
Wuhqgv/ f|fohv dqg frqyhujhqfh

Dqguhz Kduyh|

Idfxow| ri Hfrqrplfv/ Xqlyhuvlw| ri Fdpeulgjh

Qryhpehu 46/ 5334

Devwudfw

Wklv duwlfoh �uvw glvfxvvhv zd|v ri ghfrpsrvlqj d wlph vhulhv lqwr wuhqg

dqg f|folfdo frpsrqhqwv/ sd|lqj sduwlfxodu dwwhqwlrq wr d qhz fodvv ri

prgho iru f|fohv1 Lw lv vkrzq krz xvlqj dq dx{loldu| vhulhv fdq khos

wr dfklhyh d pruh vdwlvidfwru| ghfrpsrvlwlrq1 D glvfxvvlrq ri edodqfhg

jurzwk wkhq ohdgv rq wr wkh frqvwuxfwlrq ri qhz prghov iru frqyhujlqj

hfrqrplhv1 Wkh suhihuuhg prghov frpelqh xqrevhuyhg frpsrqhqwv zlwk

dq huuru fruuhfwlrq phfkdqlvp dqg doorz d ghfrpsrvlwlrq lqwr wuhqg/ f|foh

dqg frqyhujhqfh frpsrqhqwv1 Wklv surylghv lqvljkw lqwr zkdw kdv kds0

shqhg lq wkh sdvw/ hqdeohv wkh fxuuhqw vwdwh ri dq hfrqrp| wr eh pruh

dffxudwho| dvvhvvhg dqg jlyhv d surfhgxuh iru wkh suhglfwlrq ri ixwxuh re0

vhuydwlrqv1 Wkh phwkrgv duh dssolhg wr gdwd rq wkh XV/ Mdsdq dqg Fkloh1

NH\ZRUGV= Edqg sdvv �owhu/ huuru fruuhfwlrq/ Ndopdq �owhu/ vwdwh

vsdfh/ wxuqlqj srlqw/ xqrevhuyhg frpsrqhqwv1

4 Lqwurgxfwlrq

Ghwhuplqlqj wxuqlqj srlqwv lq wkh exvlqhvv f|foh lv d gl!fxow sureohp1 Pdnlqj
vhqvleoh suhglfwlrqv frqfhuqlqj wkh jurzwk sdwk ri dq hfrqrp| lq wkh phglxp
ru orqj whup lv hyhq kdughu1 Wkh dlp ri wklv duwlfoh lv wr h{soruh zkdw fdq eh
dfklhyhg e| dqdo|vlqj dqg prgholqj wlph vhulhv revhuydwlrqv rq JGS dqg rwkhu
pdfurhfrqrplf wlph vhulhv1

Vhsdudwlqj rxw wuhqgv dqg f|fohv lv ixqgdphqwdo wr d jrrg ghdo ri hfrqrplf
dqdo|vlv1 Lw lv riwhq grqh e| dsso|lqj �owhuv lq d udwkhu duelwudu| idvklrq1 Iru
h{dpsoh/ wkh orz0sdvv �owhu lqwurgxfhg e| Krgulfn dqg Suhvfrww +4<<:, lv iuh0
txhqwo| xvhg wr uhpryh wuhqgv lq vlwxdwlrqv zkhuh lw fdq fuhdwh frqvlghudeoh
glvwruwlrqv> vhh Kduyh| dqg Mdhjhu +4<<6, dqg Frjoh| dqg Qdvrq +4<<8,1 Udwkhu
wkdq vlpso| gh�qlqj wkh f|foh dv wkh ghwuhqghg vhulhv/ d edqg sdvv �owhu pd|
eh xvhg wr h{wudfw lw/ wkh dujxphqw ehlqj wkdw kljk iuhtxhqf| dv zhoo dv orz
iuhtxhqf| frpsrqhqwv qhhg wr eh uhpryhg1 Ed{whu dqg Nlqj +4<<<, frqvlghu
wkh ghvljq ri edqg sdvv �owhuv dqg wkhlu lpsohphqwdwlrq lq �qlwh vdpsohv1 Wkhlu
sulph frqfhuq lv wr dssur{lpdwh wkh clghdo* �owhu/ d shuihfwo| vkdus edqg sdvv
�owhu zklfk uhpryhv doo iuhtxhqflhv rxwvlgh d fhuwdlq udqjh1 Krzhyhu/ dv zlwk
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wkh Krgulfn0Suhvfrww +KS, �owhu/ frqvlghudeoh glvwruwlrqv fdq dulvh dv vkrzq e|
Pxuud|+5334,1

Wkh ylhz h{suhvvhg lq wklv sdshu lv wuhqgv dqg f|fohv duh ehvw frqvwuxfwhg
xvlqj xqrevhuyhg frpsrqhqw/ ru vwuxfwxudo/ wlph vhulhv prghov1 Wkh sdudphwhuv
lq vxfk prghov duh w|slfdoo| hvwlpdwhg e| pd{lpxp olnholkrrg dqg/ rqfh wklv
kdv ehhq grqh/ rswlpdo hvwlpdwhv ri wkh frpsrqhqwv duh rewdlqhg e| vprrwklqj
dojrulwkpv1 Wkh fdofxodwlrqv duh prvw hdvlo| shuiruphg e| sxwwlqj wkh prgho
lq vwdwh vsdfh irup1

Vhfwlrq 5 ehjlqv e| glvfxvvlqj wkh edvlf lghdv ri vwuxfwxudo wlph vhulhv prghov
dqg uhylhzlqj wkh olqn zlwk wkh KS �owhu1 Dq h{whqghg fodvv ri f|folfdo prghov lv
wkhq lqwurgxfhg1 Kduyh| dqg Wulpexu +5334, surgxfh dujxh wkdw wkhvh prghov
hqdeoh vprrwkhu f|fohv wr eh h{wudfwhg dqg wkdw wkh| ohdg wr d pruh vdwlvidfwru|
ghfrpsrvlwlrq lqwr wuhqg dqg f|foh dw wkh hqg ri wkh vhulhv1 Wkh h{wudfwlrq ri
wkhvh jhqhudolvhg f|fohv lv forvho| olqnhg wr wkh dssolfdwlrq ri Exwwhuzruwk edqg
sdvv �owhuv1 Wkhvh �owhuv duh zlgho| xvhg lq hqjlqhhulqj exw kdyh rqo| uhfhqwo|
ehhq lqwurgxfhg lqwr hfrqrplf vwdwlvwlfv> vhh Jrph} +5334,1 Wkh dqdo|vlv ri
vxfk �owhuv uhyhdov wkdw d prgho |lhoglqj wkh htxlydohqw ri dq lghdo edqg sdvv
�owhu fdq eh rewdlqhg dv d olplwlqj fdvh1 Ilwwlqj prghov zlwk wkh jhqhudolvhg
f|folfdo frpsrqhqw wr XV pdfurhfrqrplf vhulhv looxvwudwhv wkh srlqw derxw wkhlu
|lhoglqj fohduhu dqg vprrwkhu f|fohv wkdq duh qrupdoo| rewdlqhg1

Vwuxfwxudo prghov fdq dovr eh h{whqghg vr dv wr lqfoxgh pruh wkdq rqh f|foh1
D prgho zlwk wzr f|fohv wxuqv rxw wr zrun zhoo rq txduwhuo| Fklohdq JGS gdwd1

Pxowlyduldwh prghov duh glvfxvvhg lq vhfwlrq 61 D uhodwhg vhulhv zlwk d
pruh surqrxqfhg f|foh/ vxfk dv lqyhvwphqw/ pd| khos lq h{wudfwlqj d cehw0
whu* f|foh iurp JGS1 Pxowlyduldwh prghov fdq dovr eh vhw xs vr dv wr kdqgoh
hfrqrplhv zklfk kdyh frqyhujhg dqg vr kdyh d vwdeoh uhodwlrqvkls1 Wkhvh duh
fdoohg edodqfhg jurzwk prghov1 Krzhyhu/ wkh pruh uhohydqw txhvwlrq iru ghyho0
rslqj hfrqrplhv/ vxfk dv Fkloh/ lv zkhwkhu frqyhujhqfh lv dfwxdoo| wdnlqj sodfh1
Vhfwlrq 7 h{dplqhv zd|v ri dvvhvvlqj dqg prgholqj frqyhujhqfh ehwzhhq wzr
hfrqrplhv1 D g|qdplf huuru fruuhfwlrq prgho lv sursrvhg dqg wkhq h{whqghg vr
dv wr lqfrusrudwh d phfkdqlvp zklfk doorzv frqyhujhqfh wr wdnh sodfh vprrwko|1
Xqrevhuyhg frpsrqhqw dqg dxwruhjuhvvlyh yhuvlrqv ri wkhvh prghov duh �wwhg wr
shu fdslwd gdwd rq JGS lq wkh XV dqg Mdsdq1

Vhfwlrq 8 eulqjv wrjhwkhu wkh pdwhuldo iurp wkh hduolhu vhfwlrqv wr vhw rxw
elyduldwh prghov iru wkh ohyhov ri wzr frqyhujlqj hfrqrplhv1 Wkh suhihuuhg
prghov frpelqh xqrevhuyhg frpsrqhqwv zlwk dq huuru fruuhfwlrq phfkdqlvp
dqg doorz d ghfrpsrvlwlrq lqwr wuhqg/ f|foh dqg frqyhujhqfh frpsrqhqwv1 Wklv
surylghv lqvljkw lqwr zkdw kdv kdsshqhg lq wkh sdvw/ hqdeohv wkh fxuuhqw vwdwh
ri dq hfrqrp| wr eh pruh dffxudwho| dvvhvvhg dqg jlyhv d surfhgxuh iru wkh
suhglfwlrq ri ixwxuh revhuydwlrqv1 Wkh surshuwlhv ri wkhvh prghov duh h{soruhg
dqg wkh| duh �wwhg wr wkh Mdsdqhvh dqg XV vhulhv1 Ilqdoo| wkh vfrsh iru xvlqj
wkhvh prghov iru pdnlqj phglxp whup suhglfwlrqv iru Fkloh lv dvvhvvhg1
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5 Wuhqgv/ f|fohv dqg edodqfhg jurzwk

514 Xqlyduldwh prghov

Wkh orfdo olqhdu wuhqg prgho iru d vhw ri revhuydwlrqv/ |w> w @ 4> ==> W> frqvlvwv ri

vwrfkdvwlf wuhqg dqg luuhjxodu frpsrqhqwv/ wkdw lv

|w @ �
w
. %w> w @ 4> ===> W= +4,

Wkh wuhqg/�
w
> uhfhlyhv vkrfnv wr erwk lwv ohyho dqg vorsh vr
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zkhuh wkh luuhjxodu/ ohyho dqg vorsh glvwxuedqfhv/ %w/�w dqg �w/ uhvshfwlyho|/

duh pxwxdoo| lqghshqghqw dqg wkh qrwdwlrq QLG
�
3> �5

�
ghqrwhv qrupdoo| dqg

lqghshqghqwo| glvwulexwhg zlwk phdq }hur dqg yduldqfh �51 Li erwk yduldqfhv

�5� dqg �5� duh }hur/ wkh wuhqg lv ghwhuplqlvwlf1 Zkhq rqo| �5� lv }hur/ wkh vorsh

lv �{hg dqg wkh wuhqg uhgxfhv wr d udqgrp zdon zlwk guliw

�w @ �w�4 . � . �w= +6,

Doorzlqj �5� wr eh srvlwlyh/ exw vhwwlqj �5� wr }hur jlyhv dq lqwhjudwhg udqgrp

zdon +LUZ , wuhqg/ zklfk zkhq hvwlpdwhg whqgv wr eh uhodwlyho| vprrwk1 Wklv

prgho lv htxlydohqw wr d fxelf vslqh dqg lv riwhq uhihuuhg wr dv wkh cvprrwk wuhqg *

prgho1

Wkh vwdwlvwlfdo wuhdwphqw ri xqrevhuyhg frpsrqhqw prghov lv edvhg rq wkh

vwdwh vsdfh irup +VVI,1 Rqfh d prgho kdv ehhq sxw lq VVI/ wkh Ndopdq �owhu

|lhogv hvwlpdwruv ri wkh frpsrqhqwv edvhg rq fxuuhqw dqg sdvw revhuydwlrqv1

Vljqdo h{wudfwlrq uhihuv wr hvwlpdwlrq ri frpsrqhqwv edvhg rq doo wkh lqirupdwlrq

lq wkh vdpsoh1 Vljqdo h{wudfwlrq lv edvhg rq vprrwklqj uhfxuvlrqv zklfk uxq

edfnzdugv iurp wkh odvw revhuydwlrq1 Suhglfwlrqv duh pdgh e| h{whqglqj wkh

Ndopdq �owhu iruzdug1 Urrw phdq vtxduh huuruv +UPVHv, fdq eh frpsxwhg iru

doo hvwlpdwruv dqg suhglfwlrq lqwhuydov frqvwuxfwhg1

Wkh xqnqrzq yduldqfh sdudphwhuv duh hvwlpdwhg e| frqvwuxfwlqj d olnholkrrg

ixqfwlrq iurp wkh rqh0vwhs dkhdg suhglfwlrq huuruv/ ru lqqrydwlrqv/ surgxfhg

e| wkh Ndopdq �owhu1 Wkh olnholkrrg ixqfwlrq lv pd{lpl}hg e| dq lwhudwlyh

surfhgxuh1 Wkh fdofxodwlrqv fdq eh grqh zlwk wkh VWDPS sdfndjh ri Nrrspdq

hw do +5333,1 Rqfh hvwlpdwhg/ wkh �w ri wkh prgho fdq eh fkhfnhg xvlqj vwdqgdug

wlph vhulhv gldjqrvwlfv vxfk dv whvwv iru uhvlgxdo vhuldo fruuhodwlrq1

KS �owhulqj fdq eh fduulhg e| dsso|lqj d vljqdo h{wudfwlrq dojrulwkp wr d

vshfldo fdvh ri wkh vprrwk wuhqg prgho lq zklfk wkh vljqdo0qrlvh udwlr/ t @

�5�@�
5

%> lv vhw wr 424933 iru txduwhuo| gdwd1 Iljxuh 4 vkrzv f|foh rewdlqhg iurp

KS ghwuhqglqj ri txduwhuo|/ vhdvrqdoo| dgmxvwhg4 gdwd rq JGS iru Fkloh1 Wkh

4Vhdvrqdo dgmxvwphqw zdv fduulhg rxw xvlqj wkh edvlf [0450DULPD rswlrq lq SfJlyh
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Iljxuh 4= KS �owhu iru Fkloh JGS +vhdvrqdoo| dgmxvwhg,

uhvxow lv d udwkhu qrlv| vhulhv iurp zklfk qr fohdu phvvdjh hphujhv/ sduwlfxoduo|
wrzdugv wkh hqg1 Wkh KS �owhu dssolhg wr XV JGS lv pruh vdwlvidfwru| lq wkdw
wkh exvlqhvv f|foh hphujhv fohduo|/ exw djdlq lw lv qrw fohdu zkdw lv kdsshqlqj
dw wkh hqg ri wkh vhulhv> wkh KS f|foh lv yhu| vlplodu wr rqh vkrzq lq �jxuh 5

Hvwlpdwlqj wkh sdudphwhuv ri d vprrwk wuhqg prgho iru JGS zloo qrw xvxdoo|
uhvxow lq d KS f|foh dv wkhuh lv qrwklqj lq wkh prgho wr glvwlqjxlvk orqj0whup
iurp vkruw0whup pryhphqwv1 Vkruw0whup pd| eh fdswxuhg e| lqfoxglqj d vhuldoo|
fruuhodwhg vwdwlrqdu| frpsrqhqw/ #

w
> lq wkh prgho1 Wkxv
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Dq dxwruhjuhvvlyh surfhvv lv riwhq xvhg iru #
w
> dv lq Nlwdjdzd dqg Jhuvfk +4<<9,1

Dqrwkhu srvvlelolw| lv wkh vwrfkdvwlf f|foh
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zkhuh �f lv iuhtxhqf| lq udgldqv dqg �w dqg ��w duh wzr pxwxdoo| lqghshqghqw
zklwh qrlvh glvwxuedqfhv zlwk }hur phdqv dqg frpprq yduldqfh �5�= Jlyhq wkh
lqlwldo frqglwlrqv wkdw wkh yhfwru +#

3
> #�

3
,3 kdv }hur phdq dqg fryduldqfh pdwul{

�5#L> lw fdq eh vkrzq wkdw iru 3 � � ? 4/ wkh surfhvv #
w
lv vwdwlrqdu| dqg

lqghwhuplqlvwlf zlwk }hur phdq/ yduldqfh �5# @ �5�@+4� �5, dqg dxwrfruuhodwlrq
ixqfwlrq

�+�, @ �� frv�f�> � @ 3> 4> 5> === +9,
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Iljxuh 5= Wuhqg dqg f|foh lq XV JGS iurp d vwuxfwxudo wlph vhulhv prgho

Iru 3 ? �f ? �> wkh vshfwuxp ri #w glvsod|v d shdn/ fhqwhuhg durxqg �f/ zklfk
ehfrphv vkdushu dv � pryhv forvhu wr rqh1 Wkh shulrg fruuhvsrqglqj wr �f
lv 5�@�f= Lq wkh olplwlqj fdvhv zkhq �f @ 3 ru �> #w froodsvhv wr �uvw0rughu
dxwruhjuhvvlyh surfhvvhv zlwk frh!flhqwv � dqg plqxv � uhvshfwlyho|1 Pruh
jhqhudoo| wkh uhgxfhg irup lv dqDUPD+5> 4, surfhvv lq zklfk wkh dxwruhjuhvvlyh
sduw kdv frpsoh{ urrwv1 Wkh frpsoh{ urrw uhvwulfwlrq fdq eh yhu| khosixo lq
�wwlqj d prgho/ sduwlfxoduo| li wkhuh lv uhdvrq wr lqfoxgh pruh wkdq rqh f|foh1

Kduyh| dqg Mdhjhu +4<<6, vkrzhg wkdw h{wudfwlqj d f|foh iurp XV JGS xvlqj
d vprrwk wuhqg soxv f|foh prgho jdyh d yhu| vlplodu uhvxow wr wkh KS �owhu1 Wklv
fruuhvsrqghqfh frqwlqxhv wr krog zlwk vhulhv vkrzq lq �jxuh 5 zklfk lv iurp
4<7:24 wr 5334261 Wkh sureohp dw wkh hqg ri wkh vhulhv lv dssduhqw dqg vr wkh
fkdoohqjh lv wr ghylvh prghov zklfk duh fdsdeoh ri jlylqj d fohduhu euhdngrzq
lqwr wuhqg dqg f|foh1

515 H{wudfwlqj vprrwkhu f|fohv

Wkh f|foh h{wudfwhg iru XV JGS lq �jxuh 5 frphv iurp d prgho lq zklfk wkh
luuhjxodu yduldqfh zdv hvwlpdwhg wr eh }hur1 Wkxv/ dv zlwk wkh KS �owhu/ wkh f|foh
lv wkh vdph dv wkh ghwuhqghg vhulhv1 D fohduhu lqglfdwlrq ri wkh exvlqhvv f|foh
pljkw eh rewdlqhg e| d prgho zklfk pdqdjhv wr irufh vrph ri wkh vwdwlrqdu|
sduw ri wkh vhulhv lqwr wkh luuhjxodu frpsrqhqw1 Wkh vdph lghd lv lqkhuhqw lq
wkh qrwlrq ri d edqg0sdvv �owhu fhqwuhg rq wkh exvlqhvv f|foh iuhtxhqflhv> vhh
Ed{whu dqg Nlqj +4<<<,1

Wkh vprrwkqhvv ri d wuhqg ghshqgv rq wkh vkdsh ri wkh zhljkwlqj ixqfwlrq 0
wkh nhuqho 0 iru h{wudfwlqj lw dqg wkh vljqdo0qrlvh udwlr1 Lq wkh orfdo olqhdu wuhqg
prgho ri +4,/ wkh zhljkwlqj sdwwhuq iru d udqgrp zdon soxv guliw lv d grxeoh

8



h{srqhqwldo1 Iru wkh lqwhjudwhg udqgrp zdon wuhqg wkh nhuqho ghfd|v pruh
vorzo|> vrph h{dpsohv fdq eh irxqg lq Kduyh| dqg Wulpexu +5334,1 Ixuwkhupruh
li wkh LUZ wuhqg prgho lv �wwhg/ wkh vljqdo0qrlvh udwlr lv xvxdoo| vpdoohu wkdq lw
lv iru d udqgrp zdon zlwk guliw= wkh uhvxow lv d zlghu edqgzlgwk dqg d vprrwkhu
wuhqg1 D vlplodu ghylfh pd| eh hpsor|hg iru wkh f|foh1 Wr wklv hqg zh frqvlghu
d grxeoh/ ru vhfrqg0rughu/ vwrfkdvwlf f|foh =
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zkhuh �w dqg ��w duh dv lq wkh �uvw0rughu f|foh/ +8,/ dqg � dqg �f vdwlvi| wkh
vdph frqglwlrqv1

Jhqhudo fodvvhv ri kljkhu rughu wuhqgv dqg f|fohv pd| eh gh�qhg1 D kljkhu
rughu wuhqg zloo jlyh d qrqolqhdu iruhfdvw ixqfwlrq dqg vr pd| qrw eh dwwudfwlyh1
Rq wkh rwkhu kdqg/ wkhuh pd| eh phulw lq kljkhu rughu f|fohv1 Kduyh| dqg
Wulpexu+5334, gh�qh wkh qwk rughu vwrfkdvwlf f|foh/ iru srvlwlyh lqwhjhu q/ dv
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Wkh idfw wkdw wkhuh lv qr ��w dqg #�l�4>w lv d pdwwhu ri frqyhqlhqfh lq zrunlqj
rxw surshuwlhv1 Lw hqdeohv xv wr zulwh

#l>w @ F+O,#l�4>w> l @ 5> ===> q

zlwk #
4>w @ F+O,�w>zkhuh

F+O, @
4� � frv�fO

4� 5� frv�fO. �5O5

Uhshdwhg vxevwlwxwlrq |lhogv

#q>w @ ^F+O,`q�w= +<,

Wkh surshuwlhv ri wkh f|foh duh prvw hdvlo| h{suhvvhg lq wkh iuhtxhqf| gr0
pdlq1 Wkh srzhu vshfwuxp/ iru � ? 4> lv jlyhq gluhfwo| iurp wkh vshfwudo
jhqhudwlqj ixqfwlrq dv=

i#+�> �> �f> q, @
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��q �5�@5� +43,
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Dv q lqfuhdvhv wkh vkdsh ri wkh vshfwuxp ehfrphv vxfk wkdw wkhuh lv uhodwlyho|
ohvv srzhu dw kljk iuhtxhqflhv1 Li wkh f|foh lv hpehgghg lq zklwh qrlvh/ wkdw lv

|w @ #q>w . %w> %w �ZQ+3> �5%,> +44,

wkh jdlq ixqfwlrq lv irxqg wr eh

J+�> �> �f, @
t�

k
4.�5 frv5 �f�5� frv�f frv�

4.�7.7�5 frv5 �f�7+�.�6, frv�f frv�.5�5 frv 5�

lq

4 . t�

k
4.�5 frv5 �f�5� frv�f frv�

4.�7.7�5 frv5 �f�7+�.�6, frv�f frv�.5�5 frv 5�

lq +45,

zkhuh t� @ �5�@�
5
%= Wkh kljkhu lv q> wkh pruh d eorfn ri iuhtxhqflhv durxqg �f

lv sdvvhg e| wkh �owhu1 Zkhq d prgho ri wkh irup +44, lv �wwhg/ wkh luuhjxodu
frpsrqhqw whqgv wr ehfrph eljjhu dv q lqfuhdvhv/ wkh vljqdo0qrlvh udwlr/ t�>
ehfrphv vpdoohu dqg wkh hvwlpdwhg f|foh whqgv wr ehfrph vprrwkhu1 Vlplodu
frqfoxvlrqv krog li d wuhqg lv lq wkh prgho dv lq +7,1

Li � @ 4> Jrph} +5334, vkrzv wkdw wkh vljqdo h{wudfwlrq �owhu iru wkh f|foh
lv d phpehu ri Exwwhuzruwk fodvv1 Pruh jhqhudoo|/ Kduyh| dqg Wulpexu+5334,
uhihu wr d �owhu rewdlqhg zlwk 3 ? � � 4 dv d jhqhudolvhg Exwwhuzruwk edqg0sdvv

�owhu ri rughu q=
Zlwk � htxdo wr rqh wkh jdlq ehfrphv pruh uhfwdqjxodu dv q lqfuhdvhv dqg

dq lghdo edqg0sdvv �owhu lv rewdlqhg dv d olplwlqj fdvh1 Ed{whu dqg Nlqj +4<<<,
dujxh iru wkh ghvludelolw| ri lghdo edqg sdvv �owhuv dqg vxjjhvw krz wkh| pd|
eh dssur{lpdwhg lq wkh wlph grpdlq e| wuxqfdwlqj zhljkwv eh|rqg d fhuwdlq
odj dqg wkhq prgli|lqj wkhp vr wkh| vxp wr }hur1 D prgho frqwdlqlqj d kljkhu
rughu f|foh fdq dovr dssur{lpdwh dq lghdo edqg sdvv �owhu/ exw zlwkrxw vdful�flqj
revhuydwlrqv dw wkh ehjlqqlqj dqg hqg ri wkh vhulhv1 Krzhyhu/ wkh prgho vxjjhvwv
wkdw wklv pd| eh xqdsshdolqj/ rqh uhdvrq ehlqj wkdw wkh f|foh lv qrqvwdwlrqdu|1
Exvlqhvv f|fohv duh qrupdoo| wkrxjkw ri dv ehlqj vwdwlrqdu|/ vr wkh dgglwlrqdo
 h{lelolw| uhvxowlqj iurp wkh lqfoxvlrq ri wkh gdpslqj idfwru lv dq lpsruwdqw
jhqhudolvdwlrq1

Ilwwlqj d ixoo| vshfl�hg prgho frqvlvwlqj ri wuhqg/ f|foh dqg luuhjxodu frpsr0

qhqwv/ wrjhwkhu zlwk dq| rwkhu qhfhvvdu| frpsrqhqwv/ vxfk dv d vhdvrqdo/ |lhogv
d �owhu zklfk lv rswlpdo iru h{wudfwlqj d f|foh zlwk fohduo| gh�qhg surshuwlhv

dqg zklfk lv frqvlvwhqw zlwk wkh gdwd1 Wkh fdofxodwlrqv pd| eh surjudpphg
lq R{ xvlqj wkh Vvisdfn vhw ri vxeurxwlqhv grfxphqwhg lq Nrrspdq/ Vkhskdug

dqg Grruqln +4<<<,1 Iljxuh 6 vkrzv wkh f|foh h{wudfwhg iurp XV JGS zkhq

q @ 5= Wklv f|foh lv vprrwkhu wkdq wkh rqh vkrzq lq �jxuh 5 dqg/ hyhq pruh
lpsruwdqwo|/ lw jlyhv d pxfk fohduhu lqglfdwlrq ri wkh vwdwh ri wkh hfrqrp| dw

wkh hqg ri wkh vhulhv1 Lw dsshduv wkdw wkh XV lv dw wkh wrs ri d errp dqg wkhuh

lv d vwurqj lqglfdwlrq ri d wxuqlqj srlqw1

516 Vhyhudo f|fohv= wkh fdvh ri Fkloh

Ilwwlqj wkh wuhqg soxv f|foh prgho wr wkh orjdulwkpv ri dqqxdo gdwd rq Fklohdq

JGS/ lq 4<<8 shvrv/ iurp 4;:3 wr 4<<8 jlyhv wkh wuhqg vkrzq lq �jxuh 71 Wkh
shulrg ri wkh f|foh lv S @ 4538 zlwk � @ 3=:8 dqg wkh vljqdo0qrlvh udwlr/ t� > ehlqj

:
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Iljxuh 8= Ghfrpsrvlwlrq ri uhdo Fkloh JGS lqwr wuhqg/ wzr f|fohv/ vhdvrqdo dqg

luuhjxodu

3133891 Ilwwlqj wkh vdph prgho wr wkh txduwhuo| gdwd vhw/ 4<9324 wr 5334275 /

lq uhdo 4<;9 Fklohdq shvrv/ lv ohvv vxffhvvixo= wkh uhfhvvlrqv lq wkh 4<:3v dqg
4<;3v duh yhu| surqrxqfhg dqg ehfdxvh wkh| vr grplqdwh wkh vdpsoh shulrg wkh|

ehfrph lqfrusrudwhg lqwr wkh wuhqg/ ohdylqj rqo| yhu| vkruw whup pryhphqwv

lq wkh f|foh1 Krzhyhu/ hvwlpdwlqj d prgho zlwk wzr f|folfdo frpsrqhqwv vroyhv
wkh sureohp1 Wkh �uvw f|foh/ zklfk slfnv xs wkh pdmru uhfhvvlrqv/ kdv d shulrg

ri 43199 |hduv zlwk � @ 3=<:> zkloh wkh vhfrqg kdv � @ 3=<5 dqg d shulrg ri

mxvw xqghu wkuhh |hduv1 Li rqh xvhv wkh prqwko| vhulhv/ iurp 4<;5234 wr 533423:/
rqo| wkh vdph vkruw whup f|foh fdq eh h{wudfwhg> Fdsxwr +5334, dujxhv wkdw

wklv f|foh kdv d phdqlqjixo lqwhusuhwdwlrq1 Dv fdq eh vhhq iurp �jxuh 4/ wkh
KS �owhu +dssolhg wr vhdvrqdoo| dgmxvwhg gdwd, lv xqvdwlvidfwru| dv lw |lhogv d

frqixvlqj pl{wxuh ri vkruw dqg orqj whup f|fohv wrjhwkhu zlwk wkh qrlvh iurp wkh

luuhjxodu1 Wkh Ed{whu0Nlqj �owhu zrxog eh ri olwwoh khos dv lw qrupdoo| irfxvhv
rq iuhtxhqflhv ehwzhhq vl{ dqg wkluw|0wzr txduwhuv1

Iljxuh 8 vkrzv wkh �yh frpsrqhqwv lqwr zklfk wkh vhulhv lv ghfrpsrvhg1 Ri

sduwlfxodu qrwh lv wkh idfw wkdw wkh hfrqrp| lv qhdu wkh wurxjk ri wkh orqjhu
whup f|foh1 Iljxuh 9 vkrzv iruhfdvwv ri wkh vhulhv/ zlwk rqh UPVH rq hlwkhu

5
Wkh odvw wzr txduwhuv duh hvwlpdwhv

<
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Iljxuh 9= Iruhfdvwv iru Fkloh uhdo JGS

vlgh/ wrjhwkhu zlwk h{wudsrodwlrqv ri wkh wzr f|fohv1
Wkh vhulhv kdv d vhdvrqdo frpsrqhqw/ zklfk vkrzv pdunhg fkdqjhv ryhu wkh

shulrg> wkh judsk ri lqglylgxdo vhdvrqv lv sduwlfxoduo| lqirupdwlyh1 Wkh uhdvrqv

ehklqg wkhvh fkdqjhv lq vhdvrqdolw| zloo qrw eh lqyhvwljdwhg ixuwkhu khuh/ wkrxjk
lw lv lqwhuhvwlqj wr srqghu rq wkh h�hfw ri wu|lqj wr wdfnoh vxfk pryhphqwv

zlwk d qrq0prgho0edvhg vhdvrqdo dgmxvwphqw surfhgxuh vxfk dv wkh X1V1 Fhqvxv
Exuhdx*v [0451

6 Pxowlyduldwh prghov dqg edodqfhg jurzwk

Pruh suhflvh lqirupdwlrq rq wkh wdujhw vhulhv fdq vrphwlphv eh rewdlqhg e|
eulqjlqj lq lqirupdwlrq lq d uhodwhg vhulhv1 Wklv lv grqh e| frqvwuxfwlqj d

elyduldwh prgho1 Iru h{dpsoh/ wkh f|foh lq lqyhvwphqw lv txlwh pdunhg dqg vr

lw pd| khos lq jlylqj d ehwwhu hvwlpdwh ri wkh f|foh lq JGS1 Vhyhudo dx{loldu|
vhulhv pd| eh xvhg lq d pxowlyduldwh v|vwhpv/ exw wkh sulqflsoh uhpdlqv wkh vdph1

Wkh lghdv ri fr0lqwhjudwlrq/ frpprq wuhqgv dqg edodqfhg jurzwk duh gluhfwo|

uhohydqw wr wkh srwhqwldo jdlqv lq h!flhqf|1

614 Elyduldwh vwuxfwxudo wlph vhulhv prghov

Wkh elyduldwh orfdo ohyho prgho lv

|4w @ �
4w . %4w> �

4w @ �
4w�4 . �

4w> w @ 4> ===> W> +46,

|5w @ �
5w . %5w> �

5w @ �
5w�4 . �

5w
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Wkh fryduldqfh pdwul{ ri +�
4w> �5w,

3 pd| eh zulwwhq
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zkhuh �
�
lv wkh fruuhodwlrq1 Pruh jhqhudoo|/

|lw @ �
lw
. #

lw
. %lw> l @ 4> 5> w @ 4> ===> W> +47,

zkhuh �
lw
lv d orfdo olqhdu wuhqg dqg #

lw
lv d f|foh dv gh�qhg hduolhu1

Wkh vlplodu f|foh prgho/ lqwurgxfhg e| Kduyh| dqg Nrrspdq +4<<:,/ doorzv

wkh glvwxuedqfhv gulylqj wkh f|fohv wr eh fruuhodwhg dfurvv wkh vhulhv1 Krzhyhu/

wkh gdpslqj idfwru dqg wkh iuhtxhqf|/ � dqg �f> duh wkh vdph lq doo vhulhv/ vr wkh

f|fohv lq wkh gl�huhqw vhulhv kdyh vlplodu surshuwlhv> lq sduwlfxodu wkhlu pryh0

phqwv duh fhqwuhg durxqg wkh vdph shulrg1 Wklv vhhpv hplqhqwo| uhdvrqdeoh li

wkh f|folfdo pryhphqwv doo dulvh iurp d vlplodu vrxufh vxfk dv dq xqghuo|lqj exvl0

qhvv f|foh1 Ixuwkhupruh/ wkh uhvwulfwlrq phdqv wkdw lw lv riwhq hdvlhu wr vhsdudwh

rxw wuhqg dqg f|foh pryhphqwv zkhq vhyhudo vhulhv duh mrlqwo| hvwlpdwhg1

615 Vwdelolw| dqg edodqfhg jurzwk

Lq wkh edodqfhg jurzwk prgho/ wkh vdph wuhqg/ �
w
> dsshduv lq wkh wzr vhulhv1

Wkxv wkh elyduldwh orfdo ohyho prgho ehfrphv

|4w @ �
w
. �. %4w> w @ 4> ===> W> +48,

|5w @ �
w
. %5w>

Lq whupv ri +46,/ �
�
@ 4 dqg �4� @ �5�= D fruuhvsrqglqj surshuw| krogv iru wkh

vorsh glvwxuedqfh lq wkh orfdo olqhdu wuhqg1

Wkh vhulhv kdyh d vwdeoh uhodwlrqvkls ryhu wlph lq wkdw wkh| duh hyroylqj lq

vxfk d zd| wkdw wkhlu gl�huhqfh |4w� |5w lv vwdwlrqdu|1 Lq rwkhu zrugv wkh vhulhv

duh fr0lqwhjudwhg zlwk d nqrzq fr0lqwhjudwlqj yhfwru1 D vwdelolw| whvw ri wkh qxoo

k|srwkhvlv li d vwdeoh uhodwlrqvkls fdq eh fduulhg rxw xvlqj d vwdwlrqdulw| whvw/

vxfk dv wkh rqh sursrvhg e| Q|eorp dqg Pçnhoçlqhq +4<;6,1 Xqghu wkh qxoo

k|srwkhvlv/ wkh olplwlqj glvwulexwlrq ri wkh whvw vwdwlvwlf lv Fudpìu0yrq Plvhv1

Wkh whvw fdq eh prgl�hg vr dv wr lqfoxgh d qrqsdudphwulf fruuhfwlrq iru vhuldo

fruuhodwlrq dv Nzldwnrzvnl hw do +4<<5,1 Sdudphwulf dgmxvwphqwv fdq dovr eh

pdgh1 Li wkhuh duh qr frqvwdqw whup lq +48,/ wkdw lv � @ 3> wkh vhulhv frqwdlq dq

lghqwlfdo frpprq wuhqg1 Wkh whvw vwdwlvwlf lv wkhq frqvwuxfwhg zlwkrxw wkh phdq

vxewudfwhg dqg lwv dv|pswrwlf glvwulexwlrq xqghu wkh qxoo lv wkhq frphv iurp

d gl�huhqw phpehu ri wkh Fudpìu0yrq Plvhv idplo|/ vhh Kduyh| dqg Fduydokr

+5334,1

Wkh frpprq wuhqg uhvwulfwlrq lv d vwurqj rqh/ exw lw fdq ohdg wr frqvlghudeoh

jdlqv lq wkh h!flhqf| zlwk zklfk frpsrqhqwv lq wkh wdujhw vhulhv duh hvwlpdwhg1

Dq dqdo|vlv fdq eh irxqg lq Kduyh| dqg Fkxqj +5333, lq frqqhfwlrq zlwk wkh hv0

wlpdwlrq ri wkh xqghuo|lqj fkdqjh lq wkh ohyho ri xqhpsor|phqw1 Dqrwkhu srlqw

ri lqwhuhvw lv wkdw wkh sdshu ghprqvwudwhv krz vwdwh vsdfh phwkrgv fdq eh xvhg
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wr frpelqh lqirupdwlrq surgxfhg dw gl�huhqw vdpsolqj lqwhuydov1 Wkxv/ lq wkh

fdvh ri wkh XN/ txduwhuo| vxuyh| gdwd lv frpelqhg zlwk prqwko| fodlpdqw frxqw

�jxuhv wr surgxfh d ehwwhu hvwlpdwh ri wkh xqghuo|lqj fkdqjh lq xqhpsor|phqw1

616 Mdsdq dqg wkh X1V1

Prghov zlwk vprrwk wuhqgv zhuh �wwhg wr wkh orjdulwkpv ri txduwhuo|/ vhdvrq0

doo| dgmxvwhg/ gdwd rq uhdo JGS shu fdslwd lq wkh XV dqg Mdsdq ryhu wkh shulrg

4<94=4 wr 5333=41Wkh gdwd zhuh rewdlqhg iurp wkh RHFG Pdlq Hfrqrplf Lqgl0

fdwruv dqg wkh srsxodwlrq vhulhv zhuh frqvwuxfwhg dv txduwhuo| prylqj dyhudjhv

ri dqqxdo �jxuhv vsuhdg ryhu doo irxu txduwhuv1 Wkh vhulhv duh lq 4<<3 XV grooduv>

wkh fkrlfh ri frqyhuvlrq gdwh ri frxuvh d�hfwv wkh jds ehwzhhq wkh vhulhv/ exw lv

rwkhuzlvh luuhohydqw1

Ilwwlqj d xqlyduldwh prgho wr Mdsdq grhv qrw |lhog d vdwlvidfwru| f|foh6 1 E|

frqwudvw/ lw ehfrphv pxfk pruh olnh wkh XV f|foh lq wkh vlplodu f|foh elyduldwh

prgho1 Wdeoh 4 vkrzv wkh hvwlpdwhv ri wkh sdudphwhuv/ rewdlqhg xvlqj VWDPS/

wrjhwkhu zlwk wkh vwdqgdug huuru +VH, iru hdfk htxdwlrq dqg wkh Er{0Omxqj

vwdwlvwlf/ T+S ,> edvhg rq wkh �uvw S uhvlgxdo dxwrfruuhodwlrqv1 Wkh fruuhodwlrqv

ehwzhhq wkh vorsh/ f|foh dqg luuhjxodu glvwxuedqfhv zhuh 031476/ 315:7 dqg 4

uhvshfwlyho|1 Wkh shulrg ri 5:13: txduwhuv fruuhvsrqgv wr 91:: |hduv1
WDEOH 4 Elyduldwh Prgho

K|shusdudphwhuv Mdsdq XV
Wuhqg ��+�43

�6, 4=96; 3=<3:
F|foh ��+�43

�6, :=4:: :=975
�#+�43

�6, 4:=55 4;=67
� 3=<4 3=<4

Shulrg +5�@�f, 5:=3: 5:=3:
Luuhjxodu �%+�43

�6, 7=6;3 3=4:7
Ilw orjO

VH+�43�6, 44=477 <=38;
Gldjqrvwlfv T+44, 44=:99 47=:4<

Iljxuh : duh iru wkh elyduldwh prgho1 Wkhlu suhvhqfh phdqv wkdw wkh wuhqgv

duh txlwh vprrwk1 Krzhyhu/ lw lv fohdu wkdw wkh iruhfdvwv zloo glyhujh dv wkhuh lv

yluwxdoo| qr jurzwk lq Mdsdq dw wkh hqg ri wkh vhulhv1 Wklv lvvxh lv wdnhq xs lq

vhfwlrq 8 zkhuh d frqyhujhqfh prgho lv �wwhg1

7 Prghov ri Frqyhujlqj Hfrqrplhv

Wzr frxqwulhv kdyh frqyhujhg li wkh gl�huhqfh ehwzhhq wkhp lv vwdeoh1 Li lqlwldo

frqglwlrqv duh xqlpsruwdqw/ vwdelolw| lpsolhv wkdw wkh gl�huhqfh ehwzhhq wkh

vhulhv/ |w> lv vwdwlrqdu| iru yluwxdoo| wkh zkroh shulrg1 Li wkh phdq ri |w lv }hur

wkh frxqwulhv duh lq d vwdwh ri devroxwh frqyhujhqfh1 Li wkh phdq> �> lv qrw }hur

zh kdyh frqglwlrqdo ru uhodwlyh frqyhujhqfh1 Wklv lv d srvvlelolw| li zh hqwhuwdlq

6Wkh f|foh lv doprvw qrqvwdwlrqdu|/ zlwk 4 ' f�bbHc zkloh wkh shulrg lv rqo| 51<: |hduv1
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Iljxuh := Wuhqgv dqg f|fohv iurp d elyduldwh vwuxfwxudo wlph vhulhv prgho

wkh h{lvwhqfh ri lqfuhdvlqj frvwv ri frqyhujhqfh dqg srvvleoh eduulhuv wr devroxwh

frqyhujhqfh> vhh/ iru h{dpsoh/ Ehuqdug dqg Gxuodxi +4<<9,1 Wkh olplwlqj jurzwk

sdwkv iru wkh uhjlrqv duh wkhq sdudooho/ gl�hulqj e| �=

Vxssrvh qrz wkdw zh zlvk wr prgho wkh surfhvv ri frqyhujhqfh1 Li wzr

hfrqrplhv duh frqyhujlqj/ wkh prgho iru |w zloo kdyh wkh surshuw| wkdw iruhfdvwv

frqyhujh wr �= Wkh prghov vhw xs ehorz duh deoh wr vdwlvi| wklv frqglwlrq dqg

wkh| ehfrph vwdwlrqdu| iru hfrqrplhv zklfk kdyh frqyhujhg1

714 Vw|olvhg idfwv

Vxssrvh zh zlvk wr orrn dw vw|olvhg idfwv zlwkrxw srvlwlqj d sduwlfxodu phfkd0

qlvp iru frqyhujhqfh1 Wkh gl�huhqfh/ |w>lv dvvxphg wr eh pdgh xs ri d vwrfkdvwlf

wuhqg ru ohyho/ �
w
> wrjhwkhu zlwk rwkhu frpsrqhqwv vxfk dv f|foh dqg luuhjxodu

dv lq +7,1 Wkh vprrwkhg hvwlpdwhv ri wkh wuhqg ghvfuleh wkh wlph sdwk uh hfwlqj

wkh orqj0uxq gl�huhqfh ehwzhhq wkh wzr hfrqrplhv1 Vlpso| sorwwlqj wklv wlph

sdwk pd| eh yhu| lqirupdwlyh1 Iru h{dpsoh/ �jxuh ; vkrzv wkh gl�huhqfh lq

wkh wuhqg ri shu fdslwd JGS ehwzhhq wkh XVD dqg Mdsdq rewdlqhg e| �wwlqj d

vprrwk wuhqg/ wkdw lv zlwk �
5

� vhw wr }hur/ soxv f|foh prgho xvlqj wkh VWDPS

sdfndjh ri Nrrspdq hw do +5333,1 Zh fdq jr ixuwkhu dqg fduu| rxw whvwv ri

zkhwkhu wkh jds ehwzhhq wkh wzr hfrqrplhv kdv qduurzhg vljql�fdqwo| dqg2ru

zkhwkhu wkh jds lv }hur/ wkdw lv �W @ 3> lqglfdwlqj wkdw devroxwh frqyhujhqfh kdv
wdnhq sodfh1 Wkh uhvxow fdq eh vhhq iurp wkh judsk zkhuh d frq�ghqfh lqwhuydo
ri wzr UPVH*v lv vkrzq1 Wkh ohyho lq wkh wuhqg dw wkh hqg ri wkh vdpsoh lv
31563 zlwk d UPVH ri 31365 jlylqj d cw� ydoxh* ri :1431 Dowkrxjk Mdsdq fdph
forvh wr fdwfklqj xs zlwk wkh XVD lq wkh hduo| 4<<3*v wkh pryhphqw vlqfh wkhq
kdv ehhq lq wkh rssrvlwh gluhfwlrq1
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Iljxuh ;= XV0Mdsdq jds prghoohg e| d vprrwk wuhqg

715 Huuru fruuhfwlrq phfkdqlvpv

Wkh xvh ri qrq0vwdwlrqdu| frpsrqhqwv wr prgho frqyhujhqfh lv dssduhqwo| frq0
wudglfwru| vlqfh rqfh frqyhujhqfh kdv wdnhq sodfh wkh vhulhv duh vwdwlrqdu|1 Lw
lv qrz vkrzq krz dq huuru fruuhfwlrq phfkdqlvp +HFP, fdq eh xvhg wr fds0
wxuh frqyhujhqfh g|qdplfv lqvwhdg ri dssur{lpdwlqj wkh surfhvv e| d vwrfkdvwlf
wuhqg1

Wkh vlpsohvw prgho lv

|w @ �. �
w
> �

w
@ !�

w�4
. �

w
> w @ 4> ===> W> +49,

zlwk d �{hg lqlwldo ydoxh/ �
3
= Wkh fuxfldo srlqw lv wkdw wklv lv qrw frqvwuxfwhg

dv d prgho ri d vwdeoh frqwudvw exw udwkhu dv d prgho ri wudqvlwlrqdo g|qdplfv
lq d vlwxdwlrq zkhuh wkh lqlwldo ydoxh lv vrph zd| iurp }hur1 Li ! ? 4> wkh
jds whqgv wr qduurz ryhu wlph1 Lw pdnhv olwwoh vhqvh wr kdyh ! qhjdwlyh dqg vr
zh pd| dvvxph wkdw ! � 3= Ri frxuvh zkhq wkh lqlwldo frqglwlrqv kdyh zrunhg
wkhpvhoyhv rxw/ wkh vhulhv ehfrphv vwdwlrqdu|1 Wkh htxlydohqw huuru fruuhfwlrq
+HF, uhsuhvhqwdwlrq iru �

w
lv

�|w @ +!� 4,+|w�4 � �, . �
w
@ � . +!� 4,|w�4 . �

w
> w @ 5> ===> W> +4:,

zkhuh � @ �+4 � !,= Wklv fdq eh lqwhusuhwhg dv vd|lqj wkdw/ iru gdwd lq orjd0
ulwkpv/ wkh h{shfwhg jurzwk udwh lq wkh fxuuhqw shulrg lv d qhjdwlyh iudfwlrq ri
wkh jds ehwzhhq wkh wzr hfrqrplhv diwhu doorzlqj iru wkh shupdqhqw gl�huhqfh/
�1 Iru h{dpsoh/ zlwk ! @ 3=<; dqg d udwlr ri 4198 lq lqfrph shu khdg/ zklfk
fruuhvsrqgv wr d jds lq orjdulwkpv ri 318/ wkh gl�huhqfh lq jurzwk udwhv lv 4(1
Vrph lghd ri zkdw gl�huhqw ydoxhv ri ! lpso| derxw wkh forvlqj ri wkh jds fdq
eh rewdlqhg e| qrwlqj wkdw wkh ��vwhs dkhdg iruhfdvw iurp dq DU+4, prgho
lv !� wlphv wkh fxuuhqw ydoxh1 Wkxv !� lv wkh iudfwlrq ri wkh jds h{shfwhg wr
uhpdlq diwhu � wlph shulrgv1
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Zulwwhq lq wkh HF irup/ +4:,/ wkh prgho dffrugv zlwk wkh qrwlrq ri frqyhu0
jhqfh lq wkh furvv0vhfwlrqdo olwhudwxuh/ dv h{srxqghg e| Eduur dqg Vdod0l0Pduwlq
+4<<5, dqg rwkhuv/ h{fhsw wkdw wkhuh wkh jurzwk udwh lv wdnhq wr eh d olqhdu ixqf0
wlrq ri wkh lqlwldo ydoxh/ jlylqj d prgho zklfk lv lqwhuqdoo| lqfrqvlvwhqw ryhu wlph>
vhh Hydqv dqg Nduudv +4<<9/ s 586,1

Wkh HFP pd| eh jhqhudolvhg wr doorz iru ulfkhu g|qdplfv1 Zlwklq dq dx0
wruhjuhvvlyh iudphzrun/ +4:, pd| eh dxjphqwhg zlwk odjjhg ydoxhv ri gl�huhqfhg
revhuydwlrqv1 Ilwwlqj vxfk d prgho wr wkh XV0Mdsdq vhulhv zlwkrxw wkh frqvwdqw
jdyh

g�|w @ �3=33;9|w�4 . 3=45:�|w�4 . 3=3;6�|w�5 . 3=469�|w�6 . 3=45;�|w�7=

Wkh htxdwlrq vwdqgdug huuru/ ghqrwhg VH + htxdo wr e�� khuh , lv 3=3459 dqg
T+44,> wkh Er{0Omxqj vwdwlvwlf edvhg rq 44 uhvlgxdo dxwrfruuhodwlrqv/ lv :=5<>
xqghu wkh qxoo k|srwkhvlv ri fruuhfw vshfl�fdwlrq/ wkh dv|pswrwlf glvwulexwlrq
ri wklv vwdwlvwlf lv "5

9
= Zlwk d frqvwdqw dgghg wr wkh uljkw kdqg vlgh

g�|w @ 3=335< �3=3489|w�4 .3=44;�|w�4 .3=3:9�|w�5 .3=466�|w�6 .3=45:�|w�7>

+3=334<, +3=3389, +3=3;4, +3=3;6, +3=3;6, +3=3;6,

zlwk VH @ 3=3458 dqg T+44, @ 9=;7= Wkh hvwlpdwh ri ! kdv idoohq iurp 3=<<4
wr 3=<;71 Wkh cw�vwdwlvwlf* ri wkh frqvwdqw lv 4187 dqg wkh lpsolhg ydoxh ri � lv
3=4;:1 Qrqh ri wkh odjjhg gl�huhqfhv lv vwdwlvwlfdoo| vljql�fdqw dw wkh 8( ohyho1
Zlwk qr odjv/ wkh hvwlpdwh ri ! zdv 31<:< dqg wkh lpsolhg ydoxh ri � zdv 3=476=
Krzhyhu/ wkhuh zdv hylghqfh ri uhvlgxdo vhuldo fruuhodwlrq zlwk T+44, @ 58=47=

716 Xqrevhuyhg frpsrqhqwv dqg vprrwk frqyhujhqfh

Wkh XF dssurdfk lv wr dgg f|foh dqg luuhjxodu frpsrqhqwv wr wkh huuru fruuhf0
wlrq phfkdqlvp1 Wklv dyrlgv frqirxqglqj wkh wudqvlwlrqdo g|qdplfv ri frqyhu0
jhqfh zlwk vkruw0whup vwhdg|0vwdwh g|qdplfv1 Wkxv

|w @ �. �w . #w . %w> �w @ !�w�4 . �w> w @ 4> ===> W= +4;,

Hvwlpdwlrq lv h�hfwhg e| xvlqj wkh vwdwh vsdfh irup zlwk d gl�xvh sulru iru �w +
dv wkrxjk lw zhuh qrqvwdwlrqdu|,1 Dowkrxjk � lv uhjdughg dv d �{hg sdudphwhu/
lw fdq dovr eh hvwlpdwhg e| lqfoxglqj lw lq wkh vwdwh yhfwru zlwk d gl�xvh sulru1
Fduh pxvw eh wdnhq dv � lv qrw lghqwl�hg zkhq ! lv xqlw|> lw lv dgylvdeoh wr
fduu| rxw qxphulfdo rswlplvdwlrq zlwk uhvshfw wr d wudqviruphg yduldeoh/ vxfk
dv � orj+4�!,> zklfk olhv ehwzhhq 3 dqg4/ wkhuhe| nhhslqj ! vwulfwo| ohvv wkdq

rqh1 Wkh dsshqgl{ h{soruhv PO hvwlpdwlrq iru wkh vlpsoh prgho lq +49,1 D

olnholkrrg udwlr whvw ri wkh qxoo k|srwkhvlv wkdw � @ 3 fdq eh fduulhg rxw/ exw lq

rughu wr hqvxuh frpsdudelolw| ri olnholkrrg wkh rqh iru wkh xquhvwulfwhg prgho

pxvw eh fdofxodwhg e| wuhdwlqj � dv ehlqj �{hg1
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Vprrwkhu wudqvlwlrqdo g|qdplfv fdq eh dfklhyhg e| vshfli|lqj �
w
lq +4;, dv

�
w

@ !�
w�4

. �
w�4

> w @ 4> ===> W> +4<,

�
w

@ !�
w�4

. �
w
>

Li zh zulwh wkh prgho zlwk zkdw pljkw eh whuphg d vhfrqg0rughu HFP/ wkdw lv

��
w

@ +!� 4,�
w�4

. �
w�4

> w @ 4> ===> W> +53,

��
w

@ +!� 4,�
w�4

. �
w
>

lw fdq eh vhhq wkdw wkhuh lv d frqyhujhqfh phfkdqlvp rshudwlqj rq erwk wkh

jds lq wkh ohyho dqg wkh jds lq wkh jurzwk udwh1 Dowhuqdwlyho| wklv vhfrqg0rughu

HFP fdq eh h{suhvvhg dv

��
w
@ �+4� !,5�

w�4
. !5��

w�4
. �

w

vkrzlqj wkdw wkh xqghuo|lqj fkdqjh ghshqgv qrw rqo| rq wkh jds exw dovr rq

wkh fkdqjh lq wkh suhylrxv wlph shulrg1 Wklv phdqv wkdw fkdqjhv wdnh sodfh

pruh vorzo|1 Qrwh wkdw wkh prgho lv d vshfldo fdvh ri wkh vhfrqg0rughu f|foh/

+:,/ rewdlqhg e| vhwwlqj �f @ 3=
Wkh prgho lv htxlydohqw wr dq DU+5, surfhvv zlwk erwk urrwv htxdo wr !=

Reylrxvo| wkh frqglwlrq iru vwdwlrqdulw| lv m!m ? 4=Zlwk d ydoxh ri ! forvh wr rqh/

�w zloo ehkdyh lq d vlplodu zd| wr wkh vprrwk wuhqg vkrzq lq �jxuh ;1 Rq wkh

rwkhu kdqg/ wkh �uvw0rughu HFP ehkdyhv udwkhu olnh d udqgrp zdon vshfl�fdwlrq

dqg wudfnv wkh revhuydwlrqv forvho|/ ohdylqj olwwoh vfrsh iru wkh dgglwlrq ri vkruw0

whup qrq0wudqvlwlrqdo frpsrqhqwv1 Wkh DFI ri wkh vhfrqg0rughu prgho lv

�+�, @ ^4 . i+4� !,@+4 . !,j� `!� >

vr wkh ghfd| lv vorzhu wkdq lq dq DU+4, zlwk wkh vdph ydoxh ri != Wkh n�vwhs
dkhdg iruhfdvw ixqfwlrq/ vwdqgduglvhg e| glylglqj e| wkh fxuuhqw ydoxh ri wkh

jds/ lv

i+n, @ +4 . +4� !�,n,!n> n @ 3> 4> 5> ==

zkhuh � @ �w�4@�w1 Li � @ 4@!> wkh h{shfwhg frqyhujhqfh sdwk lv wkh vdph

dv lq wkh �uvw rughu prgho1 Vrph qrwlrq ri wkh dyhudjh frqyhujhqfh ehkdylrxu

lv rewdlqhg e| vhwwlqj � vr wkdw i+n, lv wkh vdph dv wkh DFI> wklv lpsolhv

� @ 5@+4 . !,= Krzhyhu/ wkh prvw lqwhuhvwlqj dvshfw ri wkh vhfrqg0rughu prgho
lv wkdw li wkh frqyhujhqfh surfhvv vwdoov vx!flhqwo|/ wkh jds fdq eh h{shfwhg wr

zlghq lq wkh vkruw uxq1

Hvwlpdwlqj wkh �uvw0rughu XF prgho/ +4;,/ uhvxowhg lq uhodwlyho| vpdoo ydoxhv

iru wkh f|foh dqg luuhjxodu yduldqfhv1 Wkh vdph wklqj kdsshqhg zkhq d udqgrp

zdon wuhqg zdv �wwhg lq wkh suholplqdu| prgho/ lqvwhdg ri d vprrwk wuhqg1 Wkh

grplqdqfh ri wkh wudqvlwlrqdo frpsrqhqw ryhu wkh f|foh dqg luuhjxodu phdqv

wkdw wkh prgho lv qrw wrr idu iurp d vlpsoh HFP dv lq +4:,1 Wkh frqyhujhqfh

sdudphwhu/ !> lv 31<;7 iru devroxwh frqyhujhqfh dqg 31<:: zkhq � lv hvwlpdwhg1
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Iljxuh <= Iruhfdvwv iru vhfrqg0rughu frqyhujhqfh prgho

Wkh hvwlpdwh ri � lv 31467/ exw wkh OU vwdwlvwlf lv 6166 zklfk lv qrw vljql�fdqw

djdlqvw d "5
4
glvwulexwlrq1

Wkh vhfrqg0rughu frqyhujhqfh prgho/ +53,/ iduhg pxfk ehwwhu lqvridu dv lw

zdv deoh wr vhsdudwh rxw d f|folfdo frpsrqhqw1 Wkh uhvxowv duh vkrzq lq wdeoh

51 Wkh vprrwkhg sdwk ri �w lv yhu| vlplodu wr wkdw vkrzq lq �jxuh ;1 Iljxuh

< vkrzv wkh suhglfwlrqv iru wkh vhulhv/ |w> ryhu d wzhqw| |hdu krul}rq1 Wkhvh

suhglfwlrqv vkrz vrph lq xhqfh iurp wkh f|foh1 Wkh sdudphwhuv rewdlqhg zkhq

wkh vprrwk wuhqg zdv �wwhg wr jlyh �jxuh ; duh vkrzq lq wkh odvw froxpq1 Wkh

hvwlpdwh ri �> 314;3/ qrz kdv d vwdwlvwlfdoo| vljql�fdqw OU vwdwlvwlf ri 91791
WDEOH 5 XV � Mdsdq

K|shusdudphwhuv Devroxwh Uhodwlyh Wuhqg

Frqyhujhqfh ��+�43
�6, 4=<66 4=5;9 4=577

! 3=<96 3=<76 4 +�{hg,
F|foh ��+�43

�6, 44=66 44=84 44=58
�f 3=<7 3=<9 3=<8

Shulrg +5�@�f, 83=84 83=47 83=<4
Luuhjxodu �%+�43

�6, 3=347 3=3:4 4=87
Jds � 3 +�{hg, 3=4;3 �
Ilw orjO 787=9:< 78:=<3< 784=<7

VH+�43�6, 45=: 45=7 45=;

Gldjqrvwlfv T+44, 44=87 43=;8 <=6:

Lw zdv dujxhg lq vhfwlrq 5 wkdw wkh kljkhu rughu f|fohv ri +;, pd| eh pruh

fohduo| gh�qhg lq wkdw wkh| fxw rxw pruh kljk iuhtxhqflhv1 Vxfk f|fohv frxog

dovr eh xvhg lq +4;,/ dowkrxjk wkh| pd| eh pruh h�hfwlyh lq wkh elyduldwh prghov

wr eh ghvfulehg lq wkh qh{w vhfwlrq1

4:



8 Elyduldwh prghov iru wkh ohyhov ri frqyhujlqj

hfrqrplhv

Wkh suhylrxv vhfwlrq ghylvhg d phfkdqlvp iru fdswxulqj frqyhujhqfh ehwzhhq

wzr hfrqrplhv1 Wklv vhfwlrq h{soruhv krz wklv phfkdqlvp fdq eh lqfrusrudwhg

lqwr d elyduldwh prgho iru wkh ohyhov ri frqyhujlqj hfrqrplhv1 Wkh dlp lv wr eh

deoh wr h{wudfw wuhqg dqg frqyhujhqfh frpsrqhqwv dqg wr pdnh iruhfdvwv zklfk

wdnh frqyhujhqfh wr d frpprq wuhqg lqwr dffrxqw1 Wkh h{whqvlrq wr pxowlyduldwh

prgholqj lv qrw fryhuhg exw d glvfxvvlrq fdq eh irxqg lq Kduyh| dqg Fduydokr

+5334,1

814 Elyduldwh huuru fruuhfwlrq phfkdqlvp

D elyduldwh prgho iru wzr frqyhujlqj hfrqrplhv fdq eh vhw xs dv

�|4w @ !4+|5>w�4 � |4>w�4, . �4w +54,

�|5w @ !5+|4>w�4 � |5>w�4, . �5w

zkhuh |l>w ghqrwhv/ iru h{dpsoh/ shu fdslwd rxwsxw iru hfrqrp| l dw wlph w=

Devroxwh frqyhujhqfh dqg qr jurzwk lv lqlwldoo| dvvxphg iru vlpsolflw|1 Wkxv

wkh jurzwk udwh ri wkh �uvw hfrqrp| ghshqgv rq wkh jds ehwzhhq lwv ohyho dqg

wkdw ri wkh vhfrqg hfrqrp| dqg ylfh yhuvd1

Wkh prgho fruuhvsrqgv wr wkh �uvw0rughu yhfwru dxwruhjuhvvlrq

|4w @ +4� !4,|4>w�4 . !4|5>w�4 . �4w +55,

|5w @ !5|4>w�4 . +4� !5,|5>w�4 . �5w

Wkh urrwv ri wkh wudqvlwlrq pdwul{

� @

�
4� !

4
!
4

!5 4� !5

�

duh rqh dqg !
4
.!

5
� 4= Wkh frqglwlrq iru wkh vhfrqg urrw wr olh lqvlgh wkh xqlw

flufoh lv 3 ? !4 . !5 ? 51 Wklv ehlqj wkh fdvh/ wkh orqj0uxq iruhfdvwv frqyhujh

wr wkh vdph ydoxh vlqfh

olp
n$4

�n @

�
! 4� !

! 4� !

�
+56,

zkhuh ! @ !
5
@+!

4
. !

5
,= Wklv lv d vwdqgdug uhvxow iurp wkh wkhru| ri Pdunry

fkdlqv1

Wkh prgho +54, fdq eh suhpxowlsolhg e| d pdwul{ zlwk xqlw Mdfreldq wkhuhe|

wudqviruplqj lw wr

|4w � |5w @ !+|4>w�4 � |5>w�4, . �4w � �5w

|!w @ |!>w�4 . �!w

4;



zkhuh ! @ 4� +!4 . !5, dqg

|!w @ !|4w . +4� !,|5w> +57,

wkh glvwxuedqfh �!w lv gh�qhg vlploduo|1 Wkh �uvw htxdwlrq fruuhvsrqgv wr wkh

xqlyduldwh frqyhujhqfh htxdwlrq ri +4:, vlqfh lw lv dq HFP iru wkh gl�huhqfh

|4w � |5w= Lq wkh vhfrqg htxdwlrq wkh zhljkwhg vxp iroorzv d udqgrp zdon dqg/

dv lv fohdu iurp +56,/ wklv lv wkh jurzwk sdwk wr zklfk wkh wzr hfrqrplhv duh

frqyhujlqj1

Sdudphwhulvlqj wkh prgho lq whupv ri ! dqg ! kdv vrph dwwudfwlrqv1 Wkh

vwdelolw| frqglwlrq lv m!m ? 4> wkrxjk lw pdnhv olwwoh vhqvh wr kdyh ! qhjdwlyh1

Lw vhhpv ghvludeoh +wkrxjk qrw hvvhqwldo iru vwdelolw|, wr kdyh 3 � ! � 4= Wklv
frqglwlrq lpsolhv wkdw !

4
dqg !

5
duh erwk juhdwhu wkdq ru htxdo wr }hur1 Qrwh

wkdw li ! @ 4> wkhq ! lv qrw lghqwl�hg1

Ehqfkpdun prgho Vhwwlqj !5 @ 3 +ru !
4
@ 3, lpsolhv wkdw frxqwu| rqh

+wzr, frqyhujhv wr frxqwu| wzr +rqh,/ wkh ehqfkpdun frxqwu|1 Surylghg !
4

lv srvlwlyh/ !
5
@ 3 grhv qrw lpso| d vhfrqg xqlw urrw dqg vr d whvw ri wklv

k|srwkhvlv fdq eh edvhg rq vwdqgdug glvwulexwlrq wkhru|1 Qrwh wkdw |
4>w�4 �

|
5>w�4 lv vwdwlrqdu| +wkh yduldeohv duh fr0lqwhjudwhg, lq +54,1
Wuhqg dqg frqvwdqw Wkh prgho pd| eh h{whqghg vr dv wr lqfoxgh d frp0

prq ghwhuplqlvwlf wuhqg dqg d frqvwdqw � wr doorz iru uhodwlyh frqyhujhqfh1
Wkxv

|
4w @ �. �w. �

4w +58,

|
5w @ �w. �

5w

zkhuh

��
4w @ !

4
+�

5>w�4 � �
4>w�4, . �

4w +59,

��
5w @ !

5
+�

4>w�4 � �
5>w�4, . �

5w

Wkh jds/ |
5>w � |

4>w> lv dv lq +49,/ h{fhsw wkdw wkh vljq ri � lv gl�huhqw +wklv lv
pruh frqyhqlhqw iru zkdw iroorzv,1 Vxevwlwxwlqj iru �

4w dqg �
5w jlyhv

�|
4w @ � � !

4
�. !

4
+|
5>w�4 � |

4>w�4, . �
4w +5:,

�|
5w @ � . !

5
�. !

5
+|
4>w�4 � |

5>w�4, . �
5w

Qrwh wkdw wkh zhljkwhg dyhudjh/ +57,/ lv d udqgrp zdon zlwk d guliw ri � dqg
wkdw wkh jds/ |

5>w � |
4>w> lv dv lq +4:,1

4<



815 Dxwruhjuhvvlyh prghov

Wkh g|qdplfv lq +5:, pd| eh h{whqghg e| dgglqj odjjhg gl�huhqfhv wr wkh uljkw
kdqg vlgh ri wkh htxdwlrqv dqg uh0duudqjlqj wr jlyh

�|
4w @ �

4
� !

4
+|
4>w�4 � |

5>w�4, .

s[

u@4

!
|
44u�|

4>w�u .

s[

u@4

!
|
45u�|

5>w�u . �
4w

�|
5w @ �

5
. !

5
+|
4>w�4 � |

5>w�4, .

s[

u@4

!
|
54u�|

4>w�u .

s[

u@4

!
|
55u�|

5>w�u . �
5w

zkhuh �l @ �+4�
Ss

m@4
+!|l4m.!

|
l5m,,.+�4,

l!l�> l @ 4> 5= Wkh sdudphwhuv � dqg �

fdq eh lghqwl�hg iurp wkh hvwlpdwhg frqvwdqwv rqfh hvwlpdwhv ri !
4
dqg !

5
kdyh

ehhq rewdlqhg1 Wkh prgho ehorqjv wr wkh yhfwru huuru fruuhfwlrq phfkdqlvp
+YHFP, fodvv1 Wkh fr0lqwhjudwlqj yhfwru lv nqrzq dqg PO hvwlpdwlrq fdq eh
fduulhg rxw e| ROV vlqfh wkh uhjuhvvruv duh wkh vdph lq hdfk htxdwlrq1 Li zh
zhuh wr vhw � wr }hur wkhq wkh uhvwulfwlrq wkdw wkh vorshv duh wkh vdph zrxog
qhhg wr eh hqirufhg1

Lq wkh ehqfkpdun prgho/ !l lv vhw wr }hur lq rqh htxdwlrq dqg vr � lv lghq0
wl�hg iurp wkdw htxdwlrq1 Xvlqj wkh hvwlpdwh ri �> dq hvwlpdwh ri � sdudphwhu
fdq h{wudfwhg iurp wkh hvwlpdwhg frqvwdqw lq wkh rwkhu htxdwlrq1 Wkhuh vkrxog/
lq wkhru|/ eh jdlqv iurp VXUH hvwlpdwlrq/ dowkrxjk lq sudfwlfh lw vhhpv wr pdnh
olwwoh gl�huhqfh khuh1

D elyduldwh prgho zdv hvwlpdwhg iru wkh XV dqg Mdsdq zlwk s @ 7= Iru Mdsdq
zh �qg h!

4
@ 3=34;7 zkloh iru wkh XV/ h!

5
@ �3=3379= Wkh prgho lv vwdeoh/ exw

wkh qhjdwlyh vljq iru h!
5
vxjjhvwv wkdw lw vkrxog eh vhw wr }hur/ dv lq d ehqfkpdun

prgho1 Lqghhg wkh cw�vwdwlvwlf* lv rqo| 31<6:> uhfdoo wkdw wklv lv dv|pswrwlfdoo|

vwdqgdug qrupdo surylghg !
4
lv srvlwlyh1 Wkh ehqfkpdun prgho jdyh dq hvwlpdwh

ri !
4
htxdo wr 3=34:9> fruuhvsrqglqj wr ! @ 3=<;571 Iurp wkh hvwlpdwhv ri wkh

frqvwdqwv/ � dqg � duh hvwlpdwhg dv 3=473 dqg 3=3395 uhvshfwlyho|1 Wkh hvwlpdwh

ri � fruuhvsrqgv wr dq dqqxdo jurzwk udwh ri 519(1 Uhfdoo wkdw wkh xqlyduldwh

hvwlpdwh ri � iurp prghoolqj wkh gl�huhqfh dv dq dxwruhjuhvvlrq zdv 3=476=

816 Xqrevhuyhg frpsrqhqwv

Hpehgglqj wkh HFP zlwklq d XF prgho e| dgglqj d f|foh dqg dq luuhjxodu wr
+58, jlyhv

|4w @ �. �w. �
4w
. #

4w
. %4w +5;,

|5w @ �w. �
5w

. #
5w
. %5w

Li #
4w

dqg #
5w

duh prghoohg dv vlplodu f|fohv/ vxewudfwlqj |4w iurp |5w lq +5;,

jlyhv d xqlyduldwh prgho ri wkh irup +4;,1

Wkh yhfwru +�
4w
> �

5w
,3 pd| eh lqlwldolvhg zlwk d gl�xvh sulru lq wkh VVI1

Wkh sdudphwhuv � dqg � pd| dovr eh lqfoxghg lq wkh vwdwh dqg lqlwldolvhg zlwk
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d gl�xvh sulru/ wkrxjk lw rughu wr frpsduh olnholkrrgv wkh| vkrxog eh wuhdwhg

dv �{hg1 Qrwh wkdw li !
4
@ !

5
@ 3> wkhq wkhuh lv qr frqyhujhqfh1 Wkh sxuh

wuhqg prgho ri vhfwlrq 5 lv wkhq rewdlqhg surylghg � lv vhw wr }hur1 Krzhyhu/ d

edodqfhg jurzwk prgho lv rewdlqhg li �
4>w dqg �5>w duh shuihfwo| fruuhodwhg zlwk

wkh vdph yduldqfh1
D vprrwk vwrfkdvwlf wuhqg fdq uhsodfh wkh udqgrp zdon zlwk frpprq guliw1

Wklv lv prvw qdwxudo li d vhfrqg0rughu prgho iru wkh frqyhujhqfh g|qdplfv/
jhqhudolvlqj +53,/ lv dgrswhg1 Zh wkhq kdyh

|4w @ �. �
4w . #

4w . %4w> +5<,

|5w @ �
5w . #

5w . %5w>

�4w @ +4� !
4
,�

4>w�4
. !

4
�
5>w�4

. �
4>w�4

> +63,

�
4w @ +4� !

4
,�

4>w�4
. !

4
�
5>w�4

. �
4>w>

�
5w @ +4� !

5
,�

5>w�4
. !

5
�
4>w�4

. �
5>w�4

>

�
5w @ +4� !

5
,�

5>w�4
. !

5
�
4>w�4

. �
5>w=

Djdlq/ li !4 @ !
5
@ 3> wkhq wkhuh lv qr frqyhujhqfh exw d edodqfhg jurzwk prgho

lv rewdlqhg li �
4>w dqg �

5>w duh shuihfwo| fruuhodwhg zlwk wkh vdph yduldqfh1

Wkh prgho fdq eh uh0duudqjhg vr dv wr kdyh wzr frqyhujhqfh frpsrqhqwv
gh�qhg lq whupv ri ghyldwlrqv iurp wkh frpprq wuhqg/ wkdw lv �|lw @ �lw � �!w

dqg �
|
l>w @ �lw � �!w> l @ 4> 5> zkhuh �!w lv

�!w @ !�
4w . +4� !,�

5w> +64,

dqg vlploduo| iru �!w= Wkhq

|4w @ �+4� !, . �
|
4w . �!w . #

4w . %4w> +65,

|5w @ �!�. ^�!@+4� !,`�
|
4w . �!w . #

5w . %5w>

zlwk

�
|
4w @ !�

|
4w�4

. �
|
4>w�4

>

�
|
4w @ !�

|
4>w�4

. �
|
4>w>

�!w @ �!>w�4
. �!>w�4>

�!w @ �!>w�4
. �!>w>

Wkh vhfrqg frqyhujhqfh frpsrqhqw fdq eh rewdlqhg iurp wkh �uvw vlqfh !�
|
4w .

+4 � !,�
|
5w @ 3= Erwk hfrqrplhv frqyhujh wr wkh jurzwk sdwk ri wkh frpprq

wuhqg/ h{fhsw lqvridu dv wkh �uvw hfrqrp| lv dw d frqvwdqw ohyho/ �> deryh +ru

ehorz, wkh vhfrqg rqh1 Frqyhujhqfh lv dw wkh vdph udwh/ !=

Li wkh vhfrqg hfrqrp| lv wdnhq wr eh d ehqfkpdun wkhq !5 @ 3 lq wkh odvw
wzr htxdwlrqv ri +63,1 Lq wklv fdvh �

5w lv d vprrwk wuhqg1 Vhwwlqj xs wkh prgho

dv lq +65, zlwk ! @ 3> irfxvhv dwwhqwlrq rq wkh wudqvlwlrqdo jds ehwzhhq wkh

wzr hfrqrplhv dv �
|
4w @ �

4w � �
5w dqg �

|
4>w @ �

4>w � �
5>w= Wkh lpsolhg prgho iru

|4w � |5w lv dv lq +4;, zlwk �w uhsodfhg e| �
|
4w=
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817 XF Prgho iru Mdsdq dqg XV

Wkh vprrwk vwrfkdvwlf wuhqgv prgho �wwhg lq vxe0vhfwlrq 616 jlyhv dq lqglfdwlrq

ri wkh nlqg ri uhvxowv zklfk pljkw eh h{shfwhg iurp d frqyhujhqfh prgho dqg

fdq surylgh vwduwlqj ydoxhv iru vrph ri wkh sdudphwhuv1 Dv douhdg| qrwhg/ wkh
prgho lv d olplwlqj fdvh zklfk uhvxowv zkhq !

4
@ !

5
@ 3 dqg � @ 3=

WDEOH 6 K|shusdudphwhuv
Mdsdq

Devroxwh
XV

Mdsdq

Uhodwlyh
XV

Frqyhujhqfh ��+�43
�6, 4=799 3=<;< 4=6<< 4=33:

! 3=<9< 3=<8;

F|foh ��+�43
�6, 9=<65 :=797 <=746 :=9;4

� 3=<36 3=;<5

Shulrg+5�@�f, 57=:: 5;=9:

Luuhjxodu �%+�43
�6, 7=7;5 3=854 3 3

Jds � 3+il{hg,
�3=4:7

+3=37:,

Ilw orjO <;;=383 <;;=:99

VH+�43�6, ;=< 4=39 ;=< 43=9
Gldjqrvwlfv T+44, 45=6: 47=:: 45=6: 47=::

Wkh uhvxowv ri �wwlqj wkh elyduldwh frqyhujhqfh prgho duh vkrzq lq wdeoh 61

Wkh prgho zdv hvwlpdwhg zlwk wkh XV wdnhq dv wkh ehqfkpdun/ zlwk � vhw wr

}hur dqg � xquhvwulfwhg1 Zkhq wkh pruh jhqhudo prgho zlwk qr uhvwulfwlrqv rq

!4 dqg !5 zdv hvwlpdwhg lw froodsvhg wr wkh ehqfkpdun prgho1 Wklv lv frqvlvwhqw

zlwk zkdw zdv irxqg zkhq wkh elyduldwh dxwruhjuhvvlyh prgho zdv �wwhg1

Wkh pdlq ihdwxuhv duh=

l, Wkh f|foh sdudphwhuv duh vlplodu wr wkrvh rewdlqhg zlwk wkh elyduldwh sxuh

wuhqg prgho uhsruwhg lq wdeoh 4 dqg wkh �wwhg f|fohv vhhp wr surylgh d pruh

vdwlvidfwru| ghfrpsrvlwlrq wkdq zdv rewdlqhg iru wkh xqlyduldwh prgho iru wkh

gl�huhqfh1

ll, Wkh hvwlpdwh ri � lv rqo| voljkwo| vpdoohu wkdq wkh rqh rewdlqhg lq wkh

xqlyduldwh jds prgho1 Djdlq wkhuh lv fohdu hylghqfh ri uhodwlyh frqyhujhqfh/

wkrxjk wkh OU vwdwlvwlf lv rqo| 417651

lll, Wkh hvwlpdwhg frqyhujhqfh frpsrqhqw/ �
|
4w
> dvvljqhg wr Mdsdq/ lv yhu|

vlplodu wr wkh vprrwkhg jds vkrzq lq �jxuh ;1

ly, Iljxuh 43 vkrzv wkh iruhfdvwv iru wkh wzr frxqwulhv1 Lw fdq eh vhhq wkdw

wkh| frqyhujh wr wkh vdph jurzwk sdwk/ �
w
> exw dw d frqvwdqw glvwdqfh / �> dsduw1

D ydoxh ri � @ �3=4:7 lpsolhv wkdw wkh ohyho ri Mdsdqhvh shu fdslwd JGS lv

derxw 49( ehorz wkdw ri wkh XV1

818 Fkloh dqg XV

Wkh gl�huhqfh ehwzhhq Fklohdq dqg XV JGS lv fkdudfwhulvhg e| dq hqruprxv

vzlqj lq idyrxu ri wkh XV gxulqj wkh 93v dqg :3v iroorzhg e| dq htxdoo| vwurqj

pryhphqw lq idyrxu ri Fkloh1 Wklv pdnhv prghoolqj dq| nlqg ri frqyhujhqfh
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Iljxuh 43=

surfhvv h{wuhpho| gl!fxow1 Wkh gl!fxow| lv frpsrxqghg e| wkh idfw wkdw wkh

f|folfdo surfhvvhv lq wkh wzr frxqwulhv kdyh olwwoh frpprq1 Lq wkh fdvh ri Fkloh/

wkh vwuxfwxudo wlph vhulhv prgho iru txduwhuo| shu fdslwd JGS lv yluwxdoo| wkh

vdph dv wkh rqh �wwhg wr JGS lq vhfwlrq 51 H{wudfwlqj d wuhqg dqg wkhq

vxewudfwlqj iurp wkh XV wuhqg |lhogv wkh sdwwhuq vkrzq lq �jxuh 441 Erwk

vhulhv duh lq 4<;9 XV grooduv1 Wkh iruhfdvwv duh vlpso| h{wudsrodwlrqv pdgh

xvlqj wkh vprrwk wuhqg prgho7

9 Frqfoxvlrq

Wklv duwlfoh kdv ghvfulehg dq h{whqvlrq wr wkh fodvv ri vwuxfwxudo wlph vhulhv

prghov zklfk doorzv pruh fohduo| gh�qhg f|fohv wr eh h{wudfwhg iurp hfrqrplf

wlph vhulhv1 Wklv zdv looxvwudwhg zlwk XV JGS1 Wkh dwwudfwlrq ri wklv prgho0

edvhg dssurdfk lv wkdw wkh �owhuv lpsolflwo| gh�qhg e| wkh prgho duh frqvlvwhqw

zlwk hdfk rwkhu dqg zlwk wkh gdwd1 Ixuwkhupruh wkh| dxwrpdwlfdoo| dgdsw wr

wkh hqgv ri wkh vdpsoh dqg/ li ghvluhg/ urrw phdq vtxduh huuruv fdq eh fdofxodwhg1

Wkh prghov fdq dovr eh xvhg wr jdlq lqvljkw lqwr wkh pruh dg krf �owhuv xvhg

lq exvlqhvv f|foh dqdo|vlv/ lqglfdwlqj zkhq lw pljkw eh dssursuldwh wr xvh wkhp

dqg zkhq wkh| fdq ohdg wr vhulrxv glvwruwlrqv ri wkh nlqg zklfk fdq dulvh iru

wkh KS �owhu dqg edqg sdvv �owhuv1 Wkh suhihuuhg prgho iru Fklohdq JGS kdv

wzr f|fohv/ erwk ri zklfk kdyh d gluhfw dqg phdqlqjixo lqwhusuhwdwlrq lq whupv

ri hfrqrplf dfwlylw|1 Wklv ghfrpsrvlwlrq frxog qrw kdyh ehhq dfklhyhg e| dq

dg krf �owhu1

7Ilwwlqj d vprrwk wuhqg prgho uhvxowv lq rqo| wkh vorsh glvwxuedqfh ehlqj qrq0}hur1 Wklv

lv qrw vxusulvlqj vlqfh wkh vhulhv lv frqvwuxfwhg iurp wzr hvwlpdwhg vprrwk wuhqgv1
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Iljxuh 44= Gl�huhqfh lq xqghuo|lqj ohyhov ri XV dqg Fklohdq uhdo shu fdslwd

JGS +orjdulwkpv,

Elyduldwh vwuxfwxudo wlph vhulhv prghov doorz wkh lqirupdwlrq rq dqrwkhu

vhulhv wr eh wdnhq lqwr dffrxqw lq rughu wr h{wudfw ehwwhu lqirupdwlrq iurp

d wdujhw vhulhv1 Mrlqw prghoolqj ri gl�huhqw frxqwulhv pd| dovr eh xvhixo1 D

elyduldwh prgho ri Mdsdqhvh dqg XV JGS zdv vkrzq wr jlyh d pruh lqirupdwlyh

ghfrpsrvlwlrq ri Mdsdqhvh JGS1 Wkh prgho xvhg zdv vxevhtxhqwo| ghyhorshg

wr lqfoxgh d frqyhujhqfh phfkdqlvp1 Wklv |lhoghg pruh frkhuhqw iruhfdvwv iru

wkh ohyhov ri JGS lq wkh wzr frxqwulhv1

DFNQRZOHGJHPHQWV

L dp judwhixo wr Ydvfr Fduydokr iru uhvhdufk dvvlvwdqfh dqg wr Urguljr Fd0

sxwr dqg Wkrpdv Wulpexu iru khosixo glvfxvvlrqv1 Pxfk ri wkh zrun uhsruwhg

zdv vxssruwhg e| wkh HVUF dv sduw ri d surmhfw rq G|qdplf Idfwru Dqdo|vlv/

judqw qxpehu O46; 58 433;1

Uhihuhqfhv

Eduur/ U1M1 dqg Vdod0l0Pduwlq +4<<5,1 Frqyhujhqfh1 Mrxuqdo ri Srolwlfdo Hfrq0

rp|/ 433/ 5560841

Ed{whu/ P1 dqg U1J1Nlqj +4<<<,1 Phdvxulqj exvlqhvv f|fohv= dssur{lpdwh

edqg0sdvv �owhuv iru hfrqrplf wlph vhulhv1 Uhylhz ri Hfrqrplfv dqg

Vwdwlvwlfv/ ;4= 8:80<61

Ehuqdug/ D1E1 dqg V1 Gxuodxi1 +4<<9,1 Lqwhusuhwlqj whvwv ri wkh frqyhujhqfh

k|srwkhvlv1 Mrxuqdo ri Hfrqrphwulfv/ :4/ 4940:6

Fdsxwr/ U1 +5334,1 Lq dwlrq Wdujhwlqj lq vpdoo rshq hfrqrplhv= wkh Fklohdq

h{shulhqfh1 Plphr/ Fdpeulgjh
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Frjoh|/ W1 dqg M1P1Qdvrq +4<<8,1 H�hfwv ri wkh Krgulfn0Suhvfrww �owhu rq

wuhqg dqg gl�huhqfh vwdwlrqdu| wlph vhulhv= lpsolfdwlrqv iru exvlqhvv f|foh

uhvhdufk1 Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frqwuro/ 4</ 5860:;1

Hydqv/ S dqg J1 Nduudv +4<<9,1 Frqyhujhqfh uhylvlwhg1 Mrxuqdo ri Prqhwdu|

Hfrqrplfv/ 5:/ 57<098

Jrph}/ Y1 +5334,1 Wkh xvh ri Exwwhuzruwk �owhuv iru wuhqg dqg f|foh hvwlpdwlrq

lq hfrqrplf wlph vhulhv1 Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv/ 4</

6980:61

Kduyh|/ D1F1 dqg Y1Fduydokr +5334,1 Prghov iru frqyhujlqj hfrqrplhv/ Plphr/

Fdpeulgjh1

Kduyh|/ D1F1/ dqg F0K1 Fkxqj +5333,1 Hvwlpdwlqj wkh xqghuo|lqj fkdqjh lq

xqhpsor|phqw lq wkh XN +zlwk glvfxvvlrq,/ Mrxuqdo ri wkh Ur|do Vwdwlv0

wlfdo Vrflhw|/ Vhulhv D/ 496= 63606<1

Kduyh|/ D1F1/ dqg D1 Mdhjhu +4<<6,1 Ghwuhqglqj/ vw|olvhg idfwv dqg wkh exvlqhvv

f|foh1 Mrxuqdo ri Dssolhg Hfrqrphwulfv ;= 56407:1

Kduyh|/ D1F1/ dqg V1M Nrrspdq +4<<:,1 Pxowlyduldwh vwuxfwxudo wlph vhulhv

prghov1 Lq F1 Khlm hw do1+hgv,1 V|vwhp g|qdplfv lq hfrqrplf dqg �qdqfldo

prghov/ 59<0<;= Fklfkhvwhu= Zloh| dqg Vrqv1

Kduyh|/ D1F1 dqg W1 Wulpexu +5334,1 Jhqhudo prgho0edvhg �owhuv iru h{wudfwlqj

f|fohv dqg wuhqgv lq hfrqrplf wlph vhulhv1 GDH glvfxvvlrq sdshu/ 34461

Fdpeulgjh1

Krgulfn/ U1M1 dqg H1F1Suhvfrww +4<<:,/ Srvwzdu XV exvlqhvv f|fohv= dq hpslu0
lfdo lqyhvwljdwlrq/ Mrxuqdo ri Prqh|/ Fuhglw dqg Edqnlqj/ 57/ 40491

Nlwdjdzd/ J1/ dqg Z1 Jhuvfk +4<<9,1 Vprrwkqhvv sulruv dqdo|vlv ri wlph

vhulhv1 Ehuolq= Vsulqjhu0Yhuodj1

Nrrspdq/ V1M1/ Q1 Vkhskdug dqg M1 Grruqln +4<<<,1 Vwdwlvwlfdo dojrulwkpv iru

prghov lq vwdwh vsdfh xvlqj VviSdfn 5151 Hfrqrphwulfv Mrxuqdo/ 5/ 4460991

Nrrspdq/ V1M1/ D1F1 Kduyh|/ M1D1 Grruqln dqg Q1 Vkhskdug +5333,1 VWDPS

913 Vwuxfwxudo Wlph Vhulhv Dqdo|vlv Prghoohu dqg Suhglfwru/ Orqgrq= Wlp0

ehuodnh Frqvxowdqwv Owg1

Nzldwnrzvnl/ G1/ Skloolsv/ S1F1E/ Vfkplgw/ S1 dqg \1Vklq +4<<5,/ Whvwlqj wkh
qxoo k|srwkhvlv ri vwdwlrqdulw| djdlqvw wkh dowhuqdwlyh ri d xqlw urrw= Krz

vxuh duh zh wkdw hfrqrplf wlph vhulhv kdyh d xqlw urrw B Mrxuqdo ri

Hfrqrphwulfv 77/ 48<0:;1

Pxuud|/ F1M1 +5334,1 F|folfdo surshuwlhv ri Ed{whu0Nlqj �owhuhg wlph vhulhv1
Plphr
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Q|eorp/ M1 dqg W1 Pçnhoçlqhq +4<;6,/ Frpsdulvrq ri whvwv iru wkh suhvhqfh ri

udqgrp zdon frh!flhqwv lq d vlpsoh olqhdu prgho/ Mrxuqdo ri wkh Dphulfdq

Vwdwlvwlfdo Dvvrfldwlrq/ :;/ ;890971
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