
Devwudfw

Iroorzlqj Kdoo +4<<:, lw lv lqfuhdvlqjo| frpprq wr lqfrusrudwh suhihuhqfh/ dv zhoo

dv surgxfwlylw|/ shuwxuedwlrqv lq fdoleudwhg jhqhudo htxloleulxp prghov1 Zh dvvhvv wkh

shuirupdqfh ri d vpdoo rshq hfrqrp| vwrfkdvwlf jurzwk prgho +edvhg rq wkh Eodqfkdug0

\ddul iudphzrun, xqghu dowhuqdwh gulylqj surfhvvhv1 Zklovw erwk prghov surylgh idploldu

ghvfulswlrqv ri wkh djjuhjdwh hfrqrp|/ zh �qg wkdw wkh prgho gulyhq e| surgxfwlylw|

glvwxuedqfhv kdv fohdu dgydqwdjhv lq h{sodlqlqj wkh ehkdylrxu wrzdugv iruhljq dvvhw

dffxpxodwlrq1

MHO fodvvl�fdwlrq= H53> H65> I65> I741

Nh|zrugv= Lqwhuwhpsrudo pdfur> Rshq hfrqrp|> fxuuhqw dffrxqw g|qdplfv1



Surgxfwlylw| dqg Suhihuhqfhv lq d Vpdoo Rshq
Hfrqrp|4

Mdjmlw V1 Fkdgkd5/ Qruehuw Mdqvvhq6 dqg Fkduohv Qrodq7

4 Lqwurgxfwlrq

Prvw pdfurhfrqrplf yduldeohv glvsod| shulrglf  xfwxdwlrqv/ vrphwlphv durxqg d ulvlqj

wuhqg1 Pxfk ri wklv yduldwlrq rffxuv zlwklq wkh vr0fdoohg exvlqhvv f|foh iuhtxhqflhv 0 wkdw

lv/  xfwxdwlrqv suhgrplqdwlqj ehwzhhq hljkw dqg 65 txduwhuv1 Ehjlqqlqj zlwk wkh vhplqdo

sdshuv ri Orqj dqg Sorvvhu +4<;6, dqg N|godqg dqg Suhvfrww +4<;5,/ dq lpsruwdqw vwudqg

ri pdfurhfrqrplf uhvhdufk kdv vxffhvvixoo| dwwhpswhg wr frqvwuxfw vpdoo/ wkhruhwlfdoo|

frkhuhqw/ prghov edvhg rq rswlpl}lqj djhqwv zklfk fdswxuh nh| sdwwhuqv lq wkh dfwxdo

gdwd1 Lq wklv sdshu/ zh iroorz wkh dqdo|vhv ri Edfnxv/ Nhkrh dqg N|godqg +4<;<,/ Ed{whu

dqg Fuxflql +4<<3, dqg Fdugld +4<<4, dqg h{whqg wkh vwrfkdvwlf jurzwk prgho wr wkh fdvh

ri wkh rshq hfrqrp|1

Vshfl�fdoo| zh ghyhors wzr glvwlqfw prghov ri d vpdoo rshq hfrqrp|/ zklfk

qhyhuwkhohvv vkduh pdq| vlplodu fkdudfwhulvwlfv1 Wkh| duh erwk lqkdelwhg e| d frusrudwh

vhfwru dqg d odujh qxpehu ri lqglylgxdov zkr idfh �qlwh olyhv18 Erwk prgho hfrqrplhv idfh

dq h{rjhqrxv uhdo lqwhuhvw udwh ghwhuplqhg lq d shuihfwo| lqwhjudwhg zruog fdslwdo pdunhw/

dqg erwk hfrqrplhv kdyh dffhvv wr wklv pdunhw iru wkhlu sruwirolr doorfdwlrq ghflvlrqv1

Krzhyhu/ wkhvh hfrqrplhv gl�hu lq zkdw pdnhv wkhp jurz vwrfkdvwlfdoo| wkurxjk wlph1 Lq

rqh prgho wkh gulylqj surfhvv lv vwrfkdvwlf yduldwlrq lq d surgxfwlylw| vkliw whup/ zkloh lq

wkh rwkhu lw lv shulrg e| shulrg fkdqjhv lq wkh uhodwlyh dwwudfwlyhqhvv ri frqvxpswlrq yhuvxv

ohlvxuh +vhh h1j1/ Kdoo +4<<:,19 Lqfrusrudwlqj suhihuhqfh vkrfnv kdv ehfrph lqfuhdvlqjo|

4Dfnqrzohgjhphqwv= Zh duh judwhixo iru khosixo frqyhuvdwlrqv/ frqvwuxfwlyh fulwlflvpv dqg frpphqwv

iurp sduwlflsdqwv lq vhplqduv dw zklfk yhuvlrqv ri wklv sdshu zhuh suhvhqwhg/ lqfoxglqj wkh Edqn ri

Hqjodqg> Xqlyhuvlw| ri Fdpeulgjh> Ur|do Hfrqrplf Vrflhw| 5333 Phhwlqj dw wkh Xqlyhuvlw| ri Vw1

Dqguhzv> dqg wkh Prqh|/ Pdfur dqg Ilqdqfh Frqihuhqfh 5333 dw Vrxwk Edqn Xqlyhuvlw|1 Dq| ylhzv

h{suhvvhg/ ru huuruv zklfk uhpdlq/ duh vroho| wkh uhvsrqvlelolw| ri wkh dxwkruv dqg gr qrw qhfhvvdulo|

uhsuhvhqw wkrvh ri wkhlu uhvshfwlyh lqvwlwxwlrqv1 Wklv sdshu zdv odujho| frpsohwhg zkhq Qruehuw Mdqvvhq

zdv dw Orqgrq Jxlogkdoo Xqlyhuvlw|1 Zh judwhixoo| dfnqrzohgjh wkh uhvhdufk dvvlvwdqfh ri Zhvoh| Irjho1

Sduw ri wklv uhvhdufk kdv ehhq ixqghg e| Ohyhukxoph Judqw qr1 I23<89:2D1
5Ghsduwphqw ri Dssolhg Hfrqrplfv/ Dxvwlq Urelqvrq Exloglqj/ Vlgjzlfn Dyhqxh/ Fdpeulgjh FE6

<GH1 Who= .77 4556 6685;31 H0pdlo= mdjmlw1fkdgkdChfrq1fdp1df1xn
6Edqn ri Hqjodqg/ Wkuhdgqhhgoh Vwuhhw/ Orqgrq HF5U ;DK1 Who= .77 53 :934 78561 H0pdlo=

qruehuw1mdqvvhqCedqnrihqjodqg1fr1xn1
7Ghsduwphqw ri Hfrqrplfv dqg Ilqdqfh/ Xqlyhuvlw| ri Gxukdp/ 56259 Rog Hoyhw/ Gxukdp GK4 6K\1

Who= .77 4<4 6:5 :5:61 H0pdlo= fkduohv1qrodqCgxukdp1df1xn1
8Vshfl�fdoo|/ wkhuh duh ryhuodsslqj jhqhudwlrqv/ ru frkruwv/ hdfk idflqj d frqvwdqw suredelolw| ri ghdwk1

Vhh Eodqfkdug +4<;8, dqg \ddul +4<98,1
9Kdoo +4<<:, vwurqjo| vxjjhvwv frqvlghulqj wkh uroh ri yduldwlrq lq djhqwv* fkrlfhv ehwzhhq zrun dqg

ohlvxuh udwkhu wkdq wkh lqyhvwphqw ghflvlrqv/ zklfk duh vwuhvvhg e| surgxfwlylwl| vkliwv/ lq h{sodlqlqj

exvlqhvv f|foh yduldwlrq1
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srsxodu lq txdqwlwdwlyh wkhru|1 Iru h{dpsoh/ Kdoo +rs1 flw, hpskdvl}hv wkh uroh ri

suhihuhqfh vkrfnv dv d fuxfldo sulplwlyh lq exvlqhvv f|foh lpsxovhv1 Zrrgirug +5333,/

doehlw lq d forvhg hfrqrp|/ glvfxvvhv wkh uroh ri suhihuhqfh vkrfnv1 Krzhyhu/ wkhuh kdv

ehhq uhodwlyho| olwwoh h�ruw wr frpsduh wkh shuirupdqfh ri wkhvh prghov xqghu dowhuqdwh

gulylqj surfhvvhv dqg frqvhtxhqwo| wkdw lv wkh dlp ri wklv sdshu1

Prghoolqj wkh rshq hfrqrp| lv lpsruwdqw iru dw ohdvw wzr uhdvrqv1 Iluvw/ wkh delolw| wr

dowhu kroglqjv ri qhw iruhljq dvvhwv lq uhvsrqvh wr vkrfnv surylghv dq lpsruwdqw dgmxvwphqw

phfkdqlvp1 Dv d uhvxow dqg vhfrqg/ lw surylghv xv zlwk dq dgglwlrqdo glphqvlrq dorqj

zklfk wr phdvxuh wkh lpsruwdqfh ri frpshwlqj gulylqj surfhvvhv iru rxu prgho1 Wklv

dvshfw wxuqv rxw wr eh sduwlfxoduo| lpsruwdqw lq wkh fdvh ri d vpdoo rshq hfrqrp| vxfk

dv wkh XN1 Fkdgkd/ Mdqvvhq dqg Qrodq +5333, vwxg| wkh XN exvlqhvv f|foh iurp 4;:4

wr 4<<: dqg �qg wkdw pdq| vw|ol}hg idfwv ri wkh srvw0zdu hud duh qrw urexvw wr d suh0zdu

vdpsoh shulrg1: Krzhyhu/ rqh ri wkh urexvw vw|ol}hg idfwv iru wkh XN lv wkh kljk yrodwlolw|

dqg vwurqj ghjuhh ri frxqwhuf|folfdolw| lq wkh fxuuhqw dffrxqw1

Lq idfw/ wkh f|folfdo ehkdylru ri wkh fxuuhqw dffrxqw kdv ehhq wkh vxemhfw ri pxfk uhfhqw

zrun1 Lw lv w|slfdoo| udwlrqdol}hg e| dq lqwhuwhpsrudo dssurdfk wr wkh fxuuhqw dffrxqw

+Revwihog dqg Urjr� +4<<8,,/ dqg dv wkh uhvxow ri iruzdug0orrnlqj krxvhkrogv frqvxplqj

wkh suhvhqw ydoxh ri shupdqhqw lqfrph/ zlwk wkh odwwhu d qrqvwdwlrqdu| +vwrfkdvwlf,

surfhvv1 Krzhyhu/ zkloh wkh suhvhqw ydoxh whvwv zklfk juhz rxw ri wkh olwhudwxuh rq

frqvxpswlrq wkhru| +Fdpsehoo +4<;:,, kdyh gholyhuhg ydoxdeoh lqvljkwv/ wkh| kdyh idlohg

wr surylgh d frqylqflqj h{sodqdwlrq ri wkh prphqwv lq wkh fxuuhqw dffrxqw iru vpdoo rshq

hfrqrplhv/ sduwlfxoduo| lq wkh fdvh ri wkh XN1 Iru h{dpsoh/ Revwihog dqg Urjr� +4<<9,

dujxh wkdw wkh qhdu udqgrp zdon lq rxwsxw jurzwk pdnhv shupdqhqw lqfrph sudfwlfdoo|

xqiruhfdvwdeoh dqg lqh{rudeo| lpsolhv olwwoh f|folfdo yduldwlrq lq wkh fxuuhqw dffrxqw1 Rxu

dlp lq wklv sdshu/ wkhq/ lv hvvhqwldoo| wzrirog1 Iluvw/ zh zlvk wr vkhg oljkw rq wkh gl�hulqj

lpsolfdwlrqv ri wkh dowhuqdwlyh gulylqj irufhv rq rxu hfrqrp|*v hqgrjhqrxv yduldeohv1 Zh

vkdoo frpsduh rxu uhvxowv wr wkh XN vw|ol}hg idfwv/ exw dv zh vkdoo vkrz ehorz wkhvh duh

frqvlvwhqw zlwk gdwd iurp d qxpehu ri hfrqrplhv1 Dqg vhfrqg/ pruh jhqhudoo|/ wr dqdo|}h

wkh h{whqw wr zklfk prghov edvhg rq iruzdug0orrnlqj rswlpl}lqj frqvxpswlrq ehkdylru

fdswxuh yduldwlrqv lq wkh dfwxdo fxuuhqw dffrxqw1

Wkh sdshu lv vwuxfwxuhg dv iroorzv1 Vhfwlrq 5 rxwolqhv wkh vw|ol}hg idfwv ri wkh XN

hfrqrp| dqg wkh f|folfdo ehkdylru ri wkh fxuuhqw dffrxqw dfurvv d qxpehu ri frxqwulhv1

Vhfwlrq 6 ghyhorsv rxu g|qdplf vwrfkdvwlf jhqhudo htxloleulxp prgho gulyhq e| hlwkhu ri

surgxfwlylw| dqg suhihuhqfh vkrfnv1 Vhfwlrq 7 rxwolqhv wkh fdoleudwlrq whfkqltxhv xvhg wr

dvvhvvhv wkh �w ri wkhvh wzr prghov1 Vhfwlrq 8 frqfoxghv dqg r�huv vrph srlqwhuv wr ixwxuh

zrun1

:Iru h{dpsoh wkh| �qg wkdw lq wkh suh0zdu shulrg wkh sulfh0ohyho lv/ li dq|wklqj/ voljkwo| sur0f|folfdo

zkloh wkh uhdo zdjh lv edvlfdoo| df|flfdo1 +Wkhvh fruuhodwlrqv krog jrrg zkhwkhu ru qrw rqh lqfoxghv wkh

yrodwloh lqwhu0zdu |hduv1, Lq wkh srvw0zdu shulrg wkh uhdo zdjh lv vwurqjo| sur0f|folfdo/ zkloh wkh sulfh0ohyho

lv vwurqjo| frxqwhuf|folfdo1
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5 Vrph Rshq Hfrqrp| Vw|ol}hg Idfwv

Wklv vhfwlrq rxwolqhv vrph ri wkh edvlf idfwv rq rxu rshq hfrqrp|1 Wkhuh duh wzr pdlq

glphqvlrqv dorqj zklfk zh zloo wu| wr pds wkh XN hfrqrp|= +l, wkh fryduldwlrq ri wkh pdlq

hfrqrplf lqglfdwruv zlwk wkh hfrqrplf f|foh/ phdvxuhg e| wkh exvlqhvv f|foh  xfwxdwlrq

lq rxwsxw shu khdg/ dqg +ll, wkh uhodwlyh yrodwlolw| ri hdfk vhulhv1 Wdeoh 4 suhvhqwv wkh

revhuyhg gdwd rq wkh exvlqhvv f|foh frpsrqhqw ri wkh XN hfrqrp| rewdlqhg zlwk wkh

edqg sdvv �owhu uhfrpphqghg e| Ed{whu dqg Nlqj +4<<<,1; Lqyhvwphqw dqg wkh fxuuhqw

dffrxqw duh wkh prvw yrodwloh vhulhv1 Rxwsxw dqg frqvxpswlrq glvsod| orzhu dqg vlplodu

ohyhov ri yrodwlolw|1 Revhuyhg uhdo zdjhv vkrz uhodwlyho| olwwoh f|folfdo yduldwlrq dqg/ dv

vxjjhvwhg e| Nlqj dqg Uhehor +4<<<,/ wkh fdslwdo vwrfn glvsod|v olwwoh lpsruwdqw yduldwlrq

dw wkh exvlqhvv f|foh iuhtxhqflhv1 Frqvxpswlrq/ lqyhvwphqw/ uhdo zdjh dqg krxuv vxssolhg

duh sur0f|folfdo zklovw wkh fxuuhqw dffrxqw lv frxqwhuf|folfdo1 Rxwsxw vkrzv srvlwlyh ohdgv

iru frqvxpswlrq/ lqyhvwphqw dqg zdjhv zkloh wkhuh duh qhjdwlyh ohdgv iru wkh fxuuhqw

dffrxqw1 Wkh fxuuhqw dffrxqw dqg/ wr vrph h{whqw/ uhdo zdjhv qhjdwlyho| ohdg rxwsxw/

zkloh frqvxpswlrq/ lqyhvwphqw dqg oderu vxsso| srvlwlyho| ohdg rxwsxw1

Lw lv wkh frxqwhuf|folfdolw| ri wkh fxuuhqw dffrxqw zklfk lv vwulnlqj1 Iljxuh 4 h{soruhv

wkh f|folfdolw| ri wkh fxuuhqw dffrxqw iurp d vrphzkdw orqjhu shuvshfwlyh1 Zh sorw wkh

f|folfdo frpsrqhqw ri wkh fxuuhqw dffrxqw +erog olqh, djdlqvw erwk wkh f|folfdo frpsrqhqw

ri rxwsxw shu khdg +gdvkhg olqh, dqg wkh skdvhv ri h{sdqvlrq dqg frqwudfwlrq dqg �qg

fohdu hylghqfh wkdw wkh fxuuhqw dffrxqw lv frxqwhuf|folfdo1 E| ixoo vdpsoh ru e| vxe0vdpsoh

dqg dfurvv d zlgh udqjh ri exvlqhvv f|foh �owhuv wkh fxuuhqw dffrxqw dsshduv qrw rqo|

frxqwhuf|folfdo +Wdeoh 5/ Sdqho D, exw dovr vljql�fdqwo| pruh yrodwloh wkdq rxwsxw shu khdg

lq wkh XN1 Lq Wdeoh 5/ Sdqho E zh suhvhqw Ud}lq*v +4<<8, �qglqj wkdw d frxqwhuf|folfdo

fxuuhqw dffrxqw vhhpv wr eh vwdqgdug dfurvv wkh J:/ zkhuh rqo| lq Mdsdq dqg Iudqfh grhv

wkh fxuuhqw dffrxqw dsshdu df|folfdo1

Wklv �qglqj lv qrz frqvlghuhg vwdqgdug lq wkh olwhudwxuh +Ed{whu dqg Fuxflql +4<<8,,1

Vwdqgdug lqwhuwhpsrudo uhdvrqlqj whoov xv wkdw d frxqwhuf|folfdo fxuuhqw dffrxqw fdq uhvxow

iurp shupdqhqw lqfrph vkrfnv1 Iru h{dpsoh/ d srvlwlyh shupdqhqw lqfrph vkrfn zloo ohdg

wr iruzdug0orrnlqj frqvxphuv lqfuhdvlqj fxuuhqw frqvxpswlrq e| wkh dqqxlw| ydoxh ri wkdw

lqfuhdvh dqg wr eruurzlqj iurp deurdg zklovw rxwsxw uhvsrqgv zlwk d odj +Jolfn dqg Urjr�

+4<<8,,1 Exw li zh vxvshfw wkdw djhqwv surshqvlw| wr frqvxph fkdqjhv wkurxjk wlph +Kdoo

+4<<:,, zh pljkw dovr dujxhv wkdw dq| whqghqf| iru suhihuhqfhv wr pryh frxqwhuf|folfdoo|

zloo dovr ohdg wr d frxqwhuf|folfdo fxuuhqw dffrxqw1

Lq wkh iroorzlqj vhfwlrq/ zh pryh rq wr exlog wzr yhuvlrqv ri d GVJHprgho zlwk hlwkhu

ri surgxfwlylw| ru suhihuhqfh lqqrydwlrqv dv wkh gulylqj surfhvvhv1 Dv zhoo dv frqfhqwudwlqj

rq wkh delolw| ri wkhvh wzr vhwv ri iruflqj yduldeohv wr h{sodlq wkh revhuyhg prphqwv ri wkh

;D zlghu udqjh ri vhulhv* prphqwv uhvxowv duh dydlodeoh rq uhtxhvw dv duh wkh uhvxowv ri gl�huhqw �owhulqj

surfhgxuhv1 Rxu surjudpv iru lpsohphqwlqj wkh �owhu zh xvhg duh dovr dydlodeoh1 D ixoo gdwd dqqh{ lv

dovr dydlodeoh rq uhtxhvw exw qrwh doo gdwd lv vrxufhg iurp wkh RQV1 Doo h{shqglwxuh vhulhv duh phdvxuhg

lq shu fdslwd whupv1
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fxuuhqw dffrxqw rxwolqhg lq wklv vhfwlrq +vhh Iljxuh 5 iru d vxppdu|,/ zh zloo dovr h{dplqh

wkhvh wzr prghov/ pruh jhqhudoo|/ lq whupv ri wkhlu delolw| wr h{sodlq wkh prphqwv ri wkh

pdlq h{shqglwxuh dqg idfwru vxsso| prphqwv1

6 Dq Rshq Hfrqrp| Prgho

Frqvlghu wkh d vpdoo rshq hfrqrp| zklfk idfhv dq h{rjhqrxv uhdo lqwhuhvw udwh ghwhuplqhg/

zlwkrxw dq| lpshglphqw/ lq ixoo| lqwhjudwhg zruog fdslwdo pdunhwv1 Wkh h{rjhqrxv uhdo

udwh udlvhv wkh iroorzlqj lvvxh= wkdw/ xqohvv wkh lqwhuhvw udwh mxvw htxdov wkh glvfrxqw idfwru/

wkh djhqw +lq rxu prgho/ wkh frkruw, zloo eh dffxpxodwlqj +li o : B, ru ghfxpxodwlqj +li

o 	 B, qhw iruhljq dvvhwv vxfk wkdw zh vwudlq wkh vpdoo frxqwu| dvvxpswlrq1< Zh dgguhvv

wklv lvvxh e| dgrswlqj wkh dssurdfk ri \ddul +4<98,/ dqg dvvxplqj wkdw djhqwv lq rxu

prgho idfh �qlwh olyhv1 Lq sduwlfxodu zh iroorz Fdugld +4<<4, dqg dgrsw d glvfuhwh wlph

+rshq hfrqrp|, yhuvlrq ri Eodqfkdug +4<;8,1

614 Wkh Uhsuhvhqwdwlyh Djhqw

Wkh uhsuhvhqwdwlyh djhqw ghulyhv xwlolw| iurp frqvxpswlrq ri d vlqjoh qrq0gxudeoh jrrg/

�|/ dqg ohlvxuh/ u|1 Hdfk shulrg/ vkh idfhv d frqvwdqw +l1h1/ wlph0lqghshqghqw, suredelolw|

ri ghdwk/ b/ zklfk olhv lq wkh +rshq, xqlw lqwhuydo1 Ohw B ghqrwh wkh vxemhfwlyh glvfrxqw

udwh1 Htxdwlrq +4, uhsuhvhqwv khu h{shfwhg olihwlph xwlolw|
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� E�|c u|� � +4,

Zh pdnh wkh xvxdo dvvxpswlrqv frqfhuqlqj wkh gl�huhqwldelolw| ri wkh xwlolw| ixqfwlrq/

zklfk zh dovr dvvxph lv frqfdyh dqg lqfuhdvlqj lq erwk lwv dujxphqwv1 Khu pd{lpl}dwlrq

lv vxemhfw wr d vhtxhqfh ri shu shulrg exgjhw frqvwudlqwv/

�| n�|n� ' E� n o� E� n b��| n�| n`|�| +5,

dqg d wudqvyhuvdolw| frqglwlrq/ zklfk zh vshoo rxw ehorz143 Wkdw lv/ wrwdo frqvxpswlrq/ �|c

soxv sxufkdvhv ri qhw iruhljq dvvhwv/ �|n�/ lv htxdo wr qhw lqfrph1 Qhw lqfrph frpsulvhv

<Zh duh qrw lpso|lqj/ ri frxuvh/ wkdw wkh xqghuo|lqj rswlpl}dwlrq sureohp lv loo0srvhg vlqfh wkh exgjhw

vhw uhpdlqv frpsdfw/ lq sduwlfxodu erxqghg1 Wkh srlqw lv vlpso| wkdw/ iru uhdvrqdeoh sdudphwhu ydoxhv/

u 9@ � fdq lpso| odujh vwhdg| vwdwh qhw dvvhw kroglqjv1 Lq rxu glvfxvvlrq ri wkh vwhdg| vwdwh surshuwlhv ri

rxu prgho zh glvfxvv wklv srlqw ixuwkhu dqg frpsduh rxu vwhdg| vwdwh qhw dvvhw srvlwlrq zlwk wkdw ri d

pruh frqyhqwlrqdo uhsuhvhqwdwlyh djhqw prgho1
43Rxu irupxodwlrq ri wkh exgjhw frqvwudlqw iroorzv/ dprqjvw rwkhuv/ Fduovwurp dqg Ixhuvw +4<<8,1 Wklv

lv frqyhqlhqw vlqfh wkh vwrfn ri cqhw zhdowk* fdq eh fdswxuhg vlpso| e| Ew1 Wklv pdnhv fdofxodwlqj wkh

vwhdg| vwdwh qhw iruhljq dvvhw srvlwlrq vlpsoh +vhh ehorz,1 Lq dgglwlrq/ lw lv vwudljkwiruzdug wr vkrz wkdw

rxu irupxodwlrq uhfryhuv +l1h1/ lv lvrprusklf wr, wkh rswlpdolw| frqglwlrqv ri dq dowhupdwlyh irupxodwlrq
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qhw lqfrph iurp iruhljq dvvhwv/ E� n o� E� n b��|/ sur�wv iurp wkh uhsuhvhqwdwlyh �up/

�|/ dqg oderu lqfrph/ `|�|1 Dqg oderu lqfrph lq wxuq htxdov wkh surgxfw ri wkh shu

shulrg zdjh udwh dqg wkh dprxqw ri wlph vshqw zrunlqj1 Wkh �uvw0rughu frqglwlrqv iru

dq lqwhulru rswlpxp zloo lqfoxgh=

�
�

S E�|c u|� '

�
� n o

� n B

�
.|�

�

S E�|n�c u|n�� +6,

�
�

, E�|c u|�

��

S E�|c u|�
' `|� +7,

Htxdwlrq +6, ghprqvwudwhv wkdw dw wkh lqglylgxdo +frkruw, ohyho/ wkh suredelolw| ri

ghdwk hqwdlov qr wlowlqj ri frqvxpswlrq/ rwkhu wkdq zkdw zrxog qrupdoo| rffxu lq prghov

zlwk lq�qlwho|0olyhg frqvxphuv dqg d glvfuhsdqf| ehwzhhq wkh ulvn iuhh udwh dqg wkh

vxemhfwlyh glvfrxqw idfwru1 Frqvlghu d qhw fuhglwru zkr zlvkhv wr vhfxuh/ lq h{shfwdwlrq/

wkdw khu dgydqfh uhwxuqv sulqflsdo soxv wkh ulvn iuhh lqwhuhvw udwh1 Wr gr wklv vkh qhhgv wr

wdnh dffrxqw ri wkh idfw wkdw wkh eruurzhu pd| qrw vxuylyh wr uhsd| wkh ordq1 Dvvxplqj

d yhuvlrq ri wkh odz ri odujh qxpehuv vxfk wkdw wkh sursruwlrq ri wkh srsxodwlrq wkdw

grhv vxuylyh lv jlyhq e| E� n b�3�/ wkhq khu h{shfwhg uhwxuq lv jlyhq e| wkh surgxfw ri

wkh sursruwlrq ri wkh frkruw wkdw vxuylyhv dqg wkh dprxqw uhsdlg/ E� n o�E� n b��|n�1
44

Htxdwlrq +7, jryhuqv wkh rswlpdo vxsso| ri oderu1 Wkh vlwxdwlrq fkdqjhv udglfdoo| zlwk

uhvshfw wr djjuhjdwh frqvxpswlrq zkhq zh lqwhjudwh ryhu doo fxuuhqwo| dolyh frkruwv1 Iluvw

zh qrwh wkdw wkh vl}h ri wkh frkruw eruq hdfk shulrg lv jlyhq e|�
b

� n b

��
�

� n b

�|

�

Dv d uhvxow ri wklv h�hfw/ wkh vl}h ri wkh frkruw ghfuhdvhv prqrwrqlfdoo| zlwk wlph/ dqg

wkh vxp ri doo fxuuhqwo| dolyh frkruwv lv htxdo wr xqlw|/ wkdw lv45

b

� n b

|[
�'3"

�
�

� n b

�
E|3��

' �� +8,

Wr rewdlq dq h{suhvvlrq iru djjuhjdwh frqvxpswlrq zh �uvw qhhg wr fdofxodwh wkh djhqw*v

suhvhqw ydoxh exgjhw frqvwudlqw1 Lwhudwlqj rq +5, lq wkh xvxdo zd|/ zh revhuyh wkdw=

zklfk lqfoxghv fdslwdo lq wkh uhsuhvhqwdwlyh djhqwv exgjhw frqvwudlqw1 Grlqj wklv/ krzhyhu/ frpsolfdwhv

wkh fdofxodwlrq ri wkh prgho*v vwhdg| vwdwh vrphzkdw1 Lq dgglwlrq/ lw lv zhoo nqrzq wkdw wkh fdslwdo vwrfn

ydulhv olwwoh ryhu wkh exvlqhvv f|foh/ vr wkdw lqfoxglqj fdslwdo lq rxu gh�qlwlrq ri qhw zhdowk dggv olwwoh wr

rxu vlpxodwlrqv1
44Iudqnho dqg Ud}lq +4<<5,1
45Zh rxwolqh lq pruh ghwdlo lq dq dsshqgl{ wkh frqvwuxfwlrq ri rxu glvfuhwh dssur{lpdwlrq wr wkh

frqwlqxrxv h{srqhqwldo ghqvlw|1
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"[
r'|

.|

%�
�

� n o

�r3|�
�

� n b

�r3|

�r

&

' E� n o� E� n b��| n
"[
r'|

.|

%�
�

� n o

�r3|�
�

� n b

�r3|
&
d�r n`r�ro � +9,

Djdlq htxdwlrq +9, lv d idploldu h{suhvvlrq/ h{fhsw wkdw erwk lw dqg wkh wudqvyhuvdolw|

frqglwlrq qrz uh hfwv wkh suredelolw| ri ghdwk=

.|

�
�

� n o

�A �
�

� n b

�A

�|nAn� $ f dv A $4� +:,

Hpsor|lqj orj xwlolw|/ zh qrwh wkdw d vlpsoh vwrfkdvwlf gl�huhqfh htxdwlrq jryhuqv

frqvxpswlrq g|qdplfv dw wkh lqglylgxdo ohyho/ .r�rn� ' dE� n o� * E� n B�o�r1 Xvlqj wklv

h{suhvvlrq lq +9, vxffhvvlyho| wr vxevwlwxwh iru ixwxuh frqvxpswlrq/ zh �qg wkdw

�| '
E� n b� E� n B�� �

E� n b� E� n B�
�dE� n b� E� n B�o�|

n.|

"[
r'|

%�
�

� n o

�r3|�
�

� n b

�r3|
&
d�r n`r�rol� +;,

Xowlpdwho|/ zh fdq xvh +;, wr ghulyh dq h{suhvvlrq iru djjuhjdwh frqvxpswlrq g|qdplfv

dqg wklv lv jlyhq lq +<,=46

.|�|n� '

�
� n o

� n B

�
�| � b E� n o� ql|n�c +<,

zkhuh q � E�nb�E�nB�3�

E�nb�E�nB�
� Khuh zh vhh wkdw dq| zhgjh ehwzhhq wkh vxemhfwlyh glvfrxqw

idfwru dqg wkh pdunhw lqwhuhvw udwh qhhg qrw lpso| lqh{rudeoh fkdqjhv lq wkh ohyho ri qhw

iruhljq dvvhwv1 Htxdwlrqv +5, dqg +7,/ lq djjuhjdwhg irup/ dorqj zlwk +<, duh wkh wkuhh

nh| htxdwlrqv iurp wkh uhsuhvhqwdwlyh djhqw sruwlrq ri wkh prgho1

615 Wkh Uhsuhvhqwdwlyh Ilup

Zh qrz wxuq wr wkh sureohp idflqj wkh uhsuhvhqwdwlyh �up1 Iluvw/ zh srvlw wkdw rxwsxw

eh fkdudfwhul}hg e| d Free0Grxjodv surgxfwlrq ixqfwlrq=

t| ' �|g
k
|

�
E� n ��|�|

��3k
+43,

46
Vhh Dsshqgl{ LL1
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zkhuh �| lv wkh Vrorz uhvlgxdo/ frqvlvwlqj ri d wuhqg dqg vwrfkdvwlf frpsrqhqw1 Zh ghqrwh

wkh orj ri wkh vwrfkdvwlf frpsrqhqw e| @|c dqg zh dvvxph wkdw @| ' 4@|3� n "|/ zlwk

" � ����_�Efc j2"�1 D oderu0dxjphqwlqj jurzwk idfwru lv jlyhq e| E� n �� dqg wkh frpprq

wuhqg dprqj wkh uhdo pdjqlwxghv lq rxu prgho/ lqfoxglqj wkh Vrorz uhvlgxdo1 g| lv wkh

fdslwdo vwrfn/ dqg u| lv wkh oderu lqsxw1 Ilupv pd{lpl}h wrwdo sur�wv +vxlwdeo| glvfrxqwhg

vr wkdw djjuhjdwh xwlolw| lv pd{lpl}hg, vxemhfw wr d fdslwdo hyroxwlrq htxdwlrq/ zklfk vd|v

wkdw wkh hyroxwlrq ri wkh fdslwdo vwrfn lv vxemhfw wr d frqvwdqw udwh ri ghsuhfldwlrq/ �/ dqg

d frvw ri dgmxvwphqw �E�� zkhuh � lv vwulfwo| frqfdyh/ lqfuhdvlqj lq lqyhvwphqw/ U|/ dqg

ghfuhdvlqj lq wkh +suhghwhuplqhg, fdslwdo vwrfn1 Wkdw lv/ zkhuh

g|n� ' E�� ��g| n �

�
U|
g|

�
g|� +44,

Irupdoo|/ wkh �up idfhv wkh iroorzlqj pd{lpdqg=

a| ' .f

"[
|'f

�
�

� n B

�|

>|

�
�|g

k
| dE� n ��|�|o

�3k �`|�| � U|
�

n.f

"[
|'f

�
�

� n B

�|

\|

�
�

�
U|
g|

�
g| n E�� ��g| ng|n�

�
� +45,

Zkhuh >| lv wkh pdujlqdo xwlolw| ri djjuhjdwh frqvxpswlrq dqg \| lv dq xqghwhuplqhg

pxowlsolhu147 Wkh rswlpdolw| frqglwlrqv duh jlyhq e| htxdwlrqv +44,/ +46, dqg +47,=

\|� EU|*g|� ' >| +46,

\| ' .|

�
k

�
�

� n B

�
>|n��|n�g

k3�
| ��3k

|n�

�

n.|\|n�

�
�

�
U|n�
g|n�

�
� �

�
U|n�
g|n�

�
U|n�
g|n�

n E�� ��

�
� +47,

Wkh suhfhglqj wzr htxdwlrqv duh edvlfdoo| d ^0prgho ri lqyhvwphqw148 Exw xqolnh hduolhu

irupxodwlrqv rxu rswlpdolw| htxdwlrqv/ +44,/ +46, dqg +47,/ zloo doorz xv wr wudfn wkh

h�hfwv ri vwrfkdvwlf yduldwlrq lq wkh pdujlqdo xwlolw| ri frqvxpswlrq1 Wkh Free0Grxjodv

surgxfwlrq ixqfwlrq/ htxdwlrq +43,/ dovr |lhogv wkh iroorzlqj h{suhvvlrqv iru wkh pdujlqdo

surgxfw ri oderu dqg fdslwdo/ dqg wkhvh duh jlyhq/ uhvshfwlyho|/ e| htxdwlrqv +48, dqg +49,=

`| ' E�� k��|g
k
|

�
E� n ��|�|

�
3k

E� n ��| +48,

47
Qrwh wkdw dv wkh pdujlqdo xwlolw| ri frqvxpswlrq dfurvv frkruwv lv htxdo djjuhjdwlrq lv vwudljkwiruzdug1

48
Wklv vhw0xs hfkrhv wkdw ri Nlqj dqg Zdwvrq +4<<9,1

:



~| ' k�|g
k3�
|

�
E� n ��|�|

��3k
� +49,

Wzr dgglwlrqdo htxdwlrqv/ ru dgglqj0xs frqvwudlqwv/ frpsohwh wkh ghvfulswlrq ri rxu

prgho hfrqrp|1 Iluvw/ wkhuh lv wkh ixqgdphqwdo wlph hqgrzphqw rshudwlqj rq wkh

uhsuhvhqwdwlyh djhqw vxfk wkdw wkh wrwdo wlph dydlodeoh lq dq| shulrg iru ohlvxuh dqg oderu

lv qrupdol}hg wr xqlw|1

�| n u| ' � +4:,

Wkh hfrqrp| dovr idfhv d uhvrxufh frqvwudlqw zklfk ghwhuplqhv wkh hyroxwlrq ri qhw

iruhljq dvvhwv1 Wklv lv jlyhq lq htxdwlrq +4;,=

�|n� ��| ' o�| n t| � �| � U|� +4;,

Htxdwlrqv +4:04;, frpsohwh wkh ghvfulswlrq ri wkh hfrqrp|1 Xqghu vwdqgdug uhvwulfwlrqv

wkdw hqvxuh erwk wkh ihdvlelolw| dqg ghvludelolw| ri d vwhdg|0vwdwh jurzwk sdwk zh duh deoh

wr wudqvirup wkh jurzwk prgho dqg zrun zlwk lwv vwdwlrqdu| irup e| glylglqj doo wkh

jurzwk yduldeohv e| wkh frpprq jurzwk idfwru1 Vr/ iru h{dpsoh/ zh hpsor| wkh iroorzlqj

irup ri wkh yduldeohv/ �| � �|* E� n ��| dqg g|n� � E� n ��g|n�* E� n ��|n�149

616 Wkh Olqhdul}hg Prgho

Lq zkdw iroorzv wlph vxe0vfulswhg orzhu fdvh ohwwhuv uhihu wr shufhqwdjh ghyldwlrqv iurp

vwhdg| vwdwh ri rxu prgho htxdwlrqv lq vwdwlrqdu| irup dqg orzhu fdvh ohwwhuv zlwk qr

vxevfulswv uhihu wr vwhdg| vwdwh ydoxhv/ iru h{dpsoh/ S| � _�|*S zkhuh �| � �|* E� n ��|

dqg S lv wkh vwhdg| vwdwh ydoxh ri frqvxpswlrq1 Vr/ rxu �qdo prgho htxdwlrqv duh jlyhq

e| +4<,0+5;,=

E� n ��.|S|n� '

�
� n o

� n B

�
S| � b E� n o� E� n ��q EK*S� K|n�c +4<,

+| ' ES*+� S| n E�*+� �| � E� n o� EK*+� K| n E� n �� EK*+� K|n�c +53,

ES*,� S| � ES*,� ,| '
w�

�� w
�|c +54,

49
Vhh/ iru h{dpsoh/ wkh glvfxvvlrq rq ss1 <7708 lq Nlqj dqg Uhehor +4<<<,1

;



??| n ,,| ' fc +55,

E� n �� &|n� ' E�� �� &| n E�*&� �|c +56,

E�*&�

E� n B� l
.| E�|n� � &|n�� n

o n �

� n B
.| ES|n� � 5|n���

�
�� �

� n B

�
.|b|n� ' �E� n ��b|c +57,

+| ' k&| n E�� k�?| n @|c +58,

�| ' kE&| � ?|� n @|c +59,

5| ' Ek� �� E&| � ?|� n @|c +5:,

�| ' �l ES| n b|� n &|c +5;,

zkhuh l � ��E��
�

&
����E��

dqg fruuhvsrqgv wr wkh vorsh ri wkh lqyhvwphqw ghpdqg ixqfwlrq1 Khqfh

zh kdyh 43 hqgrjhqrxv yduldeohv/ wzr ri zklfk duh suh0ghwhuplqhg/ K|n� dqg &|n� vxfk wkdw

.|K|n� ' K|n�/ dqg .|&|n� ' &|n�1 Wkh prgho kdv wzr vwdeoh urrwv wkdw fdq eh dvvrfldwhg

zlwk wkh wzr suh0ghwhuplqhg yduldeohv/ dqg rwkhuzlvh phhwv wkh Eodqfkdug0Ndkq fulwhuld

iru d xqltxh erxqghg udwlrqdo h{shfwdwlrqv vroxwlrq1

617 Wkh Prgho Gulyhq e| Suhihuhqfh Vkrfnv

Zh frqvwuxfw rxu prgho gulyhq e| suhihuhqfh vkrfnv lq wkh iroorzlqj zd|1 Wkh shu shulrg

xwlolw| ixqfwlrq lv jlyhq e|/

L| ' wf| *?�| n E�� wf|�u| +5<,

zkhuh f| ghqrwhv wkh �vkrfn� wr suhihuhqfhv lq shulrg |1 Wkh rswlpl}dwlrq sureohp

edvlfdoo| surfhhgv dv deryh/ zlwk pdujlqdo xwlolw| ehlqj vkrfnhg hdfk shulrg lq wkh pdqqhu

<



lqglfdwhg14: Lq dgglwlrq wr dowhulqj wkh oderu0ohlvxuh wudgh0r� iurp zkdw rewdlqv lq rxu

suhylrxv prgho/ wklv cvwrfkdvwlf* pdujlqdo xwlolw| dovr lpsdfwv rq wkh hyroxwlrq ri djjuhjdwh

frqvxpswlrq dqg rq ghflvlrqv ri wkh frusrudwh vhfwru1 Wr vhh wklv/ qrwh wkdw wkh pdujlqdo

xwlolw| ri frqvxpswlrq lv qrz jlyhq e|=

�
�

� n b

�|
f|w

�|

' >| +63,

dqg wkh oderu0ohlvxuh wudgh0r� lv jlyhq e|=

�� wf|

wf|

�|

u|

'`|� +64,

Uhfdoo wkdw wkh �uvw rughu h{suhvvlrq iru frqvxpswlrq lq wkh surgxfwlylw| vkrfn prgho

zdv vwdqgdug= .r�rn� ' dE� n o� * E� n B�o�r1 Exw lq wklv prgho wkh h{suhvvlrq ehfrphv

.r�rn� ' Efrn�*fr� dE� n o� * E� n B�o�r� Iroorzlqj wkh surfhgxuhv ghvfulehg deryh

+dqg lq wkh Dsshqgl{, djjuhjdwh frqvxpswlrq g|qdplfv duh ghvfulehg e| wkh iroorzlqj

htxdwlrq/

E� n ��.|�|n� '
� n o

� n B
�| � b E� n o� E� n �� q�|n� +4<*,

zkhuh q lv qrz jlyhq e|

q �
E� n b� E� n ��� D

E� n b� E� n ��
� +65,

Khuh D fruuhvsrqgv wr wkh shuvlvwhqfh sdudphwhu rq wkh DU+4, surfhvv jryhuqlqj wkh

hyroxwlrq ri wkh wdvwh vkrfn1 Iroorzlqj wkh qrwdwlrqdo frqyhqwlrq dgrswhg deryh zlwk

uhvshfw wr wkh Vrorz uhvlgxdo/ zh pd| zulwh %|n� ' D%| n �|/ zkhuh � � ����_�Efc j2��/

zkhuh % ghqrwhv wkh ghwuhqghg orj suhihuhqfh vkrfn1 Wkh rswlpdolw| frqglwlrqv jryhuqlqj

wkh vkdgrz sulfh ri fdslwdo dqg lqyhvwphqw duh wkhq irxqg dv deryh xvlqj wkh orj0

dssur{lpdwlrq ri +63,1

Dsduw iurp +4<*, wkh rwkhu uhylvhg olqhdu htxdwlrqv duh =

ES*,� S| � ES*,� ,| '
�w

�� w
�| n

w

�� w

�
,� n E�� w� S

,

�
%|c +54*,

4:
Vwulfwo| vshdnlqj zh vkrxog vshoo rxw wkh frqglwlrqv rq wkh vxssruw ri [ vxfk wkdw wkh xwlolw| ixqfwlrq

uhpdlqv frqwlqxrxv lq lwv grpdlq1 Zh vlghvwhs wkhvh vrphzkdw whfkqlfdo lvvxhv khuh dqg dvvxph wkdw

wkh uhohydqw uhjxodulw| frqglwlrqv duh phw1

43



b|E� n �� '
o n �

� n B
.| E%|n� � S|n� n 5|n�� n +57*,

�� �

o n B
.|b|n� �

E�*&� l3�

� n B
.| E�|n� � &|n�� c

�| ' l E%| � S| � b|� n &|� +5;*,

Qrwh wkdw wkh vkrfn lq shulrg | uhgxfhv wkh ghpdqg iru lqyhvwphqw lq wkh fxuuhqw

shulrg/ zkloh dw wkh vdph wlph lqfuhdvlqj wkh ghvludelolw| ri kdylqj d kljkhu fdslwdo vwrfn

lq ixwxuh shulrgv1 Ilqdoo|/ qrwh wkdw wkh suhihuhqfh vkrfn prgho lv dssur{lpdwhg e| vdph

vhw ri htxdwlrqv +4<,0+5;, dv iru wkh surgxfwlylw| vkrfn prgho14;

7 Fdoleudwlrq dqg Vroxwlrq

Zh glvfxvv rqo| eulh | wkh fdoleudwlrq ri rxu prghov14< Zh dgrsw vwdqgdug sdudphwhu

ydoxhv iru rxu prgho1 Wdeoh 6 olvwv wkh ixqgdphqwdo sdudphwhuv dqg zh h{sodlq wkh

ghulydwlrq ri wkh rwkhu vwhdg| ydoxhv1 Wkh dqqxdo suredelolw| ri ghdwk/ b/ lv wdnhq wr

eh 429: dqg iru txduwhuo| gdwd wklv wudqvodwhv lqwr wkh 316:6(1 Wkh txduwhuo| uhdo uhwxuq

rq fdslwdo/ o/ lq dq lqgxvwuldol}hg hfrqrp| vxfk dv wkh XN lv wdnhq wr eh 4158(1 Wkh

vkduh ri fdslwdo/ k/ lq wkh surgxfwlrq ixqfwlrq lv wdnhq wr 6;(1 Zh dvvxph/ iroorzlqj

Nlqj dqg Uhehor +4<<<, wkdw wkh txduwhuo| udwh ri fdslwdo ghsuhfldwlrq/ �c lv 518(1 Shu

fdslwd lqfrph jurzwk/ �/ lq wkh XN lv 318(1 Dqg wkh txduwhuo| udwh ri wlph suhihuhqfh lv

dvvxphg wr eh durxqg wkh ohyho lpsolhg e| pdunhw uhdo lqwhuhvw udwhv/ 31:8(1 Zh h{sodlq

wkh uhpdlqlqj sdudphwhuv/ qc Kc Sc +c �c ,c �cu dqg w lq wxuq1 Lq vwhdg|0vwdwh zh kdyh=

5 ' o n � ' k

�
g

�

�
k3�

c +66,

zkhuh zh kdyh xvhg wkh vwhdg| vwdwh dqdorjxhv ri htxdwlrqv +44,/ +46, dqg +47,1 Zh

vroyh iru g*� dqg �qg 741<1 Iurp +57, zh qrwh wkdw t*� ' g*�k ' e���D dqg wkxv

g*t ' �f����1 Iurp +55, �*& ' � n � dqg �*+ ' E� n �� &*+ wkdw lv 43146 dqg 31637/

uhvshfwlyho|1 Qrz qrwh=

�| ' E�� k�

�
g

�

�
k

+67,

4;Exw/ ri frxuvh/ zlwk dw @ 3>;w1 Qdwxudoo| 4<*/ 54*/ 57* dqg 5;* uhsodfh wkh htxdwlrqv lq 6161
4<D vsuhdgvkhhw fdofxodwlqj doo rxu sdudphwhu ydoxhv dqg vwhdg| vwdwh ydoxhv +lqfoxglqj h{whqvlyh

vhqvlwlylw| fdofxodwlrqv, lv dydlodeoh rq uhtxhvw1

44



dqg vr htxdov 318461 Zh vkdoo dvvxph wkdw zh vshqg d �iwk rxu wlph zrunlqj dqg vr

�*u ' f�2D dqg vr +c & dqg � htxdo 31;5:/ ;16:< dqg 31584/ uhvshfwlyho|1 Zh qrz vroyh

iru K dqg S vlpxowdqhrxvo| xvlqj +4;, dqg wkh fxuuhqw dffrxqw lghqwlw|=

+ � S� � ' E� � o� K +68,

wr jlyh xv 031834 dqg 318:4/ uhvshfwlyho|1 Ilqdoo|/ w/ lv jlyhq e| wkh lqwudwhpsrudo h!flhqf|

frqglwlrq +53, dqg lv irxqg wr eh 318681

Wkh prgho lv wkhq vshfl�hg dv d vlqjxodu olqhdu gl�huhqfh prgho xqghu udwlrqdo

h{shfwdwlrqv zlwk wzr dowhuqdwh gulylqj surfhvvhv1 Wkh vroxwlrq vshfl�hv wkh yhfwru ri

hqgrjhqrxv yduldeohv dv d ixqfwlrq ri suhghwhuplqhg yduldeohv dqg rq wkh h{rjhqrxv

gulylqj surfhvvhv1 Dqg wkh suhghwhuplqhg yduldeohv duh h{suhvvhg dv ixqfwlrqv ri wkhlu

vwdwh lq wkh suhfhglqj wlph shulrg dqg wkh suhylrxv shulrg*v gulylqj surfhvvhv1 Wklv

uhfxuvlyh vroxwlrq doorzv xv wr jhqhudwh d ixoo| vshfl�hg duwl�fldo hfrqrp| iru zklfk zh

fdq dqdo|}h dqg frpsduh prphqwv wr wkh revhuyhg rshq hfrqrp| exvlqhvv f|foh153 Zh

frqvwuxfw wkh hpslulfdo phdvxuhv ri wkh gulylqj surfhvvhv lq dq hqwluho| vwdqgdug zd|1

Wkh Vrorz uhvlgxdo lv hdvlo| fdofxodwhg jlyhq hpslulfdo phdvxuhv ri wkh fdslwdo vwrfn dqg

oderxu lqsxw1 Vlploduo|/ xvlqj htxdwlrq +54*,/ zh fdq fdofxodwh d phdvxuh ri wkh suhihuhqfh

vkrfn jlyhq d phdvxuh ri oderxu lqsxw/ oderxu lqfrph dqg frqvxpswlrq1 Lq sudfwlfh wkh

suhihuhqfh vkrfn wxuqv rxw wr eh derxw dv shuvlvwhqw dv wkh WIS vkrfn/ exw vrphzkdw

pruh yrodwloh154

8 Uhvxowv

Iljxuhv 6 dqg 7 vkrz wkh lpsxovh uhvsrqvhv ri rxwsxw/ frqvxpswlrq/ lqyhvwphqw dqg

uhdo zdjhv wr hdfk ri wkh surgxfwlylw| dqg suhihuhqfh vkrfnv/ uhvshfwlyho|1 Zh qrwh

lpphgldwho| wkdw erwk prghov gholyhu d uhdvrqdeoh dqg lpphgldwh rxwsxw uhvsrqvh wr

hlwkhu vkrfn dqg/ lq hdfk fdvh/ d vprrwk frqvxpswlrq uhvsrqvh1 Qrwh wkrxjk wkdw wkh

mxps lq frqvxpswlrq lv sursruwlrqdoo| juhdwhu lq wkh fdvh ri wkh surgxfwlylw| prgho1

Vlploduo| lqyhvwphqw h{klelwv d vxevwdqwldoo| pruh hodvwlf uhvsrqvh wr wkh surgxfwlylw|

vkrfn wkdq wkh suhihuhqfh vkrfn 0 wrjhwkhu wkh uhvsrqvhv ri wkh wzr h{shqglwxuh

frpsrqhqwv vxjjhvw wkdw iruhljq dvvhwv zloo eh dffxpxodwhg +ghfxpxodwhg, zlwk wkh prgho

gulyhq e| wkh surgxfwlylw| +suhihuhqfh, vkrfn1 Ilqdoo|/ qrwh wkh rssrvlqj uhvsrqvhv ri uhdo

zdjhv xqghu wkh wzr prghov1

Wkh pdlq uhvxowv ri wkh fdoleudwhg prgho duh suhvhqwhg lq Wdeohv 7 dqg 8/ dv gluhfw

dqdorjxhv ri Wdeoh 5 rq wkh revhuyhg gdwd/ dqg lq Iljxuhv 8 dqg 9 dv dqdorjxhv ri

Iljxuh 51 Iljxuhv : dqg ; frpsduh wkh edqg sdvv �owhuhg jhqhudwhg vhulhv rq wkh

53Ixoo vroxwlrq uhvxowv/ lqfoxglqj Pdunry ghflvlrq uxohv/ duh dydlodeoh rq uhtxhvw1 Vhh Nlqj dqg Zdwvrq

+4<<8, iru d ixoohu ghvfulswlrq ri wkh phwkrg xvhg1
54Lq sduwlfxodu/ �SUHI @ 7=:<( +� @ 3=<, zkloh �WIS @ 5=39( +� @ 3=<8,=

45



pdlq h{shqglwxuh frpsrqhqwv wr wkh revhuyhg XN gdwd1 Wkh uhvxowv lq Wdeoh 7/ iurp

wkh prgho gulyhq e| surgxfwlylw| vkrfnv/ duh idploldu iurp wkh g|qdplf vwrfkdvwlf

jhqhudo htxloleulxp olwhudwxuh/ dowkrxjk uhfdoo wkdw zh duh khuh zrunlqj lq dq ryhuodsslqj

jhqhudwlrqv iudphzrun1 Wklv prgho edvlfdoo| udqnv yduldeohv/ lq whupv ri wkhlu vwdqgdug

ghyldwlrqv/ lq d pdqqhu frqvlvwhqw zlwk wkh gdwd +dowkrxjk qrwdeo| lw h{djjhudwhv wkh

vprrwkqhvv ri frqvxpswlrq,1 Lq whupv ri wkh frqwhpsrudqhrxv fruuhodwlrqv zlwk rxwsxw

shu khdg/ doo rxu uhvxowv duh frqvlvwhqw zlwk wkh gdwd/ dowkrxjk wkh ghjuhh ri wkhvh

fruuhodwlrqv lv kljk1 Zh qrwh/ lq sduwlfxodu/ wkdw wkh surgxfwlylw| gulyhq prgho fdswxuhv

erwk wkh idfw wkdw wkh fxuuhqw dffrxqw lv d uhodwlyho| yrodwloh yduldeoh dqg wkdw lw lv vwurqjo|

frxqwhuf|folfdo1 Wkh vwulnlqj dvshfw ri wklv uhvxow lv wkh h{whqw wr zklfk wkh duwl�fldo gdwd

fdswxuhv wkh g|qdplf/ dv zhoo dv frqwhpsrudqhrxv/ fruuhodwlrqv ri wkh revhuyhg gdwd

+Iljxuh 6, 0 srvlwlyh ohdgv iru frqvxpswlrq/ lqyhvwphqw/ krxuv zrunhg/ uhdo zdjhv dqg wkh

fdslwdo vwrfn dqg qhjdwlyh ohdgv iru wkh fxuuhqw dffrxqw1

Wkh uhvxowv lq Wdeoh 8 dqg Iljxuhv 9 dqg ; duh iru wkh prgho gulyhq e| suhihuhqfh

vkrfnv1 Ryhudoo/ wkh �w vhhpv ohvv lpsuhvvlyh/ erwk frqwhpsrudqhrxvo| dqg lq wkh

g|qdplfv1 Wkhuh duh d qxpehu ri vwulnlqj idloxuhv1 Iluvw/ rxwsxw dsshduv vrphzkdw pruh

yrodwloh wkdq lq wkh gdwd/ dowkrxjk pruh zruu|lqj lv wkh odfn ri yduldelolw| lq wkh jhqhudwhg

lqyhvwphqw dqg fxuuhqw dffrxqw gdwd1 Wkh prgho dovr jhqhudwhv frxqwhuidfwxdoo| vljqhg

frqwhpsrudqhrxv fruuhodwlrqv ehwzhhq zdjhv dqg rxwsxw dqg fuxfldoo| ehwzhhq wkh

fxuuhqw dffrxqw dqg rxwsxw1 Wkh idloxuh ri wkh suhihuhqfh vkrfn gulyhq prgho wr wudfn

wkh fxuuhqw dffrxqw lv sduwo| uhodwhg wr wkh odfn ri yduldelolw| lq wkh lqyhvwphqw vhulhv1

D srvlwlyh vkrfn udlvhv wkh ghvludelolw| ri frqvxpswlrq dqg dfwv dv d qhjdwlyh vkrfn wr

wkh fdslwdo0oderu udwlr/ gulylqj uhdo zdjhv grzq1 Vlqfh wkhvh vkrfnv duh kljko| fruuhodwhg

+lq rxu gdwd wkh dxwrfruuhodwlrq frh!flhqw lv 31<8,/ wkdw fhuwdlqo| udlvhv wkh ghvludelolw|

lqfuhdvlqj wkh ixwxuh fdslwdo vwrfn1 Krzhyhu/ wkh vdph vkrfn uhgxfhv wkh dwwudfwlrq ri

lqyhvwphqw lq wkh fxuuhqw shulrg1 Wr d �uvw0rughu dssur{lpdwlrq/ wkhvh h�hfwv dsshdu

wr eh odujho| r�vhwwlqj/ uhvxowlqj lq d uhodwlyho| * dw* lqyhvwphqw vhulhv1 Wkh vrxufh ri

wkhvh r�vhwwlqj h�hfwv duh dssduhqw rq ylvxdo lqvshfwlrq ri htxdwlrqv +57*, dqg +5;*,1 Wklv

odfn ri uhvsrqvh ri lqyhvwphqw dqg wkh vprrwk sur�oh iru frqvxpswlrq frxsohg zlwk wkh

odujh ulvh lq rxwsxw iroorzlqj d srvlwlyh suhihuhqfh vkrfn +wkh odwwhu gulyhq e| kljk oderu

hodvwlflwlhv, uhvxow lq d vwurqjo| sur0f|folfdo dqg frxqwhuidfwxdo fxuuhqw dffrxqw vhulhv1

Wkh uhvxowv suhvhqwhg lq wklv vhfwlrq vxjjhvw wkdw d prgho gulyhq e| surgxfwlylw|

lqqrydwlrqv lv suhihudeoh wr rqh uho|lqj rq suhihuhqfh vkliwv dv wkh h{sodqdwlrq ri wkh

vhfrqg prphqwv ri djjuhjdwh gdwd/ wkh g|qdplfv ri wkh exvlqhvv f|foh dqg/ shukdsv

prvw lpsruwdqwo|/ wkh frxqwhuf|folfdolw| ri wkh fxuuhqw dffrxqw1 Sxw dowhuqdwlyho|/ wkh

hpsor|phqw ri d gulylqj surfhvv gh�qhg e| surgxfwlylw| lqqrydwlrqv kdv ehhq deoh wr

surylgh d sodxvleoh h{sodqdwlrq ri wkh h{whuqdo edodqfh zlwklq wkh frqwh{w ri d vsduvh

jhqhudo htxloleulxp prgho1 Rq wkh hylghqfh surylghg e| wkh XN hfrqrp| lw vhhpv wr xv

wkdw dq htxdoo| vsduvh prgho uho|lqj rq suhihuhqfh vkliwv vhhpv ohvv zhoo sodfhg wr h{sodlq
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wkh f|folfdo  xfwxdwlrqv lq wkh fxuuhqw dffrxqw155 Lq dgglwlrq/ Fkdgkd dqg Qrodq +5334,

�qg wkdw wkhvh uhvxowv duh urexvw wr lpsruwdqw h{whqvlrqv wr wkh edvlf prgho +vxfk dv

yduldeoh fdsdflw| xwlol}dwlrq,1

9 Frqfoxglqj Uhpdunv

Lw pd| zhoo eh wkdw dw ohdvw vrph vw|ol}hg exvlqhvv f|foh idfwv frph dqg jr1 Wkdw zdv

sduwo| wkh frqfoxvlrq ri vrph uhfhqw zrun rq wkh XN exvlqhvv f|foh/ Fkdgkd/ Mdqvvhq dqg

Qrodq +5333,1 Krzhyhu vrph idfwv duh pruh hqgxulqj +wkurxjk wlph dqg dfurvv frxqwulhv,/

vxfk dv wkh frxqwhuf|folfdolw| ri wkh fxuuhqw dffrxqw/ dqg lw vhhpv lpsruwdqw wr frqvwuxfw

prghov wkdw wudfn wkhvh curexvw* idfwv1 Lq wklv sdshu zh kdyh h{dplqhg zkhwkhu wzr

vwrfkdvwlf surfhvvhv 0 wkrxjkw wr eh dw wkh urrw ri pdq|/ li qrw prvw/ exvlqhvv f|fohv 0

khoshg vlpsoh yhuvlrqv ri d vwrfkdvwlf jurzwk prgho wr wudfn vrph ri wkhvh urexvw vw|ol}hg

idfwv1 Zh irxqg wkdw d prgho gulyhq e| suhihuhqfh vkrfnv jhqhudwhg d qxpehu ri vwulnlqj

frxqwhuidfwxdo uhvxowv/ dqg khqfh wkdw wkh prgho gulyhq e| surgxfwlylw| vkrfnv r�huhg

lpsruwdqw dgydqwdjhv1

Dw ohdvw wzr uhodwhg lvvxhv dsshdu lpsruwdqw iru ixwxuh zrun1 Wkh +kljko| shuvlvwhqw,

surgxfwlylw| vkliw whup kdv ehhq vkrzq wr ihqg r� wkh suhihuhqfh vkliw whup exw zrunv

wkh hfrqrp| wrr kdug lq d qxpehu ri glphqvlrqv1 Phdvxuhg surgxfwlylw| vhhpv wr eh

uhvsrqvleoh iru prvw ri wkh lqwhuqdoo| jhqhudwhg sursdjdwlrq zlwklq wklv prgho56 exw dovr

ohdgv/ lqwhu dold/ wr d frxqwhuidfwxdoo| uhvsrqvlyh oderu pdunhw lq whupv ri erwk krxuv

vxssolhg dqg lwv uhodwlyh sulfh1 Doorzlqj pruh shuvlvwhqw uhvsrqvhv ri pdfurhfrqrplf

djjuhjdwhv dorqj zlwk d pruh oxps| oderu pdunhw pd| uhtxluh wzr prgl�fdwlrqv wr rxu

edvholqh prgho1 Vrph frqvlghudwlrq ri wkh txhvwlrq ri khwhurjhqhlw| ri frkruwv wkurxjk

wlph pd| doorz d pruh uhdolvwlf wuhdwphqw ri frqvxpswlrq g|qdplfv/ wkdw lv/ zlwk juhdwhu

shuvlvwhqfh dqg yrodwlolw|1 Dqg wkh lqwurgxfwlrq ri frvwv wr oderu hpsor|phqw pd|

ohdg wr juhdwhu kxps edfnhg uhvsrqvh ri rxwsxwv zlwkrxw d kljko| shuvlvwhqw vhulhv ri

vkrfnv +Zdovk +5333,,1 Fruuhfwlqj wkh prgholqj ri wkh rshq hfrqrp| iru lqwhuqdo pdunhw

lpshuihfwlrqv uhsuhvhqwv dq lpsruwdqw qh{w vwdjh ri wklv uhvhdufk h�ruw1

55Lw vhhpv srvvleoh wr frqvlghu wkdw vpdoo rshq hfrqrplhv zlwk sur0f|folfdo fxuuhqw dfrxqwv/ frxqwhu0
f|folfdo uhdo zdjhv dqg sur0f|folfdo fdslwdo vwrfnv pd| eh rqhv zkhuh suhihuhqfh vkrfnv grplqdwh1

56Dv lq pruh vwdqgdug lq�qlwho| olyhg uhsuhvhqwdwlyh djhqw prghov1
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Wdeoh 41 Revhuyhg Gdwd 0 Vxppdu| XN idfwv

Yduldeoh j +|3e +|3� +|32 +|3� +| +|n� +|n2 +|n� +|ne

+ 418<
S 4185 317<4 318<; 31:39 31:;8 31;38 31:7< 31957 3178< 315;7
� 61:9 31763 31896 319:4 31:69 31:77 319<3 318;8 31786 31648
� 31<4 31643 31553 314;5 314:: 31496 3143; 31346 0313<6 0314:<
S@ 61;6 0316;8 03179< 031865 031898 031894 031846 031747 0315:5 031446
? 419: 31853 31979 31:9< 31;73 31;4: 319<4 317<4 315:3 313:8
& 3143 314;3 3144< 31396 3134: 031347 031367 031377 031389 0313:8

Qrwhv= Iru Wdeohv 4/ 6 dqg 7 wkh suhvhqwhg prphqwv uhihu wr wkh edqg sdvv �owhuhg gdwd zlwk 45

txduwhuv* zhljkwv/ vhh Ed{whu dqg Nlqj +4<<<, iru ixuwkhu ghwdlov1 Wkh ixoo vdpsoh iru doo gdwd lv 4<96=4

wr 4<<;=71

Wdeoh 51 Fxuuhqw Dffrxqw dqg wkh F|foh

Sdqho D=

Dqqxdo Ed{whu0Nlqj Fkulvwldqr0Ilw}jhudog Krgulfn0Suhvfrww
Ixoo Srvwzdu Ixoo Srvwzdu Ixoo Srvwzdu

Fruu1+|/fd, 03157 03197 0314: 03187 03164 0318:
v1g1+|, 5156 4174 514; 5138 5176 5143
v1g1 +fd, ;1<5 <13< ;1:3 ;1;3 ;1;8 ;1<3

Sdqho E=

v1g1 ri | v1g1 ri W1E Fruu +W1E1/\,
XV 514: <133 0315::
XN 41<; :1<; 03186;

Iudqfh 417< 718< 03134<
Jhupdq| 41<5 914< 0315<<
Lwdo| 514: 43153 031543

Fdqdgd 5134 816: 031:3<
Mdsdq 618; 4617; 31387

Qrwhv= | ghqrwhv JGS/ fd wkh fxuuhqw dffrxqw edodqfh/ WE wkh wudgh edodqfh/ v1g1/ wkh vwdqgdug

ghyldwlrq lq shufhqwdjh whupv/ dqg Fruu wkh fruuhodwlrq frh!flhqw1 Uhvxowv iru Sdqho D/ iurp Fkdgkd

hw do +5333,/ uhihu wr dq dqqxdo XN vwxg| ryhu wkh shulrg 4;:404<<: dqg wr wkuhh gl�huhqw �owhulqj

surfhgxuhv1 Uhvxowv iru Sdqho E duh dw wkh dqqxdo iuhtxhqf|/ iurp Ud}lq +4<<8,/ lq zklfk wkh ruljlqdo

vrxufh lv LIV dqg fryhu wkh shulrg 4<93 wr 4<;<1
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Wdeoh 61 Txduwhuo| shufhqwdjhv

b o k � � B
f��.� ��2D �H 2�D f�D f�.D

Wdeoh 71 Prgho Rxwsxw 0 Surgxfwlylw| Vkrfn

Yduldeoh j +|3e +|3� +|32 +|3� +| +|n� +|n2 +|n� +|ne

+ 418<
S 3178 31453 31669 318<5 31;57 31<93 31<73 31;34 31938 31749
� :15; 031485 313:5 31687 31965 31;5< 31;:: 31:<; 31984 317<<
� 31:; 3156: 31778 319:< 31;;5 31<<3 31<77 31:<4 318;< 316<9
S@ 9173 315:4 31384 03156: 03185< 031:7: 031;4< 031:98 03196: 03183
? 31;5 317:; 31985 31;5: 31<88 31<<3 31;<9 31:53 31848 3165:
& 31<< 31;:< 31;;< 31;6: 31:4< 31885 31688 314:7 31358 0313<5

Wdeoh 81 Prgho Rxwsxw 0 Suhihuhqfh Vkrfn

Yduldeoh j +|3e +|3� +|32 +|3� +| +|n� +|n2 +|n� +|ne

+ 51<3
S 31:: 31863 319<; 31;89 31<89 31<8< 31;77 31977 31743 314;<
� 31<4 03156< 031343 31596 31863 31:67 31;5< 31;55 31:7; 3197;
� 41:5 031676 031884 031:97 031<63 031<<< 031<76 031:;< 0318;7 0316;4
S@ 4187 317<9 31989 31;78 31<94 31<;8 31;<; 31:5: 3184; 31648
? 7195 31694 31899 31::8 31<68 4133 31<73 31:;7 318:< 316:9
& 3147 31;34 31;5< 31;37 31:56 318<; 3177; 315<8 31486 31359
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Uhihuhqfhv

^4` Edfnxv/ G N/ S M Nhkrh dqg I H N|godqg +4<<7, �G|qdplfv ri wkh Wudgh Edodqfh

dqg wkh Whupv ri Wudgh= Wkh M0FxuyhB�/ Dphulfdq Hfrqrplf Uhylhz/ ;7/ ss1;704361

^5` Ed{whu P +4<<8, �Lqwhuqdwlrqdo Wudgh dqg Exvlqhvv F|fohv�/ lq Jhqh P Jurvvpdq

dqg Nhqqhwk Urjr� +Hgv,/ Kdqgerrn ri Lqwhuqdwlrqdo Hfrqrplfv/ Yroxph 6/

Dpvwhugdp= Kroodqg1

^6` Ed{whu P dqgP M Fuxflql +4<<8, �Exvlqhvv F|fohv dqg wkh Dvvhw Vwuxfwxuh ri Iruhljq

Wudgh�/ Lqwhuqdwlrqdo Hfrqrplf Uhylhz/ 69/ ss1;540871

^7` Ed{whu P dqg U J Nlqj +4<<<, �Dssur{lpdwh Edqgsdvv Ilowhuv iru Hfrqrplf Wlph

Vhulhv�/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ ;4/ ss18:80<61

^8` Eodqfkdug R M dqg F Ndkq +4<;3, �Wkh Vroxwlrq ri Olqhdu Gl�huhqfh Prghov Xqghu

Udwlrqdo H{shfwdwlrqv� Hfrqrphwulfd/ 7;/ ss146380451

^9` Eodqfkdug R M +4<;8, �Ghewv/ Gh�flwv dqg Ilqlwh Krul}rqv� Mrxuqdo ri Srolwlfdo

Hfrqrp|/ <6/ ss1556057:1

^:` Fdpsehoo/ M \ +4<;:, �Grhv Vdylqj Dqwlflsdwh Ghfolqlqj Oderu Lqfrph= Dq

Dowhuqdwlyh Whvw ri wkh Shupdqhqw Lqfrph K|srwkhvlv�/ Hfrqrphwulfd 88 +Qry,

ss1457<0:61

^;` Fdugld/ H1 +4<<4, �Wkh G|qdplfv ri d Vpdoo Rshq Hfrqrp| lq uhvsrqvh wr Prqhwdu|/

Ilvfdo dqg Surgxfwlylw| Vkrfnv�/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 5;+6,/ ss174407671

^<` Fduovwurp/ F1W1 dqg W1 V1 Ixhuvw +4<<8, �Lqwhuhvw Udwh Uxohv yhuvxv Prqh| Jurzwk

Uxohv1 D Zhoiduh Frpsdulvrq lq Fdvk0Lq0Dgydqfh Hfrqrp|�/ Mrxuqdo ri Prqhwdu|

Hfrqrplfv/ 69/ ss157:059:1

^43` Fkdgkd/ M V/ Q Mdqvvhq/ dqg F Qrodq +5333, �Dq H{dplqdwlrq ri XN Exvlqhvv

F|foh Ioxfwxdwlrqv= 4;:404<<:�/ Xqlyhuvlw| ri Fdpeulgjh/ Ghsduwphqw ri Dssolhg

Hfrqrplfv Zrunlqj Sdshu 33571

^44` Fkdgkd/ M V dqg F Qrodq +5334, �Vxsso| Vkrfnv dqg wkh cQdwxudo Udwh ri Lqwhuhvw*=

Dq H{sorudwlrq�/ Xqlyhuvlw| ri Fdpeulgjh/ Ghsduwphqw ri Dssolhg Hfrqrplfv

Zrunlqj Sdshu 34361

^45` Iuhqnho/ M D/ dqg D Ud}lq/ +4<<5, Ilvfdo Srolflhv dqg wkh Zruog Hfrqrp|/ 5qg

Hglwlrq/ Fdpeulgjh / PD= PLW Suhvv1

^46` Jolfn U dqg N Urjr� +4<<8, �Joredo yhuvxv Frxqwu| Vshfl�f Surgxfwlylw| Vkrfnv

dqg wkh Fxuuhqw Dffrxqw�/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 68/ ss148<0<51
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^47` Kdoo U +4<<:, �Pdfurhfrqrplf Ioxfwxdwlrqv dqg wkh Doorfdwlrq ri Wlph�/ Mrxuqdo

ri Oderu Hfrqrplfv/ 48+4,/ Sduw 5/ ss1V5560831

^48` Nlqj U J dqg V Uhehor +4<<<, �Uhvxvflwdwlqj Uhdo Exvlqhvv F|fohv�/ Fkdswhu lq P

Zrrgirug dqg M E Wd|oru +Hgv, Kdqgerrn ri Pdfurhfrqrplfv/ Dpvwhugdp= Kroodqg1

^49` Nlqj U J dqg P Zdwvrq +4<<8, �V|vwhpv Uhgxfwlrq dqg Vroxwlrq Dojrulwkpv iru

Vlqjxodu Olqhdu Gl�huhqfh V|vwhpv Xqghu Udwlrqdo H{shfwdwlrqv�/ Zrunlqj Sdshu/

Xqlyhuvlw| ri Ylujlqld1

^4:` Nlqj U J dqg P Zdwvrq +4<<9, �Prqh|/ Sulfhv/ Lqwhuhvw Udwhv dqg wkh Exvlqhvv

F|foh�/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ :;+4,/ ss1680861

^4;` N|godqg/ I H dqg H F Suhvfrww +4<;5, �Wlph wr Exlog dqg Djjuhjdwh Ioxfwxdwlrqv�/

Hfrqrphwulfd/ 83/ ss146780:31

^4<` Orqj/ M E dqg F L Sorvvhu +4<;6, �Uhdo Exvlqhvv F|fohv�/ Mrxuqdo ri Srolwlfdo

Hfrqrp|/ <4/ ss16<09<1

^53` Revwihog P dqg N Urjr� +4<<8, �Wkh Lqwhuwhpsrudo Dssurdfk wr wkh Fxuuhqw

Dffrxqw�/ lq Jhqh P Jurvvpdq dqg Nhqqhwk Urjr� +Hgv,/ Kdqgerrn ri

Lqwhuqdwlrqdo Hfrqrplfv/ Yroxph 6/ Dpvwhugdp= Kroodqg1

^54` Revwihog P dqg N Urjr� +4<<9, Irxqgdwlrqv ri Rshq Hfrqrp| Pdfurhfrqrplfv/

Fdpeulgjh/ PD= PLW Suhvv1

^55` Ud}lq/ D +4<<8, �Wkh G|qdplf0Rswlpl}lqj Dssurdfk wr wkh Fxuuhqw Dffrxqw=

Wkhru| dqg Hylghqfh�/ Fkdswhu 8 lq Shwhu E Nhqhq +Hg, Xqghuvwdqglqj

Lqwhughshqghqfh/ Sulqfhwrq Xqlyhuvlw| Suhvv= Sulqfhwrq1

^56` Zdovk/ F +5333, �Mre Ghvwuxfwlrq dqg Prqhwdu| Srolf|�/ XFVF plphr1

^57` Zrrgirug/ P +5334, �Lq dwlrq Vwdelol}dwlrq dqg Zhoiduh�/ QEHU zrunlqj sdshu qr1

;3:41

^58` \ddul/ P H +4<98, �Xqfhuwdlq Olihwlph/ Olih Lqvxudqfh/ dqg wkh Wkhru| ri wkh

Frqvxphu�/ Uhylhz ri Hfrqrplf Vwxglhv/ 65 +Dsulo,/ ss146:0831
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L H{srqhqwldo dqg Glvfuhwh Ghqvlw| Ixqfwlrqv
Khuh zh lqirupdoo| vkrz krz wkh h{srqhqwldo ghqvlw| fdq eh dssur{lpdwhg e| wkh
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Xvlqj wklv lq h{suhvvlrq +77, frq�upv wkdw h{shfwhg uhpdlqlqj olih lv frqvwdqw dqg

htxdo wr b3�1

LL Fdofxodwlqj Djjuhjdwh Frqvxpswlrq

Zkhqhyhu d jlyhq yduldeoh/ vd| wkh pdujlqdo xwlolw| ri frqvxpswlrq/ lv frqvwdqw dfurvv

frkruwv/ djjuhjdwlrq/ xvlqj htxdwlrq +8, lq wkh pdlq wh{w lv vwudljkwiruzdug1 Khuh zh

vkrz krz wr fdofxodwh djjuhjdwh frqvxpswlrq g|qdplfv +djjuhjdwlqj htxdwlrq +7, e|

frpsdulvrq lv vwudljkwiruzdug,1 Iurp wkh wh{w zh kdyh wkdw
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Iljxuh 6= Vhohfwhg Lpsxovh Uhvsrqvhv iurp Surgxfwlylw| Vkrfn Prgho
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Iljxuh 7= Vhohfwhg Lpsxovhv iurp Suhihuhqfh Vkrfn Prgho
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