
Vprrwk wudqvlwlrqv lq d XN frqvxpswlrq ixqfwlrq

Dqq0Fkduorwwh Holdvvrq

Vwrfnkrop Vfkrro ri Hfrqrplfv/ Ghsduwphqw ri Hfrqrplf Vwdwlvwlfv

S1R1 Er{ 9834/ VH0446 ;6 Vwrfnkrop

H0pdlo= vwdfhCkkv1vh

Wklv yhuvlrq= Pd| 4<<<

Devwudfw

Wklv sdshu uhfrqvlghuv wkh htxloleulxp fruuhfwlrq prgho ri qrqgxudeoh frq0

vxpswlrq lq wkh XN e| Gdylgvrq hw do1 +4<:;,/ ghqrwhg GKV\1 Wkh GKV\

prgho idlov rxwvlgh wkh ruljlqdo revhuydwlrq shulrg dqg vhyhudo vwxglhv fodlp

wkdw wklv lv gxh wr qhjohfwhg qrqolqhdulwlhv ru wlph0ydu|lqj sdudphwhuv1 Wklv

sdshu zloo wdnh erwk ihdwxuhv lqwr dffrxqw vlpxowdqhrxvo| e| xvlqj wkh phwkrg0

rorj| ri vprrwk wudqvlwlrq uhjuhvvlrqv +VWU,1 Wkh vwxg| lv shuiruphg erwk iru

wkh ruljlqdo vdpsoh dqg iru dq h{whqghg rqh1 Lw wxuqv rxw wkdw qrqolqhdulwlhv

duh suhvhqw lq erwk vdpsohv zkhq nhhslqj wkh ruljlqdo prgho vshfl�fdwlrq1 Wkh

uhvxowlqj frqvxpswlrq ixqfwlrqv duh fkdudfwhulvhg e| wlph0ydu|lqj sdudphwhuv

udwkhu wkdq qrqolqhdu uhodwlrqvklsv ehwzhhq wkh h{sodqdwru| yduldeohv1 Wkh hv0

wlpdwhg qrqolqhdu prghov hqfrpsdvv/ dqg grplqdwh lq yduldqfh/ wkhlu olqhdu

htxlydohqwv iru hdfk vdpsoh1

Nh|zrugv1 GKV\/ g|qdplf prgho/ hfrqrphwulf prgho exloglqj/ hqfrp0

sdvvlqj/ sdudphwhu frqvwdqf|/ vprrwk wudqvlwlrq uhjuhvvlrq1

MHO Fodvvl�fdwlrq Frghv= F85/ F86/ F55/ H541

Dfnqrzohgjhphqwv1 Wklv uhvhdufk kdv ehhq vxssruwhg e| wkh Mdq Zdo0

odqghu dqg Wrp Khgholxv* Uhvhudfk Irxqgdwlrq1 L dp judwhixo wr Qhlo Hulfvvrq/

Gdylg Khqgu|/ Mrdnlp Vndolq dqg Wlpr Whuçvyluwd iru lqvljkwixo frpphqwv1 L

dp dovr lqghewhg wr Gdylg Khqgu| dqg Oxljl Huplql iru surylglqj wkh wzr gdwd

vhwv xvhg lq wkh sdshu1 Wkh uhvsrqvlelolw| iru dq| huuruv ru vkruwfrplqjv uhpdlqv

plqh1



41 Lqwurgxfwlrq

Gxulqj wkh odvw wzhqw| |hduv htxloleulxp fruuhfwlrq prghov +HFP, kdyh vxffhvv0

ixoo| ehhq dssolhg wr ghvfulelqj pdfurhfrqrplf uhodwlrqvklsv1 Wkh dgydqwdjh ri wkh

phwkrgrorj| lv wkdw lw pdnhv lw srvvleoh wr prgho vkruw0uxq dv zhoo dv orqj0uxq g|qdp0

lfv ri lqwhjudwhg hfrqrplf yduldeohv lq d vlqjoh prgho zlwkrxw uxqqlqj lqwr sureohpv

ri vsxulrxv uhjuhvvlrqv1 Lq rughu iru wklv wr eh wuxh wkh lqwhjudwhg yduldeohv kdyh wr

eh frlqwhjudwhg/ vhh Hqjoh dqg Judqjhu +4<;:,1 D slrqhhulqj zrun lq htxloleulxp

fruuhfwlrq prghoolqj lv Vdujdq*v +4<97, vwxg| ri zdjhv dqg sulfhv lq wkh XN/ exw wkh

ehvw0nqrzq h{dpsoh lv wkh HFP ri qrqgxudeoh frqvxpswlrq lq wkh XN suhvhqwhg lq

d vhplqdo sdshu e| Gdylgvrq/ Khqgu|/ Vued dqg \hr +4<:;,/ GKV\ iru vkruw1

Odwhu hydoxdwlrqv ri wkh GKV\ prgho kdyh vkrzq wkdw lw idlov rxwvlgh wkh ruljl0

qdo revhuydwlrq shulrg dqg ydulrxv h{sodqdwlrqv ri wkh idloxuh kdyh ehhq vxjjhvwhg1

Kduyh| dqg Vfrww +4<<7, fodlp wkdw fkdqjlqj vhdvrqdolw| lv wkh uhdvrq iru wkh idlo0

xuh zkhuhdv Fduuxwk dqg Khqoh| +4<<3, dqg Jdxvghq dqg Eulfh +4<<8, vxjjhvw wlph0

ydu|lqj sdudphwhuv dqg qhjohfwhg qrqolqhdulwlhv1 Wklv sdshu zloo uhfrqvlghu wkh deryh

h{sodqdwlrqv e| wdnlqj qrqolqhdulw| dqg wlph0ydu|lqj sdudphwhuv lqwr dffrxqw vlpxo0

wdqhrxvo|1 Wklv lv grqh e| xvlqj wkh phwkrgrorj| ri vprrwk wudqvlwlrq uhjuhvvlrqv

+VWU,/ vhh Judqjhu dqg Whuçvyluwd +4<<6,1 Lq wkdw iudphzrun wlph0ydu|lqj sdudph0

whuv duh mxvw dqrwkhu w|sh ri qrqolqhdulw|1

Wkh dqdo|vlv zloo eh fduulhg rxw iru wzr gl�huhqw vdpsohv1 Wkh �uvw vdpsoh lv wkh

rqh xvhg lq wkh GKV\ vwxg|/ 4<8;+5,04<:3+7,/ dqg wkh vhfrqg lv dq h{whqghg vdpsoh/

4<8;+5,04<<5+5,1 Lw vkrxog eh qrwhg wkdw wkh orqjhu vdpsoh lv qrw d vlpsoh h{whqvlrq

ri wkh ruljlqdo vdpsoh1 Wkh wzr gdwd vhwv ehorqj wr gl�huhqw uhylvlrqv ri gdwd dqg

vrph yduldeohv kdyh ehhq uhgh�qhg/ vhh Khqgu| +4<<7,1 Wklv zloo kdyh frqvhtxhqfhv

iru wkh hvwlpdwhg frqvxpswlrq ixqfwlrqv/ dqg vlpsoh frpsdulvrqv ehwzhhq wkh prghov

zloo qrw eh vwudljkwiruzdug1

Lq wkh GKV\prgho wkh vkruw0uxq g|qdplfv duh vshfl�hg dv dqqxdo fkdqjhv +irxuwk

gl�huhqfhv,1 Wklv pljkw eh wrr uhvwulfwlyh lq wkh fdvh ri wlph0ydu|lqj vhdvrqdolw| dqg

wklv sdshu zloo dovr xvh dq dowhuqdwlyh vshfl�fdwlrq ri txduwhuo| fkdqjhv +�uvw gl�hu0

hqfhv,1 Whvwlqj uhyhdov d qrqolqhdu uhodwlrqvkls ehwzhhq wkh h{sodqdwru| yduldeohv

zkhq wkh prgho lv vshfl�hg lq irxuwk gl�huhqfhv xvlqj wkh ruljlqdo vdpsoh shulrg1

Exw zkhq lw lv gh�qhg iru txduwhuo| fkdqjhv wkh prgho dsshduv wr eh olqhdu zlwk

5



wlph0ydu|lqj sdudphwhuv lqvwhdg1 Iru wkh vhfrqg vdpsoh erwk wkh prgho vshfl�hg lq

irxuwk gl�huhqfhv dqg wkh rqh lq �uvw gl�huhqfhv kdyh wlph0ydu|lqj sdudphwhuv1 Wkh

uhvxowlqj qrqolqhdu prghov yduldqfh grplqdwh dqg hqfrpsdvv wkhlu olqhdu htxlydohqwv

iru hdfk vdpsoh1

Wkhuh duh odujh gl�huhqfhv ehwzhhq wkh irxu �qdo qrqolqhdu frqvxpswlrq ixqfwlrqv

suhvhqwhg lq wklv sdshu1 Wklv hpskdvl}hv wkh vhqvlwlylw| wr gdwd wudqvirupdwlrqv dqg

fkrlfh ri gdwd vhw zkhq vshfli|lqj d XN frqvxpswlrq prgho1 Frqvlghulqj wklv/ lw

lv qrw vxusulvlqj wkdw wkhuh duh d zlgh ydulhw| ri h{sodqdwlrqv wr wkh GKV\ prgho

idloxuh1

Wkh rxwolqh ri wkh sdshu lv dv iroorzv1 Lq Vhfwlrq 5 wkh GKV\ prgho dqg vrph

ri wkh fulwlflvp djdlqvw lw lv suhvhqwhg1 Vhfwlrq 6 ylhzv wkh gdwd wkdw lv xvhg lq wkh

dqdo|vlv dqg lq Vhfwlrq 7 wkhuh lv d vkruw lqwurgxfwlrq wr VWU prghov1 Vhfwlrq 8

vxjjhvwv d vshfl�fdwlrq ri wkh frqvxpswlrq ehkdylrxu gxulqj 4<8;+5,04<:3+7, dqg lq

Vhfwlrq 9/ wkh shulrg 4<8;+5,04<<5+5, lv dqdo|vhg1 Vhfwlrq : frqfoxghv1

51 Vrph suhylrxv frqvxpswlrq vwxglhv

Wkhuh duh qxphurxv ghvfulswlrqv ri XN qrqgxudeoh frqvxphuv* h{shqglwxuhv1 Wkh

fkrlfh ri phwkrgrorj| lv kljko| ydulhg/ vhh h1j1 wkh GKV\ prgho phqwlrqhg lq Vhfwlrq

4/ KXV0prghov lqwurgxfhg e| Khqgu| dqg yrq Xqjhuq0Vwhuqehuj +4<;4,/ shulrglf dx0

wruhjuhvvlyh prghov +SDU, xvhg e| Rveruq +4<;;, dqg �vwuxfwxudo prghov� hvwlpdwhg

e| Kduyh| dqg Vfrww +4<<7,1 Lq wklv vwxg| wkh GKV\ prgho zloo eh uhfrqvlghuhg dqg

vrph ri wkh fulwlflvpv duh uhylhzhg lq wklv vhfwlrq1

Lq GKV\ wkh dxwkruv vwduw e| frpsdulqj suhylrxvo| sxeolvkhg hpslulfdo prghov

ri XN qrqgxudeoh frqvxpswlrq1 Wkh| srlqw rxw lqfrqvlvwhqflhv dqg surylgh srvvleoh

h{sodqdwlrqv iru wkh glvfuhsdqflhv ehwzhhq wkh prghov1 Ilqdoo| wkh| hvwlpdwh dq HFP

iru 4<8;+5,04<:3+7,1 Wkh vkruw0uxq g|qdplfv duh vshfl�hg dv dqqxdo fkdqjhv vlqfh

wkh dxwkruv �qg wklv wr eh d vhqvleoh fkrlfh iru fdswxulqj wkh frqvxpswlrq ehkdylrxu

lq gl�huhqw txduwhuv1 Wkh orqj0uxq g|qdplfv duh fdswxuhg e| wkh irxuwk odj ri wkh

htxloleulxp fruuhfwlrq whup1 Wkh uhvxowlqj prgho hqfrpsdvvhv wkh prghov glvfxvvhg

hduolhu dqg lw shuirupv zhoo lq wkh iruhfdvwlqj shulrg/ 4<:4+4,04<:8+7,1 Wkh GKV\
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prgho kdv wkh irup

�7fw @ �4�7|w .�5�4�7|w .�6+f� |,w�7 .

�7�7G
3

w
.�8�7sw . �9�4�7sw . %w

zkhuh fw lv frqvxpswlrq ri jrrgv dqg vhuylfhv/ |w lv uhdo shuvrqdo glvsrvdeoh lqfrph/

�4�7|w lv wkh �uvw gl�huhqfh ri wkh dqqxdo fkdqjh ri lqfrph/ +f � |,
w�7

lv wkh htxl0

oleulxp fruuhfwlrq whup/ G
3

w
lv d gxpp| yduldeoh4 / �7sw lv wkh ohyho ri lq dwlrq dqg

�4�7sw wkh udwh ri fkdqjh ri lq dwlrq1 Ixuwkhupruh/ �m lv wkh gl�huhqfh rshudwru/

�m{w @ {w � {w�m / dqg orzhu0fdvh ohwwhuv ghqrwh orjdulwkpv1

Dv phqwlrqhg lq Vhfwlrq 4 wkh GKV\ prgho idlov rxwvlgh wkh ruljlqdo vdpsoh/

wkdw lv diwhu 4<:9+5,1 Dffruglqj wr Eroohuvohy dqg K|oohehuj +4<;8, wkh GKV\ prgho

xqghusuhglfwv frqvxphuv* h{shqglwxuhv ryhu wkh shulrg 4<::+6,04<;3+5,> phdqzkloh

Gureq| dqg Kdoo +4<;<, �qg d glvwlqfw whqghqf| iru GKV\ wr ryhusuhglfw frqvxpswlrq

ryhu wkh shulrg 4<;304<;91 Fduuxwk dqg Khqoh| +4<<3, fodlp wkdw wkh GKV\ prgho

xqghusuhglfwv frqvxpswlrq gxulqj 4<;804<;:1 Dowkrxjk lw lv d frpprqo| dffhswhg

ylhz wkdw wkh GKV\ prgho euhdnv grzq rxwvlgh wkh ruljlqdo revhuydwlrq shulrg/ wkh

uhdvrq iru wkh idloxuh lv vwloo rshq wr ghedwh1 D ihz frpphqwv duh olvwhg ehorz1

� Khqgu| +4<<7, vwuhvvhv wkh lpsruwdqfh ri gdwd uhylvlrqv dqg srlqwv rxw wkdw

uhfhqw gdwd ylqwdjhv duh qrw frlqwhjudwhg zlwk hduolhu ylqwdjhv1 Khqfh/ li wkh

GKV\ zhuh hvwlpdwhg xvlqj suhvhqw gdwd ylqwdjhv d gl�huhqw prgho zrxog eh

fkrvhq1 Wkh gl�huhqw gdwd ylqwdjhv duh vkrzq dqg frpsduhg lq Vhfwlrq 61

� Khqgu|/ Pxhooedxhu dqg Pxusk| +4<<3, lq wxuq �qg wkdw frqvxpswlrq/ lqfrph

dqg lq dwlrq duh frlqwhjudwhg/ 4<8:04<:91 Wklv vkrxog lpso| d xqlw urrw lq

�7sw dqg +f� |,
w�7

1 Wkh xqlw urrw whvwv lq Dsshqgl{ D vkrz wkdw +f� |,
w�7

kdv d xqlw urrw 4<8;+5,04<:3+7, zkhuhdv �7sw frqwdlqv d xqlw urrw rqo| zkhq

wkh hvwlpdwlrq shulrg lv h{whqghg wr 4<:9+5,1 Iru wkh shulrg 4<8;+5,04<:3+7,

wkh xqlw0urrw k|srwkhvlv lv uhmhfwhg1

� Fduuxwk dqg Khqoh| +4<<3, fkhfn zkhwkhu ru qrw wkh h{lvwlqj frqvxpswlrq prg0

hov/ vxfk dv KXV dqg GKV\/ duh dghtxdwh iru ghvfulelqj txduwhuo| XN qrq0

4
(
f
|
' (|3� 3(|� (| lv d gxpp| yduldeoh zklfk dvvxphv xqlw| 4<9;+ll, dqg }hur hovhzhuh1 Lw lv

lqfoxghg wr fdswxuh d fkdqjh lq frqvxpswlrq dv d uhvxow ri lqirupdwlrq ri d sxufkdvh wd{ lqfuhdvh lq

wkh 4<9; exgjhw1 Iru d glvfxvvlrq ri wkh gxpp| yduldeoh/ vhh Gdylgvrq hw do1 +4<:;,1
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gxudeoh frqvxpswlrq ehkdylrxu diwhu wkh ruljlqdo vdpsoh shulrgv1 Wkh| hvwl0

pdwh wkh GKV\ prgho iru 4<9<+5,04<;7+7, dqg �qg wkdw wkh +Fkrz, sdudphwhu

frqvwdqf| whvw idlov1 Vlqfh wkh sxusrvh ri wkhlu vwxg| lv wr hydoxdwh h{lvwlqj

prghov udwkhu wkdq wr vxjjhvw d qhz prgho zlwk wlph0ydu|lqj sdudphwhuv/ wkh|

vhwwoh e| frqfoxglqj wkdw d pdmrulw| ri wkh prghov wkh| hydoxdwh duh lqdghtxdwh

iru iruhfdvwlqj XN frqvxpswlrq1

� Kduyh| dqg Vfrww +4<<7, fodlp wkdw vhdvrqdolw| ydulhv ryhu wlph dqg wkdw wklv lv

wkh pdlq uhdvrq iru wkh idloxuh ri wkh GKV\ prgho1 Lq rughu wr dffrxqw iru wklv

h�hfw wkh dxwkruv hvwlpdwh d �vwuxfwxudo prgho� erwk iru wkh ruljlqdo gdwd vhw

+4<8;+5,04<:3+7,, dqg iru wkh h{whqghg rqh +4<8;+5,04<<5+5,,1 Wkh �vwuxfwxudo

prgho� lv vshfl�hg iru txduwhuo| fkdqjhv lqvwhdg ri dqqxdo lq wkh vkruw0uxq g|0

qdplfv dqg gxpp| yduldeohv duh xvhg wr fdswxuh wkh vhdvrqdolw|1 Wkh dxwkruv

�qg wkdw wkh lpsdfw ri vhdvrqdolw| fkdqjhv ryhu wlph lq erwk vdpsohv dqg prgho

wklv e| lqwurgxflqj d vwrfkdvwlf vhdvrqdolw| frpsrqhqw lqwr wkh HFP vshfl�fd0

wlrq1 Wkh �vwuxfwxudo prgho� rxw0shuirupv wkh GKV\ prgho= wkhuh lv qr huuru

dxwrfruuhodwlrq/ zklfk lv d vhyhuh sureohp lq wkh h{whqghg GKV\ prgho/ dqg

wkh vwdqgdug ghyldwlrq ri wkh vwuxfwxudo prgho lv :7( ri wkdw ri wkh GKV\ iru

wkh vdpsoh 4<8;+5,04<<5+5,1

� Jdxvghq dqg Eulfh +4<<8, h{dplqh wkh shuirupdqfh ri wkh GKV\ prgho lq

suhglfwlqj djjuhjdwh frqvxphuv* h{shqglwxuhv lq XN gxulqj 4<89+5,04<;7+7, iru

vhdvrqdoo| dgmxvwhg dqg vhdvrqdoo| xqdgmxvwhg gdwd1 Wkh| shuirup wkhlu vwxg|

iru erwk frqvxpswlrq ri qrqgxudeoh jrrgv dqg vhuylfhv dqg wrwdo h{shqglwxuhv1

Dffruglqj wr wkhlu uhvxowv lw lv wkh lpsdfw ri lqfrph jurzwk wkdw fkdqjhv ryhu

wlph pdnlqj d pruh  h{leoh vshfl�fdwlrq qhfhvvdu| dqg/ khqfh/ wkh| doorz iru

wlph0ydu|lqj sdudphwhuv1 Wr ehjlq zlwk wkh| frpsxwh vxe0shulrg hvwlpdwhv ri

wkh lqfrph jurzwk frh!flhqw dqg �qg wkdw lw lv qrw frqvwdqw ryhu wlph1 Xvlqj

d �yduldeoh0frh!flhqw� prgho lpsuryhv wkh jrrgqhvv0ri0�w zlwklq wkh vdpsoh

frpsduhg wr d ��{hg0frh!flhqw� dssolhg wr vhdvrqdoo| dgmxvwhg gdwd iru erwk

wrwdo dqg qrqgxudeoh frqvxphuv* h{shqglwxuhv1

� Vrqj +4<<8, uh0hvwlpdwhv wkh GKV\ dqg wkh KXV frqvxpswlrq ixqfwlrqv xvlqj

wlph0ydu|lqj sdudphwhuv lq rughu wr lpsuryh wkh iruhfdvwlqj shuirupdqfh ri wkh

prghov/ xvlqj txduwhuo| gdwd ryhu wkh shulrg 4<9404<<41 Wkh wlph0yduldwlrq
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lv prghoohg xvlqj d Ndopdq �owhu zkhuh wkh sdudphwhuv duh dvvxphg wr eh d

ixqfwlrq ri wkhlu ydoxh lq wkh odvw shulrg dv zhoo dv ri odjjhg zhdowk dqg lq dwlrq1

Wkh prgho zlwk wlph0ydu|lqj sdudphwhuv jlyhv ehwwhu iruhfdvwv wkdq wkh ruljlqdo

GKV\1

Lq irxu ri wkh vwxglhv phqwlrqhg deryh qhjohfwhg qrqolqhdulwlhv duh vxjjhvwhg dv

wkh uhdvrq iru wkh idloxuh ri wkh GKV\ prgho1 Krzhyhu/ lw lv qrw reylrxv zkhwkhu

wkh sureohp olhv lq wlph0ydu|lqj vhdvrqdolw| ru qrqolqhdu uhodwlrqvklsv ehwzhhq wkh

yduldeohv1 Wkh dqdo|vhv lq Vhfwlrqv 8 dqg 9 zloo wkhuhiruh frqvlghu erwk w|shv ri

qrqolqhdulwlhv vlpxowdqhrxvo|1 Wkh pdlq lqwhuhvw ri wklv vwxg| olhv lq wkh g|qdplf

surshuwlhv ri GKV\/ wkh h�hfw ri wkh ixqfwlrqdo irup rq wkh �w dqg wkh frqfoxvlrqv

iurp wkh prgho1 Wkh fkrlfh ri yduldeohv lv wkh vdph dv lq wkh GKV\ vshfl�fdwlrq1

Wklv phdqv wkdw rwkhu vxjjhvwhg htxdwlrqv iru h{sodlqlqj frqvxphu ehkdylrxu/ vxfk

dv wkrvh lqfoxglqj/ iru h{dpsoh/ zhdowk dqg lqwhuhvw udwh yduldeohv/ fuhglw frqvwudlqwv

dqg ghprjudsklf idfwruv5 duh uxohg rxw1 Wklv grhv qrw lpso| wkdw wkhvh yduldeohv duh

vxshu xrxv lq ghvfulelqj qrqgxudeoh frqvxpswlrq/ exw lw lv eh|rqg wkh vfrsh ri wklv

sdshu wr dgguhvv rwkhu frqvxpswlrq ixqfwlrqv wkdq wkh GKV\1

61 Wkh Gdwd

Wklv vhfwlrq suhvhqwv vrph vw|ol}hg idfwv ri wkh txduwhuo| revhuydwlrqv ri orjdulwkplf

qrqgxudeoh frqvxphuv* h{shqglwxuhv +fw, dqg orjdulwkplf uhdo shuvrqdo glvsrvdeoh

lqfrph +|w,/ iru wkh Xqlwhg Nlqjgrp1 Wkh dqdo|vlv zloo eh fduulhg rxw iru wzr gli0

ihuhqw wlph shulrgv1 Wkh �uvw shulrg lv wkh rqh xvhg lq wkh GKV\ duwlfoh/ dqg wkh

fruuhvsrqglqj wlph vhulhv zloo eh uhihuuhg wr dv wkh ruljlqdo gdwd1 Wklv wlph vhulhv/

4<8;+5,04<:9+5,/ lv iurp Hfrqrplf Wuhqgv +4<:9 Dqqxdo Vxssohphqw, dqg lv txduwhuo|

xqdgmxvwhg lq Â ploolrq dw 4<:3 sulfhv1 Wkh vhfrqg wlph shulrg lv 4<8;+5,04<<5+5,/

dqg lv txduwhuo| xqdgmxvwhg lq Â ploolrq dw 4<88 sulfhv1 Lw zloo eh uhihuuhg wr dv wkh

h{whqghg gdwd vhw1 Wkh wzr vhulhv ehorqj wr gl�huhqw ylqwdjhv ri gdwd uhylvlrqv dqg

zloo wkhuhiruh eh vkrzq lq vhsdudwh judskv1

Wkh orjdulwkpv ri qrqgxudeoh frqvxpswlrq +fw, dqg glvsrvdeoh lqfrph +|w, fdq eh

irxqg lq Iljxuhv 614 dqg 6151 Wkh vdolhqw ihdwxuhv ri wkh gdwd duh d glvwlqfw vhdvrqdo

5Vhh iru h{dpsoh Khqgu| dqg yrq Xqjhuq0Vwhuqehuj +4<;4,/ Khqgu|/ Pxhooedxhu/ Pxusk| +4<<3,1

9



sdwwhuq dqg vwurqj srvlwlyh wuhqgv lq erwk fw dqg |w= Lq 4<<3 wkh jurzwk vorzv grzq

ehfdxvh ri d uhfhvvlrq1 Zkhq wkh vhulhv duh wudqviruphg lqwr dqqxdo fkdqjhv +irxu0

txduwhu gl�huhqfhv, wkh vhdvrqdolw| glvdsshduv iurp vljkw/ vhh Iljxuhv 616 dqg 6171

Frqvxpswlrq lv vprrwkhu wkdq lqfrph xqwlo 4<;8 zkloh lw lv wkh rwkhu zd| durxqg

gxulqj 4<;8+6,04<;;+6,1 Iurp 4<;;+7, rqzdugv wkh vw|ol}hg idfw ri frqvxpswlrq ehlqj

vprrwkhu wkdq lqfrph vhhpv wr eh ydolg djdlq1

Lq Iljxuh 618 wkh htxloleulxp fruuhfwlrq whup/ +f� |,w> lv vkrzq iru erwk vdpsohv

gxulqj 4<8;+5,04<:9+5,1 Wkh gl�huhqfh ehwzhhq wkh gdwd ylqwdjhv lv frqvslfxrxv/

hvshfldoo| iurp 4<:3 dqg rqzdugv1 Wkh htxloleulxp fruuhfwlrq whup ri wkh ruljlqdo

vdpsoh lv juhdwhu lq devroxwh ydoxh wkdq wkdw ri wkh h{whqghg vdpsoh edvhg rq d odwhu

ylqwdjh ri gdwd1 Wkh wlph vhulhv ri wkh wzr ylqwdjhv duh qrw frlqwhjudwhg dffruglqj

wr uhvxowv suhvhqwhg lq Khqgu| +4<<7,/ zklfk lpsolhv wkdw wkhuh lv qr olqhdu orqj0uxq

uhodwlrqvkls ehwzhhq wkh ydoxhv ri wkh yduldeohv iru wkh gl�huhqw ylqwdjhv1

71 Qrqolqhdu prghoolqj

Lq wklv vhfwlrq/ prghoolqj zlwk vprrwk wudqvlwlrq uhjuhvvlrq +VWU, prghov lv glv0

fxvvhg1 Zkhq qrqolqhdulwlhv lq wkh frqglwlrqdo phdq fdqqrw eh h{foxghg d sulrul/ d

 h{leoh qrqolqhdu prgho vshfl�fdwlrq lv qhfhvvdu|1 D odujh qxpehu ri sdudphwulf dqg

qrqsdudphwulf qrqolqhdu prghov h{lvw lq wkh olwhudwxuh1 Lq prghoolqj pdfurhfrqrplf

uhodwlrqvklsv wkh olplwhg dprxqw ri gdwd zklfk lv xvxdoo| dydlodeoh vhwv d sudfwlfdo

olplw wr wkh qxpehu ri dowhuqdwlyh prghov dqg whfkqltxhv dydlodeoh1 Vprrwk wudqvl0

wlrq uhjuhvvlrq +VWU, prghov hqdeoh d ulfk sdudphwhulvdwlrq ri wkh frqglwlrqdo phdq

rqfh olqhdulw| kdv ehhq uhmhfwhg/ dqg wkhvh prghov pd| eh dssolhg wr udwkhu vkruw

wlph vhulhv vlqfh wkhuh h{lvwv d prghoolqj vwudwhj| wkdw grhv qrw qhfhvvdulo| uhtxluh

yhu| orqj wlph vhulhv/ Whuçvyluwd +4<<7,1 VWU prghov kdyh ehhq vxffhvvixoo| dssolhg

lq pdfurhfrqrphwulf prghoolqj/ vhh iru h{dpsoh Oÿwnhsrko/ Whuçvyluwd dqg Zrowhuv

+4<<<,/ Plfkdho/ Shho dqg Wd|oru +4<<:, dqg Whuçvyluwd dqg Holdvvrq +4<<;, zkr prgho

dv|pphwulhv lq prqh| ghpdqg ixqfwlrqv/ Plfkdho/ Qred| dqg Shho +4<<:, zkr gh0

vfuleh qrqolqhdu dgmxvwphqw lq uhdo h{fkdqjh udwhv/ ydq Glmn dqg Iudqvhv +4<<<, zkr

hvwlpdwh d qrqolqhdu uhodwlrqvkls iru lqwhuhvw udwhv/ Whuçvyluwd +4<<;, zkr ghvfulehv

krxvh sulfhv dqg Mrkdqvhq +4<<<, zkr prghov zdjh htxdwlrqv1

:



7141 Vprrwk wudqvlwlrq uhjuhvvlrq prghov +VWU,

Wkh h{srvlwlrq ehorz lv d eulhi lqwurgxfwlrq wr VWUprghov1 Iru d pruh frpsuhkhqvlyh

suhvhqwdwlrq/ vhh Judqjhu dqg Whuçvyluwd +4<<6, ru Whuçvyluwd +4<<;,1

Vwduw e| frqvlghulqj wkh iroorzlqj VWU prgho/

|w @ {
3

w
* . {3

w
�I +vw, . xw= w @ 4> ==> W= +714,

Wkh prgho frqvlvwv ri d olqhdu dqg d qrqolqhdu frpsrqhqw1 Wkh olqhdu frpsrqhqw

lv {3

w
*> zkhuh {w @ +4> {4w> ==> {pw,

3

@ +4> |w�4> ==> |w�s> }4w> ==> }tw,
3

lv d ++p. 4, � 4,

yhfwru ri h{sodqdwru| yduldeohv zkhuh p @ s . t1 Ixuwkhupruh/ * @ +*3> ==> *p,3 dqg

� @ +�3> ==> �p,3 duh sdudphwhu yhfwruv1 Wkh qrqolqhdu frpsrqhqw lv vshfl�hg dv d

olqhdu frpelqdwlrq ri yduldeohv pxowlsolhg zlwk d qrqolqhdu wudqvlwlrq ixqfwlrq I +vw,

zklfk lv frqwlqxrxv dqg erxqghg1 Wkh huuru vhtxhqfh ixwj frqvlvwv ri lqghshqghqw/

lghqwlfdoo| glvwulexwhg luuhjxodu whupv vxfk wkdw Hxw @ 3> H{wxw @ 3> Hvwxw @ 3= Lw

lv fxvwrpdu| wr erxqg I ehwzhhq }hur dqg xqlw|> khqfh wkh prgho zloo fkdqjh iurp

H +|wm{w, @ {
3

w
* wr H +|wm{w, @ {

3

w
+* . �, zlwk wkh wudqvlwlrq yduldeoh vw1 Wklv ihdwxuh

pdnhv lw srvvleoh wr fdswxuh gl�huhqw g|qdplfv lq gl�huhqw vwdwhv ri wkh hfrqrp|1

Wkh wudqvlwlrq ixqfwlrq ri d nwk rughu orjlvwlf vprrwk wudqvlwlrq uhjuhvvlrq/ OVWU+n,/

prgho lv

I +vw, @ I +�> f> vw, @

#
4 . h{s

+
��

n\

l@4

+vw � fl,

,$
�4

> � A 3> f4 � f5 � === � fn

+715,

zkhuh wkh vorsh sdudphwhu +�, ghwhuplqhv krz udslg wkh wudqvlwlrq lv dqg wkh yhfwru

ri orfdwlrq sdudphwhuv +f, ghflghv zkhuh wkh wudqvlwlrqv rffxu1 Wkh uhvwulfwlrqv � A 3

dqg f4 � f5 � === � fn duh lghqwli|lqj uhvwulfwlrqv1 Li � @ 3 wkh qrqolqhdu VWU prgho

+7=4, ehfrphv olqhdu dqg li � $ 4 wkh VWU prgho +7=4, ehfrphv d vwhs ixqfwlrq1

Iru n @ 5 dqg f4 @ f5 wkh OVWU+5, prgho forvho| dssur{lpdwhv wkh h{srqhqwldo VWU

+HVWU, prgho1 Wkh HVWU prgho lv vshfl�hg dv +7=4, zlwk

I +vw, @ I +�> f> vw, @ 4� h{s
q
�� +vw � f,5

r
> � A 31

Lq zkdw iroorzv wkh HVWU zloo eh uhjdughg dv d vshfldo fdvh ri OVWU+5,1 Pruhryhu/

qrwh wkdw zkhq vw @ w wkh VWU prgho +7=4, pd| eh lqwhusuhwhg dv d olqhdu prgho zlwk

;



wlph ydu|lqj sdudphwhuv1 Wklv pdnhv lw srvvleoh wr xvh wkh VWU prgho wr lqyhvwljdwh

wkh fodlpv ri xqvwdeoh sdudphwhuv lq wkh GKV\ prgho1

7151 Wkh prghoolqj f|foh iru VWU prghov

Iroorzlqj Whuçvyluwd +4<<;, wkh prghoolqj f|foh frqwdlqv irxu vwdjhv1

41 Hvwlpdwh d olqhdu prgho zlwk qr huuru dxwrfruuhodwlrq1

51 Shuirup wkh whvwv ri olqhdulw| dqg sdudphwhu frqvwdqf| lq wklv prgho djdlqvw dq

VWU dowhuqdwlyh1 Li hlwkhu ri wkh wzr k|srwkhvhv duh uhmhfwhg fkrrvh dq VWU

prgho iru ixuwkhu frqvlghudwlrq1

61 Hvwlpdwh wkh sdudphwhuv ri wkh VWU prgho dqg uhgxfh wkh vl}h ri wkh prgho li

qhfhvvdu|1

71 Hydoxdwh wkh �qdo VWU prgho xvlqj plvvshfl�fdwlrq whvwv ri qr huuru dxwrfru0

uhodwlrq/ sdudphwhu frqvwdqf| dqg qr dgglwlyh qrqolqhdulw|1

Lq wkh vhfrqg vwhs wkh qxoo k|srwkhvlv ri olqhdulw| lv whvwhg1 Wkh dowhuqdwlyh lv

vshfl�hg xvlqj vhyhudo gl�huhqw yduldeohv dv srwhqwldo wudqvlwlrq yduldeohv1 Li pruh wkdq

rqh ri wkh qxoo k|srwkhvhv duh uhmhfwhg/ rqh vwduwv e| vshfli|lqj dq VWU prgho xvlqj

wkh wudqvlwlrq yduldeoh zklfk zdv xvhg lq wkh prvw irufhixoo| uhmhfwhg qxoo k|srwkhvlv1

Wkh udwlrqdoh ehklqg wklv ghflvlrq uxoh lv glvfxvvhg lq Whuçvyluwd +4<<7,1 Wkh lqlwldo

fkrlfhv ri srwhqwldo wudqvlwlrq yduldeohv duh surylghg e| hfrqrplf wkhru|1

Wkh wklug vwhs frqvlvwv ri hvwlpdwlqj wkh VWU prgho1 Wklv zloo eh grqh e| qrq0

olqhdu ohdvw vtxduhv +QOV, zklfk lv htxlydohqw wr frqglwlrqdo pd{lpxp olnholkrrg

hvwlpdwlrq lq wkh fdvh ri qrupdo krprvfhgdvwlf huuruv1 Wkh hvwlpdwlrq lv vhqvlwlyh wr

wkh fkrlfh ri vwduwlqj ydoxhv1 Wkh vorsh sdudphwhu � lv wkhuhiruh vwdqgdugl}hg wkurxjk

glylvlrq e| wkh vwdqgdug ghyldwlrq ri wkh wudqvlwlrq yduldeoh iru dq OVWU+4, prgho

dqg e| wkh yduldqfh iru dq OVWU+5,1 Lw pd| eh phqwlrqhg wkdw zkhq � lv odujh lwv

hvwlpdwh hdvlo| jhwv dq lq dwhg vwdqgdug huuru hvwlpdwh lq vpdoo dqg hyhq prghu0

dwh vdpsohv1 Wkh uhdvrq iru wklv lv wkdw dq dffxudwh hvwlpdwlrq uhtxluhv d vx!flhqw

qxpehu ri revhuydwlrqv ri vw lq d vpdoo qhljkerukrrg ri wkh orfdwlrq sdudphwhu/ vhh

h1j1 Whuçvyluwd +4<<;,1 Wkh sdudphwhuv lq wkh hvwlpdwhg ixoo prgho zloo eh uhgxfhg

dffruglqj wr wkhlu h{sodqdwru| srzhu xvlqj wkh w0ydoxhv dv d jxlgdqfh/ h{fhsw iru a�

dqg af1

<



Wkh odvw vwhs ri wkh prghoolqj frqvlvwv ri prgho hydoxdwlrq1 Wkh dvvxpswlrqv ri

qr huuru dxwrfruuhodwlrq dqg sdudphwhu frqvwdqf| xvhg lq wkh sdudphwhu hvwlpdwlrq

duh whvwhg1 Ixuwkhupruh/ lw lv lqwhuhvwlqj wr nqrz zkhwkhu ru qrw doo qrqolqhdulw| ri

VWU w|sh lv fdswxuhg e| wkh hvwlpdwhg prgho/ vr wklv vkrxog eh fkhfnhg dv zhoo1 D

whvw ri qr dgglwlyh qrqolqhdulw| lv dydlodeoh iru wklv sxusrvh1 Wkh plvvshfl�fdwlrq whvwv

duh ghvfulehg lq Vhfwlrq 7171 Li wkh prgho idlov wkh whvw ri qr huuru dxwrfruuhodwlrq/

uhvshfl�fdwlrq ri wkh prgho lv wkh rqo| vroxwlrq1 Li wkh VWU prgho idlov wkh whvw ri

qr dgglwlrqdo qrqolqhdulw| ru sdudphwhu frqvwdqf| wkhuh duh wzr gl�huhqw vroxwlrqv1

Uhvshfl�fdwlrq lv djdlq rqh ri wkhp> wkh rwkhu dowhuqdwlyh lv wr lqwurgxfh dqrwkhu

qrqolqhdu frpsrqhqw ri wkh w|sh wkdw wkh dowhuqdwlyh k|srwkhvlv lqglfdwhg1 Krzhyhu/

wklv fdq rqo| eh frqvlghuhg iru odujh vdpsohv1

7161 Whvwlqj olqhdulw|

Li wkh wuxh gdwd jhqhudwlqj surfhvv lv qrqolqhdu dqg d olqhdu prgho lv xvhg iru ghvfulelqj

wkh qrqolqhdu surfhvv/ wkh hvwlpdwhg prgho zloo eh xqghulghqwl�hg dqg wkh g|qdplfv

zloo eh plvvshfl�hg1 Rq wkh rwkhu kdqg/ li wkh wuxh gdwd jhqhudwlqj surfhvv lv olqhdu

dqg d qrqolqhdu sdudphwhulvdwlrq lv dssolhg wkhq wkh qrqolqhdu prgho zloo ryhu�w wkh

gdwd lq wkh vdpsoh1 Lq wkh srvw0vdpsoh shulrg wkh prgho pljkw shuirup edgo|/ hyhq

li lw vdwlv�hv doo wkh gldjqrvwlf whvwv dqg yduldqfh grplqdwhv wkh olqhdu prgho/ vhh

Judqjhu dqg Whuçvyluwd +4<<5,1 Whvwlqj olqhdulw| ehiruh �wwlqj d prgho khosv wr dyrlg

vxfk plvvshfl�fdwlrqv1

Wkh olqhdulw| whvw suhvhqwhg ehorz iroorzv Whuçvyluwd +4<<7,1 Wkh k|srwkhvlv ri

olqhdulw| lv whvwhg djdlqvw dq OVWU prgho ri rughu n1 Lq rughu wr ghulyh wkh whvw vrph

dgglwlrqdo dvvxpswlrqv duh qhfhvvdu|1 Wkh vwrfkdvwlf yduldeohv {4w> ==> {pw duh dvvxphg

wr eh vwdwlrqdu|1 Wkh wudqvlwlrq yduldeoh vw lv dovr dvvxphg wr eh vwdwlrqdu| ru wr eh d

wlph wuhqg +w,/ dqg doo furvv0prphqwv H{lw{mw> H{lwv
p

w
> H|w�lv

p

w
dqg H|w�l{mw/ p � 6

duh dvvxphg wr h{lvw1 Wkh olqhdulw| whvw lv ghulyhg xqghu wkh dvvxpswlrq ri frqvwdqw

yduldqfh dqg lv qrw urexvw djdlqvw frqglwlrqdo khwhurvfhgdvwlflw|1

Wkh OVWU+n, prgho ehfrphv olqhdu li � @ 3 vr wkdw wkh wudqvlwlrq ixqfwlrq +I ,

htxdov 4

5
1 Iru qrwdwlrqdo vlpsolflw| wkh wudqvlwlrq ixqfwlrq lq htxdwlrq +7=4, lv uhsodfhg

e| �I +�> f> vw, @ I +�> f> vw, �
4

5
1 Wklv lpsolhv �I +3> f> vw, @ 3/ dqg K3 = � @ 3 lv d

qdwxudo k|srwkhvlv ri olqhdulw|1 Dvvxplqj qrupdolw| ri xw/ w @ 4> ==> W> wkh frqglwlrqdo
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orj olnholkrrg ehfrphv

O @

W[

w@4

c +*> �> f> |wm{w> vw, @ �
4

5

#
W oq +5�, . W oq�5 .

4

�
5

W[

w@4

x
5

w

$
= +716,

Wkhuh lv d vpdoo fdyhdw wkrxjk= wkh VWU prgho lv qrw lghqwl�hg xqghu wkh qxoo

k|srwkhvlv gxh wr wkh qxlvdqfh sdudphwhuv � dqg f1 Wkdw lv/ xqghu wkh qxoo � dqg

f fdq wdnh rq dq| ydoxhv zlwkrxw d�hfwlqj wkh ydoxh ri wkh orj0olnholkrrg +7=6,1 Lq

rughu wr flufxpyhqw wklv gl!fxow| wkh qrqolqhdu frpsrqhqw ri +7=4, lv Wd|oru0h{sdqghg

durxqg � @ 31 Xvlqj d nwk rughu Wd|oru h{sdqvlrq ohdgv/ diwhu uhduudqjlqj whupv/ wr

wkh VWU prgho

|w @ {
3

w
�3.

n[

m@4

�
�{wv

m
w

�
3

�m . yw +717,

zkhuh �{w @ +{4w> ===> {pw,
3

dqg yw @ xw . U +�> �> f>{w,1 Wkh sdudphwhu yhfwru �m lv d

ixqfwlrq ri � vxfk wkdw �m @ 3/ m @ 4> ==> n/ zkhq � @ 31 Wkh qhz qxoo k|srwkhvlv

ehfrphv K 3

3
= �m @ 3/ m @ 4> ==> n1 Wkh uhpdlqghu whup U +�> �> f>{w, htxdov }hur xqghu

wkh qxoo k|srwkhvlv dqg grhv qrw d�hfw wkh dv|pswrwlf glvwulexwlrq wkhru| zkhq wkh

whvw lv edvhg rq wkh OP0sulqflsoh1 Wkh OP0w|sh whvw zloo kdyh dq dv|pswrwlf "5

glvwulexwlrq zlwk n � glp+�{w, ghjuhhv ri iuhhgrp xqghu wkh qxoo1 Lq vpdoo vdpsohv dq

I0yhuvlrq ri wkh whvw lv suhihudeoh wr wkh "5 yduldqw vlqfh lw kdv jrrg vl}h dqg srzhu

surshuwlhv> vhh iru h{dpsoh Judqjhu dqg Whuçvyluwd +4<<6/ Fkdswhu :,1 Wkh whvw fdq

eh fduulhg rxw lq vwdjhv=

41 Uhjuhvv |w rq {w dqg frpsxwh wkh uhvlgxdo vxp ri vtxduhv VVU3 @
4

W

WS

w@4

ax
5
w
=

51 Uhjuhvv axw +ru |w, rq {w> �{wvw> �{wv
5
w
dqg �{wv

6
w
dqg frpsxwh VVU6 @

4

W

WS

w@4

az
5
w
=

61 Frpsxwh wkh I vwdwlvwlf I @

+VVU3�VVU6,@6p
VVU6@+W�7p�4, =

dssur{

� I +6p> +W � 7p� 4,,

xqghu K31

Li K
3

3
lv uhmhfwhg wkh frqglwlrqdo phdq lv dvvxphg wr eh qrqolqhdu dqg dq VWU

prgho lv vshfl�hg dqg hvwlpdwhg1 Li wkh qxoo k|srwkhvlv ri olqhdulw| fdqqrw eh uhmhfwhg

wkh frqglwlrqdo phdq lv dvvxphg wr eh olqhdu dqg qr ixuwkhu prghoolqj zloo eh grqh1

D vshfl�fdwlrq surfhgxuh iru VWU prghov lv rxwolqhg lq Whuçvyluwd +4<<7,1 Diwhu

uhmhfwlqj wkh k|srwkhvlv ri olqhdulw| +K 3

3
, wkh rughu ri wkh OVWU prgho lv vhohfwhg1 Lq

wklv sdshu n � 5/ khqfh OVWU+4, dqg OVWU+5, duh wkh wzr sdudphwhulvdwlrqv wkdw
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zloo eh xvhg1 Wkh whvwlqj vhtxhqfh lv gh�qhg zlwklq htxdwlrq +7=7, iru n @ 6=

K37 = �6 @ 3>

K36 = �5 @ 3m�6 @ 3>

K35 = �4 @ 3m�6 @ �5 @ 3=

Lqghshqghqwo| ri zkhwkhu d k|srwkhvlv lv dffhswhg ru uhmhfwhg lw lv vwloo ylwdo wr fduu|

rxw wkh zkroh vhtxhqfh/ vlqfh wkh fkrlfh ehwzhhq dq OVWU+4, dqg dq OVWU+5, vshf0

l�fdwlrq zklfk duh wkh pdlq dowhuqdwlyhv lv edvhg rq s0ydoxhv/ Whuçvyluwd +4<<7,1 Li

wkh uhmhfwlrq ri K36 lv vwurqjhvw lq whupv ri s0ydoxhv dq OVWU+5, prgho lv vhohfwhg

wr ghvfuleh wkh qrqolqhdulw|1 Frqvhtxhqwo|/ li K37 ru K35 kdv wkh orzhvw s0ydoxh dq

OVWU+4, prgho lv wkh �qdo fkrlfh1 Wkh uhdvrq iru lqfoxglqj �6 @ 3 lq wkh whvwlqj

surfhgxuh zkhq wkh fkrlfh vwdqgv ehwzhhq dq OVWU+4, dqg dq OVWU+5, prgho lv wr

pdqdjh wkh vlwxdwlrq zkhuh wkh rqo| qrqolqhdu hohphqw lv wkh lqwhufhsw1 Frqvlghu wkh

fdvh zkhq vw lv dq hohphqw ri {w dqg � @ +�3>3> =>3,
3

/ �3 9@ 3> wkhq �4 @ 3 hyhq xqghu

wkh dowhuqdwlyh dqg wkh whvw kdv qr srzhu1 Wr uhphg| wklv vlwxdwlrq �6 @ 3 lv lqfoxghg

lq wkh whvwlqj vhtxhqfh1

D vshfldo fdvh ri qrqolqhdulw| lv zkhq wkh wudqvlwlrq yduldeoh lv d wlph wuhqg +w,1

Wklv fdq eh ylhzhg dv d prgho zlwk wlph0ydu|lqj sdudphwhuv1 Ehfdxvh ri fkdqjhv lq

lqvwlwxwlrqv lw lv uhdvrqdeoh wr eh suhsduhg iru wkh srvvlelolw| wkdw vrph sdudphwhuv

fkdqjh ryhu wlph zkhq ghdolqj zlwk pdfurhfrqrplf yduldeohv1 D vwdqgdug dvvxpswlrq

lq pdq| sdudphwhu frqvwdqf| whvwv lv wkdw li d sdudphwhu fkdqjhv lw zloo rqo| fkdqjh

rqfh/ dv lv wkh fdvh lq wkh Fkrz euhdnsrlqw whvw1 Olq dqg Whuçvyluwd +4<<7, dssolhg

wkh VWU iudphzrun wr rewdlq d pruh jhqhudo whvw e| doorzlqj wkh dowhuqdwlyh wr

sdudphwhu frqvwdqf| wr eh d vprrwk ghwhuplqlvwlf fkdqjh1 Wkh vshfldo fdvh ri d

glvfuhwh vwuxfwxudo euhdn lv qhvwhg zlwklq wkh surfhgxuh1 Wkh wudqvlwlrq ixqfwlrq

htxdov +7=5, zlwk w dv wudqvlwlrq yduldeoh1 Iroorzlqj Olq dqg Whuçvyluwd +4<<7, n @ 6

lv fkrvhq dv wkh rughu ri wkh OVWU+n, prgho1 Wklv |lhogv d  h{leoh qrq0prqrwrqrxv

wudqvlwlrq ixqfwlrq1 Dv iru wkh olqhdulw| whvw �I +w> �, @ I +w> �, � 4

5
zloo eh xvhg wr

vlpsoli| wkh qrwdwlrq dqg K3 = � @ 3 lq htxdwlrq +7=5, lv wkh k|srwkhvlv iru sdudphwhu

frqvwdqf|> wkh dowhuqdwlyh lv K4 = � A 3= Whvwlqj iru sdudphwhu frqvwdqf| lv vlplodu

wr whvwlqj iru olqhdulw|/ vhh Olq dqg Whuçvyluwd +4<<7,1 Wkh Wd|oru dssur{lpdwlrq lv

xvhg wr flufxpyhqw wkh sureohp zlwk xqlghqwl�hg sdudphwhuv +�> f, xqghu wkh qxoo
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k|srwkhvlv1 Wkh Wd|oru h{sdqvlrq lv dssolhg wr wkh VWU prgho dqg diwhu uhduudqjlqj

whupv wkh dx{loldu| uhjuhvvlrq ehfrphv

|w @ �
3

3
{w . �

3

4
{ww. �

3

5
{ww

5
. �

3

6
{ww

6
. yw

Wkh whvwlqj vhtxhqfh lv

OP6 = �4 @ �5 @ �6 @ 3

OP5 = �4 @ �5 @ 3 m �6 @ 3

OP4 = �4 @ 3 m �5 @ �6 @ 3=

Dv lq wkh fdvh ri whvwlqj iru olqhdulw| lw lv lpsruwdqw wr shuirup doo whvwv ehiruh

vshfli|lqj d prgho1 Li wkh uhmhfwlrq ri OP4 lv vwurqjhvw +phdvxuhg e| wkh s0ydoxh,

dq OVWU+4, prgho lv vhohfwhg/ dqg li OP5 lv wkh vwurqjhvw uhmhfwhg k|srwkhvlv dq

OVWU+5, prgho lv wkh prvw dssursuldwh1 Zkhq ghdolqj zlwk wlph0ydu|lqj sdudphwhuv

dq hyhq pruh  h{leoh vshfl�fdwlrq pd| eh qhhghg dqg wkxv li OP6 lv wkh vwurqjhvw

uhmhfwhg k|srwkhvlv dq OVWU+6, prgho zloo eh hvwlpdwhg1

7171 Plvvshfl�fdwlrq whvwv

Wkh plvvshfl�fdwlrq whvwv wr eh glvfxvvhg khuh duh wkrvh ri +l, qr huuru dxwrfruuhodwlrq/

+ll, frqvwdqw sdudphwhuv/ dqg +lll, qr uhpdlqlqj qrqolqhdulw|1 Wkhvh whvwv duh suhvhqwhg

lq Hlwukhlp dqg Whuçvyluwd +4<<9, dqg Whuçvyluwd +4<<;,1 Wkh prgho/ xqghu wkh

dowhuqdwlyh k|srwkhvlv/ lv vshfl�hg dv

|w @ J +#>zw, .D +d> yw, . xw w @ 4> ==> W +718,

zkhuh J +#>zw, lv wkh hvwlpdwhg VWU prgho dqg # @ +*> �,
3

dqg ixwj lv d vhtxhqfh

ri lqghshqghqw vwdqgdug qrupdo yduldeohv1 Gl�huhqw sdudphwhulvdwlrqv ri D +d> yw,

|lhog wkh dowhuqdwlyh k|srwkhvhv iru wkh ydulrxv w|shv ri plvvshfl�fdwlrq whvwv wkdw

zloo eh h{soruhg1 Wkh ixqfwlrq D +d> yw, lv dvvxphg wr eh dw ohdvw wzlfh frqwlqxrxvo|

gl�huhqwldeoh iru doo d1 Wkh pd{lpxp olnholkrrg hvwlpdwhv ri # duh dvvxphg wr eh

frqvlvwhqw dqg dv|pswrwlfdoo| qrupdo xqghu dq| qxoo k|srwkhvlv wr eh frqvlghuhg1 Wkh
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OP whvw fdq eh dssolhg iru whvwlqj wkh qxoo k|srwkhvlv ri qr plvvshfl�fdwlrq/ wkdw lv

K3 = d @ 3/ exw wkh I0vwdwlvwlf lv suhihudeoh ehfdxvh ri lwv vxshulru vl}h surshuwlhv1

717141 Whvw ri qr huuru dxwrfruuhodwlrq

Wr whvw wkh k|srwkhvlv ri qr vhuldo ghshqghqfh lq wkh frqglwlrqdo phdq/ wkh dowhuqdwlyh

lv vwdwhg dv d uhpdlqlqj vhuldo ghshqghqfh ri rughu t1 Wklv jlyhv wkh h{whqghg prgho

+7=8, zlwk D +d> yw, @ d
3
yw/ zkhuh d @ +d4> ===> dt,

3

dqg yw @ +xw�4> ====> xw�t,
3

1 Wkh

qxoo k|srwkhvlv ri qr huuru dxwrfruuhodwlrq lv htxlydohqw wr whvwlqj K3 = d @ 31 Dv

phqwlrqhg lq Vhfwlrq 717 wkh I0vwdwlvwlf lv xvhg1 Xqghu wkh qxoo k|srwkhvlv wkh I0

vwdwlvwlf lv dv|pswrwlfdoo| glvwulexwhg zlwk t dqg +W � glp+#,� t, ghjuhhv ri iuhhgrp1

717151 Whvw ri sdudphwhu frqvwdqf|

Wkh k|srwkhvlv ri frqvwdqw sdudphwhuv lv whvwhg djdlqvw wkh dowhuqdwlyh ri wlph0ydu|lqj

sdudphwhuv ri VWU w|sh1 Xqghu wkh dowhuqdwlyh k|srwkhvlv wkh VWU prgho ehfrphv

|w @ �{3

w
�* +w, . �{3

w
�� +w, �I +�> f> vw, . xw +719,

zkhuh �* +w, @ �* . �4 �I4 +�4> f4> w, dqg �� +w, @ �� . �5 �I4 +�4> f4> w,1 Wkdw lv/ doo wlph

ydu|lqj yduldeohv duh dvvxphg wr kdyh wkh vdph vwuxfwxuh1 Wkh wudqvlwlrq ixqfwlrq �I4

lv gh�qhg dv lq +7=5, dvvxplqj n @ 6 dqg vw @ w/ dqg wkh qxoo k|srwkhvlv ri sdudphwhu

frqvwdqf| ehfrphv K3 = �4 @ 31 Wkh ixqfwlrq �I4 +�4> f4> w, lv Wd|oru0h{sdqghg durxqg

�4 @ 3 wr flufxpyhqw wkh lghqwl�fdwlrq sureohp1 Vxevwlwxwlqj lw lqwr htxdwlrq +7=9,

dqg uhduudqjlqj whupv |lhogv
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3
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zkhuh x
�

w
@ xw . +�{3

w
*. �{3

w
�,U +�4> f4> w,1 Wkh uhpdlqghu whup lv htxdo wr }hur xq0

ghu wkh qxoo dqg grhv qrw d�hfw wkh dv|pswrwlf glvwulexwlrq wkhru|1 Prgho +7=:,

fdq eh uhjdughg dv d vshfldo fdvh ri prgho +7=8, zlwk D +d> yw, @ d
3
yw> zkhuh d @

+�4> �5> �6> �8> �9> �:,
3

dqg ayw @

q
�{

3

w
w> �{3

w
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w
w
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�
�{

3

w
w> �{

3

w
w
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3

1 Wkh qxoo

k|srwkhvlv fdq eh uhzulwwhq dv K3 = d @ 3 dqg wkh I0vwdwlvwlf lv dssolhg zlwk 6 glp +d,

dqg +W � 7glp +d,� 4, ghjuhhv ri iuhhgrp1
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717161 Whvw ri qr uhpdlqlqj qrqolqhdulw|

Wkh wklug plvvshfl�fdwlrq whvw fkhfnv li doo qrqolqhdulw| lv fdswxuhg djdlqvw wkh dowhu0

qdwlyh ri dgglwlyh qrqolqhdulw| ri VWU w|sh1 Xqghu wkh dowhuqdwlyh wkh prgho ehfrphv

|w @ J +#>zw, .

�
z

3

w
#

�
I� +uw>�

�

> f
�, . xw +71;,

Wklv VWU prgho kdv wzr dgglwlyh qrqolqhdu frpsrqhqwv= rqh lqfoxghg lq wkh rulj0

lqdo OVWU prgho lv ghqrwhg J +#>zw, dqg wkh rwkhu lv

�
z

3

w
#

�
I � +uw> ��> f�,1 Wkh

wudqvlwlrq ixqfwlrq I
� pd| eh gh�qhg dv htxdwlrq +7=5, zlwk n @ 4>51 Iru qrwd0

wlrqdo vlpsolflw| lw lv dvvxphg wkdw wkh wudqvlwlrq yduldeoh uw lv dq hohphqw ri �{w1 Wkh

ixqfwlrq I
� +uw>��> f�, lv Wd|oru0h{sdqghg durxqg �

�
@ 3 wr flufxpyhqw wkh lghqwl0

�fdwlrq sureohp1 Vxevwlwxwlqj wkh Wd|oru0h{sdqvlrq lqwr htxdwlrq +7=;, jlyhv/ diwhu

uhduudqjlqj whupv/

|w @ J +#>zw, . +�{wuw,
3
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w
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zkhuh x�
w
@ xw.U +�u > fu > uw, dqg x

�

w
@ xw xqghu wkh qxoo1 Prgho +7=<, lv d vshfldo fdvh

ri prgho +7=8, zlwk D +d> yw, @ d
3
yw zkhuh d @ +�3

4
> ==> �3

6
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dqg yw @
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3
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uw> �{

3
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Wkh qxoo k|srwkhvlv ri sdudphwhu frqvwdqf| ehfrphv K3 = d @ 31 Wkh I0vwdwlvwlf zloo

kdyh 6glp +d, dqg +W � 7glp +d,� 4, ghjuhhv ri iuhhgrp1

7181 Hqfrpsdvvlqj

Diwhu vshfli|lqj dq VWU prgho wkdw sdvvhv doo plvvshfl�fdwlrq whvwv/ lw lv qhfhvvdu|

wr �qg rxw li wkh prgho uhdoo| lv dq lpsuryhphqw ryhu wkh olqhdu ru suhylrxv qrqolqhdu

rqhv1 Wkh wkhru| ri hqfrpsdvvlqj vhhnv wr uhvroyh wkh sureohp ri vhohfwlqj dprqj

frpshwlqj prghov wkdw ghvfuleh wkh vdph hfrqrplf skhqrphqrq1 Wr �qg rxw li wkh

VWU prgho hqfrpsdvvhv wkh olqhdu prgho dprxqwv wr whvwlqj zkhwkhu wkh iruphu fdq

h{sodlq wkh uhvxowv ri wkh odwwhu1 Wkh uhyhuvh kdv wr eh fkhfnhg wrr1 Li wkh prghov duh

qrw qhvwhg/ d sudfwlfdo zd| ri whvwlqj hqfrpsdvvlqj uhvwulfwlrqv lv wr gh�qh d plqlpdo

qhvwlqj prgho +PQP> Pl}rq dqg Ulfkdug/ 4<;9, wkdw qhvwv wkh frpshwlqj prghov1

Li wkh VWU prgho fdq h{sodlq wkh uhvxowv ri wkh PQP zkloh wkh olqhdu fdqqrw/ wkh

iruphu lv vdlg wr hqfrpsdvv +H, wkh odwwhu1 Iru d pruh frpsuhkhqvlyh glvfxvvlrq ri

wkh wkhru| ri hqfrpsdvvlqj/ vhh Khqgu| +4<<8/ Fkdswhu 47,1
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Khuh lv dq h{dpsoh ri wkh hqfrpsdvvlqj whvw h{sorulqj zkhwkhu dq VWU prgho

hqfrpsdvvhv d olqhdu prgho dqg ylfh yhuvd1 Wkh PQP lv frqvwuxfwhg e| olqhduo|

frpsohwlqj wkh VWU prgho zlwk wkh yduldeohv wkdw duh lqfoxghg lq wkh olqhdu prgho

+O, exw gr qrw hqwhu wkh VWU prgho1 Wkh hqfrpsdvvlqj whvw VWU H O frqvlvwv ri

whvwlqj wkh qxoo k|srwkhvlv wkdw wkhvh yduldeohv kdyh }hur frh!flhqwv lq wkh PQP1 D

olnholkrrg udwlr whvw/ vhh Whuçvyluwd +4<<;,/ ru dq I0whvw fdq eh xvhg wr frpsduh wkh

ulydo prghov1 Wkh qxoo k|srwkhvlv lv �wkh yduldeohv lq wkh PQP qrw lqfoxghg lq wkh

VWU prgho kdyh }hur frh!flhqwv�1

Dv glvfxvvhg deryh/ rqh pd| dovr fkhfn zkhwkhu wkh olqhdu prgho fdq h{sodlq wkh

uhvxowv ri wkh VWU1 Lq wklv fdvh wkh PQP lv qrw lghqwl�hg xqghu wkh qxoo k|srwkhvlv=

O H VWU1 Wklv sureohp lv vroyhg dv ehiruh xvlqj d Wd|oru vhulhv h{sdqvlrq wr dssur{l0

pdwh wkh wudqvlwlrq ixqfwlrq dqg wkxv wkh PQP1 Wkh hqfrpsdvvlqj whvw lv htxlydohqw

wr d olqhdulw| whvw ri wkh w|sh glvfxvvhg lq Vhfwlrq 7161

81 XN frqvxpswlrq ehkdylrxu/ 4<8;+5,04<:3+7,

Lq wklv vhfwlrq wkh ruljlqdo GKV\ prgho dqg d yduldqw lq �uvw gl�huhqfhv zloo eh

frqvlghuhg dsso|lqj wkh VWU iudphzrun1 Vhdvrqdo gxpplhv duh xvhg wr fdswxuh wkh

vhdvrqdolw| lq wkh odwwhu prgho1 Wklv wudqvirupdwlrq pdnhv lw srvvleoh wr h{solflwo|

prgho wlph0ydu|lqj vhdvrqdolw| dv lq Kduyh| dqg Vfrww +4<<7,1 Wkh prghoolqj surfh0

gxuh lv dv iroorzv1 Rqh vwduwv e| vshfli|lqj d olqhdu prgho dqg shuiruplqj wkh olqhdulw|

dqg sdudphwhu frqvwdqf| whvwv1 Li hlwkhu ri wkh k|srwkhvhv lv uhmhfwhg dq VWU prgho

lv hvwlpdwhg dqg hydoxdwhg1

8141 Dqqxdo fkdqjhv

Zkhq prghoolqj dqqxdo fkdqjhv/ l1h1 irxu0txduwhu gl�huhqfhv ri frqvxpswlrq/ wkh

vwduwlqj0srlqw lv htxdwlrq +78, lq GKV\1 Lw kdv wkh irup
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zkhuh wkh vwdqgdug ghyldwlrqv ri wkh sdudphwhu hvwlpdwhv dsshdu lq sduhqwkhvhv/ W

lv wkh qxpehu ri revhuydwlrqv/ U5 wkh frh!flhqw ri ghwhuplqdwlrq/ a�o wkh hvwlpdwhg

uhvlgxdo vwdqgdug ghyldwlrq dqg DLF wkh Dndlnh Lqirupdwlrq Fulwhulrq1 Wkh huuruv

ri htxdwlrq +8=4, vhhp wr eh qrupdo +OME lv wkh Orpqlfnl0Mdutxh0Ehud whvw vwdwlvwlf

ri qrupdolw|> wkh s0ydoxh lv lq sduhqwkhvlv,/ dqg wkh OP whvwv ri qr DUFK djdlqvw

DUFK ri dw prvw rughu t/ ghqrwhg D+t,/ gr qrw lqglfdwh plvvshfl�fdwlrq1 Wkhuh lv

d vpdoo glvfuhsdqf| ehwzhhq wkh hvwlpdwhv lq htxdwlrq +8=4, dqg wkh ruljlqdo GKV\

uhjduglqj wkh frh!flhqw ri wkh udwh ri fkdqjh ri lq dwlrq/ zklfk Kduyh| dqg Vfrww

+4<<7, dovr rewdlqhg1 H{fhsw iru wklv wkh hvwlpdwhg ydoxhv duh wkh vdph dv lq GKV\1

Lq olqhdulw| whvwv djdlqvw VWU/ doo h{sodqdwru| yduldeohv lq htxdwlrq +8=4, > h{fhsw

wkh gxpp| yduldeoh �7G
3
w
/ dsshdu dv wudqvlwlrq yduldeohv1 Wkh uhvxowv fdq eh irxqg

lq Wdeoh 8=4 dqg �7sw vhhpv wr eh wkh suhihuuhg wudqvlwlrq yduldeoh vlqfh wkh k|0

srwkhvlv ri olqhdulw| lv prvw khdylo| uhmhfwhg xvlqj �7sw dv wkh wudqvlwlrq yduldeoh/

vhh Vhfwlrq 716 iru ghwdlov1 Dv phqwlrqhg lq Vhfwlrq 5/ wkh uhvxowv ri wkh xqlw0urrw

whvwv lq Dsshqgl{ D uhyhdo wkdw qrw doo yduldeohv ri htxdwlrq +8=4, duh vwdwlrqdu|1 D

xqlw urrw fdqqrw eh uhmhfwhg iru +f� |,w�7 gxulqj wkh revhuydwlrq shulrg1 Khqfh/ wkh

yduldeohv rq wkh ohiw0 dqg uljkw0kdqg vlghv ri htxdwlrq +8=4, duh ri gl�huhqw rughuv

ri lqwhjudwlrq dqg htxdwlrq +8=4, lv vdlg wr eh xqedodqfhg1 Ehfdxvh ri wklv/ wkhuh lv

d vpdoo fdyhdw frqfhuqlqj s0ydoxhv vlqfh wkh whvwv uhtxluh vwdwlrqdu| yduldeohv xqghu

K31 Qhyhuwkhohvv/ wkh vpdoohvw s0ydoxh lv vr vpdoo wkdw wkh dssduhqw odfn ri edodqfh

kdugo| d�hfwv dq| frqfoxvlrqv1 Wkh uhvxowv ri wkh prgho vshfl�fdwlrq whvw vhtxhqfh

srlqw dw wkh OVWU+4, prgho1 Ixuwkhupruh/ lw vkrxog eh qrwhg wkdw wkh sdudphwhuv ri

htxdwlrq +8=4, vhhp wr eh frqvwdqw1 Hvwlpdwlrq ri dq OVWU+4, prgho iru �7fw |lhogv
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zkhuh a�qo lv wkh hvwlpdwhg uhvlgxdo vwdqgdug ghyldwlrq ri wkh prgho1 Wkh qrqolqhdu

prgho +8=5, yduldqfh grplqdwhv wkh olqhdu prgho +8=4, > lwv vwdqgdug ghyldwlrq lv ;7(

ri wkdw ri htxdwlrq +8=4,1 Lq htxdwlrq +8=5, > wkh olqhdu dqg qrqolqhdu frh!flhqwv ri

+f � |,w�7 dqg �4�7sw duh uhvwulfwhg wr kdylqj wkh vdph vl}h exw rssrvlwh vljqv1

Wkh gdwd vwurqjo| vxssruw wkhvh uhvwulfwlrqv1 Wkh| pdnh wkh lpsdfw ri htxloleulxp

fruuhfwlrq dqg wkh fkdqjh lq lq dwlrq dssurdfk }hur dv wkh ydoxh ri wkh wudqvlwlrq

ixqfwlrq dssurdfkhv xqlw|1 Wkh olqhdu lqwhufhsw lv uhvwulfwhg wr }hur dv lq wkh GKV\

vshfl�fdwlrq zkloh wkh qrqolqhdu lqwhufhsw hqwhuv vljql�fdqwo|1 Wkh prgho vxuylyhv d

edwwhu| ri plvvshfl�fdwlrq whvwv1 Wkh Orpqlfnl0Mdutxh0Ehud whvw ri qrupdolw| ri wkh

huuruv grhv qrw uhmhfw qrupdolw|1 Wkhuh lv qr hylghqfh ri dxwruhjuhvvlyh frqglwlrqdo

khwhurvfhgdvwlflw|1 Ixuwkhupruh/ htxdwlrq +8=5, vdwlv�hv wkh dvvxpswlrqv ri qr huuru

dxwrfruuhodwlrq/ qr uhpdlqlqj qrqolqhdulw| dqg frqvwdqw sdudphwhuv dffruglqj wr wkh

uhvxowv ri wkh plvvshfl�fdwlrq whvwv lq Wdeoh 8151

Wkh vshhg ri wudqvlwlrq iurp rqh h{wuhph uhjlph wr wkh rwkhu lv udwkhu udslg

+� @ 45,1 Wklv lv vhhq iurp Iljxuh 8=4 zkhuh wkh ydoxhv ri wkh hvwlpdwhg wudqvlwlrq

ixqfwlrq duh sorwwhg djdlqvw lwv dujxphqw/ �7sw1 Hdfk grw uhsuhvhqwv dq revhuydwlrq1

Wkh wudqvlwlrq ixqfwlrq dwwdlqv ydoxh xqlw| zkhq �7sw lv odujh +N 6(, dqg }hur zkhq

�7sw lv vpdoo +� 4(,1 Iljxuh 8=5 vkrzv wkh wlph sdwk ri wkh wudqvlwlrq ixqfwlrq1

Wkh qh{w vwhs lv wr �qg rxw zkhwkhu wkh qrqolqhdu prgho +8=5, fdq h{sodlq wkh

hpslulfdo �qglqjv ri lwv olqhdu frpshwlwru +8=4,/ wkdw lv/ �qg rxw zkhwkhu +8=5, H +8=4,1

Vlqfh doo yduldeohv ri wkh olqhdu prgho +8=4, hqwhu olqhduo| lq wkh VWU prgho +8=5,/ +8=5,

H +8=4,/ vhh Vhfwlrq 7181 Wkh rssrvlwh kdv wr eh fkhfnhg wrr/ wkdw lv zkhwkhu +8=5, H

+8=4,1 Whvwlqj wkh qxoo k|srwkhvlv ri olqhdulw| ri htxdwlrq +8=4, djdlqvw wkh dowhuqdwlyh

ri dq OVWU+4, prgho zlwk d frqvwdqw/ +f�|,w�7> �4�7sw lq wkh qrqolqhdu frpsrqhqw

dqg �7sw dv wudqvlwlrq yduldeoh lv uhmhfwhg +s0ydoxh @ 3=33<9,1 Khqfh/ +8=5, H +8=4,

zkloh wkh uhyhuvh lv qrw wuxh1

Wkh ixqfwlrqlqj ri wkh prgho lv ehvw vhhq iurp Iljxuh 816 zklfk vkrzv wkh frq0

wulexwlrq ri wkh htxloleulxp fruuhfwlrq wr �7fw ryhu wlph +vrolg olqh,1 Lq prgho +8=5,/

wkh htxloleulxp fruuhfwlqj whup htxdov

hfw @ �3=4;+f � |,w�7 . i3=349 . 3=4;+f� |,w�7jI +�7sw> a�> af, +816,

zkhuh wkh frpelqhg lqwhufhsw lqfuhdvhv iurp }hur wr 31349 zkhq wkh ydoxh ri wkh wudq0
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vlwlrq ixqfwlrq fkdqjhv iurp }hur wr xqlw|1 Lw wkxv frpshqvdwhv iru wkh glplqlvklqj

h�hfw ri wkh htxloleulxp fruuhfwlrq dv d ixqfwlrq ri �7sw1 Wkh �jxuh vkrzv krz wkh

phfkdqlvp htxloleulxp fruuhfwv zkhq wkh lq dwlrq udwh lv orz exw grhv qrw +hfw uh0

pdlqv frqvwdqw, zkhq wkh lq dwlrq udwh lv vx!flhqwo| kljk1 Wkh grwwhg olqh ghslfwv

wkh htxloleulxp fruuhfwlqj frpsrqhqw ri wkh ruljlqdo GKV\ vshfl�fdwlrq +8=4, zkhuh

hfw @ �3=3<:+f�|,w�71 Wklv frpsrqhqw dsshduv wr eh wuhqglqj dqg wkxv qrqvwdwlrq0

du|/ dv wkh dxjphqwhg Glfnh|0Ixoohu xqlw urrw whvw lqglfdwhv> vhh Dsshqgl{ D1 Rq wkh

rwkhu kdqg/ htxdwlrq +8=6, grhv qrw kdyh d wuhqg vr wkdw/ dw ohdvw ylvxdoo|/ wkh OVWU

vshfl�fdwlrq vhhpv d edodqfhg htxdwlrq1

Wkh htxloleulxp fruuhfwlrq phfkdqlvp pd| eh jlyhq wkh iroorzlqj lqwhusuhwdwlrq1

Wkh dvvxpswlrq ri +f � |,
w
ehlqj vwdwlrqdu| zlwklq wkh revhuydwlrq shulrg lv qrw fru0

uhfw1 Li wkh dqdo|vlv lv h{whqghg wr fryhu gdwd xqwlo 4<:9+5, wkhq lw dsshduv wkdw �7sw

lv qrqvwdwlrqdu| dqg frlqwhjudwhg zlwk +f� |,
w
1 Iru wkh vkruwhu shulrg xqwlo 4<:3+7,

�7sw lv vwdwlrqdu|1 Krzhyhu/ fw dqg |w fdq eh wkrxjkw ri dv ehlqj �orfdoo| frlqwh0

judwhg� zlwk frh!flhqwv 4 dqg 04 zkhq wkh udwh ri lq dwlrq lv orz1 Wkh uhodwlrqvkls

glvlqwhjudwhv zkhq wkh lq dwlrq udwh lv kljk1 Wklv pd| eh frpsduhg zlwk wkh glv0

fxvvlrq lq Vwhzduw +4<<;,1 Lq wkdw sdshu lw lv srlqwhg rxw wkdw dgglqj dq lqwhufhsw

lqwr prgho +8=4, uhqghuv wkh htxloleulxp fruuhfwlrq whup lqvljql�fdqw1 Dgglqj dq

lqwhufhsw pd| wkhuhiruh eh ylhzhg dv dqrwkhu zd| ri dfklhylqj d edodqfhg htxdwlrq/

exw dw wkh frvw ri �orvlqj� wkh orqj uxq1 Lw dovr wxuqv rxw wkdw whvwlqj olqhdulw| zlwk d

prgho frqwdlqlqj erwk dq lqwhufhsw dqg wkh htxloleulxp fruuhfwlrq yduldeoh zhdnhqv

wkh hylghqfh iru qrqolqhdulw| lq wkh gdwd1 Wkh s0ydoxh fruuhvsrqglqj wr 313374 lq

Wdeoh 814 ehfrphv 3139:1 Krzhyhu/ hvwlpdwlqj wkh fruuhvsrqglqj ixoo| sdudphwhul}hg

OVWU+4, prgho dqg uhgxflqj lwv vl}h lqhylwdeo| ohdgv wr htxdwlrq +8=5,1 Wkh orfdoo|

htxloleulxp fruuhfwlqj OVWU+4, prgho +8=5, lv wkxv dq lqwhuphgldwh vshfl�fdwlrq eh0

wzhhq wkh xqedodqfhg GKV\ zlwk joredo htxloleulxp fruuhfwlrq dqg d olqhdu prgho

frqwdlqlqj dq lqwhufhsw exw qr htxloleulxp fruuhfwlrq ru orqj0uxq htxloleulxp1 Wkh

OVWU+4, prgho pd| dovr eh jlyhq dq hfrqrplf lqwhusuhwdwlrq= lw vxjjhvwv wkdw wkh

orqj0uxq vdylqjv udwlr vkrxog eh d qrqolqhdu ixqfwlrq ri wkh fxuuhqw lq dwlrq udwh1

Qhyhuwkhohvv/ wkh deryh/ pdlqo| vwdwlvwlfdo/ lqwhusuhwdwlrq pd| eh wkh prvw sodxvleoh

rqh1 Wkh vpdoo qxpehu ri revhuydwlrqv lq wkh hvwlpdwlrq shulrg grhv fdxwlrq djdlqvw

vwurqj hfrqrplf lqwhusuhwdwlrqv ri htxdwlrq +8=5,1
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8151 Txduwhuo| fkdqjhv dqg vhdvrqdo gxpplhv

GKV\ zurwh wkdw wkhlu fkrlfh ri gl�huhqflqj zdv edvhg rq wkh idfw wkdw �7fw �uhsuh0

vhqwv d vhqvleoh ghflvlrq yduldeoh zkhq gl�huhqw frpprglwlhv duh ehlqj sxufkdvhg lq

gl�huhqw txduwhuv ri wkh |hdu1� Kduyh| dqg Vfrww +4<<7,/ zkr irfxvhg rq prghoolqj

hyroylqj vhdvrqdo sdwwhuqv/ xvhg �4fw dv wkh uhjuhvvdqg1 Lq wklv vhfwlrq wkhlu h{dpsoh

lv iroorzhg1 Wkh lghd lv wr �qg rxw krz wkdw fkdqjh d�hfwv wkh ghvfulswlrq ri wkh

htxloleulxp fruuhfwlrq phfkdqlvp1 �7|w lv dovr uhsodfhg e| �4|w exw wkh dqqxdo lq0

 dwlrq udwh �7sw zloo eh uhwdlqhg1 Wklv lv sduwo| ehfdxvh lw vhhpv wr eh wkh phdvxuh

ri lq dwlrq zklfk prvw djhqwv xvh lq sudfwlfh/ exw dovr ehfdxvh wkh dqqxdo lq dwlrq

udwh lv d srwhqwldo L+4, yduldeoh> vhh Dsshqgl{ D1 Lw wxuqv rxw wkdw d olqhdu prgho iru

wkh shulrg 4<8;+5,04<:3+7, uhtxluhv h{wud g|qdplfv lq wkh irup ri wzr odjv ri �4fw1

Lqfrusrudwlqj wkhvh lqwr wkh htxdwlrq dqg hvwlpdwlqj wkh sdudphwhuv |lhogv

�4fw @ =39:
+=344,

. =33:
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w
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�4|w
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�7sw� =3;5
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Zkloh U5
lv kljk +qrw frpsdudeoh zlwk wkdw ri htxdwlrq +8=4,,/ wkh uhvlgxdo vwdqgdug

huuru lv 43( kljkhu wkdq wkdw ri prgho +8=4,1 Htxdwlrq +8=7, lv xqedodqfhg iru wkh

vdph uhdvrq dv htxdwlrq +8=4,/ wkdw lv +f� |,
w�4

frqvlvwv ri d xqlw urrw zkloh wkh rwkhu

yduldeohv duh vwdwlrqdu|1 Lw vkrxog eh qrwhg wkdw prgho +8=7, frqwdlqv d vwurqjo|

vljql�fdqw lqwhufhsw zkhuhdv wkh frh!flhqw hvwlpdwh ri wkh htxloleulxp fruuhfwlrq

whup vhhpv lqvljql�fdqw +zlwk d fdyhdw iru wkh lqwhusuhwdwlrq ri wkh w0udwlr,1 Wklv

dffrugv zlwk wkh frqvxpswlrq prgho lq irxuwk gl�huhqfhv lq Vwhzduw +4<<;,/ zkhuh

wkh lqfoxvlrq ri d frqvwdqw lq wkh ruljlqdo GKV\ vshfl�fdwlrq pdnhv wkh htxloleulxp

fruuhfwlrq whup lqvljql�fdqw1

Lq whvwlqj olqhdulw| zlwk prgho +8=7, wkh fkrlfh ri srwhqwldo wudqvlwlrq yduldeohv lv

d�hfwhg e| wkh idfw wkdw wkh �uvw gl�huhqfhv duh vwurqjo| vhdvrqdo1 Wkh dlp lv qrw wr

frqvlghu srvvleoh qrqolqhdulw| ri wkh lqwud0|hdu vhdvrqdo sdwwhuq1 Wkh pdlq lqwhuhvw

olhv/ dv ehiruh/ lq qrqvhdvrqdo qrqolqhdulw|1 Wkxv/ dqqxdo gl�huhqfhv �7fw�4 dqg �7|w
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duh xvhg dv srwhqwldo wudqvlwlrq yduldeohv lqvwhdg ri �4fw�4 dqg �4|w1

Wkh uhvxowv ri olqhdulw| dqg sdudphwhu frqvwdqf| whvwv duh irxqg lq Wdeoh 8=61 Lw lv

vkrzq wkdw olqhdulw| fdqqrw eh uhmhfwhg iru dq| srwhqwldo wudqvlwlrq yduldeoh zkhuhdv

sdudphwhu frqvwdqf| lv vwurqjo| uhmhfwhg1 Ixuwkhu whvwlqj lqglfdwhv wkdw wkh uhmhfwlrq

lv gxh wr qrqfrqvwdqf| ri wkh frh!flhqwv ri wkh vwrfkdvwlf h{sodqdwru| yduldeohv1 Rq

wkh rwkhu kdqg/ zkloh wkh hvwlpdwlrq uhvxowv ri Kduyh| dqg Vfrww +4<<7,/ vhh wkhlu

Wdeoh 4/ lqglfdwh vwrfkdvwlf yduldwlrq lq wkh vhdvrqdo sdwwhuq hyhq lq wkh ruljlqdo

GKV\ gdwd/ wkh sdudphwhu frqvwdqf| whvwv khuh gr qrw uhmhfw wkh qxoo k|srwkhvlv ri

vwdeoh vhdvrqdo sdudphwhuv1 Exw wkhq/ wkhlu vshfl�fdwlrq lv qrw wkh vdph dv wkh rqh

xvhg khuh1

Wkh wkuhhvrph ri whvwv +OP4/ OP5 dqg OP6, lq Wdeoh 816 iru whvwlqj wkh frq0

vwdqf| ri wkh frh!flhqwv ri rwkhu wkdq gxpp| yduldeohv srlqw dw dq OVWU+5, prgho1

Hvwlpdwlqj wklv prgho |lhogv dq OVWU+5, prgho zlwk f4 @ f51 Iru hdvh ri lqwhusuhwd0

wlrq dq HVWU prgho zloo eh dssolhg lqvwhdg ri wkh OVWU+5, +wkh wudqvlwlrq ixqfwlrq

ri dq HVWU prgho lv erxqghg ehwzhhq }hur dqg rqh zkloh lq wkh OVWU+5, prgho lw

lv erxqghg ehwzhhq g dqg xqlw|> 3 � g � 4@5,1 Wkh hvwlpdwhg prgho kdv wkh irup
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zkhuh �
5

w@W @ +w@W � �w@W ,
5
@q � 4 dqg �w @

WS

w@4

w@W 1 Wkh vwdqgdug ghyldwlrq ri wkh

HVWU prgho +8=8, lv ;5( ri wkdw ri wkh olqhdu prgho +8=7,1 Wkh uhvlgxdov vhhp wr eh

qrupdo dqg wkh k|srwkhvlv ri qr dxwruhjuhvvlyh frqglwlrqdo khwhurvfhgdvwlflw| fdqqrw

eh uhmhfwhg1 Htxdwlrq +8=8, sdvvhv prvw plvvshfl�fdwlrq whvwv> vhh Wdeoh 8171 Wkh whvw

ri sdudphwhu frqvwdqf| iru doo sdudphwhuv uhmhfwv wkh qxoo k|srwkhvlv djdlqvw dqrwkhu

OVWU+5, frpsrqhqw1 Krzhyhu/ wkh rwkhu whvwv gr qrw jlyh d vwurqj lqglfdwlrq derxw

wkh vrxufh ri wkh sureohp vr wkdw prgho +8=8, lv whqwdwlyho| dffhswhg dv dq dghtxdwh
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vshfl�fdwlrq iru �4fw1

Wkh wudqvlwlrq ixqfwlrq ri wkh HVWU prgho +8=8, sorwwhg djdlqvw wlph lv vkrzq

lq Iljxuh 8191 Wkh uhvlgxdov lq Iljxuh 81: vkrz wkdw wkh qrqolqhdu prgho +8=8, rxw0

shuirupv wkh olqhdu +8=7, gxulqj wkh shulrg zkhq wkh wudqvlwlrq ixqfwlrq lv forvh wr

}hur1

Wkh qh{w vwhs lv wr fkhfn zkhwkhu ru qrw wkh qrqolqhdu HVWU prgho +8=8, fdq

h{sodlq wkh hpslulfdo �qglqjv ri wkh olqhdu htxdwlrq +8=7, dqg ylfh yhuvd1 Lq wkh

iruphu fdvh wkh PQP htxdov wkh HVWU prgho +8=8, vlqfh doo yduldeohv ri wkh olqhdu

htxdwlrq +8=7, duh lqfoxghg lq wkh olqhdu sduw ri htxdwlrq +8=8,1 Wkxv +8=8, H +8=7,1 Wr

vhh zkhwkhu wkh olqhdu prgho +8=7, H wkh HVWU prgho +8=8,/ d sdudphwhu frqvwdqf|

whvw djdlqvw wkh dowhuqdwlyh ri dq HVWU lv dssolhg1 Wkh qrqolqhdu sduw frqvlvwv vroho|

ri �7sw dqg �4fw�5 dv lq htxdwlrq +8=8,1 Wklv qxoo k|srwkhvlv lv uhmhfwhg +s0ydoxh

@ 3=33;3,> khqfh wkh olqhdu prgho +8=7, grhv qrw hqfrpsdvv wkh HVWU prgho +8=8,1

Htxdwlrq +8=8, frqwdlqv vhyhudo lqwhuhvwlqj ihdwxuhv1 Iluvw/ erwk wkh lqwhufhsw dqg

wkh htxloleulxp fruuhfwlrq whup kdyh vljql�fdqw frh!flhqw hvwlpdwhv1 Vhfrqg/ wkh

htxloleulxp fruuhfwlrq whup hqwhuv wkh htxdwlrq olqhduo|/ zklfk zdv qrw wkh fdvh lq

+8=5,1 Wklug/ wkh qhjdwlyh h�hfw ri wkh lq dwlrq udwh rq wkh frqvxpswlrq vhhpv wr

kdyh fkdqjhg ryhu wlph/ ehlqj vwurqjhvw lq wkh ehjlqqlqj dqg dw wkh hqg ri wkh shulrg1

Wr rewdlq dq lghd ri wkh vwdwlvwlfdo lpsolfdwlrqv ri wklv uhvxow/ wkh h{whqghg �qrqolqhdu

htxloleulxp fruuhfwlrq� kdv wr eh frqvlghuhg
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Wkh judsk ri yduldeoh +8=9, dsshduv lq Iljxuh 81; wrjhwkhu zlwk wkdw ri hfw @

� =3;5
+=387,

+f� |,
w�4
� =56

+=3:6,
�7sw1 Lw vhhpv wkdw yduldeoh +8=9, lv vwdwlrqdu|/ d frq0

foxvlrq vxssruwhg e| d xqlw urrw whvw ri hfw/ vhh Wdeoh D141 Wkh qrqolqhdu frpsrqhqw

wkxv qhxwudol}hv wkh qrqvwdwlrqdulw| ri wkh htxloleulxp fruuhfwlrq whup +f� |,
w�4

1

Wkh frpprq ihdwxuh lq htxdwlrqv +8=5, dqg +8=8, lv wkdw lq hdfk fdvh/ VWU0w|sh

qrqolqhdulw| edodqfhv wkh htxdwlrq1 D sodxvleoh frqfoxvlrq iurp erwk htxdwlrqv pd|

eh wkdw wkh uhodwlrqvkls ehwzhhq frqvxpswlrq/ lqfrph dqg wkh dqqxdo udwh ri lq dwlrq

lq 4<8;04<:3 dsshduv qrqolqhdu1 Rqh kdv wr dgg/ krzhyhu/ wkdw wkh dfwxdo irup ri

wkh uhodwlrqvkls lv vwloo rshq wr ghedwh suhflvho| ehfdxvh wkh wzr vshfl�fdwlrqv duh
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vr gl�huhqw1 Lw vhhpv wkdw wkh qxpehu ri revhuydwlrqv lq wkh hvwlpdwlrq shulrg lv

vx!flhqwo| vpdoo wr ohdyh urrp iru gl�huhqw vshfl�fdwlrqv1

91 XN frqvxpswlrq ehkdylrxu/ 4<8;+5,04<<5+5,

Lq wklv vhfwlrq wkh frqvxpswlrq prghov duh hvwlpdwhg xvlqj wkh h{whqghg gdwd vhw/

4<8;+5,04<<5+5,1 Xqiruwxqdwho| wkh frqvxpswlrq prghov lq wklv vhfwlrq duh qrw gl0

uhfwo| frpsdudeoh zlwk wkh rqhv lq wkh suhylrxv vhfwlrq vlqfh wkh gdwd vhwv ehorqj

wr gl�huhqw ylqwdjhv1 Vrph ri wkh yduldeohv kdyh ehhq uhgh�qhg dqg wkh yduldeohv

ri wkh wzr gdwd vhwv duh qrw hyhq frlqwhjudwhg/ vhh Khqgu| +4<<7,1 Wkhuhiruh/ dq|

frpsdulvrqv ehwzhhq prghov hvwlpdwhg iurp wkh wzr vdpsohv kdyh wr eh pdgh zlwk

juhdw fdxwlrq1

Dv lq Vhfwlrq 8 wkh frqvxpswlrq ixqfwlrq zloo �uvw eh vshfl�hg iru dqqxdo fkdqjhv/

dv lq wkh ruljlqdo GKV\ vshfl�fdwlrq/ dqg wkhq iru txduwhuo| fkdqjhv zlwk gxpp|

yduldeohv fdswxulqj wkh vhdvrqdolw|1

9141 Dqqxdo fkdqjhv

D olqhdu prgho ri qrqgxudeoh frqvxpswlrq lv hvwlpdwhg iru wkh shulrg 4<8;+5,04<<5+5,1

Wkh vkruw0uxq g|qdplfv duh vshfl�hg dv dqqxdo fkdqjhv +irxuwk gl�huhqfhv, dqg wkh

vhw0xs lv lghqwlfdo wr wkh rqh lq wkh ruljlqdo GKV\ prgho1 Wklv vshfl�fdwlrq uhvxowv lq

d prgho zlwk vwurqj huuru dxwrfruuhodwlrq dqg odjjhg ydoxhv ri wkh ghshqghqw yduldeoh

duh lqfoxghg/ pdnlqj wkh sureohp ri dxwrfruuhodwhg huuruv ydqlvk1 Wkh gxpp| G3
w

fdswxuhv wkh h�hfwv ri fkdqjhv lq YDW lq 4<9;/ 4<:6 dqg 4<:<1 Wkh sduvlprqlrxv

olqhdu prgho ehfrphv
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Wkh uhvlgxdov ri htxdwlrq +9=4, vhhp wr eh qrupdo dqg wkhuh lv qr hylghqfh ri dxwruh0

juhvvlyh khwhurvfhgdvwlflw| lq wkh huuru surfhvv1 Lw fdq eh qrwhg wkdw htxdwlrq +9=4,
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yduldqfh grplqdwhv wkh �vwuxfwxudo prgho� suhvhqwhg lq Kduyh| dqg Vfrww +4<<7, lq

wkh vhqvh wkdw lwv uhvlgxdo vwdqgdug ghyldwlrq lv <9( ri wkdw ri wkh odwwhu prgho zkhq

wkh prghov duh hvwlpdwhg iurp wkh vdph vdpsoh/ wkdw lv 4<8;+5,04<<5+5,1

D frpsdulvrq ehwzhhq wkh olqhdu frqvxpswlrq ixqfwlrqv +8=4, dqg +9=4, uhyhdov qr

reylrxv vlplodulwlhv exw vhyhudo glvfuhsdqflhv1 Wkh lqfoxvlrq ri odjjhg frqvxpswlrq

+�7fw�4, lq htxdwlrq +9=4, pdnhv vrph ri wkh rwkhu yduldeohv uhgxqgdqw/ dqg wkh

pdjqlwxghv ri wkh hvwlpdwhg frh!flhqwv ri yduldeohv lqfoxghg lq erwk prghov duh txlwh

gl�huhqw1 Ixuwkhupruh/ lw lv qrw rqo| +f� |,
w�7

wkdw lv d xqlw urrw surfhvv lq htxdwlrq

+9=4, exw dovr �7sw> vhh Dsshqgl{ D1 Wkh xqlw urrw whvw lqglfdwhv qrqvwdwlrqdulw| iru

�7fw wrr1 D forvhu orrn vkrzv wkdw zkhq h{foxglqj wkh odvw vl{ revhuydwlrqv lq wkh

vdpsoh/ wkxv rqo| lqfoxglqj gdwd xqwlo 4<<3+7,/ wkh k|srwkhvlv ri d xqlw urrw lq �7fw

lv rqo| uhmhfwhg dw d 43( vljql�fdqfh ohyho/ dqg wkxv wkh vhulhv lv wuhdwhg dv vwdwlrqdu|1

Ehfdxvh ri wkh frlqwhjudwlqj uhodwlrqvkls ehwzhhq +f� |,
w�7

dqg �7sw/ vhh Wdeoh D16/

dqg wkh idfw wkdw �7fw lv vwdwlrqdu|/ htxdwlrq +9=4, fdq eh uhjdughg dv d edodqfhg

htxdwlrq1

Lq wkh qh{w vwhs olqhdulw| dqg sdudphwhu frqvwdqf| whvwv duh shuiruphg1 Wkh uhvxowv

ri wkh whvwv fdq eh irxqg lq Wdeoh 9141 Lw wxuqv rxw wkdw wkh olqhdulw| whvw fdqqrw eh

irufhixoo| uhmhfwhg iru dq| ri wkh wudqvlwlrq yduldeohv/ zkloh wkhuh lv hylghqfh ri wlph0

ydu|lqj sdudphwhuv1 Wkh hvwlpdwhg OVWU+4, prgho zlwk w@W dv wudqvlwlrq yduldeoh

kdv wkh irup
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Wkh vwdqgdug ghyldwlrq ri wkh OVWU+4, prgho +9=5, lv <8( ri wkdw ri wkh olqhdu prgho

+9=4, dqg <5( ri wkdw ri wkh �vwuxfwxudo prgho� lq Kduyh| dqg Vfrww +4<<7,1 Wkh

uhvlgxdov vhhp wr eh qrupdo dqg wkh k|srwkhvlv ri qr dxwruhjuhvvlyh khwhurvfhgdv0

wlflw| fdqqrw eh uhmhfwhg1 Dffruglqj wr wkh uhvxowv ri wkh plvvshfl�fdwlrq whvwv lq
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Wdeoh 915/ htxdwlrq +9=5, vdwlv�hv wkh dvvxpswlrqv ri qr dgglwlyh qrqolqhdulw| dqg

sdudphwhu frqvwdqf|1 Krzhyhu/ wkh k|srwkhvlv ri qr huuru dxwrfruuhodwlrq lv uhmhfwhg

djdlqvw irxuwk0rughu dxwrfruuhodwlrq dw wkh 8( vljql�fdqfh ohyho1 Wkh uhdvrq iru wkh

plvvshfl�fdwlrq pljkw eh wkh wudqvirupdwlrq lqwr irxuwk gl�huhqfh zklfk lpsolflwo|

dvvxphv frqvwdqw vhdvrqdov1 Kduyh| dqg Vfrww +4<<7, vwurqjo| uhmhfw frqvwdqw vhdvrq0

dolw|/ zklfk dw ohdvw lpsolflwo| pdnhv prghoolqj irxu0txduwhu gl�huhqfhv d sodxvleoh

lghd lq wkh suhvhqw frqwh{w1

Wkh wudqvlwlrq ixqfwlrq ri prgho +9=5, sorwwhg djdlqvw lwv dujxphqw w@W lv vkrzq

lq Iljxuh 9=41 Wkh wudqvlwlrq lv yhu| vprrwk dqg lw grhv qrw dwwdlq xqlw| gxulqj

wkh vdpsoh shulrg1 Wkh uhvlgxdov ri htxdwlrqv +9=4, dqg +9=5, duh vkrzq lq Iljxuh

9=51 Wkh judsk vkrzv wkh lpsuryhg �w ri wkh OVWU+4, prgho +9=5, gxulqj wkh 4<<3v

frpsduhg wr wkh olqhdu htxdwlrq +9=4,1 H{fhsw iru wklv/ wkh gl�huhqfhv ehwzhhq wkh

prghov duh qhjoljleoh1

Wkhuh duh ihz vlplodulwlhv ehwzhhq wkh qrqolqhdu frqvxpswlrq ixqfwlrqv +8=5, dqg

+9=5,1 Iluvw dqg iruhprvw/ htxdwlrq +8=5, lv d qrqolqhdu prgho zkhuhdv prgho +9=5,

kdv wlph0ydu|lqj sdudphwhuv1 Ixukwhupruh/ wkh v|vwhp lv htxloleulxp fruuhfwlqj lq

doo shulrgv lq prgho +9=5, zkloh lw lv orfdoo| htxloleulxp fruuhfwlqj lq prgho +8=5,1

Krzhyhu/ lw lv lpsrvvleoh wr vd| zkhwkhu wkh gl�huhqfh ehwzhhq wkh prghov ghshqgv

rq d gl�huhqw g|qdplf vwuxfwxuh ru lv d uhvxow ri gdwd uhylvlrqv1

Dovr/ rqh zrxog olnh wr �qg rxw zkhwkhu ru qrw wkh OVWU+4, prgho +9=5, fdq

h{sodlq wkh rxwfrphv ri wkh olqhdu prgho +9=4,1 Wkh PQP lv fuhdwhg e| lqfoxglqj

�7sw olqhduo| lq htxdwlrq +9=5,1 Xqghu wkh qxoo k|srwkhvlv wkh hvwlpdwhg frh!flhqw

ri �7sw lv htxdo wr }hur1 Wkh I vwdwlvwlf @ 3=77 +s0ydoxh @ 3=84, dqg wkh k|srwkhvlv

wkdw +9=5, H +9=4, fdqqrw eh uhmhfwhg1 Lq rughu wr �qg rxw li +9=4, H +9=5, d sdudphwhu

frqvwdqf| whvw lv shuiruphg1 Wkh yduldeohv lqfoxghg lq wkh qrqolqhdu sduw duh �7sw

dqg �7fw�4> zkhq hvwlpdwlqj wkh OP4 whvwv lw wxuqv rxw wkdw wkh k|srwkhvlv fdq eh

uhmhfwhg +s0ydoxh @ 3=3347,1 Khqfh/ +9=5, H +9=4, zkloh wkh uhyhuvh lv qrw wuxh1

Wkh h�hfw ri wkh wlph0ydu|lqj frh!flhqwv ri �7sw dqg �7fw�4 lq wkh OVWU+4,

prgho +9=5, qhhgv ixuwkhu glvfxvvlrq1 Lq wkh qrqolqhdu vshfl�fdwlrq +9=5, �7sw dqg

�7fw�4 hqwhu qrqolqhduo| dqg wkh frh!flhqwv duh lqfuhdvlqj ryhu wlph +lq devroxwh

ydoxh,1 Wkh wlph0ydu|lqj frh!flhqw ri �7sw kdv d phdq ydoxh ri �3=3:4 dqg lw ydulhv

ehwzhhq �3=335; dqg �3=531 Frpsdulqj lw wr wkh frh!flhqw ri wkh olqhdu prgho +9=4,

zklfk htxdov �3=374/ lw wxuqv rxw wkdw wkh phdq ri wkh wlph0ydu|lqj frh!flhqw lv
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odujhu lq devroxwh ydoxh1 Khqfh/ wkh qhjdwlyh lpsdfw rq frqvxpswlrq gxh wr �7sw

lv vwurqjhu lq wkh qrqolqhdu prgho1 Pruhryhu/ wkh srvlwlyh frh!flhqw ri �7fw�4 lv

dovr lqfuhdvlqj ryhu wlph/ uhgxflqj wkh qhjdwlyh lpsdfw ri �7sw rq frqvxpswlrq1 Lw

kdv d phdq ri 3=89/ dqg lw ydulhv ehwzhhq +3=78> 3=:9,1 Wkh frh!flhqw ri �7fw�4 lq

wkh olqhdu htxdwlrq +9=4, htxdov 3=:3/ pdnlqj wkh srvlwlyh lpsdfw ri �7fw�4 vpdoohu

lq wkh qrqolqhdu prgho +9=5,1 Wkhvh wzr h�hfwv |lhog d odujhu ryhudoo qhjdwlyh h�hfw

rq frqvxpswlrq lq htxdwlrq +9=5, zklfk lv frpshqvdwhg iru e| vwurqjhu htxloleulxp

fruuhfwlrq1

Lq wkh qrqolqhdu vshfl�fdwlrq +9=5, �7sw rqo| hqwhuv qrqolqhduo| dqg wkh devroxwh

ydoxh ri wkh frh!flhqw lv lqfuhdvlqj ryhu wlph1 Krzhyhu/ qhlwkhu wkh vshfl�fdwlrq zlwk

d frqvwdqw frh!flhqw ri �7sw/ htxdwlrq +9=4,/ qru wkh rqh zlwk d wlph0ydu|lqj frh!0

flhqw/ htxdwlrq +9=5, |lhogv d vwdwlrqdu| frlqwhjudwlqj uhodwlrqvkls iru wkh revhuydwlrq

shulrg1 Ixuwkhupruh/ wkh uhvxowv ri wkh Mrkdqvhq frlqwhjudwlqj whvw/ Wdeoh D16/ uhyhdo

wkdw wkh olqhdu frlqwhjudwlqj uhodwlrqvkls vxjjhvwhg e| Khqgu| hw do1 +4<<3, fhdvhv wr

h{lvw zkhq wkh vdpsoh lv h{whqghg eh|rqg 4<<3+7,1

Dovr/ qhlwkhu ri wkh prghov +9=4, dqg +9=5, kdv dq lqwhufhsw1 Wklv fruuhvsrqgv wr

wkh vshfl�fdwlrq ri wkh ruljlqdo GKV\ prgho exw wkhuh duh wzr pdmru gl�huhqfhv1 E|

lqfoxglqj dq lqwhufhsw lq htxdwlrqv +9=4, ru +9=5, wkh vljql�fdqfh ri wkh htxloleulxp

fruuhfwlrq whup lv qrw d�hfwhg dqg wkh lqwhufhsw grhv qrw hqwhu vljql�fdqwo|1

Ilqdoo|/ ehfdxvh ri wkh gl�huhqw ihdwxuhv ri wkh frqvxpswlrq ixqfwlrqv ri wkh wzr

vdpsohv lw vhhpv kd}dugrxv wr gudz dq| frqfoxvlrqv derxw frqvxpswlrq ehkdylrxu lq

wkh XN1

9151 Txduwhuo| fkdqjhv dqg vhdvrqdo gxpplhv

Lq wklv vhfwlrq wkh txduwhuo| fkdqjhv ri frqvxpswlrq 4<8;+5,04<<5+5, duh prghoohg1 Dv

lq Vhfwlrq 815 vhdvrqdo gxpplhv duh xvhg wr fdswxuh wkh vhdvrqdolw|/ dqg rqo| lq dwlrq

hqwhuv wkh prgho dv dq dqqxdo fkdqjh wr frpsohwh wkh frlqwhjudwlqj uhodwlrqvkls1 Dv

phqwlrqhg deryh/ Kduyh| dqg Vfrww +4<<7, frqfoxghg wkdw wlph0ydu|lqj vhdvrqdolw|

lv wkh pdmru uhdvrq iru wkh idloxuh ri wkh GKV\ prgho zkhq xvlqj wklv vdpsoh1 Lw

lv wkhuhiruh lqwhuhvwlqj wr vhh zkhwkhu ru qrw wkh VWU dssurdfk ohdgv wr d vlplodu

frqfoxvlrq1 Zkhq hvwlpdwlqj wkh GKV\ prgho wkhuh lv vwurqj huuru dxwrfruuhodwlrq

dqg wr uhphg| wklv h{wud g|qdplfv/ lq wkh irup ri �4fw�7/ kdyh wr eh lqfoxghg lq wkh

vshfl�fdwlrq1 Wkh lqfoxvlrq ri �4fw�7 uhqghuv vrph ri wkh yduldeohv uhgxqgdqw dqg
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wkh olqhdu prgho ehfrphv/ diwhu vrph uhgxfwlrq/
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Dffruglqj wr wkh gldjqrvwlf whvwv wkh uhvlgxdov vhhp wr eh qrupdo dqg wkhuh lv qr

hylghqfh ri dxwruhjuhvvlyh frqglwlrqdo khwhurvfhgdvwlflw|1

Wkhuh duh vhyhudo gl�huhqfhv ehwzhhq htxdwlrqv +817, dqg +916,1 Ehfdxvh lwv hvwl0

pdwh zdv qrw vljql�fdqw wkh lqwhufhsw lv h{foxghg iurp htxdwlrq +916,1 Ixuwkhupruh/

wkh odj vwuxfwxuh lv gl�huhqw lq wkh wzr htxdwlrqv1 Wkh gl�huhqfhv lq wkh vshfl�fdwlrqv

dovr uhvxow lq glvfuhsdqflhv uhjduglqj wkh pdjqlwxgh ri wkh frh!flhqwv iru wkh ydul0

deohv wkdw duh lqfoxghg lq erwk prghov1 Dv frqfoxghg lq Vhfwlrq 914/ lw lv qrw srvvleoh

wr ghwhuplqh zkhwkhu wkhvh gl�huhqfhv duh gxh wr dowhuhg g|qdplfv lq frqvxpswlrq

ru li wkh| duh d frqvhtxhqfh ri wkh gl�huhqw gdwd ylqwdjhv1

Wkh qh{w vwhs lv wr whvw iru olqhdulw| dqg sdudphwhu frqvwdqf| ri htxdwlrq +916,1

Wkh fkrlfh ri wudqvlwlrq yduldeohv lv pdgh h{dfwo| dv lq Vhfwlrq 8151 Wkh uhvxowv dsshdu

lq Wdeoh 9=6= Erwk olqhdulw| dqg sdudphwhu frqvwdqf| fdq eh uhmhfwhg1 Sdudphwhu

frqvwdqf| iru wkh vhdvrqdov lv wkh prvw vwurqjo| uhmhfwhg k|srwkhvlv dqg wkh whvw

vhtxhqfh srlqwv dw dq OVWU+4, vshfl�fdwlrq1 Wkh hvwlpdwhg prgho ehfrphv
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Wkh uhvlgxdo vwdqgdug ghyldwlrq ri wkh OVWU+4, prgho +9=7, lv <4( ri wkdw ri wkh

olqhdu prgho +9=6, dqg <<( ri wkdw ri wkh �vwuxfwxudo prgho� suhvhqwhg lq Kduyh|

dqg Vfrww +4<<7,1 Wkh uhvlgxdov vhhp wr eh zhoo ehkdyhg lq wkh vhqvh wkdw wkh|

sdvv wkh whvwv ri qrupdolw| dqg qr dxwruhjuhvvlyh frqglwlrqdo khwhurvfhgdvwlflw|1 Wkh

uhvxowv ri wkh plvvshfl�fdwlrq whvwv fdq eh irxqg lq Wdeoh 9=7= Htxdwlrq +9=7, vdwlv�hv

wkh dvvxpswlrq ri qr huuru dxwrfruuhodwlrq exw wkh vhdvrqdov duh vwloo wlph0ydu|lqj

dffruglqj wr wkh sdudphwhu frqvwdqf| whvwv1 Dq OVWU+6, prgho zrxog dovr eh srvvleoh

vlqfh wkh OP6 whvw lq Wdeoh 915 lv dovr khdylo| uhmhfwhg1 Hvwlpdwlqj wklv |lhogv d prgho

zkhuh wzr ri wkh orfdwlrq sdudphwhuv jhw rxw ri udqjh/ dqg h{foxglqj wkhp |lhogv wkh

OVWU+4, prgho +9=7,1 Qhyhuwkhohvv/ frpsdulqj wkh vljql�fdqfh ohyhov ri wkh uhmhfwlrq

ri sdudphwhu frqvwdqf| lq Wdeoh 916 dqg Wdeoh 917/ wkhuh lv d glvwlqfw lpsuryhphqw1

Wkh k|srwkhvlv ri qr dgglwlrqdo qrqolqhdulw| fdq eh uhmhfwhg dw wkh 8( vljql�fdqfh

ohyho zkhq �7|w lv xvhg dv wkh wudqvlwlrq yduldeoh1 H{fhsw iru wklv wkh qrqolqhdulw|

vhhpv wr eh fdswxuhg e| wkh qrqolqhdu frpsrqhqwv ri htxdwlrq +9=7,1

Iljxuh 916 vkrzv wkh wudqvlwlrq ixqfwlrq ri prgho +9=7, sorwwhg djdlqvw wlph> wkh

dpsolwxgh ri wkh vhdvrqdo  xfwxdwlrqv lv lqfuhdvlqj ryhu wlph dv lv vkrzq lq Iljxuh

9171 Wkh uhvlgxdov dsshdu lq Iljxuh 9181 Lw fdq eh vhhq wkdw wkh VWU prgho +9=7, kdv

d ehwwhu �w wkdq wkh olqhdu prgho +9=6, ryhudoo dqg qrw mxvw dw vrph vhohfwhg txduwhuv1

Lq rughu wr �qg rxw zkhwkhu wkh OVWU+4, prgho +9=7, fdq h{sodlq wkh hpslulfdo

uhvxowv ri wkh olqhdu prgho +9=6, dqg ylfh yhuvd/ doo yduldeohv ri wkh olqhdu htxdwlrq

+9=6, duh dovr lqfoxghg olqhduo| lq htxdwlrq +9=7, vr wkdw wkh vshfl�fdwlrqv duh qhvwhg/

wkdw lv +9=7, H +9=6,1 Wkh uhyhuvh kdv wr eh fkhfnhg dv zhoo/ wkdw lv wr �qg rxw zkhwkhu

ru qrw +9=6, H +9=7,1 Wklv lv grqh e| whvwlqj li wkh sdudphwhuv ri wkh olqhdu prgho +9=6,

duh frqvwdqw djdlqvw wkh dowhuqdwlyh ri wlph0yduldwlrq ri wkh OVWU+4, vshfl�fdwlrq1

Wkh qxoo k|srwkhvlv fdq eh uhmhfwhg dqg/ khqfh/ +9=7, H +9=6,/ zkloh wkh uhyhuvh lv qrw

wuxh1

Frpsdulqj wkh frqvxpswlrq ixqfwlrqv vshfl�hg iru txduwhuo| fkdqjhv lq htxd0

wlrqv +8=8, dqg +9=7,/ wkhuh duh pruh gl�huhqfhv wkdq vlplodulwlhv1 Htxdwlrq +8=8, lv

fkdudfwhulvhg e| wlph0ydu|lqj sdudphwhuv/ zkloh rq wkh rwkhu kdqg htxdwlrq +9=7, lv

fkdudfwhulvhg e| wlph0ydu|lqj vhdvrqdolw|1 H{fhsw iru wklv wkh odj vwuxfwxuh lv gl�huhqw/

pdnlqj d gluhfw frpsdulvrq ehwzhhq wkh sdudphwhuv gl!fxow1

Wkh prvw lqwhuhvwlqj ihdwxuh ri wkh qrqolqhdu htxdwlrq +9=7, lv wkdw wkh lpsdfw

ri vhdvrqdolw| kdv ehhq lqfuhdvlqj ryhu wlph1 Frqvxpswlrq lq wkh �uvw dqg vhfrqg
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txduwhuv kdv ghfuhdvhg frpsduhg wr frqvxpswlrq lq wkh wklug dqg irxuwk txduwhuv1 Lq

wkh irxuwk txduwhu frqvxpswlrq lv kljkhu wkdq lq dq| rwkhu txduwhu1 Wkh uhvxowv sure0

deo| pluuru wkh lqfuhdvh lq vshqglqj durxqg Fkulvwpdv gxulqj wkh revhuyhg shulrg1

Dffruglqj wr Iljxuh 917 wkh wlph0yduldwlrq ri wkh frh!flhqwv zhduv r� e| wkh plggoh

ri wkh 4<;3v dqg vhhpv wr vwdelolvh lq wkh ehjlqqlqj ri wkh 4<<3v1 Zkhq doorzlqj iru

wlph0ydu|lqj vhdvrqdov/ wkh qhjdwlyh lpsdfw ri wkh �uvw txduwhu lv odujhu wkdq lw zdv

lq wkh olqhdu prgho +9=6,/ zklfk lpsolhv d v|vwhpdwlf orzhu frqvxpswlrq li lw zdv qrw

frpshqvdwhg iru e| vwurqjhu htxloleulxp fruuhfwlrq lq doo shulrgv lq htxdwlrq +9=7,1

Wkxv d jhqhudo frqfoxvlrq lv wkdw prgho +9=7, dffrugv zlwk wkh uhvxowv ri Kduyh|

dqg Vfrww +4<<7,/ zkr dovr irxqg hylghqfh ri wlph0ydu|lqj vhdvrqdolw| zkhq hvwlpdwlqj

wkh GKV\ frqvxpswlrq ixqfwlrq xvlqj wkh vdph vdpsoh1

:1 Ilqdo uhpdunv

Lq wklv sdshu irxu qrqolqhdu vshfl�fdwlrqv ri wkh GKV\ frqvxpswlrq ixqfwlrq kdyh

ehhq suhvhqwhg1 Zkhq hvwlpdwhg iru wkh ruljlqdo vdpsoh dqg irxu0txduwhu gl�huhqfhv

wkh GKV\ prgho lv qrqolqhdu zlwk d qrqolqhdu htxloleulxp fruuhfwlrq whup1 Zkhq

gdwd lv vshfl�hg lq �uvw gl�huhqfhv wkh prgho lv fkdudfwhulvhg e| wlph0ydu|lqj sdud0

phwhuv dqg d frqvwdqw htxloleulxp fruuhfwlrq whup1 Exw/ zkhq vshfli|lqj wkh GKV\

frqvxpswlrq ixqfwlrq iru wkh h{whqghg vdpsoh/ erwk wkh prgho lq irxu0txduwhu dqg

wkh rqh lq �uvw gl�huhqfhv jlyh vlplodu uhvxowv= wkh sdudphwhuv duh qrw frqvwdqw1 Wkh

prgho edvhg rq �uvw gl�huhqfhv dffrugv zlwk wkh �qglqjv ri Kduyh| dqg Vfrww +4<<7,/

zkr fodlphg wkdw wkh uhdvrq iru wkh idloxuh ri wkh GKV\ prgho lv wlph0ydu|lqj vhdvrq0

dolw|1 Wkh irxu0txduwhu gl�huhqfh prgho vxjjhvwv d qrqfrqvwdqw htxloleulxp fruuhfwlrq

whup zkhq wkh htxloleulxp fruuhfwlrq lv dvvxphg wr lqfoxgh lq dwlrq zklfk lv fkdqj0

lqj ryhu wlph1 Sxwwlqj wkhvh wrjhwkhu/ wkh �qglqjv ri wklv sdshu vxssruw wkh lghd

wkdw wlph0ydu|lqj sdudphwhuv duh d srvvleoh h{sodqdwlrq iru wkh idloxuh ri wkh GKV\

prgho1

Wkh gl�huhqfhv ehwzhhq wkh �qdo prgho vshfl�fdwlrqv duh vwulnlqj1 Rqh uhdvrq lv

suredeo| gxh wr wkh idfw wkdw wkh gdwd xvhg duh iurp wzr gl�huhqw ylqwdjhv zklfk

duh qrw hyhq frlqwhjudwhg/ vhh Khqgu| +4<<7,1 Dqrwkhu uhdvrq lv wkdw wkh fkrlfh ri

vshfli|lqj wkh prghov lq irxu0txduwhu ru �uvw gl�huhqfhv grhv qrw vhhp wr eh lqqrfxrxv1

Wkh ihdwxuhv ri wkh �qdo prghov/ zkhq hvwlpdwhg iru wkh vdph vdpsoh/ duh frqvslfxrxv1
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Wkh dvvxpswlrq ri wkh htxloleulxp fruuhfwlrq whup ehlqj vwdwlrqdu| lv qrw vdw0

lv�hg zlwklq wkh ruljlqdo revhuydwlrq shulrg/ pdnlqj wkh GKV\ prgho xqedodqfhg1

Krzhyhu/ vshfli|lqj dq VWU prgho |lhogv d edodqfhg htxdwlrq1 Wklv lv dovr wuxh

iru wkh HVWU prgho vshfl�hg iru �uvw gl�huhqfhv1 Wkh OVWU+4, prgho gh�qhg iru

irxu0txduwhu gl�huhqfhv lv orfdoo| htxloleulxp fruuhfwlqj/ wkdw lv/ zkhq wkh lq dwlrq

udwh lv orz wkh phfkdqlvp htxloleulxp fruuhfwv exw zkhq wkh lq dwlrq udwh lv vx!0

flhqwo| kljk/ pdnlqj wkh htxdwlrq vwdwlrqdu|/ lw grhv qrw1 Zkhq wkh olqhdu GKV\

prgho lv vshfl�hg iru �uvw gl�huhqfhv wkh htxloleulxp fruuhfwlrq whup grhv qrw hqwhu

vljql�fdqwo| exw lw lv vwloo nhsw lq wkh prgho ehfdxvh ri wkhruhwlf dujxphqwv1 Lq wkh

fruuhvsrqglqj VWU prgho/ lq zklfk wkh wlph0ydu|lqj frh!flhqwv duh sdudphwhulvhg/

wkh htxloleulxp fruuhfwlrq whup hqwhuv olqhduo| dqg vljql�fdqwo|1 Wkh lqfoxvlrq ri

wkh htxloleulxp fruuhfwlrq whup frxog lq sulqflsoh pdnh wkh prgho xqedodqfhg exw

lq wkh HVWU prgho wkh �qrqolqhdu htxloleulxp fruuhfwlrq� lv vwdwlrqdu| dqg/ khqfh/

wkh prgho lv edodqfhg1 Djdlq wkh VWU vshfl�fdwlrq wudqvirupv wkh xqedodqfhg olqhdu

htxdwlrq lqwr d edodqfhg rqh1

Ilqdoo|/ wkh fkrlfh ri VWU prghov lv mxvw rqh rxw ri pdq| qrqolqhdu dowhuqdwlyhv1

Wklv grhv qrw lpso| lqihulrulw| ri rwkhu qrqolqhdu vshfl�fdwlrqv dqg wkhuh pd| eh

rwkhu qrqolqhdu prghov wkdw dovr vkhg oljkw rq frqvxpswlrq1 Krzhyhu/ lq wkh VWU

iudphzrun rqh lv deoh wr lqyhvwljdwh erwk qrqolqhdulw| dqg sdudphwhu frqvwdqf| vl0

pxowdqhrxvo|1
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Dsshqgl{ D= Xqlw urrw whvwv

Wkh uhvxowv ri wkh Dxjphqwhg Glfnh|0Ixoohu +DGI, whvwv iru d xqlw urrw duh vkrzq

ehorz1 D frqvwdqw dqg d ghwhuplqlvwlf wuhqg duh lqfoxghg iru doo yduldeohv1 Wkh pdlq

fulwhuld iru ghwhuplqlqj wkh qxpehu ri odjv lqfoxghg duh wkh Omxqj0Er{ T0vwdwlvwlf dqg

wkh Dndlnh Lqirupdwlrq Fulwhulrq1 Wkh uhvxowv ri wkh whvwv fdq eh irxqg lq Wdeoh D14

iru wkh ruljlqdo gdwd vhw dqg Wdeoh D15 iru wkh h{whqghg gdwd vhw1 Dffruglqj wr Wdeoh

D14 lw lv rqo| wkh htxloleulxp fruuhfwlrq whup +f� |,
w
wkdw vhhpv wr eh fkdudfwhul}hg

e| d xqlw urrw 4<8;+5,04<:3+7,1 Krzhyhu/ zkhq wkh vdpsoh lv h{whqghg wr lqfoxgh

gdwd xqwlo 4<:9+5, wkh k|srwkhvlv ri d xqlw urrw fdqqrw eh uhmhfwhg iru �7sw hlwkhu1

Wklv vxssruwv wkh uhvxowv ri Khqgu|/ Pxhooedxhu dqg Pxusk| +4<<3, zkhuh wkh| �qg

d frlqwhjudwlqj uhodwlrqvkls ehwzhhq wkh htxloleulxp fruuhfwlrq whup dqg lq dwlrq/

+f ��4| � �5�7s,w = Lq Wdeoh D16 wkh uhvxowv ri wkh Mrkdqvhq frlqwhjudwlrq whvwv duh

vkrzq iru gl�huhqw vdpsohv1

Dffruglqj wr Wdeoh D151 wkh ydoxhv ri wkh DGI whvw vwdwlvwlfv gl�hu iurp wkrvh lq

Wdeoh D14 iru 4<8;+5,04<:3+7,/ exw wkh rughu ri lqwhjudwlrq uhpdlqv wkh vdph vr wkh

glvfuhsdqflhv lq wkh whvw vwdwlvwlfv gr qrw fkdqjh dq| frqfoxvlrqv1 Krzhyhu/ h{whqglqj

wkh vdpsoh xs wr 4<<5+5, d xqlw urrw fdqqrw eh uhmhfwhg iru �7fw dw wkh 43( vljql�0

fdqfh ohyho1 Wkh qxoo k|srwkhvlv lv uhmhfwhg dw d 43( vljql�fdqfh ohyho iru �7|w exw

qrw rq 8(1 Dsduw iurp wklv/ +f� |,
w
dqg �7sw duh erwk qrqvwdwlrqdu|1

Wkh uhvxowv ri wkh frlqwhjudwlrq whvwv lq Wdeoh D16 vkrz wkdw wkhuh lv d frlqwhjudwlqj

uhodwlrqvkls ehwzhhq +f� |,
w
iru wkh zkroh vdpsoh dqg ehwzhhq +f � | ��7s,w xqwlo

4<<3+7,1

H{rjhqhlw| whvwv ri wkh yduldeohv zloo qrw eh shuiruphg1 Gdylgvrq dqg Khqgu|

+4<;4, h{dplqh wkh h{rjhqhlw| ri lqfrph dqg �qg wkdw lw fdqqrw eh uhmhfwhg1 Khqgu|/

Pxhooedxhu dqg Pxusk| +4<<3, whvw dqg uhmhfw zhdn h{rjhqhlw| gh�qhg dv lq Hqjoh/

Khqgu| dqg Ulfkdug +4<;6,1
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Uhihuhqfhv

Eroohuvohy/ W1 dqg K|oohehuj/ V1 +4<;8,1 D qrwh rq wkh uhodwlrq ehwzhhq frqvxphuv*
h{shqglwxuh dqg lqfrph lq wkh Xqlwhg Nlqjgrp1 R{irug Exoohwlq ri Hfrqrplfv
dqg Vwdwlvwlfv 7:/ 48604:31

Fduuxwk/ D1 dqg Khqoh|/ D1 +4<<3,1 Fdq h{lvwlqj frqvxpswlrq ixqfwlrqv iruhfdvw frq0
vxphu vshqglqj lq wkh odwh 4<;3*vB R{irug Exoohwlq ri Hfrqrplfv dqg Vwdwlvwlfv
85/ 54405551

Gdylgvrq/ M1H1K1 dqg Khqgu|/ G1I1 +4<;4,1 Lqwhusuhwlqj hfrqrphwulf hylghqfh= wkh
ehkdylrxu ri frqvxphuv* h{shqglwxuh lq wkh XN1 Hxurshdq Hfrqrplf Uhylhz 49/
4::0<51

Gdylgvrq/ M1H1K1/ Khqgu|/ G1I1/ Vued/ I1 dqg \hr/ V1 +4<:;,1 Hfrqrphwulf prghoolqj
ri wkh djjuhjdwh wlph vhulhv uhodwlrqvkls ehwzhhq frqvxphuv* h{shqglwxuhv dqg
lqfrph lq wkh Xqlwhg Nlqjgrp1 Hfrqrplf Mrxuqdo ;;/ 9940<51

ydq Glmn/ G1 dqg Iudqvhv/ S1K1 +4<<<,1 Qrqolqhdu htxloleulxp fruuhfwlrq prghov
iru lqwhuhvw udwhv lq wkh Qhwkhuodqgv1 Lq= Eduqhww/ Z1D1/ Khqgu|/ G1I1/ K|ooh0
ehuj/ V1/ Whuçvyluwd/ W1/ Wmûvwkhlp/ G1 dqg Zÿuvw/ D1/ +4<<<,/ hgv1 Qrqolqhdu
hfrqrphwulf prghoolqj1 Fdpeulgjh= Fdpeulgjh Xqlyhuvlw| Suhvv +iruwkfrplqj,1

Gureq|/ D1 dqg Kdoo/ V1J1 +4<;<,1 Dq lqyhvwljdwlrq ri wkh orqj0uxq surshuwlhv ri
djjuhjdwh qrqgxudeoh frqvxphuv* h{shqglwxuh lq wkh Xqlwhg Nlqjgrp1 Wkh

Hfrqrplf Mrxuqdo <</ 78707931

Hlwukhlp/ Û1 dqg Whuçvyluwd W1 +4<<9,1 Whvwlqj wkh dghtxdf| ri vprrwk wudqvlwlrq
dxwruhjuhvvlyh prghov1 Mrxuqdo ri Hfrqrphwulfv :7/ 8<0:81

Hqjoh/ U1I1 dqg Judqjhu/ F1Z1M1 +4<;:,1 Fr0lqwhjudwlrq dqg huuru fruuhfwlrq= uhs0
uhvhqwdwlrq/ hvwlpdwlrq dqg whvwlqj1 Hfrqrphwulfd 68/ 58405:91

Hqjoh/ U1I1/ Khqgu|/ G1I1 dqg Ulfkdugv/ M1 +4<;6,1 H{rjhqhlw|1 Hfrqrphwulfd 84/
5::06371

Jdxvghq/ U1 dqg Eulfh/ V1M1 +4<<8,1 Iruhfdvwlqj djjuhjdwh frqvxphuv* h{shqglwxuh
lq wkh XN xvlqj wkh GKV\ prgho1 Dssolhg Hfrqrplfv 5:/ 438<0439:1

Judqjhu/ F1Z1M1 dqg Whuçvyluwd/ W1 +4<<5,1 H{shulphqwv lq prghoolqj qrqolqhdu

uhodwlrqvklsv ehwzhhq wlph vhulhv1 Lq= Fdvgdjol/ P1 Hxedqn/ V1 hgv1 Qrqolqhdu

Prghoolqj dqg Iruhfdvwlqj/ VIL Vwxglhv lq wkh Vflhqfhv ri Frpsoh{lw|/ Surf1
Yro11 [LL1 Dgglvrq 0Zhvoh|1

Judqjhu/ F1Z1M1 dqg Whuçvyluwd/ W1 +4<<6,1 Prghoolqj Qrqolqhdu Hfrqrplf Uhod0
wlrqvklsv1 R{irug Xqlyhuvlw| Suhvv1

Kduyh|/ D1 dqg Vfrww/ D1 +4<<7,1 Vhdvrqdolw| lq g|qdplf uhjuhvvlrq prghov1 Hfr0
qrplf Mrxuqdo 437/ 46570781

Khqgu|/ G1I1 +4<<7,1 KXV uhylvlwhg1 R{irug Uhylhz ri Hfrqrplf Srolf| 43/ ;904391

Khqgu|/ G1I1 +4<<8,1 G|qdplf Hfrqrphwulfv1 R{irug Xqlyhuvlw| Suhvv1

Khqgu|/ G1I1/ Pxhooedxhu/ M1Q1M1 dqg Pxusk| D1 +4<<3,1 Wkh hfrqrphwulfv ri
GKV\1 Lq= M1G1 Kh| dqg G1 Zlqfk hgv1 D Fhqwxu| ri Hfrqrplfv= 433 |hduv ri
wkh Ur|do Hfrqrplf Vrflhw| dqg wkh Hfrqrplf Mrxuqdo1 Fdpeulgjh/ Pdvv1 dqg
R{irug= Eodfnzhoo/ 5<;06671

Khqgu|/ G1I1 dqg yrq Xqjhuq0Vwhuqehuj/ W1 +4<;4,1 Oltxlglw| dqg lq dwlrq h�hfwv
rq frqvxphuv* h{shqglwxuh1 Lq= Ghdwrq/ D1V1 hgv1 Hvvd|v lq wkh wkhru| dqg
phdvxuhphqw ri frqvxphu ehkdylrxu lq krqrxu ri Vlu Ulfkdug Vwrqh/ Fdpeulgjh1
Fdpeulgjh Xqlyhuvlw| Suhvv/ 56:0931
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Mrkdqvhq/ N1 +4<<<,1 Prghoolqj wkh Qruzhjldq zdjh fxuyh zlwk vprrwk wudqvlwlrq

uhjuhvvlrqv1 Zrunlqjsdshu Qruzhjldq Xqlyhuvlw| ri Vflhqfh dqg Whfkqrorj|1

Olq/ F10I1 M1 dqg Whuçvyluwd/ W1 +4<<7,1 Whvwlqj wkh frqvwdqf| ri uhjuhvvlrq sd0

udphwhuv djdlqvw frqwlqxrxv vwuxfwxudo fkdqjh1 Mrxuqdo ri Hfrqrphwulfv 95/
544055;1

Oÿwnhsrko/ K1/ Whuçvyluwd/ W1/ Zrowhuv/ M1 +4<<<,1 Lqyhvwljdwlqj vwdelolw| dqg olqhdulw|
ri d Jhupdq P4 prqh| ghpdqg ixqfwlrq1 Mrxuqdo ri Dssolhg Hfrqrphwulfv

+iruwkfrplqj,1

Plfkdho/ S1/ Qred|/ D1U1 dqg Shho G1D1 +4<<:,1 Wudqvdfwlrq frvwv dqg qrqolqhdu dg0

mxvwphqw lq uhdo h{fkdqjh udwhv= Dq hpslulfdo lqyhvwljdwlrq1 Mrxuqdo ri Srolwlfdo

Hfrqrp| / 7/ 438/ ;950;;:1

Plfkdho/ S1/ Shho/ G1D1 dqg Wd|oru/ P1S1 +4<<:,1 Dmxvwhphqw qrq olqìdluh yhuv oh
wdx{ gh fkdqjh g*ìtxloleuh ã orqj whuph1 Oh prgëoh prqìwdluh uhylvlwì1 Uhyxh

ìfrqrpltxh 7;/ 986098<1

Pl}rq/ J1H1 dqg Ulfkdug/ M10I1 +4<;9,1Wkh hqfrpsdvvlqj sulqflsoh dqg lwv dssolfd0
wlrq wr qrq0qhvwhg k|srwkhvlv whvwlqj1 Hfrqrphwulfd/ 87/ 98:09:;1

Rveruq/ G1 U1 +4<;;,1 Vhdvrqdolw| dqg kdelw shuvlvwhqfh lq d olih f|foh prgho ri
frqvxpswlrq1 Mrxuqdo ri Dssolhg Hfrqrphwulfv 6/ 58805991

Vdujdq/ M1 G1 +4<97,1 Zdjhv dqg sulfhv lq wkh Xqlwhg Nlqjgrp= D vwxg| lq hfrqrphw0
ulf phwkrgrorj|1 Lq= Kduw/ S1H1/ Ploov/ J1 dqg Zklwdnhu/ M1N1 hgv1 Hfrqrphwulf
Dqdo|vlv iru Qdwlrqdo Hfrqrplf Sodqqlqj1 Orqgrq= Exwwhuzruwkv1

Vrqj/ K1 +4<<8,1 D wlph0ydu|lqj sdudphwhu frqvxpswlrq prgho iru wkh XN1 Dssolhg
Hfrqrplf Ohwwhuv/ 5/ 66<0751

Vwhzduw/ F1 +4<<;,1 Uhlqwhusuhwlqj wkh GKV\ +4<:;, frqvxpswlrq ixqfwlrq zlwk
klqgvljkw1 Dssolhg Hfrqrplfv/ 63/ 7::07;<1

Whuçvyluwd/ W1 +4<<7,1 Vshfl�fdwlrq/ hvwlpdwlrq/ dqg hydoxdwlrq ri vprrwk wudqvlwlrq
dxwruhjuhvvlyh prghov1 Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq ;</ 53;0
54;1

Whuçvyluwd/ W1 +4<<;,1 Prgholqj hfrqrplf uhodwlrqvklsv zlwk vprrwk wudqvlwlrq uh0
juhvvlrqv1 Lq= Jlohv/ G1H1D1 dqg Xoodk/ D1 hgv1 Kdqgerrn ri Dssolhg Hfrqrplf
Vwdwlvwlfv/ 83:0885/ Pdufho Ghnnhu/ Qhz \run1

Whuçvyluwd/ W1 dqg D1 Holdvvrq +4<<;,1 Qrqolqhdu htxloleulxp fruuhfwlrq dqg wkh XN
ghpdqg iru eurdg prqh|/ 4;:;04<<61 Vwrfnkrop Vfkrro ri Hfrqrplfv Zrunlqj
Sdshu Vhulhv lq Hfrqrplfv dqg Ilqdqfh/ 5981
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Iljxuh 614= Orjdulwkpv ri frqvxpswlrq Iljxuh 615= Orjdulwkpv ri frqvxpswlrq
dqg lqfrph 4<8;+5,04<:9+5,1 dqg lqfrph 4<8;+5,04<<5+5,

Iljxuh 616= Dqqxdo fkdqjhv ri wkh orjdulwkpv Iljxuh 617= Dqqxdo fkdqjhv ri wkh orjdulwkpv
ri frqvxpswlrq dqg lqfrph 4<8;+5,04<:9+5,1 ri frqvxpswlrq dqg lqfrph 4<8;+5,04<<5+5,1

Iljxuh 618= Wkh htxloleulxp fruuhfwlrq whup iru Iljxuh 814= Ydoxhv ri wkh wudqvlwlrq ixqfwlrq ri
wkh wzr gl�huhqw gdwdylqwdjhv/4<8;+5,04<:9+5,1 +815, sorwwhg djdlqvw wkh wudqvlwlrq yduldeoh �4sw1
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Iljxuh 815= Wudqvlwlrq ixqfwlrq ri +815, Iljxuh 816= Olqhdu dqg qrqolqhdu htxloleulxp
sorwwhg djdlqvw wlph/ 4<8;+5,04<:3+7,1 fruuhfwlrq ri +814, dqg +815, sorwwhg

djdlqvw wlph/ 4<8;+5,04<:3+7,1

Iljxuh 817= Uhvlgxdov ri +814, dqg +815,/ Iljxuh 818= Gl�huhqfhv lq frqvxpswlrq ehwzhhq
sorwwhg djdlqvw wlph/ 4<8;+5,04<:3+7,1 +814, dqg +815,/ 4<8;+5,04<:3+7,1 Wkh frqvwdqw lq

wkh qrqolqhdu sduw uhsodfh wkh mrlqw h�hfw ri
+f� |,

w�7
dqg �4�7sw1

Gl� @ �=4; � +f� |,
w�7

� =67 ��4�7sw � =349
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Iljxuh 819= Wkh wudqvlwlrq ixqfwlrq ri wkh Iljxuh 81:= Uhvlgxdov ri +817, dqg +818,/
HVWU prgho +818,/ 4<8;+6,04<:3+7,1 4<8;+6,04<:3+7,1

Iljxuh 81;= Olqhdu dqg qrqolqhdu htxloleulxp Iljxuh 914= Wudqvlwlrq ixqfwlrq ri +915,
fruuhfwlrq ri +817, dqg +818, sorwwhg sorwwhg djdlqvw wkh wudqvlwlrq yduldeoh �7|w/

djdlqvw wlph/ 4<8;+6,04<:3+7,1 4<8;+5,04<<5+5,1

Iljxuh 915= Uhvlgxdov ri frqvxpswlrq ixqfwlrqv +914, dqg +915,/ 4<8;+5,04<<5+7,1
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Iljxuh 916= Wudqvlwlrq ixqfwlrq ri wkh qrq0 Iljxuh 917= Wkh wlph0ydu|lqj vhdvrqdo sdwwhuq

olqhdu sduw ri +917,/ zkhuh w@W lv wudqvlwlrq lq wkh VWU0prgho +917,/ 4<8;+5,04<<5+5,1
yduldeoh/ 4<8;+5,04<<5+5,1 +0134:v401359-v5,-wi1

Iljxuh 918= Wkh uhvlgxdov ri +916, dqg +917,/ 4<8;+5,04<<5+5,1
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