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�Erwk dxwkruv duh phpehuv ri wkh Uhvhdufk Ghsduphqw ri wkh Fhqwudo Edqn Dujhqwlqd1 Wkh

ylhzv h{suhvvhg lq wklv sdshu duh hqwluho| shuvrqdo dqg gr qrw qhfhvvdulo| uh hfw wkh ylhzv ri

wkh Fhqwudo Edqn ri Dujhqwlqd1
|Wkh dxwkruv zlvk wr wkdqn wkh vhplqdu sduwlflsdqwv dw Gl Whood Xqlyhuvlw|/ FHPD Xqlyhuvlw|

dqg wkh EFUD iru xvhixo frpphqwv dqg vxjjhvwlrqv1 Doo uhpdlqlqj huuruv duh rxuv1



Devwudfw

Vwdqgdug Prghov ri Edqn uxqv duh qrwrulrxv qrw rqo| iru ihdwxulqj Qdvk Htxl0
oleuld +l1h1 iru jlyhq vhw ri ixqgdphqwdov/ d edqn fdq forvh ru vwd| rshq ghshqglqj
xsrq vwudwhjlf lqwhudfwlrqv dprqj ghsrvlwruv, exw dovr iru odfnlqj d vdwlvidfwru|
zd| ri fkrrvlqj dprqj htxloleulxp rxwfrphv ru dvvljqlqj d suredelolw| glvwule0
xwlrq wr wkhvh rxwfrphv1 Dv d frqvhtxhqfh lw lv qrw srvvleoh wr vwxg| wkh uhod0
wlrqvkls ehwzhhq ixqgdphqwdov dqg edqn idloxuh qru wkh h�hfw suxghqwldo srolflhv
kdyh rq wkh odwwhu1

Zh ghyhors d Gldprqg0G|eylj vw|oh prgho zlwk vwrfkdvwlf edqn ixqgdphq0
wdov +edqn dvvhw uhwxuqv, zklfk ghsrvlwruv revhuyh lpshuihfwo|1 Xvlqj lwhudwhg
grplqdqfh dujxphqwv d oä Fduovvrq dqg ydq Gdpph +4<<6,/ zh �qg d xqltxh
htxloleulxp ryhu wkh vsdfh ri ixqgdphqwdov1 Lq sduwlfxodu zh duh deoh wr sduwlwlrq
wkh vhw ri ixqgdphqwdov lqwr wzr frqqhfwhg vxevhwv= iru ixqgdphqwdov lq wkh �uvw
vhw wkh edqn dozd|v forvhv dqg iru ixqgdphqwdov lq wkh vhfrqg vhw lw dozd|v vwd|v
rshq1 Khqfh/ iru dq| jlyhq vwrfkdvwlf glvwulexwlrq ri edqn ixqgdphqwdov zh fdq
fdofxodwh d suredelolw| glvwulexwlrq ryhu wkh gl�huhqw htxloleulxp rxwfrphv1

Wklv prgho xql�hv wzr vwudqgv ri wkh edqn uxq olwhudwxuh1 Khuh erwk oltxlglw|
ghpdqg dqg dvvhw uhwxuqv sd| h{solflw urohv lq ghwhuplqlqj zkhwkhu d edqn lv uxq
ru qrw1 Wkxv/ zh fdq vkrz/ dv klvwrulfdo h{shulhqfh kdv vxjjhvwhg/ wkdw edqnv
duh pruh olnho| wr forvh lq shulrgv ri kljkhu shuihfwo| dqwlflsdwhg ghpdqgv iru
oltxlglw|1 Zh dovr �qg wkdw uhvhuyh uhtxluhphqwv kdyh dpeljxrxv uhvxowv wkdw
ghshqg rq wkh xqghuo|lqj suredelolw| glvwulexwlrq ri sruwirolr uhwxuqv1 D yhuvlrq
ri fdslwdo uhtxluhphqwv fdq uhgxfh wkh suredelolw| ri edqn forvlqjv hyhq wkrxjk/
lq wklv prgho/ edqnv idlo sulpdulo| iru oltxlglw| uhdvrqv1



41 Lqwurgxfwlrq

Vlqfh lwv sxeolfdwlrq/ Gldprqg dqg G|eylj +4<;6, dqg wkh krvw ri yduldqwv wkdw
lw jhqhudwhg kdyh vhuyhg dv wkh sulqflsdo prghov ri edqn uxqv1 Wkhvh prghov kdyh
kdg wkh yluwxh ri ehlqj vlpsoh= wkuhh shulrgv/ d rqh shulrg vwrudjh whfkqrorj|/
dqg d wzr shulrg lqyhvwphqw whfkqrorj| wkdw irufhv rqh wr wdnh d orvv li oltxlgdwhg
diwhu rqo| rqh shulrg1 Lqglylgxdov duh ri wzr w|shv +exw wkh| grq*w nqrz zklfk
w|sh wkh| duh lq shulrg }hur, dqg rqh w|sh zloo qhhg wr zlwkgudz wkhlu ixqgv iurp
wkh edqn lq shulrg rqh zkloh wkh uhvw fdq zdlw xqwlo shulrg wzr +exw wkh| gr qrw
qhhg wr,1 D pxwxdo edqn fdq r�hu uhwxuqv wkdw lpsuryh lqglylgxdo zhoiduh e|
djjuhjdwlqj wkh vwrudjh sureohp iru wkrvh zkr zloo qhhg wr zlwkgudz lq shulrg
rqh dqg uhpryh wkh qhfhvvlw| wr oltxlgdwh rqjrlqj lqyhvwphqw surmhfwv1 Krzhyhu/
wkh prgho kdv wzr Qdvk htxloleuld1 Lq rqh/ orqj whup surmhfwv jr wr whup dqg
wkh surplvhg sd|rxwv duh pdgh1 Lq wkh vhfrqg htxloleuld/ lqglylgxdov eholhyh wkdw
rwkhuv/ zkr gr qrw qhhg wr zlwkgudz wkhlu ixqgv iurp wkh edqn/ zloo gr vr dqg
vx!flhqwo| uhgxfh wkh sd|rxwv lq shulrg wzr vr wkdw wkh| zloo dovr zlwkgudz wkhlu
ixqgv iurp wkh edqn1 Wkh vhfrqg Qdvk htxloleuld lv wkh edqn uxq htxloleulxp dqg
d ydulhw| ri srolflhv kdyh ehhq sursrvhg wr suhyhqw lw1

Wkh pdlq gl!fxow| zlwk wkh Gldprqg0G|eylj prgho iru d srolf| pdnhu lv
wkdw lw r�huv qr klqwv dv wr zkhq ru krz wkh edqn uxq htxloleulxp zloo rffxu1
Dq| edqn fdq eh uxq ru qrw/ vlpso| li lqglylgxdov ghflgh wkdw rwkhuv zloo uxq wkh
edqn1 Wklv vlwxdwlrq lv vrphwlphv uhihuuhg wr dv d vxqvsrw htxloleuld dowkrxjk
h{dfwo| zkdw lv wkh vxqvsrw wkdw lqglylgxdov duh xvlqj lv ohiw xqnqrzq1 Fkdul
dqg Mdjdqqdwkdq +4<;;, kdyh ghyhorshg d prgho lq zklfk wkh *vxqvsrw* lv wkh
zlwkgudzdov e| w|sh rqh lqglylgxdov zkr w|sh wzrv fdqqrw lghqwli| dv w|sh rqhv
dqg lqwhusuhw dv uxqqlqj wkh edqn1

Vxevwdqwldo hpslulfdo hylghqfh vxjjhvwv wkdw edqn uxqv duh qrw vxqvsrw hyhqwv
ru dw ohdvw wkdw wkh fkrlfh ri zklfk edqnv duh uxq lv qrw d vxqvsrw hyhqw1 Fdorplulv
dqg Jruwrq +4<<4,1 Fdorplulv dqg Pdvrq +4<<:, uhylhz wkh Fklfdjr Edqnlqj
Sdqlf ri 4<65 dqg dujxh wkdw rqo| wkh zhdnhvw +l1h1/ lqvroyhqw, edqnv zhuh uxq1 D
Fhqwudo Edqn vwxg| + G*Dpdwr/ Juxelvlf dqg Srzhoo +4<<:,, ri wkh 4<<8 Whtxlod
fulvlv vxjjhvwv wkdw lw zdv wkh zhdnhvw edqnv wkdw zhuh uxq dqg forvhg +dowkrxjk
wkhuh lv vrph hylghqfh wr vxjjhvw wkdw edqn vl}h zdv dovr lpsruwdqw/ lqghshqghqw
ri wkh frqglwlrq ri wkh edqn dqg wkdw vpdoo edqnv zhuh uxq glvsursruwlrqdwho|,1

Khuh zh ghyhors d prgho lq zklfk edqnv duh uxq ru qrw ehfdxvh ri wkh uhdol}hg
dqg h{shfwhg uhwxuqv wkdw wkh| duh uhfhlylqj rq wkhlu sruwirolr1 Edqnv zlwk kljk
uhdol}hg dqg h{shfwhg uhwxuqv duh qhyhu uxq zkloh wkrvh zlwk orz uhdol}hg dqg
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h{shfwhg uhwxuqv duh1 Zh wu| wr nhhs rxu prgho dv forvh dv srvvleoh wr wkh fodvvlf
prgho ri Gldprqg0G|eylj1 Wkh wzr lpsruwdqw fkdqjhv duh lq wkh dgglwlrq ri
udqgrp sruwirolr uhwxuqv dqg lq wkh qrlv| vljqdo wkdw ghsrvlwruv uhfhlyh derxw wkh
uhwxuqv wkdw wkhlu edqn lv jhwwlqj1 Wkh qrlv| vljqdo wkdw wkh ghsrvlwruv uhfhlyh lv
fuxfldo wr wkh uhvxowv/ zlwkrxw lw zh fdqqrw jhw d vlqjoh olqh glylglqj wkh uhwxuqv
vsdfh lqwr d uhjlrq zkhuh edqnv duh uxq dqg rqh zkhuh wkh| duh qrw1 Krzhyhu/
wklv qrlvh grhv qrw qhhg wr eh odujh dqg vxfk dq dvvxpswlrq vhhpv wr xv wr eh
yhu| uhdolvwlf1

Wkh vroxwlrq vwudwhj| lv wkdw ri d jdph zlwk lwhudwhg grplqdqfh1 D edvlf
uhihuhqfh iru prghov zlwk lwhudwhg grplqdqfh lv Fduovvrq dqg Gdpph +4<<6, dqg
dq h{dpsoh ri krz wklv nlqg ri prgho kdv ehhq xvhg zlwk uhvshfw wr uxqv rq d
fxuuhqf| lv lq Pruulv dqg Vklq +4<<;,1 Zh ehjlq zlwk wzr uhjlrqv ri uhwxuqv=
lq rqh wkh rswlpdo vwudwhj| ri d ghsrvlwru zloo eh wr dozd|v uxq/ lqghshqghqw
ri zkdw wkh rwkhu ghsrvlwruv dqg lq wkh rwkhu khu rswlpdo vwudwhj| zloo eh wr
qhyhu uxq/ lqghshqghqw ri zkdw wkh rwkhuv duh grlqj1 Jlyhq wkdw lqglylgxdov zkr
uhfhlyh vljqdov lqvlgh wkhvh uhjlrqv kdyh ghwhuplqhg vwudwhjlhv/ zh fdq ghwhuplqh
wkh rswlpdo vwudwhj| iru lqglylgxdov zkr uhfhlyh vljqdov mxvw rxwvlgh wkhvh uhjlrqv1
Lw wxuqv rxw wkdw wkh| kdyh grplqdqw rswlpdo vwudwhjlhv1 Wkh dozd|v uxq dqg
qhyhu uxq uhjlrqv h{sdqg xqwlo wkh| phhw dw d vlqjoh erxqgdu|1 Zh fdofxodwh wkdw
erxqgdu| iru ulvn qhxwudo ghsrvlwruv1

Vhfwlrq 5 ghvfulehv wkh prgho iru wkh vlpsoh fdvh zkhuh wkhuh duh qr Gldprqg0
G|eylj w|sh rqhv1 Vhfwlrq 6 jlyhv d khxulvwlf h{sodqdwlrq ri wkh lwhudwlyh grp0
lqdqfh uhvxow dqg vkrzv wkh fdofxodwhg erxqgdu|1 Vhfwlrq 7 uhodwhv wkh vwudwhj|
erxqgdu| wr wkh uhjlrqv ri uhwxuqv xqghu zklfk edqnv forvh ru gr qrw1 Vhfwlrq 8
lqwurgxfhv Gldprqg0G|eylj w|sh rqhv dqg frqvlghuv uhvhuyh uhtxluhphqwv1 Vhf0
wlrq 9 frqvlghuv d w|sh ri fdslwdo uhtxluhphqw1 Zh hqg zlwk vrph frpphqwv rq
zrun |hw wr eh grqh1

51 Edvlf Prgho

5141 Vhwxs

Wkhuh duh wkuhh shulrgv lq wklv hfrqrp|1 Lq shulrg f/ hdfk ri d frqwlqxrxv pdvv
ri phdvxuh 4 ri lqglylgxdov ghsrvlw 4 xqlw ri jrrgv lq d edqn1 Wkh edqn lv pxwxdo
dqg r�huv wr sd| o_ lq shulrg �/ zkhuh o_ : �/ ru htxdo vkduhv ri wkh uhwxuqv rq
wkh lqyhvwphqw lq shulrg 21 Wkh �uvw shulrg lqwhuhvw udwh r�huhg e| wkh edqn lv
ghwhuplqhg e| d pdunhw dqg lv rxwvlgh wkh frqwuro ri wkh edqn1 Lqglylgxdov duh
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Iljxuh 514= Vsdfh ri srvvleoh uhwxuqv

ulvn qhxwudo dqg uhfhlyh d xwlolw| ri S� n S2 zkhuh S� lv wkhlu frqvxpswlrq +htxdo
wr zlwkgudzdov iurp wkh edqn, lq shulrg �1 Lqglylgxdov duh iuhh wr zlwkgudz wkhlu
ghsrvlwv lq hlwkhu shulrg � ru 21 Wkh edqn lqyhvwv wkh ghsrvlwv lq d sruwirolr
zklfk/ zkhq ylhzhg iurp shulrg 3/ jhqhudwhv dq h{shfwhg uhwxuq ohvv wkdq o_
lq shulrg � dqg pruh wkdq o_

2 lq shulrg 21 Wkh ixoo vhw ri srvvleoh qhw uhwxuqv
l ' l� � l2 ' io�c o2j lv dq forvhg uhfwdqjxodu vxevhw ri +2 dqg lv erxqghg
e| io�c �� ehorz dqg e| io�c o2j deryh1 Lw lv dvvxphg wkdw f 	 o� 	 �/ dqg wkdw
o� : o_/ 2o� : o_ dqg o2 : o_� Wkh ghqvlw| ixqfwlrq ri wkhvh uhwxuqv lv frqwlqxrxv
dqg qrzkhuh }hur rq l1

Lq shulrg �/ erwk o� dqg o2 duh uhdol}hg= fdoo wklv eo ' ieo�c eo2j1 Krzhyhu/
zkloh eo2 lv revhuyhg shuihfwo|/ eo� lv revhuyhg zlwk qrlvh1 Vshfl�fdoo|/ ghsrvlwru �
grhv qrw revhuyh eo� gluhfwo| exw revhuyhv dq lqghshqghqw vljqdo r��zklfk lv glvwule0
xwhg xqlirupo| durxqg d 20 lqwhuydo fhqwhuhg rq eo� +l1h1 r�� 5 deo� � 0c eo� n 0o dqg

SJ�
�
r�
�
c r��

�
' f iru � 9' ��1 Edvhg rq wkh revhuyhg ydoxh ri shulrg 2 uhwxuq dqg

wkh vljqdo ri shulrg � uhwxuq/ hdfk ghsrvlwru ghflghv lq shulrg 4 hlwkhu wr dwwhpsw
wr zlwkgudz o_ ru wr zdlw xqwlo shulrg 2 dqg uhfhlyh wkhlu vkduh ri zkdw uhpdlqv
ri wkh edqn1
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Wkh er{ lq Iljxuh 514 vkrzv wkh vsdfh l ri srvvleoh uhwxuqv1 Wkh vkdghg
duhd/ �/ zh fdoo wkh Gldprqg0G|eylj duhd/ vlqfh lw frqwdlqv wkh uhwxuqv wkdw
fruuhvsrqg wr wkrvh lq wkhlu fodvvlf sdshu1 Wkh fxuyhg olqh lv wkh vhw ri io�c o2j
zkhuh Eo��Eo2� ' o_1 Iru dq| vljqdo/ r�

�
/ wkdw lv lqvlgh duhd � / wkh h{shfwhg

uhwxuqv lq shulrg 2 zloo eh ohvv wkdq o_ dqg lqglylgxdo � zloo zdqw wr zlwkgudz
khu ghsrvlw hyhq li vkh eholhyhv wkdw qr rqh hovh zloo zlwkgudz wkhluv1 Wkhuhiruh/
iru dq| vljqdo sdlu eo ' Eo�� pruh wkdq 0 lqvlgh wklv duhd/ hyhu|rqh zloo dozd|v
dwwhpsw wr zlwkgudz wkhlu ghsrvlwv lq shulrg �14 Ohw }Eo� uhsuhvhqw wkh iudfwlrq
ri lqglylgxdov zkr zloo zlwkgudz ghsrvlwv dw uhdol}dwlrq o/ wkhq iru uhdol}dwlrqv
pruh wkdq 0 lqvlgh duhd �/ }Eo� ' �1 Li wkh vljqdo r� lv lqvlgh duhd �/ wkhq wkh
h{shfwhg uhwxuq lq shulrg 2 zloo dozd|v eh pruh wkdq o_ dqg lqglylgxdo � zloo ohdyh
khu ghsrvlwv lq wkh edqn hyhq li vkh eholhyhv wkdw hyhu|rqh hovh zloo zlwkgudz
wkhluv15 Iru dq| uhdol}dwlrq ri eo pruh wkdq 0 lqvlgh duhd �/ qr rqh zloo zlwkgudz
wkhlu ghsrvlwv lq shulrg � dqg iru uhdol}dwlrqv lq wkdw uhjlrq/ }Eo� ' f1 Iru dq|
rwkhu vljqdov/ lqfoxglqj wkrvh lq wkh Gldprqg0G|eylj duhd/ d ghsrvlwru*v rswlpdo
vwudwhj| zloo ghshqg rq khu h{shfwdwlrq ri wkh vwudwhjlhv ri doo wkh rwkhu ghsrvlwruv1

Ohw )Er�c o2� eh wkh sursruwlrq ri wkh ghsrvlwruv zkr revhuyh wkh sdlu Er�c o2�zklfk
uxq wkh edqn lq shulrg 41 Khuh/ )Er�c o2� lv ehvw frqvlghuhg wkh vwudwhj| ri dq lq0
glylgxdo zkr revhuyhv Er�c o2� dqg kdv d ydoxh ri � zkhq wkh lqglylgxdo uxqv wkh
edqn dqg f zkhq vkh grhv qrw dqg d iudfwlrqdo ydoxh li wkh lqglylgxdo fkrrvhv d
pl{hg vwudwhj|1 Ohw }Eoc )� eh wkh sruwlrq ri ghsrvlwruv zkr hqg xs zlwkgudzlqj
wkhlu ixqgv lq shulrg � zkhq wkh uhdol}hg uhwxuq lv o1 Vlqfh wkh vljqdo r� lv xql0
irupo| glvwulexwhg lqvlgh d 20 lqwhuydo fhqwhuhg durxqg o�/ zklfk zh zloo ghqrwh
o0
�
c

}Eoc )� '
�

20

]
o0
�

)Er�c o2�_r��

zkhuh o � Eo�c o2� � D edqn forvhv zkhq lw fdqqrw phhw wkh ghpdqgv ri wkh ghsrv0
lwruv lq shulrg rqh1 Wklv rffxuv zkhq wkh iudfwlrq ri ghsrvlwruv zkr zlwkgudz lv
eljjhu wkdq kEo�/ zkhuh

kEo� '
o�
o_
�

Jlyhq wkh vwudwhjlhv )Er�/ wkh edqn forvhv iru uhdol}dwlrqv lq wkh vhw �E)� � l/

4Zlwk d uhdol}dwlrq zlwklq % ri wkh erxqgu| ri D/ vrph lqglylgxdov zloo jhw vljqdov rxwvlgh ri

D dqg wkhvh pljkw fkrrvh qrw wr uxq wkh edqn1
5Iru vljqdov lqvlgh F/ lqglylgxdov zloo qhyhu uxq vlqfh/ zlwk u5 A 4/ h{shfwhg uhwxuqv iurp

qrw uxqqlqj vr duh dozd|v ehwwhu wkdq iru uxqqlqj1 Zkhq u4 A ug/ wkh pruh wkdw uxq/ wkh pruh

wkhuh lv iru wkrvh zkr grq*w uxq1
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zkhuh
�E)� ' io m}Eoc )� � kEo�j �

Wkh sd|r� ri wkh ghsrvlwruv ghshqg rq zkhwkhu wkh| uxq wkh edqn ru qrw dqg
zkhwkhu wkh edqn forvhv ru qrw1 Wkh h{shfwhg sd|r� iurp uxqqlqj wkh edqn zkhq
wkh uhdol}dwlrq lv o dqg zkhq iudfwlrq ri rwkhu ghsrvlwruv uxqqlqj lv )Er� lv htxdo
wr

�oEoc )� '

+
o_ zkhq o *5 �E)�
o�
)Eo�

zkhq o 5 �E)�
�

Qrwh wkdw o�*) lv wkh h{shfwhg uhwxuq iurp dwwhpswlqj wr zlwkgudz |rxu ghsrvlwv1
Hdfk lqglylgxdo zkr zlwkgudzv jhwv o_/ exw lw pd| eh wkh fdvh wkdw qrw hyhu|rqh
dwwhpswlqj wr zlwkgudz jhwv vrphwklqj1 Wklv lv d uhvxow ri wkh dvvxpswlrq ri
vhtxhqwldo vhuylflqj ri ghsrvlwruv1 Wkrvh odwh lq wkh olqh pljkw jhw qrwklqj1

Zlwk wkh vdph uhdol}dwlrq dqg vwudwhj| vhw/ wkh sd|r� iru nhhslqj rqhv ghsrvlwv
lq wkh edqn +qrw uxqqlqj wkh edqn, lv htxdo wr

�?oEoc )� '

+o�3o_u)Eo�

�3)Eo�
Eo2� zkhq o *5 �E)�

f zkhq o 5 �E)�

Wkrvh zkr glg qrw dwwhpsw wr zlwkgudz zkhq wkh edqn forvhg jhw qrwklqj1
Iru dq lqglylgxdo zkr jhwv d vljqdo r/ wkh h{shfwhg qhw sd|r� iru uxqqlqj wkh

edqn lqvwhdg ri vwd|lqj lv

�Erc )� '
�

20

]
r0
�

d�oEoc )�� �?oEoc )�o _o�

'
�

20

]
r0
�
K�E)�

o�
)Eo�

_o�

n
�

20

]
r0
�
K�E)�

#
o_ �

o� � o_ � )Eo�

�� )Eo�
� o2

$
_o�

zkhuh r0� lv dq lqwhuydo ri ohqjwk 20 fhqwhuhg rq r� dqg �E)� lv wkh frpsolphqw ri
�E)� rq l1

5151 Htxloleulxp lq Wkuhvkrog Vwudwhjlhv

Ghqrwh e| )WEr�c o2c )� wkh rswlpdo vwudwhj| iru lqglylgxdo zkr uhfhlyhv d vljqdo
r� zkhq wkh uhdol}dwlrq ri shulrg 2 uhwxuq lv o2 dqg wkh djjuhjdwh vwudwhj| lv jlyhq
e| )� Wkhq/

)WEr�c o2c )� '

+
� zkhq �Er�c o2c )� : f

f zkhq �Er�c o2c )� � f
�
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Zh zloo uhvwulfw rxu vhdufk ri Qdvk htxloleuld E�.� wr wkh vhw ri v|pphwulf vwudwh0
jlhv1 Frqvhtxhqwo|/ d v|pphwulf �. pxvw vdwlvi|=

) Er�c o2� ' )WEr�c o2c )�

Zh zloo ixuwkhu uhvwulfw rxuvhoyhv wr �wkuhvkrog� vwudwhjlhv1 E| d wkuhvkrog
vwudwhj| zh phdq wkdw d ghsrvlwru zloo uxq wkh edqn li dqg rqo| li wkh vljqdo r�
kh revhuyhv lv ehorz vrph +xqltxh, wkuhvkrog zklfk lv d ixqfwlrq ri o2�

Gh�qlwlrq 514 +Wkuhvkrog Vwudwhj|,1 Jlyhq vrph ixqfwlrq s G l� $ l2 d
+v|pphwulf, wkuhvkrog vwudwhj| kdv wkh irup=

)sEhr�c o2� '
+
f zkhq hr� � s Eo2�

� zkhq hr� 	 s Eo2�
�

Zh zloo ghqrwh wkh ixqfwlrq s lq wkh gh�qlwlrq ri wkh wkuhvkrog vwudwhj| dv wkh
�wkuhvkrog� ixqfwlrq1

Dq lpsruwdqw ihdwxuh ri wkuhvkrog vwudwhjlhv lv wkdw=

Sursrvlwlrq 5151 Zkhq 0$ fc wkhuh h{lvwv d xqltxh htxloleulxp dprqj wkh fodvv
ri +v|pphwulf, wkuhvkrog vwudwhjlhv1 Pruhryhu/ wkh lpsolhg wkuhvkrog ixqfwlrq lv
frqwlqxrxvo| gl�huhqwldeoh dqg ghfuhdvlqj1

Surri1 Iluvw/ qrwlfh wkdw d qhfhvvdu| frqglwlrq iru dq htxloleulxp lq wkuhvkrog
vwudwhjlhv wr h{lvwv lv wkdw zkhq wkh uhdol}dwlrq ri shulrg 2 uhwxuq lv jlyhq e| o2 d
ghsrvlwru zkr revhuyhv d vljqdo hr� ' s Eo2� pxvw eh lqgl�huhqw ehwzhhq uxqqlqj

ru qrw1 Zlwk vrph dexvh ri qrwdwlrq/ zh fdq zulwh wklv dv �
�
s Eo2� c o2c )s

�
' f�

Frqvhtxhqwo|/ wkh htxloleulxp zloo eh xqltxh li wkhuh lv d xqltxh ixqfwlrq s zklfk
vdwlv�hv wkh iruphu frqglwlrq1

Jlyhq dq| wkuhvkrog vwudwhj|/ wkh iudfwlrq wkh iudfwlrq ri ghsrvlwruv zkr hqg
xs zlwkgudzlqj wkhlu ixqgv lq shulrg � zkhq wkh uhdol}hg uhwxuq lv o lv jlyhq e|=

}Eoc )s� '

;A?
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� li o� � s Eo2�� 0
sEo2�n03o�

20
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� o�
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+
o 5 l
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Lw fdq eh vkrzq wkdw/ iru d jlyhq o2c �
�
s Eo2� c o2c )s

�
lv vwulfwo| ghfuhdvlqj lq s Eo2�

vr wkdw iru dq| o2 wkhuh lv d xqltxh qxpehu s Eo2�zklfk vdwlv�hv �
�
s Eo2� c o2c )s

�
'

f� Pruhryhu/ vhwwlqj wkh uljkw kdqg vlgh ri +514, htxdo wr f zh fdq vroyh h{solflwo|
iru wkh lqyhuvh ri s Eo2� G
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zklfk lpsolhv wkdw wkh s lv frqwlqxrxvo| gl�huhqwldeoh dqg ghfuhdvlqj1
Ilqdoo|/ wr vkrz xqltxhqhvv/ qrwlfh wkdw dsso|lqj Ohleqlw}* uxoh/
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Iljxuh 515= Fdofxodwhg �{hg srlqwv iru ug@4138

vlqfh 2o� : o_� Wklv phdqv wkdw wkh sursrvhg wkuhvkrog vwudwhj| lv lqghhg dq
htxloleulxp ehfdxvh lw lv rswlpdo wr uxq l� r� � s Eo2� �

Iljxuh 515 vkrzv wkh fdofxodwhg uhvxowv iru dq hfrqrp| zlwk o_ ' ��fD1 Uhjlrqv
� dqg �W duh wkh Gldprqg0G|eylj uhjlrqv1 Li wkh uhdol}hg uhwxuqv duh lq uhjlrq
�/ wkh edqn zloo eh uxq1 Li wkh uhdol}hg uhwxuqv duh lq uhjlrq �W/ wkh edqn zloo
qrw eh uxq1

5161 Xqltxh Htxloleulxp= Lwhudwlyh Grplqdqfh

Zh dujxh wkdw wkh ixqfwlrq s lv wkh xqltxh �. ri wkh jdph hyhq li gr qrw uhvwulfw
rxuvhoyhv wr wkuhvkrog vwudwhjlhv1 Wkh idfw wkdw lqglylgxdov uhfhlyh d qrlv| vljqdo
derxw wkh uhdol}hg uhwxuqv lv lpsruwdqw lq jhqhudwlqj wklv uhvxow1 Zh nqrz wkdw
zkhq wkh| jhw vljqdov lq uhjlrq �/ hyhu|rqh*v ehvw vwudwhj| lv wr uxq wkh edqn1 Iru
vljqdov lq uhjlrq �/ lw lv hyhu|rqh*v ehvw vwudwhj| qrw wr uxq wkh edqn1 Ehjlqqlqj
zlwk wklv nqrzohgjh/ zh fdq �qg rxw zkdw lqglylgxdov zkr uhfhlyh d vljqdo lqvlgh
uhjlrq � zloo gr1 Zh ehjlq zlwk dq lqglylgxdo zkr uhfhlyhv d vljqdo lq uhjlrq �
exw forvh wr wkh iurqwlhu zlwk uhjlrq �1 Iljxuh 516 vkrzv rqh vxfk vljqdo r�1

Dq lqglylgxdo uhfhlylqj wklv vljqdo eholhyhv wkdw uhdol}dwlrq lv xqlirupo| glvwule0
xwhg dq lqwhuydo ri 20 fhqwhuhg durxqg srlqw r� dqg wkdw wkh uhvw ri wkh srsxodwlrq
duh uhfhlylqj vljqdov zklfk duh glvwulexwhg v|pphwulfdoo| ryhu dq e0 lqwhuydo fhq0
whuhg durxqg wkdw srlqw1 Dv vkrzq lq wkh �jxuh/ wklv lqwhuydo lqfoxghv srlqwv
lqvlgh uhjlrq � +vkdghg juh|,1 Lqglylgxdov zkr uhfhlyh wkrvh vljqdov zloo qhyhu

;



Iljxuh 516= Lqwhuydo ri udglxv hsvlorq qhdu F

Iljxuh 517= Wkh *qr uxq* erxqgdu| kdv dgydqfhg

uxq wkh edqn/ vr frpsohwho| lqghshqghqwo| ri zkdwhyhu vwudwhj| wkrvh lq wkh zklwh
sruwlrq ri wkh flufoh fkrrvh wr gr/ wkrvh lq wkh juh| sduw zloo qrw uxq1

Vxssrvh wkdw wkh lqglylgxdo dw r eholhyhv wkdw doo wkh rwkhu lqglylgxdov lq wkh
zklwh sduw ri wkh flufoh zloo fkrrvh wr uxq wkh edqn6 Li r lv forvh wr wkh yhuwlfdo
erxqgdu| ehwzhhq uhjlrqv � dqg �/ voljkwo| pruh wkdq �*2 ri wkh srsxodwlrq zloo
uxq wkh edqn1 Vlqfh wkh revhuyhg o� lv forvh wr o_/ wkh edqn zloo kdyh hqrxjk
uhvrxufhv vr wkdw lw zloo eh deoh wr uhpdlq rshq dqg sd| wkh lqglylgxdo dw o d
uhwxuq lq shulrg 2 juhdwhu wkdq o_1 Vlqfh o_ lv wkh prvw rqh frxog jhw e| uxqqlqj
wkh edqn lq shulrg rqh/ wkh lqglylgxdo dw r� zloo qrw uxq wkh edqn exw zloo fkrrvh
wr zdlw xqwlo shulrg wzr dqg jhw wkh kljkhu uhwxuq

6Lq rqh vhqvh/ wklv lv wkh zruvw fdvh1 Li hyhu|rqh lq wkh zklwh vhfwlrq fkrvh qrw wr uxq wkh

edqn/ wkhq li wkh h{shfwhg uhwxuqv lq shulrg 5 zhuh juhdwhu wkdq ug/ qhlwkhu zrxog wkh lqglylgxdo

dw u1

<



Rqh fdq dsso| wkh vdph uhdvrqlqj wr lqglylgxdov zkr jhwv d vljqdo ehwzhhq
r� dqg wkh erxqgdu| ri �1 Qrqh ri wkhp zloo fkrrvh wr uxq wkh edqn11 Dvvxplqj
wkdw wkh vdph wklqj kdsshqv dw rwkhu srlqwv qhdu �/ wkh erxqgdu| lqglfdwlqj
zklfk lqglylgxdov zloo qrw uxq wkh edqn pryhv rxw dv wkh vkdghg olqh lq Iljxuh
5171 Wkh erxqgdu| pryhv rxw wr wkh vhw ri o*v iru zklfk �Eoc )�� ' f/ zkhuh )�

lv gh�qhg e| wkh yhuwlfdo olqh vhsdudwlqj uhjlrqv � dqg �1 Wkh uhjlrq ri vljqdov
zkhuh lqglylgxdov zloo qrw uxq wkh edqn kdv dgydqfhg lqwr wkh � sruwlrq ri wkh
uhwxuqv vsdfh1 Lwhudwlqj rq wklv surfhvv zloo pryh wkh erxqgdu| xqwlo �Eoc )� ' f
iru d srlqw o rq wkh erxqgdu| zkhq wkdw vdph erxqgdu| lv xvhg wr ghwhuplqh )1

Lq d vlplodu idvklrq/ rqh fdq dgydqfh iurp wkh erxqgdu| ehwzhhq uhjlrqv D
dqg �/ nqrzlqj wkdw doo lqglylgxdov zkr uhfhlyh vljqdov lqvlgh � zloo uxq wkh edqn
dqg dvvxplqj wkdw wkrvh rxwvlgh gr qrw1 Wklv zloo pryh wkh uxq erxqgdu| ixuwkhu
lqwr wkh � uhjlrq1 Lwhudwlqj rq wklv surfhgxuh hyhqwxdoo| jlyhv d erxqgdu| zkhuh
�Eoc )� ' f iru d srlqw o rq wkh erxqgdu| zkhq wkdw vdph erxqgdu| lv xvhg wr
ghwhuplqh )1 Wkhuh wkh erxqgdu| fhdvhv wr dgydqfh1

Dffruglqj wr rxu dujxphqw/ wkh wzr erxqgdulhv duh lq idfw wkh vdph1 Wkh
lwhudwlyh surfhvv prylqj xs dqg wr wkh uljkw iurp wkh � uhjlrq dqg wkdw prylqj
grzq dqg wr wkh ohiw iurp wkh � uhjlrq whuplqdwh lq wkh vdph ixqfwlrq1 Jlyhq wkh
vwudwhj| vhw ghwhuplqhg e| wklv frpprq ixqfwlrq/ wkh srlqwv zkhuh �Eoc )� ' f
doo idoo rq wkh vdph ixqfwlrq1

5171 Edqn Forvxuh jlyhq wkh Htxloleulxp Vwudwhj|

Jlyhq wkh ixqfwlrq vkrzq lq �jxuh 515 wkdw ghwhuplqhv wkh lqglylgxdo vwudwhjlhv/
zh qhhg wr ghwhuplqh xqghu zklfk uhdol}dwlrqv d edqn zloo forvh lq shulrg rqh
ehfdxvh ri d uxq dqg xqghu zklfk lw zloo qrw1 Uhfdoo wkdw lqglylgxdov duh uhfhlylqj
d vljqdo derxw wkh uhdol}dwlrq ri shulrg � uhwxuq wkdw lv dq lqwhuydo ri ohqjwk 20
fhqwhuhg durxqg wkdw uhdol}dwlrq1 Iru uhdol}dwlrqv pruh wkdq 0 wr wkh ohiw ri wkh
olqh lq �jxuh 515/ hyhu|rqh zloo uhfhlyh vljqdov wr wkh ohiw ri wkh olqh dqg doo zloo
iroorz wkh vdph vwudwhj|= wkh| zloo doo uxq wkh edqn1 Iru uhdol}dwlrqv lq wklv uhjlrq/
wkh edqn zloo dozd|v forvh1 Iru uhdol}dwlrqv pruh wkdq 0 wr wkh uljkw ri wkh olqh lq
�jxuh 515/ hyhu|rqh zloo uhfhlyh vljqdov wr wkh uljkw ri wkh olqh dqg doo zloo iroorz
wkh vdph vwudwhj|= wkh| zloo qrw uxq wkh edqn1 Lq wkh uhjlrq 	0 ri wkh olqh wkh
iudfwlrq zkr zloo uxq lv ghwhuplqhg e| wkh iudfwlrq ri wkh edoo ri udglxv 0 wkdw lv
wr wkh ohiw ri wkh olqh1 Wkh edqn zloo forvh zkhq wklv iudfwlrq h{fhhgv k Eo� ' o�*o_
zklfk lv wkh pd{lpxp dprxqw ri zlwkgudzdov wkh edqn fdq dwwhqg1

Vshfl�fdoo|/ uhfdoo wkdw jlyhq wkh htxloleulxp wkuhvkrog vwudwhj|/ wkh iudfwlrq
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ri shrsoh zkr uxq zkhq wkh uhdol}dwlrq lv o lv jlyhq e|=

}Eoc )s� '

;A?
A=

� li o� � s Eo2�� 0
sEo2�n03o�

20
li s Eo2�� 0 	 o� 	 s Eo2� n 0

f li o� � s Eo2� n 0

Vlqfh o� � o_/
7 wkh edqn zloo forvh zkhq=

}Eoc )s� '
s Eo2� n 0� o�

20
�

o�
o_

zklfk rffxuv zkhq=

o� �
o_ Es Eo2� n 0�

o_ n 20

61 Zlwk ghwhuplqlvwlf iudfwlrq ri W|sh Rqhv

6141 Vhwxs

Wkh vwdqgdug Gldprqg0G|eylj prgho uhtxluhv d iudfwlrq ri wkh srsxodwlrq wr
hqfrxqwhu d vxusulvh qhhg iru frqvxpswlrq lq shulrg rqh dqg iru wkdw uhdvrq qhhg
wr zlwkgudz ghsrvlwv1 Lq idfw/ wklv qhhg lv wkh uhdvrq wkdw edqnv h{lvw1 Iru
vlpsolflw|/ zh kdyh qrw lqfoxghg w|sh rqhv lq wkh ghyhorsphqw ri wkh fxuuhqw
yhuvlrq ri wkh prgho1 Krzhyhu/ wklv grhv qrw srvh dq| sduwlfxodu sureohp1 Li wkh
h{shfwhg uhwxuqv iru wkh �uvw shulrg duh ohvv wkdq rqh/ d ulvn qhxwudo edqn zloo
fkrrvh wr krog lq vwrudjh +uhvhuyhv, wkh dprxqw ri ghsrvlwv uhtxluhg wr phhw wkh
+shuihfwo|, h{shfwhg sd|phqwv wr w|sh rqhv1 Wkh prgho lv zulwwhq vr dv wr shuplw
d uhvhuyh uhtxluhphqw lq h{fhvv ri wkh zlwkgudzdov ri wkh w|sh rqhv1

Vxssrvh wkdw wkhuh duh wzr surgxfwlrq whfkqrorjlhv= rqh vwrudjh dqg wkh rwkhu
d orqj whup surmhfw1 Vwrudjh uhwxuqv rqh xqlw ri wkh jrrg iru hyhu| xqlw vwruhg/
ehwzhhq shulrgv 3 dqg 4 dqg ehwzhhq 4 dqg 51 Wkh orqj whup whfkqrorj| r�huv
d uhwxuq ri o� lq shulrg � dqg d uhwxuq ri o�o2 lq shulrg 21 Jrrgv wkdw zhuh lq
wkh vwrudjh whfkqrorj| ehwzhhq shulrgv f dqg � fdqqrw eh sxw lqwr wkh orqj whup
whfkqrorj| iurp shulrg � wr 21 Dv ehiruh/ wkh uhwxuqv rq wkh orqj whup whfkqrorj|
duh udqgrp dqg o ' io�c o2j lv uhdol}hg lq shulrg �1

D fhuwdlq iudfwlrq ri wkh ghsrvlwruv/ w/ duh w|sh rqhv dqg rqo| jhw xwlolw| iurp
frqvxplqj lq shulrg rqh1 Hdfk w|sh rqh zloo zlwkgudz o_ iurp wkh edqnv vr wkdw
wkhlu qhw zlwkgudzdov zloo eh w � o_1 Wkh rwkhu ��w ghsrvlwruv vhh o2 shuihfwo| dqg

7Zkhq u4 A ug> wkh edqn qhyhu forvhv lq wkh �uvw shulrg1
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jhw d qrlv| vljqdo iru o�1 Wkh vljqdov duh xqlirupo| dqg lqghshqghqwo| glvwulexwhg
rq dq lqwhuydo ri ohqjwk 20 fhqwhuhg rq wkh uhdol}hg o�1 Dv ehiruh d xqlw pdvv ri
ghsrvlwruv ghsrvlw rqh xqlw ri jrrg lq wkh edqn1 Wkh edqn surplvhv d uhwxuq ri
o_ : � ehwzhhq hdfk shulrg1

Li d edqn sxwv B ri wkh ghsrvlwv lqwr vwrudjh/ wkhq lw forvhv lq shulrg 4 li

B n E�� B�o� � E�� w�}Eoc )�o_ n w � o_

zkhuh }Eoc )� lv wkh iudfwlrq ri wkh w|sh wzr srsxodwlrq zkr uxq wkh edqn li wkh
uhdol}dwlrq lv o dqg wkhlu vwudwhjlhv duh )1 Gh�qh wkh vhw ri uhdol}dwlrqv ryhu zklfk
wkh edqn forvhv dv=

�E)� '

+
o

�����B n E�� B�o�
o_

� E�� w�)Eo� n w

,
�

Li zh uhvwulfw rxu vhdufk iru wkuhvkrog vwudwhjlhv/

}Eoc )s� '
s Eo2� n 0� o�

20
c

dqg wkh erxqgdu| iru wkh � uhjlrq lv htxdo wr

o� '
o_E�� w�Es Eo2� n 0� n 20 Eo_w � B�

o_E�� w� n 20E�� B�
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Li wkh edqn grhvq*w forvh lq shulrg �/ lw zloo kdyh uhvrxufhv htxdo wr

qEo� ' 4�?

%
B � EE�� w�}Eoc )� n w� � o_ n E�� B�o�o2c
dB n E�� B�o� � EE�� w�}Eoc )� n w� � o_oo2

&

lq shulrg 21 Wkh �uvw whup lv wkh dprxqw ri uhvrxufhv wkh edqn zloo kdyh lq shulrg 2
zkhq EE�� w�}Eoc )� n w��o_ � B/ dqg wkh vhfrqg whup lv zkhq EE�� w�}Eoc )� n w��
o_ : B� Wkh glylvlrq ehwzhhq wkhvh wzr vhwv rffxuv zkhq

o� ' s Eo2� n 0�
20EB � wo_�

o_E�� w�
�

Qrwlfh wkdw li B 	 wo_/ wkdw lpsolhv wkdw wkh vwrudjh lv lqvx!flhqw wr fryhu wkh
qxpehu ri w|sh rqhv zkr zloo uxq iru fhuwdlq dqg wkdw wkh �uvw lwhp lq wkh qEo�
htxdwlrq zloo qhyhu rffxu1 Zlwk B : wo_/ wkh u4 jlyhq deryh lv zkhuh wkh �uvw
lwhp lq wkh qEo� htxdwlrq lv uhohydqw1 Lq zkdw iroorzv/ zh zloo dvvxph wkdw wkh
edqn kdv vx!flhqw uhvhuyhv vr wkdw B : wo_1
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Dv ehiruh/ wkh sd|r�v wr d ghsrvlwru ghshqg rq zkhwkhu wkh| uxq d edqn
ru qrw1 Wkh sd|r� iru uxqqlqj d edqn zlwk uhdol}dwlrq o dqg iudfwlrq ri rwkhu
ghsrvlwruv uxqqlqj E�� w�)Eo� n w lv
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Dv lq wkh suhylrxv prgho/ rqh fdq �qg dq htxloleulxp lq wkuhvkrog vwudwhjlhv1
Lq wklv fdvh zh kdyh=
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Soxjjlqj lqwr 615/ vroylqj wkh lqwhjudov h{solflwo| iru r� ' s Eo2� dqg vhwwlqj lw
htxdo wr }hur zh fdq �qg wkh lqyhuvh ri s Eo2� G

o2 ' s3� Er�� �
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Iljxuh 614=

Wklv ixqfwlrq fdq eh zulwwhq rxw dv

o2 '
E�� B� Er� � 0� n (

E�3w�
*?
�
8
(

�
� Eo_ � B� *?

�
o_3B

o_E�3w�

�
E�� B� Er� n 0��C *?

�
Eo_3B�

o_E�3w�
8
C

�
� EEr� � 0� E�� B�� *?

�
o_3B

o_E�3w�

�
zkhuh

( ' E�� B� Er� E�� w� n 0 E� n w�� n B E�� w� c

8 ' o_ E�� w� n 20 E�� B� c dqg

C ' Eo_ � B � Er� � 0� E�� B�� �

Qrwlfh wkdw o2 lv gh�qhg rqo| ryhu wkh vhw ri Er�c o_c wc B� zkhuh wkh ghqrplqdwru
ri wkh s3� ixqfwlrq lv srvlwlyh1 Wklv rffxuv zkhq w lv qrw wrr elj uhodwlyh wr B dqg
zkhq r� lv qrw wrr vpdoo uhodwlyh wr o_1

6151 Vrph surshuwlhv ri wklv prgho

Iljxuh 614 vkrzv wkh vwudwhj| olqhv iru irxu ydoxhv ri w zkhq B ' f1 Wkh kljkhu
lv wkh txdqwlw| ri ghsrvlwruv zkr zloo eh w|sh rqhv/ wkh vpdoohu wkh vhw ri uhwxuqv
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Iljxuh 615= Vwudwhj| vsdfh iru gl�huhqw uhvhuyhv

ryhu zklfk wkh edqn zloo qrw forvh1 Rqh fdq suryh wkdw dv r� $ o_ dqg 0 $ f/
o2 $ � iru doo ydoxhv ri w 5 dfc ���

Iljxuh 615 vkrzv wkh vwudwhj| olqhv iru irxu ydoxhv ri B +uhvhuyhv, zkhq w ' f
+zkhq wkhuh duh qr w|sh rqhv,1 Lqfuhdvlqj B kdv wzr h�hfwv rq wkh vwudwhj| olqh1
Iluvw/ Wkh ydoxh ri wkh olqh dw o2 ' � lqfuhdvhv dv g lqfuhdvhv dqg lv htxdo wr
Eo_�B�*E��B�1 Vhfrqg/ wkh vorsh ri wkh olqh ghfolqhv1 Wkh wudghr� ehwzhhq wkhvh
wzr h�hfwv ghwhuplqhv li lqfuhdvlqj g uhvxowv lq lqfuhdvlqj wkh vhw ri uhwxuqv ryhu
zklfk wkh edqn lv qrw uxq1 Wklv vhw lqfuhdvhv dw kljkhu o2/ vr wkh odujhu lv o2/
wkh pruh olnho| lv lw wkdw lqfuhdvhg uhvhuyhv zloo uhvxow lq kljkhu suredelolw| ri wkh
edqn vwd|lqj rshq1

6161 Uhvxowv zkhq uhvhuyhv mxvw fryhu w|sh rqhv

Iljxuh 616 vkrzv wkh vwudwhj| olqh iru wkuhh vlwxdwlrqv1 Wkh edvh olqh +3 w4/ 3 uu,
kdv qr w|sh rqhv dqg lv zlwkrxw d uhvhuyh uhtxluhphqw1 Wkh olqh sdudooho +15 w4/ 154
uu, kdv 53( w|sh rqhv dqg uhvhuyhv ri 54( +wr fryhu wkh surplvhg o_ ' ��fD iru wkh
53(,1 Wkh wklug olqh +17 w4/ 175 uu, kdv 73( w|sh rqhv dqg d uhvhuyh uhtxluhphqw
ri 75( zklfk lv mxvw vx!flhqw wr fryhu wkh surplvhg o_ ' ��fD iru wkhvh w|sh rqhv1
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Iljxuh 616= Uhvhuyhv mxvw fryhu w|sh rqhv

Wkh ydoxh ri wkh olqh dw o2 ' � lqfuhdvhv dv lw glg zlwk wkh judsk zlwk uhvhuyhv
exw qr w|sh rqhv exw wkh vorsh ri wkh olqh vwd|v dssur{lpdwho| frqvwdqw1 Wkh vkliw
rxw lv htxdo wr Eo_ � B�*E�� B�1

Lw lv fohdu iurp wkh judsk wkdw zkhq d shuihfwo| dqwlflsdwhg �{hg iudfwlrq zloo
qhhg wr zlwkgudz lq wkh �uvw shulrg/ wklv uhgxfhv wkh vhw ri uhwxuqv ryhu zklfk
wkh uhpdlqlqj iudfwlrq ri wkh srsxodwlrq zloo qrw uxq wkh edqn1 Wklv lv ehfdxvh
wkh w|sh rqhv lqfuhdvh wkh vhw ri uhwxuqv ryhu zklfk d edqn zloo eh xqdeoh wr phhw
dq| jlyhq dprxqw ri zlwkgudzdov ri wkh w|sh wzrv1 D iudfwlrq w ri w|sh rqhv
uhtxluh w � o_ ri vwrudjh dqg vlqfh o_ : �/ wklv uhgxfhv wkh dprxqw wkdw uhpdlqv
lq shulrg }hur wkdw lv lqyhvwhg iru wkh w|sh wzrv1 Vlqfh wklv uhgxfwlrq lv frqvwdqw
dqg lqghshqghqw ri wkh uhwxuqv wkdw uhvxow lq shulrg rqh/ wkh kljkhu uhwxuqv duh
uhtxluhg wr nhhs edqnv iurp ehlqj uxq jhqhudwh d sdudooho vkliw lq wkh vwudwhj|
ixqfwlrq1

6171 Uhvhuyhv lq h{fhvv ri wkrvh uhtxluhg wr fryhu wkh w|sh rqhv

Lqfuhdvlqj wkh uhvhuyhv eh|rqg wkh &�o_ uhtxluhg wr fryhu wkh w|sh rqhv lv doorfdwlqj
wlph rqh uhvrxufhv wr fryhu wkh srvvleoh zlwkgudzdov e| w|sh wzrv1 Wkh vwudwhj|
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Iljxuh 617= H�hfw ri lqfuhdvhg uhvhuyhv

ixqfwlrq lv vkrzq lq Iljxuh 617 e| wkh olqh pdunhg c15 w4/ 17 uu*/ wkdw lv 53( ri wkh
srsxodwlrq lv w|sh rqhv dqg 17 xqlwv ri wkh wlph }hur jrrg duh doorfdwhg wr vwrudjh
+uhvhuyhv,1 Wkhvh h{wud uhvhuyhv kdyh wkh h�hfw ri uhgxflqj wkh wrwdo uhwxuqv wr wkh
w|sh wzrv +lq shulrg wzr, dqg lqfuhdvlqj wkh vhw ri uhwxuqv ryhu zklfk wkh edqn
lv uxq lq wkh uhjlrqv zkhuh o� : � dqg o2 lv orz +wkh uhjlrq pdunhg �,/ exw lw
uhgxfhv wkh vhw ri uhwxuqv ryhu zklfk wkh edqn lv uxq iru uhjlrqv zkhuh o� 	 � dqg
o2 lv uhodwlyho| kljk +wkh uhjlrq pdunhg �,1 Wklv lv ehfdxvh wkh uhvhuyhv lqfuhdvh
wkh shulrg rqh uhvrxufhv ri wkh edqn iru uhdol}dwlrqv ri o� 	 � dqg ghfuhdvhv wkhp
rwkhuzlvh1 Wkh lqfuhdvh lq uhvrxufhv fkdqjhv wkh suredelolw| wkdw wkh edqn zloo
forvh iru dq| �{hg dprxqw ri w|sh wzrv uxqqlqj wkh edqn1 Wkh lqfuhdvhg fkdqfh
ri vxuylylqj wkh uxq lq shulrg rqh frxsohg zlwk kljk h{shfwhg uhwxuqv lq shulrg
wzr pryhv wkh vwudwhj| ixqfwlrq1

Zkhwkhu d uhvhuyh uhtxluhphqw lv d qhw jdlq iru wkh hfrqrp| ru qrw +iurp dw
wlph }hur h{0dqwh srlqw ri ylhz, ghshqgv rq wkh xqghuo|lqj suredelolw| glvwulexwlrq
ri wkh o*v +wkh io�c o2j sdluv,1 Li wkh suredelolw| ri uhdol}dwlrq rffxuulqj lq wkh
uhjlrq pdunhg c�* lq Iljxuh 617 lv juhdwhu wkdq wkdw lq wkh uhjlrq pdunhg c�*/
wkhq lw lv olnho| wkdw lpsrvlqj uhvhuyh uhtxluhphqwv zloo lqfuhdvh h{shfwhg zhoiduh
dv phdvxuhg iurp shulrg }hur1 Uhjlrq c�* lv wkh duhd dgghg wr wkh qr uxq uhjlrq
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e| wkh uhvhuyh uhtxluhphqw dqg c�* lv wkh duhd orvw1

71 Fdslwdo dqg fdslwdo uhtxluhphqwv

Lw lv qrw hqwluho| fohdu krz rqh vkrxog lqwurgxfh d fdslwdo uhtxluhphqw lqwr d
Gldprqg0G|eylj pxwxdo edqn1 Lq wkh vwdqgdug vhwxs/ wkh pxwxdo rzqhuv ri wkh
edqn zkr kdyh qrw wdnhq rxw wkhlu ghsrvlwv lq shulrg rqh glylgh hyhqo| dprqj
wkhpvhoyhv wkh shulrg wzr jurvv uhwxuqv1 Lq wkh vwdqgdug prgho/ ghsrvlwruv duh
dovr wkh rzqhuv dqg eduh ulvn dv wr wkh vhfrqg shulrg uhwxuqv1

Zh fkrrvh d zd| ri lqwurgxflqj fdslwdo wkdw uhfrjql}hv wklv rzqhuvkls uroh
ri wkh ghsrvlwruv exw suhvhuyhv wkhlu uljkw wr uxq wkh edqn lq shulrg rqh1 Wkh
edqn fdq ceruurz* fdslwdo lq shulrg }hur e| r�hulqj d uhwxuq lq shulrg wzr vr wkdw
wkh h{shfwhg uhwxuq lv htxdo wr wkh pdunhw udwh ri lqwhuhvw18 Li d edqn forvhv lq
shulrg rqh ehfdxvh lw lv uxq/ wkh edqn sd|v qrwklqj wr wkh lqyhvwruv1 Li lw lv qrw
uxq/ wkh lqyhvwruv duh sdlg lq shulrg wzr ehiruh wkh ghsrvlwruv1 Zh xqghuvwdqg
wkdw wklv odvw dvvxpswlrq lv qrw frqvlvwhqw zlwk qrupdo edqn idloxuh uxohv zkhuh
wkh ghsrvlwruv duh sdlg ehiruh wkh rzqhuv1 Krzhyhu/ khuh wkhuh lv qr glvwlqfwlrq
ehwzhhq rzqhuv dqg ghsrvlwruv19

Khuh zh frqvlghu d yhuvlrq ri wkh prghov zlwkrxw w|sh rqhv1 Vxssrvh wkdw d
edqn krogv d txdqwlw| ri fdslwdo htxdo wr d iudfwlrq & ri lwv ghsrvlwv dqg sxwv doo
ghsrvlwv dqg fdslwdo lqwr wkh lqyhvwphqw surmhfw +vr lw lv kroglqj fdslwdo htxdo wr
&*E� n &� ri lwv ordqv,1 Lw zloo forvh lq wkh �uvw shulrg li

E� n &�o� � }Eoc )�o_

zkhuh }Eoc )� lv wkh iudfwlrq ri wkh srsxodwlrq zkr uxq wkh edqn zkhq wkh uhdo0
l}dwlrq lv o dqg wkh vwudwhjlhv duh )1 Gh�qh wkh vhw zkhuh wkh edqn forvhv dv wkh
vhw ri uhdol}dwlrqv

�E)� '

%
o

�����E� n &�o�
o_

� }Eoc )�

&
�

Li wkh edqn grhv qrw forvh lq shulrg rqh/ lw pxvw �uvw sd| wkh lqyhvwruv & �o& zkhuh
o& lv wkh lqwhuhvw udwh wkdw jlyhv dq h{shfwhg ydoxh htxdo wr wkh pdunhw udwh iru

8
Zh duh dvvxplqj d odujh/h{whuqdo pdunhw iru fdslwdo zlwk ulvn qhxwudo lqyhvwruv1

9D pruh dwwudfwlyh zd| ri prghoolqj wklv pljkw eh wr pdnh vrph plqlpxp sd|rxw wr wkh
ghsrvlwruv ehiruh wkh fdslwdo lv sdlg r�1 Wkhq zkdwhyhu lv ohiw diwhu fdslwdo lv sdlg lv d vhfrqg
sd|phqw wr wkh ghsrvlwruv2rzqhuv1 Iru h{dpsoh/ lq shulrg wzr/ ghsrvlwruv pljkw �uvw jhw u

5

g

ehiruh fdslwdo jhwv dq|wklqj1
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ulvn iuhh lqyhvwphqwv1 Li wkh edqn grhv qrw forvh/ wkh ghsrvlwruv uhfhlyh

4�? Efc dE� n &�o� � }Eoc )�o_oo2 � & � o&� �

Li wkh edqn grhv qrw kdyh hqrxjk lq wkh vhfrqg shulrg wr sd| r� wkh lqyhvwruv/
wkh ghsrvlwruv uhfhlyh qrwklqj1

Dv ehiruh/ wkh sd|r�v wr d ghsrvlwru ghshqg rq zkhwkhu vkh uxqv wkh edqn ru
qrw dqg zkhwkhu wkh edqn forvhv ru qrw1 Wkh sd|r� iru uxqqlqj d edqn zlwk d
uhdol}dwlrq o dqg iudfwlrq ri rwkhu ghsrvlwruv uxqqlqj htxdo wr }Eoc )� lv
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Wkh sd|r�v iurp nhhslqj rqhv ghsrvlwv lq wkh edqn duh
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Iru d vljqdo r�/ wkh h{shfwhg qhw sd|r� iurp uxqqlqj d edqn dv rssrvhg wr
vwd|lqj lq duh
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Surfhhglqj dv lq wkh suhylrxv vhfwlrqv zh �qg wkh lqyhuvh ri wkh xqltxh wkuhvkrog
ixqfwlrq=

o2 ' s3� '
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Zh fdofxodwh wkh �{hg srlqw vwudwhj| ixqfwlrq iru wklv hfrqrp| zkhq & ' �2/
zkhq o_ ' ��fD/ dqg zkhq o& ' ���f1 Wklv dqg wkh vwudwhj| ixqfwlrq iru wkh vdph
hfrqrp| zlwkrxw fdslwdo lv vkrzq lq Iljxuh 7141 Uhjlrq � lv wkh lqfuhdvhg qr uxq
duhd dqg uhjlrq � lv wkh lqfuhdvhg uxq duhd1 Fdslwdo kdv d odujh h�hfw lq uhgxflqj
wkh uxq uhjlrq dqg uhvxowv lq edqnv vwd|lqj rshq xqghu pdq| uhdol}dwlrqv zkhuh
wkh edqn zrxog kdyh forvhg zlwkrxw wkh fdslwdo1 Zkhwkhu fdslwdo lqfuhdvhv wkh
h{shfwhg uhwxuqv iru wkh ghsrvlwruv qhhgv |hw wr eh dqdo|}hg1
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Iljxuh 714= H�hfw ri fdslwdo uhtxluhphqwv

81 Frqfoxvlrqv

Zh kdyh ghyhorshg d prgho ri edqnv yhu| vlplodu wr wkdw ri Gldprqg dqg G|eylj
lq zklfk qrlv| lqirupdwlrq derxw wkh frqglwlrq ri wkh edqn uhvxowv lq htxloleuld
lq zklfk d edqn uxq lv ghwhuplqhg e| wkh uhwxuqv rq wkh edqn*v sruwirolr1 Zh
�qg wkdw erwk uhvhuyh uhtxluhphqwv dqg fdslwdo fkdqjh +dqg fdq uhgxfh, wkh vhw
ri uhdol}dwlrqv ryhu zklfk edqnv fdq eh uxq1

Wklv prgho dv lw vwdqgv wdnhv d qxpehu ri yduldeohv dv h{rjhqrxv zklfk pljkw
eh pdgh hqgrjhqrxv1 Wkh lqwhuhvw udwh r�huhg wr ghsrvlwruv zkr zlwkgudz lq
wkh �uvw shulrg lv jlyhq rxwvlgh wkh edqn1 Jlyhq d glvwulexwlrq ryhu wkh vhw l ri
uhwxuqv/ zh vkrxog eh deoh wr fdofxodwh wkh ghsrvlw lqwhuhvw udwh wkdw pd{lpl}hv
ghsrvlwru shulrg }hur h{shfwhg xwlolw|1 Jlyhq wkh glvwulexwlrq ri uhwxuqv/ wkhuh
pljkw eh dq rswlpdo dprxqw ri fdslwdo iru wkh edqn wr wdnh rq ru dq rswlpdo
dprxqw ri uhvhuyhv wr pd{lpl}h ghsrvlwru xwlolw|1 Vwxg| ri wkhvh sureohpv lv
surmhfwhg1

Zh kdyh qrw |hw vkrzq xqltxhqhvv ri wkh �{hg srlqw vwudwhj| ixqfwlrq dowkrxjk
iru ulvn qhxwudo ghsrvlwruv rxu fdofxodwlrqv jhqhudwh rqh ixqfwlrq/ lqghshqghqw ri
rxu lqlwldo frqglwlrqv1 Zh duh wu|lqj wr ghwhuplqh wkh fkdudfwhulvwlfv ri wkh jdph
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wkdw jlyh wklv xqltxhqhvv1
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