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5HFHLYHG�-XO\���������
7KH� SDSHU� SUHVHQWV� WKH� UHVXOWV� RI� H[SORULQJ� WKH� WHPSHUDWXUH� UDQJH� RI� IRUPDWLRQ� DQG

WKHUPDO� VWDELOLW\� RI� WKH� $J&O� DQG� 1D&O� OLTXLG� SKDVH� LQ� WKH� LVODQGV� FRQGHQVHG� WR� 1L
VXEVWUDWH� LQ�YDFXXP��,W� LV�HVWDEOLVKHG�WKDW�WKH�FKDQJH�RI�WKH�PHFKDQLVP�RI�FRQGHQVDWLRQ
IURP� YDSRXU�FU\VWDO� WR� YDSRXU�OLTXLG� DW� WKH� GHSRVLWLRQ� RI� WKH� ILOPV� RI� WKHVH� FKHPLFDO
FRPSRXQGV�LV�REVHUYHG�ZKHQ�WKH�WHPSHUDWXUHV�RI�WKH�VXEVWUDWH�LV�ORZHU�WKDQ�WKHLU�PHOWLQJ
WHPSHUDWXUH��7KH�YDOXHV�RI�VXSHUFRROLQJ�DW�FU\VWDOOL]DWLRQ�RQ�WKH�QLFNHO�VXEVWUDWH�RI�LVODQG
ILOPV�RI�VXEVWDQFHV�XQGHU�VWXG\�DUH�GHWHUPLQHG��ZKLFK�PDNH����.�IRU�$J&O�DQG�����.�IRU
1D&O�� UHVSHFWLYHO\�� ,W� LV� VKRZQ� WKDW� WKH� PHWKRG� RI� VWXG\LQJ� VXSHUFRROLQJV� ZKLFK� XVHV
YDFXXP�FRQGHQVDWHV�LV�DSSOLFDEOH�WR�D�EURDG�UDQJH�RI�VXEVWDQFHV�

�¯Òmº�«�°«�¯ËÏ�ã	�È�©�Ò°°ãË�ºmÈÓÒ®��Ëä¹Ë¯È��¯Óº�º�ÒÓ�Ë¯mÈãÈ�º¯ÈÏºmÈÓÒ«�Ò��Ëä�
¹Ë¯È��¯Óº®��°�º®�Òmº°�Ò�ÎÒ�}º®�ÁÈÏ©�m�º°�¯ºm}ºm©²�mÈ}��äÓ©²�}ºÓ�ËÓ°È�È²�²ãº¯Ò�
�ºm� °Ë¯Ë¯È� Ò� ÓÈ�¯Ò«� ÓÈ� ÓÒ}ËãËm©²� ¹º�ãºÎ}È²�� �°�ÈÓºmãËÓº�� ��º� °äËÓÈ� äË²ÈÓÒÏäÈ
}ºÓ�ËÓ°È�ÒÒ�º��¹È¯�}¯Ò°�Èãã�}�¹È¯�ÎÒ�}º°�	�¹¯Ò�º°ÈÎ�ËÓÒÒ�¹ãËÓº}�ª�Ò²�²ÒäÒ�Ë°}Ò²
°ºË�ÒÓËÓÒ®�ÓÈã
�ÈË�°«�¹¯Ò��Ëä¹Ë¯È��¯È²�¹º�ãºÎ}Ò�ÓÒÎË��Ëä¹Ë¯È��¯©�Ò²�¹ãÈmãËÓÒ«�
|¹¯Ë�ËãËÓ©� mËãÒ�ÒÓ©� ¹Ë¯Ëº²ãÈÎ�ËÓÒ®� ¹¯Ò� }¯Ò°�ÈããÒÏÈ�ÒÒ� º°�¯ºm}ºm©²� ¹ãËÓº}� Ò°�
°ãË��Ëä©²�mË�Ë°�m�ÓÈ�ÓÒ}ËãËmº®�¹º�ãºÎ}Ë��}º�º¯©Ë�°º°�ÈmÒãÒ����Ò�����z��ã«�$J&O�Ò
1D&O�� °ºº�mË�°�mËÓÓº�� �º}ÈÏÈÓº�� ��º� äË�º�� ÒÏ��ËÓÒ«� ¹Ë¯Ëº²ãÈÎ�ËÓÒ®� °� Ò°¹ºã	ÏºmÈÓÒËä
mÈ}��äÓ©²�}ºÓ�ËÓ°È�ºm�¹¯Ò�º�ËÓ��ã«��Ò¯º}º�º�}ãÈ°°È�mË�Ë°�m�

���,QWURGXFWLRQ
7KH� VWXG\� RI� WKH�PHWDVWDEOH� SKDVHV� IRU�

PDWLRQ� DQG� VWDELOLW\� FRQGLWLRQV� �LQ�SDUWLFX�
ODU�� VXSHUFRROHG� OLTXLGV�� LV� RI� IXQGDPHQWDO
LQWHUHVW� IRU� WKH� GHYHORSPHQW� RI� SK\VLFV� RI
SKDVH�WUDQVLWLRQV��WKH�WKHRU\�RI�KRPRJHQHRXV
QXFOHDWLRQ� DV� ZHOO� DV� IRU� PRGHUQ� PDWHULDOV
VFLHQFH� VLQFH� WKH� SK\VLFRFKHPLFDO� DQG� VWUXF�
WXUDO� SURSHUWLHV� RI� PDWHULDOV� ZKLFK� DUH� RE�
WDLQHG�E\�JURZLQJ�IURP�D�OLTXLG�PHOW�DUH�GH�
WHUPLQHG� E\� WKH� NLQHWLFV� RI� FU\VWDOOL]DWLRQ
DQG��LQ�SDUWLFXODU��WKH�YDOXH�RI�VXSHUFRROLQJ�

7R�GDWH��WKH�SKHQRPHQRQ�RI�VXSHUFRROLQJ
GXULQJ�FU\VWDOOL]DWLRQ�ZDV�REVHUYHG�E\�YDUL�
RXV�PHWKRGV�IRU�VXEVWDQFHV�RI�GLIIHUHQW�QD�
WXUH��VXFK�DV�PHWDOV��DOOR\V��RUJDQLF�PDWHUL�
DOV��PROWHQ�VDOWV��HWF��>����@��7KH�ORQJ�HVWDE�
OLVKHG� IDFW� LV� WKDW� WKH� PDJQLWXGH� RI
VXSHUFRROLQJ� GXULQJ� FU\VWDOOL]DWLRQ� GHSHQGV

RQ� WKH� HOLPLQDWLRQ� RU� VXSSUHVVLQJ� WKH� KHW�
HURJHQHRXV� QXFOHDWLRQ�� L�H�� IRUPDWLRQ� RI� D
QHZ�SKDVH�E\�LPSXULWLHV��FRQWDPLQDWLRQV�RU
RQ� WKH� ZDOOV� RI� WKH� FRQWDLQHU� ZKLFK� KROGV
WKH� PHOW�� $FFRUGLQJO\�� PHWKRGV� ZKLFK� HQ�
VXUH� WKH� JUHDWHVW� H[SRVXUH� WR� VXSHUFRROLQJ
DUH�EDVHG�RQ� HLWKHU� WKH�XVH�RI�KLJK�FRROLQJ
UDWHV��DOORZLQJ�ERWK�WR�IRUHVWDOO�WKH�SURFHVV
RI� KHWHURJHQHRXV� QXFOHDWLRQ� DQG� LQ� VRPH
FDVHV�JLYHV�DQ�RSSRUWXQLW\�WR�DYRLG�FU\VWDO�
OL]DWLRQ�DQG� WR�REWDLQ�DQ�DPRUSKRXV� �YLWUH�
RXV��PDWHULDO��RU�WKH�UHPRYDO�RI�QXFOHL�E\�D
FDUHIXO� FOHDQLQJ� DQG� PXOWLSOH� UHPHOWLQJ� RI
WKH�VXEVWDQFH�XQGHU�LQYHVWLJDWLRQ�DV�ZHOO�DV
PLQLPL]H�RU�FRPSOHWHO\�HOLPLQDWH� WKH� LQIOX�
HQFH�RI�WKH�HQYLURQPHQW�

$PRQJ�WKH�ODWWHU�JURXS�RI�PHWKRGV��PRVW
IUXLWIXO� LV� WKH�PLFUR� YROXPH� DSSURDFK� SUR�
SRVHG� � E\� 7XUQEDOO� >�@�� 7KH� JLVW� RI� 7XUQ�

)XQFWLRQDO�0DWHULDOV�����1R��������� �������Û�67&��,QVWLWXWH�IRU�6LQJOH�&U\VWDOV�

)XQFWLRQDO�PDWHULDOV������������� ���



EDOO�V� DSSURDFK� LV� DV� IROORZV�� LI� WKH� LQLWLDO
YROXPH�RI� OLTXLG�FRQWDLQV�D� OLPLWHG�QXPEHU
�Q�� RI� WKH�KHWHURJHQHRXV� FU\VWDOOL]DWLRQ�QX�
FOHL�� WKHQ� E\� GLYLGLQJ� WKLV� YROXPH� LQWR� D
VXIILFLHQWO\�ODUJH��ODUJHU�WKDQ�Q��QXPEHU�RI
VPDOO� GURSOHWV� RQH� REWDLQV� WKH� VLWXDWLRQ� LQ
ZKLFK� VHSDUDWH� GURSOHWV� DUH� QRW� WR� KDYH
VXFK� QXFOHL� DW� DOO�� 8QGHU� WKHVH� FRQGLWLRQV�
WKH�PDLQ�LQIOXHQFH�RQ�WKH�YDOXHV�RI�WKH�RE�
VHUYHG� VXSHUFRROLQJ� ZLOO� EH� FDXVHG� E\� WKH
HQYLURQPHQW�ZLWK� WKH� VXUIDFH� RI� WKH� OLTXLG
FRQWDFWV�� 5HGXFLQJ� WKH� LPSDFW� RI� WKH� HQYL�
URQPHQW�RU�LWV�FRPSOHWH�UHPRYDO�LV�DFKLHYHG
E\� YDULRXV�PHWKRGV�� IRU� H[DPSOH�� VHOHFWLRQ
RI�VSHFLDO�LQHUW�HPXOVLRQV��FRQGXFWLQJ�H[SHUL�
PHQWV�LQ�PLFURJUDYLW\��LQ�VSDFH�RU�LQ�D�VWDWH
RI�IUHH�IDOO���XVLQJ�D�YDULHW\�RI�ILHOGV�WR�NHHS
WKH�VDPSOHV�LQ�D�VXVSHQGHG�VWDWH��HWF��>�@�

6LJQLILFDQW�SURJUHVV� LQ� REWDLQLQJ� WKH�XO�
WLPDWH�VXSHUFRROLQJ�LV�DFKLHYHG�E\�XVLQJ�WKH
PHWKRGV�EDVHG�RQ�VWXG\LQJ�WKH�FRQGHQVDWLRQ
PHFKDQLVP� RI� LVODQG� ILOPV� LQ� YDFXXP� RQ� D
VXEVWUDWH�ZLWK�D�WHPSHUDWXUH�JUDGLHQW�>���@�
,W� ZDV� HVWDEOLVKHG� H[SHULPHQWDOO\� WKDW� WKH
FRQGHQVDWLRQ�RI�D�PHWDO�LQ�YDFXXP��GHSHQG�
LQJ� RQ� WKH� WHPSHUDWXUH� RI� WKH� VXEVWUDWH�
JRHV�E\�WKH�PHFKDQLVP�RI�YDSRU�VROLG�EHORZ
D� FHUWDLQ� WHPSHUDWXUH� 7J� �ZKLFK� LV� FDOOHGWKH� WHPSHUDWXUH� RI� FKDQJLQJ� WKH� FRQGHQVD�
WLRQ� PHFKDQLVP�� RU� E\� WKH� PHFKDQLVP� RI
YDSRU�OLTXLG�DW�7J���7���7N��7N�Ü�WKH�FULWL�FDO� WHPSHUDWXUH�RI� FRQGHQVDWLRQ���+RZHYHU�
GXULQJ�WKH�LQLWLDO�SHULRG�RI�FRQGHQVDWLRQ�WKH
LVODQGV�ZKLFK�IRUP�RQ�WKH�VXEVWUDWH�DUH�DO�
ZD\V�OLTXLG�GXH�WR�WKH�GHFUHDVH�RI�WKH�PHOW�
LQJ� WHPSHUDWXUH� ZLWK� WKH� GHFUHDVH� RI� VL]H�
)XUWKHU�RQ�� LQ�WKH�SURFHVV�RI�WKHLU�JURZWK�
ZKHQ� WKH\� UHDFK� WKH� VL]H� U� �GHWHUPLQHG� E\
WKH�VL]H�GHSHQGHQFH�RI�WKH�PHOWLQJ�WHPSHUD�
WXUH� 7U�U��� IRU� D� JLYHQ� VXEVWDQFH�� WKH\HLWKHU� FU\VWDOOL]H� RU� UHPDLQ� LQ� WKH� OLTXLG
VWDWH�� QRZ� LQ� D� VXSHUFRROHG� RQH�� $V� VKRZQ
LQ� WKH� HOHFWURQ�PLFURVFRSLF� VWXGLHV� >���@�
WKH� PLFURVWUXFWXUHV� RI� WKH� ILOPV� IRUPHG
WKURXJK� WKH� OLTXLG� DQG� FU\VWDOOLQH� SKDVHV
DUH� VLJQLILFDQWO\� GLIIHUHQW� IURP� RQH� DQ�
RWKHU��DQG�WKH�VXUIDFH�RI�WKHVH�ILOPV�VFDWWHU
OLJKW� GLIIHUHQWO\��$V� D� FRQVHTXHQFH�� GXULQJ
WKH�PHWDO� FRQGHQVDWLRQ�RQ�D� VXEVWUDWH�ZLWK
D� WHPSHUDWXUH� JUDGLHQW�� D� YLVXDO� ERXQGDU\
EHWZHHQ� WKH� DUHDV� RI� YDULRXV� FRQGHQVDWLRQ
PHFKDQLVPV� LV� REVHUYHG�� DV� LW� IROORZV� IURP
WKH� DERYH� VDLG�� LW� FRUUHVSRQGV� WR� XOWLPDWH
VXSHUFRROLQJ�RI�WKH�PDWWHU�FRQGHQVHG�XQGHU
WKHVH�FRQGLWLRQV�

%\� PHDQV� RI� WKLV� PHWKRG�� V\VWHPDWLF
VWXGLHV� RQ� WKH� FRQGHQVDWLRQ� RI� SXUH�PHWDOV
�,Q�� 6Q�� %L�� 3E�� $X��&X�� )H��&R��1L�� XQGHU
GLIIHUHQW� FRQGLWLRQV� DQG� RQ� YDULRXV� VXE�

VWUDWHV� >���@�� DV�ZHOO�DV� D�QXPEHU�RI� DOOR\V
RQ�WKHLU�EDVH��%L�3E��%L�6E�>����@���ZHUH�FDU�
ULHG�RXW���7KHVH�VWXGLHV�UHYHDOHG�WKDW�LQ�LV�
ODQG�ILOPV��FRQGHQVHG�XQGHU�IDLUO\�SXUH�FRQGL�
WLRQV��VXSHUFRROLQJ�GXULQJ�FU\VWDOOL]DWLRQ�'7� 
7V� Ü�7J� �7V� Ü� WKH� PHOWLQJ� SRLQW�� PHWDO� LV�ODQGV� LV� GHWHUPLQHG� RQO\� E\� WKH� QDWXUH� RI
WKHLU� LQWHUDFWLRQ� ZLWK� WKH� VXEVWUDWH� DQG
UHDFKHV� PD[LPXP� YDOXHV� LQ� DOPRVW� QRQ�LQ�
WHUDFWLQJ� V\VWHPV�� VXFK� DV�PHWDO� Ü� FDUERQ�
PHWDO� Ü� R[LGH�� '7�  � ����Ü����7V�� $V� WKHSDUDPHWHU� ZKLFK� GHWHUPLQHV� WKH� HIIHFW� RI
VXEVWUDWH�PDWHULDO�RQ� WKH� VXSHUFRROLQJ�GXU�
LQJ� OLTXLG�SKDVH�FU\VWDOOL]DWLRQ��WKH�FRQWDFW
DQJOH� T� RI� ZHWWLQJ� E\� WKH� OLTXLG� LVODQG� RI
WKH� FRQGHQVHG� PHWDO� RI� WKH� VXEVWUDWH� LV
XVHG�� $FFRUGLQJ� WR� >���@�� ZLWK� WKH� VPDOO
FRQWDFW� DQJOHV� WKH� VXSHUFRROLQJ� LV� VPDOO�
DQG�ZLWK�WKH�JURZWK�RI�T� �WKDW�LV��ZLWK�WKH
ZRUVHQLQJ� RI� ZHWWLQJ��� WKH� VXSHUFRROLQJ� LQ
WKH��VW�DSSUR[LPDWLRQ�LQFUHDVHV�OLQHDUO\�DQG
DW� T�o� ���Å� WHQGV� WR� D�YDOXH�ZKLFK� LV� FRQ�
VWDQW� IRU� DOO� WKH� PHWDOV� FRQVLGHUHG�� XS� WR
���� RI� WKH� PHOWLQJ� WHPSHUDWXUH�� ,W� FDQ� EH
VXJJHVWHG� WKDW� WKHVH� SKHQRPHQD� DUH� QRW
OLPLWHG� WR� PHWDOV� DQG� WKHLU� DOOR\V� EXW� DUH
DOVR� FKDUDFWHULVWLF� RI� VXEVWDQFHV� RI� RWKHU
QDWXUH� DV� ZHOO�� \HW� VXFK� UHVHDUFK� KDV� QRW
EHHQ� FRQGXFWHG�� WKLV� LV� ZK\� LQ� WKH� SUHVHQW
ZRUN� WKH� SRVVLELOLW\� RI� GHWHUPLQLQJ� WKH
OLPLW�RI�VXSHUFRROLQJ�E\�WKH�PHWKRG�RI�YDF�
XXP� FRQGHQVDWHV� IRU� VLPSOH� FKHPLFDO� FRP�
SRXQGV�KDV�EHHQ�VWXGLHG�

���([SHULPHQWDO�DQG�UHVXOWV�
7KH� VWXG\� RI� WKH� FRQGHQVDWLRQ� PHFKD�

QLVP�DQG��FRQVHTXHQWO\��RI�WKH�VXSHUFRROLQJ
DW� FU\VWDOOL]DWLRQ� ZDV� FDUULHG� RXW� IRU� $J&O
DQG�1D&O�ILOPV�RQ�WKH�QLFNHO�VXEVWUDWH��7KH
VHOHFWLRQ�RI�WKH�REMHFWV�LV�FRQGLWLRQHG�E\�WKH
IDFW� WKDW� DPRQJ� VLPSOH� FRPSRXQGV�� ZKLFK
DUH� YLUWXDOO\� QRW� GHFRPSRVHG� DW� WKHUPDO
HYDSRUDWLRQ� >�@�� DQG� LQ� VXIILFLHQWO\� WKLFN
OD\HUV� ILOPV�DUH� IRUPHG�ZKLFK�KDYH�SURSHU�
WLHV� LGHQWLFDO� WR� EXON� PDWHULDO� >�@�� 7KHVH
FKORULGHV� KDYH� UHODWLYHO\� ORZ� YDSRXU� SUHV�
VXUH� QHDU� WKH� PHOWLQJ� WHPSHUDWXUH�� ZKLFK
DOORZV� WR� FRQVLGHU� WKDW� WKH� WHPSHUDWXUH� RI
FRQGHQVDWLRQ� PHFKDQLVP� FKDQJH� WXUQV� RXW
WR�EH�ORZHU�WKDQ�7N�DW�DFFHSWDEOH�ILOP�GHSR�VLWLRQ� VSHHG�� 6DPSOHV� WR� EH� VWXGLHG� ZHUH
SUHSDUHG�E\�PHDQV�RI�YDFXXP�FRQGHQVDWLRQ
RI� WKH� VXEVWDQFHV� RQ� WKH� SRO\FU\VWDOOLQH
QLFNHO�ZHGJH�WDSH�ZLWK�D�WHPSHUDWXUH�JUDGL�
HQW��WKLV�WDSH�ZDV�KHDWHG�E\�OHWWLQJ�DQ�HOHF�
WULF�FXUUHQW�JR�WKURXJK�LW��7KH�WHPSHUDWXUH
RI� WKH� WDSH�ZDV�PHDVXUHG�ZLWK� WKH� KHOS� RI
WKLQ� FKURPHO�DOXPHO� WKHUPRFRXSOHV� ZKLFK

1�7�*ODGNLNK�HW�DO����&RQGHQVDWLRQ�PHFKDQLVP�RI����

��� )XQFWLRQDO�PDWHULDOV�������������



KDYH� EHHQ� VSRW� ZHOGHG� WR� LWV� XQGHUVLGH�� 7KH
WKLFNQHVV� RI� WKH� ILOPV� ZDV� FRQWUROOHG� E\� D
TXDUW]�UHVRQDWRU�LQ�WKH�SURFHVV�RI�WKHLU�DSSOL�
FDWLRQ�DQG�ZDV�DERXW���������QP�LQ�GLIIHUHQW
H[SHULPHQWV�� ,PPHGLDWHO\� EHIRUH� WKH� FRQGHQ�
VDWLRQ� RI� VDOWV� RQ� WKH� WDSH�� D� IUHVK� OD\HU� RI
QLFNHO�������QP�WKLFN��ZKLFK�LV�WKH�VROLG�VXE�
VWUDWH� LQ� WKLV� VWXG\��ZDV� DSSOLHG� E\� WKHUPDO
HYDSRUDWLRQ��$IWHU�WKH�FRQGHQVDWLRQ��DQG�WKH
FRROLQJ�SURFHVV�RI�WKH�VXEVWUDWH�DUH�FRPSOHWH�
LQ�DOO�VDPSOHV�D�YLVXDO�ERXQGDU\�ZKLFK�VHSD�
UDWHV�WKH�UHJLRQV�ZLWK�GLIIHUHQW�OLJKW�VFDWWHU�
LQJ�LV�REVHUYHG��LW�LV�DOO�UHVXOWV�IURP�D�GLIIHU�
HQW�VXUIDFH�PRUSKRORJ\�RI�WKH�ILOPV��)LJ�����

(OHFWURQ� PLFURVFRS\� LPDJHV� RI� WKH� VR�
GLXP� FKORULGH� ILOPV�� FRQGHQVHG� DW� YDULRXV
WHPSHUDWXUHV�� DUH� VKRZQ� LQ� )LJ�� ��� $V� RQH
FDQ�VHH��WKH�1D&O�ILOPV�RQ�ERWK�VLGHV�RI�WKH
REVHUYHG� ERUGHU� �7J��� OLNH� WKH� SUHYLRXVO\VWXGLHG�PHWDO�FRQGHQVDWHV�>���@��KDYH�D�VLJ�
QLILFDQWO\�GLIIHUHQW�PLFURVWUXFWXUH��%HORZ�WKH

WHPSHUDWXUH� FRUUHVSRQGLQJ� WR� WKH� ERXQGDU\�
WKH� ILOPV� DUH� DOPRVW� FRQWLQXRXV� �)LJ�� �D�� E�
DQG� DERYH� LW�� WKH\� FRQVLVW� RI� LQGLYLGXDO� SDU�
WLFOHV�� WKH� VKDSH� RI� ZKLFK� LV� FORVH� WR� WKH
VSKHULFDO� VHJPHQW� �)LJ�� �G�� H�� I�� )LJ�� ���� ,W
DOORZV� WR� GUDZ� D� FRQFOXVLRQ� WKDW� WKH
ERXQGDULHV� REVHUYHG� ZKLFK� FRUUHVSRQGV� WR
WKH� WHPSHUDWXUH� RI� WKH� FRQGHQVDWLRQ� PHFKD�
QLVP� FKDQJH� 7J� DQG� LV� WKH� WHPSHUDWXUH�� WRZKLFK� WKH� FKHPLFDO� FRPSRXQG� LV� VXSHUFRROHG
DW� FU\VWDOOL]DWLRQ� IURP� WKH� PHOW� XQGHU� WKH
JLYHQ�FRQGLWLRQ��

7KH� FRQFOXVLRQ� WKDW� WKH� 1D&O� ILOP� DW� D
WHPSHUDWXUH� DERYH� 7J� LQVHUWHG� LQ� D� OLTXLGVWDWH� ZDV� FRQILUPHG� E\� HOHFWURQLF�PLFUR�
VFRSLF�SKRWRV� WDNHQ�DW�DQ�DQJOH�WR� WKH� VXE�
VWUDWH� SODQH�� ZKLFK� VKRZV� FOHDUO\� WKDW� WKH
LVODQGV� DUH� LQ� WKH� IRUP� RI� VRGLXP� FKORULGH
FU\VWDOOL]HG�GURSOHWV��WKH�SKRWRV�DUH�VKRZQ�LQ
)LJ������8VLQJ�WKH�PHWKRG�RI�REOLTXH�REVHUYD�
WLRQ� >��� ��@�� ZH� DVVHVVHG� WKH� YDOXH� RI� WKH
FRQWDFW� DQJOH� VXSHU�FRROHG� PHOW� 1D&O� QLFNHO
VXUIDFH�RQ�VXFK�PLFURJUDSKV��DQG�LW�HTXDOV�T
|��Å�� )RU� $J&O� ILOPV� WKH� FRQWDFW� DQJOHV� IRU
GLIIHUHQW� LVODQGV� DUH� FKDUDFWHUL]HG� E\� D� FRQ�
VLGHUDEOH�VFDWWHU�DQG�DUH�DERXW���Å�

$V� D� UHVXOW� RI� WKH� LQYHVWLJDWLRQV� FDUULHG
RXW�� LW� KDV� EHHQ� HVWDEOLVKHG� WKDW� IRU� $J&O
DQG� 1D&O� ILOPV� RQ� D� QLFNHO� VXEVWUDWH� WKH
WHPSHUDWXUH� FKDQJH� LQ� WKH� PHFKDQLVP� RI
FRQGHQVDWLRQ� RI� 7J� LV� ���� .� DQG� ���� .�UHVSHFWLYHO\�� DQG� WKH� UHODWLYH� VXSHUFRROLQJ

)LJ�����0LFURJUDSKV�RI�1D&O�ILOPV�FRQGHQVHG�DW�GLIIHUHQW�WHPSHUDWXUHV�RQ�D�QLFNHO�VXEVWUDWH��D������.
DQG�E�� ����.�Ü� WKH�YDSRXU�FU\VWDO� FRQGHQVDWLRQ�PHFKDQLVP��G������.�� H������.�� I�� ����.�Ü� WKH
YDSRXU�OLTXLG�FRQGHQVDWLRQ�PHFKDQLVP��F������.�Ü�FRUUHVSRQGV�WR�WKH�ERXQGDU\�RI�WUDQVLWLRQ�

)LJ����$�SKRWR�RI�D�ZHGJHG�QLFNHO�VXEVWUDWH�RQ
ZKLFK�1D&O�ILOP�LV�FRQGHQVHG��7J�Ü�WKH�WHPSHUD�WXUH�RI�WKH�FKDQJH�LQ�WKH�PHFKDQLVP�RI�FRQGHQ�
VDWLRQ�IURP�YDSRXU�OLTXLG�WR�YDSRXU�FU\VWDO��7N�ÜWKH�FULWLFDO�WHPSHUDWXUH�RI�FRQGHQVDWLRQ�

1�7�*ODGNLNK�HW�DO����&RQGHQVDWLRQ�PHFKDQLVP�RI����

)XQFWLRQDO�PDWHULDOV������������� ���



LV� '7�7V�  � ����� DQG� ������ 7KH� UHVXOWLQJYDOXHV� IRU� WKH� $J&O� UDWLR� RI� WKH� UHODWLYH
VXSHUFRROLQJ� DQG� WKH� FRQWDFW� DQJOH� DUH� LQ
DJUHHPHQW� ZLWK� WKH� NQRZQ� ODZV� IRU�PHWDOV
DQG� DOOR\V� >���@�� $W� WKH� VDPH� WLPH�� WDNLQJ
LQWR�DFFRXQW� WKH�REWDLQHG�YDOXHV� RI� WKH� DQ�
JOHV� RI� ZHWWLQJ�� RQH� VKRXOG� KDYH� H[SHFWHG
VPDOOHU� VXSHUFRROLQJ�� +HUH�� KRZHYHU�� RQH
VKRXOG�WDNH�LQWR�DFFRXQW�WKH�IDFW�WKDW�H[LVW�
LQJ�GHSHQGHQFH�RI� WKH�UHODWLYH� VXSHUFRROLQJ
DQG� WKH� FRQWDFW� DQJOH�� WKH� YDOXHV� RI� T� DUH
XVHG�� ZKLFK� FRUUHVSRQG� WR� D� WHPSHUDWXUH
KLJKHU�WKDQ�WKH�PHOWLQJ�WHPSHUDWXUH�RI�WKH
PDWHULDO�� ,W� LV� QRW� SRVVLEOH� WR� REWDLQ� WKHVH
YDOXHV� IRU� VRGLXP�FKORULGH�YDFXXP�FRQGHQ�
VDWHV� RQ� QLFNHO� EHFDXVH� RI� D� ORZHU� FULWLFDO
WHPSHUDWXUH�RI�FRQGHQVDWLRQ�WKDQ�WKH�YDOXH
RI� 7V� IRU� YDSRXU� SUHVVXUH� RI� 1D&O� DW� WKHPHOWLQJ�WHPSHUDWXUH��$V�D�UHVXOW��DQDO\]LQJ
WKH�UHVXOWV�IRU�WKH�1D&O�1L��V\VWHP��ZH�KDYH
WR�XVH�WKH�YDOXH�RI�WKH�FRQWDFW�DQJOH�DW�WKH
PD[LPXP� VXSHUFRROLQJ�� ZKLFK� PD\� EH� VLJ�
QLILFDQWO\�ORZHU�WKDQ�WKH�YDOXHV�RI�WKH�HTXL�
OLEULXP�SKDVHV� DV� VKRZQ�E\� WKH�H[DPSOH�RI
PHWDOV� >��� ��@�� +RZHYHU�� WKH� REWDLQHG� UH�
VXOWV�IRU�VRGLXP�FKORULGH�DUH�DOVR�FRQVLVWHQW
ZLWK�WKH�UHODWLRQV�IRU�WKH�LVODQG�FRQGHQVDWHV
FU\VWDOOL]DWLRQ�RI�PHWDOV�DQG�DOOR\V�RQ�YDUL�
RXV� VXEVWUDWHV� >���@�� $� FKDUDFWHULVWLF� IHD�
WXUH� RI� SUHYLRXV� VWXGLHV� LV� WKH� IDFW� RI� GH�
FUHDVH�LQ�WKH�VXSHUFRROLQJ�YDOXH��ZKLFK�XVX�
DOO\�LQGLFDWHV�WKH�SUHVHQFH�RI�KHWHURJHQHRXV
QXFOHDWLRQ� FHQWUHV� GXULQJ� XVLQJ� DQ\� HQYL�
URQPHQW� RU� ODUJHU� VL]H� VDPSOHV�� $� VLPLODU
VLWXDWLRQ�RFFXUV�IRU�VRGLXP�FKORULGH��,Q�>���
��@� IRU� D� QXPEHU� RI� GURSV� RI� DONDOL�KDOLGH
FRPSRXQGV�VL]H�RI�DERXW���PLFURQV��IRUPHG
E\�FRQGHQVDWLRQ�RI� VDOW�YDSRXUV� LQ�DQ� LQHUW
JDV�� UHODWLYH� VXSHUFRROLQJ� YDOXHV� � ZLWKLQ
����� �� '7�7V� �� ����� ZHUH� REWDLQHG�� 7KHREVHUYHG�LQ�>������@�FU\VWDOOL]DWLRQ�WHPSHUD�
WXUH�RI� WKH�1D&O�GURSOHWV� LV�����.�DQG� WKH

FRUUHVSRQGLQJ� VXSHUFRROLQJ� YDOXH� �'7�7V�  ������LV�FRQVLGHUDEO\�VPDOOHU�WKDQ�WKH�YDOXH
REWDLQHG�LQ�WKLV�ZRUN�

7KXV��LW�KDV�EHHQ�VKRZQ�WKDW�WKH�PHWKRG
RI�VWXG\LQJ�WKH�VXSHUFRROLQJ�GXULQJ�FU\VWDO�
OL]DWLRQ� XVLQJ� WKH� YDFXXP� FRQGHQVDWHV� LV
DSSOLFDEOH�WR�D�ZLGH�FODVV�RI�VXEVWDQFHV�DQG
LQGLFDWHV� WKDW� WKH� UHODWLYH� VXSHUFRROLQJ� LV
GHWHUPLQHG� RQO\� E\� WKH� FRQGLWLRQV� RI� FU\V�
WDOOL]DWLRQ� DV� ZHOO� DV� FU\VWDOOL]HG� PHWDO�
DOOR\�RU�FKHPLFDO�FRPSRXQG���

���&RQFOXVLRQV�
7KH�FRQGHQVDWLRQ�PHFKDQLVP�RI�$J&O�DQG

1D&O� ILOPV� RQ� D� QLFNHO� VXEVWUDWH�ZDV� VWXG�
LHG�DQG�WKH�WHPSHUDWXUH�FKDQJH� LQ�WKH�FRQ�
GHQVDWLRQ� PHFKDQLVP� 7J� IRU� WKHVH� FRP�SRXQGV� ZDV� LGHQWLILHG� ����� DQG� ����.�� UH�
VSHFWLYHO\���6XJJHVWHGO\�WKH�WHPSHUDWXUH�7JLV� WKH� ERXQGDU\� WHPSHUDWXUH� IRU� WKH� OLTXLG
SKDVH� H[LVWHQFH�� WKH� VXSHUFRROLQJ� YDOXHV
GXULQJ� FU\VWDOOL]DWLRQ� RI� LVODQG� $J&O� DQG
1D&O� ILOPV� RQ� D� QLFNHO� VXEVWUDWH� ���� DQG
����.��ZHUH�REWDLQHG��

$XWKRUV�H[SUHVV�WKHLU�JUDWLWXGH�WR�/R]D�.�,�
IRU�WKH�KHOS�LQ�SUHSDULQJ�WKH�PDQXVFULSW�

5HIHUHQFHV�
� ���9�3�� 6NULSRY�� 9�3�� .RYHUGD�� 6SRQWDQHRXV

FU\VWDOOL]DWLRQ�RI� VXSHUFRROHG� OLTXLGV��1DXND�
0RVFRZ��������

� ���%��)HXHUEDFKHU��+��+DPDFKHU��5�-��1DXPDQQ
�HGV����0DWHULDOV�6FLHQFHV� LQ�6SDFH��$�&RQWUL�
EXWLRQ� WR� WKH� 6FLHQWLILF�%DVLV� RI� 6SDFH� 3URF�
HVVLQJ�� 6SULQJHU�9HUODJ�� %HUOLQ�+HLGHOEHUJ�
1HZ�<RUN�7RN\R��������

� ���-�+�+ROORPRQ��'�7XUQEXOO��3URJU��0HW��3K\V��
����������������

� ���1�7�*ODGNLNK�� 6�9�'XNDURY�� 9�1�6XNKRY�� =�
0HWDOONXQGH�����������������

� ���1�7�*ODGNLNK�� 6�9�'XNDURY�� 9�1�6XNKRY�
)00����������������

� ���1�7�*ODGNLNK�� 6�9�'XNDURY�� $�3�.U\VKWDO� HW
DO���6XUIDFH�3KHQRPHQD�DQG�3KDVH�7UDQVLWLRQV
LQ�&RQGHQVHG�)LOPV��.DUD]LQ�1DWLRQDO�8QHYHU�
VLW\��.KDUNLY��������

� ���1�7�*ODGNLNK��9�,�/DULQ��9�1�6XNKRY��0HOWV�� ��� �
�������

� ���+DQGERRN�RI�7KLQ�)LOP�7HFKQRORJ\��(GLWHG�E\
/�,�0DLVVHO�DQG�5��*ODQJ��0F*UDZ�+LOO�%RRN
&RPSDQ\��1HZ�<RUN����������

� ���9�,�/\PDU��9�.�0LORVODYVNLL��/�$�$JHHY��2SW�
6SHFWU�������������������

����1�7�*ODGNLNK�� 6�3�&KL]KLN�� 9�,�/DULQ� DW� DO��
3K\V��&KHP��0HFK��6XUI������������������

����6�9�'XNDURY��1�7�*ODGNLNK��6�k�%RURGLQ��3K\V�
(QJLQ��6XUI����������������

����$�5�� 8EEHORKGH�� 7KH� 0ROWHQ� 6WDWH� RI� 0DWWHU�
/RQGRQ��-��:LOH\�DQG�6RQV�/WG���/RQGRQ��������

����(�5�%XFNOH��$�5�8EEHORKGH��3URF��5��6RF��/RQ�
GRQ��$�������������������

)LJ�� ��� 0LFURJUDSKV� RI� FU\VWDOOL]HG� 1D&O
GURSOHWV�FRQGHQVHG�DW�����.�RQ�D�QLFNHO�VXE�
VWUDWH� �WKH�VXEVWUDWH� LV�SODFHG�DW�DQ�DQJOH�RI
��Å��WR�WKH�RSWLFDO�D[LV�RI�WKH�PLFURVFRSH��

1�7�*ODGNLNK�HW�DO����&RQGHQVDWLRQ�PHFKDQLVP�RI����

��� )XQFWLRQDO�PDWHULDOV�������������
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