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([FLWRQ� WUDQVSRUW� HIILFLHQF\� LQ� SVHXGRLVRF\DQLQH� �3,&�� -�DJJUHJDWHV� IRUPHG� LQ� 39$

WKLQ�ILOP�KDV�EHHQ�VWXGLHG�XVLQJ�DQ�H[FLWRQ�WUDS��$V�D�WUDS��DQLRQLF�F\DQLQH�G\H�'L'Ü&�6
KDV� EHHQ� XVHG�� /XPLQHVFHQFH� VSHFWUD� KDYH� EHHQ� REWDLQHG� XVLQJ� OXPLQHVFHQFH�PLFURVFRSH
WKDW�DOORZV�XV�WR�FROOHFW�WKH�VSHFWUD�IURP�YHU\�VPDOO�DUHDV�ZLWKLQ�WKH�ILOP��+HWHURJHQHRXV
G\H�GLVWULEXWLRQ�KDV�EHHQ�IRXQG��8VLQJ�6WHUQ�9ROPHU�HTXDWLRQ�IRU�WKH�-�DJJUHJDWH�OXPLQHV�
FHQFH� TXHQFKLQJ� E\� WKH� WUDS�� LW� KDV� EHHQ� IRXQG� WKDW� ����� -�DJJUHJDWH� OXPLQHVFHQFH� LV
TXHQFKHG�DW�WKH�UDWLR�3,&�'L'Ü&�6� �������7KH�REWDLQHG�YDOXH�LV�YHU\�VPDOO�DQG�SRLQWV�WR
WKH�H[FLWRQ�PLJUDWLRQ�RYHU�UDWKHU�VPDOO�GLVWDQFHV�
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���,QWURGXFWLRQ�
/XPLQHVFHQW� PROHFXODU� DJJUHJDWHV� �VR�

FDOOHG� -�DJJUHJDWHV�� WDNH� D� VSHFLDO� SRVLWLRQ
DPRQJ� RUJDQLF� PDWHULDOV�� GXH� WR� YHU\� QDU�
URZ� DEVRUSWLRQ� EDQG�� QHDU� UHVRQDQW� OXPL�
QHVFHQFH�� JLDQW� RVFLOODWRU� VWUHQJWK�� JLDQW
RSWLFDO� QRQOLQHDULWLHV�� KLJK� VHQVLWLYLW\� RI
VSHFWUDO�SURSHUWLHV�WR�WKH�PLFURHQYLURQPHQW
>�Ü�@��7KHVH�IHDWXUHV�DUH�FDXVHG�E\�GHORFDOL�
]DWLRQ� RI� WKH� H[FLWDWLRQ� RYHU� D� PROHFXODU
FKDLQ�DQG�)UHQNHO�H[FLWRQV�DSSHDULQJ�>�Ü�@�
2QH� RI� WKH� IXQGDPHQWDO� TXHVWLRQV� LQ� -�DJ�
JUHJDWHV� SKRWRSK\VLFV� LV� H[FLWRQ� PLJUDWLRQ
HIILFLHQF\��7KHUH� LV� D� VLJQLILFDQW� FRQWUDGLF�
WLRQ� LQ�WKH�HIILFLHQF\�RI�H[FLWRQ�HQHUJ\�PL�
JUDWLRQ� UHSRUWHG� E\� GLIIHUHQW� DXWKRUV�� $F�
FRUGLQJ� WR� VRPH� GDWD� WKH� H[FLWRQ� PLJUDWHV
LQ�-�DJJUHJDWHV� RYHU�XS� WR� VHYHUDO�KXQGUHG
PROHFXOHV� >�Ü�@��ZKLOH�RWKHU�DXWKRUV�UHSRUW
WKH� H[FLWRQ� PRWLRQ� RYHU� ���� PROHFXOHV� DW

URRP� WHPSHUDWXUHV� >�����@�� 5HFHQWO\�� XVLQJ
H[FLWRQ� WUDSV� ZH� KDYH� VKRZQ� WKH� HIILFLHQW
H[FLWRQ� PLJUDWLRQ� LQ� -�DJJUHJDWHV� RI� DP�
SKLSKLOLF� SVHXGRLVRF\DQLQH� �DPSKL�3,&�� G\H
>����@��+RZHYHU��WR�FOHDU�XS�WKH�H[FLWRQ�PL�
JUDWLRQ�IHDWXUHV�LQ�-�DJJUHJDWHV�LW�LV�LPSRU�
WDQW� WR� GHDO� ZLWK� REMHFWV� ZKLFK� DUH� FRP�
PRQO\�NQRZQ��3UREDEO\��WKH�EHVW�FDQGLGDWHV
IRU� WKLV� DUH� -�DJJUHJDWHV� RI� SVHXGRLVRF\DQ�
LQH� �3,&�� G\H�� ZKLFK� DUH� WKH� PRVW� LQYHVWL�
JDWHG�RQHV�>�Ü�@�

(YHQ�IRU�3,&�-�DJJUHJDWHV�GLIIHUHQW�GDWD
FRQFHUQLQJ� LWV� H[FLWRQ� PLJUDWLRQ� HIILFLHQF\
FRXOG� EH� IRXQG�� )RU� H[DPSOH��'�0RELXV� UH�
SRUWHG�WKDW������3,&�-�DJJUHJDWH�OXPLQHV�
FHQFH�ZDV�TXHQFKHG�E\�HRVLQ�DW�WKH�UDWLR�RI
�� HRVLQ� PROHFXOHV� SHU� ����� 3,&� PROHFXOHV
>�@��+RZHYHU��DOO�RXU�DWWHPSWV�WR�UHSURGXFH
VXFK� UHVXOWV�ZHUH� XQVXFFHVVIXO��ZH� KDYHQ�W
IRXQG� FRQGLWLRQV� IRU�3,&�-�DJJUHJDWH� OXPL�
QHVFHQFH� TXHQFKLQJ� E\� HRVLQ� LQ� VROXWLRQV�
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$QRWKHU�HVWLPDWLRQ�RI�H[FLWRQ�PLJUDWLRQ�HI�
ILFLHQF\�LQ�3,&�-�DJJUHJDWHV�FRXOG�EH�IRXQG
LQ� >��@�� $XWKRUV� VWXGLHG� 3,&� -�DJJUHJDWHV
GLVSHUVHG� LQ� WKLQ� SRO\PHU� ILOP� XVLQJ� WKH
1620�WHFKQLTXH��$QDO\]LQJ�VLQJOH�-�DJJUH�
JDWH� SKRWREOHDFKLQJ� EHKDYLRU�� WKH\� VWDWHG
WKDW� XSSHU� OLPLW� RI� H[FLWRQ� PLJUDWLRQ� LV
��� QP� >��@�� 7R� FRPSDUH� WKHVH� WZR� UHVXOWV�
ZH�FRXOG�DVVXPH�WKH�3,&�-�DJJUHJDWHV�WR�EH
OLQHDU� FKDLQV�� ZKLFK� DUH� FRPSRVHG� RI� 3,&
GLPHUV� VSDFHG� ���� QP� DSDUW� >��@�� 6R�� WKH
XSSHU� OLPLW� IRU� WKH� H[FLWRQ� PLJUDWLRQ� GLV�
WDQFH� DFFRUGLQJ� WR� GDWD� >�@� LV� ����QP� WKDW
LV� ��� WLPHV� ODUJHU� WKDQ� WKDW� DFFRUGLQJ� WR
GDWD�>��@��

7KXV��WKH�DLP�RI�SUHVHQW�SDSHU�LV�WR�SUR�
YLGH� QRYHO� H[SHULPHQWDO� UHVXOWV� FRQFHUQLQJ
WKH�H[FLWRQ�WUDQVSRUW�LQ�-�DJJUHJDWHV�RI�3,&
�)LJ���D���)RU�WKLV�SXUSRVH�3,&�-�DJJUHJDWHV
KDV�EHHQ�IRUPHG�LQ�WKLQ�SRO\PHU�ILOP��SRO\�
YLQ\O�DOFRKRO��39$��DQG�DQRWKHU�F\DQLQH�G\H
'L'Ü&�6��)LJ���E��KDV�EHHQ�XVHG�DV�DQ�H[FL�
WRQ�WUDS�

���([SHULPHQWDO
3VHXGRLVRF\DQLQH� ����c�GLHWK\O����c�F\DQ�

LQH� LRGLGH�� 3,&�� G\H� ZDV� SXUFKDVHG� IURP
6LJPD�$OGULFK� �86$�� DQG� XVHG� DV�UHFHLYHG�
'L'Ü&�6� ����c�GL���VXOIRSURS\O�������c��c�
WHWUDPHWK\OLQGRGLFDUERF\DQLQH� VRGLXP� VDOW�
G\H�ZDV�V\QWKHVL]HG�E\�'U�,�$�%RURYR\� �,Q�
VWLWXWH� IRU� 6FLQWLOODWLRQ� 0DWHULDOV� 1$6� RI
8NUDLQH�� ZLWK� SXULW\� FRQWUROOHG� E\� 105
DQG� WKLQ� OD\HU� FKURPDWRJUDSK\�� 3,&� ZDV
GLVVROYHG�DW�39$�ZDWHU�VROXWLRQ����PDVV���
DW� WKH� FRQFHQWUDWLRQ� RI� ��Ü��PRO�O�� 7KHUH�
XSRQ�'L'Ü&�6�ZDV�DGGHG�WR�WKH�VROXWLRQ�DW
UHTXLUHG� FRQFHQWUDWLRQV�� 7R� SURGXFH� WKH
WKLQ� SRO\PHU� ILOPV� WKH� G\H� VROXWLRQ� ZDV
KHDWHG� WR� ���&� DQG� GURS� RI� LW� ZDV� VSLQ�
FRDWHG�RQWR�D�JODVV�PLFURVFRSH�VOLS�FRYHU�DW
����� USP��$FFRUGLQJ� WR� >��@�� XVLQJ� VXFK� D
SURFHGXUH� WKH� ILOPV� RI� DERXW� ��� QP� WKLFN�
QHVV�FRXOG�EH�REWDLQHG��

)RU� VSLQ�FRDWLQJ�� ODE� FHQWULIXJH� 60���
�5XVVLD�� ZLWK� KRPH�PDGH� DGDSWHU� IRU� JODVV
SODWHV� ZDV� XVHG�� $EVRUSWLRQ� VSHFWUD� ZDV
UHJLVWHUHG� XVLQJ� D� PLFURVSHFWURPHWHU
86%����� �2FHDQ2SWLFV��86$��VXSSOLHG�ZLWK
DQ� LQFDQGHVFHQW� ODPS�� /XPLQHVFHQW� LPDJHV
DQG� VSHFWUD� ZHUH� REWDLQHG� XVLQJ� OXPLQHV�
FHQFH�PLFURVFRSH�0,.0('���YDU�����/202�
5XVVLD��HTXLSSHG�ZLWK���0SL[HOV�PLFURVFRSH
GLJLWDO� FDPHUD�'&0���� �2SOHQLF�2SWURQLFV�
&KLQD�� DQG� ILEHU�RSWLF� DGDSWHU� IRU� PL�
FURVSHFWURPHWHU� 86%������ /XPLQHVFHQFH
ZDV�H[FLWHG�DW����Ü����QP�DQG�FROOHFWHG�LQ
WKH����Ü����QP�VSHFWUDO� UDQJH��7KH�HTXLS�
PHQW� XVHG� DOORZV� FROOHFWLQJ� OXPLQHVFHQW

VSHFWUD�IURP�WKH�VSRWV�ZLWK�D�GLDPHWHU�OHVV
WKDQ� ���PP�� /XPLQHVFHQFH� H[FLWDWLRQ� VSHF�
WUD� ZHUH� UHFRUGHG� XVLQJ� D� VSHFWURIOXRULPH�
WHU�RQ�WKH�EDVH�RI�WZR�JUDWLQJ�PRQRFKURPD�
WRUV�0'5����DQG�D�[HQRQ�ODPS��2QH�RI�WKH
PRQRFKURPDWRUV� ZDV� XVHG� WR� VHOHFW� D� UH�
TXLUHG� ZDYHOHQJWK� �):+0�a����� QP��� WKH
RWKHU� RQH� ZDV� XVHG� IRU� WKH� OXPLQHVFHQFH
FROOHFWLRQ���

���5HVXOWV�DQG�GLVFXVVLRQ
)LUVW�RI�DOO��LW�ZDV�QHFHVVDU\�WR�SURYH�WKH

3,&� -�DJJUHJDWHV� IRUPDWLRQ� LQ� 39$� ILOPV�
,QGHHG��LQ�WKH�ZRUN�>��@�WKH�-�DJJUHJDWHV�RI
FDWLRQLF�3,&�ZDV�IRUPHG�LQ�WKH�ILOPV�RI�DQ�
LRQLF� SRO\�YLQ\� VXOIDWH�� �396�� SRO\HOHFWUR�
O\WH�DQG�HOHFWURVWDWLF�LQWHUDFWLRQV�ZHUH�VXJ�
JHVWHG� WR� EH� RQH� RI� WKH�PDLQ� IDFWRU� RI� WKH
G\H� DJJUHJDWLRQ��39$� LV� D�QHXWUDO� SRO\PHU
DQG� FRXOG�QRW�SURPRWH� WKH� DJJUHJDWLRQ��2Q
WKH�RWKHU�KDQG��GXH�WR�D�YHU\�VPDOO�DPRXQW
RI� 39$� LQ� WKH� VROXWLRQ� �RQO\� �� PDVV����
HQKDQFHG� FRQFHQWUDWLRQ� RI� WKH� G\H� GXULQJ
WKH� ILOP� IRUPDWLRQ� WDNHV� SODFH� WKDW� LV� WKH
NH\�IDFWRU�IRU�WKH�G\H�DJJUHJDWLRQ��

/XPLQHVFHQW� LPDJH� �)LJ����� RI�39$� ILOP
ZLWK� WKH� GLVSHUVHG� 3,&� G\H� UHYHDOV� D� QXP�
EHU�RI� ORQJ�WKLQ�ILEHUV�VLPLODU�WR�3,&�-�DJ�
JUHJDWH� ILEHUV�� ZKLFK� DUH� XVXDOO\� REVHUYHG
>������@�� ,Q� WKH� OXPLQHVFHQFH� VSHFWUXP� RI
WKH�ILOP��D�QDUURZ�EDQG�ZLWK�WKH�PD[LPXP
DW� O� ������� QP� LV� FOHDUO\� VHHQ� �)LJ���D�
VROLG�OLQH���$W�WKH�VDPH�WLPH��WKH�DEVRUSWLRQ
VSHFWUXP�GHPRQVWUDWHV� D�YHU\� QDUURZ� EDQG
�-�EDQG��FHQWHUHG�DW�O� �������QP��ZKLFK�LV
UHG�VKLIWHG� DV� FRPSDUHG� WR� WKH� 3,&� PRQR�
PHU� EDQG� �OPD[� ����� QP�� �)LJ���E�� VROLGOLQH��� 7KXV�� ZH� FRXOG� FRQFOXGH� WKH� VXFFHVV�
IXO�3,&�-�DJJUHJDWHV�IRUPDWLRQ�LQ�39$�ILOP
E\�VSLQ�FRDWLQJ�

7KH� QH[W� VWHS� LV� WR� FKHFN�ZKHWKHU�'L'Ü
&�6� G\H� FDQ� EH� DQ� H[FLWRQ� WUDS� IRU� 3,&

)LJ�����6WUXFWXUDO�IRUPXODV�RI�WKH�G\HV�LQYHV�
WLJDWHG���D��3,&���E��'L'Ü&�6�
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-�DJJUHJDWHV�� 7KHUH� DUH� VHYHUDO� UHDVRQV� WR
H[SHFW�VXFK�UHVXOWV��)LUVW��'L'Ü&�6�KDV�WKH
VDPH� FKURPRSKRULF� SDUW� DV�'L'�G\H��ZKLFK
ZDV�XVHG�DV�HIILFLHQW�H[FLWRQ�WUDS�IRU�-�DJ�
JUHJDWHV� RI� DPSKLSKLOLF� DQDORJXH� RI� 3,&�
DPSKL�3,&� G\H�� 6HFRQG��'L'Ü&�6� LV� DQ� DQ�
LRQLF� G\H� DQG� VKRXOG� HIILFLHQWO\� LQWHUDFW
ZLWK� 3,&� G\H� GXH� WR� &RXORPELF� DWWUDFWLRQ�
$QG�WKLUG��GXH�WR�VWURQJ�FRQFHQWUDWLRQ�GXU�
LQJ� WKH� ILOP� IRUPDWLRQ�� 3,&� DQG� 'L'Ü&�6
KDYH� WR� FRPH� FORVH� WRJHWKHU�� ,QGHHG�� OXPL�
QHVFHQFH� VSHFWUXP� RI� WKH� 3,&� -�DJJUHJDWHV
ZLWK�'L'Ü&�6�LQ�WKH�39$�ILOP�DW�WKH�UDWLR
3,&�'L'Ü&�6� ������ UHYHDOV� LQWHQVH� VHQVL�
WL]HG� 'L'Ü&�6� EDQG� �OPD[� ����� QP�� DQG3,&� -�DJJUHJDWHV� EDQG� TXHQFKLQJ� �)LJ���D�
GDVKHG�OLQH���1RWH��ZH�VXJJHVW�WKDW�WKH�G\HV
HPEHGGLQJ�LQWR�WKH�ILOP�LV�SURSRUWLRQDO�WR�LW
FRQFHQWUDWLRQ� LQ� WKH� VROXWLRQ��7KH� OXPLQHV�
FHQFH� H[FLWDWLRQ�VSHFWUXP�RI�'L'Ü&�6� �OUHJ ����� QP�� UHYHDOV� DQ� LQWHQVH� EDQG� FRUUH�
VSRQGLQJ� WR� 3,&� -�EDQG� �)LJ���E�� GDVKHG
OLQH�� WKDW� FRQILUPV� HQHUJ\� WUDQVIHU� IURP
3,&� -�DJJUHJDWHV� WR� 'L'Ü&�6� G\H�� 7KXV�
'L'Ü&�6� G\H� LV� LQGHHG� DQ� H[FLWRQ� WUDS� IRU
3,&�-�DJJUHJDWHV�

2QH� RI� WKH� ZD\V� WR� HVWLPDWH� WKH� HIIL�
FLHQF\� RI� WKH� H[FLWRQ� PLJUDWLRQ�� WKH� -�DJ�
JUHJDWH�OXPLQHVFHQFH�TXHQFKLQJ�E\�WKH�H[FL�
WRQ� WUDS� FRXOG� EH� DQDO\]HG� XVLQJ� WKH� ZHOO�
NQRZQ�6WHUQ�9ROPHU�HTXDWLRQ�>��@��

)��e�)� �����.69>4@�� ���
ZKHUH� )�� DQG� )� DUH� WKH� -�DJJUHJDWH� OXPL�QHVFHQFH�LQWHQVLWLHV�LQ�WKH�DEVHQFH�DQG�SUHV�
HQFH� RI� WKH� WUDS�� UHVSHFWLYHO\�� >4@� LV� WKH
TXHQFKHU� FRQFHQWUDWLRQ� DQG� .69� LV� WKH6WHUQ�9ROPHU� FRQVWDQW�� 7KH� YDOXH� ��.69

JLYHV� XV� WKH� FRQFHQWUDWLRQ� RI� WKH� WUDS� WKDW
TXHQFKHV������RI�WKH�-�DJJUHJDWH� OXPLQHV�
FHQFH�

+RZHYHU��FROOHFWLQJ�OXPLQHVFHQFH�VSHFWUD
IURP� GLIIHUHQW� DUHDV� ZLWKLQ� WKH� ILOPV�� WKH
KHWHURJHQHRXV� GLVWULEXWLRQ� RI�'L'Ü&�6� G\H
KDYH� EHHQ� IRXQG� WKDW� DSSHDUV� DV� GLIIHUHQW
UDWLRV� EHWZHHQ� WKH� -�DJJUHJDWHV� DQG� WUDSV
OXPLQHVFHQFH�EDQGV� �)LJ������ 6XFK�D�KHWHUR�
JHQHRXV� GLVWULEXWLRQ� ZDV� VPDOOHU� DW� ORZ
'L'Ü&�6� FRQFHQWUDWLRQ� DQG� ODUJHU� DW� KLJK
'L'Ü&�6�FRQFHQWUDWLRQ��OLNH�WKDW��VKRZQ�RQ
)LJ������ 6R�� IXUWKHU� ZH� ZLOO� WDNH� GHDO� ZLWK
HVWLPDWLRQ�RI�H[FLWRQ�PLJUDWLRQ�UDWKHU�WKDW

)LJ����� /XPLQHVFHQFH� LPDJH� RI� 3,&� -�DJJUH�
JDWHV�VSUHDG�ZLWKLQ�39$�ILOP�

)LJ����� D�� /XPLQHVFHQFH� VSHFWUD� RI� SXUH� 3,&
-�DJJUHJDWHV��VROLG�OLQH��DQG�3,&�-�DJJUHJDWHV
LQ� SUHVHQFH� RI� 'L'Ü&�6� DW� WKH� UDWLR
3,&�'L'Ü&�6� ������ �GDVKHG� OLQH�� LQ� 39$
ILOP��E��$EVRUSWLRQ� �VROLG� OLQH��DQG�'L'Ü&�6
OXPLQHVFHQFH� H[FLWDWLRQ� �OUHJ� �����QP�GDVKHG� OLQH�� VSHFWUD� RI� 39$� ILOP� FRQWDLQLQJ
3,&� -�DJJUHJDWHV� LQ� SUHVHQFH� RI�'L'Ü&�6� DW
WKH�UDWLR�3,&�'L'Ü&�6� ������
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ZLWK� VWULFW� TXDQWLWDWLYH� DQDO\VLV�� )RU� HDFK
ILOP��OXPLQHVFHQFH�VSHFWUD�ZHUH�UHFRUGHG�DW
OHDVW� DW� ��� GLIIHUHQW� DUHDV� DQG� DYHUDJHG�
6XFK� D� SURFHGXUH� ZDV� FDUULHG� RXW� IRU� WKH
ILOP� FRQWDLQHG� GLIIHUHQW� UDWLR� 3,&�'L'Ü
&�6�� $V� D� UHVXOW� D� IDPLO\� RI� OXPLQHVFHQFH
VSHFWUD� UHTXLUHG� IRU� 6WHUQ�9ROPHU� DQDO\VLV
KDV�EHHQ�REWDLQHG��)LJ���D���7KH�LQFUHDVH�RI
WKH�WUDS�FRQFHQWUDWLRQ�OHDGV�WR�WKH�UHGLVWUL�
EXWLRQ�RI�WKH�-�DJJUHJDWH�DQG�WUDS�OXPLQHV�
FHQFH� EDQG� LQWHQVLWLHV�� 7KH� PRVW� HIILFLHQW
H[FLWRQ� HQHUJ\� WUDQVIHU� LV� DFKLHYHG� DW� WKH
UDWLR� 3,&�'L'Ü&�6� ������� $V� RQH� FRXOG
VHH�� DW� KLJKHU� 'L'Ü&�6� FRQFHQWUDWLRQ� �WKH
UDWLR� 3,&�'L'Ü&�6� �������� ERWK� 3,&� -�DJ�
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