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Zrunlqj Sdshu Vhulhv lq Hfrqrplfv dqg Ilqdqfh/ Qr1768

Devwudfw

Wklv sdshu dwwhpswv wr pdnh dq lqqrydwlyh frqwulexwlrq wr wkh jurzwk

olwhudwxuh e| sursrvlqj d wudgh0lqgxfhg fdwfk xs prgho lq zklfk lplwdwlrq

ehqh�w lv h{solflwo| prghoohg dqg wudgh nqrzohgjh vslooryhu lv frqvlghuhg1

W

Ilqdqfldo vxssruw iru O|kdjhq iurp Wkh Vzhglvk Irxqgdwlrq iru Lqwhuqdwlrqdo Frrshu0

dwlrq lq Uhvhdufk dqg Kljkhu Hgxfdwlrq +VWLQW, lv judwhixoo| dfnqrzohgjhg1 Kh lv dovr

Judwhixo wr Suri1 P1 K1 Shvdudq zkr dfwhg dv klv vsrqvru dw klv Srvw0Grf vwd| lq Idfxow| ri

Hfrqrplfv dqg Srolwlfv/ Xqlyhuvlw| ri Fdpeulgjh1

_

Fruuhvsrqglqj dxwkru= Idfxow| ri Hfrqrplfv dqg Srolwlfv/ Xqlyhuvlw| ri Fdp0

eulgjh/ Vlgjzlfn Dyhqxh/ Fdpeulgjh/ FE6 <GG/ XN1 Skrqh= .77 4556 84::<5/ H0pdlo=

||537Ckhuphv1fdp1df1xn1
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Wkh uhvxowlqj lqfrph g|qdplfv lv lq wkh huuru fruuhfwlrq irup1 Wkh Srrohg

Phdq Jurxs g|qdplf khwhurjhqhrxv sdqho gdwd hvwlpdwru +Shvdudq dqg

Vklq/ 4<<:, lv xvhg wr hpslulfdoo| lpsohphqw wkh huuru fruuhfwlrq fdwfk0

xs g|qdplfv1 Wkh dssolfdwlrq lv wr Fklqd*v surylqfhv gxulqj wkh uhirup

shulrg 4<:;0<:1 Wkh pdlq �qglqjv duh= wkhuh lv d srvlwlyh orqj0uxq uhod0

wlrqvkls dprqj shu fdslwd JGS/ shu fdslwd fdslwdo dqg shu fdslwd wudgh/

zklfk fdq dffrxqw iru Fklqd*v hfrqrplf jurzwk pludfoh gxulqj wkh odvw

wzr ghfdghv1 Pruhryhu/ wkh wudgh nqrzohgjh vslooryhu ehqh�wv glvsursru0

wlrqdwho| wr lqglylgxdo surylqfhv dqg wkxv fdxvh vljql�fdqw gl�huhqfhv ri

jurzwk jurzwk dfurvv wkh surylqfhv1

MHO= I47> R44> F55> F56

Nh|zrugv= Jurzwk> g|qdplf sdqho
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4 Lqwurgxfwlrq

Vlqfh Fklqd dgrswhg wkh uhirup dqg rshq0grru srolf| lq 4<:;/ wkh dqqxdo jurzwk

shuirupdqfh ri Fklqd*v surylqfhv kdyh ehhq h{wudruglqdu| dqg fdq eh frpsd0

udeoh wr wkh Hdvw Dvld Pludfoh1 Wdeoh 4 vkrzv wkdw wkh dyhudjh dqqxdo jurzwk

udwh ri uhdo shu fdslwd JGS ri doo surylqfhv gxulqj wkh uhirup shulrg 4<:;0<: lv

<13<(1 Krzhyhu/ dyhudjh dqqxdo jurzwk udwhv ryhu wkh odvw wzr ghfdghv ri wkh

uhirup shulrg ydu| vljql�fdqwo| dfurvv wkh surylqfhv1 Lq sduwlfxodu/ wkh vorzhvw0

jurzlqj surylqfh/ Tlqjkdl/ rqo| jurzv dw dq dqqxdo dyhudjh ri 81;;( zkloh

lw lv d uhvshfwdeoh jurzwk udwh iru dq| rwkhu hfrqrp| ru uhjlrq lq wkh zruog1

Wkh vhfrqg vorzhvw0jurzlqj surylqfh lv Khlorqjmldqj/ d khdy| lqgxvwu| edvh lq

wkh qruwk0hdvw ri Fklqd/ zklfk jurzv dw 91:3(1 Tlqjkdl*v dqg Khlorqjmldqj*v

jurzwk shuirupdqfhv vwdqg dv d vkdus frqwudvw wr �yh frdvwdo surylqfhv zklfk

kdyh pdqdjhg wr jurz dw wzr gljlw qxpehuv1 Wkhvh surylqfhv duh Mldqjvx/

]khmldqj/ Ixmldq/ Vkdqgrqj dqg Jxdqjgrqj/ zlwk wkh dyhudjh dqqxdo jurzwk

udwhv ryhu 4<:;0<:/ uhvshfwlyho|/ jlyhq e| 45166(/ 4615:(/ 45197(/ 431;6( dqg

44184(1 Zh fdoo wkhvh �yh surylqfhv dv ��yh gudjrqv� lq gxh frxuvh1

�Hdvw Dvldq Jurzwk Pludfoh� kdv dwwudfwhg d juhdw ghdo ri lqwhuhvw lq wkh

hfrqrplf surihvvlrq +h1j1 \rxqj/ 4<<4/ 4<<8,1 Olnhzlvh/ lw lv dq lqwhuhvwlqj

txhvwlrq wr dvn zk| Fklqd*v surylqfhv hvshfldoo| wkh �yh gudjrqv kdyh jurzq vr

idvw dqg zk| wkh| duh gl�huhqw lq whupv ri wkh orqj0uxq hfrqrplf jurzwk udwh1

Dv Vwljolw} +4<<7, srlqwv rxw/ �Wkh prvw uhdvrqdeoh +dqg orjlfdoo| frqvlvwhqw,

lqwhusuhwdwlrq ri wkh furvv vhfwlrq jurzwk revhuydwlrqv/ lq sduwlfxodu/ wkh udslg

jurzwk ri wkh frxqwulhv ri Hdvw Dvld/ lv wkdw lw hqwdlov d surfhvv ri fdwfklqj xs

wr wkh whfkqrorj| ri wkh pruh dgydqfhg frxqwulhv1� Wkh sulpdu| sxusrvh ri wklv

sdshu lv wr xvh d qhz wudgh0lqgxfhg fdwfk0xs prgho wr h{dplqh surylqfh0vshfl�f
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orqj0uxq h�hfwv ri wudgh dqg fduu| rq d uhodwlyho| fuxgh jurzwk dffrxqwlqj wr

lghqwli| wkh gl�huhqw jurzwk vrxufhv dw Fklqd*v surylqfh ohyho gxulqj wkh uhirup

shulrg 4<:;0<:1

Lq sduwlfxodu/ wkh wudglwlrqdo fdwfk0xs k|srwkhvlv kdv hyroyhg ryhu wkh ghfdghv

wkurxjk wkh frqwulexwlrqv ri Yheohq +4<48, dqg Jhuvfkhqnurq +4<95,1 Wkh

fdwfk0xs k|srwkhvlv vd|v wkdw frxqwulhv wkdw duh whfkqrorjlfdoo| edfnzdug kdyh

d srwhqwldo iru jhqhudwlqj jurzwk pruh udslgo| wkdq pruh dgydqfhg frxqwulhv

wkurxjk whfkqrorjlfdo lplwdwlrq41 Prvw ri wkh h{lvwlqj fdwfk0xs prghov +vhh/ iru

h{dpsoh/ Qhovrq dqg Skhosv/ 4<99> Ehqkdele dqg Vslhjho/ 4<<7> Ehuqdug dqg

Mrqhv/ 4<<9, dvvxph wkdw wkh fdwfk0xs surfhvv iroorzv wkh sduwldo dgmxvwphqw

phfkdqlvp1 Zlwk wklv phfkdqlvp/ wkh fdwfk0xs g|qdplfv iru dq hfrqrp| fdq

eh vwdwhg dv= Jurzwk udwh ri whfkqrorj| ohyhov +phdvxuhg e| oderxu surgxfwlylw|

ru WIS, htxdov wkh vshhg ri fdwfk0xs wlphv shufhqwdjh jds wr lwv rzq vwhdg|

vwdwh1 Lw lpsolhv wkdw wkh jurzwk udwh ri wkh hfrqrp| lv sursruwlrqdo wr wkh jds

ehwzhhq wkh hfrqrp|*v fxuuhqw whfkqrorj| ohyho dqg lwv vwhdg| vwdwh srvlwlrq1

Krzhyhu/ rqh pdmru vkruwfrplqjv ri wkh h{lvwlqj fdwfk0xs prghov duh wkdw

wkh| idlo wr prgho lplwdwlrq ehqh�w1 Dv d uhvsrqvh/ zh sursrvh d wudgh0lqgxfhg

fdwfk0xs prgho lq zklfk lplwdwlrq ehqh�w lv h{solflwo| frqvlghuhg1 Wkh pdlq

dgydqwdjh ri wklv prgho lv wkdw lw uhvxowlqj fdwfk0xs g|qdplfv lv dq huuru fru0

uhfwlrq prgho +HFP,/ zklfk kdv ehfrph d yhu| srsxodu hpslulfdo vshfl�fdwlrq

iru g|qdplf htxdwlrqv lq dssolhg hfrqrplfv/ lqfoxglqj dssolfdwlrqv wr vxfk lp0

sruwdqw sureohpv dv frqvxpswlrq/ lqyhvwphqw/ dqg wkh ghpdqg iru prqh|51

4
Deudprylw} +4<;9, dovr dujxhv wkdw wkhuh h{lvwv vrph plqlpxp ohyho ri ghyhorsphqw ehorz

zklfk wkh frxqwu| lv qrw fdsdeoh ri devruelqj qhz whfkqrorjlhv dqg wkh phuh h{lvwhqfh ri d

whfkqrorj| jds lv qrw d jxdudqwhh iru idvwhu jurzwk1 Wklv lv d vr0fdoohg �vrfldo fdsdelolw|�1

5
Glvfxvvlrq dqg uhihuhqfhv duh frqwdlqhg lq Khqgu|/ Sdjdq dqg Vdujdq +4<;7,
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Vshfl�fdoo|/ wkh HFP vwdwlvwlfdo iudphzrun lv dwwudfwlyh/ lq wkdw lw hqfrpsdvvhv

prghov lq erwk ohyhov dqg gl�huhqfhv ri yduldeohv dqg lv frpsdwleoh zlwk orqj0

uxq htxloleulxp ehkdylru1 Dovr/ lw lv frqvlvwhqw zlwk wkh frqfhsw ri frlqwhjudwlrq

lq hfrqrplf wlph0vhulhv +Judqjhu dqg Hqjoh/ 4<;:,1 Pruhryhu/ wkh HFP iudph0

zrun lq wkh sdqho gdwd vhwwlqj fdq eh hvwlpdwhg e| wkh Srrohg Phdq Jurxs

+SPJ, hvwlpdwru ri Shvdudq/ Vklq dqg Vplwk +4<<<,/ zklfk kdv dgydqwdjhv

ryhu rwkhu sdqho gdwd hvwlpdwru vxfk dv wkh Zlwklq Jurxs dqg �uvw0gl�huhqfh

JPP hvwlpdwruv lq doorzlqj iru sdudphwhu khwhurjhqhlw|1

Wklv hpslulfdo dssolfdwlrq wr Fklqd*v surylqfldo wudgh0jurzwk uhodwlrqvkls

surylghv lpsruwdqw srolf| lpsolfdwlrqv iru wkh rq0jrlqj srolf| ghedwh lq Fklqd

rq wkh Zruog Wudgh Rujdql}dwlrq +ZWR, phpehuvkls lvvxh1 Wkhuh lv vwurqj

ghedwh zlwklq Fklqd rq orzhu wdul� udwhv uhtxluhg e| lwv pdmru wudglqj sduw0

qhuv vxfk dv XVD dqg Hxurshdq Xqlrq/ suhvxpdeo| suhuhtxlvlwhv iru d ZWR

phpehuvkls1

Wklv sdshu lv rujdql}hg dv iroorzv= Vhfwlrq 5 eulh | uhylhz wkh h{lvwlqj whfk0

qrorj| fdwfk0xs prghov/ Vhfwlrq 6 suhvhqwv d vlpsoh qhz wkhruhwlfdo iudphzrun/

l1h1 d wudgh0lqgxfhg fdwfk0xs g|qdplfv1 Wkh vroxwlrq ri wklv prgho wxuqv rxw

wr eh lq wkh HFP irup1 Vhfwlrq 7 glvfxvvhv wkh hpslulfdo phwkrg ri sdqho

gdwd zlwk d irfxv rq wkh SPJ hvwlpdwru1 Vhfwlrq 8 uhsruwv dqg glvfxvvhv wkh

hpslulfdo uhvxowv1 Vhfwlrq 9 jlyhv wkh frqfoxvlrq1

5 Dq Ryhuylhz ri wkh Fdwfk0xs Prghov

Wkh wudglwlrqdo fdwfk0xs k|srwkhvlv grhvq*w vshfli| krz d whfkqrorjlfdoo| edfn0

zdug frxqwu| fdq fdwfk xs d whfkqrorjlfdoo| dgydqfhg rqh1 Wkh irup prghoolqj

ri wkh fdwfk0xs g|qdplfv vwduwhg iurp wkh zrun ri Qhovrq dqg Skhosv +4<99,1
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Wkh| dvvxph d sduwldo dgmxvwphqw phfkdqlvp iru wkh fdwfk0xs surfhvv1 Vxssrvh

wkdw wkh jurzwk ri whfkqrorj| D
w

/ ru wkh oderu surgxfwlylw|/ ghshqgv rq wkh jds

ehwzhhq lwv fxuuhqw ohyho D
w

dqg wkh ohyho ri cwkhruhwlfdo nqrzohgjh*/ H
w

=

bD
w

@ $+K, ^H
w

�D
w

` +4,

Wkh udwh dw zklfk wkh jds lv qduurzhg ghshqgv xsrq wkh ohyho ri kxpdq

fdslwdo/ K/ wkurxjk wkh ixqfwlrq/ $+K,/ zkhuh g$@gK A 3 dqg H
w

A D
w

1 Lq

Qhovrq dqg Skhos*v prgho/ wkh ohyho ri wkhruhwlfdo nqrzohgjh h{rjhqrxvo| jurzv

dw d frqvwdqw h{srqhqwldo udwh/ vxfk wkdw H
w

@ H+3,h�w1 Wkh vroxwlrq wr wkh

gl�huhqwldo htxdwlrq +4,

D
w

@

�
D
3
� $+K,

$+K, . �
H
3

�
h�$w .

$+K,

$+K, . �
H
3
h�w +5,

Wklv htxdwlrq lpsolhv wkdw wkh vwhdg| vwdwh whfkqrorj| ohyho D�
w

lv jlyhq e|

D�
w

@
$+K,

$+K, . �
H
3
h�w +6,

Wkh htxloleulxp jds lv jlyhq e|

H
w

�D
w

D
w

@
�

$+K,
+7,

Lq d whfkqrorjlfdoo| vwdjqdqw hfrqrp| +� @ 3,/ wkh vwhdg|0vwdwh huuru dssurdfkhv

}hur iru hyhu| K A 3= Lq d whfkqrorjlfdoo| surjuhvvlyh hfrqrp| + � A 3,/ wkhuh

lv d srvlwlyh vwhdg|0vwdwh huuru iru hyhu| K A 31 Wkh vwhdg|0vwdwh huuru lv

lqfuhdvlqj lq � dqg ghfuhdvlqj lq K1 Lq wkh vkruw uxq/ wkh udwh ri jurzwk ri

surgxfwlylw| lv d ixqfwlrq ri kxpdq fdslwdo dqg wkh surgxfwlylw| jds/ exw lq wkh

orqj uxq lw jurzv dw wkh udwh �1

Krzhyhu/ wkhuh duh vhyhudo sureohpv zlwk wkh whfkqrorjlfdo fdwfk0xs prg0

hov1 Iluvw/ wkh fruh ri wkh fdwfk0xs k|srwkhvlv lv wkh eholhi wkdw whfkqrorjlfdo
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lplwdwlrq lv fkhdshu wkdq whfkqrorjlfdo lqqrydwlrq/ zkloh prvw h{lvwlqj fdwfk0xs

prghov +h1j1 Ehuqdug dqg Mrqhv/ 4<<9, idlo wr prgho lplwdwlrq ehqh�w61

6 D Wudgh0lqgxfhg Fdwfk0xs Iudphzrun

Wkh vhwwlqj ri rxu fdwfk0xs prgho lv d wzr frxqwu| +Qruwk0Vrxwk, uhodwlrq1 Zh

dvvxph wkdw rqh ri wkh wzr frxqwulhv +wkh Qruwk, lv d whfkqrorjlfdoo| dgydqfhg

hfrqrp| zkloh wkh rwkhu rqh +wkh Vrxwk, lv ohvv ghyhorshg1 Wkh Qruwk dqg

wkh Vrxwk wudgh zlwk hdfk rwkhu dqg wkh wudgh +h{sruwv dqg lpsruwv, lv dozd|v

edodqfhg1 Zh dvvxph wkdw wkh Qruwk*v pruh dgydqfhg whfkqrorj| lv hperglhg

lq frpprglwlhv wudghg ehwzhhq wkh Qruwk dqg wkh Vrxwk dqg vsuhdgv wr wkh

Vrxwk1 Wkh Vrxwk grhv qrw lqyhqw whfkqrorj|/ exw lqvwhdg lplwdwhv ru dgdswv

wkh pruh dgydqfhg whfkqrorj| ri wkh Qruwk1

Zh ixuwkhu dvvxph wkdw wkh Vrxwk kdv d vlqjoh vhfwru1 Frqvlghu d uhsuhvhq0

wdwlyh �up lq wklv vhfwru idflqj shuihfw pdunhw frpshwlwlrq1 Hdfk �up lq wkh

vhfwru lv ulvn qhxwudo/ dfwv frpshwlwlyho|/ dqg kdv udwlrqdo h{shfwdwlrqv derxw

wkh xqghuo|lqj vwrfkdvwlf surfhvvhv ri whfkqrorj| gl�xvhg lq wkh vhfwru dqg wkh

ghflvlrq uxohv ri rwkhu �upv1 E| wudglqj zlwk wkh Qruwk/ wkh pruh dgydqfhg

whfkqrorj| ri wkh Qruwk kdv ehhq gl�xvhg zlwklq wkh vhfwru ri wkh Vrxwk1 Wkh

6
Dqrwkhu gudzedfn lv d odfn ri irupdo prghoolqj ri wkh uroh ri lqwhuqdwlrqdo wudgh lq phgl0

dwlqj wkh fdwfk0xs surfhvv vr idu zkloh lqwhuqdwlrqdo0wudgh0phgldwhg nqrzohgjh vslooryhu kdv

dwwudfwhg lqfuhdvlqj dwwhqwlrq1 Iru h{dpsoh/ Deudprylw} +4<;9, dujxhv wkdw lqwhuqdwlrqdo

wudgh lv rqh ri wkh idflolwlhv iru wkh gl�xvlrq ri nqrzohgjh dqg olqn zlwk d frxqwu|*v �vrfldo

fdsdelolw|� wr fdwfk0xs1 Groodu/ Zro� dqg Edxpro +4<;;, vxjjhvw wkdw wkhuh h{lvwv �vwurqj

flufxpvwdqwldo hylghqfh wkdw whfkqrorj| gl�xvlrq wkurxjk wudgh lq jrrgv dqg lqwhuqdwlrqdo lq0

yhvwphqw 111 +kdv, sod|hg dq lpsruwdqw uroh lq wkh frqyhujhqfh ri surgxfwlylw| ohyhov�1 Khqfh

lw zrxog eh xvhixo wr frqvlghu wkh uroh ri wudgh lq wkh fdwfk0xs prghoolqj1
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xvh ri wkh qhz whfkqrorj| uhtxluhv vrph h�ruw iru dgdswdwlrq wr d gl�huhqw hq0

ylurqphqw xqghu wkh frpshwlwlrq suhvvxuh iurp wkh Qruwk dqg phdqzkloh jdlqv

vrph ehqh�w iurp wkh lplwdwlrq dfwlylwlhv1 Dffruglqjo|/ zh glvwlqjxlvk wzr w|shv

ri frvw lqfxuuhg e| wkh vrxwkhuq �upv1 +4, Pdunhw frpshwlwlrq frvw> +5, Dg0

mxvwphqw frvw1 Rq wkh rwkhu kdqg/ krzhyhu/ wkh frvw ri lplwdwlrq lv w|slfdoo|

ohvv wkdq wkh frvw ri lqqrydwlrq +Eduur dqg Vdod0l0Pduwlq/ 4<<8,1 Frpsduhg

zlwk wkh pdunhw frpshwlwlrq frvw dqg dgmxvwphqw frvw/ zh wklqn ri lplwdwlrq

jhqhudoo| dv d ehqh�fldo dfwlylw|1 Khqfh wkhuh lv dq lplwdwlrq ehqh�w hqmr|hg

e| wkh �upv1 Ehorz zh suhvhqw vrph lqwhusuhwdwlrqv iru wkh wzr frvwv dqg rqh

ehqh�w1

Pdunhw Frpshwlwlrq Frvw

Iroorzlqj Edxpro +4<;9,7/ zh dvvxph wkdw wkh �upv lq wkh Vrxwk idfh frp0

shwlwlrq suhvvxuhv lqgxfhg iurp wkh gl�xvlrq ri wkh whfkqrorj| wr wkh vhfwru1

Ehfdxvh ri wkh frpshwlwlrq suhvvxuh/ hyhu| �up kdv wr dgrsw wkh qhz whfk0

qrorj| dv vrrq dv srvvleoh iru vxuylydo1 Wkh gdqjhu ri srvwsrqlqj wkh gdwh ri

whfkqrorj| dgrswlrq lv wkdw lw pd| dfwxdoo| uhgxfh wkh sur�w  rz ehfdxvh d ulydo

pd| ghflgh wr dgrsw wkh lqqrydwlrq gxulqj wkh ghod|1 Julolfkhv +4<8:, �qgv lq

X1V1 uhjlrqdo gdwd wkdw wkh wlph dw zklfk k|eulg fruq lv lqwurgxfhg dqg wkh udwh

dw zklfk wklv lqqrydwlrq vsuhdg ghshqgv rq phdvxuhv ri wkh frvw ri devruswlrq

dqg wkh hyhqwxdo sur�wdelolw| ri wkh qhz whfkqrorj|1 Wkh idvwhu wkh udwh ri de0

vruswlrq/ wkh juhdwhu wkh pdunhw vl}h dqg wkh odujhu wkh srwhqwldo lpsuryhphqw

lq furs |lhogv1 Vwrqhpdq dqg Nzrq +4<<9, xvh d prgho ri gl�xvlrq ri qhz

7
Edxpro +4<;9, dujxhv wkdw �Wkhuh lv uhdvrq wr vxvshfw wkdw wkh suhvvxuhv iru udslglw| lq

lplwdwlrq ri lqqrydwlrq lq lqgxvwuldo frxqwulhv kdyh ehhq jurzlqj111111Wkh shqdowlhv iru idloxuh

wr nhhs deuhdvw ri lqqrydwlrqv lq rwkhu frxqwulhv dqg wr lplwdwh wkhp zkhuh dssursuldwh kdyh

jurzq1�
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surfhvv whfkqrorjlhv wr whvw wkh uhodwlrqvkls ehwzhhq �up sur�wdelolw| dqg wkh

dgrswlrq ri whfkqrorj| rq wkh gdwd uhodwlqj d vdpsoh ri �upv lq wkh XN hqjl0

qhhulqj lqgxvwu| gxulqj wkh shulrg 4<;60;91 Wkh| �qg wkdw wkh| fdq qrw uhmhfw

wkh k|srwkhvhv/ wkdw wkh sur�w jdlq ri d qrq0dgrswlqj �up ghfolqhv dv rwkhu

�upv dgrsw qhz whfkqrorjlhv1 Li d �up lq wkh Vrxwk uhixvhv wr dgrsw wkh pruh

dgydqfhg whfkqrorj|/ lw zloo orvh wkh frpshwlwlyh dgydqwdjh lq wkh pdunhw1 Wkh

lqwhuwhpsrudo pdunhw frpshwlwlrq frvw fdq eh h{suhvvhg dv d p|rslf txdgudwlf

irup

H+F
P>w

, @
4[
m@3

�m�
4
+|
w.m

� |�
w.m

,5 +8,

zkhuh F
P>w

lv wkh pdunhw frpshwlwlrq frvw iru wkh �up dw wlph w/ H+F
P>w

,

lv wkh h{shfwhg frvw ri pdunhw frpshwlwlrq/ |
w.m

uhsuhvhqwv wkh dfwxdo oderxu

surgxfwlylw| ri wkh �up lq wkh Vrxwk dw wlph w. m / |�
w.m

lv wkh ghvluhg ru wdujhw

oderxu surgxfwlylw| dqg uhsuhvhqwv wkh pruh dgydqfhg whfkqrorj| zklfk wkh

�up zlvkhv wr dgrsw dw w. m/ � lv d glvfrxqw idfwru +3 ! � � 4, dqg �
4
A 3 lv d

frqvwdqw frh!flhqw1

Dgmxvwphqw Frvw

Lq rughu wr dgrsw wkh qhz whfkqrorj| hperglhg e| wkh Qruwk0Vrxwk wudgh/

wkh �up lq wkh Vrxwk kdv wr dgmxvw lwv h{lvwlqj surgxfwlrq surfhvv1 Wkxv wklv lq0

fxuv wkh dgmxvwphqw frvw1 Zh dvvxph wkh dgmxvwphqw frvw F
D

wdnhv d txdgudwlf

irup1 Wkh lqwhuwhpsrudo dgmxvwphqw frvw fdq eh h{suhvvhg dv

H+F
D>w

, @
4[
m@3

�m+|
w.m

� |
w.m�4

,5 +9,

zkhuh F
D>w

lv wkh dgmxvwphqw frvw ri wkh �up dw wlph w/ H+F
D>w

, lv wkh h{shfwhg

dgmxvwphqw frvw1

Ehqh�w iurp Lplwdwlrq Dfwlylwlhv

<



Wkh �up lq wkh Vrxwk ehqh�wv iurp wkh wudgh0hperglhg nqrzohgjh vslooryhu

dqg ehjlqv wr lplwdwh wkh qhz whfkqrorj|1 Whfkqrorj| lplwdwlrq dfwlylwlhv lq0

fxu frvw dqg phdqzkloh uhwxuq ehqh�w1 Zkhwkhu wkh ehqh�w iurp lplwdwlrq lv

jhqhudoo| juhdwhu wkdq wkh lplwdwlrq frvw ru qrw uhtxluhv vrph hpslulfdo vxs0

sruw1 Frpsduhg zlwk frvw uhvxowlqj iurp lqqrydwlrq dfwlylwlhv/ wkhuh lv hpslul0

fdo hylghqfh vxjjhvwlqj wkdw lplwdwlrq frvw lv vxevwdqwldoo| orzhu1 Iru h{dpsoh/

Pdqv�hog +4<;4, �qgv wkdw wkh udwlr ri lplwdwlrq frvwv wr lqqrydwlrq frvwv lq d

vdpsoh ri 7; surgxfw lqqrydwlrqv lv uhodwlyho| orz1 Whhfh +4<<:, h{dplqhv 59

lqwhuqdwlrqdo whfkqrorj| wudqvihu surmhfwv dqg glvfryhuv wkdw whfkqrorj| wudqvihu

frvwv dyhudjhg 4<( ri wrwdo surmhfw frvwv1 Wudqvihu frvwv duh irxqg wr ghshqg

rq d udqjh ri idfwruv/ lqfoxglqj wkh djh ri wkh whfkqrorj|/ wkh krvw lqgxvwu|*v

pdqxidfwxulqj h{shulhqfh/ wkh qxpehu ri �upv douhdg| xwlol}lqj wkh whfkqrorj|

dqg wkh fdsdelolw| dqg hdvh ri wkh wudqvihu1 Lq sduwlfxodu/ kh vxjjhvwv wkdw d

nlqg ri ohduqlqj surfhvv lv lqyroyhg lq wudqvihuulqj whfkqrorj|1 Iru h{dpsoh/ lq

fkhplfdo dqg shwurohxp uh�qlqj/ wkh vhfrqg vwduw xs ri wkh vdph surmhfw orz0

huhg frvwv e| 67( uhodwlyh wr wkh �uvw vwduw xs/ dqg e| 4<( iru wkh wklug vwduw

xs1 Wkhuhiruh/ zh fdq wdnh lplwdwlrq jhqhudoo| dv d ehqh�fldo dfwlylw|1

Wkh ehqh�w iurp lplwdwlrq pd| eh h{suhvvhg lq wkh irup ri +|
w.m

�|
w.m�4

,+|�
w.m

�
|�
w.m�4

,1 Wkh lqwhuwhpsrudo ehqh�w iurp lplwdwlrq dfwlylwlhv iru wkh Vrxwkhuq

�up fdq eh zulwwhq dv=

H+E
w

, @
4[
m@3

�m
�
5�

5
+|
w.m

� |
w.m�4

,+|�
w.m

� |�
w.m�4

,
�

+:,

zkhuh E
w

lv wkh lplwdwlrq ehqh�w1 H+E
w

, lv wkh h{shfwhg lplwdwlrq ehqh�w1

�
5
A 3= Wkh frqvwdqw lv qrupdol}hg wr 5 iru wkh frqyhqlhqfh ri vroxwlrq1

Wkh whup +|
w.m

�|
w.m�4

,+|�
w.m

�|�
w.m�4

, lv srvlwlyh dv orqj dv wkh gluhfwlrq lq

dfwxdo oderxu surgxfwlylw| fkdqjh +|
w.m

�|
w.m�4

, lv frqvlvwhqw zlwk wkh gluhfwlrq
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ri wkh wdujhw oderxu surgxfwlyh fkdqjh +|�
w.m

� |�
w.m�4

,1 Krzhyhu/ wklv whup

ehfrphv qhjdwlyh li wkh �uppryhv lq wkh czurqj* gluhfwlrq/ l1h1 wkh dfwxdo oderxu

surgxfwlylw| fkdqjh +|
w.m

� |
w.m�4

, grhv qrw iroorz wkh wdujhw fkdqjh +|�
w.m

�
|�
w.m�4

,1 Wklv ghvluhg gluhfwlrq lv h{dfwo| wkh ihdwxuh ri lplwdwlrq dfwlylwlhv

ehfdxvh lqqrydwlrq dfwlylwlhv qrupdoo| duh xqfhuwdlq exw lplwdwlrq dfwlylwlhv duh

txlwh vxuh lq fkrrvlqj wkh whfkqrorjlfdo lpsuryhphqw gluhfwlrqv1 E| frqwudvw/

doo suhylrxv vwxglhv +h1j1 Qlfnhoo/ 4<;8> Grprzlw} dqg Kdnnlr/ 4<<3, uhjdug

+|
w.m

� |
w.m�4

,+|�
w.m

� |�
w.m�4

, dv d frxqwhu0lqwxlwlyh whup dqg idlo wr r�hu dq

hfrqrplf lqwhusuhwdwlrq iru lw1 Iru h{dpsoh/ Qlfnhoo +4<;8, dujxh wkdw �wkh odvw

whup8 lv xqxvxdo lq wkh vhqvh wkdw lw grhv qrw qrupdoo| dsshdu lq prghov ri wklv

w|sh1 Lw lv lqfoxghg ehfdxvh lw kdv ehhq vxjjhvwhg/ lq Khqgu| dqg yrq Xqjhuq0

Vwhuqehuj +4<;4, iru h{dpsoh/ wkdw lw kdv d ohjlwlpdwh uroh wr sod| dv sduw ri

dq djhqw*v remhfwlyh1111111lw lv lqfrqvlvwhqw zlwk vhqvleoh ehkdylru dw ohdvw zlwk

uhjdug wr wkh deryh sureohp1� Wkh frqwulexwlrq ri wkh suhvhqw vwxg| olhv lq wkh

xvh ri lplwdwlrq ehqh�w wr h{sodlq wklv �vwudqjh� whup1

Zh qrz frpelqh wzr frvwv dqg rqh lplwdwlrq ehqh�w wrjhwkhu1 Wkh wrwdo

h{shfwhg lqwhuwhpsrudo frvw ri wkh whfkqrorj| dgrswlrq lv jlyhq e|=

H+F
w

, @ H+F
P>w

, .H+F
D>w

,�H+E
w

, +;,

ru

H+F
w

, @
4[
m@3

�m
�
�
4
+|
w.m

� |�
w.m

,5 . +|
w.m

� |
w.m�4

,5

�5�
5
+|
w.m

� |
w.m�4

,+|�
w.m

� |�
w.m�4

,
�

+<,

Wkh vhfrqg whup lv d vwdqgdug txdgudwlf dgmxvwphqw frvw rq zklfk zh qru0

pdol}h1 Wkh �up lv dvvxphg wr fkrrvh d vhtxhqfh
�
|4
w.m>m@3

�
vr dv wr plqlpl}h

8
Wkdw lv E+|n� 3 +|n�3��E+W|n�

3 +
W

|n�3�
�
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wkh h{shfwhg ydoxh ri F
w

/ frqglwlrqdo rq lqirupdwlrq dydlodeoh dw wlph w/ vxemhfw

wr d odz ri prwlrq iru |�
w

= Wkh lqwhuwhpsrudo rswlpl}dwlrq vroxwlrq ri wklv lq0

whuwhpsrudo orvv ixqfwlrq lv jlyhq e| Qlfnhoo +4<;8,1 Kh vkrzv wkdw wkh vwhdg|

vwdwh vroxwlrq iru wklv lqwhuwhpsrudo rswlpl}dwlrq frvw sureohp ri wkh lqglylgxdo

�up lq wkh Vrxwk fdq eh vlpsol�hg dv dq HFP dv orqj dv wkh wdujhw oderxu

surgxfwlylw| |�
w

lv qrq0vwdwlrqdu|/ zklfk lv vxssruwhg e| frqvlghudeoh hylghqfh

+Ohh/ Shvdudq dqg Vplwk/ 4<<:> Shgurql/ 4<<:/ 4<<<,1 Iru h{dpsoh/ Ohh/ Shvdudq

dqg Vplwk +4<<:, xvh wkh LSV sdqho xqlw urrw whvw dqg �qg wkh suhvhqfh ri xqlw

urrwv lq shu fdslwd JGS iru gl�huhqw jurxsv ri frxqwulhv lq wkh Vxpphuv0Khvwrq

+4<<8, gdwd1 Wkxv/ lw lv uhdvrqdeoh wr dvvxph wkdw wkh xqghuo|lqj vwrfkdvwlf sur0

fhvv ri wkh wdujhw oderxu surgxfwlylw| |� ri wkh �up lq wkh Vrxwk kdv d xqlw urrw1

Iroorzlqj Qlfnhoo +4<;8,/ wkh rswlpdo whfkqrorj| dgrswlrq ru fdwfk0xs g|qdplfv

iru wkh �up lv lq wkh HFP irup dv

�|
w

@ d. e�|�
w

. $+|
w�4

� |�
w�4

, +43,

zkhuh d lv d frqvwdqw/ e lv wkh vkruw0uxq dgmxvwphqw frh!flhqw dqg $ lv wkh

vshhg ri wkh dgmxvwphqw surfhvv1

Wkh Vrxwk kdv rqo| rqh vhfwru dqg wkh �up xqghu vwxg| lv d uhsuhvhqwdwlyh

�up/ wkh djjuhjdwh fdwfk0xs g|qdplfv ri wkh Vrxwk lv wkh vdph dv wkdw ri wkh

uhsuhvhqwdwlyh �up1

Pruhryhu/ wkh h{lvwlqj fdwfk0xs prghov dvvxph dq h{rjhqrxvo| jurzlqj

oderxu surgxfwlylw| +ru whfkqrorj|,1 Zlwkrxw nqrzlqj krz whfkqrorj| dg0

ydqfhv/ zh duh vwloo lqfdsdeoh ri lghqwli|lqj wkh xqghuo|lqj jurzwk phfkdqlvp91
9
Pdlqo| ehfdxvh ri d glvvdwlvidfwlrq zlwk wklv sx}}oh/ hqgrjhqrxv jurzwk wkhru| hphujhg

lq wkh plggoh ri 4<;3v1 Wklv ohg wr d frqvwuxfwlrq ri prghov zkhuh wkh ghwhuplqdqwv ri jurzwk

duh hqgrjhqrxv1 Urphu +4<;9, dqg Oxfdv +4<;;, duh xvxdoo| phqwlrqhg dv wkh lqvwljdwruv ri

wklv qhz jurzwk zdyh1
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Dv vxfk/ zh dvvxph wkdw wkh wdujhw oderxu surgxfwlylw| |�
w

iroorzv dq hqgrjh0

qrxv jurzwk surfhvv1 Vlplodu wr wkh vslooryhu h�hfw ri kxpdq fdslwdo ri Oxfdv

+4<;;,/ zh vxssrvh wkdw wkh djjuhjdwh surgxfwlrq ixqfwlrq ri d uhsuhvhqwdwlyh

hfrqrp| kdv wudgh0hperglhg nqrzohgjh vslooryhu h�hfwv dqg fdq eh h{suhvvhg

dv

\ �
lw

@ N
�

l

lw

^D
3
O
lw

`4��lZ
�

l

lw

+44,

zkhuh \ �
lw

lv wkh rxwsxw/ N
lw

lv wkh surylqfldo sk|vlfdo fdslwdo vwrfn/ O
lw

uhsuh0

vhqwv wkh surylqfldo oderxu irufh1 Jurvvpdq dqg Khospdq +4<<4, kdyh xvhg wkh

vl}h ri wudgh yroxphv dv d sur{| iru wkh h{whqw ri nqrzohgjh vslooryhuv ehwzhhq

frxqwulhv1 Olnhzlvh/ Z
lw

lv shu fdslwd lqwhuqdwlrqdo wudgh dqg uh hfwv wudgh0

hperglhg nqrzohgjh lqwhqvlw| ri wkh surylqfh/ l @ 4> =====>Q > w @ 4> =====> W > D
3
lv

lqlwldo whfkqrorj| ohyho1 �
l

+3 ? �
l

? 4, dqg �
l

duh frqvwdqw sdudphwhuv1 �
l

@ 3

phdqv qr h�hfw ri nqrzohgjh vslooryhu dqg wkh djjuhjdwh surgxfwlrq ixqfwlrq lv

frqvwdqw uhwxuqv wr vfdoh1 �
l

A 3 phdqv wkdw wkhuh lv nqrzohgjh vslooryhu lq wkh

surylqfldo hfrqrp| dqg wkh djjuhjdwh surgxfwlrq ixqfwlrq h{klelwv lqfuhdvlqj

uhwxuqv wr vfdoh1 Wkhuh lv d srvvlelolw| wkdw �
l

? 3/ zklfk lpsolhv d qhjdwlyh

vslooryhu h�hfw dqg ghfuhdvlqj uhwxuqv wr vfdoh1 Wkh nqrzohgjh vslooryhu grhv

qrw qhfhvvdulo| ohdg wr wkh surgxfwlylw| jdlq lq wkh hfrqrp|1

Shukdsv wkh prvw gl!fxow lvvxh lv krz wr lqwhusuhw wkh khwhurjhqhlw| ri

vslooryhu h�hfwv1 D srvvleoh lqwhusuhwdwlrq iru wkh gl�huhqw vslooryhu h�hfwv dfurvv

wkh hfrqrplhv lv wkdw wkh| ghshqg rq wkh gl�huhqw �idploldulw|� +Jrrgiulhqg

dqg PfGhuprww/ 4<<;, wr wkh wudgh0hperglhg iruhljq nqrzohgjh/ zklfk uh hfwv

wkh h!flhqf| zlwk zklfk wkh nqrzohgjh fdq eh dftxluhg1 Dffruglqj wr Jrrg0

iulhqg dqg PfGhuprww +4<<;,/ frxqwulhv wkdw surprwh idploldulw| zlwk rwkhuv

�qg hdvlhu wr dftxluh nqrzohgjh0krz dqg zloo hyhqwxdoo| fdwfk0xs wr ru hyhq
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ryhuwdnh wkh shu fdslwd lqfrph ohyhov ri pruh dgydqfhg wudglqj sduwqhuv1 Ohvv0

ghyhorshg frxqwulhv wkdw fdqqrw lqfuhdvh wkhlu idploldulw| zlwk wkh ghyhorshg

zruog zloo shuvlvwhqwo| odj zruog ohdghuv1 Wkh| xvh wkh idploldulw| wr lqwhusuhw

�Hdvw Dvldq Pludfoh�1 Iru h{dpsoh/ wkh Mdsdqhvh jurzwk pludfoh vhhpv forvho|

wlhg wr lqfuhdvlqj idploldulw| zlwk wkh Zhvw1 Lw ehjdq lq 4;9; zlwk gholehudwh

vwhsv iroorzlqj wkh Phlml Uhvwrudwlrq wr dgrsw Zhvwhuq zd|v1 Wkh vljql�fdqw

X1V suhvhqfh lq Mdsdq lpphgldwho| iroorzlqj wkh vhfrqg Zruog Zdu dqg gxulqj

wkh Nruhdq dqg Ylhwqdp Zduv ixuwkhu idploldul}hg Mdsdq zlwk ghyhorsphqwv

rxwvlgh ri Dvld1 Wkh surwudfwhg X1V1 lqyroyhphqw lq wkh Idu Hdvw/ hvshfldoo| lq

Mdsdq dqg Vrxwk Nruhd/ pd| kdyh khoshg od| wkh jurxqgzrun iru wkh srvwzdu

jurzwk pludfohv ri wkh Hdvw Dvld e| idploldul}lqj shrsoh lq wkrvh qdwlrqv zlwk

wkh Xqlwhg Vwdwhv1

Wdnlqj orjdulwkpv ri htxdwlrq +44, dqg dgglqj lq dq huuru whup |lhogv

|�
lw

@ d
3
. �

l

n
lw

. �
l

U
lw

. h
lw

+45,

zkhuh |�
lw

@ orj+ \lw

Olw

, lv shu fdslwd rxwsxw/ n
lw

@ orj+Nlw

Olw

, lv shu fdslwd fdslwdo

vwrfn dqg uhsuhvhqwv fdslwdo lqwhqvlw|/ U
lw

@ orj+Z
lw

,> d
3
@ orj+D

3
, lv frqvwdqw/

h
lw

lv dq huuru whup1 Wrwdo idfwru surgxfwlylw| +WIS, fdq eh fdofxodwhg dv

WIS
lw

@ d
3
. �

l

U
lw

. h
lw

@ |�
lw

� �
l

n
lw

1

Vxevwlwxwlqj htxdwlrq +45, lqwr htxdwlrq +43,/ zh rewdlq d frpsohwh HFP

fdwfk0xs g|qdplfv

�|
w

@ d. e
4
�n

w

. e
5
�U

w

. $ +|
w�4

� d
3
� �n

w�4
� �U

w�4
, +46,

zkhuh frh!flhqwv � dqg � lq htxdwlrq +46, uhsuhvhqw wkh orqj0uxq uhodwlrqvkls

dprqj wkh dfwxdo oderxu surgxfwlylw| |
w�4

/ fdslwdo shu fdslwd n
w�4

dqg wudgh

shu fdslwd U
w�4

1 Dv fdq eh vhhq e| vhwwlqj e
4
@ e

5
@ 3/ wkh HFP g|qdplfv
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frqyhqlhqwo| qhvwv wkh sduwldo dgmxvwphqw phfkdqlvp lpsolhg e| pdq| fdwfk0xs

prghov1

Wkh HFP htxdwlrq +46, hqmr|v wkh vxffhvv dqg srsxodulw| lq wkh dssolhg

hfrqrplfv +Grprzlw} dqg Kdnnlr/ 4<<3,1 Lq rxu frqwh{w/ dq lpsruwdqw dqg

sudfwlfdo vljql�fdqfh lv wkdw lw fdq hperg| wkh orqj0uxq wudgh0jurzwk uhodwlrq0

vkls lq whupv ri wkh wudgh nqrzohgjh vslooryhu h�hfwv lq d g|qdplf iudphzrun

zklfk fdq doorz wkh exvlqhvv f|foh h�hfw1 Lq sduwlfxodu/ wkh dgmxvwphqw vshhg

$ frxog eh ohvv wkdq �4 dqg wkxv lqyroyhv ryhuvkrrwlqj1 E| frqwudvw/ wkh sdu0

wldo dgmxvwphqw phfkdqlvp lpsolhg e| wkh h{lvwlqj fdwfk0xs prghov lqyroyh qr

rvfloodwlrqv dqg lv gluhfw zlwkrxw wkh suhvhqfh ri ryhuvkrrwlqj1 Lq uhdolw|/ krz0

hyhu/ pdfurhfrqrplfv gdwd vxfk dv shu fdslwd lqfrph kdv erwk wkh orqj0uxq

jurzwk h�hfw dqg wkh exvlqhvv f|foh h�hfw1 Krz wr edodqfh wkhvh wzr h�hfwv lv

dq lpsruwdqw hpslulfdo lvvxh1 Dv Urphu +4<;9, srlqwv rxw �Ehfdxvh wkhrulhv ri

orqj0uxq jurzwk dvvxph dzd| dq| yduldwlrq lq rxwsxw dwwulexwdeoh wr exvlqhvv

f|fohv/ lw lv gl!fxow wr mxgjh wkh hpslulfdo vxffhvv ri wkhvh wkhrulhv1 Hyhq li

rqh frxog uhvroyh wkh wkhruhwlfdo dpeljxlw| derxw krz wr �owhu wkh f|fohv rxw ri

wkh gdwd dqg wr h{wudfw wkh frpsrqhqw wkdw jurzwk wkhru| vhhnv wr h{sodlq/ wkh

orqjhvw dydlodeoh wlph vhulhv gr qrw kdyh hqrxjk revhuydwlrqv wr doorz suhflvh hv0

wlpdwhv ri orz0iuhtxhqf| frpsrqhqwv ru orqj0uxq wuhqgv1 Zkhq gdwd djjuhjdwhg

lqwr ghfdghv udwkhu wkdq |hduv duh xvhg/ wkh sdwwhuq ri jurzwk lq wkh Xqlwhg

Vwdwhv lv txlwh yduldeoh dqg lv dssduhqwo| vwloo lq xhqfhg e| f|folfdo pryhphqwv

lq rxwsxw1�

Wkh uhvxowdqw HFP iudphzrun kdv uhpdundeoh  h{lelolw| lq edodqflqj wkh

orqj0uxq wudgh0jurzwk uhodwlrqvkls dqg wkh vkruw0uxq exvlqhvv f|foh g|qdplfv1
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7 Hpslulfdo Phwkrg

Zlwk wkh hpskdvlv rq wudgh0hperglhg nqrzohgjh vslooryhu dqg whfkqrorjlfdo

lplwdwlrq dfwlylwlhv/ wkh wudgh0lqgxfhg fdwfk0xs g|qdplf iudphzrun deryh fdq

surylgh d frpprq g|qdplfv ri wkh fdwfk0xs surfhvv iru pdq| vlplodu hfrqrplhv

olnh wkh Vrxwk/ jlyhq e| htxdwlrq +46,1 Edvhg rq wklv frpprq g|qdplfv/ zh xvh

wkh sdqho gdwd phwkrg wr srro wkh gdwd iru wkh gl�huhqw hfrqrplhv wrjhwkhu1

Khqfh dgglqj dq huuru whup dqg wlph wuhqg wr htxdwlrq +46, |lhogv

�|
l>w

@ d
l

. e
4l
�n

l>w

. e
5l
�U

lw

. $
l

+|
w�4

� d
3l
� �

l

n
l>w�4

� �
l

U
l>w�4

, . W . x
lw

+47,

zkhuh x
lw

� Q+3> �5
l

, lv wkh huuru whup> l @ 4> 5> ======> Q lv wkh lqgh{ iru hfrqrplhv>

w @ 4> 5> ======> W lv wlph/ dovr zh gh�qh e @ +e
4

> e
5

,
3

dv wkh yhfwru ri wkh vkruw0uxq

frh!flhqwv/ } @ +n
l>w�4

/ U
l>w�4

,
3

dv wkh yhfwru ri wkh uhjuhvvruv/ f @ + �
l

/�
l

, dv

wkh yhfwru ri wkh orqj0uxq frh!flhqwv1

Wkh ydulrxv HFP sdqho gdwd prghov lq wkh olwhudwxuh fdq eh ylhzhg dv

uhvwulfwhg irupv ri wkh jhqhudo vshfl�fdwlrq +47,/ zklfk frqwdlqv d frpprq g|0

qdplf vshfl�fdwlrq exw ohdyhv wkh khwhurjhqhlw| sureohp rshq1 Wkh sulpdu|

gl�huhqfh ehwzhhq wkh ydulrxv sdqho gdwd hvwlpdwruv lv wkh ghjuhh wr zklfk

wkh| lpsrvh krprjhqhlw| dfurvv surylqfhv zlwk uhvshfw wr yduldqfhv/ vkruw ru

orqj0uxq uhjuhvvlrq vorsh frh!flhqwv dqg lqwhufhswv1 Lq wklv vhfwlrq zh frqvlghu

wkuhh hvwlpdwruv= wkh Phdq Jurxs +PJ,/ wkh SPJ +Shvdudq/ Vklq dqg Vplwk/

4<<:, dqg wkh G|qdplf Il{hg H�hfw hvwlpdwru +GIH,1 Wkh wkuhh hvwlpdwruv

+PJ/ SPJ/ GIH, duh qhvwhg zlwklq wkh vshfl�fdwlrq +47, zlwk wkh uhvwulfwlrq

hlwkhu rq wkh g|qdplf vshfl�fdwlrq ru wkh krprjhqhlw| ri huuru yduldqfh dqg2ru

wkh htxdolw| ri vkruw ru orqj0uxq vorsh frh!flhqwv dfurvv wkh hfrqrplhv1 Wkh

ohdvw uhvwulfwlyh surfhgxuh lv wkh PJ hvwlpdwru1 Wklv lpsrvhv qr krprjhqhlw|
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dqg lv fdofxodwhg dv wkh phdq +dfurvv wkh lqglylgxdo hfrqrp|, hvwlpdwhv ri wkh

orqj0uxq/ wkh vkruw0uxq dqg dgmxvwphqw frh!flhqwv: 1 Wkh qh{w ohdvw uhvwulfwlyh

hvwlpdwru lv wkh SPJ hvwlpdwru zklfk lpsrvhv htxdolw| ri rqh ru erwk ri wkh

orqj0uxq frh!flhqwv/ f/ exw doorzv wkh vkruw0uxq g|qdplfv frh!flhqwv e dqg

huuru yduldqfhv wr gl�hu dfurvv wkh hfrqrplhv1 Lpsrvlqj wkhvh htxdolw| uhvwulf0

wlrqv rq f/ li wkh| duh ydolg/ zloo lqfuhdvh wkh h!flhqf| dqg uhgxfh wkh vwdqgdug

huuruv ri wkh hvwlpdwhv1

Qrqhwkhohvv/ zh pljkw h{shfw wkdw wkh krprjhqhlw| uhvwulfwlrq lv qrw d doo0

ru0qrqh lvvxh dqg vrph sdudphwhuv lq htxdwlrq +47, pd| eh frpprq dqg vrph

gl�huhqw; 1 Lq wkh vkruw uxq/ zh pljkw h{shfw wkdw hyhu| hfrqrp|*v fdwfk0xs

surfhvv lv yhu| olnho| wr eh lglrv|qfudwlf zlwk hdfk rwkhu lq whupv ri gl�hu0

hqw vkruw0uxq frh!flhqwv e1 Lq wkh orqj uxq/ krzhyhu/ zh pljkw h{shfw wkdw

doo surylqfhv pd| vkduh d frpprq surgxfwlrq ixqfwlrq zlwk wudgh nqrzohgjh

vslooryhu lq whupv ri wkh vdph orqj0uxq frh!flhqwv f1 Lq rwkhu zrugv/ zh pljkw

vxssrvh wkdw f duh pruh olnho| wr eh pruh krprjhqrxv wkdq e1 Frpsdulqj

zlwk wkh PJ dqg GIH hvwlpdwruv/ wkh srwhqwldo dgydqwdjh ri wkh SPJ lv wr

frqfhqwudwh rq d frpprq orqj0uxq jurzwk uhodwlrqvkls dqg phdqzkloh frqwuro

iru wkh vkruw0uxq khwhurjhqhlw| sureohp dfurvv wkh hfrqrplhv1 Wkxv lw fdq eh

vhhq dv d edodqfh ehwzhhq wkh PJ dqg wkh GIH1 Vlqfh wkh wkuhh hvwlpdwruv duh

qhvwhg zlwk hdfk rwkhu/ zh fdq ghwhfw krz pxfk sdudphwhu vlplodulw| wkhuh lv

dqg krz pxfk sdudphwhu glvvlplodulw| wkhuh lv lq htxdwlrq +47, e| fduu|lqj rxw

:
Wkh vwdqgdug huuru ri PJ hvwlpdwh lv fdofxodwhg lq h{dfwo| wkh vdph zd| dv wkh vwdqgdug

huuru ri wkh phdq dv wkh vwdqgdug ghyldwlrq ri wkh lqglylgxdo frh!flhqwv glylghg e| wkh vtxduh

urrw ri ��

;
Lw lv zruwk| qrwlqj wkdw wkh dgmxvwphqw vshhg fdq eh gl�huhqw dfurvv wkh hfrqrplhv dv

zhoo1 Ehfdxvh rxu sulpdu| lqwhuhvw lv wr vwxg| wkh orqj0uxq h�hfwv ri wudgh nqrzohgjh vslooryhu

rq hfrqrplf jurzwk dfurvv Fklqd*v surylqfhv/ wklv sdshu zrq*w h{soruh wklv lvvxh ixuwkhu1
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Olnholkrrg Udwlr +OU, whvw ru Kdxvpdq whvw vxjjhvwhg e| Shvdudq/ Vklq dqg

Vplwk +4<<<,1

Lq sduwlfxodu/ wkh uhvwulfwlrqv ri d frpsohwh orqj0uxq krprjhqhlw| lpsolhv

wkdw wkh orqj0uxq frh!flhqwv ri fdslwdo vwrfn dqg wudgh shu fdslwd duh wkh vdph

dfurvv wkh hfrqrplhv1 Xqghu wklv uhvwulfwlrq/ htxdwlrq +47, ehfrphv

�|
l>w

@ d
l

. e
4l

�n
l>w

. e
5l

�U
lw

. $
l

+|
w�4

� d
3l

� �n
l>w�4

� �U
l>w�4

, . W . x
lw

+48,

zkhuh �
l

@ � dqg �
l

@ � iru doo l1

Li zh rqo| lpsrvh wkh orqj0uxq krprjhqhlw| rq fdslwdo frh!flhqwv/ qdpho|/

�
l

@ � iru doo l> dqg doorz wkh orqj0uxq wudgh frh!flhqwv wr eh gl�huhqw dfurvv

doo hfrqrplhv1 Xqghu wklv sduwldo orqj0uxq krprjhqhlw| uhvwulfwlrq/ htxdwlrq

+47, ehfrphv
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+49,

Wkh GIH hvwlpdwru lpsrvhv krprjhqhlw| rq wkh orqj0uxq frh!flhqwv f dv

zhoo dv rq wkh vkruw0uxq frh!flhqwv e ri +47,/ zkloh wkh GIH hvwlpdwru vwloo

doorzv yduldqfhv wr eh gl�huhqw dfurvv wkh hfrqrplhv

$
l

@ $>�
l

@ �> �
l

@ �> e
4l

@ e
4

> e
5l

@ e
5

> l @ 4> 5> ===>Q +4:,

Li zh ixuwkhu lpsrvh htxdolw| ri huuru yduldqfhv/ lw lv nqrzq dv wkh Zlwklq

Jurxs hvwlpdwru1 Shvdudq/ Vklq dqg Vplwk +4<<<, vxjjhvw wkdw wkh yduldqfhv

duh yhu| olnho| wr gl�hu vljql�fdqwo| dfurvv wkh hfrqrplhv1 Surylghg wkdw wkh

dvvxpswlrq ri htxdolw| ri huuru yduldqfhv lv lqydolg/ wkh Zlwklq Jurxs hvwlpdwh

zrxog eh lqh!flhqw dqg wkh hvwlpdwhg vwdqgdug huuruv zrxog eh eldvhg dqg

lqfrqvlvwhqw1

4;



8 Hpslulfdo Uhvxowv dqg Dqdo|vlv

\rxqj +5333, dujxhv wkdw jurzlqj lqwhuuhjlrqdo frpshwlwlrq ehwzhhq gxsolfd0

wlyh lqgxvwulhv/ wkuhdwhqhg wkh sur�wdelolw| ri wkhvh lqgxvwuldo vwuxfwxuhv/ ohdglqj

surylqfldo dqg orfdo jryhuqphqwv wr lpsrvh d ydulhw| ri lqwhuuhjlrqdo eduulhuv wr

wudgh1 Kh �qgv frpshoolqj hylghqfh wr vxssruw wkh lghd wkdw lqwhuuhjlrqdo wudgh

ri Fklqd kdv ehhq uhodwlyho| uhvwulfwhg diwhu 4<:;1 Iru h{dpsoh/ kh revhuyhv d

glyhujhqfh lq uhjlrqdo sulfhv lq wkh odwh 4<;3v/ iroorzhg e|  xfwxdwlqj urxqgv

ri frqyhujhqfh dqg glyhujhqfh gxulqj wkh 4<<3v1 Jlyhq d iudjphqwhg dqg ohvv

ghyhorshg grphvwlf hfrqrp| ri Fklqd +\rxqj/ 5333,/ lqglylgxdo surylqfhv pd|

eh vhhq dv pdq| lqghshqghqw ghyhorslqj �Vrxwkhuq� hfrqrplhv1 Gxulqj wkh

uhirup shulrg/ lqglylgxdo surylqfhv duh dfwlyho| wudglqj zlwk wkh whfkqrorjl0

fdoo| dgydqfhg �Qruwk� vxfk dv wkh RHFG frxqwulhv dqg Hdvw Dvld hfrqrplhv

+Qdxjkwrq/ 4<<9,1 Wudgh qrw rqo| lqfuhdvhv hdfk surylqfh*v nqrzohgjh vwrfn exw

dovr pd| vwlpxodwh nqrzohgjh vslooryhu zlwklq hdfk surylqfldo hfrqrp|1 Wkhuh0

iruh/ zh fdq suhvxssrvh wkh wudgh0lqgxfhg fdwfk0xs wkhruhwlfdo iudphzrun dv

wkh xqghuo|lqj hfrqrplf jurzwk phfkdqlvp ri Fklqd*v surylqfhv1 Dv vxfk/ wkh

surylqfhv vkduh d frpprq huuru fruuhfwlrq g|qdplfv ri shu fdslwd lqfrph< /

zklfk lv uhsuhvhqwhg e| htxdwlrq +46,1 Edvhg xsrq wklv hpslulfdo vshfl�fdwlrq/

zh fdq irfxv rq wkh orqj0uxq wudgh0jurzwk uhodwlrqvkls/ l1h1 wkh wudgh0hperglhg

nqrzohgjh vslooryhu h�hfw/ dw wkh surylqfh ohyho xvlqj wkuhh dowhuqdwlyh hvwlpd0

wruv/ l1h1 wkh PJ/ wkh SPJ dqg wkh GIH/ wr hvwlpdwh htxdwlrq +46,1 Wkh

rewdlqhg orqj0uxq frh!flhqwv fdq eh xvhg wr frqgxfw d jurzwk dffrxqwlqj dqdo0

|vlv iru wkh surylqfh0vshfl�f jurzwk vrxufhv1

<
Khuh zh xvh shu fdslwd lqfrph wr dssur{lpdwh shu zrunhu lqfrph +oderu surgxfwlylw|,

sduwldoo| ehfdxvh surylqfldo oderu gdwd lv qrw frpsohwh iru vrph surylqfhv1
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814 Gdwd Lvvxhv

Rxu gdwd vhw frqwdlqv 5; hfrqrplf surylqfhv ri Fklqd iru d 78 |hdu shulrg +4<850

4<<:,1 Surylqfldo JGS gdwd frphv iurp wkh Kvxhfk dqg Ol +4<<<, gdwd vhw/

fryhulqj wkh shulrg 4<850<81 Surylqfldo JGS gdwd iru 4<<9 dqg 4<<: lv gudzq

iurp Fklqd Vwdwlvwlfv \hduerrn 4<<:1 Zh xvh wrwdo srsxodwlrq lq frpelqdwlrq

zlwk JGS dqg gh dwhg e| surylqfldo JGS gh dwruv/ wdnlqj 4<<8 dv wkh edvh

|hdu wr jhqhudwh uhdo shu fdslwd JGS e| surylqfh1

Kvxhfk dqg Ol +4<<<, gdwd vhw surylghv surylqfldo lqyhvwphqw iurp 4<85 wr

4<<81 Lqyhvwphqw lv uhihuuhg wr jurvv �{hg fdslwdo irupdwlrq dw wkh fxuuhqw sulfh1

Wkh fdofxodwlrq ri jurvv �{hg fdslwdo irupdwlrq lv edvhg rq wkh wrwdo vrfldo �{hg

dvvhw lqyhvwphqw zklfk lqfoxghv grphvwlf lqyhvwphqw dqg IGL1 Surylqfldo lq0

yhvwphqw gdwd iru 4<<9 dqg 4<<: lv gudzq iurp Fklqd Vwdwlvwlfv \hduerrn 4<<:1

Lqyhvwphqw lv gh dwhg e| surylqfldo lqyhvwphqw gh dwruv1 Wkh lqyhvwphqw gh d0

wru wdnhv wkh sulfhv ri 4<<8 dv 433(1 Khqfh zh fdq jhw uhdo surylqfldo lqyhvwphqw

iru wkh shulrg 4<85 wr 4<<:1 Zh frqvwuxfw wkh wlph vhulhv ri fdslwdo vwrfn iurp

4<85 wr 4<<:1 Wkh shushwxdo lqyhqwru| phwkrg lv hpsor|hg wr jhqhudwh uhdo

fdslwdo vwrfn hdfk |hdu1 Wr zrun rxw wkh wlph vhulhv ri fdslwdo vwrfn/ zh qhhg wr

nqrz wkh dyhudjh ghsuhfldwlrq udwh ri fdslwdo dqg lwv lqlwldo ohyho1 Dffruglqj wr

Shunlqv* +4<;;, phwkrg/ wkh ryhudoo ghsuhfldwlrq udwh lv 8(1 Wkh lqlwldo fdslwdo

vwrfn lq 4<84 lq hdfk surylqfh lv vhw wr 6 wlphv Qdwlrqdo Lqfrph lq 4<84/ zklfk

lv gudzq iurp Kvxhfk/ Ol dqg Olx +4<<6, gdwd vhw1

Surylqfldo lqwhuqdwlrqdo wudgh lqfoxghv uhdo h{sruwv dqg uhdo lpsruwv1 H{0

sruwv dqg Lpsruwv gdwd dw surylqfldo ohyho frph iurp Kvxhk/ Ol dqg Olx +4<<6,

gdwd vhw dqg ydulrxv lvvxhv ri Fklqd Vwdwlvwlfv \hduerrn1 Uhdo h{sruw yroxphv

dqg uhdo lpsruw yroxphv lq grooduv duh rewdlqhg e| xvlqj wkh h{sruw sulfh lqgh{
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dqg wkh lpsruw sulfh lqgh{ iurp ydulrxv lvvxhv ri Fklqd Fxvwrp Vwdwlvwlfv dv

gh dwruv/ uhvshfwlyho|1 Wkhq uhdo lqwhuqdwlrqdo wudgh lq grooduv lv wudqviruphg wr

uhdo lqwhuqdwlrqdo wudgh lq Fklqhvh fxuuhqf| +\xdq, e| xvlqj wkh uhdo h{fkdqjh

udwhv surylghg e| Zruog Edqn1

815 Sdqho Gdwd Whvwlqj iru Xqlw Urrw

Zh dsso| wkh w0edu whvw ri Lp/ Shvdudq dqg Vklq +4<<9/ LSV, wr wkuhh ydul0

deohv= shu fdslwd lqfrph/ shu fdslwd fdslwdo vwrfn dqg shu fdslwd wudgh1 Wkh

qxoo k|srwkhvlv ri wkh LSV whvw lv K
3

= �
l

@ 3 iru doo l djdlqvw wkh dowhuqdwlyh

k|srwkhvlv K
3

= �
l

? 3 iru doo l1 Wkh LSV w0edu whvw surfhgxuhv43 duh wkdw wkh

DGI htxdwlrq lv hvwlpdwhg vhsdudwho| e| ROV iru hdfk lqglylgxdo surylqfh dqg

wkhq srrolqj wkh lqglylgxdo DGI xqlw urrw w vwdwlvwlfv ri �
l

/ edvhg rq wkh DGI

uhjuhvvlrq ri rughu s
l

/ wrjhwkhu e| xvlqj wkh Fhqwudo Olplw Wkhruhp wr whvw wkh

mrlqw qxoo k|srwkhvlv1 Lw wkhuhe| doorzv iru gl�hulqj sdudphwhu ydoxhv/ uhvlgxdo

yduldqfh dqg hyhq gl�huhqw odj ohqjwkv dqg wkxv frpsohwh khwhurjhqhlw| dprqj

lqglylgxdo surylqfhv1

Wdeoh 5 suhvhqwv wkh uhvxowv1 Wkh w0edu whvw zlwkrxw wuhqg fdqqrw uhmhfw wkh

qxoo k|srwkhvlv ri xqlw urrw iru n
lw

dqg U
lw

1 Ixuwkhupruh/ Wdeoh 5 uhsruwv wkdw

wkh w0edu whvw fdq uhmhfw wkh qxoo iru wkh �uvw0gl�huhqfh yduldeohv �|
lw

/ �n
lw

/

�U
lw

dw wkh 4( frq�ghqfh ohyho1 Wkhuhiruh/ shu fdslwd JGS |
lw

/ shu fdslwdo

fdslwd n
lw

dqg wudgh U
lw

duh L+4,1

43
Wkh LSV whvwv frqvlvw ri dqrwkhu whvw vwdwlvwlf= OP0edu whvw1 Jlyhq � ' 2Hc A ' 2S iru

wkh suh0uhirup shulrg dqg A ' 2f iru wkh uhirup shulrg/ wkh vlpxodwlrq uhvxowv ri LSV iru wkh

vlplodu sdqho gdwd glphqvlrq vkrzv wkdw w0edu whvw kdv kljkhu srzhu wkdq wkh OP0edu whvw1

Lq wklv glvvhuwdwlrq/ zh rqo| suhvhqw wkh w0edu whvw uhvxowv1 Qrqhyhuwkhohvv/ wkh OP0edu whvw

uhvxowv duh frqvlvwhqw zlwk wkh uhvxowv ri wkh w0edu whvw1
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816 Dowhuqdwlyh Hvwlpdwhv iru wkh Orqj0uxq Frh!flhqwv

Lq wklv vhfwlrq zh xvh wkh wkuhh dowhuqdwlyh hvwlpdwruv/ l1h1 wkh PJ/ wkh SPJ

dqg wkh GIH/ iru wkh HFP sdqho gdwd uhjuhvvlrq lq whupv ri +47, iru Fklqd*v

5; surylqfhv gxulqj wkh uhirup shulrg 4<:;04<<:1 Wdeoh 6 suhvhqwv hvwlpdwhv

ri wkh orqj0uxq frh!flhqwv/ wkh dgmxvwphqw frh!flhqw/ OU vwdwlvwlfv dqg mrlqw

Kdxvpdq Whvw vwdwlvwlfv1 Wkh frpsdulvrq dprqj wkh PJ/ wkh SPJ dqg wkh

GIH hvwlpdwruv lv edvhg rq erwk wkh OU whvw dqg Kdxvpdq whvw1 Doo uhjuhvvlrqv

lqfoxgh d wlph wuhqg1

Wkh PJ lpsrvhv qr krprjhqhlw| dqg wkh vwdqgdug huuru ri wkh PJ hvwlpdwh

lv fdofxodwhg lq h{dfwo| wkh vdph zd| dv wkh vwdqgdug huuru ri wkh phdq zkloh

wkh vwdqgdug ghyldwlrq ri wkh lqglylgxdo frh!flhqwv glylghg e| wkh vtxduh urrw

ri Q +vhh Shvdudq/ Vplwk dqg Lp/ 4<<<,1 Ehfdxvh wkh wlph vsdq ri rxu sdqho

gdwd lv rqo| 53 |hduv/ wkh PJ hvwlpdwru vx�huv iurp wkh vkruwdjh ri ghjuhhv ri

iuhhgrp dqg wkh hvwlpdwhg vwdqgdug huuru iru lqglylgxdo frqyhujhqfh uhjuhvvlrq

lv wrr odujh1 Dv zh fdq vhh iurp Froxpq 7 ri Wdeoh 6/ wkh orqj0uxq hvwlpdwhv

ri �
l

dqg �
l

duh qrw vljql�fdqw1 Khqfh wkh PJ hvwlpdwru lv qrw xvhixo iru rxu

hpslulfdo sxusrvh1

Zh irfxv rq wzr hvwlpdwhv ri wkh SPJ hvwlpdwru zlwk gl�huhqw orqj0uxq

frh!flhqw uhvwulfwlrqv1 Wkh �uvw SPJ +SPJ4, hvwlpdwhv duh rewdlqhg e| lp0

srvlqj htxdolw| ri erwk �
l

dqg �
l

1 Wkh vhfrqg SPJ +SPJ5, hvwlpdwhv duh

rewdlqhg e| lpsrvlqj htxdolw| rqo| rq wkh fdslwdo frh!flhqw �
l

dqg doorz wkh

wudgh frh!flhqw �
l

wr gl�hu dfurvv wkh surylqfhv1 Wkh Kdxvpdq whvw lv xvhg wr

whvw wkh orqj0uxq krprjhqhlw| uhvwulfwlrqv ri wzr SPJ hvwlpdwhv djdlqvw wkh

PJ hvwlpdwhv dqg wkh s0ydoxhv duh 31:8 dqg 31;3/ uhvshfwlyho|1 Wkh mrlqw Kdxv0

pdq uhvxowv phdq wkdw zh fdq qrw uhmhfw wkh uhvwulfwlrqv iru wkh SPJ4/ l1h1 wkh
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orqj0uxq frh!flhqwv �
l

dqg �
l

duh krprjhqhrxv dfurvv doo surylqfhv/ dqg wkh

uhvwulfwlrqv iru wkh SPJ5/ l1h1 rqo| wkh orqj0uxq frh!flhqw �
l

duh krprjhqhrxv

dfurvv doo surylqfhv/ uhvshfwlyho|1 Zh xvh wkh OU whvw wr glvwlqjxlvk wkh wzr

qhvwhg SPJ hvwlpdwhv1 Lq sduwlfxodu/ wkh orqj0uxq krprjhqhlw| uhvwulfwlrq rq

wkh wudgh frh!flhqwv �
l

ri wkh SPJ4 hvwlpdwh djdlqvw wkh qr orqj0uxq uhvwulf0

wlrq rq �
l

ri wkh SPJ5 hvwlpdwh lv uhmhfwhg e| wkh OU whvw dw wkh 4( frq�ghqfh

ohyho1

Ilqdoo| zh orrn dw wkh GIH hvwlpdwru/ zklfk lpsrvhv htxdolw| rq doo vorsh

frh!flhqwv dqg rqo| doorzv wkh lqwhufhswv dqg huuru yduldqfhv wr gl�hu dfurvv

wkh surylqfhv1 Dffruglqj wr wkh OU whvw/ wkh krprjhqhlw| ri GIH hvwlpdwru

lpsrvlqj rq wkh SPJ4 lv uhmhfwhg dw 4( frq�ghqfh1 Lw lpsolhv wkdw wkh GIH

vx�huv iurp wkh khwhurjhqhlw| sureohp1

Wkhuhiruh/ wkh SPJ5 hvwlpdwh/ rqo| zlwk wkh uhvwulfwlrqv rq wkh fdslwdo

frh!flhqw �
l

/ lv vljql�fdqwo| suhihuuhg dprqj wkh PJ/ GIH dqg wkh SPJ4 hv0

wlpdwh1 Wkh SPJ5 hvwlpdwh uhsruwv wkdw wkh orqj0uxq fdslwdo frh!flhqw lv 315;;

dqg vljql�fdqw1 Wkh dyhudjh dgmxvwphqw frh!flhqw lv vljql�fdqwo| qhjdwlyh dqg

lv 04138< +?04,1 Wklv lpsolhv wkdw wkh dyhudjh dgmxvwphqw vshhg lv uhodwlyho|

kljk dqg surylqfldo lqfrph ryhuvkrrwv lwv wdujhw lqfrph ohyho uhshdwhgo|1 Wkxv/

wklv phdqv wkdw wkh HFP prgho dffrpprgdwhv d exvlqhvv f|foh h�hfw lq wkh

gdwd1 Pruh lpsruwdqwo|/ wkh SPJ5 hvwlpdwh doorzv wkh orqj0uxq wudgh vslooryhu

frh!flhqwv �
l

wr gl�hu dfurvv wkh surylqfhv1 Zkloh wkh dyhudjh orqj0uxq frhi0

�flhqw lv srvlwlyh zlwk ydoxh 3144< dqg lv qrw vljql�fdqw/ wkh hvwlpdwhg �
l

iru

lqglylgxdo surylqfhv lv yhu| lqwhuhvwlqj1 Wdeoh 7 uhsruwv wkh lqglylgxdo orqj0

uxq vslooryhu h�hfwv ri wudgh rq hfrqrplf jurzwk1 Lw vkrzv wkdw 48 rxw ri 5;

surylqfhv* orqj0uxq wudgh nqrzohgjh vslooryhu h�hfwv duh vljql�fdqwo| srvlwlyh1

56



Wklv lpsolhv wkdw wkh srvlwlyh h�hfwv ri wudgh0nqrzohgjh vslooryhu fdxvh wkhvh 48

surylqfhv wr h{klelw lqfuhdvlqj uhwxuqv wr vfdoh1 Exw rqh surylqfh +Khlorqjmldqj,

kdv d vljql�fdqwo| qhjdwlyh h�hfw1 Ixuwkhupruh/ wkh lqglylgxdo hvwlpdwhv vkrz

wkdw wkhuh duh vxevwdqwldo gl�huhqfhv dprqj wkh surylqfhv lq whupv ri orqj0uxq

wudgh nqrzohgjh vslooryhu h�hfwv1

Wkh uhvw ri wkh 45 surylqfhv* hvwlpdwhv ri wudgh vslooryhu h�hfwv duh qrw

vljql�fdqwo| gl�huhqw iurp }hur1 Wklv uhvxow lv gl�huhqw iurp rxu h{shfwdwlrq

dffruglqj wr wkh �qglqj ri d orqj0uxq uhodwlrqvkls dprqj shu fdslwd lqfrph/

fdslwdo vwrfn dqg wudgh1 Wkh pdlq uhdvrq lv wkdw wkh hvwlpdwlrq surfhgxuh ri

wkh SPJ hvwlpdwru lv srrolqj lqglylgxdo HFP wlph vhulhv hvwlpdwlrq wrjhwkhu

dqg wkhq lpsrvlqj vrph orqj0uxq krprjhqhlw| uhvwulfwlrqv vxfk dv d frpprq

fdslwdo frh!flhqw �
l

dfurvv wkh surylqfhv1 Ehfdxvh wkh wlph vhulhv vsdq lq wkh

sdqho lv rqo| 53 |hduv/ wkh SPJ hvwlpdwhv pd| vwloo vx�hu iurp wkh vkruwdjh

ri ghjuhhv ri iuhhgrp dqg wkh hvwlpdwhg vwdqgdug huuru iru lqglylgxdo HFP

uhjuhvvlrq pd| eh wrr odujh1 Lq dgglwlrq/ wkh vlqjoh krprjhqhlw| uhvwulfwlrq rq

�
l

fdq qrw vx!flhqwo| lqfuhdvh wkh ghjuhh ri iuhhgrp1 Khqfh/ wkh orqj0uxq wudgh

frh!flhqw hvwlpdwhv ri wkh 45 surylqfhv duh lqvljql�fdqw1 Wr suryh wklv srlqw/

wkh dgglwlrqdo krprjhqhlw| uhvwulfwlrqv rq �
l

lq wkh �uvw SPJ hvwlpdwh khosv wr

lqfuhdvh wkh ghjuhh ri iuhhgrp vr wkdw wkh hvwlpdwhg � ehfrphv kljko| vljql�fdqw

zlwk d srvlwlyh ydoxh ri 3=365/ zkloh wklv dgglwlrqdo uhvwulfwlrq lv uhmhfwhg e| wkh

OU whvw1

Ilqdoo|/ wkh �yh gudjrqv* nqrzohgjh vslooryhu frh!flhqwv duh 3165</ 31658/

31597/ 31553 dqg 31537 iru Mldqjvx/ ]khmldqj/ Ixmldq/ Vkdqgrqj dqg Jxdqjgrqj/

uhvshfwlyho|44 dqg kljkhu wkdq wkh dyhudjh frh!flhqw 3=44< ri doo surylqfhv1

Wkh uhdvrq iru wkhvh kljk srvlwlyh frh!flhqwv pd| eh gxh wr wkh �yh gudjrqv*

44
Wkh frh!flhqw ri ]khmldqj lv qrw vljql�fdqw1
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rxwvwdqglqj idploldulwlhv wr wkh iruhljq nqrzohgjh/ zklfk pd| ehqh�w iurp wkh

qhdue| Fklqhvh0vshdnlqj hfrqrplhv ri Krqj Nrqj/ Wdlzdq dqg Vlqjdsruh45 1

Krzhyhu/ Khlorqjmldqj/ d qruwk0hdvw surylqfh qhdu wkh iruphu Vrylhw Xqlrq/

vx�huv iurp d vljql�fdqwo| qhjdwlyh lpsdfw ri nqrzohgjh vslooryhu h�hfw +� @

�3=444,1 Khlorqjmldqj kdv pruh lqyroyhphqw zlwk wkh iruphu Vrylhw Xqlrq dqg

uhsuhvhqwv wkh ehvw h{dpsoh ri wkh Vrylhw0vw|oh lqgxvwuldol}dwlrq gxulqj wkh suh0

uhirup shulrg1 Frqvhtxhqwo|/ lwv idploldulw| zlwk lwv pdlq wudglqj sduwqhuv/ l1h1

wkh RHFG frxqwulhv dqg Hdvw Dvldq hfrqrplhv/ lv yhu| orz gxulqj wkh uhirup

shulrg dqg wkxv pd| eh uhvsrqvleoh iru wkh qhjdwlyh vslooryhu h�hfw1

817 Surylqfldo Jurzwk Dffrxqwlqj zlwk Vslooryhu H�hfwv

WIS phdvxuhg e| wkh �Vrorz uhvlgxdo� lq wkh qrupdo jurzwk dffrxqwlqj pd|

eh qr pruh wkdq d phdvxuh ri rxu ljqrudqfh +Whpsoh/ 4<<<,1 E| frqwudvw/ wkh

surgxfwlrq ixqfwlrq zlwk nqrzohgjh vslooryhu vxfk dv htxdwlrq +45, doorzv iru

d vkdushu shuvshfwlyh rq wkh Vrorz uhvlgxdo +Eduur/ 4<<<,1 Zlwklq wklv vhwwlqj/

WIS fdq eh ixuwkhu lqwhusuhwhg lq whupv ri phdvxuhv ri wkh wudgh nqrzohgjh

vslooryhu h�hfw1

Wkh jurzwk dffrxqwlqj fdq eh rewdlqhg dffruglqj wr wkh orqj0uxq surgxfwlrq

ixqfwlrq +45, dv iroorzv

j
l

@ �
l

�n
lw

.�WIS @ �
l

�n
lw

. �
l

�U
lw

.�h
lw� ~} �

�WIS

+4;,

zkhuh j
l

> �n
lw

dqg �U
lw

duh wkh dyhudjh dqqxdo jurzwk udwhv ri JGS/ fdslwdo

vwrfn dqg lqwhuqdwlrqdo wudgh shu fdslwd iru wkh surylqfh l ryhu wkh uhirup shulrg

4<:;0<:1 �WIS @ �
l

�U
lw

.�h
lw

/ �
l

�U
lw

lv wkh frqwulexwlrq ri wudgh vslooryhu

45
Ixmldq lv lq iurqw ri Wdlzdq dqg Jxdqjgrqj lv lq iurqw ri Krqjnrqj1 Dovr/ wkhvh �yh

surylqfhv kdyh forvh olqn zlwk ryhuvhdv Fklqhvh1
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h�hfwv1

D qdwxudo ehqfkpdun iru wklv surylqfldo jurzwk dffrxqwlqj lv wkh srvw0zdu

jurzwk ri wkh Qhzo| Lqgxvwuldol}lqj Frxqwulhv ri Hdvw Dvld/ l1h1 Krqj Nrqj/ Vlq0

jdsruh/ Vrxwk Nruhd dqg Wdlzdq/ zklfk kdv surirxqgo| lq xhqfhg hfrqrplvwv*

hydoxdwlrq ri wkh srwhqwldo jdlqv iurp wudgh olehudol}dwlrq surfhvvhv1 Wkh h{0

wudruglqdu| udslg dqg vxvwdlqhg qdwxuh ri jurzwk lq wkhvh hfrqrplhv/ dorqj zlwk

lwv dssduhqw dvvrfldwlrq zlwk wkh jurzwk ri lqwhuqdwlrqdo wudgh/ kdv ohg pdq|

hfrqrplvwv wr dujxh wkdw wkhuh duh hqruprxv WIS g|qdplf jdlqv iurp wudgh

olehudol}dwlrq +h1j1 Edogzlq/ 4<<5,1 Krzhyhu/ uhfhqw uhvhdufk e| \rxqj +4<<8,

kdv jhqhudwhg frqvlghudeoh frqwuryhuv| e| vxjjhvwlqj wkdw surgxfwlylw| jurzwk

pd| kdyh dffrxqwhg iru rqo| d vpdoo iudfwlrq ri wkh jurzwk ri wkhvh Hdvw Dvldq

hfrqrplhv/ zlwk fdslwdo dffxpxodwlrq ehlqj uhvsrqvleoh iru wkh exon ri lw1 Vrph

�jxuhv pd| eh khosixo1 Lq Krqj Nrqj/ JGS shu fdslwd juhz e| 81:( shu |hdu

gxulqj 4<990<51 Gxulqj 4<990<3/ Vlqjdsruh*v JGS shu fdslwd juhz dw 91;(

shu |hdu/ Vrxwk Nruhd*v dovr dw 91;( shu |hdu/ dqg Wdlzdq*v dw 91:(1 \rxqj

+4<<8, xvhv wkh djjuhjdwh surgxfwlrq ixqfwlrq dssurdfk wr vhsdudwh rxw wkh frq0

wulexwlrq wr wklv jurzwk ri idfwru dffxpxodwlrq dqg WIS jurzwk1 Kh ghulyhv

hvwlpdwhv ri wkh frqwulexwlrq pdgh e| WIS jurzwk +wkh Vrorz uhvlgxdo,1 Iru

wkh vdph wlph shulrgv dv ehiruh/ kh �qgv wkdw WIS jurzwk udwhv zhuh 516( d

|hdu iru Krqj Nrqj/ 315( iru Vlqjdsruh/ 41:( iru Vrxwk Nruhd/ dqg 514( iru

Wdlzdq1 \rxqj dujxhv wkdw wkhvh �jxuhv duh qrw h{fhswlrqdo e| wkh vwdqgdugv

ri wkh RHFG ru vhyhudo odujh ghyhorslqj frxqwulhv1 Lw vhhpv wr lpso| wkdw WIS

lv uhodwlyho| xqlpsruwdqw dv wkh vrxufh ri wkh �Hdvw Dvld Pludfoh�1

E| frqwudvw/ lw vhhpv wkdw wkh fdvh ri Fklqd*v surylqfhv lv frqvlvwhqw zlwk

wkh g|qdplf jdlq iurp wudgh nqrzohgjh vslooryhu h�hfw1 Wdeoh 8 vkrzv wkdw doo
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surylqfhv* WIS jurzwk h{fhsw Ehlmlqj46 lv pxfk juhdwhu wkdq fdslwdo dffxpx0

odwlrq jurzwk1 Wklv surylqfldo euhdngrzq hfkrhv wkh �qglqjv ri wkh suhylrxv

jurzwk dffrxqwlqj vwxglhv dw wkh qdwlrqdo ohyho +Eruhqv}whlq dqg Rvwu|/ 4<<9>

Kx dqg Nkdq/ 4<<:,/ zklfk vkrz wkdw fdslwdo dffxpxodwlrq kdv uhwuhdwhg wr d

vhfrqgdu| uroh dqg WIS kdv ehfrph wkh sulpdu| gulyh irufh ri Fklqd*v hfrqrplf

jurzwk diwhu 4<:;1

Ehvlghv WIS jdlq/ fdslwdo dffxpxodwlrq lv dqrwkhu fkdqqho wkurxjk zklfk

wkh wudgh fdq d�hfw hfrqrplf jurzwk dv glvfxvvhg lq Fkdswhu :1 Edogzlq +4<<5,

vxjjhvwv wkdw wkh dgydqfhg nqrzohgjh hperglhg lq wkh Vrxwk0Qruwk wudgh udlvhv

wkh uhwxuq wr fdslwdo ri wkh Vrxwk dqg lw zloo lqgxfh fdslwdo irupdwlrq dqg wkhuh0

iruh udlvh lqfrph ri wkh Vrxwk1 Lq rxu frqwh{w/ wklv wudgh0jurzwk phfkdqlvp

zrxog suhglfw wkdw wkh jurzwk dffrxqwlqj zrxog �qg wkdw wkh hfrqrp| wkdw

h{shulhqfhg juhdwhu fdslwdo dffxpxodwlrq dovr h{shulhqfhg juhdwhu WIS jurzwk1

Iljxuh 4 vkrzv wkdw kljkhu WIS jurzwk udwhv duh fruuhodwhg zlwk kljkhu fdslwdo

jurzwk udwhv/ dqg ylfh yhuvd1 Wklv �qglqj lv frqvlvwhqw zlwk suhglfwlrq wkdw

wudgh lqfuhdvhv wkh uhwxuqv wr fdslwdo dffxpxodwlrq dqg wkxv lqgxfhv d kljkhu

lqyhvwphqw udwh1

Zkloh wkh vslooryhu h�hfw lv dq lpsruwdqw vrxufh ri WIS jurzwk lq wkh �i0

whhq surylqfhv/ wkh frqwulexwlrq ri wkh vslooryhu h�hfw wr WIS ydulhv odujho|

dfurvv wkh surylqfhv1 Wkh �yh gudjrqv +Jxdqjgrqj/ Ixmldq/ Mldqjvx/ Vkdqgrqj/

]khmldqj, kdyh hqmr|hg vxevwdqwldo dqg g|qdplf jdlq iurp lqwhuqdwlrqdo wudgh

vslooryhu1 Krzhyhu/ Khlorqjmldqj*v WIS jurzwk kdv ehhq vljql�fdqwo| r�vhw e|

wkh qhjdwlyh frqwulexwlrq ri wkh wudgh vslooryhu h�hfw1 Wudgh vslooryhu h�hfwv rq

WIS jurzwk khos wr h{sodlq zk| wkh �yh gudjrqv duh  |lqj exw Khlorqjmldqj lv

46
D srvvleoh h{sodqdwlrq iru Ehlmlqj lv wkdw Ehlmlqj/ dv wkh fdslwdo ri Fklqd/ fdq dffhvv wr

pruh lqyhvwphqw vrxufhv vxfk dv wkh vwdwh lqyhvwphqw1
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idoolqj ehklqg1

9 Frqfoxglqj Uhpdunv

Wkh pdmru phwkrgrorjlfdo frqwulexwlrq ri wklv fkdswhu lv wkh lqwurgxfwlrq ri

d wudgh0lqgxfhg fdwfk0xs prgho1 Lq sduwlfxodu/ wkh edvlf vhwwlqj ri wkh prgho

lv wkdw wkh Vrxwk0Qruwk wudgh fdxvhv d wudgh0hperglhg nqrzohgjh vslooryhu wr

wkh Vrxwk/ zklfk lqwhqvl�hv pdunhw frpshwlwlrq suhvvxuh iru wkh �upv lq wkh

Vrxwk dqg phdqzkloh surylghv wkhp zlwk dq rssruwxqlw| wr lplwdwh wkh pruh

dgydqfhg whfkqrorj| ri wkh Qruwk1 Qlfnhoo*v vroxwlrq wr wklv lqwhuwhpsrudo frvw

plqlplvdwlrq sureohp lv d fdwfk0xs g|qdplfv lq d HFP irup zklfk kdv hq0

mr|hg srsxodulw| lq wkh dssolhg hfrqrplfv +Grprzlw} dqg Ndnnlr/ 4<<3,1 Wkh

wdujhw oderxu surgxfwlylw| lv ghwhuplqhg e| wkh surgxfwlrq ixqfwlrq zlwk wudgh0

hperglhg vslooryhu h�hfwv1 Lwv hfrqrphwulf lpsohphqwdwlrq lv grqh e| wkh SPJ

hvwlpdwru ri sdqho gdwd1

Wklv prgho lv dssolhg wr Fklqhvh surylqfldo gdwd gxulqj wkh uhirup shulrg

4<:;04<<:1 Wkh pdlq hpslulfdo �qglqjv duh=

+4, Wkh xqghuo|lqj hfrqrplf jurzwk phfkdqlvp iru Fklqd*v uhpdundeoh

jurzwk dw wkh surylqfh ohyho fdq eh ghvfulehg e| wkh wudgh0lqgxfhg fdwfk0xs

surfhvv wrzdugv wkhlu wudglqj sduwqhuv hvshfldoo| wkh RHFG frxqwulhv dqg Hdvw

Dvldq hfrqrplhv1 Lplwdwlrq ehqh�w kdv hqdeohg wkh surylqfldo hfrqrplhv wr ds0

surdfk wkhlu rzq orqj0uxq lqfrph wdujhwv/ zklfk duh hqgrjhqrxvo| ghwhuplqhg

e| wkh surgxfwlrq ixqfwlrq zlwk wudgh0hperglhg nqrzohgjh vslooryhu h�hfwv1

+5, Zh kdyh lghqwl�hg 48 surylqfhv hqmr|lqj srvlwlyh wudgh0hperglhg nqrzo0

hgjh vslooryhu h�hfwv dqg 4 surylqfh +Khlorqjmldqj, vx�hulqj iurp d qhjdwlyh

vslooryhu h�hfw1 Xqiruwxqdwho|/ zh duh qrw deoh wr slq grzq wkh orqj0uxq vslooryhu
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h�hfwv ri wkh uhpdlqlqj 45 surylqfhv/ pdlqo| gxh wr gdwd olplwdwlrq1 Qhyhuwkh0

ohvv/ zh eholhyh wkdw vslooryhu h�hfwv kdyh d jhqhudoo| srvlwlyh orqj0uxq lpsdfw

rq wkh hfrqrplf jurzwk ri Fklqd/ dqg wkhvh �qglqjv fdq h{sodlq Fklqd*v uh0

pdundeoh jurzwk shuirupdqfh gxulqj wkh uhirup shulrg 4<:;0<:1

+6, Wkh gl�huhqw nqrzohgjh vslooryhu h�hfwv ri lqglylgxdo surylqfhv duh pdlqo|

uhvsrqvleoh iru wkh gl�huhqw hfrqrplf jurzwk shuirupdqfh1 D srvvleoh uhdvrq iru

wkh gl�huhqw vslooryhu h�hfwv lv wkh surylqfh0vshfl�f idploldulw| zlwk wkh wudgh0

hperglhg nqrzohgjh vwrfn1 Iru vrph surylqfhv hvshfldoo| wkh �yh gudjrqv/ wkh

idploldulw| lv kljk exw iru rwkhuv vxfk dv Khlorqjmldqj*v idploldulw| pd| eh yhu|

orz1

+7, Wkh jurzwk dffrxqwlqj dqdo|vlv surylghv dq h{sodqdwlrq iru wkh gl�huhqw

jurzwk shuirupdqfh ri Fklqd*v surylqfhv diwhu 4<:;1 Lq sduwlfxodu/ lw ghprq0

vwudwhv wkdw wkh WIS jurzwk lv pruh lpsruwdqw wkdq fdslwdo jurzwk lq doo surylq0

fldo hfrqrplhv h{fhsw Ehlmlqj1 Wkxv/ zh frq�up wkh uhvxowv ri wkh suhylrxv

jurzwk dffrxqwlqj vwxglhv iru Fklqhvh qdwlrqdo hfrqrp| +Eruhqv}whlq dqg Rv0

wu|/ 4<<9> Kx dqg Nkdq/ 4<<:,1 Lq dgglwlrq/ zh �qg wkdw wkh nqrzohgjh vslooryhu

h�hfw lv d yhu| vljql�fdqw frpsrqhqw ri wkh WIS jurzwk1 Lq wkh fdvh ri wkh �yh

gudjrqv/ wkh frqwulexwlrq ri wudgh vslooryhu h�hfw lv surplqhqw1 Khlorqjmldqj lv

vljql�fdqwo| gdpdjhg e| wkh qhjdwlyh wudgh nqrzohgjh vslooryhu h�hfw1 Ryhudoo/

wkh nqrzohgjh vslooryhu ehqh�wv ydu| dfurvv wkh lqglylgxdo surylqfhv dqg wkxv

fdxvhv vljql�fdqw gl�huhqfhv ri orqj0uxq jurzwk udwhv dprqj wkh surylqfhv1
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Uhihuhqfhv

Deudprylw}/ P1/ 4<;91 Fdwfklqj Xs/ Irujlqj Dkhdg/ dqg Idoolqj Ehklqg1 Mrxu0

qdo ri Hfrqrplf Klvwru| 79/ 6;807391

Edogzlq/ U1H1/ 4<<51 Phdvxudeoh G|qdplf Jdlqv iurp Wudgh1 Mrxuqdo ri

Srolwlfdo Hfrqrp| 433/ 49504:71

Eduur/ U1M1/ Vdod0L0Pduwlq/ [1/ 4<<8d1 Whfkqrorjlfdo Gl�xvlrq/ Frqyhujhqfh/

dqg Jurzwk1 Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk/ Zrunlqj Sdshu= 8484/ 691

Eduur/ U1M1/ Vdod0l0Pduwlq/ [1/ 4<<8e1 Hfrqrplf jurzwk1 Dgydqfhg Vhulhv

lq Hfrqrplfv1 PfJudz0Kloo/ Qhz \run1

Eduur/ U1M1/ 4<<<1 Qrwhv rq Jurzwk Dffrxqwlqj1 Mrxuqdo ri Hfrqrplf

Jurzwk 7/ 44<046:1

Ehqkdele/ M1/ Vslhjho/ P1/ 4<<71 Wkh Uroh ri Kxpdq Fdslwdo lq Hfrqrplf

Ghyhorsphqw= Hylghqfh iurp Djjuhjdwh Furvv0Frxqwu| Gdwd1 Mrxuqdo ri Prq0

hwdu| Hfrqrplfv 67/ 47604:61

Ehuqdug/ D1E1/ Gxuodxi/ V1Q1/ 4<<41 Frqyhujhqfh ri Lqwhuqdwlrqdo Rxwsxw

Pryhphqwv1 Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk Zrunlqj Sdshu= 6:4:1

Ehuqdug/ D1/ Mrqhv/ F1/ 4<<91 Whfkqrorj| dqg Frqyhujhqfh1 Hfrqrplf Mrxu0

qdo 439/ 436:043771

Eruhqv}whlq/ H1/ Rvwu|/ M1G1/ 4<<91 Dffrxqwlqj iru Fklqd*v Jurzwk Shuiru0

pdqfh1 Dphulfdq Hfrqrplf Uhylhz ;9/ 557055;1

Fklqd Vwdwlvwlfv \hduerrn/ ydulrxv lvvxhv/ Vwdwh Vwdwlvwlfdo Exuhdx1

Fkrz/ F1J1/ 4<<61 Fdslwdo Irupdwlrq dqg Hfrqrplf Jurzwk lq Fklqd1

Txduwhuo| Mrxuqdo ri Hfrqrplfv 43;/ ;3<0;751

Frh/ G1W1/ Khospdq/ H1/ Kr�pdlvwhu/ D1Z1/ 4<<:1 Qruwk0Vrxwk U)G Vslooryhuv1

Hfrqrplf Mrxuqdo 43:/ 467047<1
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Groodu/ G1/ Zro�/ H1Q1/ Edxpro/ Z1M1/ 4<;;1 Wkh Idfwru0Sulfh Htxdol}dwlrq

Prgho dqg Lqgxvwu| oderxu Surgxfwlylw|= Dq Hpslulfdo Whvw dfurvv Frxqwulhv1

Lq Ihhqvwud/ U1F1/ +Hg1,/ Hpslulfdo phwkrgv iru lqwhuqdwlrqdo wudgh1 PLW Suhvv/

Fdpeulgjh/ PD1/ ss1 5607:1

Grprzlw}/ L1/ Kdnnlr/ F1V1/ 4<<31 Lqwhusuhwlqj dq Huuru Fruuhfwlrq Prgho=

Sduwldo Dgmxvwphqw/ Iruzdug0Orrnlqj Ehkdylrxu/ dqg G|qdplf Lqwhuqdwlrqdo

Prqh| Ghpdqg1 Mrxuqdo ri Dssolhg Hfrqrphwulfv 8/ 5<0791

Hqjoh/ U0I1/ Judqjhu/ F1Z1M1/ 4<;:1 Frlqwhjudwlrq dqg Huuru Fruuhfwlrq=

Uhsuhvhqwdwlrq/ Hvwlpdwlrq/ dqg Whvwlqj1 Hfrqrphwulfd 88/ 58405:91

Idjhuehuj/ M1/ 4<<31 D Whfkqrorj| Jds Dssurdfk wr Zk| Jurzwk Udwhv Gli0

ihu1 Lq Iuhhpdq/ F/ +Hg1,/ Wkh hfrqrplfv ri lqqrydwlrq1 Lqwhuqdwlrqdo Oleudu|

ri Fulwlfdo Zulwlqjv lq Hfrqrplfv/ qr1 51 Hojdu/ Doghuvkrw/ ss1 8809:1

Jhoe/ D1/ Mh�huvrq/ J1/ Vlqjk/ L1/ 4<<81 Fdq Frppxqlvw Hfrqrplhv Wudqv0

irup Lqfuhphqwdoo|B Wkh H{shulhqfh ri Fklqd1 QEHU Pdfurhfrqrplf Pdqxo/

;904631

Jhuvfkhqnurq/ D1/ 4<951 Hfrqrplf Edfnzdugqhvv lq Klvwrulfdo Shuvshfwlyh1

Ehonqdss Suhvv/ Fdpeulgjh/ PD1

Jrrgiulhqg/ P1/ PfGhuprww/ M1/ 4<<;1 Lqgxvwuldo Ghyhorsphqw dqg wkh Frq0

yhujhqfh Txhvwlrq1 Dphulfdq Hfrqrplf Uhylhz ;;/ 45::045;<1

Jurvvpdq/ J1P1/ Khospdq/ H1/ 4<<31 Frpsdudwlyh Dgydqwdjh dqg Orqj0uxq

Jurzwk1 Dphulfdq Hfrqrplf Uhylhz ;3/ :<90;481

Jurvvpdq/ J1P1/ Khospdq/ H1/ 4<<4e1 Wudgh/ Nqrzohgjh Vslooryhuv1 Hxur0

shdq Hfrqrplf Uhylhz 68/ 84:08591

Khqgu|/ G1I1/ yrq Xqjhuq0Vwhuqehuj/ W1/ 4<<61 Oltxlglw| dqg Lq dwlrq Hi0

ihfwv rq Frqvxphuv* H{shqglwxuh1 Lq Khqgu|/ G1I1 Hfrqrphwulfv= Dofkhp|
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ru vflhqfhB Hvvd|v lq Hfrqrphwulf Phwkrgrorj|1 Eodfnzhoo/ Fdpeulgjh/ ss1

54305631

Khqgu|/ G1I1/ Sdjdq/ D1U1/ Vdujdq/ M1G1/ 4<;71 G|qdplf Vshfl�fdwlrq1 Lq

Lqwuloljdwru/ P1G1/ +Hg1,/ Kdqgerrn ri Hfrqrphwulfv/ yro 51 Qruwk0Kroodqg/

Dpvwhugdp/ ss1 4358044331

Kvxhk/ W1W1/ Ol/ T1/ Olx/ V1/ 4<<61 Fklqd*v surylqfldo vwdwlvwlfv/ 4<7<04<;<1

Zhvwylhz Suhvv/ Erxoghu1

Kvxhk/ W1W1/ Ol T1/ 4<<<1 Fklqd*v Qdwlrqdo Lqfrph1 Zhvwylhz Suhvv/ Erxo0

ghu1

Kx/ ]1I1/ Nkdq/ P1V1/ 4<<:1 Zk| Lv Fklqd Jurzlqj Vr IdvwB Lqwhuqdwlrqdo

Prqhwdu| Ixqg Vwd� Sdshuv 77/ 43604641

Oxfdv/ U1H1 Mu1/ 4<;;1 Rq wkh Phfkdqlfv ri Ghyhorsphqw Sodqqlqj1 Mrxuqdo

ri Prqhwdu| Hfrqrplfv 55/ 60751

Pdqv�hog/ H1/ Vfkzduw}/ P1/ Zdjqhu/ V1/ 4<;41 Lplwdwlrq Frvwv dqg Sdwhqwv=

Dq Hpslulfdo Vwxg|1 Hfrqrplf Mrxuqdo <4/ <3:0<4;1

Qdxjkwrq/ E1/ 4<<91 Fklqd*v Hphujhqfh dqg Survshfwv dv d Wudglqj Qdwlrq1

Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlylw|/ Pdfurhfrqrplfv 5/ 5:6066:1

Qhovrq/ U1/ Skhosv/ H1/ 4<991 Lqyhvwphqw lq Kxpdqv/ Whfkqrorjlfdo Gl�x0

vlrq/ dqg Hfrqrplf Jurzwk1 Dphulfdq Hfrqrplf Uhylhz 94/ 9<0:81

Qlfnhoo/ V1/ 4<;81 Huuru Fruuhfwlrq/ Sduwldo Dgmxvwphqw dqg Doo Wkdw= Dq

H{srvlwru| Qrwh1 R{irug Exoohwlq ri Hfrqrplfv dqg Vwdwlvwlfv 7:/ 44<045<1

Sduhqwh/ V1O1/ Suhvfrww/ H1F1/ 4<<71 Eduulhuv wr Whfkqrorj| Dgrswlrq dqg

Ghyhorsphqw1 Mrxuqdo ri Srolwlfdo Hfrqrp| 435/ 5<;06541

Shunlqv/ G1K1/ 4<;;1 Uhiruplqj Fklqd*v Hfrqrplf V|vwhp1 Mrxuqdo ri Hfr0

qrplf Olwhudwxuh 59/ 93409781
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Shvdudq/ P1K1/ Vklq/ \1/ Vplwk/ U1/ 4<<<1 Srrohg Phdq Jurxs Hvwlpdwlrq ri

G|qdplf Khwhurjhqhrxv Sdqhov1 Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq

<7/ 95409671

Urphu/ S1P1/ 4<;91 Lqfuhdvlqj Uhwxuqv dqg Orqj0uxq Jurzwk1 Mrxuqdo ri

Srolwlfdo Hfrqrp| <7/ 43350436:1

Vwljolw}/ M1H1/ 4<<71 H{sodlqlqj Jurzwk= Frpshwlwlrq dqg Ilqdqfh1 Lq Edo0

gdvvduul/ P1/ Sdjdqhwwr/ O1/ Skhosv/ H1V1/ +Hgv1, Lqwhuqdwlrqdo Gl�huhqfhv lq

Jurzwk Udwhv= Pdunhw Joredol}dwlrq dqg Hfrqrplf Duhdv1 Vw1 Pduwlq*v Suhvv/

Qhz \run/ ss1 49<05581

Vwrqhpdq/ S1/ Nzrq/ P1M1/ 4<<91 Whfkqrorj| Dgrswlrq dqg Ilup Sur�wdelo0

lw|1 Hfrqrplf Mrxuqdo 439/ <850<951

Whhfh/ G1M1/ 4<<:1 Whfkqrorj| Wudqvihu e| Pxowlqdwlrqdo Ilupv= Wkh Uh0

vrxufh Frvw ri Wudqvihuulqj Whfkqrorjlfdo Nqrz0krz1 Hfrqrplf Mrxuqdo ;:/

57505941

Whpsoh/ M1/ 4<<<1 Wkh Qhz Jurzwk Hylghqfh1 Mrxuqdo ri Hfrqrplf Olwhud0

wxuh 6:/ 44504891

Yheohq/ W1/ 4<481 Jhupdq| dqg wkh Lqgxvwuldo Uhyroxwlrq1 Pdfploodq/ Qhz

\run1

Zhl/ V M1/ 4<<61 Rshq Grru Srolf| dqg Fklqd*v Udslg Jurzwk= Hylghqfh

Iurp Flw|0Ohyho Gdwd1 Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk Zrunlqj Sdshu=

7935

\rxqj/ D1/ 4<<81 Wkh W|udqq| ri Qxpehuv= Frqiurqwlqj wkh Vwdwlvwlfdo

Uhdolwlhv ri wkh Hdvw Dvldq Jurzwk H{shulhqfh1 Txduwhuo| Mrxuqdo ri Hfrqrplfv

443/ 97409;31

\rxqj/ D1/ 53331 Wkh Ud}ru*v Hgjh= Glvwruwlrqv dqg Lqfuhphqwdo Uhirup lq

66



wkh Shrsoh*v Uhsxeolf ri Fklqd1 Txduwhuo| Mrxuqdo ri Hfrqrplfv 448/ 43<4044681
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Wdeohv dqg �jxuhv
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Wdeoh 4= Dyhudjh Dqqxdo Jurzwk Udwhv ri Shu Fdslwd JGS ri Fklqd*v 5;
Surylqfhv gxulqj wkh uhirup shulrg 4<:;0<:

Surylqfh Jurzwk Udwh ri Shu Fdslwd JGS

Dqkxl <155
Ehlmlqj :1<4
Ixmldq 45197
Jdqvx :195

Jxdqjgrqj 44184
Jxdqj{l ;156
Jxl}krx ;155
Khehl <17:

Khlorqjmldqj 91:3
Khqdq <1:3
Kxehl <197
Kxqdq ;154

Lqqhu Prqjrold ;18:
Mldqjvx 45166
Mldqj{l <169
Mlolq ;1<6

Oldrqlqj :1;;
Qlqj{ld :154
Tlqjkdl 81;;
Vkddq{l ;16:
Vkdqjkdl ;168
Vkdqgrqj 431;6
Vkdq{l ;149
Vlfkxdq <19;
Wldqmlq ;186
\xqqdq ;1<<
[lqmldqj ;1<<
]khmldqj 4615:

Dyhudjh <13<
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Wdeoh 5= LSV Whvwv iru Sdqho Xqlw Urrwv
Lqwhufhsw/ qr wuhqg

w0edu whvw

|
lw

5158

n
lw

;174

U
lw

5187

�|
lw

09156

�n
lw

06175

�U
lw

06157

Qrwhv= Wzr whvwv duh rqh0vlghg1 Wkh uhohydqw fulwlfdo ydoxhv iru wkh w0edu
whvw duh rewdlqhg iurp wkh orzhu wdlov ri wkh vwdqgdug qrupdo/l1h1 0415; +43(,
041978 +8(, dqg 05166 +4(, uhvshfwlyho|1 Wkh wrs0grzq dssurdfk kdv ehhq
xvhg wr vhohfw wkh odj rughuv iru hdfk wlph vhuhlv +Fdpsehoo dqg Shuurq/ 4<<4,
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Wdeoh 6= Dowhuqdwlyh Hvwlpdwhv ri wkh Huuru0Fruuhfwlrq Fdwfk0xs Prgho iru
Fklqd*v Surylqfhv ryhu 4<:;0<:
Orqj0uxq 4 5 6 7
Frh!flhqwv GIH SPJ4 SPJ5 PJ

�
l

31589. 315<8. 315;;. 3137;a

+31358, +3134;, +31375, +31786,

�
l

31493. 31365. 3144<a 313::a

+31355, +31339, +313<4, +31395,

Dgmxvwphqw Frh!flhqwv $ 0317;3. 031:;3a 04138<a 031:;8a

+31348, +313<4, +31449, +314:5,

Kdxvpdq Whvw s@31:8 s@31;3

OU Whvw s0ydoxh 31333 31334

Qrwh= Wkh �jxuhv lq eudfnhwv ri wkh SPJ dqg PJ hvwlpdwruv duh vwdqgdug huuruv1
Wkh �jxuhv lq GIH hvwlpdwru*v eudfnhwv duh Zklwh urexvw vwdqgdug huuruv1
Phdq jurxs hvwlpdwhv duh xvhg dv lqlwldo ydoxhv1 Rughuv ri Odjv lq wkh
DUGO prgho zklfk duh vhohfwhg e| DLF1 Wkh pd{lpxp ri odjv lv 61
Qhzwrq0Udskvrq dojrulwkp lv xvhg1 . phdqv sdudphwhuv duh uhvuwulfwhg
wr eh wkh vdph dqg a phdqv wkh dyhudjh frh!flhqw dfurvv surylqfhv1
Wlph wuhqg lv lqfoxghg lq doo uhjuhvvlrqv1

6;



Wdeoh 7= Wkh Orqj0uxq Wudgh0hperglhg Nqrzohgjh Vslooryhu Frh!flhqwv iru
Hdfk Surylqfh ri Fklqd

Surylqfh �
l

Dqkxl 03147< +314;;,
Ehlmlqj 3135<� +3133:,
Ixmldq 31597� +31398,
Jdqvx 0313;7 +3139:,

Jxdqjgrqj 31537� +3134:,
Jxdqj{l 31;5: +31:7:,
Jxl}krx 031385 +31386,
Khehl 31434� +31353,

Khlorqjmldqj 031444� +31348,
Khqdq 3137;� +31353,
Kxehl 031374 +31343,
Kxqdq 041483 +51557,

Lqqhu Prqjrold 031363 +313<8,
Mldqjvx 3165<� +31384,
Mldqj{l 0313;9 +31387,
Mlolq 3136<� +31348,

Oldrqlqj 3154;� +3138:,
Qlqj{ld 031454 +313<4,
Tlqjkdl 3145:� +31356,
Vkddq{l 31363� +31338,
Vkdqgrqj 31553� +3135<6,
Vkdqjkdl 51355 +61739,
Vkdq{l 31386� +31343,
Vlfkxdq 3134: +31349,
Wldqmlq 31485� +3135<,
[lqmldqj 313;7� +31348,
\xqqdq 3139:� +31358,
]khmldqj 31658 +3153<,

Dyhudjh 3144< +313<4,

Qrwh1 Wkh �jxuhv lq eudfnhwv duh vwdqgdug huuruv1 - phdqv wkh frh!flhqw
lv vljql�fdqw dw 8( frq�ghqfh ohyho1
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Wdeoh 8= Jurzwk Dffrxqwlqj zlwk Wudgh Nqrzohgjh Vslooryhu iru Fklqd*v
Surylqfhv 4<:<04<<:

Surylqfh jJGS jn jWIS jU

Dqkxl 313<37 31356; 313998 Q2D
Ehlmlqj 313:69 3136<3 31367: 3133:7
Ixmldq 314479 3135;< 313;8: 313:9:
Jdqvx 3139<3 31346< 313884 Q2D
Jxdqjgrqj 314455 313747 313:3; 3138:7
Jxdqj{l 313::6 313455 313984 Q2D
Jxl}krx 313:39 313478 313894 Q2D
Khehl 313;9: 31358: 313943 3134<4
Khlorqjmldqj 313956 31356< 3136;7 0313663
Khqdq 313<36 313583 313986 3133;:
Kxehl 313;;; 313554 313999 Q2D
Kxqdq 313:75 313534 313874 Q2D
Lqqhu Prqjrold 313;48 31359: 31387; Q2D
Mldqjvx 3143;: 31374< 31399; 3138<3
Mldqj{l 313;97 313576 313954 Q2D
Mlolq 313;55 313576 3138:< 31343;
Oldrqlqj 313:68 3134;< 313879 3136:;
Qlqj{ld 3139:< 313455 31388: Q2D
Tlqjkdl 313847 313485 313695 313574
Vkddq{l 313::: 313537 3138:6 3133<7
Vkdqjkdl 313:87 3135;; 313799 Q2D
Vkdqgrqj 314345 313643 313:3: 3137;8
Vkdq{l 313:56 313548 31383; 3134<3
Vlfkxdq 313;45 3134;< 313956 Q2D
Wldqmlqj 313:7: 313577 313836 31359<
[lqmldqj 313;84 3135;4 3138:3 31354:
\xqqdq 313:<6 31346; 313989 313479
]khmldqj 3144;< 313693 313;5< 313:4;

Dyhudjh 313;64 313575 338<3 3135;5
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Iljxuh 4= Sduwldo Dvvrfldwlrq ehwzhhq Dqqxdo Dyhudjh ri Surgxfwlylw| +WIS,
Jurzwk dqg Shu Fdslwd Fdslwdo Vwrfn Jurzwk ri Fklqd*v Surylqfhv 4<:<04<<:
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