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5HFHLYHG�-DQXDU\���������

$� VHQVLWLYH� PHWKRG� IRU� WKH� GHWHUPLQDWLRQ� RI� WUDFH� FRSSHU�,,�� DIWHU� WKH� SUHFRQFHQWUDWLRQ� E\� DGVRUELQJ� LWV

FXSIHUURQ�FRPSOH[�RQWR�PLFURFU\VWDOOLQH�EHQ]RSKHQRQH�ZDV�GHYHORSHG��6HYHUDO�H[SHULPHQWDO�FRQGLWLRQV�VXFK

DV� WKH�S+�RI�VDPSOH�VROXWLRQ��FRQFHQWUDWLRQ�RI�FXSIHUURQ��DPRXQW�RI�EHQ]RSKHQRQH�DQG�VWLUULQJ� WLPH�ZHUH

RSWLPL]HG��7UDFH�FRSSHU�,,��LQ�����P/�VROXWLRQ�ZDV�FKHODWHG�ZLWK���� × ��−��0�FXSIHUURQ�DW�S+������$IWHU�����

J�EHQ]RSKHQRQH�ZDV�DGGHG��WKH�VROXWLRQ�ZDV�VWLUUHG�IRU����PLQXWHV�WR�DGVRUE�WKH�FRPSOH[�TXDQWLWDWLYHO\�RQWR

EHQ]RSKHQRQH�� 7KH� EHQ]RSKHQRQH� DGVRUELQJ� &X�FXSIHUURQ� FRPSOH[� ZDV� ILOWHUHG� DQG� WKHQ� &X�FXSIHUURQ

FRPSOH[� ZDV� GHVRUEHG� LQ� ��� P/� HWKDQRO�� &RSSHU� ZDV� GHWHUPLQHG� E\� D� IODPH� DWRPLF� DEVRUSWLRQ

VSHFWURSKRWRPHWU\��7KH�LQWHUIHULQJ�HIIHFWV�RI�GLYHUVH�FRQFRPLWDQW�LRQV�ZHUH�LQYHVWLJDWHG��)H�,,,�� LQWHUIHUHG

VHULRXVO\�ZLWK��EXW� WKH� LQWHUIHUHQFH�E\�)H�,,,��ZDV�FRPSOHWHO\�HOLPLQDWHG�E\�DGMXVWLQJ�WKH�FRQFHQWUDWLRQ�RI

FXSIHUURQ�WR���� × ��−��0��7KH�GHWHFWLRQ�OLPLW�RI�WKLV�PHWKRG�ZDV���� × ��−��0������QJP/−����5HFRYHULHV�RI

����DQG�����ZHUH�REWDLQHG�IRU�&X�,,��LQ�D�VWUHDP�ZDWHU�DQG�D�EUDVV�VDPSOH��UHVSHFWLYHO\��%DVHG�RQ�WKH�UHVXOWV

IURP� WKH� H[SHULPHQW�� WKLV� SURSRVHG� WHFKQLTXH� FRXOG� EH� DSSOLHG� WR� WKH� GHWHUPLQDWLRQ� RI� FRSSHU�,,�� LQ� UHDO

VDPSOHV�

.H\ZRUGV � &RSSHU��$GVRUSWLRQ��%HQ]RSKHQRQH��%UDVV��)ODPH�DWRPLF�DEVRUSWLRQ�VSHFWURSKRWRPHWU\�

,QWURGXFWLRQ

/LTXLG�OLTXLG� H[WUDFWLRQ�KDV�ZLGHO\� EHHQ�XVHG� DV� RQH� RI

WHFKQLTXHV� E\� ZKLFK� WUDFH�PHWDO� LRQV� LQ� DTXHRXV� VROXWLRQ

FRXOG� EH� VHSDUDWHG� DQG� FRQFHQWUDWHG��� +RZHYHU�� OLTXLG�

OLTXLG� H[WUDFWLRQ� KDV� VRPH� OLPLWDWLRQV� WKDW� DUH� WLPH�FRQ�

VXPLQJ��WHGLRXV��DQG�XVXDOO\�LQYROYH�KDUPIXO�VROYHQWV��6RPH

PHWDO�FRPSOH[HV�WKDW�VOLJKWO\�GLVVROYH�LQ�OLTXLG�VROYHQW�DQG

DUH�VWDEOH�LQ�VROXWLRQ�DW�KLJK�WHPSDUDWXUH�FRXOG�EH�FRQFHQW�

UDWHG� DQG� H[WUDFWHG�PRUH� HIILFLHQWO\�� UDSLGO\� DQG� TXDQWLWD�

WLYHO\� E\� VROLG�OLTXLG� VHSDUDWLRQ� XVLQJ� PLFURFU\VWDOOLQH

QDSKWKDOHQH� RU� EHQ]RSKHQRQH����� %XW� WKLV� PHWKRG� VXIIHUV

IURP�WKH�YRODWLOLW\�RI�WKH�IXVHG�RUJDQLF�PDWHULDO�DQG�GHFRP�

SRVLWLRQ�RI�&X�FXSIHUURQ�FRPSOH[�FDXVHG�E\�D�KLJK�WHPSHU�

DWXUH� RI� ������ R&�� ,Q� RUGHU� WR� RYHUFRPH� WKLV� GLIILFXOW\�� D

PRGLILHG� WHFKQLTXH� EDVHG� RQ� WKH� DGVRUSWLRQ� RI� PHWDO

FRPSOH[�DW�URRP�WHPSHUDWXUH�RQWR�PLFURFU\VWDOOLQH�RUJDQLF

VXEVWDQFHV�ZDV�XVHG�����

89�YLVLEOH� VSHFWURSKRWRPHWU\� KDV� XVXDOO\� EHHQ� XVHG� WR

GHWHUPLQH� WKH� DQDO\WHV� DIWHU� VROLG�OLTXLG� VHSDUDWLRQ� �����

$OWKRXJK� 89�YLVLEOH� VSHFWURPHWULF� WHFKQLTXHV� DUH� VLPSOH�

FRQYHQLHQW�DQG�PRUH�HFRQRPLFDO�WKDQ�IODPH�$$6��WKH\�DOVR

KDYH� OLPLWDWLRQ� WKDW� WKH� VSHFWUDO� LQWHUIHUHQFH� GXH� WR� RYHU�

ODSSLQJ�RI�WKH�PD[LPXP�DEVRUSWLRQ�ZDYHOHQJWKV�PD\�RFFXU

ZKHQ�YDULRXV�PHWDO�LRQV�DUH�FRQWDLQHG�LQ�UHDO�VDPSOHV�

&XSIHUURQ��DPPRQLXP�QLWURVRSKHQ\OK\GUR[\ODPLQH�

FRPELQHV�ZLWK�VHYHUDO�PHWDO�LRQV�VXFK�DV�FRSSHU��LURQ�DQG�VR

IRUWK�WR�IRUP�FRORUHG�PHWDO�FRPSOH[HV�WKDW�DUH�QRW�GLVVROYHG

LQ�DTXHRXV�VROXWLRQ����7KLV�FKHODWLQJ�DJHQW�KDV�EHHQ�XVHG�WR

GHWHUPLQH� VHYHUDO�PHWDO� LRQV� E\�89�YLVLEOH� VSHFWURSKRWR�

PHWU\�DQG�DOVR�E\�DGVRUSWLYH�VWULSSLQJ�YROWDPPHWULF�DQDO\�

VLV� XVLQJ� JRRG� DGVRUSWLYH� FKDUDFWHULVWLFV� RI� FXSIHUURQ

FRPSOH[������

)RU�WKH�SUHFRQFHQWUDWLRQ�DQG�VHSDUDWLRQ�RI�FRSSHU�,,��LRQ�

YDULRXV� VROLG� DGVRUEHQWV� VXFK� $PEHUOLWH� ;$'��� UHVLQ� ��

VLOLFD�JHO����DFWLYDWHG�FDUERQ����DQG�WKLRO�FRWWRQ���KDYH�EHHQ

XVHG�� 7KHVH� DGVRUEHQWV� KDYH� JRRG� SUHFRQFHQWUDWLRQ� \LHOGV

DQG� KLJK� UHFRYHU\� \LHOGV� IRU� VRPH� FRSSHU�,,�� FRPSOH[HV�

+RZHYHU�� WKHVH� WHFKQLTXHV� DUH� WURXEOHVRPH� DQG� WLPH�FRQ�

VXPLQJ�EHFDXVH�RI�VORZ�VRUSWLRQ�DQG�GHVRUSWLRQ�SURFHVV��,W

ZDV� H]SHFWHG� WKDW�&X�,,��FXSIHUURQ� FRPSOH[�ZRXOG� EH� DG�

VRUEHG�RQ�PLFURFU\VWDOOLQH�EHQ]RSKHQRQH�ZHOO�DQG�UDSLGO\�

EHFDXVH�RI�D�YHU\�VLPLODU�SRODULW\�

7KH�GHWHUPLQDWLRQ�RI�WUDFH�DPRXQWV�RI�FRSSHU�KDV�UHFHLYHG

FRQVLGHUDEOH� DWWHQWLRQ� LQ� WKH� EDWWOH� DJDLQVW� HQYLURQPHQWDO

SROOXWLRQ��,Q�WKH�GHWHUPLQDWLRQ�RI�FRSSHU��YDULRXV�PHWKRGV�

LQFOXGLQJ� LQGXFWLYHO\� FRXSOHG�SODVPD�PDVV� VSHFWURPHWU\� ��

LRQ�FKURPDWRJUDSK\����DQRGLF�VWULSSLQJ�DQDO\VLV����DQG�JUDSKLWH

IXUQDFH� DWRPLF� DEVRUSWLRQ� VSHFWURSKRWRPHWU\��� KDYH� EHHQ

XVHG��0DQ\�RI�WKHVH�PHWKRGV�DUH�HLWKHU�WLPH�FRQVXPLQJ�RU

UHTXLUH�FRPSOLFDWHG�DQG�H[SHQVLYH�LQVWUXPHQWV��

7KHUHIRUH��WKH�PHWKRG�WKDW�FRXOG�GHWHUPLQH�WUDFH�DPRXQW

RI� FRSSHU� UDSLGO\� DQG� FRQYHQLHQWO\� E\� XVLQJ� SUHFRQFHQW�

UDWLRQ�WHFKQLTXH�RQWR�EHQ]RSKHQRQH�ZDV�UHVHDUFKHG��,Q�WKLV

VWXG\�� WKH�GHWHUPLQDWLRQ�RI� FRSSHU�,,��ZDV�SHUIRUPHG�DIWHU

VHSDUDWLRQ� DQG� DGVRUSWLRQ� RI� LWV� FXSIHUURQ� FRPSOH[� RQWR

EHQ]RSKHQRQH��

([SHULPHQWDO�6HFWLRQ

5HDJHQWV� DQG� 6ROXWLRQV�� $OO� FKHPLFDOV� XVHG� LQ� WKLV

H[SHULPHQW� VXFK�DV�&X�12���Â�+�2� �$OGULFK�&R���ZHUH�RI

DQDO\WLFDO� JUDGH� DQG� JXDUDQWHHG� JUDGH� UHDJHQWV�� &RSSHU

VWDQGDUG� VROXWLRQ� ZDV� PDGH� ZLWK� ��−�� 0� VWRFN� VROXWLRQ
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SUHSDUHG� IURP� FRSSHU�,,�� QLWUDWH� E\� D� GLOXWLRQ�� %HFDXVH

FXSIHUURQ��:DNR�&R���LV�VORZO\�GHFRPSRVHG�E\�KHDW�������0

FXSIHUURQ� VROXWLRQ� ZDV� PDGH� ZKHQHYHU� QHHGHG�� %HQ]R�

SKHQRQH��$OGULFK�&R���JURXQG�LQ�DQ�DJLWDWH�PRUWDU�ZDV�XVHG

ZLWKRXW�IXUWKHU�SXULILFDWLRQ�SULRU�WR�XVH��7KH�GHLRQL]HG�ZDWHU

E\� D� %DUQVWHDG� FDWULGJH� GHLRQL]DWLRQ� V\VWHP� ZDV� XVHG

WKURXJKRXW�DOO�H[SHULPHQWDO�SURFHGXUHV��

,QVWUXPHQWDWLRQ��*%&�PRGHO�����IODPH�DWRPLF�DEVRUS�

WLRQ�VSHFWURSKRWRPHWHU�ZDV�XVHG�LQ�IROORZLQJ�FRQGLWLRQV����

FP� ��VORW� EXUQHU�� FRSSHU� KROORZ� FDWKRGH� ODPS� RI� 3KRWURQ

'W\��/WG���ZDYHOHQJWK��������QP��DLU�DFHW\OHQH�IODPH��EXUQHU

KHLJKW�����PP��ODPS�FXUUHQW������P$��&RSSHU�LQ�UHDO�VDPSOHV

ZDV�GHWHUPLQHG�GLUHFWO\�ZLWK� D�+3������ ,&3�06�VSHFWUR�

PHWHU�� $� %DQWH[� PRGHO� ���$� GLJLWDO� S+� PHWHU� ZLWK� D

FRPELQHG�JODVV�DQG�FDORPHO�HOHFWURGH�ZDV�XVHG�WR�DGMXVW�WKH

S+V�RI�DOO�VDPSOH�VROXWLRQV�

*HQHUDO� 3URFHGXUHV�� $� ���� P/� FRSSHU�,,�� VDPSOH

VROXWLRQ�ZDV�WDNHQ�LQWR�D�����P/�(UOHQPH\HU�IODVN��DQG����

P/�RI������0�FXSIHUURQ�ZDV�DGGHG��7KH�S+�ZDV�DGMXVWHG�WR

����XVLQJ�����0�+12��DQG������J�EHQ]RSKHQRQH�ZDV�DGGHG

DV�D�VROLG�VROYHQW��7KLV�VROXWLRQ�ZDV�VWLUUHG�IRU����PLQXWHV�WR

DGVRUE� TXDQWLWDWLYHO\� &X�FXSIHUURQ� FRPSOH[� RQWR� EHQ]R�

SKHQRQH��$IWHU�ILOWHUHG�ZLWK�IULWWHG�JODVV�ILOWHU����*�����WKLV

PLFURFU\VWDOOLQH�EHQ]RSKHQRQH�ZDV�ZDVKHG�ZLWK�GHLRQL]HG

ZDWHU� DQG� GLVVROYHG� LQ� ���P/�YROXPHWULF� IODVN�ZLWK� HWK\O

DOFRKRO�� 7KH� DEVRUEDQFH� RI� FRSSHU� ZDV� PHDVXUHG� RQ� WKH

EDVLV� RI� &X�IUHH� EODQN� VROXWLRQ� DW� ������ QP� ZLWK� IODPH

DWRPLF� DEVRUSWLRQ� VSHFWURSKRWRPHWHU�� $� FDOLEUDWLRQ� FXUYH

ZDV�SUHSDUHG� LQ� WKH� UDQJH�RI���� × ��−��0���� × ��−��0�RI

FRSSHU�,,�� E\� WKH� DERYH� SURFHGXUH�� $� EUDVV� VDPSOH� ZDV

SUHSDUHG�DV�IROORZV��7R�UHPRYH�WKH�LPSXULWLHV�RQ�WKH�VXUIDFH

RI� WKH� EUDVV� VDPSOH�� LW� ZDV� ZDVKHG� ZLWK� DFHWRQH� DQG

GHLRQL]HG�ZDWHU��$��������J�EUDVV�VDPSOH�ZDV�ZHLJKHG�DQG

WUDQVIHUUHG�WR�D�����P/�(UOHQPH\HU�IODVN��DGGHG�E\����P/

RI� �� 0� +12��� KHDWHG� LQ� IXPH� KRRG� XQWLO� LW� GLVVROYHG

FRPSOHWHO\��DQG�FRROHG�GRZQ�WR�WKH�URRP�WHPSHUDWXUH��7KLV

EUDVV�VROXWLRQ�ZDV�WUDQVIHUUHG�WR������P/�YROXPHWULF�IODVN

DQG�GLOXWHG�E\�ILOOLQJ�WR�WKH�PDUN��$�����P/�DOLTXRW�RI�WKH

VROXWLRQ�ZDV�GLOXWHG� IXUWKHU� WR�D������P/� LQ� D�YROXPHWULF

IODVN�ZLWK�GHLRQL]HG�ZDWHU�DQG�XVHG�DV�D�UHDO�VDPSOH��$����

P/� DOLTXRW� RI� VWUHDP� ZDWHU� VDPSOH� ZDV� WDNHQ� DIWHU� WKH

VXVSHQGHG�PDWWHUV�RU�SDUWLFOHV�ZHUH� ILOWHUHG�RXW�ZLWK�JODVV

ILOWHU����*����

5HVXOWV�DQG�'LVFXVVLRQ

&RQFHQWUDWLRQ�RI�&XSIHUURQ��7R�H[WUDFW�PHWDO�FRPSOH[

TXDQWLWDWLYHO\�� PRUH� FKHODWLQJ� DJHQW�PXVW� EH� DGGHG� WR� WKH

VDPSOH�VROXWLRQ�WKDQ�LWV�VWRLFKLRPHWULF�UDWLR��7KH�H[WUDFWLRQ

HIILFLHQF\� LQ� ��� × ��−��0� FRSSHU�,,�� VROXWLRQ�ZDV� LQYHVWL�

JDWHG� E\� DGMXVWLQJ� FRQFHQWUDWLRQV� RI� FXSIHUURQ� IURP� ��� ×
��−��0�WR���� × ��−��0��)LJXUH���VKRZV�WKDW�WKH�DEVRUEDQFH

ZDV� SUDFWLFDOO\� FRQVWDQW� ZKHQ� WKH� FRQFHQWUDWLRQ� RI� FXS�

IHUURQ�ZDV�DERYH���� × ��−��0���,Q�WKLV�H[SHULPHQW����� × ��−�

0�FXSIHUURQ�VROXWLRQ�ZDV�XVHG�

S+�� 7KH� S+� OHYHO� LV� DQ� LPSRUWDQW� IDFWRU� DFFRUGLQJ� WR

ZKLFK�&X�,,��FRPELQH�ZLWK�FXSIHUURQ�WR�EH�D�VWDEOH�FRPSOH[�

7KH� S+� RI� WKH� ���� P/� VROXWLRQ� FRQWDLQLQJ� ��� × ��−��0

FRSSHU�,,��DQG���� × ��−��0�FXSIHUURQ�ZDV�FDUHIXOO\�DGMXVWHG

IURP�����WR������ZLWK�����0�+12��RU�����0�1D2+�WR�IRUP

WKH�&X�FXSIHUURQ�FRPSOH[�TXDQWLWDWLYHO\��7KH������J�EHQ]R�

SKHQRQH�ZDV�DGGHG�WR�WKLV�VROXWLRQ�DQG�WKH�HIIHFW�RI�S+�RQ

WKH�H[WUDFWLRQ�RI�&X�FXSIHUURQ�FRPSOH[�ZDV�LQYHVWLJDWHG��$V

VKRZQ� LQ� )LJXUH� ��� WKH� DEVRUEDQFH� RI� H[WUDFWHG� FRSSHU�,,�

GHSHQGHG�RQ�WKH�S+�ZLWK�WKH�PD[LPXP�DEVRUEDQFH�REWDLQHG

LQ�WKH�UDQJH�RI�S+����������%HORZ�S+������LW�VHHPV�WKDW�WKH

&X�FXSIHUURQ� FRPSOH[� ZDV� QRW� IRUPHG� TXDQWLWDWLYHO\� RQ

DFFRXQW�RI�SURWRQDWLRQLQJ�RI�WKH�FKHODWLQJ�DJHQW��$W�KLJKHU

S+�� LW� LV� OLNHO\�WKDW�&X�FXSIHUURQ�FRPSOH[�ZDV�QRW�IRUPHG

TXDQWLWDWLYHO\� EHFDXVH� LW� FRPSHWHG� ZLWK� FRSSHU� K\GUR[LGH

SUHFLSLWDWLRQ��+HQFH��S+�����ZDV�FKRVHQ�LQ�WKLV�H[SHULPHQW��

$PRXQW�RI�%HQ]RSKHQRQH��7KH�DGVRUSWLRQ�HIILFLHQF\�RI

&X�FXSIHUURQ�FRPSOH[�RQWR�EHQ]RSKHQRQH�ZDV�LQYHVWLJDWHG

E\�YDU\LQJ�WKH�DPRXQW�RI�EHQ]RSKHQRQH�DV�WKH�PLFURFU\VWDO�

OLQH�DGVRUEHQW�IURP������WR������J��)LJXUH�����7KH�FRPSOH[

ZDV�TXDQWLWDWLYHO\�H[WUDFWHG�RQ� WKH�DGGLWLRQ�RI�����������J

EHQ]RSKHQRQH��%HORZ������J��KRZHYHU�� WKH� UHSURGXFLELOLW\

RI� WKH� H[WUDFWLRQ� ZLWK� DGVRUELQJ� ZDV� GLPLQLVKHG�� $ERYH

)LJXUH����([WUDFWLRQ�HIILFLHQF\�RI�&X�,,������ × ��−��0��DFFRUGLQJ
WR�WKH�FRQFHQWUDWLRQ�RI�FXSIHUURQ�DW�S+�����

)LJXUH����(IIHFW�RI�S+�RQ� WKH� VHSDUDWLRQ�RI� WKH�&X�,,��FXSIHUURQ
FKHODWH��>&X�,,�@� ����� × ��−��0��
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�����J�� LW�ZDV�GLIILFXOW� WR�XVH�EHFDXVH�WKH�FDSLOODU\�WXEH�RI

WKH� IODPH�$$6�ZDV�RIWHQ�FORJJHG��7KXV�������J�RI�EHQ]R�

SKHQRQH�ZDV�XVHG�DV�WKH�VXLWDEOH�DPRXQW��7KH�VWLUULQJ�WLPH

DIIHFWV� WKH� GLVWULEXWLRQ� HTXLOLEULXP� LQ� ZKLFK� WKH� QRQLRQLF

FRPSOH[� DGVRUEV� RQWR� WKH� PLFURFU\VWDOOLQH� EHQ]RSKHQRQH�

7R�LQYHVWLJDWH�WKH�HIIHFW�RI�VWLUULQJ�WLPH�RQ�WKH�DGVRUSWLRQ�RI

&X�FXSIHUURQ�FRPSOH[�RQWR�EHQ]RSKHQRQH�LQ�VDPSOH�VROXWLRQ�

WKH�VWLUULQJ�ZDV�FRQGXFWHG�IURP����PLQXWHV�WR�����PLQXWHV�

7KH� H[WUDFWLRQ� HIILFLHQF\�ZDV�JRRG�ZKHQ� WKH� VWLUULQJ� WLPH

ZDV����WR����PLQXWHV��6R��WKH�VDPSOH�VROXWLRQ�ZDV�VWLUUHG�IRU

���PLQXWHV�

,QWHUIHULQJ� (IIHFWV�� 7KH� SRVVLEOH� LQWHUIHULQJ� HIIHFWV� RI

FRQFRPLWDQW� LRQV� RQ� WKH� GHWHUPLQDWLRQ� RI� FRSSHU� ZHUH

LQYHVWLJDWHG�XQGHU�RSWLPXP�FRQGLWLRQV�JLYHQ�DERYH��9DULRXV

PHWDO� LRQV� DQG� VDOWV� ZHUH� XVHG� IRU� LQYHVWLJDWLRQ� RI� WKHLU

LQWHUIHUHQFH� HIIHFWV� RQ� ��� × ��−��0� ������µJP/−��� FRSSHU

VROXWLRQ��EHFDXVH�LW�ZDV�DVVXPHG�WKDW�WKH\�SUHYHQW�WKH�&X�

FXSIHUURQ�FRPSOH[�IURP�IRUPLQJ��7KH�UHVXOWV�RI�LQWHUIHUHQFH

VWXGLHV�DUH�VXPPDUL]HG�LQ�7DEOH����)H�,,,��HYHQ�DW�PRUH�WKDQ

����µJP/−��FDXVHG�WR�VHULRXV�LQWHUIHUHQFH��,W�LV�DVVXPHG�WKDW

VXFK� LQWHUIHULQJ� HIIHFW�ZDV� FDXVHG� E\� WKH� FRPSOH[DWLRQ� RI

)H�,,,�� ZLWK� FXSIHUURQ� SULRU� WR� FRSSHU�,,��� +RZHYHU�� WKH

LQWHUIHUHQFH� E\� )H�,,,�� FRXOG� EH� RYHUFRPH� VXIILFLHQWO\� E\

DGMXVWLQJ�WKH�FRQFHQWUDWLRQ�RI�FXSIHUURQ�WR���� × ��−��0�

$SSOLFDWLRQV� WR�5HDO�6DPSOHV��$�FDOLEUDWLRQ�FXUYH�ZDV

FRQVWUXFWHG� DW� RSWLPXP� FRQGLWLRQV� DFFRUGLQJ� WR� JHQHUDO

SURFHGXUH�GHVFULEHG�DERYH��7KH�OLQHDU�UDQJH�RI�&X�,,��ZDV

��� × ��−��0���� × ��−��0��7KH� FRUUHODWLRQ� FRHIILFLHQW� �5��

ZDV���������VKRZLQJ�D�JRRG� OLQHDULW\�RI�FDOLEUDWLRQ�FXUYH�

7KH� GHWHFWLRQ� OLPLW� LV� GHILQHG� DV� WKH� VDPSOH� FRQFHQWUDWLRQ

JLYLQJ�D�VLJQDO�HTXDO�WR�WKH�EODQN�DYHUDJH�VLJQDO�SOXV�WKUHH

WLPHV�WKH�VWDQGDUG�GHYLDWLRQ�RI�EODQNV����7KH�GHWHFWLRQ�OLPLW

REWDLQHG� IURP� WKH� VLJQDOV� RI� WZHQW\�WKUHH� EODQN� VROXWLRQV

DQG� WKH� VORSH� RI� FDOLEUDWLRQ� FXUYH�� ZDV� ��� × ��−��0� ����

QJP/−����

&X�,,�� LQ� 6XZRQ� VWUHDP�ZDWHU� DQG� GLOXWHG� EUDVV� VDPSOH

ZHUH�GHWHUPLQHG�E\�WKLV�SURSRVHG�PHWKRG�DQG�WKH�UHVXOWV�DUH
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