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Devwudfw

Lq pdq| sxeolvkhg vwxglhv lqyroylqj glvfuhwh fkrlfh d odujh fodvv ri prg0

hov kdyh ehhq xwlolvhg zlwkrxw dssduhqw frqvlghudwlrq ri erwk wkh vwdwlvwlfdo

dqg ehkdylrxudo uhodwlrqvklsv wkdw h{lvw ehwzhhq gl�huhqw prgho vwuxf0

wxuhv1 Lq wkh fdvh ri pxowlqrpldo prghov d frpprqo| xvhg ehkdylrxudo

lqwhuhsuhwdwlrq lv wkdw wkh revhuyhg mrlqw ghflvlrq lv pdgh rq wkh edvlv

ri xwlolw| pd{lplvdwlrq ryhu wkh fkrlfh vhw1 Zh ghprqvwudwh wkdw d pruh

frpprq prgho ri glvfuhwh fkrlfh ehkdylrxu/ wkh elyduldwh prgho/ lv d vsh0

fldo fdvh ri wkh pxowlqrpldo zlwk udwkhu uhvwulfwlyh lpsolfdwlrqv iru xwlolw|

pd{lplvdwlrq1 Zh xwlolvh wkh mrlqw oderxu irufh sduwlflsdwlrq dqg ihuwlolw|

ghflvlrq sureohp dv dq h{dpsoh dqg vxemhfw d qxpehu ri prghov wr d vhulhv

ri qhvwhg dqg qrqqhvwhg whvwv1

Dfnqrzohgjhphqw1 Zh duh judwhixo wr Sdxo Uxxg dqg Fkulvwldq

Jrxulhurx{ iru ydoxdeoh frpphqwv dqg vxjjhvwlrqv1

Nh|zrugv= glvfuhwh fkrlfh/ pxowlqrpldo uhvsrqvh/ elyduldwh prghov/

oderxu vxsso|/ ihuwlolw|/ qrqqhvwhg whvwv1
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4 Lqwurgxfwlrq

Dowkrxjk plfurhfrqrphwulf vwxglhv ri glvfuhwh fkrlfh ehkdylrxu duh qrz frp0

prqsodfh wkh pdmrulw| ri dssolfdwlrqv vshfli| d vlqjoh fkrlfh htxdwlrq1 Lq wklv

uhvshfw dq| vshfl�fdwlrq whvwlqj ri dq hvwlpdwhg prgho whqgv wr irfxv rq wkh

dghtxdf| ri phdq dqg glvwulexwlrqdo dvvxpswlrqv/ zlwk wkh lpsolflw dvvxpswlrq

wkdw wkh ghflvlrq surfhvv lv lqghshqghqw ri dq| rwkhu fkrlfhv1 Wkh xvh ri d mrlqw

hvwlpdwlrq dssurdfk wr prghoolqj v|vwhpv ri glvfuhwh udqgrp yduldeohv kdv d ulfk

klvwru| lq erwk wkh hfrqrphwulfv dqg vwdwlvwlfv olwhudwxuh1 ]hooqhu dqg Ohh +4<98,

sursrvh wkh xvh ri jhqhudolvhg ohdvw vtxduhv dv dq h{whqvlrq ri wkh vhhplqjo| xq0

uhodwhg uhjuhvvlrq prgho1 Krzhyhu/ dowkrxjk lw lv reylrxv wkdw wkh udwlrqdoh iru

vxfk dq dssurdfk iroorzv iurp wkh xvh ri hvwlpdwruv zklfk duh dv|pswrwlfdoo|

pruh h!flhqw wkdq vlqjoh htxdwlrq phwkrgv/ wkhuh duh d qxpehu ri dgglwlrqdo lv0

vxhv zklfk/ zh eholhyh/ duh idu pruh lpsruwdqw wkdq vlpso| h{sorlwlqj fryduldqfh

dfurvv vwrfkdvwlf huuruv1 Khqvkhu dqg Mrkqvrq +4<;4, dgguhvv wklv lvvxh qrwlqj

wkdw �pdq| fkrlfh vwuxfwxuhv fdqqrw eh dghtxdwho| uhsuhvhqwhg e| d vlqjoh fkrlfh

htxdwlrq hlwkhu ehfdxvh wkh vhw ri ghflvlrqv duh wrr frpsoh{ 111/ wkhuh lv d klhudu0

fklfdo uhodwlrqvkls ehwzhhq d vhw ri lqwhughshqghqw fkrlfhv/ ru d ghflvlrq hqwdlov

wkh vlpxowdqhrxv fkrlfh ri d frpsoh{ dowhuqdwlyh� +s198,1

Lq wklv sdshu zh frqvlghu d qxpehu ri dowhuqdwlyh prghov iru prghoolqj v|v0

whpv ri glvfuhwh fkrlfh1 Zh irfxv rq wkh rxwfrph ri wzr ghflvlrqv= wkh ghflvlrq

wr kdyh fkloguhq dqg wkh oderxu irufh sduwlflsdwlrq ghflvlrq/ zklfk lqfrusrudwhv

qrq0zrun/ sduw0wlph dqg ixoo0wlph rswlrqv1 Lq wklv frqwh{w wkh zrun ri Qdnd0

pxud dqg Qdndpxud +4<<5, lv lqvwuxfwlyh1 Lq frqgxfwlqj dq h{whqvlyh ryhuylhz

ri hfrqrphwulf prghov ri oderxu vxsso| dqg fkloguhq/ wkh dxwkruv sursrvh d fodv0

vl�fdwlrq ri dssurdfkhv edvhg xsrq zkhwkhu/ zlwklq d vhw ri idplo| ghflvlrqv/

yduldeohv fdq eh fdwhjrulvhg dv hlwkhu rxwfrphv ri d ghflvlrq surfhvv ru h{rjh0

qrxv1 Zlwklq wklv iudphzrun suhghwhuplqhg fkrlfh yduldeohv pd| eh lghqwl�hg li

wkh| uhsuhvhqw ghflvlrqv pdgh sulru wr wkh fxuuhqw wlph shulrg1 Iru h{dpsoh/ li

zh dvvxph wkdw wkh oderxu vxsso| ghflvlrqv zlwklq d krxvhkrog duh pdgh mrlqwo|

wkhq wkh fxuuhqw hduqlqjv ri wkh pdoh zrxog eh wuhdwhg dv hqgrjhqrxv wr ihpdoh

oderxu vxsso|1 Dowhuqdwho|/ pdoh hduqlqjv duh h{rjhqrxv lq d krxvhkrog zkhuh

oderxu vxsso| ghflvlrqv duh pdgh lqghshqghqwo|1

Wkh frqfhsw ri hqgrjhqhlw| lv dovr lpsruwdqw lq whupv ri wkh pdqqhu lq zklfk

zh gh�qh wkh fkrlfh vhw1 Iru h{dpsoh/ lq wkh frqwh{w ri prghoolqj wkh sduwlf0
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lsdwlrq ghflvlrq dqg zkhwkhu ru qrw wr kdyh fkloguhq/ wkh glvfxvvlrq jhqhudoo|

irfxvvhv xsrq wkh lvvxh ri krz ehvw wr lqvwuxphqw iru wkh hqgrjhqlw| ri fklog

vwdwxv yduldeohv lq d sduwlflsdwlrq htxdwlrq1 Krzhyhu/ wklv glvfxvvlrq lpsolflwo|

dvvxphv wkdw wkh dssursuldwh fkrlfh vhw lv gh�qh ryhu wkh elqdu| +ru pxowlqr0

pldo, sduwlflsdwlrq ghflvlrq1 Dv vxfk wkh lvvxh ri zkhwkhu wkh fkrlfh vhw vkrxog

eh frqvwuxfwhg ryhu wkh mrlqw glvwulexwlrq ri wkh wzr ghflvlrqv/ dqg krz wkhvh

dssurdfkhv gl�hu/ kdv ehhq ljqruhg1

Xqolnh wkh pdmrulw| ri hpslulfdo vwxglhv lq wklv duhd zh vxemhfw d fodvv ri glv0

fuhwh fkrlfh prghov wr d udqjh ri gldjqrvwlf +lqfrpsohwh, dqg k|srwkhvlv whvwv1

Ghvslwh d qxpehu ri h{fhoohqw wh{wv e| Juhhqh +4<<6,/ Pdggdod +4<;6,/ hglwhg

vhulhv e| Pdqvnl dqg PfIdgghq +4<;4,/ wkhuh vwloo vhhpv wr eh vrph frqixvlrq

dprqjvw sudfwlwlrqhuv dv wr wkh suhflvh qdwxuh ri wkh xqghuo|lqj ehkdylrxudo dv0

vxpswlrqv1 Lq fhuwdlq fdvhv wkhuh h{lvwv d gluhfw dqg wudqvsduhqw fruuhvsrqghqfh

ehwzhhq wkh vwdwlvwlfdo dqg ehkdylrxudo dvvxpswlrqv zklfk xqghuo| frpshwlqj

prghov1 Wklv lv ghprqvwudwhg e| wkh fkrlfh ehwzhhq wkh pxowlqrpldo orjlw +PQO,

dqg pxowlqrpldo surelw +PQS, prghov ri glvfuhwh fkrlfh1 Lq wklv lqvwdqfh wkh

ehkdylrxudo lpsolfdwlrqv ri wkh orjlvwlf yhuvxv pxowlyduldwh qrupdolw| dvvxps0

wlrq duh pdqlihvw lq d wudgh0r� ehwzhhq d  h{leoh huuru vwuxfwxuh dqg rqh zklfk

lpsrvhv wkh lqghshqghqfh ri luuhohydqw dowhuqdwlyh +LLD, dvvxpswlrq1

Lq rwkhu vlwxdwlrqv wkh ehkdylrxudo lpsolfdwlrqv ri prgho fkrlfh duh ohvv zhoo

nqrzq1 Iru h{dpsoh/ dowkrxjk wkh elyduldwh surelw prgho kdv ehhq xvhg h{whq0

vlyho| lq glvfuhwh fkrlfh prghoolqj/ wkh ehkdylrxudo dvvxpswlrqv wkdw xqghuo| wkh

prgho duh/ lq jhqhudo/ qrw zhoo nqrzq1 Zhhnv dqg Ruph +4<<<, ghprqvwudwhg

wkdw wkh wzr elqdu| ghflvlrqv jhqhudwlqj irxu pxwxdoo| h{foxvlyh rxwfrphv uhsuh0

vhqw d qhvwhg dqg kljko| uhvwulfwlyh irup ri wkh pruh jhqhudo pxowlqrpldo surelw

prgho1 Lq whupv ri wkh ehkdylruldo lpsolfdwlrqv/ wkh dxwkruv kdyh vkrzq wkdw

wkh elyduldwh prgho lpsolhv d irup ri dgglwlyh vhsdudelolw| dfurvv wkh ghflvlrqv/

d uhvwulfwlrq zklfk lv qrw vkduhg e| wkh pruh jhqhudo pxowlqrpldo prgho1 Rxu

dssurdfk lv vlplodu wr wkh zrun ri Khqvkhu dqg Mrkqvrq +4<;4, zkr h{dplqh d

qxpehu ri dowhuqdwlyh ghflvlrq vwuxfwxuhv dqg dqdo|vh wkh vwuxfwxudo uhodwlrqvkls

ehwzhhq ghflvlrqv1

Lq Vhfwlrq 5 zh suhvhqw d eulhi ryhuylhz ri wkh gl�huhqw dssurdfkhv wdnhq lq

wkh hfrqrplf olwhudwxuh wr prgho wkh ghflvlrq ri zrphq uhjduglqj sduwlflsdwlrq

dqg ihuwlolw|1 Vhfwlrq 6 h{dplqhv wkh qdwxuh ri wkh fkrlfh vhw iru ihuwlolw| dqg
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oderxu vxsso| ghflvlrqv dqg lq grlqj vr prwlydwhv d qxpehu ri hfrqrplf prghov

ri pxowlsoh ghflvlrq pdnlqj/ h{dplqlqj wkh lpsolfdwlrqv iru wkh xqghuo|lqj xwlolw|

fdofxoxv1 Wkh gdwd lv glvfxvvhg lq Vhfwlrq 7 dqg Vhfwlrq 8 suhvhqwv rxu �qglqjv1

Dsshqgl{ L dqg LL rxwolqh wkh vwuxfwxuh ri wkh hfrqrphwulf prghov1

5 Uhylhz ri Olwhudwxuh

Wkh dssolfdwlrq ri hfrqrplf uhdvrqlqj wr ihuwlolw| ru wr ihuwlolw| dqg sduwlflsdwlrq

kdv douhdg| d orqj wudglwlrq dqg kdv uhdfkhg d kljk ohyho ri vrsklvwlfdwlrq/ zlwk

wkh hvwlpdwlrq ri frpsoh{ g|qdplf prghov +vhh iru h{dpsoh/ Pr!ww +4<;7, dqg

Krow} dqg Ploohu +4<;;,,1 Rqh ri wkh suhgrplqdqw vw|olvhg idfwv wkdw kdv hphujhg

iurp wkh hpslulfdo olwhudwxuh lv wkh h{lvwhqfh ri d vwurqj qhjdwlyh fruuhodwlrq

ehwzhhq wkh suhvhqfh ri |rxqj fkloguhq lq wkh krxvhkrog dqg ihpdoh oderxu vxsso|1

W|slfdoo| dq| phdvxuh ri ihpdoh oderxu vxsso| +l1h1 sduwlflsdwlrq vwdwxv ru krxuv

ri zrun, lv qhjdwlyho| fruuhodwhg zlwk dq| phdvxuh ri |rxqj fkloguhq1 Lq xhqwldo

hduo| vwxglhv ri oderxu vxsso| zklfk grfxphqw wklv fruuhodwlrq lqfoxgh Plqfhu

+4<95,/ Fdlq +4<99, dqg Erzhq dqg Ilqhjdq +4<9<,1

Lq wkh olwhudwxuh wkhuh duh wzr eurdg dssurdfkhv wr hvwlpdwlqj oderxu vxsso|

ixqfwlrqv/ wdnlqj dffrxqw ri ihuwlolw|1 Wkh �uvw lv wr hvwlpdwh d uhgxfhg irupprgho

+khuhdiwhu UI, +vhh Eurzqlqj +4<<5,,1 Lq wklv dssurdfk zh gr qrw lqfoxgh fkloguhq

dv yduldeohv lq wkh oderxu vxsso| htxdwlrq/ dowkrxjk zh pd| lqfoxgh yduldeohv wkdw

ghwhuplqh ihuwlolw|1 Jlyhq wkdw rqh ri wkh frvwv ri kdylqj d fklog lv wkh iruhjrqh

hduqlqjv ri wkh shuvrq fdulqj iru wkh fklog lq wkh krph/ wkh zdjh udwh zdv dvvljqhg

d fhqwudo uroh1 Wklv dssurdfk gudzv lwv lqvsludwlrq iurp ghpdqg wkhru| dqg

wkh h{whqvlrq gxh wr Ehfnhu +4<93,1 Fkloguhq duh wuhdwhg dv d frpprglw| dqg

vkrxog qrw eh lqfoxghg lq rwkhu ghpdqg ixqfwlrqv +iru h{dpsoh wkh ghpdqg iru

ohlvxuh, dq|pruh wkdw zh vkrxog sxw sxufkdvhv ri whd rq wkh uljkw kdqg vlgh ri

d ghpdqg iru fr�hh htxdwlrq + Vfkxow} +4<:;,/ Pr!ww +4<;7,/ Urvhq}zhlj dqg

Zroslq +4<;3,/ Fduolqhu/ Urelqvrq/ dqg Wrphv +4<;3,1

Dq dowhuqdwlyh dssurdfk lv wr lqfoxgh phdvxuhv ri ihuwlolw| dv frqglwlrqlqj

yduldeohv zlwk vrph doorzdqfh iru hqgrjhqhlw| e| lqvwuxphqwlqj1 D odujh qxp0

ehu ri lqyhvwljdwruv kdyh iroorzhg wklv dssurdfk/ xvxdoo| zlwkrxw lqvwuxphqwlqj1

Pr!ww +4<;7, qrwhv wkdw vlpsoh vwdwlf prghov ri oderxu vxsso| zklfk xwlolvh wkh

fxuuhqw vwrfn ri fkloguhq dv lqghshqghqw h{sodqdwru| yduldeohv duh vxvshfw1Wkh

sulqflsdo sureohpv zlwk wklv prghoolqj vwudwhj| kdyh ehhq qrwhg e| Urvhq}zhlj
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dqg Zroslq +4<;3,1 Iluvw/ lw lv dvvhuwhg wkdw wkh rqo| ydolg lqvwuxphqw iru ihuwlo0

lw| yduldeohv lq d oderxu vxsso| htxdwlrq lv �wkh frvw ri lqfuhdvlqj wkh qxpehu ri

fkloguhq� +iru h{dpsoh/ eluwk dqg frqwudfhswlyh frvwv,1 Li wklv frvw lv qrw revhuyhg

zh fdqqrw rewdlq frqvlvwhqw hvwlpdwhv ri oderxu vxsso| frqglwlrqdo rq ihuwlolw|1 Li/

rq wkh rwkhu kdqg/ zh gr revhuyh wkh frvw ri lqfuhdvlqj idplo| vl}h/ wkhq oderxu

vxsso| htxdwlrqv frqglwlrqdo rq wklv frvw jlyh doo wkh lqirupdwlrq qhfhvvdu| wr

lqihu dq|wklqj zh zdqw wr nqrz derxw wkh frqglwlrqdo oderxu vxsso| htxdwlrq1

Dv vxfk wkh vwdqgdug dssurdfk lv khog wr eh hlwkhu lqfrqvlvwhqw ru uhgxqgdqw14

Dq h{fhoohqw vxuyh| ri dssolhg hfrqrphwulf uhvhdufk rq wkh h�hfwv ri fklo0

guhq rq ihpdoh oderxu vxsso| lv surylghg e| Qdndpxud dqg Qdndpxud +4<<5,1

Wkh sulqflsdo irfxv ri wkhlu uhylhz lv wkh dssursuldwh prghoolqj iudphzrun zlwk

zklfk wr dqdo|vh fklog vwdwxv h�hfwv1 Zkhuhdv d qxpehu ri rwkhu vxuyh|v kdyh

hpskdvlvhg wkh lpsdfw ri hfrqrplf yduldeohv vxfk dv zdjh udwhv/ wkh dxwkruv

h{dplqh dowhuqdwlyh dssurdfkhv wr lqfrusrudwlqj fkloguhq lq prghov ri oderxu

vxsso|1 D xqli|lqj wkhph lq wkhlu vwxg| lv wkh txhvwlrq ri zkhwkhu ihuwlolw| dqg

oderxu vxsso| uhsuhvhqw mrlqw ghflvlrqv dqg uhodwhg/ wkh srvvleoh hqgrjhqhlw| ri

fklog vwdwxv yduldeohv1 Lq jhqhudo/ rqh zrxog h{shfw wkdw zlwklq wkh frqwh{w ri d

olih f|foh prgho ri oderxu vxsso| dqg ihuwlolw| wkh ghflvlrq wr kdyh fkloguhq +dqg

krz pdq|,/ dqg krz pdq| krxuv ri zrun wr vxsso| duh sduw ri d mrlqw ghflvlrq

sureohp dqg ghshqg rq wkh zkroh olihwlph vhtxhqfh ri sulfh dqg zdjhv dqg rq d

ydulhw| ri fkdudfwhulvwlfv uh hfwlqj suhihuhqfhv1 Wklv dssurdfk zrxog qrw mxvwli|

wkh k|srwkhvlv ri fdxvdwlrq ri rqh ghflvlrq xsrq wkh rwkhu ru ri pxwxdo fdxvd0

wlrq> wkh wzr w|sh ri ghflvlrqv duh vlpxowdqhrxv/ qrw rqo| lq wkh zd| ri wkhlu

wlplqj exw lq wkh vhqvh wkdw wkh| duh wkh vroxwlrq wr d frpprq frqvwudlqhg pd{0

lplvdwlrq sureohp15 Lq vwdwlf prghov wkh frqfhsw ri hqgrjhqhlw| lv dovr uhohydqw

zkhq fklog vwdwxv yduldeohv duh lqfoxghg wr uh hfw fxuuhqw ghpdqgv rq krxvhkrog

uhvrxufhv/ vxfk dv wkh ohyho ri fklog fduh1 Plqfhu +4<95, xvlqj gdwd iurp wkh

Exuhdx ri Oderxu Vwdwlvwlfv Vxuyh| ri Frqvxphu H{shqglwxuh surylghg hylghqfh

wr vxssruw wklv dujxphqw dqg lq sduwlfxodu ghprqvwudwhg wkdw oderxu vxsso| dqg

4Dq dgglwlrqdo sureohp zlwk wklv dssurdfk lv wkdw hyhq li zh frxog rewdlq frqvlvwhqw hvwl0

pdwhv ri wkh sdudphwhuv ri wkh oderxu vxsso| htxdwlrq frqglwlrqdo rq ihuwlolw| wkhvh zrxog qrw

eh ri dq| lqwhuhvw1 Wkh dssursuldwh h{shulphqw iru srolf| hydoxdwlrq lv khog wr eh wkh h�hfwv rq

oderxu vxsso| ri fkdqjhv lq h{rjhqrxv yduldeohv vxfk dv frqwudfhswlyh frvwv/ fklog fduh frvwv/

ru wkh sulfh ri �fklog lqwhqvlyh� jrrgv1
5Qrwh wkdw lw lv vwloo srvvleoh wr vshdn ri dq h{rjhqrxv h�hfw ri uhdolvhg ihuwlolw| xsrq sdu0

wlflsdwlrq ru ylfh yhuvd lq wkh vhqvh ri ghyldwlrqv ri wkh uhdolvhg ydoxhv iurp wkh sodqqhg rqhv

zklfk lqgxfh vsloo0ryhu h�hfwv1
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ihuwlolw| fkrlfhv duh ghwhuplqhg e| wkh vdph vhw ri hfrqrplf yduldeohv1 Lq wklv

uhvshfw vlpxowdqhlw| lv qrw d sureohp zkhq ihuwlolw| dqg oderxu vxsso| ghflvlrqv

duh ylhzhg dv mrlqw frqvxphu0ghpdqg fkrlfhv1

Khfnpdq dqg Zloolv +4<:9, qrwh wkdw pxfk ri wkh hpslulfdo olwhudwxuh rq

ihuwlolw| kdv irfxvvhg xsrq vlqjoh furvv vhfwlrqv dqg dv vxfk kdv vrxjkw wr h{sodlq

wkh yduldwlrq lq wkh vwrfn ri fkloguhq1 Wkh dxwkruv dovr srlqw rxw wkdw prvw

vwdwlf prghov ri ihuwlolw| kdyh devwudfwhg iurp wkh idfw wkdw wkh ihuwlolw| ghflvlrq

dqg uhdolvdwlrqv dggv wr dqg lqwhudfwv zlwk xqfhuwdlqw| vxuurxqglqj rwkhu mrlqwo|

ghwhuplqhg krxvhkrog ghflvlrqv1 Zloolv +4<:6, kdv dovr fulwlflvhg wkh xvh ri vlqjoh

htxdwlrq oderxu vxsso| dqg ihuwlolw| prghov dqg dgyrfdwhg prghoolqj wkh mrlqw

ihuwlolw|0oderxu vxsso| ghflvlrq1

6 V|vwhpv ri Glvfuhwh Fkrlfh

Li zh ohw )� ' E+��c ���c +�a�
� ghqrwh d a � � yhfwru uhsuhvhqwlqj glvfuhwh rxwfrphv

ri a ghflvlrqv iru wkh �|� lqglylgxdo/ wkhq li zh devwudfw iurp wkh h�hfw ri dq|

fryduldwhv/ zh pd| hqxphudwh d qxpehu ri srvvleoh dssurdfkhv wr prgho vshfl0

�fdwlrq= +l, zh frxog lpsrvh lqghshqghqfh dqg prgho wkh pdujlqdo glvwulexwlrq

ri hdfk elqdu| uhvsrqvh dv d vhw ri fryduldwhv l1h1 hvwlpdwh d vlqjoh elqdu| fkrlfh

sduwlflsdwlrq htxdwlrq> +ll, vshfli| d v|vwhp ri htxdwlrqv doorzlqj iru fryduldqfh

dfurvv wkh vhw ri glvfuhwh rxwfrph/ l1h1 d vhhplqjo| xquhodwhg uhjuhvvlrq prgho

l1h1 d elyduldwh fkrlfh prgho ryhu sduwlflsdwlrq dqg ihuwlolw| ghflvlrqv> +ll, doorz

iru vlpxowdqhlw| dprqjvw wkh hohphqwv ri )� l1h1 hvwlpdwh d vlpxowdqhrxv glvfuhwh

fkrlfh prgho zlwk srvvleoh lqvwuxphqwv iru fklog vwdwxv yduldeohv lq wkh sduwlf0

lsdwlrq htxdwlrq> +ly, fuhdwh d qhz yduldeoh edvhg xsrq fduwhvldq surgxfwv ri

lqglylgxdo hohphqwv ri )� l1h1 ohw +�+2 ghqrwh wkh frpelqdwlrq ri wkh wzr glvfuhwh

elqdu| udqgrp yduldeohv uhsuhvhqwlqj oderxu vxsso| dqg ihuwlolw|1

Rqh dssurdfk zklfk kdv ehhq dgrswhg lq wkh vwdwlvwlfv olwhudwxuh lv wkh xvh

ri d orj0olqhdu prgho1 ^flwh Fr{ +4<:5, rq gl�huhqw dssurdfkhv` Lq wklv vhwwlqj/

sdudphwhuv duh lqwhusuhwhg lq whupv ri wkh frqglwlrqdo glvwulexwlrq ri d vxevhw ri

yduldeohv jlyhq wkh rwkhu1 Qrwh wkdw wklv dssurdfk lv lq frqwudvw wr wkh elqdu|

ru pxowlsoh fkrlfh prghoolqj zkhuh wkh irfxv lv rq wkh pdujlqdo glvwulexwlrq ri

hdfk hohphqw ri )�1 Jorqhn dqg PfFxoodjk +4<;9, lq suhvhqwlqj d iudphzrun iru

h{dplqlqj d fodvv ri pxowlyduldwh orjlvwlf prghov/ frpsduh wkh elyduldwh h{whqvlrq

ri wkh idploldu orjlw prgho zlwk wkh orj0olqhdu prgho1 Wkh dxwkruv hpskdvlvh wkdw

9



wkh sulqflsdo glvdgydqwdjh ri wkh orj0olqhdu uhodwlyh wr wkh orjlvwlf prgho lv wkdw

lw odfnv cxszdug frpsdwlelolw|* +vhh PfFxoodjk 4<;<,,1 Krzhyhu/ lq wkh elyduldwh

h{whqvlrq ri wkh xqlyduldwh orjlvwlf uhsuhvhqwdwlrq/ wkh pdujlqdo glvwulexwlrq ri

hdfk yduldeoh kdv d xqlyduldwh orjlvwlf uhsuhvhqwdwlrq61 ^uhvwulfwhg fruuhodwlrq lq

elyduldwh orjlvwlf` Lq wkh fodvv ri orj0olqhdu prghov/ wkh lpsdfw ri dq| fryduldwh rq

tc ghshqgv xsrq wkh glphqvlrq ri a 1 +Vhh PfFxoodjk dqg Qhoghu +4<;<,,1

Dq dssurdfk vxjjhvwhg e| Dvkirug dqg Vrzghq +4<:3,/ prghov fruuhodwhg

elqdu| gdwd e| h{whqglqj wkh elqdu| surelw prgho dqg prghoolqj d v|vwhp ri

elqdu| htxdwlrqv ru ghflvlrqv1 Wkh dxwkruv/ iroorzlqj Pdqwho +4<99,/ duh fduhixo

wr srlqw rxw wkh glvwlqfwlrq ehwzhhq d prgho zklfk uhfrjqlvhv ghshqghqfh ryhu

wzr glvwlqfw ghflvlrqv zklfk ghwhuplqh 7 pxwxdoo| h{foxvlyh rxwfrphv +lll lq wkh

deryh,/ dqg d vlqjoh v|vwhp surylglqj irxu rxwfrphv zlwk dq duelwudu| ghshq0

ghqfh vwuxfwxuh +ly lq wkh deryh,1 +Wkh pxowlyduldwh dqg pxowlqrpldo prghov

h{whqg wklv wr frqvlghu ghshqghqfh ryhu k ghflvlrqv dqg wkh 2� pxwxdoo| h{fox0

vlyh rxwfrphv/ uhvshfwlyho|1, Dsduw iurp wkh frpphqwv e| PfIdgghq +4<;4,/ lw

dsshduv wkdw wkh suhflvh qdwxuh ri wklv glvwlqfwlrq lv qrw zlgho| dssuhfldwhg lq

hfrqrplfv1 Lq wkh fdvh ri wzr htxdwlrqv wkh elyduldwh surelw prgho kdv ehhq xvhg

lq pdq| dssolfdwlrqv iurp yrwlqj ehkdylrxu +vhh Juhhqh +4<<6,,/ wr fklog0fduh

dqg oderxu irufh sduwlflsdwlrq +vhh Uledu +4<<5,,1 Wkh h{whqvlrq ri wklv prgho

wr kljkhu glphqvlrqv hqfrxqwhuv wkh fxuvh ri glphqvlrqdolw| dv d uhvxow ri  h{leoh

|hw lqwudfwdeoh pxowlyduldwh qrupdo glvwulexwlrq1

Ehorz zh frqvlghu d qxpehu ri dowhuqdwh uhsuhvhqwdwlrqv ri v|vwhpv ri glvfuhwh

fkrlfh dv dssolhg wr oderxu irufh dqg ihuwlolw| fkrlfhv1

614 Oderxu Irufh dqg Ihuwlolw| Ghflvlrqv

D ghflvlrq lv gh�qhg dv wkh fkrlfh ehwzhhq d �qlwh vhw ri pxwxdoo| h{foxvlyh

rxwfrphv1 Lq ghyhorslqj qrwdwlrq zh irfxv rq wzr ghflvlrqv + dqg ^/ dqg ohw

l dqg X ghqrwh wkh uhvshfwlyh fkrlfh vhwv1 Zlwklq hdfk fkrlfh vhw ghflvlrqv

duh pdgh rq wkh edvlv ri xqrevhuyhg udqgrp yduldeohv1 Ohwwlqj +W

� E^W

R� ghqrwh

wkh ydoxh +ru xwlolw|, iru wkh �|� ER|�� fkrlfh lq l EX�/ wkh pdsslqj iurp wkh

xqrevhuyhg wr uhyhdohg suhihuhqfh lv jhqhudwhg dffruglqj wr wkh iroorzlqj ghflvlrq

uxohv=

6Qrwh wkdw wkh elyduldwh orjlvwlf prgho lv uhvwulfwlyh lq wkh vhqvh wkdw wkh fruuhodwlrq frh!0

flhqw lv erxqghg e| wkh lqwhuydo m�m � 3=6371 VhhJxpeho +4<94,1

:



+ ' �E+W

& ' 4@ E+W

� c ;� " l�� +4,

^ ' �E^W

| ' 4@ E^W

Rc ;R " X��c +5,

zkhuh + dqg ^ duh glvfuhwh udqgrp yduldeohv dqg �E�� lv wkh lqglfdwru ixqfwlrq1

Ghshqghqw xsrq wkh fryduldqfh vwuxfwxuh erwk zlwklq dqg dfurvv l dqg X d

qxpehu ri dowhuqdwlyh vshfl�fdwlrqv duh srvvleoh1 Iru h{dpsoh/ li erwk l dqg X

frqwdlq mxvw wzr hohphqwv/ wkhq ghshqghqw xsrq wkh glvwulexwlrq ri wkh vwrfkdvwlf

frpsrqhqw ri fkrlfh dqg wkh fruuhodwlrq dfurvv fkrlfh vhwv/ zh pljkw fkrrvh

ehwzhhq d elyduldwh orjlvwlf dqg elyduldwh surelw vshfl�fdwlrq1

Jlyhq +4, dqg +5, zh pd| dovr hqxphudwh irxu pxwxdoo| h{foxvlyh rxwfrphv

iru wkh sdlu E+c ^�1 Wklv lv looxvwudwhg lq Wdeoh 4 zkhuh � ' �c ���c e odehov wkh

rxwfrphv/ dqg �W uhsuhvhqwv d ydoxh phdvxuh +ru xwlolw| ohyho, ryhu wkh irxu vwdwhv

lqgh{hg e| r1

Wdeoh 4
+ ^ r �W

� � � �W

�

� f 2 �W

2

f � � �W

�

f f e �W

e

Dowkrxjk wkh deryh wdeoh uhsuhvhqwv dq devwudfw v|vwhp/ wkhuh h{lvw pdq|

h{dpsohv iurp hfrqrplfv dqg elrdvvd| zkhuh wkh uhodwlrqvkls ehwzhhq wzr +ru

pruh, Ehuqrxool udqgrp yduldeohv dqg wkh dvvrfldwhg vwdwhv lv lpsruwdqw1 Iru

h{dpsoh/ Fudjj dqg Xkohu +4<:3, frqvlghu d qxpehu ri dowhuqdwlyh iudphzrunv iru

prghoolqj v|vwhpv ri glvfuhwh fkrlfh ehkdylrxu1 E| irfxvvlqj xsrq wkh ghpdqg

iru dxwrprelohv/ wkh dxwkruv lghqwli| irxu rswlrqv dydlodeoh wr lqglylgxdov zkr

rzq dw ohdvw rqh fdu= pdnh qr fkdqjh/ vhoo wkh fdu+v,/ vhoo dqg uhsodfh wkh fdu/

sxufkdvh dq dgglwlrqdo fdu1 D pxowlqrpldo orjlw prgho/ frqvlghulqj wkh mrlqw

ghflvlrq ryhu wkhvh dowhuqdwlyhv lv suhihuuhg wr vhsdudwh elqdu| orjlw prghov1

Lq wklv sdshu zh frqvlghu d fodvv ri glvfuhwh fkrlfh prghov edvhg xsrq wzr

ghflvlrqv= oderxu irufh sduwlflsdwlrq E� � dqg ihuwlolw| E8 �1 Wkh fkrlfh vhw iru hdfk

ghflvlrq duh jlyhq e|

l ' i�`c �Ac 8Aj

X ' i�c�jc

;



zkhuh �` / �A dqg 8A duh lghqwl�huv uhsuhvhqwlqj/ uhvshfwlyho|/ lqglylgxdov

zkr gr qrw zrun/ sduw0wlph dqg ixoo0wlph zrunhuv1 � E�� ghqrwh zrphq zlwk

+zlwkrxw, fkloguhq1 Li zh wdnh wkh Fduwhvldq surgxfw ri wkh hohphqwv lq l dqg X

dqg ghqrwh wkh uhvxowlqj fkrlfh vhw e| �/ wkhq wkh vhw ri hohphqwv lq � pd| eh

zulwwhq dv

� ' i�`b�c �`b 7�c �Ab�c �Ab 7�c 8Ab�c 8Ab 7�jc

zkhuh iru h{dpsoh/ wkh hohphqw �Ab� ghqrwhv wkh mrlqw ghflvlrq ri sduw0wlph

zrun dqg fkloguhq1

Iru lvvxhv uhodwhg erwk wr wkh hfrqrplfv ri ghflvlrq pdnlqj dqg wkh wudfwdelo0

lw| ri hfrqrphwulf prghov/ wkh zd| lq zklfk zh dqdo|vh wkh ghflvlrq surfhvv ryhu

wkh vhwv l dqg X lv fulwlfdo1 Li zh frqvlghu wkh prghoolqj ri mrlqw ihuwlolw| dqg

oderxu vxsso| ghflvlrqv wkhuh duh d qxpehu ri lqwhuhvwlqj uhvhdufk lvvxhv uhodwhg

wr wkh pdqqhu lq zklfk zh frqvwuxfw wkh fkrlfh vhw1 Lqghhg/ wklv frpsrqhqw

ri prgho vshfl�fdwlrq/ qdpho| krz vkrxog wkh fkrlfh vhw eh gh�qhg lq vxfk d

zd| wr uh hfw wkh phfkdqlvp ri fkrlfh/ kdv/ zlwk ihz h{fhswlrqv/ ehhq qhjohfwhg

lq wkh olwhudwxuh1 Lq lqvwdqfhv zkhuh zh revhuyh d wlph vhulhv ri oderxu vxsso|

dfwlylw| iru hdfk lqglylgxdo/ wkhq txhvwlrqv vxfk dv gr oderxu vxsso| ghflvlrqv

h{klelw whpsrudo ghshqghqfh/ dqg zkhwkhu lw lv srvvleoh wr glvwlqjxlvk wklv h�hfw

iurp wkh lpsdfw ri dq| xqrevhuyhg khwhurjhqhlw| duh ri lqwhuhvw1 Krzhyhu/ li wkh

dqdo|vw lv frqiurqwhg zlwk wkh uhyhdohg suhihuhqfhv ri d vdpsoh ri lqglylgxdov ryhu

d vhw ri oderxu vxsso| dqg ihuwlolw| rswlrqv iru d vlqjoh shulrg/ wkhq dq lpsruwdqw

exw |hw uhodwlyho| xqh{soruhg lvvxh lv zkhwkhu wkh xwlolw| iurp wkh wzr ghflvlrqv lv

dgglwlyho| vhsdudeoh1 Dv zh zloo ghprqvwudwh ehorz/ wkh qdwxuh ri wkh vhsdudelo0

lw| dvvxpswlrq lv d gluhfw frqvhtxhqfh ri krz wkh fkrlfh vhw lv gh�qhg1 Eurzqlqj

+4<<5, frqvlghuv wkh uroh ri vhsdudelolw| lq wkh lqwhuwhpsrudo ghflvlrqv ri krxvh0

krogv1 Lq wkh fdvh ri lqwhuwhpsrudo +zhdn, vhsdudelolw|/ ghpdqgv duh zulwwhq dv d

ixqfwlrq ri fxuuhqw sulfhv dqg fxuuhqw wrwdo h{shqglwxuhv1 Lq wkh fdvh ri wkh frq0

vxpswlrq ixqfwlrq dqg oderxu vxsso|/ wkh vwurqjhu dvvxpswlrq ri lqwhuwhpsrudo

dgglwlylw| ri wkh xwlolw| ixqfwlrq lv pdgh1 Lq Eurzqlqj*v vwxg| edvhg xsrq dj0

juhjdwh XN frqvxpswlrq gdwd iru wkh shulrg 4<:504<<4/ klv uhvxowv ghprqvwudwh

wkdw lpsrvlqj dgglwlyh lqwhuwhpsrudo suhihuhqfhv uhvxowv lq frqvlghudeoh eldv lq

wkh hvwlpdwhv ri hodvwlflwlhv1

Lq wklv vwxg| zh h{dplqh d qxpehu ri dowhuqdwlyh vshfl�fdwlrqv zklfk zloo

hqdeoh xv wr ghwhuplqh zkhwkhu dgglwlyh vhsdudelolw| ri xwlolw| ryhu oderxu vxsso|

<



dqg ihuwlolw| ehkdylrxu lv frqvlvwhqw zlwk wkh gdwd1 Vlqfh rxu prgho lv vwdwlf zh

gr qrw ghvfuleh wkh lqkhuhqwo| vhtxhqwldo qdwxuh ri erwk wkh ihuwlolw| dqg oderxu

vxsso| ghflvlrqv exw vlpso| irfxv rq frqvwuxfwlqj d frpsohwhg ihuwlolw|2oderxu

vxsso| hfrqrphwulf prgho7 +vhh Pr!ww +4<;7,,1 Wr irfxv dwwhqwlrq zh �uvw gh0

vfuleh wkh surfhvv zklfk jhqhudwhv glvfuhwh revhuydwlrqv rq oderxu vxsso| dqg

ihuwlolw| rxwfrphv1 Zh ohw )R

|W�| eh d |W � �/ 3/4 yhfwru ri glvfuhwh oderxu vxsso|

ghflvlrqv revhuyhg dw wlph |1 +Zh lqlwldoo| irfxv rq wkh wzr oderxu pdunhw vwdwhv

exw orvh qrwklqj lq jhqhudolw|,1 Vlploduo| zh gh�qh �s

|W�| dv d |W � �/ 3/4 yhfwru ri

ihuwlolw| ghflvlrqv vxfk wkdw � s
| ' � lqglfdwhv dq dgglwlrq wr wkh vwrfn ri fkloguhq

dw wlph |1

Lq wklv vwxg| zh kdyh dffhvv wr d vlqjoh furvv vhfwlrq ri gdwd1 Ohwwlqj r�|

ghqrwh wkh djh ri wkh |rxqjhvw fklog dw wlph |c d elqdu| ihuwlolw| lqglfdwru ^s�| '

�Ef 	 r�| 	 l� vlpso| uhfrugv zkhwkhu wkh zrpdq kdv dw ohdvw rqh fklog ohvv wkdq

d wkuhvkrog djh/ l1 Lq wklv uhvshfw/ d zrpdq zkrvh |rxqjhvw fklog h{fhhgv l lv

wuhdwhg lq wkh vdph zd| dv d zrpdq zkr grhv qrw kdyh fkloguhq1 Zh fkrrvh

wr wuhdw wkh ihuwlolw| phdvxuh lq wklv zd| jlyhq wkdw rxu sulpdu| irfxv lv wkh

uhodwlrqvkls ehwzhhq ihuwlolw| dqg oderxu vxsso| ghflvlrqv1 Wkxv rxu pdlqwdlqhg

k|srwkhvlv lv wkdw zkhq r�| : l wkh vwrfn ri fkloguhq iru prvw zrphq fdq eh

frqvlghuhg �{hg/ dqg dq| vxevhtxhqw oderxu vxsso| ghflvlrqv duh dvvxphg wr eh

lqghshqghqw ri ihuwlolw|1

Idfhg zlwk gdwd rq d vlqjoh furvv0vhfwlrq ri uhyhdohg suhihuhqfhv dw wlph |/ lw

lv srvvleoh wr h{sodlq dyhudjh ehkdylrxu edvhg xsrq wkh iroorzlqj mrlqw vdpsoh

iuhtxhqflhv

#� '
?[

�'�

�E+R�| _ ^s�|�c #2 '
?[

�'�

�E+R�| _ E�� ^s�|��c +6,

#
�

'
?[

�'�

�E�� +R�|� _ ^s�|�c #
e
'

?[

�'�

�EE�� +R�|� _ E�� ^s�|��c

zkhuh/ iru h{dpsoh �E+R�| _ ^s�|�c lqglfdwhv wkdw wkh lwk lqglylgxdo zrunv dqg kdv

dw ohdvw rqh fklog ohvv wkdq wkh wkuhvkrog djh1 Qrwh wkdw vlqfh zh rqo| revhuyh

gdwd iru d vlqjoh shulrg zh vlpso| revhuyh d vwrfn ri fkloguhq1 Dowkrxjk zh zloo

vwloo uhihu wr wkh ihuwlolw| ghflvlrq/ wkh prghoolqj iudphzrun grhv qrw doorz xv wr

prgho wkh ghflvlrq ri zkhwkhu wr kdyh d fklog lq d sduwlfxodu shulrg/ exw udwkhu

7vhh Khfnpdq dqg Zloolv +4<:9, dqg Qdperrugl +4<:5, ^qrw lq uhiv` iru d fulwltxh ri hfrqr0

phwulf prghov ri frpsohwhg ihuwlolw|1
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wr h{sodlq wkh yduldwlrq ryhu erwk frpsohwhg ihuwlolw| rxwfrphv dqg sduwlflsdwlrq

ghflvlrqv dw d sduwlfxodu srlqw lq wlph1

Jlyhq wkh wzr elqdu| yduldeohv +R dqg ^s / wkh lvvxh ri vhsdudelolw| lv uhodwhg wr

krz zh fkrrvh wr prgho fkrlfh ryhu wkh pxowlqrpldo iuhtxhqflhv #�c � ' �c ���c e�

Iru h{dpsoh/ zh frxog ghflgh wr irfxv xsrq vhsdudwho| prghoolqj wkh pdujlqdo

iuhtxhqflhv iru oderxu irufh sduwlflsdwlrq/ xvlqj wkh djjuhjdwh iuhtxhqflhv #
�2

'

#
�
n #

2
dqg #

�e
' #

�
n #

e
/ dqg ihuwlolw| xvlqj #

��
' #

�
n #

�
dqg #

2e
' #

2
n

#e1 D yduldqw ri wklv dssurdfk lv wr prgho wkh pdujlqdo iuhtxhqflhv dqg doorz

iru fruuhodwlrq dfurvv xqrevhuydeohv1 Lq wkh fdvh zkhuh wkh mrlqw glvwulexwlrq ri

xqrevhuydeohv lv glvwulexwhg elyduldwh qrupdo zh kdyh wkh elyduldwh surelw prgho1

Dowhuqdwho| zh frxog prgho wkh oderxu vxsso| ghflvlrq frqglwlrqdo xsrq ihuwlolw|/

wkhuhe| wuhdwlqj wkh ihuwlolw| yduldeoh dqdorjrxvo| wr rwkhu fryduldwhv1

Ghshqglqj xsrq krz zh wuhdw wkh wzr ghflvlrqv 0 oderxu irufh sduwlflsdwlrq

dqg ihuwlolw| 0 zh pd| prwlydwh d qxpehu ri frpshwlqj prghov ri xwlolw| pd{0

lplvdwlrq1 Frqvlghu djdlq Wdeoh 4 dqg dvvxph wkdw + ghqrwhv wkh rxwfrph ri

wkh sduwlflsdwlrq ghflvlrq dqg ^ wkh ihuwlolw| ghflvlrq1 Zh �uvw h{dplqh wkh fdvh

zkhuh wkh mrlqw ghflvlrq/ rc lv pdgh rq wkh edvlv ri xwlolw| pd{lplvdwlrq/ exw e|

frqvlghulqj wkh vhsdudwh xwlolwlhv rewdlqhg iurp + ryhu fkrlfh vhw l dqg ^ ryhu

fkrlfh vhw Xc udwkhu wkdq ryhu wkh vhw l1 Wr gr wklv �uvw zulwh wkh xqrevhuyhg

xwlolwlhv iru wkh sduwlflsdwlrq dqg ihuwlolw| ghflvlrq dv d olqhdu ixqfwlrq ri d vhw ri

fryduldwhv/  1 Vshfl�fdoo|/ zulwh

+W
R '  ��R n �Rc R ' qzcz

^W
s '  ��s n �s c s ' fc �f +7,

zkhuh +W
qz

E+W
z
� lv wkh xwlolw| ghulyhg iurp qrw zrunlqj +zrunlqj,/ ^W

f
E^W
�f
� lv wkh

xwlolw| iurp kdylqj +qrw kdylqj, fkloguhq/ �R dqg �s duh yhfwruv ri xqnqrzq

sdudphwhuv dqg � dqg � duh glvwxuedqfh whupv1 Xqghu wkh dvvxpswlrq ri xwlolw|

pd{lplvlqj ehkdylrxu rq lqglylgxdo ghflvlrqv/ R 'qz lv revhuyhg li dqg rqo| li

+W
qz

� +W
z
: f dqg s@f l� ^W

f
� ^W

�f
: f1

Li zh dvvxph wkdw wkh xwlolwlhv ghulyhg iurp wkh mrlqw rxwfrph E+c ^� ghqrwhg

�W
� c � ' �c � � � c ec duh iruphg dv +W

R n ^W
s c wkhq zh pd| zulwh

�W
�

' +W
qz

n ^W
f
c +8,

�W
2

' +W
qz

n ^W
�f
c

�W
�

' +W
z
n ^W

f
c
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�W
e

' +W
z
n ^W

�f
�

Wklv lv d vwurqj dvvxpswlrq> lw vd|v wkdw wkh xwlolwlhv/ �W
� c duh dgglwlyho| vhsdudeoh

ryhu wkh vhwv l dqg X1 Qrwh wkdw/ jlyhq +7,/ dgglwlyh vhsdudelolw| lv qrw rqo|

vx!flhqw/ exw lw lv dovr qhfhvvdu| iru wklv uhsuhvhqwdwlrq ri �W

� �
8

Dowhuqdwho|/ li zh frqvlghu xwlolw| pd{lplvdwlrq ryhu �/ zh pljkw sdudphwhulvh

wkh xwlolwlhv �W

� dv

�W

� '  ��� n 0�( � ' �c ���c e +9,

lq zklfk wkh �� duh yhfwruv ri xqnqrzq sdudphwhuv1 Li % ' E0�c 02c 0�c 0e�
� lv

glvwulexwhg pxowlyduldwh qrupdo zlwk }hur phdq yhfwru dqg fryduldqfh pdwul{

P ' ij�,j> l1h1/ % � �T�EfcP�c wkhq zh kdyh wkh pxowlqrpldo surelw prgho

+PQS,1 Wkh suredelolwlhv iru hdfk rxwfrph pd| eh zulwwhq dv

R� ' �h E#2 : � ��2 _ #� : � ��� _ #e : � ��e� c
R2 ' �h E#

2
	 � ��2 _ E#

�
� #

2
� : � � E�� � �2� _ E#

e
� #

2
� : � � E�e � �2�� c

R� ' �h E#
�
	 � ��� _ E#

�
� #

2
� 	 � � E�� � �2� _ E#

e
� #

�
� : � � E�e � ���� c
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ri � ' E#2c #�c #e�
� � �T�Efcl��

615 Wkh Uhodwlrqvkls ehwzhhq PQS dqg EYS

Wkh zd| lq zklfk wkh pxowlqrpldo surelw prgho irupdoo| qhvwv wkh EYS prgho

lv ghvfulehg e| wkh iroorzlqj sursrvlwlrq=

Sursrvlwlrq 4 Ohw E��
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Wkh uhvxow lv uhdglo| hvwdeolvkhg dqg zh ghprqvwudwh lw rqo| iru R�� Xsrq

vxevwlwxwlrq ri E�� � E����c lq wkh h{suhvvlrq iru R�c zh fdq zulwh wkh uhvwulfwhg

suredelolw| Ro
�
dv

Ro
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i zloo jhqhudwh olqhdu y
�

m > exw duelwudu| vfdoh

dqg orfdwlrq sdudphwhuv lq dq| vxfk olqhdu frpelqdwlrq zloo qrw eh lghqwl�deoh iurp wkh elydul0

dwh gdwd1
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' �h E#2 : � �� _ #� : � ��� c

' x2 E 
��c ��(4� ' Z��

zkhuh � ' �qz��z dqg � ' �
f
��

�f
1 Lw lv fohdu wkdw wkh frqglwlrqv lghqwl�hg lq

wkh deryh sursrvlwlrq ohdg wr d frqvwudlqhg PQS prgho> l1h1/ wkh PQS prgho lv

dojheudlfdoo| htxlydohqw wr wkh EYS prgho li +9, lv vxemhfw wr sdudphwulf uhvwulf0

wlrqv1 Qrwh wkdw R� dqg Z� ghqrwh/ uhvshfwlyho|/ wkh suredelolw| ri qrw zrunlqj dqg

kdylqj fkloguhq edvhg xsrq wkh pxowlqrpldo surelw dqg elyduldwh surelw prgho1

Iurp +:, zh vhh wkdw jlyhq wkdw � kdv 7 vwdwhv/ R� lv edvhg xsrq wkh 6 sdluzlvh

gl�huhqfhv jhqhudwhg e| frpsdulqj wkh QZbF zlwk doo rwkhu vwdwhv1 Krzhyhu/

li zh doorz lqglylgxdov wr pd{lplvh xwlolw| vhsdudwho| ryhu wkh sduwlflsdwlrq vhw/

l/ dqg wkh ihuwlolw| vhw/ X/ wkhq wkh uhohydqw suredelolw| h{suhvvlrq lv jlyhq e|

Z� lq +;,1 Lq wklv lqvwdqfh  �� E ��� uhsuhvhqwv wkh lqgh{ ixqfwlrq dujxphqw iru

sduwlflsdwlrq +ihuwlolw|, ghflvlrq dqg 4 lv wkh fruuhodwlrq frh!flhqw1 Frpsdulqj

R� lq +:, zlwk R� lq +;, zh vhh wkh qdwxuh ri wkh uhvwulfwlrqv iru wkh pxowlqrpldo

dqg elyduldwh prgho wr frlqflgh1 Qrwh wkdw jlyhq dgglwlyh xwlolw|/ wkh 6 dujxphqwv

ri Ro
�
lq +:, duh edvhg xsrq wkh iroorzlqj frpsdulvrqv

�W

�
� �W

2
: f , E+W

qz
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, E+W

qz
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� n E^W
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� ^W

�f
� : f� +45,

zkhuh +<, uhsuhvhqwv wkh ihuwlolw| ghflvlrq/ +43, wkh sduwlflsdwlrq ghflvlrq/ dqg

vlqfh +44, uhsuhvhqwv wkh vxp ri +<, dqg +43,/ wklv frqglwlrq lv uhgxqgdqw1

7 D Ehkdylrxudo Lqwhusuhwdwlrq

Ehorz zh surylgh d eulhi ryhuylhz ri wkh udqgrp xwlolw| prgho1 Ohw L�� ghqrwh

wkh xwlolw| ri wkh �wk dowhuqdwlyh iru wkh �wk lqglylgxdo1 Lq dgglwlrq zh iroorz wkh

vwdqgdug dssurdfk dqg ghfrpsrvh xwlolw| lqwr d ghwhuplqlvwlf ET��� dqg vwrfkdvwlf

frpsrqhqw9 E0���/ jlylqj

L�� ' T�� n 0�� +46,

9Qrwh= wkh frqfhsw ri udqgrp xwlolw| kdv wzr lqwhusuhwdwlrqv1 Iluvw/ wkh vwrfkdvwlf frp0

srqhqw ri xwlolw| fdq eh lqwhusuhwhg dv wkrvh ghwhuplqdqwv ri fkrlfh zklfk duh xqrevhuyhg e|

wkh dqdo|vw1 Lq wklv uhvshfw lqglylgxdov pd{lplvh xwlolw| lq d ghwhuplqlvwlf idvklrq1 Dowhuqdwho|
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zkhuh 0�� uh hfwv lqglylgxdo vshfl�f yduldwlrq lq wdvwhv1 Ixuwkhu zh ohw T�� ghshqg

rq erwk dwwulexwh vshfl�f dqg lqglylgxdo lqyduldqw fkdudfwhulvwlfv/ vxfk wkdw

T�� ' k� n %�&q& n �|w�| +47,

zkhuh % ' i%�&j lv d a�g pdwul{ ri qrq0vwrfkdvwlf frpsrqhqwv ri xwlolw|/ zkrvh

urzv frqwdlq wkh g dowhuqdwlyh vshfl�f dwwulexwhv ri dowhuqdwlyh �( � ' i�|j lv d

A � � yhfwru ri dowhuqdwlyh lqyduldqw lqglylgxdo fkdudfwhulvwlfv> k ' ik�jc q '

iq&jc w ' iw�|j duh uhvshfwlyho| a � �c g � �c dqg a � A duud|v ri xqnqrzq

sdudphwhuv1

Zh dvvxph wkdw lqglylgxdov fkrrvh wkh dowhuqdwlyh wkdw jhqhudwhv wkh odujhvw

xwlolw|1 Dowhuqdwlyh , lv fkrvhq l�

L�, : L�� ;� 9' , 5 lc +48,

zkhuh l ghqrwhv wkh fkrlfh vhw1 Prylqj iurp +48, wr d vwdwhphqw derxw wkh

suredelolw| wkdw , lv fkrvhq lqyroyhv wkh lpsrvlwlrq ri d glvwulexwlrqdo dvvxpswlrq

rq wkh sdluzlvh huuru gl�huhqfhv ri wkh vwrfkdvwlf frpsrqhqwv1 Iru h{dpsoh/ jlyhq

+46, dq dowhuqdwlyh zd| ri zulwlqj +48, lv

T�, � T�� : 0�� � 0�, ;� 9' , 5 l

ru

��, ' �hE0�� 	 0�,� 	 ET�, � T���

714 D Frpsdulvrq ri Prghov

Wkh hpslulfdo dqdo|vlv hydoxdwhv wkh h{whqw wr zklfk d fodvv ri glvfuhwh fkrlfh

prghov duh frqvlvwhqw zlwk wkh revhuyhg gdwd rq oderxu irufh sduwlflsdwlrq E(2�

dqg ihuwlolw| E(�� ghflvlrqv1 Zh frqvlghu wzr eurdg dssurdfkhv=

L1 Xwlolw| pd{lplvdwlrq lv shuiruphg vhsdudwho| ryhu wkh wzr fkrlfh vhwv l

dqg X� Zhhnv dqg Ruph +4<<<, ghprqvwudwhg wkdw li zh doorz d qrq0}hur

sdudphwhu/ 4/ wr doorz iru fruuhodwlrq dfurvv wkh wzr ghflvlrqv (� dqg (2c

wkhq wkh vhw ri xwlolwlhv jlyhq e| +8, duh frqvlvwhqw zlwk wkh vshfl�fdwlrq ri

zh frxog srvwxodwh wkdw hyhq li doo dwwulexwhv ri dowhuqdwlyhv dqg fkdudfwhulvwlfv ri lqglylgxdov

zhuh ixoo| revhuyhg/ wkdw xwlolw| pd{lplvdwlrq lv udqgrp1 Zh iroorz wkh olwhudwxuh dqg lqwhusuhw

udqgrp xwlolw| dffruglqj wr wkh iruphu h{sodqdwlrq1
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d elyduldwh glvfuhwh fkrlfh prgho1 Ghshqghqw xsrq wkh dvvxphg mrlqw glvwul0

exwlrq ri wkh vwrfkdvwlf frpsrqhqwv/ srvvleoh prghov lqfoxgh wkh elyduldwh

surelw dqg elyduldwh orjlvwlf glvfuhwh fkrlfh prghov1

LL1 Xwlolw| pd{lplvdwlrq lv ryhu wkh vhw � dqg xwlolw| lv qrw dgglwlyho| vhsdudeoh

ryhu l dqg X1 Xqghu wklv vfhqdulr zh kdyh wkh pxowlqrpldo uhvsrqvh

prgho1

Dowkrxjk zh eholhyh wkdw lq pdq| vlwxdwlrqv wkh glvwlqfwlrq ehwzhhq prghov L

dqg LL lv qrw dssuhfldwhg/ frqvlghudeoh xvh kdv ehhq pdgh ri wkh frqfhsw ri vhsd0

udelolw| lq ghpdqg vwuxfwxuhv1 Iru h{dpsoh/ d klhudufklfdo fkrlfh vwuxfwxuh zrxog

idflolwdwh d uhgxfwlrq lq wkh glphqvlrqdolw| ri wkh fdofxoxv uhtxluhg e| rswlplvlqj

djhqwv1 Wkxv/ d frqvxphu idfhg zlwk wkh ghflvlrq wr fkrrvh d exqgoh ri jrrgv

iurp d odujh qxpehu ri srvvlelolwlhv/ vd| k/ pljkw sduwlwlrq k lqwr glvwlqfw fdw0

hjrulhv dqg shuirup vhsdudwh pd{lplvdwlrq rq hdfk fdwhjru|1 Uhodwhg sureohpv

rffxu zlwklq wkh frqwh{w ri olihwlph ghflvlrq sureohpv/ zlwk wkh ghflvlrq pdnhu

vhsdudwlqj ghflvlrqv rq fxuuhqw iurp ixwxuh fkrlfhv1

Lq Iljxuh 4 zh ghslfw wzr gl�huhqw ghflvlrq vwuxfwxuhv zklfk fkdudfwhulvh wkh

oderxu irufh E(2� dqg ihuwlolw| ghflvlrq E(��1 Iljxuh 4+d, suhvhqwv wkh elyduldwh

prgho zlwk 4 ghqrwlqj wkh fruuhodwlrq frh!flhqw ri wkh elyduldwh qrupdo glvwul0

exwlrq1 Qrwh wkdw khuh zh ohw wkh oderxu irufh sduwlflsdwlrq ghflvlrq kdyh wkuhh

rxwfrphv e| gl�huhqwldwlqj ehwzhhq sduw0wlph dqg ixoo0wlph zrun1 Iljxuh 4+e,

suhvhqwv wkh vdph wzr ghflvlrqv exw lv edvhg rq wkh dvvxpswlrq wkdw lqglylgxdov

pd{lplvh xwlolw| ryhu d vlqjoh fkrlfh vhw zklfk lv wkh Fduwhvldq surgxfw ri wkh

fkrlfh vhw lq (� dqg (21 Lq wklv frqwh{w wkh dssursuldwh vwdwlvwlfdo prgho lv

pxowlqrpldo1

Lq wklv sdshu zh xwlolvh d vhulhv ri qhvwhg dqg qrqqhvwhg k|srwkhvlv whvwv wr

hydoxdwh wkh hpslulfdo dghtxdf| ri d qxpehu ri glvfuhwh fkrlfh prghov1 Wkh

prghov zh h{dplqh duh=

l1 elyduldwh surelw E2� 2�c E�� 2�

ll1 elyduldwh orjlw E2� 2�c E�� 2�

lll1 pxowlqrpldo orjlw 7 vwdwh/ 9 vwdwh

ly1 pxowlqrpldo surelw 7 vwdwh1
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8 Gdwd

Wkh gdwd vhw xvhg lq wklv vwxg| lv wkh Eulwlvk Krxvhkrog Sdqho Vxuyh| +EKSV,1

Wklv vxuyh| lv fduulhg rxw e| wkh HVUF Uhvhdufk Fhqwuh rq Plfur0vrfldo fkdqjh

dw wkh Xqlyhuvlw| ri Hvvh{1 Wkh EKSV zdv ghvljqhg dv dq dqqxdo vxuyh| ri hdfk

dgxow +49., phpehu ri d qdwlrqdoo| uhsuhvhqwdwlyh vdpsoh ri pruh wkdq 8/333

krxvhkrogv/ pdnlqj d wrwdo ri dssur{lpdwho| 43/333 lqglylgxdo lqwhuylhzv1 Wkh

vdph lqglylgxdov zhuh uh0lqwhuylhzhg lq vxffhvvlyh zdyhv dqg/ li wkh| vsolw r�

iurp ruljlqdo krxvhkrogv/ doo dgxow phpehuv ri wkhlu qhz krxvhkrogv zhuh dovr

lqwhuylhzhg1 Dw wkh prphqw wkhuh duh : dydlodeoh zdyhv iurp 4<<3 wr 4<<91

Wkh lqglylgxdo txhvwlrqqdluh fryhuv wkh iroorzlqj wrslfv= qhljkerxukrrg/ lqgl0

ylgxdo ghprjudsklfv/ uhvlghqwldo prelolw|/ khdowk dqg fdulqj/ fxuuhqw hpsor|phqw

dqg hduqlqjv/ hpsor|phqw fkdqjhv ryhu wkh sdvw |hdu/ olihwlph fklogeluwk/ pdul0

wdo dqg uhodwlrqvkls klvwru| +Zdyh Wzr rqo|,/ hpsor|phqw vwdwxv klvwru| +Zdyh

Wzr rqo|,/ ydoxhv dqg rslqlrqv/ krxvhkrog �qdqfhv dqg rujdql}dwlrq1: Lq wklv

dssolfdwlrq zh xvh wkh 8wk zdyh ri wkh EKSV zkhuh lqglylgxdov zhuh dvnhg wr

uhsruw lqirupdwlrq derxw wkhlu vlwxdwlrq lq Vhswhpehu 4<<71 Jlyhq wkdw wkh sxu0

srvh ri wkh sdshu lv wr vwxg| sduwlflsdwlrq dqg ghflvlrq fkrlfhv ri zrphq/ zh

vhohfwhg doo wkh krxvhkrogv zlwk d pduulhg dqg frkdelwlqj zrphq/ djhg ehwzhhq

4; dqg 931 Zh dvvxph wkdw wklv olih vsdq fryhuv wkh shulrg lq zklfk zrphq

pdnh wkhlu fkrlfhv derxw zrunlqj dqg derxw ihuwlolw|1 Lq rwkhu zrugv zh dvvxph

wkdw zrphq |rxqjhu wkdq 4; dqg roghu wkdq 93 gr qrw kdyh wr ghflgh zkhwkhu wr

zrun ru zkhwkhu wr kdyh fkloguhq1 Edvhg xsrq wkhvh fulwhuld wkh uhvxowlqj vdpsoh

frqwdlqv 5835 revhuydwlrqv1 Zh fkrrvh wr h{foxgh zrphq xqghu 4; ehfdxvh zh

dvvxph wkdw wkhlu ghflvlrq surfhvv derxw kdylqj fkloguhq dqg sduwlflsdwh wr wkh

oderxw pdunhw lv fkdudfwhulvhg e| gl�huhqw yduldeohv uhvshfw wr wkh zrphq ryhu

4;1 4; |hduv rog lv wkh djh zkhuh prvw lqglylgxdov kdyh frpsohwhg wkhlu kljk

vfkrro hgxfdwlrq1

Wdeoh 4 suhvhqwv d ghvfulswlrq ri wkh yduldeohv xvhg lq wkh dqdo|vlv dqg Wdeoh

5 suhvhqwv vxppdu| vwdwlvwlfv1 Lq wklv vdpsoh 67186( ri wkh zrphq gr qrw zrun/

64143 ( zrun sduw wlph +ohvv wkdq 63 krxuv shu zhhn, dqg 6716: zrun ixoo wlph1

Ihuwlolw| lv d elqdu| yduldeoh htxdo wr 4 li wkh zrpdq kdv dw ohdvw rqh fklog ehwzhhq

3 dqg 48 |hduv rog/ lw lv htxdo wr 3 rwkhzlvh1 Dprqj wkh yduldeohv uhodwhg wr wkh

:Iru d ixoo ghvfulswlrq ri wkh vxuyh| vhh EKSV Xvhu Pdqxdo= yroxph D1
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exgjhw vhw/ zh dvvljq d surplqhqw uroh wr wkh zdjh ri wkh zrpdq1 Wklv fkrlfh

lv gxh wr wkh idfw wkdw zrpdq*v zdjh hqwhu erwk wkh rssruwxqlw| frvw ri fkloguhq

dqg wkh qhw ydoxh ri sduwlflsdwlrq1 Krzhyhu/ wkh xvh ri wkh zlih*v zdjh dv dq

h{sodqdwru| yduldeoh srvhv wzr sureohpv1 Iluvw/ wkh zdjh lv revhuyhg rqo| iru

zrunlqj zrphq1 Vhfrqg wkh zdjh lv olnho| wr eh fruuhodwhg zlwk xqrevhuyhg

yduldeohv d�hfwlqj erwk ihuwlolw| dqg sduwlflsdwlrq ghflvlrqv1

Khuh zh dgrsw wkh vwdqgdug vroxwlrq wr wkhvh sureohpv +vhh iru lqvwdqfh Pr!ww

+4<;7,,/ zklfk frqvlvwv lq hvwlpdwlqj d zdjh htxdwlrq rq wkh zrunlqj vxevdpsoh

dqg fruuhfwlqj iru vhohfwlrq eldv xvlqj d surfhgxuh vxjjhvwhg e| Khfnpdq +4<:9,1

Lq wklv zd| wkh vlpxowdqhlw| sureohp +5, lv vroyhg zlwk d 5VOV whfkqltxh/ dqg

wkh xqrevhuydelolw| sureohp +4, lv vroyhg e| lpsxwlqj wkh suhglfwhg zdjh wr hyhu|

zrpdq erwk zrunlqj dqg qrw zrunlqj1

Wkh zrpdq*v jurvv zdjh udwh +ghshqghqw yduldeoh lq wkh zdjh htxdwlrq, lv

fdofxodwhg xvlqj wkh xvxdo jurvv sd| shu prqwk/ wkh qxpehu ri krxuv qrupdoo|

zrunhg shu zhhn dqg wkh qxpehu ri ryhuwlph krxuv qrupdoo| zrunhg shu zhhn1

Wkh h{sodqdwru| yduldeohv xvhg lq wklv htxdwlrq duh wkh gxpplhv iru hgxfdwlrq/

h{shulhqfh dqg h{shulhqfh vtxduhg1 Wkh uhvxowv duh suhvhqwhg lq wdeoh 61

Wkh suhglfwhg qhw krxuo| zdjh lv fdofxodwhg iurp wkh suhglfwhg jurvv zdjh

udwh dsso|lqj wkh udwhv dqg edqgv iru wkh 4<<62<7 dqg wkh Qdwlrqdo Lqvxudqfh

Frqwulexwlrqv1; Lq rughu wr eh deoh wr fdofxodwh wkh qhw krxuo| zdjh iurp wkh

suhglfwhg jurvv krxuo| zdjh/ lw lv qhfhvvdu| wr fdofxodwh wkh jurvv dqqxdo oderxu

lqfrph ri wkh zrphq lq wkh vdpsoh1 Vlqfh zh gr qrw revhuyh krxuv ri zrun iru

zrphq zkr gr qrw zrun/ zh hvwlpdwhg d uhjuhvvlrq iru zrphq*v krxuv ri zrun1

Wkh hvwlpdwhg sdudphwhuv duh wkhq xvhg wr fdofxodwh suhglfwhg krxuv ri zrun iru

doo wkh zrphq lq wkh vdpsoh1 Wkh htxdwlrq iru krxuv ri zrun lv suhvhqwhg lq wdeoh

7 dqg wkh h{sodqdwru| yduldeohv xvhg duh wkh gxpplhv iru hgxfdwlrq/ h{shulhqfh/

h{shulhqfh vtxduhg dqg wkh fkloguhq gxpplhv1

;Wkh wd{ udwhv xvhg wr fdofxodwh wkh suhglfwhg qhw zdjh duh wkh iroorzlqj= 53( xqwlo Â

5/833/ 58( iru wkh qh{w Â54/533/ dqg 73( iru lqfrph deryh 56/:331 Wkh shuvrqdo doorzdqfh

xvhg lv htxdo Â6/778 zkloh wkh pduulhg doorzdqfh lv htxdo wr Â 4/:531 Wkh Qdwlrqdo lqvxudqfh

frqwulexwlrqv xvhg duh dv iroorz= 5( xqwlo Â89 shu zhhn/ <( iru wkh qh{w Â696 shu zhhn/ 3

wkhuhdiwhu1
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9 Uhvxowv

Lq wdeohv 8 dqg 9 zh suhvhqw uhvxowv iru wkh E2� 2� dqg E�� 2� elyduldwh prghov1

Lq wdeoh 8 wkh ghshqghqw yduldeohv duh wkh elqdu| lqglfdwruv iru ihuwlolw| dqg wkh

elqdu| lqglfdwru ri oderxu irufh sduwlflsdwlrq1 Qrwh wkdw iru wkh ihuwlolw| htxdwlrq

sdudphwhu hvwlpdwruv duh edvhg xsrq wkh h�hfwv ri fryduldwhv uhodwlyh wr wkh qrq

ihuwlolw| vwdwh 7�> lq wkh sduwlflsdwlrq htxdwlrq wkh uhihuhqfh jurxs lv qrq0zrunhuv

E�` �1 Iru erwk prghov wkh elyduldwh orjlw dqg surelw htxdwlrq sdudphwhu hvwl0

pdwhv kdyh wkh fruuhfw vljqv dqg duh frqvlvwhqw zlwk suhylrxv vwxglhv1 Lq wdeoh 9

zh h{whqg wkh elyduldwh prgho e| gl�huhqwldwlqj ehwzhhq sduw0wlph dqg ixoo0wlph

zrunhuv1 Khuh zh irfxv xsrq wkh h�hfw ri wkh suhglfwhg qhw zdjh ri wkh zrpdq1

Dv h{shfwhg wklv yduldeoh hqwhuv wkh ihuwlolw| ghflvlrq zlwk d qhjdwlyh vljq jlyhq

wkh fkdqjh lq wkh rssruwxqlw| frvw ri kdylqj fkloguhq1 Krzhyhu/ wkh h�hfw ri

dq lqfuhdvh lq wkh zdjh kdv txlwh d gl�huhqw rughu ri pdjqlwxgh h�hfw lq wkh

sduw0wlph dqg ixoo0wlph sduwlflsdwlrq htxdwlrqv1

Lq doo glvfuhwh fkrlfh prghov/ dqg sduwlfxoduo| lq wkh fdvh ri pxowlqrpldo prg0

hov/ sdudphwhu hvwlpdwhv duh riwhq gl!fxow wr lqwhusuhw1 Dowkrxjk wklv lv dovr wuxh

lq wklv vwxg|/ wkh uhvxowv lq wdeoh : suhvhqw wkh sdudphwhu hvwlpdwhv e| xvlqj

d pxowlqrpldo orjlw prgho wr hvwlpdwh d 7 vwdwh oderxu vxsso|2ihuwlolw| ghflvlrq

edvhg xsrq wkh frqyroxwlrq ri wkh wzr fkrlfh vhwv zklfk xqghuo| wkh uhvxowv lq

wdeoh 81 Lq wklv fdvh zh xvh wkh qzbf vwdwh 0 qrq0zrunlqj2qr fkloguhq dv wkh

uhihuhqw dowhuqdwlyh1 Qrwdeoh uhvxowv lqfoxgh wkh idfw wkdw/ dv h{shfwhg/ dq lq0

fuhdvh lq wkh suhglfwhg zdjh uhvxowv lq dq lqfuhdvh lq oderxu vxsso| exw wkdw wklv

h�hfw lv pruh surqrxqfhg iru zrphq zlwk fkloguhq wkdq wkrvh zlwkrxw +frpsduh

3163< zlwk 314<9,1 Vlplodu gl�huhqfhv iru wkhvh wzr jurxsv duh revhuyhg zkhq

zh h{dplqh wkh lpsdfw ri djh1 Frpsduh wkh sdudphwhu hvwlpdwru iru zrphq

zlwk fkloguhq Ezbf� zlwk zrphq zlwkrxw fkloguhq Ezb�f�/ djdlq uhodwlyh iru wkh

qzb�f vwdwh1

Lq Wdeoh : zh suhvhqw wkh pxowlqrpldo orjlw frxqwhusduw ri wkh uhvxowv lq wdeoh

81 Djdlq zh xvh wkh qzb�f dv wkh uhihuhqw dowhuqdwlyh1 Ghvslwh dq reylrxv

surolihudwlrq ri sdudphwhu hvwlpdwhv/ wkh uhvxowv duh frqvlvwhqw zlwk h{shfwdwlrqv/

dqg doorz d pruh glvdjjuhjdwh shuvshfwlyh rq mrlqw ghflvlrq pdnlqj1

Wdeoh ; uhsruwv wkh hodvwlfwlhv ri wkh suredelolwlhv ri sduwlflsdwlrq dqg kdylqj

fkloguhq zlwk uhvshfw wr wkh ihpdoh zdjh iru wkh +5 { 5, prghov1 Wkh hodvwlflw| ri

wkh suredelolw| ri sduwlflsdwlrq wr wkh oderxu pdunhw duh/ dv h{shfwhg/ srvlwlyh/
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zkloh wkh hodvwlflwlhv ri ihuwlolw| duh qhjdwlyh1 Rqh lqwhusuhwdwlrq lv wkdw wkh zdjh

uhsuhvhqwv dq hvwlpdwh ri wkh rssruwxqlw| frvw ri fkloguhq1 Dq lqfuhdvh lq wkh

ihpdoh zdjh ghfuhdvhv wkh suredelolw| ri kdylqj fkloguhq1 Krzhyhu/ wklv h�hfw lv

pxfk vpdoohu +lq devroxwh whupv, wkdq wkh srvlwlyh h�hfw rq sduwlflsdwlrq= wklv

uhvxow lv frqvlvwhqw zlwk hvwlpdwhv rq rwkhu gdwd vhwv1

Zh kdyh dovr hvwlpdwhg wkh prghov suhvhqwhg iru gl�huhqw djh0vhohfwhg vdp0

sohv= zh kdyh hvwlpdwhg wkh +5{5, elyduldwh orjlw dqg surelw dqg wkh irxu vwdwhv

pxowlqrpldo orjlw rq vdpsohv ri zrphq xqghu 83 |hduv rog dqg xqghu 73 |hduv

rog1Wdeoh ; uhsruwv hodvwlflwlhv iru wkhvh vdpsohv dv zhoo1 Wkh uhvxowv vkrz wkdw

wkh hodvwlflwlhv ri sduwlflsdwlrq zlwk uhvshfw wr ihpdoh zdjh duh ghfuhdvlqj li zh

h{foxgh roghu zrphq lq wkh vdpsoh +wkh rqo| h{fhswlrq1lv wkh pxowlqrpldo orjlw

iru wkh vdpsoh xqghu 73,1 Dv idu dv wkh hodvwlflwlhv ri kdylqj fkloguhq duh frq0

fhuqhg/ wkhlu devroxwh ydoxhv lqfuhdvh zkhq zh h{foxgh roghu zrphq lq wkh vdpsoh

+dv zh zrxog h{shfw,

Lq wkh prghov wkdw gl�huhqwldwh ehwzhhq ixoo dqg sduw wlph zrun +wdeoh43,/ dq

lqwhuhvwlqj uhvxow frphv rxw1 Wkh hodvwlflwlhv ri ixoo wlph sduwlflsdwlrq duh vpdoohu

lq devroxwh ydoxh wkdq wkh sduw wlph/ dqg qhjdwlyh1 Wklv uhvxow lv frqvlvwhqw

zlwk rwkhu hvwlpdwhv dqg rwkhu gdwd iru wkh XN +vhh/ iru h{dpsoh/ Gxqfdq dqg

Zhhnv +4<<:,,1 Rqh srvvleoh lqwhusuhwdwlrq ri wkh uhodwlyh uljlglw| ri ixoo wlph

ihpdoh oderxu vxsso| zlwk uhvshfw wr sduw wlph lv wkdw zrphq zkr zrun ixoo

wlph pljkw srvvleo| eh erwk pruh hgxfdwhg dqg prwlydwhg1 Dw wkh pdujlq/

zh kdyh d edfnzdug ehqglqj oderxu vxsso| ixqfwlrq zkhuh wkh lqfrph h�hfw lv

suhgrplqdqw1 Sduw wlph zrunhuv/ rq wkh frqwudu|/ kdyh kljkhu hodvwlflw| jlyhq

wkdw wkhlu sduwlflsdwlrq lv kljko| vhqvlwlyh wr fkdqjhv lq zdjhv1

914 Qrq0Qhvwhg Whvwv

Wdeoh 44 suhvhqwv wkh uhvxowv ri dq dssolfdwlrq ri d wzr0vlghg yhuvlrq ri Fr{*v qrq0

qhvwhg whvw +vhh Fr{ +4<94, dqg Fr{ +4<95,, wr wkh fkrlfh ehwzhhq d qxpehu ri

glvfuhwh fkrlfh prghov ri oderxu vxsso| dqg ihuwlolw|1< Jlyhq wkh odujh vdpsoh vl}h

zh xwlolvh Zklwh +4<;5, hvwlpdwru iru wkh svhxgr0wuxh ydoxh lq wkh frqvwuxfwlrq ri

wkh qxphudwru ri wkh whvw vwdwlvwlf1 Zhhnv +4<<9, vkrzhg wkdw lq odujh vdpsohv wkh

vl}h surshuwlhv ri wklv frpsxwdwlrqdoo| frqyhqlhqw phwkrg iru frqvwuxfwlqj wkh

<Iru dq h{whqvlyh ryhuylhz ri wkh xvh ri qrqqhvwhg whvwlqj wr hydoxdwh hpslulfdo dghtxdf|

vhh Shvdudq dqg Zhhnv +4<<<,1

4<



qxphudwru lv frpsdudeoh wr wkh vlpxodwlrq hvwlpdwru1 Zh xwlolvh wkuhh yduldqwv

ri wkh ghqrplqdwru edvhg xsrq xvlqj wkh revhuyhg Khvvldq +K,/ dq rxwhu surgxfw

ri wkh judglhqw +RSJ, hvwlpdwru +R,/ dqg dq hvwlpdwru zklfk ljqruhv yduldwlrq

gxh wr sdudphwhu hvwlpdwlrq xqghu wkh qxoo +[, +vhh Shvdudq dqg Shvdudq +4<<8,1

Wkhuhiruh/ wkh whvw vwdwlvwlf F`M lv wkh Fr{ whvw vwdwlvwlf xvlqj Zklwh*v phwkrg

iru wkh qxphudwru dqg wkh revhuyhg Khvvldq +xqghu wkh qxoo, iru wkh ghqrplqdwru1

��f

7M
ghqrwhv wkh Fr{ whvw1

Lq lqwhusuhwlqj wkh uhvxowv zh �uvw qrwh wkdw lq wkh fdvh ri qrqqhvwhg prghov

wkhuh lv qr qdwxudo qxoo prgho1 Dv vxfk lq whvwlqj wzr prghov/ vd| Ms dqg M}c

zh qhhg wr frqgxfw wzr whvwv edvhg xsrq lqwhufkdqjlqj wkh qxoo dqg dowhuqdwlyh

k|srwkhvlv1 Wkh �uvw urz ri Wdeoh 44 suhvhqwv wkh wkuhh qxoo prghov= pxowlqrpldo

orjlw +PQO,/ elyduldwh orjlw +Ely0O, dqg elyduldwh surelw +Ely0S,1 Lq wkh vhfrqg

urz M} ghqrwhv wkh dowhuqdwlyh prghov1 Iru h{dpsoh/ zh whvw Ms = PQO djdlqvw

M}=Ely0O dqg M �

} GEly0S1 Wkh �uvw eorfn ri uhvxowv +L, suhvhqwv whvw vwdwlvwlfv iru

wkh E2� 2�*e fkrlfh prghov dqg lq +LL, zh suhvhqw uhvxowv iru wkh E�� 2�*S fkrlfh

prghov143 Dowkrxjk zh hpskdvlvh wkdw rxu �qglqjv duh suholplqdu|/ zh uhsruw

dq lqwhuqdo frqvlvwhqw vhw ri uhvxowv1 Qdpho|/ lq doo fdvhv wkh elyduldwh prghov duh

uhmhfwhg dqg zh idlo wr uhmhfw wkh pxowlqrpldo frxqwhusduwv1

915 D Vfruh Whvw

Vlqfh wkh sdudphwulf uhvwulfwlrqv/ ghvfulehg lq Vhfwlrq 614/ lpso| d vlqjxodu fr0

yduldqfh pdwul{ lq wkh PQS prgho/ wkh prvw qdwxudo olnholkrrg udwlr surfhgxuh lv

qrw vwulfwo| dydlodeoh gxh wr wkh sureohp ri whvwlqj rq wkh erxqgdu| ri wkh sdudp0

hwhu vsdfh1 D vfruh whvw surfhgxuh lv wkhuhiruh rxwolqhg/ zkrvh dv|pswrwlf ydolglw|

lv xqd�hfwhg e| vxfk d sureohp1 Iluvw zh gh�qh dq dssursuldwh E6� �� yhfwru ri

xquhvwulfwhg sdudphwhuv �� ' E��c��� iru wkh PQS prgho/ zklfk dffrpprgdwhv

wkh EYS prgho dv d vshfldo fdvh=

�� ' E��

2
c ��

�
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e
� c �� ' Ej
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c j

�e
c j

2e
c j

�e
c j

ee
� c

zkhuhP ' ij�,j c �c , ' �c � � � c ec dqg6 ' Dn�&� Frqglwlrqdo rq  c ohw wkh uhohydqw

irxu suredelolwlhv/ +:,/ eh h{suhvvhg dv ixqfwlrqv ri �> l1h1/ R&E�m �� Wkhq edvhg

rq � lqghshqghqw uhdolvdwlrqv ri wkh lqglfdwru S�c ghqrwhg S��c � ' �c � � � c �c wkh

43Xqghu Ki wkh vxlwdeo| vwdqgduglvhg Fr{ whvw vwdwlvwlf lv dv|pswrwlfdoo| glvwulexwhg dv
Q+3/4,1 Jlyhq d 8( vljql�fdqfh ohyho wkh uhmhfwlrq uhjlrq lv wkhuhiruh A m41<9m
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orj0olnholkrrg lv OE�� '
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e

�'� S�� *?ER�E�m ���� Iurp wklv wkh E6� �� vfruh

yhfwru dqg E6�6� Khvvldq pdwul{ duh
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ghqrwh +uhvwulfwhg, pd{lpxp olnholkrrg hvwlpdwhv ri wkh

EYSprgho/ +BB,/ dqg gh�qh dffruglqjo| wkh uhvwulfwhgPQSpd{lpxp olnholkrrg

hvwlpdwhv dv
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Dq dv|pswrwlfdoo| ydolg whvw ri wkh lpsolhg ^ ' en& sdudphwhu uhvwulfwlrqv fdq

eh edvhg rq wkh vfruh whvw vwdwlvwlf jlyhq e| V ' �3�}E����
q
V
�
��
�r

3�

}E���c zkhuh

V
�
��
�
lv dq| frqvlvwhqw hvwlpdwru iru wkh dyhudjh lqirupdwlrq pdwul{/ xqghu wkh

dvvxpswlrq wkdw wkh uhvwulfwlrqv xqghu whvw duh ydolg> h1j1/ V
�
��
�
' � �

�
O
�
��
�
� Lq

odujh vdpsohv/ V lv glvwulexwhg dv d fkl0vtxduh udqgrp yduldeoh zlwk ^ +qxpehu

ri uhvwulfwlrqv, ghjuhhv ri iuhhgrp zkhq wkh sdudphwulf uhvwulfwlrq lpsrvhg rq

wkh PQS prgho duh fruuhfw1 Vljql�fdqwo| odujh ydoxhv ri V zrxog eh surylgh

hylghqfh djdlqvw wkh EYS prgho dqg/ dv d frqvhtxhqfh/ lw zrxog dovr vxjjhvw

wkdw wkh EYS vshfl�fdwlrq lv lqfrqvlvwhqw zlwk xwlolw| pd{lplvdwlrq ryhu wkh

lpsolhg irxu srvvleoh rxwfrphv1

Lq wkh dssolfdwlrq ri wklv whvw wr wkh gdwd zh uhmhfw wkh uhvwulfwhg EYS prgho

lq idyrxu ri wkh pruh jhqhudo pxowlqrpldo surelw prgho1

: Frqfoxvlrq

Lq pxfk ri wkh olwhudwxuh rq glvfuhwh fkrlfh prghoolqj ri oderxu vxsso| dqg ihu0

wlolw|/ wkhuh kdv ehhq d whqghqf| wr ljqruh d ixqgdphqwdo frpsrqhqw ri prgho

vshfl�fdwlrq= qdpho|/ iru d vhw ri ghflvlrqv/ zkdw lv wkh dssursuldwh irup ri wkh

fkrlfh vhw/ dqg uhodwhg/ zkdw duh wkh lpsolfdwlrqv ri gl�huhqw fkrlfh vhwv1 Lq wklv

sdshu zh kdyh h{dplqhg wklv lvvxh dqg ghprqvwudwhg wkdw wkh ehkdylrxuldo frqvh0

txhqfhv zklfk iroorz iurp wkh xvh ri gl�huhqw prghov1 Edvhg xsrq wkh dssolfdwlrq
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ri d qxpehu ri whvwv/ rxu �qglqjv vxjjhvw wkdw wkh pruh jhqhudo pxowlqrpldo prg0

hov/ zklfk iroorz iurp wkh frpelqdwlrq ri ghflvlrqv/ duh d ehwwhu uhsuhvhqwdwlrq ri

wkh gdwd1 Dowkrxjk zh eholhyh wkdw wklv �qglqj lv lpsruwdqw/ zh r�hu d zrug ri

fdxwlrq1 Dv zh h{whqg wklv dssurdfk/ e| gh�qlqj fkrlfh vhwv ryhu dq lqfuhdvlqj

qxpehu ri ghflvlrqv/ wkhuh iroorz glphqvlrqdolw| sureohpv/ erwk lq whupv iru qx0

phulfdo dqdo|vlv dqg wkh lpsolhg fdofxoxv ri ghflvlrq pdnhuv idfhg zlwk wkh fkrlfh

ryhu d odujh qxpehu ri dowhuqdwlyhv1
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Dsshqgl{ L= Hfrqrphwulf Prghov

Ehorz zh vhw rxw wkh vwuxfwxuh ri wkh elyduldwh dqg pxowlqrpldo fkrlfh prghov1

Elyduldwh Surelw
Zh ehjlq e| h{dplqlqj wkh vwuxfwxuh ri wkh prgho xqghuo|lqj wkh wzr vwdwh

sduwlflsdwlrq htxdwlrq dqg d wzr vwdwh ihuwlolw| htxdwlrq1 Zh uhihu wr wklv dv wkh

2 � 2 elyduldwh prgho1 Dv lq Vhfwlrq 6 zh ohw +WR dqg ^Ws uhsuhvhqw wkh odwhqw

yduldeohv zklfk xqghuo| wkh sduwlflsdwlrq dqg ihuwlolw| ghflvlrqv1 Zh dvvxph wkdw

+WR dqg ^Ws duh jhqhudwhg dffruglqj wr wkh sdudphwulf vshfl�fdwlrq jlyhq e|

+WR '  ��R n �R R ' fc �

^Ws ' 3��s n �s c s ' fc �c +49,

zkhuh +WR ' +W
qz

� +W
z
dqg ^Ws ' ^W

f
� ^W

�f
1 � dqg � duh xqnqrzq sdudphwhu yhfwruv/

 lv d &�� yhfwru ri uhjuhvvruv dqg wkh mrlqw glvwulexwlrq ri �R dqg �s lv elyduldwh

qrupdo1 Li zh ghqrwh wkh yhfwru ri vwrfkdvwlf frpsrqhqwv e| %W ' E�Rfc �
R
�c �

s
f c

�s� �
�c zkhuh �Rfc �

R
� ghqrwhv wkh glvwxuedqfh whup iru wkh qrq0sduwlflsdwlrq dqg

sduwlflsdwlrq zrunlqj htxdwlrq/ dqg �sf c �
s
� ghqrwhv wkh glvwxuedqfh whup iru wkh

qr fkloguhq dqg fkloguhq vwdwhv/ wkhq wkh orzhu gldjrqdo ri wkh fryduldqfh pdwul{

pd| eh zulwwhq dv
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c +4:,

zkhuh vxepdwulfhv � 'SJ�E�Rfc �
R
��c dqg � ' SJ�E�sf c �

s
� � uhvshfwlyho| ghqrwh fr0

yduldqfh pdwulfhv iru wkh sduwlflsdwlrq dqg ihuwlolw| ghflvlrqv1 Wkh pdwul{�/ zlwk

hohphqwv jsR
�& ;�c & ' fc �c ghqrwhv wkh fryduldqfh ehwzhhq wkh � dqg &wk vwrfkdvwlf

whupv iru/ uhvshfwlyho|/ wkh ihuwlolw| dqg sduwlflsdwlrq ghflvlrq1 Dv vxfk zh fdq

wklqn ri � dqg � dv uhsuhvhqwlqj wkh frqwhpsrudqhrxv fryduldqfh dfurvv vwdwhv

zlwklq wkh sduwlflsdwlrq dqg ihuwlolw| ghflvlrq1 � uhsuhvhqwv wkh frqwhpsrudqhrxv

fryduldqfh dfurvv wkh wzr ghflvlrqv1

Iru erwk wkh sduwlflsdwlrq dqg ihuwlolw| ghflvlrq zh lqwurgxfh d qrupdolvdwlrq1

Iru wkh sduwlflsdwlrq ghflvlrq zh hydoxdwh fkrlfh uhodwlyh wr wkh qrw zrunlqj vwdwh/
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dqg iru wkh ihuwlolw| ghflvlrq zh hydoxdwh fkrlfh uhodwlyh wr wkh qr fkloguhq vwdwh1

Zh zulwh wkh vxevhtxhqw yhfwru ri gl�huhqfhg glvwxuedqfh whupv dv %W

_ ' E�R
�fc �

s
�f�c

zkhuh/ iru h{dpsoh/ �R
�f ' �R

� � �R
f� Qrwh wkdw %

W

_ lqfoxghv rwkhu qrq0sduwlflsdqw

gl�huhqfhv dv h{dfw olqhdu frpelqdwlrqv144Wkh fryduldqfh pdwul{ ri %W

_ pd| eh

zulwwhq dv

l '

%
� 4
4 �

&
c +4;,

zkhuh 4 lv wkh fruuhodwlrq frh!flhqw1

Li zh qrz h{whqg wkh sduwlflsdwlrq htxdwlrq wr wkuhh vwdwhv wkhq zh kdyh

%W ' E�R
fc �

R
�c �

R
2c �

s
f c �

s
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�c zkhuh lq wklv lqvwdqfh �R
� dqg �R

2 ghqrwh wkh glvwxuedqfh

whupv iru wkh sduw0wlph dqg ixoo0wlph vwdwhv1 Wkh fryduldqfh pdwul{ iru %W pd|

wkhq eh zulwwhq dv
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2� dqg � ' SJ�E�sf c �

s
� �1 � lv gh�qhg dv

ehiruh/ dqg ghqrwhv wkh fryduldqfh whupv dfurvv wkh 6 vwdwh sduwlflsdwlrq ghflvlrq

dqg wkh 5 vwdwh ihuwlolw| ghflvlrq1 E| lqwurgxflqj wkh vdph qrupdolvdwlrq dv deryh

zh pd| zulwh wkh yhfwru ri gl�huhqfhg glvwxuedqfh whupv dv %W
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Li zh ohw  ��f�c � ' �c 2c ghqrwh wkh lqgh{ ixqfwlrq iru wkh sduwlflsdwlrq htxd0

wlrq dqg 3��
f�
ghqrwh wkh lqgh{ ixqfwlrq iru wkh ihuwlolw| htxdwlrq/ wkh pdujlqdo

suredelolwlhv iru hdfk ri wkh wzr ghflvlrqv duh jlyhq e|
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8& ' �hE8 ' &� '  ��&r : 0r& ;r 9' &c +54,

zkhuh/ iru h{dpsoh/ wkh suredelolw| ri qrq0sduwlflsdwlrq/ �hE� ' f�/ lv jlyhq

e|
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zkhuh x2E�� dqg �2E�� uhvshfwlyho| ghqrwh wkh elyduldwh qrupdo fxpxodwlyh glvwul0

exwlrq dqg elyduldwh qrupdo suredelolw| ghqvlw| ixqfwlrq zlwk fruuhodwlrq 41

Zh zulwh wkh mrlqw suredelolwlhv iru wkh vl{ rxwfrphv gh�qhg ryhu wkh frpelqhg

sduwlflsdwlrq dqg ihuwlolw| fkrlfh vsdfh dv
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�
c 4

2
c 4

�
� +55,

�f8� ' �hE� ' f _ 8 ' �� ' x2E ��f�c  
��f2c 4��� �f8f

��8f ' �hE� ' � _ 8 ' f� ' x�E ���fc  
���2c 3

��
f�
c�4

�
c 4

2
c�4

�
�

��8� ' �hE� ' � _ 8 ' �� ' x2E ���fc  
���2c�4

�
�� ��8f

�28f ' �hE� ' 2 _ 8 ' f� ' xE3��f��� �f8f � ��8f

�28� ' �hE� ' 2 _ 8 ' �� ' �� �f8f � �f8� � ��8f � ��8� � �28f

' �� 8f � �f8� � ��8�

zkhuh x�E@c Kc S( 4
�
c 4

2
c 4

�
� ghqrwhv wkh wulyduldwh qrupdo glvwulexwlrq hydoxdwhg

dw wkh srlqw +d/ e/ f,/ x2E@c K( R� ghqrwhv d vlploduo| gh�qhg elyduldwh qrupdo

glvwulexwlrq/ dqg xE@� lv wkh vwdqgdug qrupdo glvwulexwlrq hydoxdwhg dw @1 4
�
'

SJoo E�R
�fc �

s
2f�c 42 ' SJoo E�R

2fc �
s
�f�c 4� ' SJoo E�R

�fc �
s
�f�1

Wkh PQS Prgho
Iru wkh PQS prgho/ dqg irfxvvlqj rq wkh vl{ vwdwh prgho/ dqg xvlqj wkh vdph

qrwdwlrq dv lq +9, zh zulwh wkh yhfwru ri odwhqw yduldeohv �W dv

�W

� '  ��� n 0�( � ' �c ���c S
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zkhuh �� duh yhfwruv ri xqnqrzq sdudphwhuv dqg % ' E0�c 02c 0�c 0ec 0Dc 0S�
� lv

glvwulexwhg pxowlyduldwh qrupdo zlwk }hur phdq dqg fryduldqfh pdwul{P ' ij�j1

Ohwwlqj � ' � lqgh{ wkh qrq0zrun2qr fkloguhq vwdwh/ wklv suredelolw| pd| eh

zulwwhq dv

�f8f ' �hE�W

�2
: f _ �W

��
: f _ �W

�e
: f _ �W

�D
_ �W

�S
: f� +56,

' �hE02� 	  �

�2
� _ 0�� 	  ���� _ 0e� 	  �

�e
� _ 0D� 	  ���D _ 0S� 	  ���S�

zkhuh 0�� ' 0� � 0� dqg ��2 ' �� � �21 Qrwlfh wkdw +56, lv jlyhq e| d �yh0irog

lqwhjudo zkhuhdv wkh vdph suredelolw| xqghuo|lqj wkh EYS lv jlyhq e| d wulyduldwh

lqwhjudo1 Iru wkh EYS prgho wkh suredelolw| ri qr fkloguhq dqg qrw zrunlqj lv

jlyhq e|

�f8f ' �hE� ' fc 8 ' f�

' x�E �

f�
�c  �

f2
�c 3��

f�
c 4

�
c 4

2
c 4

�
�
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Uhihuhqfhv

Dvkirug/ M1/ dqg U1 Vrzghq +4<:3,= �Pxowlyduldwh Surelw Dqdo|vlv/� Elrphw0

ulfv/ 59/ 868�8791

Ehfnhu/ J1 +4<93,= �Dq Hfrqrplf Dqdo|vlv ri Ihuwlolw|/� Ghprjudsklf dqg

Hfrqrplf Fkdqjh lq Ghyhorshg Frxqwulhv/ Qhz \run= QEHU1

Erzhq/ Z1 J1/ dqg D1 Ilqhjdq/ Dogulfk +4<9<,= Wkh Hfrqrplfv ri Oderxu

Irufh Sduwlflsdwlrq1 Sulqfhwrq Xqlyhuvlw| Suhvv/ Sulqfhwrq/ Q1M1

Eurzqlqj/ P1 +4<<5,= �Fkloguhq dqg Krxvhkrog Hfrqrplf Ehkdylru/� Mrxuqdo

ri Hfrqrplf Olwhudwxuh/ [[[/ 4767�47:81

Fdlq/ J1 J1 +4<99,= Wkh Oderu Irufh Sduwlflsdwlrq ri Pduulhg Zrphq1 Xqlyhu0

vlw| ri Fklfdjr Suhvv/ Fklfdjr1

Fduolqhu/ J1/ F1 Urelqvrq/ dqg Q1 Wrphv +4<;3,= �Ihpdoh Oderxu Vxsso|

dqg Ihuwlolw| lq Fdqdgd/� Fdqdgldq Mrxuqdo ri Hfrqrplfv/ [LLL+4,/ 79�971

Fr{/ G1 +4<94,= �Whvwv ri Vhsdudwh Idplolhv ri K|srwkhvlv/� Surfhhglqjv ri wkh

Irxuwk Ehunhoh| V|psrvlxp rq Pdwkhpdwlfdo Vwdwlvwlfv dqg Suredelolw|1

+4<95,= �Ixuwkhu Uhvxowv rq Whvwv ri Vhsdudwh Idplolhv ri K|srwkhvhv/�

Mrxuqdo ri Ur|do Vwdwlvwlfdo Vrflhw|/ E57/ 739�7571

Fr{/ G1 U1 +4<:5,= �Wkh Dqdo|vlv ri Pxowlyduldwh Elqdu| Gdwd/� Dssolhg Vwdwlv0

wlfv/ yro1 54/ 446�4591

Fudjj/ M1/ dqg U1 Xkohu +4<:3,= �Wkh Ghpdqg iru Dxwrprelohv/� Fdqdgldq

Mrxuqdo ri Hfrqrplfv/ 6+6,/ 6;9�7391

Gxqfdq/ D1/ dqg P1 Zhhnv +4<<:,= �Qrq0Qhvwhg Prghov ri Oderxu Vxs0

so| zlwk Glvfuhwh Fkrlfhv/� Ghsduwphqw ri Dssolhg Hfrqrplfv/ Xqlyhuvlw| ri

Fdpeulgjh +vxeplwwhg wr Mrxuqdo ri Dssolhg Hfrqrphwulfv,1

Juhhqh/ Z1 K1 +4<<6,= Hfrqrphwulf Dqdo|vlv1 Pdfploodq Sxeolvkhu Frpsdq|/

5qg hgq1

Jxpeho/ H1 +4<94,= �Elyduldwh Orjlvwlf Glvwulexwlrqv/� Dphulfdq Vwdwlvwlfdo

Dvvrfldwlrq Mrxuqdo1

5:



Khfnpdq/ M1/ dqg U1 Zloolv +4<:9,= �Hvwlpdwlrq ri d Vwrfkdvwlf Prgho ri

Uhsurgxfwlrq= Dq Hfrqrphwulf Dssurdfk/� lq Krxvhkrog Surgxfwlrq dqg Frq0

vxpswlrq/ hg1 e| Q1 Whuohfn|m1 Froxpeld Xqlyhuvlw| Suhvv/ Qhz \run1

Khqvkhu/ G1 D1/ dqg O1 Z1 Mrkqvrq +4<;4,= Dssolhg Glvfuhwh0Fkrlfh Prg0

hoolqj1 Mrkq Zloh| dqg Vrqv/ Qhz \run1

Krow}/ M1/ dqg D1 Ploohu +4<;;,= �Dq Hpslulfdo Dqdo|vlv ri Olih F|foh Ihu0

wlolw| dqg Ihpdoh Oderxu Vxsso|/� Hfrqrphwulfd/ 89+4,/ <4�44;1

Pdggdod/ J1 +4<;6,= Olplwhg0Ghshqghqw dqg Txdolwdwlyh Yduldeohv lq Hfrqr0

phwulfv1 Fdpeulgjh Xqlyhuvlw| Suhvv1

Pdqwho/ Q1 +4<99,= �Prghov iru Frpsoh{ Frqwlqjhqf| Wdeohv dqg Sro|fkrwr0

prxv Grvdjh Uhvsrqvh Fxuyhv/� Elrphwulfv/ 55/ ;6�<81

PfFxoodjk/ S1/ dqg M1 Qhoghu +4<;<,= Jhqhudol}hg Olqhdu Prghov +5qg Hg1,1

Fkdspdq dqg Kdoo/ Orqgrq1

PfIdgghq/ G1 +4<;4,= �Hfrqrphwulf Prghov ri Suredelolvwlf Fkrlfh/� lq Vwuxf0

wxudo Dqdo|vlv ri Glvfuhwh Gdwd zlwk Hfrqrphwulf Dssolfdwlrqv/ hg1 e| F1 Pdq0

vnl/ dqg G1 PfIdgghq/ ss1 4<;�5:51 Fdpeulgjh PD=PLW Suhvv1

Plqfhu/ M1 +4<95,= �Oderu Irufh Sduwlflsdwlrq ri Pduulhg Zrphq= D Vwxg| ri

Oderu Vxsso|/� lq Dvshfwv ri Oderu Hfrqrplfv/ hg1 e| O1 K1 Juhjj/ ss1 96�<:1

Sulqfhwrq Xqlyhuvlw| Suhvv/ Sulqfhwrq/ Q1M1

Priilww/ U1 +4<;7,= �Sur�ohv ri Ihuwlolw|/ Oderxu Vxsso| dqg Zdjhv ri Pduulhg

Zrphq= D Frpsohwh Olih0F|foh Prgho/� Uhylhz ri Hfrqrplf Vwxglhv/ 84+5,/

596�:;1

Qdndpxud/ D1/ dqg P1 Qdndpxud +4<<5,= �Wkh Hfrqrphwulfv ri Ihpdoh

Oderu Vxsso| dqg Fkloguhq/� Hfrqrphwulf Uhylhzv/ 44+4,1

Shvdudq/ P1 K1/ dqg E1 Shvdudq +4<<8,= �D Qrq0Qhvwhg Whvw ri Ohyho Gl�hu0

hqfhv Yhuvxv Orj0Gl�huhqfhg Vwdwlrqdu| Prghov/� Hfrqrphwulf Uhylhzv/ 47+5,/

546�5:1

Shvdudq/ P1 K1/ dqg P1 Zhhnv +4<<<,= �Qrq0Qhvwhg K|srwkhvlv Whvwv/� lq

Wkhruhwlfdo Hfrqrphwulfv/ hg1 e| E1 Edowdjl1 Edvlo Eodfnzhoo/ R{irug1

5;



Uledu/ G1 +4<<5,= �Fklog Fduh dqg wkh Oderxu Vxsso| ri Pduulhg Zrphq/�

Mrxuqdo ri Kxpdq Uhvrxufhv/ 5:/BB

Urvhq}zhlj/ P1 U1/ dqg N1 L1 Zroslq +4<;3,= �Olih0F|foh Oderu Vxsso|

dqg Ihuwlolw|= Fdvxdo Lqihuhqfhv iurp Krxvhkrog Prghov/� Mrxuqdo ri Srolwlfdo

Hfrqrp|/ ;;+5,/ 65;�67;1

Vfkxow}/ S1 W1 +4<:;,= �Wkh Lq xhqfh ri Ihuwlolw| rq Oderu Vxsso| ri Pduulhg

Zrphq= Vlpxowdqhrxv Htxdwlrq Hvwlpdwhv/� lq Uhvhdufk lq Oderu Hfrqrplfv/

hg1 e| U1 J1 Hkuhqehuj1 Mdl Suhvv Lqf1

Zhhnv/ P1 +4<<9,= �Whvwlqj wkh Elqrpldo dqg Pxowlqrpldo Fkrlfh Prghov Xv0

lqj Fr{*v Qrq0Qhvwhg Whvw/� Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq

+Sdshuv dqg Surfhhglqjv,1

Zhhnv/ P1/ dqg F1 Ruph +4<<<,= �Wkh Vwdwlvwlfdo Uhodwlrqvkls Ehwzhhq El0

yduldwh dqg Pxowlqrpldo Fkrlfh Prghov/� Ghsduwphqw ri Dssolhg Hfrqrplfv

Zrunlqj Sdshu <<45/ Xqlyhuvlw| ri Fdpeulgjh1

Zklwh/ K1 +4<;5,= �Uhjxodulw| Frqglwlrqv iru Fr{*v Whvw ri Qrqqhvwhg K|srwk0

hvlv/� Mrxuqdo ri Hfrqrphwulfv/ 4</ 634�4;1

Zloolv/ U1 +4<:6,= �D Qhz Dssurdfk wr wkh Hfrqrplf Wkhru| ri Ihuwlolw| Eh0

kdylru/� Mrxuqdo ri Srolwlfdo Hfrqrp|/ ;41

]hooqhu/ D1/ dqg W1 K1 Ohh +4<98,= �Mrlqw Hvwlpdwlrq ri Uhodwlrqvklsv Lq0

yroylqj Glvfuhwh Udqgrp Yduldeohv/� Hfrqrphwulfd/ 66+5,/ 6;5�6<71

5<



Iljxuh 4 +d,
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Wdeoh 4= Yduldeoh Ghvfulswlrqv

Sduwlflsdwlrq @ 3 li wkh zrpdq grhv qrw zrun

4 li wkh zrpdq zrunv ? 63 krxuv

5 li wkh zrpdq zrunv A 63 krxuv

Ihuwlolw| @ 4 li wkh zrpdq kdv dw ohdvw rqh fklog ehwzhhq 3 dqg 48 |hduv rog

3 rwkhuzlvh

Krxvhkrog Lqfrph Doo uhfhlswv iurp qrq vwdwh shqvlrq vrxufhv soxv doo uhfhlswv iurp

vwdwh ehqh�wv soxv rwkhu wudqvihu +hgxfdwlrq judqwv/ vlfnqhvv lqvxudqfh/ pdlqwhqdqfh

irvwhu doorzdqfh, soxv lqfrph iurp vdylqjv dqg lqyhvwphqw41 Soxv wkh kxvedqgv

xvxdo qhw dqqxdo sd|1

Jurvv krxuo| zdjh Xvxdo jurvv sd| shu prqwk glylghg e| wkh vxp ri wkh qxpehu ri krxuv qrupdoo|

ri zrphq dqg phq zrunhg shu zhhn lqfoxglqj ryhuwlph +dgmxvwhg rq d |hduo| edvh,

Djh Djh ri wkh zrpdq lq 4<<7

Djh vtxduhg Djh vtxduhg glylghg e| 4331

Fkloguhq 305 4 +3 ? djh ri fkloguhq � 5,

Fkloguhq 607 4 +6 ? djh ri fkloguhq � 7,

Fkloguhq 8044 4 +8 ? djh ri fkloguhq � 44,

Fkloguhq 45048 4 +45? djh ri fkloguhq ? 48

Iluvw ghjuhh 4 li �uvw ghjuhh ru htxlydohqw

D* ohyho 4 li D* ohyho ru htxlydohqw> hovh 3

R* ohyho 4 li R* ohyho> hovh 3

Zrunlqj krxuv Qxpehu ri krxuv qrupdoo| zrunhg shu zhhn

H{shulhqfh Vxp ri prqwkv ri suhylrxv h{shulhqfh lq sduw wlph/ ixoo wlph dqg vhoi hpsor|hg

mrev1 Wkh sduw wlph prqwkv zhuh zhljkwhg iru 83(

H{shulhqfh vtxduhg H{shulhqfh vtxduhg glylghg e| 4/333

Pdulwdo vwdwxv @ 4 li wkh zrpdq lv pduulhg/ 5 li lv frkdelwlqj1

4 Doo wkh uhfhlswv uhihu wr wkh 45 prqwkv ehiruh wkh lqwhuylhz +Vhs <7,1



Wdeoh 5= Ghvfulswlyh Vwdwlvwlfv

Phdq Vwg Ghy1 Plq1 Pd{1 Qr1 ri rev1

Sduwlflsdwlrq Ghflvlrq 31<<; 31;63 3 5 5835

Ihuwlolw| Ghflvlrq 317:; 31743 3 4 5835

5835

Mrlqw Ghflvlrq 5835

S3I3 31488 31695 3 4 5835

S4I3 3144< 31657 3 4 5835

S5I3 3157; 31765 3 4 5835

S3I4 314<4 316<6 3 4 5835

S4I4 314<; 316<7 3 4 5835

S5I4 313<9 315<8 3 4 5835

Krxvhkrog dqqxdo lqfrph +Â*v, 44647 <588 3 484;53 5835

Pdulwdo vwdwxv 41498 316:46 4 5 5835

Djh 6<1737 431983 4; 93 5835

Djh vtxduhg 491994 ;18:: 61573 69 5835

Zrphq*v suhglfwhg jurvv krxuo| zdjh 914:5 41835 817; 44196 5835

Zrphq*v revhuyhg jurvv krxuo| zdjh 9146< 61986 315;< 7:1735 4948

Zrphq*v suhglfwhg qhw krxuo| zdjh 8167 4144 61<: 4:188 5835

Zrphq*v revhuyhg qhw krxuo| zdjh 71:;8 516;; 315;6 6:17:4 4948

Suhglfwhg zrunlqj krxuv 5;17<: <1;<3 4 << 5835

Revhuyhg zrunlqj krxuv 5;1948 4419;; 4 << 4948

Fkloguhq 305 3144< 31657 3 4 5835

Fkloguhq 607 313<9 315<7 3 4 5835

Fkloguhq 8044 315:7 31779 3 4 5835

Fkloguhq 45048 31499 316:5 3 4 5835

Iluvw ghjuhh 313<7 315<5 3 4 5835

D ohyho 314;5 316;9 3 4 5835

R ohyho 315;7 31784 3 4 5835

H{shulhqfh 4391769 <<1394 3 875 5835

H{shulhqfh vtxduhg glylghg e| 433 54146; 651779 3 5<61:9 5835
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Wdeoh 6= Zdjh htxdwlrq

Ghshqghqw yduldeoh= ihpdoh jurvv krxuo| zdjh1

Yduldeohv ROV hvwlpdwhv

Frqvwdqw 8=7;4|

+3=596,

Iluvw ghjuhh 7=<<6|

+3=5;5,

D* ohyho 5=66;|

+3=564,

R* ohyho 3=9:7|

+3=4<;,

H{shulhqfh 3=333

+3=33:,

H{shulhqfh vtxduhg 3=339

+3=339,

� �4=6:9|

+3=6;8,

Qr1 ri revhuydwlrqv= 4948

U5 vtxduhg 314<<
| ghqrwhv frh!flhqw lv vljql�fdqw dw wkh 8( ohyho ri vljql�fdqfh1

� lv wkh frh!flhqw rq wkh lqyhuvh ri wkh Ploov Udwlr

66



Wdeoh 7= Krxuv htxdwlrq

Ghshqghqw yduldeoh= qxpehu ri krxuv xvxdoo| zrunhg shu zhhn

Yduldeohv ROV hvwlpdwhv

Frqvwdqw 65=9<9|

+3=97;,

Iluvw ghjuhh 7=8<:|

+3=<:6,

D ohyho 6=384|

+3=:<6,

3 ohyho 4=<<6|

+3=9;7,

H{shulhqfh �3=378|

+3=33;,

H{shulhqfh vtxduhg 3=459|

+3=357,

Fkloguhq 305 �7=479|

+4=354,

Fkloguhq 607 �9=548|

4=3:;

Fkloguhq 8044 �9=766|

+3=9:3,

Qr1 ri revhuydwlrq= 496;

U5 @ 31463
| ghqrwhv frh!flhqw lv vljql�fdqw dw wkh 8( ohyho ri vljql�fdqfh1
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Wdeoh 8= Elyduldwh Prghov +5 { 5,

Elyduldwh Orjlw Elyduldwh Surelw

Yduldeohv Frpsduh Hvwlpdwhv| Hvwlpdwhv

Ihuwlolw| Htq1 F@ �F

Frqvwdqw �45=;44| �:=838|

+3=:4<, +3=748,

Suhglfwhg qhw zdjh �3=34: �3=34;

+3=364, +3=358,

Krxvhkrog Lqfrph 3=33<| 3=33;|

+3=337, +3=336,

Djh 3=:78| 3=797|

+3=374, +3=355,

Djh vtxduhg �4=39:| �3=993|

+3=389, +3=35<,

Sduwlflsdwlrq Htxdwlrq Z@QZ

Frqvwdqw �4=683| �4=;:5|

+3=985, +3=6<9,

Suhglfwhg qhw zdjh 3=547| 3=543|

+3=376, +3=35:,

Krxvhkrog Lqfrph �3=33: �3=338

+3=338, +3=336,

Djh 3=3;9| 3=3;4|

+3=364, +3=34<,

Djh vtxduhg �3=477| �3=44;|

+3=36<, +3=357,

Doid �5=3;4| �3=6;3|

+3=4;8, +3=367,

Orj Olnholkrrg �5;4;=3 �5;46=3

Vfruh whvw= Xquhvwulfwhg yv1 Uhvwulfwhg PQS prgho

S +"5
+<, A "5

fdof
, @ 3=334

| ghqrwhv frh!flhqw lv vljql�fdqw dw wkh 8( ohyho ri vljql�fdqfh1
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Wdeoh 9= Elyduldwh Prghov +6 { 5,

Elyduldwh Orjlw Elyduldwh Surelw
Yduldeohv Frpsduh Hvwlpdwhv Hvwlpdwhv

Ihuwlolw| Htxdwlrq

Frqvwdqw F@ �F �45=637| �:=948|

+3=:;4, +3=764,
Suhglfwhg qhw zdjh �3=398 �3=3:6|

+3=375, +3=358,
Krxvhkrog Lqfrph 3=348| 3=343|

+3=339, +3=336,
Djh 3=::8| 3=7;9|

+3=376, +3=357,
Djh vtxduhg �4=443| �3=9<5|

+3=38;, +3=366,
Sduw0wlph Htxdwlrq SW@QZ

Frqvwdqw �3=6<< �3=365
+3=8<;, +3=9;4,

Suhglfwhg qhw zdjh 3=3;3| 3=43<|

+3=375, +3=374,
Krxvhkrog Lqfrph �3=33:| �3=335

+3=337, +3=337,
Djh 3=3:4| �3=359

+3=363, +3=36<,
Djh vtxduhg �3=43:| 3=33<

+3=36:, +3=387,
Ixoo Wlph Htxdwlrq IW@QZ

Frqvwdqw �44=595| �7=:;;|

+4=464, +3=:98,
Suhglfwhg qhw zdjh 3=;9<| 3=564|

+3=337, +3=373,
Krxvhkrog Lqfrph �3=34:| �3=33:

+3=33:, +3=337,
Djh 3=68<| 3=4:8|

+3=388, +3=374,
Djh vtxduhg �3=788 �3=543|

+3=39;, +3=388,
Doid �3=;:5| �3=65:|

+3=36<, +3=34;,

Orj Olnholkrrg �6::<=7 �7336=4
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Wdeoh := Pxowlqrpldo Orjlw= 7 Vwdwh

Yduldeohv Frpsduh Hvwlpdwh

Frqvwdqw Zb �F@QZb �F �4=444
+3=<9;,

Suhglfwhg qhw zdjh 3=4<9|

+3=3:4,
Krxvhkrog lqfrph �3=344

+3=33;,
Djh 3=48;|

+3=37:,
Djh vtxduhg �3=5;4|

+3=389,
Frqvwdqw QZbF@QZb �F �43=884|

+4=69:,
Suhglfwhg qhw zdjh �3=557|

+3=3<3,
Krxvhkrog lqfrph 3=337

+3=33<,
Djh 3=;78|

+3=3:6,
Djh vtxduhg �4=5;5|

+3=3<9,
Frqvwdqw ZbF@QZb �F �4:=<7;|

+4=744,
Suhglfwhg qhw zdjh 3=63<|

+3=3::,
Krxvhkrog lqfrph 3=336

+3=33;,
Djh 4=3;9|

+3=3:6,
Djh vtxduhg �4=888|

+3=3<8,

Orj Olnholkrrg �5:86=;

| ghqrwhv frh!flhqw lv vljql�fdqw dw wkh 8( ohyho ri vljql�fdqw

6:



Wdeoh ;= Pxowlqrpldo Orjlw 9 Vwdwh

Yduldeoh Frpsduh Hvwlpdwh

Frqvwdqw �Ab 7�*�`b 7� 3S�DD._

E���f.�

Suhglfwhg qhw zdjh f�e�S_

Ef�f..�

Krxvhkrog Lqfrph 3f�f2�_

Ef�ffb�

Djh f�2eb_

Ef�fS��

Djh vtxduhg 3f���2_

Ef�f.2�

Frqvwdqw 8Ab 7�*�`b 7� 3f�b.D

E��f�S�

Suhglfwhg qhw zdjh f�ffD

Ef�f.e�

Krxvhkrog lqfrph 3f�ffe

Ef�ffH�

Djh f�2��_

Ef�fD2�

Djh vtxduhg 3f��H2_

Ef�fSe�

Frqvwdqw �`b�*�`b 7� 3�f�eD�_

E���.S�

Suhglfwhg qhw zdjh 3f�2b2_

Ef�fHb�

Krxvhkrog lqfrph f�ff.

Ef�ffb�

Djh f�HSf_

Ef�f.��

Djh vtxduhg 3���fe_

Ef�fbH�

Frqvwdqw �Ab�*�`b 7� 3�b�.�e_

E��Dbb�

Suhglfwhg qhw zdjh f��.H_

Ef�f..�

Krxvhkrog lqfrph 3f�ff�

Ef�ffb�

Djh ���e._

Ef�fHe�

Djh vtxduhg 3��See_

Ef�����

Frqvwdqw 8Ab�*�`b 7� 3�S��b._

E��HD2�

Suhglfwhg qhw zdjh 3f�fee

Ef�fbD�

Krxvhkrog lqfrph f�f�S

Ef�f�f�

Djh ��f2._

Ef�fb.�

Djh vtxduhg 3��eS._

Ef��2.�

Orj Olnholkrrg 3�S.2�S

6;



Wdeoh <= Hodvwlflwlhv ri wkh suredelolw| ri sduwlflsdwlrq dqg ri kdylqj fkloguhq
zlwk uhvshfw wr wkh ihpdoh zdjh

Sduwlflsdwlrq Ihuwlolw|

Ely1 Orjlw +5� 5,
xqghu 93 3165: 03145:

xqghu 83 31556 031487

xqghu 73 313<8 03154:

Ely1 Surelw +5� 5,
xqghu 93 31873 31334

xqghu 83 3184< 031357

xqghu 73 31835 0314:8

Pxowlqrpldo Orjlw+7 vwdwhv,

xqghu 93 3189< 031363

xqghu 83 31887 031387

xqghu 73 318:; 03154;

Wdeoh 43= Hodvwlflwlhv ri wkh suredelolw| ri sduwlflsdwlrq dqg ri kdylqj fkloguhq
zlwk uhvshfw wr wkh ihpdoh zdjh

Sduwlflsdwlrq Ihuwlolw| Ixoo0wlph Sduw0wlph

Ely1 Orjlw

+6� 5, 317:9 031396 0315<6 4186:

Ely1 Surelw

+6� 5, 318;6 0314:9 31777 31;85

Pxowlqrpldo Orjlw

+9 vwdwhv, 3188< 031373 0316;7 418<8

6<



Wdeoh 44= Fr{ Qrq0Qhvwhg Whvw Vwdwlvwlfv

Ki = PQO45 Ki = Ely0O Ki = Ely0S

Kj= Ely0O Kj= Ely0S Kj= PQO Kj= Ely0S Kj= Ely0O Kj= PQO

L= +5� 5, 7 Fkrlfh Prghov

FZK �3=9::^QD` QD �44=<66^�46=;6` �6=<57^QD` QD QD

FZR �3=899^�7=895` �4=466 �44=:9;^�<=:77` �6=<57^�;=34;` �5=885 �43=;47

FZ[ �3=556^�4=63;` �3=693 �44=73;^�;=8:3` �6=<57^�9=458` �5=884 �<=946

LL= +6� 5, 9 Fkrlfh Prghov

FZK �4=763 4=<4; �49=74; 9=5:7 QD QD

FZR �3=;5; 4=88< �49=6;5 8=;94 �:=583 �44=6<7

FZ[ �3=7<4 3=<7< �46=;56 6=:36 �:=4;6 �44=579
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