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)RDP�IORWDWLRQ�KDV�EHHQ�HPSOR\HG�LQ�WKLV�ZRUN�IRU�HQKDQFHG�UHPRYDO�RI�DUVHQLF�VSHFLHV�IURP�ZDWHU��7KH�
PHWKRG�LQYROYHV�LQWHUDFWLRQV�EHWZHHQ�DUVHQLF�VSHFLHV�RU�DUVHQLF�K\GURO\VDEOH�PXOWL�FDWLRQ�FRPSOH[HV�DQG�
VXUIDFWDQWV��DQG�UHPRYDO�RI�WKH�K\GURSKRELF�FRPSOH[HV�IRUPHG�E\�DLU�EXEEOHV�XQGHU�TXLHVFHQW�FRQGLWLRQV��
7KH�V\VWHP�LQ�RXU�H[SHULPHQWV�FRQVLVWHG�RI�DUVHQLF�9��R[LGH�K\GUDWH��DOXPLQXP�FKORULGH��VRGLXP�GRGHF\O�
VXOIDWH��&+��&+����262�1D���GRGHF\ODPLQH��&+��&+����1+��� DQG�IURWKHUV��,W�ZDV�IRXQG�WKDW�DV�PXFK�DV�����
UHPRYDO� RI� DUVHQLF� VSHFLHV� FDQ� EH� REWDLQHG� E\� DGVRUELQJ� FROORLG� IORWDWLRQ�� WKH� UHPRYDO� EHLQJ� GHSHQGHG�
XSRQ�WKH�VROXWLRQ�S+��WKH�UDWLR�RI�DUVHQLF�WR�DOXPLQXP�FKORULGH�DQG�WKH�LQWHUDFWLRQV�EHWZHHQ�WKH�DUVHQLF�
PXOWLFDWLRQ� VSHFLHV� DQG� WKH� VXUIDFWDQWV� XVHG� DV� FROOHFWRUV�� 7KH� ORZ� UHPRYDO� �OHVV� WKDQ� ����� RI� DUVHQLF�
VSHFLHV� E\� LRQ� IORWDWLRQ� LQ� RXU� H[SHULPHQWV� VXJJHVWV� WKDW� WKH� LQWHUDFWLRQV� EHWZHHQ� DUVHQLF� VSHFLHV� DQG�
RSSRVLWHO\� FKDUJHG� VXUIDFWDQWV�PD\� EH�ZHDN�� DQG� WKHUHIRUH� DQ� DFWLYDWRU� LV� QHHGHG� WR� WUDQVIRUP� DUVHQLF�
VSHFLHV� LQWR�PRUH� LRQLF� IRUPV� IRU� WKH� LRQLF� IORWDWLRQ� RI� DUVHQLF� VSHFLHV�� 7KHVH� UHVXOWV� VKRZ� WKDW� IORWDWLRQ�
EDVHG�RQ� WKH� LQWHUDFWLRQV�EHWZHHQ�DUVHQLF�PXOWLFDWLRQ�VSHFLHV�DQG�VXUIDFWDQWV� LV�D�QHZ�HIIHFWLYH�PHWKRG�
HLWKHU�E\� LWVHOI�RU� LQ�FRPELQDWLRQ�ZLWK�RWKHU�WHFKQLTXHV�IRU�WKH�UHPRYDO�RI�DUVHQLF�IURP�HIIOXHQWV���������
6'8��$OO�ULJKWV�UHVHUYHG��
�
.H\ZRUGV��$UVHQLF�UHPRYDO��)RDP�IORWDWLRQ��$OXPLQXP�FKORULGH��6XUIDFWDQWV�
�
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%HFDXVH�RI�LWV�WR[LFLW\��DUVHQLF�LV�RI�FRQVLGHUDEOH�HQYLURQPHQWDO�FRQFHUQ��$UVHQLF�JHQHUDOO\�H[LVWV�LQ�WKH�
LQRUJDQLF� IRUP� LQ� ZDWHU� VXSSOLHV�� 7KH� VWDELOLW\� DQG� WKH� SUHGRPLQDQFH� RI� DUVHQLF� VSHFLHV� LQ� DTXDWLF�
HQYLURQPHQW�DW�GLIIHUHQW�S+�UDQJHV�DUH�VKRZQ�LQ�7DEOH���*XSWD�DQG�&KHQ���������$UVHQLF�LQ�VROXEOH�IRUP�
JHQHUDOO\�RFFXUV�LQ�LWV����DQG����R[LGDWLRQ�VWDWHV��
�
7DEOH���
6WDELOLW\�DQG�SUHGRPLQDQFH�RI�DUVHQLF�VSHFLHV�LQ�GLIIHUHQW�S+�UDQJHV�

S+� ���� ������ ��� ���
$V�,,,�� +�$V2� +�$V2�

� +$V2�
��� $V2�

���
S+� ���� ���� ����� ������

$V�9�� +�$V2� +�$V2�
� +�$V2�

��� $V2�
���

9DULRXV�PHWKRGV�KDYH�EHHQ�SURSRVHG�DQG�DGRSWHG�WR�UHPRYH�DUVHQLF�IURP�ZDWHU��9LUDUDJKDYDQ�HW�DO��
������ .DUWLQHQ� DQG� 0DUWLQ�� ������� 7KHVH� PHWKRGV� LQFOXGH�� ���� DGVRUSWLRQ� DQG� FR�SUHFLSLWDWLRQ� ����
PHPEUDQH�SURFHVV�DQG�HOHFWURGLDO\VLV������LRQ�H[FKDQJH�DQG�����R[LGDWLRQ�IROORZHG�E\�ILOWUDWLRQ��6RPHWLPHV��
WKHVH�FRQYHQWLRQDO�PHWKRGV�KDYH�QRW�EHHQ�VXFFHVVIXO�WR�PHHW�WKH�QHZ�HIIOXHQW�VWDQGDUG�IRU�DUVHQLF�GXH�WR�
WKH� VROXELOLW\� RI� WKH� UHVXOWDQW� SURGXFW�� )RDP� IORWDWLRQ� WHFKQLTXHV� KDYH� SURYHQ� WR� EH� YHU\� HIIHFWLYH� LQ�
UHPRYLQJ� YDULRXV� KHDY\�PHWDO� LRQV� VXFK� DV� &U�9,��� &X�,,��� 3E�,,�� DQG� =Q�,,�� IURP� GLOXWH� DTXHRXV� VROXWLRQV�
�+XDQJ� HW� DO�� ������ /LQ� DQG� +XDQJ�� ����������� &KRL� DQG� ,KP�� ������ 5REHUWVRQ� HW� DO�� ������� 7KHVH�
WHFKQLTXHV� DUH� DOVR� JHWWLQJ� LQFUHDVLQJ� DWWHQWLRQ� DQG� DSSOLFDWLRQV� LQ� UHPRYDO� RI� DUVHQLF� IURP� DTXHRXV�
VROXWLRQV�VLQFH� WKH\�DUH�QRW�RQO\�HIIHFWLYH�EXW�DOVR�KDYH�VHYHUDO�DGYDQWDJHV�� LQFOXGLQJ�WKH�DELOLW\� WR� WUHDW�
ORZ�PHWDO�FRQFHQWUDWLRQ��UDSLG�RSHUDWLRQ��QHHG�RI�OHVV�VXUIDFWDQW�DQG�ORZ�FRVW��3HQJ�DQG�'L��������+XDQJ�HW�
DO�� ������������=KDR��HW�DO�� ����D���0DWLV��HW�DO�� �������=KDR��HW�DO�� ����E����6WXGLHV��RQ�WKH� � � � � � � � � � �UHPRYDO�RI�
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DUVHQLF� LQYROYLQJ� DGVRUELQJ� FROORLG� IORWDWLRQ� �RQH� RI� WKH� IRDP� IORWDWLRQ� WHFKQLTXHV�� KDYH� XVHG� IHUULF�
K\GUR[LGH�DV�FR�SUHFLSLWDWRU� �RU�VRUEHQW���DQG�DQLRQLF�VXUIDFWDQWV�VXFK�DV�VRGLXP�GRGHF\O�VXOIDWH� �6'6��DV�
WKH� FROOHFWRU� VR� IDU�� +RZHYHU�� OLWWOH� LQIRUPDWLRQ� LV� DYDLODEOH� FRQFHUQLQJ� DOXPLQXP� K\GUR[LGH� DV� WKH� FR�
SUHFLSLWDWRU� �RU� VRUEHQW�� LQ� WKH� DGVRUELQJ� FROORLG� IORWDWLRQ�� $O�,,,�� FDQ� EH� DQ� DFWLYDWRU� RU� DFFHOHUDWRU�� )RU�
H[DPSOH��DGGLWLRQ�RI�$O�,,,��PDNHV�)H�2+�� IORF�PRUH�SRVLWLYH��ZKLFK�SUHVXPDEO\�LQFUHDVHV�WKH�DIILQLW\�RI�WKH�
IORF�IRU�DQLRQLF�VXUIDFWDQW�DGVRUSWLRQ��3HQJ�DQG�'L��������+XDQJ�HW�DO�� ������������7KHUHIRUH��$O�,,,��FRXOG�
EH�HIIHFWLYH�ERWK�DV�VRUEHQW�DQG�DV�DFWLYDWRU�IRU�UHPRYDO�RI�DUVHQLF�LQ�DGVRUELQJ�FROORLG�IORWDWLRQ��7KHUH�LV�
DOVR�OLWWOH�LQIRUPDWLRQ�DYDLODEOH�RQ�UHPRYDO�RI�DUVHQLF�IURP�ZDWHU�E\�LRQ�IORWDWLRQ��RQH�RI�WKH�IRDP�IORWDWLRQ�
WHFKQLTXHV��HYHQ�WKRXJK�WKLV�PHWKRG�KDV�EHHQ�XVHG�IRU�VHOHFWLYH�VHSDUDWLRQ�RI�PRO\EGHQXP�DQG�DUVHQLF�RU�
JHUPDQLXP� �0DWLV� HW� DO�� ������ =KDR� HW� DO�� ����D��� ,Q� WKLV� SDSHU�� WZR� IRDP� IORWDWLRQ� WHFKQLTXHV� ZHUH�
VWXGLHG�� DGVRUELQJ� FROORLG� IORWDWLRQ� ZLWK� DOXPLQXP�,,,�� ERWK� DV� D� VRUEHQW� �RU� FR�SUHFLSLWDWH�� DQG� DV� DQ�
DFWLYDWRU�� VRGLXP� GRGHF\O� VXOIDWH� DV� FROOHFWRU�� DQG� LRQ� IORWDWLRQ�ZLWK� GRGHF\ODPQLH� DV� WKH� FROOHFWRU�� 7KH�
REMHFWLYH� RI� WKLV�ZRUN�ZDV� WR� LQYHVWLJDWH� WKH� RSWLPXP� FRQGLWLRQV� IRU� HQKDQFHG� UHPRYDO� RI� DUVHQLF� IURP�
ZDWHU�XVLQJ�LRQ�IORWDWLRQ�WHFKQLTXHV�DQG�WR�EHWWHU�XQGHUVWDQG�WKH�PHFKDQLVPV�LQYROYHG�LQ�WKHVH�SURFHVVHV��
�

���(;3(5,0(17$/�
�
�����0DWHULDOV�
�

$OO�WKH�VROXWLRQV�ZHUH�SUHSDUHG�E\�GLVVROYLQJ�WKH�SRZGHU�RU�FU\VWDOV�LQ�GLVWLOOHG�ZDWHU��$UVHQLF�VROXWLRQ�
ZDV�PDGH�IURP�$UVHQLF�9��R[LGH�K\GUDWH��$V�2���+�2��$OGULFK���$O&O� VROXWLRQ�ZDV�PDGH�IURP�$O&O���+�2
�)LVKHU��� VROXWLRQV� RI� GRGHF\ODPLQH� DQG� VRGLXP� GRGHF\O� VXOIDWH� ZHUH� PDGH� IURP� GRGHF\ODPLQH�
�&+��&+����1+�� (DVWPDQ�� DQG� VRGLXP�GRGHF\O� VXOIDWH� ��&+��&+����262�1D�� )OXND��� UHVSHFWLYHO\��$� IURWKHU�
�PL[WXUH�RI�SRO\JO\FROV��&\WHF�,QF���ZDV�XVHG�IRU�JHQHUDWLQJ�PRUH�IRDP�LQ�WKH�IORWDWLRQ��
�
�����3URFHGXUH�
�

7KH�UHPRYDO�RI�DUVHQLF�IURP�ZDWHU�ZDV�VWXGLHG�XVLQJ�D�ODERUDWRU\�VFDOH�+DOOLPRQG�IORWDWLRQ�FHOO��)LJXUH�
����7KH�+DOOLPRQG�FHOO�VHWXS�ZDV�FRPSRVHG�RI�D���PP���GLDPHWHU�DQG���FP�KLJK�3\UH[�JODVV�WXELQJ�ZLWK�D�
IULWWHG�JODVV�GLVN��7KH�IULWWHG�JODVV�GLVN�ZLWK�ILQH�SRURVLW\�ZDV�XVHG�WR�JHQHUDWH�WKH�JDV�EXEEOHV�IRU�IORWDWLRQ��
���PO�RI�PL[HG�VROXWLRQ�RI�$V��$O&O� DQG�VRGLXP�GRGHF\O�VXOIDWH��IRU�DGVRUELQJ�FROORLG�IORWDWLRQ���RU�$V�DQG�
GRGHF\ODPLQH� �IRU� LRQ� IORWDWLRQ�� DW� GLIIHUHQW� PL[WXUH� UDWLRV� ZDV� SUHSDUHG� LQ� D� EHDNHU�� 7KH� LQLWLDO� $V�
FRQFHQWUDWLRQ�LQ�ERWK�WKH�FDVHV�ZDV�FKRVHQ�WR�EH���SSP��
�

)ULWWHG�*ODVV�'LVN

)RDPDWH

*DV

6ROXWLRQ�OHYHO

)RDP

%\�SDVV

0L[HG�VROXWLRQ�
� $V�$O&O��VXUIDFWDQW
RU�$V�VXUIDFWDQW���
DQG�JDV�EXEEOHV

&RUN�6WRSSHU �

)LJXUH����6FKHPDWLF�GLDJUDP�RI�+DOOLPRQG�FHOO�IRU�IRDP�IORWDWLRQ�
�

)RU�WKH�DGVRUELQJ�FROORLG�IORWDWLRQ��PL[HG�VROXWLRQV�RI�$V�ZLWK�$O&O� ZHUH�VWLUUHG�IRU���PLQXWHV�DIWHU�S+�
ZDV�DGMXVWHG�� WKHQ�D�SUHGHWHUPLQHG�DPRXQW�RI�VRGLXP�GRGHF\O�VXOIDWH� �6'6��ZDV�DGGHG��DQG�WKH�VROXWLRQ�
ZDV�VWLUUHG� IRU�DQRWKHU���PLQXWHV�DIWHU�S+�ZDV�DGMXVWHG�� )RU� WKH� LRQ� IORWDWLRQ��PL[HG�VROXWLRQV�RI�$V�ZLWK�
GRGHF\ODPLQH�ZHUH�VWLUUHG�IRU���PLQXWHV�ZLWK�S+�DGMXVWPHQW������PO�RI�WKH�PL[HG�VROXWLRQV�ZHUH�WDNHQ�IRU�
PHDVXULQJ� WKH� LQLWLDO� DUVHQLF� FRQFHQWUDWLRQ� DQG� WKHQ� ���� GURSV� RI� WKH� IURWKHU� ZDV� DGGHG� WR� WKH� PL[HG�
VROXWLRQV�LQ�ERWK�WKH�DGVRUELQJ�FROORLG�IORWDWLRQ�DQG�WKH�LRQ�IORWDWLRQ��7KH�VROXWLRQV�ZHUH�WKHQ�WUDQVIHUUHG�WR�
WKH� +DOOLPRQG� FHOO� IRU� IORWDWLRQ�� 1LWURJHQ� ZDV� XVHG� DW� D� IORZ� UDWH� DGMXVWHG� WR� JHQHUDWH� ILQH� EXEEOHV� IRU
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IORWDWLRQ�XQGHU�TXLHVFHQW�FRQGLWLRQV��$W�WKH�WRS�RI�WKH�+DOOLPRQG�FHOO��D�WKLQ�OD\HU�RI�IRDP��ZKLFK�FRQWDLQV�
$V�$O�6'6� FRPSOH[HV� RU� $V�GRGHF\ODPLQH� FRPSOH[HV�� ZDV� IRUPHG� �)LJXUH� ���� 7KLV� IRDP� IORZHG�
FRQWLQXRXVO\�YLD�D�IRDP�GLVFKDUJH�DQG�ZDV�FROOHFWHG�LQ�D�EHDNHU��7KH�IRDP�SURGXFW�ZDV�D�VPDOO�SRUWLRQ�RI�
WKH�RULJLQDO�VROXWLRQ�YROXPH��7KH�IORWDWLRQ�WLPH�ZDV����PLQXWHV��

7KH� DQDO\VLV� RI� DUVHQLF� LQ� WKH� VROXWLRQV� ZDV� FDUULHG� RXW� XVLQJ� 3HUNLQ�(OPHU� ,&3������ HPLVVLRQ�
VSHFWURPHWHU��7KH�UHVXOWV�DUH�H[SUHVVHG�LQ�UHPRYDO�HIILFLHQF\��$V�UHPRYDO����DV�IROORZV��

$V�UHPRYDO���� ���&U�&L� [������
:KHUH�&L DQG�&U DUH�WKH�LQLWLDO�DQG�UHVLGXDO�DUVHQLF�FRQFHQWUDWLRQ��UHVSHFWLYHO\��
�

���5(68/76�$1'�',6&866,21�
�
�����$GVRUELQJ�FROORLG�IORWDWLRQ�
�

(IIHFWV�RI�S+�DQG�WKH�PL[WXUH�UDWLRV�RQ�WKH�UHPRYDO�HIILFLHQF\�RI�DUVHQLF�DUH�VKRZQ�LQ�)LJXUH����,W�FDQ�EH�
VHHQ�WKDW�WKH�UHPRYDO�HIILFLHQF\�LQFUHDVHG�ZLWK�LQFUHDVH�LQ�WKH�PL[WXUH�UDWLR�RI�$O&O� WR�$V��7KH�PD[LPXP�
UHPRYDO�HIILFLHQF\�DW�DOO�WKH�WKUHH�PL[WXUH�UDWLRV�WHVWHG�ZDV�REWDLQHG�LQ�WKH�QHXWUDO�S+�UDQJH��DW�S+����DV�
PXFK�DV�����UHPRYDO�HIILFLHQF\�ZDV�DFKLHYHG�DW�WKH�PL[WXUH�UDWLR�RI���WR���� ,W� LV�QRWHG�WKDW�DV�PXFK�DV�
����UHPRYDO�HIILFLHQF\�ZDV�DFKLHYHG�HYHQ�DW�ORZ�S+��H�J��DW�S+����ZKHQ�WKH�PL[WXUH�UDWLR�RI�$O&O� WR $V�
ZDV� LQFUHDVHG� WR��� WR����7KHVH� UHVXOWV�VXJJHVW� WKDW� WKH�RSWLPXP�FRQGLWLRQV� IRU� UHPRYDO�RI�DUVHQLF� LQ� WKH�
DGVRUELQJ�FROORLG�IORWDWLRQ�DUH�PHGLXP�PL[WXUH�UDWLRV�RI�$O&O� WR�$V��H�J����WR����DQG�QHXWUDO�S+��H�J��S+�����
(IIHFWV�RI�S+�DQG�WKH�PL[WXUH�UDWLRV�RI�$O&O� WR�$V�RQ�WKH�UHPRYDO�HIILFLHQF\�DUH�DWWULEXWHG�WR�WKH�EHKDYLRU�RI�
WULYDOHQW�DOXPLQXP�DW�GLIIHUHQW�S+��,Q�WKH�S+�UDQJH�RI��a����WKH�SUHGRPLQDQW�$O�VSHFLHV�DUH�$O�2+�� �IORF���
$O�2+���� $O�2+����DQG�$O��� 1HJDWLYHO\�FKDUJHG�$V�9��R[\DQLRQ�VSHFLHV�LQ�WKLV�S+�UDQJH��VXFK�DV�+�$V2�

�

DQG�+$V2�
��� ZLOO�DGVRUE�RQ�RU�LQFRUSRUDWHG�LQWR�WKH�$O�2+�� IORFV�DQG�FRPSOH[�ZLWK�$O�2+���� $O�2+��� DQG�

$O��� 7KH�DPRXQW�RI�DGVRUEHG�RU� LQFRUSRUDWHG�DUVHQLF�VSHFLHV�FRXOG� LQFUHDVH�ZLWK� LQFUHDVH� LQ�DPRXQWV�RI�
$O�2+�� IORFV�� WKH� ODWWHU� LQFUHDVLQJ�ZLWK� LQFUHDVH� LQ� WKH�PL[WXUH� UDWLR� RI�$O&O� WR�$V� DW� QHXWUDO� S+� UDQJH���
,QWHUDFWLRQV�EHWZHHQ�DQLRQLF� VXUIDFWDQWV� �H�J�� 6'6��DQG�$V�$O�FRPSOH[HV�RU�$V�$O� IORFV�PDNH� WKHVH� IORFV�
DQG�RU� FRPSOH[HV� K\GURSKRELF�� 7KHVH� K\GURSKRELF� IORFV� DQG� FRPSOH[HV� DUH� WKHQ� UHPRYHG� YLD� WKH� JDV�
EXEEOHV��0HFKDQLVP�LQYROYHG�LQ�WKH�DGVRUELQJ�FROORLG�IORWDWLRQ�LV�VKRZQ�LQ�)LJXUH���D���
�
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$O&O�� $V� ������

$O&O�� $V� ������

$O&O�� $V� ������

�
)LJXUH����5HPRYDO�HIILFLHQF\�RI�DUVHQLF�E\�DGVRUELQJ�FROORLG�IORWDWLRQ�

�
�����,RQ�IORWDWLRQ�
�

7KH�UHPRYDO�HIILFLHQF\�RI�DUVHQLF�E\�LRQ�IORWDWLRQ�LV�SUHVHQWHG�LQ�)LJXUH����7KH�ORZHU�UHPRYDO�HIILFLHQF\�
RI�DUVHQLF�LQ�WKH�S+�UDQJH�RI��a���E\�WKLV�PHWKRG�LQ�RXU�H[SHULPHQWV�VXJJHVW�WKDW�WKH�LQWHUDFWLRQV�EHWZHHQ�
DQLRQLF�DUVHQLF�VSHFLHV�DQG�FDWLRQLF�GRGHF\ODPLQH��DV�FROOHFWRU��PLJKW�EH�ZHDN��DQG�WKHUHIRUH�DQ�DFWLYDWRU�
LV�SRVVLEO\�QHHGHG�WR�HQKDQFH�VXFK�LQWHUDFWLRQV�IRU�HIIHFWLYH�UHPRYDO�RI�DUVHQLF��0HFKDQLVP�LQYROYHG�LQ�WKH�
LRQ�IORWDWLRQ�LV�VKRZQ�LQ�)LJXUH���E���
�
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*DV�%XEEOH

$QLRQLF
VXUIDFWDQW

$V�$O�IORF

$V��$O�FRPSOH[HV

�E��,RQ�IORWDWLRQ
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&DWLRQLF
VXUIDFWDQW

$V�R[\DQLRQV

)LJXUH����,QWHUDFWLRQV�DPRQJ�DUVHQLF�VSHFLHV��PXOWLYDOHQW�FDWLRQV��VXUIDFWDQWV�DQG�JDV�EXEEOHV�LQ�WKH�IRDP�
IORWDWLRQ� IRU� UHPRYDO� RI� DUVHQLF� IURP� ZDWHU�� �D�� $QLRQLF� $V� VSHFLHV� DUH� LQFRUSRUDWHG� LQWR� $O� IORFV� RU�
FRPSOH[HV�ZLWK�$O� VSHFLHV�� $QLRQLF� VXUIDFWDQW� LQWHUDFWV�ZLWK� WKHVH� SRVLWLYHO\� FKDUJHG�$V�$O� IORF� DQG�RU�
FRPSOH[HV��PDNLQJ� WKHP�K\GURSKRELF� IRU� IORWDWLRQ� YLD� JDV� EXEEOHV�� �E�� &DWLRQLF� VXUIDFWDQW� LQWHUDFWV�ZLWK�
QHJDWLYHO\�FKDUJHG�$V�VSHFLHV��PDNLQJ�WKHP�K\GURSKRELF�IRU�IORWDWLRQ�YLD�JDV�EXEEOHV�
�

�

��

��

��

��

��

��

� � � � � �� ��
S+

5
HP

R
Y
DO
HI
IL
FL
HQ

F\
��

)LJXUH����5HPRYDO�HIILFLHQF\�RI�DUVHQLF�E\�LRQ�IORWDWLRQ�
�

���&21&/86,216�
�

x $V�PXFK�DV�����UHPRYDO�HIILFLHQF\�RI�DUVHQLF�ZDV�REWDLQHG�E\�DGVRUELQJ�FROORLG�IORWDWLRQ�XVLQJ�$O�,,,��DV�
DFWLYDWRU� DQG� VRUEHQW� DQG� VRGLXP� GRGHF\O� VXOIDWH� DV� WKH� FROOHFWRU�� 7KLV� HIILFLHQF\� LQFUHDVHG� ZLWK�
LQFUHDVH� LQ� WKH� UDWLR�RI�$O�,,,�� WR�$V�FRQFHQWUDWLRQ�� �0D[LPXP� UHPRYDO�HIILFLHQF\�ZDV�REWDLQHG� LQ� WKH�
QHXWUDO�S+�UDQJH��7KH�RSWLPXP�FRQGLWLRQV�IRU�UHPRYDO�RI�DUVHQLF� LQ�WKH�DGVRUELQJ�FROORLG�IORWDWLRQ�DUH�
PHGLXP�PL[WXUH�UDWLRV�RI�$O&O� WR�$V��H�J����WR����DQG�QHXWUDO�S+��H�J��S+�����x /RZ� UHPRYDO� HIILFLHQF\� RI� DUVHQLF� �OHVV� WKDQ� ����� LQ� WKH� LRQ� IORWDWLRQ� VXJJHVWV� ZHDN� LQWHUDFWLRQV�
EHWZHHQ� DQLRQLF� DUVHQLF� VSHFLHV� DQG� WKH� RSSRVLWHO\� FKDUJHG� VXUIDFWDQWV�� H�J�� GRGHF\ODPLQH�� DQG�
WKHUHIRUH�DQ�DFWLYDWRU�LV�QHHGHG�WR�LQFUHDVH�VXFK�LQWHUDFWLRQV�IRU�HQKDQFHG�UHPRYDO�RI�DUVHQLF��

x 7KHVH� UHVXOWV� VKRZ� WKDW� IRDP� IORWDWLRQ�EDVHG�RQ� LQWHUDFWLRQV�DPRQJ�DUVHQLF� VSHFLHV��PXOWLFDWLRQV�DQG�
VXUIDFWDQWV�LV�DQ�HIIHFWLYH�PHWKRG�HLWKHU�E\�LWVHOI�RU�LQ�FRPELQDWLRQ�ZLWK�RWKHU�WHFKQLTXHV�IRU�HQKDQFHG�
UHPRYDO�RI�DUVHQLF�IURP�ZDWHU��

�
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7KH�DXWKRUV�DFNQRZOHGJH�WKH�VXSSRUW�RI�1,+�*UDQW���3���(6������DQG�WKH� LQGXVWULDO�SDUWQHUV�RI� WKH�
,QGXVWU\�8QLYHUVLW\�&RRSHUDWLYH�5HVHDUFK�&HQWHU��,8&5&��DW�&ROXPELD�8QLYHUVLW\��7KDQNV�DOVR�GXH�WR�'U��.��
$��0DWLV�DQG�'U��$��,��=RXERXOLV�DW�$ULVWRWOH�8QLYHUVLW\�LQ�*UHHFH�IRU�WKHLU�VXJJHVWLRQV��
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=��3DQ�HW�DO����7KH�(XURSHDQ�-RXUQDO�RI�0LQHUDO�3URFHVVLQJ�DQG�(QYLURQPHQWDO�3URWHFWLRQ�
9RO����1R���������������������SS����������
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�
&KRL�� 6�-�� DQG� ,KP�� 6�.��� 5HPRYDO� RI� &X�,,�� IURP� DTXHRXV� VROXWLRQV� E\� IRDP� VHSDUDWLRQ� WHFKQLTXHV� RI�

SUHFLSLWDWH�DQG�DGVRUELQJ�FROORLG�IORWDWLRQ��6HSDUDWLRQ�6FLHQFH�DQG�7HFKQRORJ\��������������������������
*XSWD��6�.��DQG�&KHQ��.�<���$UVHQLF�UHPRYDO�E\�DGVRUSWLRQ��-RXUQDO�:DWHU�3ROOXWLRQ�&RQWURO�)HGHUDWLRQ��������

����������������
+XDQJ��6�'���)DQQ��&�)���+VLHK��+�6���)RDP�VHSDUDWLRQ�RI�FKURPLXP�9,��IURP�DTXHRXV�VROXWLRQ��-RXUQDO�RI�&ROORLG�

DQG�,QWHUIDFH�6FLHQFH������������������������
+XDQJ��6�'���7]XRR�� -�-���*DX�� -�<���+VLHK��+�6��� )DQQ��&�)���(IIHFW�RI�$O�,,,��DV�DQ�DFWLYDWRU� IRU�DGVRUELQJ�FROORLG�

IORWDWLRQ��6HSDUDWLRQ�6FLHQFH�DQG�7HFKQRORJ\�����������������������������������
.DUWLQHQ��(�2���-U��DQG�0DUWLQ��&�-���$Q�RYHUYLHZ�RI�DUVHQLF�UHPRYDO�SURFHVVHV��'HVDOLQDWLRQ������������ ���

����
/LQ�� -�� DQG� +XDQJ�� 6�'��� )ORF� IRDP� IORWDWLRQ� RI� FKURPLXP�9,�� ZLWK� SRO\HOHFWURO\WH�� 6HSDUDWLRQ� 6FLHQFH� DQG�

7HFKQRORJ\���������������� �����������
0DWLV�� .�$��� 3DSDGR\DQQLV�� ,�1��� =RXERXOLV�� $�,��� 6HSDUDWLRQ� RI� *HUPDQLXP� DQG� DUVHQLF� IURP� VROXWLRQV� E\�

IORWDWLRQ��,QWHUQDWLRQDO�-RXUQDO�RI�0LQHUDO�3URFHVVLQJ����������� �������
3HQJ�� )�)�� DQG� 'L�� 3��� 5HPRYDO� RI� DUVHQLF� IURP� DTXHRXV� VROXWLRQ� E\� DGVRUELQJ� FROORLG� IORWDWLRQ�� ,QGXVWULDO�

(QJLQHHULQJ�&KHPLFDO�5HVHDUFK����������� ���������
5REHUWVRQ��5�3���:LOVRQ��'�-���:LOVRQ��&�6��� 7KH�DGVRUELQJ�FROORLG� IORWDWLRQ�RI� 3E�,,�� DQG�=Q�,,�� E\�K\GUR[LGHV��

6HSDUDWLRQ�6FLHQFH����������� ����������
9LUDUDJKDYDQ��7���6XEUDPDQLDQ��.�6���$UXOGRVV��-�$���$UVHQLF�LQ�GULQNLQJ�ZDWHU�r�3UREOHPV�DQG�VROXWLRQV��:DWHU�

6FLHQFH�DQG�7HFKQRORJ\����������������������
=KDR�� <�&��� =RXERXOLV�� $�,��� 0DWLV�� .�$��� 5HPRYDO� RI� 0RO\EGDWH� DQG� DUVHQDWH� IURP� DTXHRXV� VROXWLRQ� E\�

IORWDWLRQ��6HSDUDWLRQ�6FLHQFH�DQG�7HFKQRORJ\������D������������������
=KDR��<�&���=RXERXOLV��$�,���0DWLV��.�$���)ORWDWLRQ�RI�PRO\EGDWH�R[\DQLRQV�LQ�GLOXWH�VROXWLRQV��3DUW����6HOHFWLYH�

VHSDUDWLRQ�IURP�DUVHQDWH��+\GURPHWDOOXUJ\������E����� ���������


