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%ULDQ 0� 6DGOHU DQG $QDQWKUDP 6ZDPL

$UP\ 5HVHDUFK /DERUDWRU\� ���� 3RZGHU 0LOO 5RDG� $GHOSKL� 0' ����������

$%675$&7

:H FRQVLGHU VWHS GHWHFWLRQ DQG HVWLPDWLRQ XVLQJ D PXOWL�
VFDOH ZDYHOHW DQDO\VLV� EDVHG RQ WKH DELOLW\ RI D FHUWDLQ
GLVFUHWH ZDYHOHW WUDQVIRUP �':7� WR FKDUDFWHUL]H VLJQDO
VWHSV DQG HGJHV� 7KLV ':7� GHYHORSHG E\ 0DOODW DQG
=KRQJ� HVWLPDWHV WKH JUDGLHQW DW YDULRXV VPRRWKLQJ OHY�
HOV ZLWKRXW GRZQVDPSOLQJ LQ WLPH� $V nUVW SURSRVHG E\
5RVHQIHOG IRU HGJH VKDUSHQLQJ� PXOWLSOH VFDOHV DUH FRPELQHG
E\ IRUPLQJ WKH SRLQWZLVH SURGXFW DFURVV VFDOHV� :H VKRZ
WKDW WKLV DSSURDFK LV D QRQ�OLQHDU ZKLWHQLQJ WUDQVIRUPDWLRQ�
DQG FKDUDFWHUL]H WKH QRQ�*DXVVLDQ SGI RI WKH RXWSXW� 'H�
WHFWLRQ FXUYHV DUH VKRZQ IRU SDUDPHWHUL]HG VLJPRLGDO VWHS
FKDQJH VLJQDOV� 6WHS ORFDWLRQ HVWLPDWLRQ SHUIRUPDQFH LV DOVR
VKRZQ� ZLWK FRPSDULVRQ WR WKH &UDPHU�5DR ERXQG LQ DGGL�
WLYH ZKLWH *DXVVLDQ QRLVH�
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(GJH DQG VWHS GHWHFWLRQ DQG HVWLPDWLRQ LV D IXQGDPHQ�
WDO SUREOHP LQ PDQ\ DUHDV RI VLJQDO DQG LPDJH SURFHVV�
LQJ� $ VLPSOH JHQHUDO DSSURDFK� WKDW ZRUNV ZHOO DW KLJK
615� LV JUDGLHQW HVWLPDWLRQ� 0DQ\ RI WKH EDVLF LPDJH HGJH
GHWHFWLRQ RSHUDWRUV �H�J�� 5REHUWV� 3UHZLWW� 6REHO� UHGXFH
LQ RQH�GLPHQVLRQ WR DQ ),5 nOWHU ZLWK UHVSRQVH >��� �� �@�
0RUH JHQHUDO H[WHQVLRQV� VR�FDOOHG nOWHUHG GHULYDWLYH PHWK�
RGV� FRPELQH VPRRWKLQJ ZLWK JUDGLHQW HVWLPDWLRQ WR UHGXFH
QRLVH HmHFWV� 7KLV UHVXOWV LQ FODVVLFDO GHWHFWLRQ DQG HVWL�
PDWLRQ WUDGHRmV� H�J�� EHWZHHQ WKH OHYHO RI VPRRWKLQJ DQG
WKH YDULDQFH RI WKH HVWLPDWHG VWHS ORFDWLRQ� 7KH SUREOHPV
ZLWK WKH OHYHO RI VPRRWKLQJ DSSURSULDWH IRU JUDGLHQW HVWL�
PDWLRQ FDQ EH RYHUFRPH WR VRPH H[WHQW E\ HPSOR\LQJ D
PXOWL�VFDOH DQDO\VLV� L�H�� FRPELQLQJ UHVXOWV RYHU PXOWLSOH
OHYHOV RI VPRRWKLQJ�

,W LV ZHOO NQRZQ WKDW ZDYHOHWV PD\ EH XVHG IRU VLQJXODU�
LW\ GHWHFWLRQ >�@� 7KLV KDV EHHQ DSSOLHG WR HGJH GHWHFWLRQ
E\ 0DOODW DQG =KRQJ >�@� SXWWLQJ HDUOLHU ZRUN RI &DQQ\ DQG
RWKHUV LQWR WKH :7 IUDPHZRUN� &RQVLGHU D FRQWLQXRXV�WLPH
ZDYHOHW ��W� WKDW FRQVLVWV RI WKH nUVW GHULYDWLYH RI D VPRRWK�
LQJ IXQFWLRQ X�W�� JLYHQ E\ ��W�  GX�W� GW� )RU D VLJQDO RI
LQWHUHVW [�W� LW LV VWUDLJKWIRUZDUG WR VKRZ WKDW >�@

:V[�W�  [�W� e
r
V
GXV
GW

s
�W�  V

G

GW
�[ e XV��W�� ���

ZKHUH XV�W�  �� V�X�W V� DQG e GHQRWHV FRQYROXWLRQ� SUR�
YLGHG WKDW ��W� LV D YDOLG ZDYHOHW ZLWK ]HUR nUVW PRPHQW�
7KXV� IRU DSSURSULDWH FKRLFH RI X�W�� :V[�W� FDQ EH LQWHU�
SUHWHG DV D GHULYDWLYH RI D ORFDO DYHUDJH RI [�W� ZKHUH WKH

GHJUHH RI VPRRWKLQJ GHSHQGV RQ VFDOH V� 7KH UHVXOW LV GHULYD�
WLYH HVWLPDWLRQ DW YDULRXV OHYHOV RI VPRRWKLQJ�

:H FRQVLGHU D VFKHPH EDVHG RQ WKH DELOLW\ RI D FHUWDLQ
GLVFUHWH ZDYHOHW WUDQVIRUP �':7� WR FKDUDFWHUL]H WKH ORFDO
UHJXODULW\ RI VLJQDOV� ,Q >�@ 0DOODW DQG =KRQJ GHYHORSHG D
':7 EDVHG RQ D GLVFUHWH�WLPH DSSUR[LPDWLRQ WR X�W� XV�
LQJ D FXELF VSOLQH� LPSOHPHQWDWLRQ GHWDLOV DUH LQ >�@� 1RWH
WKDW WKLV ':7 LV G\DGLF LQ VFDOH EXW QRW LQ WLPH� WKHUH LV
QR GRZQVDPSOLQJ RI WKH nOWHU RXWSXWV� 7KH ,5
V IRU WKH
nUVW IHZ VFDOHV DUH VKRZQ LQ )LJXUH �� DQG WKH UHVXOWLQJ
IUHTXHQF\ UHVSRQVHV DUH VKRZQ LQ )LJXUH �� 1RWH WKH OLQ�
HDU UHJLRQV LQ )LJXUH � FRUUHVSRQG WR GLmHUHQWLDWLRQ DW WKH
YDULRXV VPRRWKLQJ OHYHOV�

+HUHDIWHU ZH UHVWULFW RXU DWWHQWLRQ WR0DOODW DQG =KRQJ
V
':7� DOWKRXJK RXU UHVXOWV DUH JHQHUDO IRU D IDPLO\ RI OLQHDU
GHULYDWLYH HVWLPDWLRQ nOWHUV� /HW WKH ':7 LQSXW EH [�Q��
ZLWK MWK VFDOH RXWSXW GHQRWHG
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ZKHUH KM�Q� LV WKH ,5 RI WKH MWK ':7 nOWHU� ,Q WKH IROORZLQJ
ZH FRQVLGHU D PXOWLVFDOH GHWHFWLRQ DQG HVWLPDWLRQ VWUDWHJ\
EDVHG RQ WKH SURGXFW RI WKH ':7 RXWSXWV� JLYHQ E\
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7KLV DSSURDFK ZDV nUVW VXJJHVWHG �EHIRUH WKH DGYHQW RI
ZDYHOHWV� E\ 5RVHQIHOG >�@� ZKR HPSOR\HG G\DGLF VPRRWKLQJ
VFDOHV DQG ZKHUH WKH VPRRWKLQJ nOWHU WDSV ZHUH DOO HTXDO WR
RQH� 7KLV DSSURDFK KDV UHFHQWO\ EHHQ HPSOR\HG E\ ;X HW
DO IRU LPDJH GHQRLVLQJ >�@�

$Q H[DPSOH RI ��� LV JLYHQ LQ )LJXUH �� GHSLFWLQJ D WLPH
VHULHV� LWV ':7 IRU WKH nUVW WKUHH VFDOHV� DQG QRUPDOL]HG
S�Q� IRU M�  � DQG M�  � DQG �� 7KH VLJQDO LV WZR�YDOXHG
LQ ZKLWH *DXVVLDQ QRLVH� 7KH SHDNV LQ WKH ':7 DW YDUL�
RXV VFDOHV FRUUHVSRQG WR WKH HGJHV� %HFDXVH WKH SHDNV DOLJQ
DFURVV WKH nUVW IHZ VFDOHV� WKH SURGXFW S�Q� H[KLELWV FRUUH�
VSRQGLQJ SHDNV� 3HDNV GR QRW DOLJQ DFURVV DUELWUDULO\ KLJK
VFDOHV EHFDXVH QHLJKERULQJ SHDNV LQWHUIHUH GXH WR OHQJWKHQ�
LQJ nOWHU UHVSRQVHV� 7KH SHDNV LQ S�Q� DUH JHQHUDOO\ ZHOO
SURQRXQFHG� H[FHSW IRU WKRVH FRUUHVSRQGLQJ WR WKH LVRODWHG
LPSXOVHV EHWZHHQ Q  ��� DQG ��� LQ WKH RULJLQDO WLPH VH�
ULHV� ZKHUH VPRRWKLQJ OHDGV WR ZHDNHQHG UHVSRQVH DW WKH
KLJKHU VFDOHV� 3HDNV LQ )LJXUH �H DUH JHQHUDOO\ SRVLWLYH JR�
LQJ EHFDXVH RI WKH HYHQ QXPEHU RI SURGXFWV� ZKHUHDV WKRVH
LQ )LJXUH �I DUH ELSRODU DQG SUHVHUYH WKH HGJH XS�GRZQ GL�
UHFWLRQ LQIRUPDWLRQ� ,Q WKH IROORZLQJ ZH GHYHORS SURSHUWLHV
DQG DQDO\]H EHKDYLRU RI S�Q��
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,Q WKLV VHFWLRQ ZH FRQVLGHU WKH FURVV�FRUUHODWLRQ EHWZHHQ
RXWSXWV RI WKH ':7� :H DVVXPH WKDW [�Q� LV UHDO�YDOXHG
LLG ZLWK FRUUHODWLRQ IXQFWLRQ (>[�Q�[�Q � P�@  }�[p�P��
7KHQ
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7KXV� WKH FRUUHODWLRQ FRHpFLHQW EHWZHHQ ':7 RXWSXWV LV
JLYHQ E\
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DQG WKH MRLQW FRYDULDQFH PDWUL[ RI WKH ':7 RXWSXWV DW WLPH
Q KDV �L� M� HOHPHQW JLYHQ E\
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7KHVH UHODWLRQV DUH HDVLO\ FDOFXODWHG IRU WKH VSHFLnF YDOXHV
RI WKH ),5 ':7 nOWHUV KL�N�� &RUUHODWLRQ FRHpFLHQWV ULM
DUH VKRZQ LQ 7DEOH � IRU L� M  �� c c c � ��
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7DEOH �� &RUUHODWLRQ FRHpFLHQWV IRU ':7 RXWSXWV \L�Q��
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/HW S.�Q�  \��Q� c c c \.�Q� EH WKH .WK SURGXFW RI WKH
RXWSXWV RI WKH ':7� FRUUHVSRQGLQJ WR M�  � DQG M�  .
LQ ���� )RU VLPSOLFLW\ LQ WKH IROORZLQJ ZH UHVWULFW RXUVHOYHV WR
M�  �� EXW WKH H[WHQVLRQ WR DUELWUDU\ M� LV VWUDLJKWIRUZDUG�
)RU [�Q� ]HUR�PHDQ *DXVVLDQ� ZH nQG WKH DXWRFRUUHODWLRQ
RI S.�Q� DV IROORZV� &RQVLGHU
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7KH H[SHFWDWLRQ LV D ��.�WK MRLQW PRPHQW WKDW UHGXFHV WR
D VXP RI � d � d c c c d ��. b �� WHUPV� ZKHUH HDFK WHUP
LV FRPSRVHG RI DSSURSULDWH SURGXFWV RI ULM��� DQG ULM�~ ��
GHnQHG DV
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)RU H[DPSOH� IRU .  � WKH H[SHFWDWLRQ LQ ��� UHGXFHV WR �
WHUPV� DQG XVLQJ WKH ZKLWHQHVV RI [�Q� ZH KDYH
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6LPLODUO\� IRU .  �� WKH H[SHFWDWLRQ UHGXFHV WR D VXP RI
�� SURGXFW WHUPV LQ ULM�~ ��

:H QRWH WKDW WKH FDVH RI [�Q� QRQ�*DXVVLDQ FDQ EH KDQ�
GOHG VLPLODUO\ E\ H[SUHVVLQJ WKH PRPHQW LQ ��� LQ WHUPV RI
FXPXODQWV DQG H[SORLWLQJ WKH DVVXPHG LLG QDWXUH RI [�W��
7KLV ZLOO DOVR LQYROYH KLJKHU�RUGHU DQDORJV RI ����

)RU 0DOODW
V ':7 US. �P� PD\ EH FDOFXODWHG IRU YDU�
LRXV FDVHV� DOWKRXJK WKH QXPEHU RI WHUPV JURZV TXLFNO\
IRU . ! �� 3ORWV RI US� �~� US� ��� DQG US��~� US���� DUH
VKRZQ LQ )LJXUH �� US� �~� H[KLELWV D VWURQJ ]HUR�ODJ SHDN
ZLWK VPDOO YDOXHV HOVHZKHUH� 7KLV HmHFW EHFRPHV PRUH SUR�
QRXQFHG DV . LV LQFUHDVHG� DV FRQnUPHG E\ VLPXODWLRQV�
'HVSLWH ERWK WKH WHPSRUDO GHSHQGHQFH LQ HDFK RI WKH ':7
WLPH VHULHV \N�Q�� DV ZHOO DV WKH FURVV�FRUUHODWLRQ EHWZHHQ
WKHVH RXWSXWV� S.�Q� LV HmHFWLYHO\ ZKLWHQHG IRU . w �� 7KLV
LV LQWXLWLYHO\ DSSDUHQW IURP )LJXUH �� EHFDXVH WKH WLPH GR�
PDLQ SURGXFW FRUUHVSRQGV WR FRQYROXWLRQ LQ WKH IUHTXHQF\
GRPDLQ�
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$OWKRXJK LW LV ZKLWHQHG ZLWK UHVSHFW WR LWV VHFRQG�RUGHU
VWDWLVWLFV� S�Q� LV LQ JHQHUDO GLVWLQFWO\ QRQ�*DXVVLDQ� +RZ�
HYHU� GHWHUPLQDWLRQ RI WKH nUVW�RUGHU SGI LV QRW VWUDLJKW�
IRUZDUG HYHQ ZLWK [�Q� *DXVVLDQ� H[FHSW ZKHQ .  �
�H�J�� VHH >�� VHFW� ���@�� )RU WKLUG RU KLJKHU RUGHU SURG�
XFWV ZH PXVW UHVRUW WR QXPHULFDO WHFKQLTXHV� VXFK DV QRQ�
SDUDPHWULF NHUQHO�EDVHG SGI HVWLPDWLRQ� )LJXUH � VKRZV
HVWLPDWHG SGI
V ZLWK [�Q� ZKLWH *DXVVLDQ IRU WZR FDVHV�
.  � �WRS� DQG .  � �ERWWRP�� &DXFK\ DQG XQLW�
YDULDQFH QRUPDO SGI
V DUH VKRZQ IRU UHIHUHQFH� 1RWH WKH
VNHZQHVV LQ WKH .  � FDVH� GXH WR WKH SRVLWLYH FRUUHOD�
WLRQ EHWZHHQ \��Q� DQG \��Q�� DQG EHFDXVH . LV HYHQ� ,Q
WKLV FDVH WKH SRVLWLYH WDLO LV KHDYLHU WKDQ &DXFK\� VKRZLQJ D
VWURQJ LPSXOVLYH QDWXUH LQ S��Q� RQ WKH SRVLWLYH VLGH� ZLWK
D PXFK OLJKWHU WDLO RQ WKH QHJDWLYH VLGH� ,Q WKH .  �
FDVH WKH SGI LV V\PPHWULF ZLWK WDLO EHKDYLRU KHDYLHU WKDQ
*DXVVLDQ EXW OLJKWHU WKDQ &DXFK\� $Q DOWHUQDWLYH SRLQW
RI YLHZ LV WR UHJDUG S.�Q� DV DQ LQVWDQWDQHRXV HVWLPDWH RI
D FURVV�FRUUHODWLRQ� )RU H[DPSOH� S��Q� FRUUHVSRQGV WR D
WULSOH�FRUUHODWLRQ� ZH LPPHGLDWHO\ FRQFOXGH WKDW LI [�Q� LV
]HUR�PHDQ *DXVVLDQ WKHQ LQ WKLV FDVH (>S��Q�@  ��

)LJXUH � VKRZV GHWHFWLRQ UHVXOWV� ZKHUH GHWHFWLRQ LV GH�
FODUHG E\ FRPSDULQJ MS��Q�M ZLWK D WKUHVKROG IRU HDFK Q� 7KH
WKUHVKROG ZDV REWDLQHG IURP WKH HVWLPDWHG SGI IRU S��Q��
DQG VHW WR DFKLHYH 3ID  ������ 7KUHH VLJQDOV ZHUH XVHG�
WZR ZHUH EDVHG RQ D VLJPRLGDO VWHS PRGHO JLYHQ E\
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ZKHUH P� DQG P� DUH WKH VLJQDO OHYHOV EHIRUH DQG DIWHU
WKH VWHS� 7 LV WKH VDPSOLQJ LQWHUYDO WLPH� SDUDPHWHU m GH�
WHUPLQHV WKH ULVH WLPH� DQG WKH VWHS RFFXUV �LQ FRQWLQXRXV
WLPH� DW Q�7 � ~� +HUH ~ LV XQLIRUPO\ GLVWULEXWHG LQ >�� 7 @�
PRGHOLQJ WKH HmHFWV RI WLPH TXDQWL]DWLRQ YLD VDPSOLQJ� 7KH
615 LV GHnQHG ORFDOO\ DV

615  
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ZKHUH }� LV WKH QRLVH YDULDQFH� 7ZR YDOXHV ZHUH XVHG� m  
���� DQG m  �� FRUUHVRQGLQJ WR D IDVW DQG VORZHU VWHS ULVH�



WLPH� ,Q ERWK FDVHVP�  � DQG 7  �� DQGP� ZDV DGMXVWHG
WR DFKLHYH WKH GHVLUHG 615� 7KH WKLUG VLJQDO LQ )LJXUH � ZDV
DQ LGHDO VWHS IXQFWLRQ �D ULVH�WLPH RI � VDPSOH�� IURPP�  �
WR P�� ZKHUH P� LV VHW WR DFKLHYH WKH GHVLUHG 615� $V ZH
ZRXOG H[SHFW� VORZLQJ ULVH�WLPH UHVXOWV LQ SRRUHU GHWHFWLRQ
SHUIRUPDQFH�

�� (67,0$7,21

1H[W ZH FRQVLGHU HVWLPDWLRQ RI VWHS FKDQJH ORFDWLRQ� 7KLV
DVVXPHV WKDW D FKDQJH KDV RFFXUHG LQ WKH REVHUYDWLRQ LQWHU�
YDO� KHQFH WKHUH LV QR GHWHFWLRQ SUREOHP� 5H]D DQG 'RURRG�
FKL >�@ KDYH GHULYHG &5%
V IRU WKH FDVH RI VLJPRLGDO VWHS
FKDQJH DV LQ ���� LQ DGGLWLYH ZKLWH *DXVVLDQ QRLVH� ZKHUH
WKH 615 LV GHnQHG DV LQ ����� 7KH &5% GHSHQGV SULPDULO\
RQ GDWD ORFDO WR WKH FKDQJH WLPH� LQ D QHLJKERUKRRG DSSUR[�
LPDWHO\ JLYHQ E\ MQ b Q�M � ���WU� ZKHUH Q� LV WKH FKDQJH
WLPH DQG WU LV WKH VWHS FKDQJH ULVH WLPH �WLPH WR FKDQJH
IURP ��� WR ��� RI WKH VWHS KHLJKW��

)LJXUH � GHSLFWV WKH WKHRUHWLFDO &5%� DV ZHOO DV H[SHUL�
PHQWDO 06(� IRU WZRPHWKRGV� 7KH WZR HVWLPDWLRQ PHWKRGV
DUH nUVW� EDVHG RQ S��Q�� DQG VHFRQG� EDVHG RQ D VLPSOH JUD�
GLHQW HVWLPDWRU ZLWK ),5 JLYHQ E\ >��� �� �@� 7KH VLJPRLGDO
IXQFWLRQ ZDV JHQHUDWHG ZLWK P�  �� 7  �� DQG m  ����
FRUUHVRQGLQJ WR D ULVH�WLPH RI DERXW �7 �VHH >�@�� 7KH VWHS
KHLJKW P� ZDV VHW WR DFKLHYH WKH GHVLUHG 615� 7KH VLPSOH
JUDGLHQW HVWLPDWRU KDV HVVHQWLDOO\ QR VPRRWKLQJ� ZKHUHDV
S��Q� H[SORLWV PXOWLSOH VPRRWKLQJ OHYHOV� $W ORZ 615 WKH
EHQHnW RI WKH VPRRWKLQJ LV HYLGHQW DV WKH ':7PHWKRG RXW�
SHUIRUPV WKH VLPSOH JUDGLHQW HVWLPDWRU E\ DERXW � G%� $W
KLJK 615 ERWK PHWKRGV DUH WLPH�TXDQWL]DWLRQ HUURU GRPL�
QDWHG� 7KH VLPSOH JUDGLHQW DSSURDFKHV WKH PLQLPXP YDUL�
DQFH RI ���� RI D VDPSOLQJ WLPH� ZKLFK DULVHV GXH WR WKH XQL�
IRUP GLVWULEXWLRQ RI WKH VDPSOLQJ SKDVH HUURU� 7KH ':7
PHWKRG DSSURDFKHV ���� UHoHFWLQJ WKH HmHFWV RI VPRRWKLQJ
YLD WKH LQFUHDVHG YDULDQFH RI WKH HVWLPDWH�

&KDQJLQJ m FKDQJHV WKH HmHFWLYH ULVH�WLPH RI WKH VLJ�
PRLGDO VLJQDO� 'HFUHDVLQJ m FUHDWHV D VORZHU ULVLQJ VWHS�
7KLV UHVXOWV LQ D VKLIW XSZDUG RI WKH &5% DV WKH VWHS OR�
FDWLRQ LV LQKHUHQWO\ PRUH GLpFXOW WR HVWLPDWH� 5HSHDWLQJ
WKH H[SHULPHQW LQ )LJXUH � ZLWK ORZHU m UHVXOWV LQ D VKLIW WR
WKH ULJKW DV KLJKHU 615 LV QHHGHG WR REWDLQ WKH VDPH SHU�
IRUPDQFH� ZKLOH WKH JHQHUDO EHKDYLRU RI WKH FXUYHV LV WKH
VDPH�

�� &21&/86,216

:H KDYH DQDO\]HG D PHWKRG IRU QRQOLQHDUO\ FRPELQLQJ PXO�
WLVFDOH ZDYHOHW RXWSXWV IRU GHWHFWLQJ DQG HVWLPDWLQJ VWHSV
DQG HGJHV� 7KH VPRRWKHG JUDGLHQW ':7 GHYHORSHG E\0DO�
ODW SURYLGHV D ZDYHOHW IUDPHZRUN IRU WKLV DSSURDFK� DV WKLV
':7 LV G\DGLF LQ VFDOH EXW QRW LQ WLPH� 7KH FURVV�VFDOH
SURGXFW DSSURDFK ZDV RULJLQDOO\ SURSRVHG E\ 5RVHQIHOG IRU
HGJH VKDUSHQLQJ� 'HVSLWH LWV QRQ�OLQHDU QDWXUH WKH FURVV�
VFDOH SURGXFW LV ZKLWHQLQJ� EXW WKH UHVXOWLQJ QRLVH SGI LV
GLVWLQFWO\ QRQ�*DXVVLDQ DQG JHQHUDOO\ KHDY\ WDLOHG� 7KH
SGI ZDV FKDUDFWHUL]HG DQG GHWHFWLRQ UHVXOWV SUHVHQWHG SD�
UDPHWHUL]HG E\ VWHS ULVH�WLPH� /RFDWLRQ HVWLPDWLRQ ZDV DOVR
FKDUDFWHUL]HG DQG FRPSDUHG WR WKH &UDPHU�5DR ERXQG LQ
ZKLWH *DXVVLDQ QRLVH� 7KH UHVXOWV LQGLFDWH WUDGHRmV SRVVL�

EOH LQ H[SORLWLQJ PXOWLSOH VPRRWKLQJ OHYHOV ZKHQ WKH PRVW
DSSURSULDWH VLQJOH VPRRWKLQJ OHYHO LV QRW NQRZQ D SULRUL�

�� 5()(5(1&(6

>�@ 6� 0DOODW DQG :� /� +ZDQJ� ?6LQJXODULW\ GHWHFWLRQ DQG

SURFHVVLQJ ZLWK ZDYHOHWV�� ,((( 7UDQV� ,QIR� 7KHRU\� 9RO�

��� SS� ���^���� �����

>�@ 6� 0DOODW DQG 6� =KRQJ� ?&KDUDFWHUL]DWLRQ RI VLJQDOV IURP

PXOWLVFDOH HGJHV�� ,((( 7UDQV� 3DWWHUQ $QDO� DQG 0DFK�

,QWHOO�� 9RO� ��� 1R� �� SS� ���^���� -XO\ �����

>�@ .� 6� 0LOOHU� 0XOWLGLPHQVLRQDO *DXVVLDQ 'LVWULEXWLRQV

�:LOH\� ������

>�@ $� 0� 5H]D DQG 0� 'RURRGFKL� ?&UDPHU�5DR ORZHU ERXQG

RQ ORFDWLRQV RI VXGGHQ FKDQJHV LQ D VWHSOLNH VLJQDO�� ,(((

7UDQV� 63� 9RO� ��� 1R� ��� SS� ����^����� �����

>�@ $� 5RVHQIHOG� ?$ QRQOLQHDU HGJH GHWHFWLRQ WHFKQLTXH��

,((( 3URF�� SS� ���^���� 0D\ �����

>�@ %� 0� 6DGOHU� 7� 3KDP� DQG /� &� 6DGOHU� ?2SWLPDO DQG
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