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Devwudfw

Zh sursrvh dq dssurdfk wr lghqwli| lqghshqghqwo| wkh sdudphwhuv gh0
vfulelqj wkh vwuxfwxuh ri wkh hfrqrp| iurp wkrvh ghvfulelqj fhqwudo edqn
suhihuhqfhv1 Zh vkrz krz suhihuhqfhv pd| eh lghqwl�hg e| vlpxowdqhrxv
JPP hvwlpdwlrq ri wkh Hxohu htxdwlrq iru wkh vroxwlrq ri wkh rswlpl}dwlrq
sureohp ri wkh fhqwudo edqn/ wrjhwkhu zlwk wzr htxdwlrqv ghvfulelqj wkh
vwuxfwxuh ri wkh hfrqrp|1 Zh dsso| wklv dssurdfk wr wkh vwxg| ri wkh uh0
dfwlrq ixqfwlrq ri wkh Ihg1 Rxu �qglqjv vxjjhvw wkdw wkh zhljkw ri lqwhuhvw
udwh vprrwklqj dqg ri rxwsxw vwdelol}dwlrq lq wkh orvv ixqfwlrq ri wkh Ihg
lv vljql�fdqw/ exw doprvw qhjoljleoh lq frpsdulvrq wr wkh zhljkw sodfhg rq
lq dwlrq vwdelol}dwlrq +uhvshfwlyho|/ rqh0�iwlhwk dqg rqh0kxqguhwk,1

MHO fodvvl�fdwlrq= F85/ H85

Nh|zrugv= Lqwhuhvw udwh uxohv/ fhqwudo edqn suhihuhqfhv/ JPP hvwlpdwlrq ri
Hxohu htxdwlrqv1

�Zh wkdqn Sdxo Uhglqj/ Slhuuh Vlnorv/ Oduv Vyhqvvrq dqg Jxlgr Wdehoolql iru ydoxdeoh glv0
fxvvlrqv dqg vxjjhvwlrqv1 Wkh sdshu kdv dovr ehqh�whg iurp frpphqwv gxulqj suhvhqwdwlrqv dw
wkh ELV/ wkh 4<<< Dqqxdo phhwlqj ri wkh Prqh|/ Pdfur dqg Ilqdqfh Jurxs +XN, dqg wkh Hqwh
Hlqdxgl +Urph,1 Jlrujlr Sulplfhul surylghg yhu| frpshwhqw uhvhdufk dvvlvwdqfh1 Doo huuruv duh
rxu rzq1



41 Lqwurgxfwlrq

D jurzlqj erg| ri hpslulfdo olwhudwxuh kdv hvwdeolvkhg lqwhuhvw udwh uxohv dv d
frqyhqlhqw zd| wr prgho dqg lqwhusuhw prqhwdu| srolf|1 Dq lqwhuhvw udwh uxoh
uhodwhv wkh vhwwlqj ri d vkruw0whup prqh| pdunhw udwh +vxfk dv wkh Ihghudo Ixqgv
udwh lq wkh XV, wr wkh shufhlyhg ghyldwlrqv ri lq dwlrq dqg rxwsxw iurp wkhlu
wdujhw ru htxloleulxp ohyhov1 Wd|oru +4<<6,/ iurp zklfk wklv olwhudwxuh ruljlqdwhv/
vlpso| srvwxodwhg wkdw wklv uxoh pljkw eh sodxvleoh/ dqg irxqg wkdw lw dffxudwho|
ghvfulehg krz prqhwdu| srolf| kdg ehhq frqgxfwhg gxulqj wkh Juhhqvsdq |hduv1
Vyhqvvrq +4<<9, odwhu revhuyhg wkdw dq lqwhuhvw udwh uxoh pd| eh ghulyhg e| vroylqj
wkh lqwhuwhpsrudo rswlpl}dwlrq sureohp ri d fhqwudo edqn/ iru d vxlwdeoh orvv ixqf0
wlrq1 Lq wklv fdvh/ ghulydwlrq ri wkh uxoh pdnhv lw fohdu wkdw hvwlpdwhg frh!flhqwv
fdq rqo| eh lqwhusuhwhg dv frqyroxwlrqv ri wkh sdudphwhuv ghvfulelqj fhqwudo edqn
suhihuhqfhv dqg ri wkrvh ghwhuplqlqj wkh vwuxfwxuh ri wkh hfrqrp|1 Dowkrxjk wklv
srlqw lv fohdu lq wkhru|/ rqo| ihz dxwkruv +Olssl/ 4<<;/ fk1;> Fhffkhwwl/ PfFrqqhoo
dqg Shuh}0Txlurv/ 4<<<, kdyh dwwhpswhg lq sudfwlfh wr hvwlpdwh wkh suhihuhqfhv
sdudphwhuv ri fhqwudo edqnv1 Wklv lv txlwh vxusulvlqj/ li zh frqvlghu wkh olyho| srv0
lwlyh dqg qrupdwlyh ghedwh zklfk kdv iroorzhg diwhu wkh ruljlqdo sdshu ri Eduur
dqg Jrugrq +4<;9,1 Wzr lpsolfdwlrqv ri wkhlu dqdo|vlv kdyh ehhq lq xhqwldo lq
vkdslqj wkh lqwhsuhwdwlrq ri prqhwdu| srolf| lq odwhu |hduv= �uvw/ wkdw pdq| lq d0
wlrq hslvrghv pd| ruljlqdwh iurp wkh dwwhpswv ri fhqwudo edqnv wr vwdelol}h rxwsxw
deryh wkh qdwxudo udwh> vhfrqg/ wkdw wkh lq dwlrqdu| eldv lqfuhdvhv zlwk wkh uho0
dwlyh zhljkw rq rxwsxw vwdelol}dwlrq lq wkh orvv ixqfwlrq ri wkh fhqwudo edqn14 Lq
d uhfhqw vxuyh|/ Fodulgd/ Jdol dqg Jhuwohu +4<<<, kdyh frqfoxghg wkdw prqhwdu|
srolf| zdv idu ohvv djjuhvvlyh lq �jkwlqj lq dwlrq lq wkh suh0Yrofnhu hud wkdq lq
wkh odwhu shulrg/ vlqfh lw zdv uhodwlyho| pruh irfxvhg rq rxwsxw vwdelol}dwlrq dqg lw
doorzhg uhdo lqwhuhvw udwhv wr ghfuhdvh lq suhvhqfh ri lq dwlrqdu| vkrfnv15 Rqh lp0
solfdwlrq ri wklv revhuydwlrq lv wkdw lw pd| eh xvhixo wr lghqwli| zlwk vrph suhflvlrq
fhqwudo edqnv suhihuhqfhv/ lq rughu wr dwwulexwh uhvsrqvlelolwlhv iru kljk lq dwlrq/
dqg phulwv iru orz lq dwlrq1 Rq wklv srlqw/ hpslulfdo uhvhdufk kdv jhqhudoo| irxqg

4Lq dgglwlrq/ Vyhqvvrq +4<<:d, kdv vkrzq wkdw/ zlwk hpsor|phqw shuvlvwdqfh/ wkhuh lv dovr
d vwdwh0frqwlqjhqw lq dwlrq eldv1 Wklv eldv uhpdlqv/ hyhq li wkh hpsor|phqw wdujhw htxdov wkh
orqj0uxq qdwxudo udwh1

5Wklv lv qrw/ ri frxuvh/ wkh rqo| h{sodqdwlrq iru wkh kljk lq dwlrq ri wkh vhyhqwlhv1 Dffruglqj
wr Ruskdqlghv +5333,/ wkh srolf| plvwdnh ri nhhslqj XV lqwhuhvw udwhv wrr orz lq wkh idfh ri
prxqwlqj lq dwlrqdu| h{shfwdwlrqv zdv lqvwhdg gxh wr d shuvlvwhqw ryhuhvwlpdwlrq ri srwhqwldo
rxwsxw1 Rq wkh frqwudu|/ dffruglqj wr Luhodqg +4<<<, lw pd| zhoo kdyh ehhq wkdw lq dwlrq zdv
gxh wr wkh gholehudwh ghflvlrq wr frqgxfw wlph0lqfrqvlvwhqw srolflhv1
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hylghqfh wkdw fhqwudo edqnv gr uhdfw wr revhuyhg rxwsxw jdsv 61 Krzhyhu/ lw lv
riwhq xqfohdu lq wklv olwhudwxuh zkhwkhu wkh idfw wkdw fhqwudo edqnv vhw lqwhuhvw
udwhv lq uhvsrqvh wr erwk h{shfwhg lq dwlrq dqg h{shfwhg rxwsxw jdsv lv frpsdw0

leoh zlwk wkh +riwhq vwdwhg dv sulrulwdu|, lq dwlrq0frqwuro remhfwlyh/ ru zkhwkhu
lw lv lqghhg lqvwuxphqwdo wr lw +dv lw zrxog eh wkh fdvh lq wkh hyhqw ri djjuhjdwh
ghpdqg vkrfnv/ dv lq Vyhqvvrq/ 4<<9/ dqg Jrrgiulhqg dqg Nlqj/ 4<<:,1

D uhodwhg sureohp lv wkdw/ wr eh deoh wr pdwfk wkh gdwd/ vlpxodwhg ru hvwlpdwhg
lqwhuhvw udwh uxohv kdyh dozd|v qhhghg wr lqfoxgh d whup lq wkh odjjhg lqwhuhvw
udwh1 Wklv fdq eh udwlrqdol}hg e| dvvxplqj vrph sduwldo dgmxvwphqw phfkdqlvp
ehwzhhq fxuuhqw lqwhuhvw udwhv dqg wkh htxloleulxp udwh +dv lq Fodulgd/ Jdol dqg
Jhuwohu/ 4<<<, ru 0 zklfk lv shukdsv ohvv duelwudu| 0 e| dvvxplqj wkdw lqwhuhvw udwh
vprrwklqj hqwhuv dv dq dgglwlrqdo h{solflw remhfwlyh lq wkh suhihuhqfh rughulqj ri
fhqwudo edqnv +dv dujxhg lq Jrrgiulhqg/ 4<;:,1 Krzhyhu/ wklv srlqw lv uhdoo| rshq
wr ghedwh1 Iru lqvwdqfh/ Uxghexvfk +4<<;, dqg Vdfn +4<<;, kdyh dujxhg wkdw wkh
shuvlvwhqfh ri srolf| udwhv fdq lqvwhdg eh uhodwhg wr shuvlvwhqfh lq wkh vwuxfwxuh ri
wkh hfrqrp|/ zkloh Eudlqdug0w|sh xqfhuwdlqw| frxog h{sodlq wkh revhuyhg vprrwk
uhvsrqvh ri srolf| udwhv wr pdfurhfrqrplf frqglwlrqv1

Wr ehwwhu xqghuvwdqg wkhvh txhvwlrqv/ dqg li srvvleoh wr vhwwoh wkhp/ lw zrxog
eh xvhixo wr rewdlq pruh gluhfw hylghqfh rq zkhwkhu ru wr zkdw h{whqw fhqwudo
edqn ghflvlrqv pd| eh ghvfulehg dv wkh rswlpdo rxwfrph ri wudglqj r� rxwsxw
yv1 lq dwlrq yv1 lqwhuhvw udwh vwdelol}dwlrq1 Wr dgguhvv wklv srlqw zh dgrsw d
iudphzrun zklfk kdv ehhq vxjjhvwhg lq d qxpehu ri uhfhqw/ forvho| uhodwhg sdshuv
+Vyhqvvrq/ 4<<:e dqg 4<<;d/ Uxghexvfk dqg Vyhqvvrq/ 4<<<,1 Wkhvh dxwkruv
zhuh prvwo| frqfhuqhg zlwk d irupdo dqdo|vlv ri wkh surshuwlhv dqg lpsolfdwlrqv
ri lq dwlrq wdujhwlqj/ dqg revhuyhg wkdw wklv srolf| uhjlph lv frqvlvwhqw zlwk wkh
dgrswlrq ri +iruzdug0orrnlqj, lqwhuhvw udwh uxohv1 Rqh ixuwkhu lpsolfdwlrq ri wkhlu
dssurdfk/ zklfk zh h{sorlw lq wklv sdshu/ lv wkdw lw dovr surylghv d iudphzrun
iru rewdlqlqj vwuxfwxudo hvwlpdwhv ri lqwhuhvw udwh uxohv frqvlvwhqw zlwk gl�huhqw
prqhwdu| srolf| jrdov1

Lq wklv sdshu zh vkrz wkdw/ xvlqj wkh iudphzrun ri Vyhqvvrq dqg rwkhuv/ lw lv
srvvleoh wr lghqwli| wkh suhihuhqfh sdudphwhuv ri d fhqwudo edqn vhsdudwho| iurp

6Vhh h1j/ iru wkh fdvh ri wkh J08/ Fodulgd/ Jdol dqg Jhuwohu +4<<;,1 Dovr/ Jhuodfk dqg
Vfkqdeho +5333, vkrz wkdw d vlpxodwhg p|rslf Wd|oru uxoh �wv uhdvrqdeo| zhoo wkh dyhudjh
ehkdylru ri lqwhuhvw udwhv lq wkh HPX frxqwulhv iru 4<<30<;1 Mrkqvrq dqg Vlnorv +4<<9, hvwlpdwh
Wd|oru0w|sh uhdfwlrq ixqfwlrqv iru d vdpsoh ri 4: RHFG fhqwudo edqnv lq 4<930<31 Wkh| �qg qr
hylghqfh wkdw 0 diwhu frqwuroolqj iru xqh{shfwhg fkdqjhv lq lq dwlrq ru xqhpsor|phqw 0 fhqwudo
edqnv vhw wkhlu lqwhuhvw udwhv lq uhvsrqvh wr srolwlfdo0hfrqrplf yduldeohv +vxfk dv wkh ghjuhh ri
fhqwudo edqn lqghshqghqfh/ wkh wlplqj ri hohfwlrqv ru wkh w|sh ri jryhuqphqw,1
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wkh sdudphwhuv zklfk fkdudfwhul}h wkh vwuxfwxuh ri wkh hfrqrp|1 Wr wklv sxusrvh
zh revhuyh wkdw/ zkloh suhylrxv olwhudwxuh kdv xvhg wkh JPPphwkrgrorj| wr hvwl0
pdwh fhqwudo edqn uhdfwlrq ixqfwlrqv/ d pruh qdwxudo remhfw iru JPP hvwlpdwlrq
duh lqvwhdg wkh �uvw rughu frqglwlrqv ghulyhg iurp wkh xqghuo|lqj rswlpl}dwlrq
sureohp1 Wklv surfhgxuh doorzv wr lghqwli| dqg hvwlpdwh wkh �ghhs� sdudphwhuv
ghvfulelqj fhqwudo edqn suhihuhqfhv1 Lq wxuq/ wklv doorzv xv wr dvvhvv wr zkdw
h{whqw prqhwdu| srolf| ghflvlrqv kdyh ehhq prwlydwhg e| wkh ghvluh wr vwdelol}h
rxwsxw dv dq remhfwlyh lq lwv rzq uljkw1

Zh dsso| wklv phwkrgrorj| wr wkh XV/ dv wklv kdv ehhq d zlgho| uhvhdufkhg/
exw wr vrph h{whqw vwloo xqvroyhg fdvh vwxg|/ dqg dovr dv lw lv d fohdu h{dpsoh ri
dq +doprvw, forvhg hfrqrp|17 Dv vxjjhvwhg lq Fodulgd/ Jdol dqg Jhuwohu +4<<<,
zh frqvlghu d vlpxowdqhrxv prgho zklfk lqfoxghv dq LV fxuyh/ uhodwlqj wkh rxwsxw
jds lqyhuvho| wr wkh uhdo lqwhuhvw udwh/ d Skloolsv fxuyh/ uhodwlqj lq dwlrq srvlwlyho|
wr wkh rxwsxw jds/ dqg d iruzdug0orrnlqj �uvw rughu frqglwlrq iru wkh vroxwlrq ri
wkh fhqwudo edqn rswlpl}dwlrq sureohp18 Lq vhfwlrq 5 zh dqdo|}h irupdoo| wkh
lghqwl�fdwlrq sureohp iru wkh suhihuhqfh sdudphwhuv ri d fhqwudo edqn1 Lq vhfwlrq
6 zh suhvhqw rxu hvwlpdwlrq vwudwhj| dqg glvfxvv wkh uhvxowv1 Vhfwlrq 7 frqfoxghv1

51 Lqwhuhvw udwh uxohv dqg fhqwudo edqn suhihuhqfhv

Wkh vxffhvvixo zrun ri Wd|oru +4<<6, kdv uhylyhg lqwhuhvw lq wkh hvwlpdwlrq ri
fhqwudo edqn uhdfwlrq ixqfwlrqv1 D vlpsoh uxoh uhodwlqj wkh vhwwlqj ri uhdo srolf|
udwhv wr ghyldwlrqv ri lq dwlrq dqg rxwsxw iurp wkhlu wdujhw ru qdwxudo ohyhov kdv
suryhg vxffhvvixo lq ghvfulelqj wkh ehkdylru ri wkh Ihg ryhu wkh shulrg 4<;:0
4<<51 Wkh vlpsoh iudphzrun xvhg lq wkh ruljlqdo sdshu +dv zhoo dv lq pxfk ri
wkh ghulyhg olwhudwxuh, kdv ehhq h{whqghg e| Fodulgd/ Jdol dqg Jhuwohu +4<<;
dqg 4<<<, wr wkh hvwlpdwlrq ri iruzdug orrnlqj uxohv/ zkhuh htxloleulxp lqwhuhvw
udwhv duh prghoohg dv d ixqfwlrq ri wkh jds ehwzhhq h{shfwhg dqg wdujhw ydoxhv
iru lq dwlrq dqg rxwsxw1 Wkh revhuyhg shuvlvwhqfh ri lqwhuhvw udwhv lv dffrxqwhg
e| doorzlqj sduwldo dgmxvwphqw ri revhuyhg udwhv wrzdugv wkhlu htxloleulxp1 Wkh

7Ri frxuvh/ HPX lv olnho| wr surylgh lq gxh wlph wkh h{dpsoh ri dqrwkhu fxuuhqf| duhd zlwk
d frpsdudeoh ghjuhh ri forvxuh1 H{whqglqj rxu phwkrgrorj| wr rshq hfrqrplhv lv fhuwdlqo|
ihdvleoh/ exw zrxog lqwurgxfh dgglwlrqdo frpsolfdwlrqv/ zklfk duh frqfhswxdoo| lqghshqghqw ri
wkh vwudwhj| iru lghqwl�fdwlrq ri wkh suhihuhqfh sdudphwhuv zklfk zh ghyhors ehorz1 Wkxv dw
wklv vwdjh zh suhihu wr dyrlg wkhvh sureohpv1

8Rxu fkrlfh ri yduldeohv iru wkh wzr vwuxfwxudo htxdwlrqv lv frqvlvwhqw zlwk wkh vhw ri yduldeohv
xvhg lq rwkhu uhfhqw dqdo|vhv ri prqhwdu| srolf| xvlqj yhu| vpdoo pdfur prghov/ dv iru h{dpsoh
lq Fkulvwldqr/ Hlfkhqedxp dqg Hydqv +4<<;,1
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hvwlpdwhg lqwhuhvw udwh uxohv �w zhoo wkh gdwd ryhu wkh odujhu vdpsoh 4<9304<<91 Lq
wklv dssurdfk d qdwxudo h{sodqdwlrq ri wkh kljk lq dwlrq ri wkh vhyhqwlhv lv wkdw
wkh Ihg zdv uhdfwlqj wrr wlplgo| wr lq dwlrqdu| vkrfnv1 Krzhyhu txlwh riwhq/ lq
wklv olwhudwxuh/ wkh uxohv dffruglqj wr zklfk fhqwudo edqnv vhw wkhlu lqwhuhvw udwhv
duh glvfxvvhg dv li wkh| zhuh lqghshqghqw ri wkh vwuxfwxuh ri wkh hfrqrp| dqg
ri wkh srolf| wudqvplvvlrq phfkdqlvp1 Dqg/ iru wkh uhdvrqv zklfk zh glvfxvvhg
lq wkh lqwurgxfwlrq/ wklv lq wxuq pdnhv lw lpsrvvleoh wr xvh hvwlpdwhg lqwhuhvw
udwh uxoh wr pdnh lqihuhqfhv derxw wkh qdwxuh ri wkh srolf| suhihuhqfhv ri wkh
fhqwudo edqnv1 Wkxv/ vhyhudo uhohydqw txhvwlrqv uhpdlq xqdqvzhuhg1 Iru lqvwdqfh/
lv wkh rxwsxw jds rqo| d ohdglqj lqglfdwru ri lq dwlrq ru lv rxwsxw vwdelol}dwlrq
dq lqghshqghqw jrdo ri prqhwdu| srolf|B Gr fhqwudo edqnv uhdfw rswlpdoo| wr wkh
revhuyhg ghyldwlrqv ri hdfk yduldeoh iurp lwv wdujhwB Dqg zk| gr zh revhuyh vr
pxfk shuvlvwhqfh zkhq wkh| vhw lqwhuhvw udwhvB Ghvslwh lwv vxffhvv lq �wwlqj wkh
gdwd/ wklv olwhudwxuh grhv qrw uhvsrqg wr wkhvh txhvwlrqv1

Lq wklv vhfwlrq zh frqvlghu h{solflwo| dq lqwhuwhpsrudo rswlpl}dwlrq prgho
zklfk doorzv lghqwl�fdwlrq dqg vlpxowdqhrxv hvwlpdwlrq ri wkh sdudphwhuv gh0
vfulelqj wkh vwuxfwxuh ri wkh hfrqrp| dqg fhqwudo edqn suhihuhqfhv1 Zlwklq wklv
iudphzrun/ dowhuqdwlyh k|srwkhvhv rq wkh vwuxfwxuh ri fhqwudo edqn suhihuhqfhv
duh gluhfwo| whvwdeoh1 Frqvlghu wkh iroorzlqj vshfl�fdwlrq iru djjuhjdwh ghpdqg
dqg vxsso| lq d forvhg hfrqrp|9=

%|n� ' q%%| � qo

�
�| � .|Z|n��

b
o
�
n �_

|n� +514,

Z|n� ' kZZ| n k%%| n k��|n� n �r
|n� +515,

zkhuh % uhsuhvhqwv wkh rxwsxw jds/ Z lv wkh lq dwlrq udwh/ � lv wkh srolf| udwh/
b
o lv wkh htxloleulxp uhdo srolf| udwh/ � lv d yhfwru ri h{rjhqrxv yduldeohv d�hfwlqj
lq dwlrq/ �_ dqg �r duh l1l1g1 ghpdqg dqg vxsso| vkrfnv/ .| gh�qhv h{shfwdwlrqv
wdnhq zlwk uhvshfw wr lqirupdwlrq dydlodeoh dw wlph w dqg doo sdudphwhuv duh srvl0
wlyh1 Wklv vlpsoh vwuxfwxuh ghvfulehv krz uhdo dfwlylw| uhvsrqgv wr pryhphqwv lq
prqhwdu| srolf| lqvwuxphqwv/ dqg krz lq dwlrq uhvsrqgv wr wkh rxwsxw jds1 Wklv
iudphzrun lv frqvlvwhqw zlwk gl�huhqw hpslulfdo prghov ri wkh XV hfrqrp|/ vxfk
dv wkrvh sursrvhg e| Fkulvwldqr/ Hlfkhqedxp dqg Hydqv +4<<;, dqg Uxghexvfk

9Vhyhudo prgl�fdwlrqv ri wkh vwuxfwxuh suhvhqwhg lq wkh wh{w frxog eh sursrvhg1 Iru lqvwdqfh/
wkh vxsso| htxdwlrq frxog lqfoxgh d iruzdug orrnlqj whup lq lq dwlrq h{shfwdwlrqv1 Dovr/ lq dq
rshq hfrqrp| erwk ghpdqg dqg vxsso| htxdwlrqv zrxog lqfoxgh whupv lq wkh uhdo h{fkdqjh udwh
dqg iruhljq sulfhv1 Wkhvh dgglwlrqv zrxog lpso| qhz fkdqqhov ri prqhwdu| srolf| wudqvplvvlrq/
zklfk zrxog frpsolfdwh rxu prgho zlwkrxw dowhulqj lwv ixqgdphqwdo vwuxfwxuh1
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dqg Vyhqvvrq +4<<<,1 Zh vkdoo lqwhusuhw htxdwlrqv E2���0E2�2� dv wkh frqvwudlqwv/
vxemhfw wr zklfk wkh fhqwudo edqn vroyhv lwv lqwhuwhpsrudo rswlpl}dwlrq sureohp1

Wr looxvwudwh rxu phwkrgrorj| lq d vlpsoh iudphzrun/ frqvlghu wkh fdvh ri d
fhqwudo edqn dgrswlqj vwulfw lq dwlrq wdujhwlqj1 Wkh orvv ixqfwlrq lv wkhq=

u|n� '
�

2
EZ|n� � ZW�2 +516,

zkhuh ZW lv wkh wdujhw ohyho ri lq dwlrq1 Wkh lqwhuwhpsrudo rswlpl}dwlrq sure0
ohp lv=

��?�6�5e .|

"[
�'f

B�u|n� +517,

r�K�eS| |J E2���� E2�2�

zkhuh .| ghqrwhv h{shfwdwlrqv frqglwlrqdo xsrq wkh lqirupdwlrq vhw dydlodeoh
dw wlph w dqg B lv wkh lqwhuwhpsrudo glvfrxqw idfwru1 Jlyhq wkh vlpsoh odj vwuxfwxuh
srvwxodwhg lq E2���0E2�2� c wkh �uvw rughu frqglwlrqv iru rswlpdolw| pd| eh zulwwhq
dv=

_u

_�|
' .| EZ|n2 � ZW� ' f c ; | � +518,

Hvwlpdwlrq ri wkh wkuhh htxdwlrq v|vwhp E2���0E2�2�0E2�D� zrxog wkhq doorz d gluhfw
whvw ri wkh k|srwkhvlv wkdw wkh fhqwudo edqn kdv iroorzhg vwulfw lq dwlrq wdujhwlqj1
Wr lghqwli| wkh sdudphwhuv ri lqwhuhvw uhtxluhv wkh dvvxpswlrq wkdw pdfurhfr0
qrplf yduldeohv gr qrw uhdfw lqvwdqwdqhrxvo| wr prqhwdu| srolf|1 Wklv uhvwulfwlrq
lv hpslulfdoo| sodxvleoh dqg lv qrz riwhq dgrswhg lq YDU prghov ri wkh prqhwdu|
wudqvplvvlrq phfkdqlvp:1 Dv d qdwxudo zd| wr hvwlpdwh wkh prgho/ zh vxjjhvw
lpsohphqwlqj JPP rq wkh �uvw rughu frqglwlrqv E2�D�/ fkrrvlqj dv lqvwuxphqwv
iru h{shfwhg lq dwlrq wkrvh yduldeohv zklfk duh frqvlvwhqw zlwk wkh g|qdplf vshf0
l�fdwlrq ri E2���0E2�2� � Zh zrxog wkhq whvw wkh k|srwkhvlv wkdw .| EZ|n2 � ZW�
lv ruwkrjrqdo wr doo lqirupdwlrq dydlodeoh dw wlph w e| dsso|lqj wkh M0vwdwlvwlf
vxjjhvwhg e| Kdqvhq dqg Vlqjohwrq +4<;5,1

Lq wklv iudphzrun/ wkh plqlpxp odj zlwk zklfk pryhphqwv lq wkh srolf| udwh
d�hfw dfwxdo lq dwlrq lv wzr shulrgv1 Khqfh/ vwulfw lq dwlrq wdujhwlqj lpsolhv
wkdw wkh shuvlvwhqfh ri dfwxdo lq dwlrq vkrxog qrw eh uh hfwhg lq wkh wlph0vhulhv

:Vhh/ iru h{dpsoh/ Ehuqdqnh dqg Plkry +4<<;,1

9



ehkdylru ri h{shfwdwlrqv wdnhq wzr shulrgv dkhdg1 Wr vhh wklv srlqw pruh gluhfwo|/
vxevwlwxwh E2���0E2�2� lqwr E2�D� wr rewdlq=

.|Z|n2 ' kZ.|Z|n� n k�.|�|n2 n +519,

k%dq%%| � qoE�| �.|Z|n��
b
o�o

dqg wkhq e| ixuwkhu vxevwlwxwlqj iurp E2�S�lq E2�D� dqg uhduudqjlqj zh rewdlq=

�| '
b
o nZW n

#
kZ n k%qo

k%qo

$
E.|Z|n� � ZW� n +51:,

n
q%

qo

%| n
k�

k%qo

.|�|n2

Wklv vkrzv wkdw wkh rswlpdo srolf| uxoh E2�.� lv lqghhg d iruzdug0orrnlqj Wd|0
oru uxoh1 Qrwh krzhyhu wkdw li wkh uxoh lv hvwlpdwhg dv d vlqjoh htxdwlrq/ wkh
hvwlpdwhg sdudphwhuv duh qrw �ghhs� lq wkh vhqvh ri Oxfdv +4<:9,/ dv wkh| duh lq0
vwhdg frqyroxwlrqv ri wkh sdudphwhuv ghvfulelqj fhqwudo edqn suhihuhqfhv +lq wklv
vlpsoh h{dpsoh/ rqo| ZW, wrjhwkhu zlwk wkrvh ghvfulelqj wkh vwuxfwxuh ri wkh hfrq0
rp| Ek%c k�c kZc qoc q%c

b
o�1 Wklv lpsolhv wkdw hyhq lq wklv vlpsoh fdvh zh fdqqrw

lghqwli| wkh suhihuhqfh sdudphwhuv iurp wkh xquhvwulfwhg hvwlpdwlrq ri d iruzdug
orrnlqj lqwhuhvw udwh uxoh1 Wkxv/ zkloh hvwlpdwlqj wkhvh uxohv pd| eh xvhixo dv d
sxuho| ghvfulswlyh ghylfh/ lw zrxog vwloo uhpdlq lpsrvvleoh rq wklv edvlv wr dvvhvv li
wkh hvwlpdwhg uhvsrqvh ri fhqwudo edqn wr rxwsxw dqg lq dwlrq lv frqvlvwhqw zlwk
rswlpdo ehkdylru1 Dovr zh pd| qrwh wkdw/ xqghu vwulfw lq dwlrq wdujhwlqj/ lqwhu0
hvw udwhv vkrxg uhvsrqg srvlwlyho| wr wkh fxuuhqw rxwsxw jds1 Wkxv/ wkh vlpsoh
hylghqfh ri d srvlwlyh uhodwlrq ehwzhhq srolf| udwhv dqg wkh rxwsxw jds grhv qrw
shu vh uhyhdo dq| suhihuhqfh iru rxwsxw vwdelol}dwlrq1

Lq idfw/ rqo| rqh hpslulfdo lpsolfdwlrq ri wklv uxoh fdq eh frqiurqwhg zlwk wkh
gdwd lqghshqghqwo| iurp wkh lghqwl�fdwlrq ri wkh sdudphwhuv ri lqwhuhvw1 Wklv lv
zkhwkhu wkh sdudphwhu ghvfulelqj wkh uhdfwlrq ri srolf| udwhv wr wkh jds ehwzhhq
h{shfwhg dqg wdujhw lq dwlrq lv odujhu wkdq rqh1 Li prqhwdu| srolf| dffrpprgdwhv
fkdqjhv lq lq dwlrq/ vr wkdw Y�|

Y.|Z|n�
� � c lw iroorzv wkdw dfwxdo lq dwlrq zloo qrw

lq jhqhudo frqyhujh wr wkh wdujhw udwh ZW1 Lqghhg prvw glvfxvvlrqv rq hvwlpdwhg
prqhwdu| srolf| uxohv kdyh irfxvhg rq wklv hpslulfdo suhglfwlrq +Vhh djdlq Fodulgd/
Jdol dqg Jhuwohu/ 4<<<,1

Pruh jhqhudoo|/ wkh ghulydwlrq dqg glvfxvvlrq ri E2�.� pdnhv lw fohdu wkdw vwulfw
lq dwlrq wdujhwlqj lpsrvhv wzr vhyhuh uhvwulfwlrqv rq wkh gdwd1 Iluvw/ wkh rswlpdo

:



uxoh ghulyhg deryh grhv qrw dffrxqw iru wkh revhuyhg shuvlvwhqfh lq srolf| udwhv1
Rq wkh frqwudu|/ wkh dydlodeoh hpslulfdo hylghqfh vkrzv wkdw d voxjjlvk dgmxvwphqw
ri dfwxdo wr wdujhw udwhv kdv wr eh dgghg wr dq htxdwlrq olnh E2�.� lq rughu wr �w wkh
gdwd1 Iru lqvwdqfh/ Fodulgd/ Jdol dqg Jhuwohu +4<<</ s149<:, hvwlpdwh d shuvlvwhqfh
sdudphwhu htxdo wr 31:< iru wkh Yrofnhu0Juhhqvsdq hud +4<:<=604<<9=7,1 Vhfrqg/
wdnlqj lqwr dffrxqw wkh dydlodeoh hvwlpdwhv rq wkh lpsdfw ri wkh srolf| udwh rq wkh
rxwsxw jds/ dqg ri wkh rxwsxw jds rq lq dwlrq zrxog vxjjhvw wkdw wkh uhvsrqvh
ri srolf| udwhv wr ghyldwlrqv ri h{shfwhg lq dwlrq iurp lwv wdujhw vkrxog eh wkluw|0
wkuhh wlphv kljkhu wkdq dfwxdo hvwlpdwhv1;

Vxpplqj xs/ wklv glvfxvvlrq srlqwv wrzdug wzr gl�huhqw vkruwfrplqjv lq wkh
olwhudwxuh1 Iluvw/ wkh hvwlpdwlrq ri Wd|oru uxohv lv qrw lqirupdwlyh rq fhqwudo edqn
suhihuhqfhv xqohvv lw lv lpsohphqwhg lq wkh frqwh{w ri d vlpxowdqhrxv prgho ri
wkh vwuxfwxuh ri wkh hfrqrp| dqg ri wkh �uvw rughu frqglwlrqv iru fhqwudo edqn
rswlpl}dwlrq1 Vhfrqg/ wkh udwlrqdol}dwlrq ri wkh revhuyhg hylghqfh iurp wkh XV
hfrqrp| uhtxluhv d pruh jhqhudo vwuxfwxuh ri fhqwudo edqn suhihuhqfhv wkdq vwulfw
lq dwlrq wdujhwlqj1

Lq wkh qh{w vhfwlrq zh lpsohphqw wklv dssurdfk1

61 Lghqwli|lqj fhqwudo edqn suhihuhqfhv

Lq wklv vhfwlrq/ zh glvfxvv wkh lghqwl�fdwlrq ri fhqwudo edqn suhihuhqfhv lq d pruh
jhqhudo iudphzrun wkdq wkh rqh glvfxvvhg vr idu1 Zh frqvlghu d pruh jhqhudo
ghvfulswlrq ri wkh fhqwudo edqn*v suhihuhqfhv/ zklfk qhvwv d qxpehu ri vshfl�f
k|srwkhvhv1 Dv zh glg lq wkh suhylrxv vhfwlrq/ zh wkhq plqlpl}h wkh orvv ixqfwlrq
ryhu wlph zlwk uhvshfw wr wkh srolf| lqvwuxphqw/ vxemhfw wr wkh frqvwudlqwv jlyhq
e| wkh vwuxfwxuh ri wkh hfrqrp|1

Fhqwudo edqn suhihuhqfhv duh ghvfulehg e| wkh iroorzlqj lqwhuwhpsrudo orvv
ixqfwlrq=

.|

�[
�'f

B�u|n� +614,

zkhuh/ gl�huhqwo| iurp E2�e�/ zh duelwudulo| olplw wkh sodqqlqj krul}rq wr d
�qlwh ohqjwk/ � <1 Wkh orvv ixqfwlrq O lv qrz vshfl�hg dv=

;Iru lqvwdqfh/ srlqw hvwlpdwhv lq Uxghexvfk dqg Vyhqvvrq +4<<</ s1 53;, duh= �� @ 4 / �{ @

3=47 / �u @ 3=43= Vxevwlwxlqj wkhvh ydoxhv lqwr rxu uhdfwlrq ixqfwlrq zrxog lpso| Clw

CHw�w.4
* :5=

Rq wkh rwkhu kdqg Fodulgd/ Jdol dqg Jhuwohu +4<<<, hvwlpdwh wklv sdudphwhu htxdo wr 51481
<Zh prwlydwh ehorz lq wkh wh{w wkh hpslulfdo fkrlfh ri d ydoxh iru �=

;



u '
�

2

k
EZ| � ZW�2 n b%2| n > E�| � �|3��

2
l

+615,

zkhuh b lv wkh zhljkw dwwdfkhg wr rxwsxw vwdelol}dwlrq43 dqg > wr lqwhuhvw udwh
vprrwklqj441 Qrwh wkdw wkh lqwhudfwlrq ehwzhhq wkh vwuxfwxuh ri wkh hfrqrp|
dqg wkh srolf| uhdfwlrq ixqfwlrq zrxog jhqhudwh dq lghqwl�fdwlrq sureohp zklfk
0 vlploduo| wr wkh suhylrxv vhfwlrq 0 pd| eh vroyhg e| dvvxplqj wkh devhqfh ri d
frqwhpsrudqhrxv ihhgedfn ehwzhhq wkh pdfurhfrqrp| dqg prqhwdu| srolf|1

Wkh frpsohwh prgho wr eh hvwlpdwhg qrz lqfoxghv wkh �uvw rughu frqglwlrqv
ghulyhg iurp wkh plqlpl}dwlrq ri E���� dqg E��2� c vxemhfw wr wkh frqvwudlqw jlyhq
e| wkh uhohydqw djjuhjdwh ghpdqg dqg vxsso| htxdwlrqv1 Doorzlqj iru d pruh
jhqhudo odj vwuxfwxuh lq djjuhjdwh ghpdqg dqg vxsso| wkdq wkh rqh hperglhg
lq htxdwlrqvE2��� dqgE2�2�/ dqg dovr dgrswlqj wkh edfnzdug0orrnlqj vwuxfwxuh iru
wkh LV fxuyh hpsor|hg e| Uxghexvfk dqg Vyhqvvrq +4<<<,/ zh pd| zulwh wkh
frpsohwh prgho dv=

%| ' �� Eu�%|3� � �2 Eu�
�
�|3� � Z|3��

b
o
�
n �_| +616,

Z| ' �� Eu�Z|3� n �e Eu� %|3� n �D Eu��| n �r| +617,

.|s E�|n�n�c Z|n�n�c %|n�n�� ' f +618,

s E�|n�n�c Z|n�n�c %|n�n�� '
�[

�'f

B�.| EZ|n�n� � ZW�
YZ|n�n�

Y�|n�

n

n.|

�[
�'f

B�b.|%|n�n�

Y%|n�n�

Y�|n�

n

n> E�|n� � �|n�3��� >B.| E�|n�n� � �|n�� n �6|

Dv E��D� duh wkh �uvw rughu frqglwlrqv iru wkh vroxwlrq ri wkh lqwhuwhpsrudo rs0
wlpl}dwlrq sureohp/ wkh| lpso| vrph whvwdeoh furvv0htxdwlrq uhvwulfwlrqv ehwzhhq
wkh sdudphwhuv ri wkh edfnzdug dqg iruzdug0orrnlqj eorfnv1

43Dv {w phdvxuhv wkh rxwsxw jds/ wkh uhohydqw vwdelolvdwlrq frqfhsw fohduo| h{whqgv rqo| wr
djjuhjdwh ghpdqg vkrfnv1 Dv vxsso| vkrfnv hqwhu gluhfwo| lqwr wkh djjuhjdwh vxsso| htxdwlrq
+515, ru +617, ehorz/ wklv lv htxlydohqw wr wkh dvvxpswlrq wkdw wkh fhqwudo edqn grhv qrw uhdfw
wr wkhp rwkhu wkdq iru wkh sxusrvh ri vwdelolvlqj lq dwlrq1

44Jrrgiulhqg +4<;:,/ Vyhqvvrq +4<<;e, dqg Zdovk +4<<;/ fk143, glvfxvv zk| wkh fhqwudo edqn
pljkw dwwdfk d srvlwlyh ydoxh wr wkh vprrwklqj ri lqwhuhvw udwhv1 Hpslulfdoo|/ wklv fkrlfh lv
prwlydwhg e| wkh ghvluh wr dffrxqw iru wkh revhuyhg shuvlvwhqfh ru judgxdolw| lq wkh vhwwlqj ri
wkh Ihghudo Ixqgv udwh1

<



Rq wkh edvlv ri rswlpdo odj vhohfwlrq fulwhuld zh kdyh fkrvhq irxu odjv iru wkh
edfnzdug orrnlqj eorfn1 Zh dovr vhohfwhg irxu ohdgv iru wkh iruzdug orrnlqj eorfn1
Wklv fkrlfh lv vxssruwhg e| hylghqfh lq wkh �Juhhqerrn�/ zklfk sxeolvkhv +zlwk
d �yh0|hdu ghod|, uhdo0wlph Ihg iruhfdvwv iru lq dwlrq dqg xqhpsor|phqw xs wr
irxu txduwhuv dkhdg145 Zh vhohfw wkh ehvw �wwlqj hpslulfdo prgho e| rplwwlqj qrq0
vljql�fdqw odjv dqg ohdgv iurp wkh jhqhudo prgho1 Wkh uhvxowlqj prgho/ uhsruwhg
lq ghwdlo lq Wdeoh 4/ kdv wkh iroorzlqj vshfl�fdwlrq=

%| ' S� n S2%|3� n S�%|32 n Se E�|32�
b
Z|32� n +619,

nSD E�|3��
b
Z|3�� n �_

|

Z| ' SSZ|3� n S.Z|32 n SH%|3� n +61:,

nSb{e,RS6|3� n �r|
.|s E�|n�n�c Z|n�n�c %|n�n�� ' f +61;,

s E�|n�n�c Z|n�n�c %|n�n�� ' �| � S�f � S���|n� � S�2Z|n� � S��Z|n2

�S�e%|n� � S�D%|n2 � S�S%|n� n �6
|

zkhuh % lv wkh uhodwlyh jds ehwzhhq dfwxdo dqg srwhqwldo JGS lq shufhqwdjh
srlqwv / Z lv dqqxdo lq dwlrq E�ff � E*? R| � *? R|3e�� lq wkh JGS fkdlq0zhljkwhg
sulfh lqgh{ lq shufhqwdjh srlqwv/46 wkh uhdo udwh ri lqwhuhvw lv gh�qhg e| vxewudfw0
lqj wr wkh qrplqdo udwh/ �|c

47 wkh dyhudjh dqqxdol}hg txduwhuo| lq dwlrq ryhu wkh
suhylrxv irxu txduwhuv/

b
Z148 {e,SR6| lv wkh LPI frpprglw| sulfh lqgh{ +dqqxdo

jurzwk udwh,1 Wkh prgho lv hvwlpdwhg rq txduwhuo| gdwd/ iurp 4<;3=6 wr 4<<;=61
Wkh vdpsoh fryhuv wkh Yrofnhu0Juhhqvsdq hud/ dv gh�qhg lq Fodulgd/ Jdol dqg
Jhuwohu +4<<</ 5333,1 Zh kdyh whvwhg wkh vwurqj h{rjhqhlw| ri wkh frpprglw|
sulfh lqgh{ iru wkh hvwlpdwlrq ri wkh sdudphwhuv ri lqwhuhvw dqg frxog qrw uh0
mhfw lw1 Wkh hvwlpdwhg sdudphwhuv lq wkh edfnzdug0orrnlqj ghpdqg dqg vxsso|
eorfn duh frqvlvwhqw zlwk wkh uhvxowv uhsruwhg e| Uxghexvfk dqg Vyhqvvrq +4<<<,1
Qrwh wkdw wkh lqfoxvlrq ri wkh frpprglw| sulfh lqgh{ dv d ohdglqj lqglfdwru iru

45Zh kdyh fkhfnhg wkh urexvwqhvv ri rxu fkrlfh ri wkh krul}rq e| h{whqglqj lw e| rqh sh0
ulrg/ dqg whvwlqj li wkh dgglwlrqdo yduldeohv lqyroyhg lq wkh Hxohu htxdwlrq dwwudfw vljql�fdqw
frh!flhqwv1 Zh kdyh grqh vr e| vhwwlqj � @ 8 dqg irxqg vxssruw iru wkh fkrlfh � @ 7=

46Vrxufh= X1V1 Ghsduwphqw ri Frpphufh/ Exuhdx ri Hfrqrplf Dqdo|vlv1 Dydlodeoh iurp
IUHG +kwws=22zzz1vwov1iue1ruj2iuhg2gdwd2jgs1kwpo,1

47
lw lv wkh dyhudjh ydoxh ri wkh Ihghudo Ixqgv udwh lq wkh odvw prqwk ri hdfk txduwhu +Vrxufh=

Gdwdvwuhdp,1
48Vhh Uxghexvfk dqg Vyhqvvrq +4<<<,1
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lq dwlrq/ dv vxjjhvwhg e| wkh YDU olwhudwxuh rq wkh prqhwdu| wudqvplvvlrq phfk0
dqlvp +vhh/ iru h{dpsoh/ Fkulvwldqr/ Hlfkhqedxp dqg Hydqv/ 4<<;,/ lpsolhv vpdoo
prgl�fdwlrqv lq wkh hvwlpdwhg sdudphwhuv ri wkh vxsso| htxdwlrq1

Wkh xquhvwulfwhg prgho uhsruwhg lq Wdeoh 4 grhv qrw doorz wkh lghqwl�fdwlrq
ri wkh vwuxfwxudo sdudphwhuv ri lqwhuhvw1 Zh wkhq surfhhg wr lghqwli| wkhp e|
uhzulwlqj wkh Hxohu htxdwlrq frqvlvwhqw zlwk wkh vhohfwhg vshfl�fdwlrq iru ghpdqg
dqg vxsso| =

b.|%|n�
Y%|n�
Y�|

n Bb.|%|n2

#
Y%|n2

Y%|n�

Y%|n�

Y�|

$
+61<,

nB2b.|%|n�

#
Y%|n�

Y%|n2

Y%|n2

Y�|
n

Y%|n�
Y%|n�

Y%|n�
Y�|

$

nB.| EZ|n2 � ZW�

#
YZ|n2

Y%|n�

Y%|n�
Y�|

$
n B.| EZ|n� � ZW�

#
YZ|n�

YZ|n2

YZ|n2

Y%|n�

Y%|n�

Y�|

$

nB.| EZ|ne � ZW�

#
YZ|ne

YZ|n�

YZ|n�

YZ|n2

YZ|n2

Y%|n�

Y%|n�
Y�|

$

n>.| E�|n� � �|�� >B.| E�|n2 � �|n��

' f

Zh uhduudqjh E��b� lq whupv ri lqwhuhvw udwhv dqg vxevwlwxwh ghulydwlyhv zlwk
frh!flhqwv iurp E��S� dqg E��.� wr rewdlq=

.| E�| � �|n�� ' B.| E�| � �|n�� n +6143,

nB E�*>�.| dSHSe EZ|n� � ZW� n B ESSSHSe n SH ESD n S2Se�� EZ|ne � ZW�o

n Eb*>�.|

k
Se%|n2 n B ESD n S2Se�%|n� n B2 ES2 ESD n S2Se� n S�Se� %|ne

l

Wkh prgho wr eh hvwlpdwhg qrz frqvlvwv ri htxdwlrqv E��S� dqg E��.� wrjhwkhu
zlwk E���f�1

Qrwh wkdw d vwuxfwxudo hvwlpdwh ri wkh uhdo htxloleulxp lqwhuhvw udwh lv jlyhq e|
3S�
SenSD

� Zh uhsruw hvwlpdwhv ri wkh sdudphwhuv iurp wkh wkuhh htxdwlrqv lq Wdeoh
5/ zkhuh/ lq dgglwlrq wr wkh furvv0htxdwlrq uhvwulfwlrqv/ zh kdyh dovr lpsrvhg wkdw
wkh frh!flhqwv rq odjjhg lq dwlrq vxp wr rqh/ zklfk lv frqvlvwhqw zlwk wkh hv0
wlpdwhv iurp wkh xquhvwulfwhg prgho149 Wkh sdudphwhuv lq wkh edfnzdug0orrnlqj

49Vhh Wdeoh 4/ frh!flhqwv f9 dqg f:=
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eorfn duh vxevwdqwldoo| xqdowhuhg zkhq wkhvh uhvwulfwlrqv duh lpsrvhg1 Wxuqlqj
rxu dwwhqwlrq wr wkh suhihuhqfh sdudphwhuv/ zh dovr uhvwulfwhg wkh glvfrxqw idf0
wru htxdo wr 1<:8/ dv wkh xquhvwulfwhg hvwlpdwh lv yhu| lpsuhflvh1 Wklv vhhpv d
sodxvleoh dvvxpswlrq/ dqg dovr doorzv d phdqlqjixo lqwhusuhwdwlrq ri wkh uhpdlq0
lqj suhihuhqfh sdudphwhuv/ zlwkrxw d�hfwlqj wkh ryhudoo �w ri wkh prgho1 Wkh
uhsruwhg hvwlpdwhv lpso| wkdw wkh zhljkw sodfhg rq lq dwlrq vwdelol}dwlrq zdv
derxw �iw| wlphv odujhu wkdq wkh zhljkw rq lqwhuhvw udwh vprrwklqj/ dqg pruh
wkdq rqh kxqguhg wlphv odujhu wkdq wkh zhljkw rq rxwsxw vwdelol}dwlrq1 Krzhyhu/
erwk b dqg > vwloo gl�hu vljql�fdqwo| iurp }hur1 Pruhryhu/ wkh lq dwlrq wdujhw lv
hvwlpdwhg dw 517 shu fhqw4:/ zkloh wkh orqj0uxq htxloleulxp uhdo udwh vwdqgv dw 616
shu fhqw1

Wr dvvhvv wkh shuirupdqfh ri rxu vshfl�fdwlrq/ zh frpsduh wkh dfwxdo sdwk
ri srolf| udwhv/ uhvshfwlyho|/ zlwk wkh sdwk g|qdplfdoo| vlpxodwhg iurp wkh xq0
uhvwulfwhg iruzdug0orrnlqj prgho E��S�0E��H� +Iljxuh 4, dqg iurp wkh uhvwulfwhg
iruzdug0orrnlqj prgho E��S� c E��.� dqg E���f� +Iljxuh 5,1 Qrwh wkdw wkh udwhv
vlpxodwhg iurp wkh uhvwulfwhg prgho duh vprrwkhu dqg forvhu wr wkh dfwxdo udwhv
wkdq wkrvh vlpxodwhg irup wkh xquhvwulfwhg prgho1 Lq Iljxuh 6 zh frpsduh wkh
vlpxodwhg sdwk iurp wkh uhvwulfwhg prgho zlwk wkh <8 shu fhqw frq�ghqfh lqwhu0
ydo iurp wkh xquhvwulfwhg prgho1 Khuh zh pd| qrwh wkdw lqwhuhvw udwhv vlpxodwhg
iurp wkh uhvwulfwhg prgho dozd|v olh zlwklq wkh xquhvwulfwhg frq�ghqfh lqwhuydo1
Krzhyhu/ zh pxvw revhuyh wkdw wkh odwwhu lqwhuydo lv txlwh zlgh/ zklfk pdnhv d
frqvlghudeoh udqjh ri gl�huhqw lqwhuhvw udwh srolflhv srwhqwldoo| frpsdwleoh zlwk
wkh rswlpdo srolf|1

Zh frqfoxgh wklv glvfxvvlrq frpsdulqj rxu uhvxowv/ dqg hvshfldoo| rxu phwkrg0
rorj|/ wr wkrvh lq wkh forvho| uhodwhg sdshu ri Fhffkhwwl/ PfFrqqhoo dqg Shuh}0
Txlurv +4<<<,1 Wkhlu uhvxowv rq wkh uhyhdohg suhihuhqfhv ri vhyhudo fhqwudo edqnv
duh txlwh frpsdudeoh wr rxuv/ lq whupv ri wkh hvwlpdwhg uhodwlyh zhljkwv rq lq0

4:Qrwh wkdw/ li wkh fhqwudo edqn zhuh wr sxuvxh d srolf| ri dwwhpswlqj wr udlvh rxwsxw eh|rqg
wkh htxloleulxp ohyho/ wklv zrxog eh uh hfwhg lq wkh dgrswlrq ri dq dowhuqdwlyh orvv ixqfwlrq=

O @
4

5

k
+�w � ��,

5 . �+{w . �,5 . � +lw � lw�4,
5
l

+6144,

zkhuh � zrxog eh wkh +srvlwlyh, lqfuhphqwdo rxwsxw wdujhw1 D srvlwlyh ydoxh ri � zrxog
eh uh hfwhg lq wkh frqvwdqw lq wkh Hxohu htxdwlrq1 Vlqfh wkh frqvwdqw whup lq rxu uhvwulfwhg
hvwlpdwhv fdswxuhv wkh lq dwlrq wdujhw/ zh pd| frqfoxgh wkdw rxu hvwlpdwhv gr qrw surylgh
dq| hylghqfh djdlqvw wkh qxoo wkdw � grhv qrw gl�hu iurp }hur1 Qrwlfh krzhyhu wkdw wklv �qglqj
surylghv hylghqfh djdlqvw d srvlwlyh dyhudjh lq dwlrq eldv +lq wkh whplqrorj| ri Vyhqvvrq/ 4<<:d,1
Rq wkh rwkhu kdqg/ rxu iudphzrun grhv qrw doorz wr ghwhfw wkh uhohydqfh ri Vyhqvvrq*v vwdwh0

frqwlqjhqw eldv1
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 dwlrq dqg rxwsxw vwdelol}dwlrq dqg rq lqwhuhvw udwh vprrwklqj1 Krzhyhu/ wkhlu
phwkrgrorj| lv txlwh gl�huhqw1 Wkh| surfhhg iurp wkh dvvxpswlrq wkdw fhqwudo
edqnv ehkdyhg rswlpdoo|/ dqg wkhq hvwlpdwh wkh orvv ixqfwlrq wkdw lpsolhv wkh sro0
lf| sdwk h�hfwlyho| xqghuwdnhq/ jlyhq wkh vwuxfwxuh ri wkh hfrqrp|1 Lq sudfwlfh/
kdylqj lghqwl�hg djjuhjdwh ghpdqg dqg vxsso| vkrfnv/ wkh| lpsrvh furvv0htxdwlrq
uhvwulfwlrqv rq wkh prylqj0dyhudjh uhsuhvhqwdwlrqv ri wkh vwuxfwxuh ri wkh hfrqrp|
dqg iru wkh rswlpdo srolf| udwhv/ wr ghulyh suhihuhqfh sdudphwhuv1 Rxu dssurdfk
gl�huv irup wkhluv vlqfh zh frqvlghu d YDU uhsuhvhqwdwlrq iru wkh vwuxfwxuh ri wkh
hfrqrp|/4; dqg lq wklv iudphzrun wkhq frpsduh erwk xquhvwulfwhg dqg uhvwulfwhg
prghov/ dgrswlqj rqo| wkrvh lghqwli|lqj uhvwulfwlrqv zklfk duh qhfhvvdu| wr slq
grzq wkh prqhwdu| srolf| uxohv1 Lw pd| eh dujxhg wkdw lq dq rswlpdo frqwuro
iudphzrun lw lv pruh qdwxudo wr zulwh wkh hyroxwlrq ri wkh frqwuro lq whupv ri wkh
iruflqj surfhvvhv/ l1h1 wkh djjuhjdwh ghpdqg dqg vxsso| vkrfnv1 Wklv dssurdfk
krzhyhu uhtxluhv wkh lghqwl�fdwlrq ri ghpdqg dqg vxsso| vkrfnv1 Lq wxuq/ wklv lp0
solhv wkh qhhg wr lpsrvh vrph dgglwlrqdo uhvwulfwlrqv/ zklfk pd| qrw eh qhfhvvdu|
lq wklv fdvh1 Lq idfw/ iroorzlqj d iruzdug0orrnlqj lqwhuhvw udwh uxoh dxwrpdwlfdoo|
glvfulplqdwhv ehwzhhq djjuhjdwh vxsso| dqg ghpdqg vkrfnv/ vlqfh djjuhjdwh gh0
pdqg vkrfnv kdyh wkh vdph h�hfw rq wkh rxwsxw jds dqg rq wkh ghyldwlrq ri
lq dwlrq iurp wkh wdujhw/ zkloh vxsso| vkrfnv kdyh rssrvlwh h�hfwv rq wkh wzr
yduldeohv1 Rq wkh srvlwlyh vlgh/ zh ihho wkdw lq sulqflsoh wkh hvwlpdwlrq ri erwk
wkh uhvwulfwhg dqg xquhvwulfwhg yhuvlrqv ri wkh prgho r�huv wkh rssruwxqlw| wr whvw
zkhwkhu wkh ehkdylru ri fhqwudo edqn kdv ehhq rswlpdo1

71 Frqfoxvlrqv

Lq wklv sdshu zh ghyhorshg dq dssurdfk wr lghqwli| fhqwudo edqn suhihuhqfhv/ zklfk
gl�huv iurp wkh vwdqgdug sudfwlfh ri hvwlpdwlqj xquhvwulfwhg +iruzdug0orrnlqj,
lqwhuhvw udwh uxohv1 Vlqfh hvwlpdwhg sdudphwhuv lq d prqhwdu| srolf| uxoh duh
frqyroxwlrqv ri wkh �ghhs� sdudphwhuv ghvfulelqj fhqwudo edqn suhihuhqfhv zlwk
wkrvh ghvfulelqj wkh vwuxfwxuh ri wkh hfrqrp|/ lw lv qrw srvvleoh wr lghqwli| fhqwudo
edqn suhihuhqfhv iurp wkh gluhfw hvwlpdwlrq ri prqhwdu| srolf| uxohv1 Krzhyhu/
suhihuhqfhv fdq eh qdwxudoo| lghqwl�hg iurp wkh �uvw rughu frqglwlrqv ri wkh lq0
whuwhpsrudo rswlpl}dwlrq sureohp idfhg e| fhqwudo edqnv/ iru d jlyhq vwuxfwxuh ri
wkh hfrqrp|1 Zh lpsohphqw wklv dssurdfk e| vlpxowdqhrxv JPP hvwlpdwlrq ri
d wkuhh0htxdwlrq prgho lqfoxglqj erwk wkh iruzdug0orrnlqj/ �uvw rughu frqglwlrqv

4;Fohduo| wkh YDU dqg PD uhsuhvhqwdwlrq duh htxlydohqw/ hyhq li d �qlwh YDU lpsolhv lq�qlwh
rughu odj0sro|qrpldov lq wkh PD uhsuhvhqwdwlrq1
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iru wkh vroxwlrq ri wkh rswlpl}dwlrq sureohp dqg djjuhjdwh ghpdqg dqg vxsso|
htxdwlrqv1 Wkh �ghhs� suhihuhqfh sdudphwhuv duh lghqwl�hg dqg hvwlpdwhg diwhu
lpsrvlqj wkh furvv0htxdwlrq uhvwulfwlrqv lpsolhg e| rswlpl}dwlrq1

Wkh prgho lv hvwlpdwhg rq XV txduwhuo| gdwd/ iru wkh Yrofnhu0Juhhqvsdq sh0
ulrg +4<;3=604<<;=6,1Wkh uhsruwhg hvwlpdwhv lpso| wkdw wkh Ihg sodfhg d zhljkw
rq lq dwlrq vwdelol}dwlrq zklfk zdv derxw �iw| wlphv odujhu wkdq wkh zhljkw rq
lqwhuhvw udwh vprrwklqj/ dqg pruh wkdq rqh kxqguhg wlphv odujhu wkdq wkh zhljkw
rq rxwsxw vwdelol}dwlrq1 Qhyhuwkhohvv/ dovr wkh zhljkwv rq lqwhuhvw udwh vprrwklqj
dqg rxwsxw vwdelol}dwlrq lq wkh fhqwudo edqn orvv ixqfwlrq gl�hu vljql�fdqwo| iurp
}hur1 Wkh lq dwlrq wdujhw lv hvwlpdwhg dw 517 shu fhqw/ zkloh wkh orqj0uxq htxl0
oleulxp uhdo udwh vwdqgv dw 616 shu fhqw1 Gxh wr wkh xqfhuwdlq hvwlpdwhv ri wkh
sdudphwhuv ghvfulelqj wkh vwuxfwxuh ri wkh hfrqrp|/ frq�ghqfh lqwhuydov durxqg
wkh hvwlpdwhg srolf| udwhv duh udwkhu zlgh1 Vlqfh wklv lpsolhv wkdw d zlgh udqjh
ri srolf| uxohv +dqg lqwhuhvw udwh sdwkv, duh hpslulfdoo| frpsdwleoh zlwk rswl0
pdo ehkdylru/ zh frqfoxgh wkdw lw pd| eh txlwh gl!fxow wr dvvhvv hpslulfdoo| wr
zkdw h{whqw lqwhuhvw udwhv kdyh ehhq vhw lq dffrug zlwk dq rswlpdo uxoh1 Ryhudoo/
krzhyhu/ rxu uhvxowv vxjjhvw wkdw gluhfw hvwlpdwlrq ri wkh Hxohu htxdwlrq lv dq
dssursuldwh dssurdfk wr lghqwli| wkh suhihuhqfhv ri fhqwudo edqnv1 Krshixoo|/ wkh
iudphzrun xvhg lq wklv sdshu fdq eh h{whqghg wr dffrpprgdwh pruh frpsoh{
vwuxfwxudo prghov dqg dovr dowhuqdwlyh k|srwkhvhv rq fhqwudo edqn ehkdylru1

Uhihuhqfhv

^4` Eduur U1M1 dqg G1E1 Jrugrq +4<;9, �D srvlwlyh wkhru| ri prqhwdu| srolf|
lq d qdwxudo udwh prgho�/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ <4/ 8;<0943

^5` Ehuqdqnh E1V1 dqg L1 Plkry +4<<;, �Phdvxulqj prqhwdu| srolf|�/ Txduwhuo|

Mrxuqdo ri Hfrqrplfv/ 446/ 6/ ;9<0<35

^6` Fhffkhwwl V1J1/ P1P1 PfFrqqhoo dqg J1 Shuh}0Txlurv +4<<<, �Srolf|pdnhuv
uhyhdohg suhihuhqfhv dqg wkh rxwsxw0lq dwlrq yduldelolw| wudgh0r��/ xqsxe0
olvkhg/ Ihghudo Uhvhuyh Edqn ri Qhz \run

^7` Fkulvwldqr O1M1/ P1 Hlfkhqedxp dqg F1O1 Hydqv +4<<;, �Prqhwdu| srolf|
vkrfnv= Zkdw kdyh zh ohduqhg dqg wr zkdw hqgB�/ QEHU zrunlqj sdshu Qr1
9733
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^8` Fodulgd U1/ M1 Jdol dqg P1 Jhuwohu +4<<;, �Prqhwdu| srolf| uxohv lq sudfwlfh=
Vrph lqwhuqdwlrqdo hylghqfh� Hxurshdq Hfrqrplf Uhylhz/ 75/

^9` Fodulgd U1/ M1 Jdol dqg P1 Jhuwohu +4<<<, �Wkh vflhqfh ri prqhwdu| srolf|= D
qhz0Nh|qhvldq shuvshfwlyh�/ Mrxuqdo ri Hfrqrplf Olwhudwxuh/ [[[YLL +7,/
499404:3:1

^:` Fodulgd U1/ M1Jdol dqg P1Jhuwohu +5333, �Prqhwdu| srolf| uxohv dqg pdfurh0
frqrplf vwdelolw|= Hylghqfh dqg vrph wkhru|�/ Wkh Txduwhuo| Mrxuqdo ri

Hfrqrplfv/ 448/ 4/ 47:04;3

^;` Jhuodfk V1 dqg J1 Vfkqdeho +5333, �Wkh Wd|oru uxoh dqg lqwhuhvw udwhv lq wkh
HPX duhd�/ Hfrqrplfv Ohwwhuv/ 9:/ 49804:4

^<` Jrrgiulhqg P1 +4<;:, �Lqwhuhvw udwh vprrwklqj dqg sulfh ohyho wuhqg0
vwdwlrqdulw|�/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 4</ 668067;

^43` Jrrgiulhqg P 1 dqg U1Nlqj +4<<:, �Wkh qhz qhrfodvvlfdo v|qwkhvlv dqg wkh
uroh ri prqhwdu| srolf|�/ QEHU Pdfurhfrqrplfv Dqqxdo 4<<:/ PLW Suhvv

^44` Kdqvhq O1 dqg N1 Vlqjohwrq +4<;5, �Jhqhudol}hg lqvwuxphqwdo yduldeohv hvwl0
pdwlrq ri qrqolqhdu udwlrqdo h{shfwdwlrqv prghov�/ Hfrqrphwulfd/ 83/ 435<0
43861

^45` Luhodqg S1Q1 +4<<<, �Grhv wkh wlph0frqvlvwhqf| sureohp h{sodlq wkh ehkdylru
ri lq dwlrq lq wkh Xqlwhg VwdwhvB�/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 77/ 5:<0
5<4

^46` Mrkqvrq G1U1 dqg S1O1 Vlnorv +4<<9, Srolwlfdo dqg hfrqrplf ghwhuplqdqwv
ri lqwhuhvw udwh ehkdylru= Duh fhqwudo edqnv gl�huhqwB/ Hfrqrplf Lqtxlu|/

[[[LY/ :3;0:5<

^47` Olssl I1 +4<<;, �Fhqwudo edqn lqghshqghqfh dqg fuhglelolw|�/ Hgzdug Hojdu

^48` Oxfdv U1H Mu1 +4<:9, �Hfrqrphwulf srolf| hydoxdwlrq1 D fulwltxh�/ Fduqhjlh0
Urfkhvwhu Frqihuhqfh Vhulhv rq Sxeolf Srolf|/ 4/ 4<079

^49` Ruskdqlghv D1 +5333, �Wkh txhvw iru survshulw| zlwkrxw lq dwlrq�/ Hxurshdq
Fhqwudo Edqn Zrunlqj Sdshu qr1 48/ Pdufk
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^4:` Uxghexvfk J1G1 +4<<;, �Lv wkh Ihg wrr wlplgB Prq0
hwdu| srolf| lq dq xqfhuwdlq zruog�1 Dydlodeoh dw
kwws=22zzz1iuei1ruj2hfrquvufk2hfrqrplvwv2juxghexvfk1kpwo

^4;` Uxghexvfk J1G1 dqg O1H1R1 Vyhqvvrq +4<<<, �Srolf| uxohv iru lq dwlrq
wdujhwlqj�1 Lq Mrkq E1 Wd|oru +hg1,/ Prqhwdu| Srolf| Uxohv/ Xqlyhuvlw| ri
Fklfdjr Suhvv

^4<` Vdfn E1 +4<<;, �Grhv wkh Ihg dfw judgxdoo|B D YDU dqdo|vlv� Erdug ri
Jryhuqruv ri wkh Ihghudo Uhvhuyh V|vwhp/ xqsxeolvkhg

^53` Vyhqvvrq O1H1R1 +4<<9, �Frpphqwdu|�1 Lq= Dfklhylqj sulfh vwdelolw|/ Ihghudo
Uhvhuyh Edqn ri Ndqvdv Flw|/ 53<055;1 Dydlodeoh dw= kwws=22zzz1nf1iue1ruj

^54` Vyhqvvrq O1H1R1 +4<<:d, �Rswlpdo lq dwlrq wdujhwv/ *frqvhuydwlyh* fhqwudo
edqnhuv/ dqg olqhdu lq dwlrq frqwudfwv�/ Dphulfdq Hfrqrplf Uhylhz/ ;:/ <;0
447

^55` Vyhqvvrq O1H1R1 +4<<:e, �Lq dwlrq iruhfdvw wdujhwlqj= Lpsohphqwlqj dqg
prqlwrulqj lq dwlrq wdujhwv�/ Hxurshdq Hfrqrplf Uhylhz/ 74/ 444404479

^56` Vyhqvvrq O1H1R1 +4<<;d, �Prqhwdu| Lvvxhv iru wkh HVFE�1 Suhvhqwhg dw wkh
Fduqhjlh0Urfkhvwhu Frqihuhqfh1 Dydlodeoh dw kwws=22zzz1llhv1vx1vh2ohrvyhq2

^57` Vyhqvvrq O1H1R1 +4<<;e, �Grhv wkh SW prgho surylgh dq| udwlrqdoh iru prq0
hwdu| wdujhwlqjB�1 Dydlodeoh dw kwws=22zzz1llhv1vx1vh2ohrvyhq2

^58` Wd|oru M1E1 +4<<6, �Glvfuhwlrq yhuvxv srolf| uxohv lq sudfwlfh�/ Fduqhjlh0

Urfkhvwhu Frqihuhqfh Vhulhv rq Sxeolf Srolf|/ 6</ 4<80547

^59` Zdovk F1H1 +4<<;, �Prqhwdu| Wkhru| dqg Srolf|�/ Wkh PLW Suhvv/ Fdp0
eulgjh/ PD
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Wdeoh 4= Wkh xquhvwulfwhg v|vwhp/ vdpsoh 4<;3=604<<;=6

%| ' S� n S2%|3� n S�%|32 n Se E�|32 � Z|32� n SD E�|32 � Z|32� n �_
|

Z| ' SSZ|3� n S.Z|32 n SH%|3� n Sb{e,RS6|3� n �r
|

.|s E�|n�n�c Z|n�n�c %|n�n�� ' f
s E�|n�n�c Z|n�n�c %|n�n�� ' �| � S�f � S���|n� � S�2Z|n� � S��Z|n2n

�S�e%|n� � S�D%|n2 � S�S%|n� n �6
|

Frh!flhqw Vwg1 Huuru w0udwlr Sure1

S� 31577 3139 714; 3133
S2 41686 3136 7315< 3133
S� 03173; 3137 043135 3133
Se 0314;4 3134 04;187 3133
SD 31447 3134 44143 3133
SS 4163: 3137 66183 3133
S. 031653 3137 0;18: 3133
SH 3135< 31338 8193 3133
Sb 3133< 31334 ;158 3133
S�f 316:; 314; 5147 3136
S�� 41449 3138 571;8 3133
S�2 5148; 316< 818: 3133
S�� 051989 3176 09158 3133
S�e 4194< 3145 4618; 3133
S�D 051;84 3157 0441:9 3133
S�S 41586 3148 ;145 3133

Wkh v|vwhp lv hvwlpdwhg e| JPP/ zlwk d irxu odj Qhzh|0Zhvw hvwlpdwh
ri wkh fryduldqfh pdwul{1 Lqvwuxphqwv xvhg lqfoxgh irxu odjv ri lq dwlrq/
rxwsxw jds/ frpprglw| sulfh lq dwlrq dqg wkh qrplqdo lqwhuhvw udwh1
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Wdeoh 5= Lghqwli|lqj fhqwudo edqn suhihuhqfhv/ vdpsoh 4<;3=404<<;=6

%| ' S� n S2%|3� n S�%|32 n Se E�|32�
b

Z|32� n SD E�|3��
b

Z|3�� n �_
|

Z| ' SSZ|3� n E�� SS�Z|32 n SH%|3� n Sb{e,RS6|3� n �r
|

.| E�| � �|n�� ' B.| E�| � �|n��n
nB E�*>�.| dSHSe EZ|n� � ZW� n B ESSSHSe n SH ESD n S2Se�� EZ|ne � ZW�o

n Eb*>�.|

k
Se%|n2 n B ESD n S2Se� %|n� n B2 ES2 ESD n S2Se� n S�Se�%|ne

l

Frh!flhqw Vwg1 Huuru w0udwlr Sure1

S� 314<7 3137 7184 3133
S2 41678 3135 97175 3133
S� 031733 3136 04818< 3133
Se 0314;5 3134 058163 3133
SD 31459 3134 47188 3133
SS 4165; 3134 43714; 3133
SH 31373 31335 49185 3133
Sb 3133< 31334 ;196 3133
B 31<:8 0 0 0
ZW 51746 3146 4;147 3133
�*> 7<164: <1:5 813; 3133
b*> 31744 3143 7165 3133
E��

b

Z� ' 3S�
SenSD

' ��2b

Wkh v|vwhp lv hvwlpdwhg e| JPP/ zlwk d irxu odj Qhzh|0Zhvw hvwlpdwh ri wkh
fryduldqfh pdwul{1 Lqvwuxphqwv xvhg lqfoxgh irxu odjv ri lq dwlrq/
rxwsxw jds/ frpprglw| sulfh lq dwlrq dqg wkh qrplqdo lqwhuhvw udwh
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Iljxuh 4= Dfwxdo +XVII6, dqg Vlpxodwhg +XVII6bI, XV Ihghudo Ixqgv udwh1
Vlpxodwhg udwhv duh jhqhudwhg e| g|qdplf vlpxodwlrq ri wkh xquhvwulfwhg iruzdug

orrnlqj prgho1
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Iljxuh 5= Dfwxdo +XVII6, dqg Vlpxodwhg +XVII6bIU, XV Ihghudo Ixqgv udwh1
Vlpxodwhg udwhv duh jhqhudwhg e| g|qdplf vlpxodwlrq ri wkh uhvwulfwhg iruzdug

orrnlqj prgho1
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Iljxuh 6= Vlpxodwhg Ihghudo Ixqgv udwh iurp wkh uhvwulfwhg prgho +XVII6bIU,
dqg xsshu +XSS, dqg orzhu +ORZ, erxqgv ri wkh <8 shu fhqw frq�ghqfh

lqwhuydo ri wkh vlpxodwhg udwhv iurp wkh xquhvwulfwhg prgho1
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