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7RSRORJLFDO� PDSV� SURYLGH� D� FRPSDFW� DQG� IOH[LEOH
PHWKRG� IRU� PRELOH� URERW� QDYLJDWLRQ� ZLWKRXW� WKH
UHTXLUHPHQW�RI�KLJK�SUHFLVLRQ�ORFDOLVDWLRQ�RU�SUH�SODQQHG
WUDMHFWRULHV�� 7KH\� UHSUHVHQW� DQ� HQYLURQPHQW� DV� D� JUDSK
ZKHUH�HDFK�QRGH�RI� WKH�JUDSK� LV� D�GLVWLQFWLYH�SODFH� DQG
HDFK� HGJH� GHVFULEHV� WKH� SDWK� EHWZHHQ� WZR� GLVWLQFWLYH
SODFHV�� $� GLVWLQFWLYH� SODFH� LV� D� ORFDWLRQ� LQ� WKH
HQYLURQPHQW�ZKLFK� LV� GLVWLQJXLVKDEOH� IURP� RWKHU� SODFHV
RQ�WKH�EDVLV�RI�SDWWHUQV�REVHUYDEOH�LQ�VHQVRU\�GDWD�
7KH� PDLQ� GLIILFXOW\� ZLWK� WRSRORJLFDO� PDSV� LV� WKDW

UHOLDEOH� GLVWLQFWLYH� SODFH� UHFRJQLWLRQ� KDV� EHHQ� KDUG� WR
DWWDLQ� H[FHSW� LQ� YHU\� VLPSOH�� VWUXFWXUHG� HQYLURQPHQWV�
(YHQ�LQ�WKHVH�HQYLURQPHQWV�� IDLOXUH�WR�UHFRJQLVH�D�SODFH
DQG�IDOVH�SODFH�UHFRJQLWLRQ�KDYH�EHHQ�PDMRU�SUREOHPV�
7KLV� SDSHU� GLVFXVVHV� D� PHWKRG� IRU� UHFRJQLVLQJ

GLVWLQFWLYH� SODFHV�� GHILQHG� KHUH� DV� D� VHW� RI� IHDWXUHV
REVHUYHG� IURP� D� SDUWLFXODU� YHKLFOH� SRVH� �SRVLWLRQ� DQG
RULHQWDWLRQ���'LVWLQFWLYH�SODFH�UHFRJQLWLRQ�LV�DFKLHYHG�E\
H[WUDFWLQJ�IHDWXUHV�IURP�VHQVRU\�GDWD�DQG�PDWFKLQJ�WKHLU
UHODWLYH�JHRPHWU\�WR�WKH�UHODWLYH�JHRPHWU\�RI�WKH�IHDWXUHV
VWRUHG� LQ� WKH� WRSRORJLFDO� PDS�� ,I� WKH� REVHUYHG� IHDWXUHV
PDWFK� WKRVH� RI� D� GLVWLQFWLYH� SODFH�� WKHQ� WKH� SRVH� RI� WKH
URERW�UHODWLYH�WR�WKH�GLVWLQFWLYH�SODFH�SRVH�LV�GHWHUPLQHG�
([SHULPHQWDO�UHVXOWV�REWDLQHG�ZLWK�D��'�VFDQQLQJ�ODVHU

RQ�D�PRELOH�URERW�SODWIRUP�GHPRQVWUDWH�WKDW�WKLV�PHWKRG
LV� UREXVW� WR� G\QDPLF� REMHFWV�� RFFOXVLRQV� DQG� YDULHG
YLHZSRLQWV�

��,QWURGXFWLRQ

,Q� PRELOH� URERW� QDYLJDWLRQ�� WKHUH� H[LVW� WZR� PDLQ
WHFKQLTXHV� IRU� HQDEOLQJ� URERW� ORFDOLVDWLRQ� ZLWKLQ� DQ
HQYLURQPHQW�� 7KH� ILUVW� LV� WR� PDLQWDLQ� D� YHU\� DFFXUDWH
JOREDO� HVWLPDWH� RI� WKH� URERW
V� SRVH�� 7KLV� KDV� EHHQ
LPSOHPHQWHG� XVLQJ� YDULRXV� PHWKRGV� VXFK� DV� HYLGHQFH�
JULGV� >��@�� IHDWXUH� WUDFNLQJ� >�@�� DQG� ,WHUDWLYH� &ORVHVW
3RLQWV�>�@��7KH�SUREOHP�ZLWK�DOO�RI�WKHVH�PHWKRGV�LV�WKDW
WKH\� DUH� TXLWH� IUDJLOH� WR� HUURUV� LQ� WKH� ORFDWLRQ� HVWLPDWH
DQG�WHQG�WR�IDLO�FDWDVWURSKLFDOO\�LI�WKH�HVWLPDWHG�ORFDWLRQ
GULIWV�WRR�IDU�IURP�WKH�WUXH�ORFDWLRQ��7KLV�LV�XVXDOO\�GXH�WR
D� IDLOXUH� WR� SHUIRUP� FRUUHFW� GDWD� DVVRFLDWLRQ� �L�H��� WR
DVVRFLDWH� QHZO\� REVHUYHG� IHDWXUHV� ZLWK� SUHYLRXVO\
REVHUYHG�IHDWXUHV��
7KH� VHFRQG� WHFKQLTXH� LV� WR� ORFDOLVH� YLD� D� WRSRORJLFDO

PDS��7RSRORJLFDO�PDSV�DUH�D�JUDSK�EDVHG�GHVFULSWLRQ�RI

DQ� HQYLURQPHQW� FRPSULVLQJ� RI� QRGHV� DQG� FRQQHFWLQJ
HGJHV� RU� SDWKV�� (DFK� QRGH� RI� WKH� PDS� LV� D� GLVWLQFWLYH
SODFH� >�@� LQ� WKH� HQYLURQPHQW� DQG� WKH� FRQQHFWLQJ� SDWKV
EHWZHHQ�QRGHV�DUH�VHWV�RI�EHKDYLRXUV�WKDW�ZLOO�HQDEOH�WKH
YHKLFOH� WR� WUDYHO� IURP�RQH� GLVWLQFWLYH� SODFH� WR� WKH� QH[W�
7KHVH� PDSV� KDYH� WKH� DGYDQWDJHV� RI� FRPSDFWO\
UHSUHVHQWLQJ� WKH� HQYLURQPHQW� LQ� DQ� LQWXLWLYH� IRUPDW� DQG
EHLQJ� TXLWH� UREXVW� WR� LQDFFXUDFLHV� LQ� WKH� URERW
V� SRVH
HVWLPDWH��7RSRORJLFDO�PDSV�WHQG�WR�IDLO��KRZHYHU��LI�WKH\
DUH�XQDEOH�WR�UHFRJQLVH�QHDUE\�GLVWLQFWLYH�SODFHV�>��@�RU
LI� WKH\� PDWFK� D� QRGH� WR� WKH� ZURQJ� SODFH�� 7KLV� PD\� EH
EHFDXVH� RI� G\QDPLF� REMHFWV� LQ� WKH� HQYLURQPHQW� RU
SHUKDSV�VLPSO\�WKDW�WKH�URERW�LV�REVHUYLQJ�WKH�SODFH�IURP
D�GLIIHUHQW�YLHZSRLQW�
0RVW� UHFHQW� UHVHDUFK� KDV� UHVWULFWHG� GLVWLQFWLYH� SODFH

GHILQLWLRQ� WR� D� VHW� RI� PRGHOV� RI� YHU\� VLPSOH� LQGRRU
SODFHV��.XLSHUV� DQG�%\XQ� >�@� GHILQH� D� GLVWLQFWLYH� SODFH
W\SH�E\�D�VHW�RI�HOHPHQWDU\�UXOHV�VXFK�DV��HTXDO�GLVWDQFH
WR�QHDU�REMHFWV���7KH�URERW�PRYHV�LQWR�WKH�YLFLQLW\�RI�WKH
SODFH�DQG�WKHQ�PRYHV�YLD�D�KLOO�FOLPELQJ�DOJRULWKP�WR�WKH
SRLQW� ZKHUH� WKH� KLJKHVW� GLVWLQFWLYHQHVV� PHDVXUH� LV
DWWDLQHG� IURP� LWV� VRQDU� VHQVRUV��7KLV�PHWKRG�ZDV� WHVWHG
RQO\�LQ�D�VWDWLF��VLPXODWHG�HQYLURQPHQW��$\FDUG�HW�DO��>�@
XVH� VHFRQG� RUGHU� +LGGHQ� 0DUNRY� 0RGHOV� WR� OHDUQ
GLVWLQFWLYH�SODFH�W\SHV�VXFK�DV�RSHQ�GRRUV��FRUULGRUV�DQG
7�LQWHUVHFWLRQV�� 7KH� URERW� PXVW� PRYH� SDVW� D� SODFH� WR
UHFRJQLVH�LW� IURP�WKH�GDWD�VHTXHQFH�RI�LWV�VRQDU�VHQVRUV�
6HTXHQFH� PDWFKLQJ�� KRZHYHU�� ZDV� VXVFHSWLEOH� WR
G\QDPLF�REVWDFOHV�DQG�FKDQJHV�LQ�WKH�URERW
V�YLHZSRLQW�
.RUWHQNDPS� DQG� :H\PRXWK� >�@� DOVR� UHO\� RQ� VLPSOH
PRGHOV�RI�SODFH�W\SHV��7KH\�VSHFLI\�WKDW�D�SODFH�PXVW�EH
D� JDWHZD\� EHWZHHQ� WZR� DUHDV� �H�J��� D� GRRU� RU� 7�
LQWHUVHFWLRQ��� 7KHLU� VRQDU�EDVHG� SODFH� UHFRJQLWLRQ� LV
DXJPHQWHG�E\�D�YLVLRQ�VHQVRU��ZKLFK�PDWFKHV�YLVXDO�FXHV
ZLWK� DQ� LPDJH� WDNHQ� SUHYLRXVO\� DW� WKH� SODFH� ORFDWLRQ�
2ZHQ� DQG� 1HKP]RZ� >�@� DYRLG� XVLQJ� GLVWLQFWLYH� SODFH
PRGHOV� DQG�� LQVWHDG�� GHILQH� D� SODFH� E\� D� YHFWRU�PDS� RI
WKH� ODQGPDUNV� VHHQ� E\� WKHLU� VRQDU� VHQVRUV�� 7KH\� KDG
SUREOHPV�� KRZHYHU��ZKHQ� VHHLQJ� D� SODFH� IURP� GLIIHUHQW
YLHZSRLQWV�DQG�WU\�WR�RYHUFRPH�WKLV�E\�XVLQJ�D�FRPSDVV
WR�HQVXUH�WKH�VHQVRUV�DUH�DOZD\V�IDFLQJ�FRPSDVV�QRUWK�
7KH�PHWKRG�GHVFULEHG�LQ�WKLV�SDSHU�DWWHPSWV� WR�HQDEOH

UHOLDEOH�SODFH�UHFRJQLWLRQ�LQ�DQ�DUELWUDULO\�XQVWUXFWXUHG�RU
G\QDPLF�HQYLURQPHQW�XVLQJ�IHDWXUHV�H[WUDFWHG�IURP�D��'
ODVHU�VFDQ��,W�LV�GHVLJQHG�WR�UHFRJQLVH�D�GLVWLQFWLYH�SODFH
LQ� WKH� SUHVHQFH� RI� VXEVWDQWLDO� QRLVH�� RFFOXVLRQ� RU
YLHZSRLQW�YDULDWLRQ�SURYLGHG�DW�OHDVW�D�IHZ�RI�WKH�RULJLQDO



QRGH� IHDWXUHV� UHPDLQ� REVHUYDEOH�� ,I� D� QRGH� PDWFK� LV
PDGH�WKHQ�WKH�UHODWLYH�SRVH�RI�WKH�YHKLFOH�WR�WKH�QRGH�LV
REWDLQHG�
7KH�LQVSLUDWLRQ�IRU�WKLV�PHWKRG�FRPHV�IURP�DWWHPSWV�WR

VROYH� WKH� ORVW�LQ�VSDFH� SUREOHP� IRU� VWDU�WUDFNHUV� >��@�
%ULJKW� VWDUV� DUH� XVHG� DV� SRLQW� IHDWXUHV� DQG� DUH� JURXSHG
LQWR�VHWV�RI�WKUHH��WULDGV���7KH�DWWLWXGH�RI�D�VWDU�WUDFNHU�LQ
VSDFH�FDQ�WKHQ�EH�HVWLPDWHG�E\�PDWFKLQJ�WULDGV�H[WUDFWHG
IURP�DQ�LPDJH�RI�WKH�VN\�ZLWK�WULDGV�LQ�D�PDS�
)RU�WKH�PRELOH�URERW�� IHDWXUHV�DUH�H[WUDFWHG�IURP�HDFK

ODVHU�VFDQ��1RGHV�LQ�WKH�WRSRORJLFDO�PDS�DUH�GHVFULEHG�E\
WULDGV� RI� H[WUDFWHG� IHDWXUHV� �VHH� )LJXUH� ��� DQG� DQ\
VXEVHTXHQW� VFDQ� FDQ� EH� PDWFKHG� WR� WKH� QRGH�� %HFDXVH
PDWFKLQJ� LV� EDVHG� RQO\� RQ� UHODWLYH� JHRPHWU\� EHWZHHQ
WULDGV�RI� IHDWXUHV�� LW� LV� UREXVW� WR� ERWK� IDOVH� IHDWXUHV� DQG
RFFOXVLRQV�� &XUUHQWO\�� DQ� H[KDXVWLYH� WULDG� PDWFKLQJ
WHFKQLTXH�LV�XVHG�ZKLFK�LV�UDWKHU�LQHIILFLHQW�DQG�FDQ�RQO\
FRSH�ZLWK�DERXW����IHDWXUHV�LQ�UHDO�WLPH�
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)LJXUH����$�WULDG�RI�SRLQW�IHDWXUHV�

*UDSK�WKHRUHWLF�PHWKRGV�PD\�SURYLGH�D�PRUH�HIILFLHQW
PHDQV� WR� PDWFK� ODVHU� VFDQV� WKDQ� WKH� WULDG� PDWFKLQJ
PHWKRG�� &RQYHUWLQJ� WKH� PDWFKLQJ� SUREOHP� LQWR� D
0D[LPDO� &RPPRQ� 6XEJUDSK� �0&6�� SUREOHP� >�@� LV
SURSRVHG�EXW��DW�WKH�WLPH�RI�ZULWLQJ��LV�XQWHVWHG�
7KLV�SDSHU�LV�RUJDQLVHG�DV�IROORZV��6HFWLRQ���GHVFULEHV

WKH� YHKLFOHV� DQG� VHQVRUV� XVHG� WR� FROOHFW� H[SHULPHQWDO
GDWD��6HFWLRQ���GHVFULEHV�WKH�IHDWXUHV�H[WUDFWLRQ�PHWKRGV
XVHG�WR�JHQHUDWH�VWDWLF�IHDWXUHV�IURP�HDFK�ODVHU�VFDQ��7KH
QH[W�VHFWLRQ�SUHVHQWV�WKH�WULDG�PDWFKLQJ�DOJRULWKP��ZKLFK
LV� WKH� FRUH� RI� WKLV� SDSHU�� DQG� VHFWLRQ� �� SURSRVHV� DQ
RXWOLQH� IRU� XVLQJ� JUDSK� LVRPRUSKLVP� DV� DQ� DOWHUQDWLYH
PDWFKLQJ� VFKHPH�� 6HFWLRQ� �� VKRZV� WKH� UHVXOWV� RI� WKH
H[SHULPHQWDO� GDWD� DQG� VHFWLRQ� �� JLYHV� VRPH� SODQV� IRU
IXWXUH� UHVHDUFK� WR� LPSURYH� WKLV� PHWKRG� RI� GLVWLQFWLYH
SODFH� UHFRJQLWLRQ�� 7KH� ILQDO� VHFWLRQ� PDNHV� FRQFOXGLQJ
UHPDUNV� RQ� WKH� UHOLDELOLW\� RI� PDWFKLQJ� DQG� SODFH
UHFRJQLWLRQ�DV�GHPRQVWUDWHG�E\�WKH�H[SHULPHQWDO�GDWD�

��7HVW�9HKLFOHV�DQG�6HQVRUV

7KH�GDWD�XVHG�LQ�WKLV�SDSHU�ZDV�ORJJHG�IURP�DQ�LQGRRU
VFDQQLQJ�ODVHU�PRXQWHG�RQ�D�WKUHH�ZKHHOHG�PRELOH�URERW
�� 6\G1DY�� 6\G1DY�� VKRZQ� LQ� )LJXUH� ��� LV� GULYHQ� DQG
VWHHUHG� IURP� WKH� IURQW�ZKHHO�RQO\��7KH� WZR� UHDU�ZKHHOV
DUH�IL[HG�IDFLQJ�IRUZDUGV�DQG�FDQ�URWDWH�IUHHO\��7KH�IURQW
ZKHHO�KDV�YHU\�DFFXUDWH�HQFRGHU�GDWD�IRU�VWHHULQJ�������
FRXQWV� SHU� UHYROXWLRQ�� DQG� GULYH� ����� ���� FRXQWV� SHU
UHYROXWLRQ���7KHUH�DUH��KRZHYHU��TXLWH� VXEVWDQWLDO�ELDVHV
LQ� WKH� GHDG� UHFNRQLQJ� HVWLPDWH� GXH� WR� IDLUO\� FRDUVH

DSSUR[LPDWLRQV�RI�WKH�FHQWUH�ORFDWLRQ�RI�WKH�WKUHH�ZKHHOV�
WKH�IURQW�ZKHHO�UDGLXV�DQG�WKH�YHKLFOH�ZKHHOEDVH�

EDWWHULHV

SURFHVVLQJ

PRWRUV�DQG
HQFRGHUV

UDQJH

ODVHU

)LJXUH����7KH�6\G1DY�PRELOH�URERW�

7KH�VFDQQLQJ�ODVHU�SURGXFHV�D��'�VFDQ�RYHU������ZLWK
D� UHVROXWLRQ� RI� ������ ,W� KDV� D� PD[LPXP� UDQJH� RI� DERXW
��P��$�FRPSOHWH�VFDQ�IURP�WKH�ODVHU�FDQ�EH�REWDLQHG�DW�D
UDWH�RI��+]�GRZQ�D�VHULDO�OLQN�DW�������EDXG�
6RPH� DGGLWLRQDO� GDWD� ZDV� ORJJHG� LQ� DQ� RXWGRRU

HQYLURQPHQW�XVLQJ�DQ�RXWGRRU�VFDQQLQJ�ODVHU�PRXQWHG�RQ
D� TXD\VLGH� FDUJR�KDQGOLQJ� YHKLFOH� FDOOHG� D� VWUDGGOH�
FDUULHU��7KH� UHGXFHG� UHVROXWLRQ� DQG� ORQJHU� UDQJH�RI� WKLV
VHQVRU�PDGH�IHDWXUH�H[WUDFWLRQ�UDWKHU�PRUH�GLIILFXOW�WKDQ
IRU�WKH�LQGRRU�ODVHU�DQG�VR�WHVWLQJ�ZLWK�WKLV�GDWD�UHPDLQV
LQFRPSOHWH�DW�WKLV�WLPH�

��)HDWXUH�([WUDFWLRQ

)HDWXUH�H[WUDFWLRQ� LV�SHUIRUPHG�RQ�HDFK� LQGLYLGXDO� ODVHU
VFDQ��7KH�DVVXPSWLRQ�KHUH�LV�WKDW�ZLWKLQ�D�VLQJOH�VFDQ�WKH
UHODWLYH�JHRPHWU\�EHWZHHQ�IHDWXUHV�LV�IL[HG��L�H���WKH�VFDQ
LV�DQ�LQVWDQWDQHRXV�VQDSVKRW�RI�WKH�HQYLURQPHQW���7KLV�LV
UHDVRQDEOH�DV� WKH� VFDQ� VZHHS� WDNHV� DERXW���PV�DQG� WKH
LQGRRU�URERW�PRYHV�DW�OHVV�WKDQ����P�V�
3UHVHQWO\�� WKH� IHDWXUH� H[WUDFWLRQ� DOJRULWKPV� DUH� YHU\

EDVLF� EXW� WKH\� DSSHDU� WR� EH� VXIILFLHQW� WR� SURGXFH
UHDVRQDEO\� VWDEOH� IHDWXUHV� IURP� LQGRRU� ODVHU� GDWD�� 7KH
ILUVW�VWHS�LQ�IHDWXUH�H[WUDFWLRQ�LV�WR�FOXVWHU�WKH�UDQJH�GDWD�
7KLV� LV� SHUIRUPHG� VHTXHQWLDOO\� IURP� WKH� ILUVW� UDQJH
PHDVXUHPHQW��(DFK�UDQJH�PHDVXUHPHQW��5L��LV�FRPSDUHG
ZLWK� WKH� QH[W� DGMDFHQW� UDQJH� PHDVXUHPHQW�� 5L���� DV
VKRZQ�EHORZ�

D5PD[� �&����&��
�PLQ^5L��5L��`

LI�D5���D5PD[���DGG�WR�FOXVWHU

HOVH���VWDUW�QHZ�FOXVWHU

7KH�FRQVWDQWV�&��DQG�&��DUH�WXQDEOH�WR�WKH�ODVHU
V�QRLVH
DQG� UHVROXWLRQ� FKDUDFWHULVWLFV�� 7KH\� ZHUH� VHW� WR� ����P
DQG�����P�P�UHVSHFWLYHO\�IRU�WKH�H[SHULPHQWDWLRQ�LQ�WKLV
SDSHU�
$IWHU� FOXVWHULQJ�� WKHUH� DUH� WKUHH� W\SHV� RI� IHDWXUHV� WKDW

DUH� H[WUDFWHG�� IRUHJURXQG� HGJHV�� IRUHJURXQG� SRLQWV� DQG
OLQHV�� )RUHJURXQG� HGJHV� DQG� SRLQWV� DUH� REWDLQHG� E\
FKHFNLQJ�WKH�HQG�SRLQWV�RQ�WKH�WZR�HGJHV�RI�HDFK�FOXVWHU�
7KHVH� DUH� FRPSDUHG� ZLWK� WKH� HGJH� SRLQWV� RI� WKH� WZR
DGMDFHQW� FOXVWHUV�� ,I� WKH� FOXVWHU� LV� UHDVRQDEO\� ODUJH� DQG



HLWKHU�HGJH�SRLQW�KDV�D�VKRUWHU�UDQJH�WKDQ�WKH�HGJH�RQ�WKH
DGMDFHQW�FOXVWHU�� WKHQ� WKDW�SRLQW� LV�FODVVLILHG�DV�DQ�HGJH�
,I�� KRZHYHU�� WKH� FOXVWHU� LV� IDLUO\� VPDOO� DQG� ERWK� HGJH
SRLQWV�KDYH�VKRUWHU�UDQJHV�WKDQ�WKH�DSSURSULDWH�HGJHV�RI
WKH� DGMDFHQW� FOXVWHUV�� WKHQ� WKDW� FOXVWHU� LV� D� SRLQW� �VHH
)LJXUH����
/LQHV� ZHUH� H[WUDFWHG� XVLQJ� D� W\SLFDO� OHDVW�VTXDUHV

EDVHG� OLQH�ILWWLQJ�DOJRULWKP�VXFK�DV� LQ�>�@��/LQH� IHDWXUHV
DUH� QRW� FXUUHQWO\� EHLQJ� XVHG� LQ� WKH� PDWFKLQJ� SURFHVV�
7KLV� VHUYHV� WR�PDNH�PDWFKLQJ� OHVV� UHOLDEOH� DV� WKHUH� DUH
PDQ\�VWDEOH�OLQH�IHDWXUHV�ZLWKLQ� WKH� LQGRRU�HQYLURQPHQW
DQG�WKH\�DUH�JHQHUDOO\�PRUH�UHOLDEOH�WKDQ�SRLQW� IHDWXUHV�
,W�LV�KRSHG�WR�LQFRUSRUDWH�OLQH�IHDWXUHV�LQWR�WKH�PDWFKLQJ
DOJRULWKP�LQ�WKH�IXWXUH�

IRUHJURXQG

SRLQW

IRUHJURXQG

HGJH

ODVHU

)LJXUH����(GJH�DQG�SRLQW�H[WUDFWLRQ�IURP�D�ODVHU�VFDQ�

��7ULDG�0DWFKLQJ�0HWKRG

7KH� WULDG�PDWFKLQJ� PHWKRG� GHVFULEHG� LQ� WKLV� SDSHU� LV
EDVHG�RQ�DQ�LGHD�XVHG�WR�GHWHUPLQH�WKH�DWWLWXGH�RI�D�VWDU�
WUDFNHU� IURP� DQ� LPDJH� RI� WKH� VWDUVFDSH�� 4XLQH� >��@
DSSURDFKHV� WKLV� SUREOHP� E\� H[WUDFWLQJ� EULJKWHVW� VWDUV
IURP�D�VWDU�PDS��)RU�HDFK�RI�WKHVH�VWDUV�� WKH�WZR�FORVHVW
QHLJKERXULQJ� VWDUV� RI� UHDVRQDEOH� EULJKWQHVV� DUH� XVHG� WR
IRUP� D� WULDG�� ,Q� WKLV�ZD\�� D� OLVW� RI� VWDU� WULDGV� �DQG� WKHLU
UHODWLYH� JHRPHWU\�� LV� FUHDWHG��$Q\� VXEVHTXHQW� LPDJH� RI
WKH�VN\�ZLOO�KDYH�YDOLG�WULDGV�WKDW�FDQ�EH�PDWFKHG�DJDLQVW
WKH�PDS�WULDG� OLVW�DQG��KHQFH��SURYLGH� WKH�DWWLWXGH�RI� WKH
VWDU�WUDFNHU�LQ�VSDFH�
7KH� VWDU�WUDFNHU� PHWKRG� FDQQRW� EH� XVHG� GLUHFWO\� DV� D

GLVWLQFWLYH� SODFH� UHFRJQLWLRQ� DOJRULWKP� IRU� VHYHUDO
UHDVRQV��,W�DVVXPHV�SHUFHSWLRQ�RI�PDQ\��a������DFFXUDWH
VWDWLF� SRLQW� IHDWXUHV� ZLWK� YHU\� IHZ� RFFOXVLRQV� RU� IDOVH
IHDWXUHV� �H�J��� SODQHWV�� VDWHOOLWHV��� :LWK� WKHVH
DVVXPSWLRQV�� LW� RQO\� JHQHUDWHV� D� VLQJOH� WULDG� IRU� HDFK
EULJKWHVW�VWDU�IHDWXUH��7KHUH�LV�QR�FURVV�WULDQJXODWLRQ�
)HDWXUHV�H[WUDFWHG�IURP�WKH��'�ODVHU�VFDQ�DUH�VXEMHFW�WR

VXEVWDQWLDO�QRLVH��RFFOXVLRQ�DQG� IDOVH�IHDWXUHV��$OVR�� WKH
QXPEHU�RI�IHDWXUHV�H[WUDFWHG�LV�W\SLFDOO\�TXLWH�ORZ��a����
,I� WKH� IHDWXUHV�ZHUH� IRUPHG� LQWR� LVRODWHG� WULDGV� WKHQ� WKH
SUREDELOLW\�RI�VXEVHTXHQW�PDWFKHV�ZRXOG�EH�VPDOO�DV��IRU
HDFK�IDOVH�IHDWXUH�� WZR�SRVVLEO\�JRRG� IHDWXUHV�ZRXOG�EH
ORVW��7R�HQVXUH�RSWLPDO�PDWFKLQJ��WKH�PD[LPXP�QXPEHU
RI� IHDWXUH� WULDG� FRPELQDWLRQV� PXVW� EH� IRUPHG�� 7KDW� LV�

WKHUH�ZRXOG�EH�D� OLVW� RI�& 1

�
� WULDG� FRPELQDWLRQV� IRUPHG

IURP�1�IHDWXUHV�
7KH� PHWKRG� SUHVHQWO\� XVHG� WR� PDWFK� WZR� VFDQV

LQYROYHV� DQ� H[KDXVWLYH� VHDUFK� WR�PDWFK� HDFK� WULDG� IURP
RQH� VFDQ� WR� HDFK� WULDG� IURP� WKH� RWKHU�� 7KLV� LV� D� YHU\
LQHIILFLHQW�DOJRULWKP�EXW�LW�JXDUDQWHHV�WR�ILQG�D�PDWFK� LI
DW�OHDVW�WKUHH�PDWFKLQJ�IHDWXUHV�H[LVW��,W�ZDV�IRXQG�WR�EH
DEOH� WR� SHUIRUP� UHDO�WLPH� PDWFKLQJ� ZLWK� DURXQG� ��
IHDWXUHV�XVLQJ�D�&�SURJUDP�RQ�D�IDVW�3HQWLXP�,,�3&��7KH
DOJRULWKP�LV�DV�IROORZV�

)LUVW� JHQHUDWH� WKH� WRSRORJLFDO�PDS� QRGHV� IURP�GDWD� ORJJHG� LQ
WKH� HQYLURQPHQW� LQ� TXHVWLRQ�� 7KHVH� QRGHV� DUH� GHVFULEHG� E\� D
WULDG� OLVW� JHQHUDWHG� IURP� WKH� VFDQ� WDNHQ� IURP� WKH� QRGH� SRVH�
6FDQV� IURP� VXEVHTXHQW� UXQV� WKURXJK� WKH� HQYLURQPHQW� DUH
PDWFKHG� WR� WKH� PDS� VFDQV� WR� REWDLQ� WKH� UHODWLYH� SRVH� RI� WKH
YHKLFOH�ZLWK�UHVSHFW�WR�WKH�QRGH�SRVH�

7ULDG�OLVW�JHQHUDWLRQ�

���*HQHUDWH�D�OLVW�RI�GLVWDQFHV��'LM��IURP�HDFK�IHDWXUH��L��WR�HYHU\
RWKHU�IHDWXUH��M��LQ�WKH�VFDQ�

���&UHDWH� D� OLVW� RI� WULDGV� FRQVLVWLQJ� RI� DOO� WKH� FRPELQDWLRQV� RI
WKUHH� IHDWXUHV� L�� M�� N� DQG� WKHLU� DVVRFLDWHG�GLVWDQFHV�'LM��'LN�
'MN�

���)RU�HDFK�WULDG��VRUW�WKH�IHDWXUH�LQGLFHV�L��M��N�VR�WKDW�'LM��'LN�
'MN�DUH�LQ�DVFHQGLQJ�RUGHU�

���&DOFXODWH�WKH�DQJOH��MLN��RSSRVLWH�DQJOH�WR�ORQJHVW�VLGH�'MN��
���6RUW�WKH�WULDG�OLVW�DFFRUGLQJ�WR�WKH�PLQLPXP�GLVWDQFH�'LM�

7ULDG�PDWFKLQJ�

���&UHDWH�D�WULDG�OLVW�IRU�WKH�QHZ�VFDQ�
���&UHDWH�DQ�P�E\�Q�PDWUL[�RI�]HURV��0��ZKHUH�P�LV�WKH�QXPEHU
IHDWXUHV�LQ�WKH�QHZ�VFDQ�DQG�Q�LV�WKH�QXPEHU�RI�IHDWXUHV�LQ�WKH
PDS�VFDQ�

���&KHFN�VHTXHQWLDOO\�WKURXJK�WKH�WULDG�OLVW�RI�WKH�QHZ�VFDQ��)RU
HDFK� WULDG�� VHOHFW� WKH� VXEVHW� RI� PDS� VFDQ� WULDGV� WKDW� KDYH� D
YDOLG�PLQLPXP�GLVWDQFH�PDWFK�

���6HOHFW�WKRVH�WULDGV�IURP�WKH�PDS�VFDQ�VXEVHW�ZKRVH�DQJOH�DQG
UHPDLQLQJ� WZR� GLVWDQFHV� PDWFK�� �7KH� DQJOH� LQGLFDWHV� WKDW
WULDGV�ZLWK�PDWFKLQJ�VLGHV�DUH�QRW�PLUURU�LPDJH�PDWFKHV��

���)RU�HDFK�WULDG�PDWFK�WKHUH�LV�D�PDSSLQJ��QHZ�VFDQ�^L��M��N`�WR
PDS�VFDQ�^P��Q��R`��,QFUHPHQW�WKH�PDWUL[�0�DW�LQGLFHV��L��P��
�M��Q��DQG��N��R��

5HODWLYH�SRVH�FDOFXODWLRQ�

���)URP� WKH� PDWUL[� 0�� REWDLQ� WKH� WKUHH� VWURQJHVW� PDSSLQJV
�KLJKHVW�FRXQW�RI�PDWFKHV��

���&DOFXODWH� WKH� UHODWLYH� FKDQJH� LQ� SRVH� UHTXLUHG� WR� PDS� WKH
WKUHH�QHZ�VFDQ�IHDWXUHV�RQWR�WKH�WKUHH�PDS�VFDQ�IHDWXUHV�

���7UDQVIRUP� WKH�QHZ�VFDQ� IHDWXUHV� VR� WKDW� WKH� WKUHH�SRLQWV� OLH
RQ�WKHLU�DSSURSULDWH�PDS�VFDQ�SRLQWV�

���3HUIRUP� D� 1HDUHVW�1HLJKERXU� VHDUFK� IRU� DOO� WKH� QHZ� VFDQ
IHDWXUHV�LQ�UHODWLRQ�WR�WKH�PDS�VFDQ�IHDWXUHV��$�IHDWXUH�PDWFK
H[LVWV�LI�D�QHZ�VFDQ�IHDWXUH�KDV�D�PDS�VFDQ�QHDUHVW�QHLJKERXU
FORVHU�WKDQ�'PD[�

���,I�WKH�FKDQJH�LQ�SRVH�IRXQG�LQ�VWHS���UHDVRQDEO\�PDWFKHV�WKH
SUHGLFWHG�SRVH�RI�WKH�YHKLFOH�UHODWLYH�WR�WKH�PDS�SRVH��DQG�WKH
QXPEHU� RI� QHDUHVW�QHLJKERXU� PDWFKHV� LV� JUHDWHU� WKDQ� 1
�ZKHUH�1! ���WKHQ�ZH�KDYH�D�SODFH�UHFRJQLWLRQ�

��0D[LPDO�&RPPRQ�6XEJUDSK

$�SURPLVLQJ�EXW��DV�\HW��XQWHVWHG�DOWHUQDWLYH�WR�WKH�EUXWH�
IRUFH� WULDG� PDWFKLQJ� DSSURDFK� LV� D� JUDSK� WKHRUHWLF
PHWKRG�WR�ILQG� WKH�0D[LPDO�&RPPRQ�6XEJUDSK� �0&6�
>�@�� 7KH� LGHD� LV� WKDW� HDFK� IHDWXUH� IURP� D� VFDQ� IRUPV� D



JUDSK�QRGH�DQG�WKH�GLVWDQFHV�RU�DQJOHV�EHWZHHQ�IHDWXUHV
DUH�WKH�JUDSK�HGJHV�

1RGHV�� 3RLQWV�DQG�OLQHV�

(GJHV� 3RLQW�SRLQW ��GLVWDQFH

3RLQW�OLQH� ��SHUSHQGLFXODU�GLVWDQFH

/LQH�OLQH� ��DFXWH�DQJOH

$�IXOO\�FRQQHFWHG�JUDSK�LV�JHQHUDWHG�IRU�ERWK�WKH�PDS
VFDQ�DQG�WKH�QHZ�VFDQ�DQG��E\�VROYLQJ�WKH�0&6�EHWZHHQ
WKHVH� WZR� JUDSKV�� WKH� PD[LPXP� VXEJUDSK� WKDW� LV
LVRPRUSKLF� WR� ERWK� JUDSKV� LV� REWDLQHG�� ,W� LV� KRSHG� WKDW
WKLV� VXEJUDSK� ZLOO� GLUHFWO\� LQGLFDWH� WKH� PDSSLQJ� RI
IHDWXUHV� WKDW� DUH� JHRPHWULFDOO\� FRQVLVWHQW� EHWZHHQ� WKH
WZR�VFDQV�

��5HVXOWV

([SHULPHQWDO� GDWD� ZDV� ORJJHG� E\� 6\G1DY� LQ� DQ� LQGRRU
FRUULGRU�HQYLURQPHQW��VHH�)LJXUH�����$Q�DFFXUDWH�JOREDO
SRVH� RI� WKH� YHKLFOH� ZDV� FDOFXODWHG� RII�OLQH� XVLQJ� D
ORFDOLVDWLRQ�DQG�PDS�EXLOGLQJ�DOJRULWKP�GHVFULEHG�LQ�>�@�
7KLV� DFFXUDWH� SRVH� LQIRUPDWLRQ� LV� IRU� GLVSOD\� SXUSRVHV
RQO\� DQG� ZDV� QRW� XVHG� LQ� WKH� PDWFKLQJ� RU� QRGH
UHFRJQLWLRQ�SURFHVV�

)LJXUH����/DVHU�JHQHUDWHG�PDS�RI�HQYLURQPHQW
DQG�WKH�SDWK�WUDYHOHG�E\�WKH�URERW�

6L[�GLVWLQFWLYH�SODFHV�ZHUH�FKRVHQ�DW�DUELWUDU\�ORFDWLRQV
IURP�WKH�ORJJHG�GDWD�DV�VKRZQ�E\�WKH�WULDQJOHV�LQGLFDWLQJ
URERW�SRVH�LQ�)LJXUH����7KHVH�SODFHV�DUH�GHVFULEHG�E\�WKH
VLQJOH� VFDQ� WDNHQ� DW� WKDW� SRVH�� 0DWFKLQJ� ZDV� WKHQ
SHUIRUPHG� VHTXHQWLDOO\� IRU� HDFK� VFDQ� IURP� WKH
H[SHULPHQWDO�UXQ�DJDLQVW�HDFK�RI�WKH�PDS�VFDQV�

)LJXUH����6L[�GLVWLQFWLYH�SODFHV�-�WKH�SRLQW�RI�WKH
WULDQJOH�UHSUHVHQWV�WKH�IURQW�FHQWUH�RI�WKH�YHKLFOH�

$� SKRWR� RI� WKH� HQYLURQPHQW� DV� VHHQ� IURP� WKH� XSSHU�
ULJKW�KDQG� QRGH� LV� VKRZQ� LQ� )LJXUH� ��� 7KH� SRVH� RI� WKH
YHKLFOH�DW�WKLV�GLVWLQFWLYH�SODFH�DQG�LWV�GHILQLQJ�ODVHU�VFDQ
DUH� VKRZQ� LQ� )LJXUH� �� �QRWH� WKH� UDLOLQJ� SROHV�� WKH� WZR
GRRUZD\V�DQG�WKH�VXSSRUW�FROXPQ�LQ�ERWK�SLFWXUHV���7KH
SRVLWLRQV� IURP� ZKLFK� WKH� XSSHU�ULJKW�KDQG� QRGH� ZDV
YLVLEOH�DQG�FRUUHFWO\�LGHQWLILHG�DUH�LQGLFDWHG�E\�WKH�GDUN
GRWV� DQG� WKH� SRVLWLRQV� IURP� ZKLFK� LW� ZDV� IDOVHO\
LGHQWLILHG�DUH�LQGLFDWHG�E\�WKH�OLJKW�GRWV��$W�PRVW�RI� WKH
ORFDWLRQV�ZKHUH�IDOVH�PDWFKHV�ZHUH�PDGH��WKH�GLVWLQFWLYH
SODFH�ZDV� QRW� HYHQ�YLVLEOH��8VXDOO\� WKHVH� IDOVH�PDWFKHV
ZHUH� EDVHG� RQ� PDWFKHV� EHWZHHQ� WKUHH� RU� IRXU� IHDWXUHV
RQO\�� ZLWK� WKH� HYHQ� VSDFLQJ� RI� WKH� UDLOLQJ� SROHV� DV� WKH
PDLQ�RIIHQGHUV�

)LJXUH����&RUULGRU�HQYLURQPHQW�LQ�WKH�UHJLRQ�RI
WKH�XSSHU�ULJKW�KDQG�GLVWLQFWLYH�SODFH�

VWDUV�DUH�IHDWXUHV
H[WUDFWHG�IURP
WKH�GLVWLQFWLYH
SODFH�VFDQ

IDOVH�PDWFKHV��PDGH
IURP�SRVLWLRQV�PDUNHG

ZLWK�OLJKW�GRW

WUXH�PDWFKHV�PDGH
IURP�SRVLWLRQV

PDUNHG�ZLWK�GDUN�GRW

GLVWLQFWLYH
SODFH

)LJXUH����'HILQLWLRQ�RI�XSSHU�ULJKW�KDQG�QRGH�DQG
SRVLWLRQV�IURP�ZKLFK�PDWFKHV�WR�WKLV�SODFH�ZHUH�PDGH�

)LJXUH� �� VKRZV� DQ� H[DPSOH� RI� D� FRUUHFW� PDWFK� WR� WKH
XSSHU�ULJKW�KDQG� GLVWLQFWLYH� SODFH� EDVHG� RQ� ILYH
PDWFKLQJ� IHDWXUHV�� 7KH� QRGH� SRVH� DQG� WKH� QHZ� SRVH� RI
WKH�YHKLFOH�DUH�VKRZQ�LQ�WKHLU�WUXH�JOREDO�SRVLWLRQV��DV�DUH
WKHLU� UHVSHFWLYH� VFDQ� IHDWXUHV�� 7KH� DJUHHPHQW� EHWZHHQ
WKH�UHODWLYH�SRVH�JHQHUDWHG�E\�WKH�PDWFKLQJ�SURFHVV�DQG
WKH� WUXH� UHODWLYH� SRVH� FDQ� EH� VHHQ� E\� WKH� ZD\� WKH� VFDQ
IHDWXUHV�OLH�LQ�FORVH�YLFLQLW\�WR�WKHLU�DSSURSULDWH�PDSSHG



IHDWXUH��7KH�PDWFK�LQ�)LJXUH����KRZHYHU��LV�D�IDOVH�PDWFK
EDVHG�RQ�VL[�PDWFKLQJ� IHDWXUHV��7KH�IHDWXUHV� LQ� WKH�QHZ
VFDQ�ZHUH�PDSSHG� WR� WKH�QRGH� IHDWXUHV����P� WR� WKH� OHIW
DQG� WKLV� UHVXOWHG� LQ� D� ���P� GLVFUHSDQF\� EHWZHHQ� WKH
UHODWLYH�SRVH�JHQHUDWHG�E\�WKH�PDWFKLQJ�SURFHVV�DQG�WKH
WUXH�UHODWLYH�SRVH�

VWDUV�DUH�IHDWXUHV
H[WUDFWHG�IURP
WKH�PDS�VFDQ

FLUFOHV�DUH�IHDWXUHV
H[WUDFWHG�IURP�WKH

QHZ�VFDQ

YHKLFOH�SRVH
IRU�QHZ�VFDQ

)LJXUH����&RUUHFW�PDWFK�WR�WKH�GLVWLQFWLYH�SODFH�

LQ�HDFK�FDVH�WKH�QHZ�IHDWXUH��R�
KDV�PDWFKHG�WR�WKH�PDS�IHDWXUH��
�

����PHWUHV�WR�WKH�OHIW

WUXH�YHKLFOH�SRVH
IRU�QHZ�VFDQ

IDOVH�YHKLFOH�SRVH
IRXQG�UHODWLYH�WR�QRGH
SRVH�IURP�PDS�PDWFK

)LJXUH����)DOVH�PDWFK�WR�WKH�GLVWLQFWLYH�SODFH�

7KH� PDJQLWXGH� RI� WKH� GLVFUHSDQF\� EHWZHHQ� WKH� PDS
PDWFKHG� UHODWLYH�SRVH� DQG� WKH�SUHGLFWHG� UHODWLYH�SRVH� LV
WKH� EDVLV� IRU� GHWHUPLQLQJ�ZKHWKHU� WR� DFFHSW� D�PDWFK� DV
WUXH� RU� WR� UHMHFW� LW�� ,Q� WKH� H[SHULPHQW� GHVFULEHG� LQ� WKLV
SDSHU�� WKH� SUHGLFWHG� UHODWLYH� SRVH� ZDV� EDVHG� RQ� UDZ
HQFRGHU�EDVHG� RGRPHWU\�� 7UXH� PDWFKHV� ZHUH� IRXQG� E\
JDWLQJ�WKH�GLVWDQFH�GLVFUHSDQF\�DW����P�DQG�WKH�URWDWLRQDO
GLVFUHSDQF\� DW� ���� UDGLDQV�� 7KHVH� YDOXHV� DOORZ� FRUUHFW
PDWFKHV�HYHQ�LQ�WKH�SUHVHQFH�RI�VLJQLILFDQW�DFFXPXODWHG
HUURU�LQ�WKH�HQFRGHU�GDWD��DOWKRXJK��LQ�SUDFWLFH��WKH�HUURU
DFFXPXODWLRQ�EHWZHHQ�QRGHV�ZRXOG�EH�VPDOO�LI�GLVWDQFHV
EHWZHHQ�QRGHV�ZHUH�VPDOO��
)URP� WKH� HQWLUH� UXQ� WKHUH�ZHUH� �����PDWFKHV�PDGH� WR
WKH� VL[� GLVWLQFWLYH� SODFHV�� 7KH� FRQVLVWHQF\� RI� WKH
PDWFKLQJ� SURFHGXUH� FDQ� EH� VHHQ� E\� WKH� ODUJH
FRQFHQWUDWLRQ� RI� GLVWDQFH� HUURUV� ZLWKLQ� WKH� ���P� JDWH
�SDUWLFXODUO\� DW� ����P�� LQ� )LJXUH� ��� FRPSDUHG� WR� WKH
UHDVRQDEO\� IODW� GLVWULEXWLRQ� RXWVLGH� WKH� ���P� JDWH� LQ
)LJXUH����

)LJXUH�����)UHTXHQF\�RI�GLVWDQFH�GLVFUHSDQFLHV
OHVV�WKDQ�WKH�GLVWDQFH�GLVFUHSDQF\�JDWH�

)LJXUH�����)UHTXHQF\�RI�GLVWDQFH�GLVFUHSDQFLHV
JUHDWHU�WKDQ�WKH�GLVWDQFH�GLVFUHSDQF\�JDWH�

)DOVH� PDWFKLQJ� GHFUHDVHV� UDSLGO\� ZLWK� WKH� QXPEHU� RI
IHDWXUHV� PDWFKHG� LQ� D� VFDQ� �VHH� )LJXUH� ����� 1R� IDOVH
PDWFKHV� ZHUH� IRXQG� LI� PRUH� WKDQ� VL[� IHDWXUHV� ZHUH
PDWFKHG� EHWZHHQ� WKH� WZR� VFDQV�� ,W� LV� KRSHG� WKDW
PLVPDWFKLQJ� ZLOO� EH� UHGXFHG� HYHQ� IXUWKHU� ZLWK� WKH
DGGLWLRQ�RI�OLQH�LQIRUPDWLRQ�

)LJXUH�����3HUFHQWDJH�RI�IDOVH�PDWFKHV�YHUVXV
WKH�QXPEHU�RI�IHDWXUHV�PDWFKHG�

7KH� XVH� RI� HQFRGHUV� DV� WKH� FRPSDULVRQ� IRU� WKH� PDS
PDWFKHG�UHODWLYH�SRVH�LV�RQO\�RQH�PHWKRG�IRU�JDWLQJ�RXW
IDOVH�PDWFKHV��$Q�DOWHUQDWLYH�PHWKRG�ZRXOG�EH�WR�GHILQH
PDQ\� GLVWLQFWLYH� SODFHV� LQ� IDLUO\� FORVH� SUR[LPLW\� VXFK
WKDW�PXOWLSOH�QRGHV�FRXOG�EH� LGHQWLILHG� LQ�D� VLQJOH� VFDQ�
,Q�WKLV�ZD\�PDWFKHV�FRXOG�EH�XVHG�WR�YDOLGDWH�HDFK�RWKHU
-�UHTXLULQJ�QR�HQFRGHU�GDWD�DW�DOO�



��)XWXUH�:RUN

7KH�IROORZLQJ�DYHQXHV�DUH�WR�EH�H[DPLQHG�LQ�UHODWLRQ�WR
WKLV�ZRUN��)HDWXUH�H[WUDFWLRQ�PXVW�EH�LPSURYHG�WR�REWDLQ
VWDEOH� IHDWXUHV� IURP� WKH� RXWGRRU� ODVHU� GDWD� �DQG� EHWWHU
VWDELOLW\� IRU� WKH� LQGRRU� ODVHU� GDWD��� $� VWRFKDVWLF� IHDWXUH
FRYDULDQFH�PHDVXUH�ZRXOG�DOVR�EH�RI�YDOXH�
7KH� JUDSK� PDWFKLQJ� SURFHVV� UHTXLUHV� D� VXEVWDQWLDO

VSHHG�XS�WR�PDNH�LW�FRPSXWDWLRQDOO\�WUDFWDEOH�ZLWK�ODUJHU
QXPEHUV� RI� IHDWXUHV�� ,W� LV� KRSHG� WKDW� WKH�0&6� PHWKRG
ZLOO� EH� WKH� DQVZHU� KHUH�� 7KH�0&6� PHWKRG� ZRXOG� DOVR
DOORZ�VWUDLJKWIRUZDUG�LQWHJUDWLRQ�RI�OLQH�IHDWXUHV�LQWR�WKH
PDWFKLQJ�SURFHVV�
7KH� VWDELOLW\� RI� IHDWXUHV� RYHU� VHYHUDO� VFDQV� FDQ� EH

FKHFNHG� E\� SHUIRUPLQJ� PDWFKLQJ� EHWZHHQ� VHTXHQWLDO
VFDQV��7KLV�FDQ�EH�XVHG�WR�JLYH�D�ZHLJKWLQJ�PHDVXUH�IRU
WKH� QXPEHU� RI� WLPHV� D� IHDWXUH� KDV� EHHQ� VLJKWHG� DQG
VXFFHVVIXOO\�PDWFKHG�
)LQDOO\�� LW� LV� KRSHG� WR� GHYHORS� UREXVW� DXWRPDWLF

GLVWLQFWLYH�SODFH�JHQHUDWLRQ�DQG�G\QDPLF�PDLQWHQDQFH�RI
WKHVH�QRGH�VFDQV��'LVWLQFWLYH�SODFHV�VKRXOG�EH�GHILQHG�DW
LQWHUYDOV�ZKHQ�VFDQ�GDWD�RI�KLJK�FRQILGHQFH�LV�DYDLODEOH�
7KH�FRQILGHQFH�PHDVXUH�ZRXOG�EH�D�FRPELQDWLRQ�RI� WKH
QXPEHU� RI� IHDWXUHV� LQ� WKH� VFDQ�� WKH� ZHLJKWLQJ� PHDVXUH
IRU� HDFK� IHDWXUH� �EDVHG� RQ� VHTXHQWLDO� VFDQQLQJ�� DQG� WKH
FRQILGHQFH� DVVRFLDWHG� ZLWK� WKH� JHRPHWULF� FRQILJXUDWLRQ
RI� WKH� IHDWXUHV� �VLPLODU� WR� WKH� SRVLWLRQ� HVWLPDWLRQ
SUHFLVLRQ� DYDLODEOH� IRU� GLIIHUHQW� VDWHOOLWH� FRQILJXUDWLRQV
ZLWK� *36� >��@��� '\QDPLF� QRGH� PDLQWHQDQFH� ZRXOG
LQYROYH� WHQWDWLYH� DGGLWLRQV� DQG� VXEWUDFWLRQV� WR� WKH� QRGH
IHDWXUHV�ZKHQHYHU�WKH�SODFH�LV�UHYLVLWHG��7KHVH�DGGLWLRQV
DQG� VXEWUDFWLRQV� ZRXOG� FDWHU� IRU� WKH� H[LVWHQFH� RI
WHPSRUDU\�VWDWLF�REMHFWV�LQ�WKH�HQYLURQPHQW�

��&RQFOXVLRQ

$OWKRXJK�WKH�H[SHULPHQWDO�GDWD�ZDV�REWDLQHG� LQ�D� VWDWLF
HQYLURQPHQW��LWV�XVDJH�LQ�WKH�SODFH�UHFRJQLWLRQ�DOJRULWKP
ZDV� QRQ�LGHDO�� $V� WKH� DLP� RI� WKLV� SDSHU� ZDV� WR
GHPRQVWUDWH� WKH� UREXVWQHVV� RI� WKH�PDWFKLQJ� SURFHVV�� QR
HIIRUW�ZDV�PDGH�WR�LPSURYH�WKH�IROORZLQJ�

�� %\� XVLQJ� MXVW� SRLQW� IHDWXUHV�� D� ODUJH� SRUWLRQ� RI� WKH
DYDLODEOH�LQIRUPDWLRQ��L�H���OLQH�IHDWXUHV��ZDV�XQXVHG
LQ�WKH�PDWFKLQJ�SURFHVV�

�� 7KH� GLVWLQFWLYH� SODFH� QRGHV� ZHUH� FKRVHQ� DUELWUDULO\
UDWKHU� WKDQ� DW� ORFDWLRQV� ZKHUH� WKHUH� ZDV� D� ORW� RI
VWDEOH�IHDWXUH�LQIRUPDWLRQ�

�� 7KH� QRGHV� ZHUH� GHILQHG� E\� D� VLQJOH� LVRODWHG� VFDQ
ZLWKRXW� DQ\� FKHFNLQJ� PDGH� IRU� WKH� VWDELOLW\� RI� WKH
IHDWXUHV�H[WUDFWHG�IURP�LW�

7KH� UHVXOWV� IURP� SODFH� UHFRJQLWLRQ� VKRZHG� WKDW� PRVW
PDWFKHV�ZHUH�HLWKHU�ZHOO�ZLWKLQ�WKH�GLVWDQFH�DQG�URWDWLRQ
YDOLGDWLRQ� JDWHV� RU� KDG� ODUJH� �HDVLO\� GHWHFWDEOH�
GLVFUHSDQFLHV�� 7KH� PDMRULW\� RI� WKH� IDOVH� PDWFKHV� ZHUH
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