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Hpslulfdo vwxglhv rq wkh vwdwlrqdulw| ri uhdo lqwhuhvw udwhv suhvhqw pl{hg uhvxowv

+h1j1/ Urvh/ 4<;;> Skloolsv/ 4<<;> Fkrl dqg Dkq/ 4<<<> Udsdfk dqg Zh0

ehu/ 5334,1 Vwdwlrqdulw| lpsolhv wkdw hdfk uhdo lqwhuhvw udwh yduldeoh/ dowkrxjk

 xfwxdwlqj/ whqgv wr uhwxuq wr d frqvwdqw phdq +khqfh/ wkh h{suhvvlrq cphdq

uhyhuwlqj*,1 Frqyhuvho|/ d qrq0vwdwlrqdu| yduldeoh zrxog glvsod| qrq0frqvwdqw

phdqv dqg yduldqfhv1 Zk| vkrxog uhdo lqwhuhvw udwhv eh qrq0vwdwlrqdu|B Vhyhudo

uhdvrqv kdyh ehhq dgydqfhg wr h{sodlq zk| uhdo lqwhuhvw udwhv/ hyhu| vr riwhq/

h{klelw qrq0vwdwlrqdu| ehkdylru1 Urvh +4<;;, dwwulexwhg qrq0vwdwlrqdulw| lq

uhdo lqwhuhvw udwhv wr wkh cvwdwlrqdu| ehkdylru ri wkh lq dwlrq yduldeoh*/ zkloh

Ehylodftxd dqg ]rq +5334, ylhz wkh xvh ri olqhdu prghov wr h{sodlq  xfwx0
dwlrqv lq pdfurhfrqrplf wlph vhulhv dv  dzhg1 Vrph kdyh dujxhg wkdw vwdwlrq0
dulw| lq uhdo lqwhuhvw udwhv fdq rqo| eh dwwdlqhg e| dffrxqwlqj iru wkh lqfuhdvlqj
lqwhjudwlrq ri �qdqfldo pdunhwv dqg doorzlqj iru joredo lq xhqfhv rq qdwlrqdo
erqg udwhv +h1j1/ Dqghuvrq/ 4<<<> Zx dqg ]kdqj/ 4<<:,1 Rwkhuv vxfk dv
Fdpsehoo dqg Vkloohu +4<;:, dqg Kdoo hw do1 +4<<5, vxjjhvw wkh mrlqw
dqdo|vlv ri lqwhuhvw udwhv dw gl�huhqw pdwxulwlhv ru rq uhodwhg pdunhwv/ l1h1/ |lhog
vsuhdg1 Ehylodftxd dqg ]rq +5334, uhfrpphqg d g|qdplf dqg qrq0olqhdu
h{sodqdwlrq iru wkh grxeoh dlp ri ghvfulelqj dqg iruhfdvwlqj pruh dffxudwho|
wkh hyroxwlrq ri wkh pdfurhfrqrplf v|vwhp1

Wkh lqflghqfh ri qrq0vwdwlrqdu| uhdo lqwhuhvw udwhv lv lqfrpsdwleoh zlwk pdq|
pdfurhfrqrplf dqg �qdqfh wkhrulhv1 Qrq0vwdwlrqdulw| lq uhdo lqwhuhvw udwhv lp0
solhv wkdw orqj0uxq yduldwlrqv lq qrplqdo lqwhuhvw udwhv duh qrw vlpso| uh hf0
wlrqv ri yduldwlrqv lq lq dwlrqdu| h{shfwdwlrqv exw duh dovr fdxvhg e| fkdqjhv
lq wkh uhdo udwh1 Iru wklv uhdvrq/ wkh h�hfwv ri prqhwdu| srolf| rq lq dwlrq
zloo ehfrph ohvv suhglfwdeoh1 Jdoð +4<<5/ s1:4:, dggv wkdw qrq0vwdwlrqdu| eh0
kdylru ri uhdo lqwhuhvw udwhv lq hpslulfdo prghov vhhpv udwkhu lpsodxvleoh rq
d sulrul jurxqgv/ gxh wr lwv lqfrqvlvwhqf| zlwk vwdqgdug htxloleulxp jurzwk
prghov1 Dovr/ iroorzlqj Oxfdv +4<:;, dqg Kdqvhq dqg Vlqjohwrq +4<;5,/
dprqj rwkhuv/ Urvh +4<;;, dujxhv wkdw qrq0vwdwlrqdulw| lq uhdo lqwhuhvw udwhv lv
sureohpdwlf iru frqvxpswlrq0edvhg dvvhw sulflqj prghov1

Khqfh/ wkh suhydlolqj ylhzsrlqw lv wkdw qrplqdo lqwhuhvw udwhv dv zhoo dv wkh
udwh ri lq dwlrq duh wr eh prghohg dv �uvw0rughu lqwhjudwhg surfhvvhv1 Gl�huhqfhv
dprqj wkhvh yduldeohv wkhq |lhog vwdwlrqdu| cfrlqwhjudwlqj* uhodwlrqv/ vxfk dv wkh
vwdwlrqdu| |lhog vsuhdg dqg wkh vwdwlrqdu| uhdo lqwhuhvw udwh1 Dffhswdqfh ri wklv
ylhzsrlqw lv qrw xqdqlprxv1 Iru h{dpsoh/ Zx dqg ]kdqj +4<<:, dsso| sdqho
xqlw urrw whvwv wr |lhogv rq wuhdvxu| eloov dqg surylgh hylghqfh iru vwdwlrqdulw|/
zkhuhdv Eh|hu dqg Iduphu +5334, �qg frlqwhjudwlqj uhodwlrqv dprqj qrq0
vwdwlrqdu| lqwhuhvw udwhv dqg lq dwlrq wkdw gl�hu iurp vlpsoh gl�huhqfhv dqg wkxv
surylgh hylghqfh iru qrq0vwdwlrqdu| uhdo udwhv1 Lq wklv sdshu/ zh vkrz wkdw vxfk
dssduhqwo| glyhujhqw dqg lqfrpsdwleoh slhfhv ri hylghqfh pd| eh hqfrpsdvvhg
zlwk wkh dlg ri qrq0olqhdu wlph0vhulhv prghov1

Udwkhu wkdq gluhfwo| irfxvlqj rq uhdo lqwhuhvw udwhv/ zh h{soruh wkh mrlqw eh0
kdylru ri qrplqdo lqwhuhvw udwhv dqg lq dwlrq e| phdqv ri elyduldwh wlph0vhulhv
prghov1 Wr dfklhyh wklv dlp/ zh prgli| wkh wudglwlrqdo olqhdu iudphzrun ri
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frlqwhjudwhg yhfwru dxwruhjuhvvlrqv e| lqwurgxflqj vrph qrq0olqhdu fkdudfwhu0
lvwlfv1 Zh dgrsw wkh wkuhvkrog frlqwhjudwlrq dssurdfk ri Edonh dqg Irpe|

+4<<:,/ khqfhiruwk EI/ wr hvwdeolvk d vwdeoh uhodwlrqvkls ehwzhhq wkh uhvshfwlyh
qrplqdo lqwhuhvw udwhv dqg lq dwlrq iru Jhupdq|/ Mdsdq/ wkh XN dqg wkh XV1
Zh k|srwkhvl}h wkdw wkh idloxuh ri iruphu vwxglhv wr �qg frlqwhjudwlrq ehwzhhq
wkh qrplqdo lqwhuhvw udwh dqg lq dwlrq lv gxh wr wkhlu lqdelolw| wr dffrxqw iru
wkh wkuhvkrog fkdudfwhulvwlfv ri qrplqdo lqwhuhvw udwhv1 Ilqdoo|/ zh hydoxdwh wkh
iruhfdvwlqj shuirupdqfh ri wkh wkuhvkrog frlqwhjudwlrq prgho djdlqvw frpshwlqj
prghov1

Wkh sdshu lv vwuxfwxuhg dv iroorzv1 Vhfwlrq 5 kljkoljkwv vrph vw|ol}hg idfwv
rq lqwhuhvw udwhv dqg wkuhvkrog frlqwhjudwlrq1 Vhfwlrq 6 suhvhqwv wkh uhvxowv ri
wkh wkuhvkrog frlqwhjudwlrq dqdo|vlv/ zkloh vhfwlrq 7 hoderudwhv rq wkh uhvxowv ri
wkh iruhfdvwlqj h{shulphqwv1 Vhfwlrq 8 frqfoxghv1

� �
���
��� 	�
�������
��

��� ����
��� ��	�� �� 
������� �����

Dowkrxjk wkh fkdoohqjh ri dsso|lqj wlph0vhulhv prgholqj wr lqwhuhvw udwhv kdv
ehhq wdnhq xs uhshdwhgo| lq wkh olwhudwxuh/ prvw prghov kdyh ehhq irxqg wr
eh voljkwo| xqvdwlvidfwru|/ hlwkhu ehfdxvh wkh| ehfrph lqydolg ryhu orqjhu wlph
lqwhuydov ru ehfdxvh wkh| gr qrw pdwfk lpsruwdqw ihdwxuhv ri wkh gdwd ru ehfdxvh
wkh| duh dw rggv zlwk hfrqrplf wkhru|1 Ehfdxvh wlph0vhulhv dqdo|vlv dlpv dw
pdwfklqj wkh hpslulfdo vw|ol}hg idfwv dv forvho| dv srvvleoh/ zh �uvw vxppdul}h
wkh pdlq fkdudfwhulvwlfv1

Wkh �uvw vw|ol}hg idfw rq lqwhuhvw udwhv lv wkdw ghyldwlrqv iurp wkh sxuh
udqgrp0zdon prgho duh vpdoo exw vljql�fdqw1 Wkh udqgrp0zdon prgho kdv ehhq
irxqg wr eh dssursuldwh iru vwrfn0pdunhw sulfhv1 Frqwudu| wr vwrfn0pdunhw
uhwxuqv/ krzhyhu/ �uvw gl�huhqfhv ri lqwhuhvw udwhv gr frqwdlq vrph vxevwdqwldo
dxwrfruuhodwlrq dw vkruwhu dqg orqjhu odjv1 Lw lv qrw dozd|v srvvleoh wr h{sorlw
wklv fruuhodwlrq sdwwhuqv iru uholdeoh suhglfwlrq1 Pdq| dxwkruv kdyh irxqg wkdw
wkh h{sodlqhg vkduh ri yduldqfh +U5, ghfuhdvhv dv wkh wlph wr pdwxulw| lqfuhdvhv/
vxfk wkdw orqj0whup erqg udwhv frph forvh wr sxuh udqgrp zdonv1

Wkh vhfrqg vw|ol}hg idfw lv wkdw/ lq wkh orqjhu uxq/ lqwhuhvw udwhv uhpdlq lq

dq lqwhuydo wkdw lv dssur{lpdwho| ghwhuplqhg e| wkh orzhu erxqg ri }hur dqg
wkh xsshu erxqg ri durxqg 43(1 Wklv idfw uh hfwv wkh hfrqrplf dgmxvwphqw
phfkdqlvp wkdw lv sulpdulo| hqdfwhg e| wkh vwdelol}lqj lq xhqfh ri fhqwudo edqnv1
Dowkrxjk wkh sdudgr{ ri qhjdwlyh qrplqdo lqwhuhvw udwhv kdv ehhq uhsruwhg iru
vshfl�f hslvrghv lq vshfl�f frxqwulhv/ wkh orzhu erxqg ri }hur fdq eh uhjdughg
dv vkdus/ dv hfrqrplf djhqwv zloo qrw ohqg prqh| li wkh| duh uhzdughg e| d orvv1
Wkh xsshu erxqg lv ohvv vkdus dqg pd| eh sxvkhg xs gxulqj skdvhv ri kljk
lq dwlrq1 Ehfdxvh ri zlghvsuhdg lqwhuqdwlrqdo djuhhphqw derxw wkh gdqjhuv ri
kljk lq dwlrq/ hyhq wkhvh skdvhv zloo xvxdoo| uhpdlq hslvrghv ri olplwhg olih vsdq1

Dssduhqwo|/ wkh vhfrqg vw|ol}hg idfw frqwudglfwv wkh �uvw rqh/ dv udqgrp
zdonv glvsod| qrq0vwdwlrqdu| ehkdylru gxh wr dq hyhu0lqfuhdvlqj yduldqfh dqg
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dq xqerxqghg vxssruw1 Lq wkh olwhudwxuh/ wkh w|slfdo zd| rxw kdv ehhq wr ylhz
wkh udqgrp0zdon prgho ru lwv zhdnhqhg irup/ wkh �uvw0rughu lqwhjudwhg prgho/
dv dq dssur{lpdwlrq iru d olplwhg wlph vsdq1 Exloglqj rq wkh lqwhjudwhg prgho/
iru h{dpsoh Fdpsehoo dqg Vkloohu +4<;:, dqg Kdoo hw do1 +4<<5, kdyh
jdlqhg lqwhuhvwlqj lqvljkwv lqwr wkh mrlqw pryhphqwv ri lqwhuhvw udwhv dw gl�huhqw
pdwxulw|/ zklfk ohdgv wr wkh wklug vw|ol}hg idfw1

Wkh wklug vw|ol}hg idfw rq lqwhuhvw udwhv lv wkdw udwhv dw gl�huhqw pdwxulwlhv
ru rq uhodwhg pdunhwv/ vxfk dv wkh erqg pdunhw dqg wkh prqh| pdunhw/ vwurqjo|
lqglfdwh sdudooho pryhphqwv dv wkh| ghyhors wkurxjk wlph1 Dffhswlqj wkh lqwh0
judwhg prgho dv d zrunlqj k|srwkhvlv/ Fdpsehoo dqg Vkloohu +4<;:,/ Kdoo
hw do1 +4<<5,/ dprqj rwkhuv/ kdyh irxqg wkdw lqwhuhvw udwhv whqg wr eh frlqwh0
judwhg lq wkh vhqvh wkdw d olqhdu frpelqdwlrq lv vwdwlrqdu|1 Xvxdoo|/ wklv olqhdu
frpelqdwlrq kdv ehhq irxqg wr eh wkh gl�huhqfh ru |lhog vsuhdg/ vxfk wkdw vkruw
dqg orqj udwhv duh vhsdudwhg e| d vwdwlrqdu| whup suhplxp zlwk d wlph0frqvwdqw
phdq1

Rwkhu hpslulfdo ihdwxuhv ri lqwhuhvw udwhv kdyh ehhq lghqwl�hg/ vxfk dv hyl0
ghqfh rq qrq0qrupdo glvwulexwlrqv/ kljko| qrq0qrupdo nxuwrvlv/ frqglwlrqdo khw0
hurvnhgdvwlflw|/ orqj phpru| hwf1 Lw dsshduv lpsrvvleoh wr wdnh xs doo wkhvh
lvvxhv vlpxowdqhrxvo|1 Khqfh/ zlwklq wkh olplwv ri wklv sdshu zh uhiudlq iurp
prgholqj kljkhu0rughu prphqwv dqg h{foxvlyho| irfxv rq prgholqj wkh frqgl0
wlrqdo h{shfwdwlrq1 Zh dovr vhw dvlgh iudfwlrqdo dqg orqj0phpru| prghov/ zklfk
pd| eh vhhq dv dq dowhuqdwh dssurdfk wr wkh rqh rxwolqhg khuh1 Wklv prgho fodvv
vx�huv iurp d vhyhuh lqfuhdvh lq frpsoh{lw| zkhq pxowlyduldwh dssolfdwlrqv duh
vwxglhg1 Lq frqwudvw/ wkh wkuhvkrog dssurdfk uhvwv rq rqo| voljkw dgmxvwphqwv
wr wkh vwdqgdug olqhdu prghov dqg lv h{solflwo| ghvljqhg iru pxowlyduldwh wlph
vhulhv1

Dv EI revhuyhg/ wkh irufhv zklfk kdyh ehhq lghqwl�hg e| wkh frlqwhjudwlrq
prghohuv dqg zklfk whqg wr wlh wrjhwkhu gl�huhqw lqwhuhvw udwhv pd| eh devhqw
iru yhu| vpdoo ghyldwlrqv dqg jdlq vwuhqjwk dv wkh |lhog vsuhdg lqfuhdvhv1 Wklv
revhuydwlrq kdv ohg EI wr frqvlghu wkh frqfhsw ri wkuhvkrog frlqwhjudwlrq lq wkh
vhqvh wkdw wzr +ru pruh, yduldeohv ehkdyh olnh pxwxdoo| lqghshqghqw lqwhjudwhg
surfhvvhv li wkh |lhog vsuhdg lv vpdoo dqg ehkdyh olnh frlqwhjudwhg surfhvvhv li
wkh |lhog vsuhdg vxusdvvhv d fhuwdlq wkuhvkrog ydoxh/ zklfk wuljjhuv dq huuru0
fruuhfwlqj phfkdqlvp1 Zh dovr frqvlghu dqrwkhu wkuhvkrog/ deryh zklfk doo
lqwhuhvw udwhv duh vwdelol}hg e| srolwlfdo irufhv/ vxfk wkdw wkh vxssruw uhpdlqv
erxqghg lq wkh orqjhu uxq1 Dowkrxjk wklv vhfrqg phfkdqlvp pd| eh wkh pruh
lpsruwdqw rqh/ lw kdv ehhq ljqruhg lq prvw ri wkh h{wdqw olwhudwxuh1

��� ����
��� ��	�� �� 
����
��

Dw d �uvw jodqfh/ wkh orqjhu0uxq fkdudfwhulvwlfv ri lq dwlrq wlph vhulhv uhvhpeoh
wkrvh ri lqwhuhvw udwhv1 Krzhyhu/ xqolnh lqwhuhvw udwhv/ qhlwkhu sulfh qru zdjh
lq dwlrq idfh vwulfw orzhu erxqgv1 Surorqjhg shulrgv ri gh dwlrq/ l1h1/ qhjdwlyh
lq dwlrq/ duh nqrzq iurp klvwrulfdo gdwd1 Zkloh prvw revhuydwlrqv rq dqqxdo
lq dwlrq lq prvw frxqwulhv idoo lqwr wkh udqjh ehwzhhq }hur dqg whq shufhqw/
vl}hdeoh ylrodwlrqv ri wkhvh olplwv duh nqrzq wr rffxu1
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Dqrwkhu glvwlqfwlrq wr lqwhuhvw udwhv lv wkdw lq dwlrq lv vljql�fdqwo| suh0

glfwdeoh1 Wkhuh lv d zlghvsuhdg eholhi wkdw odvw |hdu*v lq dwlrq lv d jrrg iruhfdvw
iru wklv |hdu*v lq dwlrq1 Wklv ylhz lv dovr uh hfwhg lq wh{werrn ghvfulswlrqv ri
yduldqwv ri wkh Skloolsv fxuyh +vhh Eodqfkdug/ 4<<<,1 Dvvxplqj h{shfwdwlrqv
wr eh udwlrqdo zrxog lpso| wkdw lq dwlrq reh|v d udqgrp zdon1 Wkh idfw wkdw
fkdqjhv lq lq dwlrq duh dovr suhglfwdeoh lqydolgdwhv wklv udqgrp0zdon prgho1
Lq dqdorj| wr lqwhuhvw udwhv/ rqh dovr revhuyhv wkdw d idoo lq lq dwlrq lv pruh
suredeoh zkhq lq dwlrq lv kljk dqg d ulvh lq lq dwlrq lv pruh suredeoh zkhq
lq dwlrq lv orz1 Rqh uhdvrq iru wklv cphdq uhyhuvlrq dw wkh h{wuhphv* lv olnho| wr
eh wkh srolf| uhdfwlrq ri prqhwdu| dxwkrulwlhv1

Lq vxppdu|/ lq dwlrq olnh lqwhuhvw udwhv ehkdyhv olnh d �uvw0rughu lqwhjudwhg
surfhvv iru ohqjwk| hslvrghv/ zkloh lwv ehkdylru zloo eh jryhuqhg e| phdq uhyhu0
vlrq dw h{wuhph dqg vrfldoo| xqdffhswdeoh ydoxhv1

��� �
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Ohw xv dvvxph d orqj udwh lOw dqg d vkruw udwh lVw1 Wkhq/ zh vhdufk iru d wlph0

vhulhv prgho wkdw pluuruv wkh diruhphqwlrqhg ihdwxuhv= �uvwo|/ erwk vhulhv vkrxog

lqglylgxdoo| uhvhpeoh �uvw0rughu lqwhjudwhg vhulhv ryhu vxevwdqwldo wlph krul}rqv>

vhfrqgo|/ erwk vhulhv vkrxog eh vwrfkdvwlfdoo| erxqghg ryhu orqj wlph krul}rqv>

wklugo|/ wkhlu gl�huhqfh vkrxog eh uhfrjql}deoh dv ehlqj vwdwlrqdu| hyhq ryhu

uhodwlyho| vkruw krul}rqv1 Wkhvh wkuhh ihdwxuhv duh pluuruhg lq wkh iroorzlqj

wkuhvkrog frlqwhjudwlrq prgho
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+4,

Lq wklv prgho/ rqh huuru0fruuhfwlrq yhfwru lv dozd|v rshudwlqj/ l1h1/ wkh yhfwru

+4>�4,/ zkhuhdv wkh vhfrqg yhfwru +3> 4, lv rqo| cvzlwfkhg rq* zkhq wkh orqj

lqwhuhvw udwh lOw idoov ehqhdwk d fhuwdlq orzhu erxqg �x/ zklfk pd| eh lqwhusuhwhg

dv wkh vlwxdwlrq nqrzq dv coltxlglw| wuds* iurp wkh Nh|qhvldq olwhudwxuh dqg

zklfk lv w|slfdoo| dyrlghg e| �qdqfldo pdunhwv/ ru zkhq dq xsshu erxqg �r
lv vxusdvvhg/ zklfk pd| gholqhdwh d pd{lpxp ri wrohudeoh lq dwlrq1 Lq wkhvh

h{wuhph fdvhv/ zkhuh wkh srolf| pdnhuv* dwwhqwlrq lv durxvhg/ d wdujhw udwh � lv

irfxvhg1 Rqfh wkh v|vwhp uhwxuqv wr lwv qrupdo vwdwh/ wkh wdujhw udwh lv irujrwwhq

dqg d whup suhplxp � vhsdudwhv wkh orqj dqg vkruw udwhv/ zklfk duh ixuwkhupruh

vxemhfwhg wr wkh vkruw0uxq g|qdplfv dv glfwdwhg e| �m > m @ 4> = = = > s � 4 zklfk

pd| uh hfw lqhuwld ru wkh exvlqhvv f|foh1 Wkh vwdelolw| dqg jhrphwulf hujrglflw|

ri wkh prgho +4, iroorzv iurp jhqhudo vwdwlvwlfdo uhvxowv +vhh Wrqj/ 4<<3,/ jlyhq

wkdw wkh sdudphwhuv �m > �m >�m iroorz wkh vwdelolw| frqglwlrqv iru wkh olqhdu prgho

dqg wkdw wkh wdujhw udwh � lv lq wkh udqjh +�x> �r,1 Zh kdyh dovr h{shulphqwhg
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zlwk wkh vkruw udwh dqg dq dyhudjh udwh/ l1h1/ zlwk wkh yhfwruv +4> 3, dqg +4> 4,
dv fdqglgdwhv iru wkh vhfrqg huuru0fruuhfwlqj lq xhqfh/ dqg zh kdyh irxqg iurp

hpslulfdo dqdo|vlv wkdw wkh orqj udwh jhqhudoo| |lhogv wkh ehvw uhvxowv1

Wkh prgho shuplwv dq lqvljkwixo jhrphwulf lqwhusuhwdwlrq lq wkh +lV > lO,�
sodqh1 Lq d olqhdu zruog/ wkh frlqwhjudwlqj udqn glfwdwhv d udwkhu olplwhg fkrlfh

vhw ri irupv ri g|qdplf htxloleulxp1 D udqn ri }hur |lhogv d v|vwhp zlwkrxw dq|

htxloleulxp ru/ htxlydohqwo|/ zlwk wkh zkroh sodqh uhsuhvhqwlqj htxloleuld> d udqn

ri rqh |lhogv d v|vwhp zlwk d vwudljkw olqh dv wkh orfxv ri htxloleuld> d udqn ri wzr

kdv d surshuo| gh�qhg glvwulexwlrqdo phdq dv d xqltxh htxloleulxp srlqw1 Wkh

wkuhvkrog prgho uhvwulfwv wkh vhw ri htxloleuld wr d olqh vhjphqw1 Wkh olqh vhjphqw

hyroyhv iurp lqwhuvhfwlqj wkh olqh lO @ lV . � zlwk wkh duhd i�x ? lO ? �rj1

Zlwklq wklv vwuls/ wkh olqh vhjphqw vhuyhv dv dq dwwudfwru/ zkloh iurp rxwvlgh

wkh lqwhuvhfwlrq ri wkh olqh zlwk wkh krul}rqwdo olqh lO @ � lv wdujhwhg/ l1h1/ wkh

srlqw +�� �> �,1 Wkh orfdwlrq ri wkh olqh vhjphqw uh hfwv wkh whup suhplxp/

zkloh wkh srvlwlrq ri wkh vwuls uh hfwv wkh frqfhuqv ri frqwuroolqj lq dwlrq1

Lq rxu vhfrqg prgho/ zh prgho rqh ri wkh wzr lqwhuhvw udwhv mrlqwo| zlwk sulfh

lq dwlrq/ dv gh�qhg iurp d frqvxphu sulfh lqgh{ sw yld �w @ 433 oq +sw@sw�45,1
Wkh wkuhvkrog prgho lv yhu| vlplodu/ zlwk wkh vwdwlrqdu| whup suhplxp � ehlqj

uhsodfhg e| d vwdwlrqdu| uhdo udwh dv vxjjhvwhg e| wkh Ilvkhu k|srwkhvlv1

Zkloh prgho +4, irfxvhv rq d vroxwlrq iru wkh sureohp ri wkh orqj0uxq eh0

kdylru ri |lhog vsuhdgv dqg lqwhuhvw udwhv/ wkh ruljlqdo frqwulexwlrq e| EI frq0

fhqwudwhv rq dqrwkhu dvshfw1 Wkhvh dxwkruv �qg hylghqfh iru wkuhvkrog ehkdylru

lq wkh sulpdu| huuru0fruuhfwlqj phfkdqlvp lq wkh vhqvh wkdw wklv phfkdqlvp

pljkw rqo| eh dfwlydwhg lq wkh suhvhqfh ri vhyhuh ghyldwlrqv iurp wkh htxlole0

ulxp1 Zkloh wkh EI prgho ghvhuyhv dwwhqwlrq/ rxu rzq ylhz lv wkdw wkh sx}}oh

ri wkh orqj0uxq ehkdylru lv frqfhswxdoo| pruh lpsruwdqw1 Erwk lghdv fdq eh

lqwhjudwhg lqwr wkh prgho vwuxfwxuh ri +4, lq wkh iroorzlqj zd|=
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+5,

Lq wklv prgho zruog/ wkh dwwudfwru lv qrw d olqh vhjphqw exw d vhjphqw ri d

vwuls zlwk wkh erxqgdulhv +lq forfnzlvh rughu, ilO @ �rj/ ilO @ lV . �� �j/

ilO @ �xj/ ilO @ lV . �. �j1 Wkhuh lv qr suhglohfwlrq ri wkh pdunhw iru wkh fhq0

whu ri wkh txdgudqjoh1 Dv orqj dv wkh orqj udwh lO lv lqvlgh wkh krul}rqwdo vwuls

i�x ? lO ? �rj/ wkh hqwluh txdgudqjoh vhuyhv dv dq dwwudfwru/ zkloh rqfh wkh orqj

udwh ohdyhv wkh vwuls/ rqo| wkh krul}rqwdo olqh vhjphqw +�� �� �> �� �. �,�i�j
lv wdujhwhg1 Wklv sdshu frqvlghuv erwk prghov +4, dqg +5,/ zklfk zloo eh uhihuuhg

wr/ uhvshfwlyho|/ dv wkh �vlqjoh0wkuhvkrog� dqg wkh �grxeoh0wkuhvkrog� prghov1

Wkh elyduldwh v|vwhp lq +4, dqg +5, iru wkh wzr lqwhuhvw udwhv lO dqg lV zloo

eh uhihuuhg wr dv wkh |lhogv0vsuhdg prgho1 Dq dqdorjrxv v|vwhp iru d vshfl�f

lqwhuhvw udwh dqg lq dwlrq � zloo eh uhihuuhg wr dv wkh Ilvkhu0h�hfw prgho1 Lq
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wkh Ilvkhu0h�hfw prgho/ wkh uhdo udwh lm � � iru m @ V>O uhsodfhv wkh |lhog0

vsuhdg dv wkh �uvw huuru0fruuhfwlrq yduldeoh dqg lq dwlrq � uhsodfhv wkh vhfrqg

huuru0fruuhfwlrq yduldeoh1

��� ���
���
�� ��� 
������	�

Gxh wr wkhlu qrq0olqhdu irup dqg wkhlu glvfrqwlqxlwlhv/ wkh prghov +4, dqg +5,

hqwdlo vshfldo vwdwlvwlfdo sureohpv1 Iluvwo|/ wkhlu ydolglw| pd| eh ri lqwhuhvw dv

frpsduhg zlwk vlpsol�hg vwuxfwxuhv/ vxfk dv d yhfwru dxwruhjuhvvlrq1 Xqiruwx0

qdwho|/ prvw ri wkh nqrzq vwdwlvwlfdo surfhgxuhv dlplqj dw whvwlqj iru wkuhvkrog

frlqwhjudwlrq/ vxfk dv prgl�fdwlrqv ri wkh Glfnh|0Ixoohu whvw/ duh dv|pswrwlf lq

qdwxuh1 Wkhlu ihdwxuh ri lqwhuhvw/ vxfk dv d euhdn ru wkuhvkrog ri d sduwlfxodu

irup/ pd| eh vxshuvhghg e| d ydulhw| ri rwkhu vdpsoh0vshfl�f ihdwxuhv/ vxfk dv

vwurqj ghyldwlrqv iurp glvwulexwlrqdo dvvxpswlrqv/ dqg pd| eh h{wuhpho| xquh0

oldeoh lq frpsdudwlyho| vpdoo vdpsohv1 Lw lv fhuwdlqo| ri pruh lqwhuhvw wr hvwlpdwh

wkh lqglfdwhg prgho dqg wr vxemhfw lw wr srwhqwldo vlpsol�fdwlrq vwhsv1 Zh wkhq

xvh d frpsdudwlyh hydoxdwlrq ri rxw0ri0vdpsoh suhglfwlrq edvhg rq vhohfwhg prg0

hov1 Zkloh wklv fkhfn pd| qrw surylgh uholdeoh hylghqfh rq wkh cydolglw|* ri wkh

prghov/ dv plvvshfl�hg prghov duh riwhq uhsruwhg wr eh jrrg iruhfdvwlqj czrun0

kruvhv*/ zh ylhz prgho vhohfwlrq dv dq lqwhuphgldwh vwhs wrzdug wkh �qdo dlp ri

suhglfwlrq1

Hvwlpdwlrq ri wkuhvkrog prghov eulqjv lq dgglwlrqdo sureohpv1 Pd{lpxp0

olnholkrrg hvwlpdwlrq lv srvvleoh lq sulqflsoh/ wkrxjk lw pd| vx�hu iurp srru

frqyhujhqfh surshuwlhv1 Sduwlfxoduo|/ hvwlpdwlrq ri qduurz0vhqvh wkuhvkrog sd0

udphwhuv pd| klqjh fulwlfdoo| rq ihz revhuydwlrqv/ zklfk glvfrxudjhv dq| vwd0

wlvwlfdo uh�qhphqw1 Khqfh/ zh suhihu wr dsso| d vhtxhqfh ri vshfl�fdwlrq vwhsv

wkdw pd| |lhog d uhdvrqdeoh txdolw| iru wkh hvwlpdwhg vwuxfwxuhv=

41 D olqhdu odj0rughu vhdufk lv jxlghg e| wkh DLF fulwhulrq dqg d odj rughu s

lv ghwhuplqhg1

51 D olqhdu YDU frlqwhjudwlrq dqdo|vlv xvhv s�4 frqglwlrqlqj odjv dqg |lhogv

d frlqwhjudwlqj udqn +vhh Mrkdqvhq/ 4<<8,1 Lq rxu elyduldwh prghov/ d

udqn wkdw lv cforvh* wr wkh udqn ri rqh vxjjhvwhg e| wkhru| lv ri vshfldo

lqwhuhvw1 Rxu vlpxodwlrq h{shulphqwv kdyh frq�uphg wkdw vxfk dq hpslu0

lfdo udqn ri rqh lv w|slfdo iru vwuxfwxuhv vxfk dv +4,/ zkhq wkh wuxh udqn lv

wzr/ dv wkh v|vwhp lv vwdwlrqdu|/ dqg d udqn ri rqh lv lq rshudwlrq iru wkh

ydvw pdmrulw| ri wkh revhuydwlrqv1 Wkh whvw ghflvlrq zloo eh uhsruwhg exw

lw lv qrw vhhq dv elqglqj/ gxh wr wkh srwhqwldo qrqolqhdu h�hfwv1 Wkh �uvw

fdqrqlfdo yhfwru iurp wkh Mrkdqvhq dqdo|vlv lv d fdqglgdwh iru dq huuru0

fruuhfwlrq yhfwru/ wkrxjk zh jhqhudoo| irfxv rq wkh wkhru|0edvhg yhfwruv

+4>�4, dqg +3> 4,1

61 Iru prgho +4,/ wkh wkuhvkrog ydoxhv �x dqg �r duh ghwhuplqhg e| ydu|lqj

wkh fxw0r� srlqwv ri lO ryhu hpslulfdo iudfwlohv vxfk dv 4( +<<(,/ 8(

+<8(,/ 43( +<3(,1 Wklv vwhs uhvxowv lq dq rswlpxp wkuhvkrog prgho/

zkloh zh lpsrvh d uhvwulfwlrq ri v|pphwu|/ zklfk fdq eh frpsduhg wr wkh
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olqhdu prgho ri wkh suhylrxv vwhs1 Ehfdxvh wkh surshuwlhv ri wkh olnholkrrg0

udwlr whvw duh vrphzkdw xqfhuwdlq/ gxh wr idloxuh ri uhjxodulw| frqglwlrqv

dqg gxh wr wkh rswlpl}dwlrq vwhs/ zh zloo qrw irfxv rq wkh ghflvlrq e|

k|srwkhvlv whvwv1

Iru prgho +5,/ zh dgg dqrwkhu vwhs vlplodu wr vwhs 6/ lq zklfk zh ydu|

wkh hpslulfdo iudfwlohv ri wkh vhfrqg huuru0fruuhfwlrq yduldeohv1 E| frqvwuxfwlrq/

wklv hvwlpdwlrq surfhgxuh lv ghvljqhg iru vdpsoh vl}hv ri 433 wr 5331 Iru yhu|

odujh vdpsohv/ lw pd| eh frqyhqlhqw wr lpsuryh wkh surfhgxuh e| lwhudwlqj wkh

lqglfdwhg vhtxhqfh ri vwhsv/ e| errwvwudsslqj wkh udqn ghwhuplqdwlrq/ dqg e|

uh�qlqj wkh julg lq vwhs 6/ lq rughu wr rewdlq frqvlvwhqw hvwlpdwhv1 Iru vpdoohu

vdpsohv/ sduwlfxoduo| wkh idfw wkdw wkh sdudphwhu hvwlpdwhv iurp wkh crxwhu* ru

wdlo uhjlphv uhvw rq d ihz revhuydwlrqv rqo| glvfrxudjhv vxfk prgl�fdwlrqv1

� ���
�
	�� ������� ����� ���
���
��

Zh dsso| wkh prgholqj lghdv wr prqwko| revhuydwlrqv iurp Mdqxdu| 4<;9 wr

Ghfhpehu 5333 rq lqwhuhvw udwhv iru irxu pdlq hfrqrplhv= Jhupdq|/ Mdsdq/ wkh

Xqlwhg Nlqjgrp/ dqg wkh Xqlwhg Vwdwhv1 Lq wkh uhvxowv wdeohv 4�9/ zh uhsruw

vrph vwdwlvwlfv iru hdfk ri wkh dssolhg prghov1 Iluvwo|/ zh vkrz wkh odj rughu s

wkdw lv lghqwl�hg e| DLF rq wkh edvlv ri dq xquhvwulfwhg YDU iru wkh ruljlqdo

gdwd/ l1h1/ iru elyduldwh v|vwhpv frpsulvlqj wzr lqwhuhvw udwhv ru rqh lqwhuhvw udwh

dqg wkh lq dwlrq udwh �1 Edvhg rq wkh rughu s iru wkh cohyho* prgho/ s�4 odjv ri

wkh gl�huhqfhg yduldeohv zhuh lqfoxghg lq wkh frqglwlrqlqj vwhs ri wkh Mrkdqvhq

surfhgxuh dqg dv cvkruw0uxq h�hfwv* lq doo olqhdu dqg qrq0olqhdu prghov1 Lq vrph

fdvhv/ wkh lqfuhdvhg ghvfulswlyh srzhu ri wkh pruh vrsklvwlfdwhg wkuhvkrog prghov

pd| vxjjhvw uhgxflqj wkh odj rughu exw zh ihho wkdw wklv prgl�fdwlrq lv ri olwwoh

lpsruwdqfh1

Vhfrqgo|/ zh hydoxdwh wkh ghvfulswlyh srzhu ri doo prghov e| wkh orj0ghwhuplqdqw

fulwhulrq/ zklfk lv sursruwlrqdo wr wkh olnholkrrg dqg zklfk pd| eh ylhzhg dv

dq lqirupdwlrq fulwhulrq zlwkrxw shqdow| whup1 Wkhvh orj0ghwhuplqdqwv frxog

eh xvhg iru irupdo olnholkrrg0udwlr whvwv1 Iru uhdvrqv jlyhq deryh/ zh suhihu wr

ylhz wkhp dv ghvfulswlyh jxlgholqhv iru wkh vshfl�fdwlrq surfhgxuh1 Wkh �qdo

dlp ri rxu prghov lv suhglfwlrq/ khqfh d frpsdudwlyh hydoxdwlrq zloo suhihudeo|

uho| rq wkh dfwxdo suhglfwlyh srzhu ri wkh prgho/ qrw rq lq0vdpsoh k|srwkhvlv

whvwv1

Wklugo|/ zh jlyh w�ydoxhv iru doo xqwuxqfdwhg dqg wuxqfdwhg huuru0fruuhfwlrq

yduldeohv/ l1h1/ iru wkh � frh!flhqwv lq +4, dqg +5,1 Zh ghqrwh wkh � frh!flhqwv lq

wkh orqj0udwh htxdwlrq e| �O/ wkrvh lq wkh vkruw0udwh htxdwlrq e| �V / dqg wkrvh

lq wkh lq dwlrq htxdwlrqv e| ��1 Lq wkhvh htxdwlrqv/ wkh uhvshfwlyh cuhjuhvvdqgv*

duh �lO/ �lV / dqg ��1 Djdlq/ wkh qxoo glvwulexwlrqv ri wkhvh frh!flhqwv pd| eh

gl�huhqw iurp wkh xvxdo vwdqgdug qrupdo dssur{lpdwlrq/ gxh wr wkh suh0whvwlqj

sureohp dqg rwkhu vrxufhv1 Zh dovr jlyh w�ydoxhv iru d olqhdu frlqwhjudwlrq

prgho zlwk d suhvshfl�hg udqn ri rqh dqg d suhvshfl�hg xqwuxqfdwhg �uvw huuru0

fruuhfwlrq yduldeoh/ l1h1/ wkh |lhog vsuhdg ru wkh uhdo udwh lq wkh fruuhvsrqglqj

prghov1

:
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Iru hdfk frxqwu|/ zh frqvlghu wzr yhuvlrqv ri wkh Ilvkhu0h�hfw v|vwhpv= rqh zlwk

wkh orqj udwh dqg lq dwlrq/ dqg rqh zlwk wkh vkruw udwh dqg lq dwlrq1 Dffruglqj

wr hfrqrplf wkhru|/ hdfk ri wkh wzr lqwhuhvw udwhv lqglylgxdoo| frlqwhjudwhv zlwk

�/ yld wkh uhdo0lqwhuhvw frlqwhjudwlrq yhfwru +4>�4,1 Zh douhdg| uhpdunhg/ krz0

hyhu/ wkdw wkh ruljlqdo yduldeohv lO ru lV dqg � pd| qrw eh �uvw0rughu lqwhjudwhg

zkhq wkh| duh revhuyhg iru orqj wlph vsdqv1 Dv srwhqwldo vhfrqg huuru0fruuhfwlqj

yhfwruv/ zh frxog frqvlghu wkh lqwhuhvw udwhv/ wkh lq dwlrq udwh �/ ru dq dyhu0

djh +ru vxp, ri wkh wzr/ dv lq dwlrqdu| lqglfdwruv1 Zh kdyh irxqg wkdw wkh

lq dwlrqdu| lqglfdwru � |lhogv wkh ehvw uhvxowv iru prvw fdvhv/ khqfh zh uhvwulfw

dwwhqwlrq wr wklv vshfl�fdwlrq1 Zkloh dq| vhfrqg frlqwhjudwlqj yhfwru lq d el0

yduldwh v|vwhp pdnhv wkh v|vwhp dqg khqfh erwk yduldeohv vwdwlrqdu|/ wklv fkrlfh

frqvlghudeo| d�hfwv wkh wkuhvkrog yduldqwv1

Iru wkh elyduldwh prghov wkdw frqvlvw ri wkh orqj udwh dqg lq dwlrq/ wkh

suholplqdu| YDU dqdo|vhv yld DLF |lhogv vkruwhu rswlpxp odj ohqjwkv ri s @ 7

dqg s @ 8 iru wkh Xqlwhg Vwdwhv dqg Mdsdq dqg udwkhu orqj odj rughuv iru

Jhupdq| dqg wkh Xqlwhg Nlqjgrp1 Wkh qxoo k|srwkhvlv ri qr frlqwhjudwlrq lv

pdujlqdoo| uhmhfwhg lq jhqhudo/ zkloh wkh vhfrqg fdqrqlfdo urrwv uhpdlq vpdoo dqg

lqvljql�fdqw1 Wkh iuhho| lghqwl�hg huuru0fruuhfwlrq yhfwruv frph forvh wr +4>�4,/

zklfk lv txlwh lq olqh zlwk wkh uhdo lqwhuhvw udwh dqg wkh Ilvkhu k|srwkhvlv1 Lq

prvw fdvhv/ wkh uhdo lqwhuhvw udwh lO � � h{huwv lwv huuru0fruuhfwlqj h�hfw pdlqo|

lq wkh �� htxdwlrq ri wkh v|vwhp1 Wklv zrxog lqglfdwh wkdw lq dwlrq whqgv

wr fruuhfw vkrfnv wr wkh uhdo udwh1 Wkh shuirupdqfh ri wkh wkuhvkrog prghov

gl�huv dfurvv frxqwulhv1 Wkh vwurqjhvw wkuhvkrog h�hfwv duh ylvleoh lq wkh Eulwlvk

gdwd vhw1 Lq Jhupdq| dqg lq wkh Xqlwhg Vwdwhv/ wkh grxeoh0wkuhvkrog prgho

grhv qrw dwwdlq wkh shuirupdqfh ri wkh vlqjoh0wkuhvkrog prgho1 H{fhswlqj wkh

Xqlwhg Nlqjgrp/ dovr wkh +wuxqfdwhg, vhfrqg huuru0fruuhfwlrq yduldeoh h{huwv

lwv pdlq lq xhqfh rq lq dwlrq1 Wkh orqj lqwhuhvw udwh grhv qrw uhdfw gluhfwo|

wr lq dwlrqdu| whqghqflhv wkdw duh uhsuhvhqwhg e| ghyldwlrqv iurp wkh phdq

lq �1 Lq Jhupdq| dqg Mdsdq/ lO lv irxqg wr eh h{rjhqrxv iru wkh orqj0uxq

sdudphwhuv1 Lq rwkhu zrugv/ htxloleulxp dgmxvwphqw lv shuiruphg e| dgmxvwlqj

� lq doo vshfl�fdwlrqv1

Iru wkh elyduldwh prghov wkdw frqvlvw ri wkh vkruw udwh dqg lq dwlrq/ wkh

wkuhvkrog prghov idlo wr r�hu pxfk dgydqwdjh ryhu huuru0fruuhfwlrq prghov zlwk0

rxw wkuhvkrogv1 Wkh iuhho| hvwlpdwhg frlqwhjudwlqj yhfwruv gl�hu iurp wkh wkh0

ruhwlfdo uhdo0udwh yhfwru +4>�4,1 Wkh forvhvw yhfwru lv rewdlqhg iru wkh Xqlwhg

Vwdwhv1 Lq frqwudvw/ hylghqfh rq frlqwhjudwlrq rq wkh edvlv ri Mrkdqvhq*v wudfh

vwdwlvwlf lqfuhdvhv1 Khqfh/ wkh jhqhudo hylghqfh rq wkh Ilvkhu h�hfw lv pl{hg1

Frpsduhg zlwk wkh uhvxowv iru wkh orqj udwh/ uhdfwlrq wr glvhtxloleulxp lv pruh

glyhuvl�hg/ zlwk wkh vkruw udwh ehdulqj sduw ri wkh exughq ri wkh dgmxvwphqw1

Wklv frqirupv zhoo wr wkh lpsuhvvlrq wkdw vkruw udwhv xvxdoo| uhdfw idvwhu wkdq

orqj0whup lqwhuhvw udwhv1

;
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Iru wkh Jhupdq gdwd/ wkh suholplqdu| YDU dqdo|vlv yld DLF |lhogv dq rswlpxp

odj ohqjwk ri s @ 51 Wkh Mrkdqvhq wudfh whvw dffhswv wkh qxoo k|srwkhvlv ri d

}hur frlqwhjudwlqj udqn1 Jlyhq wkh idfw wkdw wkh xqlw0urrw whvw dv d frqvhtxhqfh

ri wkh Mrkdqvhq surfhgxuh lv pruh srzhuixo wkdq dq| xqlyduldwh whvw ri wkh

Glfnh|0Ixoohu w|sh/ rqh lv whpswhg wr frqfoxgh wkdw erwk lqwhuhvw udwhv duh

�uvw0rughu lqwhjudwhg/ zlwkrxw frlqwhjudwlrq1

Dv lq wkh Ilvkhu0h�hfw h{shulphqwv/ zh dw �uvw frqvlghuhg wkh iuhho| hvwl0

pdwhg fdqrqlfdo yhfwruv iurp wkh Mrkdqvhq dojrulwkp1 Gxh wr wkh xqfhuwdlqw|

ri hvwlpdwlqj wkhvh yhfwruv lq d srvvleo| qrq0olqhdu v|vwhp/ zh jhqhudoo| suh0

ihuuhg wr uhsodfh wkhvh zlwk wkh wkhru|0edvhg yhfwruv +4>�4, dqg +3> 4, wkdw rf0

fxu lq wkh uhsuhvhqwdwlrq +4,1 Wkh devroxwh w�ydoxhv ri wkh whqwdwlyho| lqfoxghg

odjjhg |lhog vsuhdg uhpdlq vpdoo/ 3136 iru wkh orqj0udwh htxdwlrq dqg 418: iru wkh

vkruw0udwh htxdwlrq1 Li wkh odwwhu ydoxh lv vhhq dv lqglfdwlqj dq huuru0fruuhfwlqj

lq xhqfh/ wkh iruphu ydoxh vxssruwv zhdn h{rjhqhlw| ri wkh orqj udwh ciru wkh

orqj0uxq sdudphwhuv*/ lq dffrugdqfh zlwk wkh olwhudwxuh1 Wkh orj0ghwhuplqdqw

fulwhulrq +DLF zlwkrxw shqdow|, lv rqo| voljkwo| ehwwhu wkdq iru d YDU lq gli0

ihuhqfhv1 Sdgglqj wklv v|vwhp e| dgglwlrqdoo| lqfoxglqj wkh odjjhg orqj udwh dv

dqrwkhu huuru0fruuhfwlqj lq xhqfh djdlq uhvxowv lq vpdoo w�ydoxhv dqg dq lpsdo0

sdeoh lpsuryhphqw ri wkh orj0ghwhuplqdqw1 Qrwh wkdw wklv v|vwhp lv htxlydohqw

wr dq xquhvwulfwhg YDU lq ohyhov dqg rqo| xvhv d gl�huhqw sdudphwhul}dwlrq1 Lq

wkh prghov zlwk wkuhvkrog frlqwhjudwlrq/ wkh wuxqfdwhg yduldeoh lO lv xvhg dv d

vhfrqg huuru0fruuhfwlrq yhfwru1 Wkh orj0ghwhuplqdqw fulwhulrq lv rswlpl}hg iru

d 83( wuxqfdwlrq/ l1h1/ ydoxhv rxwvlgh wkh vdpsoh txduwlohv duh lqfoxghg1 Wkh

w�ydoxhv iru lO>w�4 duh 03143 iru wkh orqj0udwh htxdwlrq dqg 4196 iru wkh vkruw0udwh

htxdwlrq1 Wkh odwwhu/ rqo| pdujlqdoo| vljql�fdqw/ ydoxh pd| lqglfdwh wkdw lq0

 dwlrqdu| vwdelol}dwlrq zrunv wkurxjk wkh vkruw udwh1 Wkhvh w�ydoxhv/ krzhyhu/

pd| eh glvwruwhg e| d vhdufk eldv1 Wkh lq xhqfh ri wkh |lhog vsuhdg l
Ow
� l

Vw

uhpdlqv lqvljql�fdqw lq wkh orqj0udwh htxdwlrq +w�ydoxh ri 03143,/ wkxv dovr lq0

glfdwlqj zhdn h{rjhqhlw| ri wkh orqj udwh zlwk uhvshfw wr phdq uhyhuvlrq lq wkh

|lhog vsuhdg1

Iru wkh XN gdwd/ DLF lghqwl�hv d odj rughu ri s @ 51 Wkh Mrkdqvhq wudfh

vwdwlvwlf lv lqvljql�fdqw dqg vxjjhvwv wkh devhqfh ri huuru fruuhfwlrq1 Li wkh �uvw

fdqrqlfdo yhfwru +4=46>�3=:<, lv dssolhg dv d frlqwhjudwlqj yhfwru qhyhuwkhohvv/

lwv lq xhqfh uhpdlqv lqvljql�fdqw/ wkrxjk wkh w�ydoxh lv voljkwo| kljkhu lq wkh

orqj0udwh htxdwlrq1 Wkh vhfrqg fdqrqlfdo yhfwru vkrzv lwv ehvw �w iru wkh 83(

wuxqfdwlrq/ zkhq erwk yhfwruv/ l1h1/ +4=46>�3=:<, zlwk lwv lq xhqfh xquhvwulfwhg

dqg +3=<;> 3=53, uhgxfhg wr lwv wdlo duhdv/ fdxvh pdujlqdoo| vljql�fdqw huuru fru0

uhfwlrq1 Zh djdlq suhihu wr uhsodfh wkhvh yhfwruv zlwk wkhlu wkhru|0edvhg frxq0

whusduwv +4>�4, dqg +3> 4,1 Dovr iru wkh wkhruhwlfdo yhfwruv/ wkh plqlpxp lv

rewdlqhg iru 83( wuxqfdwlrq1 Iru wklv vshfl�fdwlrq/ erwk huuru fruuhfwlrq yhf0

wruv ehfrph vljql�fdqw lq wkh orqj0udwh htxdwlrq/ zkloh wkh wuxqfdwhg dqg odjjhg

orqj udwh dovr uhdfkhv d w�ydoxh ri 041:8 lq wkh vkruw0udwh htxdwlrq1 Wkh orj gh0

whuplqdqw lv pdunhgo| ehorz doo rwkhu yhuvlrqv1 Zh frqfoxgh wkdw wkh orqj udwh

lv lqghhg vwdwlrqdu|/ wkdw khqfh wkh hqwluh XN v|vwhp lv vwdeoh/ dqg wkdw wkh XN

<



vkruw udwh lv vlpso| qrw lq wkh irfxv ri wkh dfwlrq/ dv erwk uhjxodul}dwlrq ri wkh

|lhog fxuyh dqg dqwl0lq dwlrqdu| srolf| duh zrunlqj sulpdulo| yld wkh orqj udwh1

Khqfh/ zkloh wkh orqj udwh dsshduv zhdno| h{rjhqrxv iru Jhupdq|/ lw lv udwkhu

wkh vkruw udwh wkdw lv doprvw/ wkrxjk qrw txlwh/ zhdno| h{rjhqrxv iru wkh XN1

Dq hyhq ehwwhu uhvxow lv rewdlqhg li dovr wkh �uvw huuru fruuhfwlrq yhfwru/ l1h1/

wkh |lhog vsuhdg/ lv xvhg lq d wuxqfdwhg yhuvlrq lq wkh vslulw ri +5,1 Uhgxflqj

wkh lq xhqfh ri wklv yhfwru wr wkh 53( wdlov uhjlrq uhgxfhv wkh orj ghwhuplqdqw

frqvlghudeo| dqg lqfuhdvhv wkh vljql�fdqfh ri wkh huuru0fruuhfwlqj h�hfwv lq wkh

orqj0udwh htxdwlrq1 Wklv uhvxow lv lq olqh zlwk wkh lghd ri EI wkdw huuru fruuhfwlrq

rshudwhv dw vwurqjhu ghyldwlrqv iurp wkh htxloleulxp rqo|1 Wrjhwkhu zlwk wkh

lghd wkdw lv lq irfxv khuh/ l1h1/ wkdw orqj0uxq vwdwlrqdulw| lv dwwdlqhg e| wkh

vhoi0vwdelol}lqj irufhv ri wkh vrflrhfrqrplf v|vwhp/ zh rewdlq wkh prvw dffxudwh

ghvfulswlrq1 Zh dovr dwwhpswhg dq h{kdxvwlyh lqyhvwljdwlrq ryhu frpelqdwlrqv

zlwk uhvshfw wr wkh iudfwloh duhdv zlwk uhjdug wr wkh �uvw dqg vhfrqg yhfwruv1

Wkh rxwolqhg vwuxfwxuh zdv frq�uphg dv wkh rswlpxp1

Iru wkh XV gdwd vhw/ DLF vhohfwv d odj rughu ri s @ 71 Edvhg rq wklv odj ru0

ghu/ wkh Mrkdqvhq surfhgxuh djdlq |lhogv dq lqvljql�fdqw wudfh vwdwlvwlf/ zklfk

vxjjhvwv d v|vwhp ri �uvw0rughu lqwhjudwhg lqwhuhvw udwhv zlwkrxw huuru fruuhf0

wlrq1 Li wkh |lhog vsuhdg lv qhyhuwkhohvv ylhzhg dv frlqwhjudwlqj/ lwv lq xhqfh

uhpdlqv vpdoo1 Wkh hvwlpdwhg �uvw fdqrqlfdo yhfwru grhv qrw pdwfk wkh wkhruhw0

lfdo frqvlghudwlrqv1 Wkh srvlwlyh olqhdu frpelqdwlrq ri lqwhuhvw udwhv lv idu iurp

wkh |lhog vsuhdg dqg udwkhu srlqwv wr d zhljkwhg dyhudjh1 Wklv zrxog olwhudoo|

phdq wkdw wkh lqwhuhvw udwhv duh cpruh vwdwlrqdu|* wkdq wkh vsuhdg/ zklfk lv kdug

wr eholhyh1 Khqfh/ zh glvfdug wkh �uvw hvwlpdwhg fdqrqlfdo yhfwru iurp ixuwkhu

h{shulphqwv dqg uhsodfh lw e| wkh lpsrvhg wkhruhwlfdo |lhog vsuhdg1 Iru wkh

wkuhvkrog yduldqwv/ wkh huuru0fruuhfwlqj lq xhqfh e| wkh |lhog vsuhdg uhpdlqv

lqvljql�fdqw1 Wkh vhfrqg srwhqwldo huuru0fruuhfwlqj yduldeoh/ wkh odjjhg wuxq0

fdwhg orqj udwh/ dwwdlqv pdujlqdo vljql�fdqfh lq wkh vkruw0udwh htxdwlrq1 Djdlq/

wkh h{rjhqhlw| ri wkh orqj udwh lv frq�uphg1

Wkh Mdsdqhvh gdwd duh h{fhswlrqdo lq vrph dvshfwv1 Wkh DLF�vhohfwhg odj

rughu ri s @ : lv odujhu wkdq iru wkh rwkhu frxqwulhv1 Wkh vdph krogv iru wkh

wudfh vwdwlvwlf/ wkrxjk lw grhv qrw dwwdlq vwdwlvwlfdo vljql�fdqfh1 Vlploduo| wr wkh

Eulwlvk gdwd/ wkh huuru fruuhfwlrq phfkdqlvp dsshduv wr zrun yld wkh orqj0udwh

htxdwlrq1 Wkh |lhog vsuhdg/ lq frqwudvw wr wkh hvwlpdwhg fdqrqlfdo yduldeoh/

uhpdlqv lqvljql�fdqw lq wkh olqhdu frlqwhjudwlrq prgho1 Krzhyhu/ lw dwwdlqv

vljql�fdqfh lq wkh orqj0udwh htxdwlrq/ rqfh wkh wuxqfdwhg odjjhg orqj udwh lv

lqvhuwhg dv d vhfrqg huuru0fruuhfwlrq yduldeoh1 Lq wkh grxeoh0wkuhvkrog prgho/

wkh slfwxuh lv uhyhuwhg/ zlwk wkh vkruw udwh uhdfwlqj wr wkh wuxqfdwhg orqj udwh1

Wkh revhuyhg h�hfwv fdq eh lqwhusuhwhg lq wkh iroorzlqj vhqvh1 Dq xqxvxdoo|

kljk |lhog vsuhdg ru dq lqyhuwhg |lhog fxuyh fdxvh d uhdfwlrq ri wkh orqj udwh

wkdw uh0hvwdeolvkhv wkh w|slfdo whup suhplxp1 Xqxvxdoo| kljk lqwhuhvw udwhv/

zklfk pd| lqglfdwh lq dwlrq/ duh vwdelol}hg yld wkh vkruw udwh wkdw uhdfwv idvwhu

wr prqhwdu| srolf|1 Wkhuh lv qr hylghqfh rq h{rjhqhlw| ri wkh orqj udwh lq wkh

Mdsdqhvh hfrqrp|1
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Lq wklv vhfwlrq/ zh irfxv rq d frpsdudwlyh hydoxdwlrq ri iruhfdvwlqj shuirupdqfh

ri wkh lghqwl�hg prgho vwuxfwxuhv1 Zh qrwh wkdw wkh uhodwlyh shuirupdqfh ri

prghov lq wkh lghqwl�fdwlrq dqg hvwlpdwlrq vwdjh qhhg qrw frlqflgh1 Wzr gl�hu0

hqw w|shv ri hydoxdwlrq zloo eh suhvhqwhg1 Iluvwo|/ dq h{whqvlyh h{0srvw hydoxd0

wlrq lqglfdwhv wkh txdolw| ri lq0vdpsoh wudfnlqj1 Vhfrqgo|/ dq h{0dqwh suhglfwlrq

h{huflvh lv h{hfxwhg ryhu d olplwhg wlph shulrg dw wkh hqg ri wkh vdpsoh1
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Iru wkh h{0srvw hydoxdwlrq/ wkh sdudphwhuv duh wdnhq iurp wkh ixoo0vdpsoh hv0

wlpdwhv1 Ehfdxvh vrph ri wkh prghov duh qrq0olqhdu/ vwrfkdvwlf iruhfdvwlqj lv

xwlol}hg1 Lqqrydwlrqv duh gudzq iurp d qrupdo glvwulexwlrq/ zlwk wkh vwdqgdug

ghyldwlrq fruuhvsrqglqj wr wkh hvwlpdwhg vwdqgdug ghyldwlrq iurp wkh hvwlpd0

wlrq vwdjh1 Gxh wr wkh frpsdudwlyh plogqhvv ri wkh qrq0olqhdulw|/ zh uhvwulfw

rxuvhoyhv wr 433 uhsolfdwlrqv1 Wkh iruhfdvw {
i

w
/ vd|/ iru {

w
lv gh�qhg dv wkh dy0

hudjh ryhu wkhvh uhsolfdwlrqv1 Iru wkh iruhfdvw huuruv {
w
� {

i

w
/ zh jlyh phdqv/

phdqv ri devroxwh ydoxhv/ dqg phdqv ri vtxduhv/ lq doo fdvhv ryhu w @ w3> = = = > W /

zkhuh w3 lv vhw dw 53/ lq rughu wr h{foxgh doo srwhqwldo sureohpv zlwk orqjhu odjv

dw wkh vwduw ri wkh vdpsoh1 Zh qrwh wkdw W @ 4;31

Zh uhsruw wkh uhvxowv iurp wkh Ilvkhu0h�hfw prghov/ zlwk wkh orqj udwh dqg

lq dwlrq +Wdeoh :, dv zhoo dv zlwk wkh vkruw udwh dqg lq dwlrq +Wdeoh ;,1 Lq

wkhvh dqg doo iroorzlqj wdeohv/ czlqqhuv* zlwk wkh orzhvw iruhfdvwlqj vwdwlvwlf duh

lqglfdwhg e| xqghuolqhg qxpehuv1 Lq prvw fdvhv/ wkh wkuhvkrog prghov wxuq rxw

wr wudfn ehwwhu wkdq wkh xquhvwulfwhg YDU/ h{fhswlqj vrph lq dwlrq iruhfdvwv1

Wkh sxuh prgho lq gl�huhqfhv frphv lq odvw/ lq vslwh ri wkh vwdwlvwlfdo vxssruw

iru qr frlqwhjudwlrq1 Iru wkh vkruw udwh/ zlwk wkh uhvxowv jlyhq lq Wdeoh ;/ wkh

shuirupdqfh lv pruh dphqdeoh wr wkh xquhvwulfwhg YDU1 Lq dwlrq iruhfdvwv duh

ehwwhu lq wkh vkruw0udwh yhuvlrq iru Mdsdq dqg wkh Xqlwhg Nlqjgrp/ zkhuhdv

Jhupdq lq dwlrq lv ghvfulehg ehwwhu xvlqj wkh orqj udwh lq Wdeoh :1

Iru wkh lqwhuhvw0udwh ru |lhog0vsuhdg v|vwhpv/ uhvxowv duh jlyhq lq Wdeoh <1

Wkh suhglfwlyh dffxudf| iru lqwhuhvw udwhv ghwhulrudwhv uhodwlyh wr wkh v|vwhpv

zlwk lq dwlrq/ h{fhswlqj Mdsdq1 Khqfh/ lq dwlrq lv pruh lqirupdwlyh iru lqwhuhvw0

udwh iruhfdvwv wkdq mxvw dqrwkhu lqwhuhvw udwh/ dv wkh PDH dqg PVH ydoxhv duh

orzhu wkdq lq Wdeoh <1

Jhqhudoo|/ wkh gl�huhqfhv dprqj wkh prghov duh vpdoo/ h{fhswlqj wkh vlqjoh0

wkuhvkrog prgho iru wkh XV gdwd vhw/ zklfk lv glvwruwhg e| d orfdo rxwolhu1 Qrwh

wkdw wkh grxeoh0wkuhvkrog prgho grhv qrw vkrz wklv sureohp1 D fxuvru| frpsdu0

dwlyh hydoxdwlrq ri d kruvh udfh dprqj wkh irxu vshfl�fdwlrqv�vlqjoh wkuhvkrog/

grxeoh wkuhvkrog/ xquhvwulfwhg YDU/ YDU lq gl�huhqfhv�vhhv hdfk ri wkh wkuhvk0

rog vshfl�fdwlrqv dqg wkh xquhvwulfwhg YDU lq iurqw lq d wklug ri doo fdvhv/ zlwk

wkh gl�huhqfhg YDU frplqj lq zd| ehklqg wkh rwkhu prghov1 Rqo| wzr fdvhv duh

grplqdwhg e| wkh YDU lq gl�huhqfhv/ zklfk lv riwhq uhsruwhg lq wkh olwhudwxuh

dv d jrrg iruhfdvwlqj zrunkruvh hyhq iru gdwd0jhqhudwlqj surfhvvhv zkhuh lw lv

plvvshfl�hg/ vxfk dv frlqwhjudwhg YDUv1 Lw dsshduv wkdw wkh vlqjoh0wkuhvkrog
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prgho zlqv wkh kruvh udfh zlwk uhvshfw wr lq0vdpsoh wudfnlqj shuirupdqfh dw

kdlu*v zlgwk1
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Ri vshfldo lqwhuhvw iru suhglfwlrq lv wkh rxw0ri0vdpsoh iruhfdvwlqj shuirupdqfh1

Lq wkhvh h{shulphqwv/ sdudphwhu hvwlpdwhv duh wdnhq iurp d vdpsoh wkdw lv wuxq0

fdwhg dw wkh hqg vr wkdw lw fryhuv w @ w3> ===> w4/ zkhuh w3 lv fkrvhq odujh hqrxjk

wkdw doo uhtxluhg odjv h{lvw1 Wkhvh sdudphwhu hvwlpdwhv dqg wkh vdpsoh duh xvhg

wr suhglfw wkh revhuydwlrq dw w @ w4. � e| phdqv ri vwrfkdvwlf suhglfwlrq1 Wklv

h{shulphqw fdq eh uhshdwhg e| lqfuhdvlqj w4 wr w4 . 4> w4 . 5> = = = xqwlo W � � lv

uhdfkhg1 Ilqdoo|/ phdvxuhv ri suhglfwlyh dffxudf| duh dyhudjhg1 Lq wkh lqwhuhvw

ri euhylw|/ zh irfxv rq wkh fdvhv � @ 4/ l1h1/ wkh rqh0vwhs iruhfdvw wkdw lv frp0

sdudeoh zlwk wkh h{0srvw wudfnlqj h{shulphqwv/ dqg � @ 45 zklfk fruuhvsrqgv

wr d iruhfdvw iru wkh qh{w |hdu1

Lw lv ghedwdeoh krz pxfk ri wkh prgho vwuxfwxuh lv wr eh nhsw frqvwdqw gxulqj

wkhvh h{shulphqwv1 Lq prvw uhsruwhg hydoxdwlrqv/ odj rughuv dqg frlqwhjudwlqj

udqnv duh lghqwl�hg iurp wkh ixoo vdpsoh dqg duh wkhq lpsrvhg rq doo uhgxfhg

vdpsohv1 Zh iroorz wklv frqyhqwlrq/ lqfoxglqj wkh shufhqwdjh ri wuxqfdwlrq exw

h{fhswlqj wkh wkuhvkrogv/ zklfk duh xsgdwhg frqwlqxdoo|1 Iru wkh Ilvkhu0h�hfwv

v|vwhpv wkdw frqvlvw ri wkh orqj udwh dqg lq dwlrq/ uhvxowv duh jlyhq lq Wdeoh 43/

zkhuhdv/ iru wkh vkruw udwh dqg lq dwlrq/ uhvxowv duh vxppdul}hg lq Wdeoh 451 Iru

wzhoyh0vwhs iruhfdvwv/ dq dqdorjrxv hydoxdwlrq lv uhsruwhg lq Wdeohv 44 dqg 461

Iru wkh orqj udwhv/ zh revhuyh wkdw doo irxu prghov duh ri frpsdudeoh suhglfwlyh

ydoxh li rqo| rqh vwhs lv grqh lqwr wkh ixwxuh1 Li wkh iruhfdvw krul}rq lv h{whqghg

wr wzhoyh/ wkh grxeoh0wkuhvkrog prgho idlov wr nhhs sdfh zlwk wkh vlpsoh olqhdu

prghov1 Iru kdoi ri wkh yduldeohv/ wkh YDU lq gl�huhqfhv grplqdwhv/ zklfk

lqglfdwhv wkdw phdq0uhyhuwlqj ehkdylru fdqqrw lpsuryh suhglfwlrq hyhq ryhu d

wlph vsdq ri wzhoyh prqwkv1 Wkh srru hvwlpdwhv ri wkh wkuhvkrog sdudphwhuv

duh olnho| wr eh uhvsrqvleoh iru wklv ihdwxuh1 Iru wkh vkruw udwhv/ wkh jhqhudo

lpsuhvvlrq fkdqjhv1 Dw wkh rqh0vwhs krul}rq/ wkh xquhvwulfwhg YDU dqg wkh

grxeoh0wkuhvkrog prghov vkrz wkh ehvw shuirupdqfh/ zlwk wkh wkuhvkrog prgho

grplqdwlqj iru lqwhuhvw udwhv dqg wkh xquhvwulfwhg YDU grplqdwlqj iru lq dwlrq1

Dw wkh orqjhu krul}rq/ wkh grxeoh0wkuhvkrog prgho wdnhv wkh ohdg lq hyhq pruh

fdvhv1 Zh qrwh wkdw qrqh ri wkhvh ihdwxuhv fruuhvsrqgv wr wkh udqnlqjv lq wkh

wudfnlqj shuirupdqfh1

Uhvxowv iru wkh v|vwhpv wkdw frqvlvw ri wkh wzr lqwhuhvw udwhv duh jlyhq lq Wd0

eoh 47 dqg 481 Zkloh iru wkh rqh0vwhs suhglfwlrq/ dv lq lq0vdpsoh wudfnlqj/ wkh

shuirupdqfh lv jhqhudoo| zruvh wkdq iru wkh Ilvkhu0h�hfwv v|vwhpv wkdw lqfoxgh

lq dwlrq/ wkh lpsuhvvlrq lv uhyhuvhg iru wzhoyh0vwhs suhglfwlrq1 Lq rwkhu zrugv/

d g|qdplf prgho wkdw frqvlvwv ri lqwhuhvw udwhv jlyhv pruh uholdeoh orqjhu0uxq

suhglfwlrqv wkdq d g|qdplf prgho wkdw frqvlvwv ri wkh lqwhuhvw udwh wr eh suh0

glfwhg dqg lq dwlrq1 Jhqhudoo|/ wkh vlpsoh YDU lq gl�huhqfhv grplqdwhv dw

erwk krul}rqv1 Phdq uhyhuvlrq dqg wkuhvkrog h�hfwv fdq eh h{sorlwhg iru vrph

vhulhv rqo|/ vxfk dv iru wkh X1V1 udwhv dqg wkh vkruw udwh lq wkh Xqlwhg Nlqjgrp1

Wklv frpsdudwlyh lpsuhvvlrq kdugo| fkdqjhv ehwzhhq wkh rqh0vwhs h{shulphqw
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lq Wdeoh 47 dqg wkh wzhoyh0vwhs h{shulphqw lq Wdeoh 481

Wkhvh uhvxowv fruurerudwh wkh wudglwlrqdo uxoh wkdw vlpsolflw| lv dq dvvhw iru

suhglfwlrq1 Hyhq zkhq wkh wkuhvkrog irupv duh fruuhfw/ wkhuh pd| eh wrr ihz

revhuydwlrqv lq wkh glvwulexwlrqdo wdlov wr hvwlpdwh fuxfldo sdudphwhuv zlwk wkh

qhfhvvdu| suhflvlrq1 Dowkrxjk �uvw0rughu lqwhjudwhg prghov fdqqrw eh ydolg

uhsuhvhqwdwlrqv ri wkh gdwd0jhqhudwlqj phfkdqlvpv ri lqwhuhvw udwhv dqg lq d0

wlrq/ wkh YDU prgho lq gl�huhqfhv/ zklfk lv lpsolhg e| �uvw0rughu lqwhjudwhg

surfhvvhv zlwkrxw frlqwhjudwlrq/ lv wkh prvw urexvw zrunkruvh wrro iru suhglf0

wlrq1 Wkh qrwhzruwk| h{fhswlrq lv wkh v|vwhp wkdw frpsulvhv vkruw udwhv dqg

lq dwlrq/ zkhuh wkh grxeoh0wkuhvkrog prgho grplqdwhv1 Zh djdlq qrwh wkdw

rqo| wkh grxeoh0wkuhvkrog prgho dqg wkh xquhvwulfwhg YDU clq ohyhov* lpso| wkh

vwdwlrqdu| ehkdylru ri doo yduldeohv wkdw lv ylvleoh iurp klvwrulfdo gdwd1

Dw hyhq orqjhu krul}rqv/ phdq uhyhuvlrq dqg huuru fruuhfwlrq vkrxog eh0

frph pruh lpsruwdqw1 Wklv lv reylrxv iurp vwrfkdvwlf vlpxodwlrqv ri wkh gdwd0

jhqhudwlqj surfhvvhv wkdw duh lpsolhg e| wkh ixoo0vdpsoh hvwlpdwhv1 Rqo| wkh

grxeoh0wkuhvkrog prghov |lhog d orqjhu0uxq shuirupdqfh wkdw ylvxdoo| pdwfkhv

wkh ihdwxuhv nqrzq iurp wkh vdpsoh1 D uholdeoh hydoxdwlrq ri wkh iruhfdvwlqj

shuirupdqfh ryhu hyhq orqjhu krul}rqv/ vxfk dv vhyhudo |hduv/ zrxog qhhg pxfk

orqjhu revhuydwlrq shulrgv dqg lv wkhuhiruh qrw lq wkh irfxv ri wklv sdshu1

% ������� ��� 	��	���
��

Wkh lqflghqfh ri qrq0vwdwlrqdu| uhdo lqwhuhvw udwhv lv lqfrpsdwleoh zlwk pdq|

pdfurhfrqrplf dqg �qdqfh wkhrulhv/ |hw hpslulfdo vwxglhv suhvhqw pl{hg uhvxowv

rq wkh lvvxh1 Zk| vkrxog uhdo lqwhuhvw udwhv eh qrq0vwdwlrqdu|B Vhyhudo uhdvrqv

kdyh ehhq dgydqfhg wr h{sodlq wklv lqfrqvlvwhqf|1 Wkhvh lqfoxgh�dprqj rwkhu

wklqjv�wkh cvwdwlrqdu| ehkdylru ri wkh lq dwlrq yduldeoh* +Urvh/ 4<;;,/ wkh  dz

lq wkh xvh ri olqhdu prghov wr h{sodlq  xfwxdwlrqv lq pdfurhfrqrplf wlph vhulhv

+Ehylodftxd dqg ]rq/ 5334,/ dqg wkh h{foxvlrq ri lqwhjudwlrq dqg joredo

lq xhqfhv rq qdwlrqdo erqg udwhv +h1j1/ Dqghuvhq/ 4<<<> Zx dqg ]kdqj/

4<<:,1 E| dgrswlqj wkh wkuhvkrog frlqwhjudwlrq dssurdfk ri Edonh dqg Irpe|

+4<<:,/ zh k|srwkhvl}h wkdw wkh idloxuh ri iruphu vwxglhv wr �qg vwdwlrqdulw| lq

uhdo lqwhuhvw udwhv lv gxh wr wkh vwxglhv* lqdelolw| wr dffrxqw iru wkh wkuhvkrog

fkdudfwhulvwlfv lq qrplqdo lqwhuhvw udwhv1 Ilqdoo|/ zh hydoxdwh wkh iruhfdvwlqj

shuirupdqfh ri wkh wkuhvkrog frlqwhjudwlrq prgho djdlqvw frpshwlqj prghov1

Dv lq rwkhu vwxglhv ri suhglfwlyh dffxudf|/ zh irxqg wkdw wkh vwdwlvwlfdo hydo0

xdwlrq ri ulydo prgho ghvfulswlrqv lv qrw uh hfwhg rqh0iru0rqh lq wkh udqnlqj

ri wkhvh prghov lq d frpsdudwlyh suhglfwlrq hydoxdwlrq1 Krzhyhu/ wkh ghulyhg

frqfoxvlrqv pd| eh ylhzhg gl�huhqwo| ghshqglqj rq zkhwkhu wkh hydoxdwlqj

djhqw lv d vwdwlvwlfldq/ dq hfrqrplvw/ ru d iruhfdvwhu1 Zkloh dq hfrqrplvw pd|

grxew zkhwkhu suhglfwlrq hydoxdwlrqv duh dssursuldwh wrrov ri prgho ydolgdwlrq/

d iruhfdvwhu pd| wdnh wkh uhfrpphqgdwlrqv iurp wkh suhglfwlrq hydoxdwlrq pruh

vhulrxvo| wkdq wkh lvvxh ri prgho ydolglw|1

Qrwzlwkvwdqglqj wkh idfw wkdw wkh vwdwlvwlfdo surfhgxuhv duh dgyhuvho| di0

ihfwhg e| wkh vpdoo qxpehu ri revhuydwlrqv lq wkh glvwulexwlrqdo wdlov wkdw frq0
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vwlwxwh wkh ohyhudjh iru wkh k|srwkhvl}hg wkuhvkrog h�hfwv/ wkh slfwxuh hpdqdwlqj

iurp wkh vwdwlvwlfdo hydoxdwlrq frqirupv wr rxu wkhru|1 Lq wkh olqhdu iudphzrun/

huuru fruuhfwlrq wr wkh dyhudjh |lhog vsuhdg ru wr d wlph0frqvwdqw uhdo lqwhuhvw

udwh lv riwhq irxqg wr eh zhdn1 Wkh orqj udwh lv riwhq irxqg wr eh h{rjhqrxv

dqg dgmxvwphqw lv shuiruphg e| wkh vkruw udwh ru e| lq dwlrq1 Zkloh qhlwkhu lq0

whuhvw udwhv qru lq dwlrq fdq eh lqwhjudwhg yduldeohv/ gxh wr wkh lpsolhg lq�qlwh

yduldqfh dqg xqgh�qhg h{shfwdwlrqv/ wkhvh yduldeohv ehkdyh olnh lqwhjudwhg ydul0

deohv iru frqvlghudeoh wlph vsdqv1 Prvw elyduldwh gdwd vhwv lqglfdwh wkdw phdq

uhyhuvlrq/ lqghhg/ wdnhv sodfh zkhqhyhu xqxvxdoo| orz ru xqxvxdoo| kljk revhu0

ydwlrqv rffxu1 Wklv phfkdqlvp fdq rqo| eh prqlwruhg e| xvlqj wkh vxjjhvwhg

wkuhvkrog prghov1

Wkh h{sodqdwru| srzhu ri wkh wkuhvkrog prghov lv frq�uphg lq rxu h{0srvw

wudfnlqj h{shulphqwv zlwk vwrfkdvwlf vlpxodwlrq1 Phdq uhyhuvlrq iurp wkh glv0

wulexwlrqdo wdlov/ l1h1/ wkuhvkrog frlqwhjudwlrq xvlqj wkh yduldeohv wkhpvhoyhv/

dsshduv wr eh pruh lpsruwdqw wkdq wkuhvkrog h�hfwv iru wkh |lhog vsuhdg dqg

wkh Ilvkhu htxdwlrq1 Lq wkh h{0dqwh suhglfwlrq h{shulphqwv/ wkh frpsdudwlyho|

frpsoh{ wkuhvkrog prgho orvh jurxqg/ dv vrph ri wkhlu sdudphwhuv hvwlpdwhg

iurp wkh wdlov frqwdlq kljk xqfhuwdlqw|1 Wkh vlpsoh prgho lq gl�huhqfhv/ wkdw

ljqruhv doo huuru fruuhfwlrq dqg frlqwhjudwlrq/ shuirupv uhpdundeo| zhoo/ do0

wkrxjk d wkuhvkrog vshfl�fdwlrq lv vwloo irxqg wr suhglfw rswlpdoo| lq doprvw rqh

wklug ri wkh uhsruwhg fdvhv1

Wkh edvlfdoo| olqhdu yhfwru dxwruhjuhvvlrq zlwk wkuhvkrog frlqwhjudwlrq r�huv

d frqyhqlhqw dqg sodxvleoh wrro wkdw ryhufrphv wkh lqkhuhqw sureohpv lq xvlqj

olqhdu frlqwhjudwlrq prghov iru hfrqrplf yduldeohv wkdw duh dssduhqwo| erxqghg

lq wkh orqj uxq/ vxfk dv lq dwlrq/ lqwhuhvw udwhv/ ru xqhpsor|phqw udwhv1 Zlwk

uhjdug wr hfrqrplf iruhfdvwlqj/ wkh uhdo srzhu ri wkh dssurdfk pd| eh ihow

pruh vwurqjo| lq orqj0uxq vfhqdulrv ru lq srolf| hydoxdwlrqv�d wrslf iru ixwxuh

uhvhdufk1 Wkh vhoi0vwdelol}lqj irufhv ri hfrqrplf v|vwhpv vkrxog qrw eh ljqruhg

lq wlph0vhulhv prgholqj/ zkhqhyhu wkh prghov duh ghvljqhg wr fdswxuh wkh pdlq

ihdwxuhv ri hfrqrplf uhdolw|1

&������	��

^4` Dqghuvhq/ S1 +4<<<, cD Qrwh rq Dowhuqdwlyh Phdvxuhv ri Uhdo Erqg

Udwhv* ELV Zrunlqj Sdshu Qr1 ;31

^5` Edonh/ Q1V1/ dqg W1E1 Irpe| +4<<:, cWkuhvkrog Frlqwhjudwlrq* Lqwhu0

qdwlrqdo Hfrqrplf Uhylhz 6;/ 95:�9781

^6` Ehylodftxd/ I1 dqg ydq ]rq/ D1 +5334, cUdqgrp Zdonv dqg Qrq0

Olqhdu Sdwkv lq Pdfurhfrqrplf Wlph Vhulhv*/ plphr/ PHULW/ Pddvwulfkw

Xqlyhuvlw|1

^7` Eh|hu/ D1/ dqg U1H1D1 Iduphu +5334, cQdwxudo Udwh Grxewv* Zrunlqj

sdshu suhvhqwhg dw wkh HF5 Phhwlqj lq Orxydlq od Qhxyh/ Ghfhpehu 53341

^8` Eodqfkdug/ R1 +4<<<, Pdfurhfrqrplfv +5qg hglwlrq,1 Suhqwlfh0Kdoo
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^9` Fdpsehoo/ M1\1/ Vkloohu/ U1M1 +4<;:, cFrlqwhjudwlrq dqg Whvwv ri

Suhvhqw Ydoxh Prghov* Mrxuqdo ri Srolwlfdo Hfrqrp| <8/ 4395�43;;1

^:` Fkrl/ L1 dqg Dkq/ E1F1 +4<<<, cWhvwlqj wkh Qxoo ri Vwdwlrqdulw| iru Pxo0

wlsoh Wlph Vhulhv*/ Mrxuqdo ri Hfrqrphwulfv ;;/ 74�::1

^;` Jdoð/ M1 +4<<5, cKrz Zhoo Grhv wkh LV0OP Prgho �w Srvwzdu X1V1 GdwdB*

Txduwhuo| Mrxuqdo ri Hfrqrplfv 43:/ :3<�:6;1

^<` Kdoo/ D1G1/ Dqghuvrq/ K1P1/ dqg F1Z1M1 Judqjhu +4<<5, cD Frlq0

whjudwlrq Dqdo|vlv ri Wuhdvxu| Eloo \lhogv* Uhylhz ri Hfrqrplfv dqg Vwd0

wlvwlfv :7/ 449�4591

^43` Kdqvhq/ O1S1 dqg Vlqjohwrq/ N1M1 +4<;5, cJhqhudol}hg Lqvwuxphqwdo

Yduldeohv Hvwlpdwlrq ri Qrqolqhdu Udwlrqdo H{shfwdwlrqv Prghov*/ Hfrqr0

phwulfd 83/ 459<�45;91

^44` Mrkdqvhq/ V1 +4<<8, Olnholkrrg0Edvhg Lqihuhqfh lq Frlqwhjudwhg Yhfwru

Dxwruhjuhvvlyh Prghov1 R{irug Xqlyhuvlw| Suhvv1

^45` Oxfdv/ U1 H1 +4<:;, cDvvhw Sulfhv lq dq H{fkdqjh Hfrqrp|*/ Hfrqrphwulfd

79/ 475<�47781

^46` Skloolsv/ S1F1E1 +4<<;, cHfrqrphwulf Dqdo|vlv ri Ilvkhu*v Htxdwlrq*/ \doh

Frzohv Irxqgdwlrq Glvfxvvlrq Sdshu Qr1 44;31

^47` Udsdfk/ G1H1 dqg Zhehu/ F1H1 +5334, cDuh Uhdo Lqwhuhvw Udwhv Uhdoo|

Qrqvwdwlrqdu|B* Pdqxvfulsw/ Vhdwwoh Xqlyhuvlw|/ Vhdwwoh/ XVD1

^48` Urvh/ D1N1 +4<;;, cLv wkh Uhdo Lqwhuhvw Udwh VwdeohB* Mrxuqdo ri Ilqdqfh

76/ 43<8�44451

^49` Wrqj/ K1 +4<<3, Qrq0olqhdu wlph vhulhv= d g|qdplfdo v|vwhp dssurdfk1

R{irug Xqlyhuvlw| Suhvv1

^4:` Zx/ \1/ dqg ]kdqj/ K1 +4<<:, cGr Lqwhuhvw Udwhv Iroorz Xqlw0Urrw

SurfhvvhvB Hylghqfh iurp Furvv0Pdwxulw| Wuhdvxu| Eloo \lhogv* Uhylhz ri

Txdqwlwdwlyh Ilqdqfh dqg Dffrxqwlqj ;/ 9<�;41
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Wdeoh 4= Wkuhvkrog prghov zlwk d vlqjoh wkuhvkrog iru Ilvkhu h�hfwv= orqj udwhv

Jhupdq| Mdsdq Xqlwhg Nlqjgrp XVD

s 43 8 < 7

Mrk wudfh 44197 :134 461<: 451;5

�
�
@�

O
04166 04199 04145 04144

orjghw +XU�YDU, 618:4 81899 71<9: 71534

orjghw +G�YDU, 61965 8193< 81336 71597

w+�4=O, olqhdu 04148 03136 031<8 04169

w+�4=�, olqhdu 41<8 513< 4194 5166

orjghw +W�YDU 4, 61874 81898 71<55 714<<

rswlpdo wuxqfdwlrq 31< 31<; 31< 31;

w+�4=O, W�YDU 4 04148 313< 04195 0417:

w+�4=�, W�YDU 4 41<4 5146 4133 41<7

w+�5=O, W�YDU 4 03153 0417: 05173 04178

w+�5=�, W�YDU 4 05194 03196 041;: 0413<

Qrwhv1 s lv wkh YDU odj rughu ghwhuplqhg e| DLF1 cMrk wudfh* lv Mrkdqvhq*v wudfh

vwdwlvwlf iruphg iurp erwk fdqrqlfdo fruuhodwlrqv1 �
�
@�

O
lv wkh frh!flhqw udwlr

iru wkh �uvw fdqrqlfdo yhfwru dv lghqwl�hg e| wkh Mrkdqvhq dojrulwkp1 corjghw*

ghqrwhv wkh orjdulwkp ri ghw+a	,/ zkhuh a	 lv wkh hvwlpdwhg yduldqfh pdwul{ ri

huuruv fdofxodwhg iurp wkh uhvshfwlyh prgho uhvlgxdov1 cXU�YDU* ghqrwhv wkh

xquhvwulfwhg YDU lq ohyhov/ cG�YDU* wkh YDU lq �uvw gl�huhqfhv/ cW�YDU 4*

wkh YDU zlwk rqh xquhvwulfwhg dqg rqh wuxqfdwhg huuru0fruuhfwlrq yhfwru1 w+=,
duh w�vwdwlvwlfv iru frh!flhqwv lq d olqhdu YDU zlwk rqh frlqwhjudwlqj yhfwru

dqg lq wkh W�YDU 4 prgho/ zkhuh �m={ ghqrwhv wkh frh!flhqw ri wkh m�wk huuru0

fruuhfwlrq yduldeoh lq wkh htxdwlrq iru yduldeoh {1
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Wdeoh 5= Wkuhvkrog prghov zlwk wzr wkuhvkrogv iru Ilvkhu h�hfw= orqj lqwhuhvw

udwhv

Jhupdq| Mdsdq Xqlwhg Nlqjgrp XVD

s 43 8 < 7

orjghw +W�YDU 4, 61874 81898 71<55 714<<

rswlpdo wuxqfdwlrq

5qg yhfwru 31< 31<; 31< 31;

4vw yhfwru 318 31<; 318 31<

w+�4=O, W�YDU 5 04169 3145 06169 0516:

w+�4=�, W�YDU 5 04149 6164 0315; 03139

w+�5=O, W�YDU 5 03157 0417: 05157 0413;

w+�5=�, W�YDU 5 051:3 03189 0515: 0419:

orjghw +W�YDU 5, 61898 81858 71;:< 71543

Qrwhv1 Vhh Wdeoh 41 cW�YDU 5* ghqrwhv wkh wkuhvkrog frlqwhjudwlrq prgho zlwk

wzr wuxqfdwhg huuru0fruuhfwlrq yhfwruv1

Wdeoh 6= Wkuhvkrog prghov zlwk d vlqjoh wkuhvkrog iru Ilvkhu h�hfwv= vkruw udwhv

Jhupdq| Mdsdq Xqlwhg Nlqjgrp XVD

s 44 ; 45 7

Mrk wudfh 55144 <136 8:1:5 481:<

Mrk 5 ;197 519; 3195 417<

�
�
@�

V
05183 0518: 04188 0415<

orjghw +XU�YDU, 61;;7 61994 81364 618<9

orjghw +G�YDU, 61<9: 61:4: 8147: 61987

w+�4=V, olqhdu 0517: 0415: 041;4 04148

w+�4=�, olqhdu 318< 4144 31:5 5149

orjghw +W�YDU 4, 61<35 61974 81444 6189<

rswlpdo wuxqfdwlrq 31< 318 31<; 31;

w+�4=V, W�YDU 4 05153 031:8 0419; 0319:

w+�4=�, W�YDU 4 4199 031;5 31;7 5177

w+�5=V, W�YDU 4 0315; 515< 031<4 0516:

w+�5=�, W�YDU 4 06139 051:; 04139 0418;

Qrwhv1 Vhh Wdeoh 41
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Wdeoh 7= Wkuhvkrog prghov zlwk wzr wkuhvkrogv iru Ilvkhu h�hfw= vkruw lqwhuhvw

udwhv

Jhupdq| Mdsdq Xqlwhg Nlqjgrp XVD

s 44 ; 45 7

orjghw +W�YDU 4, 61<35 61974 81444 6189<

rswlpdo wuxqfdwlrq

5qg yhfwru 31< 318 31<; 31;

4vw yhfwru 31< 31< 31; 318

w+�4=V, W�YDU 5 041:9 31:3 041:5 0415:

w+�4=�, W�YDU 5 04154 4179 04136 41:4

w+�5=V, W�YDU 5 318; 04175 4134 05143

w+�5=�, W�YDU 5 0518< 05149 04136 04187

orjghw +W�YDU 5, 61<67 61997 8143< 618:<

Qrwhv1 Vhh Wdeohv 4 dqg 51

Wdeoh 8= Wkuhvkrog prghov zlwk d vlqjoh wkuhvkrog iru lqwhuhvw udwhv

Jhupdq| Mdsdq Xqlwhg Nlqjgrp XVD

s 5 : 5 7

Mrk wudfh 918< 4316< 8196 81;:

�
V
@�

O
031859 031;4: 031:55 41<4<

orjghw +XU�YDU, 61;96 614<9 81675 618;<

orjghw +G�YDU, 61;<: 61578 816:; 61949

w+�4=V, olqhdu 418: 414< 4195 4164

w+�4=O, olqhdu 03136 04194 0314< 0313;

orjghw +W�YDU 4, 61;94 61494 815<< 618:<

rswlpdo wuxqfdwlrq 318 318 318 31<

w+�4=V, W�YDU 4 5143 04159 03139 4137

w+�4=O, W�YDU 4 03143 05178 05163 03157

w+�5=V, W�YDU 4 4196 041;7 041:9 041<:

w+�5=O, W�YDU 4 0314< 051<5 0613< 04155

Qrwhv1 Vhh Wdeoh 41
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Wdeoh 9= Wkuhvkrog prghov zlwk wzr wkuhvkrogv iru lqwhuhvw udwhv

Jhupdq| Mdsdq Xqlwhg Nlqjgrp XVD

s 5 : 5 7

orjghw +W�YDU 4, 61;94 61494 815<< 618:<

rswlpdo wuxqfdwlrq

5qg yhfwru 318 318 318 31<

4vw yhfwru 31; 318 31; 31;

w+�4=V, W�YDU 5 51<; 0319: 03183 3138

w+�4=O, W�YDU 5 316: 04137 06165 04176

w+�5=V, W�YDU 5 41<6 051;7 05164 05145

w+�5=O, W�YDU 5 03134 03195 06186 04146

orjghw +W�YDU 5, 61;6; 614;< 81597 618:6

Qrwhv1 Vhh Wdeohv 4 dqg 51

Wdeoh := H{0srvw wudfnlqj shuirupdqfh ri vwrfkdvwlf suhglfwlrq= orqj udwh dqg

lq dwlrq1

Jhupdq| Mdsdq Xqlwhg Nlqjgrp XVD

lO � lO � lO � lO �

vlqjoh wkuhvkrog

phdq 0313338< 31335:3 03133696 0313335< 3133435 0313395; 03133934 3133779

PDH 31465 3149< 3149< 315<7 314<6 31548 314:: 31495

PVH 3135;9 3137;3 313835 31495: 3138:; 313:73 313784 313797

grxeoh wkuhvkrog

phdq 031333<: 031333;; 031336:9 03133;35 3133356 03133;3< 0313368< 313344;

PDH 31464 3149; 314:3 315<3 314;8 31549 314;3 31498

PVH 3135;8 3137<4 313835 314988 313889 313:77 31378< 3137;6

xquhvwulfwhg YDU

phdq 03133349 3133684 03133739 31334:3 31333;6 03133:38 03133:69 3133597

PDH 31465 3149< 314:4 315<6 314<7 31548 314:; 31495

PVH 3135;9 3137<; 313847 314947 313934 313:7< 313786 313796

YDU lq gl�huhqfhv

phdq 3133367 0313339: 03133767 03133;86 3133567 03133;<7 03133699 0313335;

PDH 31465 314:4 314:4 315<7 314<9 3154< 314;3 3149;

PVH 3135<3 313857 313847 3149:3 313938 313::3 313799 3137<5
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Wdeoh ;= H{0srvw wudfnlqj shuirupdqfh ri vwrfkdvwlf suhglfwlrq= vkruw udwh dqg

lq dwlrq1

Jhupdq| Mdsdq Xqlwhg Nlqjgrp XVD

lV � lV � lV � lV �

vlqjoh wkuhvkrog

phdq 31334:3 313337< 3133337 3133934 03133847 03134544 031334:9 03133444

PDH 31467 314:7 313:9 3158; 314;6 3153; 31457 31496

PVH 313649 313844 313469 314544 31394; 3139;3 31359; 3137:8

grxeoh wkuhvkrog

phdq 313346< 3133438 31333<< 3133335 031336:9 0313459< 03133457 031334:6

PDH 31467 314:9 313:9 31593 314;4 3153: 31457 31497

PVH 313655 313854 313469 314557 313945 3139:9 313599 3137;4

xquhvwulfwhg YDU

phdq 31335:; 3133875 3133335 31336<< 031338<7 03133;<; 0313377; 03133693

PDH 31467 31494 313:9 3158; 314;7 314<; 3145: 31498

PVH 313647 3137<9 313469 31457; 313953 313955 3135:6 3137:;

YDU lq gl�huhqfhv

phdq 313336; 03133399 313334; 031336<5 03133779 0313457; 031336;3 0313349:

PDH 31469 314:; 313:: 31593 314;6 3153: 3145: 3149:

PVH 313667 313888 31346< 3145<: 31396: 3139;5 3135;4 3137<:
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Wdeoh <= H{0srvw wudfnlqj shuirupdqfh ri vwrfkdvwlf suhglfwlrq= wzr lqwhuhvw

udwhv1

Jhupdq| Mdsdq Xqlwhg Nlqjgrp XVD

lO lV lO lV lO lV lO lV

vlqjoh wkuhvkrog

phdq 0313333: 0313356; 313345: 03133545 3133398 03133435 3154:;: 03133576

PDH 3147; 3148: 314:4 313:3 3154: 3153< 315:; 3145<

PVH 313684 313866 31384; 313454 313:56 314338 314554 3135:3

grxeoh wkuhvkrog

phdq 0313344: 3133:<9 031333<< 3133<84 3133346 31333:6 031338;9 031336<4

PDH 3147: 31486 314:6 313:4 31548 3153< 314;: 3145<

PVH 313685 313853 313868 313455 313:3; 31433; 313853 3135:5

xquhvwulfwhg YDU

phdq 031333<5 3133687 0313353: 0313339: 031335;: 313354: 03133<4; 0313365<

PDH 31479 3148: 314:5 3139; 31548 3153; 314;; 31464

PVH 313678 31384< 313865 313458 313:4; 31434; 313848 3135;3

YDU lq gl�huhqfhv

phdq 03133444 3133554 03133734 3133345 03133395 3133699 03133;46 031335:8

PDH 31479 31487 314:6 3139< 3154: 3153; 314;< 31464

PVH 31367: 31385< 313879 31345: 313:56 31435< 313856 3135;9
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Wdeoh 43= H{0dqwh vlqjoh0vwhs iruhfdvwlqj shuirupdqfh ri vwrfkdvwlf suhglfwlrq=

orqj udwh dqg lq dwlrq1

Jhupdq| Mdsdq Xqlwhg Nlqjgrp XVD

lO � lO � lO � lO �

vlqjoh wkuhvkrog

phdq 03134:8 03133<: 031334; 3135:8 03135<7 3133<; 0313396 3135<5

PDH 314:4; 314<9< 314:5; 314;6: 3154:; 3153<; 31546; 31494<

PVH 313775 313996 313894 3138:< 313:8; 313:33 3139;7 313876

grxeoh wkuhvkrog

phdq 0313553 031365; 0313656 0313596 0313547 313347 3133:< 3134:9

PDH 314::7 314<<8 314:8; 314;:< 315446 315448 315485 314944

PVH 3137:7 3139:: 313885 313938 313:36 313:34 3139<< 313877

xquhvwulfwhg YDU

phdq 0313665 0313379 0313837 313498 0313;89 031335< 0313577 313445

PDH 314:49 314<94 314;65 314;4; 3155;; 3153<6 315476 314947

PVH 313779 313998 3138;: 313894 313;53 313:34 3139;3 313868

YDU lq gl�huhqfhv

phdq 031339; 0313485 03135;9 03135;6 0313436 313499 313386 31343<

PDH 314:37 314<9< 314:83 314;78 315476 3153<< 31547: 314935

PVH 313773 3139:3 31388: 3138;; 313:4; 313:37 3139<7 313865
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Wdeoh 44= H{0dqwh wzhoyh0vwhs iruhfdvwlqj shuirupdqfh ri vwrfkdvwlf suhglfwlrq=

orqj udwh dqg lq dwlrq1

Jhupdq| Mdsdq Xqlwhg Nlqjgrp XVD

lO � lO � lO � lO �

vlqjoh wkuhvkrog

phdq 0315699 031453: 3137:< 315835 0316796 03134:9 315359 316;8<

PDH 31<<76 31;:49 319::4 31:757 414<46 413564 31<43; 31;:6;

PVH 4183<7 4148<7 31:6:< 31;::4 51586< 419:4< 417483 413443

grxeoh wkuhvkrog

phdq 0313:73 0317::4 031688: 0316857 03156<< 03147<9 3174;: 3158:7

PDH 41485; 31<<7: 319:54 31;;98 4145<< 413846 31<85< 319<3<

PVH 513<39 4165;< 319949 413669 41;<95 419784 418639 31:49:

xquhvwulfwhg YDU

phdq 03187<6 0313675 0319367 0313558 0415<67 041567< 0315437 313555

PDH 4147<3 31;545 31;7;; 31:49< 41787; 417:63 31<964 31:;88

PVH 41:598 413:8< 4135;< 31:69< 614897 61<<:3 4178:: 31;55<

YDU lq gl�huhqfhv

phdq 313643 0315568 03159:4 031753; 313839 316979 31539< 31573;

PDH 41369; 31<856 3195<7 31<94; 31<47< 31<53: 31<:88 319737

PVH 41:39: 415779 318<48 4155;: 417795 4158<; 418694 319767
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Wdeoh 45= H{0dqwh vlqjoh0vwhs iruhfdvwlqj shuirupdqfh ri vwrfkdvwlf suhglfwlrq=

vkruw udwh dqg lq dwlrq1

Jhupdq| Mdsdq Xqlwhg Nlqjgrp XVD

lV � lV � lV � lV �

vlqjoh wkuhvkrog

phdq 0313689 31349: 0313588 31375< 03139:3 031333< 31347: 0313449

PDH 3146:5 314<76 313:6< 3153:; 314:;: 315456 3146:9 3149:4

PVH 31365< 31395< 313478 313:39 31384; 313:34 313674 313875

grxeoh wkuhvkrog

phdq 3134:6 03134:7 0313485 0313637 031339; 0313368 313393 3133:;

PDH 3146<8 314<6< 3139<3 315475 3149:< 31545< 31468; 3149:4

PVH 31366: 313964 313466 313:3< 3137:; 3139<4 313673 31387:

xquhvwulfwhg YDU

phdq 031366< 313377 0313635 313534 031399< 0313454 0313469 0313857

PDH 31469< 314:;9 313:97 314<5; 314:<5 315384 314759 314:98

PVH 31365; 313897 313484 31397; 313857 313985 313675 3138:9

YDU lq gl�huhqfhv

phdq 313559 0313369 313358 03135;< 0313357 0313343 313397 0313385

PDH 31469: 314<35 313:38 31536; 3149;< 315446 314736 314984

PVH 313663 313945 31346< 313997 3137;: 3139;; 313675 313869
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Wdeoh 46= H{0dqwh wzhoyh0vwhs iruhfdvwlqj shuirupdqfh ri vwrfkdvwlf suhglfwlrq=

vkruw udwh dqg lq dwlrq1

Jhupdq| Mdsdq Xqlwhg Nlqjgrp XVD

lV � lV � lV � lV �

vlqjoh wkuhvkrog

phdq 0317:98 315575 03196<: 317745 041<346 0413695 318747 313699

PDH 31<358 31;83: 31:8:3 31:976 5157;: 419:85 31;37< 31:769

PVH 416<4; 413:8: 41786; 31<7<9 ;13;;8 717769 41698< 31:8:8

grxeoh wkuhvkrog

phdq 316<66 0314<46 0318486 0315;<8 031336; 0314859 318433 314<84

PDH 31;863 31;:;5 319:88 31;<58 415545 414<;9 31;3<9 31:4<7

PVH 414559 41434< 31<445 413;7: 513373 41<5:9 4167<3 31:685

xquhvwulfwhg YDU

phdq 0319978 0313:55 031<<69 3147;4 0514:66 0416:<7 0314596 0318::8

PDH 31<86; 318;3: 413;63 31963; 516;4: 41986: 31;555 31;;<5

PVH 4168:8 317:;9 514889 319468 <16469 714847 413674 413:8;

YDU lq gl�huhqfhv

phdq 318794 313566 3145<< 0316;;6 3148;7 031346; 316968 314;63

PDH 31;;:9 31;943 319:;4 31<995 4155;8 415::6 31;4:7 319:36

PVH 41559; 413687 31<9:4 415999 51438: 513<3; 415;<; 319:67
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Wdeoh 47= H{0dqwh vlqjoh0vwhs iruhfdvwlqj shuirupdqfh ri vwrfkdvwlf suhglfwlrq=

wzr lqwhuhvw udwhv1

Jhupdq| Mdsdq Xqlwhg Nlqjgrp XVD

lO lV lO lV lO lV lO lV

vlqjoh wkuhvkrog

phdq 0313555 031395; 313477 0313475 313574 3134;< 313389 313554

PDH 3149<9 314697 314:96 313:66 3153:8 314569 315469 31474:

PVH 313783 313689 31388: 313464 3139<; 3135;< 313:59 313678

grxeoh wkuhvkrog

phdq 03134<5 0313787 0313348 031343< 3136;; 3136<4 313369 313464

PDH 3149;4 314678 314;35 313:5: 3153;5 314635 315459 314747

PVH 31377< 313686 3138:7 31345; 313:3: 313646 313:4: 313676

xquhvwulfwhg YDU

phdq 03136;< 031364; 0313:6; 03136;< 031385< 03133;9 03136:< 313344

PDH 3149<8 314749 314<<4 313:75 3153;9 314586 31545: 3146;4

PVH 313785 313685 3138<9 313465 313:68 3135;: 31399< 31365<

YDU lq gl�huhqfhv

phdq 03134:8 0313693 03134<8 0313339 0313377 3134:: 313387 3133;9

PDH 31499: 314643 314:;; 3139;; 31533: 314575 31543: 3146:6

PVH 313777 31366; 313886 313448 3139:3 3135;7 3139:3 313665
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Wdeoh 48= H{0dqwh wzhoyh0vwhs iruhfdvwlqj shuirupdqfh ri vwrfkdvwlf suhglfwlrq=

wzr lqwhuhvw udwhv1

Jhupdq| Mdsdq Xqlwhg Nlqjgrp XVD

lO lV lO lV lO lV lO lV

vlqjoh wkuhvkrog

phdq 0314:53 031:394 3139<; 03155:8 3175:; 31753; 316988 31<7:8

PDH 413447 4146<8 31;555 31;<:8 31<734 413<63 41789: 41849<

PVH 417738 5133;9 41666: 513884 5146;6 419356 619643 7139;3

grxeoh wkuhvkrog

phdq 0314888 0319848 313364 0314644 31:335 31:789 315<:: 319848

PDH 31<<36 4149:; 31;:;; 31;;8; 413856 4164:5 4176<3 417479

PVH 416:77 41<987 4179<; 41<78; 5198<< 516367 618<86 61;3<:

xquhvwulfwhg YDU

phdq 03179:8 0317769 0413596 0415587 031:897 0314;64 0318376 313<53

PDH 31<<39 415496 414385 4159<3 4148;7 41447< 413594 31:594

PVH 41558: 515<73 41:683 516<58 513<39 41:55; 417983 31;978

YDU lq gl�huhqfhv

phdq 0314558 031685; 0314434 31447; 31345; 317:47 314<97 316896

PDH 31<543 4133;4 31:47: 3198<4 31<368 413<;8 31<998 31;56:

PVH 415349 417<76 31:<56 31;<<6 41733; 419;38 418643 4149;<
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