRUUHODWHG� VWUXF�
WXUH�PLFURFUDFNLQJ��7KH� LQFUHDVH� RI� DWRPLF
PRELOLW\� EHWZHHQ� WKH� OD\HUV� UHVXOWV� LQ

VPRRWKLQJ�RI�WKH�VXUIDFH�DQG� LQ�GHFUHDVLQJ
QXPEHU� RI� VXUIDFH� DWRPV�� 7KH� UDWLR� RI� WKH
ILOP�VXUIDFH�DUHD�FKDQJH�WR�LWV�SHUIHFW�YDOXH
'6�6�� IRU� WZR� FDVHV�Û�GXULQJ� WKHUPDO� ILOPGHSRVLWLRQ�RI�DQG�DIWHU�7,'�LV�JLYHQ�LQ�)LJ����
'XULQJ�WKHUPDO�GHSRVLWLRQ��'6�6�� LQFUHDVHVLQ� WLPH�� ,Q� WKH� FDVH� RI� DWRPLF�LRQLF�GHSRVL�
WLRQ��WKH�ILOP�URXJKQHVV�GHFUHDVHV�

,Q� >��@�� LW� LV� VKRZQ�WKDW� WKH�SRURVLW\� RI
ILOPV� REWDLQHG� E\� ORZ�WHPSHUDWXUH� 39'� LV
GXH� WR� WKH� PLFURYRLGV� EHLQJ� IRUPHG� EHORZ
WKH��PLFURFUDFNV��RQ�WKH�VXUIDFH�RI�D�JURZ�
LQJ� ILOP�� $V� D� UHVXOW�� WKH� ILOP� GHQVLW\� LV
GHFUHDVHG� DV� FRPSDUHG� WR� WKDW� RI� VROLG�PD�
WHULDO�� 7KH� GHQVLW\� FKDQJH� LQ� WKH� WKLFNQHVV
RI�WKH�WKHUPDOO\�GHSRVLWHG�ILOP�LV�VKRZQ�LQ
)LJ����E\�WULDQJXODU�PDUNHUV��6XEVHTXHQWO\�
WKH�DWRPLF�LRQ�IOX[�ZDV�GHSRVLWHG�XSRQ�WKLV
ILOP�� )RU� FRPSDULVRQ�� WKH� FLUFXODU� KROORZ
PDUNHUV� VKRZ� WKH� GHQVLW\� YDOXHV� RI� WKH
WKHUPDOO\� GHSRVLWHG� ILOP� GXULQJ� IXUWKHU
WKHUPDO� GHSRVLWLRQ� ZLWKRXW� LRQ� DVVLVWDQFH�
)URP� )LJ����� LW� IROORZV� WKDW� WKH� GHQVLW\� RI
WKH� WKHUPDOO\� GHSRVLWHG� ILOP� LV� ���� ORZHU
WKDQ� WKDW� RI� VROLG� QLRELXP�� 7KH� GHQVLW\� RI
WKH� ILOP� IRUPHG� E\� WKH� 7,'� LV� PDUNHG� RQ
WKH�SORW�E\�VROLG�FLUFOHV��,W�LV�VHHQ�IURP�)LJ�
��WKDW�WKH�GHQVLW\�RI�QHZO\�GHSRVLWHG�OD\HUV
LV� LQFUHDVHG�� $IWHU� GHSRVLWLRQ� RI� VHYHUDO
PRQROD\HUV� IURP� WKH� DWRPLF�LRQLF� IORZ�� WKH
ILOP�GHQVLW\�KDV�UHDFKHG�WKDW�RI�VROLG�PDWH�
ULDO��,W�VKRXOG�EH�QRWHG�WKDW�LQ�WKH�FRXUVH�RI
WKHUPRLRQLF�GHSRVLWLRQ��QRW�RQO\�WKH�GHQVLW\
RI� QHZO\� IRUPHG� OD\HU� LV� LQFUHDVLQJ�� EXW

)LJ����� 5DWLR� RI� WKH� H[WHUQDO� ILOP� VXUIDFH
DUHD� FKDQJH� '6� �6�Ü�6�� WR� WKH� SHUIHFWO\VPRRWK� VXUIDFH� DUHD� 6��� �6� LV� WKH� FXUUHQWYDOXH� RI� WKH� VXUIDFH� DUHD��� +ROORZ� FLUFOHV�
SUHOLPLQDU\� WKHUPDOO\� GHSRVLWHG� ILOP�� VROLG
PDUNHUV��DIWHU�DGGLWLRQDO�DWRPLF�LRQLF�GHSRVL�
WLRQ�RI���PRQROD\HUV�

)LJ����� &KDQJH� RI� WKH� DWRPLF� OD\HU� RFFXSDWLRQ
T�=Q��FKDUDFWHUL]LQJ�WKH�PDWHULDO�GHQVLW\�LQ�WKHWKLFNQHVV� RI� ILOPV� GHSRVLWHG� E\�39'� DQG�7,'��
�� ��FLUFXODU�VROLG�PDUNHU��Ü�QLRELXP�ILOP�DIWHU
DGGLWLRQDO�WKHUPRLRQLF�GHSRVLWLRQ�GXULQJ��WPRQR��� �WULDQJXODU� PDUNHUV�� Ü� QLRELXP� ILOP� SUHOLPL�
QDU\� REWDLQHG� E\� 39'� �W� ���WPRQR��� )RU� FRP�SDULVRQ��WKH�FLUFXODU�KROORZ�PDUNHUV�����VKRZ
WKH� FKDQJH� LQ�T�=Q�� FRUUHVSRQGLQJ� WR� WKH�IXU�WKHU�WKHUPDO�GHSRVLWLRQ�GXULQJ��WPRQR�
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DOVR� WKH� GHQVLW\� LQ� WKH� ILOP� WKLFNQHVV
FKDQJHV��,W� LV�QRWHZRUWK\�WKDW�DUHDV�DSSHDU
LQ� WKH� ILOP� H[FHHGLQJ� LQ� GHQVLW\� WKH� VROLG
PDWHULDO�� 7KLV� LV� FRQQHFWHG� ZLWK� WKH� HPHU�
JHQFH� RI� VHOI�LQWHUVWLWLDO� DWRPV� LQ� WKH� ILOP�
7KH� LQWHUVWLWLDO� DWRPV� DUH� IRUPHG� GXH� WR
WUDQVIHUULQJ�WR�WKH�ILOP�RI�DWRPV�KDYLQJ�WKH
NLQHWLF� HQHUJ\� KLJKHU� WKDQ� WKH� WKUHVKROG
GLVSODFHPHQW�HQHUJ\�RI�WKH�ILOP�DWRPV��

$V� D� UHVXOW� RI� WKLV� SURFHVV�� WKH� )UHQNHO
LQWHUVWLWLDO�YDFDQF\� SDLUV� DUH� IRUPHG�� $V� D
UXOH�� WKH� YDFDQFLHV� DUH� IRUPHG� RQ� WKH� ILOP
VXUIDFH�� 7KH� LQWHUVWLWLDO� DWRPV� DULVLQJ� LQ
WKH�EXON�RI� WKH�JURZLQJ�ILOP�KDYH� WKH�FRQ�
ILJXUDWLRQ� RI� GXPE�OLNH� LQWHUVWLWLDOV� HORQ�
JDWHG� DORQJ� WKH� FU\VWDOORJUDSKLF� ����!� GL�
UHFWLRQ�FKDUDFWHULVWLF�IRU�EFF�PDWHULDOV� >��@
ZKHQ� D� ODWWLFH� DWRP� LV� GLVSODFHG� IURP� WKH
VLWH� LQWR� D�SRVLWLRQ� V\PPHWULF� WR� WKH� LQWHU�
VWLWLDO�DWRP��6XFK�DQ� LQWHUVWLWLDO�FRQILJXUD�
WLRQ�LV�YHU\�PRELOH�DQG�PLJUDWHV�HDVLO\�HYHQ
DW�ORZ�WHPSHUDWXUHV��$V�D�UHVXOW��WKH�LQWHU�
VWLWLDO� DWRPV� FDQ�DUULYH� DW� WKH� ERXQGDU\�RI
WKH� JURZLQJ� ILOP� DQG� FDQ� DOVR�KHDO� WKH� YD�
FDQF\�FOXVWHUV�LQ�LWV�EXON��6R��RQH�RI�PHFKD�
QLVPV�RI�LRQ�GHQVLILFDWLRQ�DW�ORZ�HQHUJLHV�LV
WKH� �KHDOLQJ�� RI� YDFDQF\� FOXVWHUV� E\� VHOI
LQWHUVWLWLDO� DWRPV� EHLQJ� IRUPHG�� +RZHYHU�
WKLV� HIIHFW� LV� QRW� GHWHUPLQLQJ� RQH� LQ� WKH
SRURVLW\� VXSSUHVVLRQ� DV�ZHOO� DV� LQ� WKH� ILOP
QDQRVWUXFWXUH� IRUPDWLRQ�� 7KH� LPSRUWDQW
IDFWRU�LQ�WKH�IRUPDWLRQ�RI�LQWHUVWLWLDO�DWRPV
LV� WKDW� WKRVH� FDQ� IRUP� FOXVWHUV� RI� GHIHFWV�
'XULQJ� WKH� ILOP� JURZWK�� ZH� REVHUYHG� WKH
IRUPDWLRQ� RI� FOXVWHUV� LQFOXGLQJ� VL[� DQG
PRUH� LQWHUVWLWLDO� DWRPV�� ,Q� WKH� FRXUVH� RI
JURZWK�� VXFK� FOXVWHUV� RI� GHIHFWV� FDQ� IRUP
LQWHUVWLWLDO� GLVORFDWLRQ� ORRSV�� 7KXV�� WKH� LRQ
LQWHUDFWLRQ� PD\� UHVXOW� LQ� IRUPDWLRQ� RI
VWUXFWXUDO� GHIHFWV� QRW� W\SLFDO� RI� WKHUPDO
ILOP� GHSRVLWLRQ�� ,Q� H[SHULPHQWV� RQ� WKHUPDO
LRQ�GHSRVLWLRQ�RI�ILOPV��LW�KDV�EHHQ�VKRZQ�WKDW
ZKLOH�LQ�WKH�FDVH�RI�WKHUPDO�GHSRVLWLRQ�SUHIHU�
DEO\� YRLGV� DUH� IRUPHG�� LQ� WKH� FDVH� RI� DWRPLF�
LRQLF�GHSRVLWLRQ��D�GLVORFDWLRQ�VWUXFWXUH� LV�GH�
YHORSHG�>����@��7KH�SUHVHQW�VWXG\�DOORZV�XV�WR
EHOLHYH� ZLWK� JRRG� UHDVRQ� WKDW� WKH� GLVORFDWLRQ
VWUXFWXUH� REVHUYHG� LQ� WKH� 7,'� H[SHULPHQWV� LV
IRUPHG�GXH�WR�GHYHORSPHQW�RI�LQWHUVWLWLDO�ORRSV
DULVLQJ�XQGHU�LRQ�LUUDGLDWLRQ��

7KH� ILOP� PLFURVWUXFWXUH� FKDQJH� UHVXOWV
LQ� FKDQJLQJ� RI� LQWHUQDO� PLFURVWUHVVHV�� 7KH
SORW� RI� K\GURVWDWLF�PLFURVWUHVV� GLVWULEXWLRQ
LQ�WKH�WKLFNQHVV�RI�D�GHSRVLWHG�ILOP�LV�JLYHQ
LQ� )LJ����� 7KH� KROORZ� PDUNHUV� SUHVHQW� WKH
PLFURVWUHVVHV� LQ� WKH� 39'� ILOP�� ,W� LV� VHHQ
WKDW� WKHUH� DUH� FRPSUHVVLYH�PLFURVWUHVVHV� LQ
WKH� ILOP�� 7KHVH� PLFURVWUHVVHV� UHVXOW� IURP
IRUPDWLRQ�RI�YDFDQFLHV��7KH�YDFDQF\�IRUPD�

WLRQ� PHFKDQLVP� ZDV� VWXGLHG� LQ� >��@�� 7KH
VROLG� PDUNHUV� LQ� WKH� VDPH� SORW� GHVLJQDWH
LQWHUQDO� PLFURVWUHVVHV� LQ� WKH� QLRELXP� ILOP
DIWHU� DGGLWLRQDO� 7,'� RI� �� OD\HUV�� ,W� LV� VHHQ
WKDW� WKH� FKDUDFWHU� RI� PLFURVWUHVVHV� LQ� WKH
ILOP�EXON� LV� FKDQJHG�DSSUHFLDEO\��7KH� FRP�
SUHVVLYH� PLFURVWUHVVHV� DUH� FRQYHUWHG� LQWR
WHQVLOH� RQHV�� $W� WKH� VDPH� WLPH�� DW� WKH
ERXQGDU\�RI�WKH�JURZLQJ�ILOP�WKH\�UHPDLQHG
FRPSUHVVLYH�� 7KH� SUHVHQFH� RI� FRPSUHVVLYH
PLFURVWUHVVHV� DW� WKH� JURZLQJ� ILOP� IURQW� LV
GXH� WR� WKH� QRQ�FRPSDFW� ILOOLQJ� RI� VHYHUDO
ILUVW�DWRPLF�OD\HUV�LQ�WKH�FRXUVH�RI�WKHUPDO
GHSRVLWLRQ� DQG� DWRPLF�LRQLF� GHSRVLWLRQ� DV
ZHOO�� $� FRQFOXVLRQ� FDQ� EH� PDGH� WKDW� WKH
FKDQJH� RI� LQWHUQDO� PLFURVWUHVVHV� LQ� WKH
ILOPV�XQGHU� LUUDGLDWLRQ� LV�GXH� WR� IRUPDWLRQ
RI� LQWHUVWLWLDOV�DQG� WKHLU� FOXVWHUV�ZKLFK�GH�
YHORS� DQG� WUDQVIRUP� LQWR� GLVORFDWLRQV�
WKHUHE\�FKDQJLQJ�WKH�ILOP�PLFURVWUXFWXUH�

7KXV��WKH�HIIHFW�RI�ORZ�WHPSHUDWXUH�LUUD�
GLDWLRQ� ZLWK� VHOI�DWRPV� RQ� WKH� PLFURVWUXF�
WXUH�RI�QLRELXP�ILOPV�KDV�EHHQ�VWXGLHG��,W�LV
VKRZQ� WKDW� WKH� LRQ� DFWLRQ� LQIOXHQFHV� WKH
JURZLQJ�ILOP�UHOLHI��7KH�HIIHFW�RI�LRQ�GHQVL�
ILFDWLRQ�KDV�EHHQ�VWXGLHG��,W�KDV�EHHQ�HVWDE�
OLVKHG�WKDW�DW�WKH�LRQ�HQHUJ\�����H9�DQG�WKH
LRQL]DWLRQ� GHJUHH� ����� WKH� GHQVLW\� RI� ILOPV
IRUPHG� LV� HTXDO� WR� WKDW� RI� WKH� VROLG� PDWH�
ULDO��7KHVH�GDWD�DUH�ZHOO�FRUUHODWHG�ZLWK�WKH
H[SHULPHQWDO� GDWD� REWDLQHG� E\� 7,'� RI� QLR�
ELXP�ILOPV�� ,W� LV�GHPRQVWUDWHG�WKDW�WKH� LRQ
GHQVLILFDWLRQ�LV�SURYLGHG�PDLQO\�E\�EORFNLQJ
WKH� �PLFURFUDFN�� IRUPDWLRQ� DW� WKH� JURZLQJ
ILOP�VXUIDFH��7KH�LQIOXHQFH�RI�LRQ�DFWLRQ�RQ�WKH
FKDUDFWHU� RI� PLFURVWUHVVHV� LQ� WKH� ILOP� GHSRV�
LWHG� KDV� EHHQ� VWXGLHG�� &KDQJLQJ� RI� WKH� VWUHVV
VLJQ�LQ�WKH�ILOP�EXON�IURP�FRPSUHVVLYH�WR�WHQVLOH

)LJ����� 'LVWULEXWLRQ� RI� K\GURVWDWLF� PLFURV�
WUHVVHV� VJ� LQ� WKLFNQHVV� RI� WKH� GHSRVLWHG� QLR�ELXP� ILOP��+ROORZ�PDUNHUV��PLFURVWUHVVHV� LQ
WKH� SUHOLPLQDU\� WKHUPDOO\� GHSRVLWHG� ILOP�
VROLG� PDUNHUV�� DIWHU� DGGLWLRQDO� DWRPLF�LRQLF
GHSRVLWLRQ�RI���PRQROD\HUV��
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RQHV� LV� UHODWHG� ZLWK� WKH� IRUPDWLRQ� RI� LQWHU�
VWLWLDO� DWRP� FOXVWHUV�� 7KHVH� FOXVWHUV� FDQ� DFW
DV� QXFOHL� RI� LQWHUVWLWLDO� GLVORFDWLRQ� ORRSV� RE�
VHUYHG� LQ� WKH� H[SHULPHQWV� VWXG\LQJ� WKH� LRQ
LUUDGLDWLRQ� HIIHFW� RQ� WKH� ILOP� SURSHUWLHV�� ,W
LV� HVWDEOLVKHG� WKDW� WKHUH� LV� D� FRUUHODWLRQ� EH�
WZHHQ� WKH� GHQVLW\� RI� IRUPHG� ILOPV�� WKHLU
PLFURVWUXFWXUH� DQG� DULVLQJ� PLFURVWUHVVHV�
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