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5HFHLYHG�0D\���������
7KH� SRVVLELOLW\� WR� XVH� SRURXV� VFLQWLOODWRUV� EDVHG� RQ� WKH� RUJDQLF� PROHFXODU� FU\VWDO� RI

S�WHUSKHQ\O� IRU� GHWHUPLQDWLRQ� RI�D�QXFOLGHV� LQ� WKH� HQYLURQPHQWDO�ZDWHU� KDV� EHHQ� VKRZQ�
7KH�WHFKQRORJLFDO�PHWKRGV�RI�WKH�SRURXV�VFLQWLOODWRU�SUHSDUDWLRQ�KDYH�EHHQ�LPSURYHG��$V�D
VHOHFWLYH� VRUEHQW� IRU� WUDQVXUDQLXP� HOHPHQWV�� WKH� VWURQJ�EDVLF� DQLRQ�H[FKDQJH� UHVLQ� 93�
�$S�ZDV�XVHG��7KH�RSHUDWLRQ�HIILFLHQF\�RI�WKH�SUHSDUHG�PDWHULDO�KDV�EHHQ�FKHFNHG�XVLQJ
PRGHO�V\VWHPV�RI����3X�UHIHUHQFH�VROXWLRQV�
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7KH�SUREOHP�RI�HQYLURQPHQWDO�SURWHFWLRQ
KDV�EHHQ�VWHDGLO\�JDLQLQJ�ZRUOGZLGH� LPSRU�
WDQFH�� 7HFKQRORJLFDO� DFWLYLWLHV� RI� WKH� KX�
PDQNLQG� UHVXOW� LQ� HQYLURQPHQWDO� SROOXWLRQ
ZLWK� DUWLILFLDO� UDGLRQXFOLGHV�� WKXV� DURXVLQJ
D� VSHFLDO� LQWHUHVW� LQ� UDGLDWLRQ� PRQLWRULQJ
DQG� UDGLDWLRQ� VDIHW\�� ,PSURYHPHQW� RI� WKH
H[LVWLQJ�PHDQV�RI�UDGLDWLRQ�PRQLWRULQJ�DQG
FUHDWLRQ� RI� QHZ� HIILFLHQW� LQVWUXPHQWV� DQG
PHWKRGV�LV�D�FKDOOHQJLQJ�WDVN�IRU�VFLHQWLVWV
IURP�WKH�PDMRU�ZRUOG�FRXQWULHV��7KH�ODUJHVW
IUDFWLRQ� RI� UDGLRDFWLYLW\� WKDW� HQWHUHG� WKH
HFRV\VWHP� DIWHU� WKH� &KHUQRE\O� FDWDVWURSKH
KDV� EHHQ� ORFDWHG� LQ� DTXHRXV� REMHFWV��0RQL�
WRULQJ� RI� WKH� UDGLRQXFOLGH� OHYHOV� LQ� WKHVH
REMHFWV�LV�KLJKO\�LPSRUWDQW�EHFDXVH�RI�WKHLU
DELOLW\�WR�PLJUDWH�WKURXJK�DOLPHQWDU\�FKDQ�
QHOV�� 7KH� FKRLFH� RI� WKH� PRVW� DSSURSULDWH
PRQLWRULQJ�PHWKRG�GHSHQGV�XSRQ�ZKDW�NLQG
RI� LRQL]LQJ�UDGLDWLRQ� LV� WR�EH�UHFRUGHG��)RU
GHWHFWLRQ� RI� E�QXFOLGHV�� OLTXLG� VFLQWLOODWRUV
DQG� RUJDQLF� VLQJOH� FU\VWDOV� DUH� FRPPRQO\

XVHG��ZKLOH�IRU�J�QXFOLGHV�WKH�EHVW�SHUIRUP�
DQFH� LV� SURYLGHG� E\� VROLG� LQRUJDQLF�PDWHUL�
DOV� VXFK� DV�1D,� DQG�&V,�� 6XEVWDQWLDO� SURE�
OHPV�H[LVW�LQ�GHWHFWLRQ�RI�D�QXFOLGHV��ZKLFK
DUH� DEVRUEHG� LQ� WKH� VXUIDFH� OD\HU� GXH� WR
WKHLU� VKRUW� IUHH� SDWK� OHQJWK�� 7KH� PRQLWRU�
LQJ� RI�D�QXFOLGHV� LV� IXUWKHU� FRPSOLFDWHG�E\
WKH�YDOXH�RI�WKHLU�WRWDO�PD[LPXP�DFFHSWDEOH
FRQFHQWUDWLRQ�LQ�ZDWHU����%T�O��

7KH�WR[LFRORJ\�RI�WUDQVXUDQLXP�HOHPHQWV
LV� UDWKHU� FRPSOLFDWHG� GXH� WR� GRXEOH�VLGHG
QDWXUH�RI�ELRORJLFDO�HIIHFWV�RI�XUDQLXP�XSRQ
RUJDQLVP�>�@��,Q�PDQ\�FDVHV��ORZ�FRQFHQWUD�
WLRQV� RI� WKH� HOHPHQW� WR� EH� GHWHFWHG� RQ� WKH
EDFNJURXQG� RI� KLJK� FRQFHQWUDWLRQ� RI� WKH
PDWUL[� FRPSRQHQWV� LV� DQ� REVWDFOH� WR� LWV�GL�
UHFW� GHWHUPLQDWLRQ�� &RQVHTXHQWO\�� WKH
DQDO\VLV�PXVW�EH�SUHFHGHG�E\�YDULRXV�SURFH�
GXUHV�RI�VHSDUDWLRQ�DQG�FRQFHQWUDWLRQ�RI�WKH
HOHPHQW�LQ�TXHVWLRQ��1XPHURXV�PHWKRGV�IRU
VHSDUDWLRQ� RI� XUDQLXP� IURP� D� PL[WXUH� RI
FDWLRQV�KDYH�EHHQ�GHVFULEHG��$V�DQ�H[DPSOH�

)XQFWLRQDO�0DWHULDOV�����1R��������� �������Û�,QVWLWXWH�IRU�6LQJOH�&U\VWDOV
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RQH�FRXOG�QRWH�MRLQW�H[WUDFWLRQ�RI�8�DQG�7K
E\� WULRFW\OSKRVSKLQH� R[LGH�� WKHLU� TXDQWLWD�
WLYH�H[WUDFWLRQ�E\�FDSU\OLF�DFLG�DQG�DQDO\VLV
RI�WKH�UH�H[WUDFW�E\�PDVV�VSHFWURPHWU\�ZLWK
LQGXFWLYHO\�ERXQG�SODVPD�>�@��+RZHYHU��WKLV
SURFHGXUH� LV� WLPH�FRQVXPLQJ�� LW� SURGXFHV
ODUJH� DPRXQWV� RI� RUJDQLF� ZDVWHV�� DQG� WKH
VHSDUDWLRQ� HIILFLHQF\� RI� PDQ\� PDWUL[� FRP�
SRQHQWV��H�J���)H��LV�FOHDUO\�LQVXIILFLHQW�>�@�
7KLV�PDNHV�WKH�OLTXLG�H[WUDFWLRQ�PHWKRG�XQ�
VXLWDEOH�IRU�URXWLQH�DQDO\VHV�RI�ODUJH�VDPSOH
VHWV�� $PRQJ� PHWKRGV� XVHG� WR� FRQFHQWUDWH
XUDQLXP�LRQ��WKH�PRVW�FRPPRQ�DUH�WKRVH�RI
H[WUDFWLRQ� FKURPDWRJUDSK\� DQG� LRQ
H[FKDQJH�

([WUDFWLRQ� FKURPDWRJUDSK\� LV� UHODWLYHO\
VLPSOH�� EXW� LW� GRHV� QRW� SURYLGH� ORQJ�WHUP
VWDELOLW\� GXH� WR� ORVVHV� RI� WKH� H[WUDFWDQW� LQ
WKH� HOXHQW�� ([WUDFWLRQ� E\� VROYHQWV� DQG� LRQ
H[FKDQJH� DUH� SRSXODU� EHFDXVH� RI� WKHLU� DELO�
LW\� WR� HQVXUH� VLPXOWDQHRXV� FRQFHQWUDWLRQ
DQG� VHSDUDWLRQ� RI� LRQV� >����@�� 7KH� LRQ� H[�
FKDQJH�PHWKRG�LV�ZHOO�VXLWHG�IRU�VRUSWLRQ�RI
LRQV� IURP� ZDWHU�� 7KH�PRVW� FRPPRQO\� XVHG
LQ� WUDQVXUDQLXP� H[WUDFWLRQ� LV� &KHOH[����
UHVLQ�� ,W� KDV� EHHQ� VKRZQ� >�@� WKDW�� &KHOH[�
���� VKRXOG�EH�XVHG� LQ� WKH� DPPRQLXP� IRUP
WR� REWDLQ� WKH� PD[LPXP� H[WUDFWLRQ� GHJUHH�
5HFHQWO\�� WKH� XVH� RI� 8�7(9$� �(L&KURP�
'DULHQ��,/��DQLRQ�H[FKDQJH�UHVLQ�IRU�SXULIL�
FDWLRQ� RI� 8�FRQWDLQLQJ� VROXWLRQV� ZDV� UH�
SRUWHG� >�Ü�@�� EXW� WKH�8�7K� VHSDUDWLRQ� ZDV
QRW�LPSURYHG��$OVR�NQRZQ�DUH�LRQ�H[FKDQJH
UHVLQV� >��@� ZKLFK� DUH� XVHG� LQ� FRPELQDWLRQ
ZLWK� +&O� DV� HOXDQW� WR� UHPRYH� 8�9,�� IURP
VROXWLRQV�� 7KH� H[SHULPHQWDOO\� REWDLQHG� GLV�
WULEXWLRQ�FRHIILFLHQWV�VKRZ�WKDW�8�9,��LV�DE�
VRUEHG� LQ� �Ü��� l� +&O�� EXW� LV� ZHDNO\� UH�
WDLQHG�ZLWK�����l�+&O�>��@��$�SURFHGXUH�IRU
XUDQLXP� VRUSWLRQ� IURP� PLQHUDO� VROXWLRQV
XVLQJ�%LR5DG�$*��;��DQLRQ�H[FKDQJH�UHVLQ
KDV�EHHQ�GHYHORSHG�>��@�ZLWK�VXEVHTXHQW�GH�
WHFWLRQ� E\� D� OLTXLG� VFLQWLOODWLRQ� FRXQWHU�
&DWLRQ�H[FKDQJH�PHWKRGV�>������@�DV�ZHOO�DV
WKH�XVH�RI�RWKHU�HOXDQWV�IRU�XUDQLXP�VHSDUD�
WLRQ� >������@� KDYH� DOVR� EHHQ� UHSRUWHG�� 7R
GHWHUPLQH�XUDQLXP�WUDFHV�LQ�ZDWHU��DQ�DQD�
O\WLFDO� SURFHGXUH� KDV� EHHQ� SURSRVHG� EDVLQJ
RQ� VHOHFWLYH� VRUSWLRQ� RI� XUDQLXP� E\� D
FKHODWLQJ� UHVLQ� �65$),21� 1055�� DQG� GH�
WHUPLQDWLRQ�RI�WKH�UHWDLQHG�XUDQLXP�E\�QHX�
WURQ�DFWLYDWLRQ�DQDO\VLV�>��@�

5HFHQWO\�� GHWHFWLRQ� RI� UDGLRQXFOLGHV� LQ
ZDWHU� PHGLD� XVLQJ� SRURXV� VFLQWLOODWRUV� KDV
EHHQ�SURSRVHG�>������@��7KHVH�SRURXV�VFLQWLO�
ODWRUV� DUH� RUJDQLF� PDWULFHV� ZLWK� WKURXJK
SRUHV�FRQWDLQLQJ�D�VHOHFWLYH�FRPSOH[LQJ�VXE�
VWDQFH�IL[HG�RQ�WKHLU�VXUIDFH��7KH�VWUXFWXUH
RI�WKH�PDWHULDO�DOORZV�WKH�DQDO\]HG�OLTXLG�WR

SDVV�WKURXJK�LW��7KH�HOHPHQW�WR�EH�GHWHFWHG
LV� DFFXPXODWHG� LQ� WKH� VFLQWLOODWRU� YROXPH�
ZKLFK�SURYLGHV�ERWK�FRQFHQWUDWLRQ�RI�WKH�UD�
GLRQXFOLGHV� DQG� �S� JHRPHWU\� RI� UDGLDWLRQ
GHWHFWLRQ��7KH�REMHFWLYH�RI�WKLV�ZRUN�ZDV�WR
GHYHORS� QHZ� FRPSRVLWH�PDWHULDOV� IRU� UDGLD�
WLRQ�PRQLWRULQJ� DQG� WR� DSSO\� WKRVH� IRU� GH�
WHFWLRQ� RI� D�UDGLDWLRQ� LQ� DTXHRXV� PHGLD� RI
WKH� HQYLURQPHQW�� WDNLQJ� DV� DQ� H[DPSOH� VH�
OHFWLYH�GHWHUPLQDWLRQ�RI����3X�DQG����$P�LQ
HQYLURQPHQWDO� ZDWHUV��:LWKLQ� WKH� VFRSH� RI
WKH� ZRUN�� VWXGLHV� KDYH� EHHQ� FDUULHG� RXW� LQ
WKH� IROORZLQJ�GLUHFWLRQV�� VHOHFWLRQ�RI�D� VHOHF�
WLYH� VRUEHQW� IRU�FRQFHQWUDWLRQ�RI� WUDQVXUDQLF
HOHPHQWV��VWXGLHV�RI�VRUSWLRQ�SURSHUWLHV�RI�WKH
VRUEHQW� XVLQJ� PRGHO� VROXWLRQV� RI� XUDQ\O� QL�
WUDWH��GHYHORSPHQW�RI�SUHSDUDWLRQ�WHFKQRORJ\
RI� SRURXV� VFLQWLOODWRUV� IRU� GHWHFWLRQ� RI�D�UD�
GLDWLRQ�� VWXGLHV� RI� VFLQWLOODWLRQ� SURSHUWLHV� RI
WKH� SUHSDUHG� PDWHULDO� �OLJKW� \LHOG�� WUDQ�
VSDUHQFH��� VWXGLHV� RI� VRUSWLRQ� SURSHUWLHV� RI
WKH� SUHSDUHG�PDWHULDO� XVLQJ� UHIHUHQFH�PRGHO
VROXWLRQV�RI����3X�DQG����$P�

$V�VRUEHQWV�IRU�WUDQVXUDQLF�HOHPHQWV��DQ�
LRQLWHV� $0��%�� $03�� $0�S�� DQG� 93��$S
ZHUH�XVHG��)LUVW��ZH�KDYH�VWXGLHG�WKH�VRUS�
WLRQ� SURSHUWLHV� RI� WKH� SXUH� VRUEHQWV� XVLQJ
PRGHO� VROXWLRQV� RI� XUDQ\O� QLWUDWH� LQ� WKH
VWDWLF� VRUSWLRQ� PRGH�� 7R� WKDW� HQG�� VRUEHQW
JUDQXOHV� ZHUH� JURXQG� LQ� DQ� DJDWH� PRUWDU
LQWR� D� SRZGHU�ZLWK� WKH� JUDLQ� VL]H� RI� ��� WR
���PP��7KH�VRUEHQW�ZHLJKWV�LQ����PO�RI�WKH
VROXWLRQ� ZHUH� SODFHG� LQWR� D� 7HIORQ� YHVVHO
ZLWK�D�OLG�DQG�NHSW�IRU����KRXUV�WR�FRPSOHWH
WKH� VRUSWLRQ�� ,Q� WKH� ILUVW� VHULHV� RI� H[SHUL�
PHQWV��WKH�VROXWLRQ�FRQWDLQHG������������DQG
����PJ�PO� RI� XUDQ\O� QLWUDWH�� WKH� VROXWLRQ
¯s�ZDV�YDULHG�ZLWKLQ���WR�����DQG�WKH�VRU�
EHQW�ZHLJKWV��ZLWKLQ������WR�����J��7KH�UH�
VLGXDO�XUDQLXP�FRQWHQW�LQ�WKH�VROYHQWV�DIWHU
VRUSWLRQ�ZDV�PRQLWRUHG�E\�D�7UDFH�6FDQ�$G�
YDQWDJH� �7KHUPR� -DUUËOO� $VK� &RPSDQ\�
DWRPLF� HPLVVLRQ� VSHFWURPHWHU� ZLWK� LQGXF�
WLRQ�FRXSOHG� SODVPD�� 7KH� VHFRQG� VHW� RI� H[�
SHULPHQWV�ZDV�FDUULHG�RXW�XVLQJ�93��$S�DQ�
LRQLWH��$W� WKH�GHWHUPLQHG� RSWLPXP�S+�DQG
VRUEHQW�ZHLJKW�YDOXHV����DQG������J��UHVSHF�
WLYHO\��� WKH� XUDQLXP� VHSDUDWLRQ� VHOHFWLYLW\
ZDV�VWXGLHG��$FFRPSDQ\LQJ� LRQV�.��&V��%D�
6U��&R��<� ����PJ�PO� HDFK�� ZHUH� LQWURGXFHG
LQWR�WKH�VROXWLRQ��%HIRUH�LQWURGXFWLRQ�RI�WKH
VRUEHQW�� WKH� VROXWLRQ�ZDV� SDVVHG� WKURXJK� D
SDSHU�ILOWHU�WR�UHPRYH�WKH�UHVLGXHV�RI�SRO\�
YDOHQW� PHWDO� K\GUR[LGHV�� $IWHU� WKH� VWDWLF
VRUSWLRQ� SURFHVV� ZDV� ILQLVKHG�� WKH� FRQFHQ�
WUDWH� ZDV� VHSDUDWHG� IURP� WKH� VROXWLRQ� E\
ILOWHULQJ�� ZDVKHG� ZLWK� GLVWLOOHG� ZDWHU�� GLV�
VROYHG� LQ� �l� +12��� DQG� WKH� FRQWHQW� RI

1HZV�RI�7HFKQRORJ\
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PHWDO� LRQV� ZDV� GHWHUPLQHG� E\� $$6�(7$
PHWKRG��XVLQJ�D��6DWXUQ��VSHFWURPHWHU��

1H[W��WKH�SURFHVV�RI����3X�UHPRYDO�IURP
WKH� VROXWLRQ� E\� SRURXV� VFLQWLOODWRUV� ZDV
VWXGLHG�� 7KH� SRURXV� VFLQWLOODWRUV� VKDSHG� DV
F\OLQGULFDO� SHOOHWV� RI� ��� PP� GLD�� DQG
����PP�KHLJKW�ZHUH�PDGH�E\�XQLD[LDO�SUHV�
VXUH� FRPSDFWLRQ� RI� DQ� DSSURSULDWHO\� SUH�
SDUHG�XQLIRUP�PL[WXUH�RI�RUJDQLF�VFLQWLOOD�
WLRQ� PDWHULDO� JUDQXOHV�� D� VRUEHQW� DQG� D
SRUH�IRUPLQJ�DJHQW��7KH�RUJDQLF�PDWUL[�IRU
SUHSDUDWLRQ� RI� WKH� SRURXV� VFLQWLOODWRU� ZDV
GLSKHQ\OEXWDGLHQH� DFWLYDWHG� S�WHUSKHQ\O�
ZKLOH� DPPRQLXP� K\GURFDUERQDWH� ZDV� XVHG
DV� WKH� SRUH�IRUPLQJ� DJHQW�� 7KH� PDVV� UDWLR
RI�WKH�VFLQWLOODWRU��373���VRUEHQW��93��$S��
DQG� SRUH�IRUPLQJ� DJHQW� �1+�+&2��� ZDV������� 7KH� JUDQXOHV� RI� WKH� VDLG� VXEVWDQFHV
KDG� OLQHDU� GLPHQVLRQV� RI� ����� ������ DQG
�����PP��UHVSHFWLYHO\��7KH�FRPSDFWLRQ�ZDV
FDUULHG�RXW�LQ�D�VWHHO�PRXOG�DW�����03D�IRU
��� PLQ� DW� URRP� WHPSHUDWXUH�� 7KH� FRP�
SDFWHG�SHOOHWV�ZHUH�SODFHG�LQWR�D�TXDUW]�DP�
SRXOH� DQG� KHDWHG� LQ� D� ZDWHU� EDWK� DW� ���&
IRU� �� KRXUV�� %HIRUH� SUHSDUDWLRQ� RI� SRURXV
VFLQWLOODWRUV�� WKH� SRUH�IRUPLQJ� DJHQW� ZDV
GULHG�LQ�D�GHVLFFDWRU�RYHU�SKRVSKRUXV�R[LGH
IRU� �� GD\V�� DQG� WKH� VRUEHQW� ZDV� WUHDWHG
ZLWK��������VROXWLRQ�RI� VXUIDFWDQW� VRGLXP
ODXU\O� HWKR[\VXOIDWH�� 7KH� PL[WXUH� RI� WKH
VRUEHQW��SRUH�IRUPLQJ�DJHQW�DQG�S�WHUSKHQ\O
ZDV� PL[HG� LQ� D� 3XOYHULVHWWH��� EDOO� PLOO� DW
���Ü����USV�IRU����PLQXWHV��

)XUWKHU��XVLQJ� WKH� VDPH�RSWLPXP�FRQGL�
WLRQV� �S+� ���� VRUEHQW� PDVV� ����� J�� ZH
VWXGLHG� VRUSWLRQ� RI� ���3X� DQG� ���$P� IURP
PRGHO� VROXWLRQV� ZLWK� DFWLYLWLHV� ���3X
��� %T�PO� DQG� ���$P� ���� %T�PO�� 7R� WKDW
HQG��ZH�LQWURGXFHG������J�RI�DQLRQLWH�LQWR�D
7HIORQ� FRQLFDO� FXYHWWH�� DGGHG� �� PO� RI� WKH
UDGLRQXFOLGH� VROXWLRQ� DQG� ZDLWHG� �� KRXUV
IRU�VRUSWLRQ�WR�EH�FRPSOHWHG��7KHQ�WKH�VRU�
EHQW�ZDV� GULHG� XQGHU� D� TXDUW]� ODPS�� ���3X
DQG� ���$P� VROXWLRQV� RI� VSHFLILHG� DFWLYLWLHV
ZHUH� SUHSDUHG� SURFHHGLQJ� IURP� WKH� UHIHU�
HQFH� UDGLRDFWLYH� VROXWLRQV� GLOXWHG� ZLWK� EL�
GLVWLOOHG� ZDWHU�� 3RZGHU� HPLWWHUV� ZHUH� SUH�
SDUHG�LQ�WKH�IROORZLQJ�ZD\������J�RI�SRO\YL�
Q\O� S\UUROLGRQH� ZDV� VROYHG� LQ� �� PO� RI
HWKDQRO�� WKH� VRUEHQW� DIWHU� VRUSWLRQ� ZDV
DGGHG�� DQG� WKH� PL[WXUH� ZDV� DSSOLHG� LQ
GURSV� RQWR� RUJDQLF� JODVV� VXEVWUDWH� RI
�u��FP�� DUHD� DQG� ��PP� WKLFNQHVV�� 7R� SUH�
SDUH� WKH� FDOLEUDWLRQ� VDPSOHV�� ��� ��� �� PO
���3X� VROXWLRQV� RI� ��� %T�PO� DFWLYLW\� DQG
���$P� VROXWLRQ� RI� ���� %T�PO� ZHUH� DSSOLHG
LQ� GURSV� RQWR� WKH� RUJDQLF� JODVV� VXEVWUDWH
DQG�NHSW�XQGHU�D�TXDUW]� ODPS�XQWLO� WKH�VR�
OXWLRQ�ZDV�IXOO\�HYDSRUDWHG�

&RQFHQWUDWLQJ� RI� SOXWRQLXP� LRQV� E\� WKH
SRURXV�VFLQWLOODWRU�ZDV�FDUULHG�RXW�LQ�VWDWLF
PRGH��)RU�VRUSWLRQ��WKH�SHOOHW�ZDV�NHSW�IRU
��� KRXUV� LQ� ��� PO� RI� ���3X� VROXWLRQ� ZLWK
���%T�PO�DFWLYLW\��7KH�VFLQWLOODWLRQ�FKDUDF�
WHULVWLFV� RI� SRURXV� VFLQWLOODWRUV� DIWHU� VRUS�
WLRQ�ZHUH�PHDVXUHG�XVLQJ�D�VWDQGDUG�UDGLR�
PHWULF� FLUFXLW� FRPSULVLQJ� D� %86� ����� SUH�
DPSOLILHU��D�%8,��.�OLQHDU�DPSOLILHU�DQG�DQ
$0$� ���)� PXOWL�FKDQQHO� SXOVH� DPSOLWXGH
DQDO\]HU�� $V� SKRWRUHFHLYHU�� ZH� XVHG� D� 5
����� +DPDPDWVX� SKRWRPXOWLSOLHU� ZLWK� ��
LQFK� SKRWRFDWKRGH� GLDPHWHU�� 7KH� VFLQWLOOD�
WLRQV� ZHUH� H[FLWHG� E\� DQ� �H[WHUQDO�� ���3X
D�UDGLDWLRQ� VRXUFH� �k� ����� %T��� $OO� SUHV�
VXUH�FRPSDFWHG� VDPSOHV�ZHUH�SXW� LQWR�RSWL�
FDO�FRQWDFW�ZLWK�WKH�307�

7R� FKRRVH� WKH�PRVW� VXLWDEOH� VRUEHQW� IRU
WUDQVXUDQLXP� HOHPHQWV�� ZH� VWXGLHG� SURSHU�
WLHV�RI�PHGLXP�EDVLFLW\�DQLRQLWH�$0��%�DQG
VWURQJO\� EDVLF� DQLRQLWHV� $03�� $0�S�� DQG
93��$S�>������@��,Q�)LJ�����WKH�VRUSWLRQ�GH�
JUHH�RI�XUDQ\O�LRQV�E\�GLIIHUHQW�VRUEHQWV�LV
VKRZQ�DV�D�IXQFWLRQ�RI�WKH�VROYHQW�S+��7KH
VWURQJO\�EDVLF�DQLRQLWH�93��$S�DSSHDUHG�WR
EH� WKH�PRVW� HIILFLHQW��ZLWK� VRUSWLRQ� GHJUHH
FORVH�WR�������LQ�D�EURDG�S+�UDQJH��,W�FDQ
EH� VHHQ� IURP� )LJ���� WKDW� LW� LV� MXVW� WKH� S+
UDQJH� IURP� �� WR� ��� WKDW� LV� WKH� RSWLPXP
VRUSWLRQ� UHJLRQ�� )XUWKHU� H[SHULPHQWV� ZHUH
FDUULHG�RXW�DW�S+� ������EHFDXVH�DW�WKLV�S+
YDOXH� K\GUR[LGHV� RI� FDOFLXP�� PDJQHVLXP
DQG� VRPH� SRO\YDOHQW� PHWDOV� SUHFLSLWDWH
UHDGLO\� IURP� ZDWHU�� 8VLQJ� WKH� GHSHQGHQFH
RI� XUDQLXP� VRUSWLRQ� GHJUHH� XSRQ� WKH� VRU�
EHQW�PDVV�� YROXPH� FDSDFLW\� RI� WKH� DQLRQLWH
ZLWK�UHVSHFW�WR�82����ZDV�FDOFXODWHG��\LHOG�LQJ�����PPRO�J��,W�KDV�EHHQ�VKRZQ�WKDW�QRW
OHVV� WKDQ� ����� J� DQLRQLWH� LV� UHTXLUHG� IRU
DQDO\VLV�RI�����PO�ZDWHU�

)LJ�����6RUSWLRQ�GHJUHH�RI�XUDQ\O�LRQ�E\�GLIIHU�
HQW� VRUEHQWV� DV� IXQFWLRQ� RI� WKH� VROXWLRQ� S+�
93��$S������$03������$0�S�������$0��%�����
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,Q�7DEOH�� UHVXOWV� DUH�SUHVHQWHG� IRU� VRUS�
WLRQ� VHOHFWLYLW\� RI� XUDQ\O� LRQV� E\� WKH� DQ�
LRQLWHV�� 7KH� YDOXHV� JLYHQ�ZHUH� REWDLQHG� E\
PHDVXULQJ� WKH� FRQWHQW� RI� WKH� HOHPHQWV� LQ
WKH� DQLRQLWH� DIWHU� VRUSWLRQ� DQG� DYHUDJHG
RYHU��Ü���H[SHULPHQWV��7KH�LQWURGXFHG�FRQ�
FHQWUDWLRQV�RI�%D��6U��&V��.��&R��<�DUH�FORVH
WR�FRPPRQ�FRQFHQWUDWLRQV�RI�WKHVH�HOHPHQWV
LQ�HQYLURQPHQWDO�ZDWHUV��,W�FDQ�EH�VHHQ�WKDW
WKH� DFFRPSDQ\LQJ� LRQV� DUH� SUDFWLFDOO\� QRW
VRUEHG� E\� WKH� DQLRQLWH� LQ� WKH� FRXUVH� RI
DQDO\VLV�� ,W� LV� LPSRUWDQW�WR�QRWH�WKDW�DONDOL
DQG�DONDOL�HDUWK�PHWDOV�KDYLQJ�DUWLILFLDO�DQG
QDWXUDO� UDGLRDFWLYH� LVRWRSHV� �WKDW� FRXOG� DI�
IHFW� VXEVWDQWLDOO\� WKH� DQDO\VLV� UHVXOWV�� DUH
SUDFWLFDOO\�DEVHQW�LQ�WKH�VRUEDWH��7KXV��LVR�
WRSHV� ��z�� ���&V�� ���%D�� HWF�� FDQ� LQFUHDVH
WKH� DQDO\WLFDO� VLJQDO�� ZKLOH� VWDEOH� LVRWRSHV
RI�WKHVH�HOHPHQWV�FDQ�GHFUHDVH�WKH�HIIHFWLYH
FDSDFLW\� RI� WKH� VRUEHQW�� 7KH� EHKDYLRU� RI
EDULXP� LV�NQRZQ� WR� EH� D� JRRG�PRGHO� RI� LWV
FKHPLFDO�DQDORJ�UDGLXP��7KH�DEVHQFH�RI�EDU�
LXP�LQ�WKH�VRUEDWH�LPSOLHV�WKDW����5D��ZKLFK
FDQ�EH�SUHVHQW�LQ�QDWXUDO�ZDWHUV��LV�XQOLNHO\
WR�DIIHFW�GHWHUPLQDWLRQ�RI�WUDQVXUDQLXP�HOH�
PHQWV�

7KH�PDLQ�FRQGLWLRQ�IRU�RSHUDELOLW\�RI�SR�
URXV� VFLQWLOODWRUV� LV� WKH� SUHVHQFH� RI� VXIIL�
FLHQW� QXPEHU� RI� WKURXJK� SRUHV�� $V� JDV�
IRUPLQJ� VXEVWDQFH��ZH�XVHG� DPPRQLXP�K\�
GURFDUERQDWH�� ZKLFK� KDV� WKH� GHFRPSRVLWLRQ
WHPSHUDWXUH� ���&�� $V� D� UHVXOW� RI� WKHUPDO
GHFRPSRVLWLRQ� RI� DPPRQLXP� K\GURFDUERQ�
DWH�� SHOOHWV� ZHUH� REWDLQHG� ZLWK� WKURXJK
SRUHV� RI� ��� WR� ��� PP� LQ� GLDPHWHU� �)LJ�����
7KH� SHQHWUDELOLW\� GHJUHH� RI� WKH� SHOOHWV�� DV
HVWLPDWHG� IURP�ZDWHU� ILOWUDWLRQ� UDWH� LQ� G\�
QDPLF�PRGH��ZDV����PO�PLQÜ���,W�ZDV�IRXQG
E\�K\GURVWDWLF�ZHLJKLQJ�WKDW�WKH�SRURVLW\�RI
WKH�SHOOHWV�ZDV�FORVH�WR�������7KH�H[FKDQJH
FDSDFLW\�RI�SRURXV�VFLQWLOODWRUV�ZLWK�UHVSHFW
WR�XUDQLXP�ZDV������RI�WKH�VRUEHQW�FDSDF�
LW\��L�H�������PPRO�J��7R�DYRLG�WKH�LQIOXHQFH

RI� VXFK� VRUEHQW� SURSHUWLHV� DV� KDUGQHVV� DQG
K\GURSKRELFLW\� XSRQ� PHFKDQLFDO� SURSHUWLHV
RI�SUHVVXUH�FRPSDFWHG�VDPSOHV��WKH�SUHSDUD�
WLRQ� WHFKQRORJ\� RI� SRURXV� VFLQWLOODWRUV� ZDV
LPSURYHG� DV� IROORZV�� 7KH� SRUH�IRUPLQJ
DJHQW� ZDV� GULHG� LQ� D� GHVLFFDWRU� RYHU� SKRV�
SKRUXV� R[LGH�� DQG� WKH� VRUEHQW� ZDV� WUHDWHG
ZLWK� D� VXUIDFWDQW� VROXWLRQ�� 7R� HQVXUH� XQL�
IRUP� GLVWULEXWLRQ� RI� WKH� VRUEHQW� RYHU� WKH
PDWHULDO� YROXPH�� WKH� FRPSRQHQW� PL[WXUH
ZDV�PL[HG� LQ� D� EDOO�PLOO�� )LJ���� VKRZV� WKH
OXPLQHVFHQFH� VSHFWUXP� RI� SRURXV� VFLQWLOOD�
WRU�FRPSRVHG�RI�WKH�RUJDQLF�PDWUL[��VRUEHQW
DQG� SRUH�IRUPLQJ� DJHQW�� 6XFK� VSHFWUXP
VKDSH� LV� W\SLFDO� IRU� S�WHUSKHQ\O� DFWLYDWHG
ZLWK� GLSKHQ\OEXWDGLHQH�� 2QH� FDQ� DVVXPH
WKDW�QHLWKHU�DQLRQLWH�QRU�DPPRQLXP�K\GUR�
FDUERQDWH� DIIHFW� WKH� VSHFWUXP� VKDSH�� L�H��
WKH\� GR� QRW� DFW� DV� OXPLQHVFHQFH� TXHQFKHUV
RU�OXPLQHVFHQW�GRSDQWV�

,Q� )LJ����� WKH� UDGLROXPLQHVFHQFH� VSHFWUD
RI�SRURXV�VFLQWLOODWRUV�DUH�SUHVHQWHG��,W�FDQ
EH�VHHQ�WKDW�WKHUH�LV�DQ�D�SHDN�LQ�WKH�VSHF�
WUXP� RI� SUHVVXUH�FRPSDFWHG� VDPSOHV� ZLWK
DQ��LQWHUQDO��VRXUFH�� ,WV�YDOXH�KDV�EHHQ�HV�
WLPDWHG� WR� FRUUHVSRQG� WR� WKH� SUHVHQFH� RI
���%T����3X�LQ�WKH�SUHVVXUH�FRPSDFWHG�VDP�
SOH�� 7KH� GLIIHUHQFH� EHWZHHQ� WKH� LQWURGXFHG
����%T��DQG�IRXQG� ����%T��YDOXHV� LV�ZLWKLQ
WKH� OLPLW� RI� PHDVXUHPHQW� HUURUV�� ,W� LV
NQRZQ� WKDW� D�SDUWLFOHV�� ZKHQ� SDVVLQJ
WKURXJK� VXEVWDQFH�� DUH� DWWHQXDWHG� GXH� WR
LRQL]DWLRQ�DQG�H[FLWDWLRQ�RI�DWRPV�DQG�PROH�
FXOHV��DV�ZHOO�DV�GXH�WR�GLVVRFLDWLRQ�RI�PROH�
FXOHV��7KHUHIRUH��UHDOL]DWLRQ�RI��S�JHRPHWU\
IRU�WKHLU�GHWHFWLRQ�LV�D�FRPSOLFDWHG�SUREOHP�
7R� LPSURYH� WKH� GHWHFWLRQ� DFFXUDF\� DW� ORZ
DFWLYLWLHV� RI� WUDQVXUDQLXP� HOHPHQWV�� ZH
XVHG����$P� �D�SDUWLFOHV�ZLWK�pD� �����0H9�J�UDGLDWLRQ� SKRWRQV� ZLWK� pJ� ������NH9��&DOLEUDWLRQ� RI� WKH� HTXLSPHQW� ZDV� FDUULHG
RXW� XVLQJ� SRZGHU� HPLWWHUV� RI� NQRZQ� DFWLY�

7DEOH�� 6HOHFWLYLW\� RI� XUDQLXP� H[WUDFWLRQ� E\� DQLRQLWH�93��$S�� VROXWLRQ� YROXPH� ����PO�� VRUEHQW
PDVV�����J
(OHPHQW &RQWHQW�LQ�WKH

VRUEHQW�SULRU�WR
VRUSWLRQ��PJ�J

$PRXQW�LQWURGXFHG
LQWR�WKH�WHVWLQJ
VROXWLRQ��PJ�O

&RQWHQW�LQ�WKH
VRUEHQW�DIWHU
VRUSWLRQ��PJ�J

&RQWHQW�LQ�WKH
WHVWLQJ�VROXWLRQ��PJ�O

%D ������ ���� ������ ����
6U ���� ���� ���� ����
&V ������ ���� ������ ����
. ���� ���� ���� ����
&R ������ ���� ������ ����
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LW\�� ,W�KDV�EHHQ�VKRZQ�WKDW�D� FOHDU�FRUUHOD�
WLRQ� H[LVWV� EHWZHHQ� WKH� YDOXHV� RI� SXOVH
FRXQWLQJ�UDWH��

,Q� FRQFOXVLRQ�� EDVLQJ� RQ� WKH� UHVXOWV� RI
RXU�VWXG\��D�QHZ�PHWKRG�KDV�EHHQ�SURSRVHG
WR� GHWHUPLQH� D�HPLWWHUV� LQ� SRWDEOH� DQG
QDWXUDO�ZDWHU��$�VHOHFWLYH�VRUEHQW�KDV�EHHQ
FKRVHQ� IRU� FRQFHQWUDWLRQ� RI� WUDQVXUDQLXP
HOHPHQWV��QDPHO\�� D� VWURQJO\� EDVLF�DQLRQLWH
93��$S��DQG� LWV�SURSHUWLHV�KDYH�EHHQ�VWXG�
LHG�� ,W� KDV� EHHQ� VKRZQ� WKDW� WKH� VRUSWLRQ
GHJUHH�RI�D�HPLWWHUV�E\�WKH�DQLRQLWH�LV�FORVH
WR�������LQ�D�EURDG�S+�UDQJH��DQ�RSWLPXP
S+� UDQJH� IRU� VRUSWLRQ� ��� WR� ���� KDV� EHHQ
GHWHUPLQHG�� 7HFKQRORJLFDO� SURFHGXUHV� IRU
SUHSDUDWLRQ� RI� SRURXV� VFLQWLOODWRUV� KDYH
EHHQ� LPSURYHG�� 0L[LQJ� RI� WKH� FRPSRQHQW
PL[WXUH� LQ�D�EDOO�PLOO�EHIRUH�SUHVVXUH�FRP�
SDFWLRQ�KDV�EHHQ�SURSRVHG��DV�ZHOO�DV�WUHDW�
PHQW� RI� WKH� VRUEHQW� E\� D� VXUIDFWDQW� VROX�
WLRQ�� 8VLQJ� WKH� SUHSDUHG� VFLQWLOODWRUV�� DF�
WLYLWLHV� ZHUH� PHDVXUHG� RI� PRGHO� VROXWLRQV
FRQWDLQLQJ� ���3X�� 7KH� UHVXOWV� REWDLQHG
VKRZHG� WKH� SUHVHQFH� LQ� WKH� SUHVVXUH�FRP�
SDFWHG� VDPSOH� RI� ��� %T� ���3X�� ZKLFK
DPRXQWV������RI�WKH�LQWURGXFHG�DFWLYLW\�

5HIHUHQFHV
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$QDO��&KHP�������������������

����.�$�.UDXV�� *�(�0RRUH�� )�1HOVRQ�� -��$PHU�
&KHP��6RF�������������������

����7�1�YDQ�GHU�:DOW��)�:�(�6WUHORZ��5�9HUKHLM�
6ROY��([WU��,RQ�([FK�����������������

����&ROLQ� *�2QJ�� -DPHV� 2�/HFNLH�� 7DODQWD�� ���
�����������

����(�$�&�&URXFK��*�%�-�&RRN��,QRUJ��1XFO��&KHP��
��������������

����)�1HOVRQ�� '�&�0LFKHOVRQ��-��&KURPDWRJU��� ���
�����������

����<�6DVDNL�� +�7DNHLVKL�� 7�$GDFKL�� .�,]DZD�� -�
5DG��1XFO��&KHP�������������������

����6�-�8VXGD�� -��5DG��1XFO��&KHP��� ����� ���
�������

����1�=RXULGDNLV��.�0�2FKVHQNXKQ��$�6DYLGRX��-�
(QYLURQ��5DGLRDFW������������������

)LJ����� �5DGLROXPLQHVFHQFH�VSHFWUD�RI�SRURXV
VFLQWLOODWRUV�� EDFNJURXQG� HPLVVLRQ� RI� SUHV�
VXUH�FRPSDFWHG�VDPSOH������HPLVVLRQ�RI��SUHV�
VXUH�FRPSDFWHG� VDPSOH� ZLWK� DQ� �LQWHUQDO�
VRXUFH� ����� HPLVVLRQ� RI� SUHVVXUH�FRPSDFWHG
VDPSOH�ZLWK�DQ��LQWHUQDO��VRXUFH�XQGHU� LUUD�
GLDWLRQ�E\�DQ��H[WHUQDO��VRXUFH�����

)LJ�����,PDJH�RI�WKH�SRURXV�VFLQWLOODWRU��RSWL�
FDO�PLFURVFRSH�0%6����u���

)LJ����� /XPLQHVFHQFH� VSHFWUXP� RI� SRURXV
VFLQWLOODWRU�
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����$�<X�$QGU\XVKFKHQNR�� $�%�%ODQN�� 6�9�%XGD�
NRYVN\� HW� DO��� $QDO��&KLP��$FWD��� ����� ���
�������

����$�<X�$QGU\XVKFKHQNR�� $�%�%ODQN�� 6�9�%XGD�
NRYVN\� HW� DO���1XFO��,QVWU��DQG�0HWK��$��� ����
�����������

����%�1�/DVNRULQ�� *�1�1LNXO�VND\D�� .�)�3HUHO\�
JLQD��LQ��3URGXFWLRQ�DQG�3URFHVVLQJ�RI�3ODVWLF
DQG�6\QWKHWLF�5HVLQV��1,,30��0RVFRZ��������
�������>LQ�5XVVLDQ@�

����� $QLRQLWHV� 93��S� DQG� 93��$S�� ,QIRUPDWLRQ
OLVW�RI�9,0,�1R����������������>LQ�5XVVLDQ@�
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