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'HSW� RI (OHFWULFDO (QJLQHHULQJ DQG (YRNHG 3RWHQWLDOV /DERUDWRU\

7HFKQLRQ� ,VUDHO ,QVWLWXWH RI 7HFKQRORJ\

+DLID� ������ ,VUDHO

��������

$Q DOJRULWKP IRU HVWLPDWLRQ RI XQNQRZQ VLJQDOV FRUUXSWHG

E\ FRORUHG QRLVH LV SURSRVHG� 7KH ORFDO .DUKXQHQ�/RHYH

�/./� EDVLV� GHULYHG IURP WKH ORFDO DXWRFRUUHODWLRQ

IXQFWLRQ RI WKH QRLV\ VLJQDO� LV XVHG IRU RSWLPDO VLJQDO

UHSUHVHQWDWLRQ �LQ PLQLPXP PHDQ VTXDUHG HUURU � 006( �

VHQVH�� 7KH YHFWRU VSDFH RI WKH QRLV\ VLJQDO LV GHFRPSRVHG

E\ WKH /./ WUDQVIRUP LQWR WKH FRUUHVSRQGLQJ

FRPSOHPHQWDU\ RUWKRJRQDO VXEVSDFHV� L�H� WKH

VLJQDO�SOXV�QRLVH DQG WKH QRLVH RQO\� 7KH GHVLUHG VLJQDO LV

HVWLPDWHG IURP WKH VLJQDO�SOXV�QRLVH VXEVSDFH E\

PRGLI\LQJ WKH FRUUHVSRQGLQJ /./ FRPSRQHQWV ZLWK D

:LHQHU JDLQ IXQFWLRQ�

�� ������������

7KH SUREOHP RI HVWLPDWLRQ RI VLJQDOV FRUUXSWHG E\ FRORUHG

QRLVH DULVHV LQ SURFHVVLQJ RI HYHQW UHODWHG SRWHQWLDOV �(53�

� WKH VLJQDOV JHQHUDWHG E\ GHWHFWDEOH HYHQWV� 2QH SDUWLFXODU

FDVH RI (53 LV WKH HYRNHG SRWHQWLDO �(3� � WKH EUDLQ

UHVSRQVH WR H[WHUQDO VWLPXOL� 7KH PDLQ REVWDFOHV

HQFRXQWHUHG LQ H[WUDFWLQJ D VLQJOH�WULDO (3 IURP RQJRLQJ

((* DFWLYLW\ DUH D ORZ VLJQDO�WR�QRLVH UDWLR �615� DQG D

KLJK YDULDELOLW\ RI VLQJOH (3 IURP WULDO WR WULDO DQG IURP

VXEMHFW WR VXEMHFW�

0HWKRGV EDVHG RQ WHPSODWH PDWFKLQJ IRU HVWLPDWLRQ RI D

VLQJOH (3 �H�J� >�@� VPRRWK RXW IHDWXUHV RI D SDUWLFXODU

VLQJOH (3� 0HWKRGV EDVHG RQ PRGHOLQJ RI D VLQJOH (3 DV D

VXP RI GDPSHG VLQXVRLGV �H�J� >�@� UHTXLUH GHWDLOHG

VSHFLILFDWLRQ RI WKH OLQHDU PRGHO DQG WKH VROXWLRQ RI D KDUG

SDUDPHWHU HVWLPDWLRQ SUREOHP� DQG DUH QRW QHFHVVDULO\

RSWLPDO LQ DQ\ VHQVH� :H WKHUHIRUH SURSRVH DQ DOWHUQDWLYH

PHWKRG� EDVHG RQ WKH /./ WUDQVIRUP RI WKH PHDVXUHG

VLJQDO� DQG RQ PRGLILFDWLRQ RI LWV FRPSRQHQWV E\ D :LHQHU

JDLQ IXQFWLRQ� 7KLV SURFHGXUH SUHVHUYHV ORFDO IHDWXUHV RI

WKH VLJQDO� LW LV RSWLPDO LQ 006( VHQVH DQG LV FRPSOHWHO\

GULYHQ E\ GDWD�

�� ����������	������

��� %DVLF DVVXPSWLRQV

:H DVVXPH WKDW WKH QRLVH LV� �� DGGLWLYH� �� VWDWLRQDU\

GXULQJ WKH SUH� DQG SRVW�VWLPXOXV PHDVXUHPHQWV RYHU D

SHULRG RI RQH VHFRQG �L�H� VKRUW�WHUP VWDWLRQDU\� DQG ��

XQFRUUHODWHG ZLWK WKH VLJQDO� 7KH QRLVH SURFHVV FDQ EH

GHVFULEHG E\ DQ DXWRUHJUHVVLYH �$5� PRGHO RI DSSURSULDWH

RUGHU� $ QRLV\ VLJQDO LV ILUVW SUHFRQGLWLRQHG E\ D ZKLWHQLQJ

ILOWHU� 7KLV ILOWHU LV GHULYHG IURP WKH $5 PRGHO RI WKH

SUHVWLPXOXV ((* VLJQDO�

��� 6LJQDO VXEVSDFH DSSURDFK

7KH VLJQDO VXEVSDFH DSSURDFK� SRSXODU LQ WKH DUUD\

SURFHVVLQJ SUREOHPV� ZDV XVHG LQ >�@ IRU VSHHFK

HQKDQFHPHQW� :H XVH WKLV WHFKQLTXH DV D IUDPHZRUN IRU

RXU HVWLPDWLRQ PHWKRG DQG FRPELQH LW ZLWK D ORFDO

WUDQVIRUP LGHDV�

/HW \ V�Q EH D GLVWRUWHG QRLV\ VLJQDO� ZKHUH V LV D

GLVWRUWHG QRLVHOHVV VLJQDO� DQG Q LV D ZKLWH *DXVVLDQ QRLVH�

7KH FRYDULDQFH PDWUL[ RI � LV JLYHQ E\

5 5 5\ V Q= + � ���

ZKHUH 5 ,Q Q= σ � � DQG σ Q
� LV WKH QRLVH YDULDQFH� 7KH

YHFWRU VSDFH RI WKH SUHFRQGLWLRQHG QRLV\ VLJQDOV LV

GHFRPSRVHG E\ WKH ./ WUDQVIRUP LQWR WKH FRUUHVSRQGLQJ

FRPSOHPHQWDU\ RUWKRJRQDO VXEVSDFHV� L�H� WKH VLJQDO

VXEVSDFH �WKDW FRQWDLQV ERWK WKH VLJQDO DQG WKH QRLVH

FRPSRQHQWV�� DQG WKH QRLVH VXEVSDFH �WKDW FRQWDLQV WKH

QRLVH FRPSRQHQWV RQO\� >�@�

/HW WKH HLJHQGHFRPSRVLWLRQ RI WKH FRYDULDQFH PDWUL[ 5\

EH

5 9 9\ \
7= Λ � ���

ZKHUH 9 LV DQ RUWKRQRUPDO PDWUL[ RI HLJHQYHFWRUV RI 5\�

Λ \ LV D GLDJRQDO PDWUL[ RI HLJHQYDOXHV RI 5\�

Λ \ \ \ \ \GLDJ . . 0= +> � ������ � �� � ������ � �@λ λ λ λ� � � DQG .

� �. 0≤ LV WKH VLJQDO VXEVSDFH GLPHQVLRQ ZKLFK LV

HVWLPDWHG LQ DGYDQFH� 7KH HVWLPDWLRQ RI WKH VLJQDO

VXEVSDFH GLPHQVLRQ FDQ EH SHUIRUPHG E\ WKH PLQLPXP

GHVFULSWLRQ OHQJWK �0'/� DSSURDFK RI 5LVVDQHQ >�@� )RU

WKH SUREOHP XQGHU FRQVLGHUDWLRQ� WKLV FULWHULRQ LV JLYHQ E\�

0'/ U
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ZKHUH YL DUH WKH FROXPQV RI WKH PDWUL[ 9 � 7KH VLJQDO

VXEVSDFH GLPHQVLRQ� .� LV GHWHUPLQHG DV WKH YDOXH RI

U 0∈^ � ����� `� � IRU ZKLFK WKH 0'/ LV PLQLPL]HG�

)URP ��� DQG ��� ZH FRQFOXGH WKDW

λ λ σ\ V QN N N .� � � � � � ��� �= + =� � � ���

ZKHUH λ V N N .� �� � ��� �= � DUH WKH HLJHQYDOXHV RI WKH

FRYDULDQFH PDWUL[ 5V �ZKLFK LV RI UDQN . �� 7KH

HLJHQYDOXHV λ λ\ \. 0� �� ��� � � �+� DUH DOO HTXDO WR σ Q
� �

7KXV� WKH VLJQDO V FDQ EH HVWLPDWHG IURP RQO\ WKH ILUVW .

HLJHQYHFWRUV RI 9 � ,Q SDUWLFXODU� WKH GHVLUHG VLJQDO LV

HVWLPDWHG ZLWK UHIHUHQFH WR WKH VLJQDO VXEVSDFH E\

PRGLI\LQJ WKH FRUUHVSRQGLQJ ./ FRPSRQHQWV ZLWK D JDLQ

IXQFWLRQ :�

�V 9:9 \7= � ���

ZKHUH 9 LV D . 0× PDWUL[ RI . HLJHQYHFWRUV�

FRUUHVSRQGLQJ WR WKH ILUVW . HLJHQYDOXHV RI Λ \ � DQG : LV

D . .× GLDJRQDO PDWUL[ RI ZHLJKWV WKDW UHSUHVHQWV WKH

:LHQHU JDLQ IXQFWLRQ� 7KHVH ZHLJKWV DUH JLYHQ E\�

Z N N N .N \ Q \= − =� � � � � � �� � ��� �λ σ λ�
� � ���

7KH DERYH ILOWHULQJ SURFHGXUH LV RSWLPDO LQ WKH 006(

VHQVH�

&ROXPQV RI 9 IRUP DQ RUWKRQRUPDO EDVLV IRU VLJQDO

UHSUHVHQWDWLRQ� ,I WKH 3VHXGR�./ �3./� WUDQVIRUP >�@ LV

XVHG LQVWHDG RI WKH UHJXODU ./� ��� WDNHV WKH IRUP�

�V 9:8 \7= � ���

ZKHUH 8 LV WKH PDWUL[ ZKRVH FROXPQV IRUP D EDVLV

ELRUWKRQRUPDO WR WKDW RI 9�

)LQDOO\� WKH VLJQDO �V LV ILOWHUHG E\ WKH LQYHUVH ZKLWHQLQJ

ILOWHU WR FRPSHQVDWH IRU D VLJQDO GLVWRUWLRQ FDXVHG E\ WKH

ZKLWHQLQJ RSHUDWLRQ�

��� 7KH ORFDO ./ DQG SVHXGR�./ WUDQVIRUPV

7KH ./ WUDQVIRUP LV NQRZQ WR EH WKH PRVW HIILFLHQW

FRRUGLQDWH V\VWHP IRU UHSUHVHQWDWLRQ RI VLJQDOV� XQGHU WKH

006( DQG WKH PLQLPXP HQWURS\ FULWHULD� 1HYHUWKHOHVV�

IHDWXUHV RI VLJQDOV ZKLFK DUH ORFDOL]HG LQ WKH

WLPH�IUHTXHQF\ GRPDLQ DUH QRW ZHOO UHSUHVHQWHG GXH WR WKH

JOREDO QDWXUH RI WKH HLJHQYHFWRUV� 7R RYHUFRPH WKLV

SUREOHP� WKH ORFDO WUDQVIRUP VKRXOG EH XVHG� 7R SHUIRUP D

ORFDO ./ WUDQVIRUP IRU WLPH VHULHV UHSUHVHQWDWLRQ� ZH

GLYLGH WKH LQLWLDO LQWHUYDO LQWR VKRUWHU LQWHUYDOV RI HTXDO

OHQJWK ZKLFK RYHUODS LQ WLPH >�@� ,Q WKLV FDVH�

WLPH�IUHTXHQF\ VWUXFWXUH ZKLFK LV VLPLODU WR WKH VKRUW�WLPH

)RXULHU WUDQVIRUP LV SURGXFHG� 7KH ./ WUDQVIRUP �RU WKH

3./ WUDQVIRUP� DORQJ ZLWK WKH ILOWHULQJ SURFHGXUH DUH

DSSOLHG WR WKH VLJQDO DW HDFK LQWHUYDO VHSDUDWHO\� 7R DYRLG

HGJH HIIHFWV� WKH VLJQDO DW D JLYHQ LQWHUYDO LV PXOWLSOLHG E\ D

ZLQGRZ IXQFWLRQ�

,I WKH WLPH�IUHTXHQF\ FRQWHQW RI WKH VLJQDO LV QRW XQLIRUP�

WKHQ WLPH LQWHUYDOV KDYH WR EH RI YDU\LQJ OHQJWK� 7KH EHVW

EDVLV VHOHFWLRQ DOJRULWKP GHVFULEHG LQ >�@ ZDV XVHG IRU

FRPSUHVVLRQ DQG FODVVLILFDWLRQ SXUSRVHV DQG DSSOLHG WR

HQVHPEOH RI VLJQDOV� 7KLV DOJRULWKP FDQ EH DGDSWHG IRU

WLPH VHULHV UHSUHVHQWDWLRQ DQG IRU HVWLPDWLRQ SXUSRVHV�

)LUVW� WKH RULJLQDO LQWHUYDO LV GLYLGHG LQWR VXELQWHUYDOV RI

HTXDO OHQJWK , , .� � ��� � � 7KHQ� VWDUWLQJ IURP WKH OHIW� WZR

DGMDFHQW LQWHUYDOV DUH H[DPLQHG WR VHH LI LW LV ZRUWKZKLOH

�XQGHU D SDUWLFXODU FULWHULRQ� WR PHUJH WKHP� )RU LQVWDQFH�

LI WZR VXELQWHUYDOV , ,M M� +� DUH GHHPHG ZRUWKZKLOH WR

PHUJH LQWR WKH VLQJOH LQWHUYDO , M M� +� � WKHQ WKH QH[W VWHS LV

WR FKHFN LI LW LV ZRUWKZKLOH WR PHUJH , M M� +� ZLWK , M+� �

2WKHUZLVH� WKH QH[W VWHS LV WR FKHFN WKH LQWHUYDOV , ,M M+ +� �� �

DQG VR RQ�

/HW λ λ λ, , , MM M M 0= � � �� ��� � � ��� EH WKH VHW RI HLJHQYDOXHV

RI WKH FRYDULDQFH �DXWRFRUUHODWLRQ� PDWUL[ RI WKH VLJQDO RQ

WKH LQWHUYDO , M � )XUWKHUPRUH� OHW WKHP EH DUUDQJHG LQ D

GHVFHQGLQJ RUGHU� 7KH IROORZLQJ QRQOLQHDU IXQFWLRQDO FDQ

EH XVHG DV D PHDVXUH RI LQHIILFLHQF\ RI WKH VXELQWHUYDO , M �
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)LJXUH �� (VWLPDWLRQ ZLWK WKH ./ �XSSHU� DQG WKH /./

�ORZHU� WUDQVIRUPV DSSOLHG WR VLPXODWHG �V\QWKHWLF� (3

VLJQDO� 7KH QRLVH�IUHH� QRLV\ �ZLWK ZKLWH *DXVVLDQ QRLVH�

615  � G%� DQG HVWLPDWHG VLJQDOV DUH GHQRWHG E\ GDVKHG�

GRWWHG DQG FRQWLQXRXV OLQHV� UHVSHFWLYHO\�
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ZKHUH . 0M≤ LV WKH QXPEHU RI IHDWXUHV WR EH XVHG �LQ RXU

FDVH� WKH VLJQDO VXEVSDFH GLPHQVLRQ�� DQG ��S��� 7KHQ�

IRU WKH LQWHUYDOV , ,M M� +� DQG , M M� +� ZH FKHFN� LI

µ λ� � �, M . � µ λ λ�^ � `� �, ,M M .+� � ,I WKLV LQHTXDOLW\ KROGV�

WKHQ WKH LQWHUYDO , M M� +� LV FKRVHQ DQG 9 8, , , ,M M M M� ��+ +� �
DUH

FDOFXODWHG DV JOREDO ELRUWKRJRQDO ./ EDVHV IRU , M M� +� �L�H�

9 9, , ,M M M M� �+ +=� � �8 8, , ,M M M M� �+ +=� � �� ,I LW GRHV QRW� WKHQ WZR

LQWHUYDOV , M DQG , M+� DUH FKRVHQ� 9 9 9, , , ,M M M M� + += ⊕� � �

8 8 8, , , ,M M M M� + += ⊕� � � DQG λ λ λ, , , ,M M M M� ^ � `+ +=� � � 1RWH WKDW

LI WKH UHJXODU ./ WUDQVIRUP LV XVHG LQVWHDG RI WKH 3./�

WKHQ 8M{9M� 7KH DERYH DOJRULWKP RI WKH EHVW EDVLV VHOHFWLRQ

LV VLPLODU WR WKH RQH XVHG LQ WKH :DYHOHW 3DFNHWV DOJRULWKP�

$IWHU WKH /./ EDVLV LV FRQVWUXFWHG� WKH VLJQDO LV

UHSUHVHQWHG E\ WKH WUDQVIRUP GRPDLQ FRHIILFLHQWV� DQG WKH

DERYH HVWLPDWLRQ SURFHGXUH LV DSSOLHG WR WKLV

UHSUHVHQWDWLRQ� ,Q WKLV FDVH� WKH HIIHFW RI WKH :LHQHU

ILOWHULQJ SURFHGXUH LV ORFDO� VLQFH LW LV DSSOLHG WR WKH ORFDO

FRHIILFLHQWV�

��� (VWLPDWLRQ RI WKH ORFDO DXWRFRUUHODWLRQ

PDWUL[

7KH DXWRFRUUHODWLRQ �FRYDULDQFH� PDWUL[ FDQ EH HVWLPDWHG

LQ GLIIHUHQW ZD\V� 7KH VLPSOH DXWRFRUUHODWLRQ HVWLPDWH LV

FRPSXWHG IURP VDPSOHV \M� M ������-�� YLD�

� � � � � � �� � � ��� �U P
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7KH WRWDO QXPEHU RI VDPSOHV -� IURP ZKLFK WKH

DXWRFRUUHODWLRQ PDWUL[ LV HVWLPDWHG� LV FKRVHQ WR EH VPDOOHU

WKDQ WKH LQWHUYDO GXULQJ ZKLFK WKH VLJQDO LV DVVXPHG WR EH

VWDWLRQDU\� 2Q WKH RWKHU KDQG� WKH QRLV\ VLJQDO VXEVSDFH

GLPHQVLRQ 1 PXVW EH VXIILFLHQWO\ ODUJH� VLQFH WKH

LPSURYHPHQW LQ 615 LV SURSRUWLRQDO WR 1�.� ZKHUH . LV WKH

QRLVH�IUHH VLJQDO VXEVSDFH GLPHQVLRQ�

$ VOLJKWO\ EHWWHU HVWLPDWH FDQ EH DFKLHYHG E\ WDNLQJ D

VLPLODU DSSURDFK WR WKDW WDNHQ E\ WKH UXQQLQJ

DXWRFRUUHODWLRQ PHWKRG� 6XSSRVH WKDW - 3/ ZLWK 3 � =
�

DQG / 1≥ � ,Q WKLV FDVH� WKH VXP LQ ��� FDQ EH VSOLW LQWR 3

VXPV� DQG WKH HVWLPDWH RI WKH DXWRFRUUHODWLRQ PDWUL[ LV
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DQG ^DN` DUH WKH ZHLJKWV �DOO EHLQJ HTXDO WR � LQ WKH

VLPSOHVW FDVH�� 7R SHUIRUP WKH ZHLJKWLQJ RSHUDWLRQ ZH XVH

WKH IROORZLQJ IRUPXOD IRU FDOFXODWLQJ DN�
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ZKHUH E LV D ³IRUJHWWLQJ IDFWRU´ DQG 3 LV DQ RGG QXPEHU�

1RWH� WKDW WKH YDOXH  N 3= � � FRUUHVSRQGV WR WKH

FXUUHQW IUDPH RI WKH VLJQDO� IRU ZKLFK WKH /./7 LV

FDOFXODWHG�

��� (VWLPDWLRQ DOJRULWKP VXPPDU\

7KH HVWLPDWLRQ SURFHGXUH �XVLQJ WKH RUWKRQRUPDO ./7�

FDQ EH VXPPDUL]HG DV IROORZV�

3UHFRQGLWLRQLQJ� ZKLWHQ WKH QRLV\ VLJQDO�

67$*( ,� EXLOG /./ EDVLV

6WHS �� 'HFRPSRVH WKH JOREDO LQWHUYDO , RI D

SUHFRQGLWLRQHG QRLV\ VLJQDO \ LQWR VXELQWHUYDOV RI HTXDO

OHQJWK ZKLFK RYHUODS LQ WLPH� ,������,1 �ERWWRP OHYHO

EUDQFKHV RI WKH ELQDU\ WUHH UHSUHVHQWDWLRQ�

6WHS �� )RU HYHU\ ,M DERYH WKH ERWWRP OHYHO DQG IRU LWV WZR

FKLOGUHQ ,N� ,O � FDOFXODWH WKH VWDQGDUG ./ EDVHV 9M� 9N� 9O�

UHVSHFWLYHO\�

6WHS �� &DOFXODWH DFFRUGLQJ WR ��� WKH LQHIILFLHQF\ PHDVXUH

P IRU WKH VXELQWHUYDOV ,M� ,N� ,O�

6WHS �� 6HOHFW WKH EHVW ORFDO EDVLV %M IRU ,M�

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
−1000

−800

−600

−400

−200

0

200

400

600

800

1000

time [sec]

Am
pli

tud
e

C

)LJXUH �� (VWLPDWLRQ ZLWK WKH /./ WUDQVIRUP DSSOLHG WR

VLPXODWHG �V\QWKHWLF� (3 VLJQDO� 7KH QRLVH�IUHH� QRLV\

�ZLWK FRORUHG *DXVVLDQ QRLVH� 615  ��� G%� DQG

HVWLPDWHG VLJQDOV DUH GHQRWHG E\ GRWWHG� GDVKHG DQG

FRQWLQXRXV OLQHV� UHVSHFWLYHO\�



,I µ λ µ λ λ� � � �^ � `� ��M N OS S<

7KHQ FKRRVH WKH JOREDO RYHU ,M 3./ EDVLV� %M 9M� ^OM`

(OVH % M 9
N

9
O

= ⊕ � ^OM` ^ON� OM`

6WHS �� 5HSHDW 6WHS � � 6WHS � IRU KLJKHU OHYHO EUDQFKHV RI

WKH ELQDU\ WUHH

67$*( ,,� $SSO\ WKH VLJQDO VXEVSDFH DSSURDFK� DORQJ

ZLWK WKH :LHQHU ILOWHULQJ� WR WKH VLJQDO LQ WKH /./ GRPDLQ�

3RVWFRQGLWLRQLQJ� $SSO\ DQ LQYHUVH ZKLWHQLQJ ILOWHU

�� 5(68/76

7KH DOJRULWKP ZDV WHVWHG DQG LWV SHUIRUPDQFH YDOLGDWHG

XVLQJ QDWXUDO DQG VLPXODWHG VLJQDOV� 7KH UHDO GDWD ZDV

VDPSOHG IURP YLVXDO (3� 7KH VLPXODWHG ((* ZDV

JHQHUDWHG DV DQ $5 SURFHVV RI RUGHU �� GHULYHG IURP WKH

$5 PRGHO RI WKH PHDVXUHG SUHVWLPXOXV ((* VLJQDO� 7KH

QRLVHOHVV (3 VLJQDO ZDV VLPXODWHG DV D VWDWLRQDU\

GHWHUPLQLVWLF SURFHVV E\ D VLQXVRLGDO PRGHO RI RUGHU ���

GHULYHG IURP WKH DYHUDJHG (3 VLJQDO� $ VLQJOH�WULDO (3 ZDV

VLPXODWHG DV D VXP RI VLPXODWHG (3 DQG ((* VLJQDOV ZLWK

WKH GHVLUHG 615� ��� VXFK VWDWLVWLFDOO\ LQGHSHQGHQW

VLQJOH�WULDOV ZHUH JHQHUDWHG� )LJXUH � SUHVHQWV WKH UHVXOWV

RI WKH HVWLPDWLRQ SURFHGXUH IRU D VLPXODWHG VLJQDO� PDVNHG

E\ D ZKLWH *DXVVLDQ QRLVH ZLWK 615 � G%� XVLQJ WKH ./

DQG WKH /./ WUDQVIRUPV� 7KH DGYDQWDJH RI WKH /./ RYHU

WKH ./ WUDQVIRUP IRU SURFHVVLQJ VLJQDOV ZLWK WLPH�YDU\LQJ

VSHFWUXP LV HYLGHQW� WKH ./ WUDQVIRUP VPRRWKHV RXW ORFDO

IHDWXUHV� ZKLOH WKH /./ GRHV QRW� )LJXUH � SUHVHQWV D

W\SLFDO UHVXOW RI WKH HVWLPDWLRQ SURFHGXUH� DSSOLHG WR D

VLPXODWHG VLJQDO PDVNHG E\ D FRORUHG *DXVVLDQ QRLVH ZLWK

615 ��� G%� XVLQJ WKH /./ WUDQVIRUP� $ FRPSDULVRQ RI

WZR HVWLPDWLRQ SURFHGXUHV LV SUHVHQWHG LQ 7DEOH �� 7KH

ILUVW LV EDVHG RQ WKH ZDYHOHW GHQRLVLQJ ZLWK µGE�¶ DQG

µGE�¶ 'DXEHFKLHV ZDYHOHW IDPLOLHV� 7KH VHFRQG XWLOL]HV WKH

/./ WUDQVIRUP DORQJ ZLWK WKH :LHQHU ILOWHU� 7KH GHQRLVLQJ

SURFHGXUH EDVHG RQ WKH µGE�¶ EDVLV JDYH WKH EHVW UHVXOWV�

7KH /./ WUDQVIRUP DORQJ ZLWK WKH :LHQHU ILOWHU JDYH

VOLJKWO\ SRRUHU UHVXOWV WKDQ µGE�¶� EXW FRQVLGHUDEO\ EHWWHU

WKDQ WKH +DDU EDVLV� :KHQ WKH :DYHOHW 3DFNHW DOJRULWKP

ZDV XVHG� WKH EHVW VXLWHG IDPLO\ RI ZDYHOHWV ZDV FKRVHQ

XVLQJ D SULRUL NQRZOHGJH DERXW WKH QRLVHOHVV VLJQDO� ,Q

FRQWUDVW� QR D SULRUL NQRZOHGJH ZDV XVHG LQ WKH

/./�WUDQVIRUP�EDVHG DOJRULWKP�

�� ����������

7KH SURSRVHG PHWKRG LPSURYHV WKH VLJQDO�WR�QRLVH UDWLR RI

D QRLV\ VLJQDO ZLWKRXW UHVRUWLQJ WR DYHUDJLQJ RU UHTXLULQJ

DQ\ UHIHUHQFH VLJQDOV� 7KH /./ EDVLV SURYLGHV DQ

DGGLWLRQDO GHJUHH RI IUHHGRP LQ UHSUHVHQWDWLRQ RI VLJQDOV�

DV FRPSDUHG WR WKH ./ EDVLV� )XUWKHU UHOD[DWLRQ RI

FRQVWUDLQWV FDQ EH DFKLHYHG E\ XVLQJ WKH 3./ EDVLV RI

QRQ�RUWKRJRQDO IXQFWLRQV >�@� 7KH QDWXUDO H[WHQVLRQ RI WKH

SURSRVHG PHWKRG WR WKH PXOWLYDULDWH FDVH VKRXOG EH XVHIXO

LQ WKH DQDO\VLV RI PXOWLFKDQQHO VLJQDOV� ,Q WKLV FDVH� VSDWLDO

GLVWULEXWLRQV RI D VLJQDO DQG RI QRLVH FDQ LPSRVH DGGLWLRQDO

FRQVWUDLQWV RQ WKH GHULYDWLRQ RI DQ DSSURSULDWH

VSDWLR�WHPSRUDO ILOWHU� 7KLV VXEMHFW LV FXUUHQWO\ XQGHU

IXUWKHU LQYHVWLJDWLRQ�

$OWKRXJK ZH GHYHORSHG WKH SURSRVHG PHWKRG SULPHULO\ IRU

GHWHFWLRQ RI VLQJOH�WULDO HYRNHG SRWHQWLDOV� WKH JHQHUDO

IUDPHZRUN LV PRVW VXLWDEOH IRU SURFHVVLQJ D ZLGH YDULHW\ RI

VLJQDOV HPEHGGHG LQ FRORUHG QRLVH ZLWK ORZ 615 DQG IRU

VLJQDOV FRUUXSWHG E\ ZKLWH QRLVH ZLWK DV ORZ DV � G% 615�

�� ��
�������

>�@ (�$� %DUWQLN� .�-� %OLQRZVND DQG 3�-� 'XUND� ³6LQJOH

HYRNHG SRWHQWLDO UHFRQVWUXFWLRQ E\ PHDQV RI ZDYHOHW

WUDQVIRUP� ´ %LRORJLFDO &\EHUQHWLFV� YRO� ��� ����� SS�

��������

>�@ 7� *DQVOHU DQG 0� +DQVVRQ� ³(VWLPDWLRQ RI HYHQW

UHODWHG SRWHQWLDOV�´ LQ 3URFHHGLQJV RI WKH ���WK (0%6�

YRO� ��� ����� SS� ��������

>�@ <� (SKUDLP� +�/� 9DQ 7UHHV� ´$ VLJQDO VXEVSDFH

DSSURDFK IRU VSHHFK HQKDQFHPHQW�´ ,((( 7UDQV�

6SHHFK� $XGLR 3URFHVVLQJ� YRO� �� ����� SS� ��������

>�@ /�/ 6FKDUI� 6WDWLVWLFDO 6LJQDO 3URFHVVLQJ� 'HWHFWLRQ�

(VWLPDWLRQ� DQG 7LPH 6HULHV $QDO\VLV�

$GGLVRQ�:HVOH\� �����

>�@ -� 5LVVDQHQ� ³0RGHOLQJ E\ VKRUWHVW GDWD GHVFULSWLRQ�´

$XWRPDWLFD� YRO� ��� ����� SS���������

>�@ 9� 6HJDOHVNX� 0� =LEXOVNL� <�<� =HHYL� ³2Q WKH UROH RI

ELRUWKRQRUPDOLW\ LQ UHSUHVHQWDWLRQ RI UDQGRP

SURFHVVHV�´ ,((( 7UDQV� ,QI� 7KHRU\� YRO� ��� QR���

����� SS� ��������

>�@ 3� .LVLOHY� <�<� =HHYL� +� 3UDW� ³2Q WLPH�VHULHV

UHSUHVHQWDWLRQ E\ WKH ORFDO .DUKXQHQ�/RHYH

WUDQVIRUP�´ LQ SUHSDUDWLRQ�

>�@ 1� 6DLWR� 5� 5� &RLIPDQ� ³7KH ORFDO .DUKXQHQ�/RHYH

EDVHV�´ LQ 3URF� ,(((�63 ,QW� 7)76� ����� SS�

��������

%DVLV 615 JDLQ� G% 1RWH

+DDU �µGE�¶� ��� µZRUVW¶ EDVLV

'DXEHFKLHV �µGE�¶� ���� EHVW VXLWHG EDVLV

/./ ��:LHQHU� ��� QR D SULRUL

NQRZOHGJH

7DEOH �� &RPSDULVRQ RI /./ YV� :DYHOHW 3DFNHW

HIILFLHQF\�


