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Devwudfw

Prghov vwdwhg dv frqglwlrqdo prphqw uhvwulfwlrqv duh w|slfdoo| hvwlpdwhg lq hfrqrphwulfv

e| phdqv ri wkh jhqhudol}hg phwkrg ri prphqwv +JPP,1 Wkh JPP hvwlpdwlrq surfhgxuh

fdq uhqghu lqfrqvlvwhqw hvwlpdwhv vlqfh wkh lqvwuxphqwv duh duelwudulo| fkrvhq dqg wkh phwkrg

uholhv rq dgglwlrqdo dvvxpswlrqv wkdw lpso| xqfohdu uhvwulfwlrqv rq wkh gdwd jhqhudwlqj sur0

fhvv1 Wklv duwlfoh lqwurgxfhv d qhz/ vlpsoh dqg frqvlvwhqw hvwlpdwlrq surfhgxuh iru wkhvh

prghov zklfk lv gluhfwo| edvhg rq wkh gh�qlwlrq ri wkh frqglwlrqdo prphqwv1 Wkh pdlq ihd0

wxuh ri rxu surfhgxuh lv lwv vlpsolflw| vlqfh lwv lpsohphqwdwlrq grhv qrw uhtxluh wkh vhohfwlrq

ri dq| xvhu0fkrvhq qxpehu dqg vwdwlvwlfdo lqihuhqfh lv vwudljkwiruzdug vlqfh wkh sursrvhg

hvwlpdwru lv dv|pswrwlfdoo| qrupdo1

Nh|zrugv dqg Skudvhv= Jhqhudol}hg Phwkrg ri Prphqwv/ Lghqwl�fdwlrq/ Xqfrqglwlrqdo

Prphqwv/ Pdunhg Hpslulfdo Surfhvv/ Lqwhjudwhg Uhjuhvvlrq Ixqfwlrq1

MHO fodvvl�fdwlrq qxpehuv= F45 dqg F85
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4 Lqwurgxfwlrq

Lq pdq| duhdv ri hfrqrphwulfv vxfk dv sdqho gdwd/ glfuhwh fkrlfh/ pdfurhfrqrplfv dqg �0

qdqfh/ prghov duh gh�qhg lq whupv ri frqglwlrqdo prphqw uhvwulfwlrqv1 Wkdw lv/ wkh prghov

hvwdeolvk wkdw fhuwdlq sdudphwulf ixqfwlrqv kdyh }hur frqglwlrqdo phdq zkhq hydoxdwhg dw wkh

wuxh sdudphwhu ydoxh1 Frpprqo|/ wkhvh prghov duh hvwlpdwhg xvlqj wkh Jhqhudol}hg Phwkrg

ri Prphqwv +JPP, wkdw edvlfdoo| frqvlvwv ri wkh iroorzlqj wzr vwdjhv1 Iluvw/ fkrrvh d �0

qlwh qxpehu ri xqfrqglwlrqdo prphqw uhvwulfwlrqv rxw ri wkh lq�qlwh qxpehu lpsolhg e| wkh

frqglwlrqdo prphqw uhvwulfwlrqv1 Vhfrqg/ gh�qh wkh hvwlpdwru dv wkh sdudphwhu ydoxh wkdw

pdnhv wkh hpslulfdo dqdorjv ri wkh vhohfwhg xqfrqglwlrqdo prphqwv forvhvw wr 31 Lq olqhdu

prghov/ dq| vxevhw ri olqhduo| lqghshqghqw xqfrqglwlrqdo frqglwlrqv +ri glphqvlrq htxdo wr

wkh glphqvlrq ri wkh sdudphwhu yhfwru, lghqwl�hv joredoo| wkh sdudphwhuv ri lqwhuhvw/ dqg

khqfh/ wkh JPP surfhgxuh surylghv frqvlvwhqw hvwlpdwruv iru wkhp1 Krzhyhu/ lq pdq| qrq0

olqhdu prghov wkh vhohfwhg xqfrqglwlrqdo prphqw uhvwulfwlrqv pd| krog iru vhyhudo sdudphwhu

ydoxhv1 Lq wkhvh fdvhv wkh duelwudulo| fkrvhq xqfrqglwlrqdo frqglwlrqv gr qrw lghqwli| joredoo|

wkh sdudphwhuv ri lqwhuhvw/ dqg khqfh/ wkh JPP hvwlpdwruv duh lqfrqvlvwhqw1 Wkh qh{w wzr

h{dpsohv looxvwudwh wklv lghd1

H{dpsoh 41 Dvvxph wkdw wkh udqgrp yduldeoh t vdwlv�hv .Et m f� ' fwf zkhuh wf ' e/

dqg f lv d v|pphwulf durxqg }hur udqgrp yduldeoh zkrvh irxuwk dqg vl{wk prphqwv duh

htxdo/ vxfk dv d Q+3/428,1 Qrz/ wkh uhvhdufkhu vshfl�hv fruuhfwo| wkh prgho .Et m f� ' fw

zkhuh w 5 X ' d2c4�/ dqg vhwv rxw wr hvwlpdwh wf1 Wkh prgho lpsolhv wkdw Et � fwf� lv

ruwkrjrqdo wr dq| ixqfwlrq } vxfk wkdw .
��Et �fwf�}Ef�

�� 	 4 1 Vlqfh wkhuh lv rqo| rqh

sdudphwhu/ wkh uhvhdufkhu qhhgv wr vhohfw dw ohdvw rqh ixqfwlrq }Ef�� Ohw dvvxph wkdw vkh

vhohfwv wkh ixqfwlrqv � dqg f1 Wkh sureohp lv wkdw wkhvh wzr lqvwuxphqwv gr qrw lghqwli|

wkh sdudphwhu ydoxh wf ' e vlqfh wkh ydoxh w ' S dovr vroyhv wkh v|vwhp ri htxdwlrqv

.Et �fw� ' .EEt �fw�f� ' f1 Ri frxuvh/ pruh duelwudu| lqvwuxphqwv frxog eh dgghg/

exw lw zrxog dozd|v eh vlpsoh wr �qg d sduwlfxodu glvwulexwlrq iru f/ vxfk wkdw wf dqg

dgglwlrqdo ydoxhv iru w zrxog vdwlvi| wkh qhz vhw ri ruwkrjrqdolw| frqglwlrqv1

H{dpsoh 51 Dvvxph wkdw wkh udqgrp yduldeoh t vdwlv�hv .Et m f� ' w2ffn wff
2 zkhuh

f lv d Q+4/4, udqgrp yduldeoh dqg wf ' D*e1 Lq dgglwlrq/ vxssrvh wkdw T Et m f� lv frqvwdqw1

Qrz/ dvvxph wkdw wkh uhvhdufkhu surshuo| vshfl�hv wkh prgho dqg/ lqvwhdg ri dq duelwudu|

lqvwuxphqw/ vkh fkrrvhv wkh rswlpdo lqvwuxphqw/ jlyhq e| ` ' 2wf nf21 Lq wklv fdvh wkh

sdudphwhu wf lv qrw lghqwl�hg djdlq/ vlqfh wkh htxdwlrq .dEt � w2f � wf2�` o ' f lv dovr

vdwlv�hg zkhq w ' �D*e�
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Wkhvh vlpsoh h{dpsohv looxvwudwh wkdw wkh hvwlpdwlrq surfhgxuh edvhg rq vhohfwlqj dq

duelwudu| �qlwh qxpehu ri lqvwuxphqwv +hyhq wkh rswlpdo rqhv, grhv qrw jxdudqwhh wkdw wkh

sdudphwhuv ri lqwhuhvw duh joredoo| lghqwl�hg1 Khqfh/ lq rughu wr dfklhyh joredo lghqwl�fd0

wlrq/ JPP qhhgv wr lqwurgxfh wkh dgglwlrqdo dvvxpswlrq wkdw wkh vhohfwhg xqfrqglwlrqdo

uhvwulfwlrqv lghqwli| joredoo| wkh sdudphwhu ri lqwhuhvw1 Wklv dgglwlrqdo dvvxpswlrq lpsolhv

dgglwlrqdo uhvwulfwlrqv rq wkh pdujlqdo glvwulexwlrq ri wkh frqglwlrqlqj yduldeohv zklfk duh

lqwurgxfhg iru vwdwlvwlfdo frqyhqlhqfh dqg zlwkrxw dq| uhodwlrq wr wkh xqghuo|lqj hfrqrplf

+frqglwlrqdo, prgho1 Wkxv/ wkh lqwurgxfwlrq ri wkhvh uhvwulfwlrqv ohdgv wr wkh iroorzlqj

sdudgr{= zkloh wkh glvwulexwlrq ri wkh frqglwlrqlqj yduldeohv vkrxog eh luuhohydqw iru wkh

hvwlpdwlrq ri frqglwlrqdo prghov/ lw wxuqv rxw wkdw wklv glvwulexwlrq lv fuxfldo iru JPP

hvwlpdwruv ehfdxvh lw jxdudqwhhv joredo lghqwl�fdwlrq ri wkh sdudphwhuv ri lqwhuhvw1 Lq dggl0

wlrq/ dssolhg uhvhdufkhuv duh w|slfdoo| xqdzduh ri wkhvh uhvwulfwlrqv/ dqg idfhg wr hvwlpdwlqj

+srvvleo| kljko| frpsolfdwhg, qrqolqhdu prghov/ wkh| mxvw fkrrvh duelwudu| lqvwuxphqwv dqg

hvwlpdwh e| JPP dvvxplqj wkdw wkh sdudphwhu yhfwru lv joredoo| lghqwl�hg1 Reylrxvo|/ wklv

hvwlpdwlrq surfhgxuh fdq ohdg wr frpsohwho| plvohdglqj lqihuhqfhv1

Lq wklv duwlfoh zh sursrvh dq dowhuqdwlyh hvwlpdwlrq surfhgxuh zkhuh wkh lghqwl�fdwlrq

sureohp grhv qrw dulvh/ vlqfh wkh phwkrg lv gluhfwo| edvhg rq wkh frqglwlrqdo prphqw uhvwulf0

wlrqv zklfk gh�qh wkh sdudphwhuv ri lqwhuhvw1 Lpsohphqwlqj rxu surfhgxuh lv yhu| vlpsoh

vlqfh qr dgglwlrqdo xvhu0fkrvhq remhfwv vxfk dv d vprrwklqj qxpehu duh qhhghg1 Dv idu dv

zh nqrz/ rxuv lv wkh �uvw hvwlpdwru sursrvhg lq wkh olwhudwxuh wkdw lv frqvlvwhqw dqg grhv qrw

uhtxluh wkh lqwurgxfwlrq ri dgglwlrqdo xvhu0fkrvhq remhfwv1 Fduu|lqj rxw vwdwlvwlfdo lqihuhqfh

zlwk rxu hvwlpdwru lv yhu| vlpsoh vlqfh lwv dv|pswrwlf glvwulexwlrq lv qrupdo1 Wkh sdshu

lv rujdql}hg dv iroorzv1 Vhfwlrq 5 lqwurgxfhv wkh iudphzrun dqg rxu hvwlpdwru1 Vhfwlrq 6

hvwdeolvkhv wkh dv|pswrwlf wkhru| dqg Vhfwlrq 7 frqfoxghv1 Wkh surriv duh frqwdlqhg lq wkh

Dsshqgl{1

5 Qrwdwlrq dqg iudphzrun

Ohw ~| eh d yhfwru wlph vhulhv dqg iru doo | ohw it|cf|j eh wzr vxeyhfwruv ri ~| +wkdw frxog

kdyh frpprq frruglqdwhv,1 Zh frqvlghu t| dv d &0glphqvlrqdo wlph vhulhv yhfwru wkdw pd|

frqwdlq hqgrjhqrxv dqg h{rjhqrxv yduldeohv dqg d �qlwh qxpehu ri wkhvh yduldeohv odjjhg

dqgf| dv d _�glphqvlrqdo wlph vhulhv yhfwru wkdw frqwdlqv wkh lqvwuxphqwdo yduldeohv +djdlq/
d �qlwh qxpehu ri wkhvh yduldeohv odjjhg fdq eh lqfoxghg,1 Wkh frruglqdwhv ri ~| duh uhodwhg

e| dq hfrqrphwulf prgho zklfk hvwdeolvkhv wkdw wkh wuxh glvwulexwlrq ri wkh gdwd vdwlv�hv
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wkh iroorzlqj frqglwlrqdo prphqw uhvwulfwlrqv

.E�Et|c wf� m f|� ' fc @�r�� +4,

iru d xqltxh wf 5 X zkhuh X � U
61 Wklv frqglwlrqdo prphqw prgho lv jlyhq wr wkh

hfrqrphwulfldq e| hfrqrplf wkhru|1 Htxdwlrq +4, gh�qhv wkh sdudphwhu ydoxh ri lqwhuhvw

wf zklfk lv xqnqrzq wr wkh hfrqrphwulfldq1 Wkh ixqfwlrq � wkdw pdsv U& � X lqwr U, lv

vxssrvhg wr eh nqrzq1 Lq jhqhudo/ �Et|c wf� fdq eh xqghuvwrrg dv wkh huuruv lq d pxowlyduldwh

qrqolqhdu g|qdplf uhjuhvvlrq prgho1 Lq wklv sdshu iru vlpsolflw| zh zloo frqvlghu wkh fdvh

zkhuh , ' ��

Wklv prgho kdv ehhq uhshdwhgo| frqvlghuhg lq wkh hfrqrphwulfv olwhudwxuh dqg vhyhudo

lqvwuxphqwdo yduldeohv hvwlpdwruv kdyh ehhq sursrvhg/ vhh dprqj rwkhuv/ Dphpl|d +4<:7/

4<::,/ Mrujhqvrq dqg Od�rqw +4<:7,/ Ehuqgw/ Kdoo/ Kdoo dqg Kdxvpdq +4<:7,/ Exujxhwh/

Jdoodqw dqg Vrx}d +4<;5,/ Kdqvhq +4<;5,/ Qhzh| +4<<3d/ e,1 Krzhyhu/ qrqh ri wkhvh uhihu0

hqfhv dgguhvvhg wkh lghqwl�fdwlrq sureohp frpphqwhg deryh1 Iru lqvwdqfh/ Qhzh| +4<<3d,

frqvlghuhg d vlplodu prgho +vhh klv htxdwlrq +514, lq s1;43, lq d pruh uhvwulfwlyh iudphzrun

+kh frqvlghuhg l1l1g gdwd zlwk krprvnhgdvwlflw|, dqg irfxvhg rq wkh rswlpdolw| surshuwlhv ri

d vhohfwhg hvwlpdwru1 Krzhyhu/ kh ryhuorrnhg wkh lghqwl�fdwlrq sureohp e| dvvxplqj wkdw

wkh sdudphwhu yhfwru lv joredoo| lghqwl�hg e| wkh vhohfwhg xqfrqglwlrqdo frqglwlrqv/ vhh klv

dvvxpswlrq 616 +d, lq s1;4:1

Uhfhqwo|/ Grqdog/ Lpehqv dqg Qhzh| +5334, kdyh dgguhvvhg wkh lghqwl�fdwlrq sureohp

lq d gl�huhqw vhwwlqj1 Wkh| frqvlghu h!flhqw hvwlpdwlrq ri frqglwlrqdo prphqw uhvwulfwlrqv

prghov1 Wkhlu dqdo|vlv lv gl�huhqw iurp rxuv1 Wkh| qhhg wr lqwurgxfh d vhtxhqfh ri ds0

sur{lpdwlqj ixqfwlrqv vxfk dv vsolqhv ru srzhu ru Irxulhu vhulhv dqg wkh uhvhdufkhu qhhgv wr

vhohfw wkh qxpehu ri whupv ri wkhvh vhulhv wr eh frqvlghuhg lq wkh dqdo|vlv1 Wklv qxpehu lv

d vprrwklqj ru edqgzlgwk qxpehu wkdw frpsduhg wr wkh vdpsoh vl}h kdv wr yhuli| fhuwdlq

udwh uhvwulfwlrqv lq rughu wr dfklhyh h!flhqw hvwlpdwlrq1 Wklv edqgzlgwk qxpehu doorzv

wkhlu hvwlpdwruv wr eh urrw�? dv|pswrwlfdoo| qrupdo dqg h!flhqw/ exw lw lv xqfohdu wkh vhq0

vlwlylw| ri wkh hvwlpdwru wr wkh vhohfwlrq ri wklv edqgzlgwk qxpehu1 Rq wkh frqwudu|/ rxu

dssurdfk grhv qrw uhtxluh wkh lqwurgxfwlrq ri dq duelwudu| xvhu0fkrvhq qxpehu wr dfklhyh dq

dv|pswrwlfdoo| qrupdo glvwulexwlrq1 Dowkrxjk wkh dv|pswrwlf yduldqfh iru wkh Grqdog hw do1

+5334, hvwlpdwru lv orzhu wkdq rxuv/ vwdwlvwlfdo lqihuhqfh zlwk wklv hvwlpdwru fdq eh vhqvlwlyh

wr wkh vhohfwlrq ri wkh edqgzlgwk qxpehu1 Ixuwkhupruh/ wkhlu surfhgxuh uhvwulfwv wr wkh

l1l1g1 vhwwlqj/ dqg iru prvw ri wkhlu uhvxowv/ wkh ghqvlw| ri wkh frqglwlrqlqj yduldeohv kdv wr

eh erxqghg iurp }hur rq d frpsdfw/ uhfwdqjxodu vxssruw1 Rq wkh frqwudu|/ rxu surfhgxuh lv
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yhu| vlpsoh/ doorzv iru lqvwuxphqwv zlwk xqerxqghg vxssruw dqg fdq eh xvhg iru wlph vhulhv

gdwd1

Dqrwkhu uhodwhg uhihuhqfh lv Fduudvfr dqg Ioruhqv +5333,1 Wkh| frqvlghu rswlpdo JPP

hvwlpdwlrq iru wkh fdvh zkhuh wkhuh lv d frqwlqxxp ri prphqw frqglwlrqv1 Rxu hvwlpdwru lv

vlplodu wr wkhluv lq vslulw1 Krzhyhu/ rxu hvwlpdwru fdqqrw eh zulwwhq lq wkhlu iudphzrun dv

zh zloo vhh ehorz ehfdxvh rxu qrup lq wkh remhfwlyh ixqfwlrq lv udqgrp dqg fkdqjhv zlwk

wkh vdpsoh vl}h/ zkhuhdv wkhlu qrup lv ghwhuplqlvwlf dqg frqvwdqw1 Fduudvfr dqg Ioruhqv*

hvwlpdwru lv h!flhqw/ exw h!flhqf| lv dfklhyhg dw wkh frvw ri lqwurgxflqj d xvhu0fkrvhq

vprrwklqj qxpehu qhfhvvdu| wr dyrlg d vlqjxodulw| sureohp dvvrfldwhg zlwk wkh lqyhuvlrq ri

d olqhdu erxqghg rshudwru1 Dv lq wkh fdvh ri Grqdog/ Lpehqv dqg Qhzh| wkh vhqvlwlylw| ri

wkh hvwlpdwru wr wkdw qxpehu lv xqnqrzq1

Qh{w/ zh lqwurgxfh rxu hvwlpdwru1 Dv glvfxvvhg lq wkh suhylrxv vhfwlrq/ wkh w|slfdo

hvwlpdwlrq surfhgxuh edvhg rq vhohfwlqj vrph ruwkrjrqdolw| frqglwlrqv grhv qrw jxdudqwhh

joredo lghqwl�fdwlrq ri wkh sdudphwhuv ri lqwhuhvw1 Khqfh/ lq wklv sdshu zh sursrvh dq

dowhuqdwlyh hvwlpdwlrq surfhgxuh wkdw xvhv wkh zkroh lqirupdwlrq derxw wf frqwdlqhg lq

h{suhvvlrq +4,1 Iurp Eloolqjvoh| +4<<8/ Wkhruhp 49143lll,/ qrwh wkdw

.E�Etc wf� m f� ' f @�r�/ MEwfc %� ' f iru doo % 5 U_c +5,

zkhuh MEwc %� ' .E�Etc w�UEf � %�� lv wkh lqwhjudwhg uhjuhvvlrq ixqfwlrq +Euxqn/ 4<:3,

dqg wkh lqglfdwru ixqfwlrq UEf � %� htxdov 4 zkhq hdfk frpsrqhqw lq f lv ohvv ru htxdo

wkdq wkh fruuhvsrqglqj frpsrqhqw lq %> dqg htxdov 3 rwkhuzlvh1 Lq dgglwlrq/ iurp +4,/

� E.E�Etc w� m f� ' f� 	 � zkhq w 9' wf/ dqg wkhq MEwc %� 9' f lq d qrq qxoo vhw ri wkh

vdpsoh vsdfh ri f1 Wkhuhiruh/ ghqrwlqj e| �f wkh suredelolw| glvwulexwlrq ixqfwlrq ri wkh

udqgrp yhfwru fc
U
MEwfc %�

2_�fE%� ' f exw
U
MEwc %�2_�fE%� : f ;w 9' wf1 Htxlydohqwo|/

ohw 7 ghqrwh d udqgrp yhfwru zlwk suredelolw| glvwulexwlrq ixqfwlrq �f dqg lqghshqghqw

ri Etcf�c wkhq .EMEwc 7�2� � f zlwk htxdolw| li dqg rqo| li w ' wf1 Khqfh/ e| wkh odz ri

lwhudwhg h{shfwdwlrqv zh fdq zulwh

wf ' @h} 4�?
wMX

.
�
. dE�Etc w�UEf � 7� m 7o2� ' @h}4�?

wMX

]
.2 dE�Etc w�UEf � r�o_�fEr��

+6,

Qrz/ fdoolqj ? wkh vdpsoh vl}h/ ?3�
S?

|'� �Et|c w�UEf| � r� dqg ?3�
S?

�'� }
2Ef�� duh wkh

vdpsoh dqdorjv ri .E�Etc w�UEf � r�� dqg
U
}2Er�_�fEr� uhvshfwlyho|� Wkhq/ zh sursrvh

hvwlpdwlqj wf e| wkh vdpsoh dqdorjxh ri +6,/ wkdw lv/

ew ' @h}4�?
wMX

�

?�

?[
�'�

#
?[
|'�

�Et|c w�UEf| � f��

$2

�
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Lq wkh qh{w vhfwlrq zh hvwdeolvk wkh dv|pswrwlf wkhru| ri wkh sursrvhg hvwlpdwru1

6 Dv|pswrwlf Wkhru|

Zh vwduw e| hqxphudwlqj wkh dvvxpswlrqv qhfhvvdu| iru wkh frqvlvwhqf| dqg dv|pswrwlf qru0

pdolw| ri rxu hvwlpdwru1 Lq zkdw iroorzv m�m ghqrwhv wkh Hxfolghdq qrup lq wkh fruuhvsrqglqj

Hxfolghdq vsdfh/ dqg zh dvvxph wkdw doo wkh frqvlghuhg ixqfwlrqv duh Eruho phdvxudeoh1

Dvvxpswlrq D41 . m�Et|c w�m 	4 iru doo w 5 Xc dqg .E�Et|c w� m f|� ' f @�r� li dqg rqo|

li w ' wf1

Dvvxpswlrq D51 ~| lv hujrglf dqg vwulfwo| vwdwlrqdu|1

Dvvxpswlrq D61 �E+c �� lv frqwlqxrxv lq X iru hdfk + lq U& dqg iru doo w 5 X wkhuh h{lvwv

4w : f vxfk wkdw .
�
t�Tt8w3w�8	4w�KX m�Et|c w�� �Et|c w

��m� 	4�

Dvvxpswlrq D71 X � U6 lv frpsdfw1

Dvvxpswlrq D81 �Et|c wf� jlyhq f| kdv d erxqghg frqglwlrqdo ghqvlw| ixqfwlrq zklfk lv

frqwlqxrxv rq dq| frqglwlrqlqj dujxphqw1

Dvvxpswlrq D91 �E�c w� lv rqfh frqwlqxrxvo| gl�huhqwldeoh lq d qhljkerxukrrg ri wf

dqg vdwlv�hv wkdw .
k
t�TwM]f

��� u� Et|c w�
���l 	 4 zkhuh Cf ghqrwhv d qhljkerxukrrg ri wf dqg

u
� Et|c w� ' Y�Et|c w�*Yw�

Dvvxpswlrq D:1 �Et|c wf� lv d pduwlqjdoh gl�huhqfh vhtxhqfh zlwk uhvshfw wr ifr/ r � |j �
Dvvxpswlrq D;1 wf 5 �?|EX��

Dvvxpswlrq D<1 ~| vdwlv�hv wkdw . m�Et|c wf�menB 	4/ iru vrph B : f1

Dvvxpswlrq D4 gh�qhv wkh prgho dqg lghqwl�hv joredoo| wf1 Wklv lghqwl�fdwlrq frqgl0

wlrq lv jlyhq e| wkh hfrqrplf wkhru|1 Dvvxpswlrq D6 lv d vprrwkqhvv frqglwlrq zklfk lv

zhdnhu wkdq wkh Olsvfklw} frqglwlrq lq Dvvxpswlrq 6 lq Grqdog/ Lpehqv dqg Qhzh| +5334,1

Dvvxpswlrq D8 lpsrvhv erxqghgqhvv ri wkh frqglwlrqdo ghqvlw| zkloh dvvxpswlrqv 6 dqg 7

lq Grqdog/ Lpehqv dqg Qhzh| +5334, lpsrvh erxqghgqhvv ri frqglwlrqdo prphqwv uhvwulfw0

lqj vrph irupv ri frqglwlrqdo khwhurvnhgdvwlflw|1 Dvvxpswlrq D9 lv d vwdqgdug vprrwkqhvv

dvvxpswlrq wkdw lv zhdnhu wkdq Dvvxpswlrq 7 lq Grqdog/ Lpehqv dqg Qhzh| +5334, zklfk

uhtxluh wzlfh frqwlqxrxv gl�huhqwldelolw|1 Dvvxpswlrqv D5 dqg D: erxqg wkh dprxqw ri

ghshqghqfh lq wkh vdpsoh1 Wkhvh dvvxpswlrqv duh yhu| zhdn dqg doorz iru pdq| w|shv

ri zhdn dqg vwurqj ghshqghqfh iru wkh surfhvv ~|1 Uhjduglqj dvvxpswlrq D</ qrwlfh wkdw

iru wkh lqghshqghqw vdpsolqj fdvh wkh frqglwlrq . m�Et|c wf�menB 	 4 frxog eh uhod{hg wr

. m�Et|c wf�m2 	 41 Rssrvlwh wr vwdqgdug JPP/ doo rxu dvvxpswlrqv uhihu wr wkh xqfrq0
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glwlrqdo ru wr wkh frqglwlrqdo glvwulexwlrq ri �/ dqg qrwklqj lv lpsrvhg rq wkh pdujlqdo

glvwulexwlrq ri f|1

Qh{w/ zh vwdwh wkh frqvlvwhqf| dqg dv|pswrwlf qrupdolw| wkhruhpv1 Wkhlu surriv duh lq
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7 Glvfxvvlrq

Wkhuh duh wzr dssurdfkhv wr hvwlpdwh frqvlvwhqwo| prghov vwdwhg zlwk frqglwlrqdo prphqw

uhvwulfwlrqv1 Wkh �uvw dssurdfk/ zklfk zh iroorz lq wklv duwlfoh/ vxevwlwxwh wkh frqglwlrqdo
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uhvwulfwlrq e| dq lq�qlwh qxpehu ri xqfrqglwlrqdo prphqw uhvwulfwlrqv wkdw ixoo| fkdudfwhu0

l}hv wkh frqglwlrqdo uhvwulfwlrqv1 Lq rxu fdvh/ wkh lq�qlwh xqfrqglwlrqdo uhvwulfwlrqv dulvh e|

frqvlghulqj wkh h{shfwdwlrq ri wkh ixqfwlrq ri lqwhuhvw wlphv d fodvv ri lqglfdwruv ixqfwlrqv

lqgh{hg e| d vhw ri qxlvdqfh sdudphwhuv1 Dowhuqdwlyh fodvvhv ri ixqfwlrqv/ vxfk dv wkh h{0

srqhqwldov/ frxog kdyh ehhq hpsor|hg/ vhh Elhuhqv +4<<3, dqg Fduudvfr dqg Ioruhqv +5333,1

Wkh vhfrqg dssurdfk �wv wkh frqglwlrqdo h{shfwdwlrq wkdw gh�qhv wkh prgho e| phdqv ri

qrqsdudphwulf phwkrgv1 Wklv dssurdfk kdv ehhq iroorzhg e| Grqdog hw do1 +5334,/ zkhuh

wkh| frqvlghu d ydulhw| ri qrqsdudphwulf hvwlpdwruv vxfk dv ruwkrjrqdo vhulhv ru vsolqhv1 Wkh

pdlq gl�huhqfh ehwzhhq erwk dssurdfkhv uhvlghv lq wkh qxpehu ri xqfrqglwlrqdo uhvwulfwlrqv

h�hfwlyho| hpsor|hg lq �qlwh vdpsohv1 Zkhuhdv dq lq�qlw| +frqwlqxxp, ri prphqw uhvwulf0

wlrqv lv hpsor|hg lq wkh �uvw dssurdfk/ wkh vhfrqg dssurdfk hpsor|v d �qlwh qxpehu ri

wkhp zkhuh wklv qxpehu lv ghwhuplqhg e| d vprrwklqj sdudphwhu1 Wkh pdlq dgdydqwdjh ri

lqwurgxflqj wklv vprrwklqj qxpehu lv wkdw lw doorzv wr ghulyh hvwlpdwruv wkdw duh dv|pswrw0

lfdoo| h!flhqw1 Krzhyhu/ lq wkh devhqfh ri dxwrpdwlf gdwd0ghshqghqw phwkrgv iru vhohfwlqj

wklv vprrwklqj qxpehu/ vxfk dv furvv0ydolgdwlrq surfhgxuhv/ d uhvhdufkhu idfhv wkh gl!fxow|

ri vhohfwlqj lw iru khu sduwlfxodu fdvh1 Lq pdq| fdvhv/ vwdwlvwlfdo lqihuhqfh lv yhu| vhqvlwlyh wr

wklv vhohfwlrq1

Dv|pswrwlfdoo| h!flhqw hvwlpdwruv fdq dovr eh ghulyhg lq wkh �uvw dssurdfk1 Krzhyhu/

ghulylqj wkhp zrxog dovr uhtxluh wkh lqwurgxfwlrq ri d edqgzlgwk sdudphwhu qhfhvvdu| wr

dyrlg d vlqjxodulw| sureohp/ vhh Fduudvfr dqg Ioruhqv +5333,1 Wkh hvwlpdwru sursrvhg lq wklv

duwlfoh lv frqvlvwhqw dqg yhu| vlpsoh wr lpsohphqw vlqfh lw grhv qrw uhtxluh wkh lqwurgxfwlrq

ri dq| xvhu fkrvhq remhfw vxfk dv wkh rughu ri d odj ru d edqgzlgwk qxpehu1 Lw srvvhvvhv

wkh dgglwlrqdo dgydqwdjhv ri ehlqj dssolfdeoh wr d zlgh ydulhw| ri wlph vhulhv gdwd/ doorzlqj

iru lqvwuxphqwv zlwk xqerxqghg vxssruw dqg lpsrvlqj plog vprrwkqhvv frqglwlrqv rq wkh

ixqfwlrq wkdw gh�qhv wkh prgho1 Ilqdoo|/ wkh whfkqltxhv hpsor|hg lq wklv duwlfoh duh gl�huhqw

iurp wkrvh xvhg lq wkh vhfrqg dssurdfk1 Zh hqg zlwk wkuhh vxjjhvwlrqv rq ixuwkhu uhvhdufk1

Iluvw/ vlplodu wr wkh JPP olwhudwxuh/ vshfl�fdwlrq whvw iru frqglwlrqdo prphqw prghov

frxog eh ghyhorshg e| xvlqj surfhgxuhv vlplodu wr wkh rqhv hpsor|hg lq wklv sdshu/ vhh

Grpðqjxh} dqg Oredwr +5335,1 Vhfrqg/ rqh ri wkh pdlq srlqwv ri wklv sdshu lv wr vkrz

wkdw wkh JPP surfhgxuh wr hvwlpdwh frqglwlrqdo prphqw prghov lv ixqgdphqwdoo|  dzhg

ehfdxvh lw lpsrvhv wkh dgglwlrqdo dvvxpswlrq wkdw wkh vhohfwhg lqvwuxphqwv lghqwli| joredoo|

wkh sdudphwhuv ri lqwhuhvw1 Krzhyhu/ li wklv dgglwlrqdo dvvxpswlrq krogv/ wkh JPP hvwlpdwru

lv frqvlvwhqw iru wkh wuxh wf1 Wkhq/ lw lv ri lqwhuhvw wr whvw wkh qxoo k|srwkhvlv wkdw wkh JPP

hvwlpdwru lv frqvlvwhqw iru wf1 Wklv frxog eh whvwhg zlwk d Kdxvpdq0w|sh whvw zklfk zrxog
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phdvxuh wkh glvwdqfh ehwzhhq rxu hvwlpdwru dqg wkh JPP hvwlpdwru1 Ilqdoo|/ vlqfh wkh

sursrvhg hvwlpdwru lv dv|pswrwlfdoo| slyrwdo/ hpsor|lqj wkh errwvwuds zrxog ohdg wr rewdlq

dq dv|pswrwlf uh�qhphqw1

Dfnqrzohgjphqw
Zh wkdqn P1 Fduudvfr dqg Z1 Qhzh| iru xvhixo frqyhuvdwlrqv1 Grpðqjxh} dfnqrzohgjhv

�qdqfldo vxssruw iurpFrqvhmr Qdflrqdo gh Flhqfld | Whfqrorjðd +FRQDF\W, xqghu surmhfw

judqw M6;5:9G dqg Oredwr dfnqrzohgjhv �qdqfldo vxssruw iurp Dvrfldflöq Ph{lfdqd gh

Fxowxud1

8 Dsshqgl{

Xqohvv vwdwhg wkh vxppdwrulhv uxq iurp 4 wr ?1

Surri ri wkh Wkhruhp 41 Fdoo M?Ewc %� ' ?3�
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Wkhq/ wkh uhvxow iroorzv iurp wkh frqwlqxrxv pdsslqj wkhruhp/ Ohppdv 4 dqg 5 ehorz dqg
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lq wkh vhqvh ri Vwxwh +4<<:, dqg (dfc �o_ lv gh�qhg lq Elfnho dqg Zlfkxud +4<:4,/ Qhxkdxv

+4<:4, ru Vwudi +4<:3,1

Surri ri Ohppd 51 Iru vlpsolflw|/ ohw lqwurgxfh wkh qrwdwlrq M?E%� ' M?Ewfc %�1 Dffrug0

lqj wr Elfnho dqg Zlfkxud +4<:4,/ zh qhhg wr vkrz wkdw wkh �qlwh glphqvlrqdo glvwulexwlrqv
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Frqyhujhqfh ri �qlwh0glphqvlrqdo glvwulexwlrqv uhihuv wr wkh zhdn frqyhujhqfh ri yhfwruv
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Xvlqj wkdw �| lv d fhqwhuhg PGV/ wkh qrq0}hur whupv duh wkrvh vxfk wkdw wkh juhdwhu vxelqgh{
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Khqfh/ wkh Nroprjrury0Fkhqwvry fulwhulrq lv vdwlv�hg1

Uhihuhqfhv
Dphpl|d/ W1 +4<:7,/ �Wkh qrqolqhdu wzr0vwdjh ohdvw vtxduhv hvwlpdwru�/ Mrxuqdo ri

Hfrqrphwulfv/ 5/ 43804431

Dphpl|d/ W1 +4<::,/ �Wkh pd{lpxp olnholkrrg dqg wkh qrqolqhdu wkuhh0vwdjh ohdvw

vtxduhv hvwlpdwru lq wkh jhqhudo qrqoolqhdu vlpxowdqhrxv htxdwlrqv prgho/ Hfrqrphwulfd

78/ <880<9;1

Ehuqgw/ H1U1/ E1K1 Kdoo/ U1H1 Kdoo dqg M1D1 Kdxvpdq +4<:7,/ �Hvwlpdwlrq dqg lqihuhqfh

lq qrqolqhdu vwuxfwxudo prghov�/ Dqqdov ri Hfrqrplf Vrfldo Phdvxuhphqw 6/ 98609991

Elfnho/ S1M1 dqgZlfkxud/ P1M1 +4<:4,/ �Frqyhujhqfh Fulwhuld iruPxowlsdudphwhu Vwrfkdv0

wlf Surfhvvhv dqg Vrph Dssolfdwlrqv�/ Dqqdov ri Pdwkhpdwlfdo Vwdwlvwlfv/ 75/ 4989049:31

Elhuhqv/ K1 +4<<3,/ �D frqvlvwhqw frqglwlrqdo prphqw whvw ri ixqfwlrqdo irup�/ Hfrqr0

phwulfd/ 8;/ 47760478;1

Eloolqjvoh|/ S1 +4<<8,/ Suredelolw| dqg Phdvxuh/ Zloh| dqg Vrqv/ Qhz \run1

Euxqn/ K1 G1 +4<:3,/ �Hvwlpdwlrq iru lvrwrqlf uhjuhvvlrq/� lq Qrqsdudphwulf Whfkqltxhv

lq Vwdwlvwlfdo Lqihuhqfh/ Hg1 P1O1 Sxul/ ss1 4::04<:/ Fdpeulgjh= Fdpeulgjh Xqlyhuvlw|

Suhvv1

Exujxhwh/ M1I1/ D1U1 Jdoodqw dqg J1 Vrx}d +4<;5,/ �Rq wkh xql�fdwlrq ri wkh dv|pswrwlf

wkhru| ri qrqolqhdu hfrqrphwulf prghov�/ Hfrqrphwulf Uhylhzv 4/ 48404<31

Fduudvfr/ P1 dqg Ioruhqv M10S1 +5333,/ �Jhqhudol}dwlrq ri JPP wr d frqwlqxxp ri

prphqw frqglwlrqv�/ Hfrqrphwulf Wkhru| 49/ :<:0;671

Fkdpehuodlq/ J +4<;:,/ �Dv|pswrwlf h!flhqf| lq hvwlpdwlrq zlwk frqglwlrqdo prphqw

uhvwulfwlrqv�/ Mrxuqdo ri Hfrqrphwulfv/ 67/ 63806671
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Fkhqwvry/ Q1Q1 +4<89,/ �Zhdn frqyhujhqfh ri vwrfkdvwlf surfhvvhv zkrvh wudmhfwrulhv

kdyh qr glvfrqwlqxlwlhv ri wkh vhfrqg nlqg dqg wkh �khxulvwlf� dssurdfk wr wkh Nroprjrury0

Vpluqry whvwv�/ Wkhru| ri Suredelolw| dqg lwv Dssolfdwlrqv/ 4/ 47304771

Grqdog/ V1J1/ J1Z1 Lpehqv dqg Z1N1 Qhzh| +5334,/ �Hpslulfdo Olnholkrrg hvwlpdwlrq

dqg frqvlvwhqw whvwv zlwk frqglwlrqdo prphqw uhvwulfwlrqv/ suhsulqw/ PLW1

Grpðqjxh}/ P1D1 dqg Oredwr L1Q1 +5335,/ �Whvwlqj wkh pduwlqjdoh gl�huhqfh k|srwkhvlv�/

Hfrqrphwulf Uhylhzv/ iruwkfrplqj1

Kdoo/ S1 dqg Kh|gh/ F1F1 +4<;3,/Pduwlqjdoh Olplw Wkhru| dqg lwv Dssolfdwlrq/ Dfdghplf

Suhvv/ Qhz \run1

Kdqvhq +4<;5,/ �Odujh0vdpsoh surshuwlhv ri jhqhudol}hg phwkrg ri prphqwv hvwlpdwruv�/

Hfrqrphwulfd 83/ 435<043871

Kdqvhq/ O1S1 +4<;8,/ �D phwkrg iru fdofxodwlqj erxqgv lq wkh dv|pswrwlf fryduldqfh

pdwulfhv ri jhqhudol}hg phwkrg ri prphqwv hvwlpdwruv�/ Mrxuqdo ri Hfrqrphwulfv/ 63/ 5360

56;1

Mrujhqvrq/ G1Z1 dqg M1 Od�rqw +4<:7,/ �H!flhqw hvwlpdwlrq ri qrqolqhdu vlpxowdqhrxv

htxdwlrqv zlwk dgglwlyh glvwxuedqfhv�/ Dqqdov ri Hfrqrplf Vrfldo Phdvxuhphqw 6/ 94809731

Qhxkdxv/ J1 +4<:4,/ �Rq Zhdn Frqyhujhqfh ri Vwrfkdvwlf Surfhvvhv zlwk Pxowlglphq0

vlrqdo Wlph Sdudphwhu�/ Dqqdov ri Pdwkhpdwlfdo Vwdwlvwlfv/ 75/ 45;8045<81

Qhzh|/ Z1 +4<<3d,/ �H!flhqw lqvwuxphqwdo yduldeohv hvwlpdwlrq ri qrqolqhdu prghov�/

Hfrqrphwulfd 8;/ ;3<0;6:1

Qhzh|/ Z1 +4<<3e,/ �H!flhqw hvwlpdwlrq ri prghov zlwk frqglwlrqdo prphqw uhvwulf0

wlrqv�/ lq J=V1 Pdggdod/ F1U1 Udr/ dqg K1G1 Ylqrg/ hgv1/ Kdqgerrn ri Vwdwlvwlfv/ Yroxph

44= Hfrqrphwulfv1 Dpvwhugdp= Qruwk0Kroodqg1

Vwudi/ P1O1 +4<:3,/ �Zhdn frqyhujhqfh ri vwrfkdvwlf surfhvvhv zlwk vhyhudo sdudphwhuv�/

Surfhhglqjv ri wkh Vl{wk Ehunhoh| V|psrvlxp rq Pdwkhpdwlfdo Vwdwlvwlfv dqg Suredelolw|/

4;:05541
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