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Devwudfw

Wklv sdshu frqvlghuv wkh sureohpv idflqj ghflvlrq pdnhuv xvlqj

hfrqrphwulf prghov lq uhdo wlph1 Lw lghqwl�hv wkh nh| vwdjhv lqyroyhg

dqg kljkoljkwv wkh uroh ri dxwrpdwhg v|vwhpv lq uhgxflqj wkh h�hfw

ri gdwd vqrrslqj1 Lw vhwv rxw pdq| fkrlfhv wkdw uhvhdufkhuv idfh lq

frqvwuxfwlrq ri dxwrpdwhg v|vwhpv dqg glvfxvvhv vrph ri wkh srvvleoh

zd|v dgydqfhg lq wkh olwhudwxuh iru ghdolqj zlwk wkhp1 Wkh uroh ri

ihhgedfnv iurp wkh ghflvlrq pdnhu*v dfwlrqv wr wkh gdwd jhqhudwlqj

surfhvv lv dovr glvfxvvhg dqg kljkoljkwhg wkurxjk dq h{dpsoh1

MHO Fodvvl�fdwlrq= F84/ F85/ F861

Nh| Zrugv= Vshfl�fdwlrq Vhdufk/ Gdwd Vqrrslqj/

Uhfxuvlyh2Vhtxhqwldo Prghoolqj/ Dxwrpdwhg Prgho Vhohfwlrq1
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Uhdo Wlph Hfrqrphwulfv

Kdvkhp Shvdudq4

Fdpeulgjh Xqlyhuvlw| dqg XVF

Doodq Wlpphupdqq

Xqlyhuvlw| ri Fdoliruqld/ Vdq Glhjr

4 Lqwurgxfwlrq

Wkh irfxv ri hfrqrphwulf dqdo|vlv kdv suhgrplqdqwo| ehhq rq uhwur0

vshfwlyho| hvwlpdwlqj dqg lqwhusuhwlqj hfrqrplf uhodwlrqvklsv1 Krz0

hyhu/ lq pdq| xvhv ri hfrqrphwulf prghov e| exvlqhvvhv/ jryhuq0

phqwv/ fhqwudo edqnv dqg wudghuv lq �qdqfldo pdunhwv wkh irfxv lv rq

pdnlqj ghflvlrqv lq uhdo wlph dqg khqfh wkhuh lv dq xujhqw qhhg wr

ghyhors urexvw lqwhudfwlyh v|vwhpv wkdw xvh hfrqrphwulf prghov wr

jxlgh ghflvlrqv lq uhdo wlph1 Wklv xvh ri hfrqrphwulf phwkrgv lv ri

frxuvh qrw zlwkrxw suhfxuvruv dqg lv forvho| uhodwhg wr wkh ghyhors0

phqw ri vhtxhqwldo dqdo|vlv slrqhhuhg e| Zdog +4<7:,/ dqg uhfxuvlyh

hvwlpdwlrq phwkrgv sursrvhg e| Eurzq/ Gxuelq dqg Hydqv +4<:8,

iru xvh lq uhdo wlph txdolw| frqwuro15

Dxwrpdwhg v|vwhpv duh erxqg wr ehfrph dq lpsruwdqw wrro iru

wkh ghyhorsphqw ri uhdo0wlph hfrqrphwulfv dqg wkh gldorj ehwzhhq

Judqjhu dqg Khqgu| +Judqjhu dqg Khqgu| +5337,, lv d shuwlqhqw

uhplqghu ri pdq| ri wkh fkdoohqjhv idflqj ghvljqhuv dqg xvhuv ri

vxfk v|vwhpv1 E| vhwwlqj rxw lq dgydqfh d vhw ri uxohv iru revhuydwlrq

zlqgrzv dqg yduldeoh vhohfwlrq/ hvwlpdwlrq dqg prgl�fdwlrq ri wkh

hfrqrphwulf prgho/ dxwrpdwlrq surylghv d zd| wr uhgxfh wkh h�hfwv

ri gdwd0vqrrslqj dqg idflolwdwhv ohduqlqj iurp wkh shuirupdqfh ri d

jlyhq prgho zkhq dssolhg wr d klvwrulfdo gdwd vhw1
4Zh duh judwhixo wr Shwhu Skloolsv/ Folyh Judqjhu/ Wlo Vfkxhupdqq/ Urq Vplwk/ Vwhyhq

Gxuodxi/ Pdugl Gxqjh| dqg dq dqrq|prxv uhihuhh iru wkhlu khosixo frpphqwv1 Kdvkhp
Shvdudq lv sduwlfxoduo| judwhixo wr Edkudp Shvdudq iru klv khos zlwk sudfwlflqj vrph ri
wkh lghdv glvfxvvhg lq wklv sdshu1

5Vhtxhqwldo ru uhfxuvlyh whfkqltxhv kdyh dovr ehhq xvhg h{whqvlyho| lq elrphglfdo
uhvhdufk dqg hqjlqhhulqj1 Gdzlg +4<;7, kdv ehhq dgyrfdwlqj wkh xvh ri suredelolw|
iruhfdvwlqj lq vhtxhqwldo vwdwlvwlfdo dqdo|vlv/ nqrzq dv wkh �suhtxhqwldo dssurdfk�1
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Lq wklv sdshu zh vhw rxw zkdw zh vhh dv wkh wkuhh nh| vwdjhv lq uhdo0

wlph dxwrpdwhg hfrqrphwulf prgholqj/ qdpho| prgho frqvwuxfwlrq/

prqlwrulqj/ prgl�fdwlrq dqg wkh prgho lqqrydwlrq surfhvv1 Wkh �uvw

vwdjh/ prgho frqvwuxfwlrq/ vhwv rxw wkh remhfwlyh ixqfwlrq/ fkrrvhv

wkh hvwlpdwlrq phwkrg/ vhohfwv yduldeohv dqg ixqfwlrqdo irupv dqg

vhhnv wr furvv0ydolgdwh wkh �ehvw� ru wkh �dyhudjh� prgho1 Wkh

vhfrqg vwdjh vhwv rxw surfhgxuhv iru prqlwrulqj dqg hydoxdwlqj

wkh shuirupdqfh ri wkh hfrqrphwulf prgho lq uhdo wlph dqg/ li

ghhphg qhfhvvdu|/ xqghuwdnhv wkh qhfhvvdu| prgl�fdwlrqv1 Wklv

lqyroyhv ghflglqj rq vwdwlvwlfdo ghflvlrq0edvhg hydoxdwlrq fulwhuld

xvhg wr ghwhuplqh zkhwkhu wkh shuirupdqfh ri wkh hfrqrphwulf

prgho lv vdwlvidfwru|1 Ilqdoo|/ wkh wklug vwdjh lqyroyhv ghflglqj

zklfk dowhuqdwlyh qhz prghoolqj vwudwhjlhv wr frqvlghu lq fdvh ri

xqvdwlvidfwru| shuirupdqfh dqg hyhq d fulwhulrq iru glvshqvlqj zlwk

wkh hfrqrphwulf prghoolqj dssurdfk dowrjhwkhu li wkhuh lv v|vwhpdwlf

hylghqfh ri d euhdngrzq1

Wkh sodq ri wkh sdshu lv dv iroorzv1 Dv d zd| ri ixuqlvklqj d

frqfuhwh looxvwudwlrq ri wkh lvvxhv lqyroyhg lq uhdo wlph hfrqrphwulf

prgholqj/ Vhfwlrq 5 frqvlghuv d uhodwlyho| vlpsoh/ rqh0shulrg sruwir0

olr ghflvlrq sureohp iurp �qdqfh1 Vhfwlrq 6 vhwv rxw wkh iruhfdvwlqj

dqg ghflvlrq sureohp wkdw xqghuolh dxwrpdwhg v|vwhpv1 Vhfwlrqv

7 dqg 8 frqvlghu prgho frqvwuxfwlrq/ prqlwrulqj/ prgl�fdwlrq dqg

lqqrydwlrq1 Vhfwlrq 9 rxwolqhv vrph ixwxuh duhdv ri uhvhdufk1

5 Dq Looxvwudwlrq iurp Ilqdqfh

Frqvlghu d sruwirolr ri orqj dqg vkruw +groodu, srvlwlrqv dw wlph A /

uhsuhvhqwhg e| wkh r � � yhfwru _W / dqg ghqrwh wkh r � � yhfwru

ri uhwxuqv dvvrfldwhg zlwk wkh xqghuo|lqj dvvhwv ryhu wkh vxevhtxhqw

shulrg e| hW.41 Devwudfwlqj iurp wudqvdfwlrq frvwv/ wkh ydoxh ri wklv

sruwirolr dw wkh hqg ri A n � lv jlyhq e|

TW.4 ' _
3
WhW.4� +4,
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Vxssrvh wkh orvv +wkh qhjdwlyh ri xwlolw|, ixqfwlrq ri vrph wudghu lv

ri wkh frqvwdqw devroxwh ulvn dyhuvlrq w|sh=

�E_W c hW.4c �� ' i TE�� _
3
WhW.4�c � : fc +5,

zlwk wkh h{shfwhg orvv frpsxwhg frqglwlrqdo rq wkh lqirupdwlrq

vhw/ IW / wkdw frqwdlqv hW / _W dqg wkhlu odjjhg ydoxhv dv zhoo dv

revhuydwlrqv rq d qxpehu ri rwkhu vwdwh yduldeohv +ehvlghv hW , zklfk

zh ghqrwh e| 3W 1 Ixuwkhu/ iru wkh wlph ehlqj vxssrvh wkdw wkh ulvn

dyhuvlrq frh!flhqw/ �/ lv vx!flhqwo| odujh vr wkdw rqh fdq vdiho|

dvvxph wkdw fkdqjhv lq d wudghu*v vkruw dqg orqj srvlwlrqv zloo

qrw lq xhqfh wkh suredelolw| glvwulexwlrq ri dvvhw uhwxuqv/ hW.4/

frqglwlrqdo rq IW / qdpho| wkhuh duh qr pdunhw lpsdfwv iurp wkh

wudghv= sEhW.4mhW c_W cIW�4� ' sEhW.4mhW cIW�4�1

Lq wkh suhvhqfh ri prgho dqg sdudphwhu xqfhuwdlqw| d wudghu idfhv

d qxpehu ri lpsruwdqw fkrlfhv=

� Zklfk suredelolw| glvwulexwlrqv wr frqvlghu iru uhwxuqvB Iru

h{dpsoh zkhwkhu wr dvvxph wkh uhwxuqv kdyh d pxowl0yduldwh

Jdxvvldq glvwulexwlrq/ d pl{wxuh ri pxowl0yduldwh qrupdo ghqvl0

wlhv/ ru rsw iru pxowl0yduldwh Vwxghqw |1 Wkh irup ri wkh sured0

elolw| glvwulexwlrq ri dvvhw uhwxuqv +sduwlfxoduo| lq wkh wdlov, kdv

lpsruwdqw lpsolfdwlrqv iru ulvn pdqdjhphqw/ dowkrxjk lw lv wuxh

wkdw pdq| hvwlpdwlrq dqg prgho vhohfwlrq surfhgxuhv duh ur0

exvw +lq odujh vdpsohv, wr wkh fkrlfh ri wkh glvwulexwlrq ri dvvhw

uhwxuqv1

� Krz wr prgho phdq uhwxuqvB Wkhuh duh pdq| idfwruv wkdw frxog

eh frqvlghuhg/ vd| dv olqhdu ru qrq0olqhdu ixqfwlrqv ri  W '

ihW c 3Wj dqg srvvleo| wkhlu odjjhg ydoxhv> dqg lw vhhpv xqolnho|

wkdw wkh vdph vhw ri fdqglgdwh idfwruv zrxog kdyh ehhq uhohydqw

klvwrulfdoo|1 Wkh vkhhu vl}h ri wkh srvvleoh idfwruv wkdw frxog

eh frqvlghuhg/ wkh uhodwlyho| vkruw wlph vhulhv wkdw duh w|slfdoo|

dydlodeoh/6 dqg wkh wlph frqvwudlqw wkdw riwhq h{lvwv ehwzhhq
6Dw gdlo| iuhtxhqflhv odujh gdwd vhwv duh dydlodeoh iru vrph dvvhwv/ vxfk dv \hq dqg
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wkh froohfwlrq dqg frpslodwlrq ri gdwd dw forvh ri rqh pdunhw

dqg wkh lvvxdqfh ri wudgh rughuv iru h{hfxwlrq dw wkh vwduw ri

dqrwkhu pdunhw/ sodfhv lpsruwdqw uhvwulfwlrqv rq wkh vhdufk

surfhvv dfurvv wkh srvvleoh idfwruv dqg krz lw lv lpsohphqwhg1

Wklv pljkw lqwurgxfh d fhuwdlq ghjuhh ri udqgrpl}dwlrq lq prgho

vhohfwlrq +prgho dyhudjlqj, surfhgxuhv/ dqg vhdufk dojrulwkpv

vxfk dv wkh uhfxuvlyh prghoolqj phwkrg/ wr eh uhylhzhg ehorz1

� Zklfk vshfl�fdwlrqv wr frqvlghu iru prghoolqj ri dvvhw uhwxuq

yrodwlolwlhvB Lq dgglwlrq wr wkh vhdufk sureohpv glvfxvvhg

deryh/ rqh lv dovr idfhg zlwk wkh sureohp ri ghdolqj zlwk odujh

fruuhodwlrqv w|slfdoo| hqfrxqwhuhg dfurvv dvvhw uhwxuqv dqg wkh

srvvlelolw| wkdw vxfk fruuhodwlrqv pd| ydu| dfurvv wlph/ ulvlqj

dw wlphv ri fulvlv dqg idoolqj lq fdophu shulrgv1

Ulvn pdqdjhphqw frqvlghudwlrqv dovr glfwdwh wkdw wkh orvv ixqf0

wlrq +5, lv dxjphqwhg zlwk wkh iroorzlqj Ydoxh dw Ulvn +YdU, frq0

vwudlqw=

�h
�
_
3
WhW.4 	 �T� mIW

�
� kc +6,

zkhuh T� lv wkh pd{lpxp orvv wrohudwhg ryhu dq| rqh wudglqj gd|

zlwk suredelolw| k +riwhq wdnhq wr eh �I,1 Lw lv fohdu wkdw wkh

plqlpl}dwlrq ri wkh h{shfwhg orvv ixqfwlrq lq +5, vxemhfw wr wkh YdU

frqvwudlqw lq +6, uhtxluhv d frpsohwh vshfl�fdwlrq ri wkh suredelolw|

glvwulexwlrq ri dvvhw uhwxuqv1 Wr vlpsoli| wkh h{srvlwlrq zh vxssrvh

wkdw lq wkh vhdufk wkh wudghu irfxvhv rq wkh fodvv ri pxowl0yduldwh

Jdxvvldq vshfl�fdwlrqv gudzq iurp wkh vhw PW =

hW.4mIW c�l � �E�lW cPlW �c �l 5 PW /

dv zhoo dv wkh Ed|hvldq prgho dyhudjh dqg rwkhu frpelqdwlrqv1

�lW dqg PlW ghqrwh wkh wlph0A frqglwlrqdo phdq dqg frqglwlrqdo

yduldqfh0fryduldqfhv ri dvvhw uhwxuqv/ uhvshfwlyho|/ dvvxplqj prgho

�l krogv1 Qrwh wkdw �lW dqg PlW zrxog w|slfdoo| ghshqg rq rqh

Hxur groodu udwhv/ exw hyhq lq wkh fdvh ri wkhvh dvvhwv rqh pljkw qrw zlvk wr xvh doo wkh
gdwd dydlodeoh lq iruhfdvwlqj gxh wr wkh srvvlelolw| ri vwuxfwxudo fkdqjh lq dvvhw pdunhwv>
d wrslf zklfk zh vkdoo uhwxuq wr xqghu wkh fkrlfh ri �Gdwd Zlqgrz�1
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ru pruh hohphqwv ri  W dqg wkhlu odjjhg ydoxhv zlwk d qxpehu ri

xqnqrzq sdudphwhuv wkdw qhhg wr eh hvwlpdwhg ru lqwhjudwhg rxw

ri wkh ghflvlrq surfhvv1 Devwudfwlqj iurp sdudphwhu xqfhuwdlqw| zh

�uvw qrwh wkdw/ xqghu �l/

.d�E_W c hW.4c ��mIW c�lo ' i TE��_3W�lW n
�

2
�5_3WPlW_W �c +7,

dqg

�h
�
_
3
WhW.4 	 �T� mIW c�l

�
' x

#
�T� � _

3
W�lWs

_3WPlW_W

$
� kc

zkhuh xE�� vwdqgv iru wkh fxpxodwlyh glvwulexwlrq ixqfwlrq ri d

vwdqgdug qrupdo yduldwh1 Ghqrwlqj wkh kI ohiw wdlo ri wkh vwdqgdug

qrupdo glvwulexwlrq e| �S�/ wkh YdU frqvwudlqw fdq dovr eh zulwwhq

dv

T� n _
3
W�lW � S�

t
_3WPlW_W � f1 +8,

Wkh Odjudqjldq iru plqlpl}lqj ��_3W�lW n 4
5�

5
_
3
WPlW_W vxemhfw wr

+8, lv

O� E_A � ' ��_�

A
�

�A
n
�

2
�2
_
�

A
P�A_A �b

�
Tk n _

�

A
�

�A
� Sk

s
_�

A
P�A_A

�
�

+9,

Vlqfh wkhuh duh r srvlwlrqv wr eh ghwhuplqhg zlwk rqh YdU frqvwudlqw

zh surfhhg lqlwldoo| e| ljqrulqj wkh YdU frqvwudlqw +vhwwlqj b/ wkh

Odjudqjh pxowlsolhu/ wr }hur,1 Lq wklv fdvh wkh rswlpdo srvlwlrqv

xqghu prgho �l duh jlyhq e|

_
�
lW ' E�*��P�4

lW �lW � +:,

Zh qrz fkhfn wr vhh xqghu zklfk frqglwlrqv wkhvh srvlwlrqv dovr

vdwlvi| wkh YdU frqvwudlqw +6,1 Vxevwlwxwlqj +:, lq +8, zh kdyh

r5lW � S�rlW n �T� � fc +;,

zkhuh rlW '
�
�3
lWP

�4
lW �lW

�4@5
lv wkh pxowl0yduldwh Vkdush udwlr +lq

devroxwh ydoxh, xqghu prgho�l1 Wkhuhiruh/ wkh srvlwlrqv jlyhq lq +:,
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vdwlvi| wkh YdU frqvwudlqw li wkh ulvn dyhuvlrq frh!flhqw lv vx!flhqwo|

odujh vxfk wkdw

� �
S5�
eT�

c

rwkhuzlvh wkh rswlpdo vroxwlrq wkdw vdwlv�hv wkh YdU zrxog eh

_
�
lW '

�
eT�
S5�

�
P

�4
lW �lW �

Frpelqlqj wkh wzr vroxwlrqv/ zh kdyh

_
�
lW ' �P�4

lW �lW c +<,

zkhuh

� ' ��?

�
eT�
S5�

c
�

�

�
�

Wkh uhdol}hg ydoxh ri wkh orvv ixqfwlrq xqghu prgho �l lv qrz

jlyhq e|

�E	_lW c hW.4c �c T�c S�� ' i TE��� 	�3
lW
	P
�4
lW hW.4�c +43,

zkhuh zh kdyh uhsodfhg E�lW cPlW � e| wkhlu hvwlpdwhv edvhg rq d

jlyhq gdwd ru revhuydwlrq zlqgrz1 D ghflvlrq0edvhg hydoxdwlrq

h{huflvh fdq qrz eh fduulhg rxw zkhuhe| wkh shuirupdqfh ri wkh

dowhuqdwlyh prghov duh frpsduhg lq whupv ri wkhlu dvvrfldwhg uhdol}hg

orvvhv ryhu d jlyhq hydoxdwlrq shulrg/ E-n �c A �=

7�lU>W ' EA �-��4
W[

w@U.4

i TE��� 	�3
l>w�4

	P
�4
l>w�4hw�/ +44,

zkhuh 	�l>w�4 dqg 	Pl>w�4 duh wkh uhfxuvlyh hvwlpdwhv ri �l>w�4 dqg

Pl>w�4 edvhg rq revhuydwlrqv xs wr dqg lqfoxglqj wlph |� �17

7Ghflvlrq0edvhg hydoxdwlrq whfkqltxhv duh glvfxvvhg lq Judqjhu dqg Shvdudq +5333d/e,
dqg uhylhzhg dqg ghyhorshg ixuwkhu lq Shvdudq dqg Vnrxudv +5335,1

:



514 Ihhgedfn H�hfwv

Dowkrxjk ihhgedfn h�hfwv duh olnho| wr eh ohvv lpsruwdqw lq wudglqj

wkdq lq pdfurhfrqrplf ghflvlrq pdnlqj/ l1h1/ zkhq frqvlghulqj wkh

h�hfw ri prqhwdu| srolf|/ wkh| fdq dqg gr h{lvw lq wudglqj e| odujh

�qdqfldo frusrudwlrqv/ dqg wkh deryh dssolfdwlrq fdq eh uhdglo|

dgdswhg wr vkrz wkh dgglwlrqdo lvvxhv wkdw frxog dulvh zkhq wkh

srvvlelolw| ri ihhgedfnv iurp _w wr  w lv uhfrjql}hg e| wkh ghflvlrq

pdnhu1 Iru vlpsolflw| ri h{srvlwlrq ohw r ' �/ dqg vxssrvh wkdw vxfk

ihhgedfn rqo| wdnhv sodfh wkurxjk wkh h�hfwv ri fkdqjhv lq wudgh

srvlwlrqv rq uhwxuqv1 Dvvxph dovr wkdw wkh fkdqjh lq wkh wudgh

srvlwlrq ghflghg dw wkh hqg ri shulrg A lv �oohg vrph wlph gxulqj wkh

lqwhuydo EA (A n�o/ {_W.4 ' _W.4�_W ' _�W �_W / ru pruh jhqhudoo|

_w.4 ' _�w iru doo |1 Xqghu wklv vhw xs d vlpsoh prgho ri uhwxuqv wkdw

doorzv iru ihhgedfn lv jlyhq e|

�l>W G oW.4 ' �l E_W.4 � _W � n �
�

l lW n 0W.4>lc 0W.4>l q �Efc j5lW �

+45,

zkhuh �l>W ghqrwhv wkh uhwxuq uhjuhvvlrq prgho dvvxphg e| wkh

wudghu wr krog dw wkh hqg ri shulrg A 1 Wkh frh!flhqw �l � f/

phdvxuhv wkh wudghu*v shufhswlrq ri klv pdunhw lpsdfw xqghu �l>W 1
8

Iru vlpsolflw| zh vkdoo dvvxph wkdw �l lv �{hg/ dowkrxjk doorzlqj iru

wlph yduldwlrqv lq �l lv olnho| wr vwuhqjwkhq rxu dujxphqwv1

Devwudfwlqj iurp YdU frqvlghudwlrqv/ lq wklv fdvh zh kdyh

_W.4 '

�
��l

�j5lW � 2�l

�
_W n

�
�

l lW

�j5lW � 2�l

c +46,

Xqghu }hur pdunhw lpsdfw/ �l ' f/ wklv vroxwlrq uhgxfhv wr wkh

vwdqgdug phdq0yduldqfh uhvxow/ �
�

l lW*�j
5
lW 1 Wr lpsohphqw _W.4/

wkh wudghu zrxog qhhg wr hvwlpdwh wkh sdudphwhuv i�lc�lj/ dqg

wkh uhwxuq yrodwlolw|/ j5lW 1 Vlqfh wkhvh sdudphwhuv duh vshfl�f wr

wkh prgho xvhg e| wkh wudghu wkh| fdq/ dw ehvw/ eh hvwlpdwhg iru

wkh sduwlfxodu prgho wkdw kdg ehhq xvhg e| wkh wudghu gxulqj wkh
8Lw lv dvvxphg wkdw wkh wudghu grhv qrw revhuyh wkh wudgh srvlwlrqv ri rwkhuv lq wkh

pdunhw1

;



hvwlpdwlrq shulrg sulru wr gdwh A 1 Lq uhdolw|/ wkh wudghu pljkw kdyh

xvhg pdq| gl�huhqw prghov lq wkh sdvw/ dqg lq wkdw fdvh klvwrulfdo

revhuydwlrqv rq _wc ow dqg  w/ | ' Ac A � �c ����c zrxog qrw eh uhohydqw

wr wkh hvwlpdwlrq ri wkh sdudphwhuv ri prgho �l>W 1 Wkh sureohp

dulvhv pruh fohduo| li wkh wudghu lq idfw zlvkhv wr frqvlghu d frxqwhu0

idfwxdo h{huflvh zlwk uhvshfw wr dq| prgho/ vd|�m>W / zklfk kdv ehhq

xvhg e| klp2khu lq wkh sdvw1 Lw lv qrw fohdu krz klvwrulfdo gdwd frxog

eh xvhg e| wkh wudghu wr hvwlpdwh wkh pdunhw lpsdfw frh!flhqw/ �mc

xqghu �m>W 1 Rqh zd| wr jhw durxqg wklv sureohp lv e| jhqhudwlqj

d vdpsoh wkdw lv frqvlvwhqw zlwk wkh frxqwhuidfwxdo srolf|1 Vxfk

h{shulphqwv fdq eh frvwo|/ wkrxjk/ dqg duh w|slfdoo| qrw dydlodeoh

iru hfrqrphwulf hvwlpdwlrq sxusrvhv1

Wklv dssolfdwlrq vkrzv pdq| fkrlfhv wkdw d ghflvlrq pdnhu zloo

eh idfhg zlwk/ hyhq li wkh qdwxuh ri wkh ghflvlrq sureohp dqg wkh

vsdfh ri dvvhwv wr eh wudghg duh wdnhq dv jlyhq1 Lq zkdw iroorzv zh

frqvlghu vrph ri wkhvh lvvxhv pruh jhqhudoo| dqg wkh w|sh ri vroxwlrqv

vxjjhvwhg lq wkh olwhudwxuh iru ghdolqj zlwk wkhp1

6 Wkh Ghflvlrq Sureohp

Zh vkdoo irfxv rq d vlqjoh0shulrg iruhfdvwlqj dqg ghflvlrq sureohp

exw pdq| ri rxu frpphqwv dovr dsso| wr pxowl0shulrg ghflvlrqv1 Wkh

ghflvlrq sureohp/ dv lw lv xvxdoo| vhw xs/ suh0dvvxphv wkh h{lvwhqfh ri

d xqltxh wlph lqyduldqw orvv ixqfwlrq/ �E_W c W.4c!�/ zkhuh _W lv wkh

r�� yhfwru ri ghflvlrq yduldeohv vhw dw wkh hqg ri shulrg A /  W.4 wkh

&�� yhfwru ri vwdwh yduldeohv uhdol}hg ryhu wkh shulrg iurp A wr An�

dqg ! lv d yhfwru ri �{hg frh!flhqwv1 Ghflvlrqv duh lpsohphqwhg

gxulqj wkh shulrg EAc A n��19 Lw lv dvvxphg wkdw ghflvlrqv duh pdgh

zlwk uhvshfw wr lqirupdwlrq dydlodeoh dw wlph A / IW / zklfk dw ohdvw

frqwdlqv i_W c Wj dqg wkhlu sdvw ydoxhv1 Wkh ghflvlrq yduldeohv duh
9Wr vlpsoli| wkh h{srvlwlrq zh dvvxph wkdw wkh ghflvlrq fdq eh h{dfwo| lpsohphqwhg1
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wkhq ghulyhg e| vroylqj wkh iroorzlqj rswlpl}dwlrq sureohp

_
�
W ' �o} 4�?

gA5GA
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UAn�

�E_W c W.4c!� 	sw E W.4 mIW � _ W.4

�
c

+47,

zkhuhGW � Uv lv wkh vhw ri ihdvleoh dfwlrqv dw wlph Ac 	sW E W.4 mIW �

lv wkh ghflvlrq pdnhu*v wlph0A hvwlpdwh ri wkh suredelolw| iruhfdvw

ghqvlw| ixqfwlrq ri  W.4 frqglwlrqdo rq IW / dqg UW.4 � Un lv wkh

grpdlq ri yduldwlrqv ri  W.4 dvvxphg wr eh nqrzq dw wlph A 1 Lq

fdvhv zkhuh wkh orvv ixqfwlrq lv txdgudwlf lq _W rqo| d frqglwlrqdo

srlqw iruhfdvw ri  W.4/ qdpho| . aiA
E W.4 mIW � c zloo eh qhhghg/ exw

lq jhqhudo wkh zkroh suredelolw| ghqvlw| lv uhtxluhg1

Dw hdfk ghflvlrq srlqw/ A / wkh ghflvlrq pdnhu idfhv frqvlghudeoh

xqfhuwdlqw| uhjduglqj wkh fkrlfh ri 	sW E W.4 mIW � dqg pljkw dovr eh

xqfhuwdlq derxw wkh fkrlfh ri wkh orvv ixqfwlrq dqg2ru lwv sdudphwhu

ydoxhv/ dv zhoo dv wkh phdvxuhphqw ri vrph ri wkh vwdwh yduldeohv1

Exw lq zkdw iroorzv zh vxssrvh wkdw wkh orvv ixqfwlrq lv nqrzq

wr wkh ghflvlrq pdnhu dqg devwudfw iurp gdwd xqfhuwdlqw|1 Qhlwkhu

frpsolfdwlrq lv jhupdqh wr wkh lvvxhv wkdw zh zlvk wr udlvh khuh1

Wkh ghflvlrq surfhvv lv ixuwkhu frpsolfdwhg zkhq wkh lpsohphq0

wdwlrq ri wkh ghflvlrq +ru cdfwlrq* e| wkh ghflvlrq pdnhu, lq xhqfhv

wkh �wuxh� frqglwlrqdo suredelolw| glvwulexwlrq ri wkh vwdwh yduldeohv/

 W.4/ zklfk zh ghqrwh e|�h E W.4 mIW �1 Wkh srvvlelolw| wkdw fkdqjhv

wr _W pljkw d�hfw �h E W.4 mIW � kdv ixuwkhu lpsolfdwlrqv iru hfrqr0

phwulf prgho frqvwuxfwlrq dqg hydoxdwlrq/ zklfk zh kljkoljkw lq

Vhfwlrq 71

614 Irupxodwlrq dqg Vhohfwlrq ri Prghov

Iru d jlyhq orvv ixqfwlrq dqg d wlph vhulhv ri sdvw phdvxuhphqwv/

~W E�� ' E34c 35c ���c 3W � � IW rq wkh ghflvlrq dqg vwdwh yduldeohv 3w '

E_wc w�/ wkh vlqjoh prvw lpsruwdqw wdvn idflqj wkh ghflvlrq pdnhu dw

wlph A lv wkh fkrlfh ri wkh iruhfdvwlqj prgho/ 	sW E W.4 mIW �1 Wkh uhdo

wlph qdwxuh ri wkh ghflvlrq pdnlqj surfhvv uhfrjql}hv wkdw wkh iruh0

fdvwlqj prgho dqg lwv sdudphwhuv pljkw qhhg xsgdwlqj dw wkh vwduw
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ri hdfk ghflvlrq shulrg +vd| sulru wr rshqlqj ri pdunhwv,1 Wklv frxog

lqyroyh vlpsoh xsgdwlqj ri sdudphwhuv ri d jlyhq prgho +nhhslqj wkh

vshfl�fdwlrq ri wkh prgho �{hg,/ xsgdwlqj wkh prgho e| vhdufklqj

ryhu d suh0vshfl�hg vhw ri prghov/ ru pljkw hyhq lqyroyh vhdufklqj

ryhu qhz prghov lqfoxglqj qhz yduldeohv2idfwruv/ ixqfwlrqdo irupv ru

g|qdplf vshfl�fdwlrqv qrw frqvlghuhg dv ihdvleoh ru ri srwhqwldo xvh0

ixoqhvv sulru wr gdwh A 1 Wkhvh wkuhh ohyhov ri prgho xsgdwhv fdq eh

ylhzhg dv �uhfxuvlyh hvwlpdwlrq�/ �uhfxuvlyh prghoolqj� dqg �lqqr0

ydwlyh prghoolqj�/ uhvshfwlyho|1 Fohduo|/ uhfxuvlyh prgholqj lqyroyhv

uhfxuvlyh hvwlpdwlrq/ exw qrw ylfh yhuvd/ dqg lqqrydwlyh prghoolqj

frxog hqfrpsdvv erwk uhfxuvlyh prghoolqj dqg uhfxuvlyh hvwlpdwlrq1

Vhohfwlrq ri d prgho iru xvh lq ghflvlrq pdnlqj lqyroyhv surylglqj

dq dqvzhu wr d frxqwhu idfwxdo h{huflvh/ qdpho| d frpsdudwlyh

dqdo|vlv ri wkh orvvhv wkdw zrxog kdyh ehhq uhdol}hg lq wkh sdvw

xqghu dowhuqdwlyh vshfl�fdwlrqv ri wkh iruhfdvwlqj prgho +dqg khqfh

wkh ghflvlrq uxohv,1 Dvvxph wkdw �h E W.4 mIW �/ wkh gdwd jhqhudwlqj

surfhvv +GJS,/ lv xqnqrzq dqg vxssrvh wkdw dw wlph A wkh ghflvlrq

pdnhu lv idfhg zlwk d vhw ri iruhfdvwlqj prghov/ �l 5 PW 1 Hdfk

prgho/ �l/ lv gh�qhg e| wkh frqglwlrqdo suredelolw| ghqvlw| ixqfwlrq

ri  w gh�qhg ryhu wkh hvwlpdwlrq shulrg | ' A3c A3n����c Ac +A3 � �,/

dqg wkh iruhfdvwlqj shulrg/ | ' A n �c lq whupv ri d &l � � yhfwru ri

xqnqrzq sdudphwhuv/ �l/ dvvxphg wr olh lq wkh frpsdfw sdudphwhu

vsdfh/ Xl=

�l G isl E w.4(�l mIw � c �l5 Xlj � +48,

Frqglwlrqdo rq hdfk prgho/ �l/ ehlqj wuxh lw zloo eh dvvxphg wkdw

wkh wuxh ydoxh ri �l/ zklfk zh ghqrwh e| �l3/ lv �{hg dqg uhpdlqv

frqvwdqw dfurvv wkh hvwlpdwlrq dqg suhglfwlrq shulrgv dqg olhv lq wkh

lqwhulru ri Xl1
: Xqghu �l wkh vroxwlrq wr wkh ghflvlrq sureohp +47,

fdq wkhq eh zulwwhq dv

_
�
lW E�lc!� ' @h}4�?

gA5GA

�]
UAn�

�E_W c W.4c!�sl E W.4(�l mIW � _ W.4

�
c

+49,
:Skloolsv +4<<9, glvfxvvhv wkh srvvlelolw| wkdw qrqh ri wkh prghov lq PA uhsuhvhqwv

wkh wuxh GJS lq zklfk fdvh wkh ehvw +orfdo, dssur{lpdwlrq lv ehlqj vrxjkw1
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zklfk ghshqgv rq wkh xqnqrzq sdudphwhuv ri wkh vhohfwhg iruhfdvw0

lqj prgho/ sl E w.4(�l mIw �1 Wr ghulyh dq rshudwlrqdoo| ihdvleoh ghfl0

vlrq uxoh/ rqh zrxog qhhg wr uhsodfh �l zlwk d vxlwdeoh hvwlpdwh/ ru

holplqdwh vxfk sdudphwhuv e| lqwhjudwlqj wkhp rxw zlwk uhvshfw wr

wkhlu srvwhulru glvwulexwlrqv xvlqj Ed|hvldq whfkqltxhv1 Xqghu erwk

dssurdfkhv zh kdyh

_
�
lW ' #l EIW c!� c +4:,

zkhuh #l E�� uhsuhvhqwv wkh yhfwru ri ghflvlrq uxohv zklfk ghshqgv rq

wkh orvv ixqfwlrq dqg lwv sdudphwhuv/ !/ wkh fkrlfh ri wkh iruhfdvwlqj

prgho/ �l/ dqg wkh sduwlfxodu surfhgxuh xvhg wr ghdo zlwk wkh

xqnqrzq frh!flhqwv/ �l1

Xqghu �l/ wkh hvwlpdwlrq ri �lc ru ghulydwlrq ri lwv srvwhulru

glvwulexwlrq/ fdq eh edvhg rq wkh mrlqw olnholkrrg ixqfwlrq ri 3w
gh�qhg ryhu wkh �revhuydwlrq zlqgrz�= | ' A3c A3 n ����c A =

O5
� +}A3 > }A3n�> ===> }A >!>�� mIA3� , @

A\
|'A3

k� +g|>! mI|3� , i� +{|>�� mg|>I|3� , > +4;,

zkhuh �l E_w(! mIw�4 � lv wkh frqglwlrqdo ghqvlw| ri wkh ghflvlrq ydul0

deohv dvvxplqj prgho �l krogv1 Lq jhqhudo/ wkhuh duh frpsolfdwhg

uhvwulfwlrqv olqnlqj wkh vroxwlrqv wr wkh ghflvlrq dqg hvwlpdwlrq sure0

ohpv1 Krzhyhu/ lq wkh fdvh ri dwrplvwlf djhqwv zkhuh wkh ihhgedfn

h�hfwv ri _w rq  w fdq eh ljqruhg vr wkdw

sl E w(�l m_wcIw�4 � ' sl E w(�l mIw�4 � c +4<,

wkh hvwlpdwlrq dqg ghflvlrq sureohpv duh gh0frxsohg dqg hvwlpdwlrq

fdq eh edvhg rq wkh olnholkrrg ri wkh vwdwh yduldeohv dorqh=

u{
l E Wfc Wf.4c ���c W (�l mIW�4 � '

W\
w@Wf

sl E w(�l mIw�4 � � +53,

Wklv lq wxuq pd| uhtxluh wkdw wkh ghflvlrq yduldeohv duh frqvwudlqhg

wr olh lq d uhvwulfwhg vhw vr wkdw wkhlu vlpxodwhg ydoxhv frpsxwhg

frqglwlrqdo rq prgho �l gr qrw lq xhqfh wkh vwdwh yduldeohv1 Lq

hydoxdwlrq ri wudglqj vwudwhjlhv wklv uhtxluhphqw lv xvxdoo| phw
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e| uhvwulfwlqj wkh wudglqj srvlwlrqv wr eh vx!flhqwo| vpdoo ru e|

lqfoxvlrq ri dssursuldwh shqdow| whupv lq wkh orvv ixqfwlrq vr wkdw

_w 5 7Gw � Gw/ zkhuh 7Gw lv d uhvwulfwhg vxevhw ri Gw1

7 Vshfl�fdwlrq Vhdufk/ Gdwd Vqrrslqj/ dqg Xvh

ri Dxwrpdwhg Whfkqltxhv

Wkh deryh ryhu0ylhz ri wkh ghflvlrq dqg hvwlpdwlrq sureohpv fohduo|

vkrzv d qxpehu ri lpsruwdqw fkrlfhv wkdw idfh wkh ghflvlrq pdnhu

vxfk dv wkh fkrlfh ri wkh iruhfdvwlqj prgho> wkh fkrlfh ri wkh

revhuydwlrq +hvwlpdwlrq, zlqgrz/ wkh wuhdwphqw ri srvvleoh ihhgedfnv

iurp ghflvlrqv rqwr wkh vwdwh yduldeohv lq fdvhv zkhuh wkh ghflvlrqv

duh h{shfwhg wr lq xhqfh wkh suredelolw| glvwulexwlrq ri wkh vwdwh

yduldeohv dqg frpsdulvrq ri wkh shuirupdqfh ri dowhuqdwlyh prghov/

hvwlpdwlrq surfhgxuhv dqg revhuydwlrq zlqgrzv1 Lq wklv vhfwlrq zh

glvfxvv wkh uroh ri dxwrpdwhg prgho vhohfwlrq iru hdfk ri wkhvh srlqwv1

714 Fkrlfh ri Iruhfdvwlqj Prgho

Hfrqrphwulf prghoolqj lv riwhq jxlghg e| h{lvwlqj hfrqrplf wkhru|

dowkrxjk wklv zloo w|slfdoo| rqo| eh eurdgo| vxjjhvwlyh ri zklfk vwdwh

yduldeohv ru ixqfwlrqdo irup wr xvh lq wkh hfrqrphwulf prgho1 Wr

ohduq derxw wkhvh/ wkh hfrqrphwulfldq zloo wkhuhiruh lq sudfwlfh xq0

ghuwdnh vxevwdqwldo vshfl�fdwlrq vhdufkhv dfurvv wkh vhw ri srwhqwldo

prghov/ Pw1 Wkh vhdufk iru wkh cehvw* ru dq cdyhudjh* prgho lqyroyhv

xvlqj wkh vdph vhw ri uhdol}dwlrqv +klvwrulfdo gdwd, pdq| wlphv ryhu1

Wkh rxwfrph frxog dovr ghshqg fuxfldoo| rq wkh fkrlfh ri wkh ful0

whulrq ixqfwlrq +olnholkrrg ru xwlolw|,/ wkh h{whqw wr zklfk prgho

frpsoh{lw| lv shqdol}hg/ dqg wkh sduwlfxodu prgho vsdfh ryhu zklfk

wkh vhdufk lv fduulhg rxw1 Dv d uhvxow wkh lq0vdpsoh shqdol}hg shu0

irupdqfh ri wkh prgho vhohfwhg lv qrw dq xqeldvhg hvwlpdwru ri wkh

prgho*v vxevhtxhqw +rxw0ri0vdpsoh, shuirupdqfh/ dqg fdq vhyhuho|
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xqghuhvwlpdwh wkh wuxh orvv1; Wklv lv gxh wr wkh suh0whvw eldv dulvlqj

iurp kdylqj wr uho| rq rqh vhw ri uhdol}dwlrqv iurp zklfk wr fkrrvh

wkh prgho vshfl�fdwlrq1

Rqh zd| wr ghdo zlwk wklv sureohp lv wr dvvhvv wkh vwdwlvwlfdo vlj0

ql�fdqfh ri wkh ehvw prgho lq wkh frqwh{w ri wkh vshfl�fdwlrq vhdufk

wkdw suhfhghg lw1 Wklv lv wkh dssurdfk wdnhq/ h1j1/ e| Vxoolydq/ Wlp0

phupdqq dqg Zklwh +5334, zkr errwvwuds shuirupdqfh vwdwlvwlfv

wr hydoxdwh wkh vljql�fdqfh ri wkh ehvw prgho gudzq iurp d odujhu

xqlyhuvh1 Wklv phwkrg surylghv d fruuhfwlrq wr wkh vwdqgdug R0ydoxh

wkdw frqglwlrqv rq rqh prgho +dv li lw zhuh suh0vshfl�hg, dqg wkhuh0

iruh ljqruhv wkh vhdufk wkdw suhfhghg lw1

Dxwrpdwlrq fdq dvvlvw lq uhgxflqj/ exw qrw holplqdwlqj/ wkh

h�hfwv ri gdwd0vqrrslqj dqg suh0whvw eldv1 Vxemhfwlyh rslqlrqv

derxw vshfl�f yduldeohv dqg ixqfwlrqdo irupv duh olnho| wr ehqh�w

vljql�fdqwo| iurp klqgvljkw dv vxfk rslqlrqv zloo eh iruphg diwhu

jdlqlqj h{shulhqfh zlwk gl�huhqw prghoolqj vwudwhjlhv rq dq h{lvwlqj

gdwd vhw1 Dxwrpdwhg gdwd0gulyhq prgho vhohfwlrq surfhgxuhv gr/ wr

vrph h{whqw/ wdnh wkh fkrlfh ri prgho rxw ri wkh kdqg ri wkh prghohu/

dowkrxjk lw lv pruh gl!fxow wr uhgxfh klqgvljkw lq wkh fkrlfh ri

wkh prgho vhw/ Pw/ ru lq wkh lqqrydwlyh prghoolqj vwdjh/ l1h1 zkhq

fkrrvlqj krz wr uhylvh dqg prgli| Pw ryhu wlph1
<

715 Yduldeoh Vhohfwlrq

Ohw [ ghqrwh wkh wlph0lqyduldqw xqlyhuvh ri doo srvvleoh suhglfwlrq

yduldeohv wkdw frxog eh frqvlghuhg lq wkh hfrqrphwulf prgho/ zkloh

�{w lv wkh qxpehu ri uhjuhvvruv dydlodeoh dw wlph | vr j
w '

E%4wc ���c %Q%|
� � [ 1 �{w lv olnho| wr jurz dw d idvwhu udwh wkdq wkh

vdpsoh vl}h/ A 1 Dw vrph srlqw wkhuh zloo wkhuhiruh eh pruh uhjuhvvruv
;Ohdphu +4<:;, zdv rqh ri wkh �uvw lq wkh hfrqrphwulfv olwhudwxuh wr kljkoljkw wklv

sureohp1
<Fohduo|/ wkh h{whqw wr zklfk eldvhv lq vxemhfwlyh fkrlfhv fdq eh uhgxfhg ghshqgv

rq wkh glphqvlrqdolw| ri P|1 Li P| rqo| frqwdlqv d ihz h{sodqdwru| yduldeohv dqg
ixqfwlrqdo irupv wkdw wkh prghohu +zlwk wkh ehqh�w ri klqgvljkw, nqrzv zrun zhoo/ wkhq
gdwd vqrrslqj eldvhv zloo qrw eh uhgxfhg e| pxfk1 Rqo| li wkh gdwd dqg prgho vhw lv
vx!flhqwo| odujh zloo wkh klqgvljkw lq wkh fkrlfh ri d sduwlfxodu prgho eh uhgxfhg1
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wkdq wlph0vhulhv revhuydwlrqv1 Krzhyhu/ prvw qhz yduldeohv zloo

uhsuhvhqw gl�huhqw phdvxuhphqwv ri d �qlwh qxpehu ri xqghuo|lqj

hfrqrplf idfwruv vxfk dv rxwsxw2dfwlylw|/ lq dwlrq dqg lqwhuhvw udwhv1

Udwkhu wkdq vhdufklqj ryhu doo srvvleoh frpelqdwlrqv ri suhglfwru

yduldeohv dw udqgrp/ d vhqvleoh dssurdfk lv wr �uvw fdwhjrul}h

yduldeohv dqg wkhq fkrrvh rqh ru d ihz yduldeohv iurp hdfk fdwhjru|1

Dowhuqdwlyho|/ uhjuhvvruv fdq eh foxvwhuhg lq dgydqfh dffruglqj wr

d vlpsoh dojrulwkp wkdw phdvxuhv wkhlu fruuhodwlrq ru e| jurxslqj

wkhp dffruglqj wr zkdw wkh| phdvxuh +h1j1 lqwhuhvw udwhv/ lq dwlrq

phdvxuhv,1 Rqh srvvlelolw|/ frqvlghuhg/ iru h{dpsoh/ e| Vwrfn dqg

Zdwvrq +5335, lv wr h{wudfw frpprq idfwruv dqg xvh wkh prvw

lpsruwdqw ri wkhvh lq iruhfdvwlqj1

716 Uhfxuvlyh Prghoolqj

Lq Shvdudq dqg Wlpphupdqq +4<<8/ 5333, zh sursrvhg d uhfxuvlyh

prghoolqj dssurdfk wkdw h{hpsol�hv pdq| ri wkh srlqwv phqwlrqhg

wkxv idu lqfoxglqj krz wr hvwlpdwh �lw lq Vhfwlrq 51 Frqvlghu dq

�{w � � froxpq yhfwru �l zlwk d vwulqj ri �{w rqhv ru }hurv/ zkhuh

d rqh lq wkh �*wk urz phdqv wkdw wkh �*wk uhjuhvvru lv lqfoxghg lq

wkh prgho zkhuhdv d }hur lq wkh �*wk urz phdqv wkdw wklv uhjuhvvru lv

h{foxghg iurp wkh prgho1 Wkhq hdfk srvvleoh prgho dw wlph | fdq eh

lghqwl�hg e| wkh �{w0gljlw vwulqj ri }hurv dqg rqhv fruuhvsrqglqj wr

wkh elqdu| frgh ri lwv qxpehu1 Zlwkrxw orvv ri jhqhudolw|/ frqvlghu

iruhfdvwlqj wkh �uvw hohphqw ri jw.4c tw.4 ' i
3
4wjw.4 +zkhuh i34w lv

dq �{w�yhfwru zlwk xqlw| lq wkh �uvw srvlwlrq dqg }hurv hovhzkhuh,

dw wlph |n � e| phdqv ri olqhdu uhjuhvvlrqv

�lE�� G t�.4 ' �
�

lj� >l n "�.4>lc � ' �c 2c ����c Ac +54,

zkhuh j�>l lv d yhfwru ri uhjuhvvruv rewdlqhg dv d vxevhw ri wkh

uhjuhvvruv lq frqwhqwlrq/ j� / dqg �lE�� ghqrwhv wkh �*wk uhjuhvvlrq

prgho dw wlph � 1 Qrwlfh wkdw wklv jlyhv d wrwdo ri 2Q%A srvvleoh

prghov1 Zkhq �{W lv odujh/ d frpsuhkhqvlyh +joredo, vhdufk lv

wkhuhiruh qrw ihdvleoh dqg wkh dssurdfk frxog eh prgl�hg e| xvlqj
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Prqwh Fduor fkdlq/ vlpxodwhg dqqhdolqj/ jhqhwlf dojrulwkpv ru d

phwkrg vxfk dv SfJhwv1

Frqglwlrqdo rq �lE��/ dqg jlyhq wkh revhuydwlrqv t�.4/ j�>l/

� ' �c 2c ���c A � �/ wkh sdudphwhuv ri prgho �l fdq eh hvwlpdwhg

e| ohdvw vtxduhv1 Ghqrwlqj wkhvh hvwlpdwhv e| e�W>l/ zh kdyh

e�W>l '

#
W�4[
�@3

j�>lj
�

�>l

$�4 W�4[
�@3

j�>lt�.4� +55,

Wkhvh ROV hvwlpdwhv duh idluo| vlpsoh wr frpsxwh dqg e�3
W>l W>l

frxog eh xvhg dv dq hvwlpdwh ri �lW lq rxu �qdqfh h{dpsoh lq

Vhfwlrq 51 Wkh fkrlfh ri jW>l wr eh xvhg lq iruhfdvwlqj ri tW.4 fdq

eh edvhg rq d qxpehu ri olnholkrrg edvhg prgho vhohfwlrq fulwhuld

vxjjhvwhg lq wkh olwhudwxuh/ vxfk dv Dndlnh*v Lqirupdwlrq Fulwhulrq

+DLF,/ Vfkzdu}*v Ed|hvldq Lqirupdwlrq Fulwhulrq +ELF, ru Skloolsv

dqg Sorehujhu +4<<7,*v Srvwhulru Lqirupdwlrq Fulwhulrq +SLF, zklfk

dssolhv wr erwk vwdwlrqdu| dqg qrq0vwdwlrqdu| gdwd1

Wklv dssurdfk fdq ri frxuvh uhdglo| eh jhqhudol}hg wr doorz iru

qrq0olqhdu h�hfwv wkurxjk lqglfdwru w|sh yduldeohv dv lq wkuhvkrog

dxwruhjuhvvlyh prghov/ Pdunry vzlwfklqj ru pruh frpsolfdwhg qrq0

olqhdu lqglfdwruv1 Dv dujxhg e| Skloolsv +4<<9, lw fdq dovr eh xvhg wr

fkrrvh ghvljq sdudphwhuv vxfk dv zkhwkhu ru qrw wr lpsrvh d xqlw

urrw/ fkrlfh ri frlqwhjudwlrq udqn dqg ghwhuplqlvwlf wuhqg ghjuhh hwf

lq eurdg fodvvhv ri prghov vxfk dv uhgxfhg udqn uhjuhvvlrqv/ YDUv

ru Ed|hvldq YDUv1 Zkhwkhu rqo| olqhdu prghov ru pruh jhqhudo

prghov duh frqvlghuhg ghshqgv rq wkh uhodwlyh frvw ri vhdufklqj dfurvv

dqg hvwlpdwlqj qrqolqhdu prghov dqg wkh hylghqfh ri plvvshfl�fdwlrq

dprqj olqhdu prghov1

717 Prgho Dyhudjlqj

Vr idu zh kdyh irfxvhg rq dssurdfkhv wkdw dlp wr vhohfw d vlqjoh

cehvw* prgho1 Pruh jhqhudoo|/ wkh prgho ghwhuplqdwlrq surfhvv fdq

eh frqvlghuhg dv vhohfwlqj d vhw ri zhljkwv rq hdfk ri wkh prghov
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xqghu frqvlghudwlrq/ PW 1 Li d vlqjoh prgho lv xvhg rqo| rqh ri

wkhvh zhljkwv zloo eh qrq}hur/ exw lw lv srvvleoh wr dvvljq qrq0}hur

zhljkwv wr vhyhudo prghov vlpxowdqhrxvo|/ wr frqvwudlq wkh zhljkwv

wr dgg xs wr rqh +zklfk pdnhv vhqvh li wkh lqglylgxdo iruhfdvwv duh

xqeldvhg, dqg wr lpsrvh qrq0qhjdwlylw| ri wkh zhljkwv1 Iru h{dpsoh/

wkh iruhfdvwlqj prgho xqghu �Ed|hvldq prgho dyhudjlqj� +EPD, lv

jlyhq e|43

se E W.4 mIW cPW � '
[

P�5PA

�h E�l mIW � sl E W.4c�l mIW � c +56,

zkhuh �h E�l mIW � lv wkh srvwhulru suredelolw| ri prgho �l zklfk

lv rewdlqhg iurp wkh sulru glvwulexwlrqv/ wkh prgho sulruv �h E�l�/

dqg wkh sulruv iru wkh xqnqrzq sdudphwhuv/ �h E�l m�l�/ dqg wkh

olnholkrrg ixqfwlrqv ri wkh prghov xqghu frqvlghudwlrq1 EPD wuhdwv

wkh xqghuo|lqj prghov dv udqgrp yduldeohv1 Pdunry Fkdlq Prqwh

Fduor Prgho Frpsrvlwlrq +PF6, dojrulwkpv kdyh ehhq xvhg wr

frpsxwh srvwhulru suredelolwlhv iru wkhvh prghov1 Dowhuqdwlyho|/

Ed|hvldq prgho vhohfwlrq phwkrgv edvhg rq/ h1j1/ wkh prgho zlwk

wkh kljkhvw srvwhulru suredelolw| fdq eh xvhg1 Iru d glvfxvvlrq ri

uhodwhg srlqwv dqg uhihuhqfhv wr uhfhqw vwxglhv/ vhh vhfwlrq 4416 lq

Nrrs +5336,1

Qrwh wkdw wkh EPD ghqvlw| iruhfdvw ghshqgv rq wkh sduwlfxodu vhw

ri prghov xqghu frqvlghudwlrq dw wlph A 1 Prgho lqqrydwlrq frqfhuqv

wkh hyroxwlrq ri wkh prgho vsdfh/ Pw/ ryhu wlph/ |1 Frqglwlrqdo

rq Pw/ prgho vshfl�fdwlrq xqfhuwdlqw| fdq eh wdnhq lqwr dffrxqw

e| lqwhjudwlqj wkh suhglfwlyh ghqvlw| dfurvv wkh ixoo vhw ri prghov/

l1h1 e| frpsxwlqj d zhljkwhg dyhudjh ri wkh suhglfwlyh ghqvlwlhv ri

hdfk prgho1 Wkh zhljkwv fdq hlwkhu uh hfw wkh +uhodwlyh, olnholkrrg

ydoxhv/ wkh srvwhulru suredelolwlhv dv lq +56, ru wkh uhodwlyh shqdol}hg

olnholkrrg ydoxhv xvlqj d shqdow| whup vxfk dv lq wkh Dndlnh ru

Vfkzdu} lqirupdwlrq fulwhuld1 Hyhq zlwk vxfk dssurdfkhv/ lw lv vwloo

dq rshq txhvwlrq zklfk shqdow| ixqfwlrq zloo |lhog wkh ehvw uhvxowv

zkhq mxgjhg dffruglqj wr wkh phwulf hvwdeolvkhg e| wkh hfrqrplf
43Vhh/ iru h{dpsoh/ Ohdphu +4<:;,/ Gudshu +4<<8, dqg Krhwlqj hw do1 +4<<<,1
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orvv ixqfwlrq/ �1

Prgho dyhudjlqj lv sduwlfxoduo| dwwudfwlyh lq vlwxdwlrqv vxfk

dv wkdw uhsruwhg e| Skloolsv +4<<8, zkhuh wkh iruhfdvwv iurp wkh

lqglylgxdo prghov duh irxqg wr eh yhu| gl�huhqw/ dqg khqfh vxemhfw

wr d kljk ghjuhh ri xqfhuwdlqw|1 Lq wkh frqwh{w ri wkh dvvhw doorfdwlrq

sureohp uhylhzhg lq Vhfwlrq 5/ dyhudjlqj frxog dovr surfhhg ryhu

suredelolw| ghqvlw| iruhfdvwv zlwk gl�huhqw vshfl�fdwlrqv ri wkh

frqglwlrqdo yrodwlolw|/ Plw1

D vhfrqg srvvlelolw| lv wr dsso| +Ed|hvldq, vkulqndjh phwkrgv wr

wkh sdudphwhuv ri dq lqglylgxdo iruhfdvwlqj prgho +h1j1 d YDU, ru wr

wkh frpelqdwlrq zhljkwv/ f1i11 Olwwhupdq +4<;9,1 Wklv lv sduwlfxoduo|

dwwudfwlyh lq wkh fdvh ri prghov zlwk pdq| sdudphwhuv1

D wklug srvvlelolw| lv wr dsso| wkh cwklfn prghoolqj* phwkrg

ghyhorshg e| Judqjhu dqg \hrq +5337, zklfk wdnhv dyhudjhv ryhu

wkh ixoo vhw ri prghov/ vxlwdeo| wuxqfdwhg wr dyrlg xvlqj prghov

zlwk phdvxudeo| srru shuirupdqfh144 Wklv lv vlplodu wr wkh Rffdp*v

zlqgrz dssurdfk ri Ndvv dqg Udiwhu| +4<<8, zklfk �uvw glvsrvhv ri

prghov ri kljk glphqvlrqdolw| dqg zlwk zhdn gdwd vxssruw dv zhoo

dv prghov zlwk orz srvwhulru suredelolw| sulru wr dyhudjlqj dfurvv

wkh uhpdlqlqj vhw ri prghov1 Qxphulfdoo| h!flhqw Ed|hvldq PFPF

phwkrgv kdyh dovr ehhq ghyhorshg wr ghdo zlwk vlwxdwlrqv zkhuh wkh

qxpehu ri prghov wr eh frpelqhg lv yhu| odujh/ f1i1 Nrrs +5336,1

718 Gdwd Zlqgrz

Prgho lqvwdelolw| lv d uhdo srvvlelolw| gxh wr whfkqrorjlfdo ru lqvwl0

wxwlrqdo fkdqjhv dqg srolf| vkliwv1 Krz pxfk gdwd wr xvh lq wkh

prghoolqj vwdjh ghshqgv rq wkh qdwxuh ri srvvleoh prgho lqvwdelolw|

dqg wkh wlplqj ri srvvleoh euhdnv1 Wr whvw iru prgho lqvwdelolw|/ wkh

ixoo lqirupdwlrq vhw/ IW / vkrxog dozd|v eh xvhg wr wkh h{whqw srvvl0

eoh1 Rqfh pruh lv nqrzq derxw wkh qdwxuh ri dq| prgho lqvwdelolw|/

dq lqiruphg ghflvlrq fdq eh wdnhq rq krz pxfk gdwd wr glvfdug1
44Uhfhqw dssolfdwlrqv ri prgho dyhudjlqj whfkqltxhv lq hfrqrphwulfv lqfoxgh Ihuqdq0

gh}/ Oh| dqg Vwhho +5334d/e,/ Dlro� dqg Idyhur +5335,/ Jduudww/ Ohh/ Shvdudq dqg Vklq
+5336,1
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Pdq| fodvvhv ri hvwlpdwruv wdnh wkh irup ri zhljkwhg ohdvw vtxduhv1

Ohw j�>l eh wkh �wk revhuydwlrq ri wkh �wk vxevhw ri j�yduldeohv1

Ixuwkhu/ ohw /�W 5 df( �o eh wkh zhljkw rq revhuydwlrq � dw wlph A 1

Wkhq

e�W>l '

#
W�4[
�@3

/�Wj� >lj
�

�>l

$�4 W�4[
�@3

/�Wj
3
�>l+�.4� +57,

Wklv fodvv ri hvwlpdwruv hqfrpsdvvhv dv vshfldo fdvhv

h{sdqglqj zlqgrz G /�W '
�

A

uroolqj zlqgrz G /�W '

�
�*��? li � � A � ��?n �

f rwkhuzlvh

glvfrxqwhg ohdvw vtxduhv G /�W ' E�� b�bW�4��*E�� bW �

srvw0euhdn zlqgrz G /�W '

�
�*EA � 	Ae� li � � 	Ae n �

f rwkhuzlvh
c

zkhuh ��? lv vrph �{hg/ suhghwhuplqhg zlqgrz ohqjwk dqg 	Ae lv wkh

prvw uhfhqw euhdnsrlqw hvwlpdwh rewdlqhg xvlqj gdwd xs wr shulrg

A 1 Shvdudq dqg Wlpphupdqq +5335, sursrvh d uhyhuvhg rughuhg

Fxvxp +URF, phwkrg wkdw uhyhuvhv wkh vhtxhqfh ri wkh gdwd dqg

wulhv wr lghqwli| wkh prvw uhfhqw euhdn lq wkh gdwd1 Wklv phwkrg lv

ghvljqhg wr dqvzhu krz pxfk klvwrulfdo gdwd wr xvh wr hvwlpdwh wkh

sdudphwhuv ri d iruhfdvwlqj prgho1 Iru h{dpsoh/ zkhq frpsxwlqj

wkh frqglwlrqdo phdq ri vwrfn uhwxuqv/ �lw/ rqh pd| fkrrvh rqo| wr

xvh gdwd diwhu wkh rlo sulfh vkrfnv ri 4<:7 ru diwhu wkh vwrfn pdunhw

fudvk ri 4<;:1

Wkh h{sdqglqj zlqgrz phwkrg lv h!flhqw li wkh GJS lv vwdwlrq0

du| dqg wkh prgho uhsuhvhqwv wkh wuxh GJS1 Glvfrxqwhg ohdvw vtxduhv

lv rswlpdo lq vrph vhwwlqjv zlwk wlph0ydu|lqj vhfrqg prphqwv/ zkloh

wkh srvw0euhdn gdwd zlqgrz lv rswlpdo surylghg wkdw d vx!flhqwo|

odujh/ glvfuhwh euhdn kdv rffxuuhg1 Wklv odwwhu phwkrg lv uhodwhg wr

wkh dssurdfk ri Skloolsv +4<<9, iru glvfduglqj gdwd sulru wr d fhu0

wdlq wlph shulrg edvhg rq wkh uhodwlyh olnholkrrg udwlr ri sdluv ri

frpshwlqj iruhfdvwlqj prghov1
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719 Gdwd Uhylvlrqv dqg Phdvxuhphqw Huuruv

Pdfurhfrqrplf yduldeohv lq sduwlfxodu duh riwhq vxemhfw wr lpsruwdqw

phdvxuhphqw huuruv dqg gdwd uhylvlrqv/ f1i1 Furxvkruh dqg Vwdun

+5334, dqg Hjjlqwrq/ Slfn dqg Ydkh| +5335,1 Zkhuh ihdvleoh/ dq|

uhdo0wlph hfrqrphwulf prgho vkrxog pdnh xvh ri vxfk gdwd lq doo

vwdjhv vr dv qrw wr ryhuvwdwh wkh ghjuhh ri suhglfwdelolw|1

Ilqdqfldo yduldeohv vxfk dv lqwhuhvw udwhv dqg vwrfn sulfhv duh

w|slfdoo| qrw vlploduo| d�hfwhg e| gdwd uhylvlrqv exw pd| eh vxemhfw

wr phdvxuhphqw huuruv 0 sduwlfxoduo| zkhq vxfk gdwd lv ihg lqwr d

frpsxwhu lq uhdo wlph1 Wr ghwhfw rxwolhuv wkdw frxog ohdg wr xquholdeoh

uhvxowv/ d �owhu frxog eh ghvljqhg wkdw dohuwv xvhuv wr dehuudwlrqv

pruh wkdq d fhuwdlq glvwdqfh dzd| iurp wkh vwdqgdug udqjh revhuyhg

iru d sduwlfxodu yduldeoh1

Rwkhu rshudwlrqdo lvvxhv duh olnho| wr ixuwkhu frqvwudlq wkh

hfrqrphwulf prgho1 Iru d vwduw/ wkh wlph uhtxluhg wr xsgdwh d prgho

iruhfdvw lv frqvwudlqhg e| uhdo0wlph frqvlghudwlrqv1 Iru h{dpsoh/ li

plqxwh0e|0plqxwh wudglqj lv ghvluhg dqg wkh frpsxwdwlrq ri d rqh0

shulrg iruhfdvw wdnhv pruh wkdq rqh plqxwh/ wkh iruhfdvw zloo eh

xvhohvv e| wkh wlph lw ehfrphv dydlodeoh1 Wkh vshhg ri wkh dojrulwkp

frxog wkhuhiruh eh dq lpsruwdqw frqvlghudwlrq1

71: Furvv0ydolgdwlrq

Lq ylhz ri wkh yhu| odujh vhw ri srwhqwldo uhjuhvvruv lq [ / vsxulrxv

uhodwlrqvklsv frxog zhoo uhvxow iurp dq h{whqvlyh prgho vshfl�fdwlrq

vhdufk dqg lw lv lpsruwdqw wr uhgxfh wkh h�hfwv ri gdwd0vqrrslqj1

Rqh vwudwhj| lv wr dsso| furvv0ydolgdwlrq whfkqltxhv1 Wklv fdq eh

lpsohphqwhg e| vsolwwlqj wkh gdwd vhw lqwr d wudlqlqj vdpsoh d�(-o

xvhg wr vhohfw dq hfrqrphwulf prgho �lE�l>UcIU� dqg hvwlpdwh lwv

sdudphwhuv wr jhw d suhglfwlyh ghqvlw|/ 	sl-/ dqg dq hydoxdwlrq vdpsoh

d- n �(A o xvhg wr hydoxdwh wkh prgho1 Vlqfh ryhu0sdudphwhul}hg

prghov duh olnho| wr shuirup srruo| lq wkh furvv0ydolgdwlrq vdpsoh/

wklv phwkrg fdq eh ylhzhg dv dq dowhuqdwlyh zd| ri shqdol}lqj iru

prgho frpsoh{lw|1
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Furvv0ydolgdwlrq qhhg qrw eh edvhg rq wkh vdph phwulf dv wkdw

xvhg lq wkh orvv ixqfwlrq1 D udqjh ri dowhuqdwlyh shuirupdqfh

lqglfdwruv 0 vxfk dv wkh shufhqwdjh ri fruuhfwo| suhglfwhg vljqv ru

wkh Vkdush udwlr lq fdvh ri d wudglqj v|vwhp 0 frxog dovr eh xvhg1

Wklv lv lpsruwdqw vlqfh wkh vdpsolqj glvwulexwlrq ri wkh hfrqrplf

orvv phdvxuh/ �E��/ pd| eh srruo| ehkdyhg1 Vxssrvh iru h{dpsoh

wkdw wkh ghflvlrq pdnhu fduhv derxw wkh zhdowk jhqhudwhg e| dq

dxwrpdwhg wudglqj v|vwhp1 Fxpxodwhg zhdowk/ ehlqj wkh surgxfw

ri d vhtxhqfh ri uhwxuqv ryhu wkh wudglqj shulrg/ lv olnho| wr kdyh

d vdpsolqj glvwulexwlrq zlwk yhu| odujh vwdqgdug huuruv/ vr hyhq d

uhodwlyho| orqj furvv0ydolgdwlrq vdpsoh frxog zhoo ohdg wr lqfrqfoxvlyh

uhvxowv1

Furvv0ydolgdwlrq whfkqltxhv kdyh rwkhu olplwdwlrqv1 Wkh prghohu

lv erxqg wr kdyh vrph nqrzohgjh ri wkh edvlf fkdudfwhulvwlfv ri wkh

klvwrulfdo gdwd iurp -n� wr A 1 Wklv phdqv wkdw wkh furvv0ydolgdwlrq

vdpsoh lv qrw ylujlq gdwd dqg frxog srwhqwldoo| eldv wkh shuirupdqfh1

Dv d fdvh lq srlqw/ dq hfrqrphwulfldq pd| kdyh d gdwd vhw rq vwrfn

uhwxuqv iurp 4<;8 wr 5333 dqg xvh wkh �uvw sduw ri wkh gdwd iru

prgho frqvwuxfwlrq/ zkloh wkh odwwhu kdoi lv xvhg iru furvv0ydolgdwlrq1

Nqrzlqj wkdw wkh odvw kdoi lqfoxghg d vxvwdlqhg exoo pdunhw frxog

zhoo eldv wkh prghohu wr lqfoxgh cprphqwxp* yduldeohv wkdw zrxog

zrun yhu| zhoo lq wkh furvv0ydolgdwlrq shulrg dowkrxjk wkh| zrxog

kdyh olwwoh li dq| suhglfwlyh srzhu lq wkh vxevhtxhqw vdpsoh1

Ixuwkhupruh/ vlqfh wkh uxohv iru wkh frqvwuxfwlrq ri wkh hfrqrphw0

ulf v|vwhp kdv wr eh czulwwhq lq vwrqh* dqg eh lq sodfh dw wkh rxwvhw

ri wkh furvv0ydolgdwlrq shulrg/ lqhylwdeo| ghflvlrq uxohv zloo eh edvhg

rq rog gdwd1 Wklv lqwurgxfhv d corfdolw| sureohp* vlqfh lw lv olnho|

wkdw wkh hfrqrphwulf prgho zrxog kdyh zrunhg ehwwhu li pruh uhfhqw

gdwd frxog kdyh ehhq xvhg wr fkdqjh wkh uxohv ri wkh hfrqrphwulf

v|vwhp1

D �qdo sureohp dvvrfldwhg zlwk furvv0ydolgdwlrq lv wkdw wkh

vwdwlvwlfdo whvwv xqghuo|lqj wkh hydoxdwlrq shulrg duh olnho| wr kdyh

zhdn srzhu dqg wkxv pd| qrw eh yhu| lqirupdwlyh1 Rqh zd| wr
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hydoxdwh wklv orvv lq srzhu lv e| txdqwli|lqj wkh lpsdfw ri wkh

vshfl�fdwlrq vhdufk ohdglqj wr wkh cehvw* prgho xvlqj phwkrgv vxfk

dv wkrvh dgrswhg e| Vxoolydq/ Wlpphupdqq dqg Zklwh +5334,1

Dqrwkhu vwudwhj| lv wr xvh vwuhvv0whvwlqj phwkrgv wkdw hlwkhu vlpxodwh

ru errwvwuds iurp d prgho wkdw fdswxuhv vdolhqw ihdwxuhv ri wkh

xqghuo|lqj gdwd vhw dqg h{dplqhv wkh shuirupdqfh ri wkh prgho

xqghu d udqjh ri sodxvleoh vfhqdulrv1

71; Dssolfdwlrqv

Dxwrpdwhg prgho vhohfwlrq lv vwloo d uhodwlyho| uhfhqw wrro dqg qrw

wkdw pxfk h{shulhqfh kdv |hw ehhq jdlqhg zlwk lw1 Shvdudq dqg

Wlpphupdqq +4<<8/ 5333, dqg Skloolsv +4<<8,/ Vfkl� dqg Skloolsv

+5333, uhsruw wkh rxwfrph ri dssolfdwlrqv ri dxwrpdwhg prgho

vhohfwlrq h{shulphqwv iru vwrfn uhwxuqv +sruwirolr doorfdwlrq, dqg

iruhfdvwv ri Dvld0Sdfl�f +Qhz ]hdodqg, hfrqrplf dfwlylw| yduldeohv/

uhvshfwlyho|1 Dlro� dqg Idyhur +5335, xvh wklfn prgholqj wr rewdlq

uhfxuvlyh iruhfdvwv ri dvvhw uhwxuqv1 Frh/ Shvdudq dqg Ydkh| +5336,

surylgh dq dssolfdwlrq ri uhfxuvlyh prgholqj wr wkh whup vwuxfwxuh

ri X1N1 lqwhuhvw udwhv wr vhh li hfrqrphwulf whfkqltxhv frxog kdyh

ehhq xvhg wr uhgxfh wkh lqwhuhvw frvwv ri pdqdjlqj sxeolf ghew1

Wkhvh vwxglhv vxjjhvw wkdw wkh dxwrpdwhg surfhgxuhv jhqhudoo| vhohfw

sduvlprqlrxv prghov zkrvh vlpxodwhg iruhfdvwlqj shuirupdqfh whqg

wr eh ehwwhu wkdq wkdw surylghg e| uhdvrqdeoh ehqfkpdunv vxfk dv

iruhfdvwv edvhg rq udqgrp zdon prghov ru r!fldo iruhfdvwv +Vfkl�

dqg Skloolsv +5333,,1

Wkhvh vwxglhv dovr srlqw rxw wkdw wkh ehvw dssur{lpdwlqj prgho

lv wlph0ydu|lqj1 Skloolsv +4<<9, lqwurgxfhv wkh lghd ri wkh colihwlph*

ri dq hfrqrphwulf prgho1 Shvdudq dqg Wlpphupdqq +5333, sorw rxw

d vhtxhqfh ri lqglfdwru yduldeohv wudfnlqj wkh lqfoxvlrq ru h{foxvlrq

ri d sduwlfxodu uhjuhvvru lq wkh iruhfdvwlqj prgho dqg �qg wkdw vrph

yduldeohv gurs rxw diwhu dq lqlwldo lqfoxvlrq shulrg ru jhw lqfoxghg lq

eorfnv lq wlph1

Prqwh Fduor hylghqfh uhsruwhg e| Khqgu| dqg Nuro}lj +5335, lv
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dovr vxjjhvwlyh ri wkh delolw| ri dxwrpdwhg prgholqj dssurdfkhv wr

vhohfw nh| uhjuhvvruv dw ohdvw lq wkh frqwh{w ri olqhdu prghov lq d

vwdwlrqdu| hqylurqphqw1

Skloolsv +5336, sursrvhv d srzhuixo ixwxuh dssolfdwlrq wkdw zrxog

pdnh hfrqrphwulf prgho ghwhuplqdwlrq vriwzduh dydlodeoh wr qrq0

h{shuw xvhuv yld wkh zhe1 Xvhuv fkrrvh d vhw ri srwhqwldoo|

uhohydqw iruhfdvwlqj yduldeohv dqg pd| dovr surylgh wkhlu rzq gdwd1

Wkh vriwzduh wkhq surgxfhv rxwsxwv vxfk dv judskv ri iruhfdvwv

vxuurxqghg e| vwdqgdug huuru edqgv1 Dq h{whqvlrq ri wklv lghd lv wr

olqn wkh iruhfdvwv zlwk dq remhfwlyh ixqfwlrq uhsuhvhqwlqj wkh xvhu*v

dwwlwxgh wrzdugv ulvn dqg dq rswlpl}hu dqg vroyh iru yduldeohv vxfk

dv vdylqjv dqg sruwirolr fkrlfhv1

8 Prqlwrulqj/ Prgl�fdwlrq dqg Lqqrydwlrq

814 Shuirupdqfh Prqlwrulqj

Rqfh d prgho kdv ehhq vhohfwhg dqg furvv0ydolgdwhg xvlqj gdwd xs

wr wlph A / lw lv uhdvrqdeoh wr prqlwru lwv uhdo0wlph shuirupdqfh dw

uhjxodu lqwhuydov/ h1j1 hyhu| � shulrgv dw wlph A n �c A n 2�c A n

��c ���An?�/ zkhuh ? lv d srvlwlyh lqwhjhu1 Wkh prqlwrulqj iuhtxhqf|/

�/ vkrxog eh d ixqfwlrq ri wkh ghjuhh ri prgho lqvwdelolw| revhuyhg

lq sulru shulrgv dv zhoo dv wkh frvw ri wkh prqlwrulqj1

Wkh lqlwldo prgho lv qdwxudoo| pdlqwdlqhg surylghg wkdw wkh

hfrqrplf ru vwdwlvwlfdo orvv grhv qrw h{fhhg vrph suh0ghwhuplqhg

ydoxh/ 7�pd{ G

E?���4
W.qk[
w@W.4

�E_�w E
	sl�c w.4c!� � 7�pd{c +58,

zkhuh zh uhfdoo wkdw 	sl lv wkh suhglfwlyh ghqvlw| frqglwlrqdo rq prgho
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Li +58, lv vdwlv�hg/ wkhq iruhfdvwv dqg ghflvlrqv dw wlph A n ?� fdq

eh frqglwlrqhg rq �lEA n ?��1 Dowhuqdwlyho|/ prgho uhmhfwlrq frxog

eh edvhg rq gldjqrvwlf whvwv wkdw uh hfw wkh ehkdylru ri wkh iruhfdvw

huuruv/ ew/ dq dssurdfk wdnhq e| SfJhwv1 Iru h{dpsoh/ rqh frxog

prqlwru zkhwkhu wkh iruhfdvw huuru h{fhhgv d fhuwdlq qxpehu +V, ri

vwdqgdug ghyldwlrqv ri wkh iruhfdvwlqj prgho/ mewm � V	jEew�/ dowkrxjk

dffrxqw dovr qhhgv wr eh wdnhq ri srvvleoh idw wdlov lq wkh glvwulexwlrq

ri wkh iruhfdvw huuruv1

815 Prgho Prgl�fdwlrq

Li wkh fulwhulrq +58, idlov wr eh vdwlv�hg/ wkh prgho vsdfh frxog eh

h{sdqghg iurp PW.qk wr �PW.qk/ vd|/ zkhuh PW.qk � �PW.qk vr

wkh qhz prgho dqg ghflvlrq uxoh vroyh

�l ' @h}4�?
P�5 �PAn?�

E?���4
W.qk[
w@W

�E_�w E
	sl�c w.4c!�

_�w E
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Prgho prgl�fdwlrq pd| ohdg wr wkh lqfoxvlrq ri dq rplwwhg idfwru

ghhphg suhylrxvo| wr eh xqlpsruwdqw1 Rqh h{dpsoh ri d grupdqw

idfwru wkdw fdph wr olih lv rlo sulfhv gxulqj wkh vhyhqwlhv1 Vlqfh rlo

sulfhv ydulhg idu ohvv sulru wr wkh 4<:3v/ ihz hfrqrphwulf prghov

lqfoxghg wkhp/ exw wklv fohduo| fkdqjhg vxevhtxhqwo|1

Vxfk prgl�fdwlrq frxog dovr eh wuljjhuhg dxwrpdwlfdoo| e| vrph

uhdo0wlph prqlwrulqj v|vwhp li wkhuh lv hylghqfh ri d prgho euhdn0

grzq1 Lw lv forvho| uhodwhg wr wkh iudphzrun iru prgho ghwhuplqdwlrq
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sursrvhg e| Skloolsv +4<<9, zklfk lqfoxghv wkh srvvlelolw| wkdw wkh

wuxh suredelolw| phdvxuh xqghuo|lqj wkh GJS lwvhoi hyroyhv ryhu wlph

gxh wr whfkqrorjlfdo ru lqvwlwxwlrqdo vkliwv1

Txlwh lqghshqghqwo| ri zkhwkhu ru qrw prgho shuirupdqfh lv ehlqj

frqvlghuhg/ wkh sdudphwhu hvwlpdwhv/ 	�w>l/ fdq eh xsgdwhg hlwkhu

hyhu| shulrg E� ' �� ru dw uhjxodu lqwhuydov/ djdlq ghshqglqj rq

wkh uhodwlyh frvw0ehqh�w ri vxfk xsgdwhv1

Wklv surfhvv lv yhu| vlplodu wr wkh prgho hydoxdwlrq vwdjh xvhg wr

furvv0ydolgdwh wkh hfrqrphwulf prgho ryhu wkh lq0vdpsoh shulrg1 Lw

lqyroyhv vshfli|lqj d udqjh ri vwdwlvwlfdo shuirupdqfh phdvxuhv wkdw

fdq eh wkh edvlv iru ghflvlrqv rq zkhwkhu dqg krz wr prgli| wkh

hfrqrphwulf prgho1 Dv sduw ri wkh prqlwrulqj/ whvwv iru vwuxfwxudo

euhdnv frxog dovr eh xqghuwdnhq1 Xqiruwxqdwho|/ h{lvwlqj euhdnsrlqw

whvwv odfn srzhu djdlqvw sodxvleoh +orfdo, dowhuqdwlyhv dqg lq pdq|

fdvhv gr qrw surylgh suhflvh lqirupdwlrq derxw wkh wlph ri wkh

euhdn1 Vrph euhdnv pd|/ krzhyhu/ eh odujh hqrxjk wkdw wkh| fdq eh

ghwhfwhg1 Hyhq zkhq vxfk whvwv lqglfdwh vrph irup ri lqvwdelolw| wkh|

w|slfdoo| gr qrw uhyhdo wkh irup ri wkh lqvwdelolw|/ l1h1 d euhdn0grzq

lq prgho sdudphwhuv ru wkh lqfoxvlrq ri qhz suhglfwru yduldeohv1

816 Prgho Lqqrydwlrq

Wr dyrlg vrph ri wkh vdph slwidoov lqyroyhg lq wkh lqlwldo prgho

frqvwuxfwlrq skdvh/ wkh surfhvv ri prqlwrulqj dqg prgli|lqj wkh

hfrqrphwulf prgho lq uhdo wlph vkrxog eh vhw rxw lq dgydqfh sulru

wr wkh ehjlqqlqj ri wkh h{shulphqw1 Wklv dprxqwv wr vshfli|lqj

lq dgydqfh krz wkh prgho vsdfh lv h{whqghg/ l1h1 vhwwlqj rxw

uxohv iru frqvwuxfwlqj wkh vhtxhqfh iPW.qkj
4
q@41 Iru h{dpsoh/

rqh frxog vshfli| uxohv iru frqvlghulqj qhz idplolhv ri prghov iru

wkh frqglwlrqdo phdq/ }�Ej�>l(�l�/ qhz suhglfwlyh ghqvlw| prghov

s�Ej�>l(�l� ru qhz fodvvhv ri hvwlpdwruv/ 	�l1 Wkxv/ li wkh sxusrvh

lv wr vwxg| wkh h!flhqw pdunhw k|srwkhvlv/ rqh frxog lqwurgxfh qhz

iruhfdvwlqj prghov +h1j1/ frlqwhjudwlqj uhjuhvvlrqv/ qhxudo qhwzrunv

ru zdyhohwv, rqo| dw wkh srlqw zkhq wkh| zhuh lqwurgxfhg1 Ilqglqj
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wkdw d sduwlfxodu hfrqrphwulf iruhfdvwlqj phwkrg frxog kdyh ehhq

xvhg wr jhqhudwh deqrupdo sur�wv 43 |hduv sulru wr lwv lqyhqwlrq

zrxog qrw eh ri pxfk lqwhuhvw1 Li wkhuh duh fkdqjhv wr wkh vhw

ri ihdvleoh ghflvlrq uxohv/ rqh dovr qhhgv wr vhw rxw wkh vhtxhqfh

iGW.qkj
4
q@41

Lqhylwdeo| lqqrydwlyh prghoolqj uholhv rq wkh prghohuv mxgjhphqw

dqg vr lw lv w|slfdoo| pruh gl!fxow wr dxwrpdwh wklv vwdjh wkdq h1j1

wkh vhohfwlrq ri uhjuhvvruv iurp d suh0vshfl�hg xqlyhuvh1 Wkh uroh ri

dxwrpdwlrq lq wklv vwdjh lv wkhuhiruh vwloo dq rshq txhvwlrq1

9 Ixwxuh Uhvhdufk

Pxfk zrun uhpdlqv wr eh grqh ehiruh wkh vfrsh iru vxffhvv dv zhoo

dv wkh olplwdwlrqv ri dxwrpdwhg hfrqrphwulf prghov fdq eh dvvhvvhg1

Olwwoh lv nqrzq derxw wkh shuirupdqfh ri gl�huhqw hfrqrphwulf

dssurdfkhv zkhq prghov duh ylhzhg dv orfdo dssur{lpdwlrqv wr dq

hyroylqj gdwd jhqhudwlqj surfhvv dv sursrvhg e| Skloolsv +4<<9,1 Lq

jhqhudo/ krzhyhu/ sduvlprqlrxv prghov whqg wr surgxfh ehwwhu rxw0

ri0vdpsoh iruhfdvwlqj shuirupdqfh wkdq prghov zlwk d odujh qxpehu

ri yduldeohv dqg sdudphwhuv1 Lq hfrqrplfv/ qrq0vwdwlrqdulwlhv wdnh

pdq| gl�huhqw irupv= dw wlphv wkh xqghuo|lqj GJS pd| eh vxemhfw

wr vxgghq glvfuhwh vkrfnv/ dw rwkhu wlphv fkdqjhv pd| hyroyh pruh

judgxdoo|1 Wkh fkdoohqjh lv wr ghvljq urexvw v|vwhpv wkdw fdq kdqgoh

erwk w|shv ri fkdqjh1 Rqh lghd lv wr dwwhpsw wr ghvljq d uhdo0wlph

euhdn prqlwrulqj surfhgxuh wkdw ghwhfwv wkh vshhg ri fkdqjh dqg

wkhq frqglwlrqdoo| fkrrvhv hlwkhu idvw dgdswlqj ru vorzo| dgdswlqj

iruhfdvwlqj prghov1

Dqrwkhu srvvlelolw| lv wr jurxs iruhfdvwlqj prghov e| w|shv +h1j1/

huuru fruuhfwlrq prghov/ vwdwlrqdu| YDUv/ Ed|hvldq YDUv/ wlph0

ydu|lqj sdudphwhu prghov,/ vhohfw wkh ehvw prgho zlwklq hdfk fodvv

dqg wkhq dyhudjh dfurvv gl�huhqw fodvvhv ri prghov xvlqj Ed|hvldq

w|sh prgho dyhudjlqj whfkqltxhv1 D frqmhfwxuh lv wkdw dyhudjlqj

dfurvv yhu| gl�huhqw w|shv ri prghov +dv rssrvhg wr prghov wkdw rqo|
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gl�hu e|/ vd|/ wkhlu odj rughu, pd| surylgh urexvwqhvv djdlqvw odujhu

w|shv ri fkdqjh1 Dw wkh vdph wlph/ dyhudjlqj dfurvv wrr pdq| w|shv

ri prghov pd| vorz grzq wkh dgdswdwlrq ri wkh frpelqhg iruhfdvw

iroorzlqj d odujh vkliw lq wkh GJS1 Pxfk uhvhdufk lv vwloo qhhghg wr

dqvzhu zklfk ri wkhvh h�hfwv grplqdwhv lq sudfwlfh1

Dxwrpdwhg v|vwhpv uhgxfh/ exw gr qrw holplqdwh wkh qhhg iru

glvfuhwlrq lq uhdo wlph ghflvlrq pdnlqj1 Wkhuh duh pdq| zd|v wkdw

dxwrpdwhg v|vwhpv fdq eh ghvljqhg dqg lpsohphqwhg1 Wkh vsdfh

ri prghov ryhu zklfk wr vhdufk lv kxjh dqg lv olnho| wr h{sdqg ryhu

wlph1 Gl�huhqw dssur{lpdwlrq whfkqltxhv vxfk dv jhqhwlf dojrulwkpv/

vlpxodwhg dqqhdolqj dqg PFPF dojrulwkpv fdq eh xvhg1 Wkhuh

duh dovr pdq| wkhruhwlfdoo| ydolg prgho vhohfwlrq ru prgho dyhudjlqj

surfhgxuhv1 Wkh fkdoohqjh idflqj uhdo wlph hfrqrphwulfv lv wr surylgh

lqvljkw lqwr pdq| ri wkhvh fkrlfhv wkdw uhvhdufkhuv idfh lq wkh

ghyhorsphqw ri dxwrpdwhg v|vwhpv1
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