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Devwudfw

Iruhfdvwv iurp vhdvrqdo frlqwhjudwlrq prghov duh frpsduhg zlwk wkrvh
iurp d vwdqgdug frlqwhjudwlrq prgho edvhg rq �uvw gl�huhqfhv dqg vhdvrqdo
gxpplhv1 Wkh h�hfwv ri uhvwulfwlqj ru qrw uhvwulfwlqj vhdvrqdo lqwhufhswv lq wkh
vhdvrqdo frlqwhjudwlrq prghov duh h{dplqhg dv zhoo dv wkh uhfhqwo| sursrvhg
vshfl�fdwlrq dqg hvwlpdwlrq surfhgxuh iru wkh dqqxdo iuhtxhqf| e| Mrkdqvhq
dqg Vfkdxpexuj +4<<<,1 Wkh gdwd jhqhudwlqj surfhvv xvhg lq wkh Prqwh Fduor
vlpxodwlrq lv edvhg rq dq hpslulfdo vl{0glphqvlrqdo pdfurhfrqrplf gdwd vhw1
Uhvxowv vkrz wkdw wkh vhdvrqdo frlqwhjudwlrq prgho lpsuryhv iruhfdvwlqj dffx0
udf|/ frpsduhg zlwk wkh vwdqgdug frlqwhjudwlrq prgho/ hyhq lq vpdoo vdpsohv
dqg li vkruw iruhfdvw krul}rqv duh frqvlghuhg1 Ixuwkhupruh/ wkh vshfl�fdwlrq
vxjjhvwhg e| Mrkdqvhq dqg Vfkdxpexuj vhhpv wr zrun ehwwhu wkdq wkh ruljl0
qdo prgho suhvhqwhg e| Ohh +4<<5,1 Dq hpslulfdo iruhfdvwlqj h{dpsoh frq�up
prvw ri wkh uhvxowv irxqg lq wkh Prqwh Fduor vwxg|1

Nh|zrugv= Vhdvrqdo frlqwhjudwlrq> Prqwh Fduor1
MHO= F65/ F861

W
Ghsduwphqw ri Hfrqrplf Vwdwlvwlfv/ Vwrfnkrop Vfkrro ri Hfrqrplfv/ S1R Er{ 9834 VH0446 ;6

Vwrfnkrop/ H0pdlo= vwporCkkv1vh dqg vwmoCkkv1vh1
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4 Lqwurgxfwlrq

Lw lv frpprq lq dssolhg zrun wr dvvxph dq dssur{lpdwho| frqvwdqw vhdvrqdo sdwwhuq/
prghoohg e| vhdvrqdo gxpplhv1 Uhfhqwo| wkh xqlw urrw dqg frlqwhjudwlrq dqdo|vlv dw
wkh }hur iuhtxhqf| kdyh ehhq h{whqghg wr vhdvrqdo iuhtxhqflhv1 Qrq}hur iuhtxhqf|
xqlw urrwv lpso| d vwrfkdvwlf ru fkdqjlqj vhdvrqdo sdwwhuq1 Dvvxplqj d ghwhuplqlvwlf
vhdvrqdo sdwwhuq lq d pxowlyduldwh vhwwlqj/ zkhq lw lv lq idfw hyroylqj ryhu wlph/ frxog
ohdg wr lqdssursuldwh lqihuhqfh derxw vkruw dqg orqj uxq g|qdplfv lq wkh v|vwhp1
Wkhvh qhjdwlyh h�hfwv pd| eh ihow vwurqjo| zkhq wkh prgho lv xvhg lq iruhfdvwlqj1

Vlplodu wr wkh dssurdfk vxjjhvwhg e| Mrkdqvhq +4<<8, iru wkh }hur iuhtxhqf|/
Ohh +4<<5, suhvhqwv d pd{lpxp olnholkrrg hvwlpdwru iru vhdvrqdoo| frlqwhjudwlqj
uhodwlrqv1 Wkh vhdvrqdo huuru fruuhfwlrq prgho ^VHFP `/ zklfk doorzv iru vwrfkdv0
wlf vhdvrqdolw|/ lv krzhyhu rqo| sduwldoo| fruuhfw zkhq lw frphv wr whvwlqj iru wkh
frlqwhjudwlqj udqn dw wkh dqqxdo iuhtxhqf|1 D fhuwdlq sdudphwhu uhvwulfwlrq kdv
ehhq xvhg lq wkh olwhudwxuh wr ryhufrph wklv sureohp1 Li wklv uhvwulfwlrq lv uhod{hg
rqh fdqqrw dsso| hvwlpdwlrq phwkrgv edvhg rq fdqrqlfdo fruuhodwlrqv/ dv vxjjhvwhg
e| Ohh1

Mrkdqvhq dqg Vfkdxpexuj +4<<<, dujxh wkdw wklv lv d shfxoldu uhvwulfwlrq dv lw
frqvwudlqv doo frh!flhqwv dw wkh dqqxdo iuhtxhqf|1 Wkh| suhvhqw dqrwkhu hvwlpd0
wlrq surfhgxuh iru wkh sdudphwhuv fruuhvsrqglqj wr wklv iuhtxhqf| dqg lqwurgxfh d
jhqhudo dv|pswrwlf wkhru| iru wkh vhdvrqdo frlqwhjudwlrq prgho1

Nxqvw dqg Iudqvhv +4<<;, dujxh wkdw ghwhuplqlvwlf vhdvrqdo gxpp| yduldeohv/
zklfk duh riwhq lqfoxghg xquhvwulfwhgo| lq wkh VHFP> vkrxog eh frq�qhg wr wkh vhd0
vrqdo frlqwhjudwlqj uhodwlrqv lqvwhdg1 Li frlqwhjudwlrq dw vhdvrqdo iuhtxhqflhv h{lvwv/
dq lqfoxvlrq ri xquhvwulfwhg vhdvrqdo lqwhufhswv wkhq lpsolhv d jurzlqj dpsolwxgh lq
wkh vhdvrqdo f|fohv/ zklfk pd| qrw eh d uhdolvwlf dvvxpswlrq lq prvw fdvhv1

Lq wkh suhvhqw vwxg|/ ydulrxv vhdvrqdo frlqwhjudwlrq vshfl�fdwlrqv zloo eh frq0
wudvwhg wr wkh prgho vxjjhvwhg e| Mrkdqvhq dqg Vfkdxpexuj +4<<<, ^khqfhiruwk
MV`1 Zh kdyh irxqg wkuhh vwxglhv rq iruhfdvwlqj dqg vhdvrqdo frlqwhjudwlrq= Nxqvw
+4<<6,/ Uhlphuv +4<<:, dqg Nxqvw dqg Iudqvhv +4<<;,1 Nxqvw +4<<6, frqwudvwv wkh
VHFP> zkhuh dq lqwhufhsw lv lqfoxghg dqg wkh uhvwulfwlrq rq wkh dqqxdo iuhtxhqf| lv
lpsrvhg/ wr d Y HFP dqg dovr d Y DU prgho lq �uvw gl�huhqfhv dqg vhdvrqdo gxp0
plhv1 Wzr h{dpsohv edvhg rq uhdo gdwd dqg d Prqwh Fduor h{shulphqw vkrz wkdw
wkh ehqh�wv iurp dffrxqwlqj iru vhdvrqdo frlqwhjudwlrq duh txlwh olplwhg1 Uhlphuv
+4<<:, xvhv wkh frqyhqwlrqdo vhdvrqdo frlqwhjudwlrq prgho vxjjhvwhg e| Ohh/ zlwk
dqrwkhu vlpsoli|lqj uhvwulfwlrq rq wkh dqqxdo iuhtxhqf| dqg frqvlghuv d vlpxodwhg
wzr yduldeoh vhdvrqdo frlqwhjudwlrq prgho/ zlwk d �{hg odj ohqjwk dqg qr vhdvrqdo
lqwhufhswv1 Wkh VHFP lv frpsduhg wr d wudglwlrqdo Y HFP lq �uvw gl�huhqfhv zlwk
vhdvrqdo gxpplhv1 Wkh pdlq frqfoxvlrq lv wkdw prghov lq �uvw gl�huhqfhv surgxfh
vpdoohu iruhfdvw huuruv iru vkruw krul}rqv/ exw zkhq orqjhu iruhfdvwlqj shulrgv duh
frqvlghuhg wkh vhdvrqdo frlqwhjudwlrq prgho dsshduv suhihudeoh1 Nxqvw dqg Iudqvhv
+4<<;, lqyhvwljdwh wkh iruhfdvwlqj h�hfwv ri �uvw ghohwlqj wkhq hlwkhu uhvwulfwlqj ru
qrw uhvwulfwlqj wkh vhdvrqdo lqwhufhswv dv glvfxvvhg deryh1 Xvlqj wkuhh hpslulfdo
gdwd vhwv dqg ydulrxv iruhfdvwlqj shulrgv wkh| vkrz wkdw wkh vxjjhvwhg uhvwulfwhg
vhdvrqdo gxpp| dssurdfk |lhogv ehwwhu iruhfdvwv lq prvw fdvhv1

Lq wkh suhvhqw vwxg| d vhdvrqdoo| frlqwhjudwhg gdwd jhqhudwlqj surfhvv ^GJS` edvhg
rq hvwlpdwlrq uhvxowv iurp hpslulfdo gdwd lv xvhg1 Wkh v|vwhp lv odujhu wkdq wkh
vlpxodwlrq vwxglhv phqwlrqhg deryh1 Wkh iruhfdvwlqj shuirupdqfh ri wkh pruh jhq0
hudo vshfl�fdwlrq iru wkh dqqxdo iuhtxhqf|/ uhfhqwo| sursrvhg e| MV lv hydoxdwhg1
Lq rqh sduw ri wkh dqdo|vlv wkh iruhfdvwlqj shuirupdqfh ri wkh ydulrxv vshfl�fdwlrqv
duh frpsduhg diwhu vhohfwlqj odj ohqjwkv dqg hvwlpdwlqj wkh frlqwhjudwlqj udqn1 Wkh
pdfurhfrqrplf gdwd vhwv iru Dxvwuld/ Jhupdq| dqg wkh Xqlwhg Nlqjgrp/ zklfk duh
dovr xvhg lq Nxqvw dqg Iudqvhv +4<<;,/ hdfk frqvlvwv ri vl{ yduldeohv1

Wkh uhpdlqghu ri wklv sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 suhvhqwv vshfl�0
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fdwlrqv ri wkh VHFP> zkloh Vhfwlrq 6 ghvfulehv wkh gdwd dqg wkh hvwlpdwlrq uhvxowv
iru wkh prghov wr eh xvhg dv GJS1 Lq Vhfwlrq 7 wkh Prqwh Fduor vhwxs lv glvfxvvhg1
D frpsdulvrq ri prgho iruhfdvwv lv fduulhg rxw lq Vhfwlrq 81 Vhfwlrq 9 suhvhqwv
iruhfdvw shuirupdqfh zkhq xvlqj wkh hpslulfdo gdwd vhwv1 Wkh �qdo vhfwlrq frqwdlqv
frqfoxvlrqv1

5 Vhdvrqdo Frlqwhjudwlrq

Ohh +4<<5, vxjjhvwv d pd{lpxp olnholkrrg hvwlpdwru iru vhdvrqdo frlqwhjudwlrq uh0
odwlrqv1 Wklv surfhgxuh h{whqgv wkh pd{lpxp olnholkrrg dssurdfk/ zklfk lv vxp0
pdul}hg lq Mrkdqvhq +4<<8,1 Dvvxplqj txduwhuo| gdwd dqg wkdw �

7
\
w

lv vwdwlrqdu|/
d vhdvrqdo Y HFP prgho ri wkh iroorzlqj irup lv frqvlghuhg=
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deryh lv vdlg wr eh vhdvrqdoo| frlqwhjudwhg li dqg rqo| li dw ohdvw rqh
ri wkh �

l
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pdwulfhv iru l @ 5> 6> 7 rq wkh uljkw kdqg vlgh kdv uhgxfhg/ qrq0}hur
udqn1 Wkh olqhdu �owhuv zklfk lq +4, uhpryh doo xqlw urrwv h{fhsw wkrvh rq wkh }hur/
eldqqxdo dqg dqqxdo iuhtxhqflhv/ uhvshfwlyho| duh=
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Wkhvh �owhuv duh wkh yhfwru htxlydohqwv ri wkh xqlyduldwh wudqvirupdwlrqv xvhg
lq wkh vr fdoohg KHJ\0whvw iru vhdvrqdo xqlw urrwv/ vhh K|oohehuj hw do= +4<<3,
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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

Vwulfwo| vshdnlqj/ prgho +4, lv rqo| sduwldoo| fruuhfw dw iuhtxhqf| �@51 Dv phq0
wlrqhg lq wkh lqwurgxfwlrq/ lw lv riwhq vxjjhvwhg wkdw rqh vkrxog lpsrvh wkh uhvwulf0
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= Li wklv uhvwulfwlrq lv uhod{hg
rqh fdqqrw dsso| wkh hvwlpdwlrq phwkrg wkdw xvhv fdqrqlfdo fruuhodwlrqv1

MV/ zkr dujxh wkdw wklv lv d vwurqj uhvwulfwlrq/ zklfk lv qrw mxvwl�hg iurp d
wkhruhwlfdo srlqw ri ylhz/ uh�qhv wkh wkhru| iru vhdvrqdo frlqwhjudwlrq lq wkh jhqhudo
fdvh1 Iru txduwhuo| gdwd/ zkhuh wkh surfhvv �
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Wkh pd{lpl}dwlrq ri +7, fdqqrw eh vroyhg dv dq hljhqydoxh sureohp dv lq wkh }hur
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lv qrupdol}hg dqg yhfwrul}hg dv ghvfulehg deryh/

|lhoglqj d qhz hvwlpdwh ri q iru zklfk zh fdq frpsxwh d qhz olnholkrrg ixqfwlrq1
Wklv surfhgxuh lv uhshdwhg xqwlo d vxlwdeoh frqyhujhqfh fulwhulrq lv vdwlv�hg1

Nxqvw dqg Iudqvhv +4<<;, dujxh wkdw ghwhuplqlvwlf vhdvrqdo gxpp| yduldeohv/
zklfk duh riwhq lqfoxghg xquhvwulfwhgo| lq +4, 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 lv xqolnho| lq prvw fdvhv1 Wkh| sursrvh wkh iroorzlqj prgho
lqvwhdg=
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duh wkh uhvwulfwhg vhdvrqdo lqwhufhswv1 Zh uhvwulfw wkh vhdvrqdo

gxpp| yduldeohv lq wkh vdph zd| iru wkh MV vshfl�fdwlrq lq wkh vhfwlrq ehorz1

6 Whvwv iru Vhdvrqdo Lqwhjudwlrq dqg Frlqwhjudwlrq
Jurvv grphvwlf surgxfw +\,/ sulydwh frqvxpswlrq +F,/ jurvv �{hg lqyhvwphqw +L,/
jrrgv h{sruwv +[,/ uhdo zdjhv +Z, duh wudqviruphg lqwr qdwxudo orjdulwkpv1 Wkh
uhdo lqwhuhvw udwhv +U, duh jlyhq lq shufhqwdjh srlqwv1 Wkh wkuhh gdwd vhwv duh sorwwhg
lq dsshqgl{ D 80:1 Wkh prwlydwlrq iru xvlqj wkhvh gdwd vhulhv lv wkdw wkh qhrfodvvlfdo
jurzwk wkhru| vxjjhvwv vhyhudo orqj0uxq uhodwlrqv dprqj wkhvh yduldeohv1 Wkh gdwd
vhw iru Dxvwuld fryhuv wkh wlph shulrg 4<97=4 wr 4<<7=7/ zkhuhdv wkh wlph vhulhv
iru Jhupdq| uxq iurp 4<93=4 wr 4<;;=4 dqg iru wkh XN iurp 4<8:=4 wr 4<<7=41
Xqlw urrwv lq wkh xqlyduldwh wlph vhulhv duh whvwhg xvlqj wkh KHJ\0whvw1 Wkh whvw
surfhgxuh lqyhvwljdwhv zkhwkhu wkh vhdvrqdo gl�huhqfh +4�E7,/ zklfk dvvxphv wkh
suhvhqfh ri irxu xqlw urrwv/ lv wkh dssursuldwh �owhu frpsduhg zlwk rwkhu qhvwhg
�owhuv1

Uhvxowv ri wkh whvwv iru vhdvrqdo dqg qrqvhdvrqdo xqlw urrwv dsshdu lq Wdeoh
6141 Doo dx{loldu| uhjuhvvlrqv lqfoxgh dq lqwhufhsw +L,/ vhdvrqdo gxpplhv +G, dqg d
ghwhuplqlvwlf wuhqg +W,/ h{fhsw wkrvh iru wkh uhdo lqwhuhvw udwhv zkhuh dq h{foxvlrq ri
wkh wuhqg vhhpv wr eh d pruh dssursuldwh vshfl�fdwlrq1 Doo yduldeohv vhhp wr frqwdlq
xqlw urrwv dw wkh }hur iuhtxhqf|/ h{fhsw XN frqvxpswlrq dqg wkh uhdo lqwhuhvw udwh
lq Dxvwuld1 Wkh uhvxowv duh pruh pl{hg dw wkh vhdvrqdo iuhtxhqflhv1 Doo urrwv dw
wkh eldqqxdo iuhtxhqf|/ h{fhsw iru frqvxpswlrq/ duh uhmhfwhg iru Dxvwuld1 Rq wkh
rwkhu kdqg zh �qg hylghqfh ri irxu xqlw urrwv dw wklv iuhtxhqf| iru erwk Jhupdq|
dqg XN1 Wxuqlqj wr wkh dqqxdo iuhtxhqf| zh �qg hylghqfh ri wkuhh/ rqh dqg irxu
vwdwlrqdu| yduldeohv iru Dxvwuld/ Jhupdq| dqg XN/ uhvshfwlyho|1 Vlqfh xqlw urrwv duh
prvw iuhtxhqw lq wkh Jhupdq gdwd vhw lw lv vhqvleoh wr frqfoxgh wkdw frlqwhjudwlrq
dw doo iuhtxhqflhv lv prvw olnho| wr eh irxqg wkhuh1
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Wdeoh 6141 Vhdvrqdo lqwhjudwlrq whvwv1

Dxvwuld Jhupdq| XN
Y du= w

�4
w
�5

I
�6>7

w
�4

w
�5

I
�6>7

w
�4

w
�5

I
�6>7

\ 041:; 0617: 41;4 04185 051;6 615< 06154 0416; 7176
F 0415; 041;6 6147 04154 04178 6174 0617< 041;8 61:6
L 0515< 071<9 <1:< 051;6 0519; 9154 0519; 05186 4616
[ 0417< 0814; 7;19 031<9 08146 6<1: 04145 05145 91;5
Z 0419< 06164 518; 0414; 04195 514; 05149 06138 4<1<
U 06134 051<8 :153 051:: 05136 71:6 041<7 0816; 5516

Odjv ri �
7
|
w

dqg dgglwlrqdo uhjuhvvruv +�,=
Odjv � Odjv � Odjv �

\ 407 L/G/W 4 L/G/W 408 L/G/W
F 407 L/G/W 407 L/G/W 408 L/G/W
L 405 L/G/W 406 L/G/W 4 L/G/W
[ 0 L/G/W 0 L/G/W 407 L/G/W
Z 409 L/G/W 407 L/G/W 4 L/G/W
U 406 L/G 4 L/G 408 L/G

Iru wkh frlqwhjudwlrq whvwv zh xvh wkh vdph odj ohqjwkv dv Nxqvw dqg Iudqvhv
+4<<;,/ lqglfdwhg e| n1 Wkh udqnv ri wkh pdwulfhv �

l

�
3

l

+l @ 4> 5, dqg h�q3

duh
ghwhuplqhg xvlqj wkh wudfh whvw/ zkhuh wkh qxoo k|srwkhvlv lv= dw prvw u frlqwhjudwlqj
yhfwruv djdlqvw wkh dowhuqdwlyh ri dw prvw u . 4 yhfwruv1 Wdeoh 615 vxppdul}hv wkh
uhvxow xvlqj wkh prgho zlwk xquhvwulfwhg }hur iuhtxhqf| lqwhufhsw dqg rwkhu vhdvrqdo
lqwhufhswv uhvwulfwhg1 Qxpehuv zulwwhq lq erog lqglfdwh vljql�fdqfh dw wkh 8( ohyho1
Fulwlfdo ydoxhv iru wkh }hur iuhtxhqf| duh iurp Wdeoh 4816 lq Mrkdqvhq +4<<8, dqg
iru wkh eldqqxdo iuhtxhqf| iurp Wdeohv 4d04i lq Iudqvhv dqg Nxqvw +4<<9,1 Iru
wkh dqqxdo iuhtxhqf| zh xvh wkh fulwlfdo ydoxhv iurp Wdeoh 5 lq MV1 Wzr orqj0uxq
frlqwhjudwlqj yhfwruv duh irxqg rq wkh }hur iuhtxhqf| iru Jhupdq| dqg wkuhh iru
Dxvwuld dqg wkh XN1 Rq iuhtxhqf| � zh �qg hylghqfh ri vl{ yhfwruv iru Dxvwuld dqg
lghqwli| wzr frlqwhjudwlqj yhfwruv iru Jhupdq|1 Iru wkh XN zh �qg qr hylghqfh
ri frlqwhjudwlrq dw iuhtxhqf| �= Ilqdoo| dw iuhtxhqf| �@5 wkuhh yhfwruv duh irxqg
iru Dxvwuld/ wzr iru Jhupdq| dqg rqh iru wkh XN1 Wdeoh 617 vkrz rxu uhvxowv iru
wkh Ohh vshfl�fdwlrq zlwk xquhvwulfwhg vhdvrqdo lqwhufhswv/ zkloh Wdeoh 618 vkrzv
wkh uhvxowv iru wkh vdph prgho zlwk uhvwulfwhg vhdvrqdo lqwhufhswv1 Ohh dqg Vlnorv
+4<<8, suhvhqw fulwlfdo ydoxhv iru wkh xquhvwulfwhg vhdvrqdo lqwhufhswv fdvh/ exw wkh|
rqo| frqvlghu vpdoohu v|vwhpv1 Fulwlfdo ydoxhv iru Wdeoh 617 duh wkhuhiruh edvhg rq
rxu rzq fdofxodwlrqv1 Iru wkh eldqqxdo dqg dqqxdo iuhtxhqflhv zh frqvxow Wdeohv
4d04i lq Iudqvhv dqg Nxqvw +4<<<,1 Lw fdq eh vhhq lq Wdeoh 617 wkdw zh �qg hylghqfh
ri rqh pruh frlqwhjudwlqj yhfwru rq wkh eldqqxdo iuhtxhqf| iru Jhupdq| dqg wkh
XN dv frpsduhg wr wkh uhvxowv lq Wdeoh 6151 Iru wkh dqqxdo iuhtxhqf| wkhuh lv vrph
hylghqfh ri d irxuwk yhfwru lq Dxvwuld1 Wkh frqfoxvlrqv iurp Wdeoh 618 duh wkh vdph
dv iurp Wdeoh 6151 Kdylqj fkrvhq wkh udqn iru wkh gl�huhqw iuhtxhqflhv zh whvw
iru ixuwkhu uhgxfwlrq ri wkh prgho1 D k|srwkhvlv wkdw vlpsol�hv wkh frlqwhjudwlrq
dqdo|vlv rq iuhtxhqf| �@5 lv wkh rqh lpso|lqj uhdo vwuxfwxuh +K

UHDO

,/ l1h1 �
L

@ 3
lq +5,= Krzhyhu wklv k|srwkhvlv lv vwurqjo| uhmhfwhg +vhh Wdeoh 616,1 Edvhg rq wkhvh
uhvxowv/ zkhuh wkh eldqqxdo iuhtxhqf| iru Dxvwuld vhhpv wr kdyh ixoo udqn dqg qr
hylghqfh iru frlqwhjudwlqj uhodwlrqvklsv dw wkh vdph iuhtxhqf| iru wkh XN duh irxqg/
wkh Jhupdq gdwd vhw lv xvhg lq wkh Prqwh Fduor iruhfdvwlqj dqdo|vlv1

9



Wdeoh 6151 Frlqwhjudwlrq whvwv1 Uhvwulfwhg vhdvrqdo lqwhufhswv ^MV`1

Dxvwuld> n @ 3 Jhupdq|> n @ 3 XN> n @ 8
s0u 3 � �@5 3 � �@5 3 � �@5
4 494=6 494=7 5;7=: 465=5 45;=< 5;:=6 473=: <8=< 54;=:
5 ;;=4 446=4 4:7=9 9;=; ;5=: 4:8=6 :6=9 8;=5 467=5
6 7;=; :6=; 439=4 6;=5 73=; <:=; 7:=: 6<=7 :7=:
7 55=8 75=: 89=5 4:=5 49=; 83=7 58=: 55=: 74=3
8 9=; 53=< 5;=: ;=7 ;=9 54=: ;=: 44=6 4:=:
9 4=8 <=: <=7 4=< 7=4 9=: 3=; 6=5 8=;

Wdeoh 6161 Whvwv iru uhdo uhvwulfwlrq/ �
L

@ 31

OU
UHDO

d9 "5+u
�@5

+s� u
�@5

,,
Dxvwuld 76=6 s

ydoxh

@ 3=33
Jhupdq| 9;=; s

ydoxh

@ 3=33
XN 53=9 s

ydoxh

@ 3=33

Wdeoh 6171 Frlqwhjudwlrq whvwv1 Xquhvwulfwhg vhdvrqdo lqwhufhswv1

Dxvwuld> n @ 3 Jhupdq|> n @ 3 XN> n @ 8
s0u 3 � �@5 3 � �@5 3 � �@5
4 494=6 4;4=3 533=4 465=5 473=; 4:7=8 473=: 437 463=:
5 ;;=4 449=8 455=; 9;=; <7=4 <8=4 :6=9 97=8 :4=:
6 7;=; ::=5 ::=; 6;=5 85=6 87=8 7:=: 75=3 73=9
7 55=8 79=4 73=4 4:=5 57=6 5<=; 58=: 58=6 55=7
8 9=; 54=3 4;=< ;=7 :=< 48=5 ;=: 43=8 :=:
9 4=7 <=: 9=5 4=< 6=5 7=3 3=; 5=; 4=:

Wdeoh 6181 Frlqwhjudwlrq whvwv1 Uhvwulfwhg vhdvrqdo lqwhufhswv1

Dxvwuld> n @ 3 Jhupdq|> n @ 3 XN> n @ 8
s0u 3 � �@5 3 � �@5 3 � �@5
4 494=6 494=7 4;:=< 465=5 45;=< 4:4=5 473=: <8=< 463=5
5 ;;=4 446=4 444=4 9;=; ;5=: <6=9 :6=9 8;=5 :4=8
6 7;=; :6=; 9:=5 6;=5 73=; 89=; 7:=: 6<=7 73=7
7 55=8 75=: 74=: 4:=5 49=; 65=3 58=: 55=: 55=4
8 9=; 53=< 54=6 ;=7 ;=9 4:=7 ;=: 44=6 :=9
9 4=8 <=: :=; 4=< 7=4 8=< 3=; 6=5 4=9

7 Wkh Prqwh Fduor vhwxs

Wkh gdwd jhqhudwlqj surfhvvhv duh edvhg rq sdudphwhu hvwlpdwhv iurp wkh deryh vhd0
vrqdo frlqwhjudwlrq prgho vshfl�fdwlrqv xvlqj wkh Jhupdq gdwd vhw1 Lq d �uvw vwhs
zh frpsduh wkh iruhfdvw dffxudf| iru wkh vhdvrqdo frlqwhjudwlrq prghov zkhq vhd0
vrqdolw| lv ylhzhg dv ehlqj sxuho| vwrfkdvwlf/ l1h1 rqo| d vlqjoh lqwhufhsw lv lqfoxghg1
Wkh vhdvrqdo frlqwhjudwlrq vshfl�fdwlrqv zh frpsduh duh wkrvh ri MV +MVD, dqg Ohh
+4<<5, +OHH,> uhvshfwlyho|1 Erwk vshfl�fdwlrqv duh frqwudvwhg zlwk d wudglwlrqdo
Y HFP lq �uvw gl�huhqfhv/ lqfoxglqj vhdvrqdo gxpplhv +MG,= Zh dovr frpsduh
wkh prghov zkhq d ghwhuplqlvwlf vhdvrqdo frpsrqhqw lv lqwurgxfhg1 Wkh frpsduhg
vshfl�fdwlrqv lq wklv fdvh duh wkh MV vshfl�fdwlrq zlwk uhvwulfwhg vhdvrqdo gxp0
plhv +MVE,> wkh Ohh +4<<5, prgho zlwk xquhvwulfwhg vhdvrqdo gxpplhv +OHHXG,
dqg uhvwulfwhg vhdvrqdo gxpplhv +OHHUG,= Iru wkh wzr odwwhu prgho vshfl�fdwlrqv

:



zh lpsrvh wkh uhvwulfwlrq �
7
�

3

7
@ 3= Wkh iruhfdvw huuruv iurp wkh wkuhh vhdvrqdo

frlqwhjudwlrq prghov lq irxuwk gl�huhqfhv duh djdlq frpsduhg zlwk wkrvh iurp d
frlqwhjudwhg prgho +Mrkdqvhq*v surfhgxuh, lq �uvw gl�huhqfhv zlwk d frqvwdqw dqg
wkuhh fhqwhuhg vhdvrqdo gxpplhv +MG,= Vhulhv ri ohqjwk W @ 433 dqg W @ 533 duh
jhqhudwhg iurp wkh ydulrxv GJSv zlwk Q+3> 4, vhuldoo| dqg pxwxdoo| xqfruuhodwhg
huuruv1 Ixuwkhupruh/ 433 suhvdpsoh revhuydwlrqv dqg 53 srvwvdpsoh revhuydwlrqv
duh jhqhudwhg1 Wkhvh odvw 53 revhuydwlrqv duh vdyhg dqg xvhg iru h{0dqwh iruhfdvwlqj1
Lq hdfk fdvh 4333 uhsolfdwlrqv +Q, duh jhqhudwhg1

Lq wkh �uvw sduw ri wkh dqdo|vlv zh gr qrw whvw iru wkh surshu odj rughu iru wkh
prgho vshfl�fdwlrqv1 Lqvwhdg zh vhw n @ 3 iru wkh vhdvrqdo frlqwhjudwlrq prghov
dqg n @ 6 iru prgho lq �uvw gl�huhqfhv= Zlwk wklv odj vwuxfwxuh wkh }hur iuhtxhqf|
lv h{dfwo| frpsdudeoh iru doo prgho vshfl�fdwlrqv1 Pruhryhu/ zh gr qrw whvw iru wkh
frlqwhjudwlqj udqn dw gl�huhqw iuhtxhqflhv lq wkh �uvw sduw1 Zh frqvlghu lqvwhdg wkh
frlqwhjudwlqj udqnv u

3
@ 4> 5> u

�

@ 4> 5 dqg u
�@5

@ 4> 5> iru wkh }hur/ eldqqxdo dqg
dqqxdo iuhtxhqflhv/ uhvshfwlyho|1 Lq wkh vhfrqg sduw ri wkh dqdo|vlv zh fkrrvh wkh
odj rughu dffruglqj wr wkh Vfkzdu} Fulwhulrq +VEF,1 Zh dovr frqgxfw whvwv iru wkh
frlqwhjudwlqj udqn zlwk uhohydqw fulwlfdo ydoxhv iru hyhu| uhsolfdwlrq1

Wkh �jxuhv uhsruwhg duh frpsxwhg lq wkh iroorzlqj zd|1 Iru hdfk prgho zh
fdofxodwh vtxduhg iruhfdvw huuruv/ lq ohyhov +dv wr suhvhuyh frpsdudelolw|,/ iru doo vl{
htxdwlrqv1 Zh frqvlghu xs wr 530vwhs dkhdg iruhfdvwv +rqo| 40; vwhs dkhdg iruhfdvw
huuruv duh vkrzq lq wkh �jxuhv,1 Zh wkhq frpsxwh wkh vtxduhg dyhudjh iruhfdvw
huuru ryhu wkh htxdwlrqv iru hdfk krul}rq1 Ilqdoo| zh frpsxwh wkh dyhudjh ri wkhvh
diwhu frqgxfwlqj 4333 uhsolfdwlrqv1

8 Prqwh Fduor Uhvxowv

Iljxuhv 4 0 7 lq wkh dsshqgl{ vxppdul}h wkh Prqwh Fduor vwxg|/ zkhuh zh vwduw e|
dqdo|}lqj wkh iruhfdvwlqj dffxudf| zkhq wkh GJSv rqo| lqfoxgh dq lqwhufhsw dqg wkh
vhdvrqdolw| lv wkxv jhqhudwhg dv ehlqj sxuho| vwrfkdvwlf1 Wkh wzr GJSv frqvlghuhg
duh MVD dqg OHH= Wkhvh wzr vhdvrqdo frlqwhjudwlrq vshfl�fdwlrqv duh frqwudvwhg
zlwk MG= D frpsdulvrq ri wkh wzr vhdvrqdo frlqwhjudwlrq dssurdfkhv zkhq u

3
@

4> u
�

@ 4 dqg u
�@5

@ 4/ vxppdul}hg lq �jxuh 4/ lqglfdwhv wkdw MVD surgxfhv
wkh ehvw iruhfdvwv1 Li wkh GJS lv edvhg rq hvwlpdwhv xvlqj wkh MV vshfl�fdwlrq/
OHH surgxfhv hyhq odujhu iruhfdvwv huuruv wkdq wkh prgho lq �uvw gl�huhqfhv iru
vkruw iruhfdvw krul}rqv/ zklfk lv lq olqh zlwk wkh uhvxowv irxqg e| Uhlphuv +4<<:,1
Krzhyhu/ li zh frqvlghu d GJS edvhg rq hvwlpdwhv ri �

l

�
3

l

+l @ 4> 5 dqg 6, xvlqj
wkh ruljlqdo Ohh +4<<5, prgho/ lw fdq eh vhhq wkdw MVD jhqhudwhv h{dfwo| wkh vdph
v|vwhp dyhudjh iruhfdvw huuruv hyhq wkrxjk wkh vpdoohu vdpsoh vl}h lv frqvlghuhg1
Wklv lv dq lqglfdwlrq wkdw wkh jhqhudo vshfl�fdwlrq ri wkh dqqxdo iuhtxhqf| sursrvhg
e| MV pd| uhvxow lq d jrrg iruhfdvwlqj ehkdylru hyhq li wkh �

7
�

3

7
@ 3 uhvwulfwlrq

lq +4, lv fohduo| prwlydwhg1 Wkh fdvh zkhq u
3
> u

�

dqg u
�@5

duh vhw wr eh htxdo
wr wzr uhvxowv lq doprvw wkh vdph frqfoxvlrqv +qrw vkrzq khuh,1 Krzhyhu/ zkhq
wkh GJS lv edvhg rq OHH hvwlpdwhv ri wkh dgmxvwphqw0 dqg orqj0uxq sdudphwhuv/
MVD surgxfhv voljkwo| odujhu iruhfdvw huuruv wkdq wkh GJS edvhg prgho +OHH,/
zklfk lv hvwlpdwhg xvlqj fdqrqlfdo fruuhodwlrqv dw hdfk iuhtxhqf|1 Hyhq wkrxjk wkh
gl�huhqfh lv qrw elj lw frxog eh dq lqglfdwlrq wkdw wkh hvwlpdwlrq surfhgxuh iru wkh
dqqxdo iuhtxhqf| sursrvhg e| MV zrunv ehvw li wkhuh duh ihz frlqwhjudwlqj uhodwlrqv
wr eh hvwlpdwhg1

Zkhq vhdvrqdolw| lv jhqhudwhg dv ehlqj erwk ghwhuplqlvwlf dqg vwrfkdvwlf zh
frpsduh wkuhh vhdvrqdo frlqwhjudwlrq vshfl�fdwlrqv/ qdpho|/ wkh Mrkdqvhq dqg Vfkdxp0
exuj +4<<<, prgho zlwk uhvwulfwhg vhdvrqdo gxpplhv MVE/ wkh Ohh +4<<5, vshfl�0
fdwlrq zlwk uhvwulfwhg vhdvrqdo gxpplhv/ sursrvhg e| Nxqvw +4<<;, dqg Iudqvhv/
OHHUG dqg wkh xquhvwulfwhg vhdvrqdo gxpp| prgho OHHXG= Wkhvh duh djdlq

;



frqwudvwhg zlwk d frlqwhjudwlrq prgho lq �uvw gl�huhqfhv zlwk ghwhuplqlvwlf vhdvrqdo
gxpplhv MG1 Wkh uhvxowv/ vxppdul}hg lq �jxuhv 607/ duh frpsdudeoh zlwk wkrvh
phqwlrqhg deryh1 Wkh iruhfdvw huuruv jhqhudwhg e| MVE duh dozd|v yhu| forvh wr
wkrvh jhqhudwhg e| OHHUG hyhq wkrxjk wkh odwwhu vshfl�fdwlrq lv xvhg dv GJS1
Krzhyhu/ wkh rssrvlwh lv qrw wuxh iru dq| frpelqdwlrq ri udqnv dw gl�huhqw iuhtxhq0
flhv lq wkh GJSv1 Djdlq/ wkh wzr Ohh vshfl�fdwlrqv surgxfh odujhu iruhfdvwv huuruv
wkdq MG iru vkruw iruhfdvw krul}rqv/ hvshfldoo| li wkh odujhu vdpsoh vl}h lv frqvlg0
huhg +qrw vkrzq khuh,1 Ilqdoo|/ li wkh vhdvrqdo frlqwhjudwlrq prgho zlwk xquhvwulfwhg
vhdvrqdo lqwhufhswv lv xvhg dv GJS wkdw vdph prgho surgxfhv odujhu iruhfdvw huuruv
wkdq MVE dqg OHHUG/ zklfk frq�upv wkh uhvxowv ri Nxqvw dqg Iudqvhv +4<<;,1

Li zh frqvlghu wkh fdvh zkhq wkh odj rughu lv fkrvhq dqg whvwv iru wkh frlqwhjudwlqj
udqn duh grqh lq hyhu| uhsolfdwlrq zh jhw wkh vdph uhvxowv +qrw vkrzq khuh,1 Li
wkh GJS lv edvhg rq hvwlpdwhv xvlqj wkh MV vshfl�fdwlrq/ OHHUG dqg OHHXG
surgxfhv odujhu iruhfdvwv huuruv frpsduhg wr MVE dqg li zh frqvlghu d GJS edvhg
rq hvwlpdwhv ri �

l

�
3

l

+l @ 4> 5 dqg 6, xvlqj wkh ruljlqdo OHH vshfl�fdwlrq zlwk ru
zlwkrxw uhvwulfwhg vhdvrqdo lqwhufhswv MVE shuirupv doprvw htxdoo| zhoo/ hyhq li
wkh vpdoohu vdpsoh vl}h lv frqvlghuhg1

Zh dovr zdqw wr vwxg| wkh iruhfdvwlqj shuirupdqfh ri wkh MV vshfl�fdwlrq li
wkh k|srwkhvlv uhdo vwuxfwxuh +K

UHDO

,/ l1h1 �
L

@ 3 dw wkh dqqxdo iuhtxhqf| lq
+5, lv vdwlv�hg1 Rxu GJS lq wklv fdvh duh wkh MV vshfl�fdwlrq zlwk uhdo vwuxfwxuh
lpsrvhg dqg zh frqvlghu wkh fdvh zkhuh vhdvrqdolw| lv jhqhudwhg dv ehlqj sxuho|
vwrfkdvwlf dqg wkh fdvh zkhq vhdvrqdolw| lv jhqhudwhg dv ehlqj erwk ghwhuplqlvwlf
dqg vwrfkdvwlf1 Zh hvwlpdwh dqg pdnh iruhfdvwv iurp prghov zlwk dqg zlwkrxw wkh
uhvwulfwlrq lpsrvhg dqg iurp prghov zkhuh zh �uvw whvw iru wkh uhvwulfwlrq dqg wkhq
pdnh iruhfdvwv dffruglqj wr wkh uhvxow1 Frpsdulqj wkh iruhfdvwlqj shuirupdqfh iru
wklv wkuhh dssurdfkhv uhyhdo qr elj gl�huhqfhv/ exw wkh dssurdfk wr suhwhvw iru wkh
uhvwulfwlrq dqg wkhq pdnh iruhfdvwv vhhpv wr rxwshuirup wkh vhfrqg dssurdfk/ li
orqjhu iruhfdvw krul}rqv duh frqvlghuhg dqg pruh frlqwhjudwlqj uhodwlrqv duh wr eh
hvwlpdwhg1 Wkh �uvw dssurdfk/ zkhuh zh mxvw hvwlpdwh dqg pdnh iruhfdvwv iurp wkh
GJS edvhg prgho jlyhv/ qrw vxusulvlqjo|/ wkh ehvw uhvxowv1

9 Dq Hpslulfdo Iruhfdvwlqj H{dpsoh

Lq wklv vhfwlrq zh lqyhvwljdwh wkh iruhfdvwlqj shuirupdqfh ri vrph ri wkh prghov
suhvhqwhg lq suhylrxv vhfwlrqv/ qdpho| MVE/ OHHUG/ OHHXG dqg MG/ xvlqj
wkh hpslulfdo gdwd vhw iru Jhupdq|/ zklfk fryhuv wkh wlph shulrg 4<93=4 0 4<;;=41
Zh lpsrvh wkh udqnv u

3
@ 5> u

�

@ 5 dqg u
�@5

@ 5 iru wkh vhdvrqdo frlqwhjudwlrq
prghov dqg u

3
@ 5 iru wkh prgho lq �uvw gl�huhqfhv1 Ixuwkhupruh/ zh vhw n @ 3

iru wkh vhdvrqdo frlqwhjudwlrq prghov dqg n @ 6 iru MG= Doo vtxduhg iruhfdvw huuruv
fruuhvsrqg wr ohyho yduldeohv1 Lq wkh �uvw vwhs zh vdyh hljkw revhuydwlrqv dqg pdnh
h{ dqwh iruhfdvwv1 Lq wkh qh{w vwhs wkh vdpsoh lv h{whqghg e| rqh txduwhu/ exw zh gr
qrw uhhvwlpdwh wkh htxdwlrqv1 Wkhvh h{whqvlrqv ri wkh vdpsoh duh wkurxjk 4<;:=7/
zkhuh zh jhqhudwh wkh odvw rqh0vwhs dkhdg iruhfdvw huuru1 Khqfh wkhuh duh hljkw
rqh0vwhs dkhdg iruhfdvw huuruv/ vhyhq wzr0vwhs dkhdg iruhfdvw huuruv dqg vr rq1 Wkh
hljkw0vwhs dkhdg iruhfdvwv duh wkhq edvhg rq d vlqjoh revhuydwlrq iru hdfk htxdwlrq1
Wkh uhvxowv duh vxppdul}hg e| wkh UPVH vwdwlvwlf +urrw phdq vtxduhg huuru, iru
4/ 5/ 7 dqg ;0vwhs dkhdg iruhfdvwv lq Wdeoh 714 ehorz1
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Wdeoh 7141 Iruhfdvw huuruv hydoxdwhg zlwk UPVH-4331

Krul}rq= 4 5 7 ; 4 5 7 ;
MVE OHHXG

\ 4159 4155 4177 313; \ 4165 31<6 4163 3167
F 4148 4146 31<5 3144 F 31<4 31;5 31;9 3194
L 7145 613< 6184 :19: L 61;9 5199 6185 91<9
[ 516: 6145 7155 716: [ 51;6 6146 719< 819<
Z 41:< 41<7 41;; 518; Z 41;3 41:9 41;; 6169
U 4188 41:9 5134 4179 U 4163 4165 419< 41<:

OHHUG MG

\ 4168 31<: 415< 3147 \ 4164 41:< 41;4 3135
F 31;9 31:9 31;4 3148 F 4155 4183 4164 31<6
L 61:< 51:6 6196 :186 L 7193 7183 6197 71;7
[ 51:6 614: 719: 8144 [ 41<3 5186 7156 71<8
Z 41:8 41:7 41;8 6163 Z 41<5 5176 5159 517:
U 415: 4165 41:3 4193 U 5193 51:6 4173 4193

Li zh vwduw wr frpsduh wkh wkuhh vhdvrqdo frlqwhjudwlrq vshfl�fdwlrqv wkh uh0
vxowv lq Wdeoh 714 lqglfdwh wkdw MVE lv ehwwhu wkdq OHHUG dqg OHHXG li orqjhu
iruhfdvw krul}rqv duh frqvlghuhg +wkh vpdoohvw UPVHv jhqhudwhg iurp wkh vhdvrqdo
frlqwhjudwlrq prghov duh lqglfdghg lq erog,1 Wkh uhvxowv iru MVE duh zruvh li zh
frqvlghu rqh/ wzr dqg irxu0vwhs dkhdg iruhfdvwv zkhuh OHHUG jhqhudwhv ehwwhu
iruhfdvwv wkdq MVE1 Qrwdeoh duh wkdw 53 rxw ri wkh 57 vpdoohvw UPVH vwdwlvwlfv
duh iurp wkh wzr vshfl�fdwlrqv zlwk uhvwulfwhg vhdvrqdo gxpplhv1 Li d wklug frlq0
whjudwlqj yhfwru lv lpsrvhg dw wkh eldqqxdo iuhtxhqf| lq OHHXG> zklfk zh irxqg
hylghqfh iru lq Vhfwlrq 6/ wkdw prgho ehkdyhv ehwwhu dqg jhqhudwh vpdoohu huuruv
iru vkruwhu krul}rqv1 Zkhq zh lqfoxgh wkh prgho lq �uvw gl�huhqfhv +MG, lq wkh
dqdo|vlv zh vhh wkdw lw zrunv ehwwhu iru orqjhu iruhfdvw krul}rqv +xqghuolqhg �jxuhv
lqglfdwh vpdoohu UPVHv wkdq wkh vhdvrqdo frlqwhjudwlrq prghov,1 Li wkh zkroh vh0
txhqfh iurp rqh wr hljkw0vwhsv dkhdg iruhfdvwv duh frqvlghuhg zh �qg wkdw 44 rxw
wkh 7; vpdoohvw UPVH vwdwlvwlfv duh jhqhudwhg iurp wkh prgho lq �uvw gl�huhqfhv
dqg �yh ri wkrvh frphv iurp wkh jrrgv h{sruwv htxdwlrq1 Qrwdeoh lv wkdw wkh uhvxowv
ri wkh KHJ\0whvwv lqglfdwh qr vhdvrqdo xqlw urrwv iru wkdw sduwlfxodu wlph vhulhv/
zklfk pd| h{sodlq zk| MG jhqhudwhv ehwwhu iruhfdvwv iru jrrgv h{sruwv1 Wkh uhvxow
iurp wklv hpslulfdo sduw wkxv vhhp wr frq�up prvw ri wkh uhvxowv iurp wkh Prqwh
Fduor vwxg|1

: Frqfoxvlrqv

Wkh iruhfdvwlqj shuirupdqfh ri wkh vhdvrqdoo| frlqwhjudwhg prgho ri Mrkdqvhq dqg
Vfkdxpexuj +4<<<, ^MV` lv frpsduhg wr uhodwhg vshfl�fdwlrqv dqg wr d vwdqgdug
prgho edvhg rq �uvw gl�huhqfhv dqg vhdvrqdo gxpplhv1 Zh h{dplqh gdwd vhwv iurp
Dxvwuld/ Jhupdq| dqg wkh XN/ hdfk lqfoxglqj vl{ yduldeohv/ l1h1 jurvv grphvwlf
surgxfw/ sulydwh frqvxpswlrq/ jurvv �{hg lqyhvwphqw/ jrrgv h{sruwv/ uhdo zdjhv
dqg wkh uhdo lqwhuhvw udwh1 Kdylqj h{dplqhg wkh lqwhjudwlrq dqg frlqwhjudwlrq surs0
huwlhv iru wkh wkuhh gdwd vhwv zh vhohfw d gdwd jhqhudwlqj surfhvvhv wkdw lv edvhg
rq sdudphwhu hvwlpdwhv jhqhudwhg iurp wkh gl�huhqw vhdvrqdo frlqwhjudwlrq prgho
vshfl�fdwlrqv xvlqj wkh Jhupdq gdwd vhw1 Lq wkh �uvw sduw ri wkh Prqwh Fduor
vwxg|/ zkhuh odj ohqjwkv dqg frlqwhjudwlqj udqnv duh vhw lq dgydqfh/ wkh jhqhudo
vshfl�fdwlrq sursrvhg e| MV kdv wkh ehvw iruhfdvwlqj shuirupdqfh1 Wkhuh lv qr elj
gl�huhqfhv lq iruhfdvwlqj shuirupdqfh ehwzhhq wkdw vshfl�fdwlrq dqg wkh vshfl�fd0
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wlrq sursrvhg e| Ohh +4<<5, hyhq li wkh �
7
�

3

7
@ 3 uhvwulfwlrq lv ydolg l1h1 wkh odwwhu

prgho lv xvhg dv GJS1 Lq vrph fdvhv Wkh MV vshfl�fdwlrq dfwxdoo| shuirupv htxdoo|
zhoo1 Lq wkh vhfrqg sduw ri wkh dqdo|vlv/ odj rughu vhohfwlrq dqg whvwlqj surfhgxuhv iru
frlqwhjudwlqj udqn duh lqfoxghg lq hdfk uhsolfdwlrq dqg wkh uhvxowv duh txlwh vlplodu1
Lq vkruw/ wkhvh uhvxowv vkrz wkdw gl�huhqw vhdvrqdo frlqwhjudwlrq vshfl�fdwlrqv gr
lpsuryh wkh iruhfdvwlqj dffxudf| frpsduhg zlwk wkh vwdqgdug frlqwhjudwlrq prgho/
dovr lq vpdoo vdpsohv dqg li vkruw iruhfdvw krul}rqv duh frqvlghuhg1 Ixuwkhupruh/
wkh prgho vxjjhvwhg e| MV vhhpv wr zrun ehwwhu wkdq wkh ruljlqdo prgho suhvhqwhg
e| Ohh +4<<5,1 Zh dovr vwxg| wkh iruhfdvwlqj shuirupdqfh ri wkh MV vshfl�fdwlrq li
wkh k|srwkhvlv ri d uhdo vwuxfwxuh +K

UHDO

,/ l1h1 �
L

@ 3 dw wkh dqqxdo iuhtxhqflhv
lv vdwlv�hg1 Zh hvwlpdwh dqg pdnh iruhfdvwv iurp prghov zlwk dqg zlwkrxw wkh
uhvwulfwlrq lpsrvhg dqg iurp prghov zkhuh zh suhwhvw iru wkh uhvwulfwlrq dqg wkhq
pdnh iruhfdvwv dffruglqj wr wkh uhvxow1 Frpsdulqj wkh iruhfdvwlqj shuirupdqfh iru
wkhvh wkuhh dssurdfkhv uhyhdov qr elj gl�huhqfhv/ exw wkh dssurdfk wr �uvw whvw iru
wkh uhvwulfwlrq dqg wkhq pdnh iruhfdvwv vhhpv wr rxwshuirup wkh vhfrqg dssurdfk/
li orqjhu iruhfdvw krul}rqv duh frqvlghuhg dqg pruh frlqwhjudwlqj uhodwlrqv duh wr eh
hvwlpdwhg1 Lq wkh �qdo vhfwlrq zh lqyhvwljdwh wkh iruhfdvwlqj shuirupdqfh xvlqj wkh
hpslulfdo gdwd vhw ri Jhupdq|1 D frpsdulvrq ri wkh wkuhh vhdvrqdo frlqwhjudwlrq
vshfl�fdwlrqv lqglfdwh wkdw MVE lv ehwwhu wkdq OHHUG dqg OHHXG li orqjhu
iruhfdvw krul}rqv duh frqvlghuhg1 Krzhyhu/ iru rqh/ wzr dqg irxu0vwhs dkhdg iruh0
fdvwv OHHUG jhqhudwhv ehwwhu iruhfdvwv wkdq MVE1 Wkh prgho lq �uvw gl�huhqfhv
jhqhudwh odujhu iruhfdvw huuruv dv frpsduhg wr wkh vhdvrqdo frlqwhjudwlrq prghov dv
d zkroh lq prvw fdvhv/ h{fhsw iru jrrgv h{sruwv1 D srvvleoh h{sodqdwlrq iru wklv
frxog eh wkdw wklv sduwlfxodu wlph vhulhv gr qrw vhhp wr frqwdlq dq| vhdvrqdo xqlw
urrwv/ dffruglqj wr wkh KHJ\0whvw1

Dfnqrzohgjphqwv

Zh duh judwhixo Oduv0Huln Ùoohu iru lqvljkwixo frpphqwv dqg wr Urehuw Nxqvw zkr
jhqhurxvo| doorzhg xv wr xvh wkh gdwd vhwv1 Ilqdqfldo vxssruw iru O|kdjhq iurp Wruh
Eurzdogkv Irxqgdwlrq iru Vflhqwl�f Uhvhdufk dqg Hgxfdwlrq dqg Wkh Vzhglvk Irxq0
gdwlrq iru Lqwhuqdwlrqdo Frrshudwlrq lq Uhvhdufk dqg Kljkhu Hgxfdwlrq +VWLQW,
duh judwhixoo| dfnqrzohgjhg1

Uhihuhqfhv

Ervzlmn KS +4<<8, Lghqwl�delolw| ri frlqwhjudwhg v|vwhpv1 Glvfxvvlrq sdshu/ WL
<8/:;1

Gdko Shghuvhq L +4<<9, D sudfwlfdo lpsohphqwdwlrq ri wkh vhdvrqdo frlqwhjudwlrq
wkhru|1 Pdvwhuv Wkhvlv/ Xqlyhuvlw| ri Frshqkdjhq1

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 dqg Nxqvw UP +4<<<, Rq wkh uroh ri vhdvrqdo lqwhufhswv lq vhdvrqdo
frlqwhjudwlrq1 R{irug Exoohwlq ri Hfrqrplfv dqg Vwdwlvwlfv 94= 73<07671

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

44



Mrkdqvhq V dqg Vfkdxpexuj H +4<<<, Olnholkrrg dqdo|vlv ri vhdvrqdo frlqwhjudwlrq1
Mrxuqdo ri Hfrqrphwulfv ;;= 634066<1

Nxqvw UP dqg Iudqvhv SK +4<<;, Wkh lpsdfw ri vhdvrqdo frqvwdqwv rq iruhfdvwlqj
vhdvrqdoo| frlqwhjudwhg wlph vhulhv1 Mrxuqdo ri Iruhfdvwlqj 4:= 43<04571

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

Uhlphuv K0H +4<<:, Iruhfdvwlqj ri vhdvrqdo frlqwhjudwhg surfhvvhv1 Lqwhuqdwlrqdo
Mrxuqdo ri Iruhfdvwlqj 46= 69<06;31
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D Iljxuhv

+d, Udqn@4 dw doo iuhtxhqflhv/ W@4331

+e, Udqn@4 dw doo iuhtxhqflhv/ W@4331

Iljxuh 4= Phdq vtxhuhg huuruv +lq ohyhov, ryhu uhsolfdwhv dqg yduldeohv iru n vwhsv
dkhdg iruhfdvwv1 GJS edvhg rq hvwlpdwhv xvlqj +d, MVD vshfl�fdwlrq dqg +e, Ohh
vshfl�fdwlrq1
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+d, Udqn@4 dw doo iuhtxhqflhv/ W@4331

+e, Udqn@5 dw doo iuhtxhqflhv/ W@4331

Iljxuh 5= Phdq vtxhuhg huuruv +lq ohyhov, ryhu uhsolfdwhv dqg yduldeohv iru n vwhsv
dkhdg iruhfdvwv1 GJS edvhg rq hvwlpdwhv xvlqj wkh MVE vshfl�fdwlrq1
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+d, Udqn@4 dw doo iuhtxhqflhv/ W@4331

+e, Udqn@5 dw doo iuhtxhqflhv/ W@4331

Iljxuh 6= Phdq vtxhuhg huuruv +lq ohyhov, ryhu uhsolfdwhv dqg yduldeohv iru n vwhsv
dkhdg iruhfvdwv1 GJS edvhg rq hvwlpdwhv xvlqj wkh OHHUG vshfl�fdwlrq1
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+d, Udqn@4 dw doo iuhtxhqflhv/ W@4331

+e, Udqn@5 dw doo iuhtxhqflhv/ W@4331

Iljxuh 7= Phdq vtxhuhg huuruv +lq ohyhov, ryhu uhsolfdwhv dqg yduldeohv iru n vwhsv
dkhdg iruhfdvwv1 GJS edvhg rq hvwlpdwhv xvlqj wkh OHHXG vshfl�fdwlrq1
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+d, Jurvv grphvwlf surgxfw +e, Sulydwh frqvxpswlrq

+f, Jurvv �{hg lqyhvwphqw +g, Jrrgv h{sruwv

+h, Zdjhv +i, Uhdo lqwhuhvw udwh

Iljxuh 8= Dxvwuldq gdwd/ 4<97=404<<7=71
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+d, Jurvv grphvwlf surgxfw +e, Sulydwh frqvxpswlrq

+f, Jurvv �{hg lqyhvwphqw +g, Jrrgv h{sruwv

+h, Zdjhv +i, Uhdo lqwhuhvw udwh

Iljxuh 9= Jhupdq gdwd/ 4<93=404<;;=41
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+d, Jurvv grphvwlf surgxfw +e, Sulydwh frqvxpswlrq

+f, Jurvv �{hg lqyhvwphqw +g, Jrrgv h{sruwv

+h, Zdjhv +i, Uhdo lqwhuhvw udwh

Iljxuh := XN gdwd/ 4<8:=404<<7=41
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