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7KLV SDSHU DGGUHVVHV WKH SUREOHP RI 1RQ0'DWD0$LGHG +1'$,
V\PERO WLPLQJ HUURU HVWLPDWLRQ LQ SUHVHQFH RI XQNQRZQ GH0
WHUPLQLVWLF FDUULHU IUHTXHQF\ HUURUV1 $ JHQHUDO IUDPHZRUN IRU
WKH VWRFKDVWLF ORZ0615 0/ HVWLPDWLRQ LV GHULYHG FRQVLGHULQJ
D SULRU GLVWULEXWLRQ IRU WKH FDUULHU IUHTXHQF\ HUURU/ DQG H[SORLW0
LQJ WKH F\FORVWDWLRQDU\ SURSHUWLHV RI OLQHDU PRGXODWLRQV1 )L0
QDOO\/ WKH ZHOO0NQRZQ 2HUGHU )0H\U +6TXDUH 7LPLQJ, PHWKRG
LV VKRZQ WR EHFRPH D SDUWLFXODU FDVH RI WKLV JHQHUDO VROXWLRQ1

41 ,1752'8&7,21

,Q WKLV SDSHU4 ZH DUH DGGUHVVLQJ D EDVLF SUREOHP RQ GLJLWDO FRPPXQL0
FDWLRQV VXFK DV WKH 1RQ0'DWD $LGHG +1'$, V\PERO WLPLQJ HVWLPDWLRQ/
ZKLFK FRQVWLWXWHV RQH RI WKH IXQGDPHQWDO WDVNV RI D GLJLWDO UHFHLYHU1
+RZHYHU/ GHVSLWH RI WKH ZLGH UDQJH RI GLIIHUHQW DSSURDFKHV WR DWWHPSW
WKH 1'$ V\PERO WLPLQJ HVWLPDWLRQ SUREOHP/ PRVW RI WKHP DUH IRXQG
WR EH EDVHG RQ VRPH KHXULVWLF RU DG0KRF UHDVRQLQJ >4@1 &RQYHUVHO\/
WKLV SDSHU SUHVHQWV DQ DQDO\WLFDO DQG V\VWHPDWLF 0D[LPXP /LNHOLKRRG
+0/, DSSURDFK EDVHG RQ WKH VHFRQG RUGHU F\FORVWDWLRQDULW\ RI OLQHDU
PRGXODWLRQV/ WR GHULYH D JHQHUDO IUDPHZRUN IRU WKH V\PERO WLPLQJ HU0
URU HVWLPDWLRQ SUREOHP LQ SUHVHQFH RI D FHUWDLQ FDUULHU IUHTXHQF\ XQ0
FHUWDLQW\ ZLWK VRPH SULRU VWDWLVWLFDO GLVWULEXWLRQ1

%DVLFDOO\/ VHFRQG RUGHU F\FORVWDWLRQDULW\ KDV EHHQ XVXDOO\ UHSRUWHG
LQ UHFHQW OLWHUDWXUH IRU WKH SXUSRVH RI FDUULHU IUHTXHQF\ HVWLPDWLRQ >5@0
>6@/ DOWKRXJK >7@ SUHVHQWV DQ LQWHUHVWLQJ VWXG\ IRU ERWK IUHTXHQF\ DQG
WLPLQJ HVWLPDWLRQ1 +RZHYHU/ PRVW RI UHIHUHQFHV DVVXPH WKH SURFHVV0
LQJ RI WKH VLJQDO DW WKH RXWSXW RI VRPH UHFHLYH ¿OWHU/ VR WKH FDUULHU
IUHTXHQF\ HUURU LV WKHQ DVVXPHG WR EH LUUHPHGLDEO\ FRQVWUDLQHG ZLWKLQ
DQ VPDOO LQWHUYDO IRU QRW LQFXUULQJ LQ VRPH PLVPDWFK GHJUDGDWLRQ1 ,Q
WKLV VHQVH/ WKLV SDSHU SUHVHQWV D JHQHUDO IRUPXODWLRQ VKRZLQJ WKDW WKH
UHFHLYHG VLJQDO &\FOLF $XWRFRUUHODWLRQ )XQFWLRQ +&$), >8@ EHFRPHV D
VXI¿FLHQW VWDWLVWLF IRU WKH SUREOHP DW KDQG1 )LQDOO\/ WKLV H[SUHVVLRQ ZLOO
EH UHODWHG WR WKH FODVVLFDO 6TXDUH 7LPLQJ UHFRYHU\ PHWKRG E\ 2HUGHU
)0H\U >9@/ DQG LWV FRQYHUJHQFH ZLOO EH VKRZQ IRU WKH SDUWLFXODU FDVHV
RI ERWK WRWDOO\ XQNQRZQ DQG SHUIHFW FDUULHU NQRZOHGJH1
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7KH FRPSOH[ HQYHORSH PRGHO WKDW ZLOO EH XVHG IRU D OLQHDUO\ PRGXODWHG
UHFHLYHG VLJQDO FRUUXSWHG E\ QRLVH LV JLYHQ E\=
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47KLV ZRUN ZDV SDUWLDOO\ IXQGHG E\ WKH 6SDQLVK *RYHUQPHQW *UDQWV
7,&533304358/ 7,&5334056890&35034/ 7,&53350378<70&35 DQG E\
&,5,72*HQHUDOLWDW GH &DWDOXQ\D *UDQW 53346*503359;

ZLWK %? WKH WUDQVPLWWHG V\PEROV/ }E&Arä WKH VDPSOHG SXOVH VKDSH/
Ar WKH VDPSOLQJ SHULRG/ A ' ùrrAr WKH V\PERO SHULRG ZLWK ùrr

WKH QXPEHU RI VDPSOHV SHU V\PERO DQG çE&Arä WKH $:*11 0RUH0
RYHU/ WKH VLJQDO PRGHO LQ +4, LQFOXGHV WKH V\PERO WLPLQJ HUURU ô FRQ0
VWUDLQHG ZLWKLQ D V\PERO LQWHUYDO d3A*2cnA*2ä/ WKH FDUULHU SKDVH wf/
DQG WKH FDUULHU IUHTXHQF\ HUURU / FRQVWUDLQHG WR WKH 1\TXLVW EDQGZLGWK
d3Z*ArcnZ*Arä WKDW ZLOO EH IXUWKHU RQ QRUPDOL]HG WR WKH V\PERO UDWH/
WKDW LV/ D é

' /
2ZA 1 ,Q D PRUH FRQYHQLHQW YHFWRULDO QRWDWLRQ/ WKH UH0

FHLYHG VLJQDO FDQ EH H[SUHVVHG E\ PHDQV RI WKH VKDSLQJ PDWUL[ú EXä
DV h ' ú EXä nê >:@/ ZLWK X ' dôc Do é

6\QFKURQL]DWLRQ PHWKRGV GHULYHG XQGHU WKH 6WRFKDVWLF RU 8QFRQ0
GLWLRQDO0D[LPXP /LNHOLKRRG DSSURDFK DUH WKH PRVW H[WHQGHG LQ OLWHU0
DWXUH/ DQG WKH\ DUH EDVHG RQ DSSO\LQJ WKH 0/ SULQFLSOH DVVXPLQJ WKDW
WKH WUDQVPLWWHG V\PEROV  DUH DOO UDQGRP1 $VVXPLQJ D ORZ0615 VFH0
QDULR/ WKH DXWKRUV LQ >:@ SURYH WKDW WKH VDPSOH FRYDULDQFH PDWUL[ RI WKH
UHFHLYHG GDWD JLYHQ E\ e+ ' hhM / EHFRPHV D VXI¿FLHQW VWDWLVWLF IRU WKH
1'$ SDUDPHWHU HVWLPDWLRQ SUREOHP1 7KXV/ WKH VWRFKDVWLF 0/ IXQFWLRQ
GHSHQGV RQO\ RQ WKH VHFRQG RUGHU PRPHQWV1 )RU D ORQJ HQRXJK RE0
VHUYDWLRQ LQWHUYDO/ WKH ORJ0/LNHOLKRRG IXQFWLRQ LQ ORZ 615 VFHQDULRV
DV\PSWRWLFDOO\ EHFRPHV=
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ZKHUH ä LV DQ LUUHOHYDQW FRQVWDQW/ ´Ao´ VWDQGV IRU WKH WUDFH RSHUDWRU/
DQG K é

' .
û
  M

ú
WKH DXWRFRUUHODWLRQ PDWUL[ IRU WKH WUDQVPLWWHG V\P0

EROV/ ZKLFK ZLOO EH DVVXPHG ZLWKRXW ORVV RI JHQHUDOLW\/ WR EH XQFRUUH0
ODWHG DQG QRUPDOL]HG WR WKH WUDQVPLWWHG PHDQ SRZHU/ WKDW LV/ K ' W1
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6141 ([SORLWDWLRQ RI WKH 6HFRQG02UGHU &\FORVWDWLRQDULW\

7KH VHFRQG RUGHU F\FORVWDWLRQDULW\ RI WKH UHFHLYHG VLJQDO EHFRPHV D
IXQGDPHQWDO SDUW IRU WKH 1'$ 0/ WLPLQJ HVWLPDWLRQ XQGHU FDUULHU IUH0
TXHQF\ XQFHUWDLQW\1 $VVXPH WKH VLJQDO PRGHO SUHVHQWHG LQ +4, LQ WKH
DEVHQFH RI WLPLQJ QRU FDUULHU IUHTXHQF\ HUURUV/ WR EH JLYHQ E\ oE&ä '
rE&ä n çE&ä ZLWK rE&ä '

Sn"
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GHQW XQFRUUHODWHG V\PEROV/ WKH VHFRQG0RUGHU PRPHQW IRU WKH F\FOR0
VWDWLRQDU\ VLJQDO rE&ä FDQ EH H[SUHVVHG E\ PHDQV RI LWV WLPH0YDU\LQJ
DXWRFRUUHODWLRQ DV= -rE&(6ä ' . drE&ärW E& n6äo ' j2%-} E&(6ä1
0RUHRYHU/ LW LV VDWLV¿HG WKDW -rE&(6ä ' -rE& n ,ùrr(6ä c , M ]1
+HQFH/ LW FDQ EH H[SUHVVHG ZLWKRXW ORVV RI JHQHUDOLW\/ LQ WHUPV RI LW
)RXULHU 6HULHV +)6, H[SDQVLRQ LQ & DV LQ >7@ DQG >;@= -rE& 3 ô (6ä 'S

kMû-
k
r E6äeækE&3ôä/ ZLWK û ' t3Z $ k $ Zå1

$ FRQVLVWHQW DQG DV\PSWRWLFDO HVWLPDWRU IRU -kr E6ä LV JLYHQ E\e-kr E6ä ' �
2�n�

S�
&'3� r E&ä rW E& n6ä e3æk& DV VKRZQ LQ >;@/

VR-kr E6ä LV DOVR NQRZQ DV WKH FRHI¿FLHQW IRU WKH&\FOLF0$XWRFRUUHODWLRQ
)XQFWLRQ +&$), HYDOXDWHG DW WKH F\FOH0IUHTXHQF\ k/ DFFRUGLQJ WR ><@1
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7KH )6 H[SDQVLRQ FDQ EH IXUWKHU VLPSOL¿HG E\ QRWLQJ WKDW IRU OLQHDU
PRGXODWLRQV/ -kr E6ä õ' f ZKHQ �k� ' 2Z

A
,/ , $ ð?|i}ih E� n qä/ DQG

q WKH SXOVH VKDSH UROO0RII IDFWRU >43@1
7KXV/ LW LV VHHQ WKDW WKH PD[LPXP SRVVLEOH YDOXH IRU , LV , ' 2/

ZKLFK LPSOLHV WKDW WKH &$) VKRXOG EH HYDOXDWHG LQ WKH ZRUVW FDVH/ DW
WKH WZR ¿UVW F\FOH0IUHTXHQFLHV �k� ' t2Z*Ac 2Z E2*A äå1 'XH WR WKH
IDFW WKDW VLJQDO rE&ä LV VKDSHG E\ DQ HYHQ SXOVH VKDSH/ ZH NQRZ IURP
WKH )6 WKHRU\ WKDW LWV H[SDQVLRQ VKRXOG EH JLYHQ DV D ZHLJKWHG VXP
RI RGG SXUH WRQHV/ VR WKLV IDFW HOLPLQDWHV WKH VHFRQG SRVVLEOH F\FOH0
IUHTXHQF\/ DQG MXVW k ' ã2Z*A LV WR EH FRQVLGHUHG1 $V UHJDUGV RI WKH
F\FOH0IUHTXHQF\ k ' f/ LW ZLOO EH KHUHLQ RPLWWHG/ DV LW GRHV QRW SUR0
YLGH DQ\ LQIRUPDWLRQ RQ WKH WLPLQJ HUURU SDUDPHWHU ô 1 &RQVLGHULQJ WKH
SRVLWLYH DQG QHJDWLYH F\FOH0IUHTXHQF\ 2Z*A /ZHPD\ FRQFOXGH WKDW WKH
)6 H[SDQVLRQ RI WKH WLPH0YDU\LQJ DXWRFRUUHODWLRQ IRU WLPLQJ HVWLPDWLRQ

SXUSRVHV LV JLYHQ E\ -rE& 3 ô (6ä ' 2j2% +i
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6151 &\FOLF0$XWRFRUUHODWLRQ EDVHG 1'$ 7LPLQJ (VWLPDWLRQ

+HUHLQ/ ZH ZLOO IRFXV RQ WKRVH DSSOLFDWLRQV LQ ZKLFK WKH SUREOHP RI
WKH PDUJLQDO HVWLPDWLRQ RI MXVW WKH V\PERO WLPLQJ HUURU ô LV UHTXLUHG/
DVVXPLQJ WKH FDUULHU IUHTXHQF\ HUURU D WR EH DQ XQNQRZQ GHWHUPLQLV0
WLF SDUDPHWHU FRQVWUDLQHG ZLWKLQ WKH LQWHUYDO {D 1 7KH ODFN RI NQRZO0
HGJH DERXW WKH FDUULHU IUHTXHQF\ HUURU LV WKHQ UHÀHFWHG E\ DGRSWLQJ D
XQLIRUP SULRU GLVWULEXWLRQ/ sD EDä ' �*{D 1 ,Q WKLV VHQVH/ WKH ORJ0
/LNHOLKRRG IXQFWLRQ PXVW EH DYHUDJHG LQ WHUPV RI D/ VR HDFK RI WKH
+Rc ^, HQWULHV RI WKH RXWHU0SURGXFW PDWUL[úúM DUH JLYHQ E\=
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WKXV/ LW LV SRVVLEOH WR H[SUHVV +5, DV=
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ZKHUH WKH ´ ´ RSHUDWRU VWDQGV IRU WKH 6FKXU0+DGDPDUG SURGXFW/ Bô

LV WKH SXOVH VKDSLQJ PDWUL[ ú ZLWK RQO\ GHSHQGHQFH RQ WKH WLPLQJ
HUURU SDUDPHWHU ô / Bô ' ú Eôc D ' fä/ DQG ¿QDOO\/ WKH HQWULHV RI
WKH 'RSSOHU VSUHDGLQJ PDWUL[V UHVXOW= dVoRc^ ' VLQF
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'XH WR WKH SDUWLFXODU VWUXFWXUH RI PDWULFHVBôB
M
ô DQGV/ WKH 'RSSOHU

VSUHDGLQJ PDWUL[ FDQ EH VHHQ WR PROG WKH /LNHOLKRRG IXQFWLRQ DFFRUG0
LQJ WR WKH SULRU GLVWULEXWLRQ IRU WKH FDUULHU IUHTXHQF\ HUURU1

1H[W VWHS LV EDVHG RQ UHFDOOLQJ WKH F\FORVWDWLRQDU\ QDWXUH RI OLQHDU
PRGXODWLRQV1 ,Q SDUWLFXDU/ HDFK RI WKH60WK GLDJRQDO HQWULHV LQ PDWUL[
BôB

M
ô DUH IRXQG WR EH HTXDO WR WKH SXOVH VKDSH WLPH0YDU\LQJ DXWRFRU0

UHODWLRQ -} E&(6ä1 +HQFH/ LW LV VWUDLJKWIRUZDUG WR H[SUHVV -} E&(6ä
LQ WHUPV RI LWV )RXULHU 6HULHV H[SDQVLRQ +)6,/ DQG WKH 60WK GLDJRQDO
FRQVWDQW HQWULHV RI V DV _V E6ä
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1 'XH WR WKH SDUWLF0

XODU VWUXFWXUH RI PDWULFHV � DQG e+/ DQG DIWHU VRPH VWUDLJKWIRUZDUG
PDQLSXODWLRQV/ H[SUHVVLRQ +7, FDQ EH IRXQG WR EH JLYHQ E\=
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ZLWK �6� $ u/ DQG 2un � EHLQJ WKH SXOVH VKDSH GXUDWLRQ LQ VDPSOHV1
$V LW FDQ EH VHHQ IURP +8,/ WKH ORJ0/LNHOLKRRG IXQFWLRQ VXJJHVWV

WKDW WKH F\FOLF DXWRFRUUHODWLRQ IXQFWLRQ +&$), -
5ä
W
} E6ä RI WKH UH0

FHLYHG VDPSOHV VKRXOG EH SHUIRUPHG DW WKH IUHTXHQF\ ODJ k ' 2Z*ùrr

DQG DW DOO WKH SRVVLEOH WLPH0ODJV/ LQ RUGHU WR FROOHFW WKHLU VSHFWUDO FRP0
SRQHQWV DW WKH V\PERO UDWH DQG WKHQ REWDLQLQJ D UREXVW V\PERO WLP0
LQJ HVWLPDWH1 2Q WKH RWKHU KDQG/ WKH ZLQGRZ _V E6ä LV UHVSRQVLEOH
RI OLPLWLQJ WKH QXPEHU RI WLPH0ODJV WR LQWHJUDWH/ DV WKH FDUULHU IUH0
TXHQF\ GHJUDGHV WKH ZHLJKWHG &$) ZKHQ LQFUHDVLQJ 61 *URXSLQJ
FRPPRQ WHUPV DQG FRQVLGHULQJ VRPH V\PPHWULF SURSHUWLHV RI &$)V/
LW LV IRXQG WKDW WKH RSWLPDO 0/ 1'$ V\PERO WLPLQJ HVWLPDWH LV JLYHQ
DV eô < 4@ ô
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UHIHUUHG DV WKH :&0 +:HLJKWHG &\FOLF 0HWKRG, WLPLQJ HVWLPDWRU1

6161 5HFRQ¿JXUDEOH 1'$ 7LPLQJ (VWLPDWLRQ DQG 7UDFNLQJ

,Q WKH SUHYLRXV VHFWLRQ LW KDV EHHQ VKRZQ WKDW D WLPLQJ HVWLPDWLRQ FDQ
EH SHUIRUPHG IURP WKH0/ FRVW IXQFWLRQ E\ FRPSXWLQJ WKH DUJXPHQW LQ
WKH ZHLJKWHG VXP RI WKH FRUUHODWLRQ EHWZHHQ WKH SXOVH VKDSH &$) DQG
WKH UHFHLYHG VLJQDO &$)1 7KLV HVWLPDWH H[KLELWV DQ HVWLPDWLRQ UDQJH
ZLWKLQ WKH ZKROH PDUJLQ d3A*2cnA*2ä/ ZKLFK LV VXLWDEOH IRU ZRUN0
LQJ DW DFTXLVLWLRQ PRGH1 2QFH D FRDUVH WLPLQJ HVWLPDWLRQ KDV EHHQ RE0
WDLQHG/ ¿QH WLPLQJ FDQ EH SHUIRUPHG E\ GHULYLQJ D 1'$ WLPLQJ WUDFNHU
IURP WKH VDPH /LNHOLKRRG IXQWLRQ LQ +8,1 $VVXPLQJ WKH WLPLQJ HUURU WR
EH VPDOO/ WKH VLPSOL¿HG YHUVLRQ RI WKLV WLPLQJ GLVFULPLQDWRU LV GHULYHG
E\ WDNLQJ WKH GHULYDWLYH RI WKH 0/ FRVW IXQFWLRQ ZLWK UHVSHFW WR WKH
WLPLQJ SDUDPHWHU=
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ZLWK > VRPH QRUPDOL]DWLRQ IDFWRU WR IRUFH WKH GLVFULPLQDWRU 60FXUYH WR
KDYH XQLWDU\ VORSH1 +HQFH/ XVLQJ WKH VDPH DQDO\WLFDO IUDPHZRUN/ WZR
SRVVLEOH VFKHPHV FRXOG EH HPSOR\HG LQ D UHFRQ¿JXUDEOH DUFKLWHFWXUH
ZLWK WKH SXUSRVH RI FRDUVH DQG ¿QH V\PERO WLPLQJ HVWLPDWLRQ ZLWKRXW
DQ\ LQFUHDVH LQ FRPSOH[LW\1

71 5(/$7,216+,3 :,7+ 7+( 648$5( 7,0,1* 0 2(5'(5
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7KH 6TXDUH 7LPLQJ UHFRYHU\ PHWKRG +647, SUHVHQWHG LQ >9@ LV EDVHG
RQ H[SORLWLQJ WKH F\FORVWDWLRQDU\ QDWXUH RI OLQHDU PRGXODWLRQV E\ WDN0
LQJ WKH DUJXPHQW RI WKH LQSXW VLJQDO )RXULHU 7UDQVIRUP DW WKH V\PERO
UDWH1 $Q DQDO\WLFDO GHYHORSPHQW LV SUHVHQWHG LQ >:@ WKDW VKRZV WKH 647
RSWLPDOLW\ IRU PD[LPXP FDUULHU IUHTXHQF\ XQFHUWDLQW\1 +RZHYHU/ QR
H[DFW QRU IRUPDO UHDVRQLQJ FDQ EH IRXQG WR SURYH ZKHWKHU WKH 647 LV
RSWLPXP RU QRW ZKHQ WKHUH H[LVWV SHUIHFW NQRZOHGJH RI WKH FDUULHU IUH0
TXHQF\1 ,Q WKLV VHFWLRQ/ WZR PDLQ UHVXOWV DUH SUHVHQWHG= RQ RQH KDQG/
LW LV SURYHG WKDW WKH :&0 FRQYHUJHV WR WKH 647 IRU PD[LPXP FDUULHU
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IUHTXHQF\ XQFHUWDLQW\/ DQG RQ WKH RWKHU/ WKDW WKH:&0 FRQYHUJHV WR WKH
647 DW WKH RXWSXW RI WKH PDWFKHG ¿OWHU ZKHQ SHUIHFW FDUULHU NQRZOHGJH
H[LVWV1 7KHUHIRUH/ DV WKH :&0 LV WKH RSWLPXP 0/ WLPLQJ HVWLPDWRU
IRU ORZ0615/ WKH 647 DW WKH RXWSXW RI D PDWFKHG ¿OWHU EHFRPHV VR1

7141 6FHQDULRV ZLWK 0D[LPXP &DUULHU )UHTXHQF\ 8QFHUWDLQW\

,W LV VWUDLJKWIRUZDUG WR SURYH WKDW ZKHQ WKHUH H[LVWV PD[LPXP FDUULHU
IUHTXHQF\ XQFHUWDLQW\/ WKH :&0 FRQYHUJHV WR WKH RSWLPXP 0/ VR0
OXWLRQ RI WKH FODVVLFDO 647 EDVHG RQ UHFHLYHG VDPSOHV1 ,Q WKLV FDVH/
WKH LQWHUYDO IRU WKH XQLIRUP SULRU LQ +6, FRPSULVHV WKH ZKROH 1\TXLVW
EDQGZLGWK/ VR WKH GLDJRQDO HQWULHV RI WKH 'RSSOHU VSUHDGLQJ PDWUL[
UHVXOW LQ _V Efä ' �/ _V E6ä ' f IRU 6 õ' f/ DV {D < ùrr

7KHUHIRUH/ H[SUHVVLRQ +9, MXVW WDNHV LQWR FRQVLGHUDWLRQ WKH FHQWUDO WLPH0

ODJ RI WKH &$) e- 5ä
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o E6ä/ WKXV UHVXOWLQJ LQ WKH ZHOO0NQRZQ 647
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} Efä D UHDO YDOXHG FRQVWDQW WKDW GRHV QRW DIIHFW WKH DUJXPHQW

FRPSXWDWLRQ/ DV LW LV HYDOXDWHG RII0OLQH DVVXPLQJ ô ' f1

7151 6FHQDULRV ZLWK 3HUIHFW &DUULHU )UHTXHQF\ .QRZOHGJH

,Q RUGHU WR GHULYH WKH HTXLYDOHQFH EHWZHHQ F\FOLF0PRPHQWV DQG WLPH0
OLQHDU ¿OWHULQJ/ LW LV FRQYHQLHQW WR H[SUHVV WKH &$) LQ WHUPV RI LWV IUH0
TXHQF\ GRPDLQ UHSUHVHQWDWLRQ1 )RU WKDW SXUSRVH/ WKH )RXULHU WUDQV0
IRUPV +)7, IRU WKH 1\TXLVW VTXDUH0URRW SXOVH VKDSH }E|ä/ WKH UHFHLYHG
VLJQDO oE|ä DQG WKH RXWSXW RI WKH PDWFKHG ¿OWHULQJ +E|ä ' oE|äW}E3|ä
DUH IXUWKHU RQ H[SUHVVHG DVC E/ä/- E/ä/ DQG t E/ä1 8VLQJ 3DUVHYDO¶V
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ZKHUH WKH ZHLJKWLQJ ZLQGRZ _V E6ä LQ +9, UHVXOWV WR EH DQ DOO RQHV VH0
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,Q WKH DEVHQFH RI FDUULHU IUHTXHQF\ HUURU/ WKLV ODVW H[SUHVVLRQ VKRZV WKDW
WKH RSWLPDO 0/ WLPLQJ HVWLPDWLRQ GHULYHG LQ +9, EDVHG RQ WKH &$) FRU0
UHODWLRQ EHWZHHQ WKH SXOVH VKDSH DQG WKH UHFHLYHG VLJQDO/ FDQ EH HTXLY0
DOHQWO\ DFKLHYHG E\ SDVVLQJ WKH UHFHLYHG VLJQDO WKURXJK LWV PDWFKHG
¿OWHU }�8 E&ä ' }E3&ä/ VTXDULQJ WKH UHVXOW/ DQG REVHUYLQJ WKH DUJX0
PHQW RI LWV )RXULHU 7UDQVIRUP DW WKH V\PERO UDWH1
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)LJ1 41 7LPLQJ HUURU YDULDQFH IRU �{D*2� M dfc féDäùrr/ ZLWK 83 (
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DV LW LV HYDOXDWHG DW D F\FOH0IUHTXHQF\ GLIIHUHQW IURP k ' f >8@1 7KLV
ERXQG LV XVHIXO IRU RSHUDWLRQ DW YHU\ ORZ (E13 YDOXHV/ VXFK DV WKH UH0
TXLUHG IRU FRGHG WUDQVPLVVLRQ +H1J1 7XUER &RGHV,1 $V VHHQ LQ ¿JXUH
5/ IRU (E13 EHORZ WKLV PDUJLQ/ RXWOLHUV EHFRPH SUHGRPLQDQW DQG WKH
YDULDQFH SHUIRUPDQFH IRU WKLV QRQ0OLQHDU HVWLPDWRU FROODSVHV1 0RUH0
RYHU/ WKLV OLPLW LV VKRZQ WR EHVW VXLW IRU VPDOO YDOXHV RI {D / DV KLJKHU
{D PRYHV WKH YDULDQFH FXUYHV WR KLJKHU (E13 YDOXHV DZD\ IURP WKH
ORZ0615 DVVXPSWLRQ1

91 6,08/$7,21 5(68/76

&RPSXWHU VLPXODWLRQV KDYH EHHQ FDUULHG RXW LQ RUGHU WR GHPRQVWUDWH
WKH SHUIRUPDQFH RI WKH &\FOLF0$XWRFRUUHODWLRQ EDVHG 1'$ WLPLQJ HV0
WLPDWRU LQ VFHQDULRV ZLWK VRPH FDUULHU IUHTXHQF\ XQFHUWDLQW\1 7KH VLP0
XODWLRQ SDUDPHWHUV LQFOXGH WKH HPSOR\PHQW D 4904$0 PRGXODWLRQ
ZLWK VTXDUH URRW 1\TXLVW SXOVHV LQ DQ DGGLWLYH *DXVVLDQ QRLVH FKDQ0
QHO/ ZKHUH ùrr ' e VDPSOHV SHU V\PERO KDYH EHHQ VHOHFWHG/ DQG DQ
REVHUYDWLRQ LQWHUYDO RI W\SLFDOO\ ù ' Se V\PEROV1 ,Q DGGLWLRQ/ VRPH
UHVXOWV DUH DOVR SUHVHQWHG IRU WKH SDUWLFXODU FDVH RI XVLQJ D UHFWDQJXODU
SXOVH VKDSH/ DOWKRXJK LQ WKLV FDVH/ VRPH RI WKH VWDWHPHQWV SUHVHQWHG
LQ VHFWLRQ 614 PD\ QRW FRPSOHWHO\ DSSO\ GXH WR WKH SXOVH EDQGZLGWK1
7KDW LV/ WKH KDUPRQLF GHFRPSRVLWLRQ RI PDWUL[BBM LQ +7, LQWR D )6
FDQ QRW EH DSSUR[LPDWHG E\ MXVW WDNLQJ WKH PDLQ WHUP +? ' �, ZKHQ
XVLQJ D UHFWDQJXODU SXOVH VKDSH1 +RZHYHU/ WKH UHFWDQJXODU SXOVH VKDSH
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)LJ1 51 7LPLQJ HUURU YDULDQFH DV D IXQFWLRQ RI .K*ùf IRU {D '
tfc fé�c fé2åùrr DQG 83 ( UROO0RII1

LV FRPPRQO\ XVHG LQ D ZLGH UDQJH RI DSSOLFDWLRQV/ DQG WKH FODVVLFDO
6TXDUH 7LPLQJ UHFRYHU\ IDLOV WR SURYLGH DQ\ WLPLQJ HVWLPDWH EHFDXVH
RI WKH VLJQDO FRQVWDQW HQYHORSH/ LQ FRQWUDVW ZLWK WKH :&01

0 )LJXUH 4 VKRZV WKH YDULDQFH HYROXWLRQ IRU WKH V\PERO WLPLQJ HUURU
DV D IXQFWLRQ RI WKH FDUULHU IUHTXHQF\ HUURU XQFHUWDLQW\1 :KHQ WKH IUH0
TXHQF\ XQFHUWDLQW\ LQFUHDVHV/ WKH 647 DW WKH RXWSXW RI WKH PDWFKHG ¿O0
WHU +647.0), LV VHULRXVO\ GHJUDGHG GXH WR WKH PLVPDWFK EHWZHHQ WKH
LQFRPLQJ VLJQDO DQG WKH UHFHLYLQJ ¿OWHU/ EXW WKH :&0 LV DEOH WR RYHU0
FRPH WKLV HIIHFW1 )RU YDOXHV DSSURDFKLQJ WKH PD[LPXP XQFHUWDLQW\/
WKH :&0 WLPLQJ HVWLPDWRU LQKHUHQWO\ EHFRPHV WKH FODVVLFDO 6TXDUH
7LPLQJ PHWKRG/ DV GLVFXVVHG LQ VHFWLRQ 7141

0 )LJXUH 5 VKRZV WKH HYROXWLRQ IRU WKH WLPLQJ HUURU YDULDQFH DV D
IXQFWLRQ RI WKH .K*ùf1 7KH FXUYHV KDYH DOVR EHHQ SORW IRU VFHQDULRV
ZLWK FDUULHU IUHTXHQF\ XQFHUWDLQW\ {D ' tfc fé�c fé2åùrr/ DQG DV LQ
¿JXUH 4/ LW FDQ EH VHHQ WKH FRQYHUJHQFH RI WKH :&0 WRZDUGV WKH 6471

0 )LJXUH 6 SUHVHQWV VRPH UHVXOWV IRU WKH WLPLQJ HUURU HVWLPDWLRQ
SUREOHP ZLWK UHFWDQJXODU SXOVH VKDSH1 $ VHYHUH GHJUDGDWLRQ LV VKRZQ
WR DSSHDU LQ SUHVHQFH RI FDUULHU IUHTXHQF\ HUURUV GXH WR WKH PLVPDWFK
EHWZHHQ WKH LQFRPLQJ VLJQDO DQG WKH UHFHLYLQJ ¿OWHU LQ WKH 647.0)1
7KLV GHJUDGDWLRQ LV VKRZQ LQ ¿JXUH 6 WR EH GUDVWLFDOO\ GLPLQLVKHG E\
XVLQJ WKH :&0 WLPLQJ HVWLPDWRU/ HVSHFLDOO\ IRU FDUULHU IUHTXHQF\ XQ0
FHUWDLQW\ LQWHUYDOV ZLWK �{D*2� : fé�1

:1 &21&/86,216

7KLV SDSHU SUHVHQWHG D QHZ UHVXOW WR WKH EDVLF V\QFKURQL]DWLRQ SUREOHP
RI 1'$ V\PERO WLPLQJ HVWLPDWLRQ1 )ROORZLQJ D 0D[LPXP /LNHOLKRRG
DSSURDFK/ LW KDV EHHQ GHULYHG DQ RSWLPDO WLPLQJ HVWLPDWRU IRU ORZ0615
LQ SUHVHQFH RI D XQLIRUP SULRU GLVWULEXWLRQ IRU WKH FDUULHU IUHTXHQF\
XQFHUWDLQW\1 7KH UHVXOWLQJ WLPLQJ HVWLPDWRU LV VKRZQ WR LQFOXGH DV D
SDUWLFXODU FDVH/ WKH FODVVLFDO 6TXDUH 7LPLQJ +2HUGHU)0H\U, DOJRULWKP1
)RU WKH FDVH RI PD[LPXP FDUULHU XQFHUWDLQW\/ WKH &$) EDVHG WLPLQJ
HVWLPDWRU ZLWK{D < ùrr ZDV SURYHG WR FRQYHUJH WRZDUGV WKH 6TXDUH
7LPLQJ UHFRYHU\ ZLWK WKH UHFHLYHG VLJQDO1 6LPLODUO\/ IRU WKH FDVH RI
SHUIHFW FDUULHU IUHTXHQF\ NQRZOHGJH/ WKH UHVXOWLQJ &$) ZLWK {D < f
DWWDLQHG WKH SHUIRUPDQFH RI WKH 6TXDUH 7LPLQJ DSSOLHG DW WKH RXWSXW
RI D PDWFKHG ¿OWHU1 )LQDOO\/ IRU LQWHUPHGLDWH FDVHV/ WKH &$) EDVHG
HVWLPDWRU SURYLGHV WKH RSWLPDO 0/ 1'$ WLPLQJ HVWLPDWLRQ1
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)LJ1 61 7LPLQJ HUURU YDULDQFH DV D IXQFWLRQ RI WKH IUHTXHQF\ HUURU XQ0
FHUWDLQW\ LQWHUYDO �{D*2� M dfc féDäùrr/ ZLWK UHFWDQJXODU SXOVH1

;1 5()(5(1&(6

>4@ 810HQJDOL DQG $1 11'¶$QGUHD/ 6\QFKURQL]DWLRQ 7HFKQLTXHV IRU
'LJLWDO 5HFHLYHUV/ 3OHQXP 3UHVV/ 4<<:1

>5@ 31 &LEODW HW $O1/ ³1RQ0GDWD DLGHG IHHGIRUZDUG F\FORVWDWLRQDU\
VWDWLVWLFV EDVHG FDUULHU IUHTXHQF\ RIIVHW HVWLPDWRUV IRU OLQHDU PRG0
XODWLRQV/́ 3URFHHGLQJV RI *OREHFRP 5334/ SS1 46;9±46<31

>6@ 810HQJDOL 010RUHOOL DQG *101 9LWHWWD/ ³)XUWKHU UHVXOWV LQ FDU0
ULHU IUHTXHQF\ HVWLPDWLRQ IRU WUDQVPLVVLRQV RYHU ÀDW IDGLQJ FKDQ0
QHOV/́ ,((( &RPPXQ1 /HWWHUV/ YRO1 5/ QR1 45/ 'HFHPEHU 4<<;1

>7@ )1 *LQL DQG *1 %1 *LDQQDNLV/ ³)UHTXHQF\ RIIVHW DQG V\PERO
WLPLQJ UHFRYHU\ LQ ÀDW0IDGLQJ FKDQQHOV= $ F\FORVWDWLRQDU\ DS0
SURDFK/́ ,((( 7UDQV1 &RPPXQ/ YRO1 79/ QR1 6/ SS1 733±744/
0DUFK 4<<;1

>8@ :1 $1*DUGQHU/ 6WDWLVWLFDO 6SHFWUDO $QDO\VLV1 $ 1RQ 3UREDELOLVWLF
7KHRU\/ 3UHQWLFH0+DOO/ 4<;;1

>9@ 01 2HUGHU DQG +1 0H\U/ ³'LJLWDO ¿OWHU DQG VTXDUH WLPLQJ UHFRY0
HU\/́ ,((( 7UDQVDFWLRQV RQ &RPPXQLFDWLRQV/ YRO1 69/ QR1 8/ SS1
938±945/0D\ 4<;;1

>:@ *1 9D]TXH] DQG -1 5LED/ 6LJQDO 3URFHVVLQJ $GYDQFHV LQ :LUH0
OHVV DQG 0RELOH &RPPXQLFDWLRQV/ E\ *1%1 *LDQQDNLV/ <1 +XD/
31 6WRLFD DQG /1 7RQJ/ YRO1 5 +7UHQGV LQ 6LQJOH0 DQG 0XOWL08VHU
6\VWHPV,/ 3UHQWLFH +DOO/ -XO\ 5333/ &KDSWHU </ SS1 68:07351

>;@ $1 91 'DQGDZDWp DQG *1 %1 *LDQQDNLV/ ³$V\PSWRWLF WKHRU\ RI
PL[HG WLPH DYHUDJHV DQG NWK0RUGHU F\FOLF PRPHQW DQG FXPXODQW
VWDWLVWLFV/́ ,((( 7UDQV1 ,QIRUP1 7KHRU\/ YRO1 74/ QR1 4/ SS1 549 ±
565/ -DQXDU\ 4<<81

><@ :1 $1 *DUGQHU/ ³([SORLWDWLRQ RI VSHFWUDO UHGXQGDQF\ LQ F\FORVWD0
WLRQDU\ VLJQDOV/́ ,((( 6LJQDO 3URFHVVLQJ 0DJD]LQH/ SS1 47 ± 69/
$SULO 4<<41

>43@ -1 5LED DQG *1 9j]TXH]/ ³%D\HVLDQ UHFXUVLYH HVWLPDWLRQ RI
IUHTXHQF\ DQG WLPLQJ H[SORLWLQJ WKH F\FORVWDWLRQDULW\ SURSHUW\/́
(85$6,3 6LJQDO 3URFHVVLQJ/ YRO1 73/ QR1 4/ SS1 54±6:/ 4<<71

>44@ +1 6WHHQGDP DQG 01 0RHQHFODH\/ ³/RZ0615 OLPLW RI WKH
FUDPHU0UDR ERXQG IRU HVWLPDWLQJ WKH WLPH GHOD\ RI D 36./ 4$0
RU 3$0 ZDYHIRUP/́ ,((( &RPPXQ1 /HWWHUV/ YRO1 8/ QR1 4/ SS1
64±66/ -DQXDU\ 53341
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