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6WUXFWXUDO� DQG� HQHUJ\� FKDQJHV� DW� WKH� FOHDYDJH� VXUIDFHV� RI� ,Q�6H�� OD\HUHG� FU\VWDOVGXULQJ� LQWHUIDFH� IRUPDWLRQ� KDYH� EHHQ� VWXGLHG� E\�PHDQV� RI� WKH� XOWUDYLROHW� SKRWR�HOHFWURQ
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WUHDWHG� E\� $U� LRQ� VSXWWHULQJ� DQG� 89� LOOXPLQDWLRQ� VKRZ� WKH� GLIIHUHQFHV� LQ� 836� VSHFWUD
ZKLFK�PLJKW�EH�DWWULEXWHG�WR�WUDQVIRUPDWLRQV�RI�HOHFWURQ�HQHUJ\�VWUXFWXUH�RI�WKH�VXUIDFH�
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7KH�OD\HUHG�FU\VWDO�VWUXFWXUHV�ZLWK�ZHDN
LQWHUDFWLRQ� RI� YDQ� GHU�:DDOV� W\SH� EHWZHHQ
WKH�OD\HUV�DQG�VWURQJ�FRYDOHQW�LRQLF�LQWHUDF�
WLRQ� ZLWKLQ� WKH� OD\HU� DUH� UHFHQWO\� VWXGLHG
JLYLQJ�QHZ� LQVLJKWV� LQWR� WKH�XQGHUVWDQGLQJ
RI� WKH� SURSHUWLHV� RI� WKH� ORZ�GLPHQVLRQDO
��'�� VWUXFWXUHV�DQG�WKHLU�SRWHQWLDO� WHFKQRO�
RJ\�DSSOLFDWLRQV� >�Ü�@��7DNLQJ�LQWR�DFFRXQW
WKH� FU\VWDO� VWUXFWXUH� >�@� ZLWK� WKH� VXUIDFH
URXJK� LQ� WKH� DWRPLF� VFDOH�� ,Q�6H��PLJKW� EHSURPLVLQJ�PDWHULDO� IRU� IRUPDWLRQ�RI�QDQRV�
WUXFWXUHV� �QDQRZLUHV�� RQ� FU\VWDO� FOHDYDJHV�

2XU� VWXGLHV� RI� ,Q�6H�� >����@� JLYH� HYLGHQFHWKDW�FU\VWDO�FOHDYDJHV�REWDLQHG�XQGHU�XOWUD�
KLJK� YDFXXP� �8+9�� DUH� FKDUDFWHUL]HG� E\
KLJK� GHQVLW\� RI� VXUIDFH� VWDWHV� DQG�� FRQVH�
TXHQWO\��E\�KLJK�DGVRUSWLRQ�DFWLYLW\��WKDW�LV
XQXVXDO� IRU� OD\HUHG� FU\VWDOV� >�Ü����@�� 7KH
PRGHO� RI�&2� DGVRUSWLRQ�RQ� WKH�8+9�FOHDY�
DJHV�DQG�IRUPDWLRQ�RI� LQWHUIDFHV� LQ�DLU�KDV
EHHQ�FRQVLGHUHG�EHIRUH�>����@�
7KLV� VWXG\� LV� DLPHG� DW� WKH� FKDUDF�

WHUL]DWLRQ� RI� ,Q�6H�� VHPLFRQGXFWRU� FU\VWDOVXUIDFH� XVLQJ� WKH� XOWUDYLROHW� SKRWRHOHFWURQ
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VSHFWURVFRS\��836���7KH�PRVW�RI�WKH�HPLWWHG
SKRWRHOHFWURQV� RULJLQDWH� IURP� WKH� ILUVW� IHZ
DWRPLF� OD\HUV�RI� WKH�FU\VWDO�DQG�� WKHUHIRUH�
WKH� IRUPDWLRQ� RI� WKH� LQWHUIDFHV� RQ� ,Q�6H�FOHDYDJHV� LQIOXHQFHV� VLJQLILFDQWO\� LWV� 836
VSHFWUD��7KH�LQ�VLWX�DQDO\VLV�RI�WKH�LQWHUIDFH
IRUPDWLRQ� DW� WKH� FOHDYDJHV� MXVW� DIWHU� WKH
FOHDYLQJ��DIWHU�H[SRVXUH�WR�WKH�UHVLGXDO�JDV
DWPRVSKHUH�DQG�DIWHU�RWKHU�WUHDWPHQWV�VXFK
DV� LRQ� VSXWWHULQJ� DQG� OLJKW� LOOXPLQDWLRQ� LV
WKH� ILUVW� VWHS� WR� ,Q�6H�� H[SHULPHQWDO� EDQGPDSSLQJ�� WR� DYRLG� WKH� HIIHFWV� RI� WKH� FOHDY�
DJH�KLJK�UHDFWLYLW\�XQXVXDO� IRU� WKH� OD\HUHG
FU\VWDOV�� 7KH�836� VWXGLHV�ZHUH� FDUULHG� RXW
XVLQJ� V\QFKURWURQ� UDGLDWLRQ� GLVSHUVHG� E\� D
�� P� WRURLGDO� JUDWLQJ� PRQRFKURPDWRU� ��P
7*0� EHDPOLQH�� GHVFULEHG� HOVHZKHUH� >����@�
7KH�HQG�VWDWLRQ�FRQVLVWHG�RI�DQ�8+9�V\VWHP
ZLWK� WXUER�PROHFXODU�SXPSLQJ�RSHUDWLQJ�DW
D� SUHVVXUH� RI� ������Ü��� 7RUU�� 7KH�8+9� UH�

VLGXDO� JDV� DWPRVSKHUH� FRQVLVWHG� PDLQO\� RI
&2��+�2��+��DQG�DOVR�QHJOLJLEOH�DPRXQWV�RIK\GURFDUERQV� DW� SDUWLDO� SUHVVXUHV� ORZHU
WKDQ���Ü���7RUU��7KH�SKRWRQ�HQHUJLHV�LQ�WKH
��Ü���� H9� UDQJH� ZHUH� DSSOLHG�� 7KH� FRP�
ELQHG�UHVROXWLRQ�RI�WKH�HOHFWURQ�HQHUJ\�DQD�
O\]HU� DQG� PRQRFKURPDWRU� LV� ���Ü���� PH9
IRU���Ü����H9�NLQHWLF�SKRWRQ�HQHUJLHV��EXW
D� KLJKHU� UHVROXWLRQ� �DERXW� ��� PH9�� LV� RE�
WDLQHG� DW� ��Ü��� H9� SKRWRQ� HQHUJLHV�� $OO
ELQGLQJ� HQHUJLHV� ZHUH� UHIHUHQFHG� WR� WKH
)HUPL�OHYHO��DV�GHWHUPLQHG�XVLQJ�SXUH�JROG�
7KH�836�ZDV�SHUIRUPHG�LQ�QRUPDO�HPLVVLRQ
PRGH�ZLWK�DSSOLFDWLRQ�RI�V�S��DQG�S�SRODUL�
]DWLRQ� RI� LQFLGHQW� OLJKW�� 7KH� ORZ�HQHUJ\
HOHFWURQ� GLIIUDFWLRQ� �/(('�� SDWWHUQV� KDYH
EHHQ� VWXGLHG� MXVW� DIWHU� WKH� FOHDYDJH� DQG
DIWHU�H[SRVXUH�WR�8+9�UHVLGXDO�JDV�DWPRV�
SKHUH�RI�WKH�HQG�VWDWLRQ��7KH�,Q�6H��OD\HUHGFU\VWDOV� ��u�u��PP��VDPSOHV�ZLWK�D�VSHFLDO

)LJ����� /(('� SDWWHUQ� ���� H9�� RI� ������ ,Q�6H�� FOHDYDJHV�� �D�� MXVW� DIWHU� WKH� FOHDYDJH�� �E�� DIWHUH[SRVXUH�LQ�8+9��GXULQJ����KRXUV��� �F�� LQWHUOD\HU�FOHDYDJH�������RI� ,Q�6H��VWUXFWXUH�IUDJPHQW�>�@�SURMHFWLRQ� RQ� ������ SODQH��� 7ULDQJOH� VKRZV� WKH� FOHDYDJH� GLUHFWLRQ�� >,Q�@��� LV� SRO\FDWLRQ� RI� LQGLXP
�,Q��� ,Q��� ,Q���� ,Q���FDWLRQ�RI�LQGLXP��,Q����7KH�ODWWLFH�FRQVWDQWV��D� �����������c��E� �����������c�
F� �����������c�� VSDFH� JURXS�3QQP� >�@�� 7KH� FOHDYDJH� SODQH� ������ LV� QRUPDO� WR� WKH� D[LV� RI� FU\VWDOJURZWK�D�
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VKDSH� IRU� FOHDYDJH� LQ� 8+9�� KDYH� EHHQ
JURZQ�E\�&]RFKUDOVNL�PHWKRG�� ,Q�ERWK�836
DQG�/(('�VWXGLHV��WKH�VDPSOHV�ZHUH�FOHDYHG
LQ� VLWX� DW� URRP� WHPSHUDWXUH� LQ� WKH� VLGH
FKDPEHU� XVLQJ� D� ORZ� SURILOH� VWDLQOHVV� VWHHO
PLFURWRPH� EODGH�� 7KH� FU\VWDO� VWUXFWXUH� RI
XQLQWHQWLRQDOO\� GRSHG� ,Q�6H�� KDV� EHHQ� FRQ�VLGHUHG� LQ� >�@�DQG� LV�SUHVHQWHG� LQ�)LJ����F��
836�ZDV�XVHG�WR�FKDUDFWHUL]H�WKH�HYROXWLRQ
RI� WKH� RFFXSLHG� YDOHQFH� EDQG� �9%�� VWDWHV
DQG� ,Q��G�DQG�6H��G�FRUH� OHYHOV�GXULQJ�WKH
IRUPDWLRQ� RI� FDUERQ�,Q�6H�� LQWHUIDFH�� 7KH836� VWXGLHV� ZHUH� SHUIRUPHG� ZLWK� ,Q�6H������� VXUIDFHV� MXVW� DIWHU� WKH� FOHDYDJH� LQ
8+9�DQG�LWV�IXUWKHU�H[SRVXUH�LQ�VLWX��0RUH�
RYHU�� WKH� 836� VSHFWUD� RI� �DV�LQVHUWHG�
FOHDYDJHV�� ORQJ� WHUP� H[SRVHG� WR� ODERUDWRU\
DWPRVSKHUH�� ZHUH� LQVSHFWHG�� 7KH� LQIOXHQFH
RI� VXUIDFH� WUHDWPHQW� E\� LOOXPLQDWLRQ� ZLWK
��P�7*0�]HUR�RUGHU�OLJKW��XQGLVSHUVHG��DQG
$U�� LRQ� VSXWWHULQJ� RQ� WKH�836� VSHFWUD�ZDV
FRQVLGHUHG�
7KH� SHUIHFW� FU\VWDO� VWUXFWXUH� RI� WKH� LQ

VLWX�FOHDYDJH�WKURXJK�WKH�PDFURVFRSLF�VDP�
SOH�DUHD�LV�FRQILUPHG�E\�WKH�/(('�SDWWHUQ�
)LJ�����7KH�FU\VWDOV�ZHUH�FOHDYHG�DORQJ�WZR
SHUSHQGLFXODU�GLUHFWLRQV�E�RU�F� LQ�WKH�OD\HU
SODQH� �)LJ���D�RU��E���7KH�/(('�SDWWHUQ�RI
WKH�VDPSOH�VKRZV�WKH�RUWKRUKRPELF�V\PPH�
WU\� RI� WKH� FU\VWDO� ZKLOH� WKH� GLVWDQFHV� EH�
WZHHQ� VLWHV� LQ� GLIIHUHQW� GLUHFWLRQV� HYLGHQFH
D�KLJK�YDOXH�RI�E�F�VSDFH� ODWWLFH�SDUDPHWHU
UDWLR� WKDW� LV� FKDUDFWHULVWLF� IRU� WKLV� FU\VWDO
>��@��7KH�FOHDYDJH�VXUIDFHV�GR�QRW�DSSHDU�WR
H[KLELW� DQ\� ODWHUDO� UHFRQVWUXFWLRQ� DQG� DUH
VWDEOH�LQ�8+9��7KH�H[SRVXUH�RI�FOHDYDJHV�LQ
VLWX�DQG��FRQVHTXHQWO\��IRUPDWLRQ�RI�FRDWLQJ
RQ� WKH� VXUIDFH� FDXVH� RQO\� DQ� LQVLJQLILFDQW
/(('�SDWWHUQ�EOXUULQJ��)LJ���E��
)LJ���� VKRZV� D�ZLGH� VFDQ� �(KQ� �����H9�RI� ,Q�6H�� FU\VWDO� DV� LQVHUWHG� DIWHU� H[SRVL�WLRQ� H[� VLWX� �ROG� FOHDYDJH�� DQG� DIWHU� WKH

FOHDYDJH� LQ�8+9��)LJ����� FXUYH��� HYLGHQFHV
WKH�H[LVWHQFH�RI�VRPH�QHZ�SKDVH�RQ�WKH�ROG
FOHDYDJHV��LQWHQVH�SHDN�DW��Ü����H9�ELQGLQJ
HQHUJ\���PRUHRYHU��KHDWLQJ�XS�WR�����.�DQG
]HUR� RUGHU� OLJKW� WUHDWPHQW�PRGLI\� WKH�836
VSHFWUXP� VKDSH� ZLWK� LQFUHDVH� RI� WKLV� SHDN
LQWHQVLW\� DQG� LWV� WUDQVIRUPDWLRQ� LQWR� WZR
SHDNV�DW����Ü����DQG���Ü���H9�ELQGLQJ�HQ�
HUJLHV��6LPXOWDQHRXVO\��WKH�VXUIDFH�FOHDQLQJ
HIIHFW� LV� REVHUYHG� ZKLOH� FRQVLGHULQJ� WKH
VSHFWUXP�LQ�WKH�ELQGLQJ�HQHUJ\�UDQJHV�DW�,Q
�G�DQG�PXFK�PRUH�QRWLFHDEOH�DW�6H��G�FRUH
OHYHOV�� 1HYHUWKHOHVV�� WKH� PRVW� SURQRXQFHG
FKDQJHV� RFFXU� LQ� WKH� ELQGLQJ� HQHUJ\� UDQJH
RI� ,Q�6H�� YDOHQFH� EDQG� �9%�� �FI�� )LJ����FXUYHV� ��� ��� ��� IRU� 8+9� FOHDYDJHV� VWXGLHG
MXVW� DIWHU� WKH� FOHDYDJH� DQG� DIWHU� H[SRVXUH

LQ�VLWX�IRU�a��Ü���/DQJPXLU�XQLWV��/���7KH
LQVHW� LQ� )LJ���� GLVSOD\V� WKH� WKUHH� FKDUDF�
WHULVWLF� VWUXFWXUH� IHDWXUHV� REVHUYHG� LQ�836
VSHFWUD� RI� ,Q�6H��� HVSHFLDOO\�� WKH� IHDWXUHV� ,DQG� ,,� RFFXU� IRU� DWRPLFDOO\� FOHDQ� VXUIDFHV�
7KH�IHDWXUH�,,,�LQFUHDVHV�DIWHU�LQ�VLWX�H[SR�
VXUH� RI� 8+9� FOHDYDJH�� 7KH� ,Q�6H�� HQHUJ\JDS� YDOXHV� SXEOLVKHG� E\� YDULRXV� DXWKRUV
YDU\� EHWZHHQ� ����� DQG� ����� H9� DW� ���� .�
7KH�EDQG�VWUXFWXUH�FDOFXODWLRQV�KDYH�VKRZQ
WKDW�,Q�6H��LV�GLUHFW�JDS�PDWHULDO�ZLWK�FRP�SOH[� 9%� VWUXFWXUH� >������@�� &RQVHTXHQWO\�
WKH�WZR�GLVWLQFW�JURXSV�RI�SHDNV�GHQRWHG�DV
,� DQG� ,,� DW� ORZHU� ELQGLQJ� HQHUJLHV� PD\� EH
DVVXPHG�WR�UHSUHVHQW�,Q�6H��9%�DQG�WKH�IHD�WXUH� ,,,� FRUUHODWHV� ZLWK� QHZ� ELQGLQJV� WKDW
RFFXU�DW�WKH�,Q�6H��VXUIDFH�DIWHU�8+9�H[SR�VXUH�
$V� WR� WKH� LQWHUIDFH� IRUPDWLRQ�� WKH� VWXG�

LHV� RI� WKH� SRVVLEOH� GLVSHUVLRQ� DQG� LQWHQVLW\
UHGLVWULEXWLRQ� RI� WKHVH� IHDWXUHV� ZHUH� FRQ�
GXFWHG� LQ� WKH� ZLGH� UDQJH� RI� LQFLGHQW� SKR�
WRQV�� HQHUJLHV� DQG� H[SRVLWLRQV�� )LJ���� VKRZ
WKH� 9%� 836� VSHFWUD� RI� 8+9� REWDLQHG� DQG
H[SRVHG� ,Q�6H�� VXUIDFHV� �KQ� ����� ��� DQG���� H9�� V�S� SRODUL]DWLRQ�� ZLWK� IHDWXUHV� ,
DQG� ,,�� 7KHLU� FRPSOH[� VWUXFWXUH� LV�ZHOO� UH�
VROYHG�� )LJ���E�� FXUYH� �� VKRZV� GUDVWLF
FKDQJHV�LQ�WKH�836�VSHFWUXP�DIWHU�WKH�VXU�

)LJ�����7KH�ZLGH�VFDQ�DQG�YDOHQFH�EDQG��9%�
836�VSHFWUD� �QRUPDO�HPLVVLRQ��RI� ,Q�6H�� �KQ� ���� H9�� V�S� SRODUL]DWLRQ��� ��� MXVW� DIWHU� WKH
FOHDYDJH�LQ�8+9������ROG��FOHDYDJH�DIWHU�]HUR
RUGHU� OLJKW�FOHDQLQJ�IRU����PLQ����� WKH� VDPH
�ROG�� FOHDYDJH� DV� IRU��� DIWHU� IXUWKHU� LQ� VLWX
H[SRVXUH� IRU����K����� XQFOHDQHG� �ROG�� FOHDY�
DJH�� ��� 8+9� FOHDYDJH� 9%� DIWHU� H[SRVXUH� LQ
VLWX� IRU� ��� K� ���� /��� ��� 8+9� FOHDYDJH� 9%
DIWHU�H[SRVXUH� LQ�VLWX�IRU����K�����/���,QVHW�
WKH� WKUHH� GLVWLQFW� IHDWXUHV� ,�� ,,�� ,,,� LQ� WKH
836�VSHFWUD�
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IDFH� FOHDQLQJ� E\� $U�� LRQ� VSXWWHULQJ�� ZLWK
GLVDSSHDUDQFH�RI�IHDWXUH�,��7KH�$U��VSXWWHU�
LQJ�\LHOG� RI�6H� DWRPV� LV� DSSUR[LPDWHO\����
WLPHV� KLJKHU� WKDQ� IRU� ,Q� RQHV�� 7KXV�� DV� D
UHVXOW� RI� LRQ� VSXWWHULQJ�� WKH� FOHDYDJH� VXU�
IDFH� LV� HQULFKHG� LQ� ,Q� DWRPV��&RQVHTXHQWO\�
WKH�9%�HQHUJ\�VSHFWUXP�LV�FKDQJHG�
7KH� GHWDLOHG� H[DPLQDWLRQ� RI� WKH� 836

VSHFWUD�LQ�)LJ����REWDLQHG�IURP�WKH�VXUIDFHV
DIWHU� D� ORQJ� WHUP� H[SRVXUH� LQ� VLWX�� HYL�

GHQFHV� VRPH� UHYHUVLEOH� WHPSRUDU\� FKDQJHV
LQ�SHDN�LQWHQVLWLHV�DQG�ELQGLQJ�HQHUJLHV��,Q
VXFK� FDVHV�� LW� LV� GLIILFXOW� WR� HVWDEOLVK� WKH
SHDN� LQWHQVLW\� DQG� ELQGLQJ� HQHUJ\� GHSHQG�
HQFHV� RQ� WKH� H[SRVXUH� FRQGLWLRQV�� WKDW
PLJKW� EH� FDXVHG� E\� FRPSOH[� LQIOXHQFH� RI
LUUDGLDWLRQ�RQ�WUDQVIRUPDWLRQV� LQ�WKH� LQWHU�
IDFH� OD\HU�� 7KH�PRVW� HYLGHQW� HIIHFW� RI� VXU�
IDFH� �FOHDQLQJ�� PLJKW� EH� REVHUYHG� XQGHU
]HUR�RUGHU� OLJKW� LUUDGLDWLRQ�� ,Q�RUGHU� WR� LQ�
FUHDVH� OLJKW� LQWHQVLW\� GXULQJ� VXFK� WUHDW�
PHQW�� WKH� VDPSOHV� DUH� LUUDGLDWHG� DW� ]HUR
RUGHU�� WKXV�� SKRWRQV� IURP� ERWK� 989� DQG
VRIW� ;�UD\� UDQJHV� ���Ü���� H9�� UHDFK� WKH

)LJ�����836�GDWD�RI�WKH�9%��QRUPDO�HPLVVLRQ�
IURP�,Q�6H��8+9�FOHDYDJH�VXUIDFHV�DIWHU�GLI�
IHUHQW� H[SRVXUHV� LQ� 8+9�� �D�� �KQ� ����H9�
V�S� SRODUL]DWLRQ��� ��� ���� K����� ��K��������K�
������K���������K���E���KQ� ����H9��V�S�SRODUL�
]DWLRQ��� ��� ���PLQ����� ��� K����� ��� K����� $U�
LRQ� VSXWWHUHG� IRU� ��� PLQ� �(� ����� NH9�� ,� 
���P$�� 3$U� �����Ü�� 7RUU��� �F�� �KQ� �����H9�V�S� SRODUL]DWLRQ��� ��� ��� PLQ�� ��� ��� K�� ��
����K�

)LJ�����836�VSHFWUD� �QRUPDO� HPLVVLRQ��RI�9%
IURP�GLIIHUHQW�DUHDV�RI�,Q�6H��VXUIDFH�FOHDQHGE\� V\QFKURWURQ� ]HUR� RUGHU� LUUDGLDWLRQ� �SUH�
OLPLQDU\� WKH� VXUIDFHV� KDYH� EHHQ� H[SRVHG� IRU
|���� KÜ���� K� ����� /Ü���� /�� LQ� 8+9��� �D�
�KQ� ���� H9�� S�SRODUL]DWLRQ��� ��� LQLWLDO� VSHF�
WUXP�� ��� ��� ��� GLIIHUHQW� FOHDQLQJ� GXUDWLRQV�
|��� V�� |��� V�� |�Ü�� PLQ�� UHVSHFWLYHO\�� ,QVHW�
VSHFWUD� RI� ,Q� �G� FRUH� OHYHO� FRUUHVSRQGLQJ� WR
DERYH�9%�VSHFWUD���E���KQ� ����H9��S�SRODUL]D�
WLRQ������XSSHU�SDUW�RI�WKH�VDPSOH�����PLGGOH
SDUW�� ��� PLGGOH� SDUW� FOHDQHG� E\� V\QFKURWURQ
]HUR� RUGHU� LUUDGLDWLRQ�� ��� ERWWRP� SDUW� �WKH
FRQWDPLQDWLRQ� GURSV� LQ� WKH� GLUHFWLRQ� IURP
XSSHU�SDUW�WR�ERWWRP��
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VDPSOH� VXUIDFH�� 0RUHRYHU�� WKH� FRQFOXVLRQ
WKDW� WKH� IHDWXUHV� ,�DQG� ,,�DUH�DWWULEXWHG�WR
HOHFWURQ� VWDWHV� RI� 6H� DQG� ,Q�� UHVSHFWLYHO\�
EHFRPHV� PRUH� FRQYLQFLQJ� DIWHU� WKH� LQVSHF�
WLRQ� RI� WKH� FKDQJHV� LQ� WKH� 836� VSHFWUD� RI
WKH� VXUIDFHV� DIWHU� SURORQJHG� H[SRVXUHV� LQ
VLWX�DQG�LQIOXHQFH�RI�]HUR�RUGHU�OLJKW�FOHDQ�
LQJ��7KH�LQWHQVLWLHV�RI�ERWK�,�DQG�,,�IHDWXUHV
IRU�VXFK�VSHFWUD��)LJ�����DUH�UHODWLYHO\�VPDOO
DQG�WKHLU�VWUXFWXUH�VHHPV�WR�EH�QRW�UHVROYHG
ZHOO�� ZKLOH� WKH� IHDWXUH� ,,,� LV� LQWHQVH� DQG
DGGLWLRQDOO\� WKH� IHDWXUH� ,9� DSSHDUV�� 7KH
VSHFWUD� LQ�)LJ����DUH�REWDLQHG�ZLWK�S�SRODU�
L]HG� OLJKW�� WKDW� SURYLGHV� D� KLJKHU� VXUIDFH
VHQVLWLYLW\�� 7KH� VSHFWUD� WUDQVIRUPDWLRQV� DW
LQFUHDVLQJ�]HUR�OLJKW�WUHDWPHQW�DUH�WKH�VDPH
IRU� GLIIHUHQW� HQHUJLHV� RI� H[FLWLQJ� SKRWRQV
��������H9��DQG��EHVLGHV��VKRZV�WKH� LQYHUVH
FKDUDFWHU� WR� WKH� LQWHUIDFH� IRUPDWLRQ� NLQHW�
LFV� �)LJV����� ���� 7KH� LQVHW� LQ� )LJ���D� VKRZV
WKH�836�GDWD�RI� ,Q��G�FRUH�OHYHO��ZKHUH�WKH
GRXEOHW� �,Q� �G� ���� DQG� �G� ���� SHDNV�� LV
UHVROYHG��7KH�GRXEOHW�LQWHQVLW\�FKDQJHV�OLNH
WKRVH� RI� WKH� ,�� ,,� IHDWXUHV� DQG� LQ� LQYHUVH
UHODWLRQ� WR� WKH� IHDWXUH� ,,,� LQWHQVLW\� DQG
VKRZV�D�SURQRXQFHG�GHSHQGHQFH�RQ�WKH�]HUR
RUGHU�OLJKW�WUHDWPHQW��,WV�LQWHQVLW\�ULVHV�XQ�
DPELJXRXVO\� ZLWK� LQFUHDVLQJ� ]HUR� RUGHU
OLJKW� LOOXPLQDWLRQ� WLPH� RI� WKH� VXUIDFH�
0RUHRYHU��WKH�FRQVLGHUDWLRQ�RI�6H��G�DQG�,Q
�G�FRUH�OHYHOV�LQ�)LJ�����FXUYHV��Ü���UHYHDOV
D� KLJKHU� FOHDQLQJ� GHJUHH� RI� WKH� VXUIDFH�6H
DWRPV� WKDQ� ,Q� RQHV�� WDNLQJ� DOVR� LQ� DFFRXQW
GLIIHUHQFHV�LQ�NLQHWLF�HQHUJLHV�RI�WKH�FRUUH�
VSRQGLQJ�SKRWRHOHFWURQV�
7KXV�� WKH� H[SHULPHQWDO� 836� VSHFWUD� RI

,Q�6H�� FOHDYDJHV� UHYHDO� VHYHUDO� GLVWLQFWVWUXFWXUHV�� $V� WKH� FRDWLQJ� LQFUHDVHV�� WKH
YDULRXV� IHDWXUHV� LQGLFDWHG� DV� ,�� ,,�� ,,,� DQG
,9�EHFRPH�PRUH�HYLGHQW�RU�GLVDSSHDU�LQ�WKH
836�VSHFWUD��DGGLWLRQDOO\��WKH�LQWHQVLW\�GLI�
IHUHQFH� EHWZHHQ� WKH� IHDWXUHV� ,� DQG� ,,� LQ�
FUHDVHV�ZLWK� H[SRVXUH��7KHUH� LV� QR� GRXEW� D
GHFUHDVLQJ�LQ�WKH�LQWHQVLW\�RI�IHDWXUH�,9��DW
��Ü��� H9� ELQGLQJ� HQHUJLHV�� LQ� )LJ�����ZLWK
LWV� GLVDSSHDUDQFH� DIWHU� ]HUR� RUGHU� OLJKW
FOHDQLQJ��SUREDEO\�FRQQHFWHG�ZLWK�&��S��7KH
IHDWXUH�,9�LV�FOHDUO\�REVHUYHG�RQO\�IRU�S�SR�
ODUL]HG� OLJKW�RQ�VXUIDFHV� ORQJ�WHUP�H[SRVHG
LQ� VLWX�� +RZHYHU�� FXUYHV� ��� ��� �� LQ� )LJ���
VKRZ� WUDQVIRUPDWLRQ� RI� WKH� EURDG� SHDN� DW
|�Ü���� H9� ELQGLQJ� HQHUJLHV� FKDUDFWHULVWLF
IRU� �XQWUHDWHG�� ROG� FOHDYDJHV� LQWR� WZR
SHDNV�DW����Ü����DQG���Ü���H9�ELQGLQJ�HQ�
HUJLHV�DIWHU�]HUR�RUGHU� OLJKW�FOHDQLQJ��6XFK
SHDN�HQHUJLHV�DUH�FKDUDFWHULVWLF�IRU�IHDWXUHV
,,,�DQG�,9��UHVSHFWLYHO\��DSSHDULQJ�RQ�FOHDY�
DJHV�ORQJ�H[SRVHG�LQ�VLWX��7KXV��D�VLPLODULW\
LQ� WKH� LQWHUIDFH� IRUPDWLRQ� FRXOG� EH� FRQ�

FOXGHG�IRU� WKH� ,Q�6H��FOHDYDJHV�REWDLQHG�H[VLWX� DQG� REWDLQHG� LQ� VLWX� ZLWK� VXEVHTXHQW
ORQJ� WHUP�H[SRVXUH� LQ� VLWX��7KH� IHDWXUH� ,,,
LQWHQVLW\� LQFUHDVHV� ZLWK� H[SRVXUH� LQ� 8+9�
ZKLOH� LQWHQVLW\� RI� ,Q� �G� DQG� 6H� �G� FRUH
SHDNV�GHFUHDVHV��2Q� WKH�ZKROH�� WKH�FKDQJHV
REVHUYHG� LQ� WKH� FRUH� OHYHO� LQWHQVLWLHV� DUH
VPDOO��7KH�FKDQJHV�DUH�PRUH�HYLGHQW� LQ�WKH
9%�RI� ,Q�6H���ZKHUH�WKH�SUHVHQFH�RI�FDUERQKDV� FDXVHG� UHGLVWULEXWLRQ� RI� WKH� ERQGLQJ
XQLWV�Û� 6H� �S� DQG� ,Q� �S� FRQWULEXWLRQV� WR
WKH�9%�DQG��WKHUHIRUH��FKDQJHV�LQ�WKH�,�DQG
,,� IHDWXUH� LQWHQVLWLHV�� 7KXV�� WKH� LQWHQVLW\
GHFUHDVH� LQ� WKH� 9%� IHDWXUHV� ,�� ,,� DQG� LQ�
FUHDVH� RI� ,,,�� ,9�RQHV� IRU� WKH� FOHDYDJHV� H[�
SRVHG�LQ�VLWX�UHVXOWV�IURP�WKH�LQWHUIDFH�IRU�
PDWLRQ�RQ�WKH�VXUIDFH�
%HVLGHV��ZH� KDYH� WR� WDNH� LQWR� FRQVLGHUD�

WLRQ�WKH�UHVXOWV�RI�$XJHU�HOHFWURQ�VSHFWURV�
FRS\� FRDWLQJ� NLQHWLFV� GXULQJ� WKH� LQWHUIDFH
IRUPDWLRQ� LQ�8+9�IRU� ,Q�6H�� FOHDYDJHV� >�@�7KH�836�VSHFWUD�SUHVHQWHG�LQ�)LJ����DUH�RE�
WDLQHG�XQGHU�H[SRVXUH�LQ�VLWX�XS�WR�|����/�
FRPPHQVXUDEOH�WR�WKDW�XVHG�DW�$(6�NLQHWLFV
VWXGLHV� >�����@�� WKDW� LV� VXIILFLHQW� IRU� WKH
SULRU�6H� DQG�QH[W� ,Q� VXUIDFH�DWRPV�FRDWLQJ
ZLWK�&2�PROHFXOHV��7KH�LQWHQVLW\�FKDQJH�LQ
,� DQG� ,,� IHDWXUHV� LV� QRW� XQLIRUP�� 7KH� IHD�
WXUH� ,� RQH� FKDQJHV� LWV� LQWHQVLW\�PRUH� WKDQ
,,� XQGHU� H[SRVXUH� LQ� VLWX�� 7KXV�� 836� UH�
VXOWV� FRUUHODWH� ZHOO� ZLWK� RXU� SUHYLRXV�$(6
UHVXOWV� >�@��ZKHUH�6H� DWRPV� RQ� WKH� VXUIDFH
RI�XQLQWHQWLRQDOO\�GRSHG�,Q�6H��DUH�WKH�VLWHVRI�SULPDU\�&2�DGVRUSWLRQ� LQ�VLWX�DQG�FDUE�
RQ� LQWHUIDFH� IRUPDWLRQ� RQ� WKH� ,Q�6H�� VXU�IDFH��7KH�$(6�GDWD�RQ�FOHDYDJHV�REWDLQHG�H[
VLWX� MXVW� EHIRUH� LQWURGXFLQJ� LQWR� 8+9
FKDPEHU� �IUHVK�� RU� ORQJ� WHUP� H[SRVHG
�!��� K�� H[� VLWX� �ROG�� LQGLFDWHG� WKH� FDUERQ
FRDWLQJ� IRUPDWLRQ� ZLWK� VPDOO� DPRXQWV� RI
R[\JHQ�IRU�ROG�FOHDYDJHV��%HVLGHV�� WKH�;36
GDWD� IRU� 6H� �G� DQG� &� �V� FRUH� OHYHOV� RQ
,Q�6H�� IUHVK� FOHDYDJHV� LQGLFDWH� WKDW� ELQG�LQJV�IRUPHG�E\�FDUERQ�DUH�DWWULEXWHG�WR�&±
6H� DQG�&±&� HOHFWURQ� LQWHUDFWLRQV� >��@�� 7KH
6H� �G� VSHFWUDO� VWUXFWXUH� FKDQJHV� LWV� VKDSH
WR� DOPRVW� FRPSOHWH� GLVDSSHDUDQFH� RI� WKH
VSLQ�RUELW� VSOLW� GRXEOHW� ��G���� DQG� �G����VLJQDOV��HVSHFLDOO\��IRU�ROG�H[�VLWX�FOHDYDJHV�
:KLOH� WKH�;36� FRQVLGHUDWLRQ� RI� ,Q� �G� FRUH
OHYHO� VKRZV� WKH� IRUPDWLRQ� RI� PHWDOOLF� DQG
,Q�2�� R[LGL]HG� SKDVH� IRU� IUHVK� DQG�� HVSH�FLDOO\��ROG�H[�VLWX�FOHDYDJHV�
7KXV��LQ�VSLWH�RI�WKH�FU\VWDO�DQG�HOHFWURQ

VWUXFWXUH�RI� WKH� OD\HU��WKH� ,Q�6H��FOHDYDJHVDUH�XQVWDEOH�DQG�QRW� LQHUW� WR�JDVHV�DGVRUS�
WLRQ��HYHQ�LQ�8+9�FRQGLWLRQV��7KH�SUHVHQFH
RI�WKH�LQWHUIDFH�OD\HUV�IRUPHG�RQ�WKH�,Q�6H�VXUIDFHV� REWDLQHG� E\� FOHDYDJH� ERWK� LQ� WKH
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DLU�DQG� LQ�8+9�LQIOXHQFHV�FRQVLGHUDEO\�WKH
836� VSHFWUD� DQG� WKH�/(('�SDWWHUQV��$V� WR
8+9�FOHDYDJHV��WKH�ODUJHVW�FKDQJHV�LQ�836
VSHFWUD� RFFXU� ZKHQ� WKH� FOHDYDJH� KDV� EHHQ
H[SRVHG� WR� DWPRVSKHUH� RI� 8+9� UHVLGXDO
JDVHV�� WKRXJK� WKH� VPDOOHU� FKDQJHV� DUH� LQ�
GXFHG� E\� IXUWKHU� 989� LUUDGLDWLRQ� GXULQJ
VSHFWUD�UHFRUGLQJ�DQG�]HUR�RUGHU�OLJKW�WUHDW�
PHQW�� 7KXV�� RQH� KDV� DOVR� WR� GLVWLQJXLVK
ZKHWKHU� WKH� DUHD� QRZ� XQGHU� VWXG\� RQ� WKH
FOHDYDJH� VXUIDFH� KDV� EHHQ� LUUDGLDWHG� SUH�
YLRXVO\� RU� QRW�� 2Q� WKH� ZKROH�� LW� PLJKW� EH
DVVXPHG� WKDW� WKH� PRVW� UHOLDEOH� UHVXOWV� RI
WKH� 836� VSHFWUD� UHFRUGLQJ� IRU� EDQG� PDS�
SLQJ�RI�WKH� ,Q�6H��FU\VWDO�FRXOG�EH�REWDLQHGXS� WR� |��/� H[SRVLWLRQ� LQ� VLWX�� EXW� WKHUH� LV
HQRXJK� FOHDQ� VXUIDFH� HYHQ� XS� WR� ��Ü��� /
H[SRVLWLRQ� LQ� VLWX�� 7KH� 836� VSHFWUD� RI�$U�
LRQ�VSXWWHUHG�,Q�6H��VXUIDFHV�DUH�UDWKHU�GLV�WLQFW�IURP�WKRVH�IRU�LQ�VLWX�FOHDYDJHV��REYL�
RXVO\� GXH� WR� WKH� GLIIHUHQWLDO� VSXWWHULQJ� HI�
IHFWV�DQG��FRQVHTXHQWO\��DUH�QRW�VXLWDEOH�IRU
EDQG� PDSSLQJ�� 7KH� 836� VWXGLHV� RI� WKH� LQ�
WHUIDFHV�IRUPHG�RQ�H[�VLWX�FOHDYDJHV�DQG�LQ
VLWX�RQHV�DIWHU�SURORQJHG�H[SRVXUHV��VHYHUDO
KXQGUHGV� RI�/DQJPXLU� XQLWV�� LQ� WKH� DWPRV�
SKHUH� RI� UHVLGXDO� 8+9� JDVHV� HYLGHQFH� D
VLPLODULW\�LQ�WKH�LQWHUIDFH�IRUPDWLRQ�RQ�WKH
,Q�6H��VXUIDFHV�ZLWK�IRUPDWLRQ�RI�QHZ�FDUE�RQ�FRQWDLQLQJ�SKDVH�

$FNQRZOHGJHPHQWV�� :H� ZRXOG� OLNH� WR
JUDWHIXOO\� DFNQRZOHGJH� WKH� VXSSRUW� RI� WKH
&$0'� V\QFKURWURQ� OLJKW� VRXUFH� VWDII� RI
/RXLVLDQD�6WDWH�8QLYHUVLW\� �86$�� �351�/8
3*������
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