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%LOH�DFLGV�DUH� WKH�PRVW�VLJQLILFDQW�SURG�
XFWV� RI� FKROHVWHURO� WUDQVIRUPDWLRQ� >�@�� 7KH
LQFUHDVHG� FRQWHQW� RI� ELOH� DFLGV� LQ� D� OLYLQJ
RUJDQLVP� UHODWHG� ZLWK� GLVRUGHU� RI� FKROHV�
WHURO� ELRV\QWKHVLV� PD\� FDXVH� YDULRXV� GLV�
HDVHV� >����@�� $GVRUEHQWV�VHTXHVWUDQWV�� IRU
H[DPSOH� FKROHVW\UDPLQH�� DUH� HPSOR\HG� LQ
PHGLFLQDO� SUDFWLFH� WR� UHJXODWH� WKH� OHYHO� RI
ELOH� DFLGV� LQ� RUJDQLVP�� +RZHYHU�� WKH� HIIL�
FLHQF\� RI�PHGLFLQDO� DGVRUEHQWV�VHTXHVWUDQWV
LV�LQVXIILFLHQW��7KHUHIRUH��LQ�RUGHU�WR�DWWDLQ
D� SURQRXQFHG� WKHUDSHXWLF� HIIHFW�� LW� ODUJH
GRVHV� RI� DGVRUEHQWV�VHTXHVWUDQWV� DUH� WR� EH
DGPLQLVWHUHG��XS�WR����J�SHU�GD\��>����@�

+LJKO\�GLVSHUVHG�VLOLFD�LV�WKH�PRVW�SURP�
LVLQJ� LQLWLDO�PDWHULDO� WR� SUHSDUH� DGVRUEHQWV
IRU� ELOH� DFLGV�� 6LOLFD� KDV� D� KLJK� FKHPLFDO
DQG�WKHUPDO�VWDELOLW\��GRHV�QRW�VZHOO�LQ�FRQ�
WDFW�ZLWK� YDULRXV� VROYHQWV� DQG� ELRORJLF� OLT�
XRUV�� DV� D� FRQVHTXHQFH�� VLOLFD� KDV� JRRG� NL�
QHWLF� SDUDPHWHUV� RI� DGVRUSWLRQ� >�Ü�@�� ,Q
WKLV�ZRUN��FKHPLFDO�LPPRELOL]DWLRQ�RI�YLQ\O�
EHQ]\OWULPHWK\ODPPRQLXP�FKORULGH�RQ�VLOLFD
VXUIDFH�LV�GHVFULEHG��7KH�FKROLF�DFLG�DGVRUS�
WLRQ�RQ�VLOLFD�PRGLILHG�ZLWK�TXDWHUQDU\�DP�

PRQLXP�JURXSV� DQG�DOVR� RQ� FKROHVW\UDPLQH
LV�IXOILOOHG�

7KH� DPRUSKRXV� VLOLFD� $HURVLO� $����
�IURP� /XNRU�� ZLWK� VSHFLILF� VXUIDFH� DUHD
����P��J�� SDUWLFOH� VL]H� �Ü��� QP�� DQG� FRQ�
FHQWUDWLRQ� RI� IUHH� VLODQRO� JURXSV
�����PPRO�P��ZDV�XVHG�DV�WKH�VWDUWLQJ�PD�
WHULDO�� $LU�GU\� FKROHVW\UDPLQH� �IURP� 3RO\�
PHU��ZDV�XVHG� LQ�&O�� DQG�2+�IRUPV��9LQ\O�
EHQ]\OWULPHWK\ODPPRQLXP� FKORULGH
�9%70$&��� FKORURGLPHWK\OVLODQH�� FKROLF
DFLG� �+&$��� DQG� VLOYHU� QLWUDWH� �DOO� IURP
)OXND��t�������SXULW\���DFHWRQH� �IURP�6LQ�
ELDV�� DQDO\WLFDO� SXULW\� JUDGH�� ZHUH� XVHG
ZLWKRXW�DGGLWLRQDO�SXULILFDWLRQ��$FHWRQLWULOH
�IURP� 6LQELDV�� ZDV� SXULILHG� E\� GLVWLOODWLRQ
EHIRUH� XVH�� ���c�$]R�ELV�LVREXW\URQLWULOH
�IURP�5HDNKLP��SXUH�JUDGH��ZDV�SXULILHG�E\
UHFU\VWDOOL]DWLRQ��7KH�UXQ�RI� FKHPLFDO� UHDF�
WLRQV� RQ� WKH� VLOLFD� VXUIDFH� ZDV� PRQLWRUHG
XVLQJ� ,5� VSHFWURVFRS\� �,.6���� VSHFWUR�
SKRWRPHWHU��� 7KH� VSHFLILF� VXUIDFH� DUHD� RI
VLOLFDV� ZDV� GHWHUPLQHG� XVLQJ� QLWURJHQ� DG�
VRUSWLRQ�� 7KH� FRQWHQW� RI� IUHH� K\GUR[\O
JURXSV�RQ�WKH�VLOLFD�VXUIDFH�ZDV�GHWHUPLQHG
E\� FKHPLVRUSWLRQ� RI� FKORURGLPHWK\OVLODQH
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>�@�� 7KH� FRQWHQW� RI� TXDWHUQDU\� DPPRQLXP
JURXSV� ZDV� GHWHUPLQHG� E\� 9ROJDUG� PHWKRG
>��@� DQG� JUDYLPHWULF� TXDQWLWDWLYH� DQDO\VLV�
7KH�FRQFHQWUDWLRQ�RI�IXQFWLRQDO�JURXSV�ZDV
FDOFXODWHG� DV� WKH� UDWLR� EHWZHHQ� WKH� FRQWHQW
RI�IXQFWLRQDO�JURXSV��PPRO�J��DQG�WKH�VSHFLILF
VXUIDFH�DUHD�RI�VWDUWLQJ�VLOLFD��P��J���$GVRUS�
WLRQ� RI� FKROLF� DFLG� ZDV� VWXGLHG� E\� WKH� PXO�
WLEDWFK�PHWKRG� >��@�� 7KH� FRQWHQW� RI�+&$� LQ
VROXWLRQV� ZDV� GHWHUPLQHG� IURP� WKH� RSWLFDO
GHQVLW\� YDOXH� LQ� WKH� DEVRUSWLRQ� EDQG� DW
����QP�RI�FRORUHG�+&$�FRPSOH[�ZLWK�FRQFHQ�
WUDWHG� VXOIXULF� DFLG� >��@� XVLQJ� D� 6SHFRUG
0����VSHFWURSKRWRPHWHU��7KH�+&$�DGVRUSWLRQ
YDOXHV�RQ�WKH�VXUIDFH�RI�DGVRUEHQWV�ZHUH�FDO�
FXODWHG� DV� WKH� FRQFHQWUDWLRQ� GLIIHUHQFH� EH�
WZHHQ�WKH�LQLWLDO�DQG�HTXLOLEULXP�VROXWLRQV��

&RSRO\PHUL]DWLRQ� UHDFWLRQ� EHWZHHQ� YLQ\O
JURXSV� RI� PRGLILHG� VLOLFD� DQG� XQVDWXUDWHG
ERQGV� RI� YLQ\OEHQ]\OWULPHWK\ODPPRQLXP
FKORULGH� DOUHDG\� FRQWDLQLQJ� TXDWHUQDU\� DP�
PRQLXP�JURXSV�LQ�WKH�PROHFXOH�ZDV�XVHG�WR
REWDLQ�TXDWHUQDU\�DPPRQLXP�JURXSV�LPPR�
ELOL]HG�RQ�WKH�VLOLFD�VXUIDFH��9LQ\OVLOLFD�ZDV
SUHSDUHG� LQ�D�TXDUW]�UHDFWRU�E\� LQWHUDFWLQJ
$HURVLO� �SUHOLPLQDU\� WUHDWHG� LQ� YDFXXP� DW
����&�� ZLWK� VDWXUDWHG� YDSRU� RI� YLQ\O�
WULFKORURVLODQH�DW�����&�IRU���K��

7KH� H[FHVV� UHDJHQWV� DQG� UHDFWLRQ� SURGXFWV
ZHUH� UHPRYHG� E\� HYDFXDWLRQ� DW� ����&� IRU
�� K�� 7KH� PRGLILHG� VLOLFD� ZDV� NHSW� LQ� VDWX�
UDWHG�ZDWHU�YDSRU� DW� URRP� WHPSHUDWXUH� IRU
���K�DQG� WKHQ�DW�����&�IRU���K�DQG�HYDFX�
DWHG� DW� WKH� VDPH� WHPSHUDWXUH� IRU� �� K� LQ
RUGHU� WR� UHPRYH� SK\VLFDOO\� DGVRUEHG� ZDWHU
DQG� K\GURO\VLV� SURGXFWV�� 7KH� YLQ\OVLOLFD
GRHV�QRW�FRQWDLQ�FKORULQH�

�+\GURO\VLV�RI�6L±&O�JURXSV�RI�YLQ\OVLOLFD
ZDV� UHDOL]HG� WR� H[FOXGH� DQ\� SRVVLELOLW\� RI
DGGLWLRQ� RI� K\GURFKORULF� DFLG� WR� YLQ\O
JURXSV� RI� YLQ\OVLOLFD� DQG� YLQ\OEHQ]\O�
WULPHWK\ODPPRQLXP� FKORULGH� GXULQJ� WKH
FRSRO\PHUL]DWLRQ� UHDFWLRQ�� 7KH� FRQFHQWUD�
WLRQ� RI� YLQ\O� JURXSV� LV� HTXDO� WR
�����PPRO�P��

,Q�WKH�,5�VSHFWUXP�RI�YLQ\OVLOLFD��)LJ����
FXUYH� ���� WKHUH� DUH� DEVRUSWLRQ� EDQGV� DW
������������������������DQG������FPÜ��DV�
FULEHG� WR� WKH� VWUHWFKLQJ�DQG�EHQGLQJ�YLEUD�
WLRQV� RI� WKH� &±+� ERQGV� LQ� JUDIWHG� YLQ\O
JURXSV� DV� ZHOO� DV� DEVRUSWLRQ� EDQG� DW
�����FPÜ�� DWWULEXWHG� WR� WKH� VWUHWFKLQJ� YL�
EUDWLRQV�RI�WKH�& &�ERQGV�>��@�

7R� FDUU\� RXW� WKH� FRSRO\PHUL]DWLRQ� UHDF�
WLRQ�� ����� J� RI� YLQ\OVLOLFD� DQG� ���� J� RI
9%70$&�GLVVROYHG� LQ����PO� RI�ZDWHU�ZHUH
SODFHG� LQWR�D�TXDUW]� WXEH�DQG� WKH�UHVXOWLQJ
VXVSHQVLRQ� ZDV� EXEEOHG� ZLWK� QLWURJHQ
ZLWKLQ� ���PLQ� WR� UHPRYH� DWPRVSKHULF� R[\�
JHQ�� 7KHQ�� WKH� FRSRO\PHUL]DWLRQ� LQLWLDWRU
����c�D]R�ELV�LVREXW\URQLWULOH�� ZDV� DGGHG�
7KH�WXEH�ZDV�SXW�LQWR�DQ�DXWRFODYH�ILOOHG�ZLWK

)LJ����� ,5�VSHFWUD� IRU�YLQ\OVLOLFD�SULRU�WR� ���
DQG� DIWHU� ���� FRSRO\PHUL]DWLRQ� UHDFWLRQ� ZLWK
9%70$&� DW� ���&� �VLOLFD� YLQ\O
JURXSV�9%70$&�LQLWLDWRU� �����������

7DEOH����&RQGLWLRQV�RI�FRSRO\PHUL]DWLRQ�DQG�FRQWHQW�RI�JUDIWHG�9%70$&��&��LQ�D�VLOLFD�VXUIDFH�OD\HU�
&RQWHQW�RI�FRPSRQHQWV�LQ�UHDFWLRQ�PHGLXP��PPRO� 5HDFWLRQ

WHPSHUDWXUH���&� &��PPRO�P��
6LOLFD�YLQ\O�JURXSV 9%70$& ,QLWLDWRU
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QLWURJHQ� DQG� KHOG� LQ� DQ� HOHFWULF� IXUQDFH� DW
D� SUH�VSHFLILHG� WHPSHUDWXUH� IRU� ��� K�

:H� KDYH� VWXGLHG� WKH� LQIOXHQFH� RI� WZR
PDLQ� IDFWRUV� �WHPSHUDWXUH� DQG� DPRXQW� RI
LQLWLDWRU��RQ�WKH�FRSRO\PHUL]DWLRQ�SURFHVV�RI
YLQ\OVLOLFD� DQG� YLQ\OEHQ]\OWULPHWK\ODP�
PRQLXP� FKORULGH�� 7KH� LQLWLDWRU� DPRXQW� LQ
WKH�UHDFWLRQ�PL[WXUH�H[HUWV�VXEVWDQWLDO�HIIHFW
RQ�LPPRELOL]DWLRQ�RI�9%70$&��7DEOH�����7KH
KLJKHVW�FRQWHQW�RI�JUDIWHG�RUJDQLF�SKDVH�LQ
WKH� VXUIDFH� OD\HU� RI� YLQ\OVLOLFD� LV� REVHUYHG
DW� IROORZLQJ� UDWLR�� �VLOLFD� YLQ\O
JURXSV���9%70$&���UHDFWLRQ� LQLWLDWRU�� 
����������/RZHULQJ�RI�WKH�LQLWLDWRU�DPRXQW
WR� ����� PPRO� OHDGV� WR� GHFUHDVH� LQ� WKH
FKHPLFDO� DWWDFKPHQW�GHJUHH� RI�9%70$&� LQ
WKH� VLOLFD� VXUIDFH� OD\HU��:KHQ�WKH� LQLWLDWRU
FRQWHQW� LQ� WKH� UHDFWLRQ� PL[WXUH� H[FHHGV
�����PPRO��RQH�FDQ�DOVR�REVHUYH�D�GHFUHDVH
LQ� RUJDQLF� SKDVH� FRQWHQW�� 7KLV� VHHPV� WR� EH
FDXVHG� E\� GLPHUL]DWLRQ� RI� UDGLFDOV� IRUPHG
GXH�WR�KRPRO\WLF�GHFRPSRVLWLRQ�RI����c�D]R�
ELV�LVREXW\URQLWULOH� LQWR� VWDEOH� FRPSRXQGV�
$V�WR�WKH�UHDFWLRQ�WHPSHUDWXUH��LW�KDV�EHHQ
IRXQG�WKDW�DW�WKH�VDPH�LQLWLDWRU�DPRXQW�LWV
HOHYDWLRQ� GRHV� QRW� OHDG� WR� DQ\� LQFUHDVH� LQ
JUDIWHG�RUJDQLF�SKDVH�DPRXQW��7DEOH����

7KH�VROLG�SKDVH�SURGXFWV�REWDLQHG�E\� LQ�
WHUDFWLRQ� EHWZHHQ� YLQ\OVLOLFD� DQG� 9%70$&
KDYH�EHHQ�VWXGLHG�E\�,5�VSHFWURVFRS\��$IWHU
LQWHUDFWLRQ� EHWZHHQ� 9%70$&� DQG� YLQ\O�
VLOLFD� DW� ���&� LQ� WKH� FDVH� RI� PRODU� UDWLR
�VLOLFD� YLQ\O� JURXSV���9%70$&���UHDFWLRQ
LQLWLDWRU�� ����������� DEVRUSWLRQ� EDQGV� DW
�����DQG������FPÜ��DSSHDU�LQ�WKH�,5�VSHF�
WUXP� DVFULEHG� WR� WKH� VWUHWFKLQJ� YLEUDWLRQV
RI�&±+�ERQGV�LQ�EHQ]HQH�ULQJV�DV�ZHOO�DV�DQ
LQWHQVH�EDQG�DW������FPÜ��DWWULEXWHG�WR�WKH
VWUHWFKLQJ� YLEUDWLRQV� RI� &±+� ERQGV� LQ

PHWK\O� JURXSV�� DV� ZHOO� DV� D� EDQG� DW
�����FPÜ�� UHODWHG� WR� WKH� VWUHWFKLQJ� YLEUD�
WLRQV� RI� WKH� & &� ERQGV� LQ� EHQ]HQH� ULQJV�
7KH� DEVRUSWLRQ� EDQG� DW� ����� FPÜ�� DWWULE�
XWHG� WR� WKH� VWUHWFKLQJ� YLEUDWLRQV� RI� &±+
ERQGV� LQ� YLQ\O� JURXSV� RI� 9%70$&� LV� DE�
VHQW��%HVLGHV�� DQ� LQFUHDVHG� LQWHQVLW\� RI� WKH
DEVRUSWLRQ� EDQG� DW� ����� FPÜ�� LV� REVHUYHG
DVFULEHG�WR�WKH�VWUHWFKLQJ�YLEUDWLRQV�RI�&±+
ERQGV� �)LJ����� FXUYH� ���� 7KH� ,5� VSHFWUXP
PD\� SURYLGH� HYLGHQFH� WR� WKH� IDFW� WKDW� WKH
FRSRO\PHUL]DWLRQ�UHDFWLRQ�RQ�WKH�YLQ\OVLOLFD
VXUIDFH�SURFHHGV�LQ�WKH�IROORZLQJ�ZD\�

$V� D� UHVXOW� RI� FRSRO\PHUL]DWLRQ� UHDFWLRQ

EHWZHHQ� YLQ\OEHQ]\OWULPHWK\ODPPRQLXP
FKORULGH� DQG� YLQ\OVLOLFD�� DQ� RUJDQRVLOLFD
ZLWK�FKHPLFDOO\�DWWDFKHG�TXDWHUQDU\�DPPR�
QLXP� JURXSV� �WKH� FRQFHQWUDWLRQ� RI� EHQ]\O�
WULPHWK\ODPPRQLXP� JURXSV� LV� HTXDO� WR
�����PPRO�P��� ZDV� V\QWKHVL]HG� �7DEOH����
7KH� VWUXFWXUH� RI� LPPRELOL]HG� EHQ]\O�
WULPHWK\ODPPRQLXP� JURXSV� LV� VLPLODU� WR
WKDW�RI�FKROHVW\UDPLQH�IXQFWLRQDO�JURXSV��

$GVRUSWLRQ� RI� FKROLF� DFLG� IURP� DTXHRXV
DQG� EXIIHU� VROXWLRQV� RQ� %70$�$HURVLO� DQG
DLU�GU\� FKROHVW\UDPLQH� KDV� EHHQ� VWXGLHG
XQGHU� LGHQWLFDO� H[SHULPHQWDO� FRQGLWLRQV� WR
FRPSDUH� WKH� HIILFLHQF\� RI� WKHVH� DGVRUEHQWV
IRU�H[WUDFWLRQ�RI�ELOH�DFLGV�

7KH� DGVRUSWLRQ� HTXLOLEULXP� IRU� %70$�
$HURVLO� LV� DWWDLQHG� ZLWKLQ� �� K� �)LJ������ ,Q

)LJ�����.LQHWLF�FXUYHV�IRU�+&$�DGVRUSWLRQ�RQ
%70$�$HURVLO������DLU�GU\�����DQG�VZROOHQ����
FKROHVW\UDPLQHV�LQ�&O�IRUP�

)LJ����� +&$� DGVRUSWLRQ� RQ� %70$�$HURVLO� LQ
&O�� ���� DQG� 2+�IRUPV� ���� DQG� RQ� VZROOHQ
FKROHVW\UDPLQH�LQ�&O������DQG�2+�IRUPV�����DV
D�IXQFWLRQ�RI�VROXWLRQ�S+�
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WKH� FDVH� RI� VZROOHQ� FKROHVW\UDPLQH�� WKH� DG�
VRUSWLRQ� HTXLOLEULXP� LV� DFKLHYHG� ZLWKLQ
���K��ZKLOH�IRU�DLU�GU\�FKROHVW\UDPLQH�VXFK
HTXLOLEULXP� LV�QRW� DWWDLQHG�HYHQ�DIWHU����K
RI� FRQWDFW� ZLWK� DQ� DTXHRXV� +&$� VROXWLRQ
�)LJ������ %HVLGHV�� DV� LW� LV� VHHQ� IURP�)LJ����
WKH� DGVRUSWLRQ� FDSDFLW\� RI� %70$�VLOLFD� LV
KLJKHU�WKDQ�WKDW�RI�FKROHVW\UDPLQH�

'HSHQGHQFHV� RI� +&$� DGVRUSWLRQ� YDOXHV
RQ� S+� RI� HTXLOLEULXP� VROXWLRQV� DUH� SUH�
VHQWHG� LQ�)LJ�����:LWK� LQFUHDVLQJ�S+�RI�VR�
OXWLRQV��+&$�DGVRUSWLRQ�YDOXHV�LQFUHDVH�DQG
UHDFK� PD[LPD� DW� S+� �Ü��� ZKLFK� JLYHV� D
FRQFOXVLYH� HYLGHQFH� IRU� WKH� LRQ�H[FKDQJH

W\SH�RI�+&$�DGVRUSWLRQ��&O±� RU�2+±� DQLRQV
VLWXDWHG� QHDU� SRVLWLYHO\� FKDUJHG� QLWURJHQ
DWRPV� RI� TXDWHUQDU\� DPPRQLXP� JURXSV� RI
DGVRUEHQWV� DUH� VXEVWLWXWHG� E\� FKROLF� DFLG
DQLRQV��$GVRUSWLRQ�RI�+&$�LQFUHDVHV�DV�WKH
FRQFHQWUDWLRQ� RI� FKROLF� DFLG� DQLRQV� LQ� WKH
VROXWLRQ� ULVHV�� $W� S+�!���� D� GHFUHDVH� LQ
+&$� DGVRUSWLRQ� YDOXHV� LV� REVHUYHG�� FDXVHG
E\� WKH� FRQFXUUHQW� DQLRQ�H[FKDQJH� VRUSWLRQ
RI�K\GUR[\O�LRQV�IURP�WKH�VROXWLRQ��%HVLGHV�
ORZHULQJ�RI�+&$�DGVRUSWLRQ�YDOXHV�REVHUYHG
ZLWK� LQFUHDVLQJ�S+� LV�PRUH�SURQRXQFHG� IRU
DGVRUEHQWV�LQ�2+�IRUP��7KH�DGVRUSWLRQ�FDSDF�
LW\� RI� VLOLFD� DGVRUEHQWV� ZLWK� FKHPLFDOO\� DW�

)LJ�����'HSHQGHQFHV�RI�FKROLF�DFLG�DGVRUSWLRQ
�*�� DQG� ELQGLQJ�GHJUHH� �E�� RQ� HTXLOLEULXP�FRQ�
FHQWUDWLRQ�RI�VROXWLRQ�IRU�DLU�GU\�FKROHVW\UDPLQH
LQ� &O�IRUP� DW� ���&�� ��� DTXHRXV� VROXWLRQ�� ��
SKRVSKDWH� EXIIHU�� ��� SKRVSKDWH� EXIIHU� ZLWK
������� l� 1D&O�� ��� SKRVSKDWH� EXIIHU� ZLWK
����l�1D&O�

)LJ�����'HSHQGHQFHV�RI�FKROLF�DFLG�DGVRUSWLRQ
�*��DQG�ELQGLQJ�GHJUHH��E��RQ�HTXLOLEULXP�FRQ�
FHQWUDWLRQ� RI� VROXWLRQ� IRU� %70$�$HURVLO� LQ
&O�IRUP�DW����&�����DTXHRXV�VROXWLRQ�����SKRV�
SKDWH� EXIIHU�� ��� SKRVSKDWH� EXIIHU� ZLWK
������� l� 1D&O�� ��� SKRVSKDWH� EXIIHU� ZLWK
����l�1D&O�

7DEOH����$GVRUSWLRQ� SDUDPHWHUV� IRU� VLOLFD�PRGLILHG�ZLWK� EHQ]\OWULPHWK\ODPPRQLXP� JURXSV� DQG
FKROHVW\UDPLQH�

$GVRUEHQW 6VS
��P��J�

4$*
FRQWHQW
�PPRO�J�

6RUSWLRQ�PHGLXP 7���&� %LQGLQJ�SDUDPHWHUV
.L�/�PPRO�

.V�/�PPRO�
.DJ

%70$�
$HURVLO

��� ���� $T��VROXWLRQ��¯s� �����Ü���� �� ����r���� ��r� ��r�
������l�SKRVSKDWH�EXIIHU��

¯s� ����� ����r���� ��r� ��r�
������l�SKRVSKDWH�EXIIHU�
FRQWDLQLQJ��������l�1D&O��
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WDFKHG� EHQ]\O�WULPHWK\ODPPRQLXP� JURXSV� LV
KLJKHU� WKDQ� WKDW� IRU� FKROHVW\UDPLQH� �)LJ�
���

+&$�DGVRUSWLRQ�LVRWKHUPV�IRU�%70$�$HURVLO
DQG�FKROHVW\UDPLQH�DUH�RI�D�VLJPRLG�VKDSH��)LJV�
�������7KLV�PD\�EH�FDXVHG�E\�SURFHHGLQJ�RI�VHY�
HUDO�SURFHVVHV�RQ�WKH�VXUIDFH�RI�DGVRUEHQWV��7KH
LRQ� H[FKDQJH� EHWZHHQ� FKROLF� DFLG� DQLRQV� DQG
FRXQWHU�LRQV� FRQQHFWHG� ZLWK� SRVLWLYHO\� FKDUJHG
FHQWHUV��TXDWHUQDU\�DPPRQLXP�JURXSV��RI�DGVRU�
EHQWV�WDNHV�SODFH�DOUHDG\�DW�ORZ�svk�FRQFHQWUD�
WLRQV� LQ� VROXWLRQ� ������Ü������ PPRO�/��� 7KLV
SURFHVV� FDQ� EH� GHVFULEHG� E\� D� FRQVWDQW�zL�ZKLFK� LV� D� PHDVXUH� RI� HOHFWURVWDWLF� DWWUDF�
WLRQ� EHWZHHQ� SRVLWLYHO\� FKDUJHG� FHQWHUV� RI
DGVRUEHQW� DQG� FKROLF� DFLG� DQLRQV� LQ� D� VROX�
WLRQ��$GVRUSWLRQ�RI�+&$�RFFXUV�DOVR�GXH�WR
GLVSHUVLRQ� DWWUDFWLRQ� EHWZHHQ� K\GURSKRELF
VHFWLRQV� RI� DGVRUEHQW� DQG� VWHURLG� VHJPHQWV
RI� FKROLF� DFLG� PROHFXOHV�� +\GURSKRELF� VHF�
WLRQV� DUH�� ��� EHQ]\O� UDGLFDOV� SURYLGLQJ� WKH
IL[DWLRQ� RI� TXDWHUQDU\� DPPRQLXP� JURXSV
RQ� WKH� DGVRUEHQW� VXUIDFH�� ��� VXUIDFH� LRQLF
FRPSOH[HV� �4$*��Ü�&$Ü��� &RQWULEXWLRQ� RI
K\GURSKRELF� LQWHUDFWLRQV� WR� WKH� WRWDO� svk
DGVRUSWLRQ�FDQ�EH�GHVFULEHG�E\�WKH�DJJUHJD�
WLRQ�FRQVWDQW�zDJ�EHWZHHQ�FKROLF�DFLG�DQLRQVLQ� VROXWLRQ� DQG� FRRSHUDWLYH� VXUIDFH� DGVRUS�
WLRQ� FHQWHUV� >��@�� ZKLFK� LQFOXGH� K\GURSKR�
ELF� VHFWLRQV� RI� JUDIWHG� IXQFWLRQDO� JURXSV
DQG�VXUIDFH�FRPSOH[HV�RI�ERXQG�TXDWHUQDU\
DPPRQLXP� JURXSV� ZLWK� FKROLF� DFLG� DQLRQV�
+HQFH��WKH�HTXLOLEULXP�FRQVWDQW�RI�WRWDO�DG�
VRUSWLRQ� �FKROLF� DFLG� ELQGLQJ�� WKDW� LV�� WKH
VWDELOLW\� FRQVWDQW�zV�� LV� WKH�SURGXFW� RI� LRQH[FKDQJH� FRQVWDQW� E\� DJJUHJDWLRQ� FRQVWDQW
>��@�

zV� �.L���.DJ�
7KH� ZKROH� DGVRUSWLRQ� SURFHVV� IRU� WKH

ORZ�VROXEOH�FKROLF�DFLG�DW�WKH�ELQGLQJ�H[WHQW
E� ����� FDQ� EH� SUHVHQWHG� DV� WKH� IROORZLQJ
VFKHPH�

�7KH� VWDELOLW\� FRQVWDQW� LV� WKH� LQYHUVH� RI
WKH�FKROLF�DFLG�HTXLOLEULXP�FRQFHQWUDWLRQ�LQ
VROXWLRQ�DW�ELQGLQJ�H[WHQW�E� ������

.V� ���e�&HT��DQG�GE�e�GOQ&HT� ��CCCCCCC.DJ�e���
7KH�FDOFXODWHG�DGVRUSWLRQ�SDUDPHWHUV�zV�.L�DQG�.DJ�IRU�%70$�$HURVLO�DUH�SUHVHQWHGLQ� 7DEOH���� 7KH� VLPLODU� FRQVWDQWV� IRU

FKROHVW\UDPLQH� FDQQRW� EH� FDOFXODWHG� IURP
LVRWKHUPV�RI�FKROLF�DFLG�DGVRUSWLRQ��EHFDXVH
WKH� PDMRULW\� RI� DGVRUSWLRQ� FHQWHUV� RI� DLU�
GU\� FKROHVW\UDPLQH� GRHV� QRW� DGVRUE� +&$
�)LJ������ 7KHUHIRUH�� 7DEOH��� SUHVHQWV� WKH
FRQVWDQWV� IRU� FKROHVW\UDPLQH� FDOFXODWHG
IURP� WKH� VRGLXP� FKRODWH� DGVRUSWLRQ� LVR�
WKHUP�>��@��,W�LV�WR�QRWH�WKDW�WKH�FKROLF�DFLG
VROXELOLW\�LV�ORZHU�WKDQ�WKDW�RI�VRGLXP�FKR�
ODWH�

&RQVWDQWV� RI� VWDELOLW\� .V�� LRQ� H[FKDQJH.L�DQG�DJJUHJDWLRQ�.DJ�IRU�VLOLFD�DGVRUEHQWH[FHHG� FRQVLGHUDEO\� WKH� VDPH� SDUDPHWHUV
IRU� FKROHVW\UDPLQH� �7DEOH����� 7KH� LQFUHDVH
RI�VROXWLRQ�S+�DQG�LRQLF�VWUHQJWK�UHVXOWV�LQ
GHFUHDVH� RI� .V� DQG� .L� IRU� FKROHVW\UDPLQHDQG�%70$�$HURVLO� �)LJ������3HUKDSV� WKLV� LV
FDXVHG� E\� FRPSHWLQJ� H[FKDQJH� ZLWK� 2+±
DQLRQV� RU� DQLRQV� RI� EXIIHU� VROXWLRQ��$W� WKH
VDPH�WLPH��WKH�DJJUHJDWLRQ�FRQVWDQW�.DJ�LQ�FUHDVHV�

7KXV�� LPPRELOL]DWLRQ� RI� TXDWHUQDU\� DP�
PRQLXP� JURXSV� RQ� VLOLFD� VXUIDFH� E\� WKH
FRSRO\PHUL]DWLRQ� UHDFWLRQ� EHWZHHQ� YLQ\O�
VLOLFD� DQG� YLQ\OEHQ]\OWULPHWK\ODPPRQLXP
FKORULGH� KDV� EHHQ� UHDOL]HG�� $GVRUSWLRQ� RI
FKROLF�DFLG�KDV�EHHQ�LQYHVWLJDWHG�DV�D�IXQF�
WLRQ� RI� WKH� FRQWDFW� GXUDWLRQ�� HTXLOLEULXP
FRQFHQWUDWLRQ��¯s�DQG� LRQLF�VWUHQJWK�RI�VR�
OXWLRQ� IRU� VLOLFD� PRGLILHG� ZLWK� EHQ]\O�
WULPHWK\ODPPRQLXP� JURXSV� DQG� IRU� DQ� DG�
VRUEHQW�VHTXHVWUDQW��FKROHVW\UDPLQH��KDYLQJ
D� VLPLODU� VWUXFWXUH� RI� IXQFWLRQDO� JURXSV�
7KH�PDLQ�DGVRUSWLRQ�SDUDPHWHUV�.L��zÈJ��zVKDYH� EHHQ� FDOFXODWHG� IURP� WKH� FKROLF� DFLG
DGVRUSWLRQ� LVRWKHUP� RQ� WKH� VXUIDFH� RI
%70$�$HURVLO��$Q�HVVHQWLDO�FRQWULEXWLRQ�RI
K\GURSKRELF� LQWHUDFWLRQV� WR� WKH� WRWDO� DG�
VRUSWLRQ�RI�FKROLF�DFLG�RQ�%70$�$HURVLO�KDV
EHHQ�UHYHDOHG��

5HIHUHQFHV
� ���k�/�/HKQLQJHU�� 3ULQFLSOHV� RI� %LRFKHPLVWU\�
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WLHV� DQG� %LRFKHPLVWU\� RI� 6LOLFD��:LOH\�,QWHU�
VFLHQFH��1HZ�<RUN��������

� ���(�)�9DQVDQW��3�9DQ�'HU�9RRUW��.�&�9UDQFNHQ�
&KDUDFWHUL]DWLRQ� DQG� &KHPLFDO� 0RGLILFDWLRQ
RQ� WKH� 6LOLFD� 6XUIDFH�� (OVHYLHU�� $PVWHUGDP
�������

� ���9�$�7HUW\NK�� /�$�%HO\DNRYD�� &KHPLFDO� 5HDF�
WLRQV� ,QYROYLQJ� 6LOLFD� 6XUIDFH�� 1DXNRYD
'XPND��.LHY��������>LQ�5XVVLDQ@��

� ���k�l�9DUYDULQ�� /�$�%HO\DNRYD�� =K�� 3ULNO�
.KLP������������������

����5�3RKORXGHN�)DELQL�� 7K�%H\ULFK�� 2UJDQLVFKH
$QDO\VH�� $NDGHPLVFKH� 9HUODJVJHVHOOVFKDUW
*HHVW�XQG�3RUWLJ�.��*���/HLS]LJ��������

����)�+HOIIHULFK��,RQ�([FKDQJH��'RYHU��1HZ�<RUN
�������

����5�0�&�'DZVRQ�� '�&�(OOLRW�� :�+�(OOLRW�
.�0�-RQHV�� 'DWD� IRU� %LRFKHPLFDO� 5HVHDUFK�
&ODUHQGRQ��2[IRUG��������

����/�-�%HOODP\��$GYDQFHV�LQ�,QIUDUHG�*URXS�)UH�
TXHQFLHV��0HWKXHQ��6XIIRON��������

����0�1LFKLIRU�� ;�;�=KX�� :�%DLOOH� HW� DO��� -�
3KDUP��6FL������������������
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