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Devwudfw

Wklv sdshu dvvhvvhv wkh pdjqlwxgh ri eldv lq uhsruwhg hvwlpdwhv ri

wkh surgxfwlyh frqwulexwlrq ri sxeolf fdslwdo vwrfn wr sulydwh idfwruv

surgxfwlylw| dqg jurzwk1 Zh uhsolfdwh wkh vwdqgdug dssurdfk/ edvhg

rq d surgxfwlrq ixqfwlrq/ lq rughu wr hvwlpdwh vwuxfwxudo sdudphwhuv

rq vlpxodwhg svhxgr vdpsohv jhqhudwhg iurp d vwrfkdvwlf jhqhudo htxl0

oleulxp prgho1

� Nh|zrugv = Sxeolf fdslwdo/ Eldv hvwlpdwhv1

� M1H1O Fodvvl�fdwlrq = K87/ F481
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Wkh surgxfwlrq ixqfwlrq dssurdfk kdv riwhq ehhq xvhg wr hydoxdwh wkh lp0

sdfw ri wkh sxeolf fdslwdo vwrfn rq surgxfwlylw| dqg rxwsxw1 Wklv dssurdfk

jlyhv yhu| gl�huhqw uhvxowv ghshqglqj rq wkh hfrqrphwulf phwkrgrorj| dqg

wkh vshfl�fdwlrq wkdw kdyh ehhq xvhg1 Zlwk wlph vhulhv lq ohyho/ wkh hvwl0

pdwhg hodvwlflw| ri sxeolf lqiudvwuxfwxuhv wkhq udqjhv iurp 53( wr 73( lq
Dvfkdxhu +4<;<,/ Pxqqhoo +4<<3, ru Hlvqhu +4<<7,1 Exw Wdwrp +4<<4, ru
Vwxup dqg Gh Kddq +4<<8, vkrzhg wkdw zkhq wkh surgxfwlrq ixqfwlrq lv
wdnhq lq �uvw gl�huhqfhv/ yhu| orz ru lqvljql�fdqw hvwlpdwhg ydoxhv ri wkh
sxeolf fdslwdo hodvwlflw| duh rewdlqhg1

Wklv odujh udqjh revhuyhg lq hpslulfdo vwxglhv ohdgv xv wr sursrvh d
vhqvlelolw| dqdo|vlv ri wkhvh dowhuqdwlyh vwudwhjlhv edvhg rq wkh vlpxodwlrq ri
d vwrfkdvwlf jhqhudo htxloleulxp prgho zlwk hqgrjhqrxv sxeolf fdslwdo1 Lq
wklv prgho/ wkh ydoxh ri wkh sxeolf fdslwdo hodvwlflw| lv vhw wr d prghudwh/ exw
srvlwlyh ohyho1 Zh uhsolfdwh wkh Dvfkdxhu*v phwkrgrorj| rq 43 333 svhxgr
vdpsohv1 D whvw ri wkh delolw| ri dowhuqdwlyhv hfrqrphwulf phwkrgrorjlhv wr
fruuhfw wkh eldvhv dqg wr eulqj pruh uhdvrqdeoh hvwlpdwhv lv wkhq sursrvhg1

Iluvw/ wklv sdshu vkrzv wkdw wkh vwdqgdug dssurdfk dssolhg wr vlpxodwhg
vhulhv lvvxhg iurp rxu prgho ohdgv v|vwhpdwlfdoo| wr ryhuhvwlpdwh wkh sur0
gxfwlyh frqwulexwlrq ri sxeolf lqiudvwuxfwxuhv1 Pruh suhflvho|/ lq rxu h{huflvh
dq hvwlpdwhg hodvwlflw| qhdu wr 73( lv irxqg +forvh wr Dvfkdxhu*v uhvxowv,/
zkhuhdv wkh fdoleudwhg ydoxh lq gdwd jhqhudwlqj surfhvv lv rqo| 8(1

Vhfrqg/ wkh uhvxowv vxjjhvw wkdw wkh pdlq fruuhfwlrq phwkrgrorjlhv sur0
srvhg lq wkh olwhudwxuh pd| qrw eh deoh wr surylgh uholdeoh hvwlpdwhv ri wkh
surgxfwlrq hodvwlflwlhv dw ohdvw lq rxu frqwh{w1 Lw lpsolhv wkdw wkh vshfl0
�fdwlrq ri dq hfrqrphwulf prgho lq sduwldo htxloleulxp ohdgv wr vsxulrxv
phdvxuhv ri wkh surgxfwlyh frqwulexwlrq ri wkh sxeolf fdslwdo zkhq wklv frq0
wulexwlrq lv ghwhuplqhg e| jhqhudo htxloleulxp phfkdqlvpv1

Wkh sdshu lv rujdql}hg dv iroorzv1 Lq vhfwlrq 4/ wkh ehqfkpdun prgho
dqg wkh sdudphwhuv ydoxhv duh suhvhqwhg1 Lq vhfwlrq 5 dqg 6 wkh phwkrgrorj|
dqg wkh uhvxowv duh glvfxvvhg1 D odvw vhfwlrq frqfoxghv1

� �
� ���	
���� �	�����

Wkh rqo| frqvwudlqw lpsrvhg e| rxu h{huflvh rq wkh prgho lv wkh vwrfkdvwlf
glphqvlrq1 Lqghhg/ wkh hvwlpdwlrq ri d surgxfwlrq ixqfwlrq dxjphqwhg e|
wkh lqwurgxfwlrq ri sxeolf fdslwdo uhtxluhv dw ohdvw wkh lqwurgxfwlrq ri wzr
lqghshqghqw vwrfkdvwlf uhjuhvvruv1 Vr/ lq rughu wr dyrlg wkh pxowlfrolqhdulw|
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sureohpv/ rxu prgho pxvw frqwdlq wzr vwrfkdvwlf vkrfnv1
D uhihuhqfh vdwlvi|lqj wklv uhtxluhphqw lv surylghg e| wkh Nrfkhuodnrwd

dqg \lq*v +4<<9, prgho zklfk lqfoxghv d vwdqgdug whfkqrorjlfdo vkrfn dqg
lqwurgxfhv d vhfrqg vkrfn d�hfwlqj wkh jryhuqphqw*v ghflvlrq uxohv ri lq0
yhvwphqw1 Wkh rqo| gl�huhqfh lv wkdw zh lqwurgxfh dq hqgrjhqrxv vxsso| ri
oderu dv lq wkh Ed{whu dqg Nlqj*v +4<<6, prgho lq rughu wr doorz iru ulfkhu
g|qdplfv1

Vr ohw xv frqvlghu d vlqjoh jrrg hfrqrp|/ frpsrvhg e| dq lq�qlwho| olyhg
uhsuhvhqwdwlyh djhqw zkr pd{lpl}hv wkh iroorzlqj olihwlph h{shfwhg xwlolw|

X @ Hf

"[
|'f

�| ^orj +F|, . �u orj +4�Q|,` +4,

vxemhfw

F| .N|n� � +4� �,N| � \| � W|

zkhuh F|/Q|> \| dqgN| ghqrwh uhvshfwlyho| frqvxpswlrq/ oderu/ surgxfw dqg
sulydwh fdslwdo1 Wkh whup W| uhsuhvhqwv d oxps~vxp wd{1

Wkh sulydwh lqsxwv duh fdslwdo N| dqg h�flhqw oderu1 Dv lw zdv jhqhudoo|
grqh lq wkh olwhudwxuh/ zh vxssrvh wkdw wkh vwrfn ri sxeolf fdslwdoNJ|/ zklfk
lv frqvlghuhg dv jlyhq e| wkh �up/ lpsuryhv wkh sulydwh idfwruv surgxfwlylw|1
Wkh whfkqrorj| lv

\| @ D| I +N|>[�|Q|>NJ|, @ D|Q
�3e&
| [

�3e&3e}
�| N

e&
| NJ

e}
| +5,

zkhuh [�c| uhsuhvhqwv d qhxwudo Kduurgldq whfkqlfdo surjuhvv zklfk jurzv dw
wkh idfwru �%c�= Wkh wrwdo idfwru surgxfwlylw|/ D|> iroorzv dq DU +4, surfhvv1

orj +D|n�, @ �� orj +D|, . ��c|n� m��m � 4 +6,

Wkh lqqrydwlrqv ��c| duh llg dqg Y +��c|, @ �2"@ = Iru wkh uhdvrqv suhvhqwhg
deryh/ zh vxssrvh wkdw sxeolf ghflvlrq uxohv duh d�hfwhg e| d vkrfn gh�qhg
dv lq wkh Nrfkhuodnrwd dqg \lq*v prgho =

NJ|n�

\|
@ � yj| +7,

zlwk orj +yj|n�, @ �} orj +yj|, . �}c|n� dqg m�}m ? 4> Y +�}c|, @ �2"} = Wklv dv0
vxpswlrq phdqv wkdw jryhuqphqw surylghv d frqvwdqw udwlr ri sxeolf fdslwdo
zklfk lv rqo| d�hfwhg e| vwdwlrqdu| glvwxuedqfhv yj|1 Sxeolf lqyhvwphqw lv
wkhq ghwhuplqhg e| =
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LJ| @ NJ|n� � +4� �},NJ| @ � yj|\| � +4� �},NJ| +8,

Wkh oxps~vxp wd{ W| �qdqfhv sxeolf lqyhvwphqw LJ| dqg frqvxpswlrq
J| zklfk grhv qrw d�hfw wkh djhqw*v xwlolw|1 Lq hdfk dqg hyhu| shulrg/ wkh
jryhuqphqw*v exgjhw lv edodqfhg

W| @ J| . LJ| @ v}\| . LJ| +9,

Lq rughu wr rewdlq frqvwdqw udwlr dw wkh vwhdg| vwdwh/ zh gh�dwh doo wkh
jurzlqj yduldeohv iru jurzwk1 Zh frqvlghu wzr fdvhv= wkh �uvw fdvh lq zklfk
�@ @ 4 dqg �%� @ 4> fruuhvsrqgv wr dq h{rjhqrxv qrq0vwdwlrqdu| jurzwk
prgho/ wkh vhfrqg rqh lq zklfk m�@m ? 4 dqg �%� A 4 fruuhvsrqgv wr d
vwdwlrqdu| fdvh1 Wkxv/ zkhq jurzwk lv vwrfkdvwlf zh glylgh doo wkh yduldeohv

wkdw jurz e| D
�*E�3e&3e}�
| wr rewdlq frqvwdqw yduldeohv lq d vwhdg| vwdwh/

zkhuhdv lq wkh fdvh ri wkh ghwhuplqlvwlf jurzwk doo yduldeohv duh glylghg e|
[�c|=

Jlyhq wkh sxeolf ghflvlrq uxohv/ wkh �uvw rughu frqglwlrqv duh orj0olqhdul}hg
durxqg wkh ghwhuplqlvwlf vwhdg| vwdwh1 Wkh prgho lv wkhq vroyhg xvlqj wkh
vwdqgdug iruzdug~edfnzdug phwkrg iru udwlrqdo h{shfwdwlrqv prghov1

Wkh orj0olqhdul}hg yhuvlrq ri wkh prgho lv vlpxodwhg 43/333 wlphv xvlqj
wkh Prqwh~Fduor phwkrg iru d vdpsoh ri 83 |hduv zklfk lv urxjko| wkh
dyhudjh vdpsoh vl}h xvhg lq hpslulfdo vwxglhv1 Wkhq/ zh uhexlow wkh jurvv
vhulhv lq rughu wr shuirup hpslulfdo hvwlpdwhv dv lq wkh olwhudwxuh1

Wkh fdoleudwlrq ri wkh vwuxfwxudo sdudphwhuv lv wkh vdph dv lq wkh Nrfkhu0
odnrwd dqg \lq*v +4<<9, dqg Ed{whu dqg Nlqj*v +4<<6, prghov iru XV dqqxdo
gdwd +Vhh wdeoh 4,1

Wdeoh 4 = Fdoleudwlrq

Lq rughu wr jhw d qrq vwdwlrqdu| uhsuhvhqwdwlrq +prgho 4,/ zh vxssrvh
wkdw wkh whfkqrorjlfdo vkrfn iroorzv d udqgrp zdon dqg wkh ghwhuplqlvwlf
udwh ri jurzwk lv }hur +�%� @ 4,1 Frqyhuvho|/ lq wkh vhfrqg prgho wkh
whfkqrorjlfdo vkrfn lv vwdwlrqdu| exw kljko| shuvlvwhqw +�@ @ 3=<8, dqg wkh
ghwhuplqlvwlf idfwru ri jurzwk lv htxdo wr 4=3494 dv lq Nlqj/ Sorvvhu dqg
Uhehor*v +4<;;,1

Wkh fuxfldo dvvxpswlrq lq wklv fdoleudwlrq lv wkh ydoxh ri wkh sxeolf
fdslwdo hodvwlflw| h} +8( dv lq Ed{whu dqg Nlqj 4<<6, zklfk lv yhu| orz
frpsduhg wr wkh Dvfkdxhu*v uhvxowv +6<(,/ exw qrw lqfrqvlvwhqw zlwk wkh
dfwxdo udwh ri sxeolf lqyhvwphqw1
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Wkh svhxgr vdpsohv jhqhudwhg e| wkh prgho duh xvhg wr hvwlpdwh wkh sxe0
olf fdslwdo hodvwlflw|1 Zh uhsolfdwh wkh vwdqgdug phwkrgrorj| xvhg lq wkh
hpslulfdo vwxglhv edvhg rq wkh surgxfwlrq ixqfwlrq dssurdfk1

Iluvw/ zh frqvlghu d Free Grxjodv vshfl�fdwlrq1 Dv lq wkh olwhudwxuh/ wkh
Vrorz uhvlgxdo �owhuhg iru wkh h�hfwv ri sxeolf h{whuqdolwlhv lv dssur{lpdwhg
e| d frqvwdqw dqg d ghwhuplqlvwlf wuhqg1 Vhfrqg/ dv lq wkh olwhudwxuh/ zh
frqvlghu dqg whvw vhyhudo k|srwkhvlv rq wkh uhwxuqv~wr~vfdoh1 Wkh �uvw lv
wkh sulydwh idfwruv frqvwdqw uhwxuqv~wr~vfdoh +SIFUV,/ zklfk fruuhvsrqgv
wr rxu prgho1 Wkh vhfrqg lv wkh ryhudoo frqvwdqw uhwxuqv~wr~vfdoh +RFUV,1�

SIFUV = || � q| @ �S . �|w. �& +n| � q|, . �}nj| . �| +:,

RFUV = || � q| @ �S . �|w. �& +n| � q|, . �} +nj| � q|, . �| +;,

Zh hvwlpdwh wkh hodvwlflwlhv �� dffruglqj wr wkh hvwlpdwlrq phwkrgv xvhg lq
wkh olwhudwxuh1 Wkh �uvw lv wkh ROV xvhg dprqj rwkhuv e| Dvfkdxhu +4<;<,
ru Pxqqho +4<<3,1 Wkh vhfrqg lv wkh ROV dssolhg wr �uvw gl�huhqfhg vhulhv/
qrwhg ROV�> frqvlghuhg e| Wdwrp +4<<4,/ Vwxup dqg Gh Kddq +4<<8, ru
Irug dqg Sruhw +4<<6,1 Wkh Frfkudqh~Rufxww surfhgxuh lv wkhq h{soruhg/
dv lq Udwqhu +4<;6,1

Wkh odvw wzr phwkrgv duh idluo| uhfhqw1 Wkh Ixoo| Prgl�hg phwkrg
+IP0ROV,/ sursrvhg e| Skloolsv dqg Kdqvhq +4<<3,/ lv vhw xs wr fruuhfw
wkh hqgrjhqhlw| eldv gxh wr wkh orqj whup uhodwlrqvkls ehwzhhq yduldeohv1
Lw zdv dssolhg lq wklv frqwh{w e| Rwwr dqg Yrvv lq 4<<:1 Zh dovr xvh wkh
G|qdplf Ohdvw Vtxduhg phwkrg +GROV, sursrvhg e| Vwrfn dqg Zdwvrq
+4<<7,/ zklfk h{klelwv ehwwhu surshuwlhv rq vpdoo vdpsohv wkdq wkh IP0ROV
+Prqwdoyr 4<<8,1

� �������

Prgho 4 = qrq vwdwlrqdu| fdvh

Iru wkh prgho 4 +qrq vwdwlrqdu| fdvh,/ wkh dyhudjh uhvxowv duh suhvhqwhg
lq wdeoh 51

Wdeoh 5 = Prgho 4 +qrq0vwdwlrqdu| fdvh,

Lq erwk vshfl�fdwlrq wkh hodvwlflw| e�} ri sxeolf fdslwdo lv gudvwlfdoo| dqg
vljql�fdqwo| ryhuhvwlpdwhg +68( ru 73(, e| wkh ROV1 Wkhvh uhvxowv phdq

�
wL�ih U@ti *i||iht _i?L|i |�i ?@|�h@* *L}@h�|�4 Lu |�i ULhhitTL?_�?} @}}hi}@|it
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wkdw d orz hodvwlflw| ri sxeolf fdslwdo lq wkh vwuxfwxudo prgho +8(, lv frpsdw0

leoh zlwk Dvfkdxhu*v uhvxowv +6<(, zkhq wkh wudglwlrqdo surgxfwlrq ixqfwlrq

dssurdfk lv dgrswhg iru hfrqrphwulf lqihuhqfh1

Exw/ dv lw zdv vwuhvvhg lq Judqjhu dqg Qhzerog +4<:7,/ jlyhq wkh qrq

vwdwlrqdulw| ri rxu yduldeohv/ wkh dffxudwh vwudwhj| lv wr uxq uhjuhvvlrqv rq

�uvw gl�huhqwldwhg gdwd1 Krzhyhu/ lq wklv fdvh/ qr fohdu~fxw frqfoxvlrq fdq

eh pdgh frqfhuqlqj wkh surgxfwlyh lpsdfw ri wkh sxeolf fdslwdo1 Rq wkh

rqh kdqg/ wkh hvwlpdwhg sdudphwhu e�} lv qrw vljql�fdqwo| gl�huhqw iurp

}hur rq dyhudjh/ dqg rq wkh rwkhu kdqg wkh hodvwlflw| ri wkh vwrfn ri sulydwh

fdslwdo lv dozd|v qhjdwlyh/ dv lq Vwxup dqg Gh Kddq +4<<8,1 Wkh uhvxowv ri

Frfkudqh0Rufxww*v phwkrg +DU +4,, duh yhu| forvh wr wkrvh rewdlqhg e| wkh

ROV dssolhg wr �uvw gl�huhqfhg vhulhv/ vlqfh wkh hvwlpdwhg dxwruhjuhvvlyh

sdudphwhu ri uhvlgxdov lv forvh wr xqlw|1

Wkhvh uhvxowv vkrz wkdw wkh ROV dssolhg wr �uvw gl�huhqfhg vhulhv duh

txdqwlwdwlyho| ehwwhu/ exw txdolwdwlyho| zruvh wkdq wkh Dvfkdxhu*v dssurdfk1

Lw ohdgv wr d vsxulrxv uhmhfwlrq ri wkh k|srwkhvlv ri d surgxfwlyh frqwulexwlrq

ri sxeolf fdslwdo1

Wkh Ixoo| Prgl�hg phwkrg grhv qrw lpsuryh wkh txdolw| ri wkh uhvxowv/

dqg ohdg wr hvwlpdwhg ydoxhv yhu| vlplodu wr ROV rqhv1 Rqo| wkh GROV

eulqjv d vpdoo lpsuryhphqw/ vlqfh wkh sxeolf fdslwdo hodvwlflw| lv hvwlpdwhg

durxqg 53(=

Wkh dssur{lpdwhg ghqvlw| ixqfwlrqv ri wkhvh hvwlpdwruv xqghu wkh SIFUV

k|srwkhvlv duh suhvhqwhg lq �jxuh +4,1 Zh fdq revhuyh wkh uhodwlyh lpsru0

wdqfh ri wkh vlpxodwhg eldv dvvrfldwhg zlwk wkh pdlq hvwlpdwlqj surfhgxuhv

dssolhg lq wkh hpslulfdo olwhudwxuh1

Ilj 4 = Dssur{lpdwhg ghqvlw| ixqfwlrqv ri e�} xqghu wkh k|srwkhvlv ri

SIFUV

Wkhq/ lw vhhpv wkdw wkh surgxfwlrq ixqfwlrq dssurdfk/ zkdwhyhu wkh hv0

wlpdwlrq phwkrg xvhg/ lv qrw ydolg wr eulqj dq dqvzhu wr Dvfkdxhu*v +4<;<,

txhvwlrq = lv sxeolf h{shqglwxuh surgxfwlyh B Lqghhg/ wkh ROV� duh txdqwl0

wdwlyho| ehwwhu +qr eldv, wkdq wkh ROV rq ohyho/ exw duh txdolwdwlyho| zruvh

+vsxulrxv qrq uhmhfwlrq ri wkh qxoo �} @ 3,1

Lq rxu vwxg|/ wklv dssurdfk jlyhv eldvhg uhvxowv iru vhyhudo uhdvrqv12

Wkh �uvw rqh/ lv wkh hqgrjhqhlw| ri wkh idfwruv ri surgxfwlrq1� Lqghhg/ lw*v

2A�iti hit�*|t @hi ?L| _�i |L @ 4�*|�UL*�?i@h�|) ThLM*i4 t�?Ui |�i |�iLhi|�U@* ULhhi*@|�L?

Lu |�i �@h�@M*it Lu L�h 4L_i* @hi U*Lti |L |�Lti LMtih�i_ M) 5|�h4 @?_ #i O@@? E�beb�

�bHD� Lh 6Lh_ @?_ �Lhi| E�bDS��bHb��
�A�iti LMtih�@|�L?t hi�?uLhUi |�i Uh�|�Ut UL44L?*) @__hitti_ �? |�i *�|ih@|�hi Etii

Bh@4*�U� �bbe uLh @ t�h�i)� |L �tU�@�ih<t @TThL@U��
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hdv| wr vhh wkdw wkh uhvlgxdo �| ri wkh hfrqrphwulf prgho +:, fruuhvsrqgv

wr wkh vwuxfwxudo surfhvv ri wkh wrwdo idfwru surgxfwlylw| D|= Jlyhq wkdw

wklv dxwrfruuhodwhg surfhvv lv rqh ri rxu vwdwh yduldeoh lq wkh prgho 4/ wkh

uhjuhvvruv orj+N|@Q|, dqg orj+NJ|, duh fruuhodwhg zlwk wklv uhvlgxdo1

Wkh idfw wkdw wkh rxwsxw dqg wkh lqsxwv duh qrw frlqwhjudwhg/ frqvwlwxwhv

wkh vhfrqg pdmru lvvxh ri wklv dssurdfk/ dv lw zdv vwuhvvhg e| Wdwrp +4<<4,

ru Vwxup dqg Gh Kddq +4<<8,e1 Lq rxu prgho/ doo yduldeohv +h{fhsw yj|
dqg Q|, duh qrq vwdwlrqdu| jlyhq wkdw wkh Vrorz uhvlgxdo/ D|/ lv jryhuqhg

e| d L +4, surfhvv1 Dv/ xqghu wkh SIFUV k|srwkhvlv/ wkh uhvlgxdo ri wkh

surgxfwlrq ixqfwlrq uhjuhvvlrq fruuhvsrqgv wr D|> wkhuh lv qr frlqwhjudwlrq

ehwzhhq rxwsxw dqg lqsxwv1 Vr ROV/ dssolhg rq yduldeohv lq ohyhov/ ohdg wr

wkh zhoo0nqrzq sureohp ri vsxulrxv uhjuhvvlrqv1

Qhyhuwkhohvv/ wkh ROV� ohdgv wr qrq vljql�fdqw surgxfwlrq hodvwlflwlhv

ri wkh sxeolf fdslwdo vwrfn dqg wr qhjdwlyhv rqhv iru wkh sulydwh fdslwdo

vwrfnD1 Wkhvh uhvxowv duh pdlqo| gxh wr wkh plvvshfl�fdwlrq ri wkh g|qdplfv

ri oderu zklfk lv L +3, dqg ri wkh fdslwdo vwrfnv zklfk duh frlqwhjudwhg zlwk

yhfwru +4>�4,1 Dv lw zdv vwuhvvhg e| Pxqqho +4<<5, ru Judpolfk +4<<7,/

�uvw gl�huhqwldwlqj wkh vhulhv pd| eh wrr udglfdo dqg frxog ghvwur| wkh orqj

whup uhodwlrqvklsv lq wkh gdwd1

Prgho 5 = vwdwlrqdu| fdvh

Prvw ri wkh hfrqrphwulf fulwlflvpv dgguhvvhg wr wkh Dvfkdxhu*v dssurdfk

ghdo zlwk wkh suhvhqfh ri d frpprq wuhqg dprqj wkh vhulhv1 Vr zh sursrvhg

khuh d yduldqw ri rxu vhqvlelolw| dqdo|vlv lq zklfk doo wkh yduldeohv duh wuhqg

vwdwlrqdu| +WV, exw yhu| shuvlvwhqw +�@ @ 3=<8,/ lq rughu wr h{soruh wr zklfk

h{whqw wkh lqfrqvlvwhqf| ri wkh surgxfwlrq ixqfwlrq dssurdfk lv gxh wr wkh

qrq vwdwlrqdulw| surshuwlhv dqg dvvrfldwhg zlwk wkh vsxulrxv uhjuhvvlrq du0

jxphqw1 Wkh uhvxowv ri wkh prgho 5 duh suhvhqwhg lq wdeoh 61

Wdeoh 6 = Prgho 5 +vwdwlrqdu| fdvh,

Zh fdq revhuyh wkdw zkhq wkh Vrorz uhvlgxdo lv yhu| forvh wr wkh xqlw

urrw surfhvv/ zh rewdlq dssur{lpdwho| wkh vdph frqfoxvlrqv dv lq wkh qrq0

vwdwlrqdu| fdvh1 Wkhuh h{lvwv khuh d nlqg ri frqwlqxlw| ehwzhhq wkh xqlw

urrw fdvh dqg wkh qhdu xqlw urrw rqh1 Wkh glvwulexwlrqv ri rxu hvwlpdwruv

duh qrw zhoo fhqwhuhg/ vlqfh wkh ROV/ wkh IP0ROV dqg wkh GROV duh eldvhg

lq wkh fdvh ri d qhdu urrw uhvlgxdo1 Pruhryhu/ dv lq prgho 4/ wkh hqgrjhqhlw|
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ri wkh uhjuhvvruv xvhg lq wkh surgxfwlrq ixqfwlrq dssurdfk ohdgv wr eldvhg

hvwlpdwhg surgxfwlrq hodvwlflwlhv ri wkh sxeolf fdslwdo1 Lw fdq eh fkhfnhg/

xvlqj d Kdxvpdq*v +4<:;, whvw/ wkdw wkh qxoo k|srwkhvlv ri h{rjhqhlw| lv

uhmhfwhg lq :5( ri wkh uhsolfdwlrqv xqghu wkh SIFUV vshfl�fdwlrq/ dqg iru

:8( xqghu wkh FU rqh1

� ���	���
��

Wklv h{huflvh vkrzv wkdw wkh surgxfwlrq ixqfwlrq dssurdfk +dssolhg wr wlph

vhulhv dw ohdvw, frpprqo| xvhg lq hfrqrphwulf vwxglhv/ grhv qrw surylgh d

uholdeoh lqihuhqfh vwudwhj| dqg pljkw qrw eh wkh ehvw zd| wr ghwhuplqh wkh

jhqxlqh udwh ri uhwxuq ri wkh sxeolf lqiudvwuxfwxuhv1

Fxuuhqwo|/ prvw ri wkh hpslulfdo vwxglhv ghyrwhg wr wklv vxemhfw/ dgrsw d

gxdo dssurdfk +xvxdoo| xvlqj sdqho gdwd,1 Vwxglhv zklfk nhhs wkh surgxfwlrq

ixqfwlrq dssurdfk duh edvhg rq srrohg wlph vhulhv ru furvv0vhfwlrqdo gdwd1

Wkh txhvwlrq ri wkh uholdelolw| ri vxfk lqihuhqfhv edvhg rq sdqho gdwd uhpdlqv

rshq1

;
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L dp judwhixo iru frpphqwv dqg dgylfh iurp Slhuuh0\yhv K�hqlq/ Ideulfh

Froodug dqg Sdwulfn I�hyh1
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Dvfkdxhu/ G1 D1 4<;<1 Lv sxeolf h{shqglwxuh surgxfwlyhB Mrxuqdo ri

Prqhwdu| Hfrqrplfv 56/ 4::05331

Ed{whu/ P1 Nlqj/ U1J1 4<<61 Ilvfdo srolf| lq jhqhudo htxloleulxp1 Wkh

Dphulfdq Hfrqrplf Uhylhz ;6/ 64806661

Irug/ U1 Sruhw/ S1 4<<41 Lqiudvwuxfwxuh dqg sulydwh0vhfwru surgxfwlylw|1

RHFG Hfrqrplf Vwxglhv 4:/ 960;<1

Nrfkhuodnrwd/ Q1U1 \L/ N1P1 4<<91 D vlpsoh wlph vhulhv whvw ri hqgrjh0

qrxv yv1 h{rjhqrxv jurzwk prghov = dq dssolfdwlrq wr wkh Xqlwhg Vwdwhv1

Wkh Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv 4/ ss 45904671

Pxqqho/ D1K1 4<<31 Zk| kdv surgxfwlylw| ghfolqhgB surgxfwlylw| dqg

sxeolf lqyhvwphqw1 Qhz Hqjodqg Hfrqrplf Uhylhz 6/ ss 6055

Rwwr/ J1G1 Yrvv/ J1P1 4<<91 Sxeolf fdslwdo dqg sulydwh surgxfwlrq lq

Dxvwudold1 Vrxwkhuq Mrxuqdo ri Hfrqrplfv 6/ :560:6;

Skloolsv/ S1F1 Kdqvhq/ E1 4<<31 Vwdwlvwlfdo lqihuhqfh lq lqvwuxphqwdo

yduldeohv uhjuhvvlrqv zlwk L+4, surfhvvhv1 Uhylhz ri Hfrqrplf Vwxglhv 8:/

<<04581

Udwqhu/ M1E1 4<;61 Jryhuqphqw fdslwdo dqg wkh surgxfwlrq ixqfwlrq iru

XV sulydwh rxwsxw1 Hfrqrplf Ohwwhuv 46/ 546054:1

Vwxup/ M1H1 Gh Kddq/ M1 4<<81 Lv sxeolf h{shqglwxuh uhdoo| surgxfwlyhB

Hfrqrplf Prghoolqj 45/ 930:51

Wdwrp/ M1D1 4<<431 Sxeolf fdslwdo dqg sulydwh vhfwru shuirupdqfh1 Ihg0

hudo Uhvhuyh Edqn ri Vdlqw0Orxlv Uhylhz :6/ 60481
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Iljxuh 4= Hpslulfdo ghqvlw| ixqfwlrq ri e�} xqghu wkh SIFUV k|srwkhvlv
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Wdeoh 4= Fdoleudwlrq
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