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Edqnv dwwlwxgh wrzdugv vshfxodwlyh ohqglqj lv w|slfdoo| uhjdughg dv

wkh uhvxow ri wudglqj0r� wkh vkruw0whup jdlqv iurp ulvn0wdnlqj djdlqvw

wkh ulvn ri orvv ri fkduwhu ydoxh1 Zh vwxg| wkh wudgh0r� ehwzhhq vwd0

elolw| dqg frpshwlwlrq lq d g|qdplf vhwwlqj zkhuh fkduwhu ydoxh gh0

shqgv rq ixwxuh pdunhw frpshwlwlrq1 Surprwlqj wkh wdnhryhu ri idlohg

edqnv e| vroyhqw lqvwlwxwlrqv uhvxowv lq juhdwhu pdunhw frqfhqwudwlrq

dqg odujhu uhqwv iru wkh vxuylylqj lqfxpehqwv1 Wklv frqyhuwv edqnv*

vshfxodwlyh ohqglqj ghflvlrqv lqwr vwudwhjlf vxevwlwxwhv/ judqwlqj dq dg0

glwlrqdo lqfhqwlyh wr uhpdlq vroyhqw1 Hqwu| srolf| pd| vxevhtxhqwo|

vhuyh wr �qh0wxqh wkh wudgh0r� ehwzhhq frpshwlwlrq dqg vwdelolw|1
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Uhjxodwlrq ri Ilqdqfldo Lqvwlwxwlrqv* lq Whqhulih/ dqg sduwlflsdqwv dw vhplqduv dw OEV dqg
Wloexuj/ iru khosixo frpphqwv dqg vxjjhvwlrqv1
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4 Lqwurgxfwlrq

Hfrqrplvwv dssuhfldwh frpshwlwlrq dv d srzhuixo vrxufh ri h!flhqf|/ d sulq0

flsoh zklfk dssolhv wr wkh edqnlqj vhfwru dv zhoo dv dq| rwkhu lqgxvwu|1 Lq0

fuhdvlqj frpshwlwlrq kdv klvwrulfdoo| sod|hg d odujh uroh lq uhgxflqj wkh frvwv

ri �qdqfldo lqwhuphgldwlrq1 Joredo �qdqfldo lqwhjudwlrq kdv ohg wr wkh hqwu|

ri iruhljq edqnv lq suhylrxvo| forvhg dqg frqfhqwudwhg edqnlqj pdunhwv/ ri0

ihulqj ehwwhu glyhuvl�fdwlrq rssruwxqlwlhv dqg uhgxflqj wkh frvw ri fdslwdo1

Krzhyhu/ lq pdq| frxqwulhv wkh surfhvv ri olehudol}dwlrq dqg ghuhjxodwlrq/

zklfk ohdgv wr juhdwhu frpshwlwlrq dqg hqwu|/ kdv iuhtxhqwo| ehhq iroorzhg

e| edqnlqj fulvhv14 Wklv h{shulhqfh kdv uhvxvflwdwhg d fodvvlf wkhph= wkh

wudgh0r� ehwzhhq vwdelolw| dqg frpshwlwlrq1

Kljko| ohyhuhg �upv kdyh lqfhqwlyhv wr h{sursuldwh wkhlu ohqghuv e| xq0

ghuwdnlqj h{fhvvlyh ulvnv +Mhqvhq dqg Phfnolqj/ 4<:9,1 Dprqj edqnv/ wkhvh

lqfhqwlyhv duh vwuhqjwkhq e| wzr idfwv1 Iluvw/ wkhlu pdlq dvvhw/ fuhglw/ lv

yhu| rsdtxh dqg fdq eh hdvlo| plvdoorfdwhg/ zlwk frqvhtxhqfhv ylvleoh rqo|

lq wkh phglxp dqg orqj whup1 Vhfrqg/ wkhlu pdlq ohqghuv/ ghsrvlwruv/ duh

wrr sdvvlyh dqg glvshuvhg wr h{huw h�hfwlyh glvflsolqh rq edqnv1 Lq idfw/ wkh

suhvhqfh ri ghsrvlw lqvxudqfh ohdyhv ghsrvlwruv zlwk olwwoh ru qr lqfhqwlyh wr

prqlwru wkh edqnv dqg/ shukdsv pruh lpsruwdqwo|/ jlyhv wkh edqnv dffhvv wr

yluwxdoo| xqolplwhg ixqglqj dw ulvn0iuhh udwhv15 Vr edqnv fdq wdnh h{fhvvlyh

ulvnv zlwkrxw ehlqj ghwhfwhg ru vx�hulqj lqfuhdvhg ixqglqj frvwv1 Lq dgglwlrq/

h{fhvvlyh ulvn wdnlqj lv hvshfldoo| frvwo| lq edqnlqj vlqfh edqn idloxuhv kdyh

lpsruwdqw h{whuqdo frvwv16

4H{dpsohv gxulqj wkh 4<<3v lqfoxgh Vzhghq/ Ilqodqg/ Uxvvld/ Exojduld/ dv zhoo dv pdq|
frxqwulhv lq Vrxwk Hdvw Dvld dqg Odwlq Dphulfd1 Fdsulr dqg Nolqjhelho +4<<:, grfxphqw
d uhfhqw lqfuhdvh lq wkh iuhtxhqf| ri edqnlqj fulvlv1

5Lpsolflw ru h{solflw ghsrvlw lqvxudqfh lv d srolf| uhvsrqvh wr wkh xqghuo|lqj ulvn ri
srwhqwldoo| vhoi0ixo�oolqj edqn uxqv +Gldprqg dqg G|eylj/ 4<;6,1

6Edqn idloxuhv glvuxsw wkh sd|phqwv v|vwhp/ kxuw lqyhvwru frq�ghqfh lq rwkhu edqnv/
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Klvwrulfdoo|/ wkh uhvwulfwlrq ri frpshwlwlrq kdv ehhq xvhg doprvw hyhu|0

zkhuh dv d wrro wr hqkdqfh edqnlqj vwdelolw|/ srvvleo| dv d uhvsrqvh wr dxwkrul0

wlhv* olplwhg fdsdelolw| wr gluhfwo| prqlwru edqnv* ohqglqj srolflhv17 Dfdghplf

uhvhdufk kdv lghqwl�hg wzr fkdqqhov wkurxjk zklfk edqnv* pdunhw srzhu dqg

ulvn0wdnlqj lqwhudfw1 Iluvw/ pdunhw srzhu d�hfwv wkh sulflqj ri ghsrvlwv dqg

ordqv/ dqg kdv lpsolfdwlrqv iru edqnv* lqfhqwlyhv wr prqlwru dqg wr jdwkhu

lqirupdwlrq rq eruurzhuv/ dqg wkxv iru wkh suredelolw| ri idloxuh +Pdwxwhv

dqg Ylyhv/ 4<<9 dqg 5333/ Dqdqg dqg Jdohwrylf/ 4<<:> Vfkqlw}hu/ 4<<;> Fdp0

lqdo dqg Pdwxwhv/ 5333,1 Vhfrqg/ pdunhw srzhu lqfuhdvhv wkh ydoxh ri edqn

fkduwhuv/ zkrvh orvv lq fdvh ri idloxuh frqvwlwxwhv d ghwhuuhqw iru ulvn0wdnlqj

+Nhhoh|/ 4<<3> Vxduh}/ 4<<7> Khoopdqq/ Pxugrfn/ dqg Vwljolw}/ 5333,18

Zkloh wkh olwhudwxuh kdv orqj uhfrjql}hg wkh g|qdplf wudgh0r� ehwzhhq

wkh vkruw whup jdlqv iurp vshfxodwlyh ohqglqj dqg wkh ixwxuh uhqwv orvw lq

fdvh ri idloxuh/ lw kdv vr idu wuhdwhg wkh lqwhqvlw| ri frpshwlwlrq dv h{rjhqrxv

dqg frqvwdqw ryhu wlph1 Lq rwkhu zrugv/ lw kdv ljqruhg wkh srvvlelolw| wkdw

edqn idloxuhv prgli| wkh pdunhw vwuxfwxuh ri wkh edqnlqj vhfwru1 \hw/ li

edqnv wkdw idlo duh hlwkhu forvhg ru phujhg/ frqfhqwudwlrq lv olnho| wr ulvh/ dw

ohdvw whpsrudulo|/ xqwlo wkh hqwu| ri qhz edqnv uhvwruhv wkh orqj0uxq ohyho ri

frpshwlwlrq19 Vxuylylqj edqnv pd| wkhq sur�w +dw ohdvw whpsrudulo|, iurp

dqg glvvlsdwh lqirupdwlrq fdslwdo rq eruurzhuv +Pdlodwk dqg Phvwhu/ 4<<7,1
7Edqn prqrsrolhv zhuh frpprq lq wkh hduo| |hduv ri edqnlqj lq frxqwulhv vxfk dv

Iudqfh/ wkh XN/ dqg wkh XV1 Hyhq dw wkh ehjlqqlqj ri wkh 4<wk fhqwxu|/ wkhuh zhuh mxvw irxu
fkduwhuhg edqnv lq wkh XV dqg wkh jhqhudo ylhz zdv wkdw olplwhg frpshwlwlrq zdv hvvhqwldo
iru vwdelolw|1 Hyhq zkhq wkh hduo| roljrsrolvwlf vwuxfwxuh zdv uhod{hg/ orfdo edqnlqj pdunhwv
dqg surgxfwv zhuh vwurqjo| vhjphqwhg1 Olehudol}dwlrq lv d uhfhqw skhqrphqrq zklfk
frphv wrjhwkhu zlwk wkh lqwurgxfwlrq ri qhz dqg pruh vrsklvwlfdwhg wrrov ri uhjxodwlrq
dqg vxshuylvlrq +vxfk dv ulvn0edvhg fdslwdo uhtxluhphqwv dqg sxeolf udwlqjv,1

8Forvxuh lv d zd| wr sxqlvk wkh pdqdjhuv dqg rzqhuv ri d idlohg edqn/ exw uhsodflqj
wkhp fdq dfklhyh d vlplodu glvflsolqdu| h�hfw1 Wkh frpprq sudfwlfh lv qrw wr forvh d idlohg
edqn exw wr phujh lw zlwk d khdowk| edqn +Kdznlqv dqg Wxuqhu/ 4<<<,1

9Vkxoo +4<<9, dujxhv wkdw wkh kljk ohyhov ri frqfhqwudwlrq lq orfdo duhdv revhuyhg lq
wkh XV lq wkh srvw0zdu hud zhuh �hvwdeolvkhg e| wkh edqn idloxuhv ri wkh hduo| 4<63v dqg
jxdudqwhhg e| wkh cqhhgv whvw* iru qhz fkduwhuv� +ss1 5;8, wkdw h{lvwhg dw wkh wlph1
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wkhlu frpshwlwruv* idloxuh/ lqwurgxflqj dq dgglwlrqdo g|qdplf wudgh0r� iru

ulvn0wdnlqj= wkh odvw edqn vwdqglqj h�hfw1

Wkh odvw edqn vwdqglqj h�hfw vwuhqjwkhqv wkh vwdqgdug fkduwhu ydoxh hi0

ihfw dqg hqkdqfhv edqnv* lqfhqwlyhv iru suxghqfh1 Zh vkrz wkdw lwv pdlq

frqvhtxhqfh lv wr pdnh wkh vshfxodwlyh ohqglqj ghflvlrqv ri frpshwlqj edqnv

vwudwhjlf vxevwlwxwhv= lq rwkhu zrugv/ lw pdnhv d edqn*v lqfhqwlyh wr wdnh ulvn

ghfuhdvh dv wkh ulvn wdnhq e| lwv frpshwlwru lqfuhdvhv1 Suxghqfh lv vwlpx0

odwhg e| edqnv* h{shfwdwlrq ri rewdlqlqj odujhu uhqwv li wkhlu frpshwlwruv idlo1

Wklv h{shfwdwlrq pd| eh mxvwl�hg e| wkh whpsrudu| lqfuhdvh lq frqfhqwud0

wlrq iroorzlqj wkh h{lw ri wkh idlohg edqnv1 Dq dfwlyh phujlqj srolf| e| edqn

dxwkrulwlhv/ zklfk doorzv wkh vxuylyruv wr wdnh ryhu wkh exvlqhvv ri wkh idlohg

edqnv rq frqfhvvlrqdu| whupv surylghv h{dfwo| wklv h�hfw1

Zh dqdo|}h wkh hqkdqfhphqw ri wkh fkduwhu ydoxh h�hfw fdxvhg e| phujhu

srolf| lq dq h{solflw g|qdplf prgho lq zklfk wkh ohyho ri frqfhqwudwlrq lq

wkh edqnlqj lqgxvwu| lv hqgrjhqrxv/ dqg  xfwxdwhv ehwzhhq kljkhu dqg orzhu

ohyhov ri frpshwlwlrq1: Frqfhqwudwlrq lv gulyhq e| h{lw dqg hqwu|/ zklfk lq

wxuq ghshqg rq edqn idloxuhv/ dqg wkh srolf| ri edqn dxwkrulwlhv rq phujhuv

dqg hqwu|1; Dq lpsruwdqw uhvxow lv wkdw kljk fxuuhqw frqfhqwudwlrq grhv qrw

qhfhvvdulo| lpso| ohvv vshfxodwlyh ohqglqj> lw pd| dfwxdoo| djjudydwh lw1 Wkh

uhdvrq lv wkdw/ vlqfh kljkhu pdunhw srzhu lv whpsrudu| +gxh wr hqwu|,/ fkduwhu

ydoxh xqghu d pruh frqfhqwudwhg pdunhw vwuxfwxuh pd| rqo| eh prghudwho|

:Lq wkh prgho zh h{solflwo| irfxv rq frpshwlwlrq lq wkh +lqvxuhg, ghsrvlw pdunhw1
Zkloh frpshwlwlrq lq ohqglqj lv dovr lpsruwdqw/ lwv h�hfwv duh yhu| prgho0vhqvlwlyh/ dv wkh|
ghshqg rq dvvxpswlrqv derxw wkh lqirupdwlrqdo eduulhuv wr hqwu| dqg wkh dssursuldelolw|
ri lqirupdwlrq lwvhoi1 \hw rxu uhvxowv duh urexvw dv orqj dv orzhu frpshwlwlrq lq ohqglqj
ohdgv wr dq lqfuhdvh lq edqnv* h{shfwhg sur�wv1

;Phujhu srolf| lv hpehgghg lq wkh lqwhuyhqwlrq sudfwlfhv wkdw ghwhuplqh zkhwkhu d
idlohg edqn lv sxw lq kdqgv ri dq hqwudqw ru phujhg zlwk d khdowk| edqn1 Wkh srolf| rq
hqwu| uh hfwv wkh h{solflw hqwu| uhtxluhphqwv vhw e| edqn uhjxodwlrq dv zhoo dv rwkhu idfwruv/
vxfk dv wkh wrohudqfh ri frpshwlwlrq dxwkrulwlhv wrzdugv wkh hqwu|0ghwhuuhqfh vwudwhjlhv ri
lqfxpehqw edqnv1
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kljkhu wkdq lq qrupdo pdunhw frqglwlrqv/ zkloh wkh whpsrudulo| odujhu pdunhw

vkduh lqfuhdvhv wkh vfdoh ri wkh vkruw0whup jdlqv iurp vshfxodwlyh ohqglqj1

Frqvhtxhqwo|/ wkh whpswdwlrq wr jdpeoh fdq eh vwurqjhu wkdq xqghu pruh

frpshwlwlrq1

Lqvwhdg/ d kljkhu ohyho ri frqfhqwudwlrq lq wkh ixwxuh/ frqwlqjhqw rq uh0

pdlqlqj vroyhqw zkloh rwkhu edqnv idlo/ kdv d qrq0dpeljxrxv gdpshqlqj h�hfw

rq wkh lqfhqwlyhv iru vshfxodwlyh ohqglqj1 Wklv surylghv d udwlrqdoh/ edvhg

rq suxghqwldo frqfhuqv/ iru wkh frpprq sudfwlfh dprqj edqn dxwkrulwlhv ri

hqfrxudjlqj wdnhryhuv ri idlohg edqnv e| khdowk| lqvwlwxwlrqv/ udwkhu wkdq

nhhslqj wkh idlohg edqnv dv lqghshqghqw hqwlwlhv1 Zkloh wklv sudfwlfh uh0

gxfhv frpshwlwlrq/ lw pd| eh dssursuldwh iru frxqwulhv zlwk zhdn uhjxodwru|

iudphzrunv/ vxfk dv Uxvvld +Shurwwl/ 5334,1 Dfwxdoo|/ zh duh frqylqfhg wkdw

wkh xqghuo|lqj prwlydwlrq h{sodlqv dovr/ lq sduw/ wkh hvwdeolvkhg sudfwlfh lq

ghyhorshg frxqwulhv1<

Dq dfwlyh phujlqj srolf| iru idlohg edqnv/ wrjhwkhu zlwk d uhvwulfwlyh hq0

wu| srolf|/ lqfuhdvhv wkh ohyho ri frqfhqwudwlrq lq wkh diwhupdwk ri d fulvlv1

Dq rswlpdo srolf| pxvw wudgh r� wkh ghdgzhljkw orvvhv gxh wr vxfk uhgxfhg

frpshwlwlrq djdlqvw wkh h!flhqf| jdlq gxh wr uhgxfhg vshfxodwlyh ohqglqj1

Zh �qg wkdw zkhq edqnv duh lqfolqhg wrzdugv vshfxodwlyh ohqglqj/ lw lv dozd|v

rswlpdo wr pd{lpl}h frqfhqwudwlrq diwhu d fulvlv/ dqg wr �qh0wxqh wkh wudgh0

r� ehwzhhq frpshwlwlrq dqg vwdelolw| e| dgmxvwlqj wkh udwh ri vxevhtxhqw

hqwu|1 Wkh lqwxlwlrq lv wkdw/ lqfuhdvlqj wkh suredelolw| ri kljk frqfhqwudwlrq

diwhu wkh fulvlv dqg uhgxflqj wkh hqwu| udwh duh htxdoo| frvw0h�hfwlyh phdqv

wr uhzdug wkh edqnv wkdw vxuylyh d srvvleoh fulvlv1 Krzhyhu/ wkh lqgl�huhqfh

euhdnv li wkh zhoiduh fulwhulrq dvvljqv srvlwlyh suredelolw| wr wkh srvvlelolw| ri

<Wkh uhjxodwru| sureohp zrxog ehfrph wulyldo xqghu vx!flhqwo| odujh ru ixoo| ulvn0
edvhg fdslwdo uhtxluhphqwv1 \hw/ jlyhq wkh gl!fxowlhv wr dvvhvv wkh wuxh ydoxh ri edqn
fdslwdo dqg wkh txdolw| ri xqwudghg edqn dvvhwv lq d zhdn lqvwlwxwlrqdo frqwh{w/ lw pd| qrw
srvvleoh wr prqlwru frpsoldqfh zlwk fdslwdo uhtxluhphqwv1
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vwduwlqj xs zlwk kljk frqfhqwudwlrq1 Lq vxfk d fdvh/ uhgxflqj wkh hqwu| udwh

kdv wkh dgglwlrqdo frvw ri vorzlqj grzq wkh wudqvlwlrq wr d pruh ghvludeoh

orz frqfhqwudwlrq vwdwh/ vr lw lv dozd|v rswlpdo wr pd{lpl}h wkh suredelo0

lw| ri kljk frqfhqwudwlrq diwhu wkh fulvlv dqg wkhuhe| plqlpl}h wkh uhtxluhg

uhgxfwlrq lq wkh hqwu| udwh143

Rxu dqdo|vlv frpsohphqwv wkh h{lvwlqj olwhudwxuh rq rswlpdo lqwhuyhqwlrq

ri edqnv lq wurxeoh/ zklfk kdv irfxvhg rq wkh rswlpdo irup ri edlorxw iru dq

lqglylgxdo wurxeohg edqn144 Zh dvvxph wkdw olplwhg oldelolw| olplwv wkh sxq0

lvkphqw iru pdqdjhuv dqg rzqhuv ri d idlohg edqn/ dqg irfxv rq wkh srwhqwldo

uhzdug iru vroyhqf| lqwurgxfhg e| dq dfwlyh phujlqj srolf|1 Frqvlghulqj wkh

vwudwhjlf lqwhudfwlrq ehwzhhq wkh ulvn0wdnlqj ghflvlrqv ri frpshwlqj edqnv

doorzv xv wr lghqwli| d suxghqwldo prwlyh iru uho|lqj rq phujhuv +udwkhu wkdq

uhvfxhv gluhfwhg wr uh rdw wkh idlohg edqnv dv lqghshqghqw hqwlwlhv, lq wkh

uhvroxwlrq ri edqnlqj fulvlv1

Rxu sdshu dovr frpsohphqwv wkh glvfxvvlrq rq edqn phujhuv1 Iru ihdu ri

ghvwdelol}lqj frqvhtxhqfhv ri d wrr �hufh frpshwlwlrq lq edqnlqj/ frpshwlwlrq

dxwkrulwlhv kdyh ehhq pruh ohqlhqw wrzdugv frqvrolgdwlrq lq edqnlqj wkdq

lq rwkhu lqgxvwulhv145 Zh dgg d g|qdplf txdol�fdwlrq wr wklv glvfxvvlrq=

43Rxu qrupdwlyh uhvxowv suhvxph wkdw vxshuylvru| dxwkrulwlhv fdq frpplw wr d orqj0whup
lqwhuyhqwlrq dqg hqwu| srolf|1 Iurp wkh shuvshfwlyh ri wkh h{ dqwh zhoiduh wudgh0r�v/ d
fhuwdlq vdful�fh ri frpshwlwlrq iru vwdelolw| dozd|v pdnhv vhqvh1 \hw/ h{ srvw/ dxwkrulwlhv
pd| kdyh d whpswdwlrq wr lqfuhdvh frpshwlwlrq1 Wklv wlph0lqfrqvlvwhqf| sureohp lv rqh
pruh ri wkh srolf| frpplwphqw sureohpv idfhg e| fhqwudo edqnv dqg uhjxodwru| djhqflhv1
Lq jhqhudo/ wkh vroxwlrqv jlyhq wr wkhvh sureohpv frqvlvw lq dssrlqwlqj srolf|pdnhuv zkrvh
olqnv wr wkh lqgxvwu|/ �gxfldu| gxwlhv/ uhsxwdwlrq ru/ shukdsv/ h{solflw uhpxqhudwlrq eldv
wkhlu srolf| suhihuhqfhv wrzdugv orqj0whup vwdelolw| �dowkrxjk vrph ri wkhvh fkrlfhv pd|
lqfuhdvh wkh ulvn ri uhjxodwru| fdswxuh1

44Erwk Djklrq hw do1 +4<<;, dqg Plwfkhoo +4<<;d, rewdlq dq rswlpxp ghjuhh ri uhjxod0
wru| lqwhuyhqwlrq lq d frqwh{w ri dv|pphwulf lqirupdwlrq= d wrxjk lqwhuyhqwlrq srolf| ohdgv
edqnv wr klgh wkhlu gl!fxowlhv/ fdxvlqj ghwhulrudwlrq ri froodwhudo/ zkloh d vriw dssurdfk
zhdnhqv wkh lqfhqwlyhv iru suxghqfh1 Iuhl{dv +4<<<, dujxhv wkdw wkh rswlpdo srolf| vkrxog
eh fkdudfwhul}hg e| �frqvwuxfwlyh dpeljxlw|�/ l1h1 wkh dxwkrulwlhv vkrxog iroorz d pl{hg
vwudwhj|1

45Vhh Ylyhv +5334, dqg wkh uhihuhqfhv wkhuhlq iru d glvfxvvlrq ri dqwl0wuxvw srolflhv lq
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wrohudwlqj whpsrudu| frqvrolgdwlrq lq wkh diwhupdwk ri d fulvlv kdv wkh h{

dqwh ghvludeoh h�hfw ri surprwlqj vwdelolw| e| uhzduglqj wkrvh edqnv wkdw

uhpdlqhg vroyhqw gxulqj wkh fulvlv1 Wkxv wkh rswlpdo srolf| wudgh0r� ehwzhhq

vwdelolw| dqg frpshwlwlrq lv qrw vwdwlf/ exw vwdwh0frqwlqjhqw1

Wkh vwuxfwxuh ri wkh sdshu lv dv iroorzv1 Vhfwlrq 5 ghvfulehv wkh edvlf

prgho1 Vhfwlrq 6 fkdudfwhul}hv wkh v|pphwulf htxloleulxp lq wkh edqnv* ohqg0

lqj jdph1 Vhfwlrq 7 h{dplqhv lwv frpsdudwlyh vwdwlfv1 Vhfwlrq 8 irfxvhv

rq wkh ghvljq ri wkh rswlpdo uhjxodwru| srolf|1 Vhfwlrq 9 frqwdlqv d eulhi

glvfxvvlrq ri dv|pphwulf htxloleuld dqg wkh uhjxodwru*v frpplwphqw sure0

ohp1 Vhfwlrq : frqfoxghv1 Wkh surriv ri doo wkh irupdo uhvxowv dsshdu lq wkh

Dsshqgl{1

5 Wkh prgho

Wlph lv frqwlqxrxv dqg lqgh{hg e| |� Doo djhqwv duh ulvn qhxwudo dqg lq�qlwho|

olyhg/ dqg glvfrxqw wlph dw wkh udwh o1 Wkhuh h{lvwv d edqnlqj lqgxvwu| pdgh

xs ri wzr edqn eudqfkhv1 Dw dq| srlqw lq wlph/ hdfk ri wkhvh eudqfkhv pd| eh

rzqhg dqg pdqdjhg e| d gl�huhqw edqnhu ru e| wkh vdph rqh1 Wkh edqnlqj

lqgxvwu| lv d gxrsro| lq wkh �uvw fdvh dqg d prqrsro| lq wkh vhfrqg1 Dfwlyh

edqnhuv frph rxw iurp d odujh srsxodwlrq ri srwhqwldo edqnhuv1

Hdfk edqn eudqfk wdnhv rqh xqlw ri lqvxuhg ghsrvlwv hlwkhu iurp vrph

orfdo ghsrvlwruv/ rq zklfk wkh| fdq h{huw pdunhw srzhu/ ru iurp ghsrvlwruv

dw vrph �qdqfldo fhqwhu/ zkr uhtxluh vrph jlyhq lqwhuhvw udwh1 Wkhvh ixqgv

duh lqyhvwhg lq hlwkhu suxghqw ohqglqj ru vshfxodwlyh ohqglqj1 Xqghu suxghqw

ohqglqj/ wkh  rz ri sur�wv shu eudqfk dqg xqlw ri wlph lv Z lq d gxrsro| dqg

ri E� n 4� Z lq d prqrsro|/ zkhuh 4 : f fdswxuhv wkh h{lvwhqfh ri uhqwv gxh

wr wkh devhqfh ri frpshwlwlrq lq wkh orfdo ghsrvlw pdunhw1 Lpsruwdqwo| iru

edqnlqj1
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wkh srolf| dqdo|vlv/ wkhvh uhqwv frph dw d frvw E�n ��4Z shu eudqfk dqg xqlw

ri wlph lq whupv ri orfdo ghsrvlwruv* vxusoxv146

Xqghu erwk pdunhw vwuxfwxuhv/ vshfxodwlyh ohqglqj dggv dq h{wud  rz

uhwxuq ri �Z shu eudqfk dqg xqlw ri wlph/ exw ohdyhv wkh edqn h{srvhg wr

vroyhqf| vkrfnv1 Vroyhqf| vkrfnv rffxu udqgrpo| dffruglqj wr d Srlvvrq

surfhvv zlwk duulydo udwh b dqg surgxfh fdslwdo orvvhv rq vshfxodwlyh ohqglqj

htxlydohqw wr d iudfwlrq j 	 � ri wkh pdqdjhg ixqgv1 Zh dvvxph wkdw

�Z � bj 	 fc +4,

vr wkh h{shfwhg qhw uhwxuq iurp vshfxodwlyh ohqglqj +uhodwlyh wr suxghqw ohqg0

lqj, lv qhjdwlyh1

Zh dovr dvvxph wkdw j lv odujh uhodwlyh wr wkh shushwxlw| ydoxh ri d

eudqfk*v ixwxuh sur�wv vr wkdw edqnhuv klw e| d vroyhqf| vkrfn duh xqzloolqj

wr uhvwruh wkh vroyhqf| ri wkhlu edqnv wkurxjk d yroxqwdu| uhfdslwdol}dwlrq147

Wkxv/ zkhqhyhu d edqn ehfrphv lqvroyhqw/ d edqnlqj dxwkrulw| lqwhuyhqhv/

uhsodfhv wkh idlohg edqnhu/ dqg frqwulexwhv �� j wr hdfk idlohg eudqfk vr dv

wr ixoo| sd| edfn wr lwv ghsrvlwruv1

Wkh edqnlqj dxwkrulw| pxvw dovr ghflgh zkr zloo rzq dqg pdqdjh wkh

eudqfkhv ri wkh idlohg edqn iurp wkdw srlqw rqzdugv1 Zh dvvxph wkdw zkhq

doo wkh lqfxpehqw edqnv idlo/ wkh dxwkrulwlhv rsw iru wzr qhz edqnhuv/ jlylqj

udlvh wr d gxrsro|/ vlqfh lq wklv fdvh wkhuh lv qr uhdvrq wr uhzdug dq| ri

wkh suhylrxv edqnhuv dqg frpshwlwlrq surgxfhv d kljkhu vrfldo uhwxuq1 Lq

frqwudvw/ zh frqvlghu wkh srvvlelolw| wkdw zkhq rqo| rqh gxrsrolvw edqn idlov/

lwv frpshwlwru lv doorzhg wr wdnh ryhu wkh idlohg eudqfk dv d uhzdug iru eh0

lqj vroyhqw148 Wkh suredelolw| wkdw vxfk d srolf| frqyhuwv wkh vxuylyru lqwr

46Wkh Dsshqgl{ vkrzv krz wkh sdudphwhuv � dqg � ri rxu uhgxfhg irup fdq eh uhodwhg
wr wkh sulplwlyhv ri dq h{solflw prgho ri frpshwlwlrq lq wkh orfdo ghsrvlw pdunhw1

47Lq whupv ri wkh qrwdwlrq xvhg ehorz/ zh dvvxph wkdw � h{fhhgv d edqnhu*v ydoxh ri
ehlqj d gxrsrolvw/ yG> dqg dovr d kdoi ri wkh ydoxh ri ehlqj d prqrsrolvw/ yP =

48Wklv fdq wdnh wkh irup ri hlwkhu d +iuhh, phujhu wkurxjk zklfk wkh eudqfk ri wkh idlohg
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d +whpsrudu|, prqrsrolvw lv ghqrwhg e| >1 Zh zdqw wr dqdo|}h zkhwkhu

wkh survshfwv ri ehfrplqj d prqrsrolvw lv d xvhixo �fduurw� iru hqfrxudjlqj

gxrsrolvw edqnhuv wr ohqg suxghqwo|1

Zh wklqn ri gxrsro| dv wkh vwdeoh +ru orqj0uxq, pdunhw vwuxfwxuh ri wkh

edqnlqj lqgxvwu|= rqh lq zklfk uhqwv duh orz hqrxjk iru qr ixuwkhu hqwu| wr

wdnh sodfh1 Zh wklqn ri prqrsro|/ lqvwhdg/ dv d pdunhw vwuxfwxuh lq zklfk

h{wud sur�wv fdoo iru ixuwkhu hqwu|1 Zh prgho wklv hqwu| dv d Srlvvrq surfhvv

zlwk duulydo udwh B�Zkhq d qhz edqnhu hqwhuv/ wkh lqfxpehqw orvhv rqh ri wkh

edqn eudqfkhv lq idyru ri wkh hqwudqw dqg wkh lqgxvwu| ehfrphv d gxrsro|

djdlq1 Wkxv pdunhw vwuxfwxuh zloo hyroyh lq uhvsrqvh wr wkh h{lwv gxh wr

edqn idloxuh/ wkh phujlqj srolf| dssolhg e| wkh dxwkrulwlhv zkhq rqo| rqh

gxrsrolvw idlov/ >/ dqg wkh udwh dw zklfk wkh hqwu| ri d frpshwlwru pdnhv

edqn prqrsrolhv duulyh wr dq hqg/ B1

Zh frqvlghu wkdw erwk > dqg B duh ghwhuplqhg e| d orqj0whup uhjxodwru|

dqg vxshuylvru| iudphzrun vhw xs dw vrph h{ dqwh gdwh e| d ehqhyrohqw vrfldo

sodqqhu149 Dujxdeo| wkh phujlqj udwh > uhodwhv wr fulvlv uhvroxwlrq sudfwlfhv1

Lq sduwlfxodu/ wr wkh dwwlwxgh ri vxshuylvruv wrzdugv frpshwlwlrq dqg frqfhq0

wudwlrq gxulqj hslvrghv ri edqn idloxuh1 Zh wklqn wkdw hlwkhu e| ghyhorslqj d

uhsxwdwlrq iru uhzduglqj wkh vroyhqw lqfxpehqwv ru mxvw e| ghohjdwlqj wkh vx0

shuylvru| ixqfwlrq wr dq djhqw forvh wr wkh lqwhuhvwv ri wkh edqnlqj lqgxvwu|/

lw lv srvvleoh wr lpsohphqw wkh ghvluhg >� Rq wkh rwkhu kdqg/ li srwhqwldo qhz

edqnhuv idfh udqgrp wlph0ydu|lqj hqwu| frvwv/ wkh hqwu| udwh B fdq eh frq0

wuroohg wkurxjk wkh vwulqjhqf| ri uhjxodwru| hqwu| uhtxluhphqwv ru wkurxjk

wkh wrohudqfh ri edqn frpshwlwlrq dxwkrulwlhv wrzdugv lqfxpehqwv* hqwu| gh0

edqn lv irupdoo| wudqvihuuhg wr wkh vroyhqw edqn ru d +whpsrudu|, forvxuh ri wkh frpshwlqj
eudqfk1 Zkdw pdwwhuv lv wkdw wkh vroyhqw edqnhu rewdlqv wkh jdlqv iurp ehfrplqj d
prqrsrolvw1

49Wkh lpsruwdqfh ri frpplwphqw iru wkh lpsohphqwdwlrq ri wkh rswlpdo srolf| lv glv0
fxvvhg lq Vhfwlrq 91
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whuuhqfh vwudwhjlhv1

6 Htxloleulxp

Wkh lqjuhglhqwv ghvfulehg deryh gh�qh d vwrfkdvwlf jdph lq frqwlqxrxv wlph1

Dw dq| gdwh | wkhuh duh wzr srvvleoh vwdwhv/ ghshqglqj rq zkhwkhu wkh edqn0

lqj lqgxvwu| lv d prqrsro|/ r| ' �c ru d gxrsro|/ r| ' (� Lq prqrsro| gdwhv/

d vlqjoh edqnhu sod|v djdlqvw qdwxuh/ ghflglqj krz wr ohqg wkh ghsrvlwv pdq0

djhg e| klv wzr eudqfkhv1 Lq gxrsro| gdwhv/ wkhuh duh wzr edqnhuv/ rqh dw

hdfk eudqfk/ ghflglqj krz wr ohqg wkhlu uhvshfwlyh ghsrvlwv1 Wkhvh vlpsoh

vwdjh jdphv duh uhshdwhg xqwlo wkh duulydo ri d vroyhqf| vkrfn/ dw dq| gdwh/

ru dq hqwudqw/ lq d prqrsro| gdwh/ surgxfhv wkh idloxuh ri rqh ri wkh h{lvwlqj

edqnv dqg2ru prgl�hv wkh pdunhw vwuxfwxuh ri wkh edqnlqj vhfwru1 Zkhq d

edqn idlov/ wkh fruuhvsrqglqj edqnhu lv glvplvvhg dqg h{lwv wkh jdph1 Exw

wkh jdph frqwlqxhv zlwk wkh vxuylyru edqnhu dqg2ru wkh qhz edqnhuv zkr

uhsodfh wkh idlolqj rqhv1

Lq wkh dqdo|vlv ri wkh edqnhuv* jdph/ zh uhvwulfw dwwhqwlrq wr Pdunry

vwudwhjlhv/ wkdw lv/ zh dvvxph wkdw wkh sdvw lq xhqfhv fxuuhqw sod| rqo|

wkurxjk wkh vwdwh yduldeoh r|c zklfk vxppdul}hv wkh h�hfw ri klvwru| rq sd|0

r� ixqfwlrqv dqg dfwlrq vsdfhv1 Iru wudfwdelolw|/ zh dovr lpsrvh v|pphwu| lq

edqnhuv vwudwhjlhv14: Dffruglqjo|/ zh ghvfuleh wkh Pdunry ohqglqj vwudwhj|

ri d uhsuhvhqwdwlyh edqnhu dv d sdlu E6c _� 5 dfc �o � dfc �o wkdw/ doorzlqj iru

pl{hg vwudwhjlhv/ vshfl�hv wkh suredelolw| wkdw kh jhwv lqyroyhg lq vshfxodwlyh

ohqglqj zkloh lq prqrsro| dqg gxrsro|/ uhvshfwlyho|1

Dgrswlqj wkh qrwlrq ri Pdunry Shuihfw Htxloleulxp/ dq htxloleulxp vwudw0

hj| zrxog eh d sdlu E6c _� lqyroylqj dq lqvwdqwdqhrxv ehvw uhvsrqvh wr frp0

4:Lq Vhfwlrq 9 zh eulh | glvfxvv wkh dv|pphwulf Pdunry Shuihfw Htxloleuld wkdw wkh
prgho pd| vxssruw lq vrph uhjlrqv ri wkh sdudphwhu vsdfh1
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shwlqj edqnhuv zkr/ e| v|pphwu|/ iroorz wkh vdph vwudwhj|1 Wr fkdudfwhul}h

wkhvh uhflsurfdo ehvw uhvsrqvhv zh fdq xvh g|qdplf surjudpplqj1 Jlyhq wkh

wlph0lqyduldqw qdwxuh ri wkh sureohp/ zh khuhdiwhu gurs doo wlph lqglfhv1

Ohw �� dqg �( ghqrwh wkh ydoxhv ri d prqrsrolvw edqn dqg d gxrsrolvw

edqn/ uhvshfwlyho|1 Wkh lqvwdqwdqhrxv uhwxuq iurp ehlqj d prqrsrolvw lv wkxv

jlyhq e| wkh Ehoopdq htxdwlrq=

o�� ' 4@ 
6Mdfc�o

d2 E� n 4n �6�Z � b��6� BE�� � �(�o � +5,

Wkh �uvw whup lq lwv UKV froohfwv wkh vwdjh sur�wv iurp suxghqw ru vshfxodwlyh

ohqglqj/ wkh vhfrqg uhsuhvhqwv wkh h{shfwhg fdslwdo orvvhv gxh wr glvplvvdo li

wkh edqn lv klw e| d vroyhqf| vkrfn/ dqg wkh wklug dffrxqwv iru wkh h{shfwhg

fdslwdo orvv iurp ehfrplqj d gxrsrolvw li dq hqwudqw duulyhv1 Wkh pxowlsol0

fdwlrq e| wzr lq wkh �uvw whup uh hfwv wkdw wkh prqrsrolvw edqnhu rzqv wkh

wzr eudqfkhv1

Wr ghulyh d vlplodu h{suhvvlrq iru d gxrsrolvw/ ohw _W ghqrwh wkh ohqglqj

vwudwhj| iroorzhg e| klv frpshwlwru gxrsrolvw1 Wkhq

o�( ' 4@ 
_Mdfc�o

dE� n �_�Z � b�(_n b_WE�� _�>E�� � �(�o c +6,

zkhuh wkh �uvw dqg vhfrqg whupv lq wkh UKV fdq eh lqwhusuhwhg h{dfwo| dv

lq +5,/ zkhuhdv wkh wklug dffrxqwv iru wkh h{shfwhg fdslwdo jdlq wkdw wkh

gxrsrolvw rewdlqv li/ dw wkh duulydo ri d vroyhqf| vkrfn/ kh vxuylyhv klv frp0

shwlwru dqg jhwv frqwuro ri wkh idlohg eudqfk/ ehfrplqj d prqrsrolvw1

Dq htxloleulxp lv d ohqglqj vwudwhj| E6c _� wkdw vroyhv wkh Ehoopdq htxd0

wlrqv +5, dqg +6, iru _W ' _�

614 Lqglylgxdo lqfhqwlyhv iru vshfxodwlyh ohqglqj

Wkh frqwulexwlrq ri vshfxodwlyh ohqglqj wr wkh ydoxh ri d prqrsrolvw edqn

lv fdswxuhg e| wkh whupv pxowlsolhg e| 6 lq +5,1 Wkh wudgh0r� lv ehwzhhq
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wkh lqvwdqwdqhrxv h{fhvv uhwxuq 2�Z dqg wkh h{shfwhg fdslwdo orvv b�� wkdw

dvvrfldwh zlwk vshfxodwlyh ohqglqj=

2�Z � b�� W f +7,

Wkh prqrsrolvw zloo jhw lqyroyhg lq vshfxodwlyh ohqglqj li wklv h{suhvvlrq lv

srvlwlyh1 Lwv vhfrqg whup fdswxuhv wkh xvxdo h�hfw ri fkduwhu ydoxhv rq d

edqn*v dwwlwxgh wrzdugv ulvn= wkh lqfhqwlyhv iru suxghqfh jlyhq e| wkh ihdu

wr orvh wkh edqn*v ixwxuh uhqwv lq fdvh ri idloxuh1

Wkh frqwulexwlrq ri vshfxodwlyh ohqglqj wr wkh ydoxh ri d gxrsrolvw edqn

lv phdvxuhg e| wkh whupv pxowlsolhg e| _ lq +6,=

�Z � b�( � b_W>E�� � �(� W f� +8,

Djdlq/ wkhuh lv d wudgh0r� ehwzhhq wkh h{fhvv uhwxuq �Z dqg wkh h{shfwhg

fdslwdo orvv b�( wkdw dvvrfldwh zlwk vshfxodwlyh ohqglqj1 Wkh wklug whup

uhodwhv wr wkh edqn dxwkrulw|*v phujlqj srolf| gxulqj vroyhqf| fulvhv1 Zkhq

wkhuh lv d srvlwlyh suredelolw| wkdw/ li rqo| rqh gxrsrolvw idlov/ wkh vxuylylqj

edqn ehfrphv d prqrsrolvw/ d vwudwhjlf vxevwlwxwdelolw| ehwzhhq wkh ohqglqj

ghflvlrqv ri wkh gxrsrolvwv hphujhv=

Sursrvlwlrq 4 Vlqfh wkh ydoxh ri d prqrsrolvw edqn/ �� c lv qr orzhu wkdq

wkh ydoxh ri d gxrsrolvw edqn/ �(c wkh ohqglqj ghflvlrqv ri gxrsrolvwv E_c _W�

duh vwudwhjlf vxevwlwxwhv1

Wkh vwudwhjlf vxevwlwxwdelolw| lv gxh wr wkh frpelqdwlrq ri dq dfwlyh phuj0

lqj srolf|/ > : fc dqg wkh jdlqv iurp ehfrplqj d prqrsrolvw/ �� � �( � f1

Wklv frpelqdwlrq surgxfhv zkdw zh fdoo wkh odvw edqn vwdqglqj h�hfw/ zklfk

doorzv d edqn wr sur�w iurp vxuylylqj lwv frpshwlwruv1 Dw wkh duulydo ri d

vroyhqf| vkrfn/ wkh pruh lqyroyhg lq vshfxodwlyh ohqglqj wkh frpshwlwru lv/

wkh pruh olnho| lv wkh suxghqw gxrsrolvw wr ehfrph d prqrsrolvw1 Vr wkh

juhdwhu duh klv lqfhqwlyhv wr ohqg suxghqwo|1
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615 Vroylqj iru htxloleulxp

Zh qrz dffrxqw iru wkh vlpxowdqhrxv ghwhuplqdwlrq ri wkh lqglylgxdo vwudwh0

jlhv E6c_� dqg wkh hqgrjhqrxv yduldeohv _Wc �� c dqg �(1 Rxu wdvn lv vlpsol0

�hg e| wkh idfw wkdw �( zloo wdnh rqh ri wzr ydoxhv1 Lq sduwlfxodu/ lw iroorzv

iurp +6, wkdw/ li _ ' _W ' fc wkhq

�( ' �f( �
Z

o
c +9,

zkloh/ li _ ' _W ' �c wkhq

�( ' ��
( �

E� n ��Z

o n b
� +:,

Pruhryhu/ iurp wkh olqhdulw| ri wkh pd{lpdqg lq +6,/ li d gxrsrolvw �qgv

rswlpdo vrph _ 5 Efc ��/ wkhq dq| rwkhu _ zrxog dovr eh rswlpdo1 Vlqfh wklv

lqfoxghv _ ' �c dq| pl{hg vwudwhj| htxloleulxp zlwk _ ' _W 5 Efc �� zrxog

dovr dvvrfldwh zlwk �( ' ��(�

Rxu qh{w uhvxow vkrzv wkdw gxrsrolvwv kdyh d surshqvlw| wr ohqg vshfx0

odwlyho| zkhqhyhu wkh sdudphwhu wkdw fdswxuhv wkh lpsruwdqfh ri wkh jdlqv

iurp vshfxodwlyh ohqglqj/ �/ h{fhhgv wkh fulwlfdo ydoxh

�f �
b

o
� +;,

Ohppd 4 Iru prghvw vshfxodwlyh jdlqv/ � � �f/ wkh htxloleulxp lqyroyhv

_ ' f dqg �( ' �f
(c zkloh iru odujh vshfxodwlyh jdlqv/ � : �fc lw lqyroyhv

_ : f dqg �( ' ��(�

Wklv lqwxlwlyh uhvxow vxjjhvwv d vhsdudwh glvfxvvlrq ri wkh fdvhv zlwk prghvw

dqg odujh vshfxodwlyh jdlqv1

61514 Prghvw vshfxodwlyh jdlqv

Zlwk � � �f/ gxrsrolvwv ohqg suxghqwo| dqg wkh ydoxh ri d gxrsrolvw edqn

lv �f
(� Frpsohwlqj wkh fkdudfwhul}dwlrq ri wkh htxloleulxp vlpso| uhtxluhv
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vxevwlwxwlqj �( ' �f( lq +5, vr dv wr uhfxuvlyho| ghwhuplqh wkh ydoxhv ri 6

dqg �� =

Sursrvlwlrq 5 Vxssrvh vshfxodwlyh jdlqv duh prghvw/ � � �f� Wkhq=

41 Li B � 2o4c wkh htxloleulxp ihdwxuhv E6c _� ' Efc f��

51 Rwkhuzlvh/ wkhuh lv d fulwlfdo ydoxh

k �
2o n 2o4n B

2o n 2B
	 � +<,

vxfk wkdw wkh htxloleulxp ihdwxuhv E6c_� ' Efc f� iru � � k�f dqg

E6c_� ' E�c f� iru � : k�f�

Wkh qryho sduw ri wklv uhvxow lv wkh fkdudfwhul}dwlrq ri d prqrsrolvw*v ohqglqj

ghflvlrq1 Lw wxuqv rxw wkdw d edqnhu zkr ohqgv suxghqwo| dv d gxrsrolvw pd|

vshfxodwh dv d prqrsrolvw1 Wklv vhhpv vwudqjh lq oljkw ri wkh frqfoxvlrqv ri

suhylrxv vwxglhv edvhg rq vwdwlf pdunhw vwuxfwxuhv1 Wkh| kdyh idploldul}hg

xv zlwk wkh lghd wkdw pdunhw srzhu fdslwdol}hv lq fkduwhu ydoxhv zklfk/ lq

wxuq/ glvfrxudjh ulvn wdnlqj1 Dfwxdoo| vxfk orjlf vwloo dssolhv dqg h{sodlqv

zk| zh jhw 6 ' f li wkh hqwu| udwh B lv vx!flhqwo| vpdoo1 Krzhyhu/ li B

lv odujh/ prqrsro| vwdwhv gr qrw odvw orqj/ vr �� pd| eh yhu| forvh wr �(1

Lq frqwudvw/ d prqrsrolvw*v vkruw0whup jdlqv iurp vshfxodwlyh ohqglqj duh

wzlfh dv odujh dv wkrvh ri d gxrsrolvw/ vlqfh lw whpsrudulo| pdqdjhv wzr edqn

eudqfkhv udwkhu wkdq rqh1 Zlwk d odujh hqwu| udwh/ wklv vfdoh h�hfw grplqdwhv

wkh fkduwhu ydoxh h�hfw/ pdnlqj d prqrsrolvw pruh lqfolqhg wrzdugv ulvn wkdq

d gxrsrolvw1

61515 Odujh vshfxodwlyh jdlqv

Li vshfxodwlyh jdlqv duh odujh/ ohqglqj suxghqwo| zkloh lq gxrsro|/ _ ' f/

fhdvhv wr eh dq htxloleulxp dqg wkh ydoxh ri d gxrsrolvw edqn lv ��(� \hw/
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ehfdxvh ri wkh vwudwhjlf vxevwlwxwdelolw| ehwzhhq gxrsrolvwv ohqglqj ghflvlrqv/

wkh htxloleulxp grhv qrw qhfhvvdulo| ihdwxuh _ ' �14; Vshfl�fdoo|/ zkhq � lv

forvh wr �fc wkh odvw edqn vwdqglqj h�hfw lqylwhv wkh gxrsrolvw wr fkrrvh _ ' f

li _W ' �c zkloh lwv devhqfh lqylwhv klp wr fkrrvh _ ' � li _W ' f�4< Dv vkrzq

ehorz/ lq d fdvh olnh wklv/ wkh xqltxh v|pphwulf htxloleulxp lqyroyhv d pl{hg

vwudwhj| _ 5 Efc ���

Wr duwlfxodwh wkh glvfxvvlrq/ zh vwxg| vhtxhqwldoo| wkh fdvhv zlwk d sux0

ghqw prqrsrolvw dqg zlwk d vshfxodwlyh prqrsrolvw1 Dv suryhg lq wkh Ds0

shqgl{/ wkh prqrsrolvw edqn ohqgv suxghqwo| li dqg rqo| li B � 2o4 dqg

�f 	 � � q�fc zkhuh

q �
E2o n 2o4�Ebn o� n oB

E2o n B�Ebn o� n oB
c +43,

zklfk lv ghfuhdvlqj lq B� Khqfh/ zlwk wkh vdph lqwxlwlrq dv deryh/ wkh lq0

yroyhphqw ri d prqrsrolvw lq vshfxodwlyh ohqglqj ghshqgv rq frqiurqwlqj wkh

grxeoh jdlqv iurp vshfxodwlyh ohqglqj zlwk wkh olnho| orvv ri d fkduwhu zkrvh

ydoxh ghfuhdvhv zlwk wkh hqwu| udwh B1

Wkh iroorzlqj sursrvlwlrq fkdudfwhul}hv wkh htxloleulxp iru wkh fdvh lq

zklfk wkh hqwu| udwh lv orz hqrxjk wr pdnh wkh prqrsrolvw edqn xqzloolqj

wr vshfxodwh=

Sursrvlwlrq 6 +Suxghqw prqrsrolvw, Vxssrvh B � 2o4 dqg �f 	 � �

q�f� Wkhq/ wkhuh lv d fulwlfdo ydoxh

% '
Eo n B� Eo� � b�

b> d2bE� n 4� n 24n o � o�o
+44,

vxfk wkdw wkh htxloleulxp ohqglqj vwudwhj| lv E6c _� ' Efc4�?i%c �j��

4;Qrwlfh wkdw wkh idfw wkdw +8, lv srvlwlyh iru g� @ 3 dqg yG @ y3G grhv qrw lpso| wkdw
lw lv qrq0qhjdwlyh iru g� @ 4 dqg yG @ y4G=

4<Dv zh ixuwkhu glvfxvv lq Vhfwlrq 9/ wklv rshqv wkh srvvlelolw| ri vxvwdlqlqj dv|pphwulf
Pdunry Shuihfw Htxloleuld1
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Wkh fulwlfdo ydoxh % lv wkh xqltxh ydoxh ri _W iru zklfk +8, htxdov }hur jlyhq

wkh htxloleulxp ydoxh ri wkh gl�huhqfh �� � �( zkhq 6 ' f� Qrwlfh wkdw

% htxdov }hur li � ' �f dqg lqfuhdvhv dv wkh jdlqv iurp vshfxodwlyh ohqglqj

lqfuhdvh1 Li % ehfrphv odujhu wkdq rqh/ wkhq gxrsrolvwv ohqg vshfxodwlyho|

zlwk suredelolw| rqh1 Exw zkhwkhu wkdw rffxuv ru qrw/ dv zhoo dv wkh lqflghqfh

ri vshfxodwlyh ohqglqj dprqj gxrsrolvw zkhq _ ' % 	 �c ghshqgv rq wkh

ydulrxv sdudphwhuv ri wkh prgho/ lqfoxglqj > dqg B�

Dorqj wkh vdph olqhv/ zh fkdudfwhul}h wkh htxloleulxp iru wkh fdvh lq

zklfk wkh hqwu| udwh lv odujh hqrxjk wr pdnh wkh prqrsrolvw edqn zloolqj wr

vshfxodwh1

Sursrvlwlrq 7 +Vshfxodwlyh prqrsrolvw, Vxssrvh � : 4@ i�fc q�fj� Wkhq/

wkhuh lv d fulwlfdo ydoxh

+ '
Eo n bn B� Eo� � b�

b>Eo n b� E� n 24n ��
+45,

vxfk wkdw wkh htxloleulxp ohqglqj vwudwhj| lv E6c _� ' E�c4�?i+c �j��

Txdolwdwlyho| + ehkdyhv olnh %� Zh glvfxvv wkh ghwhuplqdqwv ri wkhvh wzr

yduldeohv lq wkh qh{w vhfwlrq1

616 Vxpplqj xs

Iljxuh 4 ghslfwv wkh uhjlrqv ri wkh sdudphwhu vsdfh lq zklfk hdfk ri wkh

lghqwl�hg htxloleulxp uhjlphv dulvhv1 Wkh B� � vsdfh lv krul}rqwdoo| glylghg

e| wkh olqh � ' �fczklfk vhsdudwhv wkh duhdv zlwk _ ' f dqg _ : f1 Dffruglqj

wr Sursrvlwlrq 5/ wkh duhd zlwk _ ' f lv wkhq reoltxho| glylghg e| wkh fxuyh

� ' k�fc jlylqj udlvh wr wkh uhjlrqv zkhuh wkh htxloleulxp vwudwhjlhv duh Efc f�

dqg E�c f�c uhvshfwlyho|1 Vlploduo|/ wkh duhd zlwk _ ' � lv glylghg e| wkh fxuyh
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� ' q�fc gholplwlqj wkh uhjlrqv zkhuh wkh htxloleulxp vwudwhjlhv duh Efc %�

+Sursrvlwlrq 6, dqg E�c +� +Sursrvlwlrq 7,/ uhvshfwlyho|153

7 Wkh lpsdfw ri srolf| rq wkh htxloleulxp

Zkhq vshfxodwlyh jdlqv duh prghvw +� � �f, gxrsrolvw edqnv ohqg suxghqwo|

dqg/ frqvhtxhqwo|/ qhyhu idlo1 Khqfh/ luuhvshfwlyho| ri wkh ydoxhv ri >c Bc dqg

wkh ohqglqj ghflvlrq ri d prqrsrolvw edqn 6/ wkh edqnlqj lqgxvwu| frqyhujhv

wr d gxrsro| vwdwh lq zklfk erwk ohqglqj ghflvlrqv dqg wkh ohyho ri frpshwl0

wlrq dwwdlq wkhlu �uvw ehvw ydoxhv1 Fohduo| wkhuh lv qr uroh iru srolf| lq wklv

fdvh1

Lq frqwudvw/ zkhq vshfxodwlyh jdlqv duh odujh +� : �f,/ gxrsrolvwv jhw

lqyroyhg lq vshfxodwlyh ohqglqj zlwk srvlwlyh suredelolw|1 Wkh �uvw ehvw lv qr

orqjhu lpsohphqwdeoh/ dqg wkh srolf| sdudphwhuv > dqg B kdyh dq lq xhqfh

rq wkh htxloleulxp rxwfrphv1 D wudgh0r� ehwzhhq wkh suxghqfh ri ohqglqj

ghflvlrqv dqg wkh ohyho ri frpshwlwlrq lq wkh edqnlqj lqgxvwu| pd| wkhq dulvh1

Zh khqfhiruwk irfxv rq wklv fdvh1

Wdeoh 4 uhsruwv wkh lpsdfw ri wkh ydulrxv sdudphwhuv ri wkh prgho rq wkh

htxloleulxp ohqglqj ghflvlrqv ri prqrsrolvwv dqg gxrsrolvwv/ 6 dqg _� Iru

6c zh vwxg| wkh vkliwv lq wkh olqh � ' q�f dqg uhsruw d srvlwlyh/ qhjdwlyh

ru }hur vljq ghshqglqj rq zkhwkhu wkh fruuhvsrqglqj sdudphwhu h{sdqgv/

uhgxfhv ru surgxfhv qr fkdqjh lq wkh uhjlrq zkhuh 6 ' �� Iru _c zh uhsruw

wkh +frlqflglqj, vljq ri wkh sduwldo ghulydwlyhv ri % dqg + zlwk uhvshfw wr hdfk

sdudphwhu1

53Lw lv hdv| wr suryh xvlqj +44, dqg +45, wkdw/ dw wkh erxqgdu| ehwzhhq wkh wzr duhdv/
{ @ |/ vr g lv frqwlqxrxv1
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Wdeoh 4
Frpsdudwlyh vwdwlfv

Sdudphwhu
H�hfw
rq 6

H�hfw
rq _

Gluhfw
h�hfw rq �

Phujlqj udwh > f � n
Hqwu| udwh B n n �
Vshfxodwlyh jdlqv � n n f
Lqvroyhqf| ulvn b � � n
Prqrsro| uhqwv 4 � � f
Glvfrxqw udwh o n n f

Wkh ehkdylru ri _ uh hfwv wkh rshudwlrq ri wkh odvw edqn vwdqglqj h�hfw1 Wkh

phujlqj udwh > lqfuhdvhv wkh suredelolw| wkdw d vdih gxrsrolvw edqn ehfrphv

d prqrsrolvw lq uhzdug iru ehlqj vroyhqw dqg/ wkxv/ hqfrxudjhv gxrsrolvw

edqnv wr ohqg suxghqwo|1 Rq wkh rwkhu kdqg/ wkh hqwu| udwh B uhgxfhv wkh

h{shfwhg gxudwlrq ri wkh prqrsro| vwdwh dqg/ wkhuhe|/ wkh vl}h ri wkh fdslwdo

jdlqv iurp ehfrplqj d prqrsrolvw> vr lqfuhdvlqj B hqfrxudjhv gxrsrolvwv wr

ohqg pruh vshfxodwlyho|1

Wkh ehkdylru ri 6 uh hfwv wkh frqyhqwlrqdo fkduwhu ydoxh h�hfw1 Wkh

phujlqj udwh > kdsshqv wr kdyh qr lpsdfw rq prqrsrolvwv* ohqglqj ghflvlrqv

ehfdxvh wkh ydoxh ri d prqrsro| edqn grhv qrw ghshqg rq >/ qhlwkhu gluhfwo|

qru wkurxjk wkh ydoxh ri d gxrsrolvw edqn154 Lq frqwudvw/ wkh hqwu| udwh B

uhgxfhv wkh h{shfwhg gxudwlrq ri wkh prqrsro| vwdwh dqg/ khqfh/ wkh ydoxh

ri d prqrsrolvw edqn1 Vr lqfuhdvlqj wkh hqwu| udwh pdnhv prqrsrolvwv pruh

lqfolqhg wrzdugv vshfxodwlyh ohqglqj1

E| dqg odujh/ wkh uhvxowv lqglfdwh wkdw uhvwulfwlqj frpshwlwlrq pd| sur0

54Wrjhwkhu zlwk wkh idfw wkdw �3 lv lqghshqghqw ri wkh srolf| sdudphwhuv/ wklv uhvxow
lpsolhv wkdw wkh uhjlrqv ghvfulehg lq Iljxuh 4 duh lqyduldqw wr �=
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gxfh jdlqv lq whupv ri suxghqfh155 Wr uljrurxvo| h{dplqh wklv wudgh0r�/

zh pxvw dffrxqw iru wkh hqgrjhqrxv g|qdplfv ri pdunhw vwuxfwxuh1 Hqwu|/

idloxuhv/ dqg phujhuv surgxfh uhfxuuhqw wudqvlwlrqv ehwzhhq prqrsro| dqg

gxrsro| vwdwhv1 Wkh prqrsro| vwdwh � pd| whuplqdwh ehfdxvh wkh prqrs0

rolvw ehfrphv lqvroyhqw ru ehfdxvh d frpshwlwru hqwhuv/ vr wkh duulydo ri wkh

gxrsro| vwdwh ( iroorzv d Srlvvrq surfhvv zlwk lqwhqvlw| )� ' b6n B� Wkh

h{shfwhg gxudwlrq ri d prqrsro| vwdwh lv wkxv )3�
� � Vwdwh ( whuplqdwhv zkhq

mxvw rqh ri wkh wzr gxrsrolvwv idlov dqg wkh edqn dxwkrulwlhv judqw wkh idlolqj

eudqfk wr wkh vxuylyru1 Vr vwdwh� duulyhv dw d Srlvvrq udwh )( ' 2>bE��_�_

dqg wkh h{shfwhg gxudwlrq ri vwdwh ( lv )3�
( �

Wkh uhodwlyh iuhtxhqf| ri prqrsro| vwdwhv dorqj wkh klvwru| ri wkh edqnlqj

lqgxvwu| fdq wkhq eh frpsxwhg dv wkh uhodwlyh gxudwlrq ri prqrsro| vwdwhv=

� '
)3�
�

)3�
� n )3�

(

'
2>bE�� _�_

2>bE�� _�_n Eb6n B�
� +46,

Prgho sdudphwhuv pd| d�hfw wklv iuhtxhqf| erwk gluhfwo| dqg wkurxjk wkh

htxloleulxp ydoxhv ri 6 dqg _� Wkh gluhfw h�hfwv dsshdu lq wkh odvw froxpq

ri Wdeoh 41 Dv iru wkh lqgluhfw h�hfwv/ qrwlfh wkdw � lv ghfuhdvlqj lq 6 vlqfh

d vshfxodwlyh prqrsrolvw whqgv wr hqgxuh vkruwhu wkdq d suxghqw rqh1 Lq

frqwudvw/ vlqfh phujhuv uhtxluh wkdw gxrsrolvwv* ohqglqj ghflvlrqv glyhujh/ �

lv lqfuhdvlqj lq _ li _ 	 �*2 dqg ghfuhdvlqj li _ : �*2�56 Zkhq wkh gluhfw

dqg lqgluhfw h�hfwv duh sxw wrjhwkhu/ wkh wudgh0r� ehwzhhq suxghqfh dqg

frpshwlwlrq dulvhv/ h{fhsw srvvleo| zkhq _ 	 �*21

55Wkh h�hfwv ri wkh uhpdlqlqj sdudphwhuv ri wkh prgho iroorz d vlplodu sdwwhuq= suxghqw
+vshfxodwlyh, ohqglqj lv dozd|v hqfrxudjhg e| wkrvh idfwruv wkdw lqfuhdvh +uhgxfh, wkh ydoxh
ri d edqn fkduwhu ru wkh jdlqv iurp ehfrplqj d prqrsrolvw edqn1

56Glyhujhqfh lv wkh prvw olnho| zkhq g @ 4@5= Lq htxloleuld zlwkrxw glyhujhqfh +g @ 4

ru g @ 3,/ lw lv qhyhu wkh fdvh wkdw d gxrsrolvw vxuylyhv lwv frpshwlwru/ vr prqrsro| qhyhu
dulvhv dqg zh kdyh ! @ 31
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8 Rswlpdo srolflhv

Zh kdyh douhdg| dujxhg wkdw zkhq vshfxodwlyh jdlqv duh prghvw/ wkhuh lv qr

urrp iru srolf|= wkh edqnlqj lqgxvwu| frqyhujhv wr dq devruelqj gxrsro|

vwdwh lq zklfk edqnv ohqg suxghqwo|1 Lq frqwudvw/ zlwk odujh vshfxodwlyh

jdlqv/ lqfuhdvlqj wkh phujlqj udwh > ru uhgxflqj wkh hqwu| udwh B idyruv sux0

ghqw ohqglqj dqg/ wkxv/ uhgxfhv wkh vrfldo orvvhv gxh wr vshfxodwlyh ohqglqj1

Krzhyhu/ wkhvh srolflhv whqg wr lqfuhdvh wkh uhodwlyh iuhtxhqf| ri prqrsro|

vwdwhv dqg/ wkxv/ wkh ghdgzhljkw orvvhv gxh wr wkh odfn ri frpshwlwlrq1

Lq jhqhudo/ wkh suhvhqw ydoxh ri wkh wrwdo vrfldo orvvhv dv hvwlpdwhg lq d

prqrsro| vwdwh/ u� c grhv qrw frlqflgh zlwk wkh suhvhqw ydoxh ri wkh wrwdo

vrfldo orvvhv dv hvwlpdwhg lq d gxrsro| vwdwh/ u(� Erwk fdq eh rewdlqhg iurp

wkh iroorzlqj v|vwhp ri Ehoopdq htxdwlrqv=

ou� ' 2dEbj � �Z�6n �4Zo n )�Eu( � u��

dqg

ou( ' 2Ebj � �Z�_n )(Eu� � u(�c

zkhuh bj� �Z dffrxqwv iru wkh qhw vrfldo orvvhv shu eudqfk dqg xqlw ri wlph

gxh wr vshfxodwlyh ohqglqj dqg �4Z dffrxqwv iru wkrvh gxh wr wkh odfn ri

frpshwlwlrq1 Wkh vroxwlrqv iru u� dqg u( vkrz wkdw hdfk ri wkhvh phdvxuhv

sxwv h{wud zhljkw rq wkh orvvhv rffxuulqj lq lwv fruuhvsrqglqj lqlwldo vwdwh1

Vr u� dqg u( duh jhqhudoo| plqlpl}hg dw gl�huhqw fkrlfhv ri > dqg B�

Wr irfxv rxu glvfxvvlrq/ zh fdq frqvlghu wkh sureohp ri d vrfldo sodqqhu

zkr pxvw �{ > dqg B zlwkrxw nqrzlqj wkh vwdwh lq zklfk klv srolf| zloo

�uvw eh dssolhg1 Kh pljkw wkhq uhdvrqdeo| xvh wkh uhodwlyh iuhtxhqf| ri

prqrsro| vwdwhv/ �c dv dq hvwlpdwh ri wkh suredelolw| wkdw wkh srolf| vwduwv

wr eh dssolhg lq d prqrsro| gdwh dqg plqlpl}h �u� n E�� ��u(1 Ljqrulqj

4<



lqqrfxrxv frqvwdqwv/ wklv lv htxlydohqw wr plqlpl}lqj wkh fulwhulrq=

� ' �d�4Z n Ebj � �Z�6o n E�� �� Ebj � �Z� _c +47,

zklfk lv d zhljkwhg dyhudjh ri wkh  rz ri orvvhv shu eudqfk dqg xqlw ri wlph

h{shfwhg lq hdfk ri wkh vwdwhv ri wkh edqnlqj lqgxvwu|157

Wkh rswlpdo srolf| frxog wkhq eh irxqg e| plqlpl}lqj � diwhu wdnlqj

lqwr dffrxqw wkh ghshqghqfh ri 6c _c dqg � zlwk uhvshfw wr wkh uhjxodwru|

sdudphwhuv > dqg B� Wkh sureohp iru fkdudfwhul}lqj wklv srolf| lv/ krzhyhu/

wkdw wkh xqghuo|lqj rswlpl}dwlrq surjudp lv qrw frqyh{1 Vshfl�fdoo|/ vkliwv lq

prqrsrolvwv* ohqglqj ghflvlrq6 +zklfk rffxu rq wkh � ' q�f fxuyh lq Iljxuh

4, pd| surgxfh d glvfrqwlqxlw| lq �1 Li B lv orz hqrxjk wr jxdudqwhh � � q�f

dqg wkxv 6 ' fc wkh htxloleulxp lv fkdudfwhul}hg e| orqj shulrgv ri suxghqw

prqrsrolvwlf edqnlqj frpelqhg zlwk vkruw shulrgv ri pruh vshfxodwlyh dqg

frpshwlwlyh edqnlqj1 Lq frqwudvw/ li B lv kljk hqrxjk wr lqgxfh 6 ' �/ vkruw

shulrgv ri vshfxodwlyh prqrsrolvwlf edqnlqj dowhuqdwh zlwk orqjhu shulrgv ri

pruh suxghqw frpshwlwlyh edqnlqj1 Zklfk ri wkhvh dowhuqdwlyhv grplqdwhv

odvwo| ghshqgv rq wkh uhodwlyh vl}hv ri �4Z dqg bj � �Z1 Lq jhqhudo wkh

vroxwlrq pxvw eh irxqg qxphulfdoo|1

D uhohydqw fdvh lq zklfk zh fdq jr ixuwkhu lq fkdudfwhul}lqj wkh vrfldo

udqnlqj ri wkh ydulrxv frpelqdwlrqv ri > dqg B dulvhv zkhq srolf| fkrlfhv duh

uhvwulfwhg wr wkh uhjlrq zkhuh prqrsrolvw edqnv ohqg vshfxodwlyho|158

Sursrvlwlrq 8 Zkhq srolf| fkrlfhv duh uhvwulfwhg wr wkh uhjlrq zkhuh pr0

qrsrolvw edqnv ohqg vshfxodwlyho|/ lw lv dozd|v rswlpdo wr vhw > ' � dqg wr

57Wkh fulwhuld iru wkh plqlpl}dwlrq ri OP +ru OG, zrxog eh htxlydohqw wr F h{fhsw iru
wkh zhljkwlqj idfwru ! zklfk vkrxog eh uhsodfhg e| !P �

u.*
G

u.*
P
.*
G

+ru !G �
*
G

u.*
P
.*
G

,

lq rughu wr jlyh surshu h{wud zhljkw wr wkh orvvhv lqfxuuhg lq wkh fruuhvsrqglqj lqlwldo
vwdwh1 Lpsruwdqwo|/ wkh gl�huhqfhv ehwzhhq wkh dowhuqdwlyh fulwhuld whqg wr ydqlvk zkhq
wkh glvfrxqw udwh u lv vpdoo/ vlqfh olpu$r !P @ olpu$r !G @ !1

58Hlwkhu ehfdxvh p @ 4 lv joredoo| rswlpdo ru ehfdxvh vrph h{rjhqrxv orzhu erxqg wr
wkh hqwu| udwh � lpshghv wkh lpsohphqwdwlrq ri p @ 3=
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lpsohphqw wkh suhihuuhg pl{ ri suxghqfh dqg frpshwlwlrq wkurxjk dq dgh0

txdwh fkrlfh ri B�

Lq wkh uhjlrq zkhuh prqrsrolvw edqnv ohqg vshfxodwlyho|/ rxu uhjxodwru|

sdudphwhuv kdyh d pdujlqdo lpsdfw rq vrfldo orvvhv rqo| wkurxjk wkh lqfl0

ghqfh ri vshfxodwlyh ohqglqj dprqj gxrsrolvwv/ _c dqg wkurxjk wkh uhodwlyh

iuhtxhqf| ri prqrsro| gdwhv/ �� Lqgxflqj dq| jlyhq _ uhtxluhv jxdudqwhhlqj

fhuwdlq fdslwdo jdlqv wr wkh gxrsrolvw wkdw vxuylyhv klv frpshwlwru zkhq d

vroyhqf| vkrfn duulyhv1 Wkhvh jdlqv +dqg khqfh _, fdq eh nhsw frqvwdqw e|

lqfuhdvlqj wkh phujlqj udwh > dv wkh hqwu| udwh B ghfuhdvhv dqg ylfh yhuvd1

Iurp d vrfldo srlqw ri ylhz/ erwk lqfuhdvlqj > dqg orzhulqj B kdv d frvw lq

whupv ri d juhdwhu iuhtxhqf| ri prqrsro| vwdwhv1 Li vrfldo orvvhv duh hydoxdwhg

iurp wkh shuvshfwlyh ri dq lqlwldo gxrsro| vwdwh +wkdw lv/ yld u(,/ > dqg B

wxuq rxw wr eh shuihfw vxevwlwxwhv iru wkh lqgxfhphqw ri dq| jlyhq _� Li wkh

lqlwldo vwdwh lv/ krzhyhu/ d prqrsro| zlwk vrph srvlwlyh suredelolw|/ fkrrvlqj

d odujh B kdv wkh dgydqwdjh/ lq whupv ri wkh uhohydqw phdvxuh ri vrfldo orvvhv/

ri vshhglqj xs wkh wudqvlwlrq wr d +pruh ghvludeoh, gxrsro| vwdwh/ zkloh >

lv luuhohydqw iru ghwhuplqlqj vxfk d wudqvlwlrq1 Wkhuhiruh lw lv suhihudeoh wr

jxdudqwhh wkh uhtxluhg fdslwdo jdlqv wr wkh gxrsrolvwv wkurxjk d kljk phujlqj

udwh udwkhu wkdq d orz hqwu| udwh159

Zh qrz qxphulfdoo| dqdo|}h krz wkh hqwu| udwh B vkrxog uhvsrqg wr

fkdqjhv lq wkh hqylurqphqw1 Lqvsluhg e| wkh h{solflw prgho ri frpshwlwlrq

ghvfulehg lq wkh Dsshqgl{/ zh vhw 4 ' �*H dqg � ' D*2� Iru wkh uhpdlqlqj

sdudphwhuv/ zh frqvlghu gl�huhqw vfhqdulrv fhqwhuhg rq edvholqh ydoxhv +Z '

f�f�c � ' ��ec b ' f�fSc j ' f�Hc dqg o ' f�fS, zklfk |lhog zlwklq sodxvleoh

udqjhv ri yduldwlrq exw duh qrw lqwhqghg wr surylgh d uhdolvwlf fdoleudwlrq ri

wkh prgho> udwkhu/ wkh| duh fkrvhq vr dv wr looxvwudwh txdolwdwlyh/ wkhruhwlfdoo|

59Wkh vdph uhvxow dssolhv li OP lv wdnhq dv wkh uhohydqw phdvxuh ri vrfldo orvvhv1
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srvvleoh uhvxowv lq d ylvleoh zd|1 Wkh uhvxowv duh vxppdul}hg lq Iljxuhv 5081

Hdfk �jxuh ghslfwv/ dv d ixqfwlrq ri rqh ri wkh sdudphwhuv/ wkh vrfldoo|

rswlpdo ydoxh ri wkh hqwu| udwh/ Bc wkh lqgxfhg iuhtxhqf| ri prqrsro| vwdwhv/

�c dqg wkh dyhudjh �h{srvxuh� ri d edqn eudqfk wr vroyhqf| vkrfnv/ �6 n

E�� �� _� Zh eulh | frpphqw rq wkhp=

Sur�wdelolw|1 Iljxuh 5 lv jhqhudwhg e| ydu|lqj Z dqg � vlpxowdqhrxvo| vr dv

wr nhhs wkh h{shfwhg jdlqv iurp vshfxodwlyh ohqglqj +l1h1/ �Z, frqvwdqw1

Vr wklv h{huflvh fdswxuhv wkh h�hfwv ri dq lqfuhdvh lq edqn sur�wdelolw|1

Lw vkrzv krz edqnv ehfrph pruh dqg pruh suxghqw dv wkh ydoxh ri wkhlu

ixwxuh uhqwv lqfuhdvhv1 Wkh vrfldo sodqqhu uhvroyhv wkh pruh idyrudeoh

wudgh0r� ehwzhhq suxghqfh dqg frpshwlwlrq e| doorzlqj kljkhu hqwu|1

Wkh iuhtxhqf| ri prqrsro| ghfuhdvhv erwk ehfdxvh gxrsrolvwv idlo ohvv

iuhtxhqwo| dqg ehfdxvh prqrsro| vwdwhv odvw vkruwhu1

Sulydwh frvw ri vshfxodwlyh ohqglqj1 Iljxuh 6 lv surgxfhg e| ydu|lqj b dqg j

vlpxowdqhrxvo| vr dv wr nhhs wkh vrfldo frvw ri vshfxodwlyh ohqglqj +l1h1/

bj � �Z, frqvwdqw1 Wklv fdswxuhv wkh h�hfwv ri dowhulqj wkh sulydwh

frvw ri vshfxodwlyh ohqglqj +edqnhuv* ulvn ri vx�hulqj d vroyhqf| vkrfn

li wkh| ohqg vshfxodwlyho|,15: Dv rqh pljkw h{shfw/ edqnhuv uhdfw wr

d odujhu frvw e| jhwwlqj ohvv lqyroyhg lq vshfxodwlyh ohqglqj/ zklfk h{0

sodlqv wkh gudpdwlf idoo lq wkhlu h{srvxuh wr vroyhqf| vkrfnv/ dv zhoo dv

wkh lqyhuwhg0X vkdsh ri wkh fxuyh ghvfulelqj wkh iuhtxhqf| ri prqrsro|

vwdwhv +uhfdoo wkdw/ fhwhulv sdulexv/ prqrsrolhv duh wkh prvw olnho| wr

hphujh zkhq _ ' �*2,1 Wkh prvw vxusulvlqj �qglqj lq wklv h{huflvh lv

wkh  dwqhvv ri wkh rswlpdo uhjxodwru| uhvsrqvh1 Lq wkh fdvh ghslfwhg lq

5:Qrw vxusulvlqjo|/ wkh slfwxuh rewdlqhg lv wkh pluuru lpdjh ri wkh rqh wkdw dulvhv zkhq
zh frqvlghu wkh sulydwh jdlqv iurp vshfxodwlyh ohqglqj1 Wkdw lv/ zkhq � dqg � duh vlpxo0
wdqhrxvo| fkdqjhg/ nhhslqj wkh vrfldo frvw ri vshfxodwlyh ohqglqj frqvwdqw1
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wkh �jxuh/ wkh hqwu| udwh B jhwv uhgxfhg dv b lqfuhdvhv15; Rxu h{sodqd0

wlrq iru wklv lv wkdw wkh hqwu| udwh kdv d juhdwhu lpsdfw rq gxrsrolvwv*

ohqglqj ghflvlrqv zkhq vshfxodwlyh ohqglqj lv ohvv reylrxvo| sur�wdeoh/

vr lw lv wkhq zkhq lw pdnhv pruh vhqvh wr vrfldoo| vdful�fh frpshwlwlrq

iru suxghqfh1

Vrfldo frvw ri vshfxodwlyh ohqglqj1 Iljxuh 7 lv jhqhudwhg e| ydu|lqj jc zklfk

fdswxuhv wkh vrfldo frvw ri vshfxodwlyh ohqglqj1 Zkhq j lv vx!flhqwo|

orz/ wkh wudgh0r� ehwzhhq suxghqfh dqg frpshwlwlrq jhwv uhvroyhg dw

d fruqhu= wkh hqwu| udwh lv vhw dw d kljk ydoxh/ gxrsrolvwv jhw qrw glv0

frxudjhg wr ohqg vshfxodwlyho|/ dqg wkh iuhtxhqf| ri prqrsro| lv }hur

+vlqfh gxrsrolvwv qhyhu idlo vhsdudwho|,1 Dv j lqfuhdvhv/ hqwu| lv uh0

vwulfwhg vr dv wr lqgxfh pruh suxghqw ohqglqj vwudwhjlhv1 Wkh frvw lv d

kljkhu iuhtxhqf| ri prqrsro| vwdwhv1

Glvfrxqw udwh1 Iljxuh 8 lv surgxfhg e| fkdqjlqj o� D odujhu glvfrxqw udwh

pdnhv erwk wkh edqnhuv dqg wkh vrfldo sodqqhu wr sxw ohvv zhljkw rq

ixwxuh uhqwv ru orvvhv1 Rq edqnhuv vlgh/ wklv zhdnhqv wkh fkduwhu ydoxh

h�hfw dv zhoo dv wkh odvw edqn vwdqglqj h�hfw/ zklfk h{sodlqv wkh gud0

pdwlf lqfuhdvh lq wkhlu h{srvxuh wr vroyhqf| vkrfnv dqg/ rqfh djdlq/ wkh

lqyhuwhg0X vkdsh ri wkh fxuyh ghvfulelqj wkh iuhtxhqf| ri prqrsro|

vwdwhv1 Rq wkh vrfldo sodqqhu*v vlgh lpsdwlhqfh phdqv jlylqj pruh

zhljkw wr d olnho| lqlwldo prqrsro| vwdwh iurp zklfk d kljkhu B jxdudq0

whhv d txlfnhu h{lw1 Vrphzkdw vxusulvlqjo|/ lqvwhdg ri wu|lqj wr prg0

hudwh edqnhuv* vshfxodwlyh ohqglqj/ wkh rswlpdo srolf| uhvsrqvh lq wkh

fdvh ghslfwhg lq Iljxuh 8 lv wr jlyh sulrulw| wr frpshwlwlrq/ voljkwo|

lqfuhdvlqj B dqg/ khqfh/ edqnhuv* vshfxodwlyh whqghqflhv1

5;Wr hqkdqfh wkh ylvlelolw| ri wkh h�hfwv zh kdyh fkrvhq � @ 3=:8 dv d ehqfkpdun lq
wklv h{huflvh1

56



9 Glvfxvvlrq

914 Dv|pphwulf htxloleuld

Wkh srvvlelolw| ri dv|pphwulf Pdunry shuihfw htxloleuld dulvhv lq wkh uhjlrq

ri wkh sdudphwhu vsdfh zkhuh gxrsrolvwv* pl{hg vwudwhj| lv qrq0ghjhqhudwhg/

l1h1/ f 	 _ 	 �� Wkh fdqglgdwh htxloleulxp lqyroyhv d gxrsrolvw zkr ohqgv sux0

ghqwo| +_ ' f, zkloh klv vxevhtxhqw frpshwlwruv ohqg vshfxodwlyho| +_W ' �,1

Wkh suxghqw gxrsrolvw uhdfkhv d ydoxh juhdwhu wkdq ��
_ dqg qhyhu idlov/ zkloh

lwv vshfxodwlyh frpshwlwruv uhdfk d ydoxh ri mxvw ��
_ dqg idlo zkhqhyhu d vro0

yhqf| vkrfn duulyhv1 Lq whupv ri h{srvxuh wr vroyhqf| fulvhv/ wklv htxloleulxp

lv htxlydohqw wr d pl{hg vwudwhj| htxloleulxp zlwk _ ' �*2 dowkrxjk/ ehfdxvh

gxrsrolvwv khuh dozd|v wdnh glyhujhqw ohqglqj ghflvlrqv/ wkh vroyhqf| vkrfn

ohdgv wr prqrsro| zlwk suredelolw| > udwkhu wkdq >*2�

Vwduwlqj iurp wklv w|sh ri dv|pphwulf htxloleuld/ srolf| fdq rqo| d�hfw wkh

lqflghqfh ri vshfxodwlyh ohqglqj e| prgli|lqj wkh htxloleulxp uhjlph/ wkdw lv/

hlwkhu e| dowhulqj6 ru e| ohdglqj wr dq duhd zkhuh gxrsrolvwv sod| v|pphwulf

vwudwhjlhv1 Srolf| fdq/ krzhyhu/ d�hfw wkh iuhtxhqf| ri wkh prqrsro| vwdwh

lq d pruh frqwlqxrxv idvklrq1 Li srolf| fkrlfhv duh uhvwulfwhg wr wkh uhjlrq

zkhuh prqrsrolvw edqnv ohqg vshfxodwlyho|/ lw zrxog eh rswlpdo wr vhw > ' �

dqg wr �{ B dw wkh pd{lpxp ydoxh frpsdwleoh zlwk wkh prvw ghvludeoh uhjlph

lq whupv gxrsrolvwv* dyhudjh _�5<

Lw lv srvvleoh wr fkhfn wkdw zkhq vshfxodwlyh jdlqv duh odujhu wkdq exw du0

elwudulo| forvh wr �fc wkh htxloleulxp zlwk pl{hg vwudwhjlhv lqyroyhv _ 	 �*2

dqg d iuhtxhqf| ri prqrsro| duelwudulo| forvh wr }hur1 Khqfh wkhuh h{lvwv d

uhjlrq ri wkh sdudphwhu vsdfh lq zklfk wkh deryh dv|pphwulf htxloleulxp lv

vwulfwo| grplqdwhg lq zhoiduh whupv e| rxu v|pphwulf pl{hg vwudwhj| htxl0

5<Qrwlfh wkdw lw lv dozd|v srvvleoh wr lqgxfh dq htxloleulxp zlwk g @ g� @ 4 e| fkrrvlqj
d vx!flhqwo| odujh �=
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oleulxp1 Frqvhtxhqwo|/ irfxvlqj rq v|pphwulf htxloleuld lpsolhv qr reylrxv

orvv lq whupv ri hlwkhu hfrqrplf lqwxlwlrq ru vrfldoo| ghvludeoh rxwfrphv1

915 Wkh lpsruwdqfh ri frpplwphqw

Frpplwphqw lv lqglvshqvdeoh wr lpsohphqw _ 	 � zkhq vshfxodwlyh jdlqv duh

odujh1 D p|rslf ru xqfrpplwwhg srolf|0pdnhu zrxog dozd|v �{ > ' f dw wkh

srlqw ri lqwhuyhqlqj lq d fulvlv dqg B $ 4 rqfh lq d prqrsro|1

Jlyhq wkh uhshdwhg qdwxuh ri wkh jdph sod|hg e| wkh srolf|0pdnhu dqg

wkh vxffhvvlyh edqnhuv/ zh pljkw wklqn ri lpsohphqwlqj wkh ixoo frpplwphqw

ydoxhv ri > dqg B rq wkh edvlv ri vrph �wuljjhulqj� w|sh ri vwudwhjlhv rq

edqnv* vlgh1 Wkh Iron Wkhruhp vxjjhvwv wkdw frpplwphqw pljkw fhuwdlqo|

eh rewdlqhg dv dq rxwfrph li wkh glvfrxqw udwh lv orz hqrxjk1 \hw wuljjhulqj

vwudwhjlhv zrxog ohdg xv rxw ri wkh fxuuhqw Pdunryldq hqylurqphqw/ zkhuh

djhqwv duh qrw doorzhg wr frqglwlrq wkhlu sod| rq sd|r�0luuhohydqw ihdwxuhv

ri klvwru|1 Zlwklq wkh fxuuhqw hqylurqphqw/ frpplwphqw vkrxog wkxv frph

iurp vrph w|sh ri ohjdo pdqgdwh ru uhsxwdwlrq/ ru dowhuqdwlyho| iurp wkh

ghohjdwlrq ri wkh uhohydqw ghflvlrqv wr vrph surshuo| fkrvhq vxshuylvruv1

Shukdsv dxwkrulwlhv pd| frpplw wr vxvwdlq d jlyhq srolf| rqo| iru vrph

wlph1 Zh pljkw irupdol}h wklv wkurxjk d udqgrp duulydo surfhvv wkdw ghwhu0

plqhv zkhq wkh srolf|0pdnhu kdv wkh rssruwxqlw| wr uhylvh klv srolf|1 Wkh

uhylvhg srolf| zrxog wkhq eh gl�huhqw li wkh uhylvlrq wrrn sodfh lq d prqrsro|

vwdwh wkdq lq d gxrsro| vwdwh/ vr revhuyhg srolflhv zrxog  xfwxdwh1 \hw/ zkhq

�{lqj > dqg Bc wkh srolf|0pdnhu zrxog dqwlflsdwh krz klv rzq ixwxuh ehkdy0

lru pljkw hurgh ru lqfuhdvh wkh uhohydqw edqn fkduwhu ydoxhv1 Kh zrxog wkhq

dgmxvw > dqg B lq rughu wr vxvwdlq wkh fkduwhu ydoxhv zklfk zrxog lqgxfh wkh

ghvluhg pl{ ri suxghqfh dqg frpshwlwlrq1
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: Frqfoxvlrqv

Lq wklv sdshu zh kdyh dqdo|}hg edqnv* lqfhqwlyhv iru suxghqfh lq dq h{solflw

g|qdplf prgho lq zklfk wkh ohyho ri frqfhqwudwlrq lq wkh edqnlqj lqgxvwu| lv

hqgrjhqrxv1 Wkh ohyhov ri frpshwlwlrq duh gulyhq e| edqnv* h{lw dqg hqwu|/

zklfk lq wxuq ghshqg rq edqn idloxuhv/ dqg wkh srolf| ri edqn dxwkrulwlhv

rq phujhuv dqg hqwu|1 Zh kdyh vkrzq wkdw edqnv* h{shfwdwlrq ri rewdlq0

lqj odujhu uhqwv li wkhlu frpshwlwruv idlo pdnhv edqnv* vshfxodwlyh ohqglqj

ghflvlrqv vwudwhjlf vxevwlwxwhv1 Wkxv dq dfwlyh phujlqj srolf| e| edqn dx0

wkrulwlhv/ zklfk doorzv wkh vxuylyruv wr wdnh ryhu wkh exvlqhvv ri wkh idlohg

edqnv rq frqfhvvlrqdu| whupv/ fdq uhlqirufh vwdelolw| dqg uhgxfh wkh ulvn ri

d v|vwhplf edqnlqj fulvlv1

Wklv phfkdqlvp iru wkh frqwuro ri vshfxodwlyh ehkdylru lq edqnlqj lv

srvvleo| prvw xvhixo zkhq wkh gluhfw vxshuylvlrq ri ohqglqj ghflvlrqv lv qrw

ihdvleoh1 Zh fdq wkxv udwlrqdol}h wkh klvwrulfdo srolf| h{shulhqfh zkhuhe|

edqn vxshuylvruv surprwhg wdnhryhuv ri zhdnhu lqvwlwxwlrqv e| vroyhqw edqnv1

Frqvrolgdwlrq dqg kljko| uhvwulfwlyh uxohv/ ohdglqj wr vhjphqwdwlrq dqg olp0

lwhg hqwu| lq vshfldo surgxfwv ru orfdo pdunhwv/ kdyh ehhq riwhq lqwurgxfhg

diwhu �qdqfldo fulvhv/ vxfk dv lq wkh 4<63v1 Rqo| lq wkh pruh vwdeoh �qdq0

fldo v|vwhpv wklv frpsoh{ vhw ri uhvwulfwlrqv kdv ehhq judgxdoo| glvpdqwohg/

wkdqnv lq sduw wr qhz frqwuro lqvwuxphqwv/ lqfuhdvlqjo| pdunhw0edvhg +dxglw0

lqj/ udwlqjv/ pdunlqj0wr0pdunhw/ hw fhwhud,1 Sursrvdov iru olplwlqj wkh sdfh

ri olehudol}dwlrq/ hvshfldoo| lq ghyhorslqj frxqwulhv lq zklfk suxghqwldo uhj0

xodwlrq dqg ohjdo hqirufhphqw duh ohvv hvwdeolvkhg/ vhhp lpsolflwo| wr uho| rq

wklv klvwrulfdo wudgh0r�1

Wr d odujh h{whqw/ wkh orjlf ri rxu uhvxowv pljkw eh dssolhg wr wkh dqdo|vlv

ri ulvn0wdnlqj lq rwkhu roljrsrolvwlf lqgxvwulhv lq zklfk wkh idloxuh dqg h{lw

ri rqh ri wkh frpshwlqj �upv grhv qrw lpphgldwho| ohdg wr lwv uhsodfhphqw
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e| d qhz hqwudqw1 \hw wkh dssolfdwlrq wr edqnlqj lv wkh prvw qdwxudo iru

ydulrxv uhdvrqv1 Iluvw/ ehfdxvh wkh rsdflw| ri edqn ordqv dqg edqnv* kljk

ohyhudjh pdnhv dvvhw vxevwlwxwlrq sduwlfxoduo| dwwudfwlyh iru edqn vkduhkrog0

huv/ hvshfldoo| xqghu ghsrvlw lqvxudqfh +zklfk uhgxfhv wkh h{ dqwh frvw ri

ulvn wdnlqj,1 Vhfrqg/ ehfdxvh ri wkh v|vwhpdwlf lqyroyhphqw ri wkh uhjxodwru

lq wkh uhvroxwlrq ri edqn idloxuhv/ zklfk pdnhv rxu srolf| lpsolfdwlrqv pruh

uhohydqw zkhq dssolhg wr wkh edqnlqj lqgxvwu| wkdq wr dq| rwkhu lqgxvwu|1

Lq ixwxuh uhvhdufk zh sodq wr frqvlghu irufhv wkdw pd| pdnh edqnv* vshf0

xodwlyh ohqglqj ghflvlrqv vwudwhjlf frpsohphqwv udwkhu wkdq vxevwlwxwhv1 Rqh

vxfk irufh lv wkh delolw| ri edqnhuv wr srvwsrqh wkh uhfrjqlwlrq ri edg ordqv/

zklfk pd| ohdg wkhp wr nhhs uhqhzlqj edg ordqv dqg wr glvforvh wkhp vl0

pxowdqhrxvo| wr rwkhu edqnv lq rughu wr dyrlg ehlqj vlqjohg rxw iru srru

shuirupdqfh +Udmdq/ 4<<7,1 D vhfrqg irufh lv zkdw Plwfkhoo +4<<;, fdoov

wkh �wrr pdq| wr idlo� sureohp �d skhqrphqrq vwxglhg lq wkh frqwh{w ri

wudqvlwlrq hfrqrplhv e| Shurwwl +4<<;, dqg Plwfkhoo +5334,1 Wkh edvlf lghd

lv wkdw zkhq pdq| edqnv +ru pdq| ri wkhlu eruurzhuv, idfh suhvvxuh iru d

frvwo| uhvwuxfwxulqj/ wkhlu lqfhqwlyh wr frpso| pd| ghshqg rq wkh h{shfwhg

vwudwhj| ri wkh rwkhuv/ vlqfh orjlvwlfdo olplwdwlrqv ru srolwlfdo suhvvxuh pd|

pdnh wkh dxwkrulwlhv xqdeoh wr irufh d yhu| odujh qxpehu ri ghidxowhuv lqwr

edqnuxswf|1
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DSSHQGL[

Dq h{solflw prgho ri frpshwlwlrq iru ghsrvlwv

Edqnv qhhg wr udlvh rqh xqlw ri ghsrvlwv shu eudqfk lq rughu wr �qdqfh wkhlu

ohqglqj dfwlylw|1 Iru wkh sxusrvhv ri wklv vhfwlrq/ dvvxph wkdw edqnv sodq

wr ohqg suxghqwo| dqg wklv |lhogv d uhwxuq o shu xqlw ri wlph1 Dvvxph dovr

wkdw ghsrvlwv udlvhg dw vrph �qdqfldo fhqwhu frvw o shu xqlw ri wlph/ zkloh

wkh ghpdqg iru orfdo ghsrvlwv lv

( ' @n Krc

zkhuh r lv wkh lqwhuhvw udwh sdlg rq wkhvh ghsrvlwv dqg wkh sdudphwhuv @ dqg

K vdwlvi| @ � fc K : fc dqg @n Ko 	 �� Wkxv

rE(� '
( � @

K
+48,

lv wkh dvvrfldwhg lqyhuvh ghpdqg ixqfwlrq1

D prqrsrolvw edqn zloo fkrrvh lwv vxsso| ri ghsrvlwv/ (� c vr dv wr pd{0

lpl}h wkh sur�w  rz do � rE(�o(� Jlyhq +48,/ wkh fruuhvsrqglqj �uvw rughu

frqglwlrq |lhogv

(� '
@n Ko

2
c

zklfk surgxfhv sur�wv htxdo wr

�� '
E@n Ko�2

eK
� +49,

Qrwlfh wkdw (� 	 �*2 	 2 vr wkh prqrsrolvw edqn zloo frpsohphqw lwv

ixqglqj zlwk ghsrvlwv udlvhg dw wkh �qdqfldo fhqwhu1

Dvvxplqj wkdw gxrsrolvw edqnv frpshwh d od Frxuqrw lq wkh pdunhw iru

orfdo ghsrvlwv/ hdfk gxrsrolvw zloo �qg klv ehvw uhvsrqvh/ ((c wr lwv frp0

shwlwru*v vxsso| ri orfdo ghsrvlwv/ (Wc e| pd{lpl}lqj do� rE(n(W�o( zlwk
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uhvshfw wr (� Iurp wkh �uvw rughu frqglwlrq ri wklv sureohp/ e| v|pphwu|/

zh rewdlq=

(( '
@n oK

�
c

xqghu zklfk hdfk gxrsrolvw*v sur�wv duh

�( '
E@n oK�2

bK
� +4:,

Qrwlfh wkdw (( 	 � vr gxrsrolvwv zloo dovr frpsohphqw wkhlu ixqglqj zlwk

ghsrvlwv udlvhg dw wkh �qdqfldo fhqwhu1

Lq whupv ri wkh sdudphwhuv ri rxu prgho/ wkh suhylrxv h{suhvvlrqv lpso|=

Z ' �( '
E@n oK�2

bK
dqg 4 '

��

2�(

� � '
�

H
�

Wr rewdlq d vlplodu h{suhvvlrq iru � c zh fdq frpsxwh wkh gl�huhqfh ehwzhhq

wkh duhdv ri wkh wuldqjohv ri ghdgzhljkw orvvhv +uhodwlyh wr shuihfw frpshwlwlrq,

wkdw dsshdu lq prqrsro| dqg lq gxrsro|=

K

2
ido � rE(��o2 � do � rE((�o

2j '
D E@n oK�2

.2K
c

zklfk fruuhvsrqgv wr zkdw zh kdyh ghqrwhg 2�4Z� Jlyhq wkh deryh ydoxhv ri

Z dqg 4c wklv lpsolhv � ' D
2
�

Surriv

Surri ri Sursrvlwlrq 4 Jlyhq +8, dqg wkh idfw wkdw _W kdv qr gluhfw

lpsdfw rq �� ru �(/ zh mxvw qhhg wr vkrz wkdw �� � �( � f1 Vxssrvh/ rq

wkh frqwudu|/ wkdw �� � �( 	 f� Wkhq/ wkh vljqv ri wkh wklug whupv lq wkh

UKV ri +5, dqg +6, lpso|

o�� : 4@ 
6Mdfc�o

d2 E�.4.�6� Z � b��6o : 4@ 
6Mdfc�o

dE�.�6� Z � b��6o +4;,

dqg

o�( � 4@ 
_Mdfc�o

dE�.�_�Z � b�(_o 	 4@ 
_Mdfc�o

dE�.�_�Z � b��_o �

Exw wklv lpsolhv o�� : o�(c zklfk lv d frqwudglfwlrq1�

5<



Surri ri Ohppd 4 Iurp +9,/ rqh fdq lpphgldwho| vhh wkdw �f lv wkh

pd{lpxp ydoxh ri � iru zklfk +8, lv qhjdwlyh zlwk _ ' _W ' f dqg �( ' �f
(��

Wkh iroorzlqj lqwhuphgldwh uhvxow fkdudfwhul}hv wkh vroxwlrq wr wkh ghflvlrq

sureohp ri d prqrsrolvw xqghu d jlyhq ydoxh ri �(=

Ohppd D4 Wkhuh lv d fulwlfdo ydoxh

�W '
2Z dEo n B� � � b E� n 4�o

bB
+4<,

vxfk wkdw wkh rswlpdo ohqglqj vwudwhj| ri d prqrsrolvw edqn lv 6 ' f li

�( : �Wc 6 ' � li �( 	 �Wc dqg dq| 6 5 dfc �o li �( ' �W�

Surri Iru d jlyhq ydoxh ri �(c lw iroorzv iurp +5, wkdw li 6 ' f wkhq

�� ' �f
�E�(� �

2 E� n 4�Z n B�(
o n B

c +53,

zkloh li 6 ' � wkhq

�� ' ��
�E�(� �

2 E� n 4n �� Z n B�(
o n B n b

� +54,

Pruhryhu/ 2�Z � b�f�E�(� ' 2�Z � b��
�E�(� ' f rqo| dw �( ' �W� Vr +7, lv

qhjdwlyh li �( : �Wc srvlwlyh li �( 	 �Wc dqg }hur li �( ' �Wc zklfk lpsolhv

wkh rswlpdolw| ri wkh ydoxhv ri 6 sursrvhg iru hdfk ri wkhvh wkuhh fdvhv1�

Surri ri Sursrvlwlrq 5 E| Ohppd D4/ ghwhuplqlqj 6 zkhq vshfxodwlyh

jdlqv duh prghvw uhtxluhv frpsdulqj �f( dqg �W� Lw iroorzv iurp +9, dqg +4<,

wkdw �f( � �W lv htxlydohqw wr � � k�f� Zkhq B � 2o4 zh kdyh k � � vr

6 ' f iru doo � � �f� Rwkhuzlvh/ zh kdyh k 	 � vr 6 ' f iru � � k�f dqg

6 ' � iru k�f 	 � � �f��

Wkh iroorzlqj lqwhuphgldwh uhvxow fkdudfwhul}hv wkh htxloleulxp ohqglqj ghfl0

vlrqv ri d prqrsrolvw edqn zkhq vshfxodwlyh jdlqv duh odujh1
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Ohppd D5 Vxssrvh vshfxodwlyh jdlqv duh odujh/ � : �f� Wkhq

41 Li B : 2o4c wkh htxloleulxp ihdwxuhv 6 ' ��

51 Rwkhuzlvh/ q � � dqg wkh htxloleulxp ihdwxuhv 6 ' f iru � � q�f dqg

6 ' � iru � : q�f�

Surri E| Ohppd D4 ghwhuplqlqj 6 zkhq vshfxodwlyh jdlqv duh odujh uh0

txluhv frpsdulqj ��
( dqg �W� Lw iroorzv iurp +:, dqg +4<, wkdw ��

( � �W lv

htxlydohqw wr � � q�f� Zkhq B : 2o4 zh kdyh q 	 � vr 6 ' � iru doo

� : �f� Rwkhuzlvh/ zh kdyh q � � vr 6 ' f iru �f � � � q�f dqg 6 ' � iru

� : q�f��

Surri ri Sursrvlwlrq 6 Iurp Ohppdv 4 dqg D5/ zlwk B � 2o4 dqg

�f 	 � � q�fc zh qhfhvvdulo| kdyh _ : fc �( ' ��
( dqg 6 ' f� Wr �qg wkh

htxloleulxp ydoxh ri _c ohw % ghqrwh wkh xqltxh vroxwlrq wr wkh htxdwlrq

� � b��
( � b%>d�f

�E��
(�� ��

(o ' fc

zkrvh h{solflw h{suhvvlrq dsshduv lq +44,1 Qrwlfh wkdw �f 	 � � q�f lpsolhv

�Z�b��
( : f dqg �f

�E��
(����

( � ��
�E��

(����
( : fc jxdudqwhhlqj % : f1 \hw %

fdq eh juhdwhu ru vpdoohu wkdq �� Li % : �czh fdq vxevwlwxwh _W ' � lq htxdwlrq

+8, dqg fkhfn wkdw wkh uhvxowlqj h{suhvvlrq lv srvlwlyh/ vr wkh htxloleulxp lv

E6c_� ' Efc ��1 Rwkhuzlvh/ wkh xqltxh htxloleulxp lv E6c _� ' Efc %�c vlqfh

qhlwkhu _ ' _W ' f qru _ ' _W ' � surgxfh d frqvlvwhqw vljq lq +8,/ zkloh

_W ' % pdnhv wkh gxrsrolvwv lqgl�huhqw wrzdugv dq| srvvleoh fkrlfh ri _c

lqfoxglqj _ ' %��

Surri ri Sursrvlwlrq 7 Iurp Ohppdv 4 dqg D5/ zlwk � : 4@ i�fc q�fj

zh qhfhvvdulo| kdyh _ : fc �( ' ��
( dqg 6 ' �1 Wr �qg wkh htxloleulxp
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ydoxh ri _c ohw + ghqrwh wkh xqltxh vroxwlrq wr wkh htxdwlrq

�Z � b��( � b+>d��
�E��

(�� ��
(o ' fc

zkrvh h{solflw h{suhvvlrq dsshduv lq +45,1 Qrwlfh wkdw � : �f lpsolhv �Z �

b��
( : f zklfk/ wrjhwkhu zlwk ���E��

(� � ��
( : fc jxdudqwhhv + : f1 \hw

+ fdq eh juhdwhu ru vpdoohu wkdq �� Li + : �c zh fdq vxevwlwxwh _W ' � lq

+8, dqg fkhfn wkdw wkh uhvxowlqj h{suhvvlrq lv srvlwlyh vr wkh htxloleulxp lv

E6c_� ' E�c ��1 Rwkhuzlvh/ wkh xqltxh htxloleulxp lv E6c _� ' E�c +�c vlqfh

qhlwkhu _ ' _W ' f qru _ ' _W ' � surgxfh d frqvlvwhqw vljq lq +8,/ zkloh

_W ' + pdnhv wkh gxrsrolvwv lqgl�huhqw wrzdugv dq| srvvleoh fkrlfh ri _c

lqfoxglqj _ ' +��

Surri ri Sursrvlwlrq 8 Lq wkh uhjlrq zlwk 6 ' �c > dqg B kdyh d

pdujlqdo lpsdfw rq � rqo| wkurxjk wkh lqflghqfh ri vshfxodwlyh ohqglqj

dprqj gxrsrolvwv/ _c dqg wkh uhodwlyh iuhtxhqf| ri prqrsro| gdwhv/ �� Rqh

fdq fkhfn xvlqj wkh h{suhvvlrq iru _ surylghg lq Sursrvlwlrq 7 dqg +46, wkdw

doo wkh frpelqdwlrqv ri > dqg B wkdw lqgxfh d frqvwdqw _ duh udqnhg lq whupv

ri �c zklfk ghfuhdvhv dv wkh hqwu| udwh lqfuhdvhv1 Exw/ zlwk 6 ' �/ wkh vr0

fldo orvvhv phdvxuhg lq +47, duh xqdpeljxrxvo| lqfuhdvlqj lq �/ vr wkh uhvxow

iroorzv1�
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Uhihuhqfhv

^4` Djklrq/ S1/ S1 Erowrq/ dqg V1 Iulhv1 +4<<;,/ �Rswlpdo Ghvljq ri Edqn

Edlorxwv= Wkh Fdvh ri Wudqvlwlrq Hfrqrplhv�/ HEUG Zrunlqj Sdshu

qr1 65/ Orqgrq1

^5` Dqdqg/ E1 dqg D1 Jdohwrylf +4<<:,/ �Lqirupdwlrq/ Qrq0H{foxgdelolw|/

dqg Ilqdqfldo Pdunhw Vwuxfwxuh�/ \doh VRP Zrunlqj Sdshu qr1 51

^6` Fdplqdo/ U1 dqg F1 Pdwxwhv +5333,/ �Pdunhw Srzhu dqg Edqnlqj Idlo0

xuhv�/ Lqwhuqdwlrqdo Mrxuqdo ri Lqgxvwuldo Rujdql}dwlrq/ iruwkfrplqj1

^7` Fdsulr/ J1 dqg G1 Nolqjhelho +4<<:,/ sdshu lqfoxghg lq P1 Euxqr dqg E1

Sohvnrylf/ hgv1/ Dqqxdo Zruog Edqn Frqihuhqfh rq Ghyhorsphqw Hfr0

qrplfv 4<<9/ Zruog Edqn/ Zdvklqjwrq1

^8` Ghzdwulsrqw/ P1 dqg H1 Pdvnlq +4<<8,/ �Fuhglw dqg H!flhqf| lq Fhq0

wudol}hg dqg Ghfhqwudol}hg Hfrqrplhv�/ Uhylhz ri Hfrqrplf Vwxglhv/ 95/

87408881

^9` Gldprqg/ G1 dqg S1 G|eylj +4<;6,/ �Edqn Uxqv/ Ghsrvlw Lqvxudqfh/

dqg Oltxlglw|�/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ <4/ 734074<1

^:` Iuhl{dv/ [1 +4<<<,/ �Rswlpdo Edlorxw Srolf|/ Frqglwlrqdolw| dqg Frq0

vwuxfwlyh Dpeljxlw|�/ zrunlqj sdshu/ Xqlyhuvlwdw Srpshx Ideud/

Edufhorqd1

^;` Kdznlqv/ M1 dqg S1 Wxuqhu +4<<<,/ �Edqn Uhvwuxfwxulqj lq sudfwlfh= dq

ryhuylhz�/ ELV Srolf| Sdshuv/ 9/ 904381

^<` Khoopdqq/ W1/ N1 Pxugrfn/ dqg M1 Vwljolw} +5333,/ �Olehudol}dwlrq/ Prudo

Kd}dug lq Edqnlqj dqg Suxghqwldo Uhjxodwlrq= Duh Fdslwdo Uhtxluh0

phqwv HqrxjkB�/ Dphulfdq Hfrqrplf Uhylhz/ <3/ 47:04981
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^43` Mhqvhq/ P1 dqg Z1 Phfnolqj +4<:9,/ �Wkhru| ri wkh Ilup= Pdqdjhuldo

Ehkdylru/ Djhqf| Frvwv dqg Rzqhuvkls Vwuxfwxuh�/ Mrxuqdo ri Ilqdqfldo

Hfrqrplfv/ 6/ 63806931

^44` Nhhoh|/ P1 +4<<3,/ �Ghsrvlw Lqvxudqfh/ Ulvn/ dqgPdunhw Srzhu lq Edqn0

lqj�/ Dphulfdq Hfrqrplf Uhylhz/ ;3/ 44;6045331

^45` Pdlodwk/ J1 dqg O1 Phvwhu +4<<7, �D Srvlwlyh Dqdo|vlv ri Edqn Forvxuh�/

Mrxuqdo ri Ilqdqfldo Lqwhuphgldwlrq/ 6/ 5:50<<1

^46` Pdwxwhv/ F1 dqg [1 Ylyhv +4<<9,/ �Frpshwlwlrq iru Ghsrvlwv/ Iudjlolw|/

dqg Lqvxudqfh�/ Mrxuqdo ri Ilqdqfldo Lqwhuphgldwlrq/ 8/ 4;705491

^47` Pdwxwhv/ F1 dqg [1 Ylyhv +5333,/ �Lpshuihfw Frpshwlwlrq/ Ulvn Wdnlqj/

dqg Uhjxodwlrq lq Edqnlqj�/ Hxurshdq Hfrqrplf Uhylhz/ 77/ 40671

^48` Plwfkhoo/ M1 +4<<;,/ �Vwudwhjlf Fuhglwru Sdvvlylw|/ Uhjxodwlrq dqg Edqn

Edlorxwv�/ FHSU GS qr1 4:;3/ Orqgrq1

^49` Plwfkhoo/ M1 +5334,/ �Edg Ghewv dqg wkh Fohdqlqj ri Edqnv* Edodqfh

Vkhhwv= Dq Dssolfdwlrq wr Wudqvlwlrq Hfrqrplhv�/ Mrxuqdo ri Ilqdqfldo

Lqwhuphgldwlrq/ 43/ 405:

^4:` Shurwwl/ H1 +4<<;,/ �Lqhuwldo Fuhglw dqg Rssruwxqlvwlf Duuhduv lq Wudq0

vlwlrq�/ Hxurshdq Hfrqrplf Uhylhz/ 75/ 4:3604:581

^4;` Shurwwl/ H1 +5334,/ �Ohvvrqv iurp wkh Uxvvldq Phowgrzq= Wkh Hfrqrplfv

ri Vriw Ohjdo Frqvwudlqwv�/ zrunlqj sdshu/ Xqlyhuvlw| ri Dpvwhugdp1

^4<` Shwhuvhq/ P1 dqg U1 Udmdq +4<<8,/ �Wkh H�hfw ri Fuhglw Pdunhw Frp0

shwlwlrq rq Ohqglqj Uhodwlrqvklsv�/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/

443/ 73:07761
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^53` Udmdq/ U1 +4<<7,/ �Zk| Edqn Fuhglw Srolflhv Ioxfwxdwh= d Wkhru| dqg

Vrph Hylghqfh�/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 43</ 6<<07741

^54` Vfkqlw}hu/ P1 +4<<;,/ �Rq wkh Uroh ri Edqnlqj Frpshwlwlrq iru Fru0

srudwh Ilqdqfh dqg Frqwuro lq Wudqvlwlrq Hfrqrplhv�/ FHSU GS qr1

5346/ Orqgrq1

^55` Vkxoo/ E1 +4<<9,/ �Wkh Ruljlqv ri Dqwlwuxvw lq Edqnlqj= D Klvwrulfdo

Shuvshfwlyh�/ Wkh Dqwlwuxvw Exoohwlq/ 74/ 588055;1

^56` Vxduh}/ M1 +4<<7,/ �Forvxuh Uxohv/ Pdunhw Srzhu/ dqg Ulvn Wdnlqj lq d

G|qdplf Prgho ri Edqn Ehkdylru�/ OVH Ilqdqfldo Pdunhwv Jurxs GS

qr1 4<9/ Orqgrq1

^57` Ylyhv/ [1 +5334,/ �Frpshwlwlrq lq wkh Fkdqjlqj Zruog ri Edqnlqj�/

R{irug Uhylhz ri Hfrqrplf Srolf|/ 4:/ 868087:1
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Iljxuh 51 Sur�wdelolw| dqg wkh rswlpdo srolf|
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Iljxuh 61 Wkh sulydwh frvw ri vshfxodwlyh ohqglqj dqg wkh rswlpdo srolf|
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Iljxuh 71 Wkh vrfldo frvw ri vshfxodwlyh ohqglqj dqg wkh rswlpdo srolf|
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Iljxuh 81 Wkh glvfrxqw udwh dqg wkh rswlpdo srolf|

73


