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Devwudfw

Wklv sdshu h{dplqhv wkh lqwhqvlw| ri �qdqfldo fulvhv gxulqj wkh 4<<3v zlwk d ylhz wr lq0

iruplqj fulvlv suhyhqwlrq dqg plwljdwlrq srolflhv1 Zh frpsduh wkh shuirupdqfh ri d ixoo

Ed|hvldq dqg dq lqirupdwlrq0wkhruhwlf dssurdfk lq dgguhvvlqj wkh hfrqrphwulf sureohpv

srvhg e| wkh odfn ri d xqli|lqj wkhruhwlfdo prgho/ d odujh qxpehu ri fulvlv lqglfdwruv/ dqg d

qxpehu ri dgglwlrqdo gdwd vkruwidoov1 Wkh uhvxowv lqglfdwh wkdw wkh suredelolw| dqg lqwhqvlw| ri

�qdqfldo fulvhv duh khljkwhqhg e| frusrudwh looltxlglw| dqg ohyhudjh/ d odfn ri qrqedqn vrxufhv

ri �qdqflqj/ h{fhvvlyh grphvwlf uhodwlyh wr iruhljq fxuuhqf| oltxlglw| dqg d fxwr� ri fdslwdo

lq rzv1 Wkh lpsolfdwlrqv duh wkdw srolf| phdvxuhv dlphg dw lpsurylqj wkh rshudwlrq dqg

prqlwrulqj ri wkh frusrudwh dqg qrqedqn �qdqfldo vhfwruv frxog uhgxfh fulvlv yxoqhudelolw|1

MHO Fodvvl�fdwlrq= E74> F54> F56> F84> F;5> I66

Dfnqrzohgjhphqwv= Wkh ylhzv h{suhvvhg lq wklv Zrunlqj Sdshu duh wkrvh ri wkh dxwkru+v,

dqg gr qrw qhfhvvdulo| uhsuhvhqw wkrvh ri wkh LPI ru LPI srolf|1

Dxwkru*v hpdlo dgguhvv= pz54:Chfrq1fdp1df1xn

WPrqhwdu| dqg H{fkdqjh D�dluv Ghsduwphqw +PDH,/ LPI/ dqg Idfxow| ri Hfrqrplfv dqg Srolwlfv/
Xqlyhuvlw| ri Fdpeulgjh/ uhvshfwlyho|1
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4 Lqwurgxfwlrq

Rxu vwduwlqj srlqw lv wkh uhdo0olih vlwxdwlrq ri d srolf|pdnhu dlplqj wr lghqwli| dqg froohfw

hfrqrplf gdwd/ hydoxdwh frpshwlqj prghov ri wkh lqwhqvlw| ri �qdqfldo fulvlv/ dqg pdnh

srolf| ghflvlrqv zlwk d ylhz wr suhyhqwlqj dqg plwljdwlqj �qdqfldo fulvhv1 Wkh srolf|pdnhu

pd| eh lqwhusuhwhg dv hlwkhu wkh LPI ru wkh Zruog Edqn dlplqj wr ghwhuplqh zklfk ful0

vlv lqglfdwruv wr hpsor| lq wkhlu qhz uroh ri dvvhvvlqj �qdqfldo yxoqhudelolw|1 Wkh wrrov

dydlodeoh duh d vhw ri pxowlsoh/ ryhuodsslqj wkhrulhv ri �qdqfldo fulvhv hpskdvl}lqj gl�huhqw

fkdqqhov +h1j1/ iruhljq h{fkdqjh oltxlglw|/ edg edqnv, dqg d odujh vhw ri hfrqrplf gdwd wkdw

hqfrpsdvv srwhqwldoo| xvhixo lqglfdwruv ri fulvlv vkrfnv dqg fkdqqhov/ exw pd| eh frvwo| wr

froohfw1 Lq wklv frqwh{w/ lw vhhpv vhqvleoh iru wkh srolf|pdnhu wr h{wudfw xvhixo fulvlv lqgl0

fdwruv iurp wkh gdwd e| lpsrvlqj sulruv edvhg rq wkh olwhudwxuh/ fkrrvlqj lqglfdwruv wkdw

h{sodlq wkh lqwhqvlw| ri klvwrulfdo �qdqfldo fulvhv/ dqg sd|lqj wkh frvwv ri froohfwlqj wkhvh

gdwd1 Xqfhuwdlqw| ryhu zklfk srolf| wr uhfrpphqg iroorzv iurp d qxpehu ri vrxufhv ri

xqfhuwdlqw|/ lqfoxglqj wkhru| dqg phdvxuhphqw xqfhuwdlqw|1 Lq wklv vwxg| zh dvvxph wkdw

wkh srolf| pdnhu zdqwv wr hydoxdwh srolflhv xqfrqglwlrqdoo| zlwk uhvshfw wr d srwhqwldoo|

odujh qxpehu ri dowhuqdwh prghov ri �qdqfldo fulvlv lqwhqvlw|1

Wkh dvvhvvphqw ri srvw0fulvlv g|qdplfv lqyroyhv hvwlpdwlrq ri wkh lqwhqvlw| ri d fulvlv

lq whupv ri lwv lpsdfw rq wkh uhdo vhfwru1 Lqwhqvlw| fdq eh wkrxjkw ri dv wkh glvwdqfh

wkdw wkh hfrqrp| wudyhov iurp wkh suh0fulvlv htxloleulxp phdvxuhg dorqj wkh rxwsxw gl0

phqvlrq1 Wklv gh�qlwlrq lv xvhixo iru srolf| ehfdxvh jryhuqphqwv fduh prvw derxw wkh

zhoiduh frvwv ri �qdqfldo fulvhv/ dqg zhoiduh frvwv kdyh d kljkhu fruuhodwlrq zlwk uhdo JGS

wkdq zlwk �qdqfldo vhfwru lqglfdwruv1 Lq dgglwlrq/ dffxudwh �qdqfldo lqglfdwruv ri fulvlv

lqwhqvlw| duh sureohpdwlf/ hvshfldoo| lqglfdwruv phdqw wr fdswxuh djjuhjdwh edqn glvwuhvv1

Hpslulfdoo|/ fulvlv lqwhqvlw| lv jdxjhg e| wkh fkdqjh lq uhdo JGS uhodwlyh wr wkh suh0fulvlv

wuhqg/ frqglwlrqdo rq wkh rffxuuhqfh ri d fulvlv1

Wklv sdshu h{dplqhv wkh lqwhqvlw| ri �qdqfldo fulvhv gxulqj wkh 4<<3v1 Wkh prwlydwlrq

lv wkh qhz pdqgdwh iru wkh LPI dqg Zruog Edqn wr xqghuwdnh frpsuhkhqvlyh dvvhvvphqwv

ri wkh yxoqhudelolw| ri wkh �qdqfldo vhfwruv ri phpehu frxqwulhv14 Zh dgguhvv d qxpehu

ri ixqgdphqwdo sureohpv srvhg e| hpslulfdo dqdo|vlv ri �qdqfldo fulvhv1 Wkhvh sureohpv

duh wkh odfn ri d vlqjoh �wuxh� xqghuo|lqj prgho/ wkh frpelqdwlrq ri d odujh qxpehu ri

fdqglgdwh lqglfdwruv +pdq| ri zklfk uhsuhvhqw gl�huhqw phdvxuhv ri wkh vdph xqghuo|lqj

frqvwuxfw,/ vpdoo vdpsoh vl}h/ dqg plvvlqj gdwd1 Rxu phwkrgrorj| uhfrjqlvhv wkdw lq

pdq| lqvwdqfhv wkh hyroylqj erg| ri wkhru| dqg dydlodeoh fulvlv gdwd gr qrw vxssruw d

vlqjoh prgho/ dqg lq wklv uhjdug lw lv lpsruwdqw wr surylgh vrph phdvxuh ri wkh ghjuhh ri

xqfhuwdlqw| vxuurxqglqj wkh surfhvv ri lqglfdwru vhohfwlrq1 Wr gr wklv zh fdofxodwh d vhw

ri gdwd0edvhg zhljkwv zklfk zh xvh dv d phwulf wr hydoxdwh wkh ghjuhh ri vxssruw iru erwk

vshfl�f prghov dqg lqglylgxdo lqglfdwruv1 Zh ghprqvwudwh wkdw wkhvh zhljkwv duh hdv| wr

fdofxodwh dqg frqwudvw wkhp zlwk dowhuqdwlyh phdvxuhv ri prgho xqfhuwdlqw|1

Zh qrwh wkdw wklv sdshu wdnhv d gl�huhqw wdfn wkdq wkh kljk iuhtxhqf| hduo| zduqlqj

v|vwhp +HZV, olwhudwxuh +Ehuj/ Eruhqv}whlq/ Plohvl0Ihuuhwwl/ dqg Sdwwloor +4<<<, dqg Pxo0

ghu/ Shuuhool/ dqg Urfkd +5334,,1 Dq lqfuhdvlqj qxpehu ri vwxglhv duh ghyhorslqj HZV*v/

w|slfdoo| zlwk prqwko| gdwd1 Wkhvh HZV*v dlp wr lghqwli| d vpdoo qxpehu ri ohdglqj

fulvlv lqglfdwruv ru frpsrvlwh phdvxuhv ri yxoqhudelolw| wr surylgh uhodwlyho| txlfn zduq0

4Wkh mrlqw Zruog Edqn0LPI Ilqdqfldo Vhfwru Dvvhvvphqw Surjudp +IVDS, zdv lqwurgxfhg lq Pd| 4<<<

wr dvvhvv �qdqfldo v|vwhp vrxqgqhvv lq phpehu frxqwulhv1
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lqj vljqdov ri lpshqglqj fulvhv wr wuljjhu frxqwhuydlolqj dgmxvwphqwv lq pdfurhfrqrplf

srolflhv1 Lq h{whqglqj wkh hduolhu zrun ri Zhhnv dqg Vwrqh +5334,/ wkh jrdo ri wklv sd0

shu/ udwkhu/ lv wr h{dplqh wkh lvvxh ri prgho xqfhuwdlqw| dv dssolhg wr xqghuvwdqglqj wkh

ghwhuplqdqwv ri wkh lqwhqvlw| ri �qdqfldo fulvhv1 Vshfl�fdoo| zh frpsduh �qglqjv edvhg

xsrq d ixoo| Ed|hvldq dssurdfk zlwk wzr dssur{lpdwlrqv = rqh wkh Dndlnh lqirupdwlrq

fulwhulrq/ edvhg xsrq d phdvxuh ri wkh glvwdqfh ehwzhhq d wuxh dqg frpshwlqj prgho> dqg

dq dssurdfk zklfk lv d odujh vdpsoh dssur{lpdwlrq wr d Ed|hvldq dssurdfk1

Wklv sdshu lv rujdql}hg dv iroorzv1 Wkh wkhruhwlfdo dqg hpslulfdo olwhudwxuh rq fulvlv

lqwhqvlw| lv uhylhzhg lq vhfwlrq wzr1 Zh frqvlghu wkh qdwxuh ri wkh srolf|pdnhuv sureohp

lq vhfwlrq wkuhh/ dqg xvh wklv wr iudphzrun wr h{dplqh wkh edvlf surshuwlhv ri wkh gl�huhqw

dssurdfkhv1 Lq vhfwlrq irxu suhvhqw wkh irup ri rxu sulru vshfl�fdwlrqv/ dqg vhfwlrq �yh

suhvhqwv dq ryhuylhz ri wkh PFPF phwkrgrorj| iru frqvwuxfwlqj wkh srvwhulru txdqwlwlhv

ri lqwhuhvw1 Wkh gdwd xvhg iru wklv vwxg| lv lqwurgxfhg lq vhfwlrq vl{/ dqg lq vhfwlrq vhyhq

hh suhvhqw rxu uhvxowv 1 Vhfwlrq hljkw frqfoxghv1

5 Uhylhz ri wkh Wkhruhwlfdo Olwhudwxuh wr Dvvhvvlqj Fulvhv
ri wkh 4<<3v

Wklv vhfwlrq uhylhzv wkh wkhruhwlfdo dqg hpslulfdo �qdqfldo fulvlv olwhudwxuh zlwk d ylhz wr

prwlydwlqj wkh hpslulfdo prgho ri fulvlv lqwhqvlw|1 Lghdoo|/ wkh vxssruwlqj wkhru| iru dq

hfrqrphwulf dqdo|vlv surylghv d vlqjoh ru vpdoo qxpehu ri frqfhswxdo prghov zlwk whvwdeoh

k|srwkhvhv1 Krzhyhu/ wkh wkhruhwlfdo zrun rq v|vwhplf �qdqfldo fulvhv lv pdunhg e| d

pxowlsolflw| ri h{sodqdwlrqv dqg odfn ri d xqli|lqj iudphzrun1 Lq sduwlfxodu/ wkh olwhudwxuh

lv frqvwdqwo| lq  x{ ehfdxvh �qdqfldo fulvhv wkhpvhoyhv duh/ e| gh�qlwlrq/ hyhu fkdqjlqj1

Wklv lv hvshfldoo| wuxh ri hpslulfdo dqdo|vlv ri fulvlv lqwhqvlw|1

Wkh hduo| wkhruhwlfdo �qdqfldo fulvlv olwhudwxuh irfxvhg rq fxuuhqf| fulvhv dqg fdq eh

vxppdul}hg lq whupv ri �jhqhudwlrqv� ri prghov wkdw hpskdvl}hg/ �uvw/ wkh dedqgrqphqw

ri d �{hg h{fkdqjh udwh uhjlph rzlqj wr �vfdo fkdqqhov +Nuxjpdq +4<:<,,/ dqg/ vhfrqg/

pxowlsoh htxloleuld zhuh ghyhorshg lq uhvsrqvh wr wkh devhqfh ri dssduhqw �vfdo lqvwdelolw|

+Revwihog +4<<7,,1 Dqrwkhu vwudqg ri wkh olwhudwxuh irfxvvhg rq edqn fulvhv prvwo| vwuhvv0

lqj wkh lqwhusod| ehwzhhq edqn edodqfh vkhhw dqg edodqfh ri sd|phqwv +Yhodvfr +4<;:,,1

Wkh uhodwlyho| uhfhqw iruhljq h{fkdqjh oltxlglw| dssurdfk h{solflwo| dgguhvvhv fulvlv fkdq0

qhov dulvlqj iurp d vkruwidoo ri iruhljq h{fkdqjh oltxlglw| +Fkdqj dqg D1 +4<<<,,1 Pdq| ri

wkh pruh uhfhqw dqg vxffhvvixo wkhruhwlfdo prghov ri fulvhv duh urrwhg lq wkh hphujhqfh ri

d fulvlv froodwhudo fkdqqho +Jhuwohu/ Jlofkulvw/ dqg Qdwdoxffl +5333,,1 Nl|rwdnl dqg Prruh

+4<<:,, lqwurgxfhg d qhz pruh gluhfw froodwhudo fkdqqho hpskdvl}lqj pdfurhfrqrplf uljlgl0

wlhv lq wkh irup ri xqghughyhorshg grphvwlf �qdqfldo vhfwru dqg frusrudwh dqg �qdqfldo

vhfwru edodqfh vkhhwv1 Wkh g|qdplf lqwhudfwlrq ehwzhhq fuhglw olplwv dqg wkh sulfhv ri

dvvhwv xvhg iru froodwhudo lv d srzhuixo fulvlv fkdqqho +Fdedoohur dqg Nulvkqdpxuwk| +4<<<,

dqg Fdedoohur dqg Nulvkqdpxuwk| +5333,,1

Doprvw doo hpslulfdo dqdo|vlv ri �qdqfldo fulvhv xvhv elqdu| lqglfdwru ghshqghqw ydul0

deohv1 Hpslulfdoo|/ d fxuuhqf| fulvlv lv w|slfdoo| gh�qhg wr rffxu zkhq d zhljkwhg dyhudjh

ri wkh h{fkdqjh udwh/ lqwhuqdwlrqdo uhvhuyhv dqg lq vrph fdvhv lqwhuhvw udwhv sdvvhv d

suhgh�qhg wkuhvkrog +Hlfkhqjuhhq/ Urvh/ dqg Z|sorv} +4<<9,> Ehuj/ Eruhqv}whlq/ Plohvl0

Ihuuhwwl/ dqg Sdwwloor +4<<<,,1 Edqn fulvhv duh doprvw dozd|v jdxjhg zlwk d elqdu| lqgl0
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fdwru ehfdxvh wkh| duh gl!fxow/ li qrw lpsrvvleoh/ wr phdvxuh zlwk d frqwlqxrxv lqglfdwru

+Hlfkhqjuhhq dqg Urvh +4<<;,> Ghplujxf0Nxqw dqg Ghwudjldfkh +4<<<d, dqg Ghplujxf0

Nxqw dqg Ghwudjldfkh +4<<<e,,1 Wkhuh kdv ehhq uhodwlyho| olwwoh mrlqw hpslulfdo dqdo|vlv

ri fxuuhqf| dqg edqn fulvhv/ suredeo| uh hfwlqj wkh gl!fxow| ri gh�qlqj wkh odwwhu1 D

qrwdeoh h{fhswlrq lv +Ndplqvn| dqg Uhlqkduw +4<<<,,1

Dq lqfuhdvlqj qxpehu ri sdshuv duh dsso|lqj vwdqgdug hfrqrphwulf whfkqltxhv wr wkh

vxemhfw ri wklv sdshu/ fulvlv0lqgxfhg rxwsxw frqwudfwlrqv/ ru zkdw zh uhihu wr dv wkh lq0

whqvlw| ri fulvhv1 Hlfkhqjuhhq dqg Urvh +4<<;, irxqg wkdw edqn fulvhv surgxfh rxwsxw

jurzwk ghfolqhv ri 506 shufhqw frpsduhg zlwk qrqfulvlv frxqwulhv/ exw odvw rqo| derxw d

|hdu1 Ghplujxf0Nxqw dqg Ghwudjldfkh +4<<<e, hpskdvl}h yxoqhudelolw| wr odujh fdslwdo

lq rzv/ edqn ghsrvlw lqvxudqfh/ dqg wkh ohjdo v|vwhp1 Ghplujxf0Nxqw/ Ghwudjldfkh/ dqg

Jxswd +5333, orrnhg dw wkh sdwwhuq srvw0edqn fulvlv rxwsxw frqwudfwlrq gxulqj edqn fulvhv

ryhu 4<;30<8 dqg irxqg wkdw wkh| odvw rqo| d |hdu ru wzr/ hyhq wkrxjk fuhglw jurzwk

uhfryhuv txlwh vorzo|1 Ndplqvn| dqg Uhlqkduw +4<<<, frqfoxgh wkdw wkh rxwsxw frqwudf0

wlrq iurp frqfxuuhqw fulvhv +; shufhqw ehorz qrq0fulvlv shulrgv, lv pruh vhyhuh wkdq iru

vlqjoh fulvhv1 Wkh| irxqg wkdw �qdqfldo olehudol}dwlrq dqg lqfuhdvhg fdslwdo lq rzv vhw

wkh vwdjh iru fulvhv/ dqg wkdw wkh| duh suhfhghg e| uhfhvvlrq/ zklfk lv dwwulexwdeoh wr d

pl{ ri whupv ri wudgh vkrfnv/ dq ryhuydoxhg h{fkdqjh udwh/ dqg ulvlqj fuhglw frvwv1 Vwrqh

+5333, orrnhg dw wkh lpsdfw ri �qdqfldo fulvlv rq rxwsxw yld wkh frusrudwh vhfwru dqg frq0

foxghg wkdw fulvlv0lqgxfhg rxwsxw frqwudfwlrqv duh dvvrfldwhg zlwk kljk ohyhov ri frusrudwh

ghew/ rshqqhvv/ dqg h{fkdqjh udwh ryhu dssuhfldwlrq1 Erugr/ Hlfkhqjuhhq/ Nolqjhelho/ dqg

Pduwlqh}0Shuld +5334, h{dplqhg rxwsxw frqwudfwlrqv ryhu wkh sdvw 453 |hduv dqg frq0

foxghg wkdw wkh suredelolw| ri fulvlv kdv lqfuhdvhg exw lqwhqvlw| kdv qrw1 Wkh| dwwulexwh

wkh lqfuhdvhg suredelolw| wr fdslwdo prelolw| dqg �qdqfldo vdihw| qhwv1 Krjjduwk/ Uhlv

dqg Vdsruwd +5334, hvwlpdwhg fxpxodwlyh rxwsxw orvvhv gxulqj fulvlv shulrgv ri urxjko|

48053 shufhqw ri JGS dqg irxqg wkdw rxwsxw orvvhv lqfxuuhg gxulqj fulvhv lq ghyhorshg

frxqwulhv duh dv kljk/ ru kljkhu/ rq dyhudjh/ wkdq wkrvh lq hphujlqj pdunhw hfrqrplhv1

Kxwfklvrq dqg Qhxehujhu +5334, frqfoxgh wkdw vhyhuh fxuuhqf| fulvhv lq hphujlqj pdunhwv

uhgxfh rxwsxw e| derxw 80; shufhqw ryhu d wzr0wkuhh |hdu shulrg/ dq lpsdfw wzr wr irxu

wlphv odujhu wkdq wkh dyhudjh rxwsxw orvv lq d ghyhorslqj hfrqrp|1 Wkh odujh rxwsxw frvwv

duh olnho| uhodwhg wr wkhlu ghshqghqfh rq sulydwh fdslwdo pdunhwv dqg deuxsw uhyhuvdov lq

fdslwdo lq rzv wkdw lq wxuq irufh vxevwdqwldo uhdo0vlgh dgmxvwphqw1 Lq vxp/ d frqvhqvxv

kdv e| qr phdqv ehhq uhdfkhg rq fulvlv lqwhqvlw| lq wkh hpslulfdo olwhudwxuh1

6 Wkh Srolf|Pdnhuv Sureohp

+Qhhgv pruh rq srolf| prwlydwlrq 0 fdq zh lvrodwh vrph lqglfdwruv dv txdvl srolf| lqvwux0

phqwv/ ru dw ohdvw lqglfdwruv wr prqlwru111,

Wkh qdwxuh ri wkh sureohp idflqj wkh srolf|pdnhu fdq eh ghvfulehg dv iroorzv1 Edvhg

xsrq d gdwdvhw g/ wkh srolf|pdnhu vhhnv wr pdnh lqihuhqfh rq wkh ghwhuplqdqwv ri �qdq0

fldo fulvhv1 Iru d jlyhq prgho ri fulvhv/ p> wkh srolf|pdnhu idfhv xqfhuwdlqw| ryhu �/ wkh

sdudphwhuv ri wkh prgho/ zklfk zloo ghwhuplqh wkh h�hfwv ri dq| srolf| frqgxfwhg rq wkh

prgho1 Wkxv/ li zh ljqruh dq| h�hfw ri prgho xqfhuwdlqw| wkhq zh pd| ohw t+�mg>p,/ uhs0

uhvhqw wkh ghqvlw| ri �/ frqglwlrqdo rq gdwd g dqg prgho p1 Krzhyhu/ jlyhq wkh pdqqhu

lq zklfk srolf| lv frqgxfwhg lw lv pruh dssursuldwh wr frqvlghu wkh xqfrqglwlrqdo h�hfwv
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ri prgho sdudphwhuv/ dqg pruhryhu/ lq wklv sduwlfxodu lqvwdqfh d srolf|pdnhu zrxog olnh

jxlgdqfh rq zkdw lqglfdwruv duh lpsruwdqw iru pdnlqj lqihuhqfh rq wkh ghwhuplqdqwv ri

�qdqfldo fulvlv1 Ohwwlqj P gh�qh d vsdfh ri prghov/ wkh remhfw t+�mg, shuplwv xqfrqgl0

wlrqdo lqihuhqfh e| lqwhjudwlqj rxw doo dvshfwv ri prgho xqfhuwdlqw|1 Lq dgglwlrq zh duh

dovr lqwhuhvwhg lq d phdvxuh t+�,mg,> zklfk e| lqwhjudwlqj ryhu P/ doorzv xqfrqglwlrqdo

lqihuhqfh rq wkh uhodwlyh lpsruwdqfh ri wkh o|� lqglfdwru/ dv phdvxuhg e| d txdqwlw| zklfk

uhsuhvhqwv wkh suredelolw| wkdw/ frqglwlrqdo rq wkh gdwd/ lqglfdwru o lv uhohydqw iru lqwhqvlw|

ri fulvlv15

Lq wklv sduwlfxodu lqvwdqfh wkh sulpdu| vrxufh ri xqfhuwdlqw| uhodwhv wr wkh revhuydwlrq

wkdw wkh srolf| pdnhu idfhv d odujh qxpehu ri ryhuodsslqj wkhruhwlfdo prghov zlwk wkh

lpsolfdwlrq wkdw wkhuh lv qr vlqjoh �wuxh� xqghuo|lqj prgho> d fruroodu| ri wklv lv wkdw

wkhuh duh d odujh qxpehu ri fdqglgdwh lqglfdwruv1 Wkh frpelqdwlrq ri d odujh qxpehu ri

lqglfdwruv dqg vpdoo vdpsoh vl}h lv dovr olnho| wr uhvxow lq froolqhdulw| zlwk d odujh qxpehu

ri fdqglgdwh prghov wkdw gl�hu pdujlqdoo|1 Lq wklv frqwh{w wkh xvh ri erwk lqirupdwlrq

wkhruhwlf +LW, dqg Ed|hvldq dssurdfkhv wr prgho xqfhuwdlqw| kdyh ehhq dgyrfdwhg e| d

qxpehu ri dqdo|vwv1 Iru h{dpsoh/ Judqjhu/ Nlqj/ dqg Zklwh +4<<8, dgyrfdwh dq lqirupd0

wlrq wkhruhwlf +LW, dssurdfk ryhu irupdo k|srwkhvlv whvwlqj zkhq whvwlqj ydjxh hfrqrplf

wkhrulhv1 Lq wkh idfh ri wkh diruhphqwlrqhg sureohpv/ wkh uhvwulfwhg qxoo prgho lv frqihuuhg

d idyrxudeoh dgydqwdjh/ vxfk wkdw lq wkh whvwlqj ri fulvlv lqglfdwruv/ wkh gluhfwlrq ri huuru

lv wr huurqhrxvo| frqfoxgh wkdw wkhvh lqglfdwruv kdyh qr h{sodqdwru| srzhu1 Qrwh dovr wkdw

vwdqgdug olnholkrrg udwlr whvwv iru qhvwhg prghov/ dqg prgl�hg olnholkrrg lq wkh fdvh ri

qrq0qhvwhg prghov +vhh/ iru h{dpsoh/ Fr{ +4<94, dqg Shvdudq dqg Zhhnv +5333,,/ duh qrw

khosixo jlyhq wkh irfxv xsrq elqdu| frpsdulvrqv dqg pruh lpsruwdqwo|/ wkh dvvxpswlrq

wkdw rqh ri wkh prghov frqvlghuhg lv wkh wuxh prgho1

Wkh h{lvwhqfh ri d odujh qxpehu ri fdqglgdwh lqglfdwruv zloo jhqhudwh d odujh qxpehu ri

prghov1 Wkh phwkrgrorjlfdo dssurdfk xvhg wr dgguhvv wkhvh sureohpv lv suhglfdwhg xsrq

wkh lghqwl�fdwlrq ri d fdqglgdwh vhw ri yduldeohv/ vd| N/ lq wklv lqvwdqfh fulvlv fkdqqho

lqglfdwruv1 Jlyhq N/ wkh vsdfh ri prghov/ khuhP/ kdv lq wkh devhqfh ri dq| frqvwudlqwv/

glphqvlrq 5
U 1 Prgho vhohfwlrq surfhhgv e| vhdufklqj ryhu wkh prgho vsdfh lpsolhg e| N

+srvvleo| lq frqmxqfwlrq zlwk frqvwudlqwv lpsrvhg e| wkh srolf|pdnhu, dqg hydoxdwlqj wkh

shuirupdqfh ri gl�huhqw vxevhwv ri lqglfdwruv zklfk duh qrw ghulydwlyh ri d jhqhudo edvh

prgho1 Lq wklv uhvshfw wkhuh lv qr sdwk ghshqghqfh lq wkh vhohfwlrq surfhgxuh/ dqg wkh

dssurdfk lv ydolg iru erwk qhvwhg dqg qrq0qhvwhg prghov167 Wkh sulqflsoh dgydqwdjhv ri

wklv dssurdfk duh wkdw wkh dqdo|vhv ri xqfhuwdlqw| prgho grhv qrw uhtxluh wkh lghqwl�fdwlrq

ri d vlqjoh jhqhudo prgho dv d vwduwlqj srlqw1 Lq frqwudvw/ d jhqhudo0wr0vshfl�f phwkrgrorj|

lv irxqghg xsrq wkh lghqwl�fdwlrq ri dq xquhvwulfwhg +dqg srvvleo| odujh, frqjuxhqw edvh

prgho/ dqg surfhhgv e| whvwlqj grzqzdugv1 Dowkrxjk vxfk dq dssurdfk lv zhoo vxlwhg

iru fhuwdlq srolf| dssolfdwlrqv zklfk fdq uholdeo| eh edvhg rq d vlqjoh dqg zhoo gh�qhg

hfrqrplf prgho +vxfk dv hvwlpdwlqj d vpdoo pdfurhfrqrplf prgho iru prqhwdu| srolf|,/

olplwdwlrqv lq wkh hpslulfdo dqdo|vlv ri �qdqfldo fulvhv fuhdwh sureohpv iru dssolfdwlrqv

5Dv Eurfn/ Gxuodxi/ dqg Zhvw +5336, srlqw rxw/ lq ehwzhhq wkhvh wzr h{wuhphv h{lvw ydulrxv dg krf

urexvwqhvv fkhfnv1 Iru h{dpsoh/ hydoxdwlqj ^Ew�_c6� zlwk uhvshfw wr ^Ew�_c6�� iru 6
� d edvholqh prgho1

6Dq lpsruwdqw fdyhdw khuh lv wkdw wkh surfhvv ri prgho vhohfwlrq lv reylrxvo| frqglwlrqdo xsrq sulru

lghqwl�fdwlrq ri dq lqlwldo lqglfdwru vhw/ d�

7Exuqkdp dqg Dqghuvrq +4<<;, surylgh dq ryhuylhz ri wkh LW dssurdfk wr prgho vhohfwlrq/ dqg Shvdudq

dqg Zhhnv +5333, hydoxdwh wkh LW dqg wkh JWV lq wkh frqwh{w ri prgho vhohfwlrq1
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ri wklv dssurdfk18 Vshfl�fdoo|/ jlyhq wkh suhvhqfh ri d odujh qxpehu ri vlplodu hpslulfdo

phdvxuhv ri fulvlv lqglfdwruv lw zloo eh gl!fxow wr lghqwli| d edvh prgho/ dqg frqgxfw

lqihuhqfh zlwklq lw19:

Lq wklv vwxg| zh hydoxdwh wkh ghjuhh ri prgho xqfhuwdlqw| xvlqj erwk lqirupdwlrq0

wkhruhwlf dqg Ed|hvldq phwkrgrorjlhv1 Dw wkh rxwvhw lw lv lpsruwdqw wr kljkoljkw wkdw

dssurdfkhv wr prgho xqfhuwdlqw| irxqghg xsrq lqirupdwlrq wkhruhwlf sulqflsohv duh ixq0

gdphqwdoo| gl�huhqw iurp wkh Ed|hvldq dssurdfkhv1 Fhqwudo khuh lv wkh glvwlqfwlrq ehwzhhq

zkdw Ehuqdugr dqg Vplwk +5333, uhihu wr dvP0forvhg dqgP0rshq prgho vsdfhv1 Wkxv/

zkhuhdv wkh DLF surfhhgv/ xvlqj Nxooedfn0Ohleohu glvwdqfhv/ wr hlwkhu vhohfw d NO ehvw

prgho/ ru dyhudjh ryhu d vhw ri prghov/ e| frqvwuxfwlrq wkh prgho vsdfh lv rshq lq wkdw

wkh wuxh prgho lv qrw frqwdlqhg lq P= Lq wklv uhvshfw wkh lqwhusuhwdwlrq ri dv|pswrwlf

dujxphqwv ryhu P duh txlwh gl�huhqw1 Qdpho|/ zkhuhdv DLF edvhg prgho vhohfwlrq lv

edvhg rq wkh qrwlrq wkdw wkh ehvw dssur{lpdwlrq wr wkh wuxh prgho zloo uhfhlyh d zhljkw ri

4/ Ed|hvldq dssurdfkhv dvvxph wkdwP lv forvhg/ dqg wkdw dq dv|pswrwlf zhljkw ri xqlw|

dssolhv wr wkh wuxh prgho1

Rxu fkrlfh ri Dndlnhv Lqirupdwlrq Fulwhulrq +DLF 0 vhh Dndlnh +4<:6,, ryhu dowhuqd0

wlyh lqirupdwlrq0wkhruhwlf phdvxuhv ghshqgv fulwlfdoo| xsrq wkh revhuydwlrq wkdw DLF lv

irxqghg xsrq wkh qrwlrq wkdw d wuxh prgho grhv qrw h{lvw> dqg wkdw wkh sxusrvh ri erwk

prgho vhohfwlrq dqg prgho dyhudjlqj lv wr �qg wkh ehvw dssur{lpdwlqj prgho1 Wklv fulwhuld

lv glvwlqfw iurp d qxpehu ri dowhuqdwh dssurdfkhv/ vxfk dv wkh Ed|hvldq Lqirupdwlrq Ful0

whulrq +ELF, ghulyhg e| Vfkzdu} +4<:;,/ dqg d ixoo| Ed|hvldq phwkrgrorj|1 Wkh suhplvh

ehklqg wkh xvh ri ELF lv wkdw wkh remhfwlyh ri prgho vhohfwlrq lv wr orfdwh wkh wuxh prgho/

zklfk lv �{hg lq glphqvlrq dv vdpsoh vl}h lqfuhdvhv/ dqg dvvxphg wr olh zlwklq wkh fdq0

glgdwh vhw ri prghov1 Lq wklv uhvshfw d sduwlfxodu qrwlrq ri frqvlvwhqf| dssolhv lq wkdw dv

vdpsoh vl}h lqfuhdvhv/ wkh suredelolw| ri orfdwlqj wkh wuxh prgho dssurdfkhv rqh1 Krz0

hyhu/ lq erwk wkh elrorjlfdo dqg vrfldo vflhqfhv lw lv pruh dssursuldwh wr hqylvdjh wkdw wkh

ehvw dssur{lpdwlrq wr dq xqnqrzq wuxh prgho lv pruh olnho| wr lqfuhdvh lq glphqvlrq dv

vdpsoh vl}h lqfuhdvhv1; Reylrxvo| wklv sureohp kdv sdudoohov zlwk wkh lqflghqwdo sdudphwhu

sureohp zklfk xqghuolhv wkh lqfrqvlvwhqf| ri wkh hvwlpdwru ri �{hg h�hfwv lq d sdqho gdwd

uhjuhvvlrq1 Khuh/ dv vdpsoh vl}h lqfuhdvhv wkhuh duh dgglwlrqdo sdudphwhuv wr hvwlpdwh/

vxfk wkdw wkh ixqgdphqwdo surshuwlhv uhtxluhg iru wkh frqvlvwhqf| ri dq hvwlpdwru duh

ylrodwhg1 DLF hvwlpdwhv ri uhodwlyh +h{shfwhg, Nxooedfn Ohleohu glvwdqfh odfn d glphqvlrq0

frqvlvwhqf| surshuw| jlyhq wkh suhplv wkdw dv vdpsoh vl}h lqfuhdvhv wkh gdwd lv pruh deoh

wr vxssruw pruh frpsoh{ prghov/ dqg wkhuhe| r�hu wkh srwhqwldo iru orfdwlqj d ehwwhu

dssur{lpdwh prgho1 Pruhryhu/ d qxpehu ri dqdo|vwv lqfoxglqj Exuqkdp dqg Dqghuvrq

+4<<;, kdyh qrwhg wkh whqghqf| ri glphqvlrq0frqvlvwhqw phwkrgv wr vhohfw xqghu0�wwhg

prghov zkhq vdpsoh vl}h lv ohvv wkdq yhu| odujh1

8Vhh Gdylgvrq dqg Khqgu| +4<;4, iru d glvfxvvlrq ri wkh olplwdwlrqv ri JWVD/ dqg iru uhfhqw dssolfdwlrqv

ri JWVD vhh/ iru h{dpsoh/ Nuro}lj dqg Khqgu| +5333, Fdpsrv dqg Hulfvvrq +5333, dqg Zklwh +4<<<,1
9Dssolfdwlrq ri JWV lq wkh devhqfh ri d vlqjoh �wuxh� xqghuo|lqj prgho zrxog ohdg wr sdwk ghshqghqfh

lq wkh rughu ri whvw/ zklfk frxog huurqhrxvo| ohdg wr wkh rplvvlrq ru lqfoxvlrq ri lqglfdwruv wkdw frxog eh

xvhixo iru dqdo|vlv
:Exuqkdp dqg Dqghuvrq +4<<;, surylgh dq ryhuylhz ri wkh LW wr prgho vhohfwlrq/ dqg Shvdudq dqg

Zhhnv +5333, hydoxdwh erwk wkh LW dqg wkh JWV lq wkh frqwh{w ri prgho vhohfwlrq1
;Dv Vzdqvrq dqg Zklwh +4<<8, qrwh/ rqh fdyhdw khuh lv wkdw lq xvlqj dq LW dssurdfk lw lv gl!fxow

wr dvvhvv wkh pdjqlwxgh ri wkh lpsolflw w|sh 4 huuru zklfk xqghuolhv wkh vhohfwhg prgho1 Iru glphqvlrq

frqvlvwhqw surfhgxuhv vxfk dv ELF/ vl}h lv dv|pswrwlfdoo| }hur1 Krzhyhu/ wklv lv qrw wkh fdvh iru DLF1
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614 D Prgho Iudphzrun

Wkh dvvhvvphqw ri srvw0fulvlv g|qdplfv lqyroyhv hvwlpdwlrq ri wkh lqwhqvlw| ri d fulvlv lq

whupv ri lwv lpsdfw rq wkh uhdo vhfwru1 Wkh phdvxuhphqw ri fulvlv lqwhqvlw| xvlqj wkh

fkdqjh lq uhdo JGS uhodwlyh wr wkh suh0fulvlv wuhqg +frqglwlrqdo rq wkh rffxuuhqfh ri

d fulvlv, lv uhodwlyho| xqfrqwuryhuvldo/ dqg/ pruh lpsruwdqwo| uhdglo| revhuyhg1 Lq wklv

uhvshfw lqwhqvlw| fdq eh wkrxjkw ri dv wkh glvwdqfh wkdw wkh hfrqrp| wudyhov iurp wkh suh0

fulvlv htxloleulxp phdvxuhg dorqj wkh rxwsxw glphqvlrq1 Wklv gh�qlwlrq lv xvhixo iru srolf|

ehfdxvh jryhuqphqwv fduh prvw derxw wkh zhoiduh frvwv ri �qdqfldo fulvhv/ dqg zhoiduh frvwv

kdyh d kljkhu fruuhodwlrq zlwk uhdo JGS wkdq zlwk �qdqfldo vhfwru lqglfdwruv1 Krzhyhu/

wkh ghwhuplqdqwv ri fulvhv/ dqg wkh qdwxuh ri wkh fulvlv fkdqqhov 0 l1h1 wkh uroh ri wkh

h{whuqdo vhfwru/ froodwhudo/ �qdqfldo euhdgwk/ dqg wkh ohjdo hqylurqphqw/ duh ydulhg dqg

qrw vr hdv| wr hlwkhu gh�qh ru phdvxuh1

Ohw N ghqrwh wkh vhw ri fulvlv lqwhqvlw| lqglfdwruv/ lqgh{hg e| l @ 4> ===> L1 Zh ghqrwh

wkh vhw ri prghov e|P zlwk wkh k|� phpehu jlyhq e|P�> wkh glphqvlrq riP� lv ghqrwhg

n�= Revhuyhg gdwd lv | @ i|�j zkhuh |� ghqrwhv d phdvxuh ri wkh lqwhqvlw| ri fulvlv +l1h1

JGS 0 wuhqg,/ dqg {� @ i{��j lv d L � 4 yhfwru uhsuhvhqwlqj wkh wrwdo vhw ri fryduldwhv iru

fulvlv hslvrghv m @ 4> ===> q1 Lw lv dovr srvvleoh wr sduwlwlrq N lqwr M fulvlv fkdqqho lqglfdwru

jurxsv/ vd| $E��> ===>$Ea�= Iru h{dpsoh/ $E�� @ +{�
�
> {�

2
> ===> {�, ,

� pljkw ghqrwh lqglfdwruv ri

frusrudwh edodqfh vkhhw fkdqqhov +h1j1/ wrwdo ghew wr frpprq htxlw| dqg wkh udwlr ri wrwdo

ghew wr wrwdo dvvhwv, zklfk duh eholhyhg wr eh fulwlfdo ghwhuplqdqwv ri wkh lqwhqvlw| ri

fulvhv hslvrghv> zh kdyh/ lq fhuwdlq fdvhv/ d odujh qxpehu ri vlplodu phdvxuhphqwv ri wkhvh

frqvwuxfwv1

Lq vxfk d vlwxdwlrq wkh srolf|pdnhu lv idfhg zlwk frqvlghudeoh xqfhuwdlqw| jlyhq wkdw

wkhru| lv zhdn/ lq vhohfwlqj/ iru h{dpsoh/ wkh dssursuldwh lqglfdwruv zlwklq $E��1 Jlyhq

d odujh vhw ri lqglfdwruv/ N/ wkh remhfwlyh lv wr lghqwli| d vpdoohu vxevhw ri lqglfdwruv/

vd| Nr/ dqg rewdlq vrph phdvxuh ri wkh xqfrqglwlrqdo lpsruwdqfh ri hdfk lqglfdwru dv d

ghwhuplqdqw ri fulvlv1 Lq wklv uhvshfw zh qrwh wkdw zkdw zh fdoo prgho xqfhuwdlqw| lv doljqhg

zlwk vshfl�fdwlrq xqfhuwdlqw|/ lqvridu dv d uhodwlyho| odujh qxpehu ri frpshwlqj wkhrulhv

jhqhudwhv dq lqglfdwru vsdfh zlwk d odujh glphqvlrq> dqg wkdw frqglwlrqdo rq d jlyhq

wkhru|/ wkh h{lvwhqfh ri ulydo phdvxuhv ri d vlqjoh frqvwuxfw/ zloo jhqhudwh phdvxuhphqw

xqfhuwdlqw|1

Dowkrxjk dw wkh rxwvhw zh dvvxph wkdw Nr lv frqvwdqw dfurvv frxqwulhv dqg wlph/ zh dovr

lqfrusrudwh zkdw Eurfn/ Gxuodxi/ dqg Zhvw +5336, uhihu wr dv khwhurjhqhlw| xqfhuwdlqw|/

e| h{sorulqj wkh h{whqw wr zklfk wkh surfhvvhv jhqhudwlqj wkh lqwhqvlw| ri �qdqfldo fulvhv/

ydu|/ erwk ryhu wlph dqg dfurvv frxqwulhv +hphujlqj pdunhw yhuvxv lqgxvwuldolvhg,1 Zh

qrwh wkdw lqlwldoo| zh dvvxph frpsohwh nqrzohgjh ri srwhqwldo wlph dqg furvv0vhfwlrqdo

euhdnv lq wklv surfhvv1

Zh srvwxodwh wkdw fryduldwhv {�� / l @ 4> ===> L pd| d�hfw wkh revhuyhg gdwd wkurxjk d

olqhdu uhjuhvvlrq1 Zh prgho wklv dv

|� @ �.

U[

�'�

��{�� . %� > +4,

zkhuh %� � Q+3> �2

0,1 Qrz/ vxssrvh wkdw zh zlvk wr pdnh lqihuhqfh rq wkh vxevhw ri ydul0

deohv zklfk duh lpsruwdqw iru suhglfwlqj wkh fulvlv revhuydwlrqv i|�j1 Wklv zloo fruuhvsrqg

lq wkh olqhdu uhjuhvvlrq prgho deryh wr fhuwdlq sdudphwhuv �� ehlqj lghqwlfdoo| htxdo wr

:



}hur1 Ghqrwh wkh vxevhw ri qrq0}hur �� sdudphwhuv dv �dr
1 Wkh sulqflsdo wdvn lv wkhq wr

hvwlpdwh �dr
iru wkh gdwdvhw i|�j +Lv wklv wuxh khuh111,1 Lq wklv uhvshfw/ zh pd| uhsdudph0

whulvh wkh sureohp lq whupv ri lqglfdwruv �� 5 i3> 4j/ l @ 4> ===> L/ zklfk ghwhuplqh zkhwkhu

d sduwlfxodu fulvlv lqglfdwru lv uhohydqw wr wkh gdwd1 Zh fdq uhzulwh wkh uhsdudphwhulvhg

prgho lq wkh iroorzlqj irup=

|� @ �.
[

t�( �
�
'��

��{�� . %� >

zkhuh hohphqw �� lv htxdo wr rqh +}hur, li �� lv lqfoxghg +h{foxghg, iurp wkh prgho1 Lq

pdwul{0yhfwru irup zh kdyh=

| @ �4.[��� . %>

zkhuh � @ i��j ghqrwhv dq L ohqjwk yhfwru ri elqdu| lqglfdwru yduldeohv zklfk zh xvh wr

lqgh{ wkh 5U glvwlqfw prghov lq P> 4 ghqrwhv d yhfwru frqwdlqlqj doo rqhv1 [� �[ lv wkh

ghvljq pdwul{ zlwk froxpqv h{wudfwhg iurp [ iru zklfk �� @ 4>�� lv wkh fruuhvsrqglqj

yhfwru ri �� sdudphwhuv iru zklfk �� @ 41

615 Srvwhulru Prgho Suredelolwlhv

Srvwhulru prgho suredelolwlhv duh jlyhq e|

s+P�m|, @
o+|mP�,s+P�,

2US
�'�

o+|mP�,s+P�,

> +5,

zkhuh s+P�, ghqrwhv wkh sulru suredelolw| iru prgho P�= Qrwh wkdw lq +5, doo xqfhuwdlqw|

ryhu ��@ +�0>��> �,
�

kdv ehhq lqwhjudwhg rxw vxfk wkdw o+|mP�, uhsuhvhqwv wkh pdujlqdo

olnholkrrg ri prgho P�> jlyhq e|

o+|mP�, @

]
o+|m��>P�,s+��mP�,g��= +6,

s+��mP�, ghqrwhv wkh sulru iru wkh sdudphwhuv ri prgho P�= Xvlqj +5, wkh udwlr ri wkh

srvwhulru suredelolw| iru prgho k dqg k
�

/ vd| E
��

� > lv wkhuhiruh jlyhq e|

E
��

� @
s+P�m|,

s+P
�

� m|,
@

o+|mP�,s+P�,

o+|mP
�

� ,� ~} �
�

s+P
�

� ,
= +7,

Pdnlqj wkh dvvxpswlrq ri htxdo sulru rggv/ wkh Ed|hv idfwru/ jlyhq e| wkh udwlr D lq +7,/

lv htxdo wr wkh srvwhulru rggv1

61514 Dssur{lpdwlqj Srvwhulru Prgho Suredelolwlhv

Dowkrxjk Ndvv dqg Udiwhu| +4<<8, dujxh iru d ixoo Ed|hvldq dssurdfk wr prgho xqfhuwdlqw|/

wkh wzr ixqgdphqwdo fkdoohqjhv duh= +l, wkh uhtxluhphqw ri d ixoo sulru vshfl�fdwlrq ryhu

hohphqwv ri erwk � dqg P> dqg +ll, iru dq| jlyhq prgho wkh fdofxodwlrq ri srvwhulru

;



suredelolwlhv dqg Ed|hv idfwruv uhtxluhv hydoxdwlrq ri lqwhjudov lq erwk wkh qxphudwru dqg

ghqrplqdwru ri +6,1 Lq vhfwlrq 7 zh h{dplqh krz erwk ri wkhvh uhtxluhphqwv pd| eh

rshudwlrqdolvhg1 Krzhyhu sulru wr wklv zh �uvw frqvlghu wzr dowhuqdwlyh phdvxuhv ri +7,

edvhg rq dq dv|pswrwlf Ed|hvldq dssur{lpdwlrq dqg dq dssur{lpdwho| xqeldvhg hvwlpdwru

ri wkh uhodwlyh Nxooedfn0Ohleohu glvwdqfh1

Dndlnh +4<:6, sursrvhg d phwkrg ri prgho vhohfwlrq edvhg xsrq wkh frqfhsw ri h{0

shfwhg lqirupdwlrq glvwdqfh1 Dndlnh*v Lqirupdwlrq Fulwhulrq +DLF, lv edvhg xsrq wkh

qrwlrq wkdw wuxwk fdqqrw eh uhsuhvhqwhg lq d prgho irup/ vxfk wkdwP frqwdlqv d qxpehu

ri dssur{lpdwlrqv wr wkh wuxwk> zlwk hdfk dssur{lpdwlrq wr d wuxh/ xqnqrzq/ prgho i /

uhsuhvhqwhg e| dq hvwlpdwh ri wkh Nxooedfn0Ohleohu glvwdqfh L+i>P�,1 Lq wklv uhvshfw DLF

lv lqwhusuhwhg dv dq hvwlpdwh ri wkh h{shfwhg uhodwlyh/ gluhfwhg glvwdqfh ehwzhhq dq hvwl0

pdwhg prgho dqg wkh xqnqrzq wuxwk wkdw jhqhudwhg wkh gdwd> wkh prgho lq P zlwk wkh

vpdoohvw DLF lv wkhq frqvlghuhg wr eh �forvhvw� wr wkh wuxwk/ uhodwlyh wr wkh fdqglgdwh vhw

lq P= Dndlnh ghprqvwudwhg wkdw wkh shqdolvhg pd{lplvhg orj0olnholkrrg iru prgho P�>

vd|

o+a��m|>P�,� n�> +8,

lv d xqeldvhg jhqhudo hvwlpdwru ri L+i>P�,= Dndlnh*v lqirupdwlrq fulwhulrq +DLF, iru P�

lv jhqhudoo| zulwwhq dv

DLF @ �5o+e�m|>P�, . 5n�= +9,

Wkhuh kdyh ehhq d qxpehu ri uh�qhphqwv wr Dndlnh*v lqirupdwlrq fulwhulrq1 Lq wklv

vwxg| zh xvh d yduldqw edvhg xsrq wkh zrun ri Vljlxud +4<:;,/ Kxuylfk dqg Wvdl +4<;<,/

zkr ghyhorshg d vpdoo0vdpsoh yhuvlrq ri DLF jlyhq e|

DLFr @ DLF .
5n+n . 4,

q� n . 4
= +:,

Lw lv reylrxv wkdw DLFr lqfoxghv dq dgglwlrqdo eldv fruuhfwlrq zklfk glvdsshduv dv wkh

udwlr q@n lqfuhdvhv1<

Dw wklv mxqfwxuh lw lv lpsruwdqw wr qrwh wkdw wkhuh kdyh ehhq d qxpehu ri h{whqvlrqv

ri DLF xqghu wkh dxvslfhv ri jhqhudolvhg lqirupdwlrq fulwhulrq +vhh/ iru h{dpsoh/ Ekdqvdol

dqg Grzqkdp +,,1 Lq prvw ri wkhvh yduldqwv wkh pxowlsolfdwlyh idfwru 5 rq wkh qxpehu

ri sdudphwhuv lq +9, lv uhsodfhg e| dq dowhuqdwlyh frvqwdqw1 Krzhyhu/ lw lv lpsruwdqw wr

hpskdvlvh wkdw wkh DLF shqdow| whup lv qrw duelwudu| exw �upo| urrwhg lq dq lqirupdwlrq

wkhru| dssurdfk wr prgho vhohfwlrq zkhuhP lv dvvxphg rshq1 Wkxv/ zkhuhdvh erwk DLF

dqg DLFr duh hvwlpdwhv ri NO lqirupdwlrq/ dq dowhuqdwlyh fodvv ri fulwhuld duh frqvwuxfwhg

vr dv wr eh glphqvlrq frqvlvwhqw1 Qdpho| iru d P0forvhg prgho vsdfh/ fulwhuld duh gh0

vljqhg vxfk wkdw wkh suredelolw| ri vhohfwlqj wkh wuxh prgho dssurdfkhv rqh dv vdpsoh vl}h

lqfuhdvhv lqgh�qlwho|1

Wkh prvw srsxodu glphqvlrq0frqvlvwhqw fulwhulrq lv gxh wr Vfkzdu} +4<:;,1 Wkh Vfkzdu}

lqirupdwlrq fulwhulrq +VLF, lv edvhg xsrq dq dssur{lpdwlrq wr d ixoo| Ed|hvldq dssurdfk

wr prgho xqfhuwdlqw|1 Suhglfdwhg rq wkh qrwlrq wkdw wkh wuxh xqnqrzq prgho fdq eh

vshfl�hg dqg lv frqwdlqhg zlwklqP> wkh Vfkzdu} fulwhulrq lv frqvlvwhqw/ lq wkh vhqvh wkdw

<Vhh Exuqkdp dqg Dqghuvrq +4<<;, iru ixuwkhu ghwdlov1

<



wkh glphqvlrq ri wkh wuxh prgho lv �{hg/ dqg wkdw wkh suredelolw| ri orfdwlqj wkh prgho

zlwk wkh kljkhvw srvwhulru suredelolw| dssurdfkhv rqh dv vdpsoh vl}h lqfuhdvhv1431 Wkh VLF

fulwhulrq/ dovr uhihuuhg wr dv wkh Ed|hvldq lqirupdwlrq fulwhulrq +ELF,/ lv jlyhq e|

ELF @ �5o+a��m|>P�, . n� � orj+q,

Wkh dssur{lpdwlrq wr d ixoo| Ed|hvldq dssurdfk lv irxqghg xsrq wkh dvvxpswlrq ri

xqlirup sulruv ryhu P dqg ydjxh sulruv ryhu ��= Vshfl�fdoo| wkh ELF dssur{lpdwlrq

fruuhvsrqgv wr d xqlw lqirupdwlrq sulru rq wkh prgho sdudphwhuv/ zklfk lv d pxowlyduldwh

qrupdo sulru zlwk phdq 111 dqg fryduldqfh pdwul{ htxdo wr wkh h{shfwhg lqirupdwlrq iru

rqh revhuydwlrq +vhh Udiwhu| +4<<8, iru ixuwkhu glvfxvvlrq,,1 Dq dv|pswrwlf dssur{lpdwlrq

wr wkh orj ri wkh srvwhulru rggv iru prghov P� dqg P
�

� +vd| E7

��
� ,/ lv wkhq jlyhq e|

E7

��� @ orj

#
o+a��m|>P�,

o+a�
�

� m|>P
�

� ,

$
� f +;,

zkhuh a�� lv wkh pd{lpxp olnholkrrg hvwlpdwru xqghu P� dqg f @ 4@5+n��n
�

� , orj+q,= Dv

q$4 wkh txdqwlw|

E7

��
� � orj+E

��
� ,

orj+E���,
$ 3=

61515 DLF dqg ELF Gl�huhqfhv dqg Zhljkwv

Lq prylqj iurp d surfhvv ri prgho vhohfwlrq wr h{solflwo| dgguhvvlqj wkh lvvxh ri prgho

xqfhuwdlqw|/ lw lv qrw wkh devroxwh vl}h ri lqirupdwlrq fulwhulrq +LF, vwdwlvwlfv wkdw pdw0

whuv exw wkh uhodwlyh ydoxhv144 Lq sduwlfxodu gl�huhqfhv ehwzhhq LF vwdwlvwlfv lq P duh

lpsruwdqw1 Frqvlghu wkh iroorzlqj vwdwlvwlf

�
�U�

� @ DLF� �plq
�M�

DLF @ H
e�
^eL+i> j�,`�plq

�M�
H
e�
^eL+i> j�,`> +<,

zkhuh �
�U�
� reylrxvo| idflolwdwhv gluhfw frpsdulvrq ri DLF dfurvv phpehuv ri P dqg lv

vlpsoh wr lqwhusuhw> dv ��U�
� lqfuhdvhv> wkh ohvv sodxvleoh lv j� dv wkh NO ehvw prgho1 Vlqfh

ELF lv d glphqvlrq frqvlvwhqw fulwhulrq wkh frpsdudeoh hvwlpdwru ri gl�huhqfh lv jlyhq e|

�
�U�
� @ ELF� �plq

�M�
ELF +43,

Dndlnh +4<;6, ghprqvwudwhg dgyrfdwhv h{s+�
�

2
��, dv ehlqj wkh uhodwlyh olnholkrrg

+ru suredelolw|, ri wkh prgho jlyhq wkh gdwd1 Dvvxplqj d xqlirup sulru ryhu doo prghov

43Vhh Er}grjdq +4<;:, iru d uhylhz ri dowhuqdwlyh glphqvlrq frvqvlwhqw fulwhulrq1
44Wklv uhpdun zloo dovr kdyh lpsolfdwlrqv iru wkh riwhq revhuyhg vlplodulw| ehwzhhq DLF dqg ELF uhvxowv

lq hpslulfdo zrun1
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lq P> wkh xvh ri d vlpsoh qrupdolvdwlrq idflolwdwhv dq dssur{lpdwlrq / ghqrwhg khuh/45

s�U�+P�m|,> wr wkh srvwhulru suredelolw| iru P�> qdpho|

s�U�+P�m|, @
h{s+��

2
��,

US

�'�

h{s+��

2
��,

> +44,

zkhuh s�U�+P�m|,> dovr uhihuuhg wr dv �Dndlnh� zhljkwv/ pd| eh lqwhusuhwhg dv wkh hylghqfh

lq idyrxu ri prgho k dv ehlqj wkh dfwxdo N0O ehvw prgho lq P1 Wkh srvwhulru rggv iru

prghov k dqg k�/ lpphgldwho| iroorzv dv

E�U�

��
� @

h{s+��

2
��,

h{s+��

2

�
�

�,
= +45,

Zh qrwh wkdw iru erwk wkh DLF dqg ELF vhohfwlrq fulwhuld zh pd| dovr frqvlghu d vhw

ri qrq0xqlirup sulru suredelolwlhv ryhu P146 Iru h{dpsoh/ h{whqglqj +44, wkh srvwhulru

suredelolw| iru P� pd| eh dssur{lpdwhg

s�U�+P�m|, @
h{s+��

2
��,s+P�,

US

�'�

h{s+��

2
�6,s+P�,

= +46,

Lq frpsdulqj Ed|hv idfwruv zlwk dssur{lpdwlrqv wr wkhvh idfwruv xvlqj DLF dqg ELF

d qxpehu ri revhuydwlrqv duh srvvleoh1 Iluvw/ qrwh wkdw wkh D lq +7, uhsuhvhqwv d udwlr

ri pdujlqdo olnholkrrgv dqg wkhuhiruh lv htxlydohqw wr d udwlr ri fodvvlfdo olnholkrrgv frq0

glwlrqdo xsrq lqwhjudwlqj rxw sdudphwhu xqfhuwdlqw| dv lq +6,1 Lq wklv vhqvh wkh Ed|hv

idfwruv uhsuhvhqwv d phdvxuh ri prgho xqfhuwdlqw| iru k uhodwlyh wr k
�

zklfk lqwhjudwhv rxw

sdudphwhu xqfhuwdlqw|147 Dowkrxjk zh pd| wklqn ri Dndlnh Zhljkwv dv dq dssur{lpdwlrq

wr wkh Ed|hv idfwru/48 zh pd| qrw uhihu wr d frqyhujhqfh ri E�U�

��
� wr E��

� edvhg xsrq wkh

vdph olplwlqj dujxphqwv zklfk dsso| wr wkh ELF dssur{lpdwlrq1

7 Vshfl�fdwlrq ri Sulru Glvwulexwlrqv

Lq jhqhudo srvwhulru lqihuhqfh frqglwlrqdo rq d jlyhq prgho lv ohvv vhqvlwlyh wr sulru vshfl0

�fdwlrqv uhodwlyh wr lqvwdqfhv zkhuh prgho xqfhuwdlqw| lv lqfrusrudwhg +vhh/ iru h{dpsoh/

45Qrwh dssur{lpdwlrq exw qrw lq wkh vhqvh ri d olplwlqj uhodwlrqvkls ehwzhhq DLF dqg ixoo| Ed|hvldq

dssurdfk wr prgho vhohfwlrq1

46Jlyhq wkdw DLF dqg ELF duh edvhg xsrq ixqgdphqwdoo| gl�huhqw sulqflsohv/ wkh qrwlrq ri zkdw frq0

vlvwlwxwhv d sulru glvwulexwlrq ryhu wkh vsdfh ri prghov lv dovr gl�huhqw1 Xqghu wkh Ed|hvldq dssurdfk +dqg

wkh ELF dssur{lpdwlrq, RE��� lv wkh sulru eholhi wkdw prgho �� lv wkh wuxh prgho1 Lq frqwudvw wkh xvh ri

dq lqirupdwlrq0wkhruhwlf dssurdfk lqwhusuhwv E��� dv wkh sulru eholhi wkdw �� lv wkh ehvw dssur{lpdwlrq

wr dq xqnqrzq wuxh prgho1
47Srvnlww dqg Wuhpd|qh +4<;6, vkrz wkdw wkh xvh ri gl�huhqw lqirupdwlrq0wkhruhwlf fulwhuld lpso| do0

whuqdwlyh sulruv ryhu }1 Iru dq dssolfdwlrq ri Ed|hvldq prgho vhohfwlrq wr wkh olqhdu uhjuhvvlrq prgho

vhh Udiwhu|/ Pdgljdq dqg Krhwlqj +4<<:,1 Ndvv dqg Udiwhu| +4<<8, surylgh dq h{fhoohqw ryhuylhz ri wkh

Ed|hvldq dssurdfk wr lqihuhqfh/ lqfoxglqj d xvhixo glvfxvvlrq ri prgho xqfhuwdlqw|1
48Ndvv dqg Udiwhu| +4<<8, vkrz wklv iru wkh Vfkzdu} fulwhulrq1
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Ndvv dqg Udiwhu| +4<<8,,1 Dv dq h{wuhph h{dpsoh/ zkloh lw fdq riwhq eh dujxhg wkdw xvh

ri lpsurshu sulruv iru prgho0vshfl�f lqihuhqfh lv dssursuldwh/ wkhlu xvh fdq kljko| sure0

ohpdwlf lq wkh fdvh ri prgho vhohfwlrq/ rzlqj wr wkh Mh�uh|v0Olqgoh| sdudgr{149 Iru d

jlyhq prgho/ wkh dwwhqgdqw duelwudu| pxowlsolfdwlyh frqvwdqwv fdqfho lq wkh irupxod iru

wkh srvwhulru glvwulexwlrq ri wkh prgho0vshfl�f sdudphwhuv1 Wklv fdqfhoolqj grhv qrw/ lq

jhqhudo/ kdsshq lq wkh fdvh ri srvwhulru lqihuhqfh rq prgho xqfhuwdlqw|/ dqg khqfh lqydolg

prgho vhohfwlrq uhvxowv zloo eh rewdlqhg1 Iru h{dpsoh/ wklv dssolhv wr wkh fdofxodwlrq ri

Ed|hv idfwruv 0 vhh glvfxvvlrq lq Udiwhu| frpphqw dqg Udiwhu| +4<<8,,1 Dq h{fhswlrq

wr wklv vwdwhphqw lv zkhuh dq lpsurshu sulru dsshduv iru d sdudphwhu zklfk lv frpprq

+dqg ri �{hg glphqvlrqdolw|, lq doo prghov1Wklv zloo eh lpsruwdqw zkhq zh pdnh wkh glv0

wlqfwlrq ehwzhhq sulru vshfl�fdwlrqv rq rqh ru pruh sdudphwhuv ryhu prgho0lqyduldqw dqg

prgho0vshfl�f sdudphwhuv +vhh Mh�uh|v +4<94,,1

Wkh sulqflsdo xqnqrzq sdudphwhuv lq +4, duh �
�
/ �/ � dqg �01 Lq dgglwlrq wkhuh duh

vhyhudo xqnqrzq k|shusdudphwhuv dqg d qxpehu ri plvvlqj +xqrevhuyhg, fryduldwhv {�� 1

Lq wkh ixoo| Ed|hvldq PFPF iudphzrun doo ri wkhvh xqnqrzqv duh wuhdwhg mrlqwo| zlwklq

rqh vlqjoh surfhgxuh1 Lq wklv zd|/ dqg wkurxjk wkh dgrswlrq ri d sduwldo klhudufklfdo

sulru vwuxfwxuh/ zh jdlq wkh dgydqwdjh ri surshuo| lqfrusrudwlqj sulru xqfhuwdlqw| derxw

xqnqrzqv dqg uhprylqj wkh ghshqghqfh rq �{hg k|shusdudpwhuv1

Wkh fkrvhq sulru vwuxfwxuh khuh pd| eh idfwrulvhg dv iroorzv

s+��>�> �> �"> �>[>�f >	f, @ s+�� m�>�>[,s+�,s+�,s+�",s+�,s+[m�f >	f,s+�f >	f,=

+47,

Lq irupxodwlqj d sulru prgho zh qhhg wr lghqwli| d  h{leoh fodvv ri sulruv iru hdfk frp0

srqhqw ri +47,/ dqg lq d qxpehu ri fdvhv/ pdnh ghflvlrqv dv wr zkhwkhu/ wr jxdudqwhh

frqmxjdf|/ �{ ydoxhv ri k|shusdudphwhuv/ ru dgrsw d klwhudufklfdo sulru vwuxfwxuh/ dqg

wkhuhe| uhpryh wkh lq xhqfh ri d vshfl�f k|shusdudphwhu1 1111 Qrwh wkdw fryduldwhv [

duh lqfoxghg gluhfwo| zlwklq wklv sulru iudphzrun wkhuhe| idflolwdwlqj PFPF lpsxwdwlrq

ri plvvlqj fryduldwhv> �f@~���
U
�'�dqg 	f@gldj+~�

2

� �
U
�'�,> ghqrwh/ uhvshfwlyho|/ wkh yhfwru

ri phdqv iru fryduldwhv dqg wkh fryduldqfh pdwul{1 � lv d k|shusduhphwhu xvhg lq wkh

j0sulru vshfl�fdwlrq iru ��= Iru wkh vdnh ri fodulw| lq +47, zh gr qrw h{solflwo| zulwh rxw

wkh ghshqghqfh ri glvwulexwlrqv rq dq| �{hg frqvwdqw k|shusdudphwhuv/4: dowkrxjk wklv

ghshqghqfh lv ri frxuvh dvvxphg wkurxjkrxw1

Zh qrz frqvlghu wkh vshfl�f irupv sursrvhg iru wkh lqglylgxdo whupv lq wklv idfwrul0

vdwlrq1

714 Sulru iru uhjuhvvlrq sdudphwhuv q�

Khuh zh xwlolvh d pxowlyduldwh sulru ri wkh irup

s+��m�> �, @PYQ�+3>	�,> +48,

49
Jlyh h{dpsohv vhh Ndvv dqg Udiwhu| +4<<8,1

4:
Iru h{dpsoh/ REV�/ wkh glvwulexwlrq ri sdudphwhuv lq rxu j0sulru lv ghshqghqw xsrq wzr sdudphwhuv/

zklfk lv qrw lqglfdwhg khuh1 Ixuwkhu RE��/ wkh mrlqw glvwulexwlrq ryhu wkh }hur0rqh yduldeoh vhohfwlrq yhfwru

�c lv ghshqghqw xsrq fkrrvlqj k|shusdudphwhuv ri wkh Ehwd glvwulexwlrq1
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zkhuh 	� @ �2
0
�+[

�

�
[�,

3� iru � A 3 fruuhvsrqgv wr wkh zhoo nqrzq j0sulru +vhh ]hoo0

qhu +4<;9,,1 Wkh sulqflsdo dgydqwdjhv ri vxfk d sulru vshfl�fdwlrq uhodwh wr frqyhqlhqfh/

vshfl�fdoo| frqmxjdf|/ dqg wkh idfw wkdw wkh vwuxfwxuh ri wkh sulru uh hfwv dq dgmxvwphqw

+e| wkh idfwru �, ri wkh fryduldqfh vwuxfwxuh lq wkh olnholkrrg4;/ wkhuhe| dyrlglqj d sulru

wkdw zloo grplqdwh olnholkrrg lqirupdwlrq1 D nh| lvvxh khuh lv wkh fkrlfh ri wkh k|shu0

sdudphwhu �= Ihuqdqgh}/ Oh|/ dqg Vwhho +5334d, lq irfxvlqj xsrq prgho xqfhuwdlqw| lq

wkh qrupdo olqhdu uhjuhvvlrq prgho/ h{dplqh wkh frqvhtxhqfhv ri gl�huhqw fkrlfhv iru �=

Lq dq h{whqvlyh vhw ri vlpxodwlrq h{shulphqwv � zdv vhw dv hlwkhu d ixqfwlrq ri wkh vdp0

soh vl}h/ q> d prgho0vshfl�f qxpehu ri uhjuhvvruv/ n� > dqg wkh wrwdo qxpehu ri dydlodeoh

uhjuhvvruv/ L= Edvhg rq erwk wkhruhwlfdo dqg hpslulfdo dqdo|vlv wkh dxwkruv frqfoxgh wkdw

d fkrlfh � @ 4@pd{+q> L2, zloo jhqhudwh uhdvrqdeoh uhvxowv1 Dowkrxjk wkh xvh ri d xqlw

lqirupdwlrq sulru iru �� +lv wklv htxlydohqw wr vhwwlqj � @ 4@qB, kdv ehhq fulwlflvhg rq

wkh jurxqgv wkdw lw lv wrr frqvhuydwlyh/ e| vhwwlqj � @ 4@q/ zh kdyh d xvhixo uhihuhqfh

srlqw zlwk zklfk wr frpsduh rwkhu pruh lqirupdwlyh sulru4<1 Jhrujh dqg Irvwhu +5333, lq

frpsdulqj Ed|hvldq phwkrgv iru hydoxdwlqj prgho xqfhuwdlqw| zlwk dssur{lpdwlrqv edvhg

rq lqirupdwlrq fulwhuld/ qrwh wkdw DLF fruuhvsrqgv zlwk vhwwlqj � @ 3=588 dqg iru ELF

� @ 4@q=

Dq dowhuqdwlyh dssurdfk53 sursrvhg khuh frqvlghuv dq dssursuldwh sulru iru wklv k|0

shusdudphwhu vr wkdw � fdq eh vlpxodwhg dorqj zlwk wkh rwkhu sdudphwhuv lq wkh PFPF

vfkhph1 Wklv lv olnho| wr dgg urexvwqhvv dqg  h{lelolw| wr wkh prgho1 Zh dgrsw d frqmxjdwh

jdppd sulru iru wklv sdudphwhu

s+�, @ J+�mfV> gV,>

zkhuh fV dqg gV duh �{hg k|shushudphwhuv zklfk fdq eh fkrvhq lqirupdwlyho| wr vdwlvi|

fhuwdlq surshuwlhv1

715 Sulru iru lqglfdwru yhfwru �

Rxu sulru iru wkh }hur0rqh yduldeoh vhohfwlrq yhfwru � lv edvhg rq dq lqghshqghqw Ehuqrxool

dvvxpswlrq iru hdfk yduldeoh/ frpelqhg zlwk d frqmxjdwh sulru iru wkh elqrpldo sursruwlrq

sdudphwhu1 Frqglwlrqdo xsrq sulru suredelolw| o 5 +3> 4, wkdw dq| jlyhq yduldeoh lv xvhg

dv d suhglfwru/ wklv sulru pd| eh zulwwhq dv

s+�mo, @
U\

�'�

o��+4� o,E�3�
�
�= +49,

Dv qrwhg e| Jhrujh dqg Irvwhu +5333,/ zlwk � dqg o �{hg wr vhw ydoxhv/ sulruv +48, dqg

+49, kdyh ehhq xvhg lq Ed|hvldq prgho vhohfwlrq sureohpv +vhh iru h{dpsoh Vplwk dqg

Nrkq +4<<9, dqg Ihuqdqgh}/ Oh|/ dqg Vwhho +5334e,,1 Iru h{dpsoh/ d vlpsoh xqlirup sulru

4;Dovr jxdudqwhh wkdw wkh sulru vshfl�fdwlrq lv rq wkh vdph vfdoh dv wkh olnholkrrg 0 vhh Srwwhu dqg Nrrs1
4<Vlqfh orjv ri Ed|hv idfwruv edvhg rq V ' �*? ehkdyh dv|pswrwlfdoo| olnh ELF/ zh vkrxog dovr re0

vhuyh wkdw xvlqj wklv sulru vshfl�fdwlrq rxu uhvxowv iru ELF dqg ixoo| Ed|hvldq duh vlplodu 11Vhh Ndvv dqg

Zdvvhupdq +4<<8, iru ixuwkhu glvfxvvlrq1
53Qrwh wkdw Nqr{/ Vwrfn dqg Zdwvrq +5335, duh dprqj d qxpehu ri dqdo|vwv zkr kdyh dgrswhg dq

hpslulfdo Ed|hv dssurdfk/ lq wkh vhqvh ri orfdwlqj d ydoxh ri V wkdw pd{lplvhv wkh pdujlqdo olnholkrrg1
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dfurvv doo hohphqwv ri wkh prgho vsdfh pd| eh lpsrvhg e| vhwwlqj o @ 3=8> lw lv txhvwlrqdeoh

zkhwkhu wkh dvvljqphqw ri d xqlirup sulru glvwulexwlrq ryhu wkh vsdfh ri srvvleoh prghov lv

dssursuldwh zkhqP lv odujh1 Wklv iroorzv vlqfh d xqlirup sulru vxjjhvwv wkdw wkh dqdo|vw

frqvlghuv wkdw wkh qxpehu ri fryduldwhv vkrxog eh odujh/ dqg wkdw wkh srvwhulru glvwulexwlrq

s+�mg, zloo kdyh kljk suredelolw| iru prghov zlwk L@5 qrq}hur frh!flhqwv1 Vdod0L0Pduwlq/

Grsshokrihu/ dqg Ploohu +5335, flufxpyhqw wklv sureohp e| vhohfwlqj d sulru phdq prgho

vl}h/ vd| qf/ vxfk wkdw hdfk yduldeoh kdv sulru suredelolw| o @ qf@L ri ehlqj lqfoxghg1 D

glvdgydqwdjh ri vxfk dq dssurdfk lv wkdw wkh qrwlrq ri zkdw frqvwlwxwhv d uhdvrqdeoh sulru

prgho vl}h pd| ydu| dfurvv dqdo|vwv1

Wr pdnh wkh prgho pruh urexvw wr wklv nlqg ri xqfhuwdlqw|/ zh nhhs frpelqh wkh qrwlrq

ri d sulru phdq prgho vl}h/ zlwk wkh dvvljphqw ri d d Ehwd sulru wr o> qdpho|

s+o, @ j+omd> e, @ o@3�+4� o,K3�@E+d> e,> d A 3> e A 3> 3 ? o ? 4> +4:,

zlwk E+d> e, ghqrwlqj wkh frpsohwh ehwd ixqfwlrq1 Frpelqlqj +49, dqg +4:,/ dqg pdujlqdo0

lvlqj zlwk uhvshfw wr o> rxu ehwd0elqrpldo sulru EE+L> d> e, lv jlyhq e|

s+�, @

]
�

f

s+�mo,j+omd> e,go +4;,

@

�
L

n

�
E+d. n> e. o � n,@E+d> e,>

zkhuh n @
S

��1

Edvhg xsrq d uhsdudphwlvdwlrq +vhh Suhqwlfh +4<;9,, iru � @ +d . e,3�> dqg � @
d+d. e,3� zh fdq uhzulwh +4;, dv

s+�, @

�
U
&

� &3�T
�'f

+� . �l,
U3&3�T
�'f

+4� � . �l,

U3�T
�'f

+4 . �l,

+4<,

+4;, uhsuhvhqwv d Ehwd0Elqrpldo+L> d> e, sulru frqvlvwlqj ri d pl{wxuh ri elqrpldo revhuyd0

wlrqv/ n> d frpprq qxpehu ri fryduldwhv/ L/ dqg d Ehwd glvwulexwlrq E+d> e, sodfhg rq o1

Qrwh wkdw rxu sulruv iru hdfk prgho lq P zloo gl�hu erwk dv d uhvxow ri prgho vl}h dqg

wkh dvvxphg glvwulexwlrq ryhu o1 E| ydu|lqj wkh k|shusdudphwhuv d> e zh fdq h{dplqh wkh

vhqvlwlylw| ri rxu uhvxowv wr sulru lqirupdwlrq1 Iru h{dpsoh/ ohwwlqj d.e$4> � $ 3> wkhq
Ydu+o, jrhv wr }hur> wklv vlqjxodulw| lv reylrxvo| frqvlvwhqw zlwk vlpsoh elqrpldo yduldwlrq1

Dowhuqdwho|/ ohwwlqj d. e$ 3 > � $4> dqg �+4 . �,3� $ 4=
Ilqdoo| lw lv zruwk qrwlqj wkdw ghvslwh lqwhjudwlqj rxw wkh ghshqghqfh ri wkh prgho

sulru rq d �{hg prgho vl}h k|shusdudphwhu o/ wkh Ehuqrxool vwuxfwxuh vwloo uhpdlqv lqvridu

dv zh hqwhuwdlq prgho sulruv irxqghg xsrq lqghshqghqw suredelolwlhv ryhu doo hohphqwv ri

�= Lq wklv uhvshfw zh gr qrw dffrxqw iru wkh srwhqwldo odfn ri sulru lqghshqghqfh lq wkh

ydoxh ri o dfurvv lqglfdwruv iru d jlyhq prgho1 Fklspdq +4<<9, frqvlghuv d qxpehu ri

h{dpsohv zkhuh lw lv dssursuldwh wr exlog lq ghshqghqfh dfurvv fryduldwhv lq irupxodwlqj

prgho sulruv1 Wkhvh lqfoxgh fdvhv zkhuh dq dqdo|vw frqvlghuv wkh vljql�fdqfh ri sro|qrpldo

whupv/ vd| {�/ ru pruh jhqhudoo| dq lqwhudfwlrq h�hfw { � }/ dqg pd| zdqw wr irufh wkh

lqfoxvlrq ri doo whupv {@ d ? k> dqg erwk { dqg }=
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716 Prgho0Lqyduldqw Sulruv= j0 dqg k

Ihuqdqgh}/ Oh|/ dqg Vwhho +5334d, dgyrfdwh wkh xvh ri dq lpsurshu qrq0lqirupdwlyh sulru

iru �0 jlyhq wkdw lw lv yhu| gl!fxow wr fkrrvh d ydoxh iru wkh k|shusdudphwhuv> dqg wkdw iru

odujh ydoxhv ri wklv sdudphwhu lw lv srvvleoh iru wkh sulru wr grplqdwh vdpsoh lqirupdwlrq1

s+�320 , @ J+�320 mf0> g0, +53,

Khuh zh xwlolvh d vwdqgdug jdppd frqmxjdwh sulru glvwulexwlrq iru �20 dqg wkhuhe| dgrsw

d surshu exw yhu| gl�xvh sulru vshfl�fdwlrq/ zlwk g0 dqg f0 vhw yhu| forvh wr }hur1 Wklv

uhsuhvhqwv forvh wr d qrq0lqirupdwlyh eholhi derxw wkh sdudphwhu zkloh khoslqj wr dyrlg

srwhqwldo plv0frqyhujhqfh ri wkh PFPF rzlqj wr wuxo| lpsurshu sulruv1

Vlploduo| � lv dvvljqhg d gl�xvh exw surshu sulru Q+3> �2k, zlwk �2k vhw yhu| odujh1

717 Sulru iru fryduldwhv

Wkhuh duh pdq| srvvlelolwlhv iru wkh sulru rq fryduldwhv1 Khuh zh dgrsw zkdw zh uhjdug dv

wkh vlpsohvw zrundeoh vfkhph= hdfk fryduldwh {�� lv dvvxphg wr eh udqgrpo| gudzq iurp

d glvwulexwlrq Q+��> �
2

� ,/ zlwk gl�xvh sulruv dvvljqhg wr wkh phdqv dqg yduldqfhv/ l1h1

{�� � Q+��> �
2

� ,> �� � Q+3> �2>,> �
2

� � LJ+f>> g>,

zlwk �2> vhw yhu| odujh dqg f>> g> erwk vhw yhu| forvh wr }hur1 Zh gh�qh wkh yhfwru ri phdqv

iru fryduldwhv dv �f @ i��j
U
�'� dqg wkh fryduldqfh pdwul{ dv 	f @ gldj+i�2� j

U
�'�,1

8 Frpsxwdwlrqdo lqihuhqfh xvlqj PFPF

Wkh sulru iudphzrun ghvfulehg deryh idflolwdwhv wkh frpsxwdwlrq ri srvwhulru glvwulex0

wlrqv1 Xqghu fhuwdlq frqglwlrqv wkh frqglwlrqdo glvwulexwlrq s+�
�> �> �0m�> �>|>[, dqg wkh

pdujlqdo olnholkrrg s+|m�> �>[, duh dydlodeoh lq forvhg irup1 Krzhyhu/ lq wkh ixoo lpsoh0

phqwdwlrq ri rxu prgho/ zklfk lqfoxghv erwk vdpsolqj ri k|shusdudphwhuv dqg lpsxwdwlrq

ri plvvlqj fryduldwhv/ zh duh rxwvlgh wkh uhdopv ri dqdo|wlfdoo| wudfwdeoh prghov1 Dv do0

uhdg| qrwhg/ lqihuhqfh lq prgho vhohfwlrq sureohpv fdq eh vhqvlwlyh wr sulru vshfl�fdwlrqv/

dqg lq wklv uhjdug zh qrwh wkdw wkh sulru vshfl�fdwlrq deryh lqfoxghv d qxpehu ri nh|

k|shusdudphwhuv1 Sduwlfxoduo| lpsruwdqw zloo eh wkh vshfl�fdwlrq ri wkh k|shusdudphwhuv

fV> gV xvhg lq wkh j0sulru vshfl�fdwlrq iru wkh uhjuhvvlrq sdudphwhuv/ dqg wkh sdudphwhuv

iru wkh Ehwd0elqrpldo prgho glvwulexwlrq/ d dqg e=

814 PFPF Phwkrg

Zh xwlolvh Pdunry Fkdlq Prqwh Fduor +PFPF, phwkrgv wr vlpxodwh iurp wkh pdujlqdo

glvwulexwlrq s+�mg, zkhuh g @ +|>[
JKr
, lv wkh gdwd soxv revhuyhg fryduldwhv1 Wklv lv

dfklhyhg e| frqvwuxfwlqj dq luuhgxfleoh dshulrglf Pdunry fkdlq zkrvh vwdwlrqdu| glvwul0

exwlrq lv wkh mrlqw srvwhulru ri doo wkh xqnqrzqv/ s+�
�
>�> �> �"> �>[6>�f

>	f mg, 1 Vxfk
d Pdunry fkdlq lv uhdglo| frqvwuxfwhg xvlqj vwdqgdug surfhgxuhv vxfk dv wkh Phwursrolv0

Kdvwlqjv vdpsohu/ wkh Jleev vdpsohu/ ru k|eulgv ri wkh wzr1 Wkh PFPF vfkhph khuh lv

edvhg durxqg d Jleev vdpsohu/ lqfoxglqj vrph Phwursrolv0Kdvwlqjv vxe0vwhsv/ dqg dgdswhg

48



wr doorz iru eorfnlqj dqg pdujlqdolvdwlrq ri sdudphwhuv zkhuhyhu srvvleoh1 Xvlqj Jleev

vdpsolqj rq wkh vsdfh ri prghov/ P> vhtxhqfhv ri wkh irup

�E��
>�E2�

> ===

duh jhqhudwhg zklfk frqyhujh lq glvwulexwlrq wr s+�mg,=54 Wkhvh vhtxhqfhv fdq eh xvhg wr

ghwhuplqh d udqjh ri prghov zlwk kljk suredelolw|/ dqg hvwlpdwhv ri wkhlu suredelolw|1

Dv qrwhg lq wkh ixoo lpsohphqwdwlrq ri rxu prgho/ zh duh rxwvlgh wkh uhdopv ri dqd0

o|wlfdoo| wudfwdeoh prghov/ dqg wkhuhiruh xwlolvh PFPF phwkrgv1 Lq frqwudvw/ Ed|hvldq

dssurdfkhv wr prgho xqfhuwdlqw| dgrswhg e| Ihuqdqgh}/ Oh|/ dqg Vwhho +5334e,/ xwlolvh

PFPF pruh iru h!flhqw vdpsolqj ri d kljk0glphqvlrqdo prgho vsdfh wkdq iru pdujlqdo0

lvdwlrq ri qxlvdqfh sdudphwhuv dqg plvvlqj gdwd1 Wklv lv dovr wkh fdvh lq wkh xvh ri DLF

dqg ELF dqg ELF dssur{lpdwlrqv wr ixoo| Ed|hvldq srvwhulru lqihuhqfh1 Erwk wkh DLF

dqg ELF dssur{lpdwlrq gr qrw uhtxluh PFPF iru wkh sdudphwhuv1 Qdpho|/ jlyhq wkdw

erwk wkhvh phwkrgv gr qrw lqwhjudwh rxw sdudphwhu xqfhuwdlqw|/ wkh frpsohwh srvwhulru

s+|mPW, @
U
o+|mPW

>�,g� iru PW lv qrw uhtxluhg exw rqo| wkh ydoxh ri wkh pd{lplvhg

orj0olnholkrrg155

Wkhuh duh rswlrqv iru h!flhqw vlpxodwlrq lq wklv jhqhudo vhwwlqj/ xvlqj/ iru h{dpsoh

uhgxfhg frqglwlrqdo glvwulexwlrqv ru ixoo frqglwlrqdo glvwulexwlrqv lq wkh vdpsolqj vwhsv1

Khuh zh dgrsw d vlpsoh vfkhph/ zkhuh zh vdpsoh � iurp lwv uhgxfhg frqglwlrqdo glvwul0

exwlrq +zlwk �
�
/ � dqg �0 dqdo|wlfdoo| pdujlqdolvhg,/ dqg wkhq lpsxwlqj +�> �> �0, dv d

mrlqw gudz iurp lwv ixoo frqglwlrqdo glvwulexwlrq1 Wklv idflolwdwhv vlpsoh Jleev vdpsolqj

vwhsv iru wkh uhpdlqlqj xqnqrzqv/ [6 dqg �/ zkhuh [6 ghqrwhv wkh plvvlqj fryduldwhv1

Wkh zkroh vfkhph lv revhuyhg hpslulfdoo| wr frqyhujh yhu| udslgo| iru wkh gdwdvhwv zh

kdyh whvwhg1 Lq whupv ri phwkrgrorj|/ rxu vfkhph idoov zlwklq wkh vdph jhqhudo fodvv dv

rwkhu PFPF yduldeoh vhohfwlrq vfkhphv/ vxfk dv wkrvh ri Fduwhu dqg Nrkq +4<<9,/ Nxr

dqg Pdoolfn +4<<:, zlwk wkh dgghg qryhow| ri h{solflw prghoolqj dqg lpsxwdwlrq ri plvvlqj

fryduldwhv dqg vdpsolqj ri k|shusdudphwhuv1 Rxu vfkhph fdq eh glvwlqjxlvkhg iurp wkh

vwrfkdvwlf vhdufk yduldeoh vhohfwlrq phwkrgv ri Jhrujh dqg PfFxoorfk +4<<8,/ lq zklfk

frqwudvw wr wkh dxwkruv duh deoh wr xwlolvh vwdqgdug PFPF surfhgxuhv e| ghyhorslqj d

sulru prgho vwuxfwxuh edvhg rq d pl{wxuh ri wzr glvwulexwlrqv1 Lq wkh vdpsoh vfkhph

dgrswhg khuh zkhuh h{sodqdwru| yduldeohv duh vzlwfkhg lq dqg rxw ghshqglqj xsrq wkhlu

uhohydqfh wr wkh revhuyhg gdwd/ hdfk hohphqw ri � lv prghoohg hlwkhu dv d frpsrqhqw ri

d glvwulexwlrq zlwk qhdu vlqjxodulw| fhqwuhg rq }hur/ ru iurp d glvwulexwlrq ri sodxvleoh

ydoxhv1 Rxu jhqhudo vfkhph fdq dovr eh ylhzhg dv d vshfldo yhuvlrq ri wkh uhyhuvleoh mxps

dojrulwkp ri Juhhq +4<<8,/ vhh glvfxvvlrq lq B1

815 Plvvlqj Gdwd +lqfrpsohwh,

Wkh iroorzlqj vhfwlrq ghvfulehv krz zh ghdo zlwk wkh sureohp ri plvvlqj gdwd1 Zh ohw

wkh q� n fryduldwh pdwul{ dv [ @[JK^[6 zkhuh wkh vxevfulswv re +p, ghqrwh revhuyhg
+plvvlqj, gdwd1 [JKc� ghqrwhv wkh vhw ri revhuyhg gdwd iru wkh prgho edvhg rq d sduwlfxodu

54
Lq fhuwdlq lqvwdqfhv wkh srvwhulru glvwulexwlrq RE� �_� pd| eh txlwh  dw/ zlwk d odujh qxpehu ri frpshw0

lqj prghov kdylqj kljk srvwhulru suredelolw|1 Dv qrwhg e| Jhrujh dqg PfFxoorfk +4<<8,/ vxfk d vlwxdwlrq

fdq dulvh lq wkh suhvhqfh ri d } zlwk kljk froolqhdulw| dprqj lqglfdwruv1
55 Lq idfw diwhu d ehvw prgho lv irxqg +ru d vhw ri ehvw prghov, lw zrxog eh srvvleoh wr gr d ixoo PFPF

iru sdudphwhuv li uhtxluhg1
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� frq�jxudwlrq1 Zlwklq d Jleev Vdpsolqj vhwxs fryduldwhv duh lpsxwhg dv dq dgglwlrqdo

vwhs1 Dvvxplqj d vlpsoh lqghshqghqw Jdxvvldq sulru prgho iru wkh plvvlqj fryduldwhv/

qdpho|

s+[6, � Q+[JK>	JK,>

zkhuh 	JK lv d gldjrqdo pdwul{ zlwk w|slfdo hohphqw �2
&
/56 plvvlqj gdwd [6 @

q
{6��

r
duh

vdpsohg iurp

[6c� � s+[6c� m[
W

JKrc� >�� >�> |> �0> ff> gf,=

Dvvxph s+[6c� m , � Q+[
W

JKc� > �
2
%E

W
, E| frpelqlqj sulru dqg gdwd lqirupdwlrq/ wkh

srvwhulru phdq [
W

6c� pd| eh zulwwhq

[
W

6c� @ EW

� ^+SR �[JKcJK, . +GR �
e[6c�,`= +54,

zkhuh EW
@ +SR .GR,

3�> zlwk SR +GR,/ ghqrwlqj/ uhvshfwlyho|/ sulru dqg gdwd suhflvlrq1e[6c� ghqrwhv wkh lpsxwhg ydoxh iurp gdwd571 Ohwwlqj SR @ 4@yhf+	JK,> GR @ ��

6�6@�
2
0>

dqg e[6c� @ |6@�6 �[JKc��JKc�/ +54, pd| eh zulwwhq dv

[
W

6c� @ +�6@�
2

0,� |6 �[JKc��JKc�

Dovr lqwhjudwh wkh deryh zlwk vdpsoh phdq dqg yduldqfh k|shusdudphwhuv iru plvvlqj

fryduldwhv=

s+��> �
2

� m[, @ s+��> �
2

� m[>|> �� > �> �0,

816 Vxppdu| ri dojrulwkp

D vlqjoh vzhhs ri wkh ixoo PFPF dojrulwkp iru wkh ixoo| Ed|hvldq dssurdfk fdq eh vxp0

pdulvhg dv iroorzv=

41 Lqglfdwruv ��> l @ 4> 5> ===> L duh vdpsohg lq wxuq zlwk uhsodfhphqw iurp wkh uhgxfhg

frqglwlrqdo glvwulexwlrq s+��m�*�>|>[>�,> zkhuh �*� @ +��> ===> ��3�> ��n�> ===> �U,/ xv0

lqj d Phwursrolv0Kdvwlqjv xsgdwh1 Reylrxvo| lq vdpsolqj iurp d uhgxfhg frqglwlrqdo

glvwulexwlrqv wklv lpsolhv wkdw zh kdyh dqdo|wlfdoo| pdujlqdol}hg wkh uhpdlqlqj frp0

srqhqwv ri wklv frqglwlrqdo1

Vshfl�fdoo|/ li wkh fxuuhqw vwdwh ri �� lv jlyhq e| v wkhq zh sursrvh d fkdqjh wr 4� v

dqg dffhsw wklv fkdqjh dffruglqj wr wkh Phwursrolv0Kdvwlqjv uxoh zlwk suredelolw|

plq

#
4>
s+�� @ +4� v,m�*�>|>[> �,

s+�� @ vm�*�>|>[> �,

$
=

56Fxuuhqwo| zh gr qrw wdnh gudzv iurp wklv sulru glvwulexwlrq/ exw xvh �{hg gdwd ydoxhv fJKc PJK�
57Qrwh= lq rshudwlrqdolvlqj wklv frpsrqhqw ri wkh PFPF dojrulwkp zh vhw �R ' f iru DLF dqg ELF

dssur{lpdwlrqv wr Ed|hvldq dssurdfk1
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51 +�
�> �> �0, duh vdpsohg dv d eorfn iurp wkhlu ixoo frqglwlrqdo s+�� > �> �0m�> �>|>[,1

Zh qrwh wkdw vxfk eorfn vdpsolqj iroorzv iurp wkh wkh idfw wkdw s+�� > �> �0m=, kdv d
Qrupdo0lqyhuwhg jdppd glvwulexwlrq1

61 Lpsxwh plvvlqj fryduldwhv iurp wkhlu ixoo frqglwlrqdo glvwulexwlrq

[6 � s+[6m|>[JKr
>�>�

�
> �> �0,>

zkhuh [JKr duh wkh revhuyhg fryduldwhv1

71 Vdpsoh phdq dqg yduldqfh k|shusdudphwhuv iru plvvlqj fryduldwhv=

s+�
�
> �2

�
m[, @ s+�

�
> �2

�
m[>|> �

�
> �> �0,> l @ 4> ===> L=

81 Vdpsoh � iurp s+�m|>[>�
�
>�> �> �0,

Wklv surfhgxuh lv uhshdwhg iurp d udqgrp lqlwldolvdwlrq xqwlo frqyhujhqfh lv frpsohwh

+exuq0lq wlph,1 Iroorzlqj exuq0lq/ vdpsohv iurp wkh fkdlq fdq eh xvhg iru Prqwh Fduor

lqihuhqfh derxw wkh prgho P6 5P ru dq| rwkhu sdudphwhu ri lqwhuhvw lq wkh prgho1 Ixoo

ghwdlov ri wkh srvwhulru glvwulexwlrqv uhtxluhg dqg wkh vdpsolqj vwhsv vxppdulvhg deryh

zloo eh jlyhq lq dq dsshqgl{ 1

9 Gdwd Lvvxhv

Wkh gdwd lv frpsulvhg ri d sdqho gdwdvhw zlwk d odujh dprxqw ri lqirupdwlrq froohfwhg ryhu

wkh shulrg 4<<504<<< iru 7< frxqwulhv1 Wkh vhohfwlrq ri erwk wkh vdpsoh ri frxqwulhv dqg

wkh shulrg ryhu zklfk zh frqgxfw lqihuhqfh hqwdlov d qxpehu ri wudgh0r�v1 Iru h{dpsoh/ d

odujhu vdpsoh ri frxqwulhv fdq surylgh pruh suhflvh lqihuhqfh/ exw rqo| li wkh sdudphwhuv

duh vwdeoh dfurvv frxqwulhv1 Pruhryhu/ wkh qxpehu ri frxqwulhv lv olplwhg ehfdxvh frxqwulhv

qhhg wr eh ri d fhuwdlq vl}h ehiruh wkh| kdyh ixoo dffhvv wr lqwhuqdwlrqdo fdslwdo pdunhwv

dqg wkxv fdq ehfrph yxoqhudeoh wr d �qdqfldo fulvlv1 Wklv vxjjhvwv d frpsurplvh1 Lq wklv

vwxg| zh xwlolvh gdwd rq 7< phglxp dqg odujh frxqwulhv wkdw kdyh dffhvv wr lqwhuqdwlrqdo

fdslwdo pdunhwv1 Vhh Wdeoh 51

Wkh wlph shulrg iru wkh dqdo|vlv lv 4<<50<<1 Dq hduolhu vwduwlqj srlqw zrxog surylgh

pruh gdwd iru lqihuhqfh/ exw zrxog fdoo lqwr txhvwlrq wkh lpsolflw dvvxpswlrq ri sdudphwhu

vwdelolw|/ vlqfh e| wkhlu yhu| qdwxuh wkh fdxvhv dqg g|qdplfv ri fulvhv hyroyh wkurxjk wlph1

Ixuwkhu/ wkh sxusrvh ri wklv sdshu lv wr lqirup iruzdug0orrnlqj srolflhv1 Ilqdoo|/ dv d

sudfwlfdo pdwwhu/ pxfk ri wkh nh| gdwd xvhg lq wkh dqdo|vlv lv dydlodeoh rqo| iru wkh 4<<3v1

Wkh sulpdu| remhfwlyh ri rxu vwxg| lv wr h{dplqh wkh ghwhuplqdqwv ri wkh lqwhqvlw|

ri fulvlv1 Wr gr wklv zh xvh d elqdu| lqglfdwru htxdo wr rqh li d edqnlqj ru fxuuhqf|

fulvlv kdv rffxuuhg wr vhohfw fulvlv revhuydwlrqv1 Xvlqj wklv vhohfwlrq phfkdqlvp zh kdyh

dssur{lpdwho| 75 fulvlv revhuydwlrqv1 Qrwh wkdw zh wuhdw wkhvh revhuydwlrqv dv d vdpsoh

iurp d srsxodwlrq gh�qhg e| wkh suhvhqfh ri d �qdqfldo fulvlv1 Wkxv/ rxu vdpsoh/ fryhulqj

wkh shulrg 4<<50<< zloo lqfoxgh fulvlv gdwd srlqwv vxfk dv XN 4<<5/ Dujhqwlqd 4<<8/ Ph{lfr

4<<8 hwf1
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914 Gh�qlwlrq dqg Phdvxuhphqw ri Fulvlv lqwhqvlw|

Fulvlv lqwhqvlw| lv jdxjhg e| wkh fkdqjh lq uhdo JGS uhodwlyh wr wkh suh0fulvlv wuhqg frqgl0

wlrqdo rq wkh rffxuuhqfh ri d fulvlv1 Wkh rxwsxw vkruwidoov iru wkhvh hslvrghv duh phdvxuhg

dv wkh shufhqwdjh ghyldwlrq ri dfwxdo JGS iurp lwv wuhqg> wkh wuhqg lv fdofxodwhg xvlqj d

Krgulfn0Suhvfrww �owhu zlwk vwdqgdug sdudphwhu vhwwlqjv1 Vlqfh wkh phdvxuhphqw ri fulvlv

lqwhqvlw| lqyroyhv d gxudwlrq frpsrqhqw/ dqrwkhu nh| vshfl�fdwlrq lvvxh lv zkdw gxudwlrq

wr fkrrvh lq wkh devhqfh ri d frpsohwh hpslulfdo pdfurhfrqrplf prgho wkdw zrxog frqwuro

iru doo wkh idfwruv lq xhqflqj rxwsxw +Krjjduwk hw do1/ 5334,1 Phdvxulqj lqwhqvlw| xvlqj

rxwsxw gdwd iru wkh |hdu ri wkh fulvlv zrxog vhhp wrr vkruw/ dqg wkhuh lv dovr wkh sureohp

ri fulvhv wkdw vwduw odwh lq wkh |hdu1 Rq wkh rwkhu kdqg/ xvlqj gdwd iru vd| irxu ru �yh

|hduv diwhu wkh rqvhw ri fulvlv zrxog prvw olnho| lqwurgxfh dgglwlrqdo h{wudqhrxv vkrfnv1

Dq dowhuqdwlyh dssurdfk zrxog eh wr hpsor| d yduldeoh gxudwlrq edvhg rq wkh qxpehu ri

srvw0fulvlv |hduv iru zklfk JGS uhpdlqhg ehorz wuhqg1 Rqh sureohp zlwk wklv dssurdfk

lv wkdw d yduldeoh gxudwlrq fdq lqwurgxfh h{wudqhrxv vkrfnv dqg/ pruhryhu/ udlvhv gl!fxow

sureohpv ri gh�qlqj h{sodqdwru| lqglfdwruv/ h1j1/ vkrxog dyhudjhv ri lqglfdwruv eh xvhg/ ru

dw wkh ehjlqqlqj ri wkh fulvlv1 Iru wkhvh uhdvrqv/ wkh vkruwidoo ri rxwsxw iurp wuhqg iru wkh

fulvlv |hdu dqg wkh iroorzlqj |hdu zdv xvhg1 Wklv dssurdfk lqwurgxfhv dq h{wud vrxufh ri

phdvxuhphqw huuru dw wkh jdlq ri frqvlvwhqw gh�qlwlrqv/ dqg lqwhusuhwdwlrqv ri h{sodqdwru|

lqglfdwruv158

Ilqdqfldo fulvhv fdxvhg rxwsxw wr frqwudfw e| 7 shufhqw rq dyhudjh dfurvv wkh hqwluh

vdpsoh +vhh Iljxuh 6,1 Wkh dyhudjh lpsdfw rq rxwsxw ri fulvlv hyhqwv iru wkh shulrg 4<::0

<< kdv ehhq qhjdwlyh/ h{fhsw iru irxu |hduv/ prvwo| fryhulqj lqgxvwuldo frxqwu| fulvhv1

Jhqhudoo|/ wkh prvw vhyhuh fulvhv rffxuuhg gxulqj wkh plg04<;3v/ 4<<:/ dqg wr d ohvvhu

h{whqw gxulqj wkh hduo| 4<<3v159

Fulvlv lqwhqvlw| ydulhv zlgho| zlwk dq dyhudjh dqqxdo udqjh ri vrph 47 shufhqw1 Lq0

grqhvld lq 4<<:0<; h{shulhqfhg wkh odujhvw rxwsxw frqwudfwlrq ri 63 shufhqw1 Rq dyhudjh/

ghyhorslqj frxqwulhv duh klw kdughu lq frpsdulvrq wr lqgxvwuldo frxqwulhv/ dqg zlwk d

zlghu udqjh ri wkh fulvlv lpsdfw lv zlghu1 Dq h{fhswlrq duh wkh ghyhorslqj frxqwulhv lq

Hxursh zkr h{shulhqfh d ohvv dgyhuvh dqg hyhq d srvlwlyh lpsdfw rq rxwsxw gxulqj wkh

4<<3v +prvwo| HPX fulvlv revhuydwlrqv, suredeo| uh hfwlqj wkhlu wlhv wr lqgxvwuldo frxq0

wulhv zklfk duh ohvv surqh wr �qdqfldo fulvhv1 Wkh Dvldq frxqwu| fulvhv gxulqj 4<<60<< kdg

wkh prvw ghohwhulrxv lpsdfw rq rxwsxw dfurvv wkh uhjlrqv dqg wlph shulrgv1 Prvw ri wkh

rwkhu hslvrghv rughuhg lq wklv zd| kdg dyhudjh frqwudfwlrqv lq wkh udqjh 07 wr 05 shufhqw

udqjh1

915 Fulvlv Fkdqqho Lqglfdwruv

Wkh uhylhz ri wkh wkhruhwlfdo olwhudwxuh dv zhoo dv sudfwlfdo h{shulhqfh/ vxjjhvwv wkdw lw lv

srvvleoh wr fodvvli| rxu vhw ri fulvlv lqglfdwruv dffruglqj wr wkh iroorzlqj fulvlv fkdqqhov=

wkh h{whuqdo vhfwru/ edqnlqj vhfwru/ frusrudwh vhfwru/ froodwhudo/ �qdqfldo euhdgwk/ iruhljq

h{fkdqjh oltxlglw|/ dqg wkh ohjdo hqylurqphqw +vhh Wdeoh 4,1

58Zh qrwh wkdw hvwlpdwlrq zlwk dowhuqdwlyh gh�qlwlrqv ri gxudwlrq vxjjhvw wkdw wkh uhvxowv duh urexvw

zlwk uhvshfw wr wkh whup ri wkh gxudwlrq1
59Qrwh wkdw wkh gl�huhqwldo qxpehu ri fulvhv shu |hdu glvwruwv wkhvh dqqxdo dyhudjhv1
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: Fulvlv Lqwhqvlw| Uhvxowv

Fulvlv lqwhqvlw| uhvxowv duh suhvhqwhg lq Wdeohv 7�<1 Dv qrwhg/ fulvlv lqwhqvlw| lv phdvxuhg

dv wkh dffxpxodwhg ghyldwlrq iurp wuhqg JGS gxulqj wkh fulvlv |hdu dqg wkh iroorzlqj |hdu1

Zh dovr uhlwhudwh wkdw fulvlv hyhqwv lqfoxgh hlwkhu fxuuhqf| fulvhv dqg edqnlqj fulvhv1 Iru

hdfk lqglfdwru/ zh suhvhqw wkh phdq ri srvwhulru glvwulexwlrq ri wkh sdudphwhuv/ frqglwlrqdo

rq wkh lqglfdwru ehlqj lqfoxghg/ qdpho|

H+�,m�, @
2
U[

�'�

4+�,c��
@ 4, � s+P� m|,e��,>

wrjhwkhu zlwk wkh 8wk dqg <8wk txdqwlohv1
Lq dgglwlrq/ zh uhsruw wkh srvwhulru pdujlqdo suredelolw| ri lqfoxvlrq iru hdfk lqglfdwru/

o> jlyhq e|

s+�,m|, @
2
U[

�'�

4+�,c��
@ 4, � s+P�m|,> +55,

zklfk vlpso| vxpv wkh srvwhulru prgho suredelolwlhv iru hdfk prgho lq zklfk wkh lqglfdwru
dsshduv1 Wklv sduwlfxodu srvwhulru txdqwlw| uhsuhvhqwv d phdvxuh ri xqfrqglwlrqdo lqglfdwru
xqfhuwdlqw|/ dqg dv d frqvhtxhqfh lv dq lpsruwdqw remhfwv iru srolf| ghflvlrqv1 Qdpho|/ lq
lghqwli|lqj wkh �uvw vwdjh ri frqgxfwlqj srolf| dv ghflglqj zklfk lqglfdwruv wr froohfw gdwd
iru/ d phdvxuh ri wkh uhodwlyh lpsruwdqfh ri hdfk lqglfdwru dv uhsuhvhqwhg e| d vfdoh iuhh
suredelolw| zloo eh xvhixo1 Zh qrwh wkdw lq wkh fdvh ri wkh ixoo Ed|hvldq dssurdfk wkhvh
hvwlpdwhv duh frpsohwho| xqfrqglwlrqdo diwhu lqwhjudwlqj rxw erwk prgho dqg sdudphwhu
xqfhuwdlqw|1 Iru erwk wkh ELF dqg DLF dssur{lpdwlrqv wkh pdujlqdo srvwhulru lqfoxvlrq
suredelolwlhv duh frqvwuxfwhg xqfrqglwlrqdoo| zlwk uhvshfw wr wkh prgho vsdfh/ exw gr qrw
uh hfw dq dffrxqw ri sdudphwhu xqfhuwdlqw|1

Zh suhvhqw rxu uhvxowv rughuhg e| wkh fulvlv fkdqqhov dv olvwhg lq Wdeoh 61 Qrwh wkdw lq
grlqj wklv zh duh deoh wr jdxjh erwk wkh devroxwh lpsruwdqfh ri d jlyhq lqglfdwru/ dqg wkh
uhodwlyh lpsruwdqfh iru dq lqglfdwru zlwklq d sduwlfxodu fkdqqho1 Wklv zloo eh ri sduwlfxodu
lpsruwdqfh lq wkh fdvh ri fulvlv fkdqqhov/ vxfk dv wkh Frusrudwh Vhfwru/ zkhuh wkhuh h{lvw
d uhodwlyh odujh qxpehu ri phdvxuhv1

Lq lqwhusuhwlqj wkh uhvxowv zh frqvlghu wkh iroorzlqj srolf| sureohp1 D srolf|pdnhu
lv lqwhuhvwhg lq erwk wkh uhodwlyh lpsruwdqfh ri d fdqglgdwh vhw ri lqglfdwruv ri fulvhv lq0
whqvlw|/ dqg wkh lpsdfw ri dq| jlyhq lqglfdwru zklfk lv qrw frqglwlrqdo rq dq| sduwlfxodu
vshfl�hg prgho1 Edvhg xsrq wklv revhuydwlrq/ zh qhhg wr frqvlghu wkh lqirupdwlrq suhvhqw
lq erwk wkh pdjqlwxgh ri srvwhulru lqfoxvlrq suredelolwlhv uhodwlyh wr dq| sulru eholhiv> dqg
wkh hvwlpdwhg h�hfw ri dq| jlyhq lqglfdwru rq fulvhv lqwhqvlw|1 Wkhuhiruh/ lq fdvhv zkhuh
zh kdyh vshfl�hg d sulru lqfoxvlrq suredelolw|/ iroorzlqj Vdod0L0Pduwlq/ Grsshokrihu/ dqg
Ploohu +5335,/ zh hydoxdwh pdujlqdo vljql�fdqfh dfurvv lqglfdwruv uhodwlyh wr d sulru ydoxh1
Iru h{dpsoh/ e| vhwwlqj wkh h{shfwhg prgho vl}h wr vl{/ wkh sulru lqfoxvlrq suredelolw| +sls,
lv 925: @ 315551 Dowkrxjk/ zh qrwh wkdw lq wkh ixoo Ed|hvldq dssurdfk zh kdyh uhpryhg
ghshqghqfh rq wklv �{hg k|shusdudphwhu e| xwlolvlqj d Ehwd0Elqrpldo sulru/ zh vwloo xwlolvh
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sls dv dq lqirupdo ehqfkpdun zlwk zklfk wr hydoxdwh wkh uhodwlyh pdjqlwxgh ri srvwhulru
lqfoxvlrq suredelolwlhv1 Vhfrqg/ lw lv lpsruwdqw wr lqwhusuhw wkh mrlqw lqirupdwlrq frqwdlqhg
lq wkh srvwhulru ghqvlw| ri d jlyhq lqglfdwru dqg wkh pdujlqdo suredelolw| ri lqfoxvlrq1 Lq
wklv frqwh{w zh pd| lghqwli| wkh iroorzlqj fdvhv= +l, d fuhgleoh lqwhuydo zklfk h{foxghv
}hur/ exw zlwk d uhodwlyho| orz pdujlqdo srvwhulru lqfoxvlrq suredelolw| +pls,> +ll, d fuhg0
leoh lqwhuydo zklfk h{foxghv }hur/ exw zlwk d uhodwlyho| kljk pls> +lll, d fuhgleoh lqwhuydo
zklfk frqwdlqv }hur/ exw zlwk d uhodwlyho| orz pdujlqdo lqfoxvlrq suredelolw| +pls,> dqg
+lll, d fuhgleoh lqwhuydo zklfk frqwdlqv }hur/ exw zlwk d uhodwlyho| kljk pdujlqdo lqfoxvlrq
suredelolw| +pls,= Fdvhv +l, dqg +ll, uhtxluh qr dgglwlrqdo h{sodqdwlrq1 Krzhyhu/ zh qrwh
wkdw +lll, lv olnho| wr rffxu li d prgho frqwulexwhv wr wkh �w ri d prgho/ exw lv oldeoh wr vzlwfk
vljqv gxh wr froolqhdulw|15: Xvlqj d vlplodu iudphzrun wr hydoxdwh wkh uhodwlyh vljql�fdqfh
ryhu lqglylgxdo lqglfdwruv dv frqgxfwhg lq Vdod0L0Pduwlq/ Grsshokrihu/ dqg Ploohu +5335,/
zh zloo uhihu wr lqglfdwruv dv vwurqj +v, li pls A sls dqg wkh fuhgleoh lqwhuydo5; grhv qrw
lqfoxgh }hur/ dqg dv pdujlqdo +p, li sls A pls dqg wkh fuhgleoh lqwhuydo grhv qrw frqwdlq
}hur1 Wkh uhpdlqlqj lqglfdwruv duh fodvvl�hg dv zhdn +z,1 Dowkrxjk zh frqfhgh wkh deul0
wudu| qdwxuh ri vxfk d fodvvl�fdwlrq/ lw grhv idflolwdwh frpsdulvrq ryhu wkh Ed|hvldq/ DLF/
dqg ELF uhvxowv1

Lq Wdeoh 7 zh suhvhqw wkh uhvxowv iurp d ixoo Ed|hvldq dqdo|vlv1 Wkh ydoxhv iru wkh �{hg
k|shusdudphwhuv duh surylghg dv d irrwqrwh wr wkh wdeoh1 Dfurvv wkh fulvlv fkdqqhov zh qrwh
d odujh qxpehu srvwhulru ghqvlwlhv zlwk fuhgleoh lqwhuydov h{foxglqj }hur/ exw iru zklfk wkh
srvwhulru pdujlqdo suredelolw| ri lqfoxvlrq lv ohvv wkdq wkh sulru lqfoxvlrq suredelolw|1 Wkh
ohjdo hqylurqphqw lv dovr vhhq dv d fuxfldo fdxvh ri fulvlv hyhq wkrxjk wklv frqfhsw lv dovr
gl!fxow wr gh�qh1 Srru jryhuqdqfh�uh hfwlqj od{ vkduhkroghu uljkwv/ rsdtxh dffrxqwlqj/
dqg zhdn odz hqirufhphqw�xqghuplqhg wkh uhvlolhqf| ri wkh sulydwh vhfwru wr h{whuqdo
vkrfnv1 Lq wklv lqvwdqfh/ rxu phdvxuhv ri wkh ohjdo hqylurqphqw/ wkh Uxoh ri Odz dqg
Dqwlgluhfwru Uljkwv duh uhdvrqdeo| suhflvho| hvwlpdwhg/ exw kdyh pdujlqdo suredelolwlhv
wkdw d txlwh orz1 Vlploduo| lqglfdwruv ri Edqnlqj Vhfwru sureohpv doo suhvhqw fuhgleoh
lqwhuydov zklfk gr qrw frqwdlq }hur/ exw zlwk srvwhulru lqfoxvlrq suredelolwlhv udqjlqj
iurp 46 wr 54(1 Iru wkh H{whuqdo Vhfwru zh revhuyh wzr vwurqj lqglfdwruv lq wkh irup
ri wkh udwlr ri edodqfh ri wkh fxuuhqw dffrxqw wr JGS dqg lpsruwv wr JGS1 Qrwh dovr
wkdw wkh fdwhjrulfdo yduldeoh lqglfdwlqj wkh ohyho ri ghyhorsphqw/ lv fodvvl�hg dv pdujlqdo/
zklfk vxjjhvwv wkdw wkh uhpdlqlqj lqglfdwruv duh fdswxulqj pxfk ri wkh yduldwlrq lq fulvlv
lqwhqvlw|1

Wkh uhvxowv iru wkh Frusrudwh Vhfwru lqglfdwruv duh sduwlfxoduo| lqwhuhvwlqj1 Qrwh wkdw
lq wklv fdvh zh kdyh d uhodwlyho| odujh qxpehu ri fdqglgdwh lqglfdwruv phdvxulqj frusrudwh
ohyhudjh dqg frusrudwh oltxlglw|1 Lq wklv uhjdug zh qrwh wkdw wkhuh h{lvwv frqvlghudeoh
sulru xqfhuwdlqw| ryhu wkh dssursuldwh lqglfdwru1 Dowkrxjk erwk wkh udwlr ri htxlw| wr
wrwdo fdslwdo/ dqg wkh txlfn udwlr duh erwk pdujlqdo/ wkh fxuuhqw udwlr 0 wkh udwlr ri wrwdo
fxuuhqw dvvhwv wr wrwdo fxuuhqw oldelolwlhv lv e| idu wkh prvw lpsruwdqw lqglfdwru zlwklq wklv
fulvlv fkdqqho1

Wkh uhodwlyho| uhfhqw iruhljq h{fkdqjh oltxlglw| dssurdfk h{solflwo| dgguhvvhv mrlqw
fxuuhqf| dqg edqn fulvlv g|qdplfv dulvlqj iurp d vkruwidoo ri iruhljq h{fkdqjh oltxlglw|1

5:Qrwh wkdw lw pd| eh srvvleoh wr ryhufrph wklv zlwk d sduwlfxodu sulru vshfl�fdwlrq li vxfk froolqhdulw|

frxog eh dqwlflsdwhg1
5;Qrwh wkdw vlqfh Vdod0L0Pduwlq/ Grsshokrihu/ dqg Ploohu +5335, xwlolvh d Ed|hvldq Dyhujlqj ri Fodvvlfdo

Hvwlpdwhv +EDFH, dssurdfk wr prgho xqfhuwdlqw|/ wkhq wkh whup fuhgleoh lqwhuydo grhv qrw gluhfwo| dsso|1
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Oltxlglw| lv gh�qhg dv wkh gl�huhqfh ehwzhhq srwhqwldo vkruw0whup reoljdwlrqv lq iruhljq

fxuuhqf| dqg wkh dprxqw ri dffhvvleoh iruhljq fxuuhqf| lq wkh frqvrolgdwhg �qdqfldo v|v0

whp1 Ri wkh uhpdlqlqj fulvlv fkdqqhov dqg lqglfdwruv wkhuhlq/ wkh prvw qrwdeoh uhvxow lv

wkh lpsruwdqfh ri rqh phdvxuh ri iruhljq h{fkdqjh oltxlglw|/ wkh fkdqjh lq sulydwh fdsl0

wdo  rzv1 Lq wklv uhvshfw wkh lpsruwdqfh ri wkh fxwr� wr fdslwdo lq rzv vxjjhvwv wkdw wkh

pdjqlwxgh ri wkh fulvlv wuljjhulqj vkrfn lv fuxfldo wr wkh rxwsxw frqvhtxhqfhv ri d �qdqfldo

fulvlv1

Lq wdeohv �yh dqg vl{ zh suhvhqw wkh uhvxowv iurp wkh xvh ri wzr *dssur{lpdwlrqv*

wr d ixoo Ed|hvldq dssurdfk wr prgho xqfhuwdlqw|= DLF zklfk hvwlpdwhv wkh uhodwlyh NO

glvwdqfh dfurvv d P0rshq prgho vsdfh> dqg ELF edvhg xsrq dq dssur{lpdwlrq wr ixoo

Ed|hvldq dvvxplqj d P0forvhg prgho vsdfh1 Lq Wdeoh < zh vxppdulvh rxu �qglqjv dfurvv

wkhvh wkuhh dssurdfkhv/ irfxvvlqj rq wkh pdjqlwxghv ri wkh hvwlpdwhg pls +dv uhsuhvhqwhg

lq +55,, dqg wkh fodvvl�fdwlrq v|vwhp glvfxvvhg deryh1

D qxpehu ri nh| revhuydwlrqv fdq eh pdgh=

41 zlwk d ihz qrwdeoh h{fhswlrqv wkhuh h{lvwv d kljk ghjuhh ri fruuhvsrqghqfh ehwzhhq

wkh hvwlpdwhg pls dfurvv doo wkuhh dssurdfkhv

51 lq wkh fdvh ri ELF dqg DLF/ wkh jhqhudo udqnlqj Dndlnh pls A ELF pls frq�upv

suhylrxv �qglqjv +vhh/ iru h{dpsoh/ Exuqkdp dqg Dqghuvrq +4<<;,,1

61 zkhq dq lqglfdwru lv fodvvl�hg dv vwurqj e| dq| ri wkh wkuhh dssurdfkhv lw lv vlploduo|

fodvvl�hg e| wkh rwkhu wzr> wkh gl�huhqfh lq wkh hvwlpdwhgpls dfurvv wkh dssurdfkhv

lv jhqhudoo| orz1

71 iru lqglfdwruv fodvvl�hg dv hlwkhu pdujlqdo 0 p + sls A pls dqg fuhgleoh lqwhuydo

h{foxghv }hur, ru zhdn 0 z + sls A pls dqg fuhgleoh lqwhuydo frqwdlqv }hur,/ wkhuh lv

doprvw 433( fruuhvsrqghqfh ehwzhhq DLF dqg ELF lq whupv ri wkh fodvvl�fdwlrq/

zlwk djdlq wkh hvwlpdwhg pls edvhg xsrq DLF h{fhhgv wkdw iru ELF1

Lq wklv lqvwdqfh dowkrxjk wkh hvwlpdwhg pls iru ELF dqg Ed|hvldq duh yhu| vlplodu/

wkh fodvvl�fdwlrq suhglfwhg e| wkh Ed|hvldq dssurdfk lv lq d qxpehu ri fdvhv gl�huhqw

wkdq ELF dqg DLF

81 wkh prvw vljql�fdqw gl�huhqfh lq hvwlpdwhg pls ydoxhv dsshduv iru wkh lqglfdwru 0

Udwlqj rq Dffrxqwlqj Vwdqgdugv1 Dowkrxjk doo wkuhh dssurdfkhv fodvvli| wklv lqgfld0

wru dv zhdn/ wkh Ed|hv dssurdfk suhglfwv d kljkpls +31939,/ zkhuhdv wkh suhglfwlrqv

edvhg rq DLF +31496, dqg ELF +31456, duh pxfk orzhu1

; Frqfoxvlrq

Wklv sdshu h{dplqhg wkh lqwhqvlw| ri �qdqfldo fulvhv gxulqj wkh 4<<3v zlwk d ylhz wr

lpsurylqj fulvlv suhyhqwlrq dqg plwljdwlrq srolflhv1 Wkh prwlydwlrq zdv wkh qhz pdqgdwh

iru wkh LPI dqg Zruog Edqn wr xqghuwdnh frpsuhkhqvlyh dvvhvvphqwv ri wkh yxoqhudelolw|

ri wkh �qdqfldo vhfwruv ri phpehu frxqwulhv/ dv zhoo dv wkh qhhg iru qdwlrqdo srolf|pdnhuv

wr irupxodwh plwljdwlrq srolflhv1 Wklv sdshu dlphg wr h{whqg wkh �qdqfldo fulvlv hpslulfdo

olwhudwxuh wr khos lqirup wkhvh dvvhvvphqwv dqg srolflhv1 Wkh uhvxowv iru fulvlv lqwhqvlw|

lqglfdwh wkdw wkh pdjqlwxgh ri wkh fulvlv0wuljjhulqj vkrfn pd| pdwwhu dv pxfk dv wkh
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xqghuo|lqj edodqfh vkhhw g|qdplfv1 Wkh fxwr� ri sulydwh fdslwdo lq rzv/ frusrudwh edodqfh

vkhhw lqglfdwruv/ dqg wr d ohvvhu h{whqw lpsruwv wr JGS duh wkh prvw urexvw lqglfdwruv1

Rxu uhvxowv kdyh lpsolfdwlrqv iru dvvhvvphqwv ri wkh yxoqhudelolw| ri wkh �qdqfldo vhfwru

wr fulvhv/ dv zhoo dv iru eurdghu hfrqrplf srolflhv1 Wkh lpsruwdqfh ri wkh fdslwdo lq rz

dqg lpsruw2JGS lqglfdwruv kljkoljkwv wkh lpsruwdqfh ri h{whuqdo vhfwru dgmxvwphqw lq

vkdslqj wkh uhvsrqvh ri rxwsxw wr d �qdqfldo fulvlv +Nuxjpdq +4<<<,,1 Wkxv/ lq iruplqj

fulvlv plwljdwlrq srolflhv/ h1j1/ frxqwhuf|folfdo prqhwdu| dqg �vfdo srolf| uhvsrqvhv/ jry0

huqphqwv vkrxog sd| fduhixo dwwhqwlrq wr wkh pdjqlwxgh ri wkh fulvlv0wuljjhulqj fxwr� ri

sulydwh fdslwdo lq rzv1 Lq frqwudvw wr rwkhu vwxglhv/ wkh ohjdo lqglfdwruv hqwhu pdujlqdoo|/

vxjjhvwlqj wkhlu lq xhqfh lqghshqghqw ri wkh rwkhu lqglfdwruv lv plqlpdo1 Vlploduo|/ wkh

edqnlqj dqg �qdqfldo euhdgwk lqglfdwru uhvxowv duh pl{hg/ lqglfdwlqj wkdw wkh| pd| eh

frqgxlwv ri frusrudwh glvwuhvv dqg oltxlglw| frqvwudlqwv/ udwkhu wkdq kdyh dq lqghshqghqw

uroh lq fulvlv yxoqhudelolw|1
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Uhihuhqfhv

Dndlnh/ K1 +4<:6,= �Lqirupdwlrq Wkhru| dqg dq H{whqvlrq ri wkh Pd{lpxp Olnholkrrg

Sulqflsoh/� lq Surfhhglqjv ri wkh 5qg Lqwhuqdwlrqdo V|psrvlxp rq Lqirupdwlrq Wkhru|/

hg1 e| Q1 Shwury/ dqg I1 Fvdgnl/ ss1 59:�5;41 Dndghpldl Nldgr/ Exgdshvw1

Ehuj/ D1/ H1 Eruhqv}whlq/ J1 P1 Plohvl0Ihuuhwwl/ dqg F1 Sdwwloor +4<<<,= �Dq0

wlflsdwlqj Edodqfh ri Sd|phqwv Fulvhv 0 Wkh Uroh ri Hduo| Zduqlqj V|vwhpv/� LPI

Rffdvlrqdo Sdshu Qr1 4;91

Erugr/ P1/ E1 Hlfkhqjuhhq/ G1 Nolqjhelho/ dqg P1 V1 Pduwlqh}0Shuld +5334,=

�Lv wkh Fulvlv Sureohp Jurzlqj Pruh Vhyhuh/� Hfrqrplf Srolf|1

Er}grjdq/ K1 +4<;:,= �Prgho Vhohfwlrq dqg Dndlnh*v Lqirupdwlrq Fulwhulrq +DLF,= Wkh

Jhqhudo Wkhru| dqg lwv Dqdo|wlfdo H{whqvlrqv/� Sv|fkrphwulnd/ 85/ 678�6:31

Eurfn/ Z1 D1/ V1 Q1 Gxuodxi/ dqg N1 G1 Zhvw +5336,= �Srolf| Hydoxdwlrq lq Xq0

fhuwdlq Hfrqrplf Hqylurqphqwv/� xqsxeolvkhg sdshu1

Exuqkdp/ N1 S1/ dqg G1 U1 Dqghuvrq +4<<;,= Prgho Vhohfwlrq dqg Lqihuhqfh= D

Sudfwlfdo Lqirupdwlrq0Wkhruhwlf Dssurdfk1 Vsulqjhu0Yhuodj/ Qhz \run1

Fdedoohur/ U1/ dqg D1 Nulvkqdpxuwk| +4<<<,= �Hphujlqj Pdunhwv Fulvlv 0 Dq Dvvhw

Pdunhwv Shuvshfwlyh/� LPI Zrunlqj Sdshu <<245</ Zdvklqjwrq1

+5333,= �Lqwhuqdwlrqdo dqg Grphvwlf Froodwhudo Frqvwudlqwv lq d Prgho ri Hphuj0

lqj Pdunhwv Fulvhv/� plphr1

Fdpsrv/ M1/ dqg Q1 U1 Hulfvvrq +5333,= �Frqvwuxfwlyh Gdwd Plqlqj= Prgholqj Frq0

vxphuv* H{shqglwxuh lq Yhqh}xhod/� Erdug ri Jryhuqruv ri wkh Ihghudo Uhvhuyh V|vwhp/

Lqwhuqdwlrqdo Ilqdqfh Glvfxvvlrq Sdshuv Qr1 996/1

Fduwhu/ F1/ dqg U1 Nrkq +4<<9,= �Pdunry Fkdlq Prqwh Fduor lq Frqglwlrqdoo| Jdxv0

vldq Vwdwh Vsdfh Prghov/� Elrphwulnd/ ss1 8;<�9341

Fkdqj/ U1/ dqg Y1 D1 +4<<<,= �Oltxlglw| Fulvhv lq Hphujlqj Pdunhwv= Wkhru| dqg

Srolf|/� QEHU Zrunlqj Sdshu Qr1 :5:5/ Mxo|1

Fklspdq/ K1 +4<<9,= �Ed|hvldq Yduldeoh Vhohfwlrq zlwk Uhodwhg Suhglfwruv/� Fdqdgldq

Mrxuqdo ri Vwdwlvwlfv/ 57/ 4:�691

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

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

Gdylgvrq/ M1 H1 K1/ dqg G1 I1 Khqgu| +4<;4,= �Lqwhusuhwlqj Hfrqrphwulf Hyl0

ghqfh= Frqvxphuv* H{shqglwxuh lq wkh XN/� Hxurshdq Hfrqrplf Uhylhz/ 49/ 4::�4<5/

Uhsulqwhg lq Khqgu|/ G1 I1 +4<<6,/ Hfrqrphwulfv= Dofkhp| ru VflhqfhB R{irug= Eodfn0

zhoo Sxeolvkhuv1

Ghplujxf0Nxqw/ D1/ dqg H1 Ghwudjldfkh +4<<<d,= �Wkh Ghwhuplqdqwv ri Edqnlqj

Fulvhv= Hylghqfh iurp Ghyhorslqj dqg Ghyhorshg Frxqwulhv/� LPI Vwd� sdshuv/ 78+4,/

;4�43</ Zdvklqjwrq= Lqwhuqdwlrqdo Prqhwdu| Ixqg1
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+4<<<e,= �Prqlwrulqj Edqnlqj Vhfwru Iudjlolw| 0 D Pxowlyduldwh Orjlw Dssurdfk/�

LPI Zrunlqj Sdshu <<247:1

Ghplujxf0Nxqw/ D1/ H1 Ghwudjldfkh/ dqg S1 Jxswd +5333,= �Lqvlgh wkh Fulvhv 0

Dq Hpslulfdo Dqdo|vlv ri Edqnlqj V|vwhpv lq Glvwuhvv/� LPI Zrunlqj Sdshu 332489/

Rfwrehu +Zdvklqjwrq= Lqwhuqdwlrqdo Prqhwdu| Ixqg,1

Hlfkhqjuhhq/ E1/ D1 Urvh/ dqg F1 Z|sorv} +4<<9,= �Frqwdjlrxv Fxuuhqf| Fulvhv/�

QEHU Qr1 89;4/ Mxo|1

Hlfkhqjuhhq/ E1/ dqg D1 N1 Urvh +4<<;,= �Vwd|lqj D rdw Zkhq wkh Zlqg Vkliwv=

H{whuqdo Idfwruv dqg Hphujlqj0Pdunhw Edqnlqj Fulvhv/� QEHU Zrunlqj Sdshu Qr1

Z96:3/ Mdqxdu|1

Ihuqdqgh}/ F1/ H1 Oh|/ dqg P1 I1 M1 Vwhho +5334d,= �Ehqfkpdun Sulruv iru Ed|hvldq

Prgho Dyhudjlqj/� Mrxuqdo ri Hfrqrphwulfv/ 433/ 6;4�75:1

Ihuqdqgh}/ F1/ H1 Oh|/ dqg P1 I1 M1 Vwhho +5334e,= �Prgho Xqfhuwdlqw| lq Furvv0

Frxqwu| Jurzwk Uhjuhvvlrqv/� Mrxuqdo ri Dssolhg Hfrqrphwulfv/ 491

Jhrujh/ H1 L1/ dqg G1 S1 Irvwhu +5333,= �Fdoleudwlrq dqg Hpslulfdo Ed|hv Yduldeoh

Vhohfwlrq/� Elrphwulnd/ ;:+7,/ :64�:7:1

Jhrujh/ H1 L1/ dqg U1 H1 PfFxoorfk +4<<8,= �Vwrfkdvwlf Vhdufk Yduldeoh Vhohfwlrq/�

lq Sudfwlfdo Pdunry Fkdlq Prqwh Fduor lq Sudfwlfh/ hg1 e| Z1 U1 Jlonv/ V1 Ulfkdugvrq/

dqg G1 M1 Vslhjhokdowhu/ ss1 536�471 Fkdspdq dqg Kdoo/ Orqgrq1

Jhuwohu/ P1/ V1 Jlofkulvw/ dqg I1 P1 Qdwdoxffl +5333,= �H{whuqdo Frqvwudlqwv rq

Prqhwdu| Srolf| dqg wkh Ilqdqfldo Dffhohudwru/� plphr1

Judqjhu/ F1/ P1 O1 Nlqj/ dqg K1 Zklwh +4<<8,= �Frpphqwv rq Whvwlqj Hfrqrplf

Wkhrulhv dqg wkh Xvh ri Prgho Vhohfwlrq Fulwhuld/� Mrxuqdo ri Hfrqrphwulfv/ 9:/ 4:6�

4;:1

Juhhq/ S1 M1 +4<<8,= �Uhyhuvleoh Mxps Pdunry0Fkdlq Prqwh Fduor Frpsxwdwlrq dqg

Ed|hvldq Prgho Ghwhuplqdwlrq/� Elrphwulnd/ ;5/ :44�:651

Kxuylfk/ F1 P1/ dqg F1 O1 Wvdl +4<;<,= �Uhjuhvvlrq dqg Wlph Vhulhv Prgho Vhohfwlrq

lq Vpdoo Vdpsohv/� Elrphwulnd/ 77/ 5<:�63:1

Ndplqvn|/ J1 O1/ dqg F1 P1 Uhlqkduw +4<<<,= �Wkh Wzlq Fulvhv= Wkh Fdxvhv ri

Edqnlqj dqg Edodqfh0ri0Sd|phqwv Sureohpv/� Wkh Dphulfdq Hfrqrplf Uhylhz/ ;<+6,/

7:6�8331

Ndvv/ U1 H1/ dqg D1 H1 Udiwhu| +4<<8,= �Ed|hv Idfwruv/� Mrxuqdo ri wkh Dphulfdq

Vwdwlvwlfdo Dvvrfldwlrq/ <3/ ::6�:<81

Ndvv/ U1 H1/ dqg D1 H1 Udiwhu| +4<<8,= �Ed|hv Idfwruv/� Mrxuqdo ri wkh Dphulfdq

Vwdwlvwlfdo Dvvrfldwlrq/ <3+763,/ ::6�:<81

Nl|rwdnl/ E1/ dqg M1 Prruh +4<<:,= �Fuhglw F|fohv/� Mrxuqdo ri Srolwlfdo Hfrqrp|1
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Nuro}lj/ K1 P1/ dqg G1 I1 Khqgu| +5333,= �Frpsxwhu Dxwrpdwlrq ri Jhqhudo0

wr0Vshfl�f Prgho Vhohfwlrq Surfhgxuhv/� Zrunlqj Sdshu/ Lqvwlwxwh ri Hfrqrplfv dqg

Vwdwlvwlfv/ R{irug1

Nuxjpdq/ S1 +4<:<,= �D Prgho ri Edodqfh0ri0Sd|phqwv Fulvhv/� Mrxuqdo ri Prqh|/

Fuhglw dqg Edqnlqj/ 44+6,/ 644�581

+4<<<,= �Dqdo|wlfdo Diwhuwkrxjkwv rq wkh Dvldq Fulvlv/�

zhe1plw1hgx2nuxjpdq2zzz2PLQLFULV1kwp/ Vhswhpehu1

Nxr/ O1/ dqg E1 Pdoolfn +4<<:,= �Yduldeoh Vhohfwlrq iru Uhjuhvvlrq Prghov/� Vdqnk|d1

Pxoghu/ F1/ U1 Shuuhool/ dqg P1 Urfkd +5334,= �Wkh Uroh ri Frusrudwh/ Ohjdo dqg

Pdfur Edodqfh Vkhhw Lqglfdwruv lq Fulvlv Ghwhfwlrq dqg Suhyhqwlrq/� plphr/ Lqwhuqd0

wlrqdo Prqhwdu| Ixqg1

Revwihog/ P1 +4<<7,= �Orjlf ri Fxuuhqf| Fulvhv/� Qdwlrqdo Exuhdx ri Hfrqrplf Uhvdufk

Zrunlqj Sdshu Vhulhv +X1V1,/ Qr1 7973/ Iheuxdu|1

Shvdudq/ K1/ dqg P1 Zhhnv +5333,= �Qrq0Qhvwhg K|srwkhvlv Whvwv/� lq Wkhruhwlfdo

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

Srvnlww/ G1 V1/ dqg D1 U1 Wuhpd|qh +4<;6,= �Rq wkh Srvwhulru Rggv ri Wlph Vhulhv

Prghov/� Elrphwulnd/ :3/ 48:�951

Suhqwlfh/ U1 O1 +4<;9,= �Elqdu| Uhjuhvvlrq Xvlqj dq H{whqghg Ehwd0Elqrpldo Glv0

wulexwlrq/ zlwk Glvfxvvlrq ri Fruuhodwlrq Lqgxfhg e| Fryduldwh Phdvxuhphqw Huuruv/�

Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq/ ;4+6<7,1

Vdod0L0Pduwlq/ [1/ J1 Grsshokrihu/ dqg U1 Ploohu +5335,= �Ghwhuplqdqwv ri Orqj0

Whup Jurzwk= D Ed|hvldq Dyhudjlqj ri Fodvvlfdo Hvwlpdwhv +EDFH, Dssurdfk/� Idf0

xow| ri Hfrqrplfv/ Xqlyhuvlw| ri Fdpeulgjh/ XN1

Vfkzdu}/ J1 +4<:;,= �Hvwlpdwlqj wkh Glphqvlrq ri d Prgho/� Wkh Dqqdov ri Vwdwlvwlfv/

9/ 794�7971

Vljlxud/ Q1 +4<:;,= �Ixuwkhu Dqdo|vlv ri wkh Gdwd e| Dndlnh*v Lqirupdwlrq Fulwhulrq dqg

wkh Ilqlwh Fruuhfwlrqv/� Frppxqlfdwlrqv lq Vwdwlvwlfv/ Wkhru| dqg Phwkrgv/ D:/ 46�591

Vplwk/ P1/ dqg U1 Nrkq +4<<9,= �Qrqsdudphwulf Uhjuhvvlrq Xvlqj Ed|hvldq Yduldeoh

Vhohfwlrq/� Mrxuqdo Hfrqrphwulfv/ :8/ 64:�771

Vwrqh/ P1 +5333,= �Wkh Frusrudwh Vhfwru G|qdplfv ri V|vwhplf Ilqdqfldo Fulvhv/� LPI

Zrunlqj Sdshu Qr1 332447 +Zdvklqjwrq= Lqwhuqdwlrqdo Prqhwdu| Ixqg,1

Vzdqvrq/ Q1 U1/ dqg K1 Zklwh +4<<8,= �D Prgho0Vhohfwlrq Dssurdfk wr Dvvhvvlqj wkh

Lqirupdwlrq lq wkh Whup Vwuxfwxuh Xvlqj Olqhdu Prghov dqg Duwl�fldo Qhxudo Qhwzrunv/�

Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv/ 46+6,/ 598�5:81

Yhodvfr/ D1 +4<;:,= �Ilqdqfldo Fulvhv dqg Edodqfh ri Sd|phqwv Fulvhv= D Vlpsoh Prgho

ri wkh Vrxwkhuq Frqh H{shulhqfh/� Mrxuqdo ri Ghyhorsphqw Hfrqrplfv/ 5:+405,/ 596�;61

59



Zhhnv/ P1/ dqg P1 Vwrqh +5334,= �V|vwhplf Ilqdqfldo Fulvhv/ Edodqfh Vkhhwv/ dqg

Prgho Xqfhuwdlqlw|/� Zrunlqj Sdshu Qr1 342495/ Lqwhuqdwlrqdo Prqhwdu| Ixqg/ Zdvk0

lqjwrq GF1

Zklwh/ K1 +4<<<,= �D Uhdolw| Fkhfn iru Gdwd Vqrrslqj/� plphr/ Ghsduwphqw ri Hfr0

qrplfv/ Xqlyhuvlw| ri Fdoliruqld dw Vdq Glhjr/ Od Mrood/ Fdoliruqld1

]hooqhu/ D1 +4<;9,= �Rq Dvvhvvlqj Sulru Glvwulexwlrqv dqg Ed|hvldq Uhjuhvvlrq Dqdo|vlv

zlwk J0Sulru Glvwulexwlrqv/� lq Ed|hvldq Lqihuhqfh dqg Ghflvlrq Whfkqltxhv= Hvvd|v lq

Krqru ri Euxqr gh Ilqlhwwl/ hg1 e| S1 N1 Jrho/ dqg D1 ]hooqhu/ ss1 566�761 Qruwk0

Kroodqg/ Dpvwhugdp1
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Gdwd Vrxufhv=

� Ehfn/ Wkruvwhq/ Dvol Phplujxf0Nxqw dqg Urvv Ohylqh +4<<<,/ �D qhz gdwdedvh rq

�qdqfldo ghyhorsphqw dqg vwuxfwxuh�/ Zruog Edqn Srolf| Uhvhdufk Zrunlqj Sdshu

Qr1 54791

� Od Sruwd/ Udidho/ Ioruhqflr Orsh}0gh0Vlodqh/ Dqguhl Vkohlihu/ dqg Urehuw Z1 Ylvkq|

+4<<9,/ �Odz dqg Ilqdqfh�/ QEHU Zrunlqj Sdshu Qr1 8994/ Mxo|1

� ELV/ 5333/ Mrlqw ELV0LPI0RHFG0Zruog Edqn Vwdwlvwlfv rq H{whuqdo Ghew/

kwws=22zzz1elv1ruj2sxeo2lqgh{1kwp1
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Wdeoh 4= Gdwd Vrxufhv

Lqglfdwruv Vrxufhv

H{whuqdo Lqglfdwruv

Lpsruwv wr JGS ZHR
Uhdo H�hfwlyh H{fkdqjh Udwh/ ghyldwlrq iurp KS wuhqg LIV
OLERU ZHR
Qhw oldelolwlhv ri qrqedqnv uhvlghqw lq ELV uhsruwlqj frxqwulhv ELV
wr JGS
Fkdqjh lq Fxuuhqw Dffrxqw wr JGS ZHR

Edqnlqj Vhfwru Lqglfdwruv

70\hdu Fkdqjh lq Sulydwh Fuhglw wr JGS LIV2ZHR
Grphvwlf fuhglw wr JGS LIV
Eurdg prqh| wr JGS LIV

Frusrudwh Vhfwru Lqglfdwruv

Wrwdo ghew wr Frpprq htxlw| Zruogvfrsh
Htxlw| wr Wrwdo fdslwdo Zruogvfrsh
Fxuuhqw udwlr= wrwdo fxuuhqw dvvhwv2wrwdo fxuuhqw oldelolwlhv Zruogvfrsh
Zrunlqj fdslwdo wr Wrwdo fdslwdo Zruogvfrsh
Txlfn udwlr= Fdvk ) htxlydohqwv . uhfhlydeoh Zruogvfrsh
qhw2wrwdo fxuuhqw oldelolwlhv
Wrwdo ghew wr Wrwdo dvvhwv Zruogvfrsh

Ilqdqfldo Euhdgwk Lqglfdwruv

Ilqdqfldo Euhdgwk 4= udwlr ri rxwvwdqglqj erqgv ZHR2Ehfn
+qdwlrqdo frusrudwlrqv, wr edqn fuhglw hw1 do1
Ilqdqfldo Euhdgwk 5= Udwlr ri rxwvwdqglqj erqgv ZHR2Ehfn
+qdwlrqdo frusrudwlrqv, . vwrfn hw1 do1
Sulydwh erqg pdunhw fdslwdolvdwlrq wr JGS ZHR2Ehfn

hw1 do1
OW Ghew wr Frpprq htxlw| Ehfn1 hw1 do1
OW Ghew wr Wrwdo fdslwdo Zruogvfrsh

Iruhljq H{fkdqjh Lqglfdwruv

Eurdg prqh|2Lqwhuqdwlrqdo uhvhuyhv LIV
Fkdqjh lq fdslwdo  rzv wr JGS ZHR

Olvw ri Lqglfdwruv frqwlqxhg
Lqglfdwruv Vrxufhv

Ohjdo Hqylurqphqw Lqglfdwruv

Dqwlgluhfwruv Uljkwv Od Sruwd
Uxoh ri Odz Od Sruwd
0Udwlqj rq Dffrxqwlqj Vwdqgdugv +Udw DffVw,

Rwkhu Lqglfdwruv
Dqqxdo Dyhudjh FSL Lq dwlrq LIV
Lqfrph ghyhorsphqw lqglfdwru Ehfn1 hw do1
Uhdo JGS2KrgulfnbSuhvfrww wuhqgv LIV
Uhdo lqwhuhvw udwh LIV
Frqwdjlrq 0
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Wdeoh 5= Olvw ri Frxqwulhv

Dujhqwlqd Kxqjdu| Srodqg

Dxvwudold Lqgld Sruwxjdo

Dxvwuld Lqgrqhvld Uxvvld

Ehojlxp Luhodqg Vlqjdsruh

Eud}lo Lvudho Vrxwk Diulfd

Fdqdgd Lwdo| Vsdlq

Fkloh Mdsdq Vul Odqnd

Fklqd Mrugdq Vzhghq

Frorpeld Nruhd/ Uhs1 Vzlw}huodqg

F}hfk Uhsxeolf Pdod|vld Wkdlodqg

Ghqpdun Ph{lfr Wxunh|

Hj|sw/ Dude1 Uhs1 Qhwkhuodqgv Xqlwhg Nlqjgrp

Ilqodqg Qhz ]hdodqg Xqlwhg Vwdwhv

Iudqfh Qruzd| Yhqh}xhod

Jhupdq| Sdnlvwdq ]lpedezh

Juhhfh Shux

Krqj Nrqj Skloolsslqhv

Iljxuh 4=
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Wdeoh 6= Fulvlv Fkdqqho Lqglfdwru Jurxsv

H{whuqdo Vhfwru

Lpsruwv wr JGS +Lps2JGS, .

Uhdo h�hfwlyh h{fkdqjh udwh/ ghyldwlrq iurp wuhqg +UHHU, .

OLERU .

Qhw oldelolwlhv ri qrqedqnv wr edqnv uhvlghqwv lq ELV uhsruwlqj frxqwulhv wr JGS +H{w Oldev, .

Fxuuhqw dffrxqw edodqfh wr JGS +FD2JGS, .

Edqnlqj vhfwru

Ohdglqj irxu |hdu fkdqjh lq sulydwh fuhglw wr JGS +Fuhg Ju Fuhg2JGS, .

Grphvwlf fuhglw wr JGS +Fuhg2JGS, . ru 0

Eurdg prqh| wr JGS +Prq2JGS, 0

Frusrudwh vhfwru

Wrwdo ghew wr frpprq htxlw| +WrwGFH, .

Htxlw| wr wrwdo fdslwdo +HtWF, 0

Fxuuhqw udwlr 0 Udwlr ri wrwdo fxuuhqw dvvhwv wr wrwdo fxuuhqw oldelolwlhv +FxuuU, 0

Zrunlqj fdslwdo wr wrwdo fdslwdo +ZFdsWF, 0

Orqj0whup ghew wr frpprq htxlw| +OWGFH, .

Txlfn udwlr 0 Udwlr ri fdvk dqg htxlydohqw soxv qhw uhfhlydeohv wr wrwdo fxuuhqw oldelolwlhv

+Txlfn U,

Orqj0whup ghew wr wrwdo fdslwdo +OWGWF, .

Ilqdqfldo Euhdgwk

Udwlr ri rxwvwdqglqj erqgv soxv vwrfn pdunhw fdslwdolvdwlrq wr edqn fuhglw +IEu5, 0

Sulydwh erqg pdunhw fdslwdolvdwlrq wr JGS +SEPbjgs, 0

Iruhljq H{fkdqjh Oltxlglw|

Eurdg prqh|2Lqwhuqdwlrqdo uhvhuyhv +Eurdg', .

Fkdqjh lq fdslwdo lq rzv +FkSF2JGS, 0

Ohjdo Hqylurqphqw

Uxoh ri Odz +URO, 0

Dqwlgluhfwruv Uljkwv +DqwlGluU, 0

Udwlqj rq Dffrxqwlqj Vwdqgdugv +Udw DffVw,

Rwkhu

Dqqxdo dyhudjh FSL lq dwlrq +FSL Lqi, .

Lqfrph ghyhorsphqw +4 @ kljk lqfrph/111/ 7 @ orz lqfrph, +LghyL, 0

Uhdo JGS ghyldwlrq iurp wuhqg +UbJGSksw, .

Qrwh = Vljqv lqglfdwh k|srwkhvlvhg lpsdfw ri hdfk lqglfdwru rq fulvlv suredelolw|

+wkh lpsdfw rq fulvlv lqwhqvlw| lv ri wkh rssrvlwh vljq,1
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Wdeoh 7= Ixoo Ed|hvldq

Srvwhulru 8( T <8( T SSLqfo1 ( Fodvv
phdq plvvlqj

Ohjdo Hqylurqphqw

Uxoh ri Odz 31473 31448 31;4: 3139; 31489 6

Dqwlgluhfwru uljkwv 317:4 317:8 41468 3138; 31489 6

Udwlqj rq Dffrxqwlqj Vwdqgdugv 03134; 031336 31373 31939 315;< �

Edqnlqj Vhfwru

7 |hdu fkdqjh lq sf wr JGS 031367 031368 031338 313<8 31377 6

Grphvwlf Fuhglw wr JGS 051<<7 0614;5 03174< 31475 31333 6

Eurdg prqh| wr JGS 061;38 071678 03186: 31545 31333 r

H{whuqdo Vhfwru

Qedqn O ELV 3144; 31449 314:4 31464 31355 6

Lpsruwv wr JGS 31485 31484 314;9 319;3 31333 r

<3gd| OLERU 313<: 31384 418;; 3137: 31333 6

Qhw Qe EU 03137: 03137; 3148< 31387 31333 �

Fxuuhqw dffrxqw wr JGS 318;7 3193; 31;9: 31568 31333 r

Wudgh Edodqfh wr JGS 31383 313:; 31588 3138; 31333 6

Whupv ri Wudgh 031335 031335 313<4 31379 31333 �

Dqqxdo Dyhudjh FSL Lq dwlrq 31335 31335 31336 31386 31333 6

Lqfrph Ghyhorsphqw 313;9 314:: 417;4 313:3 31333 6

Frusrudwh Vhfwru

Wrwdo ghew wr Frpprq Htxlw| 051::6 051684 04154< 315<9 31333 r

Htxlw| wr Wrwdo Fdslwdo 91<68 :164: 461:95 313<< 31333 6

Fxuuhqw Udwlr <1;93 <1;;8 441<37 31;53 31333 r

Zrunlqj Fdslwdo2Wrwdo Fdslwdo 041;4: 051389 319<5 313:6 31355 �

Orqj whup ghew wr frpprq htxlw| 0316:4 041345 5198; 313;: 31333 �

Txlfn Udwlr 91;7; :18;; 441359 314;8 31333 6

Orqj whup Ghew1 wr Wrwdo Fdslwdo 41::7 51736 81859 313<< 31333 6

Ilqdqfldo Euhdgwk

IEu5 417<: 419:8 613:: 3144; 31355 6

Sulydwh Erqg Pw1 Fds2JGS 031337 031337 31377 3137< 31333 �

Iruhljq H{fkdqjh Oltxlglw|

Eurdg prqh| 04178; 041979 318;4 31448 31333 �

Fkdqjh lq sf  rzv wr JGS 31::5 31::5 31<58 31<96 31333 r

Frqwdjlrq 03145: 0313<; 3147: 31383 31333 �

Qrwhv=

Qxpehu ri Prqwh Fduor Lwhudwlrqv +Exuqlq, 63333 +43333,
Dyhudjh Srvwhulru Prgho Vl}h @ 91797
LJ sulru rq j0 G k0*q0 ' �e3 f�f*�e3 f�f

J0Sulru iru Fryduldqfh Pdwul{ ri ehwd1

j0sulru w|sh sdudphwhu EV� @ 313555555@+o2q,
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Wdeoh 8= Dndlnh Vpdoo Vdpsoh Dgmxvwphqw

Srvwhulru 8( T <8( T SSLqfo1 ( Fodvv

phdq plvvlqj

Ohjdo Hqylurqphqw

Uxoh ri Odz 316;< 0315:5 31<<; 313<8 31489 �

Dqwlgluhfwru uljkwv 3189< 031654 4159; 313;; 31489 �

Udwlqj rq Dffrxqwlqj Vwdqgdugv 031369 0314<6 31456 31496 315;< �

Edqnlqj Vhfwru

7 |hdu fkdqjh lq sf wr JGS 03136< 03139: 031344 31475 31377 6

Grphvwlf Fuhglw wr JGS 0519:; 081365 31468 3147; 31333 �

Eurdg prqh| wr JGS 0714:7 081;8< 04164< 315:5 31333 r

H{whuqdo Vhfwru

Qedqn O ELV 3145; 313:8 314<8 3148: 31355 6

Lpsruwv wr JGS 31486 31438 314;; 3196: 31333 r

<3gd| OLERU 3188; 0318:5 41:86 313:4 31333 �

Qhw Qe EU 03146; 031638 031338 313<3 31333 6

Fxuuhqw dffrxqw wr JGS 3198; 31794 31<39 317<< 31333 r

Wudgh Edodqfh wr JGS 03139< 0316;: 31568 313<9 31333 �

Whupv ri Wudgh 03134< 031433 313:< 3139; 31333 �

Dqqxdo Dyhudjh FSL Lq dwlrq 31335 31333 31337 313;5 31333 6

Lqfrph Ghyhorsphqw 031789 0418;3 3195< 313:8 31333 �

Frusrudwh Vhfwru

Wrwdo ghew wr Frpprq Htxlw| 061954 091;95 041694 3165< 31333 r

Htxlw| wr Wrwdo Fdslwdo <1;63 51<83 4<1<;< 314;4 31333 6

Fxuuhqw Udwlr <17:6 :1674 44143: 31;7; 31333 r

Zrunlqj Fdslwdo2Wrwdo Fdslwdo 04179; 0616;5 4188; 313<6 31355 �

Orqj whup ghew wr frpprq htxlw| 31478 05154: 715:8 31446 31333 �

Txlfn Udwlr 81<9; 413;3 431547 314;8 31333 6

Orqj whup Ghew1 wr Wrwdo Fdslwdo 616<5 041669 916:: 314:9 31333 �

Ilqdqfldo Euhdgwk

IEU5 41655 31599 51;65 31465 31355 6

Sulydwh Erqg Pw1 Fds2JGS 31338 03137< 31385 313:5 31333 �

Iruhljq H{fkdqjh Oltxlglw|

Eurdg prqh| 031889 041:99 413:8 313;: 31333 �

Fkdqjh lq sf  rzv wr JGS 31:;9 31936 31<63 31<:; 31333 r

Frqwdjlrq 031538 031848 031338 313:: 31333 �

Qrwhv=

Qxpehu ri Prqwh Fduor Lwhudwlrqv +Exuqlq, 63333 +43333,

Sulru Prgho Vl}h @ 9

Dyhudjh Prgho Vl}h @ 91:87
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Wdeoh 9= Ed|hvldq Lqirupdwlrq Fulwhulrq

Srvwhulru 8( T <8( T SSLqfo1 ( Fodvv

phdq plvvlqj

Ohjdo Hqylurqphqw

Uxoh ri Odz 316;7 03164: 41359 31398 31489 �

Dqwlgluhfwru uljkwv 31889 0315<9 41573 3138: 31489 �

Udwlqj rq Dffrxqwlqj Vwdqgdugv 03137: 0314<; 31454 31456 315;< �

Edqnlqj Vhfwru

7 |hdu fkdqjh lq sf wr JGS 031376 0313:6 031347 31443 31377 6

Grphvwlf Fuhglw wr JGS 051<<7 071<;6 031668 3145< 31333 6

Eurdg prqh| wr JGS 071635 081:6; 041;3: 31568 31333 r

H{whuqdo Vhfwru

Qedqn O ELV 31459 313:5 314<6 31434 31355 6

Lpsruwv wr JGS 31494 31445 314<3 31938 31333 r

<3gd| OLERU 3196; 03185< 41;:8 3137< 31333 �

Qhw Qe EU 031467 031633 031338 3138< 31333 6

Fxuuhqw dffrxqw wr JGS 3199< 317:9 31;;9 31744 31333 r

Wudgh Edodqfh wr JGS 031334 0316:4 3158; 31399 31333 �

Whupv ri Wudgh 031358 031439 313;7 31379 31333 �

Dqqxdo Dyhudjh FSL Lq dwlrq 31335 31333 31337 31386 31333 6

Lqfrph Ghyhorsphqw 0317<7 041984 31994 31387 31333 �

Frusrudwh Vhfwru

Wrwdo ghew wr Frpprq Htxlw| 0615<8 091936 0416<; 3157: 31333 r

Htxlw| wr Wrwdo Fdslwdo <19;5 6143< 4<19:9 3146; 31333 6

Fxuuhqw Udwlr <187: :1867< 441458 31:<9 31333 r

Zrunlqj Fdslwdo2Wrwdo Fdslwdo 041899 0616:8 4175: 31396 31355 �

Orqj whup ghew wr frpprq htxlw| 03158< 051456 616;7 313;5 31333 �

Txlfn Udwlr :133; 41983 431958 314<4 31333 6

Orqj whup Ghew1 wr Wrwdo Fdslwdo 51<7: 041778 91489 31446 31333 z

Ilqdqfldo Euhdgwk

IEU5 416<< 31599 51<:: 313<6 31355 6

Sulydwh Erqg Pw1 Fds2JGS 31336 031389 31385 3137< 31333 �

Iruhljq H{fkdqjh Oltxlglw|

Eurdg prqh| 031:36 041:88 41343 3138< 31333 �

Fkdqjh lq sf  rzv wr JGS 31:;< 31936 31<64 31<88 31333 r

Frqwdjlrq 031548 031858 03133; 31385 31333 6

Qrwhv=

Qxpehu ri Prqwh Fduor Lwhudwlrqv +Exuqlq, 63333 +43333,

Sulru Prgho Vl}h @ 9

Dyhudjh Prgho Vl}h @ 91374
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Wdeoh := Ixoo Ed|hvldq zlwk Wlph dqg Frxqwu| H�hfwv

Srvwhulru 8( T <8( T SSLqfo ( Fodvv

phdq plvvlqj

Ohjdo Hqylurqphqw

Uxoh ri Odz 31496 314;5 31:9: 3138: 31489 p

Dqwlgluhfwru uljkwv 31836 31856 413<7 3138: 31489 p

Udwlqj rq Dffrxqwlqj Vwdqgdugv 031355 031339 3137; 31885 315;< z

Edqnlqj Vhfwru

7 |hdu fkdqjh lq sf wr JGS 03136; 03136: 031345 313;7 31377 p

Grphvwlf Fuhglw wr JGS 06147< 061784 031695 3145< 31333 p

Eurdg prqh| wr JGS 071448 071954 0417<< 3155: 31333 v

H{whuqdo Vhfwru

Qedqn O ELV 31439 3143: 31496 3143: 31355 p

Lpsruwv wr JGS 31488 31489 314;< 31964 31333 v

<3gd| OLERU 031553 0314:7 3154: 31384 31333 p

Qhw Qe EU 031368 03134: 31457 313:5 31333 z

Fxuuhqw dffrxqw wr JGS 31945 3197: 31;76 31573 31333 v

Wudgh Edodqfh wr JGS 31376 313<9 315;: 31379 31333 p

Whupv ri Wudgh 03135< 03135; 3137< 3137< 31333 z

Dqqxdo Dyhudjh FSL Lq dwlrq 31335 31335 31336 3138; 31333 p

Lqfrph Ghyhorsphqw 31565 31736 41853 31397 31333 p

Frusrudwh Vhfwru

Wrwdo ghew wr Frpprq Htxlw| 051;55 0515;3 041494 31587 31333 v

Htxlw| wr Wrwdo Fdslwdo ;143< :1<6< 4:14<; 31446 31333 p

Fxuuhqw Udwlr <1:7; <1;5; 441:87 31::8 31333 v

Zrunlqj Fdslwdo2Wrwdo Fdslwdo 041935 051337 41;<4 3139: 31355 z

Orqj whup ghew wr frpprq htxlw| 031445 0319<9 51;8: 313;: 31333 z

Txlfn Udwlr 91::< :16:7 4418:6 314;7 31333 p

Orqj whup Ghew1 wr Wrwdo Fdslwdo 51564 61343 81;63 313;: 31333 p

Ilqdqfldo Euhdgwk

IEU5 41::3 41;5; 61863 31449 31355 p

Sulydwh Erqg Pw1 Fds2JGS 031335 031338 31377 3138: 31333 z

Iruhljq H{fkdqjh Oltxlglw|

Eurdg prqh| 0416:5 0418:5 31373 31433 31333 z

Fkdqjh lq sf  rzv wr JGS 31:97 31:99 31<4< 31<84 31333 v

Frqwdjlrq 031444 0313<6 3148; 31389 31333 z

Lqgxvwuldo Frxqwulhv 4175: 41899 61873 3138: 31333 p

\hdu <50<8 6168: 51<:4 91868 313;6 31333 p

Qrwhv=

Qxpehu ri Prqwh Fduor Lwhudwlrqv +Exuqlq, 63333 +43333,

Dyhudjh Srvwhulru Prgho Vl}h @81:996

Sulru Prgho Vl}h @ 9

LJ sulru rq j0 G k0*q0
' �e3 f�f*�e3 f�f

J0Sulru iru Fryduldqfh Pdwul{ ri ehwd1

j0sulru w|sh sdudphwhu EV� @ 313555555@+42q,
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Wdeoh ;= Dndlnh Vpdoo Vdpsoh Dgmxvwphqw zlwk Wlph dqg Frxqwu| H�hfwv

Srvwhulru 8( T <8( T SSLqfo ( Fodvv

phdq plvvlqj

Ohjdo Hqylurqphqw

Uxoh ri Odz 315<5 3167: 31:9< 3139< 31489 p

Dqwlgluhfwru uljkwv 31973 3197: 417;7 313:3 31489 p

Udwlqj rq Dffrxqwlqj Vwdqgdugv 031476 0314:3 313;5 31634 315;< z

Edqnlqj Vhfwru

7 |hdu fkdqjh lq sf wr JGS 031374 031374 031345 3143; 31377 p

Grphvwlf Fuhglw wr JGS 061394 061:83 031468 31433 31333 p

Eurdg prqh| wr JGS 0715;7 071:;4 0417;: 3155; 31333 v

H{whuqdo Vhfwru

Qedqn O ELV 31443 31443 314:6 313<4 31355 p

Lpsruwv wr JGS 31493 31495 314<7 3188: 31333 v

<3gd| OLERU 031486 031465 31963 31386 31333 p

Qhw Qe EU 0313:3 031437 314<: 31388 31333 z

Fxuuhqw dffrxqw wr JGS 319:7 31:46 31<44 31699 31333 v

Wudgh Edodqfh wr JGS 31358 3139; 315:8 3138; 31333 p

Whupv ri Wudgh 031349 3134< 31473 31368 31333 z

Dqqxdo Dyhudjh FSL Lq dwlrq 31335 31335 31337 31386 31333 p

Lqfrph Ghyhorsphqw 031639 031658 31;6: 31374 31333 p

Frusrudwh Vhfwru

Wrwdo ghew wr Frpprq Htxlw| 061546 0515:: 041487 31544 31333 v

Htxlw| wr Wrwdo Fdslwdo <16<4 <157: 4:1<;4 31454 31333 p

Fxuuhqw Udwlr <1;34 <1:83 451797 31:;3 31333 v

Zrunlqj Fdslwdo2Wrwdo Fdslwdo 041;38 051543 314;< 31398 31355 z

Orqj whup ghew wr frpprq htxlw| 3187: 0318:; 71;;< 313;7 31333 z

Txlfn Udwlr 91847 :149< 431574 3149; 31333 p

Orqj whup Ghew1 wr Wrwdo Fdslwdo 51936 6179: 916<9 313;8 31333 p

Ilqdqfldo Euhdgwk

IEU5 41;97 41:43 617;; 31474 31355 p

Sulydwh Erqg Pw1 Fds2JGS 31337 31336 31388 3137< 31333 z

Iruhljq H{fkdqjh Oltxlglw|

Eurdg prqh| 031888 31953 41599 31399 31333 z

Fkdqjh lq sf  rzv wr JGS 31:;7 31:;: 31<67 31<97 31333 v

Frqwdjlrq 031547 31489 313:7 31387 31333 z

Lqgxvwuldo Frxqwulhv 51349 514;6 71869 31395 31333 p

\hdu <50<8 61847 619:4 914:5 313<6 31333 p

Qrwhv=

Qxpehu ri Prqwh Fduor Lwhudwlrqv +Exuqlq, 63333 +3,

Dyhudjh Srvwhulru Prgho Vl}h @817<:5

Sulru Prgho Vl}h @ 9
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Wdeoh <= D Frpsdulvrq ri Srvwhulru Suredelolwlhv ri Lqglfdwru Lqfoxvlrq

Ixoo Ed|hvldq Dndlnh Vpdoo Ed|hvldq (

Vdpsoh Dgmxvwphqw Lqirupdwlrq Fulwhulrq Plvvlqj

SSLqfo1 Fodvv SSLqfo Fodvv SSLqfo1 Fodvv

Ohjdo Hqylurqphqw

Uxoh ri Odz 3139; 6 313<8 � 31398 � 31489

Dqwlgluhfwru uljkwv 3138; 6 313;; � 3138: � 31489

Udwlqj rq Dffrxqwlqj Vwdqgdugv 31939 � 31496 � 31456 � 315;<

Edqnlqj Vhfwru

7 |hdu fkdqjh lq sf wr JGS 313<8 6 31475 6 31443 6 31377

Grphvwlf Fuhglw wr JGS 31475 6 3147; � 3145< 6 31333

Eurdg prqh| wr JGS 31545 r 315:5 r 31568 r 31333

H{whuqdo Vhfwru

Qedqn O ELV 31464 6 3148: 6 31434 6 31355

Lpsruwv wr JGS 319;3 r 3196: r 31938 r 31333

<3gd| OLERU 3137: 6 313:4 � 3137< � 31333

Qhw Qe EU 31387 � 313<3 6 3138< 6 31333

Fxuuhqw dffrxqw wr JGS 31568 r 317<< r 31744 r 31333

Wudgh Edodqfh wr JGS 3138; 6 313<9 � 31399 � 31333

Whupv ri Wudgh 31379 � 3139; � 31379 � 31333

Dqqxdo Dyhudjh FSL Lq dwlrq 31386 6 313;5 6 31386 6 31333

Lqfrph Ghyhorsphqw 313:3 6 313:8 � 31387 � 31333

Frusrudwh Vhfwru

Wrwdo ghew wr Frpprq Htxlw| 315<9 r 3165< r 3157: r 31333

Htxlw| wr Wrwdo Fdslwdo 313<< 6 314;4 6 3146; 6 31333

Fxuuhqw Udwlr 31;53 r 31;7; r 31:<9 r 31333

Zrunlqj Fdslwdo2Wrwdo Fdslwdo 313:6 � 313<6 � 31396 � 31355

Orqj whup ghew wr frpprq htxlw| 313;: � 31446 � 313;5 � 31333

Txlfn Udwlr 314;8 6 314;8 6 314<4 6 31333

Orqj whup Ghew1 wr Wrwdo Fdslwdo 313<< 6 314:9 � 31446 � 31333

Ilqdqfldo Euhdgwk

IEu5 3144; 6 31465 6 313<6 6 31355

Sulydwh Erqg Pw1 Fds2JGS 3137< � 313:5 � 3137< � 31333

Iruhljq H{fkdqjh Oltxlglw|

Eurdg prqh| 31448 � 313;: � 3138< � 31333

Fkdqjh lq sf  rzv wr JGS 31<96 r 31<:; r 31<88 r 31333

Frqwdjlrq 31383 � 313:: � 31385 6 31333
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Iljxuh 5=

Iljxuh 6=
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