
D Vlpsoh Dgdswlyh Phdvxuh ri Fruh Lq dwlrq

Wlprwk| Frjoh|�

Qryhpehu 4<<;

Devwudfw

Wklv sdshu sursrvhv d qhz phdvxuh ri fruh lq dwlrq dqg frpsduhv
lw zlwk vhyhudo h{lvwlqj phdvxuhv1 Wkh qhz phdvxuh lv dgdswlyh dqg
lv ghvljqhg wr wudfn vxgghq dqg shuvlvwhqw pryhphqwv lq lq dwlrq/
vxfk dv wkrvh dulvlqj iurp fkdqjhv lq prqhwdu| srolf| uhjlphv1 Wkh
dgdswlyh phdvxuh lv d vxshulru suhglfwru ri +orfdoo|, phdq uhyhuwlqj
frpsrqhqwv ri lq dwlrq/ dqg dsshduv wr �owhu rxw wudqvlhqwv pruh hi0
ihfwlyho| wkdq h{lvwlqj phdvxuhv1

4 Lqwurgxfwlrq

Lq d vhulhv ri sdshuv/ Fhffkhwwl +4<<9,/ Eu|dq dqg Fhffkhwwl +4<<6/ 4<<7/ dqg
4<<8,/ dqg Eu|dq/ Fhffkhwwl/ dqg Zljjlqv +4<<:, kdyh vwxglhg d ydulhw| ri
sureohpv uhodwhg wr wkh phdvxuhphqw ri lq dwlrq1 Wkhlu zrun lv prwlydwhg
e| wkh revhuydwlrq wkdw dv wkh irfxv ri fhqwudo edqnv vkliwv wrzdug lq dwlrq
wdujhwlqj/ lw ehfrphv lqfuhdvlqjo| lpsruwdqw wr kdyh dffxudwh phdvxuhv ri
lq dwlrq1

Rqh sureohp frqfhuqv wkh idfw wkdw frqyhqwlrqdo phdvxuhv ri lq dwlrq
frqwdlq d juhdw ghdo ri kljk iuhtxhqf| qrlvh1 Wkh suhvhqfh ri wudqvlhqw qrlvh

�Iru frpphqwv dqg vxjjhvwlrqv/ L dp judwhixo wr Nhq Ndvd/ Nhylq Odqvlqj/ Ere Udvfkh/

Johqq Uxghexvfk/ dqg vhplqdu sduwlflsdqwv dw wkh Ihghudo Uhvhuyh Edqn ri Qhz \run1 L

dp dovr judwhixo wr Qlorridu Edglh iru uhvhdufk dvvlvwdqfh1 Wkh pdlq lghd lq wklv sdshu zdv

prwlydwhg e| glvfxvvlrqv zlwk Wrp Vdujhqw derxw srolf| uhjlph fkdqjhv dqg vwrfkdvwlf ds0

sur{lpdwlrq dojrulwkpv1 Wkh rslqlrqv h{suhvvhg khuhlq duh p| rzq dqg gr qrw qhfhvvdulo|

uh hfw wkrvh ri wkh Ihghudo Uhvhuyh Edqn ri Vdq Iudqflvfr ru wkh Ihghudo Uhvhuyh V|vwhp1

Sohdvh dgguhvv fruuhvsrqghqfh wr wkh Uhvhdufk Ghsduwphqw/ 4463/ Ihghudo Uhvhuyh Edqn

ri Vdq Iudqflvfr/ SR Er{ ::35/ Vdq Iudqflvfr/ FD <7453/ ru wr wlp1frjoh|Cvi1iue1ruj1
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frpsolfdwhv wkh lpsohphqwdwlrq ri dq lq dwlrq wdujhwlqj uxoh/ iru lw pdnhv
lw kdug wr iruhfdvw fkdqjhv lq lq dwlrq rqh ru wzr |hduv dkhdg/ dqg gl!fxow
wr ghwhfw hduo| zduqlqjv ri vxvwdlqhg pryhphqwv lq lq dwlrq1 Lq wklv sdshu/
L sursrvh d vlpsoh dgdswlyh phwkrg iru �owhulqj lqfrplqj lq dwlrq gdwd wr
uhpryh wkh wudqvlhqw qrlvh/ dqg L ghprqvwudwh wkdw zlwk dssursuldwho| �owhuhg
gdwd rqh fdq vljql�fdqwo| lpsuryh lq dwlrq iruhfdvwv ryhu pxowl0|hdu krul}rqv1

Ydulrxv dxwkruv kdyh sursrvhg rwkhu phwkrgv iru uhprylqj wudqvlhqw qrlvh
iurp lq dwlrq gdwd1 Iru h{dpsoh/ wkh Exuhdx ri Oderu Vwdwlvwlfv frpsxwhv
d �fruh lq dwlrq� phdvxuh wkdw frqvlvwv ri d zhljkwhg dyhudjh ri doo FSL
frpsrqhqwv h{fhsw iru irrg dqg hqhuj|/ zklfk duh uhpryhg ehfdxvh wkhlu
sulfhv whqg wr eh pruh yrodwloh wkdq wkrvh ri rwkhu FSL frpsrqhqwv1 Eu|dq
dqg Fhffkhwwl dovr frqvlghu phdvxuhv vxfk dv wkh phgldq dqg wulpphg phdq
sulfh fkdqjh dprqj FSL frpsrqhqwv1 Wkhvh phdvxuhv h{whqg wkh EOV ds0
surdfk e| dxwrpdwlfdoo| h{foxglqj odujh sulfh fkdqjhv iurp wkh FSL edvnhw
uhjdugohvv ri wkh vhfwru lq zklfk wkh| dulvh1

Erwk wkh EOV dqg wkh Eu|dq0Fhffkhwwl phdvxuhv duh ohvv yrodwloh wkdq
FSL lq dwlrq lwvhoi/ exw wkh| uhwdlq d vxevwdqwldo dprxqw ri kljk iuhtxhqf|
yduldwlrq1 Shukdsv dv d frqvhtxhqfh/ wkh| iruhfdvw rqo| d vpdoo iudfwlrq ri
vxevhtxhqw fkdqjhv lq lq dwlrq ryhu krul}rqv ri 5 wr 7 |hduv +h1j1 vhh Iuhhpdq
4<<; dqg wkh uhvxowv uhsruwhg ehorz,1 Wklv lv sureohpdwlf/ iru wkh gl�huhqfh
ehwzhhq dfwxdo dqg fruh lq dwlrq vkrxog suhglfw vxevhtxhqw fkdqjhv lq lq0
 dwlrq= zkhq dfwxdo lq dwlrq lv deryh wkh fruh ydoxh/ lq dwlrq vkrxog idoo dv
wkh wudqvlhqwv dffrxqwlqj iru wkh kljk fxuuhqw ohyho glh rxw1 Wkh idfw wkdw
h{lvwlqj phdvxuhv ri fruh lq dwlrq frqwdlq d juhdw ghdo ri kljk iuhtxhqf|
yduldwlrq/ dqg wkdw wkh| gr qrw iruhfdvw lq dwlrq uhyhuvdov yhu| zhoo/ vxjjhvw
wkdw wkhuh duh lpsruwdqw wudqvlhqwv lq wkh gdwd rwkhu wkdq wkrvh dulvlqj iurp
yrodwloh vhfwrudo frpsrqhqwv1

Wklv sdshu sursrvhv d qhzphdvxuh ri fruh lq dwlrq/ zklfk lv prwlydwhg lq
sduw e| Vdujhqw*v +4<<;, zrun rq prqhwdu| srolf| uhjlph fkdqjhv1 L ylhz wkh
sureohp dv rqh ri ghvljqlqj d fruh lq dwlrq phdvxuh wkdw dgdswv txlfno| wr
rffdvlrqdo/ vxgghq fkdqjhv lq phdq lq dwlrq/ vxfk dv wkrvh wkdw rffxu zkhq
fhqwudo edqnv dgrsw qhz ghflvlrq uxohv1 Wkh phdvxuh wkdw L sursrvh fdq eh
lqwhusuhwhg dv d �frqvwdqw0jdlq� xsgdwh ri phdq lq dwlrq/ ru dowhuqdwlyho| dv
wkh rxwsxw ri d rqh0vlghg orz0sdvv �owhu dssolhg wr fxuuhqw dqg sdvw lq dwlrq1

Wkh qhz phdvxuh ri fruh lq dwlrq �owhuv rxw wudqvlhqwv pruh h�hfwlyho|
wkdq h{lvwlqj phdvxuhv1 Lw lv vprrwkhu wkdq h{lvwlqj phdvxuhv/ dqg lw lv d
vxshulru suhglfwru ri vxevhtxhqw fkdqjhv lq lq dwlrq1 Shukdsv prvw lpsru0
wdqwo|/ wkh qhz phdvxuh xqorfnv pxfk ri wkh suhglfwlyh srzhu frqwdlqhg lq
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frqyhqwlrqdo pdfurhfrqrplf suhglfwruv ri lq dwlrq1 Iru h{dpsoh/ lq d vlpsoh
iruhfdvwlqj prgho lqyroylqj d phdvxuh ri wkh rxwsxw jds dqg d vkruw0whup
uhdo lqwhuhvw udwh/ wkh dgglwlrq ri wkh qhz fruh lq dwlrq phdvxuh udlvhv -2

vwdwlvwlfv iru phglxp0whup iruhfdvwv iurp durxqg 43 wr 53 shufhqw wr ehwzhhq
73 dqg 93 shufhqw1 Wkxv/ wkh qhz phdvxuh frqwdlqv vxevwdqwldo/ pdujlqdo
suhglfwlyh srzhu iru orfdoo| phdq uhyhuwlqj frpsrqhqwv ri lq dwlrq1

Wkh uhpdlqghu ri wkh glvfxvvlrq lv rujdql}hg dv iroorzv1 Vhfwlrq 5 gh�qhv
fruh lq dwlrq/ glvfxvvhv wkh prwlydwlrq iru h{lvwlqj phdvxuhv/ dqg h{sodlqv
wkh udwlrqdoh iru wkh qhz phdvxuh1 Vhfwlrq 6 hydoxdwhv wkh qhz phdvxuh dqg
frpsduhv lw zlwk h{lvwlqj phdvxuhv e| lqyhvwljdwlqj wkhlu suhglfwlyh srzhu
iru vxevhtxhqw fkdqjhv lq lq dwlrq1 Wkh sdshu frqfoxghv zlwk d vxppdu|1

5 Gh�qlwlrq dqg Prwlydwlrq

514 Gh�qlqj Fruh Lq dwlrq

Eu|dq dqg Fhffkhwwl +4<<7, gh�qh �fruh lq dwlrq� dv �wkh frpsrqhqw ri
sulfh fkdqjhv wkdw lv h{shfwhg wr shuvlvw ryhu phglxp0uxq krul}rqv ri vhyhudo
|hduv1� Lq rwkhu zrugv/ fruh lq dwlrq lv

ZS| ' .|Z|nMc +4,

zkhuh Z| ' *?E�|*�|3�� lv dfwxdo lq dwlrq dqg M lv d vxlwdeo| orqj iruhfdvw
krul}rq1 Wkhlu gh�qlwlrq lv dqdorjrxv wr Ehyhulgjh dqg Qhovrq*v +4<;4, gh0
�qlwlrq ri d vwrfkdvwlf wuhqg1 Lqghhg/ dv wkh iruhfdvw krul}rq M whqgv wr
lq�qlw|/ ZS| frqyhujhv wr wkh Ehyhulgjh0Qhovrq wuhqg frpsrqhqw1 Lq zkdw
iroorzv/ L xvh wkh lq�qlwh krul}rq gh�qlwlrq wr glvfxvv fhuwdlq frqfhswxdo lv0
vxhv/ exw zkhq lw frphv wr hpslulfdo zrun L iroorz Eu|dq dqg Fhffkhwwl dqg
irfxv rq wkh phglxp0uxq ri vhyhudo |hduv14

Wklv gh�qlwlrq �wv qdwxudoo| zlwklq Vyhqvvrq*v +4<<:, iudphzrun iru wklqn0
lqj derxw lq dwlrq wdujhwlqj uhjlphv1 Vyhqvvrq ghprqvwudwhv wkdw vwulfw lq0
 dwlrq wdujhwlqj lpsolhv lq dwlrq iruhfdvw wdujhwlqj/ surylghg wkdw wkh fhqwudo

4Txdk dqg Ydkh| +4<<8, sursrvh dq dowhuqdwlyh gh�qlwlrq/ edvhg rq wkh orqj uxq qhx0
wudolw| ri lq dwlrq1 Wkh| gh�qh fruh lq dwlrq dv wkh �frpsrqhqw ri phdvxuhg lq dwlrq
wkdw kdv qr +phglxp0 wr, orqj0uxq lpsdfw rq uhdo rxwsxw1� Zkloh wklv gh�qlwlrq lv frq0
fhswxdoo| dsshdolqj/ lw uhtxluhv d vwuxfwxudo prgho iru lpsohphqwdwlrq/ dqg L djuhh zlwk
Eu|dq dqg Fhffkhwwl wkdw vxfk prghov duh �gl!fxow wr irupxodwh dqg hdv| wr fulwlfl}h1�
Khqfh L suhihu Eu|dq dqg Fhffkhwwl*v iruhfdvw0edvhg gh�qlwlrq1
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edqn plqlpl}hv d txdgudwlf orvv ixqfwlrq1 Khqfh/ fruh lq dwlrq dv gh�qhg lq
htxdwlrq +4, lv wkh rswlpdo lqwhuphgldwh wdujhw iru prqhwdu| srolf|1 Dprqj
rwkhu wklqjv/ lq dwlrq iruhfdvw wdujhwlqj vlpsol�hv erwk wkh lpsohphqwdwlrq
dqg prqlwrulqj ri dq lq dwlrq wdujhw uxoh1 Lq whupv ri lpsohphqwdwlrq/ Vyhqv0
vrq vkrzv wkdw wkh fhqwudo edqn vkrxog dgrsw d uxoh zklfk dgmxvwv wkh srolf|
lqvwuxphqw vr wkdw lq dwlrq iruhfdvwv dgmxvw wrzdug wkh lq dwlrq wdujhw1 Lq
whupv ri prqlwrulqj/ wkh dydlodelolw| ri d wudqvsduhqw/ hdvlo| uhsolfdwhg iruh0
fdvwlqj prgho zrxog khos wkh fhqwudo edqn frppxqlfdwh zlwk wkh sxeolf/ dqg
khos wkh sxeolf ghwhuplqh zkhwkhu srolf| lv rq wkh uljkw wudfn1 Lq wklv zd|/
d vlpsoh/ uholdeoh iruhfdvwlqj prgho frxog hqkdqfh wkh sxeolf*v frq�ghqfh lq
dq lq dwlrq wdujhwlqj uhjlph1

515 Prwlydwlqj H{lvwlqj Phdvxuhv ri Fruh Lq dwlrq

Wkh ehvw0nqrzq dqg prvw zlgho| xvhg phdvxuhv ri fruh lq dwlrq duh wkh �h{
irrg dqg hqhuj|� vhulhv surgxfhg e| wkh X1V1 Exuhdx ri Oderu Vwdwlvwlfv dqg
Eu|dq dqg Fhffkhwwl*v phgldq fruh dqg wulpphgphdq vhulhv1 Dw d edvlf ohyho/
wkh EOV dqg Eu|dq0Fhffkhwwl phdvxuhv vkduh d frpprq prwlydwlrq1 Erwk
vwduw e| wu|lqj wr lghqwli| vrxufhv ri wudqvlhqw yduldwlrq lq lqglylgxdo sulfh
fkdqjhv/ dqg wkhq dwwhpsw wr uhpryh wudqvlhqwv iurp djjuhjdwh lq dwlrq e|
h{foxglqj vhqvlwlyh lwhpv iurp wkh pdunhw edvnhw1

Wkh EOV frqvwuxfwv lwv fruh phdvxuh e| uhprylqj irrg dqg hqhuj| iurp
wkh pdunhw edvnhw dqg dyhudjlqj ryhu wkh uhpdlqlqj frpprglwlhv1 Wkh ud0
wlrqdoh iru h{foxglqj wkhvh lwhpv lv wkdw irrg dqg hqhuj| sulfhv duh vxemhfw wr
pruh kljk iuhtxhqf| sulfh yduldwlrq wkdq rwkhu hohphqwv ri wkh edvnhw/ dqg
wkdw pxfk ri wkh yduldwlrq lv gulyhq e| qrq0prqhwdu| idfwruv1 Iru h{dpsoh/
irrg sulfhv duh pruh vhqvlwlyh wr zhdwkhu dqg vhdvrqdo idfwruv wkdq pdq|
rwkhu FSL frpsrqhqwv1 Wkh sulfh ri iuhvk iuxlw ulvhv gxulqj wkh zlqwhu dqg
idoov gxulqj wkh vxpphu/ dqg d odwh iurvw ru hduo| udlq| vhdvrq pd| gdpdjh
fursv dqg whpsrudulo| gulyh xs sulfhv1 Vlploduo|/ hqhuj| sulfhv duh dovr vhq0
vlwlyh wr zhdwkhu dqg vhdvrqdo yduldwlrq/ dv zhoo dv wr idfwruv wkdw lq xhqfh
wkh delolw| ri wkh RSHF fduwho wr hqirufh surgxfwlrq txrwdv1 E| h{foxglqj
irrg dqg hqhuj| iurp wkh pdunhw edvnhw/ wkh EOV fdq hqvxuh wkdw uhodwlyh
sulfh vkrfnv dulvlqj lq wkhvh vhfwruv gr qrw d�hfw phdvxuhg lq dwlrq1

Eu|dq dqg Fhffkhwwl wdnh wklv lghd rqh vwhs ixuwkhu1 Wkh| qrwh wkdw uho0
dwlyh sulfh vkrfnv duh qrw frq�qhg wr wkh irrg dqg hqhuj| vhfwruv exw fdq
rffxu lq dq| vhfwru ri wkh hfrqrp|/ dqg wkdw zkloh wkh EOV phdvxuh lv ur0
exvw wr wudqvlhqwv dulvlqj lq wkhvh sduwlfxodu vhfwruv/ lw lv frqwdplqdwhg e|
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uhodwlyh sulfh vkrfnv dulvlqj hovhzkhuh1 Ixuwkhupruh/ wkh| srlqw rxw wkdw wklv
sureohp fdqqrw eh hdvlo| uhphglhg e| h{sdqglqj wkh olvw ri h{foxghg vhf0
wruv/ ehfdxvh dw dq| jlyhq wlph lw lv gl!fxow wr suhglfw wkh vhfwruv lq zklfk
uhodwlyh sulfh vkrfnv duh olnho| wr rffxu15 Khqfh wkh vwudwhj| ri h{foxglqj suh0
vhohfwhg vhfwruv iurp wkh fruh lqgh{ lv erxqg wr plvv uhodwlyh sulfh vkrfnv
dulvlqj hovhzkhuh lq wkh hfrqrp|1 Lqvwhdg/ wkh| uhfrpphqg erxqghg lq x0
hqfh hvwlpdwruv/ vxfk dv wkh phgldq ru wulpphg phdq/ wr phdvxuh wkh fhqwudo
whqghqf| ri wkh furvv vhfwlrq ri sulfh fkdqjhv1 Wkhvh phdvxuhv gr qrw uhtxluh
dq d sulrul vhohfwlrq ri yrodwloh vhfwruv dqg h{foxgh odujh sulfh fkdqjhv iurp
wkh furvv vhfwlrq uhjdugohvv ri wkh vhfwru lq zklfk wkh| dulvh1

Eu|dq dqg Fhffkhwwl ixuwkhu prwlydwh wkhlu uhfrpphqgdwlrq e| dsshdo0
lqj wr d prgho ri Edoo dqg Pdqnlz +4<<5,1 Lq wkdw prgho/ �upv vhw qrplqdo
sulfhv ehiruh revhuylqj wkh fxuuhqw vwdwh ri wkh hfrqrp|1 Diwhu wklv lqiru0
pdwlrq duulyhv/ d �up kdv wkh rswlrq wr sd| d phqx frvw dqg uhvhw lwv sulfh
lpphgldwho| ru wr zdlw xqwlo wkh ehjlqqlqj ri qh{w shulrg dqg uhvhw lwv sulfh
iru iuhh1 Ilupv h{shulhqflqj odujh uhodwlyh sulfh vkrfnv sd| wkh phqx frvw
dqg wkrvh h{shulhqflqj vpdoo vkrfnv fkrrvh wr zdlw1 Lq wklv prgho/ wkh hi0
ihfw ri uhodwlyh sulfh vkrfnv rq phdvxuhg lq dwlrq ghshqgv rq zkhwkhu wkh
furvv vhfwlrq ri sulfh fkdqjhv lv vnhzhg1 Li wkh furvv vhfwlrq lv v|pphwulf/
odujh uhodwlyh sulfh vkrfnv lq rqh gluhfwlrq duh edodqfhg e| wkrvh lq wkh rs0
srvlwh gluhfwlrq/ dqg phdvxuhg lq dwlrq lv xqd�hfwhg1 Li wkh furvv vhfwlrq lv
dv|pphwulf/ wkh furvv0vhfwlrqdo phdq lv sxoohg lq wkh gluhfwlrq ri wkh orqj
wdlo/ dqg uhodwlyh sulfh vkrfnv gr d�hfw frqyhqwlrqdo phdvxuhv ri lq dwlrq1
Eu|dq dqg Fhffkhwwl srlqw rxw wkdw wkh vhqvlwlylw| wr uhodwlyh sulfh vkrfnv
fdq eh plwljdwhg e| frpsxwlqj wkh phgldq ru wulpphg phdq/ zklfk duh
urexvw wr rxwolhuv hyhq zkhq wkh furvv vhfwlrq lv dv|pphwulf1 Wkxv/ wkh
Eu|dq0Fhffkhwwl phdvxuhv �owhu rxw odujh uhodwlyh sulfh vkrfnv uhjdugohvv ri
wkh vhfwru lq zklfk wkh| ruljlqdwh1

Iljxuh 4 sorwv txduwhuo| gdwd rq FSL lq dwlrq/ dorqj zlwk wkh EOV phd0
vxuh dqg Eu|dq dqg Fhffkhwwl*v phgldq 48 shufhqw wulpphg0phdq vhulhv1
Wkh vdpsoh shulrg lv 4<9:1T4 wr 4<<;1T516 Zkloh wkh fruh phdvxuhv fohduo|
vxffhhg lq uhprylqj vrph wudqvlhqwv iurp FSL lq dwlrq +qrwdeo| wkh 4<;9
idoo lq rlo sulfhv,/ wkh| vwloo frqwdlq d juhdw ghdo ri kljk iuhtxhqf| yduldwlrq1

5Lqghhg/ wkh prwlydwlrq iru h{foxglqj irrg dqg hqhuj| zdv edvhg odujho| rq wkh h{sh0
ulhqfh ri wkh 4<:3v/ exw wkhvh vhfwruv zhuh vhohfwhg diwhu wkh idfw1 Dw wkh hqg ri wkh 4<93v/
lw zrxog kdyh ehhq gl!fxow wr suhglfw zklfk vhfwruv zrxog h{shulhqfh wkh prvw vhyhuh
uhodwlyh sulfh vkrfnv lq wkh qh{w ghfdgh1

6Wkh lqlwldo gdwh lv glfwdwhg e| wkh dydlodelolw| ri wkh Eu|dq0Fhffkhwwl gdwd1
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Wklv revhuydwlrq vxjjhvwv wkdw wkhuh pd| eh rwkhu vrxufhv ri wudqvlhqwv lq wkh
gdwd/ dqg lw prwlydwhv p| lqwhuhvw lq dq dowhuqdwlyh phdvxuh ri fruh lq dwlrq1

516 Prwlydwlqj d Qhz Phdvxuh ri Fruh Lq dwlrq

Lqvwhdg ri wu|lqj wr lghqwli| vrxufhv ri wudqvlhqw yduldwlrq/ L dssurdfk wkh
sureohp iurp wkh rssrvlwh gluhfwlrq dqg frqvlghu wkh vrxufh ri shuvlvwhqw

pryhphqwv lq lq dwlrq1 L vwduw zlwk wkh dvvxpswlrq wkdw lq wkh orqj uxq
lq dwlrq lv d prqhwdu| +ru prqhwdu|0�vfdo, skhqrphqrq1 Wkhuhiruh/ wr lghq0
wli| wkh vrxufh ri shuvlvwhqw yduldwlrq/ rqh qhhgv wr wklqn derxw wkh fkrlfhv
fhqwudo edqnv pdnh dqg/ lq sduwlfxodu/ derxw zk| wkh| vrphwlphv dgrsw qhz
ghflvlrq uxohv1

Wr pdnh wkh glvfxvvlrq frqfuhwh/ L �qg lw xvhixo wr irfxv rq d sduwlfxodu
prgho/ dqg iru wklv sxusrvh lw lv frqyhqlhqw wr zrun zlwk yhuvlrqv ri wkh
prgho wkdw dsshduv lq fkdswhuv : dqg ; ri Vdujhqw +4<<;,1 Lq wklv prgho/
wkhuh duh wzr sod|huv/ wkh jryhuqphqw dqg wkh sulydwh vhfwru1 Sulydwh vhfwru
ehkdylru lv vxppdul}hg e| d Skloolsv fxuyh/

L| � L
W ' wEZ| � .|3�Z|� n �|c +5,

zkhuh L| uhsuhvhqwv wkh xqhpsor|phqw udwh/ L
W lv wkh qdwxudo udwh ri xq0

hpsor|phqw/ .|3� lv wkh frqglwlrqdo h{shfwdwlrqv rshudwru/ dqg �| lv dq dj0
juhjdwh vxsso| vkrfn1 Sulydwh djhqwv iruhfdvw lq dwlrq dqg vxsso| oderu lq
dffrugdqfh zlwk wklv htxdwlrq1

Wkh jryhuqphqw vroyhv d yhuvlrq ri Skhosv* +4<9:, rswlpdo srolf| sureohp1
Lw �wv dq hpslulfdo Skloolsv fxuyh prgho/ dqg lqwhusuhwv lw dv dq h{sorlwdeoh
wudgh0r�1 Vxemhfw wr wkh frqvwudlqw rq wkh hyroxwlrq ri EZ|cL|� lpsolhg e|
wkdw prgho/ wkh fhqwudo edqn fkrrvhv d ghflvlrq uxoh iru lq dwlrq wr plqlpl}h

T ' .
[
"

|'f
B|uEZ|c L|�c +6,

zkhuh uEZ|c L|� lv d txdgudwlf orvv ixqfwlrq1
Wkhuh duh wzr yhuvlrqv ri wkh prgho/ zklfk duh glvwlqjxlvkhg e| dvvxps0

wlrqv derxw krz pxfk djhqwv nqrz1 Lq wkh �uvw yhuvlrq/ Vdujhqw dvvxphv wkdw
djhqwv nqrz wkh srsxodwlrq prphqwv wkdw suhydlo lq htxloleulxp dqg wkdw
wkh| irup sdudphwhu hvwlpdwhv iurp wkhvh prphqwv1 Lq wkh vhfrqg yhuvlrq/
kh zlwkgudzv wklv nqrzohgjh dqg lqvwhdg dvvxphv wkdw wkh| pxvw hvwlpdwh
sdudphwhuv xvlqj dgdswlyh ru uhfxuvlyh phwkrgv1
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Iru wkh �uvw yhuvlrq ri wkh prgho/ lq zklfk djhqwv nqrz srsxodwlrq pr0
phqwv/ Vdujhqw gh�qhv d jhqhudol}hg yhuvlrq ri d udwlrqdo h{shfwdwlrqv htxl0
oleulxp wkdw kh fdoov d �vhoi0frq�uplqj� htxloleulxp1 Wkh vroxwlrq ri wkh
Skhosv sureohp lpsolhv wkdw wkh jryhuqphqw*v ghflvlrq uxoh lv frqglwlrqhg
rq wkh sdudphwhuv ri lwv hpslulfdo dssur{lpdwlqj prgho1 Sulydwh djhqwv xq0
ghuvwdqg htxdwlrqv +5, dqg +6, dv zhoo dv wkh jryhuqphqw*v dssur{lpdwlqj
prgho dqg ghgxfh wkh srolf| uxoh wkdw lv rswlpdo jlyhq wkh jryhuqphqw*v
eholhiv1 Wkh| iruhfdvw lq dwlrq udwlrqdoo|/ lq dffrugdqfh zlwk wkhlu xqghu0
vwdqglqj ri wkh hqylurqphqw1 Wkh htxloleulxp lv vhoi0frq�uplqj li shufhlyhg
dqg dfwxdo odzv ri prwlrq frlqflgh/ vr wkdw wkh gdwd hyroylqj iurp d jlyhq
jryhuqphqw srolf| uxoh udwli| wkh hpslulfdo dssur{lpdwlqj prgho iurp zklfk
wkdw uxoh zdv ghulyhg1 Lq wkdw fdvh/ wkh jryhuqphqw dqg sulydwh vhfwru duh
erwk rswlpl}lqj jlyhq wkhlu eholhiv dqg frqvwudlqwv/ wkh jryhuqphqw kdv qr
lqfhqwlyh wr prgli| lwv dssur{lpdwlqj prgho ru srolf| uxoh/ dqg wkh sulydwh
vhfwru kdv qr lqfhqwlyh wr dowhu lwv iruhfdvwlqj ixqfwlrq1

Zlwklq d vhoi0frq�uplqj htxloleulxp/ lq dwlrq lv d vwdwlrqdu| udqgrp
surfhvv durxqg d �{hg xqfrqglwlrqdo phdq1 Vwdwlrqdulw| iroorzv iurp wkuhh
dvvxpswlrqv= �uvw/ wkdw wkh qdwxudo udwh ri xqhpsor|phqw dqg rwkhu ghwhu0
plqdqwv ri lq dwlrqdu| eldv duh frqvwdqw>7 vhfrqg/ wkdw wkh jryhuqphqw plql0
pl}hv d txdgudwlf orvv ixqfwlrq lqyroylqj lq dwlrq> dqg wklug/ wkdw dfwxdo dqg
shufhlyhg odzv ri prwlrq frlqflgh1 Wkh �uvw dvvxpswlrq lpsolhv wkdw phdq
lq dwlrq lv frqvwdqw +vhh Eduur dqg Jrugrq 4<;6,1 Wkh vhfrqg lpsolhv fhu0
wdlqw| htxlydohqfh/ zklfk lq frqmxqfwlrq zlwk wkh jryhuqphqw*v rswlpl}dwlrq
lpsolhv wkdw srolf| zloo eh vhw vr wkdw orqj uxq iruhfdvwv ri lq dwlrq frq0
yhujh wr wkh xqfrqglwlrqdo phdq +vhh Vyhqvvrq 4<<:,1 Dprqj rwkhu wklqjv/
wklv phdqv wkdw lq dwlrq fdqqrw kdyh d xqlw urrw/ iru lq wkdw fdvh iruhfdvwv
zrxog qrw frqyhujh wr wkh phdq1 Wkh wklug dvvxpswlrq lpsolhv wkdw wkh sd0
udphwhuv ri wkh jryhuqphqw*v dssur{lpdwlqj prgho dqg srolf| uxoh duh wlph
lqyduldqw1 Lqghhg/ wlph lqyduldqfh lv wkh kdoopdun ri d vhoi0frq�uplqj htxl0
oleulxp1 Djhqwv eholhyh wkh| olyh lq d vwdwlrqdu| hqylurqphqw/ dqg lqfrplqj
gdwd udwli| wklv eholhi1 Wkhuh lv qr ohduqlqj dqg qr uhdvrq wr dowhu ghflvlrq
uxohv1

Zlwklq vxfk dq htxloleulxp/ phdvxuhphqw ri fruh lq dwlrq lv wulyldo1
Ehfdxvh orqj uxq iruhfdvwv frqyhujh wr wkh phdq/ fruh lq dwlrq +lq wkh
Ehyhulgjh0Qhovrq vhqvh, lv frqvwdqw1 Wkh phdq udwh ri lq dwlrq ghshqgv

7Wklv frxog eh zhdnhqhg wr doorz iru vwdwlrqdu| yduldwlrq lq wkh ghwhuplqdqwv/ exw lw
uxohv rxw wkh nlqg ri shupdqhqw yduldwlrq dvvxphg e| Luhodqg +4<<;,1
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rq ghwdlov derxw wkh jryhuqphqw*v dssur{lpdwlqj prgho/ lwv delolw| wr suh0
frpplw/ dqg2ru lwv uhsxwdwlrq iru suhihuulqj orz lq dwlrq1 Exw lq Vdujhqw*v
prgho/ wkhvh ihdwxuhv ri wkh hqylurqphqw duh frqvwdqw zlwklq d vhoi0frq�uplqj
htxloleulxp1

Wr lghqwli| wkh vrxufh ri shuvlvwhqw yduldwlrq lq lq dwlrq/ zh qhhg wr
xqghuvwdqg zk| fhqwudo edqnv vrphwlphv dowhu wkhlu ghflvlrq uxohv1 Wklv
uhtxluhv fkdqjlqj vrph dvshfw ri wkh prgho rxwolqhg deryh1 Wkh prvw qdwxudo
prgl�fdwlrq lv wr uhod{ wkh dvvxpswlrq wkdw wkh jryhuqphqw dqg sulydwh
vhfwru nqrz wkh htxloleulxp srsxodwlrq prphqwv/ dqg wr uhsodfh lw zlwk
dq dvvxpswlrq wkdw wkh| xvh dgdswlyh phwkrgv wr ohduq derxw wkh zruog lq
zklfk wkh| olyh1 Lq wkh vhfrqg yhuvlrq ri Vdujhqw*v prgho/ wkh jryhuqphqw
uh0hvwlpdwhv lwv dssur{lpdwlqj prgho hdfk shulrg dv qhz gdwd duulyh1 Wkhq
lw vroyhv iru wkh qhz srolf| uxoh wkdw lv rswlpdo iru wkh xsgdwhg prgho/ dqg
lpsohphqwv wkh �uvw shulrg dfwlrq uhfrpphqghg e| wkh qhz uxoh1

Lq sduwlfxodu/ vxssrvh wkh jryhuqphqw*v dssur{lpdwlqj prgho lv

+| ' �
�

|
%| n 0�|c +7,

zkhuh wkh yhfwruv %| dqg +| uhsuhvhqw lqfrplqj gdwd/ dqg wkh yhfwru �
|
olvwv

wkh prgho*v xqnqrzq sdudphwhuv1 Lq dgglwlrq/ vxssrvh wkh jryhuqphqw eh0
olhyhv wkdw �

|
hyroyhv dffruglqj wr

�
|
' �

|3�
n 02|c +8,

zkhuh 0�| dqg 02| duh Jdxvvldq udqgrp yhfwruv1 Dv hdfk qhz revhuydwlrq
E%|c+|� duulyhv/ wkh fhqwudo edqn xvhv Ed|hv* Odz wr xsgdwh lwv eholhiv derxw
�

|
�
Li wkh jryhuqphqw eholhyhg wkdw wkh sdudphwhuv ri lwv dssur{lpdwlqj

prgho zhuh wlph lqyduldqw +l1h1/ �@oE02|� ' f,/ lw zrxog eh rswlpdo wr xs0
gdwh hvwlpdwhv e| uhfxuvlyh ohdvw vtxduhv1 Dprqj rwkhu wklqjv/ wklv phdqv
wkdw qhz revhuydwlrqv duh jlyhq zhljkw E�*|� lq wkh xsgdwlqj uxoh/ dqg wkdw
wkh zhljkw rq qhz revhuydwlrqv ghfuhdvhv dv gdwd dffxpxodwh1 Lq wkh olwhud0
wxuh rq vwrfkdvwlf dssur{lpdwlrq dojrulwkpv/ wklv lv nqrzq dv d �ghfuhdvlqj
jdlq� uxoh1 Wkh jdlq sdudphwhu uhihuv wr wkh zhljkw rq qhz gdwd/ zklfk lq
wklv fdvh lv E�*|�1

Rq wkh rwkhu kdqg/ li wkh jryhuqphqw eholhyhg wkdw wkh sdudphwhuv ri
lwv dssur{lpdwlqj prgho zhuh wlph ydu|lqj +�@oE02|� : f,/ lw zrxog xsgdwh
sdudphwhu hvwlpdwhv e| uhfxuvlyh glvfrxqwhg ohdvw vtxduhv1 Wklv xsgdwlqj
uxoh dvvljqv qhz gdwd d frqvwdqw zhljkw dqg glvfrxqwv revhuydwlrqv lq wkh
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glvwdqw sdvw1 Khxulvwlfdoo|/ zkhq sdudphwhuv guliw wkurxjk wlph/ glvfrxqwlqj
lv rswlpdo ehfdxvh uhfhqw gdwd duh pruh lqirupdwlyh derxw fxuuhqw sdudphwhuv
wkdq gdwd iurp wkh glvwdqw sdvw1 Ohduqlqj uxohv wkdw glvfrxqw rog gdwd ehorqj
wr d fodvv nqrzq dv �frqvwdqw jdlq� dojrulwkpv1

Vdujhqw ghprqvwudwhv wkdw zkhq wkh jryhuqphqw xvhv d ghfuhdvlqj jdlq
dojrulwkp wr xsgdwh lwv dssur{lpdwlqj prgho/ wkh v|vwhp frqyhujhv wr d vhoi0
frq�uplqj htxloleulxp1 Wklv yhuvlrq ri wkh prgho surylghv olwwoh jxlgdqfh
derxw wkh vrxufh ri shuvlvwhqw yduldwlrq lq lq dwlrq/ h{fhsw shukdsv dv d
wudqvlwlrqdo skhqrphqrq1 Exw zkhq wkh jryhuqphqw hpsor|v d frqvwdqw jdlq
dojrulwkp/ wkh v|vwhp grhv qrw frqyhujh wr d vhoi0frq�uplqj htxloleulxp/ dqg
lqvwhdg jlyhv ulvh wr ohduqlqj g|qdplfv wkdw orrn yhu| pxfk olnh prqhwdu|
srolf| uhjlph fkdqjhv1

Zkdw duh wkh qdwxuh ri wkrvh fkdqjhvB Iru rxu sxusrvhv/ wkh prvw vdolhqw
ihdwxuh ri Vdujhqw*v vlpxodwlrqv lv wkh rffxuuhqfh ri hqgrjhqrxv vkliwv lq
phdq lq dwlrq dv wkh hfrqrp| vkliwv iurp wkh ylflqlw| ri rqh htxloleulxp
wr dqrwkhu1 Orrvho| vshdnlqj/ wkh vdpsoh sdwkv uhvhpeoh d vwdwh ghshqghqw
surfhvv lq zklfk phdq lq dwlrq vkliwv udqgrpo| iurp wkh edvlq ri dwwudfwlrq
vxuurxqglqj wkh vhoi0frq�uplqj htxloleulxp wr wkh ylflqlw| ri }hur lq dwlrq
+wkh Udpvh| rxwfrph,/ dqg wkhq edfn djdlq18

Uhjlph vkliwv dulvlqj iurp fkdqjlqj eholhiv vwulnh ph dv d sodxvleoh zd|
wr prgho lq dwlrq shuvlvwhqfh1 Lq d olqhdu frqwh{w/ wkh pdlq dowhuqdwlyh
lqyroyhv uhsuhvhqwdwlrqv zklfk dvvxph wkdw fhqwudo edqnv doorz lq dwlrq wr
guliw1 Wkhvh vhhp ohvv sodxvleoh/ iru frqglwlrqdo rq eholhiv dqg dvvxplqj wkdw
wkh fhqwudo edqn plqlpl}hv d orvv ixqfwlrq lqyroylqj wkh yduldqfh ri lq dwlrq/
srolf| pdnhuv zrxog qrw fkrrvh d uxoh wkdw doorzhg lq dwlrq wr guliw/ dv wklv
zrxog uhvxow lq dq lq�qlwh yduldqfh1 Wkhuhiruh/ frqglwlrqdo rq uhpdlqlqj
zlwklq d srolf| uhjlph dqg dvvxplqj wkdw srolf| lv vhw rswlpdoo|/ orqj uxq

8Lq wkh prgho/ vkliwv lq phdq lq dwlrq fruuhvsrqg wr fkdqjhv lq wkh jryhuqphqw*v
eholhiv derxw wkh qdwxuh ri wkh Skloolsv fxuyh dqg wkh dvvrfldwhg fkdqjhv lq lwv srolf| uxoh1
Wkh jryhuqphqw sxuvxhv d kljk lq dwlrq srolf| zkhq lw vxvshfwv wkdw wkh Skloolsv fxuyh
pd| eh h{sorlwdeoh1 Exw dv gdwd dffxpxodwh dqg lw ehjlqv wr vxvshfw wkdw wkh qdwxudo
udwh k|srwkhvlv lv pruh sodxvleoh/ lw uhylvhv lwv dssur{lpdwlqj prgho dqg vkliwv wrzdug d
ghflvlrq uxoh wkdw dwwhpswv wr pdlqwdlq orz lq dwlrq1 Dorqj wkh vdpsoh sdwk/ wklv dffrxqwv
iru wkh dsshdudqfh ri vxgghq glvlq dwlrqv1 Lq wkh orz lq dwlrq htxloleulxp/ krzhyhu/ wkhuh
lv vrph edfnvolglqj ehfdxvh wkh gdwd wudfh rxw dq lqyhuvh uhodwlrq ehwzhhq lq dwlrq dqg
xqhpsor|phqw/ hvvhqwldoo| iru wkh uhdvrqv jlyhq e| Oxfdv +4<:5,1 Hyhqwxdoo| wklv whpswv
wkh jryhuqphqw wr wu| rqfh djdlq wr h{sorlw wkh +dssduhqw, Skloolsv wudghr�/ dqg lq dwlrq
guliwv xszdug1 Wklv rffxuv yhu| judgxdoo| dqg lv uhshdwhgo| sxqfwxdwhg e| vxevhtxhqw
glvlq dwlrqv1
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iruhfdvwv vkrxog frqyhujh wr d uhjlph0vshfl�f frqvwdqw1
Rq wkh rwkhu kdqg/ li wkh fhqwudo edqn zhuh wr pdnh d vljql�fdqw glvfryhu|

derxw krz wkh hfrqrp| rshudwhg/ lw zrxog dowhu lwv ghflvlrq uxoh/ dqg wkh
fkdqjh lq srolf| uxoh zrxog dowhu wkh uhjlph0vshfl�f phdq1 Li srolf| uhjlphv
odvw iru |hduv dw d wlph +l1h1 li vljql�fdqw glvfryhulhv rffxu rqo| rqfh lq d
zkloh,/ ohduqlqj g|qdplfv jhqhudwh shuvlvwhqw yduldwlrq lq lq dwlrq1

Uhsuhvhqwdwlrqv zlwk odwhqw/ udqgrp phdq vkliwv dqg shulrg0e|0shulrg
guliw erwk lpso| uhgxfhg irup UE�� uhsuhvhqwdwlrqv iru lq dwlrq/ exw d xqlw
urrw dulvlqj iurp yduldwlrq dfurvv uhjlphv vrphkrz vhhpv pruh sodxvleoh
wkdq d xqlw urrw dulvlqj iurp yduldwlrq zlwklq d uhjlph1

Li phdq vkliwv dulvlqj iurp fkdqjhv lq srolf| uxohv duh lqghhg wkh pdlq
vrxufh ri lq dwlrq shuvlvwhqfh/ wkhq shukdsv zh vkrxog frqvlghu phdvxuhv ri
fruh lq dwlrq wkdw duh ghvljqhg wr dgdsw wr vxfk fkdqjhv1 Wdnlqj d fxh iurp
Vdujhqw*v djhqwv/ zh pljkw frqvlghu d frqvwdqw jdlq dojrulwkp iru xsgdwlqj
hvwlpdwhv ri wkh phdq/
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�c +9,

zkhuh >
|
lv wkh shulrg | hvwlpdwh ri phdq lq dwlrq dqg }f lv wkh jdlq sdudph0

whu/ zklfk lv dvvxphg wr olh ehwzhhq f dqg �1 Wklv xsgdwlqj uxoh fruuhvsrqgv
wr vlpsoh h{srqhqwldo vprrwklqj/
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zklfk lv ri frxuvh d rqh0vlghg jhrphwulf glvwulexwhg odj ri sdvw lq dwlrq/
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Ghvslwh lwv vlpsolflw|/ wklv phdvxuh kdv d qxpehu ri dsshdolqj surshuwlhv1
Iluvw/ wkh h{srqhqwldo vprrwkhu zhoo dssur{lpdwhv dq lghdo orz0sdvv �owhu
iru vxlwdeoh fkrlfhv ri }f1 Iru h{dpsoh/ wkh wrs sdqho ri �jxuh 5 vkrzv wkh
prg0vtxduh ri lwv wudqvihu ixqfwlrq iru ydoxhv ri }f udqjlqj iurp 313:8 wr
31481 Dv uhtxluhg/ wkh �owhu uhpryhv kljk0iuhtxhqf| frpsrqhqwv ri lq dwlrq
dqg sdvvhv wkrvh dw orz iuhtxhqflhv1 Vlploduo|/ wkh erwwrp sdqho looxvwudwhv
wkh surshuwlhv ri wkh dvvrfldwhg kljk0sdvv �owhu/ zklfk wudqvirupv lq dwlrq
lqwr wkh fruh ghyldwlrq/
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High Pass Filter

Iljxuh 5= Surshuwlhv ri wkh H{srqhqwldo Vprrwkhu

Wkh fruh ghyldwlrq frqwdlqv wkh kljk iuhtxhqf| ru vkruw0olyhg frpsrqhqwv ri
lq dwlrq1

Vhfrqg/ xqolnh pdq| rwkhu dssur{lpdwlrqv wr orz sdvv �owhuv/ vxfk dv
wkrvh dgyrfdwhg e| Ed{whu dqg Nlqj +4<<8, ru Krgulfn dqg Suhvfrww +4<<:,/
wklv �owhu lv rqh0vlghg lqwr wkh sdvw dqg fdq eh lpsohphqwhg lq uhdo wlph1 Dv
Eu|dq dqg Fhffkhwwl qrwh/ wzr0vlghg orz sdvv �owhuv duh ri uhodwlyho| olwwoh xvh
wr prqhwdu| srolf| pdnhuv/ ehfdxvh wkh| uhgxfh wkh wlpholqhvv dqg uhohydqfh
ri lqfrplqj lq dwlrq gdwd1 Lq frqwudvw/ ehfdxvh wklv �owhu lv rqh0vlghg lqwr
wkh sdvw/ lwv rxwsxw zrxog eh dydlodeoh wr srolf| pdnhuv dv vrrq dv qhz
lq dwlrq gdwd ehfdph dydlodeoh1

Wklug/ wklv phdvxuh lv devroxwho| wulyldo wr frpsxwh dqg ghshqgv rq rqo|
rqh iuhh sdudphwhu/ }f/ zklfk fdq eh fdoleudwhg d sulrul1 Dprqj rwkhu wklqjv/

wklv phdqv wkdw wkh �owhu frh!flhqwv gr qrw qhhg wr eh uh0hvwlpdwhg zkhq

qhz gdwd duulyh/ dqg wkdw wkh klvwru| ri wkh fruh vhulhv qhhg qrw eh uhylvhg
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lq uhvsrqvh wr fkdqjhv lq sdudphwhu hvwlpdwhv1 Wr fdoleudwh }f/ lw lv xvhixo wr
zrun wkurxjk wkh iroorzlqj wkrxjkw h{shulphqw1 Vxssrvh wkh phdq iroorzhg

d vwhs ixqfwlrq/ htxdolqj f xs wr vrph xqnqrzq gdwh dqg wkhq vkliwlqj wr

�1 Wkh sdudphwhu }f jryhuqv wkh udwh dw zklfk wkh xsgdwlqj uxoh dgdswv wr

wklv vkliw1 Wkh kdoi0olih ri wkh ohduqlqj surfhvv lv dssur{lpdwho| *?E2�*}f/ vr
wr frpsohwh kdoi wkh dgmxvwphqw zlwklq 7 txduwhuv rqh zrxog vhw }f ' f��./
wr frpsohwh kdoi wkh dgmxvwphqw zlwklq ; txduwhuv rqh zrxog vhw }f ' f�fH./
dqg vr rq1 Lq zkdw iroorzv/ L vhw }f ' f��2D/ zklfk lpsolhv d kdoi olih ri

818 txduwhuv/ exw sdudphwhu vhwwlqjv ehwzhhq 313:8 dqg 315 |lhog vlplodu

uhvxowv19c:

Wkh erwwrp uljkw sdqho ri �jxuh 4 looxvwudwhv wkh uhvxowv ri dsso|lqj wkh

h{srqhqwldo vprrwkhu wr FSL lq dwlrq1 Wkh �owhuhg phdvxuh/ >|/ lv vprrwkhu

wkdq FSL lq dwlrq lwvhoi/ dqg dovr vprrwkhu wkdq wkh rwkhu phdvxuhv ri fruh

lq dwlrq1 Lqghhg/ wkh h{srqhqwldo vprrwkhu uhpryhv qhduo| doo wkh kljk iuh0

txhqf| yduldwlrq lq wkh gdwd1 Dw �uvw jodqfh/ wklv dsshduv wr eh dq dwwudfwlyh

phwkrg iru wudfnlqj shuvlvwhqw pryhphqwv lq lq dwlrq1

6 Hydoxdwlqj wkh Ydulrxv Phdvxuhv

Dffruglqj wr wkh Eu|dq0Fhffkhwwl gh�qlwlrq/ d vxffhvvixo phdvxuh ri fruh

lq dwlrq vkrxog sxujh wkh wudqvlhqwv iurp dfwxdo lq dwlrq1 Lq wklv vhfwlrq/

L frqvlghu zklfk ri wkh fdqglgdwh phdvxuhv grhv wklv prvw h�hfwlyho|1 Wkh

�uvw vxevhfwlrq lqyhvwljdwhv xqlyduldwh surshuwlhv ri wkh sursrvhg phdvxuhv/

wkh vhfrqg h{dplqhv zklfk kdv wkh prvw zhljkw lq d frpelqhg phdvxuh/

dqg wkh wklug frqvlghuv wkhlu lqirupdwlrq frqwhqw zkhq frpelqhg zlwk rwkhu

pdfurhfrqrplf suhglfwruv ri lq dwlrq1

614 Xqlyduldwh Surshuwlhv

Ohw �ZS| uhsuhvhqw d fdqglgdwh phdvxuh ri fruh lq dwlrq1 Iru vx!flhqwo| odujh

M/ wkh fruh ghyldwlrq/ Z| � �ZS|/ vkrxog eh lqyhuvho| uhodwhg wr vxevhtxhqw

9Li rqh khog d udqgrp zdon sulru iru lq dwlrq/ zklfk lpsolhv d phdq vkliw hyhu| txduwhu/

rqh zrxog vhw j3 @ 4/ vr wkdw �
w
@ �w=

:Ri frxuvh/ j3 frxog dovr eh hvwlpdwhg/ iru h{dpsoh e| fkrrvlqj wkh ydoxh wkdw ehvw

iruhfdvwv ixwxuh fkdqjhv lq lq dwlrq1 Lq wkh hpslulfdo dssolfdwlrqv/ lw dsshduv wkdw wkh

uhvxowv duh qrw wrr vhqvlwlyh wr wkh fkrlfh ri j3/ zklfk vxjjhvwv wkdw j3 lv qrw vkduso|

lghqwl�hg1 Iru zkdw lw*v zruwk/ lw dovr dsshduv wkdw wkh fdoleudwhg ydoxh lv forvh wr wkh

ehvw �wwlqj ydoxh1
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fkdqjhv lq lq dwlrq/ Z|nM�Z|�Pruhryhu/ lq rughu iru wkh fdqglgdwh wr vdwlvi|
htxdwlrq +4,/ wkh frh!flhqwv lq wkh uhjuhvvlrq

EZ|nM � Z|� ' kM n q
M
EZ| � �ZS|� n �|nM +43,

vkrxog vdwlvi| kM ' f dqg qM ' ��1 Wkh uhvwulfwlrq rq kM lv wulyldo/ dqg
iroorzv iurp wkh idfw wkdw EZ|nM � Z|� dqg EZ| � �ZS|� duh +dssur{lpdwho|,
phdq }hur1 Wkh uhvwulfwlrq rq q

M
lqglfdwhv zkhwkhu wkh fruh ghyldwlrq fru0

uhfwo| phdvxuhv wkh pdjqlwxgh ri wudqvlhqw frpsrqhqwv1 Li q
M
zhuh qhjdwlyh

exw ohvv wkdq rqh lq devroxwh ydoxh/ wkh phdvxuhg fruh ghyldwlrq zrxog ryhu0
vwdwh wkh pdjqlwxgh ri vxevhtxhqw fkdqjhv lq lq dwlrq/ dqg wkxv zrxog dovr
ryhuvwdwh wkh pdjqlwxgh ri fxuuhqw wudqvlhqwv1 Vlploduo|/ li q

M
zhuh qhjdwlyh

exw juhdwhu wkdq rqh lq devroxwh ydoxh/ wkh phdvxuhg fruh ghyldwlrq zrxog
xqghuvwdwh wkh pdjqlwxgh ri fxuuhqw wudqvlhqwv1

Hvwlpdwhv ri q
M

duh uhsruwhg lq �jxuh 61 Vrolg olqhv uhsuhvhqw srlqw
hvwlpdwhv/ dqg gdvkhg olqhv looxvwudwh wkh erxqgdulhv ri fhqwhuhg <3 shufhqw
frq�ghqfh edqgv1 Wkh odwwhu zhuh frpsxwhg iurp khwhurvnhgdvwlflw| dqg
dxwrfruuhodwlrq frqvlvwhqw +KDF, hvwlpdwhv ri wkh vwdqgdug huuru iru q

M
1

Wkh vdpsoh shulrg lv 4<9:1T4 wr 4<<;1T5 zlwk dq dssursuldwh doorzdqfh dw
wkh hqg wr dgmxvw iru wkh iruhfdvw krul}rq/ M1

Lq hdfk fdvh/ hvwlpdwhv ri qM duh qhjdwlyh/ dv uhtxluhg1 Khqfh/ phd0
vxuhg fruh ghyldwlrqv duh qhjdwlyho| fruuhodwhg zlwk vxevhtxhqw fkdqjhv lq
lq dwlrq1 Iru vkruw iruhfdvw krul}rqv/ vd| iurp 4 wr 9 txduwhuv/ prvw ri wkh
hvwlpdwhv duh vljql�fdqwo| ohvv wkdq � lq devroxwh ydoxh1 Exw wkh hvwlpdwhv
ghfolqh dv wkh iruhfdvw krul}rq ohqjwkhqv/ dqg iru krul}rqv juhdwhu wkdq ; wr
43 txduwhuv duh qrw vljql�fdqwo| gl�huhqw iurp ��1 Wkxv/ ryhu krul}rqv ri 6
wr 7 |hduv/ wkh phdvxuhg wudqvlhqwv kdyh +pruh ru ohvv, wkh uljkw pdjqlwxgh1
Wkh h{srqhqwldoo| vprrwkhg vhulhv dqg wkh EOV phdvxuh duh sduwlfxoduo| df0
fxudwh rq wklv glphqvlrq/ zlwk srlqw hvwlpdwhv forvh wr �� dw krul}rqv ri 6
wr 7 |hduv1

Iljxuh 7 sorwv wkh -2 vwdwlvwlfv iurp wkhvh uhjuhvvlrqv1 Lq dgglwlrq wr
nqrzlqj zkhwkhu phdvxuhg fruh ghyldwlrqv duh qhjdwlyho| fruuhodwhg zlwk
vxevhtxhqw fkdqjhv lq lq dwlrq dqg zkhwkhu wkh| duh dssur{lpdwho| ri wkh
uljkw pdjqlwxgh/ zh dovr zdqw wr nqrz zklfk ri wkh fdqglgdwhv kdv wkh
kljkhvw -21 Fdqglgdwhv wkdw dffrxqw iru d juhdwhu shufhqwdjh ri vxevhtxhqw
fkdqjhv lq lq dwlrq �owhu rxw pruh wudqvlhqw yduldwlrq dqg duh suhihuuhg wr
wkrvh wkdw dffrxqw iru ohvv1

Ryhu vkruw krul}rqv ri 4 wr 7 txduwhuv/ wkh Eu|dq0Fhffkhwwl phdvxuhv
duh prvw kljko| fruuhodwhg zlwk fkdqjhv lq lq dwlrq1 Iru h{dpsoh/ dw wkh 4
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Iljxuh 6= Frh!flhqwv lq Xqlyduldwh Uhjuhvvlrqv

txduwhu krul}rq/ wkh phgldq dqg wulpphg phdq dffrxqw iru urxjko| 53 wr
58 shufhqw ri wkh yduldqfh ri wkh fkdqjh lq lq dwlrq1 Dw orqjhu krul}rqv/
wkh h{srqhqwldoo| vprrwkhg phdvxuh dsshduv wr eh pruh lqirupdwlyh/ zlwk
-2 vwdwlvwlfv ehwzhhq 58 dqg 63 shufhqw1 Wkxv/ iru wkh phglxp uxq ri 5
wr 7 |hduv/ wkh h{srqhqwldoo| vprrwkhg vhulhv lv wkh vlqjoh prvw lqirupdwlyh
phdvxuh ri h{shfwhg lq dwlrq1;

;Lq wkh fdvh ri wkh HV fruh phdvxuh/ htxdwlrq +43, uhsuhvhqwv d uhvlwulfwhg DULPD
prgho iru iruhfdvwlqj htxdwlrq +vxevwlwxwh htxdwlrq : lqwr 43 dqg uh0duudqjh whupv,1 Wklv
ehjv wkh txhvwlrq/ �zk| qrw xvh wkh xquhvwulfwhg yhuvlrq lqvwhdgB� Wkh dqvzhu lv wkdw
wkh uhvwulfwlrqv duh hvvhqwldo iru surgxflqj xvhixo pxowl0|hdu iruhfdvwv1 Wr hvwlpdwh wkh
xquhvwulfwhg dqdorjv ri +43, rqh zrxog kdyh wr gl�huhqfh �w/ dqg wkh hvwlpdwhv zrxog eh
grplqdwhg e| wkh kljk iuhtxhqf| yduldwlrq zh vhhn wr �owhu rxw1 Rqh fdq lqwhusuhw wkh
uhvwulfwlrqv dv d zd| wr lpsrvh sduvlprq|/ ru dv d zd| wr hvwlpdwh wkh iuhh sdudphwhuv �

K

iurp wkh orz iuhtxhqf| lqirupdwlrq lq wkh gdwd1 Iru irupdo dujxphqwv rq wklv srlqw/ vhh
Vlpv +4<:5, ru Dsshqgl{ F ri Frfkudqh +4<;;,1
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Iljxuh 7= -2 Vwdwlvwlfv iurp Xqlyduldwh Uhjuhvvlrqv

615 Rswlpdo Frpelqdwlrqv

Wkhuh lv ri frxuvh qr uhdvrq wr frq�qh rqh*v dwwhqwlrq wr xqlyduldwh phdvxuhv

ri fruh lq dwlrq1 Rqh phdvxuh pd| frqwdlq lqirupdwlrq devhqw iurp wkh

rwkhuv/ dqg hyhq li lw zhuh qrw wkh prvw lqirupdwlyh lq d xqlyduldwh frqwh{w

lw zrxog qrw eh rswlpdo wr glvfdug wkdw lqirupdwlrq1 Li wkh ydulrxv phdvxuhv

hdfk frqwdlq lqirupdwlrq derxw gl�huhqw nlqgv ri wudqvlhqwv/ lw zrxog eh

rswlpdo wr lqfrusrudwh wkhp doo lqwr d frpelqhg iruhfdvw/ frqvlvwlqj ri d

zhljkwhg dyhudjh ri wkh lqglylgxdo phdvxuhv1 D vlpsoh zd| wr fkrrvh wkh

zhljkwv lv e| hvwlpdwlqj wkh frh!flhqwv lq wkh uhjuhvvlrq/

EZ|nM � Z|� ' kM n
[?

�'�
q�MEZ| � �Z�|� n �|nM c +44,

zkhuh �Z�| lv wkh �|� fdqglgdwh phdvxuh dqg q�M lv lwv zhljkw lq suhglfwlqj
wkh M0shulrg fkdqjh lq lq dwlrq1

Iljxuh 8 vxppdul}hv wkh pdujlqdo suhglfwlyh srzhu ri wkh ydulrxv phd0
vxuhv e| frpsdulqj-2 vwdwlvwlfv iurp xqlyduldwh dqg pxowlyduldwh uhjuhvvlrqv1
Iru h{dpsoh/ lq wkh wrs ohiw sdqho/ wkh vrolg olqh judskv -2 vwdwlvwlfv iurp
xqlyduldwh uhjuhvvlrqv lqyroylqj wkh h{srqhqwldoo| vprrwkhg vhulhv/ wkh grw0
whg olqh judskv -2 vwdwlvwlfv iurp xqlyduldwh uhjuhvvlrqv lqyroylqj wkh EOV
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Iljxuh 8= -2 Vwdwlvwlfv iurp Xqlyduldwh ) Pxowlyduldwh Uhjuhvvlrqv

phdvxuh/ dqg wkh gdvkhg olqh judskv -2 vwdwlvwlfv iurp elyduldwh uhjuhvvlrqv
lqyroylqj erwk phdvxuhv1 Dv qrwhg deryh/ rq d xqlyduldwh edvlv/ wkh h{sr0
qhqwldoo| vprrwkhg vhulhv lv d vxshulru suhglfwru/ dv lw dffrxqwv iru d juhdwhu
iudfwlrq ri wkh yduldqfh ri vxevhtxhqw fkdqjhv lq lq dwlrq1 Khqfh/ wkhuh lv
lqirupdwlrq lq wkh h{srqhqwldoo| vprrwkhg vhulhv wkdw lv qrw lq wkh EOV phd0
vxuh1 Frqyhuvho|/ wklv sdqho vkrzv wkdw wkhuh lv yhu| olwwoh lqirupdwlrq lq
wkh EOV phdvxuh wkdw lv qrw lq wkh h{srqhqwldoo| vprrwkhg vhulhv1 Wkh -2

vwdwlvwlfv iurp elyduldwh uhjuhvvlrqv duh rqo| voljkwo| juhdwhu wkdq wkrvh lq
xqlyduldwh HV uhjuhvvlrqv/ dqg wkh olwwoh dgglwlrqdo lqirupdwlrq lq wkh EOV
phdvxuh lv prvwo| uhohydqw ryhu vkruw iruhfdvwlqj krul}rqv1 Ryhu wkh phglxp
uxq ri 5 wr 7 |hduv/ wkh h{srqhqwldoo| vprrwkhg phdvxuh frqwdlqv doo wkh
lqirupdwlrq lq wkh EOV phdvxuh/ soxv vrph lqirupdwlrq wkdw lv ruwkrjrqdo
wr wkh EOV phdvxuh1

Vlploduo|/ wkh r�0gldjrqdo sdqhov lq �jxuh 8 frpsduh wkh h{srqhqwldoo|
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vprrwkhg phdvxuh zlwk wkh phgldq dqg wulpphg phdq vhulhv1 Dw wkh 4
txduwhu krul}rq/ wkh Eu|dq0Fhffkhwwl phdvxuhv vxevxph wkh lqirupdwlrq lq
wkh h{srqhqwldoo| vprrwkhg vhulhv1 Wkdw lv/ lq xqlyduldwh uhjuhvvlrqv/ wkh|
duh pruh lqirupdwlyh iru 40txduwhu fkdqjhv lq lq dwlrq/ dqg frpelqlqj wkhp
zlwk wkh h{srqhqwldoo| vprrwkhg vhulhv |lhogv rqo| d qhjoljleoh lpsuryhphqw
lq 40txduwhu lq dwlrq iruhfdvwv1 Ryhu orqjhu krul}rqv/ krzhyhu/ wkh rxwfrph
lv uhyhuvhg1 Dw krul}rqv ri 5 wr 7 |hduv/ wkh h{srqhqwldoo| vprrwkhg vhulhv lv
pruh lqirupdwlyh lq xqlyduldwh uhjuhvvlrqv/ dqg -2 vwdwlvwlfv ulvh rqo| voljkwo|
zkhq wkh h{srqhqwldoo| vprrwkhg vhulhv lv frpelqhg zlwk wkh phgldq ru
wulpphg phdq1 Djdlq/ ryhu wkh phglxp uxq ri d ihz |hduv/ wkh h{srqhqwldoo|
vprrwkhg phdvxuh frqwdlqv qhduo| doo wkh lqirupdwlrq lq wkh Eu|dq0Fhffkhwwl
phdvxuhv/ soxv vrph lqirupdwlrq wkdw lv ruwkrjrqdo wr wkhp1

Wkh erwwrp uljkw sdqho ri wkh �jxuh frpsduhv -2 vwdwlvwlfv iurp xqlydul0
dwh HV uhjuhvvlrqv zlwk wkrvh rewdlqhg iurp uhjuhvvlrqv lqfoxglqj wkh rwkhu
wkuhh fdqglgdwhv/ dv zhoo dv wkrvh rewdlqhg iurp uhjuhvvlrqv zklfk frpelqh
doo irxu phdvxuhv1 Uhodwlyh wr wkh h{srqhqwldoo| vprrwkhg vhulhv/ wkh rwkhu
wkuhh fdqglgdwhv duh mrlqwo| vxshulru dw iruhfdvw krul}rqv xs wr rqh |hdu/ exw
wkh xqlyduldwh HV phdvxuh lv d vxshulru suhglfwru dw orqjhu krul}rqv1 Vlpl0
oduo|/ zkhq doo 7 phdvxuhv duh frpelqhg/ wkh rwkhu wkuhh kdyh vrph pdujlqdo
suhglfwlyh srzhu dw iruhfdvw krul}rqv xs wr 43 txduwhuv/ exw dw orqjhu krul0
}rqv xqlyduldwh HV uhjuhvvlrqv �w doprvw dv zhoo dv wkh irxu0yduldeoh prgho1
Khqfh/ iru orqj krul}rq iruhfdvwv/ wkh h{srqhqwldoo| vprrwkhg vhulhv frqwdlqv
prvw ri wkh lqirupdwlrq lq wkh rwkhu wkuhh/ dv zhoo dv vrph dgglwlrqdo lqiru0
pdwlrq qrw frqwdlqhg lq wkhp1 Frqvhtxhqwo|/ ryhu wkh phglxp uxq ri 6 wr 7
|hduv/ wkhuh dsshduv wr eh olwwoh vfrsh iru lpsurylqj iruhfdvwv e| frpelqlqj
wkh phdvxuhv1

Iljxuh 9 looxvwudwhv wklv uhvxow lq d gl�huhqw zd|/ sorwwlqj uhdol}dwlrqv ri
70|hdu dkhdg lq dwlrq iruhfdvwv iurp wkh xqlyduldwh HV uhjuhvvlrq dqg rswl0
pdo frpelqdwlrq uhjuhvvlrqv1 Wkh vrolg olqh lq hdfk sdqho lv wkh �wwhg ydoxh
ri wkh xqlyduldwh HV uhjuhvvlrq/ dqg gdvkhg olqhv looxvwudwh wkh �wwhg ydoxhv
ri elyduldwh ru pxowlyduldwh uhjuhvvlrqv1 Lq hdfk fdvh/ xqlyduldwh dqg frpel0
qdwlrq iruhfdvwv duh hvvhqwldoo| wkh vdph1 Djdlq/ dw wkh 7 |hdu krul}rq/ wkh
rwkhu fdqglgdwhv kdyh olwwoh lqirupdwlrq qrw frqwdlqhg lq wkh h{srqhqwldoo|
vprrwkhg vhulhv1
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616 Pdujlqdo Suhglfwlyh Srzhu lq Frpelqdwlrq zlwk

Pdfurhfrqrplf Yduldeohv

Pruh jhqhudoo|/ wkhuh lv qr uhdvrq wr frq�qh rqh*v dwwhqwlrq wr phdvxuhv ri

fruh lq dwlrq zkhq iruhfdvwlqj pryhphqwv lq dfwxdo lq dwlrq1 Rwkhu pdfur0

hfrqrplf yduldeohv pd| frqwdlq lqirupdwlrq wkdw lv devhqw iurp wkh fruh

phdvxuhv/ dqg lw zrxog eh xvhixo wr lqfrusrudwh wklv lqirupdwlrq dv zhoo1

Wkh vlpsohvw zd| wr gr vr lv e| dgglqj pdfurhfrqrplf suhglfwruv wr wkh

iruhfdvw uhjuhvvlrqv/

EZ|nM � Z|� ' kM n q
M
EZ| � �ZS|� n � �

M
%| n �|nMc +45,

zkhuh %| lv d yhfwru wkdw olvwv dgglwlrqdo yduldeohv dqg �
M
lv d yhfwru ri iuhh

sdudphwhuv1
Lq wklv vxevhfwlrq/ L frqvlghu wzr txhvwlrqv1 Iluvw/ zkhq frpelqhg zlwk

rwkhu pdfurhfrqrplf suhglfwruv ri lq dwlrq/ zklfk ri wkh fruh phdvxuhv lv
wkh prvw lqirupdwlyhB Vhfrqg/ krz pxfk fdq lq dwlrq iruhfdvwv eh lpsuryhg
e| frpelqlqj lqirupdwlrq lq wklv pdqqhuB

Wr dgguhvv wkhvh txhvwlrqv/ L urxqghg xs wkh xvxdo vxvshfwv dqg h{shu0
lphqwhg zlwk d qxpehu ri pdfurhfrqrplf lqirupdwlrq vhwv/ %|1 Wkh olvw ri
vxvshfwv lqfoxghg/ dprqj rwkhuv/ d ydulhw| ri phdvxuhv ri rxwsxw dqg xqhp0
sor|phqw �jdsv/� vkruw whup uhdo lqwhuhvw udwhv/ orqj whup |lhog vsuhdgv/ d
ydulhw| ri phdvxuhv ri rlo sulfhv/ dqg P5 jurzwk1 Iru wkh vdnh ri euhylw|/ L
uhsruw uhvxowv rqo| iru d sduvlprqlrxv lqirupdwlrq vhw %| frqvlvwlqj ri h{ srvw
60prqwk uhdo lqwhuhvw udwhv dqg d phdvxuh ri ghwuhqghg rxwsxw1 Jhqhudoo|
vshdnlqj/ L irxqg wkdw lw zdv kdug wr lpsuryh rq wklv lqirupdwlrq vhw e| lq0
foxglqj rwkhu pdfurhfrqrplf suhglfwruv/ hvshfldoo| lq frpelqdwlrq zlwk wkh
h{srqhqwldoo| vprrwkhg phdvxuh ri fruh lq dwlrq1<

Uhdo lqwhuhvw udwhv zhuh phdvxuhg e| vxewudfwlqj FSL lq dwlrq iurp wkh
qrplqdo |lhog rq 60prqwk Wuhdvxu| eloov1 Uhdo JGS zdv ghwuhqghg e| dsso|0
lqj wkh h{srqhqwldo vprrwkhu zlwk }f ' f��2D1 Wkh uhvxowlqj phdvxuh ri wkh
rxwsxw jds fdq eh lqwhusuhwhg hlwkhu dv wkh ghyldwlrq iurp dq dgdswlyh hvwl0
pdwh ri d ghwhuplqlvwlf wuhqg ru dv wkh rxwsxw ri d kljk0sdvv �owhu dssolhg wr
JGS1 Wkh phdvxuh lv dqdorjrxv wr wkh rqh xvhg e| Nlqj dqg Zdwvrq +4<<7,
lq wkhlu vwxg| ri wkh Skloolsv Fxuyh/ h{fhsw wkdw wkhlu �owhu zdv wzr0vlghg1
Djdlq/ wkh uhvwulfwlrq wr rqh0vlghg �owhuv lv hvvhqwldo iru iruhfdvwlqj1

<Johqq Uxghexvfk zdv qrw vxusulvhg e| wklv/ dqg uhplqghg ph wkdw wkh rxwsxw jds
dqg vkruw whup uhdo lqwhuhvw udwh duh wkh nh| yduldeohv lq wkh Uxghexvfk0Vyhqvvrq +4<<;,
prgho1
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Iljxuh := Uhodwlyh Suhglfwlyh Srzhu zkhq Frpelqhg zlwk Pdfurhfrqrplf
Suhglfwruv

Iljxuh : uhsruwv uhvxowv rq wkh suhglfwlyh srzhu ri wkh ydulrxv fruh phd0
vxuhv lq frpelqdwlrq zlwk wkh wzr pdfur yduldeohv1 Wkh �jxuh sorwv -2

vwdwlvwlfv iurp yhuvlrqv ri htxdwlrq +45, ryhu iruhfdvw krul}rqv udqjlqj iurp
4 txduwhu wr 7 |hduv1 Wkh uhvxowv duh vlplodu wr wkrvh uhsruwhg deryh1 Wkh
phgldq dqg wulpphg phdq phdvxuhv duh prvw lqirupdwlyh dw wkh 40txduwhu
krul}rq/ exw wkh h{srqhqwldoo| vprrwkhg vhulhv lv d vxshulru suhglfwru ryhu
orqjhu krul}rqv1 Lqghhg/ zkhq frpelqhg zlwk ghwuhqghg rxwsxw dqg wkh uhdo
eloo udwh/ wkh h{srqhqwldoo| vprrwkhg lq dwlrq vhulhv dffrxqwv iru dssur{l0
pdwho| 73 wr 93 shufhqw ri wkh yduldwlrq lq lq dwlrq ryhu wkh 5 wr 7 |hdu
krul}rq1 Lq frqwudvw/ wkh rwkhu fdqglgdwhv dffrxqw iru rqo| 43 wr 53 shufhqw
ri wkh yduldwlrq dw wkhvh krul}rqv1 Wkxv/ ryhu wkh phglxp uxq ri vhyhudo
|hduv/ lw djdlq dsshduv wkdw wkh h{srqhqwldoo| vprrwkhg vhulhv lv wkh vlqjoh
prvw lqirupdwlyh phdvxuh ri fruh lq dwlrq1

D frpsdulvrq ri wkh mrlqw jrrgqhvv0ri0�w vwdwlvwlfv lq �jxuh : dqg wkh
xqlyduldwh jrrgqhvv0ri0�w phdvxuhv lq �jxuh 7 vxjjhvwv wkdw wkh pdfur ydul0
deohv frqwdlq pxfk lqirupdwlrq derxw lq dwlrq wkdw lv qrw suhvhqw lq wkh HV
fruh phdvxuh1 Exw lv wkhuh dovr vrph lqirupdwlrq lq wkh odwwhu wkdw lv qrw
frqwdlqhg lq wkh iruphuB Iljxuh ; uhsruwv wkh uhvxowv ri vrph uhjuhvvlrqv
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Iljxuh ;= Pdujlqdo Suhglfwlyh Srzhu ri HV Fruh Uhodwlyh wr wkh Pdfur Ydul0
eohv

wkdw ghfrpsrvh wkh lqirupdwlrq lq wkh wulyduldwh lqirupdwlrq vhw1 Lq wklv
�jxuh/ wkh vrolg olqh sorwv -2 vwdwlvwlfv iru xqlyduldwh uhjuhvvlrqv lqyroylqj
wkh fruh ghyldwlrq/ wkh grwwhg olqh sorwv -2 vwdwlvwlfv iru elyduldwh uhjuhvvlrqv
lqyroylqj wkh wzr pdfur yduldeohv/ dqg wkh gdvkhg olqh sorwv -2 vwdwlvwlfv iru
wulyduldwh uhjuhvvlrqv lqyroylqj doo wkuhh1 Khuh wkh vdpsoh kdv ehhq h{sdqghg
wr fryhu wkh shulrg 4<871T4 wr 4<<;1T5/ zlwk dq dssursuldwh doorzdqfh dw
wkh hqg iru wkh iruhfdvw krul}rq M143

E| wkhpvhoyhv/ wkh pdfur yduldeohv dffrxqw iru rqo| derxw 43 shufhqw ri
wkh yduldwlrq lq EZ|nM � Z|� ryhu krul}rqv ri 5 wr 7 |hduv1 Vlploduo|/ e| lwvhoi
wkh HV fruh phdvxuh dffrxqwv iru derxw 53 wr 58 shufhqw ri wkh yduldwlrq ryhu

wkhvh krul}rqv1 Wkh frpelqdwlrq ri doo wkuhh lv idu vxshulru wr hlwkhu/ dqg

dffrxqwv iru urxjko| 73 wr 93 shufhqw ri wkh phglxp0uxq yduldwlrq1 Khqfh/

wkh HV fruh phdvxuh lqghhg kdv frqvlghudeoh lqfuhphqwdo suhglfwlyh srzhu

uhodwlyh wr wkh wzr pdfur yduldeohv1

Ilqdoo|/ wkh wulyduldwh prgho frpsduhv txlwh idyrudeo| zlwk rwkhu lq dwlrq

iruhfdvwlqj prghov lq wkh olwhudwxuh1 Iru h{dpsoh/ lq frqwudvw wr wkh uhvxowv

43Iurp wklv srlqw rq/ wkh Eu|dq0Fhffkhwwl phdvxuhv duh qr orqjhu lq sod|/ dqg wkh

frqvwudlqw rq wkhlu dydlodelolw| lv qr orqjhu elqglqj1
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uhsruwhg khuh/ Fhffkhwwl +4<<8, dqg Vwrfn dqg Zdwvrq +4<<;, erwk uhsruw
wkdw lq dwlrq lv gl!fxow wr iruhfdvw/ hvshfldoo| ryhu orqjhu krul}rqv1 Lw vhhpv
wkdw wkh nh| wr lpsurylqj lq dwlrq iruhfdvwv lqyroyhv doorzlqj iru d vkliwlqj
phdq/ lq wkh pdqqhu ghvfulehg deryh1 Pdfurhfrqrplf suhglfwruv kdyh vxe0
vwdqwldo lqirupdwlrq derxw orfdoo| phdq0uhyhuwlqj frpsrqhqwv ri lq dwlrq/
exw lw lv kdughu wr �qg joredoo| phdq0uhyhuwlqj frpsrqhqwv1

7 Frqfoxvlrq

Wklv sdshu sursrvhv d qhz phdvxuh ri fruh lq dwlrq dqg frpsduhv lw zlwk
vhyhudo h{lvwlqj phdvxuhv1 Wkh qhz phdvxuh lv dgdswlyh dqg lv ghvljqhg
wr wudfn vxgghq dqg shuvlvwhqw fkdqjhv lq lq dwlrq/ vxfk dv wkrvh dulvlqj
iurp fkdqjhv lq prqhwdu| srolf| ghflvlrq uxohv1 Irupdoo|/ wkh phdvxuh fdq
eh lqwhusuhwhg hlwkhu dv d frqvwdqw jdlq xsgdwh ri phdq lq dwlrq ru dv wkh
rxwsxw ri dq dssur{lpdwh orz0sdvv �owhu1 Xqolnh pdq| rwkhu dssur{lpdwlrqv
wr orz0sdvv �owhuv/ wkh �owhu xvhg khuh lv rqh0vlghg lqwr wkh sdvw/ dqg wkh gdwh
| �owhuhg phdvxuh fdq eh frpsxwhg dv vrrq dv gdwh | lq dwlrq gdwd ehfrph
dydlodeoh1

L hydoxdwh wkh qhz phdvxuh dqg frpsduh lw zlwk h{lvwlqj phdvxuhv e|
frqvlghulqj krz zhoo lw �owhuv wudqvlhqw pryhphqwv rxw ri wkh gdwd1 D phd0
vxuh wkdw vwulsv wudqvlhqwv iurp dfwxdo lq dwlrq vkrxog eh xvhixo iru suh0
glfwlqj vxevhtxhqw fkdqjhv lq lq dwlrq1 Frqyhuvho|/ wkh phdvxuh wkdw ehvw
suhglfwv vxevhtxhqw uhyhuvdov lq lq dwlrq lv dovr wkh rqh wkdw ehvw �owhuv fxu0
uhqw wudqvlhqwv1 Khqfh/ ydulrxv phdvxuhv ri fruh lq dwlrq fdq eh hydoxdwhg
e| frpsdulqj wkhlu uhodwlyh suhglfwlyh srzhu iru ixwxuh fkdqjhv lq lq dwlrq1

Ryhu wkh phglxp uxq ri 5 wr 7 |hduv/ L �qg wkdw wkh qhz phdvxuh lv d ehw0
whu suhglfwru wkdq frqyhqwlrqdo phdvxuhv vxfk dv wkh EOV h{ irrg dqg hqhuj|
vhulhv ru Eu|dq dqg Fhffkhwwl*v phgldq dqg wulpphg phdq vhulhv1 Wkh qhz
phdvxuh vxevxphv wkh uhohydqw lqirupdwlrq frqwdlqhg lq h{lvwlqj phdvxuhv
dqg kdv lqfuhphqwdo suhglfwlyh srzhu uhodwlyh wr wkhp1 Wkh qhz phdvxuh
lv dovr d vxshulru suhglfwru lq frpelqdwlrq zlwk rwkhu pdfurhfrqrplf suh0
glfwruv ri lq dwlrq/ dqg lw frqwdlqv vxevwdqwldo lqfuhphqwdo suhglfwlyh srzhu
uhodwlyh wr wkh pdfur yduldeohv1 Iru h{dpsoh/ d vlpsoh iruhfdvwlqj prgho
lqyroylqj d vkruw0whup uhdo lqwhuhvw udwh dqg d phdvxuh ri wkh rxwsxw jds df0
frxqwv iru rqo| derxw 43 wr 53 shufhqw ri wkh yduldqfh ri fkdqjhv lq lq dwlrq
ryhu krul}rqv ri 5 wr 7 |hduv1 Exw zkhq wkh qhz fruh phdvxuh lv dgghg wr
wkh lqirupdwlrq vhw/ wkh dxjphqwhg prgho dffrxqwv iru dssur{lpdwho| 73 wr
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93 shufhqw ri wkh yduldwlrq1
Lghdoo|/ rqh zrxog zdqw wr ydolgdwh wkh iruhfdvwlqj uhvxowv uhsruwhg khuh

e| grlqj rxw0ri0vdpsoh h{shulphqwv1 Xqiruwxqdwho|/ zlwk iruhfdvw krul}rqv
ri 5 wr 7 |hduv dqg vdpsohv fryhulqj dw prvw 77 |hduv/ wkhuh lv qrw hqrxjk
lqghshqghqw lqirupdwlrq lq wkh gdwd wr gr wklv1 Iru h{dpsoh/ vxssrvh wkh
vdpsoh zhuh vsolw lq wzr/ zlwk wkh �uvw 55 |hduv xvhg wr lqlwldol}h sdudphwhuv
dqg wkh vhfrqg 55 |hduv xvhg wr hydoxdwh iruhfdvwv1 Iru wkh 50|hdu dkhdg
iruhfdvwlqj prgho/ wkhuh duh rqo| 44 qrq0ryhuodsslqj revhuydwlrqv iru lql0
wldol}lqj sdudphwhuv dqg rqo| 44 qrq0ryhuodsslqj revhuydwlrqv iru hydoxdwlqj
rxw0rg0vdpsoh iruhfdvwv1 Wklv ohdyhv wrr ihz revhuydwlrqv wr gr hlwkhu mre
zhoo1 Wkxv/ wkh xowlpdwh surri ri wkh qhz phdvxuh zloo kdyh wr frph lq
sudfwlfh1

8 Uhihuhqfhv

Edoo/ Odzuhqfh dqg Q1 Juhjru| Pdqnlz/ 4<<5/ �Uhodwlyh Sulfh Fkdqjhv
dv Djjuhjdwh Vxsso| Vkrfnv/� QEHU Zrunlqj Sdshu 749;1

Eduur/ Urehuw M1 dqg Gdylg E1 Jrugrq/ 4<;6/ �D Srvlwlyh Wkhru| ri
Prqhwdu| Srolf| lq d Qdwxudo Udwh Prgho/� Mrxuqdo ri Srolwlfdo Hfrqrp|

<4/ ss1 8;<09431

Ed{whu/ Pduldqqh dqg Urehuw J1 Nlqj/ 4<<8/ �Phdvxulqj Exvlqhvv F|fohv=
Dssur{lpdwh Edqgsdvv Ilowhuv iru Hfrqrplf Wlph Vhulhv/� QEHU Zrunlqj
Sdshu 83551

Ehyhulgjh/ Vwhskhq dqg Fkduohv U1 Qhovrq/ 4<;4/ �D Qhz Dssurdfk
wr Ghfrpsrvlwlrq ri Hfrqrplf Wlph Vhulhv lqwr Shupdqhqw dqg Wudqvlwru|
Frpsrqhqwv zlwk Sduwlfxodu Dwwhqwlrq wr Phdvxuhphqw ri wkh cExvlqhvv F|0
foh/�* Mrxuqdo ri Prqhwdu| Hfrqrplfv :/ ss1 48404:71

Eu|dq/ Plfkdho I1 dqg Vwhskhq J1 Fhffkhwwl/ 4<<6/ �Wkh Frqvxphu Sulfh
Lqgh{ dv d Phdvxuh ri Lq dwlrq/� Hfrqrplf Uhylhz ri wkh Ihghudo Uhvhuyh

Edqn ri Fohyhodqg 5</ ss1 480571

dqg / 4<<7/ �Phdvxulqj Fruh Lq dwlrq/� lq Prqhwdu| Srolf|/ Q1
Juhjru| Pdqnlz +hg1,/ Fklfdjr= Xqlyhuvlw| ri Fklfdjr Suhvv iru wkh Qdwlrqdo
Exuhdx ri Hfrqrplf Uhvhdufk1

dqg / 4<<8/ �Wkh Vhdvrqdolw| ri Lq dwlrq/� Hfrqrplf Uhylhz ri wkh

Ihghudo Uhvhuyh Edqn ri Fohyhodqg 64/ ss1 450561
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/ / dqg Urgqh| O1 Zljjlqv/ 4<<:/ �H!flhqw Lq dwlrq Hvwlpdwlrq/�
QEHU Zrunlqj Sdshu Qr1 94;61

Fhffkhwwl/ Vwhskhq J1/ 4<<8/ �Lq dwlrq Lqglfdwruv dqg Lq dwlrq Srolf|/�
QEHU Pdfurhfrqrplfv Dqqxdo 43/ ss1 4;<054<1

4<<9/ �Phdvxulqj Vkruw0Uxq Lq dwlrq iru Fhqwudo Edqnhuv/� QEHU
Zrunlqj Sdshu Qr1 8:;91

Frfkudqh/ Mrkq K1/ 4<;;/ �Krz Elj lv wkh UdqgrpZdon lq JGSB� Mrxu0
qdo ri Srolwlfdo Hfrqrp| <9/ ss1 ;<60<531

Iuhhpdq/ Grqdog J1/ 4<<;/ �Gr Fruh Lq dwlrq Phdvxuhv Khos Iruhfdvw
Lq dwlrq/� Hfrqrplfv Ohwwhuv 8;/ ss1 476047:

Krgulfn/ Urehuw dqg Hgzdug F1 Suhvfrww/ 4<<:/ �Srvw0Zdu X1V1 Exvlqhvv
F|fohv= Dq Hpslulfdo Lqyhvwljdwlrq/� Mrxuqdo ri Prqh|/ Fuhglw/ dqg Edqnlqj
5</ ss1 40491

Luhodqg/ Shwhu Q1/ 4<<;/ �Grhv wkh Wlph0Frqvlvwhqf| Sureohp H{sodlq
wkh Ehkdylru ri Lq dwlrq lq wkh Xqlwhg VwdwhvB/� Xqsxeolvkhg Pdqxvfulsw/
Ghsduwphqw ri Hfrqrplfv/ Ervwrq Froohjh1

Nlqj/ Urehuw J1 dqg Pdun Zdwvrq/ 4<<7/ �Wkh Srvw0Zdu X1V1 Skloolsv
Fxuyh= D Uhylvlrqlvw Hfrqrphwulf Klvwru|/� Fduqhjlh0Urfkhvwhu Frqihuhqfh
Vhulhv rq Sxeolf Srolf| 74/ ss1 48:054<1

Oxfdv/ Urehuw H1/ Mu1/ 4<:5/ �H{shfwdwlrqv dqg wkh Qhxwudolw| ri Prqh|/�
Mrxuqdo ri Hfrqrplf Wkhru| 7/ ss1 43604571

Skhosv/ Hgpxqg V1/ 4<9:/ �Skloolsv Fxuyhv/ H{shfwdwlrqv ri Lq dwlrq dqg
Rswlpdo Xqhpsor|phqw Ryhu Wlph/� Hfrqrplfd 5/ ss= 550771

Txdk/ Gdqq| dqg Vkdxq S1 Ydkh|/ 4<<8/ �Phdvxulqj Fruh Lq dwlrq/�
Hfrqrplf Mrxuqdo 438/ ss1 4463044771

Uxghexvfk/ Johqq G1 dqg Oduv H1R1 Vyhqvvrq/ 4<<;/ �Srolf| Uxohv iru
Lq dwlrq Wdujhwlqj/� QEHU Zrunlqj Sdshu Qr1 98451

Vyhqvvrq/ Oduv H1R1/ 4<<:/ �Lq dwlrq Iruhfdvw Wdujhwlqj= Lpsohphqwlqj
dqg Prqlwrulqj Lq dwlrq Wdujhwv/� Hxurshdq Hfrqrplf Uhylhz 74/ ss1 44440
44791

Vdujhqw/ Wkrpdv M1/ 4<<;/ Wkh Frqtxhvw ri Dphulfdq Lq dwlrq/ xqsxe0
olvkhg pdqxvfulsw1

Vlpv/ 4<:5/ �Dssur{lpdwh Sulru Uhvwulfwlrqv rq Glvwulexwhg Odj Hvwlpd0
wlrq/� Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq 9:/ ss1 49<04:81
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Vwrfn/ Mdphv K1 dqg Pdun Z1 Zdwvrq/ 4<<;/ �Iruhfdvwlqj Lq dwlrq/� Xq0
sxeolvkhg Pdqxvfulsw/ Nhqqhg| Vfkrro ri Jryhuqphqw dqg ZrrgurzZlovrq
Vfkrro ri Sxeolf Srolf|1
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