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^WRQ\��SDQRV��SHJJ\`#VSDWLDO�PDLQH�HGX
KWWS���ZZZ�VSDWLDO�PDLQH�HGX�aSHJJ\�GJL�KWPO

$EVWUDFW

,Q�WKLV�SDSHU�ZH�SUHVHQW�D�JHQHUDO�IUDPHZRUN�IRU�WKH�DQDO\VLV�RI�VSDWLRWHPSRUDO�GDWDVHWV��2XU�DSSURDFK
PDNHV�XVH�RI�DQ�DQDO\VLV�RI�VSDWLRWHPSRUDO�WUDMHFWRULHV�GHVFULELQJ�WKH�SDWK�LQ�VSDFH�DQG�WLPH�RI�REMHFWV�LQ
RXU�GDWDVHW��:H�KDYH�GHYHORSHG�D�YDULDWLRQ�RI�VHOI�RUJDQL]LQJ�PDSV�WR�JHQHUDOL]H�WKHVH�REMHFW�OLIHOLQHV�E\
SHUPLWWLQJ�YDULDEOH�UHVROXWLRQV�WR�UHSUHVHQW�FRPSOH[�VHJPHQWV�FRPSDUHG�WR�VPRRWKHU�RQHV��7KLV�DOORZV�XV
WR� EHWWHU� UHSUHVHQW� WKH� FRPSOH[� VSDWLRWHPSRUDO� EHKDYLRU� RI� REMHFWV� DQG� WR� LGHQWLI\� FULWLFDO� LQVWDQFHV� LQ
WKHLU�OLIHOLQHV�ZKHQ�FHUWDLQ�DVSHFWV�RI�WKHLU�EHKDYLRU�FKDQJH��7KH�UHVXOWLQJ�JHQHUDOL]HG�UHSUHVHQWDWLRQ� LV
WKH�NH\�FRQFHSW�WKDW�VXSSRUWV�WKH�JHQHUDWLRQ�RI�VSDWLRWHPSRUDO�VXPPDULHV��7KH�HIIHFWLYHQHVV�RI�RXU�K\EULG
620�WHFKQLTXH�IRU�VSDWLRWHPSRUDO�JHQHUDOL]DWLRQ�LV�GHPRQVWUDWHG�ZLWK�HDUO\�H[SHULPHQWDO�UHVXOWV�

���,QWURGXFWLRQ

*HRVSDWLDO� DSSOLFDWLRQV� WHQG� WR� EHFRPH� LQFUHDVLQJO\� VSDWLRWHPSRUDO�� 7KH� LQIRUPDWLRQ� WKDW� DQDO\VWV
VHHN�RIWHQ�UHVLGHV�QRW�LQ�D�VLQJOH�LPDJH�RU�D�PDS�EXW�LQ�D�PXOWLWHPSRUDO�FROOHFWLRQ�RI�LPDJHV�DQG�PDSV
LQVWHDG���9DULRXV�SDUDOOHO�DGYDQFHPHQWV�LQ�VHQVRU�WHFKQRORJ\�KDYH�DOORZHG�XV�WR�FROOHFW�HDVLO\�YDOXDEOH
PXOWLWHPSRUDO� JHRVSDWLDO� LQIRUPDWLRQ�� 5HOLDEOH� VDWHOOLWH�� DHULDO� DQG� JURXQG� LPDJHU\� FDQ� EH� UHDGLO\
DYDLODEOH� RQ� GHPDQG� RU� SHULRGLFDOO\�� $GYDQFHPHQWV� LQ� YLGHR� VHQVRUV� DUH� DOVR� SURYLGLQJ� XV� ZLWK� WKH
RSSRUWXQLW\�WR�FDSWXUH�G\QDPLF�HYHQWV�FDSWXUHG�LQ�YLGHR�GDWDVHWV��(YHQ�EH\RQG�LPDJHU\��WKH�DYDLODELOLW\
RI�FKHDS�DQG�FRPSDFW�SRVLWLRQLQJ�GHYLFHV�DOORZV�XV�WR�FDSWXUH�REMHFW�WUDMHFWRULHV��FUHDWLQJ�D�QRYHO�W\SH�RI
VSDWLRWHPSRUDO�LQIRUPDWLRQ��7KH�SURFHVVLQJ�DQG�DQDO\VLV�RI�VSDWLRWHPSRUDO�GDWD�FROOHFWLRQV�LV�LQWURGXFLQJ
VRPH�LQWHUHVWLQJ�FKDOOHQJHV��PRVWO\�DVVRFLDWHG�ZLWK�WKH�VL]H�DQG�FRPSOH[LW\�RI�WKH�LQIRUPDWLRQ�VSDFH�WKDW
KDV�WR�EH�H[SORUHG��,W�DOVR�LQWURGXFHV�LQWHUHVWLQJ�FKDOOHQJHV�RQ�PHWDGDWD��DV�H[LVWLQJ�DSSURDFKHV�DUH�UDWKHU
VWDWLF� LQ�QDWXUH��7KLV� SDSHU� DGGUHVVHV� WKH� XVH� RI� VSDWLRWHPSRUDO� OLIHOLQHV� WR� VXPPDUL]H� WKH� LQIRUPDWLRQ
FRQWHQW�RI�PXOWLWHPSRUDO�GDWDVHWV��7KLV� VXPPDUL]HG� LQIRUPDWLRQ�FDQ� WKHQ�EH�XVHG� WR�FUHDWH�PXOWLPHGLD
VXPPDULHV� RI� GDWDVHW� FROOHFWLRQV�� VHUYLQJ� DV� QRYHO� PXOWLPHGLD� PHWDGDWD� IRU� WKHP�� 7KH� SDSHU� GHDOV
SULPDULO\� ZLWK� PRQLWRULQJ� DSSOLFDWLRQV�� ZKHUH� IHZ� REMHFWV� PRYH� DQG� LQWHUDFW� WKURXJKRXW� D� UHODWLYHO\
VWDEOH�EDFNJURXQG�VFHQH�
�,QWHUHVWLQJ� ZRUN� RQ� VSDWLRWHPSRUDO� VXPPDUL]DWLRQ� KDV� EHHQ� SHUIRUPHG� RQ� YLGHR� DQDO\VLV�� :RUN

UHOHYDQW� WR� RXU� WRSLF� LQFOXGHV� WKH� XVH� RI� LPDJH� WHPSODWHV�� VWDWLVWLFDO� IHDWXUHV�� DQG� KLVWRJUDP�EDVHG
UHWULHYDO�DQG�SURFHVVLQJ�WHFKQLTXHV�>&KDQJ�HW�DO�������@��9LGHR�VXPPDUL]DWLRQ�LV�WKH�REMHFWLYH�RI�ZRUN�RQ
WKH�JHQHUDWLRQ�RI�D�³VNLP´�YLGHR� WR�UHSUHVHQW�D�V\QRSVLV�RI�WKH�RULJLQDO�YLGHR� WDNLQJ� LQWR�FRQVLGHUDWLRQ
ERWK�YLVXDO�DQG� VSHHFK�SURSHUWLHV� >6PLWK�	�.DQDGH�� ����@��9LGHR� SRVWHUV� KDYH� DOVR� EHHQ� SURSRVHG� DV
DOWHUQDWLYHV� WR� GHVFULEH� D� YLGHR� VWRU\� FRQWHQW� ><HXQJ� 	� <HR�� ����@�� :RUN� RQ� WRSLFV� XVHIXOH� IRU
VXPPDUL]DWLRQ�LQFOXGHV�WKH�DSSURDFKHV�WR�LGHQWLI\�GLIIHUHQW�VFHQHV�ZLWKLQ�D�YLGHR�VWUHDP�E\�DQDO\]LQJ�D
YDULHW\� RI� SURSHUWLHV� >9DVFRQFHORV� 	� /LSSPDQ�� ����@� DQG� WKH� ZRUN� WR� H[WUDFW� DQG� UHFRJQL]H� PRYLQJ



REMHFWV�� DQG� FODVVLI\� WKHLU� PRWLRQ� >0HGLRQL� HW� DO��� ������ 5RVDOHV� 	� 6FODURII�� ����@�� ,Q� DGGLWLRQ�� WKH
JHQHUDWLRQ�RI�VSDWLRWHPSRUDO�V\QWKHWLF�GDWDVHWV�WR�VLPXODWH�PRYHPHQW�WUDMHFWRULHV�LV�SUHVHQWHG�LQ�>3IRVHU
	� 7KHRGRULGLV�� ����@�� ,Q� WKH� GDWDEDVH� GRPDLQ�� ZH� KDYH� WKH� ZRUN� WHPSRUDO� ]RRPLQJ� RI� >+RUQVE\� 	
(JHQKRIHU������@�
,Q�WKLV�SDSHU�ZH�SUHVHQW�D�JHQHUDO�IUDPHZRUN�IRU�WKH�DQDO\VLV�RI�VSDWLRWHPSRUDO�GDWDVHW��)RU�UHIHUHQFH

ZH� DVVXPH� WKH� XVH� RI� YLGHR� GDWD� DV� LQSXW� IRU� RXU� ZRUN�� :H� GUDZ� RXU� PRWLYDWLRQ� IURP� PRQLWRULQJ
DSSOLFDWLRQV�� ZKHUH� REMHFWV� PRYH� DQG� LQWHUDFW� WKURXJKRXW� D� UHODWLYHO\� VWDEOH� EDFNJURXQG� VFHQH�� :H
SUHVHQW�D�IUDPHZRUN�WR�DQDO\]H�VXFK�GDWDVHWV�LQ�RUGHU�WR�SURGXFH�EULHI�VXPPDULHV�RI�WKHLU�FRQWHQW��2XU
DSSURDFK�PDNHV�XVH�RI�DQ�DQDO\VLV�RI�VSDWLRWHPSRUDO� OLIHOLQHV� WR�GHVFULEH�WKH�SDWK�LQ�VSDFH�DQG�WLPH�RI
REMHFWV�LQ�RXU�GDWDVHW��$�OLIHOLQH�FDQ�EH�EURDGO\�GHILQHG�DV�D�VHTXHQFH�RI�WKH�VSDWLDO�ORFDWLRQV��[�\�]�L�RI�DQ
REMHFW�RYHU�D�WLPH�LQWHUYDO��W��W���GXULQJ�ZKLFK�DQ�REMHFW�KDV�PRYHG�IURP�RQH�ORFDWLRQ�WR�DQRWKHU��,Q�WKH
FDVH�RI�D�YLGHR�GDWDVHW�WKLV�LQWHUYDO�LV�XVXDOO\�D�YLGHR�VKRW��DQG�WKH�VHTXHQFH�RI�VSDWLDO�ORFDWLRQV�GHVFULEHV
WKH�REMHFW¶V�ORFDWLRQ�DW�HYHU\�IUDPH��RU�DW�IL[HG�WLPH�LQWHUYDOV��H�J��HYHU\�VHFRQG���$OWHUQDWLYHO\�WKH�WLPH
LQWHUYDO�RI�DQ�REMHFW¶V�OLIHOLQH�PD\�EH�D�VXEVHW�RI�D�ORQJHU�YLGHR�VKRW��DV�W��DQG�RU�W��PD\�EH�WKH�WLPH�WKH
REMHFW�HQWHUHG�DQG�RU�H[LWHG�WKH�YLGHR�FDPHUD�ILHOG�RI�YLHZ�� ,QGLYLGXDO�OLIHOLQHV�DUH�DQDO\]HG�WR�LGHQWLI\
FULWLFDO� SRLQWV�� GHQRWLQJ� LQVWDQFHV� ZKHUH� WKH� REMHFW
V� EHKDYLRU� FKDQJHV� �H�J�� DFFHOHUDWHV�� RU� PDNHV� DQ
DEUXSW� WXUQ���7KHVH� LQVWDQFHV�GHQRWH�HYHQWV� LQ�DQ�REMHFW¶V� WUDMHFWRU\�� DQG�DUH� LPSRUWDQW� LQIRUPDWLRQ� IRU
VXEVHTXHQW�DQDO\VLV��:H�FDQ�PRYH�IURP�VLQJOH�WR�PXOWLSOH�WUDMHFWRULHV�E\�VSDWLDO�UHODWLRQV��H�J��WRSRORJ\�
RULHQWDWLRQ��GLVWDQFH��DQG�WKLV�DOORZV�XV�WR�LGHQWLI\�JURXSV�RI�REMHFWV��RU�EHKDYLRUDO�VLPLODULWLHV�LQ�JHQHUDO�
,W� VKRXOG� EH� QRWHG� WKDW� DW� WKLV� VWDJH�� RXU� DQDO\VLV� IRFXVHV� RQ� WKH� VSDWLDO� SURSHUWLHV� RI� DQ� REMHFW� �H�J�
ORFDWLRQ��VKDSH���DQG�ZH�DUH�QRW�DGGUHVVLQJ�WKHPDWLF�LQIRUPDWLRQ��H�J��XVH��RZQHUVKLS��

�:KLOH�ZH�IRFXV�RQ�WKH�DQDO\VLV�RI�YLGHR�GDWDVHWV��WKH�IUDPHZRUN�FDQ�EH�JHQHUDOL]HG�WR�IXQFWLRQ�RQ�DQ\
W\SH�RI�VSDWLRWHPSRUDO�GDWDVHWV��,QGHHG��D�YLGHR�VHTXHQFH�FRXOG�EH�VXEVWLWXWHG�E\�D�ODUJH�FROOHFWLRQ�RI�*,6
OD\HUV�UHSUHVHQWLQJ�GLIIHUHQW� LQVWDQFHV�RI�WKH�VDPH�DUHD�RYHU�PDQ\�\HDUV��RU�E\�D�FROOHFWLRQ�RI� LPDJHU\
JDWKHUHG� E\� D� VDWHOOLWH� DV� LW� SDVVHV� RYHU� WKH� VDPH� UHJLRQ� LQ� LWV� OLIHWLPH�� RU� HYHQ� E\� WKH� SRVLWLRQDO
LQIRUPDWLRQ�RI�*36�HQDEOHG�DJHQWV�URDPLQJ�LQ�D�ILHOG��6LPLODUO\��DQ�REMHFW�LQ�D�YLGHR�VHTXHQFH�FRXOG�EH
VXEVWLWXWHG�E\�DQ�HYROYLQJ�JHRVSDWLDO�HQWLW\��H�J��D�FURS�ILHOG�RU�D�EXLOGLQJ�FRPSOH[��

7KLV�SDSHU�LV�RUJDQL]HG�DV�IROORZV��,Q�VHFWLRQ���ZH�SUHVHQW�D�JHQHUDO�RYHUYLHZ�RI�RXU�VXPPDUL]DWLRQ
IUDPHZRUN��,Q�VHFWLRQ���ZH�SUHVHQW�RXU�QRYHO�DSSURDFK�IRU�VLQJOH�REMHFW�JHQHUDOL]DWLRQ��ZKLOH�LQ�VHFWLRQ��
ZH�GLVFXVV�LVVXHV�UHODWHG�WR�WKH�JURXSLQJ�RI�PXOWLSOH�REMHFWV��:H�FRQFOXGH�ZLWK�HDUO\�H[SHULPHQWDO�UHVXOWV
LQ�VHFWLRQ���

���3URSRVHG�)UDPHZRUN

2XU�DSSURDFK�SURFHHGV�E\�DQDO\]LQJ�WKH�VSDWLRWHPSRUDO�WUDMHFWRULHV�RI�PRYLQJ�REMHFWV��7KH�SURSRVHG
IUDPHZRUN�LV�VKRZQ�LQ�ILJXUH����,Q�WKH�YLGHR�GDWDVHW�ZH�DVVXPH�D�FODVVLILFDWLRQ�RU�FRDUVH�WUDFNLQJ�WKDW�KDV
LGHQWLILHG�LQ�HDFK�IUDPH��RU�LQ�VHOHFW�IUDPHV��WKH�DSSUR[LPDWH�RXWOLQH�RI�PRELOH�REMHFWV��7KLV�LQIRUPDWLRQ
PD\� EH� FRUUXSWHG� E\� YDULRXV� W\SHV� HUURUV� OLNH� RFFOXVLRQV�� QRLVH�� DQG� PLVFODVVLILHG� SL[HOV�� $
VSDWLRWHPSRUDO�WUDMHFWRU\�LV�SURGXFHG�E\�OLQNLQJ�DOO�WKLV�LQIRUPDWLRQ�DQG�LQFOXGHV�LQKHUHQWO\�DOO�SHUWLQHQW
LQIRUPDWLRQ�IRU�WKH�EHKDYLRU�RI�D�PRYLQJ�REMHFW�RYHU�WKH�FRUUHVSRQGLQJ�WLPH�LQWHUYDO��+RZHYHU��VRPH�RI
WKLV�LQIRUPDWLRQ�LV�UHGXQGDQW�DQG�VKRXOG�EH�WUXQFDWHG�IRU�LPSURYHG�DQDO\VLV��VWRUDJH��DQG�FRPPXQLFDWLRQ�
ZKLOH�VRPH�RI�WKLV�LQIRUPDWLRQ�LV�VLJQLILFDQW�DQG�VKRXOG�EH�LGHQWLILHG�DQG�HPSKDVL]HG��,Q�RUGHU�WR�FDSWXUH
WKH� VLJQLILFDQW�SRUWLRQ�RI� WKLV� LPPHQVH� GDWD� IORZ��ZH� UHTXLUH� WKH� HIILFLHQW� DQG� DFFXUDWH� VSDWLRWHPSRUDO
JHQHUDOL]DWLRQ�RI�WKHVH�WUDMHFWRULHV�

7UDMHFWRULHV�FDQ�EH�SHUFHLYHG�DV�SDWKV�LQ�WKH�VSDWLRWHPSRUDO��67��VSDFH��7KHUHIRUH��ZH�KDYH�H[WHQGHG�D
PHWKRGRORJ\� RULJLQDOO\� LQWHQGHG� WR� SHUIRUP� URDG� H[WUDFWLRQ� IURP� VDWHOOLWH� LPDJHU\� WR� FDSWXUH� DQG
JHQHUDOL]H� VSDWLRWHPSRUDO� WUDMHFWRULHV�� 2XU� URDG� H[WUDFWLRQ� DSSURDFK� ZDV� EDVHG� RQ� WKH� XVH� RI� VHOI�
RUJDQL]LQJ�PDSV��620��>.RKRQHQ�����@�� WR�H[WUDFW�URDG�FHQWHUOLQHV�>'RXFHWWH�HW�DO�������@��7KH�620



WHFKQLTXH� QRW� RQO\� OLQNV� SL[HOV� LQWR� URDG� FHQWHUOLQHV�� EXW� DOVR� GLVWULEXWHV� QRGHV� DORQJ� WKH� URDG� WR
JHQHUDOL]H�WKH�H[WUDFWHG�FHQWHUOLQH�

&RPPRQ�620�VROXWLRQV�SUHVHQW�VRPH�VKRUWFRPLQJV��PRVW�QRWDEOH�RI�ZKLFK�DUH�WKH�KLJK�YDULDELOLW\�RI
WKH� WHFKQLTXH� LQ�YDULRXV� LWHUDWLRQV��DQG� WKH� LQDELOLW\� WR�GHQVLI\� WKH�QXPEHU�RI�QRGHV� LQ�KLJKO\� FRPSOH[
DUHDV��7R�RYHUFRPH� WKLV�SUREOHP�ZH� LQWURGXFH� LQ� WKLV�SDSHU� D�K\EULG� DSSURDFK��ZKHUH�620� LV� IXUWKHU
HQKDQFHG�E\�D�JHRPHWULF�DQDO\VLV��7KLV�DOORZV�XV�WR�LGHQWLI\�KLJK�YDULDWLRQ�DUHDV��H�J��PRPHQWV�RI�UDSLG
WXUQV�� RU� DEUXSW�DFFHOHUDWLRQ�GHFHOHUDWLRQ� LQ� D�YLGHR��DQG�GHQVLI\� VHOHFWLYHO\� WKH� QXPEHU� RI� QRGHV� RYHU
WKHVH�LQWHUYDOV��6LPLODUO\��ZH�FDQ�DOVR�LGHQWLI\�DUHDV�RI�ORZ�YDULDWLRQV��H�J��LQWHUYDOV�RI�VWHDG\�PRYHPHQW�
DQG�VHOHFWLYHO\�WKLQ�WKH�QXPEHU�RI�QRGHV�RYHU�WKHVH�LQWHUYDOV��7KLV�JHRPHWULFDOO\�HQKDQFHG�620�VROXWLRQ
DOORZV� XV� WR� H[WUDFW� JHQHUDOL]HG� OLIHOLQHV� IURP� WKH� GHQVH� VSDWLRWHPSRUDO� WUDMHFWRULHV� RI� VLQJOH� REMHFWV�
0XOWL�REMHFW�WUDMHFWRU\�DQDO\VLV�LQWURGXFHV�UHODWLRQDO�FRQVLGHUDWLRQV�IRU�WKH�VHOHFWLRQ�RI�DGGLWLRQDO�QRGHV�
([DPSOHV� RI� LPSRUWDQW� VSDWLRWHPSRUDO� REMHFW� UHODWLRQV� LQFOXGH� WRSRORJ\�� SUR[LPLW\�� DQG� XVHU� GHILQHG
UHVWULFWLRQV��$Q�DQDO\VLV�RI�WKHVH�SURSHUWLHV�FDQ�SURYLGH�XV�ZLWK�TXDQWLWDWLYH�PHWULFV�WR�GHILQH�TXDOLWDWLYH
FRQFHSWV� OLNH� µJURXS¶�� µFRQYR\¶�� RU� µH[SHFWHG� EHKDYLRU¶�� ZKLFK� DUH� HVVHQWLDO� IRU� VXPPDUL]LQJ
VSDWLRWHPSRUDO�GDWDVHWV��6XFK�PXOWL�REMHFW�LQIRUPDWLRQ�SURYLGHV�XV�ZLWK�DGGLWLRQDO�LQSXW�ZKHQ�LGHQWLI\LQJ
LPSRUWDQW�LQVWDQFHV�LQ�RXU�GDWDVHWV��DQG�DOORZV�XV�WR�PRYH�WR�KLJKHU�OHYHOV�RI�DEVWUDFWLRQ�

)LJXUH����2XWOLQH�RI�SURSRVHG�IUDPHZRUN

)RU�YLGHR�VHJPHQWDWLRQ�� VWRUDJH�� DQG� UHWULHYDO�DSSOLFDWLRQV�� WKH�PRVW� LPSRUWDQW� DVSHFW�RI�RXU�K\EULG
JHQHUDOL]DWLRQ� DSSURDFK� LV� WKDW� LW� DFFRPPRGDWHV� VSDWLRWHPSRUDO� ]RRPLQJ�� 7KLV� ]RRPLQJ� LV� EDVHG� RQ� D
G\QDPLF��FRQWHQW�GHILQHG�VFDOH�UDWKHU� WKDQ�D�VWDEOH�WHPSRUDO� LQFUHPHQW�EDVHG�VFDOH�� ,Q�RWKHU�ZRUGV��ZH
FDQ� XVH�PRUH� IUDPHV�� FORVHU� WR� HDFK� RWKHU� WR� UHSUHVHQW� DEUXSW� PRWLRQV�� FRPSDUHG� WR� IHZHU� IUDPHV� WR
UHSUHVHQW�VPRRWK��UHJXODU�PRYHPHQWV��,Q�DGGLWLRQ��WKH�UHVXOWLQJ�OLIHOLQHV�FDQ�EH�VHUYH�DV�REMHFW�PHWDGDWD
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ILOHV�WKDW�IDFLOLWDWH�UHWULHYLQJ��TXHU\LQJ�DQG�VLPLODULW\�PDWFKLQJ��7KH\�GLVPDQWOH�WKH�EHKDYLRU�RI�D�PRYLQJ
REMHFW�LQ�LWV�SULPDU\�DWWULEXWHV��DQG�WKXV�HQDEOH�EHKDYLRU�EDVHG�TXHULHV� ��

���6LQJOH�2EMHFW�$QDO\VLV

7KH�VHOI�RUJDQL]LQJ�PDS��620��DOJRULWKP�LV�D�QRQOLQHDU�DQG�QRQSDUDPHWULF� UHJUHVVLRQ�VROXWLRQ� WR�D
FODVV�RI�YHFWRU�TXDQWL]DWLRQ�SUREOHPV�� ,W�EHORQJV� WR�D�GLVWLQFW�FODVV�RI�DUWLILFLDO�QHXUDO�QHWZRUNV� �$11�
FKDUDFWHUL]HG�E\�XQVXSHUYLVHG�DQG�FRPSHWLWLYH�OHDUQLQJ��,W�SURFHHGV�E\�GLVWULEXWLQJ�QRGHV�WR�GHVFULEH�WKH
VSDWLDO�GLVWULEXWLRQ�RI�WKH�LQSXW�VSDFH��:H�XVH�LW�DV�WKH�EDVLV�RI�RXU�VSDWLRWHPSRUDO�JHQHUDOL]DWLRQ�

6WDQGDUG�620�DOJRULWKPV�WHQG�WR�IXQFWLRQ�ZHOO�ZKHQ�OLQHDUL]LQJ�URDG�VHJPHQWV�LQ�DHULDO�LPDJHU\��DV
WKHVH�VHJPHQWV�DUH�UHDVRQDEO\�VPRRWK�OLQHV��+RZHYHU��VSDWLRWHPSRUDO�WUDMHFWRULHV�WHQG�WR�LQFOXGH�DEUXSW
YDULDWLRQV��H�J��DQ�REMHFW�PD\�FKDQJH�LWV�YHORFLW\�DQG�RULHQWDWLRQ�YHU\�RIWHQ�LQ�D�OLPLWHG�DUHD���7KLV�PDNHV
WKH� XVH� RI� VWDQGDUG� 620� WHFKQLTXHV� LQDGHTXDWH� IRU� VSDWLRWHPSRUDO� JHQHUDOL]DWLRQ�� 7R� RYHUFRPH� WKLV
SUREOHP� ZH� KDYH� GHYHORSHG� D� K\EULG� JHRPHWU\�HQKDQFHG� WHFKQLTXH�� &RPSDUHG� WR� D� VWDQGDUG� 620
SURFHVV��RXU�K\EULG�WUDMHFWRU\�DQDO\VLV�DSSURDFK�RIIHUV�WKH�DGYDQWDJHV�RI�
 � LQYDULDQFH�WR�WKH�VHOHFWLRQ�RI�WKH�LQLWLDO�QXPEHU�RI��QRGHV��DQG�WKH
 � DELOLW\�WR�VHOHFWLYHO\�GHQVLI\�RU�WKLQ�RXU�QRGH�GLVWULEXWLRQ��WR�EHWWHU�FDSWXUH�WKH�FRPSOH[LW\�RI�FRQWHQW
RI�WKH�SURFHVVHG�GDWDVHW�
7KLV� DOORZV� XV� WR� XVH�PXOWLSOH� UHVROXWLRQV�ZKHQ� JHQHUDOL]LQJ� D� VLQJOH� OLIHOLQH��7KLV� LV� HTXLYDOHQW� WR

VHOHFWLQJ� YDULRXV� VFDOH� IDFWRUV� EDVHG� XSRQ� WKH� FRPSOH[LW\� RI� WKH� LQIRUPDWLRQ� LQFOXGHG� LQ� WKH� GDWDVHW�
&RPSOH[LW\�LV�GHILQHG�LQ�RXU�FRQWH[W�DV�WKH�YDULDWLRQ�RI�DQ�REMHFW¶V�VSDWLRWHPSRUDO�ORFDWLRQ��,Q�RUGHU� WR
GHWHFW�DQG�TXDQWLI\�WKLV�YDULDWLRQ�ZH�XVH�DV�NH\�PHWULF�IRU�RXU�DQDO\VLV�WKH���GLPHQVLRQDO�DQJOH�IRUPHG
EHWZHHQ�WKUHH�VXEVHTXHQW�QRGHV�LQ�WKH���GLPHQVLRQDO�VSDWLRWHPSRUDO�VSDFH��[��\�� W���(DFK�SDLU�RI�SRLQWV
GHVFULEHV�D�µVWDWH¶�RI�VSDWLRWHPSRUDO�EHKDYLRU��7KH�DQJOH�EHWZHHQ�WZR�FRQVHFXWLYH�VWDWHV�LV�LQGLFDWLYH�RI
WKH�ORFDO�VSDWLRWHPSRUDO�YDULDWLRQ��+LJK�GHYLDWLRQV�RI�WKHVH�DQJOHV�IURP����R�LQGLFDWH�H[WUHPH�YDULDWLRQV
EHWZHHQ�VXEVHTXHQW�VWDWHV��DQG�UHTXLUH�PRUH��GHQVHO\�GLVWULEXWHG�JHQHUDOL]DWLRQ�QRGHV�

2XU� DOJRULWKP� LGHQWLILHV� ORFDWLRQV� ZKHUH� GHQVLILFDWLRQ� LV� QHHGHG� DQG� HYDOXDWHV� WKH� QXPEHU� RI
DGGLWLRQDO� UHSUHVHQWLQJ� QRGHV�� 7KHQ�� QHZ�� ORFDOL]HG� 620� VROXWLRQV� DUH� SHUIRUPHG�� DQG� WKLQQLQJ� WDNHV
SODFH� LQ� RUGHU� WR� UHPRYH� QRGHV� WKDW� GR� QRW� FRQWULEXWH� WR� JHQHUDOL]DWLRQ�� ,Q� WKLV�PDQQHU�� WKH� GHJUHH� RI
JHQHUDOL]DWLRQ�LV�EDVHG�RQ�WKH�YDOXH�RI�WKH���GLPHQVLRQDO�DQJOH��DQG�QRGH�UHSRVLWLRQLQJ�DQG�GHQVLILFDWLRQ
SURFHVV�WDNHV�SODFH�XVLQJ�WKLV�VSDWLRWHPSRUDO�DQJOH�LQIRUPDWLRQ��$�GHWDLOHG�GHVFULSWLRQ�RI�WKH�DOJRULWKP
PD\�EH�IRXQG�LQ�>6WHIDQLGLV�HW�DO�������@��7KH�SURGXFW�RI�WKLV�SURFHGXUH�LV�D�JHQHUDOL]HG�VSDWLRWHPSRUDO
OLIHWLPH�RI� WKH� LQLWLDO� GDWDVHW��)XUWKHU� VSDWLRWHPSRUDO� ]RRPLQJ�FDQ� WDNH�SODFH�E\� VHOHFWLQJ� OHVV�RU�PRUH
QRGHV�WR�GHVFULEH�WKH�PRYHPHQW�DWWULEXWHV��7KH�YDULDEOHV�XSRQ�ZKLFK�GHQVLILFDWLRQ�LV�GHWHUPLQHG�FDQ�EH
XVHU�GHILQHG�DQG�TXDQWLI\�WKH�YROXPH�RI�WKH�VSDWLRWHPSRUDO�]RRPLQJ�

$Q�HUURU�HVWLPDWLRQ�LV�GHILQHG�E\�PHDVXULQJ�WKH�GLVWDQFH�EHWZHHQ�WKH�DFWXDO�DQG�JHQHUDOL]HG�OLQH�XVLQJ
ERWK�620�DQG�K\EULG�JHRPHWU\�620�JHQHUDOL]DWLRQ�SURGXFWV���ILJ���

)LJXUH����/LIHOLQH�GLVWDQFHV�LQ�D���'�67�VSDFH�



$�PHDVXUH�RI�WKH�VSDWLRWHPSRUDO�GLVWDQFH�G67�EHWZHHQ�D�WUDMHFWRU\�L�DQG�WKH�JHQHUDOL]HG�QRGH�SRO\�OLQH
M�LV�SURYLGHG�E\�

G67 =
GQ
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ZKHUH�Q�LV�WKH�QXPEHU�RI�620�QRGHV�DORQJ�WUDMHFWRU\�M��DQG�GLM�LV�WKH�GLVWDQFH�EHWZHHQ�WKH�WUDMHFWRU\
DQG�WKH�JHQHUDOL]DWLRQ�QRGHV�LQ�WKH�67�VSDFH��)LJ������8VLQJ�ERWK�JHQHUDOL]DWLRQ�WHFKQLTXHV�LW�LV�REYLRXV
DV�GHPRQVWUDWHG�LQ�WKH�H[SHULPHQWDO�VHFWLRQ�WKDW�WKH�SURSRVHG�K\EULG�WHFKQLTXH�LV�VLJQLILFDQWO\�FORVHU�WR
WKH�RULJLQDO�GDWDVHW�WKDQ�WKH�620�RQH�

���0XOWLSOH�2EMHFW�$QDO\VLV

7KH�FRQVLGHUDWLRQ�RI�PXOWLSOH�REMHFWV�EULQJV�IRUZDUG�WKH�QHHG�WR�DGGUHVV�WZR�LVVXHV��)LUVW��ZH�KDYH�WR
VHOHFW�VSHFLILF�WLPH�LQVWDQFHV�IRU�RXU�YLGHR�VXPPDULHV�XVLQJ�LQGHSHQGHQW�QRGHV�IURP�PXOWLSOH�WUDMHFWRULHV�
6HFRQG��ZH�KDYH�WR�FRQVLGHU�WKH�LQWURGXFWLRQ�RI�DGGLWLRQDO�QRGHV�ZKHQ�WDNLQJ�LQWR�DFFRXQW�WKH�UHODWLRQV�RI
WZR�RU�PRUH�WUDMHFWRULHV��2QH�FDQ�HDVLO\�XQGHUVWDQG�WKDW�WKH�WHPSRUDO�FRRUGLQDWHV�RI�QRGHV�GHVFULELQJ�WKH
SDWK�RI�REMHFW�L��DQG�WKHVH�GHVFULELQJ�WKH�SDWK�RI�DQRWKHU�REMHFW�M��PD\�EH�WRWDOO\�GLVMRLQW��7KH�FRPSDUDWLYH
DQDO\VLV�RI�WKHVH�WZR�OLIHOLQHV�PD\�\LHOG�LQVWDQFHV�RI�LQWHUHVW��IRU�H[DPSOH�ZKHQ�WKH\�DSSURDFK�HDFK�RWKHU�
7KHUHIRUH��ZH�LQWURGXFH�QRGHV�WHUPHG�³SUR[LPLW\�QRGHV´�ZKHQ�WKH�GLVWDQFH�EHWZHHQ�WZR�RU�PRUH�REMHFWV
GURSV�EHORZ�FHUWDLQ�SUHGHILQHG�WKUHVKROG��,Q�DGGLWLRQ��WKH�XVHU�PD\�GHILQH�DUHDV�RI�LQWHUHVW�ZLWKLQ�ZKLFK
ZH�FDQ�LQFUHDVH�WKH�PRQLWRULQJ�UHVROXWLRQ�

7RSRORJLF�UHODWLRQV�DOVR�GHILQH�LPSRUWDQW�LQIRUPDWLRQ�WKDW�LV�FDSWXUHG�WKURXJK�DGGLWLRQDO�QRGHV��)RU�D
WHPSRUDO� LQVWDQFH� WKH� HOHPHQWV� LQFOXGHG� LQ� D� UHODWLRQDO� FRPSDULVRQ� EHWZHHQ� REMHFWV� DUH� GLUHFWLRQ� DQG
GLVWDQFH��:KHQ�ZH�UHIHU�WR�D�WHPSRUDO�LQFUHPHQW��GLIIHUHQFHV�LQ�GLUHFWLRQ�DQG�GLVWDQFH�DUH�RI�LQWHUHVW��,Q
DGGLWLRQ�� WKHVH� DWWULEXWHV� DOVR� UHIHU� WR� RQH� REMHFW� HYROYLQJ� LQ� WLPH�� ,Q� WKLV� FDVH� FDUGLQDO� GLUHFWLRQ� RU
DEVROXWH� GLVWDQFHV� GR� QRW� FRQWULEXWH� WR� WKH� VLJQLILFDQFH� RI� WKH� FKDQJH��7KHLU�GLIIHUHQFHV� SOD\� WKH�PRVW
LPSRUWDQW� UROH�� ,Q� RUGHU� WR� FDSWXUH� WKH� LQVWDQWDQHRXV� UHODWLRQ� EHWZHHQ� WZR� REMHFWV� ZH� XVH� RQH� RI� WKH
NQRZQ�WRSRORJ\�FDUGLQDOLW\�PRGHOV�>(JHQKRIHU�	�)UDQ]RVD������@��7KHVH�UHODWLRQV�DUH�TXDQWLILHG�WKURXJK
WRSRORJLF�PRGHOV�EXW�WKH\�DUH�EH\RQG�WKH�VFRSH�RI�WKLV�SDSHU�

,Q� RUGHU� WR� LQWHJUDWH� DQG�PHUJH� DOO� WKH� VHOHFWHG� QRGHV� IURP�PXOWLSOH� WUDMHFWRULHV�� ZH� LQWURGXFH� FR�
UHJLVWUDWLRQ� FKHFNV� WR� KDQGOH� RYHUFURZGHG� QRGH� DUHDV�� :KHQ� JURXSLQJ� PXOWLSOH� WUDMHFWRULHV�� QRGHV
VHSDUDWHG� E\� OHVV� WKDQ� D� PLQLPXP� LQWHUYDO� GW� DUH� PHUJHG� DQG� VXEVWLWXWHG� E\� D� VLQJOH� DYHUDJH� QRGH
�DYHUDJLQJ�SURFHVV���+RZHYHU��ZKHQ�DGMDFHQW�QRGHV�DUH�GHVFULELQJ�ORQJ�VHJPHQWV�WKH�VXPPDU\�LV�ORFDOO\
DSSUR[LPDWHG�E\�D�EULHI�QHDU�YLGHR�VHJPHQW��2WKHUZLVH��LW�LQFOXGHV�GLVWLQFW�VSDUVH�LQVWDQFHV��&RPELQHG�
WKHVH� VSDUVH� LQVWDQFHV� DQG� EULHI� YLGHR� VHJPHQWV� SURGXFH� D� QHZ� UHSUHVHQWDWLYH� DQG� FRQFLVH� YLGHR
VXPPDU\��ZKHUH� WHPSRUDO� UHVROXWLRQ� FKDQJHV�G\QDPLFDOO\�� WR�EHVW�FDSWXUH� YDULDWLRQV� RI� VSDWLRWHPSRUDO
DWWULEXWHV�

���([SHULPHQWV

7KH�DSSURDFK�GHVFULEHG�LQ�WKLV�SDSHU�KDV�EHHQ�LPSOHPHQWHG�LQ�WKH�0$7/$%�HQYLURQPHQW��:H�FUHDWHG
V\QWKHWLF�GDWDVHWV�RI�PRYLQJ�REMHFWV�WR�XVH�LQ�RXU�H[SHULPHQWV��:H�DOVR�JHQHUDWHG�UDQGRP�EHKDYLRUV�RI
VSDWLRWHPSRUDO� WUDMHFWRULHV� WR� GHVFULEH� REMHFWV� PRYLQJ� ZLWK� VWDEOH� RU� YDULDEOH� YHORFLW\�� 7KH� IROORZLQJ
ILJXUHV�VKRZ�VRPH�H[SHULPHQWV�SHUIRUPHG�LQ�RUGHU�WR�H[KLELW�WKH�SUHVHQWHG�WHFKQLTXHV�



,Q�ILJXUH���ZH�SUHVHQW�D�URXJK�JHQHUDOL]DWLRQ�RI�D�VSDWLRWHPSRUDO�WUDMHFWRU\��D���WKH�GHQVLILFDWLRQ�RI�WKH
VSDWLRWHPSRUDO�WUDMHFWRU\�ZLWK�GLIIHUHQW�JHQHUDOL]DWLRQ�UHVROXWLRQ��E�F���WKH�SURGXFW�RI�WKLQQLQJ��G���DQG�D
GHWDLO�RI�WKH�JHQHUDOL]DWLRQ��H���7KH�SRO\JRQLF�OLQH�LQ�ILJXUH��H�GHPRQVWUDWHV�WKH�VWDQGDUG�620�VROXWLRQ�
:H�FDQ�HDVLO\�VHH�KRZ�WKH�QRGHV�IURP�RXU�K\EULG�DSSURDFK�GHVFULEH�WKH�WUDMHFWRU\�PXFK�EHWWHU�WKDQ�WKH
VWDQGDUG�VROXWLRQ�

)LJXUH����D��620�JHQHUDOL]DWLRQ��E�F��SURSRVHG�JHQHUDOL]DWLRQ�ZLWK�GLIIHUHQW�GHQVLILFDWLRQ
SDUDPHWHUV��G��WKLQQLQJ�SURGXFW��H��JHQHUDOL]DWLRQ�GHWDLO�

,Q� ILJXUH� �� WKH� 620�JHQHUDOL]DWLRQ� LV� GHVFULEHG� E\� ³VWDU´� QRGHV�ZKLOH� WKH� K\EULG� JHQHUDOL]DWLRQ� LV
GHSLFWHG�ZLWK�WULDQJXODU�QRGHV��7KH�506�HUURU�DV�GHILQHG�LQ�VHFWLRQ���LV����SL[HOV�IRU�WKH�620�UHVXOW�DQG
RQO\���SL[HOV�IRU�WKH�UHVXOW�RI�RXU�K\EULG�WHFKQLTXH�
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)LJXUH����3UHFLVLRQ�FRPSDULVRQ�EHWZHHQ�620�DQG�K\EULG�WHFKQLTXHV�

,Q�ILJXUH���ZH�GHPRQVWUDWH�WKH�VHOHFWLRQ�RI�SUR[LPLW\�QRGHV��:H�JHQHUDWHG�WZR�WUDMHFWRULHV�WUDYHOLQJ
WKURXJK�URDGV�LQ�WKH�VFHQH�VKRZQ�LQ�ILJXUH��D��7KH�SUR[LPLW\�QRGHV�DUH�LGHQWLILHG�DQG�VKRZQ�DV�FLUFOHV
DORQJ�WKH�FRUUHVSRQGLQJ�WUDMHFWRULHV�LQ�ILJXUH��E�
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)LJXUH����0RYLQJ�GDWDVHWV�RQ�LPDJH�DQG�SUR[LPLW\�QRGHV�

�D� �������������������E� �����F� � ����G� ���H�

506�VRP� �����

506�K\E� ����

D� E�



)LQDOO\��ZH�VKRZ�WKH�FR�UHJLVWUDWLRQ�RI�WZR�WUDMHFWRULHV�LQ�ILJXUH����7KH�QRGHV�IRU�WKHVH�WZR�WUDMHFWRULHV
DUH�GHQRWHG�E\�VWDUV�DQG�WULDQJOHV�RQ�WKH�OHIW�KDQG�VLGH��7KH�VWUXFWXUH�RI�WKH�FRUUHVSRQGLQJ�VXPPDU\� LV
VKRZQ� LQ� ILJXUH� �� ZLWK� HORQJDWHG� VHJPHQWV� LQGLFDWLQJ� VKRUW� YLGHRV� DQG� VPDOO� VTXDUHV� DQG� FLUFOHV
LQGLFDWLQJ�VSDUVH�LQVWDQFHV�

)LJXUH����5HJLVWUDWLRQ�DQG�UHSUHVHQWDWLRQ�RI�SURGXFW�VXPPDU\�

7KH� DERYH� ILJXUHV� DUH� HDUO\� H[SHULPHQWDO� UHVXOWV� DQG� LQGLFDWH� WKH� SHUIRUPDQFH� RI� RXU� SURSRVHG
DSSURDFK�� ,WV� PDLQ� DGYDQWDJH� LV� WKH� SRWHQWLDO� IRU� IXOO� DXWRPDWLRQ�� DQG� WKH� DELOLW\� IRU� REMHFWLYH� \HW
PHDQLQJIXO�DQDO\VLV�RI�VSDWLRWHPSRUDO�GDWDVHWV�WR�VXSSRUW�WKHLU�VWRULQJ��EURZVLQJ��DQG�TXHU\LQJ��7KHVH�DUH
LVVXHV�WKDW�ZH�ZLOO�EH�DGGUHVVLQJ�LQ�WKH�QHDU�IXWXUH�

$FNQRZOHGJPHQWV

7KLV�ZRUN�ZDV�VXSSRUWHG�E\�WKH�1DWLRQDO�6FLHQFH�)RXQGDWLRQ�WKURXJK�'LJLWDO�*RYHUQPHQW�DZDUG�QXPEHU
'*,���������
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