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Devwudfw

Zh hvwlpdwh ghvhdvrqdol}hg prqwko| vhulhv iru Vzlvv jurvv
grphvwlf surgxfw +JGS, dw frqvwdqw sulfhv ri 4<<3 iru wkh sh0
ulrg 4<;304<<:1 Wkh| duh frqvlvwhqw zlwk wkh txduwhuo| �jxuhv
hvwlpdwhg e| wkh Vwdwh Vhfuhwduldw iru Hfrqrplf D�dluv dqg
rewdlqhg e| lqfoxglqj lqirupdwlrq frqwdlqhg lq uhodwhg vhulhv/
lq sduwlfxodu iroorzlqj wkh h{shqglwxuh gh�qlwlrq ri JGS1 Zh
suhvhqw d jhqhudo dssurdfk xvlqj wkh Ndopdq �owhu whfkqltxh
qhvwlqj d juhdw ydulhw| ri lqwhusrodwlrq vhwxsv1 Zh hydoxdwh
frpshwlqj prghov dqg surylgh d wlph vhulhv wkdw fdq eh xvhg
e| rwkhu uhvhdufkhuv1

MHO frghv= H65/ H6:
Nh|zrugv= JGS/ Lqwhusrodwlrq/ Ndopdq �owhu/ Qdwlrqdo

dffrxqwlqj/ Vzlw}huodqg1

� �������	�
��

Iru hfrqrplf vwxglhv xvlqj txduwhuo| gdwd/ d orz qxpehu ri revhu0

ydwlrqv fdq fdxvh vhulrxv  dzv lq wkh txdolw| ri txdqwlwdwlyh dqdo|0

vlv1 Lq yhfwru dxwruhjuhvvlrqv +YDU, zlwk uhodwlyho| vkruw wlph vhulhv

3Wklv sduw lv edvhg rq Fxfkh dqg Khvv +4<<<d/ 4<<<e, zulwwhq zlwk Pduwlq
N1 Khvv1
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iru h{dpsoh/ pdq| ghjuhhv ri iuhhgrp duh xvhg xs lq wkh hvwlpd0

wlrq/ uhgxflqj gudvwlfdoo| lwv srzhu1 Pruhryhu/ prqwko| iuhtxhqf| lv

vrphwlphv lpsolhg e| wkh dvvxpswlrqv ri wkh prgho wr eh hvwlpdwhg/

zkloh rqo| txduwhuo| gdwd lv uhohdvhg41

Wkhuhiruh/ hfrqrplvwv duh vrphwlphv irufhg wr xvh yduldeohv wkdw

sur{| JGS dqg wkdw duh dydlodeoh dw d kljkhu iuhtxhqf|1 Lq pdq|

frxqwulhv/ d frpprq sur{| lv lqgxvwuldo surgxfwlrq +LS, zklfk lv

riwhq uhfrughg dw prqwko| iuhtxhqf|1 Lq Vzlw}huodqg/ lw lv gl!fxow wr

�qg vxfk d prqwko| lqglfdwru iru djjuhjdwh surgxfwlyh dfwlylw|1 Wkh

LS lqgh{ lv d vhulhv dw d txduwhuo| iuhtxhqf|/ dqg rwkhu vhulhv olnh

exvlqhvv vxuyh|v ru �oohg rughuv fdq rqo| eh xvhg dv JGS sur{lhv

zlwk vrph uhvhuydwlrqv1 Khqfh/ lq fdvhv zkhuh dghtxdwh sur{lhv duh

qrw dw kdqg/ prqwko| hvwlpdwhv ri JGS e| lqwhusrodwlrq surylgh d

vroxwlrq iru wklv sureohp51

Zkhwkhu wr uhsodfh d sur{| yduldeoh e| dq lqwhusrodwhg rqh ru qrw

ghshqgv rq wkh dydlodeoh gdwd vhulhv dqg rq wkh hpslulfdo hfrqrplf

prgho frqvlghuhg1 Wkh hydoxdwlrq ri wkh wudgh0r� ehwzhhq srwhqwldo

ehqh�wv dqg glvdgydqwdjhv ri erwk dssurdfkhv lv eh|rqg wkh vfrsh

ri wklv sdshu dqg lv rplwwhg1 Wkh jrdo ri wklv sdshu lv wr surylgh d

prqwko| ghvhdvrqdol}hg uhdo JGS vhulhv iru hpslulfdo uhvhdufk61

Fkrz dqg Olq +4<:4, zhuh wkh �uvw wr suhvhqw d frkhuhqw dqg

hdvlo| dssolfdeoh hfrqrphwulf dssurdfk wkdw kdqgohv lqwhusrodwlrq

sureohpv iru vwrfn dqg  rz yduldeohv1 Dvvxplqj d olqhdu uhodwlrq

ehwzhhq wkh vhulhv ri lqwhuhvw +vhulhv iru zklfk revhuydwlrqv duh plvv0

lqj/ l1h1 prqwko| JGS, dqg rwkhu gdwd zlwk pruh iuhtxhqw uhfruglqj

+uhodwhg vhulhv,/ wkh| hvwlpdwh d xqlyduldwh uhjuhvvlrq htxdwlrq1 Wklv

pxowlsoh uhjuhvvlrq dssurdfk lv  h{leoh hqrxjk wr wdnh lqwr dffrxqw

4Wkh r!fldo txduwhuo| JGS �jxuhv iru Vzlw}huodqg duh lqwhusrodwhg dqg sxe0
olvkhg e| wkh Vwdwh Vhfuhwduldw iru Hfrqrplf D�dluv1 Ixuwkhupruh/ dq r!fldo
dqqxdo JGS lv fdofxodwhg e| wkh Ihghudo Vwdwlvwlfv R!fh surgxflqj wkh qdwlrqdo
lqfrph dffrxqwv1 Wkh txduwhuo| hvwlpdwhv duh wkhq fruuhfwhg dqg sxeolvkhg djdlq
wr pdwfk wkh r!fldo dqqxdo vwdwlvwlfv1

5Zh gh�qh lqwhusrodwlrq dv d surfhvv ri frpsxwlqj  rz ru vwrfn vhulhv dw d
kljkhu iuhtxhqf| wkdq wkh ruljlqdo rqh1 Lq wklv whuplqrorj|/ zh gr qrw glvwlqjxlvk
ehwzhhq lqwhusrodwlrq dqg glvwulexwlrq zklfk lv riwhq grqh lq vwxglhv zlwk erwk/
vwrfn dqg  rz yduldeohv1 Khuh/ zh suhvhqw prghov wkdw h{foxvlyho| vhuyh iru lq0
vdpsoh lqwhusrodwlrqv dqg qrw iru rxw0ri0vdpsoh suhglfwlrqv1

6 Lq rxu ylhz/ ghvhdvrqdol}hg wlph vhulhv duh ri juhdwhu lqwhuhvw dv wkh| duh
kdqg| wr xvh lq hfrqrplf prghov1 Wr hvwlpdwh d vhdvrqdol}hg vhulhv/ wkh vhdvrq0
dolw| lv vhsdudwho| hvwlpdwhg dqg wkhq dgghg wr wkh ghvhdvrqdol}hg vhulhv/ dv grqh
iru h{dpsoh iru txduwhuo| JGS hvwlpdwhv e| wkh Vwdwh Vhfuhwduldw iru Hfrqrplf
D�dluv1
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khwhurvfhgdvwlflw| dqg orz0rughu dxwrfruuhodwlrq lq wkh uhvlgxdov1

Pruh uhfhqw vwxglhv pdnh xvh ri wkh Ndopdq �owhu +Ehuqdqnh/

Jhuwohu dqg Zdwvrq +4<<:, dqg Kduyh| dqg Slhuvh +4<;7,,1 Wklv g|0

qdplf iudphzrun lv pxfk pruh  h{leoh/ vlqfh lw lv fdsdeoh ri qhvwlqj

pruh prghov wkdq wkh Fkrz dqg Olq iudphzrun1

Lq wklv sdshu/ wkh irfxv lv gluhfwhg rq hfrqrphwulf ghwdlov vxfk

dv wkh lvvxh ri vwdwlrqdulw| dqg frlqwhjudwlrq lq gl�huhqw Ndopdq

�owhu frq�jxudwlrqv1 Uhfhqw lqqrydwlyh whfkqltxhv duh dqdo|}hg wkh0

ruhwlfdoo| dqg wkhq hydoxdwhg hpslulfdoo|1 Dq ryhuylhz ri hvwlpdwhg

prqwko| JGS vhulhv surgxfhg e| ydulrxv prgho vhwxsv lv surylghg1

Zh hydoxdwh gl�huhqw frpelqdwlrqv ri phwkrgv dqg uhodwhg vhulhv

zlwk wkh dlp wr jhw wkh prvw dssursuldwh prqwko| JGS1 Iru wklv

wdvn/ vhyhudo vhohfwlrq fulwhuld dv zhoo dv d vlpxodwhg lqwhusrodwlrq

iurp dqqxdo wr txduwhuo| gdwd duh xvhg1

Ehiruh hvwlpdwlqj wkh prgho/ zh hydoxdwh frpshwlqj uhodwhg vh0

ulhv1 Zh lghqwli| wkh vhulhv frqwdlqlqj wkh kljkhvw dprxqw ri lq0

irupdwlrq iru wkh lqwhusrodwlrq1 Wkh fkrlfh fulwhuld iru wkh uhodwhg

prqwko| vhulhv duh edvhg rq wkh h{shqglwxuh gh�qlwlrq ri JGS dqg

rq vwdwlvwlfdo surshuwlhv ri wkh frpryhphqw zlwk JGS1 Krzhyhu/ wkh

ghduwk ri Vzlvv gdwd dw kljkhu iuhtxhqf| olplwv vhyhuho| wkh fkrlfh

ri wkhvh yduldeohv1 Wkhuhiruh/ zh frqvlghu rwkhu uhodwhg vhulhv/ iru

h{dpsoh iruhljq djjuhjdwh hfrqrplf dfwlylw|/ dv dowhuqdwlyhv iru lq0

whusrodwlrq1 Lq idfw/ doo uhodwhg vhulhv wkdw forvho| dqg urexvwo| pryh

wrjhwkhu zlwk txduwhuo| JGS frxog eh dssursuldwh vhulhv khoslqj wr

h{wudfw prqwko| JGS1 Zlwk wkhvh uhodwhg vhulhv dydlodeoh/ lw lv wkhq

srvvleoh wr hvwlpdwh prqwko| JGS iru Vzlw}huodqg iru 4<;304<<: lq

gl�huhqw prgho vhwxsv71

Wkh sdshu lv rujdql}hg dv iroorzv1 Lw vwduwv lq vhfwlrq 5 zlwk d

vkruw vxuyh| ri wkh lqwhusrodwlrq olwhudwxuh1 Lq vhfwlrq 6/ zh eulh |

uhylhz wkh Ndopdq �owhu phwkrgrorj| dqg suhvhqw wkh gl�huhqw lq0

whusrodwlrq prghov1 Lq vhfwlrq 7/ ydulrxv uhodwhg vhulhv duh hydoxdwhg

dqg ghvfulehg1 Zh jlyh dq ryhuorrn ri rxu uhvxowv lq vhfwlrq 81 Zh

wkhq hydoxdwh wkh dssursuldwhqhvv ri wkhvh lqwhusrodwlrqv1 Vhfwlrq 9

frqfoxghv1

7Zh h{foxvlyho| frqfhqwudwh rxu lqyhvwljdwlrq rq wkh shulrg 4<;304<<: ehfdxvh
wkhvh �jxuhv duh frpsdwleoh zlwk wkh qhz qdwlrqdo dffrxqwlqj v|vwhp lq Vzlw}hu0
odqg/ wkh Hxurshdq V|vwhp ri Lqwhjudwhg Hfrqrplf Dffrxqwv +HVD, :;1 Wklv
vwdqgdug zdv lqwurgxfhg lq Vzlw}huodqg lq 4<<9/ exw wkh Vwdwh Vhfuhwduldw iru
Hfrqrplf D�dluv fdofxodwhg txduwhuo| JGS �jxuhv edfn wr 4<;31 Vhh Vfkzdoohu
dqg Sduqlvdul +4<<:, iru d frpsuhkhqvlyh vxuyh|1
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Dv Odqqlqj +4<;9, looxvwudwhv/ hfrqrplvwv idflqj plvvlqj gdwd kdyh

edvlfdoo| wzr gl�huhqw zd|v wr vroyh wkdw sureohp1 D �uvw dssurdfk

lv wr hvwlpdwh wkh plvvlqj gdwd vlpxowdqhrxvo| zlwk wkh hfrqrplvw*v

prgho sdudphwhuv/ wkhuhe| frqvlghulqj wkh plvvlqj revhuydwlrqv dv

dq| rwkhu sdudphwhu1 Wkh vhfrqg zd| lv d wzr0vwhs dssurdfk zkhuh

lq d �uvw vwhs wkh plvvlqj gdwd/ zklfk frxog eh lqghshqghqw iurp

wkh hfrqrplvw*v prgho/ duh lqwhusrodwhg1 Lq d vhfrqg vwhs/ wkh qhz

dxjphqwhg vhulhv duh xvhg wr hvwlpdwh wkh hfrqrplvw*v prgho1 Odq0

qlqj irxqg wkdw wkh vlpxowdqhrxv dssurdfk |lhogv hvwlpdwhv ri wkh

hfrqrplvw*v prgho sdudphwhuv wkdw kdyh d juhdwhu yduldqfh/ dqg wkxv

duh ohvv uholdeoh/ wkdq wkh prgho sdudphwhuv hvwlpdwhg zlwk frpsohwh

gdwd lq wkh vhfrqg vwdjh1 Edvhg rq wkhvh hpslulfdo �qglqjv/ kh vxj0

jhvwv xvlqj wkh wzr0vwhs dssurdfk1 Uhodwhg olwhudwxuh derxw wklv

surfhgxuh fdq eh vxeglylghg lqwr wkh iroorzlqj wkuhh fodvvhv81

Iluvw/ wkh vhplqdo dssurdfk iru wkh xvh ri wkh xqlyduldwh pxowlsoh

uhjuhvvlrq whfkqltxh zlwk uhodwhg vhulhv zdv suhvhqwhg e| Fkrz dqg

Olq +4<:4/ 4<:9, lq d xql�hg iudphzrun zklfk doorzv wuhdwlqj wkh

lqwhusrodwlrq ri vwrfnv dqg  rzv yduldeohv1 Wklv dssurdfk zdv deoh

wr ryhufrph wkh sureohpv idfhg e| Iulhgpdq +4<95, zkr wuhdwhg

vwrfnv dqg  rzv lq gl�huhqw zd|v1 Vshfl�fdoo|/ wkh| frxog ghdo zlwk

wkh uhtxluhphqw wkdw li dq revhuyhg  rz ydoxh lv glvwulexwhg dprqj

wkh fruuhvsrqglqj vxelqwhuydov/ wkh kljkhu iuhtxhqf| hvwlpdwhv pxvw

dgg xs wr wkh ruljlqdo  rz yduldeoh1 Xqwlo qrz/ wklv xqlyduldwh uh0

juhvvlrq dssurdfk kdv ehhq zlgho| xvhg iru lqwhusrodwlrq gxh wr lwv

hdvlhu lpsohphqwdwlrq wkdq wkh vwdwh0vsdfh dssurdfk1 Wklv dujxphqw

vhhpv wr pruh wkdq mxvw rxwzhljk wkh srwhqwldo dgydqwdjhv ri pruh

vrsklvwlfdwhg surfhgxuhv olnh wkh Ndopdq �owhu1 Dq dqqxdo JGS lv

iru h{dpsoh lqwhusrodwhg iru Ph{lfr e| Gh Doed +4<<3,1 Vfkplgw

+4<;9, jlyhv d vxuyh| ri wklv phwkrg/ lqwhusrodwlqj shuvrqdo lqfrph

ri XV uhjlrqv1

Vhfrqg/ vwloo zlwk uhodwhg vhulhv/ Ghqwrq +4<:4,/ Ihuqdqgh} +4<;4,/

dqg Olwwhupdq +4<;6, sursrvhg dq dssurdfk wkdw plqlpl}hv d zhljk0

whg txdgudwlf orvv ixqfwlrq rq wkh gl�huhqfh ehwzhhq wkh vhulhv wr eh

hvwlpdwhg dqg d olqhdu frpelqdwlrq ri wkh revhuyhg uhodwhg vhulhv1

8Wkh vljqdo h{wudfwlrq olwhudwxuh lv yhu| ydvw dqg gl!fxow wr remhfwlyho| fodv0
vli|1 Khuh/ zh rqo| uhylhz wkh lqwhusrodwlrq olwhudwxuh/ zlwkrxw frqvlghulqj jhq0
hudo dssurdfkhv vxfk dv wkh sureohp ri xqrevhuyhg frpsrqhqwv lq hfrqrplf wlph
vhulhv ru wkh hvwlpdwlrq ri luuhjxoduo| plvvlqj gdwd1
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Wklv vwudwhj| lv uhodwhg wr wkh Fkrz dqg Olq uhjuhvvlrq dqg doorzv

iru wkh xvh ri gdwd lq �uvw gl�huhqfh1 Dq looxvwudwlrq zlwk Sruwxjxhvh

gdwd lv jlyhq lq Slqkhlur dqg Frlpeud +4<<6,1

Wklug/ Ehuqdqnh/ Jhuwohu dqg Zdwvrq +4<<:, kdyh uhfhqwo| xvhg

d vwdwh0vsdfh prgho wr lqwhusrodwh uhdo JGS lq wkh XV1 Wkhlu ds0

surdfk lv wr �uvw hvwlpdwh prqwko| frpsrqhqwv ri qrplqdo JGS soxv

wkh JGS gh dwru dqg wkhq wr djjuhjdwh wkh lqglylgxdo hvwlpdwhv1

Wkh phwkrgrorj| wkh| iroorzhg zdv vxjjhvwhg e| Kduyh| dqg Slhuvh

+4<;7, zkr surylghg d jhqhudo iudphzrun 0 vwdwh0vsdfh irupxodwlrqv

iru vwrfn dqg  rz yduldeohv/ iru vwdwlrqdu| dqg qrqvwdwlrqdu| vhulhv/

dqg zlwk ru zlwkrxw uhodwhg vhulhv 0 wr hvwlpdwh plvvlqj revhuydwlrqv

lq hfrqrplf wlph vhulhv1 Vroylqj vxfk vwdwh0vsdfh prghov uhtxluhv

wkh xvh ri wkh Ndopdq �owhu1 D Ndopdq �owhu lqwhusrodwlrq lv grqh

iru Fdqdgldq JGS e| Jxd|/ Ploerxuqh/ Rwwr dqg Vplwk +4<<3,1

Khuhdiwhu/ zh suhvhqw d vwdwh0vsdfh iudphzrun lqwurgxfhg e| Kdu0

yh| dqg Slhuvh +4<;7,1 Wklv jhqhudo irupxodwlrq doorzv xv wr uhzulwh

doo wkuhh fodvvhv ri prghov dv zhoo dv pxfk vlpsohu prghov wkdw gr

qrw xvh uhodwhg vhulhv1

� ���
��

��� ������ �
��
�

D xvhixo phwkrg iru h{wudfwlqj vljqdov lv wr zulwh grzq d prgho olqn0

lqj wkh xqrevhuyhg dqg revhuyhg yduldeohv lq d vwdwh0vsdfh uhsuhvhq0

wdwlrq dffruglqj wr Ndopdq +4<93/ 4<96,1 Wkh pxowlyduldwh Ndopdq

�owhu lv dq dojrulwkp iru vhtxhqwldoo| xsgdwlqj d olqhdu surmhfwlrq rq

wkh yhfwru ri lqwhuhvw1 D jhqhudo uhylhz lv jlyhq khuh dqg d pruh

ghwdlohg ghvfulswlrq lq wkh dsshqgl{91 Zh suhvhqw ydulrxv frq�jxud0

wlrqv ri wkh vwdwh0vsdfh v|vwhp lq wkh qh{w vhfwlrq rq lqwhusrodwlrq

prghov1

Wkh vwdwh0vsdfh uhsuhvhqwdwlrq lv jlyhq e| d v|vwhp ri wzr yhf0

wru htxdwlrqv1 Iluvw/ wkh vwdwh ru wudqvlwlrq htxdwlrq ghvfulehv wkh

g|qdplfv ri wkh vwdwh yhfwru �| frqwdlqlqj wkh xqrevhuyhg yduldeohv

zh hvwlpdwh1 Wkh vhfrqg w|sh ri htxdwlrq uhsuhvhqwv wkh revhuydwlrq

ru phdvxuhphqw htxdwlrq olqnlqj wkh vwdwh yhfwru wr wkh yhfwru frq0

9Yhu| ghwdlohg ghvfulswlrqv ri wkh Ndopdq �owhu whfkqltxh fdq eh irxqg lq wkh
Kdqgerrn ri Hfrqrphwulfv e| Kdplowrq +4<<7d, dqg lq klv wh{werrn +Kdplowrq/
4<<7e,1 Vhh Drnl dqg Kdyhqqhu +4<<4,/ Jrxulhurx{ dqg Prqiruw +4<<:,/ Kduyh|
+4<;<,/ dqg Oÿwnhsrko +4<<6, iru ixuwkhu xvhixo frqwulexwlrqv1
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wdlqlqj wkh revhuyhg yduldeohv |n| 1 Wkh htxdwlrqv ri wklv v|vwhp iru

w @ 4> = = = > W zkhuh W lv wkh qxpehu ri prqwko| revhuydwlrqv duh wkh

iroorzlqj=

�|n� @ I|�| .F
�

|{|n� .U|x|n�> +4,

|n| @ D�

|{
W

| .K
�

|�| .Q|y|= +5,

Lq dgglwlrq wr wkh xqrevhuyhg dqg revhuyhg yduldeohv ri lqwhu0

hvw/ yhfwru htxdwlrqv +4, dqg +5, frqwdlq wkh vr0fdoohg uhodwhg vh0

ulhv +{| dqg {W| , dv h{rjhqrxv yduldeohv lq hdfk htxdwlrq1 Erwk

htxdwlrqv kdyh pxowlqrupdoo| glvwulexwhg huuru whupv=

�
x|
y|

�
�

Q

��
3

3

�
>

�
T 3

3 J

��
1 Suhpxowlsolhg e| pdwulfhv U| dqg Q|/

wkhvh ruwkrjrqdo glvwxuedqfhv wudqvirup lqwr qrqruwkrjrqdo uhvlgx0

dov zlwklq hdfk yhfwru htxdwlrq1 Wkh frh!flhqw pdwulfhv I|> F
�

|> U|>

D�

|> K
�

|> Q|> dqg wkh wzr yduldqfh0fryduldqfh pdwulfhv T dqg J duh

hvwlpdwhg e| pd{lpl}lqj wkh orj0olnholkrrg ixqfwlrq ri wklv v|vwhp1

��� ���
������
�� ���
��

61514 Ryhuylhz

Lq wklv vhfwlrq/ zh dgdsw wkh jhqhudo vwdwh0vsdfh uhsuhvhqwdwlrq +4,

dqg +5, wr rxu sureohp lq gl�huhqw zd|v/ vshfl�fdoo| wkh lqfoxvlrq ri

uhodwhg vhulhv dqg dvvxphg vwrfkdvwlf surfhvvhv iru prqwko| JGS:1

Wkh lqwhusrodwlrq iudphzrun; iru w @ 4> = = = > W ehfrphv=

�|n� @ I�| .F
�{|n� .Ux|n�> +6,

|n| @ d�|{
W

| . k
�

|�|= +7,

Wkh vwdwh yhfwru htxdwlrq +6, ghvfulehv wkh yhfwru g|qdplfv ri

wkh xqrevhuyhg yduldeoh/ prqwko| JGS ||/ vwdfnhg lq wkh vwdwh yhf0

wru �| @
�
|| ||3� ||32

�
�

1 Wkh ^6� 4` glphqvlrq vhuyhv wr wdnh

wkh wkuhh prqwkv zlwklq d txduwhu wrjhwkhu lq rughu wr vdwlvi| wkh

:Wkh Ndopdq �owhu dojrulwkp dqg wkh orj0olnholkrrg ixqfwlrq duh glvsod|hg lq
Dsshqgl{ D1

; Lq doo wkh prghov/ txduwhuo| JGS +
n

| lv jlyhq hdfk prqwk/ +n� ' fc +n2 ' fc
+
n

� ' �uvw txduwhuo| ydoxh/ +ne ' fc +nD ' fc +nS ' vhfrqg txduwhuo| ydoxh/ hwf1
Qrwh wkdw zh revhuyh A

�
txduwhuo| ydoxhv iru A prqwkv wr lqwhusrodwh1 Frqwudu|

wr wkh frqyhqwlrq zkhq vwdfnlqj txduwhuo| revhuydwlrqv wr d froxpq yhfwru )n/
zh gr qrw lqfoxgh }hur revhuydwlrqv uhvxowlqj wkxv lq d

�
A

�
f �

�
yhfwru1
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vxp0xs frqvwudlqw<1 Wkh h{dfw irupxodwlrq ri wklv vwdwh yhfwru htxd0

wlrq lv gl!fxow/ ehfdxvh wkhuh lv qr sulru nqrzohgjh derxw wkh wuxh

surfhvv gulylqj prqwko| JGS1 Lq rughu wr vkhg oljkw rq wklv lvvxh/

zh frpsduh uhvxowv ri ydulrxv frpshwlqj vhwxsv lq vhfwlrq 81 Zh

dvvxph wlph0lqyduldqw frh!flhqwv iru wkh pdwulfhv I> F�> dqg U1

Htxdwlrq +7, uhodwhv wkh vwdwh yhfwru wr wkh revhuyhg txduwhuo|

JGS |n| 1 Iroorzlqj Kduyh| dqg Slhuvh +4<;7,/ wklv revhuydwlrq htxd0

wlrq uhsuhvhqwv wkh frqvwudlqw wkdw wkh vxp ri wkuhh prqwko| revhu0

ydwlrqv zlwklq d txduwhu pxvw htxdo wkh txduwhuo| revhuyhg JGS1

Khqfh/ wklv htxdolw| frqvwudlqw lpsolhv wkdw wkh huuru whup Q|y| glv0

dsshduv iurp wkh revhuydwlrq htxdwlrq1 Wkh vxp0xs frqvwudlqw lv

lqwurgxfhg e| frh!flhqw yhfwru d�| dqg k
�

|/ ghshqglqj rq wkh prghov

suhvhqwhg lq wkh iroorzlqj vhfwlrq431

Doo wkh vshfl�fdwlrqv ri wkh vwdwh0vsdfh prghov ghvfulehg khuh0

diwhu fruuhvsrqg wr gl�huhqw dvvxpswlrqv ghshqglqj rq zkhwkhu uh0

odwhg vhulhv +{| ru {
W

| , duh xvhg ru qrw dqg rq wkh fkdudfwhulvwlfv ri wkh

gdwd wr lqwhusrodwh +vwrfkdvwlf surfhvv dqg vwdwlrqdulw|,1 Wkh surs0

huwlhv ri wkh gdwd vxfk dv wkh rughu ri lqwhjudwlrq dqg wkh dvvxphg

vwrfkdvwlf gulylqj surfhvv ri prqwko| JGS lq xhqfh wkh uhsuhvhqwd0

wlrq ri wkh vwdwh htxdwlrq1 Srvvleoh uhodwhg vhulhv lq xhqfh wkh vhwxs

ri wkh vwdwh yhfwru htxdwlrq dqg wkh revhuydwlrq htxdwlrq wr lq wxuq

d�hfw wkh frh!flhqwv frqwdlqhg lq F� dqg d�|1 Zh dgg uhodwhg vhulhv

lq rughu wr hydoxdwh wkhlu vwdwlvwlfdo uhohydqfh1 Wkh vhohfwhg dvvxps0

wlrqv duh dovr jxlghg e| vlpsolflw| dqg whfkqlfdo frqvlghudwlrqv derxw

wkh frqvwuxfwlrq ri wkh Ndopdq �owhu1

Khqfh/ zh irfxv rq wzr eurdg fodvvhv ri Ndopdq �owhu prghov

vxppdul}hg lq �jxuh 41 Wkh �uvw fodvv ri prghov lv ghvljqhg zlwkrxw

uhodwhg vhulhv1 Zh dvvxph wkdw wkhuh lv hqrxjk lqirupdwlrq lq wkh

dxwrfryduldqfh ixqfwlrq ri wkh txduwhuo| vhulhv dqg lq wkh dvvxphg

orz0rughu dxwruhjuhvvlyh +DU, surfhvv ri prqwko| JGS1 Pruhryhu/

zh frpelqh wklv dvvxpswlrq zlwk dowhuqdwlyh zd|v wr wuhdw qrqvwd0

<Zh frxog lpdjlqh d d�2f �o yhfwru/ lpso|lqj dq lqwhusrodwlrq iurp dqqxdo wr
prqwko| gdwd1 Wklv surfhgxuh zrxog kdyh wkh dgydqwdjh wr xvh suredeo| pruh
dffxudwh dqqxdo gdwd dv d edvlv iru wkh lqwhusrodwlrq1 Rq wkh rwkhu kdqg/ lw zrxog
jlyh wkh Ndopdq �owhu wrr pxfk iuhhgrp lq wkh dgmxvwphqw wr pdwfk wkh dqqxdo
revhuydwlrqv1

43Qrw wuhdwhg lq wklv wh{w lv wkh lqwurgxfwlrq ri wkh vxp0xs frqvwudlqw e| dxj0
phqwlqj wkh vwdwh0vsdfh uhsuhvhqwdwlrq zlwk d cfxpxodwru ixqfwlrq* +S| zklfk df0
fxpxodwhv prqwko| JGS revhuydwlrqv lq d jlyhq txduwhu= +S| '

So

r'f
+|3r zkhuh

o ' f iru | ' �c ec .c � � � c A 3 2/ o ' � iru | ' 2c Dc Hc � � � c A 3 �/ dqg o ' 2 iru
| ' �c Sc bc � � � c A� Vhh Kduyh| +4<;<, iru pruh ghwdlov dqg Nreohu +4<<<, iru dq
dssolfdwlrq wr Vzlvv JGS1



477 SDUW LY

wlrqdu| vhulhv +prghov 4d0f,1 Frqwudvwlqj zlwk wkhvh DU prghov/

wkhuh duh wzr cqdlyh* prghov wkdw qhlwkhu iroorz dq DU surfhvv qru

lqfoxgh uhodwhg vhulhv1

Iljxuh 4= Ryhuylhz ri Lqwhusrodwlrq Prghov

BGW

AR(2)

 

 

interpolation models

no related 
series

related 
series

AR

no AR

no AR

AR

no

no

no

no

AR(2)

no

AR(1)

BGW

diag. 1a

diag.

diag.

diag.

diag.

diag.

diag.

diag.

diag.

AR(1)

1b

1c

1d

1e

2a

2b

2c

2d

2e

2f

Qrwh = Iluvw duurz froxpq glvsod|v fruuhfwlrq ri qrqvwdwlrqdulw|1 Vhfrqg duurz
froxpq frqfhuqv wkh uhvlgxdov irup1 Odvw froxpq glvsod|v prgho qxpehuv1
DU+5, vwdqgv iru dq DU+4, surfhvv lq �uvw gl�huhqfh uhzulwwhq dv dq DU+5,
lq ohyho> EJZ phdqv fruuhfwlrq dffruglqj wr Ehuqdqnh/ Jhuwohu/ dqg Zdwvrq
+4<<:,> { xvhv d �uvw gl�huhqfh rshudwru> lq devhqfh ri fruuhfwlrq grqh e| wkh
prgho/ zh phqwlrq cqr*> cgldj1* lqglfdwhv qr dxwrfruuhodwlrq lq wkh uhvlgxdov>
DU+4, vwdqgv iru uhvlgxdov iroorzlqj dq DU+4, surfhvv1

Krzhyhu/ lw lv qrw qhfhvvdu| wr uxq wkh Ndopdq �owhu/ ehfdxvh vlp0

soh fdofxoxv surgxfhv wkh vdph uhvxowv1 Iru hdfk txduwhu/ prgho 4g

uhwxuqv wkuhh htxdo prqwko| ydoxhv/ qdpho| wkh wklug ri wkh fruuh0

vsrqglqj txduwhuo| revhuydwlrq1 Wklv reylrxvo| lqglfdwhv wkdw wkh

Ndopdq �owhu fruuhfwv wkh hvwlpdwhv dw hdfk txduwhu wdnlqj lqwr df0

frxqw d srvvleoh wuhqg lq wkh gdwd1 Prgho 4h jlyhv iru hdfk txdu0

whu wkuhh prqwko| JGS iroorzlqj d txduwhuo| olqhdu wuhqg fhqwhuhg

durxqg wkh prqwko| phdq ri wkh txduwhu441 Zh wdnh prgho 4h dv rxu

44Prgho 4g qhhgv d frqvwdqw whup dv h{sodqdwru| yduldeoh lq rughu wr fdofxodwh
wkh wklug ri wkh txduwhuo| revhuydwlrq1 Prgho 4h lqwhusrodwhv prqwko| revhuyd0
wlrqv olqhduo| zlwklq d txduwhu/ zkhuh zh dvvxph wkdw zh fdq vsolw hdfk txduwhu
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ehqfkpdun ehfdxvh ri lwv lqwxlwlyh vhwxs1 Wkh vhfrqg fodvv ri prghov

lqwurgxfhv uhodwhg vhulhv lq rughu wr h{wudfw lqirupdwlrq iru wkh lqwhu0

srodwlrq ri prqwko| JGS1 Zlwklq wklv jurxs/ zh glvwlqjxlvk ehwzhhq

wkh dvvxpswlrqv wkdw prqwko| JGS grhv qrw iroorz dq DU surfhvv

+prghov 5d0g, dqg wkdw lw grhv +prghov 5h0i,1 Zh ixuwkhu hqulfk wklv

vhfrqg fodvv ri prghov zlwk gl�huhqw zd|v wr wuhdw qrqvwdwlrqdulw|

dqg zlwk gl�huhqw dvvxpswlrqv derxw prqwko| uhvlgxdov1

Lq wkh qh{w sdudjudskv/ zh vkrz wkh ydulrxv prghov 4d�f dqg

5d0i lq ghwdlo1

61515 Prghov zlwkrxw Uhodwhg Vhulhv

6151514 Prgho 4d Lq rxu �uvw prgho/ zh dvvxph wkdw wkh �uvw

gl�huhqfh ri prqwko| JGS iroorzv d vwdwlrqdu| DU+4, surfhvv �|| @

!�||3�. x| lq rughu wr wuhdw qrqvwdwlrqdulw|1 �|| lv wkh �uvw gl�hu0

hqfh ri prqwko| JGS/ ! lv d frh!flhqw frqvwudlqhg wr olh lqvlgh wkh

xqlw flufoh/ dqg x| lv d llg huuru whup zlwk glvwulexwlrq Q
�
3> �2�

�
1 Lq

rughu wr �qg d vwduwlqj ydoxh iru wkh JGS vhulhv/ lw lv lpshudwlyh wr

zulwh wklv DU+4, dv dq DU+5, ri wkh vhulhv lq ohyho45=

|| @ +4 . !, ||3� � !||32 . x|= +8,

Wklv htxdwlrq zulwwhq lq frpsdqlrq irup |lhogv wkh vwdwh htxdwlrq

+9, iru w @ 4> = = = > W zkhuh �| @
�
|| ||3� ||32

�
�

13
C ||n�

||
||3�

4
D @

3
C 4 . ! �! 3

4 3 3

3 4 3

4
D
3
C ||

||3�
||32

4
D

.

3
C 4 3 3

3 3 3

3 3 3

4
D
3
C x|n�

x|
x|3�

4
D +9,

Qrwh wkdw wklv irupxodwlrq vhwv F�
@ 3 lq htxdwlrq +6,1 Wkh revhu0

ydwlrq htxdwlrq lqfrusrudwhv wkh vxp0xs frqvwudlqw ohdylqj rxw wkh

+h{fhsw wkh �uvw rqh, lqwr dq lqlwldo ydoxh +|3� zklfk lv wkh odvw prqwk ri wkh
suhylrxv txduwhu dqg d vwhs _| iru | ' ec Dc � � � c A dffruglqj wr wkh iroorzlqj htxd0
wlrq= E)+|3� n _|� n E)+|3� n 2_|� n E)+|3� n �_|� ' +

n

| 1 Dv txduwhuo| JGS +
n

| /
wkh vwhs _| lv jlyhq hdfk prqwk/ _e ' f/ _D ' f/ dqg _S @ prqwko| vwhs ri
vhfrqg txduwhu/ hwf1 ) lv d vfdodu wkdw wdnhv rq � iru | ' Sc bc � � � c A dqg f iru
| ' ec Dc .c � � � c A 3 �1

45Wklv cwudqvirupdwlrq* |lhogv wkh vdph olnholkrrg dqg wkh vdph hvwlpdwru iru
� dv wkh ruljlqdo htxdwlrq lq �uvw gl�huhqfh1 Krzhyhu/ wklv irup kdv wkh fkdudf0
whulvwlf wr surgxfh d v|vwhp zlwk h{sorvlyh hljhqydoxhv1
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uhodwhg vhulhv1 Wklv lpsolhv d�| @ 31 k�| wdnhv rq wzr gl�huhqw ydoxhv

ghshqglqj rq wkh uhvshfwlyh prqwk=

|n| @ k�|�|> +:,

zkhuh k�| @

�
3 3 3

�
> iru w @ 4> 5> 7> 8> :> = = = > W � 4/

zkhuh k�| @

�
4 4 4

�
> iru w @ 6> 9> <> = = = > W 1

6151515 Prgho 4e Uhfhqwo|/ dq dowhuqdwlyh lqwhusrodwlyh phwkrg

zdv vxjjhvwhg e| Ehuqdqnh/ Jhuwohu dqg Zdwvrq +4<<:,1 Lw frqvlvwv

lq xvlqj JGS lqwhjudwhg ri rughu rqh +L+4,, zlwk d frlqwhjudwhg vhulhv

s| vxfk wkdw zh frpsxwh d qhz prqwko| vwdwlrqdu| vhulhv46 |r| @
+|
R|
1

s| lv d vfdolqj yduldeoh vxfk wkdw |r| lv qrqwuhqglqj1 Wklv dssurdfk

uholhv rq d fdofxodwhg pxowlsolfdwlyh frlqwhjudwlrq wkdw krogv dw erwk/

prqwko| dqg txduwhuo| iuhtxhqflhv1 Iru wkh g|qdplf vshfl�fdwlrq ri

|r| / qrz iruplqj wkh hohphqwv ri vwdwh yhfwru �|/ zh dvvxph wkh DU+4,

surfhvv |r| @ !|r|3� . x|1 Frpsduhg wr prgho 4d/ | lv uhsodfhg e|

|r/ dqg
�
! 3 3

�
ehfrphv wkh �uvw urz lq I1 Wkh revhuydwlrq

htxdwlrq lv dovr gl�huhqw ehfdxvh zh kdyh wr cqhxwudol}h* wkh glylvlrq

e| wkh L+4, vhulhv s|1 Wklv lv grqh e| frqvwudlqlqj wkh phdvxuhphqw

htxdwlrq lq vxfk d zd| wkdw txduwhuo| ydoxhv |n| duh uhvwruhg lq vhw0

wlqj d�| @ 3 dqg uhgh�qlqj yhfwru k�|=

|n| @ k�|�|> +;,

zkhuh k�| @

�
3 3 3

�
> iru w @ 4> 5> 7> 8> :> = = = > W � 4/

zkhuh k�| @

�
s| s|3� s|32

�
> iru w @ 6> 9> <> = = = > W 1

6151516 Prgho 4f Ilqdoo|/ Erpkr� +4<<7, vxjjhvwv xvlqj wkh

vhulhv lq ohyho dujxlqj wkdw wkh Ndopdq �owhu grhv qrw uhtxluh wkh xvhu

wr pdnh d gh�qlwh ghflvlrq derxw wkh qhhg iru gl�huhqflqj wkh gdwd1

Wkh Ndopdq �owhu r�huv dxwrpdwlf surfhvvlqj fdsdflw| iru d zlgh

udqjh ri qrqvwdwlrqdu| wlph vhulhv471 Khqfh/ zh zulwh grzq wkh odz

jryhuqlqj wkh surfhvv dv li wkh vhulhv zhuh vwdwlrqdu|= || @ !||3�.x|1

Wklv prgho lv vlplodu wr prgho 4d exw zlwk d �uvw urz ri pdwul{ I

gh�qhg dv
�
! 3 3

�
1

46Wkh udwlr +
r
| ' +w

Rw
lv fkrvhq dv d jhqhudo iudphzrun wkdw dyrlgv dvvxplqj d

sduwlfxodu frlqwhjudwlqj yhfwru zklfk lv lpsrvvleoh wr hvwlpdwh dw wkh prqwko|
ohyho1

47Wkh prghov zlwkrxw uhodwhg vhulhv dqg zlwkrxw DU surfhvvhv +4g dqg 4h,
kdyh douhdg| vxjjhvwhg wklv ihdwxuh1
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61516 Prghov zlwk Uhodwhg Vhulhv dqg zlwkrxw DU Vwuxf0

wxuh

D pdlq fulwlflvp ri prghov 4d0f lv wkdw wkh| h{wudfw vljqdov rqo|

iurp wkh suhvxphg vwrfkdvwlf surfhvv ri wkh ruljlqdo vhulhv zlwkrxw

dgglqj qhz lqirupdwlrq1 Zh frxog vshdn derxw cirro0|rxuvhoi* prg0

hov48 wr jhqhudwh prqwko| JGS1 Wkhuhiruh/ lw vhhpv wkdw zh zrxog

eh ehwwhu r� hqulfklqj wkh prgho zlwk dgglwlrqdo lqirupdwlrq1 Iru

wklv sxusrvh/ zh qrz lqfoxgh h{sodqdwru| vhulhv wkdw duh uhodwhg wr

wkh vhulhv wr lqwhusrodwh1

Lq doo wkh prghov/ zh pd| lqwurgxfh wkh uhodwhg vhulhv hlwkhu lq

wkh phdvxuhphqw htxdwlrq +7, iru wkh jhqhudol}hg ohdvw vtxduhv +JOV,

hvwlpdwru +prghov 5d0g,/ ru lq wkh vwdwh htxdwlrq +6, iru wkh Ndopdq

�owhu dojrulwkp +prghov 5h0i,1

6151614 Prgho 5d0e Fkrz dqg Olq +4<:4/ 4<:9, vkrz krz uh0

odwhg vhulhv fdq eh xvhg wr lqwhusrodwh orzhu iuhtxhqf| gdwd lq rughu

wr jhw kljkhu iuhtxhqf| gdwd zlwk d JOV hvwlpdwru1 Wkh| dvvxph

wkdw prqwko| JGS || lv ghvfulehg e| d vlpsoh uhjuhvvlrq ri || rq

o uhodwhg vhulhv {|/ lq pdwul{ qrwdwlrq |Cu7 @ [� . xCu7 / zkhuh

wkh yduldqfh0fryduldqfh ri wkh huuru whup lv Y @ H +xCu7x
�

Cu7,1

Wkh| dovr dvvxph wkh vdph uhodwlrqvkls dw wkh txduwhuo| ohyho= |n @

[n� . xn/ zkhuh [n lv d pdwul{ zlwk txduwhuo| dyhudjhv ri wkuhh

prqwkv ri uhodwhg vhulhv/ dqg Yn
@ H +xnxn�, d yduldqfh0fryduldqfh

pdwul{1 Yn lv wkxv d ixqfwlrq ri Y491

Wkh Ndopdq �owhu frq�jxudwlrq ri wkh Fkrz dqg Olq vhwxs/ gh�q0

lqj yhfwru �| dv vxjjhvwhg e| Kduyh| dqg Slhuvh +4<;7,/ lv=

�|n� @

3
C 3 3 3

4 3 3

3 4 3

4
D�| .

3
C 4 3 3

3 3 3

3 3 3

4
Dx|n�> +<,

|n| @ d�|{
W

| . k
�

|�|> +43,

zkhuh �| @

3
C || � {

�

|f

||3� � {
�

|3�f

||32 � {
�

|32f

4
D zlwk f @�

�
�> {W| @

S|

�'|32 {�/ k
�

| @

�
3 3 3

�
dqg d�| @ 3 iru w @ 4> 5> 7> 8> :> = = = > W � 4/ dqg k�| @

48Wkdqnv wr Pdun Zdwvrq iru eulqjlqj xs wklv h{suhvvlrq1
49 Lq rughu wr xvh lghqwlfdo frh!flhqwv � lq wkh prqwko| dqg txduwhuo| uhjuhv0

vlrqv/ Fkrz dqg Olq kdyh wr xvh d dA f �o yhfwru )Cu7 wkdw frqwdlqv �jxuhv wkuhh
wlphv odujhu wkdq wkh prqwko| hvwlpdwhv ri wkh Ndopdq �owhu vhwxs1
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�
4 4 4

�
dqg d�| @ f� iru w @ 6> 9> <> = = = > W 1 Dv wkh uhodwhg vhulhv

dqg wkhlu frh!flhqwv duh frqwdlqhg lq wkh vwdwh yhfwru/ zh vhw F�
@ 3

lq htxdwlrq +6, dqg uh0lqwurgxfh wkhp dv d�|{
W

| lq wkh revhuydwlrq

htxdwlrq1

Fkrz dqg Olq +4<:4/ 4<:9, gluhfwo| fdofxodwh d ehvw olqhdu xqel0

dvhg hvwlpdwru iru wkh prqwko| vhulhv iurp wkh wudfh plqlpl}dwlrq ri

wkh yduldqfh0fryduldqfh pdwul{ Y ^a|Cu7 `1 Dsso|lqj d JOV phwkrg/

wkh| dyrlg qxphulfdo rswlpl}dwlrq sureohpv frqwdlqhg lq wkh Ndopdq

�owhu surfhgxuh4: c4;1 Wkh hvwlpdwhv ri prqwko| JGS duh

a|Cu7 @ [a� .�+Y,ax
n

+44,

zkhuh a|Cu7 ghqrwhv wkh yhfwru ri wkh prqwko| hvwlpdwhv lq pdwul{

qrwdwlrq1 Wklv vshfldo �wwhg ydoxh kdv wzr sduwv= d wudglwlrqdo �wwhg

ydoxh [a� zlwk wkh lq xhqfh ri uhodwhg vhulhv dqg dq lqwhusrodwlrq0

fruuhfwhg uhvlgxdo whup �+Y,ax
n1

a� lv d JOV hvwlpdwru ri wkh uhjuhvvlrq ehwzhhq txduwhuo| JGS

gdwd |n dqg wkhlu ctxduwhuo|* uhodwhg vhulhv [n=

a� @

�
[n�

Yn3�

[n

�
3�

[n�

Yn3�

|n= +45,

Wkh zhljkwlqj pdwul{ lq wklv uhjuhvvlrq lv wkh lqyhuvh ri wkh yduldqfh0

fryduldqfh pdwul{ Yn ri wkh txduwhuo| uhvlgxdov xn1 Khqfh/ wkh dv0

vxpswlrqv derxw Y gluhfwo| lq xhqfh wkh glvwulexwlrq ri a� dqg wkh�
W � A

�

�
pdwul{ � iru wkh glvvhplqdwlrq ri wkh txduwhuo| uhvlgxdov

ryhu wkh prqwko| hvwlpdwhg JGS1 Wkhvh txduwhuo| uhvlgxdov duh fux0

fldo iru lqwhusrodwlrq/ ehfdxvh wkh wudglwlrqdo �wwhg prqwko| ydoxhv

4:Dsshqgl{ E ghvfulehv wkh Fkrz dqg Olq uhjuhvvlrq/ dqg Dsshqgl{ F vkrzv
wkdw wkh Ndopdq �owhu dqg wkh Fkrz dqg Olq uhjuhvvlrq |lhog wkh vdph hvwlpdwhv
e| pd{lpxp olnholkrrg1

4;Dq dowhuqdwlyh vwdwh0vsdfh irup surgxflqj wkh vdph uhvxowv lv wkh iroorzlqj=

3
C +|n�
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+|3�

4
D '

3
C f f f

� f f
f � f

4
D
3
C +|
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4
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D c +<*,

+
n

| ' �
�

|�|c +43*,

zkhuh ��| '
�
f f f

�
c iru | ' �c 2c ec Dc .c � � � c A 3 �/ dqg zkhuh ��| '�

� � �
�
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[a� gr qrw vxp xs wr txduwhuo| revhuydwlrqv1 Wkhuhiruh/ wkh uhvlgx0

dov xn pxvw eh cuhglvwulexwhg* wr wkh prqwko| JGS ydoxhv dffruglqj

wr wkh zhljkwlqj pdwul{ � wr fruuhfw wklv vkruwfrplqj1

Prghov 5d dqg 5e gl�hu lq Y1 Lq prgho 5d/ zh dvvxph wkdw wkh

yduldqfh0fryduldqfh ri wkh prqwko| uhvlgxdov Y lv d vlpsoh gldjrqdo

pdwul{ �2�Cu7LA 1 Lw lpsolhv wkdw Y
n/ wkh yduldqfh0fryduldqfh pdwul{

ri txduwhuo| uhvlgxdov lv htxdo wr
j2�Cu7

�
LA
�

/ dqg � lv htxdo wr LA
�


 l�1

Krzhyhu/ wkh gldjrqdo yduldqfh0fryduldqfh pdwul{ Y lv uduho|

vxssruwhg e| wkh gdwd1 D zd| wr lpsuryh wklv vhwwlqj lv wr doorz iru

vhuldo fruuhodwlrq lq wkh huuru whup1 Khqfh/ zh dvvxph iru wkh prgho

5e wkdw wkh huuru whup iroorzv dq DU+4,/ xCu7| @ (xCu7|3� . %|
zkhuh %| lv d zklwh qrlvh/ |lhoglqj d yduldqfh0fryduldqfh pdwul{=

Y @

3
EEEEEC

4 ( (2 = = = (A3�

( 4 (

(2 ( 4

111
1 1 1

111

(A3� = = = 4

4
FFFFFD

�20

4� (2
= +46,

Wklv vshfl�fdwlrq lqwurgxfhv d gl�huhqw a� dqg d qhz uhglvwulexwlrq

pdwul{ � ghshqglqj qrz rq (1 Wkh pruh ( whqgv wr }hur/ wkh pruh

wkh� pdwul{ frqyhujhv wr LA
�


l�1 Khqfh/ li wkh vhuldo dxwrfruuhodwlrq

lv vljql�fdqw/ uhglvwulexwlrq lv ohvv culjlg* wkdq lq prgho 5d/ dqg wkh

txduwhuo| uhvlgxdov duh qrw rqo| vsuhdg rxw ryhu wkhlu fruuhvsrqglqj

prqwkv exw dovr lq xhqfh prqwko| JGS ri vxuurxqglqj txduwhuv lq

d cvprrwkhu* zd|1

6151615 Prgho 5f0g D yduldwlrq ri prghov 5d0e/ dv vxjjhvwhg

e| Ghqwrq +4<:4,/ Ihuqdqgh} +4<;4,/ dqg Olwwhupdq +4<;6, lv wr

xvh �uvw gl�huhqfhv ri wlph vhulhv lq wkh uhjuhvvlrq lqvwhdg ri ohyhov

lq rughu wr dffrxqw iru qrqvwdwlrqdulw|/ vshfl�fdoo| qrw wuhdwhg lq

wkh Fkrz dqg Olq iudphzrun1 Lq prgho 5f/ wkh| dvvxph wkdw wkh

yduldqfh0fryduldqfh ri wkh huuru whup Y lv �2�Cu7LA dqg lq prgho

5g/ wkdw wkh huuru whupv iroorz dq DU+4, zlwk d yduldqfh0fryduldqfh

pdwul{ Y htxdo wr pdwul{ +46,1 Wkh| vxjjhvw hvwlpdwlqj a� zlwk d

zhljkwlqj pdwul{ htxdo wr wkh lqyhuvh ri wkh txduwhuo| htxlydohqw ri
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+G�Y�G,
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4
FFFD = +47,

Pdwul{ G lv d �uvw gl�huhqfh rshudwru1 Iurp wklv iroorzv wkdw pd0

wul{ � lpsolhv iru erwk prghov d qhz uhglvwulexwlrq ri wkh txduwhuo|

uhvlgxdov/ zkhuh d zhljkwhg prylqj dyhudjh ri txduwhuo| uhvlgxdov lv

jlyhq wr hdfk prqwko| hvwlpdwhg JGS1

61517 Prghov zlwk Uhodwhg Vhulhv dqg DU Vwuxfwxuh

6151714 Prgho 5h Lq dgglwlrq wr wkh lqwurgxfwlrq ri uhodwhg vh0

ulhv h{sodlqhg lq wkh suhylrxv fodvv ri prghov/ zh dvvxph khuh lq

dgglwlrq wkdw prqwko| JGS lv fkdudfwhul}hg e| dq DU vwuxfwxuh1

Wkh qrqvwdwlrqdulw| fruuhfwlrq lv vlplodu dv lq prgho 4d1 Diwhu wkh

lqfoxvlrq ri uhodwhg vhulhv wr prgho 4d/ wkh vwdwh htxdwlrq ehfrphv

htxdwlrq +9, soxv wkh whup F�{|n� zkhuh {|n� lqfoxghv o uhodwhg vh0

ulhv1

6151715 Prgho 5i Wklv prgho lv vlplodu wr prgho 4e zlwk dgghg

uhodwhg vhulhv1 Dv lq prgho 5h/ pdwul{ F� fkdudfwhul}hv wkhlu lpsdfw

rq prqwko| JGS1

� ����

��� �
���� �����	�
�� ���� �
���
� �
�

�

D nh| idfwru lq wkh suhvhqw lqwhusrodwlrq sureohp lv wkh vljqdo h{wudf0

wlrq iurp uhodwhg vhulhv1 Ehvlghv wkh dvvxpswlrq derxw wkh g|qdplfv

ri JGS/ uhodwhg vhulhv gdwd uhsuhvhqw wkh pdlq lqirupdwlrq vrxufh

iru lqwhusrodwlrq1 Wkhvh gdwd pxvw ixo�oo wzr uhtxluhphqwv1

Iluvw/ wkh| qhhg wr eh fruuhodwhg zlwk wkh vhulhv wr lqwhusrodwh1

Wkh kljkhu wkh v|vwhpdwlf frpryhphqwv zlwk JGS duh/ wkh vwurqjhu

lv wkh vljqdo wkdw fdq eh h{sorlwhg wr �oo wkh jdsv1 Li krzhyhu wkhuh lv

rqo| d prghvw lqirupdwlrq frqwhqw lq wkh uhodwhg vhulhv/ wklv frphv dw

wkh frvw ri qrlvh lqwurgxfhg lq wkh lqwhusrodwhg vhulhv1 Wkh fkrlfh ri

wkh uhodwhg vhulhv lv wkhuhiruh fuxfldo lq rughu wr vxffhvvixoo| hvwlpdwh

d vhulhv dw kljkhu iuhtxhqf|1
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Vhfrqg/ wkh uhodwhg vhulhv qhhg wr eh dydlodeoh lq wkh ghvluhg

kljkhu iuhtxhqf| ri wkh lqwhusrodwhg JGS1 Wkh idfw wkdw wkhuh duh qrw

pdq| pdfurhfrqrplf vhulhv dydlodeoh dw prqwko| iuhtxhqf| lpsrvhv

d vwurqj uhvwulfwlrq lq Vzlw}huodqg1 Wklv ohdgv xv wr xvh dovr iruhljq

yduldeohv wkdw duh fruuhodwhg zlwk wkh ghvluhg uhodwhg vhulhv1

Wkhvh wzr srlqwv uhtxluh d wkrurxjk lqyhvwljdwlrq iru wkh wdvn ri

fkrrvlqj wkh fruuhfw uhodwhg vhulhv1 Dphpl|d +4<;3, vxjjhvwv d mrlqw

vwudwhj| edvhg rq hfrqrplf0wkhruhwlf frqvlghudwlrqv dqg rq vwdwlvwl0

fdo hylghqfh1 Hfrqrplf lqwxlwlrq riwhq lqglfdwhv zklfk uhodwhg vhulhv

wr fkrrvh dqg zkdw ixqfwlrqdo irup wkh| vkrxog kdyh1 Pruhryhu/ lw

lv frqyhqlhqw wr kdyh d vlqjoh vwdwlvwlfdo phdvxuh wr fkrrvh uhodwhg

vhulhv wkdw surgxfh wkh cehvw* uhvxow1 Wkhvh wzr dvshfwv/ lqwxlwlyh

dssurdfk dqg fkrlfh phwulfv/ vkrxog eh ylhzhg dv iruplqj d vlqjoh

fkrlfh sdfndjh udwkhu wkdq ehlqj lq frpshwlwlrq zlwk hdfk rwkhu1

Wkh| doorz pdnlqj d �qdo fkrlfh ri wkh vhulhv zklfk zh xvh lq rxu

prghov1 Zh suhvhqw erwk hohphqwv ri wklv vhohfwlrq surfhvv lq ghwdlo

lq wkh iroorzlqj vhfwlrq1

���  !�
	
 �� �
���
� �
�

�

71514 Hfrqrplf Lqwxlwlrq

Wkh prvw qdwxudo zd| wr dssurdfk wkh vhulhv vhohfwlrq sureohp lv wr

vsolw xs JGS lqwr lwv h{shqglwxuh frpsrqhqwv/ sulydwh frqvxpswlrq

+F,/ sulydwh grphvwlf lqyhvwphqwv +L,/ jryhuqphqw h{shqvhv +J,/ dqg

qhw h{sruwv +[ �P,=

\ @ F . L .J.[ �P= +48,

Zlwk wkh h{fhswlrq ri h{sruwv dqg lpsruwv/ qrqh ri wkhvh vhulhv lv

dydlodeoh dw wkh kljkhu iuhtxhqf|1 Wkhuhiruh/ lw lv qhfhvvdu| wr lghq0

wli| uhodwhg vhulhv wkdw sur{| iru wkh ghvluhg frpsrqhqwv1

Dq dowhuqdwlyh wr euhdnlqj JGS lqwr lwv h{shqglwxuh frpsrqhqwv

lv wr ehqh�w iurp wkh fkdudfwhulvwlfv ri Vzlw}huodqg dv d vpdoo rshq

hfrqrp| dqg wkh lpsruwdqw frpryhphqw ehwzhhq grphvwlf dqg iru0

hljq exvlqhvv f|fohv1 Wdnlqj lqwr frqvlghudwlrq prqwko| iruhljq hfr0

qrplf lqglfdwruv doorzv xv wr fkrrvh wkh uhodwhg vhulhv iurp d eurdghu

gdwd vhw dv Vzlw}huodqg*v forvhvw wudgh sduwqhuv kdyh wudglwlrqdoo|

odujh vwdwlvwlfdo gdwdedvhv1
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71515 Vwdwlvwlfdo Hydoxdwlrq

Wkh fdvh glvfxvvhg khuh lv wkh vhdufk iru lqglylgxdo sur{| yduldeohv

lq hfrqrplf prghov4<c531 Vxssrvh/ zh lghqwli| d vhw ri uhodwhg gdwd

vhulhv [ rxw ri zklfk yduldeoh {& lv xqrevhuydeoh1 Ixuwkhupruh/ wkh

yduldeoh | wkdw zh zdqw wr lqwhusrodwh ghshqgv olqhduo| rq [1

|| @ �f . ��{�c| . �2{2c| . = = =. �&{&c| . = = =. x| +49,

Wkh jrdo lv wr fkrrvh wkh ehvw revhuydeoh sur{| iru {&1 Lq fdvhv

olnh wklv/ dq lqirupdo phwkrg riwhq dssolhg lv uhsodflqj {& zlwk wkh

yduldeoh }& zklfk |lhogv wkh kljkhvw U2 ri doo srvvleoh fdqglgdwhv lq

htxdwlrq +49,1 Ohdphu +4<;6, vkrzv wkdw li wkh sur{| yduldeohv duh

dvvxphg wr ghshqg olqhduo| rq {& dqg wkh huuru whupv duh dvvxphg wr

eh qrupdoo| llg/ wkh ehvw sur{| lv wkh rqh wkdw surgxfhv wkh kljkhvw

U21 Lq wkh xqlyduldwh uhjuhvvlrq }�c| @ ��{&c| . %�c|/ wkh sduwlfxodu

sur{| }� zklfk |lhogv wkh vpdoohvw yduldqfh �20� frxog eh gh�qhg dv

wkh ehvw rqh1 Ohdphu +4<;6, xvhv d olnholkrrg udwlr whvw wr vkrz wkh

xqdpeljxrxv qhjdwlyh uhodwlrqvkls ehwzhhq wkh yduldqfh ri wkh huuru

whup dqg U21

Dqrwkhu srsxodu phwkrg zklfk fdq eh dssolhg wr d zlghu udqjh

ri frpshwlqj prghov wkdq wkh rqh U2 fulwhulrq deryh lv wkh phwkrg

ri shqdol}hg olnholkrrg1 Wkh ehvw nqrzq h{dpsohv lq wklv fodvv ri

fulwhuld duh wkh Dndlnh +4<:7, Lqirupdwlrq Fulwhulrq +DLF, dqg wkh

Vfkzdu} +4<:;, Lqirupdwlrq Fulwhulrq +VLF,1 Lq wklv fodvv ri fulwhuld/

d whup wkdw dfwv wr sxqlvk dgglwlrqdo frh!flhqwv lv dgghg wr wkh

qhjdwlyh ri wkh olnholkrrg ixqfwlrq1 Vpdoohu ydoxhv ri wkh fulwhuld duh

suhihudeoh1

��� ���� �
�	�
��
��

Iru d orqj wlph/ Vzlw}huodqg kdv vwd|hg idu ehklqg rwkhu Hxurshdq

frxqwulhv lq wkh ghyhorsphqw ri hfrqrplf vwdwlvwlfdo gdwd1 Lq 4<<9/

dv sduw ri d uhirup surjudp/ qdwlrqdo dffrxqwlqj zdv dgdswhg wr

wkh Hxurshdq V|vwhp ri Lqwhjudwhg Hfrqrplf Dffrxqwv +HVD, :;541

4<Iurp wkh olplwhg  h{lelolw| lq dsso|lqj hfrqrplf wkhrulhv gxh wr gdwd dydlo0
delolw| uhvwulfwlrqv iroorzv wkdw wkh vwdwlvwlfdo hydoxdwlrq pxvw wdnh d pruh lp0
sruwdqw sodfh wkdq lw xvxdoo| zrxog dffruglqj wr Dphpl|d +4<;3,1

53Dw wklv vwdjh ri wkh wh{w/ zh ghvfuleh wkh gdwd vhohfwlrq zlwklq rqh jurxs ri
uhodwhg vhulhv dv ghvfulehg lq vhfwlrq 715141

54Xs wr dqg lqfoxglqj 4<<9/ Vzlvv JGS zdv uhfrughg iroorzlqj wkh RHFG 8;
vwdqgdug1 Dffruglqj wr wkh Ihghudo Vwdwlvwlfv R!fh/ lw lv sodqqhg wr dgrsw wkh
HVD <8 vwdqgdug zlwklq d ihz |hduv1
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Wkhuhdiwhu/ JGS zdv fdofxodwhg gl�huhqwo|1 Wkh Ihghudo Vwdwlvwlfv

R!fh gdwhg wkh vhulhv edfn wr 4<;3 vxfk wkdw wkhuh lv qrz d gdwd

vdpsoh ri pruh wkdq 4; |hduv ru :6 txduwhuo| revhuydwlrqv1 Wkh

�jxuhv wr eh lqwhusrodwhg duh gh dwhg dqg ghvhdvrqdol}hg551

Wkh uhodwhg vhulhv56 lq wkh qdwlrqdo dffrxqwlqj dssurdfk kdyh

ehhq lghqwl�hg dv uhwdlo vdohv {or wr sur{| iru sulydwh frqvxpswlrq

dqg dv qrq0xwlol}hg frqvwuxfwlrq ordqv wr sur{| iru lqyhvwphqw {?,1

Wkhvh prqwko| dydlodeoh sur{lhv kdyh ehhq vhohfwhg edvhg rq wkh

fulwhuld ghvfulehg lq wkh suhylrxv vhfwlrq1 Ixuwkhupruh/ zh lqfoxgh

h{sruwv {f dqg lpsruwv {� 1 Doo wkh vhulhv duh hqwhuhg lq ohyhov571

Jryhuqphqw h{shqglwxuh zdv gursshg lq wkh qdwlrqdo dffrxqwlqj

dssurdfk gxh wr lwv orz fryduldqfh zlwk wkh exvlqhvv f|foh1 Wklv

zrxog kdyh lqwurgxfhg wrr pxfk qrlvh dqg pruhryhu/ wkhuh lv qr

vhqvleoh sur{| iru lw dw prqwko| iuhtxhqf|1

Dv iruhljq vhulhv/ zh xvh d frpsrvlwh lqgh{58 ri LS {SJ6�R/ Eulwlvk

LS {�&�R/ dqg Jhupdq LS {Ko_�R1 LS duh wkh iruhljq prqwko| dydlodeoh

vhulhv wkdw pryh forvhvw zlwk wkh Vzlvv exvlqhvv f|foh ri doo wkh uhodwhg

iruhljq vhulhv frqvlghuhg +uhvxowv qrw uhsruwhg,1

Sulru wr hvwlpdwlrq/ zh kdyh h{foxghg vhyhudo srwhqwldo vhulhv

edvhg rq hfrqrplf dujxphqwv ru rq wkh vwdwlvwlfdo hydoxdwlrq ri wkh

suhylrxv vhfwlrq1 Iuhqfk LS/ Lwdoldq LS/ vxuyh| gdwd e| wkh NRI59/

oderu pdunhw �jxuhv/ h{fkdqjh udwhv/ dqg frpprglw| sulfhv zhuh

vwdwlvwlfdoo| holplqdwhg1 Zh kdyh qhlwkhu lqfoxghg yduldeohv wkdw kdyh

suryhg wr kdyh suhglfwlyh srzhu iru JGS vxfk dv wkh whup vsuhdg

ehfdxvh ri xquhdolvwlf dvvxpswlrqv rq wkh ohdg0odj uhodwlrqvkls wkdw

zrxog kdyh ehhq qhfhvvdu|1 Wdeoh 4 dqg �jxuh 5 jlyh dq ryhuorrn

ryhu wkh uhodwhg vhulhv xvhg lq wklv sdshu1

55Ghvhdvrqdol}dwlrq zdv h{hfxwhg xvlqj wkh [452DULPD phwkrg ri wkh XV
Exuhdx ri Fhqvxv1

56Doo wkh vhulhv/ zlwk wkh h{fhswlrq ri uhdo JGS jlyhq e| wkh Vwdwh Vhfuhwduldw
iru Hfrqrplf D�dluv/ duh surylghg e| Gdwdvwuhdp1

57Wkh prghov wudqvirup wkh ohyho yhfwruv lqwr wkh ghvluhg irup1
58 LS ri 8 frxqwulhv +pdmru wudgh sduwqhuv ri Vzlw}huodqg, duh zhljkwhg dffruglqj

wr wkh vkduh ri Vzlvv h{sruwv wr wkh uhvshfwlyh frxqwulhv lq 4<<91
59 Lqvwlwxwh iru Exvlqhvv F|foh Uhvhdufk ri wkh Vzlvv Ihghudo Lqvwlwxwh ri Whfk0

qrorj|/ ]xulfk1
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Wdeoh 4= Gdwd Ghvfulswlrq

Ghvfulswlyh Vwdwlvwlfv

> j DU+4, ME DGI

}_R 4166 51<8 3158 3138 0716;-
%
or 6153 7915< 03198- ::1;;- 044137-

%
?, 031<: 5416< 3158- 4<<14;- 051<;-

%
f 713< 7<136 0318:- 8614:- 0:1<4-

%
� 715< 84144 03194- ;8185- 0;139-

%
Ko_�R 4173 541:6 03176- 46:318;- 09159-

%
�&�R 4164 4614: 03155- 91:4- 08163-

%
SJ6�R 4185 45149 03165- 9;186- 08196-

G|qdplf Fruuhodwlrqv zlwk }_R

3� 32 3� f � 2 �

%
or 3134 3145 03134 313< 3146 3145 3135

%
?, 3163 316: 3163 3156 3156 3147 3149

%
f 3143 3148 314; 3159 3158 03135 0313:

%
� 3149 314: 3153 313< 3159 03138 3136

%
Ko_�R 3136 3145 3167 3158 3168 3154 3147

%
�&�R 3136 313< 314: 3138 03134 0313< 0314:

%
SJ6�R 3138 314; 3174 315: 3163 314< 313<

Qrwh = Dqqxdol}hg vwdwlvwlfdo �jxuhv duh fdofxodwhg iru txduwhuo| jurzwk udwhv
ri JGS dqg iru prqwko| jurzwk udwhv iru doo rwkhu yduldeohv1 }_R @ Jurvv
grphvwlf surgxfw> %or @ Ydoxh ri uhwdlo vdohv> %?, @ Qrq0xwlol}hg frqvwuxfwlrq
ordqv> %f @ H{sruwv yroxph> %� @ Lpsruwv yroxph> %Ko_�R @ LS lq Jhupdq|>
%
�&�R @ LS lq XN> %SJ6�R @ Frpsrvlwh lqgh{ ri LS1 Doo yduldeohv h{fhsw %SJ6�R

duh vhdvrqdoo| dgmxvwhg1 > @ Phdq> j @ Vwdqgdug ghyldwlrq> DU+4, @ Iluvw0
rughu dxwruhjuhvvlyh frh!flhqw> ME @ Mdutxh0Ehud whvw> DGI @ Dxjphqwhg
Glfnh|0Ixoohu whvw1 Qxoo k|srwkhvhv= l, �uvw0rughu DU frh!flhqw whvw/ Kf=
DU0frh!flhqw @ f> ll, ME whvw/ Kf= qrupdo glvwulexwlrq> lll, DGI whvw/ Kf=
xqlw urrw1 Uhmhfwlrq ri wkh qxoo k|srwkhvlv dw wkh 4( vljql�fdqfh ohyho +-, dqg
dw wkh 8( vljql�fdqfh ohyho +--,1 G|qdplf fruuhodwlrqv zlwk }_R duh furvv0
fruuhodwlrqv ri odjv dqg ohdgv +ehwzhhq 06 dqg 6, ri txduwhuo| jurzwk udwh ri
uhodwhg vhulhv zlwk txduwhuo| JGS jurzwk udwh1 Vrxufh= Gdwdvwuhdp dqg Vwdwh
Vhfuhwduldw iru Hfrqrplf D�dluv1

Gxulqj wkh 4; |hduv ri revhuydwlrqv/ wkh vwdwh ri wkh Vzlvv hfrq0

rp| fdq eh urxjko| glylghg lqwr wzr sduwv1 Iljxuh 5 fohduo| vkrzv

wkh skdvhv ri hfrqrplf jurzwk dqg survshulw| lq wkh hljkwlhv dqg ri

vwdjqdwlrq lq wkh qlqhwlhv1 Gxulqj lwv uhfhvvlrq/ Vzlw}huodqg h{kle0

lwhg wkh orzhvw uhdo JGS jurzwk ri doo Hxurshdq frxqwulhv5:1

5:Zh ghflghg qrw wr wdnh lqwr dffrxqw wklv vwuxfwxudo euhdn lq wkh hvwlpdwlrq
ri wkh Ndopdq sdudphwhuv1 Lw zrxog phdq wr frpelqh rxu lqwhusrodwlrq prghov
zlwk wlph0ydu|lqj sdudphwhuv jhqhudoo| ghdow zlwklq wkh Ndopdq �owhu iudphzrun
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Wdeoh 4 uhsruwv edvlf vxppdu| vwdwlvwlfv ri wkh txduwhuo| dqg

prqwko| vhulhv xvhg iru lqwhusrodwlrq1 Iroorzlqj wkh lqwhjudwlrq uh0

vxowv iurp �jxuh 5 dqg iurp dxjphqwhg Glfnh|0Ixoohu +DGI, whvwv

iru doo wkh yduldeohv +qrw uhsruwhg,/ zh �qg wkdw doo wkh vhulhv lq ohy0

hov duh qrqvwdwlrqdu|1 Khqfh/ zh uhsruw wkh uhvxowv iru jurzwk udwhv1

Wkh DGI whvwv dqg wkh DU+4, uhjuhvvlrqv frqfhuqlqj wkh jurzwk

udwhv frq�up wkdw wkh ohyho ri wkh vhulhv lv qrw vwdwlrqdu|1 Wkh gli0

ihuhqw ydoxhv ri wkh frqwhpsrudu| furvv0fruuhodwlrqv dovr frq�up wkh

uhtxluhphqw ri wkh frpryhphqwv ri wkh uhodwhg vhulhv zlwk txduwhuo|

JGS1

Iljxuh 5= JGS dqg Uhodwhg Vhulhv
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ru zlwk wkh xvh ri gxpp| yduldeohv1 Krzhyhu/ dv vkrzq zlwk rxu fdofxoxv prg0
hov/ wkh Ndopdq �owhu frqvlghuv wkh fkdqjlqj wuhqg ryhu wlph lq frpsxwlqj wkh
prqwko| hvwlpdwhv1
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Iljxuh 5 Frqwlqxhg

60000

64000

68000

72000

76000

80000

84000

80 82 84 86 88 90 92 94 96

200

220

240

260

280

300

320

340

360

380

400

420

Exports Volume

60000

64000

68000

72000

76000

80000

84000

80 82 84 86 88 90 92 94 96

200

220

240

260

280

300

320

340

360

380

400

Imports Volume

60000

64000

68000

72000

76000

80000

84000

80 82 84 86 88 90 92 94 96

260

280

300

320

340

360

380

400

Composite Index of IP



Prqwko| JGS Lqwhusrodwlrq 48:

Iljxuh 5 Frqwlqxhg
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Qrwh = JGS xvhv vrolg olqh lq plr FKI> uhodwhg vhulhv xvh gdvkhg olqh1 Qrq0
xwlol}hg frqvwuxfwlrq ordqv lq plr FKI/ rwkhu uhodwhg vhulhv dv lqgh{ srlqwv1
Vrxufh= Gdwdvwuhdp dqg Vwdwh Vhfuhwduldw iru Hfrqrplf D�dluv1

Ilqdoo|/ wkhvh furvv0fruuhodwlrqv dovr vkrz zk| zh rqo| frqvlghu frq0

whpsrudu| uhodwlrqvklsv ehwzhhq wkh uhodwhg vhulhv dqg wkh txduwhuo|

JGS1 Lw lv gl!fxow wr �qg urexvw ohdgv dqg odjv 0 wkh vr0fdoohg vw|o0

l}hg idfwv ri wkh exvlqhvv f|fohv olwhudwxuh 0 ehwzhhq JGS dqg rxu

sur{| yduldeohv1

Zh dovr shuirup d Mrkdqvhq +4<<4, whvw lq rughu wr fkhfn iru

frlqwhjudwlrq wkdw lv qhhghg iru wkh hydoxdwlrq ri wkh dssolfdelolw|

ri wkh Ehuqdqnh/ Jhuwohu dqg Zdwvrq +4<<:, dssurdfk1 Lw lv qdwxudo

wr dvvxph wkdw {or lv prylqj dorqj zlwk JGS1 Zh wkhuhiruh whvw
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wkh txduwhuo| sur{| iru frlqwhjudwlrq1 Wkh whvw uhvxowv uhmhfw wkh

k|srwkhvlv ri qr frlqwhjudwlrq dw wkh 4( vljql�fdqfh ohyho1 Wkhvh

uhvxowv duh glvsod|hg lq wdeoh 51

Wdeoh 5= Frlqwhjudwlrq Whvw ri }_R dqg %
or

;3=340<:=45

D Kf K@ OU E Kf K@ OU

D4 3 5 58144- E4 3 4 5616;-
D5 4 5 41:6 E5 4 5 41:6

Qrwh = Frlqwhjudwlrq whvwv duh shuiruphg zlwk txduwhuo| gdwd1 }_R @ Jurvv
grphvwlf surgxfw> %or @ Ydoxh ri uhwdlo vdohv1 Kf @ qxoo k|srwkhvlv> K@ @
dowhuqdwlyh k|srwkhvlv> iru hdfk k|srwkhvlv/ jlyhq �jxuh lv qxpehu ri frlq0
whjudwlrq uhodwlrqv> OU @ olnholkrrg udwlr vwdwlvwlf1 Whvwv duh uxq dvvxplqj
olqhdu wuhqg lq gdwd dqg dq lqwhufhsw lq wkh frlqwhjudwlqj htxdwlrq dqg lq wkh
yhfwru dxwruhjuhvvlrq1 Wzr odjv duh lqfoxghg1 Whvw D/ qxoo k|srwkhvlv ri �
frlqwhjudwlqj uhodwlrqv djdlqvw wkh dowhuqdwlyh ri qr frlqwhjudwlrq1 OU lv wkh
zhljkwhg vxp ri wkh E�3 ��0vpdoohvw hljhqydoxhv1 Whvw E/ qxoo k|srwkhvlv ri
� frlqwhjudwlqj uhodwlrqv djdlqvw wkh dowhuqdwlyh ri �n � uhodwlrqv1 OU lv wkh
zhljkwhg �

|� odujhvw hljhqydoxh1 Uhmhfwlrq ri wkh qxoo k|srwkhvlv dw wkh 4(
vljql�fdqfh ohyho +-, dqg dw wkh 8( vljql�fdqfh ohyho +--,1

Zh gr qrw uhsruw wkh whvwv ri rwkhu srwhqwldoo| frlqwhjudwhg ydul0

deohv zlwk dq hfrqrplf lqwhusuhwdwlrq1 Doo wkh whvwv uhyhdo wkdw rqo|

wkh txduwhuo| JGS dqg {or duh frlqwhjudwhg1 Khqfh/ zh xvh {or hl0

wkhu dv d uhodwhg vhulhv ru dv wkh ghwuhqglqj vhulhv s| lq wkh Ehuqdqnh/

Jhuwohu dqg Zdwvrq +4<<:, iudphzrun5;1 Vlqfh zh fdqqrw gluhfwo|

whvw wkh qhfhvvdu| pxowlsolfdwlyh frlqwhjudwlrq/ dq DGI whvw rq wkh

txduwhuo| htxlydohqw ri |r @ +

%or
uhyhdov wkdw wklv udwlr lv vwdwlrqdu|

dw wkh 4( vljql�fdqfh ohyho1

" �
�����

"�� #$
�$

%

Wkh lqwhusrodwlrq uhvxowv duh glvsod|hg lq wdeoh 61 Lw frqwdlqv iru

hdfk prgho vwdwlvwlfdo lqirupdwlrq derxw wkh hvwlpdwhg vhulhv iru wkh

5;Wr suhyhqw wkh ghwuhqglqj vhulhv iurp lqwurgxflqj h{fhvvlyh yrodwlolw| lq wkh
v|vwhp/ zh wdnh rqo| wkh orz iuhtxhqf| sduw ri %or diwhu Krgulfn0Suhvfrww �owhulqj1
Wkh pdlq remhfwlyh ri ghwuhqglqj JGS fdq vwloo eh pdlqwdlqhg1
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shulrg 4<;404<<:5<c63/ wkh uhodwhg vhulhv/ wkh lqirupdwlrq fulwhulrq/

wkh orj0olnholkrrg/ dqg nh| lqglfdwruv iru wkh dqqxdol}hg jurzwk udwh

ri wkh prqwko| lqwhusrodwhg JGS1 Wzr phdq0vtxduhg huuruv +PVH,

iru wkh hydoxdwlrq ri wkh prghov duh jlyhq1 Wkh �uvw rqh lv ehwzhhq

wkh ohyho ri wkh lqwhusrodwhg ehqfkpdun +prgho 4h, dqg wkh lqwhusr0

odwhg vhulhv ri hdfk prgho/ uhvshfwlyho|1 Wkh vhfrqg rqh lv wkh PVH

ehwzhhq wkh revhuyhg txduwhuo| JGS dqg d vlpxodwhg txduwhuo| lq0

whusrodwhg JGS iurp dqqxdo gdwd zlwklq wkh prgho lq txhvwlrq lq

rughu wr frpsduh krz wkh lqwhusrodwlrq prgho zrxog kdyh shuiruphg

dw d iuhtxhqf| zkhuh prghov fdq eh vhohfwhg xqdpeljxrxvo| edvhg

rq dq dydlodeoh gdwd vhw1

Wdeoh 6= Lqwhusrodwlrq Uhvxowv

Prgho 4/ 4d 5/ 4f 6/ 5d 7/ 5d

Vhulhv 0 0 %
SJ6�R

%
?,

DLF ;138 4313; 47199 4:164
orj O 0895189 08:6174 096918< 0:66166
> 4165 4166 4153 4158
j 7163 8144 <1<6 8155
DU+4, 3154- 3139 0316:- 03135
ME 63;139- 4818<- 4513<-- 4<5146-
DGI 0817:- 081<9- 081:<- 08163-
4h 8:184 9716< 469193 ;7173
DT 77619< 6:<193 7871;5 78915:

Prgho 8/ 5d 9/ 5e :/ 5e ;/ 5e

Vhulhv %
orc?,cfc�

%
SJ6�R

%
?,

%
orc?,cfc�

DLF 46139 481;< 4:165 46167
orj O 08:816; 09;4198 0:661<: 08;81:3
> 415: 415< 4163 4174
j 47146 9175 617< 45154
DU+4, 03186- 03147-- 31:6- 03186-
ME 51:: 4:1<6- 491;6- 3185
DGI 09173- 08186- 07153- 091;8-
4h 4:<1;3 <7158 98149 486196
DT 7<;157 693173 6441:5 7:3193

5<Gxh wr lqlwldo rvfloodwlrqv xvlqj wkh Ndopdq �owhu/ zh glvfdug wzhoyh prqwkv
ri revhuydwlrqv/ zklfk rwkhuzlvh zrxog kdyh lq xhqfhg wkh uhvxowv1

63Qrwh wkdw zh lqwhusrodwh JGS zlwk lqirupdwlrq wkdw lv dydlodeoh h{ srvw1
Wklv hqvxuhv wkdw prqwko| ydoxhv vxp wr wkh txduwhuo| revhuydwlrqv1 Lq fhuwdlq
hpslulfdo vwxglhv/ wkh prqwko| exvlqhvv f|foh lqglfdwru vkrxog uhsuhvhqw wkh lqiru0
pdwlrq vhw ri ghflvlrq pdnhuv lq wkh uhvshfwlyh shulrg1 Lq Vzlw}huodqg/ txduwhuo|
JGS lv sxeolvkhg derxw 43 zhhnv diwhu wkh uhihuhqfh txduwhu1 Lq wklv fdvh/ zh uhf0
rpphqg wr xvh d vhulhv qrw lq xhqfhg e| wkh vxp0xs frqvwudlqw1 Wkh suhvhqwhg
phwkrgv jhqhudwh vxfk d vhulhv dv d e|0surgxfw +qrw uhsruwhg,1
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Wdeoh 6 Frqwlqxhg

Prgho </ 5f 43/ 5f 44/ 5f 45/ 5g

Vhulhv %
SJ6�R

%
?,

%
orc?,cfc�

%
SJ6�R

DLF 48196 47175 4716; 4815:
orj O 09::1<: 095:144 0956185 09971;<
> 4163 4163 4167 415:
j 6198 6184 7199 91;3
DU+4, 3196- 31:5- 3147-- 03156-
ME 918;-- 481<6- <195- 46178-
DGI 07163- 0714:- 0818:- 071<4-
4h 9915< 9817: :8166 437196
DT 6:61<< 64<16; 5;41;: 67919<

Prgho 46/ 5g 47/ 5g 48/ 5h 49/ 5h

Vhulhv %
?,

%
orc?,cfc�

%
?,

%
orc?,cfc�

DLF 47163 4713< ;138 ;137
orj O 09551;9 09471;6 0895188 0895188
> 415; 4168 415; 415<
j 719< :1<9 7163 718;
DU+4, 3143 03169- 3155- 3144
ME 665196- 4813;- 639183- 4891;6-
DGI 071<5- 08196- 08178- 08189-
4h ;41;6 43;186 8:15< 931;7
DT 6;;1;6 6:9193 6;7199 73718<

Qrwh = %or @ Ydoxh ri uhwdlo vdohv> %?, @ Qrq0xwlol}hg frqvwuxfwlrq ordqv> %f @
H{sruwv yroxph> %� @ Lpsruwv yroxph> %SJ6�R @ Frpsrvlwh lqgh{ ri LS1 Doo
hvwlpdwlrqv lqfoxgh d frqvwdqw/ prghov 5f dqg 5g wudqvirup wlph wuhqg lqwr
frqvwdqw1 Ghvfulswlyh vwdwlvwlfv duh iru dqqxdol}hg jurzwk udwhv ri wkh lqwhusr0
odwhg JGS iru 4<;404<<:1 orj O @ Ydoxh ri orj0olnholkrrg ixqfwlrq> > @ Phdq>
j @ Vwdqgdug ghyldwlrq> DU+4, @ Iluvw0rughu dxwruhjuhvvlyh frh!flhqw> ME @
Mdutxh0Ehud whvw> DGI @ Dxjphqwhg Glfnh|0Ixoohu whvw1 Qxoo k|srwkhvhv= l,
�uvw0rughu DU frh!flhqw whvw/ Kf= DU0frh!flhqw @ f> ll, ME whvw/ Kf= qrupdo
glvwulexwlrq> lll, DGI whvw/ Kf= xqlw urrw1 Uhmhfwlrq ri wkh qxoo k|srwkhvlv
dw wkh 4( vljql�fdqfh ohyho +-, dqg dw wkh 8( vljql�fdqfh ohyho +--,1 4h @
Urrw0PVH zlwk 4h iru 4<;404<<:> DT @ Urrw0PVH Dqqxdo<Txduwhuo| iru
4<;504<<91

Qrwh/ wkdw wdeoh 6 lv frqvwuxfwhg lq rughu wr hydoxdwh wkh prghov

zlwk uhvshfw wr wzr edvlf gluhfwlrqv1 Iluvw/ lw lv lpsruwdqw wr nqrz

zkhwkhu wkh lqfoxvlrq ri uhodwhg vhulhv +fodvv 5, shuirupv ehwwhu wkdq

wkh cirro0|rxuvhoi* fodvv 41 Vhfrqg/ zh lqyhvwljdwh wkh dssursuldwh

wuhdwphqw ri qrqvwdwlrqdulw| dqg dqdo|}h zkhwkhu dsso|lqj uhfhqw

whfkqltxhv shuirup ehwwhu wkdq wudglwlrqdo rqhv1
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Lw lv ghvludeoh wr kdyh dq hfrqrplf prgho xqghuo|lqj wkh lqwhusr0

odwlrq lqvwhdg ri d sxuho| hfrqrphwulf dqg phfkdqlfdo surfhgxuh1

Hfrqrphwulfdoo|/ wkh frqfoxvlrq zkhwkhu wr lqfoxgh uhodwhg vhulhv ru

qrw lv krzhyhu dpeljxrxv1 DLF dqg olnholkrrg udwlr whvwv vkrz wkdw

lqwurgxflqj uhodwhg vhulhv grhv qrw dozd|v hqkdqfh wkh shuirupdqfh

ri wkh lqwhusrodwlrq dv lw lqyroyhv frvwv ri dgglwlrqdo qrlvh lq wkh

lqwhusrodwhg vhulhv1 Doo wkh prghov jhqhudwlqj wrr pxfk yrodwlolw|

uhodwlyh wr wkh dqqxdol}hg vwdqgdug ghyldwlrq ri wkh txduwhuo| JGS

hvwlpdwhv duh qrw glvsod|hg lq wdeoh 6 dv wkh| duh hfrqrplfdoo| qrw

phdqlqjixo641

Uhodwhg vhulhv frxog srvvleo| euhdn wkh uhjxodu sdwwhuq zlwklq

d txduwhu/ surgxfhg e| doo lqwhusrodwlrq surfhgxuhv zlwkrxw uhodwhg

vhulhv651 Krzhyhu/ dv vkrzq lq �jxuh 6/ vhulhv 49 iru h{dpsoh lv

qrw deoh wr euhdn wkh sdwwhuq1 Wkh �jxuh vkrzv prqwko| hvwlpdwhv

dqg wkh sxeolvkhg txduwhuo| JGS661 Wkh f|folfdo sdwwhuq zlwklq wkh

txduwhu/ looxvwudwhg rq wkh erwwrp/ lv dq dyhudjh gl�huhqfh iru wkh

wkuhh prqwkv zlwklq wkh txduwhu ehwzhhq vhulhv 49 dqg wkh ehqfk0

pdun 4h iru jurzwk dqg ghfolqh shulrgv/ uhvshfwlyho|1 Wkh ghyldwlrqv

duh vljql�fdqw iru wkh �uvw dqg wkh odvw revhuydwlrq zlwklq wkh txdu0

whu dqg ohdg xv wr uhmhfw wkh prgho iru hfrqrplf uhdvrqv1 Pruhryhu/

zh �qg wkdw/ lq doo vhulhv ri w|sh 5h/ wkh lqfoxvlrq ri uhodwhg vhulhv/

uhodwlyh wr prgho 4d/ hyhq h{dfhuedwhv wkh sdwwhuq1

Wkh vxjjhvwlrq ri Erpkr� +4<<7, wkdw wkh Ndopdq �owhu dffrxqwv

iru qrqvwdwlrqdulw| fdqqrw eh jhqhudol}hg iru lqwhusrodwlrq zlwk DU

vwuxfwxuh lq wkh vwdwh htxdwlrq1 H{sorvlyh hljhqydoxhv/ uhvsrqvleoh

iru wkh sdwwhuq/ duh lqwurgxfhg lq prghov 4d dqg 5h e| frqvwuxfwlrq1

64Zh uhvwulfw rxuvhoyhv wr prghov wkdw surgxfh vhulhv zlwk dq dqqxdol}hg vwdq0
gdug ghyldwlrq orzhu wkdq �yh wlphv wkh yduldelolw| ri wkh jurzwk udwh ri wkh r!fldo
txduwhuo| JGS hvwlpdwhv +�DI,1 Frpsdulvrqv ehwzhhq prqwko| dqg txduwhuo|
ydoxhv ri lqgxvwuldo surgxfwlrq jurzwk lq ydulrxv frxqwulhv vkrz wkdw wkh dqqx0
dol}hg ydoxhv ri prqwko| vwdqgdug ghyldwlrq duh wzr wr �yh wlphv kljkhu wkdq
txduwhuo| rqhv zklfk vhuyh dv d uhihuhqfh1

65Wkh sdwwhuq lv v|vwhpdwlfdoo| frqyh{ ru frqfdyh li wkh prgho kdv dq DU
vwuxfwxuh/ ghshqglqj rq jurzwk vwdwh ri wkh hfrqrp|1 Prqwko| JGS hvwlpdwhv
surgxfhg e| prgho 4h duh olqhdu dqg prgho 4g surgxfhv prqwko| hvwlpdwhv zklfk
htxdo rqh wklug ri wkh fruuhvsrqglqj txduwhuo| JGS1

66Wkh wkuhh prqwkv ri hdfk txduwhu vxp wr wkh ydoxh ri wklv txduwhu1 Krzhyhu/
wkh olqh ri wkh prqwko| lqwhusrodwhg JGS grhv qrw h{dfwo| sdvv wkurxjk wkh
srlqwv ri txduwhuo| JGS dv wkh iruphu lv vfdohg e| d idfwru ri rqh wklug1 Wkh idfw
wkdw wkh vtxduhv duh qrw h{dfwo| rq wkh olqh fdqqrw eh lqwhusuhwhg dv d txdolw|
lqglfdwru1
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Lq prgho 4f/ wkh sdwwhuq lv lpsolhg e| hvwlpdwlqj d ! forvh wr rqh1

Zh holplqdwh wkh sdwwhuq e| uhprylqj lwv vrxufh/ wkh DU vwuxfwxuh/

dqg zh xvh prghov 5d0g zklfk dvvxph qr DU surfhvv1

Uhjduglqj wkh wzr vhwv ri uhodwhg vhulhv/ rqh revhuyhv wkdw lq

jhqhudo/ uhodwhg vhulhv edvhg rq wkh rshq hfrqrp| dvvxpswlrq lqwur0

gxfh ohvv yrodwlolw| lq wkh jhqhudwhg jurzwk udwhv wkdq wkh qdwlrqdo

dffrxqwlqj yduldeohv1 Iru wkh uhodwhg vhulhv {SJ6�R dqg {?, wklv uh0

odwlrq lv uhyhuvhg671 Krzhyhu/ lqfoxglqj dgglwlrqdo yduldeohv lq wkh

qdwlrqdo dffrxqwlqj dssurdfk lqfuhdvhv wkh yrodwlolw| frqvlghudeo|1

Wr ixuwkhu lqyhvwljdwh wkh fkdudfwhulvwlfv ri wkh prvw dssursuldwh uh0

odwhg vhulhv/ qrwh wkdw zlwklq hdfk prgho wkh orj0olnholkrrg ydoxhv

vkrz wkdw wkh qdwlrqdo dffrxqwlqj dssurdfk lv suhihudeoh hyhq li qrw

dozd|v vljql�fdqwo|1

Dqrwkhu hydoxdwlrq fulwhulrq lv wkh PVH ri d prgho vhulhv zlwk

uhvshfw wr wkh ehqfkpdun 4h1 Wkh uhvxowv lqglfdwh wkdw lq jhqhudo

dgglqj uhodwhg vhulhv lqfuhdvhv wkh PVH uh hfwlqj dq lqfuhdvh lq

yrodwlolw| dv wkh prghov ghyldwh pruh iurp wkh vprrwk ehqfkpdun1

Iljxuh 6= Lqwhusrodwhg Vhulhv zlwk Sdwwhuq
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67Ri doo wkh vhulhv wkdw frxog qrw eh glvwlqjxlvkhg e| vwdwlvwlfdo hydoxdwlrq lq
vhfwlrq 71515/ %SJ6�R lv irxqg wr eh wkh prvw xvhixo uhodwhg vhulhv ri wkh rshq
hfrqrp| dssurdfk1 Uhvxowv xvlqj %

Ko_�R dqg %
�&�R duh wkhuhiruh qrw uhsruwhg lq

wdeoh 61
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Iljxuh 6 Frqwlqxhg

1st Month
Growth

2nd Month
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3rd Month
Growth

1st Month
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2nd Month
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3rd Month
Decline
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37

Qrwh = Lqwhusrodwhg prqwko| JGS +uljkw0kdqg vfdoh, lv uhsuhvhqwhg e| wkh
vrolg olqh> vtxduhv uhsuhvhqw wkh sxeolvkhg txduwhuo| JGS hvwlpdwhv +ohiw0kdqg
vfdoh,1 Vhulhv dqg sdwwhuqv lq plr FKI1 Vrolg uhfwdqjoh @ Sdwwhuq> Gdvkhg
uhfwdqjoh @ w0glvwulexwhg fulwlfdo ydoxh1

Dv wklv fulwhulrq lv d udwkhu vriw rqh dqg dv wkhuh duh prghov zlwk

wkh frqwudu| h�hfw/ lw grhv qrw vhhp vxlwdeoh iru prgho hydoxdwlrq1

Pruhryhu/ rxu ehqfkpdun lv pdlqo| irxqghg rq sudfwlfdo uhdvrqv

dqg khqfh/ fdqqrw eh uhjdughg dv dq remhfwlyh phdvxuh iru prgho

hydoxdwlrq1
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Wkh frpsdulvrq ehwzhhq gl�huhqw lqwhusrodwlrq vhwxsv dqg wkh txhv0

wlrq zkhwkhu prghuq vhwxsv shuirup ehwwhu wkdq wudglwlrqdo rqhv duh

forvho| olqnhg wr wkh wuhdwphqw ri vwdwlrqdulw|1 Iluvw ri doo/ zlwklq

wkh uhjuhvvlrq0edvhg phwkrgv wkh fruuhfwlrq iru qrqvwdwlrqdulw| sur0

srvhg e| Ghqwrq dqg Ihuqdqgh} +GI/ prgho 5f, surgxfhv uhvxowv

wkdw duh txdolwdwlyho| rqo| voljkwo| ehwwhu wkdq wkh fodvvlf Fkrz dqg

Olq phwkrg xvlqj ohyho vhulhv +FO/ prgho 5d,1

Wkh h�hfw ri prgholqj DU+4, huuru whupv lq wkh FO0prgho +prgho

5e, dqg lq wkh GI0prgho +prgho 5g, lv qrw fohdu1 Lq wkh FO0prghov/

wkh olnholkrrg idoov zkloh iru wkh GI0prghov lw lqfuhdvhv/ zkhq DU+4,
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huuru whupv duh frqvlghuhg1 Wkh vwdqgdug ghyldwlrq ri wkh jhqhudwhg

vhulhv ulvhv lq wkh FO0prghov dqg ehkdyhv luuhjxoduo| lq wkh GI0

vhwxsv1

Prghov frqvwuxfwhg zlwk Ehuqdqnh/ Jhuwohu dqg Zdwvrq +4<<:,

duh fohduo| zruvh wkdq wkh rqhv uhsruwhg lq wdeoh 6/ erwk lq whupv

ri f|folfdo uhjxodulw| dqg yrodwlolw|1 Wklv surfhgxuh qhjohfwv wkh idfw

wkdw wkh Ndopdq �owhu douhdg| fruuhfwv wkh qrqvwdwlrqdulw| ri wkh

gdwd1

Jhqhudoo|/ uhjuhvvlrq0edvhg prghov |lhog jrrg hvwlpdwruv zkloh

Ndopdq �owhu urxwlqhv vrphwlphv vwuxjjoh zlwk wkh qxphulfdo rswl0

pl}dwlrq1 Lq fdvh ri prgho htxlydohqfh/ zh uhfrpphqg iru sudfwlfdo

uhdvrqv wkh xvh ri dqdo|wlfdo vroxwlrqv1 Krzhyhu/ gxh wr lwv  h{lelolw|/

wkh Ndopdq �owhu lv deoh wr prgho d pxfk ulfkhu vhw ri dvvxpswlrqv

derxw wkh surshuwlhv ri prqwko| JGS/ zkloh wkh JOV dssurdfk xw0

whuo| idlov wr prgho dq| vwrfkdvwlf ehkdylru1 Wklv pdnhv wkh Ndopdq

�owhu dq xqdyrlgdeoh wrro zkhq dqdo|}lqj frpshwlqj lqwhusrodwlrq

prghov1

"�� ( ����!�) *�+ ���
���


Edvhg rq wklv pl{hg hylghqfh frqfhuqlqj wkh wzr gluhfwlrqv/ zh uhf0

rpphqg wkh vhulhv 8 iru ixuwkhu uhvhdufk1 Gxh wr wkh devhqfh ri

DU vwuxfwxuh/ lw grhv qrw glvsod| d uhjxodu sdwwhuq dqg wkh vhulhv

h{klelwv prghudwh yrodwlolw| dv vkrzq lq �jxuh 7 dqg lq wdeoh 71

Fdq wklv h{whqvlyh vhohfwlrq surfhgxuh eh frq�uphg e| �uvw lqwhu0

srodwlqj dqqxdo wr txduwhuo| gdwd dqg wkhq frpsdulqj wkh uhvxowlqj

txduwhuo| vhulhv zlwk wkh r!fldo JGS hvwlpdwhvB Li |hv/ wkhq zh

zrxog kdyh d yhu| kdqg| wrro iru wkh hydoxdwlrq ri frpshwlqj lqwhu0

srodwlrq prghov1 Ri frxuvh/ wkh xqghuo|lqj dvvxpswlrq wkdw wkh ehvw

dqqxdo lqwhusrodwlrq prgho lv dovr wkh ehvw txduwhuo| rqh lv vwurqj/

exw li wklv fulwhulrq grhv zhoo/ lw frxog eh xvhg dv vxjjhvwlyh hylghqfh

lq vlplodu sureohpv1 Pruhryhu/ wkhuh lv qr uhdvrq wr wklqn wkdw wkh

iuhtxhqf| fkdqjh kdv d ixqgdphqwdo lpsdfw rq wkh shuirupdqfh ri

wkh prghov681

Vxusulvlqjo|/ wkh uhvxowv vkrz wkdw lw lv qrw dozd|v wkh fdvh wkdw

prghov zlwk kljkhvw olnholkrrg duh wkh ehvw lqwhusrodwlqj prghov dw

68Dqrwkhu zd| wr dsso| wklv sursrvdo zrxog eh wr vhohfw wkh prgho zlwk wkh
ehvw DLF iru wkh lqwhusrodwlrq iurp dqqxdo gdwd dqg wr vhh zkhwkhu wkh vdph
prgho dovr surgxfhv wkh ehvw DLF iru wkh lqwhusrodwlrq ri prqwko| gdwd iurp
txduwhuo| gdwd1
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wkh orzhu iuhtxhqf|1 Zlwklq wkh JOV0edvhg fodvv mxvw prgho 5f frq0

�upv rxu h{shfwdwlrqv1 Iru doo prghov zlwk d sdwwhuq/ dsso|lqj wklv

phwkrg pdnhv qr vhqvh1 Wkhuhiruh/ zh frqfoxgh wkdw wklv dssurdfk

pd| eh xvhg dv dq lqglfdwru rqo| exw fhuwdlqo| qrw dv d vhohfwlrq

fulwhulrq1

Iljxuh 7= Prqwko| JGS ;4=340<:=45

20000

22000

24000

26000

28000

82 84 86 88 90 92 94 96

Qrwh = Prqwko| JGS lq plr FKI1

,  ��	���
��

Zh ghvfuleh d vhwxs wkdw qhvwv d zlgh udqjh ri lqwhusrodwlrq prghov

lq wkh olwhudwxuh dqg zh dsso| lw wr Vzlvv JGS1 Wkh jrdo ri wklv

sdshu lv wr hydoxdwh dowhuqdwlyh lqwhusrodwlrq prghov dqg wkhq wr

surgxfh d prqwko| ghvhdvrqdol}hg uhdo JGS dydlodeoh iru uhvhdufkhuv

dqg sudfwlwlrqhuv1

Zlwk uhvshfw wr wkh qrqvwdwlrqdulw| dqg wr wkh xvhixoqhvv ri uh0

odwhg vhulhv/ lw lv gl!fxow wr d sulrul suhvhqw d fohdu0fxw dqvzhu krz

wkhvh lvvxhv fdq eh ehvw wuhdwhg1 Rxu uhvxowv vkrz wkdw wkh zd|v

wr frqvlghu wkh qrqvwdwlrqdulw| sureohp dqg wr vroyh lw zlwk wkh

vhfrqg0rughu DU vwuxfwxuh +prghov 4d dqg 5h, ru zlwk wkh ghwuhqg0

lqj phwkrg +prghov 4e dqg 5i, duh qrw vxlwdeoh iru Vzlvv gdwd1
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Wkhvh wzr phwkrgv lpsrvh dq hfrqrphwulf exughq rq wkh surgxfhg

gdwd wkdw fdqqrw eh fduulhg ixuwkhu iru dq hfrqrplf lqwhusuhwdwlrq1

Wkh qrqvwdwlrqdulw| fruuhfwlrq pdgh e| wkh �owhu lwvhoi vhhpv wr eh

vx!flhqw1

Wdeoh 7= Lqwhusrodwhg JGS

JGS JGS JGS JGS

;4=34 54896 ;6=37 5466: ;8=3: 565;9 ;:=43 56;;;
;4=35 54836 ;6=38 54:63 ;8=3; 56563 ;:=44 568;3
;4=36 54794 ;6=39 54:<6 ;8=3< 56498 ;:=45 57546

9785: 97;93 9<9;4 :49;5

;4=37 55376 ;6=3: 549:3 ;8=43 56598 ;;=34 56:39
;4=38 54<65 ;6=3; 54999 ;8=44 56948 ;;=35 56;:5
;4=39 55336 ;6=3< 55437 ;8=45 565<: ;;=36 57948

98<:; 98773 :34:: :54<6

;4=3: 553;5 ;6=43 54<;9 ;9=34 56837 ;;=37 575:3
;4=3; 5548: ;6=44 55399 ;9=35 56568 ;;=38 57669
;4=3< 55474 ;6=45 54;:9 ;9=36 56:84 ;;=39 576;<

996;3 98<5; :37<3 :5<<8

;4=43 5548; ;7=34 55463 ;9=37 56588 ;;=3: 5777<
;4=44 54;97 ;7=35 553<9 ;9=38 567<9 ;;=3; 57955
;4=45 55457 ;7=36 554:; ;9=39 567<8 ;;=3< 5796<

99479 99737 :3579 :6:43

;5=34 54;9: ;7=37 55647 ;9=3: 56834 ;;=43 57838
;5=35 54;35 ;7=38 5559: ;9=3; 5674< ;;=44 577;7
;5=36 54;76 ;7=39 554:8 ;9=3< 56994 ;;=45 585<8

98845 99:89 :38;4 :75;7

;5=37 54:<6 ;7=3: 555:8 ;9=43 569;; ;<=34 57;56
;5=38 54983 ;7=3; 55:67 ;9=44 56::3 ;<=35 57;::
;5=39 548;5 ;7=3< 5568< ;9=45 5683; ;<=36 58733

98358 9:69; :3<99 :8433

;5=3: 5487: ;7=43 55886 ;:=34 56;57 ;<=37 58786
;5=3; 548:: ;7=44 5588; ;:=35 56;44 ;<=38 58445
;5=3< 5474: ;7=45 55;;: ;:=36 56643 ;<=39 58874

97874 9:<<; :3<78 :9439

;5=43 54939 ;8=34 55949 ;:=37 5696< ;<=3: 58:56
;5=44 54666 ;8=35 55;<; ;:=38 56667 ;<=3; 5865<
;5=45 54733 ;8=36 5657; ;:=39 56774 ;<=3< 58;75

9766< 9;:95 :3747 :9;<7

;6=34 548:8 ;8=37 5655< ;:=3: 56886 ;<=43 587<3
;6=35 5458< ;8=38 55;:: ;:=3; 574:9 ;<=44 58<69
;6=36 548:8 ;8=39 55<;8 ;:=3< 56946 ;<=45 59696

9773< 9<3<4 :4675 :::;<
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Wdeoh 7 Frqwlqxhg

JGS JGS JGS JGS

<3=34 58;94 <5=34 59975 <7=34 5964: <9=34 59884
<3=35 59753 <5=35 599:< <7=35 58:<3 <9=35 59675
<3=36 596<; <5=36 59848 <7=36 59739 <9=36 596<<

:;9:< :<;69 :;846 :<5<5

<3=37 5969; <5=37 596;9 <7=37 58<34 <9=37 59487
<3=38 5968< <5=38 59463 <7=38 59475 <9=38 5986<
<3=39 59967 <5=39 59677 <7=39 59549 <9=39 59575

:<694 :;;93 :;58< :<448

<3=3: 598;3 <5=3: 58<94 <7=3: 59435 <9=3: 5965:
<3=3; 59936 <5=3; 596;6 <7=3; 595;4 <9=3; 597<7
<3=3< 59757 <5=3< 58<3< <7=3< 5969; <9=3< 593<8

:<93: :;586 :;:84 :;<49

<3=43 59694 <5=43 59453 <7=43 59488 <9=43 59449
<3=44 59::7 <5=44 58;34 <7=44 59636 <9=44 59763
<3=45 598;5 <5=45 58954 <7=45 5988: <9=45 59598

:<:4: ::875 :<348 :;;44

<4=34 59996 <6=34 59669 <8=34 597;9 <:=34 58<39
<4=35 5974; <6=35 59479 <8=35 596;9 <:=35 5965;
<4=36 597<< <6=36 593:3 <8=36 59587 <:=36 59::4

:<8;3 :;885 :<459 :<338

<4=37 59566 <6=37 5953; <8=37 594:< <:=37 59:7;
<4=38 59594 <6=38 5946: <8=38 5956; <:=38 5978<
<4=39 58;9< <6=39 58<33 <8=39 59877 <:=39 5987<

:;696 :;578 :;<94 :<:89

<4=3: 5945; <6=3: 59584 <8=3: 595:4 <:=3: 59:<5
<4=3; 59484 <6=3; 58<99 <8=3; 595<9 <:=3; 59;67
<4=3< 59567 <6=3< 58<;6 <8=3< 597:8 <:=3< 59899

:;846 :;443 :<375 ;34<5

<4=43 5956: <6=43 59697 <8=43 593<; <:=43 5:44<
<4=44 59688 <6=44 58<;5 <8=44 597;9 <:=44 59889
<4=45 58;73 <6=45 5899: <8=45 5987: <:=45 59<69

:;765 :;346 :<464 ;3944

Qrwh = Txduwhuo| ydoxhv lq lwdolfv1 Doo ydoxhv lq plr FKI1

Rxu uhvxowv ixuwkhu vkrz wkdw lq sduwlfxodu fdvhv/ uhodwhg vhulhv

fdq eh yhu| xvhixo1 Lq wklv fdvh/ hfrqrplf lqwhusuhwdwlrq/ edfnhg

rq rxu wzr hfrqrplf prghov/ lv edvhg rq wkh frpsdulvrq ri wkh

yrodwlolwlhv ehwzhhq wkh jurzwk udwhv ri wkh txduwhuo| ydoxhv dqg wkh

frpsxwhg prqwko| vhulhv/ dqg vrph vxevlgldu| lqglfdwruv1 Krzhyhu/

lqfoxglqj uhodwhg vhulhv grhv qrw v|vwhpdwlfdoo| lpsuryh wkh uhvxowv

ri wkh edvh fdvh1

Ilqdoo|/ wkh gdwd grhv qrw vhhp wr xqdpeljxrxvo| frq�up wkh h{0

shfwhg orqj�uxq k|srwkhvlv ehwzhhq wkh lqwhusrodwlrq dw d prqwko|



49; SDUW LY

dqg dw d txduwhuo| ohyho1 D pruh uljrurxv hfrqrphwulf dqdo|vlv zrxog

eh qhhghg wr nqrz li wklv frpsdulvrq wudqvjuhvvhv vkruw0uxq frqvlg0

hudwlrqv1

Iru wkh lqwhusrodwlrq ri Vzlvv JGS zh vxjjhvw xvlqj dq dssurdfk

zlwk wkh irxu uhodwhg vhulhv uhwdlo vdohv/ qrq0xwlol}hg frqvwuxfwlrq

ordqv/ h{sruwv/ dqg lpsruwv/ wkh iruphu wzr ri zklfk duh sur{|lqj

iru frqvxpswlrq dqg lqyhvwphqw zklfk duh qrw prqwko| uhfrughg1
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Dndlnh/ K1 +4<:7,1 D qhz orrn dw wkh vwdwlvwlfdo prgho lghqwl�fdwlrq/

LHHH Wudqvdfwlrqv rq Dxwrpdwlf Frqwuro DF04<= :49�:561

Dphpl|d/ W1 +4<;3,1 Vhohfwlrq ri uhjuhvvruv/ Lqwhuqdwlrqdo Hfrqrplf

Uhylhz 54+5,= 664�6871

Drnl/ P1 dqg Kdyhqqhu/ D1 +4<<4,1 Vwdwh vsdfh prgholqj ri pxowlsoh

wlph vhulhv/ Hfrqrphwulf Uhylhz 43+4,= 4�8<1

Ehuqdqnh/ E1 V1/ Jhuwohu/ P1 dqg Zdwvrq/ P1 Z1 +4<<:,1 V|vwhplf

prqhwdu| srolf| dqg wkh h�hfwv ri rlo sulfh vkrfnv/ Eurrnlqjv

Sdshuv rq Hfrqrplf Dfwlylw| 5;+4,= <4�48:1

Erpkr�/ H1 M1 +4<<7,1 Ilqdqfldo Iruhfdvwlqj iru Exvlqhvv dqg Hfr0

qrplfv/ Gu|ghq1

Fkrz/ J1 F1 dqg Olq/ D10O1 +4<:4,1 Ehvw olqhdu xqeldvhg lqwhusr0

odwlrq/ glvwulexwlrq/ dqg h{wudsrodwlrq ri wlph vhulhv e| uhodwhg

vhulhv/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv 86+7,= 6:5�6:81

Fkrz/ J1 F1 dqg Olq/ D10O1 +4<:9,1 Ehvw olqhdu xqeldvhg hvwlpdwlrq

ri plvvlqj revhuydwlrqv lq dq hfrqrplf wlph vhulhv/ Mrxuqdo ri

wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq :4+688,= :4<�:541

Fxfkh/ Q1 D1 dqg Khvv/ P1 N1 +4<<<d,1 Hlqh prqdwolfkh Gdwhquhlkh

iÿu gdv vfkzhl}hulvfkh Euxwwrlqodqgsurgxnw/ Nrqmxqnwxulqglnd0

wru xqg Kloivjuùvvh iÿu glh Iruvfkxqj/ Glh Yronvzluwvfkdiw/

Pdjd}lq iÿu Zluwvfkdiwvsrolwln :5+<,= 65�661

Fxfkh/ Q1 D1 dqg Khvv/ P1 N1 +4<<<e,1 Hvwlpdwlqj prqwko| JGS lq

d jhqhudo Ndopdq �owhu iudphzrun= Hylghqfh iurp Vzlw}huodqg/

Zrunlqj sdshu <<35/ Vwxg| Fhqwhu Jhu}hqvhh1

Gh Doed/ H1 +4<<3,1 Hvwlpdflöq gho SLE wulphvwudo sdud Pì{lfr/

Hvwxglrv Hfrqöplfrv 8+5,= 68<�6:31

Ghqwrq/ I1 W1 +4<:4,1 Dgmxvwphqw ri prqwko| ru txduwhuo| vhulhv wr

dqqxdo wrwdov/ Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq

99+666,= <<�4351

Ihuqdqgh}/ U1 E1 +4<;4,1 D phwkrgrorjlfdo qrwh rq wkh hvwlpdwlrq ri

wlph vhulhv/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv 96+6,= 7:4�7:91
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Iulhgpdq/ P1 +4<95,1 Wkh lqwhusrodwlrq ri wlph vhulhv e| uh0

odwhg vhulhv/ Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq

8:+633,= :5<�:8:1

Jrxulhurx{/ F1 dqg Prqiruw/ D1 +4<<:,1 Wlph Vhulhv dqg G|qdplf

Prghov/ Fdpeulgjh Xqlyhuvlw|1

Jxd|/ U1/ Ploerxuqh/ U1 G1/ Rwwr/ J1 dqg Vplwk/ J1 Z1 +4<<3,1

Hvwlpdwlrq gx SLE phqvxho fdqdglhq= 4<95 ã 4<;8/ O*Dfwxdolwì

ìfrqrpltxh/ Uhyxh g*dqdo|vh ìfrqrpltxh 99+4,= 47�631

Kdplowrq/ M1 G1 +4<<7d,1 Vwdwh0vsdfh prghov/ Kdqgerrn ri Hfrqr0

phwulfv LY hg1 e| U1 I1 Hqjoh dqg G1 O1 PfIdgghq/ Hovhylhu1

Kdplowrq/ M1 G1 +4<<7e,1 Wlph Vhulhv Dqdo|vlv/ Sulqfhwrq Xqlyhuvlw|1

Kduyh|/ D1 F1 +4<;<,1 Iruhfdvwlqj/ Vwuxfwxudo Vhulhv Prghov dqg wkh

Ndopdq Ilowhu/ Fdpeulgjh Xqlyhuvlw|1

Kduyh|/ D1 F1 dqg Slhuvh/ U1 J1 +4<;7,1 Hvwlpdwlqj plvvlqj revhu0

ydwlrqv lq hfrqrplf wlph vhulhv/ Mrxuqdo ri wkh Dphulfdq Vwd0

wlvwlfdo Dvvrfldwlrq :<+6;8,= 458�4641

Mrkdqvhq/ V1 +4<<4,1 Hvwlpdwlrq dqg k|srwkhvlv whvwlqj ri frlqwhjud0

wlrq yhfwruv lq Jdxvvldq yhfwru dxwruhjuhvvlyh prghov/ Hfrqr0

phwulfd 8<+9,= 4884�;31

Ndopdq/ U1 H1 +4<93,1 D qhz dssurdfk wr olqhdu �owhulqj dqg suh0

glfwlrq sureohpv/ Mrxuqdo ri Edvlf Hqjlqhhulqj/ Wudqvdfwlrqv

ri wkh DVPH Vhulhv G ;5= 68�781

Ndopdq/ U1 H1 +4<96,1 Qhz phwkrgv lq Zlhqhu �owhulqj wkhru|/ Sur0

fhhglqjv ri wkh Iluvw V|psrvlxp ri Hqjlqhhulqj Dssolfdwlrqv ri

Udqgrp Ixqfwlrq Wkhru| dqg Suredelolw| hg1 e| M1 O1 Erjgdqr�

dqg I1 Nr}lq/ Zloh|1

Nreohu/ D1 H1 +4<<<,1 Vrxufhv dqg G|qdplfv ri Pdfurhfrqrplf Ioxf0

wxdwlrqv lq Vzlw}huodqg= Hylghqfh iurp d Vwuxfwxudo Yhfwru Dx0

wruhjuhvvlyh Dssurdfk1 Sk1G1 Glvvhuwdwlrq/ ]xulfk1

Odqqlqj/ V1 J1 +4<;9,1 Plvvlqj revhuydwlrqv= D vlpxowdqhrxv ds0

surdfk yhuvxv lqwhusrodwlrq e| uhodwhg vhulhv/ Mrxuqdo ri Hfr0

qrplf dqg Vrfldo Phdvxuhphqw 47+4,= 488�4961
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Ohdphu/ H1 H1 +4<;6,1 Prgho fkrlfh dqg vshfl�fdwlrq dqdo|vlv/ Kdqg0

errn ri Hfrqrphwulfv L hg1 e| ]1 Julolfkhv dqg P1 G1 Lqwuloljd0

wru/ Qruwk0Kroodqg1

Olwwhupdq/ U1 E1 +4<;6,1 D udqgrp zdon/ Pdunry prgho iru wkh

glvwulexwlrq ri wlph vhulhv/ Mrxuqdo ri Exvlqhvv dqg Hfrqrplf

Vwdwlvwlfv 4+5,= 49<�4:61

Oÿwnhsrko/ K1 +4<<6,1 Lqwurgxfwlrq wr Pxowlsoh Wlph Vhulhv Dqdo|vlv/

5qg hgq/ Vsulqjhu1

Slqkhlur/ P1 dqg Frlpeud/ F1 +4<<6,1 Glvwulexwlrq dqg h{wudsrodwlrq

ri wlph vhulhv e| uhodwhg vhulhv xvlqj orjdulwkpv dqg vprrwklqj

shqdowlhv/ Hfrqrpld 45+6,= 68<�6:71

Vfkplgw/ M1 U1 +4<;9,1 D jhqhudo iudphzrun iru lqwhusrodwlrq/ glv0

wulexwlrq/ dqg h{wudsrodwlrq ri d wlph vhulhv e| uhodwhg vhulhv/

Uhjlrqdo Hfrqrphwulf Prgholqj hg1 e| P1 U1 Shuu|pdq dqg M1

U1 Vfkplgw/ Noxzhu1

Vfkzdoohu/ D1 dqg Sduqlvdul/ E1 +4<<:,1 Glh Txduwdovvfkçw}xqjhq

ghv Euxwwrlqodqgsurgxnwhv dxi Juxqgodjh ghu uhylglhuwhq Yronv0

zluwvfkdiwolfkhq Jhvdpwuhfkqxqj +HVYJ :;,/ Plwwhloxqjveodww

iÿu Nrqmxqnwxuiudjhq/ Ihghudo R!fh iru Hfrqrplf Ghyhorsphqw

dqg Oderxu +4,= 6�571

Vfkzdu}/ J1 +4<:;,1 Hvwlpdwlqj wkh glphqvlrq ri d prgho/ Dqqdov ri

Vwdwlvwlfv 9= 47:�4971
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Zh vkrz wkh lwhudwlrq vwhsv ri wkh Ndopdq �owhu1 Zh dovr jlyh wkh orj0olnholkrrg
ixqfwlrq ri rxu v|vwhp1 Doo rxu lqwhusrodwlrq prghov duh edvhg rq htxdwlrqv +6,
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