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���,QWURGXFWLRQ
7KH� VRO�JHO� WHFKQRORJ\� E\� ZKLFK� LQRU�

JDQLF� RU� FRPSRVLWH� RUJDQLF�LQRUJDQLF� PDWH�
ULDOV�DUH�REWDLQHG�DW�UHODWLYHO\�ORZ�WHPSHUD�
WXUH�EHFRPHV�YHU\�SRSXODU�IRU�SURGXFWLRQ�RI
ODUJH�QXPEHU�RI�VRSKLVWLFDWHG�PDWHULDOV�>�@�
8VLQJ� WKLV� WHFKQRORJ\�� LW� LV� SRVVLEOH� WR� RE�
WDLQ�JODVV\�KLJKO\�SRURXV�ILOPV�RU�EXON�PD�
WULFHV�ZKLFK� DOORZ� LQFRUSRUDWLRQ� RI� RUJDQLF
DQG�LQRUJDQLF�DGGLWLYHV�>�Ü�@��7KH�ILUVW�VXF�
FHVVIXO� RUJDQLF� G\H� LQFRUSRUDWLRQ� LQ� D� VRO�
JHO� PDWUL[� ZDV� UHSRUWHG� LQ� ����� >�@�� IRO�
ORZHG� E\� D� QXPEHU� RI� VXFFHVVIXO� DSSOLFD�
WLRQV� RI� FRPSRVLWH� RUJDQLF�LQRUJDQLF
PDWHULDOV�REWDLQHG��VXFK�DV�VRODU�FRQFHQWUD�
WRUV�� WXQDEOH� ODVHUV�� DQG� DFWLYH� ZDYHJXLGHV
>�Ü�@��7KH�PDMRU�UHDVRQ�IRU�WKLV�LV�D�VLJQLIL�
FDQW� LQFUHDVH� LQ� SKRWRVWDELOLW\� RI� RUJDQLF
OXPLQRSKRUHV� GXH� WR� WKHLU� VWDELOL]DWLRQ
ZLWKLQ�SRUHV�RI�WKH�VRO�JHO�PDWUL[�>�@��

&\DQLQH� G\HV� VHHP� WR� EH� YHU\� SURPLVLQJ
DGGLWLYHV� IRU� OXPLQHVFHQW� VRODU� FRQFHQWUD�
WRUV��/6&��EDVHG�RQ�WKH�VRO�JHO�PDWULFHV�GXH
WR� VLJQLILFDQW� H[WLQFWLRQ� FRHIILFLHQWV�� KLJK
OXPLQHVFHQW� TXDQWXP� \LHOG� DQG� HIILFLHQW
IOXRUHVFHQFH� UHVRQDQFH� H[FLWDWLRQ� HQHUJ\
WUDQVIHU� �)5(7�� >����@��,QGHHG��)5(7�EDVHG
/6&� ZLWK� WZR� RU� WKUHH� IOXRURSKRUHV� DS�

SHDUHG� WR� EH� PXFK� PRUH� HIILFLHQW� DV� FRP�
SDUHG� ZLWK� /6&� ZLWK� RQH� IOXRURSKRUH� >�@�
8VXDOO\�� F\DQLQH� G\HV� DUH� LQWURGXFHG� LQWR
WKH� VRO�JHO� PDWULFHV� RQ� WKH� V\QWKHVLV� VWDJH
SULRU� WR� WKH� VWDUW� RI� SRO\FRQGHQVDWLRQ� >��@�
+RZHYHU�� WKH� PDWULFHV� REWDLQHG� LQ� VXFK� D
ZD\�FRXOG�QRW�EH�WKHUPDOO\�WUHDWHG� >��@��VR
WKH\� UHYHDO� VLJQLILFDQW� ZDWHU� FRQWHQW� DQG
ODUJH�SRUHV�>�@��$QRWKHU�ZD\�LV�WR�ORDG�G\HV
LQWR� SRUHV� DIWHU� FRPSOHWLRQ� RI� WKH� VRO�JHO
PDWUL[�IRUPDWLRQ��8VLQJ�WKH� ODWWHU�PHWKRG�
RQH� FDQ� SUHSDUH� WKH� UHTXLUHG� PDWUL[� DQG
HPEHG�D�G\H�LQWR�LW�DIWHU�WKDW��

,Q�WKH�SUHVHQW�DUWLFOH�ZH�UHSRUW�RQ�SHFX�
OLDU�FKDUDFWHULVWLFV�RI�WZR�F\DQLQH�G\HV�WKDW
DUH� D� JRRG�)5(7�SDLU� >�@��ZLWK� LQWHUDFWLRQ
LQ� QDQRSRUHV� RI�6L2�� EXON� VRO�JHO�PDWULFHV�'L,� ����c�GLRFWDGHF\O������c��c�WHWUDPHWK\OLQ�
GRFDUERF\DQLQH� SHUFKORUDWH� �)LJ����� LQVHW�
ZDV� FKRVHQ� DV� HQHUJ\� GRQRU� DQG�'L'� ����c�
GLRFWDGHF\O������c��c�WHWUDPHWK\OLQGRGLFDUER�
F\DQLQH� SHUFKORUDWH� �)LJ����� LQVHW��ZDV� FKR�
VHQ�DV�HQHUJ\�DFFHSWRU��7KH�G\HV�DUH�QHDUO\
VLPLODU� LQ� FKHPLFDO� VWUXFWXUH� DQG� GLIIHU
RQO\� E\� WKH� SRO\PHWKLQH� EULGJH� OHQJWK�
WULPHWKLQH� �'L,�� DQG� SHQWDPHWKLQH� �'L'��
7KLV�UHVXOWV�LQ�VSHFWUDO�VKLIW�WRZDUGV�ORQJHU
ZDYHOHQJWKV�RI�'L'�DEVRUSWLRQ�DQG�OXPLQHV�
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FHQFH�EDQGV��)LJ������,W�VKRXOG�EH�QRWHG�WKDW
ERWK� G\HV� DUH� FKDUDFWHUL]HG� E\� H[WUHPHO\
KLJK� H[WLQFWLRQ� FRHIILFLHQWV� �H'L,� ��������0Ü�FPÜ�� �LQ� 0H2+�� DQG� H'L'� ��������0Ü�FPÜ�� �LQ�0H2+���DQG�KLJK�OXPLQHV�
FHQFH�TXDQWXP�\LHOGV�>��@����

���([SHULPHQWDO
7KH� V\QWKHVLV� RI� 6L2�� VRO�JHO� PDWULFHVZDV� GHVFULEHG� LQ� >�@��8VLQJ� WKLV�PHWKRG� RI

V\QWKHVLV� DV� D� UHVXOW�� ZH� REWDLQHG� GLVF�
VKDSHG�6L2�� WUDQVSDUHQW� SODWHV�ZLWK� a�� FPGLDPHWHU� DQG� �� PP� WKLFNQHVV�� $IWHU� SRO\�
FRQGHQVDWLRQ��WKH�PDWULFHV�ZHUH�DQQHDOHG�DW
����&�� 7R� FRPSDUH� GLIIHUHQW� SURFHGXUHV� RI
G\H�ILOOLQJ�RQ�WKH�VDPH�PDWUL[��HDFK�PDWUL[
ZDV�GLYLGHG�LQWR�VHYHUDO�SLHFHV��'L,�DQG�'L'
G\HV� ZHUH� REWDLQHG� IURP� 6LJPD�$OGULFK
�86$�� DQG� XVHG� DV� UHFHLYHG�� (DFK� G\H� ZDV
GLVVROYHG� LQ� FKORURIRUP� DW� FRQFHQWUDWLRQ
�u��Ü��0��7KH�VDPH�WRWDO�FRQFHQWUDWLRQ�ZDV
SUHVHUYHG�LQ�WKH�G\H�PL[WXUHV��7R�LQWURGXFH
G\HV� LQWR� 6L2�� PDWUL[�� LWV� SLHFHV� ZHUHSODFHG� LQWR� G\H� VROXWLRQ� IRU� DW� OHDVW� WKUHH
KRXUV��$IWHU�WKDW��WKH�VDPSOHV�ZHUH�GULHG�DW
WHPSHUDWXUH����&��

/XPLQHVFHQFH� VSHFWUD� ZHUH� UHFRUGHG
XVLQJ� D� VSHFWURIOXRULPHWHU� EDVHG� RQ� WZR
JUDWLQJ�PRQRFKURPDWRUV�0'5����DQG�[HQRQ
ODPS��2QH�RI�WKH�PRQRFKURPDWRUV�ZDV�XVHG
WR� VHOHFW� D� UHTXLUHG� ZDYHOHQJWK� �):+0�a
��QP���WKH�RWKHU�RQH�ZDV�XVHG�IRU�WKH�OXPL�
QHVFHQFH�FROOHFWLRQ��)RU� OXPLQHVFHQFH�PHDV�
XUHPHQW� OH[F� �����QP�ZDV� EHHQ�XVHG��$E�VRUSWLRQ� VSHFWUD�ZHUH� UHFRUGHG� XVLQJ� D�PL�
FURVSHFWURPHWHU� 86%����� �2FHDQ� 2SWLFV�
86$�� HTXLSSHG� ZLWK� DQ� LQFDQGHVFHQW� ODPS�
4XDUW]� FXYHWWHV� ZLWK� RSWLFDO� SDWKZD\� RI

��PP�ZHUH�XVHG�IRU�PHDVXUHPHQWV�LQ�OLTXLG
VDPSOHV�� )RU� $)0� PHDVXUHPHQWV�� D� 6FDQ�
QLQJ� 3UREH� 0LFURVFRSH� 6ROYHU� 3UR�0� �17�
0'7��5XVVLD��ZDV�XVHG�

���5HVXOWV�DQG�GLVFXVVLRQ
,W� LV�ZHOO�NQRZQ�WKDW�IRU�HIILFLHQW�)5(7

WKH� GLVWDQFH� EHWZHHQ� GRQRU� DQG� DFFHSWRU
PROHFXOHV� VKRXOG� EH� VPDOO� >��@�� 6R�� RQO\
SRUHV�ZLWK�SRUHV�RI�YHU\�VPDOO�GLDPHWHU�DUH
VXLWDEOH� IRU� )5(7� UHDOL]DWLRQ�� 8VLQJ
DWRPLF�IRUFH� PLFURVFRS\� �$)0��� KLJK�UHVR�
OXWLRQ� LPDJHV� RI� WKH� VRO�JHO�PDWUL[� VXUIDFH
�)LJ���D��DQG� LWV�SURILOH� �)LJ���E��KDYH�EHHQ
REWDLQHG�� 7KXV� ZH� FRXOG� FRQFOXGH� WKDW� GL�
DPHWHU� RI� WKH� SRUHV� LQ� 6L2�� PDWULFHV� RE�WDLQHG�ZDV�DERXW���Ü���QP��WKDW�LV�LQ�JRRG
FRUUHODWLRQ� ZLWK� OLWHUDWXUH� GDWD� >��@�� 7KH
SRURVLW\� RI� WKH� PDWULFHV� ZDV� HVWLPDWHG� DV
a�����>�@��6XFK�SDUDPHWHUV�ZHUH�FRQVLGHUHG
WR�EH�UHDVRQDEOH�IRU�RXU�SXUSRVH��

,PSUHJQDWLRQ� RI� VLOLFD� PDWULFHV� E\� G\HV
LV� VWURQJO\� GHSHQGHQW� RQ� WKH� VROYHQW� XVHG�
$IWHU� WHVWLQJ� RI� GLIIHUHQW� VROYHQWV�� FKORUR�

)LJ�����$EVRUSWLRQ��VROLG�OLQHV��DQG�OXPLQHVFHQFH
�GDVKHG�OLQHV��VSHFWUD�RI�'L,�DQG�'L'�LQ�'0)��2Q
LQVHW�Û�VWUXFWXUDO�IRUPXOD�RI�WKH�G\HV�

)LJ�����$)0�LPDJH��D��DQG�VXUIDFH�SURILOH��E�
RI�VRO�JHO�6L2��PDWUL[�
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IRUP�ZDV�FKRVHQ�GXH�WR�VXFK�UHDVRQV��LW�LV�D
JRRG�VROYHQW�IRU�WKH�G\HV�XVHG�� LW� LV�KLJKO\
YRODWLOH�DQG�FRXOG�EH�HYDSRUDWHG�TXLFNO\�� LW
GHPRQVWUDWHV�JRRG�PDWUL[� LPSUHJQDWLRQ�GH�
JUHH� E\� WKH� G\HV� ��r���� PDVV����� %XW� WKH
PRVW� LQWHUHVWLQJ� IHDWXUH� IRXQG� LV� SUHIHUHQ�
WLDO�HQWHULQJ�RI�F\DQLQH�G\HV�LQWR�WKH�PDWUL�
FHV�IURP�FKORURIRUP��$W�ORZ�G\H�FRQFHQWUD�
WLRQ�FRUUHVSRQGLQJ�WR�a��PDVV���RI�WKH�LP�
PHUVHG� SLHFH�� DOPRVW� WKH� ZKROH� RI� WKH� G\H
FRXOG� EH� HQWHUHG� LQWR� PDWUL[� ZKLOH� FKORUR�
IRUP� EHFDPH� FRORUOHVV�� 6R�� 6L2�� PDWULFHVFRXOG�EH�FRQVLGHUHG�DV�EHWWHU��VROYHQW��FRP�
SDUHG�ZLWK�FKORURIRUP��7R�SURYH�LW�ZH�GULHG
WKH�G\HG�PDWUL[�IRU�WKUHH�KRXUV�DW����&�XS
WR�FRQVWDQW�PDWUL[�PDVV�ZKHQ�WKH�ZKROH�RI
FKORURIRUP� LV� HYDSRUDWHG� DQG� SXW� LW� LQWR
SXUH� FKORURIRUP�� 6XUSULVLQJO\�� FKORURIRUP
UHPDLQV� FRORUOHVV� HYHQ� DIWHU� ��� K� RI� G\HG
PDWUL[� VWD\LQJ� LQ� LW�� )RU� FRPSDULVRQ�� GL�
PHWK\OIRUPDPLGH� VROXWLRQ� ZLWKLQ� �� K� JHW
WKH� VDPH� FRORU� DV� WKH�G\HG�PDWUL[�� L�H�� WKH
G\H� IUHHO\� OHDYHV� WKH� PDWUL[� DQG� GLVVROYHV
LQ�LW�

7R� ILQG�RXW� WKH� EHVW�G\H�HQWHULQJ�FRQGL�
WLRQV�IRU�HIIHFWLYH�)5(7�UHDOL]DWLRQ��GLIIHU�
HQW� VHTXHQFHV� RI� PDWUL[� VDWXUDWLRQ� E\� WKH
G\HV� ZHUH� XVHG�� ,Q� DOO� FDVHV� WKH� VWRFN� G\H
VROXWLRQ� ZDV� FRQFHQWUDWHG� HQRXJK� IRU� PD[L�
PXP�VDWXUDWLRQ�RI�WKH�VLOLFD�PDWUL[�SLHFH�SXW
LQ�LW��7KLV�OHDGV�WR�VWURQJ�DEVRUSWLRQ�RI�G\HG
PDWUL[�ZLWK�RSWLFDO�GHQVLW\�'�!����QRW�VKRZQ�
XQUHVROYHG� ZLWK� RXU� H[SHULPHQWDO� VHWXS�
)LUVW� RI� DOO� G\H� PL[WXUH� 'L,�'L'� ����� ZDV
WHVWHG�� )RU� OXPLQHVFHQFH� VSHFWUD� FROOHFWLRQ
OH[F� �����QP�ZDV�FKRVHQ�GXH�WR�QHDUO\�IXOODEVHQFH� RI� 'L'� OXPLQHVFHQFH� �)LJ���E�� EXW
UDWKHU�HIILFLHQW�'L,� OXPLQHVFHQFH�H[FLWDWLRQ�
7KH�OXPLQHVFHQFH�VSHFWUXP�UHYHDOHG�D�ZHDN
'L'� �DFFHSWRU�� EDQG�� FRPSDUHG�ZLWK� LQWHQVH
'L,��GRQRU��EDQG��)LJ���D���/XPLQHVFHQW�H[FL�
WDWLRQ� VSHFWUXP�RI�'L'� IRU�'L,�'L'�PL[WXUH
GHPRQVWUDWHG�LQWHQVH�EDQG�FRUUHVSRQGLQJ�WR
'L,� DEVRUSWLRQ� �)LJ������ 6R�� LW� FRXOG� EH� FRQ�
FOXGHG� WKDW�'L'� OXPLQHVFHQFH� DSSHDUV� DV� D
UHVXOW�RI�)5(7��EXW� LWV� HIILFLHQF\� LV� UDWKHU
VPDOO�

7R� HQKDQFH� )5(7� HIILFLHQF\�� WKH� SURFH�
GXUH� RI�PDWUL[� VDWXUDWLRQ� E\� WKH� G\HV� ZDV
FKDQJHG��$W�ILUVW��VLOLFD�PDWUL[�ZDV�SXW�LQWR
VROXWLRQ�RI�'L,�RU�'L'�IRU�WKUHH�KRXUV��$IWHU
VDWXUDWLRQ�ZLWK� RQH� RI� WKH� G\HV�� VLOLFD�PD�
WUL[�ZDV�GULHG�IRU�KDOI�DQ�KRXU�DQG�SXW�LQWR
VROXWLRQ� RI� WKH� RWKHU� G\H�� )LQDOO\�� DIWHU
VDWXUDWLRQ� ZLWK� WKH� VHFRQG� G\H�� WKH� VLOLFD
PDWUL[� ZDV� GULHG� IRU� WKUHH� KRXUV� IRU� IL[D�
WLRQ�RI�WKH�G\HV�LQ�WKH�PDWUL[��6XUSULVLQJO\�
VXFK� VWHS�E\�VWHS� G\H� VDWXUDWLRQ� VLJQLIL�
FDQWO\� LQFUHDVHG� )5(7� HIILFLHQF\� IRU� ERWK

VHTXHQFHV�'L,�o�'L'�DQG�'L'�o�'L,��)LJ���D��
6LPLODU� FKDQJH� RI� )5(7� HIILFLHQF\� GHSHQG�
LQJ� RQ� G\H� HQWHULQJ� VHTXHQFH�ZDV� REVHUYHG
IRU� VROXWLRQV� ZLWK� VPDOOHU� G\H� FRQFHQWUD�
WLRQV������Ü��0�DQG�����Ü��0��)LJ������,Q�DOO
FDVHV� WKH� EHVW� )5(7� HIILFLHQF\� LV� REVHUYHG
IRU� WKH� VHTXHQFH�'L,�o�'L'� �)LJ���D� DQG� ���
1RWH�WKDW�'L'� OXPLQHVFHQFH�EDQG�LQ�)LJ���D
LV� UHG�VKLIWHG� �OPD[� �����QP�� IRU� WKH� FDVH'L,�o�'L'� DV� FRPSDUHG� ZLWK� 'L'�o�'L,� DQG
'L'���'L,� �PL[WXUH�� FDVHV� �OPD[� �����QP��,W� FRXOG� EH� H[SODLQHG� E\� TXHQFKLQJ� GXH� WR
KLJK� 'L'� FRQFHQWUDWLRQ� DV� LQ� WKH� FDVH� RI
)5(7�EHWZHHQ�WKHVH�G\HV�VROXELOL]HG�E\�VXU�
IDFWDQW�PLFHOOHV�>�@�

7R� XQGHUVWDQG� OXPLQHVFHQFH� VSHFWUD�� DQ
DQDO\VLV� RI� DEVRUSWLRQ� VSHFWUD� LV� KHOSIXO�
8QIRUWXQDWHO\�� WKH� ODWWHU� LV� XQDYDLODEOH� LQ
WKH� FDVH� RI� G\HG�PDWUL[� GXH� WR� H[FHVVLYHO\

)LJ����� �D�� /XPLQHVFHQFH� VSHFWUD� �OH[F� ���� QP�� RI� VLOLFD� PDWUL[� FRORUHG� E\� ERWK
G\HV����Û�VHTXHQFH�'L,�o�'L'����Û�'L,���'L'
PL[WXUH����Û�VHTXHQFH�'L'�o�'L,���E��'L'�OX�
PLQHVFHQFH� H[FLWDWLRQ� VSHFWUD� �OUHJ� �����QP����Û� LQ� WKH� SUHVHQFH� RI�'L,�� ��Û� LQ� WKH� DE�
VHQFH�RI�'L,�
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VWURQJ� DEVRUSWLRQ�� %XW� ZH� FRXOG� XVH� WKH
VSHFWUD�RI�WKH�G\H�VROXWLRQV�EHIRUH�DQG�DIWHU
PDWUL[�VDWXUDWLRQ��7ZR�IDFWV�VKRXOG�EH�NHSW
LQ�PLQG�ZKLOH�GRLQJ�IXUWKHU�DQDO\VLV�����'L'
KDV� PXFK� ODUJHU� H[WLQFWLRQ� FRHIILFLHQW
H'L'�H'L,�a������� ��� 'L,� DEVRUSWLRQ� EDQG� KDVDOPRVW�QR� HIIHFW� RQ�'L'�PD[LPXP��EXW� WKH
'L'�DEVRUSWLRQ�EDQG�VKRXOGHU�FRLQFLGHV�ZLWK
'L,�PD[LPXP��)LJ�����

8QGHU�PDWUL[�VDWXUDWLRQ�E\�WKH�G\H�PL[�
WXUH�ERWK�G\HV�HQWHUHG�LQWR�PDWUL[�LQ�HTXDO
SURSRUWLRQV�� DV� RQH� PLJKW� H[SHFW�� DQG� DE�
VRUSWLRQ� EDQGV� LQ� FKORURIRUP� VROXWLRQ� GH�
FUHDVHG�HTXDOO\��)LJ���D���$W�PDWUL[�VDWXUD�
WLRQ�E\�RQH�RI�WKH�G\HV��DEVRUSWLRQ�PD[LPD
ZHUH�GHFUHDVLQJ�ZLWK�IXOO�PDWUL[�VDWXUDWLRQ
�a���PDVV����E\�WKH�FRUUHVSRQGLQJ�G\H��)LJ�
�E�F�Û�FXUYHV�����%XW�WKH�PRVW� LQWHUHVWLQJ
FKDQJHV�FRXOG�EH�UHYHDOHG�XQGHU�WKH�VDWXUD�

WLRQ�E\�WKH�VHFRQG�G\H��)LJ���E�F�Û�FXUYHV����
2Q� ERWK� DEVRUSWLRQ� VSHFWUD�� EDQGV� RI� WKH
ILUVW� G\HV� DSSHDU� ZKLOH� LQWHQVLWLHV� RI� WKH
VHFRQG� G\H� EDQGV� GHFUHDVH� �)LJ���E�F� Û

)LJ�����$EVRUSWLRQ�VSHFWUD�RI�WKH�G\HV�FKORUR�
IRUP�VROXWLRQV���D��'L,���'L'�PL[WXUH���E��'L,���F�
'L'��/DEHOLQJ����Û�VWRFN�VROXWLRQ����Û�DIWHU
FOHDU�PDWUL[�LPSUHJQDWLRQ����Û�DIWHU�LPSUHJ�
QDWLRQ�RI�PDWUL[�FRORUHG�E\�WKH�RWKHU�G\H�

)LJ�����/XPLQHVFHQFH� VSHFWUD� �OH[F� �����QP�RI�VLOLFD�PDWUL[�FRORUHG�E\�ERWK�G\HV�DW�ORZHU
G\HV� FRQFHQWUDWLRQV� LQ� VWRFN� VROXWLRQ�� �D�
&G\HV� �����Ü��0�DQG��E��&G\HV� �����Ü��0��/D�
EHOLQJ�� �� Û� VHTXHQFH� 'L,�'L'�� �� Û� 'L,���'L'
PL[WXUH����Û�VHTXHQFH�'L'�o�'L,�
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FXUYHV�����&RPSDULVRQ�RI�WKH�EDQG�LQWHQVLW\
GHFUHDVLQJ� IRU� WKH� VHFRQG� G\H�ZLWK� LQWHQVL�
WLHV� RI� WKH� ILUVW� G\H� EDQGV� DSSHDUHG�� DF�
FRXQWLQJ� IRU� QHFHVVDU\� FRUUHFWLRQV�� VKRZV
WKDW�WKH\�DUH�WKH�VDPH�ZLWKLQ�H[SHULPHQWDO
DFFXUDF\�� $W� WKH� VDPH� WLPH� WKH�ZHLJKWV� RI
WKH� PDWUL[� SLHFHV� UHPDLQ� WKH� VDPH� DIWHU
VDWXUDWLRQ�E\� WKH� VHFRQG�G\H� DV� DIWHU� VDWX�
UDWLRQ�E\�WKH�ILUVW�G\H��1RWH�WKDW�PROHFXODU
ZHLJKWV� RI� 'L,� DQG� 'L'� G\HV� DUH� DOPRVW
HTXDO�� 6R�� WR� HQWHU� WKH� PDWUL[�� WKH� VHFRQG
G\H�VKRXOG�GLVSODFH�WKH�VDPH�DPRXQW�RI�WKH
ILUVW�G\H��

+RZHYHU� WKH� TXHVWLRQ� VWLOO� UHPDLQV� RSHQ
ZKHWKHU�'L,�DQG�'L'�G\HV�FRQFHQWUDWLRQV�DUH
HTXDO�LQ�WKH�FDVH�RI�VXFFHVVLYH�G\H�HQWHULQJ
�)LJ���E�F�� DV� LQ� WKH� FDVH� RI�PDWUL[� VDWXUD�
WLRQ�LQ�WKH�G\H�PL[WXUH��)LJ���D���7R�DQVZHU
WKLV�TXHVWLRQ�ZH�VKRXOG�FRPSDUH�DEVRUSWLRQ
LQWHQVLWLHV�RI�WKH�ILUVW�G\HV�HQWHUHG�LQWR�WKH
PDWULFHV� �)LJ���E�F�Û�FXUYHV����ZLWK� LQWHQ�
VLWLHV�RI�WKH�ILUVW�G\HV�WKDW�OHDYHG�PDWULFHV
XQGHU� VDWXUDWLRQ� E\� WKH� VHFRQG� G\HV� �)LJ�
�E�F�Û�FXUYHV�����&DOFXODWLRQV�GHPRQVWUDWH
WKDW�LQ�WKH�VHTXHQFH�'L,�o�'L'�RQO\������RI
'L,� UHPDLQHG� LQ� PDWUL[� ZKLOH� RWKHU� ��� �
ZDV� RFFXSLHG� E\� 'L'�� EXW� LQ� WKH� VHTXHQFH
'L'�o�'L,� RQO\� ����� RI�'L'� ZDV� GLVSODFHG
E\�'L,�� 6XUSULVLQJO\�� EXW� LQ� WKH� ERWK� FDVHV
QRQXQLIRUP� G\H� GLVWULEXWLRQ� LV� REVHUYHG
ZLWK�'L,�'L'� UDWLR� DSSUR[LPDWHO\� HTXDOV� WR
����� 6XFK� UHVXOW� FRXOG� H[SODLQ� WKH� )5(7
HIILFLHQF\� HQKDQFHPHQW� DW� VXFFHVVLYH� G\H
HQWHULQJ� FRPSDUHG� WR� WKH� G\H�PL[WXUH� FDVH
�)LJ���D��� 0RUHRYHU�� DV� 'L'� DPRXQW� LQ� WKH
VLOLFD�PDWUL[�DSSHDUHG� ODUJHU�LQ�WKH�FDVH�RI
'L,�o�'L'� VHTXHQFH� DV� FRPSDUHG� WR
'L'�o�'L,� VHTXHQFH�� )5(7� LQ� WKH� IRUPHU
FDVH� DSSHDUHG� WR� EH�PRUH� HIILFLHQW� WKDQ� LQ
WKH�ODWWHU�FDVH��)LJ���D���%XW�WKH�UHDVRQ�IRU
VXFK� QRQXQLIRUP� GLVWULEXWLRQ� RI� YHU\� VLPL�
ODU� G\HV� LV� VWLOO� QRW� FOHDU�� DQG� IXUWKHU� GH�
WDLOHG�VWXGLHV�DUH�UHTXLUHG��

���&RQFOXVLRQV
)OXRUHVFHQFH� UHVRQDQW� HQHUJ\� WUDQVIHU

KDV� EHHQ� UHDOL]HG� EHWZHHQ� WZR� DPSKLSKLOLF
F\DQLQH� G\HV� HPEHGGHG� LQWR� QDQRSRUHV� RI
EXON� VRO�JHO� 6L2�� PDWUL[�� )5(7� HIILFLHQF\GHSHQGHQFH� RQ� PDWUL[� VDWXUDWLRQ� VHTXHQFH
KDV�EHHQ�IRXQG��7KH�ZHDNHVW�)5(7�ZDV�RE�

VHUYHG� DW� HTXDO� G\H� HQWHULQJ� LQWR� PDWUL[
�GRQRU�DFFHSWRU� ������� )5(7� HIILFLHQF\� LQ�
FUHDVHV� DW� VXFFHVVLYH� PDWUL[� VDWXUDWLRQ� LQ
VHTXHQFHV� GRQRU� �o�� DFFHSWRU� DQG� DFFHSWRU
�o�� GRQRU�� ZLWK� WKH� ODUJHVW� HIILFLHQF\� RE�
WDLQHG� IRU� WKH� IRUPHU� VHTXHQFH�� '\H� HQWHU�
LQJ�LQWR�PDWUL[�KDV�EHHQ�DQDO\]HG�XVLQJ�DE�
VRUSWLRQ� VSHFWUD� RI� WKH� G\HV� UHPDLQLQJ� LQ
WKH�FKORURIRUP�VROXWLRQ�DIWHU�WKH�PDWUL[�LP�
SUHJQDWLRQ�� 8QHTXDO� G\H� HQWHULQJ� LQWR� WKH
PDWUL[� XQGHU� VXFFHVVLYH� VDWXUDWLRQ
�GRQRU�DFFHSWRU� ������KDV�EHHQ�IRXQG��WKDW
UHVXOWV�LQ�LQFUHDVHG�)5(7�HIILFLHQF\��

$FNQRZOHGJHPHQW�� $XWKRUV� DUH� DSSUHFL�
DWHG� WR� 'U�<X�1�6DYLQ� DQG� 6�.ULYRQRJRY
IRU� WKH� KHOS� ZLWK� $)0�PHDVXUHPHQWV��:H
DOVR� WKDQN�3URI�<X�9�0DO\XNLQ� IRU� IUXLWIXO
GLVFXVVLRQ�

5HIHUHQFHV
� ���&�<�%ULQNHU�� *�:�6FKHUHU�� 6RO�*HO� 6FLHQFH�

$FDGHPLF�3UHVV��/RQGRQ��������
� ���-�'�:ULJKW�� 1�$�-�0�6RPPHUGLMN�� 6RO�*HO

0DWHULDOV��&KHPLVWU\�DQG�$SSOLFDWLRQV��7D\ORU
	�)UDQFLV��/RQGRQ��������

� ���'�$YQLU�� '�/HY\�� 5�5HLVIHOG�� -��3K\V��&KHP��
����������������

� ���5�5HLVIHOG��-��)OXRUHVFHQFH�����������������
� ���7�$�%ODQN�� ,�-�*DQLQD�� <X�9�0DO\XNLQ�

/�3�(NVSHULDQGRYD��)XQFWLRQDO��0DWHULDOV�����
�����������

� ���$�'XERLV�� 0�&DQYD�� $�%UXQ� HW� DO��� $SSO��2S�
WLFV������������������

� ���$�0LVKUD�� 5�.�%HKHUD�� 3�.�%HKHUD� HW� DO��
&KHP��5HY��������������������

� ���6�/�(ILPRYD��<X�9�0DO\XNLQ��$�9�6RURNLQ�HW
DO���-��/XPLQHVFHQFH������������������

� ���6K�7�%DLOH\�� *�(�/RNH\�� 0�6�+DQHV� HW� DO��
6RODU� (QHUJ\� 0DWHU��6RODU� &HOOV�� ���� ��
�������

����8�'H�5RVVL��6�'DHKQH��5�5HLVIHOG��&KHP��3K\V�
/HWW�������������������

����,�-RKQVRQ�� 0�7�=�6SHQFH� �(GV���� 0ROHFXODU
3UREHV� +DQGERRN�� $� *XLGH� WR� )OXRUHVFHQW
3UREHV� DQG� /DEHOLQJ� 7HFKQRORJLHV�� ��WK� (G�
�������

����-�5�/DNRZLF]�� 3ULQFLSOHV� RI� )OXRUHVFHQFH
6SHFWURVFRS\����QG�HG��.OXZHU�$FDGHPLF�3OH�
QXP� 3XEOLVKHUV�� 1HZ� <RUN�� %RVWRQ�� 'RU�
GUHFKW��/RQGRQ��0RVFRZ��������

����0�'�5DKQ�� 7�$�.LQJ�� $SSO��2SWLFV�� ���� ����
�������
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