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7KH�SURSRVHG�DOJRULWKP�UHTXLUHV� WKH�GHVFULSWLRQ�RI� WKH
IDFLDO� IHDWXUHV� DV� �'�SRO\JRQV� �RSWLRQDOO\� H[WHQGHG� E\
DGGLWLRQDO�LQWHQVLW\�LQIRUPDWLRQ��ZKLFK�DUH�DVVHPEOHG�LQ�D
�'�PRGHO�RI� WKH�KHDG�SURYLGHG� IRU� LQ� VHSDUDWH�GDWD� ILOHV�
'HWHFWLRQ�LV�DFKLHYHG�E\�XVLQJ�D�VSHFLDO�LPSOHPHQWDWLRQ�RI
WKH� *HQHUDOL]HG� +RXJK�7UDQVIRUP� �*+7�� IRU� ZKLFK� WKH
IRUPV� DUH� JHQHUDWHG� E\� SURMHFWLQJ� WKH� �'�PRGHO� LQWR� WKH
LPDJH� SODQH�� ,Q� WKH� LQLWLDOL]DWLRQ� SKDVH� D� FRPSDUDWLYHO\
ZLGH�UDQJH�RI�UHODWLYH�SRVLWLRQV�DQG�DWWLWXGHV�EHWZHHQ�KHDG
DQG�FDPHUD� KDV� WR� EH� WHVWHG� IRU��$LPLQJ� IRU� LOOXPLQDWLRQ
LQGHSHQGHQFH�� RQO\� LQIRUPDWLRQ� DERXW� WKH� VLJQ� RI� WKH
GLIIHUHQFH� EHWZHHQ� WKH� H[SHFWHG� LQWHQVLWLHV� RQ� ERWK� VLGHV
RI� WKH� HGJH� RI� WKH� SRO\JRQV�PD\� EH� DGGLWLRQDOO\� XVHG� LQ
WKH�*+7��2QFH� D� IHDWXUH� LV� IRXQG�� IXUWKHU� VHDUFK� IRU� WKH
UHPDLQLQJ�IHDWXUHV�FDQ�EH�UHVWULFWHG�E\�WKH�XVH�RI�WKH��'�
PRGHO�� 7KH� GHWHFWLRQ� RI� D� PLQLPXP� QXPEHU� RI� IHDWXUHV
VWDUWV� WKH� WUDFNLQJ�SKDVH�ZKLFK� LV� SHUIRUPHG� E\� XVLQJ� DQ
([WHQGHG� .DOPDQ�)LOWHU� �(.)�� DQG� DVVXPLQJ� D� ILUVW� RU
VHFRQG� RUGHU� G\QDPLFDO� PRGHO� IRU� WKH� VWDWH� YDULDEOHV
GHVFULELQJ� WKH� SRVLWLRQ� DQG� WKH� DWWLWXGH� RI� WKH� KHDG�
6\QHUJLVWLF� DGYDQWDJHV� EHWZHHQ� *+7� DQG� (.)� FDQ� EH
UHDOL]HG� VLQFH� WKH�(.)� DQG� WKH� SURMHFWLRQ� LQWR� WKH� LPDJH
SODQH� \LHOG� D� UDWKHU� JRRG� SUHGLFWLRQ� RI� WKH� IRUPV� WR� EH
GHWHFWHG�E\�WKH�*+7��7KLV�UHGXFHV�FRQVLGHUDEO\�WKH�VHDUFK
VSDFH� LQ� WKH� LPDJH� DQG� LQ� WKH� SDUDPHWHU� VSDFH�� 2Q� WKH
RWKHU� KDQG� WKH� *+7� RIIHUV� D� VROXWLRQ� WR� WKH� PDWFKLQJ
SUREOHP� EHWZHHQ� LPDJH� DQG� REMHFW� IHDWXUHV�� 'XULQJ� WKH
WUDFNLQJ� SKDVH� WKH� *+7� FDQ� EH� IXUWKHU� HQKDQFHG� E\
PRQLWRULQJ� WKH� DFWXDO� LQWHQVLWLHV� DORQJ� WKH� HGJHV� RI� WKH
SRO\JRQV��WKHLU�DVVLJQPHQW�WR�WKH�FRUUHVSRQGLQJ��'�REMHFW
IHDWXUHV�� DQG� WKHLU� XVH� IRU� IHDWXUH� VHOHFWLRQ� GXULQJ� WKH
DFFXPXODWLRQ� SURFHVV�� 7KH� DOJRULWKP� UXQV� RQ� D� 'XDO
3HQWLXP� ,,� ����0+]� ZLWK� D� F\FOH� WLPH� RI� ��PV� LQ� UHDO
WLPH�

�� ,QWURGXFWLRQ

7KH� PHWKRG� SUHVHQWHG� LV� SDUW� RI� D� V\VWHP� IRU
GHWHUPLQLQJ� DQG� WUDFNLQJ� KXPDQ� JD]H� GLUHFWLRQ� DQG� IRU
PRQLWRULQJ�DWWHQWLRQ�ZKLFK� LV�SDUW�RI�D�FRFNSLW�DVVLVWDQFH
V\VWHP�� ,W� LV� GHVLJQHG� PDLQO\� WR� GHWHFW� SLORW� HUURUV� DQG
VXSSRUW�KLP�LQ�WKH�WDVN�KH�LV�SD\LQJ�DWWHQWLRQ�WR�>��@��>��@�
7KH� VXEV\VWHP� IRU� JD]H� GHWHFWLRQ� XVHV� DPRQJ� RWKHU
KDUGZDUH� HTXLSPHQW� D� SDQ� DQG� WLOW� FDPHUD� SODWIRUP
DUUDQJHG�DSSUR[LPDWHO\����FP�LQ�IURQW�RI�WKH�SHUVRQ�WR�EH
PRQLWRUHG�� 0RXQWHG� RQ� WKH� SODWIRUP� DUH� D� ZLGH� DQJOH
FDPHUD�PDSSLQJ�WKH�SLORW
V�KHDG�RQ�WKH�FHQWUDO�WKLUG�RI�WKH
LPDJH� �KRUL]RQWDOO\��DQG�D� WHOH�FDPHUD�ZKLFK� IRFXVHV� WKH
H\H� UHJLRQ�� )RU� WKH� WDVN� RI� JD]H� GHWHFWLRQ� IURP� YLGHR
VHTXHQFHV� RQO\�� DFFXUDWH� GHWHUPLQDWLRQ� RI� KHDG� SRVLWLRQ
DQG�DWWLWXGH�LV�LQGLVSHQVDEOH��H�J��>��@�

$SDUW� IURP� WKH� DSSOLFDWLRQ� PHQWLRQHG� DERYH�� WKH
GHWHUPLQDWLRQ� RI� JD]H� GLUHFWLRQ� DV� ZHOO� DV� IDFH� GHWHFWLRQ
DQG� WUDFNLQJ� LV� LPSRUWDQW� LQ� D� ODUJH� QXPEHU� RI� RWKHU
DSSOLFDWLRQV��PRVW� QRWDEO\� LQ�KXPDQ�PDFKLQH� LQWHUDFWLRQ�
H�J��>�@�

�� 5HODWHG�/LWHUDWXUH

7KH�WDVN�RI�IDFH�GHWHFWLRQ�DQG�WUDFNLQJ�KDV�EHHQ�WUHDWHG
E\�D�ODUJH�QXPEHU�RI�SXEOLFDWLRQV�DQG�LW�LV�LPSRVVLEOH�KHUH
WR� JLYH� D� FRPSOHWH� RYHUYLHZ� �VHH� H�J�� >��@��� 6RPHWLPHV�
FRORU�EDVHG� DSSURDFKHV� DUH�XVHG�� H�J�� >��@�ZKLOH� LQ� RWKHU
SXEOLFDWLRQV� �'� DSSURDFKHV� DUH� HPSOR\HG� �H�J�� >�@��� �'�
DSSURDFKHV�IRU�DSSOLFDWLRQV�FRQFHUQLQJ�IDFHV�DUH�EHFRPLQJ
PRUH�SUHYDOHQW��FI��H�J�>��@��DQG�LQ�VRPH�SXEOLFDWLRQV��'�
PRGHOV�DUH�XVHG�IRU�IDFH�WUDFNLQJ��H�J��>�@��+RZHYHU��QRQH
RI� WKH� DSSURDFKHV� XVHV� H[SOLFLW� �'� PRGHOV� IRU� IDFH� DQG
IDFLDO�IHDWXUHV�GXULQJ�WUDFNLQJ�DQG�GHWHFWLRQ�QRU�DUH�IDFLDO
IHDWXUHV� UHSUHVHQWHG� E\� SRO\JRQV� FRQVLVWLQJ� RI� �'� OLQH



ZKLFK�FDQ�EH�H[WUDFWHG�E\�HGJH�GHWHFWLRQ��7KH�XVH�RI�OLQH
IHDWXUHV� RIIHUV� VHYHUDO� DGYDQWDJHV�� 7KH\� DUH� LOOXPLQDWLRQ
LQGHSHQGHQW�DQG�WKH\�FDQ�EH�DFFXUDWHO\�SURMHFWHG�LQWR� WKH
LPDJH�SODQH�>�@�WDNLQJ�DFFRXQW�SK\VLFDO�FRQVWUDLQWV��2WKHU
DSSURDFKHV� IRU� IHDWXUH� GHWHFWLRQ� DQG� WUDFNLQJ� OLNH
FRUUHODWLRQ� EDVHG� WHFKQLTXHV�� H�J�� >�@�� RU� ZDYHOHW
WUDQVIRUPV�GR�QRW�WDNH�LQWR�DFFRXQW�WUDQVIRUPDWLRQV�GXH�WR
DOO� VSDWLDO� GHJUHHV� RI� IUHHGRP�� )XUWKHUPRUH�� E\� XVH� RI
JHQHULF� PRGHOV�� D� JHQHUDO� GHVFULSWLRQ� FDQ� EH� DGDSWHG
FRQYHQLHQWO\� WR� D� VSHFLDO� FDVH� E\� DSSURSULDWH� FKRLFH� RI
SDUDPHWHUV��H�J��>�@�

7KH�DSSURDFK�SURSRVHG� UHOLHV� LQ�HVVHQFH�RQ� IRXU�EDVLF
HOHPHQWV�� 2QH� LV� WKH� ZHOO� NQRZQ� *HQHUDOL]HG� +RXJK
7UDQVIRUP� �*+7�� ZKLOH� DQRWKHU� LV� WKH� XVH� RI� VSDWLR�
WHPSRUDO� PRGHOV� ZKLFK� FDQ� EH� DSSOLHG� HIILFLHQWO\� LQ
([WHQGHG�.DOPDQ�)LOWHUV��(.)V���7ZR�PRUH�HOHPHQWV�DUH
D�KLHUDUFKLFDO�VFHQH�UHSUHVHQWDWLRQ�DQG�D�IDVW�DQG�HIILFLHQW
PHWKRG�IRU�HGJH�GHWHFWLRQ�

2ULJLQDOO\� GHYHORSHG� IRU� GHWHFWLQJ� OLQHV� LQ� LPDJHV� WKH
+RXJK� 7UDQVIRUP� KDV� ILUVW� EHHQ� H[WHQGHG� WR� RWKHU
SULPLWLYH� IHDWXUHV� DQG� ILQDOO\� IRU� GHWHFWLQJ� DUELWUDU\� �'
VKDSHV��*+7��>�@�� ,Q�>��@� LW�KDV�EHHQ�HPSOR\HG�WR�GHWHFW
VLPSOH� �'� REMHFWV� LQ� �'� LPDJHV� XQGHU� YDULRXV� DVSHFW
FRQGLWLRQV� E\� GHWHFWLQJ� EDVLF� IHDWXUHV� �H�J�� OLQHV��
FDOFXODWLQJ� SRVVLEOH� DVSHFW� UDWLRV� DQG� LQFUHPHQWLQJ� WKH
FRUUHVSRQGLQJ� DFFXPXODWRU� DUUD\V�� $PRQJ� LWV� PDLQ
DGYDQWDJHV� DUH� WKH� *+7¶V� UHODWLYH� UREXVWQHVV� DJDLQVW
QRLVH��SDUWLDO�RFFOXVLRQ��DQG�PXOWL�REMHFW�HQYLURQPHQWV�DOO
RI�ZKLFK�KDYH�WR�EH�DFFRXQWHG�IRU�LQ�UHDO�LPDJHV��,W¶V�PDLQ
GUDZEDFNV� DUH� FRQVLGHUDEOH� FRPSXWDWLRQDO� DQG� VWRUDJH
UHTXLUHPHQWV�ZKLFK�KDV�OHDG�WR�D�YDULHW\�RI�PHWKRGV�WU\LQJ
WR� UHGXFH� WKH� DVVRFLDWHG� SDUDPHWHU� VSDFH�� H�J�� >��@�� 7KH
DSSURDFK� SUHVHQWHG� KHUH� XVHV� VSDWLR�WHPSRUDO� PRGHOV� WR
UHGXFH� WKH� SDUDPHWHU� VSDFH� DV� ZHOO� DV� WKH� LPDJH� VSDFH
IURP�ZKLFK�WKH�HGJH�HOHPHQWV�DUH�H[WUDFWHG�

6SDWLR�WHPSRUDO� PRGHOV� KDYH� EHHQ� VXFFHVVIXOO\
HPSOR\HG�LQ�YDULRXV�FRPSXWHU�YLVLRQ�DSSOLFDWLRQV�UDQJLQJ
IURP� YHKLFOH� JXLGDQFH�� H�J�� >�@� WR� JUDVSLQJ� RI� D� IUHH
IORDWLQJ� REMHFW� LQ� RUELW�� H�J�� >�@�� DQG� UHFHQWO\� WR� KXPDQ
JD]H�GHWHFWLRQ��H�J��>��@��2Q�RQH�KDQG�WKH\�FRQVLVW�RI��'
JHRPHWULFDO� PRGHOV� ERUURZHG� IURP� WKH� GRPDLQ� RI
FRPSXWHU� YLVLRQ�� H�J�� >�@�� &RQVLGHULQJ� RQO\� OLQH� IHDWXUHV�
HDFK� UHOHYDQW� REMHFW� LV� DVVLJQHG� D� FRRUGLQDWH� V\VWHP
UHODWLYH� WR�ZKLFK�REMHFW�SRLQWV� DQG� �E\� OLQNLQJ� WKH� ODWWHU�
OLQHV�DUH�GHILQHG��6XEREMHFWV�PD\�EH�DVVHPEOHG�WR�REMHFWV
DQG�REMHFWV�DUH�UHSUHVHQWHG�LQ�D�VFHQH�XVLQJ�D�KLHUDUFKLFDO
UHSUHVHQWDWLRQ� FDOOHG� VFHQH� WUHH� ZKLFK� DOVR� VWHPV� IURP
FRPSXWHU�JUDSKLFV��7KH�OLQNV�EHWZHHQ�REMHFWV�RI�WKH�VFHQH
WUHH� DUH� DVVLJQHG� KRPRJHQHRXV� WUDQVIRUPDWLRQ� PDWULFHV
�+70�� GHVFULELQJ� WKH� UHODWLYH� SRVLWLRQ� DQG� DWWLWXGH
EHWZHHQ� REMHFWV�� &DPHUDV� DUH� DOVR� LQFRUSRUDWHG� LQ� WKH
VFHQH�UHSUHVHQWDWLRQ�IRU�ZKLFK�D�SLQKROH�FDPHUD�PRGHO� LV
SURYLGHG� WKXV� HQDEOLQJ� SURMHFWLRQ� RI� WKH� REMHFWV� LQWR� WKH
LPDJH� SODQH�� 2Q� WKH� RWKHU� KDQG� VSDWLR�WHPSRUDO� PRGHOV

LQFOXGH�G\QDPLFDO�PRGHOV��7KLV� LV� DFKLHYHG� E\� DVVLJQLQJ
GHJUHHV� RI� IUHHGRP� �VWDWH� YDULDEOHV�� WR� WKH� REMHFWV� ZKLFK
FRQFHUQ� SULPDULO\� WKH� UHODWLYH� SRVLWLRQ� DQG� DWWLWXGH
EHWZHHQ� REMHFWV� EXW� DOVR� SDUDPHWHUV� GHVFULELQJ� WKHLU
VKDSH�� 3ULQFLSDOO\�� OLQHDU� GLVFUHWH� G\QDPLFDO� PRGHOV� DUH
XVHG�

6SDWLR�WHPSRUDO� PRGHOV� PD\� EH� HPSOR\HG� HIILFLHQWO\
IRU�WKH�GHWHUPLQDWLRQ�RI�REMHFW�VWDWH�YDULDEOHV�E\�XVH�RI�DQ
(.)��7KH�(.)�WUHDWV�WKH�SUREOHP�RI�GHWHUPLQLQJ�WKH�VWDWH
YDULDEOHV�DV�DQ�HVWLPDWLRQ�SURFHVV��6WDWH�YDULDEOHV�DUH�ILUVW
SUHGLFWHG� E\� PHDQV� RI� WKH� G\QDPLFDO� PRGHO�� 7KLV
SUHGLFWLRQ� LV� HQKDQFHG� E\� WKH� IROORZLQJ� LQQRYDWLRQ� VWHS�
+HUH�� HGJH� HOHPHQWV� VWHPPLQJ� IURP� HGJH� GHWHFWLRQ
SHUIRUPHG�LQ�WKH�LPDJH�DUH�UHJDUGHG�DV�PHDVXUHPHQWV�IRU
SRLQWV� RQ� WKH� REMHFW� FRQWRXU�� $IWHU� FDOFXODWLRQ� RI� WKH
SUHGLFWLRQ� HUURUV� WKHVH� YDOXHV� DUH� DUUDQJHG� LQ� WKH
PHDVXUHPHQW� YHFWRU� ZKLFK� LV� XVHG� IRU� SHUIRUPLQJ� WKH
LQQRYDWLRQ��:KLOH�WKH�(.)�FDQ�EH�VKRZQ�WR�EH�VWDEOH�DQG
UREXVW�� LW� GRHV� QRW� UHVROYH� WKH� PDWFKLQJ� SUREOHP� ZKLFK
FRQFHUQV�WKH�DVVLJQPHQW�RI�HGJH�HOHPHQWV�WR�REMHFWV��$V�D
UHVXOW�� HVSHFLDOO\� LQ� QRLV\� DQG� PXOWL�REMHFW� HQYLURQPHQWV
WKH�(.)�LV�OLNHO\�WR�IDLO��7KHUHIRUH��WKH�DSSURDFK�SUHVHQWHG
KHUH�XVHV�WKH�*+7�WR�VHOHFW�HGJH�HOHPHQWV�JURXSHG�LQ�VXFK
D�ZD\�WKDW�WKH\�DUH�OLNHO\�WR�EH�D�SDUW�RI�WKH�SURMHFWLRQ�RI
DQ�REMHFW�

�� )DFH�DQG�IDFLDO�IHDWXUH�PRGHOV

$V� SRLQWHG� RXW� LQ� WKH� ODVW� VHFWLRQ�� IDFLDO� IHDWXUHV� DUH
GHILQHG�E\��'�SRLQWV� LQ� D� VHSDUDWH� FRRUGLQDWH� V\VWHP� IRU
HDFK� IHDWXUH�� 7KHVH� SRLQWV� DUH� OLQNHG� E\� OLQHV�� )LJ�� �D
JLYHV�DQ�H[DPSOH�RI�D�VLPSOH�PRGHO�RI�ERXQGDULHV�GHILQHG
E\�RSHQ�H\HOLGV�

6HYHUDO� IDFLDO� IHDWXUHV� DUH� DUUDQJHG� LQ� WKH� IDFH� PRGHO
E\�GHILQLQJ� WKH�SRVLWLRQ� DQG� DWWLWXGH� RI� WKH� IDFLDO� IHDWXUH
FRRUGLQDWH�V\VWHPV�UHODWLYH�WR�WKH� IDFH�FRRUGLQDWH�V\VWHP�
FI��)LJ���E�

SRLQW

;(\HOLG

<(\HOLG

=(\HOLG

OLQH

)LJXUH��D���'�PRGHO�RI�ERXQGDULHV�ZLWK�H\HOLGV



�� *HQHUDO� RXWOLQH� RI� WKH� DGDSWDWLRQ� RI� WKH
*+7

+HUH�� WKH�SXUSRVH�RI� WKH� DGDSWDWLRQ�RI� WKH�*+7� LV� WKH
GHWHFWLRQ�RI�DQ�REMHFW� LQ�XS� WR� VL[�GHJUHHV�RI� IUHHGRP� ��
WUDQVODWLRQDO�SOXV���URWDWLRQDO���'HSHQGLQJ�RQ�WKH�SUREOHP
DW�KDQG�D�VL[�GLPHQVLRQDO�SDUDPHWHU�VSDFH�UHVXOWV��$V� WKH
*+7� LV� LQKHUHQWO\� EDVHG� RQ� GLVFUHWH� YDOXHV� D� EDQGZLGWK
DQG� TXDQWL]DWLRQ� IRU� HDFK� GHJUHH� RI� IUHHGRP� KDV� WR� EH
FKRVHQ� DSSURSULDWHO\�� $V� PHQWLRQHG� EHIRUH�� WR� WKHVH� VL[
GHJUHHV� RI� IUHHGRP� IXUWKHU� SDUDPHWHUV� GHWHUPLQLQJ� WKH
VKDSH�RI�WKH�REMHFW��VKDSH�SDUDPHWHUV��PD\�EH�DGGHG�

)RU� WKH� JHQHUDO� RXWOLQH� LW� LV� DVVXPHG� WKDW� WKH� REMHFW
UHSUHVHQWDWLRQ� KDV� EHHQ� WUDQVIRUPHG� LQWR� WKH� FDPHUD
FRRUGLQDWH� V\VWHP� LQ� D� QRPLQDO� UHODWLYH� SRVLWLRQ� DQG
DWWLWXGH�� DQG� WKH� IROORZLQJ�FRQVLGHUDWLRQV� DUH� WR� EH� WDNHQ
LQWR� DFFRXQW�� $� PRYHPHQW� RI� WKH� SDUDOOHO� WR� WKH� LPDJH
SODQH� REMHFW� �VWDWH� YDULDEOHV� <� DQG� =�� GRHV� QRW� HQWDLO� D
FKDQJH� LQ� WKH� SURMHFWHG� VKDSH� RI� WKH� REMHFW�� 8QGHU� WKH
FRQGLWLRQV� RI� WKH� VR� FDOOHG�ZHDN� SURMHFWLRQ�� D�PRYHPHQW
DORQJ� WKH� RSWLFDO� D[LV� �VWDWH� YDULDEOH�;�� FKDQJHV� WKH� VL]H
EXW�QRW� WKH� VKDSH�RI� WKH�SURMHFWLRQ� OLNH� D� URWDWLRQ� DURXQG
WKH� ;�D[LV� �VWDWH� YDULDEOH� F �� ZKLFK� RQO\� FKDQJHV� LW¶V
DQJOH� UHODWLYH� WR� WKH� LPDJH� FRRUGLQDWH� V\VWHP�� :LWK
UHVSHFW� WR�FKDQJHV� LQ� WKH� ODWWHU� WZR�VWDWH�YDULDEOHV��;�DQG
F ��� WKH� UHVXOWLQJ� VKDSHV� FDQ� WKHUHIRUH� EH� FRPSXWHG
HIILFLHQWO\�� +RZHYHU�� WKH� SURMHFWHG� VKDSH� LV� FKDQJHG� E\
URWDWLRQV� DURXQG� WKH� <� DQG� =�� D[LV�� 2QO\� LQ� FDVH� RI
YDULDWLRQV� LQ� WKH� ODVW� WZR� VWDWH� YDULDEOHV� �Q � DQG� Y �
UHVSHFWLYHO\�� D� QHZ� SURMHFWLRQ� LQWR� WKH� LPDJH� SODQH� LV
LQGLVSHQVDEOH��7UDQVODWLRQDO�PRYHPHQW�DORQJ�<�DQG�=�D[LV
DV�ZHOO�DV�D�URWDWLRQDO�PRYHPHQW�DURXQG�WKH�;��D[LV�FDQ�EH
UHDGLO\� KDQGOHG� E\� WKH� *+7� ZKLOH� IRU� WUDQVODWLRQDO
PRYHPHQW� DORQJ� WKH�;�D[LV�ZHOO� NQRZQ� YDULDWLRQV� RI� WKH
*+7�FDQ�EH�HPSOR\HG�

7KH� DGDSWDWLRQ� RI� WKH�*+7� DOVR� KDV� WR� FRUUHVSRQG� WR
WKH�PHWKRG�E\�ZKLFK�HGJH�HOHPHQWV�DUH�H[WUDFWHG�IURP�WKH
LPDJH�� +HUH�� WR� FRSH� ZLWK� UHDO� WLPH� FRQGLWLRQV�� IDVW� DQG
HIILFLHQW�FRUUHODWLRQ�ZLWK�WHUQDU\�PDVNV��FRQVLVWLQJ�RQO\�RI
±��� �� DQG� �� HOHPHQWV�� H�J�� >�@�� DUH� DSSOLHG� DORQJ� RQH
GLPHQVLRQDO� VHDUFK� SDWKV� ZKLFK� DUH� DOLJQHG� HTXLGLVWDQWO\
SDUDOOHO� WR� ERWK� D[HV� RI� WKH� LPDJH� FRRUGLQDWH� V\VWHP
\LHOGLQJ� D� VHDUFK� JULG� �ILJ�� ���� 7KHVH� VHDUFK� SDWKV� PLJKW
DOVR�EH�UHJDUGHG�DV�D�VDPSOH�IURP�WKH�LPDJH�RU�DV�D�IRUP
RI� VXEVDPSOLQJ�� ,Q� RUGHU� WR� GHWHUPLQH� WKH� IRUP� WR� EH
GHWHFWHG�E\�WKH�*+7�FRUUHVSRQGLQJ�WR�WKLV�HGJH�GHWHFWLRQ
PHWKRG�ILUVW�WKH�UHVXOWLQJ�SURMHFWLRQ�IRU�D�JLYHQ�SDUDPHWHU
FRPELQDWLRQ� RI� WKH� UHOHYDQW� SDUDPHWHU� VSDFH� KDV� WR� EH
FRPSXWHG�� )RU� WKLV� SURMHFWLRQ� WKH� LQWHUVHFWLRQV� RI� WKH
FRQWRXU� ZLWK� WKH� VHDUFK� SDWK� JULG� DUH� FDOFXODWHG� �ILJ�� ��
\LHOGLQJ� D� GHULYHG� IRUP� VSDQQLQJ� D� IRXU� GLPHQVLRQDO
VSDFH�

7KXV�� IRU�HDFK�GHULYHG� IRUP�� WKH�PD[LPXP�QXPEHU�RI
H[SHFWHG� HGJH� HOHPHQWV� FDQ� EH� FDOFXODWHG� DQG� DIWHU
DFFXPXODWLRQ� D� PHDVXUH� RI� FRQILGHQFH� FDQ� EH� FDOFXODWHG
E\� FRPSDULVRQ� ZLWK� YDOXHV� RI� WKH� DFFXPXODWRU� DUUD\V
ZKLFK� PD\� EH� XVHG� E\� KLJKHU� OHYHOV� RI� WKH� RYHUDOO
DUFKLWHFWXUH��H�J��>��@��>��@�

�� 5HGXFWLRQ�RI�FRPSXWDWLRQDO�FRPSOH[LW\

5HGXFWLRQ� RI� FRPSXWDWLRQDO� FRPSOH[LW\� FDQ
SUHGRPLQDQWO\�EH� DFKLHYHG�E\� WKH� XVH� RI� VSDWLR� WHPSRUDO
PRGHOV� EXW� DOVR� E\� SDUDPHWHUL]DWLRQ� RI� WKH� *+7�� L�H�
DSSURSULDWH� FKRLFH� RI� TXDQWL]DWLRQ� DQG� EDQGZLGWK� IRU� WKH
VWDWH�YDULDEOHV�� ,Q�RUGHU� WR� LOOXVWUDWH� WKH� IXUWKHU�SURFHGXUH
WKH�IROORZLQJ�SKDVHV�ZKLFK�GHILQH�FRQGLWLRQV��XQGHU�ZKLFK
WKH� GHWHFWLRQ� DQG� PHDVXUHPHQW� WDVN� LV� SHUIRUPHG�� DUH
GLVWLQJXLVKHG� �WDEOH�����$VVXPLQJ� DQ� REMHFW� FRQVLVWLQJ� RI
VHYHUDO� VXEREMHFWV�� DV� LV� WKH� FDVH� ZLWK� IDFHV� FRQWDLQLQJ
IDFLDO�IHDWXUHV�DQG�UHJDUGLQJ�WKHP�LQ�D�ILUVW�DSSUR[LPDWLRQ
DV� SRLQWV�� D� OLPLWHG� QXPEHU� RI� GHJUHHV� RI� IUHHGRP� �GRI�
UHPDLQV��LI�VXEREMHFWV�DUH�GHWHFWHG��WDEOH����

([DPSOH�RI
6HDUFK�SDWK

3URMHFWHG
IRUP���'�

([DPSOH�RI�SRLQW
RI�GHULYHG�IRUP

;)DFH

<)DFH

=)DFH

)LJXUH��E��IDFLDO�IHDWXUHV�LQ�IDFH�FRRUGLQDWH
V\VWHP

)LJXUH����3URMHFWHG��RULJLQDO��IRUP��VHDUFK
JULG�DQG�GHWHUPLQDWLRQ�RI�GHULYHG�IRUP�



3KDVH
�UHFRJQLWLRQ
VWDWH�

6LJQLILFDWLRQ 'HJUHHV�RI
IUHHGRP
UHPDLQLQJ

DVVXPLQJ�SRLQW
DSSUR[LPDWLRQ
IRU�VXEREMHFW

5HVWULFWLRQV

'HWHFWLRQ�, 1R�VXEREMHFW
GHWHFWHG

��GRI 1RQH

'HWHFWLRQ�,, 2QH
VXEREMHFW
GHWHFWHG

��GRI���
WUDQVODWLRQDO���
URWDWLRQDO�

'HWHFWHG
VXEREMHFW�PXVW
OLH�RQ�D�OLQH

'HWHFWLRQ�,,, 7ZR
VXEREMHFWV
GHWHFWHG

����GRI���
URWDWLRQDO���
WUDQVODWLRQDO�
UHVWULFWHG�

(DFK
VXEREMHFW�PXVW
OLH�RQ�RQH�RI�WZR
OLQHV��GLVWDQFH
UHVWULFWHG�

DPELJXLW\�LQ�RQH
URWDWLRQDO�GRI

7UDFNLQJ�,
.DOPDQ

)LOWHULQJ�,

$OO
VXEREMHFWV
GHWHFWHG

��GRI 2EMHFW
SRVLWLRQ�DQG
DWWLWXGH�IXOO\
GHWHUPLQHG

7UDFNLQJ�,,
.DOPDQ

)LOWHULQJ�,,

$OO
VXEREMHFWV

GHWHFWHG�DQG�JUD\
VFDOH�OHYHOV�DORQJ
FRQWRXU�NQRZQ

��GRI 2EMHFW
SRVLWLRQ�DQG
DWWLWXGH�IXOO\
GHWHUPLQHG

7DEOH����5HGXFWLRQ�RI�SDUDPHWHU�VSDFH

,W�VKRXOG�EH�QRWHG�WKDW�WKH�FRQFHSW�RI�VXEREMHFWV�FDQ�EH
HPSOR\HG�HYHQ�LI�VXFK�GLVWLQFW�VXEREMHFWV�DUH�QRW�HYLGHQWO\
JLYHQ�� VLQFH� DQ\� REMHFW�PD\� EH� DSSURSULDWHO\� VXEGLYLGHG
WKXV�HQDEOLQJ�FRPSOH[LW\�UHGXFWLRQ��$V�PD\�EH�VHHQ�IURP
WDEOH���D�GUDPDWLF�UHGXFWLRQ�LQ�FRPSOH[LW\�WDNHV�SODFH�LI�DQ
REMHFW� LV� SDUWLDOO\� GHWHFWHG� DQG� LI� JHRPHWULFDO� DQG
G\QDPLFDO�PRGHOV� DUH� HPSOR\HG�� (YLGHQWO\�� WKH� DVVXPHG
SRLQW� DSSUR[LPDWLRQ� IRU� WKH� VXEREMHFWV� LV� LQDSSURSULDWH
VLQFH�WKH�*+7�DOUHDG\�\LHOGV�DQ�HVWLPDWH�IRU�SRVLWLRQ�DQG
DWWLWXGH�RI�WKH�VXEREMHFW��WKXV�IXUWKHU�UHGXFLQJ�FRPSOH[LW\�
7KH�DFFXUDF\�RI�WKLV�HVWLPDWH�GHSHQGV�RQ�WKH�TXDQWLVDWLRQ
RI� WKH�*+7��7KH�FRPSOH[LW\� UHGXFWLRQ�FRQFHUQV�QRW�RQO\
WKH�SDUDPHWHU�VSDFH�EXW�DOVR�WKH�LPDJH�VSDFH��3URMHFWLRQ�RI
WKH� UHJLRQV� LQ� VSDFH� LQ� ZKLFK� WKH� VR� IDU� XQGHWHFWHG
VXEREMHFWV� DUH� H[SHFWHG� UHGXFHV� FRQVLGHUDEO\� WKH� DUHD� LQ
ZKLFK�HGJH�GHWHFWLRQ�KDV� WR�EH�SHUIRUPHG��7KHVH� UHJLRQV
SURMHFW� �DSSUR[LPDWHO\�� DV� FLUFOHV� RU� SDUWV� RI� FLUFOHV
�'HWHFWLRQ�,,��RU�DV�HOOLSVHV�RU�SDUWV�WKHUHRI��'HWHFWLRQ�,,,�
LQWR�WKH�LPDJH�SODQH��6LQFH�WKH�PDLQ�REMHFWLYH�LV�UHGXFWLRQ
RI� ZRUN� ORDG� LQ� WKH� LPDJH� SODQH�� H[DFW� GHWHUPLQDWLRQ� RI
WKH� UHJLRQV� LV� QRW� QHFHVVDU\�� 5DWKHU�� WKH\� FDQ� EH
DSSUR[LPDWHG� E\� ERXQGLQJ� ER[HV�� $V� WKH� SUHGLFWLRQ
\LHOGHG�E\�WKH�.DOPDQ�)LOWHU�LV�XQFHUWDLQ��HYHQ�GXULQJ�WKH
WUDFNLQJ�SKDVHV��YDULDWLRQV�LQ�WKH�VWDWH�YDULDEOHV�KDYH�WR�EH
DOORZHG� IRU�� $V� D� UHVXOW� QHLWKHU� WKH� VHDUFK� VSDFH� LQ� WKH
LPDJH�QRU�WKH�SDUDPHWHU�VSDFH�LV�HPSW\�LQ�WKLV�FDVH�

'XULQJ�WKH�WUDFNLQJ�SKDVHV�WKH�*+7�DVVLVWV�WKH�(.)�E\
VHOHFWLQJ� WKH� HGJH� HOHPHQWV� XVHG� E\� WKH� (.)� DV

PHDVXUHPHQWV��7KLV�LV�HVSHFLDOO\�LPSRUWDQW�LQ�YLHZ�RI�WKH
WUHPHQGRXV� HIIHFWV� WKDW� RXWOLHUV� KDYH� RQ� UHJUHVVLRQ
DQDO\VLV��H�J��>��@��7KH�FRQGLWLRQ�³7UDFNLQJ�,,´�LV�LQFOXGHG
LQ� WDEOH� �� RQO\� IRU� WKH� VDNH� RI� FRPSOHWHQHVV� DQG�ZLOO� EH
H[SODLQHG�LQ�WKH�QH[W�VHFWLRQ�

,Q�RUGHU� WR�PDQDJH� WKH�GLIIHUHQW�PHWKRGV�IRU�GHWHFWLRQ
DQG� WUDFNLQJ�� WKH� LQWURGXFWLRQ� RI� UHFRJQLWLRQ� VWDWHV� IRU
HDFK� REMHFW� DQG� VXEREMHFW� DQG� WKHLU� PRGHOLQJ� DV� D� ILQLWH
VWDWH�PDFKLQH�KDV�SURYHQ�VXFFHVVIXO��VHH��>��@�IRU�WKH�ILUVW
DSSOLFDWLRQ�WR�IDFH�GHWHFWLRQ�DQG�WUDFNLQJ�DQG�>��@�IRU�WKH
IXUWKHU� GHYHORSPHQW� IRU� KLHUDUFKLFDO� REMHFWV��� %URDGO\
VSHDNLQJ�� LQ� D� YLGHR� VHTXHQFH� DQ� REMHFW� VWDUWV� LQ
UHFRJQLWLRQ�VWDWH�'HWHFWLRQ� ,�DQG�HYHQWXDOO\�PRYHV� WR� WKH
WUDFNLQJ�SKDVHV�LQ�ODWHU�SLFWXUHV�LI�VXEREMHFWV�DUH�GHWHFWHG�

$SDUW� IURP�UHGXFLQJ�FRPSOH[LW\�ZLWK�UHVSHFW� WR� LPDJH
DQG� SDUDPHWHU� VSDFH�� WKLV� DSSURDFK� PLQLPL]HV� DOVR� WKH
SRVVLELOLW\�RI�IDOVH�GHWHFWLRQ�LQ�LUUHOHYDQW�LPDJH�UHJLRQV�

�� ,PSURYHPHQW� RI� UHOLDELOLW\� DQG� UREXVW�
QHVV�RI�*+7

,Q� QRLV\� LPDJHV�� GXH� WR� D� ODUJH� QXPEHU� RI� HGJH
HOHPHQWV� H[WUDFWHG� IURP� WKH� LPDJH�� IDOVH� GHWHFWLRQ� PD\
RFFXU��7R�FRXQWHU�WKLV�SUREOHP��SULRU�NQRZOHGJH�DERXW�WKH
JUD\VFDOH�OHYHOV�DORQJ�WKH�FRQWRXU�PD\�EH�XVHG�GXULQJ�WKH
DFFXPXODWLRQ� SURFHVV� RI� WKH� *+7� IRU� VHOHFWLRQ� RI� HGJH
HOHPHQWV��7ZR�SRVVLELOLWLHV�DUH�SUHVHQWHG�KHUH�

��� 8VH� RI� VLJQ� RI� WKH� H[SHFWHG� JUDGLHQW� GLIIHUHQFH� RQ
ERWK�VLGHV�RI�WKH�FRQWRXU��WKLV�DSSURDFK�LV�DSSURSULDWH
LI�QR�DEVROXWH�JUD\VFDOH�OHYHOV�DUH�NQRZQ�EXW�RQO\�WKH
IDFW� WKDW� WKH� DUHD� RQ� RQH� VLGH� RI� WKH� FRQWRXU� LV
H[SHFWHG�WR�EH�GDUNHU�OLJKWHU�WKDQ�WKH�DUHD�RQ�WKH�RWKHU
VLGH�� ,W� PD\� WKHUHIRUH� EH� HPSOR\HG� GXULQJ� WKH
GHWHFWLRQ�SKDVHV�,�,,,�DQG�WUDFNLQJ�,�

��� ,I�JUD\VFDOH�OHYHOV�DUH�NQRZQ�DORQJ�WKH�FRQWRXU��WKHVH
PD\� EH� XVHG� IRU� IHDWXUH� VHOHFWLRQ� RI� HGJH� HOHPHQWV�
6LQFH� QR� SKRWRPHWULF� PRGHOV� DUH� XVHG�� WKH� UHOHYDQW
JUD\VFDOH� OHYHOV�KDYH� ILUVW� WR�EH�GHWHUPLQHG� IURP� WKH
LPDJH��7KHUHIRUH�� WKLV�SRVVLELOLW\� LV� XVHG�RQO\�GXULQJ
WUDFNLQJ�SKDVH�,,�

,I� LQ� WKH� ILUVW� FDVH�� WKH� VLJQ� RI� WKH� H[SHFWHG� JUD\VFDOH
GLIIHUHQFH� IRU� WKH�SRLQWV�RI� WKH�GHULYHG� IRUP� XVHG� E\� WKH
*+7��VHFWLRQ����DUH�NQRZQ��DFFXPXODWLRQ�RQO\�WDNHV�SODFH
LI� WKH� VLJQ� RI� JUD\VFDOH� OHYHO� GLIIHUHQFHV� RI� DQ� HGJH
HOHPHQW� H[WUDFWHG� IURP� WKH� LPDJH� FRUUHVSRQG� WR� WKH
H[SHFWHG�RQH��7KH�LQWHQVLW\�GLUHFWLRQ��GDUN�WR�OLJKW�RU�OLJKW
WR�GDUN�� LQ� WKH��'�LPDJH�FDQ�EH�GHWHUPLQHG�E\�DVVLJQLQJ
DQ� LQWHQVLW\�GLUHFWLRQ�YHFWRU� WR� WKH� OLQHV�RI� WKH��'�PRGHO
DQG� SURMHFWLRQ� RI� WKLV� YHFWRU� LQWR� WKH� LPDJH� SODQH�� $OO
SRLQWV�RI�WKH�GHULYHG�IRUP�UHVXOWLQJ�IURP�DQ�LQWHUVHFWLRQ�RI
WKH� SURMHFWHG� OLQH� ZLWK� WKH� VHDUFK� SDWKV� DUH� DVVLJQHG� WKH
VDPH�LQWHQVLW\�YHFWRU�



$VVXPLQJ� LQ� WKH� VHFRQG� FDVH� WKDW� WKH� H[SHFWHG
JUD\VFDOH� OHYHOV� DUH� NQRZQ� IRU� WKH� SRLQWV� RI� WKH� GHULYHG
IRUP�� DFFXPXODWLRQ� RQO\� WDNHV� SODFH� LI� WKH� JUD\VFDOH
OHYHO�V��RI�DQ�HGJH�HOHPHQW�GLIIHU�ZLWKLQ�D�WKUHVKROG� OLPLW
IURP� WKH� H[SHFWHG� OHYHO�V�� RQ� HLWKHU� RU� ERWK� VLGHV� RI� WKH
FRQWRXU�� ,Q� WKLV� FDVH�� WKH� VHOHFWLRQ� SURFHVV� LV�PXFK�PRUH
HIIHFWLYH�� 6LQFH� QR� SKRWRPHWULF� PRGHO� LV� XVHG�� WKH
JUD\VFDOH� OHYHOV� KDYH� WR� EH� GHWHUPLQHG� DQG� WKH
DVVLJQPHQWV� IURP� �'� WR� �'� DQG� YLFH� YHUVD� KDYH� WR� EH
VROYHG��7KH�IROORZLQJ�VROXWLRQ�LV�SURSRVHG�

7R� GHWHUPLQH� WKH� JUD\VFDOH� OHYHOV�� WKH� HGJH� HOHPHQWV
FRQWULEXWLQJ�WR�WKH�GHWHFWHG�PD[LPXP�RI� WKH�DFFXPXODWRU
DUUD\�DUH�VHDUFKHG�IRU��7KHVH�JUD\VFDOH�OHYHOV�DUH�DVVLJQHG
WR� WKH� FORVHVW� HOHPHQW�RI� WKH� RULJLQDO� IRUP�� 6LQFH� VHYHUDO
HOHPHQWV� RI� WKH� GHULYHG� IRUP� PD\� FRUUHVSRQG� ZLWK� DQ
HOHPHQW�RI�WKH�RULJLQDO�RQH��D�ZHLJKWHG�PHDQ�LV�FDOFXODWHG�
,Q� RUGHU� WR� LPSURYH� SHUIRUPDQFH�� D� KLVWRU\� RI� JUD\VFDOH
OHYHOV� FRYHULQJ� WKH� UHVXOWV� RI� UHFHQW� LPDJHV� LV� FRQVWDQWO\
XSGDWHG�� ,I� WKH� FRUUHVSRQGLQJ� YDULDQFH� LV� WRR� KLJK�� WKH
FRUUHVSRQGLQJ�SRLQW� LV� QRW� XVHG� IRU� DFFXPXODWLRQ�� ,I� LW� LV
VXIILFLHQWO\�ORZ��WKH�PRYLQJ�DYHUDJH�LV�XVHG�IRU�VHOHFWLRQ�
%DFN�DVVLJQPHQW�RI�JUD\VFDOH�OHYHOV� IURP�WKH��'�RULJLQDO
IRUP� WR� WKH� �'� GHULYHG� IRUP� LV� DFKLHYHG� E\� OLQHDU
LQWHUSRODWLRQ�EHWZHHQ�WZR�SRLQWV�RI�WKH�RULJLQDO�IRUP�

7KH� ODWWHU� YHUVLRQ�RI� WKH�*+7� LV� YHU\� UHOLDEOH� HYHQ� LQ
YHU\�QRLV\�SLFWXUHV��6LQFH�LW�XVHV�JUD\VFDOH�OHYHOV�H[WUDFWHG
LQ� SUHYLRXV� SLFWXUHV�� LW� VKRZV� D� IDPLOLDULW\� WR� SDWWHUQ
PDWFKLQJ��6WLOO��LW�RIIHUV�DGYDQWDJHV��(YHQ�WKRXJK�DGDSWLQJ
WR� FKDQJLQJ� OLJKWLQJ� FRQGLWLRQV� LW� PDLQWDLQV� WKH� LQYDULDQW
�'� VWUXFWXUH� DQG� FDQ� WKXV� FRSH� FRUUHFWO\� ZLWK� �'
PRYHPHQW�� %URDGO\� VSHDNLQJ�� VKRUW� WHUP� VWDELOLW\� LV
DVVXUHG� E\� XVH� RI� JUD\VFDOH� OHYHOV� DQG� ORQJWHUP� VWDELOLW\
E\�XVH�RI�WKH�XQGHUO\LQJ��'�PRGHO��)LQDOO\��E\�PRQLWRULQJ
YDULDQFH��LW�LV�DEOH�WR�VHOHFW�RQO\�UHOLDEOH�IHDWXUHV�

�� ([SHULPHQWDO�UHVXOWV

7KH�DOJRULWKP�UXQV�RQ�D�'XDO�3HQWLXP�,,�ZLWK�����0+]
LQ�UHDO�WLPH�DW�D�IUDPH�UDWH�RI����+]��7KH�H[SHULPHQWV�KDYH
VR� IDU� EHHQ� SHUIRUPHG� LQ� WKH� WHOH� FDPHUD� EHFDXVH� RI� WKH
UHTXLUHG�KLJK�DFFXUDF\�XVLQJ�D�PRGHO�RI�WZR�RSHQ�H\HOLGV
DQG� WZR� LULV� �FI�� >��@� IRU� WKH� ODWWHU��� )LUVW�� RQH� VHDUFK
ZLQGRZ�VFDQV�WKH�ZKROH�LPDJH�IRU�RQH�H\HOLG�XVLQJ�D�ZLGH
UDQJH�RI�SRVVLEOH�DVSHFW�FRQGLWLRQV��6FDQQLQJ�RI�WKH�ZKROH

LPDJH�WDNHV�DERXW�KDOI�D�VHFRQG��$V�VRRQ�DV�RQH�H\HOLG�KDV
EHHQ� GHWHFWHG�� D� VHFRQG� VHDUFK� JULG� VWDUWV� WR� VFDQ� WKH
LPDJH� UHJLRQ� ZKHUH� WKH� RWKHU� H\H� LV� WR� EH� H[SHFWHG
DFFRUGLQJ�WR�WKH��'�PRGHO��FI��VHFWLRQ�����'HWHFWLRQ�RI�WKH
VHFRQG�H\H�VWDUWV�WKH�([WHQGHG�.DOPDQ�)LOWHU�DQG�WUDFNLQJ
LV� SHUIRUPHG� LQ� WKH� VHTXHO� LQ� UHDO� WLPH�� $V� PHQWLRQHG
DERYH�� ILUVW� D� YHUVLRQ� RI� WKH� *+7� WKDW� XVHV� QR� LQWHQVLW\
LQIRUPDWLRQ� LV� HPSOR\HG�� $V� VRRQ� DV� HQRXJK� LQWHQVLW\
LQIRUPDWLRQ� KDV� EHHQ� JDWKHUHG� WKH� YHUVLRQ� WKDW� WDNHV
LQWHQVLW\� LQIRUPDWLRQ� LQWR� DFFRXQW� LV� VWDUWHG�� :KLOH� WKH
ILUVW� YHUVLRQ� RI� WKH� *+7� RFFDVLRQDOO\� OHDGV� WR� IDOVH
GHWHFWLRQ�FORVH�WR�WKH�H\H�GXH�WR�WKH�KLJK�QXPEHU�RI�HGJH
HOHPHQWV� H[WUDFWHG� �H\HEURZV�� H\HODVKHV��� WKH� VHFRQG
YHUVLRQ� WKDW� XVHV� VKRUW� WHUP� DGDSWDEOH� LQWHQVLW\
LQIRUPDWLRQ� ZKLOH� PDLQWDLQLQJ� WKH� �'� VWUXFWXUH� LV
H[WUHPHO\� VWDEOH� HYHQ� XQGHU� YDU\LQJ� OLJKWLQJ� FRQGLWLRQV�
)LJ�� �� JLYHV� DQ� H[DPSOH� RI� WKH� DOJRULWKP� GXULQJ� WKH
WUDFNLQJ�SKDVH�,,��,W�VKRZV�WKH�VHDUFK�ILHOGV�DV�OLJKW�ER[HV�
WKH�SURMHFWLRQ�RI�WKH�H\HOLG�PRGHO�LQWR�WKH�LPDJH�SODQH�DV
FRQWLQXRXV� ZKLWH� OLQH� DQG� GHWHFWHG� HGJHV� DV� VKRUW� OLJKW
OLQHV�� )XUWKHUPRUH�� WKH� GHWHFWHG� LULV� DUH� GHSLFWHG� �QRW
WUHDWHG� KHUH�� SOHDVH� VHH� >��@�� VLQFH� WKH� SXUSRVH� RI� WKH
DOJRULWKP�LV�WKH�GHWHUPLQDWLRQ�RI�JD]H�GLUHFWLRQ�

GDUN

3URMHFWHG

LQWHQVLW\�YHFWRU OLJKW

ILJXUH����8VH�RI�VLJQ�RI�LQWHQVLW\�JUDGLHQW
IRU�*+7�

)LJXUHV��D�DQG�E��([SHULPHQWDO�UHVXOWV�RI
WUDFNLQJ�SKDVH�



�� &RQFOXVLRQ�DQG�IXWXUH�ZRUN

$Q�DOJRULWKP�IRU�GHWHFWLQJ�DQG�WUDFNLQJ� IDFLDO� IHDWXUHV
DQG� IDFHV� LQ� UHDO� WLPH� E\� MRLQW� XVH� RI� VSDWLR�WHPSRUDO
PRGHOV� DQG� *+7�WHFKQLTXHV� KDV� EHHQ� SUHVHQWHG�� )RU� DOO
SKDVHV� RQH� PRGHO� LV� XVHG�� ,W� KDV� EHHQ� SRLQWHG� RXW� KRZ
V\QHUJLHV� EHWZHHQ� *+7� DQG� VSDWLR�WHPSRUDO� PRGHOV
LQFOXGLQJ�WKH�XVH�RI�(.)V�FDQ�EH�HIILFLHQWO\�H[SORLWHG��7KH
DOJRULWKP� SUHVHQWHG� LV� DEOH� WR� GHWHFW� DQG� WUDFN� IDFLDO
IHDWXUHV�DV�ZHOO�DV�KHDG�PRYHPHQW�UREXVWO\�DQG�UHOLDEO\�LQ
UHDO�WLPH�ZLWK�D�IUDPH�UDWH�RI����+]�

1HYHUWKHOHVV��IXWXUH�ZRUN�ZLOO�ILUVW�RI�DOO� LQFOXGH�PRUH
IDFLDO�IHDWXUHV��QRVH��PRXWK�HWF��FRPSOHWH�IDFH�PRGHO��WKH
XVH�RI�ZKLFK�KDV� VR� IDU� QRW�EHHQ� IHDVLEOH�EHFDXVH�RI� UHDO
WLPH� FRQGLWLRQV�� 7KHUHIRUH�� H[SORLWDWLRQ� RI� WKH� LPDJH� RI
WKH�ZLGH�DQJOH�FDPHUD��VHFWLRQ����ZLOO�EHFRPH�QHFHVVDU\�
7KH� XVH� RI� �'� PRGHOV� HQDEOHV� WKH� WUDQVIRUPDWLRQ� DQG
SURMHFWLRQ� LQWR� ERWK� FDPHUDV�� )XUWKHUPRUH�� E\
SDUDPHWHULVDWLRQ��IDFLDO�IHDWXUHV�FDQ�EH�PRGHOHG�HODVWLFDOO\
WKXV� DOORZLQJ� IRU� H�J�� FORVXUH� RI� H\HOLGV� ZKLFK� FDQ� EH
LQFRUSRUDWHG� LQWR� WKH��'�PRGHO�DQG� WKH�ZKROH� DOJRULWKP�
2QH�RI�WKH�PRVW�LPSRUWDQW�WDVNV�ZLOO�EH�WKH�DGDSWDWLRQ�RI�D
JHQHULF�PRGHO� WR� DQ� LQGLYLGXDO� SHUVRQ�� ([SHULPHQWV� ZLWK
WKH�H[LVWLQJ�DOJRULWKP�KDYH�VKRZQ� WKDW�GHWHFWLRQ�RI�*+7
VWLOO� ZRUNV� UHOLDEO\� HYHQ� LI� GLIIHUHQW� SHRSOH� DUH� WR� EH
GHWHFWHG� DQG� WUDFNHG� XVLQJ� RQH� PRGHO� EXW� HUURUV� LQ� WKH
GHWHUPLQDWLRQ�RI�SRVLWLRQ�UHVXOWV��3DUDPHWHULVHG�PRGHOV�RI
IDFLDO�IHDWXUHV�DQG��'�UHFRQVWUXFWLRQ�PHWKRGV�ZLOO�EH�XVHG
WR�RYHUFRPH�WKHVH�GLIILFXOWLHV��6LQFH�WKH�PRGHOV�HPSOR\HG
KHUH� DUH� LQ� QR� RWKHU� UHVSHFW� VSHFLDO� WR� IDFHV� DQG� IDFLDO
IHDWXUHV� WKDQ� WKHLU� �'� IRUP�� WKH� XVH� RI� WKH� DOJRULWKP� IRU
GHWHFWLQJ�DQG�WUDFNLQJ�RWKHU�REMHFWV�ZLOO�EH�H[DPLQHG�

�� 5HIHUHQFHV

>�@� '�� +�� %DOODUG�� *HQHUDOL]LQJ� WKH� +RXJK� WUDQVIRUP� WR� GHWHFW
DUELWUDU\�VKDSHV��3DWWHUQ�5HFRJQLWLRQ���������������SS�����
����

>�@�0�� -��%ODFN� DQG�<�<DFRRE��7UDFNLQJ� DQG� UHFRJQL]LQJ� ULJLG
DQG� QRQ� ULJLG� IDFLDO� PRWLRQV� XVLQJ� /RFDO� 3DUDPHWULF
0RGHOV�RI�,PDJH�0RWLRQ��3URFHHGLQJV�RI�WKH�,QWHUQDWLRQDO
&RQIHUHQFH�RQ�&RPSXWHU�9LVLRQ��������SS����������

>�@� '�� 'LFNPDQQV�� 5DKPHQV\VWHP� I�U� YLVXHOOH� :DKUQHKPXQJ
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