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EDVHG� RQ� PRQRGLVSHUVH� VSKHULFDO� 6L2�� FROORLGDO� SDUWLFOHV� RI� ���� ����� ����� DQG� ���� QPGLDPHWHU�DQG�VKHOO�FRQVLVWLQJ�RI�3W�QDQRFU\VWDOV��7KH�KHWHURQDQRSDUWLFOHV�VXUIDFH�VWUXFWXUH
DQG� FRPSRVLWLRQ� KDYH� EHHQ� VWXGLHG� E\� WUDQVPLVVLRQ� HOHFWURQ� PLFURVFRS\�� SKRWRHOHFWURQ
VSHFWURVFRS\�DQG�;�UD\�GLIIUDFWLRQ�
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7KH�ODWHVW�GHFDGHV�DUH�FKDUDFWHUL]HG�E\�D
JUHDW� LQWHUHVW� LQ� WKH� SUHSDUDWLRQ� DQG� UH�
VHDUFK� RI� PHWDO� QDQRSDUWLFOHV� DV� SURPLVLQJ
PDWHULDOV� IRU�GHYHORSPHQW�RI�ELRORJLFDO�DQG
FKHPLFDO�KLJKO\�VHOHFWLYH�VHQVRUV��QHZ�FDWD�
O\VWV�� DQG� PDJQHWLF� PDUNHUV�� 1XPHURXV
ZRUNV� DUH� DLPHG� DW� UHVHDUFKLQJ� SURSHUWLHV
RI� QREOH� PHWDO� QDQRSDUWLFOHV�� WKHLU� XVH� DV
FDWDO\VWV� LQ� YDULRXV� RUJDQLF� UHDFWLRQV�� IRU
SXULILFDWLRQ� RI� JDVHRXV� LQGXVWULDO� ZDVWHV
DQG�HQJLQH�H[KDXVW�JDVHV�IURP�WR[LF�DJHQWV
>�@��/DWHO\��WKHUH�DUH�WZR�WUHQGV�LQ�WKH�ZD\V
WR� QDQRVWUXFWXUDO� FDWDO\VWV�� YROXPHWULF
VWUXFWXUL]DWLRQ� RI� QDQRSDUWLFOHV� LQ� SRURXV
PDWULFHV��6L2���$O�2���]HROLWHV��FDUERQ�PDWH�ULDOV�� DQG� IRUPDWLRQ� RI� QDQRSDUWLFOHV� RQ
VXUIDFH�RI�QDQRJUDLQV��1DQRPDWHULDOV�RI�WKH
VXUIDFH� W\SH� DUH� PRUH� FKHPLFDOO\� DFWLYH
WKDQ� WKRVH� ZLWK� QDQRLFOXVLRQV� LQ� YROXPH
DQG� WKXV� PRUH� SURPLVLQJ� IRU� GHYHORSPHQW
RI�QHZ�HIILFLHQW�FDWDO\VWV�
7R�VWUXFWXUL]H�DQG�FRQFHQWUDWH�WKH�PHWDO

QDQRFU\VWDOV�� PRVW� FRQYHQLHQW� DUH� FROORLGDO
VLOLFRQ� GLR[LGH� QDQRVSKHUHV� REWDLQDEOH�ZLWK

QDUURZ� VL]H� GLVWULEXWLRQ� LQ� D� ZLGH� VL]H
UDQJH�IURP�GR]HQV�RI�QDQRPHWHUV�WR�RQH�PL�
FURPHWHU�>�@��7KH�QDQRSDUWLFOHV�VWUXFWXUL]HG
RQ� 6L2�� QDQRVSKHUHV� �QDQRWHPSODWHV�� DUHVXJJHVWHG� WR� SUHVHQW� FHUWDLQ� DGYDQWDJHV� DV
FRPSDUHG� WR� WKH� RUGLQDU\� VXSSRUWLQJ�PDWH�
ULDOV�� VLQFH� WKH� QDQRSDUWLFOH� DEVRUSWLRQ
PXVW�WR�RFFXU�PXFK�HDVLHU�GXH�WR�WKHLU�KLJK
VXUIDFH� HQHUJ\�� :KHQ� FRQFHQWUDWLQJ
QDQRSDUWLFOHV� RQ� 6L2�� QDQRVSKHUHV� VXUIDFH�LW� LV� QHFHVVDU\� WR� SURYLGH� D� UHSURGXFLEOH
SURFHVV�RI�PHWDOOLF�VKHOO�IRUPDWLRQ�IURP�LVR�
ODWHG�QDQRFU\VWDOV�RI�FHUWDLQ�VL]H��WR�FRQWURO
WKH�6L2��VXUIDFH�FRYHULQJ�GHJUHH�ZLWK�WKHPWLOO� WKH� ZKROH� VKHOO� RI� SUH�VSHFLILHG� WKLFN�
QHVV�� DQG� WR� SUHYHQW� WKH� DJJORPHUDWLRQ� RI
PHWDO� QDQRSDUWLFOHV� LQ� WKH� VROXWLRQ� DQG� RQ
6L2��VSKHUH�VXUIDFH�>�Ü�@��%HIRUH��WKH�FRUH�VKHOO�KHWHURQDQRSDUWLFOHV�ZLWK�GLHOHFWULF�VLOL�
FRQ� GLR[LGH� FRUH� DQG� FRQGXFWLQJ� VKHOO� FRQ�
VLVWLQJ�RI�PHWDO� SDUWLFOHV� �$X��$J��ZHUH�RE�
WDLQHG�� DQG� WKHLU� VWUXFWXUH� DQG� RSWLFDO
FKDUDFWHULVWLFV�GHILQHG�>�Ü��@��7KH�SUHSDUD�
WLRQ� RI� KHWHURQDQRSDUWLFOHV� ZLWK� 3W
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QDQRFU\VWDO�VKHOO�RQ�6L2��FRUH�VXUIDFH�LV�QRWGHVFULEHG� LQ� OLWHUDWXUH�� 7KH� DLP� RI� RXU� UH�
VHDUFK� ZDV� WR� REWDLQ� KHWHURQDQRSDUWLFOHV
ZLWK�PRQRGLVSHUVH�6L2��VSKHULFDO�FRUHV�DQGRXWHU�VXUIDFH�FRQVLVWLQJ�RI�3W�QDQRFU\VWDOV�
WR�VWXG\�WKH�FRQGLWLRQV�RI�PHWDOOLF�VKHOO�IRU�
PDWLRQ� IURP� 3W� QDQRFU\VWDOV� RQ� WKH� FRUH
VXUIDFH�DW�GLIIHUHQW�GLDPHWHUV��DQG�WR�LGHQ�
WLI\�WKH�KHWHURQDQRVWUXFWXUHV�REWDLQHG�

6L2�� PRQRGLVSHUVH� VSKHULFDO� QDQRSDUWL�FOHV� �ZLWK�WKH�VL]H�GLVSHUVLRQ�QRW�H[FHHGLQJ
��� ��� ZHUH� REWDLQHG� E\� K\GURO\]LQJ� WHWUD�
HWK\O�RUWKRVLOLFDWH�DFFRUGLQJ�WR�6WREHU� >�Ü�@�
7KH�QDQRSDUWLFOH�VL]H�ZDV�FRQWUROOHG�E\�WKH
UDWLR�RI�UHDJHQWV��WHPSHUDWXUH�DQG�WKH�SURF�
HVV� UDWH�� 7KH�6L2�� FROORLGDO� VROXWLRQV� �VROV�DUH� WUDQVSDUHQW� DQG� VWDEOH� IRU� D� ORQJ� WLPH

��Ü�� PRQWKV��� 7KH� QDQRWHPSODWH� VXUIDFH
ZDV� PRGLILHG� XVLQJ� ELIXQFWLRQDO� RUJDQLF
FRPSRXQG�� ��DPLQRSURS\O� WULHWKR[\VLODQH
�$37(6�� ���������$OGULFK��� WKDW�ZDV� FRYD�
OHQWO\� ERXQG� WR� VLOLFRQ�GLR[LGH� DQG�SURYLGH
WKH� PHWDO� VKHOO� FRQQHFWLRQ� WR� WKH� FRUH�� 7R
REWDLQ� LVRODWHG� 3W� QDQRFU\VWDOV�� WKH� UHGXF�
WLRQ� RI�+�3W&O�� ���������$OGULFK�� LQ� DTXH�
RXV� VROXWLRQ� ZDV� XVHG� >��@�� 7KH� V\QWKHVLV
ZDV�FRQGXFWHG�XQGHU�1��DWPRVSKHUH�WR�SUH�YHQW� SODWLQXP� R[LGDWLRQ�� $V� WKH� UHGXFLQJ
DJHQW�� VRGLXP� ERURK\GULGH� 1D%+�� �VSHFLDOSXULW\� JUDGH�� 6LQELDV�� ZDV� XVHG�� 7KH� 3W
QDQRFU\VWDOV� REWDLQHG� ZHUH� VWDELOL]HG� E\
SRO\YLQ\O� S\UUROLGRQH� �393�� �0Z� ��������0HUFN�� DWKH� FRQFHQWUDWLRQV� YDU\LQJ� IURP
������� WR� �������� %\� YDU\LQJ� SUHFXUVRUV

)LJ�����7UDQVPLVVLRQ�HOHFWURQ�PLFURVFRS\�LPDJHV�DQG�VL]H�GLVWULEXWLRQ�KLVWRJUDPV�RI�3W�QDQRFU\VWDOV
RI�WKH�PHDQ�GLDPHWHU��QP��������D��������E��
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DQG� VWDELOL]HU� FRQFHQWUDWLRQV�� 3W� QDQRFU\V�
WDOV�RI�WKH�GLDPHWHU�UDQJLQJ�IURP���WR���QP
ZHUH�REWDLQHG��7R�REWDLQ�6L2��3W�QDQRSDUWL�FOHV�� WKH� VXVSHQVLRQ� RI� RUJDQRVLODQH� PRGL�
ILHG� 6L2�� QDQRSDUWLFOHV� ZDV� PL[HG� ZLWKDTXHRXV� VROXWLRQ� RI� VWDELOL]HG� 3W� QDQRFU\V�
WDOV��7KH�PL[WXUH�ZDV�FHQWULIXJHG�XVLQJ�DQ
231��� FHQWULIXJH�� WKH�KHWHURQDQRSDUWLFXODU
SUHFLSLWDWH�ZDV�VHSDUDWHG�DQG�GLVSHUVHG�LQ�D
VPDOO� DPRXQW� RI� ZDWHU� XVLQJ� DQ� XOWUDVRQLF
GLVSHUVHU� 8='1�$�� 7KH� SURFHGXUH� ZDV� UH�
SHDWHG� WR� LQFUHDVH�3W� QDQRFU\VWDOV� FRYHUDJH
RI� WKH�FRUH� VXUIDFH��7R�SUHYHQW� WKH�VSRQWD�
QHRXV�DJJORPHUDWLRQ�RI�QDQRFU\VWDOV�ERWK�LQ
WKH� VROXWLRQ� DQG� RQ� 6L2�� VXUIDFH�� DQG� WRSURYLGH� WKH� HYHQ� FRYHULQJ� RI� WKH� QDQRWHP�
SODWH�VXUIDFH��WKH�DEVRUSWLRQ�ZDV�FRQGXFWHG
DW� ORZ� FRQFHQWUDWLRQV� RI� 3W� QDQRFU\VWDOV
���Ü�Ü��Ü��PROH�/���8QGHU�VXFK�FRQGLWLRQV�
WKH� FRUH� RXWHU� VKHOO� IRUPDWLRQ� LV� FRQWURO�
ODEOH�DQG�UHSURGXFLEOH�XS�WR�IRUPDWLRQ�RI�D
FRQWLQXRXV�VKHOO�
7UDQVPLVVLRQ�HOHFWURQ�PLFURVFRS\�RI�V\Q�

WKHVL]HG� QDQRVWUXFWXUHV� ZDV� SHUIRUPHG
XVLQJ�D�3(l�����LQVWUXPHQW�DW�����N9�DF�
FHOHUDWLQJ� YROWDJH�� 7KH� VDPSOHV� ZHUH� SUH�
SDUHG� DFFRUGLQJ� WR� VWDQGDUG� SURFHGXUH� E\
GHSRVLWLQJ� FROORLGDO� VROXWLRQV� RQ� FRSSHU
JULGV�FRYHUHG�ZLWK�FDUERQ�ILOP��$WRPLF�FRQ�
FHQWUDWLRQ� RI� HOHPHQWV� LQ� 6L2��3W� KHWHUR�QDQRSDUWLFOHV�VXUIDFH�OD\HU�DQG�WKH�UDWLR�RI
3W�6L2�� FRQFHQWUDWLRQV�� FKDUDFWHUL]LQJ
QDQRWHPSODWHV� VXUIDFH� FRYHULQJ� ZLWK� 3W
QDQRFU\VWDOV�� ZHUH� GHWHUPLQHG� E\� ;�UD\
SKRWRHOHFWURQ� VSHFWURVFRS\� �;36����
.UDWRV�� XVLQJ� DUHDV� XQGHU�&�V��2�V��1D�V�
3W�I�� %�V�� &O�S�� 6L�S� OLQHV�� 7KH� FRDWLQJ

SKDVH� VWUXFWXUH� ZDV� VWXGLHG� E\� ;�UD\� GLI�
IUDFWLRQ� XVLQJ� '521���� �)H� .D� UDGLDWLRQ�O� ���������c�� WKH� �T� VFDQQLQJ� UDQJH� ���
WR� ������ 7KH� VDPSOHV� ZHUH� SUHSDUHG� E\� GH�
SRVLWLQJ� KHWHURQDQRSDUWLFOHV� IURP� VXVSHQ�
VLRQV� RQ� WLWDQLXP� VXEVWUDWHV� �97����� DQG
GU\LQJ�WKH�SUHFLSLWDWH�REWDLQHG�
)LJ���� SUHVHQWV� HOHFWURQ� PLFURVFRSLF� LP�

DJHV�DQG�KLVWRJUDPV�RI�3W�QDQRFU\VWDOV�VL]H
GLVWULEXWLRQ�� 7KH� REWDLQHG� 3W� FU\VWDOV� DUH
PRQRGLVSHUVH�� ZLWK� DYHUDJH� SDUWLFOH� GLDPH�
WHU� ���� QP� �)LJ���D�� DQG� ���� QP� �)LJ���E�
ZLWK� WKH� VL]H� GLVSHUVLRQ� ��� �� DQG� ��� ��
UHVSHFWLYHO\��
9DU\LQJ� VL]H� RI� 3W� QDQRFU\VWDOV� DQG� WKH

6L2�� FRUH� VXUIDFH� FRYHULQJ� GHJUHH�� 6L2��3WKHWHURQDQRSDUWLFOHV� ZHUH� REWDLQHG� ZLWK
YDULRXV� VWUXFWXUH� RI� RXWHU� VKHOO� �IURP� WKH
HQVHPEOH�RI�LVRODWHG�QDQRFU\VWDOV�RI��Ü��QP
VL]H� ZLWK� WKH� FRYHULQJ� GHJUHH� ��Ü����� XS
WR�WKH�FRQWLQXRXV�VXUIDFH�XS�WR���QP�WKLFN�
QHVV���)LJ�����$V�WKH�FRYHULQJ�GHJUHH�RI�WKH
FRUH� VXUIDFH� H[FHHGV� ��� ��� D� VKHOO� LV
IRUPHG� RQ� 6L2�� VXUIDFH�� FRQVLVWLQJ� RI� 3WQDQRFUVWDOV� PRQROD\HU�� 7KH� VKHOO� WKLFNQHVV
LV�GHWHUPLQHG�E\�WKH�QDQRFU\VWDO�VL]H�

6L2��3W� KHWHURQDQRSDUWLFOHV� VSHFLILF� UH�IOHFWLRQV�LQ�;�UD\�GLIIUDFWLRQ�SDWWHUQ�FRUUH�
VSRQGLQJ� WR� WKH� SODQHV� ������� ������� �����
VXJJHVWV�WKDW�WKH�3W�QDQRFU\VWDOV�KDYH�IDFH�
FHQWHUHG�FXELF�ODWWLFH��ZKLFK�FRUUHVSRQGV�WR
WKH� EXON� SKDVH� ZLWK� WKH� VSDFH� RI� ����� c
�)LJ������ 7KH� SHDN� EURDGHQLQJ� VSHFLILF� IRU
QDQRFU\VWDOV� DV� FRPSDUHG� WR� EXON� FU\VWDOV
HYLGHQFHV� D� VPDOO� VL]H� RI� 3W� FU\VWDOV� EHLQJ
UHVHDUFKHG��(VWLPDWLRQV�EDVHG�RQ�WKH�UHIOHF�
WLRQV� ZLGWK� LQ� GLIIUDFWLRQ� SDWWHUQV� KDYH

)LJ����� 7UDQVPLVVLRQ� HOHFWURQ� PLFURVFRS\� LPDJHV� RI� 6L2��3W� KHWHURQDQRSDUWLFOHV�� 6L2�� GLDPHWHU����QP��3W�VKHOO�� �D��LVRODWHG�QDQRFU\VWDOV��GLDPHWHU���QP��FRYHULQJ�GHJUHH�DERXW��������E����QP
WKLFN�FRQWLQXRXV�VKHOO�

1�$�0DWYHHYVND\D�HW�DO����+HWHURQDQRSDUWLFOHV�RI����

)XQFWLRQDO�PDWHULDOV������������� ��



VKRZQ�WKDW�WKH�FRKHUHQW�VFDWWHULQJ�DUHD� �3W
QDQRFU\VWDO� VL]H�� LV� RI� �� QP�� ZKLFK� DJUHHV
ZLWK�3W�QDQRFU\VWDO�VL]H�LQ�WKH�VRO�GHSRVLWHG
RQ� FRUH� VXUIDFH� ZKHQ� 6L2��3W� KHWHUR�QDQRSDUWLFOHV�DUH�EHLQJ�REWDLQHG�

6L2��3W�KHWHURQDQRSDUWLFOHV�ZLWK�FRUH�GL�DPHWHU�RI�����QP��3W�QDQRFU\VWDOV�GLDPHWHU
RI� �� QP� DQG� FRYHULQJ� GHJUHH� RI� ��� ��
��� �� DQG� �� QP� WKLFN� FRQWLQXRXV� FRDWLQJ
ZHUH� H[DPLQHG� E\� SKRWRHOHFWURQ� VSHFWURV�
FRS\� WR� VWXG\� WKH� RXWHU� FRQGXFWLQJ� VKHOO
VXUIDFH�VWDWH��)LJ����VKRZV�;�UD\�SKRWRHOHF�
WURQ� VSHFWUXP� RI� 3W�I�������� Û� OHYHO� IRU� WKHVDPSOHV� RI� EXON� VWDQGDUG� SODWLQXP� VSHFLPHQ
�D��DQG�SODWLQXP�QDQRSDUWLFOHV�RQ�6L2���E���3W�IELQGLQJ� HQHUJ\� �(E�3W�I��e��

� �����r���� H9�� LQ
QDQRSDUWLFOHV� FRUUHVSRQGV� WR� SODWLQXP� LQ
PHWDO� VWDWH� 3W�� �(E� 3W�I���� �����r����H9��0RUHRYHU�� D� VPDOO� �DERXW�����H9�� OLQH� VKLIW
WRZDUGV�ORZHU�ELQGLQJ�HQHUJ\�LV�REVHUYHG�LQ
3W�QDQRSDUWLFOHV�VSHFWUXP��6XFK� ORZ�HQHUJ\
VKLIW� ZDV� REVHUYHG� HDUOLHU� IRU� DXUXP� DQG
SODWLQXP� QDQRSDUWLFOHV� ZLWK� VL]H� VPDOOHU
WKDQ� �Ü�� QP� RQ� YDULRXV� VXSSRUW� >������@
DQG�PLJKW� EH� FRQQHFWHG� WR� HOHFWURQ�GHQVLW\
FKDQJH� RQ� PHWDO� DWRP� LQ� QDQRSDUWLFOHV
XQGHU� WKH� GHFUHDVLQJ� RI� WKHLU� VL]HV�� 7KH
VKLIW� WRZDUGV� ORZHU� ELQGLQJ� HQHUJLHV� ZDV
REVHUYHG� IRU� 3W� LQ� DOO� VDPSOHV� RI� 6L2��3WKHWHURQDQRSDUWLFOHV�ZLWK�WKHP�FRYHULQJ�FRUH
VXUIDFH� LQ� GLIIHUHQW� GHJUHHV�� 7KLV� FRQILUPV
WKH� DEVHQFH� RI� 3W� QDQRSDUWLFOHV� DJJORPHUD�
WLRQ�RQ� WHPSODWH�VXUIDFH�DQG�WKH�IRUPDWLRQ

RI� WKH� H[WHUQDO� VKHOO� RXW� RI� LVRODWHG� 3W
QDQRFU\VWDOV��ZKRVH�WKLFNQHVV�LV�GHWHUPLQHG
E\�QDQRFU\VWDOV�VL]H�
7R� GHWHUPLQH�6L2�� VL]H� LPSDFW� RQ� IRUP�LQJ� 6L2��3W� KHWHURQDQRSDUWLFOHV� H[WHUQDOVKHOO� IRU�WKH�VDPSOHV�ZLWK�FRUH�GLDPHWHU�RI

���� ���� DQG� ���� QP� DQG� 3W� QDQRFU\VWDOLF
VKHOO� ZLWK� WKH� GLDPHWHU� RI� �� QP� REWDLQHG
XQGHU� WKH� HTXDO� SURFHVV� FRQGLWLRQV�� WKH� GH�
JUHH� RI� QXFOHXV� VXUIDFH� FRUH� ZLWK� 3W
QDQRFU\VWDOV� ZDV� HVWLPDWHG�� ,Q� DFFRUGDQFH
WR� WKH� WUDQVPLVVLRQ� HOHFWURQ� PLFURVFRS\
GDWD��FRYHULQJ�GHJUHH�ZDV�FDOFXODWHG�DV�WKH
UDWLR� RI� WRWDO� 3W� QDQRFU\VWDOV� VXUIDFH� WR
6L2��FRUH�KHPLVSKHUH�VXUIDFH�$WRPLF� FRQFHQWUDWLRQ� &3W� DQG� &6L� RI6L2��3W�KHWHUDQDQRSDUWLFOHV� LQ� VDPSOHV�VXU�IDFH�OD\HU�DQG�WKHLU�UDWLR�Q�ZDV�GHWHUPLQHG
E\�PHDQV� RI� ;36�� $VVXPLQJ� WKDW� RQO\� WKH
6L2�� VXUIDFH� SDUW� QRW� FRYHUHG� ZLWK� 3WQDQRFU\VWDOV� FRQWULEXWHV� WR� VLOLFRQ� VLJQDO
�WKH� SKRWRHOHFWURQV� HVFDSH� GHSWK� IRU� WKH
OLQHV�XVHG�IRU�WKH�VWXG\�LV�DERXW���QP��DQG�
QRW�WDNLQJ�LQWR�FRQVLGHUDWLRQ�SDUWLFOHV�VSKH�
ULFLW\�� WKH�3W�QDQRSDUWLFOHV� FRYHULQJ�GHJUHH

7DEOH���+HWHURQDQRSDUWLFOHV�6L2��3W�FKDUDFWHULVWLFV�

6L2��GLDPHWHU�QP
3W�GLDPHWHU�

QP
&RYHULQJ�GHJUHH
�DFFRUGLQJ�WR�(0

GDWD����
$WRPLF�FRQFHQWUDWLRQ
UDWLR�Q� �°3W�°6L

&RYHULQJ�GHJUHH
�DFFRUGLQJ�WR�;36

GDWD�����
�� � �� ��� ���
��� � �� ��� ���
��� � �� ��� ��

)LJ����� ;�UD\� GLIIUDFWLRQ� RI� 6L2��3W� KHWHUR�QDQRSDUWLFOHV�

)LJ����� 3W�I�;36� VSHFWUD� IRU� EXON� VWDQGDUG
SODWLQXP� VDPSOH� �D�� DQG�3W� QDQRSDUWLFOHV� RQ
6L2���E��
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S� RQ�6L2�� VXUIDFH� FDQ� EH� HVWLPDWHG� E\� WKHIROORZLQJ�IRUPXOD����
S� � Q

Q��� U3WU6L2�
���
06L2�
03W
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ZKHUH� Q� Û� DWRPLF� FRQFHQWUDWLRQ� UDWLR� EH�
WZHHQ�3W�DQG�6L��

U3W��U6L2��Û�3W�DQG�6L2��GHQVLW\��J�VP��
l3W�� l6L2�� Û� 3W� DQG� 6L2�� PROHFXODU

ZHLJKW��J�PRO�
7KH�UHVXOWV�DUH�UHSUHVHQWHG�LQ�WKH�IROORZ�

LQJ�WDEOH��7KH�GDWD�FRQFHUQLQJ�6L2��VXUIDFHFRYHULQJ� GHJUHH� ZLWK� 3W� QDQRFU\VWDOV� HVWL�
PDWHG� ZLWK� WKH� KHOS� RI� WUDQVPLVVLRQ� HOHF�
WURQ� PLFURVFRS\� GDWD� DQG� SKRWRHOHFWURQ
VSHFWURVFRS\�FRUUHODWH�
0HWKRG� RI� DQDO\VLV� XVLQJ� ;36� JLYHV� D

PRUH�DFFXUDWH�YDOXH�RI�FRYHULQJ�GHJUHH�GXH
WR� HOHPHQWV� DWRPLF� FRQFHQWUDWLRQV� LQ� WKH
VXUIDFH� OD\HU� EHLQJ� LQWHJUDWHG� TXDQWLWLHV�
7KH� SUREDELOLW\� RI� LQDFFXUDWH� FRYHULQJ� GH�
JUHH�HVWLPDWLRQ�LQFUHDVHV�ZLWK�6L2��FRUH�GL�DPHWHU� JURZLQJ� DQG� LWV� FRYHULQJ� GHJUHH� LQ
FRQQHFWLRQ�ZLWK�GLIILFXOWLHV�GXULQJ�GHILQLQJ
WKH�DUHD�RI�3W�QDQRFU\VWDOV�RQ�6L2��ZLWK�WKHGLDPHWHU�JUHDWHU�WKDQ�����QP�
7KH� JUHDWHVW�6L2�� VXUIDFH� FRYHULQJ� ZLWK3W� QDQRFU\VWDOV� LV� REVHUYHG� IRU� KHWHUR�

QDQRSDUWLFOHV�ZLWK�6L2��GLDPHWHU�RI����QP�:LWK�6L2�� VXUIDFH� VSKHUHV� FXUYDWXUH� JURZ�LQJ��WKH�QXPEHU�RI�DFWLYH�VLODQRO�JURXSV�RQ
6L2�� VXUIDFH� LV� NQRZQ� WR� LQFUHDVH� >��@�� $JUHDWHU� QXPEHU� RI� DFWLYH� FHQWHUV� ZKHUH� 3W
QDQRFU\VWDOV� DUH� DEVRUEHG� DUH� IRUPHG� RQ
6L2��QDQRSDUWLFOHV�����QP�LQ�GLDPHWHU��KDY�LQJ� WKH� ELJJHVW� VXUIDFH� FXUYDWXUH� DPRQJ
QDQRWHPSODWHV� VDPSOHV� UHVHDUFKHG�� XQGHU
WKH� ILFWLRQDOL]DWLRQ� RI� WKHLU� VXUIDFH�� /RZ
FRYHULQJ� GHJUHH� RI� 6L2�� VSKHUHV� VXUIDFHZLWK�WKH�GLDPHWHU�RI�����QP�LV�FRQQHFWHG�WR
GHFUHDVLQJ� WKH� QXPEHU� RI� DFWLYH� VLODQRO
JURXSV�RQ� WKH� VXUIDFH�EHFDXVH�RI�WKHLU�SDU�
WLDO� ELQGLQJ� WKURXJK� K\GURJHQ� FRPELQLQJ�
7KH� VDPH� GHSHQGHQFH� RI� FRYHULQJ� GHJUHH
IURP�6L2��FRUH�GLDPHWHU�ZDV�HDUOLHU�GLVFRY�HUHG� IRU� QDQRSDUWLFOHV� ZLWK� H[WHUQDO� VKHOO
FRQVLVWLQJ�RI�$X�QDQRFU\VWDOV�>��@�
7KXV��E\�PHDQV�RI� WHPSODWH� V\QWKHVLV� LQ

FROORLGDO� VROXWLRQ� FRUH�Û� VKHOO�6L2��3W� LVR�ODWHG�KHWHURQDQRSDUWLFOHV�ZLWK�WKH�GLHOHFWUL�

FDOO\� FRUH� GLDPHWHU� YDU\LQJ� IURP� ��� WR
����QP�DQG�YDULRXV�H[WHUQDO�VKHOO�VWUXFWXUH
ZHUH� REWDLQHG� �IURP� LVRODWHG� QDQRFU\VWDOV
HQVHPEOHV��Ü��QP�LQ�VL]H�ZLWK�6L2��VXUIDFHFRYHULQJ� GHJUHH� RI� ��� �� WR� HYHQ� VKHOOV
�� QP� WKLFNQHVV��� ,W� KDV� EHHQ� IRXQG� H[SHUL�
PHQWDOO\� WKDW� XQGHU� VXFK� FRQGLWLRQV� WKH
VKHOO� RXW� RI�3W� LVRODWHG� QDQRFU\VWDOV� PRQR�
OD\HU� LV� IRUPHG�� ZLWK� LWV� WKLFNQHVV� EHLQJ
GHWHUPLQHG�E\�QDQRFU\VWDOV�GLDPHWHU��,W�KDV
EHHQ�VKRZQ�WKDW�LQ�WKH�H[WHUQDO�KHWHURSDUWL�
FOHV� VKHOO�3W� LV� LQ�PHWDOOLF� VWDWH��*UHDW�VSH�
FLILF� VXUIDFH� DQG� PRELOLW\� RI� VXFK� QDQRV�
WUXFWXUHV�RIIHU�WKH�FKDOOHQJH�RI�XVLQJ�WKHP
DV� QHZ� HIILFLHQW� FDWDO\VWV� LQ� R[LGDWLRQ�UH�
GXFWLRQ�UHDFWLRQV�
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