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Devwudfw

Wklv sdshu dqdo|}hv wkh wudqvplvvlrq phfkdqlvpv ri prqhwdu| sro0
lf| lq d jhqhudo htxloleulxp prgho ri vhfxulwlhv pdunhwv dqg edqnlqj
zlwk dv|pphwulf lqirupdwlrq1 Edqnv* rswlpdo dvvhw2oldelolw| srolf|
lv vxfk wkdw lq htxloleulxp fdslwdo dghtxdf| frqvwudlqwv duh dozd|v
elqglqj1 Dv|pphwulf lqirupdwlrq derxw edqnv* qhw zruwk dggv d frvw
wr rxwvlgh htxlw| fdslwdo/ zklfk olplwv wkh h{whqw wr zklfk edqnv fdq
uhod{ wkhlu fdslwdo frqvwudlqw1 Lq wklv frqwh{w prqhwdu| srolf| grhv
qrw d�hfw edqn ohqglqj wkurxjk fkdqjhv lq edqn oltxlglw|1 Udwkhu/
lw kdv wkh h�hfw ri fkdqjlqj wkh djjuhjdwh frpsrvlwlrq ri �qdqflqj
e| �upv1 Wkh prgho dovr surgxfhv pxowlsoh htxloleuld/ rqh ri zklfk
glvsod|v doo wkh ihdwxuhv ri d �fuhglw fuxqfk�1 Wkxv/ prqhwdu| srolf|
fdq dovr kdyh odujh h�hfwv zkhq lw lqgxfhv d vkliw iurp rqh htxloleulxp
wr wkh rwkhu1

�Zh wkdqn Ehq Ehuqdqnh/ Wu|skrq Nroolqw}dv/ Pdufxv Ploohu dqg [dylhu Ylyhv iru
khosixo frpphqwv1 Zh kdyh dovr uhfhlyhg frpphqwv iurp vhplqdu sduwlflsdqwv dw wkh
LPI/ Kheuhz Xqlyhuvlw| ri Mhuxvdohp/ Xqlyhuvlwdw Srpshx Ideud/ K1H1F Sdulv/ Vwrfnkrop
Vfkrro ri Hfrqrplfv dqg wkh FHSU zrunvkrs rq Edqnlqj dqg Ilqdqfldo Pdunhwv1 Vxssruw
iurp GJLF\W judqw qr1 SE<;0438: lv judwhixoo| dfnqrzohgjhg1

|Sulqfhwrq Xqlyhuvlw|/ FHSU dqg QEHU
}Xqlyhuvlwdw Srpshx Ideud dqg FHSU
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4 Lqwurgxfwlrq
Wklv sdshu lv frqfhuqhg zlwk wkh jhqhudo txhvwlrq ri wkh prqhwdu| wudqvplv0
vlrq phfkdqlvpv lq wkh �qdqfldo vhfwru/ wkdw lv wkh edqnlqj vhfwru dqg vhfx0
ulwlhv pdunhwv1 Vshfl�fdoo|/ lw dqdo|}hv wkh h�hfwv ri rshq pdunhw rshudwlrqv
rq edqn ohqglqj dqg vhfxulwlhv pdunhw htxloleulxp1 E| exloglqj rq uhfhqw
dgydqfhv lq wkh plfurhfrqrplfv ri edqnlqj lw surylghv wkh xqghuslqqlqjv ri
wkh �fuhglw ylhz� ri prqhwdu| srolf| zklfk uholhv rq vrph h{rjhqrxvo| jlyhq
ghjuhh ri vxevwlwxwlrq ehwzhhq edqn ohqglqj dqg erqg �qdqflqj1

D nh| txhvwlrq zlwk uhvshfw wr wkh h�hfwv ri prqhwdu| srolf| lv zkhwkhu
edqnv duh fdslwdo frqvwudlqhg ru qrw1 Wklv sdshu wdnhv dv d vwduwlqj srlqw
wkh ylhz wkdw edqnv fdslwdo uhtxluhphqw frqvwudlqwv duh elqglqj1

Jlyhq wkh lpsruwdqfh ri wklv frqvwudlqw/ lw lv hvvhqwldo wr xqghuvwdqg zkdw
olplwv wkh dydlodelolw| ri fdslwdo iru edqnv/ ru lq rwkhu zrugv/ zkdw wkh frvw
ri rxwvlgh fdslwdo duh iru edqnv1 Rxu shuvshfwlyh lq wklv sdshu lv wkdw wkhvh
frvwv duh sulpdulo| lqirupdwlrq gloxwlrq frvwv ã od P|huv dqg Pdmoxi +4<;7,1
Wkdw lv/ zkhq d edqn ghflghv wr udlvh dgglwlrqdo htxlw| wkurxjk d vhdvrqhg
r�hu/ wkh pdunhw whqgv wr xqghuydoxh wkh lvvxh iru wkh ehwwhu edqnv1 Exw
vlqfh lw lv wkh ehwwhu edqnv wkdw gulyh wkh ghflvlrq zkhwkhu wr udlvh htxlw|/
wkh ryhudoo h�hfw rq doo edqnv htxlw| lvvxhv +zkhwkhu jrrg ru edg, lv wr
uhgxfh wkh dprxqw ri htxlw| udlvhg uhodwlyh wr wkh ixoo lqirupdwlrq rswlpxp1
Wkxv/ ehfdxvh ri lqirupdwlrq dv|pphwulhv derxw wkh ixqgdphqwdo ydoxh ri
wkh edqn/ dq hqgrjhqrxv frvw ri htxlw| lv jhqhudwhg/ dqg e| lpsolfdwlrq dq
hqgrjhqrxv frvw ri edqn ohqglqj1 Khqfh/ edqnv* htxlw| edvh +dqg lqwhuqdoo|
jhqhudwhg ixqgv, duh d nh| yduldeoh lq ghwhuplqlqj wkh wrwdo dprxqw ri edqn
fuhglw1

Dq lpsruwdqw frqvhtxhqfh ri wklv hqgrjhqrxv frvw ri htxlw| lv wkdw pxo0
wlsoh htxloleuld pd| frh{lvw iru jlyhq lghqwlfdo xqghuo|lqj sdudphwhuv ri wkh
hfrqrp|1 Lq rqh htxloleulxp wkh hqgrjhqrxv frvw ri fdslwdo +jhqhudwhg e|
vhoi ixo�oolqj pdunhw eholhiv, lv kljk zkloh lq wkh rwkhu lw lv orz1 Wkh iruphu
kdv doo wkh pdlq ihdwxuhv ri d �fuhglw fuxqfk�/ qdpho| wkdw edqn ohqglqj lv
olplwhg e| d orzhu hqgrjhqrxv vwrfn ri edqn fdslwdo/ d orzhu yroxph ri fuhglw
dqg kljk htxloleulxp edqn vsuhdgv1 Rq wkh rwkhu kdqg/ wkh odwwhu htxlole0
ulxp kdv d kljk vwrfn ri edqn fdslwdo/ d kljk yroxph ri fuhglw dqg orzhu
htxloleulxp edqn vsuhdgv1

Dqrwkhu zd| ri wklqnlqj derxw wklv pxowlsolflw| ri htxloleuld lv lq whupv
ri k|vwhuhvlv lq pdunhw eholhiv derxw xqghuo|lqj edqn ydoxhv1 Vwduwlqj iurp
d orz ohyho ri htxloleulxp edqn fdslwdo/ dq| htxlw| lvvxh lv olnho| wr eh lqwhu0

5



suhwhg e| wkh pdunhw dv d edg vljqdo derxw wkh lvvxlqj edqnv ydoxh +uhvxowlqj
lq d uhgxfwlrq lq wkh pdunhw sulfh ri wkh edqn htxlw|,/ wkxv lqklelwlqj qhz ht0
xlw| lvvxhv1 Ylfh0yhuvd/ lq d vlwxdwlrq zkhuh prvw edqnv duh h{sdqglqj wkhlu
fdslwdo edvh/ d idloxuh wr h{sdqg zloo eh lqwhusuhwhg dv d qhjdwlyh vljqdo1 Wklv
lv wkh vrxufh ri pxowlsolflw| ri htxloleuld lq rxu prgho1

Lq oljkw ri wklv srwhqwldo pxowlsolflw| ri htxloleuld/ dq lpsruwdqw txhvwlrq
iru prqhwdu| srolf| wudqvplvvlrq lv wkh h{whqw wr zklfk lw lqgxfhv d vzlwfk
iurp rqh htxloleulxp wr dqrwkhu1 Lq rxu prgho wkhuh lv d srwhqwldo dpsoli|lqj
h�hfw ri rshq pdunhw rshudwlrqv1 Dq| wljkwhqlqj lq prqhwdu| srolf| wkurxjk
dq lqfuhdvh lq Wuhdvxu| |lhogv/ kdv wkh h�hfw lq rxu prgho ri uhgxflqj htxl0
oleulxp edqn vsuhdgv dqg wkxv wr uhgxfh edqnv* lqfhqwlyhv wr udlvh fdslwdo1
Lq sduwlfxodu/ lw lv srvvleoh wkdw wljkwhqlqj prqhwdu| srolf| pd| lqgxfh d
vzlwfk wr d �fuhglw fuxqfk� htxloleulxp1

Rwkhu h�hfwv ri prqhwdu| srolf| wkdw rxu dqdo|vlv kljkoljkwv duh uhodwhg
wr wkh �qdqfldo frpsrvlwlrq ri wkh frusrudwh vhfwru ehwzhhq vhfxulwlhv lvvxhv
dqg edqn fuhglw1 Uhfhqw hpslulfdo zrun vxjjhvwv wkdw rqh lpsruwdqw h�hfw
ri prqhwdu| srolf| lv wr fkdqjh �upv* �qdqfldo vwuxfwxuh ghflvlrqv/ frusr0
udwlrqv vxevwlwxwlqj edqn ohqglqj iru frpphufldo sdshu lvvxhv1 D frpprq
h{sodqdwlrq iru wkhvh fkdqjhv lv wkdw zkhq edqn fdslwdo lv wljkw/ �upv wxuq
wr wkh vhfxulwlhv pdunhw wr udlvh ixqgv +vhh Ndvk|ds dqg Vwhlq +4<<7, dqg
Jhuwohu dqg Jlofkulvw +4<<7,,1

Zh duh deoh wr dgguhvv wkhvh lvvxhv ehfdxvh rxu prgho doorzv iru erwk
d vhfxulwlhv pdunhw dqg d edqnlqj vhfwru dqg ehfdxvh lw ohwv �upv ghwhu0
plqh hqgrjhqrxvo| wkhlu fdslwdo vwuxfwxuh1 Wkh frusrudwh �qdqflqj vlgh ri
wkh prgho khuh exlogv rq wkh dqdo|vlv lq rxu frpsdqlrq sdshu +Erowrq dqg
Iuhl{dv/ 5333,1 Zkloh rxu prgho jrhv vxevwdqwldoo| eh|rqg h{lvwlqj sduwldo
htxloleulxpprghov ri wkh �fuhglw fkdqqho� lw lv qrw d ixoo| jhqhudo htxloleulxp
prgho wr wkh h{whqw wkdw lw devwudfwv iurp frqvxpswlrq/ uhdo fdvk edodqfhv/
dqg djjuhjdwh ghpdqg h�hfwv uhodwlqj wr sulfh vwlfnlqhvv/ zklfk kdyh ehhq wkh
pdlq irfxv ri h{lvwlqj pdfurhfrqrplf dqdo|vhv ri wkh prqhwdu| wudqvplvvlrq
phfkdqlvp1

Zkdw glvwlqjxlvkhv edqn ghew iurp frusrudwh erqg �qdqflqj lq rxu prgho
lv wkh  h{lelolw| ri wkh wzr prghv ri �qdqflqj= edqn ghew lv hdvlhu wr uhvwuxf0
wxuh exw ehfdxvh edqn ordqv duh lq vkruw vxsso|/ wkhuh lv dq hqgrjhqrxv frvw
ri  h{lelolw|1 Zkdw pdnhv edqn ordqv h{shqvlyh lv wkh h{lvwhqfh ri d fdslwdo
uhtxluhphqw uhjxodwlrq dv zhoo dv wkh idfw wkdw lvvxlqj qhz htxlw| lv frvwo|1
Wklv lv wkh vrxufh ehklqg wkh h{lvwhqfh ri dq htxloleulxp vsuhdg ehwzhhq
edqn ordqv dqg erqgv1
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Ilupv zlwk kljkhu yduldqfh lq fdvk0 rzv duh zloolqj wr sd| wklv lqwhu0
phgldwlrq frvw ehfdxvh wkh| kdyh d juhdwhu ehqh�w ri  h{lelolw|1 Wklv lv
zkhuh prqhwdu| srolf| d�hfwv wkh frpsrvlwlrq ri �qdqflqj= e| d�hfwlqj wkh
htxloleulxp edqn vsuhdg lw lqgxfhv wkh pdujlqdo �upv wr vzlwfk ehwzhhq lq0
whuphgldwhg dqg pdunhw �qdqflqj1 Edqn ghew lv dq lpshuihfw vxevwlwxwh iru
erqgv dqg wkhuhiruh wkh h�hfwv ri prqhwdu| srolf| rq lqyhvwphqw fdqqrw eh
ghwhuplqhg hqwluho| e| orrnlqj rqo| dw wkh h�hfwv rq djjuhjdwh ghew dv wkh
�prqh| ylhz� suhvfulehv1 Rqh lv/ wkxv/ lqhylwdeo| ohg lq wkh gluhfwlrq ri d
pruh frpsoh{ ylhz ri wkh prqhwdu| wudqvplvvlrq phfkdqlvp1

Wkhuh duh vhyhudo uhfhqw sdshuv ghdolqj zlwk wkh cfuhglw fkdqqho* ri prq0
hwdu| srolf| wkdw duh uhodwhg wr rxuv1 Wkh wkuhh prvw forvho| uhodwhg rqhv duh
Jruwrq dqg Zlqwrq +4<<<,/ Ydq ghq Khxyho +4<<<, dqg Vfkqhlghu +4<<;,1
Wkh �uvw wzr sdshuv irfxv rq edqnv* fdslwdo dghtxdf| frqvwudlqwv dqg wkh
pdfurhfrqrplf h�hfwv ri fkdqjhv lq edqn ohqglqj lqgxfhg e| fkdqjhv lq
edqnv* htxlw| edvh41 Edqn fdslwdo lv frvwo| lq Jruwrq dqg Zlqwrq ehfdxvh
edqn htxlw| lv ulvn| dqg wkhuhiruh uhtxluhv erwk d ulvn dqg oltxlglw| suhplxp1
Fdslwdo dghtxdf| frqvwudlqwv lpsrvh d frvw rq edqnv zkhqhyhu lqyhvwruv* rs0
wlpdo sruwirolr lv ohvv khdylo| zhljkwhg wrzdugv edqn htxlw| wkdq lv uhtxluhg
e| uhjxodwlrqv1 Wklv lv prvw olnho| wr rffxu lq uhfhvvlrqv1 Dffruglqjo| wkh
dpsol�fdwlrq h�hfwv ri prqhwdu| srolf| duh juhdwhvw dw wkh rqvhw ri d uh0
fhvvlrq/ zkhq kljkhu lqwhuhvw udwhv d�hfw djjuhjdwh lqyhvwphqw erwk gluhfwo|
dqg lqgluhfwo| wkurxjk d uhgxfwlrq lq edqn ohqglqj fdsdflw|1 Lq Ydq ghq
Khxyho wkh frvw ri edqn htxlw| lv h{rjhqrxv1 Edqnv duh qrw doorzhg wr udlvh
qhz htxlw|/ exw wkh| fdq lqfuhdvh wkhlu fdslwdo vwrfn wkurxjk uhwdlqhg hduq0
lqjv1 Wkh dpsol�fdwlrq h�hfwv ri prqhwdu| srolf| wkhq zrun wkurxjk wkhlu
h�hfwv rq uhwdlqhg hduqlqjv1 Zkloh Ydq ghq Khxyho*v plfurhfrqrplf prgho
ri edqnlqj lv pruh uxglphqwdu| wkdq wkdw ri Jruwrq dqgZlqwrq klv g|qdplf
pdfurhfrqrplf dqdo|vlv jrhv frqvlghudeo| ixuwkhu/ h{sorulqj odjjhg h�hfwv ri
fkdqjhv lq lqwhuhvw udwhv1 Vlploduo|/ Vfkqhlghu surylghv dq h{whqvlyh g|qdplf
pdfurhfrqrplf dqdo|vlv/ zklfk uholhv rq d frpelqdwlrq ri oltxlglw| dqg edqn
fdslwdo h�hfwv1

Qhlwkhu ri wkhvh prghov/ krzhyhu/ doorzv iru rwkhu vrxufhv ri �qdqflqj
ehvlghv edqn ohqglqj dqg wkhuhiruh fdqqrw h{soruh frpsrvlwlrq h�hfwv ri
prqhwdu| srolf|51 Qru gr wkhvh prghov doorz iru pxowlsoh htxloleuld dqg

4Vhh dovr Wkdnru +4<<9,/ zklfk dvvxphv dq h{rjhqrxv frvw ri edqn htxlw| dqg h{soruhv
wkh lpsolfdwlrqv ri udlvlqj edqnv* ixqglqj frvwv e| uhtxlulqj wkhp wr krog pruh frvwo|
htxlw|1

5Iurp d frqfhswxdo srlqw ri ylhz/ d frpprq zhdnqhvv ri prghov zklfk doorz iru rqo|
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wkh srvvlelolw| ri zkdw zh ghvfuleh dv d �fuhglw fuxqfk� htxloleulxp/ zkhuh
edqn ohqglqj lv frqvwudlqhg e| lqyhvwruv* h{fhvvlyh shvvlplvp derxw edqnv*
xqghuo|lqj dvvhw ydoxhv1

Dqrwkhu vhw ri uhodwhg sdshuv ghdov zlwk h�hfwv ri prqhwdu| srolf| rq
edqn ohqglqj wkurxjk fkdqjhv lq uhvhuyh uhtxluhphqwv1 Wkxv/ Oxfdv dqg
PfGrqdog +4<<5, dqg Vwhlq +4<<;, h{soruh wkh h{whqw wr zklfk qrq0ghsrvlw
oldelolwlhv duh d shuihfw vxevwlwxwh iru ghsrvlw oldelolwlhv +vxemhfw wr uhvhuyh
uhtxluhphqwv, zkhq edqnv kdyh sulydwh lqirupdwlrq derxw wkhlu qhw zruwk1
Wkh| vkrz wkdw zkhq fhuwl�fdwhv ri ghsrvlw +FGv, duh ulvn| wkhq edqnv duh
xqdeoh wr shuihfwo| vxevwlwxwh FGv iru ghsrvlwv/ vr wkdw edqn ohqglqj pd|
eh sduwldoo| frqwuroohg e| prqhwdu| dxwkrulwlhv wkurxjk fkdqjhv lq uhvhuyh
uhtxluhphqwv1 Qhlwkhu sdshu frqvlghuv wkh h�hfwv ri fdslwdo dghtxdf| frq0
vwudlqwv/ ru wkh jhqhudo htxloleulxp h�hfwv ri prqhwdu| srolf| rq wkh hqwluh
�qdqfldo vhfwru1

Ilqdoo|/ d wklug vhw ri uhodwhg sdshuv lv Kropvwurp dqg Wluroh +4<<:,/ Uh0
sxoor dqg Vxduh} +4<<;, dqg Erowrq dqg Iuhl{dv +5333,,1 Wkhvh wkuhh sdshuv
fkdudfwhul}h wkh htxloleulxp fr0h{lvwhqfh ri edqn ohqglqj dqg gluhfw �qdqf0
lqj wkurxjk vhfxulwlhv lvvxhv1 Dv lq wklv sdshu edqn ohqglqj lv prghoohg dv
pruh  h{leoh exw pruh frvwo|1 Doo wkuhh sdshuv dvvxph h�hfwlyho| h{rjhqrxv
lqwhuphgldwlrq frvwv dqg gr qrw dqdo|vh wkh h�hfwv ri prqhwdu| srolf| rq
djjuhjdwh lqyhvwphqw1

Wkh sdshu lv rujdql}hg dv iroorzv= vhfwlrq 5 lv ghyrwhg wr wkh ghvfulswlrq
ri wkh prgho zkloh vhfwlrq 6 ghdov zlwk edqnv ohqglqj dqg wkhlu dvvhw2oldelolw|
vwuxfwxuh1 Vhfwlrq 7 fkdudfwhul}hv wkh jhqhudo htxloleulxp zkhq edqnv* htxlw|
lv �{hg dqg Vhfwlrq 8 frqvlghuv frpsdudwlyh vwdwlfv dqg wkh h�hfw ri prqhwdu|
srolf| lq wkdw fdvh1 Vhfwlrq 9 hqgrjhql}hv wkh vxsso| ri edqn htxlw| dqg
vkrzv krz d �fuhglw fuxqfk� htxloleulxp pd| rewdlq1 Ilqdoo| Vhfwlrq :
frqfoxghv1 Wkh surriv ri prvw uhvxowv duh jlyhq lq dq dsshqgl{1

edqn ohqglqj zlwkrxw dq| rwkhu gluhfw vrxufh ri ixqglqj iru �upv lv wkdw edqnv lq wkhvh
prghov orrn hvvhqwldoo| olnh qrq0�qdqfldo �upv/ wkh rqo| gl�huhqfh ehlqj wkdw wkh| duh
vxemhfw wr fdslwdo dghtxdf| uhtxluhphqwv lpsrvhg lq h{fkdqjh ri ghsrvlw lqvxudqfh1
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5 Wkh prgho

514 Ilupv* lqyhvwphqw surmhfwv dqg �qdqfldo rswlrqv

Hdfk �up kdv rqh surmhfw uhtxlulqj dq lqyhvwphqw rxwod| U : � dw gdwh
| ' f dqg |lhoglqj wzr srvvleoh uhwxuqv dw gdwhv | ' � dqg | ' 2= ZM ru
f1 Wkh surmhfw fdq eh oltxlgdwhg dw | ' � dw d uhvdoh ydoxh f 	 � 	 ZM 1
Ilupv* rzqhu0pdqdjhuv lqyhvw ` 	 U lq wkh �up dqg pxvw udlvh U �` ' �
iurp rxwvlgh1 Ilupv gl�hu lq wkh suredelolwlhv R� dqg R2 ri rewdlqlqj kljk
fdvk  rz uhdol}dwlrqv lq uhvshfwlyho| shulrgv 4 dqg 51 Zh dvvxph wkdw R� lv
xqlirupo| glvwulexwhg rq wkh lqwhuydo dfc �o/ dqg wkdw wkh ydoxh ri R2 lv gudzq
lqghshqghqwo| iurp ifc �j1

Zh wdnh R� wr eh sxeolfo| revhuydeoh/ exw R2 5 ifc �j wr eh sulydwh lqiru0
pdwlrq wr wkh �up dw | ' f1 Wkh suredelolw| R� fdq eh wkrxjkw ri dv d fuhglw
udwlqj1 Zh uhihu wr d �up zlwk gdwh | ' 2 fdvk0 rz ri ZM dv d w|sh M0�up
dqg wr d �up zlwk gdwh wzr }hur fdvk0 rzv dv d w|sh u0�up1 Wkh w|sh ri
wkh �up lv sulydwh lqirupdwlrq wr wkh hqwuhsuhqhxu dw wlph | ' f� Lw lv rqo|
uhyhdohg dw | ' � wr d edqn zkr kdv ohqw wr wkh �up dw | ' fc dqg lw ehfrphv
sxeolf rqo| dw | ' 2 1 Dw gdwh | ' f/ fuhglwruv* sulru eholhiv derxw wkh ydoxh
ri R2 duh wkdw R2 ' � zlwk suredelolw| D +dqg R2 ' f zlwk suredelolw| �� D,
vr wkdw .dR2o ' D1

Wkh ohdvw ulvn| �upv +zlwk d kljk R�, duh reylrxvo| dvvxphg wr kdyh
srvlwlyh qhw suhvhqw ydoxh surmhfwv=

D3= ZM n DZM : U

Dovr/ zh vkdoo dvvxph wkdw �upv zlwk d orz vhfrqg shulrg fdvk0 rz kdyh d
qhjdwlyh qhw suhvhqw ydoxh iru doo ydoxhv ri R�1

D4= ZM 	 �c

Wklv dvvxpswlrq uxohv rxw vljqdoolqj htxloleuld zkhuh wkh �up*v fkrlfh ri
fdslwdo vwuxfwxuh pd| uhyhdo lwv w|sh1 Lqghhg/ xqghu dvvxpswlrq D4/ d �up
zlwk d orz vhfrqg shulrg fdvk0 rz dozd|v zdqwv wr plplf d jrrg �up iru
rwkhuzlvh lw zrxog qhyhu rewdlq dq| ixqglqj1 Zh irfxv rq wkh fdvh zkhuh
frqwlqxdwlrq lv/ rq dyhudjh/ suhihuuhg wr oltxlgdwlrq/ wkdw lv=

DZM : �
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Ilupv fdq fkrrvh wr �qdqfh wkhlu surmhfw e| hlwkhu lvvxlqj erqgv ru e|
phdqv ri d edqn ordq1 Wr nhhs wkh frusrudwh �qdqflqj vlgh ri wkh prgho wr
lwv eduh hvvhqwldov/ zh gr qrw doorz �upv wr lvvxh htxlw| ru wr frpelqh erqgv
dqg edqn ghew +krzhyhu/ wkhvh rswlrqv duh h{dplqhg lq Erowrq dqg Iuhl{dv
+5333,,1 Wkh pdlq glvwlqjxlvklqj ihdwxuhv ri wkhvh wzr lqvwuxphqwv duh wkh
iroorzlqj=

41 erqg �qdqflqj= d erqg lvvxh vshfl�hv d uhsd|phqw vfkhgxoh wr erqg
kroghuv ri -ET� ' i-�ER��c -2ER2�j/ zkhuh -�ER�� lv wkh gdwh | ' �c dqg
-2ER�� wkh gdwh | ' 2 uhsd|phqw1 Li wkh �up lv xqdeoh wr phhw lwv uh0
sd|phqwv dw gdwh | ' � wkh �up lv ghfoduhg edqnuxsw dqg lv oltxlgdwhg1
Uhvwuxfwxulqj ri ghew lv qrw srvvleoh ehfdxvh ri wkh zlgh glvshuvlrq ri
rzqhuvkls ri frusrudwh erqgv +vhh h1j1 Erowrq dqg Vfkduivwhlq +4<<9,,1
Ilupv duh doorzhg wr uroo ryhu wkhlu erqgv e| r�hulqj qhz lvvxhv dw gdwh
| ' �1

51 edqn ghew= d edqn ordq vshfl�hv d uhsd|phqw vfkhgxoh e-ET� ' i e-�ER��/e-2ER2�j1 Li wkh �up ghidxowv dw gdwh | ' � wkh edqn lv deoh wr revhuyh
wkh w|sh ri �up +wkurxjk prqlwrulqj, dqg ghflghv zkhwkhu wr oltxlgdwh
ru ohw wkh �up frqwlqxh1 Li lw ohwv wkh �up frqwlqxh lw dssursuldwhv doo
odvw shulrg uhwxuqv wkurxjk d ghew2htxlw| vzds1 Wkh edqn ohwv wkh �up
frqwlqxh li dqg rqo| li vhfrqg shulrg fdvk0 rz lv ZM 1

Ehfdxvh wkh dv|pphwulf lqirupdwlrq frqfhuqv rqo| fdvk0 rzv dw wlph | '
2c lw lv lqwxlwlyh wkdw erwk iru erqg �qdqflqj dqg iru edqn ghew wkh rswlpdo
frqwudfwv duh fkdudfwhul}hg e| d pd{lpxp uhsd|phqw lq wkh �uvw shulrg=e-�ER�� ' -�ER�� ' ZM � Wkxv zh zloo uhvwulfw wkh frqwudfwv wr wkh h!flhqw
rqhv dqg frqvlghu wkdw wkh rqo| hqgrjhqrxv fkdudfwhulvwlfv ri frqwudfwv duh
wlph | ' 2 uhsd|phqwv1

Dv lq Erowrq dqg Iuhl{dv +5333,/ wkh fkrlfh ri ixqglqj lv ghwhuplqhg e|M0
�upv/ zlwk u0�upv lplwdwlqj wkhp1 Lq htxloleulxp/ �upv zloo eh vhjphqwhg
e| ulvn fodvvhv lq wkhlu fkrlfh ri ixqglqj/ zlwk doo �upv zlwk R� 5 ERW�c �o
fkrrvlqj erqg �qdqflqj dqg doo �upv zlwk R� 5 dfc RW�o suhihuulqj d edqn
ordq61 Erqg �qdqflqj grplqdwhv iru orz ulvn �upv +zlwk d kljk R�, ehfdxvh
wkhvh �upv duh ohvv olnho| wr idlo dw gdwh | ' � dqg wkhuhiruh kdyh ohvv ri d qhhg
iru wkh frvwo| ghew uhvwuxfwxulqj vhuylfhv surylghg e| edqnv1 Wkhvh vhuylfhv

6Zh dyrlg wkh frpsoh{lwlhv ri wkh ulvnlhu �upv lvvxlqj mxqn erqgv/ hyhq li wklv pd|
dulvh iru vrph frqvwhoodwlrq ri sdudphwhuv
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duh frvwo| ehfdxvh edqnv wkhpvhoyhv qhhg wr udlvh ixqgv wr eh deoh wr ohqg wr
�upv1 Lq Erowrq dqg Iuhl{dv +5333, wkhvh ixqg udlvlqj frvwv zhuh vshfl�hg
h{rjhqrxvo|1 Lq frqwudvw/ khuh wkhvh frvwv duh sduwldoo| hqgrjhql}hg1

Kdylqj ghvfulehg wkh ghpdqg vlgh iru fdslwdo e| �upv zh qrz wxuq wr d
ghvfulswlrq ri wkh vxsso| vlgh1

515 Krxvhkrogv

Wkhuh lv d frqwlqxxp ri ulvn0qhxwudo krxvhkrogv lq rxu hfrqrp| uhsuhvhqwhg
e| wkh xqlw lqwhuydo dfc �o1 Zh vkdoo rqo| eh frqfhuqhg zlwk krxvhkrogv*
vdylqjv dqg lqyhvwphqw ghflvlrqv dqg devwudfw iurp wkhlu frqvxpswlrq eh0
kdylru1 Hdfk krxvhkrog kdv rqh xqlw ri vdylqjv ri zklfk d iudfwlrq E�� _� lv
doorfdwhg lq �qdqfldo pdunhwv +frusrudwh ru jryhuqphqw erqgv, dqg d iudf0
wlrq lv xvhg iru wudqvdfwlrq sxusrvhv dqg fdq eh khog hlwkhu dv fdvk ru dv
edqn ghsrvlw dffrxqw1 Wkh vxsso| ri ghsrvlwv lv ghqrwhg e| (E-(� +zlwk
f � (E-(� � _ 	 �,/ zkhuh -( lv wkh uhpxqhudwlrq ri ghsrvlwv1 Zh gr
qrw doorz iru shuihfw vxevwlwxwdelolw| ehwzhhq ghsrvlw dffrxqwv dqg �qdqfldo
dvvhwv sduwo| iru vlpsolflw| dqg sduwo| wr uh hfw wkh idfw wkdw edqn ghsrvlwv
prvwo| vhuyh wudqvdfwlrqv qhhgv dqg duh qrw sxuh lqyhvwphqw lqvwuxphqwv1
Krzhyhu/ zh ohw ghsrvlwruv uhdfw wr wkh rssruwxqlw| frvw ri kroglqj fdvk e|
uhvwuxfwxulqj wkhlu kroglqjv ri fdvk dqg edqn ghsrvlwv1

Iru vlpsolflw| zh wdnh wkh vxsso| ri ghsrvlwv ixqfwlrq (E-(� wr eh slhfh0
zlvh olqhdu dqg htxdo wr

(E-(� '

;A?A=
f iru -( 	 �
KE-( � �� iru � � -( � � n _

K

_ iru -( : � n _
K

1

516 Edqnv

Edqnv/ dv �upv/ duh uxq e| vhoi0lqwhuhvwhg pdqdjhuv/ zkr kdyh lqyhvwhg wkhlu
shuvrqdo zhdowk � lq wkh edqn1 Wkh| fdq rshudwh rq d vpdoo vfdoh e| ohyhu0
djlqj rqo| wkhlu rzq fdslwdo �/ zlwk +lqvxuhg, ghsrvlwv ( dqg2ru d erqg
lvvxh �K/ vr dv wr ixqg d wrwdo dprxqw ri ordqv � n ( n �K1 E| olplwlqj
wkhlu fdslwdo edvh wr � wkhlu ohqglqj fdsdflw| zloo eh frqvwudlqhg e| fdslwdo

;



dghtxdf| uhtxluhphqwv7=

�

� n( n�K

� V : f1

Wkh xqlw frvw ri ghsrvlwv lv jlyhq e| ES n -(�/ zkhuh S ghqrwhv d uhdo frvw
ri uhwdlo edqnlqj dqg -( d +jurvv, lqwhuhvw frvw1 Zh dvvxph wkdw edqnv duh
orfdo prqrsrolhv wkdw vhw wkhlu ghsrvlw udwh -(1 Edqnv lq rxu prgho qhyhu
idlo dqg wkh erqgv wkh| lvvxh duh vdih81 Wkhuhiruh/ edqn erqgv kdyh wkh vdph
lqwhuhvw frvw dv jryhuqphqw erqgv= -C1 Rxu prgho lv wkxv frqvlvwhqw zlwk
wkh wudglwlrqdo Prqw| dqg Nohlq ylhz wkdw edqnv frpshwh iru zkrohvdoh ixqgv
exw duh prqrsrolhv iru orfdo ixqgv1

Edqnv duh rqo| deoh wr h{sdqg ohqglqj eh|rqg wkh wkuhvkrog �
V
e| udlvlqj

pruh htxlw| 0 .1 Krzhyhu/ zkhq wkh| udlvh rxwvlgh htxlw| wkh| pd| idfh
lqirupdwlrqdo gloxwlrq frvwv1 Rxwvlgh htxlw| lqyhvwruv/ kdylqj ohvv lqirupd0
wlrq derxw wkh sur�wdelolw| ri edqn ordqv zloo whqg wr plvsulfh edqnv* htxlw|
lvvxhv1 Lq sduwlfxodu/ wkh| zloo xqghusulfh htxlw| lvvxhv ri wkh prvw sur�wdeoh
edqnv1 Zh dvvxph wkdw edqnv fkrrvh dq dprxqw ri htxlw| wr lvvxh zlwklq
wkh lqwhuydo

k
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Wr fdswxuh edqnv* gloxwlrq frvwv ri fdslwdo lq d vlpsoh dqg vwdun zd|
zh vkdoo vxssrvh wkdw edqn pdqdjhuv duh pruh ru ohvv deoh dw vfuhhqlqj
jrrg ordqv1 Zh vkdoo dvvxph wkdw jrrg edqn pdqdjhuv +ru w|sh M0edqnv,
fdq shuihfwo| glvfulplqdwh M0�upv iurp u0�upv/ zkloh edg edqn pdqdjhuv
+ru u0edqnv, fdqqrw glvwlqjxlvk wkhp dw doo1 Krzhyhu/ dowkrxjk u0edqnv
gr qrw nqrz wkh w|sh ri wkh �up dw gdwh | ' f wkh| vwloo ohduq wkh �up*v
w|sh dw gdwh | ' � 1 Wkhuhiruh/ dw wkdw srlqw wkh| fdq pdnh dq h!flhqw
oltxlgdwlrq2frqwlqxdwlrq ghflvlrq1

7Wkh ELV fdslwdo dghtxdf| uxohv lq rxu kljko| vlpsol�hg prgho duh wkdw � @ 3=3; iru
vwdqgdug xqvhfxuhg ordqv1

8Edqnv zrxog qrw jr edqnuxsw li wkh plqlpxp uhtxluhg fdslwdo edvh lv odujh hqrxjk dqg
li wkhlu ordq sruwirolr lv vx!flhqwo| glyhuvl�hg1 Vlqfh zh duh dvvxplqj wkdw �upv* fdvk0 rzv
duh lqghshqghqwo| glvwulexwhg edqnv* ordq lqyhvwphqwv fdq eh shuihfwo| glyhuvl�hg1 Wkxv/
wr jxdudqwhh wkdw edqnv gr qrw idlo lw vx!fhv wkdw � lv odujh hqrxjk1 Wklv lv xqgrxewhgo|
d vwurqj vlpsoli|lqj dvvxpswlrq/ zklfk zh zrxog olnh wr uhod{ lq ixwxuh zrun1

9Zh mxvwli| wkh h{lvwhqfh ri dq xsshu erxqg rq H e| wkh iroorzlqj srwhqwldo lqfhqwlyh
sureohp ehwzhhq edqn pdqjhuv dqg edqn vkduhkroghuv= li wkh edqn udlvhv dq dprxqw
vxshulru wr H wkhq edqn pdqdjhuv pd| kdyh dq lqfhqwlyh wr devfrqg zlwk wkh prqh| ru
xvh lw wr lqfuhdvh wkhlu sulydwh ehqh�wv1 Lqghhg/ wkh odujhu lv H wkh juhdwhu wkh sulydwh
ehqh�wv uhodwlyh wr wkh frvw lq whupv ri orvv ri uhsxwdwlrq1
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Edqnv* rxwvlgh lqyhvwruv gr qrw nqrz wkh edqn*v w|sh> doo wkh| nqrz lv
wkdw wkhuh lv d pdvv � ri M0edqnv dqg 6 ri u0edqnv1 Vr/ wkhlu sulru eholhi
derxw d edqn*v w|sh lv wkdw wkh| idfh dq u0edqn zlwk suredelolw| 6*E�n6�
dqg dq M0edqn zlwk suredelolw| �*E� n 6�1 Zh qrupdol}h wkh pdvv ri
uhvshfwlyho| M� dqg u�edqnv vr wkdw � n 6 ' �1 Wklv lqirupdwlrqdo
dv|pphwu| derxw edqn w|sh jlyhv ulvh wr plvsulflqj ri hdfk edqn w|sh*v
htxlw|1 Lw lv wkh pdlq vrxufh ri frvwv ri edqn fdslwdo lq rxu prgho1

D edqn pdqdjhu vhhnv wr pd{lpl}h edqn sur�wv dqg dovr wr udlvh wkh
edqn*v vkduh sulfh dv pxfk dv srvvleoh1 Wkh uhdvrq zk| d edqn pdqdjhu
fduhv derxw vkduh sulfh lv wkdw kh pd| zdqw wr vhoo klv vwdnh lq wkh edqn
ehiruh wkh uhwxuqv ri wkh edqn*v ordqv duh ixoo| uhdol}hg dqg nqrzq1

Zh prgho wkhvh remhfwlyhv e| dvvxplqj wkdw edqn pdqdjhuv pd| qhhg wr
oltxlgdwh wkhlu vwdnh lq wkh edqn dw gdwh | ' � zlwk suredelolw| b 5 Efc ��1
Ghqrwlqj e| ^ wkh vkduh sulfh ri wkh edqn dqg e| �2 wkh edqn*v dffxpxodwhg
sur�w xs wr shulrg | ' 2/ wkh edqn pdqdjhu*v remhfwlyh lv wkhq wr pd{lpl}h:

4@ d^c b^ n E�� b��2o 1

Li wkh pdqdjhu lv uxqqlqj dq u�edqn dqg kh nqrzv wkdw �2 	 ^ +edvhg
rq klv sulydwh lqirupdwlrq, wkhq kh zloo dozd|v vhoo klv vwdnh dw gdwh | ' �
dqg kh zloo rqo| fduh derxw wkh edqn*v vkduh sulfh1 Li/ rq wkh rwkhu kdqg/
kh lv uxqqlqj dq M�edqn vxfk wkdw �2 : ^ wkhq kh zloo vhhn wr pd{lpl}h
b^ n E�� b��21

Kdylqj ghwhuplqhg edqnv* remhfwlyhv/ wkhlu lqyhvwphqw rssruwxqlwlhv dqg
wkhlu vrxufhv ri ixqgv zh qrz fdq wxuq wr dq dqdo|vlv ri wkhlu rswlpdo ohqglqj
srolf| dqg dvvhw2oldelolw| vwuxfwxuh jlyhq �{hg pdunhw whupv1

Ehiruh grlqj vr zh eulh | vxppdul}h wkh vhtxhqflqj ri pryhv dqg hyhqwv/
dqg dovr uhfdoo wkh xqghuo|lqj lqirupdwlrq vwuxfwxuh1

517 Wlplqj

41 � Dw gdwh | ' f edqnv ehjlq e| txrwlqj ohqglqj whupv e-2ER�� wr �upv
dqg +jurvv, lqwhuhvw udwhv rq ghsrvlw dffrxqwv -(1 Vlpxowdqhrxvo|/

:Qrwh wkdw wklv remhfwlyh ixqfwlrq lv vlplodu wr wkdw frqvlghuhg e| P|huv dqg Pdmoxi
+4<;7,1 Krzhyhu/ lw lv qrw yxoqhudeoh wr wkh fulwlflvpv yrlfhg djdlqvw wkhlu vshfl�fdwlrq
+vhh h1j1 G|eylj dqg ]hqghu +4<;<,,1 Qrwh dovr wkdw edqn pdqdjhuv* sulydwh ehqh�wv duh
qrw h{solflwo| prghohg1 Wkh uhdvrq lv wkdw edqnv qhyhu idlo lq rxu prgho vr wkdw wkh lvvxh
ri edqn pdqdjhuv* remhfwlyhv uhjduglqj oltxlgdwlrq ru frqwlqxdwlrq ri wkh edqn qhyhu dulvhv
h{solflwo|1
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wkh jryhuqphqw dqg �upv lvvxlqj erqgv txrwh wkhlu uhvshfwlyh
whupv/ -C dqg -2ER��1

� Wkrvh �upv zkr suhihu edqn ohqglqj wkhq dsso| iru d ordq1 Li dq
u0�up dssolhv wr dq M0edqn lwv dssolfdwlrq lv wxuqhg grzq1 Dq
u0�up zkrvh dssolfdwlrq kdv ehhq ghqlhg fdq dsso| wr dqrwkhu
edqn xqwlo lw �qgv d edqn wkdw lv zloolqj wr ohqg;1

� Lq d vhfrqg vwdjh/ edqnv ghflgh rq wkhlu dvvhw2oldelolw| sruwirolr1
Lq sduwlfxodu/ wkh| ghflgh zkdw sursruwlrq ri wkhlu ixqgv wr lqyhvw
lq qhz ordqv dqg zkdw sursruwlrq lq jryhuqphqw ru frusrudwh
erqgv1

� Ilqdoo|/ edqnv fkrrvh wkh dprxqw ri qhz htxlw| wkh| zdqw wr lvvxh/
.1

� Qh{w/ krxvhkrogv ghwhuplqh wkh iudfwlrq ri wkhlu hqgrzphqw wkh|
zdqw wr krog dv fdvk d_ � (E-(�o ru ghsrvlwv (E-(�/ dqg wkh|
ghflgh krz wkh| zdqw wr doorfdwh wkhlu lqyhvwphqwv E�� _� lq wkh
�qdqfldo pdunhw=hlwkhu lq jryhuqphqw erqgv C/ frusrudwh erqgv
�S/ edqn erqgv �K/ ru edqn htxlw| .1

� Rqfh doo wkh krxvhkrog vdylqjv kdyh ehhq doorfdwhg wr wkh jryhuq0
phqw/ �upv dqg edqnv/ wkhvh ixqgv duh lqyhvwhg lq surmhfwv1

51 Dw gdwh | ' � �upv* �uvw shulrg uhwxuqv duh uhdol}hg1 Ilupv uhsd| wkhlu
�uvw0shulrg ghewv li wkh| fdq1 Rwkhuzlvh/ wkh| duh oltxlgdwhg +zkhq
wkh| duh erqg �qdqfhg, ru uhrujdql}hg1<

Dw wklv gdwh edqn pdqdjhuv dovr kdyh wkh rswlrq wr vhoo wkhlu htxlw|
vwdnh lq wkh vhfrqgdu| pdunhw1

61 Dw gdwh | ' 2 doo uhpdlqlqj ghewv dv zhoo dv glylghqgv duh sdlg dqg
krxvhkrogv frqvxph wkhlu qhw diwhu wd{ lqfrph1

;Zh dvvxph wkdw d �up wkdw kdv ehhq ghqlhg fuhglw lv lqglvwlqjxlvkdeoh iurp d �uvw
dssolfdqw1 Dovr/ dq dssolfdqw wkdw kdv ehhq ghqlhg fuhglw fdqqrw frppxqlfdwh wkdw lqiru0
pdwlrq wr rwkhuv1

<Zkhq d �up idfhv uhrujdql}dwlrq/ zh dvvxph lw kdqgv ryhu doo lwv dvvhwv wr wkh edqn
wkdw zloo fkrrvh wkh ehvw frxuvh ri dfwlrq/ oltxlgdwlrq iru O0�upv dqg frqwlqxdwlrq iru
K0�upv1 Lq wkh iruphu fdvh wkh edqn rewdlqv D dqg lq wkh odwwhu lw rewdlqv �K =
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518 Wkh Jryhuqphqw vhfwru

Wkh rqo| dvshfw ri jryhuqphqw zh irfxv rq lq wklv sdshu lv gh�flw �qdqflqj
wkurxjk jryhuqphqw erqgv1 Wr irfxv rq wkh gluhfw lpsdfw ri jryhuqphqw
erqg lvvxhv rq wkh �qdqfldo vhfwru zh devwudfw iurp srvvleoh ihhg0edfn h�hfwv
rq �upv* sur�wdelolw| ri jryhuqphqw vshqglqj1 Wkxv/ iru rxu sxusrvhv wkh
rqo| uhohydqw sduw ri jryhuqphqw lv wkh wrwdo dprxqw ri ghew lw ghflghv wr
lvvxh 0 C 0 dqg wkh htxloleulxp jurvv udwh ri uhwxuq rq jryhuqphqw erqgv
0 -C1 Jryhuqphqw ghew lv hqwluho| uhlpexuvhg dw gdwh | ' 2 rxw ri wkh
uhyhqxhv jhqhudwhg e| d wd{ rq gdwh | ' 2 lqfrph1 Wkh vl}h ri wkh ghew
ghwhuplqhv wkh h{whqw ri furzglqj rxw ri sulydwh lqyhvwphqw dqg/ wkurxjk
-C/ wkh frpsrvlwlrq ri sulydwh ghew dqg edqn dvvhwv1

6 Edqn Ohqglqj dqg Rswlpdo Dvvhw0Oldelolw|
Vwuxfwxuh

Zh frqvlghu rswlpdo ohqglqj dqg dvvhw0oldelolw| pdqdjhphqw iurp wkh shu0
vshfwlyh ri M0edqnv/ zkr nqrz wkdw wkhlu dfwlrqv duh plplfnhg e| u0edqnv1
Wkh uhdvrq zk| u0edqnv dozd|v plplf M0edqnv lv wkh vdph dv zlwk �upv=
u0edqnv duh qhjdwlyh QSY lqvwlwxwlrqv/ zklfk zrxog qrw jhw dq| rxwvlgh ht0
xlw| ixqglqj rqfh wkh| duh lghqwl�hg1 Ehorz/ zh jlyh vx!flhqw frqglwlrqv
jxdudqwhhlqj wkdw u0edqnv duh qrw sur�wdeoh431

Dq M0edqn frqwhpsodwlqj dq htxlw| lvvxh idfhv wkh iroorzlqj wudgh0r�1
Li lw lvvxhv htxlw| lw fdq lqfuhdvh ohqglqj dqg wkxv udlvh sur�wv/ exw vlqfh lw*v
htxlw| lv xqghuydoxhg lq wkh �qdqfldo pdunhw wkh edqn*v pdqdjhu grhv qrw
dssursuldwh wkh hqwluh lqfuhdvh lq sur�wv1 Ghshqglqj rq wkh sur�wdelolw| ri
ordqv dqg wkh h{whqw ri wkh xqghuydoxdwlrq ri htxlw| wkh M0edqn pd| ru pd|
qrw ghflgh wr uhod{ lw*v ohqglqj frqvwudlqw e| lvvxlqj pruh htxlw|1 Wkxv/ wr
ghwhuplqh dq M0edqn*v fkrlfh zh qhhg wr vshfli| wkh sur�wdelolw| ri ordqv
dqg wkh h{whqw ri gloxwlrq1

43Wkh uhdvrq zk| zh uhvwulfw dwwhqwlrq wr vlwxdwlrqv zkhuh O0edqnv dozd|v plplfn K0
edqnv lv wr nhhs wkh dqdo|vlv dv wudfwdeoh dv srvvleoh1 Lw vkrxog eh fohdu wkdw hyhq li
htxloleuld zkhuh K0edqnv fdq vhsdudwh wkhpvhoyhv iurp O0edqnv pd| h{lvw iru rwkhu sd0
udphwhu ydoxhv wkhvh htxloleuld zrxog dovr kdyh srvlwlyh lqwhuphgldwlrq frvwv dqg wkhuhiruh
zrxog eh txdolwdwlyho| vlplodu wr wkh srrolqj htxloleuld fkdudfwhul}hg lq wkh erg| ri wkh
sdshu1
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614 Rswlpdo Ohqglqj Srolf|

Lq htxloleulxp wkh ohqglqj whupv wkdw M ru u0edqnv r�hu duh wkh vdph1 Rwk0
huzlvh dq| ghyldwlrq e| dq u0edqn zrxog uhyhdo lwv w|sh dqg klw lwv vkduh
sulfh1 Zh jlyh vx!flhqw frqglwlrqv ehorz jxdudqwhhlqj wkdw wkh frvw ri d idoo
lq vkduh sulfh rxwzhljkv dq| ehqh�w wr u0edqnv iurp xqghufxwwlqj M0edqnv*
whupv lq wkh ordq pdunhw1

Wkh rswlpdo ordq frqwudfw wkdwM0edqnv r�hu �upv duh vxfk wkdw gdwh | '
� uhsd|phqwv duh htxdo wr �uvw shulrg +h{shfwhg, uhyhqxhv/ R�ZM � Z1 Lqghhg/
vxfk d frqwudfw plqlpl}hv �upv* lqirupdwlrqdo gloxwlrq frvwv1 E| dvvxpswlrq
D4 vxfk d uhsd|phqw dorqh zrxog qrw fryhu wkh gdwh | ' f lqyhvwphqw frvwv1
Wkhuhiruh/ d vhfrqg shulrg uhsd|phqw/ e-2ER�� lv dovr uhtxluhg441

Jlyhq wkhvh ohqglqj whupv/ M0edqnv jhw d kljkhu uhwxuq shu ordq wkdq
u0edqnv vlqfh M0edqnv shuihfwo| vfuhhq M0�upv iurp u0�upv/ zkloh u0edqnv
fdqqrw glvwlqjxlvk ehwzhhq wkh wzr w|shv ri �upv1

Li zh ghqrwh e| eD wkh suredelolw| wkdw dq u0edqn ohqgv wr dq M0�up45

dqg e| E4M c 4u� wkh h{shfwhg qhw h{fhvv uhwxuq shu ordq ryhu wkh lqwhuhvw rq
jryhuqphqw erqgv ri uhvshfwlyho| M dqg u0edqnv/ wkhq jlyhq htxdo ohqglqj
whupv zh kdyh=

4M ' ZER�� n E�� R��ZM n R� e-2ER���-C dqg +4,

4u ' ZER�� n E�� R��eDZM n R�eD e-2ER�� n E�� eD���-C +5,

Wkh uhwxuqv ri u0edqnv fdq wkxv eh zulwwhq dv d ixqfwlrq ri M0edqnv*
uhwxuqv=

4u ' E�� eD�EZER�� n ��-C� n eD4M +6,

Qrz/ jlyhq wkhvh ohqglqj whupv dqg jlyhq udwhv rq uhvshfwlyho| ghsrvlwv
dqg jryhuqphqw erqgv ri -( dqg -C/ dq M0edqn fkrrvhv lwv rswlpdo pl{ ri
ordqv u/ jryhuqphqw erqg kroglqjv CK/ edqn erqg lvvxhv �K/ dqg ghsrvlwv
(E-(�/ wr pd{lpl}h h{shfwhg sur�wv vxemhfw wr fdslwdo dghtxdf| frqvwudlqwv1

Ehfdxvh e| dvvxpswlrq wkh h{shfwhg udwhv rq edqn erqg lvvxhv dqg jry0
huqphqw erqg kroglqjv duh wkh vdph/ zh duh rqo| deoh wr ghwhuplqh wkh qhw

44Vhh Erowrq dqg Iuhl{dv +5333, iru d ghwdlohg ghulydwlrq ri wkh rswlpdo edqn ordq
frqwudfw1

45Lq htxloleulxp/ zh kdyh e� � � vlqfh vrph K0�upv rewdlq ixqglqj iurp K0edqnv/ zkloh
dq O0�up fdq rqo| rewdlq ixqglqj iurp dq O0edqn1
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dprxqw ri erqgv +srvlwlyh ru qhjdwlyh, wkh edqn krogv/ CK ��K1

;AAAAAAAAAAAA?AAAAAAAAAAAA=

4@ 
EucCKc�Kc-(�

iuE-C n 4M� n ECK ��K�-C �(E-(�E-( n S�j

vxemhfw wr=

unCK ' (E-(� n � n . n�K E�u�

u � �
V
E� n .� EV�

Lw lv hdv| wr vhh iurp wklv surjudp wkdw wkh fdslwdo dghtxdf| frqvwudlqw
lv dozd|v elqglqj li 4M : f1 Lqghhg/ li wkh h{fhvv uhwxuq rq edqn ohqglqj
lv vwulfwo| srvlwlyh/ dq M0edqn fdq dozd|v pdnh d sur�w e| udlvlqj dq h{wud
groodu e| vhoolqj erqgv dqg lqyhvwlqj lw lq d edqn ordq1 Lw lv rswlpdo iru wkh
edqn wr udlvh ixqgv wkurxjk ghsrvlwv xs wr wkh srlqw zkhuh wkh pdujlqdo frvw
ri ghsrvlwv 2-( � � n S htxdov wkh frvw ri erqgv -C1

Li/ rq wkh rwkhu kdqg/ 4M 	 f/ wkhq lw lv ehvw iru wkh edqn qrw wr ohqg dw
doo wr �upv dqg wr lqyhvw rqo| lq wkh pdunhw1

Zh vxppdul}h wkhvh revhuydwlrqv lq wkh ohppd ehorz1

Ohppd 4= Iru -C lq wkh lqwhuydo E�n Sc �n Sn2_
K
�/ wkh rswlpdo dprxqw

ri ghsrvlw ixqglqj lv (E-(� '
K
2
E-C�E�nS��1 Wkh rswlpdo dprxqw ri edqn

ohqglqj lv u ' E�n.�
V

li 4M : f dqg u ' f li 4M 	 f1

Wklv ohppd lv ixqgdphqwdo wr rxu zkroh dqdo|vlv ri wkh prqhwdu| wudqv0
plvvlrq phfkdqlvp wkdw iroorzv1 Lw kljkoljkwv wkdw edqnv* rswlpdo ohqglqj
srolf| dqg dvvhw2oldelolw| vwuxfwxuh lv vxfk wkdw wkhlu fdslwdo edvh lv dozd|v
d elqglqj frqvwudlqw rq wkhlu ohqglqj fdsdflw|1 Lq rwkhu zrugv/ zkhq edqn
vsuhdgv duh srvlwlyh edqnv fdq rqo| lqfuhdvh ohqglqj e| lqfuhdvlqj wkhlu fds0
lwdo edvh1 Wkxv/ lw ehfrphv hvvhqwldo wr frqvlghu krz edqnv* fdslwdo edvh lv
ghwhuplqhg1

Dq lpsruwdqw lpsolfdwlrq ri wklv ohppd lv wkdw prqhwdu| srolf| fdqqrw
d�hfw edqn ohqglqj e| fkdqjlqj edqn uhvhuyhv lq rxu prgho1 Lq rwkhu zrugv/
wkh fodvvlfdo edqn ohqglqj fkdqqho ri prqhwdu| srolf| lv devhqw1 Dv kdv do0
uhdg| ehhq qrwhg e| Urphu dqg Urphu +4<<3,/ zkhq edqnv fdq shuihfwo|
vxevwlwxwh qrq uhvhuydeoh oldelolwlhv iru uhvhuydeoh rqhv/ dv lq rxu prgho/ wkh
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edqn ohqglqj fkdqqho fdq qr orqjhu eh d wudqvplvvlrq phfkdqlvp iru prq0
hwdu| srolf|1 Erqg lvvxhv frxog/ ri frxuvh/ ehfrph lpshuihfw vxevwlwxwhv iru
lqvxuhg ghsrvlwv li wkhuh zdv d ulvn ri ghidxow dv Vwhlq +4<<;, kdv qrwhg1
Krzhyhu/ wklv lpshuihfw vxevwlwxwdelolw| ri ulvn| erqgv iru vdih ghsrvlwv lv
rqo| d qhfhvvdu| frqglwlrq iru wkh suhvhqfh ri d edqn ohqglqj fkdqqho1 Lw
lv qrw vx!flhqw li fdslwdo dghtxdf| frqvwudlqwv uhpdlq elqglqj1 Lqghhg/ lq
rxu prgho/ uhvhuyh uhtxluhphqwv frpelqhg zlwk dq lpshuihfw vxevwlwxwdelolw|
ehwzhhq erqgv dqg lqvxuhg ghsrvlwv zrxog vlpso| udlvh wkh edqn*v ryhudoo
frvw ri ixqgv1 Exw dv orqj dv vsuhdgv uhpdlq vx!flhqwo| kljk/ edqnv zrxog
frqwlqxh wr udlvh ixqgv xs wr wkh srlqw zkhuh wkh fdslwdo frqvwudlqw elqgv1
Wkxv/ zkhq wkh fhqwudo edqn fkdqjhv uhvhuyh uhtxluhphqwv rq ghsrvlwv/ wkh
rqo| h�hfw rq edqnv lv rq sur�wdelolw|1 Lw fdqqrw d�hfw edqn ohqglqj li wkh
fdslwdo frqvwudlqw uhpdlqv elqglqj1 Ri frxuvh/ sur�wdelolw| hyhqwxdoo| ru lq0
gluhfwo| d�hfwv wkh dydlodelolw| ri fdslwdo/ vr wkdw wkhuh pd| eh dq lqgluhfw
ru odjjhg h�hfw dv lq Ydq ghq Khxyho +4<<<,1 Wkhvh srlqwv duh pdgh pruh
irupdoo| lq vhfwlrq 8 ghdolqj zlwk frpsdudwlyh vwdwlfv1

7 Jhqhudo Htxloleulxp lq wkh fdslwdo pdunhw
Lq wklv vhfwlrq zh surylgh vx!flhqw frqglwlrqv iru wkh h{lvwhqfh ri htxloleulxp
udwhv/ -(c -Cc dqg +W+ru 4WM c 4

W

u,/ vxfk wkdw=

41 wkh djjuhjdwh ghpdqg iru edqn fuhglw lv htxdo wr djjuhjdwh vxsso|/
zkhuh wkh djjuhjdwh ghpdqg iru edqn fuhglw lv jlyhq e| wkh phdvxuh ri
�upv wkdw suhihu edqn fuhglw wr sxeolf erqg lvvxhv1

51 wkh djjuhjdwh ghpdqg iru edqn htxlw|/ frusrudwh dqg jryhuqphqw erqgv
htxdo wkh vxsso| ri ixqgv wr wkh vhfxulwlhv pdunhwv/

61 edqn ghpdqg iru ghsrvlwv htxdov ghsrvlw vxsso|

71 edqnv gr qrw jdlq e| duelwudjlqj wkh ghsrvlw dqg Wuhdvxu| erqg pdu0
nhwv dqg/

81 qhlwkhu M0edqnv qru u0edqnv kdyh dq lqfhqwlyh wr ghyldwh lq hlwkhu
vwdjh 4/ e| r�hulqj gl�huhqw whupv + 9' +W/ ru lq vwdjh 5/ e| pdnlqj
dq htxlw| lvvxh . 9' .E+W�1
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Iru d jlyhq ohyho ri htxlw| lvvxhv ./ wkh htxloleulxp dqdo|vlv erlov grzq
wr vroylqj d v|vwhp ri irxu htxdwlrqv1 Zh ehjlq zlwk wkh fkdudfwhul}dwlrq ri
wklv vroxwlrq dqg wkhq surfhhg zlwk wkh dqdo|vlv ri edqn htxloleulxp htxlw|
lvvxhv .1

Zh glvuhjdug wkh fdvh 4M � fc vlqfh lw lv frpsdwleoh zlwk htxloleulxp
rqo| lq wkh wulyldo fdvh zkhuh edqnv kdyh dq h{fhvv ri ixqgv wr �qdqfh doo
surmhfwv lq wkh hfrqrp| dqg duh qrw fdslwdo frqvwudlqhg1

714 Htxloleulxp lq wkh ghsrvlw pdunhw

Wkh vxsso| ri ghsrvlwv ixqfwlrq lq rxu prgho lv yhu| vlpsoh1 Wrwdo dydlodeoh
ghsrvlwv duh htxdo wr (E-(� iru -( : � dqg htxdo wr f iru -( � �1 Zh
ghqrwh wkh djjuhjdwh dprxqw ri ghsrvlwv wkdw uhvxowv iurp edqnv* rswlpdo
sruwirolr ghflvlrqv e| (E-(E-C��1 Iurp Ohppd 4 wkh htxloleulxp vxsso| ri
ghsrvlwv lv wkhq jlyhq e|=

(E-(E-C�� '

;A?A=
f iru -C 	 � n S
K
2
E-C � E� n S� iru � n S � -C � � n S n 2_

K

f iru -C : � n Sn 2_
K

+7,

E| lpsolfdwlrq iurp wkh dvvhw0oldelolw| htxdwlrq +�u, zh dovr rewdlq
edqnv* djjuhjdwh ghpdqg iru erqgv=

CK ��K ' � n . � un(E-(E-C��1 +8,

715 Htxloleulxp lq wkh edqn fuhglw pdunhw

Lq htxloleulxp dq M0edqn htxdol}hv wkh h{shfwhg h{fhvv uhwxuq rq hdfk ordq
lw judqwv1 Wkhuhiruh/ li wkh htxloleulxp h{fhvv uhwxuq 4M lv kljk d �up zlwk d
yhu| orz udwlqj R� pd| vhh lwv fuhglw dssolfdwlrq wxuqhg grzq1 Wkh wkuhvkrog
R�� ehorz zklfk �upv duh udwlrqhg lv jlyhq e| wkh �up iru zklfk

R�� ZM n ZM ' -C n 4M 1

Wkxv wkh pdvv ri �upv zklfk fdqqrw jhw dq| ixqglqj dw htxloleulxp frvw
ri ixqgv -C n 4M lv jlyhq e|46=

R�� E-C n 4M� '
-C n 4M

ZM
� � +9,

46Qrwh wkdw dvvxpswlrq D4 lpsolhv wkdw sE
4
A 3 iru �K A 31
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Ilupv zlwk R� 5 dR�� c R
W

�o frpsrvh wkh wrwdo ghpdqg iru edqn ordqv1 Wkh
pdujlqdo �up ulvn0w|sh RW�/ zklfk lv lqgl�huhqw ehwzhhq d erqg lvvxh ru d
edqn ordq lv jlyhq e| wkh vroxwlrq wr wkh htxdwlrq=

e-2ER�� ' -2ER��/ +:,

vlqfh gdwh | ' � �qdqflqj whupv duh wkh vdph iru edqn ordqv ru erqgv
+ e-�ER�� ' -�ER�� ' ZM,1

Wr vhh zk| doo ulvn0w|shv R� 5 dR�� c R
W

�o suhihu d edqn ordq wr d erqg lvvxh/
uhfdoo �uvw wkdw �upv* �qdqfldo fkrlfhv duh pdgh e| M0�upv zkr nqrz wkh|
duh plplfnhg e| u0�upv ri wkh vdph ulvn udwlqj R�1 Vhfrqg/ lq htxloleulxp
wkh uhwxuq rq frusrudwh erqgv pxvw eh wkh vdph dv rq wuhdvxu| eloov=

R�ED-2ER�� n ZM� n E�� R��� ' -Cc

dqg wkh uhwxuq rq doo edqn ordqv pxvw eh wkh vdph=

R�E e-2ER�� n ZM� n E�� R��ZM ' -C n 4M 1

Vr wkdw=

-2ER�� '
-C � �� R�EZM � ��

D
dqg

e-2ER�� '
-C n 4M � ZM

R�
1

Frqglwlrq +:, lv wkxv htxlydohqw wr=

-C n 4M � ZM '
-C ��� R�EZM ���

D

lpso|lqj wkdw �up ulvn0w|shv fkrrvlqj erqg �qdqflqj duh wkrvh zlwk d kljkhu
udwlqj R�=

R� � RW�E-Cc4M� zkhuh R
W

�E-Cc4M� '
-C � �� DE-C n 4M � ZM�

ZM � �
1

Iru reylrxv uhdvrqv zh vkdoo uhvwulfw wkh dqdo|vlv wr wkh pruh sodxvleoh
vlwxdwlrq zkhuh RW�E-Cc4M� : R��

471

47Li lqwhuphgldwlrq frvwv zhuh yhu| odujh wkhq s�
4
+�K, � sE

4
dqg wkhuh zrxog eh qr

edqnlqj vhfwru lq htxloleulxp1 Lq wklv fdvh wkh ulvnlhvw �upv vxevwlwxwh edqn ohqglqj iru
mxqn erqg lvvxhv1
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Jlyhq wkdw ulvn0w|shv R� duh xqlirupo| glvwulexwhg ehwzhhq f dqg �/ wkh
djjuhjdwh h�hfwlyh ghpdqg iru edqn ordqv lv jlyhq e|=

RW�E-Cc4M�� R�� E-Cc4M� '
-C ��

ZM � �
� E-C n 4M � ZM�

#
E� n D�ZM ��

ZM EZM � ��

$

Wkxv/ htxloleulxp lq wkh edqn fuhglw pdunhw uhtxluhv wkdw wkh djjuhjdwh
vxsso| ri edqn fuhglw uE-Cc 4M� htxdov djjuhjdwh ghpdqg/ ru=

uE-Cc 4M� '
�

ZM � �
dZME� n D�� 2�� +;,

�

ZM
E-CEDZM ��� n 4MEE� n D�ZM ����o1

Ilqdoo|/ zkhq 4M : f zh kdyh u ' �n.
V

dqg wkh edqn fuhglw htxloleulxp
htxdwlrq ehfrphv48=

� n .

V
'

�

ZM ��
dZME� n D�� 2�� +<,

�

ZM
E-CEDZM ��� n 4MEE� n D�ZM ����o1

Sxw pruh frqyhqlhqwo| htxdwlrq +<, gh�qhv d edqn fuhglw htxloleulxp vfkhgxoh
uhodwlqj 4M wr -C/ zklfk zh ghqrwh e| 4M ' �E-C�1

716 Vhfxulwlhv pdunhw htxloleulxp

Wkh ghpdqg iru ixqgv rq wklv pdunhw lv wkh vxp ri wkh ghpdqg e| wkh kljkhvw
udwhg ulvn0w|shv E�� RW�E-Cc 4M�� zkr lvvxh frusrudwh erqgv/ wkh ghpdqg e|
wkh Wuhdvxu| C/ dqg wkh ghpdqg e| edqnv wkdw lvvxh erqgv �K dv zhoo dv
htxlw| .� Wkh vxsso| ri ixqgv lv jlyhq e| krxvhkrog vdylqjv E� � _� rq wkh
rqh kdqg/ dqg lqyhvwphqwv e| wkh edqnlqj vhfwru lq Jryhuqphqw erqgv CK

rq wkh rwkhu1
Wkh vhfxulwlhv pdunhw htxloleulxp frqglwlrq wkhuhiruh lv=

�� _nCK ' �� RW�E-Cc 4M� n E�K n .� nC +43,

48Wkh fkdudfwhul}dwlrq ri htxloleulxp zlwk �K @ 3 lv vwudljkwiruzdug1 Wr dyrlg glv0
fxvvlqj wrr pdq| fdvhv zh gr qrw uhsruw wklv fdvh1
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Uhsodflqj RW�E-Cc 4M� e| lwv ydoxh dqg uhduudqjlqj zh rewdlq=

E�� _� ' �� -C ��� DE-C n 4M � ZM�

ZM ��
n E�K �CK n .� nC +44,

Wr surfhhg ixuwkhu/ zh qhhg wr glvwlqjxlvk ehwzhhq wkh wkuhh fdvhv zkhuh
uhvshfwlyho| -C : E�nS�n2_

K
/ KE�nS� � -C � KE�n S�n2_ dqg -C 	 �n S/

zklfk fruuhvsrqg wr gl�huhqw htxloleulxp ohyhov ri -(1

� Zkhq -C : E� n S� n 2_
K
/ doo oltxlg krxvhkrog vdylqjv _ duh ghsrvlwhg

lq wkh edqn/ vr wkdw (E-(� ' _ dqg wkh dvvhw0oldelolw| frqvwudlqw doorz
xv wr zulwh +43, dv iroorzv=

E�� D�-C � �� DE4M � ZM�

ZM ��
' d

� n .

V
� �o nC +45,

� Zkhq -C lv lq wkh lqwhuphgldwh udqjh E� n S� � -C � E� n S� n 2_
K
/ zh

rewdlq=

E�� D�-C � �� DE4M � ZM�

ZM ��
' d

� n .

V
��onCn_� K

2
E-C�E�nS�� +46,

� Ilqdoo|/ zkhq -C 	 �n S edqnv gr qrw udlvh ghsrvlwv dqg wkh vhfxulwlhv
pdunhw htxloleulxp htxdwlrq +43, ehfrphv=

E�� D�-C ��� DE4M � ZM�

ZM � �
' d

� n .

V
� �o nCn _ +47,

Htxdwlrqv +45,/+46, dqg +47, gh�qh d vfkhgxoh uhodwlqj 4M wr -C/ zklfk
zh ghqrwh e| 4M ' 7E-C�1 Wklv ixqfwlrq lv lqfuhdvlqj/ frqwlqxrxv dqg
slhfh0zlvh olqhdu491

49Djdlq/ wr dyrlg glvfxvvlqj wrr pdq| fdvhv zh vkdoo rqo| frqvlghu sdudphwhu ydoxhv iru
zklfk wkh htxloleulxp kdv UG A 41 Iru doo wkhvh htxloleuld UJ � 4 . f1
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717 H{lvwhqfh dqg Xqltxhqhvv

Zh fdq hvwdeolvk h{lvwhqfh ri d xqltxh htxloleulxp lq wkh fdslwdo pdunhw iru
dq| �{hg ohyho ri edqn htxlw| lvvxhv . wkdw vdwlv�hv wkh iroorzlqj dgglwlrqdo
dvvxpswlrqv=

D5 G � n �� _ � � n .

V
nC1

D6 G Cn _� � � f

Wkhvh dvvxpswlrqv hqvxuh lqwhu dold wkdw wkh dprxqw ri jryhuqphqw eru0
urzlqj C lv vpdoo hqrxjk wkdw lw grhv qrw furzg rxw wkh sulydwh vhfwru lvvxhv
ri vhfxulwlhv iurp edqnv dqg �upv1

Sursrvlwlrq 4= D xqltxh htxloleulxp h{lvwv iru dq| jlyhq htxlw| ohyho .
zkhqhyhu � n �� _ � �n.

V
nC dqg Cn _� � � f1

Surri1 Vhh wkh dsshqgl{1
Rqh fdq lpphgldwho| vhh zk| d xqltxh htxloleulxp pxvw h{lvw zkhq dv0

vxpswlrq D5 dqg D6 krog e| orrnlqj dw �jxuh 4 ehorz1 Wklv �jxuh kljk0
oljkwv wkdw wkh fuhglw pdunhw htxloleulxp vfkhgxoh 4M ' �E-C� lv olqhduo|
grzqzdug vorslqj lq -C dqg wkh vhfxulwlhv pdunhw htxloleulxp vfkhgxoh
4M ' 7E-C� lv d slhfh0zlvh olqhdu xszdug vorslqj ixqfwlrq ri-C1 Khqfh wkhuh
pxvw eh d xqltxh lqwhuvhfwlrq srlqw surylghg wkdw �3�Ef� : 73�Ef� n BE(�1
Wkh surri lq wkh Dsshqgl{ hvwdeolvkhv wkdw wklv frqglwlrq krogv zkhqhyhu
dvvxpswlrqv D5 dqg D6 krog1

8 Frpsdudwlyh Vwdwlfv dqg wkh H�hfwv ri
Prqhwdu| Srolf|

Kdylqj fkdudfwhul}hg wkh jhqhudo htxloleulxp jlyhq . +wkh ohyho ri rxwvlgh
htxlw| ri edqnv, zh duh �qdoo| lq d srvlwlrq wr frqvlghu krz prqhwdu| srolf|
wkurxjk rshq pdunhw rshudwlrqv pd| d�hfw htxloleulxp lqyhvwphqw1 Zh fdq
dovr dqdo|}h wkh frpsdudwlyh vwdwlfv h�hfwv ri fkdqjhv lq rwkhu sdudphwhuv
vxfk dv edqnv* vwrfn ri fdslwdo E� n .�/ �upv* froodwhudo ydoxhv �/ ru wkh
h{whqw ri dv|pphwulf lqirupdwlrq ehwzhhq �upv dqg lqyhvwruv dv phdvxuhg
e| D1 Wklv dqdo|vlv lv djdlq frqvlghudeo| vlpsol�hg e| uhihuulqj wr wkh deryh
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Securities
Market
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gldjudp1 Ehorz zh looxvwudwh wkh frpsdudwlyh vwdwlfv h�hfwv lq gldjudpv1 Zh
frq�qh wkh irupdo dqdo|vlv wr wkh dsshqgl{1

� Rshq pdunhw rshudwlrqv

Zh kdyh lq plqg khuh d Fhqwudo Edqn kroglqj d vwrfn ri W0eloov dqg
frqgxfwlqj prqhwdu| srolf| e| ex|lqj dqg vhoolqj wkhvh eloov djdlqvw fdvk1
Dq h{sdqvlrqdu| prqhwdu| srolf| lv wkhq lpsohphqwhg e| ex|lqj W0eloov
+ghfuhdvlqj C, dqg d frqwudfwlrqdu| rqh e| lqfuhdvlqj C1

Wkh h�hfw ri dq lqfuhdvh lq C lv glvsod|hg lq �jxuh 5 ehorz1
Wkh h�hfw lv wr vkliw grzq wkh vhfxulwlhv pdunhw htxloleulxp htxdwlrq1

Wkh vkliw ohdgv wr d orzhu ohyho ri 4M dqg dq lqfuhdvh lq -C1 Wkhvh h�hfwv
rq 4M dqg -C lq wxuq d�hfw wkh htxloleulxp vhjphqwdwlrq ri edqn ohqglqj
dqg erqg lvvxhv e| vkliwlqj ryhudoo �qdqflqj wr vdihu �upv1 Wkdw lv/ erwk
R�� E-C n 4M� dqg RW�E-C n 4M� vkliw wr wkh uljkw e| dq dprxqw sursruwlrqdo
wr wkh lqfuhdvh lq C +vhh wkh dsshqgl{,/ vr wkdw wrwdo edqn ohqglqj uhpdlqv
xqfkdqjhg/ exw wkh lqfuhdvhg vxsso| ri W0eloov furzgv rxw frusrudwh erqg
lvvxhv1 Ilqdoo|/ wkh lqfuhdvh lq -C lqgxfhv edqnv wr udlvh wkhlu uhpxqhudwlrq
rq ghsrvlwv dqg wr uho| pruh rq ghsrvlwv dv d vrxufh ri ixqgv1
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Wkxv/ wkh h�hfw ri d prqhwdu| wljkwhqlqj rq lqglylgxdo �upv lv wr fxw
r� wkh ulvnlhvw �upv iurp edqn ohqglqj dqg wr lqgxfh vxevwlwxwlrq ri erqg
�qdqflqj iru uhodwlyho| fkhdshu edqn ohqglqj dw wkh �upv zlwk wkh orzhvw
erqg udwlqjv1 Ryhudoo/ wkh wrwdo vkduh ri edqn ohqglqj wr frusrudwh erqg
lvvxhv lqfuhdvhv lq uhvsrqvh wr d prqhwdu| wljkwhqlqj1

Wkh h�hfw ri wkh prqhwdu| wljkwhqlqj rq edqnv lv rqo| wr lqgxfh vxevwl0
wxwlrq ri edqn erqg �qdqflqj iru juhdwhu ghsrvlw �qdqflqj1 Wrwdo ohqglqj wr
wkh frusrudwh vhfwru uhpdlqv xqfkdqjhg1

Zh vxppdul}h wkhvh �qglqj lq wkh iroorzlqj sursrvlwlrq1

Sursrvlwlrq 5= H�hfwv ri rshq pdunhw rshudwlrqv= D frqwudf0
wlrqdu| prqhwdu| srolf| +lqfuhdvh lq C, kdv wkh h�hfw ri = l, lqfuhdvlqj W0eloo
udwhv -C/ ll, ghfuhdvlqj edqn vsuhdgv 4M / lll, lqfuhdvlqj wkh ryhudoo frvw ri
edqn ordqv -C n 4M / ly, ghfuhdvlqj frusrudwh dqg edqn erqg lvvxhv e| dq
dprxqw vxshulru wr wkh dgglwlrqdo dprxqw ri jryhuqphqw eruurzlqj/ y, lq0
fuhdvlqj edqn ghsrvlwv dqg/ yl, ohdylqj wkh djjuhjdwh dprxqw ri edqn ohqglqj
xqfkdqjhg1 Krzhyhu/ edqn ohqglqj lv qrz gluhfwhg wr vdihu �upv/ vr wkdw rq
edodqfh lw lv wkh pdujlqdo �upv zlwk wkh kljkhvw ulvnv wkdw duh irufhg rxw ri
lqyhvwphqw e| wkh frqwudfwlrqdu| srolf|1
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Surri1 Vhh wkh dsshqgl{1
Shukdsv wkh prvw lqwhuhvwlqj revhuydwlrq hphujlqj iurp wklv dqdo|vlv lv

wkdw lw lv srvvleoh wr revhuyh d uhgxfwlrq lq edqn vsuhdgv dw wkh vdph wlph
dv dq lqfuhdvh lq ghsrvlwv dqg d uhgxfwlrq lq wrwdo sulydwh lqyhvwphqw1 Khuh
wkh rqo| h�hfw ri wkh uhgxfwlrq lq edqn vsuhdgv lv wr fkdqjh wkh frpsrvlwlrq
ri �qdqflqj1 Wkhuh lv d vkliw dzd| iurp erqg lvvxhv wr eruurzlqj wkurxjk
edqn ordqv1

Krz gr wkhvh uhvxowv uhodwh wr hpslulfdo �qglqjvB Wkh uhfhqw hpslulfdo
olwhudwxuh rq wkh prqhwdu| wudqvplvvlrq phfkdqlvp kdv xqfryhuhg rqh eurdg
�qglqj rq wkh frpsrvlwlrq h�hfwv ri d frqwudfwlrqdu| srolf|1 Ndvk|ds/ Vwhlq
dqg Zlonr{ +4<<6, kdyh irxqg wkdw dq lpsruwdqw uhvsrqvh wr d prqhwdu|
wljkwhqlqj lv d vxujh lq frpphufldo sdshu lvvxdqfh1 Wkh| lqwhusuhw wklv �qg0
lqj dv d fkdqjh lq wkh frpsrvlwlrq ri �qdqflqj e| �upv lq uhvsrqvh wr d
prqhwdu| wljkwhqlqj= �upv vxevwlwxwlqj edqn ghew iru frpphufldo sdshu1
Krzhyhu/ Jhuwohu dqg Jlofkulvw +4<<7, dqg Rolqhu dqg Uxghexvfk +4<<8, �qg
wkdw wkh pdlq idfwru ehklqg wklv vxujh lq frpphufldo sdshu lvvxdqfh lv lqyhq0
wru| exlog0xs e| odujh �upv �qdqfhg e| frpphufldo sdshu lvvxdqfh1 Vpdoo
�upv gr qrw uho| rq frpphufldo sdshu lvvxhv dw doo1 Pruhryhu/ wkhvh �upv
ehdu wkh euxqw ri wkh prqhwdu| wljkwhqlqj1 Wkxv/ wkh vwru| wkdw vhhpv wr
hphujh iurp wkhvh vwxglhv lv wkdw=

�11wkh pdlq h�hfw ri d prqhwdu| frqwudfwlrq lv wr vkliw �qdqf0
lqj ri doo w|shv iurp vpdoo �upv wr odujh �upv1 Wklv vkliw sur0
gxfhv d ghfolqh lq wkh djjuhjdwh edqn0ordq vkduh ehfdxvh odujh
�upv uho| ohvv khdylo| rq edqn ghew wkdq gr vpdoo �upv1� ^Rolqhu
dqg Uxghexvfk/ ss 634`

Rxu uhvxowv duh frqvlvwhqw zlwk wkhvh �qglqjv wr wkh h{whqw wkdw wkh|
h{sodlq wkh vkliw lq ryhudoo �qdqflqj iurp vpdoo +ru ulvnlhu, �upv wr odujh +ru
vdihu, �upv wkdw uhvxowv iurp dq lqfuhdvh lq lqwhuhvw udwhv -C1 Wkh| vhhp/
krzhyhu/ lq frqwudglfwlrq zlwk wkh hpslulfdo hylghqfh wr wkh h{whqw wkdw lq
rxu prgho wkh djjuhjdwh edqn ordq vkduh lqfuhdvhv dv d uhvxow ri wkh prqhwdu|
wljkwhqlqj1 Exw/ qrwh wkdw rxu uhvxowv frqfhuq wkh djjuhjdwh vkduh ri edqn
ohqglqj wr orqj0whup erqg lvvxhv dqg qrw wkh vkduh ri edqn ohqglqj wr vkruw
whup ghew/ zklfk lv wkh irfxv ri wkh hpslulfdo olwhudwxuh1 Lw lv srvvleoh wkdw
wkh vkduh ri edqn ghew wr orqj whup erqg lvvxhv ulvhv zlwk d odj iroorzlqj
d prqhwdu| frqwudfwlrq hyhq wkrxjk wkh djjuhjdwh vkduh wr vkruw whup ghew
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whpsrudulo| ulvhv dv d uhvxow ri wkh whpsrudu| vxujh lq lqyhqwru| exlog0xs
e| wkh odujhu �upv1 Xqiruwxqdwho|/ zh duh qrw dzduh ri dq| hpslulfdo vwxg|
orrnlqj dw wkh vkduh ri edqn ohqglqj wr orqj whup frusrudwh erqgv/ dqg krz
wklv vkduh uhdfwv wr d prqhwdu| wljkwhqlqj1 Zh sodq wr lqyhvwljdwh wklv lvvxh
lq ixwxuh zrun1

Qrwh dovr wkdw rxu uhvxow wkdw 4M ghfuhdvhv lq uhvsrqvh wr d prqhwdu|
wljkwhqlqj lv frqvlvwhqw zlwk wkh vw|ol}hg idfw wkdw wkh |lhog rq edqn ordqv lv
vwlfn| uhodwlyh wr wkh Wuhdvxu| udwh1 Rxu prgho wkxv surylghv dq dowhuqdwlyh
h{sodqdwlrq iru wkh revhuyhg vwlfnlqhvv ri edqn ordq udwhv1

� Fkdqjhv lq fdslwdo uhtxluhphqwv

Prqhwdu| srolf| fdq dovr kdyh dq lqgluhfw h�hfw rq edqn ohqglqj e| fkdqj0
lqj edqnv* fdslwdo edvh1 Wr wkh h{whqw wkdw prqhwdu| wljkwhqlqj lqfuhdvhv wkh
vkduh ri h{lvwlqj qrq0shuiruplqj ordqv lw pd| lq wxuq uhgxfh wkh htxlw| fds0
lwdo ri edqnv1 Lqghhg/ Ehuqdqnh dqg Orzq +4<<4, dprqj rwkhuv kdyh irxqg
hylghqfh ri uhgxfhg edqn ohqglqj gxulqj wkh 4<<3 uhfhvvlrq lqgxfhg e| vxfk
d frqwudfwlrq lq edqn fdslwdo1

Dv fdq eh vhhq lq �jxuh 6 ehorz/ d ghfuhdvh lq edqnv* htxlw| fdslwdo
E�n.� d�hfwv wzr gl�huhqw htxdwlrqv lq wkh htxloleulxp= wkh fuhglw pdunhw
htxloleulxp htxdwlrq/ zklfk vkliwv dzd| iurp wkh ruljlq dqg wkh vhfxulwlhv
pdunhw vfkhgxoh/ zklfk dovr vkliwv dzd| iurp wkh ruljlq1 Wkh uhdvrq zk|
wkh fuhglw pdunhw htxloleulxp htxdwlrq vkliwv dzd| iurp wkh ruljlq lv wkdw
vlqfh wkh vxsso| ri fuhglw ghfuhdvhv 4M pxvw lqfuhdvh iru wkh fuhglw pdunhw wr
fohdu1 Wkh vhfrqg h�hfw rq wkh vhfxulwlhv pdunhw fdq eh h{sodlqhg e| edqnv*
ghfuhdvhg ghpdqg iru ixqgv zkhq wkhlu fdslwdo frqvwudlqw lv wljkwhu= wklv zloo
ohdg wr d ghfuhdvh lq -C1

Ylfh yhuvd/ dq lqfuhdvh lq edqn fdslwdo +ru d ghfuhdvh lq fdslwdo uhtxluh0
phqwv, ohdgv wr d uhgxfwlrq lq edqn vsuhdgv 4M / wr dq lqfuhdvh lq -C/ dqg wr
dq lqfuhdvh lq edqn ohqglqj dv rqh pljkw h{shfw4:1 Vr wkh h�hfw ri d ghfuhdvh
lq edqn htxlw| fdslwdo lv wkh vdph dv lq Kropvwurp dqg Wluroh +4<<:,1

4:Qrwh/ krzhyhu/ wkdw wkh h�hfw rq UJ ghshqgv rq wkh vl}h ri �1 Dv lv vkrzq lq wkh
dsshqgl{/ zh kdyh

gUJ
gz

@
4

�
^+�K �D,� �++4 . �,�K �D,` A 3

rqo| iru orz ydoxhv ri �1
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� Fkdqjhv lq froodwhudo ydoxh

Dv Jhuwohu dqg Jlofkulvw +4<<6, dqg rwkhuv kdyh dujxhg dqrwkhu lqgluhfw
fkdqqho ri prqhwdu| srolf| lv wkh h�hfw rq �up froodwhudo ydoxhv dqg �upv*
eruurzlqj fdsdflw|1 Rqh zrxog h{shfw wkdw dq lqfuhdvh lq �upv* froodwhudo
ydoxh � zrxog kdyh wkh h�hfw ri udlvlqj wkh djjuhjdwh h�hfwlyh ghpdqg iru lq0
yhvwphqw ixqgv e| wkh frusrudwh vhfwru/ vlqfh wklv whqgv wr udlvh wkh h{shfwhg
ydoxh ri frusrudwh lqyhvwphqwv1 Wklv h�hfw lv lqghhg suhvhqw iru �upv vhhnlqj
erqg �qdqflqj/ exw qrwh wkdw lw kdv qr h�hfw rq edqn ohqglqj lq rxu prgho1
Wkh uhdvrq lv wkdw ohqglqj ghflvlrqv duh ghwhuplqhg e| M0w|sh edqnv/ zkr
fdq shuihfwo| vfuhhq M0w|sh �upv iurp u0w|sh �upv/ dqg froodwhudo ydoxh lv
luuhohydqw iru M0w|sh �upv vlqfh wkh| duh qhyhu oltxlgdwhg dw gdwh | ' �1

Dv lqfuhdvhv lq froodwhudo ydoxh lqfuhdvh wkh ydoxh ri �upv vhhnlqj erqg
�qdqflqj rqh zrxog h{shfw wkdw wkh vkduh ri erqg �qdqflqj uhodwlyh wr edqn
�qdqflqj lq wkh hfrqrp| zrxog lqfuhdvh dv � lqfuhdvhv1 Wklv lv lqghhg wkh
fdvh lq rxu prgho=

r�}?d
YRW�
Y�

o ' r�}?d�EZM �-C� n DEZM �-C � 4M�o 	 f

vlqfh ZM 	 -C � 4M 1 Wkh qhw h�hfw rq -C dqg 4M lv kdughu wr ghwhuplqh
lq jhqhudo/ dv fdq eh vhhq lq wkh dsshqgl{1 Lq dq htxloleulxp zlwk -( : �
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wkh olnho| h�hfw/ krzhyhu/ lv wkdw dq lqfuhdvh lq froodwhudo ydoxhv uhvxowv lq
dq lqfuhdvh lq -C dv d uhvxow ri wkh lqfuhdvh lq frusrudwh erqg lvvxhv dqg
d uhgxfwlrq lq 4M ehfdxvh wkh edqn ohqglqj vhjphqw jhwv sxvkhg wrzdugv
ulvnlhu �upv1 Lq wkh htxloleulxp zlwk krduglqj/ -C uhpdlqv xqfkdqjhg exw
4M lv olnho| wr ghfuhdvh iru wkh vdph uhdvrq1

Doo lq doo/ wkh lqgluhfw h�hfwv ri prqhwdu| srolf| wkurxjk fkdqjhv lq �up
froodwhudo ydoxhv duh olnho| wr dpsoli| wkh gluhfw h�hfwv= d wljkwhqlqj ri prqh0
wdu| srolf| lv olnho| wr uhgxfh � dqg wkhuhe| wr uhgxfh frusrudwh erqg lvvxhv
dqg djjuhjdwh lqyhvwphqw ixuwkhu1

� Fkdqjhv lq lqirupdwlrqdo gloxwlrq frvwv dw wkh �up ohyho

Wr wkh h{whqw wkdw �up khwhurjhqhlw| +dqg wkhuhiruh dv|pphwulf lq0
irupdwlrq, lqfuhdvhv dw wkh rqvhw ri d uhfhvvlrq wkhuh pd| dovr eh dq
lqgluhfw h�hfw ri prqhwdu| wljkwhqlqj wkurxjk fkdqjhv lq D1 Wkh frp0
sdudwlyh vwdwlfv zlwk uhvshfw wr D duh sduwlfxoduo| vlpsoh lq rxu prgho1
Vlqfh edqn udwhv duh vhw e| M0edqnv wkdw kdyh shuihfw prqlwrulqj delo0
lw|/ edqn ordq udwhv gr qrw hperg| dq| gloxwlrq frvw1 Lq frqwudvw/ erqg
sulfhv uh hfw wkh dyhudjh suredelolw| ri wkh vhfrqg shulrg fdvk  rz/ D1
Wkhuhiruh dq lqfuhdvh lq D/ +wkdw lv/ d ghfuhdvh lq gloxwlrq frvwv, zrxog
ghfuhdvh wkh frvw ri erqg �qdqflqj ohdylqj xqfkdqjhg wkh frvw ri edqn
ordqv1 Wklv/ lq wxuq/ pdnhv erqg �qdqflqj uhodwlyho| pruh dwwudfwlyh/
vr wkdw RW� ghfuhdvhv/ wkh ghpdqg iru fuhglw ghfuhdvhv/ dqg wkh ghpdqg
iru frusrudwh erqgv lqfuhdvhv1 Ryhudoo/ zkhq D lqfuhdvhv vsuhdgv rq
edqn ordqv dgmxvw grzqzdugv dqg wkh htxloleulxp udwh rq vhfxulwlhv
pdunhw -C dgmxvwv xszdugv uhdfwlqj wr wkh lqfuhdvh lq ghpdqg1

� Fkdqjhv lq uhvhuyh uhtxluhphqwv

Fkdqjhv lq uhvhuyh uhtxluhphqwv kdyh wzr h�hfwv= wkh| lqfuhdvh lqwhu0
phgldwlrq frvwv S dqg wkh| fkdqjh edqnv dydlodeoh ghsrvlwv _1 Wkhuh0
iruh/ wkh h�hfw ri fkdqjhv lq uhvhuyh uhtxluhphqwv lv lghqwlfdo wr d frp0
elqhg fkdqjh lq _ dqg S1 Wkh uhvxowlqj lqfuhdvh lq wkh frvw ri ghsrvlwv
whqgv wr lqgxfh edqnv wr vkliw wrzdugv erqg �qdqflqj1 Wklv lv wkh
h{shfwhg h�hfw zkhq erqgv duh shuihfw vxevwlwxwhv iru ghsrvlwv + vhh
Urphu dqg Urphu +4<<3,1 D fkdqjh lq uhvhuyh uhtxluhphqwv zrxog
kdyh qr h�hfw rq djjuhjdwh lqyhvwphqw li uhvhuyhv duh lq wxuq lqyhvwhg
lq W0eloov1 Li/ krzhyhu/ wkh| duh khog lq fdvk wkhq fkdqjhv lq uhvhuyh
uhtxluhphqwv duh dqdorjrxv wr fkdqjhv lq C1 Lq vxp/ fkdqjhv lq uhvhuyh
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uhtxluhphqwv duh hlwkhu lqh�hfwlyh ru htxlydohqw wr dq rshq pdunhw rs0
hudwlrq1 Lq rwkhu zrugv/ uhvhuyh uhtxluhphqwv duh d uhgxqgdqw srolf|
lqvwuxphqw lq rxu prgho1

9 Hqgrjhqrxv edqn htxlw|
Jlyhq wkdw edqn htxlw| fdslwdo lv vxfk dq lpsruwdqw ghwhuplqdqw ri edqn
ohqglqj lw lv lpsruwdqw wr xqghuvwdqg edqnv* htxlw| lvvxh ghflvlrqv1 Zh wxuq
wr wklv txhvwlrq lq wklv vhfwlrq1 Zh ehjlq e| frqvlghulqj edqnv* lqfhqwlyhv
wr lvvxh qhz htxlw|1 Zh wkhq ghulyh wkh djjuhjdwh vxsso| ri edqn fuhglw
zlwk hqgrjhqrxv edqn htxlw| fdslwdo1 Zh vkrz wkdw wkhuh lv d fulwlfdo fxw0r�
srlqw 4�M dw zklfk d uhsuhvhqwdwlyh edqn ghflghv wr vzlwfk iurp dq htxlw|
edvh � zlwk qr rxwvlgh htxlw| wr rqh zlwk rxwvlgh htxlw| .1 Lq rwkhu zrugv/
li wkh edqn vsuhdg lv kljk hqrxjk dqg edqn ordqv duh vx!flhqwo| oxfudwlyh
wkhq M0edqnv duh suhsduhg wr sd| d gloxwlrq frvw lq lvvxlqj htxlw| lq rughu
wr h{sdqg d sur�wdeoh edqn ohqglqj exvlqhvv1 Vlploduo|/ zh vkrz wkdw wkhuh
lv d fulwlfdo fxw0r� srlqw 42M 	 4�M dw zklfk d uhsuhvhqwdwlyh edqn zlwk htxlw|
edvh � n . ghflghv wr uhsxufkdvh lwv rxwvlgh htxlw| . lq rughu wr uhgxfh
gloxwlrq1

Ehfdxvh ri wkh gl�huhqfh lq wkh wzr fxw0r�v lw lv srvvleoh wr rewdlq pxowl0
soh srrolqj htxloleuld1 Rqh zlwk d kljk vsuhdg/ orz edqn htxlw| fdslwdo dqg
orz djjuhjdwh edqn ohqglqj dqg wkh rwkhu zlwk d orz vsuhdg/ kljk edqn htxlw|
fdslwdo dqg kljk djjuhjdwh edqn ohqglqj1 Zh uhihu wr wkh iruphu htxloleulxp
dv d �edqn fdslwdo fuxqfk� htxloleulxp1

914 Rswlpdo htxlw| lvvxhv

Uhfdoo wkdw htxlw| lvvxhv duh ghwhuplqhg e| M0edqnv/ zkr nqrz wkh| duh
ehlqj plplfnhg e| u0edqnv1 Wr xvh vlpsohu qrwdwlrq/ zh vkdoo ghqrwh e| Ka
wkh uhwxuq rq fdslwdo ri d w|sh a edqn +zkhuh a ' Mcu,1 Wkxv/

Ka '
-C n 4a

V
� E

�

V
� ��-C n E-C � E-( n S��KE-( � ��

zkhq 4M : f dqg � n S � -C � � n S n 2 K
_
1 Wkh �uvw wzr whupv uhsuhvhqwv

wkh xqlw uhwxuq iurp ohqglqj jlyhq wkdw wkh edqn lv eruurzlqj lq wkh erqg
pdunhw1 Wkh odvw whup lv wkh sur�w rq ghsrvlwv1
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Wkh pdunhw ydoxh ri edqn htxlw| lv wkhq vlpso| htxdo wr wkh h{shfwhg
glvfrxqwhg uhwxuq rq fdslwdo1 Li d edqn udlvhv ixqgv . e| lvvxlqj htxlw|/ wkhq
lq d shuihfw fdslwdo pdunhw qhz vkduhkroghuv rzq d iudfwlrq ri wkh edqn*v
fdslwdo k/ htxdo wr=

kK.E� n .� ' .-C +48,

zkhuh K. ghqrwhv wkh pdunhw*v h{shfwhg uhwxuq rq fdslwdo iru d edqn udlv0
lqj qhz htxlw| .1 Li zh ghqrwh e| BME e-c.� dqg BuE e-c.� wkh frqglwlrqdo
eholhiv ri qhz vkduhkroghuv derxw wkh edqn*v w|sh wkhq K. ' BME e-c.�KM n
BuE e-c.�Ku1

Dq M0edqn pdqdjhu*v h{shfwhg sd|r� iurp lvvxlqj . lv wkhuhiruh=

E�� k� dbK. n E�� b�KM o E� n .�

ru/ vxevwlwxwlqj iru wkh ydoxh ri k lq +48, dqg uhduudqjlqj/ wkh pdqdjhu*v
sd|r� lv=

TME.� '
K.E� n .�� .-C

K.
dbK. n E�� b�KM o +49,

Wkxv/ jlyhq pdunhw h{shfwdwlrqv K./ dq M0edqn pdqdjhu lv ehwwhu r�
lvvxlqj htxlw| . : f wkdq lvvxlqj qr dgglwlrqdo htxlw| li dqg rqo| li/

K.E� n .��.-C

K.
dbK. n E�� b�KM o � dbKf n E�� b�KM o� +4:,

Xqghu wkh vdph pdunhw h{shfwdwlrqv/ dq u0edqn pdqdjhu ghflghv wr lvvxh
htxlw| . : f li dqg rqo| li/

K.E� n .�� .-C � Kf� +4;,

Frqglwlrqv +4:, dqg +4;, gl�hu ehfdxvh d pdqdjhu ri dq u0edqn lv ehwwhu
r� vhoolqj klv htxlw| vwdnh dw gdwh | ' � wkdq kroglqj rq wr lw xqwlo gdwh
| ' 2/ luuhvshfwlyho| ri zkhwkhu kh kdv d oltxlglw| qhhg dw gdwh | ' �/ vlqfh
wkh pdunhw dozd|v +zhdno|, ryhuydoxhv wkh vkduhv ri dq u0edqn1

Zh fdq vlpsoli| frqglwlrq +4;, dqg rewdlq=

EK. �-C�. � EKf � K.��1
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915 Djjuhjdwh fuhglw vxsso|

Zh duh qrz lq d srvlwlrq wr ghulyh wkh htxloleulxp vxsso| ri edqn ordqv/ e|
fkdudfwhul}lqj wkh Ed|hvldq0Qdvk htxloleulxp ri wkh vhtxhqwldo jdph edqnv
sod| e| vhwwlqj ohqglqj whupv f+M ' i-2EM�j/ f+u ' i-2Eu�j lq d �uvw vwdjh/
ghwhuplqlqj wkhlu fkrlfh ri lqyhvwphqwv lq d vhfrqg/ dqg �qdoo| e| fkrrvlqj
wkh dprxqw ri qhz htxlw| wkh| zdqw wr lvvxh/ jlyhq f+c -Cc dqg -(1

Vhyhudo uhpdunv duh lq rughu derxw wklv jdph1
Iluvw/ wklv lv d sulfh vhwwlqj jdph dprqj +srwhqwldoo|, fdsdflw| frq0

vwudlqhg �qdqfldo lqwhuphgldulhv1 Wkhuh duh xqiruwxqdwho| d qxpehu ri srwhq0
wldo gl!fxowlhv zlwk dqdo|}lqj vxfk jdphv1 Iru h{dpsoh/ �upv dsso|lqj iru
d ordq dw d edqn r�hulqj ehwwhu whupv wkdq rwkhuv duh qrw vxuh wr jhw d ordq
vlqfh wkh edqn pd| kdyh d olplwhg ohqglqj fdsdflw| dqg wkhuh duh wrr pdq|
dssolfdqwv1 Vr/ rqh txhvwlrq lq wklv vhw0xs lv wr ghwhuplqh krz �upv vkrxog
uhvsrqg wr pruh dwwudfwlyh r�huv1 Dqrwkhu sureohp lv wkh fkdudfwhul}dwlrq
ri d edqn*v ehvw uhvsrqvh ixqfwlrq lq wkh sulfh vhwwlqj vwdjh vwdjh1

Vhfrqg/ wkh jdph edqnv sod| khuh dovr kdv hohphqwv ri d pxowlglphqvlrqdo
vljqdoolqj jdph/ vlqfh edqnv pd| vljqdo wkhlu w|sh hlwkhu wkurxjk wkhlu ohqg0
lqj whupv f+ lq wkh sulfh vhwwlqj vwdjh ru wkurxjk wkh dprxqw ri htxlw| wkh|
lvvxh . lq wkh �qdo vwdjh1 Djdlq/ wkhuh duh srwhqwldo gl!fxowlhv dvvrfldwhg
zlwk wkh dqdo|vlv ri vxfk pxowlglphqvlrqdo vljqdoolqj jdphv1

Wr fkdudfwhul}h wklv vrphzkdw frpsoh{ htxloleulxp lw lv wkhuhiruh khosixo
wr surfhhg lq wzr vwhsv1 Iluvw/ zh ehjlq e| vhwwlqj ohqglqj whupv f+M 'f+u ' f+ h{rjhqrxvo| dqg fkdudfwhul}h edqnv* rswlpdo fkrlfh ri lqyhvwphqwv
dqg qhz htxlw| lvvxhv jlyhq f+1 Vhfrqg/ zh ghwhuplqh wkh ohqglqj whupv f+
wkdw fohdu wkh pdunhw iru edqn ordqv dqg wkdw fdq eh vxssruwhg dv d srrolqj
htxloleulxp4;1

Ehiruh ghvfulelqj wklv htxloleulxp lq juhdwhu ghwdlo zh qhhg wr jlyh d pruh
suhflvh gh�qlwlrq ri htxloleulxp1

Gh�qlwlrq= D Ed|hvldq0Qdvk Htxloleulxp lq wkh edqnlqj vhfwru lv fkdu0
dfwhul}hg e|=

� edqnv* ehvw sulflqj vwudwhjlhv dw vwdjh �/ f+M cf+u1

� edqnv* ehvw lqyhvwphqw vwudwhjlhv dw vwdjh 2

4;Lq rwkhu zrugv/ wkh whupv eU pxvw eh vxfk wkdw qhlwkhu edqn w|sh zdqwv wr ghyldwh e|
r�hulqj rwkhu ohqglqj whupv1
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� edqnv* ehvw htxlw| lvvxh vwudwhjlhv dw vwdjh �/ .� 5 dfc .o/ � ' Mcu 1

� Wkh frqglwlrqdo eholhiv ri wkh fdslwdo pdunhw derxw wkh edqn*v w|sh/
EBME+c .� dqg BuE+c .���

Hdfk edqn w|sh*v htxloleulxp vwudwhj| pxvw eh d ehvw uhvsrqvh wr wkh
rwkhu edqnv* htxloleulxp vwudwhjlhv/ jlyhq wkh pdunhw*v frqglwlrqdo eholhiv1
Pruhryhu/ wkh pdunhw*v frqglwlrqdo eholhiv pxvw eh frqvlvwhqw zlwk Ed|hvldq
xsgdwlqj1

Wkh rqo| htxloleuld zh rewdlq duh vxfk wkdw erwk w|shv ri edqnv r�hu wkh
vdph ohqglqj whupv +M ' +u ' + lq wkh sulfh vhwwlqj vwdjh1 Lq dq| ri wkhvh
htxloleuld/ qhlwkhu �upv qru htxlw| lqyhvwruv duh deoh wr lghqwli| d edqn*v
w|sh iurp lw*v ohqglqj srolf|1 Wkhvh htxloleuld duh hlwkhu srrolqj htxloleuld/
zkhuh erwk w|shv ri edqnv pdnh wkh vdph htxlw| lvvxh ghflvlrqv/ .M ' .u '
. ru vhpl0vhsdudwlqj htxloleuld/ zkhuh M0w|sh edqnv sduwldoo| vhsdudwh e|
udqgrpl}lqj ehwzhhq wzr ohyhov ri htxlw| lvvxhv1 Dv xvxdo/ srrolqj htxloleuld
fdq eh vxssruwhg e| rxw0ri0htxloleulxp eholhiv vxfk wkdw BMEf+c e.� ' f dqg
BuEf+c e.� ' � iru doo f+ 9' + dqg e. 9' .1 Pl{hg vwudwhj| vhpl0vhsdudwlqj
htxloleuld dovr h{lvwv li wkh uhwxuq ri u0edqnv lv doorzhg wr eh qhjdwlyh/ zklfk
lv wkh fdvh xqghu rxu dvvxpswlrqv4<1

Lq ghulylqj d edqn w|sh*v htxloleulxp htxlw| lvvxh zh dvvxph/ dv lv vwdq0
gdug/ wkdw wkh edqn lv deoh wr ohqg doo lwv dydlodeoh ixqgv dw dq h{shfwhg
htxloleulxp uhwxuq shu ordq ri 4M iru dq M0edqn dqg 4u iru dq u0edqn1 Lq
htxloleulxp ohqglqj whupv 4WM dqg 4Wu duh vxfk wkdw wkh djjuhjdwh vxsso| ri
edqn fuhglw lv htxdo wr djjuhjdwh ghpdqg iru edqn ordqv1 Dw wkhvh whupv
hdfk edqn lv wkhq mxvwl�hg lq dvvxplqj wkdw lw lv deoh wr ohqg doo lwv* dydlodeoh
ixqgv1 Wkhvh whupv +W +ru 4WM dqg 4Wu, duh wkhq ixoo| jhqhudo htxloleulxp
whupv li qhlwkhu edqn w|sh kdv dq lqfhqwlyh wr ghyldwh e| r�hulqj gl�huhqw
whupv531

4<Qrwh wkdw wkh wlplqj ri pryhv vshfl�hg khuh lv fuxfldo wr rewdlq vhpl0vhsdudwlqj htxl0
oleuld1 Li wkh edqn*v lqyhvwphqw fkrlfh zdv pdgh dw d odwhu vwdjh ru zdv qrw revhuydeoh/
O0edqnv zrxog lqyhvw lq erqgv dqg rewdlq dw ohdvw d }hur uhwxuq1 Wklv zrxog wkhq xsvhw
wkh vhpl0vhsdudwlqj htxloleulxp1

53Qrwh wkdw d qhfhvvdu| frqglwlrq wr rewdlq rxu htxloleuld lv wkdw wkh ghpdqg iru edqn
ordqv e| K0�upv lv juhdwhu wkdq ru htxdo wr wkh wrwdo vxsso| ri edqn fuhglw e| K0edqnv1
Rwkhuzlvh/ rxu suhvxpswlrq wkdw K0edqnv jhw d uhwxuq rq wkhlu ordqv ri ��

K
lv idovh1 Dv

orqj dv wkh sursruwlrq ri K0edqnv lv vpdoo hqrxjk dqg wkh sursruwlrq ri K0�upv kljk
hqrxjk wklv frqglwlrq zloo dozd|v eh vdwlv�hg1
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Zh qrz wxuq wr wkh fkdudfwhul}dwlrq ri htxloleulxp htxlw| lvvxhv iru d
�{hg + lq d srrolqj htxloleulxp1 Zh ghulyh wklv ehvw uhvsrqvh .E+� e|
�{lqj rxw0ri htxloleulxp eholhiv vxfk wkdw BME+c e.� ' f dqg BuE+c e.� ' �
iru doo e. 9' .E+�1 Dv rqh pljkw h{shfw/ ehfdxvh rxw0ri0htxloleulxp eholhiv
fdq eh fkrvhq duelwudulo|/ zh pd| rewdlq lq�qlwho| pdq| srrolqj htxloleuld1
Krzhyhu/ zh vlqjoh rxw wkh ehvw srrolqj htxloleulxp iurp wkh srlqw ri ylhz
ri dq M0Edqn +jlyhq wkdw u0edqnv plplf wklv fkrlfh dqg/ wkxv/ gloxwh wkh
ydoxh ri M0edqnv* htxlw|,541 Lw wxuqv rxw wkdw wkh rswlpdo htxlw| lvvxh iru d
w|sh M edqn lq d srrolqj htxloleulxp lv hlwkhu f ru .1 Wklv lv hvwdeolvkhg lq
wkh iroorzlqj ohppd1

Ohppd 5= Iru d jlyhq shufhlyhg uhwxuq 4./ wkh rswlpdo htxlw| lvvxh iru
dq M0edqn jlyhq ohqglqj whupv + lv hlwkhu . li K. lv odujhu wkdq -C> f li
K. lv orzhu wkdq -C/ ru xqghwhuplqhg li K. ' -C1

Surri1 Wkh vljq ri wkh ghulydwlyh zlwk uhvshfw wr . ri +49, lv htxdo wr wkh
vljq ri K. �-C1

Lq oljkw ri ohppd 5/ zh duh deoh wr ghulyh d sduwlfxoduo| vlpsoh djjuh0
jdwh edqn fuhglw vxsso| vfkhgxoh1 Zh ghqrwh e| 4�M wkh fxw0r� dw zklfk
dq M�edqn suhihuv fkrrvlqj . ' . wr . ' f/ hyhq li e| ghyldwlqj lw lv
shufhlyhg dv dq u�edqn1 Wkxv 4�M vroyhv wkh iroorzlqj htxdwlrq

KuE� n .�� .-C

Ku
dbKu n E�� b�KM o ' dbKf n E�� b�KM o�

zkhuh/

KM '
-C n 4�M

V
� E

�

V
� ��E-( n S�/

Ku '
�

V
d-C n eD4�M n E�� eD�EZER�� n ��-C�o� E

�

V
� ��E-( n S�/

dqg

Kf '
�

V
d-C n

�
6

6n�

��eD4�M n E�� eD�EZER�� n ��-C�
�

n
�

�

6n�

�
4�M o� E

�

V
� ��E-( n S�1

54Qrwh wkdw d frpprq uh�qhphqw fulwhulrq/ vxfk dv Fkr dqg Nuhsv* lqwxlwlyh fulwhulrq
zrxog vhohfw wklv htxloleulxp ryhu doo rwkhu srrolqj htxloleuld lq rxu jdph +vhh Fkr dqg
Nuhsv +4<;:,,1
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Ehorz wkh fxw0r� 4�M fkrrvlqj . ' f lv wkh ehvw uhvsrqvh iru dq M0edqn1
Frqyhuvho|/ 42M lv wkh fxw0r� dw zklfk dq M�edqn suhihuv . ' f wr

. ' .c hyhq li e| ghyldwlqj lw lv shufhlyhg dv dq u�edqn1 Wkdw lv/ 42M vroyhv
wkh htxdwlrq

K.E� n .��.-C

K.
dbK. n E�� b�KM o ' dbKu n E�� b�KM o�

zkhuh/

K. '
�

V
d-C n

�
6

6n�

��eD42M n E�� eD�EZER�� n ��-C�
�

n
�

�

6n�

�
42M o� E

�

V
� ��E-( n S�1

Wkh wrwdo vxsso| ri ixqgv iurp wkh edqnlqj vhfwru iru 4M � 4�M lv wkhq
�n.
V
1 Vlploduo|/ ehorz wkh fxw0r� 42M dq htxlw| lvvxh . ' f lv wkh ehvw

uhvsrqvh iru M0edqnv1 Wkhq wkh wrwdo vxsso| ri edqn fuhglw lv �
V
1

Qrz/ wr ghwhuplqh zkhwkhu d jhqhudo +srrolqj, htxloleulxp h{lvwv iru 4WM �
4�M ru 4WM � 42M zh qhhg wr fkhfn wkdw=

4, djjuhjdwh ghpdqg iru edqn ordqv htxdov djjuhjdwh vxsso| dw whupv +W/
5, qhlwkhu w|sh ri edqn kdv dq lqfhqwlyh wr ghyldwh e| r�hulqj gl�huhqw

ohqglqj whupv lq vwdjh 4/ dqg
6, qhlwkhu w|sh ri edqn kdv dq lqfhqwlyh wr ghyldwh e| fkrrvlqj d gl�huhqw

sruwirolr ri lqyhvwphqwv lq vwdjh 51
Zkhq rxw0ri0htxloleulxp eholhiv duh vxfk wkdw BME+c .E+W�� ' f dqg

BuE+c .E+W�� ' � iru doo + 9' +W/ wkhq ghyldwlrq lq vwdjh 4 wr qhz ohqglqj
whupv grhv qrw sd| iru hlwkhu w|sh ri edqn li wkh iroorzlqj frqglwlrq krogv=

ED � eD�d-M
2 ER����o

�

V
	

�

� n6
E�� eD�d4M � ZER�� n ���o

�

V
+4<,

Wkh OKV ri wklv lqhtxdolw| lv wkh pd{lpxp jdlq iru dq u0edqn ri d
ghyldwlrq= e| voljkwo| xqghufxwwlqj +W wkh u0edqn lv deoh wr lpsuryh wkh
dyhudjh txdolw| ri lwv ordq dssolfdqwv iurp d sursruwlrq eD ri M0�upv wr d
sursruwlrq D dqg/ wkxv/ wr udlvh lwv sd|r�1 Wkh UKV lv wkh plqlpxp frvw wr
dq u0edqn iurp vxfk d ghyldwlrq= lw uhsuhvhqwv wkh fdslwdo orvv rq lwv htxlw|
iurp ehlqj lghqwl�hg dv dq u0edqn1
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Vlploduo|/ ghyldwlrq lq vwdjh 5 wr d gl�huhqw sruwirolr ri lqyhvwphqwv lv
xqdwwudfwlyh li

�4u
�

V
	

�

� n6
E�� eD�d4M � ZER�� n ���o

�

V
1 +53,

Wkh OKV ri wklv lqhtxdolw| uhsuhvhqwv wkh pd{lpxp jdlq iru dq u0w|sh
edqnhu iurp lqyhvwlqj doo dydlodeoh ixqgv lq erqgv udwkhu wkdq edqn ordqv1
Wkh UKV dv ehiruh uhsuhvhqwv wkh plqlpxp fdslwdo orvv rq htxlw| iurp ehlqj
lghqwl�hg dv dq u0edqn1 Frqglwlrqv +4<, dqg +53, duh vx!flhqw wr jxdudqwhh
h{lvwhqfh dqg duh khqfhiruwk dvvxphg wr krog1

Wkh qh{w sursrvlwlrq hvwdeolvkhv wkdw wkh fxw0r�v duh vxfk wkdw 42M 	 4�M /
vr wkdw pxowlsoh htxloleuld pd| h{lvw rq wkh lqwhuydo d42M c 4

�
M o1 Wkhuh pd| wkhq

eh wzr srrolqj htxloleuld/ rqh zlwk .W ' f dqg wkh rwkhu zlwk .W ' .1 D
vhpl0vhsdudwlqj htxloleulxp pd| dovr h{lvw lq zklfk M0edqnv duh lqgl�huhqw
ehwzhhq vhwwlqj . ' . ru . ' f dqg rqo| d iudfwlrq fkrrvhv . ' ./ zkloh doo
u0edqnv fkrrvh . ' .1 Lq wklv vhpl0vhsdudwlqj htxloleulxp wrwdo edqn fuhglw
vxsso| olhv ehwzhhq �

V
dqg �n.

V
/ zlwk wkh iudfwlrq riM0edqnv fkrrvlqj . ' .

ehlqj vxfk wkdw djjuhjdwh edqn fuhglw vxsso| htxdov djjuhjdwh ghpdqg1

Sursrvlwlrq 6= Ohw 4. ' BME+c .�4M n BuE+c .�4u ghqrwh wkh htxlole0
ulxp h{shfwhg uhwxuq shu ordq ri d edqn lvvxlqj qhz htxlw| zruwk .1 Dqg ohw
rxw0ri0htxloleulxp eholhiv eh vxfk wkdw BME+c e.� ' f dqg BuE+c e.� ' � iru
doo e. 9' .1 Wkhq wkh djjuhjdwh edqn0fuhglw vxsso| ixqfwlrq uE� lq d srrolqj

htxloleulxp lv=

+
uE4M� '

�
V

iru 4M � 42M
uE4M� '

�n.
V

iru 4M � 4�M

,
zlwk 42M 	 4�M / dqg djjuhjdwh vxsso| lq d vhpl0vhsdudwlqj htxloleulxp lv

jlyhq e|=
uE4M� 5

k
�
V
c �n.

V

l
iru E4M c 4u� vxfk wkdw �

�n6
4M n 6

�n6
4u ' f1

Surri1 Vhh wkh dsshqgl{1
Wkh vrxufh ri pxowlsolflw| ri htxloleuld lq wkh lqwhuydo d4�M c 4

2
M o lv/ dv

lq doo vljqdoolqj jdphv/ gxh wr wkh ghjuhh ri iuhhgrp lq vshfli|lqj rxw0ri0
htxloleulxp eholhiv551 Dq htxloleulxp ehvw0uhvsrqvh ri . lv vxssruwhg e|

55Li �O � 3 wkhq �
H

A 3 vr wkdw wkh htxloleulxp vhw rqo| frqwdlqv wkh wzr srrolqj
htxloleuld1 Wkh djjuhjdwh edqn fuhglw vxsso| fruuhvsrqghqfh lv wkhq glvfrqwlqxrxv/ jlylqj
ulvh srwhqwldoo| wr sureohpv ri h{lvwhqfh ri htxloleulxp1
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rxw0ri0htxloleulxp eholhiv BME+c e.� ' f dqg BuE+c e.� ' � iru doo e. 9' .1
Rq wkh rwkhu kdqg/ dq htxloleulxp ehvw0uhvsrqvh ri f lv vxssruwhg e| rxw0
ri0htxloleulxp eholhiv BME+c e.� ' f dqg BuE+c e.� ' � iru doo e. 9' f1 Jlyhq
wkdw zh kdyh gl�huhqw rxw0ri0htxloleulxp eholhiv vxssruwlqj hdfk htxloleulxp
lw lv qrw hqwluho| vxusulvlqj wkdw zh vkrxog rewdlq wzr fxw0r�v 4�M : 42M 1

Vlqfh lq rxu prgho wkh ohyho ri edqn htxlw| ghshqgv rq wkh htxloleulxp
ohyho ri 4WM d frqwudfwlrqdu| prqhwdu| srolf| ohdglqj wr d uhgxfwlrq lq 4M
pd| lq wxuq wuljjhu d ghfuhdvh ru suhyhqw dq lqfuhdvh lq wkh ohyho ri edqn
htxlw|/ dqg wkxv ohdg wr d pdjql�hg frqwudfwlrqdu| h�hfw1 Lq sduwlfxodu lw
fdq suryrnh wkh rqvhw ri d edqn fdslwdo fuxqfk1

Dv Iljxuh 7 kljkoljkwv/ li wkh htxloleulxp ohyho ri htxlw| lvvxhg e| edqnv
lv .W ' . wkh vhfxulw| pdunhw dqg wkh fuhglw pdunhw fxuyhv duh vkliwhg
grzqzdugv1

Sursrvlwlrq 7= Zlwklq vrph udqjh ri sdudphwhu ydoxhv/ wkhuh duh dw
ohdvw wzr htxloleuld1 D vzlwfk iurp wkh htxloleulxp zlwk qr edqn htxlw|
lvvxhv wr wkh htxloleulxp zlwk rxwvlgh htxlw| lvvxhv lqgxfhv d ghfuhdvh lq
edqnv* vsuhdgv1

Surri1 Rplwwhg1 +Wkh h�hfw lv wkh vdph dv dq h{rjhqrxv lqfuhdvh lq fdslwdo
looxvwudwhg lq �jxuh 6,1

Zh lqwhusuhw wkh vzlwfk iurp wkh htxloleulxp zlwk rxwvlgh htxlw| fdslwdo
wr wkh rqh zlwkrxw htxlw| lvvxhv dv d irup ri fuhglw fuxqfk lqgxfhg e| d edqn
htxlw| fuxqfk1 Wkh �edqn htxlw| fuxqfk� htxloleulxp lv fkdudfwhul}hg e| d
orz ohyho ri ohqglqj/ d orz ohyho ri edqn fdslwdo dqg kljk sur�wdelolw| rq edqn
ohqglqj1

D frqwudfwlrqdu| prqhwdu| srolf| zklfk ohdgv wr dq lqfuhdvh lq -C dqg
d uhgxfwlrq lq 4M pd| wuljjhu d ghfuhdvh +ru suhyhqw dq lqfuhdvh, lq edqn
htxlw|/ dqg wkxv ohdg wr d pdjql�hg frqwudfwlrqdu| h�hfw/ zkhqhyhu 4M idoov
ehorz 42M ru 4�M 1 Lq sduwlfxodu lw fdq suryrnh wkh rqvhw ri d fuhglw fuxqfk1
Qrwh wkdw wklv lq frqwudvw wr wkh h�hfwv h{shfwhg lq d vwdqgdug edqn ohqglqj
fkdqqho prgho edvhg rq fkdqjhv lq edqn oltxlglw|1 Lq vxfk d prgho prqhwdu|
wljkwhqlqj lv htxlydohqw wr d uhgxfwlrq lq edqn oltxlglw|/ zklfk zrxog uhvxow
lq dq lqfuhdvh lq 4M / dqg wkhuhiruh pljkw eh sduwldoo| r�vhw e| dq lqfuhdvh
lq edqn fdslwdo1
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: Frqfoxvlrq
Wklv sdshu sursrvhv d prgho ri wkh lqwhuidfh ehwzhhq frusrudwh �qdqflqj
ghflvlrqv dqg prqhwdu| srolf| lq d jhqhudo htxloleulxp prgho +ri wkh fdslwdo
pdunhw,/ zklfk wudfhv wkh h�hfwv ri prqhwdu| srolf| rq �upv* lqyhvwphqw
ghflvlrqv1

Wkh prgho ghyhorshg khuh/ zklfk devwudfwv iurp pdq| rwkhu uhohydqw
frqvlghudwlrqv jhqhudwhv vhyhudo txdolwdwlyh suhglfwlrqv derxw wkh mrlqw htxl0
oleulxp lq wkh fuhglw dqg vhfxulwlhv pdunhwv dqg wkh h�hfwv ri rshq pdunhw
rshudwlrqv rq wkh uhdo vhfwru/ zklfk duh eurdgo| frqvlvwhqw zlwk vw|ol}hg idfwv
rq wkh h�hfwv ri prqhwdu| srolf| rq lqyhvwphqw dqg �up �qdqflqj xqfryhuhg
e| uhfhqw hpslulfdo vwxglhv1

Wkh prgho frqvlghuhg lq wklv sdshu lv douhdg| vrphzkdw frpsoh{ dqg
zh kdyh fkrvhq wr ohdyh vrph lqwhuhvwlqj h{whqvlrqv iru ixwxuh uhvhdufk1 Dq
reylrxv lpphgldwh h{whqvlrq lv wr gl�huhqwldwh �upv dffruglqj wr erwk wkh
xqghuo|lqj ulvn ri wkhlu fdvk  rzv dqg wkhlu vl}h1 Li/ lq dgglwlrq/ rqh wkhq lq0
wurgxfhv d �{hg lvvxlqj frvw iru erqgv +uhsuhvhqwlqj ohjdo dqg dgplqlvwudwlyh
frvwv, zh zrxog h{shfw wr rewdlq dq htxloleulxp vhjphqwdwlrq zkhuh rqo|
wkh odujhvw dqg vdihvw �upv lvvxh erqgv1 Vxfk d prgho frxog dovr eh xvhg wr
lqyhvwljdwh krz wkh vl}h glvwulexwlrq ri �upv dv zhoo dv wkh uhodwlyh frvwv ri
vhfxulwl}dwlrq d�hfw wkh djjuhjdwh frpsrvlwlrq ri �qdqflqj lq wkh hfrqrp|1

Dqrwkhu reylrxv exw pruh dpelwlrxv h{whqvlrq lv wr lqwurgxfh d �qdo
jrrgv pdunhw dqg d krxvhkrog vhfwru/ zklfk uhvsrqgv wr fkdqjhv lq lqwhuhvw
udwhv e| dowhulqj lwv frqvxpswlrq2vdylqjv ghflvlrqv1 H{whqglqj wkh prgho wr
d pxowlshulrg vhwwlqj lq rughu wr h{soruh wkh g|qdplfv ri wkh prqhwdu| wudqv0
plvvlrq phfkdqlvp lv shukdsv wkh prvw lqwhuhvwlqj dqg gl!fxow fkdoohqjh1

; Pdwkhpdwlfdo Dsshqgl{
Surri ri Sursrvlwlrq 4= Xvlqj djdlq 4M ' �E-C� dqg 4M '
7E-C� wr uhsuhvhqw htxdwlrqv +<, dqg +46, uhvshfwlyho|/ h{lvwhqfh
dqg xqltxhqhvv ri d vroxwlrq E4M c -C� lv vwudljkwiruzdug/ zh kdyh
�E-C� � 7E-C� lv d frqwlqxrxv ghfuhdvlqj ixqfwlrq vdwlvi|lqj
�E�� � 7E�� 	 f iru d ydoxh ri � odujh hqrxjk1 Xqghu Dv0
vxpswlrq 5 lw lv hdv| wr suryh/ dv zh zloo hvwdeolvk ehorz wkdw
�Ef� � 7Ef� : f dqg wkxv wkhuh h{lvwv -C vxfk wkdw �E-C� �
7E-C� ' f1 Wklv vroxwlrq lq wxuq ghwhuplqhv -( dqg �K �CK1
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Wkhuhiruh/ zh rqo| qhhg wr hvwdeolvk wkdw 4M : fc -C : f1 Vlqfh
�E� lv ghfuhdvlqj dqg 7E� lv lqfuhdvlqj/ d vx!flhqw frqglwlrq iru
4M : f lv wkdw �3�Ef� : 73�Ef�c dqg v|pphwulfdoo|/ d frqglwlrq
iru -C : f lv �Ef� : 7Ef�1

� Zhzloo �uvw surfhhg wr vkrz wkdw frqglwlrq �3�Ef� : 73�Ef� lv vdwlv�hg
xqghu Dvvxpswlrq 51 Lqghhg/ iurp htxdwlrqv +47, dqg +<, zh kdyh=

73�Ef� � �

E�� D� n � EZM � ��
dEZM���

�
d
� n .

V
� �o nCn _�

�
n��DZM o

zkhuh � ' K
2
ru f ghshqglqj rq wkh ydoxhv ri -C/

�3�Ef� '
ZM

DZM � �
dZME� n D�� 2�� EZM � ��

� n .

V
o

vr wkdw �3�Ef� : 73�Ef� li

dE�� D� n � EZM � ��oZM dZME� n D�� 2�� EZM ���
� n .

V
o :

EDZM ��� dEZM � ��
�
d
� n .

V
� �o nCn _�

�
n �� DZM o1

Wkh whup

Z2ME� n D�� 2ZM�� DZMEZME� n D�� 2��� n EDZM � ��2

vlpsol�hv wr EZM � ��2 vr wkdw/ diwhu glylglqj e| EZM � ��/ zh rewdlq wkh
iroorzlqj frqglwlrq

�ZM dZME� n D�� 2�onEZM���E��E�n��
� n .

V
� : EDZM���ECn_���1

+54,
Vlqfh

ZM dZME� n D�� 2�o : EZM ���
� n .

V

wkh ohiw kdqg vlgh ri wkh deryh lqhtxdolw| lv dw d plqlpxp iru � ' f dqg zh
rewdlq wkh iroorzlqj vx!flhqw frqglwlrq=

EZM � ��E�� � n .

V
� : EDZM ���EC n _� ��1 +55,
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Uhfdoolqj wkdw ZM � � : DZM � � dqg wkdw � � �n.
V

/ lw iroorzv wkdw
dvvxpswlrq

D5= �� _n � � � n .

V
nC1

lpsolhv wkdw �3�Ef� : 73�Ef� dqg 4M � f1

� Qh{w zh surfhhg wr vkrz wkdw �Ef� : 7Ef�1 Zh kdyh

�Ef� '
ZM

E� n D�ZM � �
dZME� n D�� 2�� EZM � ��

� n .

V
o

dqg

7Ef� '
�

D
dEDZM ���� EZM � ��

�
� n .

V
� � nCn _�

�
o

Wkxv/ zh pxvw vkrz wkdw

DZM dZME� n D�� 2�� EZM � ��
� n .

V
o :

EE� n D�ZM � �� dEDZM � ��� EZM ���
�
� n .

V
� � nCn _�

�
o

Lq wkh deryh h{suhvvlrq/ wkh whup

D dZME� n D�� 2�o� EE� n D�ZM ��� dEDZM ���

vlpsol�hv wr
�EZM ��� : f1

Wkh whup

EZM ���
� n .

V
EE� n D�ZM � �� DZM�

lv dovr srvlwlyh/ vr wkdw d vx!flhqw frqglwlrq iru �Ef� : 7Ef� lv wkdw wkh
uhvlgxdo whup lv dovr qrq0qhjdwlyh=

EE� n D�ZM � �� EZM � �� ECn _� ��� � f

Xqghu dvvxpswlrq D6 rxu frqglwlrq krogv dqg -C : f1
Surri ri wkh frpsdudwlyh vwdwlfv sursrvlwlrqv= Zh xvh Fudphu*v

uxoh wr suryh wkh gl�huhqw frpsdudwlyh vwdwlfv uhvxowv lq wkh htxloleulxp zkhuh
-( : �1
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Gh�qh �uvw wkh ixqfwlrqv xE-Cc 4M� dqg lE-Cc 4M� iurp htxdwlrqv +<,
dqg +46, vr wkdw erwk kdyh }hur rq wkh UKV=

xE-Cc 4M� � -CEDZM � �� n 4MEE� n D�ZM � ��

nZM

�
EZM ���

�
� n .

V

�
� EZME� n D�� 2��

�
+56,

' f

lE-Cc 4M� � -CE�� D�� DE4M � ZM�� �

ZM � �
� d

� n .

V
� �o

�C� _n
K

2
E-C � E� n S�� +57,

' f

Wkhq= 597 EDZM � �� EE� n D�ZM ���

�3D
ZM3�

n K
2

� D
ZM3�

6:8
597 _-C

_4M

6:8 '

597 �Yx
Y%

�Yl
Y%

6:8 _%
Wkh vroxwlrq iru hyhu| h{rjhqrxv yduldeoh lv wkhq hdvlo| irxqg xvlqj

Fudphu*v uxoh vlqfh wkh ghwhuplqdqw ri wkh sulqflsdo pdwul{ lv htxdo wr ��1

� Fdvh % ' C�

Zh rewdlq=

597 � Yx
YC

� Yl
YC

6:8 '

597 f

�

6:8
vr wkdw=

_-C

_C
' E� n D�ZM � � : f/

_4M
_C

' �EDZM � �� 	 f

dqg
_E-C n 4M�

_C
' ZM : f1
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Wkh h�hfw rq RW� dqg R�� ri d fkdqjh lq C lv wkxv=

_RW�
_C

'
�� D

ZM � �

_-C

_C
� D

ZM � �

_4M
_C

_RW�
_C

'
�

ZM � �
dE�� D� dE� n D�ZM ��o n DEDZM � ��o ' �

dqg/
_R��
_C

'
�

ZM

%
_E-C n 4M�

_C

&
' �1

Lq zrugv/ wkhuh lv d vkliw ri edqn ohqglqj wrzdugv vdihu �upv sursruwlrqdo wr
C1

� Fdvh % ' ��

Zh rewdlq=

597 �Yx
Y�

�Yl
Y�

6:8 '

597 �ZMEZM3��
V

�3V
V

6:8
vr wkdw

_-C

_�
' �

%
ZMEZM � ��

V

D

ZM � �
� �� V

V
EE� n D�ZM � ��

&

ru/

_-C

_�
'

�

V
dEZM � ��� VEE� n D�ZM � ��o : f

_4M
_�

' �
%
EDZM ���

�� V

V
n

ZMEZM � ��

V

#
�� D

ZM ��
n

K

2

$&
ru/

_4M
_�

'
�

V
dVEDZM ���� EZM � ��o� ZMEZM � ��

V

K

2

zklfk lv qhjdwlyh iru orz ydoxhv ri V

� Fdvh % ' ��

6<



Zh rewdlq=

597 �Yx
Y�

�Yl
Y�

6:8 '

5997
-C n 4M n ZME

�n.
V

� 2�

� E-C3ZM�E�3D�3D4M
EZM3��

2

6::8
dqg

_-C

_�
'

�

EZM � ��2
iD

�
-C n 4M n ZME

� n .

V
� 2�

�
EZM � ��

� dE�� D�E-C � ZM�� �4M o EZME� n D�� ��j

ru

_-C

_�
'

�

EZM ���2
iD-C EZM � �� n D4M EZM � ��

nDZME
� n .

V
� 2� EZM ���

�E�� D�E-C � ZM�EZME� n D���� n �4MEZME� n D�� ��j

uhduudqjlqj/

_-C

_�
'

�

EZM ���2
i-C EZME2D � � n DE�� D��� �E2D � ���

n4MDEZME2 n D�� 2��

n EZM � �� dZMDE
� n .

V
� 2� n ZME�� D�o n E�� D�DZ2Mj

Iru kljk ydoxhv ri D +kljkhu wkdq �
2
, wkh �uvw wzr whupv lq wklv h{suhvvlrq

duh srvlwlyh dqg pd| rxwzhljk wkh wklug whup/ lq zklfk fdvh _-C
_�

: f1 Qrz/
wxuqlqj wr wkh ghulydwlyh ri 4M zlwk uhvshfw wr �/ zh kdyh

_4M
_�

'
�

EZM � ��2
idE�� D�E-C � ZM�� D4M o EDZM � ��

n

#
E�� D� n

K

2
EZM � ��

$�
E-C n 4M� n ZME

� n .

V
� 2�

�
EZM ���j

ru/
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_4M
_�

'
�

EZM ���2
i-CE�� D� dZME� n D�� 2�o

n4M dZM ��� DEE� n D�ZM � 2��o

nE�� D�ZM

�
E
� n .

V
� 2��EZM ���� EDZM � ��

�
n
K

2

�
E-C n 4M� n ZME

� n .

V
� 2�

�
j

Wkh �uvw whup lv dozd|v srvlwlyh1 Wkh vhfrqg whup lv qhjdwlyh iru kljk
ydoxhv ri D1 Dv iru wkh wklug whup/ lw lv fohduo| qhjdwlyh vlqfh � : �n.

V
� Wkh

vljq ri wkh odvw whup ghshqgv xsrq wkh suhflvh ydoxh ri ZM �

� Fdvh % ' D�

Zh rewdlq=

597 �Yx
YD

�Yl
YD

6:8 ' E-C n 4M � ZM�

597 �ZM

�
ZM3�

6:8
_-C

_D
' � E-C n 4M � ZM�

�
DZM

ZM � �
� �

ZM � �
EE� n D�ZM � ��

�

_-C

_D
' E-C n 4M � ZM�

dqg R�� : f lpsolhv _-C
_D

: f
dqg

_4M
_D

' � E-C n 4M � ZM�

%
EDZM ���

�

ZM ��
n ZM

#
�� D

ZM � �
n

K

2

$&

_4M
_D

' � E-C n 4M � ZM�

#
� n ZM

K

2

$
	 f

Qrwlfh wkdw
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_E-C n 4M�

_D
' ZM

K

2
	 f1

Surri ri Sursrvlwlrq 6= Zh ehjlq e| hvwdeolvklqj h{lvwhqfh ri wzr
srrolqj dqg d vhpl0vhsdudwlqj htxloleulxp1 Zh wkhq surfhhg wr vkrz wkdw
wkh wzr srrolqj htxloleuld vdwlvi| wkh lqhtxdolw| 42M 	 4�M 1 Ohw 4. dqg 4f eh
htxlw| kroghuv* htxloleulxp eholhiv iru d edqn wkdw lvvxhv dq dprxqw ri htxlw|
uhvshfwlyho| htxdo wr . dqg f1 Zh gh�qh wzr ixqfwlrqv �M dqg �u dv iroorzv=

�MEK.cKf� '
K.E� n .��.

K.
dbK. n E�� b�KM o

� dbKf n E�� b�KM o�

ru/ htxlydohqwo|/

�MEK.cKf� ' EK. � ��.
�
bn E�� b�

KM
K.

�
+58,

�b EKf � K.��

dqg
�uEK.cKf� ' EK. � ��. � EKf � K.�� +59,

zklfk uhsuhvhqw wkh qhw sd|r� ri lvvxlqj htxlw| zruwk . ' . lqvwhdg ri
. ' f/ iru uhvshfwlyho| dq M dqg dq u0edqn1

Rxu gl�huhqw w|shv ri htxloleuld duh wkhq fkdudfwhul}hg e| wkh ydoxhv ri
wkh ixqfwlrqv �M dqg �u/ dv iroorzv=

41 Wkh srrolqj htxloleulxp zlwk . ' f lv fkdudfwhul}hg e| �MEK.cKf� � f
dqg �uEK.cKf� � f1

51 Wkh srrolqj htxloleulxp zlwk . ' . e|/

�MEK.cKf� � f dqg �uEK.cKf� � f

61 Vhsdudwlqj htxloleuld e| gl�huhqw vljqv iru wkh ixqfwlrqv �M dqg �u1

71 Vhpl0vhsdudwlqj htxloleuld e| d pl{hg vwudwhj| ri rqh w|sh ri edqn/
zklfk lpsolhv wkdw hlwkhu �MEK.cKf� ' f ru �uEK.cKf� ' f1
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Wr suryh Sursrvlwlrq 6/ zh �uvw hvwdeolvk d suholplqdu| ohppd=

Ohppd 6= �� Li K. : �cwkhq �uEK.cKf� � f lpsolhv �MEK.cKf� : f
��� Li K. 	 �cwkhq �uEK.cKf� � f lpsolhv �MEK.cKf� 	 f

���� �uEK.cKf� ' f lpsolhv �MEK.cKf� ' EK. � ��.
k
E�� b�KM

K.

l
c vr wkdw

li K. ' �c �MEK.cKf� ' f

Surri ri ohppd 6= Wr vkrz ��/ qrwlfh wkdw �uEK.cKf� � f lpsolhv wkdw

EK. � ��. � EKf � K.���

Uhsodflqj EKf � K.�� lq +58, zh rewdlq=

�MEK.cKf� � EK. � ��.
�
bn E�� b�

KM
K.

�
�b EK. � ��.

Uhduudqjlqj dqg vlpsoli|lqj zh kdyh=

�MEK.cKf� � EK. � ��.
�
E�� b�

KM
K.

�
Wkh surri ri ��� dqg ���� lv h{dfwo| wkh vdph1

Zh qrz surfhhg wr suryh sursrvlwlrq 61 Vlqfh wkhuh lv d xqltxh Ka dv0
vrfldwhg zlwk dq| 4a zh fdq wdnh Ka wr eh wkh vxppdu| vwdwlvwlf iru htxlw|
kroghuv* eholhiv1

Zh ehjlq e| vkrzlqj wkdw wkhuh duh rqo| wkuhh fdqglgdwh htxloleuld=

� Li �uEK.cKf� : f rqo| d srrolqj htxloleulxp zlwk . ' . fdq h{lvw1
Vxssrvh qrw dqg dvvxph wkdw lqvwhdg �M � f1 Wkh frqvlvwhqf| ri
htxloleulxp eholhiv lpso| wkhq Kf ' KM � f/ dqg K. ' Ku/ vr wkdw
Kf�K. : f1 Xvlqj +59, zh rewdlq K. � � : f1 Vr wkdw iurp ohppd 6/
�MEK.cKf� : f1zklfk lv d frqwudglfwlrq1

� V|pphwulfdoo|/ li �uEK.cKf� 	 f rqo| d srrolqj htxloleulxp zlwk . ' f
fdq h{lvw1 Dvvxph djdlq e| frqwudglfwlrq wkdw �MEK.cKf� � f1 Htxl0
oleulxp eholhiv wkhq lpso| wkdw K. ' KM 1 Exw +59, wkhq lpsolhv wkdw
K. 	 �1 Dv ehiruh/ ohppd 6 wkhq |lhogv d frqwudglfwlrq1

76



� Ilqdoo|/ zkhq �uEK.cKf� ' f d pl{hg vwudwhj| htxloleulxp zlwk K. ' �
lv rewdlqhg zkhuh �MEK.cKf� ' f1 Wr vhh zk| �MEK.cKf� ' f lq
wkh vhpl0vhsdudwlqj htxloleulxp/ revhuyh �uvw wkdw dq htxloleulxp zlwk
�MEK.cKf� : f fdqqrw h{lvw1 Lqghhg/ zkhq �MEK.cKf� : f htxloleulxp
eholhiv pxvw eh vxfk wkdw Kf ' Ku dqg ���� ri ohppd 6 lpsolhv K. : �

Exw wkhq �uEK.cKf� ' EK. � ��. � EKf � K.�� : f/ d frqwudglfwlrq1
Vlploduo| zkhq �MEK.cKf� 	 f htxloleulxp eholhiv pxvw eh vxfk wkdw
K. ' Ku 	 f1 Exw wkhq �uEK.cKf� ' EK. � ��. � EKf � K.�� 	 f/
djdlq d frqwudglfwlrq ehfdxvh ri ���� ri ohppd 61 Wkhuhiruh/ �uEK.cKf� '
f lpsolhv erwk K. ' � dqg �MEK.cKf� ' f1

Zh qrz vkrz wkdw dq| ri wkh deryh fdqglgdwh htxloleuld fdq h{lvw1 Wr gr
wklv zh uhsodfh wkh htxloleulxp ydoxhv iru K. dqg Kf lq wkh ixqfwlrqv �M dqg
�u1 Wkdw lv/ iru wkh srrolqj htxloleulxp zlwk . ' f zh kdyh K. ' Ku/ dqg
iru wkh srrolqj htxloleulxp zlwk . ' . zh kdyh Kf ' Ku1

Lw lv vwudljkwiruzdug wr vkrz wkdw htxloleulxp frqglwlrqv iru wkh srrolqj
htxloleulxp zlwk . ' f duh vdwlv�hg zkhq Ku 	 �/ dqg wkdw erwk srrolqj
htxloleuld duh phw iru d vpdoo hqrxjk Ku � �/ vr wkdw iru wkh uhohydqw udqjh
ri sdudphwhuv erwk ri wkhvh htxloleuld gr h{lvw1 Vlqfh KM : Ku d qhfhvvdu|
frqglwlrq iru h{lvwhqfh ri d vhpl0vhsdudwlqj htxloleulxp lv wkdw KM : � : Ku1
Wklv hvwdeolvkhv wkh �uvw sduw ri sursrvlwlrq 61

Zh qrz surfhhg wr vkrz wkdw wkh fxw0r�v ri wkh wzr srrolqj htxloleuld
duh udqnhg dv iroorzv= 42M 	 4�M 1

Frqvlghu �uvw wkh srrolqj htxloleulxp zlwk . ' f dqg lwv fxw0r� 4�M 1 Zh
�uvw revhuyh wkdw 4�M lv wkh vroxwlrq wr wkh htxdwlrq �MEK.cKf� ' f/ ru

�MEKuc 7K� ' EKu � �� 7.
�
bn E�� b�

KM
Ku

�
� +5:,

b
�
7K� Ku

�
� ' f

Wr vhh wklv qrwh wkdw zh pxvw kdyh Ku � � +dqg wkhuhiruh K. : �, dw wkh
fxw0r�/ rwkhuzlvh li Ku 	 � erwk srrolqj htxloleulxp frqglwlrqv iru . ' f
duh vdwlv�hg vwulfwo|1 Exw K. : � lpsolhv e| ohppd 6 wkdw li �uEK.cKf� ' f
wkhq �MEK.cKf� : f1

Frqvlghu qrz wkh srrolqj htxloleulxp zlwk . ' .1 E| vlplodu uhdvrqlqj
wkh fxw0r� 42M lv wkh vroxwlrq wr wkh htxdwlrq �MEK.cKf� ' f1 Qrz/ lq wkh
srrolqj htxloleulxp zlwk . ' . wkh ixqfwlrq �MEK.cKf� lv jlyhq e|=
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�MEK.cKf� '
�
7K� �

�
.

�
bn E�� b�

KM
7K

�
� +5;,

b
�
Ku � 7K

�
�

Vxewudfwlqj htxdwlrq +5:, iurp +5;, dqg uhduudqjlqj zh rewdlq=

�MEK.cKf� ' b
�
7K� Ku

�
. n E�� b�.ZM

�
�

Ku
� �

7K

�
� 2b

�
Ku � 7K

�
�

vr wkdw �MEK.cKf� : f dw wkh fxw0r� 4�M 1 Ilqdoo|/ wr vkrz wkdw wkh fxw0r�
42M lv ehorz 4�M zh suryh wkdw lq wkh srrolqj htxloleulxp zlwk . ' . wkh
ixqfwlrq �MEK.cKf� lv lqfuhdvlqj lq 4M 1

Wr vhh wklv frpsxwh �uvw wkh ghulydwlyh _�M
_4
M

xvlqj +5;, dqg wkh idfw wkdw

_Ku
_4M

'
	D

V
dqg

_7K

_4M
'

�

V

�
�

� n6
n

6

� n6
	D
�

vr wkdw/

_�M
_4M

' b.
_7K

_4M
n E�� b�.

%
E�� �

7K
�
_KM
_4M

n
KM
7K2

_7K

_4M

&

n
b

V
E	D � E

�

� n6
n

6

� n6
	D��

Vlqfh lq wkh srrolqj htxloleulxp zlwk . ' . zh kdyh 7K : � wkh deryh
h{suhvvlrq lv wkh vxp ri wkuhh srvlwlyh whupv vr wkdw wkh ixqfwlrq �MEK.cKf�
lv lqfuhdvlqj lq 4M 1

Qrwh wkdw wklv dujxphqw dovr hvwdeolvkhv wkdw d srrolqj htxloleulxp zlwk
. ' . h{lvwv lq d qhljkerukrrg ri wkh olplwlqj srlqw 4�M vr wkdw wkhuh duh
pxowlsoh srrolqj htxloleuld lq d qhljkerukrrg ri 4�M 1

Uhihuhqfhv
^4` Ehuqdqnh/ E1V1 dqg F1V1 Orzq +4<<4, �Wkh Fuhglw Fuxqfk�/ Eurrnlqj

Sdshuv rq Hfrqrplf Dfwlylw|/ ss1 537056<1
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^5` Ehuqdqnh/ E1V1 dqg P1 Jhuwohu +4<<8, �Lqvlgh wkh Eodfn Er{= wkh Fuhglw
Fkdqqho ri Prqhwdu| Srolf| Wudqvplvvlrq�/ Qhz \run Xqlyhuvlw| Zrun0
lqj Sdshu1

^6` Ehuqdqnh E1V1 dqg P1Jhuwohu +4<<3, �Ilqdqfldo Iudjlolw| dqg Hfrqrplf
Shuirupdqfh�/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 438+4,/ ;:0447

^7` Erowrq/ S1 dqg [1Iuhl{dv +5333, �Htxlw|/ Erqgv dqg Edqn Ghew= Fdslwdo
Vwuxfwxuh dqg Ilqdqfldo Pdunhw Htxloleulxp xqghu Dv|pphwulf Lqiru0
pdwlrq�/ iruwkfrplqj Mrxuqdo ri Srolwlfdo Hfrqrp|

^8` Fhffkhwwl/ V1 +4<<<, �Ohjdo Vwuxfwxuh/ Ilqdqfldo Vwuxfwxuh dqg wkh Prq0
hwdu| Wudqvplvvlrq Phfkdqlvp� QEHU Zrunlqj Sdshu :484

^9` Fkr/ L1 N1 dqg G1 P1 Nuhsv +4<;:, �Vljqdoolqj jdphv dqg vwdeoh htxl0
oleuld� / Txduwhuo| Mrxuqdo ri Hfrqrplfv / 435/ ss14:<0554

^:` G|eylj/ S1 dqg ]hqghu/ M1 +4<<4, �Fdslwdo Vwuxfwxuh dqg Glylghqg Lu0
uhohydqfh zlwk Dv|pphwulf Lqirupdwlrq�/ Uhylhz ri Ilqdqfldo Vwxglhv
7/ ss153404<1

^;` Jdoh/ G1 +4<<6, / �Lqirupdwlrqdo Fdsdflw| dqg Ilqdqfldo Froodsvh� lq
F1Pd|hu dqg [1Ylyhv/ hgv1 Fdslwdo pdunhwv dqg �qdqfldo lqwhuphgl0
dwlrq11 Fdpeulgjh> Qhz \run dqg Phoerxuqh= Fdpeulgjh Xqlyhuvlw|
Suhvv/ sdjhv 44:07;1

^<` Jhuwohu/ P1 dqg V1 Jlofkulvw +4<<6, �Wkh Uroh ri Fuhglw Pdunhw Lp0
shuihfwlrqv lq wkh Prqhwdu| Wudqvplvvlrq Phfkdqlvp= Dujxphqwv dqg
Hylghqfh�/ Vfdqglqdyldq Mrxuqdo ri Hfrqrplfv/ <8/ 76097

^43` Jhuwohu/ P1 dqg V1 Jlofkulvw +4<<7, �Prqhwdu| Srolf|/ Exvlqhvv F|fohv/
dqg wkh Ehkdylru ri Vpdoo Pdqxidfwxulqj Ilupv�/ Txduwhuo| Mrxuqdo ri
Hfrqrplfv 43</ Pd|/ ss1 63<0731

^44` Jlovrq/ V1N1M1 dqg O1 Odqj +4<<3, �Wurxeohg Ghew Uhvwuxfwxulqjv= dq
Hpslulfdo Vwxg| ri Sulydwh Uhrujdql}dwlrq ri Ilupv lq Ghidxow�/ Mrxuqdo
ri Ilqdqfldo Hfrqrplfv 5:/ ss1 6480861

^45` Jruwrq/ J1 dqg D1Zlqwrq +4<<<, �Oltxlglw| Surylvlrq/ wkh Frvw ri Edqn
Fdslwdo/ dqg wkh Pdfurhfrqrp|�/ plphr/ Xqlyhuvlw| ri Plqhvrwd
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^46` Kropvwurp/ E1 dqg M1 Wluroh +4<<:, �Ilqdqfldo Lqwhuphgldwlrq/ Ordqdeoh
Ixqgv dqg wkh Uhdo Vhfwru� Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 445/ 9960
9<4

^47` Krvkl/ W1/ Ndvk|ds/ D1/ dqg G1 Vfkduivwhlq +4<<6, �Wkh Fkrlfh ehwzhhq
Sxeolf dqg Sulydwh Ghew= dq Dqdo|vlv ri Srvw0Ghuhjxodwlrq Frusrudwh
Ilqdqflqj lq Mdsdq� plphr/ PLW1

^48` Ndvk|ds/ D1/ Vwhlq/ M1F1/ dqg G1Z1 Zlofr{ +4<<6, �Prqhwdu| Srolf|
dqg Fuhglw Frqglwlrqv= Hylghqfh iurp wkh Frpsrvlwlrq ri H{whuqdo Il0
qdqfh�/ Dphulfdq Hfrqrplf Uhylhz ;6/ ss1 :;0<;1

^49` Ndvk|ds/ D1 dqg M1F1 Vwhlq +4<<7, �Prqhwdu| Srolf| dqg Edqn Ohqg0
lqj�/ lq Q1 Juhjru| Pdqnlz/ hg1Prqhwdu| Srolf|/ Xqlyhuvlw| ri Fklfdjr
Suhvv iru Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk1

^4:` Oxpphu/ V1 dqg M1 PfFrqqho +4<;<, �Ixuwkhu Hylghqfh rq wkh Edqn
Ohqglqj Surfhvv dqg wkh Uhdfwlrq ri wkh Fdslwdo Pdunhw wr Edqn Ordq
Djuhhphqwv�/ Mrxuqdo ri Ilqdqfldo Hfrqrplfv 58/ ss1 <<04551

^4;` P|huv/ V1F1 dqg Q1V1 Pdmoxi +4<;7, �Frusrudwh Ilqdqflqj dqg Lqyhvw0
phqw Ghflvlrqv zkhq Ilupv kdyh Lqirupdwlrq wkdw Lqyhvwruv gr qrw
kdyh�/ Mrxuqdo ri Ilqdqfldo Hfrqrplfv 46/ ss1 4;:05541

^4<` Rolqhu/ V1 dqg J1 Uxghexvk +4<<7, �Lv wkhuh d Eurdg Fuhglw FkdqqhoB�
Erdug ri Jryhuqruv/ plphr1

^53` Shwhuvhq/ P1 dqg U1 Udmdq +4<<7, �Wkh Ehqh�wv ri Ohqglqj Uhodwlrq0
vklsv= Hylghqfh iurp Vpdoo Exvlqhvv Gdwd�/ Mrxuqdo ri Ilqdqfh/ 7</
Pdufk/ ss1 606:1

^54` Shwhuvhq/ P1 dqg U1 Udmdq +4<<8, �Wkh H�hfw ri Fuhglw Pdunhw Frpsh0
wlwlrq rq Ohqglqj Uhodwlrqvklsv�/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 443/
Pd|/ ss1 73:0761

^55` Uhsxoor/ U1 dqg M1 Vxduh} +4<<;, �Hqwuhsuhqhxuldo Prudo Kd}dug dqg
Edqn Prqlwrulqj= d Prgho ri Wkh Fuhglw Fkdqqho�/ iruwkfrplqj/ Hxur0
shdq Hfrqrplf Uhylhz1

^56` Urphu/ F1 dqg G1 Urphu +4<<3, �Qhz Hylghqfh rq wkh Prqhwdu| Wudqv0
plvvlrq Phfkdqlvp�/ Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlylw|/ Qr 4/
47<0546

7:



^57` Vfkqhlghu/ P1 +4<<;, �Eruurzlqj Frqvwudlqwv lq d G|qdplf Prgho ri
Edqn Dvvhw dqg Oldelolw| Pdqdjhphqw�/ plphr/ Vwdqirug Xqlyhuvlw|

^58` Vwhlq/ M1 +4<<;, �Dq Dgyhuvh0Vhohfwlrq Prgho ri Edqn Dvvhw dqg Old0
elolw| Pdqdjhphqw zlwk Lpsolfdwlrqv iru wkh Wudqvplvvlrq ri Prqhwdu|
Srolf|� Udqg Mrxuqdo ri Hfrqrplfv/ 5</ Qr 6/ 7990;:

^59` Wkdnru/ D1 +4<<9, �Fdslwdo Uhtxluhphqwv/ Prqhwdu| Srolf|/ dqg Dj0
juhjdwh Edqn Ohqglqj= Wkhru| dqg Hpslulfdo Hylghqfh�/ Mrxuqdo ri
Ilqdqfh/ 84

^5:` Ydq ghq Khxyho/ V1 +4<<<, �Wkh Edqn Fdslwdo Fkdqqho ri Prqhwdu|
Srolf|�/ plphr/ \doh Xqlyhuvlw|
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