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DEVWUDFW

Vwdqgdug phwkrgv iru vxuylydo dqdo|vlv/ vxfk dv wkh wlph0ghshqghqw Fr{ prgho/ pd| surgxfh
eldvhg h>hfw hvwlpdwhv zkhq wkhuh h{lvw wlph0ghshqghqw frqirxqghuv wkdw duh wkhpvhoyhv d>hfwhg
e| suhylrxv wuhdwphqw ru h{srvxuh1 Pdujlqdo vwuxfwxudo prghov +PVPv, duh d qhz fodvv ri fdxvdo
prghov zkrvh sdudphwhuv duh hvwlpdwhg wkurxjk lqyhuvh0suredelolw|0ri0wuhdwphqw zhljkwlqj/ dqg
wkdw doorz iru dssursuldwh dgmxvwphqw iru frqirxqglqj1 Zh ghvfuleh wkh pdujlqdo vwuxfwxudo
Fr{ sursruwlrqdo kd}dugv prgho dqg xvh lw wr hvwlpdwh wkh fdxvdo h>hfw ri }lgryxglqh rq wkh
vxuylydo ri KLY0srvlwlyh phq sduwlflsdwlqj lq wkh Pxowlfhqwhu DLGV Frkruw Vwxg|1 Lq wklv vwxg|/
FG7 o|pskrf|wh frxqw lv erwk d wlph0ghshqghqw frqirxqghu ri wkh fdxvdo h>hfw ri }lgryxglqh
rq vxuylydo/ dqg lv d>hfwhg e| sdvw }lgryxglqh wuhdwphqw1 Wkh fuxgh pruwdolw| udwh udwlr +<8(
frq?ghqfh lqwhuydo, iru }lgryxglqh zdv 516 +513/ 51:,/ zklfk uh hfwv wkh suhvhqfh ri frqirxqglqj1
Diwhu frqwuroolqj iru edvholqh FG7 frxqw dqg rwkhu edvholqh fryduldwhv xvlqj vwdqgdug phwkrgv/
wkh pruwdolw| udwh udwlr ghfuhdvhg wr 41: +417/ 41<,1 Xvlqj d pdujlqdo vwuxfwxudo Fr{ prgho wr
ixuwkhu frqwuro iru wlph0ghshqghqw frqirxqglqj gxh wr FG7 frxqw dqg rwkhu wlph0ghshqghqw
fryduldwhv/ wkh pruwdolw| udwh udwlr zdv 31: +<8( frqvhuydwlyh frq?ghqfh lqwhuydo= 319/ 31<,1 Zh
frpsduh PVPv wr suhylrxvo| sursrvhg fdxvdo phwkrgv1

Nh|zrugv= frxqwhuidfwxdov> fdxvdolw|> hslghplrorjlf phwkrgv> orqjlwxglqdo gdwd> vxuylydo dqdo|vlv>
vwuxfwxudo prghov> frqirxqglqj> lqwhuphgldwh yduldeohv> DLGV1

Lqwurgxfwlrq

Pdujlqdo vwuxfwxudo prghov +PVPv, fdq eh xvhg wr hvwlpdwh wkh fdxvdo h>hfw ri d wlph0ghshqghqw h{sr0

vxuh lq wkh suhvhqfh ri wlph0ghshqghqw frqirxqghuv wkdw duh wkhpvhoyhv d>hfwhg e| suhylrxv wuhdwphqw14>5

Wkh xvh ri PVPv lv dq dowhuqdwlyh wr j0hvwlpdwlrq ri vwuxfwxudo qhvwhg prghov +VQPv,16

Lq rxu frpsdqlrq sdshu zh ghvfuleh lqyhuvh0suredelolw|0ri0wuhdwphqw zhljkwhg +LSWZ, hvwlpdwlrq ri

d pdujlqdo vwuxfwxudo orjlvwlf prgho17 Lq wklv sdshu zh lqwurgxfh wkh pdujlqdo vwuxfwxudo Fr{ sursru0

wlrqdo kd}dugv prgho/ vkrz krz wr hvwlpdwh lwv sdudphwhuv e| lqyhuvh0suredelolw|0ri0wuhdwphqw zhljkwlqj/

surylgh sudfwlfdo dgylfh rq krz wr xvh vwdqgdug vwdwlvwlfdo vriwzduh wr rewdlq wkh LSWZ hvwlpdwhv/ dqg

lqfoxgh/ dv dq dsshqgl{/ wkh VDV frgh qhfhvvdu| iru wkh dqdo|vlv1 Zh xvh wklv Fr{ sursruwlrqdo kd}dugv

PVP wr hvwlpdwh wkh h>hfw ri }lgryxglqh rq wkh vxuylydo ri KLY0srvlwlyh phq hquroohg lq dq revhuydwlrqdo



frkruw vwxg|= wkh Pxowlfhqwhu DLGV Frkruw Vwxg| +PDFV,1 Zh frqfoxgh e| frpsdulqj phwkrgv edvhg

rq PVPv wr suhylrxvo| sursrvhg phwkrgv edvhg rq j0hvwlpdwlrq ri VQPv dqg rq wkh j0frpsxwdwlrq

dojrulwkp1

Zh qrz ehjlq e| ghvfulelqj wkh PDFV dqg wkhq vxppdul}h zk| vwdqgdug phwkrgv iru vxuylydo

dqdo|vlv duh qrw dssursuldwh iru hvwlpdwlqj wkh h>hfw ri }lgryxglqh rq pruwdolw| lq wklv frkruw1

Wkh Pxowlfhqwhu DLGV Frkruw Vwxg| dqg Eldv ri vwdqgdug phwkrgv

Ehwzhhq 4<;70<4/ wkh PDFV hquroohg 8955 krprvh{xdo dqg elvh{xdo phq/ zlwk qr sulru DLGV0gh?qlqj

looqhvv/ iurp wkh phwursrolwdq duhdv ri Orv Dqjhohv/ Edowlpruh0Zdvklqjwrq/ Slwwvexujk/ dqg Fklfdjr1

Vwxg| sduwlflsdqwv zhuh dvnhg wr uhwxuq hyhu| 9 prqwkv wr frpsohwh d txhvwlrqqdluh/ xqghujr sk|vlfdo

h{dplqdwlrq/ dqg surylgh eorrg vdpsohv1 Wkh ghvljq dqg phwkrgv ri wkh PDFV kdyh ehhq ghvfulehg lq

ghwdlo hovhzkhuh18>9

Zh uhvwulfwhg rxu frkruw wr KLY0srvlwlyh phq dolyh lq wkh shulrg gxulqj zklfk }lgryxglqh zdv dydlodeoh

iru xvh +l1h1/ diwhu wkh vwxg| ylvlw 8> Pdufk 4<;9 wr Pdufk 4<;:,1 Iroorz0xs hqghg dw vwxg| ylvlw 54 +Pdufk

wr Qryhpehu 4<<7,/ ghdwk/ ru odvw frqwdfw/ zklfkhyhu fdph ?uvw1 Rxu dqdo|vlv lqfoxgh wkh 5465 phq wkdw

dwwhqghg dw ohdvw rqh ylvlw ehwzhhq ylvlwv 8 dqg 54 zkloh KLY0srvlwlyh/ dqg wkdw glg qrw kdyh DLGV dqg

zhuh qrw rq }lgryxglqh dw wkh ?uvw holjleoh ylvlw1 E| wkh hqg ri wkh iroorz0xs +phgldq gxudwlrq= :4

prqwkv,/ 45:8 kdg lqlwldwhg }lgryxglqh wuhdwphqw dqg <59 vxemhfwv kdg glhg1

Wkh xvxdo dssurdfk wr wkh hvwlpdwlrq ri wkh h>hfw ri d wlph0ydu|lqj h{srvxuh/ vxfk dv }lgryxglqh/

rq vxuylydo lv wr prgho wkh kd}dug ri idloxuh dw d jlyhq wlph dv d ixqfwlrq ri sdvw h{srvxuh klvwru| xvlqj

d wlph0ghshqghqw Fr{ sursruwlrqdo kd}dugv prgho1 Krzhyhu/ Urelqv kdv vkrzq wklv dssurdfk pd| eh

eldvhg/ zkhwkhu ru qrw rqh ixuwkhu dgmxvwv iru sdvw fryduldwh klvwru|/ zkhqhyhu +4, wkhuh h{lvwv d wlph0

ghshqghqw fryduldwh wkdw lv erwk d ulvn idfwru iru pruwdolw| dqg dovr suhglfwv vxevhtxhqw h{srvxuh> dqg

+5, sdvw h{srvxuh klvwru| suhglfwv wkh ulvn idfwru1: Fryduldwhv vdwlvi|lqj +4, duh fdoohg wlph0ghshqghqw

frqirxqghuv1 Sdvw FG7 frxqw lv d wlph0ghshqghqw frqirxqghu iru wkh h>hfw ri }lgryxglqh rq vxuylydo

vlqfh lw lv d ulvn idfwru iru pruwdolw| dqg d suhglfwru ri vxevhtxhqw lqlwldwlrq ri }lgryxglqh wkhuds|/9

dqg sdvw }lgryxglqh klvwru| lv dq lqghshqghqw suhglfwru ri vxevhtxhqw FG7 frxqw1; Lq idfw/ doo vwdqgdug

phwkrgv +h1j1/ Fr{ ru Srlvvrq uhjuhvvlrq, wkdw suhglfw wkh pruwdolw| udwh dw hdfk wlph xvlqj d vxppdu|

ri }lgryxglqh klvwru| xs wr wkdw wlph pd| surgxfh eldvhg hvwlpdwhv ri wkh fdxvdo h>hfw ri }lgryxglqh

zkhwkhu ru qrw rqh dgmxvwv iru sdvw FG7 frxqw lq wkh dqdo|vlv1

Pdujlqdo vwuxfwxudo Fr{ sursruwlrqdo kd}dugv prgho

Lq wkh devhqfh ri wlph0ghshqghqw frqirxqglqj/ d wlph0ghshqghqw Fr{ sursruwlrqdo kd}dugv prgho lv

w|slfdoo| xvhg1 Zh wuhdw ylvlw 8/ ru wkh hduolhvw vxevhtxhqw ylvlw dw zklfk d pdq zdv KLY0srvlwlyh/ dv

d vwduw ri iroorz0xs wlph iru rxu dqdo|vlv1 Ohw W eh d vxemhfw*v wlph ri ghdwk zlwk wlph phdvxuhg lq

prqwkv vlqfh vwduw ri iroorz0xs1 Ohw D +w, eh rqh li d vxemhfw zdv rq }lgryxglqh dw wkh odvw ylvlw wr w1

Zh xvh ryhueduv wr uhsuhvhqw d fryduldwh klvwru| vr/ iru h{dpsoh/ D +w, @ iD +x, > 3 é x ? wj lv d vxemhfw*v
wuhdwphqw klvwru| xs wr w1 Ilqdoo|/ ohw Y eh d yhfwru ri wlph0lqghshqghqw edvholqh fryduldwhv phdvxuhg

sulru wr vwduw ri iroorz0xs1 Wkhq/ wkh frqglwlrqdo kd}dug ri ghdwk +l1h1/ pruwdolw| udwh, èW
ý
w m D +w, > Y ü

jlyhq wuhdwphqw klvwru| D +w, dqg edvholqh fryduldwhv Y lv prghoohg dv

èW
ý
w m D +w, > Y ü @ è3 +w, h{s +ð4D +w, . ð5Y , 1

Wkh vxevfulsw W lq èW
ý
w m D +w, > Y ü phuho| lghqwl?hv wklv kd}dug ixqfwlrq dv ehlqj wkdw fruuhvsrqglqj wr

wkh yduldeoh W 1 Lq rxu dqdo|vlv/ wkh fryduldwhv lq Y duh djh/ FG7 frxqw/ zklwh eorrg fhoo frxqw +ZEF,/
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khpdwrfulw/ dqg suhvhqfh ri v|pswrpv1 V|pswrpdwlf vwdwxv zdv gh?qhg e| wkh suhvhqfh gxulqj wkh

suhylrxv vl{ prqwkv ri rqh ru pruh ri wkh iroorzlqj folqlfdo v|pswrpv ru vljqv= ihyhu +whpshudwxuh

A 6:=<ïF, iru è 5 zhhnv/ rudo fdqglgldvlv/ glduukhd iru è 5 zhhnv/ zhljkw orvv ri è 7=8 nj/ rudo kdlu|

ohxnrsodnld/ ru khushv }rvwhu1 Zh dvvxph/ iru vlpsolflw|/ wkdw sdwlhqwv uhpdlq rq wkhuds| rqfh wkh| vwduw

lw dqg wkdw wkh kd}dug ri ghdwk dw wlph w ghshqgv rq d vxemhfw*v }lgryxglqh klvwru| rqo| wkurxjk lwv

fxuuhqw ydoxh/ exw dowhuqdwlyh vshfl?fdwlrqv duh srvvleoh1 Vxssrvh/ iru wkh prphqw/ qr fhqvrulqj rffxuv/

l1h1/ ghdwk wlphv W duh revhuyhg iru doo vxemhfwv1

Lq wkh suhvhqfh ri wlph0ghshqghqw fryduldwhv O+w, vdwlvi|lqj wkh frqglwlrqv +4, dqg +5,/ wkh hvwlpdwh

ri ð4 e| pd{lpl}hg Fr{ sduwldo olnholkrrg lv d eldvhg hvwlpdwh ri wkh h>hfw ri }lgryxglqh rq pruwdolw|/

zkhwkhu ru qrw zh dgglwlrqdoo| lqfoxgh wkh wlph0ghshqghqw fryduldwhv O +w, dv uhjuhvvruv1

Dujxlqj dv lq rxu frpsdqlrq sdshu/7 zh fdq holplqdwh ru uhgxfh wklv eldv e| ?wwlqj wkh deryh wlph0

ghshqghqw Fr{ prgho zlwk wkh frqwulexwlrq ri d vxemhfw wr d ulvn0vhw fdofxodwlrq shuiruphg dw wlph w

zhljkwhg e| wkh 3vwdelol}hg4 zhljkwv

vzl +w, @

lqw+w,\
n@3

su
ý
D +n, @ dl +n, m D +n ý 4, @ dl +n ý 4, > Y @ yl

ü
su
ý
D +n, @ dl +n, m D +n ý 4, @ dl +n ý 4, > O +n, @ cl +n,

ü /

wr rewdlq dq lqyhuvh suredelolw| ri wuhdwphqw zhljkwhg +LSWZ, sduwldo olnholkrrg hvwlpdwh1 Lq wkh deryh

D +ý4, lv gh?qhg wr eh }hur1 Khuh/ lqw +w, lv wkh odujhvw lqwhjhu ohvv wkdq ru htxdo wr w dqg n lv dq lqwhjhu0

ydoxhg yduldeoh ghqrwlqj zkroh prqwkv vlqfh vwduw ri iroorz0xs1 Vlqfh d vxemhfw*v uhfrughg wuhdwphqw

fkdqjhv dw prvw rqfh shu prqwk/ hdfk idfwru lq wkh ghqrplqdwru ri vzl+w, lv/ lqirupdoo|/ wkh suredelolw|

wkdw wkh vxemhfw uhfhlyhg klv rzq revhuyhg wuhdwphqw dw wlph n/ jlyhq klv sdvw wuhdwphqw dqg surjqrvwlf

idfwru klvwru| +Y lv lqfoxghg lq O+3,,1 Hdfk idfwru lq wkh qxphudwru lv/ lqirupdoo|/ wkh suredelolw| wkdw wkh

vxemhfw uhfhlyhg klv revhuyhg wuhdwphqw frqglwlrqdo rq klv sdvw wuhdwphqw klvwru| dqg edvholqh fryduldwhv/

exw qrw ixuwkhu dgmxvwlqj iru klv sdvw wlph0ghshqghqw surjqrvwlf idfwru klvwru|1 3Qrq vwdelol}hg4 zhljkwv

zl+w,/ lq zklfk wkh qxphudwru ri vzl +w, lv uhsodfhg e| 4/ fdq eh xvhg lq olhx ri vzl +w,1 Dowkrxjk wkh

fkrlfh ri zhljkwv zloo qrw lq xhqfh wkh frqvlvwhqf| ri rxu fdxvdo hvwlpdwhv/ wkh vwdelol}hg zhljkwv vzl +w,

duh suhihuuhg ehfdxvh wkh| ohdg wr pruh h!flhqw hvwlpdwhv +l1h1/ qduurzhu frq?ghqfh lqwhuydov,1 Lq d

odwwhu vhfwlrq zh ghvfulehg krz wkhvh vwdelol}hg lqyhuvh0suredelolw|0ri0wuhdwphqw zhljkwv vzl +w, fdq eh

hvwlpdwhg iurp wkh gdwd1

Vxssrvh doo uhohydqw wlph0ghshqghqw frqirxqghuv duh phdvxuhg dqg lqfoxghg lq O +w,1 Wkhq/ zhljkwlqj

e| vzl +w, h>hfwlyho| fuhdwhv/ iru d ulvn0vhw dw wlph w/ d svhxgr0srsxodwlrq lq zklfk +4, qr orqjhu suhglfwv

lqlwldwlrq ri }lgryxglqh dw w +l1h1/ O +w, lv qrw d frqirxqghu,/ dqg +5, wkh fdxvdo dvvrfldwlrq ehwzhhq

}lgryxglqh dqg pruwdolw| lv wkh vdph dv lq wkh ruljlqdo vwxg| srsxodwlrq14 Dv dujxhg lq Uhi1 7/ wklv

lpsolhv wkdw dq LSWZ hvwlpdwru/ vd| eñ4 ri wkh sdudphwhu ð4 ri rxu wlph0ghshqghqw Fr{ prgho zloo

frqyhujh wr d txdqwlw| ñ4 wkdw fdq eh dssursuldwho| lqwhusuhwhg dv wkh fdxvdo h>hfw/ rq wkh orj udwh udwlr

vfdoh/ ri }lgryxglqh rq pruwdolw|1

Wr irupdol}h wkh deryh/ zh lqwurgxfh frxqwhuidfwxdo rxwfrphv17 Iru hdfk srvvleoh wuhdwphqw klvwru|

d @ id+w,> 3 é wj/ ohw Wd eh wkh udqgrp yduldeoh uhsuhvhqwlqj wkh vxemhfw*v wlph wr ghdwk kdg kh iroorzhg/

srvvleo| frqwudu| wr idfw/ wkh }lgryxglqh klvwru| d iurp wkh vwduw ri iroorz0xs/ udwkhu wkdq klv revhuyhg

klvwru| D +W ,1 Iru h{dpsoh/ Wd zlwk d vxfk wkdw d+w, @ 3 iru w ? 5=8 dqg d+w, @ 4 iru w è 5=8 lv wkh

vxemhfw*v vxuylydo wlph zkhq kh vwduwhg }lgryxglqh wkhuds| 518 prqwkv diwhu wkh vwduw ri iroorz0xs1 Zh

rqo| revhuyh Wd iru wkrvh wuhdwphqw klvwrulhv d wkdw djuhh zlwk wkh vxemhfw*v revhuyhg wuhdwphqw klvwru|

D +W , xqwlo wkh vxemhfw*v revhuyhg ghdwk wlph W 1 Iru wkhvh klvwrulhv Wd htxdov W 1 Iru hdfk d zh vshfli|
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wkh pdujlqdo vwuxfwxudo Fr{ sursruwlrqdo kd}dugv prgho

èWd +w m Y , @ è3 +w, h{s +ñ4d +w, . ñ5Y ,

zkhuh èWd +w m Y , lv wkh kd}dug ri ghdwk dw w dprqj vxemhfwv zlwk edvholqh fryduldwhv Y lq wkh vrxufh

srsxodwlrq kdg/ frqwudu| wr idfw/ doo vxemhfwv iroorzhg }lgryxglqh klvwru| d wkurxjk wlph w/ wkh frqvwdqw

ñ4 dqg wkh urz yhfwru ñ5 duh xqnqrzq sdudphwhuv/ dqg è3+w, lv dq xqvshfl?hg edvholqh kd}dug1 Zh uhihu

wr wklv prgho dv d PVP ehfdxvh/ zlwklq ohyhov ri Y / lw lv d vwuxfwxudo +l1h1/ fdxvdo, prgho iru wkh pdujlqdo

glvwulexwlrq ri wkh frxqwhuidfwxdo yduldeohv Wd1

Wkh sdudphwhu ñ4 ri rxu PVP lv wkh fdxvdo orj udwh udwlr iru }lgryxglqh1 Khqfh/ h{s+ñ4, kdv d fdxvdo

lqwhusuhwdwlrq dv wkh udwlr ri wkh pruwdolw| +kd}dug, udwh dw dq| wlph w kdg doo vxemhfwv ehhq frqwlqxrxvo|

h{srvhg wr }lgryxglqh frpsduhg wr wkh kd}dug udwh dw wlph w kdg doo vxemhfwv uhpdlqhg xqh{srvhg1 ñ4
lv frqvlvwhqwo| hvwlpdwhg e| rxu LSWZ hvwlpdwru eñ4/ xqghu wkh xqwhvwdeoh dvvxpswlrq ri qr xqphdvxuhg

frqirxqghuv jlyhq wkh phdvxuhg ulvn idfwruv lq O +w,14 Zh vkdoo pdnh wklv dvvxpswlrq zlwk O +w, ehlqj

wkh fryduldwh yhfwru zlwk wkh iroorzlqj hohphqwv= prvw uhfhqwo| uhfrughg FG7/ ZEF/ khpdwrfulw/ DLGV

gldjqrvlv/ dqg v|pswrpdwlf vwdwxv dw w1

Lw lv gl!fxow wr jhw vwdqgdug Fr{ prgho vriwzduh wr frpsxwh rxu LSWZ hvwlpdwru eñ4 ehfdxvh rxu

vxemhfw0vshfl?f zhljkwv vzl +w, ydu| ryhu wlph/ dqg prvw vwdqgdug Fr{ prgho vriwzduh surjudpv/ hyhq

wkrvh wkdw doorz iru vxemhfw0vshfl?f zhljkwv/ gr qrw doorz iru vxemhfw0vshfl?f wlph0ydu|lqj zhljkwv1 Wkh

dssurdfk zh vkdoo dgrsw wr ryhufrph wklv vriwzduh sureohp lv wr ?w d zhljkwhg srrohg orjlvwlf uhjuhvvlrq

wuhdwlqj hdfk shuvrq0prqwk dv dq revhuydwlrq1 +Lq wkh PDFV/ rxu 5465 phq frqwulexwh 46:/97: shuvrq0

prqwkv ri revhuydwlrq1, Wkdw lv/ zh zloo ?w/ e| zhljkwhg orjlvwlf uhjuhvvlrq xvlqj zhljkwv vzl +w,/ wkh

prgho

orjlw su
û
G +w, @ 4 m G +wý 4, @ 3> D +wý 4, > Y ú @ ñ3 +w, . ñ4D +wý 4, . ñ5Y

zkhuh/ khqfhiruwk w/ olnh n/ lv lqwhjhu ydoxhg ghqrwlqj zkroh prqwkv vlqfh vwduw ri iroorz0xs/ G+w, @ 3 li

d vxemhfw zdv dolyh lq prqwk w dqg 4 li wkh vxemhfw glhg lq prqwk w/ dqg ñ3+w, lv d wlph0 +l1h1/ prqwk0

, vshfl?f lqwhufhsw1 Wklv phwkrg kdv wkh dgydqwdjh ri ehlqj hdvlo| surjudpphg lq pdq| vwdqgdug

vwdwlvwlfdo sdfndjhv1 Lq wkh xqzhljkwhg fdvh/ lw lv hvvhqwldoo| htxlydohqw wr ?wwlqj dq xqzhljkwhg wlph0

ghshqghqw Fr{ prgho/ ehfdxvh wkh kd}dug rq dq| vlqjoh gd| lv h{wuhpho| vpdoo1< Krzhyhu/ wkh xvh ri

zhljkwv lqgxfhv zlwklq0vxemhfw fruuhodwlrq/ zklfk lqydolgdwhv wkh vwdqgdug huuru hvwlpdwhv rxwsxwwhg e| d

vwdqgdug orjlvwlf surjudp +wkh| fdq eh hlwkhu wrr odujh ru wrr vpdoo,1 Wr ryhufrph wklv gl!fxow|/ wkh deryh

zhljkwhg orjlvwlf prgho vkrxog eh ?w xvlqj d jhqhudol}hg hvwlpdwlqj htxdwlrqv43 surjudp +h1j1/ rswlrq

cuhshdwhg* lq VDV Surf Jhqprg, zklfk rxwsxwv 3urexvw4 yduldqfh hvwlpdwruv wkdw doorz iru fruuhodwhg

revhuydwlrqv1 Wkh urexvw yduldqfh hvwlpdwru surylghv d frqvhuydwlyh frq?ghqfh lqwhuydo iru wkh ñ1 Wkdw

lv/ wkh <8( frq?ghqfh lqwhuydo fdofxodwhg dv eñ ÷ 4=<9û urexvw vwdqgdug huuru lv jxdudqwhhg wr fryhu wkh

wuxh ñ dw ohdvw <8( ri wkh wlph lq odujh vdpsohv1

Fhqvrulqj

Wkh dqdo|vlv mxvw ghvfulehg dvvxphv wkdw wkhuh lv qr gurs0rxw ru fhqvrulqj e| hqg ri iroorz0xs1 Zh

gh?qh wkh fhqvrulqj lqglfdwru F+w, wr eh 4 li d vxemhfw lv uljkw0fhqvruhg e| wlph w dqg F+w, @ 3 rwkhuzlvh/

zkhuh d vxemhfw lv uljkw0fhqvruhg li kh hlwkhu gursshg rxw ri wkh vwxg| ru uhdfkhg wkh dgplqlvwudwlyh hqg

ri iroorz0xs dolyh1 Wr hvwlpdwh ñ4 lq wkh suhvhqfh ri fhqvrulqj/ zh ?w d zhljkwhg Fr{ prgho lq zklfk/ iru
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d vxemhfw dw ulvn dw prqwk w/ zh xvh wkh zhljkw vzl +w,û vz|l +w, zkhuh

vz|l +w, @
w\

n@3

su
û
F +n, @ 3 m F +n ý 4, @ 3> D +n ý 4, @ dl +n ý 4, > Y @ yl

ú
su
û
F +n, @ 3 m F +n ý 4, @ 3> D +n ý 4, @ dl +n ý 4, > O +n ý 4, @ cl +n ý 4,

ú /
zkhuh F +ý4, lv gh?qhg wr eh }hur1 vz|l +w, lv/ lqirupdoo|/ wkh udwlr ri d vxemhfw*v suredelolw| ri uhpdlqlqj

xqfhqvruhg xs wr prqwk w/ fdofxodwhg dv li wkhuh kdg ehhq qr wlph0ghshqghqw ghwhuplqdqwv ri fhqvrulqj

h{fhsw sdvw }lgryxglqh klvwru|/ glylghg e| wkh vxemhfw*v suredelolw| ri uhpdlqlqj xqfhqvruhg xs wr prqwk

w1 Wkh ghqrplqdwru ri wkh surgxfw vzl +w,û vz|l +w, lv/ lqirupdoo|/ wkh suredelolw| wkdw d vxemhfw kdg kdg

klv revhuyhg }lgryxglqh dqg fhqvrulqj klvwru| wkurxjk prqwk w1 Vlqfh vzl +w, dqg vz
|
l +w, duh xqnqrzq/

wkh| pxvw eh hvwlpdwhg iurp wkh gdwd dv ghvfulehg ehorz1 Zhljkwlqj e| vzl +w, û vz|l +w, surgxfhv d
frqvlvwhqw hvwlpdwh ri wkh fdxvdo sdudphwhu ñ4 xqghu wkh dvvxpswlrq wkdw wkh phdvxuhg fryduldwhv duh

vx!flhqw wr dgmxvw iru erwk frqirxqglqj dqg iru vhohfwlrq eldv gxh wr orvv wr iroorz0xs17

Hvwlpdwlrq ri wkh zhljkwv

Wkh sudfwlfdo sureohp idfhg e| wkh lqyhvwljdwru lv krz wr rewdlq wkh txdqwlwlhv vzl +w, û vz|l +w,
qhfhvvdu| wr uxq wkh srrohg zhljkwhg orjlvwlf uhjuhvvlrq prgho1 Frqvlghu ?uvw wkh hvwlpdwlrq ri vzl +w,1

Zh qhhg wr frqvlvwhqwo| hvwlpdwh wkh ghqrplqdwru dqg qxphudwru ri vzl +w, iru hdfk vxemhfw dqg wlph

srlqw1 Vlqfh dq| vxemhfw vwduwlqj }lgryxglqh zdv dvvxphg wr uhpdlq rq lw wkhuhdiwhu/ zh fdq uhjdug wkh

wlph wr vwduwlqj }lgryxglqh dv d idloxuh wlph yduldeoh dqg prgho wkh suredelolw| ri vwduwlqj }lgryxglqh

wkurxjk d srrohg orjlvwlf prgho wkdw wuhdwv hdfk shuvrq0prqwk dv dq revhuydwlrq dqg doorzv iru d wlph0

ghshqghqw lqwhufhsw1 Vshfl?fdoo|/ zh fdq ?w wkh prgho dqg rewdlq hvwlpdwhv eò @ +eò3 +n, > eò4> eò5, iru wkh
xqnqrzq sdudphwhuv1 Lw lv rqo| qhfhvvdu| wr ?w wkh prgho iru vxemhfwv zkr kdg |hw wr ehjlq }lgryxglqh

+l1h1/ wkh ;:/;73 shuvrq0prqwkv lq wkh PDFV zlwk D +n ý 4, @ 3,1
Wkh hvwlpdwhg suhglfwhg ydoxhv eSl +n, @ h{slw +ed3 +n, . eò4Ol +n, . ò5Yl, iurp wklv prgho duh wkh

hvwlpdwhg suredelolwlhv ri vxemhfw l qrw vwduwlqj }lgryxglqh lq prqwk n jlyhq wkdw }lgryxglqh kdg qrw

ehhq vwduwhg e| prqwk n ý 4/ zkhuh h{slw+{, @ h{@+4 . h{,1 Rxu hvwlpdwh ri wkh ghqrplqdwru ri vzl+n,
iru shuvrq l rq prqwk n lv wkh surgxfw eS l +n, @ nT

x@3

eSl +x, li vxemhfw l glg qrw vwduw }lgryxglqh xs wr

prqwk n/ dqg lv eS l +n, @ k4ý eSl +w,l wý4T
x@3

eSl +x, li vxemhfw l vwduwhg }lgryxglqh rq prqwk w iru w é n1 +Qrwh
wkdw/ lq fdofxodwlqj eS l +n,/ zh kdyh xvhg wkh idfw wkdw qr vxemhfw vwrsv }lgryxglqh rqfh ehjxq1, Vlploduo|/
zh hvwlpdwh wkh qxphudwru ri vzl+n, e| ?wwlqj wkh deryh orjlvwlf prgho h{fhsw zlwk wkh fryduldwhv O +n,

uhpryhg iurp wkh prgho1

Wkhuh lv d vpdoo exw lpsruwdqw whfkqlfdo ghwdlo zh kdyh |hw wr glvfxvv1 Iru rxu LSWZ hvwlpdwhv ri

ñ wr eh frqvlvwhqw/ lw lv qhfhvvdu| wkdw wkh ghqrplqdwru ri vzl +w, eh frqvlvwhqwo| hvwlpdwhg1 Wr gr vr/

zh fdqqrw hvwlpdwh d vhsdudwh lqwhufhsw ò3+n, iru hdfk prqwk n1 Udwkhu/ zh qhhg wr 3eruurz vwuhqjwk4

iurp vxemhfwv vwduwlqj }lgryxglqh rq prqwkv rwkhu wkdq n wr hvwlpdwh ò3+n,1 Wklv fdq eh dffrpsolvkhg

e| dvvxplqj wkdw ò3+n, lv frqvwdqw lq zlqgrzv ri/ vd|/ 6 prqwkv1 Dq dowhuqdwlyh dssurdfk lv wr dvvxph

wkh ò3+n, duh d vprrwk ixqfwlrq ri ò3+n, dqg wkxv fdq eh hvwlpdwhg e| vprrwklqj whfkqltxhv +vxfk dv

uhjuhvvlrq vsolqhv/ vprrwklqj vsolqhv/ ru nhuqho uhjuhvvlrq,144

Lq rughu wr fruuhfw iru fhqvrulqj/ zh hvwlpdwh vz|l +n, lq d pdqqhu dqdorjrxv wr wkh hvwlpdwlrq ri

vzl+n, h{fhsw zlwk D +n, uhsodfhg e| F+n, dv wkh rxwfrph yduldeoh/ zlwk D+ný4, dgghg dv dq dgglwlrqdo

uhjuhvvru/ dqg qrw frqglwlrqlqj rq D +n ý 4, @ 3 exw udwkhu rq F +n ý 4, @ 31
Fdxvdo h>hfw ri }lgryxglqh lq wkh PDFV
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Xvlqj d vwdqgdug Fr{ sursruwlrqdo kd}dugv prgho 9 ru wkh htxlydohqw srrohg orjlvwlf uhjuhvvlrq

prgho 9 zlwk qr fryduldwhv/ wkh fuxgh pruwdolw| udwh udwlr iru }lgryxglqh zdv 516 +<8( frq?ghqfh

lqwhuydo= 513/ 51:,1 Wkh dgglwlrq ri wkh edvholqh fryduldwhv Y wr wkh prgho ghfuhdvhg wklv udwh udwlr wr

41: +417/ 41<,1

Wr ixuwkhu dgmxvw iru frqirxqglqj gxh wr wkh wlph0ghshqghqw idfwruv O +w,/ zh fdofxodwhg d vwdelol}hg

zhljkw vezl +w,ûvez|l +w, iru hdfk shuvrq0prqwk dqg ?w d zhljkwhg srrohg orjlvwlf prgho/ zkrvh sdudphwhuv

hvwlpdwh wkrvh ri d pdujlqdo vwuxfwxudo Fr{ prgho1 Wkh hvwlpdwhg fdxvdo pruwdolw| udwh udwlr/ h{s+ñ4,/

zdv 31: +<8( frqvhuydwlyh frq?ghqfh lqwhuydo= 319/ 31<,/ lqglfdwlqj wkdw/ xqghu rxu dvvxpswlrqv/ }lgryx0

glqh wkhuds| dsshduv wr ghfuhdvh wkh ulvn ri ghdwk1 Zkhq qrq vwdelol}hg zhljkwv ezl +w, û ez|l +w, zhuh
xvhg/ wkh udwh udwlr zdv yluwxdoo| lghqwlfdo exw wkh <8( frqvhuydwlyh frq?ghqfh lqwhuydo zdv 43( zlghu/

frpsduhg wr wkh vwdelol}hg uhvxowv +wdeoh 4,1 Zh dovr uhsruw lqydolg prgho0edvhg lqwhuydov rewdlqhg xvlqj

dq ruglqdu| zhljkwhg orjlvwlf uhjuhvvlrq surjudp wkdw grhv qrw dffrxqw iru zlwklq0vxemhfw fruuhodwlrqv1

Wkh srlqw hvwlpdwhv dqg <8( frqvhuydwlyh frq?ghqfh lqwhuydov iru hdfk ri wkh sdudphwhuv ri rxu pdujlqdo

vwuxfwxudo Fr{ prgho duh glvsod|hg lq wdeoh 51

Wkh vwdelol}hg zhljkwv zhuh fdofxodwhg e| phdqv ri irxu srrohg orjlvwlf uhjuhvvlrq prghov/ dv ghvfulehg

lq wkh suhylrxv vhfwlrq1 Lq wzr ri wkh prghov wkh rxwfrph zdv clqlwldwlrq ri }lgryxglqh*1 Xvlqj wkh

hvwlpdwhg suhglfwhg ydoxhv iurp hdfk ri wkhvh prghov/ zh fdofxodwhg wzr txdqwlwlhv iru hdfk revhuydwlrq=

wkh suredelolw| ri hdfk shuvrq kdylqj klv rzq revhuyhg }lgryxglqh klvwru| xs wr prqwk w jlyhq edvholqh

fryduldwhv Y / dqg/ wkhq/ jlyhq dovr wlph0ydu|lqj fryduldwhv O +w,1 Vlplodu prghov zhuh ?w iru wkh rxwfrph

cfhqvrulqj/* diwhu dgglqj }lgryxglqh klvwru| dv d wlph0ydu|lqj glfkrwrprxv yduldeoh lqglfdwlqj zkhwkhu

wkh vxemhfw zdv rq }lgryxglqh rq prqwk wý 41
Wdeoh 6 vkrzv wkh fhqwhu dqg glvshuvlrq sdudphwhuv ri wkh glvwulexwlrq ri wkh irxu suredelolwlhv hv0

wlpdwhg iru doo sdwlhqwv lq wkh vwxg| dw wzr duelwudu| wlph srlqwv= 57 dqg ;7 prqwkv ri iroorz0xs1

Wkh hvwlpdwhg suredelolwlhv ri kdylqj rqh*v rzq revhuyhg }lgryxglqh klvwru| dw 57 prqwkv ri iroorz0xs/

jlyhq wlph0ydu|lqj fryduldwhv/ udqjh iurp 31<6< wr 313351 Wklv zrxog eh wudqvodwhg lqwr +qrq vwdelol}hg,

lqyhuvh0suredelolw|0ri0wuhdwphqw zhljkwv ezl +w, udqjlqj iurp 4139 +4231<6<, wr 833 +4231335,1 Wkxv/ lq

wkh svhxgr0srsxodwlrq/ vrph revhuydwlrqv zrxog eh uhsuhvhqwhg e| 4139 frslhv ri wkhpvhoyhv/ zkhuhdv

rwkhuv vkrxog eh uhsuhvhqwhg e| 833 frslhv1 Wkh xvh ri vwdelol}hg lqyhuvh0suredelolw|0ri0wuhdwphqw zhljkwv

v ezl +w, 3qrupdol}hv4 ru vwdelol}hv wkh udqjh ri wkhvh lqyhuvh suredelolwlhv dqg lqfuhdvhv wkh h!flhqf| ri

wkh dqdo|vlv e| suhyhqwlqj mxvw d ihz shrsoh iurp frqwulexwlqj prvw ri wkh revhuydwlrqv lq wkh svhxgr0

srsxodwlrq1 Wkxv/ wkh ydoxhv v ezl +w, iru w @ 57 duh fhqwhuhg durxqg 4133 dqg vkrz d qduurzhu udqjh +3143

wr 91:5,1

Wkh hvwlpdwhg suredelolwlhv ri ehlqj xqfhqvruhg dw 57 prqwkv iroorz d pruh shdnhg glvwulexwlrq

fhqwhuhg durxqg ydoxhv forvh wr rqh +31<79,/ dqg udqjh iurp 31<;: wr 31;;61 Wklv lv h{shfwhg/ dv <3(

ri wkh phq zhuh xqfhqvruhg dw 57 prqwkv ri iroorz0xs1 Lqyhuvh suredelolwlhv ez|l +w, udqjh iurp 4134 wr

41461 Wkh vwdelol}hg zhljkwv vez|l +w, iru w @ 57/ duh fhqwhuhg durxqg rqh dqg udqjh iurp 31<< wr 41341 Wkh

hvwlpdwhg suredelolwlhv ri ehlqj xqfhqvruhg dw ;7 prqwkv duh orzhu dv h{shfwhg1

Wkh glvwulexwlrq ri wkh ?qdo zhljkwv/ zklfk frpelqh lqirupdwlrq rq }lgryxglqh dqg fhqvrulqj klvwru|/

lv suhvhqwhg lq ?jxuhv 4 dqg 5 iru vhyhudo iroorz0xs wlphv +d orjdulwkplf wudqvirupdwlrq zdv dssolhg iru

glvsod| sxusrvhv rqo|,1 Wzr vhwv ri zhljkwv zhuh hvwlpdwhg= wkh vwdelol}hg zhljkwv v ezl +w,û v ez|l +w, dqg
wkh qrq vwdelol}hg zhljkwv ezl +w,û ez|l +w,1 Wkh glvwulexwlrq ri vwdelol}hg zhljkwv lv v|pphwulf dqg fhqwhuhg
durxqg 4 dw doo wlphv/ zkloh wkhlu yduldelolw| lqfuhdvhv ryhu wlph1 Wkh glvwulexwlrq ri wkh qrq vwdelol}hg

zhljkwv lv vnhzhg dqg vkrzv d pxfk juhdwhu yduldelolw| wkdq wkdw ri wkh vwdelol}hg zhljkwv1

Wkh zhljkw hvwlpdwhv zhuh urexvw zlwk uhvshfw wr wkh fkrlfh ri phwkrg wr hvwlpdwh wkh wlph0ghshqghqw
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edvholqh kd}dug ò3+n, lq wkh orjlvwlf prghov iru }lgryxglqh dqg fhqvrulqj/ surylghg wkdw vx!flhqw  h{lelo0

lw| zdv doorzhg1 Wkh zhljkwv lq ?jxuhv 4 dqg 5 zhuh rewdlqhg e| prghoolqj wkh wlph0ghshqghqw lqwhufhsw

ò3+n, zlwk qdwxudo fxelf vsolqhv zlwk ?yh nqrwv +rq prqwkv 47/ 79/ :4/ <3/ dqg <9/ zklfk fruuhvsrqg wr

wkh shufhqwlohv 8/ 5:18/ 83/ :518/ dqg <8/ uhvshfwlyho|,1

Frpsdulvrq ri PVPv zlwk suhylrxvo| sursrvhg phwkrgv

Sulru wr lqwurgxflqj PVPv/ Urelqv dqg fr0zrunhuv lqwurgxfhg wkuhh phwkrgv iru hvwlpdwlrq ri wkh

fdxvdo h>hfw ri d wlph0ydu|lqj wuhdwphqw lq wkh suhvhqfh ri wlph0ydu|lqj frqirxqghuv= wkh sdudphwulf

j0frpsxwdwlrq dojrulwkp irupxod/45>46 j0hvwlpdwlrq ri vwuxfwxudo qhvwhg prghov/45>47>48 dqg wkh lwhud0

wlyh frqglwlrqdo h{shfwdwlrqv +LFH, hvwlpdwru16>45 Lqyhuvh0suredelolw|0ri0wuhdwphqw zhljkwhg hvwlpdwlrq

ri PVPv frqvwlwxwhv d irxuwk phwkrg1 Zkhq +l, erwk wuhdwphqw dqg wkh frqirxqghuv duh glvfuhwh ydul0

deohv/ +ll, wkh| duh phdvxuhg dw rqo| d ihz wlph srlqwv/ dqg +lll, wkh vdpsoh vl}h lv odujh/ wkhq hvwlpdwlrq

fdq eh fduulhg rxw xvlqj ixoo| vdwxudwhg prghov +l1h1/ qrq0sdudphwulfdoo|, dqg doo irxu phwkrgv duh suh0

flvho| htxlydohqw1 Wkh| gl>hu zkhq/ gxh wr vsduvh pxowlyduldwh gdwd/ rqh pxvw lqwurgxfh prghoolqj

dvvxpswlrqv1

LFH hvwlpdwruv fdq rqo| uduho| eh xvhg ehfdxvh wkh| riwhq ohdg wr lqfrpsdwleoh prghov dqg zloo qrw

eh glvfxvvhg ixuwkhu145 Ri wkh uhpdlqlqj wkuhh phwkrgv/ lqihuhqfh edvhg rq VQPv dqg PVPv lv suhihudeoh

wr wkdw edvhg rq wkh sdudphwulf j0frpsxwdwlrq dojrulwkp1 Wkh uhdvrq lv wkdw PVP dqg VQP prghov/ lq

frqwudvw wr prghov edvhg rq wkh j0frpsxwdwlrq dojrulwkp irupxod/ lqfoxgh sdudphwhuv wkdw uhsuhvhqw wkh

qxoo k|srwkhvlv ri qr wuhdwphqw h>hfw145>48 Dv d frqvhtxhqfh/ zkhq xvlqj wkh sdudphwulf j0frpsxwdwlrq

dojrulwkp hvwlpdwru/ lw lv txlwh gl!fxow wr ghwhuplqh zkhwkhu rqh*v frq?ghqfh lqwhuydo iru wkh wuhdwphqw

h>hfw lqfoxghv wkh qxoo k|srwkhvlv ri qr h>hfw1

PVPv kdyh wzr pdmru dgydqwdjhv ryhu VQPv1 Dowkrxjk xvhixo iru vxuylydo wlph rxwfrphv/ frqwlq0

xrxv phdvxuhg rxwfrphv +h1j1/ eorrg suhvvxuh,/ dqg Srlvvrq frxqw rxwfrphv/ orjlvwlf VQPv fdqqrw eh

frqyhqlhqwo| xvhg wr hvwlpdwh wkh h>hfw ri wuhdwphqw rq glfkrwrprxv +3> 4, rxwfrphv xqohvv wkh rxwfrph

lv uduh14>5>45 Wklv lv ehfdxvh orjlvwlf VQPv fdqqrw eh ?w e| j0hvwlpdwlrq1 Lq frqwudvw/ dv zh kdyh vhhq/7

LSWZ hvwlpdwlrq ri orjlvwlf PVPv fdq eh xvhg wr hvwlpdwh wkh h>hfw ri d wlph0ghshqghqw wuhdwphqw rq

d elqdu| rxwfrph1

Wkh vhfrqg pdmru dgydqwdjh ri PVPv lv wkdw wkh| uhvhpeoh vwdqgdug prghov/ zkhuhdv VQPv gr qrw1

Iru h{dpsoh/ wkh orjlvwlf PVP ghvfulehg lq rxu frpsdqlrq sdshu7 dqg wkh Fr{ sursruwlrqdo kd}dugv

PVP ghvfulehg khuh duh wkh qdwxudo zd| wr h{whqg wkh ruglqdu| orjlvwlf dqg wlph0ghshqghqw Fr{ prghov

wr doorz iru hvwlpdwlrq ri fdxvdo h>hfwv1 Wkh forvh uhvhpeodqfh ri PVPv wr vwdqgdug vwdwlvwlfdo prghov

pdnhv wkhlu dssolfdwlrq pruh lqwxlwlyh iru uhvhdufkhuv dqg hdvlhu iru surjudpphuv1

Krzhyhu/ VQPv kdyh d qxpehu ri dgydqwdjhv ryhu PVPv1 Iru h{dpsoh/ dv glvfxvvhg lq Uhi1 7/

PVPv fdqqrw eh xvhg wr hvwlpdwh wkh fdxvdo h>hfw ri d wlph0ghshqghqw h{srvxuh rq wkh pruwdolw| ri dq

rffxsdwlrqdo frkruw lq wkh suhvhqfh ri wkh khdowk| zrunhu vxuylyru h>hfw14>5

D vhfrqg pdmru gudzedfn ri PVPv lv wkdw rqh pxvw eh deoh wr vshfli| d fruuhfw prgho iru wkh

suredelolw| ri h{srvxuh/ su
ý
D +n, @ d +n, m O +n, @ c +n, > D +n ý 4, @ d +n ý 4,ü/ iru hdfk wlph n xs wr hqg

ri iroorz0xs1 Wklv lv xqiruwxqdwh vlqfh/ li wkh O+n, dqg D +n, duh glvfuhwh/ zh frxog xvh qrq0sdudphwulf

vdwxudwhg prghov iru vpdoo ydoxhv ri n/ +vd| n @ 3> 4> 5,/ exw iru odujh n zh uhtxluh vwurqj prghoolqj

dvvxpswlrqv ehfdxvh wkhuh duh vr pdq| yduldeohv lq c +n, @ +c +3, > c +4, > = = = > c +n,, dqg lq d +n ý 4,1 Lw lv
xqolnho| wkdw wkhvh dvvxpswlrqv zrxog eh suhflvho| fruuhfw1

Wkh xvh ri j0hvwlpdwlrq ri VQPv ryhufrphv wkh deryh gl!fxowlhv1 Iru h{dpsoh/ rqh fdq xvh VQPv

wr hvwlpdwh wkh h>hfw ri dq h{srvxuh rq pruwdolw| lq rffxsdwlrqdo frkruw vwxglhv147>49 Vlploduo|/ rqh fdq

xqeldvhgo| hvwlpdwh wkh fdxvdo sdudphwhu ri d VQP zlwkrxw kdylqj wr prgho wkh suredelolw| ri wuhdwphqw
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jlyhq wkh sdvw wkurxjk hqg ri iroorz0xs1 Lqvwhdg/ lq wkh vhwwlqj ri d glvfuhwh D +n, dqg O +n, ghvfulehg

deryh/ rqh fdq xqeldvhgo| hvwlpdwh wkh sdudphwhuv ri VQPv e| xvlqj d vdwxudwhg prgho iru wkh suredelolw|

ri h{srvxuh D +n, jlyhq wkh sdvw uhvwulfwhg wr wkh ?uvw vhyhudo shulrgv/ wkxv suhyhqwlqj eldv gxh wr prgho

plvvshfl?fdwlrq1 Ri frxuvh/ dv dozd|v lq vwdwlvwlfdo dqdo|vlv/ wkhuh zloo eh d orvv ri h!flhqf| ri hvwlpdwlrq

dvvrfldwhg zlwk wklv surwhfwlrq djdlqvw eldv1

Dqrwkhu dgydqwdjh ri VQPv ryhu PVPv lv wkdw/ dowkrxjk PVPv duh xvhixo iru hvwlpdwlqj wkh fdxvdo

h>hfw ri wkh suh0vshfl?hg wuhdwphqw uhjlph d +h1j1/ dozd|v wuhdw/ wuhdw rq dowhuqdwh prqwkv/ hwf1,/ wkh| duh

ohvv xvhixo wkdq VQPv iru hvwlpdwlqj wkh h>hfw ri g|qdplf wuhdwphqw sodqv lq zklfk wuhdwphqw rq d jlyhq

prqwk lv ghflghg lq sduw edvhg rq d vxemhfw*v hyroylqj fryduldwh klvwru|14>5 Lw lv lpsruwdqw wr uhfrjql}h

wkdw dfwxdo phglfdo wuhdwphqw uhjlphv duh xvxdoo| g|qdplf/ vlqfh li d sdwlhqw ghyhorsv d wr{lf uhdfwlrq

wr d guxj/ wkh guxj pxvw eh vwrsshg1 Qrqhwkhohvv/ fdxvdo txhvwlrqv frqfhuqlqj suh0vshfl?hg wuhdwphqw

sodqv/ vxfk dv hvwlpdwlqj wkh h>hfw ri d frqwlqxrxv h{srvxuh dw d fhuwdlq ohyho yhuvxv qr h{srvxuh/ duh ri

juhdw lqwhuhvw lq pdq| duhdv ri hslghplrorj|/ vxfk dv qxwulwlrqdo/ dqg hqylurqphqwdo1

Glvfxvvlrq

Zh kdyh xvhg d pdujlqdo vwuxfwxudo Fr{ sursruwlrqdo kd}dugv prgho wr hvwlpdwh wkh fdxvdo h>hfw ri

}lgryxglqh rq pruwdolw| ri KLY0srvlwlyh sdwlhqwv lq wkh PDFV1 Wklv phwkrg zdv xwlol}hg ehfdxvh vwdqgdug

vwdwlvwlfdo phwkrgv duh qrw dssursuldwh zkhq wkhuh h{lvwv wlph0ghshqghqw frqirxqglqj e| yduldeohv/ vxfk

dv FG7 frxqw/ wkdw duh d>hfwhg e| suhylrxv h{srvxuh1

Ehfdxvh ri wkh suhvhqfh ri frqirxqglqj/ wkh fuxgh pruwdolw| udwh udwlr iru }lgryxglqh zdv 516 +<8(

frq?ghqfh lqwhuydo= 513/ 51:,/ huurqhrxvo| vxjjhvwlqj dq lqfuhdvhg ulvn ri ghdwk dprqj }lgryxglqh xvhuv1

Wkh udwh udwlr hvwlpdwhg e| wkh +xqzhljkwhg, vwdqgdug prgho wkdw lqfoxghg rqo| edvholqh fryduldwhv/ dqg

wkdw wkhuhiruh grhv qrw dgmxvw iru wlph0ghshqghqw frqirxqglqj/ zdv 41: +<8( frq?ghqfh lqwhuydo= 417/

41<,/ zklfk vwloo vxjjhvwv d ghwulphqwdo h>hfw ri }lgryxglqh/ suredeo| gxh wr wkh suhvhqfh ri d vxevwdqwldo

dprxqw ri wlph0ghshqghqw frqirxqglqj1

Lq idfw/ wkh pruwdolw| udwh udwlr iru }lgryxglqh zdv 31: +<8( frqvhuydwlyh frq?ghqfh lqwhuydo= 319/

31<, lq wkh zhljkwhg prgho wkdw surylghv/ xqghu rxu dvvxpswlrqv/ dq xqeldvhg hvwlpdwh ri wkh fdxvdo udwh

udwlr/ h{s+ñ4,/ ri wkh pdujlqdo vwuxfwxudo Fr{ prgho/ hyhq lq wkh suhvhqfh ri wlph0ghshqghqw frqirxqglqj

e| lqwhuphgldwh yduldeohv1

Wkh gl>huhqfh ehwzhhq wkh xqzhljkwhg dqg zhljkwhg hvwlpdwhv lv dq lqglfdwlrq ri wkh dprxqw ri

frqirxqglqj gxh wr wkh wlph0ghshqghqw surjqrvwlf idfwruv1 Wkh zhljkwv fdq eh lqwhusuhwhg dv wkh qxpehu

ri frslhv ri hdfk revhuydwlrq wkdw duh fuhdwhg wr irup d svhxgr0srsxodwlrq lq zklfk fhqvrulqj grhv qrw

h{lvw dqg lq zklfk wkh wlph0ghshqghqw surjqrvwlf idfwruv gr qrw suhglfw lqlwldwlrq ri }lgryxglqh klvwru|

+l1h1/ wuhdwphqw lv xqfrqirxqghg,1

Wkh fruuhfwqhvv ri wkh fdxvdo lqihuhqfhv iurp rxu dqdo|vhv lv ghshqghqw rq vhyhudo dvvxpswlrqv1 Iluvw/

zh dvvxph wkdw wkh fryduldwhv lq O +w, duh vx!flhqw wr dgmxvw iru erwk frqirxqglqj dqg iru vhohfwlrq

eldv gxh wr orvv wr iroorz0xs1 Wklv lpsolhv wkdw zh kdyh dydlodeoh/ rq hdfk prqwk/ gdwd uhfrughg lq

O +w, rq wkh klvwru| ri doo wlph0ghshqghqw fryduldwhv wkdw +l, duh lqghshqghqw suhglfwruv ri ghdwk dqg +ll,

lqghshqghqwo| suhglfw wkh suredelolw| ri vwduwlqj }lgryxglqh dqg2ru ri ehlqj fhqvruhg rq wkdw prqwk1

Xqiruwxqdwho|/ dv lq doo revhuydwlrqdo vwxglhv/ wkhvh wzr dvvxpswlrqv fdqqrw eh whvwhg e| wkh gdwd1 Lq

rxu dqdo|vlv zh dvvxph wklv jrdo kdv ehhq uhdol}hg/ zkloh uhfrjql}lqj wkdw/ lq sudfwlfh/ wklv zrxog qhyhu

eh suhflvho| ru vrphwlphv hyhq dssur{lpdwho| wuxh1 Uhfhqwo|/ Urelqv dqg fr0zrunhuv kdyh ghyhorshg

h{whqvlrqv ri LSWZ hvwlpdwlrq ri PVPv wkdw doorz rqh wr hydoxdwh wkh vhqvlwlylw| ri rqh*v hvwlpdwhv wr

lqfuhdvlqj ylrodwlrq ri wkhvh ixqgdphqwdo dvvxpswlrqv149

Vhfrqg/ zh dvvxph wkdw wkh prghov iru lqlwldwlrq ri }lgryxglqh dqg fhqvrulqj/ jlyhq wkh sdvw/ duh
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fruuhfwo| vshfl?hg1 Odvw/ zh dvvxph wkdw rxu PVP iru wkh h>hfw ri }lgryxglqh rq pruwdolw|/ zlwklq ohyhov

ri edvholqh fryduldwhv Y / lv fruuhfwo| vshfl?hg1

Dowkrxjk wkh vwdwhg dvvxpswlrqv ri PVPv pd| vhhp khurlf/ qrwh wkdw/ lq srlqw0h{srvxuh vwxglhv/ wkh

vdph dvvxpswlrqv +qr xqphdvxuhg frqirxqghuv/ qrq lqirupdwlyh fhqvrulqj/ dqg qr plvvshfl?fdwlrq ri

wkh prgho, duh uhtxluhg wr jlyh d fdxvdo lqwhusuhwdwlrq wr wkh sdudphwhuv ri vwdqgdug vwdwlvwlfdo prghov1

Ixuwkhupruh/ zkhq vwxg|lqj wkh h>hfw ri d wlph0ghshqghqw wuhdwphqw olnh }lgryxglqh/ wkh dvvxpswlrqv

ri PVPv duh ohvv uhvwulfwlyh wkdq wkrvh ri vwdqgdug phwkrgv= PVPv gr qrw uhtxluh wkh devhqfh ri

wlph0ghshqghqw frqirxqglqj e| yduldeohv d>hfwhg e| suhylrxv h{srvxuh1

UHIHUHQFHV

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

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

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

Fdxvdo Lqihuhqfh1 Lq= Vwdwlvwlfdo Prghov lq Hslghplrorj|= Wkh Hqylurqphqw dqg Folqlfdo
Wuldov1 Kdoorudq/ P1H1 dqg Ehuu|/ G1/ hgv1 Q\= Vsulqjhu0Yhuodj/ ss1 <80467 +wr dsshdu,1

61 Urelqv/ M1P1 +4<<;,1 Vwuxfwxudo qhvwhg idloxuh wlph prghov1 Vxuylydo Dqdo|vlv/ S1N1 Dqghuvhq
dqg Q1 Nhlglqj/ Vhfwlrq Hglwruv1 Wkh Hqf|forshgld ri Elrvwdwlvwlfv/ S1 Duplwdjh dqg W1 Frowrq/
Hglwruv1 Fklfkhvwhu/ XN= Mrkq Zloh| ) Vrqv/ ss1 76:5076;<1

71 Urelqv/ M1P1/ Khuqäq/ P1/ dqg Euxpedfn/ E1 +4<<;,1 Pdujlqdo vwuxfwxudo prghov dqg fdxvdo

lqihuhqfh lq hslghplrorj| +vxeplwwhg wr Hslghplrorj|,1

81 Ndvorz/ U1D1/ Rvwurz/ G1J1/ Ghwhov/ U1/ Skdlu/ M1S1/ Sron/ E1I1/ Ulqdogr/ F1U1 +4<;:,1 Wkh Pxowl0

fhqwhu DLGV Frkruw Vwxg|= Udwlrqdoh/ rujdql}dwlrq/ dqg vhohfwhg fkdudfwhulvwlfv ri wkh sduwlflsdqwv1

Dphulfdq Mrxuqdo ri Hslghplrorj|/ 459/ 643064;1

91 Judkdp/ Q1P1K1/ ]hjhu/ V1O1/ Sdun/ O1S1/ hw do1 +4<<5,1 Wkh h>hfwv rq vxuylydo ri hduo| wuhdwphqw

ri kxpdq lppxqrgh?flhqf| yluxv lqihfwlrq1 Qhz Hqjodqg Mrxuqdo ri Phglflqh/ 659/ 436:043751

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

Hglwru1 Q\= Vsulqjhu Yhuodj/ 9<044:1

;1 Nlqorfk0gh Orhv/ V1/ Kluvfkho/ E1M1/ Krhq/ E1/ hw do1 +4<<8,1 D frqwuroohg wuldo ri }lgryxglqh lq

sulpdu| kxpdq lppxqrgh?flhqf| yluxv lqihfwlrq1 Qhz Hqjodqg Mrxuqdo ri Phglflqh/ 666/ 73;07461

<1 g*Djrvwlqr/ U1E1/ Ohh/ P0O1/ Ehodqjhu/ D1M1 +4<<3,1 Uhodwlrq ri srrohg orjlvwlf uhjuhvvlrq wr wlph

ghshqghqw Fr{ uhjuhvvlrq dqdo|vlv= Wkh Iudplqjkdp Khduw Vwxg|1 Vwdwlvwlfv lq Phglflqh/ </

4834048481

431 Oldqj/ N0\1/ dqg ]hjhu/ V1O1 +4<;9,/ Orqjlwxglqdo Gdwd Dqdo|vlv Xvlqj Jhqhudol}hg Olqhdu Prgho1

Elrphwulnd/ :6/ 460551

441 Kdvwlh/ W1M1/ Wlevkludql/ U1M1 +4<<8,1 Jhqhudol}hg dgglwlyh prghov1 Qhz \run= Fkdspdq )

Kdoo/ 6681

451 Urelqv/ M1P1 +4<<;,1 Fruuhfwlrq iru qrq0frpsoldqfh lq htxlydohqfh wuldov1 Vwdwlvwlfv lq Phglflqh/

4:=59<06351
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461 Urelqv/ M1P1 +4<;:,1 D judsklfdo dssurdfk wr wkh lghqwl?fdwlrq dqg hvwlpdwlrq ri fdxvdo sdudphwhuv

lq pruwdolw| vwxglhv zlwk vxvwdlqhg h{srvxuh shulrgv1 Mrxuqdo ri Fkurqlf Glvhdvh +73/ Vxssohphqw,/

5=46<v0494v1

471 Urelqv/ M1P1/ Eohylqv G/ Ulwwhu J/ dqgZxoivrkq P1 +4<<5,1 J0hvwlpdwlrq ri wkh h>hfw ri sursk|od{lv

wkhuds| iru sqhxprf|vwlv fdulqll sqhxprqld rq wkh vxuylydo ri DLGV sdwlhqwv1 Hslghplrorj|/ 6=64<0

6691 ^sxeolvkhg huudwd dsshdu lq Hslghplrorj|/ 7=4;<1`

481 Urelqv/ M1P1 +4<;<,1 Wkh dqdo|vlv ri udqgrpl}hg dqg qrq0udqgrpl}hg DLGV wuhdwphqw wuldov xvlqj

d qhz dssurdfk wr fdxvdo lqihuhqfh lq orqjlwxglqdo vwxglhv1 Khdowk Vhuylfh Uhvhdufk Phwkrg0
rorj|= D Irfxv rq DLGV1 Hgv= Vhfkuhvw O1/ Iuhhpdq K1/ Pxooh| D1 Zdvklqjwrq/ G1F1= X1V1

Sxeolf Khdowk Vhuylfh/ Qdwlrqdo Fhqwhu iru Khdowk Vhuylfhv Uhvhdufk1 ss1 446048<1

491 Urelqv MP/ Vfkduivwhlq G/ Urwqlw}n| D1 +4<<<,1 Vhqvlwlylw| Dqdo|vlv iru Vhohfwlrq Eldv dqg Xq0

phdvxuhg Frqirxqglqj lq Plvvlqj Gdwd dqg Fdxvdo Lqihuhqfh Prghov1 Lq= Vwdwlvwlfdo Prghov lq
Hslghplrorj|= Wkh Hqylurqphqw dqg Folqlfdo Wuldov1 Kdoorudq/ P1H1 dqg Ehuu|/ G1/ hgv1

Q\= Vsulqjhu0Yhuodj/ ss1 40<7 +wr dsshdu,1
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DSSHQGL[ 4= VDV frgh iru wkh pdujlqdo vwuxfwxudo Fr{ sursruwlrqdo kd}dugv prgho

Lq wklv dsshqgl{ zh surylgh VDV frgh wr ?w wkh Fr{ sursruwlrqdo kd}dugv PVP ghvfulehg lq wkh wh{w1

Wkh ruljlqdo PDFV gdwd ?oh frqwdlqv rqh uhfrug shu pdq/ exw khuh zh xvh d wudqviruphg/ ru srrohg/

?oh +PDLQ, zlwk hdfk shuvrq0prqwk dv d vhsdudwh uhfrug1 Wklv ?oh irupdw lv qhfhvvdu| wr ?w srrohg

orjlvwlf prghov1 Wkh frgh xvhg wr jhqhudwh wkh srrohg gdwd vhw iurp wkh ruljlqdo rqh lv dydlodeoh iurp

wkh ?uvw dxwkru xsrq uhtxhvw1 Wkh uhfrugv lq wkh ?oh PDLQ pxvw eh vruwhg e| sdwlhqw lghqwl?fdwlrq

qxpehu +yduldeoh LG, dqg/ zlwklq hdfk LG ohyho/ e| prqwk ri iroorz0xs +PRQWK,1 Wkh VDV frgh vkrzq

ehorz lv rujdql}hg dv iroorzv1 Iluvw/ zh xvh Surf Orjlvwlf wr ?w irxu srrohg orjlvwlf prghov +wzr iru wkh

suredelolw| ri uhpdlqlqj r> }lgryxglqh/ dqg wzr iru wkh suredelolw| ri uhpdlqlqj xqfhqvruhg, dqg rewdlq

wkhlu suhglfwhg ydoxhv1 Vhfrqg/ zh xvh d VDV gdwd vwhs wr fdofxodwh wkh zhljkwv iru hdfk shuvrq0prqwk

edvhg rq wkh suhglfwhg ydoxhv ri wkh suhylrxv irxu prghov1 Odvw/ zh xvh Surf Jhqprg wr ?w wkh ?qdo

zhljkwhg srrohg orjlvwlf prgho wkdw hvwlpdwhv wkh fdxvdo sdudphwhu ri lqwhuhvw dqg lwv urexvw vwdqgdug

huuru1

Wkh rxwfrph yduldeoh lq Prghov 4 dqg 5 lv d glfkrwrprxv yduldeoh D lqglfdwlqj zkhwkhu wkh sdwlhqw

kdg vwduwhg +D @ 4, ru uhpdlqhg r> +D @ 3, }lgryxglqh rq wkdw prqwk1 Zkhq wkh rswlrq ghvfhqglqj

lv qrw vshfl?hg/ Surf Orjlvwlf prghov wkh suredelolw| wkdw wkh rxwfrph yduldeoh lv 31 Khqfh Prghov 4

dqg 5 prgho wkh suredelolw| ri uhpdlqlqj r> }lgryxglqh1 Wkh zkhuh vwdwhphqw uhvwulfwv wkh dqdo|vlv wr

sdwlhqwv qrw suhylrxvo| rq }lgryxglqh e| vshfli|lqj wkdw hlwkhu prqwk ri iroorz0xs +Prqwk, lv ohvv wkdq ru

htxdo wr prqwk ri rqvhw ri }lgryxglqh +]GYbP,> ru }lgryxglqh zdv qhyhu lqlwldwhg gxulqj wkh iroorz0xs

shulrg +]GYbP lv frghg dv plvvlqj li wklv lv wkh fdvh,1 Prgho 4 lqfoxghv dv uhjuhvvruv d wlph0ghshqghqw

lqwhufhsw dqg wkh edvholqh fryduldwhv Y = djh/ edvholqh FG7/ ZEF/ dqg khpdwrfulw> dqg suhvhqfh ri

v|pswrpv1 Prgho 5 lqfoxghv/ lq dgglwlrq/ wkh wlph0ghshqghqw fryduldwhv O +w,= prvw uhfhqwo| dydlodeoh

FG7/ ZEF/ khpdwrfulw/ v|pswrpv/ dqg DLGV gldjqrvlv1 Zh hvwlpdwh wkh wlph0ghshqghqw lqwhufhsw e|

d vprrwk ixqfwlrq ri wkh wlph vlqfh ehjlqqlqj ri iroorz0xs +Prqwk, xvlqj qdwxudo fxelf vsolqhv zlwk ?yh

nqrwv1 Wr gr vr/ zh qhhg wr lqfoxgh/ dv uhjuhvvruv/ wkh yduldeohv Prqwk4/ Prqwk5/ dqg Prqwk6/ wkdw

duh vshfl?f sro|qrpldo ixqfwlrqv ri Prqwk/ fdofxodwhg zlwk wkh fxelf vsolqhv VDV pdfur UFVSOLQH lq

vxuyulvn1sdn/ e| Iudqn Kduuho/ sxeolfo| dydlodeoh rq BB,1
Wkh rxwfrph yduldeoh lq Prghov 6 dqg 7 lv d glfkrwrprxv yduldeoh F lqglfdwlqj zkhwkhu wkh sdwlhqw

zdv fhqvruhg +F @ 4, ru xqfhqvruhg +F @ 3, rq wkdw prqwk1 Wkxv prghov 6 dqg 7 prgho wkh suredelolw|

ri uhpdlqlqj xqfhqvruhg iru hdfk shuvrq0prqwk1 Doo dydlodeoh shuvrq0prqwkv duh xvhg1 Prgho 6 lqfoxghv

wkh edvholqh fryduldwhv dqg wkh wlph0ghshqghqw lqwhufhsw/ zkloh Prgho 7 lqfoxghv wkh wlph0ghshqghqw

fryduldwhv +wr zklfk zh dgg D, dv zhoo1

Iru hdfk prgho/ zh rxwsxw d qhz gdwd ?oh +rswlrq rxw@ lq Surf Orjlvwlf, wkdw frqwdlqv/ iru hdfk shuvrq0

prqwk/ wkh ruljlqdo yduldeohv soxv wkh suhglfwhg ydoxhv iurp wkh prgho +rswlrq s@,1 Dv dq h{dpsoh/ wkh

?uvw Surf Orjlvwlf fuhdwhv wkh gdwd vhw PRGHO4 zlwk lwv suhglfwhg ydoxhv dv wkh yduldeoh S]GYb31

Lq wkh iroorzlqj gdwd vwhs zh phujh wkh irxu rxwsxw ?ohv lq wkh ?oh PDLQbZ wkdw frqwdlqv wkh suh0

glfwhg ydoxhv iurp wkh irxu orjlvwlf prghov1 Zh wkhq frpsxwh wkh qxphudwru N5b3 dqg wkh ghqrplqdwru

N5bZ ri wkh zhljkwv vz|l +w, e| iruplqj wkh surgxfw xs wr prqwk w ri wkh vxemhfw0vshfl?f suhglfwhg

ydoxhv iurp Prghov 6 dqg 71

Vlploduo|/ zh fdofxodwh wkh qxphudwru N4b3 dqg wkh ghqrplqdwru N4bZ ri wkh zhljkwv vzl +w, iru

prqwkv rq zklfk wkh vxemhfw kdv qrw |hw vwduwhg }lgryxglqh e| iruplqj wkh surgxfw xs wr wkdw prqwk

ri wkh vxemhfw0vshfl?f suhglfwhg ydoxhv iurp Prghov 4 dqg 51 Iru d prqwk rq zklfk d vxemhfw glg ehjlq

}lgryxglqh/ zh pxowlso| e| 4 plqxv wkh suhglfwhg ydoxh1 Iru prqwkv vxevhtxhqw wr vwduwlqj }lgryxglqh/

zh qr orqjhu xsgdwh N4b3 dqg N4bZ 1 Wkhq zh xvh wkh qxphudwruv dqg ghqrplqdwruv wr fdofxodwh wkh

}gy0Rfw0?qdo1wh{ 44 Rfwrehu 5:/ 4<<<



3vwdelol}hg4 zhljkwv vzl +w, û vz|l +w, +VWDEZ,/ dqg xvh wkh ghqrplqdwruv dorqh wr fdofxodwh wkh 3qrq

vwdelol}hg4 zhljkwv zl +w,ûz|l +w, +QVWDEZ,1

Ilqdoo|/ zh fdoo Surf Jhqprg wr ?w d zhljkwhg srrohg orjlvwlf prgho iru vxuylydo wr rewdlq frqvlvwhqw

hvwlpdwhv ri wkh sdudphwhuv ri rxu Fr{ PVP1 Wkh rxwfrph yduldeoh ri wklv prgho/ G/ lv d glfkrwrprxv

yduldeoh lqglfdwlqj zkhwkhu wkh sdwlhqw glhg +G @ 4, ru uhpdlqhg dolyh +G @ 3, rq wkdw prqwk1 Wkh

surjudp zloo surylgh urexvw vwdqgdug huuruv iru wkh prgho sdudphwhuv zkhq wkh rswlrq uhshdwhg lv lq0

foxghg1 Wkh sdwlhqw lghqwl?fdwlrq yduldeoh dqg wkh lqghshqghqw zrunlqj fruuhodwlrq pdwul{ +vxemhfw@LG2

w|sh@lqg, pxvw eh vshfl?hg1 Zh ?w wkh prgho xvlqj wkh vwdelol}hg zhljkwv e| vshfli|lqj wkh yduldeoh

VWDEZ lq wkh vfzjw vwdwhphqw1 Vshfli|lqj wkh yduldeoh QVWDEZ ?wv wkh prgho zlwk qrq vwdelol}hg

zhljkwv1

Wkh VDV frgh jlyhq ehorz fdq dovr eh xvhg wr ?w wkh orjlvwlf PVP ri rxu frpsdqlrq sdshu1 Wkh

rqo| gl>huhqfh lv wkdw wkh ?qdo zhljkwhg orjlvwlf prgho lq Surf Jhqprg lqfoxghv d vlqjoh revhuydwlrq shu

shuvrq xvlqj dv rxwfrph yduldeoh wkh orjlvwlf yduldeoh \ ri rxu frpsdqlrq sdshu/ udwkhu wkdq wkh vxuylydo

yduldeoh G frqvlghuhg lq wklv sdshu1

2- Prgho 4 -2

surf orjlvwlf gdwd@PDLQ>

zkhuh PRQWK?@]GYbP ru ]GYbP@1>

prgho D @ DJH FG7b34 FG7b35 ZEFb34 ZEFb35 KFWb34 KFWb35 V\PSWb3

PRQWK PRQWK40PRQWK6>

rxwsxw rxw@prgho4 s@s}gyb3>

uxq>

2- Prgho 5 -2

surf orjlvwlf gdwd@PDLQ>

zkhuh PRQWK?@]GYbp ru ]GYbP@1>

prgho D @ DJH FG7b34 FG7b35 ZEFb34 ZEFb35 KFWb34 KFWb35 V\PSWb3

FG7b4 FG7b5 ZEFb4 ZEFb5 KFWb4 KFWb5 V\PSW DLGV PRQWK PRQWK40PRQWK6>

rxwsxw rxw@prgho5 s@s}gybz>

uxq>

2- Prgho 6 -2

surf orjlvwlf gdwd@PDLQ>

prgho F @ DJH FG7b34 FG7b35 ZEFb34 ZEFb35 KFWb34 KFWb35 V\PSWb3

PRQWK PRQWK40PRQWK6>

rxwsxw rxw@prgho6 s@sxqfb3>

uxq>

2- Prgho 7 -2

surf orjlvwlf gdwd@PDLQ>

prgho F @ DJH FG7b34 FG7b35 ZEFb34 ZEFb35 KFWb34 KFWb35 V\PSWb3 ]GY
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FG7b4 FG7b5 ZEFb4 ZEFb5 KFWb4 KFWb5 V\PSW DLGV PRQWK PRQWK40PRQWK6>

rxwsxw rxw@prgho7 s@sxqfbz>

uxq>

gdwd pdlqbz>

phujh prgho4 prgho5 prgho6 prgho7>

e| LG PRQWK>

2- yduldeohv hqglqj zlwk b3 uhihu wr wkh qxphudwru ri wkh zhljkwv

yduldeohv hqglqj zlwk bz uhihu wr wkh ghqrplqdwru ri wkh zhljkwv -2

2- uhvhw wkh yduldeohv iru d qhz sdwlhqw -2

li iluvw1lg wkhq gr>

n4b3@4> n5b3@4> n4bz@4> n5bz@4>

hqg>

uhwdlq n4b3 n5b3 n4bz n5bz>

2- Lqyhuvh suredelolw| ri fhqvrulqj zhljkwv -2

n5b3@n5b3-sxqfb3>

n5bz@n5bz-sxqfbz>

2- Lqyhuvh suredelolw| ri wuhdwphqw zhljkwv -2

2- sdwlhqwv qrw rq }lgryxglqh -2

li }gybpAgd| ru }gybp@1 wkhq gr>

n4b3@n4b3-s}gyb3>

n4bz@n4bz-s}gybz>

hqg>

2- sdwlhqwv wkdw vwduw }lgryxglqh wrgd| -2

hovh li }gybp@gd| wkhq gr>

n4b3@n4b3-+40s}gyb3,>

n4bz@n4bz-+40s}gybz,>

hqg>

2- sdwlhqwv wkdw kdyh douhdg| vwduwhg }lgryxglqh -2

hovh gr>

n4b3@n4b3>

n4bz@n4bz>

hqg>

2- Vwdelol}hg dqg qrq vwdelol}hg zhljkwv -2
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vwdez@+n4b3-n5b3,2+n4bz-n5bz,>

qvwdez@42+n4bz-n5bz,>

uxq>

surf jhqprg gdwd@pdlqbz>

fodvv lg>

pdnh *fodvvohyhov* qrsulqw>

pdnh *sduplqir* qrsulqw>

prgho G@ ]GY DJH FG7b34 FG7b35 ZEFb34 ZEFb35 KFWb34 KFWb35 V\PSWb3

PRQWK PRQWK40PRQWK62 olqn@orjlw glvw@elq>

vfzjw vwdez>

uhshdwhg vxemhfw@LG2 w|sh@lqg>

uxq>
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WDEOH 41 Lqyhuvh0suredelolw|0ri0wuhdwphqw zhljkwhg hvwlpdwhv ri wkh fdxvdo h>hfw ri
}lgryxglqh wkhuds| rq pruwdolw|/ PDFV

bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb
UUú <8( FLú

Xqzhljkwhg hvwlpdwhv/|

xqdgmxvwhg 5=66 5=34 0 5=:3

rqo| edvholqh fryduldwhv 4=99 4=76 0 4=<7

Ydolg Lqydolg

UUú <8( Frqvhuydwlyh FLú Prgho0edvhg { <8( FLú

Zhljkwhg hvwlpdwhv/}

vwdelol}hg zhljkwv 3=9< 3=89 0 3=;8 3=93 0 3=:<

qrq vwdelol}hg zhljkwv 3=:5 3=8: 0 3=<4 3=9< 0 3=:9bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb

úUU @ pruwdolw| udwh udwlr +}lgryxglqh xvhuv yhuvxv qrq xvhuv,/ FL @ frq?ghqfh lqwhuydo
|Qrq fdxvdo prghov/ vkrzq iru frpsdulvrq sxusrvhv rqo|1 Wkh fuxgh prgho lqfoxghv rqo| lqwhufhsw dqg

}lgryxglqh +|hv/ qr,1 Wkh prgho zlwk edvholqh fryduldwhv lqfoxghv dovr= djh/ edvholqh FG7 frxqw +? 533/

53307<</ è 833 fhoov@çO,/ edvholqh ZEF +? 6333/ 633307<<</ è 8333 fhoov@çO,/ edvholqh khpdwrfulw

+? 68/ 6806</ è 73(,/ suhvhqfh ri v|pswrpv dw edvholqh +|hv li ihyhu/ rudo fdqglgldvlv/ glduukhd/ zhljkw
orvv/ rudo kdlu| ohxnrsodnld/ ru khushv }rvwhu> qr li rwkhuzlvh,1

}Zhljkwv fdofxodwhg dv ghvfulehg lq wkh wh{w xvlqj gdwd rq edvholqh fryduldwhv soxv prvw uhfhqw FG7

frxqw/ ZEF/ khpdwrfulw/ suhvhqfh ri v|pswrpv/ DLGV gldjqrvlv/ dqg suhylrxv }lgryxglqh xvh +rqo| lq

prghov iru fhqvrulqj,1
{Wkh prgho0edvhg lqwhuydov duh qrw ydolg iru zhljkwhg prghov ehfdxvh wkh| idlo wr dffrxqw iru wkh

zlwklq0vxemhfw fryduldqfhv lqgxfhg e| zhljkwlqj1
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WDEOH 51 Lqyhuvh0suredelolw|0ri0wuhdwphqw zhljkwhg hvwlpdwhv ri wkh sdudphwhuv ri
d pdujlqdo vwuxfwxudo prgho iru wkh fdxvdo h>hfw ri }lgryxglqh rq pruwdolw|/ PDFV

bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb
Sdudphwhu Urexvw Frqvhuydwlyh

Fryduldwhv| hvwlpdwh vwdqgdug huuru <8( FLú

]lgryxglqh ý3=6:8 3=43< ý3=8;;> ý3=495
Djh 3=35; 3=33< 3=344> 3=378

Edvholqh FG7/ fhoov@çO

? 533 4=;:7 3=4:9 4=85;> 5=54<

53307<< 3=8;4 3=43; 3=6:4> 3=:<5

è 833 3=333

Edvholqh ZEF/ fhoov@çO

? 6333 3=359 3=577 ý3=785/ 3=836
633307<<< 3=4;; 3=3<< ý3=339/ ý3=6;5
è 8333 3=333

Edvholqh khpdwrfulw/ (

? 68 4=367 3=5<8 ý3=79:/ 4=945
6806< 3=8;3 3=46< 3=63:/ 3=99<

è 73 3=333

Suhvhqfh ri v|pswrpv 3=776 3=448 3=54;/ 3=99<bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb

úFL @ frq?ghqfh lqwhuydo
|Zhljkwhg orjlvwlf prgho lqfoxglqj wkh fryduldwhv olvwhg lq wkh wdeoh soxv d wlph0ydu|lqj lqwhufhsw +qrw

vkrzq,1 Zhljkwv zhuh hvwlpdwhg e| v ezl +w,û v ez|l +w, dv gh?qhg lq wkh wh{w1
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WDEOH 61 Hvwlpdwhg suredelolw| ri kdylqj rqh*v rzq revhuyhg wuhdwphqw klvwru| +hv0
wlpdwhg ghqrplqdwru ri vzl +w,, dqg fhqvrulqj klvwru| +hvwlpdwhg ghqrplqdwru ri vzl +w,, dw
57 dqg ;7 prqwkv ri iroorz0xs/ PDFV

bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb
57 PRQWKV +q @ 4<4<, Phdq +VG,ú Phgldq +LTU,ú Plqlpxp Pd{lpxp

Suredelolw| ri kdylqj revhuyhg

}lgryxglqh klvwru|

0 jlyhq edvholqh fryduldwhv| 3=89 +3=67, 3=:5 +3=:<, 3=3373 =;93

0 jlyhq wlph0ydu|lqj fryduldwhv} =8; +3=69, 3=:4 +3=;8, 3=335 3=<7

Suredelolw| ri ehlqj xqfhqvruhg

0 jlyhq edvholqh fryduldwhv| 3=<8 +3=34, 3=<8 +3=35, 3=;< 3=<<

0 jlyhq wlph0ydu|lqj fryduldwhv} 3=<8 +3=34, 3=<8 +3=35, 3=;; 3=<<

;7 PRQWKV +q @ ::4, Phdq +VG,ú Phgldq +LTU,ú Plqlpxp Pd{lpxp

Suredelolw| ri kdylqj revhuyhg

}lgryxglqh klvwru|

0 jlyhq edvholqh fryduldwhv| 3=45 +3=4:, 3=34 +3=59, 3=334 3=7<

0 jlyhq wlph0ydu|lqj fryduldwhv} 3=4: +3=58, 3=35 +3=5:, 3=335 3=:7

Suredelolw| ri ehlqj xqfhqvruhg

0 jlyhq edvholqh fryduldwhv| 3=99 +3=38, 3=99 +3=3;, 3=87 3=;4

0 jlyhq wlph0ydu|lqj fryduldwhv} 3=99 +3=38, 3=99 +3=3;, 3=86 3=;4bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb

úVG @ vwdqgdug ghyldwlrq/ LTU @ lqwhutxduwloh udqjh

Djh/ edvholqh FG7 frxqw +? 533/ 53307<</ è 833 fhoov@çO,/ edvholqh ZEF +? 6333/ 633307<<</ è 8333
fhoov@çO,/ edvholqh khpdwrfulw +? 68/ 6806</ è 73(,/ suhvhqfh ri v|pswrpv dw edvholqh +|hv li ihyhu/ rudo
fdqglgldvlv/ glduukhd/ zhljkw orvv/ rudo kdlu| ohxnrsodnld/ ru khushv }rvwhu> qr rwkhuzlvh,1

Edvholqh fryduldwhv soxv prvw uhfhqw FG7 frxqw/ ZEF/ khpdwrfulw/ suhvhqfh ri v|pswrpv/ DLGV

gldjqrvlv/ dqg suhylrxv }lgryxglqh xvh +rqo| lq prghov iru fhqvrulqj,1
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