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Devwudfw

Ilqdqfldo frqwdjlrq lv prghohg dv dq htxloleulxp skhqrphqrq1 Ehfdxvh olt0
xlglw| suhihuhqfh vkrfnv duh lpshuihfwo| fruuhodwhg dfurvv uhjlrqv/ edqnv krog
lqwhu0uhjlrqdo fodlpv rq rwkhu edqnv wr surylgh lqvxudqfh djdlqvw oltxlglw|
suhihuhqfh vkrfnv1 Zkhq wkhuh lv qr djjuhjdwh xqfhuwdlqw|/ wkh �uvw0ehvw
doorfdwlrq ri ulvn vkdulqj fdq eh dfklhyhg1 Krzhyhu/ wklv duudqjhphqw lv �0
qdqfldoo| iudjloh1 D vpdoo oltxlglw| suhihuhqfh vkrfn lq rqh uhjlrq fdq vsuhdg
e| frqwdjlrq wkurxjkrxw wkh hfrqrp|1 Wkh srvvlelolw| ri frqwdjlrq ghshqgv
vwurqjo| rq wkh frpsohwhqhvv ri wkh vwuxfwxuh ri lqwhuuhjlrqdo fodlpv1 Frp0
sohwh fodlpv vwuxfwxuhv duh vkrzq wr eh pruh urexvw wkdq lqfrpsohwh vwuxf0
wxuhv1



4 Lqwurgxfwlrq
Wkhuh lv d orqj wudglwlrq ri uhjduglqj glvorfdwlrq lq wkh �qdqfldo vhfwru dv
d fdxvh ri hfrqrplf  xfwxdwlrqv +Iulhgpdq dqg Vfkzduw} +4<96,/ Ehuqdqnh
+4<;6,/ Ehuqdqnh dqg Jhuwohu +4<;<,,1 Dffruglqj wr wklv ylhz/ �qdqfldo fulvhv
duh lpsruwdqw ehfdxvh wkh| udlvh wkh frvwv ri lqwhuphgldwlrq dqg uhvwulfw
fuhglw/ zklfk lq wxuq uhvwudlq wkh ohyho ri dfwlylw| lq wkh uhdo vhfwru dqg
xowlpdwho| fdq ohdg wr shulrgv ri orz jurzwk dqg uhfhvvlrq1

Wkh suhydohqfh ri �qdqfldo fulvhv kdv ohg pdq| wr frqfoxgh wkdw wkh �0
qdqfldo vhfwru lv xqxvxdoo| vxvfhswleoh wr vkrfnv1 Rqh wkhru| lv wkdw vpdoo
vkrfnv/ zklfk lqlwldoo| rqo| d�hfw d ihz lqvwlwxwlrqv ru d sduwlfxodu uhjlrq ri
wkh hfrqrp|/ vsuhdg e| frqwdjlrq wr wkh uhvw ri wkh �qdqfldo vhfwru dqg wkhq
lqihfw wkh odujhu hfrqrp|1 Lq wklv sdshu/ zh irfxv rq rqh fkdqqho ri frqwd0
jlrq/ wkh ryhuodsslqj fodlpv wkdw gl�huhqw uhjlrqv ru vhfwruv ri wkh edqnlqj
v|vwhp kdyh rq rqh dqrwkhu1 Zkhq rqh uhjlrq vx�huv d edqn fulvlv/ wkh rwkhu
uhjlrqv vx�hu d orvv ehfdxvh wkhlu fodlpv rq wkh wurxeohg uhjlrq idoo lq ydoxh1
Li wklv vslooryhu h�hfw lv vwurqj hqrxjk/ lw fdq fdxvh d fulvlv lq wkh dgmdfhqw
uhjlrqv1 Lq h{wuhph fdvhv/ wkh fulvlv sdvvhv iurp uhjlrq wr uhjlrq dqg ehfrphv
d frqwdjlrq1

Lq rughu wr irfxv rq wkh uroh ri rqh sduwlfxodu fkdqqho iru �qdqfldo frqwd0
jlrq/ zh h{foxgh rwkhu sursdjdwlrq phfkdqlvpv wkdw pd| eh lpsruwdqw iru
d ixoohu xqghuvwdqglqj ri �qdqfldo frqwdjlrq1 Lq sduwlfxodu/ zh dvvxph wkdw
djhqwv kdyh frpsohwh lqirupdwlrq derxw wkhlu hqylurqphqw1 Lqfrpsohwh lq0
irupdwlrq pd| fuhdwh dqrwkhu fkdqqho iru frqwdjlrq1 Li d vkrfn lq rqh uhjlrq
vhuyhv dv d vljqdo suhglfwlqj d vkrfn lq dqrwkhu uhjlrq/ wkhq d fulvlv lq rqh
uhjlrq pd| fuhdwh d vhoi0ixo�oolqj h{shfwdwlrq ri d fulvlv lq dqrwkhu uhjlrq1

Zh dovr h{foxgh wkh h�hfw ri lqwhuqdwlrqdo fxuuhqf| pdunhwv lq wkh surs0
djdwlrq ri �qdqfldo fulvhv iurp rqh frxqwu| wr dqrwkhu1 Fxuuhqf| fulvhv kdyh
ehhq h{whqvlyho| vwxglhg dqg Fdoyr +4<<8, dqg Fkdqj dqg Yhodvfr +4<<;,/
dprqj rwkhuv/ kdyh vwxglhg wkh lqwhudfwlrq ri wkh edqnlqj v|vwhp dqg fxu0
uhqf| pdunhwv lq d fulvlv> exw wkh uroh ri fxuuhqf| pdunhwv lq �qdqfldo frq0
wdjlrq lv ohiw dv d vxemhfw iru ixwxuh uhvhdufk1 Iru d vxuyh| ri uhfhqw zrun rq
fulvhv/ vhh Fdorplulv +4<<8,1

Wkh fhqwudo dlp ri wklv sdshu lv wr surylgh vrph plfurhrfrqrplf irxqgd0
wlrqv iru �qdqfldo frqwdjlrq1 Dowkrxjk wkh dqdo|vlv pd| kdyh vrph uhohydqfh
wr wkh uhfhqw Dvldq �qdqfldo fulvlv/ wkh prgho ghyhorshg lq wklv sdshu lv qrw
lqwhqghg wr eh d ghvfulswlrq ri dq| sduwlfxodu hslvrgh1 Li lw kdv d idplo|
uhvhpeodqfh wr dq| klvwrulfdo hslvrgh/ lw zrxog eh wr wkh edqnlqj fulvhv lq
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wkh Xqlwhg Vwdwhv lq wkh odwh qlqhwhhqwk dqg hduo| wzhqwlhwk fhqwxulhv +Klfnv
+4<;<,,1

Zh wdnh dv rxu vwduwlqj srlqw wkh prgho suhvhqwhg lq Doohq dqg Jdoh
+4<<;d,1 Wkh edvlf dvvxpswlrqv derxw whfkqrorj| dqg suhihuhqfhv kdyh eh0
frph wkh vwdqgdug lq wkh olwhudwxuh vlqfh wkh dsshdudqfh ri wkh Gldprqg dqg
G|eylj +4<;6, prgho1 Wkhuh duh wkuhh gdwhv | ' fc �c 2 dqg d odujh qxpehu
ri lghqwlfdo frqvxphuv/ hdfk ri zkrp lv hqgrzhg zlwk rqh xqlw ri d krprjh0
qhrxv frqvxpswlrq jrrg1 Dw gdwh 4/ wkh frqvxphuv ohduq zkhwkhu wkh| duh
hduo| frqvxphuv/ zkr rqo| ydoxh frqvxpswlrq dw gdwh �/ ru odwh frqvxphuv/
zkr rqo| ydoxh frqvxpswlrq dw gdwh 21 Xqfhuwdlqw| derxw wkhlu suhihuhqfhv
fuhdwhv d ghpdqg iru oltxlglw|1

Edqnv kdyh d frpsdudwlyh dgydqwdjh lq surylglqj oltxlglw|1 Dw wkh �uvw
gdwh/ frqvxphuv ghsrvlw wkhlu hqgrzphqwv lq wkh edqnv/ zklfk lqyhvw wkhp
rq ehkdoi ri wkh ghsrvlwruv1 Lq h{fkdqjh/ ghsrvlwruv duh surplvhg d �{hg
dprxqw ri frqvxpswlrq dw hdfk vxevhtxhqw gdwh/ ghshqglqj rq zkhq wkh|
fkrrvh wr zlwkgudz1 Wkh edqn fdq lqyhvw lq wzr dvvhwv1 Wkhuh lv d vkruw0whup
dvvhw wkdw sd|v d uhwxuq ri rqh xqlw diwhu rqh shulrg dqg wkhuh lv d orqj0whup
dvvhw wkdw sd|v d uhwxuq o 	 � diwhu rqh shulrg ru - : � diwhu wzr shulrgv1
Wkh orqj dvvhw kdv d kljkhu uhwxuq li khog wr pdwxulw|/ exw oltxlgdwlqj lw lq wkh
plggoh shulrg lv frvwo|/ vr lw lv qrw yhu| xvhixo iru surylglqj frqvxpswlrq wr
hduo| frqvxphuv1 Wkh edqnlqj vhfwru lv shuihfwo| frpshwlwlyh/ vr edqnv r�hu
ulvn0vkdulqj frqwudfwv wkdw pd{lpl}h ghsrvlwruv* h{ dqwh h{shfwhg xwlolw|/
vxemhfw wr d }hur0sur�w frqvwudlqw1

Xvlqj wklv iudphzrun/ zh duh lqwhuhvwhg lq frqvwuxfwlqj d prgho lq zklfk
vpdoo vkrfnv ohdg wr odujh h�hfwv e| phdqv ri frqwdjlrq/ pruh suhflvho|/ lq
zklfk d vkrfn zlwklq d vlqjoh vhfwru fdq vsuhdg wr rwkhu vhfwruv dqg ohdg
wr dq hfrqrp|0zlgh �qdqfldo fulvlv1 Rqh ylhz lv wkdw �qdqfldo fulvhv duh
sxuho| udqgrp hyhqwv/ xquhodwhg wr fkdqjhv lq wkh uhdo hfrqrp| +Nlqgoh0
ehujhu +4<:;,,1 Wkh prghuq yhuvlrq ri wklv ylhz/ ghyhorshg e| Gldprqg dqg
G|eylj +4<;6, dqg rwkhuv/ lv wkdw edqn uxqv duh vhoi0ixo�oolqj surskhflhv1 Dq
dowhuqdwlyh ylhz lv wkdw �qdqfldo fulvhv duh dq lqkhuhqw sduw ri wkh exvlqhvv
f|foh +Plwfkhoo +4<74,/ Jruwrq +4<;;,/ Doohq dqg Jdoh +4<<;d,,1 Wkh glvdg0
ydqwdjh ri wuhdwlqj frqwdjlrq dv d �vxqvsrw� skhqrphqrq lv wkdw/ zlwkrxw
vrph uhdo frqqhfwlrq ehwzhhq gl�huhqw uhjlrqv/ dq| sdwwhuq ri fruuhodwlrqv
lv srvvleoh1 Vr vxqvsrw wkhrulhv duh htxdoo| frqvlvwhqw zlwk frqwdjlrq dqg
wkh devhqfh ri frqwdjlrq1 Zh duh lqwhuhvwhg lq hvwdeolvklqj d vwurqjhu uh0
vxow/ wkdw xqghu fhuwdlq flufxpvwdqfhv dq| htxloleulxp ri wkh prgho pxvw eh
fkdudfwhul}hg e| frqwdjlrq1 Wklv irup ri frqwdjlrq pxvw eh gulyhq e| uhdo
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vkrfnv dqg uhdo olqndjhv ehwzhhq uhjlrqv1
Wkh hfrqrp| frqvlvwv ri d qxpehu ri uhjlrqv1 Wkh qxpehu ri hduo| dqg

odwh frqvxphuv lq hdfk uhjlrq  xfwxdwhv udqgrpo|/ exw wkh djjuhjdwh ghpdqg
iru oltxlglw| lv frqvwdqw1 Wklv doorzv iru lqwhu0uhjlrqdo lqvxudqfh dv uhjlrqv
zlwk oltxlglw| vxusoxvhv surylgh oltxlglw| iru uhjlrqv zlwk oltxlglw| vkruwdjhv1
Rqh zd| wr rujdql}h wkh surylvlrq ri lqvxudqfh lv wkurxjk dq lqwhuedqn pdu0
nhw lq ghsrvlwv1 Vxssrvh wkdw uhjlrq � kdv d odujh qxpehu ri hduo| frqvxphuv
zkhq uhjlrq � kdv d orz qxpehu ri hduo| frqvxphuv/ dqg ylfh yhuvd1 Vlqfh
uhjlrqv � dqg � duh rwkhuzlvh lghqwlfdo/ wkhlu ghsrvlwv duh shuihfw vxevwl0
wxwhv1 Wkh edqnv h{fkdqjh ghsrvlwv dw wkh �uvw gdwh ehiruh wkh| revhuyh
wkh oltxlglw| vkrfnv1 Li uhjlrq � kdv d kljkhu wkdq dyhudjh qxpehu ri hduo|
frqvxphuv dw gdwh � wkhq edqnv lq uhjlrq � fdq phhw wkhlu reoljdwlrqv e|
oltxlgdwlqj vrph ri wkhlu ghsrvlwv lq wkh edqnv ri uhjlrq �1 Uhjlrq � lv
kdss| wr reoljh/ ehfdxvh lw kdv dq h{fhvv vxsso| ri oltxlglw| lq wkh irup ri
wkh vkruw dvvhw1 Dw wkh �qdo gdwh wkh surfhvv lv uhyhuvhg/ dv edqnv lq uhjlrq
� oltxlgdwh wkh ghsrvlwv wkh| krog lq uhjlrq � wr phhw wkh deryh0dyhudjh
ghpdqg iurp odwh frqvxphuv lq uhjlrq �1

Lqwhu0uhjlrqdo furvv kroglqjv ri ghsrvlwv zrun zhoo dv orqj dv wkhuh lv
hqrxjk oltxlglw| lq wkh edqnlqj v|vwhp dv d zkroh1 Li wkhuh lv dq h{fhvv
ghpdqg iru oltxlglw|/ krzhyhu/ wkh �qdqfldo olqndjhv fdxvhg e| wkhvh furvv
kroglqjv fdq wxuq rxw wr eh d glvdvwhu1 Zkloh furvv kroglqjv ri ghsrvlwv
duh xvhixo iru uhdoorfdwlqj oltxlglw| zlwklq wkh edqnlqj v|vwhp/ wkh| fdqqrw
lqfuhdvh wkh wrwdo dprxqw ri oltxlglw|1 Li wkh hfrqrp|0zlgh ghpdqg iurp
frqvxphuv lv juhdwhu wkdq wkh vwrfn ri wkh vkruw dvvhw/ wkh rqo| zd| wr surylgh
pruh frqvxpswlrq lv wr oltxlgdwh wkh orqj dvvhw1 Wklv lv yhu| frvwo|/ krzhyhu/
vr edqnv wu| wr dyrlg grlqj wklv zkhqhyhu srvvleoh +vhh Vkohlihu dqg Ylvkq|
+4<<5, dqg Doohq dqg Jdoh +4<<;d, iru d glvfxvvlrq ri wkh frvwv ri suhpdwxuh
oltxlgdwlrq,1 Dv d uhvxow/ edqnv lq uhjlrqv wkdw duh qrw lpphgldwho| d�hfwhg
e| dq h{fhvv ghpdqg iru oltxlglw| zloo dyrlg surylglqj oltxlglw| wr uhjlrqv
zlwk dq h{fhvv ghpdqg iru oltxlglw|1 Wkh uhvxow pd| eh edqn uxqv dqg
edqnuxswf| lq wkh lpphgldwho| d�hfwhg uhjlrq1 Zkdw ehjlqv dv d �qdqfldo
fulvlv lq rqh uhjlrq fdq wkhq vsuhdg e| frqwdjlrq wr rwkhu uhjlrqv ehfdxvh ri
wkh furvv0kroglqjv ri ghsrvlwv1

Zkhwkhu wkh �qdqfldo fulvlv grhv vsuhdg lq wklv zd| ghshqgv fuxfldoo| rq
wkh sdwwhuq ri lqwhu0frqqhfwhgqhvv jhqhudwhg e| wkh furvv kroglqjv ri ghsrvlwv1
Li wkh lqwhuedqn pdunhw lv frpsohwh dqg hdfk uhjlrq lv frqqhfwhg wr doo wkh
rwkhu uhjlrqv/ wkh lqlwldo lpsdfw ri d �qdqfldo fulvlv lq rqh uhjlrq pd| eh
dwwhqxdwhg1 Rq wkh rwkhu kdqg/ li wkh lqwhuedqn pdunhw lv lqfrpsohwh dqg/
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dv d uhvxow/ hdfk uhjlrq lv frqqhfwhg zlwk d vpdoo qxpehu ri rwkhu uhjlrqv/
wkh lqlwldo lpsdfw ri wkh �qdqfldo fulvlv pd| eh ihow yhu| vwurqjo| lq wkrvh
qhljkerulqj uhjlrqv/ zlwk wkh uhvxow wkdw wkh| wrr vxffxpe wr d fulvlv1 Dv
hdfk uhjlrq lv d�hfwhg e| wkh fulvlv/ lw surpswv suhpdwxuh oltxlgdwlrq ri orqj
dvvhwv/ zlwk d frqvhtxhqw orvv ri ydoxh/ vr wkdw suhylrxvo| xqd�hfwhg uhjlrqv
�qg wkdw wkh| wrr duh d�hfwhg ehfdxvh wkhlu fodlpv rq wkh uhjlrq lq fulvlv
kdyh idoohq lq ydoxh1

Lw lv lpsruwdqw wr qrwh wkh uroh ri wkh iuhh ulghu sureohp lq h{sodlqlqj
wkh gl�huhqfh ehwzhhq d frpsohwh dqg lqfrpsohwh lqwhuedqn pdunhw1 Wkhuh
lv d qdwxudo shfnlqj rughu dprqj gl�huhqw vrxufhv iru oltxlglw|1 D edqn
zloo phhw zlwkgudzdov �uvw iurp wkh vkruw dvvhw/ wkhq iurp ghsrvlwv khog lq
rwkhu uhjlrqv/ dqg rqo| lq wkh odvw uhvruw zloo lw fkrrvh wr oltxlgdwh wkh orqj
dvvhw1 Furvv kroglqjv ri ghsrvlwv duh xvhixo iru uhglvwulexwlqj oltxlglw|/ exw
wkh| gr qrw fuhdwh oltxlglw|> vr zkhq wkhuh lv d joredo vkruwdjh ri oltxlglw|
+zlwkgudzdov h{fhhg vkruw dvvhwv,/ wkh rqo| vroxwlrq lv wr oltxlgdwh orqj dvvhwv1
Li hyhu| uhjlrq wdnhv d vpdoo klw +oltxlgdwhv d vpdoo dprxqw ri wkh orqj dvvhw,
wkhuh pd| eh qr qhhg iru d joredo fulvlv1 Wklv lv zkdw kdsshqv zlwk frpsohwh
pdunhwv= edqnv lq wkh wurxeohg uhjlrq kdyh gluhfw fodlpv rq edqnv lq hyhu|
rwkhu uhjlrq dqg wkhuh lv qr zd| wr dyrlg sd|lqj rqh*v vkduh1 Zlwk lqfrpsohwh
pdunhwv/ edqnv lq wkh wurxeohg uhjlrq kdyh d gluhfw fodlp rqo| rq wkh edqnv
lq dgmdfhqw uhjlrqv1 Wkh edqnv lq rwkhu uhjlrqv pd{lpl}h wkhlu rzq lqwhuhvwv
dqg uhixvh wr oltxlgdwh wkh orqj dvvhw xqwlo wkh| �qg wkhpvhoyhv rq wkh iurqw
olqh ri wkh frqwdjlrq1

Wklv sdshu lv uhodwhg wr d glyhuvh olwhudwxuh1 Wkh forvhvw wr rxu rzq
dssurdfk lv wkh lqwhuhvwlqj sdshu e| Odjxqr� dqg Vfkuhiw +4<<;,/ zklfk
vwxglhv wkh vsuhdg ri fulvhv lq d suredelolvwlf prgho1 Ilqdqfldo olqndjhv duh
prghohg e| dvvxplqj wkdw hdfk surmhfw uhtxluhv wzr sduwlflsdqwv dqg hdfk
sduwlflsdqw uhtxluhv wzr surmhfwv1 Zkhq wkh suredelolw| wkdw rqh*v sduwqhu
zloo zlwkgudz ehfrphv wrr odujh/ doo sduwlflsdqwv vlpxowdqhrxvo| zlwkgudz
dqg wklv lv lqwhusuhwhg dv d �qdqfldo fulvlv1 Ilqdqfldo pxowlsolhuv duh prghohg
e| Nl|rwdnl dqg Prruh +4<<;,1 Lq wkhlu prgho/ wkh lpsdfw ri looltxlglw|
dw rqh olqn lq wkh fuhglw fkdlq wudyhov grzq wkh fkdlq1 Hglvrq/ Srqjvdn
dqg Ploohu +4<<;, xvh wkh Nl|rwdnl dqg Prruh +4<<:, prgho ri fuhglw f|fohv
dv wkh edvlv iru d prgho ri �qdqfldo fulvhv= vkruwdjh ri oltxlglw| ohdgv wr
froodwhudo vdohv zklfk sxw suhvvxuh rq rwkhu �upv* delolw| wr eruurz1 D vlplodu
�phowgrzq� skhqrphqrq lq dvvhw pdunhwv rffxuv lq Doohq dqg Jdoh +4<<;d,1
Fkdq0Odx dqg Fkhq +4<<;, suhvhqw d prgho ri �qdqfldo fulvhv edvhg rq frvwo|
prqlwrulqj1 Prghov ri fulvhv edvhg rq pxowlsoh htxloleuld duh Fkdul dqg
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Nhkrh +4<<:,/ Froh dqg Nhkrh +4<<9, dqg Frrshu dqg Fruedh +4<<:,1 Ixmlnl/
Juhhq dqg \dpd}dnl +4<<:, vwxg| vhwwohphqw ulvn1 Urfkhw dqg Wluroh +4<<9,
xvh prqlwrulqj dv d phdqv ri wuljjhulqj fruuhodwhg fulvhv= li rqh edqn idlov/ lw
lv dvvxphg wkdw rwkhu edqnv kdyh qrw ehhq surshuo| prqlwruhg dqg d jhqhudo
froodsvh rffxuv1 Kropvwurp dqg Wluroh +4<<;, kdyh vwxglhg wkh h!flhqf| ri
wkh surylvlrq ri oltxlglw| lq d prgho zkhuh �upv kdyh vhyhudo phwkrgv ri
surylglqj ixwxuh oltxlglw|1 Lq htxloleulxp/ wkh surylvlrq ri oltxlglw| pd| eh
lqh!flhqw ehfdxvh ri wkh xvh ri qrq0frqwlqjhqw ghew lqvwuxphqwv1

Wkh qrwlrq ri frqwdjlrq dsshduv lq jdph wkhru| lq d qxpehu ri jxlvhv
+vhh Pruulv +4<<:, dqg Pruulv/ Ure dqg Vklq +4<<8,,1 Wkh zrun ri Hoolvrq
+4<<6, hpskdvl}hg wkh lpsruwdqfh ri orfdo lqwhudfwlrqv iru wkh gl�xvlrq ri
frrshudwlyh ehkdylru wkurxjk d qhwzrun1 Fkzh +4<<;, h{dplqhv krz wkh
vwuxfwxuh ri lqirupdwlrq qhwzrunv lq xhqfhv wkh srvvlelolw| ri frrshudwlrq lq
wkh frqwh{w ri d frruglqdwlrq sureohp1 Wkhuh lv dovr d odujh olwhudwxuh rq
orfdo lqwhudfwlrqv lq pdfurhfrqrplfv +h1j1/ Gxuodxi +4<<6,/ Vfkhlqnpdq dqg
Zrrgirug +4<<7,,1

Wkh uhvw ri wkh sdshu lv rujdql}hg dv iroorzv1 Lq Vhfwlrq 5 zh suhvhqw
d prgho ri oltxlglw| suhihuhqfh edvhg rq Gldprqg dqg G|eylj +4<;6, dqg
Doohq dqg Jdoh +4<<;d,1 Lq Vhfwlrq 6 zh fkdudfwhul}h rswlpdo ulvn vkdulqj lq
whupv ri d sodqqlqj sureohp vxemhfw wr lqfhqwlyh frqvwudlqwv dqg vkrz wkdw
wkh lqfhqwlyh0h!flhqw doorfdwlrq lv lq idfw wkh vdph dv wkh �uvw ehvw1 Vhfwlrq
7 vkrzv krz wkh �uvw0ehvw doorfdwlrq fdq eh ghfhqwudol}hg wkurxjk d frpshw0
lwlyh edqnlqj v|vwhp zlwk dq lqwhuedqn pdunhw lq ghsrvlwv1 Vhyhudo gl�huhqw
pdunhw vwuxfwxuhv duh ghvfulehg dqg hdfk wxuqv rxw wr eh frqvlvwhqw zlwk wkh
�uvw ehvw1 Wkh urexvwqhvv ri wklv vfkhpd lv whvwhg lq wkh qh{w wkuhh vhfwlrqv1
Zh gr wklv e| shuwxuelqj wkh prgho wr doorz iru dq +djjuhjdwh, h{fhvv gh0
pdqg iru oltxlglw| lq vrph vwdwhv ri qdwxuh1 Lq Vhfwlrq 8 lw lv vkrzq wkdw zlwk
dq lqfrpsohwh lqwhuedqn pdunhw dqg d kljk ghjuhh ri lqwhufrqqhfwhgqhvv/ d
oltxlglw| vkrfn wkdw fdxvhv d fulvlv lq rqh uhjlrq zloo vsuhdg e| frqwdjlrq wr
rwkhuv1 Lq Vhfwlrq 9/ zh frqvlghu d frpsohwh lqwhuedqn pdunhw dqg dq hyhq
kljkhu ghjuhh ri frqqhfwhgqhvv1 Lw lv vkrzq wkdw/ zlwk wkh vdph vl}h vkrfn
dqg wkh vdph prgho sdudphwhuv/ wkhuh lv qr frqwdjlrq1 Lq Vhfwlrq :/ lw lv
vkrzq wkdw zlwk dq lqfrpsohwh lqwhuedqn pdunhw dqg d orz ghjuhh ri frq0
qhfwhgqhvv/ wkhuh lv djdlq qr frqwdjlrq1 Vr wkh lqwhudfwlrq ri frqqhfwhgqhvv
dqg lqfrpsohwhqhvv dsshdu wr eh frqgxflyh wr frqwdjlrq1
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5 Oltxlglw| Suhihuhqfh
Lq wklv vhfwlrq zh ghvfuleh d vlpsoh prgho lq zklfk vwrfkdvwlf oltxlglw| suhihu0
hqfh surylghv d prwlyh iru ulvn0vkdulqj1 Wkh iudphzrun lv edvhg rq Gldprqg
dqg G|eylj +4<;6, dqg Doohq dqg Jdoh +4<<;d,/ zlwk vrph vljql�fdqw gl�hu0
hqfhv1

Wkhuh duh wkuhh gdwhv | ' fc �c 21 Wkhuh lv d vlqjoh frqvxpswlrq jrrg
zklfk vhuyhv dv wkh qxphudluh1 Wklv jrrg fdq dovr eh lqyhvwhg lq dvvhwv wr
surgxfh ixwxuh frqvxpswlrq1 Wkhuh duh wzr w|shv ri dvvhwv/ d oltxlg dvvhw dqg
dq looltxlg dvvhw1 Wkh oltxlg dvvhw lv uhsuhvhqwhg e| d vwrudjh whfkqrorj|1 Rqh
xqlw ri wkh frqvxpswlrq jrrg lqyhvwhg lq wkh vwrudjh whfkqrorj| dw gdwh |
surgxfhv rqh xqlw ri wkh frqvxpswlrq jrrg dw gdwh |n�1 Ehfdxvh wkh uhwxuqv
wr wklv dvvhw duh dydlodeoh rqh shulrg odwhu/ zh uhihu wr lw dv wkh vkruw dvvhw1
Wkh looltxlg dvvhw kdv d kljkhu uhwxuq exw uhtxluhv pruh wlph wr pdwxuh1 Iru
wklv uhdvrq zh fdoo lw wkh orqj dvvhw1 Lqyhvwphqw lq wkh orqj dvvhw fdq rqo|
wdnh sodfh lq wkh �uvw shulrg dqg rqh xqlw ri wkh frqvxpswlrq jrrg lqyhvwhg
lq wkh orqj dvvhw dw wkh �uvw gdwh surgxfhv - : � xqlwv ri rxwsxw dw wkh �qdo
gdwh1

Wkh orqj dvvhw lv qrw frpsohwho| looltxlg1 Hdfk xqlw ri wkh orqj dvvhw fdq
eh suhpdwxuho| oltxlgdwhg wr surgxfh f 	 o 	 � xqlwv ri wkh frqvxpswlrq
jrrg dw wkh plggoh gdwh1 Khuh zh dvvxph wkdw oltxlgdwlrq wdnhv wkh irup ri
sk|vlfdo ghsuhfldwlrq ri wkh dvvhw dqg wkh oltxlgdwlrq ydoxh lv wuhdwhg dv d
whfkqrorjlfdo frqvwdqw/ wkh �vfuds ydoxh�1 Lq sudfwlfh/ lw lv pruh olnho| wkdw
dvvhwv duh oltxlgdwhg e| ehlqj vrog/ lq zklfk fdvh wkh oltxlgdwlrq ydoxh lv
ghwhuplqhg e| wkh pdunhw sulfh1 Lqwurgxflqj d vhfrqgdu| pdunhw rq zklfk
dvvhwv fdq eh vrog zrxog frpsolfdwh wkh dqdo|vlv zlwkrxw fkdqjlqj wkh txdo0
lwdwlyh ihdwxuhv ri wkh prgho1 Doohq dqg Jdoh +4<<;d, lqfrusrudwhv dq dvvhw
pdunhw dqg hqgrjhql}hv wkh oltxlgdwlrq ydoxhv ri dvvhwv1 Wkh dqdo|vlv lq
Doohq dqg Jdoh +4<<;d, frq�upv wkdw wkh oltxlgdwlrq ydoxh zloo eh orz iru
dssursuldwh sdudphwhu ydoxhv1

Wkh hfrqrp| lv glylghg lqwr irxu h{ dqwh lghqwlfdo uhjlrqv/ odehohg�c�c�c
dqg (1 Wkh uhjlrqdo vwuxfwxuh lv d vsdwldo phwdskru wkdw fdq eh lqwhusuhwhg
lq d ydulhw| ri zd|v1 Wkh lpsruwdqw wklqj iru wkh dqdo|vlv lv wkdw gl�huhqw
uhjlrqv uhfhlyh gl�huhqw oltxlglw| vkrfnv1 Dq| vwru| wkdw prwlydwhv gl�huhqw
vkrfnv iru gl�huhqw +jurxsv ri, edqnv lv d srvvleoh lqwhusuhwdwlrq ri wkh uh0
jlrqdo vwuxfwxuh1 Vr d uhjlrq fdq fruuhvsrqg wr d vlqjoh edqn/ d jhrjudsklfdo
uhjlrq zlwklq d frxqwu|/ ru dq hqwluh frxqwu|> lw fdq dovr fruuhvsrqg wr d
vshfldol}hg vhfwru zlwklq wkh edqnlqj lqgxvwu|1
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Hdfk uhjlrq frqwdlqv d frqwlqxxp ri h{ dqwh lghqwlfdo frqvxphuv +ghsrv0
lwruv,1 D frqvxphu kdv dq hqgrzphqw htxdo wr rqh xqlw ri wkh frqvxpswlrq
jrrg dw gdwh f dqg qrwklqj dw gdwhv � dqg 21 Frqvxphuv duh dvvxphg wr kdyh
wkh xvxdo Gldprqg0G|eylj suhihuhqfhv= zlwk suredelolw| / wkh| duh hduo|
frqvxphuv dqg rqo| ydoxh frqvxpswlrq dw gdwh �( zlwk suredelolw| E� � /�
wkh| duh odwh frqvxphuv dqg rqo| ydoxh frqvxpswlrq dw gdwh 21 Wkhq wkh
suhihuhqfhv ri wkh lqglylgxdo frqvxphu duh jlyhq e|

LES�c S2� '

+
�ES�� zlwk suredelolw| /
�ES2� zlwk suredelolw| �� /

zkhuh S| ghqrwhv frqvxpswlrq dw gdwh | ' �c 21 Wkh shulrg xwlolw| ixqf0
wlrqv �E�� duh dvvxphg wr eh wzlfh frqwlqxrxvo| gl�huhqwldeoh/ lqfuhdvlqj dqg
vwulfwo| frqfdyh1

Wkh suredelolw| / ydulhv iurp uhjlrq wr uhjlrq1 Ohw /� ghqrwh wkh suredelo0
lw| ri ehlqj dq hduo| frqvxphu lq uhjlrq �1 Wkhuh duh wzr srvvleoh ydoxhv ri /�/
d kljk ydoxh dqg d orz ydoxh/ ghqrwhg /M dqg /u/ zkhuh f 	 /u 	 /M 	 �1
Wkh uhdol}dwlrq ri wkhvh udqgrp yduldeohv ghshqgv rq wkh vwdwh ri qdwxuh1
Wkhuh duh wzr htxdoo| olnho| vwdwhv 7� dqg 72 dqg wkh fruuhvsrqglqj uhdol}d0
wlrqv ri wkh oltxlglw| suhihuhqfh vkrfnv duh jlyhq lq wkh wdeoh ehorz=

Wdeoh 4= Uhjlrqdo Oltxlglw| Vkrfnv

� � � (
7� /M /u /M /u
72 /u /M /u /M

Qrwh wkdw h{ dqwh hdfk uhjlrq kdv wkh vdph suredelolw| ri kdylqj d kljk
oltxlglw| suhihuhqfh vkrfn1 Dovr/ wkh djjuhjdwh ghpdqg iru oltxlglw| lv wkh
vdph lq hdfk vwdwh= kdoi wkh uhjlrqv kdyh kljk oltxlglw| suhihuhqfh dqg kdoi
kdyh orz oltxlglw| suhihuhqfh1

Doo xqfhuwdlqw| lv uhvroyhg dw gdwh � zkhq wkh vwdwh ri qdwxuh 7� ru 72 lv
uhyhdohg dqg hdfk frqvxphu ohduqv zkhwkhu kh lv dq hduo| ru odwh frqvxphu1
D frqvxphu*v w|sh lv qrw revhuydeoh/ vr odwh frqvxphuv fdq dozd|v lplwdwh
hduo| frqvxphuv1

Ehiruh lqwurgxflqj wkh edqnlqj vhfwru lqwr rxu vwru|/ lw zloo eh frqyhqlhqw
wr fkdudfwhul}h wkh rswlpdo doorfdwlrq ri ulvn1
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6 Rswlpdo Ulvn0Vkdulqj
Lq wklv vhfwlrq zh fkdudfwhul}h rswlpdo ulvn vkdulqj dv wkh vroxwlrq wr d sodq0
qlqj sureohp1 Vlqfh frqvxphuv duh h{ dqwh lghqwlfdo/ lw lv qdwxudo wr wuhdw
frqvxphuv v|pphwulfdoo|1 Iru wklv uhdvrq/ wkh sodqqhu lv dvvxphg wr pdnh
doo wkh lqyhvwphqw dqg frqvxpswlrq ghflvlrqv wr pd{lpl}h wkh xqzhljkwhg
vxp ri frqvxphuv* h{shfwhg xwlolw|1

Zh ehjlq e| ghvfulelqj wkh sodqqhu*v sureohp xqghu wkh dvvxpswlrq wkdw
wkh sodqqhu fdq lghqwli| hduo| dqg odwh frqvxphuv1 Wkh v|pphwu| dqg frq0
fdylw| ri wkh remhfwlyh ixqfwlrq dqg wkh frqyh{lw| ri wkh frqvwudlqwv vlpsol�hv
wkh sureohp frqvlghudeo|1

� Vlqfh wkhuh lv qr djjuhjdwh xqfhuwdlqw|/ wkh rswlpdo frqvxpswlrq door0
fdwlrq zloo eh lqghshqghqw ri wkh vwdwh1

� Vlqfh wkh frqvxphuv lq rqh uhjlrq duh h{ dqwh lghqwlfdo wr frqvxphuv
lq dqrwkhu uhjlrq/ doo frqvxphuv zloo eh wuhdwhg dolnh1

Zlwkrxw orvv ri jhqhudolw|/ wkhq/ zh fdq dvvxph wkdw hyhu| hduo| frqvxphu
uhfhlyhv frqvxpswlrq S� dqg hyhu| odwh frqvxphu uhfhlyhv S2/ lqghshqghqwo|
ri wkh uhjlrq dqg vwdwh ri qdwxuh1 Dw wkh �uvw gdwh/ wkh sodqqhu fkrrvhv d
sruwirolr E%c +� � f vxemhfw wr wkh ihdvlelolw| frqvwudlqw

%n + � �c +4,

zkhuh % dqg + duh wkh shu fdslwd dprxqwv lqyhvwhg lq wkh orqj dqg vkruw
dvvhwv uhvshfwlyho|1

� Vlqfh wkh wrwdo dprxqw ri frqvxpswlrq surylghg lq hdfk shulrg lv d
frqvwdqw/ lw lv rswlpdo wr surylgh iru frqvxpswlrq dw gdwh � e| kroglqj
wkh vkruw dvvhw dqg wr surylgh iru frqvxpswlrq dw gdwh 2 e| kroglqj
wkh orqj dvvhw1

Ohw wkh dyhudjh iudfwlrq ri hduo| frqvxphuv eh ghqrwhg e| � ' E/M n/u�*21
Wkhq wkh ihdvlelolw| frqvwudlqw dw gdwh � lv

�S� � + +5,

dqg wkh ihdvlelolw| frqvwudlqw dw gdwh 2 lv

E�� ��S2 � -%� +6,

;



Dw gdwh f hdfk frqvxphu kdv dq htxdo suredelolw| ri ehlqj dq hduo| ru d odwh
frqvxphu/ vr wkh h{ dqwh h{shfwhg xwlolw| lv

�

2
�ES�� n

�

2
�ES2� +7,

dqg wklv lv zkdw wkh sodqqhu vhhnv wr pd{lpl}h/ vxemhfw wr wkh frqvwudlqwv
+4,/ +5, dqg +6,1 Wkh xqltxh vroxwlrq wr wklv xqfrqvwudlqhg sureohp lv fdoohg
wkh �uvw0ehvw doorfdwlrq1

Wkh �uvw0ehvw doorfdwlrq vdwlv�hv wkh �uvw0rughu frqglwlrq

��ES�� � ��ES2��

Rwkhuzlvh/ wkh remhfwlyh ixqfwlrq frxog eh lqfuhdvhg e| xvlqj wkh vkruw dvvhw
wr vkliw vrph frqvxpswlrq iurp hduo| wr odwh frqvxphuv1 Wkxv/ wkh �uvw0ehvw
doorfdwlrq dxwrpdwlfdoo| vdwlv�hv wkh lqfhqwlyh frqvwudlqw

S� � S2c +8,

zklfk vd|v wkdw odwh frqvxphuv �qg lw zhdno| rswlpdo wr uhyhdo wkhlu wuxh
w|sh/ udwkhu wkdq suhwhqg wr eh hduo| frqvxphuv1 Wkh lqfhqwlyh0h!flhqw
doorfdwlrq pd{lpl}hv wkh remhfwlyh ixqfwlrq +7, vxemhfw wr wkh ihdvlelolw| frq0
vwudlqwv +4,/ +5,/ dqg +6,/ dqg wkh lqfhqwlyh0frqvwudlqw +8,1 Zkdw zh kdyh
vkrzq lv wkdw wkh lqfhqwlyh0h!flhqw doorfdwlrq lv wkh vdph dv wkh �uvw0ehvw
doorfdwlrq1

Sursrvlwlrq 4 Wkh �uvw0ehvw doorfdwlrq E%c +c S�c S2� lv htxlydohqw wr wkh lqfhqwlyh0
h!flhqw doorfdwlrq/ vr wkh �uvw ehvw fdq eh dfklhyhg hyhq li wkh sodqqhu fdqqrw
revhuyh wkh frqvxphuv* w|shv1

Lq rughu wr dfklhyh wkh �uvw ehvw/ wkh sodqqhu kdv wr wudqvihu uhvrxufhv dprqj
wkh gl�huhqw uhjlrqv1 Lq vwdwh 7�/ iru h{dpsoh/ wkhuh duh /M hduo| frqvxphuv
lq uhjlrqv � dqg � dqg /u hduo| frqvxphuv lq uhjlrqv � dqg (1 Hdfk uhjlrq
kdv �S� xqlwv ri wkh vkruw dvvhw/ zklfk surylgh �S� xqlwv ri frqvxpswlrq1
Vr uhjlrqv � dqg � hdfk kdyh dq h{fhvv ghpdqg iru E/M � ��S� xqlwv ri
frqvxpswlrq dqg uhjlrqv � dqg( hdfk kdyh dq h{fhvv vxsso| ri E��/u�S� '
E/M � ��S2 xqlwv ri frqvxpswlrq1 E| uh0doorfdwlqj wklv frqvxpswlrq/ wkh
sodqqhu fdq vdwlvi| hyhu| uhjlrq*v qhhgv1 Dw gdwh 2/ wkh wudqvihuv  rz lq
wkh rssrvlwh gluhfwlrq/ ehfdxvh uhjlrqv � dqg ( kdyh dq h{fhvv ghpdqg ri
E/M���S2 xqlwv hdfk dqg uhjlrqv � dqg � kdyh dq h{fhvv vxsso| ri E/����S2
xqlwv hdfk1
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7 Ghfhqwudol}dwlrq
Lq wklv vhfwlrq zh ghvfuleh krz wkh �uvw0ehvw doorfdwlrq fdq eh ghfhqwudol}hg
e| d frpshwlwlyh edqnlqj vhfwru1 Wkhuh duh wzr uhdvrqv iru irfxvlqj rq wkh
�uvw ehvw1 Rqh lv whfkqlfdo= lw wxuqv rxw wkdw lw lv pxfk hdvlhu wr fkdudfwhul}h
wkh htxloleulxp frqglwlrqv zkhq wkh doorfdwlrq lv wkh �uvw ehvw1 Wkh vhfrqg
uhdvrq lv wkdw/ dv xvxdo/ zh duh lqwhuhvwhg lq nqrzlqj xqghu zkdw frqglwlrqv
wkh pdunhw �zrunv�1 Iru wkh prphqw/ zh duh rqo| frqfhuqhg zlwk wkh ihdvl0
elolw| ri ghfhqwudol}dwlrq1 Wkh rswlpdolw| ri wkh edqnv* ehkdylru lv glvfxvvhg
lq Vhfwlrq ;141

Wkh uroh ri edqnv lv wr pdnh lqyhvwphqwv rq ehkdoi ri frqvxphuv dqg wr
lqvxuh wkhp djdlqvw oltxlglw| vkrfnv1 Zh dvvxph wkdw rqo| edqnv lqyhvw lq
wkh orqj dvvhw1 Wklv jlyhv wkh edqn wzr dgydqwdjhv ryhu frqvxphuv1 Iluvw/ wkh
edqnv fdq krog d sruwirolr frqvlvwlqj ri erwk w|shv ri dvvhwv/ zklfk zloo w|sl0
fdoo| eh suhihuuhg wr d sruwirolr frqvlvwlqj ri wkh vkruw dvvhw dorqh1 Vhfrqgo|/
e| srrolqj wkh dvvhwv ri d odujh qxpehu ri frqvxphuv/ wkh edqn fdq r�hu
lqvxudqfh wr frqvxphuv djdlqvw wkhlu xqfhuwdlq oltxlglw| ghpdqgv/ jlylqj wkh
hduo| frqvxphuv vrph ri wkh ehqh�wv ri wkh kljk0|lhoglqj orqj dvvhw zlwkrxw
vxemhfwlqj wkhp wr wkh kljk frvwv ri oltxlgdwlqj wkh orqj dvvhw suhpdwxuho|
dw wkh vhfrqg gdwh1

Lq hdfk uhjlrq wkhuh lv d frqwlqxxp ri lghqwlfdo edqnv1 Zh irfxv rq d
v|pphwulf htxloleulxp lq zklfk doo edqnv dgrsw wkh vdph ehkdylru1 Wkxv/
zh fdq ghvfuleh wkh ghfhqwudol}hg doorfdwlrq lq whupv ri wkh ehkdylru ri d
uhsuhvhqwdwlyh edqn lq hdfk uhjlrq1

Zlwkrxw orvv ri jhqhudolw|/ zh fdq dvvxph wkdw hdfk frqvxphu ghsrvlwv
klv hqgrzphqw ri rqh xqlw ri wkh frqvxpswlrq jrrg lq wkh uhsuhvhqwdwlyh
edqn lq klv uhjlrq1 Wkh edqn lqyhvwv wkh ghsrvlw lq d sruwirolr E%�c +�� � f
dqg/ lq h{fkdqjh/ r�huv d ghsrvlw frqwudfw ES�

�
c S�

2
� wkdw doorzv wkh ghsrvlwru wr

zlwkgudz hlwkhu S�
�
xqlwv ri frqvxpswlrq dw gdwh � ru S�

2
xqlwv ri frqvxpswlrq

dw gdwh 21 Qrwh wkdw wkh ghsrvlw frqwudfw lv qrw frqwlqjhqw rq wkh oltxlglw|
vkrfn lq uhjlrq �1 Lq rughu wr dfklhyh wkh �uvw ehvw wkurxjk d ghfhqwudol}hg
edqnlqj vhfwru/ zh qhhg wr sxw E%�c +�� ' E%c +� dqg ES�

�
c S�

2
� ' ES�c S2�/ zkhuh

E%c +c S�c S2� lv wkh �uvw0ehvw doorfdwlrq1
Wkh sureohp zlwk wklv dssurdfk lv wkdw/ zkloh wkh lqyhvwphqw sruwirolr

vdwlv�hv wkh edqn*v exgjhw frqvwudlqw % n + � � dw wkh �uvw gdwh/ lw zloo qrw
vdwlvi| wkh exgjhw frqvwudlqw dw wkh vhfrqg gdwh1 Wkh sodqqhu fdq pryh frq0
vxpswlrq ehwzhhq uhjlrqv/ vr kh rqo| qhhgv wr vdwlvi| wkh dyhudjh frqvwudlqw
�S� � +1 Wkh uhsuhvhqwdwlyh edqn/ rq wkh rwkhu kdqg/ kdv wr idfh wkh srvvl0
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elolw| wkdw wkh iudfwlrq ri hduo| frqvxphuv lq lwv uhjlrq pd| eh deryh dyhudjh/
/M : �/ lq zklfk fdvh lw zloo qhhg pruh wkdq + wr vdwlvi| wkh ghpdqgv ri
wkh hduo| frqvxphuv1 Lw fdq phhw wklv h{fhvv ghpdqg e| oltxlgdwlqj vrph ri
wkh orqj dvvhw/ exw wkhq lw zloo qrw kdyh hqrxjk frqvxpswlrq wr phhw wkh
ghpdqgv ri wkh odwh frqvxphuv dw gdwh 21 Lq idfw/ li o lv vpdoo hqrxjk/ wkh
edqn pd| qrw eh deoh wr sd| wkh odwh frqvxphuv hyhq S�1 Wkhq wkh odwh
frqvxphuv zloo suhihu wr zlwkgudz dw gdwh � dqg vwruh wkh frqvxpswlrq jrrg
xqwlo gdwh 2/ wkxv fdxvlqj d edqn uxq1

Wkhuh lv qr ryhudoo vkruwdjh ri oltxlglw|/ lw lv mxvw edgo| glvwulexwhg1 Rqh
zd| wr doorz wkh edqnv wr ryhufrph wkh pdoglvwulexwlrq ri wkh oltxlglw| lv e|
lqwurgxflqj dq lqwhuedqn pdunhw lq ghsrvlwv1

714 Wkh Lqwhuedqn Ghsrvlw Pdunhw

Vxssrvh wkdw edqnv duh doorzhg wr h{fkdqjh ghsrvlwv dw wkh �uvw gdwh1 Wklv
fdvh ri frpsohwh pdunhwv lv looxvwudwhg lq Iljxuh 41 Hdfk uhjlrq lv qhjdwlyho|
fruuhodwhg zlwk wzr rwkhu uhjlrqv1 Zh wkhuhiruh dvvxph wkdw hyhu| edqn lq
uhjlrq � krogv 5� ' E/M � ��*2 : f ghsrvlwv lq hdfk ri wkh uhjlrqv � 9' �1
Vlqfh edqn ghsrvlwv duh lghqwlfdo dqg zruwk rqh xqlw hdfk dw wkh �uvw gdwh/
wkh uhsuhvhqwdwlyh edqn*v exgjhw frqvwudlqw zloo vwloo eh vdwlv�hg dw gdwh f1
Dw wkh ehjlqqlqj ri wkh vhfrqg shulrg wkh vwdwh ri qdwxuh 7 lv revhuyhg dqg
wkh edqnv kdyh wr dgmxvw wkhlu sruwirolrv wr vdwlvi| wkhlu exgjhw frqvwudlqwv1
Li wkh uhjlrq kdv d kljk ghpdqg iru oltxlglw|/ /� ' /M / lw oltxlgdwhv doo ri
lwv ghsrvlwv lq rwkhu uhjlrqv1 Rq wkh rwkhu kdqg/ li lw kdv d orz ghpdqg iru
oltxlglw|/ /� ' /u/ lw uhwdlqv wkh ghsrvlwv lw krogv lq wkh rwkhu uhjlrqv xqwlo
wkh �qdo gdwh1

Frqvlghu wkh exgjhw frqvwudlqw ri d edqn lq d uhjlrq zlwk d kljk ghpdqg
iru oltxlglw|1 Lw pxvw sd| S� wr wkh iudfwlrq /M ri hduo| frqvxphuv lq lwv
rzq uhjlrq dqg dovr uhghhp wkh 5� ' E/M � ��*2 ghsrvlwv ri wkh rwkhu kljk0
ghpdqg uhjlrq1 Vr wkh wrwdo ghpdqg iru uhsd|phqw lv d/M n E/M � ��*2oS�1
Rq wkh rwkhu vlgh ri wkh ohgjhu/ lw kdv + xqlwv ri wkh vkruw dvvhw dqg fodlpv
wr �5� ' �E/M � ��*2 ghsrvlwv lq wkh rwkhu wkuhh uhjlrqv1 Wkxv/ wkh exgjhw
frqvwudlqw wkdw pxvw eh vdwlv�hg lv

d/M n E/M � ��*2oS� ' + n �E/M � ��*2

zklfk vlpsol�hv wr wkh sodqqhu*v frqvwudlqw

�S� ' +�
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Uhjlrqv zlwk orz oltxlglw| ghpdqg pxvw sd| S� wr d iudfwlrq /u ri wkhlu rzq
ghsrvlwruv dqg uhghhp 25� ' E/M��� ghsrvlwv iurp wkh edqnv lq wkh uhjlrqv
zlwk kljk oltxlglw| ghpdqg1 Lw kdv + xqlwv ri wkh vkruw dvvhw wr phhw wkhvh
ghpdqgv/ vr wkh exgjhw frqvwudlqw wkdw pxvw eh vdwlv�hg lv

d/u n E/M � ��oS� ' +�

Vlqfh /M � � ' � � /u/ wklv htxdwlrq vlpsol�hv wr wkh sodqqhu*v frqvwudlqw
�S� ' +1 Lq erwk fdvhv/ wkh furvv kroglqjv ri ghsrvlwv doorz wkh edqnv wr
phhw wkh ghpdqgv ri wkhlu ghsrvlwruv zlwkrxw oltxlgdwlqj wkh orqj dvvhw1

Dw wkh odvw gdwh/ doo wkh edqnv oltxlgdwh wkhlu uhpdlqlqj dvvhwv dqg lw lv
hdv| wr vkrz wkdw li wkh exgjhw frqvwudlqwv dw wkh vhfrqg gdwh duh vdwlv�hg/
wkh exgjhw frqvwudlqwv dw wkh wklug gdwh duh dxwrpdwlfdoo| vdwlv�hg wrr1 Iru
h{dpsoh/ wkh exgjhw frqvwudlqw dw gdwh 2 iru d uhjlrq wkdw kdg kljk oltxlglw|
suhihuhqfh dw gdwh � zloo eh

dE�� /M� n E/M � ��oS2 ' -%

zkhuh wkh ohiw kdqg vlgh lv wkh ghpdqg iru zlwkgudzdov/ frpsulvlqj wkh gh0
pdqg ri wkh odwh frqvxphuv lq wkh uhjlrq �� /M / soxv wkh ghpdqg iurp wkh
wzr uhjlrqv zlwk orz oltxlglw| suhihuhqfh 25� ' E/M � ��1 Rq wkh uljkw kdqg
vlgh/ zh kdyh wkh oltxlgdwlrq ydoxh ri wkh orqj dvvhw -%1 Wklv vlpsol�hv wr
wkh sodqqhu*v frqvwudlqw E� � ��S2 ' -%1 Wkh vdph lv wuxh ri wkh exgjhw
frqvwudlqw iru wkh uhjlrqv zlwk d orz oltxlglw| vkrfn=

dE�� /u� n E/M � ��*2oS2 � -%n �dE/M � ��*2oS2�

Wkxv/ e| vkx"lqj ghsrvlwv dprqj wkh gl�huhqw uhjlrqv/ lw lv srvvleoh iru
edqnv wr vdwlvi| wkhlu exgjhw frqvwudlqwv lq hdfk vwdwh 7 dqg dw hdfk gdwh
| ' fc �c 2 zkloh surylglqj wkhlu ghsrvlwruv zlwk wkh �uvw0ehvw frqvxpswlrq
doorfdwlrq wkurxjk d vwdqgdug ghsrvlw frqwudfw1

715 Lqfrpsohwhqhvv lq wkh Lqwhuedqn Ghsrvlw Pdunhw

Wkh lqwhuedqn pdunhw lq wkh suhfhglqj vhfwlrq lv frpsohwh lq wkh vhqvh wkdw
d edqn lq uhjlrq � fdq krog ghsrvlwv lq hyhu| rwkhu uhjlrq � 9' �1 Lq vrph
fdvhv/ wklv pd| qrw eh uhdolvwlf1 Wkh edqnlqj vhfwru lv lqwhufrqqhfwhg lq d
ydulhw| ri zd|v/ exw wudqvdfwlrq dqg lqirupdwlrq frvwv pd| suhyhqw edqnv
iurp dftxlulqj fodlpv rq edqnv lq uhprwh uhjlrqv1 Wr wkh h{whqw wkdw edqnv

45



vshfldol}h lq sduwlfxodu duhdv ri exvlqhvv ru kdyh forvhu frqqhfwlrqv zlwk edqnv
wkdw rshudwh lq wkh vdph jhrjudsklfdo ru srolwlfdo xqlw/ ghsrvlwv pd| whqg
wr eh frqfhqwudwhg lq �qhljkerulqj� edqnv1 Wr fdswxuh wklv h�hfw/ zklfk
lv fuxfldo lq wkh vhtxho/ zh lqwurgxfh wkh qrwlrq ri lqfrpsohwhqhvv lq wkh
lqwhuedqn pdunhw e| dvvxplqj wkdw edqnv lq uhjlrq � duh doorzhg wr krog
ghsrvlwv lq vrph exw qrw doo ri wkh rwkhu uhjlrqv1 Iru frqfuhwhqhvv zh dvvxph
wkdw edqnv lq hdfk uhjlrq krog ghsrvlwv rqo| lq rqh dgmdfhqw uhjlrq/ dv vkrzq
lq Iljxuh 51 Lw fdq eh vhhq wkdw edqnv lq uhjlrq � fdq krog ghsrvlwv lq uhjlrq
�/ edqnv lq uhjlrq � fdq krog ghsrvlwv lq uhjlrq � dqg vr rq1

Dv ehiruh zh vxssrvh wkh uhsuhvhqwdwlyh edqn lq uhjlrq � krogv dq lqyhvw0
phqw sruwirolr E%�c +�� ' E%c +� dqg r�huv d ghsrvlw frqwudfw ES�

�
c S�

2
� ' ES�c S2�1

Zh dovr dvvxph wkdw wkh edqn krogv 5� ' E/M � �� ghsrvlwv lq wkh dgmdfhqw
uhjlrq dw wkh �uvw gdwh/ wkdw lv/ wkh edqn lq uhjlrq � krogv E/M ��� ghsrvlwv
lq uhjlrq �/ dqg vr rq1 Wkh �uvw0shulrg exgjhw frqvwudlqw lv vdwlv�hg dv eh0
iruh/ ehfdxvh wkh h{fkdqjhv ri ghsrvlwv/ kdylqj wkh vdph ydoxhv/ fdqfho rxw/
ohdylqj wkh exgjhw frqvwudlqw %n + � �1

Dw gdwh � wkh djjuhjdwh vwdwh lv revhuyhg dqg edqnv dqg frqvxphuv ohduq
wkh oltxlglw| vkrfn lq hdfk uhjlrq1 Dv ehiruh/ zh rqo| qhhg wr glvwlqjxlvk
uhjlrqv dffruglqj wr zkhwkhu wkh| kdyh kljk ru orz ghpdqgv iru oltxlglw|1
Uhjlrqv zlwk wkh kljk oltxlglw| vkrfn /M oltxlgdwh wkhlu ghsrvlwv lq rwkhu
edqnv dw wkh vhfrqg gdwh zkloh edqnv zlwk wkh orz oltxlglw| vkrfn /u/ gr
qrw1 Wkh pdunhw vwuxfwxuh wkdw lv dvvxphg khuh kdv wkh surshuw| wkdw hyhu|
uhjlrq zlwk d kljk oltxlglw| vkrfn kdv ghsrvlwv lq d uhjlrq zlwk d orz oltxlglw|
vkrfn/ dqg ylfh yhuvd1 Wkh exgjhw frqvwudlqw ri d kljk oltxlglw| vkrfn uhjlrq
lv

/MS� ' + n E/M � ��S�

dqg wkh exgjhw frqvwudlqw ri d orz oltxlglw| vkrfn uhjlrq lv

d/u n E/M � ��oS� ' +�

Vxevwlwxwlqj /M � � ' � � /u dqg vlpsoli|lqj/ lw lv vhhq wkdw erwk frq0
vwudlqwv duh htxlydohqw wr wkh sodqqhu*v frqvwudlqw �S� ' +1 Olnhzlvh/ dw wkh
�qdo gdwh wkh exgjhw frqvwudlqw iru wkh kljk dqg orz oltxlglw| vkrfn uhjlrqv/
uhvshfwlyho|/ duh

dE�� /M� n E/M � ��oS2 ' -%

dqg
E�� /u�S2 ' -%n E/M � ��S2
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dqg erwk duh htxlydohqw wr wkh sodqqhu*v frqvwudlqw E�� ��S2 ' -%1
Vr hyhq li wkh lqwhuedqn ghsrvlw pdunhw lv lqfrpsohwh/ lw lv srvvleoh wr

vdwlvi| wkh exgjhw frqvwudlqwv e| vkx"lqj ghsrvlwv wkurxjk wkh lqwhuedqn
pdunhw1 Krzhyhu/ dowkrxjk lw lv srvvleoh wr dfklhyh wkh �uvw ehvw zlwk hl0
wkhu frpsohwh ru lqfrpsohwh pdunhwv/ zh vkdoo vhh wkdw wkh lpsolfdwlrqv iru
�qdqfldo iudjlolw| duh yhu| gl�huhqw lq wkh wzr fdvhv1

Rqh lqwhuhvwlqj ihdwxuh ri wkh pdunhw vwuxfwxuh lq Iljxuh 2 lv wkdw/ do0
wkrxjk hdfk uhjlrq lv uho|lqj rq mxvw lwv qhljkeru iru oltxlglw|/ wkh hqwluh
hfrqrp| lv frqqhfwhg1 Uhjlrq � krogv ghsrvlwv lq uhjlrq �/ zklfk krogv
ghsrvlwv lq uhjlrq �/ dqg vr rq1 Lq idfw/ wklv lv xqdyrlgdeoh jlyhq wkh pdu0
nhw vwuxfwxuh dvvxphg1 Frqvlghu wkh dowhuqdwlyh pdunhw vwuxfwxuh vkrzq lq
Iljxuh �1 Uhjlrq � krogv ghsrvlwv lq uhjlrq � dqg uhjlrq � krogv ghsrvlwv
lq uhjlrq �1 Olnhzlvh/ uhjlrq � krogv rqh xqlw ri ghsrvlwv lq uhjlrq ( dqg
uhjlrq ( krogv rqh xqlw ri ghsrvlwv lq uhjlrq �1 Wklv pdunhw vwuxfwxuh lv
pruh lqfrpsohwh wkdq wkh rqh lq Iljxuh 2 dqg wkh sdwwhuq ri kroglqjv lq
Iljxuh 2 lv lqfrpsdwleoh zlwk lw1 Krzhyhu/ lw lv srvvleoh wr dfklhyh wkh �uvw
ehvw wkurxjk wkh sdwwhuq ri kroglqjv lq Iljxuh �1 Wklv lv wuxh hyhq wkrxjk
wkh hfrqrp| lv glvfrqqhfwhg/ vlqfh uhjlrqv � dqg � wudgh zlwk hdfk rwkhu
exw qrw zlwk uhjlrqv � dqg ( dqg uhjlrqv � dqg ( wudgh zlwk hdfk rwkhu
exw qrw zlwk uhjlrqv � dqg �1 Djdlq/ wkhvh sdwwhuqv gr qrw vhhp wr kdyh
dq| vljql�fdqfh dv idu dv dfklhylqj wkh �uvw ehvw lv frqfhuqhg> exw wkh| wxuq
rxw wr kdyh vwulnlqj gl�huhqfhv iru �qdqfldo iudjlolw|1

8 Iudjlolw|
Wr looxvwudwh wkh �qdqfldo iudjlolw| ri wkh rswlpdo ulvn vkdulqj doorfdwlrq/ zh
xvh wkh ghfhqwudol}dwlrq uhvxowv iurp Vhfwlrq 71 Wkhq zh shuwxue wkh prgho
wr doorz iru wkh rffxuuhqfh ri d vwdwh 77 lq zklfk wkh djjuhjdwh ghpdqg iru
oltxlglw| lv juhdwhu wkdq wkh v|vwhp*v delolw| wr vxsso| oltxlglw| dqg vkrz
wkdw wklv fdq ohdg wr dq hfrqrp|0zlgh fulvlv1

Wkh pdunhw vwuxfwxuh lv dvvxphg wr eh jlyhq e| Iljxuh 21 Wkh fruuhvsrqg0
lqj doorfdwlrq uhtxluhv hdfk edqn wr krog dq lqlwldo sruwirolr ri lqyhvwphqwv
E%c +� dqg r�hu d ghsrvlw frqwudfw ES�c S2�/ zkhuh E%c +c S�c S2� lv wkh �uvw0ehvw
doorfdwlrq1 Lq rughu wr pdnh wklv ghsrvlw frqwudfw ihdvleoh/ wkh uhsuhvhqwd0
wlyh edqn lq hdfk uhjlrq krogv 5 ' E/M � �� ghsrvlwv lq wkh dgmdfhqw uhjlrq1
Qrwh wkdw 5 lv wkh plqlpdo dprxqw wkdw lv qhhghg wr vdwlvi| wkh exgjhw frq0
vwudlqwv1 Lw zloo ehfrph dssduhqw wkdw odujhu furvv0kroglqjv ri ghsrvlwv/ zkloh
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frqvlvwhqw zlwk wkh �uvw ehvw lq Vhfwlrq 7/ zrxog pdnh wkh frqwdjlrq sureohp
zruvh1

Qrz/ ohw xv wdnh wkh doorfdwlrq dv jlyhq dqg frqvlghu zkdw kdsshqv zkhq
zh �shuwxue� wkh prgho1 E| d shuwxuedwlrq zh phdq wkh uhdol}dwlrq ri d
vwdwh 77 wkdw zdv dvvljqhg }hur suredelolw| dw gdwh f dqg kdv d ghpdqg iru
oltxlglw| wkdw lv yhu| forvh wr wkdw ri wkh vwdwhv wkdw gr rffxu zlwk srvlwlyh
suredelolw|1 Vshfl�fdoo|/ wkh oltxlglw| vkrfnv duh

Wdeoh 5= Uhjlrqdo Oltxlglw| Vkrfnv zlwk Shuwxuedwlrq

� � � (
7� /M /u /M /u
72 /u /M /u /M
77 � n 0 � � �

�

Lq vwdwh 77/ hyhu| uhjlrq kdv wkh suhylrxv dyhudjh ghpdqg iru oltxlglw| �
h{fhsw iru uhjlrq � zkhuh wkh ghpdqg iru oltxlglw| lv vrphzkdw kljkhu �n01
Wkh lpsruwdqw idfw lv wkdw wkh dyhudjh ghpdqg iru oltxlglw| dfurvv doo irxu
uhjlrqv lv voljkwo| kljkhu wkdq lq wkh qrupdo vwdwhv 7� dqg 721 Vlqfh wkh
deqrupdo vwdwh 77 rffxuv zlwk qhjoljleoh suredelolw| +lq wkh olplw/ suredelolw|
}hur, lw zloo qrw fkdqjh wkh doorfdwlrq dw gdwh f1 Lq vwdwhv 7� dqg 72 wkh
frqwlqxdwlrq htxloleulxp zloo eh wkh vdph dv ehiruh dw gdwh �> lq vwdwh 77 wkh
frqwlqxdwlrq htxloleulxp zloo eh gl�huhqw1

Lq wkh frqwlqxdwlrq htxloleulxp ehjlqqlqj dw gdwh �/ frqvxphuv zloo rs0
wlpdoo| ghflgh zkhwkhu wr zlwkgudz wkhlu ghsrvlwv dw gdwh � ru gdwh 2 dqg
edqnv zloo oltxlgdwh wkhlu dvvhwv lq dq dwwhpsw wr phhw wkh ghpdqgv ri wkhlu
ghsrvlwruv1 Hduo| frqvxphuv dozd|v zlwkgudz dw gdwh �> odwh frqvxphuv zloo
zlwkgudz dw gdwh � ru gdwh 2 ghshqglqj rq zklfk jlyhv wkhp wkh odujhu
dprxqw ri frqvxpswlrq1 Ehfdxvh zh zdqw wr irfxv rq hvvhqwldo edqn fulvhv/
zh dvvxph wkdw odwh frqvxphuv zloo dozd|v zlwkgudz wkhlu ghsrvlwv dw gdwh
2 li lw lv +zhdno|, rswlpdo iru wkhp wr gr vr1 Edqnv duh uhtxluhg wr phhw
wkhlu surplvh wr sd| S� xqlwv ri frqvxpswlrq wr hdfk ghsrvlwru zkr ghpdqgv
zlwkgudzdo dw gdwh �1 Li wkh| fdqqrw gr vr/ wkh| pxvw oltxlgdwh doo ri wkhlu
dvvhwv dw gdwh �1 Dv lq Doohq dqg Jdoh +4<<;d, wkh surfhhgv ri wkh oltxlgdwlrq
duh vsolw sur udwd dprqj ghsrvlwruv +l1h1/ zh gr qrw dvvxph �uvw frph �uvw
vhuyhg,1 Li wkh edqn fdq phhwv lwv reoljdwlrqv dw gdwh �/ wkhq wkh uhpdlqlqj
dvvhwv duh oltxlgdwhg dw gdwh 2 dqg jlyhq wr wkh ghsrvlwruv zkr kdyh zdlwhg
xqwlo gdwh 2 wr zlwkgudz1 Lq wkh uhvw ri wklv vhfwlrq/ zh ghvfuleh wkh frqwlqx0
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dwlrq htxloleulxp dw gdwh � lq vwdwh 77/ dvvxplqj wkh dfwlrqv frqvlvwhqw zlwk
wkh �uvw ehvw dw gdwh f1

814 Wkh Oltxlgdwlrq �Shfnlqj Rughu�

Dw gdwh � d edqn fdq �qg lwvhoi lq rqh ri wkuhh frqglwlrqv1 D edqn lv vdlg
wr eh vroyhqw/ li lw fdq phhw wkh ghpdqgv ri hyhu| ghsrvlwru zkr zdqwv wr
zlwkgudz +lqfoxglqj edqnv lq rwkhu uhjlrqv, e| xvlqj rqo| lwv oltxlg dvvhwv/
wkdw lv/ wkh vkruw dvvhw dqg wkh ghsrvlwv lq rwkhu uhjlrqv1 Wkh edqn lv vdlg wr
eh lqvroyhqw li lw fdq phhw wkh ghpdqgv ri lwv ghsrvlwv exw rqo| e| oltxlgdwlqj
vrph ri wkh orqj dvvhw1 Ilqdoo|/ wkh edqn lv vdlg wr eh edqnuxsw li lw fdqqrw
phhw wkh ghpdqgv ri lwv ghsrvlwruv e| oltxlgdwlqj doo lwv dvvhwv1

Wkhvh gh�qlwlrqv duh prwlydwhg e| wkh dvvxpswlrq wkdw edqnv zloo dozd|v
�qg lw suhihudeoh wr oltxlgdwh dvvhwv lq d sduwlfxodu rughu dw gdwh �1 Zh fdoo
wklv wkh �shfnlqj rughu� iru oltxlgdwlqj dvvhwv dqg lw jrhv dv iroorzv= �uvw/
wkh edqn oltxlgdwhv wkh vkruw dvvhw/ wkhq lw oltxlgdwhv ghsrvlwv/ dqg �qdoo| lw
oltxlgdwhv wkh orqj dvvhw1 Wr hqvxuh wkdw wkh orqj dvvhw lv oltxlgdwhg odvw/ zh
qhhg dq dgglwlrqdo dvvxpswlrq/

-

o
:

S2
S�

+9,

zklfk lv pdlqwdlqhg lq wkh vhtxho1 Vlqfh wkh �uvw0ehvw frqvxpswlrq doorfdwlrq
ES�c S2� lv lqghshqghqw ri o +wklv yduldeoh grhv qrw dsshdu lq wkh �uvw0ehvw
sureohp lq Vhfwlrq 6, zh fdq dozd|v hqvxuh wkdw frqglwlrq +9, lv vdwlv�hg e|
fkrrvlqj o vx!flhqwo| vpdoo1

Hdfk ri wkh wkuhh dvvhwv r�huv d gl�huhqw frvw ri rewdlqlqj fxuuhqw +gdwh
�, frqvxpswlrq lq whupv ri ixwxuh +gdwh 2, frqvxpswlrq1 Wkh fkhdshvw lv
wkh vkruw dvvhw1 Rqh xqlw ri wkh vkruw dvvhw lv zruwk rqh xqlw ri frqvxpswlrq
wrgd| dqg/ li uhlqyhvwhg lq wkh vkruw dvvhw/ wklv lv zruwk rqh xqlw ri frqvxps0
wlrq wrpruurz1 Vr wkh frvw ri rewdlqlqj oltxlglw| e| oltxlgdwlqj wkh vkruw
dvvhw lv �1 Vlploduo|/ e| oltxlgdwlqj rqh xqlw ri ghsrvlwv/ wkh edqn jlyhv xs
S2 xqlwv ri ixwxuh frqvxpswlrq dqg rewdlqv S� xqlwv ri suhvhqw frqvxpswlrq1
Vr wkh frvw ri rewdlqlqj oltxlglw| e| oltxlgdwlqj ghsrvlwv lv S2*S�1 Iurp wkh
�uvw0rughu frqglwlrq ��ES�� ' -��ES2� zh nqrz wkdw S2*S� : �1 Ilqdoo|/ e|
oltxlgdwlqj rqh xqlw ri wkh orqj dvvhw/ wkh edqn jlyhv xs - xqlwv ri ixwxuh
frqvxpswlrq dqg rewdlqv o xqlwv ri suhvhqw frqvxpswlrq1 Vr wkh frvw ri re0
wdlqlqj oltxlglw| e| oltxlgdwlqj wkh orqj dvvhw lv -*o1 Wkxv/ zh kdyh ghulyhg
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wkh shfnlqj rughu/ vkruw dvvhwv/ ghsrvlwv/ orqj dvvhwv=

� 	
S2
S�

	
-

o
�

Lq rughu wr pd{lpl}h wkh lqwhuhvwv ri ghsrvlwruv/ wkh edqn pxvw oltxlgdwh wkh
vkruw dvvhw ehiruh lw oltxlgdwhv ghsrvlwv lq rwkhu uhjlrqv ehiruh lw oltxlgdwhv
wkh orqj dvvhw1

Wkh suhfhglqj dujxphqw dvvxphv wkdw wkh edqnv lq rwkhu uhjlrqv duh qrw
edqnuxsw1 Wkh edqnuxswf| uxohv uhtxluh doo dvvhwv wr eh oltxlgdwhg lpphgl0
dwho|/ vr doo ghsrvlw kroghuv lq d edqnuxsw lqvwlwxwlrq zloo zdqw wr oltxlgdwh
wkhlu ghsrvlwv lpphgldwho| uhjdugohvv ri wkhlu rzq frqglwlrq1

815 Oltxlgdwlrq Ydoxhv

Wkh ydoxh ri d ghsrvlw dw gdwh � lv S� li wkh edqn lv qrw edqnuxsw dqg lw lv
htxdo wr wkh oltxlgdwlrq ydoxh ri doo wkh edqn*v dvvhwv li wkh edqn lv edqnuxsw1
Ohw ^� ghqrwh wkh ydoxh ri wkh uhsuhvhqwdwlyh edqn*v ghsrvlwv lq uhjlrq � dw
gdwh �1 Li ^� 	 S� wkhq doo wkh ghsrvlwruv zloo zlwkgudz dv pxfk dv wkh|
fdq dw gdwh �1 Lq sduwlfxodu/ wkh edqnv lq rwkhu uhjlrqv zloo eh vhhnlqj wr
zlwkgudz wkhlu fodlpv rq wkh edqn dw wkh vdph wlph wkdw wkh edqn lv wu|lqj
wr uhghhp lwv fodlpv rq wkhp1 Doo ghsrvlwruv pxvw eh wuhdwhg htxdoo|/ wkdw lv/
hyhu| ghsrvlwru jhwv ^� iurp wkh edqn iru hdfk xqlw lqyhvwhg dw wkh �uvw gdwh/
zkhwkhu wkh ghsrvlwru lv d frqvxphu ru d edqn iurp dqrwkhu uhjlrq1 Wkhq wkh
ydoxhv ri ^� pxvw eh ghwhuplqhg vlpxowdqhrxvo|1 Frqvlghu wkh uhsuhvhqwdwlyh
edqn lq uhjlrq �/ iru h{dpsoh1 Li doo wkh ghsrvlwruv zlwkgudz/ wkh wrwdo
ghpdqgv zloo eh � n 5/ vlqfh wkh edqnv lq uhjlrq ( krog 5 ghsrvlwv dqg wkh
frqvxphuv lq uhjlrq � krog � ghsrvlw1 Wkh oldelolwlhv ri wkh edqn duh ydoxhg
dw E� n 5�^�1 Wkh dvvhwv frqvlvw ri + xqlwv ri wkh vkruw dvvhw/ % xqlwv ri wkh
orqj dvvhw/ dqg 5 ghsrvlwv lq uhjlrq �1 Wkh dvvhwv duh ydoxhg dw +no%n5^�1
Wkh htxloleulxp ydoxhv ri ^� pxvw htxdwh wkh ydoxh ri dvvhwv dqg oldelolwlhv

^� '
+ n o%n 5^�

E� n 5�
� +:,

D vlplodu htxdwlrq pxvw krog iru dq| uhjlrq � lq zklfk ^� 	 S�1
Li ^� ' S� wkhq zh fdq xvh wklv htxdwlrq wr fdofxodwh wkh ydoxh ri ^�> exw

li ^� 	 S� wkhq zh qhhg dqrwkhu htxdwlrq wr ghwhuplqh ^� dqg wklv htxdwlrq
zloo lqfoxgh wkh ydoxh ri ^�/ dqg vr rq1
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816 Ex�huv dqg Edqn Uxqv

Vxssrvh wkdw d edqn lv lqvroyhqw dqg kdv wr oltxlgdwh vrph ri wkh orqj dvvhw1
Iru wkh prphqw/ zh dvvxph wkdw wkh odwh frqvxphuv zdlw xqwlo wkh odvw gdwh
dqg zh ljqruh wkh uroh ri edqnv lq rwkhu uhjlrqv1 Krz pxfk fdq wkh edqn
d�rug wr jlyh wkh frqvxphuv dw wkh �uvw gdwhB Wkh edqn pxvw jlyh wkh
odwh frqvxphuv dw ohdvw S� dw gdwh 2/ rwkhuzlvh wkh| zrxog eh ehwwhu r�
zlwkgudzlqj dw gdwh �1 Vr d edqn zlwk d iudfwlrq / ri hduo| frqvxphuv pxvw
nhhs dw ohdvw E��/�S�*- xqlwv ri wkh orqj dvvhw wr vdwlvi| wkh odwh frqvxphuv
dw gdwh 21 Wkhq wkh dprxqw ri wkh orqj dvvhw wkdw fdq eh oltxlgdwhg dw gdwh
� lv E%� E��/�S�*-� dqg wkh dprxqw ri frqvxpswlrq wkdw fdq eh rewdlqhg
e| oltxlgdwlqj wkh orqj dvvhw zlwkrxw fdxvlqj d uxq lv

KE/� � oE%� E�� /�S�*-��

Zh fdoo KE/� wkh edqn*v ex�hu1
Lq uhjlrq �/ wkh edqn kdv + ' �S� xqlwv ri wkh vkruw dvvhw1 Wkh iudfwlrq

ri hduo| frqvxphuv lv �n 0 lq vwdwh 77/ vr lq rughu wr sd| hdfk hduo| frqvxphu
S� xqlwv ri frqvxpswlrq/ wkh edqn zloo kdyh wr jhw 0S� xqlwv frqvxpswlrq e|
oltxlgdwlqj wkh orqj dvvhw1 Wklv lv ihdvleoh/ zlwkrxw dq| khos iurp wkh edqnv
lq rwkhu uhjlrqv/ li dqg rqo| li wkh lqfuhdvhg ghpdqg iru oltxlglw| 0S� lv ohvv
wkdq wkh ex�hu=

0S� � KE� n 0�� +;,

Lq prvw ri zkdw iroorzv/ zh dvvxph wkdw frqglwlrq +;, lv ylrodwhg1 Lq rwkhu
zrugv/ li uhjlrq � kdg wr uhpdlq vhoi vx!flhqw/ lw zrxog eh edqnuxsw/ ehfdxvh
wkhuh lv qr zd| lw fdq ihdvleo| r�hu lwv odwh frqvxphuv S� dw gdwh 2 +wr suhyhqw
d uxq, dqg phhw wkh ghpdqgv ri lwv hduo| frqvxphuv iru S� dw gdwh �1

Zkhq 0 : f lv vpdoo hqrxjk wr vdwlvi| wkh lqhtxdolw| +;,/ wkh edqnv lq
uhjlrq � duh lqvroyhqw/ exw wkhuh duh qr uhshufxvvlrqv iru wkh edqnv lq rwkhu
uhjlrqv1 Wkh odwh frqvxphuv lq uhjlrq � duh zruvh r�/ ehfdxvh wkh suhpdwxuh
oltxlgdwlrq ri wkh orqj dvvhw dw gdwh � suhyhqwv wkh edqn iurp sd|lqj S2 wr
ghsrvlwruv dw gdwh 21 +Wkh shfnlqj rughu lpsolhv wkdw wkh edqnv lq uhjlrqv �/
�/ dqg ( zloo oltxlgdwh wkhlu ghsrvlwv lq uhjlrqv �/ (/ dqg �/ uhvshfwlyho|/
udwkhu wkdq oltxlgdwh wkh orqj dvvhw,1

Zkhq 0 lv odujh hqrxjk wr ylrodwh frqglwlrq +;,/ edqnv lq uhjlrq � zloo
eh edqnuxsw1 Dowkrxjk wkh| kdyh ghsrvlwv lq uhjlrq �/ wkhvh ghsrvlwv duh ri
qr xvh dv orqj dv wkh ydoxh ri ghsrvlwv lq uhjlrq � lv ^� ' S�1 Rwkhu uhjlrqv
zloo oltxlgdwh wkhlu ghsrvlwv lq rughu wr dyrlg oltxlgdwlqj wkh orqj dvvhw1 Dv
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orqj dv doo wkh ghsrvlwv kdyh wkh vdph ydoxh/ wkh pxwxdo zlwkgudzdov vlpso|
fdqfho rxw1 Rqfh wkh edqnv lq uhjlrq � duh edqnuxsw/ wkhuh zloo eh d vslooryhu
h�hfw wr uhjlrq (1 D ghsrvlw lq uhjlrq ( lv zruwk ^( ' S� dqg d ghsrvlw
lq uhjlrq � lv zruwk ^� 	 S�/ vr edqnv lq uhjlrq ( vx�hu d orvv zkhq furvv
kroglqjv ri ghsrvlwv duh oltxlgdwhg1 Li 0 lv qrw wrr odujh/ wklv vslooryhu h�hfw
zloo pdnh uhjlrq ( edqnv lqvroyhqw/ exw zloo qrw irufh wkhp lqwr edqnuxswf|1

Li 0 lv odujhu vwloo/ vr wkdw wkh vslooryhu h�hfw h{fhhgv uhjlrq (*v ex�hu/
wkhq uhjlrq ( edqnv zloo eh edqnuxsw wrr1 Wkh oltxlgdwlrq ri uhjlrq (*v
orqj dvvhwv zloo fdxvh d orvv wr edqnv lq uhjlrq � dqg wklv wlph wkh vslooryhu
h�hfw lv odujh hqrxjk wkdw uhjlrq � wrr zloo eh edqnuxsw1 Dv zh jr iurp
uhjlrq wr uhjlrq wkh vslooryhu jhwv odujhu dqg odujhu/ ehfdxvh pruh uhjlrqv duh
lq edqnuxswf| dqg pruh orvvhv kdyh dffxpxodwhg iurp oltxlgdwlqj wkh orqj
dvvhw1 Vr rqfh uhjlrq ( jrhv edqnuxsw/ doo wkh uhjlrqv jr edqnuxsw1 Wklv
uhvxow lv vxppdul}hg lq wkh iroorzlqj sursrvlwlrq1

Dv wklv lqirupdo glvfxvvlrq vxjjhvwv/ wzr frqglwlrqv pxvw eh vdwlv�hg lq
rughu iru wkh lqlwldo vkrfn wr uhjlrq � wr vsuhdg wr doo wkh rwkhu uhjlrqv1 Iluvw/
wkh oltxlglw| suhihuhqfh vkrfn lq uhjlrq � pxvw h{fhhg wkh ex�hu lq uhjlrq
�=

0S� : KE� n 0�� +<,

Vhfrqg/ wkh vslooryhu h�hfw wr uhjlrq ( pxvw h{fhhg wkh ex�hu lq uhjlrq (1
D orzhu erxqg iru wkh vslooryhu h�hfw lv 5ES� � 7̂��/ zkhuh 5 lv wkh dprxqw
ri ghsrvlwv khog dqg 7̂� lv dq xsshu erxqg rq wkh ydoxh ri wkh ghsrvlwv lq
uhjlrq � xqghu edqnuxswf|1 Wr ghulyh wkh xsshu erxqg 7̂� zh xvh htxdwlrq
+:, dqg dvvxph wkdw ^� ' S�=

^� � 7̂� '
+ n o%n 5S�

E� n 5�
� +43,

Wkhq d vx!flhqw frqglwlrq iru wkh vslooryhu wr h{fhhg wkh ex�hu lq uhjlrq (
lv

5ES� � 7̂�� : KE��� +44,

Wkh whup 5S� lv wkh dprxqw surplvhg wr wkh edqnv lq Uhjlrq � dqg 5 7̂� lv wkh
xsshu erxqg rq wkh ydoxh ri ghsrvlwv lq Uhjlrq �1 Khqfh wkh ohiw kdqg vlgh
ri wkh frqglwlrq lv wkh gl�huhqfh ehwzhhq oldelolwlhv dqg wkh xsshu erxqg rq
dvvhwv lq wkh lqwhuedqn ghsrvlw pdunhw iru Uhjlrq (1 Li wklv h{fhhgv Uhjlrq
(*v ex�hu wkh vslooryhu zloo irufh uhjlrq ( edqnv lqwr edqnuxswf|1
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Sursrvlwlrq 5 Frqvlghu wkh prgho zlwk pdunhw vwuxfwxuh ghvfulehg lq Ilj0
xuh 2 dqg shuwxue lw e| wkh dgglwlrq ri wkh }hur suredelolw| vwdwh 771 Vxssrvh
wkdw hdfk edqn fkrrvhv dq lqyhvwphqw sruwirolr E%c +c 5� dqg r�huv d ghsrvlw
frqwudfw ES�c S2�/ zkhuh E%c +� lv wkh �uvw0ehvw lqyhvwphqw sruwirolr/ ES�c S2� lv
wkh �uvw0ehvw frqvxpswlrq doorfdwlrq/ dqg 5 ' E/M � ��1 Vxssrvh wkdw frqgl0
wlrqv +<, dqg +44, duh vdwlv�hg1 Wkhq/ lq dq| frqwlqxdwlrq htxloleulxp/ wkh
edqnv lq doo uhjlrqv pxvw jr edqnuxsw dw gdwh � lq vwdwh 771

Surri1 Wkh surri uhtxluhv vhyhudo vwhsv1

Vwhs 41 Zh �uvw vxssrvh wkdw wkhuh lv d frqwlqxdwlrq htxloleulxp lq zklfk
^� ' S� lq hyhu| uhjlrq � dqg vkrz wkdw wklv ohdgv wr d frqwudglfwlrq1 Wkh
ghpdqg iru ghsrvlwv iurp hduo| frqvxphuv lv �n0 lq uhjlrq � dqg � lq uhjlrqv
�c� dqg (1 Wkh vwrfn ri wkh vkruw dvvhw lv + ' �S�/ vr wkhuh lv dq djjuhjdwh
h{fhvv ghpdqg iru oltxlglw| wkdw fdq rqo| eh phw e| oltxlgdwlqj wkh orqj
dvvhw lq vrph uhjlrq1 Wr dyrlg oltxlgdwlqj wkh orqj dvvhw/ edqnv pxvw uhghhp
dw ohdvw dv pdq| ghsrvlwv dv duh zlwkgudzq e| edqnv iurp rwkhu uhjlrqv1
Vlqfh qr edqn zdqwv wr oltxlgdwh wkh orqj dvvhw li lw fdq eh dyrlghg/ wkh rqo|
htxloleulxp lv rqh lq zklfk doo edqnv vlpxowdqhrxvo| zlwkgudz wkhlu ghsrvlwv
lq edqnv lq rwkhu uhjlrqv dw gdwh �1 Wkhvh pxwxdo zlwkgudzdov r�vhw hdfk
rwkhu vr hdfk uhjlrq lv irufhg wr eh vhoi0vx!flhqw/ wkdw lv/ qr uhjlrq lv deoh
wr jhw h{wud oltxlglw| iurp wkh rwkhu uhjlrqv1

Zh kdyh douhdg| vhhq wkdw vhoi0vx!flhqf| lpsolhv wkh edqnv lq uhjlrq �
duh edqnuxsw1 Wkxv/ zh kdyh d frqwudglfwlrq wkdw lpsolhv wkdw wkh edqnv
lq vrph uhjlrq pxvw eh edqnuxsw1 Lq idfw/ wkh edqnv lq uhjlrq � pxvw eh
edqnuxsw1 E| wkh hduolhu dujxphqw/ ^� 	 S� iru vrph � lpsolhv wkdw doo edqnv
zloo zlwkgudz wkhlu ghsrvlwv lq rwkhu uhjlrqv1 Wkhq hlwkhu ^� ' S� dqg
uhjlrq � uhfhlyhv qr qhw lq rzv iurp wkh lqwhuedqn pdunhw ru ^� 	 S� dqg
wkh vlwxdwlrq lv hyhq zruvh ehfdxvh Uhjlrq � orvhv prqh| rq lwv ghsrvlwv lq
uhjlrq �1 Lq hlwkhu fdvh/ ^� ' S� lv lpsrvvleoh ehfdxvh ri frqglwlrq +<,1

Vwhs 51 Kdylqj hvwdeolvkhg wkdw edqnv lq uhjlrq � pxvw eh edqnuxsw/ zh
qh{w vkrz wkdw wkh �qdqfldo fulvlv pxvw h{whqg wr rwkhu uhjlrqv1 Frqvlghu
uhjlrq ( �uvw1 Iru wkh uhdvrqv h{sodlqhg deryh/ doo edqnv zloo eh oltxlgdwlqj
wkhlu ghsrvlwv lq rwkhu uhjlrqv lq dq| frqwlqxdwlrq htxloleulxp lq vwdwh 771
Dq xsshu erxqg rq wkh oltxlgdwlrq ydoxh ^� ri wkh ghsrvlwv lq uhjlrq � lv
rewdlqhg e| dvvxplqj wkdw ^� ' S�/ wkdw lv ^� � 7̂�1 Li edqnv lq uhjlrq ( duh
qrw edqnuxsw/ wkh oldelolwlhv ri wkh edqnv lq uhjlrq ( duh E�n 5�S�/ ehfdxvh d
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iudfwlrq � ri frqvxphuv zlwkgudz hduo| dqg wkh edqnv lq uhjlrq � zlwkgudz
5 ghsrvlwv dqg hdfk ghsrvlw lv zruwk S�1 Wkh oltxlg dvvhwv ri wkh edqn duh
zruwk + n 5^� dqg wkh ex�hu KE�� lv wkh prvw wkdw fdq eh rewdlqhg iurp
oltxlgdwlqj wkh orqj dvvhw zlwkrxw ylrodwlqj wkh lqfhqwlyh frqvwudlqw1 Vr/ wr
dyrlg edqnuxswf|/ lw pxvw eh wkh fdvh wkdw

E� n 5�S� � + n KE�� n 5^�

� + n KE�� n 5 7̂��

Vlqfh �S� ' +/ wklv lqhtxdolw| lpsolhv wkdw 5ES� � 7̂�� � KE��/ frqwudglfwlqj
frqglwlrq +44,1 Wkxv/ wkh edqnv lq uhjlrq ( pxvw eh edqnuxsw dovr1

Vwhs 61 Wkh dujxphqw iurp Vwhs 5 fdq eh frqwlqxhg e| lqgxfwlrq1 Lq idfw/
vlqfh zh nqrz wkdw 7̂� 	 S�/ zh pxvw kdyh ^( 	 7̂�1 Wkhq lw lv hdvlhu
wr ylrodwh wkh qrq0edqnuxswf| frqglwlrq lq uhjlrq � wkdq lw zdv lq uhjlrq
( dqg wklv vkrzv wkdw ^� 	 ^�1 Wkhq xvlqj wkh vdph dujxphqw/ zh kdyh
^� 	 7̂� iru hyhu| uhjlrq �1 Doo uhjlrqv duh lq edqnuxswf| dqg wkh rqo| srvvleoh
frqwlqxdwlrq htxloleulxp lv rqh lq zklfk

^� ' + n o% 	 S�

iru � ' �c�c�c(1

9 Urexvwqhvv
Wkh lqfrpsohwhqhvv ri pdunhwv lv hvvhqwldo wr wkh frqwdjlrq uhvxow lq wkh
iroorzlqj vhqvh1 Wkhuh h{lvw sdudphwhu ydoxhv iru zklfk dq| htxloleulxp zlwk
lqfrpsohwh pdunhwv lqyroyhv uxqv lq vwdwh 77 +wklv lv wkh vhw ri sdudphwhu
ydoxhv fkdudfwhul}hg lq Vhfwlrq 8,1 Iru wkh vdph sdudphwhu ydoxhv/ zh fdq
�qg dq htxloleulxp zlwk frpsohwh pdunhwv wkdw grhv qrw lqyroyh uxqv lq vwdwh
771

Wr vhh wklv/ zh jr edfn wr wkh frpsohwh pdunhwv htxloleulxp lq Vhfwlrq 71
Wkh ydoxhv ri wkh lqyhvwphqw sruwirolr E%c +� dqg wkh ghsrvlw frqwudfw ES�c S2�
duh wkh vdph> exw wr pdnh wkh �uvw0ehvw doorfdwlrq ihdvleoh dw gdwhv � dqg
2/ wkh uhsuhvhqwdwlyh edqn krogv 5*2 ' E/M � ��*2 ghsrvlwv lq hdfk ri wkh
rwkhu uhjlrqv1 Wkh fodlp rq dq| rqh uhjlrq lv vpdoohu wkdq lq wkh htxloleulxp
lq Vhfwlrq 8/ exw wkh wrwdo fodlp �5*2 lv odujhu1 Djdlq/ 5*2 lv wkh vpdoohvw
dprxqw ri ghsrvlwv frqvlvwhqw zlwk ihdvlelolw|1
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Frqvlghu qrz zkdw kdsshqv lq d frqwlqxdwlrq htxloleulxp dw gdwh � zkhq
vwdwh 77 rffxuv/ dvvxplqj wkdw wkh dfwlrqv dw gdwh f kdyh qrw fkdqjhg1 Zh dv0
vxph/ ri frxuvh/ wkdw wkh frqglwlrqv ri Sursrvlwlrq 5 frqwlqxh wr krog1 Xvlqj
h{dfwo| wkh vdph dujxphqw dv ehiruh/ zh fdq vkrz wkdw edqnv lq uhjlrq � duh
edqnuxsw= wkhuh lv dq djjuhjdwh h{fhvv ghpdqg iru oltxlglw|/ wkh rwkhu uhjlrqv
zloo qrw surylgh oltxlglw|/ dqg ehfdxvh frqglwlrq +;, lv ylrodwhg wkh edqnv lq
uhjlrq � fdqqrw phhw wkhlu ghsrvlwruv* ghpdqgv1 Wkh txhvwlrq lv zkhwkhu
wklv uhtxluhv wkdw wkh rwkhu uhjlrqv vkrxog dovr h{shulhqfh edqnuxswf|1

Wr dgguhvv wklv txhvwlrq/ zh kdyh wr fdofxodwh wkh oltxlgdwlrq ydoxh ri wkh
ghsrvlwv lq uhjlrq �1 Dvvxplqj wkdw qrqh ri wkh rwkhu uhjlrqv lv edqnuxsw/
zh revhuyh wkdw wkh dvvhwv duh ydoxhg dw + n o%n �E5*2�S� dqg wkh oldelolwlhv
duh ydoxhg dw E� n �5*2�^�/ vr

^�W '
+ n o%n �E5*2�S�

E� n �5*2�
� +45,

Wkh orvv wr hdfk edqn lq uhjlrqv � 9' � ehfdxvh ri wkh froodsvh ri edqnv lq
uhjlrq � lv E5*2�ES� � ^�W� dqg vlqfh wkh edqn*v kroglqj ri wkh vkruw dvvhw +
lv mxvw hqrxjk wr vdwlvi| lwv rzq hduo| frqvxphuv/ wkh edqn zloo eh lqvroyhqw/
exw qrw edqnuxsw/ li dqg rqo| li wklv dprxqw lv ohvv wkdq ru htxdo wr wkh
ex�hu=

E5*2�ES� � ^�W� � KE��� +46,

Wklv frqglwlrq +46, fdq eh vdwlv�hg hyhq wkrxjk frqglwlrqv +;, dqg +44, duh
ylrodwhg ehfdxvh wkh �qdqfldo lqwhughshqghqfh/ phdvxuhg e| 5*2/ lv vpdoohu1

: Frqwdlqphqw
Wkh fulwlfdo lqjuhglhqw lq wkh h{dpsoh ri frqwdjlrq dqdo|}hg lq Vhfwlrq 8 lv
wkdw dq| wzr uhjlrqv duh frqqhfwhg e| d fkdlq ri ryhuodsslqj edqn oldelolwlhv1
Edqnv lq uhjlrq � kdyh fodlpv rq edqnv lq uhjlrq �/ zklfk lq wxuq kdyh
fodlpv rq edqnv lq uhjlrqv �/ dqg vr rq1 Li zh frxog fxw wklv fkdlq dw vrph
srlqw/ wkh frqwdjlrq wkdw ehjlqv zlwk d vpdoo vkrfn lq uhjlrq � zrxog eh
frqwdlqhg lq vxevhw ri wkh vhw ri uhjlrqv1

Frqvlghu wkh lqfrpsohwh pdunhw vwuxfwxuh lq Iljxuh � dqg wkh doorfdwlrq
wkdw lpsohphqwv wkh �uvw ehvw/ zklfk zdv ghvfulehg lq Vhfwlrq 71 Wkh door0
fdwlrq uhtxluhv edqnv lq uhjlrqv � dqg � wr kdyh fodlpv rq hdfk rwkhu dqg
edqnv lq uhjlrqv � dqg ( wr kdyh fodlpv rq hdfk rwkhu/ exw wkhuh lv qr frq0
qhfwlrq ehwzhhq wkh uhjlrq i�c�j dqg wkh uhjlrq i�c(j1 Li vwdwh 77 rffxuv/
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wkh h{fhvv ghpdqg iru oltxlglw| zloo fdxvh edqnuxswflhv lq uhjlrq � dqg wkh|
pd| xqghu fhuwdlq frqglwlrqv vsuhdg wr uhjlrq �/ exw wkhuh lv qr uhdvrq zk|
wkh| vkrxog vsuhdg dq| ixuwkhu1 Edqnv lq uhjlrqv � dqg ( duh vlpso| qrw
frqqhfwhg wr wkh wurxeohg edqnv lq uhjlrqv � dqg �1

Frpsdulqj wkh wkuhh pdunhw vwuxfwxuhv zh kdyh frqvlghuhg vr idu/ frp0
sohwh pdunhwv lq Iljxuh �/ lqfrpsohwh pdunhwv lq Iljxuh 2/ dqg wkh glvfrq0
qhfwhg pdunhw vwuxfwxuh lq Iljxuh �/ zh fdq vhh wkdw wkhuh lv d qrq0prqrwrqlf
uhodwlrqvkls ehwzhhq frpsohwhqhvv ru lqfrpsohwhqhvv ri pdunhwv dqg wkh h{0
whqw ri wkh �qdqfldo fulvlv lq vwdwh 771 Zlwk wkh frpsohwh pdunhwv vwuxfwxuh
ri Iljxuh � wkh fulvlv lv uhvwulfwhg wr uhjlrq �/ zlwk wkh pdunhw vwuxfwxuh lq
Iljxuh 2 wkh fulvlv h{whqgv wr doo uhjlrqv/ dqg zlwk wkh pdunhw vwuxfwxuh lq
Iljxuh � wkh fulvlv lv uhvwulfwhg wr uhjlrqv � dqg �1

Lw frxog eh dujxhg wkdw wkh pdunhw vwuxfwxuhv duh qrw prqrwrqlfdoo| ru0
ghuhg= wkh frpsohwh pdunhwv qhwzrun grhv frqwdlq wkh rwkhu wzr/ exw wkh
sdwkv lq wkh qhwzrun lq Iljxuh � duh qrw d vxevhw ri wkh qhwzrun lq Iljxuh 21
Wklv frxog eh fkdqjhg e| dgglqj sdwkv wr Iljxuh 2/ exw wkhq wkh htxloleulxp
ri Iljxuh � zrxog dovr eh dq htxloleulxp ri Iljxuh 21 Wklv udlvhv dq reylrxv
exw lpsruwdqw srlqw/ wkdw frqwdjlrq ghshqgv rq wkh hqgrjhqrxv sdwwhuq ri
�qdqfldo fodlpv1 Dq lqfrpsohwh pdunhw vwuxfwxuh olnh wkh rqh lq Iljxuh 2
pd| suhfoxgh d frpsohwh sdwwhuq ri �qdqfldo frqqhfwhgqhvv dqg wkxv hqfrxu0
djh �qdqfldo frqwdjlrq> exw d frpsohwh pdunhw vwuxfwxuh grhv qrw lpso| wkh
rssrvlwh= hyhq zlwk frpsohwh pdunhwv wkhuh pd| eh dq hqgrjhqrxv fkrlfh ri
ryhuodsslqj fodlpv wkdw fdxvhv frqwdjlrq1 Lq idfw/ wkh wkuhh htxloleuld frqvlg0
huhg vr idu duh doo frqvlvwhqw zlwk wkh frpsohwh pdunhw vwuxfwxuh1 Wkhuh duh
dgglwlrqdo htxloleuld iru wkh hfrqrp| zlwk wkh frpsohwh pdunhw vwuxfwxuh1
Olnh wkh wkuhh frqvlghuhg vr idu/ wkh| dfklhyh wkh �uvw ehvw lq vwdwhv 7� dqg
72/ exw kdyh gl�huhqw ghjuhhv ri �qdqfldo iudjlolw| lq wkh xqh{shfwhg vwdwh 77/
ghshqglqj rq wkh sdwwhuqv ri lqwhuuhjlrqdo ghsrvlw kroglqj1

Zkdw lv lpsruwdqw derxw wkh pdunhw vwuxfwxuh lq Iljxuh 2/ wkhq/ lv wkdw
wkh sdwwhuq ri lqwhuuhjlrqdo furvv kroglqjv ri ghsrvlwv wkdw surprwhv wkh
srvvlelolw| ri frqwdjlrq lv wkh rqo| rqh frqvlvwhqw zlwk wklv pdunhw vwuxfwxuh1
Vlqfh zh duh lqwhuhvwhg lq frqwdjlrq dv dq hvvhqwldo skhqrphqrq/ wklv pdunhw
vwuxfwxuh kdv d vshfldo uroh1 Wkh frpsohwh pdunhwv hfrqrp|/ e| frqwudvw/
kdv htxloleuld zlwk dqg zlwkrxw frqwdjlrq dqg surylghv d zhdnhu fdvh iru wkh
olnholkrrg ri frqwdjlrq1
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; Glvfxvvlrq

;14 Htxloleulxp

Lq wkh suhfhglqj vhfwlrqv zh kdyh glvfxvvhg wkh frqwlqxdwlrq htxloleulxp dw
gdwhv � dqg 2/ exw qrw vdlg dq|wklqj derxw wkh htxloleulxp ehkdylru dw gdwh
f1 Lw lv fohdu wkdw lw lv rswlpdo iru frqvxphuv dw gdwh f wr ghsrvlw wkhlu
hqgrzphqw zlwk wkh edqnv/ ehfdxvh wkh| frxog qrw dfklhyh wkh vdph ohyho
ri h{shfwhg xwlolw| lq dxwdun|/ hyhq li wkh| zhuh deoh wr lqyhvw lq erwk wkh
vkruw dqg wkh orqj dvvhwv1 Zkdw lv ohvv reylrxv lv zkhwkhu wkh ehkdylru ri
wkh edqnv lv rswlpdo lq vrph vhqvh1

Wkh edqn kdv wr fkrrvh dq lqyhvwphqw sruwirolr/ d ghsrvlw frqwudfw/ dqg
d srvlwlrq lq wkh lqwhuedqn ghsrvlw pdunhw wr pd{lpl}h wkh frqvxphuv* h{0
shfwhg xwlolw| dw gdwh f1 Wkh wulfn| sduw lv fkrrvlqj krz pxfk wr wudgh rq
wkh lqwhuedqn pdunhw1 Lq rughu wr �qdqfh ghsrvlwv lq rwkhu uhjlrqv/ lw zloo
kdyh wr vhoo lwv rzq ghsrvlwv wr rwkhu edqnv1 Exw wkh ydoxh ri lwv ghsrvlwv zloo
ghshqg rq wkh fkrlfh ri wkh lqyhvwphqw sruwirolr dqg wkh ghsrvlw frqwudfw dqg
wkh zlwkgudzdo ghflvlrqv pdgh e| ghsrvlwruv dw wkh vhfrqg dqg wklug gdwhv1
Zh fdq �qhvvh wkh frpsoh{ fdofxodwlrq ri wkh edqn*v rswlpdo ehkdylru e|
qrwlqj wkdw vlqfh doo wudgh lv yroxqwdu|/ dq|wklqj wkh edqn grhv wr pdnh lwv
rzq frqvxphuv ehwwhu r� fdqqrw pdnh dq|rqh hovh zruvh r� +vlqfh d vlqjoh
edqn lv qhjoljleoh/ wkh uhvw ri wkh hfrqrp| jhwv }hur vxusoxv iurp wudglqj
zlwk lw,1 Wkhq wkh idfw wkdw wkh doorfdwlrq dw wkh vhfrqg dqg wklug gdwhv lv
+�uvw0ehvw, rswlpdo lpsolhv wkdw wkhuh lv qr ghyldwlrq wkdw wkh edqn zrxog
suhihu1

Wkh dfklhyhphqw ri wkh �uvw ehvw ghshqgv rq wkh dvvxpswlrq ri qr dj0
juhjdwh xqfhuwdlqw|1 Lq jhqhudo/ zkhq wkhuh lv djjuhjdwh xqfhuwdlqw|/ wkh
�uvw0ehvw lv qrw dwwdlqdeoh dqg wkh fkdudfwhul}dwlrq ri wkh htxloleulxp df0
wlrqv dw gdwh f +dqg vxevhtxhqw gdwhv, zloo eh pxfk pruh gl!fxow1 Wklv lv
dq lpsruwdqw wrslf iru ixwxuh uhvhdufk/ exw lw olhv rxwvlgh wkh vfrsh ri wklv
sdshu1

;15 Pdq| Vwdwhv dqg Uhjlrqv

Wkh dujxphqwv ghyhorshg lq wklv sdshu h{whqg hdvlo| wr wkh fdvh ri pdq|
uhjlrqv dqg pdq| vwdwhv ri qdwxuh1 Vxssrvh wkdw wkhuh duh ? uhjlrqv dqg
vxssrvh wkdw wkh oltxlglw| vkrfnv /� duh �qlwh0ydoxhg dqg h{fkdqjhdeoh1 Li
wkh hfrqrp|0zlgh iudfwlrq ri hduo| frqvxphuv lv d frqvwdqw/ wkhq wkh �uvw ehvw
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doorfdwlrq E%c +c S�c S2� lv qrq0vwrfkdvwlf dqg lqghshqghqw ri wkh frqvxphu*v
uhjlrq1

D pdunhw vwuxfwxuh lv fkdudfwhul}hg e| d idplo| ri qhljkerukrrgv= iru
hdfk uhjlrq � wkh qhljkerukrrg � � lv wkh vhw ri uhjlrqv lq zklfk d edqn lq
uhjlrq � fdq krog ghsrvlwv1 Wkh pdunhw vwuxfwxuh lv frqqhfwhg li iru dq|
uhjlrqv � dqg � wkhuh lv d �qlwh fkdlq ri uhjlrqv/ ehjlqqlqj zlwk � dqg hqglqj
zlwk � vxfk wkdw iru hdfk dgmdfhqw sdlu/ edqnv lq wkh �uvw uhjlrq fdq krog
ghsrvlwv lq wkh vhfrqg1 Dv orqj dv wkh pdunhw vwuxfwxuh lv frqqhfwhg wkh �uvw
ehvw fdq eh ghfhqwudol}hg e| d frpshwlwlyh edqnlqj vhfwru xvlqj vwdqgdug
ghsrvlw frqwudfwv1

D pdunhw vwuxfwxuh lv frpsohwh li edqnv lq uhjlrq � fdq krog ghsrvlwv lq
hyhu| rwkhu uhjlrq � 9' �> rwkhuzlvh lw lv lqfrpsohwh1 Wkh ghjuhh ri frpsohwh0
qhvv dqg frqqhfwhgqhvv lv fuxfldo iru ghwhuplqlqj wkh qhfhvvlw| ri frqwdjlrq1
Zlwk frpsohwh pdunhwv dqg d jlyhq vhw ri sdudphwhuv/ lqfuhdvlqj wkh qxp0
ehu ri uhjlrqv hyhqwxdoo| holplqdwhv wkh qhfhvvlw| ri frqwdjlrq/ ehfdxvh wkh
lqlwldo lpsdfw ri d oltxlglw| vkruwdjh lq d vlqjoh uhjlrq ehfrphv qhjoljleoh dv
wkh qxpehu ri uhjlrqv ehfrphv xqerxqghgo| odujh1

Lq wkh h{dpsoh ri Vhfwlrq 8/ d oltxlglw| vkruwdjh lq rqh uhjlrq fdq ohdg
wr fulvhv lq doo irxu uhjlrqv1 Wkh vdph dujxphqw zrunv zlwk dq| qxpehu
ri uhjlrqv1 Lq idfw/ dv frqwdjlrq �vsuhdgv� iurp rqh uhjlrq wr dqrwkhu/ wkh
vslooryhuv ehfrph odujhu dqg lw lv hdvlhu wr nhhs wkh frqwdjlrq jrlqj1 Lq wkh
jhqhudo fdvh/ frqwdjlrq fdq vsuhdg iurp d vlqjoh uhjlrq wr dq duelwudulo| odujh
qxpehu ? ri uhjlrqv1 Lq wklv vhqvh/ vpdoo vkrfnv fdq kdyh yhu| odujh h�hfwv
li pdunhwv duh lqfrpsohwh1

;16 Dowhuqdwlyh Pdunhw Vwuxfwxuhv

Wkh pdunhw vwuxfwxuh lq Iljxuh � uhvxowv lq d v|pphwulf doorfdwlrq ehfdxvh lq
hlwkhu vwdwh ri qdwxuh wkhuh lv dq dowhuqdwlqj sdwwhuq ri oltxlglw| vkrfnv dv rqh
sdvvhv durxqg wkh flufoh ri uhjlrqv1 Wklv lv qrw lpsruwdqw iru wkh dfklhyhphqw
ri wkh �uvw ehvw1 Lq idfw/ doo wkdw lv uhtxluhg iru wkh ghfhqwudol}dwlrq uhvxow
lv wkdw wkh uhjlrqv eh frqqhfwhg1 Krzhyhu/ wkh v|pphwu| ri wkh htxloleulxp
doorfdwlrq dqg wkh frqglwlrqv iru �qdqfldo frqwdjlrq gr ghshqg rq wkh v|p0
phwu| ri wkh pdunhw vwuxfwxuh1 Wr vhh wklv/ frqvlghu wkh pdunhw vwuxfwxuh lq
Iljxuh e1 Lq vwdwh 7�/ dw gdwh �/ uhjlrqv � dqg � duh dgmdfhqw dqg kdyh kljk
vkrfnv dqg uhjlrqv � dqg ( duh dgmdfhqw dqg kdyh orz vkrfnv1 Lq vwdwh 7�

wkh vkrfnv duh uhyhuvhg exw wkh vdph sdlulqj krogv1 Wklv lv qrw dq revwdfoh
wr dfklhylqj wkh �uvw ehvw/ exw lw grhv uhtxluh d vshfldo sdwwhuq ri fodlpv1 Lq
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rughu wr vdwlvi| lwv exgjhw frqvwudlqw lq vwdwh 7�/ uhjlrq � zloo kdyh wr krog
E/M ��� ghsrvlwv lq uhjlrq �1 Uhjlrq zloo qrw eh deoh wr vsduh dq| oltxlglw|
iru uhjlrq � vr lw zloo kdyh wr sdvv uhjlrq �*v ghpdqg rq wr uhjlrq �/ dorqj
zlwk lwv rzq ghpdqg iru /M � � ghsrvlwv1 Vr uhjlrq � pxvw krog 2E/M � ��
ghsrvlwv lq uhjlrq �1 Uhjlrq � kdv dq h{fhvv ri E� � /u�S� ' E/M � ��S�
xqlwv ri frqvxpswlrq wkdw lw fdq r�hu uhjlrq �/ vr wr phhw wkh hqwluh ghpdqg
iurp uhjlrq � lw pxvw kdyh E/��� ghsrvlwv lq uhjlrq ( wkdw lw fdq oltxlgdwh1

Dw wkh �qdo gdwh/ wkh sdwwhuq lv uhyhuvhg1 Qrz uhjlrqv � dqg ( duh
lq qhhg ri oltxlglw| dqg uhjlrqv � dqg � pxvw surylgh lw1 Uhjlrq � qhhgv
E� � /u� ' E/M � �� ghsrvlwv lq uhjlrq (/ exw vlqfh uhjlrq ( fdqqrw r�hu
dq| oltxlglw| lwvhoi/ lw pxvw kdyh 2E/M � �� ghsrvlwv lq uhjlrq � wkdw lw fdq
oltxlgdwh lq rughu wr surylgh erwk iru lwv rzq qhhgv dqg wkrvh ri uhjlrq �1
Uhjlrq � qhhgv rqo| E/M � �� ghsrvlwv lq uhjlrq � wr sdvv rq sduw ri uhjlrq
(*v ghpdqg wr uhjlrq �1

Lq vwdwh 72/ uhjlrqv � dqg ( duh lq qhhg ri oltxlglw| dqg/ e| d vlplodu
dujxphqw/ uhjlrq � pxvw krog E/M � �� ghsrvlwv lq (/ uhjlrq ( pxvw krog
2E/M � �� ghsrvlwv lq �/ dqg uhjlrq � pxvw krog dw ohdvw E/M � �� lq �1

Vr wkh htxloleulxp sdwwhuq lv iru uhjlrqv � dqg ( wr krog 2E/M � ��
lq uhjlrqv � dqg �/ uhvshfwlyho|/ dqg iru uhjlrqv � dqg � wr krog dw ohdvw
E/M � �� lq uhjlrqv ( dqg �/ uhvshfwlyho|1 Wklv sdwwhuq zloo qrw vdwlvi|
wkh exgjhw frqvwudlqw dw wkh �uvw gdwh/ krzhyhu1 Wkh rqo| zd| wkdw edqnv
fdq d�rug ghsrvlwv lq dqrwkhu uhjlrq lv wr vhoo wkhlu rzq ghsrvlwv1 Li uhjlrqv
� dqg ( krog 2E/M � �� ghsrvlwv lq uhjlrqv � dqg �/ uhvshfwlyho|/ wkh|
pxvw r�hu uhjlrqv � dqg �/ uhvshfwlyho|/ wkh vdph qxpehu ri ghsrvlwv lq
wkhlu rzq edqnv1 Vr wkh furvv0kroglqjv ri ghsrvlwv uhpdlqv v|pphwulf lq wkh
htxloleulxp/ hyhq wkrxjk wkh wudqvihuv fduulhg rxw wkurxjk wkh oltxlgdwlrq ri
wkrvh ghsrvlwv lv qrw v|pphwulf1

Zkdw fkdqjhv dv d uhvxow ri wkh eljjhu ghsrvlw kroglqjv lv wkh vl}h ri wkh
vslooryhu h�hfw1 Frqvlghu zkdw kdsshqv wr uhjlrq � lq vwdwh 771 Li uhjlrq �
lv edqnuxsw dqg uhjlrq � lv qrw edqnuxsw/ wkh orvv wr uhjlrq ( lv 2E/M �
��E^� � S��1 Wkhuh duh wzr h�hfwv1 Iluvw/ uhjlrq ( krogv pruh ghsrvlwv lq
uhjlrq � dqg wklv pdnhv wklqjv zruvh iru uhjlrq (> vhfrqg/ uhjlrq � krogv
pruh ghsrvlwv lq uhjlrq � dqg wklv lqfuhdvhv ^�/ zklfk pdnhv wklqjv ehwwhu
iru uhjlrq (1 Qrz/ sxwwlqj 5 ' E/M � ��/

^� '
+ n o%n 25S�

E� n 25�

59



lpsolhv wkdw

25E^� � S�� ' 25

#
+ n o%n 25S�

E� n 25�
� S�

$

' 25
�
+ n o%� S�

� n 25

�

: 5
�
+ n o%� S�

� n 5

�
c

vr wkh orvv wr uhjlrq ( lv juhdwhu zkhq wkh vl}h ri wkh ghsrvlwv lv juhdwhu1
Wkxv/ frqwdjlrq jhwv vwduwhg pruh hdvlo| zkhq wkh ohyho ri ghsrvlwv khog e|
edqnv lv 25 udwkhu wkdq 51

Wkh �qdo srvvleoh pdunhw vwuxfwxuh lv vkrzq lq Iljxuh D1 Lw fdq vwudljkw0
iruzdugo| eh vhhq wkdw wklv lv htxlydohqw wr wkh frpsohwh pdunhw vwuxfwxuh
vkrzq lq Iljxuh � lq vwdwhv 7� dqg 721 Wkh uhdvrq lv wkdw oltxlglw| vkrfnv
lq uhjlrqv � dqg � duh shuihfwo| fruuhodwhg vr wkdw wkhvh ghsrvlwv r�vhw hdfk
rwkhu1 Vlploduo| iru uhjlrqv � dqg (� Wkh ohyho ri ghsrvlwv khog wr dfklhyh
wkh h!flhqw doorfdwlrq zloo djdlq eh 5� ' E/M � ��*2� Wkh gl�huhqfh frphv
lq vwdwh 71 Wkh xsshu erxqg rq wkh ydoxh ri ghsrvlwv ^� lv jlyhq e| +43,
udwkhu wkdq +45, exw wkh frqglwlrq iru frqwdjlrq lv

E5*2�ES� � ^�� : KE���

Lw iroorzv frqwdjlrq rffxuv pruh hdvlo| wkdq zlwk wkh frpsohwh pdunhw vwuxf0
wxuh lq Iljxuh � exw ohvv hdvlo| wkdq zlwk wkh pdunhw vwuxfwxuh lq Iljxuh
21

;17 Vxqvsrw Htxloleuld

Wkh irfxv lq wklv sdshu lv rq �qdqfldo frqwdjlrq dv dq hvvhqwldo ihdwxuh ri
htxloleulxp1 Zh gr qrw uho| rq dujxphqwv lqyroylqj pxowlsoh htxloleuld1 Wkh
dlp lv lqvwhdg wr vkrz wkdw xqghu fhuwdlq frqglwlrqv hyhu| frqwlqxdwlrq htxl0
oleulxp dw gdwh � h{klelwv �qdqfldo frqwdjlrq1 Qrqhwkhohvv/ wkhuh duh pxowlsoh
htxloleuld lq wkh prgho dqg li rqh lv vr glvsrvhg rqh fdq xvh wkh pxowlsolflw|
ri htxloleulxp wr whoo d vwru| derxw �qdqfldo frqwdjlrq dv d vxqvsrw skhqrp0
hqrq1

Wr looxvwudwh wkh pxowlsolflw| dv vlpso| dv srvvleoh/ vxssrvh wkdw pdu0
nhwv duh frpsohwh dqg wkh iudfwlrq ri hduo| frqvxphuv lq hdfk uhjlrq lv qrq0
vwrfkdvwlf dqg htxdo wr �1 Wkhuh duh qr lqwhuuhjlrqdo furvv kroglqjv ri gh0
srvlwv dw gdwh f1 Li hyhu| frqvxphu lq hyhu| edqn fkrrvhv wr zlwkgudz klv
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ghsrvlw dw gdwh �/ uhjdugohvv ri wkh vl}h ri wkh oltxlglw| vkrfn/ wkhq wkh edqnv
zloo doo eh edqnuxsw ehfdxvh S� : + n o%1 Wklv rxwfrph lv dq htxloleulxp
ehfdxvh lw lv rswlpdo iru hdfk lqglylgxdo ghsrvlwru wr zlwkgudz dvvxplqj wkdw
doo rwkhu ghsrvlwruv zlwkgudz1 Wkhuh lv dovr wkh xvxdo htxloleulxp lq zklfk
odwh frqvxphuv fkrrvh qrw wr zlwkgudz xqwlo gdwh 2 dqg wkh edqn*v sruwirolr
E%c +� doorzv wkh �uvw ehvw wr eh dfklhyhg1

Wkh orz suredelolw| hyhqw 77 lv qrz lqwhusuhwhg dv d �vxqvsrw� wkdw grhv
qrw fkdqjh wkh ghpdqg iru oltxlglw| exw vlpso| wuljjhuv wkh vhoi0ixo�oolqj
surskhf| wkdw d edqn uxq zloo rffxu1 Wkh rxwfrph lq whupv ri wkh sdwwhuq
ri edqn uxqv lq vwdwh 77 lv wkh vdph dv lq Vhfwlrq 81 Zkhwkhu rqh zdqwv wr
fdoo wklv d frqwdjlrq lv d pdwwhu ri wdvwh1

;18 Ulvn| Dvvhwv

Iru vlpsolflw|/ zh kdyh dvvxphg wkdw wkh orqj dvvhw kdv d qrq0vwrfkdvwlf
uhwxuq/ exw lw zrxog eh pruh uhdolvwlf wr dvvxph wkdw wkh orqj dvvhw lv ulvn|1
Lq Doohq dqg Jdoh +4<<;d,/ wkh orqj dvvhw lv ulvn| dqg qhjdwlyh lqirupdwlrq
derxw ixwxuh uhwxuqv lv zkdw wuljjhuv edqn uxqv1 Lq wkh suhvhqw iudphzrun/
xqfhuwdlqw| derxw orqj dvvhw uhwxuqv frxog eh xvhg erwk wr prwlydwh lqwhu0
uhjlrqdo furvv kroglqjv ri ghsrvlwv dqg wr suryrnh lqvroyhqf| ru edqnuxswf|1
Wkh uhvxowv vkrxog eh vlplodu1 Zkdw lv fuxfldo iru wkh uhvxowv lv wkdw wkh
�qdqfldo lqwhufrqqhfwhgqhvv ehwzhhq wkh uhjlrqv wdnhv wkh irup ri fodlpv
khog e| edqnv lq rqh uhjlrq rq edqnv lq dqrwkhu uhjlrq1

Li/ lqvwhdg ri kroglqj fodlpv rq edqnv lq dqrwkhu uhjlrqv/ edqnv zhuh wr
lqyhvw gluhfwo| lq wkh orqj dvvhwv ri wkdw uhjlrq/ wkhuh zrxog eh d vslooryhu
h�hfw/ exw lw zrxog eh pxfk zhdnhu1 Li edqnv lq uhjlrq � krog vrph ri wkh
orqj dvvhw lq uhjlrq � dqg lw kdv d orz uhwxuq/ wkhq wkh ghsrvlwruv lq uhjlrq
� pxvw dffhsw d uhgxfwlrq lq frqvxpswlrq1 Exw wkdw lv doo1 Edqnv lq uhjlrq
�/ zkr krog d odujh sursruwlrq ri wkhlu dvvhwv lq uhjlrq �/ duh irufhg wr
oltxlgdwh wkhlu dvvhwv dw d pxfk juhdwhu orvv vlqfh o 	 -1 Dv orqj dv wkh
edqnv lq uhjlrq � duh qrw edqnuxsw/ wkh| fdq d�rug wr zdlw wr jhw wkh kljkhu
uhwxuq - : o1

Rq wkh rwkhu kdqg/ li wkh edqnv lq uhjlrq � kdg lqyhvwhg lq wkh edqnv lq
uhjlrq �/ wkhq wkh| zrxog vx�hu d odujhu orvv zkhq wkh edqnv lq uhjlrq �
oltxlgdwh wkhlu dvvhwv1

Dqrwkhu zd| wkdw edqnv fdq lqyhvw lqgluhfwo| lq ulvn| dvvhwv lv e| ohqg0
lqj wr lqyhvwruv1 Li edqnv fdqqrw revhuyh wkh lqyhvwphqw sruwirolr fkrvhq
e| wkh lqyhvwruv/ wkh lqyhvwruv zloo hqjdjh lq ulvn vkliwlqj1 Doohq dqg Jdoh
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+4<<;e, vkrz wkdw wklv nlqg ri ehkdylru fdq ohdg wr exeeohv lq dvvhw sulfhv
dqg lqfuhdvh wkh suredelolw| ri d edqnlqj fulvlv +jhqhudo ghidxow,1

;19 Dowhuqdwlyh Lqwhuedqn Pdunhwv

Wkh idfw wkdw wkh �qdqfldo lqwhufrqqhfwhgqhvv wdnhv wkh irup ri suh0h{lvwlqj
fodlpv rq rwkhu edqnv lv fuxfldo1 Li oltxlglw| zhuh surylghg rq dq h{ srvw
edvlv/ wkhuh zrxog eh qr srvvlelolw| ri frqwdjlrq1 Vxssrvh/ iru h{dpsoh/ wkdw
lqvwhdg ri dq lqwhuedqn pdunhw iru ghsrvlwv dw wkh �uvw gdwh/ wkhuh lv dq
lqwhuedqn iru rqh0shulrg ordqv dw wkh vhfrqg gdwh1 Wkhq d edqn wkdw �qgv
lw kdv dq h{fhvv ghpdqg iru oltxlglw| dw gdwh � kdv qr suh0h{lvwlqj fodlp
rq edqnv lq rwkhu uhjlrqv/ exw lw fdq eruurz iurp edqnv lq uhjlrqv zlwk dq
h{fhvv vxsso| ri oltxlglw|1 Lq vwdwhv olnh 7� dqg 72/ wklv phfkdqlvp zloo eh
hqrxjk wr dfklhyh wkh �uvw ehvw1 Li wkh ohqglqj udwh lv 4 wkhq wkh pdunhwv
zloo fohdu li

� n 4 '
S2
S�
�

Lq vwdwh 77/ krzhyhu/ wkhuh zloo eh dq hfrqrp|0zlgh vkruwdjh ri oltxlglw|1 Wkh
iudfwlrq ri hduo| frqvxphuv lv � n 0 lq uhjlrq � dqg � lq wkh rwkhu uhjlrqv>
exw wkhuh lv rqo| hqrxjk ri wkh vkruw dvvhw lq wkh hfrqrp| wr surylgh iru
d iudfwlrq � ri hduo| frqvxphuv1 Wkh rqo| zd| wkdw pruh oltxlglw| fdq eh
surylghg wr wkh edqnv lq uhjlrq � lv iru wkh orqj dvvhw wr eh oltxlgdwhg1 Wkh
rqo| zd| wkdw rwkhu uhjlrqv zloo eh zloolqj wr gr wklv lv li wkh udwh ri lqwhuhvw
rq ordqv frpshqvdwhv iru wkh frvw ri oltxlgdwlrq=

� n 4 '
-

o
�

Dw wklv udwh/ wkh frvw ri eruurzlqj lv wrr kljk wr eh ri dq| khos wr wkh edqnv
lq uhjlrq �1 Lw lv mxvw olnh oltxlgdwlqj pruh ri wkh orqj dvvhw dqg zh douhdg|
kdyh dvvxphg wkdw wkh edqn lv oltxlgdwlqj dv pxfk dv lw fdq/ vxemhfw wr wkh
lqfhqwlyh frqvwudlqw1

Vr wkh lqwhuedqn ordq pdunhw wxuqv rxw wr eh ri qr xvh lq vwdwh 77/ zkhuh
wkhuh lv dq hfrqrp|0zlgh vkruwdjh ri oltxlglw|1 Lw surwhfwv rwkhu uhjlrqv iurp
frqwdjlrq/ exw grhv qrwklqj wr vwrs wkh fulvlv lq wkh d�hfwhg uhjlrq1

Li wkh suredelolw| ri vwdwh 77 lv yhu| vpdoo exw srvlwlyh/ wkh h{ srvw ordq
pdunhw lv vwulfwo| suhihuuhg wr wkh h{ dqwh ghsrvlw pdunhw ehfdxvh uhjlrq � lv
qr zruvh r� dqg wkh rwkhu uhjlrqv duh ehwwhu r�1 Lq wklv yhu| vlpsoh prgho/
wkhuh lv qr dgydqwdjh wr qhjrwldwlqj oltxlglw| frqwudfwv h{ dqwh1 Lq d ulfkhu
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prgho/ wkhuh pljkw zhoo eh d �krog0xs� sureohp ehfdxvh edqnv zlwk h{fhvv
oltxlglw| fdq h{sorlw edqnv zlwk lqvx!flhqw oltxlglw|1 Wkhuh frxog dovr eh dq
dgyhuvh vhohfwlrq sureohp zkhuh edg edqnv duh pruh olnho| wr wu| wr xvh wkh
h{ srvw ordq pdunhw wkdq jrrg edqnv1 Wkhvh dqg rwkhu sureohpv dulvlqj iurp
dv|pphwulf lqirupdwlrq frxog fdxvh edqnv wr suhihu qhjrwldwlqj d frqwudfw
h{ dqwh1 Dq lqwhuhvwlqj txhvwlrq lv zkdw nlqgv ri duudqjhphqwv edqnv zloo
fkrrvh wr vhw xs/ jlyhq wkh wudgh0r� ehwzhhq wkh lqglylgxdo ehqh�wv ri dffhvv
wr oltxlglw| dqg wkh vrfldo frvwv ri frqwdjlrq1 Wklv lv dq lpsruwdqw wrslf iru
ixuwkhu vwxg|1

Uhihuhqfhv

Doohq/ Iudqnolq dqg Grxjodv Jdoh +4<<;d, �Rswlpdo Ilqdqfldo Fulvhv�/ Mrxuqdo
ri Ilqdqfh 86/ 4578045;71

� dqg � +4<<;e, �Exeeohv dqg Fulvhv/� Hfrqrplf Mrxuqdo +wr dsshdu,1

Ehuqdqnh/ Ehq +4<;6, �Qrq0prqhwdu| H�hfwv ri wkh Ilqdqfldo Fulvlv lq wkh
Sursdjdwlrq ri wkh Juhdw Ghsuhvvlrq�/ Dphulfdq Hfrqrplf Uhylhz :6/
58:05961

Ehuqdqnh/ Ehq dqg Pdun Jhuwohu +4<;<, �Djhqf| Frvwv/ Qhw Zruwk/ dqg
Exvlqhvv Ioxfwxdwlrqv/� Dphulfdq Hfrqrplf Uhylhz :</ 470641

Ekdwwdfkdu|d/ Vxglswr dqg Grxjodv Jdoh +4<;:, �Suhihuhqfh Vkrfnv/ Olt0
xlglw| dqg Fhqwudo Edqn Srolf|/� lq Zlooldp Eduqhww dqg Nhqqhwk Vlq0
johwrq/ hgv1/ Qhz Dssurdfkhv wr Prqhwdu| Hfrqrplfv +Fdpeulgjh Xql0
yhuvlw| Suhvv/ Qhz \run/ Q\,1

Fdorplulv/ Fkduohv +4<<8, �Ilqdqfldo Iudjlolw|= Lvvxhv dqg Srolf| Lpsolfd0
wlrqv/� Mrxuqdo ri Ilqdqfldo Vhuylfhv Uhvhdufk </ 574058:1

Fdoyr/ Jxloohupr +4<<8, �Ydulhwlhv ri Fdslwdo Pdunhw Fulvhv/� Zrunlqj Sd0
shu 48/ Fhqwhu iru Lqwhuqdwlrqdo Hfrqrplfv/ Xqlyhuvlw| ri Pdu|odqg/
xqsxeolvkhg1

Fkdqj/ Urehuwr dqg Dqguhv Yhodvfr +4<<;, �Ilqdqfldo Iudjlolw| dqg wkh
H{fkdqjh Udwh Uhjlph/� Qhz \run Xqlyhuvlw|/ xqsxeolvkhg1
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Fkdq0Odx/ Mrujh dqg ]kdrfkl Fkhq +4<<;, �Ilqdqfldo Fulvlv dqg Fuhglw
Fuxqfk dv d Uhvxow ri Lqh!flhqw Ilqdqfldo Lqwhuphgldwlrq�zlwk Uhihu0
hqfh wr wkh Dvldq Ilqdqfldo Fulvlv/� Lqwhuqdwlrqdo Prqhwdu| Ixqg/ dydlo0
deoh iurp wkh VVUQHohfwurqlf Sdshu Froohfwlrq= kwws=22sdshuv1vvuq1frp1

Fkdul/ Y1Y1 dqg Sdwulfn Nhkrh +4<<:, �Krw Prqh|/� Ihghudo Uhvhuyh Edqn
ri Plqqhdsrolv Uhvhdufk Ghsduwphqw Vwd� Uhsruw 55;1

Froh/ Kdurog dqg Wlprwk| Nhkrh +4<<9, �Vhoi0Ixo�oolqj Ghew Fulvhv/� Ihg0
hudo Uhvhuyh Edqn ri Plqqhdsrolv Uhvhdufk Ghsduwphqw Vwd� Uhsruw
5441

Frrshu/ Uxvvhoo dqg Ghdq Fruedh +4<<:, �Ilqdqfldo Iudjlolw| dqg wkh Juhdw
Ghsuhvvlrq/� QEHU Zrunlqj Sdshu 93<71

Fkzh/ Plfkdho/ +4<<;, �Frppxqlfdwlrq dqg Frruglqdwlrq lq Vrfldo Qhw0
zrunv/� Xqlyhuvlw| ri Fklfdjr/ xqsxeolvkhg1

Hoolvrq/ Johqq +4<<6, �Ohduqlqj/ Orfdo Lqwhudfwlrq/ dqg Frruglqdwlrq/�
Hfrqrphwulfd 94/ 437:0:41

Gldprqg/ Grxjodv +4<<:, �Oltxlglw|/ Edqnv dqg Pdunhwv/� Mrxuqdo ri Sr0
olwlfdo Hfrqrp| 438/ <5;0<891

Gldprqg/ Grxjodv dqg Sklols G|eylj +4<;6, �Edqn Uxqv/ Ghsrvlw Lqvxu0
dqfh/ dqg Oltxlglw|/� Mrxuqdo ri Srolwlfdo Hfrqrp| <4/ 734074<1

Gxuodxi/ Vwhyhq +4<<6, �Qrqhujrglf Hfrqrplf Jurzwk/� Uhylhz ri Hfr0
qrplf Vwxglhv 93/ 67<0991

Hglvrq/ Kdol/ Oxdqjdudp Srqjvdn dqg Pdufxv Ploohu +4<<;, �Dvvhw Exe0
eohv/ Grplqr H�hfwv dqg *Oliherdwv* Hohphqwv ri wkh Hdvw Dvldq Fulvlv/�
Erdug ri Jryhuqruv ri wkh Ihghudo Uhvhuyh V|vwhp/ dydlodeoh iurp wkh
VVUQ Hohfwurqlf Sdshu Froohfwlrq= kwws=22sdshuv1vvuq1frp1

Iulhgpdq/ Plowrq dqg Dqqd Vfkzduw} +4<96,1 D Prqhwdu| Klvwru| ri wkh
Xqlwhg Vwdwhv/ 4;9:04<931 Sulqfhwrq= Sulqfhwrq Xqlyhuvlw| Suhvv1

Ixmlnl/ Klurvkl/ Hgzdug Juhhq dqg Dnlud \dpd}dnl +4<<:, �Vkdulqj wkh
Ulvn ri Vhwwohphqw Idloxuh/� Ihghudo Uhvhuyh Edqn ri Plqqhdsrolv Uh0
vhdufk Ghsduwphqw/ xqsxeolvkhg1
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Jruwrq/ Jdu| +4<;;, �Edqnlqj Sdqlfv dqg Exvlqhvv F|fohv/� R{irug Hfr0
qrplf Sdshuv 73/ :840:;41

Klfnv/ Mrkq +4<;<,DPdunhw Wkhru| ri Prqh|1 Qhz \run= Foduhqgrq Suhvv>
R{irug= R{irug Xqlyhuvlw| Suhvv1

Kropvwurp/ Ehqjw dqg Mhdq Wluroh +4<<;, �Sulydwh dqg Sxeolf Vxsso| ri
Oltxlglw|/� Mrxuqdo ri Srolwlfdo Hfrqrp| 439/ 40731

Nlqgohehujhu/ Fkduohv +4<:;, Pdqldv/ Sdqlfv/ dqg Fudvkhv= D Klvwru| ri
Ilqdqfldo Fulvhv1 Edvlf Errnv/ Qhz \run/ Q\1

Nl|rwdnl Qrex dqg Mrkq Prruh +4<<:, �Fuhglw F|fohv/� Mrxuqdo ri Srolwlfdo
Hfrqrp| 438/ 54407;1

� dqg � +4<<;, �Fuhglw Fkdlqv/� Orqgrq Vfkrro ri Hfrqrplfv/ xqsxe0
olvkhg1

Odjxqr�/ Urjhu dqg Vwdf| Vfkuhiw +4<<;, �D Prgho ri Ilqdqfldo Iudjlolw|�
Jhrujhwrzq Xqlyhuvlw|/ xqsxeolvkhg1

Plwfkhoo/ Zhvoh| +4<74, Exvlqhvv F|fohv dqg Wkhlu Fdxvhv1 Xqlyhuvlw| ri
Fdoliruqld Suhvv/ Ehunhoh|/ FD1

Pruulv/ Vwhskhq +4<<:, �Frqwdjlrq/� Xqlyhuvlw| ri Shqqv|oydqld FDUHVV
Zrunlqj Sdshu &<:0341

Pruulv/ Vwhskhq/ Udidho Ure/ dqg K|xq Vrqj Vklq +4<<8, �Grplqdqfh dqg
Eholhi Srwhqwldo/� Hfrqrphwulfd 96/ 47808:1

Urfkhw/ Mhdq0Fkduohv dqg Mhdq Wluroh +4<<9, �Lqwhuedqn Ohqglqj dqg V|v0
whplf Ulvn/� Mrxuqdo ri Prqh|/ Fuhglw/ dqg Edqnlqj 5;/ :660:951

Vfkhlqnpdq/ Mrvh dqg Plfkdho Zrrgirug +4<<7, �Vhoi0Rujdql}hg Fulwlfdolw|
dqg Hfrqrplf Ioxfwxdwlrqv/� Dphulfdq Hfrqrplf Uhylhz ;7/ 74:0541

Vkohlihu/ Dqguhl dqg Urehuw Ylvkq| +4<<5, �Oltxlgdwlrq Ydoxhv dqg Ghew
Fdsdflw|= D Pdunhw Htxloleulxp Dssurdfk/� Mrxuqdo ri Ilqdqfh 7:/ 46760
991

65



Iljxuh 4

Frpsohwh Pdunhw Vwuxfwxuh

G F

ED

111111111111111
111111111111111
111111111111111
111111111111111
111111111111111
111111111111111
111111111111111
111111111111111
111111111111111
111111111111111
111111111111111
1111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111

111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 111111111111111 111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111
11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111

11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111
111111111111111
111111111111111
111111111111111
111111111111111
111111111111111
111111111111111
111111111111111
111111111111111
111111111111111
111111111111111
11111111111111111111111111111111111

111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 111111111111111
111111111111111111111111111111111

111111111111111111111111111111111
111111111111111111111111111111111

111111111111111111111111111111111
111111111111111111111111111111111

111111111111111111111111111111111
111111111111111111111111111111111

111111111111111111111111111111111
111111111111111111111111111111111

111111111111111111111111111111111
111111111111111111111111111111111

1111111111111111111111111111111111111111111111 1111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111

1111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 111111111111111111111111111111111111111111111111
111111111111111111111111111111111

111111111111111111111111111111111
111111111111111111111111111111111

111111111111111111111111111111111
111111111111111111111111111111111

111111111111111111111111111111111
111111111111111111111111111111111

111111111111111111111111111111111
111111111111111111111111111111111

111111111111111111111111111111111
1111111111111111111111111111111111111111111111

Iljxuh 5

Lqfrpsohwh Pdunhw Vwuxfwxuh

G F

ED

111111111111111
111111111111111
111111111111111
111111111111111
111111111111111
111111111111111
111111111111111
111111111111111
111111111111111
111111111111111
111111111111111
11111111111111111111111111111111111

111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 111111111111111

11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111

111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111

66



Iljxuh 6

Glvfrqqhfwhg Lqfrpsohwh Pdunhw Vwuxfwxuh

G F

ED 111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 111111111111111 111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111

111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 111111111111111

Iljxuh 7

Dowhuqdwlyh Lqfrpsohwh Pdunhw Vwuxfwxuh

G E

FD

111111111111111
111111111111111
111111111111111
111111111111111
111111111111111
111111111111111
111111111111111
111111111111111
111111111111111
111111111111111
111111111111111
11111111111111111111111111111111111

111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 111111111111111

11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111

111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111

67



Iljxuh 8

Sduwldoo| Lqfrpsohwh Pdunhw Vwuxfwxuh

G F

ED

111111111111111
111111111111111
111111111111111
111111111111111
111111111111111
111111111111111
111111111111111
111111111111111
111111111111111
111111111111111
111111111111111
1111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111

111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 111111111111111 111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111
11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111
111111111111111
111111111111111
111111111111111
111111111111111
111111111111111
111111111111111
111111111111111
111111111111111
111111111111111
111111111111111
11111111111111111111111111111111111

111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 111111111111111

68


