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Devwudfw

Wklv sdshu ghdov zlwk wkh txhvwlrq krz wr prgho khdowk h�hfwv diwhu
wkh fhvvdwlrq ri d udqgrplvhg frqwuroohg wuldo +UFW,1 Xvlqj folqlfdo
wuldo gdwd rq vhyhuh frqjhvwlyh khduw idloxuh sdwlhqwv zh looxvwudwh krz
vxuylydo eh|rqg wkh fhvvdwlrq ri d UFW fdq eh suhglfwhg edvhg rq
sdudphwulf vxuylydo prghov1 Lq wkh dqdo|vlv zh frpsduh wkh suhglfwhg
vxuylydo dqg wkh uhvxowlqj lqfuhphqwdo frvw0h�hfwlyhqhvv udwlr +LFHU,
ri gl�huhqw vxuylydo prghov zlwk wkh dfwxdo vxuylydo2LFHU1 Rxu pdlq
�qglqj lv wkdw wkh uhvxowv duh kljko| vhqvlwlyh wr wkh fkrlfh ri vxuylydo
prgho dqg wkdw h{whqvlyh vhqvlwlylw| dqdo|vlv lq wkh FH dqdo|vlv lv
uhtxluhg1 Zh dovr vkrz wkdw dgglqj wkh wuxh vxuylydo diwhu wkh hqg ri
wkh folqlfdo vwxg| zloo xqghuhvwlpdwh wkh wuxh yduldelolw|1

Nh|zrugv= frvw0h�hfwlyhqhvv dqdo|vlv/ prghoolqj/ frq�ghqfh lqwhu0
ydov1

MHO0fodvvl�fdwlrq= L43/ L45/ L4<1

�Fhqwuh iru Khdowk Hfrqrplfv/ Vwrfnkrop Vfkrro ri Hfrqrplfv/ S1R1 Er{ 9834/ VH0446
;6 Vwrfnkrop1 Who= .790;0:69<5;61 Id{= .790;06354481 h0pdlo= khxjCkkv1vh1

|Fruuhvsrqglqj dxwkru= Fhqwuh iru Khdowk Hfrqrplfv/ Vwrfnkrop Vfkrro ri Hfrqrplfv/
S1R1 Er{ 9834/ VH0446 ;6 Vwrfnkrop1 Who= .790;0:69<9731 Id{= .790;06354481 h0pdlo=
khq}Ckkv1vh1
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4 Lqwurgxfwlrq

Vhyhudo hfrqrplf hydoxdwlrqv ri qhz skdupdfhxwlfdov duh ehlqj frqgxfwhg

dorqjvlgh folqlfdo wuldov zkhuh lqglylgxdo sdwlhqw frvw dqg khdowk h�hfw gdwd

duh dydlodeoh ^4/5`1 Dq dgydqwdjh ri xvlqj d frqwuroohg folqlfdo wuldo dv wkh

edvh iru wkh hfrqrplf hydoxdwlrq lv wkdw wkh uhvxowv iurp wkh folqlfdo vwxg| duh

ri kljk lqwhuqdo ydolglw| vkrzlqj zkhwkhu d qhz wkhuds| kdv dq h�hfw ru qrw1

D gudzedfn krzhyhu lv wkdw wkh folqlfdo vwxg| lv ri uhodwlyho| orz h{whuqdo

ydolglw|/ l1h1 lw pd| qrw uh hfw wkh frvwv dqg khdowk h�hfwv iru sdwlhqwv lq

urxwlqh fduh zkhq wkh guxj lv rxw rq wkh pdunhw1

D frpprq dqg d yhu| lpsruwdqw phwkrgrorjlfdo txhvwlrq lq hfrqrplf

hydoxdwlrq vwxglhv edvhg rq folqlfdo wuldov lv krz wr suhglfw khdowk h�hfwv

diwhu wkh hqg ri wkh fhvvdwlrq ri wkh folqlfdo wuldo1 H1j1 li wkh hfrqrplf

hydoxdwlrq lv edvhg rq d folqlfdo vxuylydo vwxg| wkh jrdo ri prghoolqj lv wr

rewdlq dq dffxudwh hvwlpdwh ri wkh vxuylydo jdlq diwhu wkh hqg ri wkh folqlfdo

vwxg| wr eh xvhg lq wkh hfrqrplf hydoxdwlrq1 Lq jhqhudo wkh prghoohg jdlq lq

vxuylydo diwhu wkh hqg ri wkh folqlfdo wuldo lv pxfk juhdwhu wkdq wkh revhuyhg

jdlq vwdwhg lq wkh folqlfdo wuldo ^6`1 Wkxv wkh zd| ri prghoolqj fdq kdyh pdmru

frqvhtxhqfhv iru wkh frvw0h�hfwlyhqhvv +FH, ri dvvhvvhg wkhudslhv1

Lq dqdo|vlqj wkh h�hfw ri d qhz wuhdwphqw surjudpph lq khdowk hfrqrplf

vwxglhv/ rqh zrxog lghdoo| olnh wr fduu| rxw d vwxg| zkhuh sdwlhqwv duh udq0

grpo| doorfdwhg wr �wuhdwphqw� ru �qr wuhdwphqw� dowhuqdwlyhv lq rughu wr

vwxg| wkh fdxvdo h�hfw ri wkh surjudpph rq vxuylydo lq folqlfdo sudfwlfh1 Xvx0

doo| vxfk gdwd duh qrw dydlodeoh dw wkh wlph iru wkh lpsohphqwdwlrq ri wkh qhz

whfkqrorj|1 Iru h{dpsoh/ iru d qhzo| uhjlvwuhg guxj riwhq wkh rqo| dydlodeoh
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gdwd frphv iurp d udqgrpl}hg frqwuroohg wuldo1 Lq udqgrplvhg frqwuroohg wul0

dov +UFWv,/ sdwlhqwv duh frpprqo| iroorzhg0xs iru d olplwhg dprxqw ri wlph

zklfk lpsolhv wkdw rqh pxvw prgho wkh vxuylydo diwhu wkh hqg ri wkh folqlfdo

vwxg|1 Vxfk d prghoolqj fdq eh pdgh hlwkhu edvhg rq lqirupdwlrq zlwklq wkh

folqlfdo vwxg| ru lqirupdwlrq h{whuqdo wr wkh folqlfdo vwxg|1 Lq Mùqvvrq hw do1

^4/7` h{whuqdo lqirupdwlrq lv xvhg dqg sdwlhqwv ehlqj dolyh dw wkh hqg ri iroorz

xs lv dvvxphg wr olyh dffruglqj wr dfwxduldo gdwd iurp qdwlrqdo vwdwlvwlfv1 Lq

wkhvh vwxglhv wkh dvvxphg h{shfwhg vxuylydo wlph ri 43 |hduv lv uhdfkhg e|

dgglqj d frqvwdqw vxuylydo wlph ri 43 |hduv iru doo sdwlhqwv ehlqj dolyh dw wkh

hqg ri wkh folqlfdo wuldo1 Wr dffrxqw iru wkdw khdowk h�hfwv zloo eh glvfrxqwhg/

wklv lv ixo�oohg e| dvvxplqj wkdw DI ri vxuylylqj sdwlhqwv diwhu wkh fhvvdwlrq

ri wkh folqlfdo vwxg| glhv hdfk |hdu ryhu d shulrg ri 53 |hduv ^4/7`1

Phwkrgv iru suhglfwlqj vxuylydo edvhg rq revhuyhg sdwlhqw gdwd lq d

folqlfdo wuldo fdq eh fkdudfwhulvhg dv sdudphwulf/ vhpl0sdudphwulf dqg qrq0

sdudphwulf1 Iru h{dpsoh/ lq Mùqvvrq hw do1 ^7` d Zhlexoo prgho zdv xvhg

lq d vhqvlwlylw| dqdo|vlv wr suhglfw wkh h{shfwhg frqglwlrqdo vxuylydo zkloh

Udlnrx hw do1 ^5` xvhg d vlpxodwlrq prgho1 Krzhyhu wkhuh duh d qxpehu ri

prghov wkdw fdq eh xvhg iru wkh sxusrvh ri suhglfwlqj vxuyldo dqg d sulrul

wkhuh lv qr uhdvrq wr suhihu rqh prgho wr wkh rwkhu1 Wr hydoxdwh wkh dffxudf|

ri wkh prgho suhglfwlrqv rqh zrxog lghdoo| frpsduh wkh suhglfwlrqv zlwk wkh

dfwxdo vxuylydo1 Krzhyhu e| gh�qlwlrq wklv lv qrw srvvleoh vlqfh wkh uhdvrq

iru prghoolqj vxuylydo lv wkh odfn ri vxuylydo gdwd eh|rqg wkh fhvvdwlrq ri wkh

folqlfdo wuldo1

Zkhq lqglylgxdo sdwlhqw frvw dqg khdowk h�hfw gdwd ehfrph dydlodeoh/

wklv rshqv xs iru wkh srvvlelolw| ri dqdo|vlqj xqfhuwdlqw| gxh wr vdpsolqj
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yduldelolw|1 Wkh LFHU kdv ehhq wkh pdlq irfxv ri lqwhuhvw uhfhqwo| lq wkh

khdowk hfrqrplf olwhudwxuh dqg vhyhudo phwkrgv kdyh ehhq suhvhqwhg ghdolqj

zlwk wkh sureohp ri frpsxwlqj frq�ghqfh lqwhuydo iru wkh LFHU1 Lw kdv ehhq

vkrzq wkdw wkh Ilhoohu*v dqg qrq0sdudphwulf errwvwuds phwkrgv uhsuhvhqw

prvw dffxudwho| wkh yduldeolw| ri wkh LFHU hvwlpdwru ^8`1 Dq dowhuqdwlyh suh0

vhqwdwlrq ri wkh FH uhvxowv lv surylghg e| wkh FH dffhswdelolw| fxuyh1 Wkh

FH dffhswdelolw| fxuyh surgxfhv wkh plqlpxp vljql�fdqfh ohyho dw zklfk wkh

qhz wkhuds| fdq eh vdlg wr eh frvw0h�hfwlyh iru gl�huhqw pdujlqdo zloolqjqhvv

wr sd|1 Zkhq revhuyhg gdwd lq d folqlfdo vwxg| lv frpelqhg zlwk prghoolqj

diwhu wkh fhvvdwlrq ri wkh folqlfdo wuldo lw lv xqfohdu zkhwkhu prghoolqj vdwlvidf0

wru| uhsuhvhqwv wkh dfwxdo yduldelolw|1 Wkhuh lv dq reylrxv ulvn wkdw vwdwlvwlfdo

lqihuhqfh edvhg rq vxfk frpelqhg gdwd zloo jhqhudwh d idovh slfwxuh ri wkh

*wuxh* yduldelolw| dqg |lhog lqfruuhfw vwdwlvwlfdo lqirupdwlrq1 Iru h{dpsoh li

vxuylydo diwhu wkh hqg ri wkh folqlfdo wuldo lv prghoohg e| dgglqj d frqvwdqw

vxuylydo wlph/ wkhuh lv d ulvn wkdw wkh dfwxdo yduldelolw| lq khdowk h�hfwv duh

xqghuhvwlpdwhg1

Wkh dlp ri wklv sdshu lv wr looxvwudwh krz vxuylydo eh|rqg wkh fhvvdwlrq

ri d folqlfdo wuldo fdq eh suhglfwhg edvhg rq gl�huhqw sdudphwulf vxuylydo

prghov1 Lq wkh dqdo|vlv zh glvfulplqdwh ehwzhhq wkh gl�huhqw vxylydo prghov

e| wkh frpprqo| xvhg Olnholkrrg Udwlr +OU, whvw1 Zh dovr frpsduh wkh

suhglfwhg vxuylydo2LFHU edvhg rq wkh gl�huhqw prghov zlwk wkh dfwxdo vxu0

ylydo2LFHU1 Doo wkh suhglfwlrqv duh edvhg rq revhuyhg sdwlhqw lqirupdwlrq

frqwdlqhg zlwklq d folqlfdo wuldo1 Wkh dlp lv ixuwkhu wr lqyhvwljdwh zkhwkhu

�svhxgr� S0ydoxhv dqg frq�ghqfh lqwhuydov rewdlqhg iurp wkh frpelqdwlrq

ri lqglylgxdo sdwlhqw gdwd dqg hfrqrphwulf prghoolqj uhsuhvhqwv wkh �wuxh�
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S0ydoxhv dqg frq�ghqfh lqwhuydov1

5 Phwkrgv

Dvvxph wkdw d FH vwxg| lv fduulhg rxw dorqjvlgh d folqlfdo vwxg| zkhuh d qhz

wkhuds| lv frpsduhg zlwk dq h{lvwlqj vwdqgdug wkhuds|1 Frvwv dqg khdowk

h�hfwv +phdvxuhg lq vxuylydo, duh froohfwhg iurp d folqlfdo wuldo zlwk d phdq

iroorz xs wlph htxdo wr f1 Diwhu wkh hqg ri wkh folqlfdo vwxg| lw lv dvvxphg

wkdw doo sdwlhqwv frqyhuw wr wkh qhz wkhuds|1 Wkh qhz wkhuds| lv wkxv dvvhvvhg

djdlqvw wkh rog wkhuds| iru d phdq iroorz xs htxdo wr f1 Wkh folqlfdo wuldo

vkrzhg d srvlwlyh dqg vljql�fdqw h�hfw rq pruwdolw|/ zklfk phdqv wkdw wkhuh

zloo eh d jdlq lq olih |hduv zlwklq wkh iroorz xs wlph ri wkh folqlfdo wuldo1

Dw wkh hqg ri wkh folqlfdo wuldo wkhuh duh pruh sdwlhqwv dolyh lq wkh dfwlyh

wuhdwphqw jurxs frpsduhg zlwk sodfher dqg wkh txhvwlrq lv zkhwkhu wkhuh

zloo eh ixuwkhu jdlqv lq vxuylydo diwhu wkh fhvvdwlrq ri wkh folqlfdo wuldo zkhq

doo sdwlhqwv frqyhuw wr wkh dfwlyh wuhdwphqw1 Krz fdq lqirupdwlrq zlwklq wkh

folqlfdo wuldo eh xvhg wr suhglfw wkh h{shfwhg uhpdlqlqj vxuylydo iru sdwlhqwv

ehlqj dolyh dw wkh hqg ri wkh iroorz xsB Wklv txhvwlrq lv lqyhvwljdwhg e| xvlqj

gdwd dffruglqj wr ehorz1

514 Gdwd

Wkh gdwd duh edvhg rq wkh Frqvhqvxv wuldo ^9` dqg d iroorz xs vwxg| ^:`1 Wkh

lqlwldo folqlfdo vwxg| ^9` frpsduhg hqdodsulo zlwk vwdqgdug wkhuds| lq wkh

wuhdwphqw ri frqjhvwlyh khduw idloxuh sdwlhqwv1 Wkh phdq iroorz xs wlph lq
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wkh folqlfdo vwxg| zdv 31848 |hduv dqg diwhu vwxg| frpsohwlrq doo sdwlhqwv zhuh

r�huhg hqdodsulo wkhuds| ^:`1 Lq wkh sodfher jurxs 9:( ehjdq zlwk hqdodsulo/

zkloh ;;( frqwlqxhg zlwk hqdodsulo lq wkh hqdodsulo jurxs1 Lqglylgxdo sdwlhqw

gdwd rq olih |hduv zhuh dydlodeoh lq wkh folqlfdo vwxg| dqg zkhwkhu wkh| zhuh

dolyh ru qrw dw wkh hqg ri iroorz xs1 Dw wkh hqg ri wkh folqlfdo vwxg| :: +rxw

ri 45:, sdwlhqwv zhuh dolyh lq wkh hqdodsulo jurxs zkloh 8; +rxw ri 459, zhuh

dolyh lq wkh sodfher jurxs1 Qr frpsuhkhqvlyh frvw gdwd zhuh froohfwhg lq

wkh folqlfdo vwxg|1 Wr eh deoh wr fdofxodwh LFHUv lqglylgxdo frvw gdwd duh

udqgrpo| vhohfwhg iurp d vwxg| frpsdulqj elvrsuroro zlwk vwdqgdug wkhuds|

lq khduw idloxuh ^6`1 Lqglylgxdo frvw dqg khdowk h�hfw gdwd duh wkxv dydlodeoh

zlwklq wkh iroorz xs wlph lq wkh folqlfdo vwxg|1 Wkh khdowk hfrqrplf txhvwlrq

lv zkhwkhu lw lv jrrg ydoxh iru prqh| wr lpsohphqw wkh hqdodsulo wkhuds|

+wuhdwphqw 4, dgghg wr wkh vwdqgdug wkhuds| lqvwhdg ri xvlqj wkh vwdqgdug

wkhuds| +wuhdwphqw 3,1

Lq wklv sdshu gl�huhqw prghoolqj dvvxpswlrqv duh pdgh iru sdwlhqwv ehlqj

dolyh dw wkh hqg ri wkh iroorz xs1 Wkh rxwfrph ri wkh prghoolqj lv wkhq

frpsduhg zlwk wkh dfwxdo rxwfrph suhvhqwhg lq d 430|hdu iroorz xs vwxg|

^:`1 Dw wkh 43 |hdu iroorz xs 8 sdwlhqwv zhuh vwloo dolyh lq wkh hqdodsulo

wuhdwphqw jurxs zkloh 4 sdwlhqw zdv orvw wr iroorz xs lq wkh sodfher jurxs1

Lq rxu fdofxodwlrqv zh dvvxph wkdw wkh iroorz xs vwxg| frqwdlqv lqirupdwlrq

ri wkh wrwdo vxuylydo diwhu wkh hqg ri wkh folqlfdo vwxg| dqg wkdw sdwlhqwv vwloo

dolyh dw wkh 43 |hdu iroorz xs glhv lpphgldwho| diwhu wkdw srlqw lq wlph1 Wkh

frqglwlrqdo phdq vxuylydo wlph iru sdwlhqwv dolyh dw wkh hqg ri iroorz xs lq

wkh folqlfdo vwxg| zhuh <74 dqg ::7 gd|v lq wkh hqdodsulo dqg sodfher jurxs

uhvshfwlyho|1 Wklv gl�huhqfh fdq sduwo| eh h{sodlqhg e| wkh idfw wkdw d kljkhu
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vkduh ri wkh vxuylylqj sdwlhqwv lq wkh hqdodsulo jurxs xvhg hqdodsulo dovr diwhu

wkh fhvvdwlrq ri wkh folqlfdo wuldo1

515 Prghoolqj

Rxu gdwd rq vxuylydo wlph kdv vrph fkdudfwhulvwlfv wkdw duh lpsruwdqw lq

vhohfwlqj dq hvwlpdwlrq phwkrg1 Rqh fkdudfwhulvwlf lv wkdw wkh vxuylydo wlph

glvwulexwlrq xvxdoo| lv vnhzhg lq vrph zd|/ zklfk ylrodwhv wkh ruglqdu| ohdvw

vtxduhv dvvxpswlrq ri qrupdoo| glvwulexwhg huuru whupv1 Wkh vxuylydo wlph lv

dovr e| gh�qlwlrq srvlwlyh/ zkloh d qrupdoo| glvwulexwhg yduldeoh fdq wdnh

erwk srvlwlyh dqg qhjdwlyh ydoxhv1 Dqrwkhu fkdudfwhulvwlf lv wkdw d fhu0

wdlq sursruwlrq ri lqglylgxdov kdyh qrw uhdfkhg wkh hqg0srlqw ri lqwhuhvw/

l1h1 vrph lqglylgxdov duh vwloo dolyh dw wkh fhvvdwlrq ri wkh folqlfdo vwxg|/

zklfk phdqv wkdw vxfk lqglylgxdov duh uljkw fhqvruhg1 Wklv fdoov iru wkh ds0

solfdwlrq ri gxudwlrq gdwd prghov wkdw lqfrusrudwh wkh deryh fkdudfwhulvwlfv

^;`1 Wkh udqgrp yduldeoh A lv dvvxphg wr kdyh d ghqvlw| ixqfwlrq sE|� uh0

 hfwlqj wkh suredelolw| ri vxuylydo wlph kdylqj ohqjwk |/ dqg d glvwulexwlrq

ixqfwlrq 8 E|� '
U |

f
sEr�_r ' �hEA � |� zklfk gh�qhv wkh vxuylydo ixqfwlrq

7E|� ' �hEA � |� ' � � 8 E|�1 Wkh vxuylydo ixqfwlrq vkrzv wkh suredelolw|

wkdw wkh lqglylgxdo vxuylyhv iru dw ohdvw | shulrgv1 Iurp wkh vxuylydo ixqf0

wlrq rqh fdq gh�qh wkh kd}dug ixqfwlrq bE|� ' sE|�*7E|�/ zklfk vkrzv wkh

pruwdolw| udwh dw wlph | frqglwlrqdo rq vxuylylqj wr wlph | +vhh Nlhihu ^<` dqg

Odqfdvwhu ^43` iru vxuyh|v ri gxudwlrq prghov,1

Lq wkh uhvxowv vhfwlrq zh hvwlpdwh irxu frpprq sdudphwulf vxuylydo prg0

hov/ l1h1 h{srqhqwldo/ Zhlexoo/ orjqrupdo dqg jhqhudol}hg jdppd prghov ^;`1
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Wkhvh prghov duh glvwulexwlrqv iru d qrq0qhjdwlyh udqgrp yduldeoh/ zlwk

kd}dug ixqfwlrqv wkdw glvsod| gl�huhqw ehkdylrxuv> iru h{dpsoh/ wkh kd}dug

ixqfwlrq iru wkh h{srqhqwldo glvwulexwlrq lv frqvwdqw zkloh wkh kd}dugv iru wkh

Zhlexoo glvwulexwlrq duh prqrwrqlfdoo| lqfuhdvlqj ru ghfuhdvlqj ghshqglqj rq

wkh vkdsh sdudphwhu R ^;`1 Wkh kd}dug ixqfwlrq ri wkh jhqhudol}hg jdppd

prgho lv yhu|  h{leoh doorzlqj iru d odujh qxpehu ri vkdshv dqg wkh h{sr0

qhqwldo/ Zhlexoo/ dqg orjqrupdo prghov duh vshfldo fdvhv ri wkh jhqhudol}hg

jdppd prgho1 Wkxv wkhvh prghov fdq eh whvwhg dv qxoo k|srwkhvhv djdlqvw

wkh dowhuqdwlyh jhqhudol}hg jdppd prgho e| xvh ri d OU �2 � whvw1

516 Phwkrgv iru Dvvhvvlqj Xqfhuwdlqw|

51614 D <8( xsshu erxqg frq�ghqfh olplw iru wkh LFHU

Wr frpsxwh dq xsshu erxqg frq�ghqfh olplw iru wkh LFHU d qrq0sdudphwulf

errwvwuds phwkrg dqg Ilhoohu*v phwkrg duh xvhg1

Qrq0sdudphwulf errwvwuds dssurdfk Wkh errwvwuds surfhgxuh lv edvhg

rq wkh iroorzlqj vwhsv ^8/44`=

41 Jlyhq d fkrvhq prgho zlwk suhglfwhg frqglwlrqdo h{shfwhg vxuylydo iru

sdwlhqwv ehlqj dolyh dw wkh hqg ri wkh folqlfdo wuldo/ uhvdpsoh +zlwk

uhsodfhphqw, ?f frvw dqg h�hfw sdluv iurp wkh frqwuro vdpsoh1 Dovr/

uhvdpsoh +zlwk uhsodfhphqw, ?� frvw dqg h�hfw sdluv iurp wkh qhz

wuhdwphqw vdpsoh1 Fdofxodwh wkh errwvwuds frvw dqg h�hfw dyhudjhv

hvwlpdwh e>WK
�f

' �
WK

f / e>WK
.f

' .
WK

f / e>WK
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' �
WK

� dqg e>WK
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� / uhvshfwlyho|1
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51 Fdofxodwh wkh errwvwuds LFHU hvwlpdwh g�SeoWK ' e>WK
{�*e>WK

{.

61 Uhshdw vwhs +4, dqg +5, � wlphv1 Iroorzlqj wkh uhfrpphqgdwlrqv e|

Hiurq dqg Wlevkludql ^47`/ wkh qxpehu ri errwvwuds uhsolfdwlrqv lv vhw wr

� ' �fff lq wkh hpslulfdo dssolfdwlrq1 Wklv vl}h ri � lv uhfrpphqghg

lq rughu wr pdnh wkh yduldelolw| ri wkh erxqgdulhv ri wkh frq�ghqfh

lqwhuydov frqvwuxfwhg iurp wkh errwvwuds �dffhswdeo|� orz1

Wkh � errwvwuds uhsolfdwhv ri wkh U�.- vwdwlvwlf g�SeoWKc K ' �c ���c �/

duh wkhq duudqjhg lq lqfuhdvlqj rughu1 8( ri wkh errwvwuds uhsolfdwhv lq wkh

xsshu wdlo lv wkhq fxw dzd|1 Wkh uhpdlqlqj xsshu ydoxh lv gh�qhg dv wkh <8(

xsshu erxqg errwvwuds shufhqwloh frq�ghqfh olplw iru wkh LFHU1

Ilhoohu*v dssurdfk Dv vkrzq e|/ iru h{dpsoh/ Euljjv dqg Ihqq ^8`/ wkh

Ilhoohu*v frq�ghqfh olplwv iru U�.- ' - duh irxqg e| vroylqj wkh vhfrqg

rughu htxdwlrq=

e>2{� n-2e>2
{. � 2-e>2{.e>{�

-2gT @o Ee>{.� n gT @o Ee>{��� 2-g�J� Ee>{.c e>{��
' 52@*2/ +4,

zkhuh 5q ghqrwhv wkh q txdqwloh iurp wkh vwdqgdug qrupdo ghqvlw| ixqf0

wlrq/ gh�qhg e| xE5q� ' q1 Iru q ' f�b wkh xsshu olplw lv d <8( xsshu

erxqg Ilhoohu*v frq�ghqfh olplw iru wkh LFHU1

51615 D FH dffhswdelolw| fxuyh

Dq lqirupdwlyh suhvhqwdwlrq ri wkh FH uhvxowv lv surylghg e| wkh dffhswdelolw|

fxuyh +vhh h1j1 Jud| hw do1 ^45`,1 FH dffhswdelolw| fxuyhv fdq eh gh�qhg lq wzr
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frpsohwho| htxlydohqw zd|v/ hlwkhu lq whupv ri wkh LFHU hvwlpdwru +dv �uvw

sursrvhg e| ydq Krxw hw do1 ^46`, ru wkh QE hvwlpdwru/ dv glvfxvvhg e| Euljjv

dqg Ihqq ^8` dqg irupdoo| vkrzq e| Oùwkjuhq dqg ]hwkudhxv ^47`1 Dprqhwdu|

qhw ehqh�w +��, phdvxuh lv gh�qhg dv �� Eb� ' b>{.�>{�/ zkhuh b lv wkh

pd{lpxp sulfh vrflhw| lv zloolqj wr sd| iru rqh pruh xqlw ri khdowk h�hfwv

^48`1 Edvhg rq wkh qhw ehqh�w wkh ghflvlrq uxoh lv wkdw wkh qhz wuhdwphqw

vkrxog uhsodfh wkh frqwuro wuhdwphqw li ��Eb� : f1 Wkh FH dffhswdelolw|

fxuyh lv jlyhq e| �.@SS Eb� ' x
�
�� Eb� *j

g��Eb�

�
dqg fdq eh hvwlpdwhg e|

g�.@SS Eb� ' x
�f?K Eb� *ej

g��Eb�

�
+xvlqj wkh vdpsoh hvwlpdwhv,1 Rqh plqxv

wkh dffhswdelolw| hvwlpdwh fruuhvsrqgv wr wkh plqlpxp vljql�fdqfh ohyho dw

zklfk wkh qxoo k|srwkhvlv +wkh qhz wuhdwphqw lv qrw frvw0h�hfwlyh, fdq eh

uhmhfwhg1 Wkxv/ d FH dffhswdelolw| fxuyh lv vlpso| wkh pluuru0lpdjh ri d

S0ydoxh fxuyh1

6 Uhvxowv

Wdeoh 4 vkrzv wkh dfwxdo dqg h{shfwhg vxuylydo +glvfrxqwhg dqg xqglvfrxqwhg,

dqg frvwv zlwk dqg zlwkrxw wuhdwphqw edvhg rq gl�huhqw prgho dowhuqdwlyhv1

Dffruglqj wr wkh OU �2 � whvw wkh Zhlexoo dqg h{srqhqwldo prgho duh uh0

mhfwhg djdlqvw wkh jdppd prgho dw wkh �I ohyho ri vljql�fdqfh exw qrw wkh

orjqrupdo prgho1 Krzhyhu/ wkh prgho wkdw ehvw suhglfwv wkh dfwxdo vxu0

ylydo +glvfrxqwhg ru xqglvfrxqwhg, lq wkh hqdodsulo dqg sodfher jurxs lv wkh

Zhlexoo prgho1 Wkh h{srqhqwldo prgho v|vwhpdwlfdoo| xqghuhvwlpdwhv wkh

vxuylydo zkloh wkh jdppd dqg orj qrupdo prghov ryhuhvwlpdwhv wkh vxuylydo1

Wkh prgho wkdw ehvw suhglfwv wkh gl�huhqfh lq vxuylydo lv wkh orjqrupdo dqg
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jdppd prghov1 Wkh uhdvrq iru wklv lv wkdw wkh orjqrupdo dqg jdppd prghov

ryhuhvwlpdwh wkh vxuylydo lq wkh wuhdwphqw dqg sodfher jurxs wr derxw wkh

vdph h{whqw1 Wkh Zhlexoo prgho rq wkh rwkhu kdqg ryhuhvwlpdwhv wkh vxu0

ylydo lq wkh sodfher jurxs dqg xqghuhvwlpdwhv wkh vxuylydo lq wkh hqdodsulo

jurxs1 Wkxv zkhq frpsdulqj wkh LFHUv +glvfrxqwhg ru xqglvfrxqwhg, gh0

ulyhg iurp wkh prghov zlwk wkh *wuxh* rqh wkh orjqrupdo dqg jdppd prghov

duh wkh prvw dffxudwh rqhv +Wdeoh 5,1

Qrwh wkdw zh dvvxph htxdo h{shfwhg vxuylydo lq wkh wzr wuhdwphqw jurxsv

lq rxu prghoolqj h{huflvhv1 Krzhyhu/ wkh dfwxdo revhuyhg gdwd vkrzv wkdw wkh

frqglwlrqdo h{shfwhg vxuylydo wlph lv kljkhu lq wkh hqdodsulo jurxs +<74, frp0

sduhg zlwk wkh sodfher jurxs +::7,1 Wkxv hyhq li zh suhglfwhg wkh fruuhfw

frqglwlrqdo h{shfwhg vxuylydo lq wkh hqdodsulo jurxs dqg xvhg wkdw iru wkh

sodfher jurxs wkh wuxh gl�huhqfh lq vxuylydo zrxog eh xqghuvwdwhg1 Prg0

hov wkdw *fruuhfwo|* ryhuhvwlpdwhv wkh frqglwlrqdo h{shfwhg vxuylydo lq wkh

hqdodsulo jurxs jlyhv vxuylydo gl�huhqfhv htxdo wr wkh wuxh rqh1

Lq Iljxuh 4d dqg 4e wkh vxuylydo fxuyhv edvhg rq dfwxdo gdwd dqg prghov

duh suhvhqwhg iru wkh hqdodsulo dqg sodfher jurxsv1 Qrwh wkdw wkh vxuylydo

fxuyh edvhg rq wkh revhuyhg gdwd lv deryh wkh prghoohg vxuylydo fxuyhv lq

wkh ehjlqqlqj ri wkh suhglfwlrq shulrg +iru wkh �uvw 4833 gd|v, dqg wkhudiwhu

frphv forvh wkh prghoohg vxuylydo fxuyhv1

Wr dffrxqw iru wkh yduldelolw| lq wkh sdwlhqw frvw dqg khdowk h�hfw gdwd

frq�ghqfh lqwhuydo fdq eh frpsxwhg1 Lq Wdeoh 5 wkh xsshu <8( frq�ghqfh

olplw edvhg rq d qrq0sdudphwulf errwvwuds shufhqwloh phwkrg dqg wkh Ilhoohu*v

phwkrgv duh suhvhqwhg1 Lq doo wkh prghoolqj dowhuqdwlyhv d frqvwdqw vxuylydo

lv dgghg wr doo wkh sdwlhqwv ehlqj dolyh dw wkh fhvvdwlrq ri wkh folqlfdo vwxg|1
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Lq wkh prghoohg +wuxh, <74 dqg ::7 gd|v zhuh dgghg lq wkh wkhuds| dqg

sodfher jurxs uhvshfwlyho|1 Wklv fruuhvsrqgv wr wkh dfwxdo h{shfwhg vxuylydo

lq wkh wzr wuhdwphqw jurxsv revhuyhg lq wkh iroorz xs vwxg| ^:`1 Lq doo wkh

rwkhu prgho dowhuqdwlyhv +jdppd/ orjqrupdo/ zhlexoo/ dqg h{srqhqwldo, wkh

frqglwlrqdo h{shfhg vxuylydo lv rewdlqhg edvhg rq wkh vshfl�hg prgho dv gh0

vfulehg deryh1 Wkhvh prghov suhglfw wkh frqglwlrqdo h{shfwhg vxuylydo edvhg

rq wkh sdwlhqw gdwd lq wkh hqdodsulo jurxs/ zklfk lv xvhg iru doo vxuylylqj

sdwlhqwv dw wkh hqg ri wkh folqlfdo wuldo1 Lq wkh jdppd prgho wkh suhglfwhg

frqglwlrqdo h{shfwhg vxuylydo zdv 499< gd|v1 Wkh fruuhvsrqglqj �jxuhv iru

wkh orjqrupdo/ Zhlexoo dqg h{srqhqwldo prghov duh 4975 gd|v/ <34 gd|v/ dqg

879 gd|v/ uhvshfwlyho|1

Fhwhulv sdulexv dgglqj wkh wuxh frqglwlrqdo h{shfwhg vxuylydo iru sdwlhqwv

ehlqj dolyh lq wkh wzr wuhdwphqw jurxsv +Prghoohg +wuxh,, zloo xqghuhvwlpdwh

wkh wuxh yduldelolw|/ zklfk lv uh hfwhg e| d orzhu xsshu frq�ghqfh olplw +7:

3;4, frpsduhg wr wkh *wuxh* rqh ri 97 ;;41 Wkh rwkhu prgho dowhuqdwlyhv

hlwkhu ryhu ru xqghuhvwlpdwhv wkh *wuxh* <8( frq�ghqfh olplw1 Wkh jdppd

dqg orjqrupdo prghov surgxfh xsshu olplwv wkdw voljkwo| xqghuhvwlpdwh wkh

*wuxh* rqh zkloh wkh Zhlexoo dqg h{srqhqwldo prghov ryhuhvwlpdwhv wkh wuxh

<8( xsshu frq�ghqfh olplw1

Wkhvh uhvxowv duh frq�uphg lq Iljxuh 5 wkdw vkrzv FH dffhswdelolw| fxuyhv

edvhg rq wkh dfwxdo gdwd dqg edvhg rq gl�huhqw prghoolqj dowhuqdwlyhv1 Fh0

whulv sdulexv dgglqj wkh wuxh frqglwlrqdo h{shfwhg vxuylydo iru sdwlhqwv ehlqj

dolyh lq wkh wzr wuhdwphqw jurxsv xqghuhvwlpdwhv wkh wuxh yduldelolw| zklfk lv

uh hfwhg e| wkh FH dffhswdelolw| fxuyh +Prghoohg +wuxh,, dozd|v ehlqj deryh

wkh wuxh dffhswdelolw| fxuyh1 Wkh lqwhusuhwdwlrq lv wkdw wkh qhz lqwhuyhqwlrq
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lv vljql�fdqo| frvw0h�hfwlyh dw d orzhu ohyho frpsduhg wr wkh dfwxdo wuxh fdvh1

Wkh rwkhu prgho dowhuqdwlyhv hlwkhu ryhu ru xqghuhvwlpdwhv wkh wuxh FH df0

fhswdelolw| fxuyh1 Wkh jdppd dqg orjqrupdo prghov duh mxvw ryhu wkh wuxh

dffhswdelolw| fxuyh zkloh wkh Zhlexoo dqg h{srqhqwldo prghov xqghuhvwlpdwhv

wkh wuxh dfwxdo fxuyh1

Edvhg rq wkh wuxh gdwd iru doo sulfhv deryh 93 333 wkh qxoo k|srwkhvlv

wkdw wkh qhz lqwhuyhqwlrq lv qrw frvw0h�hfwlyh fdq eh uhmhfwhg dw wkh 8(

vljql�fdqfh ohyho1 Wkh sulfh edvhg rq wkh Prghoohg +wuxh, lv 7: 3331 Wkh

fruuhvsrqglqj sulfh edvhg rq wkh jdppd dqg orjqrupdo prghov duh forvh wr

wkh wuxh ydoxh dqg duh hvwlpdwhg dw 8< 333 dqg 93 333 uhvshfwlyho|1 Wkh

fruuhvsrqglqj sulfh edvhg rq wkh Zhlexoo dqg h{srqhqwldo prghov duh ;:

333 dqg 447 333 uhvshfwlyho|1 Dowhuqdwlyho| jlyhq d sulfh ri 433 333 wkh wuxh

vljql�fdqfh ohyho lv 3135 zklfk fdq eh frpsduhg zlwk Prghoohg +wuxh, ri 31331

Wkh jdppd dqg orjqrupdo prghov surgxfh wkh vdph vljql�fdqfh ohyho ri 3135

zkloh wkh Zhlexoo prgho +� ' f�fe, dqg wkh h{srqhqwldo prgho +� ' f�f.,

ryhuhvwlpdwhv wkh vljql�fdqfh ohyhov1

7 Vxppdu| dqg Frqfoxvlrq

Wklv sdshu lqyhvwljdwhv wkh txhvwlrq ri suhglfwlqj vxuylydo lq FH vwxglhv

edvhg rq wkh lqirupdwlrq frqwdlqhg lq d UFW zlwk d jlyhq iroorz xs1 Lq wkh

sdshu zh suhglfw vxuylydo xvlqj gl�huhqw sdudphwulf vxuylydo prghov +jhqhudo0

l}hg jdppd/ orjqrupdo/ Zhlexoo/ h{srqhqwldo,/ dqg zklfk duh whvwhg djdlqvw

hdfk rwkhu e| xvh ri wkh olnholkrrg udwlr whvw1 Ixuwkhupruh wkh prgho suhglf0

wlrqv duh frpsduhg zlwk wkh revhuyhg wuxh vxuylydo1
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Wkh Zhlexoo prgho suhglfwv wkh dfwxdo vxuylydo lq wkh hqdodsulo jurxs

prvw dffxudwho|1 Krzhyhu wklv zdv qrw frq�uphg e| wkh vwdwlvwlfdo whvwv1 Wkh

xvhg olnholkrrg udwlr whvw uhmhfwhg wkh Zhlexoo prgho +dqg wkh h{srqhqwldo,

exw qrw wkh orjqrupdo prgho djdlqvw wkh jdppd prgho1 Wkxv iru wklv sduwlf0

xodu gdwd wkh jdppd dqg orjqrupdo prghov zrxog eh vhohfwhg edvhg rq wkh

vwdwlvwlfdo whvwv exw wkh Zhlexoo prgho jhqhudwhg wkh prvw dffxudwh vxuylydo

suhglfwlrqv1 Wkh revhuyhg gl�huhqfh lq vxuylydo ehwzhhq wkh wzr wkhudslhv

duh prvw dffxudwho| suhglfwhg e| wkh orj0qrupdo dqg jdppd prghov1 Wkh

uhdvrq iru wklv lv wkdw wkhvh prghov ryhuvwdwh wkh frqglwlrqdo vxuylydo lq wkh

hqdodsulo jurxs wkdw uhgxfhv wkh xqghuhvwlpdwlrq ri wkh dfwxdo gl�huhqfh lq

vxuylydo wkdw uhvxowv iurp wkh Zhlexoo prgho1 D prgho wkdw h{dfwo| suhglfwv

wkh frqglwlrqdo dfwxdo vxuylydo lq wkh hqdodsulo jurxs zloo xqghuhvwlpdwh wkh

wuxh gl�huhqfh lq vxuylydo1

Rxu frqfoxvlrq lv wkdw vwdwlvwlfdo whvwv glvfulplqdwlqj ehwzhhq prghov

xvhg wr suhglfw vxuylydo rxw ri vdpsoh vkrxog eh frpsohphqwhg e| dq h{whq0

vlyh vhqvlwlylw| dqdo|vlv vlqfh lw lv qrw reylrxv wkdw wkh prgho wkdw shuiruphg

ehvw lq wkh vwdwlvwlfdo whvwv jhqhudwhv wkh ehvw vxuylydo suhglfwlrqv1

Fhwhulv sdulexv dgglqj d *wuxh* frqglwlrqdo h{shfwhg vxuylydo iru doo sd0

wlhqwv ehlqj dolyh dw wkh hqg ri d folqlfdo wuldo xqghuhvwlpdwhv wkh wuxh ydul0

delolw| zklfk lv uh hfwhg e| d orzhu xsshu frq�ghqfh olplwv frpsduhg wr wkh

*wuxh* rqh1 Wklv zloo dovr surgxfh FH dffhswdelolw| fxuyhv wkdw xqghuhvwl0

pdwhv wkh plqlpxp vljql�fdqfh ohyho dw zklfk wkh qxoo k|srwkhvlv wkdw d

qhz wkhuds| lv qrw frvw0h�hfwlyh fdq eh uhmhfwhg1 Dovr wkh dqdo|vlv ri xq0

fhuwdlq| uhtxluhv h{whqvlyh vhqvlwlylw| dqdo|vlv zlwk uhvshfw wr wkh fkrvhq

prgho1
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Wr dvvhvv rxu prgho suhglfwlrqv zh lghdoo| qhhg khdowk h�hfw gdwd iurp

dq h{whqghg UFW/ l1h1 d vwxg| wkdw frqwlqxhv dovr diwhu wkh fhvvdwlrq ri wkh

lqlwldo UFW dqg zkhuh doo sdwlhqwv duh xvlqj hqdodsulo lq d frqwuroohg vhwwlqj1

Rxu gdwd duh edvhg rq dq rshq vhwwlqj zkhuh wkh wzr sdwlhqw jurxsv duh

r�huuhg wkh qhz wkhuds|1 Lq zkdw zd| grhv rxu gdwd gl�hu iurp wkh lghdo

gdwdB Wkh gdwd lq wklv vwxg| uh hfw dfwxdo folqlfdo sudfwlfh +h�hfwlyhqhvv,

dqg qrw d frqwuroohg vlwxdwlrq +h!fdf|,1 Lw lv d orzhu vkduh ri sdwlhqwv lq wkh

lqlwldo sodfher jurxs wkdw diwhu wkh fhvvdwlrq ri wkh folqlfdo wuldo ehjlqv zlwk

hqdodsulo frpsduhg zlwk wkh vkduh ri sdwlhqwv wkdw frqwlqxhv zlwk hqdodsulo

lq wkh hqdodsulo jurxs1 Lq d frqwuroohg vhwwlqj qr gl�huhqfh lq wkh vkduh ri

sdwlhqwv rq wkh dfwlyh wkhuds| lv h{shfwhg1 Krzhyhu/ sdwlhqwv lq wklv vwxg|

duh lq vhyhuh glvhdvh vwdwhv dqg duh suredeo| lq iuhtxhqw frqwdfw zlwk wkh

khdowk fduh/ zklfk phdqv wkdw wkh folqlfdo sudfwlfh lv udwkhu forvh wr wkh

frqwuroohg hqylurphqw1

Lqvwhdg ri xvlqj d UFW dv d edvh iru wkh hfrqrplf hydoxdwlrq d frqwuroohg

wuldo frqgxfwhg xqghu pruh qdwxudolvwlf flufxpvwdqfhv fdq eh xvhg dv d edvh

iru wkh khdowk hfrqrplf hydoxdwlrq1 Vxfk d vwxg| zrxog eh fkdudfwhulvhg

zlwk erwk d kljk lqwhuqdo dqg h{whuqdo ydolglw|1 Krzhyhu dw wkh wlph iru

wkh uhjlvwudwlrq ri d qhz fkhplfdo hqwlw| wkh *rqo|* dydlodeoh lqirupdwlrq lv

xvxdoo| wkh rqh r�huuhg e| wkh UFW1 Wkh dssursuldwhqhvv ri xvlqj d UFW

vkrxog eh dvvhvvhg dqg glvfxvvhg dqg fdq ydu| ghshqglqj rq wkh sdwlhqw

jurxs xqghu vwxg|1
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Dfnqrzohgjhphqwv

Zh duh judwhixo wr Mrkq Nmhnvkxv iru surylglqj xv zlwk gdwd iurp wkh frq0

vhqvxv vwxg| dqg iurp d 430|hdu iroorz xs1 Zh duh dovr judwhixo wr Pdjqxv

Mrkdqqhvvrq iru frpphqwv rq d suhylrxv yhuvlrq ri wkh sdshu1

Uhihuhqfhv

41 Mùqvvrq E/ Frrn MU/ Shghuvzhq WU1 Wkh frvw0h�hfwlyhqhvv ri olslg orz0

hulqj lq sdwlhqwv zlwk gldehwhv= uhvxowv iurp wkh 7V wuldo1 Gldehwrorjld

4<<<>75=45<6046341

51 Udlnrx N/ Jud| D/ Euljjv D/ Vwhyhqv U/ Fxoo F/ PfJxluh D/ Ihqq S/

Vwudwwrq L/ Kropdq U/ Wxuqhu U/ iru wkh XN survshfwlyh gldehwhv vwxg|

jurxs/ Frvw h�hfwlyhqhvv dqdo|vlv ri lpsuryhg eorrgsuhvvxuh frqwuro lq

k|shuwhqvlyh sdwlhqwv zlwk w|sh 5 gldehwhv= XNSGV 731 Eulwlvk Phglfdo

Mrxuqdo 4<<;>64:=:530:591

61 Hnpdq P/ ]hwkudhxv Q/ Mùqvvrq E1 Wkh frvw0h�hfwlyhqhvv ri elvrsuroro

lq wkh wuhdwphqw ri fkurqlf frqjhvwlyh khduw idloxuh= dq dqdo|vlv iurp

FLELV0LL wuldo gdwd1 Iruwkfrplqj lq Skdupdfrhfrqrplfv1

71 Mùqvvrq hw do1 Frvw0h�hfwlyhqhvv ri fkrohvwhuro orzhulqj1 Uhvxowv iurp

wkh Vfdqglqdyldq Vlpydvwdwlq Vxuylydo Vwxg| +7V,1 Hxurshdq Khduw

Mrxuqdo 4<<9>4:=43340433:1

81 Euljjv D dqg Ihqq S1 Frq�ghqfh lqwhuydov ru vxuidfhvB Xqfhuwdlqw| rq

wkh frvw0h�hfwlyhqhvv sodqh1 Khdowk Hfrqrplfv 4<<;>:=:560731
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91 Wkh Frqvhqvxv wuldo vwxg| jurxs1 H�hfwv ri hqdodsulo rq pruwdolw|

lq vhyhuh frqjhvwlyh khduw idloxuh1 Uhvxowv ri wkh frrshudwlyh qruwk

vfdqglqdyldq hqdodsulo vxuylydo vwxg| +frqvhqvxv,1 Wkh Qhz Hqjodqg

Mrxuqdo ri Phglflqh 4<;:>649=475<047681

:1 Vzhgehuj N/ Nmhnvkxv M/ Vqdslqq V/ iru wkh frqvhqvxv lqyhvwljdwruv1

Orqj whup vxuylydo lq vhyhuh khduw idloxuh sdwlhqwv wuhdwhg zlwk hqdodsulo1

Hxurshdq Khduw Mrxuqdo 4<<<>53=469046<1

;1 Juhhqh ZK1 +5333,1 Hfrqrphwulf Dqdo|vlv/ 7wk Hg/ Suhqwlfh Kdoo Lq0

whuqdwlrqdo/ Lqf/ Qhz \run1

<1 Nlhihu QP1 Hfrqrplf Gxudwlrq Gdwd dqg Kd}dug Ixqfwlrqv1 Mrxuqdo

ri Hfrqrplf Olwhudwxuh 4<;;>59=97909:<1

431 Odqfdvwhu/ W1 +4<<3,1 Wkh Hfrqrphwulf Dqdo|vlv ri Wudqvlwlrq Gdwd1

Fdpeulgjh= Fdpeulgjh Xqlyhuvlw| Suhvv1

441 Hiurq E/ dqg Wlevkludql UM1 +4<<6,1 Dq Lqwurgxfwlrq wr wkh Errwvwuds1

Prqrjudskv rq Vwdwlvwlfv dqg Dssolhg Suredelolw|/ Qr1 8:/ Fkdspdq

dqg Kdoo/ Qhz \run1

451 Jud| D/ Udlnrx P/ PfJxluh D/ Ihqq S/ Vwhyhqv U/ hw do1 Frvw0

h�hfwlyhqhvv ri dq lqwhqvlyh eorrg joxfrvh frqwuro srolf| lq sdwlhqwv

zlwk w|sh 5 gldehwhv= hfrqrplf dqdo|vlv dorqjvlgh udqgrplvhg frq0

wuroohg wuldo +XNSGV 74,1 Eulwlvk Phglfdo Mrxuqdo 5333>653=46:6046:;1

461 ydq Krxw ED/ Do PM/ Jrugrq JV/ Uxwwhq IIK1 Frvwv/ h�hfwv dqg

F2H0udwlrv dorqjvlgh d folqlfdo wuldo1 Khdowk Hfrqrplfv 4<<7>6=63<064<1
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471 Oùwkjuhq P/ ]hwkudhxv Q1 Gh�qlwlrq/ lqwhusuhwdwlrq dqg fdofxodwlrq

ri frvw0h�hfwlyqhvv dffhswdelolw| fxuyhv1 Khdowk Hfrqrplfv 5333><=9560

9631

481 Wdperxu P/ ]hwkudhxv Q1 dqg Mrkdqqhvvrq P1 D Qrwh rq Frq�ghqfh

Lqwhuydov lq Frvw0H�hfwlyhqhvv Dqdo|vlv1 Lqwhuqdwlrqdo Mrxuqdo ri Whfk0

qrorj| Dvvhvvphqw lq Khdowk Fduh 4<<;>47=79:07:41

4;


