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7KH�SXOVH�VKDSH�GLVFULPLQDWLRQ�DELOLW\�LV
DQ�LPSRUWDQW�FKDUDFWHULVWLF�RI�ORZ�FRXQWLQJ
H[SHULPHQWV� DLPHG� WR� VHDUFK� IRU� H[WUDRUGL�
QDU\� UDUH� HIIHFWV�� VXFK� DV� GRXEOH� EHWD� ��E�
GHFD\� >�@�� GDUN�PDWWHU� SDUWLFOHV� >�@�� UDUH�E
DQG� D� GHFD\V�� )RU� LQVWDQFH�� LQ� WKH� H[SHUL�
PHQW� >�@�� DQ� H[WUHPHO\� ORZ� EDFNJURXQG
OHYHO� RI� ����� FRXQWV��\U�NH9�NJ�� ZDV� DW�
WDLQHG� ZLWK� FDGPLXP� WXQJVWDWH� �&G:2��FU\VWDO� VFLQWLOODWRU� GXH� WR� WKH� SXOVH� VKDSH

GLVFULPLQDWLRQ�� 7KH� KDOI�OLIH� OLPLW� RQ� �Q�E
GHFD\� RI� ���&G� �7����t���������� \U� DW�����&�/��� ZDV� VHW�� ZKLFK� UHVXOWV� LQ� RQH� RI� WKH
VWURQJHVW� UHVWULFWLRQV� RQ� WKH� HIIHFWLYH� 0D�
MRUDQD� QHXWULQR� PDVV�� ¢PQ²�d����� H9��:LWK
WKH� VDPH� FU\VWDOV�� XVLQJ� DOVR� WKH� SXOVH
VKDSH� GLVFULPLQDWLRQ�� WKH� ILUVW� LQGLFDWLRQ
IRU� WKH� D� GHFD\� RI� ���:� ZLWK� WKH� KDOI�OLIH
7���� ���������� \U� KDV� EHHQ� REVHUYHG� >�@�7KH�DLP�RI�WKLV�ZRUN�ZDV�WR�VWXG\�WKH�SXOVH
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VKDSH� GLVFULPLQDWLRQ� DELOLW\� RI� &D:2��=Q:2��DQG�&G:2��FU\VWDO�VFLQWLOODWRUV�7KH�PDLQ�SURSHUWLHV�RI� WKH� VWXGLHG�VFLQ�
WLOODWRUV�DUH�SUHVHQWHG�LQ�7DEOH����7KH�FU\V�
WDOV�ZHUH�JURZQ�E\�WKH�&]RFKUDOVNL�PHWKRG�
$OO� WKHVH� FU\VWDOV� DUH� FKHPLFDOO\� UHVLVWDQW
DQG� QRQ�K\JURVFRSLF�� 7KH� &D:2�� FU\VWDOSRVVHVVHV� EHWWHU�PHFKDQLFDO� SURSHUWLHV� WKDQ
=Q:2��DQG�&G:2��RQHV��7KH�FU\VWDOV�ZHUHZUDSSHG� E\�37)(� UHIOHFWLQJ� WDSH� DQG� RSWL�
FDOO\� FRXSOHG� WR� D� 307� �3KLOLSV� ;3����
ZLWK� ELDONDOL� SKRWRFDWKRGHV� DQG� (0,
'���.)/%�ZLWK�5E&V�RQH���$�GDWD�DFTXLVL�
WLRQ� V\VWHP� UHFRUGV� WKH� SXOVH� VKDSH� RI� WKH
VFLQWLOODWLRQ� VLJQDOV� XVLQJ� D� WUDQVLHQW� GLJL�
WL]HU�EDVHG�RQ�D����ELW�$'&��$'������ZLWK
WKH� VDPSOLQJ� IUHTXHQF\� RI� ��� 0+]�� 7KH
SXOVHV� RI� HYHQWV� LQ� WKH� VHOHFWHG� HQHUJ\� LQ�
WHUYDO�ZHUH�UHFRUGHG� LQ������WLPH�FKDQQHOV
DW����QV�FKDQQHO�ZLGWK�

3XOVH�VKDSHV�IRU�D�SDUWLFOHV�DQG�J�TXDQWD
����7K��LQ�D�ZLGH�HQHUJ\�UDQJH�ZHUH�LQYHVWL�
JDWHG��$�FROOLPDWHG����$P�VRXUFH�ZLWK�WKLQ
0\ODU� ILOPV� ������� PJ�FP��� DQG� DLU� OD\HU
DV� DEVRUEHUV� ZDV� XVHG�� $OSKD� SDUWLFOHV� LQ
WKH� HQHUJ\� UDQJH� RI� ���� WR� ���� 0H9� ZHUH
REWDLQHG��7KH�HQHUJ\�RI�D�SDUWLFOHV�ZDV�GH�
WHUPLQHG� XVLQJ� D� VXUIDFH�EDUULHU� GHWHFWRU�
7KH� FU\VWDOV� ZHUH� LUUDGLDWHG� ZLWK� D� SDUWL�
FOHV� LQ� WKH� GLUHFWLRQV� SHUSHQGLFXODU� WR
������� ������� DQG� ������ FU\VWDO� SODQHV� WR
VWXG\�WKH�GHSHQGHQFH�RI�SXOVH�VKDSH�RQ�WKH
LUUDGLDWLRQ� GLUHFWLRQ�� ,Q� DGGLWLRQ��D� HYHQWV
IURP�WKH�GHFD\�RI�QXFOLGHV� IURP� WKH����7K�
���8�� DQG� ���8� FKDLQV� SUHVHQW� DV� WUDFHV� LQ
WKH�&G:2��FU\VWDO�ZHUH�XVHG�WR�H[WHQG�WKHHQHUJ\� UDQJH� XS� WR� DERXW� �� 0H9�� 7KHVH
HYHQWV�ZHUH�VHOHFWHG�IURP�GDWD�RI�ORZ�EDFN�
JURXQG�PHDVXUHPHQWV�XVLQJ�WKH�WLPH�DPSOL�
WXGH�DQDO\VLV�>����@�

7KH� WLPH� FKDUDFWHULVWLFV� RI�&D:2�� �VL]H
��u��u���PP����=Q:2������u��PP����&G:2�
����u���PP��� VFLQWLOODWRUV�ZHUH� VWXGLHG�DV
GHVFULEHG� LQ� >�������@�� 7R� GHVFULEH� WKH� VFLQ�
WLOODWLRQ� VLJQDOV� DQDO\WLFDOO\�� WKH� SXOVH
VKDSH� UHVXOWLQJ� IURP� WKH� DYHUDJLQJ� RI� D
ODUJH� QXPEHU� RI� LQGLYLGXDO� HYHQWV� ZDV� ILW�
WHG�E\�IXQFWLRQ��VHH�)LJ�����
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ZKHUH�$L�DUH�WKH�UHODWLYH�LQWHQVLWLHV��DV�SHU�
FHQWDJH�RI�WKH�WRWDO�LQWHQVLW\���WL��WKH�GHFD\
FRQVWDQWV�IRU�YDULRXV�OLJKW�HPLVVLRQ�FRPSR�
QHQWV�� W��� WKH� LQWHJUDWLRQ� FRQVWDQW� RI� HOHF�
WURQLFV� �|�����PV��� 7KH� ILWWLQJ� H[KLELWHG
WKUHH� GHFD\� FRPSRQHQWV� ZLWK� GLIIHUHQW� LQ�

7DEOH����3URSHUWLHV�RI�&D:2���=Q:2��DQG�&G:2��VFLQWLOODWRUV��7KH�HIIHFWLYH�DYHUDJH�GHFD\�WLPHDQG�UHODWLYH�SKRWRHOHFWURQ�\LHOG�ZHUH�PHDVXUHG�DW�URRP�WHPSHUDWXUH�IRU�J�TXDQWD
&D:2� =Q:2� &G:2�

'HQVLW\��J�FP�� ��� ��� ���
0HOWLQJ�SRLQW���&� ����Ü���� ���� ����
6WUXFWXUDO�W\SH 6KHHOLWH :ROIUDPLWH :ROIUDPLWH
&OHDYDJH�SODQH :HDN������ 0DUNHG������ 0DUNHG������
+DUGQHVV��0RKV� ���Ü� �Ü��� �Ü���

(PLVVLRQ�PD[LPXP��QP� ���Ü��� ��� ���
5HIUDFWLYH�LQGH[ ���� ���Ü��� ���Ü���

(IIHFWLYH�DYHUDJH�GHFD\�WLPH��PV� � �� ��
3KRWRHOHFWURQ�\LHOG�>��RI�1D,�7O�@ ���� ���� ����

)LJ����� 6KDSHV� RI� VFLQWLOODWLRQ� SXOVHV� �,�� LQ�
WHQVLW\� LQ� DUELWUDU\� XQLWV�� LQ�&D:2�� FU\VWDO
IRU� J� UD\V� DQG� D� SDUWLFOHV� �DYHUDJH� RI
�����SXOVHV��DQG�WKHLU�ILWV�E\�WKUHH�H[SRQHQ�
WLDO� IXQFWLRQV� ZLWK� GHFD\� FRQVWDQWV� ���� PV�
��PV��DQG���PV�

)�$�'DQHYLFK�HW�DO����6FLQWLOODWLRQ�SXOVH�VKDSH����
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WHQVLWLHV� IRU� J� TXDQWD� DQG� D� SDUWLFOHV� �VHH
7DEOH����

7KH�GLIIHUHQFH�LQ�WKH�SXOVH�VKDSHV�DOORZV
WR� GLVFULPLQDWH� J� TXDQWD� IURP� D� SDUWLFOHV�
7R�WKDW�SXUSRVH��ZH�DSSOLHG�WKH�RSWLPDO�ILOWHU
PHWKRG�SURSRVHG�LQ�>�@�DQG�GHYHORSHG�LQ�>��@�
7R� REWDLQ� WKH� QXPHULFDO� FKDUDFWHULVWLF� RI
VFLQWLOODWLRQ� VLJQDO�� VR�FDOOHG� VKDSH� LQGLFD�
WRU� �6,��� WKH� IROORZLQJ� IRUPXOD�ZDV� DSSOLHG
IRU�HDFK�SXOVH�

6,� �¦I�WN����3�WN�¦I�WN�
��

ZKHUH�WKH�VXPPDWLRQ�LV�GRQH�RYHU�WLPH�FKDQ�
QHOV�N��VWDUWLQJ�IURP�WKH�SXOVH�RULJLQ�DQG�XS
WR����PV�IRU�&D:2��DQG�&G:2��FU\VWDOV��DQG
XS�WR����PV�IRU�=Q:2���I�WN�� LV� WKH�GLJLWL]HGDPSOLWXGH� �DW� WKH� WLPH� WN�� RI�D�JLYHQ�VLJQDO�7KH�ZHLJKW�IXQFWLRQ�3�W��LV�GHILQHG�DV�

3�W�� �ID�W����IJ�W�ID�W����IJ�W�
�

ZKHUH�ID�W��DQG�IJ�W��DUH�WKH�UHIHUHQFH�SXOVH
VKDSHV� IRU� D� SDUWLFOHV� DQG� J� UD\V�� UHVSHF�
WLYHO\�� $� FOHDU� GLVFULPLQDWLRQ� EHWZHHQ� D
SDUWLFOHV� DQG� J� TXDQWD� ZDV� DFKLHYHG� XVLQJ
WKLV� DSSURDFK�� DV� LV� VHHQ� LQ� )LJ����� ZKHUH
WKH� VKDSH� LQGLFDWRU� GLVWULEXWLRQV� PHDVXUHG
IRU� WKH�&D:2�� VFLQWLOODWLRQ� FU\VWDO� ZLWK�D
SDUWLFOHV� �(D�|����� 0H9�� DQG� J� TXDQWD
�|��� 0H9�� DUH� VKRZQ�� 7KH� 6,� GLVWULEXWLRQV
DUH� ZHOO� GHVFULEHG� E\� *DXVVLDQ� IXQFWLRQV�
WKH�VWDQGDUG�GHYLDWLRQV�VD�DQG�VJ�EHLQJ�HQ�HUJ\�GHSHQGHQW� >�����@�� $V� D� PHDVXUH� RI� GLV�
FULPLQDWLRQ�DELOLW\��WKH�IROORZLQJ�TXDQWLW\��WKH
GLVFULPLQDWLRQ�DELOLW\�SDUDPHWHU��FDQ�EH�XVHG�
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ZKHUH�6,D�DQG�6,J�DUH�WKH�PHDQ�6,�YDOXHV�RID� SDUWLFOHV� DQG� J� TXDQWD� GLVWULEXWLRQV�� VD
DQG� VJ�� WKH� FRUUHVSRQGLQJ� VWDQGDUG� GHYLD�WLRQV�� )RU� WKH� GLVWULEXWLRQV� SUHVHQWHG� LQ
)LJ����� WKH� SDUDPHWHU�0� ������ )RU�=Q:2�DQG� &G:2�� FU\VWDOV�� WKH�0� YDOXHV� ���� DQG�����UHVSHFWLYHO\��KDYH�EHHQ�REWDLQHG��7KH�GLV�
FULPLQDWLRQ� DELOLW\� EHFRPHV� ZRUVH� ZLWK� GH�
FUHDVLQJ�RI�D�SDUWLFOHV�DQG�J�TXDQWD�HQHUJ\�

7KH� HQHUJ\� GHSHQGHQFH� RI� WKH� 6,� IRU
&D:2�� ZDV� VWXGLHG� IRU� D� SDUWLFOHV� LQ� WKH�Ü����0H9�UDQJH��VHH�)LJ������7KH�VKDSH�LQ�
GLFDWRU� PHDVXUHG� IRU�&D:2�� FU\VWDOV� ZLWKD� SDUWLFOHV� GRHV� QRW� GHSHQG� RQ� WKH�D� LUUD�
GLDWLRQ� GLUHFWLRQ� UHODWLYH� WR� WKH� FU\VWDO
SODQHV��7KH�HQHUJ\�GHSHQGHQFH�RI�WKH�6,�IRU
&G:2��DQG�=Q:2��ZDV�VWXGLHG�IRU�D�SDUWL�FOHV�LQ�WKH����Ü����0H9�DQG�WKH��Ü����0H9
UDQJHV�� UHVSHFWLYHO\�� 7KH� GHSHQGHQFH� RI� 6,

)LJ����� 7KH� VKDSH� LQGLFDWRU� �6,�� GLVWULEXWLRQV
PHDVXUHG� IRU� &D:2�� GHWHFWRU� ZLWK� J� TXDQWD
�|�����0H9��DQG�D�SDUWLFOHV��(D� �����0H9��

7DEOH����7LPH�SURSHUWLHV�RI�&D:2���=Q:2��DQG�&G:2��VFLQWLOODWRUV��DW�URRP�WHPSHUDWXUH���7KHGHFD\�FRQVWDQWV�DQG�WKHLU�LQWHQVLWLHV��LQ�SHUFHQWDJH�RI�WKH�WRWDO�LQWHQVLW\��DUH�GHQRWHG�DV�WL�DQG$L��UHVSHFWLYHO\
&U\VWDO 7\SH�RI�LUUDGLDWLRQ 'HFD\�FRQVWDQWV��WL���PV

W���$�� W���$�QRWKLQJr�½~�{� W���$��
&D:2� J�UD\V ��������� ���������� ����������

D�SDUWLFOHV ��������� ���������� ����������
=Q:2� J�UD\V ��������� ��������� �����������

D�SDUWLFOHV ��������� ���������� �����������
&G:2� J�UD\V Ü ����������� �������������

D�SDUWLFOHV ����������� ������������ �������������
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RQ�WKH�LUUDGLDWLRQ�HQHUJ\�DQG�GLUHFWLRQ�ZDV
REVHUYHG�IRU�D�SDUWLFOHV�>����@��)RU�LQVWDQFH�
WKH� HQHUJ\�DQG�GLUHFWLRQ�GHSHQGHQFHV� RI�6,
IRU�=Q:2��FU\VWDO�VFLQWLOODWRU�DUH�VKRZQ�LQ)LJ�����1R� HQHUJ\�GHSHQGHQFH� RI� WKH�6,� IRU
J�TXDQWD� LQ�WKH�UDQJH�IURP�����WR�����0H9
ZDV� REVHUYHG� IRU� &D:2��� =Q:2��� DQG&G:2��FU\VWDOV�7KH�PHDVXUHG�WHPSHUDWXUH�GHSHQGHQFH�RI
DYHUDJH� GHFD\� WLPH� IRU� &G:2�� VLJQDOV� LQWKH� �Ü���&� UDQJH� LV� VKRZQ� LQ� )LJ����� 7KH
EHKDYLRU�RI�H[SHULPHQWDO�SRLQWV�DJUHHV�ZLWK
WKDW� IURP� >��@�� ,W� VKRXOG� EH� QRWHG� WKDW� WKH
DYHUDJH� WLPH� GHFUHDVHV� DV� WKH� WHPSHUDWXUH
ULVHV��7KH�GLVFULPLQDWLRQ�DELOLW\�SDUDPHWHU�0
VKRZV�D�VOLJKW�LQFUHDVH�ZLWK�WHPSHUDWXUH�

7KH� WKUHH� WLPH� FRPSRQHQWV� WL�|������ |��DQG�|����PV�ZHUH�REVHUYHG� IRU�=Q:2��VFLQ�WLOODWLRQ� VLJQDOV�� 7KH� YDOXH� IRU� WKH� VORZ
GHFD\�FRPSRQHQW�ZDV�LQ�DJUHHPHQW�ZLWK�WKH
UHVXOW� ���� PV�� REWDLQHG� LQ� >��@�� ZKLOH� ���
DQG���PV� GHFD\� WLPH� FRQVWDQWV�ZHUH� LGHQWL�
ILHG�IRU�WKH�ILUVW�WLPH��:H�ZHUH�QRW�DEOH�WR
UHFRJQL]H� WKH� ���� QV� GHFD\� FRPSRQHQW� UH�
SRUWHG� LQ� >��@� EHFDXVH� RI� D� UDWKHU� VORZ
����0+]�� WUDQVLHQW� GLJLWL]HU� XVHG� LQ�PHDV�
XUHPHQWV��)RU�&D:2��FU\VWDOV�� WKH�EHVW�ILWZDV� DFKLHYHG� ZLWK� WKUHH� GHFD\� FRPSRQHQWV
���������DQG���PV��

7KH�HQHUJ\�GHSHQGHQFH�RI�WKH�VKDSH�LQGL�
FDWRU� �6,�� IRU� D� SDUWLFOHV� FDQ� EH� H[SODLQHG
E\�WKH�GHSHQGHQFH�RI�WKH�LRQL]DWLRQ�GHQVLW\
RQ�WKH�HQHUJ\�

7KH� &D:2�� >������@�� =Q:2�� >�@�� DQG&G:2�� >��@� FU\VWDO� VFLQWLOODWRUV� ZHUH� SUR�SRVHG�DV�ERORPHWULF�GHWHFWRUV�IRU� LQYHVWLJD�
WLRQ�RI�UDUH�QXFOHDU�GHFD\V�DQG�GDUN�PDWWHU
VHDUFK�� 7KH� GHSHQGHQFH� RI� SXOVH� VKDSH� RQ
GLUHFWLRQ� RI� KLJK� LRQL]LQJ�D� SDUWLFOHV� �VXS�
SRVLQJ� WKDW� VXFK� D� EHKDYLRU� ZRXOG� UHPDLQ
IRU� QXFOHDU� UHFRLOV�� REVHUYHG� ZLWK� =Q:2�

VFLQWLOODWRU�FRXOG�EH�XVHG�WR�GHWHFW�D�GLXUQDO
DV\PPHWU\� LQ� REVHUYDWLRQ� RI� GDUN� PDWWHU
SDUWLFOHV�>����@�

7R� FRQFOXGH�� WKH�SXOVH� VKDSH� RI�&D:2��
=Q:2��DQG�&G:2��VFLQWLOODWLRQ�VLJQDOV�KDVEHHQ� LQYHVWLJDWHG� DQG� D� JRRG� SXOVH� VKDSH
GLVFULPLQDWLRQ� IRU� J� DQG�D� HYHQWV� KDV� EHHQ
DWWDLQHG�� 'HSHQGHQFH� RI� WKH� VFLQWLOODWLRQ
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