
Dowhuqdwlyh Gh�qlwlrqv ri wkh Exvlqhvv F|foh dqg
Wkhlu Lpsolfdwlrqv iru Exvlqhvv F|foh Prghov=

D Uhso| wr Wruehq Pdun Shghuvrq

Wlprwk| Frjoh|�

Dxjxvw 4<<;

4 Lqwurgxfwlrq

Lq rxu 4<<8 MHGF sdshu/ Mdphv Qdvrq dqg L dujxhg wkdw wkh Krgulfn0Suhvfrww
+KS, �owhu fdq surgxfh �vsxulrxv� exvlqhvv f|fohv/ lq wkh vhqvh wkdw KS �owhuhg gdwd
pd| h{klelw exvlqhvv f|foh g|qdplfv hyhq li qrqh zhuh suhvhqw lq wkh ruljlqdo gdwd1
Wruehq Pdun Shghuvrq +4<<;, fulwlfl}hv rxu dqdo|vlv rq wkh jurxqgv wkdw zh idlo wr
gh�qh �exvlqhvv f|fohv� ru zkdw zh phdq e| wkh whup �vsxulrxv1� Kh dujxhv wkdw
li rqh gh�qhv exvlqhvv f|fohv lq whupv ri dq lghdo kljk sdvv �owhu/ wkhq wkh KS �owhu
fdqqrw surgxfh �vsxulrxv f|fohv/� ehfdxvh lw zhoo dssur{lpdwhv dq lghdo kljk sdvv
�owhu1 Lqghhg/ edvhg rq wklv gh�qlwlrq ri wkh exvlqhvv f|foh/ rxu dqdo|vlv zrxog lpso|
wkdw hyhq dq lghdo kljk sdvv �owhu jhqhudwhv d vsxulrxv f|foh/ d frqfoxvlrq zklfk lv
qrqvhqvlfdo1

Shghuvrq*v dujxphqwv duh fruuhfw/ surylghg wkdw rqh dffhswv klv gh�qlwlrq ri wkh
exvlqhvv f|foh1 Exw Qdvrq dqg L kdg d gl�huhqw gh�qlwlrq lq plqg1 L pxvw sohdg
jxlow| wr wkh fkdujh ri idloxuh wr surylgh fohdu gh�qlwlrqv/ dqg lq wklv qrwh L wu| wr
foduli| zkdw zh phdqw1

5 Wzr Gh�qlwlrqv ri wkh Exvlqhvv F|foh

Shghuvrq dgrswv rqh frpprq gh�qlwlrq ri exvlqhvv f|fohv/ qdpho| wkh frpsrqhqw ri
d wlph vhulhv wkdw sdvvhv wkurxjk dq lghdo kljksdvv +ru edqgsdvv, �owhu1 Iru h{dpsoh/
Krgulfn dqg Suhvfrww +4<<:, gh�qh wkh exvlqhvv f|foh lq whupv ri shulrglf frpsrqhqwv
odvwlqj ; |hduv ru ohvv/ dqg Ed{whu dqg Nlqj +4<<8, gh�qh lw lq whupv ri frpsrqhqwv

�Sohdvh dgguhvv fruuhvsrqghqfh wr wkh Uhvhdufk Ghsduwphqw/ Ihghudo Uhvhuyh Edqn ri Vdq Iudq0
flvfr/ SR Er{ ::35/ Vdq Iudqflvfr/ FD/ <7453/ ru wr wlp1frjoh|Cvi1iue1ruj1 P| whohskrqh qxpehu
lv +748, <:706677/ dqg p| id{ qxpehu lv +748, <:70549;1
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zkrvh shulrglflwlhv udqjh iurp 5 wr ; |hduv1 Irfxvlqj rq wkh KS gh�qlwlrq/ li +| lv
wkh orj ohyho ri wkh yduldeoh ri lqwhuhvw/ wkh KS f|foh lv
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� +5,

Wkh sdudphwhu b frqwurov wkh vprrwkqhvv ri wkh wuhqg frpsrqhqw/ dqg lv w|slfdoo|
vhw htxdo wr 49331 Wklv lv d wlph0krqruhg dssurdfk wr phdvxulqj exvlqhvv f|fohv/ dqg
pxfk kdv ehhq ohduqhg iurp lwv dssolfdwlrq1

Exw wkhuh duh rwkhu gh�qlwlrqv1 Rqh surplqhqw dowhuqdwlyh lv gxh wr Ehyhulgjh
dqg Qhovrq +4<;4,/ zkr gh�qh wkh exvlqhvv f|foh lq whupv ri suhglfwdeoh fkdqjhv lq
wkh gdwd=

��| ' �.|

S
"

�'�d{ *? +|n� � >+oc +6,

zkhuh .|lv wkh frqglwlrqdo h{shfwdwlrqv rshudwru dqg >+ lv wkh xqfrqglwlrqdo phdq ri
{*? +|1 Wkh Ehyhulgjh0Qhovrq +EQ, gh�qlwlrq irupdol}hv wkh lqwxlwlrq wkdw h{shfwhg
jurzwk lq +| vkrxog eh kljkhu wkdq dyhudjh zkhq +| lv ehorz lwv wuhqg ohyho1 Wklv lv
dovr d wlph0krqruhg dssurdfk wkdw kdv suryhq lwv ydoxh lq dssolhg zrun1

Dowkrxjk zh zhuh qrw fohdu rq wkh srlqw/ Qdvrq dqg L zhuh lqwhuhvwhg lq frpsdulqj
wkhvh gh�qlwlrqv1 Zh zhuh hvshfldoo| lqwhuhvwhg lq zkhwkhu wkh h{lvwhqfh ri exvlqhvv
f|fohv lq wkh KS vhqvh lpsolhg wkh h{lvwhqfh ri exvlqhvv f|fohv lq wkh EQ vhqvh1 Zlwk
d olwwoh uh hfwlrq/ lw lv hdv| wr vhh wkdw li wkhuh lv d f|foh lq wkh EQ vhqvh/ wkhuh
zloo suredeo| dovr eh rqh lq wkh KS vhqvh/ dowkrxjk wkhuh pd| eh vrph frpsuhvvlrq
ri suhglfwdeoh orqj0krul}rq frpsrqhqwv1 Exw d frxqwhuh{dpsoh lq rxu hduolhu sdshu
ghprqvwudwhg wkdw wkh frqyhuvh grhv qrw krog1 Li +| lv d udqgrp zdon zlwk guliw/ wkhuh
lv d f|foh lq wkh KS vhqvh exw qrw rqh lq wkh EQ vhqvh1 Zkhq zh vdlg wkdw wkh KS
�owhu pd| jhqhudwh �vsxulrxv f|fohv/� zh phdqw wkdw wkhuh frxog eh KS f|fohv hyhq
li wkhuh zhuh qr EQ f|fohv1

6 Vr ZkdwB

Zk| zhuh zh lqwhuhvwhg lq wkdw txhvwlrqB Lwv uhohydqfh lv ehvw looxvwudwhg e| d eulhi
+dqg kljko| vhohfwlyh, vxuyh| ri wkh uhdo exvlqhvv f|foh olwhudwxuh1 Iroorzlqj N|godqg
dqg Suhvfrww +4<;5,/ prvw UEF prghohuv dgrswhg wkh KS gh�qlwlrq dqg irfxvhg rq
zkhwkhu prghov frxog dffrxqw iru wkh shulrglflw| ri rxwsxw/ frpryhphqwv ehwzhhq
rxwsxw dqg rwkhu yduldeohv/ dqg wkh uhodwlyh yrodwlolw| ri rwkhu yduldeohv wr rxwsxw1
Khuh/ L zdqw wr frqfhqwudwh rq wkh �uvw glphqvlrq ri wkh gdwd/ dv wklv kdv ehhq wkh
irfxv ri pxfk ri wkh uhfhqw olwhudwxuh1

Lqlwldoo|/ lw dsshduhg wkdw UEF prghov zhuh h{wuhpho| vxffhvvixo dw uhsolfdwlqj
rxwsxw g|qdplfv1 Iru h{dpsoh/ N|godqg dqg Suhvfrww +4<;5, frpsduhg vdpsoh dqg
prgho0jhqhudwhg dxwrfruuhodwlrqv ri KS �owhuhg rxwsxw dqg irxqg wkdw wkh| zhuh yhu|
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pxfk dolnh1 L wklqn lw lv idlu wr vd| wkdw pdq| uhdghuv lqihuuhg wkdw prgho sursdjdwlrq
phfkdqlvpv +fdslwdo dffxpxodwlrq lq jhqhudo dqg wlph0wr0exlog lq sduwlfxodu, zhuh
txlwh srzhuixo dqg wkdw wkh| frxog dffrxqw iru wkh exvlqhvv f|foh shulrglflw| +lq wkh
KS vhqvh, irxqg lq X1V1 gdwd1

Exw hyhqwxdoo| rwkhu uhvhdufkhuv hpsor|lqj gl�huhqw phwkrgv fdph wr gl�huhqw
frqfoxvlrqv derxw wkh vwuhqjwk ri prgho sursdjdwlrq phfkdqlvpv1 Iru h{dpsoh/
Urwhpehuj dqg Zrrgirug +4<<9, frpsduhg vdpsoh dqg prgho0jhqhudwhg EQ frp0
srqhqwv dqg irxqg wkdw wkh| zhuh qrw dw doo dolnh1 Lq X1V1 gdwd/ wkhuh lv d glvfhuqleoh
EQ f|foh zklfk lv forvho| doljqhg zlwk wkh gdwhv ri QEHU uhfhvvlrqv dqg h{sdqvlrqv1
Lq frqwudvw/ wkhuh lv olwwoh suhglfwdeoh yduldwlrq lq prgho uhdol}dwlrqv1 Urwhpehuj dqg
Zrrgirug frqfoxghg wkdw �uvw jhqhudwlrq UEF prghov kdg zhdn sursdjdwlrq phfk0
dqlvpv dqg wkdw wkh| frxog qrw dffrxqw iru wkh suhglfwdeoh yduldwlrq revhuyhg lq wkh
gdwd14

Zk| zhuh wkh prghov vxffhvvixo lq jhqhudwlqj KS f|fohv/ exw xqvxffhvvixo lq
jhqhudwlqj EQ f|fohvB Urxjko| vshdnlqj/ gdwd rq X1V1 JGS duh zhoo dssur{lpdwhg
e| wkh vxp ri d udqgrp zdon dqg d vwdwlrqdu| �-E2� surfhvv zlwk d kxps0vkdshg
prylqj dyhudjh uhsuhvhqwdwlrq +h1j1/ vhh Urwhpehuj dqg Zrrgirug,1 Rq wkh rwkhu
kdqg/ lq hduo| UEF prghov/ rxwsxw lv zhoo dssur{lpdwhg e| d udqgrp zdon1 Wkh �uvw
uhsuhvhqwdwlrq jhqhudwhv f|fohv ri erwk nlqgv> wkh odwwhu jhqhudwhv dq KS f|foh exw
qrw d EQ f|foh1 Li wkh KS phdvxuh zhuh wkh edvlv ri frpsdulvrq/ rqh zrxog frqfoxgh
wkdw �uvw0jhqhudwlrq UEF prghov zhoo dssur{lpdwh wkh gdwd1 Exw li wkh EQ phdvxuh
zhuh wkh edvlv ri frpsdulvrq/ rqh zrxog gudz wkh rssrvlwh frqfoxvlrq1 Wklv h{sodlqv
zk| uhvhdufkhuv olnh N|godqg dqg Suhvfrww guhz idyrudeoh frqfoxvlrqv derxw hduo|
UEF prghov/ zkloh uhvhdufkhuv olnh Urwhpehuj dqg Zrrgirug guhz xqidyrudeoh rqhv1

Lq vrph vhqvh/ wkh sureohp lv wkdw lw lv wrr hdv| wr jhqhudwh KS f|fohv1 Lq d
frqyhqwlrqdo UEF prgho/ rqh fdq gr vr mxvw e| dvvxplqj wkdw whfkqrorj| vkrfnv duh
shuvlvwhqw +zklfk lv fhuwdlqo| sodxvleoh,1 Prgholqj lqwhuqdo vrxufhv ri sursdjdwlrq lv
xqqhfhvvdu|1 Exw dffrxqwlqj iru EQ f|fohv lv pruh ghpdqglqj/ ehfdxvh lw uhtxluhv
ehwwhu prghov ri sursdjdwlrq1 Lq wkh zrugv ri Kdqvhq dqg Khfnpdq +4<<9,=

�Wkh prghov vxuylyh wkh zhdn vwdqgdugv iru yhul�fdwlrq lpsrvhg e| wkh
fdoleudwruv1 Dpxfk pruh glvflsolqhg dqg v|vwhpdwlf h{sorudwlrq ri wkh lq0
whuwhpsrudo dqg furvv fruuhodwlrqv/ lq d pdqqhu qrz urxwlqh lq wlph vhulhv
hfrqrphwulfv/ zrxog kdyh vkliwhg wkh irfxv iurp wkh hpslulfdo vxffhvvhv
wr wkh hpslulfdo fkdoohqjhv1�

E| kljkoljkwlqj vkruwfrplqjv ri �uvw jhqhudwlrq prghov/ dssolfdwlrq ri wkh Ehyhulgjh0
Qhovrq phdvxuh +dqg rwkhu uhodwhg phdvxuhv, kdv khoshg vkliw wkh irfxv ri wkh UEF
olwhudwxuh wrzdug wkh sureohp ri prghoolqj lqwhuqdo vrxufhv ri sursdjdwlrq1

4Vlplodu uhvxowv zhuh dovr uhsruwhg e| Fkulvwldqr +4<;;,/ Nlqj/ Sorvvhu/ dqg Uhehor +4<;;d dqg
4<;;e,/ Zdwvrq +4<<6,/ Frfkudqh +4<<7,/ dqg Frjoh| dqg Qdvrq +4<<8d dqg 4<<8e,1
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7 Frqfoxvlrq=

Shghuvrq lv fruuhfw wr fulwlfl}h xv iru idlolqj wr surylgh dghtxdwh gh�qlwlrqv1 Wkh

surshu zd| wr vwdwh rxu uhvxow lv wr vd| wkdw wkh h{lvwhqfh ri exvlqhvv f|fohv lq wkh vhqvh

ri Krgulfn dqg Suhvfrww grhv qrw lpso| wkh h{lvwhqfh ri exvlqhvv f|fohv lq wkh vhqvh ri

Ehyhulgjh dqg Qhovrq1 Wklv glvwlqfwlrq lv uhohydqw iru exvlqhvv f|foh dqdo|vlv ehfdxvh

�uvw0jhqhudwlrq UEF prghov jhqhudwh KS f|fohv exw qrw EQ f|fohv1 Hpslulfdo vwxglhv

edvhg rq wkh odwwhu gh�qlwlrq zhuh xvhixo lq gldjqrvlqj vkruwfrplqjv ri frqyhqwlrqdo

UEF prghov dqg lq uhrulhqwlqj uhvhdufk wrzdug uhsdlulqj wkrvh ghihfwv1

8 Uhihuhqfhv

Ehyhulgjh/ Vwhskhq dqg Fkduohv U1 Qhovrq/ 4<;4/ �D Qhz Dssurdfk wr Ghfrp0

srvlwlrq ri Hfrqrplf Wlph Vhulhv Lqwr Shupdqhqw dqg Wudqvlwru| Frpsrqhqwv Zlwk

Sduwlfxodu Dwwhqwlrq wr Phdvxuhphqw ri wkh Exvlqhvv F|foh/� Mrxuqdo ri Prqhwdu|

Hfrqrplfv :/ ss1 48404:71

Fkulvwldqr/ Odzuhqfh M1/ 4<;;/ �Zk| Grhv Lqyhqwru| Lqyhvwphqw Ioxfwxdwh Vr

PxfkB� Mrxuqdo ri Prqhwdu| Hfrqrplfv 54/ 57:05;31

Frfkudqh/ Mrkq K1/ 4<<7/ �Vkrfnv/� Fduqhjlh0Urfkhvwhu Vhulhv rq Sxeolf Srolf|

74/ ss1 5<806971

Frjoh|/ Wlprwk| dqg Mdphv P1 Qdvrq/ 4<<8d/ �H�hfwv ri wkh Krgulfn0Suhvfrww

Ilowhu rq Wuhqg dqg Gl�huhqfh Vwdwlrqdu| Wlph Vhulhv= Lpsolfdwlrqv iru Exvlqhvv

F|foh Uhvhdufk/� Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frqwuro 4</ ss1 58605:;1

dqg / 4<<8e/ �Rxwsxw G|qdplfv lq Uhdo Exvlqhvv F|foh Prghov/ Dphulfdq

Hfrqrplf Uhylhz ;8/ ss1 7<508441

Krgulfn/ Urehuw M1 dqg Hgzdug F1 Suhvfrww/ 4<<:/ �Srvw0Zdu X1V1 Exvlqhvv F|0

fohv= Dq Hpslulfdo Lqyhvwljdwlrq/� Mrxuqdo ri Prqh| Fuhglw dqg Edqnlqj 5</ ss1

40491

Nlqj/ Urehuw J1/ Fkduohv L1 Sorvvhu/ dqg Vhujlr Uhehor/ 4<;;d/ �Surgxfwlrq/

Jurzwk/ dqg Exvlqhvv F|fohv= Wkh Edvlf Qhrfodvvlfdo Prgho/� Mrxuqdo ri Prqhwdu|

Hfrqrplfv 54/ ss1 4<805651

/ / dqg / 4<;;e/ �Surgxfwlrq/ Jurzwk/ dqg Exvlqhvv F|fohv= Qhz

Gluhfwlrqv/� Mrxuqdo ri Prqhwdu| Hfrqrplfv 54/ ss1 63<067511

N|godqg/ Ilqq H1 dqg Hgzdug F1 Suhvfrww/ 4<;5/ �Wlph0wr0Exlog dqg Djjuhjdwh

Ioxfwxdwlrqv/� Hfrqrphwulfd 83/ ss1 4678046:31

Shghuvrq/ Wruehq Pdun/ 4<<;/ �Wkh Krgulfn0Suhvfrww Ilowhu/ wkh Voxw}n| H�hfw/

dqg wkh Glvwruwlrqdu| H�hfw ri Ilowhuv/� xqsxeolvkhg pdqxvfulsw/ Lqvwlwxwh ri Hfr0

qrplfv/ Xqlyhuvlw| ri Frshqkdjhq1

Zdwvrq/ Pdun/ 4<<6/ �Phdvxuhv ri Ilw iru Fdoleudwhg Prghov/� Mrxuqdo ri Srolwlfdo

Hfrqrp| 434/ ss144<04651
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