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OHWKRGYV

BHTXHQFLQJDQG ELRLQIRUPDWLF SLSHOLQH

BHTXHQFLLQWURHSWRFRFF XV ISQROMPWRBY ZWY SHUIRUPHG DV IRO
QRPLF '1$ IURB SXQHXP REXD®WMXUHV ZDV H{WUDFWHG XVLQJ WK
$V\PSKRQ\ '63 '1$ OLQL NLW ([WUDFWHG '1$ ZDV VHTXHQFHG |

SODWIRUPV E\ WKH 8.+6$ &ROLQGDOH 6HTXHQFLQJ /DERU
SOH[HG IDVWTILOHY SURGXFHG E\WKH &6/ ZHUH WKHQ WULPP}
WRRO :KHQ UXQ URXWLQHO\ DQ\LVRODWHYTV VHTXHQFH GDW
DIWHU 7ULPPRPDWLF SURFHVVLQJLV VHQW IRUUH VHTXHQFL

7TKHVH WULPPHG UHDGYVY ZHUH WKHQ DQDO\VHG E\ WKH 8.+6¢
ELRLQIRUPDWLF SLSHOLQH )LJXUH 6 7TKHILUVW VWHS LQ Wi
WLRQ SHUIRUPHG WKURXJK WKH .PHU," WRRO .PHU,'"VSOLW\
FRPSOHWH JHQRPHV IURP 5HI6HT LQWR PHUV 7KH SHUFHQMW
SHDUDW OHDVWWZLFHLQD VHWRITXHU\UHDGVIURPDVSHFLI
WKHWRS KLW OL[HG FXOWXUHVDUHGHWHFWHG E\FRPSDULQ.
UHSRUWHG DV WK6& RE KPRQKPRWZR UHIHUHQFH VHTXHQFHV D
$7&& 5HIGHTDFFHVVLRQ *&)B DQG SHIGHT I
VLRQ *&)B SHDGV ZE LFEHOOPREM-WIKHLU WRS KLW DQG
QRW UHSRUWHG WR EH PL[HG WKHQ SURFHHG WR WKH QH[W V
VHTXHQFH W\SLQJ 0/67 7KLV LV SHUIRUPHG E\ WKH 0267 > @
DYDLOD BEQHXPR@BEDPNFKHPH IURP 3XEQ/67 > @ 0267 DOVR SU
TXDOLW\ FRQWURO 4& RQ WKH UHDGV E\ UHSRUWLQJ WKH P
SHUFHQWDJH IRU 0/67 ORFL ,VRODWHYV ZLWK KLJK ! QRQ
DWDQ\RI WKHVH VHYHQ ORFL DUH VHQW IRU UH VHTXHQFLQJ
LV VHURW\SLQJ 7KLV LV SHUIRUPHG XVLQJ WKH 3QHXPR&D7 :
DJJOXWLQDWLRQ VHURW\SLQJ SHUIRUPHG RQ FHUWDLQ VHUR
SQHXPR&D7 GRHVY QRW DGHTXDWHO\ GLVWLQJXLVK

$00 WKH WRROV LQ WKH URXWLQH SLSHOLQH XVHG DERYH k
ZLWK .PHU," XVHG HY P\CKWRQDQG . HIWWDE @ ZKHUH 3QHX
PR&D7 KDV DOVR EHHQ YDOLGDWHG 0266 KEQHKRRIQQYMHD L GDV
THZROGWHDO > @

21 LVRODWHY VHQW IRU VHTXHQFLQJ WKRVH WKDW FD
FXOWXUH DQG KDG D VHTXHQFLQJ\LHOG RI! OES ZHUH VHO
LQ WKLV VWXG\ ZKLFK OHIW LVRODWHYV
$VVHPEO\DQG IXUWKHU 4& RI JHQRPHYV
7KH UHDGV ZHUH WKHQ DVVHPEOHG XVLQJVKRYLOOY 7
DVVHPEOHG OHDYLQJ LQWRWDO &RQWLJV RI ESLQO
I[URP WKHDVVHPEOLHYV 48%67 Y > @ ZDV XVHG WR VXPPDUL

ZKLOH &KHFNO Y > @ ZDV XVHG WR FKHFN WKH FRPSOHWHQ



WKH DVVHPEOLHYV )URP WKLV WZR LVRODWHY IHOO EHORZ W
OHDYLQJ $ IXUWKHU LVRODWHY ZHUH IRXQG WR KDYH
! SHPRYLQJ WKHVH LVRODWHY OHIW D FROOHFWLRQ RI
DQRDO\VLYV

3RS381. Y > @ ZDV WKHQ UXQ RQ WKLV FROOHFWLRQ R
FOXVWHU LVRODWHV LQWR VWUDLQV DQG SURGXFH D FRUH Jt
XVLQJ 5DSLG1- )URP WKLV D IXUWKHU IRXU LVRODWHV ZHUH
GXULQJ3RS381.4& VWHSYV LGHQWLILHG DV OHQJWK RXWOLHU

LVRODWHY ,Q RUGHU WR SODFH WKH LVRODWHY LQ D JOR
DOVRDVVLIJQHG WR *OREDO 3QHXPRFRFFDOB6HTXHQFLQJ&OXV
IRUPHG XVLQJ3RS381.DQG WKH SXEOLFO\DYDIDDEOMK*36& Y
TM2mKQ;2MXM2if;Tbfi BMBM:n+QKRAL/QBBMW2¥3B&W ZHUH GHILC
DVWKRVH FRQWDYROQWHYV LQ WKH FROOHFWLRQ IROORZLQJ

*ODGVWRQH HW DO > @ 5HDGV IRU WKH LVRODWHYV V
DVVHPEO\ 4& ZHUH GHSRVLWHG LQ WKH 6HTXHQFH 5HDG $UFKI
$FFHVVLRQ 35-1% DQG 35-1% ,QGLYLGXDO LVRODW

EHIRXQGLQ $SSHQGL[ S

&ORQDO FRPSOH[HV &&V ZHUHDOVRGHILQHG EMJURXSLQJ
YDULDQWYV 6/9V RI10/67 VHTXHQFH W\SHV 67V 7KHVHZHUH Q
FRQVWLWXWLYH 67 ZLWKLQ WKHFRPSOH[ 7KLV JURXSLQJ ZDV
VFULSW

7KH RXWSXW IURP WKH DQDO\VLYV SLSHOLQH RXWOLQHG DE
PDUNHG DJDLQVW WKH SLSHOLQH FXUUHQWO\ XVHG E\ WKH *OF
SURMHFW WR DQDO\VH VT & HEJ E i B0 b M2 @#2MiH2v@ ; Qr
$ WRWDORI LVRODWHV ZHUHUDQGRPO\VHOHFWHG IURP WK
FROOHFWLRQ $OORIWKHLVRODWHY SDVVHG WKH 4& PHWULF\
VLIQPHQW ZDV FRQVLVWHQW DFURVV ERWK 2QHLVRODWH SU
GDWDVHW ZDVLQVWHDG XSGDWHG ZLWK D UHFHQW 67 IURP WK
GLIIHUHG LQ VHURW\SH KRZHYHU DOO ZHUH ZLWKLQ WKH VDF
VHURW\SH GLIITHULQJ GXH WR DOWHUQDWLYHDSSURDFKHV LQ
XVHG LQ WKH *36 SLSHOLQH

$QWLPLFURELDO UHVLVWDQFH

7KH SUHVHQFH RI DQWLPLFURELDO UHVLVWDQFH $05 JHQHV
$05)LQGHU30OXV Y > 6 @S DIHVXR RRKUIDHQLVP VSHFLILF GDWDE
7KH GDWDEDVH YHUVLRQ ZDV Y ZKLFK FRQWDLQV
WHLQV DQG VHSDUDWH SRLQW PXWDWLRQ UHIHUHQFH VHTX
RIPLQLPXP LGHQWLW\ ZHUH XVHG RQ WKH DVVHPEOLHV WKDW
DJHQH ZDV WDNHQ WR LQGLFDWH UHVLVWDQFH

JRUUHVLVWDQ@QFMWWR DQWLELRWLFYV WKHUDQGRP IRUHVW F
YDOLGDWHW LDQ L @ DQEGWIDO > @ ZDV XVHG 7KH UHVLVWDQF



HIJRULVDWLRQ ZzDV EDVHG RQ WKH EUHDNSRLQWYV IRU PHQLQJ
&OLQLFDODQG /DERUDWRULHV 6WDQGDUGY ,QVWLWXWH GRF’

5HVLVWDQFH WR VXOIDPHWKR[D]ROH DQG WULPHWKRSULP :
DVVHPEOLHV IRU P X WRDORQ R Q HWKHHV SHFWLYHO\ DV GHVF
'f$SHWW DO> @ )RUVXOIDPHWKR[D]JROH LQGHOV ZLWKLQ WK
RIRO®RP 6 ZHUH WDNHQ DV HYLGHQFH RI UHVLVWDQFH PXWTE
SULP WKH PXWDWIRROZD,V WDQ@HQ DV HYLGHQFH RI UHVLVWDQF
WR FR WULPR[D]JROH D FRPELQDWLRQ RI ERWK VXOIDPHWKR]
SUHGLFWHG LI HLW K H U I RICBHBRHIEKWHD S\LLHR\GH/QLVD

$00 $05 SURILOHYV L QLRQKLLIDU K G R EW/LIRQH

3K\ORJHQHWLF DQG SDQJHQRPH DQDO\VLYV

7KH VHURW\SH *36& && LVRODWHVY ZHUH FRPELQHG ZLW
VHURW\SH LVRODWHV IURP WKH SXEDILFO D YA OEEQOHK*36 V
KQMQ+H2Xb M:2 X +XmF{DF®BYVif:G R Q 7KLV FROOHF\

LVRODWHY ZDVPDSSHG WR WKH UHIHUHQFH VHTXHQFH IRU
FRGH 1&B XVLQJVNDY > @ ZLWKDVSOLW NPHU VL]H
ZDV WKHQ LQSXW WR *XEELQV Y XVLQJ5DSLG1-> @DV DQ
5$[0/ Y > @ DV WKH PDLQ SK\ORJHQ\ EXLOGHU DQG S\MD!
UHFRQVWUXFWLRQ RSWLRQ

JRU *36& DQLVRODWHYYV FODGH ZDV GHWHUPLQHG IURP W
%HUWWDRO> @ )RUWKHJIHQRPH ZLGHDVVRFLDWLRQ VWXG\
EHORZ D SK\ORJHQ\ZDV IRUPHG E\PDSSLQJ WKH *36& LVF
WR WKHUHIHUHQFH 2;& LVRODWH $FFHVVLRQFRGH )4
ZLWK D VSOLW NPHU VL]H RI *XEELQV Y ZDV WKHQ XVHG W
WKLY DOLJQPHQW XVLQJS5DSLG1-DV WKHLQLWLDO SK\ORJHC
> @ bQG S\MDUDV WKHDQFHVWUDO UHFRQVWUXFWLRQ RSW|

JRU WKH *:$6 VWXG\ GHVFULEHG EHORZ WKH *36& LVR
KDG WKHLU JHQRPHVY GHOLQHDWHG LQWR FRUHDQG DFFHVVRI
6HTXHQFHV ZHUH ILUVW DQQRWDWHG XVLQJ 3URNND Y WK

VWULFW PRGH ZLWK D FRUH JHD®OMKHMW WKROGRFEAXFH D FRUH
DOLJQPHQW RQO\

9LUXOHQFH IDFWRUYV

7KH *36& LVRODWHV DQG WKH QRQ *36& VHURW\SH LV
VLIQHG *36& ZHUH VHDUFKHG IRU YLUXOHQFH JHQHYV 7KH YL
9)'% > @ ZDV DFFHVVHG RQ DQG WKH SURWHLQ VHTX

6 SQHXPRIQGWOWLILHG DOOHOHYVY ZHUH VXEVHW ',$021"Y .
FUHDWHD GDWDEBVS&H@EH XHREQAOHOHY DQGLVRODWHY ZHUH W
XVLQJ WKH EODVWI[ IXQFWLRQDOLW\RI ',$021'> @ 5HVXOWYV
DOLIQPHQWDQG WKHUHIHUHQFH VHTXHQFH KDG WKH VDPH O



FHQWLGHQWLWDWQFRWHKDW WKHUH ZHUH |JHUR JDSV LQ WKH DO

6WDWLVWLFDO DQDO\VHYV
JRUWKHFDOFXODWLRQRIG6LPSVRQYV GLYHUVLW\LQGH[YDOX

WKH 5 SDFNDJH YHJDQ Y ZDV XVHG &RQILGHQFH LQWHU
ZHUH FDOFXODWHG XVLQJ ERRWVWUDS VDPSOLQJ ZLWK Gl
UDQJH FDWHJRULHYV RI DQGe+ \HDUV ZHUH XVH
ODWLRQV

TRDVVHVV WKHPHDQ ZLWKLQ && FRUH JHQRPH GLVWDQFHV
WLRQ ZDV XVHG ZLWK GHIDXOW VHWWLQJV

JRUWKHORJLVWLFUHJUHVVLRQDQDO\VLY YDULDEOHV ZHU
DQG KRVW IDFWRUV FDXVLQJ PRUWDOLW\ )RU SDWKRJHQ IDF\
UHVHQW WKHJHQHWLFGLYHUVLW\RIDQLVRODWH ZKLOH $05
WKHFOLQLFDO HITHFW RIUHVLVWDQFH )RUSDWLHQW IDFWRLU
GLYHUVLW\LQ KRVWUHVSRQVH WR GLVHDVH FOLQLFDO SUHYV
RIGLITHUHQW SDWKRORJLHYVY DQG\HDU RILVRODWLRQ WR DFF
SUHGLFWRU YDULDEOHY ZHUH FRGHG DV FDWHJRULFDO YDUL|
OHYHOV PDWFKLQJ WKH GRPLQDQW *36&V WKRVHZLWK JUH!
FROOHFWLRQ *36& ZKLFK KDG WKH FORVHVW IDWDOLW\UDYV
DOO GRPLQDQW *36&V ZDV FKRVHQ DV WKH UHIHUHQFH JURX
ZLWK SDWLHQWV VSOLWLQWR GLVFUHWH DJH JURXSYV

DQG+s \HDUV 7KHe+e DJHJURXS.
FKRVHQ DV WKHUHIHUHQFH JURXS )RUVDPSOLQJ\HDU WKH\
RI'LVRODWHYV ZDV VHOHFWHG DV WKH UHIHUHQFH )RU WK
PHQLQJLWLYVY ZzDV WKH UHIHUHQFH ,VRODWHYV ZHUH FRGHG DV
UHVLVWDQW JHQH SUHGLFWHG E\ WKH 1&%, $05)LQGHU30OXV V
WDQFH DQG RUZHUH SUHGLFWHG WR EHUHVLVWDQW WR SHQL
XVHG E\ WKH UDQGRP IRUHVW SUHGLFWRU > @ )LYH LVROD'
EUHDNSRLQWYVY ZHUH UHPRYHG IURP WKHDQDO\VLVY 7KHJOPF
VWDWYV SDFNDJH ZDV XVHG WR ILW WKH ORJLVWLF UHJUHVVLR

6HQVLWLYLW\ DQDO\VHV IRUWKH UHJUHVVLRQ ZHUH SHUIR
RI YDFFLQDWLRQ ZLWK HLWKHU D 3&9 YDFFLQH 3&9 RU 3&9
HIWHQGLQJ WKH QXPEHU RI *36&V WR DQG PRGHOOLQJ WKH
LQVWHDG RI *36&V %RWK 3&9 DQG 339 YDFFLQH VWDWXV ZD\
FODVVHV <HV DW OHDVW RQH GRVH DGPLQLVWHUHG EHWZH}
IRUH GDWH RI FDVH <HV /RQJHU DW OHDVW RQH GRVH DGPL
EHIRUH GDWH RI FDVH <HV 8QVXUH $W OHDVW RQH GRVH DG
RIYDFFLQDWLRQ 8QNQRZQ 1RGDWDRQZKHWKHUD FDVH KD
SDWLHQW NQRZQ QRW WR KDYH EHHQ YDFFLQDWHG 3&9DQG
LQFOXGHG DV FDWHJRULFDO YDULDEOHV ZLWK WKH UHIHUHQF
H[WHQGHG *36& DQDO\VLV *36& ZDV RQFHDJDLQ FKRVHQ DV
ZKLOH IRU WKH VHURW\SH DQDO\VLYV VHURW\SH $ ZDV FKRVI



WKHFORVHVW IDWDOLW\UDWH RI WR WKH GDWDVHW(T{V RY

7RDVVHVV PRUHILQH GHWDLOHG DVVRFLDWLRQV RILVROD)
WKH FDVH IDWDOLW\ UDWH D *:$6 DQDO\VLV ZDV FRQGXFWHG
WR WKH *36& LVRODWHY WDNHQ IURP FDVHV UG )SD WLWRW B Q
R LVRODWHY 7KH 5 SDFNDJH WUHH:$6 Y > @ ZDV XVHG
FRQGXFWHGLQWZR VWDJHV ZLWK WKHILOWHUHG FRUH JHQH
QRWHG DERYH XVHG DV JHQHWLF GDWD LQ VWDJH RQH DQG
JHQH SUHVHQFH DEVHQFH PDWUL[ DOVR SURGXFHG E\ SDQDU|
GDWD &RPPRQLQSXW WR ERWKVWDJHV ZDV WKH *XEELQV *36
DERYH VXEVHW WRMIKH ROG LVRODWHY DQG D FVY ILOHRI W
DQG WKH RXWFRPH YDULDEOH ZKHWKHU WKH FDVHV GLHG ZLV
FRQILUPDWLRQ WUHH:$6 SHUIRUPHG WKUHH WHVWV WR FDOF;
VXEVHTXHQWDVVRFLDWLRQVFRUHVEHWZHHQLQSXW JHQHWL
DGDSWLQJVLIJQLILFDQFH WKUHVKROGY EDVHG RQ FRUUHFWL|

SHVXOWYV

*36& && SK\ORJHQHWLFDQDO\VLYV

7KH *36& && LVRODWHVIURPWKHFROOHFWLRQDQDO\VH
ELQHG ZLWK LVRODWHV IURP WKH *36 GDWDEDVH :LWKLQW
LVRODWHY WZR FODGHV ZHUH IRUPHG DSSHQGL[ S 7TKH VP
FRQWDLQHG LVRODWHYV A I[URP WKLV VWXG\ DORQJ ZLW
WKH *36 VWXG\ ZKLFK ZHUH SULPDULO\IURP 6RXWK $IULFD

ODUJHU FODGH FRQWDLQHG LVRODWHYV RI ZKLFK ZHU
ZKLOH IRXU ZHUH IURP 1HZ =HDODQG DQG RQHIURP 60ORYHQLD

'LYHUVLW\RI3%3 DOOHOHV DPRQJUHVLVWDQW LVR

21 WKH XQLTXH 3%3 SURILOHV LQ WKHFROOHFWLRQ DPRQJ\
WR EHUHVLVWDQW SURILOHWRZHW W HNKHUIW SQ RILOHYV ZH L
LQ LVRODWHYV 3%3 D 3%3 E 3%3 [ Q 3%3 D 3 %
3%3 [ Q DQG 3%3 D 3%3 E 3%3 [ Q 7TKHUH
WKUHHGRPLQDQW *36&V ZKLFKFRQWDLQOGBRMANP KIHNKLSYWREERR
*36& *36& DQG *36& 7TKHUH ZHUH GLITHUHQW 3%3 SU|
O\LQJWKHKLIJK OHYHORIUHVLVWDQFHLQ*36& ZLWKDOO K
PHOQOWLRQHG DERYH ZLWKLQ *36& IROORZHG E\3%3 D 3 %
LVRODWHYV A RI*36& UHVLVWDQW LVRODWHY DQG 3%3 D
LVRODWHYV RI UHVLVWDQW LVRODWHY LQ WHUPV RI ITUHTX
GLVWLQFW SURILOHV DPRQJ WKH UHVLVWDQW LVRODWHYV
LVRODWHYV 3%3 D 3%3 E 3%3 [ Q RI'UHVLVWDC
ODWHV 3%3 D 3%3 E 3%3 [ Q RIUHVLVWDQW *3¢
DQG 3%3 D 3%3 E 3%3 [ Q Rl *36& UHVLVWDQW
+RZHYHU ZLWKLQ *36& DOO RI ZKRVH LVRODWHY ZDV SUI



RQO\RQH 3%3 SURILOH ZDV REVHUYHG 3%3 D 3%3 E 3%3

'LYHUVLW\ RDP®RQJ FROOHFWLRQ

7ZR GRPLQDQW *36&V ZHUH REVHUYHG WR FRR WD \QDODLYIH Q
70 OLNHHOHPHQWYV *36& Q DQG *36& Q "LWKLQ *23
LW ZDV SRVVLEOH WR UHFRQVWUXFW D 7Q OLNH LQVHUWLR
FDWHG NE HOHPHQW SDUW RLWIK HD7RQL O H Z P V40 WKRIO L G H

UHVLVWDQFH JHDHWGIGVWBRF\FOLQH UHVLVWDQFH JHQH 7KLV
SHDUHG WR ORVH WKH NE BBFINERRHWRRHGQLDWHO\ XSVWUH
WHWKBQH ZKLFK FRQWDLQV WKH HOHPHQWYV VLWH VSHFLILF
ODWHV LQ *36& FRQWDLQHAQVHWELRY ZKLFK FRQWDLQHG F
WHW 0 ZKLOHDIXUWKHUWKUHHLVRODWHY FRQWDLQHGD N

7Q GHVFULEHG DERYH :LWKLQ *36& LVRODWHY FRQWDLC
7Q HOHPHQW ZKLOH D IXUWKHU LVRONWHOHRRQWVYQHERBYV
RI WKHVH DQANH HOHPHQWYV ZHUH IRXQG LQ && LQ *36& R

DOWKRXJK WKHUH ZHUH VHYHQ LVRODWHY RI WKH && OLQHD



JLIXUH6 $QDO\WLV SLSHOLQHIRU SQHXPREGREFED VW THHQFHOGDW B/ KHD @RQEOIWRR/QIHWHI RUP
LVRODWHY XVHG LQ WKLV UHSRUW KLJKOLJKWLQJ WKH URXWLQH SLSHOLQH XVHG IRU VXU"
IRUWKLV VWXG\



JLIXUH6 ,VRODWHLQFOXVOIREFG KODRIFKRRIM QJ WKH IORZ RI GDWD IL

UHSRUWHG ,3' FDVHV EHWZHHQ VW RI -XO\ DQG )HEUXDU\ W
LVRODWHY ZLWK :*6 GDWD DQDO\VHG LQ WKLV VWXG\ ([FOXVLRQ UH
WKHUHG ER[HV WR WKH ULJKW RI WKHIORZFKDUW



J)LIXUH6 6HURW\SH FRPSRVLWLRQ RYHU WIKH RIYWKD B TANRWLVRRI VBURW\SHY ZLWKLQ
FROOHFWLRQ E\ PRQWK RI WKH VWXG\ SHULRG IURP -XO\ VW WR )HEUXDU\ WK /LQ
ZKLOH WKH OHJHQG LVDUUDQJHG IURP WKHPRVW IUHTXHQW VHURW\SHVY RYHUDOO WR WKH
VHURW\SHV DU#% BIOR®HMWWUHGE QWDJH RI LVRODWHY H[SUHVVLQJ D FHUWDLQ VHURW\SH GXULQ.
$VIRUVHFWLRQ $ RQO\WKH PRVW IUHTXHQWO\REVHUYHG VHURW\SHV DUH H[SUHVVHG



JLIXUH6 6HURW\SH GLYHUWKIHW\LPSWVRQYIVPBLYHUVLWN\LQGH[RILVRC(
ZLWKLQ SDWLHQW DJHDQG HSLGHPLRORJLFDO \HDUV /LQHV DUH FI
WRWDO UHSUHVHQWV DOO DJHJURXSV (UURU EDUV UHSUHVHQW Wit
FDOFXODWHG IURP ERRWVWUDS VDPSOLQJ



JLIXUH6 6HURW\SH FRPSRVLW LK BS\HOUFHIOQWMRXEH RI WKH WRS  VHL
LQHDFK SDWLHQW DJH JURXS LQ WKH FROOHFWLRQ %DUV DUH FROI
WRS VHURW\SHY FRORXUHG RWKHU VHURW\SHVY DUH JURXSHG LQ

RUGHUHG IURP WKH PRVW FRPPRQ VHURW\SH VHURW\SH WR WKH
VHURW\SH
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