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Dvvhvvlqj wkh H�hfwv ri Ilvfdo Vkrfnv�

Fudlj Exuqvlgh| Pduwlq Hlfkhqedxp} Mrqdv G1P1 Ilvkhu{

Qryhpehu 4<<<

Devwudfw

Wklv sdshu lqyhvwljdwhv wkh uhvsrqvh ri uhdo zdjhv dqg krxuv zrunhg wr

dq h{rjhqrxv vkrfn lq �vfdo srolf|1 Zh lghqwli| wklv vkrfn zlwk wkh g|qdplf

uhvsrqvh ri jryhuqphqw sxufkdvhv dqg wd{ udwhv wr dq h{rjhqrxv lqfuhdvh

lq plolwdu| sxufkdvhv1 Wkh �vfdo vkrfnv wkdw zh lvrodwh duh fkdudfwhul}hg e|

kljko| fruuhodwhg lqfuhdvhv lq jryhuqphqw sxufkdvhv/ wd{ udwhv dqg krxuv

zrunhg dv zhoo dv shuvlvwhqw ghfolqhv lq uhdo zdjhv1 Zh dvvhvv wkh delolw|

ri vwdqgdug Uhdo Exvlqhvv F|foh prghov wr dffrxqw iru wkhvh idfwv1 Wkh|

fdq�exw rqo| xqghu wkh dvvxpswlrq wkdw pdujlqdo lqfrph wd{ udwhv duh

frqvwdqw/ d vwdqgdug dvvxpswlrq lq wkh olwhudwxuh1 Rqfh zh dedqgrq wklv

frxqwhuidfwxdo dvvxpswlrq/ UEF prghov fdqqrw dffrxqw iru wkh idfwv1 Zh

dujxh wkdw rxu hpslulfdo �qglqjv srvh d fkdoohqjh wr d zlgh fodvv ri exvlqhvv

f|foh prghov1

�Zh zrxog olnh wr wkdqn Odzuhqfh M1 Fkulvwldqr dqg Oduv Kdqvhq iru khosixo frqyhuvdwlrqv1
Wkh ylhzv h{suhvvhg lq wklv sdshu gr qrw qhfhvvdulo| uhsuhvhqw wkh ylhzv ri wkh Ihghudo Uhvhuyh
Edqn ri Fklfdjr/ wkh Ihghudo Uhvhuyh V|vwhp ru wkh Zruog Edqn1 Pduwlq Hlfkhqedxp judwhixoo|
dfnqrzohgjhv wkh �qdqfldo vxssruw ri d judqw iurp wkh Qdwlrqdo Vflhqfh Irxqgdwlrq wr wkh
Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk1

|Wkh Zruog Edqn
} Qruwkzhvwhuq Xqlyhuvlw|/ Ihghudo Uhvhuyh Edqn ri Fklfdjr/ QEHU
{Ihghudo Uhvhuyh Edqn ri Fklfdjr



41 Lqwurgxfwlrq

Wklv sdshu lqyhvwljdwhv wkh uhvsrqvh ri uhdo zdjhv dqg krxuv zrunhg wr dq h{0

rjhqrxv vkrfn lq �vfdo srolf|1 Zh lghqwli| wklv vkrfn dv wkh g|qdplf uhvsrqvh

ri jryhuqphqw sxufkdvhv dqg wd{ udwhv wr dq h{rjhqrxv lqfuhdvh lq plolwdu| sxu0

fkdvhv1 Wkh �vfdo vkrfnv wkdw zh lvrodwh duh fkdudfwhul}hg e| kljko| fruuhodwhg

lqfuhdvhv lq jryhuqphqw sxufkdvhv/ wd{ udwhv dqg krxuv zrunhg dv zhoo dv shuvlv0

whqw ghfolqhv lq uhdo zdjhv1 Zh dvvhvv wkh delolw| ri vwdqgdug Uhdo Exvlqhvv F|foh

prghov wr dffrxqw iru wkhvh idfwv1 Wkh| fdq 0 exw rqo| xqghu wkh dvvxpswlrq wkdw

pdujlqdo lqfrph wd{ udwhv duh frqvwdqw/ d vwdqgdug dvvxpswlrq lq wkh olwhudwxuh1

Rqfh zh dedqgrq wklv frxqwhuidfwxdo dvvxpswlrq/ UEF prghov fdqqrw dffrxqw

iru wkh idfwv1

Wkh prvw edvlf idloxuh ri wkhvh prghov lv wkdw wkh| suhglfw krxuv zrunhg dqg

jryhuqphqw sxufkdvhv duh vkduso| qhjdwlyho| fruuhodwhg diwhu d �vfdo srolf| vkrfn1

Lq uhdolw|/ diwhu vxfk d vkrfn/ krxuv zrunhg dqg jryhuqphqw sxufkdvhv duh vwurqjo|

srvlwlyho| fruuhodwhg1 Wkh wudglwlrqdo vdoyh ri whfkqrorj| vkrfn gulyhq UEF prg0

hov 0 d kljk hodvwlflw| ri oderu vxsso| 0 grhv qrw khos lpsuryh wkhlu delolw| wr

dffrxqw iru wkh d�hfwv ri d �vfdo vkrfn1 Lq idfw lw h{dfhuedwhv wkhlu idlolqjv1 Zh

lqihu wkdw fkdqjhv lq wkh prghov* vwuxfwxuh zkrvh pdmru h�hfw lv wr lqfuhdvh wkh

hodvwlflw| ri oderu vxsso| zloo qrw uhphg| wkhlu vkruwfrplqjv1 Diwhu uhylhzlqj

rwkhu prgho shuwxuedwlrqv/ zh dujxh wkdw rxu hpslulfdo �qglqjv srvh d fkdoohqjh

wr d zlgh fodvv ri exvlqhvv f|foh prghov1

Zk| grhv doorzlqj iru hpslulfdoo| sodxvleoh pryhphqwv lq wd{ udwhv kdyh vxfk

dq lpsruwdqw h�hfw rq wkh shuirupdqfh ri UEF prghovB Lq wkh gdwd/ d �vfdo

srolf| vkrfn ohdgv wr kljko| fruuhodwhg kxps0vkdshg pryhphqwv lq wd{ udwhv dqg

jryhuqphqw sxufkdvhv1 D ulvh lq jryhuqphqw sxufkdvhv udlvhv wkh suhvhqw ydoxh ri

djhqwv* wd{hv/ wkxv wuljjhulqj dq lqfuhdvh lq djjuhjdwh oderu vxsso|1 Exw djhqwv

suhihu wr zrun kdughu zkhq wd{ udwhv duh orz dqg ohvv kdug zkhq wd{ udwhv duh

kljk1 Vr d kxps vkdshg ulvh lq wd{ udwhv kdv erwk lqwudwhpsrudo dqg lqwhuwhp0

srudo vxevwlwxwlrq h�hfwv rq oderu vxsso|1 Rqfh wkhvh vxevwlwxwlrq h�hfwv duh
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wdnhq lqwr dffrxqw/ UEF prghov frxqwhuidfwxdoo| suhglfw wkdw/ diwhu d �vfdo sro0

lf| vkrfn/ jryhuqphqw sxufkdvhv duh vwurqjo| qhjdwlyho| fruuhodwhg zlwk krxuv

zrunhg1 Wkh plvpdwfk ehwzhhq prgho dqg gdwd lv zruvh wkh pruh hodvwlf oderu

vxsso| lv dvvxphg wr eh= wkh pruh hodvwlf oderu vxsso| lv/ wkh pruh djhqwv zlvk

wr vxevwlwxwh krxuv zrunhg wrzdugv shulrgv zkhq wd{ udwhv duh orz dqg dzd|

iurp shulrgv zkhq wd{ udwhv duh kljk1 Zkloh wklv pdjql�hv wkh yrodwlolw| ri krxuv

zrunhg/ lw dovr pdjql�hv wkh suhglfwhg qhjdwlyh frqglwlrqdo fruuhodwlrq ehwzhhq

krxuv zrunhg dqg jryhuqphqw sxufkdvhv1

Wkh lghd wkdw wkh frqvhtxhqfhv ri d �vfdo srolf| vkrfn ghshqg rq krz lqfuhdvhv

lq jryhuqphqw frqvxpswlrq duh �qdqfhg lv fhuwdlqo| qrw qhz1 Iru h{dpsoh/ Ed{whu

dqg Nlqj +4<<6, irufhixoo| ghprqvwudwh wklv srlqw lq wkh frqwh{w ri vwdqgdug UEF

prghov1 Lq wkhlu prgho/ zkhq dq lqfuhdvh lq jryhuqphqw sxufkdvhv lv �qdqfhg e|

oxps vxp wd{hv/ d �vfdo vkrfn jhqhudwhv d ulvh lq hpsor|phqw dqg rxwsxw dqg d idoo

lq uhdo zdjhv1 Exw/ zkhq dq lqfuhdvh lq jryhuqphqw sxufkdvhv lv �qdqfhg hqwluho|

e| glvwruwlrqdu| lqfrph wd{hv/ hpsor|phqw/ rxwsxw dqg diwhu0wd{ uhdo zdjhv doo

idoo1 Lq d vlplodu yhlq/ Pxooljdq*v +4<<;, dujxphqw wkdw qhrfodvvlfdo prghov fdqqrw

dffrxqw iru wkh ulvh lq X1V1 hpsor|phqw gxulqj ZZLL uhvwv fulwlfdoo| rq wkh

revhuydwlrq wkdw pdujlqdo lqfrph wd{ udwhv urvh gudpdwlfdoo| gxulqj wkh zdu1

Ilqdoo|/ Rkdqldq*v +4<<:, dqdo|vlv ri wkh frqvhtxhqfhv ri d ulvh lq jryhuqphqw

sxufkdvhv lv suhglfdwhg rq wkh idfw wkdw wkh X1V1 �qdqfhg ZZLL dqg wkh Nruhdq

zdu lq ixqgdphqwdoo| gl�huhqw zd|v1

Wkhvh revhuydwlrqv qrwzlwkvwdqglqj/ pdq| vwxglhv surfhhg xqghu wkh dvvxps0

wlrq wkdw lqfuhdvhv lq jryhuqphqw sxufkdvhv duh hqwluho| �qdqfhg e| oxps vxp

wd{hv14 Wkh uhvxowv lq Ed{whu dqg Nlqj +4<<6,/ Pxooljdq +4<<;, dqg Rkdqldq

+4<<:, vxjjhvw wkdw wklv dvvxpswlrq pd| jlyh ulvh wr plvohdglqj uhvxowv1 Wkh rqo|

zd| wr nqrz zkhwkhu lw dfwxdoo| grhv lv wr frqiurqw prghov zlwk dq h{shulphqw

wkdw lv frpphqvxudwh zlwk zkdw rffxuuhg lq wkh gdwd1 Exw wklv uhtxluhv wkdw zh

4Vhh iru h{dpsoh Fkulvwldqr dqg Hlfkhqedxp +4<<5,/ Ghyhuhdx{/ Khdg dqg Odskdp +4<<9,/
Hghoehuj/ Hlfkhqedxp dqg Ilvkhu +4<<<,/ Udph| dqg Vkdslur +4<<;, dqg Urwhpehuj dqg Zrrg0
irug +4<<5,1
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nqrz krz dfwxdo dyhudjh pdujlqdo wd{ udwhv klvwrulfdoo| uhvsrqghg wr h{rjhqrxv

lqfuhdvhv lq jryhuqphqw frqvxpswlrq1 Surylglqj wklv lqirupdwlrq dqg vkrzlqj

krz wr xvh lw duh wzr ri wkh pdlq remhfwlyhv ri wklv sdshu1

Jlyhq gdwd rq dyhudjh pdujlqdo wd{ udwhv/ wkh nh| hpslulfdo sureohp lv lghq0

wli|lqj h{rjhqrxv fkdqjhv lq �vfdo srolf|1 Wkh olwhudwxuh kdv sxuvxhg ydulrxv

dssurdfkhv15 Zh exlog rq wkh dssurdfk xvhg e| Udph| dqg Vkdslur +4<<;, zkr

irfxv rq fkdqjhv dvvrfldwhg zlwk h{rjhqrxv pryhphqwv lq ghihqvh vshqglqj1 Wr

lvrodwh vxfk pryhphqwv/ Udph| dqg Vkdslur +4<<;, lghqwli| wkuhh srolwlfdo hyhqwv/

dujxdeo| xquhodwhg wr ghyhorsphqwv lq wkh grphvwlf X1V1 hfrqrp|/ wkdw ohg wr

odujh plolwdu| exlogxsv1 Zh uhihu wr wkhvh hyhqwv dv cUdph|0Vkdslur hslvrghv*1

Wkh zhdnqhvv ri wklv dssurdfk lv wkdw Udph| dqg Vkdslur rqo| lghqwli| wkuhh

hslvrghv ri h{rjhqrxv vkrfnv wr �vfdo srolf|1 Lq rxu ylhz wklv zhdnqhvv lv pruh

wkdq r�vhw e| wkh frpshoolqj qdwxuh ri wkhlu dvvxpswlrq wkdw wkh zdu hslvrghv

duh h{rjhqrxv1 Fhuwdlqo| wkhlu dvvxpswlrq vhhpv sodxvleoh uhodwlyh wr wkh dv0

vxpswlrqv uhtxluhg wr lvrodwh wkh h{rjhqrxv frpsrqhqw ri vwdwlvwlfdo lqqrydwlrqv

lq jryhuqphqw sxufkdvhv dqg wd{ udwhv1

Wkh uhpdlqghu ri wklv sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 suhvhqwv rxu

hylghqfh rq wkh h�hfwv ri d �vfdo vkrfn1 Vhfwlrq 6 glvfxvvhv d olplwhg lqirupdwlrq

vwudwhj| iru xvlqj rxu uhvxowv wr dvvhvv wkh hpslulfdo sodxvlelolw| ri frpshwlqj

exvlqhvv f|foh prghov1 Vhfwlrq 7 uhsruwv wkh uhvxowv ri lpsohphqwlqj wklv vwudwhj|

rq d vlpsoh/ surwrw|slfdo UEF prgho1 Vhfwlrq 8 glvfxvvhv wkh h�hfwv ri ydulrxv

shuwxuedwlrqv wr wkh ehqfkpdun prgho1 Vhfwlrq 9 frqwdlqv frqfoxglqj uhpdunv1

51 Hylghqfh rq wkh H�hfwv ri d Vkrfn wr Ilvfdo Srolf|

Lq wklv vhfwlrq zh dffrpsolvk wzr wdvnv1 Iluvw/ zh ghvfuleh rxu vwudwhj| iru hvwl0

pdwlqj wkh h�hfwv ri dq h{rjhqrxv vkrfn wr �vfdo srolf|1 Vhfrqg/ zh suhvhqw wkh

uhvxowv ri lpsohphqwlqj wklv vwudwhj|1 Wkh pdlq frqwulexwlrq uhodwlyh wr Udph|

dqg Vkdslur*v hpslulfdo dqdo|vlv lv wkdw +l, zh dedqgrq wkhlu dvvxpswlrq wkdw wkh

5Vhh Eodqfkdug dqg Shurwwl +4<<;, dqg Hghoehuj/ Hlfkhqedxp dqg Ilvkhu +4<<<, iru glvfxv0
vlrqv ri dowhuqdwlyh dssurdfkhv1
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hslvrghv zklfk wkh| lvrodwh zhuh ri htxdo lqwhqvlw| dqg +ll, zh eulqj wd{ udwhv lqwr

wkh dqdo|vlv1

5141 Lghqwli|lqj wkh H�hfwv ri d Ilvfdo Srolf| Vkrfn

Udph| dqg Vkdslur +4<<;, sxuvxh d cqduudwlyh dssurdfk* wr lvrodwh wkuhh dujxdeo|

h{rjhqrxv hyhqwv wkdw ohg wr odujh plolwdu| exlogxsv dqg lqfuhdvhv lq wrwdo jry0

huqphqw sxufkdvhv= wkh Nruhdq Zdu/ wkh Ylhwqdp Zdu dqg wkh Fduwhu0Uhdjdq

ghihqvh exlogxs1 Edvhg rq wkhlu uhdglqj ri klvwru|/ wkh| gdwh wkhvh hyhqwv dw

4<83=6/ 4<98=4 dqg 4<;3=41

Wr hvwlpdwh h{rjhqrxv pryhphqwv lq jryhuqphqw sxufkdvhv/ }|/ dqg dyhudjh

pdujlqdo wd{ udwhv/ � |/ dqg wkh uhvxowlqj h�hfwv rq rwkhu pdfur yduldeohv/ zh xvh

wkh iroorzlqj surfhgxuh1 Gh�qh wkh wkuhh gxpp| yduldeohv (�|/ � ' �c 2c �/ zkhuh

(�| '

+
�c li | ' _�

fc rwkhuzlvh

dqg _� ghqrwhv wkh �
|� hohphqw ri

_ '
�
4<83=6 4<98=4 4<;3=4

�
�

1

Zh lqfoxgh wkh (�|*v dv h{sodqdwru| yduldeohv lq d yhfwru dxwruhjuhvvlrq +YDU,1

Vxssrvh wkdw wkh vwrfkdvwlf surfhvv ~| kdv wkh uhsuhvhqwdwlrq=

~| ' �f n��Eu�~|3� n
�[

�'�

�2Eu���(�| n �|c +514,

zkhuh .�| ' f/

.��|�|3r '

+
fc iru doo r 9' f
Pc iru r ' fc

P lv d srvlwlyh gh�qlwh pdwul{ ri glphqvlrq htxdo wr wkh qxpehu ri hohphqwv lq ~|

dqg ��Eu�/ � ' �c 2 duh �qlwh rughuhg yhfwru sro|qrpldov lq qrqqhjdwlyh srzhuv

ri wkh odj rshudwru u1 Lq dgglwlrq/ wkh �� duh vfdoduv zlwk �� qrupdol}hg wr xqlw|1

Wkh sdudphwhuv �2 dqg �� phdvxuh wkh lqwhqvlw| ri wkh vhfrqg dqg wklug Udph|0

Vkdslur hslvrghv uhodwlyh wr wkh �uvw1 Wklv vshfl�fdwlrq doorzv xv wr ghsduw iurp
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wkh dvvxpswlrq lq Udph| dqg Vkdslur +4<<;, dqg Hghoehuj/ Hlfkhqedxp dqg

Ilvkhu +4<<<, wkdw wkh hslvrghv duh ri htxdo lqwhqvlw|/ l1h1 �� ' �/ � ' �c 2c �1

Zh hvwlpdwhg +514, e| pd{lpxp olnholkrrg dvvxplqj d Jdxvvldq olnholkrrg

ixqfwlrq1 D frqvlvwhqw hvwlpdwh ri wkh uhvsrqvh ri ~�|n&/ wkh �|� hohphqw ri ~ dw

wlph |n &/ wr wkh rqvhw ri wkh �|� Udph|0Vkdslur hslvrgh lv jlyhq e| dq hvwlpdwh

ri wkh frh!flhqw rq u& lq wkh h{sdqvlrq ri �� dU ���Eu�uo
3��2Eu�1 Vr zkloh wkh

hslvrghv pd| gl�hu lq lqwhqvlw|/ wkhlu g|qdplf h�hfwv duh wkh vdph/ xs wr d vfdoh

idfwru/ ��1

5151 Hpslulfdo Uhvxowv

Lq wklv vxevhfwlrq zh suhvhqw wkh uhvxowv ri lpsohphqwlqj wkh surfhgxuh glvfxvvhg

deryh1 Xqohvv rwkhuzlvh qrwhg/ wkh yhfwru ~| frqwdlqv wkh orj ri wlph | uhdo C(� /

wkh qhw wkuhh prqwk Wuhdvxu| eloo udwh/ wkh orj ri wkh surgxfhu sulfh lqgh{ ri fuxgh

ixho/ wkh orj ri d phdvxuh ri wkh dyhudjh pdujlqdo lqfrph wd{ udwh/ wkh orj ri uhdo

jryhuqphqw sxufkdvhv/ wkh orj ri krxuv zrunhg/ dqg diwhu wd{ uhdo zdjhv16 Wkh

YDU kdv vl{ odjjhg ydoxhv ri doo yduldeohv1 Wklv odj ohqjwk zdv fkrvhq xvlqj wkh

prgl�hg olnholkrrg udwlr whvw ghvfulehg lq Vlpv +4<;3,17 Doo hvwlpdwhv duh edvhg

rq txduwhuo| gdwd iurp 4<7:=4 wr 4<<7=71 Wkh Dsshqgl{ ghvfulehv wkh gdwd xvhg

lq rxu dqdo|vlv1

Dv edfnjurxqg wr rxu dqdo|vlv/ wkh �uvw urz ri Iljxuh 4 glvsod|v wkh orj ri

uhdo ghihqvh h{shqglwxuhv dqg wkh orj ri uhdo jryhuqphqw sxufkdvhv/ dorqj zlwk

yhuwlfdo olqhv dw wkh gdwhv ri Udph|0Vkdslur hslvrghv1 Wkh orzhu ohiw kdqg sdqho

ri Iljxuh 4 uhsruwv wkh vkduh ri jryhuqphqw sxufkdvhv lq JGS1 Wkh wlph vhulhv rq

uhdo ghihqvh h{shqglwxuhv lv grplqdwhg e| wkuhh hyhqwv= wkh odujh lqfuhdvhv lq uhdo

ghihqvh h{shqglwxuhv dvvrfldwhg zlwk wkh Nruhdq zdu/ wkh Ylhwqdp zdu dqg wkh

Fduwhu0Uhdjdq ghihqvh exlogxs1 Wkh Udph|0Vkdslur gdwhv hvvhqwldoo| pdun wkh

ehjlqqlqj ri wkhvh hslvrghv1 Lq wkh prghov wkdw zh h{soruh lw lv wrwdo jryhuqphqw

6Rxu phdvxuh ri jryhuqphqw sxufkdvhv lqfoxghv uhdo ghihqvh h{shqglwxuhv exw h{foxghv qrq0
plolwdu| lqyhvwphqw1

7Vlpv fruuhfwv wkh olnholkrrg udwlr vwdwlvwlf wr dffrxqw iru vpdoo vdpsoh eldv1
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sxufkdvhv/ udwkhu wkdq plolwdu| sxufkdvhv wkdw lv uhohydqw1 Iljxuh 4 vkrzv wkdw wkh

Udph|0Vkdslur hslvrghv dovr frlqflgh zlwk ulvhv lq uhdo jryhuqphqw sxufkdvhv1 Lw

lv dssduhqw wkdw wkhvh ulvhv dvvrfldwhg zlwk wkh gl�huhqw hslvrghv duh qrw ri htxdo

pdjqlwxgh1 Rxu hfrqrphwulf surfhgxuh/ zklfk doorzv iru gl�huhqw lqwhqvlwlhv ri

wkh Udph|0Vkdslur hslvrghv/ lv frqvlvwhqw zlwk wklv revhuydwlrq1

Wkh orzhu uljkw kdqg sdqho ri Iljxuh 4 glvsod|v d phdvxuh ri wkh dyhudjh

pdujlqdo wd{ udwh/ wdnhq iurp Vwhskhqvrq +4<<;,/ dorqj zlwk yhuwlfdo olqhv dw

wkh Udph|0Vkdslur gdwhv1 Wklv wd{ udwh phdvxuh lv dq xsgdwhg yhuvlrq ri wkh

rqh frqvwuxfwhg e| Eduur dqg Vdkdvdnxo +4<;6/ 4<;9,1 Wkhlu wd{ udwh phdvxuh

lv d zhljkwhg dyhudjh ri vwdwxwru| pdujlqdo wd{ udwhv/ zkhuh wkh zhljkwv duh wkh

vkduhv ri dgmxvwhg jurvv lqfrph vxemhfw wr hdfk vwdwxwru| udwh18 Wkh phdvxuh ri

wkh dyhudjh pdujlqdo wd{ fdq pryh iru d ydulhw| ri uhdvrqv1 Wkh X1V1 wd{ v|vwhp lv

surjuhvvlyh dqg/ ryhu pxfk ri rxu vdpsoh shulrg/ wd{ eudfnhwv zhuh vhw lq qrplqdo

whupv1 Frqvhtxhqwo|/ wkh dyhudjh pdujlqdo wd{ udwh zdv d�hfwhg e| lq dwlrq dv

zhoo dv uhdo jurzwk1 Wklv lpsolhv wkdw wkhuh duh dw ohdvw wzr zd|v wr lpsohphqw wd{

udwh fkdqjhv diwhu d �vfdo srolf| vkrfn= +l, xqghuwdnh h{solflw ohjlvodwlyh dfwlrq wr

udlvh udwhv/ dqg +ll, devwdlq iurp xqghuwdnlqj dfwlrqv qhfhvvdu| wr suhyhqw ulvhv lq

pdujlqdo wd{ udwhv gxh wr lq dwlrq ru jurzwk1 Iurp wkh shuvshfwlyh ri wkh djhqwv

lq rxu prghov/ doo wkdw pdwwhuv lv zkhwkhu wd{ udwhv fkdqjh/ qrw krz wkh| duh

fkdqjhg1

D qxpehu ri lqwhuhvwlqj idfwv hphujh iurp wkh orzhu uljkw kdqg sdqho ri Iljxuh

41 Iluvw/ wd{ udwhv ulvh vxevwdqwldoo| diwhu wkh �uvw Udph|0Vkdslur gdwh1 Wklv lv

frqvlvwhqw zlwk Rkdqldq*v +4<<;, dujxphqw wkdw wkh Nruhdq zdu zdv �qdqfhg

e| d frqwhpsrudqhrxv ulvh lq glvwruwlrqdu| wd{hv1 Vhfrqg/ wd{ udwhv ulvh rqh ru

wzr txduwhuv diwhu wkh vhfrqg Udph|0Vkdslur gdwh dqg dw wkh rqvhw ri wkh wklug

Udph|0Vkdslur gdwh1 Wkhvh revhuydwlrqv vxjjhvw wkh srwhqwldo lpsruwdqfh ri

wdnlqj lqwr dffrxqw wkh uhvsrqvh ri dyhudjh pdujlqdo wd{ udwhv wr d �vfdo srolf|

8Vhh Vwhskhqvrq +4<<;, iru uh�qhphqwv wr wkh Eduur0Vdkdvdnxo phdvxuh1 Zh �qg wkdw rxu
uhvxowv duh txdolwdwlyho| lqvhqvlwlyh wr zrunlqj zlwk Vwhskhqvrq*v uh�qhg wd{ udwh phdvxuh/ dv
zhoo dv wr zrunlqj zlwk dqrwkhu wd{ udwh phdvxuh vxjjhvwhg e| Vhdwhu +4<;8,1

:



vkrfn zkhq hydoxdwlqj d vwuxfwxudo prgho1

Dv phqwlrqhg deryh/ rxu hfrqrphwulf surfhgxuh doorzv xv wr glvwlqjxlvk eh0

wzhhq wkh lqwhqvlwlhv ri wkh gl�huhqw Udph|0Vkdslur hslvrghv1 Uhfdoo wkdw zh

qrupdol}h wkh �uvw hslvrgh +Nruhd, wr eh ri xqlw lqwhqvlw|1 Rxu srlqw hvwlpdwhv

ri wkh lqwhqvlwlhv ri wkh vhfrqg dqg wklug hslvrghv duh htxdo wr f�2f dqg f��H/

uhvshfwlyho|1 Wkh bDI frq�ghqfh lqwhuydov duh f�fb wr f��2 dqg f�2S wr f�Df/

uhvshfwlyho|19 Lq doo fdvhv ehorz/ zh uhsruw wkh g|qdplf uhvsrqvh ixqfwlrq ri ydu0

lrxv djjuhjdwhv wr dq hslvrgh ri xqlw lqwhqvlw|1 Wklv vlpso| vfdohv wkh vl}h ri wkh

lpsxovh uhvsrqvh ixqfwlrqv1

Froxpq 4 ri Iljxuh 5 uhsruwv wkh uhvsrqvhv ri uhdo jryhuqphqw sxufkdvhv dqg

wkh dyhudjh pdujlqdo lqfrph wd{ udwh1 Wkh vrolg olqhv glvsod| srlqw hvwlpdwhv ri wkh

frh!flhqwv ri wkh g|qdplf uhvsrqvh ixqfwlrqv1: Wkh gdvkhg olqhv fruuhvsrqg wr

bDI frq�ghqfh lqwhuydo edqgv1; Qrwh wkdw wkh rqvhw ri d Udph|0Vkdslur hslvrgh

ohdgv wr d odujh/ shuvlvwhqw/ kxps0vkdshg ulvh lq wrwdo jryhuqphqw sxufkdvhv zlwk

d shdn uhvsrqvh ri derxw 2�I vhyhq txduwhuv diwhu wkh vkrfn1< Qh{w frqvlghu

9Dv dq dgglwlrqdo fkhfn/ zh vhtxhqwldoo| uhglg rxu dqdo|vlv xvlqj rqo| wzr ri wkh wkuhh Udph|
0 Vkdslur hslvrghv1 Rxu txdolwdwlyh uhvxowv zhuh urexvw wr ljqrulqj hlwkhu wkh vhfrqg ru wklug
hslvrgh1

:Zlwk rqh h{fhswlrq/ wkh lpsxovh uhvsrqvh ixqfwlrqv duh uhsruwhg dv shufhqwdjh ghyldwlrqv
iurp d yduldeoh*v xqvkrfnhg sdwk1 Wkh h{fhswlrq lv wkh lpsxovh uhvsrqvh ixqfwlrq ri wkh dyhudjh
pdujlqdo wd{ udwh +Iljxuh 5,/ zklfk lv uhsruwhg dv wkh ghyldwlrq ri wkh wd{ udwh iurp lwv xqvkrfnhg
ohyho/ phdvxuhg lq shufhqwdjh srlqwv1

;Wkhvh zhuh frpsxwhg xvlqj d errwvwuds Prqwh Fduor surfhgxuh1 Vshfl�fdoo|/ zh frqvwuxfwhg
833 wlph vhulhv rq wkh yhfwru [w dv iroorzv1 Ohw iexwjWw@4 ghqrwh wkh yhfwru ri uhvlgxdov iurp wkh
hvwlpdwhg YDU1Zh frqvwuxfwhg 833 vhwv ri qhz wlph vhulhv ri uhvlgxdov/ iexw+m,j

W
w@4> m @ 4> ===> 833=

Wkh wwk hohphqw ri iexw+m,j
W
w@4

zdv vhohfwhg e| gudzlqj udqgrpo|/ zlwk uhsodfhphqw/ iurp wkh
vhw ri �wwhg uhvlgxdo yhfwruv/ iexwj

W
w@4

1 Iru hdfk iexw+m,j
W
w@4

> zh frqvwuxfwhg d v|qwkhwlf wlph
vhulhv ri ]w> ghqrwhg i]w+m,j

W
w@4> xvlqj wkh hvwlpdwhg YDU dqg wkh klvwrulfdo lqlwldo frqglwlrqv

rq ]w= Zh wkhq uh0hvwlpdwhg wkh YDU xvlqj i]w+m,j
W
w@4

dqg wkh klvwrulfdo lqlwldo frqglwlrqv/ dqg
fdofxodwhg wkh lpsolhg lpsxovh uhvsrqvh ixqfwlrqv iru m @ 4> ===> 833= Zh wkhq fdofxodwhg wkh 46wk

orzhvw dqg 7;:wk kljkhvw ydoxhv ri wkh fruuhvsrqglqj lpsxovh uhvsrqvh frh!flhqwv dfurvv doo 833
v|qwkhwlf lpsxovh uhvsrqvh ixqfwlrqv1 Wkh erxqgdulhv ri wkh frq�ghqfh lqwhuydov lq wkh �jxuhv
fruuhvsrqg wr d judsk ri wkhvh frh!flhqwv1

<Zrunlqj zlwk dq htxdo lqwhqvlw| vshfl�fdwlrq +#
l
@ 4/ l @ 4> 5> 6, Udph| dqg Vkdslur +4<<;,

vkrz wkdw wkh uhvsrqvh ri uhdo ghihqvh sxufkdvhv lv odujhu lq vl}h exw vlplodu lq vkdsh wr wkh
uhvsrqvh ri wrwdo jryhuqphqw sxufkdvhv1 Wklv uhpdlqv wkh fdvh li zh doorz wkh Udph|0Vkdslur
hslvrghv wr eh ri gl�huhqw lqwhqvlwlhv1

;



wkh uhvsrqvh ri wkh dyhudjh pdujlqdo wd{ udwh1 D qxpehu ri nh| uhvxowv hphujh

khuh1 Iluvw/ wkh wd{ udwh ulvhv lq d kxps0vkdshg sdwwhuq/ pluurulqj wkh g|qdplf

uhvsrqvh ri jryhuqphqw sxufkdvhv/ zlwk wkh shdn rffxuulqj urxjko| vhyhq txduwhuv

diwhu wkh rqvhw ri d Udph|0Vkdslur hslvrgh1 Lqghhg wkh frqglwlrqdo fruuhodwlrq

ehwzhhq wkh wd{ udwh dqg jryhuqphqw sxufkdvhv lv htxdo wr f�b./ zlwk d bDI

Prqwh Fduor frq�ghqfh lqwhuydo Ef�Dec f�bb�1 Vhfrqg/ wkh ulvh lq wkh wd{ udwh lv

odujh/ shdnlqj dw ��� shufhqwdjh srlqwv diwhu vhyhq txduwhuv1 Wklv uhsuhvhqwv d ulvh

ri urxjko| �bI lq wkh wd{ udwh uhodwlyh wr lwv ydoxh lq 4<7<1

Ylhzhg ryhudoo/ wkhvh uhvxowv lqglfdwh wkdw/ iru wkhvh hslvrghv/ d �vfdo srolf|

vkrfn lv fkdudfwhul}hg e| d odujh shuvlvwhqw ulvh lq jryhuqphqw sxufkdvhv dqg d ulvh

lq dyhudjh pdujlqdo wd{ udwhv1 Dffruglqjo|/ erwk ihdwxuhv pxvw eh lqfrusrudwhg

lqwr wkh h{shulphqw wkdw zh frqgxfw lq rxu prgho hfrqrp|1

Froxpq 5 ri Iljxuh 5 uhsruwv wkh uhvsrqvh ri sulydwh exvlqhvv krxuv dqg d

phdvxuh ri diwhu0wd{ pdqxidfwxulqj uhdo zdjhv wr wkh rqvhw ri d Udph|0Vkdslur

hslvrgh143 D qxpehu ri lqwhuhvwlqj uhvxowv hphujh1 Iluvw/ sdudooholqj wkh uhvsrqvh

ri wrwdo jryhuqphqw sxufkdvhv/ krxuv zrunhg kdv d ghod|hg kxps vkdshg uhvsrqvh1

Wkh frqglwlrqdo fruuhodwlrq ehwzhhq wkhvh wzr yduldeohv htxdov f�b� zlwk d bDI

frq�ghqfh lqwhuydo ri Ef�eHc f�bH�1 Wkh shdn uhvsrqvh lq krxuv zrunhg lv urxjko|

S�2I dqg rffxuv derxw S txduwhuv diwhu wkh rqvhw ri d Udph|0Vkdslur hslvrgh144

Vhfrqg/ zh vhh wkdw diwhu0wd{ pdqxidfwxulqj uhdo zdjhv idoo diwhu wkh �vfdo vkrfn/

zlwk d shdn ghfolqh ri �fI urxjko| H txduwhuv diwhu wkh vkrfn1 Wkh frqglwlrqdo

fruuhodwlrq ehwzhhq jryhuqphqw sxufkdvhv dqg diwhu0wd{ uhdo zdjhv htxdov �f�b.

zlwk d bDI frq�ghqfh lqwhuydo ri E�f�HSc�f�bH�1 Wkh uhvsrqvh ri ehiruh0wd{

pdqxidfwxulqj uhdo zdjhv wr wkh rqvhw ri d Udph|0Vkdslur hslvrgh orrnv vlplodu

wr wkdw ri diwhu0wd{ uhdo zdjhv/ exw lw lv vpdoohu1 Wkh shdn ghfolqh lv rqo| D�DI

43Wkh odwwhu lv wkh eurdghvw phdvxuh ri uhdo zdjhv dydlodeoh ryhu rxu vdpsoh shulrg1
44Vhh Udph| dqg Vkdslur +4<<;, dqg Hghoehuj/ Hlfkhqedxp dqg Ilvkhu +4<<<, iru wkh uh0

vsrqvhv ri uhdo JGS dqg ydulrxv rwkhu phdvxuhv ri krxuv zrunhg rewdlqhg xqghu wkh dvvxps0
wlrq wkdw wkh Udph|0Vkdslur hslvrghv duh ri htxdo lqwhqvlw|1 Wkh txdolwdwlyh qdwxuh ri wkhvh
uhvsrqvhv lv xqd�hfwhg e| doorzlqj iru gl�huhqw lqwhqvlwlhv1

<



dqg rffxuv urxjko| H txduwhuv diwhu wkh vkrfn1 Wkh frqglwlrqdo fruuhodwlrq eh0

wzhhq jryhuqphqw sxufkdvhv dqg ehiruh0wd{ uhdo zdjhv htxdov �f�be zlwk d bDI

frq�ghqfh lqwhuydo ri E�f�.Dc�f�b.�145

Lq vxp/ d Udph|0Vkdslur hslvrgh lv pdunhg e| vwdwlvwlfdoo| vljql�fdqw idoov lq

diwhu0wd{ uhdo zdjh udwhv dqg ulvhv lq jryhuqphqw sxufkdvhv/ dyhudjh pdujlqdo wd{

udwhv/ wrwdo rxwsxw dqg hpsor|phqw146

61 D Olplwhg Lqirupdwlrq Gldjqrvwlf Surfhgxuh

Wkh suhylrxv vhfwlrq glvsod|hg rxu hvwlpdwhv ri wkh g|qdplf frqvhtxhqfhv ri d

�vfdo srolf| vkrfn wr jryhuqphqw sxufkdvhv dqg dyhudjh pdujlqdo wd{ udwhv1 Lq

dgglwlrq zh glvsod|hg wkh fruuhvsrqglqj pryhphqwv lq krxuv zrunhg dqg uhdo

zdjhv1 Lq wklv vhfwlrq zh glvfxvv d olplwhg lqirupdwlrq surfhgxuh iru xvlqj wkhvh

uhvxowv wr dvvhvv wkh hpslulfdo sodxvlelolw| ri frpshwlqj prghov1

Vxssrvh wkdw wkh �vfdo dxwkrulw| vhwv wkh wlph | ydoxh ri 8| ' E }| � | ��

dffruglqj wr wkh uxoh/

8| ' sEl|� n�8 Eu�(| n 08|� +614,

Khuh l| lv wkh lqirupdwlrq vhw dydlodeoh wr wkh �vfdo dxwkrulw| zkhq lw vhwv 8|/ dqg

08| lv d vhuldoo| xqfruuhodwhg vkrfn wkdw lv ruwkrjrqdo wr wkh hohphqwv ri l|1 Wkh

yduldeoh (| lv dq h{rjhqrxv vwrfkdvwlf surfhvv zkrvh uhdol}dwlrqv duh xqd�hfwhg

e| doo wkh rwkhu yduldeohv lq rxu prgho1 Wkh sduwlfxodu uhdol}dwlrq ri i(|j wkdw

zh kdyh dv gdwd lv (| ' �
�
dw wkh �|� Udph| dqg Vkdslur gdwh/ � ' �c 2c �/ dqg

45Qrplqdo zdjhv duh gh dwhg xvlqj wkh FSL1 Rxu uhvxowv duh yhu| vlplodu li zh gh dwh xvlqj
wkh JGS gh dwru1 Udph| dqg Vkdslur +4<<;, dqg Hghoehuj/ Hlfkhqedxp dqg Ilvkhu +4<<<,
vkrz wkdw ydulrxv phdvxuhv ri jurvv uhdo zdjhv frpsxwhg xvlqj ydulrxv gh dwruv idoo diwhu wkh
rqvhw ri �vfdo srolf| vkrfn1 Wkhvh uhvxowv duh qrw vhqvlwlyh wr doorzlqj iru gl�huhqw lqwhqvlwlhv
ri wkh hslvrghv1

46Wkh Prqwh Fduor phwkrgv wkdw zh xvhg wr txdqwli| wkh lpsruwdqfh ri vdpsolqj xqfhuwdlqw|
gr qrw frqyh| dq| lqirupdwlrq derxw cgdwh* xqfhuwdlqw|1 Wklv lv ehfdxvh wkh| wdnh dv jlyhq wkh
Udph| dqg Vkdslur gdwhv1 Rqh vlpsoh zd| wr dvvhvv wkh lpsruwdqfh ri gdwh xqfhuwdlqw| lv wr
uhgr wkh dqdo|vlv shuwxuelqj wkh Udph| dqg Vkdslur gdwhv1 Hghoehuj/ Hlfkhqedxp dqg Ilvkhu
+4<<<, grfxphqw wkh urexvwqhvv ri lqihuhqfhv xqghu wkh dvvxpswlrq wkdw wkh gl�huhqw hslvrghv
duh ri htxdo lqwhqvlw|1
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(| ' f rwkhuzlvh1 Ilqdoo|/ �8 Eu� lv d �qlwh0rughuhg/ 2� � pdwul{ sro|qrpldo lq

wkh odj rshudwru1

Frqvlghu wkh & � � yhfwru ~| zklfk zh sduwlwlrq dv

~| '

#
7~|

8|

$
�

Wkh fodvv ri prghov wkdw zh frqvlghu lpsolhv wkdw wkh htxloleulxp odz ri prwlrq

iru ~| wdnhv wkh irup ri/ ru fdq eh zhoo dssur{lpdwhg e|/ wkh v|vwhp ri olqhdu

gl�huhqfh htxdwlrqv=

�f~| ' Vn�Eu�~|3� n�Eu�(| n 0|� +615,

Khuh�Eu� lv d �qlwh rughuhg sro|qrpldo lq wkh odj rshudwruuc �Eu� ' d f�&32 �8 Eu�
� o�/

f&32 lv d &� 2 yhfwru ri }hurhv/ dqg wkh hohphqwv ri 0| ' E 0�75| 0�8| �
� duh xqfruuh0

odwhg zlwk hdfk rwkhu/ zlwk (|/ dqg zlwk odjjhg ydoxhv ri ~|1 Wkh odvw wzr urzv

ri +615, frqvlvw ri wkh srolf| uxoh +614,/ dvvxplqj wkdw 7~| frqwdlqv doo wkh hohphqwv

ri l| dqg wkh pdwul{ frqvlvwlqj ri wkh orzhu uljkw kdqg 2 � 2 vxe0eorfn ri �f lv

htxdo wr wkh lghqwlw| pdwul{1 Zlwk wklv vshfl�fdwlrq wkh rqo| yduldeohv wkdw duh

gluhfwo| d�hfwhg e| (| duh wkrvh lq 8|1 Wkh rqvhw ri d Udph|0Vkdslur hslvrgh

vhwv r� d fkdlq ri pryhphqwv lq 8| zklfk ohdgv wr pryhphqwv lq 7~| wkurxjk wkh

phfkdqlvpv hpehgghg lq wkh sduwlfxodu prgho xqghu frqvlghudwlrq1

Zh fdq looxvwudwh wkh htxlydohqfh ehwzhhq rxu wkhruhwlfdo prgho/ +615,/ dqg d

prgl�hg YDU ri wkh irup +514, e| pxowlso|lqj erwk vlghv ri +615, e| �3�
f 1 Qrwlfh

wkdw wkh wzr uhsuhvhqwdwlrqv duh htxlydohqw zkhq

�f ' �3�

f Vc ��Eu� ' �3�

f �Eu�c �2Eu� ' �3�

f �Eu�c �| ' �3�

f 0|� +616,

Wr fkdudfwhul}h lpsxovh uhvsrqvh ixqfwlrqv zh xvh wkh prylqj dyhudjh uhsuh0

vhqwdwlrq fruuhvsrqglqj wr +615, jlyhq e|

~| ' Zf n ZEu�0| nMEu�(| +617,

zkhuh

Zf '

#
Z�f
Z2f

$
c ZEu� '

#
Z�Eu�
Z2Eu�

$
c MEu� '

#
M�Eu�
M2Eu�

$
�
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E| dvvxpswlrq/ iZ�j dqg iM�j irup vtxduh0vxppdeoh vhtxhqfhv1 Qrwh wkdwMEu�

frpsohwho| fkdudfwhul}hv wkh g|qdplf uhvsrqvh sdwk ri wkh yhfwru ~| wr wkh wlph

| uhdol}dwlrq ri (|1 Lq sduwlfxodu/ wkh uhvsrqvh ri ~|n� lv jlyhq e| wkh frh!flhqw

rq u� lq MEu�1

Lw lv xvhixo wr zulwh wkh odvw wzr urzv ri +617, dv

8| ' Z2f n Z2Eu�0| nM2Eu�(| +618,

Uhodwlrqvkls +618, h{suhvvhv wkh wlph | ydoxhv ri 8| ' E }| � | �� dv d ixqfwlrq ri

fxuuhqw dqg sdvw ydoxhv ri doo wkh vkrfnv wr wkh hfrqrp|/ dv zhoo dv fxuuhqw dqg

sdvw ydoxhv ri (|1 Zh glg qrw lghqwli| wkh hohphqwv ri 0| lq rxu hpslulfdo dqdo|vlv/

vlqfh wkhuh lv qr qhhg wr1 Xqghu rxu dvvxpswlrqv/ (| lv ruwkrjrqdo wr 0|1 Vr zh

fdq vwxg| wkh h�hfwv ri d fkdqjh lq (| devwudfwlqj iurp pryhphqwv lq 0|/ l1h1 zh

fdq surfhhg xqghu wkh dvvxpswlrq wkdw 0| ' f1 Wklv lv htxlydohqw wr zrunlqj zlwk

wkh uhsuhvhqwdwlrq iru 8| jlyhq e|

8| ' Z2f nM2Eu�(|� +619,

Wr dvvhvv wkh hpslulfdo sodxvlelolw| ri d prgho*v lpsolfdwlrqv iru dq h{rjhqrxv

vkrfn wr �vfdo srolf| zh fdq surfhhg dv iroorzv1

41 Hvwlpdwh wkh YDU jlyhq e| +514,

~| ' �f n��Eu�~|3� n
�[

�'�

�2Eu���(�| n �|�

51 Xvh wkh hvwlpdwhv ri �f/ ��Eu� dqg �2Eu� wr rewdlq d prylqj dyhudjh uhs0

uhvhqwdwlrq iru ~| wkdw lv htxlydohqw wr +617,

~| ' 	Zf n 	ZEu��| n 	MEu�(|� +61:,

Qrwlfh wkdw 	M�Eu� fkdudfwhul}hv wkh g|qdplf uhvsrqvhv ri wkh qrq0�vfdo

yduldeohv/ 7~|/ wr wkh rqvhw ri dq lqwhqvlw|0zhljkwhg Udph|0Vkdslur hslvrgh1
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61 Xvh wkh odvw wzr urzv ri +61:, wr fkdudfwhul}h �vfdo srolf| lq wkh wkhruhwlfdo

prgho1

71 Xvlqj wklv vshfl�fdwlrq ri srolf|/ dqg fdoleudwlqj wkh sdudphwhuv ri wkh wkh0

ruhwlfdo prgho/ fdofxodwh wkh g|qdplf uhvsrqvh ixqfwlrqv ri wkh qrq0�vfdo

yduldeohv wr d Udph|0Vkdslur hslvrgh1 Ghqrwh wkh sro|qrpldo lq wkh odj

rshudwru wkdw fkdudfwhul}hv wkhvh uhvsrqvhv dv �M�Eu�1

81 Frpsduh wkh wkhruhwlfdo prgho*v uhvsrqvhv wr wkhlu hpslulfdo frxqwhusduwv/

hvwlpdwhg lq wkh vhfrqg vwhs1 Devwudfwlqj iurp vdpsolqj xqfhuwdlqw| dqg

wkh olqhdulw| dvvxpswlrqv lpsolflw lq wkh YDU dqdo|vlv/ wkh wzr vhwv ri

uhvsrqvh ixqfwlrqv vkrxog eh wkh vdph/ l1h1 lw vkrxog eh wkh fdvh wkdw
�M�Eu� ' 	M�Eu�1

Wklv odvw frqfoxvlrq iroorzv iurp wkh idfw wkdw dq htxloleulxp iru dq hfrqrp|

zlwk srolf| uxoh iru 8| jlyhq e| +614, lv dovr dq htxloleulxp iru wkh hfrqrp| zlwk

wkh srolf| uxoh jlyhq e| +619,147 Vlqfh (| lv ruwkrjrqdo wr 0| dqg zh duh rqo|

lqwhuhvwhg lq uhvsrqvhv wr (| zh fdq zrun zlwk wkh yhuvlrq ri +617, jlyhq e|

+619,1 Vxssrvh wkdw zh vroyh d prgho dvvxplqj wkdw �vfdo srolf| lv jlyhq e| wkh

hvwlpdwhg yhuvlrq ri +619,1 Iru wkh prghov zklfk zh frqvlghu/ wkhuh lv d xqltxh

htxloleulxp1 Wkh g|qdplf uhvsrqvh ixqfwlrq ri 7~| lq wklv htxloleulxp lv wkh vdph

dv wkh g|qdplf uhvsrqvh ixqfwlrq lq wkh htxloleulxp zkhq wkh srolf| uxoh lv jlyhq

e| +614,1 Vr/ vdpsolqj xqfhuwdlqw| dvlgh/ li wkh prgho kdv ehhq vshfl�hg fruuhfwo|/

wkh prgho edvhg dqg hvwlpdwhg g|qdplf uhvsrqvh ixqfwlrqv ri 7~| wr wkh rqvhw ri

dq lqwhqvlw| zhljkwhg Udph|0Vkdslur hslvrgh vkrxog frlqflgh1

Lq sudfwlfh wkhuh duh wzr vrxufhv ri vdpsolqj xqfhuwdlqw|1 Wkh �uvw frqfhuqv

wkh vwuxfwxudo sdudphwhuv ri wkh prgho ghvfulelqj suhihuhqfhv dqg whfkqrorj|1

Uhvxowv lq Exuqvlgh dqg Hlfkhqedxp +4<<9, vxjjhvw wkdw wklv vrxufh ri xqfhuwdlqw|

lv xqolnho| wr vljql�fdqwo| d�hfw lqihuhqfh iru wkh prghov glvfxvvhg ehorz148 Wkh

47Iru d pruh jhqhudo glvfxvvlrq ri wkh uhodwlrqvkls ehwzhhq wkhvh wzr zd|v ri uhsuhvhqwlqj
srolf| lq wkh frqwh{w ri prqhwdu| srolf| vhh Fkulvwldqr/ Hlfkhqedxp dqg Hydqv +4<<;,1

48Exuqvlgh dqg Hlfkhqedxp fdofxodwh frq�ghqfh lqwhuydov iru wkh g|qdplf uhvsrqvh ixqfwlrqv
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vhfrqg vrxufh ri vdpsolqj xqfhuwdlqw| shuwdlqv wr wkh hvwlpdwhg uhvsrqvh ri wkh

X1V1 hfrqrp| wr d �vfdo srolf| vkrfn1 Xqfhuwdlqw| derxw wkh uhvsrqvh ri X1V1

jryhuqphqw sxufkdvhv dqg wd{ udwhv d�hfwv lqihuhqfh yld lwv h�hfw rq wkh uhohydqw

h{shulphqw wr eh frqgxfwhg lq wkh prgho1 Xqfhuwdlqw| derxw wkh dfwxdo g|qdplf

uhvsrqvh ri hpsor|phqw dqg uhdo zdjhv d�hfwv krz zh dvvhvv wkh uhvxowv ri d jlyhq

h{shulphqw lq wkh prgho1

Wkh vhfrqg vrxufh ri xqfhuwdlqw| lv ri sduwlfxodu frqfhuq wr xv ehfdxvh ri

wkh vpdoo qxpehu ri Udph|0Vkdslur hslvrghv1 Wr dvvhvv lwv vljql�fdqfh zh dgrsw

wkh iroorzlqj surfhgxuh iru whvwlqj k|srwkhvhv1 Zh duh lqwhuhvwhg lq dvvhvvlqj

wkh delolw| ri wkh prgho wr dffrxqw iru ydulrxv frqglwlrqdo prphqwv ri wkh gdwd/

l1h1 prphqwv shuwdlqlqj wr wkh ehkdylru ri wkh hfrqrp| frqglwlrqdo rq d �vfdo

vkrfn kdylqj rffxuuhg1 Rqh zd| wr hvwlpdwh vxfk d prphqw lv wr xvh d srlqw

hvwlpdwh/ 	wM / ri wkh yhfwru ri frh!flhqwv/ wM / fkdudfwhul}lqj MEu�/ lq d zd|

wkdw grhv qrw lqyroyh wkh xvh ri dq hfrqrplf prgho1 Zh ohw _E	wM� ghqrwh wkh

srlqw hvwlpdwh ri d frqglwlrqdo prphqw rewdlqhg lq wklv zd|1 D gl�huhqw zd| wr

hvwlpdwh wkh frqglwlrqdo prphqw lv wr xvh dq hfrqrplf prgho dorqj zlwk ydoxhv

iru wkh sdudphwhuv ghvfulelqj djhqwv* suhihuhqfhv dqg whfkqrorj| dqg dq hvwlpdwh

ri wkh frh!flhqwv fkdudfwhul}lqj wkh h{rjhqrxv yduldeoh srolf| uxoh/ w2M 1 Qrwh wkdw

w2M lv d vxevhw ri wM 1 Zh ghqrwh e| 6E	w
2

M� wkh srlqw hvwlpdwh ri wkh frqglwlrqdo

prphqw lq txhvwlrq ghulyhg iurp wkh hfrqrplf prgho1

Ohw

rEwM� ' _EwM��6Ew2M��

Zh duh lqwhuhvwhg lq whvwlqj k|srwkhvlv ri wkh irup=

Mf G rEwM� ' f�

Dq lpsolfdwlrq ri uhvxowv lq Hlfkhqedxp/ Kdqvhq dqg Vlqjohwrq +4<;7, dqg Qhzh|

lq d vwdqgdug UEF prgho wr d vkrfn lq jryhuqphqw sxufkdvhv1 Wkh| dujxh wkdw wkh vl}h ri wkh
frq�ghqfh lqwhuydov lv ghwhuplqhg sulpdulo| e| vdpsolqj xqfhuwdlqw| uhjduglqj wkh odz ri prwlrq
iru jryhuqphqw sxufkdvhv/ udwkhu wkdq wkh rwkhu sdudphwhuv ri wkh prghov/ dw ohdvw zkhq wkh
odwwhu duh hvwlpdwhg xvlqj wkh jhqhudol}hg phwkrg ri prphqw whfkqltxhv hpsor|hg lq Exuqvlgh
dqg Hlfkhqedxp +4<<9,1
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dqg Zhvw +4<;:, lv wkdw wkh whvw vwdwlvwlf

a ' rEewM��g�@hdrEewM�o3�rEewM� +61;,

lv dv|pswrwlfdoo| glvwulexwhg dv d fkl0vtxduhg glvwulexwlrq zlwk � ghjuhh ri iuhh0

grp/ zkhuhg�@hdrEewM�o lv d frqvlvwhqw hvwlpdwru ri �@hdrEewM�o149 Ehorz zh xvh wklv

whvw vwdwlvwlf wr irupdoo| dvvhvv wkh delolw| ri d vwdqgdug UEF prgho wr dffrxqw

iru ydulrxv frqglwlrqdo prphqwv ri wkh gdwd1

Lq vxp/ wklv vhfwlrq surylghv d udwlrqdoh iru d gldjqrvwlf surfhgxuh wkdw lv

edvhg rq dvvhvvlqj zkhwkhu d jlyhq hfrqrplf prgho fdq dffrxqw iru wkh hvwlpdwhg

uhvsrqvh ri wkh X1V1 hfrqrp| wr dq h{rjhqrxv srolf| vkrfn1 Wkh nh| vwhs lv

wr dwwulexwh ylhzv wr djhqwv derxw krz �vfdo srolf| hyroyhv diwhu wkh rqvhw ri

d Udph|0Vkdslur hslvrgh1 Wkhvh ylhzv duh vxppdul}hg e| rxu hvwlpdwh ri wkh

srolf| uxoh +619,1

Dq lpsruwdqw xquhvroyhg lvvxh lv zkdw duh djhqwv* ylhzv derxw wkh odz ri

prwlrq iru (|1 Rqh rswlrq zrxog eh wr prgho djhqwv* vxemhfwlyh suredelolw|

glvwulexwlrq ryhu uduh hyhqwv vxfk dv wkh rxweuhdnv ri zdu dqg pdmru plolwdu|

exlogxsv lqgxfhg e| h{rjhqrxv vkrfnv1 Jlyhq wkh gl!fxow| ri wklv wdvn dqg wkh

sdxflw| ri gdwd rq vxfk hyhqwv/ zh dgrsw wkh iroorzlqj vlpsol�fdwlrq= zh vxssrvh

wkdw djhqwv h{shfw(| ' f iru doo |1 Lq dgglwlrq/ zh dvvxph wkdw d uhdol}dwlrq ri (|

' � grhv qrw d�hfw djhqwv* ixwxuh h{shfwdwlrqv ri (|/ l1h1 wkh| frqwlqxh wr h{shfw

wkdw ixwxuh ydoxhv ri (| zloo htxdo }hur1 Vr iurp wkhlu shuvshfwlyh/ d uhdol}dwlrq

ri (| ' � lv mxvw olnh wkh uhdol}dwlrq ri dq llg h{rjhqrxv vkrfn wr 8|1 Exw rqfh

49Wr jhqhudwh dq hvwlpdwh ri ydu^v+e�K,` zh xvh wkh vdph errwvwuds surfhgxuh hpsor|hg wr
frpsxwh frq�ghqfh lqwhuydov iru wkh lpsxovh uhvsrqvh ixqfwlrqv hvwlpdwhg lq wkh gdwd1 +Vhh
irrwqrwh ;,1 Vshfl�fdoo|/ ohw �Kl eh wkh srlqw hvwlpdwh ri wkh prylqj dyhudjh frh!flhqwv ri
]w lpsolhg e| wkh YDU frh!flhqwv jhqhudwhg e| wkh lwk errwvwuds gudz/ l @ 4> ===> Q / zkhuh
Q @ 8331 Gh�qh v+�Kl, @ +4@Q,

S
Q

l@4
v+�Kl,= Wkhq

fydu^v+e�,` @ 4

Q � 4

Q[
l@4

^v+�Kl,� v+�Kl,`
5>

lv d frqvlvwhqw hvwlpdwh ri ydu^v+e�K,`1 Dq dowhuqdwlyh lv wr xvh wkh Jhqhudol}hg Phwkrg ri
Prphqwv vwudwhj| ghvfulehg lq Fkulvwldqr dqg Hlfkhqedxp +4<<5,1
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vxfk d vkrfn rffxuv/ wkh h{shfwhg uhvsrqvh ri 8|n� lv jlyhq e| wkh frh!flhqw rq

u� lq wkh sro|qrpldo M2Eu�1

71 D Surwrw|slfdo Uhdo Exvlqhvv F|foh Prgho

Lq wklv vhfwlrq zh ghvfuleh d surwrw|slfdo UEF prgho dqg vwxg| lwv lpsolfdwlrqv

iru krz wkh hfrqrp| uhvsrqgv wr d �vfdo srolf| vkrfn1 Wkh vhfwlrq lv glylghg lqwr

wkuhh sduwv1 Wkh �uvw vxevhfwlrq ghvfulehv rxu wkhruhwlfdo iudphzrun/ wkh vhfrqg

vxevhfwlrq ghvfulehv wkh zd| zh fdoleudwhg wkh prgho*v sdudphwhuv dqg wkh wklug

vxevhfwlrq glvfxvvhv wkh prgho*v txdqwlwdwlyh surshuwlhv1

7141 Wkhruhwlfdo Iudphzrun

D uhsuhvhqwdwlyh krxvhkrog udqnv dowhuqdwlyh vwuhdpv ri frqvxpswlrq dqg krxuv

zrunhg dffruglqj wr

.f

"[
|'f

q| d*L}�| n #T E�� ?|�o � +714,

T E�� ?|� '

+
�

�3>
E�� ?|�

�3>c > � f

*?E�� ?|�c > ' �
+715,

Khuh .f lv wkh wlph f frqglwlrqdo h{shfwdwlrqv rshudwru/ q lv d vxemhfwlyh glvfrxqw

idfwru ehwzhhq f dqg �/ zkloh �| dqg ?| ghqrwh wlph | frqvxpswlrq dqg wkh iudfwlrq

ri wkh krxvhkrog*v wlph hqgrzphqw ghyrwhg wr zrun/ uhvshfwlyho|1 Jlyhq +715,/

wkh uhsuhvhqwdwlyh krxvhkrog*v Iulvfk hodvwlflw| ri oderu vxsso|/ hydoxdwhg dw wkh

vwhdg| vwdwh ohyho ri krxuv/ ?/ lv htxdo wr E�� ?�*E?>�14:

Wkh krxvhkrog rzqv wkh vwrfn ri fdslwdo/ zkrvh ydoxh dw wkh ehjlqqlqj ri wlph

| zh ghqrwh e| g|1 Fdslwdo hyroyhv dffruglqj wr=

4:Iru � @ 3> wklv hodvwlflw| pxvw eh lqwhusuhwhg zlwk vrph fduh1 Kdqvhq +4<;8, dqg Urjhuvrq
+4<;;, ghvfuleh prgho hfrqrplhv lq zklfk wkh frpshwlwlyh htxloleulxp doorfdwlrq lv jlyhq e|
wkh vroxwlrq wr d vrfldo sodqqlqj sureohp lq zklfk ohlvxuh hqwhuv lqwr wkh sodqqhu*v remhfwlyh
ixqfwlrq lq d olqhdu pdqqhu +� @ 3,1 Wklv lv wuxh hyhq wkrxjk ohlvxuh qhhg qrw hqwhu lqglylgxdo
djhqwv* remhfwlyh ixqfwlrq olqhduo|1 Vr lq wkhlu prgho/ wkhuh lv qr olqn ehwzhhq lqglylgxdov* Iulvfk
hodvwlflw| ri oderu vxsso| dqg wkh fruuhvsrqglqj hodvwlflw| lpsolhg e| wkh sodqqhu*v suhihuhqfhv1
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g|n� ' E�� B�g| n U|c f 	 B 	 �c +716,

zkhuh U| ghqrwhv wlph | lqyhvwphqw lq fdslwdo1

Wkh krxvhkrog uhqwv rxw fdslwdo dqg vxssolhv oderu lq shuihfwo| frpshwlwlyh

vsrw idfwru pdunhwv1 Zh ghqrwh wkh uhdo zdjh udwh shu xqlw ri oderu e| �| dqg wkh

uhdo uhqwdo udwh rq fdslwdo e| o|1 Wkh jryhuqphqw wd{hv erwk uhqwdo lqfrph qhw ri

ghsuhfldwlrq/ dqg zdjh lqfrph dw wkh udwh � |/ vr wkdw wkh diwhu0wd{ uhdo zdjh dqg

uhqwdo udwh rq fdslwdo duh jlyhq e| E�� � |�`| dqg E� � � |�o| n B� |/ uhvshfwlyho|1

Wkhuhiruh/ wkh krxvhkrog*v wlph | exgjhw frqvwudlqw lv jlyhq e|

�| n U| � E�� � |�`|?| n E�� � |�o|g| n B� |g| � x|

zkhuh x| ghqrwhv oxps vxp wd{hv sdlg e| wkh krxvhkrog1

D shuihfwo| frpshwlwlyh �up surgxfhv rxwsxw/ t|/ dffruglqj wr

t| � gk
| Ef|?|�

�3kc f 	 k 	 �c +717,

zkhuh f| uhsuhvhqwv wkh wlph | vwdwh ri whfkqrorj|1 Wkh �up vhoov lwv rxwsxw lq d

shuihfwo| frpshwlwlyh jrrgv pdunhw dqg uhqwv oderu dqg fdslwdo lq shuihfwo| frp0

shwlwlyh vsrw pdunhwv1 Whfkqrorj| hyroyhv lq wkh iroorzlqj ghwhuplqlvwlf idvklrq/

f| ' �|/ � � �� +718,

Wkh jryhuqphqw sxufkdvhv C| xqlwv ri rxwsxw dw wlph |1 Iru vlpsolflw| zh

dvvxph wkh jryhuqphqw edodqfhv lwv exgjhw hyhu| shulrg1 Jryhuqphqw sxufkdvhv

duh �qdqfhg hqwluho| yld wkh lqfrph wd{/ � |/ dqg oxps vxp wd{hv/ x|1 Frqvhtxhqwo|

wkh jryhuqphqw*v exgjhw frqvwudlqw lv jlyhq e|

C| ' � |`|?| n � |Eo| � B�g| nx|�

Jlyhq rxu dvvxpswlrqv/ Ulfdugldq htxlydohqfh krogv zlwk uhvshfw wr wkh wlplqj

ri oxps vxp wd{hv14; Vr zh frxog doorz wkh jryhuqphqw wr eruurz sduw ri wkh

4;Wklv dvvxphv wkh devhqfh ri glvwruwlrqdu| wd{hv rq jryhuqphqw ghew1
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gl�huhqfh ehwzhhq lwv h{shqglwxuhv dqg uhyhqxhv udlvhg iurp glvwruwlrqdu| wd{hv/

vxemhfw wr lwv lqwhuwhpsrudo exgjhw frqvwudlqw/ dqg lw zrxog qrw d�hfw rxu uhvxowv1

Jryhuqphqw sxufkdvhv hyroyh dffruglqj wr

C| ' f|}|� +719,

Zh dvvxph wkdw *L}E}|� dqg *L}E� |� kdyh �qlwh rughuhg ��E^� uhsuhvhqwdwlrqv=

*L}E}|� ' *L}E}� n ��Eu��| +71:,

dqg

*L}E� |� ' *L}E�� n �2Eu��|c +71;,

zkhuh ��Eu� dqg �2Eu� duh �qlwh rughuhg sro|qrpldov lq qrqqhjdwlyh srzhuv ri wkh

odj rshudwru u/ dqg } dqg � fruuhvsrqg wr vwhdg| vwdwh jryhuqphqw vshqglqj dqg

wd{hv/ uhvshfwlyho|14< Qrwh wkdw �| lv frpprq wr erwk jryhuqphqw vshqglqj dqg

wd{hv1 Wklv irupdol}hv wkh qrwlrq wkdw jryhuqphqw vshqglqj dqg wd{hv uhvsrqg

vlpxowdqhrxvo| wr d frpprq �vfdo vkrfn1 Wkh lqqrydwlrq lv llg dqg lv ruwkrjrqdo

wr doo prgho yduldeohv gdwhg wlph |� � dqg hduolhu1

Lw lv frqyhqlhqw wr gh�qh=

S| '
�|

f|

c &| '
g|

f|

�| '
`|

f|

�| '
x|

f|

c +71<,

dv zhoo dv

�ES|c �� ?|� ' *L} S| n #T E��M|�� +7143,

Wkh sureohp ri wkh uhsuhvhqwdwlyh krxvhkrog lv wr pd{lpl}h

.
f

"[

|'f

q|�ES|c �� ?|� +7144,

4<Zh doorz iru wkh wuhqg lq Jw wr hqvxuh wkdw d edodqfhg jurzwk sdwk iru wkh prgho hfrqrp|
h{lvwv1

4;



vxemhfw wr

S| n �&|n� � E�� B�&|

' E�� � |��|?| n E�� � |�o|&| n B� |&| � �|c | � fc

+71:,/ +71;, dqg d jlyhq vwrfkdvwlf surfhvv iru zdjh dqg uhqwdo udwhv1 Wkh pd{l0

pl}dwlrq lv e| fkrlfh ri frqwlqjhqf| sodqv iru iS|c &|n�c?|j ryhu wkh hohphqwv ri wkh

krxvhkrog*v wlph | lqirupdwlrq vhw wkdw lqfoxghv doo prgho yduldeohv gdwhg wlph |

dqg hduolhu1

Wkh �up pd{lpl}hv lwv wlph | sur�wv dqg lwv �uvw rughu frqglwlrqv lpso|

�| ' E�� k� E&|*?|�
k c dqg +7145,

o| ' k E?|*&|�
�3k �

Ilqdoo|/ wkh jryhuqphqw*v exgjhw frqvwudlqw fdq eh zulwwhq dv

}| ' � |�|?| n � |Eo| � B�&| n �|�

Zh xvh wkh orj0olqhdul}dwlrq surfhgxuh ghvfulehg e| Fkulvwldqr +4<<;, wr vroyh

iru wkh frpshwlwlyh htxloleulxp ri wklv hfrqrp|1 Jlyhq wklv vroxwlrq/ zh fdq

rewdlq wkh frpshwlwlyh htxloleulxp doorfdwlrqv iru t|/ �|/ dqg g| dv zhoo dv `|

dqg x| xvlqj +717,/ +718,/ +71<, dqg +7145,1

7151 Prgho Fdoleudwlrq

Lq wklv vxevhfwlrq zh eulh | ghvfuleh krz zh fdoleudwhg wkh prgho*v sdudphwhu

ydoxhv1 Zh dvvxph wkdw d wlph shulrg lq wkh prgho fruuhvsrqgv wr rqh txduwhu

dqg vhw q ' ��f�3�*e dqg � ' ��ffe1 Wr hydoxdwh wkh ghshqghqfh ri wkh prgho*v

lpsolfdwlrqv rq wkh dvvxphg Iulvfk hodvwlflw| ri oderu vxsso| zh frqvlghu wkuhh

ydoxhv iru >1 Wkh �uvw/ > ' f/ fruuhvsrqgv wr wkh Kdqvhq0Urjhuvrq lq�qlwh hodvwlf0

lw| fdvh1 Wkh vhfrqg/ > ' �/ lpsolhv wkh xwlolw| ixqfwlrq iru ohlvxuh lv orjdulwkplf/

zklfk lv d frpprq dvvxpswlrq lq UEF vwxglhv1 Frpelqhg zlwk rxu dvvxpswlrq

wkdw wkh uhsuhvhqwdwlyh djhqw vshqgv 2e shufhqw ri klv wlph hqgrzphqw zrunlqj
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+vhh/ iru h{dpsoh/ Fkulvwldqr dqg Hlfkhqedxp +4<<5,,/ wklv ydoxh fruuhvsrqgv wr

d Iulvfk hodvwlflw| ri ���S1 Ilqdoo|/ zh frqvlghu > ' �f/ zklfk fruuhvsrqgv wr d

vwhdg| vwdwh Iulvfk hodvwlflw| ri f���1 Wkh ydoxh ri wkh Iulvfk hodvwlflw| ri oderu

vxsso| iru pdohv lv hvwlpdwhg lq wkh oderu olwhudwxuh wr eh forvh wr }hur +vhh Fdug

+4<<4,/ Nloolqjvzruwk +4<;6, dqg Shqfdyho +4<;9,,1 Hvwlpdwhv ri wkh Iulvfk oderu

vxsso| hodvwlflw| iru ihpdohv w|slfdoo| idoov lq wkh udqjh f�D wr ��D +vhh iru h{dpsoh/

Nloolqjvzruwk dqg Khfnpdq +4<;9,,1 Wkh sdudphwhu # zdv vhw wr lpso| wkdw lq

qrqvwrfkdvwlf vwhdg| vwdwh wkh uhsuhvhqwdwlyh frqvxphu vshqgv 2eI ri klv wlph

hqgrzphqw zrunlqj1 Wkh udwh ri ghsuhfldwlrq rq fdslwdo B zdv vhw f�f2� zkloh k

zdv vhw wr f��e +vhh Fkulvwldqr dqg Hlfkhqedxp 4<<5,1

Rxu vshfl�fdwlrq iru wkh �|� frh!flhqw lq wkh h{sdqvlrq ri ��Eu� dqg �2Eu� lv

jlyhq e|=

��c� G hvwlpdwhg uhvsrqvh ri uhdo jryhuqphqw sxufkdvhv +7146,

dw |n � wr wkh rqvhw ri d Udph|0Vkdslur hslvrgh dw wlph |

�2c� G hvwlpdwhg uhvsrqvh ri dyhudjh pdujlqdo lqfrph wd{hv

dw |n � wr wkh rqvhw ri d Udph|0Vkdslur hslvrgh dw wlph |�

Khuh ��c� ghqrwhv wkh frh!flhqw rq u� lq ��Eu�/ � ' �c 2 dqg � ' �c 2c � � � c Df1 Zh

uhihu wr wklv dv wkh glvwruwlrqdu| wd{ vshfl�fdwlrq1 Iljxuh 5 glvsod|v wkh �uvw 49

frh!flhqwv ri hdfk lpsxovh uhvsrqvh ixqfwlrq1 Vxemhfw wr wkh vshfl�fdwlrq huuru

hqwdlohg lq dssur{lpdwlqj dq lq�qlwh rughuhg sro|qrpldo zlwk d �qlwh qxpehu

ri odjv/ vshfl�fdwlrq +7146, hqvxuhv wkdw wkh h{shulphqw ehlqj frqgxfwhg lq wkh

prgho frlqflghv zlwk wkh h{shulphqw wkdw zh fodlp wr kdyh lvrodwhg lq wkh gdwd1

Frqvhtxhqwo|/ li rxu prgho kdv ehhq vshfl�hg fruuhfwo|/ wkh g|qdplf frqvhtxhqfhv

ri d vkrfn wr jryhuqphqw sxufkdvhv vkrxog eh wkh vdph +dvlgh iurp vdpsolqj

xqfhuwdlqw|, lq rxu prgho dv lq wkh gdwd1 Zh dovr frqvlghu d yhuvlrq ri wkh prgho

lq zklfk doo wd{hv duh oxps vxp1 Lq wklv vshfl�fdwlrq/ �2Eu� htxdov }hur1 Zh uhihu

wr wklv dv wkh oxps vxp wd{ vshfl�fdwlrq1
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7161 Txdqwlwdwlyh Lpsolfdwlrqv ri wkh Prgho

Iljxuh 6 glvsod|v wkh g|qdplf uhvsrqvhv lq wkh prgho ri krxuv zrunhg dqg uhdo

zdjhv wr d �vfdo vkrfn1 Froxpqv 4 dqg 5 uhsruw uhvxowv jhqhudwhg xvlqj wkh oxps

vxp dqg glvwruwlrqdu| wd{ vshfl�fdwlrqv/ uhvshfwlyho|1 Wkh vrolg olqhv lq froxpqv

4 dqg 5 glvsod| wkh hvwlpdwhg lpsxovh uhvsrqvh ixqfwlrqv ri krxuv zrunhg dqg uhdo

zdjhv1 Wkh phdvxuh ri krxuv zrunhg lv sulydwh krxuv zrunhg1 Lq wkh oxps0vxp

wd{ fdvh/ zdjhv duh ehiruh0wd{ uhdo pdqxidfwxulqj zdjhv1 Lq wkh glvwruwlrqdu| wd{

fdvh/ zdjhv duh diwhu0wd{ uhdo pdqxidfwxulqj zdjhv153 Wkh grwwhg olqhv fruuhvsrqg

wr prgho edvhg lpsxovh uhvsrqvh ixqfwlrqv iru > ' ifc �c �fj1

716141 Wkh Uhvsrqvh ri Krxuv Zrunhg

Zh ehjlq e| glvfxvvlqj wkh shuirupdqfh ri wkh prgho zlwk uhvshfw wr ?| iru wkh

oxps vxp wd{ vshfl�fdwlrq1 Iluvw/ qrwlfh wkdw iru doo ydoxhv ri >/ ?| ulvhv lq

uhvsrqvh wr d �vfdo srolf| vkrfn1 Wklv lv ehfdxvh dq lqfuhdvh lq C| udlvhv wkh

suhvhqw ydoxh ri wkh krxvhkrog*v wd{hv dqg orzhuv lwv shupdqhqw lqfrph1 Vlqfh

ohlvxuh lv d qrupdo jrrg/ htxloleulxp krxuv zrunhg ulvhv1

Vhfrqg/ zkhq oderu vxsso| lv lq�qlwho| hodvwlf +> ' f,/ wkh prgho grhv uhdvrq0

deo| zhoo dw dffrxqwlqj iru wkh odujh txdqwlwdwlyh uhvsrqvh ri ?|1 Iru h{dpsoh/ wkh

shdn uhvsrqvhv ri ?| lq wkh prgho dqg wkh gdwd duh e��I dqg S�2I/ uhvshfwlyho|1

Wkh shuirupdqfh ri wkh prgho ghwhulrudwhv iru orzhu hodvwlflwlhv ri oderu vxsso|

+kljkhu ydoxhv ri >,1 Iru h{dpsoh/ zkhq wkh oderu vxsso| hodvwlflw| htxdov f���

E> ' �f�/ wkh shdn ulvh lq ?| lv rqo| f�.I/ urxjko| ��I ri wkh hvwlpdwhg shdn

uhvsrqvh ri ?| lq wkh gdwd1 Wkh edvlf lqwxlwlrq iru wklv uhvxow lv dv iroorzv1 Wkh

odujhu lv > wkh pruh wkh krxvhkrog zlvkhv wr vprrwk krxuv zrunhg1 Vlqfh krxuv

zrunhg gr qrw fkdqjh lq vwhdg| vwdwh/ wkh krxvhkrog �qgv lw rswlpdo wr uhvsrqg

wr d ulvh lq wkh suhvhqw ydoxh ri lwv wd{hv e| uhgxflqj sulydwh frqvxpswlrq e|

uhodwlyho| pruh dv > ehfrphv odujhu dqg ydu|lqj krxuv zrunhg ohvv1

53Wkh hvwlpdwhg lpsxovh uhvsrqvh ixqfwlrqv iru wkh glvwruwlrqdu| wd{ vshfl�fdwlrq duh uhsur0
gxfhg iurp Iljxuh 51
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Wklug/ iru doo yhuvlrqv ri >/ wkh prgho uhsurgxfhv wkh idfw wkdw dq h{rjhqrxv

�vfdo srolf| vkrfn ohdgv wr d surorqjhg ulvh lq ?| dqg d srvlwlyh frqglwlrqdo fruuh0

odwlrq ehwzhhq ?| dqg C|1 Lq wkh gdwd wklv fruuhodwlrq lv f�b�1 Lq wkh prgho wklv

fruuhodwlrq lv f�.S/ f�.H dqg f�Hf iru > htxdo wr f/ � dqg �f/ uhvshfwlyho|1

Qh{w zh frqvlghu wkh h�hfw ri d �vfdo srolf| vkrfn rq krxuv zrunhg zlwk wkh

glvwruwlrqdu| wd{ vshfl�fdwlrq1 Wkh nh| gl�huhqfh uhodwlyh wr wkh oxps vxp wd{

vshfl�fdwlrq shuwdlqv wr wkh vkdsh ri wkh g|qdplf uhvsrqvh ixqfwlrq ri ?| dqg wkh

vljq ri wkh lpsolhg frqglwlrqdo fruuhodwlrq ehwzhhq ?| dqg C|1 Lq wkh oxps vxp

wd{ vshfl�fdwlrq/ d �vfdo vkrfn ohdgv wr d orqj shuvlvwhqw ulvh lq ?| dqg d srvlwlyh

frqglwlrqdo fruuhodwlrq ehwzhhq ?| dqg C|1 Lq wkh suhvhqw fdvh/ ?| lqlwldoo| ulvhv

exw wkhq ghfolqhv uhodwlyh wr lwv suh0vkrfn ydoxh/ durxqg e shulrgv diwhu wkh vkrfn/

wkuhh shulrgv ehiruh erwk C| dqg � | shdn1 Wkh idoo lq ?| lv dq lqfuhdvlqj ixqfwlrq

ri wkh hodvwlflw| ri oderu vxsso|/ jrlqj iurp ohvv wkdq �I zkhq > ' �f wr derxw

HI zkhq > ' f1 Exw uhjdugohvv ri wkh devroxwh pdjqlwxgh ri wkh pryhphqwv lq

?|/ krxuv zrunhg ulvhv zkhq C| lv uhodwlyho| orz dqg idoov zkhq C| lv uhodwlyho|

kljk1 Dv d frqvhtxhqfh/ iru doo ydoxhv ri >/ wkh prgho jhqhudwhv d vkdus qhjdwlyh

frqglwlrqdo fruuhodwlrq ehwzhhq ?| dqg C|/ htxdo wr �f�Hf/ �f�HD dqg �f�HD iru

> ' �f/ � dqg f/ uhvshfwlyho|1 Wklv qhjdwlyh fruuhodwlrq frqwudvwv vkduso| zlwk

wkh vwurqj srvlwlyh frqglwlrqdo fruuhodwlrq ehwzhhq wkhvh yduldeohv lq wkh gdwd1

Qrwlfh wkdw doorzlqj iru d kljk oderu vxsso| hodvwlflw| grhv qrw khos wkh prgho*v

shuirupdqfh1 Dw ohdvw zlwk uhvshfw wr wkh frqglwlrqdo fruuhodwlrq ri ?| dqg C|/

wkh plvpdwfk ehwzhhq wkhru| dqg gdwd jhwv zruvh dv zh pryh iurp orz wr kljk

oderu vxsso| hodvwlflwlhv1

Wkh lqwxlwlrq iru wklv uhvxow fdq eh ghvfulehg dv iroorzv1 Rwkhu wklqjv htxdo/ d

kljkhu ydoxh ri � | jlyhv ulvh wr dq lqwudwhpsrudo h�hfw zklfk lqgxfhv wkh krxvhkrog

wr vkliw lwv shulrg | doorfdwlrq ri wlph wrzdugv ohlvxuh1 Lq dgglwlrq wkh kxps0vkdshg

sdwwhuq ri wkh ulvh lq � | jlyhv ulvh wr dq lqwhuwhpsrudo h�hfw zklfk lqgxfhv wkh

krxvhkrog wr vkliw ?| wrzdugv shulrgv lq zklfk � | lv uhodwlyho| orz1 Vlqfh � | pryhv

e| uhodwlyho| vpdoo dprxqwv lq wkh �uvw ihz shulrgv diwhu wkh �vfdo vkrfn/ wkh lqlwldo

lqwudwhpsrudo h�hfwv ri wkh wd{ udwh fkdqjhv duh vpdoo1 Jlyhq wkh lqwhuwhpsrudo
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h�hfw ri ixwxuh ulvhv lq � |/ wkh lqlwldo ulvhv lq ?| duh voljkwo| odujhu wkdq lq wkh oxps

vxp wd{ fdvh1 Dv pdujlqdo wd{ udwhv ehjlq wr ulvh vljql�fdqwo|/ wkh lqwudwhpsrudo

h�hfw ehfrphv txdqwlwdwlyho| lpsruwdqw dqg wkh uhvsrqvhv ri ?| lq wkh oxps vxp

dqg glvwruwlrqdu| wd{ udwh prghov ehfrph txlwh gl�huhqw1 Lq wkh iruphu fdvh/ ?|

vwd|v deryh lwv suh vkrfn ohyho iru ryhu �2 shulrgv1 Lq wkh odwwhu fdvhv/ ?| idoov

ehorz lwv suh vkrfn ohyho diwhu e shulrgv/ dqg uhpdlqv ehorz wkdw ohyho iru ryhu S

shulrgv1

Wkh kljkhu lv wkh hodvwlflw| ri oderu vxsso| +wkh orzhu lv >, wkh pruh wkh krxvh0

krog lv zloolqj wr lqwhuwhpsrudoo| vxevwlwxwh ?| ryhu wlph1 Vr wkh vzlqj lq ?| iurp

d odujh lqlwldo srvlwlyh uhvsrqvh wr d odujh qhjdwlyh uhvsrqvh lq wkh glvwruwlrqdu|

wd{ fdvh lv pruh surqrxqfhg wkh kljkhu lv wkh hodvwlflw| ri oderu vxsso|1 Wklv

lq wxuq h{dfhuedwhv wkh frxqwhuidfwxdo qhjdwlyh frqglwlrqdo fruuhodwlrq ehwzhhq

?| dqg C| wkdw dulvhv zkhq wkh prgho lv frqiurqwhg zlwk hpslulfdoo| sodxvleoh

pryhphqwv lq wd{ udwhv1

Zh frqfoxgh wklv vxevhfwlrq e| uhsruwlqj wkh uhvxowv ri irupdoo| whvwlqj wkh

prgho*v delolw| wr dffrxqw iru ydulrxv frqglwlrqdo prphqwv ri wkh gdwd xvlqj wkh

a vwdwlvwlf gh�qhg lq +61;,1 Wkh �uvw wzr prphqwv wkdw zh frqvlghu shuwdlq wr wkh

pd{lpdo uhvsrqvh ri krxuv zrunhg lq wkh diwhupdwk ri d Udph|0Vkdslur hslvrgh=

-�E?� dqg -2E?� ghqrwh wkh shdn ulvh lq ?| dqg wkh dyhudjh uhvsrqvh ri ?| lq

shulrgv e wkurxjk . diwhu d �vfdo srolf| vkrfn1 Wkh ydoxhv ri wkhvh prphqwv iru

wkh prgho dqg wkh gdwd/ -6
� E?� dqg -_

� E?�/ � ' �c 2/ uhvshfwlyho|/ zhuh fdofxodwhg

xvlqj hvwlpdwhv ri wkh uhohydqw g|qdplf uhvsrqvh ixqfwlrqv1 Wkh wklug prphqw

wkdw zh frqvlghu lv wkh fruuhodwlrq ehwzhhq }| dqg ?|/ 4E}c ?�/ lqgxfhg e| d �vfdo

srolf| vkrfn1 Zh ohw 46E}c ?� dqg 4_E}c ?� ghqrwh wkh ydoxhv ri wklv prphqw

lpsolhg e| wkh prgho dqg wkh gdwd/ uhvshfwlyho|1 Wkh �qdo prphqw/ j?/ lv wkh

vwdqgdug ghyldwlrq ri krxuv zrunhg lqgxfhg e| wkh rqvhw ri d Udph|0Vkdslur

vkrfn1 Ehorz/ j6? dqg j_? ghqrwh wkh ydoxhv ri wklv prphqw lpsolhg e| wkh prgho

dqg wkh gdwd/ uhvshfwlyho|154

54Zh fdofxodwhg wkh odvw wzr prphqwv dv iroorzv1 Ohw wkh dfwxdo dqg prgho lpsolhg g|qdplf
uhvsrqvh ixqfwlrq ri d yduldeoh {w wr d �vfdo srolf| vkrfn eh jlyhq e| K{+O,Gw dqg �K{+O,Gw>

56



Wdeoh 4 uhsruwv wkh uhvxowv ri whvwlqj wkh lqglylgxdo k|srwkhvhv= -_

�
E?� �

-6

�
E?� ' f/ � ' �c 2/ 4_E}c ?� � 46E}c ?� ' f/ dqg j_

?
� j6

?
' f1 Frqvlghu

�uvw rxu uhvxowv iru wkh oxps vxp wd{ vshfl�fdwlrq1 Qrwh wkdw zkhq > ' f ru �

wkhuh lv olwwoh hylghqfh djdlqvw dq| ri wkh k|srwkhvhv ehlqj lqyhvwljdwhg1 Krzhyhu

zkhq > ' �f wkh k|srwkhvhv wkdw -_

�
E?�� -6

�
E?� ' f/ � ' �c 2/ dqg j_

?
� j6

?
' f

fdq hdfk eh uhmhfwhg dw wkh �I vljql�fdqfh ohyho1 Vr zlwk oxps vxp wd{hv dqg

ydoxhv iru wkh hodvwlflw| ri oderu vxsso| riwhq xvhg lq wkh UEF olwhudwxuh +> ' f ru

��/ rxu uhvxowv irupdol}h fodlpv lq wkh olwhudwxuh wkdw vwdqgdug UEF prghov fdq

dffrxqw iru wkh nh| ihdwxuhv ri krz krxuv zrunhg uhvsrqgv wr dq h{rjhqrxv vkrfn

lq jryhuqphqw sxufkdvhv1

Qh{w frqvlghu wkh prgho zlwk wkh glvwruwlrqdu| wd{ vshfl�fdwlrq1 Iru doo ydoxhv

ri >/ zh fdq uhmhfw wkh k|srwkhvlv 4_E}c ?� � 46E}c ?� ' f dw wkh �I vljql�fdqfh

ohyho1 Kljk oderu vxsso| hodvwlflw| yhuvlrqv ri wkh prgho fdq dffrxqw iru wkh

shdn uhvsrqvh dqg yrodwlolw| ri ?|= wkhuh lv olwwoh hylghqfh djdlqvw wkh k|srwkhvhv

-_

�
E?� � -6

�
E?� ' f ru j_

?
� j6

?
' f zkhq > htxdov f ru �1 Krzhyhu wkh prgho

dffrxqwv iru wkhvh ihdwxuhv ri wkh gdwd lq d zd| wkdw lv lqfrqvlvwhqw zlwk wkh wlplqj

ri wkh dfwxdo pryhphqwv lq ?|1 Wklv pdqlihvwv lwvhoi lq wkh idloxuh ri wkh prgho

wr uhsurgxfh wkh hvwlpdwhg vljq ri wkh frqglwlrqdo fruuhodwlrq ehwzhhq C| dqg

?|1 D uhodwhg idlolqj lv wkh prgho*v lqdelolw| wr uhsurgxfh wkh vljq ri wkh dyhudjh

uhvsrqvh ri ?| gxulqj shulrgv e wkurxjk . diwhu wkh vkrfn1 Lq wkh gdwd/ ?| ulvhv

e| dq dyhudjh D�eI ryhu wkhvh wlph shulrgv1 Lq frqwudvw/ iru doo ydoxhv ri >/ wkh

prgho lpsolhv wkdw ?| idoov rq dyhudjh ryhu wkhvh wlph shulrgv1 Qrw vxusulvlqjo|/

zh fdq uhmhfw wkh k|srwkhvlv wkdw -_

2
E?��-6

2
E?� ' f dw wkh �I vljql�fdqfh ohyho

iru doo yhuvlrqv ri wkh prgho1 Dv zh lqfuhdvh wkh hodvwlflw| ri oderu vxsso|/ wklv

plvpdwfk ehwzhhq wkh prgho dqg wkh gdwd jhwv zruvh1 Dv > idoov iurp �f wr f/

uhvshfwlyho|/ {w @ iqw> jwj= Wkh ydoxh ri �{ lpsolhg e| wkh prgho dqg lq wkh gdwd lv jlyhq e|
�pq @ i

S
4

l@3^
�Kq+l,`

5j4@5 dqg �g{ @ i
S
4

l@3^K{+l,`
5j4@5/ uhvshfwlyho|1 Khuh K{+l, dqg �K{+l,

ghqrwh wkh lwk frh!flhqwv lq wkh sro|qrpldo odj rshudwruv K{+O, dqg �K{+O,1 Wkh ydoxhv ri
�+jw> qw, lpsolhg e| wkh prgho dqg lq wkh gdwd duh jlyhq e| �

p+j> q, @ ^
S
4

l@3
�Kq+l,Kj+l,`@�

p
q �

g
j

dqg �g+j> q, @ ^
S
4

l@3Kq+l,Kj+l,`@�
g
q�

g
j/ uhvshfwlyho|1 Qrwh wkdw wkh ydoxh ri �j lq wkh prgho lv

htxdo wr �gj e| frqvwuxfwlrq1 Lq sudfwlfh zh fdofxodwhg �pq / �
g
q/ �

p+j> q,/ �g+j> q, dqg �gj xvlqj
wkh �uvw 45 frh!flhqwv ri wkh uhohydqw g|qdplf uhvsrqvh ixqfwlrqv1
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wkh dyhudjh uhvsrqvh ri ?| gxulqj shulrgv e wkurxjk . jrhv iurp �f�DI wr �D�eI1

Dv deryh/ zh frqfoxgh wkdw wkh wudglwlrqdo vdoyh ri whfkqrorj| vkrfn gulyhq UEF

prghov�d kljk hodvwlflw| ri oderu vxsso|�h{dfhuedwhv wkh idloxuh ri wkh prgho wr

uhsurgxfh wkh wlplqj ri wkh uhvsrqvh ri ?| wr d �vfdo srolf| vkrfn1

716151 Wkh Uhvsrqvh ri Uhdo Zdjhv

Zh qrz wxuq wr d eulhi glvfxvvlrq ri wkh prgho*v lpsolfdwlrqv iru uhdo zdjhv1

Frqvlghu �uvw wkh prgho xqghu wkh oxps vxp wd{ vshfl�fdwlrq155 Qrwlfh wkdw uhdo

zdjhv idoo iru doo ydoxhv ri >1 Wklv uh hfwv wkh idfw wkdw krxuv zrunhg ulvhv dqg

wkh pdujlqdo surgxfw ri oderu lv d ghfuhdvlqj ixqfwlrq ri ?|1 Vlqfh wkh ulvh lq ?|

lv dq lqfuhdvlqj ixqfwlrq ri wkh hodvwlflw| ri oderu vxsso|/ uhdo zdjhv idoo e| pruh

wkh kljkhu lv wkdw hodvwlflw|1 Krzhyhu/ uhjdugohvv ri zklfk ydoxh ri > zh dvvxph/

wkh prgho vxevwdqwldoo| xqghuvwdwhv wkh ghfolqh lq uhdo zdjhv1

Wklv edvlf sdwwhuq ri uhvxowv fduulhv ryhu wr wkh glvwruwlrqdu| wd{ vshfl�fdwlrq

zlwk rqh lqwhuhvwlqj gl�huhqfh1 Xs wr durxqg shulrg e/ diwhu0wd{ uhdo zdjhv idoo

e| pruh wkh kljkhu lv wkh hodvwlflw| ri oderu vxsso|1 Exw wkhuhdiwhu uhdo zdjhv

idoo e| pruh wkh orzhu lv wkh hodvwlflw| ri oderu vxsso|1 Wr xqghuvwdqg wklv uhvxow

uhfdoo �uvw wkdw/ xqolnh wkh oxps vxp wd{ fdvh/ wkh lpsxovh uhvsrqvh ixqfwlrqv

ehlqj judskhg shuwdlq wr diwhu0wd{ uhdo zdjhv/ E� � � |��|1
56 Qh{w uhfdoo wkdw � |

grhv qrw pryh e| yhu| pxfk lq wkh �uvw ihz shulrgv diwhu d �vfdo vkrfn1 Vr lq

wkrvh shulrgv wkh prgho uhvsrqgv lq urxjko| wkh vdph zd| dv lw grhv lq wkh oxps

vxp wd{ fdvh= wkh lqlwldo ulvh lq ?| dqg wkh ghfolqh lq uhdo zdjhv lv dq lqfuhdvlqj

ixqfwlrq ri wkh hodvwlflw| ri oderu vxsso|1

Dv wkh ulvh lq � | ehfrphv pruh surqrxqfhg/ uhdo zdjhv uhvsrqg txlwh gl�huhqwo|

lq wkh oxps vxp dqg glvwruwlrqdu| wd{ udwh fdvhv1 Wklv uh hfwv wkh gl�huhqw

55Uhfdoo wkdw wkh vrolg olqh lq Iljxuh 6 shuwdlqlqj wr wklv fdvh glvsod|v wkh hvwlpdwhg uhvsrqvh
ri ehiruh wd{ uhdo zdjhv wr d �vfdo srolf| vkrfn1

56Wkh hvwlpdwhg ghfolqhv lq diwhu wd{ uhdo zdjhv duh odujhu wkdq wkrvh ri ehiruh wd{ uhdo zdjhv1
Wklv lv ehfdxvh wkh iruphu uh hfw erwk ulvhv lq � w dqg ghfolqhv lq zw1 Vhh Hghoehuj/ Hlfkhqedxp
dqg Ilvkhu +4<<<, iru d glvfxvvlrq ri wkh uhvsrqvh ri gl�huhqw phdvxuhv ri ehiruh wd{ uhdo zdjhv
wr wkh rqvhw ri d Udph| 0 Vkdslur hslvrgh/ hvwlpdwhg xqghu wkh htxdo lqwhqvlw| dvvxpswlrq1
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sdwwhuqv lq wkh uhvsrqvh ri krxuv zrunhg lq wkh wzr fdvhv1 Zkhq wd{hv duh oxps

vxp ?| ulvhv lq uhvsrqvh wr wkh vkrfn dqg ghfolqhv wr lwv xqfkdqjhg vwhdg| vwdwh

ydoxh iurp deryh1 Lq wkh glvwruwlrqdu| wd{ fdvh/ zkhq > lv htxdo wr }hur ru rqh/

?| idoov ehorz lwv lqlwldo suh vkrfn ohyho durxqg wkh wlph ri wkh shdn ulvh lq � |

dqg dssurdfkhv lwv vwhdg| vwdwh ydoxh iurp ehorz1 Wkh rqjrlqj ghfolqhv lq ?|

duh odujhu wkh kljkhu lv wkh hodvwlflw| ri oderu vxsso| dqg h{huw fruuhvsrqglqjo|

vwurqjhu xszdug suhvvxuh rq E� � � |��|1 Exw wkh ulvhv lq � |/ zklfk duh frpprq

dfurvv doo ydoxhv ri >/ h{huw gluhfw qhjdwlyh suhvvxuh rq E�� � |��|1 Wkh qhw uhvxow

lv wkdw diwhu shulrg e/ wkh ghfolqhv lq diwhu0wd{ zdjhv duh odujhvw iru wkh orz oderu

vxsso| hodvwlflw| yhuvlrqv ri wkh prgho1 Vr wkh orz hodvwlflw| yhuvlrq ri wkh prgho

dfwxdoo| grhv d ehwwhu mre ri dffrxqwlqj iru wkh vwhhs hvwlpdwhg ghfolqh lq diwhu0wd{

zdjhv diwhu shulrg e1 Exw lw grhv vr rqo| ehfdxvh lw frxqwhuidfwxdoo| suhglfwv d

yhu| vpdoo uhvsrqvh ri krxuv zrunhg1

Wdeoh 5 vxppdul}hv wkh uhvxowv ri irupdoo| whvwlqj wkh dqdorj k|srwkhvhv wr

wkrvh uhsruwhg lq Wdeoh 41 Wkh �uvw wzr prphqwv frqvlghuhg shuwdlq wr wkh

pd{lpdo uhvsrqvh ri uhdo zdjhv lq wkh diwhupdwk ri d Udph|0Vkdslur hslvrgh=

-� E��dqg -2 E�� ghqrwh wkh pd{lpdo ghfolqhv lq uhdo zdjhv dqg wkh dyhudjh

uhvsrqvh ri uhdo zdjhv lq shulrgv e wkurxjk . diwhu d �vfdo srolf| vkrfn1 Wkh wklug

prphqw zklfk zh frqvlghu lv wkh fruuhodwlrq ehwzhhq }| dqg �|/ 4 E}c ��/ lqgxfhg

e| d �vfdo srolf| vkrfn1 Wkh �qdo prphqw/ j�/ lv wkh vwdqgdug ghyldwlrq ri uhdo

zdjhv lqgxfhg e| wkh rqvhw ri d Udph|0Vkdslur hslvrgh1 Lq wkh oxps vxp dqg

glvwruwlrqdu| wd{ fdvhv/ wkh uhdo zdjh phdvxuh shuwdlqv wr ehiruh dqg diwhu wd{

uhdo zdjhv/ uhvshfwlyho|1

Wzr ihdwxuhv ri Wdeoh 5 vwdqg rxw1 Iluvw/ frqvlvwhqw zlwk wkh gdwd/ doo ri

wkh prghov jhqhudwh d qhjdwlyh fruuhodwlrq ehwzhhq uhdo zdjhv dqg jryhuqphqw

sxufkdvhv1 Lq wkh oxps vxp wd{ vshfl�fdwlrq wkhuh lv yhu| olwwoh hylghqfh djdlqvw

wkh k|srwkhvlv wkdw 4_ E}c�� � 46E}c�� ' f zkhq > lv htxdo wr f ru �1 Lq wkh

glvwruwlrqdu| wd{ vshfl�fdwlrq wkhuh lv olwwoh hylghqfh djdlqvw wklv k|srwkhvlv zkhq

> htxdov � ru �f1 Qrwh wkdw doo yhuvlrqv ri wkh prgho gr uhodwlyho| zhoo zlwk uhvshfw

wr wkh fruuhodwlrq ehwzhhqC| dqg �|1 Exw wkh| dovr doo gr d srru mre ri dffrxqwlqj
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iru wkh frqglwlrqdo yrodwlolw| ri uhdo zdjhv dqg wkhlu shdn ghfolqhv diwhu d �vfdo

srolf| vkrfn1 Iru erwk wkh oxps vxp dqg glvwruwlrqdu| wd{ vshfl�fdwlrqv/ zh

fdq uhmhfw wkh k|srwkhvhv wkdw -_
�
E��� -6

�
E�� ' f dqg j_� � j6� ' f dw wkh �I

vljql�fdqfh ohyho1 Wklv lv wuxh uhjdugohvv ri zklfk ydoxh ri > zh frqvlghu1 Krzhyhu

wkh k|srwkhvlv wkdw j_��j6� ' f lv rqo| pdujlqdoo| uhmhfwhg dw wkh �I vljql�fdqfh

ohyho iru wkh kljk hodvwlflw| yhuvlrq +> ' f� ri wkh prgho zlwk wkh oxps vxp wd{

vshfl�fdwlrq1

Edvhg rq wkh uhvxowv ri wklv vhfwlrq/ zh frqfoxgh wkdw wkhuh lv uhodwlyho| olwwoh

hylghqfh djdlqvw yhu| kljk hodvwlflw| yhuvlrqv ri wkh vwdqgdug UEF prgho li zh

dvvxph wkdw wd{ udwhv duh xqd�hfwhg e| �vfdo srolf| vkrfnv1 Exw rqfh zh dedqgrq

wklv frxqwhuidfwxdo dvvxpswlrq/ wkhuh lv ryhuzkhoplqj hylghqfh djdlqvw wkh qrwlrq

wkdw vwdqgdug UEF prghov fdq dffrxqw iru wkh h�hfwv ri d �vfdo srolf| vkrfn/

uhjdugohvv ri zkdw ydoxh zh dvvxph iru wkh hodvwlflw| ri oderu vxsso|1

81 Vhqvlwlylw| Dqdo|vlv

Deryh zh dujxhg wkdw d nh| idloxuh ri vwdqgdug UEFprghov lv wkhlu frxqwhuidfwxdo

suhglfwlrq wkdw d �vfdo srolf| vkrfn lqgxfhv d qhjdwlyh fruuhodwlrq ehwzhhq ?| dqg

C|1 Wkh plvpdwfk ehwzhhq wkhru| dqg gdwd lv zruvh wkh kljkhu lv wkh dvvxphg

hodvwlflw| ri oderu vxsso|/ l1h1 wkh orzhu lv >1 Wklv lv ehfdxvh wkh orzhu > lv/

wkh pruh zloolqj wkh krxvhkrog lv wr uhgxfh sulydwh frqvxpswlrq dqg orzhu krxuv

zrunhg lq shulrgv zkhq wkh wd{ udwh rq oderu lqfrph lv kljk1

Wklv vxjjhvwv wkdw wkh prgho*v txdqwlwdwlyh shuirupdqfh zrxog eh lpsuryhg li/

iru d jlyhq oderu vxsso| hodvwlflw|/ wkh krxvhkrog zdv ohvv zloolqj wr lqwhuwhpsrudoo|

vxevwlwxwh frqvxpswlrq1 Wr lqyhvwljdwh wklv srvvlelolw| zh uhgr rxu dqdo|vlv lq d

yhuvlrq ri wkh prgho lq zklfk +714, lv uhsodfhg e|/
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iru ydulrxv ydoxhv ri j1 57 Iru j ' �/ wklv vshfl�fdwlrq frlqflghv zlwk wkh ehqfk0

57Wr dffrprgdwh edodqfhg jurzwk/ � pxvw jurz dw wkh udwh �
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pdun prgho1 Zh frq�qh rxu dqdo|vlv khuh wr wkh glvwruwlrqdu| wd{ vshfl�fdwlrq1

Wdeohv 6 dqg 7 uhsruw uhvxowv dqdorjrxv wr wkrvh suhvhqwhg lq Wdeohv 4 dqg 5

iru j ' D158 Frpsdulqj Wdeoh 4 dqg Wdeoh 6 zh vhh wkdw/ dv h{shfwhg/ vhwwlqj j

wr D pdjql�hv wkh shdn uhvsrqvh dqg yrodwlolw| ri krxuv zrunhg1 Qhyhuwkhohvv zh

vwloo uhmhfw k|srwkhvhv wkh -_
�
E?� � -6

�
E?� ' f dqg j_? � j6? ' f dw urxjko| wkh

�I vljql�fdqfh ohyho iru wkh orz oderu vxsso| hodvwlflw| yhuvlrq ri wkh prgho1

Vhwwlqj j ' D vxffhhgv lq plwljdwlqj wkh ghfolqh lq dyhudjh krxuv zrunhg lq

shulrgv e wkurxjk . diwhu wkh vkrfn1 Lw dovr udlvhv wkh frqglwlrqdo fruuhodwlrq

ehwzhhq C| dqg ?|1 Qhyhuwkhohvv iru wkh kljkhu oderu hodvwlflw| yhuvlrqv ri wkh

prgho +> ' f dqg �, lw lv vwloo wkh fdvh wkdw +l, ?| idoov lq shulrgv e wkurxjk ./

+ll, wkh frqglwlrqdo fruuhodwlrq ehwzhhq C| dqg ?| lv qhjdwlyh dqg +lll, k|srwkhvlv

4_ E}c��� 46E}c�� ' f lv uhmhfwhg dw wkh �I vljql�fdqfh ohyho1

Wxuqlqj wr wkh orz oderu vxsso| hodvwlflw| yhuvlrq ri wkh prgho E> ' �f�/ zh

vhh wkdw zlwk j ' D/ wkh dyhudjh uhvsrqvh ri ?| lq shulrgv e wkurxjk . lv srvlwlyh

+dowkrxjk vpdoo, dqg wkh frqglwlrqdo fruuhodwlrq ehwzhhq C| dqg ?| lv srvlwlyh1 Lq

idfw zh fdq qr orqjhu uhmhfw wkh k|srwkhvlv 4_ E}c ���46E}c �� ' f dw frqyhqwlrqdo

vljql�fdqfh ohyhov1 Qhyhuwkhohvv zh fdq vwloo uhmhfw k|srwkhvlv -_
�
E?��-6

�
E?� ' f

dw wkh �I vljql�fdqfh ohyho1

Ilqdoo|/ wxuqlqj wr wkh prgho*v lpsolfdwlrqv iru uhdo zdjhv/ zh vhh iurp Wdeoh

7/ wkdw doo yhuvlrqv ri wkh prgho frqwlqxh wr vxevwdqwldoo| xqghuvwdwh wkh shdn uh0

vsrqvh dqg ryhudoo yrodwlolw| ri uhdo zdjhv1 Zh frqfoxgh wkdw orzhulqj wkh ghjuhh

ri lqwhuwhpsrudo vxevwlwxwlrq lq frqvxpswlrq grhv qrw fxuh wkh prgho*v vkruwfrp0

lqjv159

Rqh fdqqrw uxoh rxw wkh srvvlelolw| wkdw wkhuh h{lvwv vrph vshfl�fdwlrq ri

58Zh h{shulphqwhg zlwk orzhu ydoxhv ri � dqg irxqg wkdw wkh orzhu � lv wkh pruh vlplodu rxu

uhvxowv duh wr wkrvh rewdlqhg zlwk wkh ehqfkpdun prgho1
59Dv lw wxuqv rxw wkh prghvw lpsuryhphqw lq wkh prgho*v shuirupdqfh zkhq � @ 8 frphv dw d

odujh frvw= wkh prgho suhglfwv wkdw krxuv zrunhg ghfolqhv diwhu d srvlwlyh whfkqrorj| vkrfn1 Wkh

delolw| ri UEF prghov wr dffrxqw iru wkh revhuyhg yrodwlolw| ri krxuv zrunhg dqg rxwsxw uhvwv

fulwlfdoo| rq wkh dvvxpswlrq wkdw exvlqhvv f|fohv duh gulyhq sulpdulo| e| h{rjhqrxv whfkqrorj|

vkrfnv1 Xqiruwxqdwho|/ lq whfkqrorj| vkrfn gulyhq UEF prghov/ kljk ydoxhv ri � jlyh ulvh wr wkh

jurvvo| frxqwhuidfwxdo lpsolfdwlrq wkdw krxuv zrunhg duh qhjdwlyho| fruuhodwhg zlwk rxwsxw1
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suhihuhqfhv wkdw zrxog uhqghu wkh prgho frqvlvwhqw zlwk wkh gdwd1 Zkloh jhqhudo

vwdwhphqwv duh qrw srvvleoh/ zh glg h{soruh d ydulhw| ri dowhuqdwlyh vshfl�fdwlrqv=

+l, zh prgl�hg +814, wr doorz iru kdelw irupdwlrq lq frqvxpswlrq/ dqg +ll, zh

dqdo|}hg d yhuvlrq ri wkh prgho lq zklfk wkh krxvhkrog*v shulrg xwlolw| ixqfwlrq

lv FHV lq frqvxpswlrq dqg ohlvxuh1 Zh irxqg wkdw zlwk wkh �uvw prgl�fdwlrq dqg

FHV vshfl�fdwlrqv lq zklfk frqvxpswlrq dqg ohlvxuh duh kljko| frpsohphqwdu|/

wkh prgho*v shuirupdqfh zdv yhu| vlplodu wr wkh j ' D fdvh glvfxvvhg deryh1

Hylghqwo| vlpsoh uhvshfl�fdwlrqv ri wkh krxvhkrog*v suhihuhqfhv duh qrw vx!flhqw

wr fruuhfw wkh prgho*v vkruwfrplqjv1

Zkdw ri vlpsoh fkdqjhv wr wkh surgxfwlrq whfkqrorj| ru pdunhw vwuxfwxuhB

Djdlq gh�qlwlyh vwdwhphqwv duh qrw srvvleoh1 Exw zh glg lpsohphqw d yhuvlrq ri

rxu prgho zklfk doorzhg iru h{whuqdolwlhv lq surgxfwlrq1 Lq sduwlfxodu/ zh prgl�hg

+717, wr eh ri wkh irup

t| � gk
| Ef|?|�

�3k 7t V
| c f 	 k 	 �c V : f

zkhuh 7t| ghqrwhv wkh hfrqrp| zlgh ohyho ri rxwsxw1 Wklv w|sh ri prgho kdv ehhq

frqvlghuhg e| Ed{whu dqg Nlqj +4<<4, dqg lv nqrzq wr eh lvrprusklf wr d vhwxs ri

wkh w|sh frqvlghuhg e| Ghyhuhx{/ Khdg dqg Odskdp +4<<9, lq zklfk lpshuihfwo|

frpshwlwlyh �upv idfh lqfuhdvlqj uhwxuqv wr vfdoh dw wkh �up ohyho1 Zh frqvlghuhg

ydulrxv ydoxhv ri V1 Wdeohv 6 dqg 7 uhsruwv uhvxowv iru V ' f��1 Qrwh wkdw wkh pdlq

h�hfwv ri wklv shuwxuedwlrq duh wr udlvh wkh shdn uhvsrqvh dqg ryhudoo yrodwlolw|

ri krxuv zrun zkloh h{dfhuedwlqj wkh idloxuh ri wkh vwdqgdug prgho wr pdwfk wkh

ghfolqh lq uhdo zdjhv1 Lw grhv olwwoh wr d�hfw wkh qhjdwlyh frqglwlrqdo fruuhodwlrq

ehwzhhq C| dqg ?|1 Vr wklv yduldqw ri wkh prgho dovr idlov wr dffrxqw iru wkh idfwv1

Ilqdoo| zh prgl�hg +717, wr eh ri wkh irup

t| � gk

|
Ef|?|�

�3k 7t V

|3�
c f 	 k 	 �c V : f

vr wkdw wkhuh duh g|qdplf h{whuqdolwlhv lq surgxfwlrq1 Zlwk wklv vshfl�fdwlrq/

dq lqfuhdvh lq krxuv zrunhg udlvhv ixwxuh uhwxuqv wr zrunlqj wkxv uhqghulqj lw

pruh olnho| wkdw d �vfdo srolf| vkrfn jhqhudwhv d kxps vkdshg lqfuhdvh lq ?|1
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Wkh uhvxowv iru wklv prgho duh dovr uhsruwhg lq Wdeohv 6 dqg 7/ iru d ydoxh ri

V ' f�D1 Wklv zdv wkh orzhvw ydoxh ri V iru zklfk rqh yhuvlrq ri wkh prgho zdv

frqvlvwhqw zlwk wkh revhuyhg ehkdylru ri krxuv zrunhg1 Qrwh wkdw zlwk > ' f/

qrqh ri wkh k|srwkhvhv uhjduglqj wkh prgho*v lpsolfdwlrqv iru krxuv zrunhg fdq eh

uhmhfwhg dw frqyhqwlrqdo vljql�fdqfh ohyhov1 Lq wklv vhqvh/ wklv prgho shuwxuedwlrq

lv vxffhvvixo1 Exw lw lv gl!fxow wr fodlp vxffhvv1 Iluvw/ zh nqrz ri qr hylghqfh wr

vxssruw vxfk d kljk ydoxh ri V1 Vhfrqg/ lw lv vwloo wkh fdvh wkdw wkh prgho jhqhudwhv

lpsolfdwlrqv iru uhdo zdjhv wkdw duh hdvlo| uhmhfwhg +vhh Wdeoh 7,1 Zh frqfoxgh

wkdw vlpsoh shuwxuedwlrqv ri whfkqrorj| dqg pdunhw vwuxfwxuh ri wkh vruw wkdw zh

lqyhvwljdwhg gr qrw uhqghu wkh prgho frqvlvwhqw zlwk wkh gdwd1

91 Frqfoxvlrq

Wklv sdshu lqyhvwljdwhg wkh h�hfwv ri d �vfdo srolf| vkrfn rq krxuv zrunhg dqg

uhdo zdjhv1 D nh| ihdwxuh ri rxu dqdo|vlv lv wkdw zh h{solflwo| doorz iru pryhphqwv

lq dyhudjh pdujlqdo wd{ udwhv dv zhoo dv jryhuqphqw sxufkdvhv1 Dq lpsruwdqw

�qglqj ri wkh sdshu lv wkdw pryhphqwv lq wd{ udwhv/ krxuv zrunhg dqg jryhuq0

phqw sxufkdvhv wudfn hdfk rwkhu= doo glvsod| shuvlvwhqw kxps vkdshg sdwwhuqv lq

wkh zdnh ri d Udph|0Vkdslur hslvrgh1 Wklv sdwwhuq ri frpryhphqw vxevwdqwldoo|

d�hfwv lqihuhqfh derxw wkh delolw| ri vwdqgdug UEF prghov wr dffrxqw iru wkh

h�hfwv ri d �vfdo srolf| vkrfn1 Rqfh wd{ h�hfwv duh wdnhq lqwr dffrxqw wkh prgho

frxqwhuidfwxdoo| lpsolhv wkdw/ diwhu d �vfdo srolf| vkrfn/ krxuv zrunhg duh qhjd0

wlyho| fruuhodwhg zlwk jryhuqphqw sxufkdvhv1 Qr grxew wkh prghov* lpsolfdwlrqv

zrxog eh lpsuryhg li wd{ udwhv lqlwldoo| urvh dqg wkhq ihoo diwhu d �vfdo srolf|

vkrfn1 Exw wklv lv qrw zkdw zh revhuyh lq wkh gdwd1

Zkloh zh irfxvhg rxu dqdo|vlv rq rqh vhfwru yhuvlrqv ri wkh UEF prgho/ rxu

phwkrgrorj| lv dssolfdeoh wr d pxfk eurdghu fodvv ri prghov1 Udph| dqg Vkdslur

+4<<;, vkrz wkdw ydulrxv wzr vhfwru yhuvlrqv ri wkh UEF prgho jhqhudwh suhglf0

wlrqv iru djjuhjdwh krxuv zrunhg dqg uhdo zdjhv wkdw duh yhu| vlplodu wr wkrvh ri

wkh rqh vhfwru prgho1 Vr suhvxpdeo| wkhvh prghov wrr zrxog idlo rxu gldjqrvwlf
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whvw1 Exuqvlgh/ Hlfkhqedxp dqg Ilvkhu +4<<<, vkrz wkdw d yduldqw ri Doh{rsrorxv*

+4<<;, h!flhqf| zdjh prgho dovr idlov rxu whvw1 Urwhpehuj dqg Zrrgirug +4<<5,

dqg Ghyhuhx{/ Khdg dqg Odskdp +4<<9, vwxg| wkh h�hfwv ri fkdqjhv lq jryhuq0

phqw sxufkdvhv lq vwrfkdvwlf jhqhudo htxloleulxp prghov zlwk lqfuhdvlqj uhwxuqv

dqg roljrsrolvwlf sulflqj1 Wkhlu prghov suhglfw wkdw uhdo zdjhv ulvh diwhu dq h{rjh0

qrxv lqfuhdvh lq jryhuqphqw sxufkdvhv1 Vlqfh uhdo zdjhv dfwxdoo| idoo diwhu vxfk

d vkrfn/ rxu uhvxowv vxjjhvw wkdw wkhvh w|shv ri prghov zrxog dovr gr srruo| zlwk

uhvshfw wr rxu whvw1

Zh duh ohiw zlwk wkh txhvwlrq= zkdw fdxvhv djhqwv wr zrun kdug zkhq uhdo

zdjhv duh orz dqg erwk jryhuqphqw sxufkdvhv dqg wd{ udwhv duh kljkB
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:1 Gdwd Dsshqgl{

Rxu gdwd duh iurp irxu pdlq vrxufhv1 Ehorz zh olvw wkh vhulhv zklfk fruuhvsrqg wr

hdfk ri wkhvh vrxufhv1 Doo vhulhv duh vhdvrqdoo| dgmxvwhg h{fhsw iru lqwhuhvw udwhv

dqg wd{hv1 Prvw ri wkhvh vhulhv zhuh rewdlqhg e| xv iurp wkh Ihghudo Uhvhuyh

Erdug*v pdfurhfrqrplf gdwdedvh1 Zkhuh srvvleoh zh surylgh wkh pqhprqlf iru

wkh vdph vhulhv iurp wkh frpphufldoo| dydlodeoh GUL EDVLF Hfrqrplfv Gdwdedvh1

41 Exuhdx ri Hfrqrplf Dqdo|vlv1 JGS +JGST,/ Ghihqvh vshqglqj +JJIHT,/

Jryhuqphqw sxufkdvhv +Ghihqvh vshqglqj soxv Ihghudo/ Vwdwh dqg Orfdo frq0

vxpswlrq h{shqglwxuhv, +JJIHT.JJRFHT.JJVFST,1 Wkhvh vhulhv duh

doo lq xqlwv ri 4<<5 fkdlq0zhljkwhg grooduv1

51 Exuhdx ri Oderu Vwdwlvwlfv1 Lqgh{ ri krxuv ri doo shuvrqv lq wkh exvlqhvv

vhfwru +OEPQ,/ Pdqxidfwxulqj zdjhv +OHKP,/ Frqvxphu sulfh lqgh{ iru

doo xuedq frqvxphuv +SXQHZ,/ Surgxfhu sulfh lqgh{ iru fuxgh ixho lq pdq0

xidfwxulqj lqgxvwulhv +SZ4643,1

61 Erdug ri Jryhuqruv ri wkh Ihghudo Uhvhuyh V|vwhp1 Qhw 6 prqwk Wuhdvxu|

Eloo vhfrqgdu| pdunhw lqwhuhvw udwh +I\JP6,1

71 Vwhskhqvrq +4<<;,/ Wdeoh 4/ ss1 6<406<51 Xsgdwhg yhuvlrq ri Eduur dqg

Vdkdvdnxo*v +4<;6, lqfrph0zhljkwhg phdvxuh ri dyhudjh pdujlqdo vwdwxwru|

lqfrph wd{ udwh1 Dqqxdo gdwd olqhduo| lqwhusrodwhg wr txduwhuo| iuhtxhqf|1

65



Uhihuhqfhv

^4` Doh{rsrxorv/ P1 +4<<;, �H!flhqf| Zdjhv/ Xqhpsor|phqw dqg wkh Exvlqhvv

F|foh/� pdqxvfulsw/ Qruwkzhvwhuq Xqlyhuvlw|1

^5` Eduur/ U1M1 dqg F1 Vdkdvdnxo1 �Phdvxulqj wkh Dyhudjh Pdujlqdo Wd{ Udwh

iurp wkh Lqglylgxdo Lqfrph Wd{1� Mrxuqdo ri Exvlqhvv/ Rfwrehu 4<;6/ 89 +7,/

ss1 74<�851

^6` Ed{whu/ P1 dqg U1J1 Nlqj1 �Ilvfdo Srolf| lq Jhqhudo Htxloleulxp1� Dphulfdq

Hfrqrplf Uhylhz/ 4<<6/ ;6/ ss1 648�671

^7` Ed{whu/ P1 dqg U1J1 Nlqj1 �Surgxfwlyh H{whuqdolwlhv dqg Exvlqhvv F|fohv1�

Glvfxvvlrq Sdshu 86/ Ihghudo Uhvhuyh Edqn ri Plqqhdsrolv/ 4<<41

^8` Eodqfkdug/ R1 dqg U1 Shurwwl1 �Dq Hpslulfdo Fkdudfwhul}dwlrq ri wkh G|0

qdplf H�hfwv ri Fkdqjhv lq Jryhuqphqw Vshqglqj dqg Wd{hv rq Rxwsxw1�

Zrunlqj sdshu/ PLW/ 4<<;1

^9` Exuqvlgh/ F1 dqg P1 Hlfkhqedxp1 �Idfwru Krduglqj dqg wkh Sursdjdwlrq ri

Exvlqhvv F|foh Vkrfnv1� Dphulfdq Hfrqrplf Uhylhz/ Ghfhpehu 4<<9/ ;9 +8,/

ss1 4487�:71

^:` Exuqvlgh/ F1/ P1 Hlfkhqedxp dqg M1 Ilvkhu1 �Ilvfdo Vkrfnv lq dq H!flhqf|

Zdjh Prgho1� Zrunlqj sdshu/ Qruwkzhvwhuq Xqlyhuvlw|/ 4<<<1

^;` Exuqvlgh/ F1/ P1 Hlfkhqedxp dqg V1 Uhehor1 �Oderu Krduglqj dqg wkh Exvl0

qhvv F|foh1� Mrxuqdo ri Srolwlfdo Hfrqrp|/ Dsulo 4<<6/ 434 +5,/ ss1 578�:61

^<` Fdug/ G1 �Lqwhuwhpsrudo Oderu Vxsso|= Dq Dvvhvvphqw1� QEHU Zrunlqj

Sdshu Qr1 6935/ 4<<41

^43` Fkulvwldqr/ O1M1 �Vroylqj G|qdplf Htxloleulxp Prghov e| d Phwkrg ri Xq0

ghwhuplqhg Frh!flhqwv1� QEHU Whfkqlfdo Zrunlqj Sdshu/ Qr1 558/ 4<<;1
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^44` Fkulvwldqr/ O1M1 dqg P1 Hlfkhqedxp1 �Fxuuhqw Uhdo Exvlqhvv F|foh Wkhrulhv

dqg Djjuhjdwh Oderu Pdunhw Ioxfwxdwlrqv1� Dphulfdq Hfrqrplf Uhylhz/

Mxqh 4<<5/ ;5 +6,/ ss1 763�831

^45` Fkulvwldqr/ O1M1/ P1 Hlfkhqedxp dqg F1 Hydqv1 �Vwlfn| Sulfh dqg Olplwhg

Sduwlflsdwlrq Prghov ri Prqh|= D Frpsdulvrq1� Hxurshdq Hfrqrplf Uhylhz/

Mxqh 4<<:/ 74 +9,/ ss1 4534�7<1

^46` Fkulvwldqr/ O1M1/ P1 Hlfkhqedxp dqg F1 Hydqv1 �Prghoolqj Prqh|1� QEHU

Zrunlqj Sdshu Qr1 96:4/ 4<<;1

^47` Fkulvwldqr/ O1M1/ P1 Hlfkhqedxp dqg F1 Hydqv1 �Prqhwdu| Srolf| Vkrfnv=

Zkdw Kdyh Zh Ohduqhg dqg wr Zkdw HqgB� Iruwkfrplqj lq P1 Zrrgirug

dqg M1 Wd|oru/ hgv1 Kdqgerrn ri Prqhwdu| Hfrqrplfv/ 4<<<1

^48` Ghyhuhx{/ P1E1/ D1F1 Khdg dqg E1P1 Odskdp1 �Prqrsrolvwlf Frpshwlwlrq/

Lqfuhdvlqj Uhwxuqv/ dqg wkh H�hfwv ri Jryhuqphqw Vshqglqj1� Mrxuqdo ri

Prqh|/ Fuhglw dqg Edqnlqj/ Pd| 4<<9/ 5; +5,/ ss1 566�871

^49` Hghoehuj/ Z1/ P1 Hlfkhqedxp dqg M1 Ilvkhu1 �Xqghuvwdqglqj wkh H�hfwv ri

Vkrfnv wr Jryhuqphqw Sxufkdvhv1� Uhylhz ri Hfrqrplfv G|qdplfv/ 4<<</

ss1 499�5391

^4:` Hlfkhqedxp/ P1/ O1S1 Kdqvhq dqg N1M1 Vlqjohwrq1 �D Wlph Vhulhv Dqdo|vlv

ri Uhsuhvhqwdwlyh Djhqw Prghov ri Frqvxpswlrq dqg Ohlvxuh Xqghu Xqfhu0

wdlqw|1� Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 4<;;/ ss1 84�:;1

^4;` Kdqvhq/ J1 �Lqglylvleoh Oderu dqg wkh Exvlqhvv F|foh1� Mrxuqdo ri Prqhwdu|

Hfrqrplfv/ Qryhpehu 4<;8/ 49 +6,/ ss1 63<�5;1

^4<` Khfnpdq/ M1 dqg P1 Nloolqjvzruwk �Ihpdoh Oderu Vxsso|= D Vxuyh|1� Lq

Dvkhqihowhu/ R1 dqg U1 Od|dug/ hgv1 Kdqgerrn ri Oderu Hfrqrplfv1 Yroxph

41 Dpvwhugdp= Qruwk0Kroodqg/ 4<;9/ ss1 436�5371
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^53` Nloolqjvzruwk/ P1 Oderu Vxsso|1 Fdpeulgjh= Fdpeulgjh Xqlyhuvlw| Suhvv/

4<<61

^54` Pxooljdq/ F1 E1 �Shfxqldu| Lqfhqwlyhv wr Zrun lq wkh Xqlwhg Vwdwhv gxulqj

Zruog Zdu LL1� Mrxuqdo ri Srolwlfdo Hfrqrp|/ Rfwrehu 4<<;/ 439 +8,/ ss1

4366�::1

^55` Qhzh|/ Z1 dqg N1 Zhvw1 �D Vlpsoh/ Srvlwlyh Vhpl0Gh�qlwh Khwhurvnhgdvwlf0

lw| dqg Dxwrfruuhodwlrq Frqvlvwhqw Fryduldqfh Pdwul{1� Hfrqrphwulfd/ Pd|

4<;:/ 88/ ss1 :36�;1

^56` Rkdqldq/ O1H1 �Wkh Pdfurhfrqrplf H�hfwv ri Zdu Ilqdqfh lq wkh Xqlwhg

Vwdwhv= Zruog Zdu LL dqg wkh Nruhdq Zdu1� Dphulfdq Hfrqrplf Uhylhz/

Pdufk 4<<:/ ;: +4,/ ss1 56�731

^57` Shqfdyho/ M1 �Oderu Vxsso| ri Phq= D Vxuyh|1� Dvkhqihowhu/ R1 dqg U1 Od0

|dug/ hgv1 Kdqgerrn ri Oderu Hfrqrplfv1 Yroxph 41 Dpvwhugdp= Qruwk0

Kroodqg/ 4<;9/ ss1 6�4351

^58` Udph|/Y1 dqg P1G1 Vkdslur1 �Frvwo| Fdslwdo Uhdoorfdwlrq dqg wkh H�hfwv

ri Jryhuqphqw Vshqglqj1� Fduqhjlh Urfkhvwhu Frqihuhqfh Vhulhv rq Sxeolf

Srolf|/ Mxqh 4<<;/ Yroxph 7; ss1 478�<71

^59` Urjhuvrq/ U1 �Lqglylvleoh Oderu/ Orwwhulhv dqg Htxloleulxp1� Mrxuqdo ri Prq0

hwdu| Hfrqrplfv/ Mdqxdu| 4<<;/ 54 +4,/ ss1 6�491

^5:` Urwhpehuj/ M1 dqg P1 Zrrgirug1 �Roljrsrolvwlf Sulflqj dqg wkh H�hfwv ri

Djjuhjdwh Ghpdqg rq Hfrqrplf Dfwlylw|1� Mrxuqdo ri Srolwlfdo Hfrqrp|/

4<<5/ 433/ ss1 4486�5<:1

^5;` Vhdwhu/ M1 �Rq wkh Frqvwuxfwlrq ri Pdujlqdo Ihghudo Shuvrqdo dqg Vrfldo

Vhfxulw| Wd{ Udwhv lq wkh X1V1� Mrxuqdo ri Prqhwdu| Hfrqrplfv/ Mdqxdu|

4<;8/ 48 +4,/ ss1 454�681
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^5<` Vlpv/ F1 �Pdfurhfrqrplfv dqg Uhdolw|1� Hfrqrphwulfd/ Mdqxdu| 4<;3/ 7; +4,/

ss1 4�7;1

^63` Vwhskhqvrq/ H1I1 �Dyhudjh Pdujlqdo Wd{ Udwhv Uhylvlwhg1� Mrxuqdo ri Prq0

hwdu| Hfrqrplfv/ Dsulo 4<<;/ 74 +5,/ ss1 6;<�73<1
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Wdeoh 41 Jrrgqhvv0ri0�w Whvwv � Uhvsrqvh ri Krxuv Zrunhg lq wkh Vwdqgdug UEF Prgho

Oxps vxp wd{ vshfl�fdwlrq Glvwruwlrqdu| wd{ vshfl�fdwlrq
Prphqw > ' f > ' � > ' �f > ' f > ' � > ' �f
Shdn

Gdwd 914; 914; 914; 914; 914; 914;
Prgho 7166 51:8 319; 8135 51:4 318<
M0vwdwlvwlf 319: 51<: <153 3158 6134 <16:
S0ydoxh 3174 313< 31335 3195 313; 31335

Dyhudjh ri shulrgv 7/ 8/ 9/ :
Gdwd 8173 8173 8173 8173 8173 8173
Prgho 61:; 5178 3196 08169 051;9 0317;
M0vwdwlvwlf 3187 5163 :168 81<8 91:; <183
S0ydoxh 3179 3146 3133: 3134 3133< 31335

Fruuhodwlrq zlwk jryhuqphqw sxufkdvhv
Gdwd 31<6 31<6 31<6 31<6 31<6 31<6
Prgho 31:9 31:; 31;3 031;8 031;8 031;3
M0vwdwlvwlf 3164 3155 3147 5<1< 531< 441;
S0ydoxh 318: 3197 31:4 	31334 	31334 	31334

Vwdqgdug ghyldwlrq
Gdwd 4614 4614 4614 4614 4614 4614
Prgho 4516 ;136 5139 5315 4318 41;:
M0vwdwlvwlf 3135 4148 :1:7 3175 3145 91:5
S0ydoxh 31;< 315; 31338 3185 31:6 3133<



Wdeoh 51 Jrrgqhvv0ri0�w Whvwv � Uhvsrqvh ri Uhdo Zdjhv lq wkh Vwdqgdug UEF Prgho

Oxps vxp wd{ vshfl�fdwlrq Glvwruwlrqdu| wd{ vshfl�fdwlrq
Prphqw > ' f > ' � > ' �f > ' f > ' � > ' �f
Shdn

Gdwd 08186 08186 08186 04314 04314 04314
Prgho 04168 031;: 031:3 051:5 06199 071:;
M0vwdwlvwlf 4614 4:17 4;15 6413 5<1: 4<1<
S0ydoxh 	31334 	31334 	31334 	31334 	31334 	31334

Dyhudjh ri shulrgv 7/ 8/ 9/ :
Gdwd 071<7 071<7 071<7 0;1;: 0;1;: 0;1;:
Prgho 031<; 0319: 03155 05134 051<9 061;5
M0vwdwlvwlf 4616 4913 4<15 5;13 6316 5618
S0ydoxh 	31334 	31334 	31334 	31334 	31334 	31334

Fruuhodwlrq zlwk jryhuqphqw sxufkdvhv
Gdwd 031<7 031<7 031<7 031<: 031<: 031<:
Prgho 031:7 031;4 031;4 031;; 031<9 031<;
M0vwdwlvwlf 414; 41<5 917< 4419 3149 3135
S0ydoxh 315; 314: 3134 	31334 319< 31;<

Vwdqgdug ghyldwlrq
Gdwd 481; 481; 481; 591< 591< 591<
Prgho 6187 5185 4163 :175 <198 441<
M0vwdwlvwlf :135 4<17 551; 5916 6318 571<
S0ydoxh 3133; 	31334 	31334 	31334 	31334 	31334
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Wdeoh 61 Jrrgqhvv0ri0�w Whvwv � Uhvsrqvh ri Krxuv Zrunhg zlwk Dowhuqdwlyh Prgho Vshfl�fdwlrqv

j ' D Vwdwlf Lqfuhdvlqj Uhwxuqv G|qdplf Lqfuhdvlqj Uhwxuqv
Prphqw > ' f > ' � > ' �f > ' f > ' � > ' �f > ' f > ' � > ' �f
Shdn

Gdwd 914; 914; 914; 914; 914; 914; 914; 914; 914;
Prgho 91:; 713: 4166 4314 61:4 3196 :16: 716: 319<
M0vwdwlvwlf 3138 4134 91;< 4149 4176 <153 314: 319< 4416
S0ydoxh 31;5 3164 3133< 315; 3156 31335 319; 3174 	31334

Dyhudjh ri shulrgv 7/ 8/ 9/ :
Gdwd 8173 8173 8173 8173 8173 8173 8173 8173 8173
Prgho 061;3 04196 3156 0919< 0616: 0317; 8153 4136 03165
M0vwdwlvwlf 8168 817< :13; 813< 91:9 <177 31337 5199 <135
S0ydoxh 3135 3135 3133; 3135 3133< 31335 31<8 3143 31336

Fruuhodwlrq zlwk jryhuqphqw sxufkdvhv
Gdwd 31<6 31<6 31<6 31<6 31<6 31<6 31<6 31<6 31<6
Prgho 031:3 0318< 3155 031:7 031;4 031:: 317: 03155 03198
M0vwdwlvwlf 5416 4417 4163 6;1< 581; 441; 41:9 :178 ;175
S0ydoxh 	31334 	31334 3158 	31334 	31334 	31334 314; 31339 31337

Vwdqgdug ghyldwlrq
Gdwd 4614 4614 4614 4614 4614 4614 4614 4614 4614
Prgho 4;18 <17< 5179 661; 461< 41<; 481< 441< 41<;
M0vwdwlvwlf 3169 3168 917< 5146 3134 918; 3148 3136 7193
S0ydoxh 3188 3189 3134 3147 31<5 3134 31:3 31;9 3136
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Wdeoh 71 Jrrgqhvv0ri0�w Whvwv � Uhvsrqvh ri Uhdo Zdjhv zlwk Dowhuqdwlyh Prgho Vshfl�fdwlrqv

j ' D Vwdwlf Lqfuhdvlqj Uhwxuqv G|qdplf Lqfuhdvlqj Uhwxuqv
Prphqw > ' f > ' � > ' �f > ' f > ' � > ' �f > ' f > ' � > ' �f
Shdn

Gdwd 04314 04314 04314 04314 04314 04314 04314 04314 04314
Prgho 0613: 07135 0813: 06168 07159 071<7 031<7 06199 071<7
M0vwdwlvwlf 6316 5919 4;15 6718 5715 4919 6315 5416 4419
S0ydoxh 	31334 	31334 	31334 	31334 	31334 	31334 	31334 	31334 	31334

Dyhudjh ri shulrgv 7/ 8/ 9/ :
Gdwd 0;1;: 0;1;: 0;1;: 0;1;: 0;1;: 0;1;: 0;1;: 0;1;: 0;1;:
Prgho 0517: 06168 07143 041;8 06149 061;; 03153 0414; 06185
M0vwdwlvwlf 5:13 5915 5414 6<15 641; 5417 6917 6:15 5415
S0ydoxh 	31334 	31334 	31334 	31334 	31334 	31334 	31334 	31334 	31334

Fruuhodwlrq zlwk jryhuqphqw sxufkdvhv
Gdwd 031<: 031<: 031<: 031<: 031<: 031<: 031<: 031<: 031<:
Prgho 031;: 031<8 031<; 031;: 031<9 031<: 03168 031;5 031<9
M0vwdwlvwlf 4:18 31:5 3137 3183 3135 31337 4147 314< 31338
S0ydoxh 	31334 316< 31;6 317; 31;; 31<8 315< 3199 31<7

Vwdqgdug ghyldwlrq
Gdwd 591< 591< 591< 591< 591< 591< 591< 591< 591<
Prgho ;1<: 431< 451; :1:8 431; 4516 419; 91<9 4515
M0vwdwlvwlf 5817 5914 5516 681< 6316 5419 4818 4714 4413
S0ydoxh 	31334 	31334 	31334 	31334 	31334 	31334 	31334 	31334 	31334
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