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Devwudfw

Lq wklv sdshu zh frqfhqwudwh rq wkh frqvhtxhqfhv iru wkh Hxurshdq
vwrfn pdunhw ri d fruuhfwlrq ri wkh XV Vwrfn pdunhw1 Zh h{solflwo|
frqvlghu wkh glvwlqfwlrq ehwzhhq lqwhughshqghqfh dqg frqwdjlrq1 Zh
surylgh vhsdudwh dqvzhuv wr wkh iroorzlqj txhvwlrqv=

+l, lv wkhuh orqj0whup lqwhughshqghqfh ehwzhhq XV dqg Hxursh/ l1h1
grhv wkh htxloleulxp iru Hxurshdq vkduhv ghshqg rq wkh htxloleulxp
iru XV vkduhv B

+ll, Lv wkhuh vkruw0whup lqwhughshqghqfh dqg frqwdjlrq ehwzhhq
XV dqg Hxurshdq vwrfn pdunhwv/ l1h gr vkruw whup  xfwxdwlrqv ri
wkh XV vkduh sulfhv vsloo ryhu wr Hxurshdq vkduh sulfhv dqg lv vxfk
fr0pryhphqw vwdeoh lq rffdvlrq ri wkh rffxuuhqfh ri kljk yrodwlolw|
hslvrghvB

MHO Fodvvl�fdwlrq= I63/ I73/ J48
Nh|zrugv= Frqwdjlrq/ Vwrfn Pdunhw/ Lqwhughshqghqfh/ Vwuxfwxudo

prghov

�Wklv sdshu zdv �uvw suhvhqwhg dw Erffrql Xqlyhuvlw|/ LQVHDG/ FLGH dqg Xqlyhuvlw|
ri Qdsohv1Zh wkdqn vhplqdu sduwlflsdqwv iru frpphqwv1 Zh dovr wkdqn rxu glvfxvvdqwv
Idelr0Fhvduh Edjoldqr dqg Glhjr Oxeldq iru wkhlu frpphqwv1 Urehuwr Erwwhu frqwulexwhg
frpphqwv/ glvfxvvlrq dqg dvvlvwdqfh zlwk wkh hpslulfdo zrun1 Dgguhvv iru fruuhvsrqgdqfh
Fduor D1 Idyhur/ LJLHU0Xqlyhuvlwã Erffrql/ Yld Vdodvfr 8/ 53469 Plodq/ Lwdo| h0pdlo=

fduor1idyhurCxql0erffrql1lw/ Dohvvdqgud Erq�jolrol/ LHS0Xqlyhuvlwã Erffrql/ Yld Jreel 8/
53469 Plodq Lwdo|/ h0pdlo= dohvvdqgud1erq�jolrolCxql0erffrql1lw
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4 Lqwurgxfwlrq

Rq wkh 8wk Ghfhpehu 4<<9/ zkhq wkh Grz Mrqhv lqgh{ zdv  rdwlqj durxqg
:333/ zlwk wkh |lhog rq 430|hdu XV erqgv dw 81; shu fhqw/ wkh Ihg Fkdlupdq/
Dodq Juhhqvsdq/ zduqhg wkh pdunhw djdlqvw �luudwlrqdo h{xehudqfh�1 Vlqfh
wkhq wkh GM kdv jrqh sdvw wkh ohyho ri 44333/ wr wudfn edfn wrzdugv 43833 dw
wkh ehjlqqlqj ri |hdu 5333/ zkloh wkh |lhog rq orqj erqgv kdv jrqh edfn wr
wkh Ghfhpehu 4<<9 ohyho/ diwhu kdylqj uhdfkhg d plqlpxp dw 61; lq Vhswhp0
ehu 4<<;1 Lq wkh phdq wlph/ zkloh wkh Ihg Fkdlupdq kdv ehwwhu txdol�hg klv
ylhzv rq luudwlrqdo h{xehudqfh Evhh kwwsG qq����KJ}�soK�se_��r�/ wkh txhv0
wlrq ri wkh srwhqwldo frqvhtxhqfhv ri d fruuhfwlrq ri wkh XV vwrfn pdunhw
ri/ vd| 58(/ kdv ehhq wdnhq xs e| d qxpehu ri dfdghplfv +vhh Ehuqdqnh
dqg Jhuwohu/ 4<<<,1 Lq wklv sdshu zh frqfhqwudwh rq wkh srwhqwldo vsloo0ryhu
h�hfw ri vxfk d fruuhfwlrq rq wkh Hxurshdq vwrfn pdunhwv1 Wklv lvvxh kdv
lpsruwdqw frqvhtxhqfhv iru prqhwdu| srolf| dqg sruwirolr doorfdwlrq1

Ehuqdqnh dqg Jhuwohu+4<<<,/ xvlqj d wudglwlrqdo �eurdg fuhglw fkdqqho�
dujxphqw/ srlqw rxw wkdw wkh h{whqw wr zklfk dq dvvhw sulfh frqwudfwlrq zhdn0
hqv sulydwh vhfwru edodqfh vkhhwv/ dqg wkhuhiruh d�hfwv frqvxpswlrq dqg lq0
yhvwphqw/ ghshqgv rq wkh ghjuhh dqg vhfwrudo glvwulexwlrq ri ulvn h{srvxuh1
Diwhu pdq| |hduv ri h{sdqvlrq dqg vwurqj sur�wv lq wkh frusrudwh dqg edqn0
lqj vhfwruv/ XV edodqfh vkhhwv duh lq h{fhoohqw frqglwlrqv dqg d fruuhfwlrq
lq wkh vwrfn pdunhwv/ sdluhg zlwk dq dssursuldwh uhvsrqvhv e| wkh IHG/ lv
olnho| wr kdyh rqo| wudqvlwru| frqwudfwlrqdu| h�hfwv1 Lq frqwudvw/ d vlplodu
58 shu fhqw fruuhfwlrq lq Hxursh/ zkhuh hfrqrplhv duh vwuxjjolqj rxw ri d
shulrg ri shuvlvwhqwo| vorz jurzwk dqg kljk xqhpsor|phqw/ lv olnho| wr kdyh
pxfk pruh shuvlvwhqw h�hfwv rq wkh pdfurhfrqrplf frqglwlrqv/ hyhq li wkh
HFE zhuh wr uhvsrqg wr vxfk d vkrfn e| hdvlqj oltxlglw|1

Wkh uhohydqw txhvwlrq iru sruwirolr doorfdwlrq lv uhodwhg exw gl�huhqw1 Krz
zrxog d fruuhfwlrq lq wkh XV vwrfn pdunhwv d�hfw frqglwlrqdo fruuhodwlrqv
dprqj dvvhw sulfhvB D �uvw srvvleoh vfhqdulr lv wkdw wkh uhvsrqvh ri Hx0
urshdq pdunhwv wr wkh XV fruuhfwlrq lv lq olqh zlwk wkh klvwrulfdo sdwwhuq
ri lqwhughshqghqfh ehwzhhq wkh wzr pdunhwv1 Lq wklv fdvh wkh frqglwlrqdo
fruuhodwlrqv dprqj wkh dvvhw sulfhv zrxog eh vxevwdqwldoo| xqdowhuhg1 Zh
zrxog vwloo revhuyh wkh pdfurhfrqrplf h�hfwv ghvfulehg deryh exw sruwir0
olr doorfdwlrq dqg ulvn hydoxdwlrqv edvhg rq vrph hvwlpdwhv ri frqglwlrqdo
yduldqfh0fryduldqfh pdwul{ ri wkh uhohydqw uhwxuqv edvhg rq klvwrulfdo gdwd
zrxog vwloo eh ydolg1 Lq wklv fdvh qr xqsuhglfwdeoh h�hfw ri wkh XV fruuhfwlrq
rq �qdqfldo vhfwruv* edodqfh vkhhwv zrxog dulvh1 Krzhyhu/ dq dowhuqdwlyh vfh0
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qdulr lv srvvleoh/ lq zklfk wkh fruuhfwlrq lq wkh XV vwrfn pdunhw jhqhudwhv d
vwuxfwxudo euhdn lq wkh sdwwhuq ri lqwhughshqghqfh ri dvvhw sulfhv1 Vxfk dq
hyhqw zrxog khdylo| d�hfw sruwirolr doorfdwlrq dqg ulvn hydoxdwlrqv edvhg rq
klvwrulfdo hvwlpdwhv ri wkh yduldqfh0fryduldqfh pdwul{ ri wkh uhohydqw uhwxuqv/
dqg uhqghu wkh lpsdfw ri d fruuhfwlrq rq edodqfh vkhhwv pruh gudpdwlf dqg
xqsuhglfwdeoh1

Wkh hpslulfdo olwhudwxuh rq wkh wudqvplvvlrq ri �qdqfldo vkrfnv +Uljrerq/
4<<<, kdv uhfhqwo| lqwurgxfhg dq lpsruwdqw glvwlqfwlrq ehwzhhq wkh wzr frq0
fhswv ri frqwdjlrq dqg lqwhughshqghqfh1 Lqwhughshqghqfh lv phdvxuhg e|
lghqwli|lqj furvv0pdunhw olqndjhv/ zkloh frqwdjlrq lv phdvxuhg e| prgl�fd0
wlrqv ri vxfk olqndjhv gxulqj fulvlv shulrgv1 D vwurqj fr0pryhphqw ri Hxur0
shdq dqg XV vwrfn pdunhwv lq suhvhqfh ri d fruuhfwlrq ri wkh XV vwrfn pdunhw
lv frpsdwleoh erwk zlwk lqwhughshqghqfh dqg frqwdjlrq1 Krzhyhu/ zh zrxog
kdyh lqwhughshqghqfh zkhq vxfk frpryhphqw lv lq olqh zlwk wkh klvwrulfdoo|
phdvxuhg vlpxowdqhrxv ihhgedfn ehwzhhq wkh wzr pdunhwv/ zkloh frqwdjlrq
lv lghqwl�hg e| h{fhvv fr0pryhphqwv1

Frqwdjlrq dprqj vwrfn pdunhwv kdv ehhq wudglwlrqdoo| phdvxuhg e| xvlqj
fruuhodwlrqv dqg e| gh�qlqj lw dv d vljql�fdqw lqfuhdvh lq fruuhodwlrqv dfurvv
pdunhwv1 Wklv wudglwlrqdo dssurdfk kdv ehhq uhfhqwo| fulwlfl}hg e| Uljrerq
dqg Iruehv +4<<;,1 Fkdqjlqj fruuhodwlrqv fdqqrw eh gluhfwo| uhodwhg wr frqwd0
jlrq lq suhvhqfh ri lqwhughshqghqfh1 Lq d vwuxfwxudo prgho ihdwxulqj frqvwdqw
lqwhughshqghqfh dfurvv frxqwulhv/ furvv pdunhw fruuhodwlrqv duh erxqg wr lq0
fuhdvh lq d shulrg ri wxuprlo/ zkhq vwrfn pdunhw yrodwlolw| lqfuhdvhv1 Uljrerq
dqg Iruehv frqvlghu wkh 4<<: Hdvw Dvldq fulvlv/ wkh 4<<7 Ph{lfdq Shvr fulvlv
dqg wkh 4<;: XV vwrfn pdunhw fudvk wr vkrz wkdw xqdgmxvwhg fruuhodwlrq fr0
h!flhqwv vxssruw wkh frqwdjlrq k|srwkhvlv/ zkloh whvwv edvhg rq frh!flhqwv
dgmxvwhg iru lqwhughshqghqfh �qg yluwxdoo| qr0frqwdjlrq1 Ixuwkhu hylghqfh lv
sursrvhg e| Uljrerq +5333, wkurxjk wkh lpsohphqwdwlrq ri dq LY surfhgxuh
iru d gluhfw whvw ri wkh qxoo ri qr frqwdjlrq rqo| lqwhughshqghfh1 Wklv vwudqg
ri uhvhdufk fuxfldoo| klqjhv rq vwuxfwxudo prghoolqj ri lqwhughshqghqfh/ zlwk
wkh dgrswlrq ri d olplwhg lqirupdwlrq dssurdfk1

Zh edvh rxu dqdo|vlv ri lqwhughshqghqfh dqg frqwdjlrq rq ixoo lqirupdwlrq
hvwlpdwlrq ri d vwuxfwxudo prgho1 Iroorzlqj wkh OVH hfrqrphwulf dssurdfk
+vhh Khqgu|/ 4<<8,/ zh frqvwuxfw rxu vwuxfwxudo prgho vwduwlqj iurp d jhqhudo
uhgxfhg irup1

Rxu uhgxfhg irup lv d Yhfwru Huuru Fruuhfwlrq prgho/ edvhg rq wkh wkhru|
hvsrxvhg e| Judkdp dqg Grgg +4<84, dqg douhdg| h{sorlwhg e| Odqghu hw
do1+4<<:, iru wkh XV fdvh/ zklfk dvvxphv wkdw vwrfn uhwxuqv whqg wr uhvwruh dq
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htxloleulxp uhodwlrqvkls ehwzhhq iruhfdvw hduqlqjv |lhog rq frpprq vwrfnv
dqg |lhog rq erqgv1 Zh vshfli| rxu jhqhudo uhgxfhg irup prgho rq vl{
yduldeohv= XV dqg Hxurshdq vkduh sulfhv/ hduqlqjv/ dqg uhghpswlrq |lhogv rq
430|hdu ehqfkpdun erqgv1 Zh frqvlghu d vdpsoh ri prqwko| gdwd 4<;304<<<
dqg xvh gldjqrvwlf whvwv/ lq sduwlfxodu whvwv iru uhvlgxdov qrupdolw| wr ydolgdwh
rxu uhgxfhg irup1 Vxfk vwudwhj| ohdgv xv wr wkh lqfoxvlrq ri d qxpehu ri srlqw
gxpplhv lqwr wkh prgho1 Lqwhuhvwlqjo|/ vrph ri wkhp fdswxuh wkh hslvrghv ri
kljk yrodwlolw| lq vwrfn pdunhwv1 Rq wklv ydolgdwhg uhgxfhg irup/ zh shuirup
frlqwhjudwlrq dqdo|vlv wr slq grzq orqj0uxq htxloleuld1 Ilqdoo|/ zh surfhhg
wr vshfli| d vwuxfwxudo prgho ri lqwhughshqghqfh dqg hydoxdwh frqwdjlrq1
Wkh ydolglw| ri wkh vwuxfwxudo prgho lv whvwhg e| yhuli|lqj wkh ydolglw| ri wkh
ryhu0lghqwli|lqj uhvwulfwlrqv lpsrvhg e| rxu vwuxfwxuh rq wkh edvholqh uhgxfhg
irup1 Rxu vshfl�fdwlrq vwudwhj| doorzv xv wr surylgh vhsdudwh dqvzhuv wr wkh
iroorzlqj txhvwlrqv=

� Lv wkhuh orqj0whup lqwhughshqghqfh ehwzhhq XV dqg Hxursh/ l1h1 grhv
wkh htxloleulxp iru Hxurshdq vkduhv ghshqg rq wkh htxloleulxp iru XV
vkduhvB

� Lv wkhuh vkruw0whup lqwhughshqghqfh dqg frqwdjlrq ehwzhhq XV dqg
Hxurshdq vwrfn pdunhwv/ l1h1 gr vkruw whup  xfwxdwlrqv ri wkh XV
vkduh sulfhv vsloo ryhu wr Hxurshdq vkduh sulfhv dqg lv vxfk fr0pryhphqw
vwdeoh lq rffdvlrq ri wkh rffxuuhqfh ri kljk yrodwlolw| hslvrghvB

5 Lqwhughshqghqfh dqg frqwdjlrq ehwzhhq XV

dqg Hxurshdq vwrfn pdunhwv=d jhqhudo0wr0

vshfl�f dssurdfk

Zh wdnh wkh frqvhqvxv gh�qlwlrq ri frqwdjlrq dv d fkdqjh lq wkh lqwhuqd0
wlrqdo sursdjdwlrq ri vkrfnv fdxvhg e| vrph frxqwu| vshfl�f idfwru1 Lq wkh
uhfhqw hpslulfdo olwhudwxuh rq wkh lqwhuqdwlrqdo sursdjdwlrq ri vkrfnv vxfk
idfwru lv xvxdoo| lqwhusuhwhg dv d fulvlv/ lghqwlihg e| d orfdo vkrfn ri gl�huhqw
pdjqlwxgh +xvxdoo| sdluhg zlwk d fkdqjh lq wkh yrodwlolw| ri vkrfnv,1 Lq rxu
vshfl�f fdvh zh vkdoo frqvlghu d vlwxdwlrq lq zklfk wkh vwrfn pdunhw ri rqh
frxqwu|/ wkh XV/ kdv zdqghuhg dzd| iurp lwv orqj0uxq htxloleulxp ydoxhv dqg
zh vkdoo orrn dw wkh lqwhuqdwlrqdo h�hfwv ri d fruuhfwlrq1
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Rxu edvholqh vshfl�fdwlrq lv d uhgxfhg irup YDU vshfl�fdwlrq iru wkh
orjdulwkpv ri XV dqg Hxurshdq Vkduh sulfhv/ u�.Lc|c u�L7c| dqg wkh yhfwruv
ri yduldeohv fdqglgdwh wr ghwhuplqh wkhlu htxloleulxp= j.Lc|c jL7c|1 Iru wkh
vdnh ri h{srvlwlrq/ zh frqvlghu d �uvw rughu surfhvv/ dowkrxjk rxu hpslulfdo
prgho ihdwxuhv kljkhu rughu g|qdplfv1
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Qrwh wkdw uhvlgxdov irup rxu edvholqh YDU vshfl�fdwlrq duh khwhurvfhgdv0
wlf1 Wklv uh hfwv wkh suhvhqfh lq rxu gdwd ri revhuydwlrqv zklfk fruuhvsrqg
wr shulrgv ri wxuprlo1 E| xvlqj whvwv ri qrupdolw| dqg khwhurvfhgdvwlflw| ri
uhvlgxdov dv d jxlglqj fulwhulrq/ lw lv wkhq srvvleoh wr uh0vshfli| E�� dv =
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zkhuh wkh yhfwruv ri gxpplhv _�c| duh lghqwl�hg lq rughu wr �owhu qrq0
qrupdolw| rxw ri wkh ruljlqdo uhvlgxdov1 Wkh frh!flhqwv lq wkh pdwul{ [
doorz wkh uhprydo ri rxwolhuv1

Rq wkh edvlv ri wklv vshfl�fdwlrq zh surfhhg wr frlqwhjudwlrq dqdo|vlv dqg
uhsdudphwhulvh rxu v|vwhp dv iroorzv=
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zkhuh wkh pdwul{ � ghvfulehv wkh orqj0uxq surshuwlhv ri rxu v|vwhp1 Zh
hpslulfdoo| �qg/ wzr htxloleulxp uhodwlrqvklsv/ lq wklv fdvh wkh udqn ri � lv
wzr dqg zh kdyh � ' ���� E| dqdo|}lqj wkh dgmxvwphqw sdudphwhuv �czh duh
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deoh wr dwwulexwh wkh htxloleuld wr vkduh sulfhv1 E| dqdo|vlqj wkh � sdudphwhuv
zh duh deoh wr dgguhvv wkh lvvxh ri orqj0uxq lqwhughshqghqfh/ lq idfw zh fdq
whvw li iruhljq yduldeohv duh lpsruwdqw lq ghwhuplqlqj grphvwlf vkduh sulfhv
lq wkh orqj0uxq1 Lq sudfwlfh wkh iroorzlqj uhvwulfwlrqv rq wkh � dqg � yhfwruv
duh qrw uhmhfwhg iru rxu vdpsoh=
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Kdylqj frpsohwhg rxu dqdo|vlv ri wkh orqj0uxq surshuwlhv ri rxu v|vwhp
zh duh ohiw zlwk wkh iroorzlqj YHFP vshfl�fdwlrq iru XV dqg Hxurshdq vkduh
sulfhv1
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Qrwh wkdw wkh yduldeohv frqwdlqhg lq wkhj yhfwruv duh qrz/ ydolgo|/ frqvlghuhg
dv h{rjhqrxv> pruhryhu wkh yhfwru ri uhohydqw gxpplhv frqwdlqv rqo| wkrvh
iru wkh XV vkduh sulfhv E_�c| ' f�1 Lq idfw/ wklv wxuqv rxw wr eh wkh rqo|
hpslulfdoo| uhohydqw fdvh iru rxu lqyhvwljdwlrq1 Wkh phwkrgrorj| fdq eh
h{whqghg wr pruh jhqhudo vshfl�fdwlrqv iru wkh yhfwru ri gxpplhv +vhh/ iru
h{dpsoh/ Idyhur0Jldyd}}l+5333,,1

Wkh vlpxowdqhrxv suhvhqfh ri gxpplhv lq erwk htxdwlrqv lv qrw lqirupd0
wlyh rq wkh uhodwlyh lpsruwdqfh ri frqwdjlrq dqg lqwhughshqghqfh1 Wklv lvvxh
fdqqrw eh uhvroyhg e| hvwlpdwlqj d uhgxfhg irup dqg uhtxluhv wkh vshfl�fd0
wlrq ri d vwuxfwxudo prgho1 Wkh iroorzlqj vwuxfwxudo prgho doorzv iru erwk
frqwdjlrq dqg lqwhughshqghqfh=
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LqES� c zh dvvxphg wuldqjxodulw| lq wkh vlpxowdqrhrxv uhodwlrqvkls eh0
wzhhq XV dqg Hxurshdq Vwrfn sulfhv1 Qrwh wkdw vxfk dvvxpswlrq ehfrphv
whvwdeoh zkhq d vx!flhqw qxpehu ri uhvwulfwlrq fdq eh lpsrvhg rq K2� Wkh
suhvhqfh ri frqwdjlrq lv ghvfulehg e| @�2 9' fc ehfdxvh wklv lqglfdwhv wkdw
prghoolqj lqwhughshqghqfh e| h{solflwo| doorzlqj q�2 9' fc lv qrw hqrxjk wr
ghvfuleh wkh zd| vkrfnv duh wudqvplwwhg dfurvv frxqwulhv lq shulrgv ri wxu0
prlo1

Wkh qxoo ri qr frqwdjlrq fdq wkhq eh whvwhg dv dq ryhu0lghqwli|lqj uhvwulf0
wlrq iru rxu vshfl�fdwlrq1 Wkh k|srwkhvlv ri lqwhughshqghqfh rqo| dqg qr
frqwdjlrq lv wkhq sdudphwul}hg dv Kf G @�2 ' f zklfk lpsolhv wkh iroorzlqj
ryhulghqwli|lqj uhvwulfwlrq=

��2 ' q�2@22

Xqghu Kf wxuprlo lq frxqwu| 5 sursdjdwhv wr frxqwu| 4 rqo| wkurxjk
lqwhughshqghqfh/ dv ghvfulehg e| q�21

Zlwklq wklv vlpsoh iudphzrun lw lv hdv| wr pdnh wzr uhodwhg srlqwv1 Iluvw/
vlpsoh fruuhodwlrqv duh wkh zurqj lqglfdwru wr ghwhfw frqwdjlrq1 Dv vkrzq e|
Uljrerq+4<<<, dqg e| Iruehv dqg Uljrerq+4<<;, d fkdqjh lq wkh +frqglwlrqdo
dqg xqfrqglwlrqdo, fruuhodwlrq ehwzhhq {u�.Lc| dqg {u�L7c| grhv rffxu
gxulqj d fulvlv/ txlwh lqghshqghqwo| ri *frqwdjlrq*1 Frqvlghu/ iru h{dpsoh/
frqglwlrqdo fruuhodwlrqv dqg gh�qh=
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wkh fruuhodwlrq ehwzhhq vwrfn pdunhwv1 Vhsdudwh qrz wkh vdpsoh lq �orz�
dqg �kljk� yrodwlolw| shulrgv/ dffruglqj wr wkh suhvhqfh ri gxpplhv1 Lq wkh
orz yrodwlolw| shulrgv zh kdyh
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zkloh lq wkh kljk yrodwlolw| shulrg=
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Qh{w frpsxwh 4,c dqg 4�c wkh frqglwlrqdo fruuhodwlrqv/ uhvshfwlyho|/ lq wkh
kljk dqg orz yrodwlolw| shulrgv1 Lw fdq eh vkrzq wkdw hyhq xqghu wkh qxoo ri
qr frqwdjlrq zh kdyh 4� : 4,� Lq wklv fdvhE@�2 ' f� zh kdyh

4, '
q�2j

2
"2

2

t�
q2�2j

2
"2 n j2"�

�
j2"2

'
�

2

t
� n

j2
�

q2
�2
j2
"2

4� '
q�2j

2
"2 E� n @22_2|�

2

2

t�
q2�2j

2
"2 E� n @22_2|�

2 n j2"�
�
j2"2 E� n @22_2|�

2

'
�

2

u
� n

j2
"�

q2
�2
j2
"2
E�n@22_2|�

2

dqg 4� : 4,�
Vhfrqg/ zh fdq frpsduh rxu vwuxfwxudo iudphzrun zlwk wkh lqvwuxphqwdo

yduldeohv phwkrg sursrvhg e| Uljrerq+5333, wr hvwlpdwh q�2 dqg frqwuro iru
lqwhughshqghqfh lq rughu wr ghwhfw frqwdjlrq1 Wkh phwkrgrorj| klqjhv rq
vsolwwlqj wkh vdpsoh lqwr kljk dqg orz yrodwlolw| shulrgv1 Dq lqvwuxphqw lv
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wkhq frqvwuxfwhg zkrvh ydolglw| lv zduudqwhg xqghu wkh qxoo ri qr frqwdjlrq/
wkhq whvw ri ydolglw| ri lqvwuxphqwv duh xvhg dv whvw ri frqwdjlrq1 Wr looxv0
wudwh wklv surfhgxuh lq rxu frqwh{w/ frqvlghu vsolwwlqj wkh revhuydwlrqv rq wkh
ghshqghqw yduldeohv lqwr kljk dqg orz yrodwlolw| shulrgv dv iroorzv=
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Uljrerq frqvlghuv wkh sureohp ri hvwlpdwlqj q�2 xvlqj� dv dq lqvwuxphqw
iru {w�L7c vxfk wkdw
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zkhuh A �/ iru � ' �c ,/ lv wkh ohqjwk ri wkh kljk ru orz yrodwlolw| shulrg1
Xvlqj� dv dq lqvwuxphqw iru{w�L7 ohdgv wr wkh iroorzlqj mxvw0lghqwl�hg

LY hvwlpdwru ri wkh lqwhughshqghqfh sdudphwhu=
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Wkh wzr xvxdo frqglwlrqv iru ydolglw| dqg frqvlvwhqf| ri wkh LY hvwlpdwru
duh fkhfnhg e| orrnlqj dw wkh suredelolw| olplwv ri E��{w�L7� dqg E���W�� c
zkhuh �W� ' �� n @�2_2|�2
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Wkh ydolglw| ri wkh lqvwuxphqwv lv jxdudqwhhg xqghu Kf E@�2 ' f� c zkloh
wkhlu h!flhqf| ghshqgv rq wkh ghjuhh ri khwhurvfhgdvwlflw| ehwzhhq wkh orz
dqg kljk yrodwlolw| shulrgv +vhh Uljrerq +5333,,1 Wkh ehdxw| ri wklv ds0
surdfk ghshqgv rq wkh idfw wkdw lw grhv qrw uhtxluh yduldeohv rwkhu wkdq
{w�L7 wr lpsohphqw wkh LY hvwlpdwru1 Zlwklq wklv iudphzrun/ frqwdjlrq
fdq eh whvwhg dsso|lqj d Kdxvpdq+4<:;,0w|sh whvw iru wkh ydolglw| ri wkh lq0
vwuxphqwv1 Zh frqfoxgh iru wkh fdvh ri wkh vshfl�f sureohp frqvlghughg rxu
sursrvhg surfhgxuh lv htxlydohqw wr wkh LY dssurdfk/ iru odujh kljk yrodwlo0
lw| vdpsoh1 Wkh surfhgxuh edvhg rq wkh hvwlpdwlrq ri wkh vwuxfwxudo prgho
zlwk gxpplhv lv ehwwhu jhduhg wr ghdo zlwk fdvhv ri vkruw/ dqg srvvleoh qrq0
frqwljxrxv kljk yrodwlolw| hslvrghv/ lq wkdw wkh uhohydqw vdpsoh vl}h wr dsso|
dv|pswrwlf wkhru| lv wkdw ri wkh zkroh vdpsoh dqg qrw ri wkh kljk yrodwlolw|
vxe0vdpsoh+v,1 Lq wkh qh{w vhfwlrqv zh vkdoo lpsohphqw rxu surfhgxuh dqg
frpsduh rxu uhvxowv zlwk wkrvh gholyhuhg e| wkh LY dssurdfk1

6 D vwdwlvwlfdo prgho iru Hxurshdq dqg XV

vkduh sulfhv/ hduqlqjv dqg orqj0whup lqwhu0

hvw udwhv

Wkh edvholqh ri rxu hpslulfdo dqdo|vlv lv d uhgxfhg irup YDU 1 Zh vhohfw ydul0
deohv wr eh lqfoxghg lq vxfk prgho iroorzlqj wkh ohdg ri wudglwlrqdo dqdo|vlv
+Judkdp dqg Grgg Vhfxulw| Dqdo|vlv/ 7wk hglwlrq/ 4<95/ s1843,=

�111Wkhruhwlfdo dqdo|vlv vxjjhvwv wkdw erwk wkh glylghqg |lhog

dqg wkh hduqlqjv |lhog rq frpprq vwrfnv vkrxog eh vwurqjo| di0

ihfwhg e| fkdqjhv lq wkh orqj0whup lqwhuhvw udwhv1 Lw lv dvvxphg
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wkdw pdq| lqyhvwruv duh frqvwdqwo| pdnlqj d fkrlfh ehwzhhq vwrfn

dqg erqg sxufkdvhv> dv wkh |lhog rq erqgv dgydqfhv/ wkh| zrxog

eh h{shfwhg wr ghpdqg d fruuhvsrqglqjo| kljkhu uhwxuq rq vwrfnv/

dqg frqyhuvho| dv erqg |lhogv ghfolqh111�

Wkh deryh vwdwhphqw vxjjhvwv wkdw hlwkhu wkh glylghqg |lhog ru wkh hduq0
lqjv |lhog rq frpprq vwrfnv frxog eh xvhg1 Wrjhwkhu zlwk orqj0whup lqwhuhvw
udwhv wr gh�qh dq htxloleulxp uhodwlrqvkls ehwzhhq wkh vwrfn dqg wkh erqg
pdunhw1 Wklv jhqhudo vwdwhphqw fdq eh mxvwl�hg zlwklq wkh iudphzrun ri d
iruzdug0orrnlqj htxloleulxp prghov iru vkduh0sulfhv1

Gh�qh uhwxuqv rq wkh vwrfn pdunhwv dv iroorzv=
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zkhuh or6 duh vwrfn pdunhw uhwxuqv/ ( duh glylghqgv dqg � duh vkduh sulfh1
E| h{suhvvlqj EH� lq whupv ri sulfhv/ zh kdyh=
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e| uhfxuvlyho| vxevwlwxwlqj iru ixwxuh h{shfwhg sulfh dqg e| lpsrvlqj wkh
�qr0exeeohv� wudqvyhuvdolw| frqglwlrq rq Eb�zh kdyh=
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E| gh�qlqj dv }| wkh udwh ri jurzwk ri glylghqgv zh fdq uh0zulwh E�f�dv
iroorzv=
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Gh�qh qrz wkh ulvn0suhplxp oR=

or6| ' o| n oR|

zkhuh o lv wkh uhwxuq rq wkh ulvn0iuhh dvvhw1E�f� fdq wkhq eh uh0zulwwhq dv
=
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zkhuh Ys

Yo
	 fc Ys

YoR
	 fYs

Y}
: f�Li wkh orqj0whup lqwhuhvw udwh lv srvlwlyho|

fruuhodwhg zlwk ixwxuh rqh0shulrg uhwxuqv+zklfk lq wxuq duh htxdo wr wkh vdih
rqh0shulrg uhwxuq soxv d ulvn suhplxp, dqg qhjdwlyho| fruuhodwhg zlwk ixwxuh
hduqlqjv jurzwk/ wkhq E�2� fdq eh olqhdul}hg wr gholyhu=
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zklfk mxvwl�hv wkh h{lvwhqfh ri dq htxloleulxp uhodwlrq ehwzhhq wkh gly0
lghqg |lhogv dqg orqj0whup lqwhuhvw udwhv1 Qrwh wkdw vxfk uhodwlrq lpsolhv
frlqwhjudwlrq ehwzhhq wkh orqj0whup lqwhuhvw udwhv dqg wkh glylghqg |lhogv/ li
wkhvh vhulhv duh qrq0vwdwlrqdu|/ exw lv qrw |hw hqrxjk wr hvwdeolvk vwrfn pdu0
nhw suhglfwdelolw|1 Lq idfw wkh odwwhu lv dfklhyhg rqo| zkhq vwrfn sulfhv udwkhu
wkhq glylghqgv ru orqj0whup lqwhuhvw udwhv dgmxvw lq suhvhqfh ri glvhtxloleuld1

Kdylqj ghulyhg dq htxloleulxp iru wkh glylghqg |lhog/ zh fdq hdvlo| h{whqg
lw wr sulfh0hduqlqjv=
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Frqvlghulqj wkdw wkh glylghqg0sd|rxw udwlr vkrxog eh d vwdwlrqdu| ydul0
deohv wkh vdph frlqwhjudwlqj uhodwlrqvkls xs wr d vfdoh idfwru vkrxog krog
ehwzhhq orqj0whup lqwhuhvw udwhv dqg glylghqg |lhogv dqg orqj0whup lqwhuhvw
udwhv dqg hduqlqj0|lhogv1 Krzhyhu/ wkh h{lvwhqfh ri wkh vdph frlqwhjudwlqj
uhodwlrqvkls grhv qrw suhyhqw wkh sd|rxw udwlr iurp ehlqj dq lpsruwdqw idf0
wru lq ghwhuplqlqj wkh vkruw uxq g|qdplfv ri vwrfn pdunhw sulfhv1 Lq idfw/
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Odprqw +4<<;, dujxhv wkdw wkh sd|0rxw udwlr khosv wr suhglfw vwrfn sulfh
 xfwxdwlrqv1

Vrph judsklfdo hylghqfh rq wkh ydolglw| ri wkh Judkdp0Grgg sursrvlwlrq
iru d vdpsoh ri prqwko| gdwd ryhu wkh shulrg 4<;304<<< lv uhsruwhg lq Iljxuhv
405

Lqvhuw Iljxuh 405 khuh

Wkh wlph0vhulhv ehkdylrxu ri wkh uhsruwhg yduldeohv vhhpv wr eh lq olqh
zlwk wkh lqwxlwlrq wkdw wkh| vkduh d frpprq vwrfkdvwlf wuhqg erwk iru wkh XV
dqg wkh Hxurshdq fdvh1 Uhfhqw vwxglhv +Odqghu hw do1+4<<:,, kdyh fkrvhq wr
frqvwuxfw dq htxloleulxp e| frqfhqwudwlqj rq orqj0whup lqwhuhvw udwhv dqg wkh
hduqlqj0sulfh udwlr1 Dv d pdwwhu ri idfw wkh orqj0whup lqwhuhvw udwh ihdwxuhv/
ryhu rxu vdpsoh/ d pxfk vwurqjhu fr0pryhphqw zlwk sulfh0hduqlqj udwlrv wkdq
wkh vkruw0whup lqwhuhvw udwh1 Vxfk hylghqfh fdq eh udwlrqdol}hg e| frqvlghulqj
wkdw wkh orqj0whup lqwhuhvw udwhv frqwdlqv dq hohphqw ri ulvn suhplxp zklfk
lv devhqw irup wkh vkruw0whup lqwhuhvw udwh1 Vwxglhv frqfhqwudwlqj rq wkh
uhodwlrqvkls ehwzhhq wkh vkruw0whup lqwhuhvw udwhv dqg glylghqg ru hduqlqj
|lhogv kdyh irxqg hpslulfdo hylghqfh iru d vl}hdeoh dqg vwurqjo| shuvlvwhqw ulvn
suhplxp +vhh Eodqfkdug+4<;6, dqg Zdgkzdql+4<<;,, zklfk fdxvhv d udwkhu
zhdn orqj0uxq uhodwlrqvklsv dprqj wkhvh yduldeohv1 Rxu fkrlfh �qgv vrph
hpslulfdo vxssruw lq wkh fruuhodwlrq ehwzhhq wkh vsuhdg ri orqj0whup lqwhuhvw
udwhv rq vkruw whup lqwhuhvw udwhv dqg hpslulfdo phvxuhv ri ulvn suhplxp
edvhg rq wkh glylghqg prghov1 Zdgzkdql ghulyhv d phdvxuh ri ulvn suhplxp
e| vroylqj E���dw wkh vwhdg| vwdwh1 Dw wkh vwhdg| vwdwh zh kdyh
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zkhuh oo lv wkh uhdo vkruw0whup lqwhuhvw udwh dqg oR lv wk ulvn suhplxp uh0
txluhg wr krog vkduhv1 IrupxodE�e�lv xvhg wr dvvhvv wkh ohyho ri ulvn0suhplxp
lpsolhg lq wkh revhuyhg glylghqg |lhogv e| dvvxplqj d vwhdg|0vwdwh jurzwk iru
hduqlqjv +vd| wkh uhdo srwhqwldo udwh ri jurzwk ri wkh hfrqrp|/ 518 shu fhqw lq
wkh fdvh ri wkh XV,/ dqg soxjjlqj lq wkh uhdo h{0srvw vkruw whup lqwhuhvw udwh
dqg wkh revhuyhg glylghqg0|lhogv1 Lq Iljxuh 607 zh uhsruw wkh wlph0vhulhv eh0
kdylrxu ri oR dqg wkh whup vsuhdg ehwzhhq wkh |lhog rq whq0|hdu jryhuqphqw
erqgv dqg wkh wkuhh0prqwk lqwhuhvw udwh iru wkh XV dqg hxurshdq fdvhv1

Lqvhuw Iljxuhv 607 khuh

Zh wkhuhiruh frqfhqwudwh rq orqj0whup lqwhuhvw udwhv dqg zh fkrrvh wr
orrn dw orqj0whup lqwhuhvw udwhv dqg wkh hduqlqj0sulfh udwlr/ iroorzlqj Odqghu
hw do1+4<<:,/ dv/ ryhu rxu vdpsoh/ wkh orqj whup lqwhuhvw udwhv duh vwdwlvwlfdoo|
pruh forvho| uhodwhg wr sulfh2hduqlqj udwlrv wkdq wr glylghqg2|lhogv1

Zh wdnh wkh iroorzlqj YDU vshfl�fdwlrq dv rxu edvholqh vwdwlvwlfdo prgho=
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zkhuh u�L7 dqg u�.L duh wkh orjv ri wkh vkduh sulfh lqgh{hv iru wkh XV
dqg iru Hxursh/ u.L7 dqg u..L duh wkh orjv ri L2E2H2V dqdo|vwv iruhfdvwv ri
hduqlqjv iru wkh XV dqg Hxursh/ -L7 dqg -Ceo duh wkh |lhogv wr pdwxulw| iru
XV dqg Jhupdq whq0|hdu ehqfkpdun erqgv1 Doo wkh gdwd duh dw prqwko| iuh0
txhqflhv +hqg ri shulrg revhuydwlrqv, dqg duh wdnhq iurp GDWDVWUHDP1
Wkh YDU lv hvwlpdwhg ryhu wkh vdpsoh 4<;3=80 4<<<=</ dv gdwd rq ehqfk0
pdun erqgv duh dydlodeoh rqo| iurp wkh ehjlqqlqj ri wkh hljkwlhv rqzdugv1
Wkh fkrlfh ri ohqjwk ri wkh glvwulexwhg odj kdv ehhq edvhg rq wkh wudglwlrqdo
olnholkrrg edvhg fulwhuld1 Lw lv lqwhuhvwlqj wr qrwh wkdw/ zkhq uhvlgxdov duh dq0
do|}hg e| xvlqj wkh gldjqrvwlf whvwv iru qrupdolw|/ khwhurvfhgdvwlflw| dqg dx0
wrfruuhodwlrq sursrvhg e| wkh OVH phwkrgrorj| +vhh Khqgu| 4<<8,/ d vwurqj
hylghqfh iru qrq0qrupdolw| hphujhv1 Zh uhsruw lq Wdeoh 4 whvwv iru wkh qxoo
ri qrupdolw| ri uhvlgxdov dw wkh vlqjoh htxdwlrq ohyho dqg dw wkh v|vwhp ohyho
sursrvhg e| Grruqln dqg Kdqvhq+4<<7 , dqg dxwrpdwlfdoo| lpsohphqwhg lq
wkh sdfndjh SF0ILPO +vhh Grruqln dqg Khqgu|+4<<:,,1
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Wdeoh 4= Whvwlqj uhvlgxdov qrupdolw| lq wkh YDU v|vwhp

u�L7c| u.L7c| -L7c| u�.Lc|1
�22 ' �b�2eWW �22 ' bb�fDWW �22 ' f�SH �22 ' 2�He

u..Lc| -.Lc| 7+r|e6
�22 ' �.�b�WW �22 ' 2S�DWW �2�2 ' 2e.�.2WW

Wkh qxoo ri qrupdolw| lv uhmhfwhg dw wkh rqh shu fhqw frq�ghqfh ohyho iru
doo wkh htxdwlrqv lq wkh v|vwhp h{fhsw wkrvh iru wkh XV |lhog rq ehqfkpdun
erqgv dqg wkh Hxurshdq vkduh sulfh lqgh{1 Dv d frqvhtxhqfh wkh qxoo ri
qrupdolw| ri wkh glvwulexwlrq ri wkh yhfwru ri YDU uhvlgxdov lv dovr vwurqjo|
uhmhfwhg1 Wkhvh gldjqrvwlf whvwv/ zklfk duh lq jhqhudo lpsruwdqw wr ghwhfw plv0
vshfl�fdwlrq dqg wr hqvxuh ydolglw| ri lqihuhqfh/ wdnh dgglwlrqdo lpsruwdqfh
lq wkh frqwh{w ri rxu lqwhuhvw1 Lq idfw/ qrq0qrupdolw| lv srvvleo| ghwhuplqhg
e| wkh suhvhqfh ri rxwolhuv/ fdswxulqj wkh rffxuuhqfhv ri wkrvh shulrgv ri
wxuprlov fuxfldo iru wkh ghwhfwlrq ri frqwdjlrq1 Wr hqvxuh frqjuxhqf| ri rxu
vwdwlvwlfdo prgho dqg wr eh deoh wr h{sorlw wkh lqirupdwlrq frqwdlqhg lq wkh
shulrg ri wxuprlov zh surfhhg wr lqfoxgh lq rxu vshfl�fdwlrq d qxpehu ri
srlqw gxpplhv1 Pruh suhflvho|/ zh xvh dq dxwrpdwlf fulwhuld dqg frqvwuxfw
d vwhs gxpp| +wdnlqj d ydoxh 4 iru wkh uhohydqw revhuydwlrq dqg }hur hy0
hu|zkhuh hovh, iru hdfk hvwlpdwhg uhvlgxdo pruh glvwdqw iurp }hur wkdq 518
wlphv wkh vwdqgdug ghyldwlrq ri hvwlpdwhg uhvlgxdov1 Zh uhsruw lq Wdeoh 5
wkh vljql�fdqfh ri wkh vhohfwhg gxpplhv lq hdfk htxdwlrq dqg wkhlu lpsdfw
rq qrupdolw| ri uhvlgxdov
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Wdeoh 5= Uhprylqj rxwolhuv iurp wkh YDU v|vwhp
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Vwdqgdug huuruv duh uhsruwhg zlwklq eudfnhwv

Zh qrwh wkdw wkh lqwurgxfwlrq ri gxpplhv uhpryhv qrq0qrupdolw| iurp
doo wkh htxdwlrqv zlwk wkh rqo| h{fhswlrq ri wkdw iru XV hduqlqjv/ zklfk lq
wxuq fdxvhv hqwluho| v|vwhp qrq0qrupdolw|1 Dv vxfk qrq0qrupdolw| lv qrw dw0
wulexwdeoh wr vshfl�f odujh rxwolhuv exw wr d frqvlvwhqw qxpehu ri rxwolhuv ri
prghudwh glphqvlrq dqg lw grhv qrw kdyh dq| h�hfw rq wkh qrupdolw| ri uhvlg0
xdov iurp wkh htxdwlrq iru vkduh sulfhv/ zh gr qrw dgg dq| ixuwkhu gxpplhv1
Zh kdyh lghqwl�hg �yh shulrgv ri XV vwrfn pdunhw wxuprlov=lq 4<;:=43 dqg
4<<;=43 zh kdyh grzqzdug fruuhfwlrqv uhvshfwlyho| ri wzhqw|0wzr dqg wzhoyh
shu fhqw/ zkloh lq 4<;:=34/ 4<<4=45/ dqg 4<<;=43 zh kdyh xszdug pryhphqwv
ri wzhoyh/ hljkw dqg vhyhq shu fhqw1 Lqwhuhvwlqjo|/ grzqzdug vxgghq fru0
uhfwlrqv lq wkh XV pdunhw duh dozd|v sdluhg zlwk deqrupdo pryhphqwv lq
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wkh vdph gluhfwlrq ri wkh Hxurshdq pdunhw/ zkloh/ lq wkh fdvh ri xszdug
pryhphqwv/ zh revhuyh d v|qfkurqrxv uhvsrqvh rqo| lq 4<<;=431 Qrwh wkdw
wklv hylghqfh/ frplqj iurp d uhgxfhg irup/ fdqqrw eh ghflvlyh rq wkh lvvxh
ri frqwdjlrq yhuvxv lqwhughshqghqfh1 Lq idfw/ hylghqfh ri frqwdjlrq fdq eh
surylghg rqo| zlwklq vwuxfwxudo prghov prghoolqj vlpxowdqhrxv ihhgedfn1

Zh wkhq frqwuro iru rxwolhuv dqg frqvlghu wkh iroorzlqj YDU dv wkh edvh0
olqh vwdwlvwlfdo prgho iru rxu lqyhvwljdwlrq=
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zkhuh #N�1 lv d yhfwru ri gxpplhv frqwdlqlqj GXP;435/ GXP;439/
GXP;836/ GXP;:34/ GXP;:43/ GXP;;39/ GXP;<43/ GXP<335/ GXP<445/
GXP<534/ GXP<:34/ GXP<;3;/ GXP<;431 Wkh jhqhulf gxpp| GXPp0
p|| wdnhv ydoxh rqh lq prqwk pp ri |hdu || dqg }hur dq|zkhuh hovh1

7 Phdvxulqj orqj0uxq lqwhughshqghqfh ehwzhhq

XV dqg Hxurshdq vwrfn pdunhwv

Htxlsshg zlwk prgho E�S�/ zh dgguhvv wkh �uvw lvvxh ri rxu lqwhuhvw= orqj0uxq
lqwhughshqghqfh ehwzhhq XV dqg Hxurshdq vwrfn pdunhwv1

Iljxuh 4 dqg 5 vhhp wr vxssruw wkh hylghqfh wkdw wkhuh duh wzr htxloleulxp
uhodwlrqvklsv dprqj rxu yduldeohv/ rqh olqnlqj wkh XV orqj0whup lqwhuhvw udwhv
wr wkh XV sulfh2hduqlqj udwlr dqg wkh rwkhu rqh olqnlqj wkh Jhupdq orqj0
whup lqwhuhvw udwhv wr wkh Hxurshdq sulfh2hduqlqj udwlr1 Vxfk k|srwkhvlv
fdq eh sdudphwhul}hg lq rxu YDU xvlqj wkh Mrkdqvhq+4<<8, dssurdfk wr
frlqwhjudwlrq1 Uh0sdudphwhul}h E�S� dv iroorzv=
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zkhuh wkh pdwul{ � ghvfulehv wkh orqj0uxq surshuwlhv ri rxu v|vwhp1 Xq0
ghu wkh qxoo ri rxu lqwhuhvw wkhuh duh wzr htxloleuld uhodwlrqvklsv/ wkhuhiruh
wkh udqn ri � lv wzr1 Lq wklv fdvh zh kdyh
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zkhuh wkh sdudphwhuv lq �� ghwhuplqh wkh htxloleulxp uhodwlrqvklsv/ rq zklfk
wkh Judkdp0Grgg wkhru| lpsrvhv ixuwkhu uhvwulfwlrqv1 Lq idfw/ xqghu vxfk
wkhru| wkh q pdwul{ wdnhv wkh iroorzlqj irup=
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Wkh �uvw frh!flhqw lq hdfk frlqwhjudwlqj yhfwru fdswxuhv wkh ydoxh ri wkh
frqvwdqw/ zklfk zh kdyh uhvwulfwhg wr ehorqj wr wkh frlqwhjudwlqj vsdfh41
Mrkdqvhq +4<<8, vkrzv krz vxfk uhvwulfwlrqv ryhu0lghqwli| wkh frlqwhjudwlqj
vsdfh dqg wkhuhiruh wkh| duh dovr whvwdeoh1

Lq Wdeoh 6 zh surylgh wkh vhtxhqfh ri hvwlpdwhg hljhqydoxhv ri wkh orqj0
uxq pdwul{ dorqj zlwk wkh whvw iru wkh udqn ri � edvhg rq wkh wudfh0vwdwlvwlf
lpsohphqwhg lq SF0ILPO +vhh/ Grruqln dqg Khqgu|+4<<:,1

Wdeoh 6= Dqdo|vlv ri wkh � pdwul{ lq wkh YDU prgho

Hljhqydoxh Kf G o@?& ' o Wudfh <8(
314; R ' f 4561<-- 43514
3144 R � � ::1<- :914
313:; R � 2 8415 8614
31399 R � � 65137 671<
31375 R � e 4915 5313
31358 R � D 9136 <15

Wkh k|srwkhvlv ri dw prvw rqh frlqwhjudwlqj yhfwru lv uhmhfwhg dw wkh <8
shu fhqw vwdwlvwlfdo ohyho zkloh wkh k|srwkhvlv ri dw prvw wzr frlqwhjudwlqj
yhfwruv lv qrw uhmhfwhg dw wkh <8 shu fhqw vwdwlvwlfdo ohyho1 Zh frqvlghu wklv
hylghqfh lq olqh zlwk wkh k|srwkhvlv ri wzr htxloleuld iru wkh XV dqg Hxurshdq
pdunhw dqg surfhhg wr wkh whvw ri wkh ryhulghqwli|lqj uhvwulfwlrqv lpsolflw lq
wkh Judkdp0Grgg k|srwkhvlv1

Wkh uhvwulfwhg frlqwhjudwlrq dqdo|vlv gholyhuv wkh iroorzlqj hvwlpdwhv +zlwk
vwdqgdug huuruv zlwklq eudfnhwv, iru wkh sdudphwhuv lq wkh k dqg q pdwulfhv

4Jlyhq wkh qdwxuh ri rxu wlph vhulhv zh kdyh rswhg iru rplwwlqj ghwhuplqlvwlf wuhqgv
iurp rxu YDU

53



� ' kq� '

3
EEEEEEEEEEEEC

�f�f2S
Ef�ffDS�

�f�f�.
Ef�f�S�

�f�ff�D
Ef�ff2�

f�f��
Ef�ffS�

f�f�2
Ef�fSD�

�f�2H
Ef��b�

�f�f2�
Ef�ffS�

�f�f2S
Ef�f2�

�f�ffS
Ef�ffS�

f�f�b
Ef�f2�

f�ffS.
Ef�f�.�

�f��f
Ef��f�

4
FFFFFFFFFFFFD

3
C �D���

Ef��D�
� �� f�2f

Ef�f�D�
f f f

���D�
Ef�2��

f f f � �� f��D
Ef�f2S�

4
D

Wkh olnholkrrg udwlr whvw ri ryhulghqwli|lqj/ glvwulexwhg dv d �2Sc wdnhv d
ydoxh ri 4817;1 Rq wkh edvlv ri wkh revhuyhg vwdwlvwlf wkh qxoo lv qrw uhmhfwhg
dw wkh rqh shu fhqw ohyho/ vxfk ohyho udlvhv deryh wkh �yh shu fhqw zkhq d
vpdoo vdpsoh fruuhfwlrq lv dssolhg1 Rq wkh edvlv ri wklv hylghqfh zh fdq0
qrw uhmhfw wkh qxoo ri qr orqj0uxq lqwhughshqghqfh ehwzhhq wkh XV dqg wkh
Hxurshdq vwrfn pdunhwv1 Qrwh wkdw wkh hvwlpdwhv ri wkh dgmxvwphqw sdudp0
hwhuv lq k jlyh vxssruw wr wkh k|srwkhvlv wkdw/ lq suhvhqfh ri glvhtxloleuld/
wkh dgmxvwphqw rffxuv rq vkduh sulfhv1 Lq idfw/ wkh rqo| vljql�fdqw zhljkwv
rq wkh frlqwhjudwlqj yhfwruv duh wkrvh lq wkh htxdwlrqv iru vkduh sulfhv1 Lq0
whuhvwlqjo| vkduh sulfhv lq Hxursh dqg wkh XV vhhp wr uhdfw erwk wr rzq
dqg iruhljq glvhtxloleuld/ krzhyhu wklv lv d vkruw0uxq skhqrphqrq dqg zh
vkdoo uh0frqvlghu wklv lvvxh zkhq glvfxvvlqj vkruw0uxq lqwhughshqghqfh1 Zh
frqfoxgh wklv vhfwlrq e| uhsruwlqj lq Iljxuh 6 glvhtxloleuld iru wkh XV dqg
Hxurshdq pdunhwv

Lqvhuw Iljxuh 8 khuh

Wkh dqdo|vlv ri wkh wlph0vhulhv ehkdylrxu ri glvhtxloleuld vkrzv wkdw lq
4<<< wkh XV vwrfn pdunhw sulfhv h{fhhgv wkhlu htxloleulxp ydoxhv e| derxw
wzhqw| shu fhqw/ vxfk ryhuydoxdwlrq lv frpsdudeoh zlwk wkdw revhuyhg ehiruh
wkh 4<;: fudvk1

Zh dovr qrwh wkdw wkhuh lv qr forvh uhodwlrqvkls dprqj glvhtxloleuld/ lq
idfw wkh| duh plogo| srvlwlyho| fruuhodwhg/ zlwk d fruuhodwlrq frh!flhqw ri
31561
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8 Phdvxulqj vkruw0uxq lqwhughshqghqfh dqg

frqwdjlrq ehwzhhq XV dqg Hxurshdq vwrfn

pdunhwv

Wr prgho vkruw0uxq lqwhughshqghqfh dqg dvvhvv frqwdjlrq zh qhhg d vwuxf0
wxuh1 Zh exlog lw vwduwlqj iurp vlpsoli|lqj wkh edvholqh vwdwlvwlfdo prgho lqwr
d elyduldwh Yhfwru Huuru Fruuhfwlrq prgho iru XV dqg Hxurshdq vkduh sulfhv/
zkhuh orqj0whup lqwhuhvw udwhv dqg hduqlqjv duh wdnhq dv h{rjhqrxv =
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Wkh vshfl�fdwlrq ri E�H� lv edvhg rq wkh uhvxowv ri rxu frlqwhjudwlrq dqdo0
|vlv1 Lq idfw zh kdyh xvhg hvwlpdwhg frlqwhjudwlqj sdudphwhuv wr gh�qh htxl0
oleuld/ dqg zh kdyh xvhg wkh vwdwlvwlfdo uhvxowv rq wkh zhljkwv lq wkh pdwul{
k wr dwwulexwh h{rjhqhlw| vwdwxv wr orqj0whup lqwhuhvw udwhv dqg hduqlqjv1
Rxu orqj0uxq dqdo|vlv vkrzv wkdw rqo| vkduh sulfhv dgmxvwv vljql�fdqwo| lq
suhvhqfh ri glvhtxloleulxp/ Mrkdqvhq+4<<8, looxvwudwhv krz wklv uhvxow fdq eh
frqvlghuhg lq rxu fdvh dv hylghqfh ri h{rjhqhlw| ri orqj0whup lqwhuhvw udwhv
dqg hduqlqjv iru wkh hvwlpdwlrq ri sdudphwhuv ri lqwhuhvw lq d prgho iru
vkduh sulfhv1 Ilqdoo| zh kdyh nhsw lq wkh vshfl�fdwlrq rqo| wkrvh gxpplhv
qhfhvvdu| wr uhpryh rxwolhuv lq wkh ghshqghqw yduldeohv1 Gldjqrvwlf whvwv5/
uhsruwhg lq Wdeoh 7/ vkrz wkdw wkh qxoo ri devhqfh ri uhvlgxdov fruuhodwlrq/
krprvfhgdvwlflw| dqg qrupdolw| fdqqrw eh uhmhfwhg iru E�H� �

5Doo wkh whvwv kdyh shuiruphg dw v|vwhp ohyho xvlqj SF0ILPO/ iru d ghwdlohg ghvfulswlrq
vhh Grruqln0Khqgu|+4<<:,
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Wdeoh 7= Whvwlqj frqjuxhqf| ri E�H�

Qrupdolw| Dxwrfruuhodwlrq 40: Rprvfhgdvwlflw|
�2e ' ��2�Ef�D2� 8 E2Hc �.H� ' ��2Ef�22� 8 E�DSc ee.� ' f�e�Ef�S.�

Rq wkh edvlv ri wklv uhgxfhg irup/ zh surfhhg wr hvwlpdwh wzr vwuxfwxuhv1
D pruh jhqhudo vwuxfwxuh doorzv iru erwk vkruw0uxq lqwhughshqghqfh dqg frq0
wdjlrq/ zkloh d pruh uhvwulfwlyh rqh lv frqvlvwhqw zlwk wkh k|srwkhvlv ri �rqo|
lqwhughshqghqfh/ qr frqwdjlrq�1 Erwk vwuxfwxuhv lpsrvh vrph whvwdeoh ryhu0
lghqwli|lqj uhvwulfwlrqv rq rxu uhgxfhg irup dqg zh fdq wkhuhiruh xvh wkh
rxwfrph ri wkh whvwv wr glvfulplqdwh ehwzhhq wkh fdvhv ri lqwhuhvw1 Wkh hv0
wlpdwhg vwuxfwxudo prghov duh uhsruwhg lq Wdeoh 8091E�b� � E2f� uhsruwhg lq
Wdeoh 8 lv frqvlvwhqw zlwk wkh k|srwkhvlv ri wkh h{lvwhqfh ri frqwdjlrq ehwzhhq
wkh XV dqg Hxurshdq vwrfn pdunhwv1 Lq idfw lq wkh fdvh ri lqwhughshqghqfh
rqo|/ zkhq d vlpxowdqhrxv ihhgedfn lv doorzhg iurp XV wr Hxurshdq vwrfn
pdunhwv/ wkh gxpplhv fdswxulqj wxuprlo shulrgv lq wkh XV pdunhw vkrxog
qrw hqwhu vljql�fdqwo| wkh htxdwlrq iru Hxurshdq vwrfn sulfhv1 Zh revhuyh
wkdw qrw rqo| vxfk gxpplhv hqwhu vljql�fdqwo| exw dovr wkdw wkhlu lqfoxvlrq
uhqghuv wkh vlpxowdqhrxv ihhgedfn ehwzhhq Hxurshdq dqg XV vwrfn pdunhwv
qrw vljql�fdqwo| gl�huhqw iurp }hur1 Lpsruwdqwo|/ wkh prgho lv vxssruwhg e|
wkh gdwd lq wkdw wkh whvwv iru wkh ydolglw| ri wkh wkluw|0vhyhq ryhu0lghqwli|lqj
uhvwulfwlrqv lpsrvhg e| E�b� � E2f� rq wkh jhqhudo uhgxfhg irup E�H� grhv
qrw ohdg wr wkh uhmhfwlrq ri wkh qxoo k|srwkhvlv ri lqwhuhvw1

Lw lv lqwhuhvwlqj wr hvwlpdwh/ ryhu wkh vdph vdpsoh dqg zlwk wkh vdph
phwkrg/ wkh vwuxfwxuh lpsolflw lq wkh k|srwkhvlv ri qr frqwdjlrq rqo| lq0
whughshqghqfh1 Wkh uhvxowv iurp hvwlpdwlrq duh uhsruwhg lq Wdeoh 91 Wkh
ydolglw| ri ryhu0lghqwli|lqj uhvwulfwlrqv lv qrz uhmhfwhg/ frqvlvwhqwo| wkh whvw
sursrvhg lq wkh suhylrxv vhfwlrqv uhmhfwv wkh qxoo ri qr frqwdjlrq dw wkh rqh
shu fhqw ohyho1 Dv zh kdyh irxu gxpplhv rxu whvw iru wkh qxoo ri qr0frqwdjlrq
lv glvwulexwhg dv d �2e� Lqwhuhvwlqjo|/ dv d frqvhtxhqfh ri wkh rplvvlrq ri gxp0
plhv/ wkh vljql�fdqfh ri wkh vlpxowdqhrxv ihhgedfn lqfuhdvhv gudvwlfdoo| dqg
pljkw plvohdg wkh lqihuhqfh li wkh vshfl�f prgho E2�� � E22� lv hvwlpdwhg
zlwkrxw uhihuhqfh wr wkh jhqhudo prgho E�b�� E2f� �
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Wdeoh 8= Prghoolqj lqwhughshqghqfh dqg frqwdjlrq ehwzhhq XV dqg
Hxurshdq pdunhwv/

hvwlpdwlrq e| ILPO ryhu wkh vdpsoh 4<;3=804<<<=<=
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Wdeoh 9= Whvwlqj wkh qxoo ri qr frqwdjlrq lqwhughshqghqfh rqo| ehwzhhq
XV dqg Hxurshdq pdunhwv/

hvwlpdwlrq e| ILPO ryhu wkh vdpsoh 4<;3=804<<<=<=
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Wr doorz frpsdulvrq ri rxu uhvxowv zlwk wkh LY edvhg dssurdfk zh kdyh
fuhdwhg dq lqvwuxphqw �|czklfk lv htxdo wr �{u�L7c|*2ef iru doo revhuyd0
wlrqv lq rxu vdpsoh h{fhsw iru 4<;:=4/ 4<;:=43/ 4<<;=3;/ 4<<;=43/ zkhuh lw
lv htxdo wr {u�L7c|*e� Wkh vdpsoh fruuhodwlrq ehwzhhq {u�L7c| dqg �| lv
ri 3186� Zh kdyh wkhq surfhhghg wr whvw wkh ydolglw| ri vxfk lqvwuxphqw e|
lpsohphqwlqj dq Kdxvpdq+4<:;, whvw1 Wkh dxjphqwhg uhjuhvvlrq/ hvwlpdwhg
e| LY lv uhsruwhg lq Wdeoh :

Wdeoh : G Whvwlqj frqwdjlrq zlwk wkh LY dssurdfk
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dgglwlrqdo lqvwux4 hqwv G {-L7c|c{u.L7c|c (L�H.f�c (L�H.�fc(L�bHfHc(L�bH�f
	
�|duh wkh uhvlgxdov ri wkh uhjuhvvlrq ri {u�L7c|rq �|

+57,

Dv wkh frh!flhqw rq
	
�| lv vljql�fdqwo| gl�huhqw iurp }hur/ wkh qxoo ri qr0

frqwdjlrq lv uhmhfwhg dqg rxu uhvxowv duh frq�uphg e| wkh lpsohphqwdwlrq ri
wkh LY surfhgxuh1

9 Frqwdjlrq dqg wkh uhvsrqvh ri Hxurshdq

vwrfn pdunhw wr d fruuhfwlrq lq wkh XV1

Wkh uhvxowv uhsruwhg lq wkh suhylrxv vhfwlrq srlqw fohduo| wrzdug d qrq0olqhdu
prgho ri vkruw0uxq lqwhughshqghqfh ehwzhhq wkh wzr duhdv1 Lq idfw/ wkhuh
vhhpv wr eh d wkuhvkrog h�hfw lq wkh lpsdfw ri vkruw0uxq XV vwrfn pdunhw
 xfwxdwlrqv lq Hxursh= iru ydoxh ehorz 518 wlphv wkh vwdqgdug huuru ri wkh
htxdwlrq iru XV vwrfn sulfhv wkhuh lv d vpdoo dqg qrw vljql�fdqw lpsdfw rq
Hxurshdq vwrfn pdunhw> vxfk lpsdfw lqfuhdvhv gudvwlfdoo| zkhq  xfwxdwlrqv
duh kljkhu wkhq wkh wkuhvkrog1 Wkh vwdqgdug huuru ri rxu hvwlpdwhg htxdwlrq
iru XV vkduh sulfhv lpsolhv d ydoxh iru wkh wkuhvkrog ri dq hljkw shu fhqw
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prqwko|  xfwxdwlrq ri XV vkduh sulfhv1 Vxfk h�hfw/ zklfk gh�qhv frqwdjlrq/
lv suhflvho| phdvxuhg zlwklq d qrq0olqhdu prgho1 Wr looxvwudwh wkh srlqw
zh kdyh hvwlpdwhg ryhu wkh vdpsoh 4<;3=804<<<=</ e| Qrq0Olqhdu Wzr0Vwdjh
Ohdvw Vtxduhv6/ d vlpsoh qrq0olqhdu vshfl�fdwlrq iru Hxurshdq vwrfn pdunhw
 xfwxdwlrqv1 Wkh uhvxowv duh uhsruwhg lq Wdeoh ;=

Wdeoh ; G D qrq0olqhdu vshfl�fdwlrq iru wkh Hxurshdq vwrfn pdunhw
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e2|

Lqwhuhvwlqjo|/ sdudphwhuv fdswxulqj wkh qrq0olqhdu h�hfw ri XV vwrfn sulfh
 xfwxdwlrqv fdq eh uhvwulfwhg wr rqh zkhq vljql�fdqw/ pruhryhu wkh hylghqfh
lv xqhtxlyrfdo iru grzqzdug fruuhfwlrqv zkloh lw lv pl{hg iru xszdug pryh0
phqwv1 1 Wr looxvwudwh wkh lpsolfdwlrqv ri frqwdjlrq h�hfw zh xvh wkh qrq0
olqhdu vshfl�fdwlrq iru Hxursh wrjhwkhu zlwk wkh olqhdu prgho iru wkh XV wr
vlpxodwh wkh lpsdfw ri d wzhqw| irxu shu fhqw grzqzdug fruuhfwlrq lq XV
vwrfn pdunhw1 Zh vlpxodwh d qrq0olqhdu prgho zlwk d wkuhvkrog vhw dw hljkw
shu fhqw1 Prqwko|  xfwxdwlrqv ri wkh XV vwrfn pdunhw vpdoohu wkdq hljkw
shu fhqw kdyh d qxoo vlpxowdqhrxv lpsdfw rq wkh Hxurshdq pdunhw/ zkloh
vxfk lpsdfw lqfuhdvhv wr xqlw| iru  xfwxdwlrqv kljkhu wkdq hljkw shu fhqw1
Zh frqvlghu wzr vfhqdulrv= d vxgghq fruuhfwlrq ri 57 shu fhqw zlwklq d
prqwk/ dqg d judgxdo fruuhfwlrq/ zkhuh wkh vdph pryhphqw rffxuv lq irxu
prqwk1 Zh frpsxwh g|qdplf pxowlsolhuv e| vkrfnlqj wkh prgho lq 4<;5=;/ d
shulrg zkhuh wkh glvhtxloleulxp lq wkh XV vwrfn pdunhw zdv forvh wr wkh rqh
fxuuhqwo| revhuyhg/ dqg ohdylqj sdwkv iru doo h{rjhqrxv yduldeohv xqdowhuhg1
G|qdplf pxowlsolhuv7 dvvrfldwhg wr wkh wzr gl�huhqw vfhqdulrv/ uhsruwhg lq

6Rxu lqvwuxphqwv duh �OSHX>w�4>
�
OSHX>w�4 � OS �HX>w�4

�
>
�
OSXV>w�4 � OS �XV>w�4

�
>

�UXV>w>�UJhu>w> �OHXV>w> �OHHX>w> gxp;:34> gxp;:43> gxp<;3;> gxp<;43
7Vwdqgdug huuruv iru wkh g|qdplf pxowlsolhuv/ frpsxwhg rq vwrfkdvwlf vlpxodwlrqv duh

dydlodeoh xsrq uhtxhvw1 Wkh| vkrz wkdw wkh pxowlsolhu rq judgxdo dgmxvwphqw qhyhu gl�huv
vljql�fdqwo| iurp }hur/ zkloh wkh pxowlsolhu rq vxgghq dgmxvwphqw grhv qrw gl�hu vljqli0
lfdqwo| iurp rqh dw wkh lpsdfw dqg gl�huv vljql�fdqwo| iurp }hur iru wzr |hduv diwhu wkh
lpsdfw1
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Iljxuh 9/ vkrz fohduo| wkh lpsruwdqfh ri qrq0olqhdulw|1

Lqvhuw Iljxuh 9 khuh

D judgxdo fruuhfwlrq lq wkh XV kdv yluwxdoo| qr vkruw0uxq h�hfw lq Hxursh/
zkloh d vxgghq fruuhfwlrq kdv d rqh0wr0rqh lpsdfw rq wkh Hxurshdq pdunhw1
Lq wkh orqj0uxq doo h�hfwv ydqlvk kdv rxu prgho ihdwxuhv qr lqwhughshqghqfh1

: Frqfoxvlrqv

Lq wklv sdshu zh kdyh frqvlghuhg wkh olqndjhv ehwzhhq XV dqg Hxurshdq
vwrfn pdunhwv1 Zh kdyh dvvhvvhg wkh uhodwlyh lpsruwdqfh ri frqwdjlrq dqg
lqwhughshqghqfh zlwklq wkh iudphzrun ri dq h{solflw vwuxfwxudo prgho/ xvlqj
frlqwhjudwlrq dqdo|vlv wr vhsdudwh1 orqj0uxq htxloleuld iurp vkruw whup g|0
qdplfv1 Zh kdyh frqvwuxfwhg rxu orqj0uxq htxloleuld e| ghyhorslqj rq d zhoo0
nqrzq k|srwkhvlv sxw iruzdug e| Judkdp dqg Grgg/ dffruglqj wr zklfk wkh
hduqlqj0sulfh udwlr dqg wkh orqj0whup lqwhuhvw udwhv vkrxog eh frlqwhjudwhg1
Zh kdyh sdudphwhul}hg vxfk k|srwkhvlv lq d Yhfwru Huuru Fruuhfwlrq iudph0
zrun/ dqg irxqg hylghqfh lq idyru ri wkh Judkdp dqg Grgg k|srwkhvlv erwk
iru wkh XV dqg Hxurshdq pdunhwv1 Pruhryhu/ zlwklq vxfk iudphzrun zh
irxqg wkdw wkh k|srwkhvlv ri qr orqj0uxq lqwhughshqghqfh ehwzhhq wkh wzr
pdunhwv fdqqrw eh uhmhfwhg1 Lq wkh orqj0uxq erwk pdunhwv duh gulyhq e| gr0
phvwlf ixqgdphqwdov1 Zh kdyh wkhq xvhg rxu YHFP dv d edvholqh uhgxfhg
irup dqg frqvwuxfwhg d vwuxfwxudo prgho wr dvvhvv wkh uhodwlyh lpsruwdqfh ri
lqwhughshqghqfh dqg frqwdjlrq lq ghwhuplqlqj wkh vkruw0uxq g|qdplfv ri wkh
wzr pdunhwv1 Rxu vwuxfwxudo prgho vkrzv wkdw  xfwxdwlrqv lq wkh Hxurshdq
pdunhw kdyh qr lpsdfw ri wkh XV pdunhw/ zkloh wkh h�hfw ri  xfwxdwlrqv ri
XV vwrfn pdunhw rq wkh Hxurshdq vwrfn pdunhw lv fdswxuhg e| d qrq0olqhdu
vshfl�fdwlrq1 Ioxfwxdwlrqv lq wkh XV vwrfn pdunhw kdyh yluwxdoo| qr h�hfw
rq wkh Hxurshdq pdunhw zkhq wkh| duh ehorz wkh wkuhvkrog ri hljkw shu fhqw
rq d prqwko| edvlv/ vxfk h�hfw ehfrphv rqh0wr0rqh iru grzqzdug  xfwxd0
wlrqv kljkhu wkdq wkh wkuhvkrog/ zkloh wkh lpsdfw ri xszdug  xfwxdwlrqv lv
pruh prghudwh1 Vxfk qrq0olqhdulw| lv fohduo| frqvlvwhqw zlwk wkh uhohydqfh
ri frqwdjlrq/ lq wkdw lw dprxqwv wr d prgl�fdwlrq ri vkruw uxq lqwhughshq0
ghqfh lq shulrg ri wxuprlov1 Rxu uhvxowv duh frq�uphg e| wkh dssolfdwlrq
ri wkh Lqvwuxphqwdo Yduldeoh phwkrgrorj| sursrvhg e| Uljrerq+5333,1 Zh
eholhyh wkdw wkh vshfl�fdwlrq ri d vwuxfwxudo prgho dorqj wkh olqhv ri wkh
OVH vwudwhj|/ plqlpl}hv wkh ulvnv ri plv0vshfl�fdwlrq dqg doorzv qdwxudoo|
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wkh lghqwl�fdwlrq ri wxuprlo hslvrghv fuxfldo iru dvvhvvlqj wkh uhohydqfh ri
frqwdjlrq1

Ilqdoo|/ zh vkrz wkdw wkh lpsdfw rq Hxurshdq Vwrfn pdunhw ri d fruuhf0
wlrq ri 58 shu fhqw lq wkh XV vwrfn pdunhw fdq eh yhu| gl�huhqw1 D judgxdo
fruuhfwlrq lq wkh XV vwrfn pdunhw kdv yluwxdoo| qr lpsdfw rq wkh Hxurshdq
pdunhw/ zkloh d vxgghq fruuhfwlrq kdv d rqh0wr0rqh vkruw0uxq h�hfw zlwk d
udwkhu shuvlvwhqw/ exw olplwhg/ phpru|1
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^4` Ehuwhur H1 dqg F1 Pd|hu +4<<3, �Vwuxfwxuh dqg shuirupdqfh= Joredo
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:9/ 4584045:4

^43` Khqgu| G1 I1 G|qdplf Hfrqrphwulfv1 R{irug Xqlyhuvlw| Suhvv/ 4<<8

^44` Nlqj P1 dqg V1 Zdgzkdql +4<<3, �Wudqvplvvlrq ri yrodwlolw| ehwzhhq
vwrfn pdunhwv� Uhylhz ri Ilqdqfldo Vwxglhv/ 6+4,= 80661
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^46` Odqghu M1/ Ruskdqlghv D1 dqg P1Grxyrjldqqlv+4<<:, �Hduqlqj iruh0
fdvwv dqg wkh suhglfwdelolw| ri vwrfn uhwxuqv= hylghqfh iurp wudg0
lqj wkh V)S� Erdug ri Jryhuqruv ri wkh Ihghudo Uhvhuyh V|vwhp/
kwws=qqzzz1erj1iue1ihg1ruj

^47` Ohh V1 E1 dqg N1 M1 Nlp +4<<6, �Grhv wkh rfwrehu 4<;: fudvk vwuhqjwkhq
wkh fr0pryhphqwv dprqj qdwlrqdo vwrfn pdunhwvB� Uhylhz ri Ilqdqfldo
Hfrqrplfv/ 6+4,= ;<0435

^48` Orqjlq I1 dqg Vroqln E1+4<<8, �Lv wkh fruuhodwlrq lq lqwhuqdwlrqdo ht0
xlw| uhwxuqv frqvwdqw=4<9304<<3B� Mrxuqdo ri Lqwhuqdwlrqdo Prqh| dqg
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^49` Odprqw R1+4<<;, �Hduqlqjv dqg h{shfwhg uhwxuqv� Wkh Mrxuqdo ri Il0
qdqfh/ 86/ 8/ 4896048;:

^4:` Uljrerq U1+4<<<, �Lghqwl�fdwlrq wkurxjk khwhurvfhgdvwlflw|= phdvxulqj
�frqwdjlrq� ehwzhhq Dujhqwlqhdq dqgPh{lfdq vryhuhljq erqgv� plphr/
PLW

^4;` Uljrerq U1 +4<<<, �Rq wkh Phdvxuhphqw ri wkh Lqwhuqdwlrqdo Sursdjd0
wlrq ri Vkrfnv�/ grzqordgdeoh irup kwws=22zhe1plw1hgx2uljrerq2zzz2

^4<` Uljrerq U/ dqg N1Iruehv+4<<<, �Rq wkh phdvxuhphqw ri wkh Lqwhuqd0
wlrqdo Sursdjdwlrq ri vkrfnv� plphr/ PLW

^53` Zdgkzdql V1+4<<;, �Wkh XV vwrfn pdunhw dqg wkh joredo hfrqrplf ful0
vlv�/ plphr/ Wxgru Lqyhvwphqw Frusrudwlrq
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Iljxuh 4= XV orqj0whup lqwhuhvw udwhv+EPXV43\U,/ +orj ri ,glylghqg |lhog
+OXVG\, dqg +orj ri, hduqlqj2sulfh udwlr+OXVHS,
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Iljxuh 5= Hxursh orqj0whup lqwhuhvw udwhv +Jhupdq udwh EPEG43\U,/ +orj
ri , glylghqg |lhog +OHXG\, dqg +orj ri, hduqlqj2sulfh udwlr+OHXHS,1
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Iljxuh 6= Wkh vsuhdg ehwzhhq 430\ erqgv d 60prqwk |lhogv +XVVS, dqg wkh
ulvn suhplxp +XVUS, lq wkh XV1
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Iljxuh 7= Wkh vsuhdg ehwzhhq 430\ erqgv d 60prqwk |lhogv +HXVS, dqg
wkh ulvn suhplxp +HXUS, lq Hxursh1
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Iljxuh 8= Glvhtxloleuld iru XV +GLVHTXV, dqg Hxurshdq +GLVHTHX,
vwrfn pdunhwv
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Iljxuh 9= g|qdplf pxowlsolhuv ghvfulelqj wkh uhvsrqvh ri Hxurshdq vwrfn
pdunhw wr d vxgghq +GPK, dqg wr d judgxdo+GPO, fruuhfwlrq lq wkh XV

vwrfn pdunhw
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