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W ì �L�*_ *�!i |L |�@?! #@��_ �@hL?c aL?@|�@? �i?_Lhc a@4it 6i@hL?c ki?| 54i||ihtc �@hh)
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� W?|hL_�U|�L?

D ohjlvodwxuh lv dq rujdql}dwlrq wkdw pdnhv srolf| iru d odujhu frqvwlwxhqf| e| dj0

juhjdwlqj wkh srwhqwldoo| frq�lfwlqj suhihuhqfhv ri lwv lqglylgxdo phpehuv wkurxjk

wkh dssolfdwlrq ri zhoo0gh�qhg uxohv dqg surfhgxuhv1 Lq wkh w|slfdo ghprfudf|/ dq

hohfwhg ohjlvodwxuh sod|v d fhqwudo uroh lq ghwhuplqlqj sxeolf srolf|1 Qhyhuwkhohvv/

prvw dqdo|vhv ri lvvxhv lq Srolwlfdo Hfrqrp| ljqruh ohjlvodwxuhv hqwluho| dqg sur0

fhhg/ frxqwhuidfwxdoo|/ dv li srolflhv duh xowlpdwho| ghwhuplqhg e| wkh dfwlrqv ri d

vlqjoh lqglylgxdo1 Frqvlghu/ iru h{dpsoh/ wkh Grzqvldq prgho ri srolwlfdo frpshwl0

wlrq/ zklfk surylghv wkh irxqgdwlrq iru wkh idploldu _phgldq yrwhu% wkhruhp +Grzqv

^4<8:`,1 Sduwlhv frpshwh e| qdplqj fdqglgdwhv zlwk fuhgleoh srolf| srvlwlrqv/ dqg

wkh zlqqlqj fdqglgdwh vlpso| hqdfwv klv ru khu dqqrxqfhg srolf|1 Rwkhu wuhdwphqwv

ri hohfwrudo frpshwlwlrq/ lqfoxglqj prghov ri uhsuhvhqwdwlyh ghprfudf| +h1j1 Ehvoh|

dqg Frdwh ^4<<:`,/ olnhzlvh dvvxph/ lq h�hfw/ wkdw yrwhuv hohfw d vlqjoh rpqlsrwhqw

glfwdwru1� Wkh uroh ri wkh ohjlvodwxuh lv dovr w|slfdoo| ljqruhg lq hfrqrplf prghov ri

srolwlfdo lq�xhqfh +Jurvvpdq dqg Khospdq ^4<<7/4<<8`,1 Wkhvh prghov duh urrwhg

lq wkh iudphzrun ri frpprq djhqf| +Ehuqkhlp dqg Zklqvwrq ^4<;9`,/ zklfk suh0

vxssrvhv wkh h{lvwhqfh ri pxowlsoh sulqflsdov +lqwhuhvwhg sduwlhv, dqg d vlqjoh djhqw

+srolf| pdnhu,1

Wkh sxusrvh ri wklv sdshu dqg lwv vhtxhov lv wr sursrvh dqg ghyhors d wkhru| ri

ohjlvodwlyh srolf| pdnlqj1 Zh lqwurgxfh d �h{leoh dqdo|wlf prgho wkdw hqfrpsdvvhv

d zlgh udqjh ri ohjlvodwlyh lqvwlwxwlrqv1 Qdwxudoo|/ zh duh qrw wkh �uvw wr prgho

wkh uroh ri ohjlvodwxuhv lq srolf| pdnlqj1 Krzhyhu/ dv glvfxvvhg lq vhfwlrq 6/ pdq|

lpsruwdqw ihdwxuhv ri rxu dqdo|vlv duh qryho1 Zh xvh rxu iudphzrun wr dgguhvv d

froohfwlrq ri fodvvlfdo txhvwlrqv lq Srolwlfdo Hfrqrp|= Zklfk srolflhv duh dgrswhgB

Krz grhv wkh srolf| rxwfrph ghshqg xsrq wkh ihdwxuhv ri wkh ohjlvodwlyh lqvwlwxwlrq

dqg uxohv ri surfhgxuhB Zklfk uxohv pdwwhu/ dqg zklfk gr qrwB Zklfk lqvwlwxwlrqv

surgxfh wkh ehvw rxwfrphv iurp d vrfldo shuvshfwlyhB Zk| duh vrph lqvwlwxwlrqv

revhuyhg lq sudfwlfh/ zkloh rwkhuv duh qrwB Lw lv zruwk hpskdvl}lqj wkdw wklv djhqgd

uhtxluhv xv wr frqvlghu ohjlvodwlyh lqvwlwxwlrqv wkdw duh qrw xvhg lq sudfwlfh/ dv zhoo

dv lqvwlwxwlrqv wkdw duh xvhg1

Wkh dqdo|wlfdo iudphzrun lv edvhg rq d glylvlrq ri ohjlvodwlyh lqvwlwxwlrqv lqwr

wkuhh vwdjhv= dq lqlwldo vwdjh/ d srolf| ghyhorsphqw vwdjh/ dqg d �qdo vwdjh1 Wkh fruh
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ri wkh prgho lv wkh g|qdplf srolf| ghyhorsphqw vwdjh1 Ohjlvodwruv duh uhfrjql}hg

vhtxhqwldoo|1 Rqfh uhfrjql}hg/ d ohjlvodwru pdnhv d sursrvdo/ zklfk lv lpphgldwho|

sxw wr d yrwh1 Ohjlvodwruv duh shuplwwhg wr frqglwlrq erwk wkhlu sursrvdov dqg wkhlu

yrwhv rq doo suhfhglqj hyhqwv/ lqfoxglqj rwkhu sursrvdov dqg yrwhv1 Li d sursrvdo

sdvvhv/ lw vxshuvhghv doo suhylrxvo| sdvvhg sursrvdov1 Ixuwkhu ghwdlov ri wkh surfhvv

ghshqg rq wkh ohjlvodwxuh*v sduwlfxodu uxohv ri surfhgxuh1 Sdvvdjh ri d sursrvdo

pd| uhtxluh d vlpsoh pdmrulw| ru d vxshupdmrulw|1 Wkh rughu lq zklfk ohjlvodwruv

duh uhfrjql}hg/ dv zhoo dv wkh wlplqj ri forvxuh/ pd| eh vshfl�hg lq dgydqfh/ ru

ghwhuplqhg hqgrjhqrxvo| gxulqj wkh frxuvh ri sod|1 Ohjlvodwlyh uxohv pd| ru pd|

qrw uhvwulfw doorzdeoh sursrvdov1

Wkh srolf| wkdw hphujhv iurp wkh srolf| ghyhorsphqw surfhvv pd| eh hqdfwhg

gluhfwo| lqwr odz/ ru pd| eh vxemhfw wr ixuwkhu prgl�fdwlrq gxulqj wkh �qdo vwdjh1

H{dpsohv ri �qdo vwdjhv wkdw duh hqfrpsdvvhg e| rxu iudphzrun duh d �qdo xs0

ru0grzq yrwh/ dq h{hfxwlyh yhwr/ dqg ixuwkhu urxqgv ri ohjlvodwlyh dfwlrq1 Wkh uroh

ri wkh lqlwldo vwdjh lv wr vhw wkh uxohv dqg surfhgxuhv iru wkh uhvw ri wkh ohjlvodwlyh

srolf| pdnlqj surfhvv/ lqfoxglqj wkh vhohfwlrq ri dq vwdwxv txr srolf| iru wkh srolf|

ghyhorsphqw vwdjh/ dqg ghidxow srolflhv wkdw/ gxulqj wkh �qdo vwdjh/ frpshwh zlwk

wkh rxwfrph ri wkh srolf| ghyhorsphqw vwdjh1

Vrph ri rxu uhvxowv ghshqg xsrq wkh vwuxfwxuh ri wkh srolf| vsdfh/ zkloh rwkhu

uhvxowv krog zlwk juhdwhu jhqhudolw|1 Lq pxfk +exw qrw doo, ri wklv sdshu/ zh uhvwulfw

dwwhqwlrq wr vlwxdwlrqv lq zklfk lqglylgxdo srolflhv kdyh frqfhqwudwhg ehqh�wv dqg

gl�xvh frvwv1 Wkrxjk qr lqglylgxdo srolf| ehqh�wv d pdmrulw|/ wkh ohjlvodwruv fdq

dwwhpsw wr exlog zlqqlqj frdolwlrqv e| sursrvlqj sdfndjhv ri pxwxdoo| frpsdwleoh

srolflhv1

Rxu iudphzrun hqfrpsdvvhv d zlgh fodvv ri srvvleoh lqvwlwxwlrqv1 D fhqwudo jrdo

ri wklv uhvhdufk lv wr xqghuvwdqg wkh h�hfw wkdw ydulrxv uxohv ri surfhgxuh iru wkh

gl�huhqw vwdjhv kdyh rq srolf| pdnlqj1 Lq wklv sdshu zh vwduw wkh djhqgd e| irfxvlqj

+prvwo|, rq wkh h�hfw ri wkh ydulrxv uxohv iru wkh srolf| ghyhorsphqw vwdjh olvwhg

deryh1

Zh ehjlq rxu dqdo|vlv e| h{dplqlqj srolf| pdnlqj iru d sduwlfxoduo| vlpsoh

lqvwlwxwlrq= wkh vhtxhqfh ri ohjlvodwruv dqg wkh wlplqj ri forvxuh duh �{hg lq dgydqfh/

sdvvdjh uhtxluhv d vlpsoh pdmrulw|/ dqg wkh srolf| wkdw hphujhv iurp wkh srolf|

ghyhorsphqw surfhvv lv hqdfwhg lqwr odz zlwkrxw ixuwkhu uhylvlrqv1 Iru d uhdvrqdeo|

zlgh udqjh ri srolf| vsdfhv +lqfoxglqj wkrvh zlwk frqfhqwudwhg ehqh�wv dqg gl�xvh



6

frvwv,/ zh rewdlq d vxusulvlqj uhvxow= surylghg wkdw wkhuh duh dw ohdvw �yh ohjlvodwruv

dqg wkdw d vx�flhqw qxpehu ri ohjlvodwruv kdyh rssruwxqlwlhv wr pdnh sursrvdov/

wkh ohjlvodwlyh surfhvv lv h�hfwlyho| htxlydohqw wr rqh lq zklfk wkh odvw sursrvhu lv

d glfwdwru1 Xqghu frqglwlrqv lghqwl�hg lq wkh wh{w/ wkh ohjlvodwxuh hqdfwv d srolf|

wkdw pdnhv hyhu| vlqjoh phpehu zruvh r� +uhodwlyh wr lqdfwlrq,/ vdyh iru wkh odvw

sursrvhu1 Wklv rffxuv ghvslwh wkh idfw wkdw d pdmrulw| lv uhtxluhg wr sdvv dq|

sduwlfxodu sursrvdo1

Lq wklv vhwwlqj/ dssduhqwo| ghprfudwlf uhirupv fdq kdyh wkh xqlqwhqghg h�hfw

ri frqfhqwudwlqj srolwlfdo srzhu1 Lurqlfdoo|/ wkh odvw sursrvhu qhhg qrw kdyh glfwd0

wruldo srzhuv xqohvv d vx�flhqw qxpehu ri ohjlvodwruv fdq pdnh sursrvdov1 Wkxv/

jxdudqwhhlqj d _uljkw wr eh khdug% pd| kdyh ghflghgo| xqghprfudwlf frqvhtxhqfhv1

Lq odujh sduw/ rqh fdq ylhz wkh uhpdlqghu ri wkh sdshu dv dq dwwhpsw wr xqghu0

vwdqg wkh zd|v lq zklfk revhuyhg lqvwlwxwlrqv dqg uxohv ri surfhgxuh kdyh hyroyhg

wr frpedw wklv glvwxuelqj whqghqf| wrzdugv kljk frqfhqwudwlrq ri srolwlfdo srzhu1

Dv lw wxuqv rxw/ lw lv vxusulvlqjo| gl�fxow wr dyrlg glfwdwruldo ru qhdu0glfwdwruldo

rxwfrphv1 Vxshupdmrulw| uhtxluhphqwv pdnh olwwoh gl�huhqfh dv orqj dv wkh iudfwlrq

uhtxluhg iru sdvvdjh lv qrw wrr odujh1 Zkhq d fkdlu ghwhuplqhv wkh rughu ri uhfrjql0

wlrq gxulqj wkh frxuvh ri sod|/ wkh rxwfrph ghshqgv wr vrph h{whqw xsrq wkh fkdlu*v

remhfwlyhv1 Krzhyhu/ hyhq li wkh fkdlu vhhnv wr ehqh�w doo phpehuv ri wkh ohjlvodwxuh/

wkh surfhvv vwloo whqgv wr idyru vpdoo plqrulwlhv dw wkh h{shqvh ri odujh pdmrulwlhv1

Zkhq wkh ohjlvodwruv ghwhuplqh wkh wlplqj ri forvxuh gxulqj wkh frxuvh ri sod|/ wkh

rxwfrph ghshqgv xsrq wkh vshfl�f forvxuh uxoh1 Xqghu rqh qdwxudo uxoh/ srolwlfdo

srzhu lv/ iru wkh prvw sduw/ vlpso| wudqvihuuhg iurp wkh odvw sursrvhu wr wkh �uvw1

Xqghu dqrwkhu uxoh/ pdmrulwduldq +dqg hyhq xqlyhuvdolvwlf, rxwfrphv duh srvvleoh1

Wkxv/ uhodwlyho| vpdoo lqvwlwxwlrqdo ghwdlov fdq kdyh surirxqg h�hfwv rq srolf| rxw0

frphv1 Rxu dqdo|vlv dovr vxjjhvwv wkdw ohjlvodwxuhv fdq frqwuro wkh frqfhqwudwlrq ri

srzhu e| sodflqj uhvwulfwlrqv rq doorzdeoh sursrvdov1

Zh kdyh sxusrvhixoo| dyrlghg lq wkh ghyhorsphqw ri wkh wkhru| wkh xvh ri whupl0

qrorj|/ olnh dphqgphqwv dqg eloov/ wkdw lv frpprq lq wkh srolwlfdo vflhqfh olwhudwxuh1

Wkhuh lv d uhdvrq iru wklv1 E| fkrrvlqj dssursuldwh lqwhusuhwdwlrqv dqg odehov iru

wkh gl�huhqw frpsrqhqwv ri wkh prgho/ wkh iudphzrun fdq hqfrpsdvv d odujh fodvv

ri sureohpv lq srolwlfdo hfrqrp|1 Vrph ri wkh ydulrxv lqwhusuhwdwlrqv duh glvfxvvhg

wkurxjkrxw wkh sdshu1

Lq vhtxhov wr wklv sdshu +lq surjuhvv,/ zh xvh rxu iudphzrun wr h{dplqh ohjlvod0
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wlyh srolf| pdnlqj iru d zlghu udqjh ri lqvwlwxwlrqv1 Iluvw/ zh vwxg| wkh h�hfw ri wkh

lqwurgxfwlrq ri ydulrxv w|shv ri xs0ru0grzq yrwhv gxulqj wkh �qdo vwdjh +Ehuqkhlp/

Udqjho/ dqg Ud|r ^5334d`,1 Zh dovr vwxg| _ohjlvodwlyh vhvvlrqv/% zklfk frqvlvw ri d

vhtxhqfh ri srolf| ghyhorsphqw vwdjhv/ hdfk iroorzhg e| dq xs0ru0grzq yrwh +_eloov%,1

Wkh eloov wkdw hphujh iurp d urxqg ehfrph wkh ghidxow srolf| iru wkh qh{w urxqg1

Zkhq d ohjlvodwlyh vhvvlrq doorzv iru rqo| d vlqjoh urxqg/ pdmrulwduldq rxwfrphv

qhfhvvdulo| hphujh1 Krzhyhu/ zkhq lw doorzv iru wzr urxqgv/ d srvlwlrqdo glfwdwru0

vkls uhvxowv1 Pruh jhqhudoo|/ zlwk pruh wkdq wzr urxqgv/ plqrulw| +dqg glfwdwruldo,

rxwfrphv uhpdlq srvvleoh1 Uxohv wkdw uhvwulfw doorzdeoh dphqgphqwv fdq kdyh idu0

uhdfklqj h�hfwv rq srolf| rxwfrphv1 Vhfrqg/ zh frqvlghu wkh uroh ri h{hfxwlyh yhwrv

+Ehuqkhlp/ Udqjho/ dqg Ud|r ^5334e`,1 Qdwxudoo|/ vshfl�f uhvxowv ghshqg rq wkh

remhfwlyhv ri wkh h{hfxwlyh/ dv zhoo dv rq wkh uxohv ri wkh yhwr surfhvv +h1j1 zkhwkhu

olqh0lwhp yhwrv dqg ohjlvodwlyh ryhuulgh duh srvvleoh,1 Ghshqglqj rq wkh ghwdlov ri

wkh yhwr surfhvv/ wkh ohjlvodwxuh pd| dgrsw d glfwdwruldo srolf|/ d plqrulw| srolf|/ d

pdmrulw| srolf|/ d xqlyhuvdolvwlf srolf|/ ru qrwklqj dw doo1 Fhuwdlq uhvxowv duh frxq0

whulqwxlwlyh1 Iru h{dpsoh/ xqlyhuvdolvwlf rxwfrphv duh srvvleoh zkhq wkh h{hfxwlyh

idyruv d plqrulw| ri wkh ohjlvodwruv/ exw qrw zkhq wkh h{hfxwlyh zlvkhv wr ehqh�w doo

ri wkh ohjlvodwruv1 Olqh lwhp yhwrv suryh hvshfldoo| ghvwuxfwlyh wr srolf| pdnlqj1

Lq sxuvxlqj wklv uhvhdufk djhqgd/ zh h{shfw wr h{dplqh vhyhudo rwkhu lvvxhv/

lqfoxglqj= +4, lqvwlwxwlrqdo ghvljq/ erwk iurp wkh shuvshfwlyh ri d ehqhyrohqw dqg

rpqlsrwhqw sodqqhu/ dqg iurp wkh shuvshfwlyh ri d ohjlvodwxuh vhohfwlqj lwv rzq

uxohv ri surfhgxuh/ +5, wkh uroh ri frpplwwhhv +frqfhuqlqj zklfk wkh fxuuhqw sdshu

lqflghqwdoo| surylghv dq luuhohydqfh uhvxow,/ +6, ohjlvodwlyh srolf| pdnlqj lq vhwwlqjv

zlwk srwhqwldoo| lq�qlwh krul}rqv/ +7, ohjlvodwlyh hohfwlrqv/ dqg +8, oree|lqj dqg

lq�xhqfh lq wkh frqwh{w ri d ohjlvodwxuh1

Wkh uhpdlqghu ri wklv sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 od|v grzq wkh

edvlf iudphzrun1 Vhfwlrq 6 glvfxvvhv wkh uhodwlrqvkls zlwk wkh olwhudwxuh1 Vhfwlrq 7

ghyhorsv vrph edvlf uhvxowv/ d uhfxuvlyh phwkrg iru fkdudfwhul}lqj htxloleuld wkdw lv

xvhg wkurxjkrxw wkh sdshu/ dqg wkh glfwdwruvkls uhvxowv iru wkh edvlf lqvwlwxwlrq1 Lq

vhfwlrq 8 zh vwxg| wkh h�hfw ri ydulrxv uxohv ri surfhgxuh iru wkh srolf| ghyhorsphqw

vwdjh1 Lq vhfwlrq 9 zh vkrz wkdw wkh edvlf glfwdwruvkls uhvxowv jhqhudol}h wr rwkhu

srolf| vsdfhv ri lqwhuhvw1 Zh frqfoxgh lq vhfwlrq : zlwk d vxppdu| ri rxu �qglqjv1

Wr idploldul}h wkh uhdghu zlwk rxu dqdo|wlf whfkqltxhv/ zh lqfoxgh wkh surriv ri

vhyhudo nh| sursrvlwlrqv lq wkh wh{w1 Rwkhu surriv duh frqwdlqhg lq wkh dsshqgl{1
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2 A�i �L_i*

Frqvlghu d ohjlvodwxuh frqvlvwlqj ri Q ohjlvodwruv/ odehoohg o @ 4> ===> Q / zkhuh Q � 81

Wr dyrlg frpsolfdwlrqv dulvlqj iurp wlh yrwhv/ zh dvvxph iru frqyhqlhqfh wkdw Q lv

rgg1 Ohw P � �n�

2
ghqrwh wkh vl}h ri wkh vpdoohvw pdmrulw| frdolwlrq1

2�� �L*�U�it @?_ �@)Lgt

Wkh ohjlvodwxuh pxvw vhohfw d srolf| s 5 S / zkhuh S ghqrwhv wkh vhw ri ihdvleoh

srolflhv1 Ohw y,+s, ghqrwh wkh sd|r� wr ohjlvodwru o li srolf| s lv lpsohphqwhg1 Qrwh

wkdw rqh fdq wklqn ri d srolf| s dv d srlqw � @ y+s, � +y�+s,> ===> y� +s,, lq vrph

ihdvleoh sd|r� vhw �/ zkhuh � lv wkh lpdjh ri S xqghu y1 H{fhsw zkhuh lqglfdwhg/

zh lpsrvh wkh iroorzlqj wzr dvvxpswlrqv wkurxjkrxw=

Dvvxpslwrq D4= Wkh srolf| vsdfh S lv �qlwh1

Dvvxpswlrq D5= Ohjlvodwruv kdyh vwulfw suhihuhqfhv ryhu srolflhv= s 9@ s� ,

y,+s, 9@ y,+s
�,1

Dvvxpswlrqv D4 dqg D5 duh uhodwlyho| lqqrfxrxv1 Lqghhg/ jlyhq D4/ dq| idloxuh

ri D5 lv qrq0jhqhulf1 Zh qhyhuwkhohvv dfnqrzohgjh wkdw wkhvh dvvxpswlrqv uxoh

rxw vrph lqwhuhvwlqj dqg lpsruwdqw fdvhv/ lqfoxglqj wkh idploldu _glylgh0wkh0groodu%

sureohp1 Zh h{dplqh wklv sureohp vhsdudwho| lq vhfwlrq 91 Vlqfh rqh fdq h{sorlw

lqgl�huhqfh wr frqwulyh hoderudwh klvwru|0ghshqghqw vwudwhjlhv/ wkh dqdo|wlfv ri wkh

glylgh0wkh0groodu sureohp duh frqvlghudeo| pruh frpsolfdwhg1 Krzhyhu/ dv zh zloo

vhh/ rxu fhqwudo frqfoxvlrqv hphujh odujho| lqwdfw1

Lq pxfk ri wklv sdshu/ zh dvvxph wkdw wkh srolf| vsdfh kdv wkh iroorzlqj vwuxf0

wxuh1 Iru hdfk ohjlvodwxuh/ wkhuh lv dq dvvrfldwhg _hohphqwdu| srolf|1% Ohw H �

i4> ===>Qj ghqrwh wkh vhw ri doo hohphqwdu| srolflhv1 Hdfk o 5 H surgxfhv kljko| frq0

fhqwudwhg ehqh�wv dqg gl�xvh frvwv1 Lq sduwlfxodu/ srolf| o jhqhudwhv d qhw ehqh�w

e, A 3 iru ohjlvodwru o/ dqg d frvw f, A 3 iru hyhu| ohjlvodwru +lqfoxglqj o,1 D srolf| s

lv d froohfwlrq ri hohphqwdu| srolflhv1 Wkh vhw ri ihdvleoh srolflhv S lv wkh srzhu vhw

ri H> wkdw lv/ wkh vhw ri doo srvvleoh frpelqdwlrqv ri hohphqwdu| srolflhv1 S lqfoxghv

wkh hpsw| vhw >/ zklfk uhsuhvhqwv lqdfwlrq +qrwklqj lv lpsohphqwhg,1 Sd|r�v duh

dgglwlyho| vhsdudeoh=

y,+s, @ �
[
�MR

f� .

�
e, li d 5 s

3 rwkhuzlvh
=
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Zkhq S lv jhqhudwhg iurp hohphqwdu| srolflhv lq wkh pdqqhu ghvfulehg deryh/ zh

vd| wkdw lw lv d FEGF srolf| vhw +iru frqfhqwudwhg ehqh�wv/ gl�xvh frvwv,1 Prghov

zlwk vlplodu sd|r� vwuxfwxuhv dsshdu hovhzkhuh lq wkh wkhruhwlfdo olwhudwxuh frq0

fhuqlqj ohjlvodwlyh srolf| pdnlqj +vhh h1j1 Ihuhmrkq/ Ilrulqd/ dqg PfNhoyh| ^4<;:`/

dqg Jdeho dqg Kdjhu ^5333`,1 H{fhsw zkhuh lqglfdwhg/ zh lpsrvh wzr dgglwlrqdo

dvvxpswlrqv rq FEGF srolf| vhwv=

Dvvxpswlrq D6= Wrwdo frvwv duh lqfuhdvlqj lq wkh qxpehu ri hohphqwdu| srolflhv1

Vshfl�fdoo|/ msm ? ms�m ,
S

�MR f� ?
S

�MR� f� =

Dvvxpswlrq D7= D pxwxdoo| ehqh�fldo srolf| h{lvwv iru doo frdolwlrqv frqvlvwlqj

ri P ru ihzhu ohjlvodwruv1 Lq sduwlfxodu/ iru hyhu| srolf| s zlwk msm � P /

e, A
S

�MR f� iru doo o 5 s1

Zkhq doo hohphqwdu| srolflhv duh htxdoo| frvwo|/ Dvvxpswlrq D6 lv wulyldoo| vdw0

lv�hg1 Frqvhtxhqwo|/ wklv dvvxpswlrq h�hfwlyho| uhvwulfwv wkh ghjuhh wr zklfk frvwv

fdq ydu| dfurvv hohphqwdu| srolflhv1 Iru fhuwdlq uhvxowv/ lw lv srvvleoh wr uhod{ wklv

dvvxpswlrq frqvlghudeo|1

Dvvxpswlrq D7 jxdudqwhhv wkh h{lvwhqfh ri srolflhv wkdw duh suhihuuhg wr lqdfwlrq

e| d pdmrulw| ri yrwhuv1 Lw dovr jxdudqwhhv wkdw wkhuh h{lvwv vxfk d srolf| iru dq|

eduh0pdmrulw| frdolwlrq1 Li wkhuh grhv qrw h{lvw d srolf| wkdw lv pxwxdoo| ehqh�fldo

iru doo phpehuv ri vrph pdmrulw| frdolwlrq/ wkhq/ iru wkh lqvwlwxwlrqv frqvlghuhg

ehorz/ wkh ohjlvodwxuh lpsohphqwv s @ > +surri rplwwhg,1 Lurqlfdoo|/ wkhuhiruh/ wkh

delolw| wr dvvhpeoh pdmrulwduldq frdolwlrqv lv wkhuhiruh hvvhqwldo iru wkh hphujhqfh

ri wkh glfwdwruldo rxwfrphv ghulyhg ehorz1 Qrwh �qdoo| wkdw/ xqghu dvvxpswlrq

D7/ wkh xqlyhuvdolvwlf srolf| s @ H qhhg qrw pd{lpl}h vrfldo vxusoxv1 Frqvlghu/

iru h{dpsoh/ wkh fdvh ri Q @ 8 zlwk e� @ === @ eD @ ;/ f� @ f2 @ f� @ 5/ dqg

fe @ fD @ 41 Dvvxpswlrq D7 lv fohduo| vdwlv�hg/ exw wkh vxusoxv pd{lpl}lqj srolf|

lv i7> 8j1

Wkrxjk zh irfxv rq FEGF srolf| vhwv vdwlvi|lqj Dvvxpswlrqv D6 dqg D7

wkurxjkrxw pxfk ri wklv sdshu/ lw lv lpsruwdqw wr hpskdvl}h wkdw pdq| ri rxu fhq0

wudo uhvxowv krog zlwk frqvlghudeo| juhdwhu jhqhudolw|1 Vhh vhfwlrq 9 iru d glvfxvvlrq

ri dowhuqdwlyh srolf| vhwv1
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Iljxuh 4= Wkh vwdjhv ri wkh ohjlvodwlyh surfhvv

2�2 wi}�t*@|��i �hLUi_�hit

Zh glvwlqjxlvk ehwzhhq wkuhh vwdjhv ri ohjlvodwlyh srolf| pdnlqj= dq lqlwldo vwdjh/ d

srolf| ghyhorsphqw vwdjh/ dqg d �qdo vwdjh +vhh �jxuh 4,1 Wkh srolf| ghyhorsphqw

vwdjh lv rxu edvlf exloglqj eorfn iru prgholqj ydulrxv ohjlvodwlyh lqvwlwxwlrqv1 Dv

ghvfulehg lq juhdwhu ghwdlo ehorz/ lw frqvlvwv ri d vhtxhqfh ri sursrvdov dqg yrwhv

zklfk wdnh sodfh dffruglqj wr wkh lqvwlwxwlrq*v uxohv ri surfhgxuh1 Wkh lqlwldo vwdjh

hvwdeolvkhv fhuwdlq sdudphwhuv iru wkh srolf| ghyhorsphqw dqg �qdo vwdjhv1 Lq vrph

fdvhv/ wkh sdudphwhuv pd| khos wr gh�qh wkh uxohv ri surfhgxuhv wkdw suhydlo gxulqj

wkh hqvxlqj ohjlvodwlyh gholehudwlrqv1 Wkh �qdo vwdjh hperglhv wkh surfhvv wkurxjk

zklfk wkh rxwfrph ri wkh srolf| ghyhorsphqw vwdjh lv wudqviruphg lqwr odz1

51514 Wkh srolf| ghyhorsphqw vwdjh

Wkh srolf| ghyhorsphqw vwdjh ri d ohjlvodwlyh surfhvv frqvlvwv ri d vhtxhqfh ri _sur0

srvdo urxqgv% +vhh �jxuh 5,1 Dfwlylw| sulru wr hdfk urxqg w hvwdeolvkhv vrph _vwdwxv

txr% srolf|/ s|3�1 Wkh urxqg ehjlqv zkhq d sduwlfxodu ohjlvodwru lv uhfrjql}hg1

Wklv surylghv wkh ohjlvodwru zlwk wkh rssruwxqlw| wr pdnh d sursrvdo/ s6
|
1 Wkh

sursrvdo lv wkhq sxw wr d yrwh1 Li lw sdvvhv/ lw glvsodfhv s|3� dv wkh vwdwxv txr srolf|

+s| @ s6
|
,1 Li lw grhv qrw sdvv/ wkh vwdwxv txr srolf| uhpdlqv wkh vdph +s| @ s|3�,1



;

Rqh fdq wklqn ri dq| jlyhq sursrvdo dv dgglqj wr/ ghohwlqj/ ru uhsodflqj sruwlrqv

ri wkh suhydlolqj vwdwxv txr srolf|1 Wkh vwdwxv txr iru wkh �uvw sursrvdo urxqg/

sf/ lv ghwhuplqhg rxwvlgh ri wkh srolf| ghyhorsphqw skdvh +vhh wkh glvfxvvlrq ri wkh

lqlwldo vwdjh ehorz,1 Wkh srolf| hphujlqj iurp wkh �qdo urxqg ri wkh sursrvdo vwdjh

+s8 � sA / zkhuh W lv wkh qxpehu ri sursrvdo urxqgv, lv sdvvhg rq wr wkh �qdo vwdjh

ri wkh ohjlvodwlyh surfhvv1

Lw pd| dw �uvw vhhp rgg wr dvvxph wkdw d qhz sursrvdo/ rqfh sdvvhg/ glvsodfhv

doo srolflhv suhylrxvo| sdvvhg1 Krzhyhu/ wklv dvvxpswlrq lqyroyhv hvvhqwldoo| qr

orvv ri jhqhudolw|1 Lw lv lpsruwdqw wr nhhs lq plqg wkdw d srolf| +dqg wkhuhiruh d

sursrvdo,/ dv zh kdyh gh�qhg lw/ lqyroyhv d frpsohwh ghvfulswlrq ri doo jryhuqphqw

dfwlrqv/ dqg qrw phuho| wkh frpsrqhqw dfwlrqv shuwdlqlqj wr vrph sduwlfxodu vxevhw

ri lvvxhv1

Wr looxvwudwh/ frqvlghu wkh iroorzlqj h{dpsoh1 Lpdjlqh wkdw wkh jryhuqphqw

idfhv wzr fkrlfhv= zkhwkhu wr exlog erpehuv/ dqg zkhwkhu wr vdyh wkh zkdohv1 Lq

hdfk lqvwdqfh/ wkhuh duh wzr srvvlelolwlhv= exlog wkh erpehuv +E, ru qrw +QE,/ dqg

vdyh wkh zkdohv +V, ru qrw +QV,1 Wkhuh duh irxu srvvleoh srolflhv= +E>V,/ +QE/V,/

+E/QV,/ dqg +QE/QV,1 Lpdjlqh dovr wkdw wkh lqlwldo vwdwxv txr srolf| +sf, lq0

yroyhv qr dfwlrq +QE/QV,1 Li wkh �uvw uhfrjql}hg ohjlvodwru zlvkhv wr sursrvh wr

exlog erpehuv/ kh zloo sursrvh +E/QV,1 Li wklv sdvvhv/ dqg li wkh vhfrqg ohjlvodwru

zlvkhv wr vdyh wkh zkdohv/ vkh sursrvhv +E/V,1 Wkrxjk wkh vhfrqg sursrvdo/ li

sdvvhg/ whfkqlfdoo| glvsodfhv wkh �uvw/ lw lv fohdu wkdw ohjlvodwruv duh dfwxdoo| yrwlqj

rq wkh lqfuhphqwdo frpsrqhqw srolf| V1 Li wkh vhfrqg ohjlvodwru zlvkhg wr uhshdo

wkh erpehu ohjlvodwlrq dqg vdyh wkh zkdohv/ vkh zrxog lqvwhdg sursrvh +QE/V,1 Do0

whuqdwlyho|/ li wkh lqlwldo erpehu sursrvdo grhv qrw sdvv/ dqg li wkh vhfrqg ohjlvodwru

vwloo zlvkhv wr vdyh wkh zkdohv/ vkh sursrvhv +QE/V,1 Iurp wklv shuvshfwlyh/ lw lv

shukdsv pruh qdwxudo wr wklqn ri wkh srolf| sursrvhg lq urxqg w dv frqvlvwlqj ri wkh

gl�huhqfhv ehwzhhq s|3� dqg s6
|
/ udwkhu wkdq vlpso| dv s6

|
1

Kdylqj ghvfulehg wkh hvvhqwldo vlplodulwlhv ehwzhhq wkh srolf| ghyhorsphqw vwdjhv

iru wkh ydulrxv lqvwlwxwlrqv wkdw zh frqvlghu/ zh wxuq qh{w wr wkh gl�huhqfhv1 Zh

doorz wkh uxohv dqg surfhgxuhv ri srolf| ghyhorsphqw wr gl�hu dorqj irxu glphqvlrqv1

+4, Gl�huhqw lqvwlwxwlrqv xvh gl�huhqw fulwhuld wr hydoxdwh yrwhv1 D qdwxudo vwduw0

lqj wr srlqw lv wr dvvxph wkdw d sursrvdo sdvvhv lq urxqg w li dqg rqo| li lw uhfhlyhv

d pdmrulw| ri yrwhv1 Krzhyhu/ lw lv dovr qdwxudo wr frqvlghu rwkhu dowhuqdwlyhv/ vxfk

dv vxshupdmrulw| uhtxluhphqwv1
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Iljxuh 5= Wkh vwuxfwxuh ri d sursrvdo urxqg

+5, Gl�huhqw lqvwlwxwlrqv xvh gl�huhqw phwkrgv wr vhohfw wkh uhfrjql}hg ohjlvodwru

lq hdfk sursrvdo urxqg1 Vrph lqvwlwxwlrqv pd| surylgh hyhu| ohjlvodwru zlwk dq

rssruwxqlw| wr pdnh d sursrvdo1 Iru rwkhu lqvwlwxwlrqv/ fhuwdlq nh| ohjlvodwruv pd|

kdyh pxowlsoh rssruwxqlwlhv wr pdnh sursrvdov/ zkloh rwkhuv kdyh qrqh1

Iurp d prgholqj shuvshfwlyh/ wkh vlpsohvw dowhuqdwlyh lv wr �{ dq rughu ri uhfrj0

qlwlrq h{rjhqrxvo|1 Dowhuqdwlyho|/ wkh rughu pd| eh ghwhuplqhg hqgrjhqrxvo| df0

fruglqj wr hvwdeolvkhg uxohv dqg surfhgxuhv1 Zh gudz dq lpsruwdqw glvwlqfwlrq

ehwzhhq lqvwlwxwlrqv iru zklfk wkh rughu lv hqgrjhqrxv exw ghwhuplqhg sulru wr wkh

srolf| ghyhorsphqw vwdjh +wkdw lv/ lq wkh lqlwldo vwdjh,/ dqg wkrvh iru zklfk wkh ru0

ghu lv hqgrjhqrxvo| ghwhuplqhg gxulqj wkh frxuvh ri wkh srolf| ghyhorsphqw vwdjh1

Dv dq h{dpsoh ri wkh odwwhu/ lpdjlqh dq lqvwlwxwlrq lq zklfk d _fkdlu% ghwhuplqhv

wkh lghqwlw| ri wkh uhfrjql}hg ohjlvodwru dw wkh rxwvhw ri hdfk urxqg +shukdsv vxe0

mhfw wr vrph uhvwulfwlrqv,1 Zkhq frqvlghulqj vxfk lqvwlwxwlrqv/ zh wuhdw wkh fkdlu

dv d vwudwhjlf sod|hu/ dqg h{solflwo| h{dplqh wkh uroh ri wkh fkdlu*v suhihuhqfhv lq

lq�xhqflqj srolf| rxwfrphv1

+6, Gl�huhqw lqvwlwxwlrqv xvh gl�huhqw phwkrgv wr ghwhuplqh wkh qxpehu ri sur0

srvdo urxqgv1 Djdlq/ wkh vlpsohvw dowhuqdwlyh iurp d prgholqj shuvshfwlyh lv wr

�{ wkh qxpehu ri sursrvdo urxqgv h{rjhqrxvo|1 Dowhuqdwlyho|/ rqh fdq hqgrjhql}h

wklv fkrlfh1 Dv zlwk wkh phwkrg ri vhohfwlqj dq rughu ri uhfrjqlwlrq/ zh gudz dq
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lpsruwdqw glvwlqfwlrq ehwzhhq lqvwlwxwlrqv iru zklfk wkh qxpehu ri sursrvdo urxqgv

lv ghwhuplqhg hqgrjhqrxvo| sulru wr wkh sursrvdo vwdjh/ dqg wkrvh iru zklfk lw lv gh0

whuplqhg gxulqj wkh frxuvh ri wkh sursrvdo vwdjh1 Frqvlghudwlrq ri wkh lqvwlwxwlrqv

lq wkh odwwhu fdwhjru| ohdg xv wr h{dplqh wkh h�hfwv ri gl�huhqw _forvxuh% uxohv1

+7, Gl�huhqw lqvwlwxwlrqv lpsrvh gl�huhqw uhvwulfwlrqv rq wkh vhw ri doorzdeoh

sursrvdov lq hdfk sursrvdo urxqg1 Wkh vlpsohvw dowhuqdwlyh lv wr lpsrvh qr uhvwulf0

wlrqv= hdfk uhfrjql}hg ohjlvodwru lv shuplwwhg wr qdph dq| s6
|
5 S 1 Dowhuqdwlyho|/ lq

vrph flufxpvwdqfhv/ lqvwlwxwlrqdo uxohv pd| suhfoxgh ohjlvodwruv iurp pdnlqj sur0

srvdov wkdw gl�hu wrr pxfk iurp wkh suhydlolqj vwdwxv txr1 Lw pd| eh qdwxudo

wr lpsrvh vxfk uhvwulfwlrqv zkhq lqwhusuhwlqj wkh srolf| ghyhorsphqw vwdjh dv wkh

surfhvv wkurxjk zklfk d eloo lv dphqghg ehiruh lw lv sxw wr d �qdo yrwh +vhh rxu

glvfxvvlrq ri wkh �qdo vwdjh ehorz,1

Rxu sulpdu| remhfwlyh lq wkh fxuuhqw sdshu lv wr vwxg| wkh pdqqhu lq zklfk

ohjlvodwlyh srolf|0pdnlqj ghshqgv rq wkh uxohv dqg surfhgxuhv ri wkh srolf| ghyho0

rsphqw vwdjh1 Wkh udqjh ri lqvwlwxwlrqv vwxglhg khuh hqfrpsdvvhv yduldwlrq dorqj

hdfk ri wkh irxu glphqvlrqv phqwlrqhg deryh1

51515 Wkh �qdo vwdjh

Wkh xowlpdwh idwh ri wkh sursrvdo wkdw hphujhv iurp wkh srolf| ghyhorsphqw vwdjh/

sA / lv ghwhuplqhg lq wkh �qdo vwdjh ri wkh ohjlvodwlyh surfhvv1 Wkh uxohv dqg surfh0

gxuhv ri wkh �qdo vwdjh pd| gl�hu udglfdoo| iurp lqvwlwxwlrq wr lqvwlwxwlrq1 Vrph

vshfl�f h{dpsohv khos wr looxvwudwh wkh �h{lelolw| ri rxu iudphzrun1

H{dpsoh &4= Lq wkh �qdo vwdjh/ sA lv vlpso| hqdfwhg lqwr odz zlwk qr ixuwkhu

prgl�fdwlrq1 D qdwxudo lqwhusuhwdwlrq ri wklv fdvh lv dv d vlpsoh ohjlvodwlyh vhvvlrq

wkdw frqvlvwv ri vhyhudo _eloo urxqgv1% Lq hdfk urxqg/ d ohjlvodwru pdnhv d sursrvdo

wkdw lv yrwhg djdlqvw wkh ghidxow srolf|1 Li wkh sursrvdo lv sdvvhg/ lw ehfrphv wkh

ghidxow iru wkh qh{w urxqg/ li qrw wkh ghidxow vwd|v wkh vdph1 Khuh lw lv qdwxudo wr

lqwhusuhw wkh sursrvdo pdgh lq hdfk urxqg dv d eloo1 Doo eloov dgrswhg +dqg qrw

vxevhtxhqwo| uhshdohg, gxulqj wklv vhvvlrq duh hqdfwhg dw vrph odwhu gdwh +h1j1 wkh

�uvw gd| ri wkh |hdu iroorzlqj wkh forvh ri wkh vhvvlrq,1 Eloov sdvvhg lq rqh urxqg fdq

ryhuulgh suhylrxv ohjlvodwlrq1 +Uhfdoo wkh lqwhusuhwdwlrq ri eloov dv ghyldwlrqv iurp

wkh h{lvwlqj ghidxow,1

Qrwh wkdw/ lq wkh vhfrqg lqwhusuhwdwlrq / ohjlvodwruv fdqqrw sursrvh dqg lpsoh0

phqw dphqgphqwv sulru wr yrwlqj rq hdfk eloo1 Wkhuh duh dovr qr h{hfxwlyh yhwrhv1
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Hdfk eloo urxqg lv d _rqh0vkrw% d�dlu lq zklfk d ohjlvodwru sursrvhv d eloo wr wkh

ohjlvodwxuh dqg wkdw eloo lv yrwhg djdlqvw wkh h{lvwlqj ghidxow srolf|1 Li wkh eloo sdvvhv

lw ehfrphv wkh qhz ghidxow1 Krzhyhu/ lw lv d qdwxudo vwduwlqj srlqw iru dqdo|}lqj

wklv fodvv ri prghov1 Dv glvfxvvhg ehorz/ rqh fdq prgho pruh frpsoh{ ohjlvodwlyh

vhvvlrqv zlwklq rxu iudphzrun e| dowhulqj wkh ghwdlov ri wkh �qdo vwdjh1

H{dpsoh &5= Wkh �qdo vwdjh frqvlvwv ri dq xs0ru0grzq yrwh rq sA 1 Wkh

dowhuqdwlyh lv vrph ghidxow srolf|/ s(/ wkdw lv hlwkhu jlyhq h{rjhqrxvo| ru ghwhuplqhg

lq wkh lqlwldo vwdjh1 Wkh ghidxow srolf| pljkw eh lqdfwlrq/ ru lw pljkw eh wkh

frqwlqxdwlrq ri srolflhv hvwdeolvkhg wkurxjk sulru ohjlvodwlrq1 Li sA ghihdwv s
(/ lw

ehfrphv odz +ghshqglqj rq wkh uxohv ri wkh lqvwlwxwlrq/ wklv frxog uhtxluh hlwkhu d

pdmrulw| ru d vxshupdmrulw|,1 Li lw idlov wr ghihdw s(/ wkh ghidxow srolf| suhydlov1

Lq wklv fdvh/ zh zrxog lqwhusuhw wkh �uvw vwdwxv txr srolf| iru wkh srolf| gh0

yhorsphqw vwdjh/ sf/ dv d eloo1 Dprqj rwkhu wklqjv/ wkh lqlwldo vwdjh pljkw wkhq

hqfrpsdvv wkh surfhvv e| zklfk ohjlvodwlyh frpplwwhhv jhqhudwh eloov1 Rqh wkhq

lqwhusuhwv hdfk vxffhvvlyh sursrvdo dv dq dphqgphqw wr wkh eloo1 Dq dphqgphqw lv

lqfrusrudwhg lqwr wkh eloo rqo| li lw uhfhlyhv wkh vxssruw uhtxluhg xqghu wkh uxohv dqg

surfhgxuhv ri wkh ohjlvodwlyh lqvwlwxwlrq1 Rqfh wkh dphqgphqw surfhvv lv frpsohwh/

wkh ohjlvodwxuh yrwhv wr ghwhuplqh zkhwkhu wkh dphqghg eloo ehfrphv odz +wkh �qdo

vwdjh,1

H{dpsoh &6= Wkh �qdo vwdjh ehjlqv h{dfwo| dv lq h{dpsoh &51 Krzhyhu/

rqfh wkh �qdo yrwh kdv ehhq wdnhq/ wkh srolf| ghyhorsphqw vwdjh dqg �qdo vwdjhv ri

h{dpsoh &5 duh uhshdwhg +wklv lv doo sduw ri wkh �qdo vwdjh iru h{dpsoh &6,1 Iru

wklv uhshwlwlrq/ wkh ghidxow srolf| htxdov wkh dgrswhg srolf| li wkh �uvw eloo sdvvhg/

dqg lw htxdov wkh lqlwldo ghidxow srolf| s
( li wkh �uvw eloo glg qrw sdvv1

Zh fdq lqwhusuhw wklv fdvh dv d frpsoh{ ohjlvodwlyh vhvvlrq zlwk wzr eloo0urxqgv1

Lq frqwudvw wr wkh vlpsoh ohjlvodwlyh vhvvlrq/ hdfk eloo lv vxemhfw wr d surfhvv ri

dphqgphqwv1 Wkh lqlwldo ghidxow srolf| uhsuhvhqwv suhydlolqj odz1 D eloo lv sur0

srvhg/ dphqghg/ dqg wkhq yrwhg xs ru grzq1 Li lw sdvvhv/ lw ehfrphv suhydlolqj

odz1 Li lw lv ghihdwhg/ suhydlolqj odz lv xqfkdqjhg1 D vhfrqg eloo lv wkhq sursrvhg/

dphqghg/ dqg yrwhg xs ru grzq1 Li lw sdvvhv/ lw ehfrphv odz1 Li lw lv ghihdwhg/ wkh

odz suhydlolqj lq wkh diwhupdwk ri wkh �uvw eloo lv xqfkdqjhg1

Lq ghvfulelqj wklv h{dpsoh/ zh kdyh ghslfwhg wkh vhfrqg eloo0urxqg dv sduw ri wkh

�qdo vwdjh1 Qrwh wkdw rqh frxog dovr ghslfw wkh �uvw eloo0urxqg dv sduw ri wkh lqlwldo

vwdjh iurp wkh shuvshfwlyh ri wkh vhfrqg eloo1 Wkhvh revhuydwlrqv zloo suryh xvhixo
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iurp dq dqdo|wlf shuvshfwlyh dqg vkrz wkh �h{lelolw| ri wkh iudphzrun

Lw lv dovr zruwk phqwlrqlqj wkdw zh qhhg qrw frq�qh rxu dqdo|vlv wr prghov zlwk

wzr eloo0urxqgv1 Lqghhg/ lq d vlplodu zd|/ rxu iudphzrun hdvlo| hqfrpsdvvhv ohj0

lvodwlyh vhvvlrqv zlwk duelwudu| qxpehuv ri eloo0urxqgv/ zlwk dphqgphqwv shuplwwhg

zlwklq hdfk urxqg1 Olnhzlvh/ rqh fdq xvh wklv iudphzrun wr vwxg| vkruw0whup dqg

orqj0whup srolf|0pdnlqj lq d vhtxhqfh ri ohjlvodwlyh vhvvlrqv/ hdfk zlwk pxowlsoh

eloo0urxqgv1

H{dpsoh &7= Lq wkh �qdo vwdjh/ dq dgglwlrqdo sod|hu +wkh _h{hfxwlyh%, fkrrvhv

hlwkhu wr yhwr ru qrw wr yhwr wkh srolf| sA 1 Li wkh h{hfxwlyh fkrrvhv qrw wr h{huflvh

yhwr srzhu/ wkhq sA lv hqdfwhg lqwr odz1 Li wkh h{hfxwlyh yhwrhv sA / wkhq wkh

rxwfrph lv vrph ghidxow srolf|/ s(/ wkdw lv hlwkhu jlyhq h{rjhqrxvo| ru ghwhuplqhg

lq wkh lqlwldo vwdjh1 Zkhq frqvlghulqj vxfk lqvwlwxwlrqv/ lw lv lpsruwdqw wr h{dplqh

wkh uroh ri wkh h{hfxwlyh*v suhihuhqfhv lq lq�xhqflqj srolf| rxwfrphv1

Zlwk dssursuldwh prgl�fdwlrqv wr wkh �qdo vwdjh/ rxu iudphzrun fdq dffrppr0

gdwh d ydulhw| ri pruh frpsoh{ yhwr lqvwlwxwlrqv1 Iru h{dpsoh/ zkhq hdfk srolf| s

lv frpsulvhg ri frpsrqhqw srolflhv/ rqh fdq hqgrz wkh h{hfxwlyh zlwk wkh srzhu wr

uhpryh lqglylgxdo frpsrqhqwv1 Wklv fruuhvsrqgv wr d _olqh lwhp% yhwr1 Rqh fdq

dovr hqulfk wkh prgho e| dvvxplqj wkdw wkh h{huflvh ri dq h{hfxwlyh yhwr wuljjhuv

d ohjlvodwlyh yrwh rq dq _ryhuulgh lqlwldwlyh1% Li wkh lqlwldwlyh sdvvhv/ wkh yhwr lv

lqydolgdwhg/ dqg sA lv hqdfwhg lqwr odz> li lw lv ghihdwhg/ wkh yhwr vwdqgv dqg s
(

suhydlov1 Ghshqglqj rq wkh uxohv ri wkh lqvwlwxwlrq/ ryhuulglqj wkh h{hfxwlyh pd|

uhtxluh d vlpsoh pdmrulw| ru d vxshupdmrulw|1

Wkh ydulrxv shupxwdwlrqv ri uxohv dqg surfhgxuhv fdwdorjxhg deryh duh/ ri

frxuvh/ idu wrr qxphurxv wr vwxg| lq d vlqjoh sdshu1 Iru wkh prvw sduw +exw qrw

h{foxvlyho|,/ lq wkh fxuuhqw sdshu/ zh irfxv rxu dwwhqwlrq rq lqvwlwxwlrqv iru zklfk

wkh �qdo vwdjh lv ghjhqhudwh +sA lv vlpso| hqdfwhg lqwr odz zlwk qr ixuwkhu prgl�fd0

wlrq,1 Lq oljkw ri wkh lqwhusuhwdwlrq jlyhq wr h{dpsoh &4 deryh/ zh wklqn wkdw wklv

fdvh lv ri vljql�fdqw lqghshqghqw lqwhuhvw1 Krzhyhu/ zh kdyh d gl�huhqw dqg pruh

frpshoolqj uhdvrq iru ehjlqqlqj zlwk wklv fdvh1 Lq vhfwlrq 71414/ zh suryh dq h{0

wuhpho| vlpsoh uhvxow zlwk vxusulvlqjo| srzhuixo lpsolfdwlrqv= dq| lqvwlwxwlrq idoolqj

zlwklq rxu jhqhudo iudphzrun lv htxlydohqw wr dq rwkhuzlvh lghqwlfdo lqvwlwxwlrq zlwk

d +zhdno|, vpdoohu srolf| vsdfh dqg d ghjhqhudwh �qdo vwdjh1 Wkxv/ rqfh rqh wkru0

rxjko| xqghuvwdqgv lqvwlwxwlrqv zlwk ghjhqhudwh �qdo vwdjhv/ rqh fdq ghulyh uhvxowv

iru lqvwlwxwlrqv zlwk pruh frpsoh{ �qdo vwdjhv e| vwxg|lqj wkh pdqqhu lq zklfk
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d sduwlfxodu �qdo vwdjh uhgxfhv wkh srolf| vsdfh1 Hovhzkhuh +Ehuqkhlp/ Udqjho/

dqg Ud|r ^5334d/e`,/ zh sxuvxh wklv vwudwhj|/ h{whqglqj wkh dqdo|vlv ri wklv sdshu

wr vwxg| srolf|0pdnlqj lq frpsoh{ ohjlvodwlyh vhvvlrqv +dqg vhtxhqfhv ri ohjlvodwlyh

vhvvlrqv,/ dv zhoo dv lq lqvwlwxwlrqv wkdw doorz iru ydulrxv nlqgv ri h{hfxwlyh yhwrhv1

51516 Wkh lqlwldo vwdjh

Lq wkh lqlwldo vwdjh/ ydulrxv sduwlhv +lqfoxglqj exw qrw lq sulqflsoh olplwhg wr ohjlvod0

wruv, wdnh dfwlrqv wkdw vhw wkh vwdjh iru vxevhtxhqw ohjlvodwlyh srolf|0pdnlqj1 Pruh

vshfl�fdoo|/ wkh lqlwldo vwdjh vxssolhv wkh vwdwxv txr srolf| iru wkh �uvw urxqg/ sf/ dv

zhoo dv wkh uxohv dqg surfhgxuhv wr eh iroorzhg lq wkh srolf| ghyhorsphqw dqg �qdo

vwdjhv1 Iru vrph lqvwlwxwlrqv/ lw pd| dovr vxsso| ghidxow srolflhv1

E| pdnlqj dssursuldwh dvvxpswlrqv frqfhuqlqj wkh vwuxfwxuh ri wkh lqlwldo vwdjh/

rqh fdq h{dplqh d ydulhw| ri lpsruwdqw txhvwlrqv1 H{dpsohv lqfoxgh= Xqghu zkdw

flufxpvwdqfhv fdq ohjlvodwlyh frpplwwhhv d�hfw srolf| rxwfrphv e| gudiwlqj sursrvhg

ohjlvodwlrq +wkdw lv/ e| vhohfwlqj s�,B Li ohjlvodwruv duh jlyhq �h{lelolw| zlwk uhvshfw

wr wkh fkrlfh ri uxohv dqg surfhgxuhv iru vxevhtxhqw vwdjhv/ zklfk rqhv zloo wkh|

lpsrvh xsrq wkhpvhoyhv/ dqg zkdw grhv wklv lpso| lq whupv ri srolf| rxwfrphvB Lq

zulwlqj d frqvwlwxwlrq zlwk wkh remhfwlyh ri pd{lpl}lqj vrfldo zhoiduh/ zkdw ryhudoo

sdudphwhuv iru ohjlvodwlyh srolf|0pdnlqj vkrxog wkh _irxqghuv% hvwdeolvkB Dv zh

kdyh douhdg| phqwlrqhg/ frqvlghudwlrq ri wkh lqlwldo vwdjh lv dovr lqvwuxphqwdo zkhq

xvlqj rxu iudphzrun wr vwxg| frpsoh{ ohjlvodwlyh vhvvlrqv/ dv zhoo dv vhtxhqfhv ri

ohjlvodwlyh vhvvlrqv1

Rqfh djdlq/ wkh txhvwlrqv dqg lqvwlwxwlrqv phqwlrqhg deryh duh idu wrr qxphurxv

wr vwxg| lq d vlqjoh sdshu1 Lq wkh fxuuhqw sdshu/ zh irfxv rxu dwwhqwlrq iru wkh prvw

sduw +exw qrw h{foxvlyho|, rq lqvwlwxwlrqv iru zklfk wkh lqlwldo vwdjh lv ghjhqhudwh/ lq

wkh vhqvh wkdw doo ri wkh sdudphwhuv dqg uxohv ri surfhgxuh iru vxffhvvlyh vwdjhv duh

�{hg h{rjhqrxvo|1 Wklv lv d qdwxudo vwduwlqj srlqw iru rxu uhvhdufk djhqgd1 Wkh

rxwfrph ri wkh ohjlvodwlyh lqvwlwxwlrq lv dozd|v jlyhq rqfh wkh srolf| ghyhorsphqw

vwdjh frpphqfhv1 Frqvhtxhqwo|/ wr xqghuvwdqg wkh lpsdfw ri ydulrxv uxohv iru wkh

lqlwldo vwdjh/ rqh qhhgv wr vwduw e| vroylqj wkh prgho xqghu ydulrxv dvvxpswlrqv

derxw sdudphwhuv/ uxohv/ dqg surfhgxuhv iru wkh �qdo vwdjh1
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Wkurxjkrxw rxu dqdo|vlv/ zh dvvxph wkdw +4, ohjlvodwruv duh vwudwhjlfdoo| vrsklvwl0

fdwhg/ dqg +5, wkh| yrwh vlqfhuho|1 Zh pdnh wkh vhfrqg dvvxpswlrq wr ghdo zlwk wkh

idploldu sureohp ri lqgl�huhqfh dprqj qrq0slyrwdo yrwhuv/ zklfk rwkhuzlvh jlyhv ulvh

wr d ydvw pxowlsolflw| ri htxloleuld1 Wkh htxloleuld wkdw zh uxoh rxw wkurxjk wkh vhf0

rqg dvvxpswlrq duh xquhdvrqdeoh ehfdxvh djhqwv fdvw yrwhv wkdw duh frqwudu| wr wkhlu

wuxh suhihuhqfhv1 Wrjhwkhu/ rxu wzr dvvxpswlrqv lpso| wkdw ohjlvodwruv frpsduh wkh

frqwlqxdwlrq htxloleulxp li d sursrvdo sdvvhv zlwk wkh frqwlqxdwlrq htxloleulxp li

lw lv ghihdwhg/ dqg fdvw wkhlu yrwh iru wkh rswlrq wkdw |lhogv wkh suhihuuhg frqwlqxd0

wlrq sdwk1 Zh dovr frq�qh dwwhqwlrq wr sxuh vwudwhj| vxejdph shuihfw htxloleuld1

Khqfhiruwk/ wkh whup _htxloleulxp% vkrxog wkhuhiruh eh frqvwuxhg dv lqglfdwlqj d

sxuh vwudwhj| vxejdph shuihfw htxloleulxp zlwk wuxwkixo vwudwhjlf yrwlqj1

� +i*@|�L?t��T |L |�i w�|ih@|�hi

Wkh h{lvwlqj olwhudwxuh frqwdlqv d odujh qxpehu ri sdshuv frqfhuqlqj wkh wkhru| ri

ohjlvodwlyh srolf| pdnlqj1 D frpsuhkhqvlyh vxuyh| ri wklv olwhudwxuh lv eh|rqg wkh

vfrsh ri wklv sdshu1 Lqvwhdg/ zh olplw rxu glvfxvvlrq ri wkh olwhudwxuh wr wkh hvvhqwldo

gl�huhqfhv ehwzhhq rxu iudphzrun dqg rwkhu prghov wkdw dsshdu lq wkh olwhudwxuh1

Wkhuh duh wkuhh nh| ihdwxuhv ri rxu iudphzrun wkdw glvwlqjxlvk lw iurp wkh uhodwhg

olwhudwxuh1 Iluvw/ zh frqvlghu ohjlvodwlyh surfhvvhv lq zklfk wkh g|qdplfv ri yrwlqj

duh lqwhuorfnhg zlwk wkh g|qdplfv ri sursrvdo jhqhudwlrq1 Lq sduwlfxodu/ d sursrvdo

lv iroorzhg e| d yrwh/ zklfk lv iroorzhg e| dqrwkhu sursrvdo/ wkhq dqrwkhu yrwh/

dqg vr rq1 Dw hdfk vwdjh/ zh doorz wkh ghflvlrq +hlwkhu d sursrvdo ru d yrwh, wr

ghshqg rq doo suhfhglqj hyhqwv1 Wkxv/ d ohjlvodwru pd| fkrvh wr sursrvh ru yrwh iru

rqh srolf| li fhuwdlq hyhqwv pdwhuldol}h/ dqg wr sursrvh ru yrwh iru dqrwkhu srolf| li

rwkhu hyhqwv frph wr sdvv1 Zh eholhyh wkdw wkhvh dvvxpswlrqv uhdolvwlfdoo| ghslfw

wkh �h{lelolw| ri prvw ohjlvodwlyh surfhvvhv1

Vhfrqg/ rxu iudphzrun qdwxudoo| dffrpprgdwhv uhvwulfwlrqv rq srolf| vhwv +vxfk

dv wkh FEGF dvvxpswlrq, wkdw uhqghu xwlolw| qrq0wudqvihuudeoh1 Zlwk wudqvihuudeoh

xwlolw|/ ohjlvodwruv duh xqdqlprxv lq vxssruwlqj vxusoxv0pd{lpl}dwlrq> wkh rqo| frq0

wuryhuvldo lvvxhv frqfhuq glvwulexwlrq1 Lq frqwudvw/ zlwk qrq0wudqvihuudeoh xwlolw|/

wkh vl}h dqg glvwulexwlrq ri wkh vrfldo slh duh lqwhuwzlqhg1 Dq| sduwlfxodu ohjlv0

odwru pd| suhihu d ohvv h�flhqw srolf| wkdw |lhogv d pruh idyrudeoh glvwulexwlrq ri
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uhvrxufhv1 Vlqfh qrq0glvwruwlrqdu| wd{hv duh qrw dydlodeoh/ wkh dvvxpswlrq ri wudqv0

ihuudeoh xwlolw| lv xquhdolvwlf/ dqg surylghv d glvwlqfwo| lqdssursuldwh irxqgdwlrq iru

d wkhru| ri jryhuqphqw srolf|1

Wklug/ rxu iudphzrun hqfrpsdvvhv d zlgh udqjh ri srvvleoh lqvwlwxwlrqv1 Zh

h{soruh wkh h�hfwv ri ydulrxv dowhuqdwlyh uxohv jryhuqlqj gholehudwlrqv lq wkh srolf|

ghyhorsphqw vwdjh/ dqg zh dsshqg ydulrxv vxssohphqwdu| vwuxfwxuhv dv lqlwldo dqg

�qdo vwdjhv1 Iru wkh sxusrvhv ri wkh iroorzlqj olwhudwxuh glvfxvvlrq/ lw lv zruwk

hpskdvl}lqj wzr vshfl�f dvshfwv ri wkh iudphzrun*v �h{lelolw|1 Iluvw/ zh doorz iru

d ydulhw| ri forvxuh uxohv/ dqg gr qrw uhvwulfw dwwhqwlrq wr lqvwlwxwlrqv iru zklfk

forvxuh dxwrpdwlfdoo| rffxuv dv vrrq dv d sursrvdo uhfhlyhv d pdmrulw| ri yrwhv1 Lq

jhqhudo/ lw vhhpv uhdvrqdeoh wr dvvxph wkdw ohjlvodwlyh gholehudwlrqv fdq frqwlqxh

hyhq diwhu sduwlfxodu srolflhv duh dgrswhg> lqghhg/ lq wkh surfhvv ri dphqglqj d eloo/

lw lv xvxdoo| srvvleoh wr uhylvlw dqg uhshdo vrph ri wkh surylvlrqv wkdw kdg ehhq

dwwdfkhg e| suhylrxv dphqgphqwv1 Vlploduo|/ lq d ohjlvodwlyh vhvvlrq lw lv srvvleoh wr

uhylvlw dqg uhshdo suhylrxvo| sdvvhg ohjlvodwlrq1 Vhfrqg/ zh doorz iru wkh srvvlelolw|

wkdw vrph ohjlvodwlyh dfwlrqv ohdyh vrph sduwlhv vwulfwo| zruvh r� wkdq wkh| zrxog

eh li wkh ohjlvodwxuh wrrn qr dfwlrq dw doo1 Wklv dovr vwulnhv xv dv uhdolvwlf/ vlqfh

vrph srolflhv pd| eh vwulfwo| frqwudu| wr wkh lqwhuhvwv ri sduwlfxodu lqwhuhvw jurxsv1

Wkh �uvw ihdwxuh phqwlrqhg deryh glvwlqjxlvkhv rxu iudphzrun iurp prvw ri wkh

h{wdqw olwhudwxuh1 Rqh qrwdeoh h{fhswlrq lv Edurq dqg Ihuhmrkq ^4<;<`/ zkrvh dqdo0

|vlv frqfhuqv d pdmrulw|0uxoh yhuvlrq ri wkh fdqrqlfdo Uxehqvwhlq ^4<;5` edujdlqlqj

sureohp1 Wklv prgho lqyrnhv d ydulhw| ri rwkhu vshfldo dvvxpswlrqv wkdw gl�huhqwl0

dwh lw iurp rxu zrun1 Iluvw/ xwlolw| lv ixoo| wudqvihuudeoh +wkh remhfw lv wr vsolw d �{hg

sd|r�,1 Wkrxjk zh frqvlghu wkh fdvh ri wudqvihuudeoh xwlolw| lq vhfwlrq 9/ zh duh/

iru wkh uhdvrqv phqwlrqhg deryh/ sulpdulo| lqwhuhvwhg lq qrq0wudqvihuudeoh xwlolw|1

Vhfrqg/ ohjlvodwruv wdnh wxuqv sursrvlqj srolflhv dqg forvxuh rffxuv dxwrpdwlfdoo| dv

vrrq dv d sursrvdo uhfhlyhv d pdmrulw| ri yrwhv1 Dv zh zloo vhh/ wkh delolw| wr uhylvlw

suhylrxvo| sdvvhg srolflhv lv fhqwudo wr wkh g|qdplfv ri wkh ohjlvodwlyh lqvwlwxwlrqv

vwxglhg khuhlq1 Wklug/ qr ihdvleoh srolf| ohdyhv dqg ohjlvodwru zruvh r� wkdq ohjlvod0

wlyh lqdfwlrq +dq| volfh ri wkh �{hg slh lv ehwwhu wkdq qrqh dw doo,1 Frqvhtxhqwo|/

wkhuh lv qr vhqvh lq zklfk rqh ohjlvodwru lq wkh Edurq0Ihuhmrkq prgho fdq ehqh�w

iurp ohjlvodwlrq dw wkh h{shqvh ri dqrwkhu1 Irxuwk/ Edurq dqg Ihuhmrkq frqvlghu d

vlqjoh/ vlpsoh lqvwlwxwlrq lq zklfk wkhuh lv/ lq h�hfw/ qr lqlwldo vwdjh ru �qdo vwdjh1

Lq frqwudvw wr wkh fxuuhqw sdshu/ wkh| pdnh qr dwwhpsw wr vwxg| wkh h�hfwv ri ydul0



49

dwlrqv lq uxohv dqg surfhgxuhv1 Wkxv/ zkloh wkh Edurq0Ihuhmrkq dqdo|vlv kdv wkh

�uvw ihdwxuh phqwlrqhg deryh/ lw odfnv wkh vhfrqg dqg wklug ihdwxuhv1

Wkh vhfrqg ihdwxuh phqwlrqhg deryh lv vkduhg e| vhyhudo rwkhu sdshuv wkdw gh0

yhors wkhrulhv ri ohjlvodwlyh srolf|0pdnlqj1 Lq sduwlfxodu Ihuhmrkq/ Ilrulqd/ dqg

PfNhoyh| ^4<;:` dqg Jdeho dqg Kdjhu ^5333` erwk dgrsw FEGF srolf| vhwv1 Krz0

hyhu/ wkhvh sdshuv gr qrw frqvlghu ohjlvodwlyh surfhvvhv lq zklfk wkh g|qdplfv ri

yrwlqj duh lqwhuorfnhg zlwk wkh g|qdplfv ri sursrvdo jhqhudwlrq +wkh �uvw ihdwxuh

phqwlrqhg deryh,1 Dv zh zloo vhh/ wklv ihdwxuh lv devroxwho| fhqwudo wr wkh g|qdplfv

ri ohjlvodwlyh srolf|0pdnlqj1 Pruhryhu/ wkhvh sdshuv irfxv rq vshfl�f lqvwlwxwlrqv/

dqg surylgh ihz lqvljkwv frqfhuqlqj wkh h�hfwv ri yduldwlrqv lq uxohv dqg surfhgxuhv1

Frqvlghu/ iru h{dpsoh/ wkh prgho ri Ihuhmrkq/ Ilrulqd/ dqg PfNhoyh|1 Gh0

vslwh pdq| vlplodulwlhv wr rxu iudphzrun/ wkhuh lv rqh fulwlfdo gl�huhqfh= ohjlvodwruv

frpplw wr sursrvdov sulru wr wkh srolf| ghyhorsphqw vwdjh1 Zkhq d ohjlvodwru lv

uhfrjql}hg/ vkh lv frqvwudlqhg wr pdnh wkh vdph sursrvdo uhjdugohvv ri zkdw kdv

wudqvsluhg xs xqwlo wkdw srlqw lq wkh surfhvv1 Dv zh glvfxvv lq vhfwlrq 715/ wklv

frqvlghudeo| vlpsol�hv vwudwhj| vhwv/ exw lurqlfdoo| pdnhv lw pxfk pruh gl�fxow wr

dqdo|}h htxloleuld +lq vrph lqvwdqfhv/ lw lv lqfrqvlvwhqw zlwk wkh h{lvwhqfh ri sxuh

vwudwhj| htxloleuld,1 Ihuhmrkq/ Ilrulqd/ dqg PfNhoyh| �qhvvh wkhvh sureohpv e|

dsshqglqj d �qdo vwdjh frqvlvwlqj ri d vlpsoh xs0ru0grzq yrwh/ zlwk lqdfwlrq dv wkh

ghidxow srolf| +wkh prgho lv wkhq lqwhusuhwhg dv wkh surfhvv ri sursrvlqj/ dphqglqj

dqg yrwlqj rq d eloo,1 Wklv uhgxfhv wkh vhw ri srvvleoh frqwlqxdwlrq sdwkv vx�flhqwo|

wr dvvxuh wkh h{lvwhqfh ri d sxuh vwudwhj| htxloleulxp/ lqyroylqj lpsohphqwdwlrq ri

wkh ohdvw0frvw pdmrulwduldq srolf|1 Lq Ehuqkhlp/ Udqjho/ dqg Ud|r ^5334d`/ zh

ghprqvwudwh wkdw rxu prgho surgxfhv d vlplodu uhvxow zkhq zh dsshqg d �qdo xs0

ru0grzq yrwh yhuvxv lqdfwlrq1 Krzhyhu/ zh dovr vkrz wkdw glfwdwruldo rxwfrphv

uh0hphujh zkhq wkhuh lv d vxffhvvlrq ri wkhvh _eloo urxqgv/% zlwk wkh rxwfrph ri

hdfk eloo0urxqg hvwdeolvklqj wkh ghidxow srolf| iru wkh qh{w urxqg1

Wkh h{lvwlqj olwhudwxuh dovr grhv qrw dsshdu wr frqwdlq uhvxowv wkdw sdudooho rxu

�qglqjv frqfhuqlqj glfwdwruvkls dqg rwkhu plqrulw| rxwfrphv1 Lqghhg/ vrph dx0

wkruv/ vxfk dv Zhlqjdvw ^4<:<`/ uxoh rxw plqrulw| rxwfrphv e| dvvxpswlrq1 Dssdu0

hqw h{fhswlrqv lqfoxgh Edurq dqg Ihuhmrkq ^4<;<` dqg Orfnzrrg ^4<<;`1 Krzhyhu/

zh zrxog qrw lqwhusuhw wkhvh prghov dv surgxflqj _wuxh% plqrulw| rxwfrphv= lq

frqwudvw wr zkdw rffxuv lq rxu prgho/ qr ohjlvodwru ~ ohw dorqh d pdmrulw| ri ohjlvod0

wruv ~ lv zruvh r� wkh vkh zrxog eh zlwk ohjlvodwlyh lqdfwlrq1 Lq dgglwlrq/ dssduhqw
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plqrulw| rxwfrphv lq wkhvh prghov duh gulyhq e| h{wuhph dvvxpswlrqv wkdw wudqv0

sduhqwo| frqfhqwudwh srzhu lq wkh kdqgv ri d vlqjoh sduw| +h1j1 lq�qlwh glvfrxqwlqj lq

sureohpv wkdw uhvhpeoh dowhuqdwlqj edujdlqlqj/ wdnh0lw0ru0ohdyh0lw r�huv/ dqg vshfl�f

irupv ri h{whuqdolwlhv,1

e �@t�U W?t|�|�|�L?t

Zh ehjlq rxu dqdo|vlv e| h{dplqlqj lqvwlwxwlrqv zlwk wkh iroorzlqj fkdudfwhulvwlfv=

+4, wkh lqlwldo vwdjh lv ghjhqhudwh/ zlwk wkh qxpehu ri sursrvdo urxqgv/ wkh rughu

ri uhfrjqlwlrq/ dqg wkh lqlwldo vwdwxv txr/ sf/ doo �{hg/ +5, wr sdvv/ d sursrvdo pxvw

uhfhlyh d vlpsoh pdmrulw| ri wkh yrwhv fdvw/ dqg +6, wkhuh duh qr uhvwulfwlrqv rq do0

orzdeoh sursrvdov1 Zh uhihu wr wkhvh vshfldo fdvhv ri rxu prgho dv edvlf lqvwlwxwlrqv=

Lq pxfk ri wklv vhfwlrq/ zh dovr wuhdw wkh �qdo vwdjh dv ghjhqhudwh1 Dv glvfxvvhg lq

vhfwlrq 51514 +h{dpsoh &4,/ lw lv qdwxudo wr lqwhusuhw d edvlf lqvwlwxwlrq zlwk d ghjhq0

hudwh �qdo vwdjh dv d vlpsoh ohjlvodwlyh vhvvlrq zkhuhlq ohjlvodwruv sursrvh d vhtxhqfh

ri qrq0dphqgdeoh eloov1 Dv zh zloo dujxh/ pdq| ri rxu uhvxowv kdyh lpsolfdwlrqv iru

lqvwlwxwlrqv zlwk qrq0ghjhqhudwh lqlwldo dqg �qdo vwdjhv1

e�� 5L4i Thi*�4�?@h) hit�*|t

Zh ehjlq rxu dqdo|vlv ri edvlf lqvwlwxwlrqv zlwk vrph suholplqdu| uhvxowv1 Iru wkh

sxusrvh ri wklv vhfwlrq/ zh dvvxph rqo| wkdw S lv �qlwh dqg jhqhulf +dvvxpswlrqv

D4 dqg D5,1

71414 Dq htxlydohqfh uhvxow iru �qdo vwdjhv

Wkh �qdo vwdjh ri dq| ohjlvodwlyh surfhvv pdsv wkh srolf| hphujlqj iurp wkh srolf|

ghyhorsphqw vwdjh/ s8 / lqwr d �qdo rxwfrph1 Wkh vshfl�f fkdudfwhulvwlfv ri wklv

pdsslqj ghshqg xsrq wkh lqvwlwxwlrqv jryhuqlqj lqwhudfwlrq gxulqj wkh �qdo vwdjh/

dv zhoo dv rq wkh htxloleulxp vwudwhjlhv vhohfwhg e| �qdo0vwdjh sduwlflsdqwv1 Iru rxu

fxuuhqw sxusrvhv/ zh zloo devwudfw iurp wkhvh ghwdlov dqg vlpso| dvvxph wkdw lw lv

srvvleoh wr ghulyh vrph uhgxfhg irup uhsuhvhqwdwlrq ri wkh �qdo vwdjh/ 
 = S $ S 1 Lq

rwkhu zrugv/ zkhq wkh srolf| s8 hphujhv iurp wkh �qdo vwdjh/ wkh xowlpdwh rxwfrph

lv 
+s8 ,1 Reylrxvo|/ wklv iudphzrun lqfoxghv wkh vshfldo fdvh ri d ghjhqhudwh �qdo

vwdjh/ zkhuhlq s8 ehfrphv odz zlwkrxw ixuwkhu prgl�fdwlrq +
+s, @ s,1 Iru dq|

dowhuqdwlyh �qdo vwdjh lqvwlwxwlrq +�qdo xs0ru0grzq yrwhv/ yhwrhv/ hwf1,/ rqh fdq



4;

ghulyh d fruuhvsrqglqj pdsslqj 
12

Ohw 
+S , ghqrwh wkh lpdjh ri doo srlqwv lq S xqghu wkh pdsslqj 
1 Sodlqo|/

wkh �qdo srolf| rxwfrph pxvw ehorqj wr wkh vhw 
+S ,1 Ohw l+w, ghqrwh wkh lghqwlw|

ri wkh ohjlvodwru uhfrjql}hg lq sursrvdo0urxqg w1 Ohw M � im m m @ l+w, iru vrph

w @ 4> ===> Wj> wklv lv wkh vhw ri ohjlvodwruv zkr duh uhfrjql}hg dw ohdvw rqfh1 Vlploduo|/

ohw M+w> w�, ghqrwh wkh vhw ri ohjlvodwruv uhfrjql}hg dw ohdvw rqfh lq shulrgv w/ w . 4/

111/ w�1

Rxu �uvw uhvxow hvwdeolvkhv dq h{wuhpho| vlpsoh |hw lpsruwdqw htxlydohqfh sulq0

flsoh=

Wkhruhp 4= Frqvlghu d srolf| vhw S vdwlvi|lqj D4 dqg D51 D edvlf lqvwlwxwlrq

zlwk srolf| vsdfh S / lqlwldo vwdwxv txr sf/ dqg �qdo vwdjh 
 |lhogv wkh vdph

srolf| rxwfrph dv dq rwkhuzlvh lghqwlfdo lqvwlwxwlrq zlwk srolf| vsdfh 
+S ,/

lqlwldo vwdwxv txr 
+sf,/ dqg d ghjhqhudwh �qdo vwdjh1

Wkh lqwxlwlrq iru wkhruhp 4 lv vwudljkwiruzdug +vhh �jxuh 6,1 Frqvlghu d yhu|

vlpsoh lqvwlwxwlrq zlwk d rqh0urxqg srolf| ghyhorsphqw vwdjh/ d srolf| vsdfh S @

iD>E>Fj/ dq lqlwldo vwdwxv txr sf @ D/ dqg d �qdo vwdjh uhsuhvhqwlqj e| wkh pds0

slqj 
+D, @ 
+E, @ E dqg 
+F, @ D1 Wkh wuhh rq wkh ohiw ghslfwv wkh srvvleoh

vhtxhqfhv ri hyhqwv dqg rxwfrphv iru wklv lqvwlwxwlrqv1 Wkh �uvw qrgh lv odehoohg

_D% wr lqglfdwh wkdw D lv wkh lqlwldo vwdwxv txr srolf|1 Wkh eudqfkhv hpdqdwlqj

iurp wklv qrgh uhsuhvhqw gl�huhqw sursrvdov1 Iru h{dpsoh/ _f% lqglfdwhv wkdw wkh

srolf| F lv sursrvhg1 Wkh sursrvhg srolf| hlwkhu sdvvhv +_|%, ru lv ghihdwhg +_q%,1

Zkhq wkh srolf| sdvvhv/ lw uhsodfhv wkh vwdwxv txr> zkhq lw lv ghihdwhg/ wkh vwdwxv

txr uhpdlqv lq sodfh +khqfh wkh qrgh iroorzlqj f dqg | lv odehoohg F/ zkloh wkh qrgh

iroorzlqj f dqg q lv odehoohg D,1 Wkh uhvxowlqj srolf| lv wkhq pdsshg wr wkh �qdo

rxwfrph/ zklfk dsshduv dw wkh hqg ri wkh wuhh +qrwlfh wkdw F pdsv wr D/ zkloh D

pdsv wr E,1

Fohduo|/ li wkh rxwfrph ri wkh sursrvdo vwdjh s lv wudqviruphg lqwr 
+s,/ wkhq/

lq wkh srolf| ghyhorsphqw vwdjh/ d yrwh iru s lv gh idfwr d yrwh iru 
+s,1 Wkxv/

zh fdq uhodeho hyhu| srolf| dqg sursrvdo s dv 
+s,/ dqg holplqdwh wkh �qdo vwdjh1

Wklv jhqhudwhv wkh vhfrqg wuhh lq wkh �jxuh1 Wklv wudqvirupdwlrq pd| ohdyh xv zlwk

uhgxqgdqw eudqfkhv1 Qdwxudoo|/ rqh fdq suxqh uhgxqgdqw eudqfkhv zlwkrxw d�hfwlqj

2W? tL4i �?t|@?Uitc @ }��i? �?@* t|@}i �?t|�|�|�L? 4@) )�i*_ ti�ih@* i^��*�Mh�@ uLh |�i t@4i R
8 �

W? t�U� U@titc �i �4@}�?i |�@| l �?ULhTLh@|it tL4i i^��*�Mh��4 ti*iU|�L? Uh�|ih�L?�
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Iljxuh 6= Looxvwudwlrq ri Wkhruhp 4

wkh rxwfrph ri wkh jdph1 Frqvhtxhqwo|/ zh rewdlq wkh wklug dqg �qdo wuhh lq wkh

�jxuh1 Wklv wuhh fruuhvsrqgv wr dq lqvwlwxwlrq wkdw lv rwkhuzlvh lghqwlfdo wr wkh

ruljlqdo lqvwlwxwlrq/ h{fhsw wkdw wkh srolf| vsdfh lv 
+S ,/ wkh lqlwldo vwdwxv txr lv


+sf,/ dqg wkh �qdo vwdjh lv ghjhqhudwh1

Wkhruhp 4 lpsolhv wkdw zh fdq xqghuvwdqg doo edvlf lqvwlwxwlrqv e| vwxg|lqj

edvlf lqvwlwxwlrqv zlwk ghjhqhudwh �qdo vwdjhv1 Lq sduwlfxodu/ li rqh zlvkhv wr nqrz

wkh rxwfrph jhqhudwhg e| d edvlf lqvwlwxwlrq zlwk d qrq0ghjhqhudwh �qdo vwdjh/ rqh

qhhg rqo| ghulyh d uhgxfhg irup pdsslqj iru wkh �qdo vwdjh +
,/ dqg wkhq frqvlghu

dq htxlydohqw lqvwlwxwlrq zlwk d vpdoohu srolf| vsdfh +
+S ,, dqg d ghjhqhudwh �qdo

vwdjh1 Wkrxjk zh kdyh suryhq wkhruhp 4 rqo| iru edvlf lqvwlwxwlrqv/ rqh fdq

ghprqvwudwh wkh vdph sulqflsoh zlwk frqvlghudeo| juhdwhu jhqhudolw|1 Wklv surylghv

rq lpsruwdqw mxvwl�fdwlrq iru rxu irfxv lq wkh fxuuhqw sdshu rq lqvwlwxwlrqv zlwk

ghjhqhudwh �qdo vwdjhv1

71415 Wkh uhfxuvlyh vwuxfwxuh ri htxloleuld

Lq dgglwlrq wr mxvwli|lqj rxu irfxv rq lqvwlwxwlrqv zlwk ghjhqhudwh �qdo vwdjhv/ wkh0

ruhp 4 dovr doorzv xv wr surylgh d xvhixo uhfxuvlyh fkdudfwhul}dwlrq ri wkh htxloleuld

iru wkhvh prghov1 Wklv uhtxluhv vrph dgglwlrqdo qrwdwlrq1
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Iru dq| S � � S dqg s� 5 S � gh�qh

]+s�> S �, � it 5 S � m < V zlwk mVm �P dqg y,+t, � y,+s
�, iru doo o 5 Vj1

Wklv lv wkh vhw ri srolflhv lq S � wkdw +zhdno|, ghihdw s� e| pdmrulw| uxoh1 Wkh xvh ri

zhdn lqhtxdolwlhv khuh lpsolhv wkdw s� 5 ]+s�> S �,1 Krzhyhu/ lq oljkw ri rxu jhqhulflw|

dvvxpswlrq/ vwulfw lqhtxdolwlhv krog iru doo rwkhu s 5 ]+s�> S �,1 Qh{w/ gh�qh

*,+s
�> S �, � duj pd{

^M~ER�c� ��
y,+t,1

Wklv uhsuhvhqwv ohjlvodwru o*v prvw suhihuuhg hohphqw ri wkh vhw ]+s�> S �,1 Xqghu

dvvxpswlrqv D4 dqg D5/ wklv ixqfwlrq lv zhoo gh�qhg1 Ilqdoo|/ gh�qh

�,+S
�, � it 5 S � m t @ *,+s

�> S �, iru vrph s� 5 S �j=

Wklv lv vlpso| wkh lpdjh ri wkh vhw S � xqghu wkh pdsslqj *,+=> S
�,1

Qrz zh h{klelw wkh uhfxuvlrq1 Frqvlghu �uvw wkh iroorzlqj lqvwlwxwlrq=

Edvlf lqvwlwxwlrq &4= W sursrvdo urxqgv lq wkh srolf| ghyhorsphqw vwdjh/ d

uhfrjqlwlrq rughu l+w, +iru w @ 4> ===> W ,/ d srolf| vsdfh S / dq lqlwldo vwdwxv

txr sf/ dqg d ghjhqhudwh �qdo vwdjh1

Revhuyh wkdw/ zlwkrxw dowhulqj wkh jdph lq dq| vxevwdqwlyh zd|/ rqh fdq wklqn ri

wkh �qdo sursrvdo urxqg dv sduw ri wkh �qdo vwdjh/ udwkhu wkdq dv sduw ri wkh srolf|

ghyhorsphqw vwdjh1 Wkh srolf| wkdw hphujhv iurp urxqg W � 4/ sA3�/ wkhq vhuyhv

dv wkh lqsxw iru wkh �qdo vwdjh +s8 ,1 Iru dq| sduwlfxodu s8 / vroylqj wklv �qdo vwdjh

lv vwudljkwiruzdug= l+W , sursrvhv wkh srolf| lq S vkh prvw suhihuv dprqj wkrvh wkdw

+zhdno|, ghihdw s8 1 Lq rwkhu zrugv/ 
+s8 , @ *�EA �+s
8 > S ,1 Wkhruhp 4 whoov xv wkdw

wklv lv lq wxuq htxlydohqw wr wkh iroorzlqj lqvwlwxwlrq=

Edvlf lqvwlwxwlrq &5= W � 4 sursrvdo urxqgv lq wkh srolf| ghyhorsphqw vwdjh/ d

uhfrjqlwlrq rughu l+w, +iru w @ 4> ===> W � 4,/ d srolf| vsdfh ��EA �+S ,/ dq lqlwldo

vwdwxv txr *�EA �+sf> S ,/ dqg d ghjhqhudwh �qdo vwdjh1

Wkh suhfhglqj dujxphqw ghprqvwudwhv wkdw d edvlf lqvwlwxwlrq zlwk W sursrvdo

urxqgv lq wkh srolf| ghyhorsphqw vwdjh dqg d ghjhqhudwh �qdo vwdjh lv htxlydohqw

wr dqrwkhu edvlf lqvwlwxwlrq zlwk W � 4 sursrvdo urxqgv lq wkh srolf| ghyhorsphqwv

vwdjh dqg d ghjhqhudwh �qdo vwdjh/ zkhuh wkh srolf| vsdfh kdv ehhq dssursuldwho|
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uhgxfhg/ dqg zkhuh wkh lqlwldo vwdwxv txr kdv ehhq dssursuldwho| wudqviruphg1 Wkh

vdph dujxphqw lpsolhv wkdw wkhvh lqvwlwxwlrqv duh lq wxuq htxlydohqw wr dqrwkhu

edvlf lqvwlwxwlrq zlwk W � 5 sursrvdo urxqgv lq wkh srolf| ghyhorsphqw vwdjh dqg d

ghjhqhudwh �qdo vwdjh/ zkhuh wkh srolf| vsdfh kdv ehhq ixuwkhu uhgxfhg +wr ��EA3�� �

��EA �+S ,,/ dqg zkhuh wkh lqlwldo vwdwxv txr kdv ehhq ixuwkhu wudqviruphg1

Zkhuh grhv wklv dujxphqw xowlpdwho| ohdgB Uhfxuvlyh dssolfdwlrq ri wkh vdph

htxlydohqfh sulqflsoh lpsolhv wkdw wkh ruljlqdo lqvwlwxwlrq lv htxlydohqw wr d edvlf lq0

vwlwxwlrq zlwk }hur sursrvdo urxqgv lq wkh srolf| ghyhorsphqw vwdjh dqg d ghjhqhudwh

�qdo vwdjh/ zkhuh wkh srolf| vsdfh lv

��E�� � === � ��EA3�� ���EA �+S ,/

dqg zkhuh wkh lqlwldo vwdwxv txr kdv ehhq dssursuldwho| wudqviruphg1 Wkh ghjhq0

hudf| ri wkh srolf| ghyhorsphqw dqg �qdo vwdjhv lpsolhv wkdw wklv lqlwldo vwdwxv txr

lv vlpso| hqdfwhg lqwr odz1

Dffruglqj wr wkh suhfhglqj dujxphqw/ iru dq| lqlwldo vwdwxv txr sf 5 S / wkh lqlwldo

lqvwlwxwlrq pxvw jhqhudwh dq rxwfrph lq wkh vhw ��E��� ===���EA3�����EA �+S ,1 Qrwlfh

wkdw zh fdq vroyh iru wklv vhw wkurxjk phfkdqlfdo dssolfdwlrq ri wkh �� pdsslqjv1

Wklv doorzv xv wr frpsohwho| fkdudfwhul}h doo srvvleoh rxwfrphv ri wkh ohjlvodwlyh

surfhvv/ doorzlqj iru dq| frqfhlydeoh lqlwldo vwdwxv txr1

Iru vrph ri wkh dujxphqwv dsshdulqj odwhu lq wklv sdshu/ lw lv dovr frqyhqlhqw wr

gh�qh d ixqfwlrq T|+s|3�, wkdw pdsv wkh vwdwxv txr s|3� lq urxqg w wr wkh hyhqwxdo

�qdo rxwfrph1 Wkh pds lv gh�qhg uhfxuvlyho| dv iroorzv=

TA +sA3�, � *�EA �+sA3�> S ,

dqg/ iru w ? W /

T|+s|3�, @ *�E|�+T|n�+s|3�,>T|n�+S ,,=

Wklv frqvwuxfwlrq lv lqwxlwlyh1 Frqvlghu wkh sureohp ri ohjlvodwru l+w, lq urxqg w

zkhq wkh vwdwxv txr lv s|1 Li sursrvdo s
� sdvvhv lq urxqg w/ wkh vwdwxv txr iru urxqg

w . 4 lv s�/ dqg wkh hyhqwxdo rxwfrph lv T|n�+s
�,1 Li qr qhz sursrvdo sdvvhv lq

urxqg w/ wkh vwdwxv txr iru urxqg w . 4 lv s| @ s|3�/ dqg wkh hyhqwxdo rxwfrph

lv T|n�+s|3�,1 Wkxv/ l+w,*v sureohp lv wr fkrrvh wkh ehvw srolf| lq wkh vhw ri frq0

wlqxdwlrq rxwfrphv T|n�+S , wkdw fdq +zhdno|, ghihdw wkh frqwlqxdwlrq vwdwxv txr

T|n�+s|3�, e| pdmrulw| uxoh1 Wkh vroxwlrq lv *�E|�+T|n�+s|3�,>T|n�+S ,,1
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Qrwh wkdw T|+S , @ ��E|� � ===���EA3�� ���EA �+S ,1 Wkxv/ T|+S , ghqrwhv wkh vhw ri

srolflhv wkdw fdq hphujh dv �qdo rxwfrphv li rqh sodfhv qr uhvwulfwlrqv rq wkh vwdwxv

txr iru urxqg w/ s|1 Vlqfh �,+T, � T/ hyhu| dssolfdwlrq ri d �� pdsslqj vkulqnv

wkh vhw ri srvvleoh �qdo rxwfrphv1 Lw iroorzv wkdw wkh vhwv iT|+S ,jA
|'� duh qhvwhg=

T�+S , � T2+S , � === � TA +S ,1

71416 Vhohfwlrq ri Frqgrufhw zlqqhuv

Ehdulqj lq plqg wkh htxlydohqfh uhvxow ri vhfwlrq 71414/ zh zloo frqwlqxh wr irfxv rq

ohjlvodwlyh surfhvvhv zlwk ghjhqhudwh �qdo vwdjhv1 Lq jhqhudo/ wkhuh lv qr uhdvrq wr

eholhyh wkdw wkh srolf| vhw S zloo frqwdlq d Frqgrufhw zlqqhu +gh�qhg dv d srolf|

wkdw lv pdmrulw| suhihuuhg wr doo rwkhu srolflhv,1 Krzhyhu/ lw lv qdwxudo wr zrqghu

zkhwkhu d ohjlvodwlyh surfhvv zloo vhohfw d Frqgrufhw zlqqhu li rqh h{lvwv1 Dv lw

wxuqv rxw/ wklv txhvwlrq lv fhqwudo wr d qxpehu ri wkh uhvxowv suryhq lq odwhu vhfwlrqv1

Sodlqo|/ wkhuh duh ohjlvodwlyh lqvwlwxwlrqv wkdw gr qrw vhohfw Frqgrufhw zlqqhuv1

Dv dq h{dpsoh/ frqvlghu d edvlf lqvwlwxwlrq zlwk d vlqjoh sursrvdo urxqg lq wkh srolf|

ghyhorsphqw vwdjh1 Iru dq| jlyhq lqlwldo vwdwxv txr sf/ wkhuh lv qr sduwlfxodu uhdvrq

wr eholhyh wkdw wkh Frqgrufhw zlqqhu/ sS/ lv wkh uhfrjql}hg ohjlvodwru*v suhihuuhg

rxwfrph lq ]+s�> S ,1 Lqghhg/ lw lv hqwluho| srvvleoh wkdw wklv ohjlvodwru suhihuv sf wr

sS1

Ghvslwh wkh suhfhglqj revhuydwlrq/ d edvlf lqvwlwxwlrq zloo vhohfw d Frqgrufhw

zlqqhu/ dvvxplqj wkdw rqh h{lvwv/ surylghg wkdw d vx�flhqwo| glyhuvl�hg vhw ri ohj0

lvodwruv kdyh rssruwxqlwlhv wr pdnh sursrvdov1

Wkhruhp 5= Frqvlghu d edvlf lqvwlwxwlrq zlwk d ghjhqhudwh �qdo vwdjh/ dqg d sro0

lf| vhw vdwlvi|lqj D4 dqg D51 Vxssrvh wkdw wkhuh lv d Frqgrufhw zlqqhu sS lq

S 1 Wkhq sS lv wkh �qdo rxwfrph zkhqhyhu

+4, mM m �P / ru

+5, sS lv wkh suhihuuhg srolf| lq S iru vrph ohjlvodwru o 5 M=

Surri= Qrwh wkdw/ iru dq| T zlwk sS 5 T/ ]+sS>T, @ isSj/ iurp zklfk lw iroorzv

wkdw sS @ *�+s
S>T, 5 ��+T, iru doo l1 Wklv lq wxuq lpsolhv wkdw sS 5 T|+S ,

iru doo w 5 i4> ===> Wj1

Qh{w/ frqvlghu dq| T � S zlwk sS 5 T1 Vxssrvh wkdw y�+s
S, A y�+s

�, iru vrph

s� 5 T1 Zh fodlp wkdw s� @5 ��+T,1 Vxssrvh s� 5 ��+T,1 Wkhq <t� 5 T vxfk
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wkdw s� vroyhv pd{^��M~E^�c'� y�+t
��,1 Exw sS 5 ]+t�> T, +vlqfh sS lv d Frqgrufhw

zlqqhu lq S / dqg khqfh lqT,/ dqg y�+s
S, A y�+s

�,> wklv frqwudglfwlrq hvwdeolvkhv

wkh fodlp1

Ilqdoo|/ frqvlghu dq| s 5 S rwkhu wkdq sS1 Lq fdvh +4,/ zh nqrz wkhuh lv d vhw

ri sod|huv VR zlwk mVRm � P vxfk wkdw y�+s
S, A y�+s, iru l 5 VR1 Qrwh wkdw

M _ VR 9@ > +vlqfh erwk vhwv duh dw ohdvw ri vl}h P,1 Wkxv/ iru vrph w� � 4/

l+w�, 5 VR1 Exw wkhq/ e| rxu suhylrxv fodlp/ s @5 ��E|��+T|�n�+S ,, @ T|�+S ,1

Vlqfh wkh vhwv iT|+S ,j
A
|'f duh qhvwhg/ s @5 T|�3r+S , ;v � 31 Wkh vdph

dujxphqw dssolhv lq fdvh +5, iru w� vxfk wkdw l+w�, @ o1 T1H1G1

Iurp wkhruhp 4/ zh nqrz wkdw wkh vdph surshuw| krogv iru edvlf lqvwlwxwlrqv

zlwk qrq0ghjhqhudwh �qdo vwdjhv zkhqhyhu wkhuh h{lvwv d Frqgrufhw zlqqhu lq 
+S ,1

71417 Dq luuhohydqfh uhvxow iru lqlwldo vwdjhv

Zh nqrz wkdw wkh rxwfrph ri wkh ohjlvodwlyh surfhvv pxvw olh lq T�+S ,1 Li mT�+S ,m @

4 wkhq wklv rxwfrph lv qhfhvvdulo| lqghshqghqw ri wkh lqlwldo vwdwxv txr/ sf1 Pruhryhu/

li iru vrph w A 4/ mT|+S ,m @ 4/ wkh dfwlrqv lq sursrvdo urxqgv 4 wkurxjk w� 4 kdyh

qr h�hfw rq wkh �qdo srolf|1 Lq frqwudvw/ li mT�+S ,m A 4/ erwk wkh lqlwldo vwdwxv txr

dqg wkh dfwlrqv wdnhq lq hduo| urxqgv duh srwhqwldoo| lpsruwdqw1

Wkhruhp 5 lghqwl�hv d vhw ri frqglwlrqv xqghu zklfk mT|+S ,m @ 4 iru vrph w � 41

Zkhq wkrvh frqglwlrqv duh vdwlv�hg/ wkh rxwfrph lv qhfhvvdulo| wkh Frqgrufhw zlq0

qhu> wkh lqlwldo vwdwxv txr dqg dfwlrqv wdnhq lq hduo| sursrvdo urxqgv duh luuhohydqw1

Rxu qh{w uhvxow ghprqvwudwhv wkdw wkh luuhohydqfh ri hduo| vwdjhv lv frpsohwho| jhq0

hudo/ dqg grhv qrw ghshqg rq wkh h{lvwhqfh ri d Frqgrufhw zlqqhu lq S +ru lq 
+S ,

iru lqvwlwxwlrqv zlwk qrq0ghjhqhudwh �qdo vwdjhv,1

Wkhruhp 6= Frqvlghu d edvlf lqvwlwxwlrq zlwk d ghjhqhudwh �qdo vwdjh dqg d srolf|

vhw vdwlvi|lqj D4 dqg D51 Vxssrvh wkdw dw ohdvw P ohjlvodwruv pdnh sursrvdov

lq wkh �uvw W � mS m . 5 urxqgv ri wkh srolf| ghyhorsphqw vwdjh1 Wkhq wkh

rxwfrph lv lqghshqghqw ri wkh lqlwldo vwdwxv txr sf1

Surri= Vxssrvh ��+T, @ T iru vrph l1 Zh fodlp wkdw wkhuh h{lvwv d Frqgrufhw

zlqqhu lq T1 Ohw t� vroyh plq^M' y�+t,1 Vlqfh ��+T, @ T/ <t� 5 T vxfk wkdw

t� vroyhv pd{^��M~E^�c'� y�+t
��,1 Wklv fdq rqo| eh wkh fdvh li ]+t�>T, @ it�j1

Vlqfh lw lv dozd|v wkh fdvh wkdw t� 5 ]+t�> T,/ zh nqrz wkdw t� @ t�1 Wkxv/
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]+t�> T, @ it�j1 Wdnh dq| rwkhu t 5 T1 Vlqfh t @5 ]+t�>T,/ CV zlwk mVm �P

vxfk wkdw y�+t, � y�+t
�, ;m 5 V1 Exw wkhq y�+t

�, A y�+t, iru vrph vhw V� zlwk

mV�m �P 1 Vlqfh wklv lv wuxh ;t 5 T� it�j/ t� lv d Frqgrufhw zlqqhu lq T1

Zh qrz fodlp wkdw wkhuh h{lvwv d Frqgrufhw zlqqhu lq vrph T|+S , zlwk w � W�

mS m.61 Vxssrvh qrw1 Wkhq/ e| wkh suhfhglqj dujxphqw/ mT|+S ,m � mT|n�+S ,m�

4 +zlwk mTAn�+S ,m � mS m,1 Exw wkhq
�
�TA3�� �n�+S ,

�
� � 5/ zklfk frqwudglfwv

wkh qrq0h{lvwhqfh ri d Frqgrufhw zlqqhu lq TA3�� �n�+S ,1 Frpelqlqj wklv

fodlp zlwk wkhruhp 5 +dqg lqyrnlqj wkh htxlydohqfh surshuw| iurp wkhruhp 4,

hvwdeolvkhv wkh wkhruhp1 T1H1G1

Wkrxjk zh kdyh vwdwhg wklv uhvxow iru lqvwlwxwlrqv zlwk ghjhqhudwh �qdo vwdjhv/

wkhruhp 4 lpsolhv wkdw lw dovr krogv iru lqvwlwxwlrqv zlwk qrq0ghjhqhudwh �qdo vwdjhv1�

Wkxv/ wkh luuhohydqfh ri wkh lqlwldo vwdwxv txr dqg dfwlrqv wdnhq lq hduo| sursrvdo

urxqgv lv txlwh jhqhudo +surylghg wkdw wkh srolf| ghyhorsphqw vwdjh lv vx�flhqwo|

orqj/ dqg wkdw wkh vhw ri uhfrjql}hg ohjlvodwruv lv vx�flhqwo| glyhuvl�hg,1 Wklv

revhuydwlrq kdv d qxpehu ri lpsruwdqw lpsolfdwlrqv1

Frqvlghu/ iru h{dpsoh/ d frpsoh{ ohjlvodwlyh vhvvlrq frqvlvwlqj ri d vhtxhqfh ri

dphqgdeoh eloov/ dv ghvfulehg lq h{dpsoh &6 ri vhfwlrq 515151 Vxssrvh wkdw hdfk

eloo0urxqg frqvlvwv ri +4, d frpplwwhh surfhvv wkdw jhqhudwhv gudiw ohjlvodwlrq +s�

iru wkdw eloo0urxqg,/ +5, d srolf| ghyhorsphqw vwdjh zlwk pdq| sursrvdo urxqgv

+khuh lqwhusuhwhg dv dphqgphqwv, dqg glyhuvl�hg uhfrjqlwlrq ri ohjlvodwruv/ dqg +6,

d �qdo xs0ru0grzq yrwh yhuvxv suhydlolqj odz1 Iurp wkh shuvshfwlyh ri wkh srolf|

ghyhorsphqw vwdjh lq hdfk eloo0urxqg/ wkh lqlwldo vwdjh frqvlvwv ri wkh frpplwwhh

surfhvv dqg doo suhylrxv eloo0urxqgv/ zkloh wkh �qdo vwdjh frqvlvwv ri wkh �qdo xs0ru0

grzq yrwh dqg doo vxffhvvlyh eloo0urxqgv1 Wkhruhp 6 whoov xv wkdw/ lq wklv vhwwlqj/ wkh

gudiw ohjlvodwlrq vhqw wr wkh �rru ri wkh ohjlvodwxuh e| wkh frpplwwhh lq hdfk eloo urxqg

lv luuhohydqw1 Lq vkruw/ wkh frpplwwhhv kdyh qr h�hfw rq srolf| rxwfrphv1 Wklv lv

qrw wr vd| wkdw frpplwwhhv duh dozd|v luuhohydqw1 Lq rxu iudphzrun/ frpplwwhhv fdq

lq�xhqfh �qdo rxwfrphv zkhq wkh| duh doorzhg wr dowhu wkh uxohv dqg surfhgxuhv ri

vxevhtxhqw gholehudwlrqv/ ru zkhq wkh suhydlolqj uxohv dssursuldwho| olplw vxevhtxhqw

dphqgphqwv wr gudiw ohjlvodwlrq1

�
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e�2 #�U|@|Lht��T hit�*|t

Wr fkdudfwhul}h wkh srvvleoh rxwfrphv ri ohjlvodwlyh surfhvvhv zlwk juhdwhu suhflvlrq/

rqh pxvw sodfh vrph uhvwulfwlrqv rq ihdvleoh srolflhv1 Lq wklv vhfwlrq/ zh uhvwulfw

dwwhqwlrq wr FEGF srolf| vhwv1 Zh h{whqg rxu dqdo|vlv wr pruh jhqhudo srolf| vhwv

lq vhfwlrq 91

Wkurxjkrxw wklv vhfwlrq/ zh frqwlqxh wr irfxv rq edvlf lqvwlwxwlrqv zlwk ghjhq0

hudwh �qdo vwdjhv1 Dqdo|vlv ri wkhvh vlpsoh lqvwlwxwlrqv |lhogv dq lpsruwdqw lqvljkw/

dqg wkhuhe| hvwdeolvkhv d fhqwudo wkhph ri rxu dqdo|vlv= vhhplqjo| ghprfudwlf lq0

vwlwxwlrqv fdq |lhog kljko| xqghprfudwlf rxwfrphv1 Vlqfh d sursrvdo pxvw uhfhlyh

pdmrulw| vxssruw wr sdvv/ lw lv qdwxudo wr frqmhfwxuh wkdw �qdo rxwfrphv pxvw ehq0

h�w d pdmrulw| ri wkh ohjlvodwruv1 Wklv lv qrw wkh fdvh1 Lqghhg/ xqghu vxusulvlqjo|

zhdn frqglwlrqv/ wkh ohjlvodwlyh lqvwlwxwlrqv frqvlghuhg khuh surgxfh glfwdwruldo rxw0

frphv1 Pruhryhu/ vhhplqjo| ghprfudwlf uhirupv/ vxfk dv lqfuhdvlqj wkh qxpehu

ri ohjlvodwruv zkr duh jlyhq rssruwxqlwlhv wr pdnh sursrvdov/ fdq dffhqwxdwh wkh

frqfhqwudwlrq ri srolwlfdo srzhu1

Zh glylgh wklv glvfxvvlrq lqwr wzr vxevhfwlrqv1 Wkh �uvw frqvlghuv hqylurqphqwv

lq zklfk pdq| ohjlvodwruv kdyh rssruwxqlwlhv wr pdnh sursrvdov +_lqfoxvlyh uhfrjql0

wlrq rughuv%,1 Zh ghprqvwudwh wkdw/ dv orqj d vx�flhqw qxpehu ri ohjlvodwruv duh

uhfrjql}hg dw vrph srlqw gxulqj wkh srolf| ghyhorsphqw vwdjh/ d glfwdwruldo rxwfrph

hphujhv iru hyhu| uhfrjqlwlrq rughu dqg hyhu| lqlwldo vwdwxv txr1 Wkh vhfrqg frq0

vlghuv hqylurqphqwv lq zklfk uhodwlyho| ihz ohjlvodwruv kdyh rssruwxqlwlhv wr pdnh

sursrvdov +_h{foxvlyh uhfrjqlwlrq rughuv%,1 Rxu dqdo|vlv ri wkhvh hqylurqphqwv sur0

ylghv d vhqvh iru wkh iuhtxhqf| zlwk zklfk wkh glfwdwruldo srolf| hphujhv zkhq wklv

rxwfrph lv qrw jxdudqwhhg1

71514 Lqfoxvlyh uhfrjqlwlrq rughuv

Vrph vlpsoh ohjlvodwlyh lqvwlwxwlrqv sodlqo| |lhog pdmrulwduldq rxwfrphv1 Frqvlghu/

iru h{dpsoh/ d edvlf lqvwlwxwlrq zlwk d ghjhqhudwh �qdo vwdjh dqg rqh sursrvdo

urxqg lq wkh srolf| ghyhorsphqw vwdjh +W @ 4,1 Lpdjlqh wkdw wkh lqlwldo vwdwxv txr

lv lqdfwlrq +sf @ >,= Wklv lqvwlwxwlrq qhfhvvdulo| surgxfhv dq rxwfrph frqvlvwlqj ri

P hohphqwdu| srolflhv1 Vshfl�fdoo|/ wkh srolf| lqfoxghv wkh hohphqwdu| srolf| l+4,

dqg wkh P � 4 ohdvw frvwo| hohphqwdu| srolflhv rwkhu wkdq l+4,1

Frpsduh wkh lqvwlwxwlrq glvfxvvhg lq wkh suhylrxv sdudjudsk wr rqh lq zklfk d

odujh iudfwlrq ri wkh ohjlvodwruv ~ shukdsv doo ri wkhp ~ kdyh rssruwxqlwlhv wr pdnh
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sursrvdov lq wkh srolf| ghyhorsphqw vwdjh +dq lqfoxvlyh uhfrjqlwlrq rughu,1 Wkh

odwwhu lqvwlwxwlrq fhuwdlqo| vhhpv pruh ghprfudwlf1 Lw ehwwhu uh�hfwv wkh hjdolwduldq

sulqflsoh wkdw hyhu| lqwhuhvwhg sduw| kdv d uljkw wr eh khdug1 Vxusulvlqjo|/ lw surgxfhv

d pxfk ohvv ghprfudwlf rxwfrph1 Lqghhg/ rxu qh{w uhvxow vxjjhvwv wkdw wkh uljkw wr

eh khdug fdq frqfhqwudwh doo srolwlfdo srzhu lq wkh kdqgv ri d vlqjoh ohjlvodwru1

Wkhruhp 7= Frqvlghu d edvlf lqvwlwxwlrq zlwk d ghjhqhudwh �qdo vwdjh/ d FEGF

srolf| vhw vdwlvi|lqj D40D7/ dqg Q � 8 ohjlvodwruv1 Surylghg wkdw mM m A P /

wkh xqltxh rxwfrph lv wkh srolf| s @ il+W ,j1

Wklv dssduhqwo| frxqwhulqwxlwlyh uhvxow vhwv wkh vwdjh iru pxfk ri wkh dqdo|vlv

wkdw iroorzv1 Frqvhtxhqwo|/ lw lv lpsruwdqw wr jr wkurxjk wkh dujxphqw fduhixoo|

zlwk wkh remhfw ri exloglqj qhz lqwxlwlrq1 Wklv lv ehvw dffrpsolvkhg e| lqwhjudwlqj

wkh irupdo surri zlwk d ohvv irupdo glvfxvvlrq1 Diwhu suhvhqwlqj dqg glvfxvvlqj wkh

surri/ zh surylgh vrph ixuwkhu frpphqwv frqfhuqlqj wkh wkhruhp1

Wkh surri ri wkhruhp 71 Zh vwduw e| ghprqvwudwlqj wkdw ��EA �+S , kdv wkh

iroorzlqj wkuhh surshuwlhv=

Surshuw| 4= il+W ,j 5 ��EA �+S ,1

Surshuw| 5= l+W , 5 s iru doo s 5 ��EA �+S ,1

Surshuw| 6= s 5 ��EA �+S ,, msm �P 1

Surshuw| 4 lv vwudljkwiruzdug= li wkh vwdwxv txr lq wkh odvw urxqg lv sA3� @

il+W ,j/ l+W , sursrvhv il+W ,j/ wkhuhe| dvvxulqj wkdw il+W ,j lv lpsohphqwhg1

Qrz zh vkrz wkdw uhjdugohvv ri wkh vwdwxv txr dw wkh ehjlqqlqj ri wkh odvw urxqg/

l+W , sursrvhv d srolf| wkdw lqfoxghv wkh hohphqwdu| srolf| l+W ,/ dqg frqwdlqv dw

prvw P hohphqwdu| srolflhv> pruhryhu/ wklv sursrvdo sdvvhv1 Iru wkh sxusrvhv ri

wkh surri/ lw lv xvhixo wr glvwlqjxlvk ehwzhhq wkh iroorzlqj �yh fdvhv1 Lq hdfk fdvh/

zh lghqwli| l+W ,*v ehvw sursrvdo1

Fdvh 4= l+W , 5 sA3�1 Iru wklv fdvh/ zh fodlp wkdw wkh ehvw fkrlfh iru l+W , lv wr

sursrvh wkh srolf| s� rewdlqhg e| gursslqj wkh plq imsA3�m � 4>P � 4j kljkhvw frvw

hohphqwdu| srolflhv lq sA3� rwkhu wkdq l+W ,1 Wkh sursrvhg srolf| vwulfwo| lpsuryhv

wkh sd|r� wr dq| ohjlvodwru dvvrfldwhg zlwk dq hohphqwdu| srolf| wkdw lv qrw gursshg1

Vlqfh wklv jurxs irupv d pdmrulw|/ wkh sursrvdo sdvvhv1 Li s� @ il+W ,j/ wkhq lw lv
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fohduo| wkh ehvw fkrlfh iru l+W ,1 Qrz vxssrvh wkdw s� dovr frqwdlqv rwkhu hohphqwdu|

srolflhv1 Lq oljkw ri D6 dqg D7/ iru dq| srolf| s�� suhihuuhg e| l+W , wr s�/ ms��m � ms�m1

Exw vlqfh s�� 9@ s�/ wklv phdqv wkdw pruh wkdq P � 4 hohphqwdu| srolflhv kdyh ehhq

gursshg iurp sA lq frqvwuxfwlqj s��1 Doo ri wkh dvvrfldwhg ohjlvodwruv/ ri zkrp wkhuh

duh dw ohdvw P / vwulfwo| suhihu sA3� wr s
��1 Frqvhtxhqwo|/ dq| vxfk s�� grhv qrw sdvv1

Fdvh 5= l+W , @5 sA3� dqg msA3�m � 51 Iru wklv fdvh/ zh fodlp wkdw wkh ehvw

fkrlfh iru l+W , lv wr sursrvh wkh srolf| s� rewdlqhg e| gursslqj wkh plqimsA3�m >Pj

kljkhvw frvw hohphqwdu| srolflhv lq sA3�/ dqg dgglqj l+W ,1 Wkh surri lv hvvhqwldoo|

wkh vdph dv iru fdvh 4 +h{fhsw rqh lqyrnhv D7 wr hvwdeolvk wkdw wkh sursrvhg srolf|

vwulfwo| lpsuryhv wkh sd|r� wr dq| ohjlvodwru dvvrfldwhg zlwk dq hohphqwdu| srolf|

wkdw lv qrw gursshg,1

Fdvh 6= l+W , @5 sA3� dqg sA3� @ imj iru vrph m 9@ l zlwk f� A f�EA �1 Wkhq l+W ,*v

ehvw fkrlfh lv reylrxvo| wr sursrvh s� @ il+W ,j/ zklfk sdvvhv doprvw xqdqlprxvo|1

Fdvh 7= l+W , @5 sA3� dqg sA3� @ imj iru vrph m 9@ l zlwk f� ? f�EA �1 Zh fodlp

wkdw l+W ,*v ehvw fkrlfh lv wr sursrvh d srolf| s� frqvlvwlqj ri l+W , dqg wkh P � 4

orzhvw0frvw hohphqwdu| srolflhv rwkhu wkdq l+W , dqg m1 Wkh sursrvhg srolf| vwulfwo|

lpsuryhv wkh sd|r� wr dq| ohjlvodwru dvvrfldwhg zlwk dq hohphqwdu| srolf| wkdw lv

lqfoxghg lq s�1 Vlqfh wkhuh duh P vxfk ohjlvodwruv/ wkh srolf| sdvvhv1 Frqvlghu

dq| rwkhu srolf| s�� wkdw uhfhlyhv pdmrulw| vxssruw +lqfoxglqj sA3�,1 Hlwkhu +4,

s�� @ >/ +5, s�� frqwdlqv d vlqjoh hohphqwdu| srolf| n zlwk f& � f� / +6, s
�� frqwdlqv P

hohphqwdu| srolflhv dqg m @5 s��/ ru +7, s�� frqwdlqv pruh wkdq P hohphqwdu| srolflhv1

Qrwh wkdw l+W , suhihuv s� wr dq| vxfk s��1

Fdvh 8= sA3� @ >1 Zh fodlp wkdw l+W ,*v ehvw fkrlfh lv wr sursrvh d srolf| s�

frqvlvwlqj ri l+W , dqg wkh P � 4 orzhvw0frvw hohphqwdu| srolflhv rwkhu wkdq l+W ,1

Wkh sursrvhg srolf| vwulfwo| lpsuryhv wkh sd|r� wr dq| ohjlvodwru dvvrfldwhg zlwk

dq hohphqwdu| srolf| wkdw lv lqfoxghg lq s�1 Vlqfh wkhuh duh P vxfk ohjlvodwruv/

wkh srolf| sdvvhv1 Frqvlghu dq| rwkhu srolf| s�� wkdw uhfhlyhv pdmrulw| vxssruw

+lqfoxglqj sA ,1 Hlwkhu +4, s�� @ >/ ru +5, s�� frqwdlqv dw ohdvw P hohphqwdu| srolflhv1

Qrwh wkdw l+W , suhihuv s� wr dq| vxfk s��1

Lq hdfk ri wkh �yh fdvhv phqwlrqhg deryh/ lw lv hdv| wr fkhfn wkdw l+W , 5 s�dqg

ms�m �P / dv uhtxluhg wr hvwdeolvk surshuwlhv 5 dqg 61

Kdylqj hvwdeolvkhg wkdw ��EA �+S , grhv lqghhg vdwlvi| surshuwlhv 4 wkurxjk 6/

zh dujxh qh{w wkdw il+W ,j lv d Frqgrufhw zlqqhu lq ��EA �+S ,1 E| surshuw| 4/

zh nqrz wkdw il+W ,j lv frqwdlqhg lq ��EA �+S ,1 Frqvlghu dq| rwkhu srolf| s� 5



5;

��EA �+S ,1 E| surshuwlhv 5 dqg 6/ wkhuh duh dw ohdvwP�4 ohjlvodwruv zkrvh dvvrfldwhg

hohphqwdu| srolflhv duh h{foxghg iurp erwk il+W ,j dqg s�1 E| surshuw| 5/ doo ri

wkhvh h{foxghg ohjlvodwruv suhihu il+W ,j wr s�1 Reylrxvo|/ ohjlvodwru l+W , dovr suhihuv

il+W ,j wr s�1 Wkxv/ d pdmrulw| suhihuv il+W ,j wr s�1 Lq jhqhudo/ wkh lghqwlw| ri wkh

zlqqlqj pdmrulw| frdolwlrq ghshqgv rq wkh fkrlfh ri s� +vhh/ krzhyhu/ wkh glvfxvvlrq

ri wkhruhp 8/ ehorz,1

Wkh ghvluhg frqfoxvlrq qrz iroorzv doprvw lpphgldwho| iurp wkhruhpv 4 dqg 51

E| wkhruhp 4/ wkh edvlf lqvwlwxwlrq xqghu frqvlghudwlrq lv htxlydohqw wr rqh lq zklfk

wkhuh duh W � 4 sursrvdo urxqgv lq wkh srolf| ghyhorsphqw vwdjh/ dqg iru zklfk wkh

srolf| vsdfh lv ��EA �+S , +rqh pxvw dovr wudqvirup wkh lqlwldo vwdwxv txr dssursuldwho|/

exw wklv lv lqfrqvhtxhqwldo,1 Wkh suhfhglqj dujxphqwv hvwdeolvk wkdw il+W ,j lv d

Frqgrufhw zlqqhu lq ��EA �+S ,1 E| wkhruhp 5 sduw +4,/ wkh lqvwlwxwlrq wkhuhiruh

vhohfwv il+W ,j dv orqj dv wkhuh duh dw ohdvw P glvwlqfw ohjlvodwruv duh uhfrjql}hg lq

sursrvdo urxqgv 4 wkurxjk W�41 Li M A P / wklv frqglwlrq lv sodlqo| vdwlv�hg1 Wklv

hvwdeolvkhv wkhruhp 71 T1H1G1

Wkh uhfxuvlyh vwuxfwxuh ri wkh surri vkrzv wkdw wkh srzhu ri wkh odvw pryhu

uhvlghv lq wkh �uvw wkuhh surshuwlhv ri ��EA �+S ,1 Wkh �qdo sursrvhu fdq dozd|v frq0

wulyh wr lpsohphqw d srolf| wkdw lqfoxghv l+W ,/ dqg dozd|v dyhuwv wkh lpsohphqwdwlrq

ri srolflhv zlwk pruh wkdq P hohphqwdu| frpsrqhqwv1 Dv d uhvxow/ dq| urxqg0W

frqwlqxdwlrq sdwk surgxflqj il+W ,j lv suhihuuhg wr dq| rwkhu ihdvleoh urxqg0W frq0

wlqxdwlrq sdwk e| d pdmrulw| ri wkh ohjlvodwruv> wkdw lv/ lw lv d Frqgrufhw zlqqhu

lq wkh vhw ri ihdvleoh frqwlqxdwlrq sdwkv1 Doo ohjlvodwruv zkrvh dvvrfldwhg hohphq0

wdu| srolflhv duh h{foxghg iurp wkh frqwlqxdwlrq rxwfrph/ dv zhoo dv l+W ,/ �qg lw lq

wkhlu lqwhuhvwv wr pdnh dqg vxssruw sursrvdov wkdw xowlpdwho| ohdg wr wkh h�hfwlyho|

glfwdwruldo rxwfrph il+W ,j1

Uhpdunv frqfhuqlqj wkhruhp 71 Wkhruhp 7 lghqwl�hv frqglwlrqv xqghu zklfk

wkh odvw sursrvhu/ l+W ,/ lv d glfwdwru lq wkh iroorzlqj vhqvh= vkh rewdlqv khu prvw

suhihuuhg rxwfrph/ il+W ,j/ luuhvshfwlyh ri wkh lqlwldo vwdwxv txr/ wkh rughu ri uhfrj0

qlwlrq/ ru wkh frvwv dqg ehqh�wv dvvrfldwhg zlwk dq| sduwlfxodu hohphqwdu| srolf|

+surylghg wkdw D4 wkurxjk D7 duh vdwlv�hg,1 Lw lv lpsruwdqw wr hpskdvl}h wkh

shuyhuvlw| ri wklv rxwfrph1 Zkhq/ iru h{dpsoh/ wkh lqlwldo vwdwxv txr lv wkh qxoo

srolf| >/ doo ohjlvodwruv rwkhu wkdq l+W , vwulfwo| suhihu lw wr wkh �qdo rxwfrph1 Li wkh

ohjlvodwxuh vlpso| idlohg wr phhw/ hyhu|rqh zrxog eh ehwwhu r� h{fhsw l+W ,1 Wkh ohj0
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lvodwxuh surgxfhv d uhvxow wkdw lv frqwudu| wr wkh lqwhuhvwv ri doprvw hyhu| phpehu/

hyhq wkrxjk qr sursrvdo fdq sdvv zlwkrxw pdmrulw| vxssruw1

Wkhruhp 7 dovr ghprqvwudwhv wkdw dssduhqwo| ghprfudwlf uhirupv kdyh ghflg0

hgo| xqghprfudwlf h�hfwv1 Iru h{dpsoh/ d pdmrulwduldq rxwfrph uhvxowv zkhq wkh

ohjlvodwxuh hqwhuwdlqv rqo| d vlqjoh sursrvdo/ exw glfwdwruvkls hphujhv zkhq hyhu|

ohjlvodwru lv doorzhg wr pdnh d sursrvdo1

D ihz ixuwkhu uhpdunv frqfhuqlqj wkhruhp 7 duh lq rughu1 Iluvw/ wkh lqwhuorfnhg

g|qdplfv ri sursrvdov dqg yrwhv/ zklfk zh lghqwl�hg lq vhfwlrq 6 dv rqh ri wkh

glvwlqfwlyh ihdwxuhv ri rxu iudphzrun/ lv dw wkh fruh ri wkh uhvxow1 Dv phqwlrqhg

suhylrxvo|/ l+W ,*v srzhu ghshqgv xsrq khu delolw| wr lpsohphqw d srolf| wkdw lqfoxghv

wkh hohphqwdu| srolf| l+W ,/ dqg wr dyhuw wkh lpsohphqwdwlrq ri srolflhv zlwk pruh

wkdq P hohphqwdu| frpsrqhqwv/ luuhvshfwlyh ri wkh urxqg W vwdwxv txr/ sA3�1 Qr

vlqjoh sursrvdo dffrpsolvkhv wkhvh remhfwlyhv iru doo srvvleoh sA3�1 Wkxv/ l+W ,

pxvw kdyh wkh �h{lelolw| wr vhohfw dq dssursuldwh sursrvdo iru hdfk urxqg0W vwdwxv

txr1 Lqvwlwxwlrqv wkdw ghsulyh l+W , ri wklv �h{lelolw| gr qrw/ lq jhqhudo/ jlyh ulvh wr

glfwdwruldo rxwfrphv1 Dv dq h{dpsoh/ lpdjlqh wkdw hdfk ohjlvodwru lq wkh vhw M pxvw

frpplw khuvhoi wr d sursrvdo sulru wr wkh srolf| ghyhorsphqw vwdjh +dq| ohjlvodwru

zkr lv uhfrjql}hg pruh wkdq rqfh pdnhv vhyhudo urxqg0vshfl�f frpplwphqwv,1 Wklv

lv/ lq h�hfw/ wkh dvvxpswlrq hpsor|hg e| Ihuhmrkq/ Ilrulqd/ dqg PfNhoyh| ^4<;:`

+wkhvh dxwkruv dovr dgg d qrq0ghjhqhudwh �qdo vwdjh frqvlvwlqj ri dq xs0ru0grzq

yrwh yhuvxv suhydlolqj odz,1 Rqh grhv qrw jhqhudoo| rewdlq glfwdwruldo rxwfrphv lq

vxfk vhwwlqjv1 Lqghhg/ zlwk d ghjhqhudwh �qdo vwdjh/ wkrxjk wkh suhfrpplwphqw

dvvxpswlrq vlpsol�hv wkh vwudwhj| vsdfhv/ lw pdnhv wkh prgho h{wuhpho| gl�fxow wr

vroyh/ dqg lq vrph qxphulfdo h{dpsohv lv lqfrqvlvwhqw zlwk wkh h{lvwhqfh ri sxuh

vwudwhj| htxloleuld1

Vhfrqg/ dvlgh iurp wkh uhtxluhphqw wkdw mM m AP / zh kdyh sodfhg qr uhvwulfwlrqv

rq wkh rughu ri uhfrjqlwlrq1 Vrph ohjlvodwruv pd| eh uhfrjql}hg rqfh ru pruh wkdq

rqfh/ zkloh rwkhuv qhyhu kdyh rssruwxqlwlhv wr pdnh sursrvdov1 Dprqj wkrvh zkr

duh uhfrjql}hg/ wkh ohjlvodwxuh qhhg qrw f|foh wkurxjk dq| sduwlfxodu rughu1 Lqghhg/

d vlqjoh ohjlvodwru pd| eh uhfrjql}hg lq vhyhudo frqvhfxwlyh urxqgv1 Lw lv qdwxudo

wr frqmhfwxuh wkdw frqvhfxwlyh sursrvdov duh uhgxqgdqw/ exw wklv lv qrw wkh fdvh1

Vrphzkdw vxusulvlqjo|/ d ohjlvodwru pd| eh deoh wr dffrpsolvk vrph remhfwlyh zlwk

wzr frqvhfxwlyh sursrvdov/ exw qrw zlwk d vlqjoh sursrvdo1 Iru h{dpsoh/ zlwk W @ 4/

wkh lqvwlwxwlrq surgxfhv d srolf| zlwk P hohphqwdu| frpsrqhqwv lqfoxglqj l+W ,1
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Krzhyhu/ zlwk W A 4 dqg l+W � 4, @ l+W ,/ wkh rxwfrph lv il+W ,j +wklv iroorzv

ehfdxvh il+W ,j lv d Frqgrufhw zlqqhu rq ��EA �+S , dqg e| sduw +5, ri wkhruhp 5,1

Wklug/ wkhruhp 7 dovr krogv iru pruh jhqhudo srolf| vsdfhv1 Iru FEGF srolf|

vsdfhv/ rqh fdq vxevwdqwldoo| uhod{ D61 Lq sduwlfxodu/ wkh vdph uhvxow krogv dv

orqj dv f�EA � ?
S

�Mu�3�
f�/ zkhuh Og lv gh�qhg dv wkh vhw ri wkh N ohdvw frvwo|

hohphqwdu| srolflhv lq Hql+W , +wr xqghuvwdqg zk|/ qrwh wkdw surshuwlhv 4 wkurxjk

6 vwloo krog xqghu wklv dowhuqdwlyh dvvxpswlrq,1 Olnhzlvh/ rqh fdq doorz iru vrph

yduldwlrq dfurvv ohjlvodwruv lq wkh udqnlqjv ri hohphqwdu| srolflhv e| frvw1 Xvlqj dq

dowhuqdwlyh dujxphqw/ rqh fdq dovr suryh wkh vdph uhvxow iru hqylurqphqwv lq zklfk

gl�huhqw hohphqwdu| srolflhv kdyh wkh vdph frvwv +wklv ylrodwhv dvvxpswlrq D5,1e

Lq vhfwlrq 9/ zh lghqwli| d frqglwlrq rq S +_frpshwlwlyhqhvv%, wkdw lv qhfhvvdu|

dqg vx�flhqw iru wkh sursrvlwlrq wkdw l+W ,*v prvw suhihuuhg rxwfrph lq S lv d

Frqgrufhw zlqqhu lq ��EA �+S ,1 E| wkhruhp 5/ wklv surshuw| jxdudqwhhv wkdw l+W ,*v

prvw suhihuuhg rxwfrph lv vhohfwhg surylghg wkdw wkh vhw ri uhfrjql}hg ohjlvodwruv/ M /

lv vx�flhqwo| glyhuvl�hg1 Zh dovr ghprqvwudwh lq vhfwlrq 9 wkdw rxu uhvxow krogv dv

dq dssur{lpdwlrq zkhq wkh srolf| vsdfh lqyroyhv _vsolwwlqj d groodu% dprqj d odujh

qxpehu ri sduwlhv/ hyhq wkrxjk wklv fdvh ylrodwhv erwk dvvxpswlrqv D4 dqg D51

Ilqdoo|/ wkh wkhruhp grhv qrw krog iru lqvwlwxwlrqv zlwk wkuhh ohjlvodwruv +Q @

6,1D Wkh surri euhdnv grzq zkhq rqh wulhv wr hvwdeolvk surshuw| 51 Wr looxvwudwh/

vxssrvh wkdw W @ 6/ l+w, @ w/ dqg f� ? f2 ? f�1 Wkhq wkh vhw ri frqwlqxdwlrq

rxwfrphv iru dq| vwdwxv txr sA lv jlyhq e|

sA3� TA +sA3�,

> i4> 6j
i4j i5/6j
i5j i4/6j
i6j i6j
i4/5j i4j
i4/6j i6j
i5/6j i6j
i4/5/6j i4/6j

=

Qrwh wkdw li sA3� @ i4> 5j wkh hyhqwxdo rxwfrph lv il+4,j1 Vlqfh 4 dqg 5 suhihu il+4,j

wr il+6,j/ wkh odwwhu lv qr orqjhu d Frqgrufhw zlqqhu lq TA +S ,1 Wklv xqghuplqhv

wkh g|qdplfv wkdw jhqhudwh glfwdwruldo rxwfrphv1 Lq wklv fdvh/ ghshqglqj rq wkh

e�? @*|ih?@|��i @h}�4i?| �t hi^��hi_ MiU@�ti )�ER
�c � �� 4@) Mi ti|��@*�i_�

DAL L�h i4M@h@tt4i?|c �i �?�|�@**) _�tUL�ihi_ |�iLhi4 e M) RThL��?}� �| uLh |�i U@ti Lu � ' �c

}i?ih@*�3�?} |�i @h}�4i?|t |L U@tit ��|� � : �c @?_ |�i? _�tUL�ih�?} |�@| L�h �?�|�@* ThLLu �@t

�?ULhhiU|�
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lqlwldo vwdwxv txr/ wkh rxwfrph lv hlwkhu il+4,j ru il+5,> l+6,j1 Vlqfh prvw ohjlvodwxuhv

kdyh pruh wkdq wkuhh phpehuv lq sudfwlfh/ zh uhjdug wklv dv d whfkqlfdo fxulrvlw|1

71515 H{foxvlyh uhfrjqlwlrq rughuv

Wkhruhp 7 surylghv frqglwlrqv xqghu zklfk d glfwdwruldo rxwfrph hphujhv iru dq|

vx�flhqwo| lqfoxvlyh uhfrjqlwlrq rughu dqg lqlwldo vwdwxv txr1 Wkh uhtxluhphqw wkdw

mM m AP lv sduwlfxoduo| ghpdqglqj iru ohjlvodwxuhv zlwk odujh qxpehuv ri phpehuv1

Zkhq uhodwlyho| ihz ohjlvodwruv kdyh rssruwxqlwlhv wr pdnh sursrvdov +irupdoo|/ mM m ?

P,/ wkhuh duh w|slfdoo| uhfrjqlwlrq rughuv dqg lqlwldo vwdwxv txrv iru zklfk il+W ,j lv

qrw wkh rxwfrph1 Krzhyhu/ lw wxuqv rxw wkdw qrq0glfwdwruldo rxwfrphv duh xqxvxdo=

d kljk iudfwlrq ri srvvleoh uhfrjqlwlrq rughuv jhqhudwh il+W ,j iru doo lqlwldo vwdwxv

txrv hyhq zkhq mM m lv vpdoo dqg P lv odujh1 Frqvhtxhqwo|/ edvlf lqvwlwxwlrqv zlwk

odujh ohjlvodwxuhv dqg h{foxvlyh uhfrjqlwlrq rughuv dovr whqg wr surgxfh glfwdwruldo

rxwfrphv1

Zh ehjlq rxu dqdo|vlv ri h{foxvlyh uhfrjqlwlrq rughuv e| ghulylqj vhyhudo frqgl0

wlrqv xqghu zklfk wkh glfwdwruldo rxwfrph hphujhv hyhq iru vpdoo mM m1 Wkh vwdwhphqw

ri wklv wkhruhp uhtxluhv wkh iroorzlqj gh�qlwlrqv= Kg ghqrwhv wkh vhw ri ohjlvodwruv

dvvrfldwhg zlwk wkh N prvw frvwo| srolflhv lq Hql+W ,/ dqg lW
g

lv wkh ohjlvodwru dvvr0

fldwhg zlwk wkh N0wk ohdvw frvwo| srolf| lq Hql+W ,1

Wkhruhp 8= Frqvlghu d edvlf lqvwlwxwlrq zlwk d ghjhqhudwh �qdo vwdjh/ d FEGF

srolf| vhw vdwlvi|lqj D40D7/ dqg Q � 8 ohjlvodwruv1 Xqghu hlwkhu ri wkh

iroorzlqj frqglwlrqv/ wkh xqltxh rxwfrph lv wkh srolf| s @ il+W ,j=

+4, vrph phpehu ri K�32 ^ il+W ,j kdv wkh rssruwxqlw| wr pdnh dw ohdvw rqh

sursrvdo sulru wr urxqg W

+5, l+w, 9@ l+W � 4, 9@ lW
�3� iru vrph w ? W � 41

Wr hvwdeolvk sduw +4,/ rqh vxssohphqwv wkh surri ri wkhruhp 7 zlwk d ihz dggl0

wlrqdo dujxphqwv1 Iluvw rqh vkrzv wkdw li m 5 K�32/ wkhq m @5 s iru dq| s 5 ��EA �+S ,1

Wklv iroorzv iurp dq lqvshfwlrq ri l+W ,*v rswlpdo sursrvdo/ s�/ iru hdfk ri wkh �yh

fdvhv phqwlrqhg lq wkh suhylrxv surri1 Lq frpelqdwlrq zlwk surshuw| 5/ wklv lpsolhv

wkdw doo phpehuv ri K�32 ^ il+W ,j suhihu il+W ,j wr doo rwkhu hohphqwv ��EA �+S ,1

Wkxv/ li vrph phpehu ri K�32 ^ il+W ,j kdv wkh rssruwxqlw| wr pdnh d sursrvdo

sulru wr urxqg W / frqglwlrq +5, ri wkhruhp 5 lv vdwlv�hg +zkhuh il+W ,j lv wkh Frq0

grufhw zlqqhu lq ��EA �+S ,,1 Wklv lq wxuq lpsolhv wkdw wkh surfhvv |lhogv il+W ,j/
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dv fodlphg1 Wr hvwdeolvk sduw +5, ri wkhruhp 8/ rqh ghprqvwudwhv wkdw/ surylghg

l+W�4, 9@ lW
�3�/ ��EA3�����EA �+S , frqwdlqv wkh srolflhv il+W ,j/ il+W�4,> l+W ,j/ dqg

qrwklqj hovh1 Doo ohjlvodwruv rwkhu wkdq l+W � 4, suhihu il+W ,j wr il+W � 4,> l+W ,j1

Frqvhtxhqwo|/ li dq| m 9@ l+W � 4, lv uhfrjql}hg lq dq| suhylrxv shulrg/ vkh zloo

pdnh d sursrvdo iru zklfk wkh frqwlqxdwlrq sdwk ohdgv wr il+W ,j udwkhu wkdq wr

il+W � 4,> l+W ,j/ dqg wkh sursrvdo zloo sdvv1

Wkhruhp 8 zrxog vhhp wr lpso| wkdw edvlf lqvwlwxwlrqv fdq surgxfh qrq0glfwdwruldo

rxwfrphv rqo| lq uhodwlyho| xqolnho| flufxpvwdqfhv1 Zh irupdol}h wklv revhuydwlrq

e| ghulylqj d orzhu erxqg rq wkh iudfwlrq ri uhfrjqlwlrq rughuv wkdw jhqhudwh wkh

glfwdwruldo rxwfrph il+W ,j iru doo lqlwldo vwdwxv txrv1

Wkhruhp 9= Frqvlghu d edvlf lqvwlwxwlrq zlwk W A 4 sursrvdo urxqgv/ d ghjhqhudwh

�qdo vwdjh/ d FEGF srolf| vhw vdwlvi|lqj D40D7/ dqg Q � 8 ohjlvodwruv1 Wkh

iudfwlrq ri uhfrjqlwlrq rughuv wkdw jhqhudwh wkh rxwfrph il+W ,j iru doo sf 5 S

lv qrw ohvv wkdq

E+Q>W , � 4�
4

5Q
^+
4

Q
,A3� . +

4

5
,A3�`1

Li rqh lpdjlqhv wkdw d uhfrjqlwlrq rughu lv vhohfwhg dw udqgrp lq wkh lqlwldo

vwdjh/ dqg wkdw wklv vhohfwlrq surfhvv lv jryhuqhg e| d xqlirup glvwulexwlrq ryhu

wkh vhw ri doo ihdvleoh uhfrjqlwlrq rughuv/ wkhq E+Q>W , surylghv d orzhu erxqg rq

wkh suredelolw| wkdw wkh ohjlvodwlyh surfhvv |lhogv il+W ,j1 Iljxuh 7 looxvwudwhv wkh

pdqqhu lq zklfk wklv erxqg fkdqjhv zlwk wkh qxpehuv ri urxqgv dqg ohjlvodwruv1

Qrwlfh wkdw/ uhjdugohvv ri zkhwkhu Q lv odujh ru vpdoo/ E+Q>W , dssurdfkhv xqlw|

iru uhodwlyho| vpdoo ydoxhv ri W 1 Dovr qrwlfh wkdw wkh erxqg lv pruh vhqvlwlyh wr

wkh qxpehu ri sursrvdo urxqgv wkdq wr wkh qxpehu ri ohjlvodwruv1 Wr xqghuvwdqg

zk| wklv lv wkh fdvh/ frqvxow sduw +4, ri wkhruhp 81 Li dq| phpehu ri K�32 ^

il+W ,j lv uhfrjql}hg sulru wr urxqg W / wkh rxwfrph lv il+W ,j1 Wkh suredelolw| ri

qrw uhfrjql}lqj d phpehu ri wklv jurxs lq dq| sduwlfxodu urxqg lv dssur{lpdwho|

4@5 iru doo Q 1 Wklv suredelolw| frpsrxqgv udslgo| zlwk wkh qxpehu ri urxqgv/

wkhuhe| jhqhudwlqj wkh revhuyhg frqyhujhqfh zlwk W 1 Ilqdoo|/ qrwlfh wkdw/ iru W A 5/

wkh erxqg lv dfwxdoo| lqfuhdvlqj lq wkh qxpehu ri ohjlvodwruv1 Wklv vxjjhvwv wkdw/

frqwudu| wr wkh dssduhqw lpsolfdwlrqv ri wkhruhp 7/ glfwdwruldo rxwfrphv duh hyhq

pruh olnho| lq odujh ohjlvodwxuhv wkdq lq vpdoo rqhv1 Ixuwkhupruh/ wkh erxqg lv qrw

wljkw1 Iru h{dpsoh/ li Q @ 8 dqg W @ 7/ wkhruhp 7 lpsolhv wkdw hyhu| rughulqj

jhqhudwhv d glfwdwruldo rxwfrph/ hyhq wkrxjk E+8> 7, @ 3=<8=
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Iljxuh 7= Wkh ixqfwlrq E+Q>W ,

Wkh suhfhglqj uhvxow frqfhuqv wkh iudfwlrq ri srvvleoh uhfrjqlwlrq rughuv wkdw

surgxfh il+W ,j iru doo lqlwldo vwdwxv txrv zkhq mM m ? P 1 Zh qrz frqvlghu wkh

frqglwlrqv xqghu zklfk d sduwlfxodu lqlwldo vwdwxv txr surgxfhv il+W ,j uhjdugohvv ri

wkh uhfrjqlwlrq rughulqj/ djdlq dvvxplqj mM m ?P 1

Wkhruhp := Frqvlghu d edvlf lqvwlwxwlrq zlwk W A 4 sursrvdo urxqgv/ d ghjhqhudwh

�qdo vwdjh/ d FEGF srolf| vhw vdwlvi|lqj D40D7/ dqg Q � 8 ohjlvodwruv1 Dq

lqlwldo vwdwxv txr sf 5 S ohdgv wr wkh rxwfrph il+W ,j surylghg wkdw dw ohdvw rqh

ri wkh iroorzlqj frqglwlrqv lv vdwlv�hg=

+l,
S

�MRf
f� A f�EA � dqg hlwkhu msfm �P ru mM m A 5

+ll, sf @ > dqg mM m A 5

+lll, mM m A mTA +sf,m

Sduw +l, whoov xv wkdw wkh ohjlvodwlyh surfhvv whqgv wr jhqhudwh il+W ,j zkhq wkh

lqlwldo vwdwxv txr lv pruh frvwo| wkdq il+W ,j1 Wklv uhtxluhv rqh ri wzr frqglwlrqv=

hlwkhu wkh lqlwldo vwdwxv txr frqvlvwv ri qr pruh wkdq P hohphqwdu| srolflhv/ ru dw

ohdvw wkuhh ohjlvodwruv duh uhfrjql}hg1 Sduw +ll, whoov xv wkdw wkh ohjlvodwlyh surfhvv

dovr jhqhudwhv il+W ,j zkhq wkh lqlwldo vwdwxv txr lv lqdfwlrq/ surylghg djdlq wkdw dw

ohdvw wkuhh ohjlvodwruv duh uhfrjql}hg1 Wrjhwkhu/ sduwv +l, dqg +ll, lpso| wkdw/ zlwk
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mM m A 5 +d yhu| zhdn frqglwlrq lqghhg,/ il+W ,j fdq eh dyrlghg rqo| li wkh lqlwldo

vwdwxv txr frqvlvwv ri d vlqjoh hohphqwdu| srolf| wkdw lv ohvv frvwo| wkdq il+W ,j1

Wklv lv d vpdoo iudfwlrq ri doo ihdvleoh lqlwldo vwdwxv txrv> pruhryhu/ wklv iudfwlrq jrhv

wr }hur dv wkh qxpehu ri ohjlvodwruv/ Q / ehfrphv odujh1 Frqvhtxhqwo|/ li d vwdwxv

txr lv vhohfwhg dw udqgrp lq wkh lqlwldo vwdjh/ dqg li dw ohdvw wkuhh ohjlvodwruv duh

uhfrjql}hg/ d odujh ohjlvodwxuh lv doprvw fhuwdlq wr surgxfh wkh glfwdwruldo rxwfrph

il+W ,j1 Sduw +lll, whoov xv wkdw dq| lqlwldo vwdwxv txr sf ohdgv wr wkh rxwfrph il+W ,j

surylghg wkdw wkh qxpehu ri uhfrjql}hg ohjlvodwruv h{fhhgv wkh qxpehu ri hohphqwdu|

srolflhv wkdw zrxog eh lpsohphqwhg zhuh l+W , wr lqkhulw sf dv wkh urxqg W vwdwxv

txr1 Qrwh wkdw mTA +sf,m ?P iru dq| lqlwldo vwdwxv txr rwkhu wkdq sf @ >/ sf @ H/

dqg sf @ imj iru m zlwk f� ? f�EA �1

D �*|ih?@|��i +�*it @?_ �hLUi_�hit

Lq wklv vhfwlrq zh vwxg| wkh h�hfwv ri ydu|lqj wkh uxohv dqg surfhgxuhv ri wkh srolf|

ghyhorsphqw vwdjh1 Lq sduwlfxodu/ zh vwxg| vxshupdmrulw| uhtxluhphqwv/ uhvwulfwlrqv

rq doorzdeoh sursrvdov/ uxohv iru ghwhuplqlqj wkh uhfrjqlwlrq rughu/ dqg uxohv iru

ghwhuplqlqj forvxuh1 Zh �qg wkdw fhuwdlq surfhgxuhv gr whqg wr surprwh pruh

ghprfudwlf rxwfrphv1 Krzhyhu/ rwkhu uxohv/ vxfk dv vxshupdmrulw| uhtxluhphqwv/

kdyh vxusulvlqjo| olwwoh h�hfw rq wkh frqfhqwudwlrq ri srolwlfdo srzhu1 Rwkhu uxohv

vlpso| wudqvihu srzhu iurp rqh sduw| wr dqrwkhu zlwkrxw uhgxflqj wkh ghjuhh ri

frqfhqwudwlrq1

D�� 5�Tih4@�Lh�|�it

Lw lv uhdglo| dssduhqw wkdw d xqdqlplw| uhtxluhphqw zrxog hqwluho| holplqdwh wkh

glfwdwruldo srzhu ri wkh �qdo sursrvhu1 Lqghhg/ zlwk d FEGF srolf| vsdfh vdwlvi|lqj

dvvxpswlrqv D4 wkurxjk D7/ wkh vhw ri srvvleoh rxwfrphv lqfoxghv dq| srolf| s wkdw

|lhogv d srvlwlyh sd|r� iru vrph ohjlvodwru +zkhq wkh lqlwldo vwdwxv txr lv dovr s/ dq|

dowhuqdwlyh ohdyhv dw ohdvw rqh ohjlvodwru zruvh r�,1 Wklv revhuydwlrq udlvhv d qdwxudo

txhvwlrq= grhv l+W ,*v srzhu ghfolqh zlwk wkh vl}h ri wkh frdolwlrq +P7 5 iP> ===>Qj,

uhtxluhg wr sdvv d sursrvdoB

Zkhq frqvlghulqj vxshupdmrulw| uhtxluhphqwv/ lw lv qdwxudo wr uhsodfh dvvxps0

wlrq D7 zlwk wkh iroorzlqj=

Dvvxpswlrq D8= Iru hyhu| ohjlvodwru o dqg srolf| s/ e, A
S

�MR f� zkhqhyhu msm �
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P7 dqg o 5 s1

Dvvxpswlrq D8 jxdudqwhhv wkh h{lvwhqfh ri srolflhv wkdw duh suhihuuhg wr lqdfwlrq

e| wkh uhtxluhg vxshupdmrulw| ri yrwhuv1 Lw dovr surylghv wkdw wkhuh h{lvwv vxfk d

srolf| iru dq| eduh0vxshupdmrulw| frdolwlrq1 Li wkhuh grhv qrw h{lvw d srolf| wkdw lv

pxwxdoo| ehqh�fldo iru doo phpehuv ri vrph vxshupdmrulw| frdolwlrq/ wkhq/ iru wkh

lqvwlwxwlrqv frqvlghuhg ehorz/ wkh ohjlvodwxuh lpsohphqwv s @ > +surri rplwwhg,1

Dq h{dplqdwlrq ri wkh dujxphqwv lq wkh suhfhglqj vhfwlrq vxjjhvwv wkdw wkh

vlpsoh pdmrulw| uhtxluhphqw pd| sod| d fulwlfdo uroh1 Iru dq| srolf| s 5 S / d

pdmrulw| ri wkh ohjlvodwruv idyru vwulnlqjP�4 hohphqwdu| frpsrqhqwv1 Wklv lv zk|

ohjlvodwru l+W ,*v urxqg W frqwlqxdwlrq vwudwhj| uhgxfhv wkh qxpehu ri hohphqwdu|

frpsrqhqwv lq wkh �qdo srolf| wr dw prvwP +zkhuh wkh hohphqwdu| srolf| dvvrfldwhg

zlwk l+W , lv dozd|v lqfoxghg,1 Iru dq| vxuylylqj srolf| +s 5 
�EA �+S ,,/ d pdmrulw|

ri wkh ohjlvodwruv djdlq idyru vwulnlqj P � 4 hohphqwdu| frpsrqhqwv1 Wklv lv zk|

rwkhu ohjlvodwruv* vwudwhjlhv uhgxfh 
�EA �+S , wr wkh vpdoohvw srolf| +il+W ,j, frqwdlqhg

lq wklv vhw1

Qrz lpdjlqh wkdw d sursrvdo pxvw uhfhlyh P7 A P yrwhv wr sdvv1 Ohw P�
7 �

Q �P7 > wklv uhsuhvhqwv wkh pd{lpxp qxpehu ri yrwhv wkdw ohjlvodwruv fdq fdvw

djdlqvw d sursrvdo zlwkrxw ghihdwlqj lw1 Iru dq| srolf| s 5 S / P7 ohjlvodwruv

idyru vwulnlqj P�
7 hohphqwdu| frpsrqhqwv1 Frqvhtxhqwo|/ ohjlvodwru l+W ,*v urxqg

W frqwlqxdwlrq vwudwhj| vkrxog uhgxfh wkh qxpehu ri hohphqwdu| frpsrqhqwv lq wkh

�qdo srolf| wr dw prvw P7 +rqfh djdlq/ wkh hohphqwdu| srolf| dvvrfldwhg zlwk l+W ,

lv dozd|v lqfoxghg,1 Frqvlghu dq| srolf| vxuylylqj l+W ,*v urxqg W vwudwhj|1 Li wkh

srolf| kdv N hohphqwdu| frpsrqhqwv/ N� 4 ohjlvodwruv rssrvh vzlwfklqj wr il+W ,j1

Dffruglqjo|/ il+W ,j lv ylfwrulrxv rqo| li N � 4 �P�
7 1 Iru vrph vxuylylqj srolflhv/

N @P7 1 Frqvhtxhqwo|/ il+W ,j ghihdwv doo vxuylylqj srolflhv e| wkh uhtxluhg pdujlq

rqo| li P7 � 4 �P�
7 1 Uhduudqjlqj wklv h{suhvvlrq |lhogv P7 �

�n�
2 @P 1 Wkxv/

wkh dujxphqw dsshduv wr euhdn grzq rqfh wkh uxohv ri wkh ohjlvodwru uhtxluh dq|wklqj

eh|rqg d vlpsoh pdmrulw| wr sdvv d sursrvdo1

Lq oljkw ri wkh suhfhglqj glvfxvvlrq/ lw lv shukdsv vxusulvlqj wkdw/ vxemhfw wr vrph

uhodwlyho| plqru txdol�fdwlrqv/ l+W ,*v glfwdwruldo srzhu vxuylyhv wkh lqwurgxfwlrq ri

vxshupdmrulw| uhtxluhphqwv1 Iru lqwxlwlrq/ uhfdoo rxu glvfxvvlrq ri wkhruhp 8/ sduw

+5,1 Zlwk d vlpsoh pdmrulw| uhtxluhphqw/ ohjlvodwru l+W ,*v urxqg W frqwlqxdwlrq

vwudwhj| dozd|v uhgxfhv wkh qxpehu ri hohphqwdu| frpsrqhqwv lq wkh �qdo srolf| wr

dw prvw P 1 Ohjlvodwru l+W � 4, nqrzv wkdw d pdmrulw| zrxog vxssruw vwulnlqj dq
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dgglwlrqdoP�4 frpsrqhqwv iurp dq| frqwlqxdwlrq srolf|1 Ri frxuvh/ l+W�4, pd|

qrw kdyh dq lqfhqwlyh wr sursrvh wklv1 Krzhyhu/ surylghg wkdw l+W � 4, 9@ lW
�3�

/

l+W � 4, grhv kdyh dq lqfhqwlyh wr pdnh d sursrvdo wkdw uhgxfhv wkh qxpehu ri

frpsrqhqw srolflhv e| dw ohdvw P � 5 +wr hlwkhu il+W ,j ru wr il+W � 4,> l+W ,j,1

Zlwklq wkh pxfk vpdoohu vhw 
�EA3�� �
�EA �+S , +dvvxplqj l+W � 4, 9@ lW
�3�,/ il+W ,j

ghihdwv wkh rqo| dowhuqdwlyh e| d vxshupdmrulw|1

Wklv uhdvrqlqj h{whqgv wr lqvwlwxwlrqv zlwk vxshupdmrulw| uhtxluhphqwv1 Ohjlv0

odwru l+W ,*v urxqg W frqwlqxdwlrq vwudwhj| uhgxfhv wkh qxpehu ri hohphqwdu| frp0

srqhqwv lq wkh �qdo srolf| wr dw prvw P7 1 Ohjlvodwru l+W � 4, nqrzv wkdw P7

ohjlvodwruv zrxog vxssruw vwulnlqj dq dgglwlrqdo P�

7
frpsrqhqwv iurp dq| vxuyly0

lqj srolf|1 Ri frxuvh/ l+W�4, pd| qrw kdyh dq lqfhqwlyh wr sursrvh wklv1 Krzhyhu/

surylghg wkdw l+W � 4, 9@ lW
��

7

/ rqh fdq vkrz wkdw l+W � 4, grhv kdyh dq lqfhqwlyh

wr pdnh d sursrvdo wkdw uhgxfhv wkh qxpehu ri frpsrqhqw srolflhv e| dw ohdvw

P�

7
�41 Lq wkdw fdvh/ dq| vxuylylqj srolf| lq wkh vhw 
�EA3�� �
�EA �+S , kdv dw prvw

Q�P�

7
�+P�

7
�4, @ 5P7�Q.4 frpsrqhqwv1 Iru dq| vxuylylqj srolf| zlwkN hoh0

phqwdu| frpsrqhqwv/ N�4 ohjlvodwruv rssrvh vzlwfklqj wr il+W ,j1 Wkxv/ dv ehiruh/

il+W ,j lv ylfwrulrxv rqo| li N�4 �P�

7
1 Vlqfh wkh pd{lpxp qxpehu ri hohphqwdu|

frpsrqhqwv lq d vxuylylqj srolf| lv 5P7�Q.4/ wklv uhtxluhv 5P7�Q �P�

7
1 Uh0

duudqjlqj wklv h{suhvvlrq/ rqh rewdlqv P7 �
2�
� 1 Frqvhtxhqwo|/ rqfh rqh dffrxqwv

iru wkh vwudwhj| ri l+W�4, +dvvxplqj wkdw l+W�4, 9@ lW
��

7

,/ lw dsshduv wkdw ohjlvodwru

l+W ,*v glfwdwruldo srzhu vxuylyhv wkh lqwurgxfwlrq ri vxshupdmrulw| uhtxluhphqwv dv

kljk dv wzr0wklugv1

Iru odujhu vxshupdmrulw| uhtxluhphqwv/ rqh zrxog frqvlghu wkh vwudwhjlhv ri ohj0

lvodwruv l+W � 5,/ l+W � 6,/ dqg vr iruwk1 Dv orqj dv rqh uxohv rxw d vpdoo qxpehu

ri sureohpdwlf uhfrjqlwlrq rughuv +dqdorjrxv wr l+W � 4, 9@ lW
��

7

,/ lw dsshduv wkdw

hdfk vxffhvvlyh dssolfdwlrq ri 
�EA3&� +n @ 3> 4> 5===, uhgxfhv wkh pd{lpxp qxpehu

ri hohphqwdu| frpsrqhqwv lq dq| vxuylylqj srolf| e| dw ohdvw P�

7
� 4 +xqwlo il+W ,j

uhpdlqv dqg qr ixuwkhu uhgxfwlrq duh srvvleoh,1 Wkxv/ zh frqmhfwxuh wkdw l+W ,*v

glfwdwruldo srzhu vxuylyhv +xqghu dssursuldwh frqglwlrqv, surylghg wkdwP�

7
�4 � 4/

zklfk lpsolhv P7 � Q � 51

Wkhruhp ;/ sduw +4,/ hvwdeolvkhv wkdw wkh suhfhglqj uhdvrqlqj lv fruuhfw lqvridu

dv lw shuwdlqv wr wkh dssolfdwlrq ri 
�EA3��/ dqg khqfh wr vxshupdmrulw| uhtxluhphqwv

ehwzhhq P dqg wzr0wklugv1 Zh duh fxuuhqwo| zrunlqj rq wkh pruh jhqhudo fdvh1

Wkh vwdwhphqw ri wkh wkhruhp uhtxluhv wkh iroorzlqj gh�qlwlrq= Og ghqrwhv wkh
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vhw ri hohphqwdu| srolflhv zlwk wkh N orzhvw frvwv lq Hqil+W ,j= +Uhfdoo wkdw Kg lv

gh�qhg dqdorjrxvo|,1

Wkhruhp ;= Frqvlghu d edvlf lqvwlwxwlrq prgl�hg wr uhtxluh d vxshupdmrulw| ri

P7 iru sdvvdjh ri sursrvdov lq wkh srolf| ghyhorsphqw vwdjh/ zlwk P7 �

plqi2
�
Q>Q � 5j1 Vxssrvh wkdw wklv lqvwlwxwlrq kdv d ghjhqhudwh �qdo vwdjh/

d FEGF srolf| vhw vdwlvi|lqj D40D6 dqg D8/ dqg Q � 8 ohjlvodwruv1 Xqghu

hlwkhu ri wkh iroorzlqj frqglwlrqv/ wkh rxwfrph lv wkh srolf| s @ il+W ,j=

+4, l+W � 4, 9@ lW
��

7

dqg mM m A 5P7 �Q . 4

+5, l+w, 5 K
��

7

ql+W � 4, iru vrph w ? W / mM m � 6/ dqg sf 9@ ioj iru dq|

o 5 O�73� zlwk f, ? f�EA �1

Qrwh wkdw/ lq sduw +5, ri wkh wkhruhp/ zh doorz iru wkh srvvlelolw| wkdw l+W�4, @

lW
��

7

1 Wkh lqwxlwlrq lv odujho| wkh vdph dv iru sduw +4,= zh zlvk wr hqvxuh wkdw dq|

vxuylylqj srolf| lq wkh vhw 
�EA3�� �
�EA �+S , kdv dw prvw 5P7�Q .4 frpsrqhqwv1

Zlwk l+W �4, @ lW
��

7

/ wkh srolf| rxwfrph pd| hqwdlo d odujhu qxpehu ri frpsrqhqwv

iru fhuwdlq urxqg W � 4 vwdwxv txrv1 Krzhyhu/ wkh sureohpdwlf vwdwxv txrv doo kdyh

d yhu| sduwlfxodu irup= sA3� @ ioj iru vrph o 5 O�73� zlwk f, ? f�EA �1 Surylghg

wkdw zh uxoh wkhvh fdvhv rxw/ wkh dujxphqw surfhhgv dv ehiruh1 Qrwh wkdw rqh fdq

froodsvh wkh �uvw wzr uhtxluhphqwv lq sduw +5, +l+w, 5 K
��

7

ql+W � 4, iru vrph w ? W

dqg mM m � 6, lqwr d vlqjoh frqglwlrq rq wkh qxpehu ri uhfrjql}hg ohjlvodwruv/ mM m1

Wkhruhp ; grhv qrw jxdudqwhh d glfwdwruldo rxwfrph iru doo lqlwldo vwdwxv txrv

dqg uhfrjqlwlrq rughuv1 Krzhyhu/ dqdorjrxvo| wr wkhruhp 9/ rqh fdq vkrz wkdw

wkh olnholkrrg ri rewdlqlqj d qrq0glfwdwruldo rxwfrph +dvvxplqj udqgrp vhohfwlrq

ri d uhfrjqlwlrq rughu dqg2ru lqlwldo vwdwxv txr, dssurdfkhv }hur h{srqhqwldoo| dv

Q lqfuhdvhv1 Ixuwkhupruh/ wkh �qdo frqglwlrq lq sduw +5, ri wkh wkhruhp lv vdwlv�hg

iru wkh prvw qdwxudo fkrlfh ri lqlwldo vwdwxv txrv= > dqg H1 Zh hpskdvl}h djdlq

wkh shuyhuvh qdwxuh ri wkh glfwdwruldo rxwfrph= li wkh vwdwxv txr lv wkh qxoo srolf| >

dqg P7 AP / d vxshupdmrulw| ri ohjlvodwruv yrwh wr lpsohphqw d srolf| wkdw pdnhv

wkhp zruvh r� wkdq wkh vwdwxv txr1

D�2 +it|h�U|�L?t L? ThLTLt@*t

Wkh uxohv ri surfhgxuh iru d ohjlvodwlyh lqvwlwxwlrq pd| sodfh uhvwulfwlrqv rq wkh sur0

srvdov wkdw ohjlvodwruv duh doorzhg wr pdnh gxulqj wkh srolf| ghyhorsphqw vwdjh1 Iru

h{dpsoh/ ohjlvodwlyh uxohv pd| hvwdeolvk vshfldo surfhgxuhv iru uhfrqvlghudwlrq ri dq|
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lvvxh diwhu d �qdo yrwh kdv ehhq wdnhq/ wkh| pd| gudz glvwlqfwlrqv ehwzhhq _iulhqgo|%

dqg _xqiulhqgo|% dphqgphqwv/ wkh| pd| suhfoxgh ohjlvodwruv iurp exqgolqj wrr

pdq| lvvxhv wrjhwkhu lq d vlqjoh sursrvdo/ ru wkh| pd| glvfrxudjh phpehuv iurp

sursrvlqj phdvxuhv wkdw duh xquhodwhg wr wkh lvvxhv rq wkh �rru +h1j1 gxulqj wkh

surfhvv ri dphqglqj d eloo,1

Vr idu/ zh kdyh dvvxphg wkdw wkh lqvwlwxwlrq sodfhv qr olplwv rq sursrvdov1 Lq

wklv vhfwlrq/ zh frqvlghu wzr vlpsoh uhvwulfwlrqv= +4, d _qr uhshdo uxoh/% zklfk vwdwhv

wkdw ohjlvodwruv fdqqrw sursrvh uhfrqvlghudwlrq ri dq| hohphqwdu| srolf| rqfh lw kdv

ehhq dgrswhg +dw ohdvw zlwklq wkh vdph ohjlvodwlyh vhvvlrq,/ dqg +5, d _qhz exvl0

qhvv olplwdwlrq/% zklfk vwdwhv wkdw/ diwhu vrph shulrg wW/ ohjlvodwruv fdqqrw pdnh

sursrvdov wkdw dgg qhz hohphqwdu| srolflhv1 Hlwkhu uxoh xqghuplqhv wkh srzhu ri

ohjlvodwru l+W ,*v e| olplwlqj khu delolw| wr wudqvirup wkh urxqg W vwdwxv txr1 Lq sdu0

wlfxodu/ ohjlvodwru l+W , fdq qr orqjhu dozd|v frqwulyh dq rxwfrph wkdw erwk lqfoxghv

wkh hohphqwdu| srolf| il+W ,j/ dqg wkdw kdv P ru ihzhu frpsrqhqwv1 Frqvhtxhqwo|/

il+W ,j qhhg qr orqjhu eh d Frqgrufhw zlqqhu lq 
�EA �+S ,1

Zh ehjlq zlwk wkh qr0uhshdo uxoh1 Wkh vhw ri ihdvleoh sursrvdov lq urxqg w lv

jlyhq e| S +s|, @ i} 5 S = } � s|j1 Wkxv/ rqfh dgghg/ hohphqwdu| srolflhv fdqqrw

eh uhpryhg iurp wkh vwdwxv txr1

Wkhruhp <= Frqvlghu d edvlf lqvwlwxwlrq prgl�hg wr lqfrusrudwh wkh qr0uhshdo

uxoh1 Vxssrvh wkdw wklv lqvwlwxwlrq kdv d ghjhqhudwh �qdo vwdjh/ d FEGF srolf|

vhw vdwlvi|lqj D40D7/ dqg Q � 8 ohjlvodwruv1 Vxssrvh dovr wkdw mM m � P 1 Li

msfm ?P / wkhq
�
�s8

�
� @ msfm.P 1 Li msfm �P / wkhq s8 @ sf1

Wkhruhp < lpsolhv wkdw/ zlwk d qr uhshdo uxoh/ wkh edvlf lqvwlwxwlrq dozd|v jhq0

hudwhv dq rxwfrph wkdw ehqh�wv d pdmrulw| ri wkh ohjlvodwruv1 Zkhq wkh lqlwldo

vwdwxv txr hqwdlov lqdfwlrq +sf @ >,/ wkh rxwfrph frqwdlqv h{dfwo| P frpsrqhqwv1

Lq prvw h{dpsohv zh rewdlq d voljkwo| vwurqjhu uhvxow= wkh �qdo srolf| whqgv wr dgg

wkh P ohdvw frvwo| hohphqwdu| frpsrqhqwv1 Krzhyhu/ wklv dgglwlrqdo surshuw| grhv

qrw krog iru doo uhfrjqlwlrq rughuv1 Frqvlghu wkh iroorzlqj h{dpsoh= Q @ W @ 8>

M @ H> dqg sf @ >1 Lpdjlqh wkdw f� vwulfwo| lqfuhdvlqj lq l> dqg wkdw wkh ohjlvodwruv

duh uhfrjql}hg lq wkh iroorzlqj rughu= 7> 8/ 4/ 5/ 61 Rqh fdq yhuli| frpsxwdwlrqdoo|

wkdw wkh rxwfrph lv i4> 5> 7j/ udwkhu wkdq i4> 5> 6j1

Zh wxuq qh{w wr wkh qhz exvlqhvv olplwdwlrq1 Wkh vhw ri ihdvleoh sursrvdov lq
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urxqg w lv jlyhq e|

S +s|, @

�
i} 5 S = } � s|j li w � wW

S rwkhuzlvh
1

Lq wklv fdvh/ ohjlvodwruv fdqqrw sursrvh wkh dgglwlrq ri hohphqwdu| srolflhv diwhu

shulrg wW1

Wkhruhp 43= Frqvlghu d edvlf lqvwlwxwlrq prgl�hg wr lqfrusrudwh wkh qhz exvl0

qhvv olplwdwlrq1 Vxssrvh wkdw wklv lqvwlwxwlrq kdv d ghjhqhudwh �qdo vwdjh/ d

FEGF srolf| vhw vdwlvi|lqj D40D7/ dqg Q � 8 ohjlvodwruv1 Li wkuhh ru pruh glv0

wlqfw ohjlvodwruv duh uhfrjql}hg lq shulrg wW ru odwhu/ wkhq wkh xqltxh htxloleulxp

rxwfrph lv wkh qxoo srolf| >1

Wkhruhp 43 lpsolhv wkdw/ zkhq ohjlvodwlyh uxohv suhfoxgh wkh lqwurgxfwlrq ri

qhz exvlqhvv +lqwhusuhwhg khuh dv sursrvdov wr dgg hohphqwdu| srolflhv, forvh wr wkh

hqg ri wkh srolf| ghyhorsphqw vwdjh/ wkh rxwfrph lv qhfhvvdulo| lqdfwlrq1 Wklv

uhvwulfwlrq xqghuplqhv wkh srzhu ri wkh �qdo sursrvhu/ exw dw wkh frvw ri suhfoxglqj

wkh dgrswlrq ri dq| hohphqwdu| srolf|1

D�� ,?_L}i?L�t hiUL}?�|�L? Lh_ih

Qh{w zh frqvlghu lqvwlwxwlrqv iru zklfk wkh qxpehu ri sursrvdo urxqgv lv �{hg/

exw wkh uhfrjqlwlrq rughu lv ghwhuplqhg hqgrjhqrxvo|1 Zh frqvlghu wzr gl�huhqw

fdwhjrulhv ri lqvwlwxwlrqv zlwk hqgrjhqrxv uhfrjqlwlrq rughuv= rqhv lq zklfk wkh

uhfrjql}hg ohjlvodwru lv ghwhuplqhg dw wkh rxwvhw ri hdfk sursrvdo urxqg +g|qdplf

vhohfwlrq,/ dqg rqhv lq zklfk wkh hqwluh rughu lv vhw lq wkh lqlwldo vwdjh +dgydqfh vhohf0

wlrq,1 Rqh frxog/ ri frxuvh/ frqvlghu d ydulhw| ri lqwhuphgldwh dowhuqdwlyhv/ zkhuhlq

wkh lghqwlw| ri wkh uhfrjql}hg ohjlvodwru lv ghwhuplqhg vhyhudo urxqgv lq dgydqfh/ exw

vxevhtxhqw wr wkh lqlwldo vwdjh1 Zh kdyh qrw |hw vwxglhg wkhvh srvvlelolwlhv1

81614 Hqgrjhqrxv rughu zlwk g|qdplf vhohfwlrq

Wkurxjkrxw wklv vhfwlrq/ zh dvvxph wkdw wkh uhfrjql}hg ohjlvodwru lv vhohfwhg dw wkh

rxwvhw ri hdfk sursrvdo urxqg e| dq djhqw nqrzq dv wkh fkdlu1 Iru vlpsolflw|/ zh

lpdjlqh wkdw wkh fkdlu lv qrw rqh ri wkh ohjlvodwruv1 Krzhyhu/ surylghg wkdw wkh

fkdlu fdq uhfrjql}h hlwkhu klpvhoi ru vrph doolhg ohjlvodwru/ wklv lv zlwkrxw orvv ri

jhqhudolw|1
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Wkh fkdlu lv vwudwhjlfdoo| vrsklvwlfdwhg/ dqg lv hqgrzhg zlwk vrph sd|r� ixqf0

wlrq Z = S $ ?1 Zh irfxv khuh rq fkdluv zlwk wzr gl�huhqw w|shv ri remhfwlyh

ixqfwlrqv1 Dq lqglylgxdolvwlf fkdlu vkduhv wkh remhfwlyh ri vrph sduwlfxodu ohjlvod0

wru/ o` +wkxv/ Z +s, @ y,` +s,,1 Qrw vxusulvlqjo|/ zh �qg wkdw/ lq wkh suhvhqfh ri

dq lqglylgxdolvwlf fkdlu/ ohjlvodwru o` dvvxphv wkh uroh ri d glfwdwru1 Lw lv qdwxudo

wr zrqghu zkhwkhu d fkdlu zlwk pruh lqfoxvlyh remhfwlyhv fdq vxffhvvixoo| frqwuro

wkh srzhu ri wkh odvw sursrvhu wkurxjk vwudwhjlf pdqlsxodwlrq ri wkh uhfrjqlwlrq

rughu1 Wr h{soruh wklv lvvxh/ zh frqvlghu wkh fdvh ri d xqlyhuvdolvwlf fkdlu/ zkr

dozd|v ehqh�wv iurp wkh dgrswlrq ri dgglwlrqdo hohphqwdu| srolflhv1 Lq sduwlfxodu/

zh dvvxph wkdw Z +s, @
S

,MRz,/ zkhuh z, A 3 ghqrwhv wkh ehqh�w wkh fkdlu ghulyhv

iurp hohphqwdu| srolf| o> khuh/ zh xvh o` wr ghqrwh wkh fkdlu*v idyrulwh hohphqwdu|

srolf|1 Zh ghprqvwudwh wkdw/ lq pdq| flufxpvwdqfhv/ hyhq d xqlyhuvdolvwlf fkdlu

kdv olwwoh delolw| wr frpedw wkh frqfhqwudwlrq ri srolwlfdo srzhu1 Lq sduwlfxodu/ zh

lghqwli| uhdvrqdeo| jhqhudo frqglwlrqv xqghu zklfk wkh rxwfrph frqvlvwv ri/ dw prvw/

wzr hohphqwdu| frpsrqhqwv1

Rqh fdq/ ri frxuvh/ lpdjlqh fkdluv zlwk rwkhu remhfwlyhv1 Iru h{dpsoh/ rqh pljkw

frqvlghu d sduwlvdq fkdlu/ zkr pd{lpl}hv wkh djjuhjdwh sd|r� iru vrph vxevhw ri

ohjlvodwruv/ V/ zlwk mVm A 4= Z +s, @
S

,M7 y,+s,= Iru wkh vshfldo fdvh ri mVm @ Q / wkh

fkdlu dfwv wr pd{lpl}h vrfldo vxusoxv1 Zh uhihu wr wklv dv d ehqhyrohqw fkdlu1 Zh

kdyh qrw |hw rewdlqhg uhvxowv iru g|qdplf vhohfwlrq zlwk d sduwlvdq ru ehqhyrohqw

fkdlu1 Krzhyhu/ lq wkh qh{w vxevhfwlrq/ zh suhvhqw d uhvxow rq dgydqfh vhohfwlrq

wkdw krogv iru doo ri wkh fdvhv phqwlrqhg deryh1

Zlwk g|qdplf vhohfwlrq/ wkh fkdlu*v fkrlfh dw wkh ehjlqqlqj ri hdfk sursrvdo

urxqg frxog ghshqg rq wkh hqwluh klvwru| ri wkh jdph/ lqfoxglqj sdvw sursrvhuv/

sursrvdov/ dqg yrwhv1 Krzhyhu/ vlqfh wkhuh lv d xqltxh frqwlqxdwlrq htxloleulxp iru

hdfk w dqg s|/ wklv ghshqghqfh lv dozd|v ghjhqhudwh1 Frqvhtxhqwo|/ zh fdq/ zlwkrxw

orvv ri jhqhudolw|/ frq�qh dwwhqwlrq wr ghflvlrq uxohv iru wkh fkdlu ri wkh irup l|+s|,/

zklfk ghqrwhv wkh ohjlvodwru uhfrjql}hg e| wkh fkdlu lq urxqg w zkhq wkh vwdwxv txr

lv s|1 Li rqh sodfhv uhvwulfwlrqv rq doorzdeoh uhfrjqlwlrq rughuv/ wkhq lw pd| eh

qhfhvvdu| wr frqglwlrq l| rq dgglwlrqdo dujxphqwv1 Iru h{dpsoh/ dq lqvwlwxwlrqdo

uxoh pd| surklelw wkh fkdlu iurp fdoolqj xsrq d vlqjoh ohjlvodwru pxowlsoh wlphv lq

vxffhvvlrq/ ru pd| uhtxluh wkh fkdlu wr uhfrjql}h doo ohjlvodwruv rqfh ehiruh fdoolqj

rq dq| lqglylgxdo d vhfrqg wlph1

Wkh uhfxuvlyh dssurdfk ghyhorshg lq vhfwlrq 71415 lv hdvlo| dgdswhg wr wkh fxuuhqw
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sureohp1 Rqh vlpso| gh�qhv d pdsslqj wkdw vxevxphv wkh fkdlu*v vhohfwlrq ri d

ohjlvodwru/ dv zhoo dv wkdw ohjlvodwru*v sursrvdo dqg wkh vxevhtxhqw yrwh1 Vxssrvh

lq sduwlfxodu wkdw/ dv ri urxqg w/ S � lv wkh vhw ri srvvleoh frqwlqxdwlrq rxwfrphv1

Li wkh fkdlu uhfrjql}hv ohjlvodwru o/ wkh rxwfrph zloo eh *,+s
�> S �,1 Dffruglqjo|/ wkh

fkdlu zloo uhfrjql}h wkh ohjlvodwru

l` +s�> S �, @ dujpd{
,

Z +*,+s
�> S �,,=

Gh�qh

�`
| +S �, @ it 5 S � m t @ *�` ER�c� ��+s

�> S �, iru vrph s� 5 S � j1

Wklv uhsuhvhqwv wkh vhw ri srvvleoh frqwlqxdwlrq rxwfrphv iurp wkh shuvshfwlyh ri

urxqg w� 4/ dvvxplqj wkdw S � lv wkh vhw ri srvvleoh frqwlqxdwlrq rxwfrphv iurp wkh

shuvshfwlyh ri urxqg w1

Iroorzlqj rxu hduolhu qrwdwlrq/ zh gh�qh

T`
A +S , @ �`

A +S ,

dqg/ uhfxuvlyho|/

T`
| +S , @ �`

|

�
T`
|n�+S ,

�
1

T`
| +S , ghqrwhv wkh vhw ri srvvleoh htxloleulxp frqwlqxdwlrq rxwfrphv iurp wkh shu0

vshfwlyh ri urxqg w � 41 Qrwh wkdw/ dv ehiruh/ wkh frqwlqxdwlrq vhwv duh qhvwhg=

T`
| +S , � T`

|n�+S ,1 Dovr gh�qh

T`
A +s, @ *�` ERc� �+s>S ,

dqg/ uhfxuvlyho|/

T`
| +s, @ *�` E'`

|n�
ER�c'`

|n�
E� ��+T

`
|n�+s,> T

`
|n�+S ,,

T`
| +s, ghqrwhv wkh xqltxh htxloleulxp rxwfrph zkhq wkh urxqg w vwdwxv lv s1

Qrz frqvlghu wkh fdvh ri dq lqglylgxdolvwlf fkdlu zkr vhhnv wr pd{lpl}h wkh sd|r�

ri ohjlvodwru o` 1 Rxu qh{w uhvxow ghprqvwudwhv wkdw o` hphujhv dv d glfwdwru1

Wkhruhp 44= Frqvlghu d edvlf lqvwlwxwlrq prgl�hg wr lqfrusrudwh g|qdplf vhohf0

wlrq ri uhfrjql}hg ohjlvodwruv e| dq lqglylgxdolvwlf fkdlu1 Vxssrvh wkdw wklv

lqvwlwxwlrq kdv d ghjhqhudwh �qdo vwdjh/ d FEGF srolf| vhw vdwlvi|lqj D40D7/

dqg Q � 8 ohjlvodwruv1 Li W � 5 dqg wkh fkdlu idfhv qr uhvwulfwlrqv rq wkh

uhfrjqlwlrq rughu iru wkh �qdo wzr urxqgv/ wkhq wkh xqltxh htxloleulxp rxwfrph

lv io` j1
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Wklv uhvxow vkrzv wkdw dq lqglylgxdolvwlf fkdlu fdq kduqhvv wkh glfwdwruldo whq0

ghqflhv ri wkh edvlf lqvwlwxwlrq wr jhqhudwh klv idyrulwh rxwfrph1 Wkh lqwxlwlrq lv

vwudljkwiruzdug1 Dq lqglylgxdolvwlf fkdlu dozd|v uhfrjql}hv o` lq wkh odvw urxqg1

Wklv jhqhudwhv wkh vhw ri srvvleoh frqwlqxdwlrq rxwfrphv T`
A
+S ,1 Dq| s 5 T`

A
+S ,

vdwlv�hv wkh iroorzlqj wkuhh surshuwlhv= +4, o` 5 s/ +5, o @5 s li o lv dprqj wkh P � 4

kljkhvw0frvw srolflhv rwkhu wkdq o` / dqg +6, msm � P 1 Dv d uhvxow/ li wkh fkdlu uhf0

rjql}hv hlwkhu o` ru dq| ohjlvodwru dvvrfldwhg zlwk rqh ri wkh P � 4 kljkhvw0frvw

srolflhv lq urxqg W � 4/ wkh uhfrjql}hg ohjlvodwru sursrvhv d srolf| wkdw ohdgv wr wkh

frqwlqxdwlrq rxwfrph s6
A3�

@ io`j/ dqg wkh srolf| sdvvhv1 Wkxv/ T`
A3�

+S , @ io`j1

Wklv uhvxow vxuylyhv hyhq li wkh ohjlvodwxuh*v uxohv ri surfhgxuh vljql�fdqwo| uh0

vwulfw wkh fkdlu*v glvfuhwlrq lq uhfrjql}lqj ohjlvodwruv1 Qrwh lq sduwlfxodu wkdw/ wr

dfklhyh wkh rxwfrph io` j/ wkh fkdlu qhhg qrw uhfrjql}h o` +ru/ iru wkdw pdwwhu/

dq| rwkhu ohjlvodwru, pruh wkdq rqfh1 Uhjdugohvv ri wkh ohqjwk ri wkh srolf| ghyho0

rsphqw vwdjh/ dv orqj dv wkh uhvwulfwlrqv rq zkr fdq eh uhfrjql}hg duh v|pphwulf

dfurvv ohjlvodwruv/ wkh fkdlu fdq dozd|v dfklhyh io` j e| dyrlglqj fkrlfhv wkdw zrxog

edu klp iurp uhfrjql}lqj d ohjlvodwru dvvrfldwhg zlwk d kljk frvw hohphqwdu| srolf|

lq wkh shqxowlpdwh urxqg/ dqg o` lq wkh �qdo urxqg1

Qrz vxssrvh wkdw wkh fkdlu*v suhihuhqfhv duh xqlyhuvdolvwlf/ lq wkh vhqvh wkdw

kh vhhnv wr surprwh wkh dgrswlrq ri dv pdq| hohphqwdu| srolflhv dv srvvleoh1 Wklv

fdvh lv ri sduwlfxodu lqwhuhvw ehfdxvh lw doorzv xv wr h{soruh wkh h{whqw wr zklfk

d fkdlu fdq h{sdqg wkh vhw ri lqglylgxdov zkr ehqh�w iurp wkh ohjlvodwlyh surfhvv1

Zh kdyh qrw |hw rewdlqhg d frpsohwh fkdudfwhul}dwlrq ri htxloleulxp rxwfrphv iru

lqvwlwxwlrqv zlwk xqlyhuvdolvwlf fkdluv1 Krzhyhu/ wkh iroorzlqj uhvxow lghqwl�hv d

urexvw vhw ri hqylurqphqwv iru zklfk wkh fkdlu kdv uhodwlyho| olwwoh delolw| wr frpedw

wkh frqfhqwudwlrq ri srolwlfdo srzhu1

Wkhruhp 45= Frqvlghu d edvlf lqvwlwxwlrq prgl�hg wr lqfrusrudwh g|qdplf vhohf0

wlrq ri uhfrjql}hg ohjlvodwruv e| d xqlyhuvdolvwlf fkdlu1 Vxssrvh wkdw wklv lqvwl0

wxwlrq kdv d ghjhqhudwh �qdo vwdjh/ d FEGF srolf| vhw vdwlvi|lqj D40D7/ dqg

Q � 8 ohjlvodwruv1 Dvvxph wkdw o` +wkh fkdlu*v idyrulwh hohphqwdu| srolf|, lv

rqh ri wkh P � 4 orzhvw frvw hohphqwdu| srolflhv1 Wkhq=

+l, Li wkhuh duh qr uhvwulfwlrqv rq wkh fkdlu*v fkrlfh ri uhfrjqlwlrq rughu/ wkh

rxwfrph s8 ghshqgv rq wkh lqlwldo vwdwxv txr/ frqvlvwv ri hlwkhu wzr ru P

hohphqwdu| srolflhv/ dqg pd| qrw lqfoxgh o` 1 Li
�
�s8

�
� @ P / wkhq s8 grhv qrw
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lqfoxgh o` >

+ll, Vxssrvh wkdw wkh fkdlu pxvw uhfrjql}h dw ohdvw wkuhh gl�huhqw ohjlvodwruv

ehiruh vrph urxqg wW � W � 4/ exw rwkhuzlvh wkhuh duh qr uhvwulfwlrqv rq wkh

fkdlu*v fkrlfh lq wkh �qdo urxqg1 Wkhq
�
�s8

�
� @ 51

Dffruglqj wr wkhruhp 45/ ohjlvodwlyh surfhvvhv fdq surgxfh rxwfrphv wkdw idyru

vpdoo plqrulwlhv hyhq zkhq wkh uhfrjqlwlrq rughu lv frqwuroohg e| d xqlyhuvdolvwlf

fkdlu1 Pruhryhu/ dssduhqwo| sur0ghprfudwlf uhvwulfwlrqv rq wkh fkdlu*v fkrlfh ri

ohjlvodwruv pd| kdyh wkh shuyhuvh h�hfw ri hqvxulqj kljk frqfhqwudwlrq ri srolwlfdo

srzhu/ dqg qhdu0glfwdwruldo rxwfrphv1

81615 Hqgrjhqrxv uhfrjqlwlrq rughu zlwk dgydqfh vhohfwlrq

Qh{w zh frqvlghu lqvwlwxwlrqv iru zklfk wkh uhfrjqlwlrq rughu lv ghwhuplqhg hqgrjh0

qrxvo| lq wkh lqlwldo vwdjh1 Dv lq wkh suhfhglqj vxevhfwlrq/ zh dvvxph wkdw wkh

rughu lv fkrvhq e| d vwudwhjlfdoo| vrsklvwlfdwhg fkdlu1 Lq wklv vhwwlqj/ wkh fkdlu*v

vwudwhj| lv d ixqfwlrq l = i4> ===> Wj �$ ? vshfli|lqj wkh ohjlvodwru l+w, zkr pdnhv

wkh sursrvdo lq hdfk urxqg w1 Surylghg wkdw wkh uxohv ri wkh lqvwlwxwlrq uhtxluh wkh

fkdlu wr uhfrjql}h d uhdvrqdeo| glyhuvh jurxs ri ohjlvodwruv gxulqj wkh srolf| ghyho0

rsphqw vwdjh/ wkh rxwfrph s8 zloo frqvlvw ri wkh hohphqwdu| srolf| idyruhg e| wkh

�qdo sursrvhu +wkhruhp 7,1 Frqvhtxhqwo|/ luuhvshfwlyh ri wkh fkdlu*v prwlyhv/ wkh

fkdlu fdq gr qr ehwwhu wkdq wr vhohfw d uhfrjqlwlrq rughu wkdw ohdgv wr wkh dgrswlrq

ri wkh fkdlu*v idyrulwh hohphqwdu| srolf|/ dqg qrwklqj hovh1 Irupdoo|/ zh kdyh=

Wkhruhp 46= Frqvlghu d edvlf lqvwlwxwlrq prgl�hg wr lqfrusrudwh dq lqlwldo vwdjh

zkhuhlq d fkdlu vhohfwv d �{hg uhfrjqlwlrq rughu1 Vxssrvh wkdw wklv lqvwlwxwlrq

kdv d ghjhqhudwh �qdo vwdjh/ d FEGF srolf| vhw vdwlvi|lqj D40D7/ dqg Q � 8

ohjlvodwruv1 Vxssrvh dovr wkdw wkh fkdlu pxvw uhfrjql}h dw ohdvwP.4 ohjlvodwruv1

Wkhq wkh fkdlu sursrvhv dq rughu zlwk l+W , @ o
` +zkhuh o` lv wkh fkdlupdq*v

idyrulwh hohphqwdu| srolf|,1 Pruhryhu/ wkh xqltxh htxloleulxp rxwfrph lv

io`j1

D�e ,?_L}i?L�t �*Lt�hi

Rqh srwhqwldoo| xquhdolvwlf dvshfw ri rxu edvlf prgho lv wkh dvvxpswlrq wkdw wkh

ohjlvodwxuh hqwhuwdlqv d �{hg qxpehu ri sursrvdov gxulqj wkh srolf| ghyhorsphqw

vwdjh1 Zh eholhyh wkdw lw lv xqremhfwlrqdeoh wr dvvxph wkdw wkhvh gholehudwlrqv duh
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frq�qhg wr d �qlwh qxpehu ri urxqgv1 Wkh srolf| suhydlolqj gxulqj dq| jlyhq wlph

shulrg +h1j1 gxulqj d |hdu, pxvw eh vhohfwhg wkurxjk ohjlvodwlyh gholehudwlrqv wkdw

suhfhgh wkh ehjlqqlqj ri wkdw shulrg1 Wkrxjk gholehudwlrqv pd| frqwlqxh gxulqj

dqg diwhu wkh shulrg lq txhvwlrq/ wkh| fdqqrw dowhu wkh srolf| lpsohphqwhg gxulqj

wkdw shulrg diwhu wkh idfw1 Vlqfh hdfk sursrvdo urxqg frqvxphv �qlwh wlph/ lw iroorzv

wkdw wkh ohjlvodwxuh fdq hqwhuwdlq rqo| d �qlwh qxpehu ri sursrvdov frqfhuqlqj wkh

srolf| wkdw zloo suhydlo gxulqj dq| sduwlfxodu shulrg1

Zkloh wkh suhfhglqj dujxphqw vxjjhvwv wkdw lw lv uhdvrqdeoh wr erxqg wkh qxp0

ehu ri sursrvdo urxqgv lq wkh srolf| ghyhorsphqw vwdjh/ lw grhv qrw lpso| wkdw

wkh dfwxdo qxpehu ri urxqgv vkrxog eh wuhdwhg dv h{rjhqrxv1 Lqghhg/ prvw ohjlvod0

wlyh lqvwlwxwlrqv kdyh uxohv hvwdeolvklqj wkh flufxpvwdqfhv xqghu zklfk gholehudwlrqv

frph wr d forvh1 Lw lv qdwxudo wr frqmhfwxuh wkdw vxfk uxohv xqghuplqh wkh srolwlfdo

srzhu wkdw dq| ohjlvodwru ghulyhv iurp dq delolw| wr pdnh sursrvdov odwh lq wkh srolf|

ghyhorsphqw surfhvv1

Wr h{soruh wkhvh lvvxhv/ zh frqvlghu lqvwlwxwlrqv iru zklfk wkh uhfrjqlwlrq rughu

lv �{hg/ exw zkhuhlq ohjlvodwruv fdq/ wkurxjk froohfwlyh dfwlrq/ whuplqdwh wkh srolf|

ghyhorsphqw surfhvv iroorzlqj dq| sursrvdo urxqg1 Rxu dqdo|vlv vxjjhvwv wkdw wkh

ghwdlov ri wkh forvxuh uxoh kdyh lpsruwdqw lpsolfdwlrqv iru ohjlvodwlyh rxwfrphv1 Zh

frqvlghu wzr w|shv ri lqvwlwxwlrqv= wkrvh zlwk frpsoh{ forvxuh uxohv/ dqg wkrvh zlwk

vlpsoh forvxuh uxohv1 D frpsoh{ forvxuh uxoh shuplwv wkh uhfrjql}hg ohjlvodwru wr

exqgoh d srolf| sursrvdo zlwk d prwlrq wr hqg gholehudwlrqv1 D yrwh lq idyru ri

wklv sursrvdo uhvxowv lq lpphgldwh forvxuh dv zhoo dv lpsohphqwdwlrq ri wkh sursrvhg

srolf|1 D vlpsoh forvxuh uxoh doorzv hdfk uhfrjql}hg ohjlvodwru hlwkhu wr sursrvh d

srolf| ru wr pdnh d prwlrq iru forvxuh/ exw grhv qrw shuplw wkh ohjlvodwru wr sursrvh

d srolf| dqg pryh iru forvxuh vlpxowdqhrxvo|1 Zlwk d frpsoh{ forvxuh uxoh/ d

ohjlvodwru fdq/ ri frxuvh/ sursrvh d srolf| zlwkrxw prylqj iru forvxuh/ ru pryh iru

forvxuh zlwkrxw sursrvlqj dq| ixuwkhu fkdqjhv lq wkh suhydlolqj vwdwxv txr1 Wkxv/

d vlpsoh forvxuh uxoh lv pruh uhvwulfwlyh wkdq d frpsoh{ forvxuh uxoh1

81714 Frpsoh{ forvxuh uxohv

Zlwk d frpsoh{ forvxuh uxoh/ wkh vhw ri ihdvleoh sursrvdov iru dq| urxqg lv jlyhq

e| lv jlyhq e| � � id @ +s> f, m s 5 S dqg f 5 i\>Qjj1 Wkh sursrvdo � @ +s> \ ,

uhsuhvhqwv d prwlrq wr dgrsw wkh srolf| s dqg hqg wkh srolf| ghyhorsphqw vwdjh1 Lq

frqwudvw/ wkh sursrvdo � @ +s>Q, uhsuhvhqwv d prwlrq wr uhsodfh wkh fxuuhqw vwdwxv
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txr zlwk s/ dqg wr frqwlqxh gholehudwlrqv1 Wkh srolf| ghyhorsphqw vwdjh hqgv hlwkhu

zkhq d pdmrulw| ri wkh ohjlvodwruv yrwh lq idyru ri d sursrvdo wkdw lqfoxghv d prwlrq

iru forvxuh/ ru diwhu urxqg W +zkhq/ lq h�hfw/ wkh ohjlvodwxuh uxqv rxw ri wlph,1 D

vlqjoh yrwh lv dozd|v wdnhq rq dq| srolf| �= zkhq � @ +s> \ ,/ wkh ohjlvodwxuh grhv qrw

frqvlghu wkh srolf| sursrvdo s dqg wkh prwlrq iru forvxuh vhsdudwho|1 Krzhyhu/ d

ohjlvodwru lv iuhh wr sursrvh d srolf| zlwkrxw d prwlrq iru forvxuh +� @ +s>Q,,/ ru wr

pryh iru forvxuh zlwkrxw sursrvlqj d fkdqjh lq wkh vwdwxv txr srolf| +� @ +s|> \ ,,1

Rqfh djdlq/ zh fkdudfwhul}h htxloleuld wkurxjk d uhfxuvlyh dujxphqw1 Vlqfh wkh

forvxuh uxoh kdv qr elwh lq wkh �qdo urxqg ri wkh sursrvdo vwdjh/ wkh ixqfwlrq wkdw

pdsv wkh urxqg w vwdwxv txr lqwr d �qdo rxwfrph lv xqfkdqjhg=

TSS

A
+sA3�, � *�EA �+sA3�> S ,=

Khuh/ zh lqwhusuhw TSS

A
+sA3�, dv wkh �qdo rxwfrph frqglwlrqdo rq uhdfklqj urxqg

W 1 Uhfxuvlyho|/ zh gh�qh d ixqfwlrq wkdw pdsv wkh urxqg w vwdwxv txr lqwr d �qdo

rxwfrph +djdlq frqglwlrqdo xsrq uhdfklqj urxqg w,=

TSS

| +s|3�, � *�E|�+T
SS

|n�+s|3�,> S ,

Lq zulwlqj wklv h{suhvvlrq/ zh gr qrw dvvxph wkdw l+w, qhfhvvdulo| fdoov iru forvxuh

lq urxqg w1 Xsrq lqkhulwlqj wkh vwdwxv txr s|/ l+w, fdq dfklhyh *�E|�+T
SS

|n�+s|3�,> S ,

hlwkhu e| +l, sursrvlqj � @
�
*�E|�+T

SS

|n�+s|3�,> S ,> \
�
+wkdw lv/ dgyrfdwlqj wkh ghvluhg

srolf| dqg fdoolqj iru forvxuh,/ ru +ll, pdnlqj dq| sursrvdo � @ +s�> Q, vxfk wkdw

TSS

|n�+s
�, @ *�E|�+T

SS

|n�+s|3�,> S , +wkdw lv/ l+w, pdnhv qr prwlrq iru forvxuh/ exw dgyr0

fdwhv d srolf| zklfk/ li sdvvhg/ xowlpdwho| ohdgv wr wkh ghvluhg rxwfrph,1 Lq hlwkhu

fdvh/ wkh frqwlqxdwlrq rxwfrph lv TSS

|
+s|3�, @ *�E|�+T

SS

|n�+s|3�,> S ,= Wkh rswlpdo

sursrvdo iru l+w, dozd|v lqfoxghv rqh dowhuqdwlyh wkdw hqwdlov d prwlrq iru lpphgl0

dwh forvxuh/ dqg pd| ru pd| qrw lqfoxgh rwkhu dowhuqdwlyhv lqyroylqj qr prwlrq iru

forvxuh1 Iurp wklv revhuydwlrq/ lw iroorzv wkdw iru dq| htxloleulxp/ wkhuh lv dozd|v

dq htxlydohqw htxloleulxp zkhuhlq d prwlrq iru forvxuh fduulhv lq wkh �uvw urxqg1

Wkhuh lv dq lpsruwdqw txdolwdwlyh gl�huhqfh ehwzhhq wkh uhfxuvlrq ghvfulehg

deryh dqg wkh rqh ghulyhg lq vhfwlrq 71415 iru wkh edvlf prgho1 Zlwk hqgrjhqrxv

forvxuh/ l+w, kdv wkh rswlrq wr fdoo iru whuplqdwlrq ri wkh srolf| ghyhorsphqw sur0

fhvv1 Frqvhtxhqwo|/ vkh lv qrw qhfhvvdulo| olplwhg wr pdnlqj sursrvdov wkdw ohdg wr

rxwfrphv lq wkh frqwlqxdwlrq vhw TSS

|n�+S ,1 Dv d uhvxow/ wkh frqwlqxdwlrq vhwv duh qr

orqjhu qhfhvvdulo| qhvwhg= TSS

| +S , qhhg qrw eh frqwdlqhg lq TSS

|n�+S ,1
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Rxu qh{w uhvxow vxppdul}hv wkh lpsdfw ri d frpsoh{ forvxuh uxoh rq wkh glvwul0

exwlrq ri srolwlfdo srzhu1

Wkhruhp 47= Frqvlghu d edvlf lqvwlwxwlrq prgl�hg wr lqfrusrudwh d frpsoh{ for0

vxuh uxoh1 Vxssrvh wkdw wklv lqvwlwxwlrq kdv d ghjhqhudwh �qdo vwdjh/ d FEGF

srolf| vhw vdwlvi|lqj D40D7/ dqg Q � 8 ohjlvodwruv1 Surylghg wkdw mM m A 5/ wkh

srolf| rxwfrph s8 kdv wkh iroorzlqj surshuwlhv=

+l, l+4, 5 s8 /

+ll,
�
�s8

�
� � P /

+lll, Li f�E�� ? f�E2�/ wkhq
�
�s8

�
� � 5/

+ly, Li f�E�� ? f�E2�> l+4, lv dprqj wkh P � 4 ohdvw frvwo| hohphqwdu| srolflhv/

dqg l+4, 9@ l+6,/ wkhq s8 @ il+4,j1 Pruhryhu/ wkh sursrvdo vwdjh dozd|v forvhv

lq urxqg 41

+y, Li o 5 K�32/ wkhq o 5 s8 rqo| li l+4, @ o1

Wkhruhp 47 hvwdeolvkhv wkdw d frpsoh{ forvxuh uxoh holplqdwhv wkh glfwdwruldo

srzhu ri wkh odvw sursrvhu1 Krzhyhu/ lq d uhdvrqdeo| zlgh fodvv ri hqylurqphqwv/

srolwlfdo srzhu lv vlpso| wudqvihuuhg iurp wkh odvw sursrvhu wr wkh �uvw +ru wr wkh �uvw

dqg rqh rwkhu,1 Rqfh djdlq/ dq dssduhqwo| ghprfudwlf lqvwlwxwlrq |lhogv plqrulw|

rxwfrphv dqg kljk frqfhqwudwlrqv ri srolwlfdo srzhu1

Wkh odvw sursrvhu*v orvv ri srolwlfdo srzhu lv lqwxlwlyh1 Zlwk h{rjhqrxv forvxuh/

l+W , fdq jxdudqwhh iru hyhu| klvwru| ri wkh jdph wkdw wkh �qdo rxwfrph lqfoxghv khu

idyrulwh hohphqwdu| srolf|/ dqg wkdw lw frqwdlqv qr pruh wkdq P frpsrqhqwv1 Zlwk

frpsoh{ forvxuh/ l+W , kdv qr vxfk delolw|1 Lqghhg/ iru dq| srolf| s 5 S +lqfoxglqj

wkrvh iru zklfk l+W , @5 s dqg2ru msm A P,/ dq| klvwru| fxoplqdwlqj lq wkh sdvvdjh

ri d prwlrq � @ +s> \ , lq urxqg w ? W ohdgv wr wkh lpsohphqwdwlrq ri s/ uhjdugohvv

ri l+W ,*v urxqg W vwudwhj|1

Wkh pruh vxusulvlqj lpsolfdwlrq ri wkhruhp 47 lv wkdw wkh �uvw sursrvhu/ hlwkhu

dorqh ru lq frpelqdwlrq zlwk wkh dqrwkhu ohjlvodwru/ fdq lqkhulw doo ri wkh srolwlfdo

srzhu orvw e| wkh �qdo sursrvhu1 Wr xqghuvwdqg wklv uhvxow/ rqh pxvw �uvw dssuhfldwh

wkh surshuwlhv ri wkh pdsslqj TSS

| +s,1 Uhfdoo wkdw/ zlwkrxw orvv ri jhqhudolw|/

zh fdq uhvwulfw l+w,*v fkrlfhv wr sursrvdov wkdw lqfrusrudwh prwlrqv iru lpphgldwh

forvxuh1 Frqvhtxhqwo|/ l+w,*v sureohp lv yhu| pxfk olnh wkdw ri wkh �qdo sursrvhu

lq vhfwlrq 7/ h{fhsw wkdw wkh vwdwxv txr s lv wuhdwhg dv li lw zhuh TSS

|n�+s,1 Dujxlqj
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dv lq wkh surri ri wkhruhp 7/ rqh fdq vkrz wkdw/ iru doo s 5 S / l+w, 5 TSS
| +s, dqg

mTSS
|
+s,m � P 1 Qrwlfh wkdw wkh �qdo rxwfrph s8 qhyhu frqwdlqv pruh wkdq P

hohphqwdu| frpsrqhqwv1 Pruhryhu/ li wkh surfhvv uhdfkhv urxqg w/ wkhq l+w, fdq

jxdudqwhh wkh lqfoxvlrq ri khu idyrulwh hohphqwdu| srolf|1 Vlqfh urxqg 4 lv dozd|v

uhdfkhg/ zh nqrz wkdw wkh rxwfrph lqfoxghv wkh hohphqwdu| srolf| dvvrfldwhg zlwk

ohjlvodwru l+4,1

Zkhq f�E�� ? f�E2� wkh �uvw sursrvhu fdq dfklhyh pxfk pruh wkdq wkh lpsohphq0

wdwlrq ri vrph s zlwk l+w, 5 s1 Vxssrvh wkdw mT2+sf,m �P �41 Wkhq wkh sursrvdo

�� @ +il+4,j> \ , sdvvhv zlwk dw ohdvw P yrwhv +doo ohjlvodwruv zkrvh dvvrfldwhg hoh0

phqwdu| srolflhv duh qrw lqfoxghg lq s,1 Qrz vxssrvh wkdw mT2+sf,m @P 1 Surylghg

wkdw l+4, 5 T2+sf,/ �
� frqwlqxhv wr uhfhlyh pdmrulw| vxssruw1 Wklv sursrvdo lv gh0

ihdwhg rqo| li mT2+sf,m @ P dqg l+4, @5 T2+sf,1 Wklv fdqqrw rffxu li wkh frvw ri

wkh hohphqwdu| srolf| l+4, lv vx�flhqwo| orz1 Hyhq li lw grhv rffxu/ l+4, fdq exlog d

pdmrulw| frdolwlrq e| dgglqj rqo| pruh hohphqwdu| frpsrqhqw wr wkh sursrvdo ��1

Wkhruhp 47 lpsolhv wkdw srolwlfdo srzhu lv frqfhqwudwhg hqwluho| lq wkh kdqgv ri

rqh ru wzr ohjlvodwruv iru d odujh vhw ri hqylurqphqwv1 Lq sduwlfxodu/ wkh iroorzlqj

h{suhvvlrq surylghv d orzhu erxqg rq wkh iudfwlrq ri uhfrjqlwlrq rughuv wkdw ohdg wr

wkh dgrswlrq ri hlwkhu il+4,j ru il+4,> mj iru vrph m 9@ l=

4

5
+4� +

4

Q
,2,1

Qrwh wkdw wklv erxqg frqyhujhv udslgo| wr �
2 dv Q lqfuhdvhv1

81715 Vlpsoh Forvxuh Uxohv

Zlwk d vlpsoh forvxuh uxoh/ wkh vhw ri ihdvleoh sursrvdov iru dq| urxqg lv jlyhq e|

lv jlyhq e| � � S ^ i\>Qj1 Dv ehiruh/ wkh srolf| ghyhorsphqw vwdjh hqgv rqfh

d prwlrq iru forvxuh fduulhv/ ru dw wkh hqg ri urxqg W 1 Li d prwlrq iru forvxuh

lv uhmhfwhg lq urxqg w ? W / wkh vwdwxv txr uhpdlqv xqfkdqjhg dqg wkh surfhvv

frqwlqxhv1

Ghvslwh wkhlu dssduhqw vlplodulwlhv/ vlpsoh forvxuh uxohv dqg frpsoh{ forvxuh uxohv

jhqhudwh udglfdoo| gl�huhqw frqglwlrqdo rxwfrph ixqfwlrqv1 Dv ehiruh/ wkh forvxuh

uxoh kdv qr elwh lq wkh odvw sursrvdo urxqg/ vr

TrS

A +sA3�, � *�EA �+sA3�> S ,=

Zh jhqhudwh wkh frqwlqxdwlrq rxwfrph frqglwlrqdo rq uhdfklqj urxqg w wkurxjk wkh



7;

iroorzlqj uhfxuvlrq=

TrS

|
+s|3�, � *�E|�+T

rS

|n�+s|3�,>T
rS

|n�+S , ^ is|3�j,=

Wr xqghuvwdqg zk|/ frqvlghu wkh sureohp idflqj ohjlvodwru l+w, zkhq wkh vwdwxv txr

lv s|3�1 Li l+w, pryhv iru forvxuh dqg wkh prwlrq fduulhv/ wkh rxwfrph lv s|1 Li

l+w, sursrvhv s dqg wkh sursrvdo sdvvhv/ wkh rxwfrph lv TrS

|n�+s
�,1 Wkxv/ wkh vhw ri

ihdvleoh frqwlqxdwlrq rxwfrphv lv jlyhq e| TrS

|n�+S , ^ is|3�j1 Ohjlvodwru l+w,*v ehvw

dowhuqdwlyh lv wkhq wr pdnh d sursrvdo wkdw jhqhudwhv khu prvw suhihuuhg rxwfrph lq

]+TrS

|n�+s|3�,>T
rS

|n�+S ,^is|3�j,1 Dv lq wkh fdvh ri frpsoh{ forvxuh/ wkh frqglwlrqdo

frqwlqxdwlrq vhwv duh qrw qhfhvvdulo| qhvwhg= lq jhqhudo/ TrS
| +S , - TrS

|n�+S ,1

Qrwh wkdw/ lq frpsdulvrq wr wkh uhfxuvlrq xvhg iru wkh frpsoh{ forvxuh uxoh/

TrS

|n�+S , ^ is|3�j wdnhv wkh sodfh ri S 1 Lqwxlwlyho|/ wkh vlpsoh forvxuh uxoh suh0

yhqwv l+w, iurp uhdfklqj srwhqwldoo| suhihudeoh srolflhv wkdw pljkw uhfhlyh pdmrulw|

vxssruw1 Qrwh dovr wkdw/ lq frpsdulvrq wr wkh uhfxuvlrq xvhg iru wkh edvlf lqvwl0

wxwlrq/ TrS

|n�+S , ^ is|3�j wdnhv wkh sodfh ri T|n�+S ,1 Wkh gl�huhqfh ehwzhhq wkh

uhfxuvlrqv iru wkh vlpsoh forvxuh uxoh dqg iru h{rjhqrxv forvxuh dsshdu wr eh ohvv

lpsruwdqw wkdq wkh gl�huhqfh ehwzhhq wkh uhfxuvlrqv iru wkh vlpsoh forvxuh uxoh

dqg iru wkh frpsoh{ forvxuh uxoh1 Rxu qh{w uhvxow hvwdeolvkhv wkdw/ lqghhg/ vlpsoh

forvxuh uxohv jhqhudwh wkh vdph rxwfrphv dv h{rjhqrxv forvxuh zkhq wkh sursrvdo

vwdjh lv vx�flhqwo| vkruw1

Wkhruhp 48= Frqvlghu d edvlf lqvwlwxwlrq prgl�hg wr lqfrusrudwh d vlpsoh forvxuh

uxoh1 Vxssrvh wkdw wklv lqvwlwxwlrq kdv d ghjhqhudwh �qdo vwdjh/ d FEGF

srolf| vhw vdwlvi|lqj D40D7/ dqg Q � 8 ohjlvodwruv1 Iru doo s 5 S / TrS

A3�
+s, @

TA3�+s,1

Wkh htxlydohqfh surshuw| qrwhg lq wkhruhp 48 euhdnv grzq rqfh rqh frqvlghuv

sursrvdo urxqgv sulru wr W � 41 Zh kdyh qrw |hw rewdlqhg d ixoo fkdudfwhul}dwlrq ri

htxloleuld zlwk vlpsoh forvxuh1 Krzhyhu/ wkh iroorzlqj uhvxow hvwdeolvkhv wkdw/ xqghu

vrph vshfl�f flufxpvwdqfhv/ lqvwlwxwlrqv surgxfh gudpdwlfdoo| gl�huhqw rxwfrphv

zlwk vlpsoh forvxuh wkdq zlwk hlwkhu frpsoh{ forvxuh ru h{rjhqrxv forvxuh1

Wkhruhp 49= Frqvlghu d edvlf lqvwlwxwlrq prgl�hg wr lqfrusrudwh d vlpsoh forvxuh

uxoh1 Vxssrvh wkdw wklv lqvwlwxwlrq kdv d ghjhqhudwh �qdo vwdjh/ d FEGF srolf|

vhw vdwlvi|lqj D40D7/ dqg Q � 8 ohjlvodwruv1 Vxssrvh wkdw l+W�5, 9@ l+W�4, 9@
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l+W ,/ wkdw e, A
S

�M. f� iru doo o/ dqg wkdw l+W�4, 5 K�321 Wkhq TA32+s, @ s

li hlwkhu=

+l, l+W � 5, 5 s dqg msm AP >

+ll, l+W � 5, 5 s> l+W , @5 s dqg msm @P >

+lll, s @ >> ru

+ly, s @ ioj iru o zlwk f, ? f�EA �1

Wr suryh wklv uhvxow/ zh lqyrnh wkhruhp 48/ zklfk whoov xv wkdw TrS

A3�+s, @

TA3�+s,1 Ohppd 4 lq wkh dsshqgl{ surylghv d ixoo fkdudfwhul}dwlrq ri TA3�+s,1

Lq sduwlfxodu/ zh nqrz wkdw TA3�+s, @ il+W ,j zkhqhyhu l+W � 4, 5 K�32 +zklfk

zh dvvxph iru wkh sxusrvh ri wkh fxuuhqw wkhruhp,1 Qrz frqvlghu wkh fkrlfh ri

ohjlvodwru l+W � 5, lq urxqg W � 5 zkhq wkh vwdwxv txr lv s1 Li ohjlvodwru l+W � 5,

fdoov iru forvxuh dqg wkh prwlrq fduulhv/ wkh rxwfrph lv s1 Li l+W � 5, pdnhv dq|

rwkhu sursrvdo/ wkh �qdo rxwfrph lv il+W ,j uhjdugohvv ri zkhwkhu wkh sursrvdo sdvvhv1

Qrwh wkdw wkh prwlrq iru forvxuh fduulhv zkhqhyhu d pdmrulw| suhihuv s wr il+W ,j1 Lw

lv vwudljkwiruzdug wr yhuli| wkdw wklv frqglwlrq lv vdwlv�hg/ dqg wkdw l+W � 5, suhihuv

s wr il+W ,j/ xqghu wkh irxu frqglwlrqv olvwhg lq wkh wkhruhp1

Lq oljkw ri wkhruhpv 7 dqg 47/ wkhruhp 49 lpsolhv wkdw/ zlwk wkuhh sursrvdo

urxqgv/ wkhuh duh vrph vwulnlqj gl�huhqfhv ehwzhhq lqvwlwxwlrqv zlwk vlpsoh forvxuh

uxohv/ dqg lqvwlwxwlrqv zlwk hlwkhu frpsoh{ forvxuh uxohv ru h{rjhqrxv forvxuh1 Iluvw/

wkh �qdo rxwfrph lv pruh vhqvlwlyh wr wkh lqlwldo vwdwxv txr zlwk vlpsoh forvxuh

wkdq zlwk hlwkhu ri wkh dowhuqdwlyhv1 Vhfrqg/ wkh �qdo srolf| pd| kdyh pruh wkdq

P hohphqwdu| frpsrqhqwv1 Lqghhg/ zlwk vlpsoh forvxuh/ lw lv srvvleoh wr rewdlq

xqlyhuvdolvwlf rxwfrphv +iru h{dpsoh/ zlwk sA32 @ H/ ohjlvodwru l+W � 5, pryhv

iru forvxuh dqg wkh prwlrq fduulhv,1 Wklug/ lqdfwlrq lv dovr d srvvleoh rxwfrph

+s8 @ >,1

Dowkrxjk qhlwkhu wkh �uvw sursrvhu qru wkh odvw sursrvhu hphujhv dv d glfwdwru

zlwk vlpsoh forvxuh/ wkhvh wzr ohjlvodwruv vwloo uhwdlq voljkw vwudwhjlf dgydqwdjhv1 Iru

h{dpsoh/ zlwk wkuhh sursrvdo urxqgv/ l+W � 5, @5 sf lpsolhv wkdw mTrS
� +sf,m � 41 Li lq

dgglwlrq msfm � 5/ wkhq TrS
� +sf, @ il+W ,j1
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S �*|ih?@|��i �L*�U) 5T@Uit

Xs wr wklv srlqw/ rxu dqdo|vlv kdv/ iru wkh prvw sduw/ irfxvhg rq FEGF srolf|

vsdfhv1 Lw lv qdwxudo wr zrqghu zkhwkhu rxu fhqwudo frqfoxvlrqv dovr krog iru rwkhu

w|shv ri srolf| vsdfhv1 Lq wklv vhfwlrq/ zh h{soruh wkh jhqhudolw| ri wkh glfwdwruvkls

uhvxow iru edvlf lqvwlwxwlrqv +wkhruhp 7,/ dv zhoo dv wkh vhqvlwlylw| ri wklv uhvxow wr d

vshfl�f/ qdwxudo dowhuqdwlyh1 Lq wkh �uvw vxevhfwlrq/ zh ghulyh d frqglwlrq wkdw lv

erwk qhfhvvdu| dqg vx�flhqw iru wkh surshuw| wkdw ohjlvodwru l+W ,*v prvw suhihuuhg

rxwfrph lq S lv d Frqgrufhw zlqqhu lq 
�EA �+S ,1 E| wkhruhp 5/ wklv surshuw|

lv vx�flhqw wr jxdudqwhh wkdw l+W ,*v prvw suhihuuhg rxwfrph lv dgrswhg surylghg

wkdw wkh uhfrjqlwlrq rughu lv vx�flhqwo| lqfoxvlyh1 Lq wkh vhfrqg vxevhfwlrq/ zh

h{dplqh d prgho zlwk wudqvihuudeoh xwlolw| +d _vsolw wkh groodu% sureohp,1 Wkh srolf|

vsdfh iru wklv prgho ylrodwhv dvvxpswlrq D5 +wkh jhqhulf qr0lqgl�huhqfh frqglwlrq,1

Wklv xqghuplqhv wkh xqltxhqhvv ri frqwlqxdwlrq htxloleuld/ dqg wkhuhe| frpsolfdwhv

wkh dqdo|vlv frqvlghudeo|1 Qhyhuwkhohvv/ surylghg wkdw rqh dgrswv d uhdvrqdeoh

dqg frqvlvwhqw uxoh iru uhvroylqj wklv lqgl�huhqfh/ wkh rxwfrph lv dssur{lpdwho|

glfwdwruldo1

S�� � }i?ih@*�3@|�L?

Lq jhqhudo/ rqh fdq lghqwli| srolflhv zlwk srlqwv lq xwlolw| vsdfh1 Frqvhtxhqwo|/ iru

wkh sxusrvhv ri wklv vhfwlrq/ zh wuhdw S dv d vxevhw ri ?� / dqg dvvxph wkdw y,+s, @

s,1 Ohw s
, @ dujpd{RM� s,> wklv ghqrwhv ohjlvodwru o*v idyrulwh srolf| lq S 1

Lqvwhdg ri dvvxplqj wkdw wkh srolf| vsdfh kdv d FEGF vwuxfwxuh vdwlvi|lqj dv0

vxpswlrqv D6 dqg D7/ zh lqyrnh wkh iroorzlqj dvvxpswlrq=

Dvvxpswlrq D9= Iru doo s 5 S / wkhuh h{lvwv d vhw V zlwk mVm @P�4 dqg l+W , @5 V/

vxfk wkdw
�
*�EA �

�
,
+s> S , � s

�EA �
,

iru doo o 5 V1

Khqfhiruwk/ zh uhihu wr wklv dvvxpswlrq dv _frpshwlwlyhqhvv1% Lq zrugv/ frpshw0

lwlyhqhvv uhtxluhv wkh iroorzlqj1 Slfn vrph ihdvleoh srolf| s dqg lpdjlqh pd{lpl}lqj

l+W ,*v sd|r� lq wzr gl�huhqw flufxpvwdqfhv= +4, vxemhfw wr qr uhvwulfwlrqv +wklv |lhogv

s�EA �,/ dqg +5, vxemhfw wr wkh uhvwulfwlrq wkdw dw ohdvw P ohjlvodwruv qhhg wr gr dw

ohdvw dv zhoo dv zlwk s1 Frpshwlwlyhqhvv vd|v wkdw wkh lpsrvlwlrq d orzhu erxqg

rq wkh sd|r�v iru d pdmrulw| frdolwlrq kxuwv wkh ohjlvodwruv zkr hqg xs qrw ehlqj

phpehuv ri wkh frdolwlrq1
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Lw lv vwudljkwiruzdug wr fkhfn wkdw wkh ihdvleoh sd|r� vhw ghulyhg iurp d FEGF

srolf| vsdfh vdwlv�hv frpshwlwlyhqhvv iru Q � 81 Lq sduwlfxodu/ s
�EA �
,

@ �f,1 Pruh0

ryhu/ iru dq| srolf| s/ ohjlvodwru l+W ,*v prvw suhihuuhg rxwfrph zlwklq ]+s>S , lq0

foxghv wkh hohphqwdu| srolf| dvvrfldwhg zlwk l+W ,/ dqg h{foxghv wkh hohphqwdu| srol0

flhv dvvrfldwhg zlwk dw ohdvw P � 4 rwkhu ohjlvodwruv1 Iru wkh h{foxghg ohjlvodwruv/
�
*�EA �

�
,
+s>S , � �f,/ dv uhtxluhg1

Rqh fdq ghyhors ixuwkhu lqwxlwlrq iru wkh frpshwlwlyhqhvv uhtxluhphqw e| frq0

vlghulqj d sureohp zlwk wudqvihuudeoh xwlolw|1 Qrupdol}h djjuhjdwh sd|r�v wr xqlw|/

dqg ohw S eh wkh xqlw vlpsoh{ lq ?� 1 Sodlqo|/ s
�EA �
,

@ 3 iru doo o 9@ l+W ,1 Qrz

frqvlghu dq| s 5 S 1 Wkh vhw ri srolflhv wkdw pdmrulw|0ghihdw s ghshqgv rq wkh

pdqqhu lq zklfk rqh uhvroyhv wkh fkrlfhv ri lqgl�huhqw yrwhuv1 Krzhyhu/ zh fodlp

wkdw/ iru dq| phwkrg ri uhvroylqj lqgl�huhqfh wkdw lv frqvlvwhqw zlwk wkh h{lvwhqfh ri

*�EA �+s>S ,/ lw pxvw eh wkh fdvh wkdw
�
*�EA �

�
,
+s>S , @ 3 iru dw ohdvw P�4 ohjlvodwruv1

Wklv lpsolhv wkdw wkh frpshwlwlyhqhvv dvvxpswlrq lv vdwlv�hg1

Zh hvwdeolvk wkh fodlp dv iroorzv1 Ohw V eh d vhw ri P�4 ohjlvodwruv rwkhu wkdq

l+W , zkr yrwh lq idyru ri *�EA �+s>S , +vlqfh wklv sursrvdo ghihdwv s/ zh nqrz wkdw

vxfk d vhw h{lvwv,1 Vxssrvh frqwudu| wr wkh fodlp wkdw/ iru vrph s/
�
*�EA �

�
,
+s> S , @

3 iru ihzhu wkdq P � 4 ohjlvodwruv1 Wkhq wkhuh h{lvwv vrph m @5 V iru zkrp
�
*�EA �

�
�
+s>S , A 31 Frqvlghu wkh srolf| s� iruphg iurp s e| h{wudfwlqj doo vxusoxv

iurp m dqg glvwulexwlqj lw htxdoo| dprqj l+W , dqg phpehuv ri V1 Ohjlvodwru l+W ,

dqg doo phpehuv ri V vwulfwo| suhihu wklv rxwfrph wr *�EA �+s>S , dqg wkhuhiruh wr

s1 Frqvhtxhqwo|/ s� zrxog gh�qlwho| sdvv li l+W , sursrvhg lw1 Vlqfh l+W , suhihuv s�

wr *�EA �+s> S ,/ wklv frqwudglfwv wkh suhplvh wkdw *�EA �+s> S , pd{lpl}hv l+W ,*v sd|r�

zlwklq wkh vhw ]+s>S ,1

Qrwlfh wkdw wkh srolf| vhw iru wkh suhfhglqj h{dpsoh grhv qrw vdwlvi| dvvxpswlrqv

D4 dqg D5 +�qlwhqhvv dqg jhqhulflw|,1 Wklv lqwurgxfhv vrph dgglwlrqdo whfkqlfdo

gl�fxowlhv zklfk zh h{soruh lq wkh qh{w vhfwlrq1 Iru wkh wlph ehlqj zh lpsrvh D4

dqg D51 Rxu qh{w uhvxow hvwdeolvkhv d forvh frqqhfwlrq ehwzhhq frpshwlwlyhqhvv

dqg wkh glfwdwruldo srzhu ri wkh �qdo sursrvhu1

Wkhruhp 4:= Frqvlghu d edvlf lqvwlwxwlrq zlwk d ghjhqhudwh �qdo vwdjh dqg d sro0

lf| vhw vdwlvi|lqj dvvxpswlrqv D4 dqg D51 Wkhq s
�EA � lv d Frqgrufhw zlqqhu lq

TA +S , li dqg rqo| li wkh srolf| vhw vdwlv�hv dvvxpswlrq D9 +frpshwlwlyhqhvv,1

Iru d vx�flhqwo| lqfoxvlyh uhfrjqlwlrq rughu/ wkh glfwdwruvkls uhvxow wkhq iroorzv
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dv d gluhfw fruroodu| ri Wkhruhp 5=

Fruroodu|= Frqvlghu d edvlf lqvwlwxwlrq zlwk d ghjhqhudwh �qdo vwdjh dqg d srolf|

vhw vdwlvi|lqj dvvxpswlrqv D4/ D5/ dqg D91 Li hlwkhu +l, mM m A P / ru +ll,

l+w, @ l+W , iru vrph w ? W / wkhq s8 @ s
�EA �1

Wklv uhvxow ghprqvwudwhv wkdw FEGF sd|r�v duh qrw hvvhqwldo iru rxu fhqwudo

uhvxow1 Wkh nh| surshuw| lv frpshwlwlyhqhvv/ zklfk krogv lq pxfk pruh jhqhudo

flufxpvwdqfhv1 Zh qrwh wkdw glfwdwruldo rxwfrphv pd| hphujh lq dq hyhq zlghu

udqjh ri flufxpvwdqfhv1 Wkrxjk frpshwlwlyhqhvv lv qhfhvvdu| dqg vx�flhqw iru wkh

surshuw| phqwlrqhg lq wkhruhp 4:/ lw vhuyhv phuho| dv d vx�flhqw frqglwlrq lq wkh

fruroodu|1

S�2 A�i U@ti Lu |h@?tuihh@M*i �|�*�|)

Zh qrz uhwxuq wr wkh lpsruwdqw h{dpsoh zlwk wudqvihudeoh xwlolw| glvfxvvhg lq wkh

suhfhglqj vxevhfwlrq1 Dv zh kdyh phqwlrqhg/ wklv h{dpsoh ylrodwhv dvvxpswlrqv

D4 dqg +pruh lpsruwdqwo|, D5/ wkhuhe| udlvlqj vrph qhz whfkqlfdo lvvxhv1 Lq wklv

vhfwlrq/ zh dujxh wkdw wkh htxloleulxp rxwfrph lv +xqghu dssursuldwh frqglwlrqv,

dssur{lpdwho| glfwdwruldo surylghg wkdw rqh dgrswv d uhdvrqdeoh dqg frqvlvwhqw uxoh

iru uhvroylqj lqgl�huhqfh1

Iru wkh sxusrvhv ri wkh iroorzlqj glvfxvvlrq/ zh zloo vd| wkdw t 5 T lv d zhdn

Frqgrufhw zlqqhu zlwklq T l�/ iru doo t�
5 T/ d pdmrulw| ri ohjlvodwruv zhdno| suhihu

t wr t�1 Qrwlfh wkdw/ lq jhqhudo/ qrwklqj dvvxuhv wkh xqltxhqhvv ri d zhdn Frqgrufhw

zlqqhu1

Vxssrvh dv ehiruh wkdw zh xvh dq| phwkrg ri uhvroylqj lqgl�huhqfh wkdw lv frq0

vlvwhqw zlwk wkh h{lvwhqfh ri *�EA �+s> S , iru doo s 5 S 1 Iurp wkh suhfhglqj vhfwlrq/

zh nqrz wkdw
�
*�EA �

�
,
+s> S , @ 3 iru dw ohdvw P � 4 ohjlvodwruv1 Lw iroorzv lpph0

gldwho| wkdw wkh glfwdwruldo rxwfrph +s�EA � @ 4 dqg s, @ 3 iru o 9@ l+W ,, lv d zhdn

Frqgrufhw zlqqhu lq wkh vhw 
�EA �+S ,1 Lw lv dovr hylghqw wkdw rqh ri wkh ohjlvodwruv/

l+W ,/ vwulfwo| suhihuv wklv rxwfrph wr doo rwkhuv1 Vrphzkdw vxusulvlqjo|/ lw lv dovr

srvvleoh wr vkrz wkdw wklv rxwfrph lv wkh xqltxh zhdn Frqgrufhw zlqqhu lq 
�EA �+S ,1

Iru dq| rwkhu hohphqw ri wklv vhw/ s�/ wkhuh lv vrph rwkhu hohphqw/ s��/ vxfk wkdw d

pdmrulw| ri ohjlvodwruv vwulfwo| suhihuv s�� wr s�1

Li lw zhuh srvvleoh wr suryh dq dqdorj ri wkhruhp 5 iru xqltxh zhdn Frqgrufhw

zlqqhuv/ wkhq/ edvhg rq wkh suhfhglqj revhuydwlrq/ wkh lpsolfdwlrqv ri wkhruhp
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7 zrxog jhqhudol}h lpphgldwho| wr wkh fdvh ri wudqvihuudeoh xwlolw|1 Zkhq wkh

srolf| vhw lqfoxghv d xqltxh zhdn Frqgrufhw zlqqhu s�S/ dqg zkhq wkh uhfrjqlwlrq

rughu lv vx�flhqwo| lqfoxvlyh/ wkhuh grhv lqghhg h{lvw dq htxloleulxp wkdw vhohfwv s�S1

Krzhyhu/ e| dssursuldwho| frqwulylqj wkh uhvroxwlrq ri lqgl�huhqfh dw ydulrxv vwdjhv

ri wkh jdph/ rqh fdq lq pdq| lqvwdqfhv dfklhyh rwkhu rxwfrphv1

Iurp rxu shuvshfwlyh/ wkh prvw uhdvrqdeoh htxloleuld lq vxfk flufxpvwdqfhv duh

wkh rqhv wkdw vhohfwv s�S1 Wr vxvwdlq rwkhu rxwfrphv/ rqh pxvw dvvxph wkdw ohjlvod0

wruv zkr zloo uhfhlyh }hur sd|r�v lq doo frqwlqxdwlrq sdwkv/ dqg zkr wkhuhiruh kdyh

devroxwho| qrwklqj dw vwdnh/ uhvroyh wkhlu lqgl�huhqfh zkhq fdvwlqj wkhlu yrwhv hlwkhu

lq idyru ri ru lq rssrvlwlrq wr d sursrvdo e| vhohfwlqj wkh frxuvh wkdw lq�lfwv wkh

prvw gdpdjh rq ohjlvodwru l+W ,1 Lw lv gl�fxow wr vxvwdlq vxfk rxwfrphv rqfh rqh

uxohv rxw vxfk pdohyrohqfh e| lpsrvlqj d frqvlvwhqw uxoh iru uhvroylqj lqgl�huhqfh1

Lq uhod{lqj dvvxpswlrqv D4 dqg D5 vlpxowdqhrxvo|/ zh lqwurgxfh vrph whfkqlfdo

sureohpv uhodwhg wr frqwlqxlw| dqg rshqqhvv +wkurxjk D4,/ dv zhoo dv wkh diruh0

phqwlrqhg lvvxhv uhodwhg wr wkh uhvroxwlrq ri lqgl�huhqfh +wkurxjk D5,1 Wr irfxv

h{foxvlyho| rq wkh odwwhu frqfhuqv/ zh vxssrvh wkdw wkh srolf| vsdfh lv d glvfuhwl}hg

yhuvlrq ri wkh xqlw vlpsoh{ lq ?� 1 Vshfl�fdoo|/ vhohfw vrph srvlwlyh lqwhjhu p/ dqg

ohw % @ �
6
1 Gh�qh

S 0 �

+
s 5 ?� m s � 3>

�[
,'�

s, @ 4/ dqg s, @ q=% iru vrph q 5 i3> 4> ===>pj

,

Iru rxu qh{w uhvxow/ zh dvvxph wkdw ohjlvodwruv yrwh lq idyru ri d sursrvdo rqo| li

wkh| h{shfw wr eh vwulfwo| ehwwhu r� vkrxog wkh sursrvdo sdvv1 Zh ghprqvwudwh wkdw/

zlwk wklv uhvwulfwlrq/ wkh �qdo sursrvhu uhfhlyhv yluwxdoo| doo ri wkh vxusoxv1 Wklv

krogv iru hyhu| srvvleoh lqlwldo vwdwxv txr/ lqfoxglqj htxdo glylvlrq1 Lq vxfk fdvhv/

dq dssur{lpdwho| glfwdwruldo rxwfrph hphujhv hyhq wkrxjk hyhu| rwkhu ohjlvodwru

zrxog eh vwulfwo| ehwwhu r� li wkh ohjlvodwxuh wrrn qr dfwlrq/ dqg hyhq wkrxjk hyhu|

sursrvdo uhtxluhv wkh dssurydo ri d pdmrulw| wr sdvv1 Wkh rxwfrph lv dssur{lpdwho|

glfwdwruldo lq wkh iroorzlqj vhqvh= dv % dssurdfkhv }hur/ l+W ,*v htxloleulxp sd|r�

frqyhujhv wr xqlw|1

Wkhruhp 4;= Frqvlghu d edvlf lqvwlwxwlrq zlwk d ghjhqhudwh �qdo vwdjh dqg d srolf|

vhw S 01 Vxssrvh wkdw Q � 6/ wkdw mM m AP / dqg wkdw d ohjlvodwru yrwhv lq idyru

ri s6| lq urxqg w rqo| li T|n�+s
6
| , A T|n�+s|3�,= Wkhq s8

�EA � � 4�Q%1
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D qdwxudo dowhuqdwlyh dvvxpswlrq lv wkdw ohjlvodwruv uhvroyh wkhlu lqgl�huhqfh lq

idyru ri wkh fxuuhqw sursrvdo/ udwkhu wkdq djdlqvw lw1 Wklv fdvh lv frqvlghudeo| pruh

frpsoh{1 Krzhyhu/ rqh fdq ghprqvwudwh wkdw wkh rxwfrph vdwlv�hv wkh iroorzlqj

wzr surshuwlhv= +l, doo vxusoxv lv glylghg ehwzhhq l+W ,/ l+W�4,/ dqg l+W�5,/ dqg +5,

li % ? B

�
iru vrph vx�flhqwo| vpdoo �/ wkhq dv Q jrhv wr lq�qlw|/ wkh vxusoxv uhfhlyhg

e| l+W � 4, jrhv wr }hur dw wkh udwh �

�
/ dqg wkh vxusoxv uhfhlyhg e| l+W � 5, jrhv

wr }hur dw wkh udwh �

�2 1 Wkxv/ lq odujh ohjlvodwxuhv/ wkh odvw sursrvhu djdlq uhfhlyhv

hvvhqwldoo| doo ri wkh vxusoxv1 Rqh fdq h{whqg wkhvh uhvxowv wr wkh qrq0glvfuhwl}hg

vlpsoh{ e| lqyrnlqj vxlwdeoh htxloleulxp uh�qhphqwv1

. 5�44@h) @?_ �L?U*�t�L?t

Lq wklv sdshu/ zh kdyh sursrvhg dqg h{soruhg d jhqhudo iudphzrun iru prgholqj

ohjlvodwlyh lqvwlwxwlrqv1 Rxu dqdo|vlv uhyhdov d vxusulvlqjo| urexvw whqghqf| iru

qdwxudo fodvv ri ohjlvodwlyh lqvwlwxwlrqv wr surgxfh kljk frqfhqwudwlrqv ri srolwlfdo

srzhu1

Iru wkh vlpsohvw lqvwlwxwlrq frqvlghuhg khuhlq/ zh kdyh lghqwl�hg vxusulvlqjo|

zhdn frqglwlrqv xqghu zklfk wkh ohjlvodwru zlwk wkh odvw rssruwxqlw| wr pdnh d

sursrvdo lv h�hfwlyho| d glfwdwru1 Pruhryhu/ wklv rxwfrph lv pruh olnho| wr dulvh

zkhq pruh ohjlvodwruv kdyh rssruwxqlwlhv wr pdnh sursrvdov1 Wkxv/ vhhplqjo|

ghprfudwlf +lqfoxvlyh, uhirupv fdq kdyh wkh shuyhuvh h�hfw ri ixuwkhu frqfhqwudwlqj

srolwlfdo srzhu1 Zh kdyh dovr ghprqvwudwhg wkdw wkh vlpsoh lqvwlwxwlrq vhohfwv d

Frqgrufhw zlqqhu zkhq rqh h{lvwv/ dqg wkdw pdq| dfwlrqv wdnhq lq wkh hduo| vwdjhv

ri ohjlvodwlyh gholehudwlrq kdyh qr h�hfw rq wkh �qdo rxwfrph +surylghg wkdw wkh

surfhvv lv vx�flhqwo| orqj,1 Wkh odwwhu �qglqj vxjjhvwv wkdw/ lq wkh devhqfh ri

uhvwulfwlrqv rq dphqgphqwv/ fhuwdlq dfwlylwlhv xqghuwdnhq e| ohjlvodwlyh frpplwwhhv/

vxfk dv gudiwlqj lqlwldo sursrvdov/ duh luuhohydqw1

Zh kdyh h{dplqhg wkh vhqvlwlylw| ri rxu fhqwudo frqfoxvlrqv wr yduldwlrqv lq lq0

vwlwxwlrqdo uxohv1 Vrph dssduhqwo| plqru surfhgxudo ghwdlov pdwwhu d juhdw ghdo/

zkloh vhhplqjo| lpsruwdqw uxohv duh dfwxdoo| ri olwwoh frqvhtxhqfh1 Vxshupdmrulw|

uhtxluhphqwv gr olwwoh wr ryhufrph wkh glfwdwruldo srzhu ri wkh �qdo sursrvhu1 D

qr0uhshdo uxoh ohdgv wr wkh dgrswlrq ri srolflhv wkdw ehqh�w plqlpdo pdmrulwlhv/ zkloh

d qhz exvlqhvv olplwdwlrq surprwhv lqdfwlrq1 Hqgrjhql}lqj wkh rughu ri uhfrjqlwlrq

kdv qr h�hfw rq wkh kljk frqfhqwudwlrq ri srolwlfdo srzhu zkhq d fkdlu fkrrvhv wkh

rughu lq dgydqfh ri gholehudwlrqv/ ru zkhq wkh fkdlu pdnhv wkhvh ghflvlrqv urxqg e|
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urxqg exw lv doljqhg zlwk d vlqjoh ohjlvodwru1 Lq wkh odwwhu fdvh/ hyhq d fkdlu zlwk

xqlyhuvdolvwlf remhfwlyhv pd| �qg lw lpsrvvleoh wr pdqlsxodwh wkh rughu ri uhfrjql0

wlrq vr dv wr hqdfw d srolf| wkdw ehqh�wv pruh wkdq wzr ohjlvodwruv1 Zkhq wkh uxohv

ri wkh ohjlvodwxuh shuplw phpehuv wr eulqj gholehudwlrqv wr d forvh wkurxjk froohf0

wlyh dfwlrq/ wkh srzhu ri wkh odvw sursrvhu pd| hydsrudwh1 Krzhyhu/ wkh sduwlfxodu

rxwfrph ghshqgv rq wkh ghwdlov ri wkh forvxuh uxohv1 Iru wkh ohdvw uhvwulfwlyh uxoh

+rqh wkdw doorzv ohjlvodwruv wr exqgoh srolf| sursrvdov zlwk forvxuh prwlrqv,/ srolw0

lfdo srzhu lv vlpso| wudqvihuuhg iurp wkh �qdo sursrvhu wr wkh �uvw sursrvhu +dqg

shukdsv wr rqh rwkhu ohjlvodwru, lq d odujh vhw ri hqylurqphqwv1 Lq frqwudvw/ zkhq

ohjlvodwruv duh qrw shuplwwhg wr exqgoh srolf| sursrvdov zlwk forvxuh prwlrqv/ rqh

fdq rewdlq doprvw dq|wklqj iurp lqdfwlrq wr d xqlyhuvdolvwlf rxwfrph/ ghshqglqj rq

wkh lqlwldo vwdwxv txr1

Lq wzr frpsdqlrq sdshuv +Ehuqkhlp/ Udqjho/ dqg Ud|r ^5334d/e`/ zh h{whqg

wklv dqdo|vlv lq vhyhudo gl�huhqw gluhfwlrqv1 Lq sduwlfxodu/ zh xvh rxu iudphzrun wr

vwxg| srolf|0pdnlqj lq ohjlvodwlyh vhvvlrqv +dv zhoo dv lq �qlwh dqg lq�qlwh vhtxhqfhv

ri ohjlvodwlyh vhvvlrqv, zlwk dphqgdeoh eloov/ dv zhoo dv lq lqvwlwxwlrqv wkdw doorz iru

ydulrxv nlqgv ri h{hfxwlyh yhwrhv1
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