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DEVWUDFW

Wklv sdshu surylghv dq ryhuylhz ri wrslfv lq qrqvwdwlrqdu| sdqhov= sdqho xqlw urrw whvwv/

sdqho frlqwhjudwlrq whvwv/ dqg hvwlpdwlrq ri sdqho frlqwhjudwlrq prghov1 Lq dgglwlrq lw

vxuyh|v uhfhqw ghyhorsphqwv lq g|qdplf sdqho gdwd prghov1
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L1 LQWURGXFWLRQ

Wzr lpsruwdqw duhdv lq wkh hfrqrphwulfv ri sdqho gdwd wkdw kdyh uhfhlyhg d orw ri dwwhq0

wlrq uhfhqwo| duh g|qdplf sdqho gdwd4dqg qrqvwdwlrqdu| sdqho wlph vhulhv prghov5 1 Wklv vsh0

fldo lvvxh irfxvhv rq wkhvh wzr wrslfv1 Zlwk wkh jurzlqj xvh ri furvv0frxqwu| gdwd ryhu wlph

wr vwxg| sxufkdvlqj srzhu sdulw|/ jurzwk frqyhujhqfh dqg lqwhuqdwlrqdo U)G vslooryhuv/

wkh irfxv ri sdqho gdwd hfrqrphwulfv kdv vkliwhg wrzdugv vwxg|lqj wkh dv|pswrwlfv ri pdfur

sdqhov zlwk odujh Q +qxpehu ri frxqwulhv, dqg odujh W +ohqjwk ri wkh wlph vhulhv, udwkhu

wkdq wkh xvxdo dv|pswrwlfv ri plfur sdqhov zlwk odujh Q dqg vpdoo W 1 Lq idfw/ wkh olplwlqj

glvwulexwlrqv ri grxeoh lqgh{hg lqwhjudwhg surfhvvhv kdg wr eh ghyhorshg/ vhh Skloolsv dqg

Prrq +4<<<d,1 Wkh idfw wkdw W lv doorzhg wr lqfuhdvh wr lq�qlw| lq pdfur sdqho gdwd/ jhqhu0

dwhg wzr vwudqgv ri lghdv1 Wkh �uvw uhmhfwhg wkh krprjhqhlw| ri wkh uhjuhvvlrq sdudphwhuv

lpsolflw lq wkh xvh ri d srrohg uhjuhvvlrq prgho lq idyru ri khwhurjhqhrxv uhjuhvvlrqv/ l1h1/

rqh iru hdfk frxqwu|/ vhh Shvdudq dqg Vplwk +4<<8,/ Lp/ Shvdudq dqg Vklq +4<<:,/ Ohh/

Shvdudq dqg Vplwk +4<<:,/ Shvdudq/ Vklq dqg Vplwk +4<<<, dqg Shvdudq dqg ]kdr +4<<<,

wr phqwlrq d ihz1 Wklv olwhudwxuh fulwlfdoo| uholhv rq W ehlqj odujh wr hvwlpdwh hdfk frxq0

wu|*v uhjuhvvlrq vhsdudwho|1 Dqrwkhu vwudqg ri olwhudwxuh dssolhg wlph vhulhv surfhgxuhv wr

sdqhov/ zruu|lqj derxw qrqvwdwlrqdulw|/ vsxulrxv uhjuhvvlrqv dqg frlqwhjudwlrq1 Dgglqj wkh

furvv0vhfwlrq glphqvlrq wr wkh wlph0vhulhv glphqvlrq r�huv dq dgydqwdjh lq wkh whvwlqj iru

qrq0vwdwlrqdulw| dqg frlqwhjudwlrq1 Wkh krsh ri wkh hfrqrphwulfv ri qrq0vwdwlrqdu| sdqho

gdwd lv wr frpelqh wkh ehvw ri erwk zruogv= wkh phwkrg ri ghdolqj zlwk qrq0vwdwlrqdu| gdwd

iurp wkh wlph vhulhv dqg wkh lqfuhdvhg gdwd dqg srzhu iurp wkh furvv0vhfwlrq1 Wkh dggl0

wlrq ri wkh furvv0vhfwlrq glphqvlrq/ xqghu fhuwdlq dvvxpswlrqv/ fdq dfw dv uhshdwhg gudzv

iurp wkh vdph glvwulexwlrq1 Wkxv dv wkh wlph dqg furvv0vhfwlrq glphqvlrq lqfuhdvh sdqho

whvw vwdwlvwlfv dqg hvwlpdwruv fdq eh ghulyhg zklfk frqyhujh lq glvwulexwlrq wr qrupdoo|
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glvwulexwhg udqgrp yduldeohv1

Krzhyhu/ wkh xvh ri vxfk sdqho gdwd phwkrgv duh qrw zlwkrxw wkhlu fulwlfv/ vhh Pdggdod/

Zx dqg Olx +5333, zkr dujxh wkdw sdqho gdwd xqlw urrw whvwv gr qrw uhvfxh sxufkdvlqj

srzhu sdulw| +SSS,1 Lq idfw/ wkh uhvxowv rq SSS zlwk sdqhov duh pl{hg ghshqglqj rq wkh

jurxs ri frxqwulhv vwxglhg/ wkh shulrg ri vwxg| dqg wkh w|sh ri xqlw urrw whvw xvhg1 Pruh

gdpdjlqj lv wkh dujxphqw e| Pdggdod hw do1 wkdw iru SSS/ sdqho gdwd whvwv duh wkh zurqj

dqvzhu wr wkh orz srzhu ri xqlw urrw whvwv lq vlqjoh wlph vhulhv1 Diwhu doo/ wkh qxoo k|srwkhvlv

ri d vlqjoh xqlw urrw lv gl�huhqw iurp wkh qxoo k|srwkhvlv ri d sdqho xqlw urrw iru wkh SSS

k|srwkhvlv1 Xvlqj wkh vdph olqh ri fulwlflvp/ Pdggdod +4<<<, dujxhg wkdw sdqho xqlw urrw

whvwv glg qrw khos vhwwoh wkh txhvwlrq ri jurzwk frqyhujhqfh dprqj frxqwulhv1 Krzhyhu/ lw

zdv xvhixo lq vsxuulqj pxfk qhhghg uhvhdufk lqwr g|qdplf sdqho gdwd prghov1 Dovr/ Txdk

+4<<9, zkr dujxhg wkdw wkh edvlf lvvxhv ri zkhwkhu srru frxqwulhv fdwfk xs zlwk wkh ulfk fdq

qhyhu eh dqvzhuhg e| wkh xvh ri wudglwlrqdo sdqhov1 Lqvwhdg/ Txdk vxjjhvwhg irupxodwlqj

dqg hvwlpdwlqj prghov ri lqfrph g|qdplfv1

Rqh fdq �qg qxphurxv dssolfdwlrqv ri wlph vhulhv phwkrgv dssolhg wr sdqhov lq uhfhqw

|hduv1 H{dpsohv iurp wkh sxufkdvlqj srzhu sdulw| olwhudwxuh lqfoxgh Ehuqdug dqg Mrqhv

+4<<9,/ Mrulrq dqg Vzhhqh| +4<<9,/ PdfGrqdog +4<<9,/ Rk +4<<9,/ Zx +4<<9,/ Frdnoh| dqg

Ixhuwhv +4<<:,/ Fxoyhu dqg Sdshoo +4<<:,/ Sdshoo +4<<:,/ R*Frqqhoo +4<<;,/ Fkrl +4<<<d,/

Dqghuvvrq dqg O|kdjhq +4<<<,/ dqg Fdq}rqhul/ Fxpe| dqg Gled +4<<<, wr phqwlrq d

ihz1 Rq khdowk fduh h{shqglwxuhv/ vhh PfFrvnh| dqg Vhoghq +4<<;,/ dqg Jhugwkdp dqg

Oùwkjuhq +4<<;,1 Rq jurzwk dqg frqyhujhqfh/ vhh Lvodp +4<<8,/ Hydqv dqg Ndudv +4<<9,/

Vdod0l0Pduwlq +4<<9,/ Ohh/ Shvdudq dqg Vplwk +4<<:,/ dqg PfFrvnh| dqg Ndr +4<<<d,1

Rq lqwhuqdwlrqdo U)G vslooryhuv/ vhh Ixqn +4<<;, dqg Ndr/ Fkldqj dqg Fkhq +4<<<,1 Rq

h{fkdqjh udwh prghov/ vhh Jurhq dqg Nohlehujhq +4<<<,/ dqg Jurhq +4<<<,1 Rq vdylqjv dqg
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lqyhvwphqw prghov/ vhh Frdnho|/ Nxodvl dqg Vplwk +4<<9, dqg Prrq dqg Skloolsv +4<<;,1

Wkh �uvw sduw ri wklv sdshu vxuyh|v vrph ri wkh ghyhorsphqwv lq qrqvwdwlrqdu| sdqho

prghov wkdw kdyh rffxuuhg vlqfh wkh plggoh ri 4<<3v1 Wzr rwkhu uhfhqw vxuyh|v rq wklv

vxemhfw lqfoxgh Skloolsv dqg Prrq +4<<<e, rq pxowl0lqgh{hg surfhvvhv dqg Edqhumhh +4<<<,

rq sdqho xqlw urrwv dqg frlqwhjudwlrq whvwv1 Zh zloo sd| dwwhqwlrq wr wkh iroorzlqj wkuhh

wrslfv= +4, sdqho xqlw urrw whvwv/ +5, sdqho frlqwhjudwlrq whvwv/ dqg +6, hvwlpdwlrq dqg

lqihuhqfh lq wkh sdqho frlqwhjudwlrq prghov1 Wkh glvfxvvlrq ri hdfk wrslf zloo eh looxvwudwhg

e| h{dpsohv wdnhq iurp wkh diruhphqwlrqhg olvw ri uhihuhqfhv1 Vhfwlrq 5 uhylhzv sdqho xqlw

urrw whvwv/ zkloh Vhfwlrq 6 glvfxvvhv wkh sdqho vsxulrxv prghov1 Vhfwlrq 7 frqvlghuv wkh sdqho

frlqwhjudwlrq whvwv/ zkloh Vhfwlrq 8 glvfxvvhv sdqho frlqwhjudwlrq prghov1 Vhfwlrq 9 uhylhzv

vrph uhfhqw ghyhorsphqwv lq g|qdplf sdqhov dqg Vhfwlrq : jlyhv rxu frqfoxvlrq1

D zrug rq qrwdwlrq1 Zh zulwh wkh lqwhjudo
U 4

3
Z +v,gv dv

U
Z zkhq wkhuh lv qr dpeljxlw|

ryhu olplwv1 Zh gh�qh 
4@5 wr eh dq| pdwul{ vxfk wkdw 
 @
�

4@5

� �

4@5

�
> xvh , wr

ghqrwh zhdn frqyhujhqfh/
s$ wr ghqrwh frqyhujhqfh lq suredelolw|/ L+3, dqg L+4, wr vljqli|

d wlph vhulhv wkdw lv lqwhjudwhg ri rughu }hur dqg rqh/ uhvshfwlyho|/ dqg Z]+u, @ Z +u, �kU
Z]

3

l kU
]]

3

l
]+u, wr ghqrwh dq O5 surmhfwlrq uhvlgxdo ri Z +u, rq ]+u,1

LL1 SDQHO XQLW URRWV WHVWV

Whvwlqj iru xqlw urrwv lq wlph vhulhv vwxglhv lv qrz frpprq sudfwlfh dprqj dssolhg

uhvhdufkhuv dqg kdv ehfrph dq lqwhjudo sduw ri hfrqrphwulf frxuvhv1 Krzhyhu/ whvwlqj iru

xqlw urrwv lq sdqhov lv uhfhqw/ vhh Ohylq dqg Olq +4<<5,/ Lp/ Shvdudq dqg Vklq +4<<:,/ Kduulv

dqg W}dydolv +4<<<,/ Pdggdod dqg Zx +4<<<,/ Fkrl +4<<<d,/ dqg Kdgul +4<<<,1 H{fhswlrqv

duh Ekdudjdyd hw do1 +4<;5,/ Erxpdkgl dqg Wkrpdv +4<<4,/ Euhlwxqj dqg Ph|hu +4<<7,/

dqg Txdk +4<<7,1 Ekdudjdyd hw do1 sursrvhg d whvw iru udqgrp zdon uhvlgxdov lq d g|qdplf

prgho zlwk �{hg h�hfwv1 Wkh| vxjjhvwhg d prgl�hg Gxuelq0Zdwvrq +GZ, vwdwlvwlf edvhg
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rq �{hg h�hfwv uhvlgxdov dqg wzr rwkhu whvw vwdwlvwlfv edvhg rq gl�huhqfhg ROV uhvlgxdov1

Lq w|slfdo plfur sdqhov zlwk Q $ 4> wkh| uhfrpphqghg wkhlu prgl�hg GZ vwdwlvwlf1

Erxpdkgl dqg Wkrpdv +4<<4, sursrvhg d jhqhudol}dwlrq ri wkh Glfnh|0Ixoohu +GI, whvw iru

xqlw urrwv lq sdqho gdwd wr dvvhvv wkh h!flhqf| ri wkh Iuhqfk fdslwdo pdunhw xvlqj 473 iuhqfk

vwrfn sulfhv ryhu wkh shulrg Mdqxdu| 4<:6 wr Iheuxdu| 4<;91 Euhlwxqj dqg Ph|hu +4<<7,

dssolhg ydulrxv prgl�hg GI whvw vwdwlvwlfv wr whvw iru xqlw urrwv lq d sdqho ri frqwudfwhg

zdjhv qhjrwldwhg dw wkh �up dqg lqgxvwu| ohyho iru Zhvwhuq Jhupdq| ryhu wkh shulrg 4<:50

4<;:1 Txdk +4<<7, vxjjhvwhg d whvw iru xqlw urrw lq d sdqho gdwd prgho zlwkrxw �{hg h�hfwv

zkhuh erwkQ dqg W jr wr lq�qlw| dw wkh vdph udwh vxfk wkdwQ@W lv frqvwdqw1 Ohylq dqg Olq

+4<<5, jhqhudol}hg wklv prgho wr doorz iru �{hg h�hfwv/ lqglylgxdo ghwhuplqlvwlf wuhqgv dqg

khwhurjhqhrxv vhuldoo| fruuhodwhg huuruv1 Wkh| dvvxphg wkdw erwk Q dqg W whqg wr lq�qlw|1

Krzhyhu/ W lqfuhdvhv dw d idvwhu udwh wkdq Q zlwk Q@W $ 3= Hyhq wkrxjk wklv olwhudwxuh

juhz iurp wlph vhulhv dqg sdqho gdwd/ wkh zd| lq zklfkQ / wkh qxpehu ri furvv0vhfwlrq xqlwv/

dqg W / wkh ohqjwk ri wkh wlph vhulhv/ whqg wr lq�qlw| lv fuxfldo iru ghwhuplqlqj dv|pswrwlf

surshuwlhv ri hvwlpdwruv dqg whvwv sursrvhg iru qrqvwdwlrqdu| sdqhov/ vhh Skloolsv dqg Prrq

+4<<<d,1 Vhyhudo dssurdfkhv duh srvvleoh lqfoxglqj +l, vhtxhqwldo olplwv zkhuh rqh lqgh{/

vd| Q / lv �{hg dqg W lv doorzhg wr lqfuhdvh wr lq�qlw|/ jlylqj dq lqwhuphgldwh olplw1 Wkhq

e| ohwwlqj Q whqg wr lq�qlw| vxevhtxhqwo|/ d vhtxhqwldo olplw wkhru| lv rewdlqhg1 Skloolsv

dqg Prrq +4<<<e, dujxhg wkdw wkhvh vhtxhqwldo olplwv duh hdv| wr ghulyh dqg duh khosixo lq

h{wudfwlqj txlfn dv|pswrwlfv1 Krzhyhu/ Skloolsv dqg Prrq surylghg d vlpsoh h{dpsoh wkdw

looxvwudwhv krz vhtxhqwldo olplwv fdq vrphwlphv jlyh plvohdglqj dv|pswrwlf uhvxowv1 +ll, D

vhfrqg dssurdfk/ xvhg e| Txdk+4<<7, dqg Ohylq dqg Olq +4<<5, lv wr doorz wkh wzr lqgh{hv/

Q dqg W wr sdvv wr lq�qlw| dorqj d vshfl�f gldjrqdo sdwk lq wkh wzr glphqvlrqdo duud|1

Wklv sdwk fdq eh ghwhuplqhg e| d prqrwrqlfdoo| lqfuhdvlqj ixqfwlrqdo uhodwlrq ri wkh w|sh
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W @ W +Q, zklfk dssolhv dv wkh lqgh{ Q $ 41 Skloolsv dqg Prrq +4<<<e, vkrzhg wkdw

wkh olplw wkhru| rewdlqhg e| wklv dssurdfk lv ghshqghqw rq wkh vshfl�f ixqfwlrqdo uhodwlrq

W @ W +Q, dqg wkh dvvxphg h{sdqvlrq sdwk pd| qrw surylgh dq dssursuldwh dssur{lpdwlrq

iru d jlyhq +W>Q, vlwxdwlrq1 +lll, D wklug dssurdfk lv d mrlqw olplw wkhru| doorzlqj erwkQ dqg

W wr sdvv wr lq�qlw| vlpxowdqhrxvo| zlwkrxw sodflqj vshfl�f gldjrqdo sdwk uhvwulfwlrqv rq

wkh glyhujhqfh1 Vrph frqwuro ryhu wkh uhodwlyh udwh ri h{sdqvlrq pd| kdyh wr eh h{huflvhg

lq rughu wr jhw gh�qlwlyh uhvxowv1 Skloolsv dqg Prrq dujxhg wkdw/ lq jhqhudo/ mrlqw olplw

wkhru| lv pruh urexvw wkdq hlwkhu vhtxhqwldo olplw ru gldjrqdo sdwk olplw1 Krzhyhu/ lw lv

xvxdoo| pruh gl!fxow wr ghulyh dqg uhtxluhv vwurqjhu frqglwlrqv vxfk dv wkh h{lvwhqfh ri

kljkhu prphqwv wkdw zloo doorz iru xqliruplw| lq wkh frqyhujhqfh dujxphqwv1 Wkh pxwl0

lqgh{ dv|pswrwlf wkhru| lq Skloolsv dqg Prrq +4<<<d/e, lv dssolhg wr mrlqw olplwv lq zklfk

W>Q $ 4 dqg +W@Q, $ 4/ l1h1/ wr vlwxdwlrqv zkhuh wkh wlph vhulhv vdpsoh lv odujh uhodwlyh

wr wkh furvv0vhfwlrq vdpsoh1 Krzhyhu/ wkh jhqhudo dssurdfk jlyhq wkhuh lv dovr dssolfdeoh wr

vlwxdwlrqv lq zklfk +W@Q, $ 3 dowkrxjk gl�huhqw olplw uhvxowv zloo jhqhudoo| rewdlq lq wkdw

fdvh1

D1 Ohylq dqg Olq +4<<5, Whvwv

Frqvlghu wkh prgho

|lw @ �l|lw�4 . }
3

lw� . xlw> l @ 4> ===> Q > w @ 4> ===> W> +4,

zkhuh }lw lv wkh ghwhuplqlvwlf frpsrqhqw dqg xlw lv d vwdwlrqdu| surfhvv1 }lw frxog eh }hur/

rqh/ wkh �{hg h�hfwv/ �l> ru �{hg h�hfw dv zhoo dv d wlph wuhqg/ w1 Wkh Ohylq dqg Olq +OO,

whvwv dvvxph wkdw xlw duh llg
�
3> �5x

�
dqg �l @ � iru doo l1 OO duh lqwhuhvwhg lq whvwlqj wkh

qxoo k|srwkhvlv

K3 = � @ 4 +5,
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djdlqvw wkh dowhuqdwlyh k|srwkhvlv

Kd = � ? 4=

Ohw e� eh wkh ROV hvwlpdwru ri � lq +4, dqg gh�qh

}w @ +}4w> ===> }Qw,
3

>

k+w> v, @ }
3

w

#
W[
w@4

}w}
3

w

$
}v>

hxlw @ xlw �
W[
v@4

k+w> v,xlv>

dqg

h|lw @ |lw �
W[
v@4

k+w> v,|lv= +6,

Wkhq zh kdyh

s
QW +e�� 4, @

4s
Q

SQ
l@4

4
W

SW
w@4 h|l>w�4hxlw

4
Q

SQ
l@4

4
W5

SW
w@4 h|5l>w�4

dqg wkh fruuhvsrqglqj w0vwdwlvwlf/ xqghu wkh qxoo k|srwkhvlv lv jlyhq e|

w� @
+e�� 4,

tSQ
l@4

SW
w@4 h|5l>w�4

vh
>

zkhuh

v5h @
4

QW

Q[
l@4

W[
w@4

hx5lw=
Dvvxph wkdw wkhuh h{lvwv d vfdolqj pdwul{ GW dqg slhfhzlvh frqwlqxrxv ixqfwlrq ]+u, vxfk

wkdw

G�4W }^Wu` $ ]+u,

xqlirupo| iru u 5 ^3> 4` = Iru d �{hg Q / zh kdyh

4s
Q

Q[
l@4

4

W

W[
w@4

h|l>w�4hxlw , 4s
Q

Q[
l@4

]
Zl]gZl]

;



dqg

4

Q

Q[
l@4

4

W 5

W[
w@4

h|5l>w�4 , 4

Q

Q[
l@4

]
Z5

l] >

dv W $ 4= Qh{w zh dvvxph wkdw
U
Zl]gZl] dqg

U
Z 5

l] duh lqghshqghqw dfurvv l dqg kdyh

�qlwh vhfrqg prphqwv1 Wkhq lw iroorzv wkdw

4

Q

Q[
l@4

]
Z 5

l]
s$ H

�]
Z 5

l]

�

4s
Q

Q[
l@4

�]
Zl]gZl] �H

�]
Zl]gZl]

��
, Q

�
3> Y du

�]
Zl]gZl]

��
dv Q $ 4 e| d odz ri odujh qxpehuv dqg wkh Olqghehuj0Ohy| fhqwudo olplw wkhruhp1 Wkh

iroorzlqj prphqwv duh wdnhq iurp Ohylq dqg Olq +4<<5,=

}lw H
�U

Zl]gZl]

�
Y du

�U
Zl]gZl]

�
H
�U

Z 5
l]

�
Y du

�U
Z 5

l]

�
3 3 4

5
4
5

4
6

4 3 4
6

4
5 B

�l �4
5

4
45

4
9

4
78

+�l> w, �4
5

4
93

4
48

44
9633

+7,

Xvlqj +7,/ Ohylq dqg Olq +4<<5, rewdlq wkh iroorzlqj olplwlqj glvwulexwlrqv ri
s
QW +e�� 4,

dqg w�=

}lw e� w�

3
s
QW +e�� 4, , Q+3> 5, w� , Q+3> 4,

4
s
QW +e�� 4, , Q+3> 5, w� , Q+3> 4,

�l
s
QW +e�� 4, . 6

s
Q , Q

�
3> 848

� s
4=58w� .

s
4=;:8Q , Q+3> 4,

+�l> w,
3 s

Q +W +e�� 4, . :=8, , Q
�
3> 5;<8445

� t
77;
5::

�
w� .

s
6=:8Q

�
, Q+3> 4,

+8,

Vhtxhqwldo olplw wkhru|/ l1h1/ W $ 4 iroorzhg e| Q $ 4> lv xvhg wr ghulyh wkh olplwlqj
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glvwulexwlrqv lq +8,1 Lq fdvh xlw lv vwdwlrqdu|/ wkh dv|pswrwlf glvwulexwlrqv ri e� dqg w� qhhg

wr eh prgl�hg gxh wr wkh suhvhqfh ri vhuldo fruuhodwlrq1

Kduulv dqg W}dydolv +4<<<, dovr ghulyhg xqlw urrw whvwv iru +4, zlwk }lw @ i3j > i�lj > ruq
+�l> w,

3
r
zkhq wkh wlph glphqvlrq ri wkh sdqho/ W / lv �{hg1 Wklv lv wkh w|slfdo fdvh iru

plfur sdqho vwxglhv1 Wkh pdlq uhvxowv duh=

}lw e�
3

s
Q +e�� 4, , Q

�
3> 5

W +W�4,

�
�l

s
Q

�e�� 4 . 6
W.4

�
, Q

�
3>

6+4:W 5�53W.4:,
8+W�4,+W.4,6

�
+�l> w,

3 s
Q

�e�� 4 . 48
5+W.5,

�
, Q

�
3>

48+4<6W5�:5;W.447:,
445+W.5,6+W�5,

�
Kduulv dqg W}dydolv +4<<<, dovr vkrzhg wkdw wkh dvvxpswlrq wkdw W whqgv wr lq�qlw| dw

d idvwhu udwh wkdq Q dv lq OO udwkhu wkdq W �{hg dv lq wkh fdvh lq plfur sdqhov/ |lhogv whvwv

zklfk duh vxevwdqwldoo| xqghuvl}hg dqg kdyh orz srzhu hvshfldoo| zkhq W lv vpdoo1

Uhfhqwo|/ Iudqnho dqg Urvh +4<<9,/ Rk +4<<9,/ dqg Orwkldq +4<<9, whvwhg wkh SSS k|0

srwkhvlv xvlqj sdqho gdwd1 Doo ri wkhvh duwlfohv xvh OO whvwv dqg vrph ri wkhp uhsruw

hylghqfh vxssruwlqj wkh SSS k|srwkhvlv1 R*Frqqhoo +4<<;,/ krzhyhu/ vkrzhg wkdw wkh OO

whvwv vx�huhg iurp vljql�fdqw vl}h glvwruwlrq lq wkh suhvhqfh ri fruuhodwlrq dprqj frqwhp0

srudqhrxv furvv0vhfwlrqdo huuru whupv1 R*Frqqhoo kljkoljkwhg wkh lpsruwdqfh ri frqwuroolqj

iru furvv0vhfwlrqdo ghshqghqfh zkhq whvwlqj iru d xqlw urrw lq sdqhov ri uhdo h{fkdqjh udwhv1

Kh vkrzhg wkdw/ frqwuroolqj iru furvv0vhfwlrqdo ghshqghqfh/ qr hylghqfh djdlqvw wkh qxoo ri

d udqgrp zdon fdq eh irxqg lq sdqhov ri xs wr 97 uhdo h{fkdqjh udwhv1

Yluwxdoo| doo wkh h{lvwlqj qrqvwdwlrqdu| sdqho olwhudwxuh dvvxph furvv0vhfwlrqdo lqghshq0

ghqfh1 Lw lv wuxh wkdw wkh dvvxpswlrq ri lqghshqghqfh dfurvv l lv udwkhu vwurqj/ exw lw lv

qhhghg lq rughu wr vdwlvi| wkh uhtxluhphqw ri wkh Olqghehuj0Ohy| fhqwudo olplw wkhruhp1

Pruhryhu/ dv srlqwhg rxw e| Txdk +4<<7,/ prgholqj furvv0vhfwlrqdo ghshqghqfh lv lqyroyhg
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ehfdxvh lqglylgxdo revhuydwlrqv lq d furvv0vhfwlrq kdyh qr qdwxudo rughulqj1 Gulvfroo dqg

Nudd| +4<<;, suhvhqwhg d vlpsoh h{whqvlrq ri frpprq qrqsdudphwulf fryduldqfh pdwul{

hvwlpdwlrq whfkqltxhv zklfk |lhogv vwdqgdug huuruv wkdw duh urexvw wr yhu| jhqhudo irupv ri

vsdwldo dqg whpsrudo ghshqghqfh dv wkh wlph glphqvlrq ehfrphv odujh1 Lq d uhfhqw sdshu/

Frqoh| +4<<<, suhvhqwhg d vsdwldo prgho ri ghshqghqfh dprqj djhqwv xvlqj d phwulf ri

hfrqrplf glvwdqfh wkdw surylghv furvv0vhfwlrqdo gdwd zlwk d vwuxfwxuh vlplodu wr wlph0vhulhv

gdwd1 Frqoh| sursrvhg d jhqhudol}hg phwkrg ri prphqwv +JPP, xvlqj vxfk ghshqghqw

gdwd dqg d fodvv ri qrqsdudphwulf fryduldqfh pdwul{ hvwlpdwruv wkdw doorz iru d jhqhudo

irup ri ghshqghqfh fkdudfwhul}hg e| hfrqrplf glvwdqfh1

E1 Lp/ Shvdudq dqg Vklq +4<<:, Whvwv

Wkh OO whvw lv uhvwulfwlyh lq wkh vhqvh wkdw lw uhtxluhv � wr eh krprjhqhrxv dfurvv l1 Dv

Pdggdod +4<<<, srlqwhg rxw/ wkh qxoo pd| eh �qh iru whvwlqj frqyhujhqfh lq jurzwk dprqj

frxqwulhv/ exw wkh dowhuqdwlyh uhvwulfwv hyhu| frxqwu| wr frqyhujh dw wkh vdph udwh1 Lp/

Shvdudq dqg Vklq +4<<:, +LSV, doorz iru d khwhurjhqhrxv frh!flhqw ri |lw�4 dqg sursrvhg

dq dowhuqdwlyh whvwlqj surfhgxuh edvhg rq dyhudjlqj lqglylgxdo xqlw urrw whvw vwdwlvwlfv1 LSV

vxjjhvwhg dq dyhudjh ri wkh dxjphqwhg GI +DGI, whvwv zkhq xlw lv vhuldoo| fruuhodwhg zlwk

gl�huhqw vhuldo fruuhodwlrq surshuwlhv dfurvv furvv0vhfwlrqdo xqlwv/ l1h1/ xlw @
Ssl

m@4 *lmxlw�m.

%lw= Vxevwlwxwlqj wklv xlw lq +4, zh jhw=

|lw @ �l|lw�4 .
sl[
m@4

*lm 7 |lw�m . }
3

lw� . %lw= +9,

Wkh qxoo k|srwkhvlv lv

K3 = �l @ 4

iru doo l dqg wkh dowhuqdwlyh k|srwkhvlv lv

Kd = �l ? 4
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iru dw ohdvw rqh l1 Wkh LSV w0edu vwdwlvwlf lv gh�qhg dv wkh dyhudjh ri wkh lqglylgxdo DGI

vwdwlvwlf dv

w @
4

Q

Q[
l@4

w�l > +:,

zkhuh w�l lv wkh lqglylgxdo w0vwdwlvwlf ri whvwlqj K3 = �l @ 4 lq +9,1 Lw lv nqrzq wkdw iru d

�{hg Q

w�l ,
U 4

3
Zl]gZl]kU 4

3 Z 5
l]

l4@5 @ wlW +;,

dv W $ 4= LSV dvvxph wkdw wlW duh llg dqg kdyh �qlwh phdq dqg yduldqfh1 Wkhq

s
Q

�
4
Q

SQ
l@4 wlW �H ^wlW m�l @ 4`

�
s
Y du ^wlW m�l @ 4`

, Q+3> 4, +<,

dv Q $ 4 e| wkh Olqghehuj0Ohy| fhqwudo olplw wkhruhp1 Khqfh

wLSV @

s
Q

�
w�H ^wlW m�l @ 4`

�s
Y du ^wlW m�l @ 4`

, Q+3> 4, +43,

dv W $ 4 iroorzhg e|Q $ 4 vhtxhqwldoo|1 Wkh ydoxhv ri H ^wlW m�l @ 4` dqg Y du ^wlW m�l @ 4`

kdyh ehhq frpsxwhg e| LSV yld vlpxodwlrqv iru gl�huhqw ydoxhv ri W dqg s3lv=

Lq wklv yroxph/ Euhlwxqj +5333, vwxglhv wkh orfdo srzhu ri OO dqg LSV whvwv vwdwlvwlfv

djdlqvw d vhtxhqfh ri orfdo dowhuqdwlyhv1 Euhlwxqj �qgv wkdw wkh OO dqg LSV whvwv vx�hu

iurp d gudpdwlf orvv ri srzhu li lqglylgxdo vshfl�f wuhqgv duh lqfoxghg1 Wklv lv gxh wr

wkh eldv fruuhfwlrq wkdw dovr uhpryhv wkh phdq xqghu wkh vhtxhqfh ri orfdo dowhuqdwlyhv1

Wkh vlpxodwlrq uhvxowv lqglfdwh wkdw wkh srzhu ri OO dqg LSV whvwv lv yhu| vhqvlwlyh wr wkh

vshfl�fdwlrq ri wkh ghwhuplqlvwlf whupv1

PfFrvnh| dqg Vhoghq +4<<;, dssolhg wkh LSV whvw iru whvwlqj xqlw urrw iru shu fdslwd

qdwlrqdo khdowk fduh h{shqglwxuhv +KH, dqg jurvv grphvwlf surgxfw +JGS, iru d sdqho ri

RHFG frxqwulhv1 PfFrvnh| dqg Vhoghq uhmhfwhg wkh qxoo k|srwkhvlv wkdw wkhvh wzr vhulhv

frqwdlq xqlw urrwv1 Jhugwkdp dqg Oùwkjuhq +4<<;, fodlphg wkdw wkh vwdwlrqdulw| irxqg e|
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PfFrvnh| dqg Vhoghq duh gulyhq e| wkh rplvvlrq ri wlph wuhqgv lq wkhlu DGI uhjuhvvlrq lq

+9,1 Xvlqj wkh LSV whvw zlwk d wlph wuhqg/ Jhugwkdp dqg Oùwkjuhq irxqg wkdw erwk KH dqg

JGS duh qrqvwdwlrqdu|1 Wkh| frqfoxghg wkdw KH dqg JGS duh frlqwhjudwhg durxqg olqhdu

wuhqgv iroorzlqj wkh uhvxowv ri PfFrvnh| dqg Ndr +4<<<e,1

F1 Frpelqlqj S0Ydoxhv Whvwv

Ohw JlWl eh d xqlw urrw whvw vwdwlvwlf iru wkh l0wk jurxs lq +4, dqg dvvxph wkdw dv Wl $ 4>

JlWl , Jl= Ohw sl eh wkh s0ydoxh ri d xqlw urrw whvw iru furvv0vhfwlrq l/ l1h1/ sl @ I +JlWl,/

zkhuh I +�, lv wkh glvwulexwlrq ixqfwlrq ri wkh udqgrp yduldeoh Jl= Pdggdod dqg Zx +4<<<,

dqg Fkrl +4<<<d, sursrvhg d Ilvkhu w|sh whvw

S @ �5
Q[
l@4

oq sl +44,

zklfk frpelqhv wkh s0ydoxhv iurp xqlw urrw whvwv iru hdfk furvv0vhfwlrq l wr whvw iru xqlw urrw

lq sdqho gdwd1 S lv glvwulexwhg dv "5 zlwk 5Q ghjuhhv ri iuhhgrp dv Wl $ 4 iru doo Q 1

Pdggdod hw do1 +4<<<, dujxhg wkdw wkh LSV dqg Ilvkhu whvwv uhod{ wkh uhvwulfwlyh dvvxpswlrq

ri wkh OO whvw wkdw �l lv wkh vdph xqghu wkh dowhuqdwlyh1 Erwk wkh LSV dqg Ilvkhu whvwv

frpelqh lqirupdwlrq edvhg rq lqglylgxdo xqlw urrw whvwv1 Krzhyhu/ wkh Ilvkhu whvw kdv wkh

dgydqwdjh ryhu wkh LSV whvw lq wkdw lw grhv qrw uhtxluh d edodqfhg sdqho1 Dovr/ wkh Ilvkhu

whvw fdq xvh gl�huhqw odj ohqjwkv lq wkh lqglylgxdo DGI uhjuhvvlrqv dqg fdq eh dssolhg wr

dq| rwkhu xqlw urrw whvwv1 Wkh glvdgydqwdjh lv wkdw wkh s0ydoxhv kdyh wr eh ghulyhg e|

Prqwh Fduor vlpxodwlrqv1 Fkrl +4<<<d, hfkrhv vlplodu dgydqwdjhv ri wkh Ilvkhu whvw= +4,

wkh furvv0vhfwlrqdo glphqvlrq/ Q / fdq eh hlwkhu �qlwh ru lq�qlwh/ +5, hdfk jurxs fdq kdyh

gl�huhqw w|shv ri qrqvwrfkdvwlf dqg vwrfkdvwlf frpsrqhqwv/ +6, wkh wlph vhulhv glphqvlrq/

W / fdq eh gl�huhqw iru hdfk l/ dqg +7, wkh dowhuqdwlyh k|srwkhvlv zrxog doorz vrph jurxsv

wr kdyh xqlw urrwv zkloh rwkhuv pd| qrw1
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Zkhq Q lv odujh/ Fkrl +4<<<d, sursrvhg d ] whvw/

] @

4s
Q

SQ
l@4 +�5 oq sl � 5,

5
+45,

vlqfh H ^�5 oq sl` @ 5 dqg Y du ^�5 oq sl` @ 7= Dvvxph wkdw wkh sl*v duh llg dqg xvh wkh

Olqghehuj0Ohy| fhqwudo olplw wkhruhp wr jhw

] , Q+3> 4,

dv Wl $ 4 iroorzhg e| Q $ 4=6

Fkrl +4<<<d, dssolhg wkh ] whvw lq +45, dqg wkh LSV whvw lq +:, wr sdqho gdwd ri uhdo

h{fkdqjh udwhv dqg surylghg hylghqfh lq idyru ri wkh SSS k|srwkhvlv1 Fkrl fodlphg wkdw

wklv lv gxh wr wkh lpsuryhg �qlwh vdpsoh srzhu ri wkh Ilvkhu whvw1 Pdggdod dqg Zx +4<<<,

dqg Pdggdod hw do1 +4<<<, �qg wkdw wkh Ilvkhu whvw lv vxshulru wr wkh LSV whvw/ exw wkh| dujxh

wkdw wkhvh sdqho xqlw urrw whvwv vwloo gr qrw uhvfxh wkh SSS k|srwkhvlv1 Zkhq doorzdqfh

lv pdgh iru wkh gh�flhqf| lq wkh sdqho gdwd xqlw urrw whvwv dqg sdqho hvwlpdwlrq phwkrgv/

vxssruw iru SSS wxuqv rxw wr eh zhdn1

G1 Uhvlgxdo Edvhg OP Whvw

Kdgul +4<<<, sursrvhg d uhvlgxdo edvhg Odjudqjh Pxowlsolhu +OP, whvw iru wkh qxoo wkdw

wkh wlph vhulhv iru hdfk l duh vwdwlrqdu| durxqg d ghwhuplqlvwlf wuhqg djdlqvw wkh dowhuqdwlyh

ri d xqlw urrw lq sdqho gdwd1 Frqvlghu wkh iroorzlqj prgho

|lw @ }
3

lw� . ulw . %lw +46,

zkhuh }lw lv wkh ghwhuplqlvwlf frpsrqhqw/ ulw lv d udqgrp zdon

ulw @ ulw�4 . xlw

xlw � llg+3> �5x, dqg %lw lv d vwdwlrqdu| surfhvv1 +46, fdq eh zulwwhq dv

|lw @ }
3

lw� . hlw +47,
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zkhuh

hlw @
w[

m@4

xlm . %lw=

Ohw ehlw eh wkh uhvlgxdov iurp wkh uhjuhvvlrq lq +47, dqg e�5h eh wkh hvwlpdwh ri wkh huuru

yduldqfh1 Dovr/ ohw Vlw eh wkh sduwldo vxp surfhvv ri wkh uhvlgxdov/

Vlw @
w[

m@4

ehlm =
Wkhq wkh OP vwdwlvwlf lv

OP @
4
Q

SQ
l@4

4
W 5

SW
w@4 V

5
lwe�5h =

Lw fdq eh vkrzq wkdw

OP
s$ H

�]
Z 5

l]

�
dv W $ 4 iroorzhg e| Q $ 4 surylghg H

�U
Z 5

l]

�
? 41 Dovr/

s
Q

�
OP �H

�U
Z 5

l]

��t
Y du

�U
Z 5

l]

� , Q+3> 4,

dv W $ 4 iroorzhg e| Q $ 4=

H1 Ilqlwh Vdpsoh Surshuwlhv ri Xqlw Urrw Whvwv

H{whqvlyh vlpxodwlrqv kdyh ehhq frqgxfwhg wr h{soruh wkh �qlwh vdpsoh shuirupdqfh ri

sdqho xqlw urrw whvwv/ h1j1/ Nduovvrq dqg Oùwkjuhq +4<<<,/ Lp hw1 do1 +4<<:,/ Pdggdod dqg

Zx +4<<<,/ dqg Fkrl +4<<<d,1 Fkrl +4<<<d, vwxglhg wkh vpdoo vdpsoh surshuwlhv ri LSV w0edu

whvw lq +:, dqg Ilvkhu*v whvw lq +44,1 Fkrl*v pdmru �qglqjv duh wkh iroorzlqj=

41 Wkh hpslulfdo vl}h ri wkh LSV dqg wkh Ilvkhu whvw duh uhdvrqdeo| forvh wr wkhlu qrplqdo

vl}h 3=38 zkhq Q lv vpdoo1 Exw wkh Ilvkhu whvw vkrzv plog vl}h glvwruwlrqv dw Q @ 433>

zklfk lv h{shfwhg iurp wkh dv|pswrwlf wkhru|1 Ryhudoo/ wkh LSV w0edu whvw kdv wkh

prvw vwdeoh vl}h1
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51 Lq whupv ri wkh vl}h0dgmxvwhg srzhu/ wkh Ilvkhu whvw vhhpv wr eh vxshulru wr wkh LSV

w0edu whvw1

61 Zkhq d olqhdu wlph wuhqg lv lqfoxghg lq wkh prgho/ wkh srzhu ri doo whvwv ghfuhdvh

frqvlghudeo|1

LLL1 VSXULRXV UHJUHVVLRQ LQ SDQHO GDWD

Hqwrui +4<<:, vwxglhg vsxulrxv �{hg h�hfwv uhjuhvvlrqv zkhq wkh wuxh prgho lqyroyhv

lqghshqghqw udqgrp zdonv zlwk dqg zlwkrxw guliwv1 Hqwrui irxqg wkdw iru W $ 4 dqg

Q �qlwh/ wkh qrqvhqvh uhjuhvvlrq skhqrphqrq krogv iru vsxulrxv �{hg h�hfwv prghov dqg

lqihuhqfh edvhg rq w0ydoxhv fdq eh kljko| plvohdglqj1 Ndr +4<<<, dqg Skloolsv dqg Prrq

+4<<<d, ghulyhg wkh dv|pswrwlf glvwulexwlrqv ri wkh ohdvw vtxduhv gxpp| yduldeoh hvwlpdwru

dqg ydulrxv frqyhqwlrqdo vwdwlvwlfv iurp wkh vsxulrxv uhjuhvvlrq lq sdqho gdwd1

Frqvlghu d vsxulrxv uhjuhvvlrq prgho iru doo l xvlqj sdqho gdwd=

|lw @ {
3

lw� . }
3

lw� . hlw> +48,

zkhuh

{lw @ {lw�4 . %lw>

dqg hlw lv L+4,1 Wkh ROV hvwlpdwru ri � lv

e� @

%
Q[
l@4

W[
w@4

h{lwh{lw3&% Q[
l@4

W[
w@4

h{lwh|lw& > +49,

zkhuh h|lw lv gh�qhg lq +6, dqg

h{lw @ {lw �
W[
v@4

k+w> v,{lv=

Lw lv nqrzq wkdw li d wlph0vhulhv uhjuhvvlrq iru d jlyhq l lv shuiruphg lq prgho +48,/ wkh ROV

hvwlpdwru ri � lv vsxulrxv1 Lw lv hdv| wr vhh wkdw

4

Q

Q[
l@4

4

W 5

W[
w@4

h{lwh{lw s$ H

�]
Zl]Z

3

l]

�

%
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dqg

4

Q

Q[
l@4

4

W 5

W[
w@4

h{lwh|lw s$ H
k
Zl]Z

3

l]

l

x%

dv e| d vhtxhqwldo olplw wkhru|> zkhuh

}lw

3

4

�l

+�l> w,

H
kU

Zl]Zl]
3

l
4
5

4
5

4
9Ln

4
48Ln

Wkhq zh kdyh

e� s$ 
�4% 
%x= +4:,

+4:, vkrzv wkdw wkh ROV hvwlpdwru ri �> e�> lv frqvlvwhqw iru lwv wuxh ydoxh/ 
�4% 
x%= Wklv lv

gxh wr wkh idfw wkdw wkh qrlvh/ hlw> lv dv vwurqj dv wkh vljqdo/ {lw> vlqfh erwk hlw dqg {lw duh

L+4,1 Lq wkh sdqho uhjuhvvlrq +48, zlwk d odujh qxpehu ri furvv0vhfwlrqv/ wkh vwurqj qrlvh ri

hlw lv dwwhqxdwhg e| srrolqj wkh gdwd dqg d frqvlvwhqw hvwlpdwh ri � fdq eh h{wudfwhg1 Wkh

dv|pswrwlfv ri wkh ROV hvwlpdwru duh yhu| gl�huhqw iurp wkrvh ri wkh vsxulrxv uhjuhvvlrq lq

sxuh wlph vhulhv1 Wklv kdv dq lpsruwdqw frqvhtxhqfh iru uhvlgxdo0edvhg frlqwhjudwlrq whvwv

lq sdqho gdwd/ ehfdxvh wkh qxoo glvwulexwlrq ri uhvlgxdo0edvhg frlqwhjudwlrq whvwv ghshqgv rq

wkh dv|pswrwlfv ri wkh ROV hvwlpdwru1 Wklv srlqw lv h{sodlqhg ixuwkhu lq wkh qh{w vhfwlrq1

LY1 SDQHO FRLQWHJUDWLRQ WHVWV
D1 Ndr Whvwv

Ndr +4<<<, suhvhqwhg wzr w|shv ri frlqwhjudwlrq whvwv lq sdqho gdwd/ wkh GI dqg DGI

w|shv whvwv1 Wkh GI w|sh whvwv iurp Ndr fdq eh fdofxodwhg iurp wkh hvwlpdwhg uhvlgxdov lq

+48, dv=

4:



ehlw @ �ehlw�4 . ylw> +4;,

zkhuh

ehlw @ h|lw � h{3lwe�=
Lq rughu wr whvw wkh qxoo k|srwkhvlv ri qr frlqwhjudwlrq/ wkh qxoo fdq eh zulwwhq dvK3 = � @ 41

Wkh ROV hvwlpdwh ri � dqg wkh w0vwdwlvwlf duh jlyhq dv=

e� @

SQ
l@4

SW
w@5 ehlwehlw�4SQ

l@4

SW
w@5 eh5lw

dqg

w� @
+e��4,tS

Q

l@4

S
W

w@5
eh5
lw�4

vh
>

zkhuh v5h @ 4
QW

SQ
l@4

SW
w@5 +ehlw � e�ehlw�4,5 = Ndr sursrvhg wkh iroorzlqj irxu GI w|sh whvwv

e| dvvxplqj }lw @ i�lj=

GI� @

s
QW +e�� 4, . 6

s
Qs

43=5
>

GIw @
s
4=58w� .

s
4=;:8Q>

GI �� @

s
QW +e�� 4, .

6
s
Qe�5 e�5
3 u

6 . 69e�7 
8e�7

3 

>

dqg

GI �w @
w� .

s
9Qe� 
5e�3 ue�5

3 

5e�5 . 6e�5 
43e�5

3 

>

zkhuh e�5 @ e	x � e	x%
e	�4% dqg e�53 @ e
x � e
x%

e
�4% = Zkloh GI� dqg GIw duh edvhg rq wkh

vwurqj h{rjhqhlw| ri wkh uhjuhvvruv dqg huuruv/ GI �� dqg GI �w duh iru wkh frlqwhjudwlrq zlwk

4;



hqgrjhqrxv uhodwlrqvkls ehwzhhq uhjuhvvruv dqg huuruv1 Iru wkh DGI whvw/ zh fdq uxq wkh

iroorzlqj uhjuhvvlrq=

ehlw @ �ehlw�4 . s[
m@4

&m�ehlw�m .  lws= +4<,

Zlwk wkh qxoo k|srwkhvlv ri qr frlqwhjudwlrq/ wkh DGI whvw vwdwlvwlfv fdq eh frqvwuxfwhg

dv=

DGI @
wDGI .

s
9Qe� 
5e�3 ue�5

3 

5e�5 . 6e�5 
43e�5

3 

zkhuh wDGI lv wkh w0vwdwlvwlf ri � lq +4< ,1 Wkh dv|pswrwlf glvwulexwlrqv ri GI�/ GIw/ GI �� /

GI �w / dqg DGI frqyhujh wr d vwdqgdug qrupdo glvwulexwlrq Q+3> 4, e| wkh vhtxhqwldo olplw

wkhru|1

E1 Uhvlgxdo Edvhg OP Whvw

PfFrvnh| dqg Ndr +4<<;, ghulyhg d uhvlgxdo0edvhg whvw iru wkh qxoo ri frlqwhjudwlrq

udwkhu wkdq wkh qxoo ri qr frlqwhjudwlrq lq sdqhov1 Wklv whvw lv dq h{whqvlrq ri wkh OP whvw

dqg wkh orfdoo| ehvw lqyduldqw +OEL, whvw iru dq PD xqlw urrw lq wkh wlph vhulhv olwhudwxuh/ vhh

Kduulv dqg Lqghu +4<<7, dqg Vklq +4<<7,1 Xqghu wkh qxoo/ wkh dv|pswrwlfv qr orqjhu ghshqg

rq wkh dv|pswrwlf surshuwlhv ri wkh hvwlpdwlqj vsxulrxv uhjuhvvlrq/ udwkhu wkh dv|pswrwlfv

ri wkh hvwlpdwlrq ri d frlqwhjudwhg uhodwlrqvkls duh qhhghg1 Iru prghov zklfk doorz wkh

frlqwhjudwlqj yhfwru wr fkdqjh dfurvv wkh furvv0vhfwlrqdo revhuydwlrqv/ wkh dv|pswrwlfv gh0

shqg phuho| rq wkh wlph vhulhv uhvxowv dv hdfk furvv0vhfwlrq lv hvwlpdwhg lqghshqghqwo|1 Iru

prghov zlwk frpprq vorshv/ wkh hvwlpdwlrq lv grqh mrlqwo| dqg wkhuhiruh wkh dv|pswrwlf

wkhru| lv edvhg rq wkh mrlqw hvwlpdwlrq ri d frlqwhjudwhg uhodwlrqvkls lq sdqho gdwd1

Iru wkh uhvlgxdo edvhg whvw ri wkh qxoo ri frlqwhjudwlrq/ lw lv qhfhvvdu| wr xvh dq h!flhqw

hvwlpdwlrq whfkqltxh ri frlqwhjudwhg yduldeohv1 Lq wkh wlph vhulhv olwhudwxuh d ydulhw| ri

4<



phwkrgv kdyh ehhq vkrzq wr eh h!flhqw dv|pswrwlfdoo|1 Wkhvh lqfoxgh wkh ixoo| prgl�hg

+IP, hvwlpdwru ri Skloolsv dqg Kdqvhq +4<<3, dqg wkh g|qdplf ohdvw vtxduhv +GROV, hvwl0

pdwru dv sursrvhg e| Vdlnnrqhq +4<<4, dqg Vwrfn dqg Zdwvrq +4<<6,1 Iru sdqho gdwd/ Ndr

dqg Fkldqj +5333, vkrzhg wkdw erwk wkh IP dqg GROV phwkrgv fdq surgxfh hvwlpdwruv

zklfk duh dv|pswrwlfdoo| qrupdoo| glvwulexwhg zlwk }hur phdqv1

Wkh prgho suhvhqwhg doorzv iru ydu|lqj vorshv dqg lqwhufhswv=

|lw @ �l . {
3

lw�l . hlw> +53,

{lw @ {lw�4 . %lw +54,

hlw @ �lw . xlw> +55,

dqg

�lw @ �lw�4 . �xlw>

zkhuh xlw duh l=l=g
�
3> �5x

�
= Wkh qxoo ri k|srwkhvlv ri frlqwhjudwlrq lv htxlydohqw wr � @ 31

Wkh whvw vwdwlvwlf sursrvhg e| PfFrvnh| dqg Ndr +4<<;, lv gh�qhg dv iroorzv=

OP @
4
Q	Q

l@4
4
W 5	

W
w@4V

5
lwe�5h > +56,

zkhuh Vlw lv sduwldo vxp surfhvv ri wkh uhvlgxdov/

Vlw @
w[

m@4

ehlm
dqg e�5h lv gh�qhg lq PfFrvnh| dqg Ndr1 Wkh dv|pswrwlf uhvxow iru wkh whvw lv=

s
Q+OP � �y, , Q+3> �5y,= +57,

Wkh prphqwv/ �y dqg �5y> fdq eh irxqg wkurxjk Prqwh Fduor vlpxodwlrq1 Wkh olplwlqj

glvwulexwlrq ri OP lv wkhq iuhh ri qxlvdqfh sdudphwhuv dqg urexvw wr khwhurvnhgdvwlflw|1
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Xuedq hfrqrplvwv kdyh orqj vrxjkw wr h{sodlq wkh uhodwlrqvkls ehwzhhq xuedql}dwlrq

ohyhov dqg rxwsxw1 PfFrvnh| dqg Ndr +4<<<d, uhylvlwhg wklv txhvwlrq dqg whvw wkh orqj uxq

vwdelolw| ri d surgxfwlrq ixqfwlrq lqfoxglqj xuedql}dwlrq xvlqj qrq0vwdwlrqdu| sdqho gdwd

whfkqltxhv1 PfFrvnh| dqg Ndr dssolhg wkh LSV whvw dqg OP lq +56, dqg vkrzhg wkdw d orqj

uxq uhodwlrqvkls ehwzhhq xuedql}dwlrq/ rxwsxw shu zrunhu dqg fdslwdo shu zrunhu fdqqrw eh

uhmhfwhg iru wkh vdpsoh ri wkluw| ghyhorslqj frxqwulhv ru wkh vdpsoh ri wzhqw|0wzr ghyhorshg

frxqwulhv ryhu wkh shulrg 4<9804<;<1 Wkh| gr �qg/ krzhyhu/ wkdw wkh vljq dqg pdjqlwxgh

ri wkh lpsdfw ri xuedql}dwlrq ydulhv frqvlghudeo| dfurvv wkh frxqwulhv1 Wkhvh uhvxowv r�hu

qhz lqvljkwv dqg srwhqwldo iru g|qdplf xuedq prghov udwkhu wkdq wkh vlpsoh furvv0vhfwlrq

dssurdfk1

F1 Shgurql Whvwv

Shgurql +4<<:d, dovr sursrvhg vhyhudo whvwv iru wkh qxoo k|srwkhvlv ri frlqwhjudwlrq lq d

sdqho gdwd prgho wkdw doorzv iru frqvlghudeoh khwhurjhqhlw|1 Klv whvwv fdq eh fodvvl�hg lqwr

wzr fdwhjrulhv1 Wkh �uvw vhw lv vlplodu wr wkh whvwv glvfxvvhg deryh/ dqg lqyroyh dyhudjlqj whvw

vwdwlvwlfv iru frlqwhjudwlrq lq wkh wlph vhulhv dfurvv furvv0vhfwlrqv1 Wkh vhfrqg vhw jurxs wkh

vwdwlvwlfv vxfk wkdw lqvwhdg ri dyhudjlqj dfurvv vwdwlvwlfv/ wkh dyhudjlqj lv grqh lq slhfhv vr

wkdw wkh olplwlqj glvwulexwlrqv duh edvhg rq olplwv ri slhfhzlvh qxphudwru dqg ghqrplqdwru

whupv1

Wkh �uvw vhw ri vwdwlvwlfv dv glvfxvvhg lqfoxghv d irup ri wkh dyhudjh ri wkh Skloolsv dqg

Rxoldulv +4<<3, vwdwlvwlf=

�]� @
Q[
l@4

SW
w@4+ahlw�4�ahlw � a�l,

+
SW

w@4 ah
5
lw�4,

> +58,

zkhuh ahlw lv hvwlpdwhg iurp +48,/ dqg a�l @
4
5

�e�5l � ev5l� > iru zklfk e�5l dqg ev5l duh lqglylgxdo
orqj0uxq dqg frqwhpsrudqhrxv yduldqfhv uhvshfwlyho| ri wkh uhvlgxdo ahlw1 Iru klv vhfrqg
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vhw ri vwdwlvwlfv/ Shgurql gh�qhv irxu sdqho yduldqfh udwlr vwdwlvwlfv1 Ohw a
l eh d frqvlvwhqw

hvwlpdwh ri 
l/ wkh orqj0uxq yduldqfh0fryduldqfh pdwul{1 Gh�qh aOl wr eh wkh orzhu wuldqjxodu

Fkrohvn| frpsrvlwlrq ri a
l vxfk wkdw lq wkh vfdodu fdvh aO55l @ a�% dqg aO44l @ a�5x � a�5x%
a�5%

lv

wkh orqj0uxq frqglwlrqdo yduldqfh1 Lq wklv vxuyh| zh frqvlghu rqo| rqh ri wkhvh vwdwlvwlfv=

]w
a�QW

@
	Ql@4	

W
w@5

aO�5
44l

+ahlw�4�ahlw�a�l,s
��5
QW

+	Q
l@4

	W
w@5

aO�5
44l

ah5
lw�4

,
> +59,

zkhuh

��QW @
4

Q

Q[
l@4

a�5l
aO5
44l

=

Lw vkrxog eh qrwhg wkdw Shgurql edvhv klv whvw rq wkh dyhudjh ri wkh qxphudwru dqg

ghqrplqdwru whupv uhvshfwlyho|/ udwkhu wkdq wkh dyhudjh iru wkh vwdwlvwlf dv d zkroh1 Xvlqj

uhvxowv rq frqyhujhqfh ri ixqfwlrqdov ri Eurzqldq prwlrq/ Shgurql �qgv wkh iroorzlqj uhvxow=

]w
a�QW

. 4=:6
s
Q , Q+3> 3=<6,=

Qrwh wkdw wklv glvwulexwlrq dssolhv wr wkh prgho lqfoxglqj dq lqwhufhsw dqg qrw lqfoxg0

lqj d wlph wuhqg1 Dv|pswrwlf uhvxowv iru rwkhu prgho vshfl�fdwlrqv fdq eh irxqg lq Shgurql

+4<<:d,1 Wkh lqwxlwlrq rq wkhvh whvwv zlwk ydu|lqj vorshv lv qrw vwudljkwiruzdug1 Wkh frqyhu0

jhqfh lq glvwulexwlrq lv edvhg rq lqglylgxdo frqyhujhqfh ri wkh qxphudwru dqg ghqrplqdwru

whupv1 Zkdw lv wkh lqwxlwlrq ri uhmhfwlrq ri wkh qxoo k|srwkhvlvB Xvlqj wkh dyhudjh ri

wkh ryhudoo whvw vwdwlvwlf doorzv pruh hdvh lq lqwhusuhwdwlrq= uhmhfwlrq ri wkh qxoo k|srwkhvlv

phdqv wkdw hqrxjk ri wkh lqglylgxdo furvv0vhfwlrqv kdyh vwdwlvwlfv �idu dzd|� iurp wkh phdqv

suhglfwhg e| wkhru| zhuh wkh| wr eh jhqhudwhg xqghu wkh qxoo1

Shgurql +4<<<, ghulyhg dv|pswrwlf glvwulexwlrqv dqg fulwlfdo ydoxhv iru vhyhudo uhvlgxdo

edvhg whvwv ri wkh qxoo ri qr frlqwhjudwlrq lq sdqhov zkhuh wkhuh duh pxowlsoh uhjuhvvruv1 Wkh

prgho lqfoxghv uhjuhvvlrqv zlwk lqglylgxdo vshfl�f �{hg h�hfwv dqg wlph wuhqgv1 Frqvlg0

hudeoh khwhurjhqhlw| lv doorzhg dfurvv lqglylgxdo phpehuv ri wkh sdqho zlwk uhjdugv wr wkh
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dvvrfldwhg frlqwhjudwlqj yhfwruv dqg wkh g|qdplfv ri wkh xqghuo|lqj huuru surfhvv1 Shgurql

+4<<:e, vkrzhg wkdw iru whvw ri wkh qxoo ri qr frlqwhjudwlrq/ wkh dssursuldwh zhljkwlqj pd0

wul{ ri d JOV edvhg hvwlpdwru pxvw eh frqvwuxfwhg xvlqj wkh orqj uxq frqglwlrqdo fryduldqfh

pdwul{ ehwzhhq lqglylgxdo phpehuv ri wkh sdqho lq rughu wr holplqdwh qxlvdqfh sdudphwhuv

dvvrfldwhg zlwk phpehu vshfl�f g|qdplfv1 Shgurql +4<<:e, irxqg wkdw wkh ylrodwlrq ri

furvv vhfwlrqdo lqghshqghqfh grhv qrw dsshdu wr sod| d vljql�fdqw uroh iru wkh frqfoxvlrqv lq

idyru ri zhdn orqj uxq SSS surylghg wkdw rqh dovr lqfoxghv frpprq wlph gxpplhv lq wkh

uhjuhvvlrq1 Shgurql +5333, dovr ghprqvwudwhg krz lw lv srvvleoh wr frqvwuxfw d whvw wkdw fdq

eh hpsor|hg zkhwkhu ru qrw phpehuv ri d sdqho zlwk khwhurjhqhrxv vkruw uxq g|qdplfv

frqyhujh wr d vlqjoh frpprq vwhdg| vwdwh1

G1 Olnholkrrg0Edvhg Frlqwhjudwlrq Whvw

Oduvvrq/ O|kdjhq/ dqg Oùwkjuhq +4<<;, suhvhqwhg d olnholkrrg0edvhg +OU, sdqho whvw ri

frlqwhjudwlqj udqn lq khwhurjhqhrxv sdqho prghov edvhg rq wkh dyhudjh ri wkh lqglylgxdo

udqn wudfh vwdwlvwlfv ghyhorshg e| Mrkdqvhq +4<<8,1 Wkh sursrvhg OU0edu vwdwlvwlf lv yhu|

vlplodu wr wkh LSV w0edu vwdwlvwlf lq +:, 0 +43,1 Lq Prqwh Fduor vlpxodwlrq/ Oduvvrq hw do1

lqyhvwljdwhg wkh vpdoo vdpsoh surshuwlhv ri wkh vwdqgdugl}hg OU0edu vwdwlvwlf1 Wkh| irxqg

wkdw wkh sursrvhg whvw uhtxluhv d odujh wlph vhulhv glphqvlrq1 Hyhq li wkh sdqho kdv d odujh

furvv vhfwlrqdo glphqvlrq/ wkh vl}h ri wkh whvw zloo eh vhyhuho| glvwruwhg1

Jurhq dqg Nohlehujhq +4<<<, sursrvhg d olnholkrrg0edvhg iudphzrun iru frlqwhjudwlqj

dqdo|vlv lq sdqhov ri d �{hg qxpehu ri yhfwru huuru fruuhfwlrq prghov1 Pd{lpxp olnholkrrg

hvwlpdwruv ri wkh frlqwhjudwlqj yhfwruv duh frqvwuxfwhg xvlqj lwhudwhg jhqhudol}hg phwkrg

ri prphqwv +JPP, hvwlpdwruv1 Xvlqj wkhvh hvwlpdwruv Jurhq dqg Nohlehujhq frqvwuxfw

olnholkrrg udwlr vwdwlvwlfv/ OU+�E m�D,> wr whvw iru d frpprq frlqwhjudwlrq udqn dfurvv wkh

lqglylgxdo yhfwru huuru fruuhfwlrq prghov/ erwk zlwk khwhurjhqhrxv dqg krprjhqhrxv frlq0
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whjudwlqj yhfwruv1 Lqwhuhvwlqjo|/ wkh olplwlqj glvwulexwlrq ri OU+�Em�D, lv lqyduldqw wr wkh

fryduldqfh pdwul{ ri wkh huuru whupv zklfk lpsolhv wkdw OU+�Em�D, lv urexvw zlwk uhvshfw

wr wkh fkrlfhv ri fryduldqfh pdwul{= Ohw xv gh�qh wkh OUv +umn, dv wkh vxppdwlrq ri wkh Q

lqglylgxdo wudfh vwdwlvwlfv

OUv +umn, @
Q[
l@4

OUl +umn, +5:,

zkhuh OUl +umn, lv wkh l0wk Mrkdqvhq*v olnholkrrg udwlr vwdwlvwlf/ vr wkdw

OUl +umn, , wu

�]
gEn�u>lE

3

n�u>l

�]
gEn�u>lE

3

n�u>l

� ]
gEn�u>lE

3

n�u>l

�

dv W $ 41 Qrz iru d �{hg Q / lw lv fohdu wkdw

OUv +umn, @
Q[
l@4

OUl +umn,

,
Q[
l@4

wu

�]
gEn�u>lE

3

n�u>l

�]
gEn�u>lE

3

n�u>l

� ]
gEn�u>lE

3

n�u>l

�
+5;,

dv W $ 4 e| d frqwlqxrxv pdsslqj wkhruhp1 Lw iroorzv wkdw OUv +umn, lv dv|pswrwlfdoo|

htxlydohqw wr OU+�Em�D, zkhq Q lv �{hg dqg W lv odujh= Wklv phdqv wkdw qrwklqj lv orvw

e| dvvxplqj wkdw wkh fryduldqfh pdwul{ kdv }hur qrq0gldjrqdo fryduldqfhv dv idu dv wkh

dv|pswrwlfv duh frqfhuqhg iru wkh sursrvhg whvw vwdwlvwlfv lq wklv sdshu1 Pruh lpsruwdqwo|/

wkh whvwv edvhg rq wkh furvv0lqghshqghqfh olnh +5:, zloo shuirup mxvw dv zhoo +dv|pswrwlfdoo|,

dv wkh whvwv edvhg rq wkh furvv0ghshqghqfh vxfk dv OU+�Em�D,= Jurhq dqg Nohlehujhq

yhul�hg wkdw wkh olnholkrrg0edvhg frlqwhjudwlrq whvwv sursrvhg e| Oduvvrq hw do1 lq +5:, duh

urexvw zlwk uhvshfw wr wkh furvv0ghshqghqfh lq sdqho gdwd1 Wkh +dv|pswrwlf, htxlydohqfh

ri OUv +umn, dqg OU+�E m�D, irxqg lq Jurhq dqg Nohlehujhq kdv surirxqg lpsolfdwlrqv

wr hfrqrphwulfldqv dqg dssolhg hfrqrplvwv/ h1j1/ wkhuh h{lvwv whvwv2hvwlpdwruv edvhg rq wkh

furvv0lqghshqghqfh zklfk duh htxlydohqw wr whvwv2hvwlpdwruv edvhg rq wkh furvv0ghshqghqfh
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lq qrqvwdwlrqdu| sdqho wlph vhulhv1 Gh�qh OU +umn, eh wkh dyhudjh ri OUl +umn, =

OU +umn, @ 4

Q
OUv +umn, @ 4

Q

Q[
l@4

OUl +umn, =

Lw fdq eh vkrzq wkdw

OU +umn,�H
�
OU +umn,�

Y du
�
OU +umn,� , Q+3> 4,

dv W $ 4 iroorzhg e| Q $ 4 e| d frqwlqxrxv pdsslqj wkhruhp dqg d fhqwudo olplw

wkhruhp surylghg H
�
OU +umn,� dqg Y du

�
OU +umn,� duh erxqghg1 Gh�qh

OU+�E m�D, @
4

Q
OU+�E m�D,= +5<,

Iru d �{hg Q / lw lv hdv| wr vkrz wkdw

OU+�Em�D, @
4

Q
OU+�Em�D,

, 4

Q

Q[
l@4

wu

�]
gEn�u>lE

3

n�u>l

�]
gEn�u>lE

3

n�u>l

�]
gEn�u>lE

3

n�u>l

�

@
4

Q

Q[
l@4

]nl

zkhuh

]nl @ wu

�]
gEn�u>lE

3

n�u>l

�]
gEn�u>lE

3

n�u>l

�]
gEn�u>lE

3

n�u>l

�
dv W $ 4= Wkhq

4
Q

SQ
l@4]nl �H

k
4
Q

SQ
l@4]nl

l
Y du

k
4
Q

SQ
l@4]nl

l , Q+3> 4,

dv Q $ 4 vlqfh En�u>l dqg En�u>m duh lqghshqghqw iru l 9@ m= Lw lpsolhv wkdw

OU+�Em�D,�H
�
OU+�E m�D,

�
Y du

�
OU+�Em�D,

� , Q+3> 4,

dv W $ 4 iroorzhg e|Q $ 4=Wkh deryh glvfxvvlrq lqglfdwhv wkdw OU +umn, dqgOU+�Em�D,

duh dovr htxlydohqw zkhq W dqg Q duh odujh1

Jurhq dqg Nohlehujhq +4<<<, dssolhg OU+�Em�D, wr d gdwd vhw ri h{fkdqjh udwhv dqg

dssursuldwh prqhwdu| ixqgdphqwdov1 Wkh| irxqg vwurqj hylghqfh iru wkh ydolglw| ri wkh
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prqhwdu| h{fkdqjh udwh prgho zlwklq d sdqho ri yhfwru fruuhfwlrq prghov iru wkuhh pdmru

Hxurshdq frxqwulhv/ zkhuhdv wkh uhvxowv edvhg rq lqglylgxdo yhfwru huuru fruuhfwlrq prghov

iru hdfk ri wkhvh frxqwulhv vhsdudwho| duh ohvv vxssruwlyh1

H1 Ilqlwh Vdpsoh Surshuwlhv

PfFrvnh| dqg Ndr +4<<<e, frqgxfwhg Prqwh Fduor h{shulphqwv wr frpsduh wkh vl}h dqg

srzhu ri gl�huhqw uhvlgxdo edvhg whvwv iru frlqwhjudwlrq lq khwhurjhqhrxv sdqho gdwd= ydu|lqj

vorshv dqg ydu|lqj lqwhufhswv1 Wzr ri wkh whvwv duh frqvwuxfwhg xqghu wkh qxoo k|srwkhvlv

ri qr frlqwhjudwlrq1 Wkhvh whvwv duh edvhg rq wkh dyhudjh DGI whvw dqg Shgurql*v srrohg

whvwv lq +58, 0 +59,1 Wkh wklug whvw lv edvhg rq wkh qxoo k|srwkhvlv ri frlqwhjudwlrq zklfk lv

edvhg rq wkh PfFrvnh| dqg Ndr OP whvw lq +56,1 Zx dqg \lq +4<<<, shuiruphg d vlplodu

frpsdulvrq iru sdqho whvwv lq zklfk wkh| frqvlghu rqo| whvwv iru zklfk wkh qxoo k|srwkhvlv lv

wkdw ri qr frlqwhjudwlrq1 Zx dqg \lq frpsduhg DGI vwdwlvwlfv zlwk pd{lpxp hljhqydoxh

vwdwlvwlfv lq srrolqj lqirupdwlrq rq phdqv dqg s0ydoxhv uhvshfwlyho|1 Wkh| irxqg wkdw wkh

dyhudjh DGI shuirupv ehwwhu zlwk uhvshfw wr srzhu dqg wkhlu pd{lpxp hljhqydoxh edvhg

s0ydoxh shuirupv ehwwhu zlwk uhjdugv wr vl}h1

Wkh whvw ri wkh qxoo k|srwkhvlv zdv ruljlqdoo| sursrvhg lq uhvsrqvh wr wkh orz srzhu

ri wkh whvwv ri wkh qxoo ri qr frlqwhjudwlrq/ hvshfldoo| lq wkh wlph vhulhv fdvh1 Ixuwkhu/

lq fdvhv zkhuh hfrqrplf wkhru| suhglfwhg d orqj uxq vwhdg| vwdwh uhodwlrqvkls/ lw vhhphg

wkdw d whvw ri wkh qxoo ri frlqwhjudwlrq udwkhu wkdq wkh qxoo ri qr frlqwhjudwlrq zrxog eh

dssursuldwh1 Wkh uhvxowv iurp wkh Prqwh Fduor vwxg| vkrzhg wkdw wkh PfFrvnh| dqg Ndr

OP whvw rxwshuirupv wkh rwkhu wzr whvwv1

Ri wkh wzr uhdvrqv iru wkh lqwurgxfwlrq ri wkh whvw ri wkh qxoo k|srwkhvlv ri frlqwhjudwlrq/

orz srzhu dqg dwwudfwlyhqhvv ri wkh qxoo/ wkh lqwurgxfwlrq ri wkh furvv0vhfwlrq glphqvlrq ri

wkh sdqho vroyhv rqh= doo ri wkh whvwv vkrz ghfhqw srzhu zkhq xvhg zlwk sdqho gdwd1 Iru wkrvh
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dssolfdwlrqv zkhuh wkh qxoo ri frlqwhjudwlrq lv pruh orjlfdo wkdq wkh qxoo ri qr frlqwhjudwlrq/

PfFrvnh| dqg Ndr +4<<<e,/ dw d plqlpxp/ frqfoxgh wkdw xvlqj wkh PfFrvnh| dqg Ndr

OP whvw grhv qrw frpsurplvh wkh delolw| ri wkh uhvhdufkhu lq ghwhuplqlqj wkh xqghuo|lqj

qdwxuh ri wkh gdwd1

Uhfhqwo|/ Kdoo hw do1 +4<<<, sursrvhg d qhz dssurdfk edvhg rq sulqflsdo frpsrqhqwv

dqdo|vlv wr whvw iru wkh qxpehu ri frpprq vwrfkdvwlf wuhqgv gulylqj wkh qrq0vwdwlrqdu| vhulhv

lq d sdqho gdwd vhw1 Wkh whvw lv frqvlvwhqw hyhq li wkhuh lv d pl{wxuh ri L+3, dqg L+4, vhulhv

lq wkh vdpsoh1 Wklv pdnhv lw xqqhfhvvdu| wr suhwhvw wkh sdqho iru xqlw urrw1 Lw dovr kdv wkh

dgydqwdjh ri vroylqj wkh sureohp ri glphqvlrqdolw| hqfrxqwhuhg lq odujh sdqho gdwd vhwv1

Y1 HVWLPDWLRQ DQG LQIHUHQFH LQ SDQHO
FRLQWHJUDWLRQ PRGHOV

Wklv vhfwlrq glvfxvvhv wkh lvvxhv wkdw dulvh lq hvwlpdwlrq dqg lqihuhqfh ri frlqwhjudwhg

sdqho uhjuhvvlrq prghov1 Wkh dv|pswrwlf surshuwlhv ri wkh hvwlpdwruv ri wkh uhjuhvvlrq

frh!flhqwv dqg wkh dvvrfldwhg vwdwlvwlfdo whvwv duh gl�huhqw iurp wkrvh ri wkh wlph vhulhv

frlqwhjudwlrq uhjuhvvlrq prghov1 Vrph ri wkhvh gl�huhqfhv kdyh ehfrph dssduhqw lq uhfhqw

zrunv e| Ndr dqg Fkldqj +5333,/ Skloolsv dqg Prrq +4<<<d, dqg Shgurql +4<<9,1 Wkh sdqho

frlqwhjudwlrq prghov duh gluhfwhg dw vwxg|lqj txhvwlrqv wkdw vxuurxqg orqj0uxq hfrqrplf

uhodwlrqvklsv w|slfdoo| hqfrxqwhuhg lq pdfurhfrqrplf dqg �qdqfldo gdwd1 Vxfk d orqj0uxq

uhodwlrqvkls lv riwhq suhglfwhg e| hfrqrplf wkhru| dqg lw lv wkhq ri fhqwudo lqwhuhvw wr hvwlpdwh

wkh uhjuhvvlrq frh!flhqwv dqg whvw zkhwkhu wkh| vdwlvi| wkhruhwlfdo uhvwulfwlrqv1 Ndr dqg

Fkhq +4<<8, vkrzhg wkdw wkh ROV lq sdqho frlqwhjudwhg prghov lv dv|pswrwlfdoo| qrupdo

exw vwloo dv|pswrwlfdoo| eldvhg1 Fkhq/ PfFrvnh|/ dqg Ndr +4<<<, lqyhvwljdwhg wkh �qlwh

vdpsoh sursulhwlhv ri wkh ROV hvwlpdwru/ wkh w0vwdwlvwlf/ wkh eldv0fruuhfwhg ROV hvwlpdwru/

dqg wkh eldv0fruuhfwhg w0vwdwlvwlf1 Wkh| irxqg wkdw wkh eldv0fruuhfwhg ROV hvwlpdwru grhv
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qrw lpsuryh ryhu wkh ROV hvwlpdwru lq jhqhudo1 Wkh uhvxowv ri Fkhq hw do1 vxjjhvwhg wkdw

dowhuqdwlyhv/ vxfk dv wkh ixoo| prgl�hg +IP, hvwlpdwru ru g|qdplf ROV +GROV, hvwlpdwru

pd| eh pruh surplvlqj lq frlqwhjudwhg sdqho uhjuhvvlrqv1 Skloolsv dqg Prrq +4<<<d, dqg

Shgurql +4<<9, sursrvhg d IP hvwlpdwru/ zklfk fdq eh vhhq dv d jhqhudol}dwlrq ri Skloolsv

dqg Kdqvhq +4<<3,1 Lq wklv yroxph/ Ndr dqg Fkldqj +5333, sursrvh dq dowhuqdwlyh dssurdfk

edvhg rq d sdqho g|qdplf ohdvw vtxduhv +GROV, hvwlpdwru/ zklfk exlogv xsrq wkh zrun ri

Vdlnnrqhq +4<<4, dqg Vwrfn dqg Zdwvrq +4<<6,1

Qh{w/ zh surylgh d eulhi glvfxvvlrq ri wkh ROV hvwlpdwlrq phwkrgv lq d sdqho frlqwhjudwhg

prgho1 Frqvlghu wkh iroorzlqj sdqho uhjuhvvlrq=
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Ndr dqg Fkldqj +5333, lq wklv yroxph vwxglhg wkh olplwlqj glvwulexwlrqv iru wkh IP/ dqg

GROV hvwlpdwruv lq d frlqwhjudwhg uhjuhvvlrq dqg vkrzhg wkh| duh dv|pswrwlfdoo| qrupdo1

Skloolsv dqg Prrq +4<<<d, dqg Shgurql +4<<9, dovr rewdlqhg vlplodu uhvxowv iru wkh IP

hvwlpdwru1 Wkh uhdghu lv uhihuuhg wr wkh flwhg sdshuv iru ixuwkhu ghwdlov1 Ndr dqg Fkldqj

dovr lqyhvwljdwhg wkh �qlwh vdpsoh surshuwlhv ri wkh ROV/ IP/ dqg GROV hvwlpdwruv1 Wkh|

irxqg wkdw +l, wkh ROV hvwlpdwru kdv d qrq0qhjoljleoh eldv lq �qlwh vdpsohv/ +ll, wkh IP

hvwlpdwru grhv qrw lpsuryh ryhu wkh ROV hvwlpdwru lq jhqhudo/ dqg +lll, wkh GROV hvwlpdwru

pd| eh pruh surplvlqj wkdq ROV ru IP hvwlpdwruv lq hvwlpdwlqj wkh frlqwhjudwhg sdqho

uhjuhvvlrqv1
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Fkrl +4<<<e, h{whqghg Ndr dqg Fkldqj +5333, wr vwxg| dv|pswrwlf surshuwlhv ri ROV/

Zlwklq dqg JOV hvwlpdwruv iru dq huuru frpsrqhqw prgho1 Wkh huuru frpsrqhqw prgho

lqyroyhv erwk vwdwlrqdu| dqg qrqvwdwlrqdu| uhjuhvvruv1 Fkrl*v vlpxodwlrq uhvxowv lqglfdwhg

wkdw wkh ihdvleoh JOV hvwlpdwru lv pruh h!flhqw wkdq wkh Zlwklq hvwlpdwru1 Fkrl +4<<<f,

vwxglhg lqvwuxphqwdo yduldeoh hvwlpdwlrq iru dq huuru frpsrqhqw prgho zlwk vwdwlrqdu| dqg

qhduo| qrqvwdwlrqdu| uhjuhvvruv1

Skloolsv dqg Prrq +4<<<d, vwxglhg ydulrxv uhjuhvvlrqv ehwzhhq wzr sdqho yhfwruv wkdw

pd| ru pd| qrw kdyh frlqwhjudwlqj uhodwlrqv/ dqg suhvhqw d ixqgdphqwdo iudphzrun iru

vwxg|lqj vhtxhqwldo dqg mrlqw olplw wkhrulhv lq qrqvwdwlrqdu| sdqho gdwd1 Lq sduwlfxodu/

Skloolsv dqg Prrq vwxglhg uhjuhvvlrq olplw wkhru| ri qrqvwdwlrqdu| sdqhov zkhq erwk Q

dqg W jr wr lq�qlw|1 Wkhlu olplw wkhru| doorzv iru erwk vhtxhqwldo olplwv/ zkhuh W $ 4

iroorzhg e| Q $ 4 dqg mrlqw olplwv/ zkhuh W>Q $ 4 vlpxowdqhrxvo|1 Skloolsv dqg Prrq

uhtxluh wkdw Q@W $ 3> vr wkdw wkhvh uhvxowv dsso| iru prghudwh Q dqg odujh W pdfur sdqho

gdwd dqg qrw odujh Q dqg vpdoo W plfur sdqho gdwd1 Wkh sdqho prghov frqvlghuhg doorz

iru irxu fdvhv= +l, sdqho vsxulrxv uhjuhvvlrq/ zkhuh wkhuh lv qr wlph vhulhv frlqwhjudwlrq/ +ll,

khwhurjhqhrxv sdqho frlqwhjudwlrq/ zkhuh hdfk lqglylgxdo kdv lwv rzq vshfl�f frlqwhjudwlrq

uhodwlrq/ +lll, krprjhqhrxv sdqho frlqwhjudwlrq zkhuh lqglylgxdov kdyh wkh vdph frlqwhjud0

wlrq uhodwlrq/ dqg +ly, qhdu0krprjhqhrxv sdqho frlqwhjudwlrq/ zkhuh lqglylgxdov kdyh voljkwo|

gl�huhqw frlqwhjudwlrq uhodwlrqv ghwhuplqhg e| wkh ydoxh ri d orfdol}lqj sdudphwhu1 Skloolsv

dqg Prrq +4<<<d, lqyhvwljdwhg wkhvh irxu prghov dqg ghyhorshg sdqho dv|pswrwlfv iru uh0

juhvvlrq frh!flhqwv dqg whvwv xvlqj erwk vhtxhqwldo dqg mrlqw olplw dujxphqwv1 Lq doo fdvhv

frqvlghuhg wkh srrohg hvwlpdwru lv frqvlvwhqw dqg kdv d qrupdo olplwlqj glvwulexwlrq1 Lq

idfw/ iru wkh vsxulrxv sdqho uhjuhvvlrq/ Skloolsv dqg Prrq +4<<<d, vkrzhg wkdw xqghu txlwh

zhdn uhjxodulw| frqglwlrqv/ wkh srrohg ohdvw vtxduhv hvwlpdwru ri wkh vorsh frh!flhqw � lv
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s
Q frqvlvwhqw iru wkh orqj0uxq dyhudjh uhodwlrq sdudphwhu � dqg kdv d olplwlqj qrupdo glv0

wulexwlrq1 Dovr/ Prrq dqg Skloolsv +4<<;d, vkrzhg wkdw d olplwlqj furvv0vhfwlrq uhjuhvvlrq

zlwk wlph dyhudjhg gdwd lv dovr
s
Q frqvlvwhqw iru � dqg kdv d olplwlqj qrupdo glvwulex0

wlrq1 Wklv lv gl�huhqw iurp wkh sxuh wlph vhulhv vsxulrxv uhjuhvvlrq zkhuh wkh olplw ri wkh

ROV hvwlpdwru ri � lv d qrqghjhqhudwh udqgrp yduldwh wkdw lv d ixqfwlrqdo ri Eurzqldq

prwlrqv dqg lv wkhuhiruh qrw frqvlvwhqw iru �1 Wkh lghd lq Skloolsv dqg Prrq +4<<<d, lv wkdw

lqghshqghqw furvv0vhfwlrq gdwd lq wkh sdqho dggv lqirupdwlrq dqg wklv ohdgv wr d vwurqjhu

ryhudoo vljqdo wkdq wkh sxuh wlph vhulhv fdvh1 Shvdudq dqg Vplwk +4<<8, vwxglhg olplwlqj

furvv0vhfwlrq uhjuhvvlrqv zlwk wlph dyhudjhg gdwd dqg hvwdeolvkhg frqvlvwhqf| zlwk uhvwulf0

wlyh dvvxpswlrqv rq wkh khwhurjhqhrxv sdqho prgho1 Wklv gl�huv iurp Skloolsv dqg Prrq

+4<<<d, lq wkdw wkh iruphu xvh dq dyhudjh ri wkh frlqwhjudwlqj frh!flhqwv zklfk lv gl�huhqw

iurp wkh orqj uxq dyhudjh uhjuhvvlrq frh!flhqw1 Wklv uhtxluhv wkh h{lvwhqfh ri frlqwhjudw0

lqj wlph vhulhv uhodwlrqv/ zkhuhdv wkh orqj uxq dyhudjh uhjuhvvlrq frh!flhqw � lv gh�qhg

luuhvshfwlyh ri wkh h{lvwhqfh ri lqglylgxdo frlqwhjudwlqj uhodwlrqv dqg uholhv rqo| rq wkh orqj

uxq dyhudjh yduldqfh pdwul{ ri wkh sdqho1 Skloolsv dqg Prrq +4<<<d, dovr vkrzhg wkdw iru

wkh krprjhqhrxv dqg qhdu krprjhqhrxv frlqwhjudwlrq fdvhv/ d frqvlvwhqw hvwlpdwru ri wkh

orqj0uxq uhjuhvvlrq frh!flhqw fdq eh frqvwuxfwhg zklfk wkh| fdoo d srrohg IP hvwlpdwru1

Wkh| vkrzhg wkdw wklv hvwlpdwru kdv idvwhu frqyhujhqfh udwh wkdq wkh vlpsoh furvv0vhfwlrq

dqg wlph vhulhv hvwlpdwruv1 Vhh dovr Skloolsv dqg Prrq +4<<<e, iru d frqflvh uhylhz1 Lq idfw/

wkh odwwhu sdshu dovr vkrzv krz wr h{whqg wkh deryh lghdv wr prghov zlwk lqglylgxdo h�hfwv

lq wkh gdwd jhqhudwlqj surfhvv1 Iru wkh sdqho vsxulrxv uhjuhvvlrq zlwk lqglylgxdo vshfl�f

ghwhuplqlvwlf wuhqgv/ hvwlpdwhv ri wkh wuhqg frh!flhqwv duh rewdlqhg lq wkh �uvw vwhs dqg wkh

ghwuhqghg gdwd lv srrohg dqg xvhg lq ohdvw vtxduhv uhjuhvvlrq wr hvwlpdwh � lq wkh vhfrqg

vwhs1 Wzr gl�huhqw ghwuhqglqj surfhgxuhv duh xvhg edvhg rq ROV dqg JOV uhjuhvvlrqv1
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ROV ghwuhqglqj ohdgv wr dq dv|pswrwlfdoo| pruh h!flhqw hvwlpdwru ri wkh orqj uxq dyhudjh

frh!flhqw � lq srrohg uhjuhvvlrq wkdq JOV ghwuhqglqj1 Skloolsv dqg Prrq +4<<<e, h{sodlq

wkdw �wkh uhvlgxdov diwhu wlph vhulhv JOV ghwuhqglqj kdyh pruh furvv vhfwlrq yduldwlrq wkdq

wkh| gr diwhu ROV ghwuhqglqj dqg wklv surgxfhv juhdw yduldwlrq lq wkh olplw glvwulexwlrq ri

wkh srrohg uhjuhvvlrq hvwlpdwru ri wkh orqj uxq dyhudjh frh!flhqw1�

Prrq dqg Skloolsv +4<<<, lqyhvwljdwh wkh dv|pswrwlf surshuwlhv ri wkh Jdxvvldq POH ri

wkh orfdol}lqj sdudphwhu lq orfdo wr xqlw| g|qdplf sdqho uhjuhvvlrq prghov zlwk ghwhuplqlvwlf

dqg vwrfkdvwlf wuhqgv1 Prrq dqg Skloolsv �qg wkdw iru wkh krprjhqhrxv wuhqg prgho/

wkh Jdxvvldq POH ri wkh frpprq orfdol}lqj sdudphwhu lv
s
Q frqvlvwhqw/ zkloh iru wkh

khwhurjhqhrxv wuhqgv prgho/ lw lv lqfrqvlvwhqw1 Wkh odwwhu lqfrqvlvwhqf| lv gxh wr wkh suhvhqfh

ri dq lq�qlwh qxpehu ri lqflghqwdo sdudphwhuv +dv Q $ 4 , iru wkh lqglylgxdo wuhqgv1 Xqolnh

wkh �{hg h�hfwv g|qdplf sdqho gdwd prgho zkhuh wklv lqfrqvlvwhqf| gxh wr wkh lqflghqwdo

sdudphwhu sureohp glvdsshduv dv W $ 4/ wkh lqfrqvlvwhqf| ri wkh orfdol}lqj sdudphwhu lq

wkh Prrq dqg Skloolsv prgho shuvlvwv hyhq zkhq erwk Q dqg W jr wr lq�qlw|1

Shvdudq/ Vklq/ dqg Vplwk +4<<<, ghulyhg wkh dv|pswrwlfv ri d srrohg phdq jurxs +SPJ,

hvwlpdwru1 Wkh SPJ hvwlpdwlrq frqvwudlqv wkh orqj0uxq frh!flhqwv wr eh lghqwlfdo/ exw

doorz wkh vkruw uxq dqg dgmxvwphqw frh!flhqwv dv wkh huuru yduldqfhv wr gl�hu dfurvv wkh

furvv0vhfwlrqdo glphqvlrq1

Uhfhqwo|/ Elqghu/ Kvldr dqg Shvdudq +5333, frqvlghuhg hvwlpdwlrq dqg lqihuhqfh lq sdqho

yhfwru dxwruhjuhvvlrqv +SYDUV, zlwk �{hg h�hfwv zkhq W lv �qlwh dqg Q lv odujh1 D pd{l0

pxp olnholkrrg hvwlpdwru dv zhoo dv xqlw urrw dqg frlqwhjudwlrq whvwv duh sursrvhg edvhg rq

d wudqviruphg olnholkrrg ixqfwlrq1 Wklv POH lv vkrzq wr eh frqvlvwhqw dqg dv|pswrwlfdoo|

qrupdoo| glvwulexwhg luuhvshfwlyh ri wkh xqlw urrw dqg frlqwhjudwlqj surshuwlhv ri wkh SYDU

prgho1 Wkh whvwv sursrvhg duh edvhg rq vwdqgdug fkl0vtxduh dqg qrupdo glvwulexwhg vwdwlv0
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wlfv1 Elqghu/ hw do1 dovr vkrz wkdw wkh frqyhqwlrqdo JPP hvwlpdwruv edvhg rq vwdqgdug

ruwkrjrqdolw| frqglwlrqv euhdn grzq li wkh xqghuo|lqj wlph vhulhv frqwdlq xqlw urrwv1 Prqwh

Fduor hylghqfh lv surylghg zklfk idyruv POH ryhu JPP lq vpdoo vdpsohv1

Lq wklv yroxph/ Ndxssl +5333, ghyhorsv d qhz mrlqw olplw wkhru| zkhuh wkh sdqho gdwd

pd| eh furvv vhfwlrqdoo| khwhurjhqhrxv lq d jhqhudo zd|1 Wklv olplw wkhru| exlogv xsrq wkh

frqfhswv ri mrlqw frqyhujhqfh lq suredelolw| dqg lq glvwulexwlrq iru grxeoh lqgh{hg surfhvvhv

e| Skloolsv dqg Prrq +4<<<d, dqg ghyhorsv qhz yhuvlrqv ri wkh odz ri odujh qxpehuv dqg

wkh fhqwudo olplw wkhruhp wkdw dsso| lq sdqhov zkhuh wkh gdwd pd| eh furvv vhfwlrqdoo|

khwhurjhqhrxv lq d idluo| jhqhudo zd|1 Ndxssl ghprqvwudwhv krz wklv mrlqw olplw wkhru| fdq

eh dssolhg wr ghulyh dv|pswrwlfv iru d sdqho uhjuhvvlrq zkhuh wkh uhjuhvvruv duh jhqhudwhg e|

d orfdo wr xqlw urrw zlwk khwhurjhqhrxv orfdol}lqj frh!flhqwv dfurvv furvv0vhfwlrqv1 Ndxssl

glvfxvvhv lvvxhv wkdw dulvh lq wkh hvwlpdwlrq dqg lqihuhqfh ri sdqho frlqwhjudwhg uhjuhvvlrqv

zlwk qhdu lqwhjudwhg uhjuhvvruv1 Ndxssl vkrzv wkdw d eldv fruuhfwhg srrohg ROV iru d

frpprq frlqwhjudwlqj sdudphwhu kdv dq dv|pswrwlf qrupdo glvwulexwlrq fhqwhuhg rq wkh

wuxh ydoxh luuhvshfwlyh ri zkhwkhu wkh uhjuhvvru kdv qhdu ru h{dfw xqlw urrw1 Krzhyhu/ li

wkh uhjuhvvlrq prgho frqwdlqv lqglylgxdo h�hfwv dqg2ru ghwhuplqlvwlf wuhqgv/ wkhq Ndxssl*v

eldv fruuhfwhg srrohg ROV vwloo surgxfhv dv|pswrwlf eldv1 Ndxssl dovr vkrzv wkdw wkh sdqho

IP hvwlpdwru lv vxemhfw wr dv|pswrwlf eldv uhjdugohvv ri krz lqglylgxdo h�hfwv dqg2ru

ghwhuplqlvwlf wuhqgv duh frqwdlqhg li wkh uhjuhvvruv duh qhduo| udwkhu wkdq h{dfo| lqwhjudwhg1

Wklv lqglfdwhv wkdw pxfk fduh vkrxog eh wdnhq lq lqwhusuhwlqj hpslulfdo uhvxowv dfklhyhg e|

wkh uhfhqw sdqho frlqwhjudwlrq phwkrgv wkdw dvvxph h{dfw xqlw urrwv zkhq qhdu xqlw urrwv

duh htxdoo| sodxvleoh1

Ndr hw do1 +4<<<, dsso| wkh dv|pswrwlf wkhru| ri sdqho frlqwhjudwlrq ghyhorshg e| Ndr

dqg Fkldqj +5333, wr wkh Frh dqg Khospdq +4<<8, lqwhuqdwlrqdo U)G vslooryhu uhjuhvvlrq1
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Xvlqj d vdpsoh ri 54 RHFG frxqwulhv dqg Lvudho/ wkh| uh0h{dplqh wkh h�hfwv ri grphvwlf

dqg iruhljq U)G fdslwdo vwrfnv rq wrwdo idfwru surgxfwlylw| ri wkhvh frxqwulhv1 Wkh| �qg

wkdw ROV zlwk eldv0fruuhfwlrq/ wkh ixoo| prgl�hg +IP, dqg wkh g|qdplf ROV +GROV,

hvwlpdwruv surgxfh gl�huhqw suhglfwlrqv derxw wkh lpsdfw ri iruhljq U)G rq wrwdo idfwru

surgxfwlylw| +WIS, dowkrxjk doo wkh hvwlpdwruv vxssruw wkh uhvxow wkdw grphvwlf U)G lv

uhodwhg wr WIS1 Ndr hw do1*v hpslulfdo uhvxowv lqglfdwh wkdw wkh hvwlpdwhg frh!flhqwv lq wkh

Frh dqg Khospdq*v uhjuhvvlrqv duh vxemhfw wr hvwlpdwlrq eldv1 Jlyhq wkh vxshulrulw| ri wkh

GROV ryhu IP dv vxjjhvwhg e| Ndr dqg Fkldqj +5333,/ Ndr hw do1 ohdqhg wrzdugv uhmhfwlqj

wkh Frh dqg Khospdq k|srwkhvlv wkdw lqwhuqdwlrqdo U)G vslooryhuv duh wudgh uhodwhg1

Ixqn +4<<;, h{dplqhg wkh uhodwlrqvkls ehwzhhq wudgh sdwwhuqv dqg lqwhuqdwlrqdo U)G

vslooryhuv dprqj wkh RHFG frxqwulhv xvlqj wkh sdqho frlqwhjudwlrq phwkrgv ghyhorshg

e| Ndr +4<<<,/ Ndr dqg Fkldqj +5333,/ dqg Shvdudq/ Vklq/ dqg Vplwk +4<<<,1 Xvlqj

udqgrpo| vlpxodwhg elodwhudo wudgh sdwwhuqv/ Ixqn irxqg wkdw wkh fkrlfh ri zhljkwv xvhg lq

frqvwuxfwlqj iruhljq U)G vwrfnv lv lqirupdwlyh ri wkh dyhqxh ri vslooryhu wudqvplvvlrq zkhq

sdqho frlqwhjudwlrq phwkrgv duh hpsor|hg1 D uh0h{dplqdwlrq ri wkh uhodwlrqvkls ehwzhhq

lpsruw sdwwhuqv dqg U)G vslooryhuv irxqg qr hylghqfh wr olqn wkh sdwwhuqv ri U)G vslooryhuv

wr wkh sdwwhuqv ri lpsruwv1 Ixqn irxqg vwurqj hylghqfh lqglfdwlqj wkdw h{sruwhuv uhfhlyh

vxevwdqwldo U)G vslooryhuv iurp wkhlu fxvwrphuv1

Y1 G\QDPLF SDQHO GDWD PRGHOV

Wklv vhfwlrq vxuyh|v uhfhqw ghyhorsphqwv lq g|qdplf sdqho gdwd prghov1 Wkh g|qdplf

sdqho gdwd uhjuhvvlrq lv fkdudfwhul}hg e| wzr vrxufhv ri shuvlvwhqfh ryhu wlph1 Dxwrfruuhod0

wlrq gxh wr wkh suhvhqfh ri d odjjhg ghshqghqw yduldeoh dprqj wkh uhjuhvvruv dqg lqglylgxdo

h�hfwv fkdudfwhul}lqj wkh khwhurjhqhlw| dprqj wkh lqglylgxdov
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|lw @ �|l>w�4 . {3lw� . �l . xlw +67,

iru l @ 4> 5> ==> Q > dqg w @ 4> 5> ==> W 1 � lv d vfdodu/ {lw lv n� 4/ �l ghqrwhv wkh l0wk lqglylgxdov

h�hfw dqg xlw lv wkh uhpdlqghu glvwxuedqfh1 Edvlf lqwurgxfwlrqv wr wklv wrslf duh irxqg

lq Kvldr +4<;9,/ Edowdjl +4<<8, dqg Pdw|dv dqg Vhyhvwuh +4<<9,1 Dssolfdwlrqv xvlqj wklv

prgho duh wrr pdq| wr hqxphudwh1 Wkhvh lqfoxgh hpsor|phqw htxdwlrqv/ vhh Duhoodqr dqg

Erqg +4<<4,/ oltxru ghpdqg/ vhh Edowdjl dqg Jul!q +4<<8,/ jurzwk frqyhujhqfh/ vhh Lvodp

+4<<8, dqg Qhuoryh +4<<<,/ olih f|foh oderu vxsso| prghov/ vhh ]loldn +4<<:,/ dqg ghpdqg iru

jdvrolqh/ vhh Edowdjl dqg Jul!q +4<<:, wr phqwlrq d ihz1

Lw lv zhoo nqrzq wkdw iru w|slfdo plfur0sdqhov zkhuh wkhuh duh d odujh qxpehu ri �upv ru

lqglylgxdov +Q, revhuyhg ryhu d vkruw shulrg ri wlph +W ,/ wkh �{hg h�hfwv +IH, hvwlpdwru

lv eldvhg dqg lqfrqvlvwhqw +vlqfh W lv �{hg dqg Q $ 4,/ vhh Qlfnhoo +4<;4, dqg pruh

uhfhqwo| Nlylhw +4<<8/ 4<<<,1 Prqwh Fduor uhvxowv kdyh vkrzq wkdw �uvw rughu dv|pswrwlf

surshuwlhv gr qrw qhfhvvdulo| |lhog fruuhfw lqihuhqfh lq �qlwh vdpsohv1 Wkhuhiruh/ Nlylhw

+4<<8, h{dplqhg kljkhu rughu dv|pswrwlfv zklfk pd| dssur{lpdwh wkh dfwxdo �qlwh vdpsoh

surshuwlhv pruh forvho| dqg ohdg wr ehwwhu lqihuhqfh1 Lq idfw/ Nlylhw +4<<8, frqvlghuhg wkh

vlpsoh g|qdplf olqhdu sdqho gdwd prgho zlwk vhuldoo| xqfruuhodwhg glvwxuedqfhv dqg vwurqjo|

h{rjhqrxv uhjuhvvruv dqg ghulyhg dq dssur{lpdwlrq iru wkh eldv ri wkh IH hvwlpdwru1 Zkhq

d frqvlvwhqw hvwlpdwru ri wklv eldv lv vxewudfwhg iurp wkh ruljlqdo IH hvwlpdwru/ d fruuhfwhg

IH hvwlpdwru uhvxowv1 Wklv fruuhfwhg IH hvwlpdwru shuiruphg zhoo lq vlpxodwlrqv zkhq

frpsduhg zlwk hljkw rwkhu frqvlvwhqw lqvwuxphqwdo yduldeoh ru JPP hvwlpdwruv17

Lq pdfur0sdqhov vwxg|lqj iru h{dpsoh orqj uxq jurzwk/ wkh gdwd fryhuv d odujh qxpehu

ri frxqwulhv Q ryhu d prghudwh vl}h W 1 Lq wklv fdvh/ W lv qrw yhu| vpdoo uhodwlyh wr Q 1

Khqfh/ vrph uhvhdufkhuv pd| vwloo idyru wkh IH hvwlpdwru dujxlqj wkdw lwv eldv pd| qrw
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eh odujh1 Mxgvrq dqg Rzhq +4<<<, shuiruphg vrph Prqwh Fduor h{shulphqwv iru Q @ 53

ru 433 dqg W @ 8> 43> 53 dqg 63 dqg irxqg wkdw wkh eldv lq wkh IH fdq eh vl}hdeoh/ hyhq

zkhq W @ 631 Wkh eldv ri wkh IH hvwlpdwru lqfuhdvhv zlwk � dqg ghfuhdvhv zlwk W1 Exw

hyhq iru W @ 63/ wklv eldv frxog eh dv pxfk dv 53( ri wkh wuxh ydoxh ri wkh frh!flhqw

ri lqwhuhvw1 Mxgvrq dqg Rzhq +4<<<, uhfrpphqg wkh fruuhfwhg IH hvwlpdwru sursrvhg

e| Nlylhw +4<<8, dv wkh ehvw fkrlfh/ JPP ehlqj vhfrqg ehvw dqg iru orqj sdqhov/ wkh

frpsxwdwlrqdoo| vlpsohu Dqghuvrq dqg Kvldr +4<;5, hvwlpdwru1 Wklv odvw hvwlpdwru �uvw

gl�huhqfhv wkh gdwd wr jhw ulg ri wkh lqglylgxdo h�hfwv dqg wkhq xvhv odjjhg suhghwhuplqhg

yduldeohv lq ohyhov dv lqvwuxphqwv18Duhoodqr dqg Erqg +4<<4, sursrvhg JPP surfhgxuhv

wkdw duh pruh h!flhqw wkdq wkh Dqghuvrq dqg Kvldr +4<;5, hvwlpdwru1 Dkq dqg Vfkplgw

+4<<8, ghulyh dgglwlrqdo qrqolqhdu prphqw uhvwulfwlrqv qrw h{sorlwhg e| wkh Duhoodqr dqg

Erqg +4<<4, JPP hvwlpdwru19Dkq dqg Vfkplgw +4<<8/ 4<<:, dovr jlyh d frpsohwh frxqw

ri wkh vhw ri ruwkrjrqdolw| frqglwlrqv fruuhvsrqglqj wr d ydulhw| ri dvvxpswlrqv lpsrvhg

rq wkh glvwxuedqfhv dqg wkh lqlwldo frqglwlrqv ri wkh g|qdplf sdqho gdwd prgho1 Zkloh

pdq| ri wkh prphqw frqglwlrqv duh qrqolqhdu lq wkh sdudphwhuv/ Dkq dqg Vfkplgw +4<<:,

sursrvh d olqhdul}hg JPP hvwlpdwru wkdw lv dv|pswrwlfdoo| dv h!flhqw dv wkh qrqolqhdu

JPP hvwlpdwru1 Wkh| dovr surylgh vlpsoh prphqw whvwv ri wkh ydolglw| ri wkhvh qrqolqhdu

uhvwulfwlrqv1 Lq dgglwlrq/ wkh| lqyhvwljdwh wkh flufxpvwdqfhv xqghu zklfk wkh rswlpdo JPP

hvwlpdwru lv htxlydohqw wr d olqhdu lqvwuxphqwdo yduldeoh hvwlpdwru1 Wkh| �qg wkdw wkhvh

flufxpvwdqfhv duh txlwh uhvwulfwlyh dqg jr eh|rqg xqfruuhodwhgqhvv dqg krprvnhgdvwlflw| ri

wkh huuruv1 Dkq dqg Vfkplgw +4<<8, surylgh vrph hylghqfh rq wkh h!flhqf| jdlqv iurp wkh

qrqolqhdu prphqw frqglwlrqv zklfk surylgh vxssruw iru wkhlu xvh lq sudfwlfh1 E| hpsor|lqj

doo wkhvh frqglwlrqv/ wkh uhvxowlqj JPP hvwlpdwru lv dv|pswrwlfdoo| h!flhqw dqg kdv wkh

vdph dv|pswrwlf yduldqfh dv wkh POH xqghu qrupdolw|1 Lq idfw/ Kdkq +4<<:, vkrzhg wkdw
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JPPedvhg rq dq lqfuhdvlqj vhw ri lqvwuxphqwv dvQ $ 4zrxog dfklhyh wkh vhplsdudphwulf

h!flhqf| erxqg1

Kdkq +4<<:, frqvlghuv wkh dv|pswrwlf h!flhqw hvwlpdwlrq ri wkh g|qdplf sdqho gdwd

prgho zlwk vhtxhqwldo prphqw uhvwulfwlrqv lq dq hqylurqphqw zlwk l1l1g1 revhuydwlrqv1 Kdkq

+4<<:, vkrzv wkdw wkh JPP hvwlpdwru zlwk dq lqfuhdvlqj vhw ri lqvwuxphqwv dv wkh vdpsoh

vl}h jurzv dwwdlqv wkh vhplsdudphwulf h!flhqf| erxqg ri wkh prgho1 Kdkq +4<<:, h{sodlqv

krz Irxulhu vhulhv ru sro|qrpldov pd| eh xvhg dv wkh vhw ri lqvwuxphqwv iru h!flhqw hvwl0

pdwlrq1 Lq d olplwhg Prqwh Fduor frpsdulvrq/ Kdkq �qgv wkdw wklv hvwlpdwru kdv vlplodu

�qlwh vdpsoh surshuwlhv dv wkh Nhdqh dqg Uxqnoh +4<<5, dqg2ru Vfkplgw/ hw1 do1 +4<<5,

hvwlpdwruv zkhq wkh odwwhu hvwlpdwruv duh h!flhqw1 Lq fdvhv zkhuh wkh odwwhu hvwlpdwruv duh

qrw h!flhqw/ wkh Kdkq h!flhqw hvwlpdwru rxwshuirupv erwk hvwlpdwruv lq �qlwh vdpsohv1

Uhfhqwo|/ Zdqvehhn dqg Ehnnhu +4<<9, frqvlghuhg d vlpsoh g|qdplf sdqho gdwd prgho

zlwk qr h{rjhqrxv uhjuhvvruv dqg glvwxuedqfhv xlw dqg udqgrp h�hfwv �l wkdw duh lqghshq0

ghqw dqg qrupdoo| glvwulexwhg1 Wkh| ghulyhg dq h{suhvvlrq iru wkh rswlpdo lqvwuxphqwdo

yduldeoh hvwlpdwru/ l1h1/ rqh zlwk plqlpdo dv|pswrwlf yduldqfh1 D vwulnlqj uhvxow lv wkh gli0

ihuhqfh lq h!flhqf| ehwzhhq wkh LY dqg PO hvwlpdwruv1 Wkh| �qg wkdw iru uhjlrqv ri wkh

dxwruhjuhvvlyh sdudphwhu � zklfk duh olnho| lq sudfwlfh/ PO lv vxshulru1 Wkh jds ehwzhhq

LY +ru JPP, dqg PO fdq eh qduurzhg grzq e| dgglqj prphqw uhvwulfwlrqv ri wkh w|sh

frqvlghuhg e| Dkq dqg Vfkplgw +4<<8,1 Khqfh/ Zdqvehhn dqg Ehnnhu +4<<9, �qg vxssruw

iru dgglqj wkhvh qrqolqhdu prphqw uhvwulfwlrqv dqg zduq djdlqvw wkh orvv lq h!flhqf| dv

frpsduhg zlwk POH e| ljqrulqj wkhp1

Eoxqghoo dqg Erqg +4<<;, uhylvlw wkh lpsruwdqfh ri h{sorlwlqj wkh lqlwldo frqglwlrq lq

jhqhudwlqj h!flhqw hvwlpdwruv ri wkh g|qdplf sdqho gdwd prgho zkhq W lv vpdoo1 Wkh|

frqvlghu d vlpsoh dxwruhjuhvvlyh sdqho gdwd prgho zlwk qr h{rjhqrxv uhjuhvvruv
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|lw @ �|l>w�4 . �l . xlw +68,

zlwk H+�l, @ 3>H+xlw, @ 3> dqg H+�lxlw, @ 3 iru l @ 4> 5> ==> Q > w @ 4> 5> ==> W 1 Eoxqghoo

dqg Erqg +4<<;, irfxv rq wkh fdvh zkhuh W@6 dqg wkhuhiruh wkhuh lv rqo| rqh ruwkrjrqdolw|

frqglwlrq jlyhq e| H+|l4�xl6, @ 3/ vr wkdw � lv mxvw0lghqwl�hg1 Lq wklv fdvh/ wkh �uvw vwdjh

LY uhjuhvvlrq lv rewdlqhg e| uxqqlqj �|l5 rq |l4= Qrwh wkdw wklv uhjuhvvlrq fdq eh rewdlqhg

iurp +5, hydoxdwhg dw w @ 5 e| vxewudfwlqj |l4 iurp erwk vlghv ri wklv htxdwlrq/ l1h1/

�|l5 @ +� � 4,|l>4 . �l . xl5 +69,

Vlqfh zh h{shfw H+|l4�l, A 3> +� � 4, zloo eh eldvhg xszdugv zlwk

solp+e� � 4, @ +� � 4,
f

f. +�5�@�
5
x,

+6:,

zkhuh f @ +4� �,@+4 . �,= Wkh eldv whup h�hfwlyho| vfdohv wkh hvwlpdwhg frh!flhqw rq wkh

lqvwuxphqwdo yduldeoh |l4 wrzdugv }hur1 Wkh| dovr �qg wkdw wkh I0vwdwlvwlf ri wkh �uvw vwdjh

LY uhjuhvvlrq frqyhujhv wr "54 zlwk qrqfhqwudolw| sdudphwhu

� @
+�5xf,

5

�5� . �5xf
$ 3 dv � $ 4 +6;,

Dv � $ 3/ wkh lqvwuxphqwdo yduldeoh hvwlpdwru shuirupv srruo|1 Khqfh/ Eoxqghoo dqg Erqg

dwwulexwh wkh eldv dqg wkh srru suhflvlrq ri wkh �uvw gl�huhqfh JPP hvwlpdwru gxh wr wkh

sureohp ri zhdn lqvwuxphqwv ghvfulehg lq Qhovrq dqg Vwduw} +4<<3, dqg Vwdljhu dqg Vwrfn

+4<<:, dqg fkdudfwhul}h wklv zhdn LY e| lwv frqfhqwudwlrq sdudphwhu �=

Qh{w/ Eoxqghoo dqg Erqg +4<<;, vkrz wkdw dq dgglwlrqdo plog vwdwlrqdulw| uhvwulfwlrq

rq wkh lqlwldo frqglwlrqv surfhvv doorzv wkh xvh ri dq h{whqghg v|vwhp JPP hvwlpdwru wkdw

xvhv odjjhg gl�huhqfhv ri |lw dv lqvwuxphqwv iru htxdwlrqv lq ohyhov/ lq dgglwlrq wr odjjhg
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ohyhov ri |lw dv lqvwuxphqwv iru htxdwlrqv lq �uvw gl�huhqfhv/ vhh Duhoodqr dqg Eryhu +4<<8,1

Wkh v|vwhp JPP hvwlpdwru lv vkrzq wr kdyh gudpdwlf h!flhqf| jdlqv ryhu wkh edvlf �uvw

gl�huhqfh JPP dv � $ 4 dqg +�5�@�
5
x, lqfuhdvhv1 Lq idfw/ iru W @ 7 dqg +�5�@�

5
x, @ 4>

wkh dv|pswrwlf yduldqfh udwlr ri wkh �uvw gl�huhqfh JPP hvwlpdwru wr wklv v|vwhp JPP

hvwlpdwru lv 41:8 iru � @ 3 dqg lqfuhdvhv wr 6159 iru � @ 3=8 dqg 8817 iru � @ 3=<= Wklv fohduo|

ghprqvwudwhv wkdw wkh ohyhov uhvwulfwlrqv vxjjhvwhg e| Duhoodqr dqg Eryhu +4<<8, uhpdlq

lqirupdwlyh lq fdvhv zkhuh �uvw gl�huhqfhg lqvwuxphqwv ehfrph zhdn1 Wklqjv lpsuryh iru

�uvw gl�huhqfh JPP dv W lqfuhdvhv1 Krzhyhu/ zlwk vkruw W dqg shuvlvwhqw vhulhv/ wkh

Eoxqghoo dqg Erqg �qglqjv vxssruw wkh xvh ri wkh h{wud prphqw frqglwlrqv1 Wkhvh uhvxowv

duh uhylhzhg dqg fruurerudwhg lq Eoxqghoo/ Erqg dqg Zlqgphlmhu +5333, lq wklv yroxph/

xvlqj Prqwh Fduor h{shulphqwv dv zhoo dv dq hpslulfdo h{dpsoh1 Kdkq +4<<<, h{dplqhv wkh

uroh ri wkh lqlwldo frqglwlrq lpsrvhg e| wkh Eoxqghoo dqg Erqg +4<<;, hvwlpdwru1 Wklv lv

grqh e| qxphulfdoo| frpsdulqj wkh vhplsdudphwulf lqirupdwlrq erxqgv iru wkh fdvh wkdw

lqfrusrudwhv wkh vwdwlrqdulw| ri wkh lqlwldo frqglwlrq dqg wkh fdvh wkdw grhv qrw1 Kdkq +4<<<,

�qgv wkdw wkh h!flhqf| jdlq fdq eh vxevwdqwldo1

]loldn +4<<:, dvnv wkh txhvwlrq zkhwkhu wkh eldv2h!flhqf| wudgh0r� iru wkh JPP hvwl0

pdwru frqvlghuhg e| Wdxfkhq +4<;9, iru wkh wlph vhulhv fdvh lv vwloo elqglqj lq sdqho gdwd

zkhuh wkh vdpsoh vl}h lv qrupdoo| odujhu wkdq 8331 Iru wlph vhulhv gdwd/ Wdxfkhq +4<;9,

vkrzv wkdw hyhq iru W @ 83 ru :8 wkhuh lv d eldv2h!flhqf| wudgh0r� dv wkh qxpehu ri prphqw

frqglwlrqv lqfuhdvh1 Wkhuhiruh/ Wdxfkhq uhfrpphqgv wkh xvh ri vxe0rswlpdo lqvwuxphqwv lq

vpdoo vdpsohv1 Wklv uhvxow zdv dovr fruurerudwhg e| Dqghuvhq dqg Vruhqvhq +4<<9, zkr

dujxh wkdw JPP xvlqj wrr ihz prphqw frqglwlrqv lv mxvw dv edg dv JPP xvlqj wrr pdq|

prphqw frqglwlrqv1 Wklv sureohp ehfrphv pruh surqrxqfhg zlwk sdqho gdwd vlqfh wkh

qxpehu ri prphqw frqglwlrqv lqfuhdvh gudpdwlfdoo| dv wkh qxpehu ri vwulfwo| h{rjhqrxv
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yduldeohv dqg wkh qxpehu ri wlph vhulhv revhuydwlrqv lqfuhdvh1 Hyhq wkrxjk lw lv ghvludeoh

iurp dq dv|pswrwlf h!flhqf| srlqw ri ylhz wr lqfoxgh dv pdq| prphqw frqglwlrqv dv srv0

vleoh/ lw pd| eh lqihdvleoh ru lpsudfwlfdo wr gr vr lq pdq| fdvhv1 Iru h{dpsoh/ iru W @ 43

dqg �yh vwulfwo| h{rjhqrxv uhjuhvvruv/ wklv jhqhudwhv 833 prphqw frqglwlrqv iru JPP1

]loldn +4<<:, shuirupv dq h{whqvlyh vhw ri Prqwh Fduor h{shulphqwv iru d g|qdplf sdqho

gdwd prgho dqg �qgv wkdw wkh vdph wudgh0r� ehwzhhq eldv dqg h!flhqf| h{lvwv iru JPP

dv wkh qxpehu ri prphqw frqglwlrqv lqfuhdvh/ dqg wkdw rqh lv ehwwhu r� zlwk vxe0rswlpdo

lqvwuxphqwv1 Lq idfw/ ]loldn �qgv wkdw JPP shuirupv zhoo zlwk vxerswlpdo lqvwuxphqwv/

exw lv qrw uhfrpphqghg iru sdqho gdwd dssolfdwlrqv zkhq doo wkh prphqwv duh h{sorlwhg iru

hvwlpdwlrq1:]loldn hvwlpdwhv d olih f|foh oderu vxsso| prgho xqghu xqfhuwdlqw| edvhg rq 865

phq revhuyhg ryhu 43 |hduv ri gdwd +4<:;04<;:, iurp wkh sdqho vwxg| ri lqfrph g|qdplfv1

Wkh vdpsoh zdv uhvwulfwhg wr frqwlqxrxvo| pduulhg/ frqwlqxrxvo| zrunlqj sulph djh phq

djhg 55084 lq 4<:;1 Wkhvh phq zhuh sdlg dq krxuo| zdjh ru vdodulhg dqg frxog qrw eh

slhfh0udwh zrunhuv ru vhoi0hpsor|hg1 ]loldn �qgv wkdw wkh grzqzdug eldv ri JPP lv txlwh

vhyhuh dv wkh qxpehu ri prphqw frqglwlrqv h{sdqgv/ rxwzhljklqj wkh jdlqv lq h!flhqf|1

]loldn uhsruwv hvwlpdwhv ri wkh lqwhuwhpsrudo vxevwlwxwlrq hodvwlflw| zklfk lv wkh irfdo srlqw

ri lqwhuhvw lq wkh oderu vxsso| olwhudwxuh1 Wklv phdvxuhv wkh lqwhuwhpsrudo fkdqjhv lq krxuv

ri zrun gxh wr dq dqwlflsdwhg fkdqjh lq wkh uhdo zdjh1 Iru JPP/ wklv hvwlpdwh fkdqjhv

iurp 184< wr 13<6 zkhq wkh qxpehu ri prphqw frqglwlrqv xvhg lq JPP duh lqfuhdvhg iurp

< wr 5451 Wkh vwdqgdug huuru ri wklv hvwlpdwh gursv iurp 169 wr 13:1 ]loldn dwwulexwhv wklv

eldv wr wkh fruuhodwlrq ehwzhhq wkh vdpsoh prphqwv xvhg lq hvwlpdwlrq dqg wkh hvwlpdwhg

zhljkw pdwul{1 Lqwhuhvwlqjo|/ ]loldn �qgv wkdw wkh iruzdug �owhu 5VOV hvwlpdwru sursrvhg e|

Nhdqh dqg Uxqnoh +4<<5, shuirupv ehvw lq whupv ri wkh eldv2h!flhqf| wudgh0r� dqg lv uhf0

rpphqghg1 Iruzdug �owhulqj holplqdwhv doo irupv ri vhuldo fruuhodwlrq zkloh vwloo pdlqwdlqlqj
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ruwkrjrqdolw| zlwk wkh lqlwldo lqvwuxphqw vhw1 Vfkplgw/ Dkq dqg Z|krzvnl +4<<5, dujxhg

wkdw �owhulqj lv luuhohydqw li rqh h{sorlwv doo vdpsoh prphqwv gxulqj hvwlpdwlrq1 Krzhyhu/ lq

sudfwlfh/ wkh qxpehu ri prphqw frqglwlrqv lqfuhdvhv zlwk wkh qxpehu ri wlph shulrgv W dqg

wkh qxpehu ri uhjuhvvruv N dqg fdq ehfrph frpsxwdwlrqdoo| lqwudfwdeoh1 Lq idfw iru W @ 48

dqg N @ 43/ wkh qxpehu ri prphqw frqglwlrqv iru Vfkplgw/ hw do1 +4<<5, lv W +W � 4,N@5

zklfk lv 4373 uhvwulfwlrqv/ kljkoljkwlqj wkh frpsxwdwlrqdo exughq ri wklv dssurdfk1 Lq dggl0

wlrq/ ]loldn dujxhv wkdw wkh ryhulghqwli|lqj uhvwulfwlrqv duh ohvv olnho| wr eh vdwlv�hg srvvleo|

gxh wr wkh zhdn fruuhodwlrq ehwzhhq wkh lqvwuxphqwv dqg wkh hqgrjhqrxv uhjuhvvruv1;Lq wklv

fdvh/ wkh iruzdug �owhu 5VOV hvwlpdwru lv ghvludeoh |lhoglqj ohvv eldv wkdq JPP dqg vl}hdeoh

jdlqv lq h!flhqf|1 Lq idfw/ iru wkh olih f|foh oderu h{dpsoh/ wkh iruzdug �owhu 5VOV hvwlpdwh

ri wkh lqwhuwhpsrudo vxevwlwxwlrq hodvwlflw| zdv 1468 iru < prphqw frqglwlrqv frpsduhg wr

15<9 iru 545 prphqw frqglwlrqv1 Wkh vwdqgdug huuru ri wkhvh hvwlpdwhv gursshg iurp 165 wr

13<1

Wkh sudfwlfdo sureohp ri qrw ehlqj deoh wr xvh pruh prphqw frqglwlrqv dv zhoo dv wkh

vwdwlvwlfdo sureohp ri wkh wudgh0r� ehwzhhq vpdoo vdpsoh eldv dqg h!flhqf| surpswhg Dkq

dqg Vfkplgw +4<<<d, wr srvh wkh iroorzlqj txhvwlrqv= �Xqghu zkdw frqglwlrqv fdq zh xvh

d vpdoohu vhw ri prphqw frqglwlrqv zlwkrxw lqfxuulqj dq| orvv ri dv|pswrwlf h!flhqf|B Lq

rwkhu zrugv/ xqghu zkdw frqglwlrqv duh vrph prphqw frqglwlrqv uhgxqgdqw lq wkh vhqvh

wkdw xwlol}lqj wkhp grhv qrw lpsuryh h!flhqf|B� Wkhvh txhvwlrqv zhuh �uvw ghdow zlwk e|

Lp/ Dkq/ Vfkplgw dqg Zrrogulgjh +4<<<, zkr frqvlghuhg sdqho gdwd prghov zlwk vwulfwo|

h{rjhqrxv h{sodqdwru| yduldeohv1 Wkh| dujxhg wkdw/ iru h{dpsoh/ zlwk whq vwulfwo| h{rjh0

qrxv wlph0ydu|lqj yduldeohv dqg vl{ wlph shulrgv/ wkh prphqw frqglwlrqv dydlodeoh iru wkh

udqgrp h�hfwv +UH, prgho lv 693 dqg wklv uhgxfhv wr 633 prphqw frqglwlrqv iru wkh IH

prgho1 JPP xwlol}lqj doo wkhvh prphqw frqglwlrqv ohdgv wr dq h!flhqw hvwlpdwru1 Krz0
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hyhu/ wkhvh prphqw frqglwlrqv h{fhhg zkdw wkh vlpsoh UH dqg IH hvwlpdwruv xvh1 Lp hw

do1 +4<<<, surylgh wkh dvvxpswlrqv xqghu zklfk wklv h!flhqw JPP hvwlpdwru uhgxfhv wr

wkh vlpsohu IH ru UH hvwlpdwru1 Lq rwkhu zrugv/ Lp hw do1 +4<<<, vkrz wkh uhgxqgdqf| ri

wkh prphqw frqglwlrqv wkdw wkhvh vlpsoh hvwlpdwruv gr qrw xvh1 Dkq dqg Vfkplgw +4<<<d,

surylgh d pruh v|vwhpdwlf phwkrg e| zklfk uhgxqgdqw lqvwuxphqwv fdq eh irxqg dqg jhq0

hudol}h wklv uhvxow wr prghov zlwk wlph0ydu|lqj lqglylgxdo h�hfwv1 Krzhyhu/ erwk sdshuv

ghdo rqo| zlwk vwulfwo| h{rjhqrxv uhjuhvvruv1 Lq d uhodwhg sdshu/ Dkq dqg Vfkplgw +4<<<e,

frqvlghu wkh fdvhv ri vwulfwo| dqg zhdno| h{rjhqrxv uhjuhvvruv1 Wkh| vkrz wkdw wkh JPP

hvwlpdwru wdnhv wkh irup ri dq lqvwuxphqwdo yduldeohv hvwlpdwru li wkh dvvxpswlrq ri qr

frqglwlrqdo khwhurvnhgdvwlflw| +QFK, krogv1 Xqghu wklv dvvxpswlrq/ wkh h!flhqf| ri vwdq0

gdug hvwlpdwruv fdq riwhq eh hvwdeolvkhg vkrzlqj wkdw wkh prphqw frqglwlrqv qrw xwlol}hg

e| wkhvh hvwlpdwruv duh uhgxqgdqw1 Krzhyhu/ Dkq dqg Vfkplgw +4<<<e, frqfoxgh wkdw wkh

QFK dvvxpswlrq qhfhvvdulo| idlov li wkh ixoo vhw ri prphqw frqglwlrqv iru wkh g|qdplf sdqho

gdwd prgho duh xvhg1 Lq wklv fdvh/ wkhuh lv fohduo| d qhhg wr �qg prgl�hg yhuvlrqv ri JPP/

zlwk uhgxfhg vhw ri prphqw frqglwlrqv wkdw ohdg wr hvwlpdwhv zlwk uhdvrqdeoh �qlwh vdpsoh

surshuwlhv1

Fuhsrq/ Nudpdu} dqg Wurjqrq +4<<:, dujxh wkdw iru wkh g|qdplf sdqho gdwd prgho/

zkhq rqh frqvlghuv d vhw ri ruwkrjrqdo frqglwlrqv/ wkh sdudphwhuv fdq eh glylghg lqwr

sdudphwhuv ri lqwhuhvw +olnh �, dqg qxlvdqfh sdudphwhuv +olnh wkh vhfrqg rughu whupv lq wkh

dxwruhjuhvvlyh huuru frpsrqhqw prgho,1 Wkh| vkrz wkdw wkh holplqdwlrq ri vxfk qxlvdqfh

sdudphwhuv xvlqj wkhlu hpslulfdo frxqwhusduwv grhv qrw hqwdlo dq h!flhqf| orvv zkhq rqo|

wkh sdudphwhuv ri lqwhuhvw duh hvwlpdwhg1 Lq idfw/ Vhyhvwuh dqg Wurjqrq lq fkdswhu 9 ri

Pdw|dv dqg Vhyhvwuh +4<<9, dujxh wkdw li rqh lv rqo| lqwhuhvwhg lq �> wkhq rqh fdq uhgxfh

wkh qxpehu ri ruwkrjrqdolw| uhvwulfwlrqv zlwkrxw orvv lq h!flhqf| dv idu dv � lv frqfhuqhg1
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Krzhyhu/ wkh hvwlpdwhv ri wkh rwkhu qxlvdqfh sdudphwhuv duh qrw jhqhudoo| dv h!flhqw dv

wkrvh rewdlqhg iurp wkh ixoo vhw ri ruwkrjrqdolw| frqglwlrqv1

Wkh Dorqvr0Eruuhjr dqg Duhoodqr +4<<<, sdshu lv dovr prwlydwhg e| wkh �qlwh vdpsoh

eldv lq sdqho gdwd lqvwuxphqwdo yduldeoh hvwlpdwruv zkhq wkh lqvwuxphqwv duh zhdn1 Wkh

g|qdplf sdqho prgho jhqhudwhv pdq| ryhulghqwli|lqj uhvwulfwlrqv hyhq iru prghudwh ydoxhv ri

W1 Dovr/ wkh qxpehu ri lqvwuxphqwv lqfuhdvhv zlwk W/ exw wkh txdolw| ri wkhvh lqvwuxphqwv lv

riwhq srru ehfdxvh wkh| whqg wr eh rqo| zhdno| fruuhodwhg zlwk �uvw gl�huhqfhg hqgrjhqrxv

yduldeohv wkdw dsshdu lq wkh htxdwlrq1 Olplwhg lqirupdwlrq pd{lpxp olnholkrrg +OLPO,

lv vwurqjo| suhihuuhg wr 5VOV li wkh qxpehu ri lqvwuxphqwv jhwv odujh dv wkh vdpsoh vl}h

whqgv wr lq�qlw|1 Kloolhu +4<<3, vkrzhg wkdw wkh dowhuqdwlyh qrupdol}dwlrq uxohv dgrswhg e|

OLPO dqg 5VOV duh dw wkh urrw ri wkhlu gl�huhqw vdpsolqj ehkdylru1 Kloolhu +4<<3, dovr

vkrzhg wkdw d v|pphwulfdoo| qrupdol}hg 5VOV hvwlpdwru kdv surshuwlhv vlplodu wr wkrvh ri

OLPO1 Iroorzlqj Kloolhu +4<<3,/ Dorqvr0Eruuhjr dqg Duhoodqr +4<<<, ghulyh d v|pphwulfdoo|

qrupdol}hg JPP +VQP, dqg frpsduh lw zlwk ruglqdu| JPP dqg OLPO dqdorjxhv e|

phdqv ri vlpxodwlrqv1 Prqwh Fduor dqg hpslulfdo uhvxowv vkrz wkdw JPP fdq h{klelw odujh

eldvhv zkhq wkh lqvwuxphqwv duh srru/ zkloh OLPO dqg VQP uhpdlq xqeldvhg1 Krzhyhu/

OLPO dqg VQP dozd|v kdg d odujhu lqwhutxduwloh udqjh wkdq JPP1 Iru W @ 7/ Q @ 433/

�5� @ 3=5 dqg �5� @ 4/ wkh eldv iru � @ 3=8 zdv 91<( iru JPP/ 41:( iru VQP dqg 41:(

iru OLPO1 Wklv eldv lqfuhdvhv wr 4:1;( iru JPP/ 61:( iru VQP dqg 714( iru OLPO iru

� @ 3=;=

Doyduh} dqg Duhoodqr +4<<:, vwxglhg wkh dv|pswrwlf surshuwlhv ri IH/ rqh0vwhs JPP

dqg qrq0urexvw OLPO iru d �uvw0rughu dxwrujuhvvlyh prgho zkhq erwk Q dqg W whqg wr

lq�qlw| zlwk +Q@W , $ f iru 3 � f ? 5= Iru W ? Q / JPP eldv lv dozd|v vpdoohu wkdq

IH dqg OLPO eldv lv vpdoohu wkdq wkh rwkhu wzr1 Lq �{hg W iudphzrun/ JPP dqg OLPO
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duh dv|pswrwlfdoo| htxlydohqw/ exw dv W lqfuhdvhv/ OLPO kdv d vpdoohu dv|pswrwlf eldv wkdq

JPP1 Wkhvh uhvxowv surylgh vrph wkhruhwlfdo vxssruw iru OLPO ryhu JPP1<

Zdqvehhn dqg Nqdds +4<<<, frqvlghu d vlpsoh g|qdplf sdqho gdwd prgho zlwk d wlph

wuhqg dqg khwhurjhqhrxv frh!flhqwv rq wkh odjjhg ghshqghqw yduldeoh dqg wkh wlph wuhqg/

l1h1/

|lw @ �l|l>w�4 . �lw. �l . xlw +6<,

Wklv prgho uhvxowv iurp Lvodp*v +4<<8, yhuvlrq ri Vrorz*v prgho rq jurzwk frqyhujhqfh

dprqj frxqwulhv1 Zdqvehhn dqg Nqdds +4<<<, vkrz wkdw grxeoh gl�huhqflqj jhwv ulg ri

wkh lqglylgxdo frxqwu| h�hfwv +�l, rq wkh �uvw urxqg ri gl�huhqflqj dqg wkh khwhurjhqhrxv

frh!flhqw rq wkh wlph wuhqg +�l, rq wkh vhfrqg urxqg ri gl�huhqflqj1 Prgl�hg ROV/ LY

dqg JPP phwkrgv duh dgdswhg wr wklv prgho dqg OLPO lv vxjjhvwhg dv d yldeoh dowhuqdwlyh

wr JPP wr jxdug djdlqvw wkh vpdoo vdpsoh eldv ri JPP1 Pdfurhfrqrplf gdwd duh vxemhfw

wr phdvxuhphqw huuru dqg Zdqvehhn dqg Nqdds +4<<<, vkrz krz wkhvh hvwlpdwruv fdq

eh prgl�hg wr dffrxqw iru phdvxuhphqw huuru wkdw lv zklwh qrlvh1 Iru h{dpsoh/ JPP

lv prgl�hg vr wkdw lw glvfdugv wkh ruwkrjrqdolw| frqglwlrqv wkdw uho| rq wkh devhqfh ri

phdvxuhphqw huuru1

Mlphqh}0Pduwlq +4<<;, shuirupv Prqwh Fduor h{shulphqwv wr vwxg| wkh shuirupdqfh ri

wkh Krow}0Hdnlq +4<;;, whvw iru wkh suhvhqfh ri lqglylgxdo khwhurjhqhlw| h�hfwv lq g|qdplf

vpdoo W xqedodqfhg sdqho gdwd prghov1 Wkh ghvljq ri wkh h{shulphqw lqfoxghv erwk hqgrjh0

qrxv dqg wlph0lqyduldqw uhjuhvvruv lq dgglwlrq wr wkh odjjhg ghshqghqw yduldeoh1 Wkh whvw

ehkdyhv fruuhfwo| iru d prghudwh dxwruhjuhvvlyh frh!flhqw1 Krzhyhu/ zkhq wklv frh!flhqw

dssurdfkhv xqlw|/ wkh suhvhqfh ri dq dgglwlrqdo uhjuhvvru vkduso| d�hfwv wkh srzhu dqg wkh

vl}h ri wkh whvw1 Wkh srzhu ri wklv whvw lv kljkhu zkhq wkh yduldqfh ri wkh vshfl�f h�hfwv
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lqfuhdvhv +wkh| duh hdvlhu wr ghwhfw,/ zkhq wkh vdpsoh vl}h lqfuhdvhv/ zkhq wkh gdwd vhw lv

edodqfhg +iru d jlyhq qxpehu ri furvv0vhfwlrq xqlwv, dqg zkhq wkh uhjuhvvruv duh vwulfwo|

h{rjhqrxv1

D1 Khwhurjhqhrxv G|qdplf Sdqho Gdwd Prghov

Wkh ixqgdphqwdo dvvxpswlrq xqghuo|lqj srrohg krprjhqhrxv sdudphwhu prghov kdv

ehhq fdoohg lqwr txhvwlrq1 Urehuwvrq dqg V|prqv +4<<5, zduqhg derxw wkh eldv iurp srrohg

hvwlpdwruv zkhq wkh hvwlpdwhg prgho lv g|qdplf dqg krprjhqhrxv zkhq lq idfw wkh wuxh

prgho lv vwdwlf dqg khwhurjhqhrxv1 Shvdudq dqg Vplwk +4<<8, dujxhg lq idyru ri g|qdplf

khwhurjhqhrxv prghov zkhq Q dqg W duh odujh1 Lq wklv fdvh/ srrohg krprjhqhrxv hvwlpdwruv

duh lqfrqvlvwhqw zkhuhdv dq dyhudjh hvwlpdwru ri khwhurjhqhrxv sdudphwhuv fdq ohdg wr

frqvlvwhqw hvwlpdwhv dv Q dqg W whqg wr lq�qlw|1 Pdggdod/ Vulydvwdyd dqg Ol +4<<7, dujxhg

wkdw vkulqndjh hvwlpdwruv duh vxshulru wr hlwkhu khwhurjhqhrxv ru krprjhqhrxv sdudphwhu

hvwlpdwhv hvshfldoo| iru suhglfwlrq sxusrvhv1 Lq idfw/ Pdggdod/ Wurvw/ Ol dqg Mrxw} +4<<:,

frqvlghuhg wkh sureohp ri hvwlpdwlqj vkruw uxq dqg orqj uxq hodvwlflwlhv ri uhvlghqwldo ghpdqg

iru hohfwulflw| dqg qdwxudo jdv iru hdfk ri 7< vwdwhv ryhu wkh shulrg 4<:304<<3143Wkh| frqfoxgh

wkdw lqglylgxdo khwhurjhqhrxv vwdwh hvwlpdwhv zhuh kdug wr lqwhusuhw dqg kdg wkh zurqj

vljqv1 Srrohg gdwd uhjuhvvlrqv zhuh qrw ydolg ehfdxvh wkh k|srwkhvlv ri krprjhqhlw| ri

wkh frh!flhqwv zdv uhmhfwhg1 Wkh| uhfrpphqg vkulqndjh hvwlpdwruv li rqh lv lqwhuhvwhg lq

rewdlqlqj hodvwlflw| hvwlpdwhv iru hdfk vwdwh vlqfh wkhvh jlyh pruh uholdeoh uhvxowv1

Edowdjl dqg Jul!q +4<<:, frpsduh vkruw uxq dqg orqj uxq hvwlpdwhv dv zhoo dv iruhfdvwv

iru srrohg krprjhqhrxv/ lqglylgxdo khwhurjhqhrxv dqg vkulqndjh hvwlpdwruv ri d g|qdplf

ghpdqg prgho iru jdvrolqh dfurvv 4; RHFG frxqwulhv ryhu wkh shulrg 4<9304<<31 Edvhg

rq rqh/ �yh dqg whq |hdu iruhfdvwv dqg sodxvlelolw| ri wkh vkruw uxq dqg orqj uxq hodvwlflw|

hvwlpdwhv/ wkh uhvxowv duh lq idyru ri srrolqj1 Vlplodu uhvxowv zhuh rewdlqhg iru d g|qdplf
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prgho iru fljduhwwh ghpdqg dfurvv 79 vwdwhv ryhu wkh shulrg 4<9604<<5/ vhh Edowdjl/ Jul!q

dqg [lrqj +5333,1

Lq fkdswhu ; ri Pdw|dv dqg Vhyhvwuh +4<<9,/ Shvdudq/ Vplwk dqg Lp lqyhvwljdwhg wkh

vpdoo vdpsoh surshuwlhv ri ydulrxv hvwlpdwruv ri wkh orqj0uxq frh!flhqwv iru d g|qdplf khw0

hurjhqhrxv sdqho gdwd prgho xvlqj Prqwh Fduor h{shulphqwv1 Wkhlu �qglqjv lqglfdwh wkdw

wkh phdq jurxs hvwlpdwru shuirupv uhdvrqdeo| zhoo iru odujh W 1 Krzhyhu/ zkhq W lv vpdoo/

wkh phdq jurxs hvwlpdwru frxog eh vhulrxvo| eldvhg/ sduwlfxoduo| zkhq Q lv odujh uhodwlyh wr

W 1 Shvdudq dqg ]kdr +4<<<, h{dplqh wkh h�hfwlyhqhvv ri dowhuqdwlyh eldv0fruuhfwlrq surfh0

gxuhv lq uhgxflqj wkh vpdoo vdpsoh eldv ri wkhvh hvwlpdwruv xvlqj Prqwh Fduor h{shulphqwv1

Dq lqwhuhvwlqj �qglqj lv wkdw zkhq wkh frh!flhqw ri wkh odjjhg ghshqghqw yduldeoh lv juhdwhu

wkdq ru htxdo wr 31;/ qrqh ri wkh eldv fruuhfwlrq surfhgxuhv vhhp wr zrun1

Kvldr/ Shvdudq dqg Wdkplvflrjox +4<<<, vxjjhvw d Ed|hvldq dssurdfk iru hvwlpdwlqj

wkh phdq sdudphwhuv ri d g|qdplf khwhurjhqhrxv sdqho gdwd prgho1 Wkh frh!flhqwv duh

dvvxphg wr eh qrupdoo| glvwulexwhg dfurvv furvv0vhfwlrqdo xqlwv dqg wkh Ed|hv hvwlpdwru lv

lpsohphqwhg xvlqj Pdunry Fkdlq Prqwh Fduor phwkrgv1 Kvldr/ hw do1 dujxh wkdw Ed|hvldq

phwkrgv fdq eh d yldeoh dowhuqdwlyh lq wkh hvwlpdwlrq ri phdq frh!flhqwv lq g|qdplf sdqho

gdwd prghov hyhq zkhq wkh lqlwldo revhuydwlrqv duh wuhdwhg dv �{hg frqvwdqwv1 Wkh| hvwdeolvk

wkh dv|pswrwlf htxlydohqfh ri wklv Ed|hv hvwlpdwru dqg wkh phdq jurxs hvwlpdwru sursrvhg

e| Shvdudq dqg Vplwk +4<<8,1 Wkh dv|pswrwlfv duh fduulhg rxw iru erwk Q dqg W $ 4 zlwk

s
Q@W $ 3= Prqwh Fduor h{shulphqwv vkrz wkdw wklv Ed|hv hvwlpdwru kdv ehwwhu vdpsolqj

surshuwlhv wkdq rwkhu hvwlpdwruv iru erwk vpdoo dqg prghudwh vl}h W 1 Kvldr/ hw do1 dovr

fdxwlrq djdlqvw wkh xvh ri wkh phdq jurxs hvwlpdwru xqohvv W lv vx!flhqwo| odujh uhodwlyh wr

Q1 Wkh eldv lq wkh phdq frh!flhqw ri wkh odjjhg ghshqghqw yduldeoh dsshduv wr eh vhulrxv

zkhq W lv vpdoo dqg wkh wuxh ydoxh ri wklv frh!flhqw lv odujhu wkdq 3191 Kvldr/ hw do1 dsso|
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wkhlu phwkrgv wr hvwlpdwh wkh t0lqyhvwphqw prgho xvlqj d sdqho ri 5:6 XV �upv ryhu wkh

shulrg 4<:504<<61

YL1 FRQFOXVLRQ

Wklv vxuyh| jlyhv d eulhi ryhuylhz ri vrph ri wkh pdlq uhvxowv lq wkh hfrqrphwulfv qrq0

vwdwlrqdu| sdqhov dv zhoo dv uhfhqw ghyhorsphqwv lq g|qdplf sdqhov1 Wkhuh kdv ehhq dq

lpphqvh dprxqw ri uhvhdufk lq wklv duhd uhfhqwo| zlwk wkh ghpdqg iru hpslulfdo vwxglhv

h{fhhglqj wkh vxsso| ri hfrqrphwulf wkhru| ghyhorshg iru wkhvh prghov1 Dv wklv vxuyh|

lqglfdwhv/ vhyhudo lvvxhv kdyh ehhq uhvroyhg exw d orw uhpdlqv wr eh grqh1

7:



DFNQRZOHGJHPHQWV

Wkh dxwkruv zrxog olnh wr wkdqn Fduwhu Kloo/ P1K1 Shvdudq dqg dq dqrq|prxv uhihuhh iru

wkhlu khosixo frpphqwv dqg vxjjhvwlrqv1 Edowdjl zdv ixqghg e| wkh Dgydqfhg Uhvhdufk

Surjudp/ Wh{dv Kljkhu Hgxfdwlrq Erdug1 Ndr zdv vxssruwhg e| d judqw iurp wkh Fkldqj

Fklqj0nrx Irxqgdwlrq iru Lqwhuqdwlrqdo Vfkroduo| H{fkdqjh1

QRWHV

41 D froohfwlrq ri g|qdplf sdqho gdwd urxwlqhv fdq eh irxqg lq= kwws=22zzz1fhp�1hv2�duhoodqr2&gsg1

51 Fkldqj dqg Ndr +5333, kdyh uhfhqwo| sxw wrjhwkhu d idluo| frpsuhkhqvlyh vhw ri vxeurx0

wlqhv/ QSW 413/ iru vwxg|lqj qrq0vwdwlrqdu| sdqho gdwd1 QSW 413 fdq eh grqzordghg

iurp kwws=22zhe1v|u1hgx2�fgndr1

61 Whvwlqj iru frlqwhjudwlrq lq sdqho gdwd e| frpelqlqj s0ydoxhv whvwv lv d vwudljkwiruzdug

h{whqvlrq ri wkh whvwlqj surfhgxuhv lq wklv Vhfwlrq1 Iru frlqwhjudwlrq whvwv/ wkh uhohydqw

prgho lv htxdwlrq +48,1 Zh ohw JlWl eh d whvw iru wkh qxoo ri qr0frlqwhjudwlrq dqg dsso|

wkh vdph whvwv dqg dv|pswrwlf wkhru| lq wklv Vhfwlrq1

71 Nlylhw+4<<<, h{whqgv wklv ghulydwlrq wr wkh fdvh ri zhdno| h{rjhqrxv yduldeohv dqg

h{dplqhv wr zkdw ghjuhh wklv rughu ri dssur{lpdwlrq lv ghwhuplqhg e| wkh lqlwldo

frqglwlrqv ri wkh g|qdplf sdqho prgho1

81 Duhoodqr+4<;<, irxqg wkdw xvlqj odjjhg gl�huhqfhv ri suhghwhuplqhg yduldeohv dv lq0

vwuxphqwv lv qrw uhfrpphqghg vlqfh lw kdv d vlqjxodulw| srlqw dqg yhu| odujh yduldqfhv

ryhu d vljql�fdqw udqjh ri wkh sdudphwhu ydoxhv1

91 Vhh dovr Duhoodqr dqg Eryhu+4<<8,/ fkdswhu ; ri Edowdjl +4<<8, dqg fkdswhuv 9 dqg :

ri Pdw|dv dqg Vhyhvwuh +4<<9, iru pruh ghwdlov1
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:1 Iru d Kdxvpdq dqg Wd|oru +4<;4, w|sh prgho/ Phwfdoi +4<<9, vkrzv wkdw xvlqj ohvv

lqvwuxphqwv pd| ohdg wr d pruh srzhuixo Kdxvpdq vshfl�fdwlrq whvw1 Dv|pswrwlfdoo|/

pruh lqvwuxphqwv ohdg wr pruh h!flhqw hvwlpdwruv1 Krzhyhu/ wkh dv|pswrwlf eldv ri

wkh ohvv h!flhqw hvwlpdwru zloo dovr eh juhdwhu dv wkh qxoo k|srwkhvlv ri qr fruuhodwlrq

lv ylrodwhg1 Phwfdoi dujxhv wkdw li wkh eldv lqfuhdvhv dw wkh vdph udwh dv wkh yduldqfh

+dv wkh qxoo lv ylrodwhg, iru wkh ohvv h!flhqw hvwlpdwru/ wkhq wkh srzhu ri wkh Kdxvpdq

whvw zloo lqfuhdvh1 Wklv lv gxh wr wkh idfw wkdw wkh whvw vwdwlvwlf lv olqhdu lq yduldqfh

exw txdgudwlf lq eldv1

;1 Vhh wkh jurzlqj olwhudwxuh rq zhdn lqvwuxphqwv e| Qhovrq dqg Vwduw} +4<<3,/ Ehnnhu

+4<<7,/ Dqjulvw dqg Nuhxjhu +4<<8,/ Erxqg/ Mdhjhu dqg Ednhu +4<<8, dqg Vwdljhu dqg

Vwrfn +4<<:, wr phqwlrq d ihz1

<1 Dq dowhuqdwlyh rqh0vwhs phwkrg wkdw dfklhyhv wkh vdph dv|pswrwlf h!flhqf| dv urexvw

JPP ru OLPO hvwlpdwruv lv wkh pd{lpxp hpslulfdo olnholkrrg hvwlpdwlrq phwkrg/

vhh Lpehqv +4<<:,1 Wklv pd{lpl}hv d pxowlqrpldo svhxgr0olnholkrrg ixqfwlrq vxemhfw

wr wkh ruwkrjrqdolw| uhvwulfwlrqv1 Wkhvh duh lqyduldqw wr qrupdol}dwlrq ehfdxvh wkh|

duh pd{lpxp olnholkrrg hvwlpdwruv1

431 Pdggdod/ hw1 do1 +4<<:, dovr surylgh d xql�hg wuhdwphqw ri fodvvlfdo/ Ed|hv dqg

hpslulfdo Ed|hv surfhgxuhv iru hvwlpdwlqj wklv prgho1
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UHIHUHQFHV

Dkq/ V1F1/ dqg S1 Vfkplgw1 4<<81 �H!flhqw Hvwlpdwlrq ri Prghov iru G|qdplf Sdqho

Gdwd1� Mrxuqdo ri Hfrqrphwulfv 9;= 805:1

Dkq/ V1F1/ dqg S1 Vfkplgw1 4<<:1 �H!flhqw Hvwlpdwlrq ri G|qdplf Sdqho Gdwd Prghov=

Dowhuqdwlyh Dvvxpswlrqv dqg Vlpsol�hg Hvwlpdwlrq1� Mrxuqdo ri Hfrqrphwulfv :9=

63<06541

Dkq/ V1F1/ dqg S1 Vfkplgw1 4<<<d1 �Prgl�hg Jhqhudol}hg Lqvwuxphqwdo Yduldeohv Hvwl0

pdwlrq ri Sdqho Gdwd Prghov zlwk Vwulfwo| H{rjhqrxv Lqvwuxphqwdo Yduldeohv1� Lq

Dqdo|vlv ri Sdqho Gdwd dqg Olplwhg Ghshqghqw Yduldeoh Prghov/ hglwhg e| F1 Kvldr/

N1 Odklul/ O1I1 Ohh dqg P1K1 Shvdudq/ Fdpeulgjh= Fdpeulgjh Xqlyhuvlw| Suhvv/ ss1

4:404<;1

Dkq/ V1F1/ dqg S1 Vfkplgw1 4<<<e1 �Hvwlpdwlrq ri Olqhdu Sdqho Gdwd Prghov Xvlqj JPP1�

Lq Jhqhudol}hg Phwkrg ri Prphqwv Hvwlpdwlrq/ Fdpeulgjh= Fdpeulgjh Xqlyhuvlw|

Suhvv/ ss1 544057:1

Dorqvr0Eruuhjr/ F1/ dqg P1 Duhoodqr1 4<<<1 �V|pphwulfdoo| Qrupdol}hg Lqvwuxphqwdo

Yduldeoh Hvwlpdwlrq Xvlqj Sdqho Gdwd1� Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv

4:= 6907<1

Doyduh}/ M1/ dqg P1 Duhoodqr1 4<<:1 �Wkh Wlph Vhulhv dqg Furvv0vhfwlrq Dv|pswrwlfv ri

G|qdplf Sdqho Gdwd Hvwlpdwruv1� Zrunlqj sdshu/ FHPIL/ Pdgulg1

Dqghuvhq/ W1J1/ dqg U1H1 Vûuhqvhq1 4<<91 �JPP Hvwlpdwlrq ri d Vwrfkdvwlf Yrodwlolw|

Prgho= D Prqwh Fduor Vwxg|1� Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv 47=

65;06851
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Dqghuvrq/ W1Z1/ dqg F1 Kvldr1 4<;51 �Irupxodwlrq dqg Hvwlpdwlrq ri G|qdplf Prghov

Xvlqj Sdqho Gdwd1� Mrxuqdo ri Hfrqrphwulfv 4;= 7:0;51

Dqghuvvrq/ M1/ dqg M1 O|kdjhq1 4<<<1 �D Orqj Phpru| Sdqho Xqlw Urrw Whvw= SSS

Uhylvlwhg1� Zrunlqj sdshu/ Hfrqrplfv dqg Ilqdqfh/ Qr1 636/ Vwrfnkrop Vfkrro ri

Hfrqrplfv/ Vzhghq1

Dqjulvw/ M1G1/ dqg D1E1 Nuxhjhu1 4<<81 �Vsolw Vdpsoh Lqvwuxphqwdo Yduldeoh Hvwlpdwhv ri

Uhwxuq wr Vfkrrolqj1� Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv 46= 55805681

Duhoodqr/ P1 4<;<1 �D Qrwh rq wkh Dqghuvrq0Kvldr Hvwlpdwru iru Sdqho Gdwd1� Hfrqrplfv

Ohwwhuv 64= 66:06741

Duhoodqr/ P1/ dqg V1 Erqg1 4<<41 �Vrph Whvwv ri Vshfl�fdwlrq iru Sdqho Gdwd= Prqwh

Fduor Hylghqfh dqg Dq Dssolfdwlrq wr Hpsor|phqw Htxdwlrqv1� Uhylhz ri Hfrqrplf

Vwxglhv 8;= 5::05<:1

Duhoodqr/ P1/ dqg R1 Eryhu1 4<<81 �Dqrwkhu Orrn dw wkh Lqvwuxphqwdo Yduldeohv Hvwlpd0

wlrq ri Huuru0Frpsrqhqw Prghov1� Mrxuqdo ri Hfrqrphwulfv 9;= 5<0841

Edowdjl/ E1K1 4<<81 Hfrqrphwulf Dqdo|vlv ri Sdqho Gdwd1 Fklfkhvwhu= Zloh|1

Edowdjl/ E1K1/ dqg M1P1 Jul!q1 4<<81 �D G|qdplf Ghpdqg Prgho iru Oltxru= Wkh Fdvh

iru Srrolqj1� Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv ::= 7808861

Edowdjl/ E1K1/ dqg M1P1 Jul!q1 4<<:1 �Srrohg Hvwlpdwruv y1v1 Wkhlu Khwhurjhqhrxv Frxq0

whusduwv lq wkh Frqwh{w ri G|qdplf Ghpdqg iru Jdvrolqh1� Mrxuqdo ri Hfrqrphwulfv

::=636065:1

Edowdjl/ E1K1/ M1P1 Jul!q/ dqg Z1 [lrqj1 53331 �Wr Srro ru Qrw wr Srro= Krprjh0

qhrxv Yhuvxv Khwhurjhqhrxv Hvwlpdwruv Dssolhg wr Fljduhwwh Ghpdqg1� Uhylhz ri
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Hfrqrplfv dqg Vwdwlvwlfv ;5= 44:04591

Edqhumhh/ D1 4<<<1 �Sdqho Gdwd Xqlw Urrwv dqg Frlqwhjudwlrq= Dq Ryhuylhz1� R{irug

Exoohwlq ri Hfrqrplfv dqg Vwdwlvwlfv 94= 93:095<1

Ehnnhu/ S1D1 4<<71 �Dowhuqdwlyh Dssur{lpdwlrqv wr wkh Glvwulexwlrqv ri Lqvwuxphqwdo

Yduldeohv Hvwlpdwruv1� Hfrqrphwulfd 95= 98:09;51

Ehuqdug/ D1/ dqg F1 Mrqhv1 4<<91 �Surgxfwlylw| Dfurvv Lqgxvwulhv dqg Frxqwulhv= Wlph

Vhulhv Wkhru| dqg Hylghqfh1� Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv :;= 46804791

Ekdujdyd/ D1/ O1 Iudq}lql/ dqg Z1 Qduhqgudqdwkdq1 4<;51 �Vhuldo Fruuhodwlrq dqg Il{hg

H�hfwv Prghov1� Uhylhz ri Hfrqrplf Vwxglhv 7<= 866087<1

Elqghu/ P1/ F1 Kvldr/ dqg P1K1 Shvdudq1 53331 �Hvwlpdwlrq dqg Lqihuhqfh lq Vkruw

Sdqho Yhfwru Dxwruhjuhvvlrqv Zlwk Xqlw Urrwv dqg Frlqwhjudwlrq/� Zrunlqj Sdshu/

Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Pdu|odqg1

Eoxqghoo/ U1Z1/ dqg V1 Erqg1 4<<;1 �Lqlwldo Frqglwlrqv dqg Prphqw Uhvwulfwlrqv lq

G|qdplf Sdqho Gdwd Prghov1� Mrxuqdo ri Hfrqrphwulfv ;:= 44804761

Eoxqghoo/ U1Z1/ V1 Erqg dqg I1 Zlqgphlmhu1 53331 �Hvwlpdwlrq lq G|qdplf Sdqho Gdwd

Prghov= Lpsrylqj rq wkh Shuirupdqfh ri wkh Vwdqgdug JPP Hvwlpdwru1� Dgydqfhv

lq Hfrqrphwulfv 48/ iruwkfrplqj1

Erxpdkgl/ U1/ dqg D1 Wkrpdv1 4<<41 �Whvwlqj iru Xqlw Urrwv Xvlqj Sdqho Gdwd1� Hfr0

qrplfv Ohwwhuv 6:= ::0:<1

Erxqg/ M1/ G1D1 Mdhjhu/ dqg U1P1 Ednhu1 4<<81 �Sureohpv zlwk Lqvwuxphqwdo Yduldeohv

Hvwlpdwlrq Zkhq wkh Fruuhodwlrq Ehwzhhq wkh Lqvwuxphqwv dqg wkh Hqgrjhqrxv H{0
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sodqdwru| Yduldeohv lv Zhdn1� Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq <3=

77607831

Euhlwxqj/ M1 53331 �Wkh Orfdo Srzhu ri Vrph Xqlw Urrw Whvwv iru Sdqho Gdwd1�Dgydqfhv

lq Hfrqrphwulfv 48/ iruwkfrplqj1

Euhlwxqj/ M1/ dqg Z1 Ph|hu1 4<<71 �Whvwlqj iru Xqlw Urrwv lq Sdqho Gdwd= Duh Zdjhv rq

Gl�huhqw Edujdlqlqj Ohyhov FrlqwhjudwhgB� Dssolhg Hfrqrplfv 59= 68606941

Fdq}rqhul/ P1E1/ H1H1 Fxpe|/ dqg E1 Gled1 4<<<1 �Uhodwlyh Oderu Surgxfwlylw| dqg wkh

Uhdo H{fkdqjh Udwh lq wkh Orqj Uxq= Hylghqfh iru d Sdqho ri RHFG Frxqwulhv1�

Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv 7:= 57805991

Fkhq/ E1/ V1 PfFrvnh|/ dqg F1 Ndr1 4<<<1 �Hvwlpdwlrq dqg Lqihuhqfh ri d Frlqwhjudwhg

Uhjuhvvlrq lq Sdqho Gdwd= D Prqwh Fduor Vwxg|1� Dphulfdq Mrxuqdo ri Pdwkhpdwlfdo

dqg Pdqdjhphqw Vflhqfhv/ 4<= :804471

Fkldqj/ P0K1/ dqg F1 Ndr1 53331 �Qrqvwdwlrqdu| Sdqho Wlph Vhulhv Xvlqj QSW 413 0 D

Xvhu Jxlgh/� Pdqxvfulsw/ Fhqwhu iru Srolf| Uhvhdufk/ V|udfxvh Xqlyhuvlw|1

Fkrl/ L1 4<<<d1 �Xqlw Urrw Whvwv iru Sdqho Gdwd1� Pdqxvfulsw/ Nrrnplq Xqlyhuvlw|/ Nruhd1

Fkrl/ L1 4<<<e1 �Dv|pswrwlf Dqdo|vlv ri d Qrqvwdwlrqdu| Huuru Frpsrqhqw Prgho1�

Pdqxvfulsw/ Nrrnplq Xqlyhuvlw|/ Nruhd1

Fkrl/ L1 4<<<f1 �Lqvwuxphqwdo Yduldeohv Hvwlpdwlrq ri d Qhduo| Qrqvwdwlrqdu| Huuru Frp0

srqhqw Prgho1� Pdqxvfulsw/ Nrrnplq Xqlyhuvlw|/ Nruhd1

Frdnoh|/ M1/ dqg D1P1 Ixhuwhv1 4<<:1 �Qhz Sdqho Xqlw Urrw Whvwv ri SSS1� Hfrqrplfv

Ohwwhuv 8:= 4:0551
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Frdnho|/ M1/ I1 Nxodvl/ dqg U1 Vplwk1 4<<91 �Fxuuhqw Dffrxqw Vroyhqf| dqg wkh Ihogvwhlq0

Krulrnd Sx}}oh1� Hfrqrplf Mrxuqdo/ 439= 953095:1

Frh/ G1/ dqg H1 Khospdq1 4<<81 �Lqwhuqdwlrqdo U)G Vslooryhuv1� Hxurshdq Hfrqrplf

Uhylhz 6<= ;8<0;;:1

Frqoh|/ W1J1 4<<<1 �JPP Hvwlpdwlrq zlwk Furvv Vhfwlrqdo Ghshqghqfh1� Mrxuqdo ri

Hfrqrphwulfv <5= 40781

Fuhsrq/ E1/ I1 Nudpdu}/ dqg D1 Wurjqrq1 4<<:1 �Sdudphwhuv ri Lqwhuhvw/ Qxlvdqfh Sdudp0

hwhuv dqg Ruwkrjrqdolw| Frqglwlrqv= Dq Dssolfdwlrq wr Dxwruhjuhvvlyh Huuru Frpsr0

qhqwv Prghov1� Mrxuqdo ri Hfrqrphwulfv ;5= 46804891

Fxoyhu/ V1 H1/ dqg G1K1 Sdshoo1 4<<:1 �Lv Wkhuh d Xqlw Urrw lq wkh Lq dwlrq UdwhB Hylghqfh

iurp Vhtxhqwldo Euhdn dqg Sdqho Gdwd Prgho1� Mrxuqdo ri Dssolhg Hfrqrphwulfv 68=

48804931

Gulvfroo/ M1F1/ dqg D1F1 Nudd|1 4<<;1 �Frqvlvwhqw Fryduldqfh Pdwul{ Hvwlpdwlrq zlwk

Vsdwldoo| Ghshqghqw Sdqho Gdwd1� Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv ;3= 87<08931

Hydqv/ S1/ dqg J1 Nduudv1 4<<91 �Frqyhujhqfh Uhylvlwhg1� Mrxuqdo ri Prqhwdu| Hfrqrplfv

6:= 57<05981

Hqwrui/ K1 4<<:1 �Udqgrp Zdonv zlwk Guliwv= Qrqvhqvh Uhjuhvvlrq dqg Vsxulrxv Il{hg0

H�hfw Hvwlpdwlrq1� Mrxuqdo ri Hfrqrphwulfv ;3= 5;:05<91

Iudqnho/ M1D1/ dqg D1N1 Urvh1 4<<91 �D Sdqho Surmhfw rq Sxufkdvlqj Srzhu Sdulw|= Phdq

Uhyhuvlrq Zlwklq dqg Ehwzhhq Frxqwulhv1� Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv 73=

53<05571
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Ixqn/ P1 4<<;1 �Wudgh dqg Lqwhuqdwlrqdo U)G Vslooryhuv Dprqj RHFG Frxqwulhv1�

Zrunlqj sdshu/ Ghsduwphqw ri Hfrqrplfv/ Vw1 Orxlv Xqlyhuvlw|/ Vw1 Orxlv1

Jhugwkdp/ X1J1/ dqg P1 Oùwkjuhq1 4<<;1 �Rq Vwdwlrqdulw| dqg Frlqwhjudwlrq ri Lqwhuqd0

wlrqdo Khdowk H{shqglwxuh dqg JGS1� Zrunlqj sdshu/ Hfrqrplfv dqg Ilqdqfh/ Qr1

565/ Vwrfnkrop Vfkrro ri Hfrqrplfv/ Vzhghq1

Jurhq/ M1M1M1 4<<<1 �Wkh Prqhwdu| H{fkdqjh Udwh Prgho dv D Orqj0uxq Skhqrphqrq1�

Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ iruwkfrplqj1

Jurhq/ M1M1M1/ dqg I1 Nohlehujhq1 4<<<1 �Olnholkrrg0Edvhg Frlqwhjudwlrq Dqdo|vlv lq

Sdqhov ri Yhfwru Huuru Fruuhfwlrq Prghov1� Glvfxvvlrq sdshu <<038827/ Wlqehujhq

Lqvwlwxwh/ Wkh Qhwkhuodqgv1

Kdgul/ N1 4<<<1 �Whvwlqj wkh Qxoo K|srwkhvlv ri Vwdwlrqdulw| Djdlqvw wkh Dowhuqdwlyh ri d

Xqlw Urrw lq Sdqho Gdwd zlwk Vhuldoo| Fruuhodwhg Huuruv1� Pdqxvfulsw/ Ghsduwphqw

ri Hfrqrplfv dqg Dffrxqwlqj/ Xqlyhuvlw| ri Olyhusrro/ Xqlwhg Nlqjgrp1

Kdkq/ M1 4<<:1 �H!flhqw Hvwlpdwlrq ri Sdqho Gdwd Prghov Zlwk Vhtxhqwldo Prphqw

Uhvwulfwlrqv1� Mrxuqdo ri Hfrqrphwulfv :<= 40541

Kdkq/ M1 4<<<1 �Krz Lqirupdwlyh lv wkh Lqlwldo Frqglwlrq lq wkh G|qdplf Sdqho Prgho

zlwk Il{hg H�hfwvB� Mrxuqdo ri Hfrqrphwulfv <6= 63<06591

Kdoo/ V1 Od}duryd dqg J1 Xujd1 4<<<1 �D Sulqflsdo Frpsrqhqwv Dqdo|vlv ri Frpprq

Vwrfkdvwlf Wuhqgv lq Khwhurjhqhrxv Sdqho Gdwd= Vrph Prqwh Fduor Hylghqfh1� R{irug

Exoohwlq ri Hfrqrplfv dqg Vwdwlvwlfv 94= :7<0:9:1

Kduulv/ G1/ dqg E1 Lqghu1 4<<71 �D Whvw ri wkh Qxoo K|srwkhvlv ri Frlqwhjudwlrq/� Lq

Qrqvwdwlrqdu| Wlph Vhulhv Dqdo|vlv dqg Frlqwhjudwlrq/� hglwhg e| Kdujuhdyhv/ Frolq
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S1 Qhz \run= R{irug Xqlyhuvlw| Suhvv1

Kduulv/ U1 G1 I1/ dqg H1 W}dydolv1 4<<<1 �Lqihuhqfh iru Xqlw Urrwv lq G|qdplf Sdqhov

Zkhuh wkh Wlph Glphqvlrq lv Il{hg1� Mrxuqdo ri Hfrqrphwulfv <4= 53405591

Kdxvpdq/ M1D1/ dqgZ1H1 Wd|oru1 4<;41 �Sdqho Gdwd dqg Xqrevhuydeoh Lqglylgxdo H�hfwv1�

Hfrqrphwulfd 7<= 46::046<;1

Kloolhu/ J1K1 4<<31 �Rq wkh Qrupdol}dwlrq ri Vwuxfwxudo Htxdwlrqv= Surshuwlhv ri Gluhfwlrq

Hvwlpdwruv1� Hfrqrphwulfd 8;= 44;4044<71

Krow}0Hdnlq/ G1 4<;;1 �Whvwlqj iru Lqglylgxdo H�hfwv lq Dxwruhjuhvvlyh Prghov1� Mrxuqdo

ri Hfrqrphwulfv 6<= 5<:063:1

Kvldr/ F1 4<;91 Dqdo|vlv ri Sdqho Gdwd1 Fdpeulgjh= Fdpeulgjh Xqlyhuvlw| Suhvv1

Kvldr/ F1/ P1K1 Shvdudq/ dqg N1 Wdkplvflrjox1 4<<<1 �Ed|hv Hvwlpdwlrq ri Vkruw0uxq

Frh!flhqwv lq G|qdplf Sdqho Gdwd Prghov1� Lq Dqdo|vlv ri Sdqho Gdwd dqg Olplwhg

Ghshqghqw Yduldeoh Prghov/ hglwhg e| F1 Kvldr/ N1 Odklul/ O1I1 Ohh dqg P1K1 Shvdudq1

Fdpeulgjh= Fdpeulgjh Xqlyhuvlw| Suhvv/ ss1 59;05<91

Lp/ N1V1/ V1F1 Dkq/ S1 Vfkplgw/ dqg M1P1 Zrrogulgjh1 4<<<1 �H!flhqw Hvwlpdwlrq ri Sdqho

Gdwd Prghov zlwk Vwulfwo| H{rjhqrxv H{sodqdwru| Yduldeohv1� Mrxuqdo ri Hfrqrphw0

ulfv <6= 4::05341

Lp/ N1V1/ P1K1 Shvdudq/ dqg \1 Vklq1 4<<:1 �Whvwlqj iru Xqlw Urrwv lq Khwhurjhqhrxv

Sdqhov1� Pdqxvfulsw/ Ghsduwphqw ri Dssolhg Hfrqrplfv/ Xqlyhuvlw| ri Fdpeulgjh/

Xqlwhg Nlqjgrp1

Lpehqv/ J1 4<<:1 �Rqh0Vwhs Hvwlpdwruv iru Ryhu0lghqwl�hg Jhqhudol}hg Phwkrg ri Pr0

phqwv Prghov1� Uhylhz ri Hfrqrplf Vwxglhv 97= 68<06;61
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Lvodp/ Q1 4<<81 �Jurzwk Hpslulfv= D Sdqho Gdwd Dssurdfk1� Txduwhuo| Mrxuqdo ri

Hfrqrplfv 443= 445:044:31

Mlphqh}0Pduwlq/ V1 4<<;1 �Rq wkh Whvwlqj ri Khwhurjhqhlw| H�hfwv lq G|qdplf Xqedodqfhg

Sdqho Gdwd Prghov1� Hfrqrplfv Ohwwhuv 8;= 48:04961

Mrkdqvhq/ V1 4<<81 Olnholkrrg0Edvhg Lqihuhqfh lq Frlqwhjudwhg Yhfwru Dxwruhjuhvvlyh Prg0

hov1 R{irug= R{irug Xqlyhuvlw| Suhvv1

Mrulrq/ S1/ dqg U1 Vzhhqh|1 4<<91 �Phdq Uhyhuvlrq lv Uhdo H{fkdqjh Udwhv= Hylghqfh

dqg Lpsolfdwlrqv iru Iruhfdvwlqj1� Mrxuqdo ri Lqwhuqdwlrqdo Prqh| dqg Ilqdqfh 48=

86808831

Mxgvrq/ U1D1/ dqg D1O1 Rzhq1 4<<<1 �Hvwlpdwlqj G|qdplf Sdqho Gdwd Prghov= D Jxlgh

iru Pdfurhfrqrplvwv1� Hfrqrplfv Ohwwhuv 98= <0481

Ndr/ F1 4<<<1 �Vsxulrxv Uhjuhvvlrq dqg Uhvlgxdo0Edvhg Whvwv iru Frlqwhjudwlrq lq Sdqho

Gdwd1� Mrxuqdo ri Hfrqrphwulfv <3= 40771

Ndr/ F1/ dqg P1K1 Fkldqj1 53331 �Rq wkh Hvwlpdwlrq dqg Lqihuhqfh ri d Frlqwhjudwhg

Uhjuhvvlrq lq Sdqho Gdwd1� Dgydqfhv lq Hfrqrphwulfv 48/ iruwkfrplqj1

Ndr/ F1/ dqg E1 Fkhq1 4<<81 �Rq wkh Hvwlpdwlrq dqg Lqihuhqfh iru Frlqwhjudwlrq lq

Sdqho Gdwd zkhq wkh Furvv0Vhfwlrq dqg Wlph0Vhulhv Glphqvlrqv duh Frpsdudeoh1�

Pdqxvfulsw/ Fhqwhu iru Srolf| Uhvhdufk/ V|udfxvh Xqlyhuvlw|1

Ndr/ F1/ P1K1 Fkldqj/ dqg E1 Fkhq1 4<<<1 �Lqwhuqdwlrqdo U)G Vslooryhuv= Dq Dssolfdwlrq

ri Hvwlpdwlrq dqg Lqihuhqfh lq Sdqho Frlqwhjudwlrq1� R{irug Exoohwlq ri Hfrqrplfv

dqg Vwdwlvwlfv 94= 9<40:3<1
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Nduovvrq/ V1/ dqg P1 Oùwkjuhq1 4<<<1 �Rq wkh Srzhu dqg Lqwhusuhwdwlrq ri Sdqho Xqlw

Urrw Whvwv1� Zrunlqj sdshu/ Hfrqrplfv dqg Ilqdqfh/ Qr1 5<</ Vwrfnkrop Vfkrro ri

Hfrqrplfv/ Vzhghq1

Ndxssl/ K1 53331 �Sdqho Gdwd Olplw Wkhru| dqg Dv|pswrwlf Dqdo|vlv ri d Sdqho Uhjuhvvlrq

zlwk Qhdu Lqwhjudwhg Uhjuhvvruv1�Dgydqfhv lq Hfrqrphwulfv 48/ iruwkfrplqj1

Nhdqh/ P1S1/ dqg G1H1 Uxqnoh1 4<<51 �Rq wkh Hvwlpdwlrq ri Sdqho0gdwd Prghov zlwk Vhuldo

Fruuhodwlrq Zkhq Lqvwuxphqwv duh Qrw Vwulfwo| H{rjhqrxv1� Mrxuqdo ri Exvlqhvv dqg

Hfrqrplfv Vwdwlvwlfv 43= 40<1

Nlylhw/ M1I1 4<<81 �Rq Eldv/ Lqfrqvlvwhqf| dqg H!flhqf| ri Vrph Hvwlpdwruv lq G|qdplf

Sdqho Gdwd Prghov1� Mrxuqdo ri Hfrqrphwulfv 9;= 860:;1

Nlylhw/ M1I1 4<<<1 �H{shfwdwlrqv ri H{sdqvlrqv iru Hvwlpdwruv lq d G|qdplf Sdqho Gdwd

Prgho= Vrph Uhvxowv iru Zhdno| H{rjhqrxv Uhjuhvvruv1� Lq Dqdo|vlv ri Sdqho Gdwd

dqg Olplwhg Ghshqghqw Yduldeoh Prghov/ hglwhg e| F1 Kvldr/ N1 Odklul/ O1I1 Ohh dqg

P1K1 Shvdudq1 Fdpeulgjh= Fdpeulgjh Xqlyhuvlw| Suhvv/ ss1 4<<05581

Oduvvrq/ U1/ M1 O|kdjhq/ dqg P1 Oùwkjuhq1 4<<;1 �Olnholkrrg0Edvhg Frlqwhjudwlrq Whvwv Lq

Khwhurjhqhrxv Sdqhov1� Zrunlqj sdshu/ Hfrqrplfv dqg Ilqdqfh/ Qr1 583/ Vwrfnkrop

Vfkrro ri Hfrqrplfv/ Vzhghq1

Ohh/ N1/ P1K1 Shvdudq/ dqg U1 Vplwk1 4<<:1 �Jurzwk dqg Frqyhujhqfh lq d Pxowl0Frxqwu|

Hpslulfdo Vwrfkdvwlf Vrorz Prgho1� Mrxuqdo ri Dssolhg Hfrqrphwulfv 45= 68:06<51

Ohylq/ D1/ dqg F1I1 Olq1 4<<51 �Xqlw Urrw Whvw lq Sdqho Gdwd= Dv|pswrwlf dqg Ilqlwh

Vdpsoh Surshuwlhv1� Glvfxvvlrq sdshu &<50<6/ Xqlyhuvlw| ri Fdoliruqld dw Vdq Glhjr1
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Orwkldq/ M1U1 4<<91 �Pxowl0Frxqwu| Hylghqfh rq wkh Ehkdylru ri Sxufkdvlqj Srzhu Sdulw|

Xqghu wkh Fxuuhqw Iordw1� Mrxuqdo ri Lqwhuqdwlrqdo Prqh| dqg Ilqdqfh 49= 4<0681

PdfGrqdog/ U1 4<<91 �Sdqho Xqlw Urrw Whvwv dqg Uhdo H{fkdqjh Udwhv� Hfrqrplfv Ohwwhuv

83= :0441

Pdggdod/ J1V1 4<<<1 �Rq wkh Xvh ri Sdqho Gdwd Phwkrgv zlwk Furvv Frxqwu| Gdwd1�

Dqqdohv g *Hfrqrplh hw gh Vwdwlvwltxh/ 88089= 75<077;1

Pdggdod/ J1V1/ Y1N1 Vulydvwdyd/ dqg K1 Ol1 4<<71 �Vkulqndjh Hvwlpdwruv iru wkh Hvwlpdwlrq

ri Vkruw0uxq dqg Orqj0uxq Sdudphwhuv Iurp Sdqho Gdwd Prghov1� Zrunlqj sdshu/

Rklr Vwdwh Xqlyhuvlw|/ Rklr1

Pdggdod/ J1V1/ U1S1 Wurvw/ K1 Ol/ dqg I1 Mrxw}1 4<<:1 �Hvwlpdwlrq ri Vkruw0uxq dqg Orqj0

uxq Hodvwlflwlhv ri Hqhuj| Ghpdqg iurp Sdqho Gdwd Xvlqj Vkulqndjh Hvwlpdwruv1�

Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv 48= <304331

Pdggdod/ J1V1/ dqg V1 Zx1 4<<<1 �D Frpsdudwlyh Vwxg| ri Xqlw Urrw Whvwv zlwk Sdqho

Gdwd dqg D Qhz Vlpsoh Whvw1� R{irug Exoohwlq ri Hfrqrplfv dqg Vwdwlvwlfv 94=

96409851

Pdggdod/ J1V1/ V1 Zx dqg S1 Olx1 53331 �Gr Sdqho Gdwd Uhvfxh Sxufkdvlqj Srzhu

Sdulw| +SSS, Wkhru|B� Lq Sdqho Gdwd Hfrqrphwulfv= Ixwxuh Gluhfwlrqv/ hglwhg e| M1

Nulvkqdnxpdu dqg H1 Urqfkhwwl/ Dpvwhugdp= Qruwk0Kroodqg/ ss1 680841

Päw|äv/ O1/ dqg S1 Vhyhvwuh1 4<<91 hgv1/ Wkh Hfrqrphwulfv ri Sdqho Gdwd= D Kdqgerrn ri

Wkhru| dqg Dssolfdwlrqv1 Gruguhfkw= Noxzhu Dfdghplf Sxeolvkhuv1

PfFrvnh|/ V1/ dqg F1 Ndr1 4<<;1 �D Uhvlgxdo0Edvhg Whvw ri wkh Qxoo ri Frlqwhjudwlrq lq

Sdqho Gdwd1� Hfrqrphwulf Uhylhzv 4:= 8:0;71
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PfFrvnh|/ V1/ dqg F1 Ndr1 4<<<d1 �Whvwlqj wkh Vwdelolw| ri d Surgxfwlrq Ixqfwlrq zlwk

Xuedql}dwlrq dv d Vkliw Idfwru= Dq Dssolfdwlrq ri Qrq0Vwdwlrqdu| Sdqho Gdwd Whfk0

qltxhv1� R{irug Exoohwlq ri Hfrqrplfv dqg Vwdwlvwlfv 94= 9:409<31

PfFrvnh|/ V1/ dqg F1 Ndr1 4<<<e1 �Frpsdulqj Sdqho Gdwd Frlqwhjudwlrq Whvwv zlwk

dq Dssolfdwlrq ri wkh Wzlq Gh�flwv Sureohpv1� Zrunlqj sdshu/ Fhqwhu iru Srolf|

Uhvhdufk/ V|udfxvh Xqlyhuvlw|/ Qhz \run1

PfFrvnh|/ V1/ dqg W1 Vhoghq1 4<<;1 �Khdowk Fduh H{shqglwxuhv dqg JGS= Sdqho Gdwd

Xqlw Urrw Whvw Uhvxowv1� Mrxuqdo ri Khdowk Hfrqrplfv 4:= 69<06:91

Phwfdoi/ J1H1 4<<91 �Vshfl�fdwlrq Whvwlqj lq Sdqho Gdwd zlwk Lqvwuxphqwdo Yduldeohv1�

Mrxuqdo ri Hfrqrphwulfv :4= 5<4063:1

Prrq/ K1U1/ dqg S1F1E1 Skloolsv1 4<<;1 �D Uhlqwhusuhwdwlrq ri wkh Ihogvwhlq0Krulrnd

Uhjuhvvlrqv iurp d Qrqvwdwlrqdu| Sdqho Ylhzsrlqw1� Zrunlqj Sdshu/ \doh Xqlyhuvlw|1

Prrq/ K1U1/ dqg S1F1E1 Skloolsv1 4<<<1 �Pd{lpxp Olnholkrrg Hvwlpdwlrq lq Sdqhov zlwk

Lqflghqwdo Wuhqgv1� R{irug Exoohwlq ri Hfrqrplfv dqg Vwdwlvwlfv 94= :440:7:1

Qhovrq/ F1 dqg U1 Vwduw}1 4<<31 �Wkh Glvwulexwlrq ri wkh Lqvwuxphqwdo Yduldeohv Hvwlpdwru

dqg Lwv w0udwlr Zkhq wkh Lqvwuxphqw lv D Srru Rqh1� Mrxuqdo ri Exvlqhvv 96= V4580

V4731

Qhuoryh/ P1 4<<<1 �Surshuwlhv ri Dowhuqdwlyh Hvwlpdwruv ri G|qdplf Sdqho Prghov= Dq

Hpslulfdo Dqdo|vlv ri Furvv0frxqwu| Gdwd iru wkh Vwxg| ri Hfrqrplf Jurzwk1� Lq

Dqdo|vlv ri Sdqho Gdwd dqg Olplwhg Ghshqghqw Yduldeoh Prghov/ hglwhg e| F1 Kvldr/

N1 Odklul/ O1I1 Ohh dqg P1K1 Shvdudq1 Fdpeulgjh= Fdpeulgjh Xqlyhuvlw| Suhvv/ ss1

46904:31
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Qlfnhoo/ V1 4<;41 �Eldvhv lq G|qdplf Prghov zlwk Il{hg H�hfwv1� Hfrqrphwulfd 7<= 474:0

47591

R*Frqqhoo/ S1J1M1 4<<;1 �Wkh Ryhuydoxdwlrq ri Sxufkdvlqj Srzhu Sdulw|1� Mrxuqdo ri

Lqwhuqdwlrqdo Hfrqrplfv 77= 404<1

Rk/ N1\1 4<<91 �Sxufkdvlqj Srzhu Sdulw| dqg Xqlw Urrwv Whvwv Xvlqj Sdqho Gdwd1�

Mrxuqdo ri Lqwhuqdwlrqdo Prqh| dqg Ilqdqfh 48= 738074;1

Sdshoo/ G1 4<<:1 �Vhdufklqj iru Vwdwlrqdulw|= Sxufkdvlqj Srzhu Sdulw| Xqghu wkh Fxuuhqw

Iordw1� Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv 76= 64606651

Shgurql/ S1 4<<91 �Ixoo| Prgl�hg ROV iru Khwhurjhqhrxv Frlqwhjudwhg Sdqhov dqg wkh

Fdvh ri Sxufkdvlqj Srzhu Sdulw|1� Zrunlqj sdshu/ Ghsduwphqw ri Hfrqrplfv/ Lqgldqd

Xqlyhuvlw|1

Shgurql/ S1 4<<:d1 �Sdqho Frlqwhjudwlrq= Dv|pswrwlf dqg Ilqlwh Vdpsoh Surshuwlhv ri

Srrohg Wlph Vhulhv Whvwv zlwk dq Dssolfdwlrq wr wkh SSS K|srwkhvlv1� Zrunlqj

sdshu/ Ghsduwphqw ri Hfrqrplfv/ Lqgldqd Xqlyhuvlw|1

Shgurql/ S1 4<<:e1 �Furvv Vhfwlrqdo Ghshqghqfh lq Frlqwhjudwlrq Whvwv ri Sxufkdvlqj

Srzhu Sdulw| lq Sdqhov/� Zrunlqj sdshu/ Ghsduwphqw ri Hfrqrplfv/ Lqgldqd Xqlyhu0

vlw|1

Shgurql/ S1 4<<<1 �Fulwlfdo Ydoxhv iru Frlqwhjudwlrq Whvwv lq Khwhurjhqhrxv Sdqhov zlwk

Pxowlsoh Uhjuhvvruv1� R{irug Exoohwlq ri Hfrqrplfv dqg Vwdwlvwlfv 94= 986�9:;1

Shgurql/ S1 53331 �Whvwlqj iru Frqyhujhqfh wr Frpprq Vwhdg| Vwdwhv lq Qrqvwdwlrqdu|

Khwhurjhqhrxv Sdqhov/� Zrunlqj sdshu/ Ghsduwphqw ri Hfrqrplfv/ Lqgldqd Xqlyhuvlw|1
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Shvdudq/ P1K1/ dqg U1 Vplwk1 4<<81 �Hvwlpdwlqj Orqj0uxq Uhodwlrqvklsv Iurp G|qdplf

Khwhurjhqhrxv Sdqhov1� Mrxuqdo ri Hfrqrphwulfv 9;= :<04461

Shvdudq/ P1K1/ \1 Vklq/ dqg U1 Vplwk1 4<<<1 �Srrohg Phdq Jurxs Hvwlpdwlrq ri G|qdplf

Khwhurjhqhrxv Sdqhov1� Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq <7= 95409671

Shvdudq/ P1K1/ dqg ]1 ]kdr1 4<<<1 �Eldv Uhgxfwlrq lq Hvwlpdwlqj Orqj0uxq Uhodwlrqvklsv

Iurp G|qdplf Khwhurjhqhrxv Sdqhov1� Lq Dqdo|vlv ri Sdqhov dqg Olplwhg Ghshq0

ghqw Yduldeoh Prghov/ hglwhg e| F1 Kvldr/ N1 Odklul/ O1I1 Ohh dqg P1K1 Shuvdudq1

Fdpeulgjh= Fdpeulgjh Xqlyhuvlw| Suhvv/ ss1 5<:06551

Skloolsv/ S1F1E1/ dqg E1H1 Kdqvhq1 4<<31 �Vwdwlvwlfdo Lqihuhqfh lq Lqvwuxphqwdo Yduldeohv

Uhjuhvvlrq zlwk L+4, Surfhvvhv1� Uhylhz ri Hfrqrplf Vwxglhv 8:= <<04581

Skloolsv/ S1F1E1/ dqg K1 Prrq1 4<<<d1 �Olqhdu Uhjuhvvlrq Olplw Wkhru| iru Qrqvwdwlrqdu|

Sdqho Gdwd1� Hfrqrphwulfd 9:= 438:044441

Skloolsv/ S1F1E1/ dqg K1 Prrq1 4<<<e1 �Qrqvwdwlrqdu| Sdqho Gdwd Dqdo|vlv= Dq Ryhuylhz

ri Vrph Uhfhqw Ghyhorsphqwv1� Hfrqrphwulf Uhylhzv/ iruwkfrplqj1

Skloolsv/ S1F1E1/ dqg V1 Rxoldulv1 4<<31 �Dv|pswrwlf Surshuwlhv ri Uhvlgxdo Edvhg Whvwv

iru Frlqwhjudwlrq1� Hfrqrphwulfd 8;= 49804<61

Txdk/ G1 4<<71 �H{sorlwlqj Furvv Vhfwlrq Yduldwlrq iru Xqlw Urrw Lqihuhqfh lq G|qdplf

Gdwd1� Hfrqrplfv Ohwwhuv 77= <04<1

Txdk/ G1 4<<91 �Hpslulfv iru Hfrqrplf Jurzwk dqg Frqyhujhqfh1� Hxurshdq Hfrqrplf

Uhylhz 73= 4686046:81

Urehuwvrq/ G1/ dqg M1 V|prqv1 4<<51 �Vrph Vwudqjh Surshuwlhv ri Sdqho Gdwd Hvwlpdwruv1�

Mrxuqdo ri Dssolhg Hfrqrphwulfv := 4:804;<1
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Vdlnnrqhq/ S1 4<<41 �Dv|pswrwlfdoo| H!flhqw Hvwlpdwlrq ri Frlqwhjudwlqj Uhjuhvvlrqv1�

Hfrqrphwulf Wkhru| 8;= 40541

Vdod0l0Pduwlq/ [1 4<<91 �Wkh Fodvvlfdo Dssurdfk wr Frqyhujhqfh Dqdo|vlv1� Hfrqrplf

Mrxuqdo 439= 434<043691

Vfkplgw/ S1/ V1F1 Dkq/ dqg G1 Z|krzvnl1 4<<51 �Frpphqw1� Mrxuqdo ri Exvlqhvv dqg

Hfrqrplf Vwdwlvwlfv 43= 430471

Vklq/ \1 4<<71 �D Uhvlgxdo Edvhg Whvw ri wkh Qxoo ri Frlqwhjudwlrq Djdlqvw wkh Dowhuqdwlyh

ri Qr Frlqwhjudwlrq1� Hfrqrphwulf Wkhru| 43= <404481

Vwdljhu/ G1/ dqg M1K1 Vwrfn1 4<<:1 �Lqvwuxphqwdo Yduldeohv Uhjuhvvlrq Zlwk Zhdn Lqvwux0

phqwv1� Hfrqrphwulfd 98= 88:08;91

Vwrfn/ M1 4<<61 �D Vlpsoh Hvwlpdwru ri Frlqwhjudwlqj Yhfwruv lq Kljkhu Rughu Lqwhjudwhg

V|vwhpv1� Hfrqrphwulfd 94= :;60;531

Vwrfn/ M1 dqg P1 Zdwvrq1 4<<61 �D Vlpsoh Hvwlpdwru ri Frlqwhjudwlqj Yhfwruv lq Kljkhu

Rughu Lqwhjudwhg V|vwhpv1� Hfrqrphwulfd 94= :;60;531

Wdxfkhq/ J1 4<;91 �Vwdwlvwlfdo Surshuwlhv ri Jhqhudol}hg Phwkrg ri Prphqwv Hvwlpdwruv ri

Vwuxfwxudo Sdudphwhuv Rewdlqhg Iurp Ilqdqfldo Pdunhw Gdwd1� Mrxuqdo ri Exvlqhvv

dqg Hfrqrplf Vwdwlvwlfv 7= 6<:07491

Zdqvehhn/ W1M1/ dqg S1 Ehnnhu1 4<<91 �Rq LY/ JPP dqg PO Lq D G|qdplf Sdqho Gdwd

Prgho1� Hfrqrplfv Ohwwhuv 84= 47804851

Zdqvehhn/ W1M1/ dqg W1 Nqdds1 4<<<1 �Hvwlpdwlqj d G|qdplf Sdqho Gdwd Prgho zlwk

Khwhurjhqrxv Wuhqgv1� Dqqdohv g*Hfrqrplh hw gh Vwdwlvwltxh 88089= 664067<1
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Zrrogulgjh/ M1P1 4<<:1 �Pxowlsolfdwlyh Sdqho Gdwd Prghov Zlwkrxw wkh Vwulfw H{rjhqhlw|

Dvvxpswlrq1� Hfrqrphwulf Wkhru| 46= 99:09:;1

Zx/ V1/ dqg \1 \lq1 4<<<1 �Whvwv iru Frlqwhjudwlrq lq Khwhurjhqhrxv Sdqho= D Prqwh

Fduor Vwxg|1� Zrunlqj sdshu/ Ghsduwphqw ri Hfrqrplfv/ Vwdwh Xqlyhuvlw| ri Qhz

\run dw Ex�dor/ Qhz \run1

Zx/ \1 4<<91 �Duh Uhdo H{fkdqjh Udwhv Qrqvwdwlrqdu|B Hylghqfh iurp d Sdqho Gdwd

Vhw1� Mrxuqdo ri Prqh|/ Fuhglw dqg Edqnlqj 5;= 870961

]loldn/ M1S1 4<<:1 �H!flhqw Hvwlpdwlrq zlwk Sdqho Gdwd Zkhq Lqvwuxphqwv duh Suhgh0

whuplqhg= Dq Hpslulfdo Frpsdulvrq ri Prphqw0frqglwlrq Hvwlpdwruv1� Mrxuqdo ri

Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv 48= 74<07641
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