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:H� GHVFULEH� D� V\VWHP� IRU� WUDFNLQJ� PXOWLSOH� SHRSOH� ZLWK� PXOWLSOH� FDPHUDV
EDVHG�RQ�IXVLRQ�RI�PXOWLSOH�FXHV��)DFH�WUDFNHUV�DUH�XVHG�WR�VHOI�FDOLEUDWH�RXU
V\VWHP��(SLSRODU�JHRPHWU\�DQG�ODQGPDUNV�DUH�HPSOR\HG� WR�GLVDPELJXDWH� WKH
WUDFNLQJ� SUREOHP�� 7KH� FRUUHODWLRQ� RI� YLVXDO� LQIRUPDWLRQ� EHWZHHQ� GLIIHUHQW
FDPHUDV�LV�OHDUQW�XVLQJ�6XSSRUW�9HFWRU�5HJUHVVLRQ�DQG�+LHUDUFKLFDO�3ULQFLSDO
&RPSRQHQW�$QDO\VLV�WR�HVWLPDWH�WKH�VXEMHFW�DSSHDUDQFH�DFURVV�FDPHUDV��7KH
MRLQW� IHDWXUHV� RI� VXEMHFWV� H[WUDFWHG� IURP� PXOWLSOH� FDPHUDV� DUH� WUDFNHG� DQG
XVHG�DV�D�PRGHO� WR� UH�WUDFN�SHRSOH�RQFH� WKH�VXEMHFWV�DUH� ORVW� WUDFNLQJ� LQ� WKH
V\VWHP��5HVXOWV�GHPRQVWUDWH�WKDW�RXU�V\VWHP�FDQ�GHDO�ZLWK�WKH�RFFOXVLRQ�

�����,QWURGXFWLRQ

7R�EH�DEOH� WR� UREXVWO\� WUDFN�PXOWLSOH�SHRSOH� LQ� DQ� LQGRRU� HQYLURQPHQW� LV� LPSRUWDQW� LQ
G\QDPLF�YLVLRQ��6LQFH�WKH�YLVXDO�LQIRUPDWLRQ�IURP�D�VLQJOH�IL[HG�FDPHUD�LV�TXLWH�OLPLWHG�
WKHUH� LV� D�JURZLQJ� LQWHUHVW� LQ� REWDLQLQJ�PRUH� LQIRUPDWLRQ�E\� LQFUHDVLQJ� WKH�QXPEHU�RI
FDPHUDV� >�������������@�� 7UDFNLQJ� ZLWK� PXOWLSOH� FDPHUDV� QRW� RQO\� LQFUHDVHV� WKH
PRQLWRUHG�DUHD��EXW�DOVR�KHOSV�WR�GLVDPELJXDWH�LQ�PDWFKLQJ�ZKHQ�VXEMHFWV�DUH�RFFOXGHG
IURP�D�FHUWDLQ�YLHZLQJ�DQJOH�

2QH�RI�WKH�XQGHUO\LQJ�LVVXHV�LQ�WUDFNLQJ�ZLWK�PXOWLSOH�FDPHUDV�LV�WR�DVVRFLDWH�REMHFWV
LQ� GLIIHUHQW� FDPHUDV�� &RPSDUHG� WR� WUDFNLQJ� ZLWK� RQH� FDPHUD�� WKH� FRUUHVSRQGHQFH
SUREOHP� RI�PXOWLSOH� FDPHUDV� LV� QHFHVVDULO\�PRUH� GLIILFXOW�� GXH� WR� WKH� QHHG� WR� XVH� WKH
LPDJH�IHDWXUHV�REWDLQHG�IURP�GLIIHUHQW�VSDWLDO�FRRUGLQDWHV�>�@��3DVW�ZRUN�LQ�FURVV�FDPHUD
FRUUHVSRQGHQFH� FDQ� EH� GLYLGHG� LQWR� WZR� FDWHJRULHV�� JHRPHWU\�EDVHG� DQG� UHFRJQLWLRQ�
EDVHG�PHWKRGV��*HRPHWU\�EDVHG�PHWKRG� WUDQVIRUPV� WKH�JHRPHWULF� IHDWXUHV� WR� WKH�VDPH
VSDWLDO�UHIHUHQFH�EHIRUH�PDWFKLQJ�LV�SHUIRUPHG��0RVW�SURSRVHG�PHWKRGV�UHTXLUH�H[SOLFLW
FDPHUD�FDOLEUDWLRQ�>�����@��$QRWKHU�SRSXODU�DVVXPSWLRQ�LV�WKDW�D�SHUVRQ¶V�IHHW�DUH�YLVLEOH
LQ�WKH�LPDJH�DQG�XVHG�DV�D�JHRPHWULF�IHDWXUH�WR�HVWDEOLVK�FURVV�FDPHUD�FRUUHVSRQGHQFH
>�����@��7KLV�DVVXPSWLRQ�LV�QRW�DOZD\V�YDOLG�GXH�WR�WKH�RFFXUUHQFH�RI�SDUWLDO�RFFOXVLRQV
FDXVHG�E\�REMHFWV� LQ� WKH�HQYLURQPHQW��:H�DWWHPSW� WR�EXLOG�D�V\VWHP�ZLWK� WZR�FDPHUDV
ORFDWHG� DW� XQ�FRQVWUDLQHG� SRVLWLRQV� DQG� ZLWKRXW� WUDGLWLRQDO� FDOLEUDWLRQ�� 7KH� JHRPHWULF
LQIRUPDWLRQ�ZH�XVHG�WR�EXLOG�FRUUHVSRQGHQFH�DFURVV�FDPHUDV�LQFOXGHV�HSLSRODU�JHRPHWU\
DQG�D�ODQGPDUN�EDVHG�PHWKRG�
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5HFRJQLWLRQ�EDVHG�FRUUHVSRQGHQFH�LV�DFWXDOO\�D�VSHFLDO�FDVH�RI�REMHFW�UHFRJQLWLRQ��,Q
RUGHU� WR� DVVRFLDWH� VXEMHFWV� EHWZHHQ� WZR� FDPHUDV�� UHFRJQLVDEOH� IHDWXUHV� DUH� H[WUDFWHG
IURP� WZR� FDPHUD� YLHZV�� 3UHYLRXV� DWWHPSWV� >������@� DSSO\� WKH� FRORXU� LQIRUPDWLRQ
H[WUDFWHG�IURP�RQH�FDPHUD�DV�D�PRGHO�WR�PDWFK�VXEMHFWV�LQ�WKH�RWKHU�FDPHUD�ZLWKRXW�DQ\
WUDQVIRUPDWLRQ�� 7KLV� FRXOG� UHVXOW� LQ� D� ZURQJ� PDWFK� EHFDXVH� WKH� DSSDUHQW� FRORXU� RI� D
VXEMHFW� LQ�WZR�FDPHUDV�PLJKW�EH�³GLVVLPLODU´��7R�DGGUHVV�WKLV�SUREOHP�ZH�HPSOR\� WZR
PHWKRGV�� 6XSSRUW� 9HFWRU� 5HJUHVVLRQ� �695�� DQG� +LHUDUFKLFDO� 3ULQFLSDO� &RPSRQHQW
$QDO\VLV� �+3&$�� WR� OHDUQ� WKH� FRUUHODWLRQ� RI� YLVXDO� LQIRUPDWLRQ� EHWZHHQ� WZR� FDPHUDV�
7KH� V\VWHP� WKHQ� XVHV� WKLV� OHDUQW� FRUUHODWLRQ� WR� WUDQVIRUP� WKH� LQIRUPDWLRQ� EHWZHHQ
FDPHUDV�� 7KHVH� WZR� PHWKRGV� DUH� WKHQ� FRPSDUHG�� DQG� WKH� EHWWHU� RQH� LV� XVHG� LQ� RXU
V\VWHP��:H�GHPRQVWUDWH� WKDW� WZR�DSSDUHQW� IHDWXUHV�ZKLFK�DUH�FRORXU�DQG�KHLJKW�RI� WKH
VXEMHFW�ZRUN�ZHOO�LQ�RXU�WUDFNLQJ�V\VWHP��,Q�DGGLWLRQ��WKH�&21'(16$7,21�DOJRULWKP
LV�HPSOR\HG�WR�WUDFN�WKH�MRLQW�IHDWXUHV�RI� WKH�VXEMHFW�H[WUDFWHG�IURP�WZR�FDPHUDV��7ZR
IL[HG�FDPHUDV�DUH�XVHG�LQ�RXU�V\VWHP��ZKLFK�DUH�ORFDWHG�DW�WKH�FRUQHUV�RI�D�ZDOO�DQG�IDFH
WKH�RSSRVLWH�ZDOO�LQ�RUGHU�WR�PRQLWRU�WKH�URRP�IURP�WZR�GLIIHUHQW�YLHZLQJ�DQJOHV��)LJ���
VKRZV� WKH� LPDJHV� FDSWXUHG� IURP� WKH� WZR� FDPHUDV��2QFH� WKH� V\VWHP� ORVHV� WUDFN� LQ� RQH
FDPHUD� RU� WKH� WUDFNLQJ� UHVXOWV� EHFRPH� LQFRQVLVWHQW�� WKH� VXEMHFW¶V� LQIRUPDWLRQ� LV
H[FKDQJHG� EHWZHHQ� WZR� FDPHUDV� WR� UREXVWO\� UH�WUDFN� WKH� VXEMHFW�� 7R� GR� WKLV�� HSLSRODU
JHRPHWU\��ODQGPDUNV��DSSDUHQW�FRORXU�DQG�DSSDUHQW�KHLJKW�RI�D�VXEMHFW�DUH�XVHG�WR�SDVV
WKH� VXEMHFW� LQIRUPDWLRQ� EHWZHHQ� FDPHUDV�� ,I� WKH� WDUJHW� LV� ORVW� LQ� ERWK� FDPHUDV�� WKH
WUDFNHG�MRLQW�IHDWXUHV�RI�WKH�VXEMHFW�DUH�XVHG�WR�UH�WUDFN�VXEMHFWV�

7KH�SDSHU�SURFHHGV�DV�IROORZV��0XOWL�FDPHUD�FRUUHVSRQGHQFH�EDVHG�RQ�JHRPHWU\�DQG
UHFRJQLWLRQ� IHDWXUHV�DUH� GLVFXVVHG� LQ�6HFWLRQ��� DQG�6HFWLRQ��� UHVSHFWLYHO\��7KH�XVH�RI
&21'(16$7,21� WR� WUDFN� WKH� IHDWXUHV� RI� D� VXEMHFW� LV� DOVR� GLVFXVVHG� LQ� 6HFWLRQ� ��
6HFWLRQ���H[SODLQV�KRZ�WR�FRPELQH�GLIIHUHQW�FXHV�DQG�WHFKQLTXHV��([SHULPHQWDO� UHVXOWV
DUH�JLYHQ�LQ�6HFWLRQ���DQG�ZH�FRQFOXGH�LQ�6HFWLRQ���

�����0XOWL�&DPHUD�&RUUHVSRQGHQFH�%DVHG�RQ
*HRPHWU\

7R� ILQG� WKH� FRUUHVSRQGLQJ� VXEMHFWV� LQ� GLIIHUHQW� FDPHUDV�� WKH� V\VWHP� ILUVW� DWWHPSWV� WR
WUDFN� VXEMHFWV� LQ� HDFK� FDPHUD� EDVHG� RQ� PRWLRQ�� ,Q� RUGHU� WR� H[WUDFW� PRYLQJ� REMHFWV�
EDFNJURXQG�VXEWUDFWLRQ� LV� ILUVW�SHUIRUPHG�EHWZHHQ�D� UHIHUHQFH� LPDJH�DQG�DQ� LQFRPLQJ
LPDJH�IROORZHG�E\�D�VXLWDEOH�WKUHVKROGLQJ��7KH�VHJPHQWHG�SL[HOV�DUH�WKHQ�JURXSHG�LQWR
REMHFWV� DQG� WUDFNHG� ZLWK� .DOPDQ� ILOWHUV�� $Q� REMHFW� LV� WKHQ� WUDFNHG� E\� XSGDWLQJ� D
UHFWDQJXODU�ZLQGRZ��FDOOHG�D�WUDFNLQJ�ZLQGRZ��ZKLFK�FLUFXPVFULEHV�D�VHJPHQWHG�UHJLRQ�
2QFH� D� VXEMHFW� LV� WUDFNHG� LQ� WZR� FDPHUDV�� WKH\� QHHG� WR� EH� DVVRFLDWHG� EHWZHHQ� WZR
FDPHUDV�� ,Q� WKH� IROORZLQJ� HSLSRODU� JHRPHWU\� DQG� ODQGPDUN� PHWKRG� IRU� JHRPHWULFDOO\
FRQVWUDLQLQJ�WKH�VXEMHFWV¶�SRVLWLRQV�DUH�GHVFULEHG�

(SLSRODU� JHRPHWU\� LV� D� IXQGDPHQWDO� SURMHFWLYH� FRQVWUDLQW� WKDW� H[LVWV� EHWZHHQ� WZR
FDPHUD�YLHZV� >��@��7R�JHW� WKH� HSLSRODU� JHRPHWU\�� D� VHW� RI� �'�FRUUHVSRQGLQJ�SRLQWV� LV
QHFHVVDU\��$�VHOI�FDOLEUDWLRQ�PHWKRG�VLPLODU� WR� WKH�ZRUN�RI�$]DUED\HMDQL�DQG�3HQWODQG
>�@� LV� HPSOR\HG�� :H� XVH� VNLQ� FRORXU� >�@� WR� H[WUDFW� WKH� IDFH� RI� WKH� VXEMHFW� IURP� WKH
PRYLQJ�EOREV��7KH�VHJPHQWHG�UHJLRQ�LV�WUDFNHG�ZLWK�D�UHFWDQJXODU�ZLQGRZ�UHIHUUHG�DV�D
IDFH�ER[� �)LJ������7KH�FHQWURLGV�RI� WKH� WUDFNHG� IDFH�ER[HV� LQ� WZR� FDPHUDV� DUH� XVHG� WR
REWDLQ� WKH��'�FRUUHVSRQGLQJ�SRLQWV� IRU� VHOI� FDOLEUDWLRQ� DQG� LV� DOVR�XVHG� DV� D� VXEMHFW¶V
IHDWXUH�SRLQW� WR�VSDWLDOO\� ORFDWH� LWV�FRUUHVSRQGLQJ�VXEMHFW�DORQJ� WKH�HSLSRODU� OLQH� LQ� WKH
RWKHU�FDPHUD�LPDJH��$Q�DVVRFLDWLRQ�LV�PDGH�ZLWK�WKH�VXEMHFW�IDFH�ER[�FHQWURLG�FORVHVW�WR
WKLV�HSLSRODU�OLQH�






)LJ�����7ZR�YLHZV� IURP� WKH� OHIW� DQG� ULJKW� FDPHUDV��$� VXEMHFW�ZLWK� IDFH�ER[�� IDFH�ER[
FHQWURLG��ZKLWH�GRW���DVVRFLDWHG�9$��ELJ�ZKLWH�ER[���VHH�)LJ������7KH�HSLSRODU�OLQH��EODFN
LQ�ULJKW��LV�FRPSXWHG�IURP�WKH�IDFH�ER[�FHQWURLG�RI�WKH�VXEMHFW�LQ�WKH�OHIW�YLHZ�

0XOWLSOH�YHUWLFDO�OLQH�ODQGPDUNV�DUH�HPSOR\HG�WR�IXUWKHU�JHRPHWULFDOO\�FRQVWUDLQ�WKH
FRUUHVSRQGHQFH��7R�GR� WKLV�� WKH�FRUUHVSRQGHQFH�RI� WKHVH� OLQHV� LQ� WZR�FDPHUDV�PXVW�EH
HVWDEOLVKHG�EHIRUHKDQG��:H�DGRSW�WKH�PHWKRG�SURSRVHG�E\�6FKPLG�DQG�=LVVHUPDQ�>�@�WR
EXLOG� WKH� OLQH� FRUUHVSRQGHQFH� DFURVV� FDPHUDV� E\� HPSOR\LQJ� HSLSRODU� JHRPHWU\� DQG
FRUUHODWLRQ� WHFKQLTXHV�� :H� LQWURGXFH� WKH� IROORZLQJ� VFKHPH� WR� SURYLGH� WKH� V\VWHP� D
JHRPHWULF�FRQVWUDLQW�RQ�FRUUHVSRQGHQFH��)RU�D�YHUWLFDO� OLQH�ODQGPDUN�� WKHUH�LV�D�XQLTXH
SURMHFWLYH�SODQH�FRQWDLQLQJ�WKLV�OLQH�ERWK�LQ�WKH�ZRUOG�DQG�WKH�LPDJH�DV�VKRZQ�LQ�)LJ���
�OHIW��� 7KH� )LHOG� 2I� 9LHZ� �)29�� RI� D� FDPHUD� LV� SDUWLWLRQHG� LQWR� VXE�VSDFHV� E\� WKH
SURMHFWLYH�SODQHV� UHODWHG� WR�PXOWLSOH� OLQHV� LQ� WKH�ZRUOG��:H� UHIHU� WKLV� VXE�VSDFH�DV� WKH
9HUWLFDO�9ROXPH� �99�� RI� D� FDPHUD�� 7KH� DUHD� LQ� WKH� LPDJH� FRUUHVSRQGLQJ� WR� D�99� LV
FDOOHG�D�9HUWLFDO�$UHD� �9$���$Q� H[DPSOH� LV� VKRZQ�DV� LQ�)LJ�� ���7KURXJK� WKH� LPDJLQJ
SURFHVV��DQ\�REMHFWV�LQ�D�99�ZLOO�DSSHDU�LQ�WKH�FRUUHVSRQGLQJ�9$�LQ�WKH�LPDJH�
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)LJ�����)LHOG�RI�YLHZ��)29��RI�D�FDPHUD�ZLWK�WKH�ODQGPDUNV��OHIW���7RS�YLHZ�RI�WKH�)29V
RI�WZR�FDPHUDV��ULJKW��

)RU� WZR�FDPHUDV� IDFLQJ� WKH� VDPH�ZDOO� WR�PRQLWRU�D� VDPH�DUHD�� WKH� WRS�YLHZ�RI� WKH
)29� RI� WZR� FDPHUDV� WRJHWKHU� ZLWK� WKHLU� LPDJHV� DUH� LOOXVWUDWHG� LQ� )LJ�� �� �ULJKW��� 7KH
RYHUODSSLQJ�)29�LV�SDUWLWLRQHG�LQWR�PXOWLSOH�FHOOV��)RU�D�VXEMHFW�DSSHDULQJ�LQ�WKH�QWK�9$
LQ� LPDJH���� LWV�SRVVLEOH�SRVLWLRQV� LQ� LPDJH���DUH� WKRVH�9$V�ZLWK�QXPEHUV� OHVV� WKDQ�RU
HTXDO�WR�Q��RU�HYHQ�GRHV�QRW�DSSHDU�LQ�LPDJH�����:H�DVVXPH�WKDW�VXEMHFWV�DSSHDU�LQ�WKH
RYHUODSSLQJ�DUHD�LQ�WKH�)29�RI�ERWK�FDPHUDV��7KHUHIRUH��IRU�D�VXEMHFW�LQ�WKH�QWK�9$�LQ
LPDJH� ��� ZH� FDQ� FRQVWUDLQ� LWV� FRUUHVSRQGLQJ� SRVLWLRQV� LQ� LPDJH� �� WR� WKRVH� 9$V� ZLWK
QXPEHUV�OHVV�WKDQ�RU�HTXDO�WR�Q��7KH�VDPH�UXOH�DSSOLHV�LQ�LPDJH����$GGLWLRQDOO\��WKH�FHOO
SRVLWLRQ�LQ�WKH�VFHQH�RI�D�VXEMHFW�FDQ�EH�LQIHUUHG��VHH�)LJ�����ZKLFK�LV�XVHG�WR�SDUWLWLRQ
WKH� URRP� LQWR� VRPH� VXE�DUHDV� IRU� PRGHOOLQJ� WKH� VSDWLDO� FKDQJH� RI� YLVXDO� LQIRUPDWLRQ�
*HQHUDOO\�� WKH� OLQH� ODQGPDUNV� DUH� VHOHFWHG� VXFK� WKDW� WKH� DUHDV� RI� FHOOV� DSSUR[LPDWHO\
HTXDO� WR� WKH�VL]H�RI�D�SHUVRQ��)LJ��� ULJKW���+RZHYHU��JHRPHWULF�PHWKRG�DORQH�GRHV�QRW
SURYLGH� HQRXJK� FRQVWUDLQWV� WR� DVVRFLDWH� VXEMHFWV� DFURVV� PXOWLSOH� FDPHUDV�� ,Q� WKH� QH[W
VHFWLRQ��UHFRJQLWLRQ�EDVHG�DSSHDUDQFH�LV�GHVFULEHG�






�����0XOWL�&DPHUD�&RUUHVSRQGHQFH�%DVHG�RQ
)HDWXUH�0DSSLQJV

,Q� RUGHU� WR� EXLOG� FRUUHVSRQGHQFH� DFURVV� FDPHUDV�� IHDWXUHV� RI� VXEMHFWV� QHHG� WR� EH
H[WUDFWHG� IURP�RQH� FDPHUD�YLHZ�DQG� WUDQVIRUPHG� WR� D� VXLWDEOH� YDOXH� IRU�PDWFKLQJ� WKH
FRUUHVSRQGLQJ� VXEMHFWV� LQ� WKH� RWKHU� FDPHUD�� )LJ�� �� VKRZV� DQ� H[DPSOH� RI� WKH� FRORXU
GLVWULEXWLRQ�VDPSOHG�IURP�RQH�SHUVRQ¶V�FORWKHV�LQ�WZR�GLIIHUHQW�FDPHUDV�DQG�WKDW�WKH�WZR
FOXVWHUV�DUH�ZHOO�VHSDUDWHG��7KHUHIRUH��XVLQJ�WKH�FRORXU�PRGHO�REWDLQHG�IURP�RQH�FDPHUD
WR�DVVRFLDWH�WKH�FRUUHVSRQGLQJ�REMHFW�LQ�WKH�RWKHU�FDPHUD�FRXOG�UHVXOW�LQ�D�ZURQJ�PDWFK�
,W� LV� DOVR�REVHUYHG� WKDW� WKH� FRORXU� GLVWULEXWLRQ�RI� DQ� REMHFW� LQ� RQH� FDPHUD� FDQ� FKDQJH
GUDVWLFDOO\� RYHU� FRQVHFXWLYH� IUDPHV��7KLV� SKHQRPHQRQ�RI� GLVFRQWLQXRXV� FRORXU� VKLIW� LV
FDXVHG� E\� WKH� PXOWLSOH� LOOXPLQDQWV� LQ� WKH� HQYLURQPHQW� DQG� WKH� GLJLWLVDWLRQ� HIIHFW� RI
VHTXHQFH�FDSWXULQJ��)RU�WKH�DSSDUHQW�KHLJKW�RI�D�VXEMHFW��LW�LV�FOHDU�WKDW�WKH�FRUUHODWLRQ�RI
WKLV�LQIRUPDWLRQ�EHWZHHQ�WZR�FDPHUDV�LV�DIIHFWHG�E\�WKH�YLHZLQJ�JHRPHWU\��)LJ����VKRZV
DQ�H[DPSOH�RI�WKH�DSSDUHQW�KHLJKW�RI�D�SHUVRQ�H[WUDFWHG�IURP�WZR�FDPHUDV��7KH�PDSSLQJ
RI�WKH�REVHUYDWLRQV�RI�WZR�FDPHUDV�FDQ�EH�GLVFRQWLQXRXV�DQG�QRQ�OLQHDU�HVSHFLDOO\�ZKHQ
D�VXGGHQ�FKDQJH�LQ�WKH�DSSDUHQW�KHLJKW�RFFXUV�LQ�RQH�FDPHUD�EXW�QRW�LQ�WKH�RWKHU�

�������������
)LJ�����7KH�YDULDWLRQ�RI�RQH�DSSDUHQW�FRORXU� LQ�KXH�DQG�VDWXUDWLRQ�SODQH�RI� WKH�VXEMHFW
�)LJ�����XQGHU�GLIIHUHQW�OLJKWLQJ�DQG�YLHZLQJ�FRQGLWLRQV�FDSWXUHG�IURP�WZR�FDPHUDV�RYHU
���� IUDPHV� DQG� LWV� HQODUJHG�SORW� �ULJKW���2QO\� WKH�PHDQ�RI� HDFK� FRORXU� VDPSOH� LQ� RQH
IUDPH�LV�SORWWHG��7KH�GDUN�GRWV�µ¶�LV�WKH�PHDQ�RI�HDFK�VDPSOH�LQ�DQ�LPDJH�IUDPH�RI�WKH
ULJKW�FDPHUD��DQG�WKH�OLJKW�GRWV�µ�¶�DUH�IURP�WKH�OHIW�FDPHUD�

)LJ�� ���7KH�REVHUYHG� DSSDUHQW� KHLJKW� RI� D� VXEMHFW� IURP� WZR� FDPHUDV� RYHU� ���� IUDPHV
ZKHQ�WKH�VXEMHFW�ZDONLQJ�DURXQG�D�URRP�

7R�REWDLQ�WKH�FRUUHFW�IHDWXUHV�RI�WKH�VXEMHFWV�EHWZHHQ�PXOWLSOH�FDPHUDV��WKH�IHDWXUHV
FDQ� EH� ILUVW� WUDQVIRUP� WR� D� FRPPRQ� VSDFH�� 7KH� FRORXU� FDQ� EH� FRUUHFWHG� XVLQJ� VRPH
FRORXU�FDOLEUDWLRQ�PHWKRG�IRU�HDFK�FDPHUD�>��@�DQG�WKH�DFWXDO�VL]H�RI�WKH�VXEMHFW�FDQ�EH
XVHG�WR�KHOS�PDWFKLQJ�EHWZHHQ�WZR�FDPHUDV�>�@��+RZHYHU��WKH�FRORXU�FDOLEUDWLRQ�LV�RQO\
DSSOLFDEOH�LQ�D�FRQVWUDLQHG�HQYLURQPHQW�DQG�JHWWLQJ�WKH�DFWXDO�VL]H�UHTXLUHV�VWHUHR�UDQJH






LQIRUPDWLRQ�� :H� SURSRVH� WR� PRGHO� WKH� QRQ�OLQHDU� PDSSLQJ� RI� WKH� YLVXDO� LQIRUPDWLRQ
EHWZHHQ�PXOWLSOH� FDPHUDV�GLUHFWO\� DQG� XVH� WKLV�PRGHO� WR� HVWLPDWH� WKH� IHDWXUH� YDOXH� LQ
RQH�FDPHUD�EDVHG�RQ�WKH�REVHUYDWLRQ�RI�WKH�RWKHU�FDPHUD��6LQFH�WKH�REVHUYHG�DSSDUHQW
FRORXU�DQG�KHLJKW�YDULHV�ZLWK�SHUVRQ¶V�SRVLWLRQ��WKH�VSDWLDO�FKDQJH�RI�YLVXDO�LQIRUPDWLRQ
QHHG� WR� EH�PRGHO�� � 7R� SDUWLWLRQ� WKH� URRP� LQWR� VRPH� VXE�DUHDV�� ZH� XVH� WKH� ODQGPDUN
PHWKRG�� *HQHUDOO\� VSHDNLQJ�� WKH� ODUJHU� WKH� QXPEHU� RI� WKH� FHOOV�� WKH� VWURQJHU� WKH
FRUUHODWLRQ� FDQ� EH� OHDUQW�� 7R� OHDUQ� WKH� VSDWLDO� FKDQJH� DQG� FRUUHODWLRQ� RI� WKH� YLVXDO
LQIRUPDWLRQ�EHWZHHQ� WZR� FDPHUDV��695� DQG�+3&$� DUH� HPSOR\HG� DQG� FRPSDUHG�� 7KH
EHWWHU�RQH�LV�VHOHFWHG�IRU�EXLOGLQJ�WKH�FRUUHVSRQGHQFH�DFURVV�FDPHUDV�LQ�RXU�V\VWHP��7KH
DEVWUDFW�UHSUHVHQWDWLRQ�RI�WKH�VXEMHFW�DSSHDUDQFH�REWDLQHG�IURP�+3&$�DOVR�SURYLGHV�WKH
V\VWHP�D�FRPSXWDWLRQ�LQH[SHQVLYH�ZD\�WR�XVH�WKH�&21'(16$7,21�DOJRULWKP�

7R�UHFRJQLVH�VXEMHFWV�DFURVV�FDPHUDV�� WKH�DSSDUHQW�FRORXU�DQG�DSSDUHQW�KHLJKW� DQG
SRVLWLRQ� LQIRUPDWLRQ� DUH� XVHG�� 7KH� FRORXU� GLVWULEXWLRQ� LV� PRGHOOHG� ZLWK� *DXVVLDQ
PL[WXUH� PRGHOV� >�@� DQG� WKH� DSSDUHQW� KHLJKW� LV� H[WUDFWHG� IURP� WKH� VHJPHQWHG� PRWLRQ
EORE��7KH�FHOO�SRVLWLRQV�RI�WKH�VXEMHFWV�REWDLQHG�IURP�WKH�VXEMHFWV¶�9$�SRVLWLRQ�LQ�WZR
FDPHUDV��)LJ�����DUH�DOVR�XVHG�DV�D�SDUW�RI�WKH�UHSUHVHQWDWLRQ��2XU�EORE�UHSUHVHQWDWLRQ�LV
UHODWHG� WR� WKH�ZRUN� E\�$]DUED\HMDQL� DQG�3HQWODQG� >�@�� ,W� LV� H[WHQGHG� WR� IXVH� GLIIHUHQW
VHQVRU\�GDWD�WR�RIIHU�D�PRUH�FRPSOHWH�REMHFW�LQWHUSUHWDWLRQ��7KH�IHDWXUHV�H[WUDFWHG�IURP
HDFK�FDPHUD�YLHZ�DUH�IXVHG�LQWR�D�MRLQW�IHDWXUH�YHFWRU�GHILQHG�DV�IROORZV�

������ ����F [[ **9 = ���������������������������������������������

������ ����K KK[[=9 �����������������������������������������������

ZKHUH�9F�DQG�9K��DUH�MRLQW�FRORXU�IHDWXUH�YHFWRU�DQG�MRLQW�KHLJKW�IHDWXUH�YHFWRUV��[L��LV�WKH
9$�SRVLWLRQ�RI�WKH�VXEMHFW��*L�DUH�WKH�*DXVVLDQ�PRGHO��DQG�KL�LV�WKH�PHDVXUHG�KHLJKW�LQ
FDPHUD�L��7KH�*DXVVLDQ�PRGHO�*�FRQVLVWV�RI�PHDQ�RI�WKH�KXH�DQG�VDWXUDWLRQ��
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DQG�WKH�FRYDULDQFH�PDWUL[�

������6XSSRUW�9HFWRU�5HJUHVVLRQ�IRU�)HDWXUH�0DSSLQJV

7R�HVWLPDWH� WKH� IHDWXUHV� RI� D� VXEMHFW� DFURVV�PXOWLSOH� FDPHUDV�� WKH� QRQ�OLQHDU�PDSSLQJ
EHWZHHQ�FDPHUDV�LV�IRUPXODWHG�DV�UHJUHVVLRQ�HVWLPDWLRQ�DQG�OHDUQW�XVLQJ�6XSSRUW�9HFWRU
5HJUHVVLRQ� >��@�� ,Q� WKH� WUDLQLQJ� SKDVH�� D� SHUVRQ� ZHDULQJ� VLQJOH� FRORXU� FORWKHV� ZDONV
DURXQG� D� URRP�� D� VLQJOH�*DXVVLDQ� LV� XVHG� WR�PRGHO� WKH� DSSDUHQW� FRORXU�� WKH� DSSDUHQW
KHLJKW�RI�WKH�VXEMHFW�LV�PHDVXUHG��DQG�WKH�FHOO�SRVLWLRQV�DUH�REWDLQHG�IURP�ERWK�FDPHUDV�
(DFK� YDULDEOH� RI� HDFK� IHDWXUH� RI� HDFK� FDPHUD� QHHGV� D� 695� WR� OHDUQ� WKH� HVWLPDWLRQ
IXQFWLRQ� DQG� LV� WUDLQHG� LQGHSHQGHQWO\�� 7R� OHDUQ� WKH� 695� IRU� D� IHDWXUH� YDULDEOH�� WKH
VXEMHFWV¶� 9$� SRVLWLRQ� LQ� WZR� FDPHUDV�� WKH� DSSHDUDQFH� LQ� WKH� RWKHU� FDPHUD� DQG� WKH
REVHUYDWLRQ�RI�WKLV�YDULDEOH�DUH�XVHG��)RU�H[DPSOH��Q�QXPEHU�RI�YHFWRUV�Y,� ��[���[���*��L��
L ��������Q�� DUH� XVHG� WR� WUDLQ� WKH�PDSSLQJ� IRU�P+��� WKH�PHDQ� YDOXH� RI� KXH� RI�*���$IWHU
WUDLQLQJ��D�VHW�RI�6XSSRUW�9HFWRUV�V���V���«��VS�FDQ�EH�REWDLQHG��7KHQ��JLYHQ�DQ�XQNQRZQ
REVHUYDWLRQ�Y� ��[���[���*����RQH�FDQ�SUHGLFW�P+��LQ�WKH�FDPHUD���E\�
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ZKHUH� M�LV�WKH�FRHIILFLHQW�RI�VM��.�LV�D�NHUQHO�IXQFWLRQ��DQG�E�LV�WKH�ELDV��)URP�WKH�OHDUQW
PDSSLQJ��WKH�REVHUYHG�IHDWXUH�RI�D�VXEMHFW�FDQ�EH�WUDQVIRUPHG�WR�D�FRUUHFW�YDOXH�IRU�WKH
RWKHU�FDPHUD�WR�PDWFK�WKH�FRUUHVSRQGLQJ�VXEMHFW�DFURVV�FDPHUDV�






������+LHUDUFKLFDO�3ULQFLSDO�&RPSRQHQW�$QDO\VLV�0HWKRG

+3&$�>��@�LV�HPSOR\HG�WR�OHDUQ�WKH�VSDWLDO�FKDQJH�DQG�FRUUHODWLRQ�RI�WKH�YLVXDO�IHDWXUHV
EHWZHHQ� WZR� FDPHUDV�� 7KH� OHDUQLQJ� SURFHGXUH� IRU� +3&$� LV� DV� IROORZV�� 3ULQFLSDO
&RPSRQHQW�$QDO\VLV��3&$��LV�ILUVW�SHUIRUPHG�RQ�DOO�WKH�WUDLQLQJ�MRLQW�IHDWXUH�YHFWRUV�WR
UHPRYH�WKH�OHVV�VLJQLILFDQW�FRPSRQHQWV��7KLV�GLPHQVLRQDOLW\�UHGXFHG�VSDFH�LV�UHIHUUHG�DV
JOREDO�3&$�VSDFH��$�SDUDPHWHU�VSDFH�LV�WKHQ�JLYHQ�E\�WKH�JOREDO�3&$�VSDFH�LQWR�ZKLFK
DOO�WUDLQLQJ�GDWD�DUH�SURMHFWHG��$�FOXVWHULQJ�WHFKQLTXH�LV�WKHQ�HPSOR\HG�RQ�WKH�SURMHFWHG
GDWD�� (DFK� FOXVWHU� LV� IXUWKHU� UHSUHVHQWHG� E\� LWV� SULQFLSDO� FRPSRQHQWV� FDOOHG� ORFDOLVHG
SULQFLSDO�FRPSRQHQWV�

7KH�PLVVLQJ�GDWD�RI�D�FDPHUD�FDQ�EH�IRXQG�E\�ILUVW�IRUPLQJ�D�SDUW�RI�WKH�MRLQW�IHDWXUH
YHFWRU�EDVHG�RQ�WKH�REVHUYDWLRQV�IURP�WKH�RWKHU�FDPHUD��YR��DQG�XVLQJ�DQ�HVWLPDWH�IRU�WKH
PLVVLQJ� SDUW� YH�� 7KLV� HVWLPDWH� FDQ� EH� WKH� PRVW� UHFHQW� REVHUYDWLRQ�� RU� PHDQ� RI� WKH
SUHYLRXV� REVHUYDWLRQ�� 7KH� V\QWKHVLVHG� YHFWRU�� �YR�� YH��� LV� WKHQ� XVHG� WR� ILQG� WKH� PRVW
SUREDEOH�SRLQW�RQ�WKH�OHDUQW�GLVWULEXWLRQ�LQ�WKH�SDUDPHWHU�VSDFH��7KH�V\QWKHVLVHG�YHFWRU
LV�ILUVW�SURMHFWHG�LQWR�WKH�JOREDO�3&$�VSDFH��$IWHU�WKH�FORVHVW�FOXVWHU� LV�IRXQG�EDVHG�RQ
WKH�(XFOLGHDQ�GLVWDQFH��WKH�SURMHFWHG�SRLQW��3��LV�FRQVWUDLQHG�WR�WKH�FORVHVW�FOXVWHU�XVLQJ
DQ�DSSUR[LPDWLRQ�PHWKRG�XVLQJ�D�OLPLWHU�IXQFWLRQ�>��@��VHH�)LJ�����
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)LJ�����7KH�SURMHFWHG�SRLQW�LV�FRQVWUDLQHG�WR�WKH�FORVHVW�FOXVWHU�LQ�WKH�JOREDO�3&$�VSDFH�
7KH�UHFWDQJOH�FRUUHVSRQGV�WR�WKH�WKUHVKROG�RI�WKH�OLPLWHU�IXQFWLRQ��DQG�WKH�D[HV�DUH�WKH
ORFDOLVHG�SULQFLSDO�FRPSRQHQWV�RI�WKH�FOXVWHU�

$IWHU� WKH� PRVW� SUREDEOH� SRLQW� LV� IRXQG� LQ� WKH� FORVHVW� FOXVWHU�� WKLV� SRLQW� LV� WKHQ
SURMHFWHG�EDFN�WR�WKH�JOREDO�3&$�VSDFH�DQG�SURMHFWHG�DJDLQ�WR�WKH�RULJLQDO�IHDWXUH�VSDFH�
7KLV�SURMHFWHG�EDFN�YHFWRU��YR′���YH′���LV�WKHQ�XVHG�DV�D�UHIHUHQFH�WR�ILQG�WKH�PLVVLQJ�GDWD
ZLWK� D� VLPSOH� WHVW� FULWHULD�� ,I� WKH� GLIIHUHQFH� RI� WKH� SDUW�� YR′� �� RI� WKLV� UHFRYHUHG� YHFWRU
FRUUHVSRQGLQJ�WR�WKH�REVHUYDWLRQ��YR���LV�VPDOOHU�WKDQ�D�WKUHVKROG��WKH�SDUW�FRUUHVSRQGLQJ
WR�WKH�PLVVLQJ�REVHUYDWLRQ��YH� ′�� LV� WKHQ�XVHG�DV�WKH�VHDUFKHG�UHVXOW��RWKHUZLVH�WKH�VDPH
SURFHGXUH�LV�UHSHDWHG�IRU�D�FHUWDLQ�QXPEHU�RI�WLPHV�

������&RPDSULVRQ�RI�695�DQG�+3&$�RQ�)HDWXUH�0DSSLQJV

+HUH�ZH�FRPSDUH�WKH�HVWLPDWHV�RI�YLVXDO�LQIRUPDWLRQ�EHWZHHQ�FDPHUDV�E\�XVLQJ�695
DQG�+3&$��7KH�HVWLPDWHG�YDOXH� LV� DOVR�FRPSDUHG�DJDLQVW� WKH�REVHUYDWLRQ� LQ� WKH� VDPH
FDPHUD�� 7DEOH� �� VKRZV� WKH� UHVXOW� IRU� ILYH� H[DPSOH� VHTXHQFHV�� ,Q� HDFK� VHTXHQFH�� RQH
GLIIHUHQW�SHUVRQ�LV�ZDONLQJ�LQ�WKH�ODE�DQG�WKH�FRORXU�VDPSOH�LV�WDNHQ�DQG�PRGHOOHG�ZLWK�D
*DXVVLDQ� PRGHO� LQ� +6� VSDFH� IRU� ERWK� FDPHUDV�� 7KH� *DXVVLDQ� PRGHO� IURP� WKH� ULJKW
FDPHUD� LV� WKHQ�XVHG� WR�SUHGLFW� WKH�*DXVVLDQ�RI� WKH� DSSDUHQW� FRORXU� LQ� WKH� OHIW� FDPHUD�
7KH�DYHUDJH�RI�WKH�PHDQ�RI�WKH�*DXVVLDQ�IRU�DOO�IUDPHV�LQ�D�VHTXHQFH�LV�VKRZQ�DQG�ZH
RPLW� WKH� FRYDULDQFH�PDWUL[� DV� LWV� YDULDWLRQ� LV� QRW� VLJQLILFDQW�� ,W� LV� REVHUYHG� WKDW� 695
RXWSHUIRUP�+3&$� IRU� DOO� VHTXHQFHV�� DQG� WKH� GLVWDQFH� EHWZHHQ� WKH� HVWLPDWHG�PHDQ� E\
+3&$�WR�WKH�REVHUYHG�YDOXH�LV������RI�WKH�PHDQ�E\�695��)LJ����VKRZV�WKH�REVHUYHG
DQG�WKH�HVWLPDWHG�KHLJKW�RI�WKH�OHIW�FDPHUD�EDVHG�RQ�WKH�ULJKW�FDPHUD�E\�695�DQG�+3&$






IRU� RQH� VHTXHQFH� ZLWK� RQH� VXEMHFW�� 7KH� HVWLPDWHV� E\� +3&$� GR� QRW� FKDQJH� IRU� VRPH
FRQVHFXWLYH� IUDPHV�� 7KLV�PHDQV� WKH� VHDUFKHG� UHVXOWV� DUH� WKH� VDPH� GXH� WR� WKH� OLPLWLQJ
HIIHFWV� LQ� FRQVWUDLQLQJ� D� SRLQW� WR� WKH� QHDUHVW� FOXVWHU�� 7KH�PHDQ� HUURU� RI� WKH� HVWLPDWHV
XVLQJ�+3&$� LV������RI� WKH�695�IRU� WKLV� VHTXHQFH��7KH� UHVXOW� IURP� WKH� ILYH� H[DPSOH
VHTXHQFHV�LV�WKH�DYHUDJH�PHDQ�HUURU�RI�XVLQJ�+3&$�LV������RI�WKH�695�
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5�&DPHUD ����� ���� ����� ���� ����� ���� ������ ���� ������ ����

/��+3&$� ����� ���� ����� ���� ����� ���� ������ ���� ������ ����

/��695� ������ ���� ����� ���� ����� ���� ������ ���� ������ ����

/�&DPHUD ������ ���� ����� ���� ����� ���� ������ ���� ������ ����

7DEOH�����5HVXOWV�IURP�ILYH�H[DPSOH�VHTXHQFHV��,Q�HDFK�VHTXHQFH��WKH�KXH�DQG�VDWXUDWLRQ
REVHUYHG�IURP�D�SHUVRQ¶V�FORWKHV�LQ�WKH�ULJKW�DQG�OHIW�FDPHUDV��DQG�WKH�HVWLPDWHG�YDOXHV
IRU�WKH�OHIW�FDPHUD�WUDQVIRUPHG�IURP�WKH�REVHUYDWLRQ�LQ�WKH�ULJKW�FDPHUD��E\�+3&$�DQG
695��DUH�VKRZQ��7KH�HVWLPDWHV�IURP�695�DUH�PRUH�DFFXUDWH��FORVHU�WR�WKH�REVHUYDWLRQ�
WKDQ�+3&$�IRU�DOO�VHTXHQFHV�

)LJ�����2EVHUYHG�DSSDUHQW�KHLJKW�RI�D�SHUVRQ�LQ�RQH�FDPHUD�DQG�LWV�HVWLPDWHV�WUDQVIRUPHG
IURP� WKH� REVHUYDWLRQ� LQ� WKH� RWKHU� FDPHUD� RYHU� RQH� VHTXHQFH� XVLQJ� 695� DQG� +3&$
UHVSHFWLYHO\��7KH�KHLJKW�LV�PHDVXUHG�IURP�WKH�SL[HO�QXPEHUV�RI�WKH�VXEMHFW�LPDJH�LQ�WKH
YHUWLFDO�GLUHFWLRQ�DQG�YDULHV�ZLGHO\�DV�WKH�SHUVRQ�ZDONLQJ�DURXQG�LQ�WKH�URRP��7KH�PHDQ
HUURU�RI�WKH�HVWLPDWHV�XVLQJ�+3&$�LV������RI�WKH�695�IRU�WKLV�VHTXHQFH

������7UDFNLQJ�-RLQW�)HDWXUH�XVLQJ�&21'(16$7,21

+DYLQJ� OHDUQW� WKH� GLVWULEXWLRQ� RI� WKH� WUDLQLQJ� IHDWXUH� H[DPSOHV� XVLQJ� +3&$�� ZH� WKHQ
WUDFN� WKH� MRLQW� IHDWXUHV� LQ� WKH� JOREDO� 3&$� VSDFH�� 7R� GR� WKLV�� WKH� QRQ�OLQHDULW\� DQG
GLVFRQWLQXLW\�RI�WKH�IHDWXUH�G\QDPLFV�ZKLFK�FDQ�FDXVH�LUUHJXODU�PRWLRQ�DQG�VXGGHQ�MXPS
LQ� WKH�SURMHFWLRQ�RI� WKH� MRLQW� IHDWXUH� YHFWRUV� LQWR� WKH�JOREDO�3&$� VSDFH�PXVW� EH� WDNHQ
LQWR�DFFRXQW��7R�DGGUHVV�WKLV�SUREOHP��WKH�DSSURDFK�RI�PRGHOOLQJ�D�PDWUL[�RI�WUDQVLWLRQ
SUREDELOLWLHV� EHWZHHQ� GLIIHUHQW� VXEVSDFHV� LQ� D� JOREDO� HLJHQVSDFH� >��@� LV� HPSOR\HG� WR
OHDUQ� WKH� G\QDPLFV�� 7R� WUDFN� WKH� MRLQW� IHDWXUHV�� ZH� DGRSW� WKH� &21'(16$7,21
DOJRULWKP�>��@�

7R�DSSO\�WKLV�DOJRULWKP��WKH�VDPSOH�SUHGLFWLRQ�VWHS�LV�PRGLILHG�WR�XVH�WKH�WUDQVLWLRQDO
SUREDELOLW\�PDWUL[�� DQG� WKH�SUHGLFWHG� MRLQW� IHDWXUH� YHFWRU� LV� REWDLQHG�E\�SURMHFWLQJ� WKH
VDPSOH��[L�W��� EDFN� WR� WKH� RULJLQDO� MRLQW� IHDWXUH� VSDFH� IURP� WKH� JOREDO� 3&$� VSDFH�� )RU
XSGDWLQJ� WKH� ZHLJKWLQJ�� WKH� REVHUYHG� GDWD� RI� HDFK� FDPHUD� LV� ILUVW� XVHG� WR� ZHLJKW� WKH
FRUUHVSRQGLQJ�SDUW�LQ�WKH�SUHGLFWHG�MRLQW�IHDWXUH�YHFWRU�VHSDUDWHO\��7KHQ�WKH�SURGXFW�RI
WKH�REWDLQHG�YDOXHV�IURP�WZR�FDPHUDV�LV�XVHG�WR�ZHLJKW�WKH�VDPSOH�ZLWK�WKH�DVVXPSWLRQ
WKDW�REVHUYDWLRQV�RI�WZR�FDPHUDV�DUH�LQGHSHQGHQW��2QFH�WKH�WUDFNLQJ�RQ�D�VXEMHFW�LV�ORVW�
WKH�V\VWHP�QHHGV�VRPH�IHDWXUHV�RI�WKH�VXEMHFW�WR�UHFRJQLVH�LW��7KH�WUDFNHG�DQG�SUHGLFWHG
MRLQW�IHDWXUH�DQG�SRVLWLRQ�LQIRUPDWLRQ�DUH�XVHG�WR�UH�WUDFN�WKH�VXEMHFW�LQ�ERWK�FDPHUDV�






�����)XVLRQ�IRU�7UDFNLQJ�LQ�0XOWLSOH�&DPHUDV

7R�UREXVWO\�WUDFN�PXOWLSOH�SHRSOH��WKH�V\VWHP�UHOLHV�RQ�PXOWLSOH�FXHV��DQG�GLIIHUHQW�YLHZV
IURP� GLIIHUHQW� FDPHUDV�� 7KH� WUDFNLQJ� VWDWXV� LV� GLYLGHG� LQWR� WZR� FDVHV�� ���� 2FFOXVLRQ
SUHVHQWV� LQ� RQH� FDPHUD� EXW� QRW� LQ� WKH� RWKHU� FDPHUD�ZKLFK� UHIHUUHG� WR� DV�2QH�&DPHUD
2FFOXVLRQ��2&2���RU�WKH�WUDFNLQJ�UHVXOWV�DUH�LQFRQVLVWHQW� LQ�WZR�FDPHUD������2FFOXVLRQ
SUHVHQWV�LQ�ERWK�FDPHUDV�UHIHUUHG�WR�DV�7ZR�&DPHUD�2FFOXVLRQ��7&2��

)RU� FDVH� ��� WKH� LQIRUPDWLRQ� RI� WKH� VXEMHFWV� LV� SDVVHG� DFURVV� FDPHUDV� WR� EXLOG
FRUUHVSRQGHQFH�ZLWK�WKH�JHRPHWULF�DQG�UHFRJQLWLRQ�EDVHG�PHWKRGV��)RXU�GLIIHUHQW�FXHV�
HSLSRODU� OLQH�� ODQGPDUNV�� DSSDUHQW� FRORXU� DQG� KHLJKW�� DUH� XVHG� IRU� WKLV� FDVH�� )URP� WKH
GLVFXVVLRQ�LQ�VHFWLRQ������WKH�695�LV�FKRVHQ�WR�EXLOG�FRUUHVSRQGHQFH�DFURVV�FDPHUDV�IRU
WKH� UHFRJQLWLRQ�EDVHG� PHWKRG�� :KHQ� RFFOXVLRQ� LV� SUHVHQW� LQ� RQH� FDPHUD� WKH� WUDFNHG
VXEMHFW� PRWLRQ� IURP� WKH� .DOPDQ� ILOWHU� LV� DOVR� XVHG� WR� GLVDPELJXDWH� WKH� K\SRWKHVLVHG
VXEMHFWV��7R�WDNH�IXOO�DGYDQWDJH�RI�WKH�XVH�RI�PXOWLSOH�FXHV��DQ�DVVRFLDWLRQ�DOJRULWKP�>�@
WR�IXVH�WKH�GDWD�IURP�GLIIHUHQW�VHQVRUV�EDVHG�RQ�%D\HV¶�WKHRUHP�LV�XVHG��)RU�HDFK�FXH�
WKH� GHFLVLRQ� RQ� PDWFKLQJ� WKH� K\SRWKHVLVHG� FRUUHVSRQGLQJ� VXEMHFW� SDLUV� EHWZHHQ� WZR
FDPHUDV� LV� PDGH�� 7KH� UHVXOWV� IURP� HDFK� FXH� DUH� WKHQ� IXVHG� WRJHWKHU� WR� PDNH� D� ILQDO
WUDFNLQJ�UHSRUW��)RU�FDVH����WKH�PHWKRG�IRU�FDVH���LV�ILUVW�XVHG�WR�DVVRFLDWH�WKH�VXEMHFWV
DFURVV�FDPHUDV��+RZHYHU��WKH�V\VWHP�ORVHV�LGHQWLWLHV�RI�WKH�VXEMHFWV�GXH�WR�WKH�RFFOXVLRQ
SUHVHQW� LQ�ERWK�FDPHUDV�VLPXOWDQHRXV��7KH�V\VWHP�QHHGV� VRPH� IHDWXUHV�XQLTXH� WR�HDFK
VXEMHFW�WR�UHFRJQLVH�WKH�VXEMHFWV���7KH�SUHGLFWHG�MRLQW�IHDWXUHV�RI�WKH�VXEMHFWV�ZKLFK�DUH
WUDFNHG�E\�WKH�&21'(16$7,21�DOJRULWKP�DUH�XVHG�WR�UH�WUDFN�WKH�VXEMHFWV�

�����([SHULPHQWV

)RU� OHDUQLQJ� WKH� VSDWLDO� FKDQJH� DQG� WKH� FRUUHODWLRQ� RI� WKH� YLVXDO� LQIRUPDWLRQ� EHWZHHQ
FDPHUDV�DQG�SUHGLFWLQJ�WKH�YLVXDO�IHDWXUHV�DFURVV�FDPHUDV��WKH�WUDLQLQJ�GDWD�ZDV�REWDLQHG
IURP����VHTXHQFHV��)RU�695�PHWKRG��RXU�V\VWHP�XVHV����695�SUHGLFWRUV�WR�SUHGLFW�WKH
DSSDUHQW� FRORXU� EHWZHHQ� WZR� FDPHUDV� DQG� �� 695V� IRU� KHLJKW�� (DFK� FDPHUD� QHHGV� �
695V�WR�SUHGLFW�WKH�*DXVVLDQ�SDUDPHWHUV�DQG���695�WR�SUHGLFW�WKH�KHLJKW�EDVHG�RQ�WKH
YLVXDO� LQIRUPDWLRQ�REVHUYHG�LQ�WKH�RWKHU�FDPHUD��)RU�+3&$�PHWKRG��D����GLPHQVLRQDO
MRLQW�FRORXU� IHDWXUH�YHFWRU��9F�� LV�XVHG� IRU� UHSUHVHQWDWLRQ�FRORXU� LQIRUPDWLRQ�� ,W� LV� DOVR
IRXQG�WKDW�IRU�FRORXU�HVWLPDWLRQ�� WKH���SULQFLSDO�HLJHQYHFWRUV�DFFRXQWHG�IRU�DERXW����
RI�WKH�YDULDQFH�LQ�WKH�HLJHQVDSFH��7KLV�QXPEHU�ZDV�IRXQG�WR�EH�VXIILFLHQW�IRU� WUDFNLQJ�
)RU� WKH� MRLQW� KHLJKW�� D� �� GLPHQVLRQDO� MRLQW� KHLJKW� IHDWXUH� YHFWRU�� 9K�� LV� XVHG�� DQG� �
SULQFLSDO�HLJHQYHFWRUV�DUH�VHOHFWHG��7KH�V\VWHP�WUDFNV�DW�D�UDWH�RI�����+]��7KH�UHDVRQ�WR
VORZ�GRZQ�RXU�V\VWHP�LV�GXH�WR�WKH�XVH�RI�&21'(16$7,21�IRU�WUDFNLQJ�MRLQW�IHDWXUHV�

+HUH��ZH�VKRZ�WKH�UHVXOWV� IURP�VHTXHQFHV�ZLWK�VXEMHFWV�DQG�FORWKHV� WKDW� DUH�QRW� LQ
RXU�WUDLQLQJ�VHTXHQFHV��7KH�H[SHULPHQWV�VKRZ�WKDW�RXU�PRGHOOLQJ�RI�WKH�VSDWLDO�FKDQJH
DQG�WKH�FRUUHODWLRQ�RI�WKH�YLVXDO�LQIRUPDWLRQ�FDQ�JHQHUDOLVH�WR�WKH�µXQVHHQ¶�LQIRUPDWLRQ�
$Q�H[DPSOH�RI�692�LV�VKRZQ�LQ�)LJ�����D�F���,Q�WKLV�FDVH��WKH�ODQGPDUN�PHWKRG�IDLOV��WKH
HSLSRODU�OLQH�PHWKRG�LV�OHVV�UHOLDEOH��DQG�WKH�DSSDUHQW�KHLJKW�DV�ZHOO�DV�WKH�SUHGLFWLRQ�E\
.DOPDQ� ILOWHU� WUDFNLQJ� LQ� WKH� OHIW� FDPHUD� LV� GRPLQDQW��0RUHRYHU�� GXH� WR� WKH� FRORXU� RI
VXEMHFWV¶�FORWKHV�EHLQJ�YHU\�VLPLODU��DSSO\LQJ�WKH�FRORXU�PRGHO�IURP�WKH�RWKHU�FDPHUD�WR
DVVRFLDWH�VXEMHFWV�IDLOV��2XU�V\VWHP�VXFFHHGV�WR�GLVWLQJXLVK�WKH�K\SRWKHVLVHG�VXEMHFWV�E\
XVLQJ� WKH� WUDQVIRUPHG� FRORXU�PRGHO�� ,Q� )LJ�� �� �G�I��� WKH� V\VWHP� FDQ� UREXVWO\� UH�WUDFNV
PXOWLSOH�SHRSOH�HYHQ�ZKHQ�RFFOXVLRQ�DUH�SUHVHQW�LQ�ERWK�FDPHUDV�VLPXOWDQHRXVO\��$IWHU
VXEMHFWV� UHDSSHDU�� WKH\� DUH� UH�WUDFNHG� XVLQJ� WKH� MRLQW� IHDWXUHV� SUHGLFWHG� E\






&21'(167$7,21��7KH�DSSDUHQW�KHLJKW� LV� OHVV�UHOLDEOH�WKDQ�WKH�FRORXU��VLQFH�SHRSOH
DUH�FORVH�LQ�WKH�ZRUOG�DQG�WKH�KHLJKWV�RI� WZR�VXEMHFWV�DUH�QRW�YHU\�³GLVVLPLODU´��,Q�WKLV
FDVH��WKH�.DOPDQ�ILOWHU�IDLOV�VLQFH�WKH�VXEMHFWV�FKDQJH�GLUHFWLRQ�GXULQJ�RFFOXVLRQ�
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)LJ�����D�F��DQG��G�I��DUH�WZR�WUDFNLQJ�HYHQWV�RI�2&2��2QH�&DPHUD�2FFOXVLRQ��DQG�7&2
�7ZR� &DPHUD� 2FFOXVLRQ�� UHVSHFWLYHO\�� �D�� WZR� VXEMHFWV� WUDFNHG� DQG� ODEHOOHG� ZLWK
GLIIHUHQW�PDUNV� LQ� ERWK� FDPHUDV� �WKH� WUDFNHG� VXEMHFWV� ZLWK� VDPH�PDUNHG� OLQHV� LQ� WZR
LPDJHV� FRUUHVSRQG� WR� D� VDPH� SHUVRQ�� EHIRUH� RFFOXVLRQ� DQG� �E�� RFFOXVLRQ� LQ� WKH� OHIW
FDPHUD� ZKHUH� WKH� WUDFNLQJ� ZLQGRZ�ZLWKRXW� PDUNHG� OLQHV�PHDQLQJ� WKH� V\VWHP� IDLOV� WR
WUDFN� VXEMHFW�ZLWK� LGHQWLW\� �F�� VKRZV� WKH� LQIRUPDWLRQ�RI� VXEMHFWV� DUH� SDVVHG� WR� WKH� OHIW
FDPHUD�E\�IXVLRQ�PXOWLSOH�FXHV�DQG�WKH�VXEMHFWV�DUH�UH�WUDFNHG�DQG�PDUNHG�ZLWK�FRUUHFW
OLQHV��7KH�ELJ�EODFN�ER[�DUH�WKH�SRVVLEOH�SRVLWLRQ�IRU�DVVRFLDWLQJ�FRUUHVSRQGLQJ�VXEMHFW
LQIHUUHG�E\�ODQGPDUN�PHWKRG���G��WZR�VXEMHFWV�WUDFNHG�LQ�WZR�FDPHUDV�EHIRUH�RFFOXVLRQ
�H�� RFFOXVLRQ� LQ� ERWK� FDPHUDV� VLPXOWDQHRXVO\� �I�� VXEMHFWV� DUH� UH�WUDFNHG� E\� WKH
&21'(16$7,21�DOJRULWKP�

�����&RQFOXVLRQ

:H�KDYH�SUHVHQWHG�D�V\VWHP�IRU�WUDFNLQJ�PXOWLSOH�SHRSOH�LQ�DQ�LQGRRU�HQYLURQPHQW�XVLQJ
PXOWLSOH� FDPHUDV�� (SLSRODU� DQG� ODQGPDUN�EDVHG� PHWKRGV� DUH� FRPELQHG� IRU� WUDFNLQJ�
(SLSRODU�JHRPHWU\�DQG�ODQGPDUNV�SURYLGH�WKH�V\VWHP�ZLWK�JHRPHWULF�FRQVWUDLQWV�RQ�WKH
SRVLWLRQ� RI� K\SRWKHVLVHG� VXEMHFWV� ZKHQ� EXLOGLQJ� FRUUHVSRQGHQFH� DFURVV� FDPHUDV�� 7KH
VSDWLDO�FKDQJH�DQG� WKH�FRUUHODWLRQ�RI� WKH�YLVXDO� IHDWXUH� LQIRUPDWLRQ�ZKLFK�DUH�DSSDUHQW
FRORXU� DQG� KHLJKW� RI� WKH� VXEMHFWV� EHWZHHQ� WZR� FDPHUDV� DUH� OHDUQHG� XVLQJ� 695V� DQG
+3&$�� 7KLV� OHDUQW� PDSSLQJ� IXQFWLRQ� RI� WKH� YLVXDO� FXHV� EHWZHHQ� FDPHUDV� IURP� WZR
GLIIHUHQW� FDPHUDV� LV� WKHQ� XVHG� WR� DVVRFLDWH� VXEMHFWV� DFURVV� GLIIHUHQW� FDPHUDV�� 7KH
H[SHULPHQWDO� UHVXOWV� VKRZ� WKDW�RXU�PRGHO�FDQ�JHQHUDOLVH� WR� QRYHO� VHTXHQFHV��:H�KDYH
GHPRQVWUDWHG� WKDW� WKH� 695V� RXWSHUIRUPV� +3&$� LQ� WUDQVIRUPLQJ� LQIRUPDWLRQ� EHWZHHQ
FDPHUDV��7KHUHIRUH��695V�LV�XVHG�LQ�RXU�V\VWHP�IRU�EXLOGLQJ�WKH�FRUUHVSRQGHQFH�DFURVV
PXOWLSOH�FDPHUDV��7KLV�WUDQVIRUPDWLRQ�SURFHVV�FDQ�DOVR�GHDO�ZLWK�FRORXU�LQFRQVWDQF\�LQ�D






PXOWLSOH�FDPHUD�VHWXS�E\�HVWLPDWLQJ�D�FRUUHFW�PRGHO�RI�WKH�VXEMHFW¶V�DSSHDUDQFH�DFURVV
FDPHUDV��WKRXJK�LW�GRHV�QRW�DSSOLHV�WR�DOO�OLJKWLQJ�FRQGLWLRQV�

7KH�YHUWLFDO� OLQH� ODQGPDUN�PHWKRG� IDLOV� WR�EXLOG�FRUUHVSRQGHQFH�ZKHQ� WKH�SRVLWLRQ
RUGHU�RI�VXEMHFWV�LQ�WZR�FDPHUDV�UHYHUVHV��7KH�DVVXPSWLRQ�DERXW�WKH�ODQGPDUNV�LV�WKDW�WR
JHW�WKH��'�LQIRUPDWLRQ�RI�WKH�VXEMHFW�LQ�WKH�VFHQH��WKHVH�OLQH�ODQGPDUNV�PXVW�EH�YHUWLFDO
LQ�WKH�ZRUOG��+RZHYHU��WKHUH�H[LVW�PDQ\�YHUWLFDO�OLQH�ODQGPDUNV�IURP�PDQ�PDGH�REMHFWV
LQ�WKH�LQGRRU�HQYLURQPHQW��$QRWKHU�OLPLWDWLRQ�RI�WKH�V\VWHP�LV� WKDW� WKH�FRORXU�FXH�RQO\
ZRUNV�XQGHU�WKH�OHDUQW�OLJKWLQJ�FRQGLWLRQ��7R�UHOD[�WKLV�SUREOHP�E\�ZHLJKWLQJ�WKH�FRORXU
FXH� OHVV� ZKHQ� OLJKWLQJ� FRQGLWLRQ� FKDQJHV�� ZH� SODQ� WR� FRPELQH� WKH� GLIIHUHQW� PHWKRGV
GLVFXVVHG�LQ�WKLV�SDSHU�ZLWK�GLIIHUHQW�ZHLJKWV�DFFRUGLQJ�WR�WKHLU�PHDVXUHPHQW�FRQGLWLRQ
WR�PDNH�WKH�WUDFNLQJ�V\VWHP�PRUH�UREXVW�

5HIHUHQFHV

>�@�&��(YHODQG��.��.RQROLJH��DQG�5��&��%ROOHV��%DFNJURXQG�0RGHOOLQJ�IRU�6HJPHQWDWLRQ
RI�9LGHR�5DWH�6WHUHR�6HTXHQFHV��,Q�&935����������������

>�@� &�� 6FKPLG� DQG� $�� =LVVHUPDQ��$XWRPDWLF� /LQH�0DWFKLQJ� DFURVV� 9LHZV�� ,Q� &935�
�������������

>�@� $�� $]DUED\HMDQL� DQG� $�� 3�� 3HQWODQG�� 5HDO�7LPH� 6HOI�&DOLEUDWLRQ� 6WHUHR� 3HUVRQ
7UDFNLQJ� 8VLQJ� ��'� 6KDSH� (VWLPDWLRQ� IURP� EORE� )HDWXUHV�� 0�,�7�� 0HGLD
/DERUDWRU\��3HUFHSWXDO�&RPSXWLQJ�7HFKQLFDO�5HSRUW�1R������������

>�@� .�� 6DWR�� 7�� 0DHGD�� +�� .DWR�� DQG� 6�� ,QRNXFKL��&$'�EDVHG� 2EMHFW� 7UDFNLQJ� ZLWK
'LVWULEXWHG�0RQRFXODU�&DPHUD� IRU� 6HFXULW\�0RQLWRULQJ�� 3URF�� RI� �QG�&$'�EDVHG
9LVLRQ�:RUNVKRS��&KDPSLRQ�3$��86$���������������

>�@�6��6WLOOPDQ��5��7DQDZRQJVXZDQ��DQG�,��(VVD��$�V\VWHP�IRU�7UDFNLQJ�DQG�5HFRJQLVLQJ
0XOWLSOH�3HRSOH�ZLWK�0XOWLSOH�&DPHUDV��*HRUJLD�,QVWLWXWH�RI�7HFKQRORJ\��*UDSKLFV�
9LVXDOL]DWLRQ�DQG�8VDELOLW\�&HQWUH��7HFKQLFDO�5HSRUW�1R��*,7�*98�������������

>�@� %�� 6�� 5DR� DQG� +�� 'XUUDQW�:K\WH�� $� 'HFHQWUDOL]HG� %D\HVLDQ� $OJRULWKP� IRU
,GHQWLILFDWLRQ�RI�7UDFNHG�7DUJHWV��,(((�7UDQV��RQ�6\VWHPV��0DQ��DQG�&\EHUQHWLFV�
9RO������1R���������������������

>�@� 4�� &DL�� -�� .�� $JJDUZDO��$XWRPDWLF� 7UDFNLQJ� RI� +XPDQ�0RWLRQ� LQ� ,QGRRU� 6FHQHV
$FURVV�0XOWLSOH�6\QFKURQL]HG�9LGHR�6WUHDPV��3URF��RI��WK�,QWHUQDWLRQDO�&RQIHUHQFH
RQ�&RPSXWHU�9LVLRQ��%RPED\�,QGLD����������������

>�@�5��<RJHVK��6��-��0FNHQQD�DQG�6��*RQJ��6HJPHQWDWLRQ�DQG�7UDFNLQJ�8VLQJ�&RORXU
0L[WXUH�0RGHOV��$VLDQ�&RQIHUHQFH�RQ�&RPSXWHU�9LVLRQ��+RQJ�.RQJ����������������

>�@� -��.��$JJDUZDO� DQG�4��&DL��+XPDQ�0RWLRQ�$QDO\VLV��$�5HYLHZ��&RPSXWHU�9LVLRQ
DQG�,PDJH�8QGHUVWDQGLQJ��9RO������1R�������������������

>��@*��;X�DQG�=��=KDQJ��(SLSRODU�*HRPHWU\�LQ�6WHUHR��0RWLRQ�DQG�2EMHFW�5HFRJQLWLRQ�
$�8QLILHG�$SSURDFK��.OXZHU�$FDGHPLF�3XEOLVKHUV�������

>��@� 0�� ,VDUG� DQG� $�� %ODNH�� &RQGHQVDWLRQ� ±� &RQGLWLRQDO� 'HQVLW\� 3URSDJDWLRQ� IRU
9LVXDO�7UDFNLQJ��,QW��-��&RPSXWHU�9LVLRQ�������

>��@�7��+HDS��/HDUQLQJ�'HIRUPDEOH�6KDSH�0RGHOV� IRU�2EMHFW��3K�'�� WKHVLV��6FKRRO�RI
&RPSXWHU�6WXGLHV��8QLYHUVLW\�RI�/HHGV��8.�������

>��@�+��'UXFNHU��&��%XUJHV��/��.DXIPDQ��$��6PROD��DQG�9��1��9DSQLN��6XSSRUW�9HFWRU
UHJUHVVLRQ� PDFKLQHV�� ,Q� $GYDQFHV� LQ� 1HXUDO� ,QIRUPDWLRQ� 3URFHVVLQJ� 6\VWHPV
YROXPH����7KH�0,7�3UHVV�������

>��@� -�� 2UZHOO�� 3�� 5HPDJQLQR� DQG� *�$�� -RQHV�� 0XOWL�&DPHUD� &RORXU� 7UDFNLQJ�� ,Q
&935��&RORUDGR�86$��-XQH������

>��@�<�&��&KDQJ�� -��)��5HLG��5*%�&DOLEUDWLRQ� IRU�&RORXU� ,PDJH�$QDO\VLV� LQ�0DFKLQH
9LVLRQ��,(((�7UDQVDFWLRQV�RQ�,PDJH�3URFHVVLQJ��9RO�����1R����������������������





