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,W� LV�ZHOO�NQRZQ� WKDW� WKH�PHWDOORJUDSKLF
GHWHFWLRQ�WHFKQLTXH�RI�SRO\FU\VWDO�VWUXFWXUH
FRQVLVWV� DV� D� UXOH� LQ� WKH� FKHPLFDO� HWFKLQJ�
7R� UHYHDO� WKH� JUDLQ� ERXQGDULHV� LQ� DOXPL�
QXP�� WKH� .HOOHU� HWFKDQW� >�@� LV� XVHG� PRVW
RIWHQ��,W�LV�SRVVLEOH�WR�GHWHFW�XVLQJ�FKHPLFDO
HWFKLQJ� QRW� RQO\� JUDLQ� ERXQGDULHV� DV� WKLQ
GDUN� OLQHV� EXW� DOVR� DQ� DQLVRWURSLF�TXDVL�SH�
ULRGLF� UHOLHI� DV� WKH� HWFKLQJ� JURRYHV� RQ� WKH
VXUIDFHV� RI� JUDLQV�� WKH� FKDUDFWHU� RI� VXFK
UHOLHI�EHLQJ�GHILQHG�E\�FU\VWDOORJUDSKLF�RUL�
HQWDWLRQ�RI�HDFK�JUDLQ��,QWHUDFWLRQ�RI�ZKLWH
OLJKW� ZLWK� WKLV� UHOLHI� DW� D� FHUWDLQ� VHOHFWHG
OLJKW� VRXUFH� DQG� SRVLWLRQDO� UHODWLRQVKLS� RI
WKH�VDPSOH��WKH�OLJKW�VRXUFH�DQG�WKH�UHFRUG�
LQJ�GHYLFH�PD\�UHVXOW�LQ�FRORUDWLRQ�RI�JUDLQV
GHSHQGLQJ� RQ� WKHLU� RULHQWDWLRQ�� 'XULQJ� D
SODVWLF� VWUDLQLQJ��WKLV�H[SHULPHQWDOO\�DVFHU�
WDLQHG� IDFW� DOORZV� WR� REVHUYH� LQ� VLWX� QRW
RQO\�FKDQJHV�LQ�D�JUDLQ�RULHQWDWLRQ��EXW�DOVR

RULHQWDWLRQ� FKDQJHV� ZLWKLQ� HDFK� JUDLQ� VL�
PXOWDQHRXVO\�IRU�WKH�ZKROH�VDPSOH�

5HFHQWO\��WKH�PDMRU�DWWHQWLRQ�LV�GLUHFWHG
WRZDUGV� WKH� FRORUDWLRQ� SUREOHP� RI� YDULRXV
VDPSOH� VXUIDFH� SDUWV� LQ� SKRWRPLFURJUDSK
GHSHQGLQJ� RQ� WKH� RULHQWDWLRQ� IDFWRU� DQG
RWKHU� SDUDPHWHUV� �IRU� H[DPSOH�� WKH� VFDWWHU�
LQJ� IDFWRU� LQ� >�@��� $FFRUGLQJ� WR� >�@�� LW� LV
SRVVLEOH�WR�VHH�YDULRXV�JUDLQ�RULHQWDWLRQV�LQ
SRO\FU\VWDOOLQH� DOXPLQXP� XVLQJ� VR�FDOOHG
RULHQWDWLRQ� FRORU� PDSV�� ,Q� >�@�� RULHQWDWLRQ
FRORU� PDSV� DUH� SUHVHQWHG� IRU� VWHHO� VDPSOHV
LQ� DV�SUHSDUHG� DQG� VWUDLQHG� VWDWHV�� ,Q� >�@�
WKH�FRORU�PDS�PDNHV�LW�SRVVLEOH�WR�MXGJH�WKH
ORFDO�VWUDLQV�LQ�YDULRXV�DUHDV�RI�FRSSHU�SRO\�
FU\VWDOV� DIWHU� SODVWLF� VWUDLQLQJ�� ,Q� >�@�� WKH
RULHQWDWLRQ� PDSV� LOOXVWUDWH� HYROXWLRQ� RI� D
PLFURVWUXFWXUH� LQ� SXUH� WLWDQLXP� DIWHU
VWUDLQLQJ�� ,W� LV� WR� QRWH� WKDW� DOO� RULHQWDWLRQ
FRORU�PDSV�LQ�>�Ü�@�DUH�REWDLQHG�DUWLILFLDOO\�
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$V�D� UXOH�� WKH� RULHQWDWLRQ�RI� LQGLYLGXDO� DUHDV
RI�D�VDPSOH�LV�GHWHUPLQHG�E\�GLIIUDFWLRQ�PHWK�
RGV�� DQG� RULHQWDWLRQ� FRORU� PDSV� DUH� REWDLQHG
XVLQJ� VSHFLDO� VRIWZDUH� ZKLFK� FRORUV� VDPSOH
PDS� LQ� DFFRUGDQFH� ZLWK� RULHQWDWLRQ� GDWD� �RU
RWKHU�GDWD���7KXV��WR�FRQVWUXFW�DQ�RULHQWDWLRQ
FRORU�PDS��LW�LV�QHFHVVDU\�WR�REWDLQ�RULHQWDWLRQ
GDWD�IRU�YDULRXV�SDUWV�RI�D�VDPSOH�

7KH�PHWKRG�GHVFULEHG�LQ�WKLV�ZRUN�DOORZV
WR�REWDLQ�DXWRPDWLFDOO\�WKH�FRORU�RULHQWDWLRQ
PDSV� IRU� VDPSOHV� RI� DERXW� ���u���PP�
VL]H�� � 7KH� VDPSOH� LV� LOOXPLQDWHG� E\� ZKLWH
OLJKW�IURP�WZR�VRXUFHV��D�ILODPHQW�ODPS�DQG
D� OXPLQHVFHQW� ODPS�� 7KH� ILUVW� OLJKW� VRXUFH
LV� SODFHG� QHDU� WKH� VDPSOH� �DW� ��� FP� GLV�
WDQFH��ZKLOH�WKH�VHFRQG�VRXUFH�DQG�WKH�VDP�
SOH�DUH�����FP�GLVWDQW��7KH� OLJKW� VFDWWHUHG
E\� WKH� VDPSOH� VXUIDFH� LV� UHFRUGHG� XVLQJ� D
3&�&$0�����:HE�FDPHUD�FRQQHFWHG�ZLWK�D
FRPSXWHU�� %HWZHHQ� D� VDPSOH� DQG� WKH�:HE�
FDPHUD�WKH�V\VWHP�RI� OHQVHV� LV�XVHG�WR�SUR�
YLGH�D�EORZXS��)LJ����SUHVHQWV�WKH�FRORU�RUL�
HQWDWLRQ�PDS�RI�DOXPLQXP�SRO\FU\VWDO�VDP�
SOH� DIWHU� FKHPLFDO� HWFKLQJ� XVLQJ� .HOOHU
HWFKDQW�>�@�GXULQJ����V��$V�LV�VKRZQ�EHORZ�
WKH� REVHUYHG� FRORU� RI� HDFK� JUDLQ� LV� GHILQHG
E\� LWV� FU\VWDOORJUDSKLF� RULHQWDWLRQ�� ,W� LV
SXUSRVH�RI�WKLV�ZRUN�WR�H[SODLQ�WKH�SK\VLFDO
QDWXUH�RI�WKH�JUDLQ�FRORULQJ��7KH�DOXPLQXP
VDPSOH� IUDJPHQW� FRQWDLQLQJ� �� JUDLQV� ZDV
VHOHFWHG� WR� WKDW� HQG�� 7KH� FRORU� RULHQWDWLRQ
PDS� RI� WKLV� IUDJPHQW� VXUIDFH� REWDLQHG
XVLQJ�D�:HE�FDPHUD�LV�VKRZQ�LQ�)LJ�����7KH
JUDLQV�GLIIHULQJ�LQ�FU\VWDOORJUDSKLF�RULHQWD�
WLRQ�KDYH�GLIIHUHQW�FRORUV��)LJ����VKRZV�WKH
JUDLQ� RULHQWDWLRQ�XVLQJ�D� VWHUHRJUDSKLF� WUL�
DQJOH�� 7KH� JUDLQ� VXUIDFH� SKRWRPLFURJUDSKV
REWDLQHG� XVLQJ� D� VFDQQLQJ� HOHFWURQ� PLFUR�
VFRSH� -(2/� -60����� DUH� VKRZQ� LQ� )LJ����
WRR�� $� TXDVL�SHULRGLF� UHOLHI� LV� REVHUYHG� RQ
WKH�VXUIDFH�RI�HDFK�JUDLQ��7KLV�UHOLHI�FDXVHV
WKH� OLJKW� VFDWWHULQJ�DQLVRWURS\��7R� WHVW� WKH
YDOLGLW\� RI� WKLV� H[SODQDWLRQ�� DQ� DGGLWLRQDO
H[SHULPHQW� KDV� EHHQ� UHDOL]HG� XVLQJ� PRQR�
FKURPDWLF�UDGLDWLRQ�RI�WKH�+H±1H�ODVHU��O� 
���� QP�� SRZHU� 3� ��� P:��� 7KH� VDPSOH

IUDJPHQW�FRQWDLQLQJ���JUDLQV�ZDV�SODFHG�DW
WKH�KROGHU�ZKLFK�FDQ�EH�PRYHG�LQ�WZR�GLUHF�
WLRQV� WUDQVYHUVHO\� WR� ODVHU� EHDP�� 7KXV�� LW
ZDV�SRVVLEOH�WR�GLUHFW�WKH�ODVHU�EHDP�VXFFHV�
VLYHO\� WR� WKH� VXUIDFH� RI� HDFK� JUDLQ�� 7KH
OLJKW� VSRW� GLDPHWHU� DW� WKH� VDPSOH� VXUIDFH
ZDV� �� PP�� )LJ���� VKRZV� WKH� FKDUDFWHU� RI
WKH�ODVHU�EHDP�VFDWWHULQJ�E\�VXUIDFH�RI�HDFK
JUDLQ��7KH�DQLVRWURSLF�SDWWHUQ�RI�PRQRFKUR�
PDWLF� UDGLDWLRQ� VFDWWHULQJ� FRUUHODWHV� ZLWK
WKH� FKDUDFWHU� RI� WKH� JUDLQ� VXUIDFH� UHOLHI�
)RU�VXUIDFH�UHOLHI�ZKLFK�FRQVLVW�RQO\�RQH�VHW
RI� WKH�HWFKLQJ�JURRYHV�� WKH�XQLD[LDO�DQLVRW�
URSLF�SDWWHUQ�RI�WKH�ODVHU�EHDP�VFDWWHULQJ�LQ
WKH�GLUHFWLRQ� WUDQVYHUVH� WR�WKHVH�JURRYHV� LV
REVHUYHG��,I�WKH�JUDLQ�VXUIDFH�FRPSULVHV�WZR
VHWV�RI� WKH�HWFKLQJ�JURRYHV�� WKH� ODVHU�EHDP
VFDWWHULQJ� DQLVRWURS\� LV� FKDUDFWHUL]HG� E\
WZR� GLUHFWLRQV�� 7KXV�� WKH� JUDLQ� VXUIDFH� UH�
OLHI� DULVLQJ� IURP� WKH� FKHPLFDO� HWFKLQJ
FDXVHV� DQLVRWURSLF� OLJKW� VFDWWHULQJ�� ,I� WKH
ZKROH�VDPSOH�VXUIDFH�LV�LOOXPLQDWHG�E\�ZKLWH
OLJKW�IURP�WZR�VRXUFHV�� WKH�ZKLWH� OLJKW�VFDW�
WHULQJ� SDWWHUQV� DW� WKH� TXDVL�SHULRGLF� UHOLHI
RI�WKH�JUDLQ�VXUIDFHV�FDQ�EH�REVHUYHG�XVLQJ
GLJLWDO�FDPHUD��)LJ������7KXV��WKH�UHVXOWV�RI
WKH�ODVW�H[SHULPHQW�YHULI\�WKH�SRVVLELOLW\�RI
WKH� SRO\FU\VWDO� JUDLQV� FRORUDWLRQ� ZKLFK� LV
GXH� WR� WKH� LQWHUDFWLRQ� RI� ZKLWH� OLJKW� ZLWK
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)LJ�����&RORU�RULHQWDWLRQ�PDS�IRU�D�IUDJPHQW
RI�DOXPLQXP�SRO\FU\VWDO�VXUIDFH��u����
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)LJ����� 7KH� JUDLQ� VXUIDFH� VFDQQLQJ� HOHFWURQV� SKRWRPLFURJUDSKV� �u������ ODVHU� EHDP� VFDWWHULQJ� SDW�
WHUQV�E\�JUDLQ�VXUIDFHV��FU\VWDOORJUDSKLF�RULHQWDWLRQ�RI�JUDLQV����Û�QRUPDO�GLUHFWLRQ����Û�GLUHFWLRQ
VKRZQ�E\�DUURZ���JUDLQ����D���JUDLQ����E���JUDLQ����F���JUDLQ����G���JUDLQ����H��
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WKH� TXDVL�SHULRGLF� UHOLHI� RI� WKH� JUDLQ� VXU�
IDFHV��,I�WKH�VDPH�SRVLWLRQDO�UHODWLRQVKLS�RI
D� OLJKW� VRXUFH�� D� UHFRUGLQJ� GHYLFH� DQG� D
VDPSOH�DUH�SURYLGHG�GXULQJ�D�SODVWLF�VWUDLQ�
LQJ��LW�LV�SRVVLEOH�WR�REVHUYH�LQ�VLWX�FKDQJHV
LQ�FU\VWDOORJUDSKLF�RULHQWDWLRQ�RI�LQGLYLGXDO
IUDJPHQWV�VLPXOWDQHRXVO\�WR�WKH�ZKROH�SRO\�
FU\VWDOOLQH� VDPSOH� DV� FRORU� FKDQJH� RI� WKHVH
IUDJPHQWV�� 2ULHQWDWLRQ� PDSV� RI� WKH� DOXPL�
QXP�SRO\FU\VWDO�IRU�YDULRXV�VWUDLQLQJ�H[WHQWV
DUH�VKRZQ�LQ�)LJ�����7KH�VDPSOH�ZDV�VWUDLQHG
XQGHU� DFWLYH� WHQVLOH� FRQGLWLRQV� DW� D� FRQVWDQW
VWUDLQLQJ�UDWH�H�� �������Ü��VÜ���7KH�:HE�FDP�
HUD� XVHG� DOORZV� WR� REWDLQ� FRORU� RULHQWDWLRQ
PDSV�IRU�D�VDPSOH�VXUIDFH�DW�D�IUHTXHQF\�RI
���SLFWXUHV�SHU�VHFRQG��7KXV��WKH�PHFKDQLVP
RI� YDULRXV� URWDWLRQDO� VWUXFWXUHV� ULVH� DQG� GH�
YHORSPHQW� DQG� RWKHU� RULHQWDWLRQDO� HIIHFWV
ZKLFK� GHILQH� WKH� VDPSOH� SODVWLFLW\� FDQ� EH
WUDFHG�� ,Q� SDUWLFXODU�� IRU� WKH� ILUVW� WLPH�� WKH
URWDWLRQ�RI�D�JUDLQ�DV�D�ZKROH��)LJ�����GXULQJ
D�SODVWLF�VWUDLQLQJ�RI�WZR�GLPHQVLRQDO�DOXPL�
QXP�SRO\FU\VWDO�KDV�EHHQ�REVHUYHG�XVLQJ�WKH

RSWLFDO� WHFKQLTXH� GHVFULEHG� DERYH�� $V� VKRZQ
LQ� )LJ����� WKH� FRORU� RI� WKH� JUDLQ� �� FKDQJHV
FRQWLQXRXVO\�� ZKLOH� FRORU� RI� QHLJKERULQJ
JUDLQV� UHPDLQV� DOPRVW� XQFKDQJHG�� ,Q� DQ�
RWKHU� DUHD� RI� D� VDPSOH� �JUDLQV� ��� ���� WKH
IUDJPHQWDWLRQ�RI�JUDLQV� LV� VHHQ�ZKLFK�DULVHV
DW� WKH� VWUDLQ� H� ���� �� DQG� GHYHORSV� XS� WR
WKH�VDPSOH�IDLOXUH�DW�H� ��������
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