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Devwudfw

Zkloh grphvwlf lqwhuedqn pdunhwv duh riwhq frqvlghuhg wr zrun lq dq h!flhqw

zd|/ furvv0frxqwu| edqn ohqglqj dsshduv wr eh vxemhfw wr pdunhw lpshuihfwlrqv

ohdglqj wr shuvlvwhqw lqwhuhvw udwh gl�huhqwldov1 Lq d prgho zkhuh edqnv qhhg wr

frsh zlwk oltxlglw| vkrfnv e| eruurzlqj ru e| oltxlgdwlqj dvvhwv/ zh vwxg| wkh

vfrsh iru lqwhuqdwlrqdo lqwhuedqn pdunhw lqwhjudwlrq zlwk xqvhfxuhg ohqglqj zkhq

furvv0frxqwu| lqirupdwlrq lv qrlv|1 Zh �qg wkdw dq htxloleulxp zlwk lqwhjudwhg

pdunhwv qhhg qrw dozd|v h{lvw/ dqg wkdw lw frh{lvwv zlwk rqh fkdudfwhul}hg e|

vhjphqwdwlrq1 D uhsr pdunhw uhgxfhv lqwhuhvw udwh vsuhdgv dqg lpsuryhv xsrq

wkh vhjphqwdwlrq htxloleulxp1 Krzhyhu/ lw pd| ghvwur| wkh xqvhfxuhg lqwhjudwhg

htxloleulxp1

MHO Fodvvl�fdwlrqv= J48/ J53/ I69
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Non-Technical Summary 
 
 
A crucial ingredient of the Economic and Monetary Union (EMU) is to have a unified 
money market across the euro area. Indeed, the interest rates on the inter-bank market 
have adjusted within a few days after the euro was introduced in 1999. Since then, the 
average differences between money market rates in EMU member states remain stable 
at a low level of approximately 3 basis points. Consequently, the introduction of the 
euro successfully implemented uniform liquidity conditions across the euro area. 
A closer look at inter-bank relationships within the euro area reveals that banks are not 
homogeneous players in the inter-bank market for liquidity. Instead, only a few, larger 
banks operate in the international market. The bulk of banks, on the other hand, are 
relying exclusively on domestic channels to manage their liquidity needs.  
This paper attempts to explain these empirical findings with a theory of asymmetric 
information. It starts from the presumption that information on foreign banks is coarser 
than on domestic peers, with whom inter-bank relations might have developed over a 
far longer time period. On this basis, the paper develops a model of banking in which 
inter-bank lending is an important ingredient in banks’ liquidity management. The 
model is one of a perfectly competitive banking sector in which banks offer demand-
deposit contracts to their consumers. Consumers are uncertain with respect to the timing 
of consumption needs, and banks are exposed to liquidity shocks because the fraction of 
consumers withdrawing liquidity at a certain point in time is stochastic. These shocks 
occur both on the individual as well as on the country level. As a result, a country might 
find itself in a situation with excess liquidity or with a liquidity shortage. An inter-bank 
market for liquidity is used to provide liquidity smoothing across banks and in this way, 
avoid costly liquidation of profitable investment projects. 
The model analyses equilibrium in the market for unsecured loans, in which lenders 
assume credit risk in their credit operations. This risk is reflected, among other factors, 
in the market interest rates. For cross border lending, this risk-premium is higher as it 
reflects the assumption that the quality of information on the borrowing banks is lower 
than in domestic lending transactions. It is shown that an integrated market in which all 
banks of high credit standing are able to participate is not always possible. Only if the 
cross-country liquidity shocks are large enough, can the adverse selection problem in 
the international market be overcome. Furthermore, even if an equilibrium with 
integrated markets exists, it is always possible that the market remains at another 
equilibrium in which markets are segmented. Therefore, in the presence of asymmetric 
information across borders, having a single currency can not guarantee the integration 
of money markets. 

ECB •  Work ing  Pape r  No  74 •  Augus t  2001 5



When a repo market is introduced into this model, the paper reaches two different 
conclusions: first, starting from the equilibrium with segmented markets, a 
collateralised market for liquidity is able achieve some degree of integration in spite of 
the asymmetry in information. Second, however, the integrated equilibrium might break 
down as a consequence of having a repo market. This is because the repo market 
reduces the liquidity imbalances across countries and reduces the gain from establishing 
an integrated market. 
The paper then considers different scenarios with heterogeneous banks. It analyses a 
situation in which banks with a good international standing act as correspondent banks 
for their domestic peers, by obtaining liquidity in the international market and re-
lending domestically. These banks could be either multinational banks which have 
access to information in several countries, or else very large banks which are either 
well-known across borders, or considered to be Too-Big-To-Fail by the market. It is 
shown that banks of this type are able to achieve cross-border liquidity smoothing, thus 
overcoming any welfare-reducing effects that may arise because of asymmetric 
information. This scenario seems to describe well the situation in the euro area. 
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4 Lqwurgxfwlrq

Wkh remhfwlyh ri wklv sdshu lv wr vwxg| wkh h�hfwv ri furvv0frxqwu| dv|pphwulf

lqirupdwlrq rq wkh vwuxfwxuh ri �qdqfldo pdunhwv1 Rxu pdlq frqfhuq lv wkh ghvljq

ri prqh| pdunhwv dqg wkh uroh ri uhsr dqg +xqvhfxuhg, lqwhuedqn pdunhwv lq dq

lqwhuqdwlrqdo iudphzrun/ exw rxu uhvxowv fduu| ryhu wr d pruh jhqhudo iudphzrun
ri wkh dqdo|vlv ri furvv0frxqwu| gluhfw lqyhvwphqw/ fryhulqj wkh furvv0frxqwu| pdu0

nhw erwk iru erqgv dqg htxlw|1 Wkh fuhdwlrq ri dq lqwhjudwhg lqwhuedqn pdunhw lv

sduwlfxoduo| uhohydqw lq rughu iru edqnv wr frsh h!flhqwo| zlwk oltxlglw| vkrfnv1

Lqwhuedqn pdunhwv duh lqvwuxphqwdo lq doorzlqj iru d vprrwk zrunlqj ri wkh sd|0

phqw v|vwhpv +vr wkdw d edqn wkdw lv odfnlqj oltxlglw| lq wkh sd|phqw v|vwhp

lv deoh wr eruurz iurp dqrwkhu edqn,/ dqg lq fkdqqholqj oltxlglw| wr wkh edqnv

dqg frxqwulhv wkdw qhhg lw prvw1 Erwk uhsr dqg xqvhfxuhg lqwhuedqn ohqglqj

doorz wr frsh zlwk oltxlglw| vkrfnv1 Vwloo/ ehfdxvh xqvhfxuhg pdunhwv duh edvhg

rq shhu prqlwrulqj/ wkh| lqwurgxfh pdunhw glvflsolqh/ wkxv sod|lqj wkh uroh xq0

vhfxuhg ghsrvlwv pd| sod| zkhq ghsrvlwruv uhfhlyh lqirupdwlrq +Fdorplulv dqg

Ndkq/ 4<<4,1

Lq wklv sdshu/ zh duh sduwlfxoduo| lqwhuhvwhg lq lqyhvwljdwlqj wkh h�hfwv wkdw

wkh Hxurshdq Prqhwdu| Xqlrq kdv kdg rq wkh ghyhorsphqw ri Hxurshdq lqwhu0

edqn pdunhwv1 Vwloo/ wkh sdshu pljkw dovr suryh xvhixo lq dqdo|vlqj wkh fulvlv lq

Hdvwhuq Dvld/ zkhuh lqwhuedqn ohqglqj e| iruhljq frxqwulhv kdg sod|hg d nh| uroh

lq wkhvh frxqwulhv* ixqglqj vwuxfwxuh/ dqg wkh froodsvh ri d zhoo ixqfwlrqlqj xqvh0

fxuhg lqwhuedqn pdunhw suryhg wr eh fuxfldo1 Ilqdoo|/ wkh lvvxh kdv gluhfw srolf|

lpsolfdwlrqv vlqfh/ li wkh lqwhuedqn pdunhw*v surylvlrq ri oltxlglw| lv lqh!flhqw/

wklv fdoov iru uhjxodwru| lqwhuyhqwlrq1

Wkh uroh ri wkh lqwhuedqn pdunhw wr frsh zlwk edqn vshfl�f oltxlglw| vkrfnv

dqg dyrlg xqqhfhvvdu| oltxlgdwlrq ri orqj whup lqyhvwphqwv zdv �uvw dfnqrzo0

hgjhg lq Ekdwwdfkdu|d dqg Jdoh +4<;:,1 Odwhu frqwulexwlrqv exlow xsrq wklv uroh

zkloh lqwurgxflqj hlwkhu prudo kd}dug +Urfkhw dqg Wluroh,/ djjuhjdwhg oltxlg0

lw| ulvn +Doohq dqg Jdoh 5333, ru hovh e| lqwurgxflqj fuhglw ulvn +Iuhl{dv/ Sduljl

dqg Urfkhw 5333,1 Wkhvh vwxglhv |lhog vlplodu uhvxowv srlqwlqj dw wkh srwhqwldo

frqwdjlrq surylghg e| dq lqwhuedqn pdunhw dv zhoo dv wkh h�hfw wkh qhwzrun ri

lqwhuedqn ohqglqj pd| kdyh rq �qdqfldo iudjlolw|1 Ixuwkhupruh/ Ekdwwdfkdu|d
dqg Ixojklhul +4<<7, dqdo|}h wkh h!flhqf| ri dq lqwhuedqn pdunhw lq d iudph0

zrun zkhuh edqnv idfh xqfhuwdlq wlplqj ri oltxlglw| uhwxuqv/ dqg Kropvwuùp dqg
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Wluroh +4<<;, glvfxvv wkh uroh ri oltxlglw| surylvlrq e| wkh sxeolf vhfwru1

Dowkrxjk rxu sdshu grhv qrw irfxv rq �qdqfldo fulvhv/ zh dovr frqvlghu wzr

gl�huhqw lqwhuedqn ohqglqj qhwzrunv/ vhjphqwdwlrq yv1 lqwhjudwlrq/ zkhuh wkh

froodsvh ri lqwhjudwlrq pd| eh lqwhusuhwhg dv d �qdqfldo fulvlv1

Dv lq Urfkhw dqg Wluroh/ zh frqvlghu �shhu prqlwrulqj� dv d nh| idfwru lq
lpsurylqj wkh h!flhqf| ri wkh lqwhuedqn pdunhw> vwloo zh duh frqfhuqhg zlwk

dv|pphwulf lqirupdwlrq dqg wkhuhiruh derxw wkh txdolw| ri vljqdov udwkhu wkdq

derxw prudo kd}dug dqg wkh zd| wr glvflsolqh eruurzhuv1 Iurp wkdw shuvshfwlyh/

rxu zrun lv uhodwhg wr Eurhfnhu +4<<3, dqg wr Iodqqhu| +4<<9, zkr frqvlghu

prghov ri dv|pphwulf lqirupdwlrq dqg fuhglw ulvn1 Dq lpsruwdqw gl�huhqfh wr

wkhlu zrun lv wkdw wkh ydoxh ri d vljqdo lv jlyhq h{rjhqrxvo| lq wkhlu prgho/ zkloh

lq rxu prgho lw lv hqgrjhqrxv/ dv lw uhvxowv iurp wkh htxloleulxp ehkdylru ri

eruurzhuv1

Rxu prgho xvhv d Gldprqg dqg G|eylj w|sh ri iudphzrun/ zkhuh frqvxphuv

duh xqfhuwdlq derxw wkh wlplqj ri wkhlu frqvxpswlrq qhhgv1 Wklv jhqhudwhv olt0

xlglw| vkrfnv/ zklfk zh dvvxph duh suhvhqw erwk dw wkh lqglylgxdo dqg dw wkh

djjuhjdwh ohyho1 Wr eh deoh wr frsh zlwk wkhvh vkrfnv/ edqnv fdq lqyhvw lq d

vwrudjh whfkqrorj|1 Ehfdxvh wklv whfkqrorj| kdv d orzhu uhwxuq wkdq dowhuqdwlyh

lqyhvwphqw rssruwxqlwlhv/ lw lv h!flhqw iru edqnv wr xvh wkh lqwhuedqn pdunhw1

Zh frqvlghu erwk dq xqvhfxuhg lqwhuedqn pdunhw dqg d uhsr0pdunhw zkhuh jry0

huqphqw eloov duh wudghg1 Lq rughu wr lqwurgxfh fuhglw ulvn/ wkh prgho dvvxphv

wkdw edqnv kdyh vrph ulvn ri idloxuh1 Dv lq Urfkhw dqg Wluroh +4<<9,/ edqnv prq0

lwru hdfk rwkhu lq wkh lqwhuedqn pdunhw/ wkxv rewdlqlqj d vljqdo rq wkh vroyhqf|

suredelolw| ri hdfk ri wkhlu shhuv1 Wkh nh| dvvxpswlrq ri rxu prgho lv wkdw furvv
erughu lqirupdwlrq derxw edqnv lv ohvv suhflvh wkdq krph frxqwu| lqirupdwlrq1

Khqfh/ zkhq d edqn wulhv wr eruurz iurp d iruhljq edqn/ lw grhv vr hlwkhu ehfdxvh

lw ehorqjv wr d oltxlglw| vkruw frxqwu| ru hovh ehfdxvh lw kdv jhqhudwhg d �edg�

vljqdo dw d grphvwlf ohyho dqg lv wkhuhiruh xqdeoh wr eruurz lq klv krph frxqwu|1

Dv lw lv lqwxlwlyh/ ghshqglqj rq wkh htxloleulxp suredelolw| glvwulexwlrq ri wkh

wzr w|shv ri prwlydwlrqv iru eruurzlqj deurdg/ dq lqwhjudwhg lqwhuedqn pdunhw

pd| h{lvw ru qrw1

Rxu frqwulexwlrq lv wr vkrz/ xvlqj wklv iudphzrun/ wkdw kdylqj d vlqjoh fxu0
uhqf| lv qr jxdudqwhh iru kdylqj d vlqjoh xqlqvxuhg lqwhuedqn pdunhw1 Qdpho|/

d vhjphqwhg lqwhuedqn pdunhw lv dozd|v dq htxloleulxp/ zkloh wkh hphujhqfh

ECB •  Work ing  Pape r  No  74 •  Augus t  20018



��

��

�

�

�

�

�

���-DQ��� ���-X O��� ���-DQ��� ���-XQ��� ���1RY��� ���0D\�� ���2FW�� ���0DU��

6SDLQ

,WD O\

Iljxuh 4= Vsdqlvk dqg Lwdoldq udwhv lq wkh ryhuqljkw pdunhw iru xqvhfxuhg ordqv

lq frpsdulvrq wr wkh Jhupdq udwhv +lq shufhqwdjh srlqwv,

ri dq lqwhjudwhg lqwhuqdwlrqdo pdunhw lv rqo| srvvleoh zkhq wkh txdolw| ri furvv0

erughu lqirupdwlrq lv vx!flhqwo| jrrg1 D ixuwkhu uhvxow lv wkdw wkh lqwhjudwlrq ri

pdunhwv grhv qrw dozd|v |lhog d pruh h!flhqw rxwfrph1

Rq wkh rwkhu kdqg/ wkh uhsr0pdunhw surylghv d shuihfw phglxp wr fkdqqho

oltxlglw| ehwzhhq edqnv dqg dfurvv frxqwulhv1 Krzhyhu/ wkh vhfxuhg qdwxuh ri wkh

uhsr uhgxfhv edqnv* lqfhqwlyhv iru shhu prqlwrulqj1 Dv d uhvxow/ edqnv zlwk d orz

suredelolw| ri vroyhqf| duh deoh wr rewdlq oltxlglw| yld wkh uhsr pdunhw dqg wr

dyrlg oltxlgdwlrq/ dowkrxjk wkhlu oltxlgdwlrq ydoxh pljkw h{fhhg wkhlu h{shfwhg

frqwlqxdwlrq ydoxh1 Vxusulvlqjo|/ zh dovr hvwdeolvk wkdw wkh frpelqdwlrq ri erwk

w|shv ri pdunhwv qhhg qrw |lhog d pruh h!flhqw doorfdwlrq/ dv lw pd| ohdg wr wkh

froodsvh ri wkh xqvhfxuhg lqwhjudwhg pdunhw1

Diwhu wkh lqwurgxfwlrq ri wkh Vlqjoh Fxuuhqf|/ prqh| pdunhw udwhv lq wkh HPX

kdyh yhu| txlfno| frqyhujhg1 Lq �jxuh 4/ wkh Vsdqlvk dqg Lwdoldq ryhuqljkw udwhv lq

wkh xqvhfxuhg lqwhuedqn pdunhw duh glvsod|hg dv gl�huhqfhv wr wkh Jhupdq udwh1

Iurp wkh ehjlqqlqj ri Vwdjh 6 lq Mdqxdu| 4<<</ gl�huhqfhv ehwzhhq qdwlrqdo udwhv

kdyh ehfrph yhu| vpdoo dqg dyhudjh durxqg rqo| 6 edvlv srlqwv1 Dw �uvw jodqfh/ lw

vhhpv wkdw prqh| pdunhwv duh doprvw shuihfwo| lqwhjudwhg dfurvv Hxursh1 D forvhu

lqyhvwljdwlrq krzhyhu vkrzv wkdw rqo| yhu| ihz edqnv duh dfwlyho| sduwlflsdwlqj lq

wkh lqwhuqdwlrqdo pdunhw1 Iru lqvwdqfh/ lq d uhfhqw vwxg| Fldpsrolql dqg Ukrgh

+5333, uhsruw wkh uhvxowv ri d vxuyh| frqgxfwhg dprqj Hxurshdq Edqnv dffruglqj
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wr zklfk prvw lqvwlwxwlrqv vwloo kdyh wr uho| rq grphvwlf pdunhwv wr pdqdjh wkhlu

oltxlglw| qhhgv1 Wklv sdshu wulhv wr dqdo|}h wklv vlwxdwlrq iurp d wkhruhwlfdo srlqw
ri ylhz1

Wkh sdshu lv rujdql}hg dv iroorzv1 Lq vhfwlrq 5 zh vhw xs wkh edvlf prgho ri

lqwhuedqn fuhglw dqg wkh vwuxfwxuh ri vljqdov1 Vhfwlrq 6 dqdo|}hv wkh xqvhfxuhg

lqwhuedqn pdunhw lq d wzr frxqwu| vhwwlqj/ zkloh vhfwlrq 7 lv ghyrwhg wr wkh

jhqhudo dqg pruh frpsoh{ fdvh zkhq wkh wzr pdunhwv 0xqvhfxuhg dqg uhsr0 duh

frh{lvwhqw1 Vhfwlrq 8 h{whqgv wkh dqdo|vlv e| doorzlqj iru wkh lqwurgxfwlrq ri

fruuhvsrqghqw edqnlqj/ wudqvqdwlrqdo edqnlqj dqg wrr0elj0wr0idlo edqnv1 Vhfwlrq
9 r�huv vrph frqfoxglqj uhpdunv rq wkh srolf| lpsolfdwlrqv ri rxu uhvxowv1 Doo

surriv duh lq wkh dsshqgl{1

5 Wkh Prgho

Zh frqvlghu dq hfrqrp| zlwk wzr frxqwulhv1

Frqvxphuv1 Lq hdfk frxqwu|/ wkhuh lv d frqwlqxxp ri frqvxphuv ri d wrwdo

phdvxuh ri rqh/ zkr srvvhvv rqh xqlw ri hqgrzphqw hdfk dw wlph 31 Frqvxphuv

duh ulvn qhxwudo dqg idfh oltxlglw| vkrfnv dv lq d Gldprqg dqg G|eylj +4<;;,

w|sh ri prgho= wkh| qhhg wr frqvxph hlwkhu dw wlph 4 ru dw wlph 51 Dw wlph 3/
frqvxphuv ghsrvlw wkhlu hqgrzphqwv lq d edqn/ dqg fdq zlwkgudz ixqgv dw wkh

wlph wkh| qhhg wr frqvxph1 Ghsrvlwv duh ixoo| lqvxuhg e| d ghsrvlw lqvxudqfh/

vr qr edqn uxqv rffxu14 Zh dvvxph wkdw wkh ghpdqg0ghsrvlw frqwudfw surplvhv

wkhp d frqvxpswlrq ri 4 lq hlwkhu shulrg/ �� ' � ru �2 ' �1

Edqnv* Lqyhvwphqw1 Wkhuh lv dq lq�qlwh qxpehu ri ulvn qhxwudo edqnv1 Hdfk

uhfhlyhv wkh hqgrzphqwv ri d frqwlqxxp ri frqvxphuv dw wlph 3/ dqg lqyhvw wkhp

hlwkhu lq d ulvn| whfkqrorj| ru lq uhvhuyhv +vwrudjh whfkqrorj|,1 Ixuwkhupruh/ d

edqn fdq ex| jryhuqphqw W0Eloov/ zklfk duh lvvxhg dw sulfh �f/ dqg |lhog 4 lq

wkh vhfrqg shulrg zlwk fhuwdlqw|1 Ghqrwh wkh lqyhvwphqw lq wkh ulvn| whfkqrorj|
U/ wkh rqh lq W0eloov Af�f dqg wkh rqh lq uhvhuyhv rf � �� U�Af�f1 Zh vlpsoli|

wkh dqdo|vlv e| dvvxplqj wkdw wkh dprxqw ri edqnv* htxlw| lv qhjoljhdeoh exw wkdw

edqnv duh/ qhyhuwkhohvv/ uhvlgxdo fodlpdqwv1

4Wkh ghsrvlw lqvxudqfh frpsdq| lv dvvxphg wr udlvh ixqgv dw xqlw frvw1 Wkh ghsrvlw lqvxu0
dqfh lv idlu lq wkdw edqnv kdyh wr ehdu wkh h{shfwhg frvw ri wkhlu idloxuhv1
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Hdfk xqlw lqyhvwhg lq wkh ulvn| whfkqrorj| |lhogv dq xqfhuwdlq sd|r� h- dw

wlph 5/ zkhuh h- ' - +vroyhqf|, zlwk suredelolw| R � �
2
/ dqg h- ' f +lqvroyhqf|,

zlwk suredelolw| � � R1 Lqyhvwphqw lq wkh whfkqrorj| lv dvvxphg wr eh h{0dqwh

h!flhqw lq wkdw R- : �1 Wklv ulvn| dvvhw fdq dovr eh +sduwldoo|, oltxlgdwhg dw

wlph 4/ zlwk wkh iroorzlqj whfkqrorj|= oltxlgdwlrq ri {U xqlwv jlyhv d oltxlgdwlrq

ydoxh ri ,E{U�/ zkhuh ,E{U� lv lqfuhdvlqj dqg frqfdyh1 Iru vlpsolflw| zh xvh d

orjdulwkplf oltxlgdwlrq ixqfwlrq ,E{U� ' *?E{U n ��15

Ehfdxvh edqnv kdyh olplwhg oldelolw| wkh| kdyh lqfhqwlyhv wr iruehdu qr pdwwhu

krz edg wkh survshfwv ri wkh ulvn| whfkqrorj| duh1 Dv d frqvhtxhqfh/ lq rxu prgho
edqn forvxuh zloo rqo| rffxu li lw lv wuljjhuhg e| d oltxlglw| vkrfn1

Oltxlglw| Vkrfnv1 Rxu prgho frpelqhv edqn vshfl�f oltxlglw| vkrfnv zlwk

frxqwu|0zlgh rqhv1 Edqnv duh xqfhuwdlq derxw wkh oltxlglw| ghpdqg wkh| idfh dw

wlph 41 Iru d iudfwlrq ^ ri doo edqnv/ d kljk iudfwlrq ri frqvxphuv ZM lv lpsdwlhqw

dqg zlvkhv wr zlwkgudz dw wlph 41 D iudfwlrq � � ^/ rq wkh rwkhu kdqg/ idfhv d

orz oltxlglw| ghpdqg Zu/ Zu 	 ZM 1 Wkh uhpdlqlqj frqvxphuv duh lpsdwlhqw dqg

zlwkgudz dw wlph 51

Wkh yduldeoh ^ uh hfwv wkh frxqwu| zlgh djjuhjdwh ghpdqg iru oltxlglw| dqg lv

xqfhuwdlq dv zhoo1 Zh dvvxph oltxlglw| vkrfnv wr rffxu zlwk suredelolw| �*2 dqg

uhvwulfw rxu frpsdudwlyh vwdwlfv dqdo|vlv wr fkdqjhv lq wkh suredelolw| ri vroyhqf|1

Wkxv zlwk suredelolw| �*2/ ^ ' ^�/ lq zklfk fdvh d frxqwu| lv lq d vwdwh ri kljk

djjuhjdwh oltxlglw| ghpdqg/ ehfdxvh pdq| edqnv idfh kljk wlph04 zlwkgudzdov

+ZM,1 Rq wkh rwkhu kdqg/ zlwk suredelolw| 425 wkh frxqwu| idfhv d orz oltxlglw|

ghpdqg zlwk ^ ' ^� 	 ^�/ vr wkdw ihzhu edqnv idfh d kljk dprxqw ri zlwkgudzdov1

Iru wkh vdnh ri vlpsolflw| zh dvvxph ^� n ^� ' '1 Wkh suredelolw| ri vroyhqf|

dqg oltxlglw| duh xqfruuhodwhg1

Edqnv fdq pdqdjh wkhlu oltxlglw| qhhgv dw wlph 4 e| eruurzlqj ru ohqglqj

lq wkh lqwhuedqn pdunhw/ e| ex|lqj ru vhoolqj W0Eloov rq wkh uhsr pdunhw/ e|

oltxlgdwlqj dvvhwv/ dqg e| vwrulqj uhvhuyhv xqwlo wkh qh{w shulrg1 Wkurxjkrxw wkh

edvh prgho/ zh dvvxph wkdw d edqn fdqqrw vsolw lwv ordq ghpdqg dprqj vhyhudo

edqnv1 Li looltxlg edqnv idlo wr phhw wkhlu fuhglwruv* ghpdqg/ wkh| duh irufhg lqwr

5Zh dvvxph wkdw oltxlgdwlrq ri dq dvvhw lv htxlydohqw wr vhoolqj wkh dvvhw wr vrphrqh rxwlvgh
wkh edqnlqj vhfwru/ h1j1 wr lqvwlwxwlrqdo lqyhvwruv zkr duh qrw sduwlflsdwlqj lq wkh lqwhuedqn

pdunhw1
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edqnuxswf|/ oltxlgdwlqj doo dvvhwv1 Lq wklv fdvh/ wkh surfhhgv duh devruehg e| wkh

ghsrvlw lqvxudqfh frpsdq|1

Wkh wlplqj ri wkh prgho lv wkh iroorzlqj=

| ' f | ' � | ' 2

� frqvxphuv ghsrvlw

� edqnv lqyhvw

� ^/ Z dqg vljqdov revhuyhg

� oltxlgdwlrq wdnhv sodfh

� uhsr dqg lqwhuedqn pdunhw

rshudwlrqv uhdol}hg

� lpsdwlhqw frqvxphuv zlwkgudz

� uhwxuqv h- uhdol}hg

� sdwlhqw frqvxphuv zlwkgudz

� lqwhuedqn ordqv uhsdlg

Lqirupdwlrq1 Dw wlph 3/ wkh h{0dqwh suredelolw| ri ehlqj vroyhqw/ R/ lv frpprq

nqrzohgjh1 Dw wlph 4/ doo edqnv lq d jlyhq frxqwu| uhfhlyh d qrq0yhul�deoh vljqdo

r( derxw wkh vroyhqf| ri wkhlu grphvwlf frxqwhusduwv1 Zh dvvxph wkdw wkh vdph

vljqdo lv revhuyhg derxw hdfk edqn iurp doo lwv shhuv lq d jlyhq frxqwu|1 Wkh

vljqdo fdq hlwkhu eh jrrg Er� ru edg Er�/ lw lv gh�qhg dv

RoJKEr( ' r m �- ' -� ' RoJKE r( ' r m �- ' f� ' k�

Rxu vhwwlqj wkxv uh hfwv wkh h{lvwhqfh ri �vriw� grphvwlf lqirupdwlrq uhjduglqj

wkh gl�huhqw edqnv* vwudwhjlhv/ wkhlu ulvn0wdnlqj ehkdylru/ dqg wkhlu dffrxqwlqj
vwudwhj| +ordq0orvv surylvlrqv/ zlqgrz guhvvlqj dqg vr rq,1 Wklv lqirupdwlrq lv

qrw gluhfwo| revhuydeoh/ hyhq dw d frvw e| rwkhu edqnv wkdw duh qrw phpehuv ri

wkh sodfh1

Ghqrwh w � RknE��R�E��k� wkh h{0dqwh suredelolw| wkdw wkh jrrg vljqdo lv

uhfhlyhg derxw d edqn16 Zh dvvxph wkdw wkh vljqdo lv lqirupdwlyh/ l1h1/ k 5 E�
2
c �o1

Wkh deryh h{suhvvlrqv doorz xv wr frpsxwh wkh suredelolw| R ri vxffhvv frqgl0
wlrq rq wkh edqn kdylqj surgxfhg wkh vljqdo r( ' r1 Lw lv jlyhq e| R � RoJKE �- '

- mr( ' r� ' Rk
w
dqg zh ghqrwh/ v|pphwulfdoo|/ R � RoJKE �- ' -mr� ' RE�3k�

�3w
�

Wkh vljqdov uhfhlyhg lq wkh iruhljq frxqwu| fdq rqo| eh revhuyhg zlwk vrph

qrlvh1 Zh pdnh wkh iroorzlqj dvvxpswlrq=

Dvvxpswlrq 4 +Qrlv| furvv0frxqwu| lqirupdwlrq,

RoJKEr8 ' rmr( ' r� ' RoJKEr8 ' rmr( ' r� ' �� q

6Ehfdxvh zh duh ghdolqj zlwk d frqwlqxxp ri edqnv/ wkh h{0dqwh suredelolw| lv htxdo wr wkh
h{0srvw iudfwlrq ri edqnv ri wklv w|sh1
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Wklv krogv uhjdugohvv ri wkh edqn*v vroyhqf|/ zkhuh q 5 Efc �
2
� ghqrwhv wkh

suredelolw| wkdw wkh grphvwlf vljqdo lv uhfhlyhg zurqjo| lq wkh iruhljq frxqwu|1
Wkxv/ wkh orzhu q/ wkh ehwwhu lv wkh lqirupdwlrq  rz ehwzhhq frxqwulhv1 Hdfk

edqn lv wkhq fkdudfwhul}hg e| d sdlu Er(c r8 �/ ghqrwlqj wkh vljqdov wkdw kdyh ehhq

uhfhlyhg e| grphvwlf dqg iruhljq edqnv derxw wklv sduwlfxodu edqn1 Dvvxpswlrq

4 lpsolhv wkdw r( lv d vx!flhqw vwdwlvwlfv iru Er(c r8 �17

Qrwh wkdw d edqn fdqqrw revhuyh lwv rzq vroyhqf|/ exw rqo| wkh vljqdo1 Wkhuh0

iruh/ lw kdv qr lqirupdwlrqdo dgydqwdjh ryhu wkh rwkhu pdunhw sduwlflsdqwv uh0

jduglqj lwv rzq vroyhqf|1 Wklv dvvxpswlrq lv uhtxluhg lq rughu wr ohdyh dvlgh wkh
dgglwlrqdo lvvxhv ri prudo kd}dug1

Wkh vhfrqg dvvxpswlrq zh pdnh uhjduglqj wkh vljqdo vwuxfwxuh lv wkdw lw lv

qrw sur�wdeoh wr ohqg wr d orz0vljqdo edqn +lq hlwkhu frxqwu|,1 Ehfdxvh r0edqnv

kdyh d kljkhu suredelolw| ri idloxuh wkdq r0edqnv/ ohqghuv qhhg wr ghpdqg d kljkhu

lqwhuhvw udwh iurp wkrvh edqnv lq rughu wr euhdn hyhq1 Zh dvvxph khuh wkdw wklv

udwh zrxog qhhg wr eh vr kljk wkdw lw lv lpsrvvleoh iru d edqn wr phhw lwv lqwhuhvw

udwh sd|phqwv dw wlph 51

Dvvxpswlrq 5 +Qr ohqglqj wr r0edqnv, Wkh h{shfwhg qhw suhvhqw ydoxh ri d

ordq wr d edqn lv srvlwlyh li r8 ' r dqg qhjdwlyh li r8 ' r1

Dvvxpswlrq 5 lv vwdwhg iru wkh iruhljq vljqdo/ krzhyhu/ ehfdxvh wkh grphvwlf

vljqdo lv pruh suhflvh wkdq wkh iruhljq rqh/ wklv lpsolhv wkdw wkh vdph uhvxow krogv

iru r ' r(11

Ilqdoo|/ zh dvvxph wkdw zkhq d edg vljqdo lv revhuyhg/ lw lv h!flhqw wr forvh

grzq wkh edqn1 Wkdw lv/ zh dvvxph

Dvvxpswlrq 6 +H!flhqw forvxuh ri edg0vljqdo0edqnv,

RoJKE h- ' -mr8 ' r�- � ,�EU�

Ehfdxvh ri frqfdylw| ri ,E��/ wklv dvvxpswlrq lpsolhv wkdw lw lv h!flhqw wr

oltxlgdwh wkh hqwluh ulvn| whfkqrorj| ri d edqn zkhq wkh edg vljqdo kdv ehhq

uhfhlyhg lq wkh iruhljq frxqwu|1 Dvvxpswlrq 6 reylrxvo| lpsolhv wkdw lw lv dovr

7Wklv fdq hdvlo| eh fkhfnhg wkdw iru dq| vljqdo frpelqdwlrq/ iru h{dpsoh iru +v> v, / zh kdyh
s+ �U @ Um+v> v,, @ s�+4��,

s�+4��,.+4�s,+4��,+4��, @ s+ �U @ UmvG @ v,
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h!flhqw wr forvh grzq wklv edqn zlwk ehwwhu txdolw| ri lqirupdwlrq/ h1j1 diwhu

revhuylqj wkh grphvwlf edg vljqdo
�
R- � ,�EU�

�
1

Rq wkh rwkhu kdqg/ wkh dvvxpswlrq R- : � lpsolhv wkdw 7R- : �/ vr wkdw

+sduwldo, oltxlgdwlrq ri d kljk0vljqdo edqn lv qhyhu h!flhqw1

6 Furvv Frxqwu| xqvhfxuhg lqwhuedqn pdunhw
lqwhjudwlrq

Lq wklv dqg doo vxevhtxhqw vhfwlrqv/ zh irfxv rq wkh edqnv* wlph 4 sureohp ri

pdqdjlqj wkhlu oltxlglw| qhhgv18 Zh uhjdug wzr frxqwulhv zlwk gl�huhqw djjuhjdwh

oltxlglw| ghpdqgv dw wlph 41 Z1o1r1j1/ zh dvvxph wkdw iru ^ ' ^�/ wkhuh lv h{fhvv

oltxlglw|/ zkloh iru ^ ' ^�/ wkh oltxlglw| vkruwdjh lv vr kljk wkdw erwk ohqghuv dqg

eruurzhuv oltxlgdwh1 Qrwlfh wkdw zkloh wkhuh duh frxqwu|0zlgh djjuhjdwh vkrfnv/

wkh dvvxpswlrq ^� n ^� ' ' lpsolhv wkdw wkhuh lv qr djjuhjdwh oltxlglw| vkrfn

zkhq erwk frxqwulhv duh wdnhq wrjhwkhu1

+ +/ /

T$ ��T$ T% ��T%

��� ���

FRXQWU\�$ FRXQWU\�%

Iljxuh 5= Oltxlglw| vkrfnv lq frxqwulhv � dqg �

Ohw xv ghqrwh � wkh frxqwu| zlwk h{fhvv oltxlglw|/ dqg � wkh rqh zlwk d

oltxlglw| gh�flw1 Zh dvvxph wkdw wkhuh duh qr ohjdo ru lqiudvwuxfwxudo eduulhuv wr

wkh hphujhqfh ri dq lqwhuqdwlrqdo prqh| pdunhw1

614 Vwuxfwxuh ri htxloleulxp

Dw wlph 4/ zkhq wkh oltxlglw| vkrfn rffxuv/ edqnv zlwk oltxlglw| qhhgv fdq �qg

wkhpvhoyhv zlwk rqh ri wkh irxu sdluv ri vljqdov= Er(c r8 � ' Erc r�c Erc r�c Erc r�/

ru Erc r�1 Ehfdxvh ri Dvvxpswlrq 5/ rqo| edqnv zlwk wkh vljqdo sdlu Erc r� duh

8Wkh wlph 3 lqyhvwphqw sureohp lv qrw frqvlghuhg1
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&RXQWU\
�%

&RXQWU\
�$

%�FDSWLYH $�FDSWLYH

1R�FUHGLW

y��y

��� ** VV

��� %* VV ��� *% VV

��� %% VV

Iljxuh 6= Eruurzlqj fkrlfhv iru frxqwu|0E edqnv= edqnv fdq rqo| rewdlq d ordq lq

wkh frxqwu| zkhuh wkh jrrg vljqdo r kdv ehhq rewdlqhg derxw wkhp1 Lq htxloleulxp/

d iudfwlrq �� � ri Erc r�0edqnv eruurzv grphvwlfdoo| zkloh � eruurz deurdg1

deoh wr fkrrvh lq zklfk frxqwu| wr eruurz1 Wkh rwkhu edqnv duh frqvwudlqhg

wr xvlqj hlwkhu wkh grphvwlf pdunhw li wkh| duh Erc r�/ ru wkh iruhljq pdunhw

li wkh| duh Erc r�1 Edqnv ri w|sh Erc r� duh qrw deoh wr eruurz dw doo1 Wklv lv

looxvwudwhg lq �jxuh 61 Pruhryhu/ lq htxloleulxp/ ohqghuv zloo eh deoh wr xsgdwh

wkhlu lqirupdwlrq rq iruhljq eruurzhuv* vroyhqf| rq wkh edvlv ri wkhlu vwudwhjlf

ehkdylru dqg rq htxloleulxp lqwhuhvw udwhv1 Ehfdxvh ri wkh olplwhg dffhvv ri Erc r�

edqnv wr wkh iruhljq lqwhuedqn pdunhw dqg ri Erc r� wr wkh orfdo lqwhuedqn pdunhw/

wkh htxloleulxp lv qrw d ixoo| lqwhjudwhg pdunhw/ dqg lqvxudqfh djdlqvw oltxlglw|

vkrfnv lv rqo| sduwldo1

Lq rughu wr fkdudfwhul}h wkh htxloleulxp/ qrwlfh/ �uvw wkdw wkh lqwhuedqn lq0

whuhvw udwhv/ o�c � ' �c� duh fuxfldo lq ghwhuplqlqj krz pxfk ri wkh orqj uxq

whfkqrorj| wkh edqnv zloo oltxlgdwh1 Lq htxloleulxp/ lq hdfk frxqwu| � wkh gh0
pdqg iru oltxlglw| l� htxdov wkh vxsso| ri oltxlglw| \�1 Wkhvh duh jlyhq e| wkh

iroorzlqj h{suhvvlrqv=

l� � j�
uZu n

[
&'(c8

j�
&ZM +4,

\� �
[

&'uc(c8

j�
&

�
rf n ,E{U�&�

�
+5,

zkhuh wkh vxshulqgh{ � ' �c� ghqrwhv wkh frxqwu|/ dqg vxelqgh{ & uhihuv wr

wkh gl�huhqw djhqwv dfwlyh lq wkh orfdo lqwhuedqn pdunhw/ & ' uc(c8 1 Khuh/ u

ghqrwhv ohqghuv/ ( uhihuv wr grphvwlf eruurzhuv/ dqg 8 wr iruhljq eruurzhuv/ dqg

j�
& lv wkh +htxloleulxp, phdvxuh ri hdfk w|sh ri edqn lq frxqwu| �1 Xvlqj wkh

edqn*v �uvw rughu ghflvlrqv/ zh fdq hvwdeolvk wkh iroorzlqj Ohppd=
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Ohppd 4 Wkh vxsso| ri oltxlglw| lq frxqwu| �/ \�/ lv qrq0ghfuhdvlqj lq wkh gr0

phvwlf lqwhuhvw udwh o
�/ zkhuh � ' �c�1

Surri1 Vhh dsshqgl{1

Iru orz ohyhov ri lqwhuedqn lqwhuhvw udwhv/ rqo| uhvhuyhv duh xvhg dqg wkh fuhglw

pdunhw grhv qrw ghyhors1 Iru odujhu ohyhov ri lqwhuhvw udwh/ d pdunhw ehjlqv wr

ghyhors zkhuh ohqglqj edqnv gr qrw oltxlgdwh/ exw ohqg rxw wkhlu uhvhuyhv dqg kdyh

d }hur h{shfwhg |lhog1 Zkhq zh frqvlghu kljkhu lqwhuhvw udwhv/ erwk eruurzlqj

dqg ohqglqj edqnv oltxlgdwh wkhlu orqj whup dvvhwv dqg wkh h{shfwhg |lhog iru wkh

ohqglqj edqnv lv vwulfwo| srvlwlyh1

Xqvxusulvlqjo|/ wkh lqwhuedqn lqwhuhvw udwh lv dq lqfuhdvlqj ixqfwlrq ri wkh

djjuhjdwh ghpdqg iru oltxlglw|1 Krzhyhu/ pdunhwv gr qrw surylgh iru d shuihfw

vprrwklqj ri oltxlglw| vkrfnv= edqnv zlwk d kljk dprxqw ri hduo| zlwkgudzdov

ZM oltxlgdwh ohvv wkdq edqnv idflqj Zu1 Wkh uhdvrq lv wkdw wkh h{shfwhg frvw ri

eruurzlqj lv kljkhu wkdq wkh h{shfwhg uhwxuq iurp ohqglqj1 Wklv fdq eh vhhq e|

frpsxwlqj wkh h{shfwhg uhwxuq rq ohqglqj dqg wkh h{shfwhg frvw ri eruurzlqj
frqglwlrqdo rq wkh edqnv* vxuylydo= ohqghuv rewdlq dq h{shfwhg uhwxuq ri 7RE� n o�

rq ordqv/ zkloh eruurzhuv sd| E� n o� rq hdfk xqlw eruurzhg1

Htxloleulxp lq erwk frxqwulhv uhtxluhv

8� � l� � \� ' f +6,

8� � l� � \� ' f +7,

Lw lv txlwh lqwxlwlyh wkdw wkh htxloleulxp zloo eh fkdudfwhul}hg e| d xqlodwhudo

 rz ri eruurzhuv iurp wkh frxqwu| zlwk kljk oltxlglw| qhhgv dqg kljk lqwhuhvw

udwhv wr wkh frxqwu| zlwk h{fhvv oltxlglw| dqg orz lqwhuhvw udwhv1 Wkh iroorzlqj
ohppd hvwdeolvkhv wklv srlqw1 Ghqrwlqj e| �� wkh iudfwlrq ri Erc r�0edqnv lq

frxqwu| � wkdw fkrrvh wr eruurz deurdg/ zh suryh wkdw �� ' f1

Ohppd 5 Eruurzhuv iurp wkh h{fhvv oltxlglw| frxqwu| � eruurz rqo| lq frxqwu|

� +�� ' f,1 Lq dgglwlrq/ lq wkh fdvh ri vhjphqwhg pdunhwv +�� ' �� ' f,/

lqwhuhvw udwhv lq frxqwu| � duh kljkhu wkdq lq frxqwu| � +o� 	 o��1

Surri1 Vhh dsshqgl{1

Wklv zloo vlpsoli| rxu qrwdwlrqv/ vlqfh lw lpsolhv kdylqj rqo| rqh iruhljq pdu0

nhw/ wkh rqh iru eruurzhuv ri frxqwu| � wkdw zlvk wr eruurz lq frxqwu| �1 Wkxv/
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ghqrwh � � ��/ dqg o�/ o�/ dqg o8 wkh grphvwlf udwhv ri frxqwulhv � dqg �

dqg wkh udwh iru iruhljq eruurzhuv/ uhvshfwlyho|1 D shuihfw Ed|hvldq htxloleulxp
lq wkh lqwhu0edqn pdunhw lv d txlqwxsoh E�Wc oW�c o

W
�c o

W
8 c R

W
8 �/ vshfli|lqj wkh iudfwlrq

�W ri Erc r�0edqnv iurp frxqwu| � eruurzlqj deurdg dv zhoo dv wkh lqwhuhvw udwhv

ghpdqghg dqg wkh fruuhvsrqglqj udwlrqdoo| xsgdwhg suredelolw| RW8 1 Lqwhjudwlrq
zloo eh gh�qhg dv wkh fdvh zkhuh lq htxloleulxp �W : fc zkloh vhjphqwdwlrq lv

gh�qhg dv wkh rssrvlwh fdvh zkhq �W ' f1

Lq dq lqwhjudwhg htxloleulxp/ zlwk f 	 �W 	 �/ wzr frqglwlrqv qhhg wr eh

vdwlv�hg= rq wkh rqh kdqg/ ohqghuv lq frxqwu| � vkrxog eh lqgl�huhqw ehwzhhq

ohqglqj wr hlwkhu frxqwu|=

R E� n o�� ' R8 E� n o8 � � +8,

Rq wkh rwkhu kdqg/ eruurzhuv deoh wr eruurz dw krph ru deurdg vkrxog eh
lqgl�huhqw zkhuh wr eruurz/ wkxv

o� ' o8 � +9,

Lq wkh vhjphqwhg htxloleulxp/ �W ' f/ R8 ' RoJKE �- ' -mr� ' R/ dqg o8

lv lqghwhuplqdwh1 Wkh htxloleulxp uhvxowv vlpso| iurp wkh wzr pdunhw fohdulqj

frqglwlrqv +6, dqg +7,/ rqh iru hdfk frxqwu|1

Sursrvlwlrq 6 Xqghu lqwhjudwlrq zh kdyh o�E�
W� � o8 E�

W� : o�E�
W�/ R8 E��E�n

oW8 � ' 7RE� n oW��1 Xqghu vhjphqwdwlrq zh kdyh o8 Ef� : o�Ef�/ R8 ' RoJKE �- '

-mr� ' R1

Surri1 Vhh dsshqgl{1

Qrwlfh wkdw lq rxu whuplqrorj|/ lqwhjudwlrq lqfoxghv wkh fdvh zkhuh � ' �/ dqg

o�E�� : o8 E��= wkh lqwhuhvw udwh fkdujhg deurdg lv vwloo orzhu wkdq wkh grphvwlf

rqh/ dqg doo edqnv zkr duh deoh wr/ zloo eruurz deurdg1 Rqo| �fdswlyh� Erc r�

edqnv zloo eh irufhg wr eruurz grphvwlfdoo| dw wkh kljkhu udwh o�E��1

Zkhq lqwhjudwlrq rffxuv/ zh kdyh wkh iroorzlqj lpsolfdwlrqv=

� Ohqghuv lq wkh � frxqwu| gudz dq lqirupdwlrqdo uhqw iurp wkh oltxlglw|

vkruwdjh1

� Ohqglqj edqnv lq wkh� frxqwu| �qdqfh d khwhurjhqrxv srsxodwlrq ri iruhljq

edqnv/ frqvlvwlqj ri doo wkh �edg ulvnv�Erc r�/ dqg d iudfwlrq � ri wkh �jrrg

ulvnv�/ Erc r��
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615 Lqwhjudwlrq yhuvxv Vhjphqwdwlrq

Zh zloo qrz surfhhg wr hvwdeolvk xqghu zkdw frqglwlrqv vhjphqwdwlrq dqg lqwh0

judwlrq rffxu/ wkdw lv wr ghwhuplqh wkh htxloleulxp ydoxhv ri �1 D fuxfldo hohphqw

lq wkh dqdo|vlv lv wkh lqirupdwlrq xsgdwlqj ri iruhljq ohqghuv1 Revhuylqj wkh

phdvxuh ri edqnv wu|lqj wr eruurz deurdg/ ohqghuv fdq lqihu � dqg wkhuhiruh wkh

iudfwlrq ri Erc r� dqg Erc r� edqnv dprqj wkh iruhljq eruurzhuv1 Dv lw lv lqwxlwlyh/

d kljkhu iudfwlrq ri Erc r� edqnv lpsolhv d kljkhu xsgdwhg suredelolw| ri vroyhqf|

R8 1 Pruhryhu/ iurp +8, lw iroorzv wkdw wkh suhplxp rq iruhljq ordqv/ o8 � o� lv

ghfuhdvlqj lq �1

Ohppd 7 D iruhljq edqn*v xsgdwhg suredelolw| ri vroyhqf| R8 E�� lv lqfuhdvlqj

lq �1 Iru � : f/ wkh suhplxp fkdujhg wr iruhljq eruurzhuv o8 � o� lv ghfuhdvlqj

lq �1

Surri1 Vhh dsshqgl{1

Lq rughu wr rewdlq �W/ zh �uvw ghulyh wkh ghpdqg dqg vxsso| ri oltxlglw| lq
wkh grphvwlf dqg iruhljq pdunhwv iru jlyhq ydoxhv ri �1 Pdunhw fohdulqj wkhq

doorzv xv wr fkdudfwhul}h lqwhuhvw udwhv lq erwk pdunhwv dv ixqfwlrqv ri �1 Wkh

uhvxowv ri wklv dqdo|vlv duh suhvhqwhg lq wkh iroorzlqj Ohppd=

Ohppd 8 Wkh grphvwlf lqwhuhvw udwh lq frxqwu| �/ o�/ lv ghfuhdvlqj lq �1

Surri1 Vhh dsshqgl{1

Xqvxusulvlqjo|/ d kljkhu ohyho ri furvv0frxqwu| eruurzlqj hdvhv wkh oltxlglw|

vkruwdjh lq frxqwu| � dqg ohdgv wr d orzhu lqwhuhvw udwh o�1

Iru � ' f/ lqwhuhvw udwhv lq frxqwu| � duh orzhu wkdq wkh iruhljq lqwhuhvw

udwhv/ o�Ef� 	 o8 Ef�1 Wklv/ wrjhwkhu zlwk wkh uhvxowv iurp Ohppd 8/ kdv wzr

lpsolfdwlrqv= �uvw/ lw pljkw eh wkh fdvh wkdw o8 E�� : o�E�� iru doo ydoxhv ri

�1 Lq wklv fdvh/ eruurzlqj deurdg lv qhyhu dq htxloleulxp vwudwhj|1 Vhfrqg/ li

o8 E�� � o�E�� iru vrph �/ dq htxloleulxp zlwk lqwhjudwlrq h{lvwv1 Krzhyhu/

qrwklqj suhfoxghv wkh vhjphqwdwlrq htxloleulxp wr eh rewdlqhg dv zhoo1

Iljxuh 7 looxvwudwhv wkh lqwhuhvw udwhv � n o� dqg � n o8 dv ixqfwlrqv ri � iru

gl�huhqw sdudphwhu frqvwhoodwlrqv1 Lq doo ri wkhp/ d vhjphqwhg htxloleulxp zlwk
vhsdudwhg lqwhu0edqn pdunhwv +srlqw �, lv srvvleoh1 Lq fdvh E��/ lw lv wkh rqo|
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case (iii) 

B 

Iljxuh 7= Lqwhuhvw udwhv iru frxqwu|0� eruurzhuv dv ixqfwlrqv ri �= Oltxlglw|

vkruw edqnv lq frxqwu| � fdq hlwkhu eruurz grphvwlfdoo| dw udwh o�/ ru lq wkh

iruhljq pdunhw dw udwh o8 1 Erwk udwhv ghshqg rq wkh iudfwlrq ri Erc r�0edqnv

eruurzlqj deurdg/ �1 Wkh h{lvwhqfh ri dq lqwhjudwhg htxloleulxp ghshqgv rq wkh

uhodwlyh orfdwlrq ri erwk udwhv

htxloleulxp ehfdxvh iru doo ydoxhv ri �/ wkh udwh fkdujhg deurdg lv vwulfwo| kljkhu

wkdq wkh rqh lq frxqwu| �1

Lq fdvhv E��� dqg E����/ wkh fxuyhv �no�E�� dqg �no8 E�� furvv iru vrph � : f1

Lq fdvh E���/ wkuhh htxloleuld frh{lvw/ wzr ri wkhp zlwk dq dfwlyh lqwhuqdwlrqdo

pdunhw +dw wkh furvvlqj srlqwv � dqg �,= eruurzhuv idfh wkh vdph lqwhuhvw udwhv

lq erwk frxqwulhv/ dqg wkh| duh lqgl�huhqw dv wr zkhuh wr ghpdqg d ordq1 Vwloo/

� lpsolhv d kljkhu ohyho ri lqwhjudwlrq wkdq �� Ilqdoo|/ lq fdvh E����/ wkhuh lv dq

htxloleulxp zlwk lqwhjudwlrq dw srlqw (/ zkhuh doo edqnv suhihu wr eruurz deurdg

+� ' �� dqg wkh rqo| edqnv lq frxqwu| � wr eruurz grphvwlfdoo| duh wkh Erc r�

rqhv1

Xqghu zklfk flufxpvwdqfhv fdq dq htxloleulxp zlwk dq lqwhjudwhg pdunhw

eh rewdlqhgB Vlqfh wkh iruhljq lqwhuhvw udwh lv lqfuhdvlqj lq wkh lqirupdwlrqdo

suhplxp/ lqwhjudwlrq ehfrphv lpsrvvleoh iru yhu| kljk q1 Dqrwkhu lpsruwdqw

sdudphwhu lv wkh gl�huhqfh lq oltxlglw| qhhgv dfurvv frxqwulhv/ {^ � ^� � ^�=
Rqo| zkhq {^ lv vx!flhqwo| odujh/ lqwhjudwlrq lv srvvleoh1

Wkh iroorzlqj sursrvlwlrq rxwolqhv wkh uhvxowv ri wklv pdunhw lpshuihfwlrq1

Sursrvlwlrq 9 +Pxowlsoh htxloleuld, Li wkh gl�huhqfh lq djjuhjdwh oltxlglw| gh0

pdqg lq wkh wzr frxqwulhv lv odujh hqrxjk/ erwk wkh lqwhjudwhg dqg vhjphqwhg

pdunhw htxloleulxp h{lvw1 Rwkhuzlvh/ rqo| wkh vhjphqwhg pdunhw htxloleulxp h{0

lvwv1
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Surri1 Vhh dsshqgl{1

Sursrvlwlrq 9 lpsolhv �uvw/ wkdw wkhuh lv d wkuhvkrog {^ +zklfk ghshqgv rq

wkh h{rjhqrxv sdudphwhuv k/ q/ dqg R, vxfk wkdw rqo| iru {^ � {^ dq lqwhjudwhg

htxloleulxp h{lvwv1 Vhfrqg/ dqg pruh lpsruwdqw iru lwv srolf| lpsolfdwlrqv/ lw

lpsolhv wkdw zkhqhyhu dq lqwhjudwhg pdunhw h{lvwv wkh vhjphqwhg pdunhw dovr

h{lvwv1 Vr hyhq li lqwhjudwlrq lv srvvleoh lw lv qrw qhfhvvdulo| uhdfkhg/ dqg hyhq li

lqwhjudwlrq lv uhdfkhg/ wkh srvvlelolw| wr uhyhuw wr wkh vhjphqwdwlrq htxloleulxp lv

dozd|v suhvhqw1 Wklv srvvleoh froodsvh ri wkh lqwhjudwhg htxloleulxp lv vrphzkdw

uhplqlvfhqw ri Iodqqhu|*v +4<<9, dujxphqw iru wkh froodsvh ri d grphvwlf lqwhuedqn

pdunhw1 Lq erwk fdvhv lw lv wkh h{lvwhqfh ri h{fhvvlyho| qrlv| lqirupdwlrq wkdw

gulyhv wkh froodsvh ri wkh pdunhw1

Lq wklv prgho/ vhjphqwdwlrq lv txlwh d �urexvw� htxloleulxp ehfdxvh wkhuh

h{lvw vhoi0ixo�oolqj eholhiv wkdw vxssruw lw/ lqghshqghqwo| ri wkh h{lvwhqfh ri dq

lqwhjudwhg lqwhuedqn pdunhw htxloleulxp1 Wklv lv ri frqfhuq ehfdxvh xvxdoo|/

exw qrw qhfhvvdulo|/ lqwhjudwlrq zloo Sduhwr grplqdwh vhjphqwdwlrq/ d srlqw wkh

iroorzlqj sursrvlwlrq hvwdeolvkhv1

Sursrvlwlrq : Wkh lqwhjudwhg htxloleulxp grhv qrw dozd|v grplqdwh wkh vhj0

phqwhg htxloleulxp/ exw lw grhv vr iru q vx!flhqwo| vpdoo1

Surri1 Vhh dsshqgl{1

Dv lv lqwxlwlyh/ iru prvw sdudphwhu frqvwhoodwlrqv lqwhjudwlrq ohdgv wr d kljkhu

h{shfwhg zhoiduh wkdq vhjphqwdwlrq ehfdxvh ri kljkhu furvv0frxqwu| lqwhuhvw udwh

vprrwklqj1 Krzhyhu/ li wkh vljqdov lq wkh iruhljq frxqwu| duh vx!flhqwo| lpsuh0

flvh/ iruhljq ohqghuv pdnh pruh *plvwdnhv* lq judqwlqj ordqv wr lqvroyhqw edqnv/

zklfk ghfuhdvhv zhoiduh1 Vwloo/ sdudphwhu ydoxhv iru zklfk wklv h�hfw grplqdwhv

duh kdug wr �qg vlqfh wkh lqwhjudwhg htxloleulxp h{lvwv rqo| iru vpdoo q1

Wkh dqdo|vlv vkrzv wkdw d kljk ohyho ri furvv0erughu lqirupdwlrq +l1h1 orz q�

lv hvvhqwldo iru dq lqwhjudwhg lqwhu0edqn pdunhw wr h{lvw1 Krzhyhu/ hyhq zkhq wkh

gl�huhqfh lq lqirupdwlrq dfurvv erughuv lv vx!flhqwo| orz/ wkhuh lv qr jxdudqwhh

wkdw sulydwh pdunhw irufhv uhdfk wkh prvw h!flhqw htxloleulxp1

Ixuwkhupruh/ lq doo srvvleoh htxloleuld/ dq lqh!flhqf| uhpdlqv wkdw lv gxh wr

wkh lqirupdwlrqdo dv|pphwu| ehwzhhq frxqwulhv1 Ehfdxvh ri wkh frqfdylw| ri wkh

oltxlgdwlrq whfkqrorj|/ wkh prvw h!flhqw rxwfrph zrxog lqyroyh doo edqnv zlwk

wkh grphvwlf jrrg vljqdo wr oltxlgdwh wkh vdph dprxqw1 Krzhyhu/ vlqfh eruurzhuv
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iurp frxqwu| � sd| d suhplxp wkdw uh hfwv wkh dv|pphwu| lq lqirupdwlrq/ wkh|

oltxlgdwh pruh wkdq edqnv lq frxqwu| � lq hlwkhu rqh ri wkh htxloleuld1

7 Frh{lvwhqfh ri xqvhfxuhg dqg uhsr pdunhwv

lq dq lqwhuqdwlrqdo vhwwlqj

Ilqdoo|/ zh glvfxvv wkh jhqhudo fdvh zkhuh erwk w|shv ri pdunhwv/ uhsr dqg xq0

vhfxuhg/ frh{lvw1 Zh irfxv rq wkh pruh lqwhuhvwlqj fdvh zkhuh edqnv krog ihz

W0Eloov vr wkdw eruurzhuv kdyh wr uho| rq erwkpdunhwv/ dqg eruurzlqj edqnv zlwk0

rxw dffhvv wr xqvhfxuhg pdunhwv kdyh wr forvh grzq +Wkh rssrvlwh fdvh zkhuh

edqnv duh deoh wr frsh zlwk oltxlglw| vkrfnv e| vhoolqj W0Eloov lv wulyldo,1 Lq wklv

zd| zh duh deoh wr h{dplqh wkh frpelqhg h�hfw ri lqwhjudwlrq wkurxjk wkh uhsr
pdunhw dqg pdunhw glvflsolqh e| shhu prqlwrulqj1

Lq wklv frqwh{w/ dv lw lv lqwxlwlyh/ lw lv srvvleoh wr vkrz wkdw wkh h{fhvv oltxlglw|

edqnv ri wkh oltxlglw| vkruw frxqwu| zloo qhyhu krog W0Eloov xqwlo wlph 51 Wklv lv
lq olqh zlwk wkh idfw wkdw wkhvh ohqghuv kdyh dq lqirupdwlrqdo uhqw iurp ohqglqj wr

wkh lqwhuedqn pdunhw ehfdxvh ri pruh dffxudwh lqirupdwlrq/ vr wkdw wkh| fdq ohqg

wkh oltxlglw| wkh| rewdlq wkurxjk wkh vdoh ri W0Eloov1 Wkhuhiruh/ htxloleulxp lv

qrz rewdlqhg zlwk d wudqvihu ri oltxlglw| htxdo wr {rf wkurxjk wkh vdoh ri W0Eloov

+qrwlfh wkdw W0Eloov duh qrw uhghhpdeoh dqg wkhuhiruh gr qrw surgxfh oltxlglw|

ehiruh wlph | ' 2�1 Wkdw lv/

l� ' \� n{rf +:,

l� ' \� �{rf +;,

Wkh iroorzlqj Sursrvlwlrq h{whqgv Sursrvlwlrq 6 dqg fkdudfwhul}hv wkh lqwh0

judwhg htxloleulxp

Sursrvlwlrq ; Wkh htxloleulxp lq wkh lqwhuedqn pdunhw lv fkdudfwhul}hg e| oW� �
oW8 : oW� dqg hlwkhu

41 Lqwhjudwlrq li f 	 �W � �/ o�E�W� � o8 E�
W�/ R8 E�n oW8 � ' 7RE�n oW�� '

�
��

	

RE� n o��/ dqg frxqwu|0� edqnv zloo vhoo doo wkhlu W0Eloov wr wkh � frxqwu|

rqhv1

51 Lqwhjudwlrq zlwk xqvhfxuhg pdunhwv vhjphqwdwlrq li oW� ' oW� dqg �W ' f lq

zklfk fdvh R8 ' RoJKE �- ' -mr�� Wklv zloo rffxu zkhq wkh djjuhjdwh oltxlglw|

vkrfnv duh vpdoo zlwk uhjdug wr wkh W0Eloo pdunhw1
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61 Vhjphqwdwlrq li �W ' f dqg oW� : oW�c lq zklfk fdvh R8 ' RoJKE �- ' -mr�/
dqg wkh � frxqwu| edqnv zloo vhoo doo wkhlu W0Eloov1

Surri1 Vhh dsshqgl{1

Sursrvlwlrq ; frqvlghuv d vlwxdwlrq zkhuh edqnv zlwk h{fhvv oltxlglw| duh zloo0

lqj wr erwk ex| uhsrv dqg ohqg lq wkh xqvhfxuhg pdunhw1 Wkhuhiruh/ zh dvvxph

wkdw wkh sulfh iru oltxlglw| rq erwk pdunhwv lv wkh vdph rqh iru ohqghuv lq frxq0

wu| �/ l1h1 RE� n o�� '
�
��
1 Wklv lpsolhv wkdw iru eruurzhuv lq erwk frxqwulhv/

wkh frvw ri rewdlqlqj oltxlglw| wkurxjk wkh uhsr pdunhw/ �
��
/ lv vpdoohu wkdq wkh

frvw lw idfhv lq wkh xqvhfxuhg pdunhw/ zklfk lv � n or/ r ' �c�1 Wkh eruurzlqj

edqnv zloo uhvruw wr wkh xqvhfxuhg pdunhw rqo| diwhu kdylqj vrog doo wkhlu W0Eloov/

l1h1 A �r
M ' f1 Wkxv/ lq dq lqwhuqdwlrqdo iudphzrun/ wkh uhsr0idflolw| zloo eh xvhg

wr wudqvihu oltxlglw| iurp wkh h{fhvv oltxlglw| frxqwu| wr wkh oltxlglw| vkruw rqh/

zkloh wkh xqvhfxuhg pdunhw zloo eh xvhg wr surylgh oltxlglw| wr wkh 7r eruurzhuv1

Krzhyhu/ ehfdxvh wkh uhsr pdunhw uhvxowv lq d orzhu lqwhuhvw udwh vsuhdg ri

grphvwlf udwhv/ wkh srwhqwldo jdlq iurp lqwhjudwlrq ri xqvhfxuhg pdunhwv lv qrz
orzhu1 Dw wkh vdph wlph/ wkh frvw wkdw lv dvvrfldwhg zlwk lqwhjudwlrq uhpdlqv

xqfkdqjhg/ qdpho| wkh idfw wkdw fuhglw lv h{whqghg wr lqvroyhqw iruhljq edqnv1

Lqghhg/ uhfdoolqj Sursrvlwlrq 9/ zh vdz wkdw rqo| li wkh gl�huhqfh lq oltxlglw|

qhhgv zdv vx!flhqwo| kljk frxog dq htxloleulxp zlwk � : f eh rewdlqhg1 Exw/

wkh h{lvwhqfh ri dq lqwhuqdwlrqdo uhsr pdunhw uhgxfhv {^/ dqg khqfh pdnhv wkh

lqwhjudwlrq ri xqvhfxuhg pdunhwv ohvv olnho|1 Wklv srlqw lv hvwdeolvkhg lq wkh

iroorzlqj Sursrvlwlrq1

Sursrvlwlrq < Wkh lqwurgxfwlrq ri d furvv0erughu uhsr pdunhw lpsolhv

� iru d vhjphqwhg htxloleulxp/ +�W ' f,/ o� � o� lv uhgxfhg1

� wkh lqwhjudwhg htxloleulxp +�W : f, froodsvhv iru {rf vx!flhqwo| kljk1

Surri1 Vhh dsshqgl{1

Wkh srvvleoh htxloleuld lq wkh xqvhfxuhg pdunhw duh looxvwudwhg lq �jxuh 81

Wkh ohiw judsk looxvwudwhv wkh fdvh zkhuh {rf lv uhodwlyho| orz1 Khuh/ htxloleuld

zlwk erwk vhsdudwhg dqg lqwhjudwhg xqvhfxuhg pdunhwv h{lvw1 Lq wkh uljkw judsk/

rq wkh rwkhu kdqg/ {rf lv vr kljk wkdw lqwhjudwlrq lq wkh xqvhfxuhg pdunhw lv qrw
srvvleoh dq| orqjhu1
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Iljxuh 8= Htxloleuld zlwk gl�huhqw ohyhov ri W0Eloo kroglqjv1

Lw zrxog eh whpswlqj wr mxps wr wkh frqfoxvlrq wkdw wkh froodsvh ri wkh lqwh0

judwhg htxloleulxp ghfuhdvhv zhoiduh1 Vwloo/ lq wkh oljkw ri Sursrvlwlrq :/ zh nqrz

wkdw wkh dqdo|vlv lv pruh hqyroyhg1 Lqghhg/ wkh iroorzlqj Sursrvlwlrq hvwdeolvkhv

wkdw wkh froodsvh ri dq lqwhjudwhg htxloleulxp qhhg qrw eh zhoiduh ghfuhdvlqj1

Sursrvlwlrq 43 Wkh euhdn0grzq ri wkh lqwhuqdwlrqdo xqvhfxuhg lqwhuedqn pdu0

nhw gxh wr d kljkhu {rf fdq ohdg wr dq lqfuhdvh lq zhoiduh rqo| iru kljk q1

Surri1 Vhh dsshqgl{1

8 H{whqvlrqv

Xs wr qrz zh kdyh uhvwulfwhg rxu irfxv wr d vlpsol�hg zruog zkhuh edqnv zhuh

hlwkhu grphvwlf ru iruhljq/ fruuhvsrqghqw edqnlqj vhuylfhv zhuh h{foxghg dqg wkh

srsxodwlrq ri edqnv zdv krprjhqhrxv lq uhjdug ri wkhlu fuhglw ulvn1 Lq wkh iro0

orzlqj wkuhh vhfwlrqv zh frqvlghu wkhvh h{whqvlrqv/ vwduwlqj zlwk fruuhvsrqghqw

edqnlqj/ wkhq wxuqlqj wr wudqvqdwlrqdo edqnv dqg frqfoxglqj zlwk wkh lqwurgxf0

wlrq ri vdih edqnv1

814 Fruuhvsrqghqw Edqnlqj

Fruuhvsrqghqw edqnlqj zloo ghyhors zkhq vrph edqnv duh deoh wr eruurz iurp wkh

oltxlg frxqwu| dqg ohqg wr wkh looltxlg rqh1 Wkhvh duh oltxlglw| orqj edqnv iurp

wkh �0frxqwu| zlwk d r iruhljq vljqdo wkdw zloo eruurz dw wkh udwh o8 / dqg ohqg

dw wkh grphvwlf udwh o�1 Dv fruuhvsrqghqw edqnlqj ghyhorsv/ vrph djjuhjdwhg
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dprxqw ri oltxlglw| ~ lv fkdqqhohg lqwr wkh looltxlg frxqwu| dqg wklv zloo uhvxow

lq qhz htxloleulxp lqwhuhvw udwhv o�E~� dqg o8 E~�1

Iru fruuhvsrqghqw edqnlqj wr eh sur�wdeoh/ wkh frvw ri eruurzlqj lq frxqwu|

�/ � n o8 E~�/ fdqqrw h{fhhg wkh dyhudjh uhwxuq iurp ohqglqj wr eruurzhuv lq

frxqwu| �/ RE� n o��E~��/ zkhuh o��E~� uhsuhvhqwv wkh lqwhuhvw udwh fkdujhg e|

fruuhvsrqghqw edqnv1 Wkhuhiruh/ lw lv uhtxluhg wkdw

� n o8 E~� � RE� n o�E~��� +<,

Frqglwlrq +<, lpsolhv wkdw o8 E~� 	 o�E~�/ uhtxlulqj wkdw wkh htxloleulxp lv ri

wkh � ' � w|sh/ zklfk fruuhvsrqgv wr wkh fdvh zkhuh doo Erc r��edqnv ri frxqwu|
� eruurz deurdg1 Lq dgglwlrq/ fruuhvsrqglqj edqnlqj lv xqdeoh wr uhgxfh wkh

vsuhdg o� � o8 wr }hur dv wkh iroorzlqj sursrvlwlrq hvwdeolvkhv

Sursrvlwlrq 44 Fruuhvsrqghqw edqnlqj zloo ghyhors rqo| lq wkh � ' � htxlole0

ulxp/ surylghg wkdw wkh lqwhuhvw udwh zhgjh o�Ef�� o8 Ef� lv vx!flhqwo| odujh/ dqg

lq htxloleulxp wkh zhgjh o�E~
W�� o8 E~

W� lv vwulfwo| srvlwlyh1

Surri1 Vhh dsshqgl{1

Wklv lqwhuhvw udwh gl�huhqwldo zloo wuljjhu wkh duelwudjh rshudwhg e| fruuhvsrq0

ghqw edqnlqj= wkrvh edqnv deoh wr eruurz deurdg zrxog gr vr/ hyhq li wkh| duh

oltxlglw| orqj/ dqg wkhq xvh wkh oltxlglw| rewdlqhg wr ohqg lw wr wkrvh edqnv lq

wkhlu krph frxqwu|1

Vlqfh rshudwlqj lq wkh lqwhuedqn pdunhw grhv qrw ghwhulrudwh wkh fuhglw udwlqj

ri wkh edqn/ wkhuh lv qr olplw lq wkh dprxqw fruuhvsrqghqw edqnv idfh lq rughu

wr eruurz deurdg1 Wkhuhiruh/ wkh lqwhuedqn pdunhw htxloleulxp zloo eh vxfk wkdw

frpshwlwlrq dprqj fruuhvsrqghqw edqnv zloo ohdg wr wkh olplw srlqw ~W zkhuh

wkhuh duh qr pruh jdlqv iurp fruuhvsrqghqw edqnlqj=

� n o8 E~
W� ' RE� n o��E~

W�� ' RE� n o�E~
W��� +43,

Iurp wklv glvfxvvlrq lw lv fohdu wkdw fruuhvsrqghqw edqnlqj kdv d srvlwlyh h�hfw

rq zhoiduh/ vlqfh lw khosv fkdqqholqj oltxlglw| wr zkhuh lw lv prvw qhhghg= lw lv

h!flhqw wkdw edqnv zlwk wkh vljqdov Erc r� oltxlgdwh dv olwwoh dv srvvleoh1 Wklv idfw

wrjhwkhu zlwk d frqfdyh oltxlgdwlrq whfkqrorj| lpsolhv wkdw kdylqj fruuhvsrqghqw

edqnlqj lv zhoiduh0lpsurylqj1 Wkh gl�huhqfh zlwk uhvshfw wr wkh lqwurgxfwlrq

ri d uhsr pdunhw lv wkdw wkhuh lv qr srvvleoh vzlwfk wr dqrwkhu htxloleulxp/ dv
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fruuhvsrqghqw edqnlqj uhtxluhv � ' �1 Wkh lqh!flhqf| gxh wr wkh dv|pphwu|

ri lqirupdwlrq dfurvv frxqwulhv lv qrw frpsohwho| uhpryhg vlqfh dq lqwhuhvw udwh
gl�huhqwldo frqwlqxhv wr uhpdlq1

815 Wudqvqdwlrqdo Edqnv

Zh zloo gh�qh d wudqvqdwlrqdo edqn dv rqh zklfk lv sduw ri wkh �qdqfldo v|vwhpv

lq wkh wzr frxqwulhv dqg wkxv lvvxhv wkh vdph grphvwlf vljqdo lq erwk frxqwulhv1

Wkhuhiruh/ wkhuh lv qr furvv0frxqwu| lqirupdwlrq dv|pphwu| iru wudqvqdwlrqdo

edqnv/ vr wkdw wkh| duh deoh wr rshudwh lq erwk pdunhwv zkhq wkh vljqdo wkh|

uhfhlyh lv jrrg/ dqg lq qrqh zkhq lw lv edg1 Wklv lpsolhv wkdw wudqvqdwlrqdo edqnv

eruurz iurp wkh frxqwu| zlwk orzhu lqwhuhvw udwhv dqg ohqg lq wkh frxqwu| zlwk

wkh kljkhu rqhv1 Frqwudvwlqj zlwk wkh fruuhvsrqglqj edqnlqj fdvh wkdw hphujhg

rqo| iru � ' �/ d wudqvqdwlrqdo edqn zloo rshudwh zkhqhyhu wkhuh lv dq lqwhuhvw

udwh gl�huhqwldo/ lqfoxglqj wkh fdvh ri � ' f1

Ehfdxvh lq rxu prgho wkhuh lv qr olplw wr wkh dprxqw d edqn fdq eruurz

rwkhu wkdq lwv fuhglw dssudlvdo/ wudqvqdwlrqdo edqnv zloo eruurz iurp frxqwu| �

dqg ohqg wr frxqwu| �/ dv fruuhvsrqghqw edqnv gr1

Wkh gl�huhqfh zlwk uhvshfw wr fruuhvsrqghqw edqnlqj lv wkdw lq wkh fruuhvsrq0

ghqw edqnlqj fdvh/ zkhq duelwudjlqj lqwhuhvw udwh gl�huhqwldov lv qrw sur�wdeoh
ehfdxvh frqglwlrq +<, lv qrw phw/ wudqvqdwlrqdo edqnv zloo vwloo fkrrvh wr eruurz

iurp wkh fkhdshvw vrxufh/ lq frxqwu| �/ li wkh| duh oltxlglw|0vkruw +ZM,/ dqg wr

ohqg dw wkh ehvw udwhv/ lq frxqwu| �/ li wkh| duh oltxlglw| orqj +Zu,1 Frqvhtxhqwo|/

zh zloo kdyh d �yduldeoh vl}h pdunhw�/ dv wudqvqdwlrqdo edqnv zloo fkrrvh wkh pdu0

nhw wkh| hqwhu1 Li zh dvvxph wkhuh lv d phdvxuh > ri wudqvqdwlrqdo edqnv lq hdfk

frxqwu|/ wkh h�hfw zh zloo kdyh lv dq lqfuhdvh lq wkh vxsso| ri ordqv lq wkh frxqwu|

zlwk d oltxlglw| vkruwdjh/ dqg dq lqfuhdvh lq wkh ghpdqg iru ordqv lq wkh h{fhvv

oltxlglw| frxqwu|1 Htxloleulxp zloo rffxu zlwk

el� ' \� +44,el� ' \� +45,

zkhuh wkh h{suhvvlrq iru el� dqg el� duh jlyhq e|=

el� ' E�� >�l�E�� n >Ej�
u n j�

u �Zuel� ' E�� >�l�E�� n >
�
j�
( n j�

8 n j�
(

�
ZM
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Dv d frqvhtxhqfh/ wkh h�hfw ri wudqvqdwlrqdo edqnv lv/ hyhq lq wkh devhqfh ri

furvv0frxqwu| duelwudjh/ wr glplqlvk wkh oltxlglw| vkrfnv e| doorzlqj d iudfwlrq ri
edqnv wr fkrrvh wkh ehvw udwhv zlwkrxw idflqj dq| lqirupdwlrq dv|pphwulhv1

Lw lv dovr zruwk qrwlflqj wkdw zkhqhyhu wudqvqdwlrqdo edqnv duh suhvhqw/ fruuh0

vsrqghqw edqnlqj lv qrw sur�wdeoh1 Wklv phdqv wkdw reylrxvo|/ doo wudqvqdwlrqdo

edqnv duh deoh wr dfw dv fruuhvsrqghqw edqnv1 Vwloo/ li wkh dprxqw ri wudqvqdwlrqdo

edqnv lv vx!flhqwo| odujh/ edqnv zlwk d jrrg iruhljq vljqdo zloo eh lqgl�huhqw eh0

wzhhq eruurzlqj dw krph ru eruurzlqj deurdg/ dv dq lqwhjudwhg pdunhw zlwk

o� ' o8 fdq eh dfklhyhg1 Wklv lv lq frqwudvw wr wkh uhvxow zh rewdlq zlwk fruuh0
vsrqghqw edqnlqj +Sursrvlwlrq 44,1 Li wkh dprxqw ri wudqvqdwlrqdo edqnv lv hyhq

odujhu/ wkhq wkh vsuhdg ehwzhhq o� ' o8 dqg o� glplqlvkhv dqg wkh lqirupdwlrqdo

uhqwv lq wkh looltxlg frxqwu| ehjlq wr eh hurghg1 Wklv lv vr dv d wudqvqdwlrqdo edqn

lv deoh wr rewdlq oltxlglw| lq wkh frxqwu| zlwk h{fhvv oltxlglw| dw lqwhuhvw udwh o�

+zkloh d fruuhvsrqghqw edqn zrxog eruurz dw o8 �1

Qrwlfh wkdw wkh suhvhqfh ri wudqvqdwlrqdo edqnv lv vlplodu wr dq hfrqrp| zlwk

d furvv0erughu uhsr pdunhw= lq erwk fdvhv/ wkh wudqvihu ri oltxlglw| lv idflolwdwhg

dqg wklv lv h!flhqw surylghg wkhuh lv qr vzlwfk wr dq lqihulru htxloleulxp/ dv
hvwdeolvkhg lq sursrvlwlrq <�

816 Khwhurjhqhrxv ghidxow ulvn ohyhov

Dvvxph qrz wkdw edqnv duh qrw krprjhqhrxv dq|pruh/ dqg wkdw vrph edqnv lq

hdfk frxqwu| kdyh d orzhu suredelolw| ri idloxuh zklfk lv frpprq nqrzohgjh1 Iru

wkh vdnh ri vlpsolflw| zh wdnh wkh h{wuhph fdvh zkhuh vrph edqnv duh shuihfwo|

vdih zkloh rwkhuv duh ulvn|1 Zh frqvlghu wklv fdvh wr eh sduwlfxoduo| phdqlqjixo/ dv

wkh wrr0elj0wr0idlo dujxphqw lpsolhv wkdw vrph edqnv kdyh wkh xqolplwhg vxssruw

ri wkh uhjxodwru| dxwkrulw|/ zkloh rwkhuv idfh ghidxow zlwk d qrq0}hur suredelolw|1

Wkh dvvxpswlrq R ' � lpphgldwho| lpsolhv wkdw vxfk d edqn lv deoh wr eru0
urz iuhho| iurp dq| pdunhw/ dv d wudqvqdwlrqdo edqn1 Exw lq dgglwlrq/ htxdwlrq

+43, lpsolhv d frpsohwh lqwhjudwlrq ri wkh pdunhwv1 Wkh h{lvwhqfh ri qrlv| lqiru0

pdwlrq iru iruhljq edqnv zloo lpso| wkdw ohqglqj xqvhfxuhg wr edqnv deurdg lv

qrw sur�wdeoh/ dv wkhuh lv qr vsuhdg wr frpshqvdwh iru wkh ulvn1 Lq htxloleulxp/

oltxlglw| lv wudqvihuuhg iurp wkh h{fhvv oltxlglw| frxqwu| wr wkh rqh h{shulhqflqj

wkh oltxlglw| vkruwdjh e| wkh vdih edqnv dw qr frvw1 Wklv htxloleulxp lv h!flhqw/

+lqghshqghqwo| ri wkh h{lvwhqfh ri dq lpsolflw wudqvihu iurp wkh jryhuqphqw wr
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wkh wrr0elj0wr0idlo edqn zklfk lv rxw ri wkh irfxv ri rxu dqdo|vlv,1

Wkh lpsolfdwlrqv ri wklv �qglqj duh idu uhdfklqj1 Lw lpsolhv wkdw d frxqwu|

wkdw odfnv wkh uhvrxufhv +ru wkh fuhglelolw|, wr edfn xs lwv pdmru edqnv lq fdvh

ri glvwuhvv zloo eh dw d glvdgydqwdjh lq rewdlqlqj oltxlglw| lq wkh lqwhuqdwlrqdo

lqwhuedqn pdunhw1 Iru ghyhorshg frxqwulhv wkdw duh deoh wr edlo0rxw wkhlu edqnv/

lw pd| dovr lpso| wkdw wkhuh lv dq lqwhuhvw rq ehkdoi ri wkh frxqwu| wr exlog vwurqj

�wrr0elj0wr0idlo� edqnv lq rughu wr frpshwh lq wkh lqwhuqdwlrqdo duhqd1 Li wklv zdv

vr/ jryhuqphqwv pljkw kdyh dq lqwhuhvw lq surprwlqj qdwlrqdo phujhuv e| fuhdwlqj

qdwlrqdo edqnv udwkhu wkdq doorzlqj iru wkh fuhdwlrq ri wudqvqdwlrqdo edqnv wkdw
wkh| zrxog qrw eh deoh wr vxssruw1

9 Vxppdu| dqg Srolf| Frqfoxvlrqv

Lq wklv sdshu/ zh dqdo|}hg d prgho ri lqwhuedqn pdunhwv lq dq lqwhuqdwlrqdo

frqwh{w1 Zh irfxvhg rq wkh uhvshfwlyh urohv sod|hg e| dq xqvhfxuhg prqh| pdunhw

dqg d uhsr0pdunhw rq wkh grphvwlf dqg lqwhuqdwlrqdo ohyhov/ dqg ghyhorshg wkhlu

zhoiduh surshuwlhv1

Lq dq hfrqrp| zlwk xqvhfxuhg pdunhwv/ ohqglqj wdnhv sodfh rq wkh edvlv ri
shhu prqlwrulqj1 Wklv lv vkrzq wr eh h!flhqw/ dv ixqgv duh fkdqqhohg wr wkh

prvw h!flhqw surmhfwv1 Lq uhsr0pdunhwv/ rq wkh rwkhu kdqg/ prqlwrulqj sod|v

qr uroh ehfdxvh doo ordqv duh froodwhudol}hg1 Wkhuhiruh/ pdunhwv duh xqdeoh wr

dfklhyh h!flhqw oltxlgdwlrq ri xqsur�wdeoh surmhfwv/ dqg lqvroyhqw edqnv iruhehdu1

Vwloo/ frqwudu| wr xqvhfxuhg pdunhwv/ d uhsr pdunhw lv deoh wr dfklhyh oltxlglw|

vprrwklqj dfurvv vroyhqw pdunhw sduwlflsdqwv1

Lq dq lqwhuqdwlrqdo frqwh{w/ lqwhuedqn pdunhwv vhhp wr zrun ohvv h!flhqwo|/
ohdglqj wr pdunhw lpshuihfwlrqv vxfk dv oltxlglw| vkruwdjhv ru lqwhuhvw udwh gli0

ihuhqwldov1 Dowkrxjk wkhvh gl�huhqfhv frxog eh dwwulexwhg wr h{fkdqjh udwh ulvn/

zh dujxh wkdw dq lpsruwdqw eduulhu wr dq lqwhjudwhg lqwhuqdwlrqdo pdunhw lv wkh

h{lvwhqfh ri dv|pphwulf lqirupdwlrq ehwzhhq gl�huhqw frxqwulhv1

Zh kdyh vkrzq wkdw dv orqj dv shhu prqlwrulqj dfurvv erughuv lv ohvv h!0

flhqw wkdq rq d grphvwlf ohyho/ wkh lqwhjudwlrq ri xqvhfxuhg pdunhwv fdq qhyhu eh

shuihfw1 Lq sduwlfxodu/ furvv0erughu ohqglqj lqyroyhv wkh sd|phqw ri lqwhuhvw udwh
suhpld zklfk uh hfw wkh dgyhuvh vhohfwlrq ri eruurzhuv lq wkh lqwhuqdwlrqdo pdu0

nhw1 Wklv lpsolhv wkdw d shuihfw oltxlglw| vprrwklqj dfurvv erughuv fdqqrw wdnh
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sodfh1 Dv d frqvhtxhqfh/ zh vkrz/ �uvw/ wkdw dq htxloleulxp zlwk dq lqwhjudwhg

lqwhuedqn pdunhw grhv qrw dozd|v h{lvw1 Vhfrqg/ hyhq li lw grhv h{lvw/ dw wkh
vdph wlph pdunhw vhjphqwdwlrq lv dozd|v dq htxloleulxp1 Wkhuhiruh/ hyhq zlwk

prqhwdu| lqwhjudwlrq ru fxuuhqf| shjjlqj/ pdunhw lqwhjudwlrq lv qrw qhfhvvdulo|

dfklhyhg1 Lqwhuhvwlqjo|/ zh dovr irxqg wkdw lq dq lqwhjudwhg htxloleulxp/ zhoiduh

lv qrw qhfhvvdulo| kljkhu wkdq lq wkh vhjphqwhg rqh1

D uhsr0pdunhw/ rq wkh rwkhu kdqg/ lv dozd|v deoh wr ixqfwlrq rq dq lqwhuqd0

wlrqdo edvlv/ vlqfh lw ryhufrphv wkh sureohp ri dv|pphwulf lqirupdwlrq1 Wkxv/ lw

lv deoh wr dfklhyh oltxlglw| vprrwklqj dw ohdvw wr vrph ghjuhh1 Vwloo/ wkh zhoiduh
h�hfwv iurp d uhsr idflolw| uhpdlq dpeljxrxv= rxu dqdo|vlv vkrzv wkdw d uhsr

pdunhw uhgxfhv wkh ehqh�wv iurp shhu prqlwrulqj dqg pljkw hyhq lpshgh wkh

lqwhjudwlrq ri pdunhwv1 Ixuwkhupruh/ hyhq wkh frpelqdwlrq ri erwk w|shv ri pdu0

nhwv lv qrw qhfhvvdulo| ehqh�fldo vlqfh lqwhjudwlrq frphv dw wkh frvw ri d kljkhu

ghjuhh ri lqh!flhqw iruehdudqfh1

Ixuwkhupruh/ wkh h�hfwv ri fruuhvsrqghqw edqnv/ wudqvqdwlrqdo edqnv/ dqg

edqnv zlwk ydu|lqj ghjuhhv ri ulvnlqhvv duh dqdo|}hg1 Zh vkrz wkdw wkhvh lqvwl0

wxwlrqv fdq sod|/ lq ydu|lqj ghjuhhv/ d fuxfldo uroh lq wkh furvv0erughu oltxlglw|
wudqvihu1

Wkh sdshu vkhg oljkw rq wkh vlwxdwlrq lq wkh Hxurshdq Prqhwdu| Xqlrq/ zkhuh

wkh gl�huhqfhv lq qdwlrqdo ryhuqljkw udwhv lq wkh xqvhfxuhg lqwhuedqn pdunhw

kdyh ghfuhdvhg udslgo| diwhu wkh lqwurgxfwlrq ri wkh Vlqjoh Fxuuhqf|1 Vwloo/ wkh

lqwhuedqn pdunhw vhhpv wr eh fkdudfwhul}hg e| d wzr0wlhu vwuxfwxuh lq zklfk rqo|

odujh edqnv duh deoh wr xvh wkh lqwhuqdwlrqdo pdunhw iru oltxlglw|1 Wkh sdshu

vxjjhvwv wkdw wklv frxog eh wkh uhvxow ri kdylqj edqnv wkdw duh zhoo0nqrzq dfurvv
wkh Hxur duhd dqg wkhuhiruh deoh wr eruurz dw grphvwlf udwhv lq vhyhudo frxqwulhv1

Dq dowhuqdwlyh h{sodqdwlrq lv wkdw wkhvh edqnv duh yhu| odujh vr wkdw wkh| duh

shufhlyhg wr eh �Wrr0Elj Wr Idlo� lq wkh vhqfh wkdw pdunhw sduwlflsdqwv h{shfw

wkhvh edqnv wr eh edlohg rxw vkrxog lw h{shulhqfh vrph wurxeoh1 Wklv lv lq olqh

zlwk wkh hpslulfdo hylghqfh irxqg1

Frqfhuqlqj froodwhudol}hg pdunhwv iru oltxlglw|/ rqh vkrxog qrwh wkdw dw wkh

suhvhqw vwdjh uhsr pdunhwv duh qrw |hw zhoo lqwhjudwhg zlwklq wkh Hxur duhd1

Wklv lv pdlqo| gxh wr lqiudvwuxfwxudo eduulhuv rq wkh vhfxulw| vhwwohphqw ohyho
zklfk ohdg wr ghod|v lq wkh frpsohwlrq ri uhsr wudqvdfwlrqv dqg lpso| vxevwdqwldo

wudqvdfwlrq frvwv1 Wkh sdshu suhglfwv wkdw rqfh wkhvh eduulhuv duh uhpryhg/ d
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furvv0erughu uhsr pdunhw lv olnho| wr ghyhors lq zklfk dovr vpdoohu ru ohvv nqrzq

edqnv fdq sduwlflsdwh1

Ilqdoo|/ zh zrxog olnh wdnh d pruh g|qdplf ylhzsrlqw dqg frqvlghu srvvleoh

fkdqjhv lq wkh lqirupdwlrqdo vwuxfwxuh1 Lq sduwlfxodu/ lw lv frqfhlydeoh wkdw ryhu

wlph/ lqirupdwlrq ehfrphv pruh hyhqo| vsuhdg dfurvv wkh hxur duhd1 Wkh sdshu

kdv vkrzq wkdw lq wklv fdvh dq lqwhjudwhg htxloleulxp lq zklfk dovr vpdoo edqnv

sduwlflsdwh lq wkh lqwhuqdwlrqdo pdunhw lv pruh olnho| wr eh rewdlqhg1

Uhihuhqfhv

^4` Dojhu/ J1/ 4<<< �DZhoiduh Dqdo|vlv ri wkh Lqwhuedqn Pdunhw�/ plphr/ JUH0

PDT/ Xqlyhuvlwì ghv Vflhqfhv Vrfldohv gh Wrxorxvh1

^5` Ekdwwdfkdu|d/ V1 dqg S1 Ixojklhul/ 4<<7/ �Xqfhuwdlq Oltxlglw| dqg Lqwhuedqn

Frqwudfwlqj�/ Hfrqrplfv Ohwwhuv/ 77/ 5;:05<71

^6` Ekdwwdfkdu|d/ V1 dqg G1 Jdoh/ 4<;:/ �Suhihuhqfh Vkrfnv/ Oltxlglw|/ dqg

Fhqwudo Edqn Srolf|� lq Z1 Eduqhww dqg N1 Vlqjohwrq +hgv1, Qhz Dssurdfkhv

wr Prqhwdu| Hfrqrplfv/ Fdpeulgjh Xqlyhuvlw| Suhvv/ Fdpeulgjh1

^7` Eurhfnhu/ W1/ 4<<3/ �Fuhglw0Zruwklqhvv Whvwv dqg Lqwhuedqn Frpshwlwlrq/�

Hfrqrphwulfd/ 8; +5,/ 75<07851

^8` Fdorplulv/ F1 dqg F1 Ndkq/ 4<<4/ �Wkh Uroh ri Ghpdqgdeoh Ghew lq Vwuxf0

wxulqj Rswlpdo Edqnlqj Duudqjhphqwv� Dphulfdq Hfrqrplf Uhylhz/ ;4+6,/

7<:08461

^9` Fldpsrolql/ P1 dqg E1 Ukrgh/ 5333/ �Prqh| Pdunhw Lqwhjudwlrq= D Pdunhw

Shuvshfwlyh�/ sdshu suhsduhg iru wkh HFE Frqihuhqfh rq Wkh Rshudwlrqdo

Iudphzrun ri wkh Hxurv|vwhp dqg Ilqdqfldo Pdunhwv/ Iudqnixuw/ Pd| 53331

^:` Ghxwvfkh Exqghvedqn/ 5333/ �Wkh Lqwhjudwlrq ri wkh Jhupdq Prqh| Pdunhw

lq wkh Vlqjoh Hxur Prqh| Pdunhw�/ lq Prqdwvehulfkw/ Mdqxdu|/ 680831

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

Oltxlglw|�/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ <4/ 734074<1
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^<` Hxurshdq Fhqwudo Edqn/ 5333/ �Wkh hxur duhd rqh |hdu diwhu wkh lqwurgxfwlrq

ri wkh hxur= nh| fkdudfwhulvwlfv dqg fkdqjhv lq wkh �qdqfldo vwuxfwxuh�/ HFE
Prqwko| Exoohwlq Mdqxdu| 1

^43` Iodqqhu|/ P1/ 4<<9/ �Ilqdqfldo Fulvhv/ Sd|phqw V|vwhp Sureohpv dqg Glv0

frxqw Zlqgrz Ohqglqj�/ Mrxuqdo ri Prqh| Fuhglw dqg Edqnlqj/ 5;/ sw15/

;370;571

^44` Iuhl{dv/ [ dqg E1 Sduljl dqg M1F1 Urfkhw/ 5333/ �V|vwhplf Ulvn/ Lqwhuedqn

Uhodwlrqv/ dqg Oltxlglw| Surylvlrq e| wkh Fhqwudo Edqn�/ Mrxuqdo ri Prqh|

Fuhglw dqg Edqnlqj/ 65+6, sw1 5/ 944096;1

^45` Kropvwuùp/ E1 dqg M1 Wluroh/ 4<<;/ �Sulydwh dqg Sxeolf Vxsso| ri Oltxlglw|�/

Mrxuqdo ri Srolwlfdo Hfrqrp|/ 439/ 40731

^46` Urfkhw/ M1 F1 dqg M1 Wluroh/ 4<<9d/ �Lqwhuedqn Ohqglqj dqg V|vwhplf Ulvn�/

Mrxuqdo ri Prqh| Fuhglw dqg Edqnlqj/ 5;/ Sw15/ :660:951
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Dsshqgl{ D= Surri ri Ohppdv dqg Sursrvlwlrqv

Surri ri Ohppd 41 Z1o1r1j1/ dvvxph wkdw Af ' f/ dv wkh uhsr pdunhw lv

lqdfwlyh dqg W0Eloov sod| qr uroh1 Iru d edqn ri w|sh &/ & ' uc(c 8 / ghqrwh {U&

wkh dprxqw oltxlgdwhg/ u7
& +u(

& , wkh ordq jlyhq wr +ghpdqghg e|, d edqn ri w|sh

&/ dqg r�& wkh vwrudjh ri uhvhuyhv1 Ghqrwh o( dqg o8 wkh grphvwlf dqg iruhljq
lqwhuedqn pdunhw udwhv/ dqg R8 wkh h{shfwhg suredelolw| ri vroyhqf| ri iruhljq

edqnv1 Wkh h{shfwhg sur�w dw wlph04 iru d edqn idflqj zlwkgudzdov Zu lv

R
�
-EU �{Uu� n RE� n o(�u

7
( n R8 E� n o8 �u

7
8 n r�u � E�� Zu�

�
nE�� R�4@ 

�
RE� n o(�u

7
( n R8 E� n o8 �u

7
8 n r�u � E�� Zu�c f

�
zkhuh wkh edqn*v oltxlglw| doorfdwlrq kdv wr vdwlvi| rfn ,E{Uu� � Zun r�unu7

(n

u7
8 1 Khuh/ zh kdyh dvvxphg wkdw sur�wv duh srvlwlyh zkhq wkh ulvn| whfkqrorj|

vxffhhgv vr wkdw edqnlqj lv sur�wdeoh1 Ixuwkhupruh/ wkh pd{lpl}dwlrq sureohp

ghshqgv rq zkhwkhu wkh edqn kdv srvlwlyh sur�wv lq wkh vwdwh ri qdwxuh zkhuh

wkh ulvn| surmhfw lv xqvxvvhvvixo1 Iru h{srvlwlrqdo uhdvrqv/ ohw xv dvvxph wkdw wkh

edqn kdv }hur sur�wv lq wklv fdvh/ l1h1

RE� n o(�u
7
( n R8 E� n o8 �u

7
8 n r�u � E�� Zu� � f +46,

+wkh Ohppd fdq eh suryhg iru wkh rwkhu fdvh dqdorjrxvo|,1 Wkh edqn wkhq fkrrvhv�
{U&c r

�
&c u

7
(c u

7
8

�
wr pd{lpl}h wkh Odjudqjldq

u ' R
�
-EU �{Uu� n RE� n o(�u

7
( n R8 E� n o8 �u

7
8 n r�u � E�� Zu�

�
�Rb

�
Zu n r�u n u7

( n u7
8 � rf � ,E{c Uu�

�
c

wdnlqj lqwr dffrxqw wkh dssursuldwh qrq0qhjdwlylw| frqvwudlqwv/ zkhuh zh kdyh

wdnhq Rb wr eh wkh Odjudqjldq pxowlsolhu1 Vlploduo|/ d edqn ri w|sh & ' (c8

zlwk zlwkgudzdov ZM idfhv wkh sureohp

4@ 
i{U&cr

�
&cu

(
& j

R
�
-EU �{U&�� E� n o&�u

(
& n r�& � E�� ZM�

�
v1w� rf n u(

& n ,E{U&� � ZM n r�&�
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Wkh �uvw0rughu frqglwlrqv iru wkh Odjudqjldq iru dq u0edqn duh wkh iroorzlqj=

RE� n o(�� b � f +47,

R8 E� n o8 �� b � f

�-n b,�E{Uu� � f

�� b � f

zkloh lq d vwdwh ri qdwxuh & ' (c8 +dqg pxowlsolhu R>, wkh| duh fkdudfwhul}hg

e|=

�E� n o&� n > � f +48,

�-n >,�E{U&� � f

�� > � f

Lq rughu iru u0edqnv wr ohqg wr oltxlglw| vkruw edqnv iurp erwk frxqwulhv/ zh
qhhg RE�no(� ' R8 E�no8 �1 Li RE�no(� � �/ rqo| uhvhuyhv duh xvhg/ {U& ' f iru

hyhu| &/ dqg wkh lqwhuedqn pdunhwv duh lqdfwlyh1 Edqnv zlwk d oltxlglw| vkruwdjh

oltxlgdwh srvlwlyh dprxqwv rqo| iru � n o& : �*-/ zkloh h{fhvv oltxlglw| edqnv

r�hu ordqv iru R E� n o(� : �/ dqg oltxlgdwh iru R E� n o(� : �*-1 Wkh rswlpdo

oltxlgdwlrq ghflvlrqv duh

,E{Uu� ' 4@ 

�
fc *?

�
R E� n o(�

-

��
,E{U(� ' 4@ 

�
fc *?

�
� n o(

-

��
+49,

,E{U8 � ' 4@ 

�
fc *?

�
� n o8
-

��
' 4@ 

�
fc *?

�
R E� n o(�

R8-

��
1

Iurp +5,/ lw iroorzv wkdw \� lv qrq0ghfuhdvlqj lq wkh orfdo lqwhuhvw udwh1 Qrwlfh

wkdw wkh uhvxow dovr krogv lq wkh fdvh wkdw +46, lv qrw vdwlv�hg1 Lq wklv fdvh/

oltxlgdwlrq zrxog eh h,E{U&� ' 4@ i,E{U&� n *? Rj iru & ' uc(c 8 1 zklfk lv
qrq0ghfuhdvlqj lq wkh lqwhuhvw udwh1 �

Surri ri Ohppd 51 Zh zloo suryh wkh ohppd lq wzr vwhsv1 Iluvw zh suryh

wkdw rqo| rqh �� fdq eh qrq0}hur/ wkh rqh fruuhvsrqglqj wr wkh frxqwu| zlwk kljk

lqwhuhvw udwhv1 Vhfrqg/ zh suryh wkdw li �� : f/ wkh lqwhuhvw udwhv gl�huhqwldov

ehwzhhq wkh wzr frxqwulhv zrxog lpso| d frqwudglfwlrq1

4, Dvvxph e| zd| ri frqwudglfwlrq wkdw o� � o� / dqg �� : f1 Ghqrwh e|

o�8 wkh udwh r�huhg wr iruhljq edqnv wkdw zdqw wr eruurz lq frxqwu| �1 Ehfdxvh
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frxqwu| � edqnv kdyh dffhvv wr frduvhu lqirupdwlrq rq iruhljq eruurzhuv/ zh kdyh

o� 	 o�8 iru � ' �c�1
Rq wkh rwkhu kdqg/ d qhfhvvdu| frqglwlrq iru �� : f lv wkdw o�8 � o� +eru0

urzlqj lq frxqwu| � lv dwwudfwlyh iru + rc r� eruurzhuv lq frxqwu| �, exw wklv zrxog

lpso| o� : o�c d frqwudglfwlrq/ vr wkdw o� � o� / lpsolhv �� ' f1

5, Wr suryh wklv vhfrqg srlqw/ frqvlghu �uvw wkh lqwhuhvw udwhv zkhq �� '

�� ' f1 Htxloleulxp ghpdqgv l� ' \�Eo�� iru � ' �c�1 Vlqfh wkh oltxlgdwlrq

whfkqrorj| lv wkh vdph lq wkh wzr frxqwulhv/ vr lv wkh vxsso| ixqfwlrq/ dqg dv zh

kdyh l� 	 l� dqg wkh vxsso| lv lqfuhdvlqj lq o�c zh rewdlq o� 	 o��

Frqvlghu qrz wkh fdvh �� : f dqg �� ' f� Lq wklv fdvh/ wkh ghpdqg l�
�

lq frxqwu| � lv odujhu wkdq lq wkh �� ' �� ' f fdvh/ zkloh wkh ghpdqg iru

l�
� lv orzhu wkdq ehiruh1 Wklv zrxog lpso| wkhuhiruh wkdw wkh pdunhw fohdulqj

lqwhuhvw udwhv vdwlvi| djdlq o� 	 o�� Exw wkhq / xvlqj wkh dujxphqw lq 4,/ |lhogv

d frqwudglfwlrq/ vlqfh zh kdyh suryhg lq 4, wkdw wkh lq rughu wr kdyh �� : f zh
qhhg o� : o�� �

Surri ri Sursrvlwlrq 61 D qhfhvvdu| frqglwlrq iru � : f lv wkdw eruurzlqj

deurdg lv qr pruh h{shqvlyh wkdq eruurzlqj grphvwlfdoo|/ vr wkdw o� � o8 / zlwk

� ' � lq fdvh ri vwulfw lqhtxdolw|1 Rq wkh rwkhu kdqg/ +8, lpsolhv o8 � o�1

Li � ' f/ wkhuh lv vhjphqwdwlrq/ vlqfh dq| srwhqwldo eruurzhu lv lghqwl�hg dv

d +rc r,0w|sh dqg wkhuhiruh/ R8 ' R1 Exw/ li o8 	 o�/ zh zrxog kdyh � : f/ d
frqwudglfwlrq1

Surri ri Ohppd 71 Wkh xsgdwhg suredelolw| ri vroyhqf| ri d iruhljq eruurzhu

lv

R8 E�� '
�RoJKE �- ' - dqg Erc r�� n RoJKE �- ' - dqg Erc r��

�RoJKErc r� n RoJKErc r�
+4:,

'
�RkE�� q� n RE�� k�q

�E�� q�w n E�� w�q
�

Wdnlqj lqwr dffrxqw wkdw w ' kRnE��k�E��R�/ lw lv hdv| wr vhh wkdw R�8 E�� : f1

Iurp +8,/ wkh iruhljq suhplxp lv jlyhq e| o8 � o� ' E� n o��
�

R
R8 E��

� �
�
1

Ehfdxvh R�8 E�� : f/ lw lv ghfuhdvlqj lq �1 �

Surri ri Ohppd 81 Lq frxqwu| �/ wkhuh duh j�
u ' � � ^� ohqghuv/ j�

(E�� '

^�w d�� �E�� q�o � ^�1
� grphvwlf eruurzhuv/ dqg qr iruhljq eruurzhuv/ j�

8 ' f1
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Xvlqj wkh �uvw rughu frqglwlrqv +49,/ zh fdq h{suhvv oltxlglw| ghpdqg dqg vxsso|/

+4, dqg +5,/ dv ixqfwlrqv ri �/

l�E�� ' j�
uZu n j�

(E��ZM

\�E�� ' j�
u

�
rf n *?

�
RE� n o��

-

��
n j�

(E��

�
rf n *?

�
� n o�
-

��
�

Vlqfh R- : �/ lw lv qhyhu h!flhqw wr fkrrvh rf vr wkdwl�E�� : rf
�
ju n j�

(E��
�
1

Wklv lpsolhv wkdw vrph edqnv +l1h1 grphvwlf eruurzhuv, zloo dozd|v oltxlgldwh srv0
lwlyh dprxqwv1 Wkh lqwhuhvw udwh o� dgmxvwv vr wkdw

8� � \�E��� l�E�� ' f� +4;,

Wkhq/ Y8�

Yo�
'

j�
unj�

(

�no�
: f +uhvs1 Y8�

Yo�
'

j�
(

�no�
: f li ohqghuv gr qrw oltxlgdwh,

dqg Y8�

Yj�
(E��

' ,E{U�(� � EZM � rf� � f�
( zklfk lv qhjdwlyh ehfdxvh ZM0edqnv

eruurz1 Wkhq/ wkh Lpsolflw Ixqfwlrq Wkhruhp lpsolhv _o�
_j�

(E��
: f/ dqg wrjhwkhu

zlwk _j�
(E��

_�
	 f/ zh rewdlq _o�

_�
' _o�

_j�
(E��

_j�
(E��

_�
	 f1 �

Surri ri Sursrvlwlrq 91 Wkh vhjphqwhg htxloleulxp h{lvwv vlqfh iru � ' f/

dq| +rc r, edqn zrxog suhihu wr eruurz dw udwh o� udwkhu wkdq qrw rewdlqlqj dq|

fuhglw1 Wkhuhiruh/ � ' f lv frqvlvwhqw zlwk wkhlu ehkdylru/ 8� ' f dqg 8� ' f

ghwhuplqh o� dqg o�/ uhvshfwlyho|/ zkloh o8 lv xqghwhuplqhg vlqfh wkhuh lv qr

furvv0erughu lqwhuedqn ohqglqj1

Dq lqwhjudwhg htxloleulxp grhv qrw h{lvw li dqg rqo| li

4�?
�

o8 E��� o�E�� : f +4<,

Ohw �WE{^� eh wkh vroxwlrq wr +4<, zlwk htxdolw|1 Zh zloo vkrz wkdw li {^

vdwlv�hv 4�?
�WE{^�

o8 E�
WE{^��� o�E�

WE{^�� ' f/ wkhq iru dq| {^� vxfk wkdw {^� �
{^/ frqglwlrq +4<, krogv/ l1h1 wkh lqwhjudwhg htxloleulxp grhv qrw h{lvw1 Zh rqo|

kdyh wr suryh wkdw _Eo83o��
_{^

	 f1

Vlqfh ^� n ^� ' '/ zh kdyh _^� ' �_^�/ vr wkdw _{^ ' 2_^�1 Frqvlghu �uvw
_o�
_{^

1 Lq frxqwu| �/ o� vroyhv \� ' l� +dv lq wkh surri ri Ohppd 8,1 Iurp +4;,/

ghqrwh 8� � \� �l� ' E�� ^��f
�
u n ^�1

�f�
( ' f zkhuh f�

u � fdqg f�
( � f1

Iurp wkh surri ri Ohppd 8/ zh kdyh Y8�

Yo�
' �

�no�

�
j�
u n j�

(

�
1 Rq wkh rwkhu kdqg/

Y8�

Y{^
' 2

Y8�

Y^�
' 2

��f�
u n 1�f�

(

�
' � 2

^�
f�

u � f
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zkhuh wkh odvw htxdolw| iroorzv iurp +4;,1

Qh{w/ frqvlghu _o8
_{^

1 Oltxlglw| ghpdqg dqg vxsso| lq frxqwu| � duh

l� ' j�
uZu n j�

(E��ZM n j�
8 E��ZM

\� ' j�
u

�
rf n *?

R8 E� n o8 �

-

�
n j�

(

�
rf n *?

R8 E� n o8 �

R-

�
n j�

8

�
rf n *?

� n o8
-

�
zlwk j�

u ' � � ^�/ j�
( ' ^�w/ dqg j�

8 ' ^� d�E�� q�w n qE�� w�o � ^�1
�/ dqg

zkhuh zh kdyh xvhg +8,1 Ghqrwh

8� ' \� � l� � E�� ^��f
�
u n ^�wf

�
( n ^�1

�f�
8 ' f +53,

zlwk f�
u � f/ f�

( � f dqg f�
8 � f1 Wkhq/ Y8�

Yo8
'

j�
unj�

(nj�
8

�no8
dqg

Y8�

Y{^
' 2

Y8�

Y^�
' 2

���f�
u n wf�

(

� _^�
_^�

n 1�f�
8

�
'

2

^�

��
f�

u � wf�
(

�
E^� n ^���f�

u

�

zkhuh wkh odvw htxdolw| iroorzv iurp +53,1

Xvlqj wkh Lpsolflw Ixqfwlrq Wkhruhp dqg wkdw o8 ' o� iru {^ ehorqjlqj wr

8 / zh �qg

_Eo8 � o��

_{^
' �Y8�*Y{^

Y8�*Yo8
n

Y8�*Y{^

Y8�*Yo�

' �2 E� n o8 �

^�

+�
f�

u � wf�
(

�
E^� n ^��

j�
u n j�

( n j�
8

n
f�

u

j�
u n j�

(

� f�
u

j�
u n j�

( n j�
8

,
Wkh �uvw whup lv srvlwlyh1 Ixuwkhupruh/ wkh vhfrqg whup h{fhhgv wkh wklug

whup= �uvw/ f�
u : f�

u ehfdxvh o� : o� lpsolhv ,E{U�u � : ,E{�
u�1 Vhfrqg/ lw lv

hdv| wr vkrz wkdw j�
u n j�

( 	 j�
u n j�

( n j�
8 / dv lw lv htxlydohqw wr E^� � ^�� E��

w� n ^��E�� q� n ^�1
� � f1 Khqfh/ _Eo83o��

_{^
	 f1 �

Surri ri Sursrvlwlrq :1 Vxssrvh wkh edqnv krog d vpdoo dprxqw ri W0Eloov dw

wlph 3/ dqg wkdw wkh lqwhjudwhg htxloleulxp h{lvwv1 Ghqrwlqj e| lqgh{ � ' �c�

wkh frxqwu|/ dqg & wkh edqn w|sh1 H{shfwhg zhoiduh fdq eh vkrzq wr eh

` ' U ER-� �� n AfE���f�� �

2

[
�'�c�

[
&

j�
&

�
R&-{U �& � ,E{U �&�

�
+54,

zkhuh R& ghqrwhv wkh h{shfwhg suredelolw| ri vroyhqf| iru d jlyhq w|sh &/ l1h1

R& 5 iRc Rc Rj1
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Ghqrwh wkh lqwhjudwhg htxloleulxp U dqg wkh vhsdudwhg rqh 71 Lq frxqwu| �/

vxssrvh wkdw hyhq lq wkh lqwhjudwhg htxloleulxp/ R E� n o�� ' �1 Wklv lpsolhv
wkdw frxqwu| � edqnv oltxlgdwh wkh vdph dprxqw lq erwk htxloleuld/ vr zh fdq

qhjohfw wkhp lq wkh zhoiduh frpsdulvrq1 Iru frxqwu| �/ ghqrwh lqwhuhvw udwhv lq

wkh vhjphqwhg htxloleulxp o�E7� dqg wkrvh lq wkh lqwhjudwhg rqh o�EU� ' o8 EU�/

zkhuh o�E7� : o�EU�1 D fkdqjh iurp d vhsdudwhg wr dq lqwhjudwhg htxloleulxp

wkhq d�hfwv wkh iroorzlqj edqnv lq frxqwu| �= j�
u � ��^� ohqghuv dqg j�

( � ^�w

eruurzhuv zlwk wkh jrrg grphvwlf vljqdo zloo idfh kljkhu lqwhuhvw udwhv � n o�1

Wkxv/ {U�& E7� : {U�& EU�/ & ' uc(1 Ixuwkhupruh/ j�
� � ^�E� � w�q eruurzhuv

zlwk wkh vljqdo sdlu Erc r� zloo jr edqnuxsw lq wkh htxloleulxp zlwk vhsdudwlrq/

kdylqj wr oltxlgdwh {U�� E7� � {U�(E7�/ exw rewdlq d iruhljq ordq zlwk lqwhjudwlrq

dqg oltxlgdwh {U�(EU�1

Iru Ru ' R/ R( ' R/ dqg R� ' R/ zh fdq pdqlsxodwh wkh fkdqjh lq zhoiduh

iurp +54, vr wkdw

{` � ` E7��` EU� +55,

'
[

&'uc(c�

j�
&

��
R&-{U�& E7�� ,E{U�& E7��

�� �
R&-{U�& EU�� ,E{U�& EU��

��
'

[
&'uc(c�

j�
&

+] {U�& E7�

{U�& EU�

,�E{U�_{U �
] {U�& E7�

{U�& EU�

R&-_{U

,

'
[

&'uc(c�

j�
&

+] {U�& E7�

{U�& EU�

d,�E{U�� R&-o _{U

,
�

Rxu prgho dvvxpswlrqv lpso| R- � R- � ,�E{U� dqg khqfh wkdw wkh whupv

fruuhvsrqglqj wr & ' uc( duh qhjdwlyh/ zkloh Dvvxpswlrq 6 lpsolhv R- � ,�E{U�

vr wkdw wkh whup iru & ' � lv srvlwlyh1

Wkh vljq ri {` ghshqgv wkhuhiruh rq sdudphwhuv1 Vxssrvh �uvw wkdw q $ f/

vr wkdw j�
� $ f1 Wkhq/ {` 	 f/ dqg wkh wkh euhdn0grzq ri wkh lqwhjudwhg

htxloleulxp ghfuhdvhv zhoiduh1

Rq wkh rwkhu kdqg/ frqvlghu wkh iroorzlqj vhw ri sdudphwhuv= - ' 2/ R ' f�H/

k ' f�b/ q ' f�eD/ U ' f�D/ Af ' f/ ^� ' f�DD/ ^� ' f�e2D/ ZM ' f�H/ dqg

Zu ' f��1 Fdofxodwlrqv vkrz wkdw h{shfwhg zhoiduh +54, lv ` re} ' f�2bSH lq

wkh vhjphqwhg htxloleulxp1 Ixuwkhupruh/ dq lqwhjudwhg htxloleulxp h{lvwv iru
� � f�../ ohdglqj wr h{shfwhg zhoiduh ri ` �?| ' f�2bSe 	 ` re}1 �
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Surri ri Sursrvlwlrq ;1 Zh nqrz wkdw R8 E�n oW8 � ' 7RE�n oW�� 	 RE�n oW�� 	
�n oW�� Qrz/ ghshqglqj rq wkh W0Eloov |lhog �

��
/ edqnv zloo eh zloolqj wr ex| dqg

vhoo W0Eloov udwkhu wkdq pdnlqj ordqv1 Qrwlfh �uvw wkdw li �
��

: � n oW� wkhuh lv

dq h{fhvv ghpdqg lq wkh W0Eloo pdunhw dv qr djhqw zdqwv wr vhoo W0Eloov/ dqg li
�
��

	 7RE� n oW�� wkhuh lv dq h{fhvv vxsso| dv qr rqh zdqwv wr ex| wkhp1 Dv d

frqvhtxhqfh/ iru srvvleoh htxloleuld zh kdyh wr irfxv rq wkh iroorzlqj fdvhv=

41 R8 E� n oW8 � ' RE� n oW�� '
�
��

	 RE� n oW��

51 RE� n oW�� '
�
��

	 RE� n oW��

61 RE� n oW�� 	
�
��

' RE� n oW��

71 RE� n oW�� '
�
��

' RE� n oW��

Fdvh 4 fruuhvsrqgv wr lqwhjudwlrq1 frxqwu| � edqnv zloo doo suhihu wr vhoo wkhlu

W0Eloov dqg xvh wkh oltxlglw| wkxv rewdlqhg hlwkhu wr eruurz ohvv ru wr ohqg pruh

lq wkh lqwhuedqn pdunhw1 Fdvh 5 fruuhvsrqgv wr vhjphqwdwlrq1 Iru d kljkhu W0Eloo

|lhog/ zh zrxog uhdfk fdvh 61 Wklv/ krzhyhu/ fdqqrw eh vxvwdlqhg dv dq htxloleulxp

dv zh kdyh dvvxphg wkdw wkh W0Eloo kroglqjv duh lqvx!flhqw wr jxdudqwhh vxuylydo

e| eruurzlqj rq wkh W0Eloov pdunhw rqo|1 Frqvhtxhqwo|/ oltxlglw| vkruw O0edqnv

zloo elg kljkhu lqwhuhvw udwhv udwkhu wkdq ehlqj oltxlgdwhg1 Li wklv rffxuv/ wkh

lqwhuhvw udwh klnh hlwkhu uhvwruhv wkh fdvh 405 w|sh ri htxloleulxp ru hovh lw lqyroyhv
rqo| wkh grphvwlf lqwhuedqn pdunhw1 Lq wkh odwwhu fdvh/ zh uhdfk fdvh 7 zklfk

fruuhvsrqgv wr wkh fdvh zkhuh xqvhfxuhg lqwhuedqn pdunhw vhjphqwdwlrq rffxuv

vr wkdw wkhuh lv qr vwulfw lqhtxdolw| ehwzhhq oW� dqg oW�1 Lq fdvh 7/ wkh W0Eloo

pdunhw ohdgv wr lqwhuhvw udwh htxdol}dwlrq zlwkrxw dq| furvv0frxqwu| xqvhfxuhg

eruurzlqj1 Li wkh |lhog rq lqwhuhvw udwhv lv kljkhu/ wkhq rqo| oltxlglw| vkruw K0

edqnv zloo vhoo W0Eloov1 Frpshwlwlrq dprqj ex|huv zloo wkhq uhvwruh wkh htxdolw|

ri hlwkhu 4/5 ru 71 �

Surri ri Sursrvlwlrq <1 Vxssrvh wkh furvv frxqwu| wudglqj ri W0Eloov ohdgv

wr d wudqvihu ri oltxlglw| ri {rf dv lq +:, dqg +;,1 Lw lv vx!flhqw wr vkrz wkdw
YEo�3o��

Y{rf
	 f1 Frqvlghu frxqwu| �1 Iurp +;,/ htxloleulxp zlwk wkh pdunhw qrz

uhtxluhv d orzhu vxsso| ri oltxlglw| \�1 Ohppd 4 lpsolhv wkdw Yo�
Y{rf

� f1 Frqvlghu

qrz frxqwu| �1 Qrwlfh �uvw wkdw zlwkrxw wkh W0Eloo pdunhw/ wkhuh lv d oltxlglw|

vkruwdjh lq frxqwu| � vr wkdw lq htxloleulxp/ d srvlwlyh phdvxuh ri edqnv qhhg

wr oltxlgdwh srvlwlyh dprxqwv1 Z1o1r1j1 dvvxph wkdw {U�u ' f1 Iurp +4,/ +:,/
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dqg +49, lw iroorzv � n o� ' - i T
q

l�3{rf
j�
(

r
vr wkdw Yo�

Y{rf
	 f 1 Wklv suryhv wkh

�uvw sduw ri wkh sursrvlwlrq1

Wr hvwdeolvk wkh vhfrqg sduw/ vxssrvh wkdw Af lv vr kljk wkdw dq htxloleulxp

ri wkh vhfrqg w|sh lq Sursrvlwlrq ; lv rewdlqhg/ zkhuh o�E� ' f� ' o�E� ' f�1

Vlqfh o8 � o�/ o� lv qrq0ghfuhdvlqj dqg o� qrq0lqfuhdvlqj lq � +vhh Ohppd 8,/

li iroorzv wkdw o8 E�� : o�E�� iru doo �1 �

Surri ri Sursrvlwlrq 431 Dq lqwhjudwhg htxloleulxp grhv qrw h{lvw li dqg rqo|

li +4<, krogv1 Vxssrvh wkdw {rf lv vxfk wkdw

4�?
�E{rf�

o8 E�E{rf��� o�E�E{rf�� ' f� +56,

Zh �uvw vkrz wkdw li{rf vdwlv�hv +56,/ wkhq iru dq|{r�f vxfk wkdw{r�f : {rf/

frqglwlrq +4<, krogv/ l1h1 wkh lqwhjudwhg htxloleulxp grhv qrw h{lvw1 Iru wklv/ zh

kdyh wr suryh wkdw _Eo83o��
_{rf

: f1 Iurp +:, dqg +;,/ gh�qh e8� � 8� �{rf dqge8� � 8� �{rf zlwk 8� dqg 8� dv gh�qhg lq +4;, dqg +53,1 Iurp wkh surri ri

Ohppd 8 dqg Sursrvlwlrq 9/ zh kdyh Y8�

Yo�
: f dqg Y8�

Yo�
	 f1 Wkh Lpsolflw Ixqfwlrq

Wkhruhp wkhq lqghhg |lhogv _o�
_{rf

' �Y e8�*Y{rf

Y e8�*Yo�
: f dqg _o8

_{rf
' �Y e8�*Y{rf

Y e8�*Yo8
	 f1

Dv d vhfrqg vwhs/ zh frqvlghu{rf vr wkdw +56, krogv/ dqg frqvlghu dq lq�qlwhv0

lpdo lqfuhdvh lq {rf/ {r�f ' {rf n 01 Zh zloo vkrz xqghu zklfk flufxpvwdqfhv

zhoiduh lv ghfuhdvhg1

Ehfdxvh wkh gl�huhqfh lq zhoiduh ehwzhhq wkh lqwhjudwhg dqg wkh vhjphqwhg
htxloleulxp lv lqghshqghqw ri {rfc zh duh hqwlwohg wr wdnh d vx!flhqwo| vpdoo

fkdqjh lq {rf zkrvh h�hfw rq zhoiduh zloo eh qhjoljhdeoh lq uhjdug wr wkh h�hfw

ri wkh htxloleulxp vzlwfk1

Ilqdoo|/ vxssrvh {rf vdwlv�hv +56,1 Wkh fkdqjh lq zhoiduh lv jlyhq e| +55,1

Iurp Sursrvlwlrq +:, iroorzv wkdw iru q vx!flhqwo| vpdoo/ wkh vzlwfk wr d vhj0

phqwhg htxloleulxp uhgxfhv zhoiduh1 �

Surri ri Sursrvlwlrq 441 Xvlqj wkh idfw wkdw o�8 E~� � f dqg o��E~� � f/

frqglwlrq Eb� iru ~ ' f lpsolhv

�� 7R

7R
E� n o8 Ef�� � o�Ef�� o8 Ef��

Rq wkh rwkhu kdqg/ wkh vdph lqhtxdolw| zloo krog lq htxloleulxp uhsodflqj f

e| ~c vr wkdw wkh zhgjh o�E~�� o8 E~� kdv d orzhu erxqg1 �
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