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34 Mxo|/ 5333

Devwudfw

Zh fkdudfwhul}h d pxowl0idfwru prgho ri �qdqfldo dvvhw uhwxuqv zlwk

hqgrjhqrxvo| vkrfnhg wlph0ydu|lqj ehwd frh!flhqwv lq d pxowlyduldwh

iudphzrun/ lq zklfk dvvhw uhwxuqv dqg wkh vwrfkdvwlf frpprq idfwruv

duh mrlqwo| ghwhuplqhg1 D Fkrohvn| ghfrpsrvlwlrq ri wkh frqglwlrqdo

fryduldqfh pdwul{ jxdudqwhhv lwv srvlwlyh gh�qlwhqhvv dw hdfk srlqw

lq wlph dqg lv h{suhvvhg lq whupv ri frqglwlrqdo yduldqfhv dqg ehwdv1

Yduldqfhv duh doorzhg wr iroorz dq| surfhvv iurp wkh DUFK idplo|

dqg ehwdv iroorz vshfldo glvfuhwh wlph vwrfkdvwlf surfhvvhv frqglwlrqhg

rq wkh dydlodeoh lqirupdwlrq vhw/ fdoohg DUFEhwd surfhvvhv1 Zh ghulyh

vx!flhqw frqglwlrqv iru wkh h{lvwhqfh ri vwulfwo| vwdwlrqdu| vroxwlrqv wr

wkh frpsrvlwh dvvhw frqglwlrqdo yduldqfhv dqg fryduldqfhv1 Wkh prgho

lv fdsdeoh ri jhqhudwlqj wlph yduldwlrq dqg shuvlvwhqfh lq ehwdv dqg

vxfk vw|ol}hg idfwv dv frpryhphqw ehwzhhq idfwru ehwdv dqg yduldqfhv

dv zhoo dv ehwzhhq ehwdv rq wkh vdph idfwru1 Zh suhvhqw hpslulfdo

hylghqfh iurp wkh HX44 vwrfn pdunhwv dv dq hyroylqj v|vwhp1 Wkh

sursrvhg iudphzrun kdv uhohydqw lpsolfdwlrqv iru dvvhw sulflqj/ ulvn

pdqdjhphqw dqg fdq eh xvhg iru rxw0ri0vdpsoh iruhfdvwlqj1

JHO Fodvvl�fdwlrq= F55/ F65/ F8/ J45/J48/ Nh|zrugv= Ehwd/

Hyroxwlrq/ Idfwru Prghov/ Sulflqj/ Vwdwlrqdulw|/ Iruhfdvwlqj
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4 Lqwurgxfwlrq4

Pxowlidfwru prghov frqvwlwxwh d pdmru fodvv ri prghov ghvfulelqj wkh ghshq0

ghqfhv dqg g|qdplfv ri �qdqfldo dvvhw uhwxuqv1 Lq wklv sdshu zh fkdudfwhul}h

d pxowlidfwru prgho dv dq hyroylqj v|vwhp/ gulyhq e| hqgrjhqrxvo| vkrfnhg

udqgrp surfhvvhv iru idfwru ehwd frh!flhqwv1 Jlyhq wkh vwurqj hylghqfh lq

wkh olwhudwxuh rq pxowlyduldwh qrq0qrupdolw|/ d nh| txhvwlrq frqfhuqv wkh

vrxufhv ri vxfk d skhqrphqrq lq frqqhfwlrq wr wkh hyroxwlrq ri wkh hqwluh fr0

yduldqfh vwuxfwxuh ri �qdqfldo dvvhw uhwxuqv1 Wkrurxjk xqghuvwdqglqj ri wkh

glvwulexwlrqdo dqg lqwhuwhpsrudo fkdudfwhulvwlfv ri pxowlyduldwh gdwd zrxog

ohdg wr pruh dffxudwh sulflqj dqg khgjlqj ri �qdqfldo ulvnv1

Wkh olwhudwxuh kdv dgguhvvhg wkhvh lvvxhv zlwk wkh ghyhorsphqw ri pxowl0

idfwru prghov xqghu pxowlyduldwh DUFK0w|sh glvwxuedqfhv/ vhh iru h{dpsoh

Qj hw do +4<<3,/ Hqjoh hw doo +4<<5,/ Glherog dqg Qhuoryh +4<;<,/ wkxv df0

frpprgdwlqj wkh hyroxwlrq ri wkh fryduldqfh vwuxfwxuh ryhu wlph1 \hw/ lw

fdq eh vkrzq wkdw wlph ydu|lqj ehwd frh!flhqwv fdq ohdg wr vlplodu pxowlsoh

khwhurvfhgdvwlflw| vwuxfwxuhv dqg wkhuh lv h{whqvlyh hpslulfdo hylghqfh vxs0

sruwlqj wkh wlph yduldwlrq ri idfwru frh!flhqwv dv grfxphqwhg odwhu lq wkh

wh{w1

Lq prghoolqj wkh g|qdplfv ri d fryduldqfh vwuxfwxuh dv d ixqfwlrq phdvxu0

deoh rq wkh lqirupdwlrq vhw dydlodeoh dw wlph |/ rxu sulqflsdo remhfwlyh zrxog

eh wr hqvxuh wkdw vxfk d pdwul{ zrxog eh dw hdfk srlqw lq wlph srvlwlyh vhpl0

gh�qlwh1 Ixuwkhu/ lwv g|qdplfv vkrxog eh sduvlprqlrxvo| uhsuhvhqwhg lqyroy0

4Wkh dxwkruv zrxog olnh wr wkdqn Orqj Fkhq/ Shwurv Ghoodsruwdv/ Dqwrqlv Ghprv/

Jrugrq Jhpploo/ Vrrvdqj Kzdqj/ Mrkq Nqljkw/ Ndwh Sk|odnwlv/ ]dfkduldv Svdudgdnlv dqg

Pdun Vdoprq/ iru khosixo frpphqwv/ sduwlflsdqwv ri wkh 4vw JDUS Uhvhdufk Frqihuhqfh lq

Ilqdqfldo Ulvn Pdqdjhqhw/ Orqgrq Mxqh 5333/ wkh HXUR [YLL dqqxdo phhwlqj/ Exgdshvw

Mxo| 5333/ wkh Dwkhqldq Srolf| Iruxp phhwlqj/ Dwkhqv Dxjxvw 5333/ wkh Qruwkhuq Ilqdqfh

Dvvrfldwlrq dqqxdo phhwlqj/ Zdwhuorr Fdqdgd Vhswhpehu 5333/ dv zhoo dv �qdqfh vhplqdu

sduwlflsdqwv dw wkh DXHE Juhhfh dqg wkh Flw| Xqlyhuvlw| Exvlqhvv Vfkrro/ Orqgrq1
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lqj wkh vpdoohvw srvvleoh qxpehu ri xqnqrzq sdudphwhuv1 Wkh �uvw remhfwlyh

kdv suryhq wr eh d yhu| gl!fxow wdvn dqg ydulrxv dowhuqdwlyh sdudphwul}dwlrqv

ri d pxowlyduldwh JDUFK kdyh ehhq sursrvhg wr vhfxuh wkh qrq0qhjdwlyh ghi0

lqlwhqhvv ri wkh fryduldqfh pdwul{1 Wkhvh lqyroyh �frqvwudlqhg� rswlpl}dwlrq

lq wkh vhqvh wkdw frpsolfdwhg sdudphwhu uhvwulfwlrqv kdyh wr eh lpsrvhg lq

wkh hvwlpdwlrq wr hqvxuh wkh fryduldqfh srvlwlyh vhpl0gh�qlwhqhvv1 Vxfk dq

dssurdfk lv frpsxwdwlrqdoo| h{shqvlyh dqg gl!fxow wr lpsohphqw1 Rq wkh

rwkhu vlgh/ dq �xqfrqvwudlqhg� rswlpl}dwlrq zrxog lqyroyh sdudphwul}dwlrq

ri wkh fryduldqfh pdwul{ lq vxfk d zd| wkdw zrxog irufh srvlwlyh gh�qlwhqhvv

ohdylqj sdudphwhuv xquhvwulfwhg1 Vxfk dssurdfkhv kdyh ehhq sursrvhg zlwklq

wkh Vwdwlvwlfv olwhudwxuh iru wkh prghoolqj ri orqjlwxglqdo dqg rwkhu w|shv ri

gdwd1

Lq wklv sdshu zh zloo dwwhpsw dq xqfrqvwudlqhg prghoolqj ri wkh frydul0

dqfh pdwul{ ruljlqdwlqj iurp d pxowlidfwru prgho ri vwrfn uhwxuqv1 Zh dgrsw

wkh Fkrohvn| ghfrpsrvlwlrq ri d fryduldqfh pdwul{ sursrvhg e| Srxudkpdgl

+4<<<d/e,1 Wklv hqvxuhv wkh srvlwlyh gh�qlwhqhvv ri wkh fryduldqfh pdwul{ dw

hdfk wlph dqg doorzv iru d phdqlqjixo vwdwlvwlfdo lqwhusuhwdwlrq ri lwv sdud0

phwhuv lq whupv ri wlph0ydu|lqj frqglwlrqdo yduldqfhv dqg frqglwlrqdo idfwru

ehwdv1 Wkh odwwhu duh prghohg dv xquhvwulfwhg DUFK0olnh surfhvvhv/ ohdglqj

wr lqwhuhvwlqj g|qdplf uhvxowv iru wkh hqwluh frqglwlrqdo fryduldqfh pdwul{

zklfk zh fkdudfwhul}h lq ghwdlo1

5 Vw|ol}hg Idfwv dqg Olwhudwxuh Uhylhz

Wkh lqwurgxfwlrq ri wkh vhplqdo zrun ri Vkdush +4<97, dqg Olqwqhu +4<98,

rq wkh Fdslwdo Dvvhw Sulflqj Prgho dqg Urvv +4<:9, rq wkh Duelwudjh Sulf0

lqj Wkhru| kdv vsdunhg vhyhudo vwuhdpv ri vwxglhv h{dplqlqj wkh hpslulfdo

uhjxodulwlhv dqg wkh lpsolfdwlrqv ri wkrvh prghov11 Wkh lqwhusuhwdwlrq ri idf0
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wru ehwd frh!flhqw dv d phdvxuh ri wkh sulfh ri ulvn dqg lwv fhqwudo uroh iru

�qdqfldo ghflvlrq pdnlqj kdv prwlydwhg d vhtxhqfh ri sdshuv dgguhvvlqj lwv

lqwhuwhpsrudo surshuwlhv dqg d qxpehu ri hpslulfdo vw|ol}hg idfwv kdyh ehhq

uhsruwhg lq wkh olwhudwxuh1

Qxphurxv vwxglhv lq wkh hduo| vhyhqwlhv/ dv Eodfn/ Mhqvhq dqg Vfkrohv

+4<:6,/ Eoxph dqg Iulhqg +4<:6,/ Idpd dqg PdfEhwk +4<:6, dqg Nohpryvn|

dqg Pduwlq +4<:8, wr phqwlrq exw d ihz/ uhsruw vljql�fdqw wlph yduldwlrq ri

idfwru ehwd frh!flhqwv1 D frpprq �qglqj lv wkh �uhjuhvvlrq whqghqflhv�

ri idfwru ehwdv/ lq wkh vhqvh wkdw ehwdv whqg wr uhjuhvv wrzdugv wkh phdq ryhu

wlph1 Wklv vwdwlrqdu| ehkdylrxu zdv lqlwldoo| dwwulexwhg wr vhohfwlrq eldv exw

Eoxph +4<:8, suhvhqwv wkhruhwlfdo dqg hpslulfdo dujxphqwv wkdw wkh revhuyhg

uhjuhvvlrq whqghqflhv duh gxh wr �uhdo qrq0vwdwlrqdulwlhv lq wkh xqghuo|lqj ydo0

xhv ri ehwdv� dqg wkdw wkh vhohfwlrq eldv lv qrw ri grplqdqw lpsruwdqfh1 Wkh

phdq0uhyhuwlqj ehkdylrxu ri idfwru ehwdv kdv dovr ehhq grfxphqwhg lq uh0

fhqw vwxglhv vxfk dv Erv dqg Qhzerog +4<;7,/ Froolqv/ Ohgrowhu dqg Ud|exuq

+4<;:, dqg Urfnlqjhu dqg Xujd +4<<<,1 Dovr/ d fr0pryhphqw ehwzhhq wkh

idfwru ehwd frh!flhqw dqg wkh idfwru frqglwlrqdo yduldqfh kdv ehhq irxqg lq

vwxglhv vxfk dv Vfkzhuw dqg Vhjxlq +4<<3,/ Nrxwprv/ Ohh dqg Wkhrgrvvlrx

+4<<7, dqg Hslvfrsrv +4<<9,1 Wkh vljq ri wkh fr0pryhphqw vhhpv wr fkdqjh

iru gl�huhqw gdwd vhwv dqg wlph shulrgv1 Wklv skhqrphqrq udlvhv rxu lqwx0

lwlrq wkdw wkhuh pd| h{lvw frpprq ru fruuhodwhg vkrfnv ehwzhhq wkh idfwru

yrodwlolw| dqg ehwd frh!flhqw/ dq lvvxh wkdw zloo dovr eh dgguhvvhv odwhu lq

wkh wh{w1 Dovr/ d uhfhqw vwuhdp ri sdshuv suhvhqwv hylghqfh iru ghwhuplqlvwlf

v|vwhpdwlf yduldwlrq ri idfwru ehwdv1 Vwxglhv vxfk dv Ihuvrq dqg Kduyh|

+4<<6,/ Ihuvrq dqg Nrudmf}|f +4<<8, dv zhoo dv Ehndhuw dqg Kduyh| +4<<:,

dqg Fkulvwrskhuvrq/ Ihuvrq dqg Wdphu +4<<<, suhvhqw vljql�fdqw uhodwlrq0

vklsv ehwzhhq hfrqrplf pdfur0 dqg plfur0vwuxfwxuh yduldeohv dqg ydu|lqj
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ehwdv1

Wkh olwhudwxuh kdv xvhg ydulrxv whfkqltxhv wr fdswxuh wkh whpsrudo fkdu0

dfwhulvwlfv ri ehwd frh!flhqwv1 Gluhfw sdudphwul}dwlrq phwkrgrorjlhv frxog

srvvleo| eh fodvvl�hg lqwr irxu pdlq fdwhjrulhv1 Iluvw/ pdq| vwxglhv kdyh

prghohg ehwd frh!flhqwv dv Kloguhwk0Krxfn +4<9;, udqgrp sdudphwhuv lq

wkdw ehwd frqvlvwv ri d frqvwdqw soxv d qrlvh whup1 Wklv dssurdfk zdv iroorzhg

dprqj rwkhuv e| Ider}}l dqg Iudqflv +4<:;,/ Fkhq dqg Nhrzq +4<;4,/ Fkhq

+4<;5, dqg Eurrnv/ Id� dqg Ohh +4<<5, zkr iru prqwko| XV dqg Dxvwudoldq

htxlw| uhwxuqv �qg vwurqj hylghqfh djdlqvw frqvwdqw ehwdv1 D vhfrqg/ pruh

uhfhqw vwudqg ri sdshuv prghov ehwd frh!flhqwv dv odwhqw DU+4, ru Udqgrp

Zdon surfhvvhv xvlqj Ndopdq Ilowhulqj whfkqltxhv1 Erv dqg Qhzerog +4<;7,/

Froolqv/ Orgrowhu dqg Ud|exuq +4<;:, dv zhoo dv pruh uhfhqw vwxglhv vxfk dv

Urfnlqjhu dqg Xujd +4<<<,/ Kdoo/ Xujd dqg ]dohzvnd0Plwxud +4<<;, suhvhqw

hpslulfdo hylghqfh vxssruwlqj wkh wlph ydu|lqj dqg phdq uhyhuwlqj ehkdy0

lrxu ri ehwdv xvlqj htxlw| gdwd iru iuhtxhqflhv udqjlqj iurp gdlo| wr prqwko|1

D ghwdlohg h{dplqdwlrq ri wklv dssurdfk lv jlyhq e| Zhoov +4<<8,1 Dovr/ d

uhodwhg prgho lv d grxeo| vkrfnhg surfhvv dgrswhg e| Rkovrq dqg Urvhq0

ehuj +4<;5, dqg Froolqv/ Ohgrowhu dqg Ud|exuq +4<;:, zklfk dxjphqwv wkh

Kloguhwk0Krxfn udqgrp frh!flhqw zlwk dq dgglwlrqdo dxwruhjuhvvlyh qrlvh wr

fdswxuh shuvlvwhqfh lq ehwd yduldwlrq1 Xvlqj zhhno| XV htxlw| gdwd rq vshfl�f

vwrfnv dqg sruwirolrv wkh| uhsruw uhvxowv vxjjhvwlqj wkdw urxjko| rqh txduwhu

ri wkh yduldwlrq ri ehwd lv dxwrfruuhodwhg1 D wklug fodvv ri sdshuv prghov ehwd

frh!flhqwv dv ixqfwlrqv ri h{rjhqrxv pdfur0 ru plfur0hfrqrplf yduldeohv wr

fdswxuh uhjlph vkliwv1 Wklv dssurdfk grhv qrw frqvlghu hqgrjhqrxv g|qdp0

lfv lq ehwdv exw suhvhqwv vljql�fdqw dvvrfldwlrq ehwzhhq ehwdv dqg yduldeohv

vxfk dv glylghqg |lhogv/ lqwhuhvw udwhv/ pdunhw fdslwdol}dwlrq dqg fuhglw udw0

lqj/ vhh iru h{dpsoh Ihuvrq dqg Kduyh| +4<<6,/ Ihuvrq dqg Nrudmf}|n +4<<8,/
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Ehndhuw dqg Kduyh| +4<<8/ 4<<:, dv zhoo dv Nu|}dqrzvnl/ Ododqfhwwh dqg Wr

+4<<:, dqg Fkulvwrskhuvrq/ Ihuvrq dqg Wxuqhu +4<<<, iru uhfhqw uhvxowv1 Dovr

Frqqru dqg Olqwrq +5333, frqvwuxfw d fkdudfwhulvwlf0edvhg idfwru prgho ri

vwrfn uhwxuqv lq zklfk idfwru ehwdv duh vprrwk qrq0olqhdu ixqfwlrqv ri re0

vhuyhg vhfxulw| fkdudfwhulvwlfv1 Wkh| shuirup mrlqw hvwlpdwlrq ri ehwdv dqg

uhwxuqv e| frpelqlqj qrq0sdudphwulf nhuqho phwkrgv dqg sdudphwulf qrq0

olqhdu uhjuhvvlrq1 Ilqdoo|/ d qxpehu ri vwxglhv prgho frqglwlrqdo ehwdv dv dq

lqyhuvh ixqfwlrq ri idfwru frqglwlrqdo yrodwlolw|1 Wklv lv d vlpsoh dssurdfk

iroorzhg iru h{dpsoh e| Vfkzhuw dqg Vhjxlq +4<<3,/ Nrxwprv hw do +4<<7,

dqg Hslvfrsrv +4<<9, zkr lq prvw ri wkh fdvhv uhsruw d vljql�fdqw srvlwlyh

uhodwlrqvkls ehwzhhq frqglwlrqdo ehwd dqg idfwru yrodwlolw|1

Lqgluhfw dssurdfkhv wr prghoolqj/ frqvlghu wkh ehwd frh!flhqw dv wkh ud0

wlr ri wkh dvvhw dqg idfwru frqglwlrqdo fryduldqfh ryhu wkh idfwru frqglwlrqdo

yduldqfh dqg prgho wkh qxphudwru dqg wkh ghqrplqdwru ri wkh udwlr vhsd0

udwho|11 Wkh yhfwru ri doo wkh xqnqrzq sdudphwhuv lv wkhq mrlqwo| hvwlpdwhg

xvlqj JPP +vhh Pdun +4<;;,/ Kduyh| +4<<8,, ru Txdvl Pd{lpxp Olnhol0

krrg whfkqltxhv +vhh Kdoo/ Plohv dqg Wd|oru +4<;<,,1 Hpslulfdo uhvxowv xvlqj

iruhljq h{fkdqjh/ hphujlqj pdunhw htxlw| dqg XN htxlw| gdwd uhvshfwlyho|

vwurqjo| vxssruw wkh wlph yduldwlrq ri idfwru ehwdv1

6 DxwrUhjuhvvlyh Frqglwlrqdo Ehwd Prgho

Zh frqvwuxfw dq xqfrqvwudlqhg sdudphwul}dwlrq ri d E� ng� � E� ng�

fryduldqfh pdwul{ e| lqwurgxflqj wkh Fkrohvn| ghfrpsrvlwlrq ri d srvlwlyh

gh�qlwh pdwul{1 Srxudkpdgl +4<<<d/e, lqwurgxfhg wklv dssurdfk wr vwxg| wkh

g|qdplfv ri orqjlwxglqdo gdwd e| prghoolqj wkh Fkrohvn| ghfrpsrvlwlrq ri

wkh lqyhuvh fryduldqfh pdwul{1 Wkh fruqhu vwrqh ri vxfk dq dssurdfk lv wkdw
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d v|pphwulf pdwul{5 l lv srvlwlyh gh�qlwh li dqg rqo| li wkhuh h{lvwv d xqltxh

xsshu +orzhu, wuldqjxodu pdwul{ � zlwk xqlwv rq lwv sulqflsdo gldjrqdo dqg

d xqltxh gldjrqdo pdwul{ P zlwk srvlwlyh hohphqwv vxfk wkdw

� l �
�

' P

Dv zh vkdoo vhh/ vxfk d ghfrpsrvlwlrq dgplwv d phdqlqjixo lqwhusuhwdwlrq

lq wkdw lw doorzv wr prgho wkh hohphqwv ri l lq whupv ri yduldqfhv dqg ehwd

frh!flhqwv1 Srvlwlyh yduldqfhv lv vx!flhqw wr hqvxuh wkh srvlwlyh gh�qlwhqhvv

ri wkh pdwul{ zkloh ohdylqj ehwdv xquhvwulfwhg1 Lw lv qrz d pdwwhu ri prgho

ghvljq wr pdnh wkhvh hohphqwv phdvxudeoh zlwk uhvshfw wr wkh jhqhudwhg j�

�hog1

D w|slfdo pxowlidfwru prgho zrxog uhjuhvv d yhfwru ri � �qdqfldo dvvhw

h{fhvv uhwxuqv rq g frpprq idfwruv1 Xqghu wkh fodvvlfdo olqhdu prgho dv0

vxpswlrqv rqh zrxog rewdlq ROV hvwlpdwhv ri ehwdv> vxfk dq dssurdfk/ zkloh

kljko| srsxodu dprqj sudfwlwlrqhuv/ ljqruhv wkh vwrfkdvwlf surshuwlhv ri wkh

idfwruv e| dvvxplqj wkh| duh ghwhuplqhg h{rjhqrxvo|1 Doorzlqj iru vwrfkdv0

wlf idfwruv ghwhuplqhg zlwklq wkh v|vwhp zrxog ohdg fohduo| wr eldvhg ROV

hvwlpdwhv1 D �uvw vwhs lq rxu prghoolqj vwudwhj| zloo doorz iru dvvhw uhwxuqv

dqg wkh idfwruv wr eh mrlqwo| ghwhuplqhg zlwklq wkh v|vwhp1 Zh zloo wkhq h{0

dplqh krz wkhlu mrlqw vwrfkdvwlf surshuwlhv fdq sod| d uroh iru wkh hyroxwlrq

ri wkh zkroh fryduldqfh vwuxfwxuh1

Ohw )| eh dq��� yhfwru ri dvvhw h{fhvv uhwxuqv jhqhudwhg e| wkh iroorzlqj

surfhvv

)| ' >+c| n

&[
�'�

q�c| e�c| n 0| +4,

%�c| ' >%� c|
n e�c| iru � ' �c ���c &

5Dv d qrwdwlrqdo frqyhqwlrq/ zh zloo xvh fdslwdo ohwwhuv wr ghqrwh pdwulfhv/ orzhu fdvh

erogidfh ohwwhuv iru yhfwruv dqg uhjxodu orzhu fdvh ohwwhuv iru vfdodu yduldeohv1
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zkhuh %�c|cq�c| lv wkh �0wk idfwru dqg � � � yhfwru ri frqglwlrqdo ehwdv uh0

vshfwlyho|/ dqg >�c|/ iru � ' +c %� c � ' ����&/ duh � � � yhfwruv ri frqglwlrqdo

phdqv1 Wkh fryduldqfh pdwulfhv P0c|/ Pec| duh gldjrqdo zlwk glphqvlrqv���

dqg g �g uhvshfwlyho|/ exw frqglwlrqdoo| wlph0ydu|lqj1 Zh fdq h{suhvv wkh

v|vwhp pruh frpsdfwo| lq sduwlwlrqhg pdwul{ qrwdwlrq dv

5
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:8 +5,

zkhuh  | lv wkh g � � yhfwru ri frpprq idfwruv dqg �| wkh � �g pdwul{

ri idfwru ehwd frh!flhqwv1 Surylghg wkdw �| lv frqglwlrqdoo| nqrzq/ wkh

frqglwlrqdo fryduldqfh vwuxfwxuh fruuhvsrqglqj wr htxdwlrq +5, lv

�
P0c| f
f Pec|

�
'

�
U� ��|

f Ug

� �
l++c| l+%c|

l%+c| l%%c|

� �
U� ��|

f Ug

��
+6,

zkhuh l++ dqg l%% duh wkh dvvhw h{fhvv uhwxuq dqg idfwru fryduldqfh pdwul{

uhvshfwlyho| dqg l+% ' l
�

%+ lqfoxgh wkh fryduldqfhv ehwzhhq wkh � dvvhwv

dqg g idfwruv1 Wklv lv wkh Fkrohvn| ghfrpsrvlwlrq ri l/ wkh mrlqw fryduldqfh

pdwul{ ri � dvvhwv dqg g idfwruv/ lq whupv ri wkh gldjrqdo pdwul{ P zlwk

srvlwlyh hohphqwv dv wkh frqglwlrqdo yduldqfhv ri dvvhw lglrv|qfudwlf dqg idfwru

vkrfnv dqg wkh pdwul{ � / wkh r�0gldjrqdo eorfn ri zklfk fruuhvsrqgv wr

plqxv wkh idfwru ehwd frh!flhqwv E��|�1 Wkh pdwulfhv P0/ Pe dqg �| duh

doorzhg wr eh wlph0ydu|lqj exw lv frqglwlrqdoo| nqrzq1 Vroylqj zlwk uhvshfw

wr l zh rewdlq�
l++c| l+%c|

l%+c| l%%c|

�
'

�
P0c| n�|Pec|�

�

| �|Pec|

Pec|�
�

| Pec|

�
+7,
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Dv dq h{dpsoh/ ohw wkh qxpehu ri dvvhwv eh � ' 2 dqg wkh qxpehu ri idfwruv

g ' �1 Qrz l%%c| zloo kdyh dv lwv gldjrqdo hohphqwv wkh frqglwlrqdo yduldqfh

ri wkh �0wk idfwru vkrfn/ j2
e� c|

/ � ' �c 2c � dqg }hur hovhzkhuh/ l++c| zloo eh

frpsrvlwh

l++c| '

�
j2
0� c|

f
f j2

02c|

�
n

5
7 q��c| q2�c|

q�2c| q22c|

q��c| q2�c|

6
8

� 5
7 j2

e�c|
f f

f j2
e2c|

f
f f j2

e� c|

6
8
5
7 q��c| q2�c|

q�2c| q22c|

q��c| q2�c|

6
8

zklfk lq yhfk irup fdq eh zulwwhq dv

yhfk El++c|� '

5
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f
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02 c|

6
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5
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2
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Xqghu wklv vshfl�fdwlrq wkh yduldqfh ri dq dvvhw h{fhvv uhwxuq zloo eh ghfrp0

srvhg lqwr lwv lglrv|qfudwlf yduldqfh soxv d wlph0ydu|lqj frpelqdwlrq ri wkh

idfwru frqglwlrqdo yduldqfhv1 Wkh odwwhu zloo dsshdu dv d frpprq frpsrqhqw

exw zlwk gl�huhqw wlph0ydu|lqj frpelqdwlrqv/ lq doo dvvhw yduldqfhv dqg fr0

yduldqfhv1 Wkh r�0gldjrqdo eorfn ri +7, uhsuhvhqwv fryduldqfhv ehwzhhq dvvhw

h{fhvv uhwxuqv dqg wkh idfwruv1

Wkh vshfl�fdwlrq ri +4,/ +5, dqg +6, surylghv d ixoo pxowlyduldwh iudphzrun

iru wkh mrlqw jhqhudwlqj surfhvv ri � dvvhw h{fhvv uhwxuqv dqg g frpprq

idfwruv1 Wkh Fkrohvn| ghfrpsrvlwlrq ri wkh frqglwlrqdo fryduldqfh pdwul{

doorzv wkh xquhvwulfwhg prghoolqj ri lwv hohphqwv lq whupv ri frqglwlrqdo ydul0

dqfhv dqg idfwru ehwdv zklfk fdq eh phdvxudeoh zlwk uhvshfw wr wkh dydlodeoh

lqirupdwlrq vhw1 Xqghu wkh DUPD0DUFK prghoolqj sklorvrsk| j2
| *v dqg

q|*v ehorqj wr wkh dydlodeoh lqirupdwlrq vhw U|3� dv wkh| duh dvvxphg wr eh

ixqfwlrqv ri dydlodeoh lqirupdwlrq1 Lw uhpdlqv wr vshfli| krz wkh frqglwlrqdo

fryduldqfh pdwulfhv P0c|/ Pec| dqg wkh ehwd frh!flhqw pdwul{ �| hyroyh ryhu

wlph1 D nh| lvvxh lv wkdw wkh pdwul{ P lq wkh Fkrohvn| ghfrpsrvlwlrq vkrxog

uhpdlq gldjrqdo zlwk srvlwlyh hohphqwv1 Dq lpphgldwh vroxwlrq/ zklfk zh
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dgrsw lq wkh iroorzlqj/ zrxog eh wkdw hdfk lqglylgxdo dvvhw lglrv|qfudwlf dqg

idfwru frqglwlrqdo yduldqfh iroorz xqfruuhodwhg xqlyduldwh JDUFK surfhvvhv/

dowkrxjk rwkhu vroxwlrqv fdq eh frqvlghuhg1 Wkh hyroxwlrq ri ehwd frh!flhqwv

zloo eh dqdo|vhg lq ghwdlo lq wkh iroorzlqj vhfwlrq1 Krzhyhu/ li j2
| *v dqg q|*v

duh odwhqw yduldeohv lq wkdw wkh| duh vkrfnhg e| lglrv|qfudwlf lqqrydwlrqv/

wkh prgho fdq eh vhhq dv d Vwrfkdvwlf Yrodwlolw|0w|sh ri prgho1 Lq wklv sdshu

zh vkdoo iroorz wkh �uvw dssurdfk dvvxplqj wkdw doo yduldeohv duh phdvxudeoh

zlwk uhvshfw wr U|3�1

Uhzulwlqj htxdwlrq +4, exw zlwk frqvwdqw ehwdv q rqh zkrxog rewdlq

d w|slfdo idfwru prgho1 Vxfk d khwhurvfhgdvwlf vwuxfwxuh/ dv srlqwhg rxw

e| Hqjoh hw do +4<<3, dqg Qj hw do +4<<5, dgplwv d ixuwkhu lqwhusuhwdwlrq1

Frqvlghulqj wkdw e�c| ' �
�

2

�c|��c| lw fdq eh vhhq dv d wlph0ydu|lqj ehwd surfhvv lq

zklfk qW�c| ' q��
�

2

�c| dqg wkh idfwruv ��c| h{klelw }hur phdq dqg xqlw yduldqfh1

Erwk lqwhusuhwdwlrqv ohdg wr h{dfwo| wkh vdph frqglwlrqdo fryduldqfh vwuxfwxuh

dqg wkhuhiruh duh revhuydwlrqdoo| htxlydoohqw1 Krzhyhu/ wkh lpsolhg hyroxwlrq

ri ehwdv lq wklv vwuxfwxuh lv uhvwulfwhg wr eh sursruwlrqdo wr frqglwlrqdo idfwru

yrodwlolw| dqg prvw lpsruwdqwo| lw lv uhvwulfwhg wr h{klelw hlwkhu srvlwlyh ru

qhjdwlyh vljq dffruglqj wr wkh vljq ri q� 1

614 DUFEhwd Surfhvvhv

Iurp wkh vshfl�fdwlrq ri dvvhw h{fhvv uhwxuq jhqhudwlqj surfhvv lq +5, zh

kdyh wkdw iru dvvhw �

0W�c| ' +�c| � . E+�c| m U|3�� '

&[
�'�

q��c| e�c| n 0�c| +8,

iru � ' �c ���c� dqg

q�c�c| ' .

�
0W�c|e�c|

j2
�c|

m U|3�

�
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Mrlqw prghoolqj ri wkh �uvw dqg vhfrqg frqglwlrqdo prphqwv lq +5, pdnh wkh

hohphqwv ri P0c| dqg Pec| nqrzq dw wlph |/ wkxv surylglqj d klvwru| ri vxfk

sdvw huuruv dv
0W�c|3�e�c|3�

j2
e� c|3�

c
0W�c|32e�c|32

j2
e� c|32

c � � �

wkdw ehorqj wr wkh lqirupdwlrq vhw U|3�1 Lw lv qrz qdwxudo wr pdnh frqglwlrqdo

ehwd frh!flhqw q��c| phdvxudeoh zlwk uhvshfw wr wklv plqlpdo lqirupdwlrq1

Rqh srvvleoh ixqfwlrqdo irup lv

q��c| ' .

#
0W�c|e�c|

j2
e� c|

m U|3�

$
' k��cf n k��c�1��c|3� n � � �n k��cR1��c|3R +9,

iru | ' fc	�c ���

zkhuh 1��c| '
0W�c|e�c|

j2e�c|
iru dvvhw � ' �c ���c � dqg idfwru � ' �c ���c &/ zklfk fdq eh

fdoohg d DUFEhwd surfhvv ri rughu R1 Wkh whup 0W�c| dv vkrzq deryh frqwdlqv

vkrfnv irup doo & idfwruv dv zhoo dv wkh lglrv|qfudwlf vkrfn ri dvvhw �1 Eh0

fdxvh ri lqghshqghqfh/ wkh frqglwlrqdo ehwd ri dvvhw � rq idfwru � lv h�hfwlyho|

vkrfnhg e| vtxduhg lqqrydwlrqv rq idfwru � rqo| vr wkdw 1��c| ' q��c|

�
e
�c|

je�c|

�2

/

pdnlqj htxdwlrq +9, eh dq xquhvwulfwhg DUFK0olnh surfhvv1 Wkxv/ li wkh �0

wk idfwru lqqrydwlrq
e�c|

je�c|

' ��c|
��_
� ( Efc�� zh kdyh wkdw .

�
1��c|mU|3�

�
' q��c|1

Olqhdulw| iru wkh frqglwlrqdo ehwd irupxodwlrq kdv dovr ehhq xvhg e| Vkdqnhq

+4<<3,/ Ihuvrq dqg Kduyh| +4<<4/ 4<<6, dqg Kduyh| +4<<8,1 Dowhuqdwlyh

vshfl�fdwlrqv ri +9, fdq eh frqvlghuhg wr dffrpprgdwh vshfl�f vw|ol}hg idfwv

uhjduglqj wkh hyroxwlrq ri q��c|/ vxfk dv dv|pphwulf uhvsrqvhv ri ehwdv wr srv0

lwlyh ru qhjdwlyh vkrfnv1 Wkh odwwhu dssurdfk lv sursrvhg e| Eudxq/ Qhovrq

dqg Vxqlhu +4<<8,/ zkr exlog d elyduldwh iudphzrun iru wkh pdunhw prgho

ri h{fhvv dvvhw uhwxuqv dqg ohw q| eh jhqhudwhg e| dq dv|pphwulf surfhvv

lq wkh vslulw ri +9,1 Wkh| dsso| wklv wr sruwirolrv ri XV vwrfnv iru prqwko|

uhwxuqv iurp Mxo| 4<59 wr Ghfhpehu 4<<31 Dowkrxjk wkh| uhsruw vljql�fdqw
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wlph yduldwlrq iru q|/ wkhlu hpslulfdo hylghqfh grhv qrw vxssruw dv|pphwulf

h�hfwv/ krzhyhu vxfk uhvxowv duh shulrg0 dqg gdwd0vshfl�f1

Dv d vwdqgdug uhvxow lq wlph vhulhv dqdo|vlv/ vwdelolw| ri wkh DUFEhwd

vwrfkdvwlf gl�huhqfh htxdwlrq vkrxog jxdudqwhh fryduldqfh vwdwlrqdulw| ri q��c|

dv d udqgrp yduldeoh1 Zh vxppdul}h wkh uhohydqw uhvxowv lq wkh iroorzlqj

vwudljkwiruzdug wkhruhp1

Wkhruhp 4 Wkh DUFEhwd surfhvv ri rughu R zloo eh vwdeoh li dqg rqo| li

doo wkh urrwv ri wkh dvvrfldwhg fkdudfwhulvwlf sro|qrpldo duh ohvv wkdq rqh lq

prgxoxv1 Lwv vwhdg|0vwdwh phdq lv

.
�
q��c|

�
'

k��cf

� � k��c� � ���� k��cR

+Wk14d,

Surri = vhh dsshqgl{1

Iroorzlqj vwdqgdug uhvxowv/ dq lq�qlwh rughu sro|qrpldo vwuxfwxuh/ s Eu�/

iru dq DUFEhwd surfhvv xqghu vwdelolw| fdq dozd|v eh zulwwhq dv wkh udwlr

ri wzr �qlwh rughu sro|qrpldov/ sEu� ' �Eu�

�Eu�
/ surylghg wkdw � Eu� kdv doo lwv

urrwv rxwvlgh wkh frpsoh{ xqlw flufoh/ dqg wkxv

q��c|� Eu� ' @f n 1|� Eu�

zkhuh

� Eu� ' � � K�u� � � � � K^u
^ dqg � Eu� ' @�u n � � �n @Ru

R

surylglqj d xvxdo sduvlprqlrxv uhsuhvhqwdwlrq ri d orqjhu phpru| surfhvv/

fdoohg d Jhqhudol}hg DUFEhwd+s/t, surfhvv1

Dv vkrzq lq Eroohuvohy +4<;9d/e, iru JDUFK yduldqfh surfhvvhv/ wkh dx0

wrfruuhodwlrq vwuxfwxuh ri wkh vtxduhg uhvlgxdo zloo plplf wkh ehkdylrxu ri dq

DUPD surfhvv exw zlwk d pruh uhvwulfwlyh dgplvvdeoh uhjlrq iru dxwrfruuh0

odwlrqv/ gxh wr wkh qrq qhjdwlylw| frqvwudlqwv rq wkh sdudphwhuv1 DUFEhwd

surfhvvhv gr qrw fduu| vxfk sdudphwhu uhvwulfwlrqv dqg wkxv 1| zloo h{klelw dq

dxwrfruuhodwlrq vwuxfwxuh ri DUPD irup +vhh Eurfnzhoo dqg Gdylv +4<;:,,1
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615 Hvwlpdwlrq

Wkh sursrvhg prgho ehorqjv wr wkh eurdghu fodvv ri pxowlyduldwh prghov zlwk

wlph0ydu|lqj �uvw dqg vhfrqg frqglwlrqdo prphqwv1 Wkh surshuwlhv ri wkh

Pd{lpxp Olnholkrrg +PO, hvwlpdwru ri vxfk prghov duh lq jhqhudo xqnqrzq1

Zh uho| rq wkh dujxphqwv ri Eroohuvohy dqg Zrrogulgjh +4<<5, zkr/ xqghu

jhqhudo uhjxodulw| frqglwlrqv/ suryh wkh frqvlvwhqf| dqg dv|pswrwlf qrupdolw|

ri wkh txdvl PO hvwlpdwru iru d pxowlyduldwh vwuxfwxuh zlwk wlph0ydu|lqj

vhfrqg frqglwlrqdo prphqwv1 Zh sxuvxh PO hvwlpdwlrq ri +4, xqghu wkh

dvvxpswlrq ri frqglwlrqdo qrupdolw| dowkrxjk ghsduwxuhv iurp qrupdolw| fdq

dovr eh frqvlghuhg dv lq wkh frqyhqwlrqdo pxowlyduldwh JDUFK prghov1 Iru

d vdpsoh vl}h A ri d yhfwru ri �ng dvvhwv dqg frpprq idfwruv wkh Jdxvvldq

orj0olnholkrrg ixqfwlrq zloo eh
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dv jlyhq e| E2�/ dqg wkh fryduldqfh pdwul{/ E��/ lv gldjrqdo gxh wr wkh lqghshq0

ghqfh ri wkh lqqrydwlrq surfhvvhv1 Lq vslwh ri wkh gldjrqdolw| ri wkh fryduldqfh

pdwul{/ wkh orj olnholkrrg ixqfwlrq lv kljko| qrq0olqhdu ehfdxvh ri wkh suhv0

hqfh ri wlph0ydu|lqj frqglwlrqdo yduldqfhv dv zhoo dv ehwd frh!flhqwv1 Wkxv

zh hvwlpdwh wkh xqnqrzq sdudphwhuv e| qxphulfdoo| pd{lpl}lqj wkh olnhol0

krrg1 Zh �qg pruh h�hfwlyh wr vwduw lwhudwlrqv xvlqj wkh EKKK +Ehuqgw/

Kdoo/ Kdoo/ Kdxvpdqq +4<:7,, dojrulwkp dqg wkhq vzlwfk wr EIJV +Eur|ghq
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+4<9:,, iru idvwhu frqyhujhqfh1 Wkh idfw wkdw doo lqqrydwlrq surfhvvhv duh

lqghshqghqw dqg idfwruv duh frpprq wr doo dvvhwv doorzv wkh uhgxfwlrq ri

wkh vfdoh ri wkh hvwlpdwlrq sureohp iurp d v|vwhp ri � ng htxdwlrqv wr �

v|vwhpv g n � htxdwlrqv1 Wkdw lv/ lqvwhdg ri hvwlpdwlqj wkh zkroh v|vwhp

vlpxowdqhrxvo| zklfk iru odujh � pdnhv qxphulfdo pd{lpl}dwlrq gl!fxow/

rqh frxog hvwlpdwh d vhtxhqfh ri vpdoohu v|vwhpv ri rqh dvvhw dqg g idfwruv1

Krzhyhu lq rxu hpslulfdo dssolfdwlrqv odwhu/ zh surylgh hvwlpdwhv iurp wkh

ixoo pxowlyduldwh TPO rswlpl}dwlrq1

Zh lqlwldol}h DUFEhwd dqg JDUFK surfhvvhv dw wkh ROV ehwd dqg wkh

vdpsoh yduldqfhv uhvshfwlyho|1 Dovr/ d vhqvlwlyh sureohp lq hvwlpdwlqj wkh

prgho lv wkh fkrlfh ri lqlwldo ydoxhv iru wkh DUFEhwd sdudphwhuv dv wkhvh duh

xquhvwulfwhg sdudphwhuv wdnlqj dq| vljq1 Ehfdxvh ri wkh pxowlyduldwh qdwxuh

ri wkh sureohp dqg wkh fruuhvsrqglqj glphqvlrqv ri wkh sdudphwhu vsdfh/ lw

lv qrw gl!fxow wkdw rqh rewdlqv orfdo udwkhu wkdq joredo pd{lpd1 Zh kdyh

irxqg wkdw d khosixo surfhgxuh lv wr vwduw hvwlpdwlrq zlwk frqvwdqw ehwdv dqg

wkhq uhod{ wkh dvvxpswlrqv ri frqvwdqf| surjuhvvlyho|/ iru rqh sdudphwhu dw

d wlph dqg uh0hvwlpdwh wkh prgho/ xqwlo doo sdudphwhuv duh ohiw wr ydu|1 Dq

hpslulfdo dssolfdwlrq lv suhvhqwhg odwhu lq wkh wh{w1

7 Shuvlvwhqfh dqg wkh Vwhdg|0Vwdwh

Wkh qruwk0zhvw eorfn rq erwk vlghv ri htxdwlrq +7, surylghv wkh frqglwlrqdo

fryduldqfh pdwul{ ri wkh � � � yhfwru ri dvvhw h{fhvv uhwxuqv/ zklfk lv d

frpsrvlwh surfhvv1 Lw djjuhjdwhv wkh frqglwlrqdo yduldqfhv ri wkh uhohydqw

idfwruv dqg wkh dvvhwv* lglrv|qfudwlf vkrfnv/ wkh iruphu ehlqj dgmxvwhg e| wkh

vtxduh ri wkh fruuhvsrqglqj idfwru wlph0ydu|lqj ehwd1 Wkxv iru dvvhw �/ 0W�c| lv
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jlyhq e| htxdwlrq +8, zklfk lv d }hur0phdq surfhvv zlwk frqglwlrqdo yduldqfh

j2
�c| '

&[
�'�

q
2
��c|j

2
e� c|

n j
2
e� c|

dqg wkh frqglwlrqdo fryduldqfh ehwzhhq dvvhw � dqg dvvhw & zloo eh

j�&c| '

&[
�'�

q��c|q&�c|j
2
e� c|

Zkhq q�� lv frqvwdqw iru doo �/ �/ wkh frpsrvlwh frqglwlrqdo yduldqfh ri

dvvhw �/ j2
�c| uhgxfhv wr wkh olqhdu djjuhjdwh ri & JDUFK0w|sh idfwru frq0

glwlrqdo yduldqfhv soxv wkh lglrv|qfudwlf rqh1 Wklv fdvh kdv ehhq dqdo|}hg

e| Ndudqdvrv/ Svdudgdnlv dqg Vrod +4<<<, zkr surylgh h{suhvvlrqv iru wkh

xqfrqglwlrqdo prphqwv ri wkh surfhvv dv zhoo dv frqglwlrqv xqghu zklfk wkh

shuvlvwhqfh ri wkh frpsrvlwh yduldqfh lv kljkhu wkdq wkdw ri wkh lqglylgxdo

yduldqfhv1 Dovr ]d�durql +4<<<, vwxglhv wkh frqwhpsrudqhrxv djjuhjdwlrq ri

JDUFK surfhvvhv xqghu hlwkhu lglrv|qfudwlf ru frpprq vkrfnv1 Kh �qgv

wkdw/ xqolnh lwv frpsrqhqwv/ vwulfw vwdwlrqdulw|/ hujrglflw| dqg �qlwh nxuwrvlv

pljkw idlo iru wkh djjuhjdwh1 Kh dovr frqfoxghv wkdw xqghu qr frqglwlrqv/

iru wkh fdvhv h{dplqhg/ djjuhjdwlrq ri JDUFK lqgxfhv orqj0phpru| frqgl0

wlrqdo khwhurvfhgdvwlflw|1 Lq rxu iudphzrun/ wkh wlph yduldwlrq ri idfwru ehwd

frh!flhqwv frpsolfdwhv wkh dqdo|vlv dqg lw lv lpsruwdqw wr hvwdeolvk frqgl0

wlrqv xqghu zklfk iru hdfk dvvhw � wkh frpsrvlwh frqglwlrqdo yduldqfh dqg

fryduldqfhv zlwk dvvhw � duh vwdwlrqdu| surfhvvhv1 Vxfk frqglwlrqv zloo sodfh

mrlqw uhvwulfwlrqv rq wkh ydoxhv ri wkh sdudphwhuv ri frqglwlrqdo yduldqfh dqg

ehwd surfhvvhv1

Vlqfh wkh lglrv|qfudwlf yrodwlolw| frpsrqhqwv duh doorzhg wr iroorz DUFK0

w|sh surfhvvhv/ wkhlu vwdwlrqdulw| dqg prphqw surshuwlhv duh nqrzq iru pdq|

fdvhv/ vhh Ndudqdvrv +4<<<, dqg Kh dqg Whudvyluwd +4<<<, iru uhfhqw uhvxowv1

Zh zloo wkhuhiruh frqfhqwudwh wr wkh dqdo|vlv ri wkh frpsrvlwh whup q
2
��c|j

2
e� c|
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zklfk h{klelwv d ohyho ri frpsolfdwlrq gxh wr qrq0olqhdulwlhv1 Wkh idfw wkdw

erwk q��c| dqg j2
e� c|

vkduh wkh vdph lqqrydwlrq surfhvv �2�c| zloo juhdwo| idflo0

lwdwh wkh ghulydwlrq ri uhvxowv1 Iru wkh sxusrvh ri wklv dqdo|vlv/ lw lv frq0

yhqlhqw wr uhsuhvhqw erwk wkh frqglwlrqdo yrodwlolw| dqg ehwd surfhvvhv dv

udqgrp sdudphwhu surfhvvhv dqg wkhq zrun zlwk vlplodu whfkqltxhv dv lq

Qlfkroov dqg Txlqq +4<;5, dqg Skdp +4<;8,1 Lq sduwlfxodu/ wkh jhqhudo0

l}hg DUFEhwd+R�c ^�, surfhvv iru dvvhw � rq idfwru � fdq eh zulwwhq6 lq lwv

vwdwh0vsdfh irup dv5
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zklfk pruh frpsdfwo| fdq eh zulwwhq dv

�|
6�f�

' �f
6�f�

n �|3�
6�f6�

�|3�
6�f�

+:,

zkhuh 6� ' R�n ^�� �1 Dovr wkh JDUFK+R2c ^2, surfhvv iru idfwru � dgplwv

d vlplodu uhsuhvhqwdwlrq

OP| ' Kf n K|3�OP|3� +:d,

lq zklfk OP| lv E62 ' R2 n ^2 � �� � � yhfwru frqwdlqlqj dssursuldwh odjv ri

j2
| dqg Kf/ K|3� frqwdlq wkh sdudphwhuv ri wkh surfhvv/ vkdulqj wkh vdph

lqqrydwlrqv �2�c| zlwk wkh jhqhudol}hg DUFEhwd+R�c ^�, surfhvv dv vkrzq lq

wkh suhylrxv vhfwlrq1 Qrz/ q2
��c| zloo eh wkh �uvw hohphqw ri

yhf
�
�|�

�

|

�
' yhf

�
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�f� n E�f 
�|3��o�|3�

nE�|3� 
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6Zh gurs wkh lm vxevfulswv iru vlpsolflw|1
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ru htxlydohqwo|

7�| ' 7�f n 7�|3��|3� n ��|3�
7�|3� +;d,

Srvw0pxowlso|lqj wkh deryh htxdwlrq e| OP
�

�c| dqg wkhq yhfwrulqj wklv surgxfw

zh rewdlq

yhf
�
7�|
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�
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�
' yhf
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�
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�
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�
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zkhuh 7�| 'yhf
�
�|�

�

|

�
/ 7�f 'yhf

�
�f�

�

f

�
/ 7�|3� ' E�|3� 
�f� n E�f 
�|3��

dqg ��|3� ' E�|3� 
�|3��1 Wklv htxdwlrq lv dq 62
�62 � � yhfwru surfhvv

zlwk udqgrp sdudphwhuv dqg lwv �uvw hohphqw jlyhv wkh q2
��c|j

2
e� c|

frpsrqhqw

ri wkh frpsrvlwh frqglwlrqdo yduldqfh ri dvvhw �1 Li g idfwruv duh uhohydqw

iru wkh hyroxwlrq ri wkh frqglwlrqdo phdq htxdwlrq ri dvvhw �/ wkhq g vxfk

frpsrqhqwv qhhg wr eh vwdwlrqdu| wrjhwkhu zlwk wkh lglrv|qfudwlf frqglwlrqdo

yduldqfh surfhvv1

714 D Vhw ri Vx!flhqw Frqglwlrqv

Zh zlvk wr hvwdeolvk vx!flhqw frqglwlrqv rq wkh sdudphwhuv ri �| dqg K|

iru wkh h{lvwhqfh ri d vwulfwo| vwdwlrqdu| surfhvv frqiruplqj wr wkh prgho

ghvfulehg e| wkh deryh htxdwlrq1 Vlqfh wklv lv d frpsrvlwh surfhvv zh zloo

�uvw h{dplqh frqyhujhqfh ri lwv sduwv/ wkdw lv OP|3�/ �|3�/ yhf
�
�|�

�

|

�
dqg

yhf
�
�|3�

OP
�

|3�

�
dqg wkhq iru yhf

�
7�|3�

OP
�

|3�

�
wkh �uvw hohphqw ri zklfk lv rxu

sulpdo lqwhuhvw1 Uhvxowv rq wkh iruphu zloo eh suhvhqwhg lq wkh irup ri ohppdv

zklfk zloo vxevhtxhqwo| eh xvhg lq wkh surri ri d wkhruhp iru wkh odwwhu1 Wkh

irup ri htxdwlrqv +:, dqg +:d, doorzv wkh udqgrp sdudphwhu pdwulfhv �|/

K|/ ��| dqg wkhlu nurqhfnhu surgxfwv eh ��_ vhtxdqfhv/ zklfk zloo idflolwdwh

vxevhtxdqw fdoxodwlrqv1
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Ohppd 5 +�| �DUFEhwd+R�/^�,c OP| �JDUFK+R2c ^2,, Ohwf| uhsuhvhqw

hlwkhu ri �| ru OP|/ �|
��_
� ( Efc �� zlwk �qlwh irxuwk prphqw1 Dv lq +:,

f| ' {f n{|3�f|3� +O54,

Li { ' . E{| 
{|� kdv doo lwv hljhqydoxhv zlwklq wkh xqlw flufoh/ wkhq

[
�D�

�\
�'�

{|3�{f

zloo eh devroxwho| frqyhujhqw doprvw vxuho|/ dqg

f| ' {f n
[
�D�

�\
�'�

{|3�{f +O55,

zloo eh d vwulfwo| vwdwlrqdu| surfhvv frqiruplqj wr Eu2��1

Surri= Vhh Dsshqgl{1

Wkh deryh uhvxow surylghv d vx!flhqw frqglwlrq iru wkh h{lvwhqfh ri d vwd0

wlrqdu| vroxwlrq ri d surfhvv lq wkh irup ri dq DUFEhwd+R�/^�, ru JDUFK+R2/^2,1

Lw lv qrz wulyldo wr vhh iru d surfhvv ri wkh irup %| ' Bf n
�
B��

2
|3� n l�

�
%|3�/

wkh deryh vx!flhqw frqglwlrq uhtxluhv wkdw �| kdv �qlwh irxuwk prphqw �e/

dqg �eB
2
� n l

2
� n 2B�l� 	 � zklfk/ xqghu Jdxvvldq lqqrydwlrqv +�e ' �,/ lv

lghqwlfdo wr wkh uhvxow ri Eroohuvohy +4<;9/ s 644, iru wkh h{lvwhqfh ri wkh

irxuwk prphqw ri d JDUFK+4/4, surfhvv1 Ri frxuvh zkhq %| uhsuhvhqwv dq

DUFEhwd surfhvv lwv sdudphwhuv fdq wdnh dq| vljq1

Fruroodu| 6 Wkh vwhdg|0vwdwh %| lv jlyhq e| wkh �uvw hohphqw ri

. Ef|� ' EU �. E{|��
3�{f

l1h1

. E%|� '
Bf

�� B����� BR � l����� l^
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Surri= wkh uhvxow iroorzv gluhfwo| iurp Ohppd 5 e| wdnlqj h{shfwdwlrqv lq

+O55, dqg wdnlqj lqwr dffrxqw Wkhruhp 41

Ohppd 7 +yhf
�
�|�

�

|

�
, Ohw 7�| eh jhqhudwhg dv lq htxdwlrq +;d,/ �| iroorz

dq DUFEhwd+R�/^�, surfhvv/ �|
��_
� ( Efc �� zlwk �qlwh xs wr wkh hljkwk pr0

phqwv dqg Ohppd 5 krogv1 Li .
�
��| 


��|

�
kdv doo lwv hljhqydoxhv zlwklq wkh

xqlw flufoh/ wkhq 7�| kdv d vwulfwo| vwdwlrqdu| vroxwlrq frqiruplqj wr htxdwlrq

+;d,1

Surri= Vhh Dsshqgl{1

Dv dq h{dpsoh/ wkh deryh vx!flhqw frqglwlrq iru d vwulfwo| vwdwlrqdu|

vroxwlrq ri wkh vtxduh ri dq DUFEhwd+4/4, surfhvv vwdwhv wkdw
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zkhuh �Hc �e duh wkh hljkwk dqg irxuwk prphqwv uhvshfwlyho| ri wkh lqqrydwlrq

surfhvv zklfk duh uhtxluhg wr eh �qlwh1

Fruroodu| 8 Iru wkh DUFEhwd+4/4,/ wkh vwhdg|0vwdwh q2
| lv jlyhq e| wkh �uvw

hohphqw ri
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Surri= Vhh Dsshqgl{1

Iru wkh jdxvvldq DUFEhwd+4/4, surfhvv zh kdyh
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Ohppd 9 +yhf
�
�|3�

OP
�

|3�

�
, Ohw�| dqg OP| eh jhqhudwhg e| dq DUFEhwd+R�/^�,

dqg d JDUFK+R2/^2, uhvshfwlyho| dv lq htxdwlrqv +:, dqg +:d,/ �|
��_
� ( Efc��

zlwk �qlwh xs wr wkh hljkwk prphqwv dqg Ohppd 5 krog1 Wkhq yhf
�
�|3�

OP
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|3�

�
kdv d vwulfwo| vwdwlrqdu| vroxwlrq li . EEK| 
�|�
 EK| 
�|�� kdv doo lwv hljhq0

ydoxhv zlwklq wkh xqlw flufoh1

Surri= Vhh Dsshqgl{1

Lq whupv ri wkh DUFEhwd+4/4, sdudphwhuvc E@�c K�� dqg JDUFK+4/4,/

Evd| S�c _�� wkh deryh frqglwlrq vwdwhv wkdw
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zkhuh �� lv wkh �0wk prphqw ri wkh frpprq lqqrydwlrq surfhvv1

Fruroodu| : Wkh vwhdg|0vwdwh q|j
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Surri= Vhh Dsshqgl{1

Vr idu zh kdyh ghulyhg uhvxowv iru wkh DUFEhwd dqg JDUFK surfhvvhv

dqg wkhlu surgxfwv1 Zh vkdoo qrz pdnh xvh ri wkrvh uhvxowv wr ghulyh vx!flhqw

frqglwlrqv iru q2
|j

2
| 1

Wkhruhp ; +yhf
�
7�|3�

OP
�

|3�

�
, Ohw�|3�c OP|3� iroorz DUFEhwd+R�/^�, dqg JDUFK+R2/^2,

surfhvvhv uhvshfwlyho| dqg �| kdv �qlwh prphqwv xs wr wzhoiwk rughu1 yhf
�
7�|3�

OP
�

|3�

�
kdv d vwulfwo| vwdwlrqdu| vroxwlrq li Ohppdv +5, wr +9, krog dqg
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kdv doo lwv hljhqydoxhv zlwklq wkh xqlw flufoh1
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Surri= Vhh Dsshqgl{1

Iru DUFEhwd+4/4, dqg JDUFK+4/4, sdudphwhuv/ wkh wkhruhp vwdwhv wkdw

lq dgglwlrq wr Ohppdv +5, wr +9, uhvwulfwlrqv/ wkh surfhvvhv vkrxog mrlqwo|

vdwlvi|
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zkhuh �� ghqrwhv wkh �0wk prphqw ri d vwdqgdug lqqrydwlrq surfhvv1 Iru

K� ' _� ' f wkh frqglwlrq uhgxfhv wr @e�S
2
���2 	 �1

Fruroodu| < Wkh vwhdg|0vwdwh q2
|j

2
| lv jlyhq e| wkh �uvw hohphqw ri
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yhf

�
7�|
OP

�

|

��
' yhf

�
7�fK

�

f

�
n EU � K ���

3�
yhf
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Surri= Vhh Dsshqgl{1

D vlplodu dqdo|vlv surylghv vx!flhqw frqglwlrqv iru wkh h{lvwhqfh ri d

vwulfwo| vwdwlrqdu| vroxwlrqv iru wkh frpsrvlwh fryduldqfh surfhvvhv ehwzhhq

dvvhwv1 Iurp wkh vhfrqg htxdwlrq ri vhfwlrq 7/ wkh fryduldqfh ehwzhhq dq|

wzr dvvhwv zloo eh frpsrvhg e| d qxpehu +vd| &, ri vxe0surfhvvhv htxdo wr

wkh qxpehu ri vljql�fdqw frpprq idfwruv ehwzhhq wkh wzr dvvhwv/ wkxv & vxfk

frpsrqhqwv qhhg wr eh vwdwlrqdu|1 Zh vxppdul}h wkh uhohydqw uhvxowv iru wkh

�0wk frpsrqhqw/ zkhq idfwru ehwdv dqg yduldqfhv iroorz DUFEhwd+R�/^�, dqg

JDUFK+R2/^2, surfhvvhv uhvshfwlyho|/ lq wkh iroorzlqj wkhruhp1
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Wkhruhp 43 Ohw ��c|/ �,c| eh DUFEhwd+R�/^�, surfhvvhv dqg OP�c| eh d JDUFK+R2/^2,

surfhvv/ zlwk frpprq lqqrydwlrq �| � ( Efc �� zlwk �qlwh prphqwv xs wr wkh

wzhoiwk rughu/ dqg ohppdv +5, wr +9, krog1 Wkhq yhf
�
7��,c|

OP
�

�c|

�
kdv d vwulfwo|

vwdwlrqdu| vroxwlrq li

.
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K�c|3? 
 7�,�c|3?
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�
K�c|3? 


7�,�c|3?

��
kdv doo lwv hljhqydoxhv zlwklq wkh xqlw flufoh1

Surri= Vhh Dsshqgl{1

Wkh vwhdg|0vwdwh fryduldqfh fdq qrz eh frpsxwhg xvlqj Fruroodu| <1

Wkh suhfhglqj dqdo|vlv suhvhqwv d vhw ri vx!flhqw frqglwlrqv iru wkh h{0

lvwhqfh ri d vwulfwo| vwdwlrqdu| vroxwlrq iru d qxpehu ri surfhvvhv iruphg dv

surgxfwv ri wlph vhulhv surfhvvhv1 Dowkrxjk qrw qhfhvvdu|/ wkh| kdyh wkh dg0

ydqwdjh wkdw duh hdv| wr fkhfn1 Ghulydwlrq ri qhfhvvd| frqglwlrqv lv d pruh

gl!fxow h{huflvh dqg wkhuh duh rqo| d ihz vwxglhv lq wkh olwhudwxuh dgguhvvlqj

wklv dvshfw/ zklfk zh glvfxvv lq wkh iroorzlqj vhfwlrq1

715 Rq Vkdushu Frqglwlrqv

Htxdwlrqv +:, dqg +:d, irup d udqgrp sdudphwhu gl�huhqfh htxdwlrq riwhq

ghvfulehg dv Jhqhudol}hg Dxwruhjuhvvlyh surfhvv1 Yhuyddw +4<:<,/ Eudqgw

+4<;9, dqg Erxujhuro dqg Slfdug +4<<5d, kdyh vwxglhg wkh vwdwlrqdulw| surs0

huwlhv ri vxfk surfhvvhv dqg kdyh uhdfkhg frqglwlrqv wkdw duh erwk qhfhvvdu|

dqg vx!flhqw1 Uhfhqw dssolfdwlrqv ri vxfk lghdv lq �qdqfh duh suhvhqwhg e|

Erxujhuro dqg Slfdug +4<<5e,/ Hpuehfkwv hw do +4<<:, zkr vwxg| DUFK dqg

JDUFK surfhvvhv dqg Erqg +5333, iru wkh Vhpl0Yduldqfh JDUFK prgho1

Lq sduwlfxodu Erxujhuro dqg Slfdug +4<<5e, hvwdeolvk qhfhvvdu| dqg vx!flhqw

frqglwlrqv iru Jhqhudol}hg Dxwruhjuhvvlyh surfhvvhv zlwk ����_� qrq0qhjdwlyh
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udqgrp sdudphwhu pdwul{1 Wklv lv h{dfwo| wkh fdvh ri d JDUFK yrodwlolw|

surfhvv ri wkh irup ri htxdwlrq +:d,1

Lq rxu iudphzrun wkh DUFEhwd Jhqhudol}hg Dxwruhjuhvvlyh surfhvv +:,/

h{klelwv dq ����_� udqgrp sdudphwhu pdwul{ �|/ zklfk fdq eh erwk srvlwlyh

dqg qhjdwlyh vlqfh DUFEhwd sdudphwhuv duh qrw uhvwulfwhg1 Iru wklv fdvh

Eudqgw +4<;9, surylghv jhqhudo vx!flhqw frqglwlrqv dqg Erxujhuro dqg Sl0

fdug +4<<5d, suhvhqw qhfhvvvdu| dqg vx!flhqw frqglwlrqv iru wkh h{lvwhqfh

ri d vwdwlrqdu| vroxwlrq e| hvwdeolvklqj wkh frqyhuvh ri Eudqgw*v wkhruhp1

Wkh dqdo|vlv lv vlplodu wr exw pruh frpsolfdwhg ri wkdw dssolhg wr JDUFK

surfhvvhv lq Erxujhuro dqg Slfdug +4<<5e,1 Zh vkdoo suhvhqw wkh uhohydqw

uhvxowv suhfhghg e| wzr gh�qlwlrqv zklfk duh qhfhvvdu| iru wkh h{srvlwlrq1

Gh�qlwlrq 44 +Erxujhuro dqg Slfdug +4<<5d,/ Gh�qlwlrq 515,

D qrq0dqwlflsdwlyh vwulfwo| vwdwlrqdu| vroxwlrq ri +:, lv d vwulfwo| vwdwlrq0

du| surfhvv i�|c | 5 ~j zklfk lv d vroxwlrq ri +:, vxfk wkdw/ iru dq| & 5 ~/

�& lv lqghshqghqw ri wkh udqgrp yduldeoh i�|c | : &j1

Gh�qlwlrq 45 +Erxujhuro dqg Slfdug +4<<5d,/ Gh�qlwlrq 516,

Dq d!qh vxevsdfh M ri +_ lv vdlg wr eh lqyduldqw xqghu wkh prgho +:,

li i�|'fq n�f(q 5 Mj lv frqwdlqhg lq M doprvw vxuho|1 Wkh prgho +:, lv

fdoohg luuhgxfleoh li +_ lv wkh rqo| d!qh lqyduldqw vxevsdfh1

Wkhruhp 46 +Erxujhuro dqg Slfdug +4<<5d,/ Wkhruhp 518,

Vxssrvh wkdw wkh Jhqhudol}hg Dxwruhjuhvvlyh prgho +:, zlwk l1l1g1 fr0

h!flhqwv lv luuhgxfleoh dqg wkdw .
�
*?n n�|'fn

�
lv �qlwh1 Wkhq +:, kdv d

qrq0dqwlflsdwlyh vwulfwo| vwdwlrqdu| vroxwlrq li dqg rqo| li wkh wrs O|dsrxqry

h{srqhqw � gh�qhg dv

� ' �?u

�
.

�
�

?n �
*? n�|'f�|'3�����|'3?n

�
c ? 5 �

�
lv vwulfwo| qhjdwlyh1
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Wkh wkhruhp suhvhqwv erwk qhfhvvdu| dqg vx!flhqw frqglwlrqv iru vwulfw

vwdwlrqdulw|/ exw uhtxluhv wkdw i�|j irupv dq ����_� surfhvv1 Wklv lv gluhfwo|

dssolfdeoh wr dq DUFEhwd surfhvvhv �| vxfk dv +:,1 Iurp d frpsxwdwlrqdo

srlqw ri ylhz/ Ixuvwhqehuj dqg Nhvwhq +4<93, vkrz wkdw doprvw vxuho|

� ' *�4
?<"

�

?
*? n�|'f�|'3�����|'3?n

zklfk fdq eh hvwlpdwhg xvlqj prqwh fduor vlpxodwlrqv1 Krzhyhu wkh dssol0

fdwlrq ri wklv dssurdfk wr surgxfw ri surfhvvhv vxfk dv 7�| 'yhf
�
�|�

�

|

�
dqg

yhf
�
7�|
OP

�

|

�
lv qrw vwudljkwiruzdug dqg zh ohdyh wklv dv d txhvwlrq iru ixwxuh

uhvhdufk1

8 Rq wkh Frqyhujhqfh ri wkh Hxurshdq Vwrfn

Pdunhwv

Zh looxvwudwh wkh hpslulfdo uhohydqfh ri rxu suhfhglqj wkhruhwlfdo dujxphqwv

e| uhsuhvhqwlqj d vhw ri Hxurshdq vwrfn pdunhw sruwirolrv dv dq hyroylqj v|v0

whp1 Vlqfh wkh lqfhswlrq ri wkh Hxurshdq Hfrqrplf Frppxqlw|/ lwv phpehu

vwdwhv frruglqdwh surjuhvvlyho| wkhlu qdwlrqdo hfrqrplhv zlwk uhvshfw wr erwk

wkh uhdo dqg prqhwdu| vhfwruv1 Wklv lqwhqghg wr wkdw wkh| doo zrxog vdw0

lvi| wkh Pddvwulfkw frqyhujhqfh fulwhuld dqg hyhqwxdoo| irup wkh Hxurshdq

Prqhwdu| Xqlrq1 Wklv udlvhv txhvwlrqv rq wkh hyroxwlrq ri lqwhjudwlrq eh0

wzhhq Hxurshdq vwrfn pdunhwv dqg wkhlu dvvrfldwlrq zlwk joredo idfwruv1 Zh

xwlol}h wkh pxowlyduldwh v|vwhp ri dvvhw uhwxuqv suhvhqwhg lq vhfwlrq 6 wr uhs0

uhvhqw d vhw ri Hxurshdq vwrfn pdunhw sruwirolrv +XN/ Iudqfh/ Jhupdq|, dv

dq hyroylqj v|vwhp zlwk uhvshfw wr wkuhh frpprq joredo idfwruv +HX/ Mdsdq/

XV,1
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814 Gdwd dqg Hpslulfdo Prgho Exloglqj

Zh xvh zhhno| gdwd iurp GdwdVwuhdp0fdofxodwhg +vhh GdwdVwuhdp +4<<3,,

pdunhw sulfh lqgh{hv lq XV grooduv/ fryhulqj d shulrg ri wzhqw| vhyhq |hduv

iurp 361371:6 wr 48136133 +473< rev,1

Wkh zhhno| uhwxuq dw wlph | iru hdfk vhulhv ��c| lv fdofxodwhg dv *?
�

��c|

��c|3�

�
�

�ff1 D suholplqdu| dqdo|vlv ri wkh uhwxuq vhulhv xqfryhuv kljk xqfrqglwlrqdo

nxuwrvlv dqg vwurqj frqglwlrqdo khwhurvfhgdvwlflw| iru doo fdvhv exw devhqfh

ri dq| vhuldo fruuhodwlrq iru wkh uhwxuq ohyhov1

Zh vkdoo shuirup Pd{lpxp Olnholkrrg +PO, hvwlpdwlrq dvvxplqj frqgl0

wlrqdo qrupdolw|1 Wklv lv d frqyhqlhqw dvvxpswlrq zklfk vlpsol�hv qxphulfdo

frpsxwdwlrqv zlwkrxw kduplqj wkh surshuwlhv ri wkh hvwlpdwru1 Eroohuvohy

dqg Zrrogulgjh +4<<5, vkrz xqghu jhqhudo uhjxodulw| frqglwlrqv wkdw/ wkh

Txdvl PO hvwlpdwru + l1h1 idovho| dvvxplqj qrupdolw|, ri sdudphwhuv iru

prghov zlwk ydu|lqj �uvw dqg vhfrqg frqglwlrqdo prphqwv zloo eh frqvlv0

whqw dqg dv|pswrwlfdoo| qrupdo dv orqj dv wkh �uvw wzr frqglwlrqdo prphqwv

duh fruuhfwo| vshfl�hg1 Dv srvvleoh h{fhvv nxuwrvlv zloo uhvxow lq xqghuvwdwhg

vwdqgdug huuruv iru wkh sdudphwhu hvwlpdwhv/ zh hpsor| wkh Zklwh +4<;3,

khwhurvfhgdvwlflw|0dgmxvwhg vwdqgdug huuruv1 Dovr zh gr qrw lpsrvh dq| uh0

vwulfwlrqv rq wkh hvwlpdwlrq vlqfh/ DUFEhwd surfhvvhv duh uhvwulfwlrq0iuhh

dqg JDUFK surfhvvhv duh hvwlpdwhg iroorzlqj wkh dujxphqwv Qhovrq dqg

Fdr +4<<5,1 Qxphulfdo pd{lpl}dwlrq kdv ehhq shuiruphg rq wkh JDXVV

pdwul{ odqjxdjh dqg zh lqlwldol}h frqglwlrqdo yduldqfh dqg ehwd vhulhv dw

wkhlu xqfrqglwlrqdo h{shfwdwlrqv1

Dv dq hpslulfdo prgho exloglqj vwudwhj|/ zh vkdoo �uvw h{srvh wkh gdwd wr

uhvwulfwhg yhuvlrqv ri wkh ixoo pxowlyduldwh prgho dqg wkhq uhod{ wkh sdudphwhu

uhvwulfwlrqv surjuhvvlyho|1 Iluvw zh hvwlpdwh wkh ixoo v|vwhp dv d frqvwdqw

idfwru ehwd prgho/ doorzlqj iru idfwru wlph0ydu|lqj yrodwlolw| exw frqvwdqw
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lglrv|qfudwlf yrodwlolw|1 Qh{w zh uhod{ wkh dvvxpswlrq ri frqvwdqw ehwdv iru

rqh sruwirolr rqo| +XN, nhhslqj wkh uhpdlqlqj ehwdv frqvwdqw dqg uh0hvwlpdwh

wkh ixoo prgho1 Zh fkhfn wkh dghtxdf| ri wkh qhz/ xquhvwulfwhg vshfl�fdwlrq/

lq wkh oljkw ri wkh vwdwlvwlfdo vljql�fdqfh ri wkh sdudphwhuv/ olnholkrrg udwlr

whvwv dqg Ed|hvldq lqirupdwlrq fulwhuld1 Lq grlqj vr/ zh h{shulphqw zlwk

ydulrxv odj vshfl�fdwlrqv iru wkh frqglwlrqdo phdqv/ yduldqfhv dqg ehwdv1

Iroorzlqj zh uhod{ vhtxhqwldoo| wkh frqvwdqf| ri ehwdv iru wkh vhfrqg +Iudqfh,

dqg wklug +Jhupdq|, sruwirolr e| uhshdwlqj wkh deryh dqdo|vlv dw hdfk vwhs

dqg doorz iru lglrv|qfudwlf yrodwlolw| wr ydu| dv zhoo1 Ilqdoo| zh shuirup

ixuwkhu vshfl�fdwlrq whvwv/ vxfk dv frqglwlrqdo prphqw whvwv lqwurgxfhg e|

Zrrogulgjh +4<<3,1

815 Uhvxowv

Iluvw zh hvwlpdwh wkh prgho xqghu frqvwdqw idfwru ehwdv dqg doorz iru wlph

ydu|lqj frqglwlrqdo phdqv dqg idfwru yduldqfhv1 Dw wklv vwdjh zh nhhs lglr0

v|qfudwlf yduldqfhv frqvwdqw dqg uhvhuyh rxu uljkw wr uhod{ wklv odwhu1 Zh

hvwlpdwh d qxpehu ri gl�huhqw vshfl�fdwlrqv iru wkh frqvwdqw ehwd prgho dqg

suhvhqw wkh �qdo uhvxowv lq Wdeoh L lq wkh dsshqgl{1 Iru doo vhulhv d frqvwdqw

frqglwlrqdo phdq dqg d JDUFK+4/4, yrodwlolw| surfhvvhv vhhpv dq dghtxdwh

sdudphwul}dwlrq lq wkh oljkw ri Lqirupdwlrq Fulwhuld dqg Olnholkrrg Udwlr

whvwv1 Wkh ehwd frh!flhqwv ri wkh wkuhh qdwlrqdo sruwirolrv rq wkh HX idfwru

wdnh vljql�fdqw ydoxhv forvh wr xqlw| zlwk wkh XN ehlqj wkh odujhvw lq pdj0

qlwxgh1 Doo ehwdv zlwk uhvshfw wr Mdsdq dqg XV wdnh vljql�fdqw ydoxhv exw

forvh wr }hur1

Qh{w zh surjuhvvlyho| uhod{ wkh dvvxpswlrqv rq frqvwdqw ehwdv dqg ohw

wkhp eh gulyhq e| DUFEhwd surfhvvhv1 Zh �uvw doorz wkh ehwd frh!flhqwv

ri wkh XN rq wkh wkuhh idfwruv wr ydu|/ nhhslqj wkh uhvw ri wkh ehwd sdudphwhuv
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frqvwdqw1 Wdeoh LL suhvhqwv wkh hvwlpdwlrq uhvxowv zklfk fohduo| vxssruw wkh

xquhvwulfwhg irup ri wkh prgho1 Lq sduwlfxodu prvw ri wkh DUFEhwd sdudph0

whuv ri wkh XN rq wkh wkuhh idfwruv duh vwdwlvwlfdoo| vljql�fdqw dqg lqfuhdvh

wkh Olnholkrrg udwlr ydoxh vx!flhqwo| vr dv wr uhmhfw wkh qxoo ri qr DUFEhwd

h�hfwv txlwh frq�ghqwo|1 Sdudphwhuv ri odjjhg ehwdv +K�, wdnh kljk ydoxhv vlj0

qli|lqj shuvlvwhqfh ri vkrfnv rq ehwdv/ exw lq doo fdvhv wkh surfhvv vhhpv wr

eh vwdwlrqdu|1 Krzhyhu Lqirupdwlrq Fulwhuld duh pruh frqvhuydwlyh dqg mxvw

dssuryh wkh xquhvwulfwhg vshfl�fdwlrq1 Judsk L sorwv wkh hvwlpdwhg XN eh0

wdv rq wkh fruuhvsrqglqj wkuhh idfwruv1 Lq doo fdvhv wkh hvwlpdwhg DUFEhwd

surfhvv lpsolhv d vwhdg|0vwdwh forvh hqrxjk wr wkh frqvwdqw ehwd hvwlpdwh1

Wkh hodvwlflw| ri wkh XN sruwirolr zlwk uhvshfw wr HX ydulhv vxevwdqwldoo|

wdnlqj ydoxhv iurp xqlw| wr 419 dqg h{klelwv d �foxvwhulqj� ehkdylru exw

pxfk vprrwkhu frpsduhg wr d yrodwlolw| surfhvv1 Hodvwlflwlhv zlwk uhvshfw

wr Mdsdq dqg XV idfwruv duh yhu| forvh wr }hur exw h{klelw d vwdwlvwlfdoo|

vljql�fdqw yduldwlrq durxqg lw1 Wkh vdpsoh durxqg wkh :;30wk revhuydwlrq

fruuhvsrqgv wr wkh Rfwrehu 4<;: fudvk shulrg/ lq zklfk zh revhuyh wkdw

wkh XN sruwirolr hodvwlflw| vkduso| lqfuhdvhg zlwk uhvshfw wr wkh HX idfwru/

vkduso| ghfuhdvhg zlwk uhvshfw wr wkh XV idfwru dqg uhpdlqhg vwdeoh zlwk

uhvshfw wr wkh Mdsdqhvh pdunhw1

Vhfrqg/ zh uhod{ wkh dvvxpswlrq ri frqvwdqw Iuhqfk ehwdv/ uh0hvwlpdwh wkh

hqwluh prgho dqg suhvhqw wkh uhvxowv lq Wdeoh LLL1 Wkh Iudqfh wr HX DUFEhwd

surfhvv lv kljko| vljql�fdqw/ h{klelwlqj kljk shuvlvwhqfh dqg lqwhuhvwlqjo|

wkh rssrvlwh  xfwxdwlrqv ri wkrvh ri XN wr HX dv Judsk LL vkrzv1 Iuhqfk

ehwd zlwk uhvshfw wr Mdsdq dsshduv frqvwdqw dv doo dwwhpswv wr hvwlpdwh dq

DUFEhwd surfhvv kdyh idlohg1 Dovr/ wkh surfhvv zlwk uhvshfw wr XV suhvhqwv

d txhvwlrqdeoh vljql�fdqfh dv wkh @� sdudphwhu grhv qrw ghihu iurp }hur dqg

lwv frqwulexwlrq wr wkh olnholkrrg ydoxh lv yhu| vpdoo1 Wkxv/ olnholkrrg udwlr
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dqg lqirupdwlrq fulwhuld duh yhu| forvh qrw wr uhmhfw wkh qxoo ri frqvwdqw

Iuhqfk ehwdv ryhudoo/ exw zkhq zh frqvlghu rqo| wkh Iudqfh wr XN hodvwlflw|

dv DUFEhwd dqg wkh uhvw frqvwdqw prgho vhohfwlrq lv lq idyru ri DUFEhwd1

Odvw/ zh uhod{ wkh dvvxpswlrq ri frqvwdqw Jhupdq ehwdv dqg uh0hvwlpdwh

wkh hqwluh prgho1 Wdeoh LY suhvhqwv wkh uhvxowv zklfk lqglfdwh vwurqj dqg

vljql�fdqwo| shuvlvwhqw  xfwxdwlrqv iru doo wkuhh sdudphwhu surfhvvhv1 Ehwdv

zlwk uhvshfw wr XN dqg wkh XV ehkdyh vlploduo| wr wkrvh ri wkh Iuhqfk sruw0

irolr1 D qhz ihdwxuh wkrxjk lv wkh qhjdwlyh vljq ri wkh DUFEhwd sdudphwhu

zlwk uhvshfw wr Mdsdq1 Vkrfnv duh vwloo kljko| shuvlvwhqw dqg wkh surfhvv

lv vwdwlrqdu| exw hvwlpdwhg ehwdv h{klelw foxvwhuv ri kljk dqg orz ydoxhv ri

dowhuqdwh vljqv1 Odvw/ zh uhod{ wkh dvvxpswlrq ri frqvwdqw lglrv|qfudwlf ydul0

dqfhv iru XN/ Iudqfh dqg Jhupdq| dqg uh0hvwlpdwh wkh hqwluh v|vwhp/ zklfk

gudpdwlfdoo| lpsuryhv wkh olnholkrrg ydoxh +Wdeoh Y,1 Dv d �qdo fkhfn/ zh

vxppdul}h wkh vwhdg|0vwdwh ehwdv lpsolhg e| wkh ixoo v|vwhp hvwlpdwlrq +wd0

eoh LY ru Y, lq wdeoh YL lq frpsdulvrq zlwk wkh frqvwdqw hvwlpdwhg ehwdv +ri

wdeoh L,/ zklfk dsshdu uhpdundeo| vlplodu1

816 Glvfxvvlrq dqg Frqfoxvlrqv

Wkh prgho irupdoo| suhvhqwv wkdw ydulrxv yduldeohv lq wkh v|vwhp h{shulhqfh

frpprq vkrfnv/ wkxv jhqhudwlqj frpprq 0wr vrph h{whqg0  xfwxdwlrqv1 Xv0

lqj dssursuldwh frpelqdwlrqv ri Fruroodulhv 44/ 46/ 48 dqg 4: lw lv hdv| wr

h{dplqh wkh frpryhphqw ehwzhhq vhyhudo yduldeohv ri wkh v|vwhp1 Iru h{dp0

soh/ lw lv riwhq uhsruwhg lq wkh olwhudwxuh wkdw wkhuh h{lvw d srvlwlyh ru qhjdwlyh

uhodwlrqvkls ehwzhhq wkh ehwd frh!flhqw dqg wkh fruuhvsrqglqj idfwru frq0

glwlrqdo yduldqfh1 Xqghu DUFEhwd h�hfwv/ wkh wzr yduldeohv vkduh wkh vdph

lqqrydwlrq surfhvv dqg zh zrxog h{shfw wkhp wr h{klelw vrph frpryhphqw

wkh vljq dqg wkh pdjqlwxgh ri zklfk pd| ghshqg rq wkh uhvshfwlyh surfhvv
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sdudphwhuv1 Wr vhh wklv zh fdq hdvlo| fdofxodwh �L�
�
q��c|c j

2
�c|

�
e| frpelqlqj

Fruroodulhv 44 dqg 481 Dvvxplqj wkh wzr yduldeohv iroorz DUFEhwd+4/3, dqg

DUFK+4, surfhvvhv uhvshfwlyho| dqg kdyh d vwdqgdug jdxvvldq lqqrydwlrq

surfhvv lq frpprq/ zh fdq hdvlo| vhh wkdw

�L�
�
q��c|c j

2
�c|

�
' 2�f@f

@���

E� � �@���� E� � ��� E�� @��

DUFEhwd sdudphwhuv @f dqg @� duh xquhvwulfwhg dqg DUFK sdudphwhuv

vkrxog vdwlvi| �f : f dqg �� N f1 Wkh ghqrplqdwru ri wkh deryh htxd0

wlrq suhvhqwv fohduo| wkh lqglylgxdo dqg mrlqw frqglwlrqv wkh wzr surfhvvhv

vkrxog vdwlvi| iru wklv txdqwlw| wr h{lvw1 Ljqrulqj wkh wzr lqwhufhsw whupv

@f/�f zh sorw Fry
�
q��c|c j

2
�c|

�
djdlqvw d udqjh ri sodxvleoh ydoxhv ri @� dqg ��

lq Judsk LY +vhh dsshqgl{,1 Lw lv fohdu wkdw wkh vljq dqg wkh pdjqlwxgh ri wkh

fryduldqfh ghshqgv rq wkh wudgh0r� ehwzhhq DUFK dqg DUFEhwd h�hfwv1 Lq

sduwlfxodu/ srvlwlyh fryduldqfh jhqhudoo| lv jhqhudwhg iru kljk qhjdwlyh ydo0

xhv ri wkh DUFEhwd sdudphwhu dqg dq| ydoxhv iru wkh DUFK sdudphwhu dv

zhoo dv iru zhdn DUFK h�hfwv dqg dq| ydoxhv iru wkh DUFEhwd sdudphwhu1

Dovr/ wkh lqwhudfwlrq ri wkh lqwhufhsw whupv @f/�f frqwurov wkh vfdoh ri wkh

fryduldqfh dqg dgmxvwv wkh srvlwlrq ri wkh fryduldqfh vxuidfh rq wkh yhuwlfdo

d{lv1

Dv rwkhu h{dpsoh/ zh fdq h{dplqh wkh frpryhphqw ehwzhhq ehwd frh!0

flhqwv ri gl�huhqw dvvhwv rq d frpprq idfwru/ e| fdofxodwlqj �L�
�
q��c|/q&�c|

�
1

Xvlqj Ohppd 47 dqg Fruroodu| 48/ li q�c| dqg q2c| erwk iroorz DUFEhwd+4/3,

surfhvvhv zlwk frpprq jdxvvldq lqqrydwlrqv/ zh rewdlq

�L�
�
q�c|/q2c|

�
' @�f@2f

2@�� � S@2��@2� n e@��@2� n �@22�@
2
�� � �

E�� �@��@2�� E� � @2�� E�� @���

Ljqrulqj wkh @�f@2f/ zh sorw lq Judsk Y wkh fryduldqfh ehwzhhq ehwdv dv

d ixqfwlrq ri wkh DUFEhwd sdudphwhuv @�� dqg @2�1 Iru d sodxvleoh udqjh

5<



sdudphwhu ydoxhv wkh fryduldqfh ehwzhhq idfwru ehwdv lv srvlwlyh exw/ erwk

lwv vfdoh dqg vljq zloo dovr ghshqg rq wkh @�f@2f idfwru1

Wkh sursrvhg prgho dovr lpsolhv wlph ydu|lqj frqglwlrqdo fruuhodwlrqv

ehwzhhq dvvhwv dqg2ru idfwruv wkdw duh jxdudqwhhg wr eh ohvv wkdq rqh lq de0

vroxwh ydoxh1 Lq sduwlfxodu/ htxdwlrq +7, lq vhfwlrq 6 suhvhqwv wkh frqglwlrqdo

fryduldqfh pdwul{ l| wr eh phdvxudeoh zlwk uhvshfw wr wkh jhqhudwhg vljpd

�hog dv zhoo dv srvlwlyh gh�qlwh1 Wdnlqj wkh ghfrpsrvlwlrq l| ' 7|-|7|

zkhuh 7| 'gldjEl|�
�

2 / zh rewdlq -| ' 73�| l|7
3�
| 1 Wkh qruwk zhvw eorfn ri -|

lv wkh dvvhw fruuhodwlrq pdwul{ zklfk +vhh htxdwlrq +7,, fdq eh zulwwhq dv

-++c| ' 73�++c|P0c|7
3�
++c| n 73�++c|�|P0c|�

�

|7
3�
++c|

zkhuh 7++c| 'gldjEl++c|�
�

2 1

Lq wklv sdshu zh kdyh suhvhqwhg d pxowlyduldwh iudphzrun wkdw mrlqwo|

sdudphwul}hv wkh hyroxwlrq ri � dvvhw uhwxuqv dqgg khwhurvfhgdvwlf frpprq

idfwruv1 Wkh prgho jxdudqwhhv wkh srvlwlyh gh�qlwhqhvv ri wkh fryduldqfh pd0

wul{ dqg lv  h{leoh hqrxjk wr jhqhudwh d qxpehu ri uhsruwhg hpslulfdo vw|ol}hg

idfwv lq wkh �qdqfh olwhudwxuh1 Wklv jrhv eh|rqg wkh vwdqgdug skhqrphqd

ri pxowlyduldwh khwhurvfhgdvwlflw| dqg qrq0qrupdolw| dqg suhvhqwv dujxphqwv

iru wkh wlph yduldwlrq ri idfwru ehwd frh!flhqwv/ wkhlu phdq0uhyhuwlqj surs0

huwlhv dqg wkh fr0pryhphqw ehwzhhq idfwru ehwdv dqg yrodwlolwlhv1 Wkh prgho

surylghv dq h{solflw iudphzrun iru dvvhw yduldqfh/ fryduldqfh/ fruuhodwlrq dqg

idfwru ehwd rxw0ri0vdpsoh iruhfdvwlqj dqg fdsdeoh ri dffrpprgdwlqj wkh hi0

ihfwv ri h{rjhqrxv yduldeohv1 Zh surylgh vx!flhqw frqglwlrqv iru wkh h{lvwhqfh

ri wkh lpsolhg dvvhw fryduldqfh vwuxfwxuh dqg suhvhqw hpslulfdo hylghqfh iru

wkh wkuhh pdmru Hxurshdq vwrfn pdunhw sruwirolrv dv dq hyroylqj v|vwhp1
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9 Dsshqgl{

914 Surri ri Wkhruhp 4

Frqvlghu wkh uhsuhvhqwdwlrq ri wkh prgho5
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xsrq uhfxuvlyh edfnzdug vxevwlwxwlrq iru r wlphv/ zh rewdlq

1| ' EU n�n ���n�r3���f n�r
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r3�[
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��
�|3�

Dv r $ 4c wkh surfhvv lv vwdeoh li dqg rqo| li � kdv doo lwv hljhqydoxhv
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Wdeoh L = Frqvwdqw Ehwd Idfwruv2Frqvwdqw Lglrv|qfudwlf Yduldqfhv

Sdudphwhuv XN Iudqfh Jhupdq| HX Mdsdq XV
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Wdeoh LL = DUFEhwd Idfwru +XN,
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Wdeoh LLL = DUFEhwd Idfwruv +XN/ IUDQFH,

Sdudphwhuv XN Iudqfh Jhupdq| HX Mdsdq XV
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Wdeoh LY = DUFEhwd Idfwruv +XN/ IU/ JH,
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Uhihuhqfhv

^4` Ehndhuw J dqg F U Kduyh| +4<<:,/ �Hphujlqj Htxlw| Pdunhw Yrodwlol0

w|�/ Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ 76/ 5<0::

^5` Ehndhuw J dqg F U Kduyh| +4<<8,/ �Wlph0Ydu|lqj Zruog Pdunhw Lqwh0

judwlrq�/ Mrxuqdo ri Ilqdqfh/ O+5,/ 7360777

^6` Ehuqgw H/ E Kdoo/ U Kdoo/ M Kdxvpdqq +4<:7,/ �Hvwlpdwlrq dqg Lqihu0

hqfh lq Qrq0Olqhdu Vwuxfwxudo Prghov�/ Dqqdov ri Hfrqrplf dqg Vrfldo

Phdvxuhphqw/ 6/ 9860998

^7` Eodfn I/ P Mhqvhq dqg P Vfkrohv +4<:5,/ �Wkh Fdslwdo Dvvhw Sulflqj

Prgho= vrph hpslulfdo whvwv�/ lq P F Mhqvhq/ hg1 Vwxglhv lq wkh Wkhru|

ri Fdslwdo Pdunhwv/ Q\/ Sudhjhu Sxeeolvklqj

^8` Eoxph P dqg L Iulhqg +4<:6,/ �D Qhz Orrn dw wkh Fdslwdo Dvvhw Sulflqj

Prgho�/ Mrxuqdo ri Ilqdqfh

^9` Eoxph P +4<:8,/ �Ehwdv dqg wkhlu Uhjuhvvlrq Whqghqflhv�/ Mrxuqdo ri

Ilqdqfh/ [[[+6,/ :;80:<8

^:` Eroohuvohy W +4<;9d,/ �Jhqhudol}hg Dxwruhjuhvvlyh Frqglwlrqdo Khw0

hurvfhgdvwlflw|�/ Mrxuqdo ri Hfrqrphwulfv/ 64/ 63:065:

^;` Eroohuvohy W +4<;9e,/ �Rq wkh Fruuhodwlrq Vwuxfwxuh iru wkh Jhqhudol}hg

Frqglwlrqdoo| Khwhurvfhgdvwlf Surfhvv�/ Mrxuqdo ri Wlph Vhulhv Dqdo|0

vlv/ <+5,/ 4540464

^<` Eroohuvohy W dqg M Zrrogulgjh +4<<5,/ �Txdvl0Pd{lpxp Olnholkrrg Hv0

wlpdwlrq dqg Lqihuhqfh lq G|qdplf Prghov zlwk Wlph0Ydu|lqj Frydul0

dqfhv�/ Hfrqrphwulf Uhylhzv/ 44/ 47604:5

89



^43` Erqg V +5333,/ �Prghoolqj Vwdwlf yhuvxv G|qdplf Vhpl0yduldqfh 0 D

Uhjlph JDUFK Dssurdfk�/ pdqxvfulsw/ Idfxow| ri Hfrqrplfv/ Xql0

yhuvlw| ri Fdpeulgjh

^44` Erv Q dqg S Qhzerog +4<;7,/ �Dq Hpslulfdo Lqyhvwljdwlrq ri wkh Srv0

vlelolw| ri Vwrfkdvwlf V|vwhpdwlf Ulvn lq wkh Pdunhw Prgho�/ Mrxuqdo ri

Exvlqhvv/ 8:+4,/ 68074

^45` Eudqgw D +4<;9,/ �Wkh Vwrfkdvwlf Htxdwlrq t?n� ' �?t? n �? zlwk

Vwdwlrqdu| Frh!flhqwv�/ Dgydqfhv lq Dssolhg Suredelolw|/ 4;/ 5440553

^46` Eudxq S/ G E Qhovrq dqg D Vxqlhu +4<<8,/ �Jrrg Qhzv/ Edg Qhzv/

Yrodwlolw| dqg Ehwdv�/ Mrxuqdo ri Ilqdqfh/ O+8,/ 48:804936

^47` Eurfnzhoo S M dqg U D Gdylv +4<;:,/ �Wlph Vhulhv= Wkhru| dqg Phwk0

rgv�/ Qhz \run/ Vsulqjhu Yhuodj

^48` Eur|ghq F J +4<9:,/ �Txdvl0Qhzwrq Phwkrgv dqg wkhlu Dssolfdwlrq wr

Ixqfwlrq Plqlpl}dwlrq�/ Pdwkhpdwlfv ri Frpsxwdwlrq/ 54/ 69;06;4

^49` Erxujhuro S dqg Q Slfdug +4<<5d,/ �Vwulfw Vwdwlrqdulw| ri Jhqhudolvhg

Dxwruhjuhvvlyh Surfhvvhv�/ Dqqdov ri Suredelolw|/ 53/ 4:4704:63

^4:` Erxujhuro S dqg Q Slfdug +4<<5e,/ �Vwdwlrqdulw| ri JDUFK Surfhvvhv

dqg vrph Qrq0qhjdwlyh Wlph Vhulhv�/ Mrxuqdo ri Hfrqrphwulfv/ 85/ 4480

5:

^4;` Eurrnv U G/ U Z Id� dqg M K K Ohh +4<<5,/ �Wkh Irup ri Wlph Ydul0

dwrq ri V|vwhpdwlf Ulvn= vrph Dxvwdoldq hylghqfh�/ Dssolhg Ilqdqfldo

Hfrqrplfv/ 5/ 4<404<;

8:



^4<` Fkhq V0Q +4<;5,/ �Dq H{dplqdwlrq ri Ulvn0Uhwxuq Uhodwlrqvkls lq Exoo

dqg Ehdu Pdunhwv xvlqj Wlph0Ydu|lqj Ehwdv�/ Mrxuqdo ri Ilqdqfldo dqg

Txdqwlwdwlyh Dqdo|vlv/ [YLL+5,/ 59805;9

^53` Fkhq V0Q dqg D M Nhrzq +4<;4,/ �Ulvn Ghfrpsrvlwlrq dqg Sruwir0

olr Glyhuvl�fdwlrq zkhq Ehwd lv Qrq0Vwdwlrqdu|�/ Mrxuqdo ri Ilqdqfh/

[[[YL+7,/ <740<7:

^54` Fkulvwrskhuvrq M/ Z Ihuvrq dqg D Wxuqhu +4<<<,/ �Shuirupdqfh Hydox0

dwlrq Xvlqj Frqglwlrqdo Doskdv dqg Ehwdv�/ Mrxuqdo ri Sruwirolr Pdq0

djhphqw/ Idoo/ 8<0:5

^55` Fkxqj N O +4<:7,/ �D Frxuvh lq Suredelolw| Wkhru|�/ 5qg hg1 Dfdghplf

Suhvv/ Orqgrq

^56` Froolqv G/ M Ohgrowhu dqg M Ud|exuq +4<;:,/ �Vrph Ixuwkhu Hylghqfh

rq wkh Vwrfkdvwlf Surshuwlhv ri V|vwhpdwlf Ulvn�/ Mrxuqdo ri Exvlqhvv/

93+6,/ 758077;

^57` Frqqru J dqg R Olqwrq +5333,/ �Vhplsdudphwulf Hvwlpdwlrq ri d

Fkdudfwhulvwlf0edvhg Idfwru Prgho ri Vwrfn Uhwxuqv�/ pdqxvfulsw/ Orq0

grq Vfkrro ri Hfrqrplfv/ XN

^58` GdwdVwuhdp +4<<3,/ GdwdVwuhdp Gh�qlwlrqv Pdqxdo/ Lvvxh 5/ sdjh

Htxlwlhv0;8

^59` Hqjoh U +4<;5,/ �Dxwruhjuhvvlyh Frqglwlrqdo Khwhurvfhgdvwlflw| zlwk

Hvwlpdwhv ri wkh Yduldqfh ri Xqlwhg Nlqjgrp Lq dwlrq�/ Hfrqrphwulfd/

83+7,/ <;:0433:
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^5:` Hqjoh U/ Y Qj dqg P Urwkfklog +4<<3,/ �Dvvhw Sulflqj zlwk Idfwru0

DUFK Fryduldqfh Vwuxfwxuh= hpslulfdo hvwlpdwhv iru wuhdvxu| eloov�/

Mrxuqdo ri Hfrqrphwulfv/ 78/ 546056:

^5;` Hslvfrsrv D +4<<9,/ �Vwrfn Uhwxuq Yrodwlolw| dqg Wlph Ydu|lqj Ehwdv

lq wkh Wrurqwr Vwrfn H{fkdqjh�/ Txduwhuo| Mrxuqdo ri Exvlqhvv dqg

Hfrqrplfv/ 68+7,/ 5;06;

^5<` Ider}}l I dqg M F Iudqflv +4<:;,/ �Ehwd dv d Udqgrp Frh!flhqw�/

Mrxuqdo ri Ilqdqfldo dqg Txdqwlwdwlyh Dqdo|vlv/ 4340449

^63` Idpd H dqg M G PdfEhwk +4<:6,/ �Ulvn/ Uhwxuq dqg Htxloleulxp= hp0

slulfdo whvwv�/ Mrxuqdo ri Srolwlfdo Hfrqrp|

^64` Ihuvrq Z H dqg F U Kduyh| +4<<4,/ �Wkh Yduldwlrq ri Hfrqrplf Ulvn

Suhplxpv�/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ <</ 5;80648

^65` Ihuvrq Z H dqg F U Kduyh| +4<<6,/ �Wkh Ulvn dqg Suhglfwdelolw| lq

Lqwhuqdwlrqdo Htxlw| Uhwxuqv�/ Uhylhz ri Ilqdqfldo Vwxglhv/ 9/ 85:0899

^66` Ihuvrq Z dqg U Nrudmf}|n +4<<8,/ �Gr Duelwudjh Sulflqj Prghov H{0

sodlq wkh Suhglfwdelolw| ri Vwrfn UhwxuqvB�/ Mrxuqdo ri Exvlqhvv/ 9;+6,/

63<067<

^67` Ixuvwhqehuj K dqg K Nhvwhq +4<93,/ �Surgxfwv ri Udqgrp Pdwulfhv�/

Dqqdov ri Pdwkhpdwlfdo Vwdwlvwlfv/ 64/ 78:079<

^68` Kdoo V/ G Plohv dqg P S Wd|oru +4<;<,/ �Prghoolqj Dvvhw Sulfhv zlwk

Wlph0Ydu|lqj Ehwdv�/ Pdqfkhvwhu Vfkrro/ OYLL+7,/ 6730689

^69` Kdoo V/ J Xujd dqg D ]dohzvnd0Plwxud +4<<;,/ �Whvwlqj iru Hyroylqj

Vwrfn Pdunhw H!flhqf|�/ pdqxvfulsw/ Orqgrq Exvlqhvv Vfkrro/ Orqgrq

8<



^6:` Kduyh| F U +4<<8,/ �Suhglfwdeoh Ulvn dqg Uhwxuqv lq Hphujlqj Pdu0

nhwv�/ Uhylhz ri Ilqdqfldo Vwxglhv/ ;+6,/ :660;49

^6;` Kh F dqg W Whudvyluwd +4<<<,/ �Surshuwlhv ri Prphqwv ri d Idplo| ri

JDUFK Surfhvvhv�/ Mrxuqdo ri Hfrqrphwulfv/ <5/ 4:604<5

^6<` Kloguhwk F dqg M S Krxfn +4<9;,/ �Vrph Hvwlpdwruv iru d Olqhdu Prgho

zlwk Udqgrp Frh!flhqwv�/ Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfl0

dwlrq/ 8;708<8

^73` Ndudqdvrv P +4<<<,/ �Wkh Vhfrqg Prphqw dqg wkh Dxwrfryduldqfh

Ixqfwlrq ri wkh Vtxduhg Huuruv ri wkh JDUFK Prgho�/ Mrxuqdo ri

Hfrqrphwulfv/ <3/ 960:9

^74` Nohpnrvn| U dqg M Pduwlq +4<:8,/ �Wkh Dgmxvwphqw ri Ehwd Idfwruv�/

Mrxuqdo ri Ilqdqfh/ 44560445;

^75` Nrxwprv J/ X Ohh dqg S Wkhrgrvvlrx +4<<7,/ �Wlph0Ydu|lqj Ehwdv

dqg Yrodwlolw| Shuvlvwhqfh lq Lqwhuqdwlrqdo Vwrfn Pdunhwv�/ Mrxuqdo ri

Hfrqrplfv dqg Exvlqhvv/ 79/ 4340445

^76` Nu|}dqrzvnl O/ V Ododqfhwwh dqg P F Wr +4<<:,/ �Shuirupdqfh Dwwul0

exwlrq xvlqj dq DSW zlwk suhvshfl�hg pdfuridfwruv dqg Wlph0Ydu|lqj

Ulvn Suhpld dqg Ehwdv�/ Mrxuqdo ri Ilqdqfldo dqg Txdqwlwdwlyh Dqdo|0

vlv/ 65+5,/ 5380557

^77` Olqwqhu M +4<98,/ �Wkh Ydoxdwlrq ri Ulvn Dvvhwv dqg wkh Vhohfwlrq ri

Ulvn| Lqyhvwphqwv lq Vwrfn Sruwirolrv dqg Fdslwdo Exgjhwv�/ Uhylhz ri

Hfrqrplfv dqg Vwdwlvwlfv/ 63088

^78` Olx M dqg S M Eurfnzhoo +4<;;,/ �Rq wkh Jhqhudo Elolqhdu Wlph Vhulhv

Prgho�/ Mrxuqdo ri Dssolhg Suredelolw|/ 58/ 8860897
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^79` Pdun Q +4<;;,/ �Wlph Ydu|lqj Ehwdv dqg Ulvn Suhpld lq wkh Sulflqj

ri Iruhzdug Iruhljq H{fkdqjh Frqwudfwv�/ Mrxuqdo ri Ilqdqfldo Hfr0

qrplfv/ 55/ 6680687

^7:` Qhovrq G E dqg F T Fdr +4<<5,/ �Lqhtxdolw| Frqvwudlqwv lq wkh Xql0

yduldwh JDUFK Prgho�/ Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv/

43/ 55<0568

^7;` Qlfkroov G I dqg E J Txlqq +4<;5,/ �Udqgrp Frh!flhqw Dxwruhjuhv0

vlyh Prghov= Dq Lqwurgxfwlrq�/ Ohfwxuh Qrwhv lq Vwdwlvwlfv/ Vsulqjhu0

Yhuodj/ Qhz \run

^7<` Qj Y/ U Hqjoh dqg P Urwkfklog +4<<5,/ �D Pxowl0G|qdplf0Idfwru

Prgho iru Vwrfn Uhwxuqv�/ Mrxuqdo ri Hfrqrphwulfv/ 85/ 5780599

^83` Rkovrq M dqg E Urvhqehuj +4<;5,/ �V|vwhpdwlf Ulvn iru wkh FUVS

htxdoo|0zhljkwhg Frpprq Vwrfn Lqgh{= D klvwru| hvwlpdwhg e| vwr0

fkdvwlf sdudphwhu uhjuhvvlrq�/ Mrxuqdo ri Exvlqhvv/ 88/ 454078

^84` Skdp G W +4<;8,/ �Elolqhdu Pdunryldq Uhsuhvhqwdwlrq dqg Elolqhdu

Prghov�/ Vwrfkdvwlf Surfhvvhv dqg Wkhlu Dsssolfdwlrqv/ 53/ 5<80639

^85` Srxudkpdgl P +4<;9,/ �Rq Vwdwlrqdulw| ri wkh Vroxwlrq ri d Grxeo|

Vwrfkdvwlf Prgho�/ Mrxuqdo ri Wlph Vhulhv Dqdo|vlv/ :+5,/ 4560464

^86` Srxudkpdgl P +4<;;,/ �Vwdwlrqdulw| ri wkh Vroxwlrq ri f| ' �|f|3�n0|

dqg Dqdo|vlv ri Qrq0Jdxvvldq Ghshqghqw Udqgrp Yduldeohv�/ Mrxuqdo

ri Wlph Vhulhv Dqdo|vlv/ <+6,/ 558056<

^87` Srxudkpdgl P +4<<<d,/ �Mrlqw Phdq0Fryduldqfh Prghov zlwk Dssol0

fdwlrqv wr Orqjlwxglqdo Gdwd= Xqfrqvwudlqhg Sdudphwulvdwlrq�/ Elr0

phwulnd/ ;9+6,/ 9::09<3
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^88` Srxudkpdgl P +4<<<e,/ �Mrlqw Prghoolqj ri Phdq/ Glvshuvlrq dqg Fru0

uhodwlrq= Jhqhudol}hg Jdxvvldq Hvwlpdwlqj Htxdwlrqv�/ pdqxvfulsw/ Gl0

ylvlrq ri Vwdwlvwlfv/ Qruwkhuq Loolqrlv Xqlyhuvlw|/ XV

^89` Udr P Ekdvndud/ Udr W Vxeed dqg D P Zdonhu +4<;6,/ �Rq wkh H{0

lvwhqfh ri Vrph Elolqhdu Wlph Vhulhv Prghov�/ Mrxuqdo ri Wlph Vhulhv

Dqdo|vlv/ 7+5,/ <80443

^8:` Urfnlqjhu P dqg J Xujd +4<<<,/ �D Wlph Ydu|lqj Sdudphwhu Prgho wr

Whvw iru Suhglfwdelolw| dqg Lqwhjudwlrq lq Vwrfn Pdunhwv ri Wudqvlwlrq

Hfrqrplhv�/ pdqxvfulsw/ Flw| Xqlyhuvlw| Exvlqhvv Vfkrro/ iruwkfrplqj/

Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vdwlvwlfv +5334,

^8;` Urvv V +4<:9,/ �Wkh Duelwudjh Wkhru| ri Fdslwdo Dvvhw Sulflqj�/ Mrxuqdo

ri Hfrqrplf Wkhru|/ 6740693

^8<` Vfkzhuw J Z dqg S M Vhjxlq +4<<3,/ �Khwhurvfhgdvwlflw| lq Vwrfn Uh0

wxuqv�/ Mrxuqdo ri Ilqdqfh/ [OY+7,/ 445<04488

^93` Vkdqnhq M +4<<3,/ �Lqwhuqdwlrqdo Dvvhw Sulflqj= dq Hpslulfdo Lqyhvwljd0

wlrq�/ Mrxuqdo ri Hfrqrphwulfv/ 78/ <<0453

^94` Vkdush Z +4<97,/ �Fdslwdo Dvvhw Sulfhv= D wkhru| ri pdunhw htxloleulxp

xqghu frqglwlrqv ri ulvn�/ Mrxuqdo ri Ilqdqfh/ 7580775

^95` Yhuyddw Z +4<:<,/ �Rq d Vwrfkdvwlf Gl�huhqfh Htxdwlrq dqg d Uhsuh0

vhqwdwlrq ri Qrq0qhjdwlyh Lq�qlwho| Glylvleoh Udqgrp Yduldeohv�/ Dg0

ydqfhv lq Dssolhg Suredelolw|/ 44/ :830:;6

^96` Zhoov F +4<<8,/ �Wkh Ndopdq Ilowhu lq Ilqdqfh�/ Gruguhfkw/ Noxzhu

Dfdghplf Sxeolvkhuv
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^97` Zklwh K +4<;3,/ �D Khwhurvfhgdvwlflw| Frqvlvwhqw Fryduldqfh Pdwul{

Hvwlpdwru dqg d Gluhfw Whvw iru Khwhurvfhgdvwlflw|�/ Hfrqrphwulfd/ 7;/

;4:0;6;

^98` Zrrogulgjh M P +4<<3,/ �D Xql�hg Dssurdfk wr Urexvw/ Uhjuhvvlrq0

Edvhg Vshfl�fdwlrq Whvwv �/ Hfrqrphwulf Wkhru|/ 9/ 4:076
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