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)HDWXUH UHFRJQLWLRQ KDV EHHQ DQ DFWLYH UHVHDUFK DUHD
LQ WKH SDVW WZR GHFDGHV� :KLOH PDQ\ WHFKQLTXHV KDYH

EHHQ GHYHORSHG� PRVW RI WKHP DUH OLPLWHG WR WKH GHWHFWLRQ

RI IHDWXUHV WKDW DUH RI UHJXODU VKDSHV� ([DPSOHV LQFOXGH

KROHV� VORWV� SRFNHWV DQG VWHSV WKDW DUH FRPPRQO\ XVHG LQ

HQJLQHHULQJ SDUWV� 7KLV SDSHU UHSRUWV RXU LQYHVWLJDWLRQ RQ

D PHWKRG WKDW LV DEOH WR GHWHFW IUHH�IRUP IHDWXUHV� $
WHPSODWH PDWFKLQJ DSSURDFK LV XVHG ZKHUH WKH WHPSODWH

UHSUHVHQWV WKH VKDSH RI WKH IUHH�IURP IHDWXUH WR EH

GHWHFWHG� 7KH IHDWXUH UHFRJQLWLRQ PHWKRG ZRUNV RQ D WZR�

GLPHQVLRQDO SDUDPHWULF VSDFH ZKLFK UHSUHVHQWV DOO

SRVVLEOH FRQILJXUDWLRQV RI WKH WHPSODWH� $ PDWFK EHWZHHQ

WKH WHPSODWH DQG WKH REMHFW IURP ZKLFK WKH IHDWXUHV DUH WR
EH GHWHFWHG FRUUHVSRQGV WR D PDWFK�FXUYH LQ WKH

SDUDPHWULF VSDFH� )HDWXUH UHFRJQLWLRQ LV DFKLHYHG E\ ILUVW

VHDUFKLQJ WKH URXJK ORFDWLRQ RI WKH PDWFK�FXUYH� IROORZHG

E\ VHDUFKLQJ D SUHFLVH ORFDWLRQ RI D SRLQW RQ WKH PDWFK�

FXUYH� $ SURJUDP KDV EHHQ LPSOHPHQWHG WR YHULI\ WKH
IHDVLELOLW\ RI WKH DSSURDFK� DQG H[DPSOHV DUH JLYHQ WR

GHPRQVWUDWH WKH PDMRU VWHSV LQ WKH PHWKRG� 7KH XVH RI WKH

PHWKRG LQ FRPSXWHU JUDSKLFV DSSOLFDWLRQV VXFK DV VKDSH

EOHQGLQJ LV GHPRQVWUDWHG� 7KH DSSOLFDWLRQ RI WKH

WHFKQLTXH LQ LQGXVWULDO DSSOLFDWLRQV VXFK DV LQMHFWLRQ

PRXOG GHVLJQ LV DOVR GLVFXVVHG�
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7KH SXUSRVH RI IHDWXUH UHFRJQLWLRQ LV WR H[WUDFW KLJK�

OHYHO VHPDQWLF LQIRUPDWLRQ IURP D ORZ�OHYHO

UHSUHVHQWDWLRQ RI DQ REMHFW� 7KHUH DUH WKUHH PDMRU
DSSURDFKHV WKDW KDYH UHFHLYHG PXFK DWWHQWLRQV� V\QWDFWLF

SDWWHUQ UHFRJQLWLRQ �H�J >�@�>��� JUDSK�EDVHG PHWKRG �H�J�

>�@�>�@� DQG YROXPHWULF DSSURDFK �H�J� >�@�>��@�� 2QH RI

WKH EDVLF DVVXPSWLRQV LQ PRVW H[LVWLQJ IHDWXUH UHFRJQLWLRQ

WHFKQLTXHV LV WKDW D VKDSH IHDWXUH LV ERXQGHG E\ D VHW RI

HGJHV� ZKLFK DUH H[SOLFLWO\ UHSUHVHQWHG LQ WKH &$'

PRGHO� 7KH FRQFDYLW\ RU FRQYH[LW\ RI DOO WKH HGJHV�
GHWHUPLQHG IURP WKH GLKHGUDO DQJOH EHWZHHQ WKH DGMDFHQW

IDFHV� DUH XVHG LQ WKH GHWHUPLQDWLRQ RI WKH W\SH RI WKH

IHDWXUH� 7KLV DVVXPSWLRQ OLPLWV H[LVWLQJ IHDWXUH

UHFRJQLWLRQ WHFKQLTXHV WR IHDWXUH WKDW DUH RI UHJXODU

VKDSHV� ([DPSOHV RI VXFK IHDWXUHV WKDW DUH FRPPRQO\

IRXQG LQ HQJLQHHULQJ SDUWV DUH YDULRXV W\SHV RI KROH� VORW�
SRFNHW DQG VWHS HWF�

7KH SUHVHQW VWXG\ IRFXVHV RQ IUHH�IURP IHDWXUH

UHFRJQLWLRQ� )UHH�IURP IHDWXUH LV DQ LPSRUWDQW FODVV WKDW

KDV QRW EHHQ ZHOO LQYHVWLJDWHG� $ IUHH�IURP IHDWXUH LV D

IHDWXUH WKDW LV HPEHGGHG LQ D VLQJOH RU D VHW RI IUHH�IURP

VXUIDFHV� 7KH ERXQGDU\ RI WKH IHDWXUHV FRQVLVWV RI FXUYH
VHJPHQWV WKDW PD\ OLH ZLWKLQ D VXUIDFH� $ IUHH�IRUP

IHDWXUH PD\ HYHQ VPRRWKO\ EOHQG ZLWK RWKHU SDUW RI WKH

REMHFW DQG WKXV DQ H[SOLFLW ERXQGDU\ GRHV QRW H[LVW�

)LJXUH � VKRZV D WHOHSKRQH KDQGVHW� :KLOH D KXPDQ FDQ

HDVLO\ LGHQWLI\ WKH UHJLRQV WKDW FRUUHVSRQG WR WKH HDU�
SLHFH� WKH PRXWK�SLHFH DQG WKH KDQGOH� LW VKRXOG EH

QRWLFHG WKDW WKH PRXWK�SLHFH EOHQGV VPRRWKO\ WR WKH

KDQGOH� ,W LV QRW SRVVLEOH WR LGHQWLI\ WKH ERXQGDU\ RI WKH

PRXWK�SLHFH IHDWXUH XVLQJ H[LVWLQJ IHDWXUH UHFRJQLWLRQ

WHFKQLTXH�

)LJXUH �� $ WHOHSKRQH KDQGVHW FRQVLVWV RI WKUHH

IHDWXUHV� WKH HDU�SLHFH� WKH PRXWK�SLHFH DQG WKH KDQGOH�
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:H HPSOR\ WKH WHPSODWH PDWFKLQJ DSSURDFK WR WDFNOH
WKH IUHH�IRUP IHDWXUH UHFRJQLWLRQ SUREOHP� $ WHPSODWH LV

LQLWLDOO\ VSHFLILHG E\ WKH XVHU WKDW UHSUHVHQWV WKH VKDSH RI

WKH IHDWXUH WR EH GHWHFWHG IURP WKH &$' PRGHO RI DQ

REMHFW� 7KH IHDWXUH UHFRJQL]HU WKHQ WULHV WR GHWHFW WKH

RFFXUUHQFH RI WKH IHDWXUH LQ WKH REMHFW E\ WUDQVIRUPLQJ WKH

WHPSODWH WR DOO SRVVLEOH RULHQWDWLRQV DQG SRVLWLRQV� 7KH
IHDWXUH LV UHFRJQL]HG LI WKH WHPSODWH LV FRQVLGHUHG WR

PDWFK WKH ORFDO VKDSH RI WKH REMHFW� 2QH SRVVLEOH

PDWFKLQJ FULWHULRQ LV WR PHDVXUH WKH H[WHQW RI FRLQFLGHQW

VXUIDFH ERXQGDULHV EHWZHHQ WKH WUDQVIRUPHG WHPSODWH DQG

WKH REMHFW� 7KLV WHPSODWH�PDWFKLQJ DSSURDFK LQ IHDWXUH

UHFRJQLWLRQ ZDV RULJLQDOO\ VXJJHVWHG E\ :RRGZDUN >��@
DQG ZDV IXUWKHU GHYHORSHG E\ 3DUU\�%DUZLFN DQG %RZ\HU

>��@� 7KH PDLQ FKDOOHQJH LQ WHPSODWH PDWFKLQJ LV WR

GHYHORS DQ HIILFLHQW PHWKRG WKDW FDQ ORFDWH WKH PDWFK LQ

WKH FRQWLQXRXV VSDFH RI WUDQVODWLRQ� URWDWLRQ DQG VFDOLQJ RI

WKH WHPSODWH� 3DUU\�%DUZLFN DQG %RZ\HU >��@ WDFNOHG WKLV
SUREOHP E\ UHSUHVHQWLQJ DOO WKH SRVVLEOH FRQILJXUDWLRQV LQ

D PXOWLGLPHQVLRQDO VSDFH� DQG GHYHORSHG D PHWKRG WKDW

FDQ SUXQH WKH VSDFH HIILFLHQWO\� +RZHYHU� WKH WUDGH�RII LQ

WKHLU PHWKRG LV WKDW WKH REMHFW DQG WHPSODWH PXVW EH

UHSUHVHQWHG E\ KDOI�VSDFHV XVLQJ LPSOLFLW HTXDWLRQV VR DV

WR IDFLOLWDWH DQ HIILFLHQW SUXQLQJ� 7KHUHIRUH� WKLV PHWKRG LV
OLPLWHG WR &6* PRGHO DQG FDQQRW EH DSSOLHG WR %�UHS

PRGHO� ZKLFK LV D PRUH SRSXODU UHSUHVHQWDWLRQ VFKHPH�

7KLV SDSHU UHSRUWV RXU LQLWLDO LQYHVWLJDWLRQ RQ WHPSODWH

PDWFKLQJ LQ �' FXUYHG VKDSH� 7KH XQGHUO\LQJ JHRPHWU\

RI WKH REMHFW DQG WHPSODWH LV GHILQHG E\ FRPSRVLWH

185%6 FXUYH VHJPHQWV� $Q HIILFLHQW DOJRULWKP LV
GHYHORSHG WKDW FDQ UHFRJQL]H IUHH�IRUP IHDWXUHV IURP WKH

ERXQGDU\ RI WKH REMHFW� $Q H[SHULPHQWDO SURJUDP KDV

EHHQ LPSOHPHQWHG WR YHULI\ WKH IHDVLELOLW\ RI WKH PHWKRG�

��� 7KH EDVLF DSSURDFK

&RQVLGHU DQ REMHFW DQG D WHPSODWH VKRZQ LQ )LJXUH ��D��

/HW -�V� DQG 3�W� GHQRWH UHVSHFWLYHO\ WKH ERXQGDU\ RI WKH

REMHFW DQG WHPSODWH� $ WUDQVIRUPDWLRQ LV DSSOLHG RQ WKH
WHPSODWH DV VKRZQ LQ )LJXUH ��E�� 7KH WUDQVIRUPDWLRQ

FRQVLVWV RI D WUDQVODWLRQDO FRPSRQHQW VXFK WKDW WKH SRLQW

-�VP� RQ WKH REMHFW FRLQFLGHV ZLWK WKH SRLQW 3�WP� RI WKH

WHPSODWH� DQG D URWDWLRQDO FRPSRQHQW VXFK WKDW WKH WDQJHQW

DW -�VP� EHFRPHV SDUDOOHO WR WKH WDQJHQW DW 3�WP�� :H VD\

WKDW WKH WHPSODWH LV DW FRQILJXUDWLRQ &IJ�VP� WP��
$W D FHUWDLQ FRQILJXUDWLRQ &IJ�V�W�� SRUWLRQV RI WKH

WHPSODWH DQG REMHFW ERXQGDULHV PD\ RYHUODS� ,I WKH

RYHUODSSHG SRUWLRQ FRUUHVSRQGV WR WKH HQWLUH WHPSODWH

ERXQGDU\� WKH WHPSODWH IXOO\ PDWFKHV WKH REMHFW DW WKDW

FRQILJXUDWLRQ� ,I WKH RYHUODSSHG SRUWLRQ RQO\ FRUUHVSRQGV
WR SDUW RI WKH WHPSODWH ERXQGDU\� WKH WHPSODWH SDUWO\

PDWFKHV WKH REMHFW� 7KH H[WHQW RI PDWFK LV PHDVXUHG E\ D

WHPSODWH�PDWFKLQJ UDWLR� ZKLFK LV GHILQHG DV WKH UDWLR RI

WKH DUF OHQJWK RI WKH RYHUODSSHG SRUWLRQ WR WKH DUF OHQJWK

RI WKH WHPSODWH� ,I WKH WHPSODWH�PDWFKLQJ UDWLR H[FHHGV
FHUWDLQ WKUHVKROG YDOXH VSHFLILHG E\ WKH XVHU� D PDWFK LV

GHWHFWHG DQG WKH IHDWXUH LV UHFRJQL]HG DW &IJ�V�W��

1RZ� FRQVLGHU D VSDFH VSDQQHG E\ WKH SDUDPHWULF D[HV

RI WKH REMHFW DQG WHPSODWH� /HW
V GHQRWH WKH D[HV RI WKLV

WZR�GLPHQVLRQDO SDUDPHWULF VSDFH E\ WKH V�DL[V DQG W�

D[LV� ZKLFK FRUUHVSRQG UHVSHFWLYHO\ WR WKH SDUDPHWULF
YDULDEOHV RI WKH REMHFW DQG WHPSODWH� :KHQ D PDWFK LV

GHWHFWHG DW D FRQILJXUDWLRQ &IJ�V�W�� D SRLQW LV PDUNHG DW

�V� W� LQ WKH SDUDPHWULF VSDFH� $ PDWFK RFFXUV ZKHQ

SRUWLRQ RI WKH WUDQVIRUPHG WHPSODWH RYHUODSV ZLWK WKH

REMHFW� 7KXV� LI D PDWFK RFFXUV DW FRQILJXUDWLRQ &IJ�V �W��

PDWFKHV DOVR RFFXU DW FRQILJXUDWLRQV &IJ�VL � WL �� ZKHUH
WKH SRLQWV -�VL� DUH DQ\ QHLJKERXULQJ SRLQWV RI WKH REMHFW

WKDW DUH LQ WKH RYHUODSSHG SRUWLRQ� DQG 3�WL� DUH

FRUUHVSRQGLQJ SRLQWV RI WKH WHPSODWH WKDW DUH LQ WKH

RYHUODSSHG SRUWLRQ� 7KHUHIRUH� D VHW RI SRLQWV FDQ DOVR EH

PDUNHG DW �VL �WL� LQ WKH SDUDPHWULF VSDFH� ,W FDQ EH SURYHG

�E� 7KH WHPSODWH LV WUDQVODWHG DQG URWDWHG

WR WKH FRQILJXUDWLRQ &IJ�VP� WP��

WHPSODWH
REMHFW

3�WP�

-�VP�

WUDQVIRUPHG

WHPSODWH

)LJXUH � 7UDQVIRUPLQJ WHPSODWH WR

FRQILJXUDWLRQ &IJ�VP� WP��

�D� 7HPSODWH DQG REMHFW
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�VHH /L DQG +XL >��@ IRU GHWDLOV� WKDW WKLV VHW RI SRLQWV

IRUP D VPRRWK FXUYH NQRZQ DV WKH PDWFK�FXUYH RQ WKH
SDUDPHWULF VSDFH� ,W KDV DOVR EH SURYHG WKDW HDFK XQLTXH

PDWFK FRUUHVSRQGV WR D XQLTXH PDWFK�FXUYH RQ WKH

SDUDPHWULF VSDFH� )LJXUH � VKRZV WKUHH PDWFKHV ZLWK WKH

FRUUHVSRQGLQJ PDWFK�FXUYHV� 7KXV� IHDWXUH UHFRJQLWLRQ

FDQ EH DFKLHYHG E\ ILUVW VHDUFKLQJ IRU D PDWFK�FXUYH� DQG

WKHQ ORFDWLQJ DQ\ RQH SUHFLVH SRLQW RQ WKH PDWFK�FXUYH�
7KH SUHFLVH SRLQW RQ WKH PDWFK�FXUYH JLYHV WKH

FRQILJXUDWLRQ DW ZKLFK WKH IHDWXUH LV UHFRJQL]HG�

$ WZR�SKDVH DSSURDFK LV SURSRVHG IRU WKH SURFHVV RI

WHPSODWH PDWFKLQJ� D KXQWLQJ SKDVH IROORZHG E\ D

UHILQHPHQW SKDVH� ,Q WKH KXQWLQJ SKDVH� SRWHQWLDO UHJLRQV

LQ WKH SDUDPHWULF VSDFH ZKHUH WKH PDWFK�FXUYHV OLH DUH
LGHQWLILHG� 7KHVH SRWHQWLDO UHJLRQV DUH URXJK LQGLFDWLRQ RI

ZKHUH WKH PDWFK�FXUYHV UHVLGH� ,Q WKH UHILQHPHQW SKDVH�

HDFK SRWHQWLDO UHJLRQ LV V\VWHPDWLFDOO\ VHDUFKHG WR ORFDWH

D SRLQW LQ WKH PDWFK�FXUYH WR ZLWKLQ D VSHFLILHG WROHUDQFH�

7KH IROORZLQJ VHFWLRQV H[SODLQ WKH GHWDLOV RI HDFK SKDVH�

���������
���������	��
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7R LGHQWLI\ UHJLRQV LQ WKH SDUDPHWULF VSDFH ZKHUH WKH

PDWFK�FXUYHV OLH� WKH WHPSODWH�PDWFKLQJ UDWLR DW HDFK

SRLQW LQ WKH SDUDPHWULF VSDFH LV ILUVW GHWHUPLQHG� $ VHW RI

ORFDWLRQV ZKHUH WKH WHPSODWH�PDWFKLQJ UDWLR H[FHHGV WKH
WKUHVKROG YDOXH FDQ WKHQ EH IRXQG� )URP WKH VHW� FOXVWHUV

RI ORFDWLRQV FDQ EH IRUPHG E\ JURXSLQJ ORFDWLRQV WKDW DUH

DGMDFHQW WR HDFK RWKHU� )URP WKH UHVXOWLQJ FOXVWHUV�

UHFWDQJXODU UHJLRQV LQ WKH SDUDPHWULF VSDFH FDQ EH IRUPHG

IURP WKH LQWHUYDOV LQ WKH V DQG W D[HV LQ ZKLFK DOO WKH

SRLQWV ZLWKLQ D FOXVWHU OLH�
+RZHYHU� WKH FRPSXWDWLRQ RI WKH WHPSODWH�PDWFKLQJ

UDWLR IRU DOO WKH SRLQWV LQ WKH FRQWLQXRXV SDUDPHWULF VSDFH

LV LPSRVVLEOH EHFDXVH WKHUH DUH LQILQLWH QXPEHU RI SRLQWV�

7KXV� GLVFUHWL]DWLRQ RI WKH SDUDPHWULF VSDFH PXVW EH

DSSOLHG� 7KLV GLVFUHWL]DWLRQ DOVR FRUUHVSRQGV WR D OLQHDU

DSSUR[LPDWLRQ RI WKH FXUYH ERXQGDULHV WKDW GHILQHG WKH
REMHFW DQG WHPSODWH� :LWK WKH GLVFUHWL]DWLRQ DQG OLQHDU

DSSUR[LPDWLRQ� WKH WHPSODWH�PDWFKLQJ UDWLR FDQ RQO\ EH

HVWLPDWHG� $ PHWKRG IRU HVWLPDWLQJ WKH WHPSODWH�PDWFKLQJ

UDWLR KDV EHHQ SURSRVHG �SOHDVH UHIHU WR /L DQG +XL >��@

IRU GHWDLOV� ZKLFK ZLOO QRW XQGHU�HVWLPDWH WKH DFWXDO YDOXH�
7KLV HQVXUHV WKDW D UHJLRQ LQ ZKLFK D PDWFK�FXUYH OLHV

ZLOO DOZD\V EH LGHQWLILHG LQ WKH VHDUFKLQJ SURFHVV� 2XU

DQDO\VLV DOVR LQGLFDWHV WKDW WKH H[WHQW RI RYHU�HVWLPDWLRQ

GHSHQGV RQ WKH UHVROXWLRQ �Pu Q� RI WKH GLVFUHWL]DWLRQ� DQG
WKH DOJRULWKP LV 2�P�

Q
�
�� ZKHUH P DQG Q DUH WKH QXPEHU

RI LQWHUYDOV XVHG LQ WKH GLVFUHWL]DWLRQ RI WKH V DQG W D[HV�

7KXV� WKHUH LV D WUDGH�RII LQ FKRRVLQJ WKH UHVROXWLRQ� ,I D

KLJK UHVROXWLRQ LV XVHG� WKH HVWLPDWH LV DFFXUDWH EXW WKH
FRPSXWDWLRQ WLPH LQFUHDVHV� ,I D ORZ UHVROXWLRQ LV XVHG�

WKH FRPSXWDWLRQ LV HIILFLHQW EXW WKH HIIHFW RI RYHU�

HVWLPDWLRQ LV WKDW D ODUJH DUHD LQ WKH SDUDPHWULF VSDFH

ZRXOG EH FRQVLGHUHG DV SRWHQWLDO UHJLRQV LQ ZKLFK PDWFK�

FXUYHV ZLOO EH IRXQG�

$Q LWHUDWLYH VFKHPH LV WKXV SURSRVHG WR ILQG DQ


RSWLPDO
 UHVROXWLRQ� ,QLWLDOO\� D FRDUVH UHVROXWLRQ LV XVHG

ZKLFK UHVXOWV LQ UHODWLYHO\ IHZHU SRLQWV LQ WKH GLVFUHWL]HG
SDUDPHWULF VSDFH� 7HPSODWH�PDWFKLQJ UDWLRV DUH

GHWHUPLQHG IRU DOO WKH SRLQWV� ,Q DGGLWLRQ WR WKH HVWLPDWLRQ

RI WHPSODWH�PDWFKLQJ UDWLRV� WKH WRWDO DUF OHQJWK RI WKH

REMHFW WKDW DUH FRQVLGHUHG DV EHLQJ PDWFKHG E\ WKH

WHPSODWH LV GHWHUPLQHG� $Q REMHFW�PDWFKLQJ UDWLR� ZKLFK

LV GHILQHG DV WKH UDWLR RI WKH PDWFKHG DUF OHQJWK WR WKH
SHULPHWHU RI WKH REMHFW� LV GHWHUPLQHG� :KHQ WKH

UHVROXWLRQ LV FRDUVH� WHPSODWH�PDWFKLQJ UDWLR LV RYHU�

HVWLPDWHG DQG WKXV REMHFW�PDWFKLQJ UDWLR FDQ EH DV KLJK DV

��� LQGLFDWLQJ WKDW WKH HQWLUH REMHFW ERXQGDU\ LV PDWFKHG

E\ WKH WHPSODWH� 7KH UHVROXWLRQ LV WKHQ UHGXFHG LQ DQ

LWHUDWLYH PDQQHU XQWLO WKH REMHFW�PDWFKLQJ UDWLR IDOOV
EHORZ D WKUHVKROG YDOXH VSHFLILHG E\ WKH XVHU� 2XU

H[SHULHQFH LQGLFDWHV WKDW WKLV LWHUDWLYH SURFHVV ZLOO

WHUPLQDWH LQ IHZ VWHSV� )LJXUH � LOOXVWUDWHV WKUHH

FRQVHFXWLYH VWHSV LQ WKH LWHUDWLRQ SURFHVV XVLQJ WKH

WHPSODWH DQG REMHFW VKRZQ LQ )LJXUH �� 7KH ILJXUH VKRZV
WKH WHPSODWH DW DOO FRQILJXUDWLRQV ZKHUH WKH WHPSODWH�

PDWFKLQJ UDWLR H[FHHGV D WKUHVKROG YDOXH RI ���� 7KH

REMHFW�PDWFKLQJ UDWLR IDOOV IURP ���� WR ���� LQ WKUHH
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)LJXUH � 7KH PDWFKHV EHWZHHQ WKH REMHFW DQG

WHPSODWH DQG WKH FRUUHVSRQGLQJ PDWFK�FXUYHV

LQ WKH SDUDPHWULF VSDFH�

�D� 7KH PDWFKHV�

�E� 7KH PDWFK�FXUYHV LQ WKH

SDUDPHWULF VSDFH�
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LWHUDWLRQV� ,W FDQ EH VHHQ WKDW SRWHQWLDO PDWFKHV DUH

UHSRUWHG DOPRVW DORQJ WKH HQWLUH REMHFW ERXQGDU\ LQ WKH
ILUVW LWHUDWLRQ� 0DQ\ RI WKHP GR QRW DFWXDOO\ FRUUHVSRQG WR

D UHDO PDWFK� 7KLV LV GXH WR RYHU�HVWLPDWLRQ RQ WKH

WHPSODWH�PDWFKLQJ UDWLR ZKHQ WKH UHVROXWLRQ LV ORZ� ,Q WKH

QH[W WZR VWHSV� WKH PDMRULW\ RI SRWHQWLDO PDWFKHV UHSRUWHG

DUH ORFDWHG LQ WKH QHLJKERUKRRG RI WKH UHDO PDWFKHV�

3RWHQWLDO PDWFKHV DW RWKHU ORFDWLRQV UHSRUWHG LQ WKH ILUVW
LWHUDWLRQ DUH UHPRYHG ZKHQ D KLJKHU UHVROXWLRQ LV XVHG�

 ��!���	
�������	��

2QFH D UHJLRQ ZLWKLQ ZKLFK WKH PDWFK�FXUYH OLHV LV

LGHQWLILHG� D SUHFLVH FXUYH SRLQW FDQ EH IRXQG WR ZLWKLQ D
VSHFLILHG WROHUDQFH� 7KLV SUHFLVH ORFDWLRQ JLYHV WKH

FRQILJXUDWLRQ DW ZKLFK WKH WHPSODWH PDWFKHV WKH REMHFW� ,W

VKRXOG EH XQGHUVWRRG WKDW DV WKH HQWLUH PDWFK�FXUYH

FRUUHVSRQGV WR D XQLTXH PDWFK� MXVW RQH D VLQJOH SRLQW LQ

WKH PDWFK�FXUYH QHHGV WR EH IRXQG�

(DFK UHJLRQ FRUUHVSRQGV WR DQ LQWHUYDO LQ WKH REMHFW
ERXQGDU\ DQG DQ LQWHUYDO LQ WKH WHPSODWH ERXQGDU\� 7KHVH

LQWHUYDOV DUH XVXDOO\ VPDOO FRPSDUHG ZLWK WKH HQWLUH

SDUDPHWULF UDQJH� 7KHUHIRUH� D KLJK UHVROXWLRQ FDQ EH

DIIRUGHG RQ WKHVH UHVWULFWHG LQWHUYDOV RI WKH ERXQGDULHV�

7KH UHILQHG UHVROXWLRQ WKXV HQDEOHV DQ DFFXUDWH HVWLPDWLRQ

RI WKH WHPSODWH�PDWFKLQJ UDWLR�
$Q H[DFW PDWFK LQ HDFK PDWFK�FXUYH LV IRXQG E\

VDPSOLQJ D VXIILFLHQW QXPEHU RI VDPSOH SRLQWV LQ HDFK

UHJLRQ RI WKH SDUDPHWULF VSDFH� (DFK UHJLRQ IRXQG LQ WKH

SUHYLRXV SKDVH LV RQO\ D URXJK LQGLFDWLRQ RI WKH ORFDWLRQ

RI D PDWFK� 0RUHRYHU� LW PD\ EH SRVVLEOH WKDW WZR GLVWLQFW

PDWFK�FXUYHV DUH PHUJHG LQWR WKH VDPH UHJLRQ GXULQJ WKH
SURFHVV RI FOXVWHU IRUPDWLRQ� 7KHUHIRUH� D VXIILFLHQW

QXPEHU RI VDPSOH SRLQWV PXVW EH JHQHUDWHG WR HQVXUH WKDW

PDWFKHV FRUUHVSRQGLQJ WR DOO GLVWLQFW PDWFK�FXUYHV ZLWKLQ

HDFK UHJLRQ FDQ EH GHWHFWHG� :KHQ D PDWFK RFFXUV� WKH

WHPSODWH ERXQGDU\ RYHUODSV ZLWK WKH REMHFW ERXQGDU\� $Q
HVWLPDWLRQ OH RI WKH DUF OHQJWK RI WKH RYHUODSSHG ERXQGDU\

FDQ EH REWDLQHG E\ PXOWLSO\LQJ WKH SHULPHWHU RI WKH

WHPSODWH ERXQGDU\ E\ WKH WKUHVKROG YDOXH RI WKH WHPSODWH�

PDWFKLQJ UDWLR� :KHQ WKH WHPSODWH PDWFKHV WKH REMHFW DW

RQH ORFDWLRQ� WKH QH[W PDWFK ORFDWLRQ RQ WKH REMHFW

ERXQGDU\ PXVW EH DW OHDVW OH XQLWV DZD\ IURP D SUHYLRXV
ORFDWLRQ DORQJ WKH REMHFW ERXQGDU\� 7KDW LV� WZR GLVWLQFW

PDWFKHV ZLOO QRW RFFXU EHWZHHQ WZR QHLJKERXULQJ SRLQWV

RQ WKH REMHFW ERXQGDU\ WKDW LV OHVV WKDQ OH XQLWV DSDUW� /HW

^VL` EH WKH VHTXHQFH RI SDUDPHWULF YDOXHV VDPSOHG RQ WKH

REMHFW SDUDPHWULF D[LV V� 7KHQ� -�VL� DQG -�VL��� DUH WZR

QHLJKERXULQJ SRLQWV RQ WKH REMHFW ERXQGDU\� /HW WKH DUF
OHQJWK EHWZHHQ WKH WZR SRLQWV EH GHQRWHG E\ O�VL�VL���� 7KH

ILUVW VDPSOH YDOXH V� LV VHW VXFK WKDW O�VX�V�� � OH��� ZKHUH

VX LV WKH ORZHU OLPLW RI WKH SDUDPHWULF UDQJH RI WKH UHJLRQ�

7KH VXEVHTXHQW VDPSOH YDOXHV DUH VHW VXFK WKDW

O�VL�VL����OH� 7KLV VHTXHQFH RI VDPSOH YDOXHV ^VL` WKXV
JXDUDQWHHV WKH GHWHFWLRQ RI PDWFKHV IRU DOO GLVWLQFW PDWFK�

FXUYHV ZLWKLQ D UHJLRQ�

)RU HDFK VDPSOH YDOXH LQ WKH V D[LV� D VHDUFK LQ WKH W

D[LV LV FRQGXFWHG� 7KH VHDUFK ORRNV IRU WKH ODUJHVW

WHPSODWH�PDWFKLQJ UDWLR WKDW FDQ EH DFKLHYHG ZLWKLQ WKH

SDUDPHWULF UDQJH LQ WKH W D[LV RI WKH UHJLRQ� 7KH VHDUFK
FRQVLVWV RI WKH IROORZLQJ VWHSV�

�� )URP WKH SDUDPHWULF UDQJH RI WKH W D[LV� VDPSOHV D

VHTXHQFH RI SDUDPHWULF YDOXHV ^WL`�

�� )URP WKH VHTXHQFH RI SDUDPHWULF YDOXHV ^WL`� FRPSXWH

WKH WHPSODWH�PDWFKLQJ UDWLRV DQG LGHQWLI\ WP VXFK WKDW

LWV WHPSODWH�PDWFKLQJ UDWLR LV PD[LPDO�

)LUVW LWHUDWLRQ

5HVROXWLRQ  �� u �

2EMHFW�PDWFKLQJ UDWLR  ����

6HFRQG LWHUDWLRQ

5HVROXWLRQ  �� u �

2EMHFW�PDWFKLQJ UDWLR  ����

7KLUG LWHUDWLRQ

5HVROXWLRQ  �� u �

2EMHFW�PDWFKLQJ UDWLR  ����

)LJXUH � ,WHUDWLRQ SURFHVV WR ILQG µRSWLPDO¶ UHVROXWLRQ�
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�� &RQVWUXFW D QHZ SDUDPHWULF UDQJH E\ VHWWLQJ WKH

ORZHU OLPLW DV WP�� DQG WKH XSSHU OLPLW DV WP���
�� 5HSHDW VWHSV � WR � XQWLO RQH RI WKH IROORZLQJ WZR

WHUPLQDWLRQ FRQGLWLRQV LV VDWLVILHG�

�L� 7KH GLVWDQFH EHWZHHQ WKH WZR SRLQWV 3�WP���

DQG 3�WP��� RQ WKH WHPSODWH ERXQGDU\ LV OHVV

WKDQ WKH SRVLWLRQDO WROHUDQFH� DQG WKH DQJOH

EHWZHHQ WKH WZR WDQJHQW YHFWRUV 3¶�WP��� DQG
3¶�WP��� LV OHVV WKDQ WKH DQJXODU WROHUDQFH�

�LL� WP�� HTXDOV WR WP���

:KHQ FRQGLWLRQ �L� LV UHDFKHG� WKH WHPSODWH PDWFKLQJ

SURFHVV ILQGV D PDWFK ORFDWLRQ WR ZLWKLQ WKH SRVLWLRQDO DQG

DQJXODU DFFXUDF\ VSHFLILHG E\ WKH XVHU� ,Q FDVH �LL�� WKH

WHPSODWH PDWFKLQJ SURFHVV WHUPLQDWHV EHFDXVH WKH
PD[LPXP DFFXUDF\ WKDW FDQ EH DFKLHYHG RQ WKH

FRPSXWLQJ SODWIRUP KDV EHHQ UHDFKHG�

"����������	�	
�������#�	��	
�������
��	
���

$Q H[SHULPHQWDO SURJUDP KDV EHHQ LPSOHPHQWHG WR

YHULI\ WKH IHDVLEOH RI WKH SURSRVHG PHWKRG� 7KH SURJUDP

LV ZULWWHQ LQ & DQG UXQV RQ D 3HQWLXP 3&� 7KH SURJUDP LV

LQWHUIDFHG ZLWK D VLPSOH VKDSH EOHQGLQJ V\VWHP WR VWXG\

WKH DGYDQWDJH RI XVLQJ IUHH�IURP IHDWXUH UHFRJQLWLRQ LQ

VKDSH EOHQGLQJ�
$SSOLFDWLRQV RI VKDSH EOHQGLQJ RU VKDSH DYHUDJLQJ LQ

FRPSXWHU DQLPDWLRQ DQG LQGXVWULDO GHVLJQ KDYH EHHQ

VWXGLHG E\ PDQ\ UHVHDUFKHUV �H�J� >��@�>��@�� ,Q JHQHUDO�

WKH ILUVW VWHS LQ WKH VKDSH EOHQGLQJ SURFHVV LV WR HVWDEOLVK

WKH FRUUHVSRQGHQFH EHWZHHQ WKH VRXUFH DQG WDUJHW REMHFWV�

9HUWH[ FRUUHVSRQGV KDYH EHHQ XVHG E\ PDQ\ UHVHDUFKHUV
�H�J� >��@� >��@� >��@� >��@� DQG WKHLU PHWKRGV DSSOLHG RQO\

WR SRO\JRQDO VKDSHV� 7KH LPSRUWDQFH RI IHDWXUH

FRUUHVSRQGHQFH KDV EHHQ QRWLFHG E\ RWKHU UHVHDUFKHUV

�H�J� >��@� >��@� DQG UHFHQWO\� +XL DQG /L >�����@ KDV

GHYHORSHG D IXOO\ DXWRPDWLF DOJRULWKP WR HVWDEOLVK IHDWXUH

FRUUHVSRQGHQFH EHWZHHQ WZR FXUYHG SDUWV� +RZHYHU� WKH
FRUUHVSRQGHQFH JHQHUDWHG E\ KLV PHWKRG GHSHQGV RQ WKH

UHODWLYH RULHQWDWLRQV RI WKH WZR SDUWV� $ FKDQJH LQ WKH

RULHQWDWLRQ PD\ UHVXOW LQ D GLIIHUHQW VHW RI

FRUUHVSRQGHQFHV� 7KLV PDNHV KLV PHWKRG LQDSSURSULDWH LQ

FRPSXWHU DQLPDWLRQ� %\ HPSOR\LQJ WKH SURSRVHG WHPSODWH
PDWFKLQJ DSSURDFK WR IUHH�IURP IHDWXUH UHFRJQLWLRQ�

IHDWXUHV LQ WKH WZR SDUWV FDQ EH UHFRJQL]HG DQG WKH

FRUUHVSRQGHQFH VR HVWDEOLVKHG LV LQGHSHQGHQW RI WKH

UHODWLYH RULHQWDWLRQ�

)LJXUH � VKRZV D VKDSLQJ EOHQGLQJ H[DPSOH� ZKLFK LV

DGDSWHG IURP RQH RI WKH H[DPSOHV LOOXVWUDWHG LQ WKH ZRUN
RI 6HGHUEHUJ DQG *UHHQZRRG >��@� 7KH µGRWV¶ VKRZQ RQ

WKH ERXQGDU\ RI WKH VRXUFH REMHFW LQ )LJXUH ��D� DUH

µYHUWLFHV¶ RQ WKH ERXQGDU\� 7KH\ DUH GHWHFWHG E\

HPSOR\LQJ KHXULVWLFV VLPLODU WR WKRVH GHYHORSHG E\ +XL

DQG /L >��@� $Q\ WZR QHLJKERXULQJ YHUWLFHV GHILQH D

SRWHQWLDO IHDWXUH� ZKLFK LV XVHG DV D WHPSODWH� 7KH
WHPSODWH PDWFKLQJ SURFHVV WKHQ GHWHFWV PDWFKHV IURP WKH

WDUJHW REMHFW IRU DOO WKH WHPSODWHV� )LJXUH ��E� VKRZV WKH

ILYH PDWFKHV IRXQG LQ WKH WDUJHW� 7KHVH PDWFKHV HQDEOH

WKH HVWDEOLVKPHQW RI FRUUHVSRQGHQFH EHWZHHQ WKH VRXUFH

DQG WDUJHW DW WKH IHDWXUH OHYHO� 7KH VRXUFH DQG WDUJHW

ERXQGDULHV FDQ WKXV EH SDUWLWLRQHG LQWR VHTXHQFHV RI
IHDWXUH VHJPHQWV DQG FRQQHFWRU VHJPHQWV DV VKRZQ LQ

)LJXUH ��F�� )LJXUH ��G� VKRZ WKH EOHQGLQJ UHVXOW REWDLQHG

E\ OLQHDUO\ LQWHUSRODWLQJ FRUUHVSRQGLQJ IHDWXUH VHJPHQWV

DQG FRQQHFWRU VHJPHQWV� 7KH UHVXOW LV FRPSDUDEOH WR WKH

ZRUN RI 6HGHUEHUJ DQG *UHHQZRRG >��@� 1RWLFH WKDW WKH

OHIW DUP LV VKRUWHQHG LQ WKH LQ�EHWZHHQV� 7KLV SUREOHP
DOVR RFFXUV LQ WKH ZRUN RI 6HGHUEHUJ DQG *UHHQZRRG

>��@� ZKLFK LV GXH WR WKH OLQHDU LQWHUSRODWLRQ EHWZHHQ WKH

WZR DUP SRVLWLRQV WKDW KDYH H[FHVVLYH GLIIHUHQFH LQ

RULHQWDWLRQ� :LWK WKH HVWDEOLVKPHQW RI IHDWXUH

FRUUHVSRQGHQFH E\ WHPSODWH PDWFKLQJ� D EHWWHU

LQWHUSRODWLRQ VFKHPH FDQ EH HPSOR\HG WR RYHUFRPH WKH

SUREOHP� $ ULJLG WUDQVIRUPDWLRQ� ZKLFK LQYROYHV URWDWLRQ

�D� 7KH VRXUFH DQG WDUJHW REMHFWV

�F� 7KH IHDWXUH VHJPHQWV �LQ GDUN� DQG FRQQHFWRU

VHJPHQWV

�E� 7KH PDWFKHV IRXQG IURP WKH WDUJHW

)LJXUH � $Q H[DPSOH RI VKDSH EOHQGLQJ XVLQJ

WKH WHPSODWH PDWFKLQJ PHWKRG�
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DQG WUDQVODWLRQ� LV ILUVW DSSOLHG WR DOLJQ D FRUUHVSRQGLQJ
IHDWXUH SDLU EHIRUH OLQHDU LQWHUSRODWLRQ LV DSSOLHG� 7KH LGHD

RI DSSO\LQJ ULJLG WUDQVIRUPDWLRQ LV DOVR XVHG LQ WKH

PHWKRG RI &DUPHO DQG &RKHQ�2U >��@� +RZHYHU� WKHLU

PHWKRG LV OLPLWHG WR WKH XVH RI D VLQJOH ULJLG

WUDQVIRUPDWLRQ IRU HDFK RI WKH HQWLUH VRXUFH DQG WDUJHW

REMHFWV� :LWK IHDWXUH FRUUHVSRQGHQFH HVWDEOLVKHG E\
WHPSODWH PDWFKLQJ� D GLIIHUHQW ULJLG WUDQVIRUPDWLRQ FDQ EH

GHYLVHG WR HQVXUH DOLJQPHQW RI HDFK LQGLYLGXDO IHDWXUH

SDLUV� $ EHWWHU EOHQGLQJ UHVXOW FDQ WKXV EH JHQHUDWHG DV

VKRZQ LQ )LJXUH ��H��

%HVLGHV WKH VKDSH DYHUDJLQJ SUREOHP� DQRWKHU
LPSRUWDQW DSSOLFDWLRQ WKDW LV EHLQJ LQYHVWLJDWHG E\ WKH

DXWKRUV LV WKH GHVLJQ RI SODVWLF LQMHFWLRQ PRXOG� 7KH

FRROLQJ V\VWHP RI D SODVWLF LQMHFWLRQ PRXOG SOD\V D FUXFLDO

UROH LQ WKH RSWLPL]DWLRQ RI WKH LQMHFWLRQ PRXOGLQJ SURFHVV�

$ VXUYH\ RQ D VHW RI H[LVWLQJ PRXOG GHVLJQV KDV EHHQ

FRQGXFWHG ZKLFK FRQFOXGHV WKDW WKH FRROLQJ V\VWHP
GHSHQGV YHU\ PXFK RQ WKH PRXOGHG SDUW VKDSH� $ VHW RI

W\SLFDO SDUW VKDSHV LV WKXV LGHQWLILHG DQG WKHLU

FRUUHVSRQGLQJ FRROLQJ V\VWHP GHVLJQV KDV EHHQ FDSWXUHG

DV D VHW RI SDUDPHWULF GHVLJQ UXOHV� &RROLQJ V\VWHP GHVLJQ

IRU D QHZ SODVWLF SDUW LV WKHQ REWDLQHG E\ UHWULHYLQJ DQG

LQVWDQWLDWLQJ WKH H[LVWLQJ SDUDPHWULF GHVLJQ RI D VWRUHG
SDUW ZLWK VLPLODU SDUW VKDSH� 7KH PDMRU FKDOOHQJH LQ

DXWRPDWLQJ WKLV UHWULHYDO SURFHVV LV WKH DELOLW\ WR GHWHFW

SDUWV ZLWK VLPLODU VKDSHV� 7KH SURSRVHG WHPSODWH

PDWFKLQJ DOJRULWKP� EHLQJ DEOH WR GHWHFW IUHH�IURP

IHDWXUHV� FDQ EH XVHG WR VROYH WKLV SUREOHP� )XUWKHU

LQYHVWLJDWLRQ RQ DSSO\LQJ WKH WHPSODWH PDWFKLQJ
DOJRULWKP WR GHWHFW VKDSH VLPLODULW\ LQ �' LV EHLQJ

FRQGXFWHG E\ WKH DXWKRUV�

$��%������
��

)UHH�IRUP IHDWXUH UHFRJQLWLRQ LV DQ LPSRUWDQW UHVHDUFK

DUHD WKDW KDV QRW EHHQ ZHOO LQYHVWLJDWHG� :H KDYH

GHYHORSHG D PHWKRG WKDW DFKLHYHV IUHH�IURP IHDWXUH

UHFRJQLWLRQ LQ WZR�GLPHQVLRQDO FXUYHG REMHFW� 7KH

HIILFLHQF\ RI WKH PHWKRG UHOLHV RQ WKH WZR�SKDVH
DSSURDFK� ,Q WKH ILUVW SKDVH� D ORZ UHVROXWLRQ LV XVHG WR

GLVFUHWL]HG WKH SDUDPHWULF VSDFH ZKHUH SRWHQWLDO UHJLRQV

DUH LGHQWLILHG� 7KH UHVROXWLRQ LV LWHUDWLYHO\ UHILQH XQWLO DQ


RSWLPDO
 UHVROXWLRQ LV REWDLQHG� ,Q WKH VHFRQG SKDVH� KLJK

UHVROXWLRQ LV XVHG WR ORFDWH WKH H[DFW PDWFK WR D VSHFLILHG

DFFXUDF\� $SSOLFDWLRQ RI WKH IUHH�IRUP IHDWXUH UHFRJQLWLRQ
PHWKRG LQ VKDSH DYHUDJLQJ KDV EHHQ GHPRQVWUDWHG DQG WKH

DSSOLFDWLRQ LQ PRXOG GHVLJQ LV GLVFXVVHG�

��&��'��������	�

7KH DXWKRUV ZRXOG OLNH WR H[SUHVV WKHLU JUDWLWXGH WR WKH

5HVHDUFK *UDQWV &RXQFLO RI +RQJ .RQJ IRU WKH ILQDQFLDO
VXSSRUW WR WKH SURMHFW�

����������

>�@ -DNXERZVNL 5� ³6\QWDFWLF FKDUDFWHUL]DWLRQ RI PDFKLQH

SDUWV VKDSHV´� &\EHUQHWLFV DQG 6\VWHPV� ����� ����� SS ��
���

>�@ 6WDOH\ 6 0� +HQGHUVRQ 0 5 DQG $QGHUVRQ ' &�

³8VLQJ V\QWDFWLF SDWWHUQ UHFRJQLWLRQ WR H[WUDFW IHDWXUH

LQIRUPDWLRQ IURP D VROLG JHRPHWULF GDWD EDVH´� &RPS� LQ

0HFK� (QJ�� ������ ����� SS ������

>�@ &KRL % .� %DUDVK 0 0 DQG $QGHUVRQ ' &�

³$XWRPDWLF UHFRJQLWLRQ RI PDFKLQHG VXUIDFHV IURP D �'

VROLG PRGHO´� &RPSXWHU�$LGHG 'HVLJQ� 9RO �� 1R ��

����� SS ������

>�@ -RVKL 6 DQG &KDQJ 7 &� ³*UDSK�EDVHG KHXULVWLFV IRU

UHFRJQLWLRQ RI PDFKLQHG IHDWXUHV IURP ��' VROLG PRGHO´�

&RPSXWHU�$LGHG 'HVLJQ� 9RO �� 1R �� ����� SS ������

>�@ 'H )ORULDQL / DQG %UX]]RQH (� ³%XLOGLQJ D IHDWXUH�

EDVHG REMHFW GHVFULSWLRQ IURP D ERXQGDU\ PRGHO´�
&RPSXWHU�$LGHG 'HVLJQ� 9RO �� 1R ��� ����� SS ����

����

>�@ *DYDQNDU 3 DQG +HQGHUVRQ 0 5� ³*UDSK�EDVHG

H[WUDFWLRQ RI SURWUXVLRQV DQG GHSUHVVLRQV IURP ERXQGDU\
UHSUHVHQWDWLRQV´� &RPSXWHU�$LGHG 'HVLJQ� 9RO �� 1R ��

����� SS ��������

>�@ &RUQH\ - DQG &ODUN ' ( 5� ³0HWKRG IRU ILQGLQJ KROHV

DQG SRFNHWV WKDW FRQQHFW PXOWLSOH IDFHV LQ � ���'

REMHFWV´� &RPSXWHU�$LGHG 'HVLJQ� 9RO �� 1R ��� �����
SS ��������

)LJXUH � $Q H[DPSOH RI VKDSH EOHQGLQJ XVLQJ WKH

WHPSODWH PDWFKLQJ PHWKRG�FRQWLQXHG��

�G� %OHQGLQJ E\ OLQHDU LQWHUSRODWLQJ

�H� $SSO\LQJ ULJLG WUDQVIRUPDWLRQV EHIRUH EOHQGLQJ
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>�@ /HQW] ' + DQG 6RZHUE\ 5� ³)HDWXUH H[WUDFWLRQ RI

FRQFDYH DQG FRQYH[ UHJLRQV´� &RPSXWHU�$LGHG 'HVLJQ�
9RO �� 1R �� ����� SS ��������

>�@ :RR 7 &� ³)HDWXUH H[WUDFWLRQ E\ YROXPH

GHFRPSRVLWLRQ´� 3URFHHGLQJV RI WKH FRQIHUHQFH RQ

&$'�&$0 LQ 0HFKDQLFDO (QJLQHHULQJ� ����� 0,7 3UHVV�

&DPEULGJH� 0$�

>��@ 9DQGHQEUDQGH - DQG 5HTXLFKD $� ³*HRPHWULF

UHFRJQLWLRQ RI LQWHUDFWLQJ PDFKLQLQJ IHDWXUHV´� $GYDQFHG

LQ )HDWXUH %DVHG 0DQXIDFWXULQJ� (OVHYLHU� $PVWHUGDP�

����� HGLWHG E\ 6KDK - -� 0DQW\OD 0 DQG 1DX ' 6�

>��@ 6DNXUDL +� ³9ROXPH GHFRPSRVLWLRQ DQG IHDWXUH

UHFRJQLWLRQ� 3DUW ,� SRO\KHGUDO REMHFWV´� &RPSXWHU $LGHG

'HVLJQ� 9RO �� 1R ��� ����� SS �������

>��@ :RRGZDUN - 5� ³6RPH VSHFXODWLRQV RQ IHDWXUH

UHFRJQLWLRQ´� &RPSXWHU�$LGHG 'HVLJQ� 9RO �� 1R ��
����� SS ��������

>��@ 3DUU\�%DUZLFN 6 DQG %RZ\HU $� ³0XOWLGLPHQVLRQDO

VHW�WKHRUHWLF IHDWXUH UHFRJQLWLRQ´� &RPSXWHU�$LGHG

'HVLJQ� 9RO �� 1R ��� ����� SS ��������

>��@ &KHQ 6 ( DQG 3DUHQW 5� ³6KDSH $YHUDJLQJ DQG ,WV

$SSOLFDWLRQV WR ,QGXVWULDO 'HVLJQ´� ,((( &RPSXWHU

*UDSKLFV 	 $SSOLFDWLRQV� 9RO � 1R �� ����� SS ������

>��@ 6HGHUEHUJ 7 : DQG *UHHQZRRG (� ³$ 3K\VLFDOO\
%DVHG $SSURDFK WR ��' 6KDSH %OHQGLQJ´� $&0

&RPSXWHU *UDSKLFV� 9RO �� 1R �� ����� SS ������

>��@ :DQJ +� ³$Q DSSURDFK WR &RPSXWHU�DLGHG VW\OLQJ´�

'HVLJQ VWXGLHV� 9RO �� 1R �� ����� SS ������

>��@ +XL . & DQG /L < '� ³(OHPHQW PHWKRG IRU ��' VKDSH

WUDQVIRUPDWLRQ´� 3URFHHGLQJV RI WKH ,QWHUQDWLRQDO

&RQIHUHQFH RQ 0DQXIDFWXULQJ $XWRPDWLRQ ,&0$¶��� $SU

������ ����� WKH 8QLYHUVLW\ RI +RQJ .RQJ� +RQJ .RQJ�

>��@ +XL .& DQG /L < '� ³$ IHDWXUH�EDVHG VKDSH

EOHQGLQJ WHFKQLTXH IRU LQGXVWULDO GHVLJQ´� &RPSXWHU�

$LGHG 'HVLJQ� 9RO �� 1R ��� ����� SS ��������

>��@ %XUU� ' -� ³(ODVWLF PDWFKLQJ RI OLQH GUDZLQJV´� 3URF�

�WK
,QWHUQDWLRQDO &RQIHUHQFH RQ 3DWWHUQ 5HFRJQLWLRQ�

����� SS ��������

>��@ =KDQJ <� ³$ )X]]\ $SSURDFK WR 'LJLWDO ,PDJH

:DUSLQJ´� ,((( &RPS� *UDSK� $SS�� -XO\ ����� SS ���

���

>��@ %HLHU 7� ³)HDWXUH�%DVHG ,PDJH 0HWDPRUSKRVLV´�

&RPSXWHU *UDSKLFV¶ ��� ����� SS �����

>��@ &DUPHO ( DQG &RKHQ�2U '� ³:DUS�JXLGHG REMHFW�

VSDFH PRUSKLQJ´� WKH 9LVXDO &RPSXWHU� 9RO ��� ����� SS

�������

>��@ /L & / DQG +XL . &� �)HDWXUH UHFRJQLWLRQ E\
WHPSODWH PDWFKLQJ�� WR DSSHDU LQ &RPSXWHUV 	 *UDSKLFV�

9RO �� 1R �� �����
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