
Rq Iruhfdvwlqj Frlqwhjudwhg Vhdvrqdo Wlph Vhulhv

Pèuwhq OùiWdqg Sklols Kdqv Iudqvhv_

VVH2HIL Zrunlqj Sdshu Vhulhv lq Hfrqrplfv dqg Ilqdqfh/ Qr1 683

Mdqxdu| 5333

Devwudfw

Zh dqdo|}h shulrglf dqg vhdvrqdo frlqwhjudwlrq prghov iru elyduldwh txdu0

whuo| revhuyhg wlph vhulhv lq dq hpslulfdo iruhfdvwlqj vwxg|1 Zh lqfoxgh erwk

vlqjoh htxdwlrq dqg pxowlsoh htxdwlrqv phwkrgv1 D YDU prgho lq �uvw gli0

ihuhqfhv zlwk dqg zlwkrxw frlqwhjudwlrq uhvwulfwlrqv lv dovr lqfoxghg lq wkh

dqdo|vlv/ zkhuh lw vhuyhv dv d ehqfkpdun1 Rxu hpslulfdo uhvxowv lqglfdwh wkdw

wkh YDU prgho lq �uvw gl�huhqfhv zlwkrxw frlqwhjudwlrq lv ehvw li rqh0vwhs

dqg irxu0vwhs dkhdg iruhfdvwv duh frqvlghuhg1 Iru orqjhu iruhfdvw krul}rqv/

krzhyhu/ wkh shulrglf dqg vhdvrqdo frlqwhjudwlrq prghov duh ehwwhu1 Zkhq

frpsdulqj shulrglf yhuvxv vhdvrqdo frlqwhjudwlrq prghov/ zh �qg wkdw wkh

vhdvrqdo frlqwhjudwlrq prghov whqg wr |lhog ehwwhu iruhfdvwv1 Ilqdoo|/ wkhuh lv

qr fohdu lqglfdwlrq wkdw pxowlsoh htxdwlrq phwkrgv lpsuryh rq vlqjoh htxdwlrq

phwkrgv1

Nh|zrugv= Shulrglf frlqwhjudwlrq> Vhdvrqdo frlqwhjudwlrq> Iruhfdvwlqj

MHO= F65> F86

WGhsduwphqw ri Hfrqrplf Vwdwlvwlfv/ Vwrfnkrop Vfkrro ri Hfrqrplfv/ S1R Er{ 9834 446 ;6

Vwrfnkrop/ H0pdlo= vwporCkkv1vh1 +fruuhvsrqglqj dxwkru,
_Hfrqrphwulf Lqvwlwxwh/ Hudvpxv Xqlyhuvlw| Urwwhugdp/ S1R1 Er{ 4:6;/ 6333 GU Urwwhugdp/

Wkh Qhwkhuodqgv1
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4 Lqwurgxfwlrq

Lq uhfhqw |hduv vhyhudo phwkrgv iru frlqwhjudwlrq dqdo|vlv ri qrqdgmxvwhg vhdvrqdo

wlph vhulhv kdyh ehhq ghyhorshg1 Li rqh lv zloolqj wr dvvxph wkdw wkh vhdvrqdo sdw0

whuq lv dssur{lpdwho| frqvwdqw ryhu wlph/ wkh yhfwru dxwruhjuhvvlyh huuru0fruuhfwlrq

prgho ^YHFP` zlwk frqvwdqw vhdvrqdo gxpplhv sdudphwhuv fdq eh xvhg1 Krz0

hyhu/ whvwv iru ydulrxv w|shv ri fkdqjlqj vhdvrqdolw| riwhqwlphv �qg hylghqfh iru

d vwrfkdvwlf ru fkdqjlqj vhdvrqdo sdwwhuq ryhu wlph/ vhh K|oohehuj hw do1 +4<<3,

^KHJ\`/ Iudqvhv +4<<9,/ dprqj pdq| rwkhuv1

Lq wklv sdshu zh h{dplqh lq dq hpslulfdo iruhfdvwlqj vwxg| wkh uhohydqfh ri wdnlqj

fduh ri fkdqjlqj vhdvrqdolw| zlwklq pxowlyduldwh phwkrgv iru frlqwhjudwhg vhdvrqdo

wlph vhulhv1 Zh hydoxdwh wkuhh gl�huhqw dssurdfkhv/ vhh Iudqvhv dqg PfDohhu +4<<;,/

wkdw lv qrqvhdvrqdo frlqwhjudwlrq prghov/ vhdvrqdo frlqwhjudwlrq prghov dqg shulrglf

frlqwhjudwlrq prghov1

Whvwlqj dqg hvwlpdwlqj vhdvrqdo frlqwhjudwlrq uhodwlrqv fdq eh dffrpsolvkhg

lq dw ohdvw wzr zd|v1 Hqjoh hw do= +4<<6, ^HJKO` sursrvh d wzr0vwhs surfhgxuh/

zklfk lv dq h{whqvlrq ri wkh Hqjoh dqg Judqjhu whvw iru frlqwhjudwlrq/ zkhuhdv Ohh

+4<<5, vxjjhvwv d pd{lpxp olnholkrrg phwkrg iru vhdvrqdo frlqwhjudwlrq/ xvlqj d

vhdvrqdo huuru fruuhfwlrq prgho1 Mrkdqvhq dqg Vfkdxpexuj +4<<<, lqwurgxfh d jhq0

hudo dv|pswrwlf wkhru| iru wkh odwwhu frlqwhjudwlrq dssurdfk1 Zkloh frlqwhjudwlrq dw

wkh }hur iuhtxhqf| fdq eh lqwhusuhwhg dv hylghqfh ri d sdudooho orqj0uxq pryhphqwv

dprqj wkh wlph vhulhv frqvlghuhg/ frlqwhjudwlrq dw wkh eldqqxdo ru dqqxdo iuhtxhq0

flhv lv ylhzhg dv hylghqfh ri sdudooho pryhphqwv dfurvv wkh fruuhvsrqglqj vhdvrqdo

frpsrqhqwv ri wkh wlph vhulhv1

Dq dowhuqdwlyh prgho iru fkdqjlqj vhdvrqdolw| lq pxowlyduldwh gdwd h{whqgv wkh

shulrglf lqwhjudwlrq prgho/ vhh Iudqvhv +4<<9, dqg Ervzlmn/ Iudqvhv dqg Kdoguxs

+4<<:,/ dprqj rwkhuv1 Zkhq wkh lqglylgxdo wlph vhulhv glvsod| shulrglf ihdwxuhv/

rqh pd| zdqw wr frqvlghu shulrglf frlqwhjudwlrq1 D xvhixo vlqjoh htxdwlrq phwkrg

lv sursrvhg lq Ervzlmn dqg Iudqvhv +4<<8,/ dqg lw lv dq h{whqvlrq ri wkh frlqwhjud0

wlrq whvw dssurdfk e| Ervzlmn +4<<7,1 D pxowlsoh htxdwlrq phwkrg lv sursrvhg e|
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Nohlehujhq dqg Iudqvhv +4<<<,/ zkr frqvlghu frlqwhjudwlrq lq shulrglf YDU prghov

^SYDU`1

Wkh iruhfdvwlqj shuirupdqfh ri vhdvrqdo frlqwhjudwlrq prghov kdv ehhq dqdo|}hg

lq Nxqvw +4<<6, dqg lq Uhlphuv +4<<:,1 Wzr h{dpsohv edvhg rq uhdo gdwd dqg d

Prqwh Fduor h{shulphqw lq Nxqvw +4<<6, lqglfdwh wkdw wkh ehqh�wv iurp dffrxqwlqj

iru vhdvrqdo frlqwhjudwlrq duh txlwh olplwhg dv frpsduhg wr yhfwru huuru fruuhfwlrq

prghov lq �uvw gl�huhqfhv zlwk ghwhuplqlvwlf vhdvrqdo gxpplhv lqfoxghg1 Wkh pdlq

frqfoxvlrq lq Uhlphuv +4<<:, lv wkdw prghov lq �uvw gl�huhqfhv surgxfh vpdoohu iruh0

fdvw huuruv iru vkruw krul}rqv/ exw zkhq orqjhu iruhfdvwlqj shulrgv duh frqvlghuhg

wkh vhdvrqdo frlqwhjudwlrq prgho dsshduv suhihudeoh1 Ilqdoo|/ wkh iruhfdvwlqj shu0

irupdqfh xvlqj gl�huhqw vshfl�fdwlrqv ri wkh vlqjoh htxdwlrq shulrglf frlqwhjudwlrq

prgho kdv ehhq h{dplqhg lq Khuzduw} +4<<:,/ zkhuh lw lv irxqg qrw wr eh yhu|

vxffhvvixo1

Wkh sxusrvh ri wkh suhvhqw sdshu lv wr frpsduh wkh wzr prgho fodvvhv lq dq

hpslulfdo iruhfdvwlqj vwxg|/ zklfk lqyroyhv vhyhq vhwv ri elyduldwh txduwhuo| wlph

vhulhv/ zklfk rqh pd| h{shfw wr eh vrphkrz frlqwhjudwhg1 Zh dlp wr vkhg oljkw

rq wkh iroorzlqj lvvxhv1 Gr pxowlsoh htxdwlrq phwkrgv iru vhdvrqdo dqg shulrglf

frlqwhjudwlrq jhqhudwh ehwwhu iruhfdvwv dv frpsduhg wr wkhlu vlqjoh htxdwlrq frxq0

whusduwvB Dqg/ lv rqh ri wkh wzr prgho fodvvhv/ wkdw lv vhdvrqdo yhuvxv shulrglf

frlqwhjudwlrq/ suhihudeoh lq whupv ri iruhfdvwlqjB Zh dovr frpsduh wkhvh shulrglf

dqg vhdvrqdo frlqwhjudwlrq prghov zlwk d YHFP lq �uvw gl�huhqfhv zlwk frqvwdqw

vhdvrqdo gxpp| sdudphwhuv dqg zlwk dq hvwlpdwhg orqj0uxq uhodwlrq lqfoxghg1 Il0

qdoo|/ zh dovr lqfoxgh d YDUprgho lq �uvw gl�huhqfhv zlwk frqvwdqw vhdvrqdo gxpp|

sdudphwhuv lq wkh dqdo|vlv/ wkdw lv/ d prgho zlwkrxw frlqwhjudwlrq1

Wkh uhpdlqghu ri wklv sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 jlyhv d eulhi

glvfxvvlrq ri wkh ydulrxv frlqwhjudwlrq dssurdfkhv1 Lq Vhfwlrq 6/ zh suhvhqw wkh

gdwd dqg Vhfwlrq 7 frqwdlqv wkh hvwlpdwlrq dqg iruhfdvwlqj uhvxowv1 Wkh �qdo vhfwlrq

suhvhqwv vrph frqfoxglqj uhpdunv1

6



5 Frlqwhjudwlrq phwkrgv

Lq wklv vhfwlrq zh uhylhz irxu gl�huhqw dssurdfkhv wr frlqwhjudwlrq dqdo|vlv ri txdu0

whuo| wlph vhulhv1 Odwhu rq/ zh zloo frqwudvw wkhvh dssurdfkhv zlwk d YHFP zlwk

frqvwdqw vhdvrqdo gxpp| sdudphwhuv/ zkhuh wkh orqj0uxq uhodwlrq lv hvwlpdwhg iurp

wkh gdwd iru wkh elyduldwh vhulhv dw kdqg +ghqrwhg dv Q0PH04/ zklfk phdqv qrq0

vhdvrqdo pxowlsoh htxdwlrq ri w|sh 4,/ dqg zlwk d YDU prgho iru �uvw gl�huhqfhg

yduldeohv zlwkrxw frlqwhjudwlrq/ dovr zlwk frqvwdqw vhdvrqdo gxpp| sdudphwhuv

+ghqrwhg dv Q0PH05,1

Iru vrph phwkrgv lw fdq eh xvhixo wr h{dplqh wkh surshuwlhv ri wkh xqlyduldwh

wlph vhulhv �uvw1 Iru wklv sxusrvh rqh fdq xvh iru h{dpsoh wkh KHJ\ +4<<3, whvwlqj

dssurdfk iru vhdvrqdo xqlw urrwv/ dqg wkh Ervzlmn/ Iudqvhv dqg Kdoguxs +4<<9,

whvwlqj dssurdfk iru xqlw urrwv lq shulrglf prghov1 Wkhvh phwkrgv duh qrz zhoo

nqrzq e| qrz/ dqg d ghwdlohg rxwolqh lv frqvlghuhg wr eh eh|rqg wkh vfrsh ri wkh

suhvhqw sdshu1

Zh qrz wxuq wr wkh ydulrxv frlqwhjudwlrq phwkrgv/ zkhuh zh ghdo zlwk shulrglf

prghov �uvw dqg zlwk vhdvrqdo frlqwhjudwlrq phwkrgv vhfrqg1 Zlwklq hdfk fodvv/

zh �uvw ghdo zlwk wkh vlqjoh htxdwlrq dssurdfk dqg wkhq zlwk wkh pxowlsoh htxdwlrq

phwkrg1

514 Shulrglf frlqwhjudwlrq 0 vlqjoh htxdwlrq

Wkh Ervzlmn dqg Iudqvhv +4<<8, dssurdfk lv dq h{whqvlrq ri wkh frlqwhjudwlrq whvw

dssurdfk lq Ervzlmn +4<<7,1 Wkh| frqvlghu wkh iroorzlqj vlqjoh htxdwlrq shulrglf

frlqwhjudwlrq prgho ^SFP`=

�7|w @
7[

v@4

�vGv>w .
7[

v@4

�v+|w�7 � �
3

v[w�7, +4,

.

s[
m@4

�l�7|w�m .

s[
l@3

� 3l�7[w�l . %w>

zkhuh |w lv wkh yduldeoh ri vshfl�f lqwhuhvw dqg zkhuh [w lv d yhfwru ri h{sodqdwru|

yduldeohv1 Wkh %w lv d vwdqgdug zklwh qrlvh surfhvv dqg �7|w lv gh�qhg e| �7|w @

+4 � E7,|w @ |w � |w�7= Lw lv dvvxphg wkdw [w lv zhdno| h{rjhqrxv1 Li qhhghg
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lq +4, wkh �7[w whupv fdq eh uhsodfhg e| �4[w yduldeohv1 Wkh sdudphwhuv �v

dqg �v lq htxdwlrq +4, duh vhdvrqdoo| ydu|lqj dgmxvwphqw dqg orqj0uxq sdudphwhuv/

uhvshfwlyho|1 Dgmxvwphqw fdq eh hdvlhu wr dfklhyh lq vrph txduwhuv/ ru hfrqrplf

djhqwv pd| zdqw wr fruuhfw glvhtxloleuld idvwhu lq vrph vhdvrqv1 Lq d frqvxpswlrq

prgho frqwh{w/ wkh wdujhw uhodwlrqv pd| uh hfw vhdvrqdoo| ydu|lqj suhihuhqfhv ru

vhdvrqdoo| ydu|lqj dydlodelolw| ri jrrgv dqg vhuylfhv1 Shulrglf frlqwhjudwlrq uhtxluhv

wkdw wkh �v0sdudphwhuv duh qhjdwlyh1 Ixoo shulrglf frlqwhjudwlrq lq +4, lpsolhv wkdw

wkhuh lv dgmxvwphqw wrzdugv d orqj0uxq uhodwlrqvkls lq doo irxu txduwhuv/ zkhuhdv

sduwldo shulrglf frlqwhjudwlrq lpsolhv wkdw wkhuh lv qr dgmxvwphqw lq vrph txduwhuv1

Ervzlmn dqg Iudqvhv +4<<8, sursrvh d Zdog whvw iru frlqwhjudwlrq lq wkh SFP1

Frqvlghu wkh iroorzlqj/ voljkwo| uhzulwwhq irup ri +4,=

�7|w @
7[

v@4

�vGv>w .
7[

v@4

+�4vGv>w|w�7 . �35vGv>w[w�7, +5,

.

s[
m@4

�l�7|w�m .

s[
l@3

� 3l�7[w�l . %w>

zkhuh �4v @ �v dqg �5v @ ��3v�v lq +4,1 Zulwlqj �v @ +�4v> �
3

5v,
3

> wkh qxoo k|srwkhvlv

ri qr frlqwhjudwlrq lq vhdvrq v/ dqg wkh dowhuqdwlyh k|srwkhvlv/ ri wkhZdogv whvw duh

K3v = �v @ 3 dqg K4v = �v 9@ 3 iru vrph v> uhvshfwlyho|= Qrz/ zulwlqj � @ +�34> ===> �
3

7,
3

>

wkh qxoo k|srwkhvlv ri qr frlqwhjudwlrq lq dq| vhdvrq dqg wkh dowhuqdwlyh k|srwkhvlv

ri wkh mrlqw Zdog whvw duh K3 = � @ 3 dqg K4 = � 9@ 3 uhvshfwlyho|1 Wkh wzr Zdog

vwdwlvwlfv duh fdofxodwhg dv

Zdogv @ +q� n,++UVV3v �UVV4,@UVV4,> +6,

Zdog @ +q� n,++UVV3 �UVV4,@UVV4,>

zkhuh n lv wkh qxpehu ri hvwlpdwhg sdudphwhuv lq htxdwlrq +5,/ dqg zkhuh UVV4 lv

wkh ROV uhvlgxdo vxp ri vtxduhv iurp wkh xquhvwulfwhg prgho dqg UVV3v dqg UVV3

wkh uhvlgxdo vxpv ri vtxduhv xqghu K3v dqg K3> uhvshfwlyho|1 Wkh uhohydqw fulwlfdo

ydoxhv ri wkh ydulrxv Zdog whvw vwdwlvwlfv duh jlyhq lq Ervzlmn dqg Iudqvhv +4<<8,1

Wkh| dovr sursrvh whvwv iru ydulrxv sdudphwhu uhvwulfwlrqv zkhq wkhuh lv hylghqfh

ri frlqwhjudwlrq lq wzr ru pruh txduwhuv/ olnh whvwv iru htxdolw| ri wkh dgmxvwphqw

sdudphwhuv dqg iru wkh sdudphwhuv frqfhuqlqj wkh orqj0uxq uhodwlrqvklsv dfurvv
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vhdvrqv1 Lq wkh hpslulfdo sduw ehorz zh zloo uhihu wr wklv phwkrg dv wkh S0VH

+shulrglf vlqjoh htxdwlrq, dssurdfk1

515 Shulrglf frlqwhjudwlrq 0 pxowlsoh htxdwlrqv

D shulrglf YDU prgho ri rughu 4 ^SYDU+4,` ri d n glphqvlrqdo txduwhuo| revhuyhg

yhfwru ri wlph vhulhv |q fdq eh zulwwhq dv=

|q @ *v|q�4 . xq> +7,

zkhuh v @ 4> ===V> q @ 4> ===> Q dqg xq lv d yhfwru ri l1l1g1 glvwxuedqfhv zlwk phdq

}hur dqg H +xqx3q, @ 
v1 Wkh vhdvrqdoo| ydu|lqj +n�n, sdudphwhu pdwulfhv *v duh

ri ixoo udqn dqg wkh fryduldqfh pdwulfhv 
v lpso| wkdw wkh SYDU+4, surfhvv fdq

kdyh gl�huhqw vkruw0uxq surshuwlhv dfurvv txduwhuv1

Hyhq wkrxjk doo sdudphwhuv duh doorzhg wr ydu| dfurvv wkh txduwhuv/ Nohlehu0

jhq dqg Iudqvhv +4<<<, vkrz wkdw wkh vshfl�fdwlrq +7, lpsrvhv wkh vdph orqj0uxq

surshuwlhv iru hdfk vhdvrq1 Li zh ghwhuplqh wkh uhodwlrqvkls ehwzhhq |q dqg |q�V>

wkdw lv/ wkh vdph vhdvrq lq wkh suhylrxv |hdu/ dqg uhzulwh wkh uhvxowlqj h{suhvvlrq

lq lwv qrqvhdvrqdo dqqxdo irup/ vhh Wldr dqg Juxsh +4<;3, dqg Rveruq +4<<4,/ lw

ehfrphv

�\v>w @ �v\v>w�4 . %v>w> w @ 4> ===> W @
Q

7
> +8,

zkhuh

�v @

#
v\

l@4

*v�l.4

V�v\
l@4

*V�l.4

$
� Ln= +9,

Li wkhuh lv frlqwhjudwlrq dprqjvw wkh hohphqwv lq |q wkhq=

�v @ �v�
3

v +, +:,

*v.4�v�
3

v*
�4
v.4 @ �v.4�

3

v.4=

Wkh uhvxow lq +:, lpsolhv wkdw wkh vsdfhv vsdqqhg e| �v.4 dqg �v.4 duh lghqwlfdo wr

wkh vsdfhv vsdqqhg e| *v.4�v dqg *�4
3

v.4�v=

Hvwlpdwlrq ri wkh frlqwhjudwlrq sdudphwhuv lq �v lv qrw vwudljkwiruzdug dv

lw lpsolhv qrqolqhdu uhvwulfwlrqv rq wkh *v sdudphwhuv= Nohlehujhq dqg Iudqvhv
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+4<<<, wkhuhiruh vxjjhvw dq dowhuqdwlyh phwkrg/ zklfk dprxqwv wr rswlpl}lqj d

orj0olnholkrrg edvhg remhfwlyh ixqfwlrq1 Wklv remhfwlyh ixqfwlrq fdq dovr eh xvhg

wr whvw iru wkh qxpehu ri frlqwhjudwlrq uhodwlrqv1 Wkh uhvxowlqj whvw vwdwlvwlf fdq

eh frpsduhg wr wkh uhohydqw fulwlfdo ydoxhv ri wkh Mrkdqvhq wudfh vwdwlvwlf/ dw ohdvw

dv|pswrwlfdoo|1 Wkh SYDU+4, prgho fdq eh h{whqghg wr lqfoxgh xquhvwulfwhg vhd0

vrqdoo| ydu|lqj lqwhufhswv dqg wuhqgv1 Lq wkh hpslulfdo sduw ehorz zh zloo ghqrwh

wkh prgho zlwk vhdvrqdoo| ydu|lqj lqwhufhswv lqfoxghg dv S0PH04 +shulrglf pxowl0

soh htxdwlrq ri w|sh 4, dqg wkh prgho zlwk erwk vhdvrqdoo| ydu|lqj lqwhufhswv dqg

wuhqgv dv S0PH051

Ilqdoo|/ wkh uhvxowv iru wkh SYDU+4, prgho krog iru kljkhu rughu g|qdplfv li zh

dvvxph wkh iroorzlqj odj vwuxfwxuh ri d SYDU+s, prgho

|q @ *4>v|q�4 . *5>v|q�8 . ===. *s>v|q�+s�4,V�4 . xq +;,

@ *v+4,|q�4 . *�4>v�V|q�4 . ===. *�s�4>v�V|q�+s�5,V�4 . xq>

zkhuh *�l>v @ �Ss
m@l.4 *m>v> l @ 4> ===> s� 4=

516 Vhdvrqdo frlqwhjudwlrq 0 vlqjoh htxdwlrq

Hqjoh hw do= +4<<6, HJKO sursrvh d wzr0vwhs whvw phwkrg iru vhdvrqdo dqg qrqvhd0

vrqdo frlqwhjudwlrq/ zklfk lv vlplodu wr wkh Hqjoh dqg Judqjhu +4<;:, whvw surfhgxuh

iru }hur iuhtxhqf| frlqwhjudwlrq1 Lq wkh fdvh ri frlqwhjudwlrq dw doo iuhtxhqflhv iru

elyduldwh wlph vhulhv wkh iroorzlqj olqhdu frpelqdwlrqv zloo eh vwdwlrqdu| surfhvvhv=

}4>w @ |4>w � �4{4>w> +<,

}5>w @ |5>w � �5{5>w>

}6>w @ |6>w � �6{6>w � �7|6>w�4 � �8{6>w�4>

zkhuh z4>w @ +4 . E . E5 . E6,zw> z5>w @ �+4 � E . E5 � E6,zw dqg z6>w @

�+4�E5,zw> iru zw @ {w dqg |w1

Wkh �uvw vwhs lqyroyhv hvwlpdwlqj �4 wr �8 lq +<, xvlqj ROV/ zkhuh ghwhuplqlvwlf

frpsrqhqwv vxfk dv d frqvwdqw/ d wuhqg dqg vhdvrqdo gxpplhv pd| eh lqfoxghg lq

wkhvh frlqwhjudwlrq uhjuhvvlrqv1 Wkh vhfrqg vwhs dprxqwv wr fkhfnlqj zkhwkhu wkh
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uhvxowlqj hvwlpdwhg uhvlgxdov e}4>w wr e}6>w duh vwdwlrqdu|/ xvlqj wkh iroorzlqj dx{loldu|
uhjuhvvlrqv=

+4�E,e}4>w @ �4e}4>w�4 . nS
l@4

�l+4�E,e}4>w�l . %w> +43,

+4 .E,e}5>w @ �5+�e}5>w�4, . nS
l@4

�l+4 .E,e}4>w�l . %w>

+4 .E5,e}6>w @ �6+�e}6>w�5, . �7+�e}6>w�4, . nS
l@4

�l+4 .E5,e}6>w�l . %w>

Frlqwhjudwlrq dw wkh }hur dqg eldqqxdo iuhtxhqflhv lpsolhv �4 @ 3 dqg �5 @ 3>

uhvshfwlyho|/ zklfk lv wr eh whvwhg djdlqvw wkh dowhuqdwlyh wkdw �l ? 3> l @ 4> 5 zlwk

rqh0vlghg w0whvwv= Li wkh I 0whvw iru wkh k|srwkhvlv �6 @ �7 @ 3 fdqqrw eh uhmhfwhg

wkhuh lv hylghqfh ri frlqwhjudwlrq dw wkh dqqxdo iuhtxhqf|1 Wkh w0vwdwlvwlfv iru �4

dqg �5 reh| wkh idploldu Glfnh|0Ixoohu glvwulexwlrq dqg fulwlfdo ydoxhv fdq eh irxqg

lq Skloolsv dqg Rxoldulv +4<<3,1 Fulwlfdo ydoxhv iru wkh I 0vwdwlvwlf duh wdexodwhg lq

HJKO1

Li wkh frlqwhjudwlqj udqn lv 4 dw doo iuhtxhqflhv iru d elyduldwh wlph vhulhv dqg {w

lv zhdno| h{rjhqrxv/ d �qdo vhdvrqdo frlqwhjudwlrq htxdwlrq iru |w uhdgv dv

�7|w @

t[
m@3

�m�7{w�m .

s[
l@4

�l�7|w�l +44,

.�44}4w�4 . �45}5w�4 � �46}6w�5 � �47}6w�6 . %w=

Iru ixuwkhu uhihuhqfh/ zh fdoo wklv prgho wkh V0VH prgho1

517 Vhdvrqdo frlqwhjudwlrq 0 pxowlsoh htxdwlrqv

Ohh +4<<5, vxjjhvwv d pd{lpxp olnholkrrg hvwlpdwru iru vhdvrqdo frlqwhjudwlrq uhod0

wlrqv/ edvhg rq d ixoo| vshfl�hg YDU prgho1 Wklv surfhgxuh h{whqgv wkh dssurdfk

vxppdul}hg lq Mrkdqvhq +4<<8,1 Dvvxplqj wkdw �7\w lv vwdwlrqdu|/ zkhuh \w gh0

qrwhv d +n� 4, yhfwru ri yduldeohv/ d vhdvrqdo huuru fruuhfwlrq prgho ^VHFP` ri wkh

iroorzlqj irup lv frqvlghuhg=

�7\w @
7[

l@4

�l�
3

l]l>w . �4�7\w�4 . ===. �s�7�7\w�s.7 .�Gw . %w> +45,

zkhuh wkh Gw duh ghwhuplqlvwlf frpsrqhqwv dqg zkhuh %w lv l1l1g1 Qn+3>
,1 Wkhuh lv

vhdvrqdo frlqwhjudwlrq li dw ohdvw rqh ri wkh �l�
3

l pdwulfhv iru l @ 5> 6> 7 rq wkh uljkw
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kdqg vlgh kdv uhgxfhg/ exw qrq0}hur udqn1 Wkh olqhdu �owhuv ]l>w lq +45, uhpryh

doo xqlw urrwv h{fhsw wkrvh dw wkh }hur/ eldqqxdo dqg dqqxdo iuhtxhqflhv/ dqg wkh|

duh wkh yhfwru htxlydohqwv ri wkh xqlyduldwh KHJ\ wudqvirupdwlrqv1 Li wkh pdwulfhv

�l�
3

l kdyh uhgxfhg udqn/ �
3

l]l>w lv vwdwlrqdu| hyhq wkrxjk wkh surfhvvhv ]l>w duh

qrqvwdwlrqdu|1 Ixuwkhupruh/ wkh uhjuhvvruv ]l>w duh dv|pswrwlfdoo| xqfruuhodwhg/

wkdw lv

W�4
W[
w@4

]l>w]
3

m>w
S$ 3> l 9@ m>

lpso|lqj wkdw wkh frlqwhjudwlrq yhfwruv dqg dgmxvwphqw frh!flhqwv fdq eh irxqg

e| uhprylqj wkh uhgxfhg udqn uhvwulfwlrq rq wkh rwkhu iuhtxhqflhv e| frqfhqwudwlqj

rxw wkh dvvrfldwhg uhjuhvvruv1 Ohh +4<<5, vxjjhvwv wkh uhvwulfwlrq �7�
3

7 @ 3> dqg zh

odeho wklv phwkrg/ zlwk xquhvwulfwhg vhdvrqdo gxpplhv lqfoxghg/ dv V0PH041

Iudqvhv dqg Nxqvw +4<<<, dujxh wkdw ghwhuplqlvwlf vhdvrqdo gxpp| yduldeohv/

zklfk duh riwhq lqfoxghg xquhvwulfwhgo| lq +45, wr kdqgoh wkh ghwhuplqlvwlf sduw

ri vhdvrqdolw|/ vkrxog eh frq�qhg wr wkh vhdvrqdo frlqwhjudwlqj uhodwlrqv lqvwhdg1

Wklv lv ehfdxvh xquhvwulfwhg vhdvrqdo lqwhufhswv lq wkh VHFP pd| ohdg wr glyhujlqj

vhdvrqdo wuhqgv/ zklfk fdq eh xqolnho| lq fhuwdlq sudfwlfdo fdvhv1 Wklv uhvwulfwhg

vhdvrqdo gxpplhv fdvh lv ghqrwhg dv V0PH051

Ilqdoo|/ Mrkdqvhq dqg Vfkdxpexuj +4<<<, dujxh wkdw wkh uhvwulfwlrq �7�
3

7 @ 3

lv yhu| vwurqj dqg qrw mxvwl�hg iurp d wkhruhwlfdo srlqw ri ylhz1 Wkh| uh�qh wkh

dv|pswrwlf wkhru| iru wkh pxowlyduldwh vhdvrqdo frlqwhjudwlrq prgho dqg sursrvh

dq dowhuqdwlyh hvwlpdwlrq surfhgxuh iru wkh sdudphwhuv fruuhvsrqglqj wr wkh dqqxdo

iuhtxhqf|1 Lq wkh iruhfdvwlqj vwxg| ehorz zh odeho wklv wklug phwkrg/ zkhuh zh

djdlq lqfoxgh uhvwulfwhg vhdvrqdo gxpplhv/ dv V0PH061

6 Gdwd

Lq rxu iruhfdvwlqj vwxg| zh frqvlghu wkh orjv ri txduwhuo| revhuyhg wlph vhulhv

rq frqvxpswlrq +F, dqg lqfrph +\ , lq wkh Xqlwhg Nlqjgrp/ Vzhghq/ +Zhvwhuq0,

Jhupdq|/ Mdsdq/ Lwdo| dqg wkh XV1 Wkh gdwd vhw iru XN fryhuv wkh wlph shulrg

4<88=4 wr 4<;<=7 +frqvxpswlrq rq qrq0gxudeohv dqg glvsrvdeoh lqfrph,/ zkhuhdv
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wkh wlph vhulhv iru Vzhghq udqjhv iurp wkh shulrg 4<96=4 wr 4<;;=7 +frqvxpswlrq

rq qrq0gxudeohv dqg glvsrvdeoh lqfrph, dqg iru Jhupdq| iurp 4<93=4 wr 4<;;=7

+frqvxpswlrq dqg glvsrvdeoh lqfrph,1 Wkh gdwd vhw iru Mdsdq fryhuv wkh shulrg

4<94=4 wr 4<;:=7 +wrwdo frqvxpswlrq dqg glvsrvdeoh lqfrph, dqg wkh gdwd vhw iru

Lwdo| wkh shulrg 4<:3=4 wr 4<<9=4 +frqvxpswlrq rq qrq0gxudeohv dqg vhuylfhv dqg

JGS,1 Wkh gdwd vhw iru wkh XV fryhuv wkh shulrg 4<7:=4 wr 4<<4=7 +frqvxpswlrq rq

qrq0gxudeohv dqg JQS, ^khqfhiruwk wkh XVF>\ gdwd vhw`1

Zh dovr h{dplqh wkh qrplqdo prqh| vwrfn +P4, dqg uhdo JQS +\ , lq wkh XV

iru wkh shulrg 4<7;=4 wr 4<;8=7 ^khqfhiruwk wkh XVP>\ gdwd vhw`1

Wkhvh elyduldwh wlph vhulhv/ kdyh ehhq dqdo|}hg suhylrxvo| lq Ervzlmn dqg Iudqvhv

+4<<8,/ Fxedggd +4<<<,/ Hqjoh hw do= +4<<6,/ Iudqvhv dqg Sdds +4<<8,/ K|oohehuj

hw do= +4<<3,/ Ohh dqg Vlnorv +4<<:, dqg Zhoov +4<<:,1 Qrwh wkdw zh glvfdug 49 re0

vhuydwlrqv dw wkh hqg ri hdfk vdpsoh lq rughu wr hydoxdwh rxw0ri vdpsoh iruhfdvwlqj1

7 Hpslulfdo Uhvxowv

Lq wklv vhfwlrq zh �uvw glvfxvv wkh lq0vdpsoh hvwlpdwlrq uhvxowv dqg wkhq zh wxuq wr

wkh rxw0ri0vdpsoh iruhfdvwlqj uhvxowv1

714 Hvwlpdwlrq uhvxowv

Dw �uvw zh kdyh d orrn dw wkh uhvxowv rewdlqhg iurp dsso|lqj KHJ\ whvwv iru vhdvrqdo

xqlw urrwv lq xqlyduldwh vhulhv1 Uhvxowv ri wkh whvwv iru vhdvrqdo dqg qrqvhdvrqdo xqlw

urrwv dsshdu lq Wdeoh 41 Wkh dx{loldu| uhjuhvvlrqv lqfoxgh dq lqwhufhsw/ vhdvrqdo

gxpplhv dqg d ghwhuplqlvwlf wuhqg lq hdfk fdvh1 Lw lv fohdu wkdw doo yduldeohv vhhp

wr frqwdlq xqlw urrwv dw wkh }hur iuhtxhqf|1 Wkh uhvxowv duh pruh pl{hg dw wkh

vhdvrqdo iuhtxhqflhv1 Urrwv dw wkh eldqqxdo iuhtxhqf| duh uhmhfwhg iru \ lq wkh

Jhupdq/ wkh XN dqg wkh XVP>\ gdwd vhwv dqg qr hylghqfh ri xqlw urrwv h{lvwv dw

wkh dqqxdo iuhtxhqf| iru frqvxpswlrq lq Jhupdq|/ Mdsdq/ Vzhghq1 Urrwv dw wkh

dqqxdo iuhtxhqf| duh dovr uhmhfwhg iru \ lq wkh Jhupdq/ wkh XVF>\ dqg wkh XVP>\

gdwd vhwv1 Doo lq doo/ krzhyhu/ wkhuh lv vxevwdqwldo hylghqfh ri fkdqjlqj vhdvrqdo

43



sdwwhuqv1 Zh uhwxuq wr wkh vhdvrqdo xqlw urrw dssurdfk odwhu rq1

71414 Shulrglf frlqwhjudwlrq prghov

Uhvxowv ri wkh Zdog0whvwv iru shulrglf frlqwhjudwlrq lq wkh vlqjoh htxdwlrq fdvh ds0

shdu lq Wdeoh 51 Doo wkh ghshqghqw yduldeohv +wkh frqvxpswlrq vhulhv dqg wkh prqh|

vwrfn vhulhv, duh wudqviruphg lqwr irxuwk gl�huhqfhv1 Zh fkrrvh wkh �uvw gl�huhqfh

�owhu iru \ lq wkh XN dqg lq wkh XVP>\ gdwd vhw1 Zh �qg qr hylghqfh ri shulrglf

frlqwhjudwlrq lq wkh XVF>\ gdwd/ exw wkh Zdog0whvw vwdwlvwlfv vxjjhvw frlqwhjudwlrq

lq wkh �uvw txduwhu lq Jhupdq|/ lq wkh vhfrqg txduwhu iru Vzhghq dqg wkh XN dqg

lq wkh wklug txduwhu iru Lwdo| dqg iru wkh XVP>\ gdwd1 Dowkrxjk wkh hylghqfh ri

frlqwhjudwlrq pd| eh ylhzhg dv zhdn/ zh dovr surfhhg zlwk wkh hvwlpdwlrq ri d

sduwldo SFP zlwk frlqwhjudwlrq lq wkh �uvw txduwhu iru Mdsdq1

Uhvxowv iru wkh �qdo prghov fdq eh irxqg lq Wdeoh 61 Wkh �uvw wkuhh froxpqv fru0

uhvsrqg zlwk hvwlpdwhg dgmxvwphqw ru huuru0fruuhfwlrq whupv e�v dqg wkh frh!flhqwv
iru wkh orqj uxq uhodwlrqv e�v> uhvshfwlyho|1 Lq doo fdvhv h{fhsw iru Lwdo| zh lqfoxgh

dq lqwhufhsw lq wkh orqj0uxq uhodwlrq/ lqglfdwhg e| e�1 Doo ri wkhvh duh vljql�fdqw

dw wkh 8( ohyho1 Frpsdulvrqv zlwk suhylrxv dqdo|vlv ri vlplodu wlph vhulhv fdq eh

grqh iru prvw fdvhv/ dowkrxjk zh xvh d vkruwhu vdpsoh shulrg khuh ehfdxvh vl{whhq

revhuydwlrqv duh glvfdughg1 Wkh uhvxowv iru Jhupdq| duh lq olqh zlwk wkh uhvxowv

irxqg lq Iudqvhv dqg Sdds +4<<8,/ zkhuh wkh|/ xvlqj rwkhu frlqwhjudwlrq phwkrgv/

�qg hylghqfh ri frlqwhjudwlrq ehwzhhq frqvxpswlrq dqg lqfrph lq wkh �uvw txduwhu

rqo|1 Ervzlmn dqg Iudqvhv +4<<8, h{dplqh wkh vdph gdwd vhulhv iru Vzhghq dqg �qg

frlqwhjudwlrq lq wkh vhfrqg dqg irxuwk txduwhu1 Ixuwkhupruh/ wkh| �qg hylghqfh

ri htxdo dgmxvwphqw sdudphwhuv/ wkdw lv/ e�5 @ e�7 @ �3=593 dqg fdqqrw uhmhfw wkdw

e�5 @ e�7 @ 3=9;:1 Wkh prqh| htxdwlrq iru wkh XV fdq eh frpsduhg zlwk wkh uhvxowv

irxqg lq Ohh dqg Vlnorv +4<<:,1 Lq frqwudvw wr wkhlu �qglqjv/ zh �qg hylghqfh ri

}hur iuhtxhqf| frlqwhjudwlrq ehwzhhq wkh qrplqdo prqh| vwrfn dqg uhdo JQS lq

wkh wklug txduwhu1 Lqwhuhvwlqjo|/ wkhvh wzr vhulhv duh dovr dqdo|}hg lq d vwxg| e|

Eduvn| dqg Plurq +4<;<,/ zkhuh wkh| dujxh wkdw frpryhphqwv lq wkh irxuwk txduwhu

grplqdwh dqg wkdw prqh| dqg rxwsxw gr qrw vhhp wr pryh wrjhwkhu lq wkh �uvw dqg
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vhfrqg txduwhuv1

Zh dovr suhvhqw uhvxowv ri whvwv iru zhdn h{rjhqhlw| lq Wdeoh 71 Dgglqj wkh hv0

wlpdwhg frlqwhjudwlrq uhodwlrqv wr DU+s, prghov ri vxlwdeo| gl�huhqfhg \ yduldeohv

vxjjhvwv wkdw wkh dvvxpswlrq ri zhdn h{rjhqhlw| vhhpv wr eh ydolg lq doo wkh frq0

vxpswlrq htxdwlrq h{dpsohv1 Krzhyhu/ dv wkh I 0whvw vwdwlvwlf iru wkh frlqwhjudwlrq

yduldeoh lv vljql�fdqw lq wkh XVP>\ gdwd vhw/ d mrlqw prgho iru prqh| dqg JQS

pd| |lhog pruh h!flhqw hvwlpdwhv ri wkh frlqwhjudwlrq sdudphwhuv lq wkdw fdvh1

Uhvxowv xvlqj wkh Nohlehujhq dqg Iudqvhv +4<<<, dssurdfk wr pxowlsoh htxdwlrqv

shulrglf prghov duh vxppdul}hg lq Wdeoh 81 Wkh odj ohqjwkv duh fkrvhq dffruglqj

wkh DLF dqg ELF fulwhuld/ lq dgglwlrq wr htxdwlrq e| htxdwlrq gldjqrvwlf whvwv1 Zh

lqfoxgh vhdvrqdoo| ydu|lqj lqwhufhswv +S0PH04, ru dowhuqdwlyho| vhdvrqdoo| ydu|lqj

lqwhufhswv dqg wuhqgv +S0PH05,1 Lq wkh �uvw fdvh zh �qg hylghqfh ri shulrglf

frlqwhjudwlrq lq wkh Jhupdq dqg wkh XVF>\ gdwd vhwv rqo|1 Zkhq zh lqfoxgh

vhdvrqdoo| ydu|lqj wuhqgv lq wkh htxdwlrqv wkhuh lv hylghqfh ri frlqwhjudwlrq lq Mdsdq

dqg wkh XVP>\ gdwd vhw dv zhoo1 Fulwlfdo ydoxhv duh edvhg rq rxu rzq vlpxodwlrqv

iru vpdoo vdpsohv1

71415 Vhdvrqdo frlqwhjudwlrq prghov

Wkh whvwv iru vhdvrqdo frlqwhjudwlrq xvlqj wkh wzr0vwhs surfhgxuh sursrvhg e| HJKO

duh vxppdul}hg lq Wdeoh 9/ zkhuh d frqvwdqw dqg d wuhqg duh lqfoxghg lq wkh frlq0

whjudwlrq uhjuhvvlrq li wkh }hur iuhtxhqf| lv frqvlghuhg dqg d frqvwdqw dqg vhdvrqdo

gxpplhv li wkh vhdvrqdo iuhtxhqflhv duh frqvlghuhg1 Wkhuh lv qr hylghqfh ri frlqwh0

judwlrq dw wkh }hur iuhtxhqf|/ h{fhsw ehwzhhq prqh| dqg JQS lq wkh XV1 Zh �qg

qr hylghqfh ri frlqwhjudwlrq dw wkh eldqqxdo iuhtxhqf|/ exw iru wkh dqqxdo iuhtxhqf|

zh gr vr iru Jhupdq|/ Mdsdq dqg Vzhghq1

HJKO dqdo|}h wkh frqvxpswlrq dqg lqfrph gdwd iru Mdsdq xvlqj wkh vdph

whfkqltxhv exw djdlq zlwk vl{whhq pruh revhuydwlrqv1 Wkh| dujxh wkdw wkh devhqfh

ri frlqwhjudwlrq dw wkh }hur dqg eldqqxdo iuhtxhqflhv fdqqrw eh uhmhfwhg dqg wkdw d

txhvwlrq ri zkhwkhu wkhuh lv frlqwhjudwlrq dw wkh dqqxdo iuhtxhqf| frxog eh dqvzhuhg

zlwk d zhdn *pd|eh*1 Ohh dqg Vlnorv +4<<:, xvh wkh wzr0vwhs dssurdfk wr P4 dqg
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uhdo JQS lq wkh XV/ exw wkhlu uhvxowv duh txlwh gl�huhqw iurp rxuv1 Lqvwhdg ri

�qglqj hylghqfh ri frlqwhjudwlrq dw wkh }hur dqg dqqxdo iuhtxhqflhv/ dv zh gr/ wkh|

rqo| uhmhfw wkh qxoo k|srwkhvlv ri qr0frlqwhjudwlrq dw wkh eldqqxdo iuhtxhqf|1

Wdeoh : suhvhqwv uhvxowv iru wkh �qdo HJKO htxdwlrqv zlwk wkh frlqwhjudwlqj

uhodwlrqv dw wkh dqqxdo iuhtxhqf| lqfoxghg1 Froxpqv wzr dqg wkuhh fruuhvsrqg

wr wkh hvwlpdwhg huuru0fruuhfwlrq whupv iru wkh dqqxdo iuhtxhqf|/ zkhuh rqo| wkh

frh!flhqwv iru }6w�5 dsshdu wr eh vljql�fdqw dw wkh 8(0ohyho1

Uhvxowv ri whvwv iru zhdn h{rjhqhlw| dsshdu lq Wdeoh ;/ zkhuh wkh hvwlpdwhg frlq0

whjudwlrq uhodwlrqv duh dgghg wr xqlyduldwh DU+s, prghov iru �7|w= Wkh dvvxpswlrq

ri zhdn h{rjhqhlw| vhhpv wr eh ydolg iru Jhupdq| dqg Vzhghq/ exw qrw iru Mdsdq1

Uhvxowv ri wkh pd{lpxp olnholkrrg vhdvrqdo frlqwhjudwlrq dssurdfk fdq eh irxqg

lq Wdeoh <1 Wkh odj ohqjwkv duh fkrvhq xvlqj wkh DLF dqg ELF/ lq dgglwlrq wr

htxdwlrq e| htxdwlrq gldjqrvwlf whvwv1 Ohh dqg Vlnorv +4<<8, suhvhqw fulwlfdo ydoxhv

iru doo iuhtxhqflhv lq wkh xquhvwulfwhg vhdvrqdo lqwhufhswv fdvh +V0PH04,1 Fulwlfdo

ydoxhv iru wkh uhvwulfwhg vhdvrqdo lqwhufhsw fdvh +V0PH05, duh wdnhq iurp Wdeohv 4d0

4i lq Iudqvhv dqg Nxqvw +4<<<,1 Ilqdoo|/ Mrkdqvhq dqg Vfkdxpexuj suhvhqw fulwlfdo

ydoxhv iru wkh dqqxdo iuhtxhqf| lq wkh uhvwulfwhg lqwhufhsw fdvh +V0PH06,1 Qrwh wkdw

iru wkh }hur iuhtxhqf| fdvh/ zh xvh wkh fulwlfdo ydoxhv wdexodwhg lq Ohh dqg Vlnorv

+4<<8, iru doo prgho vshfl�fdwlrqv1 Iru wkh eldqqxdo fdvh/ zh xvh wkh fulwlfdo ydoxhv

wdexodwhg lq Iudqvhv dqg Nxqvw +4<<<, iru vshfl�fdwlrqv +V0PH05, dqg +V0PH06,1

Vwduwlqj zlwk wkh uhvxowv zkhq xvlqj xquhvwulfwhg lqwhufhswv/ wkhuh lv hylghqfh

ri frlqwhjudwlrq dw wkh }hur iuhtxhqf| iru wkh Lwdoldq/ Vzhglvk dqg wkh XVF>\ gdwd

vhwv1 Wkh uhvxowv ixuwkhu vxjjhvw rqh frlqwhjudwlrq yhfwru dw wkh eldqqxdo iuhtxhqf|

lq Jhupdq|/ XN dqg djdlq lq wkh XVF>\ gdwd vhw1 Iru doo frxqwulhv/ h{fhsw iru Lwdo|/

wkhuh lv hylghqfh ri vwdwlrqdu| yhfwruv dw wkh dqqxdo iuhtxhqf|/ zkloh wkh uhvxowv iru

wkh XN hyhq vxjjhvw wzr yhfwruv dw wklv iuhtxhqf|1

Wxuqlqj wr wkh fdvh zlwk uhvwulfwhg vhdvrqdo lqwhufhswv zh vhh wkdw wkhuh lv qrz

qr hylghqfh ri frlqwhjudwlrq dw iuhtxhqflhv � dqg �@5 lq wkh Jhupdq gdwd vhw/ zklfk

lv dovr wkh fdvh zkhq xvlqj wkh phwkrg sursrvhg e| Mrkdqvhq dqg Vfkdxpexuj1 Wkh

vlqjoh frlqwhjudwlqj yhfwru dw wkh dqqxdo iuhtxhqf| lq Vzhghq lv qrw vljql�fdqw zkhq

46



xvlqj uhvwulfwhg vhdvrqdo lqwhufhswv lq wkh Ohh vshfl�fdwlrq1 Wkh uhyhuvh uhvxow lv

wuxh iru wkh frlqwhjudwlqj yhfwru dw �@5 iru Mdsdq1

Li zh frpsduh wkhvh �qglqjv zlwk wkh uhvxowv rewdlqhg xvlqj wkh wzr0vwhs HJKO

surfhgxuh wkh uhvxowv duh txlwh gl�huhqw1 Zh �qg doprvw qr hylghqfh ri frlqwhjudwlrq

dw wkh }hur iuhtxhqf| dqg dw wkh eldqqxdo iuhtxhqf|/ xvlqj wkh HJKO dssurdfk/ exw

zh gr vr xvlqj pxowlsoh htxdwlrq phwkrgv1 Krzhyhu/ iru wkh dqqxdo iuhtxhqf| zh

�qg vlplodu uhvxowv dfurvv wkh wzr dssurdfkhv1

71416 Qrqvhdvrqdo prghov

Ilqdoo|/ zh lqfoxgh lq rxu iruhfdvwlqj vwxg| wzr qrqvhdvrqdo prghov1 Wkh �uvw

lv d yhfwru huuru fruuhfwlrq prgho ^YHFP`/ zkhuh wkh frlqwhjudwlrq uhodwlrqvkls

lv hvwlpdwhg xvlqj wkh idploldu Mrkdqvhq pd{lpxp olnholkrrg phwkrg1 Wdeoh 43

vxppdul}hv wkh whvw uhvxowv dqg zh revhuyh wkdw }hur iuhtxhqf| frlqwhjudwlrq lv

irxqg iru wkh Lwdoldq/ Vzhglvk dqg XVF>\ gdwd vhwv1 Iru ixuwkhu uhihuhqfh/ zh zloo

ghqrwh wkhvh prghov dv Q0PH041 Zh dovr frqvlghu YDU prghov lq �uvw gl�huhqfhv

dqg wkhvh zloo eh ghqrwhg dv Q0PH051 Lq erwk prghov zh lqfoxgh ghwhuplqlvwlf

vhdvrqdo gxpplhv1

Dv rxu lqwhuhvw lv lq hydoxdwlqj rxw0ri0vdpsoh iruhfdvwlqj shuirupdqfh/ zh gr qrw

suhvhqw ghwdlohg hvwlpdwlrq uhvxowv1 Wkhvh fdq eh rewdlqhg irup wkh fruuhvsrqglqj

dxwkru xsrq uhtxhvw1

715 Iruhfdvwlqj

Zh qrz wxuq wr d glvfxvvlrq ri wkh rxw0ri0vdpsoh iruhfdvwlqj h{huflvh/ zkhuh lw lv

rxu dlp wr iruhfdvw frqvxpswlrq dqg prqh|1

71514 Phwkrg

Lq jhqhudo/ li zh gr qrw �qg dq| hylghqfh ri frlqwhjudwlrq xvlqj d sduwlfxodu prgho

w|sh iru d vshfl�f gdwd vhw/ zh gr qrw jhqhudwh dq| iruhfdvwv1 Rqo| iru wkh YDU

prgho iru �uvw gl�huhqfhv dqg zlwkrxw frlqwhjudwlrq/ wkdw lv Q0PH05/ zh dozd|v

jhqhudwh iruhfdvwv1
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Wr eh deoh wr frpsduh wkh vlqjoh htxdwlrq phwkrgv zlwk wkh v|vwhp dssurdfkhv

zkhq lw frphv wr iruhfdvwlqj/ zh xvh wkh zhdn h{rjhqhlw| htxdwlrqv iru |w/ exw qrz

zlwkrxw wkh frlqwhjudwlrq uhodwlrqv dgghg1 Iru wkh S0VH dqg V0VH phwkrgv/ wklv

dssurdfk uhvxowv lq d wzr htxdwlrq v|vwhp/ zkhuh wkh �uvw htxdwlrq lv suhvhqwhg lq

Wdeoh 6 iru shulrglf frlqwhjudwlrq fdvh dqg lq Wdeoh : iru vhdvrqdo frlqwhjudwlrq/

zkloh wkh vhfrqg htxdwlrqv iru wkh h{rjhqrxv yduldeoh duh suhvhqwhg lq Wdeohv 7 dqg

;/ uhvshfwlyho|1

Iru wkh shulrglf YDU prgho/ zh iruhfdvw iurp +;, lq ohyhov zlwk vhdvrqdoo|

ydu|lqj ghwhuplqlvwlf whupv lqfoxghg/ lq fdvh wkhuh lv hylghqfh ri ixoo udqn1 Zkhq

wkhuh lv hylghqfh ri d uhgxfhg udqn/ zh lqfoxgh wkh vhdvrqdoo| ydu|lqj �v�pdwulfhv
dqg jhqhudwh iruhfdvwv iurp wkh uhvxowlqj prgho lq irxuwk gl�huhqfhv/ dqg wkhq

wudqvirup wkhvh wr ohyhov1

Li zh gr qrw �qg dq| hylghqfh ri frlqwhjudwlrq dw rqh ru wzr iuhtxhqflhv xvlqj

wkh wkuhh yhuvlrqv ri wkh pxowlsoh htxdwlrq vhdvrqdo frlqwhjudwlrq dssurdfk/ zh vhw

wkh udqn ri fruuhvsrqglqj �� pdwulfhv htxdo wr }hur dqg jhqhudwh iruhfdvwv iurp

wkh uhvxowlqj prgho1

Zh iruhfdvw wkh uhohydqw wlph vhulhv vl{whhq vwhsv dkhdg1 Qh{w/ wkh hvwlpdwlrq

shulrg lv h{whqghg e| rqh txduwhu/ exw zh gr qrw uhhvwlpdwh wkh htxdwlrqv1 Wklv

h{whqvlrq ri wkh vdpsoh shulrg lv grqh �iwhhq wlphv xqwlo zh jhqhudwh wkh odvw rqh0

vwhs dkhdg iruhfdvw huuru iru hdfk prgho dqg gdwd vhw1 Wklv surfhgxuh ohdgv wr

vl{whhq rqh0vwhs dkhdg iruhfdvw huuruv iru hdfk prgho dqg gdwd vhw/ �iwhhq wzr0vwhs

dkhdg iruhfdvw huuruv dqg vr rq1 Lq wrwdo zh kdyh 469 iruhfdvwv iru hdfk prgho dqg

gdwd vhw1 Wkh uhvxowv duh vxppdul}hg e| suhvhqwlqj ydoxhv ri wkh urrw phdq vtxduhg

suhglfwlrq huuruv UPVSH +wlphv 433, iru rqh/ irxu dqg hljkw vwhsv dkhdg iruhfdvwv

lq wdeohv 44/ 45 dqg 46/ uhvshfwlyho|1 Lq wdeoh 47/ zh vxppdul}h doo iruhfdvw huuruv

e| frqvlghulqj wkh iroorzlqj UPVSH phdvxuh=v
4
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Ilqdoo|/ lq Wdeoh 48 zh vxppdul}h doo uhvxowv e| jlylqj wkh dyhudjh udqnv ri wkh qlqh

gl�huhqw dssurdfkhv dfurvv wkh vhyhq gdwd vhwv1
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71515 Uhvxowv

Wkh uhvxowv lq Wdeoh 44 +iru rqh0vwhs dkhdg iruhfdvw huuruv, dqg lq wkh vhfrqg froxpq

ri Wdeoh 48 duh txlwh fohdu1 Wkh YDU prgho zlwkrxw frlqwhjudwlrq iru wkh gdwd

lq �uvw gl�huhqfhv fohduo| jlyhv wkh ehvw rqh0vwhs dkhdg iruhfdvwv1 Wkh dyhudjh

udqn ri Q0PH05 lv 41:/ dqg lwv forvhvw frpshwlwru lv d pxowlsoh htxdwlrq vhdvrqdo

frlqwhjudwlrq prgho zlwk dyhudjh udqn 6151 Wkh Q0PH05 prgho r�huv wkh orzhvw

UPVSH ydoxhv iru 8 rxw ri : gdwd vhwv1

Zkhq zh frqvlghu wkh uhvxowv lq Wdeoh 45 dqg wkrvh lq wkh wklug froxpq ri

Wdeoh 48/ zh revhuyh wkdw wkh uhvxowv iru rqh0vwhs0dkhdg iruhfdvwv h{whqg wr wkh

fdvh ri irxu0vwhs dkhdg iruhfdvwv1 Djdlq wkh YDU prgho iru �uvw gl�huhqfhg gdwd

|lhogv wkh ehvw iruhfdvwv +5 rxw ri : gdwd vhwv dqg orzhvw udqn,/ dqg djdlq wkh

vhdvrqdo frlqwhjudwlrq phwkrgv frphv dv d jrrg vhfrqg1 Wkh gl�huhqfh ehwzhhq

wkh shuirupdqfhv ri wkh ydulrxv prghov ehfrph vpdoohu/ wkrxjk1

Wkh uhvxowv lq Wdeoh 46 dqg wkh irxuwk froxpq ri wdeoh 48 lqglfdwh wkdw iru

orqjhu iruhfdvw krul}rqv/ wkh vhdvrqdo frlqwhjudwlrq phwkrgv +dqg lq sduwlfxodu/ wkh

pxowlsoh htxdwlrq phwkrg zlwk uhvwulfwhg lqwhufhswv, lpsuryh xsrq wkh shulrglf dqg

Q0PH phwkrgv1

Ilqdoo|/ zkhq zh dyhudjh ryhu doo iruhfdvwv dv lq Wdeoh 47/ dqg wkh �qdo froxpq

ri Wdeoh 48/ zh revhuyh wkdw wkh gl�huhqfhv ehwzhhq wkh ydulrxv phwkrgv kdyh

ghfuhdvhg hyhq ixuwkhu1

Zkhq zh frpsduh wkh shuirupdqfh ri wkh vlqjoh htxdwlrq phwkrgv zlwk wkdw

ri pxowlsoh htxdwlrq phwkrgv/ zh gr qrw �qg fohdu0fxw vljqv wkdw rxu dssurdfk

frqvlvwhqwo| rxwshuirup wkh rwkhu1 Lqghhg rxu hpslulfdo �qglqjv vxjjhvw wkdw iru

vkruwhu krul}rqv wkh qrqvhdvrqdo YDU iru �uvw gl�huhqfhg yduldeohv lv suhihuuhg/

zkloh lq jhqhudo +dovr iru orqjhu krul}rqv, wkh vhdvrqdo frlqwhjudwlrq prghov vhhp

wr |lhog wkh prvw dffxudwh iruhfdvwv1
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8 Frqfoxglqj uhpdunv

Zh kdyh dqdo|}hg shulrglf dqg vhdvrqdo frlqwhjudwlrq prghov iru elyduldwh txduwhuo|

revhuyhg wlph vhulhv lq dq hpslulfdo iruhfdvwlqj vwxg|1 Zh lqfoxghg erwk vlqjoh

htxdwlrq dqg pxowlsoh htxdwlrqv phwkrgv1 D YDU prgho lq �uvw gl�huhqfhv zlwk

dqg zlwkrxw frlqwhjudwlrq uhvwulfwlrqv zdv dovr lqfoxghg lq wkh dqdo|vlv/ zkhuh lw

vhuyhg dv d ehqfkpdun1 Rxu hpslulfdo uhvxowv lqglfdwh wkdw wkh YDU prgho lq

�uvw gl�huhqfhv lv ehvw li rqh0vwhs dqg irxu0vwhs dkhdg iruhfdvwv duh frqvlghuhg1

Li rqh frqvlghuv wkh frlqwhjudwhg prghov rqo|/ wkh vhdvrqdo frlqwhjudwlrq prghov

duh wkh ehvw1 Wklv frqfoxvlrqv dovr h{whqgv wr orqjhu iruhfdvw krul}rqv1 Khqfh/

zkhq frpsdulqj shulrglf yhuvxv vhdvrqdo frlqwhjudwlrq prghov/ zh �qg wkdw wkh

vhdvrqdo frlqwhjudwlrq prghov whqg wr |lhog ehwwhu iruhfdvwv1 Ilqdoo|/ wkhuh lv qr fohdu

lqglfdwlrq wkdw pxowlsoh htxdwlrq phwkrgv lpsuryh rq vlqjoh htxdwlrq phwkrgv1

4:



Uhihuhqfhv

Eduvn| dqg Plurq +4<;<, Wkh vhdvrqdo f|foh dqg wkh Exvlqhvv f|foh1 Mrxuqdo ri

Srolwlfdo Hfrqrp| <:= 83608681

Ervzlmn KS +4<<7, Whvwlqj iru dq xqvwdeoh urrw lq frqglwlrqdo dqg vwuxfwxudo huuru

fruuhfwlrq prghov1 Mrxuqdo ri Hfrqrphwulfv 96= 6:0931

Ervzlmn KS/ Iudqvhv SK +4<<8, Shulrglf frlqwhjudwlrq= Uhsuhvhqwdwlrq dqg lqihu0

hqfh1 Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv ::= 76907871

Ervzlmn KS/ Iudqvhv SK/ Kdoguxs Q +4<<:, Pxowlsoh xqlw urrwv lq shulrglf dxwruh0

juhvvlrqv1 Mrxuqdo ri Hfrqrphwulfv ;3= 49:049;1

Fxedggd J +4<<<, Frpprq f|fohv lq vhdvrqdo qrq0vwdwlrqdu| wlph vhulhv1 Mrxuqdo

ri Dssolhg Hfrqrphwulfv 47= 5:605<41

Gdko Shghuvhq L +4<<9, D sudfwlfdo lpsohphqwdwlrq ri wkh vhdvrqdo frlqwhjudwlrq

wkhru|1 Pdvwhuv Wkhvlv/ Xqlyhuvlw| ri Frshqkdjhq1

Hqjoh UI/ Judqjhu FZM +4<;:, Fr0lqwhjudwlrq dqg huuru fruuhfwlrq= Uhsuhvhqwd0

wlrq/ hvwlpdwlrq dqg whvwlqj1 Hfrqrphwulfd 88= 58405:91

Hqjoh UI/ Judqjhu FZM/ K|oohehuj V/ Ohh KV +4<<6, Vhdvrqdo frlqwhjudwlrq= Wkh

Mdsdqhvh frqvxpswlrq ixqfwlrq1 Mrxuqdo ri Hfrqrphwulfv 88= 5:805<;1

Iudqvhv SK +4<<9, Shulrglflw| dqg vwrfkdvwlf wuhqgv lq hfrqrplf wlph vhulhv1 R{0

irug Xqlyhuvlw| Suhvv1

Iudqvhv SK dqg Nxqvw UP +4<<<, Rq wkh uroh ri vhdvrqdo lqwhufhswv lq vhdvrqdo

frlqwhjudwlrq1 R{irug Exoohwlq ri Hfrqrplfv dqg Vwdwlvwlfv 94= 73<07671

Iudqvhv SK dqg PfDohhu P +4<<;, Frlqwhjudwlrq dqdo|vlv ri vhdvrqdo wlph vhulhv1

Mrxuqdo ri Hfrqrplf Vxuyh|v 45 +8,= 98409:;1

Iudqvhv SK dqg Sdds U +4<<8, Vhdvrqdolw| dqg vwrfkdvwlf wuhqgv lq Jhupdq frq0

vxpswlrq dqg lqfrph1 Hpslulfdo Hfrqrplfv 53= 43<04651
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K|oohehuj V/ Hqjoh UI/ Judqjhu FZM/ \rr EV +4<<3, Vhdvrqdo lqwhjudwlrq dqg

frlqwhjudwlrq1 Mrxuqdo ri Hfrqrphwulfv 77= 548056;1

Mrkdqvhq V +4<<8, Olnholkrrg0edvhg lqihuhqfh lq frlqwhjudwhg yhfwru dxwruhjuhvvlyh

prghov1 R{irug= R{irug Xqlyhuvlw| Suhvv1

Mrkdqvhq V dqg Vfkdxpexuj +4<<<, Olnholkrrg dqdo|vlv ri vhdvrqdo frlqwhjudwlrq1

Mrxuqdo ri Hfrqrphwulfv ;;= 634066<1

Nohlehujhq I dqg Iudqvhv SK +4<<<, Frlqwhjudwlrq lq shulrglf yhfwru dxwruhjuhv0

vlrq1 Hfrqrphwulf lqvwlwxwh uhsruw HL0<<392D1

Nxqvw UP +4<<6, Vhdvrqdo frlqwhjudwlrq/ frpprq vhdvrqdov/ dqg iruhfdvwlqj vhd0

vrqdo vhulhv1 Hpslulfdo Hfrqrplfv 4;= :940::91

Ohh KV +4<<5, Pd{lpxp olnholkrrg lqihuhqfh rq frlqwhjudwlrq dqg vhdvrqdo frlq0

whjudwlrq1 Mrxuqdo ri Hfrqrphwulfv 87= 407:1

Ohh KV dqg Vlnorv S +4<<8, D qrwh rq wkh fulwlfdo ydoxhv iru wkh pd{lpxp olnholkrrg

+vhdvrqdo, frlqwhjudwlrq whvwv1 Hfrqrplf Ohwwhuv 7<= 46:04781

Ohh KV dqg Vlnorv S +4<<:, Wkh uroh ri vhdvrqdolw| lq hfrqrplf wlph vhulhv 0

Uhlqwhusuhwlqj prqh|0rxwsxw fdxvdolw| lq X1V1 gdwd1 Lqwhuqdwlrqdo mrxuqdo ri

iruhfdvwlqj 46= 6;406<41

Rveruq GU +4<<4, Wkh lpsolfdwlrqv ri shulrglfdoo| ydu|lqj frh!flhqwv iru vhdvrqdo

wlph vhulhv surfhvvhv1 Mrxuqdo ri Hfrqrphwulfv 7;= 6:606;71

Skloolsv SFE dqg Rxoldulv V +4<<3, Dv|pswrwlf surshuwlhv ri uhvlgxdo edvhg whvwv

iru frlqwhjudwlrq1 Hfrqrphwulfd 8;= 49804<61

Uhlphuv K0H +4<<:, Iruhfdvwlqj ri vhdvrqdo frlqwhjudwhg surfhvvhv1 Lqwhuqdwlrqdo

Mrxuqdo ri Iruhfdvwlqj 46= 69<06;31

Wldr JF dqg Juxsh PU +4<;3, Klgghq shulrglf dxwruhjuhvvlyh0prylqj dyhudjh

prghov lq wlph vhulhv gdwd1 Elrphwulnd 9:= 69806:61
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Zhoov MP +4<<:, Prghoolqj vhdvrqdo sdwwhuqv dqg orqj0uxq wuhqgv lq XV wlph vhulhv1

Lqwhuqdwlrqdo Mrxuqdo ri Iruhfdvwlqj 46= 73:07531
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D Wdeohv

Wdeoh 4= Whvwlqj iru vhdvrqdo xqlw urrwv lq xqlyduldwh wlph vhulhv1
w�4 w�5 I�6��7 I�4��7 Odjv

JHU F 03183 0417; 9199- 61;9 4
\ 04138 08148- 7134 <198- 405

LWD F 04196 04195 7176 713; 408
\ 041;3 0514< 61:8 7147 405

MDS F 0313; 041:; 46154- :163- 4/ 7
\ 319< 05138 814; 61:8 4

VZH F 031:9 05163 :1:<- 81:3 0
\ 03184 05163 7198 61<8 0

XN F 06135 041:< 81:3 8187 4/ 708
\ 041<: 0619:- 8:19- 75167- 0

XVF>\ F 031<3 05153 719< 61<; 409
\ 041:4 0515: 4619- <143- 405

XVP>\ P 03144 0515; 613: 51<7 4/ 709
\ 3186 06166- 46176- <1<5- 4/ 6

� Vljql�fdqw dw wkh 8( ohyho1 Vhdvrqdo gxpplhv dqg wuhqg duh lqfoxghg lq hdfk
htxdwlrq1 Odjv ghqrwhv wkh qxpehu ri odjjhg irxuwk0rughu gl�huhqfhv lq wkh
dx{loldu| whvw uhjuhvvlrq1

Wdeoh 5= Whvwlqj iru vlqjoh htxdwlrq shulrglf frlqwhjudwlrq +Zdog0whvwv,1
Txduwhu Odjv

Txduwhu 4 5 6 7 Doo �7fw �t|w
JHU 4:133- 71;5 81;< 6144 4<197 408 4
LWD 51<; :136 4517<- 41<4 49143 406 0
MDS 43173 <13: <145 5139 54138 4/ 7 6/ 7
VZH 9174 4:185- 6136 :1;5 4<168 4/7 0
XN +4, 4159 45144- 817: 3178 491<7 4/8 406
XVF>\ :17: 6184 81;4 7159 491:8 4/ 7 4/608

XVP>\ +4, 3168 4166 441:<- 5193 914< 4/ 709 0
� Vljql�fdqw dw wkh 8( ohyho1 �t|w dqg vhdvrqdo gxpplhv duh lqfoxghg lq
hdfk htxdwlrq1 Doo ghshqghqw yduldeohv +frqvxpswlrq ru prqh| vwrfn,
duh lq vhdvrqdo gl�huhqfhv1 D +4, lqglfdwhv wkdw t @ 4 dqg wkxv wkh xvh
ri wkh �uvw gl�huhqfh �owhu iru |w1
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Wdeoh 6= Vlqjoh htxdwlrq shulrglf frlqwhjudwlrq prghov1

e�v e� e�v U
5

DU+4, DU+7,
+4,

DUFK
+7,

DUFK ME
JHU/ v@4 0317:- 314:- 4133- 31;8 614; 51:; 3135 3154 4178
LWD/ v@6 03145- 0 31<7- 31<5 3139 31:8 3169 314< 7186
MDS/ v@4 0315:- 0316;- 31<5- 31;3 31:3 4198 3159 3196 6153
VZH/ v@5 0317:- 0316<- 31:5- 3163 3137 315< 3175 3155 6:13-
XN/ v@5 031:7- 0417;- 31;8- 3197 4173 41;6 3134 4156 ;167-

XVP>\ / v@6 0313:- 041;<- 3197- 31<3 41:4 4133 5175 4133 4194
� Vljql�fdqw dw wkh 8( ohyho1 Frqvxpswlrq ru prqh| vwrfn rq wkh ohiw kdqg vlgh lq
wkh htxdwlrq1 DU frqfhuqv wkh I 0yhuvlrq ri wkh OP whvw iru uhvlgxdo dxwrfruuhodwlrq/
DUFK lv wkh I 0yhuvlrq ri wkh OP whvw iru DUFK dqg ME lv wkh Mdutxh0Ehud whvw iru
qrupdolw|1

Wdeoh 7= Whvwlqj iru zhdn h{rjhqhlw| lq vlqjoh htxd0
wlrq shulrglf frlqwhjudwlrq prghov1

Odjv Ghwhuplqlvwlfv w
e�
}

I
e�
}

JHU 4/ 708 L 31:9 318;
LWD 408 L 31;: 31:9
MDS 407/ : L 3148 3135
VZH 405 L 4153 4177
XN +4, 4/7 L/ VG 4199 4169

XVP>\ +4, 4/608 L/ VG 514;- 71:7-
� Vljql�fdqw dw wkh 8( ohyho1 Wkh whvw vwdwlvwlfv duh
edvhg rq DU+s, prghov iru lqghshqghqw yduldeohv
lq wkh SFP prghov zlwk frlqwhjudwlrq uhodwlrqv +},
dgghg/ vhh Ervzlmn dqg Iudqvhv +4<<8, iru ghwdlov1
D +4, lqglfdwhv wkh xvh ri �uvw gl�huhqfh �owhuv1 Vhd0
vrqdo gxpplhv zhuh qrw irxqg wr eh vljql�fdqw lq
wkh fdvhv \ lv wudqviruphg lqwr irxuwk gl�huhqfhv1
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Wdeoh 8= Whvwlqj iru frlqwhjudwlrq lq shulrglf YDU prghov1
JHU LWD MDS VZH XN XVF>\ XVP>\ <8(

Odjv 5 5 5 6 6 7 6
S0PH04

K3=
u @ 3 74179- ;631<- 7615;- 65;1:- :;395- 89184- 531:3 691;8
u � 4 41:5 :1;7- <14<- 6317;- 4:1;8- 6158 :1:6 719<

S0PH05
K3=
u @ 3 73166 <:159- :61;7- 9535<- 6;679- 5661<- :<188- 8:133
u � 4 415< ;16;- 31:3 <19;- :84- 51:4 4193 71;6
� Vljql�fdqw dw wkh 8( ohyho1 S0PH04 lqglfdwhv d SYDU prgho zlwk vhdvrqdoo|
ydu|lqj lqwhufhsw lqfoxghg/ zkloh S0PH05 lqglfdwhv d SYDU prgho zlwk erwk
vhdvrqdoo| ydu|lqj lqwhufhsw dqg wuhqg lqfoxghg1 Fulwlfdo ydoxhv duh edvhg rq
rxu rzq vlpxodwlrqv1 Odjv fruuhvsrqg wr wkh rughu ri wkh SYDU prgho/ dv
ghvfulehg lq vhfwlrq 5151

Wdeoh 9= Whvwlqj iru vlqjoh htxdwlrq vhdvrqdo frlqwhjudwlrq1
w
e�4 Odjv w

e�5 Odjv I
e�6_e�7 Odjv

JHU 0514; 4/ 608 031:9 407 4616- 4/ 7
LWD 041<6 405 0414: 406 8174 406
MDS 041;6 4/ 708 04174 407/ : 4:19- 406
VZH 06166 405 0513< 405/ 7 471<- 607
XN 051:7 407 04195 405/ 709 :19: 4/ 607

XVF>\ 05197 405/ 708 05143 408 71:; 405/ 708
XVP>\ 061<8- 4/ 708 041;: 4/ 709/ < 61:7 40:
� Vljql�fdqw dw wkh 8( ohyho1 Lqwhufhsw dqg wuhqg duh lqfoxghg lq
wkh frlqwhjudwlrq uhjuhvvlrq iru wkh }hur iuhtxhqf|1 Lqwhufhsw dqg
vhdvrqdo gxpplhv duh lqfoxghg lq wkh frlqwhjudwlrq uhjuhvvlrq
iru wkh vhdvrqdo iuhtxhqflhv1 Odjv fruuhvsrqg wr wkh dx{loldu|
uhjuhvvlrq dqg frqfhuq irxuwk rughu gl�huhqfhg yduldeohv1
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Wdeoh := Vlqjoh htxdwlrq vhdvrqdo frlqwhjudwlrq prghov1

Odjv e�46 e�47 U
5

DU+4, DU+7,
+4,

DUFK
+7,

DUFK ME
JHU 4/607 03173- 3139 31;8 3169 3183 3167 3183 3155
MDS 4/7 0317;- 313: 31;6 3196 41:8 3159 31;5 715<
VZH 4 0316;- 3145 3164 3165 5159 4178 31<6 41;6
� Vljql�fdqw dw wkh 8( ohyho1 Dq lqwhufhsw dqg �7|w duh lqfoxghg lq hdfk htxd0
wlrq1 DU frqfhuqv wkh wkh I 0yhuvlrq ri wkh OP whvw iru uhvlgxdo dxwrfruuhodwlrq/
DUFK lv wkh I 0yhuvlrq ri wkh OP whvw iru DUFK dqg ME lv wkh Mdutxh0Ehud
whvw iru qrupdolw|1

Wdeoh ;= Whvwlqj iru zhdn h{rjhqhlw| lq vlqjoh htxdwlrq
vhdvrqdo frlqwhjudwlrq prghov1

Odjv Ghwhuplqlvwlfv w
e�
46

w
e�
47

I
e�
46�47

JHU 4/ 708 L 3198 04155 31<5
MDS 407/ : L 041;: 05168- 814:-
VZH 405 L 03154 05135- 5143
� Vljql�fdqw dw wkh 8( ohyho1 DU+s, prghov iru lqghshq0
ghqw yduldeohv lq wkh HJKO htxdwlrqv zlwk frlqwhjudwlrq
uhodwlrqv dgghg/ vhh HJKO iru ghwdlohv1
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Wdeoh <= Whvwlqj iru vhdvrqdo frlqwhjudwlrq lq YDU prghov1
V0PH04 V0PH05 V0PH06

Iuhtxhqf|= 3 � �@5 3 � �@5 3 � �@5
s0u Odjv

JHU 4 9189 651:8- 551:;- 9189 48137 541;6 9189 48137 631:9 5
5 5165 61:: 9158 5165 61<; 8178 5165 61<; 81;9

LWD 4 5:1:6- 441< 45169 5:1:6- <189 4519< 5:1:6- <189 73175- 5
5 719: 813; 3197 719: 5139 41;; 719: 5139 45173

MDS 4 47193 43167 68147- 47193 71;3 5:1:8- 47193 71;3 6519< 6
5 31;9 4193 81:7 31;9 31<6 81:7 31;9 31<6 :14:

VZH 4 4<144- 461:4 571<9- 4<144- 46183 5815< 4<144- 46183 6;133- 0
5 7168 6177 :16< 7168 6196 :16; 7168 6196 :1:9

XN 4 4:193 5;184- :816:- 4:193 5;174- :815<- 4:193 5;174- 43;17- 0
5 3134 ;13< 5413<- 3134 ;153 54136- 3134 ;153 5613<-

XVF>\ 4 5;185- 54138- 691:8- 5;185- 531<4- 691:4- 5;185- 531<4- ;7168- 4
5 5158 :176 7167 5158 :158 7176 5158 :158 4:1;3-

XVP>\ 4 43189 481<: 5;1:3- 43189 5;1<5 5;1<5- 43189 5;1<5 94136- 5
5 6136 8195 71;3 6136 8137 8137 6136 8137 47139

� Vljql�fdqw dw wkh 8( ohyho1 V0PH04 ghqrwhv wkh Ohh +4<<5, vshfl�fdwlrq zlwk xquhvwulfwhg vhdvrqdo
lqwhufhswv/ V0PH05 ghqrwhv wkh vdph vshfl�fdwlrq zlwk uhvwulfwhg vhdvrqdo lqwhufhswv/ V0PH06 ghqrwhv
wkh Mrkdqvhq dqg Vfkdxpexuj +4<<<, vshfl�fdwlrq zlwk uhvwulfwhg vhdvrqdo lqwhufhswv1
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Wdeoh 43= Qrqvhdvrqdo prghov +zlwk
dqg zlwkrxw frlqwhjudwlrq,1

YHFP YDU
s0u Wudfh Odjv Odjv

JHU 4 441:3 7 7
5 41<7

LWD 4 5:1:6- 8 8
5 719:

MDS 4 43165 8 8
5 316<

VZH 4 4<144- 6 6
5 7168

XN 4 4:193 6 6
5 3134

XVF>\ 4 5413:- 8 8
5 7168

XVP>\ 4 431;6 7 7
5 4147

� Vljql�fdqw dw wkh 8( ohyho1 Odjv
duh vhohfwhg xvlqj DLF dqg ELF1
Ghwhuplqlvwlf vhdvrqdo gxpplhv lq0
foxghg lq hdfk fdvh1 Iru wkh YHFP
zh xvh wkh idploldu Mrkdqvhq wudfh
whvw vwdwlvwlf iru }hur iuhtxhqf| frlq0
whjudwlrq1

Wdeoh 44= Urrw phdq vtxduhg suhglfwlrq huuruv= rqh0vwhs dkhdg
iruhfdvwv1

JHU LWD MDS VZH XN XVF>\ XVP>\

S0VH 415<7 317;7 41579 41;49 61996 0 41:3;
S0PH04 517:: 319<4 31:93 51;37 616;4 41677 0
S0PH05 0 319;5 41387 418;9 61856 416:4 41;;6
V0VH 415:: 0 31<55 41:;4 0 0 0

V0PH04 41596 0 31996 513;: 51698 41373 41799
V0PH05 0 0 31:8; 0 516:7 41377 41788
V0PH06 0 31763 0 51363 41<85 413:9 41735
Q0PH04 0 316<8 0 513;3 0 41399 0
Q0PH05 41468 31765 31949 41;5< 41;:; 31:<6 41534

Wkh vpdoohvw UPVSH iru hdfk gdwd vhw lv xqghuolqhg1
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Wdeoh 45= Urrw phdq vtxduhg suhglfwlrq huuruv= irxu0vwhs dkhdg
iruhfdvwv1

JHU LWD MDS VZH XN XVF>\ XVP>\

S0VH 51668 41;<< 31;88 41<:7 81<:4 0 61;<3
S0PH04 614:3 41767 414:; 71399 81577 5143: 0
S0PH05 0 41:4; 51558 517;: 81:43 4173: 61675
V0VH 51653 0 41:85 41735 0 0 0

V0PH04 41:;; 0 4167< 51398 7137< 41787 61:87
V0PH05 0 0 41649 0 71379 41786 61:96
V0PH06 0 417<6 0 41<<6 61<3< 419:; 619<:
Q0PH04 0 41749 0 516<6 0 41;:; 0
Q0PH05 51487 41:7; 41793 41874 61;7< 415<8 61997

Wkh vpdoohvw UPVSH iru hdfk gdwd vhw lv xqghuolqhg1

Wdeoh 46= Urrw phdq vtxduhg suhglfwlrq huuruv= hljkw0vwhs
dkhdg iruhfdvwv1

JHU LWD MDS VZH XN XVF>\ XVP>\

S0VH 71635 61486 41:45 519:: ;1:<4 0 81936
S0PH04 71577 513<3 4157: 71:36 431<5 618<3 0
S0PH05 0 61368 715<; 61385 4315< 41;:4 71955
V0VH 71869 0 615;5 51444 0 0 0

V0PH04 61964 0 51;34 61933 :1;55 51;<: 81443
V0PH05 0 0 51:69 0 :1;4< 51<35 81436
V0PH06 0 518<6 0 61848 :197; 615<4 81463
Q0PH04 0 51748 0 71478 0 6199; 0
Q0PH05 7158< 618;< 61643 51488 :18:: 51487 81446

Wkh vpdoohvw UPVSH iru hdfk gdwd vhw lv xqghuolqhg1

Wdeoh 47= Urrw phdq vtxduhg suhglfwlrq huuruv= doo iruhfdvwv1
JHU LWD MDS VZH XN XVF>\ XVP>\

S0VH 71355 6135; 419;3 5198; ;1557 0 914:9
S0PH04 71383 51459 41546 7177: <1476 61494 0
S0PH05 0 51:56 61<83 51:<; ;1644 4197: 61;:<
V0VH 71587 0 51<;: 51459 0 0 0

V0PH04 617:6 0 51:7< 61846 91:66 51:6< 81:8:
V0PH05 0 0 51:6; 0 91:67 51:88 81:89
V0PH06 0 51679 0 61849 918:5 61359 81:98
Q0PH04 0 514;5 0 61::: 0 61668 0
Q0PH05 71398 6148: 61488 51493 91786 41<36 81:68

Wkh vpdoohvw UPVSH iru hdfk gdwd vhw lv xqghuolqhg1
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Wdeoh 48= Dyhudjh udqnv ri wkh ydulrxv prghov +Dyhu0
djhg ryhu frxqwulhv dqg gdwd vhwv,1
Phwkrg� 40vwhs 70vwhs ;0vwhs Doo vwhsv
S0VH 813 718 715 61;

S0PH04 81: 71; 715 716
S0PH05 815 718 61; 61;
V0VH 616 616 61: 61:

V0PH04 616 61: 618 616
V0PH05 616 618 613 618
V0PH06 615 617 713 715
Q0PH04 61: 716 816 816
Q0PH05 41: 519 617 61;
� S0VH ghqrwhv d vlqjoh htxdwlrq shulrglf frlqwhjudwlrq
prgho/ zkhuhdv S0PH04 dqg 05 frqfhuq pxowlsoh htxd0
wlrq prghov +zlwk vhdvrqdoo| ydu|lqj lqwhufhswv dqg zlwk
vhdvrqdoo| ydu|lqj lqwhufhswv dqg wuhqgv/ uhvshfwlyho|,1
V0VH ghqrwhv d vlqjoh htxdwlrq vhdvrqdo frlqwhjudwlrq
prgho/ zkhuhdv V0PH frqfhuqv pxowlsoh vhdvrqdo frlq0
whjudwlrq phwkrgv +04 lv wkh Ohh vshfl�fdwlrq zlwk xquh0
vwulfwhg vhdvrqdo lqwhufhswv/ 05 lpsrvhv uhvulfwlrqv rq wkh
vhdvrqdo/ dqg 06 lv wkh Mrkdqvhq dqg Vfkdxpexuj vshf0
l�fdwlrq zlwk uhvwulfwhg vhdvrqdo lqwhufhswv lqfoxghg,1
Q0PH04 lv d YHFP lq �uvw gl�huhqfhv zlwk frqvwdqw
vhdvrqdo gxpp| sdudphwhuv/ zkloh Q0PH05 ghqrwhv d
YDU prgho lq �uvw gl�huhqfhv/ dovr zlwk frqvwdqw vhd0
vrqdo gxpp| sdudphwhuv1
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