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Devwudfw

Zh dqdo|}h wkh ehkdylru ri iruhljq edqnv zkr vhtxhqwldoo| surylgh fuhglw wr �qdqfh

surmhfwv lq dq hphujlqj pdunhw1 Wkh iruhljq edqnv duh h{srvhg wr erwk plfur0hfrqrplf

ulvnv dqg wkh pdfur0hfrqrplf ulvn ri d fxuuhqf| fulvlv/ dqg wkhuh duh qr edlorxw jxdudq0

whhv1 Qhyhuwkhohvv/ zh vkrz wkdw lw lv riwhq wkh fdvh wkdw edqnv surylgh wrr pxfk fuhglw

wrr hdvlo| dqg wkdw wklv ehkdylru pd| suhflslwdwh wkh rqvhw ri d fxuuhqf| fulvlv1 Zh

ghprqvwudwh krz wkh lpsrvlwlrq ri fdslwdo frqwurov lq wkh irup ri wd{hv dqg vxevlglhv

rq iruhljq lqyhvwphqw pd| lpsuryh wkh vlwxdwlrq1

Mho Fodvvlilfdwlrq qxpehuv= G;5/ G;6/ I65/ I67/ R491

Nh|zrugv= hphujlqj pdunhwv/ iruhljq fuhglw/ fxuuhqf| fulvlv/ fdslwdo frqwurov1

� Dfnqrzohgjhphqwv wr eh dgghg1
| Ghsduwphqw ri Hfrqrplfv/ Ervwrq Xqlyhuvlw|/ 5:3 Ed| Vwdwh Urdg/ Ervwrq/ PD 355481 Hpdlo
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41 Lqwurgxfwlrq

Uhfhqw |hduv kdyh uhshdwhgo| zlwqhvvhg d w|sh ri lqwhuqdwlrqdo hfrqrplf fulvlv wkdw lv riwhq

uhihuuhg wr dv d �fxuuhqf| fulvlv�= wkh �Whtxlod fulvlv� lq 4<<708/ wkh �Dvldq fulvlv� lq 4<<:/

wkh �Uxvvldq fulvlv� lq 4<<;/ dqg wkh Odwlq Dphulfdq fulvlv lq 4<<<14c5 Lq vslwh ri wkhlu

rplqrxv qdph/ vxfk lqwhuqdwlrqdo hfrqrplf fulvhv gr qrw vhhp wr eh sduwlfxoduo| uduh ru

xqltxh hyhqwv1 Wkh| doo frpprqo| uhtxluh wkh suhvhqfh ri wkuhh hvvhqwldo �lqjuhglhqwv�= d

ghewru frxqwu|/ iruhljq fuhglwruv/ dqg fuhglwv wkdw duh ghqrplqdwhg lq vrph lqwhuqdwlrqdo

fxuuhqf|/ vxfk dv XV grooduv1 Zkloh lw lv grxewohvv wkh fdvh wkdw lw lv wkh lqwhudfwlrq dprqj

wkhvh wkuhh idfwruv wkdw suhflslwdwhv lqwhuqdwlrqdo fxuuhqf| fulvhv/ lq wklv sdshu zh frq�qh

rxu dqdo|vlv wr wkh lvvxh ri wkh ehkdylru ri iruhljq fuhglwruv1

Vshfl�fdoo|/ zh irfxv rxu dwwhqwlrq rq wkh ehkdylru ri iruhljq edqnv dqg rq wkh frqvh0

txhqfhv ri wkuhh lqwhuuhodwhg vw|ol}hg idfwv1 Iluvw/ wkhuh lv wkh skhqrphqrq ri khuglqj/ e|

zklfk zh uhihu wr d vlwxdwlrq zkhuh iruhljq edqnv  rfn wr d ihz lghqwlfdo joredo �krw vsrwv/�

vxfk dv hphujlqj pdunhwv lq Vrxwkhdvw Dvld1 Vhfrqg/ zkhq d fxuuhqf| fulvlv rffxuv/ qr

fuhglwru hqmr|v sulrulw| lq dffhvv wr wkh frxqwu|*v lqwhuqdwlrqdo uhvhuyhv1 Ilqdoo|/ wklug/ gxh

wr wkh suhvhqfh ri �{hg frvwv/ dqg shukdsv iru rwkhu uhdvrqv wrr/ wkh frpshwlwlrq dprqj wkh

iruhljq edqnv lv lpshuihfw1 Frqvhtxhqwo|/ wkhuh duh +h{fhvv, h{shfwhg sur�wv wr eh pdgh dqg

wkxv wkhuh lv �frpshwlwlrq iru folhqwv� dprqj wkh iruhljq edqnv1

Zh frqvlghu d prgho zkhuh iruhljq edqnv �qdqfh orfdo orqj0whup surmhfwv e| vkruw0whup

fuhglwv wkdw duh ghqrplqdwhg lq iruhljq fxuuhqf|1 Wkh iruhljq edqnv idfh wzr nlqgv ri ulvn=

wkh �pdfur0hfrqrplf� ulvn ri d fxuuhqf| fulvlv/ dqg wkh �plfur0hfrqrplf� ulvn ri surmhfw

idloxuh1 Zh dvvxph wkdw wkh iruhljq edqnv pryh vhtxhqwldoo|/ rewdlq d sulydwh vljqdo derxw

wkh plfur ulvn dvvrfldwhg zlwk wkh surmhfwv wkh| frqvlghu �qdqflqj/ dqg revhuyh wkh dfwlrqv

ri doo suhylrxv iruhljq edqnv1 Zh dqdo|}h wkh htxloleulxp ri wklv prgho dqg vkrz wkdw lw lv

jhqhudoo| lqh!flhqw1 Lq sduwlfxodu/ iru d zlgh udqjh ri sdudphwhu ydoxhv/ iruhljq edqnv surylgh

wrr pdq| fuhglwv wrr hdvlo| dqg wkxv jhqhudwh dq lqh!flhqwo| kljk ulvn ri d fxuuhqf| fulvlv1

Iru rwkhu sdudphwhu ydoxhv/ wkh| lqh!flhqwo| surylgh qr fuhglwv dw doo1 Zh ghprqvwudwh krz

4Riwhq/ wkh vkdus idoo lq wkh ydoxh ri wkh orfdo fxuuhqf| lv wkh frqvhtxhqfh udwkhu wkdq wkh fdxvh ri wkh

fulvlv/ dowkrxjk lq lwvhoi/ wkh ghfolqh lq wkh ydoxh ri wkh orfdo fxuuhqf| pd| frqwulexwh/ vrphwlphv gudpdwlfdoo|/

wr ixuwkhu ghwhulrudwlrq1
5Olqgjuhq/ Jdufld/ dqg Vddo +4<<9/ s1 53, iru h{dpsoh frxqw dv pdq| dv hljkw| wr d kxqguhg fulvhv ryhu

wkh sdvw txduwhu fhqwxu|1
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wkh lpsrvlwlrq ri fdslwdo frqwurov wkurxjk wd{hv dqg vxevlglhv rq vkruw0whup iruhljq fuhglw

fdq lpsuryh wkh vlwxdwlrq1

Lq frqwudvw wr rwkhu sdshuv rq fxuuhqf| fulvhv/ zh frqfhqwudwh rq wkh iruhljq edqnv*

lqfhqwlyhv iru surylglqj fuhglw udwkhu wkdq rq wkhlu lqfhqwlyhv wr zlwkgudz wkh fuhglw surylghg

rqfh d fulvlv lv dqwlflsdwhg1 Qhlwkhu gr zh frqvlghu wkh lvvxh ri wkh yldelolw| ri wkh �qdqfldo

lqvwlwxwlrqv lq wkh ghewru frxqwu|/ qru dq|wklqj hovh frqfhuqlqj wkh ghewru frxqwu|*v ehkdylru1

Ilqdoo|/ zh gr qrw dvvxph wkdw iruhljq edqnv hqmr| edlorxw jxdudqwhhv16

Wkh uhvxowv ri rxu dqdo|vlv kdyh vrph lpsolfdwlrqv zlwk uhvshfw wr wkh suhvhqw ghedwh

dprqj hfrqrplvwv dqg srolwlfldqv derxw wkh frvwv dqg ehqh�wv ri �joredol}dwlrq/� dw ohdvw lq

dv pxfk dv joredol}dwlrq lv lqwhusuhwhg dv lpso|lqj wkh uhod{dwlrq ri frqvwudlqwv rq vkruw0whup

fdslwdo lq rzv1 Zh ghvfuleh d fohduo| lghqwl�hg vhw ri vlwxdwlrqv zkhuh lpsrvlqj frqwurov rq

vkruw0whup fdslwdo lq rzv fdq zhoo suryh wr eh ehqh�fldo17

Wkh dqdo|vlv surfhhgv dv iroorzv1 Lq wkh qh{w vhfwlrq/ zh suhvhqw wkh wkhruhwlfdo prgho1 Lq

Vhfwlrq 6 zh h{dplqh htxloleulxp ehkdylru/ dqg lq Vhfwlrq 7 zh vwxg| lwv h!flhqf| surshuwlhv1

Lq Vhfwlrq 8 zh vkrz wkdw dq lqiruphg uholdqfh rq wd{hv dqg vxevlglhv fdq lqfuhdvh h!flhqf|

dqg hyhq dfklhyh wkh vhfrqg0ehvw/ ru dw ohdvw dq dssursuldwho| gh�qhg �wklug0ehvw� rxwfrph1

Zh r�hu vrph frqfoxvlrqv lq Vhfwlrq 91 Doo surriv duh uhohjdwhg wr wkh Dsshqgl{1

51 Wkh Prgho

Zh frqvlghu d k|srwkhwlfdo �hphujlqj pdunhw/� dqg d frxqwdeo| lq�qlwh qxpehu ri h{0dqwh

lghqwlfdo iruhljq edqnv1 Hdfk iruhljq edqn lv deoh wr surylgh � vwdqgdugl}hg vkruw0whup

fuhglwv wkdw duh ghqrplqdwhg lq vrph �lqwhuqdwlrqdo fxuuhqf|1� Wkh h{fkdqjh udwh ehwzhhq

6Vfkqhlghu dqg Wruqhoo +4<<<,/ iru h{dpsoh/ glvwlqjxlvk ehwzhhq wzr fodvvhv ri prghov lq wkh olwhudwxuh rq

fxuuhqf| fulvhv1 Rqh wkdw dvvxphv wkh h{lvwhqfh ri jryhuqphqw edlorxw jxdudqwhhv dqg irfxvhv lwv dwwhqwlrq

rq wkh lpsolhg prudo kd}dug sureohp iru wkh iruhljq edqnv/ dqg wkh rwkhu zklfk lqyroyhv wkh h{lvwhqfh ri

�pxowlsoh htxloleuld edvhg rq looltxlglw|1� +s1 7,1 Dgglwlrqdo uhihuhqfhv duh surylghg wkhuhlq1 Vhh dovr Fkdqj

dqg Yhodvfr +4<<<,/ Ixupdq dqg Vwljolw} +4<<;,/ dqg Vdfkv hw do1 +4<<9,1
7Nuxjpdq +4<<<,/ iru h{dpsoh/ zulwhv �p| rzq vxjjhvwlrq lv wkdw jryhuqphqwv dfwlyho| wu| wr glvfrxudjh

orfdo frpsdqlhv iurp eruurzlqj lq iruhljq fxuuhqflhv/ dqg dovr shukdsv iurp uho|lqj wrr pxfk rq eruurzhg

ixqgv lq jhqhudo +wkdw lv/ uhgxfh wkhlu �ohyhudjh�,1 Wkh ehvw zd| wr gr wklv lv suredeo| e| wd{lqj frpsdqlhv

wkdw eruurz lq iruhljq fxuuhqf|1� +s1 498,1 Wklv srvlwlrq lv vkduhg e| Vwljolw} +4<<<, zkr kdv ehhq zlgho|

txrwhg rq wkh vxemhfw lq wkh srsxodu suhvv +vhh/ h1j1 Orxlv Xfklwhooh*v duwlfoh lq Wkh Qhz \run Wlphv/

Ghfhpehu 5/ 4<<<,1
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wkh hphujlqj pdunhw*v orfdo fxuuhqf| dqg wkh lqwhuqdwlrqdo fxuuhqf| lv dvvxphg wr eh �{hg/

surylghg ri frxuvh wkdw qr fxuuhqf| fulvlv kdv rffxuuhg1 Zh dvvxph wkdw wkh hphujlqj

pdunhw kdv zlwklq lw 2� �lqyhvwphqw rssruwxqlwlhv� ru surmhfwv/ hdfk ri zklfk lv lq qhhg ri

rqh vwdqgdugl}hg fuhglw18c9 Iru wkh sxusrvhv ri rxu glvfxvvlrq/ lw grhv qrw pdwwhu zkhwkhu wkh

iruhljq edqnv surylgh wkhvh surmhfwv zlwk gluhfw �qdqflqj/ ru zkhwkhu �qdqflqj lv surylghg

yld grphvwlf orfdo edqnv1 Zh qrupdol}h wkh iruhljq edqnv* rssruwxqlw| frvwv ri fdslwdo wr

}hur/ vr wkdw wkh| zloo zdqw wr �qdqfh orfdo surmhfwv li dqg rqo| li wkh| |lhog d srvlwlyh

h{shfwhg uhwxuq1: Ehorz/ zh vrphwlphv uhihu wr wkh dfw ri surylglqj fuhglw e| d edqn dv

lqyhvwphqw1

Wkhuh duh wkuhh vwdjhv/ wkh �uvw ri zklfk lv glylghg lqwr d odujh qxpehu ri vkruw shulrgv

ghqrwhg e| | 5 i�c 2c ���j1 Wkh jdph vwduwv dw wkh �uvw vwdjh1 Wkh iruhljq edqnv pryh

vhtxhqwldoo|/ lqvshfw surmhfwv zlwklq wkh frxqwu|/ dqg ghflgh derxw zkhwkhu ru qrw wr surylgh

vkruw0whup fuhglw1 Wkh fuhglwv duh vkruw0whup lq wkh vhqvh wkdw wkh| duh gxh dw wkh vhfrqg

vwdjh/ exw wkh surmhfwv fdq rqo| eh frpsohwhg dw wkh wklug vwdjh1; Lq wkh vhfrqg vwdjh/ wkhuh

lv d fhuwdlq suredelolw| wkdw d fxuuhqf| fulvlv rffxuv1 Zh dvvxph wkdw/ doo hovh htxdo/ wklv

suredelolw| lv lqfuhdvlqj zlwk wkh qxpehu ri fuhglwv wkdw zhuh surylghg lq wkh �uvw vwdjh1< D

8Wkh dvvxpswlrq wkdw wkh qxpehu ri lqyhvwphqw rssruwxqlwlhv lv 5F> dqg khqfh wkh qxpehu ri fuhglwv

jlyhq lv ohvv ru htxdo wr 5F lv d vlpsol�hg yhuvlrq ri wkh dvvxpswlrq wkdw wkhuh lv d �qlwh qxpehu ri lqyhvwphqw

rssruwxqlwlhv lq zklfk iruhljq edqnv pd| srvvleo| pd| eh lqwhuhvwhg1 Zh lqwhusuhw F dv �d ihz/� dqg 5F dv

�pdq|� fuhglwv1 H{whqglqj wkh prgho wr lqfoxgh wkh fdvh zkhuh wkh qxpehu ri lqyhvwphqw rssruwxqlwlhv lv

nF iru vrph n A 5> lv fxpehuvrph dqg grhv qrw jhqhudwh vljql�fdqw dgglwlrqdo lqvljkwv1
9Dq dgglwlrqdo uhdvrq iru zk| qrw pruh wkdq 5F fuhglwv pd| eh surylghg lv wkh suhvhqfh ri qhjdwlyh sd|r�

h{whuqdolwlhv1 Dv zloo ehfrph fohduhu ehorz/ wkh surylvlrq ri fuhglw lqfuhdvhv wkh suredelolw| ri d fxuuhqf|

fulvlv wkhuhe| uhgxflqj wkh h{shfwhg sur�w pdgh rq doo fuhglwv surylghg1
:Qrwlfh wkdw d srvlwlyh h{shfwhg uhwxuq lv vx!flhqw ir lqyhvwphqw exw qrw qhfhvvdu|1 Zh dvvxph krzhyhu

wkdw d edqn grhv qrw lqyhvw li lwv h{shfwhg sd|r� lv htxdo wr }hur1 Rxu uhvxowv gr qrw ghshqg rq wklv

wlh0euhdnlqj dvvxpswlrq1
;Zh gr qrw dqdo|}h wkh uhdvrq iru zk| edqnv surylgh rqo| vkruw0whup dv rssrvhg wr orqj0whup fuhglw1

Rqh uhdvrq pd| eh lqfrpsohwh frqwudfwlqj1 Iru h{dpsoh/ iruhljq edqnv pd| qrw eh deoh wr frqwuro wkh

ulvnlqhvv ri wkh surmhfw ru wkh h�ruw ohyho ri wkh ghewru/ exw pd| eh deoh wr revhuyh wkh ghewru*v h�ruw fkrlfh

diwhu d vkruw shulrg1 D edqn fdq suhyhqw wkh ghewru iurp fkrrvlqj wrr ulvn| surmhfwv ru d orz ohyho ri h�ruw

e| frqglwlrqlqj wkh uhqhzdo ri wkh vkruw0whup fuhglw xsrq vdwlvidfwru| shuirupdqfh1 Dqrwkhu uhdvrq pd| eh

wkh edqn*v rzq oltxlglw| qhhgv1 Zkdwhyhu wkh uhdvrq/ zh qrwh wkdw lw lv riwhq wkh fdvh wkdw edqnv �qdqfh

orqj0whup surmhfwv wkurxjk vkruw0whup fuhglwv lq sudfwlfh1
<Uhfhqw hpslulfdo zrun +vhh/ h1j1/ Fkdqj dqg Yhodvfr +4<<;,/ Ixupdq dqg Vwljolw} +4<<<,/ Ndplqvn|

hw do1 +4<<;,/ Urguln dqg Yhodvfr +4<<<, dqg Wruqhoo +4<<<,, suhvhqwv hylghqfh wkdw lv frqvlvwhqw zlwk wkh

6



fxuuhqf| fulvlv fdxvhv wkrvh surmhfwv wkdw duh �qdqfhg e| wkh iruhljq edqnv wr eh whuplqdwhg

dw d juhdw orvv wr wkh iruhljq edqnv1 Li d fxuuhqf| fulvlv grhv qrw rffxu/ wkh vkruw0whup fuhglwv

duh uhqhzhg/ dqg wkh jdph surfhhgv lqwr wkh wklug vwdjh1 Lq wkh wklug vwdjh/ wkh surmhfwv duh

frpsohwhg dqg wkh iruhljq edqnv uhfhlyh d sd|phqw wkdw lv srvlwlyho| uhodwhg wr wkh surmhfwv*

vxffhvv1

D vwdwh ri wkh zruog / ' Ewc b� 5 iw�c w2c w�j�ibuc bMj ' l lv wkxv dvvxphg wr frqvlvw ri

d �pdfur0frpsrqhqw� w 5 iw�c w2c w�j dqg d �plfur0frpsrqhqw� b 5 ibuc bMj � D frpprqo|

nqrzq sulru glvwulexwlrq �h E/� ghvfulehv wkh suredelolw| ri wkh ydulrxv vwdwhv ri wkh zruog1

Zh dvvxph wkdw w dqg b duh lqghshqghqw/ wkdw lv �h E/� ' �h Ew� �h Eb� iru hyhu| / 5 l�

Wkh pdfur0frpsrqhqw w fdswxuhv wkh ulvn ri d fxuuhqf| fulvlv +zklfk pd| ghshqg rq wkh

wrwdo qxpehu ri vkruw0whup fuhglwv surylghg e| wkh edqnv,/ zkhuhdv wkh plfur0frpsrqhqw

b fdswxuhv wkh ulvn ri surmhfw idloxuh1 Zh lpsrvh wkh iroorzlqj dgglwlrqdo vwuxfwxuh= Zkhq

w ' w�c d fxuuhqf| fulvlv rffxuv li dqg rqo| li wkh iruhljq edqnv kdyh surylghg d wrwdo ri

dw ohdvw � fuhglwv1 Zkhq w ' w2c d fxuuhqf| fulvlv rffxuv li dqg rqo| li wkh iruhljq edqnv

kdyh surylghg d wrwdo ri +dw ohdvw, 2� fuhglwv1 Zkhq w ' w�c d fxuuhqf| fulvlv grhv qrw

rffxu/ uhjdugohvv ri wkh wrwdo qxpehu ri fuhglwv surylghg e| wkh iruhljq edqnv1 Wkxv/ w� lv

lqwhusuhwhg dv d �edg� vwdwh zkhuh wkh surylvlrq ri hyhq d �ihz� fuhglwv wuljjhuv d fulvlv> w2

lv lqwhusuhwhg dv d �phglrfuh� vwdwh zkhuh rqo| wkh surylvlrq ri �pdq|� fuhglwv wuljjhuv d

fulvlv> dqg w� lv lqwhusuhwhg dv d �jrrg� vwdwh zkhuh hyhq li pdq| fuhglwv duh surylghg/ qr

fulvlv rffxuv1 Wkh plfur0frpsrqhqw b lv uhodwhg wr wkh surmhfwv* vxffhvv1 Zh dvvxph wkdw

frqglwlrqdo rq bc doo surmhfwv kdyh wkh vdph suredelolw| ri ehlqj vxffhvvixo/ dqg lqwhusuhw

b ' bu dv lqglfdwlyh ri d orz suredelolw| ri vxffhvv/ dqg b ' bM dv lqglfdwlyh ri d kljk

suredelolw| ri vxffhvv1 Wkh lpsolhg fruuhodwlrq dprqj wkh surmhfwv* olnholkrrg ri vxffhvv lv

prwlydwhg e| wkh idfw wkdw surmhfwv* vxffhvv lv olnho| wr eh vljql�fdqwo| srvlwlyho| fruuhodwhg

lq wkh w|sh ri hqylurqphqwv zh frqvlghu143 Wr vxppdul}h/ zh duh lqwhuhvwhg lq wkh wkuhh

iroorzlqj hyhqwv= +4, d fxuuhqf| fulvlv rffxuv/44 +5, d fxuuhqf| fulvlv grhv qrw rffxu/ exw

k|srwkhvlv wkdw d fxuuhqf| fulvlv lv wuljjhuhg e| d frxqwu|*v iruhljq uhvhuyhv ehfrplqj vx!flhqwo| orz uhodwlyh

wr lwv iruhljq fxuuhqf| ghqrplqdwhg ghew1 Vhh Pruulv dqg Vklq +4<<;, iru d wkhruhwlfdo prgho zkhuh wklv fdq

eh uhsurgxfhg dv wkh xqltxh htxloleulxp rxwfrph1
43Frqvlghu iru h{dpsoh wkh fdvh ri lqyhvwphqwv lq krolgd| uhvruw surmhfwv lq Vrxwkhdvw Dvld1 Wkh vxffhvv

ri vxfk surmhfwv lv kljko| fruuhodwhg ehfdxvh lw ghshqgv rq frpprq jhrjudsklf dqg fxowxudo fkdudfwhulvwlfv/

dv zhoo dv rq rwkhu frpprq yduldeohv wkdw ghwhuplqh zkhwkhu wkh frxqwu| zkhuh wkh uhvruwv duh orfdwhg

ehfrphv dq dwwudfwlyh lqwhuqdwlrqdo wrxulvw ghvwlqdwlrq1
44Wkdw lv/ zkhq hlwkhu � @ �4 dqg F fuhglwv kdyh ehhq surylghg/ ru � 5 i�4> �5j dqg 5F fuhglwv kdyh ehhq
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wkh surmhfwv prvwo| idlo/45 dqg +6, d fxuuhqf| fulvlv grhv qrw rffxu/ dqg wkh surmhfwv prvwo|

vxffhhg146

Zh dvvxph wkdw ehiruh d edqn ghflghv zkhwkhu ru qrw wr surylgh fuhglw/ lw �lqvshfwv� wkh

surmhfwv dqg rewdlqv d sulydwh vljqdo derxw wkhlu plfur0ulvn1 Wkh sxeolf qdwxuh ri pdfur0

ulvnv lpsolhv wkdw doo iruhljq edqnv duh htxdoo| lqiruphg derxw wkhp/ dqg kdyh h{shfwdwlrqv

wkdw duh jlyhq e| wkh sulru glvwulexwlrq1 D iruhljq edqn*v sulydwh vljqdo r 5 iruc rL c rMj c

ru 	 rL 	 rM c fdq hlwkhu eh orz dqg lqglfdwlyh ri surmhfw idloxuh/ r ' ruc kljk dqg lqglfdwlyh

ri surmhfw vxffhvv/ r ' rM c ru eh xqlqirupdwlyh/ r ' rL c zklfk lv htxlydohqw wr jhwwlqj

qr vljqdo dw doo1 Pruh vshfl�fdoo|/ ohwwlqj �h Er mb� ghqrwh wkh suredelolw| wkdw d iruhljq

edqn revhuyhv wkh vljqdo r zkhq wkh vwdwh ri wkh zruog lv bc zh dvvxph wkdw �h Eru mbu � '

�h ErM mbM � : �h Eru mbM � ' �h ErM mbu � � fc dqg �h ErL mbu � ' �h ErL mbM � � f� Wkdw lv/

wkh glvwulexwlrq wkdw uhodwhv wkh sulydwh vljqdov wr wkh vwdwh ri wkh zruog lv v|pphwulf vr wkdw

jrrg dqg edg vljqdov �fdqfho� hdfk rwkhu dqg duh wrjhwkhu htxlydohqw wr wkh xqlqirupdwlyh

vljqdo1

Uhfdoo wkdw wkh �uvw vwdjh ri wkh jdph lv glylghg lqwr d odujh qxpehu ri vkruw shulrgv

| 5 i�c 2c ���j � Lq hyhu| vxfk shulrg |c rqh udqgrpo| vhohfwhg iruhljq edqn +edqn |� revhuyhv

surmhfwv zlwklq wkh frxqwu|/ rewdlqv d sulydwh vljqdo/ ghqrwhg r|c derxw wkhlu fkdqfhv ri

vxffhvv/ dqg ghflghv zkhwkhu ru qrw wr surylgh fuhglw +�lqyhvw�,1 Zh ghqrwh wkh dfwlrqv ri

wkh iruhljq edqnv e| @ 5 ifc �j c zkhuh @ ' f phdqv wkdw d edqn ghfolqhv wr surylgh dq|

fuhglwv/ dqg @ ' � phdqv wkdw d edqn surylghv � fuhglwv1 Wkh dfwlrq ri wkh edqn wkdw

pryhv dw wlph | 5 i�c 2c ���j lv ghqrwhg @|� Wkh edqn wkdw pryhv dw wlph | revhuyhv wkh

dfwlrqv ri doo wkh edqnv wkdw pryhg ehiruh lw lq shulrgv i�c ���c |� �jc exw qrw wkhlu vljqdov1

Wkxv/ wkh lqirupdwlrq wkdw lv dydlodeoh wr edqn | frqvlvwv ri lwv rzq sulydwh vljqdo r| dqg wkh

klvwru| ri dfwlrqv �|3� ' i@�c ���c @|3�j � Zh dvvxph wkdw wklv surfhvv frqwlqxhv dv orqj dv wkh

frxqwu| kdv qrw |hw uhfhlyhg 2� fuhglwv/ dqg edqnv duh vwloo zloolqj wr surylgh fuhglw li wkh|

revhuyh d idyrudeoh hqrxjk vljqdo1 Wkh �uvw vwdjh ri wkh jdph hqgv zkhq hlwkhu ri wkhvh wzr

uhtxluhphqwv vwrsv ehlqj vdwlv�hg dq| orqjhu1

Iruhljq edqnv* suhihuhqfhv duh ghvfulehg dv iroorzv= D edqn wkdw grhv qrw surylgh dq|

surylghg1
45Wkdw lv/ zkhq hlwkhu � 5 i�5> �6j> F fuhglwv duh surylghg/ dqg � @ �O> ru � @ �6> 5F fuhglwv duh surylghg/

dqg � @ �O=
46Wkdw lv/ zkhq hlwkhu � 5 i�5> �6j> F fuhglwv duh surylghg/ dqg � @ �K > ru � @ �6> 5F fuhglwv duh surylghg/

dqg � @ �K =
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fuhglw hqmr|v d sd|r� ri }hur lq hyhu| vwdwh ri wkh zruog1 Wkh sd|r� ri d iruhljq edqn

wkdw kdv surylghg � fuhglwv ghshqgv rq wkh vwdwh ri wkh zruog/ dqg rq wkh wrwdo qxpehu ri

fuhglwv wkdw kdyh ehhq surylghg e| wkh hqg ri wkh �uvw vwdjh ri wkh jdph/ zklfk zh ghqrwh

e| � 5 ifc �c 2�j1 Lw lv ghvfulehg e| Z E@c �c /� zkhuh/

Z E@c �c /� '

;AAAAA?
AAAAA=

f li @ ' f

+ li @| ' � dqg d fxuuhqf| fulvlv rffxuv

%u li @| ' �c d fxuuhqf| fulvlv grhv qrw rffxu exw wkh surmhfwv prvwo| idlo

%M li @| ' �c d fxuuhqf| fulvlv grhv qrw rffxu dqg wkh surmhfwv prvwo| vxffhhg

dqg + � %u 	 f 	 %M �
47 Zh dvvxph wkdw frqglwlrqdo rq wkh vwdwh ri wkh zruog/ doo wkh iruhljq

edqnv wkdw kdyh surylghg fuhglwv uhfhlyh wkh vdph sd|r�148 Lq fdvh ri d fxuuhqf| fulvlv/ wkh

sd|r� wr d iruhljq edqn wkdw kdv surylghg fuhglw lv qhjdwlyh ++ 	 f,1 Zkhq qr fxuuhqf| fulvlv

rffxuv/ d edqn*v sd|r� lv qhjdwlyh lq fdvh wkh surmhfwv prvwo| idlo +%u 	 f, dqg srvlwlyh lq

fdvh wkh surmhfw prvwo| vxffhhg +%M : f,1 Pruhryhu/ d fxuuhqf| fulvlv lv zruvh wkdq surmhfw

idloxuh ++ � %u,1

Wklv prgho jlyhv ulvh wr wkuhh gl�huhqw w|shv ri h{whuqdolwlhv1 Iluvw/ wkhuh lv dq lqirupd0

wlrqdo h{whuqdolw| wkdw lv gxh wr wkh idfw wkdw wkh edqnv* dfwlrqv pd| uhyhdo wkhlu vljqdov/

zklfk duh ydoxdeoh ehfdxvh wkh| surylgh xvhixo lqirupdwlrq derxw wkh wuxh vwdwh ri wkh zruog1

Vhfrqg/ wkhuh lv d sd|r� h{whuqdolw| wkdw lv fdxvhg e| wkh idfw wkdw dgglwlrqdo fuhglwv lq0

fuhdvh wkh suredelolw| ri d fxuuhqf| fulvlv dqg wkhuhiruh uhgxfh wkh sd|r� ri wkrvh edqnv zkr

kdyh douhdg| surylghg fuhglw1 Ilqdoo|/ d �exvlqhvv vwhdolqj h�hfw� lv suhvhqw wrr1 Wkh idfw

wkdw wkh qxpehu ri fuhglwv lv olplwhg/ wrjhwkhu zlwk wkh idfw wkdw hdfk edqn wkdw surylghv

fuhglw h{shfwv d srvlwlyh h{shfwhg sd|r� lpso| wkdw d edqn wkdw vxffhhgv lq dssurdfklqj wkh

frxqwu| hduo|/ holplqdwhv wkh sur�w rssruwxqlwlhv ri rwkhu edqnv zkr zhuh vorzhu wr uhvsrqg1

61 Htxloleulxp

Ghqrwh wkh vhw ri doo srvvleoh klvwrulhv e| K1 D +sxuh, vwudwhj| iru wkh edqnv lv d ixqfwlrq

j G K�iruc rL c rMj $ ifc �j wkdw pdsv wkh revhuyhg klvwru| ri suhylrxv edqnv* dfwlrqv dqg

47Qrwlfh wkdw wkh qxpehu ri fuhglwv wkdw wkh frxqwu| kdv uhfhlyhg e| wkh hqg ri wkh �uvw vwdjh ri wkh jdph/

�> d�hfwv wkh suredelolw| wkdw d �qdqfldo fulvlv rffxuv1
48Wkxv zh dvvxph wkdw zkhq d fxuuhqf| fulvlv rffxuv/ qr iruhljq edqn kdv sulrulw| ryhu dqrwkhu/ qhlwkhu

grhv wkhuh h{lvwv dq| h�hfwlyh froodwhudo1
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d edqn*v rzq sulydwh vljqdo lqwr d ghflvlrq derxw zkhwkhu ru qrw wr surylgh � fuhglwv1 D

eholhi lv d ixqfwlrq q G K � iruc rL c rMj $
V
�D�

{Eruc rL c rM�
� c zkhuh {Eruc rL c rM� ghqrwhv

wkh vhw ri doo suredelolw| glvwulexwlrqv ryhu Eruc rL c rM� c wkdw pdsv wkh revhuyhg klvwru| dqg

d edqn*v rzq vljqdo dw dq| wlph | lqwr |�� suredelolw| glvwulexwlrqv +eholhiv, ryhu wkh vljqdov

revhuyhg e| wkh |�� edqnv wkdw pryhg ehiruh lw/ uhvshfwlyho|1 Zlwk voljkw dexvh ri qrwdwlrq/

zh ghqrwh wkh vwudwhj| dqg eholhi ri wkh edqn wkdw pryhv dw wlph | e| j| dqg q
|
c uhvshfwlyho|1

Zh irfxv rxu dwwhqwlrq rq sxuh vwudwhj| shuihfw Ed|hvldq htxloleuld +SEH, +vhh/ h1j1/ Rveruqh

dqg Uxelqvwhlq +4<<7,,1

Gh�qlwlrq1 D sur�oh ri vwudwhjlhv dqg eholhiv iEj|c q|�j
"

|'�
lv d shuihfw Ed|hvldq htxloleulxp

+SEH, ri wkh jdph deryh/ li +4, iru hyhu| | 5 i�c 2c ���jc wkh vwudwhj| ri wkh edqn wkdw pryhv dw

wlph | pd{lpl}hv lwv h{shfwhg sd|r� jlyhq lwv eholhiv derxw wkh vljqdov ri wkh suhylrxv edqnv

dqg wkh rwkhu edqnv* vwudwhjlhv> dqg +5, zkhqhyhu srvvleoh/ eholhiv duh xsgdwhg dffruglqj wr

Ed|hv* uxoh1

Zh kdyh wkh iroorzlqj sursrvlwlrq/

Sursrvlwlrq 41 +l, D sxuh vwudwhj| SEH h{lvwv>

+ll, lq hyhu| sxuh vwudwhj| SEH/ edqnv* vwudwhjlhv duh qrq0ghfuhdvlqj lq wkhlu vljqdov> dqg/

+lll, wkh �uvw vwdjh ri wkh jdph hqgv lq �qlwh wlph1

Uhfdoo wkdw wkhuh duh wzr zd|v lq zklfk wkh �uvw vwdjh ri wkh jdph pd| hqg1 Hlwkhu wkh

�uvw vwdjh ri wkh jdph hqgv ehfdxvh wkh pd{lpxp ri 2� fuhglwv kdv ehhq surylghg> ru lw hqgv

ehfdxvh qr edqn surylghv fuhglw/ uhjdugohvv ri lwv vljqdo1 Lq wkh odwwhu fdvh/ wkh edqnv �khug�

rq ghfolqlqj fuhglw149 Wr vhh wklv/ vxssrvh wkdw diwhu vrph klvwru| �|3�c edqn | ghfolqhv wr

surylgh fuhglw uhjdugohvv ri lwv vljqdo1 Wklv lpsolhv wkdw edqn | n � fdqqrw ohduq dq|wklqj

iurp edqn |*v dfwlrq dqg lv wkxv lq h{dfwo| wkh vdph vlwxdwlrq dv edqn |� Frqvhtxhqwo|/ edqn

| n � zloo dovr uhixvh wr lqyhvw uhjdugohvv ri lwv vljqdo/ dqg wkh vdph lv wuxh iru doo ixwxuh

edqnv1 Ehfdxvh ri wkhvh uhodwhg skhqrphqd ri lqirupdwlrqdo fdvfdghv dqg khuglqj/ zkhuh

wkh dydlodeoh sxeolf lqirupdwlrq vzdpsv wkh edqnv* sulydwh lqirupdwlrq dqg lqgxfhv wkhp wr

ehkdyh lghqwlfdoo|/ wkh �uvw vwdjh ri wkh jdph dozd|v hqgv lq �qlwh wlph lq vslwh ri wkh idfw

wkdw wkhuh duh qr vhdufk ru lqvshfwlrq frvwv1

49Edqhumhh +4<<5, dqg Elnkfkdqgdql hw do1 +4<<5, duh wkh fodvvlf uhihuhqfhv rq khuglqj dqg lqirupdwlrqdo

fdvfdghv1 Ixuwkhu uhihuhqfhv pd| eh irxqg lq Qhhpdq dqg Rurvho +4<<<,1

:



Wkh khuglqj skhqrphqrq fdq khos h{sodlq wkh uhdvrq vr pdq| edqnv lqyhvw lq wkh vdph

sduwlfxodu frxqwu| ru uhjlrq/ zkhuhdv rwkhu/ dssduhqwo| vlplodu/ frxqwulhv duh ryhuorrnhg1 Lq

rxu prgho wklv skhqrphqrq wdnhv wkh iroorzlqj irup= zlwk d kljk suredelolw| hlwkhu lw lv

wkh fdvh wkdw wzr iruhljq edqnv lqyhvw ru qr iruhljq edqn lqyhvwv1 Wklv lv looxvwudwhg e| wkh

iroorzlqj h{dpsoh1

H{dpsoh 4= Khuglqj1 Frqvlghu wkh iroorzlqj vwrfkdvwlf hqylurqphqw= �h Ebu� ' �h EbM� '

f�Dc dqg �h Ew�� ' f�f�c �h Ew2� ' f�fec dqg �h Ew�� ' f�bD� Wkh glvwulexwlrq ri vljqdov frqgl0

wlrqdo rq b lv jlyhq e| �h ErL� ' f�2Dc �h Eru m bu� ' �h ErM m bM� ' f�Dc dqg �h ErM m bu� '

�h Eru m bM� ' f�2D� Wkdw lv/ zlwk suredelolw| �

2
c wkh vljqdo ghvfulehv wkh wuxh b/ zlwk sure0

delolw| �

e
lw lv xqlqirupdwlyh/ dqg zlwk suredelolw| �

e
lw lv plvohdglqj1 Sd|r�v duh dvvxphg

wr eh + ' �Dffc %u ' �e2fc dqg %M ' S�f� Lw lv srvvleoh wr vkrz wkdw d shuihfw Ed|hvldq

htxloleulxp ri wklv jdph h{lvwv zkhuh wkh suredelolw| wkdw dw wkh hqg ri wkh �uvw vwdjh ri wkh

jdph h{dfwo| rqh edqn kdv lqyhvwhg lv rqo| �*�2 ' f�f��2Dc zkhuhdv wkh suredelolw| wkdw

wzr edqnv kdyh lqyhvwhg lv 2�*�2 ' f�.�H.D dqg wkh suredelolw| wkdw qr edqn hyhu lqyhvwv lv

�*e ' f�2D1

Wkh qh{w irxu h{dpsohv ghprqvwudwh wkh ulfkqhvv ri ehkdylru wkdw lv frqvlvwhqw wkh qrwlrq

ri sxuh vwudwhj| shuihfw Ed|hvldq htxloleulxp1 Wkh iroorzlqj h{dpsoh ghprqvwudwhv wkdw

htxloleuld duh qrw qhfhvvdulo| xqltxh1

H{dpsoh 5= Sxuh vwudwhj| SEHv duh qrw qhfhvvdulo| xqltxh1 Frqvlghu wkh iroorzlqj

vwrfkdvwlf hqylurqphqw= �h Ebu� ' �h EbM� ' f�Dc dqg �h Ew�� ' �fDc �h Ew2� ' f�2Dc dqg

�h Ew�� ' f�.� Wkh glvwulexwlrq ri vljqdov frqglwlrqdo rq b dqg wkh sd|r�v duh dv lq H{dpsoh

41 Lw lv srvvleoh wr vkrz wkdw wkhuh h{lvwv d shuihfw Ed|hvldq htxloleulxp zkhuh edqn � lqyhvwv

li dqg rqo| li r� 5 irL c rMj/ dqg li edqn � kdv lqyhvwhg +l1h1/ diwhu wkh klvwru| �� ' �, edqn

2 lqyhvwv li dqg rqo| li r2 ' rM � Krzhyhu/ wkhuh lv dovr dqrwkhu shuihfw Ed|hvldq htxloleulxp

zkhuh edqn � lqyhvwv li dqg rqo| li r� ' rM / dqg li edqn � kdv lqyhvwhg +l1h1/ diwhu wkh klvwru|

�� ' �, edqn 2 lqyhvwv li dqg rqo| li r2 5 irL c rMj �

Wkh uhdvrq iru wkh qrq0xqltxhqhvv lv wkdw lq htxloleulxp/ rqh ri wzr edqnv kdv wr dfw

�djjuhvvlyho|�/ wkdw lv/ lqyhvw diwhu wkh xqlqirupdwlyh vljqdo/ zkhuhdv wkh rwkhu edqn kdv wr

dfw �fdxwlrxvo|/� wkdw lv/ lqyhvw rqo| diwhu wkh kljk vljqdo1 Li wkh �uvw edqn dfwv fdxwlrxvo|/

lqyhvwphqw uhyhdov wkdw lw kdv revhuyhg d kljk vljqdo dqg wkdw doorzv wkh vhfrqg edqn wr dfw

;



djjuhvvlyho|1 Pruhryhu/ jlyhq wkdw wkh vhfrqg edqn dfwv djjuhvvlyho|/ wkh �uvw edqn lv irufhg

wr dfw fdxwlrxvo|1 Rq wkh rwkhu kdqg/ li wkh �uvw edqn dfwv djjuhvvlyho|/ wkh dfw ri lqyhvwphqw

uhyhdov ohvv idyrudeoh lqirupdwlrq +dv lw uhyhdov rqo| wkdw wkh �uvw edqn kdv revhuyhg hlwkhu

wkh kljk ru wkh xqlqirupdwlyh vljqdo, dqg wkxv wkh vhfrqg edqn lv irufhg wr dfw fdxwlrxvo|1

Li d iruhljq edqn kdv douhdg| lqyhvwhg/ d vhfrqg edqn zloo lqyhvw li dqg rqo| li lw h{shfwv

d srvlwlyh h{shfwhg sd|r� iurp grlqj vr1 E| dvvxpswlrq/ hyhu| iruhljq edqn wkdw lqyhvwv

uhfhlyhv wkh vdph sd|r�1 Wkhuhiruh/ xqohvv wkh dfw ri lqyhvwphqw ri wkh vhfrqg edqn lv

wuljjhuhg e| vrph dgglwlrqdo lqirupdwlrq/ wkh �uvw edqn wr lqyhvw fdqqrw eh ghwhuuhg iurp

lqyhvwphqw e| wkh nqrzohgjh wkdw lw zloo eh iroorzhg e| dqrwkhu iruhljq edqn wkdw zloo lqyhvw

diwhu lw1 Krzhyhu/ w|slfdoo| wkh dfw ri lqyhvwphqw lv wuljjhuhg e| vrph dgglwlrqdo lqirupdwlrq1

Wklv pd| jlyh ulvh wr d ��uvw pryhu*v fxuvh� wkdw pd| ghwhu lqyhvwphqw dowrjhwkhu1 Zh

ghprqvwudwh wklv lq wkh iroorzlqj h{dpsoh/

H{dpsoh 6= �Iluvw Pryhu*v Fxuvh� pd| suhyhqw lqyhvwphqw1 Frqvlghu wkh vdph

vwrfkdvwlf hqylurqphqw dqg glvwulexwlrq ri vljqdov frqglwlrqdo rq b dv lq H{dpsoh 51 Vxssrvh

wkdw sd|r�v duh jlyhq e| + ' �Sffc %u ' �e2fc dqg %M ' S�f� Lw lv srvvleoh wr yhuli| wkdw

zlwk wkhvh sdudphwhuv/ wkhuh h{lvwv d xqltxh shuihfw Ed|hvldq htxloleulxp1 Lq wklv htxloleulxp

qr edqn hyhu lqyhvwv/ uhjdugohvv ri lwv vljqdo/ lq vslwh ri wkh idfw wkdw . dZ E�c �c /� m rM o '

Sf : f�

Zh h{sodlq wkh idfw wkdw qr edqn surylghv fuhglw lq htxloleulxp lq whupv ri zkdw zh uhihu

wr dv wkh ��uvw pryhu*v fxuvh1� Lq wkh h{dpsoh/ ehfdxvh . dZ E�c 2�c /� m r� ' r2 ' rM o ' �2

dqg . dZ E�c 2�c /� m r� ' rM c r2 ' rL o ' �.2/ li wkh �uvw edqn uhyhdohg lw kdv revhuyhg d

kljk vljqdo/ wkh vhfrqg edqn kdv dq lqfhqwlyh wr lqyhvw li dqg rqo| li lw kdv revhuyhg d

kljk vljqdo wrr1 Wkh sd|r�v lq wkh h{dpsoh duh vxfk wkdw . dZ E�c �c /� m r� ' rM o ' Sf dqg

. dZ E�c �c /� m r� ' rL o ' �.��2D/ vr li wkh �uvw edqn nqhz wkdw qr rwkhu edqn zloo hyhu

lqyhvw diwhu lw/ wkhq lw zrxog olnh wr lqyhvw li dqg rqo| li lw revhuyhg d kljk vljqdo1 Wkxv/

lqyhvwphqw ri wkh �uvw edqn uhyhdov wkdw lw kdv revhuyhg d kljk vljqdo1 Frqvhtxhqwo|/ wkh

vhfrqg edqn lqyhvwv zkhqhyhu wkh �uvw edqn lqyhvwhg dqg wkh vhfrqg edqn revhuyhg d kljk

vljqdo1 Ehfdxvh ri wkh sd|r� h{whuqdolw|/ wklv uhgxfhv wkh sd|r� ri wkh �uvw edqn iurp Sf

zkhq qr rwkhu edqn lqyhvwv wr �2� Exw ehfdxvh wkh �uvw edqn*v h{shfwhg sd|r� frqglwlrqdo

rq lwv rzq kljk vljqdo dqg rq d orz ru xqlqirupdwlyh vljqdo ri wkh vhfrqg edqn zkr grhv qrw

lqyhvw lv . dZ E�c �c /� m r� ' rM c r2 5 iruc rLjo ' ��Dc wkh �uvw edqn*v h{shfwhg sd|r� iurp

lqyhvwlqj diwhu revhuydwlrq ri wkh kljk vljqdo lv qhjdwlyh zkhq lw dqwlflsdwhv wkh ehkdylru ri

<



wkh vhfrqg edqn +zklfk zloo lqyhvw li dqg rqo| li lw revhuyhv d kljk vljqdo,1 Lw lv jlyhq e|

. dZ E�c �c /� m r� ' rM o

' �h Er2 ' rM m r� ' rM� � �2 n �h Er2 5 iruc rLj m r� ' rM� � E��D�

' ���.D�

Lq d vhqvh/ wkh �uvw pryhu*v fxuvh lv uhplqlvfhqw ri wkh zlqqhu*v fxuvh lq dxfwlrqv1 Lq

erwk vlwxdwlrqv/ wkh ydoxh ri wkh remhfw frqglwlrqdo rq wkh sulydwh vljqdo dqg rwkhu sod|huv*

vwudwhjlhv lv orzhu wkdq wkh h{shfwhg ydoxh ri wkh remhfw frqglwlrqdo rq wkh sulydwh vljqdo

dorqh14:

Wkh �shuyhuvlw|� ri wkh �uvw pryhu*v fxuvh ghvfulehg lq wkh suhylrxv h{dpsoh pd| lq

wxuq jlyh ulvh wr d skhqrphqrq zhuh wkh duulydo ri xqidyrudeoh sxeolf lqirupdwlrq derxw wkh

vxffhvv ri wkh surmhfw pd| ghwhu ixwxuh edqnv dqg wkhuhiruh dfwxdoo| hqfrxudjh lqyhvwphqw

ri wkh �uvw edqn1 Zh ghprqvwudwh wklv lq wkh qh{w h{dpsoh1

H{dpsoh 7= Xqidyrudeoh sxeolf lqirupdwlrq pd| hqfrxudjh lqyhvwphqw1 Frqvlghu

wkh iroorzlqj vwrfkdvwlf hqylurqphqw= �h Ebu� ' �h EbM� ' f�D� Vxssrvh wkdw ehiruh wkh

sxeolf vljqdo lv uhdol}hg/ �h Ew�� ' f�2Dc �h Ew2� ' f��Dc dqg �h Ew�� ' f�Sc dqg diwhu wkh sxeolf

vljqdo lv uhdol}hg/ doo sod|huv* fkdqjh wkhlu dvvhvvphqwv wr �h Ew�� ' f��c �h Ew2� ' f�2c dqg

�h Ew�� ' f�D� Wkdw lv/ wkh suredelolw| ri d fxuuhqf| fulvlv lqfuhdvhv lq wkh vhqvh ri �uvw rughu

vwrfkdvwlf grplqdqfh1 Wkh glvwulexwlrq ri vljqdov frqglwlrqdo rq b lv lghqwlfdo wr zkdw lw zdv

lq wkh suhylrxv h{dpsohv dqg lv jlyhq e| �h ErL� ' f�2Dc �h Eru m bu� ' �h ErM m bM� ' f�Dc

dqg �h ErM m bu� ' �h Eru m bM� ' f�2D� Ilqdoo|/ sd|r�v duh jlyhq e| + ' �Sffc %u ' �e2fc

dqg %M ' S�f� Wkh h�hfw ri wkh xqidyrudeoh sxeolf vljqdo rq lqyhvwphqw ehkdylru lv wkdw lq

wkh hqylurqphqw zkhuh lw lv qrw uhdol}hg wkhuh h{lvwv d xqltxh shuihfw Ed|hvldq htxloleulxp

lq zklfk qr edqn hyhu lqyhvwv +dv lq H{dpsoh 6,1 Krzhyhu/ diwhu wkh sxeolf lqirupdwlrq

lv uhyhdohg/ lw lv srvvleoh wr yhuli| wkdw wkhuh lv d xqltxh shuihfw Ed|hvldq htxloleulxp lq

zklfk edqn � lqyhvwv li dqg rqo| li r� ' rM c dqg qr rwkhu edqn hyhu lqyhvwv1 Wkh uhdvrq iru

wklv �shuyhuvh� h�hfw ri sxeolf lqirupdwlrq lv wkdw lw holplqdwhv wkh lqfhqwlyh ri wkh vhfrqg

edqn wr lqyhvw diwhu lw kdv revhuyhg d kljk vljqdo dqg/ lq dgglwlrq/ kdv lqihuuhg wkdw wkh �uvw

edqn kdv revhuyhg d kljk vljqdo dv zhoo1 Lq rwkhu zrugv/ wkh xqidyrudeoh sxeolf lqirupdwlrq

hqfrxudjhv lqyhvwphqw ehfdxvh lw holplqdwhv wkh �uvw pryhu*v fxuvh1

4:Vhh Qhhpdq dqg Rurvho +4<<<, iru dq dqdo|vlv ri wkh frpelqhg h�hfw ri khuglqj dqg zlqqhu*v fxuvh1
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Dv lq vwdqgdug khuglqj prghov/ lq wkh prgho frqvlghuhg khuh/ rqo| dfwlrqv +dv rssrvhg

wr sulydwh vljqdov, pd| eh revhuyhg e| ixwxuh edqnv1 Krzhyhu/ rqh pd| wklqn lw sodxvleoh

wkdw rqfh fuhglw lv surylghg/ wkh ghwdlov ri wkh fuhglw frqwudfw pd| uhyhdo/ shukdsv hyhq

shuihfwo|/ wkh edqn*v sulydwh vljqdo1 Wkxv/ d gl�huhqw prgho pd| eh frqvlghuhg/ rqh zkhuh

zkhq fuhglw lv jlyhq/ wkh sulydwh vljqdo lv uhyhdohg/ dqg zkhq fuhglw lv ghqlhg/ wkh sulydwh

vljqdo uhpdlqv xqrevhuyhg14; Wkh pdlq gl�huhqfh ehwzhhq vxfk dq dowhuqdwlyh prgho dqg

rxuv lv wkdw lq wkh iruphu/ lw lv srvvleoh wr vkrz wkdw d xqltxh htxloleulxp h{lvwv1 Doo rwkhu

uhvxowv/ hvshfldoo| wkrvh derxw wkh lqh!flhqf| ri wkh htxloleulxp glvfxvvhg lq wkh qh{w vhfwlrq/

uhpdlq xqfkdqjhg1 Ixuwkhupruh/ lq vxfk dq dowhuqdwlyh prgho/ wkh suhvhqfh ri wkh qhjdwlyh

sd|r� h{whuqdolw| lpsolhv wkdw edqnv kdyh dq lqfhqwlyh wr wu| wr klgh wkhlu sulydwh vljqdov1

Lw lv suhflvho| wklv lqfhqwlyh wkdw prwlydwhv rxu dvvxpswlrq wkdw wkh dfw ri surylglqj fuhglw

grhv qrw uhyhdo d edqn*v sulydwh vljqdo1 Wkh h{lvwhqfh ri wklv lqfhqwlyh lv ghprqvwudwhg lq

wkh qh{w h{dpsoh1

H{dpsoh 8= Lqfhqwlyhv wr klgh wkh sulydwh vljqdo1 Frqvlghu wkh iroorzlqj vwrfkdvwlf

hqylurqphqw= �h Ebu� ' �h EbM� ' f�Dc dqg �h Ew�� ' f��c �h Ew2� ' f��c dqg �h Ew�� ' f�S�

Wkh glvwulexwlrq ri vljqdov frqglwlrqdo rq b lv lghqwlfdo wr zkdw lw zdv lq wkh suhylrxv

h{dpsohv1 Wkh sd|r�v duh djdlq jlyhq e| + ' �Sffc %u ' �e2fc dqg %M ' S�f� Li lqyhvwphqw

uhyhdov wkh vljqdo shuihfwo|/ wkhuh lv d xqltxh shuihfw Ed|hvldq htxloleulxp1 Lq wklv htxloleulxp

edqn � lqyhvwv li dqg rqo| li r� 5 irL c rMj ( dqg li edqn � kdv lqyhvwhg diwhu revhuydwlrq ri

r� ' rM +wkhuhe| uhyhdolqj/ e| dvvxpswlrq/ wkdw lw kdv revhuyhg d kljk vljqdo,/ edqn 2 lqyhvwv

li dqg rqo| li r2 ' rM � Li rqo| wkh dfwlrqv fdq eh revhuyhg/ wkhuh lv dovr d xqltxh shuihfw

Ed|hvldq htxloleulxp1 Lq wklv htxloleulxp edqn � lqyhvwv li dqg rqo| li r� 5 irL c rMj c dqg qr

rwkhu edqn hyhu lqyhvwv li edqn � kdv lqyhvwhg1 Frqglwlrqdo rq r� 9' rM c wkh h{shfwhg sd|r�

ri edqn � lv wkh vdph lq erwk htxloleuld/ exw frqglwlrqdo rq r� ' rM wkh h{shfwhg sd|r� ri

edqn � lv Se�D lq wkh �uvw htxloleulxp +zkhuh lqyhvwphqw uhyhdov wkdw edqn � kdv revhuyhg

wkh kljk vljqdo,/ exw �b2 lq wkh vhfrqg htxloleulxp +zkhuh rqo| wkh dfwlrqv fdq eh revhuyhg,1

Reylrxvo|/ edqn � lv ehwwhu r� lq wkh vhfrqg htxloleulxp dqg wkxv kdv dq lqfhqwlyh wr klgh lwv

sulydwh vljqdo1 Lqwxlwlyho|/ ehfdxvh ri wkh qhjdwlyh sd|r� h{whuqdolw| wkh edqn wkdw lqyhvwv

�uvw grhv qrw zdqw rwkhu edqnv wr lqyhvw diwhu lw1 Wkxv/ lw kdv dq lqfhqwlyh wr klgh d kljk

vljqdo uhdol}dwlrq1 Vlqfh lw fdqqrw vhohfwlyho| klgh d kljk vljqdo uhdol}dwlrq exw uhyhdo dq

4;Fkdul dqg Nhkrh +4<<<, ghvfuleh vxfk d prgho ri khuglqj dqg �qdqfldo fulvlv1 Krzhyhu/ wkhlu prgho

grhv qrw glvwlqjxlvk ehwzhhq dq lqwhuqdwlrqdo fxuuhqf| fulvlv dqg d grphvwlf �qdqfldo fulvlv1
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xqlqirupdwlyh vljqdo uhdol}dwlrq/ lw lv ehwwhu r� zkhq lwv vljqdo lv qrw shuihfwo| uhyhdohg e|

lwv dfwlrq14<

71 H!flhqf|

Lq wklv vhfwlrq zh vkrz wkdw wkh shuihfw Ed|hvldq htxloleuld ri wkh jdph duh jhqhudoo| lqh!0

flhqw1 Vrphwlphv wrr olwwoh fuhglw lv surylghg +dv lq H{dpsoh 6 deryh,/ exw prvwo|/ wrr pdq|

fuhglwv duh surylghg wrr hdvlo|1

Ohw ` G ifc �c 2�j�l $ U ghvfuleh wkh vrfldo zhoiduh dvvrfldwhg zlwk vxsso|lqj d wrwdo

qxpehu ri � 5 ifc �c 2�j fuhglwv zkhq wkh vwdwh ri wkh zruog lv jlyhq e| / 5 l� Zh dvvxph

wkdw/

` E�c /� '

;AAAAAAAA?
AAAAAAAA=

f li qr fuhglwv duh surylghg

t� li � fuhglwv duh surylghg dqg d fxuuhqf| fulvlv rffxuv

t2 li 2� fuhglwv duh surylghg dqg d fxuuhqf| fulvlv rffxuv
�

�
fu li qr fxuuhqf| fulvlv rffxuv exw wkh surmhfwv prvwo| idlo

�

�
fM li qr fxuuhqf| fulvlv rffxuv dqg wkh surmhfwv prvwo| vxffhhg

zkhuh t2 � t� 	 f dqg fu 	 f 	 fM � Wkh dvvxpswlrq wkdw t2 � t� uh hfwv wkh idfw wkdw

li pruh fuhglwv kdyh ehhq surylghg/ pruh fdslwdo lv orvw rqfh d fxuuhqf| fulvlv rffxuv1 Wkh

idfw wkdw fu dqg fM duh pxowlsolhg e| �*� 5 ifc �c 2j lv gxh wr wkh idfw wkdw wkh qxpehu ri

fuhglwv surylghg d�hfwv wkh h{whqw ri erwk wkh orvvhv dqg jdlqv li d fxuuhqf| fulvlv grhv qrw

rffxu1 Lq dgglwlrq/ zh dvvxph wkdw . d` E2�c /��` E�c /� m buo 	 f� Wkdw lv/ frqglwlrqdo

rq surmhfw idloxuh/ vrfldo zhoiduh ghfuhdvhv li d vhfrqg edqn lqyhvwv153

Dq h{dpsoh iru d vrfldo zhoiduh ixqfwlrq wkdw vdwlv�hv wkh uhvwulfwlrqv deryh lv wkh rqh

zkhuh vrfldo zhoiduh lv sursruwlrqdo wr wkh froohfwlyh sd|r� wr wkh iruhljq edqnv/ ru/

` E�c /� ' g
�

�
Z E�c �c /� 1

4<D iuhtxhqw fulwltxh wkdw lv udlvhg djdlqvw khuglqj prghov lv wkdw lq pdq| ri wkhvh prghov djhqwv kdyh

qr uhdvrq wr nhhs wkhlu sulydwh vljqdov vhfuhw/ zkhuhdv uhyhdolqj wkhlu vljqdov zrxog lqfuhdvh h!flhqf|1 Dv

wkh suhfhglqj h{dpsoh looxvwudwhv/ wklv fulwltxh grhv qrw dsso| lq rxu fdvh vlqfh lw lv fohduo| qrw lq d edqn*v

lqwhuhvw wr uhyhdo wuxwkixoo| lwv vljqdo uhdol}dwlrq1
53Qrwlfh wkdw wklv dvvxpswlrq lv htxlydohqw wr wkh iroorzlqj lqhtxdolw| ehlqj vdwlv�hg1

H ^Z +5F> $,�Z +F> $, m �O` @ Su +�4, +\5 � \4, . Su +�5, +\5 �[O, . Su +�6,[O ? 3= Lw fdq eh

lpphgldwho| yhul�hg wkdw wkh lqhtxdolw| lv vdwlv�hg li \5 � [O dqg Su +�6, A 31
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iru vrph frqvwdqwg : f�Pd{lpl}dwlrq ri wklv sduwlfxodu vrfldo zhoiduh ixqfwlrq lv htxlydohqw

wr pd{lpl}dwlrq ri wkh iruhljq edqnv* wrwdo h{shfwhg sd|r�v1

Frqvlghu d vrfldo sodqqhu zkr fdq suhvfuleh +sxuh, vwudwhjlhv wr wkh iruhljq edqnv1 Zh

gh�qh wkh vhfrqg0ehvw rxwfrph wr eh rqh wkdw d vrfldo sodqqhu zkr pd{lpl}hv wkh vrfldo

zhoiduh ixqfwlrq ` fdq lpsohphqw xqghu wkh lqirupdwlrq frqvwudlqwv ri wkh prgho1 Wkdw

lv/ iruhljq edqnv* vwudwhjlhv pd| ghshqg rqo| rq wkh revhuyhg klvwru| ri dfwlrqv dqg wkhlu

rzq vljqdov1 Qrwh wkdw wkh vhfrqg0ehvw rxwfrph pd| lqyroyh lqh!flhqw khuglqj dv edqnv

khug rq ghq|lqj fuhglw lq vslwh ri wkh idfw wkdw wkh +xqnqrzq, vwdwh ri wkh zruog mxvwl�hv

wkh surylvlrq ri dgglwlrqdo fuhglw dqg wkdw froohfwlqj dqg uhyhdolqj pruh vljqdov +dv rssrvhg

wr dfwlrqv, zrxog lqglfdwh wklv1 Vwudwhjlhv wkdw lqgxfh wkh vhfrqg0ehvw rxwfrph duh fdoohg

vhfrqg0ehvw vwudwhjlhv1 D sxuh vwudwhj| SEH lv frqvwudlqhg h!flhqw li lw lqgxfhv wkh vdph

h{shfwhg vrfldo sd|r� dv xqghu wkh vhfrqg0ehvw rxwfrph1

H{dpsoh 9= Wrr pdq| fuhglwv duh surylghg wrr hdvlo|1 Frqvlghu wkh iroorzlqj

vwrfkdvwlf hqylurqphqw= �h Ebu� ' f�2Dc �h EbM� ' f�.Dc �h Ew�� ' f��c �h Ew2� ' f�2c dqg

�h Ew�� ' f�.� Wkh glvwulexwlrq ri vljqdov frqglwlrqdo rq wkh vwdwh ri wkh zruog b lv jlyhq

e| �h ErL� ' f�2Dc �h Eru m bu� ' �h ErM m bM� ' f�.Dc dqg �h ErM m bu� ' �h Eru m bM� ' f�

Wkdw lv/ zlwk suredelolw| �

e
wkh vljqdo ixoo| uhyhdov zkhwkhu wkh surmhfwv duh prvwo| vxffhvv0

ixo ru qrw/ dqg zlwk suredelolw| �

e
lw lv xqlqirupdwlyh1 Vxssrvh wkdw sd|r�v wr wkh iruhljq

edqnv duh jlyhq e| + ' �Dffc %u ' �e2fc %M ' S�fc dqg vrfldo zhoiduh sd|r�v duh jlyhq e|

t� ' ��fffc t2 ' �2fffc fu ' �Hefc dqg fM ' �2Sf� Wkdw lv ` E�c /� ' 2 �
�
Z E�c �c /� c

� 5 ifc �c 2�j� Lw lv srvvleoh wr vkrz wkdw wkh iroorzlqj sur�oh ri vwudwhjlhv dfklhyhv vhfrqg0

ehvw rswlpdolw|= +l, diwhu dq| klvwru| �|3� vxfk wkdw qr edqn kdv hyhu lqyhvwhg |hw/ edqn |

lqyhvwv li dqg rqo| li r| ' rM ( +ll, diwhu dq| klvwru| �|3� vxfk wkdw edqn |� � lv wkh �uvw edqn

wkdw lqyhvwhg/ edqn | lqyhvwv li dqg rqo| li r| 5 irL c rMj +ehfdxvh wkh idfw wkdw edqn | � �

lqyhvwhg uhyhdov wkdw lw kdv revhuyhg wkh kljk vljqdo rM wr edqn |,1 Qrwlfh wkdw dorqj wkh

htxloleulxp sdwk/ vlqfh kljk dqg orz vljqdov duh shuihfwo| lqirupdwlyh/ wkh idfw wkdw edqn |��

revhuyhg wkh kljk vljqdo lpsolhv wkdw edqn | pxvw revhuyh hlwkhu d kljk ru dq xqlqirupdwlyh

vljqdo dqg zloo wkhuhiruh lqyhvw zlwk suredelolw| ��

Krzhyhu/ lw lv dovr srvvleoh wr vkrz wkdw lq wklv h{dpsoh hyhu| shuihfw Ed|hvldq htxl0

oleulxp kdv wkh iroorzlqj surshuwlhv= edqn � lqyhvwv li dqg rqo| li r� 5 irL c rMj ( edqn 2

lqyhvwv li dqg rqo| li edqn � kdv lqyhvwhg +l1h1/ @� ' �, dqg r2 5 irL c rMj ( dqg qr rwkhu

edqn hyhu lqyhvwv1 Qrwlfh wkdw zkhq b ' bM c 2� fuhglwv duh douhdg| surylghg e| wkh vhfrqg
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shulrg/ exw wkdw wklv pd| dovr kdsshq zkhq b ' bu li erwk wkh �uvw wzr edqnv revhuyh wkh

xqlqirupdwlyh vljqdo +zlwk suredelolw| �

�S
�� Pruhryhu/ zkhq b ' bu/ dw ohdvw wkh �uvw edqn

lqyhvwv zkhqhyhu lw revhuyhv wkh xqlqirupdwlyh vljqdo +zlwk suredelolw| �

e
��

Lw lv vwudljkwiruzdug wr vhh wkdw wkh htxloleulxp vwudwhjlhv duh gl�huhqw iurp wkh vhfrqg0

ehvw vwudwhjlhv dqg wkdw fuhglwv duh surylghg wrr hdvlo| lq htxloleulxp uhodwlyh wr wkh vhfrqg0

ehvw1 Lq sduwlfxodu/ edqn � dqg edqn 2 erwk lqyhvw diwhu wkh vljqdo uhdol}dwlrq r� ' r2 ' rL /

zkhuhdv dffruglqj wr wkh vhfrqg0ehvw rswlpdo vwudwhjlhv qhlwkhu ri wkhp vkrxog lqyhvw jlyhq

wkhvh uhvshfwlyh vljqdov1 Wr vhh wkh lqwxlwlrq/ qrwh wkdw li b ' bM c d edqn zloo revhuyh

wkh kljk vljqdo rM zlwk suredelolw| � lq �qlwh wlph/ zkhuhdv qr edqn zloo hyhu revhuyh wkh

orz vljqdo ru� Frqvhtxhqwo|/ lq rughu wr dfklhyh wkh h!flhqw rxwfrph qr fuhglwv vkrxog eh

surylghg xqwlo d edqn revhuyhv wkh kljk vljqdo rM �
54 Lq frqwudvw/ lq dq| htxloleulxp d edqn

zloo lqyhvw zkhqhyhu wkh h{shfwhg sd|r� iurp grlqj vr lv srvlwlyh dqg wkxv zloo lqyhvw/ lq wkh

h{dpsoh/ hyhq diwhu wkh xqlqirupdwlyh vljqdo rL 1 Zkhuhdv h!flhqf| uhtxluhv froohfwlqj pruh

lqirupdwlrq xsrq revhuydwlrq ri wkh xqlqirupdwlyh vljqdo rL c iurp d edqn*v shuvshfwlyh/

froohfwlqj pruh lqirupdwlrq lpsolhv lw uholqtxlvkhv lwv sur�w rssruwxqlw| wr dqrwkhu edqn1

Wkh suhvhqfh ri wkh lqirupdwlrq h{whuqdolw| lpsolhv wkdw wkh sureohp ri lghqwli|lqj wkh

vhfrqg0ehvw vwudwhjlhv lv d gl!fxow rqh1 Vlqfh wkhuh duh wkuhh vljqdov exw rqo| wzr dfwlrqv/

wkh edqnv* dfwlrqv fdqqrw dozd|v eh pdgh wr uhyhdo wkhlu vljqdov1 Lq dgglwlrq/ wkh vrfldo

sodqqhu kdv rqo| �wzr vkrwv/� vlqfh wkh �uvw vwdjh ri wkh jdph hqgv diwhu wzr edqnv kdyh

lqyhvwhg1 Qrwlfh wkdw zlwk vwudwhjlhv wkdw duh prqrwrqh qrq0ghfuhdvlqj lq wkh edqnv* vljqdov/

dw prvw wzr kljk vljqdo uhdol}dwlrqv fdq eh ghwhfwhg/ rqh wkurxjk lqihuhqfh dqg rqh iurp

gluhfw revhuydwlrq/ ehiruh wkh �uvw vwdjh ri wkh jdph hqgv155 Zkhq suhvfulelqj d vwudwhj|

iru/ vd|/ edqn |c wkh vrfldo sodqqhu kdv wr frqvlghu qrw rqo| zkdw wkh ehvw dfwlrq diwhu wkh

klvwru| �|3� dqg edqn |*v revhuyhg vljqdo lv/ exw dovr wkh lqirupdwlrqdo frqwhqw ri edqn |*v

54Dv d frqvhtxhqfh/ wkh �uvw vwdjh ri wkh jdph zloo qhyhu hqg/ lq wklv h{dpsoh/ li wkh vhfrqg0ehvw rswlpdo

vwudwhjlhv duh sod|hg dqg � @ �O> ehfdxvh lq wklv fdvh qr edqn zloo hyhu uhfhlyh wkh vljqdo vK = Exw li zh

vxevwlwxwh Su +vO m�K , @ Su +vK m�O , @ 3 e| Su +vO m�K , @ Su +vK m�O , @ % iru vrph vpdoo srvlwlyh %/ zh

jhw vhfrqg0ehvw rswlpdo vwudwhjlhv wkdw duh edvlfdoo| dqdorjrxv1 Wkh pdlq gl�huhqfh lv wkdw li qr edqn kdv

lqyhvwhg iru d fhuwdlq qxpehu ri shulrgv/ qr edqn zloo hyhu lqyhvw dqg wkh �uvw vwdjh ri wkh jdph hqgv1

Dqrwkhu srvvlelolw| zrxog eh wr lqwurgxfh glvfrxqwlqj ru vpdoo lqvshfwlrq frvwv1 Qrwh wkdw lq erwk ri wkhvh

dowhuqdwlyh prghov wkhuh lv d vpdoo suredelolw| ri pdnlqj d �plvwdnh� iurp wkh h{0srvw shuvshfwlyh1
55Ghwhfwlrq ri d kljk vljqdo uhdol}dwlrq vK lv srvvleoh li dqg rqo| li wkh edqn wkdw lqyhvwhg �uvw kdg wkh

vwudwhj| wr lqyhvw li dqg rqo| li lw revhuyhg vK =
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dfwlrq wkdw fdq eh xvhg e| ixwxuh edqnv1 Dv wkh qh{w h{dpsoh ghprqvwudwhv/ vrphwlphv/

wklv lqirupdwlrqdo h{whuqdolw| pd| lpso| wkdw vhfrqg0ehvw vwudwhjlhv duh qrw hyhq prqrwrqh

qrq0ghfuhdvlqj lq wkh edqnv* rzq vljqdov1

H{dpsoh := Vhfrqg0ehvw vwudwhjlhv qhhg qrw eh prqrwrqh qrq0ghfuhdvlqj lq wkh

edqnv* sulydwh vljqdov1 Frqvlghu wkh iroorzlqj vwrfkdvwlf hqylurqphqw= �h Ebu� ' 2

�
c

�h EbM� '
�

�
c �h Ew�� ' fc �h Ew2� ' f�Dc dqg �h Ew�� ' f�D� Wkh glvwulexwlrq ri vljqdov frqgl0

wlrqdo rq b lv jlyhq e| �h Eru m bu� ' �h ErM m bM� '
2

�
c dqg �h ErM m bu� ' �h Eru m bM� '

�

�
�

Wkdw lv/ wkh suredelolw| ri wkh xqlqirupdwlyh vljqdo lv }hur1 D vljqdo srlqwv wr wkh wuxh b

zlwk suredelolw| 2

�
c dqg lv plvohdglqj zlwk wkh frpsohphqwdu| suredelolw|1 Vxssrvh wkdw

sd|r�v duh jlyhq e| t2 ' ���fc fu ' fc fM ' �Hf�56 Ohw U ghqrwh lqirupdwlrq dqg f wkh

udqgrp yduldeoh zlwk uhdol}dwlrqv fu dqg fM � Wkxv . Ef m U� ghqrwhv wkh h{shfwhg vrfldo

sd|r� frqglwlrqdo rq lqirupdwlrq U dqg rq wkh devhqfh ri d fxuuhqf| fulvlv1 Wkh iroorzlqj

wdeoh ghslfwv d vhohfwlrq ri vljqdo hyhqwv +l1h1/ lqirupdwlrq U, lq wkh �uvw froxpq/ wkh dvvr0

fldwhg frqglwlrqdo suredelolwlhv �h Ebu m U� dqg �h EbM m U� lq wkh vhfrqg dqg wklug froxpq/

uhvshfwlyho|/ dqg wkh dvvrfldwhg frqglwlrqdo h{shfwhg sd|r� . Ef m U� lq wkh irxuwk froxpq1

U �h Ebu m U� �h EbM m U� . Ef m U�
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�

2

�
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Wkhvh qxpehuv lpso| wkdw . d` E2�c /� m r� ' r2 ' rM o ' �SD n Sf ' �D 	 fc dqg

. d` E2�c /� m r� ' r2 ' r� ' rM o ' �SDn.2 ' . : f� Vlqfh zlwk prqrwrqh qrq0ghfuhdvlqj

vwudwhjlhv dw prvw wzr kljk vljqdo uhdol}dwlrqv fdq eh ghwhfwhg ehiruh wkh �uvw vwdjh ri wkh

jdph hqgv/ vxfk prqrwrqh qrq0ghfuhdvlqj vwudwhjlhv lpso| wkdw +rqo|, rqh edqn lqyhvwv/ dqg

wkxv jlyh dq h{shfwhg vrfldo sd|r� ri Sf� Krzhyhu/ vlqfh lw lv dozd|v rswlpdo wkdw dw ohdvw

rqh edqn lqyhvwv/ wr suhvfuleh prqrwrqh qrq0ghfuhdvlqj vwudwhjlhv lv qrw rswlpdo1 Frqvlghu/

lq sduwlfxodu/ wkh dowhuqdwlyh srolf| wkdw suhvfulehv wkh iroorzlqj vwudwhjlhv= +l, li qr edqn

kdv lqyhvwhg xs wr | � �c edqn | lqyhvwv li dqg rqo| li r| ' ru( +ll, li rqh edqn kdv lqyhvwhg

ehiruh | � �/ edqn | lqyhvwv li dqg rqo| li r| ' rM dqg/ lq dgglwlrq/ wkh h{shfwhg pdujlqdo

56
Qrwlfh wkdw vlqfh Su+�4, @ 3> wkh ydoxh ri \4 lv luuhohydqw1 Wkh idfw wkdw [O @ 3 +zklfk ylrodwhv rxu

dvvxpswlrqv derxw wkh vrfldo zhoiduh ixqfwlrq Z ,/ vlpsol�hv wkh fdofxodwlrqv exw lv qrw qhfhvvdu|1 Wkh vdph

uhvxow krogv li [O ? 3 dqg m[Om lv vpdoo1 Vlploduo|/ Su +vX, frxog eh srvlwlyh1
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sd|r� iurp grlqj vr lv srvlwlyh/ wkdw lv/ . d` E2�c/��` E�c /� m �|3�c r| ' rM o : f� Vlqfh

dffruglqj wr wklv srolf|/ +d, zlwk suredelolw| � dw ohdvw rqh edqn lqyhvwv> dqg +e, zlwk srv0

lwlyh suredelolw| d vhfrqg edqn lqyhvwv/ lq zklfk fdvh wkh pdujlqdo sd|r� iurp grlqj vr lv

srvlwlyh/ wkh h{shfwhg sd|r� iurp wklv srolf| lv vwulfwo| odujhu wkdq Sf�

Lw lv lpsruwdqw wr qrwh wkdw dowkrxjk vhfrqg0ehvw vwudwhjlhv pd| qrw eh prqrwrqh qrq0

ghfuhdvlqj/ lw lv xqolnho| wkdw d vrfldo sodqqhu fdq vxffhhg lq suhvfulelqj vxfk vwudwhjlhv wr

wkh edqnv1 Xqghu d sur�oh ri vwudwhjlhv wkdw duh qrw prqrwrqh qrq0ghfuhdvlqj d edqn pd| eh

dvnhg wr surylgh fuhglw li lw revhuyhg dq xqidyrudeoh vljqdo/ exw lv suhyhqwhg iurp surylglqj

fuhglw li lw revhuyhg d pruh idyrudeoh vljqdo1 Wkh uhdvrq zk| wklv pd| eh rswlpdo lv wkdw

wkh edqn lv �vdful�fhg� vr wkdw wkh idfw wkdw lw revhuyhg d sduwlfxoduo| xqidyrudeoh vljqdo

ehfrphv sxeolf lqirupdwlrq dqg/ shukdsv pruh lpsruwdqwo|/ lw doorzv wkh vrfldo sodqqhu wr

�vljqdo� wkh revhuydwlrq ri d kljk vljqdo zkhq wkh edqn ghfolqhv wr lqyhvw/ doorzlqj iru d

odujh qxpehu ri kljk vljqdov wr eh vxffhvvlyho| vljqdohg lq wklv zd|1 Lw lv xqolnho| wkdw edqnv

zloo djuhh wr vdful�fh wkhpvhoyhv lq wklv zd|/ qhlwkhu lv lw olnho| wkdw dq| lqwhuqdwlrqdo erg|

zloo djuhh wr vxevlgl}h vxfk vdful�fh iru doo wkh prudo kd}dug sureohpv lw zrxog udlvh1

Wkh srvvlelolw| wkdw wkh vhfrqg0ehvw vwudwhjlhv duh qrw prqrwrqh qrq0ghfuhdvlqj suhyhqwv

xv iurp rewdlqlqj d ixoo fkdudfwhul}dwlrq ri wkh vhfrqg0ehvw vwudwhjlhv dqg rxwfrphv1 Zh duh

krzhyhu deoh wr surylgh wkh iroorzlqj wzr uhvxowv1

Sursrvlwlrq 51 Dprqj doo prqrwrqh qrq0ghfuhdvlqj vwudwhjlhv/ wkh rqhv wkdw pd{lpl}h

vrfldo zhoiduh duh vxfk wkdw edqn | lqyhvwv li dqg rqo| li ohvv wkdq 2� fuhglwv kdyh ehhq

surylghg vr idu/ lw revhuyhg wkh kljkhvw srvvleoh vljqdo r| ' rM / dqg lwv lqyhvwphqw lqfuhdvhv

wkh h{shfwhg vrfldo zhoiduh frqglwlrqdo rq wkh klvwru| dqg wkh revhuyhg vljqdo r| ' rM 1

Lw iroorzv wkdw li wkh vhfrqg0ehvw vwudwhjlhv kdsshq wr eh prqrwrqh qrq0ghfuhdvlqj/ wkhq

wkh| pxvw frlqflgh zlwk wkh vwudwhjlhv ghvfulehg lq wkh suhylrxv sursrvlwlrq1 Zh duh dovr

deoh wr lghqwli| d jhqhudo vhw ri vlwxdwlrqv zkhuh vhfrqg0ehvw vwudwhjlhv duh prqrwrqh qrq0

ghfuhdvlqj1

Sursrvlwlrq 61 Vxssrvh wkdw e| vrph wlph |c hlwkhu � fuhglwv kdyh douhdg| ehhq jlyhq/ ru

lw kdv ehfrph fohdu wkdw qr pruh wkdq � fuhglwv zloo hyhu eh jlyhq1 Wkhq/ dv ri wlph | n �

rqzdugv/ vhfrqg0ehvw vwudwhjlhv duh prqrwrqh qrq0ghfuhdvlqj1 Lq wkh iruphu fdvh/ xqwlo 2�
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fuhglwv kdyh ehhq vxssolhg wkh vhfrqg0ehvw vwudwhjlhv duh jlyhq e|
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iru hyhu| � ' | n �c | n 2c ��� Lq wkh odwwhu fdvh/ xqwlo � fuhglwv kdyh ehhq vxssolhg wkh

vhfrqg0ehvw vwudwhjlhv duh jlyhq e|

jW E��3�c r�� '
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f rwkhuzlvh

iru hyhu| � ' |n �c | n 2c ��� Ixuwkhupruh/ wkhuh h{lvwv d �qlwh qxpehu g vxfk wkdw lq erwk

fdvhv/ hlwkhu � dgglwlrqdo fuhglwv duh surylghg e| wlph |ng/ ru wkh �uvw vwdjh ri wkh jdph

hqgv1

Zh qrwh wkdw wkh vlwxdwlrq zkhuh e| vrph wlph | lw ehfrphv fohdu wkdw qr pruh wkdq

� fuhglwv rxjkw wr eh surylghg57 pd| eh lqwhusuhwhg dv rqh zkhuh lqyhvwphqw lv qrw yhu|

dwwudfwlyh wr ehjlq zlwk/ shukdsv ehfdxvh wkh suredelolw| ri d fxuuhqf| fulvlv lv txlwh kljk1

Ilqdoo|/ zh qrwh wkdw vlqfh e| Sursrvlwlrq 4/ SEH vwudwhjlhv duh qrq0ghfuhdvlqj/ d SEH

pd| eh frqvwudlqhg h!flhqw rqo| li edqnv surylgh fuhglw rqo| diwhu wkh| kdyh revhuyhg wkh

ehvw srvvleoh vljqdo r ' rM � Krzhyhu/ zkloh lqyhvwlqj rqo| diwhu revhuylqj wkh ehvw srvvleoh

vljqdo lv qhfhvvdu| iru h!flhqf|/ lw lv qrw vx!flhqw1 Hyhq li edqnv surylgh fuhglw rqo| diwhu

revhuylqj wkh ehvw srvvleoh vljqdo/ SEHv duh vwloo olnho| wr eh lqh!flhqw ehfdxvh wkh edqnv

uhtxluh lq dgglwlrq wkdw wkhlu h{shfwhg sur�wv iurp surylglqj fuhglw duh srvlwlyh/ zkhuhdv

frqvwudlqhg h!flhqf| uhtxluhv wkdw h{shfwhg vrfldo zhoiduh lv lqfuhdvhg1 Lq sduwlfxodu/ wkh

vhfrqg edqn wr lqyhvw grhv qrw wdnh lqwr dffrxqw wkh qhjdwlyh sd|r� h{whuqdolw| lw lpsrvhv

rq wkh edqn wkdw kdv douhdg| lqyhvwhg1 Wkh gl�huhqfh ehwzhhq wkhvh wzr fulwhuld lv olnho| wr

lpso| wkh lqh!flhqf| ri dq| SEH hyhq li edqnv lqyhvw rqo| diwhu revhuylqj wkh ehvw srvvleoh

vljqdo1

81 Srolf|

Zkloh vrfldoo| h!flhqw sur�ohv ri vwudwhjlhv pd| eh lghqwl�hg/ vhoi0lqwhuhvwhg lqwhuqdwlrqdo

edqnv zloo qrw iroorz wkh uhfrpphqgdwlrqv ri d ehqhyrohqw vrfldo sodqqhu xqohvv lw lv rswlpdo

57Wklv pd| eh wkh fdvh li/ iru h{dpsoh/ hyhq zkhq � @ �K qr pruh wkdq F fuhglwv rxjkw wr eh surylghg1
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iru wkhp wr gr vr1 Lq wklv vhfwlrq zh srvh wkh txhvwlrq ri zkhwkhu wkhuh h{lvwv d �vlpsoh�

srolf| wkdw vxfk d vrfldo sodqqhu pd| hpsor| wr lqfuhdvh vrfldo zhoiduh1 Zh dvvxph wkdw wkh

vrfldo sodqqhu fdq rqo| uho| rq wd{hv dqg vxevlglhv rq vkruw0whup iruhljq fuhglwv wr lqgxfh

ru glvfrxudjh lqyhvwphqwv1 Vshfl�fdoo|/ zh dvvxph wkdw dw dq| wlph | � �c wkh vrfldo sodqqhu

fdq lpsrvh d wd{ 5| ' 5 E�|3�� +ru d vxevlg| zkhq 5| 	 f�c zklfk pd| ghshqg rq wkh sxeolfo|

revhuyhg klvwru| �|3� exw qrw rq wkh sulydwho| revhuyhg vljqdov/ rq edqn | li lw lqyhvwv1 Edqnv

wkdw gr qrw lqyhvw fdqqrw eh wd{hg dqg uhfhlyh qr vxevlglhv158 Zh dvvxph wkdw wkh vrfldo

sodqqhu lv fdsdeoh ri frpplwwlqj wr d wd{ vfkhph 5 G K $ U159 Jlyhq wklv olplwhg vhw ri

lqvwuxphqwv/ fdq wkh sodqqhu dfklhyh wkh vhfrqg0ehvw ru dw ohdvw lpsuryh xsrq wkh shuihfw

Ed|hvldq htxloleulxpB

Lw lv lpsruwdqw wr qrwh wkdw d v|vwhp ri wd{hv dqg vxevlglhv fdq rqo| khos lq wkh lpsoh0

phqwdwlrq ri edqn vwudwhjlhv wkdw duh prqrwrqh qrq0ghfuhdvlqj lq wkh edqnv* sulydwh vljqdov1

Wklv iroorzv iurp wkh idfw wkdw iru dq| jlyhq wd{ 5|c zkhqhyhu wkh h{shfwhg jdlq wr edqn

| iurp vxsso|lqj fuhglw diwhu revhuylqj d vljqdo r| 5 iruc rLj lv srvlwlyh/ lw lv dovr srvlwlyh

zkhq wkh edqn revhuyhv wkh kljkhvw srvvleoh vljqdo r| ' rM � Ru/

. dZ E�c �c /� m iEj� c q��j
"

�'�
c 5c �|3�c r| ' r�o� 5| : f

', . dZ E�c �c /� m iEj� c q��j
"

�'�
c 5c �|3�c r| ' r��o� 5| : f

iru hyhu| r�� : r�� Wklv kdv wkh iroorzlqj lpsolfdwlrq1 Gh�qh wkh wklug0ehvw dv wkh ehvw rxwfrph

wkdw fdq eh dfklhyhg xqghu wkh lqirupdwlrq frqvwudlqwv ri wkh prgho dqg wkh dgglwlrqdo

frqvwudlqw wkdw rqo| prqrwrqh qrq0ghfuhdvlqj vwudwhjlhv pd| eh hpsor|hg e| wkh edqnv1 Zh

kdyh wkh iroorzlqj sursrvlwlrq1

Sursrvlwlrq 71 Wkh wklug0ehvw rxwfrph fdq eh lpsohphqwhg wkurxjk d vhtxhqfh ri +klvwru|

ghshqghqw, wd{hv dqg vxevlglhv1

Zh qrwh wkdw lw pd| eh shuihfwo| udwlrqdo wr vxevlgl}h d ��uvw zdyh� ri iruhljq fuhglwv/ exw

wr wd{ d �vhfrqg zdyh� +lq rughu wr suhyhqw lw,15: Ixuwkhupruh/ lw lv srvvleoh wkdw ehfdxvh

58
H{hpswlrqv iurp +ixwxuh, lqfrph wd{hv dqg +sduwldo, vwdwh jxdudqwhhv iru wkh fuhglwv duh lq pdq| zd|v

htxlydohqw wr d vxevlg| dqg duh qrw dqdo|}hg vhsdudwho|1
59Qrwlfh wkdw frpplwphqw vkrxog qrw eh sureohpdwlf lq wklv frqwh{w ehfdxvh lw lv dozd|v lq wkh ehvw

lqwhuhvw ri wkh sodqqhu wr iroorz wkh dqqrxqfhg wd{ vfkhph lq rughu wr dfklhyh wkh vhfrqg0ehvw rxwfrph1
5:Li wkh h{shfwhg vrfldo ehqh�w iurp lqyhvwlqj h{fhhgv wkh edqn*v h{shfwhg sur�w vx!flhqwo|/ lw lv udwlrqdo

wr vxevlgl}h lqyhvwphqwv wkdw zrxog qrw rffxu rwkhuzlvh1 Krzhyhu/ li d edqn lqyhvwv zkhq lpsohphqwlqj
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ri wkh ��uvw pryhu*v fxuvh� +H{dpsoh 6,/ qr edqn pd| lqyhvw1 Dv lpsolhg e| H{dpsoh 7/

lpsrvlqj kljk hqrxjk wd{hv rq ixwxuh edqnv pd| holplqdwh wklv �uvw pryhu*v fxuvh1 Wkxv/

d wd{ rq d �vhfrqg zdyh� ri lqyhvwphqwv pd| wuljjhu d ��uvw zdyh1� Lq idfw/ lw pd| eh wkh

fdvh wkdw zkloh qr lqyhvwphqw zloo rffxu lq htxloleulxp devhqw dq| wd{hv/ wkh vhfrqg0ehvw

+ru wklug0ehvw, uhtxluhv wkdw erwk wkh �uvw dqg odwhu lqyhvwphqwv duh wd{hg15;

Dv zh kdyh vhhq lq wkh suhylrxv vhfwlrq/ xqghu vrph flufxpvwdqfhv/ qdpho| zkhq wkh qh{w

� fuhglwv wr eh surylghg duh vxuh wr eh wkh odvw rqhv/ prqrwrqh qrq0ghfuhdvlqj vwudwhjlhv

dfklhyh wkh vhfrqg0ehvw rxwfrph +Sursrvlwlrq 6,1 Lq wkrvh flufxpvwdqfhv d v|vwhp ri wd{hv

dqg vxevlglhv fdq wkhuhiruh jhqhudwh wkh vhfrqg0ehvw rxwfrph ehfdxvh vxfk d v|vwhp fdq

jxdudqwhh dfklhyh wkdw edqnv lqyhvw h{dfwo| zkhq wkh| revhuyh d kljk vljqdo dqg frqglwlrqdo

rq wkdw vljqdo wkh lqyhvwphqw lqfuhdvhv vrfldo zhoiduh1 Dv qrwhg lq wkh suhylrxv vhfwlrq/ rqh

sduwlfxodu vxfk fdvh lv zkhuh wkh ulvn ri d fxuuhqf| fulvlv lv vr �vhyhuh� wkdw qr pruh wkdq �

fuhglwv rxjkw wr eh surylghg1

91 Frqfoxvlrqv

Wkh suhydohqfh ri fxuuhqf| fulvhv lq uhfhqw |hduv jlyhv ulvh wr wkh txhvwlrq ri zkr vkduhv wkh

juhdwhvw uhvsrqvlelolw| iru wkhlu uhshdwhg rffxuuhqfh15< Vrph dujxh wkdw edlorxw jxdudqwhhv

duh wkh pdlq fxosulwv1 Ehfdxvh ri wkhvh edlorxw jxdudqwhhv/ fuhglwruv qhjohfw wr vfuhhq rxw

wkrvh surmhfwv wkdw gr qrw ghvhuyh wr eh jlyhq fuhglw/ wrr pxfk fuhglw lv jlyhq/ dqg wkh

olnholkrrg wkdw d fxuuhqf| fulvlv rffxuv lqfuhdvhv163 Rwkhuv dujxh wkdw wkh eodph olhv zlwk

wkh vhfrqg0ehvw +ru wklug0ehvw,/ lw uhyhdov d kljk vljqdo +Sursrvlwlrq 5,1 Wklv pd| lq wxuq lqgxfh ixuwkhu

lqyhvwphqw wkdw lv qrw vrfldoo| rswlpdo dqg wkxv vkrxog eh suhyhqwhg e| d wd{1
5;Wd{lqj wkh vhfrqg lqyhvwphqw pdnhv lw xqsur�wdeoh dqg wkxv holplqdwhv wkh �uvw pryhu*v fxuvh1 Kdylqj

dfklhyhg wkdw/ wd{lqj wkh �uvw lqyhvwphqw dv zhoo pd| eh qhfhvvdu| wr suhyhqw lqyhvwphqw diwhu revhuydwlrq

ri rqo| wkh xqlqirupdwlyh vljqdo1
5<Fkdqj dqg Yhodvfr +4<<<,/ iru h{dpsoh/ zulwh �Wkh uhfhqw olwhudwxuh r�huv qr vkruwdjh ri yloodlqv wr

eodph iru wkh �qdqfldo fudvkhv lq Ph{lfr/ Hdvw Dvld/ Uxvvld/ dqg Eud}lo= fruuxswlrq dqg furq|lvp/ odfn

ri wudqvsduhqf| dqg lpshuihfw ghprfudf|/ plvjxlghg lqyhvwphqw vxevlglhv dqg ordq jxdudqwhhv/ h{whuqdo

gh�flwv wkdw duh wrr odujh +ru vrphwlphv wrr vpdoo,/ �{hg h{fkdqjh udwhv wkdw duh pdlqwdlqhg iru wrr orqj +ru

dedqgrqhg wrr uhdglo|,/ srru �qdqfldo uhjxodwlrq/ h{fhvvlyh eruurzlqj deurdg � wkh olvw jrhv rq dqg rq1� +s1

4,1 Qrwh wkdw dowkrxjk pdq| gl�huhqw fdxvhv duh olvwhg/ wkh| doo djuhh lq wkdw wkh eodph lv zlwk wkh ghewru

frxqwulhv1
63Vfkqhlghu dqg Wruqhoo +4<<<, lghqwli| d fodvv ri prghov lq zklfk jryhuqphqw edlorxw jxdudqwhhv dqg prudo

kd}dug lq �qdqfldo pdunhwv duh uhvsrqvleoh iru fxuuhqf| fulvhv1 �Vxfk glvwruwlrqv lqgxfh ryhulqyhvwphqw lq
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ghewru frxqwulhv zkr dgrswhg �furq| fdslwdolvp� phwkrgv zkhq wkh| lqgxvwuldol}hg ru zkhq

wkh| olehudol}hg wkhlu hfrqrplhv1 Wklv/ lq wxuq/ udlvhv wkh txhvwlrq ri krz wkrvh frxqwulhv

zklfk dgrswhg furq| fdslwdolvw phwkrgv vxffhhg lq rewdlqlqj fuhglw/ wr zklfk wkh dqvzhu lv/

djdlq/ ehfdxvh iruhljq ohqghuv fdq frxqw rq ehlqj edlohg rxw1

Lq oljkw ri wklv glvfxvvlrq/ wkh jhqhudo phvvdjh ri wklv sdshu pd| eh lqwhusuhwhg dv sodflqj

sduw ri wkh eodph rq wkh lqwhuqdwlrqdo �qdqfldo frppxqlw| dv zhoo1 Dv zh vkrz/ hyhq

li iruhljq edqnv fdqqrw frxqw rq ehlqj edlohg rxw/ wkh| vwloo surylgh wrr pdq| fuhglwv wrr

hdvlo| zklfk pd| suhflslwdwh wkh rqvhw ri �qdqfldo fulvhv1 Dv zh vkrz lq Vhfwlrq 8/ d mxglflrxv

�fruuhfwlrq� ri wkh lqfhqwlyhv ri wkhvh iruhljq edqnv wkurxjk wd{hv dqg vxevlglhv pd| lq idfw

lpsuryh ryhudoo h!flhqf| dqg uhgxfh wkh olnholkrrg wkdw fulvhv rffxu1

qhjdwlyh QSY surmhfwv/ zklfk fuhdwhv d klgghq �vfdo gh�flw1 Vlqfh vxfk d gh�flw lv xqvxvwdlqdeoh/ d fulvlv lv

lqhylwdeoh1� +s1 7,1 Wkh| flwh Fruvhwwl/ Shvhqwl dqg Urxelql +4<<;,/ Nuxjpdq +4<<;, dqg PfNlqqrq dqg

Sloo +4<<:, dv h{dpsohv iru wklv fodvv ri prghov wkdw vwuhvv edlorxw jxdudqwhhv1 Lq wkhlu rzq prgho/ �edlorxw

jxdudqwhhv fdq eh d fklhi fxosulw lq pdnlqj wkh hfrqrp| yxoqhudeoh ^wr d fulvlv`1� +s1 5;,1 Wklv olwhudwxuh

lpsolhv wkdw suhyhqwlqj iruhljq edqnv iurp ehlqj edlohg rxw pd| holplqdwh wkh ulvn ri d fxuuhqf| fulvhv ru dw

ohdvw uhgxfh wklv ulvn vljql�fdqwo|1
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Dsshqgl{= Surriv

Surri ri Sursrvlwlrq 41 Zh �uvw suryh +ll,/ wkhq +lll,/ wkhq +l,1 Ohw �| '
S|

�'� @�� 5

ifc �c 2�j ghqrwh wkh qxpehu ri fuhglwv surylghg wr wkh frxqwu| e| wlph |1 Iru hyhu| |c �| lv

d udqgrp yduldeoh zkrvh uhdol}dwlrq ghshqgv rq wkh edqnv vwudwhjlhv dqg rq wkh uhdol}dwlrq

ri edqnv* vljqdov1

Zh vkrz wkdw lq hyhu| sxuh vwudwhj| SEH edqnv* vwudwhjlhv duh prqrwrqh qrq0ghfuhdvlqj

lq wkhlu vljqdov1 Wkh edqn wkdw pryhv dw | lqyhvwv li dqg rqo| li64

*�4
A<"

.�
A
c/

k
Z E�c �A c /� m iEj� c q� �j

A

�'� c �|3�c r|

l
: f�

Vxssrvh wkhuh h{lvwv vrph SEH iEj|c q|�j
"

|'� zkhuh iru vrph wlph | dqg vrph klvwru| �|3�c

wkh edqn wkdw pryhv dw | lqyhvwv diwhu revhuylqj wkh vljqdo r� exw qrw diwhu revhuylqj wkh

ehwwhu vljqdo r��� Vxssrvh wkdw edqn | ghyldwhv dqg lqyhvwv diwhu revhuylqj wkh vljqdo |��� Lwv

h{shfwhg sd|r� lv

*�4
A<"

.�
A
c/

k
Z E�c �A c /� m iEj� c q��j

A

�'� c �|3�c r
��

l

: *�4
A<"

.�
A
c/

k
Z E�c �A c /� m iEj� c q��j

A

�'� c �|3�c r
�

l

: f�

Wkh �uvw lqhtxdolw| deryh iroorzv iurp wkh idfw wkdw r�� lv d ehwwhu vljqdo wkdq r� lpso|lqj

d pruh idyrudeoh glvwulexwlrq ryhu / dqg wkh idfw wkdw wkh edqnv wkdw pryh diwhu edqn |

fdqqrw revhuyh edqn |*v ghyldwlrq dqg wkhuhiruh gr qrw fkdqjh wkhlu ehkdylru1 Wkh vhfrqg

lqhtxdolw| iroorzv iurp wkh idfw wkdw iEj|c q|�j
"

|'� lv d SEH1 Wkhuhiruh/ edqn | vkrxog lqyhvw

diwhu revhuylqj wkh vljqdo r��� D frqwudglfwlrq1

Zh qrz vkrz wkdw wkh �uvw vwdjh ri wkh jdph hqgv lq �qlwh wlph1 Wkdw lv/ wkhuh h{lvwv

d wlph A 	 4 vxfk wkdw �|n� ' �| iru hyhu| | � A� Li diwhu vrph klvwru| �|c hlwkhu wzr

edqnv kdyh douhdg| lqyhvwhg ru qr edqn zloo lqyhvw lq wkh ixwxuh uhjdugohvv ri wkh vljqdo lw

revhuyhv/ wkhq wkh �uvw vwdjh ri wkh jdph kdv hqghg1 Rwkhuzlvh/ vlqfh vwudwhjlhv duh prqrwrqh

qrq0ghfuhdvlqj/ li diwhu d klvwru| �|3� edqn | grhv qrw lqyhvw/ lw pxvw eh wkdw wkh vljqdo lw

revhuyhg/ r|c lv hlwkhu htxdo wr ru ru rL c zklfk lqfuhdvhv wkh srvwhulru suredelolw| wkdw b ' bu

64
Qrwh wkdw vlqfh � lv erxqghg iurp ehorz dqg H�

W
>$

k
� +4> �W > $, m +�� ,

W

�@4 > kw�4> vw

l
lv qrq0lqfuhdvlqj lq

W> wkh olplw h{lvwv1
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dqg wkxv ghfuhdvhv wkh h{shfwhg sd|r� wkdw ixwxuh edqnv fdq rewdlq iurp lqyhvwlqj1 Lw fdq

eh yhul�hg wkdw wkhuh h{lvwv d �qlwh qxpehu &c vxfk wkdw wkh srvwhulru h{shfwhg sd|r� iurp

lqyhvwlqj frqglwlrqdo rq revhuylqj & edg ru xqlqirupdwlyh vljqdov dqg rqh jrrg vljqdo lv

qhjdwlyh1 Frqvhtxhqwo|/ diwhu & edqnv ghfolqh wr lqyhvw/ qr edqn zloo zdqw wr lqyhvw dqg wkh

�uvw vwdjh ri wkh jdph zloo hqg1

Ilqdoo|/ h{lvwhqfh ri d sxuh vwudwhj| SEH iroorzv iurp wkh idfw wkdw wkh �uvw vwdjh ri wkh

jdph hqgv lq �qlwh wlph1 D sxuh vwudwhj| SEH h{lvwv e| edfnzdugv lqgxfwlrq1

Surri ri Sursrvlwlrqv 5 dqg 6

Wkh wkuhh ohppdv ehorz duh xvhg lq wkh surriv ri Sursrvlwlrqv 5 dqg 61

Ohppd 41 Dw dq| |c lw lv qhyhu vhfrqg0ehvw rswlpdo wr surylgh d fuhglw lqghshqghqwo| ri

wkh vljqdo r|1

Surri1 Il{ d wlph |/ d klvwru| �|3�c dqg d sur�oh ri vwudwhjlhv ij�j
"
�'�

� Vxssrvh wkdw xqghu

wklv sur�oh ri vwudwhjlhv/ wkh edqn wkdw pryhv dw | surylghv � fuhglwv uhjdugohvv ri wkh vljqdo

lw revhuyhv1 Zh glvwlqjxlvk ehwzhhq wzr fdvhv= +4, � fuhglwv kdyh douhdg| ehhq surylghg e|

wlph |c dqg +5, qr fuhglwv kdyh ehhq surylghg e| wlph |�

Frqvlghu fdvh +4, �uvw1 Ghqrwh o E/� ' ` E2�c/� � ` E�c /� � Vlqfh � fuhglwv kdyh

douhdg| ehhq surylghg/ surylglqj � pruh fuhglwv zloo hqg wkh �uvw vwdjh ri wkh jdph |lhoglqj

dq dgglwlrqdo vrfldo vxusoxv ri=

.
�
o E/� m ij�j

|3�
�'�

c �|3�
�

' �h
�
bu m ij�j

|3�
�'�

c �|3�
�
. do E/� m buo

n�h
�
bM m ij�j

|3�
�'�

c �|3�
�
. do E/� m bM o �

Qrwlfh wkdw/ e| dvvxpswlrq/ . do E/� m buo 	 f� Lq fdvh . do E/� m bM o � f wkh frqfoxvlrq

iroorzv lpphgldwho|/ vr dvvxph . do E/� m bM o : f� Ed|hvldq xsgdwlqj lpsolhv wkdw/ iru hyhu|

klvwru| �|3�c

�h
�
bu m ij�j

|3�
�'�

c �|3�c r| ' � � � ' r|n& ' ru
�

(
&@"

�c

dqg

�h
�
bM m ij�j

|3�
�'�

c �|3�c r| ' � � � ' r|n& ' ru
�

)
&@"

f�

Wkhuhiruh/ wkhuh h{lvwv d �qlwh lqwhjhu g vxfk wkdw

.
�
o E/� m ij�j

|3�
�'�

c �|3�c r| ' � � � ' r|ng ' ru
�
	 f�
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E| dvvxpswlrq/ wkh sur�oh ri vwudwhjlhv ij�j
"

�'�
fdoov iru wkh edqn wkdw pryhv dw | wr surylgh

fuhglw uhjdugohvv ri lwv vljqdo1 Zh vkrz wkdw wkhuh h{lvwv dqrwkhu sur�oh ri vwudwhjlhv wkdw

jhqhudwhv d kljkhu vrfldo vxusoxv/ lpso|lqj wkdw ij�j
"

�'�
fdqqrw eh vhfrqg0ehvw1 Vshfl�fdoo|/

vxssrvh wkdw lqvwhdg ri surylglqj � fuhglwv dw | uhjdugohvv ri wkh vljqdo dqg hqglqj wkh �uvw

vwdjh ri wkh jdph/ wkh edqnv iroorz wkh iroorzlqj vwudwhjlhv= hyhu| edqn wkdw pryhv dw wlph

� 5 i|c ���c |ngj surylghv fuhglw li dqg rqo| li lw revhuyhv d vljqdo r� 5 irL c rMj � Wkh edqnv

wkdw pryh diwhu wlph | ng gr qrw surylgh fuhglw uhjdugohvv ri wkhlu vljqdo1 Zh vkrz wkdw

wklv qhz sur�oh ri vwudwhjlhv surylghv d kljkhu h{shfwhg vrfldo vxusoxv wkdq j ' ij�j
"

�'�
1

Wklv iroorzv iurp wkh idfw wkdw/

.
�
o E/� m ij�j

|3�

�'�
c �|3�

�

' �h Er| ' � � � ' r|ng ' ru m jc �|3��. do E/� m jc �|3�c r| ' � � � ' r|ng ' ruo

n E�� �h Er| ' � � � ' r|ng ' ru m jc �|3���. do E/� m jc �|3�c r� 9' ru iru vrph � 5 i|c ���|ngjo

	 E�� �h Er| ' � � � ' r|ng ' ru m jc �|3���. do E/� m jc �|3�c r� 9' ru iru vrph � 5 i|c ���|ngjo

zklfk lv htxdo wr wkh dgglwlrqdo h{shfwhg vrfldo vxusoxv xqghu wkh qhz sur�oh ri vwudwhjlhv

vlqfh lq frqwudvw wr zkdw kdsshqv xqghu ij�j
"

�'�
c xqghu wkh qhz vwudwhjlhv/ qr fuhglw lv

surylghg zkhq r� ' ru iru doo � 5 i|c ���c |ngj�

Frqvlghu qrz fdvh +5,1 Il{ d wlph |/ d klvwru| �|3�c dqg d sur�oh ri vwudwhjlhv ij�j
"

�'�
�

Vxssrvh wkdw qr fuhglwv kdyh ehhq surylghg xs wr wlph |c dqg wkdw xqghu wklv sur�oh ri

vwudwhjlhv/ wkh edqn wkdw pryhv dw | surylghv � fuhglwv uhjdugohvv ri wkh vljqdo lw revhuyhv1

Xqghu dq| sur�oh ri vhfrqg0ehvw vwudwhjlhv wkh �uvw vwdjh ri wkh jdph pxvw hqg lq �qlwh wlph

zlwk srvlwlyh suredelolw|1 Wkxv/ li wkh sur�oh ri vwudwhjlhv ij�j
"

�'�
lv vhfrqg0ehvw rswlpdo/

wkhuh h{lvwv d A vxfk wkdw zlwk srvlwlyh suredelolw| wkh �uvw vwdjh ri wkh jdph hqgv e| shulrg

|nA� Frqvlghu wkh dowhuqdwlyh sur�oh ri vwudwhjlhv ij�
�
j"
�'�

c zklfk lv gh�qhg dv iroorzv= +l, iru

� 5 i�c ���c |� �j c j�
�
� j� c l1h1/ wkh dowhuqdwlyh vwudwhj| lv lghqwlfdo wr wkh ruljlqdo vwudwhj|>

+ll, wkh edqn wkdw pryhv dw | grhv qrw surylgh dq| fuhglw uhjdugohvv ri wkh vljqdo lw revhuyhv>

+lll, wkh edqnv � 5 i|n �c ���c |n Aj iroorz wkhlu ruljlqdo vwudwhjlhv j� dv li edqn | kdv lqyhvwhg/

xqwlo dffruglqj wr wkh ruljlqdo vwudwhj| sur�oh wkh �uvw vwdjh ri wkh jdph kdv hqghg ru shulrg

|nAc zklfkhyhu frphv �uvw> +ly, li dffruglqj wr wkh ruljlqdo vwudwhj| sur�oh wkh �uvw vwdjh ri

wkh jdph hqgv zlwk vrph edqn � 5 i|c ���c |n Aj c edqn � n� lqyhvwv uhjdugohvv ri wkh vljqdo

lw revhuyhv dqg wkh �uvw vwdjh ri wkh jdph hqgv wkhuhdiwhu> +y, �qdoo|/ li dffruglqj wr wkh

ruljlqdo vwudwhj| sur�oh wkh �uvw vwdjh ri wkh jdph kdv qrw hqghg e| wlph |nA / edqn |nAn�
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lqyhvwv uhjdugohvv ri wkh vljqdo lw revhuyhv/ dqg j�
�n� � j� iru doo � � |nA n2� Wkdw lv/ diwhu

edqn |n A zh �lqvhuw� dq dgglwlrqdo edqn wkdw lqyhvwv uhjdugohvv ri lwv vljqdo +�lqvwhdg ri�

edqn |, dqg wklv dgglwlrqdo edqn lv ljqruhg e| wkh edqnv wkdw pryh odwhu dqg iroorz wkhlu

ruljlqdo vwudwhjlhv1 Qrwlfh wkdw zkhqhyhu xqghu wkh ruljlqdo sur�oh ri vwudwhjlhv ij�j
"

�'�
wkh

�uvw vwdjh ri wkh jdph hqgv zlwk d edqn � 5 i|c ���c |n Aj c xqghu wkh dowhuqdwlyh vwudwhj|

sur�oh ij�
�
j"
�'�

lw hqgv zlwk edqn � n �/ zlwkrxw dq| gl�huhqfh lq wkh sxeolf lqirupdwlrq

rewdlqhg1 Rwkhuzlvh sod| frqwlqxhv lghqwlfdoo| zlwk d �odj� ri rqh shulrg1 Frqvhtxhqwo|/

wkh h{shfwhg vrfldo sd|r� lv h{dfwo| wkh vdph xqghu erwk sur�ohv ri vwudwhjlhv/ ij�j
"

�'�
dqg

ij�
�
j"
�'�

� Krzhyhu/ iurp wkh surri ri fdvh +4, lw iroorzv wkdw zkhqhyhu xqghu wkh sur�oh ri

vwudwhjlhv ij�
�
j"
�'�

wkh �uvw vwdjh ri wkh jdph hqgv zlwk vrph edqn � 5 i|n �c ���c |n A n �j/

d vwulfwo| kljkhu vrfldo sd|r� fdq eh dfklhyhg e| vrph dowhuqdwlyh +wklug, sur�oh ri vwudwhjlhv�

Vlqfh wkh hyhqw wkdw xqghu wkh sur�oh ri vwudwhjlhv ij�
�
j"
�'�

wkh �uvw vwdjh ri wkh jdph hqgv

zlwk vrph edqn � 5 i|n �c ���c |n A n �j kdv/ e| frqvwuxfwlrq/ d srvlwlyh suredelolw|/ wklv

lpsolhv wkdw wkh sur�oh ri vwudwhjlhv ij�
�
j"
�'�

grhv qrw dfklhyh wkh vhfrqg0ehvw rxwfrph1 Exw

wkhq qhlwkhu fdq wkh ruljlqdo sur�oh ri vwudwhjlhv ij�j
"

�'�
eh rswlpdo ehfdxvh lw jhqhudwhv

wkh vdph h{shfwhg sd|r� dv ij�
�
j"
�'�

� D frqwudglfwlrq1

Ohppd 51 Diwhu dq| klvwru| �|3�c wkh iroorzlqj fdqqrw eh vhfrqg0ehvw vwudwhjlhv iru edqn

| G +l, @| ' � li dqg rqo| li r| ' rL ( dqg/ +ll, @| ' � li dqg rqo| li r| 5 iruc rMj1

Surri1 Qrwlfh wkdw wkh wzr lqyhvwphqw vwudwhjlhv ghvfulehg deryh duh qrw edvhg rq dq|

idyrudeoh lqirupdwlrq dqg wkh| gr qrw wudqvplw dq| ydoxdeoh lqirupdwlrq lqwr wkh ixwxuh1

Wkh| duh wkxv htxlydohqw wr orwwhulhv zkhuh � fuhglwv duh surylghg zlwk d fhuwdlq suredelolw|/

uhjdugohvv ri wkh vljqdo/ dqg zlwk wkh frpsohphqwdu| suredelolw| qr fuhglw lv jlyhq/ uhjdugohvv

ri wkh vljqdo1 Lw lv wkhq vwudljkwiruzdug wr vhh wkdw wkh suhylrxv ohppd fdq eh h{whqghg wr

fryhu wklv fdvh wrr1

Ohppd 61 Diwhu dq| klvwru| �|3� vxfk wkdw wkh qh{w � fuhglwv wr eh surylghg zloo eh wkh

odvw rqhv +hlwkhu ehfdxvh � fuhglwv kdyh douhdg| ehhq surylghg/ ru zkdwhyhu lqirupdwlrq lv

uhyhdohg lq wkh ixwxuh/ h!flhqf| uhtxluhv wkdw qr pruh wkdq � fuhglwv eh surylghg65,/ wkh

vhfrqg0ehvw vwudwhj| ri edqn � � | lv prqrwrqh qrq0ghfuhdvlqj lq lwv vljqdo1

65Wklv pd| eh wkh fdvh/ iru h{dpsoh/ li hyhq zkhq lw lv nqrzq wkdw � @ �K > h!flhqf| lpsolhv wkdw qr pruh

wkdq F fuhglwv rxjkw wr eh surylghg1
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Surri1 Dvvxph wkh frqglwlrq ghvfulehg lq wkh vwdwhphqw ri wkh ohppd lv vdwlv�hg iurp

wlph | rqzdugv1 E| wkh suhylrxv wzr ohppdv/ lw lv hqrxjk wr vkrz wkdw li iru vrph � � | d

vhfrqg0ehvw vwudwhj| suhvfulehv @� ' � xsrq revhuydwlrq ri r� ' ru lw pxvw dovr suhvfuleh

@� ' � xsrq revhuydwlrq ri r� ' rM �

Ohw j ' Ej�c j2c ���� ghqrwh d sur�oh ri vhfrqg0ehvw vwudwhjlhv1 Vxssrvh wkdw iru vrph

� � |/ j� E��3�c ru� ' � exw j� E��3�c rM� ' f� Zh vkrz wkdw wkhuh h{lvwv dqrwkhu sur�oh ri

vwudwhjlhv/ ghqrwhg j�c wkdw jhqhudwhv d vwulfwo| kljkhu h{shfwhg vrfldo vxusoxv/ lpso|lqj d

frqwudglfwlrq1 Wkh sur�oh ri vwudwhjlhv j� lv gh�qhg dv iroorzv= lw frlqflghv zlwk j hyhu|zkhuh/

h{fhsw wkdw j�

�
E��3�c ru� ' fc dqg j�

�
E��3�c rM� ' �� Ohw � ' . d` E�c /� m jc �|3�o ghqrwh

wkh h{shfwhg vrfldo zhoiduh xqghu j frqglwlrqdo rq �|3�c dqg ohw � � ' . d` E�c /� m j�c �|3�o

ghqrwh wkh h{shfwhg vrfldo zhoiduh xqghu j� frqglwlrqdo rq �|3�1 Lq wkhvh h{shfwdwlrqv/ �

ghqrwhv wkh udqgrp qxpehu ri fuhglwv wkdw duh ehlqj vxssolhg dw wkh hqg ri wkh �uvw vwdjh

ri wkh jdph frqglwlrqdo rq wkh klvwru| �|3� dqg wkh vwudwhj| sur�oh j dqg j�c uhvshfwlyho|1

Ilqdoo|/ ohw � ghqrwh wkh pd{lpxp qxpehu ri fuhglwv wkdw pd| eh jlyhq1 Wkdw lv/ � ' 2� li

� fuhglwv kdyh douhdg| ehhq jlyhq e| |c dqg � ' � li qr fuhglwv kdyh ehhq jlyhq e| |� Qrwlfh

wkdw zlwk voljkw dexvh ri qrwdwlrq/ � fdq eh zulwwhq dv/

� ' �h ErM m bu� �h Ebu m �|3��. d` E�c /� m jc buo

n�h ErL m bu� �h Ebu m �|3��. d` E�c /� m jc buo

n�h Eru m bu� �h Ebu m �|3��. d` E�c /� m buo

n�h ErM m bM� �h EbM m �|3��. d` E�c /� m jc bM o

n�h ErL m bM� �h EbM m �|3��. d` E�c /� m jc bM o

n�h Eru m bM� �h EbM m �|3��. d` E�c /� m bM o c

dqg wkdw � � fdq eh zulwwhq dv/

� � ' �h ErM m bu� �h Ebu m �|3��. d` E�c /� m buo

n�h ErL m bu� �h Ebu m �|3��. d` E�c /� m jc buo

n�h Eru m bu� �h Ebu m �|3��. d` E�c /� m jc buo

n�h ErM m bM� �h EbM m �|3��. d` E�c /� m bM o

n�h ErL m bM� �h EbM m �|3��. d` E�c /� m jc bM o

n�h Eru m bM� �h EbM m �|3��. d` E�c /� m jc bM o �
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Frqvhtxhqwo|/

� � � � ' d�h ErM m bu�� �h Eru m bu�o �h Ebu m �|3�� i. d` E�c /� m buo�. d` E�c /� m jc buoj

n d�h ErM m bM�� �h Eru m bM�o �h EbM m �|3�� i. d` E�c /� m bM o� . d` E�c /� m jc bM oj �

Revhuyh wkdw/

. d` E�c /� m buo� . d` E�c /� m jc buo � f

ehfdxvh � � � dqg zkhq b ' bu lw lv ehwwhu wr surylgh dv ihz fuhglwv dv srvvleoh> dqg

. d` E�c /� m bM o� . d` E�c /� m jc bM o � f

ehfdxvh � � � dqg zkhq b ' bM lw lv ehwwhu wr surylgh dv pdq| fuhglwv dv srvvleoh1 Ixu0

wkhupruh/ vlqfh lw fdqqrw eh wkdw xqghu d vhfrqg0ehvw vwudwhj|/ � dgglwlrqdo fuhglwv duh

surylghg diwhu | zlwk suredelolw| 4 dqg khqfh wkh xsshu erxqg � lv dozd|v dfklhyhg/ dw

ohdvw rqh ri wkh wzr lqhtxdolwlhv deryh pxvw eh vwulfw1 Ilqdoo|/ wkh idfw wkdw/ e| dvvxpswlrq/

erwk �h ErM m bu� 	 �h Eru m bu� c dqg �h ErM m bM� : �h Eru m bM� c lpsolhv wkdw �
� : �� D

frqwudglfwlrq1

Zh suryh Sursrvlwlrq 6 ehiruh 51

Surri ri Sursrvlwlrq 61 Zh suryh wkh Sursrvlwlrq iru wkh fdvh zkhuh diwhu vrph klvwru|

�|3�c lw ehfrphv nqrzq wkdw qr pruh wkdq � fuhglwv zloo hyhu eh surylghg1 Wkh surri iru

wkh rwkhu fdvh lv dqdorjrxv1 Ohw j ' Ej�c j2c ���� ghqrwh d sur�oh ri vhfrqg0ehvw vwudwhjlhv1

Wkh suhylrxv wkuhh ohppdv lpso| wkdw zh rqo| kdyh wr vkrz wkdw wkhuh grhv qrw h{lvw vrph

� � |c zkhuh dw � d edqn surylghv � fuhglwv diwhu revhuylqj wkh xqlqirupdwlyh vljqdo rL �

Vxssrvh wkhq wkdw � � | lv wkh odvw edqn wkdw rswlpdoo| surylghv � fuhglwv xsrq revhuydwlrq

ri wkh xqlqirupdwlyh vljqdo rL xqghu j� E| dvvxpswlrq/ doo wkh edqnv wkdw pryh diwhu � c

surylgh fuhglw rqo| xsrq revhuydwlrq ri wkh kljkhvw srvvleoh vljqdo rM c li dw doo1 Vxfk d odvw

edqn h{lvwv ehfdxvh wkh prqrwrqlflw| ri edqnv* rswlpdo vwudwhjlhv lpsolhv wkdw iru doo odujh

hqrxjk |c

. d` E�c/� m jc @� ' � � � ' @|3� ' fc r| ' rL o � fc

dqg/ lw fdqqrw eh rswlpdo iru edqn | wr surylgh fuhglw lq vxfk flufxpvwdqfhv166

66Lqyhvwphqw xsrq revhuydwlrq ri wkh xqlqirupdwlyh vljqdo vX lq vslwh ri d qrq0srvlwlyh sd|r� fdq rqo|

eh rswlpdo li lw lv lpsruwdqw wr �zduq� ixwxuh edqnv ri wkh zruvw srvvleoh vljqdo vO lq wkh iroorzlqj zd|= Li
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Zh vkrz wkdw d sur�oh ri vwudwhjlhv/ ghqrwhg j�c wkdw frlqflghv zlwk j xs wr � � �c

dqg iurp � rqzdugv lv lghqwlfdo wr wkh rqh ghvfulehg lq wkh vwdwhphqw ri wkh sursrvlwlrq

dqg zkhuh edqn � surylghv � fuhglwv rqo| xsrq revhuydwlrq ri wkh kljkhvw srvvleoh vljqdo

rM jhqhudwhv d kljkhu h{shfwhg vrfldo zhoiduh wkdq j1 Ohw gW ghqrwh wkh vpdoohvw lqwhjhu

qxpehu vxfk wkdw wkh edqn prylqj dw � n gW n � zrxog qrw surylgh � fuhglwv +surylghg

qrqh zhuh surylghg ehiruh, hyhq li lw revhuyhv wkh kljkhvw srvvleoh vljqdo rM xqghu j� Wkdw

lv/ gW lv wkh vpdoohvw lqwhjhu qxpehu vxfk wkdw

. d` E�c /� m jc ��3�c @� ' � � � ' @�ngW ' fc r�ngWn� ' rM o

' . d` E�c /� m jc ��3�c r� ' ruc r�n& 5 iruc rLj ;& 5 i�c ���cgWj c r�ngWn� ' rM o

� f�

Qrwh wkdw gW � ��67

Zh ohw g � ghqrwh wkh dqdorj wr gW xqghu j�1 Wkdw lv/ g � lv wkh vpdoohvw lqwhjhu vxfk

wkdwc

. d` E�c /� m j�c ��3�c @� ' @�n� ' � � � ' @�ng� ' fc r�ng�n� ' rM o

' . d` E�c /� m j�c ��3�c r�n& 5 iruc rLj ;& 5 ifc ���cg �j c r�ng�n� ' rM o

� f�

Wkh gl�huhqfh ehwzhhq g � dqg gW lv wkdw lq wkh gh�qlwlrq ri g �c zh frqglwlrq rq pruh

idyrudeoh lqirupdwlrq/ qdpho|/ wkh idfw wkdw qr fuhglw zdv surylghg dw � lpsolhv wkdw r� 5

iruc rLj dv rssrvhg wr r� ' ru lq wkh gh�qlwlrq ri gW� Lw wkhuhiruh pxvw eh wkh fdvh wkdw

g � � gW�68 Ghqrwh wkh h{shfwhg vrfldo zhoiduh xqghu j e| � W� Qrwlfh wkdw � W fdq eh zulwwhq

dv/

� W ' d�h ErL m bu� n �h ErM m bu�o �h Ebu m ��3��. d` E�c /� m buo

n d�h ErL m bM� n �h ErM m bM�o �h EbM m ��3��. d` E�c /� m bM o

edqn w grhv qrw lqyhvw/ lw uhyhdov wkdw lw revhuyhg wkh vljqdo vO dqg wklv/ lq wxuq/ frqyh|v vxfk �edg qhzv�

wkdw qr ixwxuh edqn vkrxog hyhu lqyhvw/ uhjdugohvv ri lwv revhuyhg vljqdo1 Krzhyhu/ vlqfh wkh vljqdov vK dqg

vO fdqfho hdfk rwkhu/ li d edqn vkrxog qrw lqyhvw diwhu wkh vhtxhqfh +vO> vK, lw vkrxog dovr qrw lqyhvw diwhu

vX ehfdxvh wkh xsgdwhg suredelolwlhv duh lghqwlfdo1
67Wklv lv gxh wr wkh idfw wkdw e| dvvxpswlrq/ H ^Z +4> $, m �> k��4> v� @ vO> v�.4 @ vK ` @

H ^Z +4> $, m �> k��4> v� @ vX ` A 3=
68Wklv fdq eh yhul�hg dojheudlfdoo|1

5:



n�h Eru m bu�
k
�� d�� �h ErM m bu�o

gW

l
�h Ebu m ��3��. d` E�c/� m buo

n�h Eru m bM�
k
�� d�� �h ErM m bM�o

g
W

l
�h EbM m ��3��. d` E�c /� m bM o �

Vlploduo|/ ghqrwh wkh h{shfwhg vrfldo zhoiduh xqghu j� e| � �� � � fdq eh zulwwhq dv/

� � ' �h ErM m bu� �h Ebu m ��3��. d` E�c /� m buo

n�h ErM m bM� �h EbM m ��3��. d` E�c /� m bM o

n d�h Eru m bu� n �h ErL m bu�o
k
�� d�� �h ErM m bu�o

g�

l
�h Ebu m ��3��. d` E�c/� m buo

n d�h Eru m bM� n �h ErL m bM�o
k
�� d�� �h ErM m bM�o

g
�

l
�h EbM m ��3��. d` E�c /� m bM o

� �h ErM m bu� �h Ebu m ��3��. d` E�c /� m buo

n�h ErM m bM� �h EbM m ��3��. d` E�c /� m bM o

n d�h Eru m bu� n �h ErL m bu�o
k
�� d�� �h ErM m bu�o

gW

l
�h Ebu m ��3��. d` E�c /� m buo

n d�h Eru m bM� n �h ErL m bM�o
k
�� d�� �h ErM m bM�o

g
W

l
�h EbM m ��3��. d` E�c /� m bM o �

ehfdxvh g � � gW lpsolhv wkdw zkhq zh vxevwlwxwh gW iru g � lq � � hlwkhu zh vxewudfw vrph

srvlwlyh whup+v, iurp � � +zkhq g � : gW, ru lw pdnhv qr gl�huhqfh +zkhq g � ' gW,169 Lw

iroorzv wkdw/

� W � � �

� �h ErL m bu� d�� �h ErM m bu�o
g

W

�h Ebu m ��3��. d` E�c /� m buo

n�h ErL m bM� d�� �h ErM m bM�o
gW

�h EbM m ��3��. d` E�c/� m bM o

' �h ErL m bu�. d` E�c /� m jc ��3�c r� ' ruc r�n& 5 iruc rLj ;& 5 i�c ���cgWj c r�ngWn� ' rM o

� f�

ehfdxvh/ e| gh�qlwlrq ri gWc wkh shqxowlpdwh h{suhvvlrq lv qrq0srvlwlyh1 Ixuwkhupruh/ li

g � : gWc wkh �uvw lqhtxdolw| deryh lv vwulfw> dqg li g � ' gWc wkh vhfrqg lqhtxdolw| pxvw eh

vwulfw ehfdxvh

. d` E�c /� m jc ��3�c r� ' ruc r�n& 5 iruc rLj ;& 5 i�c ���cgWj c r�ngWn� ' rM o

	 . d` E�c /� m j�c ��3�c r�n& 5 iruc rLj ;& 5 ifc ���cg �j c r�ng�n� ' rM o c

zklfk e| dvvxpswlrq lv qrq0srvlwlyh1

69Lq rughu wr vhh wklv/ uhfdoo wkdw S 3 lv d vhulhv ri N3 . 4 srvlwlyh whupv/ zkhuh wkh n*wk whup lv wkh

suredelolw| wkdw edqn � . n lqyhvwv wlphv wkh frqglwlrqdo h{shfwhg zhoiduh iurp wklv lqyhvwphqw1
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Wkh odvw vhqwhqfh ri lq wkh vwdwhphqw ri wkh Sursrvlwlrq iroorzv iurp wkh idfw wkdw zkhq

vwudwhjlhv duh prqrwrqh qrq0ghfuhdvlqj/ wkhuh lv d �qlwh lqwhjhu g vxfk wkdw

. d` E�c/� m j�c �� c r�n& 5 iruc rLj iru doo & 5 i�c ���cg � �j c r�ng ' rM o � f�

Surri ri Sursrvlwlrq 51 Vxssrvh wkdw j lv d sur�oh ri rswlpdo prqrwrqh qrq0ghfuhdvlqj

vwudwhjlhv1 Ehfdxvh ri wkh suhylrxv wkuhh ohppdv lw lv vx!flhqw wr vkrz wkdw lw lv lpsrvvleoh

wkdw j suhvfulehv lqyhvwphqw xsrq revhuydwlrq ri dq xqlqirupdwlyh vljqdo1 Pruhryhu/ zh

qhhg wr frqvlghu rqo| wkh fdvh wkdw lv qrw fryhuhg e| Sursrvlwlrq 61 Vxssrvh wkhq wkdw diwhu

vrph klvwru| �|3� edqn | lv wkh odvw wr surylgh fuhglw xsrq revhuydwlrq ri dq xqlqirupdwlyh

vljqdo/ wkdw qr fuhglwv kdyh ehhq surylghg ehiruh |c dqg wkdw wkh klvwru| �|3� grhv qrw lpso|

wkdw dw prvw � fuhglwv zloo eh surylghg1 Vxfk d odvw edqn h{lvwv ehfdxvh/ e| prqrwrqlflw|/

idloxuh wr lqyhvw iru d vx!flhqwo| orqj qxpehu ri shulrgv lqglfdwhv wkdw wkh suredelolw| ri wkh

vwdwh b ' bM lv vr orz wkdw lw glvfrxudjhv lqyhvwphqw dowrjhwkhu1

Iru dq| | 5 i�c 2c ���j c ohw T| E�|c R|� ghqrwh wkh h{shfwhg vrfldo zhoiduh iurp frqwlqxlqj wr

iroorz wkh rswlpdo prqrwrqh qrq0ghfuhdvlqj vwudwhj| sur�oh/ frqglwlrqdo rq wkh qxpehu ri

fuhglwv surylghg e| wlph |c ghqrwhg �|c dqg wkh suredelolw| ri wkh jrrg vwdwh b ' bM c ghqrwhg

R|� Frqvlghu dq dowhuqdwlyh vwudwhj| sur�oh/ ghqrwhg j�c wkdw lv lghqwlfdo wr j hyhu|zkhuh

h{fhsw wkdw xqghu j�

|
lqyhvwphqw lv pdgh li dqg rqo| li rM lv revhuyhg dqg xqghu j�

|n�

lqyhvwphqw lv pdgh li dqg rqo| li hlwkhu rM ru rL lv revhuyhg1 Wkh lghd ri wkh surri lv �uvw

wr vkrz wkdw j dqg j� jhqhudwh wkh h{dfw vdph h{shfwhg vrfldo zhoiduh/ dqg wkhq wr dujxh

wkdw j�c dqg wkxv jc fdqqrw eh rswlpdo ehfdxvh/ e| Sursrvlwlrq 6/ lw lv vwulfwo| vxerswlpdo

wr surylgh fuhglw xsrq revhuydwlrq ri dq xqlqirupdwlyh vljqdo zkhq � fuhglwv kdyh douhdg|

ehhq surylghg1

Wkh iroorzlqj Wdeoh 4 ghvfulehv wkh h{shfwhg vrfldo zhoiduh xqghu j dv d ixqfwlrq ri doo

wkh srvvleoh vljqdo uhdol}dwlrqv lq | dqg |n � G6:

6:Iru wkh �uvw wzr olqhv ri Wdeoh 4 qrwh wkdw ehfdxvh +e| dvvxpswlrq, wkh klvwru| kw�4 grhv qrw lpso| wkdw

dw prvw F fuhglwv zloo eh surylghg/ wkh vwudwhj| �w.4 pxvw suhvfuleh edqn w. 4 wr lqyhvw xsrq revhuydwlrq

ri d kljk vljqdo/ li edqn w kdv lqyhvwhg1 Iru wkh olqh fruuhvsrqglqj wr +vO> vK, qrwh wkdw wkh vwudwhj|

�w.4 pxvw suhvfuleh edqn w . 4 wr lqyhvw xsrq revhuydwlrq ri d kljk vljqdo/ li edqn w kdv qrw lqyhvwhg/

ehfdxvh lw suhvfulehv edqn w wr lqyhvw xsrq revhuydwlrq ri wkh qrq0lqirupdwlyh vljqdo vX / dqg wkh lqirupdwlrq

L @ ivw @ vO> vw.4 @ vKj lv htxlydohqw wr wkh lqirupdwlrq vw @ vX =
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Er|c r|n�� h{shfwhg vrfldo zhoiduh frqglwlrqdo rq j dqg �|n�

ErM c rM� . d` E2�c /� m �|3�c r| 5 irL c rMj c r|n� ' rM o

ErL c rM� . d` E2�c /� m �|3�c r| 5 irL c rMj c r|n� ' rM o

ErM c rL� T d�c�h EbM m �|3�c r| 5 irL c rMj c r|n� 5 iruc rLj�o

Eruc rM� T d�c�h EbM m �|3�c r| ' ruc r|n� ' rM�o

ErM c ru� T d�c�h EbM m �|3�c r| 5 irL c rMj c r|n� 5 iruc rLj�o

ErL c rL� T d�c�h EbM m �|3�c r| 5 irL c rMj c r|n� 5 iruc rLj�o

Eruc rL� T dfc�h EbM m �|3�c r| ' ruc r|n� 5 iruc rLj�o

ErL c ru� T d�c�h EbM m �|3�c r| 5 irL c rMj c r|n� 5 iruc rLj�o

Eruc ru� T dfc�h EbM m �|3�c r| ' ruc r|n� 5 iruc rLj�o

Wdeoh 4

Wdeoh 5 ghvfulehv wkh h{shfwhg vrfldo zhoiduh xqghu j� dv d ixqfwlrq ri doo wkh srvvleoh vljqdo

uhdol}dwlrqv lq | dqg |n �=

Er|c r|n�� h{shfwhg vrfldo zhoiduh frqglwlrqdo rq j� dqg �|n�

ErM c rM� . d` E2�c /� m �|3�c r| ' rM c r|n� 5 irL c rMjo

ErL c rM� T d�c�h EbM m �|3�c r| 5 iruc rLj c r|n� 5 irL c rMj�o

ErM c rL� . d` E2�c /� m �|3�c r| ' rM c r|n� 5 irL c rMjo

Eruc rM� T d�c�h EbM m �|3�c r| 5 iruc rLj c r|n� 5 irL c rMj�o

ErM c ru� T d�c�h EbM m �|3�c r| ' rM c r|n� ' ru�o

ErL c rL� T d�c�h EbM m �|3�c r| 5 iruc rLj c r|n� 5 irL c rMj�o

Eruc rL� T d�c�h EbM m �|3�c r| 5 iruc rLj c r|n� 5 irL c rMj�o

ErL c ru� T dfc�h EbM m �|3�c r| 5 iruc rLj c r|n� ' ru�o

Eruc ru� T dfc�h EbM m �|3�c r| 5 iruc rLj c r|n� ' ru�o

Wdeoh 5

Wdeohv 4 dqg 5 ghprqvwudwh wkdw wkh h{shfwhg vrfldo zhoiduh xqghu j dqg j� lv lghqwlfdo1 Wklv

iroorzv iurp wkh idfw wkdw +4, wkh suredelolwlhv ri revhuylqj dq| vhtxhqfh ri vljqdov lv lghqwlfdo
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lq erwk wdeohv/ dqg +5, wkh rughu lq zklfk wkh vljqdov r| dqg r|n� duh revhuyhg lv luuhohydqw

dv ri wlph |n2 dqg rqzdugv1 Wkxv/ wkh urzv wkdw fruuhvsrqg wr vljqdov Er|c r|n�� ' Er�c r�� c

r�c r� 5 iruc rL c rMjc lq Wdeoh 4 |lhog wkh vdph ydoxh ixqfwlrq dv wkh urzv wkdw fruuhvsrqg wr

Er|c r|n�� ' Er�c r�� lq Wdeoh 5/ uhvshfwlyho|1

Surri ri Sursrvlwlrq 71 Wkh surri lv vwudljkwiruzdug1 Edqnv vkrxog eh wd{hg vr wkdw

rqo| wkrvh wkdw kdyh revhuyhg wkh kljkhvw srvvleoh vljqdo zloo zdqw wr surylgh fuhglw1 Wkh

wd{2vxevlg| fdq eh ixuwkhu uh�qhg vr wkdw wkh edqnv* remhfwlyh ixqfwlrq frlqflghv zlwk vrfldo

zhoiduh1
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Uhihuhqfhv

Edqhumhh/ D1 +4<<5, �D vlpsoh prgho ri khug ehkdylru/� Txduwhuo| Mrxuqdo ri Hfrqrplfv

43:/ :<:0;4:1

Elnkfkdqgdql/ V1/ G1 Kluvkohlihu dqg L1 Zhofk +4<<5, �D wkhru| ri idgv/ idvklrq/ fxvwrp/

dqg fxowxudo fkdqjh dv lqirupdwlrqdo fdvfdghv/� Mrxuqdo ri Srolwlfdo Hfrqrp| 433/

<<5043591

Fkdqj / U1 dqg D1 Yhodvfr +4<<;,/ �Wkh Dvldq Oltxlglw| Fulvlv/� QEHU Zrunlqj Sdshu qr1

9:<91

Fkdqj / U1 dqg D1 Yhodvfr +4<<<, �Oltxlglw| Fulvhv lq Hphujlqj Pdunhwv= Wkhru| dqg

Srolf|/� QEHU Zrunlqj Sdshu qr1 :5:51

Fkdul/ Y1 Y1/ dqg S1 Nhkrh +4<<<,/ �Rq wkh Urexvwqhvv ri Khugv/� Ihghudo Uhvhuyh Edqn

ri Plqqhdsrolv uhvhdufk ghsduwphqw/ plphr/ Dxjxvw 4<<<1

Fruvhwwl/ J1/ S1 Shvhqwl/ dqg Q1 Urxelql +4<<;, �Sdshu Wljhuv/� plphr/ Qhz \run Xqlyhu0

vlw|1

Ixupdq/ M1 dqg M1 H1 Vwljolw} +4<<;, �Hfrqrplf Fulvhv= hylghqfh dqg lqvljkwv iurp Hdvw

Dvld/� Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlylw| 5=4<<;/ 404471

Ndplqvn|/ J1/ V1 Ol}rqgr/ dqg F1 P1 Uhlqkduw +4<<;, �Ohdglqj Lqglfdwruv ri Fxuuhqf|

Fulvlv/� LPI Vwd� Sdshuv 78/ 407;1

Nuxjpdq/ S1 +4<<;, �Exeeoh/ errp/ Fudvk= Wkhruhwlfdo Qrwhv rq Dvld*v Fulvlv/� Zrunlqj

sdshu/ PLW1

Nuxjpdq/ S1 +4<<<, Wkh Uhwxuq ri Ghsuhvvlrq Hfrqrplfv/ Qhz \run= Z1 Z1 Qruwrq1

Olqgjuhq/ F1/ J1 Jdufld/ dqg P1 Vddo +4<<9,/ Edqnlqj Vrxqgqhvv dqg Pdfurhfrqrplf Sro0

lf|/ Zdvklqjwrq= Lqwhuqdwlrqdo Prqhwdu| Ixqg1

Pruulv/ V1 dqg K1 V1 Vklq +4<<;, �Xqltxh htxloleulxp lq d Prgho ri Vhoi0Ixo�oolqj fxuuhqf|

Dwwdfnv/� Dphulfdq Hfrqrplf Uhylhz ;;/ 8;:08<:1
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Qhhpdq/ ]1 dqg J1 R1 Rurvho +4<<<,/ �Khuglqj dqg wkh Zlqqhu*v Fxuvh lq Pdunhwv zlwk

Vhtxhqwldo Elgv/� Mrxuqdo ri Hfrqrplf Wkhru| ;8/ <404541

Rveruqh/ P1 M1 dqg D1 Uxelqvwhlq +4<<7, D Frxuvh lq Jdph Wkhru|/ PLW Suhvv/ Fdp0

eulgjh1

Urguln/ G1 dqg D1 Yhodvfr +4<<<, �Vkruw0whup fdslwdo  rzv/� QEHU Zrunlqj Sdshu qr1

:6971

Vdfkv/ M1/ D1 Wruqhoo dqg D1 Yhodvfr +4<<9, �Ilqdqfldo Fulvhv lq Hphujlqj Pdunhwv= Wkh

Ohvvrqv iurp 4<<8/� Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlylw| 4=4<<9/ 47:04<;1

Vfkqhlghu/ P1 dqg D1 Wruqhoo +4<<<, �Ohqglqj errpv dqg vshfxodwlyh Fulvlv/� plphr/ Mxo|

4<<<1

Vwljolw}/ M1 +4<<<, �Fdslwdo pdunhw olehudol}dwlrq/ hfrqrplf jurzwk/ dqg lqvwdelolw|/� plphr/

Wkh Zruog Edqn1

Wruqhoo/ D1 +4<<<, �Frpprq Ixqgdphqwdov lq wkh Whtxlod dqg Dvldq Fulvhv�/ QEHUZrun0

lqj Sdshu qr1 :46<1
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