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41 Lqwurgxfwlrq

Wkh vxemhfw0vshfl?f gdwd iurp d orqjlwxglqdo vwxg| frqvlvw ri d vwulqj ri qxpehuv1 Wkhvh qxpehuv

uhsuhvhqw d vhulhv ri hpslulfdo phdvxuhphqwv1 Fdofxodwlrqv duh shuiruphg rq wkhvh vwulqjv dqg fdxvdo

lqihuhqfhv duh gudzq1 Iru h{dpsoh/ dq lqyhvwljdwru pljkw frqfoxgh wkdw wkh dqdo|vlv surylghv vwurqj

hylghqfh iru 3d gluhfw h>hfw ri D]W rq wkh vxuylydo ri DLGV sdwlhqwv frqwuroolqj iru wkh lqwhuphgldwh

yduldeoh 8 wkhuds| zlwk dhurvrol}hg shqwdplglqh14 Wkh qdwxuh ri wkh uhodwlrqvkls ehwzhhq wkh vhqwhqfh

h{suhvvlqj wkhvh fdxvdo frqfoxvlrqv dqg wkh frpsxwhu fdofxodwlrqv shuiruphg rq wkh vwulqjv ri qxpehuv kdv

ehhq revfxuh1 Vlqfh wkh frpsxwhu dojrulwkpv duh zhoo0gh?qhg pdwkhpdwlfdo remhfwv/ lw lv xvhixo wr surylgh

irupdo pdwkhpdwlfdo gh?qlwlrqv iru wkh Hqjolvk vhqwhqfhv h{suhvvlqj wkh lqyhvwljdwru*v fdxvdo lqihuhqfhv1

Lq Urelqv +4<;9/ 4<;:,/ L sursrvhg d irupdo wkhru| ri frxqwhuidfwxdo +Ohzlv/ 4<:6, fdxvdo lqihuhqfh wkdw

h{whqghg wkh Qh|pdq0Uxelq0Kroodqg +Kroodqg/ 4<;9, 3srlqw wuhdwphqw4 wkhru| wr orqjlwxglqdo vwxglhv

zlwk wlph0ydu|lqj wuhdwphqwv/ rxwfrphv/ dqg fryduldwhv +frqfrplwdqwv,1 Wklv wkhru| wudqvodwhv dq| fdxvdo

txhvwlrq frqfhuqlqj wkh ryhudoo +qhw,/ gluhfw/ dqg2ru lqgluhfw h>hfwv ri d srvvleo| wlph0ydu|lqj wuhdwphqw

rq dq rxwfrph lqwr d irupdo pdwkhpdwlfdo frqmhfwxuh derxw hyhqw wuhhv/ uhihuuhg wr dv fdxvdoo| lqwhusuhwhg

vwuxfwxuhg wuhh judskv1

Shduo +4<<8,/ dqg Vsluwhv/ Jo|prxu/ dqg Vfkhlqhv +VJV, +4<<6, uhfhqwo| ghyhorshg d irupdo wkhru| ri

fdxvdo lqihuhqfh edvhg rq fdxvdo gluhfwhg df|folf judskv +GDJv,1 L vkrzhg wkdw wkhvh fdxvdo GDJv duh

pdwkhpdwlfdoo| htxlydohqw wr d sduwlfxodu vshfldo fdvh ri p| pruh jhqhudo wkhru| +Urelqv/ 4<<8,1

Lq orqjlwxglqdo vwxglhv/ wuhdwphqw riwhq ydulhv ryhu wlph1 Wkh vwdqgdug dssurdfk wr wkh hvwlpdwlrq

ri wkh h>hfw ri d wlph0ydu|lqj wuhdwphqw rq dq rxwfrph ri lqwhuhvw lv wr prgho wkh rxwfrph dw wlph

w dv d ixqfwlrq ri sdvw wuhdwphqw klvwru|1 L kdyh vkrzq wkdw wklv dssurdfk pd| eh eldvhg/ zkhwkhu

ru qrw rqh ixuwkhu dgmxvwv iru wkh sdvw klvwru| ri wlph0ghshqghqw frqirxqglqj fryduldwhv/ zkhq wkhvh

fryduldwhv suhglfw vxevhtxhqw rxwfrph dqg wuhdwphqw klvwru| dqg duh wkhpvhoyhv lq xhqfhg e| sdvw

wuhdwphqw +Urelqv/ 4<;9,1 Lq wklv vhwwlqj/ L kdyh sursrvhg vhyhudo phwkrgv wkdw fdq surylgh/ xqghu

fhuwdlq dvvxpswlrqv/ ydolg hvwlpdwhv ri wkh fdxvdo h>hfw ri d wlph0ydu|lqj wuhdwphqw lq wkh suhvhqfh ri

wlph ydu|lqj frqirxqglqj idfwruv1 Lq Vhfwlrq 5/ L ghvfuleh rqh ri wkhvh phwkrgv ri hvwlpdwlrq= lqyhuvh0

suredelolw|0ri0wuhdwphqw zhljkwhg +LSWZ, hvwlpdwlrq ri wkh sdudphwhuv ri d pdujlqdo vwuxfwxudo prgho

+PVP, +Urelqv/ 4<<;/ 4<<<,1 Wkhvh prghov duh sduwlfxoduo| xvhixo lq foduli|lqj wkh gl>huhqfh ehwzhhq

dvvrfldwlrq dqg fdxvdwlrq/ uhtxlulqj wkdw wkh uhdghu kdyh rqo| d zrunlqj nqrzohgjh ri ruglqdu| olqhdu

uhjuhvvlrq1 LSWZ hvwlpdwlrq fdq frqvlvwhqwo| hvwlpdwh wkh fdxvdo h>hfw ri d wlph0ghshqghqw wuhdwphqw

rqo| li doo uhohydqw frqirxqglqj idfwruv kdyh ehhq phdvxuhg1 Lq dq revhuydwlrqdo vwxg|/ wkh gdwd surylgh

qr hylghqfh dv wr hlwkhu wkh h{lvwhqfh ru wkh pdjqlwxgh ri frqirxqglqj e| dgglwlrqdo xqphdvxuhg idfwruv1

Lq ylhz ri wklv idfw/ d gdwd dqdo|vw vkrxog shuirup d 3vhqvlwlylw| dqdo|vlv4 wr txdqwli| krz rqh*v lqihuhqfh



frqfhuqlqj wkh fdxvdo h>hfw ri wuhdwphqw ydulhv dv d ixqfwlrq ri wkh pdjqlwxgh ri frqirxqglqj gxh wr

xqphdvxuhg idfwruv1 Lq Vhfwlrq 6/ L ghvfuleh krz wr frqgxfw vxfk d vhqvlwlylw| dqdo|vlv1

P| jrdo lq wklv duwlfoh lv wr lqglfdwh wr qrq0vwdwlvwlfdo uhdghuv wkh vruw ri mxgjhphqwv dqg vwdwlvwlfdo

wrrov uhtxluhg e| sudfwlflqj hslghplrorjlvwv0vwdwlvwlfldqv zkhq dwwhpswlqj wr hydoxdwh wkh hylghqfh iru d

fdxvdo h>hfw ri d wlph0ydu|lqj wuhdwphqw/ lq wkh frqwh{w ri d vlqjoh revhuydwlrqdo vwxg|1 L gr qrw gluhfwo|

frqvlghu wkh sureohp ri frpelqlqj hslghplrorjlf hylghqfh dfurvv vwxglhv ru zlwk rwkhu w|shv ri hylghqfh1

Lq p| suhvhqwdwlrq/ L sxusrvho| vwulnh dq dwwlwxgh ri lqgl>huhqfh ru reolylrxvqhvv wr wkh sklorvrsklfdo

sureohpv udlvhg e| wkh phwkrgv L ghvfuleh1 Iru h{dpsoh/ L iuhho| xvh frxqwhuidfwxdo rxwfrphv zlwkrxw

uhjdug wr wkh glvfrpiruw wkdw udlvhv iru fhuwdlq sklorvrskhuv dqg vwdwlvwlfldqv1 P| dwwlwxgh lv pxfk olnh

wkdw ri d sudfwlflqj sk|vlflvw 8 wkhvh duh wkh wrrov dqg frqfhswv L uhtxluh wr jhw wkh mre wkdw L qhhg wr

gr grqh1 L zloo ghvfuleh fohduo| wkh mre wkdw qhhgv grlqj dqg wkh wrrov wkdw L dqg rwkhuv kdyh ghyhorshg

wr gr lw1 Wklv lv qrw wr vd| wkdw L p|vhoi gr qrw kdyh p| rzq vwurqj ylhzv derxw wkh sklorvrsklfdo

xqghuslqqlqjv ri wkh frqfhswv L xvh1 Udwkhu/ L fkrrvh wr kdyh p| rzq srlqw ri ylhz wdnh d edfn vhdw wr

wkh wdvn ri ghvfulelqj wkh phwkrgv xvhg e| p|vhoi dqg frooderudwruv wr hydoxdwh fdxvdo h>hfwv1

51 Pdujlqdo Vwuxfwxudo Prghov

5141 D Uhjuhvvlrq +Dvvrfldwlrq, Prgho

L qrz jlyh d vrphzkdw lqirupdo lqwurgxfwlrq wr pdujlqdo vwuxfwxudo prghov1 L ehjlq zlwk wkh iroorzlqj

vhwwlqj1 Frqvlghu dq revhuydwlrqdo vwxg| ri DLGV sdwlhqwv1 Ohw D +w, eh wkh grvh ri d wuhdwphqw ri

lqwhuhvw/ vd| D]W/ dw wlph w zlwk wlph phdvxuhg dv gd|v vlqfh vwduw ri iroorz0xs1 Ohw \ eh dq rxwfrph

ri lqwhuhvw phdvxuhg dw hqg0ri0iroorz0xs dw wlph N . 41 Vxssrvh wkh vwxg| lqyhvwljdwru vwdwhv wkdw

klv jrdo lv wr hvwlpdwh wkh fdxvdo h>hfw ri wkh wlph0ghshqghqw wuhdwphqw D +w, rq wkh phdq ri \ 1 Ohw

D +w, @ iD +x, > 3 é x é wj eh wuhdwphqw klvwru| wkurxjk w dqg ohw O +w, @ iO +x, > 3 é x é wj eh wkh klvwru|
wkurxjk w ri doo phdvxuhg surjqrvwlf idfwruv O +x, iru +l1h1/ suhglfwruv ri, \ / vxfk dv FG7 o|pskrf|wh

frxqw/ zklwh eorrg frxqw +ZEF,/ khpdwrfulw/ djh/ jhqghu/ hwf1 Erwk D +x, dqg O +x, duh uhfrughg gdlo|

vr wkh ixqfwlrqv D +w, dqg O +w, fdq mxps dw prvw rqfh shu gd|1 Zh dvvxph wkdw d ghflvlrq zkhwkhu wr

wdnh wuhdwphqw rq gd| w lv pdgh diwhu nqrzohgjh ri wkh fryduldwhv uhfrughg lq O +w, ehfrphv dydlodeoh/ vr

wkdw D +w, lv whpsrudoo| dfwxdoo| vxevhtxhqw wr O +w,1 Wr nhhs pdwwhuv vlpsoh/ zh xquhdolvwlfdoo| dvvxph

wkhuh lv qr plvvlqj gdwd1 Lq sduwlfxodu/ qr vxemhfw glhv sulru wr gd| N . 41 Vxssrvh \ lv d frqwlqxrxv

rxwfrph +h1j1/ \ lv wkh qxpehu ri plooljudpv ri KLY UQD ghwhfwdeoh lq d fxelf fhqwlphwhu ri eorrg,/

dqg zh hqwhuwdlq d prgho wkdw vd|v wkh phdq +l1h1/ h{shfwdwlrq, ri \ jlyhq D]W klvwru|/ D ì D +N . 4,/

lv d olqhdu ixqfwlrq ri d vxemhfw*v fxpxodwlyh D]W grvh1 Zh zulwh wkh prgho
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pxodwlyh wuhdwphqw1 +Dv lq pxfk ri wkh fdxvdolw| olwhudwxuh/ L uhjdug wkh q vxemhfwv dv udqgrpo| gudzq

iurp d qhdu0lq?qlwh k|srwkhwlfdo vxshusrsxodwlrq ri vxemhfwv derxw zkrp zh zlvk wr pdnh lqihuhqfh1

H{shfwdwlrqv uhihu wr dyhudjhv lq wkh vxshusrsxodwlrq dqg suredelolw| vwdwhphqwv wr sursruwlrqv lq wkh

vxshusrsxodwlrq1, Wkh ruglqdu| ohdvw vtxduhv +ROV, hvwlpdwru ri ð fdq wkhq eh frpsxwhg iurp wkh re0

dfpvpsxe1wh{ 5 Dxjxvw 8/ 4<<<
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1 Qrwh wkdw wkh uhvlgxdo vxp ri vtxduhv grhv qrw

ghshqg rq wkh sdwlhqw*v surjqrvwlf idfwru klvwru| Ol ì Ol +N . 4,1 Wkh ROV hvwlpdwru eð5 lv dq xqeldvhg

hvwlpdwru ri wkh uhjuhvvlrq +dvvrfldwlrq, sdudphwhu ð51 Zh kdyh dvvxphg wkdw wkh deryh olqhdu irup iru

wkh uhjuhvvlrq ixqfwlrq j
ý
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dw ehvw/ vhuyh dv d jrrg dssur{lpdwlrq wr wkh xqnqrzq uhjuhvvlrq ixqfwlrq H
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5151 Fdxvdo dqg Vwdwlvwlfdo H{rjhqhlw|

Wkh txhvwlrq wkhq lv zkhq grhv ð5 kdyh dq lqwhusuhwdwlrq dv wkh fdxvdo h>hfw ri wuhdwphqw klvwru| rq

wkh phdq ri \ B Wr dssurdfk wklv txhvwlrq/ lpdjlqh wkdw wkh ghflvlrq wr dgplqlvwhu wuhdwphqw dw hdfk

wlph w zhuh pdgh wrwdoo| dw udqgrp e| wkh wuhdwlqj sk|vlfldq dqg doo vxemhfwv wrrn wkhlu suhvfulehg

wuhdwphqw1 Lq wkdw k|srwkhwlfdo fdvh/ jlylqj wuhdwphqw dw wlph w lv qrw h{shfwhg wr eh dvvrfldwhg zlwk

dq| phdvxuhg ru xqphdvxuhg surjqrvwlf idfwruv +l1h1/ lq wkh sduodqfh ri hslghplrorjlvwv/ wkhuh zrxog

eh qr 3frqirxqglqj4, dqg wkhuhiruh ð5 zrxog lqwxlwlyho| kdyh d fdxvdo lqwhusuhwdwlrq1 Pruh jhqhudoo|/

zkhqhyhu wkh frqglwlrqdo suredelolw| ri uhfhlylqj wuhdwphqw rq gd| w jlyhq sdvw wuhdwphqw dqg surjqrvwlf

idfwruv klvwru| +phdvxuhg dqg xqphdvxuhg, ghshqgv rqo| rq sdvw wuhdwphqw klvwru|/ zh vd| wkh wuhdwphqw

surfhvv lv fdxvdoo| 3h{rjhqrxv4 +htxlydohqwo|/ 3dqfloodu|4,1 D irupdo pdwkhpdwlfdo gh?qlwlrq lv surylghg

ehorz diwhu zh gh?qh frxqwhuidfwxdo rxwfrphv1 Lw lv zhoo0uhfrjql}hg lq wkh vrfldo vflhqfhv/ hfrqrphwulfv/

hslghplrorjlf/ dqg elrvwdwlvwlfdo olwhudwxuh wkdw ð5 zloo kdyh d fdxvdo lqwhusuhwdwlrq li D +w, lv d fdxvdoo|

h{rjhqrxv +ru dqfloodu|, fryduldwh surfhvv1

Zh vd| wkdw d wuhdwphqw D +w, lv d vwdwlvwlfdoo| 3h{rjhqrxv4 +3dqfloodu|4, surfhvv li wkh suredelolw|

ri uhfhlylqj wuhdwphqw dw wlph w grhv qrw ghshqg rq wkh klvwru| ri phdvxuhg wlph0ghshqghqw surjqrvwlf

idfwruv O +w, xs wr w frqglwlrqdo rq wuhdwphqw klvwru| sulru wr w/ l1h1/

O +w,
c
D +w, m D +wý 4, > +6,

zkhuh D
c
E m F phdqv wkdw D lv lqghshqghqw ri E jlyhq F1 Dq hvvhqwldoo| qhfhvvdu| frqglwlrq iru

D +w, wr eh 3fdxvdoo| h{rjhqrxv4 lv iru lw wr eh 3vwdwlvwlfdoo| h{rjhqrxv14 Krzhyhu/ wkdw d surfhvv lv

3vwdwlvwlfdoo| h{rjhqrxv4 grhv qrw lpso| lw lv 3fdxvdoo| h{rjhqrxv/4 ehfdxvh wkhuh pd| eh xqphdvxuhg

surjqrvwlf idfwruv +l1h1/ frqirxqghuv, wkdw suhglfw wkh suredelolw| ri wuhdwphqw D +w, dw wlph w jlyhq sdvw

wuhdwphqw klvwru|1 Zh fdq whvw iurp wkh gdwd zkhwkhu D +w, lv vwdwlvwlfdoo| h{rjhqrxv exw duh xqdeoh wr

whvw zkhwkhu d vwdwlvwlfdoo| h{rjhqrxv surfhvv lv fdxvdoo| h{rjhqrxv1 Zh zduq wkh uhdghu wkdw wkhuh lv

qr djuhhg xsrq gh?qlwlrq ri 3fdxvdoo| h{rjhqrxv4 ru 3vwdwlvwlfdoo| h{rjhqrxv4 lq wkh olwhudwxuh1 L ?qg

p| gh?qlwlrq txlwh xvhixo dqg dssursuldwh/ exw wkhuh duh rwkhu gh?qlwlrqv1 Lq sduwlfxodu/ wkh gh?qlwlrqv

L kdyh jlyhq khuh gr qrw djuhh zlwk wkh gh?qlwlrq ri h{rjhqhlw| irxqg lq wkh hfrqrphwulf wlph vhulhv

olwhudwxuh +Hulffvvrq/ Khqgu|/ dqg Pl}rq/ 4<<;,1

Vxssrvh D +w, lv glvfuhwh dqg zh fdq fruuhfwo| prgho erwk wkh suredelolw|

i
û
d +w, m c +w, > d +wý 4,ú ri wdnlqj wuhdwphqw d +w, rq gd| w dv d ixqfwlrq ri sdvw wuhdwphqw d +wý 4, dqg

phdvxuhg surjqrvwlf idfwru klvwru| c +w,/ dqg wkh suredelolw| i ^d +w, m d +wý 4,` ri wdnlqj wuhdwphqw d +w,

rq gd| w dv d ixqfwlrq rqo| ri sdvw wuhdwphqw d +wý 4, klvwru|1 Khuh zh xvh wkh frqyhqwlrq wkdw udqgrp

yduldeohv +l1h1/ yduldeohv zkrvh ydoxhv fdq gl>hu iurp vxemhfw wr vxemhfw, duh ghqrwhg e| xsshu fdvh ohwwhuv1

Orzhu fdvh ohwwhuv ghqrwh srvvleoh ydoxhv ri wkh fruuhvsrqglqj udqgrp yduldeohv1 Wkxv/ iru h{dpsoh/

i ^d +w, m d +wý 4,` lv wkh sursruwlrq ri vxemhfwv lq wkh vxshusrsxodwlrq zlwk wuhdwphqw D +w, htxdo wr d +w,

dfpvpsxe1wh{ 6 Dxjxvw 8/ 4<<<



dprqj vxemhfwv zlwk sdvw wuhdwphqw klvwru| D +wý 4, htxdo wr d +wý 4, =Zh frxog wkhq phdvxuh wkh ghjuhh

wr zklfk wkh wuhdwphqw surfhvv lv vwdwlvwlfdoo| qrq0h{rjhqrxv wkurxjk gd| w e| wkh udqgrp txdqwlw|
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Lqirupdoo|/ wkh qxphudwru lq hdfk whup lqZ+w, lv wkh suredelolw| wkdw d vxemhfw uhfhlyhg klv rzq revhuyhg
wuhdwphqw dw wlph n/ D+n,/ jlyhq klv rzq sdvw wuhdwphqw dqg surjqrvwlf idfwru klvwru|1 Wkh ghqrplqdwru lv

wkh suredelolw| wkdw d vxemhfw uhfhlyhg klv revhuyhg wuhdwphqw frqglwlrqdo rq klv sdvw wuhdwphqw klvwru|

exw qrw ixuwkhu dgmxvwlqj iru klv sdvw surjqrvwlf idfwru klvwru|1 Qrwh wkdw wkh wuhdwphqw surfhvv lv

vwdwlvwlfdoo| h{rjhqrxv mxvw lq wkh fdvh wkdw Z+w, @ 4 iru doo w1 Irupdoo|/ i
û
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D +n, m D +n ý 4,ú duh udqgrp yduldeohv rewdlqhg e| uhsodflqj d +n, > d +n ý 4, dqg c +n, zlwk wkh

fruuhvsrqglqj udqgrp yduldeohv lq wkh ixqfwlrqv i
û
d +n, m d +n ý 4, > c +n,ú dqg i ^d +n, m d +n ý 4,` = Ri

frxuvh/ lq dq revhuydwlrqdo vwxg|/ Z+w, lv xvxdoo| xqnqrzq dqg zloo kdyh wr eh hvwlpdwhg iurp wkh gdwd

e| vshfli|lqj dqg ?wwlqj vwdwlvwlfdo prghov iru wkh whupv lq wkh qxphudwru dqg ghqrplqdwru ri Z +w,1

Krzhyhu/ iru shgdjrjlf sxusrvhv/ dvvxph wkdw Z +w, zhuh nqrzq1

5161 LSWZ Hvwlpdwruv

Zkhq D +w, lv d vwdwlvwlfdoo| qrq0h{rjhqrxv surfhvv/ zh vkdoo frqvlghu hvwlpdwlrq e| zhljkwhg ohdvw vtxduhv

uhjuhvvlrq lq zklfk d vxemhfw lv jlyhq wkh zhljkw

Zý4 ì ^Z +N,`ý4 1

Wkh zhljkwhg uhjuhvvlrq hvwlpdwru/ vd| eñ/ plqlpl}hv wkh zhljkwhg uhvlgxdo vxp ri vtxduhv
qS
l@4
Zý4
l ^\l ý ð4 ý ð5 fxp +Dl,`5 dqg fdq eh frpsxwhg xvlqj vwdqgdug r>0wkh0vkhoi vriwzduh sdfndjhv1 Zh

vkdoo uhihu wr wklv zhljkwhg uhjuhvvlrq hvwlpdwru dv dq lqyhuvh0suredelolw|0ri0wuhdwphqw zhljkwhg +LSWZ,

hvwlpdwru1 Wklv zhljkwhg uhjuhvvlrq hvwlpdwru zrxog djuhh zlwk wkh xvxdo xqzhljkwhg hvwlpdwru eð mxvw lq
wkh fdvh lq zklfk D +w, lv h{rjhqrxv1 Wkh vrphzkdw vxusulvlqj uhvxow ghvfulehg lq ghwdlo ehorz lv wkdw/ li

wkh yhfwru ri surjqrvwlf idfwruv uhfrughg lq O+w, frqvwlwxwhv doo uhohydqw wlph0ghshqghqw surjqrvwlf idfwruv

+l1h1/ frqirxqghuv,/ wkhq/ zkhwkhu ru qrw wkh wuhdwphqw surfhvv lv vwdwlvwlfdoo| h{rjhqrxv/ wkh zhljkwhg

uhjuhvvlrq hvwlpdwru ri ð5 zloo xqeldvhgo| hvwlpdwh d txdqwlw| ñ5 wkdw fdq eh dssursuldwho| lqwhusuhwhg

dv wkh fdxvdo h>hfw ri wuhdwphqw klvwru| rq wkh phdq ri \ 1 Lq frqwudvw/ zkhq D +w, lv vwdwlvwlfdoo| qrq0

h{rjhqrxv/ wkh ROV uhjuhvvlrq hvwlpdwru zloo vwloo hvwlpdwh wkh sdudphwhu ð5/ exw qrz ð5 zloo kdyh qr

fdxvdo lqwhusuhwdwlrq1

Wr suryh vxfk d fodlp/ zh qhhg wr jlyh d irupdo pdwkhpdwlfdo phdqlqj wr wkh lqirupdo frqfhsw ri wkh

fdxvdo h>hfw ri wuhdwphqw klvwru| rq wkh phdq ri \ 1 Wr gr vr/ zh uhlqirufh vrph qrwdwlrqdo frqyhqwlrqv

zh kdyh douhdg| ehhq xvlqj1 Zh xvh fdslwdo ohwwhuv wr uhsuhvhqw udqgrp yduldeohv dqg orzhu fdvh ohwwhuv

wr uhsuhvhqw srvvleoh uhdol}dwlrqv +ydoxhv, ri udqgrp yduldeohv1 Iru h{dpsoh/ lv wkh udqgrp revhuyhg

gdwd iru wkh lwk vwxg| vxemhfw dqg r lv d srvvleoh uhdol}dwlrq +ydoxh, ri Rl1 Ixuwkhu/ zh dvvxph wkdw wkh

udqgrp yhfwru Rl iru hdfk vxemhfw lv gudzq lqghshqghqwo| iurp d glvwulexwlrq frpprq wr doo vxemhfwv/

l1h1 wkh Rl duh lqghshqghqw dqg lghqwlfdoo| glvwulexwhg11 Ehfdxvh wkh Rl kdyh wkh vdph glvwulexwlrq/ zh

riwhq vxssuhvv wkh l vxevfulsw1 Qrwh wkh diruhphqwlrqhg vxshusrsodwlrq prgho lpsolhv wkdw wkh Rl duh

lqghshqghqw dqg lghqwlfdoo| glvwulexwhg1
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5171 D Pdujlqdo Vwuxfwxudo Prgho

Qrz zh lqwurgxfh frxqwhuidfwxdo ru srwhqwldo rxwfrphv1 Iru dq| ?{hg qrq0udqgrp wuhdwphqw klvwru| d @

id +x, > 3 é x é N . 4j/ ohw \d eh wkh +srvvleo| frxqwhuidfwxdo, udqgrp yduldeoh uhsuhvhqwlqj d vxemhfw*v

rxwfrph kdg/ srvvleo| frqwudu| wr idfw/ wkh vxemhfw ehhq wuhdwhg zlwk klvwru| d udwkhu wkdq klv revhuyhg

klvwru| D1 Qrwh wkh d*v duh srvvleoh uhdol}dwlrqv ri wkh udqgrp yduldeoh D1 Iru hdfk srvvleoh klvwru| d/

zh duh dvvxplqj d vxemhfw*v uhvsrqvh \d lv zhoo gh?qhg +dowkrxjk jhqhudoo| xqrevhuyhg,1 Lqghhg zh rqo|

revhuyh \d iru wkdw wuhdwphqw klvwru| d htxdo wr d vxemhfw*v dfwxdo wuhdwphqw klvwru| D/ l1h1/

\ @ \D 1 +7,

Wkh deryh lghqwlw| lv wkh ixqgdphqwdo 3frqvlvwhqf|4 dvvxpswlrq wkdw olqnv wkh frxqwhuidfwxdo gdwd \d
wr wkh revhuyhg gdwd

ý
\>D

ü
1 Qrwh wkdw/ li rq hdfk gd| w/ D +w, fdq wdnh exw rqh ri wzr ydoxhv +3 iru

xqwuhdwhg dqg 4 iru wuhdwhg, dqg wkh vwxg| gxudwlrq N lv 633 gd|v/ wkhq wkhuh duh 5633 gl>huhqw \d ydoxhv

dvvrfldwhg zlwk hdfk vxemhfw1

Irupdoo| rxu vwdwhphqw wkdw wkh h>hfw ri wuhdwphqw klvwru| rq wkh phdq ri \ lv d olqhdu ixqfwlrq ri

fxpxodwlyh wuhdwphqw lv wkh vwdwhphqw wkdw/ iru hdfk d/

H ^\d` @ j +d>ñ, / zkhuh j +d>ñ, @ ñ4 . ñ5 fxp +d, > +8,

zklfk zh uhihu wr dv d pdujlqdo vwuxfwxudo prgho +PVP, iru wkh h>hfw ri wuhdwphqw rq wkh phdq ri \ 1

Wklv prgho iru H ^\d` lv d pdujlqdo vwuxfwxudo prgho vlqfh lw lv d prgho iru wkh pdujlqdo glvwulexwlrq ri

frxqwhuidfwxdo yduldeohv +udwkhu wkdq iru wkh mrlqw glvwulexwlrq/ h1j1/ wkh fruuhodwlrq pdwul{/ ri wkh \d, dqg/

lq wkh hfrqrphwulf dqg vrfldo vflhqfh olwhudwxuh/ fdxvdo prghov +l1h1/ prghov iru frxqwhuidfwxdo yduldeohv,

duh riwhq uhihuuhg wr dv vwuxfwxudo1 Qrwh wkdw d PVP lv d prgho iru wkh ryhudoo +l1h1/ qhw, h>hfw ri wkh

wuhdwphqw klvwru| d rq wkh rxwfrph \ / vlqfh lw lv reolylrxv wr sduwlfxodu fdxvdo sdwkzd|v ru phfkdqlvpv

e| zklfk wkh wuhdwphqw kdv lwv h>hfw1 Wkh uhodwlrqvkls ri rxu PVP +8, wr rxu uhjuhvvlrq prgho +4,0+5,

fdq eh fohduo| vhhq/ e| h{suhvvlqj rxu uhjuhvvlrq prgho dv

H
û
\dmD @ d

ú
@ j +d> ð, zkhuh j +d> ð, @ ð4 . ð5 fxp +d, 1 +9,

Qrwh +9, lv htxlydohqw wr +4,0+5, vlqfh/ e| +7,/ zh fdq vxevwlwxwh \ iru \d lq +9, dqg rewdlqH
û
\ mD @ d ú @

j +d> ð, zklfk lv htxlydohqw wr +4,1 Iurp +9,/ zh vhh wkdw d uhjuhvvlrq prgho lv d prgho iru wkh frqglwlrqdo

phdq ri \d jlyhq D @ d1

Zh qrz vkrz wkdw wkh sdudphwhu ñ5 hqfrghv wkh pdjqlwxgh ri wkh dyhudjh fdxvdo h>hfw ri wkh wuhdw0

phqw rq wkh rxwfrph1 E| gh?qlwlrq/ wkh fdxvdo h>hfw ri wuhdwphqw uhjlph d rq wkh rxwfrph \ iru d

jlyhq vwxg| vxemhfw lv wkh gl>huhqfh \d0\3 ehwzhhq khu rxwfrph \d zkhq wuhdwhg zlwk uhjlph d dqg khu

rxwfrph \3 zkhq qhyhu wuhdwhg1 Khuh 3 lv wkh N . 4 yhfwru ri 3*v1 Wkxv H ^\d ý \3` @ H ^\d`ýH ^\3` lv
wkh dyhudjh fdxvdo h>hfw ri uhjlph d lq wkh vxshusrsxodwlrq/ zklfk xqghu rxu PVP +8, lv ñ5fxp +d,1

ñ5 lv dovr ri lpsruwdqw srolf| lqwhuhvw1 Wr vhh zk|/ frqvlghu d qhz vxemhfw h{fkdqjhdeoh zlwk +l1h1/

gudzq iurp wkh vdph glvwulexwlrq dv, wkh q vwxg| vxemhfwv1 Zh pxvw ghflgh zklfk wuhdwphqw klvwru| d

wr dgplqlvwhu wr wkh qhz vxemhfw1 Zh zrxog olnh wr surylgh wkh wuhdwphqw wkdw plqlpl}hv wkh h{shfwhg

dprxqw ri KLY UQD lq klv eorrg dw hqg ri iroorz0xs1 Wkdw lv/ zh zdqw wr ?qg d wkdw plqlpl}hv H ^\d`1

^Whfkqlfdoo|/ zh zrxog fkrrvh wr plqlpl}h H +\d, xqghu d vtxduhg huuru orvv ixqfwlrq1` Wkxv/ iru h{dpsoh/

li wkh sdudphwhu ñ5 ri rxu fdxvdo prgho lv srvlwlyh/ zh zloo zlwkkrog D]W wuhdwphqw iurp rxu vxemhfw +l1h1/

zh zloo jlyh klp wkh wuhdwphqw klvwru| 3,/ vlqfh srvlwlyh ñ5 lqglfdwhv wkdw wkh h{shfwhg dprxqw ri KLY
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UQD lq rqh*v eorrg dw wkh hqg ri iroorz0xs lqfuhdvhv zlwk lqfuhdvlqj fxpxodwlyh D]W grvh1 Lq frqwudvw

wr ñ5/ wkh sdudphwhu ð5 ri rxu dvvrfldwlrq +uhjuhvvlrq, prgho +4, pd| kdyh qr fdxvdo lqwhusuhwdwlrq1 Iru

h{dpsoh/ vxssrvh sk|vlfldqv suhihuhqwldoo| vwduwhg D]W rq vxemhfwv zkr/ dv lqglfdwhg e| wkhlu surjqrvwlf

idfwru klvwru|/ zhuh grlqj srruo| dqg wkdw D]W kdv qr fdxvdo h>hfw rq wkh phdq ri \ +l1h1/ ñ5 @ 3,1

Qrqhwkhohvv/ wkh phdq ri \ zloo lqfuhdvh zlwk fxpxodwlyh D]W grvh +vlqfh sdwlhqwv zlwk srru surjqrvwlf

idfwru klvwru|/ vd| orz zklwh eorrg frxqw/ zloo kdyh kljkhu ohyhov ri KLY UQD dqg zloo kdyh uhfhlyhg pruh

D]W wuhdwphqw,1 Wkxv ð5 zloo eh srvlwlyh1 Lq wklv vhwwlqj/ zh vd| wkdw wkh sdudphwhu ð5 ri wkh dvvrfldwlrq

prgho odfnv d fdxvdo lqwhusuhwdwlrq ehfdxvh lw lv frqirxqghg e| wkh dvvrfldwlrq ri wkh surjqrvwlf idfwruv

O +x, zlwk wkh vxevhtxhqw wuhdwphqw D +x,1 Li zh pdgh srolf| ghflvlrqv dv wr wkh rswlpdo D]W grvh

edvhg rq wkh sdudphwhu ð5 udwkhu wkdq ñ5/ zh pd| zhoo eh grlqj pdq| ri rxu sdwlhqwv d srwhqwldoo| idwdo

glvvhuylfh1 Iru h{dpsoh ð5 pljkw eh srvlwlyh hyhq li D]W zdv ehqh?fldo dqg wkxv ñ5 zdv qhjdwlyh/ li wkh

vhohfwlrq eldv +l1h1/ frqirxqglqj, gxh wr sk|vlfldqv suhihuhqwldoo| wuhdwlqj vxemhfwv zlwk orz zklwh eorrg

frxqwv lv ri juhdwhu pdjqlwxgh wkdq wkh wuxh ehqh?fldo h>hfw ri D]W rq \ dv phdvxuhg e| wkh devroxwh

ydoxh ri ñ51

5181 Wkh Dvvxpswlrq ri Qr Xqphdvxuhg Frqirxqghuv

Irupdoo|/ lq whupv ri frxqwhuidfwxdov/ zh vd| wkdw wkh D +w, surfhvv lv 3fdxvdoo| h{rjhqrxv4 li/ iru doo

klvwrulhv d/ \d lv lqghshqghqw ri wkh grvh ri wuhdwphqw rq gd| w jlyhq sdvw wuhdwphqw klvwru|/ l1h1/

\d
c
D +w, m D +wý 4, +:,

zklfk lv pdwkhpdwlfdoo| htxlydohqw wr wkh vwdwhphqw wkdw \d lv lqghshqghqw ri wkh vxemhfw*v hqwluh wuhdw0

phqw klvwru|/ l1h1/

\d
d
D 1 +;,

Qrwh wkdw hyhq zkhq D +w, lv 3fdxvdoo| h{rjhqrxv/4 li wkh wuhdwphqw kdv dq h>hfw rq wkh rxwfrph/ wkhq

wkh revhuyhg rxwfrph \ @ \D zloo qrw eh lqghshqghqw ri D/ vlqfh \D lv d ixqfwlrq ri d vxemhfw*v revhuyhg

wuhdwphqw klvwru| D lwvhoi1 Zkhq D +w, lv fdxvdoo| h{rjhqrxv/ zh vd| wkhuh lv qr frqirxqglqj e| hlwkhu

phdvxuhg ru xqphdvxuhg idfwruv1

Uhpdun= Lq wkh frqwh{w ri wkh fdxvdo GDJ wkhru| ri Shduo +4<<8, dqg Vsluwhv hw do1 +4<<6,/ zh zrxog

vd| d wuhdwphqw surfhvv lv fdxvdoo| h{rjhqrxv li wkhuh duh qr duurzv lqwr dq| ri wkh wuhdwphqw yduldeohv

rq d fdxvdoo| vx!flhqw GDJ uhsuhvhqwlqj wkh gdwd/ h{fhsw iru wkrvh ruljlqdwlqj iurp rwkhu wuhdwphqw

yduldeohv1 Wklv gh?qlwlrq lpsolhv exw lv qrw lpsolhg e| p| gh?qlwlrq +:,1 Lw lv rqo| p| zhdnhu gh?qlwlrq

+:, wkdw lv uhohydqw zkhq frqvlghulqj wkh fdxvdo h>hfw ri wkh wuhdwphqw surfhvv D rq wkh rxwfrph \ 1

Jlyhq wkh fryduldwhv uhfrughg lq O +w,/ zh vd| wkhuh duh qr xqphdvxuhg frqirxqghuv li/ iru hdfk d/ \d
lv lqghshqghqw ri wkh wuhdwphqw D +w, dw wlph w jlyhq wkh sdvw wuhdwphqw dqg phdvxuhg fryduldwh klvwru|=

\d
c
D +w, m O +w, > D +wý 4, 1 +<,

Zlwk wkhvh irupdol}dwlrqv/ lw fdq wkhq eh vkrzq pdwkhpdwlfdoo|/ wkdw zkhq wkhuh duh qr xqphdvxuhg

frqirxqghuv/ +l, vwdwlvwlfdo h{rjhqhlw| +6, lpsolhv fdxvdoo| h{rjhqhlw| +:,/ +ll, wkh LSWZ hvwlpdwru lv

xqeldvhg iru dqg frqyhujhv lq suredelolw| wr wkh sdudphwhu ñ5 ri wkh pdujlqdo vwuxfwxudo prgho +8, iru

H ^\d`/ dqg +lll, wkh suredelolw| olplw ð5 ri wkh xvxdo ROV hvwlpdwru jhqhudoo| gl>huv iurp wkh fdxvdo

sdudphwhu ñ5 ri wkh PVP xqohvv wkh wuhdwphqw surfhvv lv vwdwlvwlfdoo| h{rjhqrxv1
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Zh vkdoo dovr uhihu wr wkh dvvxpswlrq ri qr xqphdvxuhg frqirxqghuv dv wkh dvvxpswlrq wkdw wuhdwphqw

D +w, lv vhtxhqwldoo| udqgrpl}hg jlyhq wkh sdvw1 Wkh dvvxpswlrq vwdwhv wkdw/ frqglwlrqdo rq D]W klvwru|

dqg wkh klvwru| ri doo uhfrughg fryduldwhv sulru wr w/ lqfuhphqwv lq D]W grvdjh udwh dw w duh lqghshqghqw

ri wkh frxqwhuidfwxdo udqgrp yduldeohv \d1 Wklv dvvxpswlrq zloo eh wuxh li doo surjqrvwlf idfwruv iru/

l1h1/ suhglfwruv ri/ \d wkdw duh xvhg e| sdwlhqwv dqg sk|vlfldqv wr ghwhuplqh wkh grvdjh ri D]W dw w

duh uhfrughg lq O +w, dqg D +wý 4,1 Iru h{dpsoh/ vlqfh sk|vlfldqv whqg wr zlwkkrog D]W iurp vxemhfwv

zlwk orz zklwh eorrg frxqw +ZEF,/ dqg lq xqwuhdwhg vxemhfwv/ orz zklwh eorrg frxqw lv d suhglfwru ri

KLY UQD/ wkh dvvxpswlrq ri qr xqphdvxuhg frqirxqghuv zrxog eh idovh li O +w, grhv qrw frqwdlq ZEF

klvwru|1 Lw lv wkh sulpdu| jrdo ri wkh hslghplrorjlvwv frqgxfwlqj dq revhuydwlrqdo vwxg| wr froohfw gdwd

rq d vx!flhqw qxpehu ri fryduldwhv wr hqvxuh wkdw wkh dvvxpswlrq ri qr xqphdvxuhg frqirxqghuv zloo eh

dw ohdvw dssur{lpdwho| wuxh1

Wkh dvvxpswlrq ri qr xqphdvxuhg frqirxqghuv lv wkh ixqgdphqwdo frqglwlrq wkdw zloo doorz xv wr gudz

fdxvdo lqihuhqfhv iurp revhuydwlrqdo gdwd1 Lw lv suhflvho| ehfdxvh lw fdqqrw eh jxdudqwhhg wr krog lq dq

revhuydwlrqdo vwxg| dqg lv qrw hpslulfdoo| whvwdeoh wkdw lw lv vr yhu| kd}dugrxv wr gudz fdxvdo lqihuhqfhv

iurp revhuydwlrqdo gdwd1

Rq wkh rwkhu kdqg/ wkh dvvxpswlrq ri qr xqphdvxuhg frqirxqghuv lv jxdudqwhhg wr eh wuxh lq d

vhtxhqwldo udqgrpl}hg wuldo1 D vhtxhqwldo udqgrpl}hg wuldo lv d wuldo lq zklfk/ dw hdfk wlph w/ wkh grvh ri

wuhdwphqw lv fkrvhq dw udqgrp e| wkh  ls ri d frlq/ zlwk wkh suredelolw| ri d khdgv ghshqglqj erwk rq sdvw

phdvxuhg fryduldwh O +w, dqg wuhdwphqw klvwru| D +wý 4,1 Lw lv ehfdxvh sk|vlfdo udqgrpl}dwlrq jxdudqwhhv
wkh dvvxpswlrq wkdw prvw shrsoh dffhsw wkdw ydolg fdxvdo lqihuhqfhv fdq eh rewdlqhg iurp d udqgrpl}hg

wuldo1 Vhh Uxelq +4<:;,/ Urelqv +4<;9, dqg Kroodqg +4<;9, iru ixuwkhu glvfxvvlrq1 Odwhu zh glvfxvv

krz wkh frqvhtxhqfhv ri ylrodwlrqv ri wkh dvvxpswlrq ri qr xqphdvxuhg frqirxqghuv fdq eh h{soruhg

wkurxjk vhqvlwlylw| dqdo|vlv1 +Wr wkh uhdghu zkr pljkw wu| wr uhdg p| hduo| sdshuv/ wkh dvvxpswlrq ri qr

xqphdvxuhg frqirxqghuv zdv hqfrghg lq Urelqv +4<;:/ sj1 65:, lq dq hyhqw wuhh uhihuuhg wr dv d FLVWJ

udqgrpl}hg zlwk uhvshfw wr \ iru wuhdwphqw j @ d jlyhq fryduldwhv O1,

5191 Zk| Zhljkwlqj Frqwurov Frqirxqglqj

Zh qrz h{sodlq zk| zhljkwlqj e| Zý4 fruuhfwv rxu uhjuhvvlrq hvwlpdwru iru wkh 3frqirxqglqj4 gxh wr

wkh phdvxuhg surjqrvwlf idfwruv lq O +w,1 Wkh ?uvw srlqw wr qrwh lv wkdw lq wkh gh?qlwlrq ri Z +w, zh

frxog kdyh uhsodfhg wkh ghqrplqdwru i
û
D +w, m D +wý 4,ú e| dq| rwkhu ixqfwlrq ri wuhdwphqw klvwru| D +w,

zlwkrxw lq xhqflqj wkh frqvlvwhqf| ri rxu zhljkwhg hvwlpdwru ri wkh sdudphwhu ñ5 ri wkh PVP> rqo| wkh

h!flhqf| +yduldqfh, ri rxu hvwlpdwru zrxog eh lq xhqfhg1 +Dq hvwlpdwru lv frqvlvwhqw iru d sdudphwhu li/

dv wkh vdpsoh vl}h lqfuhdvhv wr lq?qlw|/ wkh hvwlpdwh frqyhujhv wr wkh sdudphwhu lq suredelolw|1, Krzhyhu/

rxu hvwlpdwru zrxog eh lqfrqvlvwhqw li zh uhsodfhg wkh qxphudwru e| dq| rwkhu ixqfwlrq ri D +w, dqg O +w,1

Wkxv rqh fdq ylhz zhljkwlqj e| Zý4 dv zhljkwlqj e| wkh lqyhuvh ri d vxemhfw*v suredelolw| ri kdylqj

klv rzq revhuyhg wuhdwphqw klvwru|1 Wklv h{sodlqv zk| zh uhihu wr rxu zhljkwhg uhjuhvvlrq hvwlpdwru dv

dq lqyhuvh0suredelolw|0ri0wuhdwphqw zhljkwhg +LSWZ, hvwlpdwru1 Qrz ylhz hdfk shuvrq dv d phpehu ri

d svhxgr0 ru jkrvw srsxodwlrq frqvlvwlqj ri wkhpvhoyhv dqg Zý4 ý 4 jkrvwv +frslhv, ri wkhpvhoyhv zkr
kdyh ehhq dgghg e| zhljkwlqj1 Lq wklv qhz jkrvw ru svhxgr srsxodwlrq/ lw lv hdv| wr vkrz wkdw O +w, grhv

qrw suhglfw wuhdwphqw dw w jlyhq sdvw wuhdwphqw klvwru|/ dqg wkxv zh kdyh fuhdwhg d svhxgr0srsxodwlrq

lq zklfk wuhdwphqw lv h{rjhqrxv1 Ixuwkhupruh/ wkh fdxvdo h>hfw ri D rq \ lq wkh jkrvw srsxodwlrq lv

wkh vdph dv lq wkh ruljlqdo srsxodwlrq1 Wkdw lv/ li H ^\d` @ j +d>ñ, lq wkh wuxh srsxodwlrq/ wkh vdph

zloo eh wuxh ri wkh jkrvw srsxodwlrq1 Khqfh/ zh zrxog olnh wr gr ruglqdu| ohdvw vtxduhv uhjuhvvlrq lq wkh

svhxgr0srsxodwlrq1 Wkdw lv zkdw rxu zhljkwhg uhjuhvvlrq hvwlpdwru lv grlqj/ vlqfh wkh zhljkwv fuhdwh/ dv
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uhtxluhg/ Zý4 ý 4 dgglwlrqdo frslhv ri hdfk vxemhfw1

Uhpdun= Lq d vhtxhqwldo udqgrpl}hg wuldo qrw rqo| lv wkh dvvxpswlrq +<, ri qr xqphdvxuhg frq0

irxqghuv jxdudqwhhg wr krog/ exw lq dgglwlrq wkh wuhdwphqw suredelolwlhv i
û
d +n, m d +n ý 4, > c +n,ú duh

xqghu wkh frqwuro ri wkh lqyhvwljdwru dqg wkxv nqrzq1 Krzhyhu/ wkh suredelolwlhv i ^d +n, m d +n ý 4,` duh
qrw nqrzq dqg pxvw eh prghoohg dqg wkhq hvwlpdwhg iurp wkh gdwd1 Lw iroorzv iurp wkh deryh glvfxvvlrq

wkdw hyhq li wkh prgho iru i ^d +n, m d +n ý 4,` lv plvvshfl?hg/ wkh LSWZ hvwlpdwru ri ñ lv frqvlvwhqw lq d

vhtxhqwldo udqgrpl}hg wuldo1 Lq dq revhuydwlrqdo vwxg|/ rxu LSWZ hvwlpdwru zloo eh frqvlvwhqw rqo| li zh

fdq vshfli| d fruuhfw prgho iru wkh xqnqrzq suredelolwlhv i
û
d +n, m d +n ý 4, > c +n,ú1

Uhpdun= Ixoo| sdudphwulf olnholkrrg edvhg lqihuhqfh= Rxu lqyhuvh0suredelolw|0ri0wuhdwphqw

zhljkwhg hvwlpdwru iru wkh sdudphwhu ñ ri rxu PVP lv vr vlpsoh wr fdofxodwh wkdw hvvhqwldoo| dq| frpsxwhu0

olwhudwh sudfwlflqj hslghplrorjlvw ru vrfldo vflhqwlvw frxog frpsxwh lw xvlqj dydlodeoh vwdwlvwlfdo sdfndjhv1

Ixuwkhupruh/ lw lv jxdudqwhhg wr eh frqvlvwhqw iru wkh sdudphwhu ñ ri wkh PVP +8, zkhq wkh gdwd duh

iurp d vhtxhqwldoo| udqgrpl}hg wuldo1 Krzhyhu/ iurp wkh srlqw ri ylhz ri d Ed|hvldq ru sxuh olnholkrrglvw/

rxu LSWZ hvwlpdwru vhhpv lqdssursuldwh/ vlqfh lw uhtxluhv wkdw zh hlwkhu nqrz ru prgho wkh ghqvlwlhv

i
ý
Dn m On> Dný4

ü
dqg/ xqghu wkh vhtxhqwldo udqgrpl}dwlrq dvvxpswlrq +<,/ wkh olnholkrrg ixqfwlrq iru

wkh sdudphwhu ñ ri rxu PVP grhv qrw ghshqg rq i
ý
Dn m On> Dný4

ü
1 Wkdw lv/ rxu LSWZ hvwlpdwru ri ñ5

lv qrw d olnholkrrg0edvhg hvwlpdwru1 Krzhyhu/ dv glvfxvvhg lq Dsshqgl{ 4/ d sdudphwulf olnholkrrg0edvhg

ru Ed|hvldq hvwlpdwru ri wkh sdudphwhu ñ ri rxu PVP fdq eh frpsxwdwlrqdoo| gl!fxow ru lqwudfwdeoh/

dqg/ pruh lpsruwdqwo|/ zloo eh lqfrqvlvwhqw iru ñ> hyhq zkhq wuhdwphqw lv vwdwlvwlfdoo| dqg fdxvdoo|

h{rjhqrxv dqg wkh i
û
d +n, m d +n ý 4, > c +n,ú @ i ^d +n, m d +n ý 4,` duh nqrzq/ dv zrxog eh wuxh lq d

vhtxhqwldo udqgrpl}hg wuldo lq zklfk wkh wuhdwphqw suredelolwlhv dfwxdoo| rqo| ghshqghg rq sdvw wuhdwphqw

klvwru|1

51:1 Zk| Vwdqgdug Uhjuhvvlrq Dgmxvwphqw Idlov Wr Frqwuro Frqirxqglqj

Rqh pljkw vxssrvh wkdw dq dowhuqdwlyh dssurdfk wr frqwuroolqj frqirxqglqj e| phdvxuhg fryduldwhv lv wr

?w e| ROV d uhjuhvvlrq prgho wkdw dgmxvwv iru frqirxqghu klvwru| O ì ON vxfk dv

H
û
\ m D>Oú @ ë3 . ë4 fxp ýDü. ë5 fxp ýOü. ë6 O +N, . ë7 O +N ý 4,

zkhuh/ iru qrwdwlrqdo frqyhqlhqfh/ zh dvvxph wkdw O +n, lv xqlyduldwh1 Krzhyhu/ hyhq xqghu wkh dv0

vxpswlrq ri qr xqphdvxuhg frqirxqghuv/ wkh sdudphwhu ë4 fdq gl>hu iurp wkh fdxvdo sdudphwhu ñ5 ri

rxu PVP1 Wklv pd| qrw vhhp sduwlfxoduo| glvwxuelqj/ vlqfh rqh pd| krsh wkdw wkh sdudphwhu ë4 uhs0

uhvhqwv wkh gluhfw h>hfw ri wuhdwphqw rq \ qrw phgldwhg wkurxjk sdwkzd|v lqyroylqj wkh fryduldwhv O

zkloh wkh sdudphwhu ñ5 ri rxu PVP uhsuhvhqwv wkh ryhudoo +gluhfw dqg lqgluhfw, h>hfwv ri wuhdwphqw D

rq \ 1 Xqiruwxqdwho|/ wklv lv qrw qhfhvvdulo| vr1 Lqghhg/ lw lv hdv| wr vkrz wkdw wkh sdudphwhu ë4 fdq

gl>hu iurp }hur hyhq xqghu wkh fdxvdo qxoo k|srwkhvlv wkdw wuhdwphqw klvwru| d kdv qr fdxvdo h>hfw rq

wkh rxwfrph/ hlwkhu gluhfwo| ru wkurxjk sdwkzd|v lqfoxglqj wkh fryduldwh klvwru| O1 Wklv lv wuxh hyhq

wkrxjk wkh dvvrfldwlrq +uhjuhvvlrq, prgho iru H
û
\ m D>Oú lv fruuhfwo| vshfl?hg dqg wkh dvvxpswlrq +<, ri

qr xqphdvxuhg frqirxqghuv lv wuxh1 Wkh sureohp lv wkdw fryduldwh fxp
ý
D
ü
ghshqgv rq d vxemhfw*v hqwluh

wuhdwphqw klvwru| lqfoxglqj/ iru h{dpsoh/ D +3,1 Krzhyhu/ D +3, pd| d>hfw wkh wlph0ghshqghqw fryduldwhv

O +n, dqg O +n ý 4,/ iru h{dpsoh1 D uhjuhvvlrq prgho wkdw dgmxvwv iru d fryduldwh O +n, +vd|/ wkurxjk

wkh whup fxp
ý
O
ü
, wkdw lv erwk d>hfwhg e| hduolhu wuhdwphqw D +3, dqg lwvhoi suhglfwv wkh rxwfrph fdq

uhvxow lq d eldvhg hvwlpdwh ri wkh wuhdwphqw h>hfw +hyhq xqghu wkh qxoo k|srwkhvlv ri qr gluhfw/ lqgluhfw/ ru

ryhudoo wuhdwphqw h>hfw,1 Vhh Urelqv +4<;9, dqg Urvhqedxp +4<;7, iru ixuwkhu glvfxvvlrq1 Wr vxppdul}h/
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vwdqgdug uhjuhvvlrq phwkrgv dgmxvw iru yduldeohv e| lqfoxglqj wkhp lq wkh prgho dv uhjuhvvruv1 Wkhvh

vwdqgdug phwkrgv idlo wr dssursuldwho| dgmxvw iru frqirxqglqj gxh wr phdvxuhg frqirxqghuv O +n, zkhq

wuhdwphqw lv wlph0ydu|lqj vlqfh +l, O +n, lv d frqirxqghu iru odwhu wuhdwphqw dqg wkxv pxvw eh dgmxvwhg

iru/ exw +ll, pd| dovr eh d>hfwhg e| hduolhu wuhdwphqw dqg wkxv fdqqrw eh dgmxvwhg iru1 Wkh vroxwlrq

wr wklv frqxqguxp lv wr dgmxvw iru wkh wlph0ghshqghqw fryduldwhv O +n, e| xvlqj wkhp wr fdofxodwh wkh

zhljkwv Zý4 udwkhu wkdq e| dgglqj wkh fryduldwhv wr wkh uhjuhvvlrq prgho dv uhjuhvvruv=

51;1 Hvwlpdwlrq ri Gluhfw H>hfwv

Vxssrvh D +w, @ +DS +w, >D] +w,, lv frpsulvhg ri wzr glfkrwrprxv wuhdwphqwv= D]W wuhdwphqw D] +w,

dqg dhurvrol}hg shqwdplglqh +DS, wuhdwphqw DS +w, = Ohw fxp
ý
DS
ü
dqg fxp

ý
D]
ü
ghqrwh fxpxodwlyh

wuhdwphqw zlwk DS dqg D]W uhvshfwlyho|1 Wkhq lq wkh PVP

H ^\d` @ j +d>ñ, / zkhuh j +d>ñ, @ ñ4 . ñ5 fxp +d], . ñ6 fxp +dS , . ñ7 fxp +d], fxp +dS , >

ñ6 uhsuhvhqwv wkh gluhfw h>hfw ri DS rq wkh phdq ri \ zkhq D]W lv zlwkkhog/ dqg ñ6 . ñ7 uhsuhvhqwv

wkh gluhfw h>hfw ri DS zkhq doo vxemhfwv uhfhlyh frqwlqxrxv wuhdwphqw zlwk D]W1 LSWZ hvwlpdwlrq ri ñ

lv shuiruphg dv deryh1

51<1 Irupdo Pdwkhpdwlfdo Mxvwl?fdwlrqv

Wkh iroorzlqj ohppd lv wkh nh| wr surylglqj d irupdo/ pdwkhpdwlfdo h{sodqdwlrq ri zk| zhljkwlqj e|

Zý4 fruuhfwv rxu uhjuhvvlrq hvwlpdwru iru 3frqirxqglqj14

Ohppd 5141 Xqghu wkh vhtxhqwldo udqgrpl}dwlrq dvvxpswlrq +<,/ H +\d, lv xqltxh ixqfwlrq f +d, ri

d vxfk wkdw H
û
t
ý
D
ü ý
\ ý f ýDüü @Zú @ 3 iru doo ixqfwlrqv t ýDü zkhuh wkh h{shfwdwlrq h{lvwv1

Frqvlvwhqf| ri rxu zhljkwhg hvwlpdwru iru wkh sdudphwhu ñ ri rxu PVP +8, wkhq iroorzv iurp wkh idfw

wkdw +l, wkh LSWZ hvwlpdwru eñ plqlpl}lqj wkh zhljkwhg uhvlgxdo vxp ri vtxduhv fdq dovr eh fkdudfwhul}hg

dv wkh vroxwlrq wr wkh zhljkwhg ohdvw vtxduhv 3qrupdo4 htxdwlrq

3 @ qý4
q[
l@4

Xl +ñ4> ñ5, +43,

zkhuh

X +ñ4> ñ5, @Zý4 ý4> fxp ý
D
üü3 û

\ ý ñ4 ý ñ5 fxp
ý
D
üú

/ +44,

dqg +ll, wkh suredelolw| olplw ri rxu zhljkwhg ohdvw vtxduhv 3qrupdo4 htxdwlrq lvH
û
t
ý
D
ü ý
\ ý f ýDüü @Zú @

3 zlwk t
ý
D
ü
@ +4> fxp +D,,3 dqg f

ý
D
ü
@ j+D>ñ, @ \ ý ñ4 ý ñ5 fxp

ý
D
ü
1

51<141 D Surri edvhg rq wkh J0frpsxwdwlrq dojrulwkp irupxod

Zh qrz vnhwfk d surri ri Ohppd +514,1 Lw lv vrphzkdw pruh whfkqlfdo wkdq wkh uhpdlqghu ri wkh sdshu

dqg fdq eh vnlsshg rq ?uvw uhdglqj1 Jlyhq wkh dvvxpswlrq ri qr xqphdvxuhg frqirxqghuv dqg d sduwlfxodu

srvlwlylw| dvvxpswlrq rq wkh mrlqw glvwulexwlrq ri wkh revhuydeohv/ Urelqv +4<;:/ Fruroodu| wr Wkhruhp

4> 4<<:/ Wkhruhp 615 , vkrzv wkh phdq ri wkh glfkrwrprxv yduldeoh \d lv qrq0sdudphwulfdoo| lghqwl?hg

iurp wkh mrlqw glvwulexwlrq IR ri wkh revhuyhg gdwd R e| wkh qrq0sdudphwulf j0frpsxwdwlrq dojrulwkp
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ixqfwlrqdo e +d, ri Urelqv +4<;9,1 Vshfl?fdoo|/ H +\d, @ e +d, zkhuh

e +d, ì
]
ü ü ü
]
H
ý
\ m cN > dN

ü NT
n@3

i
ý
cn m cný4> dný4

ü
gç +cn, +45,

ç lv d grplqdwlqj phdvxuh/ dqg iru qrwdwlrqdo frqyhqlhqfh zh kdyh zulwwhq } +n, dv }n dqg } +n, dv }n1 Li

fryduldwhv On duh glvfuhwh udqgrp yduldeohv/ wkh lqwhjudov lq +45, duh vlpso| vxpv dqg +45, fdq eh zulwwhq

[
c3>===cN

H
û
\ m cN > dN

ú NT
n@3

i
ý
cn m cný4> dný4

ü
1

Wkh uhtxluhg srvlwlylw| dvvxpswlrq +zklfk zh vkdoo dvvxph lv wuxh, lv wkdw/ jlyhq d @ +d3> = = = > dN,/

iru hdfk srvvleoh cn

li i
ý
cn> dný4

ü
A 3/ wkhq i

ý
dn m cn> dný4

ü
A 3/ +46,

zklfk hvvhqwldoo| vd|v wkdw li dq| vhw ri vxemhfwv dw wlph n kdyh wkh rssruwxqlw| ri frqwlqxlqj rq wkh

wuhdwphqw uhjlph d xqghu frqvlghudwlrq/ dw ohdvw vrph zloo wdnh wkdw rssruwxqlw|1

Wkh j0frpsxwdwlrq dojrulwkp ixqfwlrqdo e +d, fdq eh fkdudfwhul}hg xvlqj wkh odqjxdjh ri gluhfwhg

df|folf judskv1 Vshfl?fdoo|/ e +d, lv wkh pdujlqdo phdq ri \ lq wkh pdqlsxodwhg vxejudsk ri wkh gl0

uhfwhg df|folf judsk +GDJ, J uhsuhvhqwlqj wkh revhuyhg gdwd R lq zklfk doo duurzv lqwr wkh wuhdw0

phqw yduldeohv D @
ý
D4> = = = > DN

ü
kdyh ehhq uhpryhg dqg D lv vhw wr d zlwk suredelolw| 4 +Vsluwhv

hw do1/ 4<<6,1 Pruh vshfl?fdoo|/ ohw GDJ J eh wkh frpsohwh GDJ zlwk whpsrudoo| rughuhg yhuwh{ vhw

R @ iO3> D3> O4> D4> = = = >DN > \ j dqg ohw GDJ Jd eh wkh vxejudsk ri J lq zklfk doo duurzv lqwr wkh

Dn> n @ 3> = = = >N kdyh ehhq fxw1 Wkhq e +d, lv wkh pdujlqdo phdq ri \ edvhg rq d glvwulexwlrq iru R

uhsuhvhqwhg e| GDJ Jd lq zklfk i
ý
Dn m Dný4> On

ü
lv uhsodfhg e| d ghjhqhudwh ghqvlw| wkdw wdnhv wkh

ydoxh dn zlwk suredelolw| 4 zkloh wkh frqglwlrqdo ghqvlw| ri hdfk rwkhu yduldeoh lq wkh vhw R jlyhq lwv

sduhqwv uhpdlqv dv lq IR1

Zh vd| wkdw wkh glvwulexwlrq ri R @ iO3> D3> O4> D4> = = = > DN > \ j lv vwdqgdugo| sdudphwhul}hg li/ iru

hdfk yduldeoh lq R/ zh kdyh vshfl?hg d sdudphwulf +ru vhplsdudphwulf, prgho iru wkh frqglwlrqdo glvwul0

exwlrq ri wkdw yduldeoh jlyhq lwv whpsrudo suhghfhvvruv +wkh sdvw, dqg wkh sdudphwhuv ri hdfk frqglwlrqdo

prgho duh yduldwlrq0lqghshqghqw ri wkrvh ri dq| rwkhu frqglwlrqdo prgho1 Zkhq rxu jrdo lv wr hvwlpdwh wkh

h>hfw ri d vhtxhqwldo +wlph0ghshqghqw, wuhdwphqw D rq dq rxwfrph \ / Ohppd 4 dqg Wkhruhp 5 ri Urelqv

dqg Zdvvhupdq +4<<:, lpso| wkdw lqihuhqfh surfhgxuhv edvhg rq wkh vwdqgdug sdudphwhul}dwlrq zloo idlo1

Vshfl?fdoo|/ wkh| suryh wkdw frpprq fkrlfhv iru wkh sdudphwulf idplolhv lq d vwdqgdug sdudphwul}dwlrq

riwhq ohdg wr mrlqw ghqvlwlhv vxfk wkdw wkh j0frpsxwdwlrq irupxod e +d, iru H +\d, fdq qhyhu vdwlvi| wkh

fdxvdo qxoo k|srwkhvlv wkdw H +\d, lv wkh vdph iru doo d1 Lq sduwlfxodu/ dv glvfxvvhg deryh/ wkh fdxvdo qxoo

k|srwkhvlv grhv qrw lpso| wkdw \
c
DN m ON 1 Dv d frqvhtxhqfh/ lq odujh vdpsohv/ wkh fdxvdo qxoo k|0

srwkhvlv/ hyhq zkhq wuxh/ zloo eh idovho| uhmhfwhg uhjdugohvv ri wkh gdwd1 Urelqv dqg Zdvvhupdq sursrvh

uhsdudphwhul}lqj wkh glvwulexwlrq ri R xvlqj vwuxfwxudo qhvwhg prghov1 PVPv uhsuhvhqw dq dowhuqdwlyh

uhsdudphwhul}dwlrq wkdw dovr ryhufrphv wkh idwdo gh?flhqflhv ri wkh vwdqgdug sdudphwhul}dwlrq1

Wkh iroorzlqj fkdudfwhul}dwlrq gxh wr Urelqv hw do1 +4<<</ Wkhruhp :14, ri wkh j0frpsxwdwlrq dojr0

ulwkp ixqfwlrqdo e +d, gh?qhg lq +45, deryh lqglfdwhv zk| zhljkwlqj e| Zý4 frqwurov frqirxqglqj e|

phdvxuhg fryduldwhv1

Ohppd 5151 e +d, gh?qhg lq +45, lv wkh xqltxh ixqfwlrq f +d, ri d vxfk wkdwH
û
t
ý
D
ü ý
\ ý f ýDüü @Zú @

3 iru doo ixqfwlrqv t
ý
D
ü
iru zklfk wkh h{shfwdwlrq h{lvwv1
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Ohppd 514 lv dq lpphgldwh fruroodu| ri Ohppd 5151

51<151 D sxuho| fdxvdo surri

Xqghu d plog vwuhqjwkhqlqj ri rxu dvvxpswlrq ri vhtxhqwldo udqgrpl}dwlrq +qr xqphdvxuhg frqirxqghuv,/

d vlpsoh/ vhoi0frqwdlqhg/ txlwh uhyhdolqj/ sxuho| 3fdxvdo4 surri ri Ohppd 514 fdq eh rewdlqhg wkdw grhv

qrw xvh wkh idfw wkdw H +\d, lv jlyhq e| wkh j0frpsxwdwlrq dojrulwkp irupxod e +d, ri Ht1 +45,1 Ohw

\D @
õ
\d>d 5 D

ô
eh wkh vhw ri doo frxqwhuidfwxdov1 Khuh D lv wkh vxssruw ri wkh udqgrp yduldeoh D1

Vxssrvh zh vwuhqjwkhq rxu dvvxpswlrq ri qr xqphdvxuhg frqirxqghuv wr

\D
d
Dn m On> Dný4 1

Wkdw lv/ wkh wuhdwphqw Dn lv mrlqwo| lqghshqghqw ri wkh vhw ri doo frxqwhuidfwxdov jlyhq wkh phdvxuhg sdvw1

Wkhq zh kdyh wkh iroorzlqj surri ri Ohppd 5141 Ghqrwh wkh wrwdo idfwxdo dqg frxqwhuidfwxdo gdwd e|

] @
ý
\D> D>O

ü
dqg wkh revhuyhg gdwd e| R @

ý
\ ì \D> D>O

ü
1 Zlwk wkh vwuhqjwkhqhg dvvxpswlrq ri qr

xqphdvxuhg frqirxqghuv/ zh fdq idfwru wkh wuxh mrlqw ghqvlw| ri ] wkdw jhqhudwhg wkh gdwd dv

i +], @ i +\D,
N\
n@3

i
ý
On m Oný4> Dný4> \D

ü N\
n@3

i
ý
Dn m On> Dný4

ü
1

Qrz ohw iú
ý
Dn m Dný4

ü
eh d ghqvlw| iru Dn jlyhq Dný41 Lw qhhg qrw htxdo wkh wuxh ghqvlw| i

ý
Dn m Dný4

ü
1

Ohw iú +], eh d mrlqw ghqvlw| iru ] wkdw gl>huv iurp wkh wuxh mrlqw ghqvlw| i +], rqo| lq wkdw iú
ý
Dn m On> Dný4

ü
@

iú
ý
Dn m Dný4

ü
vr wkdw Dn lv vwdwlvwlfdoo| dqg wkxv fdxvdoo| h{rjhqrxv zhuh wkh gdwd jhqhudwhg xqghu

iú +],1 Wkxv/

iú +], @ i +\D,
N\
n@3

i
ý
On m Oný4> Dný4> \D

ü N\
n@3

iú
ý
Dn m Dný4

ü
1

Qrz/ zh vhh dw rqfh wkdw H +\d, @ Hú +\d, vlqfh i +], dqg iú +], kdyh wkh vdph pdujlqdo glvwulexwlrq iru
\d1 Vhfrqg/ d vlpsoh fdofxodwlrq vkrzv wkdw D lv fdxvdoo| h{rjhqrxv xqghu iú +}, ^l1h1/ \d

cú
D`1 Wkxv/

zh kdyh wkdw Hú ^\d` @ Hú
û
\d m D @ d

ú
@ Hú

û
\D m D @ d

ú
@ Hú

û
\ m D @ dú zkhuh wkh ?uvw htxdolw| lv e|

lqghshqghqfh/ wkh vhfrqg e| wkh surshuwlhv ri frqglwlrqdo h{shfwdwlrqv/ dqg wkh wklug e| wkh frqvlvwhqf|

dvvxpswlrq \D ì \ 1 Khqfh/ zh kdyh irupdoo| suryhg wkh uhvxow lqirupdoo| dujxhg deryh wkdw zkhq D lv

fdxvdoo| h{rjhqrxv/ wkh pdujlqdo phdq ri \d lv jlyhq e| wkh uhjuhvvlrq ixqfwlrq Hú
û
\ m D @ dú ri \ rq

D @ d1 Qrz lw lv d vwdqgdug vwdwlvwlfdo uhvxow wkdw wkh uhjuhvvlrq ixqfwlrq Hú
ý
\ m D @ dü lv fkdudfwhul}hg

dv wkh xqltxh ixqfwlrq f +d, vroylqj Hú
õ
t
ý
D
ü û
\ ý f ýDüúô ì U t ýDü ý\ ý e ýDüü iú +], gç+], @ 3 iru

doo t
ý
D
ü
zkhuh ç lv d grplqdwlqj phdvxuh1 Exw/

U
t +D,

ý
\ ý f ýDüü iú +], gç+], @U

t +D,
ý
\ ý f ýDüü iú+],i+], i+],gç+], @ H

k
t +D,

ý
\ ý f ýDüü iú+],i+],

l
zkhuh wkh ?uvw htxdolw| lv e| dojheud

dqg wkh vhfrqg lv e| wkh gh?qlwlrq ri dq h{shfwdwlrq zlwk uhvshfw wr i +],1 Exw/ e| gh?qlwlrq/ i
ú+],
i+], @

Zý4 li zh fkrrvh iú
ý
Dn m Dný4

ü
htxdo wr i

ý
Dn m Dný4

ü
1 Ohppd 514 wkhq iroorzv/ e| Hú +\ m D @ d, @

H +\d,1

Wkh surri dovr pdnhv fohdu wkdw frqvlvwhqf| ri rxu zhljkwhg hvwlpdwru grhv qrw uhtxluh wkdw zh fkrrvh

iú
ý
Dn m Dný4

ü
@ i

ý
Dn m Dný4

ü
1

dfpvpsxe1wh{ 44 Dxjxvw 8/ 4<<<



61 Vhqvlwlylw| Dqdo|vlv iru Xqphdvxuhg Frqirxqghuv

6141 D Vhqvlwlylw| Dqdo|vlv Phwkrgrorj|

Zh kdyh vhhq wkdw xqghu wkh dvvxpswlrq ri qr xqphdvxuhg frqirxqghuv/ rxu lqyhuvh0suredelolw|0ri0

wuhdwphqw0zhljkwhg hvwlpdwru eñ frqvlvwhqwo| hvwlpdwhv wkh sdudphwhu ñ ri dq PVP wkdw hqfrghv wkh

vwuhqjwkv ri wkh fdxvdo h>hfw ri wuhdwphqw klvwru| rq wkh rxwfrph \ 1 Krzhyhu/ wkh dvvxpswlrq ri qr

xqphdvxuhg frqirxqghuv lwvhoi lv qrw whvwdeoh edvhg rq wkh revhuyhg gdwd R1 Wkxv/ lq dq revhuydwlrqdo

vwxg|/ zh qhyhu nqrz zkhwkhu rxu dvvxpswlrq ri qr xqphdvxuhg frqirxqghuv lv wuxh1 Lq d udqgrpl}hg

ru vhtxhqwldo udqgrpl}hg vwxg|/ zh zloo nqrz lw lv wuxh rqo| ehfdxvh zh sk|vlfdoo| udqgrpl}hg xvlqj d

frlq ru vrph rwkhu sk|vlfdo udqgrpl}dwlrq ghylfh1 Wkh gdwd wkhpvhoyhv jlyh qr lqglfdwlrq1 Wkxv/ lq

revhuydwlrqdo vwxglhv/ lw lv ri lqwhuhvw wr frqgxfw d vhqvlwlylw| dqdo|vlv wr txdqwli| krz rxu lqihuhqfhv

frqfhuqlqj wkh fdxvdo h>hfw ri d wuhdwphqw rq wkh rxwfrph ydu| dv d ixqfwlrq ri wkh pdjqlwxgh ri +qrq0

lghqwl?deoh, frqirxqglqj e| xqphdvxuhg idfwruv1 Lq wklv vhfwlrq/ zh ghvfuleh krz wr frqgxfw vxfk d

vhqvlwlylw| dqdo|vlv1

Rxu ?uvw wdvn lv wr ghyhors d phdvxuh wkdw txdqwl?hv lq d xvhixo zd| wkh ghjuhh ri frqirxqglqj gxh

wr xqphdvxuhg idfwruv1 Frqvlghu wkh ixqfwlrq

tp
ý
cp> d> d

ú
p

ü
@ H

û
\d m cp> dpý4> dp

úýH û\d m cp> dpý4> dúpú 1 +47,

Djdlq/ iru qrwdwlrqdo frqyhqlhqfh/ zh kdyh zulwwhq } +n, dv }n dqg } +n, dv }n1 Wr khos xqghuvwdqg

zk| wklv ixqfwlrq lv d xvhixo phdvxuh ri wkh pdjqlwxgh ri frqirxqglqj gxh wr xqphdvxuhg idfwruv/ ?{ d

wuhdwphqw klvwru| d @ dN wkurxjk wkh hqg ri wkh vwxg|1 Il{ d wlph p1 Qrz frqvlghu wkh vxejurxs ri wkh

vwxg| srsxodwlrq zlwk d sduwlfxodu fryduldwh klvwru| cp wkurxjk gd| p zkr kdv iroorzhg wkh sduwlfxodu

wuhdwphqw klvwru| dpý4 wkurxjk gd| pý 4 frqvlvwhqw zlwk wkh wuhdwphqw uhjlph d1 Frqvlghu qh{w erwk

wkh vxevhw ri wklv vxejurxs zkr frqwlqxhg dw gd| p zlwk wkh wuhdwphqw dp frqvlvwhqw zlwk wkh uhjlph d

dqg wkh vxevhw zkr ohiw wkh uhjlph d rq gd| p dqg wrrn lqvwhdg wuhdwphqw dúp1 Wkhq tp
ý
cp> d> d

ú
p

ü
lv

suhflvho| wkh gl>huhqfh ri wkh phdq ri wkh frxqwhuidfwxdo \d ehwzhhq wkhvh wzr vxevhwv1 Lq sduwlfxodu/ li

dp @ dúp/ tp
ý
cp> d> dp

ü
@ 3/ vlqfh wkhq wkh vhfrqg ri wkh wzr vxevhwv glg qrw dfwxdoo| ohdyh wkh uhjlph

rq gd| p dqg wkh wzr vxevhwv duh lghqwlfdo1

Qrz li wkh dvvxpswlrq +<, ri qr xqphdvxuhg frqirxqghuv krogv/ zh vhh wkdw tp
ý
cp> d> d

ú
p

ü
lv lghqwlfdoo|

}hur/ vlqfh wkh dvvxpswlrq ri qr xqphdvxuhg frqirxqghuv lpsolhv \d lv phdq0lqghshqghqw ri Dp jlyhq

wkh sdvw OpDpý41 Lqghhg/ tp
ý
cp> d> d

ú
p

ü
lv d qdwxudo phdvxuh ri wkh pdjqlwxgh ri qrq0frpsdudelolw|

zlwk uhvshfw wr wkh phdq ri \d ri wkh wzr vxevhwv phqwlrqhg deryh gxh wr xqphdvxuhg frqirxqglqj1

Vxssrvh qrz wkdw lqvwhdg ri lpsrvlqj wkh dvvxpswlrq tp
ý
cp> d> d

ú
p

ü
@ 3 ri qr xqphdvxuhg frq0

irxqghuv/ zh lpsrvh wkh dvvxpswlrq wkdw

tp
ý
cp> d> d

ú
p

ü
lv vrph vshfl?hg qrq0}hur ixqfwlrq1 +48,

Urelqv hw do1 +4<<<, suryh wkdw dvvxpswlrq +48, sodfhv qr uhvwulfwlrqv rq wkh mrlqw glvwulexwlrq IR ri

wkh revhuyhg gdwd/ dqg wkxv wkh dvvxpswlrq fdqqrw eh uhmhfwhg e| dq| vwdwlvwlfdo whvw1 Zh vd| wkdw d

sdudphwhu ru ixqfwlrq lv lghqwl?hg li lw fdq eh ghwhuplqhg iurp wkh mrlqw glvwulexwlrq ri wkh revhuyhg gdwd1

Wkh uhvxow mxvw vwdwhg lpsolhv wkdw wkh vhohfwlrq eldv ixqfwlrq tp
ý
cp> d> d

ú
p

ü
lv qrw lghqwl?hg1 Lqghhg/

wkh revhuyhg gdwd glvwulexwlrq sodfhv qr uhvwulfwlrqv rq wkh srvvleoh ydoxhv ri wkh ixqfwlrq h{fhsw iru

wkh vwuxfwxudo uhtxluhphqw wkdw tp
ý
cp> d> d

ú
p

ü
htxdov }hur li dúp htxdov wkh wuhdwphqw dp vshfl?hg e| d1

Krzhyhu/ Urelqv hw do1 +4<<<, suryh wkdw iru hdfk fkrlfh ri tp
ý
cp> d> d

ú
p

ü
/ wkh phdq ri \d lv lghqwl?hg
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+ghwhuplqhg, e| wkh mrlqw glvwulexwlrq IR ri wkh gdwd1 Vshfl?fdoo|/ wkh| suryh

Ohppd 6141 Xqghu dvvxpswlrq +48,/ H +\d, lv lghqwl?hg iru hdfk d iurp wkh mrlqw glvwulexwlrq ri wkh

revhuyhg gdwd R @
ý
\>ON > DN

ü
1 Vshfl?fdoo|/ H +\d, lv wkh xqltxh ixqfwlrq f +d, vxfk wkdw

3 @ H

%
Zý4t

ý
D
ü+
\ ý

N[
p@3

]
tp
ý
Op> D> d

ú
p

ü
gI
ý
dúp m Op> Dpý4

üý f ýDü,& +49,

iru doo ixqfwlrqv t
ý
D
ü
iru zklfk wkh h{shfwdwlrq lv ?qlwh1

Qrwh rxu suhylrxv Ohppd 514 lv wkh vshfldo fdvh ri Ohppd 614 zlwk tp fkrvhq wr eh lghqwlfdoo| }hur1 Lq0

ghhg/ Ohppd 614 fdq eh lqwhusuhwhg dv vd|lqj wkdw Ohppd 514 uhpdlqv wuxh li zh uhsodfh wkh revhuyhg gdwd

\ rq hdfk vxemhfw e| wkh vhohfwlrq0eldv0fruuhfwhg yhuvlrq \ ý
NS
p@3

U
tp
ý
Op> D> d

ú
p

ü
gI
ý
dúp m Op>Dpý4

ü
1

Qrwh wkdw wkh lqwhjudo lq +49, ehfrphv wkh vxp[
dúp

tp
ý
Op> D> d

ú
p

ü
i
ý
dúp m Op> Dpý4

ü
zkhq Dp lv d glvfuhwh udqgrp yduldeoh1 Lqghhg/ lq wkh vshfldo fdvh lq zklfk Dp lv d glfkrwrprxv

+3> 4, wuhdwphqw lqglfdwru/ wkh vxp hydoxdwhv wr tp
ý
Op> D> 4

ü
su
ý
Dp @ 4 m Op> Dpý4

ü
iru d vxemhfw zlwk

revhuyhg wuhdwphqw Dp @ 3 dqg wr tp
ý
Op> D> 3

ü
su
ý
Dp @ 3 m Op> Dpý4

ü
iru vxemhfw zlwk revhuyhg

wuhdwphqw Dp @ 41

Wkxv/ jlyhq wkh glvwulexwlrq IR ri wkh revhuyhg gdwd dqg d sduwlfxodu fkrlfh ri tp
ý
cp> d> d

ú
p

ü
/ wkh

fdxvdo grvh0uhvsrqvh uhodwlrqvkls H +\d, @ f +d, lv ghwhuplqhg1 Lw iroorzv wkdw iru dq| jlyhq glvwulexwlrq

IR ri wkh revhuyhg gdwd R/ zh fdq wdexodwh lq d vhqvlwlylw| dqdo|vlv wkh grvh0uhvsrqvh uhodwlrqvkls f +d,

dv d ixqfwlrq ri wkh qrq0lghqwl?hg vhohfwlrq eldv ixqfwlrq tp1 Lq sudfwlfh/ wkh glvwulexwlrq IR ri R lv

xqnqrzq/ exw wkh glvwulexwlrq fdq eh hvwlpdwhg e| wkh hpslulfdo glvwulexwlrq Iq ri wkh gdwd wkdw sxwv

suredelolw| pdvv 4@q rq hdfk ri wkh revhuydwlrqv Rl iru vxemhfwv l @ 4> = = = > q1 Wkh uhdghu vkrxog qrw eh

glvfrxudjhg wkdw zh rqo| surylgh d vhqvlwlylw| dqdo|vlv1 Vlqfh wkh ixqfwlrq tp uhsuhvhqwv wkh pdjqlwxgh

ri frqirxqglqj +l1h1/ vhohfwlrq eldv, gxh wr xqphdvxuhg idfwruv/ lw zrxog qrw eh ghvludeoh ru vflhqwl?fdoo|

uhdvrqdeoh iru tp wr eh lghqwl?hg lq wkh devhqfh ri ixuwkhu nqrzohgjh ri wkhvh idfwruv1 Rxu vhqvlwlylw|

dqdo|vlv irupdol}hv wklv ghvlghudwxp> zh fdqqrw lghqwli| wkh vhohfwlrq eldv ixqfwlrq tp/ exw zh fdq lghq0

wli| wkh grvh0uhvsrqvh ixqfwlrq f +d, dv d ixqfwlrq ri tp1 Vlqfh wkh gdwd frqwdlq qr lqghshqghqw hylghqfh

derxw tp/ ?qdo vxevwdqwlyh frqfoxvlrqv zrxog ghshqg xsrq wkh ixqfwlrqv tp wkdw duh frqvlghuhg sodxvleoh

e| uhohydqw vxemhfw0pdwwhu h{shuwv1 D frqyhqlhqw dssurdfk wr fduu|lqj rxw d sudfwlfdo vhqvlwlylw| dqdo|vlv

lv dv iroorzv1

+l, Iluvw vshfli| d uhodwlyho| sduvlprqlrxv prgho iru wkh grvh0uhvsrqvh ixqfwlrq lq zklfk wkh pdjql0

wxgh dqg vkdsh ri wkh grvh0uhvsrqvh ixqfwlrq fdq eh vxppdul}hg e| uhsruwlqj wkh ydoxh ri mxvw d ihz

sdudphwhuv1 D sduwlfxoduo| vlpsoh h{dpsoh zrxog eh rxu prgho

H +\d, @ ñ4 . ñ5 fxp +d,

lq zklfk ñ5 vxppdul}hv wkh h>hfw ri wuhdwphqw rq wkh rxwfrph>

+ll, Vhfrqg/ fkrrvh d vlpsoh sdudphwhul}hg irup iru wkh vhohfwlrq eldv ixqfwlrq tp zlwk sdudphwhu ò/

vxfk dv

tp
ý
cp> d> d

ú
p>ò

ü
@ ò ^dp ý dúp` +4:,
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vr wkdw wkh fkrlfh ò @ 3 fruuhvsrqgv wr wkh dvvxpswlrq ri qr xqphdvxuhg frqirxqghuv1 Dqdo|}lqj

wkh gdwd xqghu wkh dvvxpswlrq wkdw ò lv srvlwlyh lpsolhv wkdw ohvv khdowk| vxemhfwv +vxemhfwv zlwk kljk

frxqwhuidfwxdo KLY UQD \d, duh jlyhq kljkhu grvhv ri wuhdwphqw +hyhq diwhu zh frqwuro iru sdvw frqirxqghu

klvwru| Op dqg sdvw wuhdwphqw klvwru| Dpý4,1 Wklv zrxog eh wkh fdvh li sk|vlfldqv jlyh kljkhu grvhv ri

D]W wr sdwlhqwv zkr kdyh xqidyrudeoh surjqrvwlf idfwruv iru wkh rxwfrph dqg wkhvh surjqrvwlf idfwruv

zhuh qrw uhfrughg lq Op iru gdwd dqdo|vlv1 Lq frqwudvw/ d qhjdwlyh ydoxh iru ò lpsolhv wkdw khdowk|

vxemhfwv zhuh suhihuhqwldoo| jlyhq kljkhu grvhv ri wuhdwphqw hyhq diwhu dgmxvwlqj iru sdvw wuhdwphqw dqg

phdvxuhg fryduldwh klvwru|1 Wr lpsohphqw rxu vhqvlwlylw| dqdo|vlv/ zh fkrrvh d odujh qxpehu ri ydoxhv

iru ò/ dqg iru hdfk fkrlfh ri ò vhsdudwho|/ zh rewdlq dq hvwlpdwh eñ @ íeñ4> eñ5ì ri ñ e| vroylqj wkh

hpslulfdo dqdorj ri Ht1 +49, zlwk t
ý
D
ü
@
ý
4> fxp

ý
D
üü3

dqg f
ý
D
ü
@ ñ4 . ñ5 fxp

ý
D
ü
1 Wkdw lv/ zh

vroyh wkh zhljkwhg ohdvw vtxduhv qrupdo htxdwlrqv zlwk hdfk vxemhfw*v revhuyhg rxwfrph \ uhsodfhg e|

wkhlu vhohfwlrq0eldv0fruuhfwhg rxwfrph \ +ò, ì \ ýSN
p@3

U
tp
ý
Op> D> d

ú
p>ò

ü
gI
ý
dúp m Op> Dpý4

ü
/ l1h1/

zh vroyh

3 @
q[
l@4

Xl +ñ4> ñ5,

zkhuh

X +ñ4> ñ5, @Zý4 ý4> fxp ýDüü3 û\ +ò,ý ñ4 ý ñ5 fxp ýDüú 1

Vroylqj wklv htxdwlrq lv htxlydohqw wr plqlpl}lqj wkh vxp ri zhljkwhg vtxduhg vhohfwlrq0eldv0fruuhfwhg

uhvlgxdov

q[
l@4

Zý4
l ^\l +ò,ý ñ4 ý ñ5 fxp +Dl,`5 1

Uhpdun= Wkh vxemhfw0vshfl?f vhohfwlrq eldv fruuhfwlrq whup
NS
p@3

U
tp
ý
Op> D> d

ú
p>ò

ü
gI
ý
dúp m Op>Dpý4

ü
fdq eh gl!fxow wr frpsxwh/ hvshfldoo| iru frqwlqxrxv wuhdwphqw +h1j1/ wkh grvh ri d guxj uhfrughg lq

plooljudpv,1 Lq wkdw fdvh/ rqh fdq rewdlq dq hvwlpdwhg yhuvlrq e| vdpsolqj1 Vshfl?fdoo|/ rqh uhsodfhv

wkh deryh vhohfwlrq eldv fruuhfwlrq whup e| Mý4
MS
m@4

NS
p@3

tp
ý
Op> D> d

ú
pm >ò

ü
zkhuh wkh dúpm > m @ 4> = = = > M

duh/ iru hdfk p/ M0lqghshqghqw gudzv iurp wkh frqglwlrqdo glvwulexwlrq i
ý
dp m Op>Dpý4

ü
1 Djdlq/ lq

dq revhuydwlrqdo vwxg|/ Z dqg i
ý
dp m Op>Dpý4

ü
zloo qrw eh nqrzq dqg zloo kdyh wr eh prghoohg dqg

hvwlpdwhg iurp wkh gdwd lq d suholplqdu| vwhs1

Wkh ?qdo uhvxow ri vxfk d vhqvlwlylw| dqdo|vlv zloo eh judsk vxfk dv wkdw vkrzq lq Iljxuh 41 Wkh

frq?ghqfh lqwhuydov vxuurxqglqj wkh srlqw hvwlpdwh eñ5 rq wkh judsk uhsuhvhqw xqfhuwdlqw| gxh wr vdpsolqj
yduldelolw| dqg fdq eh frpsxwhg hdvlo| xvlqj vwdqgdug vwdwlvwlfdo vriwzduh1 Vlqfh wkh ixqfwlrqdo irup ri

tp lv qrw lghqwl?hg/ lw iroorzv wkdw rqh pd| zlvk wr uhsruw wkh uhvxowv ri vhyhudo gl>huhqw vhqvlwlylw|

dqdo|vhv zlwk gl>huhqw ixqfwlrqdo irupv iru tp
ý
cp> d> d

ú
p>ò

ü
dqg dovr frqvlghu fkrrvlqj wkh sdudphwhu ò

wr eh pxowlglphqvlrqdo1

Wkh eljjhvw fkdoohqjh lq frqgxfwlqj d vhqvlwlylw| dqdo|vlv lv qrw wkh whfkqlfdo frpsxwdwlrqdo ghwdlov

ghvfulehg deryh1 Udwkhu/ lw lv wkh fkrlfh ri rqh ru pruh vhqvleoh sdudphwhul}hg vhqvlwlylw| dqdo|vlv

ixqfwlrqv tp zkrvh phdqlqj fdq eh h{sodlqhg wr uhohydqw vxemhfw0pdwwhu h{shuwv zlwk vx!flhqw foduli|

wkdw wkh h{shuwv duh deoh wr surylgh d sodxvleoh udqjh iru wkh sdudphwhu ò hqfrglqj wkh pdjqlwxgh dqg

gluhfwlrq ri vhohfwlrq eldv +l1h1/ xqphdvxuhg frqirxqglqj,1 Kdug dv wklv fkdoohqjh pd| vrxqg/ L eholhyh
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lw zrxog eh d zruwkzkloh h{huflvh li lw ohdgv wr uhvxowv ri vwxglhv ehlqj vxppdul}hg e| sorwv vxfk dv

wkdw jlyhq lq Iljxuh 4 udwkhu wkdq ehlqj vxppdul}hg e| wkh vlqjoh frq?ghqfh lqwhuydo dw ò @ 3/ dv

zrxog eh grqh lq wkh devhqfh ri d irupdo vhqvlwlylw| dqdo|vlv1 Wklv eholhi ri plqh lv lq olqh zlwk wkh

zhoo0nqrzq dgdjh wkdw 3lw lv qrw zkdw |rx grq*w nqrz wkdw kxuwv |rx> lw*v wkh wklqjv |rx wklqn |rx nqrz

exw grq*w14 Sdudskudvlqj Iuhhgpdq Urwkhqehuj dqg Vxwfk +4<;7,/ L eholhyh uhsruwlqj vhqvlwlylw| dqdo|vlv

judskv olnh Ilj1 4 lq vflhqwl?f sdshuv udwkhu wkdq vlpso| uhsruwlqj wkh vlqjoh frq?ghqfh lqwhuydo dw ò @ 3

+fruuhvsrqglqj wr wkh dvvxpswlrq ri qr xqphdvxuhg frqirxqghuv, zloo ghfuhdvh wkh vwrfn ri wklqjv zh

wklqn zh nqrz/ exw grq*w1

6151 Frpsdulvrq zlwk rwkhu dssurdfkhv wr vhqvlwlylw| dqdo|vlv

Zh txdqwl?hg wkh qhw frqirxqglqj rq wkh phdq ri wkh rxwfrph \d wkurxjk wkh vhohfwlrq eldv ixqfwlrq tp
zlwkrxw dq| uhihuhqfh wr wkh xqphdvxuhg frpprq fdxvhv X ri wuhdwphqw dqg wkh rxwfrph wkdw duh wkh

vrxufh ri wklv frqirxqglqj1 D odujh erg| ri suhylrxv zrun/ ruljlqdwlqj zlwk Fruq?hog +4<8<, rq vhqvlwly0

lw| dqdo|vlv lq fdxvdo lqihuhqfh prghov zlwk wlph0lqghshqghqw wuhdwphqwv kdv wulhg wr gluhfwo| prgho wkh

h>hfw ri wkhvh xqphdvxuhg fdxvhv X 1 Lq vxfk d vhqvlwlylw| dqdo|vlv/ rqh ydulhv wkh dvvrfldwlrq ri X zlwk

wkh rxwfrph \ +zlwklq ohyhov ri wuhdwphqw dqg phdvxuhg frqirxqghuv, dqg wkh dvvrfldwlrq ri X zlwk wkh

wuhdwphqw +zlwklq ohyhov ri phdvxuhg frqirxqghuv, +Vfkohvvhopdq/ 4<:;> Urvhqedxp dqg Uxelq/ 4<;6>

Olq hw do1/ 4<<;,1 Lq frqwudvw/ lq rxu dssurdfk/ zh vlpso| prgho wkh dvvrfldwlrq ri wkh phdq ri wkh frxq0

whuidfwxdo rxwfrph yduldeoh zlwk wkh wuhdwphqw +zlwklq ohyhov ri phdvxuhg frqirxqghuv,1 Wkh dgydqwdjh

ri rxu dssurdfk lv wkdw +l, wkhuh duh pdq| ihzhu vhqvlwlylw| sdudphwhuv wr ydu|/ dqg +ll, wkh +hvvhqwldoo|

lpsrvvleoh, ghflvlrq dv wr zkhwkhu wr ylhz X dv xqlyduldwh ru pxowlyduldwh/ frqwlqxrxv ru glvfuhwh lv grqh

dzd| zlwk1 D olqn ehwzhhq wkh wzr dssurdfkhv lv wkdw wkh frxqwhuidfwxdo yduldeohv fdq eh frqvlghuhg wkh

xowlpdwh xqphdvxuhg frqirxqghu X 1 Wklv uh hfwv wkh idfw wkdw/ jlyhq wkh frxqwhuidfwxdov dqg wuhdwphqw/

rwkhu xqphdvxuhg fryduldwhv idlo wr suhglfw wkh revhuyhg rxwfrph +dqg wkxv duh vxshu xrxv dqg fdq eh

glvshqvhg zlwk,/ vlqfh wkh revhuyhg rxwfrph yduldeoh lv d ghwhuplqlvwlf ixqfwlrq ri wkh wuhdwphqw dqg wkh

frxqwhuidfwxdo rxwfrph1

Lq rxu rslqlrq/ wkh xqphdvxuhg frqirxqghu X dssurdfk vkrxog eh suhihuuhg wr rxu frxqwhuidfwxdo

dssurdfk rqo| lq flufxpvwdqfhv/ zkhuh +l, X uhsuhvhqwv d nqrzq frqirxqghu +h1j1/ fljduhwwh vprnlqj,

wkdw iru orjlvwlfdo uhdvrqv zdv qrw phdvxuhg lq d sduwlfxodu vwxg|/ dqg ixuwkhupruh/ +ll, wkhuh h{lvwv

uhdvrqdeoh klvwrulfdo dqg2ru elrorjlfdo nqrzohgjh derxw wkh pdjqlwxgh ri dvvrfldwlrq ri X zlwk erwk wkh

rxwfrph +frqglwlrqdo rq wuhdwphqw dqg phdvxuhg frqirxqghuv, dqg wkh wuhdwphqw +frqglwlrqdo rq phd0

vxuhg frqirxqghuv,1 Lq frqwudvw/ zkhq X lv wr uhsuhvhqw doo srvvleoh xqphdvxuhg idfwruv/ zh eholhyh wkdw

lw lv vxevwdqwlyho| hdvlhu iru vxemhfw0pdwwhu h{shuwv wr jlyh wkhlu rslqlrqv derxw wkh sodxvleoh pdjqlwxgh

ri wkh dvvrfldwlrq ri wkh phdq ri wkh frxqwhuidfwxdo rxwfrph zlwk wuhdwphqw wkdq derxw wkh txhvwlrq ri

zkhwkhu dq| xqphdvxuhg frqirxqghuv X duh frqwlqxrxv ru glvfuhwh/ vlqjoh ru pxowlglphqvlrqdo/ dqg wkh

dvvrfldwlrqv ri vxfk frqirxqghuv zlwk wuhdwphqw dqg wkh rxwfrph1

Zh kdyh vhhq wkdw rxu frxqwhuidfwxdo dssurdfk ohdgv wr h{wuhpho| vlpsoh frpsxwdwlrqv wkdw fdq eh

fduulhg rxw zlwk vwdqgdug vriwzduh1 Lq frqwudvw/ dv glvfxvvhg e| Olq hw do1 +4<<;,/ wkhuh fdq eh iruplgdeoh

frpsxwdwlrqdo gl!fxowlhv dvvrfldwhg zlwk wkh dssurdfk edvhg rq srvlwlqj dq xqphdvxuhg fryduldwh X 1

6161 Dowhuqdwlyhv wr vhqvlwlylw| dqdo|vlv

Frpshwlwruv wr vhqvlwlylw| dqdo|vlv dv phdqv iru vxppdul}lqj xqfhuwdlqw| gxh wr frqirxqglqj e| xqphd0

vxuhg idfwruv derxw fdxvdo h>hfwv lq revhuydwlrqdo vwxglhv lqfoxgh irupdo Ed|hvldq lqihuhqfh dqg frpsxwlqj

erxqgv iru wkh fdxvdo h>hfw1 Dowkrxjk L dp d sursrqhqw ri frpsxwlqj erxqgv lq sodfher0frqwuroohg udq0
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grpl}hg wuldov zlwk doo ru qrqh qrq0frpsoldqfh +vhh Urelqv/ 4<;<,/ qrqhwkhohvv/ lq revhuydwlrqdo vwxglhv

wkh erxqgv duh/ lq jhqhudo/ wrr zlgh wr eh yhu| xvhixo vlqfh wkh| dozd|v lqfoxgh wkh qxoo k|srwkhvlv ri qr

wuhdwphqw h>hfw1

L ylhz d Ed|hvldq dqdo|vlv dv frpsohphqwdu| wr d vhqvlwlylw| dqdo|vlv1 D vhqvlwlylw| dqdo|vlv vxfk dv

wkdw jlyhq lq Ilj1 4 dffxudwho| uhsruwv zkdw zh fdq ohduq iurp wkh gdwd lq d vwdwhphqw ri wkh irup 3li wklv

lv wkh ghjuhh ri frqirxqglqj gxh wr xqphdvxuhg idfwruv/ wkhq wklv lv zkdw zh fdq frqfoxgh iurp wkh gdwd14

Li d ghflvlrq kdv wr eh pdgh/ zh qhhg wr jr ixuwkhu/ dqg d qdwxudo gluhfwlrq zrxog eh wr sodfh d sulru

glvwulexwlrq rq wkh qrq0lghqwl?hg sdudphwhu ò +dqg lqghhg rq wkh ixqfwlrqdo irup ri tp dv zhoo,1 Wkxv/ L

uhjdug d vhqvlwlylw| dqdo|vlv dv hvvhqwldo suh0surfhvvlqj iru d ixoo Ed|hvldq dqdo|vlv1 Pdwkhpdwlfdo ghwdlov

duh ghvfulehg lq Vhf1 44 ri Urelqv hw do1 +4<<<,/ dowkrxjk wkh glvfxvvlrq wkhuh lv uhvwulfwhg wr udwkhu

vlpsoh vhwwlqjv ehfdxvh ri whfkqlfdo sureohpv zlwk lpsohphqwlqj qrq0sdudphwulf Ed|hvldq surfhgxuhv1

Lq frqfoxvlrq/ LSWZ hvwlpdwlrq ri PVPv zkhq frpelqhg zlwk d vhqvlwlylw| dqdo|vlv lv d xvhixo

dssurdfk wr fdxvdo lqihuhqfh lq orqjlwxglqdo gdwd1 Krzhyhu/ wkhuh duh d qxpehu ri gl!fxowlhv zklfk L

kdyh qrw phqwlrqhg/ vrph ri zklfk duh eulh | frqvlghuhg lq Dsshqgl{ 51 Wkh| duh glvfxvvhg lq ghwdlo lq

Urelqv +4<<<, dqg Urelqv hw do1 +4<<<,1 L krsh L kdyh vxffhhghg lq wkh wdvn wkdw L vhw= wr ghvfuleh fohduo|

wkh mre wkdw qhhgv grlqj dqg wr ehjlq wr ghvfuleh vrph ri wkh wrrov wkdw L dqg rwkhuv kdyh ghyhorshg wr

gr lw1

Dsshqgl{ 4= Sdudphwulf Olnholkrrg0Edvhg Lqihuhqfh
Lq wklv dsshqgl{ zh dvvxph wkdw wkh PVP +8, lv fruuhfw dqg wkh dvvxpswlrq +<, ri qr xqphdvxuhg

frqirxqghuv lv wuxh1 Wkhq wkh olnholkrrg iru wkh revhuyhg gdwd lv
Tq
l@4 i +Rl>ñ> ã> ò, > zkhuh

i +R>ñ> ã>ò, @ O4+ñ> ã,O5 +ò, > +D414,

O4+ñ> ã, @
]
ü ü ü
] ]

i +\D>ñ> ã4,
N\
n@3

i
ý
On m Oný4> Dný4> \D> ã5

ü \
i\d>d9@Dj

g\d/

O5 +ò, @
N\
n@3

i
ý
Dn m On> Dný4>ò

ü
>

ã5 lv d xqnqrzq sdudphwhu lqgh{lqj wkh xqnqrzq ghqvlw| i
ý
On m Oný4> Dný4> \D

ü
/ ã4 lv dq xqnqrzq

sdudphwhu wkdw wrjhwkhu zlwk wkh sdudphwhu ñ ri +8, lqgh{hv wkh xqnqrzq mrlqw ghqvlw| ri wkh frxqwhu0

idfwxdov
õ
\d> d 5 D

ô
/ ã @ +ã4> ã5,/ dqg wkh sdudphwhu ò lqgh{hv wkh ghqvlwlhv i

ý
Dn m On> Dný4

ü
1 Lq dq

revhuydwlrqdo vwxg| ò zloo eh xqnqrzq/ exw lq d vhtxhqwldo udqgrpl}hg wuldo ò zloo eh nqrzq vlqfh wkh

udqgrpl}dwlrq suredelolwlhv i
ý
Dn m On> Dný4

ü
duh nqrzq e| ghvljq1

Wr shuirup ixoo| sdudphwulf olnholkrrg0edvhg olnholkrrg lqihuhqfh rq ñ/ zh vshfli| sdudphwulf prghov

i +\D>ñ> ã4, dqg i
ý
On m Oný4> Dný4> \D> ã5

ü
zlwk ã d ?qlwh glphqvlrqdo sdudphwhu1 Wkh idfwrul}dwlrq

+D414, lpsolhv wkdw wkh pd{lpxp olnholkrrg hvwlpdwru ri +ñ> ã, lv wkh vdph zkhwkhu i
ý
Dn m On> Dný4

ü
lv

frpsohwho| xqnqrzq/ lv frpsohwho| nqrzq +dv lq d vhtxhqwldo udqgrpl}hg wuldo,/ ru iroorzv d sdudphwulf

prgho i
ý
Dn m On> Dný4>ò

ü
ghshqglqj rq dq xqnqrzq sdudphwhu ò1 Iurp d Ed|hvldq shuvshfwlyh/ wkh

idfwrul}dwlrq +D414, lpsolhv wkdw/ li ò dqg +ñ> ã, duh d sulrul lqghshqghqw/ wkhq wkh| zloo eh d srvwhulrul

lqghshqghqw dqg wkh srvwhulru glvwulexwlrq iru ñ zloo eh wkh vdph zkhwkhu i
ý
Dn m On> Dný4

ü
lv frpsohwho|

xqnqrzq/ frpsohwho| nqrzq/ ru iroorzv d sdudphwulf prgho1 Wkxv/ iru wkh sxusrvhv ri olnholkrrg0edvhg
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iuhtxhqwlvw lqihuhqfh ru Ed|hvldq lqihuhqfh +zlwk lqghshqghqw sulruv, frqfhuqlqj ñ/ O4+ñ> ã, lv riwhq

uhihuuhg wr dv wkh olnholkrrg iru +ñ> ã, dqg O5 +ò, lv uhihuuhg wr dv wkh dqfloodu| sduw ri wkh olnholkrrg1

Li wkh prghov i +\D>ñ> ã4, dqg i
ý
On m Oný4> Dný4> \D> ã5

ü
duh fruuhfwo| vshfl?hg/ wkh POH ri ñ zloo eh

pruh h!flhqw +l1h1/ kdyh vpdoohu yduldqfh, wkdq dq| LSWZ hvwlpdwru1 Xqiruwxqdwho|/ li hlwkhu prgho

lv plvvshfl?hg/ erwk wkh POH dqg wkh srvwhulru phdq ri ñ zloo jhqhudoo| eh lqfrqvlvwhqw +hyhq li wkh

wuhdwphqw surfhvv lv vwdwlvwlfdoo| h{rjhqrxv dqg frpsohwho| nqrzq,1 Vlqfh/ zkhq N @ 633 dqg Dn lv

glfkrwrprxv/ wkh glphqvlrq ri \D lv 5633/ vshfl?fdwlrq ri qhduo| fruuhfw sdudphwulf prghov i +\D>ñ> ã4,
dqg i

ý
On m Oný4> Dný4> \D> ã5

ü
dsshduv wr eh dq hvvhqwldoo| krshohvv wdvn1

Uhpdun= Lq dgglwlrq wr wkh sureohp ri prgho plvvshfl?fdwlrq/ lq rughu wr hydoxdwh wkh olnholkrrg

ixqfwlrq +D414,/ lw lv qhfhvvdu| wr frpsxwh 5633ý4 glphqvlrqdo lqwhjudov/ vlqfh rqh pxvw lqwhjudwh rxw doo

ri wkh xqrevhuyhg udqgrp yduldeohv \d= Krzhyhu/ lq frqwudvw wr wkh lqwudfwdeoh sureohp ri prgho plvvshf0

l?fdwlrq/ wkh qhhg wr fdofxodwh kljk glphqvlrqdo lqwhjudov fdq eh ryhufrph/ li rqh dvvxphv d prgho xqghu

zklfk hdfk \d lv d ghwhuplqlvwlf ixqfwlrq ri d dqg dq rqh huuru udqgrp yduldeoh +Urelqv dqg Zdvvhupdq/

4<<<,/ zklfk Urelqv +4<<:, uhihuv wr dv d udqn suhvhuylqj vwuxfwxudo glvwulexwlrq prgho +USVGP, zlwk

qr orfdo wuhdwphqw lqwhudfwlrq1 Wkh mrlqw glvwulexwlrq ri wkh \d lv wkhq pdvvlyho| ghjhqhudwh dqg wkh lq0

whjudov lq wkh olnholkrrg ixqfwlrq +D414, duh holplqdwhg1 Krzhyhu wkh dvvxpswlrqv xqghuo|lqj d USVGP

duh xvxdoo| elrorjlfdoo| lpsodxvleoh1

Lq frqwudvw/ rxu LSWZ hvwlpdwru ri ñ lv hdv| wr frpsxwh dqg lv jxdudqwhhg wr eh frqvlvwhqw/ li

i
ý
Dn m On> Dný4

ü
lv nqrzq +dv lq d vhtxhqwldo udqgrpl}hg wuldo,/ ru li wkh prgho i

ý
Dn m On> Dný4>ò

ü
lv

fruuhfwo| vshfl?hg1 Lw iroorz wkdw wkh hvwlpdwlrq ri d PVP prgho lq d vhtxhqwldo udqgrpl}hg wuldo lv d

ohdglqj h{dpsoh ri dq hvwlpdwlrq sureohp wkdw lv hvvhqwldoo| lqwudfwdeoh iurp d Ed|hvldq ru olnholkrrglvw

srlqw ri ylhz/ exw iru zklfk wkhuh h{lvwv vlpsoh frqvlvwhqw zhljkwhg hvwlpdwruv1 Urelqv dqg Ulwry +4<<:,

surylgh dq lq ghswk glvfxvvlrq ri wklv lvvxh dqg lwv lpsolfdwlrqv iru wkh olnholkrrg sulqflsoh1 Lq wkh

whfkqlfdo sduodqfh ri vwdwlvwlfdo olwhudwxuh/ rxu LSWZ hvwlpdwru lv d vhplsdudphwulf hvwlpdwru udwkhu wkdq

d olnholkrrg0edvhg hvwlpdwru1

L zrxog krsh wklv h{dpsoh zrxog ohdg wkh sklorvrsk| frppxqlw| wr txhvwlrq wkh hpskdvlv rq Ed|hvldq

dqg olnholkrrg0edvhg dssurdfkhv wr lqihuhqfh wkdw kdv ehhq sdvvhg rq iurp wkh vwdwlvwlfdo frppxqlw|1

Zkhq d olnholkrrg ixqfwlrq ehfrphv wrr frpsolfdwhg dqg kljk glphqvlrqdo/ wkhuh lv qr zd| wr gluhfwo|

h{wudfw dffxudwh lqirupdwlrq iurp lw/ hyhq wkrxjk wkhuh duh rwkhu phwkrgv/ vxfk dv LSWZ hvwlpdwlrq/

zklfk doorz rqh wr dffxudwho| h{wudfw wkh lqirupdwlrq rq d sdudphwhu ñ ri lqwhuhvw zkhq wkh dqfloodu|

sduw ri wkh olnholkrrg O5 +ò, lv hlwkhu nqrzq ru fdq eh dffxudwho| prghoohg1

Uhpdun= Lw vkrxog eh srlqwhg rxw wkdw/ lq dq revhuydwlrqdo vwxg|/ lq zklfk wkhuh duh +l, d odujh

qxpehu ri wuhdwphqw shulrgv N +ll, vxemhfwv jr rq dqg r> wuhdwphqw iuhtxhqwo|/ dqg +lll, wuhdwphqw

d>hfwv wkh fryduldwhv On> wkhq/ hyhq li lq wuxwk +exw xqnqrzq wr wkh gdwd dqdo|vw, wuhdwphqw lv vwdwlv0

wlfdoo| h{rjhqrxv/ wkh dqdo|vw fdq rewdlq hvwlpdwhg zhljkwv fZý4 wkdw gl>hu vljql?fdqwo| iurp rqh gxh

wr plvvshfl?fdwlrq ri wkh prgho i
ý
Dn m On> Dný4>ò

ü
1 Lq wkdw fdvh wkh dqdo|vw zloo idovho| frqfoxgh wkdw

wuhdwphqw lv qrq0h{rjhqrxv> ixuwkhupruh/ xqehnqrzqvw wr wkh dqdo|vw/ wkh ROV hvwlpdwru zloo eh frq0

vlvwhqw iru wkh sdudphwhu ñ5 ri wkh PVP / zkloh wkh LSWZ hvwlpdwru zloo eh lqfrqvlvwhqw gxh wr wkh

diruhphqwlrqhg prgho plvvshfl?fdwlrq1

Dsshqgl{ 5= Gl!fxowlhv zlwk LSWZ Hvwlpdwlrq ri PVPv
Dowkrxjk LSWZ hvwlpdwlrq ri PVPv lv d xvhixo dssurdfk wr fdxvdo lqihuhqfh iurp orqjlwxglqdo gdwd/

wkhuh duh d qxpehu ri pdmru gl!fxowlhv zklfk L kdyh qrw phqwlrqhg1 Wkh| duh glvfxvvhg lq ghwdlo lq

Urelqv +Urelqv/ 4<<<> Urelqv hw do1/ 4<<<,1 Khuh/ L eulh | wrxfk rq d ihz/ pdlqo| wr surylgh d vhqvh ri

zkdw lv dw lvvxh1
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+l, D g|qdplf wuhdwphqw uhjlph j lv d wuhdwphqw uhjlph zkhuhlq d vxemhfw*v grvh ri wuhdwphqw rq gd|

n ghshqgv rq wkh hyroxwlrq ri wkhlu phdvxuhg wlph0ghshqghqw fryduldwhv On wkurxjk gd| n1 Iru h{dpsoh/

wuhdwphqw uhjlph 3wdnh D]W rqo| zkhq |rxu zklwh eorrg frxqw kdv h{fhhghg 933 iru wkh sdvw wzr zhhnv4

lv d g|qdplf uhjlph1 Khuhwriruh/ zh kdyh rqo| frqvlghuhg wkh frxqwhuidfwxdov \d dvvrfldwhg zlwk qrq0

g|qdplf uhjlph d1 Irupdoo|/ d wuhdwphqw uhjlph j lv d froohfwlrq ri N . 4 ixqfwlrqv j @ +j3> = = = > jN,

zkhuh jn = On $ Dn pdsv wkh vxssruw On ri On wr wkh vxssruw Dn ri Dn1 Ohw \j eh wkh frxqwhuidfwxdo

rxwfrph ri d vxemhfw zkhq iroorzlqj uhjlph j1 Li/ iru hdfk n/ jn
ý
cn
ü
lv d frqvwdqw dn qrw ghshqglqj rq cn/

zh vd| wkdw uhjlph j lv qrq0g|qdplf dqg zulwh \j dv \d1 Xqghu frqvlvwhqf| dqg srvlwlylw| dvvxpswlrqv/

H +\j, lv jlyhq e| wkh UKV ri +45,/ zlwk dný4 ì j
ý
cný4

ü ì ýj3 +c3, > = = = > jný4 ýcný4üü dqg dn ì j ýcnü
ehlqj wkh wuhdwphqw klvwrulhv suhvfulehg e| uhjlph j1

Wkh rswlpdo wuhdwphqw uhjlph pd| zhoo eh g|qdplf1 Iru h{dpsoh/ vxssrvh rxu jrdo lv wr ?qg wkh

uhjlph wkdw plqlpl}hv H +\j,1 Li/ iru h{dpsoh/ wdnlqj D]W lv ehqh?fldo zkhq rqh*v zklwh frxqw lv juhdwhu

wkdq 933 exw lv kdupixo zkhq rqh*v zklwh frxqw lv ohvv wkdq 933/ wkh rswlpdo uhjlph zloo eh g|qdplf1

Lq sudfwlfh/ rswlpdo uhjlphv iru phglfdo wuhdwphqwv duh doprvw dozd|v g|qdplf/ vlqfh lw lv lpsruwdqw wr

vwrs wuhdwphqw zkhq rqh ehfrphv wr{lf1 Iru h{dpsoh/ orz zklwh eorrg frxqwv duh d vljq ri wr{lflw| wr

D]W/ dqg frqwlqxlqj D]W zloo ghsuhvv d vxemhfw*v zklwh frxqw ixuwkhu/ ohdglqj wr lqihfwlrq dqg ghdwk1

Xqiruwxqdwho|/ rqh fdqqrw/ lq jhqhudo/ xvh LSWZ hvwlpdwruv ri d PVP wr hvwlpdwh H +\j, iru g|qdplf

uhjlphv1 Urelqv +4<<:/ Urelqv/ 4<<<> Urelqv hw do1/ 4<<<, ghvfulehg pdq| gl>huhqw dssurdfkhv edvhg rq

PVPv/ vwuxfwxudo qhvwhg prghov +VQPv,/ dqg wkh j0frpsxwdwlrq dojrulwkp wr hvwlpdwh H +\j,1 Wkhvh

phwkrgv duh eh|rqg wkh vfrsh ri wklv sdshu1

+ll, Wkhuh duh vxevwdqwlyh vhwwlqjv/ vxfk dv vwxglhv ri wkh h>hfw ri dq rffxsdwlrqdo h{srvxuh rq khdowk

lq d frkruw ri idfwru| zrunhuv/ lq zklfk phwkrgv edvhg rq PVPv fdqqrw eh xvhg1 Wklv uh hfwv wkh idfw

wkdw li rxu srvlwlylw| dvvxpswlrq wkdw i
ý
dný4> cn

ü
A 3 lpsolhv i

ý
dn m cn> dný4

ü
A 3 lv rqo| wuxh iru d

vlqjoh ydoxh ri dn/ wkhq lqihuhqfh edvhg rq LSWZ hvwlpdwlrq ri PVPv lv qrw srvvleoh1 Lq dq rffxsdwlrqdo

vwxg|/ vxssrvh On lv hpsor|phqw vwdwxv +l1h1/ zkhwkhu d vxemhfw lv rq ru r> zrun dw wlph n,/ dqg Dn lv

wkh grvh ri d srwhqwldoo| wr{lf h{srvxuh vxfk dv irupdoghk|gh1 Vlqfh vxemhfwv r> zrun/ l1h1/ On @ 3/ rqo|

uhfhlyh h{srvxuh ohyho dn @ 3/ rxu srvlwlylw| dvvxpswlrq lv rqo| wuxh iru dn @ 3 dqg iru qr rwkhu h{srvxuh

ohyho/ wkxv suhfoxglqj wkh xvh ri rxu LSWZ hvwlpdwlrq phwkrgv1 Lq vxfk d vhwwlqj/ h{srvxuh h>hfwv fdq

vwloo eh hvwlpdwhg xvlqj j0hvwlpdwlrq ri vwuxfwxudo qhvwhg prghov +Urelqv/ 4<<:,1

+lll, Li \ lv d qrq0qhjdwlyh udqgrp yduldeoh/ wkh vhqvlwlylw| dqdo|vlv phwkrg edvhg rq +47, pd| idlo

vlqfh lw fdq ohdg wr qhjdwlyh ydoxhv iru H ^\d`1 Khqfh/ iru qrq0qhjdwlyh \ / rqh vkrxog edvh d vhqvlwlylw|

dqdo|vlv rq

tp
ý
cp> d> d

ú
p

ü
@ oqH

û
\d m cp> dpý4> dp

úý oqH û\d m cp> dpý4> dúpú 1

zkhuh oq lv wkh qdwxudo orjdulwkp1 Lqihuhqfh suhfhghv dv deryh h{fhsw wkdw qrz \ +ò, @ \
NT
p@3

Tp+ò,

zkhuh Tp+ò, @ h{s
ûýt ýOp> D> 4ýDp>òüú õ4ý i ýDp m Op> Dpý4üô zkhq Dp lv d glfkrwrprxv +3> 4,

yduldeoh dqg Tp+ò, ì
U
h{s

õýt ýOp> D> dp>òüô gI ýdp m Op> Dpý4ü pruh jhqhudoo|1 Hyhq wklv ds0

surdfk fdq idlo zkhq \ lv d glfkrwrprxv +3> 4, udqgrp yduldeoh/ vlqfh lw fdq ohdg wr ydoxhv iru wkh H ^\d`

wkdw h{fhhg rqh1 Wkh srlqw lv wkdw dowkrxjk/ xqghu wkh dvvxpswlrq ri qr xqphdvxuhg frqirxqghuv/ zh

fdq hvwlpdwh wkh sdudphwhuv ri d orjlvwlf PVP/ vxfk dv H ^\d` @ i4 . h{s ^ýñ4 ý ñ5 fxp +d,`jý4 e|

LSWZ zhljkwhg orjlvwlf uhjuhvvlrq +Urelqv/ 4<<<> Urelqv hw do1/ 4<<<,/ wkhuh lv qr frqyhqlhqw phwkrg ri

vhqvlwlylw| dqdo|vlv edvhg rq uhsodflqj d vxemhfw*v revhuyhg \ e| d vhohfwlrq0eldv fruuhfwhg0yhuvlrq \ +ò,

wkdw lv jxdudqwhhg wr uhvshfw wkh idfw wkdw H ^\d` fdqqrw h{fhhg rqh1
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ELEOLRJUDSK\=

Fruq?hog/ M1/ Kdhqv}ho/ Z1/ Kdpprqg/ H1F1/ Ololhqihog/ D1P1/ Vklpnlq/ P1E1/ dqg Z|qghu/ H1O1

+4<8<,1 Vprnlqj dqg oxqj fdqfhu= Uhfhqw hylghqfh dqg d glvfxvvlrq ri vrph txhvwlrqv1 Mrxuqdo ri wkh

Qdwlrqdo Fdqfhu Lqvwlwxwh1 55= 4:605361

Hulffvvrq/ Q1U1/ Khqgu|/ G1I1/ dqg Pl}rq/ J1H1 +4<<;,1 H{rjhqhlw|/ frlqwhjudwlrq/ dqg hfrqrplf

srolf| dqdo|vlv1 Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv/ 49= 6:306;;1

Iuhhgpdq/ G1/ Urwkhqehuj/ W1/ dqg Vxwfk/ S1 +4<;7,1 Rq hqhuj| srolf| prghov1 Mrxuqdo ri Exvlqhvv

dqg Hfrqrplf Vwdwlvwlfv/ 4/ 570691

Kroodqg/ S1 +4<;9,1 Vwdwlvwlfv dqg Fdxvdo Lqihuhqfh1 Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq/

;4= <780<941

Ohzlv/ G1 +4<:6,1 Fdxvdwlrq1 Mrxuqdo ri Sklorvrsk|/ :3= 889089:1

Olq/ G1\1/ Svdw|/ E1P1/ dqg Nurqpdo/ U1D1 +4<<;,1 Dvvhvvlqj wkh vhqvlwlylw| ri uhjuhvvlrq uhvxowv wr

xqphdvxuhg frqirxqghuv lq revhuydwlrqdo vwxglhv1 Elrphwulfv/ 87= <7;0<961

Shduo/ M1 +4<<8,1 Fdxvdo Gldjudpv iru Hpslulfdo Uhvhdufk1 Elrphwulnd/ ;5= 99<09;;1

Urelqv/ M1P1 +4<;9,1 D qhz dssurdfk wr fdxvdo lqihuhqfh lq pruwdolw| vwxglhv zlwk vxvwdlqhg h{srvxuh

shulrgv 8 Dssolfdwlrq wr frqwuro ri wkh khdowk| zrunhu vxuylyru h>hfw1 Pdwkhpdwlfdo Prghoolqj/ := 46<60

48451

Urelqv/ M1P1 +4<;:,1 Dgghqgxp wr 3D qhz dssurdfk wr fdxvdo lqihuhqfh lq pruwdolw| vwxglhv zlwk

vxvwdlqhg h{srvxuh shulrgv 8 Dssolfdwlrq wr frqwuro ri wkh khdowk| zrunhu vxuylyru h>hfw14 Frpsxwhuv

dqg Pdwkhpdwlfv zlwk Dssolfdwlrqv/ 47= <560<781

Urelqv/ M1P1 +4<<8,1 Frpphqwv rq Mxghd Shduo*v sdshu/ 4Fdxvdo gldjudpv iru hpslulfdo uhvhdufk14

Elrphwulnd/ ;5= 9<809<;1

Urelqv/ M1P1 +4<<:,1 Fdxvdo lqihuhqfh iurp frpsoh{ orqjlwxglqdo gdwd1 Lq= Odwhqw Yduldeoh Prg0
holqj dqg Dssolfdwlrqv wr Fdxvdolw|1 Ohfwxuh Qrwhv lq Vwdwlvwlfv +453,/ P1 Ehundqh/ Hglwru1

Q\= Vsulqjhu Yhuodj/ 9<044:1

Urelqv/ M1P1 +4<<;,1 Pdujlqdo vwuxfwxudo prghov1 4<<: Surfhhglqjv ri wkh Dphulfdq Vwdwlvwlfdo Dvvr0

fldwlrq/ Vhfwlrq rq Ed|hvldq Vwdwlvwlfdo Vflhqfh/ ss1 40431

Urelqv M1P1 +4<<<,1 Pdujlqdo Vwuxfwxudo Prghov yhuvxv Vwuxfwxudo Qhvwhg Prghov dv Wrrov iru Fdxvdo

Lqihuhqfh1 Vwdwlvwlfdo Prghov lq Hslghplrorj|/ Hg1 H1 Kdoorudq/ Q\= Vsulqjhu0Yhuodj +wr dsshdu,1
Urelqv M1P1/ Urwqlw}| D1 dqg Vfkduivwhlq G1 +4<<<,1 Vhqvlwlylw| Dqdo|vlv iru Vhohfwlrq Eldv dqg

Xqphdvxuhg Frqirxqglqj lq Plvvlqj Gdwd dqg Fdxvdo Lqihuhqfh Prghov1 Vwdwlvwlfdo Prghov lq Hsl0
ghplrorj|/ Hg1 H1 Kdoorudq/ Q\= Vsulqjhu0Yhuodj +wr dsshdu,1

Urelqv/ M1P1 dqg Zdvvhupdq O1 +4<<:,1 Hvwlpdwlrq ri H>hfwv ri Vhtxhqwldo Wuhdwphqwv e| Uhsdudp0

hwhul}lqj Gluhfwhg Df|folf Judskv1 Surfhhglqjv ri wkh Wkluwhhqwk Frqihuhqfh rq Xqfhuwdlqw| lq Duwl?fldo

Lqwhooljhqfh/ Surylghqfh Ukrgh Lvodqg/ Dxjxvw 406/ 4<<:1 Gdq Jhljhu dqg Sudndvk Vkhqr| +Hgv1,/ Prujdq

Ndxipdqq/ Vdq Iudqflvfr/ ss1 73<07531

Urvhqedxp/ S1U1 +4<;7,1 Wkh frqvhtxhqfhv ri dgmxvwphqw iru d frqfrplwdqw yduldeoh wkdw kdv ehhq

d>hfwhg e| wkh wuhdwphqw1 Mrxuqdo ri wkh Ur|do Vwdwlvwlfdo Vrflhw|/ Vhulhv D/ Jhqhudo/ 47:= 98909991

Urvhqedxp/ S1U1/ dqg Uxelq/ G1E1 +4<;6,1 Dvvhvvlqj vhqvlwlylw| wr dq xqrevhuyhg elqdu| fryduldwh

lq dq revhuydwlrqdo vwxg| zlwk elqdu| rxwfrph1 Mrxuqdo ri wkh Ur|do Vwdwlvwlfdo Vrflhw|/ Vhulhv E/ 44=

545054;1

Uxelq/ G1E1 +4<:;,1 Ed|hvldq Lqihuhqfh iru Fdxvdo H>hfwv= Wkh Uroh ri Udqgrpl}dwlrq1 Wkh Dqqdov

ri Vwdwlvwlfv/ 9= 6708;1

dfpvpsxe1wh{ 4< Dxjxvw 8/ 4<<<



Vfkohvvhopdq M1M1 +4<:;,1 Dvvhvvlqj h>hfwv ri frqirxglqj yduldeohv1 Dphulfdq Mrxuqdo ri Hslghplro0

rj|/ 43;= 60;1

Vsluwhv/ S1/ Jo|prxu/F1/ Vfkhlqhv/ U1 +4<<6,1 Fdxvdwlrq/ Suhglfwlrq/ dqg Vhdufk1 Ohfwxuh
Qrwhv lq Vwdwlvwlfv ;41 Qhz \run= Vsulqjhu0Yhuodj1

Dfnqrzohgjhphqwv= Gdylg Iuhhgpdq surylghg khosixo frpphqwv1 Vxssruw zdv surylghg
wkurxjk QLK Judqwv UR40D4657:8 dqg U340FD:74451

dfpvpsxe1wh{ 53 Dxjxvw 8/ 4<<<



Iljxuh 4 jrhv khuh +lq ?oh,0Uhphpehu wr lqfoxgh

dfpvpsxe1wh{ 54 Dxjxvw 8/ 4<<<


