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0DJQHWLF�VHSDUDWRUV�DUH�XVHG�LQ�GLIIHUHQW
EUDQFKHV�� LQFOXGLQJ� ZDVWH� ZDWHU� SXULILFD�
WLRQ�� ELRORJ\� DQG� PHGLFLQH�� LI� PDJQHWLF
SURSHUWLHV� DUH� JLYHQ� WR� WUDGLWLRQDO� VRUEHQWV
DQG� ELRVRUEHQWV� EHLQJ� XVHG� WR� VHSDUDWH� WKH
WDUJHW�REMHFWV�IURP�WKH�ZRUNLQJ�PHGLD��7KH
QDQR�� DQG� PLFURPDJQHWLF� SDUWLFOHV� �IRU� H[�
DPSOH�� QDQRPDJQHWLWH� )H�2��� DUH� XVHG� IRUWKH� PDJQHWLF� ODEHOLQJ�� WR� PLQLPL]H� WKH
DPRXQW�RI�PDJQHWLF�PDWHULDO�XVHG�IRU�PDJ�
QHWLF� ODEHOLQJ� RI� WKH� VRUEHQWV�� 0DJQHWLF
ILHOGV��0)��DUH�FUHDWHG� LQ�WKH�VHSDUDWRU�RS�
HUDWLQJ� YROXPH� XVLQJ� KLJK�JUDGLHQW� IHUUR�
PDJQHWLF� PDWULFHV� �+*)0��� 7RGD\�� GLIIHU�
HQW� PHWKRGV� RI� +*)0� SUHSDUDWLRQ� DUH
NQRZQ�� LQFOXGLQJ� K\GURVWDWLF� H[WUXVLRQ�
QLFNHO� YDSRU� GHSRVLWLRQ� RQWR� D� VWDLQOHVV
ZLUH�� FRQWUROOHG�FRUURVLRQ��HWF�� >�@��7KH�K\�
GURVWDWLF�H[WUXVLRQ�DQG�WKH�YDSRU�GHSRVLWLRQ
SURYLGH�SUHSDUDWLRQ�RI�+*)0�KDYLQJ�D�KLJK
VHSDUDWLRQ� HIILFLHQF\� RI� WKH� WDUJHW� REMHFWV�
EXW�DUH�YHU\�FRVWO\��7KH�FRQWUROOHG�FRUURVLRQ
LV� HQYLURQPHQWDOO\� KD]DUGRXV� DQG� GRHV� QRW
SURYLGH� D� KLJK� +*)0� FDSDFLW\� GXH� WR� XQ�
VXIILFLHQW�0)�KRPRJHQHLW\�

7KH�PHWKRG�RI�PDJQHWLFDOO\�RSHUDWHG�FRU�
URVLRQ� LV� SURSRVHG� LQ� WKLV� ZRUN�� ,W� LV� OHVV
HQYLURQPHQWDOO\�KD]DUGRXV��SURYLGHV�WKH�RE�

WDLQLQJ�RI�+*)0�ZLWK�D�UDPLILHG�GHQGULWLF
VXUIDFH�VWUXFWXUH��DQG�WKXV�HQDEOHV�WR�JHW�D
KLJK� PDWUL[� FDSDFLW\�� 7KH� HFRORJLFDO� FRP�
SDWLELOLW\� LV� SURYLGHG� E\� WKH� SRVVLELOLW\� WR
VHOHFW� WKH� DFFHOHUDWHG� HWFKLQJ� UDWH� PRGH
XVLQJ� 0)� DSSOLFDWLRQ� >�@�� 7KLV� SUREOHP� LV
VROYHG� E\� WKH� VWXG\� RI� WKH� PDJQHWLF� ILHOG
LQIOXHQFH� RQ� HOHFWURFKHPLFDO� UHDFWLRQV� QHDU
WKH�PHWDO�HOHFWURO\WH�LQWHUIDFH�DQG�LV�RQH�RI
PDJQHWRHOHFWURO\VLV�UHVHDUFK�EUDQFKHV��$V�D
UXOH��D�FKDQJH�RI�PDVV�WUDQVIHU�LQ�WKH�HOHF�
WURO\WH� XQGHU� WKH� PDJQHWLF� ILHOG� LQIOXHQFH
FDXVHV�D�VWUXFWXUH�FKDQJH�RI�WKH�PHWDO�VXU�
IDFH� DQG� UDWH� RI� HOHFWURFKHPLFDO� SURFHVVHV
�HWFKLQJ��GLVVROXWLRQ��GHSRVLWLRQ��

,Q� >����@�� WKH� PHFKDQLVP� RI� PDJQHWLF
ILHOG� LQIOXHQFH� RQ� WKH� HWFKLQJ� SURFHVV� LQ
HOHFWURO\WHV� LV� H[SODLQHG�� 7KH� VWHHO� HWFKLQJ
SURFHVV� LQ� ZHDN� QLWULF� DFLG� VROXWLRQ� KDV� D
VHOI�RVFLOODWLQJ� FKDUDFWHU� >�@� ZKLFK� LV� FRQ�
QHFWHG� ZLWK� WHPSRUDU\� SHULRGLF� FKDQJHV� RI
WKH� VDPSOH� VXUIDFH� VWUXFWXUH� >�@�� $� UDWKHU
ZHDN� SHUPDQHQW� PDJQHWLF� ILHOG� �DERXW
����2H�� LQIOXHQFHV� FRQVLGHUDEO\� WKH� VHOI�RV�
FLOODWLQJ�HWFKLQJ�SURFHVV�>�@�

,Q� WKLV� ZRUN�� WKH� PRGH� RI� PDJQHWLFDOO\
FRQWUROOHG� HWFKLQJ� LV� FRQVLGHUHG� IRU� WKH� RE�
WDLQLQJ� RI� +*)0� ZLWK� RSWLPXP� FKDUDF�
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WHULVWLFV�� 3K\VLFDO� SDUDPHWHUV� DIIHFWLQJ� WKH
IRUPDWLRQ� RI� IXQFWLRQDO� VXUIDFH�GXULQJ�PDJ�
QHWLFDOO\�FRQWUROOHG�FRUURVLRQ�DUH�VWXGLHG��LQ�
FOXGLQJ� LQIOXHQFH� RI� DQ� H[WHUQDO� PDJQHWLF
ILHOG��HOHFWURO\WH�FRQFHQWUDWLRQ��HWFKLQJ�GXUD�
WLRQ��WHPSHUDWXUH��DQG�WKH�V\VWHP�JHRPHWU\�

7KH� TXDQWLWDWLYH� FKDUDFWHULVWLFV� RI� VHOI�
RVFLOODWLQJ� VWHHO� HWFKLQJ� SURFHVV� ZHUH� VWXG�
LHG� LQ� WKLV�ZRUN�GHSHQGLQJ�RQ� WKH� H[WHUQDO
PDJQHWLF� ILHOG� VWUHQJWK�� &RUURVLRQ� RI� VWHHO
VXUIDFH�XQGHU�D�PDJQHWLF�ILHOG�DQG� LQWHQVL�
ILFDWLRQ� SRVVLELOLW\� RI� VWHHO� HWFKLQJ� SURFHVV
ZHUH� VWXGLHG� LQ� D�ZHDN�QLWULF� DFLG� VROXWLRQ
XQGHU� D� SHUPDQHQW� PDJQHWLF� ILHOG� LQ� WKH
�Ü�����2H� UDQJH��7KH� VWXGLHV�ZHUH� FDUULHG
RXW� XVLQJ� WKH� VHWXS� GHVFULEHG� LQ� >�@�� 7KH
PDJQHWLF� ILHOG� GHSHQGHQFH� RI� WKH� HWFKHG
VWHHO�PDVV�ZDV�REWDLQHG�IRU�VDPSOHV�RI�VWHHO
�8NUDLQLDQ� VWDQGDUG� ��������� ��� *� JUDGH�
VKDSHG� DV� ��u��u�����PP�� SODWHV�� 7KH
FKHPLFDO� FRPSRVLWLRQ� RI� WKH� VWHHO� ZDV� DV
IROORZV�� 6L� ����Ü����� ��� &X� ����� ��� 0Q
����Ü����� ��� 1L� ����� ��� 3� ������ ��� &U
�������� 6� ������ ��� 3ULRU� WR� WKH� H[SHUL�

PHQWV�� WKH� VDPSOH� ZDV� SUH�WUHDWHG� E\� VXU�
IDFH� SROLVKLQJ� E\� URWDWLQJ� IHOW� GLVN
������ USP�� DQG� SROLVKLQJ� SDVWH�� 7KH� SODWH
ZDV�FRDWHG�ZLWK�QLWUR�ODFTXHU�XVLQJ�D�GLVN�
VKDSHG� PDVN� RI� ��� PP� GLDPHWHU� RQ� ERWK
VLGHV� WR� IRUP� WKH� HWFKLQJ� UHJLRQ��7KH� SODWHV
ZHUH�ZHLJKHG�RQ�DQDO\WLFDO�EDODQFH�DW���Ü��J
DFFXUDF\�� 7KH� PDVV� ORVV� ZDV� DYHUDJHG� IRU
�� VDPSOHV�� WKH� GHYLDWLRQ� IURP� WKH� DYHUDJH
YDOXH�GLG�QRW�H[FHHG������7KH�HWFKLQJ�ZDV
FRQGXFWHG� LQ� ZHDN� QLWULF� DFLG� VROXWLRQ� RI
���� �� FRQFHQWUDWLRQ� DQG� ��� PO� YROXPH
XQGHU�D�0)��7KLV�FRQFHQWUDWLRQ�ZDV�FKRVHQ
EHFDXVH� WKH� HWFKLQJ� UDWH� XQGHU� 0)� LQIOX�
HQFH� DW� KLJKHU� FRQFHQWUDWLRQV� GLG� QRW� SUR�
YLGH� WKH� IXQFWLRQDO� FRDWLQJ� WKDW� VDWLVILHV
WKH� UHTXLUHG� +*)0� FULWHULD�� 7KH� H[SHUL�
PHQWV�ZHUH�FDUULHG�RXW�DW���r�&���7KH�WHP�
SHUDWXUH� FRQWURO� KDV� VKRZQ� WKDW� WKH� WHP�
SHUDWXUH�FKDQJH�E\���&�JLYHV�DSSUR[LPDWHO\
�� �� RI� PDVV� ORVV� FKDQJH�� 7KH� SHUPDQHQW
KRPRJHQHRXV� PDJQHWLF� ILHOG� IURP� �� XS� WR
����� 2H� ZDV� DSSOLHG� SHUSHQGLFXODU� WR� WKH
VDPSOH�VXUIDFH�DQG�SDUDOOHO�WR�JUDYLW\�IRUFH�
5HVHDUFK�ZDV�FRQGXFWHG�RQ�WKH�GHYLFH�ZKLFK
LQFOXGHV� WKH� HOHFWURPDJQHW�� YLVXDOL]DWLRQ
V\VWHP��DQG�FRPSXWHU�>�@�

,W� KDV� EHHQ� GHWHUPLQHG� LQ� H[SHULPHQW
WKDW� GHSHQGHQFH� RI� PDVV� ORVV� RQ� WKH� PDJ�
QHWLF�ILHOG�VWUHQJWK�KDV�RVFLOODWLQJ�FKDUDFWHU
�)LJ������ 7KH� KRUL]RQWDO� OLQH� FRUUHVSRQGV� WR
WKH�PDVV�ORVV�YDOXH�DW�+� ���LQ�)LJ���D��WKH
KRUL]RQWDO�OLQH�FRUUHVSRQGV�WR�������J�

7KH� HWFKLQJ� VXUIDFH� PLFURVWUXFWXUH� ZDV
VWXGLHG� XVLQJ� D� VFDQQLQJ� HOHFWURQ� PLFUR�
VFRSH� 6(0����� �6HOPL��� )LJ���� VKRZV� D
W\SLFDO� LPDJH� RI� WKH� FRUURGHG� PLFURVWUXF�

)LJ����� 7KH�PDVV� ORVV� GHSHQGHQFH� RQ� D�PDJ�
QHWLF�ILHOG�VWUHQJWK��HWFKLQJ�GXUDWLRQ�LV�HTXDO
WR����PLQXWHV��

)LJ����� ,PDJH� RI� WKH�FRUURGHG�PLFURVWUXFWXUH� VXUIDFH� WKDW� FRUUHVSRQGV� WR�PLQLPXP��D��DQG�PD[L�
PXP��E��RI�WKH�PDVV�ORVV�GHSHQGHQFH�RQ�D�PDJQHWLF�ILHOG�VWUHQJWK��(WFKLQJ�GXUDWLRQ�LV�HTXDO�WR���
PLQXWHV��D��PDJQHWLF�ILHOG�LV������2H��E��PDJQHWLF�ILHOG�LV������2H�

6�9�*RUREHWV�HW�DO����3UHSDUDWLRQ�RI�KLJK�JUDGLHQW����

��� )XQFWLRQDO�PDWHULDOV�������������



WXUH� VXUIDFH� DIWHU� HWFKLQJ� LQ� D� QLWULF� DFLG
VROXWLRQ�ZKLFK�FRUUHVSRQGV�WR�WKH�PD[LPXP
�)LJ���D��DQG�PLQLPXP��)LJ���E��LQ�WKH�PDVV
ORVV�GHSHQGHQFH�RQ�D�PDJQHWLF�ILHOG����

7KH�GLVWULEXWLRQ�RI�JUH\�FRORU�LQ�WKH�FRU�
URGHG� VXUIDFH� LPDJHV� VKRZV� WZR� PD[LPD�
WKXV� VXJJHVWLQJ� WKDW� WKH� FRUURGHG� VXUIDFH
KDV� D� WZR�FRPSRQHQW� FRPSRVLWLRQ� �)LJ�����
7KH� EULJKW� JUDLQV� FRUUHVSRQG� WR� WKH� SDVVL�
YDWLQJ� ILOP�� WKH� GDUN� JUH\� UHJLRQV�� WR� WKH
VWHHO� VXUIDFH�� 7KLV� VWDWHPHQW� LV� RXU� K\�
SRWKHVLV��LW�LV�WR�QRWH�WKDW�D�IXUWKHU�H[SHUL�
PHQWDO�VWXG\�RI�WKH�VXUIDFH�LV�QHFHVVDU\�IRU
D�PRUH�GHWDLOHG�H[SODQDWLRQ�

7KH� GLJLWDO� LPDJH� SURFHVVLQJ� ZDV� DOVR
XVHG�WR�VWXG\�WKH�HWFKHG�VXUIDFH��*Z\GGLRQ
LV� D�PRGXODU� VRIWZDUH� IRU� GDWD� DQDO\VLV�� ,W
LV� XVHG� WR� DQDO\]H� WKH� LPDJHV� REWDLQHG� E\
VFDQQLQJ�HOHFWURQ�DQG�VFDQQLQJ�SUREH�PLFUR�
VFRSHV��$)0��0)0��670���2QH�RI�WKH�PDLQ
DGYDQWDJHV�RI�WKDW�SURJUDP�LV�FRQQHFWLRQ�RI
WKH�PRGXOHV� IRU� WKH� DQDO\VLV� RI� WZR�GLPHQ�
VLRQDO� GDWD� WKDW� FDQ� EH� HDVLO\� H[SDQGHG� E\
PHDQV�RI�DGGLWLRQDO�SURJUDPV�

7KH� UHVXOW� RI� IUDFWDO� DQDO\VLV� XVLQJ� WKLV
VRIWZDUH� DSSO\LQJ� PHWKRG� RI� YDULDWLRQ� LV
UHSUHVHQWHG� LQ� )LJ����� 7KH� GHSHQGHQFH� ZDV
REWDLQHG�E\�WKH�HWFKHG�VXUIDFH�LPDJH�DQDO\�
VLV� DW� FHUWDLQ� YDOXHV� RI� PDJQHWLF� ILHOG
VWUHQJWK�� ,W� LV� UHSUHVHQWHG� LQ� )LJ����� (DFK
YDOXH� RI� WKH� PDJQHWLF� ILHOG� FRUUHVSRQGV� WR
HLJKW� VXUIDFH� LPDJHV� VFDQQHG� DW� GLIIHUHQW
PDJQLILFDWLRQV�� 7KH� LPDJHV� ZLWK� ��� ����
�����PDJQLILFDWLRQ�IDFWRU�KDYH�EHHQ�FKRVHQ�
7KH�PHDQ�VTXDUH�HUURU�LV�������

$V� LV� NQRZQ�� WKH� VXUIDFHV� RI� VROLGV� DUH
URXJK� DW� D� PLFURVFRSLF� VFDOH�� 7KLV� VXUIDFH
URXJKQHVV�FDQ�EH�GHVFULEHG�XVLQJ�IUDFWDO�GL�
PHQVLRQDOLW\��1R�QDWXUDO�OHQJWK�VFDOH�H[LVWV
IRU�IUDFWDO�REMHFWV��7KH\�KDYH�WKH�VDPH�ORRN
DW� YDULRXV� PDJQLILFDWLRQV�� 7KH� IUDFWDO� GL�
PHQVLRQDOLW\�RI�VROLG�REMHFWV�LQIOXHQFHV�VLJ�

QLILFDQWO\� WKH� SK\VLFDO� SKHQRPHQD� WKDW
RFFXU� WKHUHLQ�� LQ� SDUWLFXODU�� WKH� HWFKLQJ
SURFHVV� LQ�D�PDJQHWLF� ILHOG��%DVLQJ�RQ� WKDW
FRQVLGHUDWLRQ��LW�FDQ�EH�VWDWHG�WKDW�WKH�IUDF�
WDO� GLPHQVLRQ� DIIHFWV� WKH� UHVLVWDQFH� �LPSHG�
DQFH��RI�WKH�HOHFWURGH�DQG�WKHUHIRUH�WKH�PDJ�
QHWLF�ILHOG�DIIHFWV�WKH�HOHFWURGH�UHVLVWDQFH��VR
LW� FDQ� EH� FRQFOXGHG� WKDW� WKH� PDJQHWLF� ILHOG
DIIHFWV� WKH�PDWHULDO� HWFKLQJ� SURFHVV� WKURXJK
WKH�LQIOXHQFH�RQ�IUDFWDO�GLPHQVLRQ�

1RWH� WKDW� WKH� VXVWDLQHG� SKDVH� HOHPHQW
PDNHV�D�VLJQLILFDQW�FRQWULEXWLRQ�WR�FODVVLFDO
HOHFWURO\WH�HOHFWURGH� V\VWHPV� >�@�� LWV� SUHV�
HQFH� LV� FRQQHFWHG� ZLWK� WKH� IUDFWDO� VXUIDFH
JHRPHWU\��7KH�&DQWRU�VHW�IRUPV�WKH�EDVLV�RI
WKH� FODVVLFDO�PRGHO� RI� WKH� VXUIDFH�� LW� LV� EH�
OLHYHG�WKDW�WKH�QXPEHU�RI�EORFNV�1� ���DQG
WKH� VFDOH� IDFWRU� U� ���[�� [�!��� 7DNLQJ� WKLV
LQWR� FRQVLGHUDWLRQ�� WKH� VXUIDFH� ORRNV� OLNH� D
VHOI�VLPLODU�EUDQFKLQJ��,PSHGDQFH�RI�WKH�V\V�
WHP�VKRXOG�VDWLVI\�WKH�FRQGLWLRQ�=�Z�a��LZ�ÜK�
ZKHUH�K� ���Ü�ORJ[�� ���Ü�'��'�LV�IUDFWDO�GL�PHQVLRQ�� K� LV� D� TXDQWLW\� GHSHQGLQJ� RQ� WKH
DYHUDJH�QXPEHU�RI�EUDQFKHV�

7KXV�� LW� LV� VKRZQ� LQ� )LJ���� WKDW� IUDFWDO
GLPHQVLRQ� LV� PD[LPXP� IRU� WKH� ILHOG� YDOXH
�����2H�EHFDXVH�\RX�FDQ�JHW�WKH�+*)0�PD�
WULFHV� RI� D� PDJQHWLF� ILOWHU� ZLWK� WKH� PRVW
EUDQFKHG� VXUIDFH� VWUXFWXUH� LQ� WKLV� PRGH�
DQG�WKHUHIRUH�ZLWK�D�PD[LPXP�FDSDFLW\�

7KHVH�+*)0�ZHUH�H[DPLQHG�WR�VWXG\�WKH
RSHUDWLQJ� HIILFLHQF\� RI� VHSDUDWLRQ�� 7KH� HI�
IHFWLYHQHVV�RI�+*)0�ZDV�GHWHUPLQHG�EDVLQJ
RQ� WKH� GLIIHUHQFH� RI� WKH� VROXWLRQ� RSWLFDO
GHQVLW\�SULRU�WR�DQG�DIWHU�VHSDUDWLRQ��ZKLFK
LQGLFDWHV� D� FRQFHQWUDWLRQ� FKDQJH� RI� WDUJHW
REMHFWV� WKDW� DUH� UHPRYHG� IURP� WKH� VROXWLRQ
�PDJQHWLFDOO\�FRQWUROOHG�ELRVRUEHQW�LV�6�FHUH�
YLVLDH�\HDVW�XVHG�WR�SXULI\�WKH�VROXWLRQ�IURP
FRSSHU� LRQV��� 7KH� OLTXLG� ZLWK� PDJQHWLFDOO\
FRQWUROOHG�ELRVRUEHQW�ZDV�IHG�WKURXJK�D�PDJ�
QHWLF� VHSDUDWRU� DW� ����� PO�V� UDWH�� 7KH� VDP�
SOLQJ� RI� WKH� SXULILHG� OLTXLG� ZDV� FDUULHG� RXW
DIWHU�����������������PLQXWHV�

)LJ����� 7\SLFDO� GLVWULEXWLRQ� RI� JUH\� FRORU� RI
FRUURGHG� VXUIDFH�� 3� LV� WKH� QXPEHU� RI� SL[HOV�
3PD[�LV�WRWDO�QXPEHU�RI�SL[HOV��1�LV�WKH�QXPEHURI�JUH\�FRORU��1PD[��LV�WKH�WRWDO�QXPEHU�RI�JUH\FRORXUV��

)LJ����� 'HSHQGHQFH� RI� IUDFWDO� GLPHQVLRQ� RQ
WKH�PDJQHWLF�ILHOG�VWUHQJWK�
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7KH� WLPH� GHSHQGHQFH� RI� WKH� OLTXLG� VHSD�
UDWLRQ� HIILFLHQF\� LV� SUHVHQWHG� LQ� 7DEOH� DW
GLIIHUHQW� FRQFHQWUDWLRQ� RI� \HDVW�� 7KLV
+*)0�LV�FKDUDFWHUL]HG�E\�D�KLJK�VHSDUDWLRQ
HIILFLHQF\��WKXV��LW�LV�KLJKO\�HIILFLHQW��7HQV�
VRPHWLPHV� HYHQ� KXQGUHGV� RI� +*)0� OD\HUV
DUH�XVHG�LQ�LQGXVWULDO�VHSDUDWRUV�WKDW�DOORZ
WR�SXULI\�ODUJH�YROXPHV�RI�OLTXLGV�

7R� FRQFOXGH�� WKH� FKDUDFWHULVWLFV� RI
+*)0� IXQFWLRQDO� VXUIDFH� KDYH� EHHQ� IRXQG
WR� GHSHQG� RQ� WKH� IRUPDWLRQ� SDUDPHWHUV� DW
PDJQHWLFDOO\�FRQWUROOHG�FRUURVLRQ��7KH�FKDU�
DFWHU�RI�PHWDO�HWFKLQJ�KDV�TXDVL�SHULRGLF�GH�
SHQGHQFH� RQ� H[WHUQDO� PDJQHWLF� ILHOG
VWUHQJWK� DQG� WKH� FRUURGHG� VXUIDFH� FRQVLVWV
RI� WZR� FRPSRQHQWV�� 7KH� VXUIDFH� VWUXFWXUH
SURGXFHG� E\� HWFKLQJ� GHSHQGV� RQ� H[WHUQDO
PDJQHWLF� ILHOG� VWUHQJWK�� 7KXV�� DSSOLFDWLRQ
RI� DQ� H[WHUQDO� PDJQHWLF� ILHOG� LV� D� ZD\� WR
FRQWURO� WKH� VHOI�RVFLOODWLQJ� SURFHVV� RI� VWHHO
VDPSOH�HWFKLQJ�DV�ZHOO�DV�WKH�FRUURGHG�VXU�
IDFHV�VWUXFWXUH�DW�FRUUHVSRQGLQJ�V\VWHP�SD�
UDPHWHUV�� %HVLGHV�� IUDFWDO� GLPHQVLRQ� DQG
VHOI�RUJDQL]HG� SDVVLYH� ILOP� FRQWULEXWH� FRQ�

VLGHUDEO\�WR�WKH�UHVLVWDQFH�RI�WKH�IXQFWLRQDO
VXUIDFH��7KXV��WKH�FRQWURO�RI�IUDFWDO�GLPHQ�
VLRQ� DQG� UHODWLYH� FRPSRQHQW� FRPSRVLWLRQ� E\
PHDQV�RI�WKH�PDJQHWLF�ILHOG�DOORZV�WR�FKRRVH
WKH�RSWLPDO�PDJQHWLF�ILHOG�LQIOXHQFH�PRGH�IRU
IDEULFDWLRQ�RI�PDJQHWLF�ILOWHU�+*)0�IRU�PDJ�
QHWLFDOO\�FRQWUROOHG�ELRVRUSWLRQ�

5HIHUHQFHV
� ���/�$�:RUL�� '�'�3DGLOOD�� )�&R\QH� 3UHQJHU� HW

DO���LQ��7KH�$FWLQLGH�5HVHDUFK�4XDUWHUO\��1X�
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