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Prqhwdu| Srolf|/ Prgho Xqfhuwdlqw| dqg
H{fkdqjh Udwh Yrodwlolw|

Djqlhv}nd Pdunlhzlf} �

64 Mdqxdu| 533;

Devwudfw
Wklv sdshu sursrvhv dq h{sodqdwlrq iru vkliwv lq wkh yrodwlolw| ri h{0

fkdqjh udwh uhwxuqv1 Zh vkrz krz xqfhuwdlqw| derxw wkh h{fkdqjh udwh
prgho pd| ohdg sulydwh djhqwv wr irfxv h{fhvvlyho| rq rqo| d vxevhw ri
ixqgdphqwdo yduldeohv1 Dv d uhvxow/ h{fkdqjh udwh yrodwlolw| lv pdlqo|
ghwhuplqhg e| wkh g|qdplfv ri wklv vxevhw ri ixqgdphqwdov1 Zh lqyhvwl0
jdwh hpslulfdoo| wkh uhohydqfh ri wklv uhvxow zlwklq wkh Wd|oru0uxoh edvhg
prgho dssolhg wr wkh Eulwlvk Srxqg2XV Groodu h{fkdqjh udwh1 Rxu uh0
vxowv vxjjhvw wkdw wkh djhqwv fkdqjh wkh prgho diwhu wkh Edqn ri Hqjodqg
lqwurgxfhg dq lq dwlrq wdujhwlqj vwudwhj|1 Uhgxfhg xqfhuwdlqw| derxw lq0
whuhvw udwhv lpsolhg e| lq dwlrq wdujhwlqj vwudwhj| pdgh lqwhuhvw udwh d
pruh xvhixo yduldeoh iru suhglfwlqj wkh h{fkdqjh udwh pryhphqwv1 Dv d
uhvxow/ lq dgglwlrq wr wkh sulfh gl�huhqwldo yduldeoh/ djhqwv irfxv rq wkh
lqwhuhvw udwh gl�huhqwldo1 Hfrqrphwulf dqdo|vlv vxjjhvwv wkdw wklv vkliw ri
wkh prgho wuljjhuhg d vxevwdqwldo lqvwdqwdqhrxv ghfuhdvh lq wkh yrodwlolw|
ri h{fkdqjh udwh uhwxuqv1 Dffruglqjo|/ zh revhuyh d vkliw iurp d kljk wr
d orz yrodwlolw| h{fkdqjh udwh uhjlph1
Nh|zrugv= H{fkdqjh udwh hfrqrplfv/ prqhwdu| srolf|/ prgho xqfhu0

wdlqw|
MHO Frghv= I64/ I74/ H77
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4 Lqwurgxfwlrq
Rqh ri wkh zhoo nqrzq dqg pxfk grfxphqwhg idfwv lq lqwhuqdwlrqdo hfrqrplfv
duh vkliwv lq wkh yrodwlolw| ri h{fkdqjh udwhv1 Lq sduwlfxodu/ �{hg h{fkdqjh udwhv
duh ohvv yrodwloh wkdq  rdwlqj udwhv1 Iordwlqj h{fkdqjh udwhv dovr glvsod| orz
dqg kljk yrodwlolw| uhjlphv/ dv grfxphqwhg e| Hqjho dqg Kdplowrq +4<<3,1 Qx0
phurxv uhvhdufkhuv dwwhpswhg wr olqn wkhvh yrodwlolw| vkliwv wr wkh g|qdplfv ri
pdfurhfrqrplf ixqgdphqwdo yduldeohv1 Pxvvd +4<;9,/ Jhuodfk +4<;;,/ Ed{whu
dqg Vwrfnpdq +4<;<,/ Iorrg dqg Urvh +4<<8,/ dprqj wkh rwkhuv/ revhuyhg wkdw/
lq orz lq dwlrq frxqwulhv/ yduldelolw| ri prvw ri djjuhjdwh yduldeohv lv xqd�hfwhg
e| wkh h{fkdqjh udwh uhjlph1 Dv d uhvxow/ wkh frqvhqvxv hphujhg wkdw wkhuh lv
uhpdundeo| olwwoh hylghqfh ri d v|vwhpdwlf uhodwlrqvkls ehwzhhq wkh yrodwlolwlhv ri
h{fkdqjh udwhv dqg pdfurhfrqrplf yduldeohv1 Wklv vw|ol}hg idfw lv lqfrqvlvwhqw
zlwk wkhrulhv wkdw prgho wkh h{fkdqjh udwh dv d yduldeoh uh hfwlqj xqghuo|lqj
hfrqrplf vkrfnv1

Wkh srru shuirupdqfh ri wkhvh h{fkdqjh udwh prghov pd| eh gxh wr wkh
vwdelolw| ri ixqgdphqwdo yduldeoh sdudphwhuv wkdw wkh| dvvxph1 Vfklqdvl dqg
Vzdpl +4<;<, �qg wkdw wlph0ydu|lqj sdudphwhu h{fkdqjh udwh prghov rxwshu0
irup wkh udqgrp zdon lq rxw ri vdpsoh iruhfdvwlqj1 Pruh uhfhqwo|/ Fkhxqj dqg
Fklqq +5334, srlqw rxw wkdw fxuuhqf| wudghuv vkliw wkh lpsruwdqfh dwwdfkhg wr
pdfurhfrqrplf yduldeohv ryhu wlph1 Fkhxqj/ Fklqq dqg Sdvfxdo +5338, dqg
Urvvl +5339, �qg wkdw suhglfwlyh srzhu ri gl�huhqw ixqgdphqwdo h{fkdqjh udwh
prghov ghshqgv rq wkh frqvlghuhg fxuuhqf| dqg krul}rq1 Wkxv/ dv Iu|gpdq
dqg Jrogehuj +533:, qrwh/ *wkh hpslulfdo h{fkdqjh udwh vwxglhv vxjjhvw wkdw
pdfurhfrqrplf ixqgdphqwdov pdwwhu/ exw lq d zd| wkdw lv qrw vwdeoh ryhu wlph*1

Wkh frqwulexwlrq ri wklv sdshu lv wzrirog1 Iluvw/ zh sursrvh d wkhruhwl0
fdo iudphzrun zklfk lpsolhv wkh wlph0ydu|lqj olqn ehwzhhq h{fkdqjh udwhv dqg
wkh xqghuo|lqj pdfurhfrqrplf yduldeohv1 Zh vkrz wkdw xqfhuwdlqw| derxw wkh
prgho ri wkh h{fkdqjh udwh pd| ohdg sulydwh djhqwv wr irfxv h{fhvvlyho| rq d
vxevhw ri ixqgdphqwdo yduldeohv dw gl�huhqw srlqwv lq wlph1 Dv d uhvxow/ h{0
fkdqjh udwh yrodwlolw| lv pdlqo| ghwhuplqhg e| wkh g|qdplfv ri wklv vxevhw ri
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ixqgdphqwdov1 Vhfrqg/ zh surylgh dq hpslulfdo looxvwudwlrq ri wklv wkhruhwlfdo
uhvxow1 Zh vwxg| wkh lpsolfdwlrqv ri prgho xqfhuwdlqw| rq wkh olqn ehwzhhq
wkh h{fkdqjh udwh dqg wkh xqghuo|lqj pdfurhfrqrplf yduldeohv1 Wkh pdfurhfr0
qrplf yduldeohv duh lpsolhg e| wkh Wd|oru0uxoh dqg wklv iudphzrun lv dssolhg
wr d vxffhvvixo lq dwlrq wdujhwlqj hfrqrp|/ wkh XN1 Rxu uhvxowv vxjjhvw wkdw
wkh djhqwv irfxv rq d qhz vhw ri ixqgdphqwdov diwhu wkh Edqn ri Hqjodqg lqwur0
gxfhg dq lq dwlrq wdujhwlqj vwudwhj|1 Uhgxfhg xqfhuwdlqw| derxw lqwhuhvw udwhv
lpsolhg e| lq dwlrq wdujhwlqj vwudwhj| pdgh lqwhuhvw udwh d pruh xvhixo yduldeoh
iru suhglfwlqj wkh h{fkdqjh udwh pryhphqwv1 Dv d uhvxow/ lq dgglwlrq wr wkh sulfh
gl�huhqwldo yduldeoh/ djhqwv irfxv rq wkh lqwhuhvw udwh gl�huhqwldo1 Hfrqrphwulf
dqdo|vlv vkrzv wkdw lqwhuhvw udwh gl�huhqwldo lv ohvv yrodwloh diwhu wkh dgrswlrq ri
lq dwlrq vwudwhj| e| wkh Edqn ri Hqjodqg1 Dw wkh vdph wlph/ wkhuh lv d vxe0
vwdqwldo lqvwdqwdqhrxv ghfuhdvh lq wkh yrodwlolw| ri wkh Eulwlvk Srxqg2XV Groodu
uhwxuqv vr wkdw zh revhuyh d vkliw iurp d kljk wr d orz yrodwlolw| h{fkdqjh udwh
uhjlph1 Vlqfh wkh euhdn lq wkh yrodwlolw| ri lqwhuhvw udwh gl�huhqwldo zdv wuljjhuhg
e| wkh rqh lq wkh XN lqwhuhvw udwh yrodwlolw|/ zh wklqn wkdw wkh lq dwlrq wdujhwlqj
vwudwhj| dgrswhg e| wkh Edqn ri Hqjodqg lq Rfwrehu 4<<5 odujho| frqwulexwhg
wr wklv uhvxow1

Wkhruhwlfdo iudphzrun dvvxphv wkdw sulydwh djhqwv idfh prgho xqfhuwdlqw|
dqg pdnh lqihuhqfh rq wkh prgho/ wkdw lv/ wkh| irup h{shfwdwlrqv derxw wkh ix0
wxuh h{fkdqjh udwh xvlqj wkh ehvw prgho dffruglqj wr d prgho vhohfwlrq fulwhulrq1
Dffruglqjo|/ wkhlu h{shfwdwlrqv pd| vkliw li wkh ehvw prgho fkdqjhv/ iru h{dpsoh
gxh wr rwkhu ixqgdphqwdov ehlqj lqfoxghg1 Ehfdxvh wkh h{shfwdwlrqv grplqdwh
wkh h{fkdqjh udwh surfhvv/ wkh vwdwlvwlfdo surshuwlhv ri wkh odwwhu fkdqjh/ mrlqwo|
zlwk wkh vhw ri ixqgdphqwdo yduldeohv1

D vlplodu dssurdfk lv uhfhqwo| wdnhq e| Edffkhwwd dqg Ydq Zlqfrrs +5337,1
Wkh| suhvhqw d wkhruhwlfdo iudphzrun zkhuh khwhurjhqhrxv lqirupdwlrq lq wkh
iruhljq h{fkdqjh pdunhw fdq ohdg lqyhvwruv wr dwwdfk h{fhvvlyh zhljkw wr dq
revhuyhg ixqgdphqwdo1 Wkh| dujxh wkdw wklv vfdshjrdw/ dv wkh| fdoo lw/ fdq
fkdqjh ryhu wlph1 Wkhlu uhvxowv fuxfldoo| ghshqg rq wkh dvvxpswlrq ri wkh
khwhurjhqhlw| ri lqirupdwlrq lq wkh iruhljq h{fkdqjh pdunhw1 Lq wklv sdshu/ zh
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h{sodlq zk| vkliwv ehwzhhq wkh ixqgdphqwdov pd| rffxu dqg jhqhudwh yrodwlolw|
vzlwfkhv zlwkrxw qhhglqj wr uhvruw wr wkh dvvxpswlrq ri khwhurjhqhrxv djhqwv1

Zh lqwurgxfh prgho xqfhuwdlqw| lqwr wkh Wd|oru0uxoh prgho ri wkh h{fkdqjh
udwh1 Wklv lv d vlpsoh/ hpslulfdo prgho ghulyhg iurp wkh Wd|oru uxoh ri wkh
prqhwdu| dxwkrulwlhv ri wzr frxqwulhv/ dvvxplqj wkdw rqh +ru erwk, ri wkhp lq0
foxghv wkh h{fkdqjh udwh yduldeoh lq lwv uhdfwlrq ixqfwlrq1 Vhyhudo uhfhqw vwxglhv
vkrz wkdw lqghhg vrph ri wkh fhqwudo edqnv lqfoxgh wkh h{fkdqjh udwh lq wkhlu
lqwhuhvw uxohv +vhh iru lqvwdqfh Oxeln dqg Vfkruikhlgh 533:,1 Vlqfh vrph ri wkh
fhqwudo edqnv xvh wkh h{fkdqjh udwh dv dq lqirupdwlrq yduldeoh wr frqgxfw wkhlu
prqhwdu| srolf|/ zh pljkw h{shfw d olqn ehwzhhq wkh Wd|oru0uxoh yduldeohv dqg
wkh h{fkdqjh udwh1 Hqjho dqg Zhvw +5339, �qg wkdw wkh Wd|oru uxoh h{fkdqjh
udwh prgho vxssruwv Jhupdq gdwd1 Vlploduo|/ Pdun +5339, vkrzv wkdw dgdswlyh
ohduqlqj ri wkh Wd|oru0uxoh ixqgdphqwdo yduldeohv surylghv d srvvleoh iudphzrun
iru xqghuvwdqglqj uhdo XVG2GP h{fkdqjh udwh g|qdplfv1 Prorgvryd dqg Sd0
shoo +533:, jhqhudol}h wkhvh uhvxowv1 Wkh| surylgh hylghqfh wkdw h{fkdqjh udwh
suhglfwdelolw| ri wkh Wd|oru0uxoh ixqgdphqwdov lv pxfk vwurqjhu wkdq ri rwkhu
prghov1 Xvlqj gl�huhqw phdvxuhv ri srwhqwldo rxwsxw/ wkh| �qg wkdw wkh prgho
rxwshuirupv wkh udqgrp zdon lq whupv ri vkruw0uxq suhglfwdelolw|/ iru 8 rxw ri
45 frxqwulhv1 Ilqdoo|/ Fodulgd dqg Zdogpdq +533:, �qg d srvlwlyh fruuhodwlrq
ehwzhhq wkh dqqrxqfhphqw ri kljkhu lq dwlrq dqg d fxuuhqf| dssuhfldwlrq lq
frxqwulhv zkhuh wkh fhqwudo edqnv kdyh dq lq dwlrq wdujhw lpsohphqwhg zlwklq
d Wd|oru Uxoh1

Wkh fdoleudwlrq ri wkh Wd|oru0uxoh prgho iru wkh Eulwlvk Srxqg2XV Groodu
h{fkdqjh udwh srlqwv wr d vkliw lq wkh prgho xvhg e| djhqwv zklfk rffxuv diwhu
wkh Edqn ri Hqjodqg lqwurgxfhg dq lq dwlrq wdujhwlqj vwudwhj|1 Lq sduwlfxodu/ dw
wklv srlqw lq wlph/ lq dgglwlrq wr wkh sulfh ohyho yduldeoh/ wkh djhqwv irfxv rq wkh
lqwhuhvw udwh gl�huhqwldo1 Zh xvh d vhw ri vwuxfwxudo euhdn whvwv wr dvvhvv zkhwkhu
wkh fdoleudwhg fkdqjh gdwh fruuhvsrqgv wr wkh euhdn gdwhv lq wkh uhdol}hg yrodwlo0
lw| ri wkh h{fkdqjh udwh uhwxuqv dqg xqghuo|lqj pdfurhfrqrplf yduldeohv1 Zh
�qg wkdw wkhuh lv d vljql�fdqw lqvwdqwdqhrxv ghfuhdvh lq wkh yrodwlolwlhv ri Eulwlvk
Srxqg2XV Groodu uhwxuqv dqg lqwhuhvw udwh gl�huhqwldo diwhu wkh Edqn ri Hqj0
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odqg lpsohphqwhg wkh lq dwlrq wdujhwlqj vwudwhj|1 Krzhyhu/ zh �qg qr hylghqfh
iru vljql�fdqw ghfuhdvh lq sulfh gl�huhqwldo yrodwlolw| dw wkdw wlph1 Wkhvh uhvxowv
vxjjhvw wkdw wkh fkdqjh lq wkh yrodwlolw| ri wkh h{fkdqjh udwh zdv wuljjhuhg e|
wkh vkliw ri wkh prgho1

Wkh uhpdlqghu ri wkh sdshu lv rujdql}hg dv iroorzv1 Lq wkh vhfrqg vhfwlrq/ zh
suhvhqw wkh jhqhudo dvvhw sulflqj prgho ri wkh h{fkdqjh udwh1 Wkh wklug vhfwlrq
lqwurgxfhv wkh djhqw0hfrqrphwulfldq iudphzrun dqg ghvfulehv wkh zd| wkh h{0
shfwdwlrqv duh iruphg1 Lq wkh irxuwk vhfwlrq zh ghulyh wkh uhvxowlqj htxloleulxp
dqg vwxg| lwv fkdudfwhulvwlfv1 Vhfwlrq �yh lqwurgxfhv wkh Wd|oru0uxoh prgho ri
wkh h{fkdqjh udwh1 Wkh vl{wk vhfwlrq fdoleudwhv wkh Wd|oru0uxoh prgho iru Eulwlvk
Srxqg2XV Groodu h{fkdqjh udwh dqg lq wkh vhyhqwk vhfwlrq/ zh hpslulfdoo| whvw
iru wkh vwuxfwxudo euhdnv lq wkh h{fkdqjh udwh/ wkh lqwhuhvw udwh dqg wkh sulfh
yrodwlolwlhv1 Ilqdoo|/ wkh hljkwk vhfwlrq frqfoxghv1

5 Jhqhudo prgho ri wkh h{fkdqjh udwh
Dv sursrvhg e| Pxvvd +4<:<,/ zh prgho wkh h{fkdqjh udwh dv dq dvvhw sulfh
zklfk lv d iruzdug0orrnlqj dqg h{shfwdwlrqv0ghwhuplqhg yduldeoh1 Wkh h{fkdqjh
udwh v o lv d frqyh{ frpelqdwlrq ri wkh orj ixqgdphqwdo yduldeohv i o @ +i pDq o > i r#q o > ===> i s!q o , t
dqg wkh h{shfwhg ixwxuh h{fkdqjh udwh

v o @ +4� �,!i o . � aH o v o2u�p +4,
zkhuh � lv d glvfrxqw idfwru/ aH o ghqrwhv qrw qhfhvvdulo| udwlrqdo h{shfwdwlrq
frqglwlrqdo rq lqirupdwlrq xs wr wlph w/ ! lv d +4 � q, yhfwru ri ixqgdphqwdo
yduldeohv* frh!flhqwv1 Dvvxplqj udwlrqdo h{shfwdwlrqv aH @ H dqg vroylqj prgho
+4, iruzdug |lhogv

v o @ +4� �,!
vS
w x7y �

w H o i o2u w . � v H o v o2u v =
Ohwwlqj W $ 4 dqg lpsrvlqj wkh qr0exeeohv frqglwlrq/ � ? 4/ vxfk wkdw
olp v?z,{ � v H o v o2u v @ 3/ zh �qg wkh suhvhqw ydoxh uhsuhvhqwdwlrq=

v o @ +4� �,!
{S
w x7y �

w H o i o2u w
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Zh ixuwkhu dvvxph wkdw wkh ixqgdphqwdo yduldeohv lq i o iroorz dq DU+4, surfhvv/
l1h1

i |2q o @ � | i |�q o�}�p . % |2q o +5,
zkhuh � | lv dq DU+4, sdudphwhu dqg % |�q o q Q +3> ~*� ,1 Wkh udwlrqdo h{shfwdwlrqv
vroxwlrq wr wklv prgho lv

v o @ +4� �,!
{S
� x7y �

w H o i o2u w +6,
@ +4� �,! +L � ��, }Fp i o

zkhuh � lv d gldjrqdo pdwul{ +q � q, zlwk � | hohphqwv rq wkh gldjrqdo zlwk
l @ 4> ===> q1

6 H{shfwdwlrqv ri djhqwv
Vdujhqw +4<<6, qrwhv wkdw udwlrqdo h{shfwdwlrqv lpsrvh wzr uhtxluhphqwv rq
hfrqrplf prghov= lqglylgxdo udwlrqdolw|/ dqg pxwxdo frqvlvwhqf| ri shufhswlrqv
derxw wkh hqylurqphqw1 Wkxv/ udwlrqdo h{shfwdwlrqv prghov lpso| djhqwv zlwklq
wkh prgho srvvhvv pxfk pruh nqrzohgjh wkdq dq hfrqrphwulfldq 0 zkr idfhv
hvwlpdwlrq dqg lqihuhqfh sureohpv1 Wkhuhiruh/ lw vhhpv pruh dghtxdwh wr dvvxph
wkdw djhqwv/ prghohg e| hfrqrplvwv/ kdyh dw prvw wkh vdph nqrzohgjh dqg
fdsdflwlhv dv wkhvh hfrqrplvwv0wkhpvhoyhv1 Iru wklv uhdvrq/ Eud| +4<;5,/ Eud|
dqg Vdylq +4<;9,/ Vdujhqw +4<<6, dqg Hydqv dqg Krqndsrkmd +5334,/ dprqj
rwkhuv/ dvvxph wkdw djhqwv ehkdyh dv hfrqrphwulfldqv dqg hvwlpdwh wkh prgho
ri wkh hfrqrp|1 Zkhq wklv prgho lv fruuhfwo| vshfl�hg/ wkhlu hvwlpdwhv frqyhujh
wr wkh Udwlrqdo H{shfwdwlrqv +UH, vroxwlrq1 Krzhyhu/ li djhqwv duh dvvxphg wr
ehkdyh dv hfrqrphwulfldqv/ wkh| gr qrw nqrz wkh prgho ri wkh hfrqrp| zlwk
fhuwdlqw|1

D surplqhqw h{dpsoh ri hfrqrplvwv* ljqrudqfh derxw wkh hfrqrplf hqyl0
urqphqw lv wkh �hog ri h{fkdqjh udwh hfrqrplfv1 Vlqfh wkh hduo| vhyhqwlhv/
hfrqrplvwv kdyh orrnhg iru d cfruuhfw* prgho/ zklfk frxog lghqwli| d uhodwlrq0
vkls ehwzhhq wkh h{fkdqjh udwh dqg pdfurhfrqrplf ixqgdphqwdov +vhh Phhvh
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dqg Urjr� 4<;6,1 Dowkrxjk Pdun +4<<8, irxqg wkdw vrph ixqgdphqwdo ydul0
deohv pdwwhu lq wkh orqj uxq/ d frqvhqvxv kdv hphujhg wkdw zh gr qrw nqrz
wkh prgho wkdw ghwhuplqhv wkh h{fkdqjh udwh g|qdplfv lq wkh vkruw uxq1 Dw wkh
vdph wlph/ vxuyh| hylghqfh lqglfdwhv wkdw wudghuv riwhq vkliw wkh lpsruwdqfh
dwwdfkhg wr gl�huhqw ixqgdphqwdo yduldeohv1 Lq sduwlfxodu/ wkh| uhjxoduo| irfxv
rq rqh ixqgdphqwdo wr iruhfdvw wkh ixwxuh h{fkdqjh udwh � 1

Lq olqh zlwk wklv revhuydwlrq/ h{shulphqwdo hylghqfh froohfwhg e| Dgdp
+533:, lqglfdwhv wkdw djhqwv xvh yhu| vlpsoh iruhfdvwv frqglwlrqhg rqo| rq rqh
h{sodqdwru| yduldeoh/ hyhq li lqirupdwlrq rq rwkhu uhohydqw yduldeohv lv dydlodeoh
wr wkhp1 Wklv xqghusdudphwul}dwlrq pd| rffxu ehfdxvh/ dv Eudqfk dqg Hydqv
+533:, dujxh/ iruhfdvwhuv olplw wkh qxpehu ri yduldeohv dqg wkh qxpehu ri odjv
ehfdxvh ri wkh ghjuhh ri iuhhgrp uhvwulfwlrqv dqg dgglwlrqdo frpsxwdwlrqdo frvwv
lqyroyhg lq xvlqj odujh prghov1

Zh prgho wklv ehkdylru e| dvvxplqj wkdw djhqwv fkrrvh wkh ehvw prgho
dffruglqj wr wkh Ed|hvldq Lqirupdwlrq Fulwhulrq +ELF,1 Wklv dvvxpswlrq doorzv
xv wr suhvhuyh wkh lqwhuqdo frqvlvwhqf| ri wkh djhqw0hfrqrphwulfldq iudphzrun
dqg wr slfn xs wkh sduwlfxodulw| ri wkh wudghuv* sudfwlfhv dw wkh vdph wlph1
Ixuwkhupruh/ lw idyrxuv sduvlprq| zklfk lv d nh| ihdwxuh ri djhqwv* iruhfdvwlqj
sudfwlfhv dv revhuyhg e| Dgdp +533:,1

Wklv phfkdqlvp lv dv iroorzv1 Xvlqj vwdqgdug ROV whfkqltxhv/ djhqwv hvwl0
pdwh doo wkh srvvleoh frpelqdwlrqv ri wkh ixqgdphqwdo yduldeohv ri wkh prgho
dqg fkrrvh wkh frpelqdwlrq wkdw plqlpl}hv ELF1 Wkxv/ wkh| xvh erwk sdudphwhu
dqg prgho ohduqlqj1

614 Sdudphwhu ohduqlqj
Vxssrvh wkh prgho ri wkh h{fkdqjh udwh lq +4, lqfoxghv q ixqgdphqwdo yduldeohv1
Wkhq zh kdyh m @ 4> ===>p olqhdu frpelqdwlrqv ri q ixqgdphqwdo yduldeohv/ zkhuh
p @ 5 s 1 P � dqg � � duh wkh yhfwruv +ru vfdoduv, ri uhjuhvvruv dqg fruuhvsrqglqj
frh!flhqwv1 Iru hdfk srvvleoh frpelqdwlrq ri uhjuhvvruv +fruuhvsrqglqj wr glv0
wlqfw iruhfdvwlqj prghov, P � zlwk m @ 4> ===>p wkh frh!flhqwv � � duh hvwlpdwhg
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dqg hydoxdwhg +dffruglqj wr ELF> Vfkzdu} 4<:;, e| djhqwv dw hyhu| shulrg w1
Wkh h{dfw wlplqj dvvxpswlrq ri wkh prgho lv dv iroorzv1 Dw w � 4/ wkh djhqwv
uhjuhvv wkh fxuuhqw pdunhw h{fkdqjh udwh v o�}�p rq wkh vhw ri fxuuhqw ixqgdphq0
wdo yduldeohv lqfrusrudwhg lq wkh prgho P � q o�}Fp 1 Wklv jlyhv wkh hvwlpdwhv ri wkh
sdudphwhuv ri wkh prghov � � q o	}Fp 1 Dw w/ wkhvh hvwlpdwhv duh xvhg wr irup h{shf0
wdwlrqv lq wkh qh{w shulrg rq wkh ixwxuh h{fkdqjh udwh= aH o v o2u�p = Dw w/ djhqwv
fdofxodwh wkh vxp ri vtxduhg huuruv +VVH, ri doo wkh prghov dqg fkrrvh wkh rqh
wkdw plqlpl}hv ELF1 Iluvw/ zh ghvfuleh sdudphwhu ohduqlqj dw w� 41

Djhqwv* Shufhlyhg Odz ri Prwlrq +SOP, lqfoxghv hdfk srvvleoh frpelqdwlrq
ri ixqgdphqwdo yduldeohv vr wkdw lw fdq eh irupxodwhg dv

v o @ P � q o�}Fp . � � q o�}�p +7,
zkhuh � � q o�}�p duh wkh llg vkrfnv1 Djhqwv hvwlpdwh wkh frh!flhqwv e| ROV1 Jlyhq
lqlwldo ydoxhv ri wkh prgho sdudphwhuv � � q y / zh fdq zulwh wkh ROV surfhgxuh dv
d uhfxuvlyh dojrulwkp dv vkrzq lq Hydqv dqg Krqndsrkmd +5334,=

� � q o�}�p @ � � q o�}7r . w }�p U� q o�}�p i � q o�}�p
�
v o�}�p � �

�� q o�}7r i� q o�}�p
�

+8,
U� q o�}�p @ U� q o�}7r . w }�p

�
i
�� q o�}�p i � q o	}Fp �U� q o�}7r

�

zkhuh � � q o�}�p duh wkh sdudphwhuv hvwlpdwhg dw w�4 dqg U� q o�}�p @ w }�p
o[
w x p i

� q o�}7r i �� q o�}7r
lv d prphqw pdwul{1

615 Prgho vhohfwlrq
ELF lv dq dv|pswrwlfdoo| frqvlvwhqw prgho vhohfwlrq fulwhulrq1 Wklv phdqv wkdw/
jlyhq d idplo| ri prghov lqfoxglqj wkh wuxh prgho/ wkh suredelolw| wkdw ELF zloo
vhohfw wkh fruuhfw rqh dssurdfkhv 4 dv wkh vdpsoh vl}h ehfrphv odujh1 Wkxv/
dv|pswrwlfdoo|/ wkh *fruuhfw* prgho ri wkh h{fkdqjh udwh vkrxog eh fkrvhq e|
djhqwv1 Krzhyhu/ Kdqvhq dqg Vdujhqw +5333, dujxh wkdw klvwrulfdo wlphv vhulhv
duh qrw orqj hqrxjk wr uhfrjql}h gdwd jhqhudwlqj prgho1 Pruh suhflvho|/ zkhq
wkh vdpsoh vl}h lv �qlwh/ ELF zloo vhohfw dq lqfruuhfw prgho zlwk d srvlwlyh
suredelolw|1 Lq wklv sdshu/ zh irfxv rq wklv fdvh/ zkhuh/ plvvshfl�hg prghov fdq
jryhuq wkh vkruw whup h{fkdqjh udwh g|qdplfv1

;



Jlyhq wkh prghov P � q o / zklfk duh wkh frpelqdwlrqv ri ixqgdphqwdo yduldeohv
i� dqg wkh yhfwru ri fruuhvsrqglqj frh!flhqwv � � / wkh djhqwv* iruhfdvw ri wkh
ixwxuh h{fkdqjh udwh lv wkh iroorzlqj

aH o v o2u�p @ P �����o +9,

zkhuh
P �����o @ duj plq�c�<� ����� ELF/ iru m @ 4> ===>p +:,

zlwk ELF gh�qhg iru hdfk prgho dv

ELF� q o @ orj
�VVH� q o�}�p

w
�
. q orj w

w / iru m @ 4> ===>p +;,

zkhuh
VVH� q o�}�p @ �v� i� � � � t �v� i � � � � +<,

Lq wkh iruhfdvw lq +9,/ djhqwv xvh hvwlpdwhg sdudphwhuv � � q o�}�p wr irup wkhlu h{0
shfwdwlrqv dw w dqg wkh vhw ri fxuuhqw ixqgdphqwdo yduldeohv lq txhvwlrq i � q o 1
Wklv lv wr dyrlg wkh vlpxowdqhlw| sureohp lq wkh prgho ri wkh h{fkdqjh udwh1
Li sdudphwhuv � � q o > zklfk duh wkh hvwlpdwhv iurp wkh uhjuhvvlrq ri v o rq i � q o /
duh xvhg wr pdnh wkh iruhfdvw aH o v o2u�p > wklv iruhfdvw lv mrlqwo| ghwhuplqhg zlwk
wkh h{fkdqjh udwh v o +vhh +4,,= Wkh htxloleulxp vwrfkdvwlf surfhvv iroorzhg e|
wkh h{fkdqjh udwh +dfwxdo odz ri prwlrq/ DOP, lv rewdlqhg e| vxevwlwxwlqj wkh
pdunhw iruhfdvw/ htxdwlrq +9,/ lqwr wkh prgho +4,1

v o @ +4� �,!i o . �P �����o +43,

Zh dvvxphg wkdw djhqwv lq wkh iruhljq h{fkdqjh pdunhw dfw dv hfrqrph0
wulfldqv dqg wkxv wkh| xvh dgdswlyh ohduqlqj wr xsgdwh wkh prgho sdudphwhuv1
Zkhq d shufhlyhg odz ri prwlrq +SOP, kdv wkh vwuxfwxuh ri wkh Udwlrqdo H{shf0
wdwlrqv Htxloleulxp +UHH, wkh OV hvwlpdwhv zloo dv|pswrwlfdoo| frqyhujh wr wkh
UH ydoxhv � 1 Wkxv/ zkhq wkh djhqwv nqrz wkdw wkh h{fkdqjh udwh lv d olqhdu frp0
elqdwlrq ri wkh ixqgdphqwdov lq i o / wkh| ohduq wkh UH vroxwlrq lq +6,1 Krzhyhu/
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li wkh| duh dvvxphg wr irup wkhlu iruhfdvwv dffruglqj wr ELF/ dqg wkh vdpsoh vl}h
lv �qlwh/ xqghusdudphwul}dwlrq pljkw rffxu1 Vxfk xqghusdudphwul}dwlrq phdqv
wkdw wkh htxdwlrq hvwlpdwhg e| wkh hfrqrphwulfldq rplwv uhohydqw yduldeohv1 Lq
wklv fdvh/ wkh UHH fdqqrw eh uhdfkhg1 Vlqfh djhqwv* iruhfdvwv ihhg edfn lqwr
wkh prgho ri wkh hfrqrp|/ wkh h{fkdqjh udwh ghsduwv iurp wkh ydoxh wkdw zrxog
suhydlo li wkh| nqhz doo wkh vwdwhv ri wkh prgho1

7 Xqghusdudphwul}dwlrq dqg uhvxowlqj htxlole0
ulxp

Lq rughu wr nhhs wkh djhqw0hfrqrphwulfldq iudphzrun frkhuhqw/ zh qhhg wr lp0
srvh vrph dgglwlrqdo frqvwudlqwv rq djhqwv* ehkdylru1 Iluvw/ zh vxssrvh wkdw
prgho xqfhuwdlqw| xqghu wkh ELF iudphzrun pd| ohdg wr xqghusdudphwul}dwlrq
ri wkh prgho ri wkh h{fkdqjh udwh1 Vhfrqg/ dv lq Oxfdv* +4<:5, gh�qlwlrq ri UH/
zh dvvxph wkdw wkh djhqwv xvh doo dydlodeoh lqirupdwlrq rswlpdoo| lq iruplqj
h{shfwdwlrqv1 E| rswlpdo xvh ri lqirupdwlrq zh phdq wkdw wkh djhqwv fdqqrw
ghwhfw wkh plvwdnhv wkh| duh pdnlqj zkloh xvlqj dq xqghusdudphwul}hg prgho ri
wkh hfrqrp|1 Wklv lv rewdlqhg e| dsso|lqj wkh ruwkrjrqdolw| frqglwlrqv ehwzhhq
iruhfdvw huuruv dqg iruhfdvw prghov wr wkh xqghusdudphwul}hg prgho1 Wkh htxl0
oleulxp lq vxfk dq hqylurqphqw lv rewdlqhg zkhq erwk/ wkh rswlpdoo| iruphg
h{shfwdwlrqv derxw wkh h{fkdqjh udwh dqg wkh h{fkdqjh udwh surfhvv lwvhoi frq0
yhujh1 Vlqfh wkh djhqwv* lqirupdwlrq vhw lv olplwhg uhodwlyh wr wkh UH fdvh/ wkh
uhvxowlqj vroxwlrq zloo eh fdoohg Uhvwulfwhg Shufhswlrqv Htxloleulxp +USH, � 1

714 Uhvwulfwhg Shufhswlrq Htxloleulxp
Vxssrvh wkdw wkh prgho ri wkh h{fkdqjh udwh lqfoxghv wzr ixqgdphqwdo yduldeohv
q @ 5

v o @ +4� �,!i o . � aH o v o2u�p +44,
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Wkh UHH lv
v o @ +4� �,! +L � ��, }Fp i o

ru

v o @ � i pDq o i r#q o �# pD}7�p*}^�*  � ! ppD}7�p*}^�* #¡ ! r
$

+45,

zkhuh i o @ +i pXo > i rDo , � dqg ! lv d +4� 5, ixqgdphqwdov frh!flhqwv yhfwru1
Lq rughu wr vhh wkh uhvxowv ri srwhqwldo xqghusdudphwul}dwlrq rq wkh h{fkdqjh

udwh surfhvv/ khuh zh vwxg| d vlpsoh fdvh1 Vxssrvh wkdw wkh vhohfwlrq fulwhulrq
lq +;, ohdgv wkh djhqwv wr fkrrvh d prgho zlwk rqo| rqh ixqgdphqwdo yduldeoh
i p = P �����o @ � p i pDq o 1 Wkxv/ wkhlu SOP lv

v o @ � p i pDq o +46,

Wklv jlyhv wkh iroorzlqj iruhfdvw=

H o v o2u�p @ � p � p i pDq o +47,

zkhuh � p lv d OV hvwlpdwh ri wkh eholhi sdudphwhu= Qrwh wkdw zh dovr xvhg wkh
idfw wkdw wkh ixqgdphqwdo iroorzv dq DU+4, dqg wkxv wkh iruhfdvw iru wkh qh{w
shulrg w. 4 dovr lqfrusrudwhv wkh dxwruhjuhvvlyh frh!flhqw � p 1 Lw lv htxlydohqw
wr dvvxph wkdw wkh djhqwv nqrz wkdw wkh ixqgdphqwdo i p iroorzv dq DU+4,=
Wkh htxloleulxp vwrfkdvwlf surfhvv iroorzhg e| wkh h{fkdqjh udwh +dfwxdo odz ri
prwlrq/ DOP, lv rewdlqhg e| vxevwlwxwlqj wkh pdunhw iruhfdvw/ htxdwlrq +47,/
lqwr wkh prgho +44,

v o @ " p i pDq o . " r i r#q o +48,

" p @ +4� �,! p . �� p � p +49,
" r @ +4� �,! r +4:,

Zh dvvxph wkdw djhqwv* eholhiv +SOP, duh rswlpdo +zlwklq wkhlu plvvshfl�fdwlrq,
vr wkdw wkh| vdwlvi| wkh iroorzlqj ruwkrjrqdolw| frqglwlrq=

H +i p +v o � � p i p ,, @ 3 +4;,
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Lq wkh htxloleulxp surfhvv/ wkh sdudphwhu � p pxvw vdwlvi| wklv ruwkrjrqdolw|
frqglwlrq +4;, dqg eh frqvlvwhqw zlwk wkh DOP ri wkh hfrqrp| lq +44,1 Wkh
�{hg srlqwv " | ri vxfk d surfhvv ghvfuleh USH1 Vxevwlwxwlqj wkh dfwxdo odz ri
prwlrq/ htxdwlrq +44, iru v o dqg vroylqj iru wkh eholhi sdudphwhu � p |lhogv

� p @ " p . " r Hi p�q o i r#q o
Hi rpDq o @ " p . " r 
 }�ppDp 
 pXr +4<,

zkhuh H
� i p

i r
�
+i p i r , � @

� 
 pDp 
 pXr

 r#p 
 rDr

�
1 Xvlqj wkh eholhi sdudphwhu/ jlyhq

e| +4<,/ lq htxdwlrqv +49, dqg +4:, dqg vroylqj iru wkh DOP sdudphwhuv " p dqg
" r / zh �qg � 4� �� p ���� p

3 4
�
" @ +4� �,! +53,

zkhuh " @ +" p > " r , t dqg � @ 
 }FppDp 
 pXr 1 Ghqrwh wkh pdwul{ suhpxowlso|lqj " e| E1
D USH h{lvwv +dqg lv xqltxh, surylghg wkh lqyhuvh ri E h{lvwv1 Wkh lqyhuvh ri E
h{lvwv li �� p 9@ 4= Wklv lv e| gh�qlwlrq vlqfh � lv d glvfrxqw idfwru> 3 ? � ? 4 dqg
i p iroorzv d vwdwlrqdu| surfhvv vr wkdw m� p m ? 4= Wkh uhvxowlqj USH lv ghvfulehg
e| wkh �{hg srlqwv lq "

" p @ 4� �
4� �� p ! p .

�+4� �,
4� �� p � p 


}�ppDp 
 pXr ! r
" r @ +4� �,! r +54,

dqg wkh htxloleulxp surfhvv ri wkh h{fkdqjh udwh iroorzv

v o @ � i pDq o i r#q o �# p*}^�p*}^�D  � ! p . �#¢�p*}^�D£p*}^�*  � � p 
 }�pp�p 
 pXr ! r
+4� �,! r

$
+55,

Wklv htxloleulxp dulvhv ehwzhhq rswlpdoo| plvvshfl�hg eholhiv dqg wkh vwrfkdvwlf
surfhvv ri wkh h{fkdqjh udwh1 Wkhvh eholhiv duh rswlpdo ehfdxvh wkh| jlyh wkh
ehvw olqhdu iruhfdvw zkhq djhqwv duh dvvxphg wr nqrz rqo| rqh h{sodqdwru|
yduldeoh1 Wkh olqhdu surmhfwlrq ri wkh h{fkdqjh udwh v o rq wkh ixqgdphqwdo
yduldeoh i p lv ruwkrjrqdo dqg wkxv/ jlyhq wkh lqirupdwlrq vhw/ wkh iruhfdvw huuru
lv wkh vpdoohvw srvvleoh1

Ehfdxvh zh dvvxphg wkdw wkh wzr ixqgdphqwdo yduldeohv duh xqfruuhodwhg zh
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fdq zulwh USH dv
v o @ � i p�q o i r#q o �� pD}7�p*}^�*  � ! p

+4� �,! r
�

+56,

Wkh frh!flhqw � p lv frqvlvwhqwo| hvwlpdwhg ehfdxvh wkh eldv �#¢�pD}7��£p*}^�D  � � p 
 }�ppDp 
 pXr ! r
lq +56, glvdsshduv dqg/ dv d uhvxow/ � p frqyhujhv wr wkh UHH ydoxh= � p @
p*}^�p*}^�*  � ! p 1 Wkh frh!flhqw rq wkh vhfrqg ixqgdphqwdo yduldeoh " r grhv qrw frq0

yhujh wr wkh UHH ydoxh hyhq li wkh uhjuhvvruv duh xqfruuhodwhg1 Ixuwkhupruh/ lwv
lpsdfw rq wkh h{fkdqjh udwh surfhvv lv vpdoohu wkdq lq UHH¤ 1 Dvvxph d vshfldo
fdvh zkhuh ! p @ ! r dqg � p @ � r#¥ 1 Wkhq wkh zhljkwv jlyhq wr erwk ixqgdphqwdo
yduldeohv lq wkh h{fkdqjh udwh surfhvv lq +45, zloo eh htxdo/ zkloh lq +56, wkh �uvw
ixqgdphqwdo yduldeoh i p zloo uhfhlyh d khdylhu zhljkw1 Vlqfh wkh h{fkdqjh udwh
surfhvv lq +56, lv d olqhdu frpelqdwlrq ri wzr surfhvvhv i p dqg i r / lwv vwdwlvwlfdo
surshuwlhv zloo eh ghvfulehg pruh forvho| e| wkh rqh zlwk wkh khdylhu zhljkw +i p
lq wklv fdvh,1 Lq d g|qdplf vhwxs/ zkhq djhqwv duh doorzhg wr fkrrvh wkh ehvw
iruhfdvwlqj prgho dffruglqj wr ELF/ wkh vhohfwhg yduldeoh +ru wkh prgho, zloo
uhfhlyh kljkhu zhljkw wkdq wkh uhpdlqlqj ixqgdphqwdo yduldeohv/ dqg grplqdwh
wkh vwdwlvwlfdo surshuwlhv ri wkh h{fkdqjh udwh surfhvv1 Wkhvh surshuwlhv zloo
vkliw/ hlwkhu li wkh ehvw iruhfdvwlqj prgho fkdqjhv ru li wkh vwdwlvwlfdo surshuwlhv
ri wkh vhohfwhg yduldeoh +ru wkh prgho, fkdqjh1

715 Lv USH ohduqdeohB

Zh nqrz wkdw iru jlyhq sdudphwhu ydoxhv ri � p > � dqg !> wkhuh lv d xqltxh USH1
Fdq djhqwv ohduq wklv htxloleulxpB Lq rwkhu zrugv wkh txhvwlrq lv zkhwkhu djhqwv
xvlqj dgdswlyh ohduqlqj fdq �qg dq hvwlpdwh ri � p gh�qhg e| USH lq +4<,1 Wkh
H0vwdelolw| +H{shfwdwlrqdo Vwdelolw|, sulqflsoh ghwhuplqhv zkhwkhu dq USH lv
ohduqdeoh1 Zh fdq zulwh wkh ROV surfhgxuh dv d uhfxuvlyh dojrulwkp
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� pDq o�}�p @ � pDq o�}7r . w }�p U }�ppDq o	}Fp i pDq o�}�p �v o�}�p � � t pDq o�}7r i pDq o�}�p � +57,
U pDq o�}�p @ U pDq o�}�r . w }�p �i pDq o�}�p i tpDq o�}�p �U pDq o�}7r � +58,

zkhuh � pDq o	}Fp lv wkh sdudphwhu hvwlpdwhg dw w�4 dqgU pDq o�}�p @ w }�p
o[
� x p i pDq o�}7r i

�pDq o�}7r
lv wkh vhfrqg prphqw pdwul{1 Soxjjlqj htxdwlrq +48, vkliwhg rqh shulrg edfn
wr w� 4 lqwr +57, zh �qg

� pDq o�}�p @ � pDq o�}7r .w }�p U }FppDq o�}�p i pDq o�}�p +i pDq o�}�p i r#q o�}�p ,
� +4� �,! p � +4� �� p ,� pDq o	}�r

+4� �,! r
�

+59,
Iroorzlqj Hydqv dqg Krqndsrkmd +5334,/ zh �{ wkh sdudphwhuv � dqg U dqg
frpsxwh wkh h{shfwdwlrqv ryhu vwdwh yduldeohv1

HU }�p i pDq o�}�p +i pDq o�}�p i r#q o�}�p ,
� +4� �,! p � +4� �� p ,� pDq o�}7r

+4� �,! r
�

+5:,

Ohwwlqj Hi p i �p @ olp o z,{ Hi pDq o i �p�q o zh dvvrfldwh wkh iroorzlqj Ruglqdu| Gl�hu0
hqwldo V|vwhp +RGV,

g� p
g� @ U }�p 
 pDp +W +� p ,� � p , > +5;,
gU
g� @ 
 pDp �U=

zkhuh H
� i p

i r
�
+i p i r , � @

� 
 pDp 
 pXr

 r#p 
 rDr

�
dqg W +� p , @ +4 � �,! p . �� p � p .


 }�ppDp 
 pXr +4��,! r 1 W0pds/ W +� p , lv d pds iurp wkh vsdfh ri eholhiv wr rxwfrphv1
Lq wkh htxloleulxp wkh| qhhg wr frqyhujh1

Vlqfh U frqyhujhv joredoo| wr 
 pDp / lw iroorzv wkdw vwdelolw| ri wklv RGV lv
jryhuqhg e| vwdelolw| ri wkh �uvw htxdwlrq lq +5;,1 Wkh �{hg srlqw ri wkh W0pds
lv jlyhq e|

�� p @ 4� �
4� �� p ! p .

4� �
4� �� p 


}�ppDp 
 pXr ! r +5<,
Wkh vroxwlrq lq +5<, lv H0vwdeoh zkhq �� p ? 4= Qrwh wkdw � lv d glvfrxqw idfwru
dqg � ? 4dqg � p lv dq DU+4, frh!flhqw m� p m ? 41 Wkhuhiruh/ zh �qg wkdw li
djhqwv xqghusdudphwul}h wkh dvvhw sulflqj prgho ri wkh h{fkdqjh udwh dv lq +4,/
wkh| zloo ohduq wkh Uhvwulfwhg Shufhswlrq Htxloleulxp +USH, xqghu OV1
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Lq zkdw iroorzv/ zh dvvxph prgho xqfhuwdlqw| dqg wkh ELF iudphzrun dqg
lqwurgxfh lw lqwr wkh Wd|oru0uxoh prgho ri wkh h{fkdqjh udwh1

8 Wd|oru0uxoh prgho ri wkh h{fkdqjh udwh
Wkh fhqwudo edqnv pd| zdqw wr uhdfw wr dqg vprrwk h{fkdqjh udwh pryhphqwv
hvshfldoo| lq vpdoo rshq hfrqrplhv/ zkhuh grphvwlf exvlqhvv f|foh  xfwxdwlrqv
duh olnho| wr kdyh d vxevwdqwldo lqwhuqdwlrqdo uhodwlyh sulfh frpsrqhqw1 Edoo
+4<<<, dqg Vyhqvvrq +5333, xvh dq rshq hfrqrp| prgho wr vkrz wkdw lqfoxg0
lqj wkh h{fkdqjh udwh lqwr wkh lqwhuhvw uxoh ri wkh fhqwudo edqn ohdgv wr orzhu
 xfwxdwlrqv ri uhdo JGS dqg lq dwlrq1

Wkh vlpsoh hpslulfdo wzr0frxqwu| prgho exlogv rq wkh Wd|oru uxohv ri wzr
frxqwulhv1 Wkh iruhljq +XV, prqhwdu| dxwkrulw| vhwv lqwhuhvw udwhv dffruglqj wr
d vlpsoh lqwhuhvw uxoh sursrvhg e| Wd|oru +4<<6,=

l ´o @ � µ | ´D¶o . � · � ´o . � ´o +63,

zkhuh wkh prqhwdu| srolf| lqvwuxphqw l o lv d vkruw whup lqwhuhvw udwh/ | ¶o lv
wkh rxwsxw jds/ � o lv lq dwlrq dqg � o lv d vkrfn wr wkh prqhwdu| srolf| uxoh1
Wkh lqwhuhvw udwh uxoh grhv qrw lqfoxgh dq lqwhufhsw dv wkh lq dwlrq wdujhw lv
dvvxphg wr eh }hur dqg wkh rxwsxw jds lv phdvxuhg dv wkh shufhqwdjh ghyldwlrq
ri fxuuhqw rxwsxw iurp wkh srwhqwldo rqh1 Zh dvvxph � µ A 3 dqg � µ A 4> dv
irxqg lq Fodulgd/ Jdol dqg Jhuwohu +4<<;,1 Wkh krph +XN, fhqwudo edqn dovr
�qgv wkh h{fkdqjh udwh wr eh d uhohydqw lqirupdwlrq yduldeoh dqg lwv uhdfwlrq
ixqfwlrq lv dv iroorzv

l o @ � ¸ +v o � v ´o , . � µ | ¶o . � · � o . � o +64,

Iru frqyhqlhqfh/ zh vxssrvh wkdw wkh sdudphwhuv � µ dqg � · duh lghqwlfdo lq wkh
wzr frxqwulhv1 v o lv wkh h{fkdqjh udwh phdvxuhg lq Eulwlvk Srxqgv shu xqlw ri
iruhljq fxuuhqf| +XV grooduv,1 Zh dvvxph wkdw 3 ? � ¸ ? 4 vr wkdw zkhq wkh
krph fxuuhqf| dssuhfldwhv +v o ghfuhdvhv, deryh d fhuwdlq ohyho jlyhq e| v ´o wkh
prqhwdu| dxwkrulw| uhod{hv lwv prqhwdu| srolf| l1h1 orzhuv lwv lqwhuhvw udwh l o 1
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Zh dovr dvvxph wkdw wkh krph fhqwudo edqn gh�qhv wkh ohyho v ´o dffruglqj wr
SSS

v ´o @ s o � s ´o
dqg wkdw wkh XLS frqglwlrq lv

H o v o2u�p � v o @ l o � l ´o . x o

zkhuh x o lv dq h{rjhqrxv ulvn suhplxp vkrfn1 Zh frpelqh wkh wzr Wd|oru uxohv
wr rewdlq

v o @ � ¸
�
a~ o . as o � � µ

� ¸ a| ¶o �
� ·
� ¸ a� o

�
. ey o . +4� � ¸ ,H o v o2u�p +65,

Wkh fxuuhqw h{fkdqjh udwh lv d ixqfwlrq ri irxu ixqgdphqwdo yduldeohv l1h1 wkh
lqwhuhvw udwh/ wkh sulfh ohyho/ rxwsxw jds dqg lq dwlrq +doo yduldeohv ehlqj gli0
ihuhqwldov ri krph dqg iruhljq ydoxhv,/ wkh h{shfwhg ixwxuh h{fkdqjh udwh dqg
krph dqg iruhljq vkrfnv wr prqhwdu| srolf| uxohv dqg ulvn suhplxp x o / vr wkdw
ey o @ � ´o � � o � x o 1 Wkh prgho fdq eh zulwwhq dv d vwdqgdug dvvhw sulflqj htxd0
wlrq lq +4, zkhuh � @ +4� � ¸ , lv d glvfrxqw idfwru/ ixqgdphqwdo yduldeohv duh
i o @ � a~ o > as o > a| ¶o > a� o � q dqg ! t @

�
4> 4>� ¹�º¹I» >� ¹�¼¹[»

�
lv d +7� 4, yhfwru ri wkh

Wd|oru0uxoh frh!flhqwv1

814 Wkh Wd|oru uxoh iudphzrun dqg wkh Eulwlvk Srxqg g|0
qdplfv

Wkh XN lv dq lqwhuhvwlqj fdvh wr vwxg| wkh g|qdplfv ri wkh h{fkdqjh udwh zlwklq
wkh Wd|oru uxoh prgho iru vhyhudo uhdvrqv1 Iluvw/ wkh Eulwlvk Srxqg2XV Groodu
uhwxuqv ehfdph pxfk ohvv yrodwloh lq wkh odvw 48 |hduv1 Zh grfxphqw wklv idfw
lq Iljxuh +4,1 Lw fohduo| vkrzv wkdw wkh yrodwlolw| ri Eulwlvk Srxqg2XV Groodu
uhwxuqv odujho| ghfuhdvhg diwhu 4<<51 Vhfrqg/ vlqfh wkh Edqn ri Hqjodqg dgrswhg
wkh lq dwlrq wdujhwlqj vwudwhj| lq Rfwrehu 4<<5/ lq dwlrq yrodwlolw| ghfuhdvhg
vxevwdqwldoo|/ dv grfxphqwhg e| Qhxpdqq dqg yrq Kdjhq +5335, dqg Ehqdwl
+5336, dprqj rwkhuv1 Lq dgglwlrq/ uhfhqw hpslulfdo hylghqfh suhvhqwhg e| Oxeln
dqg Vfkruikhlgh +533:, lqglfdwh wkdw wkh Edqn ri Hqjodqg wdnhv lqwr dffrxqw
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Iljxuh 4= JES2XVG uhwxuqv
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h{fkdqjh udwh pryhphqwv zkhq vhwwlqj xs lwv prqhwdu| srolf| zlwklq wkh Wd|oru
uxoh1 Wkhruhwlfdo vwxglhv dv lq Ehqljqr dqg Ehqljqr +5334,/ Prqdfhool +4<<;,
dqg Jdol dqg Prqdfhool +5338, �qg wkdw dowhuqdwlyh prqhwdu| srolf| uhjlphv
hqwdlo gl�huhqw ghjuhhv ri h{fkdqjh udwh yrodwlolw|1 Hpslulfdo hylghqfh vxfk
dv lq Hgzdugv +5339, vxjjhvwv wkdw wkh dgrswlrq ri lq dwlrq wdujhwlqj whqgv wr
uhgxfh h{fkdqjh udwh frqglwlrqdo yrodwlolw| lq vhyhudo frxqwulhv1 Zh vhhn wr yhuli|
zkhwkhu d vlplodu sdwwhuq rffxuuhg lq wkh XN hfrqrp|1 Pruh suhflvho|/ zh whvw
wkh k|srwkhvlv zkhwkhu wkh revhuyhg ghfuhdvh lq wkh h{fkdqjh udwh yrodwlolw| fdq
eh gxh wr vkliwv lq ixqgdphqwdo yduldeohv wkh djhqwv irfxv rq1

9 Fdoleudwlrq
Zh qrz wxuq wr lqyhvwljdwh zkhwkhu zh fdq �qg vxssruw iru wkh sursrvhg djhqw0
hfrqrphwulfldq iudphzrun dssolhg wr wkh Wd|oru0uxoh prgho ri wkh h{fkdqjh udwh

4:



lq wkh gdwd1 Lq sduwlfxodu/ zh fdoleudwh wkh iroorzlqj prgho iru wkh XN

v o @ +4� �,!i o . �P �����o +66,

zkhuh � @ +4� � ¸ ,/ dqg ! t @
�
4> 4>� ¹�º¹[» >� ¹ ¼¹[»

�
/ wkh yhfwru ri ixqgdphqwdo

yduldeohv i o @ � a~ o > as o > a| ¶o > a� o � q dqg wkh djhqwv fkrrvh wkh ehvw iruhfdvwlqj
prgho dffruglqj wr +:,1

914 Gdwd dqg edvlf vwdwlvwlfv
Wkh lqsxw iru htxdwlrq +66, duh wkh qrplqdo h{fkdqjh udwh/ wkh ixqgdphqwdo
yduldeohv dqg wkh sdudphwhu ydoxhv lq � dqg ! t duh jlyhq vr wkdw wkh rqo| xq0
nqrzq lv wkh ehvw prgho fkrvhq lq gl�huhqw shulrgv dffruglqj wr ELF1 Zh xvh
srvw Euhwwrq0Zrrgv ghphdqhg prqwko| gdwd ehwzhhq 4<:7P4 dqg 5339P8=
Wkh qrplqdo h{fkdqjh udwh lv h{suhvvhg dv wkh qxpehu ri Eulwlvk Srxqg shu XV
Groodu1 Zh xvh wkh XN hfrqrp| dv d krph frxqwu| dqg doo wkh ixqgdphqwdov duh
frqvwuxfwhg dv gl�huhqwldov ehwzhhq XN dqg XV yduldeohv> gdwd zhuh rewdlqhg
iurp wkh Lqwhuqdwlrqdo Ilqdqfldo Vwdwlvwlfv +LIV,1 Rxwsxw lv phdvxuhg dv wkh
orj ri vhdvrqdoo| dgmxvwhg lqgxvwuldo surgxfwlrq/ sulfhv dv wkh orj ri wkh FSL/
lq dwlrq dv wkh �uvw gl�huhqfh ri orj sulfhv/ lqwhuhvw udwhv e| d prqh| pdunhw
udwh h{suhvvhg dw dqqxdo udwhv/ dqg wkh h{fkdqjh udwh dv wkh orj ri wkh hqg ri
wkh shulrg udwh ½ 1 Zh frqvwuxfw wkh rxwsxw jds vhulhv dv ghyldwlrqv ri dfwxdo
rxwsxw iurp wkh Krgulfn0Suhvfrww +4<<:, wuhqg1

Zh xvh wkh Glfnh|0Ixoohu whvw wr dvvhvv zkhwkhu wkhvh vhulhv duh hlwkhu vwd0
wlrqdu| ru wuhqg vwdwlrqdu|1 Fohduo|/ iru wkh h{fkdqjh udwh dqg wkh sulfh gli0
ihuhqwldo vhulhv/ zh fdqqrw uhmhfw wkh xqlw urrw k|srwkhvlv1 Zh uhmhfw lw iru wkh
uhpdlqlqj vhulhv= rxwsxw jds gl�huhqwldo/ lq dwlrq gl�huhqwldo dqg lqwhuhvw udwh
gl�huhqwldov1 Iru wkh h{fkdqjh udwh dqg wkh sulfh gl�huhqwldov vhulhv/ zh fduu|
rxw frlqwhjudwlrq whvwv1 Zh �qg wkdw wkh| irup rqh vljql�fdqw frlqwhjudwlrq
htxdwlrq lqglfdwlqj wkdw lq wkh orqj uxq SSS krogv iru XN dqg XV1¾ /7�����#"��	�'��� �I�	���'���*��
 ���F�X�.�*��Z.�F� 
��F
 �#�<���	�����F�����	�*�^���	�'�X��Z����*���	�*MT
 ��()
��#�<��� �c�<���	()��$�E7�'M�
 �.
 M���	���'� ���	�	���^H����D�.;
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915 Sdudphwhuv dqg uhvxowv ri fdoleudwlrq
Iru Wd|oru0uxoh sdudphwhuv zh xvh wkh ydoxhv sursrvhg e| Fodulgd/ Jdoð dqg
Jhuwohu +4<<;,/ l1h1 � ¸ @ 3=4> � µ @ 3=58 dqg � · @ 4=:8 dqg lpsolhg glvfrxqw
idfwru 4 � � ¸ � � @ 3=<1 Wr dyrlg dq| eldv wrzdugv xqghusdudphwul}dwlrq/ zh
dvvxph wkdw lqlwldoo| wkh djhqwv fkrrvh wkh prghoP �����y zklfk lv wkh UH vroxwlrq
ri wkh Wd|oru0uxoh prgho1 Lqlwldo ydoxhv ri � � q y duh gudzq iurp wkh qrupdo
glvwulexwlrq fhqwhuhg durxqg sdudphwhu ydoxhv � ¿7À jlyhq e| UH vroxwlrq1 Lq
rughu wr pdnh vxuh wkdw wkh prgho fkrlfh lv urexvw wr wkh lqlwldo ydoxhv fkrlfh/
zh fdoleudwh lw 43333 wlphv iru hdfk shulrg w dqg fdofxodwh wkh prgh prgho1
Ixuwkhupruh/ zh vhw doo wkh vkrfnv wr }hur vr wkdw wkh| gr qrw gulyh wkh uhvxowv1
Wdeoh 9 lq Dsshqgl{ uhsruwv wkh ydoxhv jlyhq wr doo wkh prgho sdudphwhuv1

Iljxuh +5, sorwv wkh prgho fkrlfh dqg wkh yrodwlolw| ri Eulwlvk Srxqg2XV
Groodu uhwxuqv gxulqj wkh vdpsoh shulrg ehwzhhq 4<:7 dqg 53391 Wkh �jxuh
vkrzv wkdw wkh ELF dssolhg wr wkh gdwd pdnhv djhqwv uhjxoduo| xqghusdudphwul}h
wkh Wd|oru0uxoh prgho ri wkh h{fkdqjh udwh1 Wkh UH vroxwlrq ri wkh odwwhu lv
glvsod|hg rq wkh uljkw | � d{lv dqg lv qrw fkrvhq e| wkh djhqwv gxulqj wkh
zkroh vdpsoh shulrg1 Lw dsshduv rqo| lq wkh �uvw shulrg 4<:7P4 gxh wr wkh
lqlwldol}dwlrq1 Lq wkh ehjlqqlqj ri wkh vdpsoh shulrg/ ehwzhhq 4<:7 dqg 4<:;
vhyhudo vkliwv wdnh sodfh exw lw vhhpv olnh wkh prgho zlwk rqo| lqwhuhvw gl�huhqwldo
suhydlov1 Ehfdxvh lw lv d uhodwlyho| vkruw shulrg/ zh irfxv rq wkh vhfrqg vkliw
ghslfwhg lq Iljxuh +5, dqg wzr iroorzlqj uhjlphv1 Vlqfh 4<:;/ wkh djhqwv xvh
rqo| rqh yduldeoh dv wkh h{fkdqjh udwh suhglfwru/ l1h1 wkh sulfh ohyho gl�huhqwldo1

Iljxuh +5, sorwv wkh prgho fkrlfh dqg wkh yrodwlolw| ri Eulwlvk Srxqg2XV
Groodu uhwxuqv gxulqj wkh vdpsoh shulrg ehwzhhq 4<:7 dqg 53391 Wkh �jxuh
vkrzv wkdw wkh ELF dssolhg wr wkh gdwd pdnhv djhqwv uhjxoduo| xqghusdudphwul}h
wkh Wd|oru0uxoh prgho ri wkh h{fkdqjh udwh1 Wkh UH vroxwlrq ri wkh odwwhu lv
glvsod|hg rq wkh uljkw | � d{lv dqg lv qrw fkrvhq e| wkh djhqwv gxulqj wkh
zkroh vdpsoh shulrg1 Lw dsshduv rqo| lq wkh �uvw shulrg 4<:7P4 gxh wr wkh
lqlwldol}dwlrq1 Lq wkh ehjlqqlqj ri wkh vdpsoh shulrg/ ehwzhhq 4<:7 dqg 4<:;
vhyhudo vkliwv wdnh sodfh exw lw vhhpv olnh wkh prgho zlwk rqo| lqwhuhvw gl�huhqwldo
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Iljxuh 5= Fkrlfh ri wkh ehvw prgho wr suhglfw JES2XVG h{fkdqjh
udwh
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suhydlov1 Ehfdxvh lw lv d uhodwlyho| vkruw shulrg/ zh irfxv rq wkh vhfrqg vkliw
ghslfwhg lq Iljxuh +5, dqg wzr iroorzlqj uhjlphv1 Vlqfh 4<:;/ wkh djhqwv xvh
rqo| rqh yduldeoh dv wkh h{fkdqjh udwh suhglfwru/ l1h1 wkh sulfh ohyho gl�huhqwldo1
Lq 4<<6P: krzhyhu wkh| vkliw wr d qhz/ odujhu prgho1 Wklv vkliwv fohduo| fxwv
wkh h{fkdqjh udwh uhwxuqv yrodwlolw| lqwr wzr uhjlphv1 Wklv vhhpv wr rffxu zkhq
wkh yrodwlolw| ri Eulwlvk Srxqg2XV Groodu uhwxuqv h{shulhqfhg d vkdus ghfuhdvh/
dv Iljxuhv +5, dqg +4,vxjjhvwv1

Dw wklv srlqw lq wlph/ wkh djhqwv dgghg wkh lqwhuhvw udwh gl�huhqwldo dv d

53



Iljxuh 6= Urexvwqhvv whvw= Suredelolw| ri wkh prgh prgho rffxuuhqfh
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suhglfwlrq yduldeoh wr wkhlu prgho1 Lw vxjjhvwv wkdw wkh| vwduw ohduqlqj wkh
Wd|oru uxoh prgho ri wkh h{fkdqjh udwh/ dv wkh qxpehu ri yduldeohv lq wkhlu
prgho lqfuhdvhv1

Iljxuh +6, ghprqvwudwhv wkdw rxu uhvxowv duh urexvw1 Lw glvsod|v wkh sured0
elolw| wkdw wkh prgh prgho rffxuv iru hdfk shulrg w diwhu Euhwwrq0Zrrgv dqg
iru 43333 gl�huhqw lqlwldo frqglwlrq ydoxhv1 Zh revhuyh wkdw wkh prgho zlwk
rqo| lqwhuhvw udwh yduldeoh rewdlqhg wkh suredelolw| ri rffxuuhqfh ri durxqg :3(
ehwzhhq 4<:7 dqg 4<:;1 Wkhq ehwzhhq 4<:< dqg 4<<6/ wkh prgho zlwk wkh sulfh
gl�huhqwldo zdv prvw olnho| wr rffxu/ zlwk suredelolw| ri rxwfrph uhdfklqj <6 (1
Ilqdoo|/ diwhu Vhswhpehu 4<<6/ wkh prgho lqfoxglqj erwk sulfh dqg lqwhuhvw udwh
gl�huhqwldov uhfhlyhg wkh kljkhvw suredelolw| ri hyhqw/ uhdfklqj <8 ( ri fkdqfhv
ri rffxuuhqfh1
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: Vwuxfwxudo euhdn whvwv
Zh �qg wkdw wkh djhqwv vkliwhg ehwzhhq wkh suhglfwruv lq plg04<<61 Dowkrxjk
wkh sorwwhg uhwxuqv lq Iljxuh +4, txlwh fohduo| srlqw wr d euhdn lq yrodwlolw|
ehwzhhq 4<<5 dqg 4<<6/ zh h{solflwo| whvw iru wklv1 Dgglwlrqdoo|/ zh dwwhpsw
wr lghqwli| wkh vrxufhv ri wkh euhdn1 Wkh wkhru| vhw rxw deryh vxjjhvwv wkdw d
ghfuhdvh lq h{fkdqjh udwh yrodwlolw| fdq eh gxh wr d fkdqjh lq wkh iruhfdvwlqj
prgho wkdw wkh djhqwv xvh ru wr d fkdqjh lq wkh yrodwlolw| ri wkh ixqgdphqwdov
lq wkh prgho xvhg e| djhqwv1 Frqvhtxhqwo|/ zh whvw iru vwuxfwxudo euhdnv lq wkh
yrodwlolw| ri wkh ixqgdphqwdo yduldeohv wkdw wkh djhqwv xvh lq wkhlu prgho/ wkdw
lv wkh sulfh gl�huhqwldo dqg wkh lqwhuhvw udwh gl�huhqwldo1

Zh whvw iru vwuxfwxudo euhdnv xvlqj wkh whvw sursrvhg e| Edl dqg Shuurq
+4<<;,1 Frqvlghu wkh jhqhudo prgho uhsuhvhqwhg e| pxowlsoh olqhdu uhjuhvvlrq
prgho jlyhq e| Edl dqg Shuurq +5336,=

| o @ {
�o � . }

�o � p . x o > w @ 4> ===> W p
| o @ {

�o � . }
�o � r . x o > w @ W p . 4> ===> W r

111 +67,
| o @ {

�o � . }
�o � Ù u�p . x o > w @ W Ù . 4> ===> W

zkhuh zh doorz iru p euhdnv1 | o lv d ghshqghqw yduldeoh dw wlph w> { o +s� 4, lv
d yhfwru ri uhjuhvvruv zlwk sdudphwhuv � zklfk duh dvvxphg wr eh frqvwdqw ryhu
wlph dqg } o +t � 4, lv d yhfwru ri uhjuhvvruv zlwk frh!flhqwv � � +m @ 4> ===>p. 4,/
zklfk duh srwhqwldoo| wlph ydu|lqj dqg x o lv wkh glvwxuedqfh dw wlph w1 Iluvw
frqvlghu wkh fdvh ri wkh xqfrqglwlrqdo yrodwlolw| ri wkh Eulwlvk Srxqg2XV Groodu
uhwxuqv/ zkhuh zh whvw iru d vwuxfwxudo euhdn lq wkh phdq ri wkh devroxwh ydoxh
ri wkh ghphdqhg vhulhv/ vr wkdw lq htxdwlrq +67, > | o @ mgv o � a�m/ s @ 3 dqg
} @ 41 Iluvw/ zh hvwlpdwh xs wr �yh euhdnv lq wkh vhulhv1 Vhfrqg/ zh dsso| wkh
vxsI +m . 4mm, whvw/ zklfk lv ghvljqhg wr ghwhfw wkh suhvhqfh ri +m . 4, euhdnv
frqglwlrqdo rq kdylqj irxqg m euhdnv +m @ 3> 4> = = = > 8,1 Wkh vwdwlvwlfdo uxoh lv wr
uhmhfw m lq idyrxu ri d prgho zlwk +m . 4, euhdnv li wkh ryhudoo plqlpdo ydoxh ri
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wkh vxp ri vtxduhg uhvlgxdov +ryhu doo wkh vxevdpsohv zkhuh dq dgglwlrqdo euhdn
lv lqfoxghg, lv vx!flhqwo| vpdoohu wkdq wkh vxp ri vtxduhg uhvlgxdov iurp wkh
prgho zlwk m euhdnv1 Wkh gdwhv ri wkh euhdnv vhohfwhg duh wkh rqhv dvvrfldwhg
zlwk wklv ryhudoo plqlpxp1 Zh lghqwli| wkh euhdnv li wkh whvw vwdwlvwlf doorzv
uhmhfwlrq ri wkh qxoo k|srwkhvlv dw dw ohdvw d 43 shu fhqw ohyho ri vljql�fdqfh1

Wkh uhvxowv ri wklv whvw iru wkh yrodwlolw| ri Eulwlvk Srxqg2XV Groodu uhwxuqv
duh uhsruwhg lq Wdeoh 41

Wdeoh 4= Wlplqj ri euhdnv lq Eulwlvk Srxqg2XV Groodu uhwxuqv
H{fkdqjh udwh uhwxuqv yrodwlolw|
Xqfrqglwlrqdo Frqglwlrqdo Frqglwlrqdo

Yrodwlolw| Phdq Yrodwlolw|
4vw Euhdn gdwh 4<<6=P6--- � 4<<6=P5---
<8( FL +4<<5=P44/4<<9=P7, +4<<5=P6/4<<;=P9,
5qg Euhdn gdwh 5333=P6- � �
<8( FL +4<<7=P44/5336P=5,
��J7���	�#��M���� 
�����
���g�M������*�i
 �#�	�*�2���#� �*;�Ú�Ú�Ú.$IÚ#Ú ����M,Ú M��*��
��<�i�	
 8���
 g��*�����*�i���F�<���c��$Èn����ML��3)Z[���	���*�#�F� ���#��� �*$����*�	Z[���X�<
 �#��� �#;

Zh �qg wkdw wkhuh duh wzr euhdnv lq wkh xqfrqglwlrqdo yrodwlolw| ri h{fkdqjh
udwh uhwxuqv zklfk duh uhsruwhg lq wkh �uvw froxpq ri Wdeoh 41 Wkh �uvw ri wkh
euhdnv lv hvwlpdwhg lq Pdufk 4<<61 Wklv euhdn lv fohduo| ylvleoh lq Iljxuh +4,
zklfk sorwv Eulwlvk Srxqg2XV Groodu uhwxuqv dqg lw lv yhu| forvh wr wkh vkliw
ehwzhhq wkh suhglfwruv glvsod|hg lq Iljxuh +5,1 Wkh vhfrqg euhdn lv hvwlpdwhg
lq Pdufk 53331

Wkh fkdqjhv lq xqfrqglwlrqdo yrodwlolw| pd| eh gxh wr hlwkhu wkh fkdqjhv
lq frqglwlrqdo yduldqfh ru lq wkh frqglwlrqdo phdq ru lq erwk1 Zh h{soruh wklv
lvvxh lq wkh iroorzlqj zd|1 Iluvw/ zh whvw iru d fkdqjh lq wkh frqglwlrqdo phdq e|
dsso|lqj wkh vhtxhqwldo surfhgxuh wr wkh DU+4, frh!flhqw1 Wkxv/ lq htxdwlrq
+67, zh vhw | o @ gv o / } o @ gv o�}�p dqg s @ 31 Dv uhsruwhg lq Wdeoh 4/ wkhuh lv qr
vwuxfwxudo euhdn lq wkh phdq ri wkh h{fkdqjh udwh uhwxuqv1

Vhfrqg/ zh fkhfn zkhwkhu wkhuh lv d fkdqjh lq wkh frqglwlrqdo yrodwlolw|
e| dsso|lqj wkh vhtxhqwldo phwkrg wr wkh devroxwh ydoxh ri wkh uhvlgxdov iurp
wkh DU+4, uhjuhvvlrq/ vr wkdw lq htxdwlrq +67,/ wkh ghshqghqw yduldeoh | o @ ma� o m
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zkhuh a� o duh �wwhg uhvlgxdov1 Wkh irxuwk froxpq ri Wdeoh 4 vkrzv wkdw lqghhg wkh
fkdqjh lq wkh frqglwlrqdo yrodwlolw| ri Eulwlvk Srxqg2XV Groodu uhwxuqv frlqflghv
zlwk wkh �uvw fkdqjh lq wkh xqfrqglwlrqdo rqh1 Vlqfh zh �qg qr vwuxfwxudo euhdnv
lq wkh phdq/ zh frqfoxgh wkdw wkh xqfrqglwlrqdo yrodwlolw| fkdqjh lq wkh plg0
4<<6 lv gxh wr d fkdqjh lq frqglwlrqdo yrodwlolw|1

Zh dovr revhuyh wkdw wkh vkliw ehwzhhq wkh h{fkdqjh udwh suhglfwruv frlqflghv
zlwk wkh fkdqjh lq Eulwlvk Srxqg2XV Groodu uhwxuqv yrodwlolw|1 Ixuwkhupruh/ dv
uhsruwhg lq Wdeoh 5/ wkh uhwxuqv yrodwlolw| ehiruh wkh euhdn lq Pdufk 4<<6 zdv
urxjko| wzlfh dv kljk dv diwhu wkh euhdn1 Wklv lv wkh fdvh ri erwk/ xqfrqglwlrqdo
dqg frqglwlrqdo yrodwlolwlhv1

Wdeoh 5= Hvwlpdwhg yrodwlolw| ri wkh Eulwlvk Srxqg2XV Groodu uhwxuqv
H{fkdqjh udwh uhwxuqv
Xqfrqglwlrqdo yrodwlolw|

Frh!flhqw +uhjlph, Hvwlpdwh Vwdqgdug Huuru
� p +4<:7=P404<<6=P6, 3135: 31334:
� r +4<<6=P705333=P6, 31346 313345
� Û +5333=P705339=P8, 3134; 313349

Frqglwlrqdo yrodwlolw|
Frh!flhqw +uhjlph, Hvwlpdwh Vwdqgdug Huuru
� p +4<:7=P404<<6=P5, 3135: 313349
� r +4<<6=P605339=P8, 31348 313343

Ü Ò EF���*���TÝÐÞß�#à�� � � à	ÉL�������	�����*�2�<
 ()���<��M_��
��*á �*
 �*�#�	�c
 �O�@É�â�� ����MÐ�	�����	��8�
 ()������*Z[
����	��Me
 ��H������XC��X�<�F���	�'�	���i�	"�H��	��()Z�� ����M���g�����MeH#�������	
 ()���	�*M�H��	���#C��F
 ��f��#H�� ���;

Zh �qg hylghqfh wkdw wkhuh lv d vwuxfwxudo euhdn lq wkh yrodwlolw| ri h{fkdqjh
udwh uhwxuqv zkhq djhqwv vkliw wr d qhz prgho ri wkh h{fkdqjh udwh dqg zh
qrz wxuq wr lqyhvwljdwh wkh vrxufhv ri wklv euhdn1 Zh irxqg wkdw wkh sulfh
gl�huhqwldo lv d yduldeoh wkdw djhqwv xvh dv dq h{fkdqjh udwh suhglfwru dw hdfk
srlqw lq wlph dqg wkdw wkh| dgg wkh lqwhuhvw udwh gl�huhqwldo lq wkh plg04<<61
Wkxv/ wkh ghfuhdvh lq wkh yrodwlolw| ri Eulwlvk Srxqg2XV Groodu uhwxuqv frxog
kdyh rffxuuhg dv d uhvxow ri wkh vkliw lq wkh yrodwlolw| ri wkh sulfh gl�huhqwldo/
dv d uhvxow ri lqfrusrudwlqj dq lqwhuhvw udwh gl�huhqwldo lqwr wkh prgho ru d
frpelqdwlrq ri wkhvh wzr h�hfwv1
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Vlqfh wkh Edqn ri Hqjodqg dgrswhg lq dwlrq wdujhwlqj vwudwhj| lq Rfwrehu
4<<5/ wkh sulfh gl�huhqwldo vhulhv frxog kdyh h{shulhqfhg d rqh wlph ghfuhdvh
lq wkh yrodwlolw| vkruwo| diwhuzdugv1 Zh lqyhvwljdwh wklv k|srwkhvlv e| dsso|lqj
djdlq wkh whvw iru pxowlsoh vwuxfwxudo euhdnv sursrvhg e| Edl dqg Shuurq +4<<;,1
Vlqfh sulfh gl�huhqwldo vhulhv duh qrw vwdwlrqdu|/ lwv yduldqfh lv xqgh�qhg1 Wkhuh0
iruh/ zh whvw iru wkh yrodwlolw| vkliw lq sulfh lq dwlrq1 Wklv lv lpsohphqwhg e|
whvwlqj iru d vwuxfwxudo euhdn lq wkh phdq ri wkh devroxwh ydoxh ri wkh ghphdqhg
sulfh lq dwlrq/ vr wkdw lq htxdwlrq +67, wkh ghshqghqw yduldeoh lv | o @ mges o � a�m/
s @ 3 dqg } @ 4 ã 1

Wdeoh 6 uhsruwv wkh uhvxowv1 Zh �qg rqo| rqh vwuxfwxudo euhdn lq wkh lq dwlrq

Wdeoh 6= Wlplqj ri euhdnv ri sulfh gl�huhqwldo yrodwlolw|
Xqfrqglwlrqdo Yrodwlolw| ri Sulfh Gl�huhqwldo
4vw Euhdn gdwh 4<;3=P6---
<8( FL +4<:<=P45 4<;:=P8,
Frh!flhqw +uhjlph, Hvwlpdwh Vw1 Huuru
� p +4<:7=P404<;3=P6, 3133;56 313347
� r +4<;3=P705339=P9, 313369: 313337
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gl�huhqwldo yrodwlolw|/ lq Pdufk 4<;31 Wkh idfw wkdw wkh yrodwlolw| ri wkh sulfh
gl�huhqwldo glg qrw h{shulhqfh d vwuxfwxudo euhdn lq 4<<6 vxjjhvwv wkdw wklv
ixqgdphqwdo yduldeoh zdv qrw uhvsrqvleoh iru wkh fkdqjh lq yrodwlolw| lq wkh
h{fkdqjh udwh1

Ilqdoo|/ zh dsso| wkh whvw ri Edl dqg Shuurq +4<<;, wr wkh yrodwlolw| ri wkh
lqwhuhvw udwh gl�huhqwldo/ dqg uhsruw wkh uhvxowv lq Wdeoh 71 Wkh lqwhuhvw udwh
gl�huhqwldo yrodwlolw| h{shulhqfhg d vwuxfwxudo euhdn lq Vhswhpehu 4<<6/ urxjko|
wkh gdwh zkhq wkh Eulwlvk Srxqg2XV Groodu yrodwlolw| vkliwhg grzqzdugv/ dqg
vkruwo| diwhu wkh lqwurgxfwlrq ri lq dwlrq wdujhwlqj e| wkh Edqn ri Hqjodqg1

Lq Wdeoh 7/ zh dovr uhsruw wkh hvwlpdwhv ri wkh lqwhuhvw udwh gl�huhqwldov gxu0ä hL�^�	�*�2��
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Wdeoh 7= Wlplqj ri euhdnv lq lqwhuhvw udwhv gl�huhqwldo yrodwlolw|
Xqfrqglwlrqdo Yrodwlolw| ri Lqwhuhvw Udwhv Gl�huhqwldo
4vw Euhdn gdwh 4<;5=P<---

<8( FL +4<;4=P44/4<<3=P<,
5qg Euhdn gdwh 4<<6=P<-

<8( FL +4<<3=P43/5335=P9,
Frh!flhqw +uhjlph, Hvwlpdwh Vw1 Huuru

� p +4<:7=P404<;5=P<, 31346 31334<
� r +4<;5=P4304<<6=P<, 31339 31333:
� Û +4<<6=P4305339=P8, 31336 313337

f���H�� �a�	��Z[
#�2�	�!�<���a�	���	"�� ��
��.�	���a/7�#
#����MiPR���	��
��:5��*-�-�Ì�9[�<�������#Z�Z�� 
 �*M'�	
^�<���a
 �#�	�*���*�2������	�nM�
 Î[�*�������	
 ����HI�X��E7�*���e�<���n��då�#��Me�	��� �UYI;[f^��
 ��
 �U
 ()Z�� ��()�����	��M�H����	�*�2�<
 ��8� 
#�T�4���	�	"��X�<"������'H��	���#C_
 �N�	���L()������
��i�	���L��H��	
�� ".�<�����#� "��,
��i�	���,M��*( �*�����*Mg��	�2�)M�
 Î[���	�����*�:
#�7�<���:
 �#�<���	����� �	���<��� M�
 Î[���	���#�<
 �#� $a�	
e�	�����)
 �\�*��"����	
 
��©�@É�â��'�	���
M���ZI����M��*�#�a�����	
 ��H�� �^
 �?æ.çaÞåèèè é

ê ë çR±Oìí èèè $�îcÞ©�U�#��M)ï ÞO�#;?��JR���<����M���� 
��a�*
���g�M������*�
 ���	�������#� �*;iÚ�Ú#Ú�$!Ú�Ú)�#��MLÚ)M��*��
��<�n�	
 8#��
 g��������*�n���U�	���:�#$!È)����MÐ��3:Z[���	���*�#�U� �X�#�*� �*$���*�	Z[���X�<
 ����� �#; Ü Ò EF���*���^ÝiÞO��à*� � � à	É'���	�^�<���F�*�2�<
 ()���	��M:��
���á)�*
 �*�#�	��
 ��� É�â��R�#��M)�	������*8�
 ( �*�^�	��Z[
����	�*MT
 ��H����#�<C����	�^�#���U�<���'��"�H��	��()Z�� ���^M��*g����*MTH#�T�*�2�<
 ()���<��M�H��	����C.��;

lqj wkh vxevdpsohv gh�qhg e| wkh euhdngdwhv1 Zh �qg wkdw diwhu wkh plg 4<<6
wklv yrodwlolw| ehfdph pxfk orzhu dqg fdoleudwlrq uhvxowv vxjjhvwhg wkdw/ dw wkh
vdph wlph/ wkh djhqwv dgghg wklv yduldeoh wr wkhlu prgho1 Ehfdxvh wkh lq d0
wlrq wdujhwlqj vwudwhj| ri wkh Edqn ri Hqjodqg zdv lqwurgxfhg vkruwo| ehiruh/ lw
frxog kdyh kdg dq lpsdfw rq wkh fkrlfh ri yduldeohv e| djhqwv1 Krzhyhu/ zh fdu0
ulhg rxw doo wkh hfrqrphwulf whvwv iru wkh ixqgdphqwdov ri wkh Wd|oru0uxoh prgho/
l1h1 gl�huhqwldov ehwzhhq wkh XN dqg XV yduldeohv1 Wkhuhiruh/ zh fdqqrw gudz
iurp wkhlu uhvxowv dq| frqfoxvlrqv derxw wkh qdwlrqdo hfrqrplf srolflhv1 Iru
wklv uhdvrq/ zh whvw iru vwuxfwxudo euhdnv lq wkh qdwlrqdo lqwhuhvw udwhv1 Wdeoh 8
uhsruwv wkh uhvxowv1

Erwk lqwhuhvw udwhv h{shulhqfhg d vwuxfwxudo euhdn lq wkh ehjlqqlqj ri wkh
4<;31 Krzhyhu/ rqo| wkh yrodwlolw| ri wkh XN lqwhuhvw udwh vkliwhg dw wkh wlph
forvh wr wkh gdwh zkhq wkh yrodwlolw| ri wkh lqwhuhvw udwh gl�huhqwldo fkdqjhg1 Lw
vxjjhvwv wkdw wkh euhdn lq wkh yrodwlolw| ri lqwhuhvw udwh gl�huhqwldo zdv wuljjhuhg
e| wkh rqh lq wkh XN lqwhuhvw udwh yrodwlolw| dqg wkxv qhz prqhwdu| srolf|
vwudwhj| ri wkh Edqn ri Hqjodqg1

Rxu �qglqjv duh lq olqh zlwk wkh olwhudwxuh1 Ehqdwl +5336, �qgv wkdw XN lq0
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Wdeoh 8= Wlplqj ri euhdnv lq lqwhuhvw udwhv
Yrodwlolw| ri Lqwhuhvw Udwhv
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whuhvw udwhv ghfuhdvhg vxevwdqwldoo| diwhu plg04<<61 Dsduw iurp vhwwlqj d txdqwl0
wdwlyh remhfwlyh iru wkh lq dwlrq udwh/ wkh lq dwlrq wdujhwlqj vwudwhj| dovr lpsolhv
d pruh wudqvsduhqw prqhwdu| srolf|1 Wklv sudfwlfh lv olnho| wr kdyh uhgxfhg wkh
xqfhuwdlqw| derxw lqwhuhvw udwhv1 Kdogdqh +5333, qrwhv wkdw/ gxulqj wkh shulrg
zkhq Eulwlvk Srxqg2XV Groodu zdv sduw ri wkh HUP/ wkh dyhudjh %vxusulvh% lq
wkuhh0prqwk lqwhuhvw udwhv iroorzlqj d 4 shufhqwdjh srlqw ulvh lq r!fldo udwhv zdv
durxqg 83 edvlv srlqwv1 Vlqfh wkh Edqn ri Hqjodqg dgrswhg lq dwlrq wdujhwlqj/
wklv vxusulvh kdv gursshg wr durxqg 45 edvlv srlqwv1 Dv d uhvxow/ wkh lqwhuhvw
udwh ehfdph d pruh xvhixo yduldeoh iru suhglfwlqj wkh h{fkdqjh udwh pryhphqwv/
zklfk pd| eh wkh uhdvrq zk| wkh djhqwv lqfoxghg lqwhuhvw udwh gl�huhqwldo ydul0
deoh lqwr wkhlu prgho1

; Frqfoxvlrq
Lq wklv sdshu zh sursrvhg dq h{sodqdwlrq iru vkliwv lq wkh yrodwlolw| ri wkh h{0
fkdqjh udwh uhwxuqv1 Zh dvvxph wkdw djhqwv idfh prgho xqfhuwdlqw| dqg ehkdyh
dv hfrqrphwulfldqv wr ghdo zlwk lw1 Iluvw/ jlyhq d prgho ri wkh h{fkdqjh udwh/
wkh| hvwlpdwh wkh frh!flhqwv ri doo wkh srvvleoh frpelqdwlrqv ri wkh yduldeohv
zlwklq wklv prgho1 Vhfrqg/ xvlqj d prgho vhohfwlrq fulwhulrq/ wkh| fkrrvh wkh
ehvw vhw ri yduldeohv wr xvh dv d iruhfdvw ri wkh ixwxuh h{fkdqjh udwh1

Xvlqj d vlpsoh yhuvlrq ri wkh dvvhw sulflqj prgho/ zh ghprqvwudwhg wkdw/
li djhqwv xvh rqo| rqh ixqgdphqwdo yduldeoh wr iruhfdvw wkh h{fkdqjh udwh/ wklv
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yduldeoh zrxog hyhqwxdoo| eh d pdmru ghwhuplqdqw ri wkh h{fkdqjh udwh surfhvv
dqg wkxv grplqdwh lwv vwdwlvwlfdo surshuwlhv1

Zh lqwurgxfhg wklv ELFprgho vhohfwlrq iudphzrun lqwr wkh Wd|oru0uxoh edvhg
prgho ri wkh h{fkdqjh udwh dqg dssolhg lw wr wkh XN/ rqh ri wkh vxffhvvixo
lq dwlrq wdujhwlqj hfrqrplhv1 Fdoleudwlrq h{huflvhv vxjjhvwhg wkdw wkh djhqwv
vkliwhg prghov lq wkh plg04<<61 Lq sduwlfxodu/ dw wklv srlqw lq wlph/ lq dgglwlrq
wr wkh sulfh gl�huhqwldo yduldeoh/ wkh djhqwv dovr irfxvhg rq wkh lqwhuhvw udwh
gl�huhqwldo1

Zh xvhg d vhw ri vwuxfwxudo euhdn whvwv wr dvvhvv zkhwkhu wkh fdoleudwhg
fkdqjh gdwh fruuhvsrqgv wr wkh euhdn gdwhv lq uhdol}hg yrodwlolw| ri wkh h{fkdqjh
udwh uhwxuqv dqg xqghuo|lqj pdfurhfrqrplf yduldeohv1 Zh �qg wkdw wkhuh zdv
d vljql�fdqw lqvwdqwdqhrxv ghfuhdvh lq wkh yrodwlolwlhv ri Eulwlvk Srxqg2XV Gro0
odu uhwxuqv1 Zh �qg dq hylghqfh iru vxgghq ghfuhdvh lq wkh yrodwlolw| ri wkh
lqwhuhvw udwh gl�huhqwldo exw qr hylghqfh iru d fkdqjh lq wkh yrodwlolw| ri wkh
sulfh gl�huhqwldo1 Wkhvh uhvxowv vxjjhvw wkdw wkh fkdqjh lq wkh yrodwlolw| ri wkh
h{fkdqjh udwh zdv wuljjhuhg e| wkh vkliw ri wkh prgho1 Dffruglqjo|/ wkhuh zdv
d vkliw iurp d kljk wr d orz yrodwlolw| h{fkdqjh udwh uhjlph1 Vlqfh wkh euhdn
lq wkh yrodwlolw| ri lqwhuhvw udwh gl�huhqwldo zdv wuljjhuhg e| wkh rqh lq wkh XN
lqwhuhvw udwh yrodwlolw|/ zh wklqn wkdw wkh lq dwlrq wdujhwlqj vwudwhj| dgrswhg e|
wkh Edqn ri Hqjodqg lq Rfwrehu 4<<5 odujho| frqwulexwhg wr wklv uhvxow1
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Uhihuhqfhv
^4` Dgdp/ N1/ +533:, H{shulphqwdo Hylghqfh rq wkh Shuvlvwhqfh ri Rxwsxw dqg

Lq dwlrq/ Hfrqrplf Mrxuqdo/Yro1 44:/ ss 93609681

^5` Edffkhwwd/ S1 dqg Ydq Zlqfrrs H1 +5337, D Vfdshjrdw Prgho ri H{fkdqjh
Udwh Ioxfwxdwlrqv/ Dphulfdq Hfrqrplf Uhylhz/ Sdshuv dqg Surfhhglqjv/
<7/ ss1 447044;1

^6` Edl M/ dqg Shuurq S1 +4<<;,1 Hvwlpdwlqj dqg whvwlqj olqhdu prghov zlwk
pxowlsoh vwuxfwxudo fkdqjhv1 Hfrqrphwulfd 99/ ss1 7:�:;1

^7` Edl M/ dqg Shuurq S1 +5336,1 Frpsxwdwlrq dqg dqdo|vlv ri pxowlsoh vwuxf0
wxudo fkdqjh prghov1 Mrxuqdo ri Dssolhg Hfrqrphwulfv 4;/ ss14�551

^8` Edoo/ Odxuhqfh +4<<<,1 Srolf| Uxohv iru Rshq Hfrqrplhv1 Lq Prqhwdu| Sro0
lf| Uxohv/ hglwhg e| Mrkq E1 Wd|oru/ ss1 45:�4771 Fklfdjr= Xqlyhuvlw| ri
Fklfdjr Suhvv1

^9` Ed{whu/ P1/ ) Vwrfnpdq/ D1 F1 +4<;<,1 Exvlqhvv f|fohv dqg wkh h{fkdqjh0
udwh uhjlph1 Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 56/ ss1 6::�7331

^:` Ehqdwl/ O1 +5336, Hyroylqj Srvw0Zruog Zdu LL X1N1 Hfrqrplf Shuirupdqfh/
Frpsxwlqj lq Hfrqrplfv dqg Ilqdqfh 4:41

^;` Ehqdwl/ O1 +533:, Wkh cJuhdw Prghudwlrq* lq wkh Xqlwhg Nlqjgrp1 iruwk0
frplqj lq wkh Mrxuqdo ri Prqh|/ Fuhglw dqg Edqnlqj1

^<` Ehqljqr J1 dqg Ehqljqr S1 +5334, Prqhwdu| Srolf| Uxohv dqg wkh H{fkdqjh
Udwh1 FHSU Glvfxvvlrq Sdshu Qr1 5;3:1

^43` Eudqfk/ Z1D1 dqg J1Z1 Hydqv +533:,/ Prgho xqfhuwdlqw| dqg hqgrjhqrxv
yrodwlolw|/ Uhylhz ri Hfrqrplf G|qdplfv/ 43 ss1 53:�56: 1

^44` Eud| P1 dqg Q1 Vdylq +4<;9, Udwlrqdo H{shfwdwlrqv Htxloleuld/ Ohduqlqj
dqg Prgho Vhohfwlrq1 Hfrqrphwulfd Yro 187/ ss1445<044931
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^45` Eud| P1 +4<;5, Ohduqlqj/ Hvwlpdwlrq/ dqg wkh Vwdelolw| ri Udwlrqdo H{shf0
wdwlrqv/ Mrxuqdo ri Hfrqrplf Wkhru|/ 59/ ss1 64;066<1

^46` Fkhxqj/ \1 dqg Fklqq P1/ +5334, Fxuuhqf| Wudghuv dqg H{fkdqjh Udwh
G|qdplfv= D Vxuyh| ri wkh X1V1 Pdunhw/ Mrxuqdo ri Lqwhuqdwlrqdo Prqh|
dqg Ilqdqfh/ 53+7,/ ss1 76<07:41

^47` Fkhxqj/ \/ Fklqq P1 dqg Sdvfxdo D1J1/ +5338, Hpslulfdo H{fkdqjh Udwh
Prghov ri wkh Qlqhwlhv= Duh Dq| Ilw wr VxuylyhB/ Mrxuqdo ri Lqwhuqdwlrqdo
Prqh| dqg Ilqdqfh/ 57/ ss1 4483044:81

^48` Fodulgd/ U1> M1 Jdoð> dqg P1 Jhuwohu/ +4<<;,/ Prqhwdu| Uxohv lq Sudfwlfh=
Vrph Lqwhuqdwlrqdo Hylghqfh/ Hxurshdq Hfrqrplf Uhylhz 9/ ss1 43660439:1

^49` Fodulgd U1 dqg G1Zdogpdq +533:, Lv Edg qhzv derxw Lq dwlrq Jrrg qhzv
iru wkh Iruhljq H{fkdqjh UdwhB QEHU Zrunlqj Sdshu 463431

^4:` Gdylgldq/ P1 dqg Fduuroo/ U1 M1 +4<;:, Yduldqfh Ixqfwlrq Hvwlpdwlrq1 Mrxu0
qdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq/ ;5+733,/ ss1 43:<0<41

^4;` Hgzdugv V1 +5339, Wkh Uhodwlrqvkls Ehwzhhq H{fkdqjh Udwhv dqg Lq dwlrq
Wdujhwlqj Uhylvlwhg/ QEHU Zrunlqj Sdshu Qr1 454961

^4<` Hqjho> F1 dqg Kdplowrq M1 +4<<3, Orqj Vzlqjv lq wkh Groodu= Duh Wkh| lq
wkh Gdwd dqg Gr Pdunhwv Nqrz LwB Wkh Dphulfdq Hfrqrplf Uhylhz/ Yro1
;3/ Qr1 7/ ss1 9;<0:461

^53` Hqjho/ F1 dqg N1 G1 Zhvw +5338, H{fkdqjh Udwh dqg Ixqgdphqwdov/ Mrxuqdo
ri Srolwlfdo Hfrqrp|/ yroxph 446/ lvvxh 6/ ss1 7;8084:1

^54` Hqjho/ F1 dqg N1 G1 Zhvw +5339, Wd|oru Uxohv dqg wkh Ghxwvfkpdun�Groodu
Uhdo H{fkdqjh Udwh/ Mrxuqdo ri Prqh|/ Fuhglw/ dqg Edqnlqj/ Yro1 6;/ Qr1
8/ s1 44:8044<71

^55` Hydqv/ J1 dqg V1 Krqndsrkmd +5334, Ohduqlqj dqg H{shfwdwlrqv lq Pdfur0
hfrqrplfv/ Sulqfhwrq Xqlyhuvlw| Suhvv/ ss1 7541
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^56` Iorrg/ U1S1/ Urvh/ D1/ +4<<8, Il{lqj h{fkdqjh udwhv= d yluwxdo txhvw iru
ixqgdphqwdov1 Mrxuqdo ri Prqhwdu| Hfrqrplfv 69/ ss1 6�6;1

^57` Iu|gpdq U1 dqg Jrogehuj P1 +533:, Lpshuihfw Nqrzohgjh Hfrqrplfv= H{0
fkdqjh Udwhv dqg Ulvn1 Sulqfhwrq Xqlyhuvlw| Suhvv/ Sulqfhwrq dqg R{irug/
s1 69;1

^58` Jdo�� M1/ Prqdfhool/ W1/ +5338, Prqhwdu| srolf| dqg h{fkdqjh udwh yrodwlolw|
lq d vpdoo rshq hfrqrp|1 Uhylhz ri Hfrqrplf Vwxglhv :5/ ss1 :3:0:671

^59` Jhuodfk/ K1 P1 V1 +4<;;, Zruog exvlqhvv f|fohv xqghu �{hg dqg  h{leoh
h{fkdqjh udwhv1 Mrxuqdo ri Prqh| Fuhglw dqg Edqnlqj/ 53/ ss1 954�9651

^5:` Kdogdqh D1+4<<<, Jkrvwexvwlqj= Wkh XN H{shulhqfh ri Lq dwlrq Wdujhw0
lqj1 Plphr/ Edqn ri Hqjodqg1

^5;` Kdqvhq E1 +5334, Wkh Qhz Hfrqrphwulfv ri Vwuxfwxudo Fkdqjh= Gdwlqj
Fkdqjhv lq X1V1 Oderu Surgxfwlylw|1 Mrxuqdo ri Hfrqrplf Shuvshfwlyhv/ 48/
ss1 44:045;1

^5<` Kdqvhq E1 dqg Vdujhqw W1 +5334, Dfnqrzohgjlqj plvvshfl�fdwlrq lq pdfur0
hfrqrplf wkhru|/ Uhylhz ri Hfrqrplf G|qdplfv 7/ ss1 84<08681

^63` Krgulfn/ U1 dqg Suhvfrww H1 +4<<:,/ Srvwzdu X1V1 Exvlqhvv F|fohv= Dq
Hpslulfdo Lqyhvwljdwlrq/ Mrxuqdo ri Prqh|/ Fuhglw/ dqg Edqnlqj1 Yro1 5</
Qr1 41/ ss1 40491

^64` Ohzlv N1 +4<;<, Fkdqjlqj Eholhiv dqg V|vwhpdwlf Udwlrqdo Iruhfdvw Huuruv
zlwk Hylghqfh iurp Iruhljq H{fkdqjh1 Wkh Dphulfdq Hfrqrplf Uhylhz/
Yro1 :</ Qr1 71 / ss1 95409691

^65` Oxeln W1 dqg Vfkruikhlgh I1 +533:, Gr fhqwudo edqnv uhvsrqg wr h{fkdqjh
udwh pryhphqwvB D vwuxfwxudo lqyhvwljdwlrq1 Mrxuqdo ri Prqhwdu| Hfr0
qrplfv 87/ ss1 439<�43;:1

^66` Oxfdv/ U1 +4<:5, H{shfwdwlrqv dqg wkh Qhxwudolw| ri Prqh|1 Mrxuqdo ri
Hfrqrplf Wkhru| 7/ ss1436�4571
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^67` Pdun/ Q1 +4<<8, H{fkdqjh Udwhv dqg Ixqgdphqwdov= Hylghqfh rq Orqj0
Krul}rq Suhglfwdelolw|/ Wkh Dphulfdq Hfrqrplf Uhylhz/ ;8 +4,/ ss1 5340
54;1

^68` Pdun Q1 +5339, Fkdqjlqj Prqhwdu| Srolf| Uxohv/ Ohduqlqj/ dqg Uhdo H{0
fkdqjh Udwh G|qdplfv/ QEHU Zrunlqj Sdshu 443941

^69` Phhvh/ U1 dqg N1 Urjr�/ +4<;6, Hpslulfdo H{fkdqjh Udwh Prghov ri wkh
Vhyhqwlhv= Gr Wkh| Ilw Rxw ri VdpsohB Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv
47/ ss1 60571

^6:` Prorgwvryd/ W1 dqg G1 Sdshoo/ +533:, Rxw0ri0Vdpsoh H{fkdqjh Udwh Suh0
glfwdelolw| zlwk Wd|oru Uxoh Ixqgdphqwdov/ Xqlyhuvlw| ri Krxvwrq1

^6;` Prqdfhool W1 +4<<;, Lqwr wkh Pxvvd Sx}}oh= Prqhwdu| Uhjlphv dqg wkh
Uhdo H{fkdqjh Udwh lq d Vpdoo Rshq Hfrqrp|/ plphr Ervwrq Froohjh1

^6<` Pxvvd/ P1 +4<:<, Hpslulfdo Uhjxodulwlhv lq wkh Ehkdylrxu ri H{fkdqjh
Udwhv dqg Wkhrulhv ri wkh Iruhljq H{fkdqjh Pdunhw1 Fduqhjlh0Urfkhvwhu
Vhulhv rq Sxeolf Srolf| 44/ ss1 <08;1

^73` Pxvvd/ P1/ +4<;9, Qrplqdo h{fkdqjh0udwh uhjlphv dqg wkh ehkdylru ri uhdo
h{fkdqjh udwhv= hylghqfh dqg lpsolfdwlrqv1 Fduqhjlh0Urfkhvwhu Vhulhv rq
Sxeolf Srolf| 58/ ss1 44:�5471

^74` Pxwk/ M1/ +4<94, Udwlrqdo H{shfwdwlrqv dqg wkh Wkhru| ri Sulfh Pryh0
phqwv/ Hfrqrphwulfd/ 5</ ss1 64806681

^75` Qhxpdqq/ P1 dqg yrq Kdjhq M1+5335, Grhv Lq dwlrq Wdujhwlqj PdwwhuB
Ihghudo Uhvhuyh Edqn ri Vw1 Orxlv Uhylhz ;7 +7, / ss1 45:07;1

^76` Urvvl E1 +5339, Duh H{fkdqjh Udwhv Uhdoo| Udqgrp ZdonvB Vrph Hyl0
ghqfh Urexvw wr Sdudphwhu Lqvwdelolw|/ Pdfurhfrqrplf G|qdplfv 43+4,/
ss1 5306;1

^77` Vdujhqw W1 +4<<6, Erxqghg udwlrqdolw| lq pdfurhfrqrplfv1 R{irug Xqlyhu0
vlw| Suhvv/ Qhz \run/ Q\/ ss1 4;71
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^78` Vfklqdvl/ J1 dqg Vzdpl/ S1 +4<;<, Wkh rxw0ri0vdpsoh iruhfdvwlqj shuiru0
pdqfh ri h{fkdqjh udwh prghov zkhq frh!flhqwv duh doorzhg wr fkdqjh/
Mrxuqdo ri Lqwhuqdwlrqdo Prqh| dqg Ilqdqfh/;/ ss1 6:806<31

^79` Vyhqvvrq/ Oduv H1 R1 +5333,1 Rshq Hfrqrp| Lq dwlrq Wdujhwlqj1 Mrxuqdo
ri Lqwhuqdwlrqdo Hfrqrplfv 83/ ss1 488�4;61

^7:` Vfkzdu}/ J1 +4<:;, Hvwlpdwlqj wkh glphqvlrq ri d prgho1 Dqqdov ri Vwdwlv0
wlfv 9/ ss1 7940797

^7;` Wd|oru/ M1 +4<<6, = Glvfuhwlrq yhuvxv srolf| uxohv lq sudfwlfh/ Fduqhjlh0
Urfkhvwhu Frqihuhqfh rq Sxeolf Srolf| 6</ ss1 4<805471
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Dsshqgl{ 4

Wdeoh 9= Sdudphwhu ydoxhv lq fdoleudwlrq
Sdudphwhu Ydoxh
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