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RI�WKH�PLFURIDFH�VORSH�GLVWULEXWLRQ�IRU�JODVV�VXUIDFHV�WUHDWHG�E\�YDULRXV�DEUDVLYHV��7KHVH
GLVWULEXWLRQV�ZHUH�XVHG�WR�VLPXODWH�WKH� OLJKW�FROOHFWLRQ� LQ�WKH�VFLQWLOODWRUV��7KH�SURSRVHG
PRGHO�HIILFLHQF\�KDV�EHHQ�FRQILUPHG�E\�WKH�DJUHHPHQW�EHWZHHQ�WKH�FDOFXODWHG�OLJKW�VFDWWHU�
LQJ� LQGLFDWULFHV� IRU� WKH� VXUIDFHV� ZLWK� YDULRXV� URXJKQHVV� GHJUHH� DQG� WKH� H[SHULPHQWDO
UHVXOWV�REWDLQHG�EHIRUH��7KH�FRPSDULVRQ�EHWZHHQ�WKH�FDOFXODWHG�UHVXOWV�RI�WKH�OLJKW�FROOHF�
WLRQ�IRU�GLIIHUHQW�URXJK�VXUIDFH�PRGHOV�DQG�WKH�H[SHULPHQWDO�RQHV�LQ�D�VFLQWLOODWRU�FRQLFDO
OLJKW�JXLGH� V\VWHP�ZLWK�GLIIHUHQW� W\SHV� RI� ODWHUDO� VXUIDFHV� LQGLFDWHV� WKDW� WKH�EHVW�DJUHH�
PHQW�LV�REWDLQHG�ZKHQ�WKH�GHYHORSHG�PRGHO�LV�XVHG�
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7KH�SUREOHPV�RI�OLJKW�FROOHFWLRQ�DUH�UHOH�
YDQW�IRU�DOO�WKH�DSSOLFDWLRQ�ILHOGV�RI�VFLQWLO�
ODWLRQ� HQJLQHHULQJ�� 7KH� QXPHULFDO� FDOFXOD�
WLRQV�DUH�ZLGHO\�XVHG�WR�HOXFLGDWH�WKH�LQIOX�
HQFH� RI� GLIIHUHQW� IDFWRUV� RQ� WKH� OLJKW
FROOHFWLRQ� SURFHVVHV�� :KHQ� VLPXODWLQJ� WKH
OLJKW� FROOHFWLRQ� SURFHVVHV� LQ� GHWHFWRUV�� WKH
VHOHFWLRQ�RI�SURSHU�VXUIDFH�PRGHO�LV�WKH�FUX�
FLDO� LVVXH� >�Ü�@�� 7KHUH� LV� D� FRPPRQ� DS�
SURDFK� IRU� WKH� VLPXODWLRQ� RI� WKH� VSHFXODU
VXUIDFH��EXW�WKH�VLWXDWLRQ�LV�TXLWH�GLIIHUHQW
LQ� WKH� FDVH� RI� URXJK� VXUIDFH�� 2QH� RI� PDLQ
SUREOHPV�RI�WKH�H[LVWLQJ�URXJK�VXUIDFH�PRG�
HOV� LV� WKH� DEVHQFH�RI�XQDPELJXRXV� UHODWLRQ�

VKLS�EHWZHHQ�WKH�SDUDPHWHUV�RI�WKH�UHDO�VXU�
IDFH� DQG� WKH� PRGHO� RQH�� ,Q� WKLV� ZRUN�� DQ
DWWHPSW� LV�PDGH�WR�RYHUFRPH�WKLV�GUDZEDFN
E\�SURSRVLQJ�D�QHZ�PRGHO�RI�URXJK�VXUIDFH
WKDW� OLQNV�WKH�GLVWULEXWLRQ�QDWXUH�RI�PLFUR�
IDFHV�ZLWK�WKH�VXUIDFH�WUHDWPHQW�FRQGLWLRQV
�DEUDVLYH� VL]H��� 'LVWULEXWLRQV� RI� PLFURIDFHV
IRU� GLIIHUHQW� VXUIDFH� WUHDWPHQW� FRQGLWLRQV
ZHUH�REWDLQHG�EHIRUH�H[SHULPHQWDOO\�LQ�>�@�
$� FRPSDUDWLYH� VWXG\� RI� OLJKW� FROOHFWLRQ

IRU� WKH� SURSRVHG� PRGHO� DQG� VHYHUDO� RWKHU
PRGHOV� KDV� EHHQ� FDUULHG� RXW� LQ� WKLV� ZRUN�
7KH� OLJKW�FROOHFWLRQ�VLPXODWLRQ�UHVXOWV�KDYH
EHHQ� FRPSDUHG� WR� H[SHULPHQWDO� VWXGLHV� RI
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WKH�UHODWLYH�OLJKW�RXWSXW�FKDQJH�LQ�D�VFLQWLO�
ODWRU�OLJKW�JXLGH�V\VWHP�WR�HYDOXDWH�WKH�HI�
IHFWLYHQHVV�RI�PRGHOV�
,W� LV� ZHOO� NQRZQ� WKDW� OLJKW� JXLGH� WUDQV�

PLWV�WKH�OLJKW�IORZ�HPLWWHG�E\�WKH�VFLQWLOOD�
WRU� ZLWKRXW� IRFXVLQJ� LW� DQG� DW� PLQLPXP
ORVVHV� >�@��$W�WKH�VDPH�WLPH��WKH�FKDQJH�RI
WKH�UHIOHFWRU�W\SH�DQG�WKH�VXUIDFH�WUHDWPHQW
RI�WKH�OLJKW�JXLGH�ZLOO�UHVXOW�LQ�WKH�PRGLIL�
FDWLRQ� RI� WKH� OLJKW� FROOHFWLRQ� FRHIILFLHQW� RI
WKH� ZKROH� VFLQWLOODWRU�OLJKW� JXLGH� V\VWHP�
:KHQ�VWXG\LQJ�VXFK�V\VWHP�H[SHULPHQWDOO\�
LW� LV� HDVLHU� WR� UHYHDO� WKH� LQIOXHQFH� RI� WKH
VXUIDFH� WUHDWPHQW� FKDUDFWHU� DQG� WKH� UHIOHF�
WRU�RQ�WKH�OLJKW�FROOHFWLRQ�SURFHVV�
7R�PRGLI\� WKH� RSWLFDO� SDUDPHWHUV� RI� WKH

ODWHUDO� OLJKW� JXLGH� VXUIDFHV� LV� DQ� HDVLHU�
IDVWHU� DQG� FKHDSHU� WDVN� DV� FRPSDUHG� WR
VLPLODU� PRGLILFDWLRQV� RQ� WKH� VFLQWLOODWRU�
7KDW�LV�ZK\�WKH�VFLQWLOODWRU�OLJKW�JXLGH�V\V�
WHP�ZDV�VHOHFWHG�KHUH�IRU�D�GHWDLOHG�VWXG\�
6HYHUDO�PRGHOV�RI�WKH�URXJK�VXUIDFH�H[LVW

WRGD\� WKDW�GLIIHU� LQ�WKH�GHVFULSWLRQ�PHWKRG
RI�VFDWWHULQJ�LQGLFDWUL[�DQG�VXUIDFH�SURILOH�
7KH� PDLQ� IHDWXUHV� WKHUHRI� DUH� VXPPDUL]HG
EHORZ�

/DPEHUW� GHVFULSWLRQ� �FRVLQH� DSSUR[LPD�
WLRQ��� 7KLV� PRGHO� LV� EDVHG� RQ� WKH� DVVXPS�
WLRQ� RI� WKH� VFDWWHULQJ� LQGLFDWUL[� LQGH�
SHQGHQFH�RI� WKH� OLJKW� LQFLGHQFH�DQJOH��8VX�
DOO\��WKH�VFDWWHULQJ�LQGLFDWUL[�LV�DVVXPHG�WR
EH�LQ�SURSRUWLRQ�WR�FRVLQH��/DPEHUW�/DZ���,Q
SUDFWLFH��WKH�/DPEHUW�/DZ�LV�PHW�VDWLVIDFWR�
ULO\� RQO\� IRU� WKH� LQFLGHQFH� DQJOHV� VPDOOHU
WKDQ�����>�@��7KH�GUDZEDFNV�RI�WKH�/DPEHUW
GHVFULSWLRQ�DUH�WKH�DEVHQFH�RI�WKH�VFDWWHULQJ
LQGLFDWUL[� PD[LPXP� DORQJ� WKH� PLUURU� UH�
IOHFWLRQ� WKDW� ZDV� REVHUYHG� IRU� UHDO� URXJK
VXUIDFHV� DQG� WKH� LPSRVVLELOLW\� WR� WDNH� LQWR
DFFRXQW�WKH�URXJKQHVV�GHJUHH�RI�WKH�UHIOHFW�
LQJ�VXUIDFH�

(IIHFWLYH� UHIOHFWLYLW\�� 7KLV� PRGHO� WDNHV
LQWR�DFFRXQW�WKH�EDVLF�SURSHUWLHV�RI�WKH�UHDO
VFDWWHULQJ� LQGLFDWUL[��LWV�GHSHQGHQFH�RQ�WKH
LQFLGHQFH� DQJOH� DQG� H[LVWHQFH� RI� D� ZHOO�GH�
ILQHG�PD[LPXP�DORQJ� WKH�PLUURU�UHIOHFWLRQ
GLUHFWLRQ�� 7KH� PRGHO� VFDWWHULQJ� LQGLFDWUL[
FRQVLVWV� RI� FRVLQH� DQG�PLUURU� � FRPSRQHQWV�
,QWHJUDO�LQWHQVLWLHV�RI�WKHVH�FRPSRQHQWV�DUH
HTXDO� WR� �ÜS� DQG� SBB�� UHVSHFWLYHO\�� 7KH� VXU�
IDFH� PLFURUHOLHI� LV� VSHFLILHG� E\� WKH� XQLTXH
SDUDPHWHU�Û�HIIHFWLYH�UHIOHFWLYLW\�

SBB� �S�T�BBBB� �³S
Se�

�T�VLQTGT��

ZKHUH� T� LV� WKH� DQJOH� EHWZHHQ� WKH� LQFLGHQFH
DQJOH� GLUHFWLRQ� DQG� WKH� QRUPDO� WR� WKH� JHQ�
HUDO�VXUIDFH�>�@�

$SSUR[LPDWLRQ� E\� WKH� PLFUR�IDFHWV�� 7KLV
PRGHO�LV�EDVHG�RQ�WKH�%RXJXHU�DSSURDFK�>�@�
7KH�UHIOHFWLQJ�URXJK�VXUIDFH� LV�UHSUHVHQWHG
DV� D� VHW� RI� IODW� PLFUR�IDFHWV� UDQGRPO\� RUL�
HQWHG�ZLWK�UHVSHFW�WR�WKH�QRUPDO�WR�WKH�JHQ�
HUDO� VXUIDFH�� ,W� LV� DVVXPHG� WKDW� HDFK� HOH�
PHQWDU\� PLFUR�IDFHW� UHIOHFWV� WKH� LQFLGHQW
OLJKW� DV� D�PLUURU��7KH�PRGHO�GRHV�QRW� WDNH
LQWR� DFFRXQW� WKH� H[LVWLQJ� GLIIUDFWLRQ� GLV�
FUHSDQF\� RI� WKH� OLJKW�� EHFDXVH� LW� LV� UDWKHU
VPDOO� LQ� FRPSDULVRQ�ZLWK� IXOO�ZLGWK�RI� WKH
VFDWWHULQJ� LQGLFDWUL[�� 7KH� ODVW� RQH� LV� GH�
ILQHG�DV�D�ZLGWK�RI�WKH�PLFUR�IDFHW�GLVWULEX�
WLRQ� IXQFWLRQ�ZLWK�UHVSHFW� WR�QRUPDO�RULHQ�
WDWLRQV��7KLV�DSSURDFK�LV�HIIHFWLYH�ZKHQ�WKH
PLFUR�IDFHW� VL]H� LV� ODUJHU� WKDQ� WKH� LQFLGHQW
OLJKW�ZDYHOHQJWK�>����@�
2QH�RI�WKH�DGYDQWDJHV�RI�WKH�PLFUR�IDFHW

PRGHO� LV� WKH� DGGLWLRQDO� SRVVLELOLW\� WR� FRQ�
VLGHU� WKH� OLJKW� WUDQVPLVVLRQ� LQWR� WKH� H[WHU�
QDO� PHGLXP�� WKDW�� LQ� SDUWLFXODU�� DOORZV� WR
VLPXODWH� WKH� URXJK� RXWSXW� ZLQGRZ� RI� WKH
GHWHFWRU�� 7KLV� PRGHO� HQDEOHV� DOVR� WR� H[DP�
LQH� WKH� FRQVHFXWLYH� WUDQVPLVVLRQ� RI� D� UD\
WKURXJK� VHYHUDO� LQWHUIDFHV�� WKXV� SURYLGLQJ
WR� WDNH� LQWR� DFFRXQW� WKH� LQIOXHQFH� RI� YDUL�
RXV�ILOP�FRDWLQJV�DQG�H[WHUQDO�UHIOHFWRUV�RQ
WKH�OLJKW�FROOHFWLRQ�SURFHVV�

'HYHORSHG� PRGHO�� $XWKRUV� RI� WKH� SDSHUV
>����@�H[WUDFWHG�WKH�PLFUR�IDFHW�GLVWULEXWLRQ
IURP� WKH�PHDVXUHPHQWV� RI� WKH� VXUIDFH�SUR�
ILOH� E\� PHDQV� RI� D� SURILORPHWHU�� ,Q� RXU
PRGHO��WR�GHWHUPLQH�WKH�PLFUR�IDFHW�RULHQWD�
WLRQ� GLVWULEXWLRQ�� ZH� KDYH� XVHG� FRQFOXVLRQ
IURP�>�@�WKDW�WKLV�GLVWULEXWLRQ�LV�DOPRVW�LQ�
GHSHQGHQW� RI� WKH�PLFURKDUGQHVV� DQG� HODVWLF
SURSHUWLHV�RI�WKH�SURFHVVHG�PDWHULDOV��DQG�LV
RQO\� GHILQHG� E\� WUHDWPHQW� FRQGLWLRQV� DQG
DEUDVLYH� SRZGHU� VL]H�� 7KLV� FRQFOXVLRQ� LV
YDOLG�ZKHQ�WKH�KDUGQHVV�RI�WKH�DEUDVLYH�H[�
FHHGV�FRQVLGHUDEO\�WKDW�RI�WKH�SURFHVVHG�PD�
WHULDO�� 7KLV� LPSOLHV� WKDW� WKH� H[SHULPHQWDO
GDWD� RI� WKH� PLFUR�IDFHW� VORSH� GLVWULEXWLRQ
IRU�WKH�VXUIDFHV�RI�,.6���JODVVHV��WUHDWHG�E\
YDULRXV� DEUDVLYHV� DQG� JLYHQ� LQ� >�@�� ZLOO� EH
VLPLODU�IRU�RWKHU�PDWHULDOV�VXFK�DV�VFLQWLOOD�
WRUV� DQG� OLJKW� JXLGHV�� 7KDW� DSSURDFK� H[�
FOXGHV� WKH� QHFHVVLW\� RI� WKH� VXUIDFH� SURILOH
PHDVXUHPHQW�� VLQFH� DOUHDG\� NQRZQ� UHVXOWV
RI� WKH� PLFUR�IDFHW� VORSH� GLVWULEXWLRQ� IRU
HDFK�DEUDVLYH�ZLOO�EH�XVHG��0RUHRYHU��LW�HQ�
DEOHV� WR� OLQN� GLUHFWO\� WKH� OLJKW� VFDWWHULQJ
LQGLFDWULFHV�REWDLQHG�E\�WKH�VLPXODWLRQ�ZLWK
WKH�VXUIDFH�WUHDWPHQW�FRQGLWLRQV�
&RPSDULVRQ� RI� WKH� H[SHULPHQWDO� >�@� DQG

FDOFXODWHG�LQGLFDWULFHV�RI�UHIOHFWHG�OLJKW��RE�
WDLQHG�IRU�WKH�VDPH�REMHFWV��ZDV�FDUULHG�RXW
WR� FKHFN� WKH� HIILFLHQF\� RI� WKH� SURSRVHG
PRGHO��([SHULPHQWDO�DQG�PRGHO�LQGLFDWULFHV
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RI� OLJKW� UHIOHFWLRQ� RI� ,.6��� JODVVHV�� SURF�
HVVHG�E\�WKH�DEUDVLYHV�ZLWK�JUDLQ�VL]H�RI���
����DQG�����PP��DUH�SUHVHQWHG�LQ�)LJXUH��7KH
EHDP� LQFLGHQFH� DQJOH� � RQ� WKH� VDPSOHLV� HTXDO
WR������7KH�FXUYHV�DUH�GUDZQ�LQ�&DUWHVLDQ�UHF�
WDQJXODU� FRRUGLQDWHV��7KH� DEVFLVVD�D[LV� UHSUH�
VHQWV� WKH� REVHUYDWLRQ� DQJOHV�\�� )RU� WKH� OHIW
SDQHO��WKH�RUGLQDWH�D[LV�UHSUHVHQWV�WKH�UDWLR
RI� WKH� OLJKW� LQWHQVLW\�VFDWWHUHG�E\�WKH�VDP�
SOH�WR�WKH� OLJKW� LQWHQVLW\�VFDWWHUHG�RQ�PDJ�
QHVLXP�R[LGH�XQGHU�QRUPDO�LOOXPLQDWLRQ�DQG
REVHUYHG�DW�WKH�DQJOH�RI���GHJUHHV��ZKHUHDV
IRU�WKH�ULJKW�SDQHO�LW�UHSUHVHQWV�WKH�QXPEHU
RI� UHIOHFWLRQV� LQ� WKH� JLYHQ� GLUHFWLRQ�1�� $V
RQH� FDQ� REVHUYH� IURP� )LJ����� WKH� VKDSH� DQG
WKH�SRVLWLRQ�RI�WKH�VFDWWHULQJ�LQGLFDWULFH�PD[�
LPD� REWDLQHG� XVLQJ� WKH� GHYHORSHG� PRGHO� DUH
LQ�D�JRRG�DJUHHPHQW�ZLWK�H[SHULPHQWDO�GDWD�
0RQWH� &DUOR� VLPXODWLRQ� >�@� ZDV� XVHG� LQ

RXU�VWXG\��7KH�JHQHUDO�VLPXODWLRQ�DOJRULWKP
IRU�OLJKW�UHIOHFWLRQ�IURP�WKH�GLIIXVH�VXUIDFH
RI� D� VFLQWLOODWRU� FRQVLVWV� RI� WKH� IROORZLQJ
VWHSV��WKH�VWHS���LV�UHSHDWHG�PDQ\�WLPHV��
��� 7KH� GLUHFWLRQ� RI� WKH� LQFLGHQW� UD\� RQ

WKH�UHIOHFWLQJ�VXUIDFH�LV�VSHFLILHG�
��� 5HIOHFWLRQ� ODZV� DUH� GHILQHG� IRU� WKH

VHOHFWHG�W\SH�RI�WKH�PRGHO�
�����0RGHO�RI�GLIIXVH�UHIOHFWLRQ��XQLIRUP

UHIOHFWLRQ�GLUHFWLRQ�WR�WKH�XSSHU�KHPLVSKHUH
LV�VDPSOHG�XQGHU�/DPEHUW�ODZ�
�����0RGHO�RI�HIIHFWLYH�UHIOHFWLYLW\�

��� WKH� SUREDELOLW\� RI� VSHFXODU� RU� GLIIXVH
UHIOHFWLRQ�LV�VDPSOHG�
��� GHSHQGLQJ� RQ� WKH� UHIOHFWLRQ� W\SH

�VSHFXODU� RU�GLIIXVH��� WKH� UD\� LV�GLUHFWHG� LQ
DFFRUGDQFH� ZLWK� VSHFXODU� UHIOHFWLRQ� ODZ� RU
/DPEHUW�ODZ��UHVSHFWLYHO\�
�����0RGHO�RI�PLFUR�IDFHWV�
��� RULHQWDWLRQ� RI� PLFUR�IDFHW� QRUPDO� LV

VDPSOHG� IURP� WKH� XQLIRUP� GLVWULEXWLRQ
ZLWKLQ� OLPLWV� ZLWK� UHVSHFW� WR� WKH� JHQHUDO
VXUIDFH�QRUPDO�
��� WDNLQJ� LQWR� DFFRXQW� WKH� LQFLGHQW� UD\

RULHQWDWLRQ�ZLWK� UHVSHFW� WR� D� UDQGRPO\� RUL�
HQWHG� PLFUR�IDFHW�� WKH� UHIOHFWHG� UD\� GLUHF�
WLRQ� LV� GHWHUPLQHG� LQ� DFFRUGDQFH� ZLWK� WKH
VSHFXODU�UHIOHFWLRQ�ODZ�
�����'HYHORSHG�PRGHO�
���RULHQWDWLRQ�RI�PLFUR�IDFHW�QRUPDO�ZLWK

UHVSHFW� WR� WKH� JHQHUDO� VXUIDFH� LV� VDPSOHG
IURP� WKH� H[SHULPHQWDO� GLVWULEXWLRQ� GHILQHG
E\�WKH�VXUIDFH�WUHDWPHQW�FRQGLWLRQV�
��� WDNLQJ� LQWR� DFFRXQW� WKH� LQFLGHQW� UD\

RULHQWDWLRQ�ZLWK�UHVSHFW� WR� UDQGRPO\�RULHQ�
WDWHG� PLFUR�IDFHW�� WKH� UHIOHFWHG� UD\� GLUHF�
WLRQ� LV� GHWHUPLQHG� LQ� DFFRUGDQFH� ZLWK� WKH
VSHFXODU� UHIOHFWLRQ� ODZ� DQG� WRWDO� LQWHUQDO
UHIOHFWLRQ��
���7KH�UHIOHFWHG�UD\V�DUH�VRUWHG�E\�KRPR�

JHQHRXVO\�VSHFLILHG�GLUHFWLRQV��7KH�REWDLQHG
GLVWULEXWLRQ� UHSUHVHQWV� WKH� VFDWWHULQJ� LQGL�
FDWUL[� RI� WKH� OLJKW� LQFLGHQW� DW� D� VSHFLILHG
DQJOH�RQ�WKH�UHIOHFWLQJ�VXUIDFH�

)LJ��([SHULPHQWDO��D��DQG�VLPXODWHG��E��OLJKW�VFDWWHULQJ�LQGLFDWULFHV�RI�WKH�,.6���JODVVHV�WUHDWHG�E\
DEUDVLYHV�ZLWK�YDULRXV�JUDLQ�VL]H������PP���������PP��������PP������,QFLGHQFH�DQJOH�LV�����
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7KH� UHODWLYH� FKDQJHV� RI� WKH� OLJKW� RXWSXW
LQ� WKH� VFLQWLOODWRU�FRQLFDO� OLJKW� JXLGH� V\V�
WHP�ZHUH�GHWHUPLQHG�H[SHULPHQWDOO\�IRU�GLI�
IHUHQW�OLJKW�FROOHFWLRQ�FRQGLWLRQV�DW�WKH�ODW�
HUDO�OLJKW�JXLGH�VXUIDFH��7KH�OLJKW�RXWSXW�RI
D�VFLQWLOODWRU� LV�NQRZQ�WR�EH�GHWHUPLQHG�E\
WKH�H[SUHVVLRQ�9� �K�W��ZKHUH�K� LV�WKH�OLJKW
\LHOG�GHILQHG�E\� WKH�VFLQWLOODWRU�PDWHULDO�� W
LV�WKH�OLJKW�FROOHFWLRQ�FRHIILFLHQW�GHILQHG�E\
WKH� GHWHFWRU� RSWLFDO� SURSHUWLHV�� 7KH� VFLQWLO�
ODWRU� OLJKW� \LHOG� ZDV� IL[HG� LQ� WKH� H[SHUL�
PHQW��,Q�WKLV�FDVH��DOO�WKH�OLJKW�RXWSXW�YDUL�
DWLRQV� DUH� DVVRFLDWHG� ZLWK� WKH� FKDQJHV� LQ
WKH�OLJKW�FROOHFWLRQ�FRQGLWLRQV��L�H��W���
6L[� OLJKW� JXLGHV� RI� WKH� VDPH� VKDSH�ZHUH

XVHG� LQ� RXU� VWXG\� �VDPSOHV� 1RV�� �Ü���� ,Q�
LWLDOO\�� DOO� WKH� VDPSOH� VXUIDFHV� ZHUH� SRO�
LVKHG�� 7KHQ� WKH� IROORZLQJ� FKDQJHV� RI� WKH
ODWHUDO�VXUIDFHV�ZHUH�LQWURGXFHG�WR�WKH�VDP�
SOHV�1RV���Ü��
Û�PDWWLQJ�E\�DQ�DEUDVLYH�ZLWK�JUDLQ�VL]H

RI����PP��VDPSOH�1R����
Û�ZKLWH�HQDPHO�FRDWLQJ��VDPSOH�1R����
Û�EODFN�HQDPHO�FRDWLQJ��VDPSOH�1R����
Û� ZUDSSLQJ� ZLWK� RQH� OD\HU� RI

7(75$7(;�ILOP�E\��7HWUDWHF�(XURSH�/WG��
(QJODQG��VDPSOH�1R����
Û�ZUDSSLQJ�ZLWK�RQH�OD\HU�RI�DOXPLQXP

IRLO��VDPSOH�1R����
7KH� OLJKW� RXWSXW� UHODWLYH� FKDQJH� ZDV

GHWHUPLQHG� IURP� WKH� FKDQJH� RI� IXOO� DE�
VRUSWLRQ�SHDN�SRVLWLRQ�GXULQJ�WKH�XQLIRUP
H[FLWDWLRQ� RI� WKH� VFLQWLOODWRU� YROXPH� E\
���� NH9� J�UD\� SKRWRQV� IURP� D� ���&V
VRXUFH�� $� SDFNHG� 1D,�7O� VFLQWLOODWRU� ZLWK�
RXW�LPPHUVLRQ�RI������PPu���PP�VL]H�DQG
��� PP� KLJK� FRQLFDO� OLJKW� JXLGHV� ZLWK� WKH
WRS� DQG� ERWWRP� IDFH� GLDPHWHUV� RI� ��� PP
DQG� ��� PP�� UHVSHFWLYHO\�� PDGH� RI� DFU\OLF
SODVWLF�ZHUH�XVHG�WR�FDUU\�RXW�WKH�PHDVXUH�
PHQWV�� 7KH� OLJKW� JXLGH� ERWWRP� IDFH� ZDV
SODFHG�RQ�D�SKRWRPXOWLSOLHU�WXEH��307���WKH

VFLQWLOODWRU�ZDV�SODFHG�RQ�WKH�OLJKW�JXLGH�WRS
IDFH��9DVHOLQH�RLO�ZDV�XVHG�DV�WKH�RSWLFDO�FRQ�
WDFW� DW� WKH� VFLQWLOODWRU�OLJKW� JXLGH�307� LQ�
WHUIDFHV�� 7KH� UDGLRDFWLYH� VRXUFH� ZDV� SODFHG
��� PP� DERYH� WKH� VFLQWLOODWRU�FRQLFDO� OLJKW
JXLGH� V\VWHP�� 7KH� PHDVXUHPHQWV� ZHUH� SHU�
IRUPHG�XVLQJ�D�VFLQWLOODWLRQ�VSHFWURPHWHU�XQLW
FRQVLVWLQJ�RI�WKH�VWXGLHG�VFLQWLOODWRU�DQG�OLJKW
JXLGH��+DPDPDWVX�5�����307��38���SUHDP�
SOLILHU�� DQDORJ�GLJLWDO� FRQYHUWHU� �$'&�� ZLWK
(97�63��S� DPSOLILHU�� 7KH� VSHFWUD� ZHUH� FRO�
OHFWHG�DQG�SURFHVVHG�E\�D�SHUVRQDO�FRPSXWHU�
7KH�UHVXOWV�RI�WKH� OLJKW�FROOHFWLRQ�FRHIILFLHQW
PHDVXUHPHQWV� IRU� DOO� WKH� VDPSOHV� DUH� SUH�
VHQWHG�LQ�7DEOH�
7KH� H[SHULPHQWDO� DQG� VLPXODWLRQ� UHVXOWV

RI� WKH� VFLQWLOODWRU�OLJKW� JXLGH� V\VWHP� ZHUH
FRPSDUHG� WR� HVWLPDWH� WKH� HIILFLHQF\� RI� WKH
PRGHOV� GHVFULEHG� DERYH� DQG� WR� GHILQH� WKH
RSWLPDO� DSSOLFDWLRQ� FRQGLWLRQV� WKHUHRI�� 7KH
IROORZLQJ� UHIUDFWLRQ� LQGLFHV� ZHUH� XVHG� LQ
RXU�VLPXODWLRQV��QD� ���IRU�WKH�DLU��QR� ����IRU� WKH� YDVHOLQH� RLO�� QJ� ������ IRU� WKHDFU\OLF� SODVWLF�� QH� ������ IRU� WKH� ELQGHU� RIWKH� EODFN� DQG� ZKLWH� HQDPHO�� QV� ������ IRUWKH� 1D,�7O� VLQJOH� FU\VWDO�� 7KH� SRLQW� RI� WKH
VFLQWLOODWLRQ� DSSHDUDQFH�ZDV� VHW� LQ� WKH� FHQ�
WHU� RI� WKH� VFLQWLOODWRU�� 7KH� QXPEHU� RI� SKR�
WRQV� SHU� RQH� VFLQWLOODWLRQ� DW� WKH� ���� NH9
HQHUJ\� DEVRUSWLRQ� ZDV� VHW� WR� ������ WKDW
FRUUHVSRQGV� WR� WKH�1D,�7O� VFLQWLOODWLRQ� HIIL�
FLHQF\� RI� ������ SKRWRQV�0H9�� 7KH� VLPXOD�
WLRQ� UHVXOWV� DUH� SUHVHQWHG� LQ� 7DEOH�� 1RU�
PDOL]DWLRQ� RI� WKH� OLJKW� FROOHFWLRQ� FRHIIL�
FLHQWV� ZHUH� QRUPDOL]HG� WR� WKH� W� YDOXH� IRU
WKH�FRPSOHWHO\�SROLVKHG�VXUIDFH�
7KH� ZLGH� VSUHDG� LQ� WKH� FDOFXODWHG� RI� W

YDOXHV� IRU� WKH� ZKLWH� DQG� EODFN� HQDPHOV� LQ
FRPSDULVRQ� WR� WKH� H[SHULPHQWDO� RQHV� LV� H[�
SODLQHG� E\� WKH� ODFN� RI� NQRZOHGJH� RI� D� GLI�
IXVH�UHIOHFWLRQ�FRHIILFLHQW��5��IRU�WKHVH�PD�
WHULDOV�� ,QGHHG�� WKH�5�YDOXH�GHSHQGV�RQ�WKH

7DEOH�� ([SHULPHQWDO� DQG� FDOFXODWHG� QRUPDOL]HG� OLJKW� FROOHFWLRQ� FRHIILFLHQWV� IRU� WKH� VFLQWLOOD�
WRU�OLJKW�JXLGH�V\VWHP

/DWHUDO�
VXUIDFH

/LJKW�FROOHFWLRQ�FRHIILFLHQW��W
([SHULPHQW 6XUIDFH�PRGHO

/DPEHUW (IIHFWLYH
UHIOHFWLYLW\

0LFUR�IDFHWV 'HYHORSHG�

3ROLVKLQJ ���� ���� ���� ���� ����
0DWWLQJ ���� ���� ���� ���� ����
7HWUDWH[ ���� ���� ���� ���� ����
)RLO ���� ���� ���� ���� ����

:KLWH�HQDPHO ���� ���� ���� ���� ����
%ODFN�HQDPHO ���� ���� ���� ���� ����
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LQFLGHQW� OLJKW� ZDYHOHQJWK� DQG� DQ� DEUXSW
FKDQJH�RI�5�E\�VHYHUDO�WLPHV�LV�REVHUYHG�LQ
WKH�ZDYHOHQJWK�UDQJH�RI�����WR�����QP�>�@�
7KH�W�YDOXH�GHSHQGV�DOVR�RQ�WKH�FRQGLWLRQ�RI
WKH�HQDPHO�GLVSHUVHG�SKDVH�>�@��7KDW�LV�ZK\
WKHVH�WZR�PDWHULDOV�ZHUH�H[FOXGHG�IURP�WKH
FRPSDUDWLYH�DQDO\VLV��&RPSDULVRQ�RI�WKH�RE�
WDLQHG�W�YDOXHV�IRU�WKH�IRXU�UHPDLQLQJ�W\SHV
RI� WKH� VXUIDFHV� KDV� VKRZQ� WKDW� WKH� EHVW
DJUHHPHQW�ZLWK� WKH� H[SHULPHQW� LV� SURYLGHG
E\� WKH� GHYHORSHG�PRGHO� �OHVV� WKDQ� ���� GH�
YLDWLRQ� IURP� H[SHULPHQWDO� YDOXHV�� DQG� E\
WKH� HIIHFWLYH� UHIOHFWLYLW\� PRGHO� �OHVV� WKDQ
���� GHYLDWLRQ��� 7KH� ZRUVW� DJUHHPHQW� ZLWK
H[SHULPHQW� LV� REVHUYHG� LQ� FDVH� RI� /DPEHUW
GHVFULSWLRQ��GHYLDWLRQ�XS�WR�������
7KH�EHVW�DJUHHPHQW�EHWZHHQ�WKH�VLPXODWLRQ

DQG� H[SHULPHQWDO� UHVXOWV� LV� DFKLHYHG� XQGHU
WZR� FRQGLWLRQV�� �D�� WDNLQJ� LQWR� DFFRXQW� WKH
UHVLGXDO�URXJKQHVV�RI�WKH�SROLVKHG�VXUIDFH�LQ
WKH�VLPXODWLRQ���E��SURSHU�VHOHFWLRQ�RI�UHIOHF�
WLRQ�FRHIILFLHQWV�IRU�WKH�UHIOHFWRUV��7KH�UHIOHF�
WLRQ� FRHIILFLHQWV� RI� 7(75$7(;� ILOP� 5W� �����DQG�DOXPLQXP�IRLO�5I� ������ZHUH�XVHGLQ� WKH� FDOFXODWLRQV�� 7KH� UHIHUHQFH� UHIOHFWLRQ
FRHIILFLHQWV� RI� WKHVH�PDWHULDOV� DUH� VRPHZKDW
KLJKHU�DQG�WKH�XVH�WKHUHRI�LQ�URXWLQH�UHVXOWV
LQ� D� GHYLDWLRQ� IURP� WKH� H[SHULPHQW�� 6LPLODU
ILWWLQJ�FRQGLWLRQV�EHWZHHQ�WKH�PRGHO�DQG�WKH
H[SHULPHQW�ZHUH�XVHG� LQ� >�@�DQG�JDYH�DOVR�D
EHQHILFLDO�HIIHFW�
7KXV�� D� PRGHO� RI� UHIOHFWLQJ� VXUIDFH� KDV

EHHQ� GHYHORSHG� WKDW� WDNHV� LQWR� DFFRXQW� WKH
UHDO� VWDWH� RI� WKH� VXUIDFH� WUHDWPHQW�� 7KH
NQRZQ�UHVXOWV�RI�WKH�PLFUR�IDFHW�RULHQWDWLRQ
GLVWULEXWLRQV� IRU� JODVV� VXUIDFHV� WUHDWHG� E\
GLIIHUHQW�DEUDVLYHV�ZHUH�XVHG� LQ�WKH�PRGHO�
%DVLQJ� RQ� WKH� IDFW� WKDW� WKHVH� GLVWULEXWLRQV
DUH� DOPRVW� LQGHSHQGHQW� RI� WKH� PLFURKDUG�
QHVV� DQG� HODVWLF� SURSHUWLHV� RI� WKH� WUHDWHG
VFLWLOODWRUV� DQG� DUH� RQO\� GHILQHG� E\� WKH

WUHDWPHQW� FRQGLWLRQV� DQG� DEUDVLYH� SRZGHU
VL]H�� WKRVH� GLVWULEXWLRQ� GDWD� ZHUH� XVHG� WR
VLPXODWH� WKH� OLJKW� FROOHFWLRQ� LQ� WKH�PDWHUL�
DOV�ZLWK�GLIIHUHQW�KDUGQHVV�
7KH� HIILFLHQF\� RI� WKH� SURSRVHG� PRGHO� LV

FRQILUPHG�E\�DJUHHPHQW�RI�WKH�VKDSH�DQG�WKH
SRVLWLRQ� RI� PD[LPD� EHWZHHQ� WKH� FDOFXODWHG
OLJKW� VFDWWHULQJ� LQGLFDWULFHV� IRU� WKH� VXUIDFHV
ZLWK� YDULRXV� URXJKQHVV� GHJUHH� DQG� WKH� H[�
SHULPHQWDO� UHVXOWV� >�@�� &RPSDULVRQ� EHWZHHQ
WKH� FDOFXODWHG� UHVXOWV� RI� WKH� OLJKW� FROOHFWLRQ
IRU� GLIIHUHQW� URXJK� VXUIDFH� PRGHOV� DQG� WKH
H[SHULPHQWDO� RQHV� LQ� D� VFLQWLOODWRU�FRQLFDO
OLJKW� JXLGH� V\VWHP� ZLWK� GLIIHUHQW� W\SHV� RI
ODWHUDO�VXUIDFHV�LQGLFDWHV�WKDW�WKH�EHVW�DJUHH�
PHQW�LV�REWDLQHG�ZKHQ�WKH�GHYHORSHG�PRGHO�LV
XVHG��7KLV�LV�SURYLGHG�XQGHU�FRQGLWLRQV�RI�WKH
SURSHU�UHIOHFWLRQ�FRHIILFLHQW�FKRLFH�IRU�WKH�UH�
IOHFWRUV�DQG�E\�WKH�LQWURGXFWLRQ�RI�WKH�UHVLG�
XDO�URXJKQHVV�IRU�WKH�SROLVKHG�VXUIDFH�
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