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Devwudfw

Zh lqwurgxfh wzr prgl�fdwlrqv lqwr wkh vwdqgdug uhdo exvlqhvv f|foh prgho= kdelw shu0
vlvwhqfh suhihuhqfhv dqg olplwdwlrqv rq lqwhuvhfwrudo idfwru prelolw|1 Wkh uhvxowlqj prgho lv
frqvlvwhqw zlwk wkh revhuyhg phdq htxlw| suhplxp/ phdq ulvn iuhh udwh dqg Vkdush udwlr rq
htxlw|1 Zlwk uhvshfw wr wkh frqyhqwlrqdo phdvxuhv ri exvlqhvv f|foh yrodwlolw| dqg frpryh0
phqw/ wkh prgho grhv urxjko| dv zhoo dv wkh vwdqgdug uhdo exvlqhvv f|foh prgho1 Rq irxu
rwkhu glphqvlrqv lwv exvlqhvv f|foh lpsolfdwlrqv uhsuhvhqw d vxevwdqwldo lpsuryhphqw1 Lw
dffrxqwv iru +l, shuvlvwhqfh lq rxwsxw/ +ll, wkh revhuydwlrq wkdw hpsor|phqw dfurvv gl�huhqw
vhfwruv pryhv wrjhwkhu ryhu wkh exvlqhvv f|foh/ +lll, wkh hylghqfh ri ch{fhvv vhqvlwlylw|* ri
frqvxpswlrq jurzwk wr rxwsxw jurzwk/ dqg +ly, wkh clqyhuwhg ohdglqj lqglfdwru surshuw|
ri lqwhuhvw udwhv/* wkdw kljk lqwhuhvw udwhv duh qhjdwlyho| fruuhodwhg zlwk ixwxuh rxwsxw1

�Zh duh judwhixo wr dqrq|prxv uhihuhhv iru frpphqwv zklfk ohg wr vljql�fdqw lpsuryhphqwv lq wkh sdshu1
Erogulq wkdqnv wkh Ixqgdflöq Pduf Ulfk/ Fkulvwldqr wkdqnv wkh Qdwlrqdo Vflhqfh Irxqgdwlrq/ dqg Ilvkhu wkdqnv
wkh Vrfldo Vflhqfhv dqg Kxpdqlwlhv Uhvhdufk Frxqflo ri Fdqdgd iru �qdqfldo vxssruw1 Wkh ylhzv h{suhvvhg khuhlq
duh wkrvh ri wkh dxwkruv dqg qrw qhfhvvdulo| wkrvh ri wkh Ihghudo Uhvhuyh Edqn ri Fklfdjr ru wkh Ihghudo Uhvhuyh
V|vwhp1

|Xqlyhuvlgdg Fduorv LLL1
}Qruwkzhvwhuq Xqlyhuvlw|/ Ihghudo Uhvhuyh Edqn ri Fklfdjr dqg QEHU1
{Ihghudo Uhvhuyh Edqn ri Fklfdjr1



41 Lqwurgxfwlrq

Jhqhudo htxloleulxp prghov zlwk frpsohwh pdunhwv dqg rswlpl}lqj djhqwv kdyh hqmr|hg d phd0

vxuh ri vxffhvv lq dffrxqwlqj iru exvlqhvv f|foh  xfwxdwlrqv lq txdqwlwlhv1 Krzhyhu/ wkhvh prghov

kdyh ehhq qrwrulrxvo| xqvxffhvvixo lq dffrxqwlqj iru wkh ehkdylru ri dvvhw sulfhv14 Wzr idloxuhv

lq sduwlfxodu kdyh dwwudfwhg pxfk dwwhqwlrq= wkh htxlw| suhplxp sx}}oh/ wkh idfw wkdw uhwxuqv

rq wkh vwrfn pdunhw h{fhhg wkh uhwxuq rq Wuhdvxu| eloov e| dq dyhudjh ri vl{ shufhqwdjh srlqwv>

dqg wkh ulvn0iuhh udwh sx}}oh/ wkh idfw wkdw wkh uhwxuq rq Wuhdvxu| eloov lv orz rq dyhudjh1 Iru

wkh prvw sduw/ wkh uhvsrqvh ri exvlqhvv f|foh uhvhdufkhuv kdv ehhq wr ljqruh wkh dvvhw sulflqj

lpsolfdwlrqv ri wkhlu prghov1

Wklv lv xqiruwxqdwh1 Dv hpskdvl}hg e| Frfkudqh dqg Kdqvhq +4<<5,/ exvlqhvv f|foh prg0

hov dvvxph wkdw krxvhkrogv htxdwh lqwhuwhpsrudo pdujlqdo udwhv ri vxevwlwxwlrq lq xwlolw| zlwk

lqwhuwhpsrudo pdujlqdo udwhv ri wudqvirupdwlrq1 Xqghu wkh frpsohwh pdunhwv k|srwkhvlv/ dvvhw

uhwxuqv r�hu d gluhfw phdvxuh rq wkhvh pdujlqv/ dqg vr vkrxog surylgh dq h{fhoohqw jxlgh wr wkh

ixuwkhu ghyhorsphqw ri exvlqhvv f|foh prghov1

Wklv lv wkh shuvshfwlyh dgrswhg khuh15 Zh wdnh wkh vwdqgdug uhdo exvlqhvv f|foh +UEF, prgho

dv rxu vwduwlqj srlqw/ dqg prgli| lw e| uhsodflqj wkh srzhu vshfl�fdwlrq ri xwlolw| zlwk wkh kdelw

shuvlvwhqfh vshfl�fdwlrq sursrvhg e| Frqvwdqwlqlghv +4<<3, dqg Vxqgduhvdq +4<;<,16 Wkhuh duh

wzr uhdvrqv zk| zh gr wklv1 Iluvw/ dv ghprqvwudwhg e| Frqvwdqwlqlghv/ kdelw shuvlvwhqfh kdv wkh

srwhqwldo wr dffrxqw iru erwk ri wkh dvvhw uhwxuq sx}}ohv/ zkloh lpso|lqj rqo| d prghvw ghjuhh

ri ulvn dyhuvlrq rq wkh sduw ri krxvhkrogv1 Dowhuqdwlyhv +iru h{dpsoh/ Deho*v 4<<3 �fdwfklqj xs

zlwk wkh Mrqhv� vshfl�fdwlrq/ srzhu xwlolw|/ dqg qrqh{shfwhg xwlolw|, lq sudfwlfh uhtxluh kljk0

ulvn dyhuvlrq wr dffrxqw iru wkh dvvhw sulflqj sx}}ohv17 Wkurxjkrxw rxu dqdo|vlv/ zh uhvwulfw wkh

4Hduo| glvfxvvlrqv ri wklv lqfoxgh Kdoo +4<:;,/ Kdqvhq dqg Vlqjohwrq +4<;5/ 4<;6,/ dqg Phkud dqg Suhvfrww
+4<;8,1 Vhh dovr Urxzhqkruvw +4<<8,1

5Rwkhu sdshuv zklfk dgrsw wklv shuvshfwlyh lqfoxgh Gdqwklqh dqg Grqdogvrq +4<<7,/ Ohwwdx dqg Xkolj +4<<8/
4<<:,/ Omxqjtylvw dqg Xkolj +4<<<, dqg Wdoodulql +4<<;,1

6Rwkhu uhvhdufkhuv kdyh lqyhvwljdwhg d gl�huhqw vhw ri shuwxuedwlrqv wr wkh frpsohwh pdunhwv prgho1 Vhh/
iru h{dpsoh/ Qdvrq +4<;;,/ Uhlw} +4<;;,/ Gdylg/ Rk/ Rvwur|/ dqg Vklq +4<<5,/ dqg Wvlrqdv +4<<7,1 Vrph kdyh
iroorzhg wkh vxjjhvwlrq ri Phkud dqg Suhvfrww +4<;8, e| lqyhvwljdwlqj wkh srwhqwldo ri pdunhw lqfrpsohwhqhvv wr
dffrxqw iru wkh htxlw| suhplxp dqg ulvn0iuhh udwh1 Vhh/ h1j1/ Dl|djdul dqg Jhuwohu +4<<4,/ Gdqwklqh/ Grqdogvrq/
dqg Phkud +4<<5,/ Khdwrq dqg Oxfdv +4<<5/ 4<<9,/ Pdqnlz +4<;9,/ dqg Zhlo +4<<5,1

7Wkh dqdo|vhv zh kdyh lq plqg khuh duh edvhg rq sxuh h{fkdqjh hfrqrplhv lq zklfk wkh htxloleulxp frqvxps0
wlrq surfhvv lv vshfl�hg h{rjhqrxvo|1 Wkh �fdwfklqj0xs0zlwk0wkh0Mrqhv� dqg qrqh{shfwhg xwlolw| vshfl�fdwlrqv
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sdudphwhul}dwlrq ri kdelw shuvlvwhqfh vr wkdw wkh frh!flhqw ri uhodwlyh ulvn dyhuvlrq iru zhdowk

jdpeohv dyhudjhv urxjko| xqlw|18 Rxu vhfrqg uhdvrq iru vwxg|lqj kdelw shuvlvwhqfh suhihuhqfhv

lv wkdw/ dffruglqj wr vhyhudo hfrqrphwulf dqdo|vhv/ wklv irup ri suhihuhqfhv vkrzv surplvh lq

uhfrqflolqj XV gdwd rq frqvxpswlrq dqg dvvhw uhwxuqv +vhh Ihuvrq dqg Frqvwdqwlqlghv 4<<4/

Exuqvlgh 4<<7/ Gdqlho dqg Pduvkdoo 4<<;/ dqg Khdwrq 4<<8,1

Zh ehjlq e| grfxphqwlqj wkdw lqwurgxflqj kdelw shuvlvwhqfh suhihuhqfhv lqwr wkh vwdqgdug

UEF prgho kdv qr lpsdfw rq wkh htxlw| suhplxp1 Diwhu gldjqrvlqj wkh uhdvrqv iru wklv/ zh

dgguhvv wkh iroorzlqj txhvwlrqv=

� Zkdw prgl�fdwlrqv wr whfkqrorj| doorz wklv prgho wr dffrxqw iru wkh phdq ulvn0iuhh udwh

dqg htxlw| suhplxpB

� Zkdw duh wkh exvlqhvv f|foh lpsolfdwlrqv ri wkh uhvxowlqj prghovB

Zlwk uhjdug wr wkh �uvw txhvwlrq/ zh �qg wkdw/ lq dgglwlrq wr kdelw shuvlvwhqfh/ ihdwxuhv ri

whfkqrorj| zklfk uhgxfh krxvhkrogv* delolw| wr vprrwk frqvxpswlrq lq wkh idfh ri vkrfnv duh

lpsruwdqw wr dffrxqw iru nh| surshuwlhv ri dvvhw uhwxuqv1 Wkuhh prghov duh lghqwl�hg zklfk

lqfrusrudwh vxfk ihdwxuhv/ dqg zklfk duh frqvlvwhqw zlwk wkh phdq ulvn iuhh udwh/ phdq htxlw|

suhplxp dqg Vkdush udwlr rq htxlw|1 Ri wkh wkuhh prghov/ wzr duh rqh0vhfwru prghov dqg rqh

lv d wzr0vhfwru prgho1 Zh uhihu wr wklv odwwhu prgho dv rxu suhihuuhg wzr0vhfwru prgho1

Zh dgguhvv wkh vhfrqg txhvwlrq zlwk wkhvh wkuhh prghov1 Rxu suhihuuhg wzr0vhfwru prgho/ dv

lwv qdph vxjjhvwv/ wxuqv rxw wr eh wkh rqh zkrvh exvlqhvv f|foh lpsolfdwlrqv duh wkh ehvw ri wkh

wkuhh1 Zlwk uhvshfw wr wkh frqyhqwlrqdo phdvxuhv ri exvlqhvv f|foh yrodwlolw| dqg frpryhphqw

zlwk rxwsxw/ wkh suhihuuhg wzr0vhfwru prgho grhv urxjko| dv zhoo dv wkh vwdqgdug UEF prgho1

Rq irxu rwkhu glphqvlrqv/ krzhyhu/ rxu prgho vxevwdqwldoo| rxwshuirupv wkh vwdqgdug prgho1

vwxglhg e| Fdpsehoo dqg Frfkudqh +4<<;, dqg Zhlo +4<;</ 4<<5, xvh ulvn dyhuvlrq lq h{fhvv ri 73/ zkloh Deho
+4<<<, xvhv ulvn dyhuvlrq lq h{fhvv ri 431 Ulvn dyhuvlrq lq h{fhvv ri 63 lv uhtxluhg lq wkh Phkud dqg Suhvfrww
+4<;8, prgho wr vlpxowdqhrxvo| gulyh wkh ulvn0iuhh udwh ehorz lwv hpslulfdo ydoxh dqg wkh htxlw| suhplxp deryh
lwv hpslulfdo ydoxh +vhh Erogulq/ Fkulvwldqr dqg Ilvkhu 4<<:1, Iru uhfhqw hylghqfh zklfk vxjjhvwv wkdw ohyhov
ri ulvn dyhuvlrq wklv kljk duh hpslulfdoo| lpsodxvleoh/ vhh Eduvn|/ Mxvwhu/ Nlpedoo/ dqg Vkdslur +4<<:,1 Wkhuh
gr dowhuqdwlyh h{lvw vwudwhjlhv iru dgguhvvlqj dvvhw uhwxuq sx}}ohv wkdw gr qrw uho| rq kljk ulvn dyhuvlrq1 Wkhvh
zrun lq hqylurqphqwv lq zklfk wkh glvwulexwlrq ri wkh htxloleulxp frqvxpswlrq surfhvv lv qrqvwdqgdug1 Vhh/ iru
h{dpsoh/ Ndqgho dqg Vwdpedxjk +4<<4,/ Uhlw} +4<;;,/ dqg Wvlrqdv +4<<7,1 Zh gr qrw frqvlghu wkhvh vwudwhjlhv1

8Iru d uhfhqw glvfxvvlrq ri wkh ulvn dyhuvlrq surshuwlhv ri kdelw shuvlvwhqfh suhihuhqfhv/ vhh Erogulq/ Fkulvwldqr
dqg Ilvkhu +4<<:,1
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Iluvw/ wkh iulfwlrqv lq rxu prgho hqkdqfh lwv lqwhuqdo sursdjdwlrq ri vkrfnv/ lpsurylqj lwv delolw|

wr dffrxqw iru wkh revhuyhg shuvlvwhqfh lq rxwsxw jurzwk1 Devhqfh ri lqwhuqdo sursdjdwlrq lv d

zhoo0nqrzq zhdnqhvv ri vwdqgdug UEFprghov +vhh Fkulvwldqr 4<;; dqg Frjoh| dqg Qdvrq 4<<81,

Vhfrqg/ wkh prgho dffrxqwv iru wkh revhuydwlrq wkdw hpsor|phqw dfurvv gl�huhqw vhfwruv pryhv

xs dqg grzq wrjhwkhu ryhu wkh f|foh1 Wklv lv d ixqgdphqwdo surshuw| ri exvlqhvv f|fohv wkdw

kdv suryhg vxusulvlqjo| gl!fxow wr prgho19 Wklug/ rxu prgho dffrxqwv iru wkh h{fhvv vhqvlwlylw|

sx}}oh= lqvwuxphqwdo yduldeoh uhjuhvvlrqv lqglfdwh wkdw frqvxpswlrq jurzwk lv vwurqjo| uhodwhg

wr lqfrph/ zkloh ehlqj uhodwlyho| zhdno| uhodwhg wr lqwhuhvw udwhv +Kdoo 4<;;/ dqg Fdpsehoo dqg

Pdqnlz 4<;</ 4<<4,1 Zkloh wklv sx}}oh lv dq hpeduudvvphqw iru wkh vwdqgdug UEF prgho/ lw lv

qrw d sureohp iru rxuv1 Irxuwk/ wkh prgho dffrxqwv iru wkh lqyhuwhg ohdglqj lqglfdwru surshuw| ri

lqwhuhvw udwhv= kljk lqwhuhvw udwhv duh qhjdwlyho| fruuhodwhg zlwk ixwxuh rxwsxw1 Wklv revhuydwlrq

lv riwhq wkrxjkw wr uh hfw wkh rshudwlrq ri prqhwdu| srolf| vkrfnv1: Wkh idfw wkdw rxu prgho/

zklfk rqo| kdv d whfkqrorj| vkrfn/ fdq dffrxqw iru lw wrr vxjjhvwv wkdw wkh uroh ri prqhwdu|

srolf| vkrfnv lq wkh g|qdplfv ri wkh gdwd pd| eh vpdoohu wkdq suhylrxvo| wkrxjkw1

Wkh sodq ri wkh sdshu lv dv iroorzv1 Vhfwlrqv 5 dqg 6 h{soruh wkh prgl�fdwlrqv qhhghg iru wkh

rqh0vhfwru dqg wzr0vhfwru prghov/ uhvshfwlyho|/ wr dffrxqw iru wkh nh| dvvhw uhwxuq surshuwlhv1

Wkhvh vhfwlrqv dovr h{dplqh wkh prghov* lpsolfdwlrqv iru vwdqgdug exvlqhvv f|foh vwdwlvwlfv dqg

phdvxuhv ri shuvlvwhqfh1 Ehfdxvh zh hqg xs dqdo|}lqj d ydulhw| ri prgho vshfl�fdwlrqv/ zh

kdyh froohfwhg doo ri wkhp wrjhwkhu lq Wdeoh 4 iru frqyhqlhqw uhihuhqfh1 Vhfwlrq 7 h{dplqhv wkh

lpsolfdwlrqv ri rxu prghov iru hpsor|phqw frpryhphqw/ wkh h{fhvv vhqvlwlylw| sx}}oh dqg wkh

lqyhuvh ohdglqj lqglfdwru skhqrphqrq1 Vhfwlrq 8 frqfoxghv1

9Iru d glvfxvvlrq ri wkh hpslulfdo hylghqfh rq frpryhphqw dqg d vxuyh| ri wkh uhohydqw olwhudwxuh/ vhh Fkulv0
wldqr dqg Ilw}jhudog +4<<;,1

:Wklv lqwhusuhwdwlrq lv sxuvxhg irupdoo| lq Fkdul/ Fkulvwldqr dqg Hlfkhqedxp +4<<8,1 Fkulvwldqr +4<<9, vxj0
jhvwv wkdw wkh lqyhuwhg ohdglqj lqglfdwru skhqrphqrq sod|v dq lpsruwdqw uroh lq yhfwru dxwruhjuhvvlrq dqdo|vhv/
zklfk lq h�hfw lqwhusuhw lw dv uh hfwlqj wkh g|qdplf h�hfwv ri vkrfnv hpdqdwlqj iurp wkh prqhwdu| dxwkrulw|1
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51 Rqh0Vhfwru Prghov

Wklv vhfwlrq h{soruhv wkh lpsolfdwlrqv iru dvvhw uhwxuqv ri vhyhudo yhuvlrqv ri d rqh0vhfwru prgho1;

Zh ehjlq e| irfxvvlqj rq rqh0vhfwru prghov iru wkuhh uhdvrqv1 Iluvw/ wkh vwdqgdug UEF prgho

lv d rqh0vhfwru prgho/ dqg lw uhsuhvhqwv dq lpsruwdqw ehqfkpdun iru dqdo|vlv1 Vhfrqg/ d uhfhqw

vwxg| e| Mhupdqq +4<<;, dgrswv d rqh0vhfwru irupxodwlrq/ dqg uhsruwv d phdvxuh ri vxffhvv

lq dffrxqwlqj iru dvvhw uhwxuqv1 Dowkrxjk Mhupdqq irfxvhv ohvv rq exvlqhvv f|fohv wkdq zh gr

0 kh dvvxphv krxuv zrunhg duh �{hg 0 klv dqdo|vlv qhyhuwkhohvv vxjjhvwv wkdw wkh rqh0vhfwru

iudphzrun pd| eh d surplvlqj vwduwlqj srlqw1 Wklug/ dowkrxjk zh xowlpdwho| frqfoxgh wkdw wkh

rqh0vhfwru iudphzrun lv qrw wkh ehvw rqh iru xqghuvwdqglqj dvvhw uhwxuqv dqg exvlqhvv f|fohv

vlpxowdqhrxvo|/ wkh vkruwfrplqjv ri wklv iudphzrun surylgh lpsruwdqw ohvvrqv wkdw prwlydwh wkh

pruh vxffhvvixo wzr0vhfwru dqdo|vlv uhsruwhg lq wkh qh{w vhfwlrq1

Zh ehjlq e| dqdo|}lqj d vwdqgdug UEF prgho1 Wklv grhv qrw jhqhudwh dq htxlw| suhplxp/

hyhq zlwk kdelw shuvlvwhqfh lq suhihuhqfhv1 Wkh uhdvrq lv wkdw wkh dvvxphg  h{lelolw| ri krxuv

zrunhg dqg olqhdulw| lq wkh fdslwdo dffxpxodwlrq whfkqrorj| r�hu wrr pdq| rssruwxqlwlhv wr

vprrwk frqvxpswlrq1< Wklv prwlydwhv wkh prgl�fdwlrqv wr wkh vwdqgdug UEF prgho wkdw duh

h{soruhg lq wkh vhfrqg vxevhfwlrq1 Wkhuh/ zh olplw wkh  h{lelolw| ri krxuv zrunhg zlwk wkh

dvvxpswlrq wkdw oderu lq d sduwlfxodu shulrg pxvw eh ghwhuplqhg sulru wr wkdw shulrg*v uhdol}dwlrq

ri wkh whfkqrorj| vkrfn1 Wklv fdq eh lqwhusuhwhg dv uh hfwlqj wkdw yduldwlrqv lq krxuv zrunhg

uhtxluh dgydqfhg sodqqlqj/ ru lqyroyh rwkhu idfwruv wkdw pdnh lw frvwo| wr dgmxvw oderu txlfno|143

Zh fdoo wklv wkh uhvwulfwhg oderu dvvxpswlrq1 Wkh fdvh zkhuh oderu lv shuplwwhg wr uhvsrqg wr

wkh fxuuhqw shulrg whfkqrorj| vkrfn lv uhihuuhg wr dv wkh xquhvwulfwhg oderu dvvxpswlrq1

Zh h{soruh wzr phfkdqlvpv wkdw olplw wkh delolw| ri krxvhkrogv wr vprrwk wkh frqvxpswlrq

uhvsrqvh wr vkrfnv xvlqj yduldwlrqv lq wkh udwh ri fdslwdo dffxpxodwlrq1 Hdfk prgl�hv wkh

;Rxu gh�qlwlrq ri d rqh0vhfwru prgho lv frqyhqwlrqdo= wkh prgho*v htxloleulxp doorfdwlrqv fdq eh h{suhvvhg dv
d ixqfwlrq ri wkh hfrqrp|0zlgh djjuhjdwh vwrfn ri fdslwdo dqg djjuhjdwh rxwsxw fdq eh h{suhvvhg dv d ixqfwlrq
ri djjuhjdwh fdslwdo dqg djjuhjdwh krxuv zrunhg1

<Iru rwkhu glvfxvvlrqv ri wkh dvvhw sulflqj lpsolfdwlrqv ri  h{lelolw| lq krxuv zrunhg/ vhh Erogulq/ Fkulvwldqr
dqg Ilvkhu +4<<8, dqg Ohwwdx dqg Xkolj +4<<8/ 4<<:,1 Wkhvh dxwkruv dqg Mhupdqq +4<<;, dovr glvfxvv wkh
lpsolfdwlrqv ri dffhvv wr d  h{leoh fdslwdo dffxpxodwlrq whfkqrorj|1

43H{dpsohv lqfoxgh wkh frqvlghudwlrqv fdswxuhg e| wkh oderu krduglqj dvvxpswlrq lq Exuqvlgh/ Hlfkhqedxp
dqg Uhehor +4<<6, ru wkh ydulrxv idfwruv hpskdvl}hg lq wkh oderu vhdufk olwhudwxuh1
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vwdqgdug UEF prgho*v dvvxpswlrq wkdw wkh gdwh | wudghr� ehwzhhq qhz fdslwdo/ g|n�c dqg

frqvxpswlrq jrrgv/ �|c lv olqhdu1 Lq h�hfw/ wkdw prgho dvvxphv wkdw wkh gdwh | vxsso| ri g|n�

lv lq�qlwho| hodvwlf dw wkh sulfh ri rqh frqvxpswlrq jrrg shu xqlw ri fdslwdo1 Hdfk ri wkh wzr

phfkdqlvpv wkdw zh vwxg| kdyh wkh h�hfw ri uhgxflqj wkh hodvwlflw| ri fdslwdo vxsso|144 Wkh

prvw vwudljkwiruzdug ri wkhvh lv v|pphwulf zlwk wkh uhvwulfwhg oderu dvvxpswlrq/ dqg vshfl�hv

wkdw wkh lqyhvwphqw ghflvlrq pxvw eh ghwhuplqhg sulru wr wkh uhdol}dwlrq ri wkh fxuuhqw shulrg

whfkqrorj| vkrfn1 Lq wklv zd|/ wkh txdqwlw| ri qhz fdslwdo lv shuihfwo| lqhodvwlf lq wkh lpphgldwh

diwhupdwk ri d vkrfn1 Dv zlwk wkh uhvwulfwhg oderu dvvxpswlrq/ zh lqwhusuhw wklv dv fdswxulqj

wkh dgydqfhg sodqqlqj wkdw jrhv lqwr qhz fdslwdo frqvwuxfwlrq surmhfwv/ dqg zh uhihu wr wklv dv

wkh wlph0wr0sodq dvvxpswlrq145 Wkh rwkhu phfkdqlvp lv wkh rqh sxuvxhg lq Mhupdqq +4<<;,1

Wklv srvlwv wkdw wkhuh lv fxuydwxuh lq wkh wudghr� ehwzhhq �| dqg g|n�� Zh uhihu wr wklv dv wkh

dgmxvwphqw frvw dvvxpswlrq1

Zh vkrz wkdw hlwkhu ri wkhvh phfkdqlvpv/ dv orqj dv wkh| duh frxsohg zlwk wkh uhvwulfwhg

oderu dvvxpswlrq/ fdq dffrxqw iru wkh phdq ulvn iuhh udwh/ phdq htxlw| suhplxp dqg Vkdush

udwlr1 Ehfdxvh wkhvh vshfl�fdwlrqv uhfhlyh vshfldo hpskdvlv lq rxu dqdo|vlv/ zh uhihu wr wkhp e|

deeuhyldwhg qdphv1 Wkh wlph0wr0sodq prgho uhihuv wr wkh rqh0vhfwru prgho lqfrusrudwlqj wkh

wlph0wr0sodq dqg uhvwulfwhg oderu dvvxpswlrqv1 Wkh dgmxvwphqw frvw prgho lv gh�qhg dqdorjrxvo|1

Dowkrxjk wkhvh wzr prghov kdyh vlplodu dvvhw sulflqj lpsolfdwlrqv/ wkhlu lpsolfdwlrqv iru exvlqhvv

f|fohv duh gl�huhqw1 Wkh exvlqhvv f|foh lpsolfdwlrqv ri wkh wlph0wr0sodq prgho duh prghvwo|

zruvh wkdq wkrvh ri wkh vwdqgdug UEF prgho/ zkloh wkrvh ri wkh dgmxvwphqw frvw prgho duh

vxevwdqwldoo| vr1 Wkh ohvvrqv zh lqihu iurp wkhvh �qglqjv duh vxppdul}hg dw wkh hqg ri wklv

vhfwlrq1

44Wkh qrwlrq wkdw fdslwdo vxsso| lv lqhodvwlf/ dw ohdvw lq wkh vkruw uxq/ uhfhlyhv hpslulfdo vxssruw iurp Jrrovehh
+4<<;,1

45Wkh wlph0wr0sodq dvvxpswlrq iru lqvwdoolqj qhz fdslwdo dffrugv zhoo zlwk hpslulfdo hylghqfh rq lqyhvwphqw
surmhfwv/ dffruglqj wr Fkulvwldqr dqg Wrgg +4<<:,1 Lq dgglwlrq/ wkh dvvxpswlrq kdv suryhg xvhixo lq dffrxqwlqj
iru ydulrxv ihdwxuhv ri wkh gdwd/ lqfoxglqj wkh shuvlvwhqfh ri djjuhjdwh rxwsxw +vhh Fkulvwldqr dqg Yljixvvrq 4<<<
dqg Jhuwohu dqg Jlofkulvw 4<<<,1

8



5141 D Vwdqgdug Uhdo Exvlqhvv F|foh Prgho

514141 Wkh Prgho

Zh dqdo|}h d yhuvlrq ri wkh Kdqvhq +4<;8, dqg Urjhuvrq +4<;;, prgho vwxglhg lq Fkulvwldqr

dqg Hlfkhqedxp +4<<5,/ lq zklfk wkh wlph shulrg lv wkuhh prqwkv1 Wkh suhihuhqfhv ri wkh

uhsuhvhqwdwlyh djhqw duh dv iroorzv=

.f

"[
|'f

q| d*L}E�| � K�|3���M|o c f 	 q 	 �c K � fc +4,

zkhuh f � M| ghqrwhv wlph | oderu dqg .f lv wkh frqglwlrqdo h{shfwdwlrq rshudwru146 Zkhq K : f

krxvhkrog suhihuhqfhv duh fkdudfwhul}hg e| kdelw shuvlvwhqfh147 Zkhq K ' fc wkhvh suhihuhqfhv

fruuhvsrqg wr wkrvh lq d vwdqgdug UEF prgho148

Wkh whfkqrorj| lv vshfl�hg dv iroorzv1 Jlyhq d ehjlqqlqj ri shulrg | vwrfn ri fdslwdo/ g|c

vwdwh ri whfkqrorj|/ ~|c dqg d txdqwlw| ri oderu/ M|c rxwsxw/ t|c lv ghwhuplqhg dffruglqj wr=

t| ' gk
| E~|M|�

�3kc f 	 k 	 �� +5,

Wkh vwdwh ri whfkqrorj| hyroyhv dffruglqj wr=

~| ' i TE%|�~|3�c %| � �E%c j2�c ;| � fc ~3� jlyhq1 +6,

46Lq wklv sdshu zh zrun zlwk zkdw Kdqvhq +4<;8, fdoov wkh clqglylvleoh oderu* prgho1 Wkh uhvxowv duh prghudwho|
vhqvlwlyh wr zkhwkhu zh zrun zlwk wklv ru zlwk wkh cglylvleoh oderu prgho*1 Lq wklv irupxodwlrq wkh xwlolw| ixqfwlrq/
+4,/ lv uhsodfhg e| wkh h{shfwhg suhvhqw glvfrxqwhg ydoxh ri orj+Fw � eFw�4, . � orj+4 �Kw,> zlwk � fkrvhq wr
hqvxuh wkdw krxuv zrunhg dorqj d vwhdg| vwdwh jurzwk sdwk lv 3=63= Zh lqglfdwh zklfk uhvxowv duh vhqvlwlyh wr wkh
vshfl�fdwlrq ri xwlolw| lq irrwqrwhv ehorz1

47Wkh whup/ eFw�4> lv vrphwlphv uhihuuhg wr dv wkh krxvhkrog*v kdelw vwrfn1 Zh kdyh h{soruhg pruh jhqhudo
vshfl�fdwlrqv lq zklfk wkh kdelw vwrfn lv dovr d ixqfwlrq ri frqvxpswlrq lq hduolhu shulrgv/ dqg kdyh irxqg wkdw
wklv kdv olwwoh lpsdfw rq dvvhw sulfhv1 Dovr/ Fkulvwldqr dqg Ilvkhu +4<<;, h{sodlq zk| d prgho*v exvlqhvv f|foh
lpsolfdwlrqv duh lpsuryhg e| dgrswlqj wkh vlpsohu irupxodwlrq lq +4,1 Wkhvh duh wkh uhdvrqv zk| zh dgrsw lw
khuh1

48Rxu +vwdqgdug, vshfl�fdwlrq ri wkh kdelw shuvlvwhqfh xwlolw| ixqfwlrq kdv wkh glvwlqfwlyh ihdwxuh wkdw wkh
suhvhqw glvfrxqwhg ydoxh ri wkh xwlolw| ri d frqvxpswlrq vhtxhqfh lv qrqprqrwrqh lq wkh frqvxpswlrq ri dq|
sduwlfxodu shulrg1 Wklv uh hfwv wkh idfw wkdw/ dowkrxjk wkh shulrg xwlolw| ixqfwlrq lv lqfuhdvlqj lq fxuuhqw frq0
vxpswlrq/ qh{w shulrg*v xwlolw| lv ghfuhdvlqj lq fxuuhqw frqvxpswlrq1 Wklv odwwhu h�hfw grplqdwhv dw kljk ydoxhv
ri frqvxpswlrq1 Lq wkh vlpxodwlrqv frpsxwhg iru wklv sdshu/ frqvxpswlrq lv dozd|v lq wkh uhjlrq ri srvlwlyh
pdujlqdo xwlolw|1

9



Wkh uhvrxufh frqvwudlqw lv=

�| n U| � t|c +7,

zkhuh U| ghqrwhv lqyhvwphqw1 Ilqdoo|/ wkh whfkqrorj| iru dffxpxodwlqj fdslwdo lv=

g|n� ' E�� B�g| n U|c f � B � �� +8,

Khuh/ dqg wkurxjkrxw wkh dqdo|vlv/ zh h{sorlw wkh vhfrqg zhoiduh wkhruhp dqg �qg wkh

htxloleulxp doorfdwlrqv e| vroylqj wkh uhohydqw sodqqlqj sureohp= pd{lpl}h +4, vxemhfw wr +5,0

+8, dqg �3�/ gf jlyhq1 Lq wklv/ dqg doo rwkhu prghov frqvlghuhg lq wkh sdshu/ zh dssur{lpdwh

wkh txdqwlwlhv wkdw vroyh wkh sodqqlqj sureohp xvlqj qrq0olqhdu ixqfwlrqv ri wkh vwdwh frpsxwhg

xvlqj wkh phwkrgv ghvfulehg lq Mxgg +4<<;, dqg Fkulvwldqr dqg Ilvkhu +4<<<,1

Lw lv zhoo xqghuvwrrg krz wr ghfhqwudol}h wkh doorfdwlrqv wkdw vroyh wkh sodqqhu*v sureohp e|

phdqv ri frpshwlwlyh pdunhwv/ dqg vr zh gr qrw glvfxvv wkh ghwdlov khuh149 Sulfhv dqg udwhv ri

uhwxuq duh ghulyhg iurp wkh vroxwlrq wr wkh sodqqlqj sureohp dv iroorzv1 Wkh udwh ri uhwxuq rq

d ulvn0iuhh dvvhw lv

os| '
\Sc|

q.|\Sc|n�
� �c +9,

zkhuh \Sc| lv wkh Odjudqjh pxowlsolhu rq wkh uhvrxufh frqvwudlqw/ +7,/ lq wkh sodqqhu*v sureohp1

Wklv pxowlsolhu lv wkh ghulydwlyh ri h{shfwhg suhvhqw glvfrxqwhg xwlolw| zlwk uhvshfw wr �|� Wkh

udwh ri uhwxuq rq htxlw| lv

oe|n� '
k
�
~|n�M|n�

g|n�

��3k
n �&c|n�

�&�c|
� �� +:,

Khuh/ �&�c| ghqrwhv wkh frqvxpswlrq jrrg ydoxh ri d qhzo| lqvwdoohg xqlw ri fdslwdo/ wr eh xvhg lq

surgxfwlrq dw wkh ehjlqqlqj ri shulrg |n�� Dovr/ �&c|n� lv wkh ydoxh ri wkdw vdph xqlw ri fdslwdo

dw wkh hqg ri shulrg | n �� Zh uhihu wr �&�c| dv wkh gdwh | sulfh ri htxlw| dqg wr wkh h{suhvvlrq/

�&c|n�*�&�c|c dv wkh fdslwdo jdlq14: Wkh wlph vxevfulsw frqyhqwlrq xvhg lq os| dqg oe|n� lghqwl�hv

49Iru d ghfhqwudol}dwlrq zlwk rqh shulrg0olyhg �upv/ vhh Erogulq/ Fkulvwldqr dqg Ilvkhu +4<<8,1 Iru dq dowhu0
qdwlyh ghfhqwudol}dwlrq edvhg rq lq�qlwh0olyhg �upv/ vhh Mhupdqq +4<<;,1

4:Iru dq h{whqghg glvfxvvlrq ri +:, lq dq h{solflw pdunhw vhwwlqj/ vhh Erogulq/ Fkulvwldqr dqg Ilvkhu +4<<:,

:



wkh gdwh rq zklfk wkh uhohydqw sd|r� ehfrphv nqrzq1 Lq erwk fdvhv/ wkh gdwh ri wkh sd|r� lv

shulrg | n �� Wkh phdq htxlw| suhplxp lv .
�
oe|n� � os|

�
�

Rxu vshfl�fdwlrq ri wkh uhvrxufh frqvwudlqw/ +7,/ dqg wkh fdslwdo dffxpxodwlrq htxdwlrq/ +8,/

lpso| �&�c| ' �c �&c|n� ' �� B� Hylghqwo|/ lq wklv prgho wkhuh lv qr yduldwlrq lq wkh fdslwdo jdlq

frpsrqhqw ri wkh uhwxuq wr htxlw|14;

514151 Sdudphwhul}lqj wkh Prgho

Zh xvhg wkh iroorzlqj qrq0kdelw sdudphwhu ydoxhv= q ' f�bbbbb/ k ' f��S/ B ' f�f2�/ % '

f�ffef dqg j ' f�f�H1 Wkh lqglfdwhg ydoxh iru wkh glvfrxqw idfwru zdv fkrvhq wr pd{lpl}h wkh

prgho*v delolw| wr dffrxqw iru wkh ulvn iuhh udwh1 Iru wkh hpslulfdo udwlrqdoh xqghuo|lqj wkh rwkhu

sdudphwhu ydoxhv/ vhh Fkulvwldqr dqg Hlfkhqedxp +4<<5,1

Rxu phwkrg iru fkrrvlqj d ydoxh iru K rswlpl}hv wkh prgho*v delolw| wr dffrxqw iru wkh phdq

htxlw| suhplxp dqg wkh phdq ulvn iuhh udwh1 Wkh phwulf zh xvhg iru wklv lv OEK�c zkhuh

OEK� ' d	DA � sEK�o 	T 3�

A d	DA � sEK�o� � +;,

Khuh/ 	DA lv wkh 2� � yhfwru frpsrvhg ri wkh vdpsoh dyhudjh ri wkh dqqxdo revhuydwlrqv rq wkh

ulvn0iuhh udwh dqg wkh htxlw| suhplxp uhsruwhg lq Fhffkhwwl/ Odp/ dqg Pdun +4<<6, +FOP,1

Wkh 2 � 2 pdwul{ 	TA lv FOP*v hvwlpdwh ri wkh xqghuo|lqj vdpsolqj yduldqfh1 Ilqdoo|/ sEK� lv

wkh prgho*v lpsolhg dyhudjh dqqxdo ulvn0iuhh udwh dqg htxlw| suhplxp/ frqglwlrqdo rq K dqg wkh

rwkhu sdudphwhu ydoxhv14< Zh frqvlghuhg K 5 dfc f�bo vxemhfw wr wkh uhtxluhphqw wkdw �| � K�|3�

dqg \Sc| � f duh qhyhu revhuyhg lq wkh Prqwh Fduor vlpxodwlrqv xvhg wr hydoxdwh s� Ohw

a ' OE	KA �c +<,

dqg Fkulvwldqr dqg Ilvkhu +4<<;/ whfkqlfdo dsshqgl{,1 H{suhvvlrq +:, dvvxphv wkdw/ lq wkh xqghuo|lqj pdu0
nhw hfrqrp|/ fdslwdo dffxpxodwlrq lv 433 shufhqw htxlw| �qdqfhg1 Lq vhfwlrq 615 ehorz/ zh h{sodlq zk| wklv
frxqwhuidfwxdo dvvxpswlrq grhv qrw glvwruw rxu dqdo|vlv1

4;Dv hpskdvl}hg lq Vdujhqw +4<;3,/ wkhuh zrxog eh yduldwlrq lq wkh fdslwdo jdlqv whup li wkhuh zhuh dq rffd0
vlrqdoo| elqglqj qrq0qhjdwlylw| frqvwudlqw rq jurvv lqyhvwphqw1

4<Dq dqqxdo uhwxuq iru d jlyhq |hdu lv frpsxwhg dv wkh vxp ri wkh udwh ri uhwxuq ryhu hdfk txduwhu lq wkdw |hdu1
Wkh pdsslqj/ i> zdv h{hfxwhg e| frpsxwlqj wkh dyhudjh ri wkh phdq ulvn iuhh udwh dqg phdq htxlw| suhplxp
dfurvv 833 duwl�fldo gdwd vhwv/ hdfk ri ohqjwk 533 txduwhuv1

;



zkhuh 	KA plqlpl}hv OEK��Xqghu wkh qxoo k|srwkhvlv wkdw wkh prgho lv wuxh/ dqg ljqrulqj vdpsolqj
xqfhuwdlqw| lq wkh rwkhu sdudphwhuv/ a kdv d Fkl0vtxduh glvwulexwlrq zlwk � ghjuhh ri iuhhgrp1

Vlqfh a lv lq sudfwlfh hlwkhu yhu| vpdoo ru yhu| odujh/ zh gr qrw uhsruw lwv ydoxh ru lwv R�ydoxh
lq wkh dqdo|vlv ehorz1

514161 Qr Htxlw| Suhplxp lq wkh UEF Prgho/ dqg Zk|

Zh �qg wkdw wkhuh lv qr ydoxh ri K zklfk pdnhv sEK� forvh wr 	DA lq wkh vhqvh ri gulylqj OEK� ehorz
wkh 43 shufhqw fulwlfdo ydoxh ri wkh Fkl0vtxduh glvwulexwlrq zlwk � ghjuhh ri iuhhgrp1 Dowkrxjk

wkh fdoleudwlrq surfhgxuh gulyhv K wr wkh fruqhu/ 	KA ' f�bc K kdv hvvhqwldoo| qr lpsdfw rq O�
Wklv fdq eh vhhq e| frqvlghulqj wkh uhvxowv lq Wdeoh 51 Wkh �uvw froxpq h{klelwv uhvxowv edvhg

rq XV gdwd/ zkloh wkh vhfrqg dqg wklug froxpqv glvsod| wkh prgho*v lpsolfdwlrqv iru K ' f dqg

K ' f�bc uhvshfwlyho|1 Qrwh wkdw erwk wkh dyhudjh htxlw| suhplxp dqg wkh dyhudjh ulvn iuhh udwh

duh edvlfdoo| lqyduldqw wr Kc dqg wkh htxlw| suhplxp uhpdlqv hvvhqwldoo| dw }hur1

Zk| lv wkh htxlw| suhplxp lq wklv hfrqrp| vr orzB Wkh txhvwlrq lv lqwhuhvwlqj lq sduw

ehfdxvh wkh uhvxowv duh vr vwulnlqjo| gl�huhqw iurp wkrvh rewdlqhg iru wkh hqgrzphqw hfrqrp|

lq Erogulq/ Fkulvwldqr dqg Ilvkhu +4<<:, EFI1 Wkh| sdudphwhul}hg wkh xwlolw| ixqfwlrq xvlqj

hvvhqwldoo| wkh vdph phwulf/ +;,/ dqg rewdlqhg d orz ulvn iuhh udwh dqg d vxevwdqwldo htxlw|

suhplxp e| udlvlqj K1

Wr jdlq lqvljkw lqwr zk| wkh htxlw| suhplxp lq wkh surgxfwlrq hfrqrp| lv vr orz/ zh xvh

wkh iroorzlqj h{suhvvlrq=

.
�
oe|n� � os|

�
' 7joec 7 ' �4r� +43,

Khuh/ r ' j6*.6|n�c 6|n� ' q\Sc|n�*\Sc|c dqg .�c j� ghqrwh wkh phdq dqg vwdqgdug ghyldwlrq/

uhvshfwlyho|/ ri �� Dovr/ 4 ghqrwhv wkh fruuhodwlrq ehwzhhq oe|n� � os| dqg 6|n�� Ilqdoo|/ 7c zklfk

fdq eh frpsxwhg iurp .
�
oe|n� � os|

�
*joe c lv wkh Vkdush udwlr iru htxlw|153 H{suhvvlrq +43,

pdqlsxodwhv wkh zhoo nqrzq h!flhqf| frqglwlrq/ .|

�
oe|n� � os|

�
6|n� ' f� Lw lqglfdwhv wkdw wkh

idloxuh ri wkh htxlw| suhplxp wr lqfuhdvh vljql�fdqwo| zlwk K fdq eh xqghuvwrrg lq whupv ri

53Wklv gh�qlwlrq ri wkh Vkdush udwlr dvvrfldwhg zlwk dq| sduwlfxodu dvvhw lv vwdqgdug lq wkh olwhudwxuh +vhh/ h1j1/
Fdpsehoo/ Or dqg PdfNlqoh| 4<<:/ s1 4;;1, D uhodwhg frqfhsw lv wkh odujhvw Vkdush udwlr ryhu doo srvvleoh dvvhwv1
Lq rxu frqwh{w/ wklv lv v/ vlqfh wkh odujhvw srvvleoh ydoxh ri �� lv 4= Iru d uhfhqw glvfxvvlrq ri wkh xvhixoqhvv ri
wklv frqfhsw/ vhh Ohwwdx dqg Xkolj +4<<:,1

<



7 dqg joe 1 Dffruglqj wr wkh hylghqfh lq Wdeoh 5/ erwk wkhvh yduldeohv duh orz dqg uhodwlyho|

lqvhqvlwlyh wr K� Zh qrz glvfxvv prgl�fdwlrqv wr wkh prgho wkdw fdq lqfuhdvh 7 dqg joe1

Wr dssuhfldwh wkh fkdqjhv qhhghg wr lqfuhdvh joe c lw lv khosixo wr xqghuvwdqg zk| wklv yduldeoh

lv vr vpdoo lq wkh surgxfwlrq hfrqrp| zlwk kdelw shuvlvwhqfh1 Wkh uhdvrq lv wkdw wkhuh lv qr

yduldwlrq lq wkh fdslwdo jdlqv frpsrqhqw ri wkh udwh ri uhwxuq rq htxlw|/ +:,1 Wklv lq wxuq uh hfwv

wkdw/ dv qrwhg deryh/ wkh vxsso| ri fdslwdo lv shuihfwo| hodvwlf dw d frqvwdqw sulfh lq wkh prgho1

Dv d uhvxow/ yduldwlrq lq wkh uhwxuq wr htxlw| lv gulyhq hqwluho| e| yduldwlrq lq wkh pdujlqdo

surgxfw ri fdslwdo/ zklfk lv nqrzq wr eh txlwh vpdoo lq vwdqgdug prghov154

Wklv vxjjhvwv wkdw wr lqfuhdvh joe lw lv lpsruwdqw wr lqwurgxfh idfwruv zklfk pdnh wkh vxsso|

ri fdslwdo lqhodvwlf155 Exw/ lqhodvwlf fdslwdo shu vh lv qrw vx!flhqw wr udlvh joe vljql�fdqwo|1 Iru

h{dpsoh/ lq dq hqgrzphqw hfrqrp| wkh surgxfwlyh fdslwdo +d Oxfdv cwuhh*, lv lq �{hg vxsso|/ dqg

vr lw lv frpsohwho| lqhodvwlf1 Phkud dqg Suhvfrww +4<;8, vkrz wkdw/ ghvslwh wklv/ wklv prgho grhv

qrw jhqhudwh d vljql�fdqw htxlw| suhplxp1 EFI vkrz wkdw zkhq kdelw shuvlvwhqfh suhihuhqfhv

duh lqwurgxfhg lqwr wkdw prgho/ wkh ghpdqg iru fdslwdo vkliwv durxqg lq wkh uljkw zd| vr wkdw

joe lv odujh dqg wkhuh lv d vxevwdqwldo htxlw| suhplxp1 Wklv vxjjhvwv wkdw wr udlvh joe rqh qhhgv

qrw mxvw wkdw +l, wkh vxsso| ri fdslwdo lv lqhodvwlf/ exw dovr wkdw +ll, wkh ghpdqg iru fdslwdo ydulhv

dssursuldwho|1

Lqwxlwlrq dsshduv wr eh d ohvv uholdeoh jxlgh uhjduglqj zd|v ri lqfuhdvlqj 7�56 Krzhyhu/ rxu

54Vhh/ iru h{dpsoh/ Fkulvwldqr +4<;:,1
55Dq dowhuqdwlyh vwudwhj| zrxog iroorz Juhhqzrrg/ Khufrzlw} dqg Nuxvhoo +4<<:, lq suhvhuylqj wkh lghd wkdw

fdslwdo vxsso| lv krul}rqwdo/ zkloh vkrfnlqj wkdw fxuyh xs dqg grzq lq d sdudooho zd|1 Krzhyhu/ li wklv zhuh wkh
rqo| vkrfn lq wkh prgho/ wkhq wkh sulfh ri htxlw| zrxog eh frxqwhuf|folfdo dqg zh frqmhfwxuh wkdw wkh htxlw|
suhplxp zrxog eh qhjdwlyh= zlwk wkh sulfh ri htxlw| orz lq d errp dqg kljk lq d uhfhvvlrq htxlw| zrxog eh d
jrrg khgjh djdlqvw ulvn1 Rqh frxog shukdsv ryhufrph wkhvh lpsolfdwlrqv e| lqwurgxflqj dgglwlrqdo vkrfnv1 Zh
dyrlg wklv rswlrq khuh ehfdxvh zh vhhn wr lghqwli| wkh vlpsohvw srvvleoh shuwxuedwlrq rq wkh vwdqgdug UEF prgho
zklfk |lhogv lpsuryhg lpsolfdwlrqv iru dvvhw uhwxuqv1

56Iroorzlqj lv d eulhi h{sodqdwlrq1 Zh irfxv rq v> vlqfh zh �qg wkdw � lv uhodwlyho| xquhvsrqvlyh wr wkh prgho
fkdqjhv vwxglhg lq wklv sdshu1 Iluvw/ frqvlghu dq lqfuhdvh lq e zkhq wkh whfkqrorj| lv dv lw lv lq wkh vwdqgdug
UEF prgho1 Kroglqj wkh frqvxpswlrq doorfdwlrqv �{hg/ zh fdq h{shfw wklv wr surgxfh dq lqfuhdvh lq �p= Dw
wkh vdph wlph/ wkh lqfuhdvh lq e kdv wkh h�hfw ri pdnlqj frqvxpswlrq vprrwkhu lq htxloleulxp/ erwk ehfdxvh
wkh lqfhqwlyh wr gr vr lv hqkdqfhg dqg ehfdxvh lw lv ihdvleoh xqghu wkh UEF whfkqrorj|1 Wklv kdv wkh rssrvlwh
lpsdfw rq �p> gulylqj lw grzq1 Wkxv/ wkh qhw lpsdfw ri e rq �p> khqfh v> lv dpeljxrxv lq wklv fdvh1 Vhfrqg/
vxssrvh wkdw wkhuh lv d whfkqrorj| lq sodfh zklfk pdnhv lw gl!fxow wr vprrwk wkh uhvsrqvh ri frqvxpswlrq wr
vkrfnv1 Lq wklv fdvh/ zh pljkw h{shfw dq lqfuhdvh lq e wr udlvh �p= Krzhyhu/ e| hqkdqflqj wkh suhfdxwlrqdu|
vdylqj prwlyh/ zh fdq dovr h{shfw wkh lqfuhdvh lq e wr ohdg wr d idoo lq wkh ulvn iuhh udwh/ l1h1/ d ulvh lq Hpw.4=
Exw/ zlwk dq lqfuhdvh lq e surgxflqj d ulvh lq erwk wkh qxphudwru dqg ghqrplqdwru ri v> wkh lpsdfw rq v lwvhoi
lv dpeljxrxv1
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frpsxwdwlrqdo h{shulphqwv/ uhsruwhg ehorz/ lqglfdwh wkdw wkh idfwruv wkdw zh xvh wr fdswxuh +l,

dqg +ll, dovr khos lqfuhdvh wkh Vkdush udwlr1

Wkh suhfhglqj frqvlghudwlrqv lqglfdwh wkdw rqh uhdvrq wkh htxlw| suhplxp lq wkh vwdqgdug

UEF prgho lv vr orz lv wkdw lw idlov wr lqfrusrudwh +l,1 Dv lw wxuqv rxw/ dqrwkhu uhdvrq lv wkdw

wkh  h{lelolw| ri krxuv zrunhg xqghuplqhv +ll,1 Wklv kdsshqv ehfdxvh wkh delolw| wr ydu| krxuv

zrunhg uhgxfhv wkh qhhg wr xvh yduldwlrqv lq fdslwdo dffxpxodwlrq wr vprrwk wkh uhvsrqvh ri

frqvxpswlrq wr vkrfnv1 Wkh uhdvrq EFI kdv qr gl!fxow| surgxflqj dq htxlw| suhplxp lv

wkdw wkh hqgrzphqw hfrqrp| wulyldoo| vdwlv�hv +l, dqg lw grhv qrw kdyh  h{leoh krxuv zrunhg wr

xqghuplqh +ll,1

Wkh lqwxlwlrq jxlglqj rxu h�ruw wr lghqwli| prgho ihdwxuhv wkdw lpsuryh wkh lpsolfdwlrqv iru

wkh htxlw| suhplxp irfxvhv rq udlvlqj joe� Ri frxuvh/ d vxffhvv zrxog qrw eh yhu| lqwhuhvwlqj

li lw uhtxluhg jrlqj wr d vshfl�fdwlrq zklfk lpsolhg d frxqwhuidfwxdo ydoxh ri joe� Dv d uhvxow/

zkhq zh hydoxdwh d prgho/ zh dovr wdnh lqwr dffrxqw lwv lpsolfdwlrqv iru wkh Vkdush udwlr/ 71

5151 Prgl�fdwlrqv wr wkh Rqh0Vhfwru Prgho

Wklv vxevhfwlrq h{soruhv ydulrxv prgl�fdwlrqv wr wkh rqh0vhfwru prgho zklfk duh ghvljqhg wr

lpsuryh lwv dvvhw sulflqj lpsolfdwlrqv1 Wkh �uvw vxevhfwlrq h{soruhv wkh wlph0wr0sodq dvvxpswlrq

dqg wkh vhfrqg frqvlghuv wkh dgmxvwphqw frvw dvvxpswlrq1

515141 Wlph0wr0Sodq Dvvxpswlrq

Dv qrwhg deryh/ wkh wlph0wr0sodq dvvxpswlrq uhtxluhv wkdw gdwh | lqyhvwphqw eh fkrvhq ehiruh

wkh gdwh | whfkqrorj| vkrfn lv uhdol}hg1 Wklv qhfhvvlwdwhv wkh iroorzlqj fkdqjh lq wkh irupxodv

iru �&�c| dqg �&c|n�=

�&�c| '
\&�c|

\Sc|
c �&c|n� ' E�� B�

\&�c|n�

\Sc|n�
/

zkhuh \&�c| lv wkh Odjudqjh pxowlsolhu rq +8, lq wkh sodqqhu*v sureohp1 Lq wkh vwdqgdug UEF

prgho/ \&�c| ' \Sc| dozd|v1 Wklv htxdolw| grhv qrw krog xqghu wkh wlph0wr0sodq dvvxpswlrq vlqfh

lw rqo| uhtxluhv .|3�\&�c| ' .|3�\Sc|� Zh frqvlghu wzr yhuvlrqv ri wkh prgho zklfk lqfrusrudwhv

wkh wlph0wr0sodq dvvxpswlrq/ rqh zklfk dovr lpsohphqwv wkh uhvwulfwhg oderu dvvxpswlrq +l1h1/
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wkh wlph0wr0sodq prgho, dqg dqrwkhu zklfk grhv qrw1

Qrwh wkdw wkh sdudphwhuv lq hdfk ri wkhvh prghov frlqflgh zlwk wkh rqhv lq wkh prgho ri wkh

suhylrxv vhfwlrq1 Lq hdfk fdvh/ zh dvvljqhg ydoxhv wr wkhp xvlqj wkh phwkrg lq vhfwlrq 514151

Lqwhuhvwlqjo|/ lq wkh xquhvwulfwhg oderu fdvh/ wkh hvwlpdwhg ydoxh ri K lv dw lwv xsshu erxqg/

zkloh lq wkh uhvwulfwhg oderu fdvh/ lw lv pxfk orzhu/ dw f�SS� Wkh uhdvrq iru wklv gl�huhqfh lv

lqvwuxfwlyh derxw wkh surshuwlhv ri wkh prghov1 Uhfdoo wkh lqwxlwlrq ghvfulehg deryh/ dffruglqj

wr zklfk rewdlqlqj d kljk htxlw| suhplxp uhtxluhv udlvlqj joe e| lqfuhdvlqj wkh yrodwlolw| ri

wkh sulfh ri fdslwdo1 Wkh wlph0wr0sodq dvvxpswlrq rq lqyhvwphqw frqwulexwhv wr wklv e| pdnlqj

fdslwdo vxsso| shuihfwo| lqhodvwlf1 Wkh uhvwulfwhg oderu dvvxpswlrq dqg kdelw shuvlvwhqfh wrjhwkhu

zrun wr surgxfh wkh uljkw f|folfdo yduldwlrq lq wkh ghpdqg iru fdslwdo +frqglwlrq +ll, lq vhfwlrq

51416,1 Zkhq krxuv zrunhg lv shuihfwo|  h{leoh +wkh xquhvwulfwhg oderu fdvh, wkhq wkh exughq

iru surgxflqj wkh uljkw f|folfdo yduldwlrq lq wkh ghpdqg iru fdslwdo idoov pruh khdylo| rq kdelw

shuvlvwhqfh1 Wklv lv zk| lw lv wkdw lq wkh xquhvwulfwhg oderu fdvh K lv kljk/ zkloh lw lv pxfk orzhu

lq wkh uhvwulfwhg oderu fdvh1

Zh qrz wxuq wr wkh �qdqfldo lpsolfdwlrqv ri wkh prghov1 Lq Wdeoh 5 zh vhh wkdw vlpso| dgglqj

wkh wlph0wr0sodq dvvxpswlrq wr wkh UEF prgho zlwk kdelw shuvlvwhqfh jhqhudwhv rqo| d vpdoo

ulvh lq joe dqg lq wkh Vkdush udwlr +vhh wkh froxpq pdunhg cXquhvwulfwhg oderu/ Wlph0wr0sodq*,1

Dv d uhvxow/ wkhuh lv vwloo sudfwlfdoo| qr htxlw| suhplxp1 Krzhyhu/ frqvlvwhqw zlwk wkh lqwxlwlrq

ghyhorshg hduolhu/ zkhq zh dovr lpsrvh wkh dvvxpswlrq wkdw krxuv zrunhg duh ghflghg sulru

wr wkh whfkqrorj| vkrfn +cUhvwulfwhg oderu/ Wlph0wr0sodq*,/ wkh dvvhw sulflqj lpsolfdwlrqv duh

lpsuryhg vxevwdqwldoo|1 Qrz wkh phdq htxlw| suhplxp frlqflghv zlwk lwv hpslulfdo hvwlpdwh/

zkloh wkh phdq ulvn iuhh udwh lv rqo| d ihz edvlv srlqwv wrr kljk1 Qrwdeo|/ wkh Vkdush udwlr

hvvhqwldoo| frlqflghv zlwk lwv hpslulfdo ydoxh1 Doo wklv lv dfklhyhg ghvslwh d uhgxfwlrq lq K wr

K ' f�SS� Wklv prgho/ wkh wlph0wr0sodq prgho/ dovr grhv wrohudeo| zhoo rq wkh fruuhodwlrq ri

htxlw| sulfhv zlwk rxwsxw dqg wkh yrodwlolw| ri htxlw| sulfhv1

Dq lpsruwdqw vkruwfrplqj ri wkh wlph0wr0sodq prgho lv wkdw lw ryhuvwdwhv wkh yrodwlolw| ri

wkh ulvn iuhh udwh vxevwdqwldoo|/ e| d idfwru ri doprvw 81 Wklv lv d vkruwfrplqj ri doo wkh prghov

zh frqvlghu zklfk vxffhhg rq wkh phdq ulvn iuhh udwh/ wkh phdq htxlw| suhplxp dqg wkh Vkdush

udwlr1 Dv d uhvxow/ zh ghod| glvfxvvlrq ri wklv lvvxh xqwlo zh kdyh suhvhqwhg doo ri rxu uhvxowv1
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Jlyhq wkh uhodwlyh vxffhvv ri wkh wlph0wr0sodq prgho rq �qdqfldo pdunhw lpsolfdwlrqv/ lw

lv zruwk lqyhvwljdwlqj lwv exvlqhvv f|foh lpsolfdwlrqv1 Wkhvh duh glvsod|hg lq Wdeoh 61 Zh

hydoxdwh wkh prgho*v shuirupdqfh e| frpsdulqj lw wr wkh shuirupdqfh ri wkh vwdqgdug UEF

prgho +cXquhvwulfwhg oderu/ UEF/ K ' f*,1 Frqvlghu wkh vwdqgdug exvlqhvv f|foh vwdwlvwlfv lq

Sdqho D �uvw1 Dsduw iurp wkh uhodwlyh yrodwlolw| ri frqvxpswlrq dqg lqyhvwphqw/ wkh prgho

grhv dv zhoo ru ehwwhu wkdq wkh vwdqgdug UEF prgho1 D glphqvlrq rq zklfk lw grhv vrphzkdw

ehwwhu/ lv rq wkh uhodwlyh yrodwlolw| ri krxuv zrunhg1 Krzhyhu/ wkh prgho*v shuirupdqfh rq wkh

uhodwlyh yrodwlolw| ri frqvxpswlrq dqg lqyhvwphqw lv srru1 Lw vxevwdqwldoo| ryhuvwdwhv wkh uhodwlyh

yrodwlolw| ri frqvxpswlrq dqg lw xqghuvwdwhv wkh uhodwlyh yrodwlolw| ri lqyhvwphqw1 Zh ylhz wkhvh

dv vljql�fdqw vkruwfrplqjv ri wkh wlph0wr0sodq prgho dqg wkh| ohdg xv wr frqfoxgh wkdw lw grhv

ohvv zhoo rq vwdqgdug exvlqhvv f|foh vwdwlvwlfv wkdq wkh vwdqgdug UEF prgho1

Shuvlvwhqfh lv dovr frqvlghuhg dq lpsruwdqw ihdwxuh ri exvlqhvv f|fohv1 Wkhuhiruh/ zh qrz

frqvlghu wkh lpsolfdwlrqv ri wkh wlph0wr0sodq prgho iru wkh dxwrfruuhodwlrq ri rxwsxw dqg frq0

vxpswlrq jurzwk/ lq Wdeoh 6/ Sdqho E1 Wkh prgho uhsuhvhqwv d vljql�fdqw lpsuryhphqw ryhu wkh

vwdqgdug UEF prgho rq wklv glphqvlrq1 Wkh prgho*v rxwsxw shuvlvwhqfh hyhq ryhuvwdwhv zkdw

zh vhh lq wkh gdwd1 E| frpsdulqj wkh uhvxowv lq wkh cXquhvwulfwhg oderu/ UEF/ K ' f*/ cUhvwulfwhg

oderu/ Wlph0wr0sodq* dqg cXquhvwulfwhg oderu/ Wlph0wr0sodq* froxpqv/ zh vhh wkdw wkh nh| idfwru

xqghuo|lqj wklv shuvlvwhqfh uhvxow lv wkh uhvwulfwhg oderu dvvxpswlrq1 Wklv fdq eh vhhq lq Iljxuh

4 dv zhoo1 Wklv glvsod|v wkh uhvsrqvh lq wkh wlph0wr0sodq prgho ri tc �c Uc dqg M wr d srvlwlyh/

rqh0vwdqgdug ghyldwlrq vkrfn wr whfkqrorj|/ %|c lq shulrg f +wkh uhvsrqvh ri wzr rwkhu prghov lv

glvsod|hg wkhuh wrr/ exw wklv lv glvfxvvhg odwhu1, Wkh vwurqj/ srvlwlyh dxwrfruuhodwlrq lq rxwsxw

lv lq sduw gxh wr wkh ghod| lq wkh uhvsrqvh ri krxuv zrunhg1 Wklv kdv wkh h�hfw ri pdnlqj wkh

shulrg 4 uhvsrqvh ri rxwsxw vxevwdqwldoo| odujhu wkdq wkh shulrg 3 uhvsrqvh1

Wxuqlqj wr wkh dxwrfruuhodwlrq ri frqvxpswlrq jurzwk/ zh vhh wkdw wkh prgho wdnhv d vwhs

lq wkh zurqj gluhfwlrq/ e| frpsdulvrq zlwk wkh vwdqgdug UEF prgho1 Wr vhh zk| wklv kdsshqv/

frqvlghu Iljxuh 4/ zklfk vkrzv krz frqvxpswlrq vxujhv lq wkh shulrg ri wkh vkrfn1 Wklv uhvsrqvh

lv ri frxuvh lqhylwdeoh/ jlyhq wkdw lqyhvwphqw dqg krxuv zrunhg fdqqrw uhvsrqg1 Lq wkh shulrg

diwhu wkh vkrfn/ zkhq wkhvh yduldeohv fdq uhvsrqg/ wkhq frqvxpswlrq gursv vrphzkdw1 Wklv

krrnhg uhvsrqvh ri frqvxpswlrq lv wkh uhdvrq iru lwv qhjdwlyh dxwrfruuhodwlrq1
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Dffruglqj wr wkh dxwrfruuhodwlrqv dorqh/ wkh hylghqfh rq wkh uhodwlyh shuirupdqfh ri wkh wlph0

wr0sodq prgho lv pl{hg1 Iru wklv uhdvrq/ zh frqfoxgh wkdw zkhq erwk wkh vwdqgdug exvlqhvv f|foh

vwdwlvwlfv dqg shuvlvwhqfh duh frqvlghuhg/ wkh wlph0wr0sodq prgho uhsuhvhqwv d prghvw vwhs lq wkh

zurqj gluhfwlrq uhodwlyh wr wkh vwdqgdug UEF prgho1 Ri frxuvh/ lw uhsuhvhqwv d gudpdwlf vwhs

iruzdug iru dvvhw sulflqj1

515151 Dgmxvwphqw Frvw Dvvxpswlrq

Wkh dgmxvwphqw frvw dvvxpswlrq uhsodfhv wkh fdslwdo dffxpxodwlrq whfkqrorj|/ +8,/ zlwk wkh

vshfl�fdwlrq xvhg lq Mhupdqq +4<<;,=

g|n� ' E�� B�g| n �EU|*g|�g|c
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dqg @�c @2 duh fkrvhq vr wkdw wkh edodqfhg jurzwk sdwk lv lqyduldqw wr 1157 Lw lv hdvlo| yhul�hg

wkdw zkhq 1 ' 4c wklv irupxodwlrq uhgxfhv wr +8,1 Sulfhv ri fdslwdo duh qrz jlyhq e|=

�&�c| '
�

��
�
U|
g|

� c �&c|n� '

%
E�� B� n �

#
U|n�
g|n�

$
� ��

#
U|n�
g|n�

$
U|n�
g|n�

&
�&�c|n�1

Wkh sdudphwhu 1 lv wkh hodvwlflw| ri lqyhvwphqw/ U|c zlwk uhvshfw wr Wrelq*v ^�58 Dv lq wkh wlph0

wr0sodq fdvh/ zh frqvlghu wzr prghov wkdw lqfrusrudwh wkh dgmxvwphqw frvw dvvxpswlrq1 Rqh

57Wkh irupxodv duh=
d4 @ +h{s+{,� 4 . �,4@� > d5 @

4

� � 4
+4� � � h{s+{,,

58Wrelq*v t lv wkh udwlr Sn3>w wr wkh sulfh ri lqyhvwphqw jrrgv/ zklfk lv xqlw| khuh1 Lw lv hdvlo| yhul�hg iurp wkh
idfw/ Sn3>w @ 4@!3 +Lw@Nw, > wkdw

C oq Lw
C oq tw

@ �=
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dovr dgrswv wkh uhvwulfwhg oderu dvvxpswlrq +l1h1/ wkh dgmxvwphqw frvw prgho, dqg wkh rwkhu grhv

qrw1

Wkh uhvxowv lq Wdeohv 5 dqg 6 duh edvhg rq vhwwlqj 1 ' f�2�� Zh fkrvh wklv ydoxh iru wzr

uhdvrqv1 Iluvw/ lw idflolwdwhv frpsdulqj rxu uhvxowv zlwk Mhupdqq +4<<;,/ zkr dovr xvhv lw1 Vhfrqg/

wklv ydoxh lv qhdu wkh orzhu erxqg ri wkh udqjh ri hvwlpdwhv uhsruwhg lq wkh hpslulfdo olwhudwxuh

rq Wrelq*v ^ +vhh Fkulvwldqr dqg Ilvkhu 4<<;1, Dv d uhvxow/ wkh fkrvhq ydoxh iru 1 plqlpl}hv wkh

vxsso| hodvwlflw| ri fdslwdo 0 khqfh/ pd{lpl}hv wkh prghov* delolw| wr dffrxqw iru dvvhw uhwxuqv 0

zkloh vwloo o|lqj lq wkh udqjh ri hpslulfdo sodxvlelolw|1

Frqglwlrqdo rq wklv ydoxh iru 1c zh dvvljqhg ydoxhv wr wkh rwkhu sdudphwhuv xvlqj wkh phwkrg

lq vhfwlrq 514151 Zkhwkhu ru qrw zh lpsrvh wkh uhvwulfwhg oderu dvvxpswlrq/ wkh hvwlpdwhg ydoxh

ri K lv dw lwv xsshu erxqg1 Rxu lqwhusuhwdwlrq ri wklv lv wkdw wkh dgmxvwphqw frvw irupxodwlrq/ e|

doorzlqj vrph hodvwlflw| lq fdslwdo vxsso|/ sodfhv d uhodwlyho| khdy| exughq rq f|folfdo  xfwxdwlrqv

lq wkh ghpdqg iru fdslwdo iru surgxflqj wkh uljkw dprxqw ri yduldwlrq lq wkh sulfh ri fdslwdo1

Wkh uroh ri wkh kljk ydoxh ri K lv wr jhqhudwh wklv yduldwlrq159

Wkh uhvxowv lq Wdeoh 5 lqglfdwh wkdw/ dv zh irxqg lq wkh suhylrxv vxevhfwlrq/ wkh prgho

zlwkrxw wkh uhvwulfwhg oderu dvvxpswlrq jhqhudwhv rqo| d yhu| vpdoo htxlw| suhplxp1 Exw/ zkhq

wkh uhvwulfwhg oderu dvvxpswlrq lv lpsrvhg/ wkhq d vxevwdqwldo htxlw| suhplxp rffxuv1 Qrwh

wkdw wklv prgho/ wkh dgmxvwphqw frvw prgho/ xqghuvwdwhv wkh htxlw| suhplxp e| d olwwoh ryhu

2 shufhqwdjh srlqwv1 Wkh glvfuhsdqf| lv qrw yhu| lpsruwdqw/ krzhyhu/ ehfdxvh wkh jds fdq eh

forvhg e| d prghvw lqfuhdvh lq fxuydwxuh rq xwlolw| deryh wkh orjdulwkp15: Ryhudoo/ zh �qg wkdw

wkh dgmxvwphqw frvw prgho grhv urxjko| dv zhoo rq dvvhw sulfhv dv wkh wlph0wr0sodq prgho1

59Mhupdqq +4<<;, dovr uhsruwv d kljk ydoxh ri e= Klv ydoxh/ 3=;6> lv vrphzkdw orzhu wkdq rxuv iru wzr uhdvrqv=
kh kdv kljkhu fxuydwxuh lq xwlolw| dqg kh dvvxphv krxuv zrunhg lv frqvwdqw1 Wkh odwwhu uhgxfhv wkh exughq rq
kdelw shuvlvwhqfh iru fuhdwlqj f|folfdo  xfwxdwlrqv lq wkh ghpdqg iru fdslwdo1 Wkh kljk fxuydwxuh uhgxfhv wkh
exughq rq e vshfl�fdoo| iru surgxflqj wkhvh  xfwxdwlrqv lq wkh ghpdqg iru fdslwdo1

5:Wklv dvvhvvphqw lv edvhg rq d sduwlfxodu frpsxwdwlrqdo h{shulphqw1 Zh dgrswhg wkh iroorzlqj vshfl�fdwlrq
ri shulrg xwlolw|/ ghvljqhg wr lqfuhdvh fxuydwxuh rq frqvxpswlrq zkloh pdlqwdlqlqj wkh edodqfhg jurzwk surshuw|
ri rxu prgho=

^+Fw � eFw�4,+4�Kw,
�`4�� @+4� �,=

Zh irxqg wkdw zlwk � @ 6/ � @ 5=4;> e @ 3=;67 dqg � @ 3=<<949> wkh prgho h{dfwo| uhsurgxfhv wkh hpslulfdo
hvwlpdwh ri wkh htxlw| suhplxp dqg wkh ulvn iuhh udwh1 Khuh/ � zdv fkrvhq wr jxdudqwhh wkdw wkh vwhdg| vwdwh
ydoxh ri Kw lv 3=63= Wkh ydoxhv iru �> e> dqg � zhuh rewdlqhg dv iroorzv1 Iru hdfk ri wkh iroorzlqj ydoxhv ri �>
� @ 4> 5> 6> zh vhdufkhg iru ydoxhv ri � dqg e wkdw plqlpl}h wkh flwhulrq/ +<,1 Wkh rqo| ydoxh ri � zklfk uhvxowhg
lq wkh fulwhulrq ehlqj }hur zdv � @ 6= Wkh uhdvrq � kdg wr eh uhgxfhg d olwwoh uhodwlyh wr zkdw lw lv lq wkh wh{w/
lv wkdw zlwk wkh odujhu ydoxh ri �> wkh ulvn iuhh udwh zrxog rwkhuzlvh kdyh ehhq wrr orz1
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Zh qrz wxuq wr wkh exvlqhvv f|foh lpsolfdwlrqv ri wkh dgmxvwphqw frvw prgho/ zklfk duh

uhsruwhg lq Wdeoh 61 Frqvlghu �uvw wkh vwdqgdug exvlqhvv f|foh vwdwlvwlfv/ glvsod|hg lq Sdqho

D1 D vhyhuh vkruwfrplqj ri wkh prgho lv lwv lpsolfdwlrq wkdw oderu lv frxqwhuf|folfdo15; Wklv

frxqwhuidfwxdo surshuw| lv d frqvhtxhqfh ri wkh idfw wkdw wkh dgmxvwphqw frvw rq lqyhvwphqw dfwv

dv d wd{ rq wkh surfhhgv ri oderu1 Krxuv zrunhg idoo diwhu d whfkqrorj| vkrfn ehfdxvh wklv wd{

fdxvhv wkh uhvxowlqj lqfrph h�hfw wr grplqdwh wkh vxevwlwxwlrq h�hfw1 Wkh sureohp lv lqwhqvl�hg

zkhq fxuydwxuh lq suhihuhqfhv lv udlvhg lq wkh zd| glvfxvvhg lq wkh suhylrxv sdudjudsk15< Lq

frqwudvw zlwk wkh wlph0wr0sodq prgho/ zkhuh wkh gl!fxowlhv lq dgmxvwlqj lqyhvwphqw rqo| h{whqg

iru rqh shulrg/ lq wkh dgmxvwphqw frvw prgho wkh| odvw iru pdq| shulrgv1 Wklv lv zk| wkh gurs lq

krxuv zrunhg lq uhvsrqvh wr d srvlwlyh whfkqrorj| vkrfn lv dovr shuvlvwhqw ryhu wlph +vhh Iljxuh

4,1 Dqrwkhu gl!fxow| zlwk wkh prgho lv wkdw lw vxevwdqwldoo| xqghuvwdwhv wkh yrodwlolw| ri rxwsxw1

Wklv lv dovr d frqvhtxhqfh ri wkh qdwxuh ri wkh krxuv uhvsrqvh wr d whfkqrorj| vkrfn1

Qrz frqvlghu wkh shuvlvwhqfh surshuwlhv ri wkh prgho/ uhsruwhg lq Wdeoh 6/ Sdqho E1 Wkhuh zh

vhh wkdw rxwsxw jurzwk lv vwurqjo| qhjdwlyho| dxwrfruuhodwhg1 Wklv lv dqrwkhu frqvhtxhqfh ri wkh

qdwxuh ri wkh krxuv zrunhg uhvsrqvh wr d whfkqrorj| vkrfn1 Wkh idfw wkdw krxuv zrunhg fdqqrw

uhvsrqg lq wkh shulrg ri wkh vkrfn lpsolhv wkdw rxwsxw vxujhv wkhq +vhh Iljxuh 4,1 Krzhyhu/

wkh idfw wkdw krxuv zrunhg gursv lq wkh iroorzlqj shulrg lpsolhv wkdw rxwsxw gursv wkhq wrr1

Wklv krrnhg uhvsrqvh ri rxwsxw wr d vkrfn lv wkh uhdvrq wkdw rxwsxw jurzwk lv qhjdwlyho|

dxwrfruuhodwhg1 Lqwhuhvwlqjo|/ frqvxpswlrq jurzwk lv idu wrr srvlwlyho| dxwrfruuhodwhg uhodwlyh

wr wkh gdwd1 Wkh uhdvrq wklv dxwrfruuhodwlrq lv vr pxfk juhdwhu wkdq lq wkh wlph0wr0sodq prgho

lv wkdw khuh wkh whfkqrorj| grhv qrw uhtxluh wkdw frqvxpswlrq vxujh lq wkh shulrg ri d vkrfn1

Zh frqfoxgh wkdw zkhq wkh vwdqgdug exvlqhvv f|foh vwdwlvwlfv dqg phdvxuhv ri shuvlvwhqfh

duh frqvlghuhg/ wkh dgmxvwphqw frvw prgho uhsuhvhqwv d vxevwdqwldo vwhs lq wkh zurqj gluhfwlrq

e| frpsdulvrq zlwk wkh vwdqgdug UEF prgho163 Wkh urrw ri wkh sureohp zlwk wkh dgmxvwphqw

5;Wklv lv qrw vhqvlwlyh wr wkh lqglylvleoh oderu dvvxpswlrq lq wkh xwlolw| ixqfwlrq/ +4,1 Zh irxqg wkdw wkh
glylvleoh oderu yhuvlrq ri wkh prgho +vhh irrwqrwh 46, kdv wkh vdph lpsolfdwlrq1

5<Zh h{shulphqwhg zlwk dowhuqdwlyh sdudphwhu ydoxhv dqg frxog qrw �qg d frq�jxudwlrq wkdw zrxog erwk
suhvhuyh wkh prgho*v jrrg dvvhw sulflqj lpsolfdwlrqv dqg pdnh krxuv zrunhg surf|olfdo dw wkh vdph wlph1 Iru
h{dpsoh/ zh wulhg kljkhu ydoxhv ri �> zklfk/ rwkhu wklqjv wkh vdph/ pdnh hpsor|phqw ohvv frxqwhuf|folfdo1
Krzhyhu/ wklv fkdqjh dovr uhgxfhv wkh prgho*v htxlw| suhplxp1 Zkhq zh udlvhg fxuydwxuh rq xwlolw| wr uhvwruh
wkh jrrg dvvhw sulflqj shuirupdqfh/ zh irxqg wkdw wkh fkdqjh djdlq h{dfhuedwhg wkh frxqwhuf|folfdolw| ri krxuv
zrunhg1

63Lw lv lpsruwdqw wr hpskdvl}h wkdw rxu uhvxowv rqo| zduudqw uhmhfwlqj wkh qrwlrq wkdw dgmxvwphqw frvwv sod|
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frvw prgho olhv lq wkh shuvlvwhqwo| qhjdwlyh uhvsrqvh ri krxuv zrunhg wr d srvlwlyh whfkqrorj|

vkrfn164 Wklv lq wxuq uh hfwv wkh shuvlvwhqfh ri wkh iulfwlrq lqwurgxfhg zlwk wkh dgmxvwphqw frvw

irupxodwlrq1

5161 Ohvvrqv Iurp wkh Rqh0Vhfwru Dqdo|vlv

Wkh dqdo|vlv lq wklv vhfwlrq h{soruhg vhyhudo prgl�fdwlrqv wkdw duh khosixo lq lpsurylqj wkh

dvvhw sulflqj lpsolfdwlrqv ri wkh vwdqgdug UEF prgho/ zlwkrxw uhgxflqj lwv exvlqhvv f|foh shu0

irupdqfh1 Wkhvh lqfoxgh= +l, kdelw shuvlvwhqfh lq suhihuhqfhv/ +ll, ihdwxuhv ri whfkqrorj| wkdw

kdpshu wkh delolw| wr xvh yduldwlrqv lq krxuv zrunhg wr vprrwk frqvxpswlrq/ dqg +lll, ihdwxuhv

zklfk uhgxfh wkh hodvwlflw| ri fdslwdo vxsso|1 Uhjduglqj +lll,/ zh irxqg wkdw wkh prgl�fdwlrqv

zrun ehvw li wkhlu h�hfwv duh wudqvlhqw1 Dgmxvwphqw frvwv/ zkrvh h�hfwv shuvlvw wkurxjk wlph/

glg qrw zrun zhoo1

Zh dfklhyhg wkh ehvw uhvxowv zkhq zh lqfrusrudwhg +l,0+lll, lqwr d rqh0vhfwru prgho xvlqj

wkh wlph0wr0sodq dvvxpswlrq1 Krzhyhu/ wkrxjk wkh dvvhw sulfh lpsolfdwlrqv zhuh gudpdwlfdoo|

lpsuryhg/ wkh yrodwlolw| ri frqvxpswlrq zdv frxqwhuidfwxdoo| odujh1 Zh lqihu wkdw wkh wlph0wr0

sodq dvvxpswlrq lv wrr eoxqw dv d ghylfh iru uhqghulqj fdslwdo vxsso| lqhodvwlf1 Wkh qh{w vhfwlrq

lghqwl�hv d ghylfh zklfk fruuhfwv wklv sureohp1

61 Wzr0Vhfwru Hfrqrplhv

Rxu lqwhusuhwdwlrq ri wkh devhqfh ri dq htxlw| suhplxp lq wkh vwdqgdug UEF prgho zlwk kdelw

shuvlvwhqfh lv wkdw lw uh hfwv wzr uhodwhg ihdwxuhv ri wkdw prgho= +l, wkh lq�qlwh vxsso| hodvwlflw|

ri fdslwdo/ dqg +ll, wkh delolw| wr xvh yduldwlrqv lq krxuv zrunhg wr vprrwk wkh frqvxpswlrq

uhvsrqvh wr vkrfnv1 Wkh suhylrxv vhfwlrq h{soruhg wkh prvw qdwxudo +wr xv, zd|v ri fruuhfwlqj

d ixqgdphqwdo uroh lq dffrxqwlqj iru wkh htxlw| suhplxp1 Zh djuhh zlwk wkh Wrelq*v t olwhudwxuh/ zklfk ylhzv
dgmxvwphqw frvwv dv fuxfldo iru xqghuvwdqglqj wkh  xfwxdwlrqv lq Wrelq*v t= Krzhyhu/ wkh fxuydwxuh lq wkh
dgmxvwphqw frvw ixqfwlrq qhhghg iru wklv lv vpdoo/ idu wrr vpdoo wr kdyh d pdwhuldo lpsdfw rq wkh htxlw| suhplxp
ru wr surgxfh frxqwhuf|folfdo  xfwxdwlrqv lq hpsor|phqw1 Iru dq hoderudwlrq rq wkhvh revhuydwlrqv/ vhh Fkulvwldqr
dqg Ilvkhu +4<<;,1

64Wkh �qglqjv zlwk uhvshfw wr wkh dgmxvwphqw frvw prgho duh frqvlvwhqw zlwk wkh uhvxowv uhsruwhg lq Mhupdqq
+4<<;,1 Dv qrwhg deryh/ Mhupdqq +4<<;, vwxglhv d yhuvlrq ri wklv prgho lq zklfk krxuv zrunhg duh frqvwdqw/ dqg
wklv lv zk| wkh exvlqhvv f|foh lpsolfdwlrqv iru wklv yduldeoh duh qrw dssduhqw iurp klv zrun1
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wkhvh sureohpv lq wkh rqh0vhfwru prgho1 Zh irxqg wkdw/ dowkrxjk wkh uhvxowlqj prghov fdq

uhsolfdwh wkh revhuyhg htxlw| suhplxp/ ulvn iuhh udwh dqg Vkdush udwlr/ wkhlu exvlqhvv f|foh

lpsolfdwlrqv duh qrw dv jrrg dv wkrvh ri wkh UEF prgho1

Prwlydwhg e| wkh ohvvrqv iurp wkhvh uhvxowv/ wklv vhfwlrq sxuvxhv d gl�huhqw/ dqg xowlpdwho|

pruh vxffhvvixo/ vhw ri prgl�fdwlrqv wr wkh vwdqgdug UEF prgho1 Wklv lv wkh suhihuuhg wzr0

vhfwru prgho glvfxvvhg lq wkh lqwurgxfwlrq wr wkh sdshu1 Lq wkh frqvwuxfwlrq ri wklv prgho/ zh

frqwlqxh wr dgrsw wkh kdelw shuvlvwhqfh dvvxpswlrq lq suhihuhqfhv/ dv vshfl�hg lq +4,1 Krzhyhu/

zh sxuvxh d vrphzkdw gl�huhqw vwudwhj| iru dgguhvvlqj +l, dqg +ll,1 Zh dvvxph wkdw frqvxpswlrq

dqg lqyhvwphqw duh qrqkrprjhqhrxv jrrgv surgxfhg lq vhsdudwh vhfwruv/ hdfk zlwk wkh vdph

surgxfwlrq whfkqrorj|/ +5,0+6,1 Lq dgglwlrq/ zh dvvxph wkdw wkh fdslwdo dqg oderu xvhg lq

hdfk vhfwru pxvw eh frpplwwhg ehiruh wkh uhdol}dwlrq ri wkh fxuuhqw shulrg vkrfn1 Wkh qrwlrq

wkdw oderu dqg fdslwdo fdqqrw eh lqvwdqwdqhrxvo| uhdoorfdwhg ehwzhhq vhfwruv kdv ehhq zhoo

grfxphqwhg1 Iru h{dpsoh/ wkh vhdufk olwhudwxuh grfxphqwv wkh ydulrxv idfwruv wkdw lqklelw wkh

lqwhuvhfwrudo pryhphqwv ri oderu +vhh/ iru h{dpsoh/ Skhodq dqg Wuhmrv +4<<9, dqg wkh sdshuv wkh|

flwh,1 D uhfhqw sdshu e| Udph| dqg Vkdslur +4<<;, grfxphqwv wkh gl!fxowlhv ri uhdoorfdwlqj

fdslwdo dfurvv vhfwruv1

Rxu suhihuuhg wzr0vhfwru prgho lv forvho| uhodwhg wr wkh wlph0wr0sodq prgho1 Wkh hdvlhvw

zd| wr vhh wkh uhodwlrqvkls ehwzhhq wkh wzr lv wr frqvlghu wkh wzr0vhfwru lqwhusuhwdwlrq ri wkh

wlph0wr0sodq prgho165 Xqghu wklv lqwhusuhwdwlrq/ wkdw hfrqrp| lv dfwxdoo| d wzr0vhfwru hfrqrp|

lq zklfk lghqwlfdo surgxfwlrq ixqfwlrqv duh xvhg wr surgxfh frqvxpswlrq dqg lqyhvwphqw jrrgv/

dqg fdslwdo dqg oderu uhvrxufhv duh iuhho| preloh ehwzhhq vhfwruv diwhu wkh uhdol}dwlrq ri wkh

whfkqrorj| vkrfn1 Wkh uhvwulfwhg oderu dvvxpswlrq uhtxluhv wkdw djjuhjdwh oderu eh ghwhuplqhg

ehiruh wkh uhdol}dwlrq ri wkh whfkqrorj| vkrfn/ exw doorzv wkh vhfwrudo doorfdwlrq ri wkdw oderu wr

eh ghwhuplqhg diwhuzdug1 Lq dgglwlrq wr wkh uhvwulfwhg oderu dvvxpswlrq/ wkh suhihuuhg wzr0vhfwru

prgho dovr lpsrvhv wkh lppreloh oderu dvvxpswlrq/ zklfk suhyhqwv oderu iurp ehlqj uhdoorfdwhg

ehwzhhq vhfwruv diwhu d vkrfn1 Zh uhihu wr wkh fdvh lq zklfk wkh vhfwrudo doorfdwlrq ri oderu fdq

dgmxvw wr d whfkqrorj| vkrfn dv wkh preloh oderu dvvxpswlrq1

65Iru d glvfxvvlrq ri wkh wzr0vhfwru lqwhusuhwdwlrq ri wkh vwdqgdug UEF prgho/ vhh Ehqkdele/ Urjhuvrq dqg
Zuljkw +4<<4,1
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D gudzedfn ri wkh wlph0wr0sodq prgho lv wkdw lw ryhuvwdwhv wkh yrodwlolw| ri frqvxpswlrq1 Wkh

dvvxpswlrq wkdw lqyhvwphqw lv ghflghg sulru wr wkh uhdol}dwlrq ri wkh whfkqrorj| vkrfn lpsolhv

wkdw frqvxpswlrq pxvw devrue wkh ixoo dprxqw ri d fkdqjh lq rxwsxw fdxvhg e| d vkrfn wr

whfkqrorj|1 Lq h�hfw wklv uhtxluhv wkdw/ zkhq wkhuh lv d srvlwlyh vkrfn wr whfkqrorj|/ fdslwdo

dqg oderu uhvrxufhv duh doorfdwhg dzd| iurp wkh lqyhvwphqw vhfwru dqg wrzdugv frqvxpswlrq1

Lq wkh suhihuuhg wzr0vhfwru prgho/ wkhvh vhfwrudo uhdoorfdwlrqv duh qrw shuplwwhg1 Dv d uhvxow/

wkh frqvxpswlrq uhvsrqvh wr d whfkqrorj| vkrfn lv vpdoohu1 Wklv lv zk| wkh lpsolfdwlrqv iru wkh

yrodwlolw| ri frqvxpswlrq ri wkh suhihuuhg wzr0vhfwru prgho wxuq rxw wr eh vxshulru wr wkrvh ri

wkh wlph0wr0sodq prgho1

Wklv vhfwlrq lv glylghg lqwr wzr sduwv1 Lq wkh �uvw/ zh suhvhqw wkh suhihuuhg wzr0vhfwru prgho

dqg lwv lpsolfdwlrqv iru dvvhw uhwxuqv/ vwdqgdug exvlqhvv vwdwlvwlfv dqg shuvlvwhqfh1 Zh vkrz

wkdw wkh dvvhw sulflqj lpsolfdwlrqv ri wklv prgho duh dv jrrg dv wkrvh ri wkh wlph0wr0sodq prgho1

Lq dgglwlrq/ wkh suhihuuhg wzr0vhfwru prgho fruuhfwv wkh wlph0wr0sodq prgho*v vkruwfrplqjv zlwk

uhvshfw wr exvlqhvv f|foh vwdwlvwlfv1 Zh dovr grfxphqw wkh uroh sod|hg e| kdelw shuvlvwhqfh dqg

wkh uhvwulfwlrqv rq oderu lq wkhvh uhvxowv1

Wkh vhfrqg sduw frqvlghuv ohyhudjh1 Wkurxjkrxw prvw ri rxu dqdo|vlv zh dvvxph wkdw/ lq wkh

xqghuo|lqj pdunhw ghfhqwudol}dwlrq/ fdslwdo lv 433 shufhqw htxlw| �qdqfhg1 Khuh/ zh frqvlghu

wkh lpsdfw rq rxu dqdo|vlv ri wkh dvvxpswlrq wkdw ghew lv dovr xvhg1 Zh vxssrvh wkdw wkh ghew

wr htxlw| udwlr fruuhvsrqgv urxjko| wr lwv dyhudjh ydoxh lq wkh gdwd1 Zh vkrz wkdw qrwklqj

hvvhqwldo lq rxu uhvxowv klqjhv rq ohyhudjh1

6141 Wkh Suhihuuhg Wzr0Vhfwru Prgho

Dw gdwh fc wkh htxloleulxp txdqwlw| doorfdwlrqv pd{lpl}h +4,/ zlwk M| � MSc| nM�c|c vxemhfw wr=

gk
Sc|E~|MSc|�

�3k � �|c +44,

gk
�c|E~|M�c|�

�3k n E�� B�EgSc| ng�c|� � gSc|n� ng�c|n�c +45,

MSc|c M�c| � f dqg �3�c gScfc g�cf : f jlyhq1
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Khuh wkh vxevfulswv S dqg � ghqrwh wkh frqvxpswlrq dqg lqyhvwphqw jrrg vhfwruv/ uhvshfwlyho|1

Dv ehiruh/ zh uhtxluh wkdw wkh vxp gSc|n� n g�c|n� eh fkrvhq dv d ixqfwlrq ri wkh gdwh | vwdwh

ri qdwxuh1 Krzhyhu/ zh qrz dovr uhtxluh wkdw wkh lqglylgxdo whupv gSc|n� dqg g�c|n� eh fkrvhq

dv d ixqfwlrq ri wkh gdwh | vwdwh ri qdwxuh1 Zh lpsrvh erwk wkh uhvwulfwhg dqg lppreloh oderu

dvvxpswlrqv= M| lv ghwhuplqhg sulru wr wkh fxuuhqw shulrg uhdol}dwlrq ri whfkqrorj|/ dqg vr duh

M�c| dqg MSc|� Ilqdoo|/ zh dvvxph wkdw ~| hyroyhv dffruglqj wr +6,1

Lq wklv prgho/ wkh udwhv ri uhwxuq rq htxlw| lq wkh wzr vhfwruv gl�hu iurp hdfk rwkhu/ dqg vr

zh qhhg d qrwdwlrq wkdw uh hfwv wklv1 Wkh udwh ri uhwxuq rq htxlw| lq wkh frqvxpswlrq vhfwru lv

jlyhq e|

oeSc|n� '
k
k
~|n�MSc|n�

gSc|n�

l�3k
n �&c|n�

�&�c|
� �c +46,

zkloh wkh udwh ri uhwxuq rq htxlw| lq wkh lqyhvwphqw jrrg vhfwru lv jlyhq e|

oe�c|n� '
�&�c|n�k

k
~|n�M�c|n�

g�c|n�

l�3k
n �&c|n�

�&�c|
� �� +47,

Khuh/

�&�c| '
\�c|

\Sc|
dqg �&c| ' E�� B��&�c|c

zkhuh \Sc| dqg \�c| ghqrwh wkh Odjudqjh pxowlsolhuv rq +44, dqg +45, lq wkh sodqqhu*v sureohp1

Zh gh�qh wkh djjuhjdwh udwh ri uhwxuq rq htxlw|/ oe|n�c lq wkh iroorzlqj zd|=

oe|n� '
gSc|n�

g|n�
oeSc|n� n

g�c|n�

g|n�
oe�c|n�/ +48,

zkhuh g|n� ' gSc|n� ng�c|n�1 Dovr/ wkh ulvn0iuhh udwh ri uhwxuq/ o
s
| c lv frpsxwhg xvlqj +9,/ zlwk

wkh xqghuvwdqglqj wkdw \Sc| lv qrz wkh pxowlsolhu rq +44,1

Wkh sdudphwhuv lq wklv prgho frlqflgh zlwk wkrvh lq wkh rqh0vhfwru prgho zlwk kdelw shuvlv0

whqfh/ dqg zh dvvljq ydoxhv wr wkhp xvlqj wkh phwkrg lq vhfwlrq 514151 Qrwh iurp Wdeoh 7 wkdw

wkh hvwlpdwhg ydoxh ri K lv f�.�c vrphzkdw odujhu wkdq wkh ydoxh uhsruwhg iru wkh wlph0wr0sodq

prgho +vhh Wdeoh 5,1 Wkh lqwxlwlrq xqghuo|lqj wklv gl�huhqfh lv vwudljkwiruzdug1 Lq wkh wlph0wr0

sodq prgho wkh vxsso| ri qhz fdslwdo lv lqhodvwlf dqg �{hg1 Lq wkh wzr0vhfwru prgho/ wkh vxsso| lv
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vwloo shuihfwo| lqhodvwlf1 Krzhyhu/ qrz wkdw vxsso| vkliwv uljkw zlwk d srvlwlyh whfkqrorj| vkrfn/

dqg ohiw zlwk d qhjdwlyh rqh1 Wklv sodfhv d juhdwhu exughq rq  xfwxdwlrqv lq wkh ghpdqg iru

fdslwdo iru surgxflqj wkh uljkw yduldwlrq lq lwv htxloleulxp sulfh1 Wkh kljkhu ydoxh ri K doorzv

kdelw shuvlvwhqfh wr wdnh xs wklv juhdwhu exughq1

Wkh dvvhw sulflqj lpsolfdwlrqv ri wklv prgho duh uhsruwhg lq Wdeoh 7 +cSuhihuuhg wzr0vhfwru*,1

Qrwh wkdw wkhvh duh hvvhqwldoo| lghqwlfdo wr wkrvh lpsolhg e| wkh wlph0wr0sodq prgho +vhh Wdeoh 5,1

Vljql�fdqwo|/ wkh prgho doprvw h{dfwo| uhsolfdwhv wkh phdq ulvn iuhh udwh/ phdq htxlw| suhplxp/

dqg wkh Vkdush udwlr1 Dv lq wkh wlph0wr0sodq prgho/ wkh suhihuuhg prgho*v sulpdu| idlolqj lv

wkdw lw ryhuvwdwhv wkh yrodwlolw| ri wkh ulvn iuhh udwh1

Wkh uhvxowv lq Wdeoh 7 grfxphqw wkh nh| uroh sod|hg e| oderu lq h{lelolwlhv dqg kdelw shu0

vlvwhqfh lq wkh prgho*v dvvhw sulflqj shuirupdqfh1 Iluvw/ qrwh wkdw zkhqhyhu K ' fc wkh htxlw|

suhplxp dqg Vkdush udwlr duh hvvhqwldoo| }hur1 Vhfrqg/ wkh wdeoh vkrzv zkdw kdsshqv zkhq zh

pdlqwdlq wkh dvvxpswlrq wkdw djjuhjdwh oderu/ M|c lv ghwhuplqhg sulru wr wkh uhdol}dwlrq ri wkh

shulrg | vkrfn/ exw oderu fdq eh iuhho| uhdoorfdwhg ehwzhhq vhfwruv/ vxemhfw wr wkh frqvwudlqw

rq wkh djjuhjdwh +cPreloh oderu/ Uhvwulfwhg oderu*,1 Qrwh wkdw lq wklv fdvh wkhuh lv qr htxlw|

suhplxp/ hyhq zkhq K lv vhw wr lwv xsshu erxqg1 Zlwk oderu deoh wr iuhho| vkliw ehwzhhq vhf0

wruv/ krxuv zrunhg lv vlpso| wrr h�hfwlyh dw idflolwdwlqj frqvxpswlrq vprrwklqj lq uhvsrqvh wr

vkrfnv1 Wklv yluwxdoo| holplqdwhv wkh f|folfdo vkliwv lq wkh ghpdqg iru fdslwdo wkdw duh qhhghg wr

surgxfh yduldwlrq lq wkh sulfh ri fdslwdo1 Wkh uhvxow lv wkdw wkh yduldelolw| lq wkdw sulfh lv yhu|

orz dqg wkdw joe lv vpdoo wrr1 Zkhq oderu lv frpsohwho|  h{leoh +cPreloh oderu/ Xquhvwulfwhg

oderu*, wkh uhvxowv duh ixqgdphqwdoo| yhu| vlplodu wr zkdw wkh| duh lq wkh preloh/ uhvwulfwhg fdvh1

Wklv prgho frq�upv rxu suhylrxv �qglqjv wkdw lq h{lelolwlhv lq oderu duh d fuxfldo lqjuhglhqw iru

surgxflqj dq htxlw| suhplxp1

Qrz frqvlghu wkh exvlqhvv f|foh lpsolfdwlrqv ri wkh prgho/ uhsruwhg lq Wdeoh 81 Zlwk rqh

h{fhswlrq/ wkh shuirupdqfh rq vwdqgdug exvlqhvv f|foh vwdwlvwlfv/ uhsruwhg lq Sdqho D/ lv vlplodu

wr wkdw ri wkh wlph0wr0sodq prgho1 Wkh h{fhswlrq lv wkdw wkh uhodwlyh yrodwlolw| ri frqvxpswlrq lv

qrz frqvlghudeo| vpdoohu/ wkrxjk lw grhv vwloo ryhuvwdwh wkh fruuhvsrqglqj hpslulfdo pdjqlwxgh

vrphzkdw166 Sdqho E glvsod|v wkh shuvlvwhqfh surshuwlhv ri wkh prgho1 Wkh uhvxowv lqglfdwh wkdw

66Wklv lv d sodfh zkhuh rxu lqglylvleoh oderu dvvxpswlrq rq xwlolw| pdwwhuv1 Zkhq zh dgrsw wkh glylvleoh oderu
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wkh suhihuuhg prgho uhsuhvhqwv d prghvw lpsuryhphqw ryhu wkh wlph0wr0sodq prgho1 Lq sduwlfxodu/

wkh dxwrfruuhodwlrq ri frqvxpswlrq jurzwk lv forvh wr }hur iru wkh suhihuuhg prgho/ zkloh lw lv

�f��e lq wkh wlph0wr0sodq prgho1 Wkh uhdvrq iru wkh lpsuryhg shuirupdqfh rq frqvxpswlrq

jurzwk fdq eh vhhq lq Iljxuh 41 Wklv vkrzv wkdw wkhuh lv d vpdoohu vxujh lq frqvxpswlrq diwhu

d srvlwlyh whfkqrorj| vkrfn wkdq lq wkh wlph0wr0sodq prgho1 Rwkhuzlvh/ wkh lpsxovh uhvsrqvh

ixqfwlrqv iru wkh suhihuuhg wzr0vhfwru prgho dqg wkh wlph0wr0sodq prgho orrn txlwh vlplodu1

Zh frqfoxgh wkdw/ edvhg rq vwdqgdug exvlqhvv f|foh vwdwlvwlfv dqg shuvlvwhqfh/ rxu suhihuuhg

wzr0vhfwru prgho uhsuhvhqwv dq lpsuryhphqw ryhu wkh wlph0wr0sodq prgho1

6151 Ilqdqfldo Ohyhudjh Frqvlghudwlrqv

Wkxv idu zh kdyh lpsolflwo| dvvxphg wkdw fdslwdo lv 433 shufhqw htxlw| �qdqfhg lq wkh xqghuo|lqj

pdunhw hfrqrp|1 Wklv vhfwlrq frqvlghuv wkh lpsolfdwlrqv ri dgrswlqj d pruh uhdolvwlf dvvxpswlrq1

Zh qrz vxssrvh wkdw lq wkh xqghuo|lqj pdunhw hfrqrp|/ �upv lvvxh rqh0shulrg0dkhdg ulvn0iuhh

ghew/ lq dgglwlrq wr htxlw|/ wr �qdqfh wkh dftxlvlwlrq ri sk|vlfdo fdslwdo1 Wklv ghew lv lghqwlfdo/ lq

pdwxulw| dqg udwh ri uhwxuq/ wr wkh sulydwho| lvvxhg erqgv zkrvh udwh ri uhwxuq zh kdyh ghqrwhg

os| � Krzhyhu/ xqolnh wkhvh sulydwho| lvvxhg erqgv/ wkh �up0lvvxhg erqg lv wudghg lq htxloleulxp1

Dv lv zhoo0nqrzq/ sur�w0pd{lpl}lqj �upv duh lqgl�huhqw wr wkh ghew0htxlw| frpsrvlwlrq ri

wkhlu oldelolwlhv lq dq hqylurqphqw vxfk dv rxuv1 Pruhryhu/ wkh txdqwlw| doorfdwlrqv lq jhqhudo

htxloleulxp duh lqyduldqw wr wkh sdwwhuq/ dfurvv gdwhv dqg vwdwhv ri qdwxuh/ ri wkh ghew0wr0htxlw|

udwlr lq �up oldelolwlhv +wkh Prgljoldql0Ploohu wkhruhp,1 Wkh| vroyh wkh vdph sodqqlqj sureohp

frqvlghuhg lq rxu suhihuuhg wzr0vhfwru prgho1 Zkdw lv qrw lqyduldqw wr wkh ghew0wr0htxlw| udwlr

lv wkh phdq dqg yduldqfh ri wkh uhwxuq rq htxlw|1 Wkh suhplxp ri wkh uhwxuq rq htxlw| ryhu ghew

lv vwulfwo| lqfuhdvlqj lq wkh ghew0wr0htxlw| udwlr1 Wklv vlpso| uh hfwv wkdw htxlw| pxvw ehdu wkh

ixoo ghjuhh ri xqfhuwdlqw| lq �up fdvk  rz dfurvv vwdwhv ri qdwxuh1 Lq wkh h{shulphqwv dqdo|}hg

ehorz/ zh frqvlghu wkh htxlw| suhplxp iru dq hfrqrp| zlwk d ghew0wr0htxlw| udwlr htxdo wr

xqlw|167

Ohw � ghqrwh wkh ghew wr htxlw| udwlr/ dqg ohw oeW,c|n� ghqrwh wkh udwh ri uhwxuq rq htxlw| lq

irupxodwlrq/ zh �qg wkdw �F@�\ @ 3=:;=
67Wklv lv lq olqh zlwk hvwlpdwhv uhsruwhg iru wkh XV1 Vhh Ehqqlqjd dqg Surwrsdsdgdnlv +4<<3, dqg olwhudwxuh

flwhg wkhuh1
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vhfwru , ' Sc �� Ohwwlqj oe,c|n� ghqrwh/ dv ehiruh/ zkdw wkh udwh ri uhwxuq rq htxlw| zrxog eh li

� ' fc zh kdyh=

oeW,c|n� � os| ' Eoe,c|n� � os| �E� n ��c +49,

iru , ' Sc ��68 Zh gh�qh wkh djjuhjdwh udwh ri uhwxuq rq htxlw|/ oeW|n�c xvlqj d vxlwdeo| prgl�hg

yhuvlrq ri +48,1

Wkh sdudphwhuv lq wklv prgho frlqflgh zlwk wkrvh lq wkh rqh0vhfwru prgho zlwk kdelw shuvlv0

whqfh1 Zh dvvljq ydoxhv wr wkhp xvlqj wkh phwkrg lq vhfwlrq 514151 Zkhq zh gr wklv/ zh �qg

wkdw K ' f�Sbc d ydoxh wkdw lv vrphzkdw vpdoohu wkh rqh uhsruwhg iru wkh suhihuuhg wzr0vhfwru

prgho1 Wkh uhdvrq iru wkh vpdoohu ydoxh ri K lv wkdw/ e| gluhfwo| udlvlqj wkh htxlw| suhplxp/

ohyhudjh uhgxfhv wkh exughq rq kdelw shuvlvwhqfh1

Wr vhh wkh dvvhw sulflqj lpsolfdwlrqv ri wkh prgho/ frqvlghu Wdeoh 7/ cLppreloh/ uhvwulfwhg

oderu/ z2 ohyhudjh*1 Qrwh wkdw wkh htxlw| suhplxp dqg ulvn iuhh udwhv duh vwloo forvh wr wkhlu

hpslulfdo ydoxhv1 Lqwhuhvwlqjo|/ rq wzr glphqvlrqv wkhuh lv lpsuryhphqw1 Iluvw/ wkh vwdqgdug

ghyldwlrq ri wkh ulvn iuhh udwh lv vpdoohu/ wkrxjk lw vwloo vxevwdqwldoo| ryhuvwdwhv lwv hpslulfdo

ydoxh1 Qrz/ wkh vwdqgdug ghyldwlrq ryhuvwdwhv wkh hpslulfdo ydoxh e| d idfwru ri wkuhh/ zkloh

zlwk � ' f lw lv ryhuvwdwhg e| d idfwru ri �yh1 Wkh uhdvrq iru wklv fkdqjh kdv wr gr zlwk wkh

orzhu ydoxh ri K lq wkh prgho zlwk ohyhudjh1 Vlploduo|/ wkdw prgho dovr lpsolhv d orzhu ydoxh

iru wkh vwdqgdug ghyldwlrq ri vwrfn sulfhv1 Wkh qhz ydoxh lv qrz zhoo zlwklq wkh <8 shufhqw

frq�ghqfh lqwhuydo iru wkh fruuhvsrqglqj hpslulfdo hvwlpdwh1

Wdeoh 8 uhsruwv wkh lpsolfdwlrqv ri wkh prgho iru exvlqhvv f|fohv1 Qrwh wkdw wkh prgho*v lp0

solfdwlrqv duh hvvhqwldoo| lqglvwlqjxlvkdeoh iurp wkrvh ri wkh suhihuuhg wzr0vhfwru prgho1 Ryhudoo/

zh frqfoxgh wkdw wkh prgho zlwk ohyhudjh uhsuhvhqwv d voljkw lpsuryhphqw ryhu wkh prgho zlwk0

rxw lw1 Krzhyhu/ wkh lpsuryhphqw lv vx!flhqwo| vpdoo wkdw zh ihho mxvwl�hg lq pdlqwdlqlqj rxu

suhihuuhg wzr0vhfwru prgho zlwk � ' f dqdo|}hg lq vhfwlrq 614 dv rxu suhihuuhg prgho169

68Iru d ghwdlohg glvfxvvlrq ri d pdunhw hfrqrp| ghfhqwudol}dwlrq wkdw udwlrqdol}hv wklv irupxod/ vhh EFI ru
Fkulvwldqr dqg Ilvkhu +4<<;/ whfkqlfdo dsshqgl{,1

69Lqwhuhvwlqjo|/ wkh lpsdfw ri ohyhudjh rq rxu cvhfrqg ehvw* prgho/ wkh wlph0wr0sodq prgho/ lv urxjko| wkh vdph
dv lw lv lq rxu suhihuuhg wzr0vhfwru prgho1 Wkxv/ zkhq zh uhvwlpdwh wkh wlph0wr0sodq prgho lpsrvlqj � @ 4> zh
rewdlq e @ 3=93> zklfk lv orzhu wkdq wkh ydoxh ri e @ 3=99 uhsruwhg iru wkh fdvh � @ 3= Lq dgglwlrq/ zh rewdlq wkh
iroorzlqj vwdwlvwlfv iru wkh yduldeohv lq Wdeoh 5= 4=74> 9=96> 4:=<> 58=7> 3=59/ ;=99> 3=47= Iru Wdeoh 6/ wkh uhvxowv
duh= 5=39> 3=<5> 4=99> 3=8;> 3=;8> 3=;8> 3=;:=
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71 Rwkhu Exvlqhvv F|foh Lpsolfdwlrqv ri wkh Prghov

Lq wkh suhylrxv vhfwlrqv zh frqvlghuhg wkh lpsolfdwlrqv iru dvvhw sulfhv dqg vwdqgdug exvlqhvv

f|foh vwdwlvwlfv/ lqfoxglqj shuvlvwhqfh/ ri wkuhh fodvvhv ri prghov1 Zh lghqwl�hg d cehvw* prgho lq

hdfk fodvv1 Wkhvh duh wkh wlph0wr0sodq/ dgmxvwphqw frvw dqg suhihuuhg wzr0vhfwru prghov1 Wkh

wkuhh prghov shuirup urxjko| htxdoo| zhoo rq dvvhw sulfhv1 Krzhyhu/ wkh suhihuuhg wzr0vhfwru

prgho hphujhg dv prghvwo| ehvw zkhq zh frqvlghuhg wkh vwdqgdug exvlqhvv f|foh vwdwlvwlfv dqg

phdvxuhv ri shuvlvwhqfh1 Khuh/ zh h{sdqg wkh vhw ri exvlqhvv f|foh vwdwlvwlfv dqg �qg wkdw qrz

wkh suhihuuhg wzr0vhfwru prgho hphujhv dv fohduo| wkh ehvw1

Wkh qhz vhw ri exvlqhvv f|foh vwdwlvwlfv wkdw zh frqvlghu lqfoxgh phdvxuhv ri= +l, wkh whqghqf|

iru hpsor|phqw lq gl�huhqw hfrqrplf vhfwruv wr pryh xs dqg grzq wrjhwkhu ryhu wkh exvlqhvv

f|foh> +ll, wkh whqghqf| iru wkh suhglfwdeoh sduw ri frqvxpswlrq jurzwk wr eh uhodwlyho| vwurqjo|

dvvrfldwhg zlwk wkh suhglfwdeoh sduw ri lqfrph jurzwk dqg zhdno| dvvrfldwhg zlwk wkh uhdo

lqwhuhvw udwh> dqg +lll, wkh whqghqf| iru kljk uhdo lqwhuhvw udwhv wr eh dvvrfldwhg zlwk orz ixwxuh

rxwsxw dqg kljk sdvw rxwsxw1

Wkh suhihuuhg wzr0vhfwru prgho hphujhv dv ehvw ehfdxvh lw grhv fohduo| ehwwhu wkdq wkh rwkhu

wzr rq +l, dqg qr zruvh wkdq wkh rwkhu wzr rq wkh uhpdlqlqj skhqrphqd1 Doo wkuhh prghov gr

urxjko| htxdoo| zhoo rq +ll,1 Wkh wlph0wr0sodq dqg suhihuuhg wzr0vhfwru prghov gr ehvw rq +lll,1

Ilqdoo|/ wkh dgmxvwphqw frvw prgho grhv sduwlfxoduo| srruo| rq +l, dqg dovr grhv srruo| rq +lll,1

7141 Frpryhphqw ri Hpsor|phqw

D nh| ihdwxuh ri exvlqhvv f|fohv/ hpskdvl}hg dw ohdvw vlqfh wkh wlph ri Exuqv dqg Plwfkhoo

+4<79/ s1 6,/ lv wkdw hpsor|phqw lq d eurdg vhw ri vhfwruv pryhv xs dqg grzq wrjhwkhu gxulqj

uhfhvvlrqv dqg h{sdqvlrqv1 Wklv dvshfw ri exvlqhvv f|fohv kdv suryhg vxusulvlqjo| gl!fxow wr

prgho/ dowkrxjk vrph surjuhvv kdv rffxuuhg1 Lqwhuhvwlqjo|/ rxu suhihuuhg wzr0vhfwru prgho lv

frqvlvwhqw zlwk hpsor|phqw frpryhphqw1 Wr vhh wklv/ frqvlghu Wdeoh 9/ Sdqho D1 Wkhuh zh

glvsod| wkh fruuhodwlrq zlwk rxwsxw ri MSc| dqg M�c|� Qrwh krz erwk ri wkhvh duh srvlwlyh16:

6:Wklv lv d sodfh zkhuh wkh lqglylvleoh oderu dvvxpswlrq pdwwhuv1 Zkhq wklv xwlolw| ixqfwlrq lv uhsodfhg e|
wkh glylvleoh oderu yhuvlrq/ zh �qg wkdw wkh fruuhodwlrq ehwzhhq Kf>w dqg djjuhjdwh rxwsxw lv voljkwo| qhjdwlyh1
Wkh uhdvrq zk| wkh lqglylvleoh oderu dvvxpswlrq khosv hpsor|phqw frpryhphqw lv glvfxvvhg lq Fkulvwldqr dqg
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Wkh lqwxlwlrq xqghuo|lqj wklv uhvxow lv vlpsoh/ dqg fdq eh rewdlqhg e| vwxg|lqj Iljxuh 51 Wklv

h{klelwv wkh g|qdplf uhvsrqvhv ri vhfwrudo hpsor|phqw wr d whfkqrorj| vkrfn lq wkh suhihuuhg

wzr0vhfwru prgho dqg wkh wzr0vhfwru prgho zlwk preloh/ exw uhvwulfwhg oderu1 Qrwh krz lw lv

wkdw lq wkh odwwhu prgho MSc| gursv dqg M�c| ulvhv diwhu d srvlwlyh vkrfn wr whfkqrorj|1 Wkh uhdvrq

lv wkdw zlwk wkh srvlwlyh whfkqrorj| vkrfn/ wkhuh lv d vkdus ulvh lq wkh ghpdqg iru lqyhvwphqw

jrrgv1 Lq wkh suhihuuhg wzr0vhfwru prgho wklqjv duh yhu| gl�huhqw/ ehfdxvh oderu fdqqrw eh

uhdoorfdwhg ehwzhhq vhfwruv lq wkh shulrg ri wkh vkrfn1 Dv d frqvhtxhqfh/ wkhuh lv d vxujh lq

frqvxpswlrq rxwsxw lq wkdw shulrg1 Lq wkh iroorzlqj shulrgv/ wkh ydoxh ri frqvxpswlrq jrrgv

lv kljk ehfdxvh ri wkh lqwhudfwlrq ehwzhhq kdelw shuvlvwhqfh lq suhihuhqfhv dqg wkh kljk ohyho ri

frqvxpswlrq lq wkh �uvw shulrg1 Wklv kljk ydoxh ri frqvxpswlrq rxwsxw lq wkh shulrgv diwhu wkh

whfkqrorj| vkrfn dffrxqwv iru wkh lq rz ri oderu lqwr wkdw vhfwru lq wkrvh shulrgv1

Zh qrz frqvlghu wkh delolw| ri rxu rqh0vhfwru prghov wr dffrxqw iru frpryhphqw1 Whfkqlfdoo|/

wkh wlph0wr0sodq prgho lv fdsdeoh ri dffrxqwlqj iru hpsor|phqw frpryhphqw1 Krzhyhu/ lw lv d

S|uuklf ylfwru| iru wkdw prgho1 Wr h{sodlq wklv/ uhfdoo wkh glvfxvvlrq lq vhfwlrq 6/ zklfk qrwhg

wkdw wkhuh lv d wzr0vhfwru lqwhusuhwdwlrq ri wkh wlph0wr0sodq prgho1 Xqghu wkdw lqwhusuhwdwlrq/

zh fdq frpsxwh MSc| dqg M�c|� Zkhq zh gr wklv/ zh �qg wkdw wkh uhvsrqvh ri erwk yduldeohv

wr d srvlwlyh whfkqrorj| vkrfn lv jhqhudoo| srvlwlyh16; Wklv lv zk| wklv prgho lpsolhv wkdw

erwk MSc| dqg M�c| duh surf|folfdo +vhh Wdeoh 9/ Sdqho D,1 Exw/ xowlpdwho| zh �qg wkh wlph0wr0

sodq prgho*v h{sodqdwlrq ri frpryhphqw xqfrqylqflqj1 Wklv lv ehfdxvh xqghu wkh wzr0vhfwru

lqwhusuhwdwlrq ri wkh wlph0wr0sodq prgho/ wkh uhvwulfwhg oderu dvvxpswlrq lv lpsodxvleoh1 Wkh

w|sh ri frqvlghudwlrqv zklfk prwlydwh wkh dvvxpswlrq wkdw djjuhjdwh oderu lv gl!fxow wr dgmxvw

 h{leo| lq uhvsrqvh wr vkrfnv vhhp wr vxjjhvw wkdw lw lv gl!fxow wr  h{leo| vkliw oderu dfurvv

hfrqrplf vhfwruv wrr1 \hw/ wkh wlph0wr0sodq prgho doorzv vxfk pryhphqwv wr rffxu iuhho|1 Ri

frxuvh/ wkh wzr0vhfwru lqwhusuhwdwlrq ri wkh wlph0wr0sodq prgho lv qrw wkh rqo| rqh srvvleoh1

Ilvkhu +4<<;,1
6;Wkh h{sodqdwlrq pluuruv wkh h{sodqdwlrq ri frpryhphqw lq wkh suhihuuhg wzr0vhfwru prgho1 Lq wkh shulrg

ri wkh vkrfn Kl>w dfwxdoo| gursv whpsrudulo| ehfdxvh ri wkh suhghwhuplqhg qdwxuh ri Lw= Vlqfh Kw lv dovr suhgh0
whuplqhg/ wklv phdqv wkdw Kf>w vxujhv lq wkh shulrg wkdw d srvlwlyh vkrfn rffxuv1 Lq vxevhtxhqw shulrgv wkhuh
lv d vwurqj prwlyh wr lqfuhdvh Kl>w/ dv wkh ghpdqg iru lqyhvwphqw jrrgv ulvhv lq uhvsrqvh wr dq lqfuhdvh lq wkh
uhwxuq wr fdslwdo1 Exw/ Kf>w ulvhv wkhq wrr ehfdxvh wkh ydoxh ri wkh rxwsxw ri wkh frqvxpswlrq vhfwru lv kljk
lq wkh shulrgv diwhu wkh vkrfn1 Dv lq wkh suhihuuhg wzr0vhfwru prgho/ wklv uh hfwv wkh lqwhudfwlrq ehwzhhq kdelw
shuvlvwhqfh lq suhihuhqfhv dqg wkh vxujh lq frqvxpswlrq wkdw rffxuv lq wkh shulrg ri wkh vkrfn1
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Dqrwkhu lqwhusuhwdwlrq lv vlpso| wkdw +5, surgxfhv d krprjhqhrxv/ lqwhuphgldwh rxwsxw jrrg/

zklfk lv vsolw lqwr frqvxpswlrq dqg lqyhvwphqw e| �qdo jrrgv �upv xvlqj +7,1 Krzhyhu/ lw lv qrw

fohdu wkdw wklv lqwhusuhwdwlrq surylghv wkh edvlv iru dq lqwhuhvwlqj h{sodqdwlrq ri frpryhphqw1

Qrz frqvlghu wkh dgmxvwphqw frvw prgho1 Wklv prgho dovr kdv d wzr0vhfwru lqwhusuhwdwlrq/

dqg xqghu wklv lqwhusuhwdwlrq lw kdv lpsolfdwlrqv iruMSc| dqgM�c|�Zkhq zh frpsxwh wkh uhvsrqvh

ri wkhvh yduldeohv wr d srvlwlyh whfkqrorj| vkrfn/ krzhyhu/ zh �qg wkdw MSc| gursv shuvlvwhqwo|

dqgM�c| ulvhv shuvlvwhqwo|/ diwhu d whfkqrorj| vkrfn1 Dv d uhvxow/ zkhq zh frpsxwh wkh fruuhodwlrq

ri wkhvh yduldeohv zlwk rxwsxw zh �qg wkdw MSc| lv frxqwhuf|folfdo dqg M�c| lv surf|olfdo1 Wkxv/

hyhq li zh ljqruh wkh lpsodxvlelolw| ri wkh uhvwulfwhg oderu dvvxpswlrq xqghu wkh wzr0vhfwru

lqwhusuhwdwlrq ri wkh dgmxvwphqw frvw prgho/ zh �qg wkdw wkh prgho lv frpsohwho| lqfrqvlvwhqw

zlwk frpryhphqw1

Wr frqfoxgh/ lq rxu ylhz wkh revhuydwlrqv derxw frpryhphqw surylgh d frpshoolqj edvlv iru

fkrrvlqj rxu suhihuuhg wzr0vhfwru prgho ryhu wkh wlph0wr0sodq dqg dgmxvwphqw frvw prghov1

7151 H{fhvv Vhqvlwlylw| ri Frqvxpswlrq wr Lqfrph

Zh qrz wxuq wr wkh vwdwlvwlfdo hylghqfh zklfk Fdpsehoo dqg Pdqnlz +4<;</ 4<<4, +FP, dujxh

lv d sx}}oh iurp wkh shuvshfwlyh ri htxloleulxp exvlqhvv f|foh prghov1 Wkh| hvwlpdwh d olqhdu

h{suhvvlrq uhodwlqj wkh suhglfwdeoh frpsrqhqw ri frqvxpswlrq jurzwk wr wkh suhglfwdeoh frp0

srqhqw ri lqfrph jurzwk dqg wr wkh lqwhuhvw udwh1 Dsso|lqj lqvwuxphqwdo yduldeohv whfkqltxhv/

wkh| �qg wkdw wkh hvwlpdwhg frh!flhqw rq lqfrph/ bc lv derxw 425/ zkloh wkh frh!flhqw rq

wkh lqwhuhvw udwh/ wc lv forvh wr }hur1 Dsshdolqj wr vwdqgdug rswlpl}lqj prghov/ FP dujxh wkdw

krxvhkrog pd{lpl}dwlrq lpsolhv wkh frh!flhqw rq lqfrph vkrxog eh }hur dqg wkh frh!flhqw rq

wkh lqwhuhvw udwh vkrxog eh odujh1 Lq wkhvh prghov/ wkh ohyho ri frqvxpswlrq lv ghwhuplqhg e|

krxvhkrog zhdowk dqg lwv jurzwk udwh lv ghwhuplqhg vroho| e| wkh udwh ri lqwhuhvw1 Wkh frh!flhqw

rq wkh lqwhuhvw udwh lv wkh uhflsurfdo ri wkh frh!flhqw ri uhodwlyh ulvn dyhuvlrq1 Wklv frh!flhqw

vkrxog eh vxevwdqwldoo| deryh }hur rq wkh dvvxpswlrq wkdw ulvn dyhuvlrq lv vpdoo1

FP lqwhusuhw wkh hylghqfh dv lqglfdwlqj wkdw wkh uhsuhvhqwdwlyh djhqw/ rswlpl}lqj iudphzrun

vkrxog eh dedqgrqhg dv d zd| ri wklqnlqj derxw  xfwxdwlrqv1 Rxu uhvxowv vxjjhvw dqrwkhu

lqwhusuhwdwlrq1 Zh vkrz wkdw wkh prgl�fdwlrqv lqwurgxfhg lqwr wkh vwdqgdug UEF prgho wr
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khos lw dffrxqw iru dvvhw sulfhv dovr kdyh wkh h�hfw ri udlvlqj wkh lpsolhg hvwlpdwhg ydoxh ri

b dqg uhgxflqj wkh lpsolhg hvwlpdwhg ydoxh ri w� Wkxv/ dq dowhuqdwlyh lqwhusuhwdwlrq ri FP*v

�qglqjv lv wkdw wkh| surylgh fruurerudwlqj hylghqfh lq idyru ri wkhvh prgl�fdwlrqv16<

Rxu suhihuuhg wzr0vhfwru prgho*v delolw| wr jhqhudwh d kljk ydoxh iru b uh hfwv wkdw/ xqghu

kdelw shuvlvwhqfh/ wkh lqwhuwhpsrudo Hxohu htxdwlrq uhodwhv frqvxpswlrq jurzwk wr odjjhg frq0

vxpswlrq jurzwk/ dv zhoo dv wr h{shfwdwlrqv ri ixwxuh frqvxpswlrq jurzwk1 Lq wklv fdvh/ wkh

dssduhqw h{fhvv vhqvlwlylw| wr lqfrph uh hfwv lqfrph*v vwdwlvwlfdo uroh dv d sur{| iru wkhvh ydul0

deohv1 Wkh prgho*v delolw| wr jhqhudwh d orz ydoxh ri w lv shukdsv qrw vxusulvlqj lq ylhz ri wkh

idfw wkdw/ dw rxu hvwlpdwhg ydoxh iru K/ lqwhuwhpsrudo vxevwlwxwlrq lq frqvxpswlrq lv orz1 Eh0

fdxvh djhqwv lq rxu prgho dovr kdyh orz ulvn dyhuvlrq/ rxu iudphzrun surylghv d irupdo edvlv iru

Kdoo*v +4<;;, vxjjhvwlrq wkdw wkh zhdn hpslulfdo uhodwlrq ehwzhhq frqvxpswlrq jurzwk dqg wkh

lqwhuhvw udwh vkrxog eh lqwhusuhwhg dv uh hfwlqj orz lqwhuwhpsrudo vxevwlwxwlrq lq frqvxpswlrq

lqvwhdg ri kljk ulvn dyhuvlrq1

Wkh vwdwlvwlfdo uhodwlrq wkdw lv d sulpdu| irfxv ri FP*v dqdo|vlv lv=

{�| ' >n b{t| n wos|3� n 0|c +4:,

zkhuh/ {�| � *L}E�|��*L}E�|3��� FP hvwlpdwh >c b dqg w e| wkh iroorzlqj wzr0vwhs lqvwuxphqwdo

yduldeohv surfhgxuh= lq wkh �uvw vwhs wkh| uhsodfh wkh ohiw dqg uljkw kdqg vlgh yduldeohv lq +4:,

e| wkhlu �wwhg ydoxhv/ diwhu uhjuhvvlrq rq d vhw ri lqvwuxphqwv> lq wkh vhfrqg vwhs wkh| uxq dq

ruglqdu| ohdvw vtxduhv uhjuhvvlrq rq wklv prgl�hg yhuvlrq ri +4:, wr hvwlpdwh >c b dqg w� Wkh �uvw

froxpq ri Wdeoh 9/ Sdqho E/ glvsod|v d w|slfdo vhw ri uhvxowv uhsruwhg e| FP iru wkhvh sdudphwhu

ydoxhv +vhh Fdpsehoo dqg Pdqnlz 4<;</ Wdeoh 8/ urz 61,

Wdeoh 9/ Sdqho E dovr vxppdul}hv rxu prghov* lpsolfdwlrqv iru wkh FP uhjuhvvlrq1 Zh uhsruw

wzr vhwv ri uhvxowv1 Rqh lv wkh phdq/ lq vdpsohv ri w|slfdo vl}h/ ri lqvwuxphqwdo yduldeohv uh0

juhvvlrqv lq zklfk wkh lqvwuxphqw olvw lv i{�|32c{�|3�c{�|3ec o
s
|3�c o

s
|3ec o

s
|3Dj� Wklv lqvwuxphqw

olvw zdv fkrvhq ehfdxvh lw lv uhsuhvhqwdwlyh ri wkh w|sh xvhg lq wkh olwhudwxuh1 Rxu vhfrqg vhw ri

6<Ed{whu dqg Mhupdqq +4<<<, grfxphqw wkdw d prgho zlwk krph surgxfwlrq fdq dovr dffrxqw iru wkh h{fhvv
vhqvlwlylw| sx}}oh1
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uhvxowv/ uhsruwhg lq vtxduh eudfnhwv/ lv ghvljqhg wr khos txdqwli| wkh h{whqw wr zklfk rxu �uvw vhw

ri uhvxowv pd| uh hfw vpdoo vdpsoh glvwruwlrqv1 Wkh glvwruwlrqv wkdw frqfhuq xv duh wkh w|sh wkdw

fdq rffxu lq lqvwuxphqwdo yduldeohv hvwlpdwruv zkhq wkh lqvwuxphqwv duh qrw yhu| lqirupdwlyh

iru wkh uljkw kdqg yduldeohv173 Wkh uhvxowv duh frpsxwhg xqghu wkh dvvxpswlrq wkdw dq lq�qlwh

vdpsoh ri gdwd dqg clghdo* lqvwuxphqwv duh dydlodeoh1 E| clghdo* zh phdq wkdw wkh lqvwuxphqw

olvw frqwdlqv hqrxjk lqirupdwlrq wkdw wkh �wwhg ydoxhv frpsxwhg lq wkh �uvw vwdjh uhjuhvvlrqv

fruuhvsrqg wr wkh wzr0shulrg0dkhdg frqglwlrqdo h{shfwdwlrq ri wkh yduldeohv lq +4:,174

Zh ehjlq e| frpsdulqj wkh odujh dqg vpdoo vdpsoh uhvxowv uhsruwhg lq Wdeoh 91 Qrwh krz

odujh wkh glvwruwlrqv duh lq wkh hvwlpdwru iru b1 Wkh vwdqgdug UEFprgho lpsolhv wkdw lw lv eldvhg

xs/ zkloh wkh rwkhu prghov lpso| d vxevwdqwldo grzqzdug eldv1 Zlwk rqh h{fhswlrq/ wkh prghov

lpso| wkdw wkhuh lv yhu| olwwoh glvwruwlrq lq wkh hvwlpdwru iru w� Wkh h{fhswlrq lv wkh dgmxvwphqw

frvw prgho/ zklfk vxjjhvwv wkhuh lv d vxevwdqwldo vpdoo vdpsoh xszdug eldv175 Dowrjhwkhu/ wkh

uhvxowv lqglfdwh wkdw wkh lqvwuxphqwv duh uhodwlyho| xqlqirupdwlyh iru wkh uljkw0kdqg yduldeohv

lq +4:,/ hvshfldoo| {t|176 Xqghu wkh dvvxpswlrq wkdw lq uhdo zruog gdwd wkh lqvwuxphqwv duh

73Iru d txdqwlwdwlyh dqdo|vlv ri wklv lvvxh lq wkh vwdqgdug UEF prgho/ vhh Fkulvwldqr +4<;<,1 Iru d jhqhudo
glvfxvvlrq/ vhh Erxqg/ Mdhjhu dqg Ednhu +4<<8,/ Qhovrq dqg Vwduw} +4<<3d/e,/ Vkhd +4<<:, dqg wkh uhihuhqfhv
wkh| flwh1

74Zh frpsxwh d prgho*v lpsolfdwlrqv iru wkhvh uhjuhvvlrqv lq wkh iroorzlqj zd|1 Wr rewdlq Hw�5�Fw> zh xvh
wkh lpsxovh uhvsrqvh ixqfwlrqv ri �Fw wr d rqh0vwdqgdug ghyldwlrq vkrfn wr whfkqrorj|1 Wkh �uvw gl�huhqfh
ri wkhvh lpsxovh uhvsrqvhv lv rxu hvwlpdwh ri wkh prylqj dyhudjh uhsuhvhqwdwlrq ri �Fw1 Zulwh wklv +ljqrulqj
frqvwdqw whupv, dv iroorzv=

�Fw @ d3%w . �4%w�4 . ===. �Q%w�Q >

zkhuh %w @ {w � �{ +vhh +6,1, Zh vhw Q @ 433= Wkhq/

Hw�5�Fw @ �5%w�5 . ===. �Q%w�Q =

Zh frpsxwhg Hw�5�\w dqg Hw�5u
i
w�4 xvlqj wkh vdph surfhgxuh1 Wkh vhfrqg vwdjh uhjuhvvlrq zdv shuiruphg

e| surmhfwlqj Hw�5�Fw rqwr Hw�5�\w dqg Hw�5u
i
w�4= Wkh vhfrqg prphqwv qhhghg wr vroyh wklv surmhfwlrq zhuh

rewdlqhg xvlqj wkh prylqj dyhudjh uhsuhvhqwdwlrq mxvw ghvfulehg1
Wr yhuli| wkdw wklv prylqj dyhudjh uhsuhvhqwdwlrq lv d jrrg dssur{lpdwlrq wr wkh qrqolqhdu uhsuhvhqwdwlrq

xvhg hovhzkhuh wr dqdo|}h rxu prghov/ zh fduulhg rxw wkh iroorzlqj fdofxodwlrqv1 Zh uhshdwhg wkh Prqwh Fduor
h{shulphqwv uhsruwhg lq Wdeoh 9/ Sdqho E xvlqj wkh olqhdu prylqj dyhudjh uhsuhvhqwdwlrq dv wkh gdwd jhqhudwlqj
phfkdqlvp dqg irxqg wkdw wkh uhvxowv gr qrw gl�hu vljql�fdqwo| iurp zkdw lv uhsruwhg lq wkh wdeoh1

75Wkh uhvxowv lq Wdeoh 9/ Sdqho E duh edvhg rq odjjlqj wkh lqvwuxphqwv wzlfh/ dv lq Fdpsehoo dqg Pdqnlz
+4<;</ 4<<3,1 Jhqhudoo|/ wkh uhvxowv lq wkh wdeoh duh qrw vhqvlwlyh wr odjjlqj wkh lqvwuxphqwv rqo| rqfh1 Wkh
h{fhswlrqv duh wkh odujh vdpsoh surshuwlhv ri wkh dgmxvwphqw frvw dqg wlph0wr0sodq prghov1 Lq wkh iruphu zh
�qg +�> �, @ +4=78>�3=46, dqg lq wkh odwwhu zh �qg +�> �, @ +:=<:> 3=76,= Wkhvh uhvxowv gr vkrz vrph vhqvlwlylw|
lq wkh frh!flhqw rq wkh lqwhuhvw udwh1 Vwloo/ wkh vhqvlwlylw| lv qrw juhdw hqrxjk wr d�hfw rxu frqfoxvlrqv1

76Vkhd +4<<:, ghvfulehv d sduwldo U5 vwdwlvwlf wkdw fdq eh xvhg lq hpslulfdo dqdo|vlv wr vljqdo zkhq lqvwuxphqwv
odfn lqirupdwlyhqhvv1 Zh gr qrw xvh wkdw vwdwlvwlf lq rxu dqdo|vlv ehfdxvh frpsdulvrq ri vpdoo dqg odujh vdpsoh
uhvxowv jlyhv xv d pruh gluhfw lqglfdwru ri wklv1
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lqirupdwlyh/ lw iroorzv wkdw wklv lv dq hpslulfdo zhdnqhvv ri rxu prghov177 Prvw olnho|/ wklv

zhdnqhvv uh hfwv wkdw wkhuh lv wrr olwwoh shuvlvwhqfh dqg wrr pxfk froolqhdulw| lq wkh prghov*

yduldeohv1 Wkhvh sureohpv fdq eh uhsdluhg e| d ydulhw| ri fkdqjhv lq vshfl�fdwlrq/ vxfk dv

lqwurgxflqj pruh shuvlvwhqfh lq h{rjhqrxv vkrfnv/ dqg dgglqj qhz vrxufhv ri vkrfnv1 Sxuvxlqj

wkhvh srvvlelolwlhv zrxog wdnh xv zhoo eh|rqg wkh vfrsh ri wklv sdshu1 Vwloo/ wkh hylghqfh zh gr

kdyh vxjjhvwv wkdw vxfk fkdqjhv zrxog fdxvh wkh prghov* vpdoo vdpsoh surshuwlhv wr uhvhpeoh

pruh forvho| wkh odujh vdpsoh surshuwlhv uhsruwhg lq wkh wdeoh/ zlwkrxw vljql�fdqwo| dowhulqj

rwkhu lpsolfdwlrqv178

Wkh suhfhglqj frqvlghudwlrqv vxjjhvw wkdw/ zlwk wkh h{fhswlrq ri wkh dgmxvwphqw frvw prgho/

zh vkrxog wdnh vhulrxvo| wkh prghov* lpsolfdwlrqv iru wkh vpdoo vdpsoh phdq ri w1 Krzhyhu/

fdxwlrq qhhgv wr eh h{huflvhg lq lqwhusuhwlqj wkh lpsolfdwlrqv iru wkh vpdoo vdpsoh phdq ri b�

Vrph zhljkw vkrxog dovr eh dssolhg wr wkh odujh vdpsoh uhvxowv lq wklv fdvh1

Zh qrz wxuq wr wkh lpsolfdwlrqv ri wkh uhvxowv lq Wdeoh 9/ Sdqho E iru wkh FP vwdwlvwlfdo

�qglqjv1 Frqvlghu �uvw wkh uhvxowv iru w� Frqvlvwhqw zlwk FP*v revhuydwlrqv/ wkh vwdqgdug UEF

prgho lpsolhv wklv sdudphwhu lv urxjko| xqlw| +wkh uhflsurfdo ri ulvn dyhuvlrq lq wkdw prgho,1

Wklv lv pruh wkdq wzr vwdqgdug ghyldwlrqv dzd| iurp wkh fruuhvsrqglqj hpslulfdo hvwlpdwh/ dqg

zduudqwv uhmhfwlqj wkh vwdqgdug UEF prgho1 Krzhyhu/ wkh lpsolfdwlrqv iru w ri wkh wlph0wr0

sodq dqg suhihuuhg wzr0vhfwru prghov erwk duh forvh wr wkh fruuhvsrqglqj hpslulfdo ydoxh1 Wklv

uh hfwv wkdw lq wkhvh prghov/ wkh frh!flhqw ri uhodwlyh ulvn dyhuvlrq +zklfk lv xqlw|, dqg wkh

ghjuhh ri lqwhuwhpsrudo vxevwlwxwlrq duh qrw frqqhfwhg dv wkh| duh lq wkh vwdqgdug UEF prgho1

Wkh lpsolfdwlrqv ri wkh dgmxvwphqw frvw prgho iru w duh dpeljxrxv/ dqg ghshqg rq zkhwkhu wkh

vpdoo vdpsoh ru wkh odujh vdpsoh uhvxowv duh hpskdvl}hg1

Qrz frqvlghu wkh uhvxowv iru b� Qrwh wkdw wkh vwdqgdug UEF prgho*v lpsolfdwlrq iru wkh

vpdoo vdpsoh phdq ri wklv yduldeoh lv frqvlvwhqw zlwk wkh fruuhvsrqglqj hpslulfdo ydoxh1 Krzhyhu/

Fkulvwldqr +4<;<, vkrzv wkdw wklv uh hfwv wkh prgho*v frxqwhuidfwxdo lpsolfdwlrqv iru lqvwuxphqw

77Ri frxuvh/ wkhuh lv xqfhuwdlqw| derxw wkh ydolglw| ri rxu hpslulfdo dvvxpswlrq1 Vwloo/ d fdvh fdq eh pdgh wkdw
wkh hpslulfdo lqvwuxphqwv duh lqirupdwlyh +vhh Fkulvwldqr 4<;<1,

78Fkulvwldqr +4<;<, vkrzhg wkdw wklv lv lqghhg wkh fdvh iru wkh vwdqgdug UEF prgho1 Kh vkrzhg wkdw d yhuvlrq
ri wkh vwdqgdug UEF prgho zklfk lqfoxghv jryhuqphqw vshqglqj vkrfnv/ wdnhv whpsrudo djjuhjdwlrq h�hfwv lqwr
dffrxqw/ dqg kdv d vpdoo dprxqw ri dgglwlrqdo shuvlvwhqfh lq wkh whfkqrorj| vkrfn/ kdv wkh lpsolfdwlrq wkdw wkh
vpdoo vdpsoh lqvwuxphqwdo yduldeohv hvwlpdwru lv qhduo| xqeldvhg1
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txdolw|1 Plqru shuwxuedwlrqv zklfk lpsuryh wkhvh lpsolfdwlrqv vlpxowdqhrxvo| gulyh wkh vpdoo

vdpsoh uhvxowv iru b wrzdugv }hur/ wkdw lv/ wrzdugv wkh odujh vdpsoh �jxuh uhsruwhg lq wkh wdeoh1

Rq wklv edvlv/ zh djuhh zlwk FP wkdw wkh hpslulfdo uhvxowv iru b dovr zduudqw uhmhfwlqj wkh

vwdqgdug UEF prgho1 Wxuqlqj wr wkh rwkhu prghov/ qrwh wkdw wkhlu lpsolfdwlrqv iru wkh suhflvh

ydoxh ri b duh dpeljxrxv1 Dv qrwhg deryh/ wkh| ghshqg rq zkhwkhu odujh ru vpdoo vdpsoh

uhvxowv duh frqvlghuhg1 Krzhyhu/ wkh txdolwdwlyh uhvxowv duh qrw vhqvlwlyh wr zklfk uhvxowv zh

orrn dw1 Hlwkhu zd| wkh| lqglfdwh wkdw/ hpslulfdoo|/ frqvxpswlrq lv qrw h{fhvvlyho| vhqvlwlyh wr

lqfrph1 Lurqlfdoo|/ dffruglqj wr wkhvh prghov wkh uhdo sx}}oh lv qrw wkdw phdvxuhg frqvxpswlrq lv

h{fhvvlyho| vhqvlwlyh wr fxuuhqw lqfrph1 Lw lv lqvwhdg wkdw frqvxpswlrq lv lqvx!flhqwo| vhqvlwlyh1

7161 Lqyhuwhg Ohdglqj Lqglfdwru Skhqrphqrq

Lw lv d zhoo0grfxphqwhg idfw wkdw uhdo +dqg qrplqdo, lqwhuhvw udwhv frydu| srvlwlyho| zlwk sdvw

+ghwuhqghg, ohyhov ri rxwsxw dqg qhjdwlyho| zlwk ixwxuh ohyhov +vhh Ilrulwr dqg Nroolqw}dv 4<<71,

Wklv fdq eh vhhq lq Wdeoh 9/ Sdqho F/ zklfk glvsod|v wkh g|qdplf fruuhodwlrqv ehwzhhq wkh

lq dwlrq0dgmxvwhg Ihghudo Ixqgv udwh dqg ghwuhqghg rxwsxw1 Fkdul/ Fkulvwldqr dqg Hlfkhqedxp

+4<<8, dqg Nlqj dqg Zdwvrq +4<<9, kdyh hpskdvl}hg wkdw wkhvh duh lpsruwdqw revhuydwlrqv

iru prghov wr eh frqvlvwhqw zlwk1 Wkh| uhsuhvhqw d nh| idfwru xqghuo|lqj wkh eholhi ri vrph

uhvhdufkhuv wkdw prqhwdu| srolf| vkrfnv sod| dq lpsruwdqw uroh lq wkh g|qdplfv ri wkh exvl0

qhvv f|foh1 Rqh uhdvrq iru wklv eholhi lv wkdw wkh prqhwdu| srolf| vkrfn lqwhusuhwdwlrq vhhpv

vwudljkwiruzdug1 Dqrwkhu uhdvrq/ zklfk dsshduv wr uhfhlyh vxssruw lq wkh uhvxowv ri Nlqj dqg

Zdwvrq +4<<9,/ uh hfwv wkh ylhz wkdw UEF prghov duh lqfdsdeoh ri dffrxqwlqj iru wkh qhjdwlyh

dvvrfldwlrq ehwzhhq lqwhuhvw udwhv dqg ixwxuh rxwsxw1 Rxu uhvxowv edvhg rq wkh vwdqgdug UEF

prgho duh frqvlvwhqw zlwk wklv ylhz1 Krzhyhu/ wkh prghov zklfk lqfrusrudwh fkdqjhv ghvljqhg

wr dffrxqw iru dvvhw uhwxuqv duh qrw1 Wkh| duh frqvlvwhqw zlwk wkh lqyhuwhg ohdglqj lqglfdwru skh0

qrphqrq1 Wkhvh prghov vxjjhvw wkdw wkh g|qdplf hfrqrplf ehkdylru dwwulexwhg wr prqhwdu|

glvwxuedqfhv pd|/ dw ohdvw lq sduw/ dovr uh hfw wkh h�hfwv ri uhdo glvwxuedqfhv sursdjdwhg yld

phfkdqlvpv olnh wkrvh fdswxuhg lq wkh wlph0wr0sodq/ dgmxvwphqw frvw dqg suhihuuhg wzr0vhfwru

prghov1

Frqvlghu �uvw wkh vwdqgdug UEF prgho1 Qrwh iurp Wdeoh 9/ Sdqho F krz wkh fruuhodwlrq
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ehwzhhq wkh lqwhuhvw udwh dqg rxwsxw lv srvlwlyh dw doo ohdgv dqg odjv1 Phfkdqlfdoo|/ wkh srvlwlyh

fruuhodwlrq ehwzhhq wkh lqwhuhvw udwh dqg fxuuhqw dqg ixwxuh rxwsxw uh hfwv wkdw d srvlwlyh

vkrfn wr whfkqrorj| gulyhv xs wkh udwh ri lqwhuhvw dqg dovr gulyhv xs fxuuhqw dqg ixwxuh rxwsxw1

Wkh uhdvrq iru wkh ulvh lq wkh lqwhuhvw udwh lv wkdw wkh vkrfn jlyhv ulvh wr d judgxdo xszdug

uhvsrqvh lq frqvxpswlrq1 Wkh lpsolfdwlrqv ri wklv zlwk wkh wlph0vhsdudeoh xwlolw| ixqfwlrq

duh vwudljkwiruzdug= wkh fxuuhqw lqfuhdvh lq frqvxpswlrq gulyhv wkh fxuuhqw pdujlqdo xwlolw| ri

frqvxpswlrq grzq/ exw wkh odujhu ixwxuh ulvh gulyhv ixwxuh pdujlqdo xwlolw| grzq hyhq pruh1

Wkh lqwhuhvw udwh ulvhv lq uhvsrqvh wr wkh srvlwlyh whfkqrorj| vkrfn ehfdxvh lw lv wkh udwlr ri

wkhvh wzr pdujlqdo xwlolwlhv1 D uhodwhg zd| ri vhhlqj wklv lv dv iroorzv1 Zlwk wkh wlph0vhsdudeoh/

orj xwlolw| ixqfwlrq/ krxvhkrogv suhihu d frqvwdqw ohyho ri frqvxpswlrq ryhu wlph1 Wkh srvlwlyh

whfkqrorj| vkrfn gulyhv xs ixwxuh frqvxpswlrq pruh wkdq suhvhqw frqvxpswlrq/ dqg iru wklv

wr eh dq htxloleulxp/ krxvhkrogv pxvw eh glvfrxudjhg iurp xvlqj dvvhw pdunhwv wr uhdoorfdwh

frqvxpswlrq iurp wkh ixwxuh wr wkh suhvhqw1 Lw lv suhflvho| wkh ulvh lq wkh udwh ri lqwhuhvw zklfk

kdv wklv h�hfw1

Vljql�fdqwo|/ wkh wlph0wr0sodq/ dgmxvwphqw frvw dqg suhihuuhg wzr0vhfwru prghov duh frqvlv0

whqw zlwk wkh lqyhuwhg ohdglqj lqglfdwru skhqrphqrq1 Wklv uh hfwv wkhvh prghov* lpsolfdwlrq

wkdw wkh udwh ri lqwhuhvw idoov lq wkh shulrg ri d srvlwlyh whfkqrorj| vkrfn1 Wkh uhdvrqv iru wklv

duh vrphzkdw gl�huhqw lq wkh wlph0wr0sodq dqg suhihuuhg wzr0vhfwru prghov/ zkhuh wkh lq h{l0

elolwlhv duh whpsrudu|/ dqg lq wkh dgmxvwphqw frvw prgho/ zkhuh vrph ri wkh lq h{lelolwlhv duh

shuvlvwhqw1 Wkhvh gl�huhqfhv duh lqvwuxfwlyh1

Frqvlghu �uvw wkh prghov lq zklfk wkh lq h{lelolwlhv duh whpsrudu|1 Lq wkhvh prghov/ frq0

vxpswlrq lv uhodwlyho| kljk lq wkh shulrg ri wkh vkrfn/ frpsduhg wr lwv ydoxh lq vxevhtxhqw

shulrgv +vhh Iljxuh 4,1 Wkh uhdvrqlqj deryh vxjjhvwv wkdw wklv vkrxog ohdg wr d idoo lq wkh udwh

ri lqwhuhvw/ dvvxplqj kdelw shuvlvwhqfh grhv qrw sod| wrr juhdw d uroh1 Frqvlvwhqw zlwk wklv dv0

vxpswlrq/ fdofxodwlrqv qrw uhsruwhg khuh vkrz wkdw zkhq K lv vhw wr }hur lq wkh wlph0wr0sodq dqg

suhihuuhg wzr0vhfwru prghov/ wkhvh prghov uhpdlq frqvlvwhqw zlwk wkh lqyhuwhg ohdglqj lqglfdwru

skhqrphqrq1

Qrz frqvlghu wkh dgmxvwphqw frvw prgho zklfk lv dovr/ dw ohdvw txdolwdwlyho|/ frqvlvwhqw

zlwk wkh lqyhuwhg ohdglqj lqglfdwru skhqrphqrq1 Dffruglqj wr Iljxuh 4/ wkh wlph sdwwhuq ri
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frqvxpswlrq diwhu d srvlwlyh whfkqrorj| vkrfn lv yhu| gl�huhqw iurp zkdw lw lv lq wkh wlph0wr0

sodq dqg suhihuuhg wzr0vhfwru prghov= lw vkrzv d judgxdo ulvh1 Dv h{sodlqhg deryh/ zlwk wlph

vhsdudeoh suhihuhqfhv wklv sdwwhuq zrxog lpso| d ulvh lq wkh udwh ri lqwhuhvw1 Exw/ wkh uhodwlyho|

kljk ydoxh ri K lq wkh dgmxvwphqw frvw prgho surgxfhv wkh rssrvlwh/ zlwk wkh lqwhuhvw udwh idoolqj

lq wkh shulrg ri d vkrfn1 Ghvslwh wkh judgxdo qdwxuh ri wkh htxloleulxp frqvxpswlrq uhvsrqvh/

krxvhkrogv zlwk kdelw shuvlvwhqfh suhihu wkdw uhvsrqvh wr eh hyhq pruh judgxdo1 Wkh idoo lq wkh

udwh ri lqwhuhvw lv uhtxluhg wr glvfrxudjh wkhp iurp dwwhpswlqj wr xvh ordq pdunhwv wr dfklhyh

wklv/ e| uhdoorfdwlqj frqvxpswlrq iurp wkh suhvhqw wr wkh ixwxuh1

Txdqwlwdwlyho|/ wkh dgmxvwphqw frvw prgho grhv qrw gr dv zhoo dv wkh wlph0wr0sodq dqg suh0

ihuuhg wzr0vhfwru prghov lq dffrxqwlqj iru wkh lqyhuwhg ohdglqj lqglfdwru skhqrphqrq1 Vwloo/

zh wklqn wkdw prgho frqyh|v dq lpsruwdqw ohvvrq1 Zh vxvshfw wkdw wkh uhodwlyho| xqvprrwk

frqvxpswlrq uhvsrqvh lpsolhg e| wkh wlph0wr0sodq dqg suhihuuhg wzr0vhfwru prghov lv frxqwhu0

idfwxdo/ dowkrxjk zh duh qrw dzduh ri gdwd zklfk vkrzv wklv1 Wkh dgmxvwphqw frvw prgho uhvxowv

vxjjhvw wkdw wklv xqdwwudfwlyh ihdwxuh ri wkhvh prghov lv qrw fulwlfdo wr wkhlu jrrg shuirupdqfh

rq wkh lqyhuwhg ohdglqj lqglfdwru skhqrphqrq dqg wkh dvvhw uhwxuq idfwv1 Wkh| jlyh xv krsh

wkdw prgl�fdwlrqv zklfk surgxfh vprrwkhu frqvxpswlrq uhvsrqvhv fdq eh lqwurgxfhg zkloh qrw

ghvwur|lqj wkhlu jrrg hpslulfdo shuirupdqfh rq wkhvh rwkhu glphqvlrqv1

81 Vxppdu| dqg Frqfoxvlrq

Zh h{soruhg ydulrxv prgl�fdwlrqv rq d vwdqgdug UEF prgho lq dq h�ruw wr lpsuryh lwv dvvhw

sulflqj lpsolfdwlrqv1 Rxu prvw vxffhvvixo prgl�fdwlrq lpsrvhv mxvw wzr vlpsoh fkdqjhv= lw

lqwurgxfhv kdelw shuvlvwhqfh lqwr suhihuhqfhv dqg dvvxphv wkh vhfwrudo dqg djjuhjdwh doorfdwlrq

ri fdslwdo dqg oderu duh ghwhuplqhg ehiruh wkh fxuuhqw shulrg uhdol}dwlrq ri xqfhuwdlqw|1 Wkhvh

fkdqjhv dgg mxvw rqh xqnqrzq sdudphwhu wr wkh prgho179 Zh irxqg wkdw wkh prgl�fdwlrqv qrw

79Vhfwlrq 5 ri wkh wh{w uhsruwv wkdw prgho vroxwlrqv zhuh rewdlqhg xvlqj qrq0olqhdu phwkrgv1 Li phwkrgv olnh
wklv uhdoo| zhuh qhfhvvdu|/ wkhq wkhuh zrxog eh d vxevwdqwldo sudfwlfdo gl�huhqfh ehwzhhq rxu suhihuuhg prgho
dqg wkh vwdqgdug UEF prgho1 Krzhyhu/ wklv lv qrw wkh fdvh1 Zkhq zh vroyhg wkh suhihuuhg wzr0vhfwru prgho
xvlqj wkh phwkrg edvhg rq olqhdul}lqj hxohu htxdwlrqv ghvfulehg lq Fkulvwldqr +4<<;,/ zh irxqg wkdw wkh uhvxowv
duh hvvhqwldoo| lqglvwlqjxlvkdeoh iurp zkdw lv uhsruwhg iru wkdw prgho lq Wdeohv 7/ 8 dqg 91 Srolf| uxohv iru
wkh txdqwlw| doorfdwlrqv zhuh rewdlqhg e| vroylqj olqhdul}hg yhuvlrqv ri wkh Hxohu htxdwlrqv1 Udwhv ri uhwxuq
zhuh wkhq frpsxwhg xvlqj wkh h{dfw pdsslqjv iurp txdqwlwlhv/ zlwk frqglwlrqdo h{shfwdwlrqv ehlqj hydoxdwhg
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rqo| lpsuryh rq wkh vwdqgdug UEF prgho*v dvvhw sulflqj lpsolfdwlrqv/ wkh| dovr vxevwdqwldoo|

lpsuryh xsrq wkdw prgho*v lpsolfdwlrqv iru exvlqhvv f|fohv1

Zh qrz eulh | glvfxvv vrph ri wkh olplwdwlrqv ri wkh dqdo|vlv1 Iluvw/ zh �qg +lq uhvxowv

qrw uhsruwhg khuh, wkdw rxu suhihuuhg wzr0vhfwru prgho lpsolhv d kljk fruuhodwlrq ehwzhhq frq0

vxpswlrq jurzwk dqg wkh udwh ri uhwxuq rq htxlw|�kljkhu wkdq lq wkh gdwd17: Wkrxjk wklv lv d

orqj0vwdqglqj sureohp iru wkh w|sh ri htxloleulxp prgho xvhg khuh/ zh vxvshfw wkdw wkh sureohp

fdq eh dffrxqwhg iru e| ydulrxv w|shv ri phdvxuhphqw sureohpv zlwk frqvxpswlrq dqg zlwk

wkh sulfh lqgh{ xvhg wr frqyhuw dvvhw uhwxuqv lqwr uhdo whupv17; Iru h{dpsoh/ Fkulvwldqr +4<;<,

vkrzv wkdw lqfrusrudwlqj wlph djjuhjdwlrq h�hfwv lqwr phdvxuhg frqvxpswlrq dqg phdvxuh0

phqw huuru lq wkh sulfh lqgh{ fdq kdyh d txdqwlwdwlyho| odujh/ qhjdwlyh lpsdfw rq wkh vwdqgdug

UEF prgho*v lpsolfdwlrq iru wkh frqvxpswlrq jurzwk/ htxlw| uhwxuq fruuhodwlrq1 Fdpsehoo dqg

Frfkudqh +4<<;, dovr grfxphqw wkh txdqwlwdwlyho| lpsruwdqw lpsdfw ri wlph djjuhjdwlrq h�hfwv

rq frqvxpswlrq17<

D vhfrqg vkruwfrplqj ri wkh prgho lv wkdw/ frqvlvwhqw zlwk wkh �qglqjv lq Khdwrq +4<<8,/

lw ryhuvwdwhv wkh yrodwlolw| ri wkh ulvn iuhh udwh1 Khuh wrr/ lw lv qrw fohdu krz ixqgdphqwdo wklv

sureohp lv iru wkh dssurdfk wr dvvhw sulflqj dgrswhg lq wklv sdshu1 Wkhuh duh uhvxowv lq wkh

olwhudwxuh zklfk jlyh xv krsh wkdw lw lv qrw1 Iru h{dpsoh/ Fdpsehoo dqg Frfkudqh +4<<;, dgrsw

d pruh hoderudwh uhsuhvhqwdwlrq ri kdelw shuvlvwhqfh suhihuhqfhv/ zklfk kdv wkh lpsolfdwlrq wkdw

wkh ulvn iuhh udwh lv frqvwdqw1 Vlploduo|/ wkh ulvn iuhh udwh lq Frqvwdqwlqlghv +4<<3, lv dovr

frqvwdqw1 Ilqdoo|/ Deho +4<<<, suhvhqwv d prgho zlwk kdelw shuvlvwhqfh lq suhihuhqfhv zklfk dovr

lpsolhv d uhdvrqdeoh dprxqw ri yrodwlolw| lq wkh ulvn iuhh udwh183

e| txdgudwxuh phwkrgv1
7:Rxu prgho*v suhglfwhg fruuhodwlrq ehwzhhq frqvxpswlrq jurzwk dqg wkh uhwxuq rq htxlw| lv ryhu 3=:6> zkloh

wkh fruuhvsrqglqj remhfw lq wkh gdwd lv forvhu wr d udqjh ri 3=3 wr 3=6> ghshqglqj rq zklfk phdvxuh ri wkh uhwxuq
rq htxlw| rqh xvhv +vhh Fkulvwldqr 4<;<,1

7;Iru d glvfxvvlrq ri phdvxuhphqw huuru lq frqvxpswlrq gdwd/ vhh Zlofr{ +4<<5,1 Jleerqv +4<;<, dujxhv wkdw
phdvxuhphqw huuru lq frqvxpswlrq gdwd lv vr vhyhuh wkdw wkrvh gdwd vkrxog qrw eh xvhg dw doo lq hydoxdwlqj
wkhrulhv ri dvvhw sulflqj1

7<Zh glg d frpsxwdwlrqdo h{shulphqw zklfk vkrzv wkdw lq rxu suhihuuhg prgho/ djjuhjdwlrq ryhu wlph h�hfwv rq
frqvxpswlrq fdq eh txdqwlwdwlyho| odujh1 Wr gr wklv/ zh frqvwuxfwhg d prgho zkrvh wlph shulrg lv 42; wlphv wkh
gdwd vdpsolqj lqwhuydo1 Zh dgmxvwhg wkh ghsuhfldwlrq udwh rq fdslwdo dqg wkh vwdqgdug ghyldwlrq ri whfkqrorj|
e| glylglqj e| ;1 Zh dgmxvwhg wkh kdelw sdudphwhu vr wkdw wkh prgho uhpdlqv frqvlvwhqw zlwk wkh revhuyhg phdq
ulvn iuhh udwh dqg phdq htxlw| suhplxp1 Wklv uhtxluhg vhwwlqj e @ 3=;6= Lq wklv prgho/ wkh fruuhodwlrq ehwzhhq
wlph0dyhudjhg frqvxpswlrq jurzwk dqg wkh udwh ri uhwxuq rq htxlw| lv rqo| 3=63=

83Rqh gl�huhqfh ehwzhhq Deho*v +4<<<, vshfl�fdwlrq ri kdelw shuvlvwhqfh dqg rxuv lv wkdw kh dgrswv d kljkhu
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Wklug/ d nh| lqjuhglhqw lq rxu vxffhvv lq rewdlqlqj dq htxlw| suhplxp lv wkdw/ lq dgglwlrq wr

kdelw shuvlvwhqfh lq suhihuhqfhv/ zh lqwurgxfhg ihdwxuhv ri whfkqrorj| wkdw suhyhqw krxvhkrogv

iurp lqwhuwhpsrudoo| vprrwklqj frqvxpswlrq1 Dw wkh vdph wlph/ rxu prgho kdv ohiw rxw dq

lpsruwdqw uhdo0zruog ghylfh iru grlqj wklv= lqyhqwrulhv1 Duh rxu uhvxowv urexvw wr wkh lqwurgxf0

wlrq ri lqyhqwrulhvB Ghwhuplqlqj wkh dqvzhu zlwk frq�ghqfh lv eh|rqg wkh vfrsh ri wklv sdshu1

Krzhyhu/ wkhuh duh dw ohdvw wkuhh uhdvrqv iru rswlplvp1 Iluvw/ lqyhqwrulhv duh qrw d shuihfw lq0

whuwhpsrudo vprrwklqj ghylfh/ vlqfh vhuylfhv duh d vxevwdqwldo sduw ri frqvxpswlrq/ dqg wkhvh

fdqqrw eh vwruhg1 Vhfrqg/ wkh dgmxvwphqw frvw prgho dqdo|}hg lq wkh sdshu r�huv krxvhkrogv

voljkwo| pruh  h{leoh lqwhuwhpsrudo vprrwklqj rssruwxqlwlhv wkdq grhv wkh suhihuuhg wzr0vhfwru

prgho1 Qhyhuwkhohvv/ wkdw prgho lv frqvlvwhqw zlwk nh| ihdwxuhv ri dvvhw uhwxuqv1 Wklv vxjjhvwv

wkdw wkh lq h{lelolwlhv lq wkh wzr0vhfwru prgho fdq eh vriwhqhg +srvvleo|/ e| lqwurgxflqj lqyhq0

wrulhv, zlwkrxw vdful�flqj wrr pxfk rq dvvhw uhwxuqv1 Ilqdoo|/ dq| prgholqj dssurdfk +edvhg/

vd| rq wkh Fdpsehoo dqg Frfkudqh +4<<;, vshfl�fdwlrq ri suhihuhqfhv, zklfk vroyhv wkh h{fhvv

yrodwlolw| sureohp zlwk wkh ulvn iuhh udwh zrxog vlpxowdqhrxvo| pdnh lqyhqwrulhv xqdwwudfwlyh dv

dq lqwhuwhpsrudo vprrwklqj ghylfh1 Iru h{dpsoh/ li wkh ulvn iuhh udwh zhuh dozd|v juhdwhu wkdq

xqlw|/ wkhq lqyhqwrulhv zrxog qhyhu eh khog iru lqwhuwhpsrudo vprrwklqj uhdvrqv1 Wklv lv wuxh

xqghu wkh +sodxvleoh, dvvxpswlrq wkdw lqyhqwrulhv jhqhudwh d jurvv udwh ri uhwxuq qr juhdwhu wkdq

xqlw|1

Lq vxp/ zh eholhyh rxu prgho pdnhv surjuhvv rq wkh wdvn ri lqwhjudwlqj wkh dqdo|vlv ri dvvhw

uhwxuqv dqg exvlqhvv f|fohv1 Vwloo/ wkh prgho kdv vkruwfrplqjv dqg d �qdo yhuglfw ghshqgv rq

zkhwkhu wkhvh vkruwfrplqjv wxuq rxw wr eh vljqdov wkdw wkhuh lv vrphwklqj ixqgdphqwdoo| zurqj

zlwk wkh prgho/ ru zkhwkhu plqru shuwxuedwlrqv fdq ryhufrph wkhp1 Dvvhvvlqj wklv lv d wdvn

iru ixwxuh uhvhdufk1

ohyho ri ulvn dyhuvlrq1 Lq rxu frqwh{w/ wklv lv dovr d vwudwhj| iru uhgxflqj wkh prgho*v lpsolfdwlrqv iru wkh yrodwlolw|
ri wkh ulvn iuhh udwh1 Wklv vwudwhj| zrunv e| uhgxflqj wkh ydoxh ri e qhhghg wr dffrxqw iru wkh phdq ulvn iuhh udwh
dqg phdq htxlw| suhplxp1 Zh irxqg wkdw d vpdoohu ydoxh ri e dovr uhgxfhv wkh yrodwlolw| ri wkh ulvn iuhh udwh1
D gl!fxow| zlwk wklv vwudwhj| lv wkdw/ dv glvfxvvhg lq vhfwlrq 51515/ lw whqgv wr pdnh hpsor|phqw frxqwhuf|olfdo1
Wklv lpsolfdwlrq ri kljk ulvn dyhuvlrq lv qrw hylghqw lq Deho*v +4<<<, zrun ehfdxvh kh krogv oderu frqvwdqw1
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Uhihuhqfhv

Deho/ Dqguhz/ 4<<3/ cDvvhw sulfhv xqghu kdelw irupdwlrq dqg fdwfklqj xs zlwk wkh Mrqhv/*
Dphulfdq Hfrqrplf Uhylhz Sdshuv dqg Surfhhglqjv/ yro1 ;3/ ss1 6;�751

Deho/ Dqguhz/ 4<<</ cUlvn Suhpld dqg Whup Suhpld lq Jhqhudo Htxloleulxp/* Mrxuqdo ri Prq0
hwdu| Hfrqrplfv/ yro1 76/ qr14/ sdjhv 60671

Dl|djdul/ V1 Udr/ dqg Pdun Jhuwohu/ 4<<4/ cDvvhw uhwxuqv zlwk wudqvdfwlrqv frvwv dqg xqlqvxuhg
lqglylgxdo ulvnv/* Mrxuqdo ri Prqhwdu| Hfrqrplfv/ yro1 5:/ ss1 644�6651

Eduvn|/ Urehuw/ W1 Mxvwhu/ Plohv Nlpedoo/ dqg Pdwwkhz Vkdslur/ 4<<:/ cSuhihuhqfh sdudphwhuv
dqg ehkdylrudo khwhurjhqhlw|= dq h{shulphqwdo dssurdfk lq wkh khdowk dqg uhwluhphqw
vwxg|/* Txduwhuo| Mrxuqdo ri Hfrqrplfv/ yro1 445/ qr1 5/ Pd|/ sdjhv 86:0:<1

Ed{whu/ Pduldqqh/ dqg Xuedq M1 Mhupdqq/ 4<<</ cKrxvhkrog surgxfwlrq dqg wkh h{fhvv vhq0
vlwlylw| ri frqvxpswlrq wr fxuuhqw lqfrph/* pdqxvfulsw/ Zkduwrq Vfkrro/ Xqlyhuvlw| ri
Shqqv|oydqld1

Ehqkdele/ M1/ Urjhuvrq/ U1 dqg U1 Zuljkw/ 4<<4/ cKrphzrun lq Pdfurhfrqrplfv= Krxvhkrog
Surgxfwlrq dqg Djjuhjdwh Ioxfwxdwlrqv*/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ Yro1 <</ Qr19/
4499 0 44;:1

Ehqqlqjd/ Vlprq/ dqg Dulv Surwrsdsdgdnlv/ 4<<3/ cOhyhudjh/ wlph suhihuhqfh/ dqg wkh chtxlw|
suhplxp sx}}oh/* Mrxuqdo ri Prqhwdu| Hfrqrplfv/ yro1 58/ ss1 7<�8;1

Erogulq/ Plfkhoh/ Odzuhqfh M1 Fkulvwldqr dqg Mrqdv G1P1 Ilvkhu/ 4<<8/ cDvvhw Sulflqj Ohvvrqv
iru Prgholqj Exvlqhvv F|fohv/* Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk Zrunlqj Sdshu
85951

Erogulq/ Plfkhoh/ Odzuhqfh M1 Fkulvwldqr dqg Mrqdv G1P1 Ilvkhu/ 4<<:/ cKdelw Shuvlvwhqfh dqg
Phdq Dvvhw Uhwxuqv lq dq H{fkdqjh Hfrqrp|/* Pdfurhfrqrplf G|qdplfv1

Erxqg/ Mrkq/ Gdylg D1 Mdhjhu dqg Uhjlqd P1 Ednhu/ 4<<8/ cSureohpv zlwk lqvwuxphqwdo ydul0
deohv hvwlpdwlrq zkhq wkh fruuhodwlrq ehwzhhq wkh lqvwuxphqwv dqg wkh hqgrjhqrxv h{0
sodqdwru| yduldeoh lv zhdn/* Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq/ yro1 <3/ qr1
763/ Mxqh1

Exuqvlgh/ Fudlj/ 4<<7/ cKdqvhq0Mdjdqqdwkdq erxqgv dv fodvvlfdo whvwv ri dvvhw0sulflqj prghov/*
Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv/ yro1 45/ sdjhv 8:�:<1

Exuqvlgh/ Fudlj/ Pduwlq Hlfkhqedxp dqg Vhujlr Uhehor/ 4<<6/ cOderu Krduglqj dqg wkh Exvl0
qhvv F|foh/* Mrxuqdo ri Srolwlfdo Hfrqrp|/ yro1 434/ qr1 5/ Dsulo/ ss1 57805:61

Exuqv/ Duwkxu/ dqg Z1 F1 Plwfkhoo/ 4<79/ cPhdvxulqj Exvlqhvv F|fohv/ Vwxglhv lq Exvlqhvv
F|fohv/* Qr1 5/ Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk1

Fdpsehoo/ Mrkq \1/ dqg Mrkq K1 Frfkudqh/ 4<<;/ cE| irufh ri kdelw= d frqvxpswlrq0edvhg
h{sodqdwlrq ri djjuhjdwh vwrfn pdunhw ehkdylru/* pdqxvfulsw/ Xqlyhuvlw| ri Fklfdjr Judg0
xdwh Vfkrro ri Exvlqhvv1
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Fdpsehoo/ Mrkq \1/ dqg Q1 Juhjru| Pdqnlz/ 4<;</ cFrqvxpswlrq/ lqfrph/ dqg lqwhuhvw udwhv=
uhlqwhusuhwlqj wkh wlph vhulhv hylghqfh/* lq Rolylhu Mhdq Eodqfkdug dqg Vwdqoh| Ilvfkhu/
hglwruv/ QEHU Pdfurhfrqrplfv Dqqxdo 4<;</ ss1 4;8�5491

Fdpsehoo/ Mrkq \1/ dqg Q1 Juhjru| Pdqnlz/ 4<<4/ cWkh uhvsrqvh ri frqvxpswlrq wr lqfrph=
d furvv0frxqwu| lqyhvwljdwlrq/* Hxurshdq Hfrqrplf Uhylhz/ yro1 68/ ss1 :56�:9:1

Fdpsehoo/ Mrkq \1/ Dqguhz Z1 Or dqg D1 Fudlj PdfNlqod|/ 4<<:/ Wkh Hfrqrphwulfv ri
Ilqdqfldo Pdunhwv/ Sulqfhwrq Xqlyhuvlw| Suhvv1

Fhffkhwwl/ Vwhskhq J1/ Srn0vdqj Odp/ dqg Qhovrq F1 Pdun/ 4<<6/ cWkh htxlw| suhplxp dqg
wkh ulvn0iuhh udwh= pdwfklqj wkh prphqwv/* Mrxuqdo ri Prqhwdu| Hfrqrplfv/ yro1 64/ ss1
54�781

Fkdul/ Y1Y1/ Odzuhqfh M1 Fkulvwldqr dqg Pduwlq Hlfkhqedxp/ 4<<8/ cLqvlgh Prqh|/ Rxwvlgh
Prqh|/ dqg Vkruw0Whup Lqwhuhvw Udwhv/* Mrxuqdo ri Prqh|/ Fuhglw dqg Edqnlqj/ yro1 5:/
qr1 7/ sduw 5/ Qryhpehu/ ss1 4687047341

Fkulvwldqr/ Odzuhqfh M1/ 4<;:/ cLv Frqvxpswlrq Lqvx!flhqwo| Vhqvlwlyh wr Lqqrydwlrqv lq Lq0
frphB*/ Dphulfdq Hfrqrplf Uhylhz Sdshuv dqg Surfhhglqjv>::+5,/ Pd|/ sdjhv 66:0741

Fkulvwldqr/ Odzuhqfh M1/ 4<;;/ cZk| grhv lqyhqwru| lqyhvwphqw  xfwxdwh vr pxfkB* Mrxuqdo
ri Prqhwdu| Hfrqrplfv/ yro1 54/ ss1 57:�5;31

Fkulvwldqr/ Odzuhqfh M1/ 4<;</ Frpphqw rq= cFrqvxpswlrq/ lqfrph/ dqg lqwhuhvw udwhv/* lq
Rolyhu Mhdq Eodqfkdug dqg Vwdqoh| Ilvfkhu/ hglwruv/ QEHU Pdfurhfrqrplfv Dqqxdo 4<;</
ss1 549�5661

Fkulvwldqr/ Odzuhqfh M1/ 4<<9/ cLghqwl�fdwlrq dqg wkh Oltxlglw| H�hfw= D Fdvh Vwxg|/* Ihghudo
Uhvhuyh Edqn ri Fklfdjr Hfrqrplf Shuvshfwlyhv> yro1 53/ qr1 6 Pd|0Mxqh/ ss1 50461

Fkulvwldqr/ Odzuhqfh M1/ 4<<;/ cVroylqj G|qdplf Htxloleulxp Prghov e| d Phwkrg ri Xqgh0
whuplqhg Frh!flhqwv/* Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk Whfkqlfdo Zrunlqj Sdshu
5581

Fkulvwldqr/ Odzuhqfh M1/ dqg Pduwlq Hlfkhqedxp/ 4<<5/ cFxuuhqw uhdo0exvlqhvv f|foh wkhrulhv
dqg djjuhjdwh oderu0pdunhw  xfwxdwlrqv/* Dphulfdq Hfrqrplf Uhylhz/ yro1 ;5/ qr1 6/ ss1
763�7831

Fkulvwldqr/ Odzuhqfh M1/ dqg Mrqdv G1 P1 Ilvkhu/ 4<<;/ cVwrfn Pdunhw dqg Lqyhvwphqw Jrrg
Sulfhv= Lpsolfdwlrqv iru Pdfurhfrqrplfv/* Ihghudo Uhvhuyh Edqn ri FklfdjrZrunlqj sdshu
<;091

Fkulvwldqr/ Odzuhqfh M1/ dqg Mrqdv G1 P1 Ilvkhu/ 4<<</ cDojrulwkpv iru vroylqj g|qdplf prghov
zlwk rffdvlrqdoo| elqglqj frqvwudlqwv/* iruwkfrplqj/ Mrxuqdo ri Hfrqrplf G|qdplfv dqg
Frqwuro1

Fkulvwldqr/ Odzuhqfh M1/ dqg Whuu| M1 Ilw}jhudog/ 4<<;/ cWkh Exvlqhvv F|foh= Lw*v Vwloo d Sx}}oh/*
Ihghudo Uhvhuyh Edqn ri Fklfdjr Hfrqrplf Uhylhz1
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Fkulvwldqr/ Odzuhqfh M1/ dqg Ulfkdug Wrgg/ 4<<9/ cWlph wr Sodq dqg Djjuhjdwh Ioxfwxdwlrqv/*
Ihghudo Uhvhuyh Edqn ri Plqqhdsrolv Txduwhuo| Uhylhz1

Fkulvwldqr/ Odzuhqfh M1/ dqg Urehuw M1 Yljixvvrq/ 4<<</ cPd{lpxpOlnholkrrg lq wkh Iuhtxhqf|
Grpdlq= D Wlph wr Exlog H{dpsoh/* Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk Zrunlqj
Sdshu :35:1

Frfkudqh/ Mrkq K1/ dqg Oduv Shwhu Kdqvhq/ 4<<5/ cDvvhw sulflqj h{sorudwlrqv iru pdfurhfr0
qrplfv/* QEHU Pdfurhfrqrplfv Dqqxdo/ ss1 448�4981

Frjoh|/ Wlp/ dqg Mlp Qdvrq/ 4<<8/ cRxwsxw g|qdplfv lq uhdo0exvlqhvv f|foh prghov/* Dphulfdq
Hfrqrplf Uhylhz/ ss1 7<5�8441

Frqvwdqwlqlghv/ Jhrujh/ 4<<3/ cKdelw irupdwlrq= d uhvroxwlrq ri wkh htxlw| suhplxp sx}}oh/*
Mrxuqdo ri Srolwlfdo Hfrqrp|/ yro1 <;/ ss1 84<�8761

Frqvwdqwlqlghv/ Jhrujh/ Mrkq Grqdogvrq dqg Udmqlvk Phkud/ 4<<;/ cMxqlru Fdq*w Eruurz=
D Qhz Shuvshfwlyh rq wkh Htxlw| Suhplxp Sx}}oh/* pdqxvfulsw/ Xqlyhuvlw| ri Fklfdjr
Judgxdwh Vfkrro ri Exvlqhvv/ Iheuxdu|1

Gdqlho/ Nhqw/ dqg Gdylg Pduvkdoo/ 4<<;/ cFrqvxpswlrq0Edvhg Prgholqj ri Orqj0Krul}rq Uh0
wxuqv/* Ihghudo Uhvhuyh Edqn ri Fklfdjr Zrunlqj Sdshu qxpehu <;04;1

Gdqwklqh/ Mhdq0Slhuuh/ Mrkq E1 Grqdogvrq/ dqg Udmqlvk Phkud/ 4<<5/ cWkh htxlw| suhplxp
dqg wkh doorfdwlrq ri lqfrph ulvn/* Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frqwuro/ yro1 49/
ss1 83<�8651

Gdqwklqh/ Mhdq0Slhuuh/ dqg Mrkq E1 Grqdogvrq/ 4<<7/ cDvvhw sulflqj lpsolfdwlrqv ri uhdo pdunhw
iulfwlrqv/* Froxpeld Xqlyhuvlw|/ Sdlqh0Zheehu Zrunlqj Sdshu Vhulhv lq Prqh|/ Hfrqrplfv
dqg Ilqdqfh= <8037/ Ghfhpehu1

Gdylg/ Doh{/ Vhrqj0Zdq Rk/ Mrvhsk Rvwur|/ dqg Nhrqj0Ydq Vklq/ 4<<5/ cF|folfdo  xfwxdwlrqv
lq xqfhuwdlqw|= Dq dssolfdwlrq wr wkh suhplxp rq htxlwlhv/* pdqxvfulsw/ XFOD1

Ihuvrq/ Zd|qh H1/ dqg Jhrujh P1 Frqvwdqwlqlghv/ 4<<4/ cKdelw shuvlvwhqfh dqg gxudelolw| lq
djjuhjdwh frqvxpswlrq= hpslulfdo whvwv/* Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ yro1 5</ ss1
4<<�5731

Ilrulwr/ Ulffdugr dqg Wu|skrq Nroolqw}dv/ 4<<7/ cVw|ol}hg Idfwv ri Exvlqhvv F|fohv lq wkh J:
iurp d Uhdo Exvlqhvv F|fohv Shuvshfwlyh/* Hxurshdq Hfrqrplf Uhylhz/ yro1 6;/ qr1 5/ ss1
56809<1

Ilvkhu/ Mrqdv/ 4<<:/ cUhodwlyh Sulfhv/ Frpsohphqwdulwlhv dqg Frpryhphqw Dprqj Frpsrqhqwv
ri Djjuhjdwh H{shqglwxuhv/* Mrxuqdo ri Prqhwdu| Hfrqrplfv/ yro1 6</ sdjhv 77<07:71

Jhuwohu/ Pdun/ dqg Vlprq Jlofkulvw/ 4<<</ cKxps0Vkdshg Rxwsxw G|qdplfv lq d Iruzdug
Orrnlqj Prgho= Wkh Uroh ri Wlph0wr0Sodq/* pdqxvfulsw/ Qhz \run Xqlyhuvlw|1

Jleerqv/ Plfkdho U1/ 4<;</ cRq wkh yrodwlolw| ri erqg sulfhv/* Fduqhjlh0Urfkhvwhu Frqihuhqfh
Vhulhv rq Sxeolf Srolf|/ yro1 64/ ss1 46<�4:81
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Jrrovehh/ Dxvwdq/ 4<<;/ cLqyhvwphqw Wd{ Lqfhqwlyhv/ Sulfhv/ dqg wkh Vxsso| ri Fdslwdo Jrrgv/*
Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 446+4,/ Iheuxdu|/ ss1 454 0 47;1

Juhhqzrrg/ Mhuhp|/ ]yl Khufrzlw}/ dqg Shu Nuxvhoo/ 4<<:/ cOrqj0Uxq Lpsolfdwlrqv ri Lqyhvwphqw0
Vshfl�f Whfkqrorjlfdo Fkdqjh/* Dphulfdq Hfrqrplf Uhylhz ;:+6,/ Mxqh/ sdjhv 6750951

Kdoo/ Urehuw H1/ 4<:;/ cVwrfkdvwlf lpsolfdwlrqv ri wkh olih f|foh�shupdqhqw lqfrph k|srwkhvlv/*
Mrxuqdo ri Srolwlfdo Hfrqrp|/ yro1 ;9/ ss1 <:4�;:1

Kdoo/ Urehuw H1/ 4<;;/ cLqwhuwhpsrudo vxevwlwxwlrq lq frqvxpswlrq/* Mrxuqdo ri Srolwlfdo Hfrq0
rp|/ yro1 <9/ ss1 66<�68:1

Kdqvhq/ Jdu|/ 4<;8/ cLqglylvleoh Oderu dqg wkh Exvlqhvv F|foh/* Mrxuqdo ri Prqhwdu| Hfr0
qrplfv/ 49+6,/ Qryhpehu/ sdjhv 63<05:1

Kdqvhq/ Oduv Shwhu/ dqg Nhqqhwk M1 Vlqjohwrq/ 4<;5/ cJhqhudol}hg lqvwuxphqwdo yduldeohv hvwl0
pdwlrq ri qrqolqhdu udwlrqdo h{shfwdwlrqv prghov/* Hfrqrphwulfd/ yro1 83/ ss1 459<�45;91

Kdqvhq/ Oduv Shwhu/ dqg Nhqqhwk M1 Vlqjohwrq/ 4<;6/ cVwrfkdvwlf frqvxpswlrq/ ulvn dyhuvlrq/
dqg wkh whpsrudo ehkdylru ri dvvhw uhwxuqv/* Mrxuqdo ri Srolwlfdo Hfrqrp|/ yro1 <4/ ss1
57<�5981

Khdwrq/ Mrkq/ 4<<8/ cDq hpslulfdo lqyhvwljdwlrq ri dvvhw sulflqj zlwk whpsrudoo| ghshqghqw
suhihuhqfh vshfl�fdwlrqv/* Hfrqrphwulfd/ yro1 96/ ss1 9;4�:4:1

Khdwrq/ Mrkq/ dqg Gherudk Oxfdv/ 4<<5/ cWkh h�hfwv ri lqfrpsohwh lqvxudqfh pdunhwv dqg
wudglqj frvwv lq d frqvxpswlrq0edvhg dvvhw sulflqj prgho/* Mrxuqdo ri Hfrqrplf G|qdplfv
dqg Frqwuro/ yro1 49/ ss1 934�531

Khdwrq/ Mrkq/ dqg Gherudk Oxfdv/ 4<<9/ cHydoxdwlqj wkh h�hfwv ri lqfrpsohwh pdunhwv rq ulvn
vkdulqj dqg dvvhw sulflqj/* Mrxuqdo ri Srolwlfdo Hfrqrp|/ yro 437/ ss1 77607;:1

Mhupdqq/ Xuedq M1/ 4<<;/ cDvvhw sulflqj lq surgxfwlrq hfrqrplhv/* Mrxuqdo ri Prqhwdu| Hfr0
qrplfv/ yro 74/ ss1 58:05:91

Mxgg/ Nhqqhwk O1/ 4<<;/ Qxphulfdo Phwkrgv lq Hfrqrplfv/ Fdpeulgjh dqg Orqgrq= PLW
Suhvv1

Ndqgho/ Vkpxho dqg Urehuw I1 Vwdpedxjk/ 4<<4/ cDvvhw uhwxuqv dqg lqwhuwhpsrudo suhihuhqfhv/*
Mrxuqdo ri Prqhwdu| Hfrqrplfv/ yro1 5:/ ss1 6<�:41

Nlqj/ Urehuw dqg Pdun Zdwvrq/ 4<<9/ cPrqh|/ Sulfhv/ Lqwhuhvw Udwhv dqg wkh Exvlqhvv F|foh/*
Wkh Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ yro1 O[[YLLL/ qr1 4/ ss1 680861

Ohwwdx/ Pduwlq/ dqg Kdudog Xkolj/ 4<<8/ cFdq kdelw irupdwlrq eh uhfrqflohg zlwk exvlqhvv f|foh
idfwvB* pdqxvfulsw/ Fhqwhu iru Hfrqrplf Uhvhdufk/ Wloexuj Xqlyhuvlw|1

Ohwwdx/ Pduwlq/ dqg Kdudog Xkolj/ 4<<:/ cSuhihuhqfhv/ frqvxpswlrq vprrwklqj/ dqg ulvn suh0
pld/* pdqxvfulsw/ FhqwHU iru Hfrqrplf Uhvhdufk1

Omxqjtylvw/ Oduv dqg Kdudog Xkolj/ 4<<</ cFdwfklqj xs zlwk wkh Nh|qhvldqv/* pdqxvfulsw/
FhqwHU iru Hfrqrplf Uhvhdufk/ Wloexuj Xqlyhuvlw|/ Iheuxdu|1

6;



Pdqnlz/ Q1 Juhjru|/ 4<;9/ cWkh htxlw| suhplxp dqg wkh frqfhqwudwlrq ri djjuhjdwh vkrfnv/*
Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ yro1 4:/ ss1 544�54<1

Phkud/ Udmqlvk/ dqg Hgzdug F1 Suhvfrww/ 4<;8/ cWkh htxlw| suhplxp= d sx}}oh/* Mrxuqdo ri
Prqhwdu| Hfrqrplfv/ yro1 48/ ss1 478�4941

Qdvrq/ Mdphv Q1/ 4<;;/ cWkh htxlw| suhplxp dqg wlph0ydu|lqj ulvn ehkdylru/* Ilqdqfh dqg Hfr0
qrplfv Glvfxvvlrq Vhulhv/ Qr1 44 +Erdug ri Jryhuqruv ri wkh Ihghudo Uhvhuyh/ Zdvklqjwrq/
GF,1

Qhovrq/ Fkduohv U1/ dqg Ulfkdug Vwduw}/ 4<<3d/ cWkh glvwulexwlrq ri wkh lqvwuxphqwdo yduldeohv
hvwlpdwru dqg lwv w0udwlr zkhq wkh lqvwuxphqw lv d srru rqh/* Mrxuqdo ri Exvlqhvv/ yro1 96/
qr1 4/ sduw 5/ ss1 V458�4731

Qhovrq/ Fkduohv U1/ dqg Ulfkdug Vwduw}/ 4<<3e/ cVrph ixuwkhu uhvxowv rq wkh h{dfw vpdoo vdpsoh
surshuwlhv ri wkh lqvwuxphqwdo yduldeoh hvwlpdwru/* Hfrqrphwulfd/ yro1 8;/ ss1 <9:�<:91

Skhodq/ Fkulvwrskhu dqg Doehuwr Wuhmrv/ 4<<9/ cRq wkh Djjuhjdwh H�hfwv ri Vhfwrudo Uhdoorfd0
wlrqv/* Qruwkzhvwhuq Xqlyhuvlw| pdqxvfulsw1

Udph|/ Ydohulh/ dqg Pdwwkhz Vkdslur/ 4<<;/ cGlvsodfhg Fdslwdo/* Qdwlrqdo Exuhdx ri Hfrqrplf
Uhvhdufk Zrunlqj Sdshu qxpehu 9::81

Uhlw}/ W1D1/ 4<;;/ cWkh htxlw| suhplxp= d vroxwlrq/* Mrxuqdo ri Prqhwdu| Hfrqrplfv/ yro1 55/
ss1 44:�4661

Urjhuvrq/ Ulfkdug/ 4<;;/ cLqglylvleoh Oderu/ Orwwhulhv dqg Htxloleulxp*/ Mrxuqdo ri Prqhwdu|
Hfrqrplfv/ 54+4,/ Mdqxdu|/ sdjhv 60491

Urxzhqkruvw/ N1 Jhhuw/ 4<<8/ cDvvhw sulflqj lpsolfdwlrqv ri htxloleulxp exvlqhvv f|foh prghov/*
lq Wrp Frroh|/ hglwru/ Iurqwlhuv ri Exvlqhvv F|foh Dqdo|vlv/ Sulqfhwrq Xqlyhuvlw| Suhvv1

Vdujhqw/ Wkrpdv/ 4<;3/ cWrelq*v ^ dqg wkh Udwh ri Lqyhvwphqw lq Jhqhudo Htxloleulxp/* Fduqhjlh0
Urfkhvwhu Frqihuhqfh Vhulhv rq Sxeolf Srolf|/ 45/ 43:0871

Vdujhqw/ Wkrpdv M1/ 4<;</ cWzr prghov ri phdvxuhphqwv dqg wkh lqyhvwphqw dffhohudwru/*
Mrxuqdo ri Srolwlfdo Hfrqrp|/ yro1 <:/ ss1 584�5;:1

Vkhd/ Mrkq/ 4<<:/ cLqvwuxphqw Uhohydqfh lq Pxowlyduldwh Olqhdu Prghov= D Vlpsoh Phdvxuh/*
Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv> :<+5,/ Pd|/ sdjhv 67;0851

Vxqgduhvdq/ Vxuhvk P1/ 4<;</ cLqwhuwhpsrudoo| ghshqghqw suhihuhqfhv dqg wkh yrodwlolw| ri
frqvxpswlrq dqg zhdowk/* Uhylhz ri Ilqdqfldo Vwxglhv/ yro1 5/ ss1 :6�;<1

Wdoodulql/ Wkrpdv G1/ Mu1/ 4<<;/ cUlvn0vhqvlwlyh uhdo exvlqhvv f|fohv/* pdqxvfulsw/ Fduqhjlh0
Phoorq Xqlyhuvlw|1

Wvlrqdv/ H1J1/ 4<<7/ cDvvhw uhwxuqv lq jhqhudo htxloleulxp zlwk vfdoh pl{wxuh ri qrupdo hqgrz0
phqw surfhvvhv/* Xqsxeolvkhg Xqlyhuvlw| ri Plqqhvrwd Sk1G1 Glvvhuwdwlrq1

Zhlo/ Sklolssh/ 4<;</ cWkh htxlw| suhplxp sx}}oh dqg wkh ulvn0iuhh udwh sx}}oh/* Mrxuqdo ri
Prqhwdu| Hfrqrplfv/ yro1 57/ ss1 734�7541

6<



Zhlo/ Sklolssh/ 4<<5/ cFrpphqw rq cDvvhw sulflqj h{sorudwlrqv iru pdfurhfrqrplfv/* QEHU
Pdfurhfrqrplfv Dqqxdo 4<<5/ ss1 49<�4;41

Zlofr{/ Gdylg Z1/ 4<<5/ cWkh frqvwuxfwlrq ri X1V1 frqvxpswlrq gdwd= vrph idfwv dqg wkhlu
lpsolfdwlrqv iru hpslulfdo zrun/* Dphulfdq Hfrqrplf Uhylhz/ yro1 ;5/ qr1 7/ ss1 <55�<741
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Wdeoh 41 Vxppdu| ri prghov xvhg lq wkh dqdo|vlv
Djjuhjdwh ghflvlrq Vhfwrudo ghflvlrq Dgmxvwphqw frvwv Kdelw Ilqdqfldo

Ixoo qdph Deeuhyldwhg qdph Oderu Lqyhvwphqw Oderu Fdslwdo rq lqyhvwphqw shuvlvwhqfh ohyhudjh
Rqh0vhfwru prghov

Xquhvwulfwhg oderu
UEF Vwdqgdug UEF Diwhu {w Diwhu {w qd qd Qr e @ 3 Qr
UEF Diwhu {w Diwhu {w qd qd Qr e A 3 Qr
Dgmxvwphqw frvw Diwhu {w Diwhu {w qd qd \hv e A 3 Qr
Wlph0wr0sodq Diwhu {w Ehiruh {w qd qd Qr e A 3 Qr

Uhvwulfwhg oderu
UEF Ehiruh {w Diwhu {w qd qd Qr e � 3 Qr
Dgmxvwphqw frvw Dgmxvwphqw frvw Ehiruh {w Diwhu {w qd qd \hv e A 3 Qr
Wlph0wr0sodq Wlph0wr0sodq Ehiruh {w Ehiruh {w qd qd Qr e A 3 Qr

Wzr0vhfwru prghov
Preloh oderu

Xquhvwulfwhg oderu Diwhu {w Diwhu {w Diwhu {w Ehiruh {w Qr e � 3 Qr
Uhvwulfwhg oderu Ehiruh {w Diwhu {w Diwhu {w Ehiruh {w Qr e � 3 Qr

Lppreloh/ uhvwulfwhg oderu
Qr ohyhudjh Suhihuuhg wzr�vhfwru Ehiruh {w Diwhu {w Ehiruh {w Ehiruh {w Qr e � 3 Qr
Zlwk ohyhudjh Ehiruh {w Diwhu {w Ehiruh {w Ehiruh {w Qr e A 3 \hv

Qrwhv wr wdeoh 4= +l, Wkh hqwu| cqd* deeuhyldwhv wkh skudvh cqrw dssolfdeoh*> +ll, cDiwhu {w* dqg cEhiruh {w* lqglfdwh wkh ghflvlrq lv pdgh diwhu ru ehiruh/
uhvshfwlyho|/ wkh fxuuhqw shulrg whfkqrorj| vkrfn lv revhuyhg> +lll, ce @ 3* lqglfdwhv qr kdelw irupdwlrq lq suhihuhqfhv vr wkdw frqvxpswlrq/ Fw/ hqwhuv
wkh shulrg xwlolw| ixqfwlrq dv oq+Fw,/ ce A 3* lqglfdwhv suhihuhqfhv h{klelw kdelw irupdwlrq/ wkdw lv frqvxpswlrq hqwhuv wkh shulrg xwlolw| ixqfwlrq dv
oq+Fw � eFw�4,/ dqg ce � 3* lqglfdwh erwk kdelw dqg qrq0kdelw irupdwlrq suhihuhqfhv duh frqvlghuhg1



Wdeoh 51 Ilqdqfldo vwdwlvwlfv lq wkh rqh0vhfwru prghov
Xquhvwulfwhg oderu Uhvwulfwhg oderu

UEF Dgmxvwphqw frvw Wlph0wr0sodq UEF Dgmxvwphqw frvw Wlph0wr0sodq
Vwdwlvwlf Gdwd e @ 3 e @ 3=< e @ 3=< e @ 3=< e @ 3 e @ 3=< e @ 3=< e @ 3=99

Huiw 414< 418; 418; 4188 4189 418< 418; 414< 4167
+31;4,

H
�
uhw.4 � uiw

�
9196 31334 31334 3148 3138 31334 31334 717: 9196

+41:;,
�ui 815: 3179 316; 3163 417: 317: 316< 4;13 5817

+31:7,
�uh 4<17 317; 3173 8186 413; 317; 3173 4916 4<13

+4189,
H+uhw.4�u

i
w ,

�uh
3167 31335 31335 3136 3138 31334 31335 315: 3168
+313<,

�Sn3
;189 3 3 618< 31:8 3 3 431; 4516
+31;8,

�+\> Sn3, 3163 qd qd 3176 03168 qd qd 31;< 3147
+313;,

Qrwhv wr wdeoh 5= +l, Iru h{sodqdwlrqv ri wkh prgho qdphv/ vhh Wdeoh 4> +ll, �{ ghqrwhv wkh vwdqgdug ghyldwlrq ri yduldeoh { dqg �+{> |, ghqrwhv wkh
fruuhodwlrq ehwzhhq yduldeoh { dqg yduldeoh |1 Udwhv ri uhwxuqv duh dqqxdol}hg dqg lq shufhqw whupv ehiruh vwdwlvwlfv duh frpsxwhg1> +lll, Wkh �Gdwd�
froxpq frqwdlqv hvwlpdwhv +vwdqgdug huuruv lq sduhqwkhvlv, edvhg rq X1V1 gdwd1 Wkh vdpsoh shulrg iru wkh dvvhw uhwxuq hvwlpdwhv lv 4;<5�4<;: dqg
wkhvh hvwlpdwhv duh wdnhq iurp Fhffkhwwl/ Odp/ dqg Pdun +4<<6,1 Rxu hpslulfdo dqdorjxh iru Sn3 lv wkh V)S 833 frpsrvlwh +GUL gdwdedvh pqhxprqlf
IVSFRP,1 Wkh rxwsxw phdvxuh dqg wkh surfhgxuh iru hvwlpdwlqj �Sn3

dqg �+\> Sn3, lv ghvfulehg lq qrwh +lll,/ Wdeoh 6> +ly, Uhvxowv iru wkh prghov duh
edvhg rq 833 uhsolfdwlrqv ri vdpsoh vl}h 533> +yl, Wkh hqwu| cqd* deeuhyldwhv cqrw dssolfdeoh1
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Wdeoh 61 Edvlf exvlqhvv f|foh vwdwlvwlfv lq wkh rqh0vhfwru prghov

Xquhvwulfwhg oderu Uhvwulfwhg oderu
UEF Dgmxvwphqw frvw Wlph0wr0sodq UEF Dgmxvwphqw frvw Wlph0wr0sodq

Vwdwlvwlf Gdwd e @ 3 e @ 3=< e @ 3=< e @ 3=< e @ 3 e @ 3=< e @ 3=< e @ 3=99
Sdqho D � Vwdqgdug exvlqhvv f|foh vwdwlvwlfv

�\ 41;< 5144 41:< 3193 41:: 41<; 41:5 4137 513:
+3154,

�F@�\ 3173 3186 3163 4135 315; 3189 3164 3199 31<7
+3137,

�L@�\ 516< 41;9 518; 4168 5185 41;7 5188 5164 4194
+3139,

�K@�\ 31;3 317; 315: 51:6 4138 3183 315; 415; 318;
+3138,

�+\>F, 31:9 31<< 317; 31<4 3196 31<; 3186 3186 31;9
+3138,

�+\> L, 31<9 31<< 31<; 31;6 31<< 31<< 31<; 31<4 31;7
+3134,

�+\>K, 31:; 31<< 31<< 03193 318; 31;9 31;5 03154 31;:
+3138,

Sdqho E � Shuvlvwhqfh vwdwlvwlfv
�+�\ , 3167 31335 3135 316; 313: 3169 3154 03177 3173

+313:,
�+�F, 3157 3138 31<3 31;9 31:< 3138 31<3 319; 03147

+313<,

Qrwhv wr Wdeoh 6= +l, Iru h{sodqdwlrqv ri wkh prgho qdphv/ vhh Wdeoh 4> +ll, �{ ghqrwhv wkh vwdqgdug ghyldwlrq ri yduldeoh {> �+{> |, ghqrwhv wkh fruuhodwlrq
ehwzhhq { dqg yduldeoh |/ zkhuh { dqg | duh orjjhg dqg KS �owhuhg sulru wr dqdo|vlv/ dqg �+�{, ghqrwhv wkh dxwrfruuhodwlrq ri orj {w � orj {w�41 Wkh
vwdwlvwlf �\ lv uhsruwhg lq shufhqw whupv> +lll, Wkh �Gdwd� froxpq frqwdlqv hvwlpdwhv +vwdqgdug huuruv lq sduhqwkhvlv, edvhg rq dq xsgdwhg yhuvlrq ri wkh
Fkulvwldqr +4<;;, gdwdedvh frpslohg e| Ilvkhu +4<<:, fryhulqj wkh vdpsoh shulrg 4<97=4�4<;;=51 Wkh vwdqgdug huuruv duh edvhg rq wkh JPP surfhgxuh
ghvfulehg lq Fkulvwldqr dqg Hlfkhqedxp +4<<5,1 Iru hvwlpdwlrq ri wkh uhohydqw }hur0iuhtxhqf| vshfwudo ghqvlw|/ d Eduwohww zlqgrz wuxqfdwhg dw odj irxu/
zdv xvhg1 +ly, Uhvxowv iru wkh prgho duh edvhg rq 833 uhsolfdwlrqv ri vdpsoh vl}h 5331

6



Wdeoh 71 Ilqdqfldo vwdwlvwlfv lq wkh wzr0vhfwru prghov
Preloh oderu Lppreloh/ Suhihuuhg Lppreloh/ uhvwulfwhg

Vwdqgdug Xquhvwulfwhg oderu Uhvwulfwhg oderu uhvwulfwhg oderu wzr0vhfwru oderu/ z2 ohyhudjh
Vwdwlvwlf Gdwd UEF e @ 3 e @ 3=< e @ 3 e @ 3=< e @ 3 e @ 3=:6 e @ 3=9<

Huiw 414< 418; 418< 4189 418; 4189 418; 4153 4165
+31;4,

H
�
uhw.4 � uiw

�
9196 31334 3134 3137 3134 3138 3135 9196 9196

+41:;,
�ui 815: 3179 4148 51;5 3196 4167 3195 5719 4:15

+31:7,
�uh 4<17 317; 41:7 713: 318; 4134 318: 4;17 571<

+4189,
H+uhw.4�u

i
w ,

�uh
3167 31335 31338 3134 3135 3138 3136 3169 315:
+313<,

�Sn3
;189 3 315< 31:3 3163 319< 315< 4514 ;176
+31;8,

�+\> Sn3, 3163 qd 3158 0313; 3149 3158 3149 3149 3149
+313;,

Qrwh wr Wdeoh 7= Vhh wkh qrwhv wr Wdeoh 51
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Wdeoh 81 Edvlf exvlqhvv f|foh vwdwlvwlfv lq wkh wzr0vhfwru prghov
Preloh oderu Lppreloh/ Suhihuuhg Lppreloh/ uhvwulfwhg

Vwdqgdug Xquhvwulfwhg oderu Uhvwulfwhg oderu uhvwulfwhg oderu wzr0vhfwru oderu/ z2 ohyhudjh
Vwdwlvwlf Gdwd UEF e @ 3 e @ 3=< e @ 3 e @ 3=< e @ 3 e @ 3=:6 e @ 3=9<

Sdqho D � Vwdqgdug exvlqhvv f|foh vwdwlvwlfv
�\ 41;< 5144 5133 4199 41<: 41:4 41<9 41<: 41<:

+3154,
�F@�\ 3173 3186 3194 3165 3195 3165 3195 319< 319;

+3137,
�L@�\ 516< 41;9 41:< 517; 41;7 5186 41;6 419: 419<

+3139,
�K@�\ 31;3 317; 3179 319: 3184 315; 3183 3184 3184

+3138,
�+\>F, 31:9 31<< 31<8 3196 31<4 3188 31<5 31<8 31<8

+3138,
�+\> L, 31<9 31<< 31<; 31<; 31<: 31<; 31<: 31<: 31<:

+3134,
�+\>K, 31:; 31<< 31<7 317; 31;9 31;4 31;9 31;9 31;9

+3138,
Sdqho E0 Shuvlvwhqfh vwdwlvwlfv

�+�\w, 3167 31335 3154 317< 3169 3154 3169 3169 3169
+313:,

�+�Fw, 3157 3138 03155 31;; 03156 31;; 03155 03138 03139
+313<,

Qrwh wr Wdeoh 8= Vhh wkh qrwhv wr Wdeoh 61
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Wdeoh 91 Rwkhu exvlqhvv f|foh vwdwlvwlfv lq vhohfwhg prghov

Suhihuuhg Lppreloh/ uhvwulfwhg
Vwdqgdug Wlph0wr0sodq Dgmxvwphqw frvw Wzr0vhfwru oderu/ z2 ohyhudjh

Vwdwlvwlf Gdwd UEF e @ 3=99 e @ 3=< e @ 3=:6 e @ 3=9<
Sdqho D � Hpsor|phqw frpryhphqw

�+\>KF, 31:5 qd 31:5 03196 31:3 3199
+313;,

�+\>KN, 31;9 31<< 3194 3174 31;9 31;9
+3137,

Sdqho E � H{fhvv vhqvlwlylw| ri frqvxpswlrq wr lqfrph= �Fw @ �. ��\w . �uiw�4 . %w
� 317: 3185 41:7 31:8 4134 4134

+3148, ^03139` ^;139` ^416<` ^81;:` ^9187`
� 313;< 31<5 3143 0313: 3138 313:

+3144, ^4134` ^03135` ^03194` ^0313<` ^0314;`
Sdqho F � Lqyhuwhg ohdglqj lqglfdwru skhqrphqrq

�+uiw�5> \w, 03168 3184 03163 03138 03163 03163
+3144,

�+uiw > \w, 3133 31<< 03146 031:9 03148 03148
+3143,

�+uiw.5> \w, 3149 316; 3165 315; 3166 3166
+3143,

Qrwhv wr Wdeoh 9= +l, Iru h{sodqdwlrq ri prgho qdphv/ vhh cDeeuhyldwhg qdphv* lq Wdeoh 4> +ll, �{ ghqrwhv wkh vwdqgdug ghyldwlrq ri yduldeoh {> �+{> |,
ghqrwhv wkh fruuhodwlrq ehwzhhq { dqg yduldeoh |/ zkhuh { dqg | duh orjjhg dqg KS �owhuhg sulru wr dqdo|vlv> +lll, Wkh �Gdwd� froxpq iru Sdqhov D
dqg F frqwdlqv hvwlpdwhv +vwdqgdug huuruv lq sduhqwkhvlv, edvhg rq wkh vdpsoh shulrg 4<97=4�4<;;=51 Vhh qrwh +lll,/ Wdeoh 6/ iru d ghvfulswlrq ri wkh
rxwsxw gdwd dqg wkh hvwlpdwlrq surfhgxuh xvhg1 Wkh vhfwrudo krxuv dqg lqwhuhvw udwh gdwd duh iurp GUL Edvlf Hfrqrplfv Gdwdedvh1 Iru wkh frqvxpswlrq
vhfwru zh xvhg wzr dowhuqdwlyh phdvxuhv= dq lqgh{ ri krxuv zrunhg lq wkh vhuylfh vhfwru +GUL vhulhv OZKS[, dqg dq lqgh{ ri krxuv zrunhg lq wkh
qrqgxudeoh pdqxidfwxulqj vhfwru +OZKQ[,1 Wkh hvwlpdwh iru wkh frqvxpswlrq vhfwru krxuv zrunhg fruuhodwlrq lv edvhg rq OZKS[1 Wkh dqdorjrxv srlqw
hvwlpdwh +vwdqgdug huuru, edvhg rq OZKQ[ lv 31;6 +3138,1 Wkh hvwlpdwh iru wkh lqyhvwphqw vhfwru krxuv zrunhg lv edvhg rq krxuv zrunhg lq wkh gxudeoh
pdqxidfwxulqj vhfwru +OZKG[1, Wkh uhdo lqwhuhvw udwh dw gdwh w iru wkh vwdwlvwlfv lq Sdqho F lv phdvxuhg dv wkh qrplqdo Ihghudo Ixqgv udwh +I\II, dw
gdwh w ohvv wkh uhdol}hg lq dwlrq udwh ehwzhhq gdwhv w dqg w . 4= Wkh sulfh iru fdofxodwlqj wkh lq dwlrq udwh lv wkh gh dwru rq qrqgxudeoh dqg vhuylfhv
frqvxpswlrq/ +JFQ.JFV,2+JFQTI.JFVTI,/ zkhuh wkh pqhprqlfv duh wdnhq iurp wkh GUL gdwdedvh1 Hvwlpdwhv iru � dqg � lq Sdqho E duh wdnhq
iurp Fdpsehoo dqg Pdqnlz +4<;<,> +ly, Hqwulhv lq vtxduh eudfnhwv lq Sdqho E duh wkh suredelolw| olplwv glvfxvvhg lq wkh wh{w1 Xqeudfnhwhg uhvxowv iru
wkh prgho lq doo wkuhh sdqhov duh edvhg rq 833 uhsolfdwlrqv ri vdpsoh vl}h 5331 Wkh prgho dqg gdwd lqvwuxphqwdo yduldeohv hvwlpdwhv iru � dqg � lq Sdqho
E duh edvhg rq wkh lqvwuxphqw olvw i�fw�5>�fw�6>�fw�7> u

i
w�6> u

i
w�7> u

i
w�8j/ zkhuh �{w @ oq{w � oq{w�4> +yl, cqd* deeuhyldwhv wkh skudvh cqrw dssolfdeoh1*
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