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Devwudfw

Zh suhvhqw d phwkrg iru hvwlpdwlqj hyhqw frxqw prghov zkhq wkh gdwd lv jhqhudwhg
iurp d shuvlvwhqw wlph vhulhv surfhvv1 D Ndopdq �owhu lv xvhg wr hvwlpdwh d Srlvvrq
h{srqhqwldoo| zhljkwhg prylqj dyhudjh +SHZPD, prgho1 Wkh prgho lv frpsduhg wr
h{wdqw phwkrgv +Srlvvrq uhjuhvvlrq/ qhjdwlyh elqrpldo uhjuhvvlrq/ dqg DULPD prg0
hov,1 Xvlqj Prqwh Fduor h{shulphqwv/ zh ghprqvwudwh wkdw wkh SHZPD surylghv
vljql�fdqw lpsuryhphqwv lq h!flhqf|1 Zh suhvhqw dq dssolfdwlrq wr Vxsuhph Frxuw
fdvh djhqgdv dv zhoo1

�Dq hduolhu yhuvlrq ri wklv zrun zdv suhvhqwhg dw wkh 4<<; Vxpphu Phhwlqjv ri wkh Srolwlfdo Phwkrgrorj|
Jurxs/ Xqlyhuvlw| ri Fdoliruqld/ Vdq Glhjr/ Mxo| 55059/ 4<<;1 Zlooldpv uhvhdufk zdv vxssruwhg e| Qdwlrqdo
Vflhqfh Irxqgdwlrq judqw VEU0<7559781 Doo JDXVV frgh xvhg iru wklv dqdo|vlv lv dydlodeoh zlwk grfxphq0
wdwlrq1 Zh zlvk wr wkdqn Ulfk Sdfhooh iru pdnlqj dq xsgdwhg yhuvlrq ri klv gdwd dydlodeoh1 Zh dovr zlvk wr
wkdqn Fkulv Dfkhq/ Qhdo Ehfn/ Plfkdho Fudz/ Ehq Irugkdp/ Mrkq Iuhhpdq/ Vlprq Mdfnpdq/ Jdu| Nlqj/
Gdylg OhEodqj/ Plfkdho PfJlqqlv/ Zdowhu Phedqh/ Euldq Sroolqv/ Mlp Vwlpvrq dqg Sudylq Wulyhgl iru wkhlu
frpphqwv dqg vxjjhvwlrqv1 Vwdqgdug glvfodlphuv dsso|1

4



4 Lqwurgxfwlrq

Rzlqj wr wkh lpsdfw ri Nlqj*v h�ruwv +4<;;/ 4<;<d/ 4<;<e/ 4<;<f,/ Srlvvrq uhjuhvvlrq dqg

Jhqhudol}hg Hyhqw Frxqw hvwlpdwruv duh frpprqo| xvhg lq srolwlfdo vflhqfh1 Lw lv uduh wr

�qg dqdo|vwv lq srolwlfdo vflhqfh dvvxplqj d Jdxvvldq glvwulexwlrq zkhq hyhqw frxqwv pdnh

xs wkh ghshqghqw yduldeoh1 Hyhu|rqh nqrzv wkdw hyhqw frxqwv duh qrw glvwulexwhg qrupdoo|/

dqg frpsxwhu surjudpv dqg vwdwlvwlfdo sudfwlfh dfnqrzohgjh wklv idfw1 Wkh srsxodul}dwlrq

ri hyhqw frxqw prghov kdv ohg wr wkhlu zlghvsuhdg dssolfdwlrq lq pdq| duhdv1 Pdq| hyhqw

frxqw dqdo|vhv xvh furvv0vhfwlrqdo gdwd1 Lq wkhvh fdvhv/ khwhurjhqhlw| dqg qrw g|qdplfv duh

d sulpdu| frqfhuq1

Krzhyhu/ pdq| hyhqw frxqwv duh wlph vhulhv1 Pdq| vfkroduv kdyh ehjxq xvlqj hyhqw

frxqw prghov wr dqdo|}h wkh odujh vhwv ri gdwd rq frrshudwlyh dqg frq lfwxdo lqwhuqdwlrqdo

hyhqwv +Kxdqj/ Nlp dqg Zx 4<<5> Vd|uv 4<<5> Yroj| dqg Lpzdooh 4<<8,1 Wkhvh gdwd kdyh

dovr ehhq dqdo|}hg xvlqj wlph0vhulhv phwkrgv/ sduwlfxoduo| zkhq wudqviruphg lqwr lqglfhv ri

frq lfw dqg frrshudwlrq wkdw frqvlghu wkh vhyhulw| ri hdfk hyhqw dqg duh qr orqjhu sxuho|

hyhqw frxqwv +Jrogvwhlq 4<<4> Jrogvwhlq dqg Iuhhpdq 4<<3> Vfkqhlghu/ Zlgphu dqg Uxor�

4<<6> Zdug dqg Udmpdlud 4<<5,1 Rwkhu hyhqw frxqwv frpprqo| dqdo|}hg lq lqwhuqdwlrqdo

uhodwlrqv lqfoxgh wkh qxpehu ri zduv +Ehqrlw 4<<9> Pdqv�hog 4<<5,/ plolwdul}hg lqwhuvwdwh

glvsxwhv +Jrzd 4<<;> Sroolqv 4<<9> Vhqhvh 4<<:,/ ru rwkhu lqflghqwv ri frq lfw dqg frrs0

hudwlrq ehwzhhq vwdwhv +Eursk|0Edhupdq dqg Frq|ehduh 4<<7> H|hupdq dqg Kduw 4<<9>

Nlqvhood 4<<8> Nlqvhood dqg Wloohpd 4<<8> R*Eulhq 4<<9> Uhpphu 4<<;,1 Wkh vdph lvvxhv

frqiurqw wkh vpdoohu qxpehu ri frpsdudwlylvwv xvlqj wklv gdwd/ vxfk dv Prruh/ Olqgvwurp/

dqg R*Uhjdq +4<<9,1

Iru wlph vhulhv ri hyhqw frxqwv/ jhqhudo frqwdjlrq ru g|qdplfv duh hlwkhu ljqruhg lq

sudfwlfh ru duh dffrxqwhg iru e| wkh xvh ri d odjjhg ghshqghqw uhjuhvvru lq wkh h{srqhqwldo

ixqfwlrqdo irup ri d Srlvvrq/ qhjdwlyh elqrpldo/ ru Jhqhudol}hg Hyhqw Frxqw uhjuhvvlrq1
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Vwdqgdug phwkrgv iru prgholqj wkh g|qdplfv ri d wlph vhulhv dvvxph d qrupdo glvwulexwlrq/

vr prvw dqdo|vhv ri hyhqw frxqw gdwd sd| uhodwlyho| olwwoh dwwhqwlrq wr wkh wlph vhulhv surshuwlhv

ri wkh vhulhv wkh| kdyh frqvlghuhg1 Wkhvh dssurdfkhv/ odjjhg ghshqghqw yduldeohv lq hyhqw

frxqw prghov dqg vwdqgdug +Jdxvvldq, wlph vhulhv prghov duh lqfruuhfw iru hyhqw frxqw wlph

vhulhv1 Qrw wklqnlqj derxw wkh g|qdplfv lq hyhqw frxqw vhulhv fdq eh vkruw0vljkwhg ehfdxvh

lw ohdgv wr lqfruuhfw lqihuhqfhv1

Wkh qhhg wr frqvlghu wkh wlph0vhulhv surshuwlhv ri hyhqw0frxqw gdwd lv dq lpsruwdqw lvvxh

frqiurqwlqj d jurzlqj erg| ri uhvhdufk lq srolwlfdo vflhqfh1 Wkh vshfl�fdwlrq/ hvwlpdwlrq/

dqg whvwlqj ri qrq0olqhdu/ qrq0qrupdo wlph vhulhv prghov iru hyhqw frxqwv lv qrw sduw ri wkh

vwdqgdug wrro0nlw ri srolwlfdo vflhqwlvwv1 Zkhq idfhg zlwk wlph vhulhv ri frxqwv/ pdq| srolw0

lfdo vflhqwlvwv hpsor| wkh qrupdolw| dvvxpswlrq wr prgho g|qdplfv1 Wklv dssurdfk ljqruhv

wkh edvlf glvwulexwlrqdo lqirupdwlrq derxw wkh gdwd lq dq h�ruw wr prgho wkh g|qdplfv/ uh0

vxowlqj lq lqh!flhqf|1 Dowhuqdwlyho|/ ljqrulqj g|qdplfv dovr lqwurgxfhv lqh!flhqf|1 Jlyhq

wkhvh srvvleoh lqh!flhqflhv/ zh nqrz wkdw d wlph0vhulhv frxqw gdwd prgho zloo surgxfh pruh

h!flhqw hvwlpdwhv wkdq prghov wkdw xvh dq lpsurshu Jdxvvldq dvvxpswlrq ru idlo wr prgho

wkh g|qdplfv1

414 Dssurdfkhv wr Prgholqj Wlph Vhulhv Hyhqw Frxqw Gdwd

Hyhqw frxqw gdwd dulvh iurp d glvfuhwh glvwulexwlrq1 Uhfdoo/ wkh vwdqgdug dssurdfk wr prg0

holqj hyhqw frxqw gdwd lv wr dvvxph wkdw wkh hyhqwv duh jhqhudwhg iurp d Srlvvrq ghqvlw|

+Nlqj 4<;<d,1 Lq wklv prgho/ wkh suredelolw| ri revhuylqj wkh frxqw +| lv jlyhq e| d Srlvvrq

glvwulexwlrq zlwk phdq duulydo udwh b=

�h E+|mb� ' e3bb+|

+|-
�

Xvlqj pd{lpxp olnholkrrg whfkqltxhv/ rqh fdq frpsxwh dq hvwlpdwh ri wkh Srlvvrq phdq

sdudphwhu b1 Zkhq b ' i T Ef|q� wkh uhvxowlqj prgho lv d Srlvvrq uhjuhvvlrq prgho1 Wkh

Srlvvrq uhjuhvvlrq prgho dvvxphv wkdw hyhqwv duh lqghshqghqw vr wkh phdq dqg yduldqfh
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ri wkh prgho duh htxlydohqw= . d+|o ' T d+|o ' b1 Zkhq wklv dvvxpswlrq lv ylrodwhg/ wkh

yduldqfh lv xvxdoo| odujhu wkdq wkh phdq dqg wkh hyhqwv duh frqvlghuhg ryhu0glvshuvhg1 Zkhq

wkh hyhqwv duh ryhu0glvshuvhg/ wkhq dowhuqdwlyh hvwlpdwruv kdyh ehhq sursrvhg1 Dprqj wkhvh

duh wkh qhjdwlyh elqrpldo dqg jhqhudol}hg hyhqw frxqw +JHF, hvwlpdwruv +Nlqj 4<;<d,1

Zkhq hyhqw frxqwv duh d wlph vhulhv/ wkhvh phwkrgv duh lqydolg1 Iru wlph vhulhv gdwd/ zh

w|slfdoo| zlvk wr hvwlpdwh sdudphwhuv wkdw fkdudfwhul}h wkh g|qdplfv ri wkh gdwd1 Ixuwkhu/

zkhq hyhqw frxqwv duh whpsrudoo| fruuhodwhg wkh| doprvw dozd|v duh ryhu0glvshuvhg1 Vlqfh wkh

Srlvvrq uhjuhvvlrq prgho dvvxphv lqghshqghqfh/ lw lv fohduo| lqydolg1 Wkh qhjdwlyh elqrpldo

prgho lv dovr lqdssursuldwh/ vlqfh lw rqo| dffrxqwv iru wkh lqfuhdvh lq wkh yduldqfh/ exw fdqqrw

fkdudfwhul}h wkh g|qdplf surshuwlhv ri wkh wlph vhulhv ri hyhqw frxqwv1

Wkh wzr pdlq dssurdfkhv wr prgholqj wlph vhulhv ri hyhqw frxqwv lq srolwlfdo vflhqfh duh

wr xvh Jdxvvldq DULPD prghov/ ru wr lqfoxgh d odjjhg ghshqghqw hyhqw frxqw dv d uhjuhvvru

lq wkh phdq ixqfwlrq ri d Srlvvrq/ qhjdwlyh elqrpldo/ ru jhqhudol}hg hyhqw frxqw uhjuhvvlrq

prgho1 Vxssrvh wkdw +| lv d wlph vhulhv ri hyhqw frxqwv1 Li zh prgho +| dvvxplqj wkdw wkh

huuruv duh qrupdoo| glvwulexwhg/ wkhq vxfk d vhulhv fdq eh prghoohg hdvlo| xvlqj h{lvwlqj wlph

vhulhv phwkrgv/ vxfk dv DULPD1 Wr prgho vxfk gdwd/ ohw t|3� ghqrwh wkh klvwru| ri +| xs wr

shulrg |��1 Zh fdq wkhq frpsxwh wkh h{shfwdwlrqv . d+|mt|3�o dqg T d+|mt|3�o xvlqj vwdqgdug
uhvxowv +h1j1 Kdplowrq 4<<7,1 Zkhq wkhvh h{shfwdwlrqv duh xvhg wr prgho wkh vhulhv dqg lwv

fryduldwhv/ zh fdq xvhg wkhvh vlpsoh h{shfwdwlrqv wr fkdudfwhul}h wkh glvwulexwlrq dqg lwv

prphqwv1 Lqihuhqfh derxw wkh sdudphwhuv wkhq iroorzv vwdqgdug whfkqltxhv1

Li +| lv dq hyhqw frxqw/ wkhq DULPD prghov dvvxplqj qrupdoo| glvwulexwhg huuruv duh

 dzhg lq wkuhh zd|v1 Iluvw/ xqohvv wkh ydoxhv ri wkh revhuydwlrqv duh yhu| odujh/ wkh hyhqw

frxqw glvwulexwlrq fdqqrw eh dffxudwho| dssur{lpdwhg e| d qrupdo glvwulexwlrq1 Vhfrqg/ wkh

huuru whup iru wkh prgho pxvw eh vwulfwo| srvlwlyh vr wkdw frqglwlrqdo rq wkh phdq dw wlph |/

wkh glvwulexwlrq ri +| lv frqglwlrqdoo| Srlvvrq ru qhjdwlyh elqrpldo1 Wklug/ prgholqj hyhqw
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frxqwv zlwk d Jdxvvldq glvwulexwlrq ohdgv wr eldv dqg lqh!flhqf| +Nlqj 4<;;,14

Dq dowhuqdwlyh dssurdfk lv wr uhwdlq wkh dvvxpswlrq ri d Srlvvrq ru qhjdwlyh elqrpldo

glvwulexwlrq1 Xqghu wklv dssurdfk srvvleoh g|qdplfv lq hyhqw frxqw gdwd duh prghoohg zlwk d

odjjhg ghshqghqw yduldeoh lq Srlvvrq dqg qhjdwlyh elqrpldo prghov15 Wkhvh prghov/ krzhyhu/

vx�hu iurp wzr srvvleoh sureohpv1 Iluvw/ wkh| idlo wr uhsuhvhqw dghtxdwho| wkh g|qdplfv lq

shuvlvwhqw wlph vhulhv ehfdxvh wkhvh prghov lpso| wkdw wkh jurzwk udwh ri wkh surfhvv lv wkh

h{srqhqwldwhg frh!flhqw rq wkh odjjhg ghshqghqw yduldeoh1 Vxfk d surfhvv pd| srwhqwldoo|

jhqhudwh wlph vhulhv gdwd/ exw qrw gdwd wkdw duh g|qdplf1 Wkh odjjhg Srlvvrq/ qhjdwlyh

elqrpldo/ dqg JHF prghov duh dssursuldwh iru rqo| d yhu| vshfl�f w|sh ri gdwd1

Iru h{dpsoh/ vxssrvh wkdw 5| lv Srlvvrq glvwulexwhg zlwk phdq >| ' i T Ef|B n 45|3��

dqg wkdw f| duh lqghshqghqw dqg lghqwlfdoo| glvwulexwhg1 Wkh odjjhg hyhqw frxqw prgho lv

dssursuldwh rqo| iru vhulhv zlwk h{srqhqwldo jurzwk udwhv dqg qr g|qdplfv1 Wkh jurzwk udwh

ri wklv odjjhg Srlvvrq uhjuhvvlrq prgho lv jlyhq e|

*? E>|�� *?
�
>|3�

�
' f|B �f|3�B n 45|3� � 45|32�

Wdnlqj h{shfwdwlrqv jlyhv

.
k
*? E>|�� *?

�
>|3�

�l
' 4. d5|3� � 5|32o �

Li 4 9' f dqg . d5|3� � 5|32o 9' fc wklv prgho lpsolhv d qrq0}hur jurzwk udwh iru wkh frqglwlrqdo

phdq1 Wkh lqwhusuhwdwlrq ri 4 wkhq ehfrphv sureohpdwlf/ vlqfh lw lv d jurzwk udwh udwkhu wkdq

dq dxwrfruuhodwlrq ru glvfrxqwlqj frh!flhqw1 Wklv phdqv wkdw wkh odjjhg ghshqghqw Srlvvrq

dqg qhjdwlyh elqrpldo prghov fdqqrw eh xvhg wr prgho vwdwlrqdu| wlph vhulhv1 Xqohvv wkh

wlph vhulhv ri hyhqw frxqwv kdv dq h{srqhqwldo ghwhuplqlvwlf wuhqg/ wklv prgho kdv olplwhg

dssolfdelolw|1
4Jdxvvldq DULPD whfkqltxhv kdyh ehhq xvhg e| Eursk|0Edhupdqq dqg Frq|ehduh +4<<7,/ Pdqv�hog

+4<<5,/ R*Eulhq +4<<9,/ Vd|uv +4<<9,/ dqg Vsuljjv dqg Zdkoehfn +4<<8, wr dffrxqw iru g|qdplfv lq hyhqw
frxqw gdwd1

5Wklv phwkrg lv xvhg lq Srlvvrq/ qhjdwlyh elqrpldo ru jhqhudol}hg hyhqw frxqw uhjuhvvlrqv e| Sroolqv
+4<<9,/ Vhqhvh +4<<:,/ Vsuljjv dqg Zdkoehfn +4<<8,1
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D vhfrqg sureohp lv wkdw d vhulhv jhqhudwhg e| d ghwhuplqlvwlf wuhqg zloo kdyh lq�qlwh

yduldqfh1 Wklv kdsshqv ehfdxvh wkh vhulhv jurzv lqgh�qlwho|1 Wkxv/ wkh yduldqfh lv xqgh0

�qhg16 Xqolnh wkh olqhdu fdvh/ zkhuh lqfoxglqj d ghwhuplqvwlf wuhqg vroyhv wklv sureohp/ lq

wkh qrqolqhdu fdvh/ lqfoxvlrq ri d ghwhuplqlvwlf wuhqg grhv qrw/ lq jhqhudo/ vroyh wkh lq�qlwh

yduldqfh sureohp +Kdplowrq 4<<7= Fkdswhu 48,1

415 Wlph vhulhv prghov ri iru hyhqw frxqw gdwd

D ydulhw| ri wlph vhulhv prghov iru hyhqw frxqw gdwd fdq eh irxqg lq wkh vwdwlvwlfv dqg

hfrqrphwulfv olwhudwxuh1 Gdylv/ Gxqvpxlu dqg Zdqj +4<<;, fodvvli| wkhvh prghov dv hlwkhu

�revhuydwlrq gulyhq� ru �sdudphwhu gulyhq� prghov1 Revhuydwlrq gulyhq prghov dvvxph wkdw

wkh g|qdplf surfhvv fdq eh ghvfulehg e| wkh revhuyhg gdwd1 Lq revhuydwlrq gulyhq prghov/

wkh fxuuhqw revhuydwlrq fdq eh gluhfwo| prghoohg dv d ixqfwlrq ri sdvw ydoxhv1 Dowhuqdwlyho|/

sdudphwhu gulyhq prghov dvvxph wkdw wkh g|qdplf surfhvv lv d ixqfwlrq ri wkh odwhqw sdud0

phwhuv ri wkh prgho1 Lq wkhvh prghov/ wkh odwhqw sdudphwhuv ri wkh glvwulexwlrq +wkh phdq

b lq wkh Srlvvrq glvwulexwlrq, duh d ixqfwlrq ri dq xqrevhuyhg g|qdplf surfhvv1 D wklug

dowhuqdwlyh dssurdfk gh�qhv qhz glvwulexwlrqv dqg wlph vhulhv surfhvvhv wkdw jhqhudwh hyhqw

frxqw gdwd1 Wkhvh prghov fdq eh fodvvl�hg dv glvfuhwh ru lqwhjhu ydoxhg dxwruhjuhvvlyh prg0

hov +LQDU,1 Lq wkhvh prghov/ d gdwd jhqhudwlrq surfhvv lv ghvfulehg edvhg rq d jhqhudol}dwlrq

ri dxwruhjuhvvlrq iru glvfuhwh udqgrp yduldeohv1

Erwk wkh revhuydwlrq dqg sdudphwhuv gulyhq prghov duh xvxdoo| hvwlpdwhg xvlqj d vwdwh0

vsdfh ru Ndopdq �owhu dssurdfk1 Revhuydwlrq gulyhq prghov duh forvho| uhodwhg wr Ed|hvldq

iruhfdvwlqj dqg xvh d jhqhudol}dwlrq ri wkh Ndopdq �owhu vwdwh vsdfh prgho1 Gl�huhqw revhu0

ydwlrq gulyhq prghov duh glvfxvvhg e| Gdylv/ Gxqvpxlu dqg Zdqj +4<<;d/ 4<<;e,/ Kduyh|

dqg Ihuqdqghv +4<;<,/ Nlwdjdzd dqg Jhuvfk +4<<9,/ Zhvw/ Kduulvrq dqg Pljrq +4<;8,/ Zhvw

dqg Kduulvrq +4<<:,/ dqg ]hjhu dqg Tdtlvk +4<;;,1 Odwhqw sdudphwhu prghov iru wlph vh0

6Wklv sureohp lv d shfxodulw| ri iuhtxhqwlvw suredelolw| dqg vwdwlvwlfv1 Ed|hvldq lqihuhqfh lv xqd�hfwhg
ehfdxvh ri wkh zd| wkh vdpsoh lv wuhdwhg lq Ed|hvldq vwdwlvwlfv1
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ulhv hyhqw frxqwv duh frqvlghuhg lq ]hjhu +4<;;,/ Gljjoh/ Oldqj dqg ]hjhu +4<<7,/ Mdfnpdq

+4<<;d,/ Vkhskdug +4<<8,1 Wkh lqwhjhu ydoxhg wlph vhulhv dssurdfkhv duh dgguhvvhg e| Do0

Rvk dqg Do}dlg +4<;:/ 4<<3,/ dqg PfNhq}lh +4<;;,1

Vrph ri wkhvh prghov suhvhqw gl!fxow qxphulfdo dqg hvwlpdwlrq lvvxhv/ ru shuirup srruo|

zkhq hvwlpdwlqj sdudphwhuv1 Prghov wkdw vx�hu iurp wkhvh sureohpv lqfoxgh wkh lqwhjhu ydo0

xhg wlph vhulhv prghov ri Do0Rvk dqg Do}dlg +4<;:/ 4<<3/ Vtxlhu 4<<:,1 Wkh odwhqw sdudph0

whu prghov xvh d jhqhudol}hg hvwlpdwlrq htxdwlrq dssurdfk +Gljjoh/ Oldqj dqg ]hjhu 4<<7,1

Wkhvh prghov duh txdvl0pd{lpxp olnholkrrg phwkrgv/ dqg pd| qrw eh ixoo| h!flhqw1 Wkh

vprrwkqhvv sulruv iudphzrun ri Nlwdjdzd dqg Jhuvfk +4<<9, dqg wkh Ed|hvldq iruhfdvwlqj

prghov ri Zhvw hw1 do +4<;8/ 4<;9, duh vlplodu lq vslulw wr rxu dssurdfk/ dowkrxjk wkh| xvh

dq h{solflwo| Ed|hvldq iudphzrun1

Kduyh| +4<;<, ghwdlov wkh vshfl�fdwlrq dqg hvwlpdwlrq ri vwdwh0vsdfh prghov xvlqj wkh

Ndopdq �owhu iru wkh Jdxvvldq fdvh1 Kduyh| +4<;<= 67;087/ 74;055, dqg Kduyh| dqg Ihuqdq0

ghv +4<;<, exlog rq wklv dssurdfk wr ghyhors d vwdwh vsdfh prgho iru hyhqw frxqw gdwd zlwk d

Srlvvrq pdujlqdo glvwulexwlrq1 Zh h{whqg wklv prgho e| fruuhfwlqj d plvvshfl�fdwlrq ri wkh

wudqvlwlrq htxdwlrq lq Kduyh| dqg Ihuqdqghv/ xvlqj d uhvxow ghyhorshg e| Vkhskdug +4<<7,1

Wkh prgho zh ghulyh/ wkh Srlvvrq h{srqhqwldoo| zhljkwhg prylqj dyhudjh +SHZPD,/ lv vlp0

soh wr vshfli| dqg hvwlpdwh1 Pd{lpxp olnholkrrg hvwlpdwlrq grhv qrw uhtxluh dssur{lpdwlrqv

ru Prqwh Fduor lqwhjudwlrq +xqolnh pdq| ri wkh dowhuqdwlyh dssurdfkhv,1 Wkh hvwlpdwlrq ri

SHZPD prghov lv dv hdv| dv vwdqgdug Srlvvrq ru qhjdwlyh elqrpldo prghov17

Lq wkh qh{w vhfwlrq/ zh rxwolqh wkh SHZPDprgho iru shuvlvwhqw hyhqw frxqwv1 Wkh prgho

lv edvhg rq vwuxfwxudo wlph vhulhv prghov/ dv ghvfulehg lq Kduyh| +4<;<,1 Wklv vwuxfwxudo

wlph vhulhv +ru vwdwh0vsdfh, prgho iru hyhqw frxqw gdwd lv edvhg rq wkh uhsuhvhqwdwlrq vlplodu

wr Kduyh| dqg Ihuqdqghv +4<;<,/ Kduyh| +4<;<, dqg Zhvw dqg Kduulvrq +4<<:,1 Zh wkhq xvh

7Lq dgglwlrq/ zh kdyh zulwwhq dqg duh pdnlqj dydlodeoh vriwzduh zulwwhq lq JDXVV wkdw fdq eh xvhg wr
hvwlpdwh wkh prgho1

:



Prqwh Fduor vlpxodwlrqv wr vkrz wkdw wklv g|qdplf hyhqw frxqw prgho shuirupv pxfk ehwwhu

rq h!flhqf| jurxqgv wkdq gr Srlvvrq dqg qhjdwlyh elqrpldo prghov1 Ilqdoo|/ zh suhvhqw dq

dssolfdwlrq edvhg rq uhfhqw dqdo|vhv ri X1V1 Vxsuhph Frxuw fdvh djhqgdv wr looxvwudwh krz

wkh prgho fdq eh xvhg iru vlpsoh lqwhuyhqwlrq dqdo|vlv1 Wkh frqvhtxhqfhv ri rxu dqdo|vlv

lqglfdwh wkdw li rqh wklqnv wkdw hyhqw frxqwv kdyh d vwurqj g|qdplf/ rqh vkrxog prgho wkh

g|qdplfv gluhfwo|1

5 Wkh Srlvvrq H{srqhqwldoo| Zhljkwhg Prylqj Dyhu0
djh Prgho

514 Wkh Prgho

Wr dgguhvv wkh sureohp ri prgholqj shuvlvwhqw wlph vhulhv hyhqw frxqwv/ zh xvh d vwuxfwxudo

wlph vhulhv prgho1 Lq jhqhudo/ d vwuxfwxudo wlph vhulhv prgho vshfl�hv wzr htxdwlrqv= 4, wkh

phdvxuhphqw ghqvlw| ru v|vwhp htxdwlrq dqg 5, wkh vwdwh ghqvlw| ru wudqvlwlrq htxdwlrq wr

ghvfuleh wkh hyroxwlrq ri d wlph vhulhv1 Wkh phdvxuhphqw ru v|vwhp htxdwlrq ghvfulehv wkh

surfhvv wkdw jhqhudwhv wkh revhuyhg gdwd1 Wkh vwdwh ghqvlw| ru wudqvlwlrq htxdwlrq gh�qhv

wkh vwrfkdvwlf wudqvlwlrq surfhvv iru wkh sdudphwhuv iurp shulrg | � � wr shulrg |1 Lq wkh

fdvh zkhuh wkh huuru surfhvv lv frqglwlrqdoo| qrupdo/ wklv fdq eh grqh xvlqj olqhdu htxdwlrqv1

Lq idfw/ wkh dvvxpswlrq ri qrupdolw| doorzv wkh xvh ri wkhvh olqhdu prghov wr vshfli| wkh

glvwulexwlrq wr wkh phdvxuhphqw dqg vwdwh yduldeohv lq whupv ri wkhlu phdqv dqg fryduldqfhv1

Zkhq wkh huuruv lq erwk htxdwlrqv duh dvvxphg wr eh qrupdo/ wkh vshfl�fdwlrq dqg hvwlpdwlrq

ri wkh prgho lv grqh xvlqj wkh Ndopdq �owhu +Kduyh| 4<;</ Kdplowrq 4<<7,

Iru hyhqw frxqw gdwd/ vshfli|lqj d vwuxfwxudo wlph vhulhv prgho lv pruh sureohpdwlf1 Wkh

sureohpv zlwk zulwlqj grzq d prgho zkhuh wkh glvwulexwlrq ri hyhqw frxqw +| ghshqgv rq

sdvw revhuydwlrqv duh lghqwli|lqj dqg hvwlpdwlqj wkh prgho1 Wr ghdo zlwk wkhvh sureohpv

zh dgrsw wkh dssurdfk ri Kduyh| dqg Ihuqdqghv +4<;<,1 Wkh| hpsor| qdwxudo frqmxjdwh

ghqvlwlhv wr vlpsoli| wkh ghyhorsphqw ri wkh prgho dqg qxphulfdo fdofxodwlrqv1 D frqmxjdwh

;



ghqvlw| lv d sulru glvwulexwlrq wkdw diwhu ehlqj frpelqhg zlwk d olnholkrrg ixqfwlrq |lhogv d

srvwhulru glvwulexwlrq ri wkh vdph irup1 D frqmxjdwh ghqvlw| lv d qdwxudo frqmxjdwh ghqvlw|

li lw lv lq wkh fodvv ri glvwulexwlrqv zlwk wkh vdph ixqfwlrqdo irup dv wkh olnholkrrg ixqfwlrq1

+Mxgjh hw1 do 4<;;= 457> GhJurrw 4<:3= 48<,1 Iru h{dpsoh/ li + lv vdpsohg iurp d Srlvvrq

glvwulexwlrq zlwk xqnqrzq phdq b/ wkhq wkh qdwxudo frqmxjdwh sulru wkdw ghvfulehv b lv wkh

jdppd glvwulexwlrq1 Li + lv vdpsohg iurp d qrupdo glvwulexwlrq zlwk xqnqrzq phdq > dqg

nqrzq yduldqfh j/ wkhq wkh qdwxudo frqmxjdwh sulru lv d qrupdo glvwulexwlrq +Mxgjh hw1 do

4<;;= 45607> GhJurrw 4<:3= 497/49:,1 Xvlqj qdwxudo frqmxjdwh ghqvlwlhv wr ghvfuleh wkh

xqrevhuyhg sdudphwhuv ri wkh prgho kdv wzr ehqh�wv1 Iluvw/ lw doorzv xv wr ghulyh nqrzq

forvhg irup glvwulexwlrqv iru wkh prgho sdudphwhuv1 Vhfrqg/ lq sudfwlfh rxu prgho fdq eh

lpsohphqwhg zlwkrxw wkh xvh ri Pdunry0Fkdlq0Prqwh0Fduor phwkrgv ru rwkhu qxphulfdo

dssur{lpdwlrqv iru wkh ghqvlw| ixqfwlrqv +fi1 Mdfnpdq 4<<;d/ 4<<;e,1 Wkh uhvxow lv d vlpsoh

prgho wkdw pd| eh sudfwlfdoo| hvwlpdwhg wr ghwhuplqh wkh suhvhqfh ri g|qdplfv lq wlph0vhulhv

frxqw gdwd1

Wkh prgho iru wlph vhulhv frxqw gdwd lv edvhg rq d Ndopdq �owhu vhwxs zlwk d Srlvvrq

phdvxuhphqw htxdwlrq dqg d jdppd glvwulexwhg vwdwh htxdwlrq1 Wkh prgho fdswxuhv wkh

fkdqjhv lq wkh phdq duulydo udwh ri wkh Srlvvrq surfhvv dw wlph |1 Dvvxph wkdw wkh frxqw dw

wlph |/ ghqrwhg +|/ iroorzv d Srlvvrq glvwulexwlrq zlwk d frqglwlrqdo phdq dw wlph | ghqrwhg

>|/ zlwk h{solflw ghshqghqfh rq |� Wkh yduldeoh >| lv dvvxphg wr eh jdppd glvwulexwhg/ vlqfh

wkh jdppd lv wkh frqmxjdwh glvwulexwlrq iru wkh Srlvvrq1 Zlwk wkhvh dvvxpswlrqv/ rqh fdq

wkhq ghulyh wkh uhvxowlqj frqglwlrqdo iruhfdvw glvwulexwlrq iru wkh phdq1 Lq wkh hvwlpdwlrq ri

wkh phdq ri >|/ rqh qhhgv wr dffrxqw iru wkh klvwru| ri wkh surfhvv xs wr dqg lqfoxglqj shulrg

|� �� Zh ghqrwh wklv vhtxhqfh ri frqglwlrqlqj gdwd e| wkh yhfwru t|3�1 Wklv yhfwru frqwdlqv

erwk sdvw revhuyhg ydoxhv ri frxqwv +|/ dqg dq| lqghshqghqw yduldeohv f| wkdw kdyh ehhq re0

vhuyhg xs wr dqg lqfoxglqj shulrg |� �� Wkh yhfwru/ t|3� ' E+fc +�c ���c +|3�( ffc f�c ���f|3��/

lv wkh ixoo lqirupdwlrq vhw dydlodeoh dw wlph |1 Lq dgglwlrq/ wkh prgho dovr frqwdlqv d k|0

<



shusdudphwhu f 	 / � �� Wklv sdudphwhu doorzv wkh sdvw revhuydwlrqv wr eh glvfrxqwhg lq

pdnlqj frqglwlrqdo iruhfdvwv ri wkh phdq ri ixwxuh revhuydwlrqv18 Wkurxjkrxw wkh sdshu/ zh

xvh wkh qrwdwlrq �|�|3� wr uhsuhvhqw wkh ydoxh ri wkh udqgrp yduldeoh �| frqglwlrqdo rq wkh

revhuyhg lqirupdwlrq vhw lq wkh suhylrxv |� � shulrgv1

Wkh Srlvvrq0jdppd h{srqhqwldoo| zhljkwhgprylqj dyhudjh prgho iru frxqw gdwd +SHZPD,

lv exlow durxqg wkh iroorzlqj wkuhh dvvxpswlrqv wkdw fkdudfwhul}h wkh phdq dqg g|qdplfv ri

wkh surfhvv=

41 Phdvxuhphqw Htxdwlrq= Zh dvvxph wkh revhuyhg frxqwv dw wlph | duh gudzq iurp

Srlvvrq pdujlqdo glvwulexwlrq/

�h E+|m>|� '
>+|
| e

3>|

+|-
� +4,

Wkh xqrevhuyhg phdq duulydo udwh iru wkh frxqw dw wlph | lv >|1 Zh dvvxph wkdw >| lv

sdudphwhul}hg e| wkh pxowlsolfdwlyh htxdwlrq

>| ' >W|3� i T Ef|B� c +5,

zkhuh B lv d g � � yhfwru ri frh!flhqwv/ f| d ��g pdwul{ ri h{sodqdwru| yduldeohv

+zlwkrxw d frqvwdqw,/ dqg d wlph ydu|lqj frpsrqhqw >W|3�1 Dv lq Kduyh| dqg Ihu0

qdqghv +4<;<,/ zh dvvxph wkdw wklv vhsdudwh wlph ydu|lqj ohyho frpsrqhqw >W|3� lv d

pxowlsolfdwlyh idfwru1 Wklv idfwru lv hvwlpdwhg e| wkh Ndopdq �owhu dqg dffrxqwv iru

wkh revhuyhg frxqwv sulru wr wlph | � �1 Wkxv/ lw lv d vprrwkhg phdq ri wkh suhylrxv

revhuydwlrqv1

51 Wudqvlwlrq Htxdwlrq= Wkh vwrfkdvwlf phfkdqlvp iru wkh wudqvlwlrq lq wkh vhulhv iurp

wlph |�� wr wlph | lv d ixqfwlrq ri >|3� dqg >|� Wkh g|qdplfv ri wkh phdq duh ghvfulehg

e| d pxowlsolfdwlyh wudqvlwlrq htxdwlrq zlwk wkh irup

>| ' eo|>|3�#|c | ' �c 2c ���c A +6,

8D k|shusduphwhu lv d sdudphwhu ri d sulru glvwulexwlrq qrw �{hg dw sduwlfxodu qxphulfdo ydoxhv +Jhopdq/
Fduolq/ Vwhuq/ Uxelq 4<<8= 69,1
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zkhuh #| � �e|@ E/@|3�c E�� /� @|3�� +Vplwk dqg Ploohu 4<;9> Vkhskdug 4<<7,1 Wkh

sdudphwhu f 	 / � � fdswxuhv glvfrxqwlqj ri wkh revhuydwlrqv lq frpsxwlqj wkh phdq

dqg #| dqg o| sdudphwhul}h wkh jurzwk udwh lq shulrg |1 Wkh ehwd glvwulexwhg yduldeoh #|

fdswxuhv wkh sursruwlrqdo vwrfkdvwlf vkliw lq wkh phdq iurp wlph |� � wr wlph |1 Iurp

wkh surshuwlhv ri wkh ehwd glvwulexwlrq/ . d#|o ' / ; |1 Wkh sdudphwhu o| ghvfulehv wkh

jurzwk lq wkh vhulhv dqg lqvxuhv wkdw >| : f1

61 Frqmxjdwh Sulru= Wkh sulru glvwulexwlrq iru wkh wlph ydu|lqj frpsrqhqw lv d jdppd

glvwulexwlrq= >W|3� � K E@|3�c K|3�� � Wr lghqwli| wkh prgho lq htxdwlrqv +406,/ zh vshfli|

wkh jdppd glvwulexwlrq dv wkh frqmxjdwh sulru iru wkh glvwulexwlrq ri +|1 Wklv lv wkh

qdwxudo frqmxjdwh glvwulexwlrq iru wkh Srlvvrq sdudphwhu >|/ vlqfh wkh grpdlq ri wkh

Srlvvrq dqg wkh udqjh ri wkh jdppd glvwulexwlrqv frlqflgh dqg lw lv d vx!flhqw vwdwlvwlf

iru >|1 Wkh jdppd ghqvlw| s lv jlyhq e|

s E>( @c K� '
e3K>>@3�K@

K E@�
c

zlwk @ ' @|3�c K ' K|3�cdqg > ' >W|3�1 Wkhvh ydoxhv duh frpsxwhg iurp wkh suhylrxv

|� � revhuydwlrqv/ t|3�1

Wkh wudqvlwlrq htxdwlrq ghwhuplqhv krz wkh suhylrxv klvwru| ri wkh wlph vhulhv lv uh hfwhg

lq wkh fxuuhqw revhuydwlrq1 Wkh yduldeoh >| lv wkh frqglwlrqdo phdq qxpehu ri frxqwv lq shulrg

|1 Wklv lv frpsxwhg edvhg rq doo wkh suhylrxv revhuydwlrqv/ iurp | ' f wr |��1 Dw hdfk wlph

shulrg/ wkh phdq qxpehu ri frxqwv/ frqglwlrqdo rq doo wkh sdvw revhuydwlrqv lv d zhljkwhg vxp

ri doo wkh sdvw frxqwv1 Wkh zhljkwv duh uh hfwhg e| wkh k|shusdudphwhu whup // zklfk lv wkh

glvfrxqw udwh iru wkh sdvw revhuydwlrqv1 Vpdoohu ydoxhv ri / lpso| ohvv glvfrxqwlqj/ vr pruh

uhfhqw revhuydwlrqv pdwwhu pruh dqg wkh vhulhv ghprqvwudwhv vljql�fdqw shuvlvwhqfh1 Odujhu

ydoxhv lpso| wkdw doo sdvw revhuydwlrqv pdwwhu ohvv/ dqg wkh h�hfw ri klvwru| ghfd|v udslgo|1

Zkhq / ' �/ wkhq d frqvwdqw phdq ghvfulehv wkh surfhvv1 Wkhvh glvfrxqwhg wlph0ydu|lqj

phdqv duh frpsxwhg yld wkh Ndopdq �owhu1
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Wkh sdudphwhuv o| dqg #| fdswxuh wkh vwrfkdvwlf ru udqgrp h�hfwv ryhu wlph1 Wkhvh

whupv ghvfuleh wkh shu shulrg jurzwk udwh ri wkh frqglwlrqdo phdq >|1 Wkh shu shulxrg

jurzwk udwh lv wkh fkdqjh lq wkh phdq qxpehu ri frxqwv lq wkh shulrg/ |� � wr |1 Lq d odwhu

vhfwlrq rxu fkdudfwhul}dwlrq ri wkh prgho vkrzv wkdw wkh h{suhvvlrq iru wkh h{shfwhg jurzwk

udwh lv . d*? E/�� o|o ' f1 Wkh ehwd glvwulexwhg huuru whup ixo�oov wzr ixqfwlrqv1 Iluvw/ lw

lv sdudphwhul}hg lq whupv ri @|3� +wkh orfdwlrq sdudphwhu ri wkh phdq, dqg / wr pdlqwdlq

frqmxjdf| vr wkdw zh fdq fduu| rxw odwhu frpsxwdwlrqv1 Vhfrqg/ lw ghvfulehv wkh ghjuhh ri

glvfrxqwlqj ryhu wlph/ vlqfh . d#|o ' /1

Wkh fryduldwhv f|c hqwhu wkh prgho frqwhpsrudqhrxv zlwk wkh ohyho ri wkh wlph vhulhv

dw | � �/ qdpho| >W|3�1 Wkh h�hfw ri wkh fryduldwhv lv wkh vdph dv lq wkh vwdqgdug Srlvvrq

uhjuhvvlrq prgho1 Frqglwlrqdo rq wkh phdq ri wkh vhulhv dw wlph |��/ wkh h�hfw ri d rqh xqlw

fkdqjh lq f| lv jlyhq e| B1 Vlqfh f| dqg B duh prghoohg xvlqj dq h{srqhqwldo olqn ixqfwlrq/

wkh h�hfw ri d rqh xqlw fkdqjh lq f| lv d �ff Ei T EB�� �� shufhqw fkdqjh lq +|/ mxvw dv lq

wkh Srlvvrq prgho1

Kduyh| dqg Ihuqdqghv dgrswhg dq dowhuqdwlyh wudqvlwlrq htxdwlrq zlwk wkh irup >| '

>|3�#|/
3�1 Krzhyhu/ Vkhskdug +4<<7, flwlqj Qhovrq +4<<3, qrwhv wkdw li / 	 �c wkhq >|

frqyhujhv wr }hur dv | $ 41 9 Zh dyrlg wklv sureohp e| dgrswlqj wkh wudqvlwlrq htxdwlrq

zlwk wkh dgglwlrqdo whup o| vxjjhvwhg e| Vkhskdug*v +4<<7, zrun rq orfdo vfdoh prghov1:

Hvwlpdwlrq ri wkh prgho uhtxluhv d wlph ghshqghqw vhulhv ri uhfxuvlrqv iru wkh frqglwlrqdo

phdq . d>|mt|3�o dqg wkh srvwhulru phdq . d>|mt|o1 Wkhvh uhfxuvlrqv gh�qh d Ndopdq �owhu iru
9Wkh uhdvrq iru wklv lv wkdw wkh jurzwk udwh iru wkh Kduyh| dqg Ihuqdqghv* wudqvlwlrq htxdwlrq fdq eh

dssur{lpdwhg e| oq
�

�
w

�
w�4

�
@ oq +�w, � oq +$, = E| Mhqvhq*v lqhtxdolw|/ wklv txdqwlw| zloo eh qhjdwlyh rq

dyhudjh1 D vlplodu uhvxow lv irxqg lq Juxqzdog/ Kdp}d dqg K|qgpdq*v +4<<:= Wkhruhp 4, glvfxvvlrq ri
srzhu vwhdg| prghov +ri zklfk wklv prgho lv d vshfldo fdvh,1 Lq wkhlu glvfxvvlrq ri Kduyh| dqg Ihuqdqghv*
prgho/ Eurfnzhoo dqg Gdylv +4<<9, dovr qrwh wklv sureohp/ flwlqj Juxqzdog/ Kdp}d dqg K|qgpdq1 Wkh
dgglwlrq ri wkh huw whup wr wkh wudqvlwlrq htxdwlrq ri Kduyh| dqg Ihuqdqghv +4<;<, lpsolhv wkdw wkh vhulhv
zloo kdyh d }hur jurzwk udwh1

:Zh fdxwlrq uhdghuv zkr pljkw xvh wkh Kduyh| dqg Ihuqdqghv +4<;<, uhvxow1 Wkhlu wudqvlwlrq htxdwlrq
surylghv dq lqfruuhfw prgho ri wkh vwrfkdvwlf surfhvv iru wkh phdq ri hyhqw frxqwv1 Wkh wudqvlwlrq zh xvh
dyrlgv wklv sureohp1 Vr idu dv zh nqrz/ wklv lv wkh �uvw dssolfdwlrq ri Vkhskdug*v wudqvlwlrq htxdwlrq wr d
vwdwh vsdfh prgho iru hyhqw frxqw gdwd1
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wkh Srlvvrq phdvxuhphqw ghqvlw| dqg jdppd glvwulexwhg wudqvlwlrq htxdwlrq1 Wr frpsxwh

wklv �owhu/ zh ghulyh wkh uhfxuvlrqv iru wkh ydoxhv ri @c Kc dqg > doo hydoxdwhg dw wlph | � �

+wkh sulru,/ dw wlph | jlyhq |� � +wkh frqglwlrqdo,/ dqg dw wlph | +wkh srvwhulru,1 Wkh ghwdlov

ri wkhvh ghulydwlrqv duh lqfoxghg lq Dsshqgl{ D1 Udwkhu wkdq irfxv rq wkh frpsxwdwlrqv ri

wkhvh odwhqw sdudphwhuv ri wkh prgho/ zh wxuq wr hvwlpdwlrq dqg surshuwlhv1

515 Hvwlpdwlrq dqg Iruhfdvwlqj

Wkh SHZPD prgho lv hvwlpdwhg xvlqj pd{lpxp olnholkrrg whfkqltxhv1 Ghulydwlrq ri wkh

olnholkrrg ixqfwlrq uhtxluhv frpsxwlqj wkh suhglfwlyh glvwulexwlrq ri wkh wlph vhulhv ri hyhqw

frxqwv xqghu wkh dvvxpswlrqv ri wkh prgho1 D surshu glvwulexwlrq iru >| uhtxluhv wkdw >| 9' f

iru | ' f1 Wkxv/ zh vhw | ' � c zkhuh � lv wkh wlph ri wkh �uvw qrq0}hur revhuydwlrq1 Lq sudfwlfh/

zh lqlwldol}h wkh �owhu dw | ' f xvlqj wkh vdpsoh phdq ri wkh vhulhv iru >f1
; Frqvwuxfwlqj

wkh olnholkrrg ixqfwlrq surfhhgv lq wzr vwhsv1 Iluvw/ zh ghulyh wkh suhglfwlyh glvwulexwlrq

iru wkh hyhqw frxqw vhulhv xqghu wkh SHZPD prgho1 Qh{w/ zh xvh wklv wr frpsxwh wkh

orj0olnholkrrg ixqfwlrq1

Wkh mrlqw ghqvlw| frqglwlrqdo rq t� iru revhuydwlrqv +�n�c ���c +A lv=

�h E+�n�c ���c +A � '
A\

|'�n�

�h E+|mt|3�� +7,

'
A\

|'�n�

�h E+|m>|�� ~} � ��h E>|mt|3��� ~} � �
�e@r�oe6e?| Ao@?r�|�J?

Wkh nh| wr xqghuvwdqglqj wklv suhglfwlyh glvwulexwlrq lv wkh ghfrpsrvlwlrq ri wkh srvwhulru

suredelolw| �h E+|mt|3��1 Xvlqj wkh Ndopdq �owhu rxwolqhg lq wkh dsshqgl{/ zh fdq frqglwlrq

wkh revhuyhg gdwd rq wkh frpsrqhqwv ri wkh suhglfwlyh glvwulexwlrq= wkh suredelolw| ri wkh

hyhqw +iurp d Srlvvrq glvwulexwlrq, dqg wkh suredelolw| ri wkh xqrevhuyhg phdq +iurp d

;Wkh sulru ehfrphv gl�xvh dv d dqg e dssurdfk }hur1 Dowkrxjk wkh jdppd glvwulexwlrq lv ghjhqhudwh lq
wklv fdvh/ d @ e @ 3 lpsolhv wkdw Su +� @ 3, @ 41 Wkh glvwulexwlrq ri �w lv wkhq surshuo| gh�qhg dw w @ �
zkhuh � lv wkh �uvw qrq0}hur revhuydwlrq +Kduyh| dqg Ihuqdqghv 4<;<= 73;,1 Wklv fdq eh hdvlo| lpsohphqwhg
e| uhprylqj wkh �uvw � � 4 }hur revhuydwlrqv iurp wkh gdwd1
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jdppd glvwulexwlrq,1 Qrwh wkdw wkhvh wzr frpsrqhqwv fruuhvsrqg wr wkh phdvxuhphqw dqg

wudqvlwlrq htxdwlrqv1

Vlqfh wkh jdppd lv wkh qdwxudo frqmxjdwh glvwulexwlrq ri wkh Srlvvrq/ wkh uhvxowlqj suh0

glfwlyh glvwulexwlrq dqg olnholkrrg duh lq wkh vdph idplo| ri glvwulexwlrqv dv wkh Srlvvrq1

Wklv suhglfwlyh glvwulexwlrq lv d Srlvvrq zlwk d jdppd sulru/

�h E+|mt|3�� '
] "

f
�h E+|m>|� �h E>|mt|3�� _>|

'
K E+| n /@|3��

+|-K E/@|3��
E/K|3� i T E�f|B � o|��

/@|3� � +8,

E� n /K|3� i T E�f|B � o|��
3E+|n/@|3�� c

zkhuh @|3�c K|3�c dqg o| duh edvhg rq wkh �owhu frpsxwdwlrqv1 Wklv lv d qhjdwlyh elqrpldo

glvwulexwlrq1

Vlqfh wkh revhuyhg suhglfwlyh glvwulexwlrq ri wkh gdwd lv qhjdwlyh elqrpldo/ wkh yduldqfh

lv odujhu wkdq wkh phdq1 Wkxv/ udwkhu wkdq dvvxplqj wkdw ryhu0glvshuvlrq lv fdxvhg e|

xqrevhuyhg khwhurjhqhlw| ru xqnqrzq frqwdjlrq lq wkh gdwd/ d g|qdplf surfhvv surgxfhv

wkh ryhu0glvshuvlrq1 Frqwudvw wklv zlwk Nlqj*v +4<;<e, Jhqhudol}hg Hyhqw Frxqw prgho lq

zklfk d glvshuvlrq sdudphwhu lv hvwlpdwhg wr dffrxqw iru wkh xqnqrzq ghjuhh ri ryhu0 ru

xqghu0glvshuvlrq lq wkh gdwd1 Lq rxu prgho/ zh hvwlpdwh dq dgglwlrqdo sdudphwhu wr dffrxqw

iru wkh glvfrxqwlqj ri wkh sdvw revhuydwlrqv lq wkh phdq ohyho ri revhuydwlrqv1 Iru rwkhu zd|v

wr frqfhswxdol}h ryhu0glvshuvlrq lq hyhqw gdwd/ vhh Zlqnhopdqq +4<<8,1

Jlyhq wkh frqglwlrqdo suredelolw| ghqvlw| ri +|mt|3�/ zh fdq frqvwuxfw wkh orj0olnholkrrg

ixqfwlrq iru wkh xqnqrzq k|shusdudphwhu dqg wkh sdudphwhuv lq wkh olqn ixqfwlrq edvhg rq

+7,=

*?u E/c Bm@|3�c K|3�c +|c f|� '
A[

|'�n�

*? K E+| n /@|3��� *? E+|-�

� *? K E/@|3�� n /@|3� *? E/K|3� i T E�f|B � o|�� +9,

� E/@|3� n +|� *? E� n /K|3� i T E�f|B � o|��
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Pd{lpl}lqj zlwk uhvshfw wr / dqg B surylghv dq hvwlpdwh ri wkh k|shusdudphwhu dqg

rwkhu sdudphwhuv/ uhvshfwlyho|1 Qrwh wkdw wkh frpsxwdwlrq ri wklv olnholkrrg uhtxluhv dq

dqdo|wlf vroxwlrq iru o|/ zklfk fkdudfwhul}hv wkh shu shulrg jurzwk udwh iurp shulrg |� � wr

|1 Dsshqgl{ D suhvhqwv wkh ghulydwlrq ri wklv txdqwlw|1

Wkh iruhfdvw ixqfwlrq iru wkh SHZPD prgho lv ghulyhg jlyhq hvwlpdwhv ri / dqg B1 Iurp

wkh surshuwlhv ri wkh qhjdwlyh elqrpldo glvwulexwlrq wkh phdq dqg yduldqfh ri wkh suhglfwlyh

glvwulexwlrq dw wlph A n � duh rewdlqhg iurp wkh �owhu sdudphwhuv=

. E+An�mtA � '
@A
KA

'
@An��A n +A
KAn��A n �

'
/@A n +A

/KA n i T Ef|B n o|�
c +:,

T E+An�mtA � '
@An��A

�
� n KAn��A

�
K2An��A

' /3�T E>A mtA � n . E>A mtA � +;,

zkhuh @A dqg KA duh wkh srvwhulru jdppd glvwulexwlrq sdudphwhuv frpsxwhg e| wkh �owhu1

Edvhg rq uhshdwhg vxevwlwxwlrqv ri @|3�c @|�|3�c @|c K|3�c K|�|3�c K| +iurp wkh �owhu frpsxwd0

wlrqv, wkh iruhfdvw ixqfwlrq iru wkh rqh0vwhs dkhdg suhglfwlrq lv=

7+An��A ' i T EfAn�B n oAn��

SA3�
�'f /�+A3�SA3�

�'f /� i T EfA3�B n oA3��
' 7>An��A � +<,

Wklv iruhfdvw ixqfwlrq kdv d qdwxudo lqwhusuhwdwlrq lq wkh frqwh{w ri nqrzq wlph vhulhv

prghov1 Wkh iruhfdvw frqglwlrqv wkh revhuydwlrq lq shulrg A n � rq wkh uhdol}dwlrqv ri

sdvw revhuydwlrqv/ dv zhoo dv wkh fryduldwhv wkdw hqwhu wkh prgho pxowlsolfdwlyho| dffrug0

lqj wr +5,1 Wkh iruhfdvw phdq ohyho lv d glvfrxqwhg zhljkwhg dyhudjh ri sdvw revhuydwlrqv/

zkhuh wkh zhljkwv ghfolqh h{srqhqwldoo|1 Wkh iruhfdvw ixqfwlrq surgxfhv hvwlpdwhv wkdw iro0

orz dq h{srqhqwldoo| zhljkwhg prylqj dyhudjh +HZPD, +Kduyh| 4<;<= 58059,1 Zkhq A lv

odujh/ 7+|n��| dssurdfkhv /7+|�|3� n E�� /� +| iru | ' �c ���c A 1 Wklv lv wkh olplwlqj irup ri wkh

HZPD iru >|n��|1 Wkh frh!flhqwv iru wkh f| yhfwru fdq eh lqwhusuhwhg lq wkh vwdqgdug zd|=

�ffEi TEB���� lv wkh shufhqwdjh fkdqjh lq wkh phdq jlyhq wkh ydoxh >|3� dqg d xqlw fkdqjh

lq f|1
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Pxowl0vwhs suhglfwlrq lv dovr srvvleoh1 Vlqfh wklv lv qrw hvvhqwldo wr wkh prgho/ zh lqfoxgh

wkh glvfxvvlrq ri wkh pxowl0vwhs suhglfwlrq ixqfwlrq lq Dsshqgl{ E1

516 Ghvfulswlrq ri wkh SHZPD Surfhvv

Wkh SHZPD grhv qrw kdyh d vlpsoh olqhdu vwuxfwxuh1 Wkxv/ lw lv ohvv wkdq reylrxv krz wkh

g|qdplfv ri wkh wlph vhulhv hyroyh ryhu wlph1 Lq wklv vhfwlrq zh fkdudfwhul}h wkh hyroxwlrq

ri wkh wlph vhulhv e| dqdo|}lqj wkh surshuwlhv ri wkh wudqvlwlrq htxdwlrq +6, dqg wkh iruhfdvw

ixqfwlrq +<,1 Rxu fkdudfwhul}dwlrq vkrzv krz wkh phdq ri wkh surfhvv/ >| hyroyhv ryhu wlph1

Zh fdq vkrz wkdw wkh wudqvlwlrq htxdwlrq dqg wkh iruhfdvw ixqfwlrq iru wkh SHZPD lpso|

wkdw wkh phdq hyroyhv dffruglqj wr d udqgrp zdon surfhvv1 Yld vrph vlpsoh fdofxodwlrqv/

zh fdq ghulyh wkh wkhruhwlfdo jurzwk udwh iru wkh prgho1 Uhfdoo wkdw wkh wudqvlwlrq htxdwlrq

lv zulwwhq

>| ' eo|>|3�#|c

rJ *? E>|�� *?
�
>|3�

�
' o| n *? E#|� +43,

zlwk >| lv wkh frqglwlrqdo phdq/ o| ghvfulehv wkh shu shulrg jurzwk udwh/ dqg #| duh wkh

huuruv1 Wkh ohiw0kdqg vlgh ri wklv htxdwlrq hvwlpdwhv wkh jurzwk udwh ri wkh vhulhv ri hyhqw

frxqwv dqg lv }hur lq h{shfwdwlrq/ vlqfh zh frqvwuxfwhg .
k
>|3�mt|3�

l
' . d>|mt|3�o1 Wkxv/

wkh h{shfwhg jurzwk udwh lv/

f ' . do|o n . d*? E#|�o � +44,

Wkh wudqvlwlrq htxdwlrq lpsolhv wkdw wkh phdq jurzwk udwh lv }hur1

Hyhq wkrxjk wkh h{shfwhg jurzwk udwh lv }hur/ lq �qlwh vdpsohv orfdo vwrfkdvwlf wuhqgv

fdq eh prghohg dv d SHZPD1 Vlqfh lq prvw fdvhv wuhqgv lq hyhqw frxqwv zloo eh orfdo udwkhu

wkdq joredo/ wkh SHZPD zloo eh dssursuldwh lq doprvw doo fdvhv zkhuh hyhqw frxqwv duh

shuvlvwhqw1<

<Zh frqmhfwxuh wkdw hyhqwv zloo qrw eh h{sorvlyh ehfdxvh zlwk �{hg wlph volfhv/ rqo| vr pdq| hyhqwv fdq
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Krz wkhq grhv wkh phdq ri wkh SHZPD/ >| hyroyh ryhu wlphB Zh dqvzhu wklv txhvwlrq

e| hydoxdwlqj d uhfxuvlrq ri wkh qdwxudo orj ri wkh wudqvlwlrq htxdwlrq1 Vkhskdug +4<<7,

vkrzv wkdw jdppd glvwulexwhg wudqvlwlrq htxdwlrqv ri wkh irup +6, iroorz d udqgrp zdon lq

wkhlu qdwxudo orjdulwkp1 Vwduwlqj dw shulrg }hur/ uhshdwhg vxevwlwxwlrqv vkrz=

*?>� ' o� n *?>f n *? #�

*?>2 ' o2 n o� n *?>f n *? #� n *? #2

� � �

*?>| ' *?>f n
|[

�'�

�
*? #� � o�

�
�

Wklv �qdo htxdwlrq lv d udqgrp zdon1 Wklv lv d jhqhudo uhvxow iru pxowlsolfdwlyh jdppd

wudqvlwlrqv ri wkh irup lq +6,1

Zh zrxog olnh wr eh deoh wr gldjqrvh zkhq wr xvh wkh SHZPD prgho1 Juxqzdog/ K|qg0

pdq Whghvfr dqg Wzhhglh +4<<:, vkrz wkdw vwdqgdug dxwrfruuhodwlrq ixqfwlrq frpsxwdwlrqv

fdq eh xvhg wr gldjqrvh d olqhdu dxwruhjuhvvlrq surfhvv iru hyhqw frxqwv1 Eudqgw/ Zlooldpv

dqg Irugkdp +4<<;, dqg Eudqgw dqg Zlooldpv +4<<;d, ghprqvwudwh wkdw vwdqgdug dxwr0

fruuhodwlrq ixqfwlrq fdofxodwlrqv duh jrrg gldjqrvwlf wrrov iru wlph vhulhv ri frxqw gdwd wkdw

iroorz d pruh jhqhudo dxwruhjuhvvlyh surfhvv1 Wklv lv wkh fdvh iru wkh SHZPD dv zhoo/ zkhuh

zh zrxog h{shfw wkh DFI wr glvsod| shuvlvwhqfh ryhu pdq| odjv1

Wkh fkdudfwhulvwlfv ri wkh SHZPD surfhvv duh ghprqvwudwhg lq Iljxuh 41 Iljxuh 4

suhvhqwv d vlpxodwhg SHZPD vhulhv dv zhoo dv vrph gldjqrvwlf sorwv iru wkh vhulhv1 Wkh

SHZPD vhulhv lq wkh �jxuh zdv jhqhudwhg xvlqj wkh dvvxpswlrqv wkdw >f ' �/ f| � � Efc ��/

B ' f�D/ dqg / ' f�e1 Wkh �uvw judsk lq wkh �jxuh vkrzv wkh dfwxdo vhulhv1 Wkh vhfrqg judsk

vkrzv wkh gl�huhqfh/ *?>| � *?>|3�1 Wkh wklug judsk vkrzv wkh dxwrfruuhodwlrq ixqfwlrq

+DFI, iru wkh vhulhv1 Wkh �qdo judsk vkrzv wkh DFI iru wkh orj gl�huhqfh ri wkh phdq/ >|1

kdsshq1 Iru h{dpsoh/ rqo| vr pdq| ulrwv fdq kdsshq lq dq| jlyhq prqwk1 Wkxv/ wkh SHZPD lv pxfk pruh
dssursuldwh iru prgholqj shuvlvwhqw gdwd wkdq lv d odjjhg ghshqghqw uhjuhvvru prgho/ wkh odwwhu uhtxlulqj
wkh qxpehu ri hyhqwv wr lqfuhdvh iruhyhu1

4:



	Iljxuh 4 derxw khuh:

Qrwlfh wkdw wkh DFI iru wkh vlpxodwhg SHZPD vhulhv vkrzv d odujh ghjuhh ri ghshqghqfh1

Rqfh wkh orfdo phdq *? E>|� lv gl�huhqfhg/ zh vhh wkdw lw orrnv olnh d phdq }hur surfhvv

+Judsk 5,143 Wkh DFI iru wkh gl�huhqfhg vhulhv kdv rqo| rqh vljql�fdqw qhjdwlyh odj1 Wklv

lv frqvlvwhqw zlwk wkh prylqj dyhudjh surfhvv wkdw jhqhudwhv wkh vwdwh yduldeoh >|1

6 Prqwh Fduor H{shulphqwv

Zh prwlydwhg wkh SHZPDprgho e| dujxlqj wkdw h{lvwlqj DULPD prghov frxog qrw kdqgoh

gdwd wkdw lv jhqhudwhg iurp glvfuhwh hyhqw frxqw surfhvvhv vxfk dv wkh Srlvvrq ru qhjdwlyh

elqrpldo1 Krzhyhu/ lw frxog eh dujxhg wkdw h{lvwlqj phwkrgv vxfk dv Srlvvrq ru qhjdwlyh

elqrpldo uhjuhvvlrq frxog kdqgoh wkh g|qdplf sdwwhuqv lq vrph hyhqw frxqw gdwd1 Iru wlph

vhulhv ri frxqwv wkhvh hvwlpdwruv duh svhxgr0pd{lpxp olnholkrrg hvwlpdwruv dqg zloo jhqhudoo|

eh ohvv h!flhqw wkdq wkh wuxh prgho +Jrxulhurx{/ Prqiruw dqg Wurjqrq/ 4<;7d/ 4<;7e/ dqg

Zklwh 4<<7,1 Zh nqrz +iurp ruglqdu| ohdvw vtxduhv,/ krzhyhu/ wkdw idlolqj wr dffrxqw iru

vhuldo ghshqghqfh ohdgv wr lqfruuhfw vwdqgdug huuruv1 Krzhyhu/ wkh h�hfwv ri plvvshfl�hg

g|qdplfv lq hyhqw frxqw prghov kdyh qrw ehhq dghtxdwho| h{soruhg1 Ghulylqj uhvxowv derxw

wkh h�hfwv ri wlph ghshqghqfh iru Srlvvrq dqg qhjdwlyh elqrpldo uhjuhvvlrq xqghu whpsrudo

plvvshfl�fdwlrq lv gl!fxow ehfdxvh ri wkh kljko| qrq0olqhdu qdwxuh ri wkh hvwlpdwruv1 Eudqgw

dqgZlooldpv +4<<;e, vkrz wkdw wkh h�hfwv ri g|qdplf plvvshfl�fdwlrq lq hyhqw frxqw prghov

ohdg wr frpsolfdwhg hvwlpdwruv wkdw pdnh frpsdulvrqv gl!fxow1 Vlqfh wkhvh dqdo|wlf uhvxowv

suhvhqw vljql�fdqw frpsolfdwlrqv/ zh wxuq wr Prqwh Fduor h{shulphqwv wr ghprqvwudwh wkh

frqglwlrqv xqghu zklfk wkh SHZPD lv pruh h!flhqw1

Lq rughu wr dvvhvv wkh surshuwlhv ri wklv wlph vhulhv prgho iru frxqw gdwd/ zh suhvhqw d

vhulhv ri Prqwh Fduor h{shulphqwv1 Wkhvh h{shulphqwv zhuh frqgxfwhg wr lqyhvwljdwh vhyhudo

txhvwlrqv=
43Iru Judsk 5 ri Iljxuh 4/ H
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41 Zkdw duh wkh frqyhujhqfh surshuwlhv ri wkh prghoB Wkdw lv/ krz vhqvlwlyh duh wkh
SHZPD sdudphwhu hvwlpdwhv wr vdpsoh vl}h dqg krz grhv wklv d�hfw wkh delolw| wr
hvwlpdwh wkh wlph vhulhv g|qdplfv uhodwlyh wr dowhuqdwlyh vshfl�fdwlrqvB

51 Zkdw duh wkh glvwulexwlrqdo surshuwlhv ri wkh prgho vshfl�fdwlrqB Srlvvrq dqg qhjdwlyh
elqrpldo prghov frqyhujh wr qrupdolw| udwkhu udslgo| dv wkh phdq jurzv1 Jlyhq wkh
frvw ri hvwlpdwlqj/ vshfli|lqj dqg lqwhusuhwlqj jhqhudol}hg olqhdu prghov dqg vwuxfwxudo
wlph vhulhv prghov zh zdqw wr nqrz xqghu zkdw frqglwlrqv d Jdxvvldq prgho pljkw
surylgh dssur{lpdwho| fruuhfw lqihuhqfhv1

61 Zkdw duh wkh lpsolfdwlrqv iru wkh plvvshfl�fdwlrq ri g|qdplfv iru wkh h!flhqf| ri
hvwlpdwruv lq Srlvvrq dqg qhjdwlyh elqrpldo uhjuhvvlrqB Zh nqrz iurp Nlqj +4<;;,
wkdw idloxuh wr dffrxqw iru wkh Srlvvrq ghqvlw| dvvxpswlrq iru frxqw gdwd ohdgv wr
eldv1 Zkdw lv ohvv reylrxv lv wkh ghjuhh ri h!flhqf| orvv gxh wr plvvshfl�hg whpsrudo
g|qdplfv1

Rxu Prqwh Fduor ghvljq lqfoxghv d vhulhv ri 5: h{shulphqwv1 Zh frqgxfw h{shulphqwv

edvhg rq gdwd jhqhudwhg iurp wkh SHZPD prgho1 Zh ydu| wkh phdq e| fkrrvlqj gl�huhqw

sulruv iru wkh jdppd glvwulexwlrq wkdw lqlwldol}hv wkh vhulhv1 Zh fkrvh ydoxhv ri @f dqg Kf

wr |lhog 6 gl�huhqw ydoxhv ri >f ' �fc 2fc Df1 Zh dovr lqyhvwljdwhg vdpsoh vl}hv ri A '

Dfc �ffc 2ff1 Ilqdoo|/ zh ydulhg wkh g|qdplfv vr wkdw / ' f�2c f�ec f�Sc f�H� Wkh phdq qxpehu

ri frxqwv dqg vdpsoh vl}hv duh uh hfwlyh ri gdwd wkdw lv w|slfdoo| dqdo|}hg lq srolwlfdo vflhqfh

dssolfdwlrqv1

Zh zhuh qrw deoh wr surgxfh Prqwh Fduor uhvxowv iru doo h{shulphqwv zlwk / ' f�21 Iru

ydoxhv ri / qhdu }hur/ wkh g|qdplfv ehfrph vr vwurqj wkdw wkh gdwd jhqhudwlqj surfhvv lv

qrq0vwdwlrqdu|1 Lq odujh vdpsohv +l1h1 A : Df, wkh SHZPD prgho zloo glyhujh wr lq�qlw|

iru / qhdu f1 Iru vpdoo phdqv +>| 	 2f,/ wkh SHZPD vhulhv uhdfkhv dq devruelqj vwdwh

+}hur, dv / dssurdfkhv f1 Wkxv/ jhqhudwlqj svhxgr0udqgrp vhulhv ri SHZPD frxqwv lv yhu|

gl!fxow iru �orqj� wlph vhulhv ru �odujh� phdq frxqwv zkhq / � f�21 Wkxv/ rxu h{shulphqwv

gr qrw lqfoxgh orqj vhulhv +h1j1 A ' 2ffc >f ' �f, zlwk yhu| vpdoo phdq frxqwv/ ru vhulhv

zlwk odujh phdqv dqg h{sorvlyhqhvv1 Lq idfw/ ihz �uhdo� gdwd vhwv wkdw zh kdyh dqdo|}hg zlwk

wkh SHZPD prgho kdyh ydoxhv ri / ohvv wkdq 3171 Zkhq / lv vpdoo/ wkh gdwd whqgv wr eh

yhu| qrq0vwdwlrqdu|1 Wklv lv qrw d ixqfwlrq ri wkh wudqvlwlrq htxdwlrq/ vlqfh wkh g|qdplfv

ri wkh vhulhv duh zhoo gh�qhg lq wkhvh fdvhv1 Udwkhu/ wkhvh h{shulphqwv suhvhqw d gl!fxow
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gdwd jhqhudwlrq sureohp ehfdxvh wkh| duh qrw yhu| olnho| wr kdsshq lq uhdo gdwd1 Vlqfh wkhvh

fdvhv duh qrw frqvlvwhqw zlwk revhuyhg wlph vhulhv ri frxqwv/ zh rplw wkhp1

Iru hdfk Prqwh Fduor h{shulphqw/ 533 uhsolfdwlrqv zhuh frqgxfwhg1 Lq hdfk uhsolfdwlrq/ d

vlqjoh fryduldwh f zdv vshfl�hg dqg khog frqvwdqw wkurxjkrxw wkh h{shulphqw1 Hdfk hohphqw

ri wklv A � � yhfwru f| lv glvwulexwhg � Efc ��1 Wkh yhfwru f| lv �{hg dqg qrw vwrfkdvwlf1

Wkh gdwd jhqhudwlqj surfhvv +GJS, zh xvh lv edvhg rq wkh SHZPD prgho=

�h E+|m>|� '
e3>|>+|

|

+|-
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Wkh prgho grhv qrw frqwdlq d wuhqg1 Wkh frpsohwh GJS lv vshfl�hg e| lqlwldol}lqj wkh

surfhvv/ dqg zh doorz wkh phdq wr eh ghwhuplqhg e| wkh odwhqw yduldeoh >|3� dw wlph }hur1

Lqlwldol}dwlrq lv dffrpsolvkhg e| vshfli|lqj ydoxhv ri @f dqg Kf vr wkdw >f '
@f
Kf
1 Wkh ydoxh

ri >� fdq wkhq eh frpsxwhg edvhg rq wkh yhfwru f| dqg wkh lqlwldol}hg ydoxhv/ @fc Kfc >f1

Dv wkh �owhu uxqv wkurxjk wlph/ wkhq qhz ydoxhv ri o| dqg #| duh frpsxwhg edvhg rq wkh

uhdol}hg ydoxhv ri +| dqg wkh ydoxhv ri @|3� dqg K|3�144 Wkh ydoxh ri B� lv �{hg dw 318 iru doo

h{shulphqwv1

Rqfh zh jhqhudwhg wkh gdwd iru hdfk uhsolfdwlrq/ zh hvwlpdwhg : gl�huhqw prghov1 Wkh

prghov hpsor| gl�huhqw dvvxpswlrqv derxw erwk wkh g|qdplfv dqg glvwulexwlrq ri wkh gdwd1

Dv d ehqfkpdun/ zh hvwlpdwh wkh SHZPD +wkh wuxh prgho,1 Lq dgglwlrq/ zh dovr hvwlpdwhg

wzr prghov edvhg rq Jdxvvldq huuruv wr dvvhvv wkh h�hfwv ri glvwulexwlrqdo plvvshfl�fdwlrq1

Zh hvwlpdwh wzr Jdxvvldq prghov/ rqh zlwk wkh iroorzlqj irup=

*? +| ' Bf n B�f n "|

��|� "| ' �| � 4�|3� @?_ �| � �
�
fc j2�

�
�

44Qrwh wkdw wklv surfhvv lv QRW htxlydohqw wr gudzlqj d yhfwru � dv d udqgrp zdon surfhvv dqg wkhq
gudzlqj d yhfwru ri Srlvvrq glvwulexwhg yduldeohv vxfk wkdw |w � Sr +�w, > w @ 4> ===W= Vxfk d surfhvv idlov wr
dffrxqw iru wkh sdvw uhdol}dwlrqv ri \w�4 @ +|3> |4> ===|w�4,1
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Wkh vhfrqg Jdxvvldq prgho kdv wkh irup=

*? +| ' 4 *? +|3� n Bf n B�f n "|

��|� "| � �
�
fc j2"

�

Wkh �uvw Jdxvvldq prgho kdv dq DU+4, huuru surfhvv dqg lv wkh zhoo nqrzq jhqhudol}hg

ohdvw vtxduhv +JOV, prgho/ zklfk lv dq DULPD+3/3/4, surfhvv1 Zh hvwlpdwh wklv JOV prgho

xvlqj wkh pd{lpxp olnholkrrg julg vhdufk iru 4 vxjjhvwhg e| Kloguhwk dqg Ox +4<93,1 Wkh

vhfrqg prgho lv dq ROV prgho zlwk d odjjhg ghshqghqw yduldeoh1 Zh uhihu wr wklv prgho dv

orjjhg0odjjhg ROV +OOROV,145

Wkh uhpdlqlqj irxu prghov duh edvhg rq zhoo nqrzq Srlvvrq uhjuhvvlrq dqg qhjdwlyh

elqrpldo uhjuhvvlrq prghov1 Iru wkh Srlvvrq uhjuhvvlrq dqg qhjdwlyh elqrpldo uhjuhvvlrq/ zh

srvlw wzr gl�huhqw phdq ixqfwlrqv=

b| ' i T EBf n B�f|�

@?_ b| ' i T EBf n B�f| n 4+|3��

Prghov edvhg rq wkh vhfrqg phdq ixqfwlrq duh uhihuuhg wr dv odjjhg Srlvvrq uhjuhvvlrq ru

qhjdwlyh elqrpldo1 Wkh qhjdwlyh elqrpldo lv hvwlpdwhg xvlqj wkh sdudphwhul}dwlrq vxjjhvwhg

e| Nlqj +4<;<f,1

Diwhu hvwlpdwlqj wkhvh prghov/ zh vdyhg wkh frh!flhqwv/ vwdqgdug huuruv dqg vhyhudo rwkhu

gldjqrvwlfv1 Vwdqgdug huuruv iru POH phwkrgv zhuh hvwlpdwhg xvlqj wkh rxwhu0surgxfw ri wkh

judglhqw phwkrg/ lqyhuvlrq ri wkh qxphulfdo Khvvldq/ dqg wkh Kxehu0Zklwh khwhurvfhgdvwlf

frqvlvwhqw phwkrgv1 Wkh uhvxowv zh uhsruw khuh duh edvhg rq wkh Kxehu0Zklwh vwdqgdug

huuruv1 Zh fkrrvh wr xvh Kxehu0Zklwh vwdqgdug huuruv qrw ehfdxvh wkh| duh dssursuldwh

ehfdxvh lq idfw wkh gdwd grhv qrw frqwdlq khwhurjhqhlw|1 Udwkhu/ zh fkrrvh wkhvh ehfdxvh

45Iru erwk Jdxvvldq prghov/ zh idfh wkh sureohp ri wdnlqj oq+|w, zkhq |w lv }hur1 Wr ghdo zlwk wkhvh
fdvhv/ zh dgg d vpdoo srvlwlyh frqvwdqw +31334, wr wkh revhuyhg hyhqw frxqwv1 Zkloh wklv ohdgv wr eldv dqg
lqh!flhqf| +Nlqj 4<;;,/ lw lv d frpprq sudfwlfh1
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doprvw doo dssolhg zrun lq d wlph vhulhv frqwh{w xvh wkhvh dqg wkh| duh zlgho| uhsruwhg lq

srolwlfdo vflhqfh dssolfdwlrqv1

Wdeohv 4 dqg 5 suhvhqw Prqwh Fduor hvwlpdwhv iru wkh vlqjoh fryduldwh sdudphwhu B�

dqg wkh Prqwh Fduor vwdqgdug ghyldwlrq iru B� iru wkh prghov rxwolqhg deryh1 Dv zlwk dq|

pd{lpxp olnholkrrg hvwlpdwru/ wkh SHZPD shuirupv ehwwhu lq odujh vdpsohv1 Dv wkh vdpsoh

vl}h jurzv/ wkh Prqwh Fduor vwdqgdug ghyldwlrqv ri wkh hvwlpdwhg uhjuhvvlrq sdudphwhu/ B�c

idoo dqg wkh ryhudoo �w ri wkh prgho lpsuryhv1 Lq vpdoo vdpsohv +� ' Df,/ wkh SHZPD

prgho pd| shuirup zruvh wkdq wkh fruuhvsrqglqj Srlvvrq dqg qhjdwlyh elqrpldo prghov1

Wkh SHZPD prgho shuirupv zhoo lq doprvw doo fdvhv= zkhq wkhuh duh pruh g|qdplfv +l1h1

/ $ f,/ lw surgxfhv pruh h!flhqw hvwlpdwhv ri wkh uhjuhvvlrq sdudphwhuv wkdq wkh rwkhu

prghov1

	Wdeohv 4 dqg 5 derxw khuh:

Edvhg rq wkhvh uhvxowv/ wkhuh dsshduv wr eh d voljkw xszdug eldv lq wkh hvwlpdwhv ri wkh

uhjuhvvlrq sdudphwhu B� iru wkh wzr Jdxvvldq prghov zkhq / ' f�S ru f�H1 Lq dgglwlrq/

wkh wzr Srlvvrq dqg qhjdwlyh elqrpldo vshfl�fdwlrqv |lhog hvwlpdwhv ri B� wkdw duh voljkwo|

grzqzdugo| eldvhg1 Wkhvh eldvhv/ krzhyhu/ duh qrw yhu| odujh1 Lq jhqhudo/ wkhvh hvwlpdwhv

vkrz wkh frqvlvwhqf| ri wkh SHZPD hvwlpdwhv wr wkh wuxh ydoxh1 Vlqfh wkh rwkhu hvwlpdwhv

duh lq wkh vdph olqhdu h{srqhqwldo idplo| ri hvwlpdwruv/ wkh| duh dovr frqvlvwhqw +Jrxulhurx{/

Prqiruw/ dqg Wurjqrq 4<;7d,1

Wkh SHZPD lv dovr pruh h!flhqw wkdq wkh rwkhu prghov iru hvwlpdwhv ri wkh uhjuhvvlrq

sdudphwhu/ B�1 Wklv vkrxog eh reylrxv iru wzr uhdvrqv1 Iluvw/ lw lv wkh wuxh prgho dqg vkrxog

eh pruh h!flhqw wkdq wkh ulydo hvwlpdwruv1 Vhfrqg/ hvwlpdwhv iurp qrq0olqhdu dqg olqhdu

prghov wkdw idlo wr dffrxqw iru vrph sdwwhuq ri vhuldo fruuhodwlrq surgxfh vwdqgdug huuruv

wkdw duh lqfruuhfw1 Wkxv/ zh duh lqwhuhvwhg lq wzr rwkhu lvvxhv1 Iluvw/ zkdw lv wkh uhodwlyh

h!flhqf| ri wkh SHZPDB Vhfrqg/ duh wkh gl�huhqfhv lq wkh hvwlpdwhg fryduldqfhv vr odujh
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dv wr d�hfw lqihuhqfhB Wkh hvwlpdwhg Prqwh Fduor vwdqgdug ghyldwlrqv iru B� lq Wdeoh 5 dqg

wkh uhodwlyh h!flhqf| phdvxuhv lq Wdeoh 6 suhvhqw hylghqfh derxw wkh ghjuhh ri lqh!flhqf|

ri dowhuqdwlyh prghov1 Wkh uhodwlyh h!flhqf| lv frpsxwhg dv

Uhodwlyh H!flhqf| '
Prqwh Fduor vwdqgdug ghyldwlrq iru B�

SHZPD Prqwh Fduor vwdqgdug ghyldwlrq iru B�
�

Uhodwlyh h!flhqf| ydoxhv duh udwlrv ri wkh vwdqgdug ghyldwlrqv frpsxwhg iurp wkh Prqwh

Fduor hvwlpdwhv ri B�/ dqg wkxv duh srvlwlyh uhdo qxpehuv1 D ydoxh ri 4 lqglfdwhv wkdw wkh

wzr hvwlpdwhv duh lghqwlfdo +l1h1 wkh dowhuqdwlyh hvwlpdwru lv dv h!flhqw dv wkh SHZPD,1

Uhodwlyh h!flhqf| ydoxhv ohvv wkdq rqh lqglfdwhv wkdw wkh dowhuqdwlyh prgho lv pruh h!flhqw

wkdq wkh SHZPD1 Ydoxhv juhdwhu wkdq 4 lqglfdwh wkdw wkh SHZPD lv pruh h!flhqw1 Wkh

uhodwlyh h!flhqf| ydoxh surylghv d phdvxuh ri krzpdq| wlphv odujhu +vpdoohu, wkh dowhuqdwlyh

hvwlpdwruv* Prqwh Fduor vwdqgdug ghyldwlrqv duh/ uhodwlyh wr wkh wuxh ydoxh +hvwlpdwhg iurp

wkh Prqwh Fduor hvwlpdwhv ri B� lq wkh SHZPD prgho,1

	Wdeoh 6 derxw khuh:

Wkh svhxgr0pd{lpxp olnholkrrg hvwlpdwruv kdyh ydu|lqj shuirupdqfh1 Dv A jhwv odujhu/

wkh SHZPD prgho shuirupv ehwwhu wkdq doo wkh dowhuqdwlyh prghov1 Dv h{shfwhg/ wkh

Jdxvvldq prghov duh jurvvo| lqh!flhqw1 Hyhq lq odujh vdpsohv zlwk odujh phdq ydoxhv ri

frxqwv +wkh fdvh lq zklfk wkh Srlvvrq prgho frqyhujhv wr qrupdolw|,/ wkhvh prghov kdyh

vwdqgdug ghyldwlrqv wkdw duh ehwzhhq 418 dqg 43 wlphv odujhu wkdq wkh SHZPDPrqwh Fduor

vwdqgdug ghyldwlrqv1 Wkh vdph fdq eh vdlg iru wkh Srlvvrq/ odjjhg Srlvvrq/ qhjdwlyh elqrpldo

dqg odjjhg qhjdwlyh elqrpldo1 Uhdglqj grzq wkh wdeohv ri uhsruwhg vwdqgdug ghyldwlrqv dqg

uhodwlyh h!flhqflhv/ dv wkh vdpsoh vl}h jurzv wkh dowhuqdwlyh prghov shuirup zruvh wkdq wkh

wuxh prgho lq doo fdvhv +iru d jlyhq ydoxh ri /, dw hvwlpdwlqj wkh wuxh ydoxh ri B�1 Wkh

ghjuhh ri wklv uhodwlyh lqh!flhqf| lv vwulnlqj= dv wkh vdpsoh vl}h dqg wkh phdq lqfuhdvh/ wkh

uhodwlyh h!flhqf| ri wkh hvwlpdwhg uhjuhvvlrq sdudphwhu B� lv zhoo ryhu 418 wlphv odujhu wkdq
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wkh Prqwh Fduor vwdqgdug ghyldwlrq ri wkh wuxh prgho +l1h1 wkh SHZPD,1 Zkhq / ' f�H/

wkh Srlvvrq dqg qhjdwlyh elqrpldo prghov kdyh vpdoohu Prqwh Fduor vwdqgdug ghyldwlrqv

wkdq wkh SHZPD iru phdqv ohvv wkdq 53 dqg vdpsoh vl}hv vpdoohu wkdq 4331 Wklv lv d

vpdoo vdpsoh eldv ri wkh SHZPD1 Dv wkh phdq dqg vdpsoh vl}h jurz/ wkh uhodwlyh h!flhqf|

ri wkh Srlvvrq dqg qhjdwlyh elqrpldo prghov lv zruvh= iru wlph vhulhv ri 533 revhuydwlrqv/

wkh Srlvvrq prgho lv dozd|v dw ohdvw wzr wlph ohvv h!flhqw wkdq wkh SHZPD> wkh odjjhg

Srlvvrq/ qhjdwlyh elqrpldo dqg odjjhg qhjdwlyh elqrpldo prghov kdyh Prqwh Fduor vwdqgdug

ghyldwlrqv wkdw duh 418 wr 8 wlphv wkh Prqwh Fduor vwdqgdug ghyldwlrqv ri wkh SHZPD/

ghshqglqj rq wkh ydoxh ri /�

Wkh lqfoxvlrq ri d odjjhg ghshqghqw yduldeoh r�huv olwwoh khos lq uhgxflqj wkh h�hfw ri wkh

frqglwlrqdo phdq plvvshfl�fdwlrq iru wkh uhodwlyh vwdqgdug huuruv1 Wkh odjjhg Srlvvrq dqg

odjjhg qhjdwlyh elqrpldo prghov duh dozd|v pruh h!flhqw wkdq wkh vwdqgdug Srlvvrq dqg

qhjdwlyh elqrpldo uhjuhvvlrqv1 Wkhvh odjjhg frxqw prghov duh jhqhudoo| ohvv h!flhqw wkdq

wkh SHZPD1 Lw lv zruwk uhlwhudwlqj wkdw xvlqj odjjhg ghshqghqw frxqwv lq wkh qhjdwlyh

elqrpldo dqg Srlvvrq uhjuhvvlrq prghov surylghv d srru phwkrg iru dffrxqwlqj iru wlph

vhulhv surshuwlhv146

Wkh lpsolfdwlrq ri hvwlpdwlqj lqfruuhfw vwdqgdug huuruv zlwk Srlvvrq dqg qhjdwlyh elqr0

pldo uhjuhvvlrqv vkrxog qrw eh xqghuvwdwhg1 Wkh uhvxowv lq Wdeohv 5 dqg 6 ghprqvwudwh wkdw

wkh ghjuhh ri lqh!flhqf| lv odujh iru d ydulhw| ri vdpsoh vl}hv/ phdqv/ dqg ydu|lqj ghjuhh

ri g|qdplfv1 Wklv phdqv wkdw wkh suhvhqfh ri dq| g|qdplfv lq wkh frxqw gdwd vhulhv ehlqj

prghoohg fdq ohdg wr lqfruuhfw lqihuhqfhv derxw wkh uhjuhvvlrq sdudphwhuv1 Wkh uhvxowv lq

46Zh dovr frpsxwhg wkh Prqwh Fduor hvwlpdwhv iru wkh g|qdplf dqg glvshuvlrq sdudphwhuv= $ lq wkh
SHZPD/ wkh dxwrfruuhodwlrq sdudphwhu � iru wkh DULPD/ OOROV/ wkh odjjhg Srlvvrq/ dqg odjjhg qhjdwlyh
elqrpldo prghov/ dqg wkh glvshuvlrq sdudphwhu iru wkh qhjdwlyh elqrpldo prghov1 Wkh hvwlpdwh ri $ lq wkh
SHZPD prghov lv doprvw dozd|v vljql�fdqw iru wkh h{shulphqwv1 Lq doprvw hyhu| fdvh/ wkh k|srwkhvlv wkdw
wkh Srlvvrq uhjuhvvlrq lv wkh wuxh prgho lv uhmhfwhg edvhg rq d w0whvw iru rphjd +K3 = $ @ 4>KD = $ ? 4,1
Zh qrwh krzhyhu/ wkdw wkhuh lv d vpdoo xszdug eldv lq wkh vpdoo vdpsoh hvwlpdwhv ri $ dqg wklv sdudphwhu
vkrxog eh lqwhusuhwhg fduhixoo|1 Wkh dowhuqdwlyh prghov shuirup srruo| zkhq hvwlpdwlqj wkh g|qdplfv1 Lw
zrxog dsshdu wkdw xvlqj d odjjhg ghshqghqw yduldeoh lv d srru zd| wr dffrxqw iru g|qdplfv jhqhudwhg iurp
d SHZPD surfhvv1 Wkh xvh ri wkhvh odjjhg ghshqghqw yduldeohv shuirupv srruo| suhflvho| ehfdxvh wkhuh lv
qr jurzwk lq wkhvh vhulhv1 Ghwdlov ri wkhvh uhvxowv duh dydlodeoh xsrq uhtxhvw1
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Eudqgw dqg Zlooldpv +4<<;e, vxjjhvw wkdw wkhuh frxog eh lqh!flhqf| li vwdqgdug Srlvvrq ru

qhjdwlyh elqrpldo prghov duh xvhg rq wlph vhulhv frxqw gdwd/ edvhg rq wkh dqdo|wlf ghulyd0

wlrqv ri wkh dv|pswrwlf fryduldqfhv iru wkh uhjuhvvlrq sdudphwhu iru wkh Srlvvrq/ qhjdwlyh

elqrpldo dqg SHZPD1 Wkh uhvxowv ri wklv vhfwlrq vkrz wkdw wkh lqh!flhqf| ri wkh Srlvvrq

dqg qhjdwlyh elqrpldo prgho lv odujh/ hyhq zkhq d odjjhg ghshqghqw yduldeoh lv xvhg1

Wkhvh Prqwh Fduor uhvxowv duh dw ehvw vxjjhvwlyh1 Li rqh zhuh wr xvh vwdqgdug vwdwlvwlfdo

sdfndjhv dqg hvwlpdwlrq phwkrgv/ krz lqfruuhfw zrxog lqihuhqfhv eh derxw wkh uhjuhvvlrq

sdudphwhuv ri dq hyhqw frxqw prghoB Vlqfh srvlwlyh vhuldo fruuhodwlrq lqgxfhv uhsruwhg

vwdqgdug huuruv wkdw duh vpdoohu wkdq wkhlu wuxh ydoxhv lq wlph vhulhv prghov/ zh zrxog olnh

wr nqrz zkdw duh wkh lpsolfdwlrqv ri idlolqj wr dffrxqw iru wkh g|qdplfv1 Li wkh vwdqgdug

huuruv uhsruwhg e| wkh prghov vx�hu iurp vhuldo fruuhodwlrq/ wkhq zh zrxog olnh wr jdxjh

krz idu iurp wkh wuxh ydoxhv wkh uhsruwhg hvwlpdwhv duh1 Rqh zd| wr phdvxuh wkh ghjuhh wr

zklfk wkh hvwlpdwhg vwdqgdug huuruv surgxfhg e| wkh Srlvvrq dqg qhjdwlyh elqrpldo prghov

duh lqfruuhfw lv wr frpsxwh wkh uhodwlyh ryhufrq�ghqfh ri wkh vwdqgdug huuruv +Ehfn dqg

Ndw} 4<<9,1 Wkh uhodwlyh ryhufrq�ghqfh lv edvhg rq wkh udwlr ri wkh Prqwh Fduor vwdqgdug

ghyldwlrqv wr wkh hvwlpdwhg +Kxehu0Zklwh, vwdqgdug huuruv iru hdfk hvwlpdwru1 Wkh uhodwlyh

ryhufrq�ghqfh ri wkh hvwlpdwru lv frpsxwhg dv/

Uhodwlyh Ryhufrq�ghqfh '
Prqwh Fduor Vwdqgdug Ghyldwlrq ri B�

Phdq Uhsruwhg Kxehu0Zklwh Vwdqgdug Huuru ri B�
�

Uhodwlyh ryhufrq�ghqfh ydoxhv ri 4 lqglfdwh wkdw wkh Kxehu0Zklwh urexvw vwdqgdug huuruv

duh htxdo wr wkh Prqwh Fduor vwdqgdug ghyldwlrqv iru wkh uhjuhvvlrq sdudphwhuv1 Uhodwlyh

ryhufrq�ghqfh ydoxhv juhdwhu wkdq rqh lqglfdwh wkdw wkh Kxehu0Zklwh urexvw vwdqgdug huuruv

duh vpdoohu wkdq wkh wuxh Prqwh Fduor vwdqgdug ghyldwlrqv iru wkh uhjuhvvlrq sdudphwhuv1

Ryhufrq�ghqfh ydoxhv ohvv wkdq rqh lqglfdwh wkdw wkh uhsruwhg vwdqgdug huuruv duh �wrr

vpdoo1�

Wdeoh 7 suhvhqwv wkh dyhudjh uhodwlyh ryhufrq�ghqfh iru hdfk ri wkh hvwlpdwruv xvhg lq
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hdfk ri wkh Prqwh Fduor h{shulphqwv1 Wkh SHZPD kdv ryhufrq�ghqfh ydoxhv htxdo wr 4

iru doprvw hyhu| h{shulphqw1 Wkxv/ wkh uhsruwhg Kxehu0Zklwh vwdqgdug huuruv duh yhu| forvh

+rq dyhudjh, wr wkh hvwlpdwhg Prqwh Fduor vwdqgdug ghyldwlrqv iru wkh uhjuhvvlrq sdudphwhu1

Frqvlvwhqw zlwk wlph vhulhv uhvxowv rq wkh h�hfwv ri vhuldo fruuhodwlrq/ wkh vwdqgdug Srlvvrq

uhjuhvvlrq prgho kdv ydu|lqj uhodwlyh ryhufrq�ghqfh iru wkh uhjuhvvlrq sdudphwhu B�1 Lq

vdpsohv zkhuh A ' Df/ dqg zkhq wkh k|shusdudphwhu f�e � / � f�H/ wkh Srlvvrq prgho*v

urexvw vwdqgdug huuruv duh qhduo| lghqwlfdo wr wkh Srlvvrq Prqwh Fduor vwdqgdug ghyldwlrqv1

Vlplodu sdwwhuqv fdq eh vhhq iru wkh uhodwlyh ryhufrq�ghqfh ri wkh odjjhg Srlvvrq/ qhjdwlyh

elqrpldo dqg odjjhg qhjdwlyh elqrpldo hvwlpdwhv ri wkh vwdqgdug huuru ri B1 Krzhyhu/ lq

odujhu vdpsohv +l1h1 A ' �ffc 2ff,/ wkh uhodwlyh ryhufrq�ghqfh vkrzv d gl�huhqw sdwwhuq1

Iru A ' �ff/ wkh uhodwlyh ryhufrq�ghqfh ydoxhv lqglfdwh wkdw wkh uhsruwhg Kxehu0Zklwh

vwdqgdug huuruv zloo eh odujhu wkdq wkh wuxh ydoxhv +dv hvwlpdwhg e| wkh Prqwh Fduor vwdqgdug

ghyldwlrqv,1 Frqyhuvho|/ iru A ' 2ff/ wkh uhodwlyh ryhufrq�ghqfh phdvxuh lqglfdwhv wkdw wkh

Kxehu0Zklwh vwdqgdug huuruv zloo eh vpdoohu wkdq wkh wuxh vwdqgdug huuruv1

	Wdeoh 7 derxw khuh:

Zkloh wkhvh uhvxowv ghshqg rq wkh ghvljq ri wkh Prqwh Fduor h{shulphqwv dqg wkh qxpehu

ri uhsolfdwlrqv/ wkh yduldwlrq lq wkh uhodwlyh ryhufrq�ghqfh dqg uhodwlyh h!flhqf| ri hvwlpdwhg

uhjuhvvlrq sdudphwhuv iru wlph vhulhv ri frxqwv +edvhg rq wkh hvwlpdwruv rxwolqhg deryh, lv

fdxvh iru fdxwlrq1 Xvlqj �odjjhg ghshqghqw yduldeohv� dqg urexvw vwdqgdug huuruv duh dw

ehvw lpsuhflvh fruuhfwlrqv iru wlph vhulhv frxqw gdwd prghov/ vlqfh wkh Prqwh Fduor uhvxowv

lqfoxgh wkhvh prghov zlwk glvdssrlqwlqj uhvxowv1 Urexvw vwdqgdug huuruv gr qrw fruuhfw

wkh lqh!flhqf| sureohp vlqfh wkhlu ydolglw| jhqhudoo| ghshqgv rq wkh devhqfh ri g|qdplf

plvvshfl�fdwlrq +Zklwh 4<<7= Fkdswhu ;,1 Wkh srru shuirupdqfh ri urexvw vwdqgdug huuruv

lv ghprqvwudwhg e| wkh vl}h ri wkh Kxehu0Zklwh vwdqgdug huuruv lq rxu dqdo|vlv147

47Zh dovr hvwlpdwhg vwdqgdug huuruv edvhg rq wkh rxwhu0surgxfw ri wkh judglhqw +wkh �EKKK� hvwlpdwru,

59



Zh eholhyh wkdw wkhvh uhvxowv duh jhqhudo dqg fdoo iru dgglwlrqdo uhvhdufk dqg glvfxvvlrq1 Lq

dgglwlrq/ wkh SHZPD prgho ri Vhfwlrq Wzr +dqg wkh dffrpsdq|lqj Prqwh Fduor hylghqfh,

lv exw rqh prgho iru wlph vhulhv ri frxqwv1 D pruh jhqhudo dssurdfk frxog eh ghulyhg dorqj

wkh olqhv ri DULPD0w|sh prghov iru frxqw gdwd1 D pruh jhqhudo vshfl�fdwlrq udlvhv lvvxhv ri

prgho vhohfwlrq +PD yhuvxv DU surfhvvhv,/ dv zhoo dv wkh rughu ri wkh prgho1 Wkhvh lvvxhv

fohduo| fdoo iru dgglwlrqdo uhvhdufk148

7 Dssolfdwlrq= X1V1 Vxsuhph Frxuw Fdvh Djhqgdv

Wr ghprqvwudwh wkh xvhixoqhvv ri wlph0vhulhv frxqw prghov vxfk dv wkh SHZPD/ zh uhdqd0

o|}hg dq xsgdwhg vhulhv ri wkh Vxsuhph Frxuw djhqgd gdwd glvfxvvhg lq Sdfhooh +4<<4/4<<8,

dqg Sdfhooh/ Iduroh dqg Zlooldpv +4<<;,1 Dq hphujlqj duhd ri vfkroduvkls rq wkh Vxsuhph

Frxuw orrnv dw wkh qdwxuh ri djhqgd fkdqjh ryhu wlph1 Fkdqjhv lq wkh Frxuw*v djhqgd pd|

uhvxow iurp qhz phpehuvkls/ odqgpdun ghflvlrqv/ ohdghuvkls fkdqjhv/ dqg d qhz uroh iru wkh

lqvwlwxwlrq1 Ri juhdw lqwhuhvw lv wkh qdwxuh ri wkh g|qdplf surfhvv wkdw dffrpsdqlhv djhqgd

fkdqjh1

Sdfhooh +4<<4, dqg Sdfhooh hw do1 +4<<;, dujxh wkdw vljql�fdqw djhqgd fkdqjh rffxuuhg

lq wzr pdlq duhdv ri wkh Frxuw*v djhqgd vlqfh wkh 4<83v1 Iluvw/ wkhuh zdv d vljql�fdqw

lqfuhdvh lq wkh qxpehu ri fdvhv frqfhuqlqj lvvxhv ri Htxdolw| dqg wkh 47wk Dphqgphqw +h1j1

udfh/ jhqghu/ djh/ glvdelolw|,1 Vhfrqg/ wkhuh zdv d ghfuhdvh lq wkh qxpehu ri fdvhv lqyroylqj

Uhjxodwlrq +h1j1 wkh uhjxodwlrq ri exvlqhvv e| wkh ihghudo jryhuqphqw,1 Wkhvh fkdqjhv lq

djhqgd frpsrvlwlrq dqg g|qdplfv uhvxowhg iurp wkuhh pdmru fkdqjhv lq wkh Frxuw1 Wkh �uvw

zdv wkh vkliw wr flylo uljkwv dqg flylo olehuwlhv lvvxhv lq wkh zdnh ri wkh flylo uljkwv pryhphqw

dqg wkh Frxuw*v ghflvlrq wr dedqgrq h�ruwv wr lqwhuihuh lq uhjxodwru| srolf| diwhu Mxvwlfh

dqg wkh lqyhuvh ri wkh qxphulfdo Khvvldq +wkh fodvvlf hpslulfdo lqirupdwlrq pdwul{,1 Iru wkhvh hvwlpdwruv/
wkh shuirupdqfh ri wkh vwdqgdug huuruv lv uduho| ehwwhu dqg jhqhudoo| zruvh wkdq wkh vwdqgdug ghyldwlrqv dqg
uhodwlyh h!flhqflhv zh uhsruw lq Wdeohv 5 dqg 61

48Eudqgw/ Zlooldpv dqg Irugkdp +4<<;, dgguhvvhv vrph ri wkhvh pruh dgydqfhg vshfl�fdwlrq lvvxhv1 Dx0
wruhjuhvvlyh prghov dqg gldjqrvwlfv duh dgguhvvhg lq Eudqgw dqg Zlooldpv +4<<;d,
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Kduodq Vwrqh*v idprxv Irrwqrwh Irxu lq X1V1 y1 Fdurohqh Surgxfwv1 Pruh vljql�fdqwo| lq

4<86/ wkh dssrlqwphqw ri Hduo Zduuhq dv Fklhi Mxvwlfh dowhuhg wkh ohdghuvkls ri wkh Frxuw1

Zduuhq*v ohdghuvkls lv ylhzhg dv d vljql�fdqw fkdqjh iurp wkdw ri klv suhghfhvvru Iuhg Ylqvrq1

Ilqdoo|/ wkh Frxuw gholyhuhg wkh odqgpdun ghflvlrq lq Eurzq y1 Erdug ri Hgxfdwlrq gxulqj

wkh 4<86 whup1

Sdfhooh hw do1 +4<<;, whvw djhqgd fkdqjh lq wkh Htxdolw| dqg Uhjxodwlrq fdvhv xvlqj

wlph vhulhv phwkrgv149 Wkhlu ghshqghqw yduldeoh lv wkh sursruwlrq ri wkh Frxuw*v djhqgd

ghyrwhg wr wkhvh wzr srolf| duhdv iurp 4<66 wr 4<<51 Wkh| xvh yhfwru dxwruhjuhvvlrq +YDU,

wr ghwhuplqh wkh h�hfw ri wkh 4<86 whup rq wkh shufhqwdjh ri wkh djhqgd doorfdwhg wr wkhvh

wzr duhdv1 Lw lv k|srwkhvl}hg wkdw wkh Frxuw*v lqfuhdvhg dwwhqwlrq wr Htxdolw| frphv dw

wkh h{shqvh ri Uhjxodwlrq diwhu 4<861 Vlqfh odj ohqjwk iru wkh lqwhuyhqwlrq h�hfw fdqqrw eh

vshfl�hg d sulrul/ wkh| xvh d ghwhuplqlvwlf gxpp| yduldeoh wr prgho wkh h�hfw ri wkh 4<86

whup dqg h{dplqh wkh h�hfw ri wklv yduldeoh ryhu wlph1

Lq rxu uhsolfdwlrq/ zh xwlol}h wkh qxpehu ri fdvhv lq wkh Htxdolw| dqg Uhjxodwlrq djhqgd

duhdv wr zklfk wkh X1V1 zdv d sduw| iurp 4<66 wr 4<<61 Xvlqj wkh frxqwv ri wkh qxpehu ri

fdvhv lv suhihuuhg ehfdxvh wkh shufhqwdjhv duh lq xhqfhg e| wkh qxpehu ri fdvhv wkdw wkh

Frxuw dffhswv lq doo duhdv1 Wkh pruh fdvhv wkh Frxuw dffhswv lq rwkhu duhdv/ wkh ohvv fhuwdlq

zh fdq eh ri wkh fkdqjhv/ vlqfh wkh| zloo d�hfw wkh ghqrplqdwru lq wkh fdofxodwlrq ri wkh

sursruwlrq1 Wkxv wkh dfwxdo frxqwv ri wkh fdvhv lq hdfk duhd suhvhqw d ehwwhu phdvxuh ri wkh

djhqgd1

Edvhg rq wklv gdwd/ zh duh lqwhuhvwhg lq ghwhuplqlqj wkh fkdqjhv lq wkh Frxuw*v djhqgd

diwhu wkh 4<86 whup1 Rxu h{shfwdwlrq lv wkdw lq wkh srvw04<86 shulrg/ zh vkrxog vhh d ulvh

lq wkh qxpehu ri fdvhv ghdolqj zlwk lvvxhv ri Htxdolw| +udfldo/ jhqghu/ hwf1, dqg d ghfolqh

lq wkh qxpehu ri fdvhv ghdolqj zlwk hfrqrplf Uhjxodwlrq1 Iru rxu dqdo|vlv zh shuirup dq

lqwhuyhqwlrq dqdo|vlv ri wkh qxpehu ri fdvhv lq wkh hfrqrplf Uhjxodwlrq dqg Htxdolw| djhqgdv

49Vhh Sdfhooh +4<<4, iru d ghvfulswlrq ri wkh gdwd dqg frglqj1
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ehiruh dqg diwhu 4<861

Hdfk ri wkhvh vhulhv h{klelwv d vwurqj ghjuhh ri whpsrudo ghshqghqfh1 Iljxuh 5 sorwv

wkh Htxdolw| dqg Uhjxodwlrq vhulhv dqg wkhlu vdpsoh dxwrfruuhodwlrq ixqfwlrqv1 Qrwh wkdw

wkh qxpehu ri fdvhv lqyroylqj Htxdolw| ulvhv vkduso| diwhu 4<86 +vshfl�fdoo| diwhu 4<93,/

dqg lq frqwudvw wkh qxpehu ri uhjxodwlrq fdvhv idoov/ dowkrxjk qrw dv gudpdwlfdoo|1 Wkh

vdpsoh dxwrfruuhodwlrq ixqfwlrqv iru wkh wzr vhulhv ghprqvwudwh shuvlvwhqfh lq wkh gdwd1 Wkh

Uhjxodwlrq vhulhv kdv vl{ odujh vslnhv/ zkloh wkh Htxdolw| vhulhv kdv wzhoyh odujh vslnhv1

	Iljxuh 5 derxw khuh:

Ri lqwhuhvw lv zkhwkhu wkh ghfolqh ehjlqv lq 4<86 iru wkh Uhjxodwlrq fdvhv dqg zkhwkhu

wkh ulvh lq Htxdolw| fdvhv ehjlqv lpphgldwho| diwhu Eurzq ru zkhwkhu wkhuh zdv d odj1 Ri

dgglwlrqdo lqwhuhvw lv wkh |hdu lq zklfk wkh odj lqwhuyhqwlrq rffxuuhg1 Zh prgho hdfk vhulhv

xvlqj wkh SHZPD prgho/ odjjhg Srlvvrq uhjuhvvlrq/ odjjhg qhjdwlyh elqrpldo uhjuhvvlrq

dqg d Jdxvvldq DULPD+3/3/4, prgho hdfk zlwk d whpsrudu| lqwhuyhqwlrq1 Wkh whpsrudu|

lqwhuyhqwlrq lv xvhg ehfdxvh zh eholhyh lwv h�hfw udlvhv wkh qxpehu ri fdvhv lq wkh Htxdolw|

vhulhv +ghfuhdvhv wkh qxpehu ri fdvhv lq wkh Uhjxodwlrq vhulhv,1 Vxfk whpsrudu| h�hfwv/

krzhyhu/ vkrxog kdyh d shupdqhqw h�hfw rq wkh ohyho ri wkh vhulhv +vhh Kduyh| 4<<4= 6<:0

<<,1 Vlqfh zh duh qrw vxuh ri wkh odj vshfl�fdwlrq iru wkh lqwhuyhqwlrq +l1h1 krz orqj diwhu

Eurzq wkh lqfuhdvh2ghfuhdvh lq fdvhv rffxuuhg,/ zh hpslulfdoo| ghwhuplqhg wkh lqwhuyhqwlrq

vshfl�fdwlrqv iurp d rqh shulrg wr dq 43 shulrg iruzdug odj +4<8704<96,1 Wkh rswlpdo

lqwhuyhqwlrq vshfl�fdwlrq zloo pd{lpl}h wkh orj0olnholkrrg ri wkh prgho1

Lq Wdeoh 8/ wkh uhvxowv iru wkh ydulrxv prghov duh suhvhqwhg1 Wkh frh!flhqw iru wkh

glvshuvlrq whup lq wkh qhjdwlyh elqrpldo prgho lv �/ dqg wkh dxwrfruuhodwlrq sdudphwhu lq

wkh prghov lv 41 Xvlqj wkh SHZPD/ wkh odj vshfl�fdwlrq zlwk wkh kljkhvw olnholkrrg ydoxh

iru wkh vhulhv zdv 43 odjv iru wkh Htxdolw| vhulhv +4<96, dqg rqh odj iru wkh Uhjxodwlrq vhulhv

+4<87,1 Wkhvh duh frqvlvwhqw zlwk wkh YDU uhvxowv uhsruwhg lq Sdfhooh hw do1 +4<<;,1 Wkh
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frh!flhqw lq wkh SHZPD prgho iru wkh lqwhuyhqwlrq zdv 31<357 iru wkh Htxdolw| vhulhv dqg

031:498 iru wkh hfrqrplf Uhjxodwlrq vhulhv1 Lq wkh Uhjxodwlrq fdvh wkh lqwhuyhqwlrq kdv d

qhjdwlyh h�hfw dv suhglfwhg dqg d odujh devroxwh w0udwlr juhdwhu wkdq wkuhh1 Iru wkh htxdolw|

vhulhv/ d vlplodu frqfoxvlrq krogv1

	Wdeoh 8 derxw khuh:

Wkh uhvxowv ri wkh odjjhg Srlvvrq/ odjjhg qhjdwlyh elqrpldo dqg Jdxvvldq DULPDprghov

whoo d vlplodu vwru|1 Li zh zhuh wr xvh wkh Srlvvrq uhjuhvvlrq/ qhjdwlyh elqrpldo ru DULPD

prghov/ zh zrxog ghwhuplqh wkdw wkh lqwhuyhqwlrq h�hfw rffxuuhg lq wkh vdph shulrgv wkdw zh

irxqg iurp xvlqj wkh SHZPD prgho iru hdfk vhulhv1 Krzhyhu/ zh zrxog frqfoxgh wkdw wkh

lqwhuyhqwlrq kdv qr h�hfw lq wkh Htxdolw| vhulhv edvhg rq wkh DULPD prgho1 Edvhg rq wkh

Srlvvrq dqg qhjdwlyh elqrpldo prghov/ wkh lqwhuyhqwlrq grhv kdyh dq h�hfw rq wkh Htxdolw|

vhulhv1 Iru wkh Uhjxodwlrq vhulhv/ wkh qhjdwlyh elqrpldo prgho vkrzv wkh lqwhuyhqwlrq wr eh

vpdoohu dqg kdv d odujhu uhsruwhg vwdqgdug huuru wkdq hlwkhu wkh SHZPD ru Srlvvrq prghov1

Pruh wurxeolqj lv wkdw zh zrxog uhmhfw wkh qhjdwlyh elqrpldo prgho iru wkh Uhjxodwlrq vhulhv/

vlqfh wkh ydoxh ri wkh ryhu�glvshuvlrq sdudphwhu +�, lv qrw vljql�fdqwo| gl�huhqw iurp rqh1

Wkhvh gl�hulqj frqfoxvlrqv kljkoljkw erwk wkh qhhg wr jhw wkh glvwulexwlrqdo dqg g|qdplf

dvshfwv ri wkh vshfl�fdwlrq fruuhfw1

Qrwh dovr wkdw wkh h�hfw ri wkh lqwhuyhqwlrq fdswxuhv d odujh sduw ri wkh fkdqjh lq wkh

vhulhv1 Wkh lqwhuyhqwlrq h�hfw iru wkh SHZPD prgho iru wkh Htxdolw| fdvh djhqgd lpsolhv

wkdw wkhuh zdv d 47: shufhqw lqfuhdvh lq wkh qxpehu ri fdvhv diwhu 4<961 Wkh lqwhuyhqwlrq

frh!flhqw iurp wkh SHZPD prgho iru wkh Uhjxodwlrq vhulhv lpsolhv wkdw wkhuh zdv d 84

shufhqw ghfuhdvh lq wkh qxpehu ri fdvhv lq wkh |hdu diwhu Eurzq1 Wklv lv frqvlvwhqw zlwk wkh

gdwd1 Krzhyhu/ wkh rwkhu prghov idlo wr dffrxqw iru wkh frqwlqxlqj lqfuhdvh ru ghfuhdvh lq

fdvhv diwhu wkh lqwhuyhqwlrq1

Iru wkh Uhjxodwlrq djhqgd fdvhv/ wkh Srlvvrq dqg/ qhjdwlyh elqrpldo dqg Jdxvvldq
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DULPD prghov doo suhglfw durxqg d 78 shufhqw ghfuhdvh lq wkh qxpehu ri fdvhv diwhu 4<861

Krzhyhu/ wkhvh prghov v|vwhpdwlfdoo| xqghuhvwlpdwh wkh qxpehu Uhjxodwlrq fdvhv sulru wr

4<86 dqg ryhuhvwlpdwh wkh qxpehu ri fdvhv diwhu 4<861 Wkh uhyhuvh kdsshqv zlwk wkh Htxdo0

lw| vhulhv ehiruh dqg diwhu 4<961 Sulru wr 4<96/ wkh Srlvvrq/ qhjdwlyh elqrpldo dqg Jdxvvldq

DULPD prghov ryhuvwdwh wkh phdq ri wkh vhulhv1 Diwhu wkh lqwhuyhqwlrq/ wkhvh prghov xqghu0

hvwlpdwh wkh qxpehu ri Htxdolw| fdvhv14: Wkh Srlvvrq prgho iru wkh Htxdolw| vhulhv lpsolhv d

54; shufhqw h�hfw iru wkh +4<96, lqwhuyhqwlrq> wkh qhjdwlyh elqrpldo/ d 55< shufhqw lqfuhdvh

dqg wkh Jdxvvldq DULPD prgho/ d 4:; shufhqw lqfuhdvh1 Wkhvh h�hfwv duh fohduo| dw rggv

zlwk wkh revhuyhg gdwd1

Wklv uhdqdo|vlv ri wkh Vxsuhph Frxuw fdvh djhqgd pdnhv vhyhudo srlqwv derxw prgholqj

g|qdplfv lq wlph vhulhv ri hyhqw frxqwv1 Iluvw/ wkh SHZPD prgho rxwshuirupv wkh dowhu0

qdwlyh prghov edvhg rq wkh ydoxh ri wkh orj0olnholkrrg1 Vhfrqg/ wkh SHZPD r�huv d jrrg

suhglfwlrq iru uhdo/ shuvlvwhqw wlph vhulhv vxfk dv wkh Vxsuhph Frxuw fdvh djhqgd rq Htxdolw|

dqg Uhjxodwlrq1 Ilqdoo|/ wkh SHZPD r�huv d pruh vhqvleoh hvwlpdwh ri wkh lqwhuyhqwlrq

h�hfwv ri wkh 4<86 whup1

8 Frqfoxvlrq

Wkh SHZPDprgho r�huv d vwudljkwiruzdug dqg hdvlo| hvwlpdeoh phwkrg iru prgholqj hyhqw

frxqw gdwd zlwk shuvlvwhqw g|qdplfv1 Rxu Prqwh Fduor h{shulphqwv lqglfdwh vljql�fdqw

h!flhqf| orvvhv rffxu zkhq hyhqw frxqw wlph vhulhv gdwd duh prghohg xvlqj hlwkhu Srlvvrq ru

qhjdwlyh elqrpldo dvvxpswlrqv1 Vlqfh prvw srolwlfdo vflhqwlvwv duh wu|lqj wr h{sodlq hyhqwv

zlwk fryduldwhv/ rxu irfxv kdv ehhq rq wkh orvv ri h!flhqf| ri frh!flhqwv rq fryduldwhv1

Wkhuh lv hyhu| uhdvrq wr eholhyh wkdw li shuvlvwhqfh lq gdwd lv ljqruhg/ qrw rqo| zloo hvwlpdwhv

eh lqh!flhqw/ exw uhsruwhg frq�ghqfh lqwhuydov iurp Srlvvrq dqg qhjdwlyh elqrpldo prghov

4:Wkh uhodwlyh ryhu0 dqg xqghuhvwlpdwhv ri wkh vhulhv fdq eh vhhq e| frpsxwlqj wkh suhglfwlrq huuruv1 Sulru
wr wkh lqwhuyhqwlrq/ wkh uhjxodwlrq vhulhv kdv d srvlwlyh phdq suhglfwlrq huuru dqg d qhjdwlyh phdq suhglfwlrq
huuru diwhu wkh lqwhuyhqwlrq1 Wkh uhyhuvh rffxuv zlwk wkh Htxdolw| vhulhv1
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zloo eh pxfk wrr vpdoo1 Wklv phdqv wkdw vflhqwl�f mxgjphqwv fdq eh vhulrxvo|  dzhg1

Rxu h{shulhqfh lv wkdw pdq| wlph vhulhv hyhqw frxqw vhulhv duh shuvlvwhqw1 Lqghhg/ shu0

vlvwhqfh lv suredeo| wkh prvw frpprq ihdwxuh zh kdyh irxqg lq wlph vhulhv hyhqw frxqwv1

Krzhyhu/ pdq| vhulhv dovr h{klelw lqghshqghqfh/ dqg iru wkrvh fdvhv wkh Srlvvrq ru qhjdwlyh

elqrpldo prghov duh dssursuldwh1 D wklug dowhuqdwlyh lv wkdw wkh gdwd kdyh g|qdplfv exw

duh phdq uhyhuwlqj1 Wkh surshu vshfl�fdwlrq iru vxfk d fdvh lv dq dxwruhjuhvvlyh prgho +vhh

Eudqgw dqg Zlooldpv 4<<;d,1 Wkxv/ SHZPD lv qrw dozd|v wkh ehvw prgho iru wlph vhulhv

hyhqw frxqwv/ exw lw zloo riwhq eh vr1 Dqdo|vwv ri hyhqw frxqw gdwd qhhg d pruh frpsohwh wrro

edj wkdq wkh| qrz kdyh1 Wkh SHZPD lv dq lpsruwdqw dgglwlrq wr wkh wrrov ri srolwlfdo

vflhqwlvwv1

65



D SHZPD Ilowhulqj Dojrulwkp

Wkh SHZPD xwlol}hv d yhuvlrq ri wkh Ndopdq �owhu wr hvwlpdwh wkh wlph ydu|lqj phdq iru

hyhqw frxqw gdwd1 Wklv �owhu fdq eh ghulyhg xvlqj wkh wkuhh edvlf dvvxpswlrqv wkdw gh�qh

wkh SHZPD prgho1

Wkh �owhu pxvw frpsxwh wkuhh txdqwlwlhv ri lqwhuhvw= wkh xqfrqglwlrqdo phdq ri wkh

surfhvv
�
.

k
>|3�mt|3�

l�
/ wkh frqglwlrqdo phdq ri wkh surfhvv E. d>|mt|3�o�/ dqg wkh srv0

whulru phdq ri wkh surfhvv E. d>|mt|o�1 Vlplodu wr Jdxvvldq DULPD prghov wkh Ndopdq

�owhu iru frxqw gdwd vkrxog uhtxluh +4, . d>|mt|3�o ' .
k
>|3�mt|3�

l
/ dqg +5, T @o d>|mt|3�o :

T @o
k
>|3�mt|3�

l
14; Lq zrugv/ wkh frqglwlrqdo phdq lq shulrgv | dqg | � � lv htxdo/ exw wkh

frqglwlrqdo yduldqfh iru shulrg | lv odujhu1 Wklv h�hfw lv dfklhyhg lq wkh jdppd glvwulex0

wlrq e| xvlqj wkh k|shusdudphwhu / 5 Efc �o wr glvfrxqw wkh ydoxh ri sdvw revhuydwlrqv lq

wkh frpsxwdwlrq ri �h E>|mt|3��1 Wkh frqmxjdf| dvvxpswlrq hqvxuhv wkdw wkh phdq ri wkh

jdppd glvwulexwlrq lv wkh vdph lq hdfk shulrg/ exw wkdw wkh frqglwlrqdo suhglfwlyh yduldqfh

lq shulrg | lv odujhu wkdq lq shulrg | � �1 Wklv h�hfw lv lqgxfhg e| pxowlso|lqj >|3� e| d

idfwru ohvv wkdq 4 lq wkh wudqvlwlrq htxdwlrq +5,1

Iurp wkh wudqvlwlrq htxdwlrq/ dqg wkh surshuwlhv ri wkh jdppd glvwulexwlrq/ frqglwlrqdo

rq t|3� zh fdq frpsxwh wkh glvwulexwlrq ri >|mt|3�1 Iluvw/ vxevwlwxwlqj wkh jdppd sulru lqwr
wkh wudqvlwlrq htxdwlrq |lhogv

>| ' >|3�e
o|#|

'
@|3�#|
K|3�

i T Ef|B n o|� �

Frqglwlrqdo rq t|3�c >| lv jdppd glvwulexwhg dqg zh zulwh >|mt|3� � K
�
@|�|3�c K|�|3�

�
�

Iurp wkh surshuwlhv ri wkh jdppd glvwulexwlrq/ >|mt|3� kdv d jdppd glvwulexwlrq zlwk

4;Qrwh wkdw wklv mxvwl�hv xvlqj wkh orfdo ohyho iurp wkh odvw shulrg lq wkh pxowlsolfdwlyh ixqfwlrq iru wkh
phdq �w1
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sdudphwhuv @|�|3�dqg K|�|3� vxfk wkdw

@|�|3� ' /@|3� +45d,

K|�|3� ' /K|3� i T E�f|B � o|� c / 5 Efc �o� +45e,

Edvhg rq wkh surshuwlhv ri wkh jdppd glvwulexwlrq/ zh fdq wkhq fdofxodwh . d>|mt|3�o dqg
T @o d>|mt|3�o G

. d>|mt|3�o '
@|�|3�
K|�|3�

'
@|3�

K|3� i T E�f|B � o|�
' .

k
>|3�mt|3�

l
+46,

T @o d>|mt|3�o '
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zkhuh +49d, iroorzv iurp d uhqrupdol}dwlrq ri wkh vfdoh ri wkh jdppd glvwulexwlrq1 Wkhvh

uhfxuvlrqv dqg wkh vhw ri lqlwldo ydoxhv gh�qh d Ndopdq �owhu iru wkh frxqw gdwd zlwk d Srlvvrq
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Ihghudo Frxuwv ri Dsshdov/ 4;<604<<41� Srolwlfdo Uhvhdufk Txduwhuo| 7;+6,=8:6�8<:1
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Vtxlhu/ Mrkq1 4<<:1 �Wlph0Vhulhv Prghov iru Hyhqw0Frxqw Gdwd= Surshuwlhv dqg Hvwlpdwlrq ri
Lqwhjhu0Ydoxhg Dxwruhjuhvvlyh Surfhvvhv zlwk Srlvvrq Pdujlqdo Glvwulexwlrqv1� Xqsxeolvkhg/
Xqlyhuvlw| ri Plfkljdq1

Yroj|/ Wkrpdv M1 dqg Odzuhqfh H1 Lpzdooh1 4<<81 �Khjhprqlf dqg Elsrodu Shuvshfwlyhv rq wkh
Qhz Zruog Rughu1� Dphulfdq Mrxuqdo ri Srolwlfdo Vflhqfh 6<+7,=;4<�671

Zdug/ Plfkdho G1 dqg Vkhhq Udmpdlud1 4<<51 �Uhflsurflw| dqg Qrupv lq Xqlwhg Vwdwhv0Vrylhw
Iruhljq Srolf|1� Mrxuqdo ri Frq lfw Uhvroxwlrq 69+5,=69<�;81

Zhvw/ Plnh dqg Mh� Kduulvrq1 4<<:1 Ed|hvldq Iruhfdvwlqj dqg G|qdplf Prghov1 Qhz \run=
Vsulqjhu0Yhuodj1

Zhvw/ Plnh dqg S1 Mh� Kduulvrq1 4<;91 �Prqlwrulqj dqg Dgdswdwlrq lq Ed|hvldq Iruhfdvwlqj
Prghov1� Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq ;4+6<8,=:74�:831

Zhvw/ Plnh/ S1 Mh� Kduulvrq dqg Kholr Pljrq1 4<;81 �G|qdplf Jhqhudol}hg Olqhdu Prghov
dqg Ed|hvldq Iruhfdvwlqj +zlwk frpphqwv,1� Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq
;3+6;<,=:6�;61

Zklwh/ Kdoehuw1 4<<71 Hvwlpdwlrq/ Lqihuhqfh dqg Vshfl�fdwlrq Dqdo|vlv1 Fdpeulgjh= Fdpeulgjh
Xqlyhuvlw| Suhvv1

Zlqnhopdqq/ Udlqhu1 4<<81 �Gxudwlrq Ghshqghqfh dqg Glvshuvlrq lq Frxqw0Gdwd Prghov1� Mrxuqdo
ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv 46+7,=79:�7:71

]hjhu/ Vfrww O1 4<;;1 �D uhjuhvvlrq prgho iru wlph vhulhv ri frxqwv1� Elrphwulnd :8+7,=954�<1

]hjhu/ V1O1 dqg E1 Tdtlvk1 4<;;1 �Pdunry Uhjuhvvlrq Prghov iru Wlph Vhulhv= D Txdvl0Olnholkrrg
Dssurdfk1� Elrphwulfv 77=434<�641
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Wdeoh 4= Prqwh Fduor Hvwlpdwhv iru uhjuhvvlrq sdudphwhu B�

Uhvxowv edvhg rq 533 uhsolfdwlrqv

Q >f / SHZPD OOROV DULPD Srlvvrq Odjjhg Qhjdwlyh Odjjhg
Srlvvrq Elqrpldo Qhj1 Elq1

83 43 31; 317<;5 318<87 318<<6 317<67 317<5: 317<55 317<55
83 43 319 318355 318744 318899 317;94 317;5; 317:8; 317:;5
83 43 317 318349 318554 3187<4 317:89 317:99 31789; 317994
83 43 315 318363 317;96 3184;; 317:96 317:99 31785< 317956
83 53 31; 318346 318457 318487 317<:5 317<96 317<99 317<8;
83 53 319 318333 31839: 318468 317<:< 317<74 317<66 317<43
83 53 317 318347 317<6: 3183:9 317<53 317;:: 317;39 317;3;
83 53 315 317<<3 317<34 318375 317;<9 317;:: 317:;8 317;35
83 83 31; 318345 31837; 318389 317<<< 317<<8 317<<: 317<<6
83 83 319 31833< 317<<7 318357 317<:< 317<94 317<96 317<7;
83 83 317 31833; 318336 31836; 318336 317<:7 317<98 317<76
433 43 31; 317<<; 318;67 318<76 317<98 317<64 317;;7 317;;7
433 43 319 31838< 318858 318;:: 317<7< 317<45 31785: 317999
433 43 317 318349 317<3; 318564 317<7; 317;;6 317896 317987
433 53 31; 317;7< 318457 3184;6 317<<8 317<:8 317<9; 317<8:
433 53 319 317<;9 31838< 318534 317<89 317<45 317:<7 317;53
433 53 317 318347 317<5: 318467 317<95 317<46 317:33 317:99
433 83 31; 317<<8 318345 318365 317<<6 317<;6 317<;7 317<:8
433 53 319 318335 317<;4 31835; 317<<: 317<:4 317<75 317<5<
433 53 317 318334 317<56 31834< 317<;< 317<79 317;:3 317;9:
533 53 31; 317<<8 318588 31863; 3183:5 317<93 317<:6 317;<:
533 53 319 317<<< 31857< 318739 318465 317<53 317:39 317985
533 53 317 318359 318683 318885 318437 317;;3 3176;4 3176;:
533 83 31; 318337 31835: 31838: 318364 317;:< 317<<: 317<84
533 83 319 318343 317<<8 3183:6 3183;5 317<7: 317<39 317;59
533 83 317 31833< 317<9< 3183;6 318477 317<77 317;4< 317:67

Vhh wh{w iru glvfxvvlrq1 Wuxh ydoxh ri B� ' f�D�
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Wdeoh 5= Prqwh Fduor Vwdqgdug Ghyldwlrqv ri B�

Uhvxowv edvhg rq 533 uhsolfdwlrqv

Q >f / SHZPD OOROV DULPD Srlvvrq Odjjhg Qhjdwlyh Odjjhg
Srlvvrq Elqrpldo Qhj1 Elq1

83 43 31; 313875 314::; 314:9< 31375; 313743 313778 31374:
83 43 319 313697 3146;: 3147;3 3137;; 313793 31394: 3137<:
83 43 317 3135;7 314648 314793 313889 31374< 313:54 3137;8
83 43 315 31354: 3138;5 313949 313984 313884 313;35 313946
83 53 31; 313584 31378: 313777 31359: 313593 3135:5 313596
83 53 319 31356< 313:6: 313:48 313656 3135<3 313689 31363<
83 53 317 31353< 3135;: 313597 313694 3135<9 313756 313655
83 53 315 313494 313587 31349; 313689 31363; 313795 313686
83 83 31; 31349< 313555 31354: 3134:8 3134:6 3134:9 3134:6
83 83 319 313454 3134<5 3134;7 3134:; 313499 3134;7 3134:6
83 83 317 313449 3134;7 313478 313554 3134<8 31356: 313539
433 43 31; 3135<7 314855 314937 31365; 31366; 3136;4 31368;
433 43 319 3135<6 314738 31495: 3136<6 31376; 313:9; 3138;7
433 43 317 313485 3139:3 313<7: 313637 31359: 313:99 31389<
433 53 31; 31556; 313666 313676 3134;: 3134;8 31353< 3134<:
433 53 319 3134:6 313:65 313<8< 31358: 31365; 313756 3135<6
433 53 317 31348< 31374; 313773 313594 313569 3137;; 313658
433 83 31; 313453 313494 313493 313458 313458 313459 31345:
433 83 319 313438 31349< 313486 313484 313473 3134:: 313489
433 83 317 3133<5 313498 313446 31348; 313475 31356; 3134;3
533 53 31; 31347: 3138<; 31389: 31363: 313558 31358: 313563
533 53 319 31346; 31434; 313<<7 3138<6 31377: 31379< 3136;4
533 53 317 31345; 31466; 3145:< 313:45 313957 313969 313899
533 83 31; 3133;8 3134;< 313469 3134<: 313498 3134;: 313499
533 83 319 3133:; 313663 313584 313693 31357: 31364: 31359;
533 83 317 313399 313665 3135:4 31375< 3135:4 31367< 3135<5

Vhh wh{w iru glvfxvvlrq ri h{shulphqwv dqg uhvxowv1
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Wdeoh 6= Uhodwlyh H!flhqf| iru uhjuhvvlrq sdudphwhu B�

zlwk uhvshfw wr SHZPD Prqwh Fduor Vwdqgdug Ghyldwlrq

Uhvxowv edvhg rq 533 uhsolfdwlrqv1

Q >f / OOROV DULPD Srlvvrq Odjjhg Qhjdwlyh Odjjhg
Srlvvrq Elqrpldo Qhj1 Elq1

83 43 31; 615;3 61596 31:<3: 31:889 31;534 31:9<5
83 43 319 61;3: 71396 41673 41594 419<7 41697
83 43 317 7196; 81484 41<96 417:; 51877 41:43
83 43 315 519;< 51;79 6133: 51876 61:37 51;64
83 53 31; 41;57 41::3 41399 41369 413;7 41383
83 53 319 613<3 51<<9 41686 4154; 417<7 415<:
83 53 317 416:4 41596 41:59 41749 51357 4186<
83 53 315 418:5 4136< 5153< 41<44 51;93 41544
83 83 31; 41648 415;7 4136: 41356 4136< 41355
83 83 319 418;9 41847 4179< 416:5 41848 41759
83 83 317 418;3 4157< 41;<: 419:< 51365 41::5
433 43 31; 814:9 81787 41447 4147; 415<7 4154;
433 43 319 71;33 8188< 41674 417<: 51957 41<<9
433 43 317 7173; 9155: 41<<: 41:8< 81373 61:79
433 53 31; 3147;; 314865 313;67 313;59 313<68 313;;3
433 53 319 71555 81865 417;4 416;< 5176< 419<3
433 53 317 51973 51::8 4197: 417<4 613;5 5137;
433 83 31; 41677 41667 4136; 41378 41385 4138;
433 83 319 41948 41793 41779 41666 419<5 417;:
433 83 317 41:;7 41558 41:3; 41867 518:9 41<84
533 53 31; 71394 61;7< 513;5 41859 41:77 41896
533 53 319 :169; :14<7 715;; 61565 616<: 51:89
533 53 317 4317< 43136 818:; 71;<8 71<;; 71767
533 83 31; 5155< 41938 51667 41<89 5153: 41<97
533 83 319 71549 6153: 71939 61486 71387 61765
533 83 317 8135< 71437 91385 71445 815;< 7175;

Vhh wh{w iru glvfxvvlrq1

Uhodwlyh H!flhqf| '
Lqglfdwhg Prgho*v Prqwh Fduor Vwdqgdug Ghyldwlrq iru B�

SHZPD Prqwh Fduor Vwdqgdug Ghyldwlrq iru B�
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Wdeoh 7= Phdq Uhodwlyh Ryhufrq�ghqfh

Uhodwlyh ryhufrq�ghqfh iru uhjuhvvlrq sdudphwhu B�

Prqwh Fduor Uhvxowv edvhg rq 533 uhsolfdwlrqv1

Q >f / SHZPD OOROV DULPD Srlvvrq Odjjhg Qhjdwlyh Odjjhg
Srlvvrq Elqrpldo Qhj1 Elq1

83 43 31; 41589 516:; 51764 41364 4133; 41336 31<738
83 43 319 4139; 5183: 51795 41384 413:9 415<5 41446
83 43 317 31<6<8 417:8 51;3< 41458 31<878 41795 41433
83 43 315 31<55; 4148< 41<<4 41736 41674 41:;4 41849
83 53 31; 31<<89 4174< 41784 31<:9< 31<978 31<947 31<56<
83 53 319 413:: 51493 51894 4134: 31<977 413<; 31<<83
83 53 317 41448 31;9:9 416:4 41375 31<878 41557 41348
83 53 315 41378 4164: 31<4;: 41476 41438 417:4 4156<
83 83 31; 413;5 414;: 4154: 41378 41373 41349 41344
83 83 319 31;:96 31<;:6 414;< 31<59 31;<;; 31<768 31<48<
83 83 317 31<867 31<463 415:6 4136< 31<::7 41389 31<:6<
433 43 31; 41338 5158< 517<3 31;955 31<53: 31<946 31<67<
433 43 319 413:8 41936 514:8 31:;54 31<;65 41794 415;6
433 43 317 31<<6< 41757 61467 31:97; 31:94; 41;7; 4194<
433 53 31; 31;;:5_ 41734 41567 31:835 31:9:4 31;555 31:<84
433 53 319 31<<<7 51454 61;7< 31;36: 31;633 415;; 41337
433 53 317 41398 4157: 5165; 31:55: 31:83; 41665 41364
433 83 31; 31<<84 41338 4145: 31;39; 31;594 31;476 31;67<
433 83 319 31<;65 31<46< 41657 31:974 31:859 31;:5: 31;444
433 83 317 31<<9< 31;369 415;< 31993< 319893 31<945 31;556
533 53 31; 4138< 51476 515;; 416;4 4138; 4144; 413:7
533 53 319 41353 51667 613:< 41:39 41753 41645 4156:
533 53 317 413;5 41;78 51633 41749 41693 4168< 416;8
533 83 31; 31<<94 416:: 4157< 41748 414<< 4164: 414<;
533 83 319 41357 41:6< 51694 41:3< 41586 417:5 4168;
533 83 317 31<:9: 417;7 51::9 41968 41478 415<; 41596

Vhh wh{w iru glvfxvvlrq1

Uhodwlyh Ryhufrq�ghqfh @
Prqwh Fduor Vwdqgdug Ghyldwlrq iru B�
Kxehu0Zklwh Vwdqgdug Huuru iru B�

| lqglfdwhv wkdw rqh uhsolfdwlrq uhpryhg ehfdxvh lw zdv dq rxwolhu wkdw vnhzhg wkh uhvxow1
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Wdeoh 8= Lqwhuyhqwlrq Dqdo|vlv ri X1V1 Vxsuhph Frxuw Djhqgd Vhulhv Fdvhv

Uhjxodwlrq Srolf| Fdvhv
Hvwlpdwhg Uhjuhvvlrq Sdudphwhuv iru lqwhuyhqwlrq prghov
Sdudphwhu SHZPD Srlvvrq Qhjdwlyh Elqrpldo Jdxvvldq DULPD+3/3/4,
Lqwhuyhqwlrq +4<87, 031:498 031943: 0318;88 031977;

+315946, +315773, +316597, +314;58,
/ 3193:;

+31396<,
Frqvwdqw 51;:8: 51;:9; 6179:

+313::;, +31437:, +31478:,
� 4146<3

+316598,
4 3134;< 3134;< 31:;<3

+313353, +313359, +313<:57,
Ilqdo Orj0olnholkrrg 0534188 05491<5 053<1;4
DLF 73813< 76<1;8 758195

Qrwh= Vwdqgdug huuruv lq sduhqwkhvhv1 Qr olnholkrrg ru DLF ydoxhv duh frpsxwhg iru wkh
DULPD+3/3/4, prgho/ vlqfh wkh vfdohv duh qrw frpsdudeoh1 Vhh wh{w iru glvfxvvlrq1

Htxdolw| Srolf| Fdvhv
Hvwlpdwhg Uhjuhvvlrq Sdudphwhuv iru lqwhuyhqwlrq prghov
Sdudphwhu SHZPD Srlvvrq Qhjdwlyh Elqrpldo Jdxvvldq DULPD+3/3/4,
Lqwhuyhqwlrq +4<96, 31<357 4148; 414<46 41354

+3156<9, +314<83, +3165<4, +419:7,
/ 3195;7

+31399;,
Frqvwdqw 4188:7 418999 41;7:

+313:<6, +3145:9, +316956,
� 513:3

+315;;3,
4 31394: 313943 316983

+313373, +313396, +314566,
Ilqdo Orj0olnholkrrg 0495147 053818: 04:<175
DLF 65915; 74:147 6971;7

Qrwh= Vwdqgdug huuruv lq sduhqwkhvhv1 Qr olnholkrrg ru DLF ydoxhv duh frpsxwhg iru wkh
DULPD+3/3/4, prgho/ vlqfh wkh vfdohv duh qrw frpsdudeoh1 Vhh wh{w iru glvfxvvlrq1
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