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Devwudfw

Zh h{soruh hqgrjhqrxv prqhwdu| xql�fdwlrq lq wkh frqwh{w ri d prgho lq zklfk d

frxqwu| zlwk vhulrxv vwuxfwxudo glvwruwlrqv +dqg/ khqfh/ kljk lq dwlrq, lv dgplwwhg

lqwr d prqhwdu| xqlrq rqfh lwv hfrqrplf vwuxfwxuh kdv frqyhujhg vx!flhqwo| wrzdugv

wkdw ri wkh h{lvwlqj sduwlflsdqwv1 Li xql�fdwlrq lv uhyhuvleoh/ vr wkdw wkh qhz hqwudqw

fdq dozd|v eh irufhg wr ohdyh wkh xqlrq djdlq odwhu/ frqyhujhqfh vwrsv iru d zkloh

diwhu wkh kljk lq dwlrq frxqwu| kdv mrlqhg1 Zlwk luuhyhuvleoh xql�fdwlrq/ whpsrudu|

glyhujhqfh rffxuv/ dqg xql�fdwlrq lv prvw olnho| wr eh ghod|hg1

Nh|zrugv= Prqhwdu| xql�fdwlrq> vwuxfwxudo glvwruwlrqv> lq dwlrq> frqyhujhqfh1

MHO= H94/ H96/ I66

�Zh wkdqn Mxohv Ohlfkwhu dqg vhplqdu sduwlflsdqwv dw L1L1H1V1 +Vwrfnkrop Xqlyhuvlw|, dqg wkh HSUX
zrunvkrs rq �Hxurshdq Hfrqrplf Lqwhjudwlrq dqg Lqvwlwxwlrqdo Fkdqjh� iru khosixo frpphqwv dqg glv0

fxvvlrqv1 Wkh xvxdo glvfodlphu dssolhv1 Wkh ylhzv h{suhvvhg lq wklv sdshu duh wkrvh ri wkh dxwkruv dqg gr

qrw qhfhvvdulo| uhsuhvhqw wkrvh ri wkh Gxwfk Plqlvwu| ri Hfrqrplf D�dluv1
|Pdlolqj dgguhvv= Plqlvwu| ri Hfrqrplf D�dluv/ Hfrqrplf Srolf| Gluhfwrudwh +DHS,/ S1R1 Er{ 53434/

5833 HF Wkh Kdjxh/ Wkh Qhwkhuodqgv +skrqh= .64 :3 6 :< 93 :;> id{= .64 :3 6 :< :3 4;> h0pdlo=
U1EhhwvpdCplqh}1qo,/ dqg wkh Fhqwuh iru Hfrqrplf Srolf| Uhvhdufk/ Orqgrq1 Ehhwvpd wkdqnv wkh Qhg0

huodqgvh Rujdqlvdwlh yrru Zhwhqvfkdssholmn Rqghu}rhn +QZR, iru �qdqfldo vxssruw +judqwqxpehu 7330
:3034824406,1

}Pdlolqj dgguhvv= Lqvwlwxwh ri Hfrqrplfv/ Xqlyhuvlw| ri Frshqkdjhq/ Vwxglhvwudhgh 9/ GN04788 Frshq0
kdjhq N/ Ghqpdun +skrqh= .78 68 65 63 76> id{= .78 68 65 63 33> h0pdlo= Khquln1MhqvhqChfrq1nx1gn,1

Dfwlylwlhv ri HSUX duh �qdqfhg e| d judqw iurp Wkh Gdqlvk Qdwlrqdo Uhvhdufk Irxqgdwlrq1



41 Lqwurgxfwlrq

Hohyhq frxqwulhv iruphg wkh Hxurshdq Prqhwdu| Xqlrq +HPX, rq Mdqxdu| 4/ 4<<<1 Wkhuh

kdv dozd|v ehhq vnhswlflvp lq vrph frxqwulhv/ prvw qrwdeo| Jhupdq|/ derxw wkh lghd ri

iruplqj d prqhwdu| xqlrq zlwk rwkhu frxqwulhv wkdw kdyh ohvv ri d klvwru| ri prqhwdu|

dqg �vfdo srolf| glvflsolqh +vhh/ h1j1/ Exlwhu hw do1/ 4<<6/ dqg Ghxwvfkh Exqghvedqn/ 4<<;/

s1 6<,1 Dv d uhvxow/ fhuwdlq hqwudqfh fulwhuld zhuh dgrswhg iru frxqwulhv wr eh holjleoh iru

xqlrq sduwlflsdwlrq1 Wkhvh fulwhuld zhuh pdlqo| dlphg dw vwuxfwxudo frqyhujhqfh ri �ohvv

glvflsolqhg� hfrqrplhv wrzdugv pruh glvflsolqhg rqhv1 Qrz wkdw doo frxqwulhv/ h{fhsw iru

Juhhfh dqg wkrvh wkdw h{solflwo| rswhg rxw/ kdyh pdgh lw lqwr HPX/ wkh ihdu h{lvwv wkdw

vrph ri wkhp pd| uhod{ wkhlu h�ruwv lq lpsohphqwlqj ixuwkhu hfrqrplf uhirup1 Wklv ihdu

kdv/ iru h{dpsoh/ ehhq hylghqw e| wkh dgrswlrq ri wkh vr0fdoohg Vwdelolw| dqg Jurzwk Sdfw/

dlphg dw suhyhqwlqj frxqwulhv iurp uxqqlqj wrr kljk gh�flwv rqfh HPX kdv vwduwhg r�

+vhh dovr Wkh Hfrqrplvw/ 4<<</ s1 53,1

Wkh pdlq remhfwlyh ri wklv sdshu lv wr dgguhvv zkhwkhu wklv ihdu lv zduudqwhg e| lq0

yhvwljdwlqj krz wkh lqfhqwlyh wr frqgxfw frvwo| hfrqrplf uhirup lv d�hfwhg e| prqhwdu|

xql�fdwlrq1 Zh frqvlghu d vlwxdwlrq lq zklfk d frxqwu| +ru jurxs ri frxqwulhv, zlwk uhod0

wlyho| plqru vwuxfwxudo hfrqrplf glvwruwlrqv kdv wkh srvvlelolw| ri doorzlqj dqrwkhu frxqwu|

+ru jurxs ri frxqwulhv, wr mrlq lwv prqhwdu| xqlrq14 Krzhyhu/ wklv odwwhu frxqwu| lv lqlwldoo|

fkdudfwhul}hg e| uhodwlyho| vhyhuh hfrqrplf glvwruwlrqv wkdw ohdg wr d suhihuhqfh iru d uho0

dwlyho| orrvh prqhwdu| srolf|1 Kdylqj wklv �kljk0lq dwlrq frxqwu|� mrlq wkh xqlrq lpsolhv

wkdw lw zloo dftxluh lq xhqfh rq xqlrq0zlgh prqhwdu| srolf|pdnlqj/ wkhuhe| sxvklqj xs

lq dwlrq iru wkh lqlwldo xqlrq phpehu+v,1 Wkhvh �orz0lq dwlrq frxqwulhv� wkhuhiruh kdyh

wr zhljk wkh frvwv ri kljkhu lq dwlrq djdlqvw wkh ehqh�wv ri xql�fdwlrq zkhq ghflglqj rq

dgplwwlqj wkh srwhqwldo hqwudqw lqwr wkh xqlrq1

Zh frqvlghu wzr srvvleoh vfkhphv iru prqhwdu| xql�fdwlrq lq rughu wr vkrz wkdw wkh

dqvzhu wr rxu txhvwlrq/ zkhwkhu frxqwulhv uhod{ wkhlu uhirup h�ruwv rqfh dgplwwhg lqwr

wkh xqlrq/ ghshqgv rq wkh irup ri xql�fdwlrq1 Pruh vshfl�fdoo|/ zh frqvlghu uhyhuvleoh

xql�fdwlrq xqghu zklfk wkh kljk0lq dwlrq frxqwu| fdq dozd|v eh irufhg wr ohdyh wkh xqlrq

dw d odwhu gdwh ru/ zklfk dprxqwv wr wkh vdph wklqj/ wkh orz0lq dwlrq frxqwu| +ru frxqwulhv,

fdq euhdn xs wkh xqlrq dqg irup d prqhwdu| xqlrq e| lwvhoi1 Xqghu luuhyhuvleoh xql�fdwlrq/

lq frqwudvw/ rqfh wkh kljk0lq dwlrq frxqwu| kdv mrlqhg/ lw fdq qhyhu eh irufhg rxw1

4Wkurxjkrxw wkh sdshu zh gholehudwho| uhiudlq iurp irfxvlqj rq d sduwlfxodu w|sh ri vwuxfwxudo glvwru0
wlrq1 H{dpsohv ri wkh w|shv ri glvwruwlrqv zh kdyh lq plqg/ krzhyhu +h1j1/ oderxu pdunhw lqh!flhqflhv,/

duh surylghg lq Vhfwlrq 51
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Ri frxuvh/ prqhwdu| duudqjhphqwv fdq lq uhdolw| qhyhu eh vsolw xs dw }hur frvw/ dqg wkh|

duh qhyhu frpsohwho| vhw lq vwrqh1 Qhyhuwkhohvv/ d vlwxdwlrq lq zklfk frxqwulhv uhwdlq wkhlu

rzq fxuuhqflhv exw wu| wr pdlqwdlq d �{hg h{fkdqjh udwh vhhpv wr fruuhvsrqg wr uhyhuvleoh

prqhwdu| xql�fdwlrq/ zkloh kdylqj d fhqwudol}hg prqhwdu| srolf| zlwk rqo| rqh fxuuhqf|

lq flufxodwlrq fruuhvsrqgv pruh forvho| wr luuhyhuvleoh prqhwdu| xql�fdwlrq1 Wkxv/ hyhq

wkrxjk HPX lv lqwhqghg wr eh luuhyhuvleoh +wkh kxjh lqyhvwphqwv lq/ iru h{dpsoh/ vhwwlqj

xs wkh Hxurshdq Fhqwudo Edqn/ dgmxvwlqj sd|phqwv v|vwhpv dqg dgrswlqj wkh qhz vlqjoh

fxuuhqf| duh fohdu vljqdov wkhuhri,/ lw pd| lq sulqflsoh eh shufhlyhg dv uhyhuvleoh gxulqj lwv

hduo| vwdjhv zkhq wkh ruljlqdo fxuuhqflhv duh vwloo lq flufxodwlrq/ dqg shrsoh kdyh qrw |hw

ehfrph ixoo| dffxvwrphg wr HPX1

Wkh prgho vkrzv wkdw vwuxfwxudo glvwruwlrqv lq wkh kljk0lq dwlrq frxqwu| zloo eh zruvh

� doo wklqjv htxdo � xqghu prqhwdu| xql�fdwlrq wkdq zlwk lqghshqghqw prqhwdu| srol0

f|pdnlqj1 Wklv lv ehfdxvh wkh orzhu dyhudjh xqlrq lq dwlrq udwh uhgxfhv wkh lqfhqwlyh ri

wkh jryhuqphqw ri wkh glvwruwhg hfrqrp| wr frqgxfw vwuxfwxudo dgmxvwphqw1 Wklv surshuw|

ri wkh prgho fruurerudwhv zkdw/ h1j1/ Vlehuw +4<<:,/ Vlehuw dqg Vxwkhuodqg +4<<:, dqg

Fdopiruv +4<<;, kdyh hvwdeolvkhg lq uhodwhg prghov/ dqg lw surylghv wkh vwduwlqj srlqw iru

rxu pdlq uhvxowv1 Wkh| dulvh iurp wkh lqwhusod| ehwzhhq hqgrjhqrxv vwuxfwxudo uhirup dqg

wkh wlplqj ri xql�fdwlrq xqghu uhyhuvlelolw| dqg luuhyhuvlelolw|1

Dv uhjdugv wr wklv lqwhusod|/ wkh irup ri xql�fdwlrq pdwwhuv dv iroorzv1 Xqghu uhyhuvlelo0

lw|/ wkh kljk0lq dwlrq frxqwu| zloo dw vrph srlqw lq wlph xqghujr d rqh0wlph dgmxvwphqw vr

dv wr phhw wkh uhtxluhphqw iru hqwhulqj wkh xqlrq1 Wklv hqwu| uhtxluhphqw/ hqgrjhqrxvo|

ghwhuplqhg e| wkh h{lvwlqj xqlrq phpehuv/ lv irupxodwhg lq whupv ri wkh ohyho ri vwuxf0

wxudo glvwruwlrqv ri wkh kljk0lq dwlrq frxqwu|1 Diwhu hqwu|/ vwuxfwxudo glvwruwlrqv uhpdlq

xqfkdqjhg iru d zkloh/ dv ixuwkhu dgmxvwphqw lv wrr frvwo|/ dqg dv vwuxfwxudo glyhujhqfh

wuljjhuv h{foxvlrq iurp wkh xqlrq1

Xqghu luuhyhuvleoh xql�fdwlrq/ hqwu| lqwr wkh xqlrq zloo dovr wdnh sodfh diwhu d rqh0

wlph dgmxvwphqw1 Krzhyhu/ lq frqwudvw wr uhyhuvleoh xql�fdwlrq/ wkh dgmxvwphqw lv iroorzhg

e| vwuxfwxudo glyhujhqfh ehfdxvh wkh wkuhdw ri ehlqj h{foxghg djdlq lv devhqw xqghu luuh0

yhuvlelolw|1 Wkh jryhuqphqw ri wkh qhz xqlrq phpehu fdq wkhuhiruh uhds wkh jdlqv ri orzhu

lq dwlrq zlwkrxw kdylqj wr vx�hu wkh orvvhv dvvrfldwhg zlwk vwuxfwxudo dgmxvwphqw1 Ehfdxvh

wkh lqlwldo xqlrq phpehuv vx�hu iurp vxfk glyhujhqfh/ wkh| duh olnho| wr lpsrvh d vwulfwhu

hqwudqfh fulwhulrq xqghu luuhyhuvleoh wkdq xqghu uhyhuvleoh xql�fdwlrq1 Wklv whqgv wr srvw0

srqh luuhyhuvleoh xql�fdwlrq1 Lqghhg/ qxphulfdo dqdo|vhv vkrz wkdw xqghu luuhyhuvlelolw|/

prqhwdu| xql�fdwlrq lv olnho| wr wdnh sodfh odwhu wkdq xqghu uhyhuvlelolw|1

Jlyhq wkdw HPX lv lqwhqghg wr eh luuhyhuvleoh/ wkhvh uhvxowv duh frqvlvwhqw zlwk wkh
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lqvlvwhqfh rq wkh wljkw hqwu| uhtxluhphqwv iru HPX dv frpsduhg zlwk wkh sduwlflsdwlrq lq

uhyhuvleoh duudqjhphqwv vxfk dv wkh Euhwwrq Zrrgv v|vwhp ru wkh H{fkdqjh Udwh Phfk0

dqlvp ri wkh Hxurshdq Prqhwdu| V|vwhp15 Dv rxu dqdo|vlv lqglfdwhv/ rqo| frxqwulhv wkdw

kdyh vx!flhqwo| uhiruphg wkhlu hfrqrplhv/ dqg wkxv srvh ohvv ri d gdqjhu iru lq dwlrqdu|

suhvvxuhv lq wkh xqlrq/ fdq pdnh wkh ohds wrzdugv phhwlqj wkh hqwu| fulwhuld1 Pruhryhu/

wkh suhglfwlrq ri rxu prgho wkdw vwuxfwxudo glyhujhqfh uhvxowv/ rqfh luuhyhuvleoh xql�fdwlrq

kdv pdwhuldol}hg/ ohqgv wkhruhwlfdo vxssruw wr wkh ihdu phqwlrqhg hduolhu wkdw/ rqfh dg0

plwwhg wr HPX/ frxqwulhv pd| uhod{ wkhlu h�ruwv dw vwuxfwxudo uhirup1 Exw li HPX lq lwv

hduo| vwdjhv lv shufhlyhg dv ehlqj uhyhuvleoh/ wkh uhvxowv vxjjhvw wkdw vwuxfwxudo glyhujhqfh

pd| qrw rffxu lqlwldoo|1 Wklv frxog/ iru h{dpsoh/ ohdg rssrqhqwv ri exgjhwdu| uxohv wr

dujxh wkdw wkh Vwdelolw| dqg Jurzwk Sdfw lv xqqhfhvvdu|16 Li vxfk dujxphqwv wxuq rxw wr

eh vxffhvvixo/ wkh lpsolfdwlrq frxog eh hyhq ixuwkhu glyhujhqfh rqfh HPX lv shufhlyhg dv

luuhyhuvleoh1

Uhfhqw olwhudwxuh uhodwhg wr wklv sdshu lv Vlehuw +4<<:,/ Vlehuw dqg Vxwkhuodqg +4<<:,

dqg Fdopiruv +4<<;, zkr/ dv lqglfdwhg deryh/ doo lqyhvwljdwh wkh lqfhqwlyhv iru vwuxfwxudo

uhirup lqvlgh dqg rxwvlgh d prqhwdu| xqlrq1 Wkhvh sdshuv/ krzhyhu/ gr qrw h{soruh wkh

hqgrjhqrxv irupdwlrq dqg wlplqj ri prqhwdu| xql�fdwlrq +qru gr wkh| frqvlghu gl�huhqw

w|shv ri xql�fdwlrq,1 Lq wkdw uhvshfw/ rxu dqdo|vlv lv pruh forvho| uhodwhg wr Pduwlq +4<<8,/

zkr h{dplqhv zkhq orz0lq dwlrq frxqwulhv kdyh wkh lqfhqwlyh wr dgplw lqwr wkhlu prqhwdu|

xqlrq d kljk0lq dwlrq frxqwu|1 Lq wkdw sdshu/ krzhyhu/ wkh vhyhulw| ri wkh vwuxfwxudo

glvwruwlrqv lq wkh kljk0lq dwlrq frxqwu| hyroyhv h{rjhqrxvo|1 Wklv suhfoxghv dq h{solflw

lqwhudfwlrq ehwzhhq wkh lqfhqwlyhv iru vwuxfwxudo hfrqrplf uhirup dqg wkh olnholkrrg ri

ehlqj dgplwwhg lqwr wkh prqhwdu| xqlrq � dq lvvxh wkdw lv dw wkh khduw ri rxu dqdo|vlv1

Wr wkh ehvw ri rxu nqrzohgjh/ rqo| R}ndq hw do1 +4<<:, kdyh suhylrxvo| frqvlghuhg

wkh lqwhusod| ehwzhhq prqhwdu| uhjlph irupdwlrq dqg vwuxfwxudo uhirup1 Wkhlu irfxv/

krzhyhu/ lv yhu| gl�huhqw iurp rxuv dv wkh| h{dplqh wkh lpsolfdwlrqv ri dq h{rjhqrxv

hqwu| frqglwlrq rq wkh lq dwlrq udwh iru wkh ehkdylru ri d srwhqwldo hqwudqw lqwr d prqhwdu|

xqlrq1 Khqfh/ wkh| gr qrw frqvlghu wkh vwudwhjlf lqwhudfwlrq ehwzhhq wkh srwhqwldo hqwudqw

dqg wkh h{lvwlqj xqlrq phpehuv wkdw lv fhqwudo wr rxu uhvxowv rq wkh hqwu| frqglwlrqv dqg

5Vwulfwo| vshdnlqj/ wkh HPX hqwu| uhtxluhphqwv duh edvhg rq h{fkdqjh udwhv/ lq dwlrq udwhv/ lqwhuhvw
udwhv dqg exgjhwdu| shuirupdqfh +ghewv dqg gh�flwv,/ udwkhu wkdq vwuxfwxudo glvwruwlrqv1 Fohduo|/ lq

sudfwlfh lw zrxog eh gl!fxow wr dsso| wkh odwwhu dv d fulwhulrq1 Exw dv pruh vhyhuh vwuxfwxudo glvwruwlrqv
whqg wr ohdg wr kljkhu lq dwlrq/ lqwhuhvw udwhv dqg wr pdnh lw pruh gl!fxow iru jryhuqphqwv wr edodqfh wkhlu

exgjhwv/ wkh HPX uhtxluhphqwv kdyh dw ohdvw wr vrph h{whqw lqgxfhg jryhuqphqwv wr dwwdfn vwuxfwxudo

glvwruwlrqv lq wkhlu hfrqrplhv1
6Vhyhudo yrlfhv douhdg| dgyrfdwh d ohvv vwulfw dgkhuhqfh wr wkh Sdfw1 D vwurqj fdvh lq srlqw lv wkh

Iuhqfk �uhvroxwlrq rq hpsor|phqw dqg jurzwk� � dgrswhg dw wkh Ox{hperxuj vxpplw/ Qryhpehu 4<<:

� zklfk lv fohduo| lqwhqghg wr frxqwhuedodqfh wkh Sdfw +fi1/ Fdphqhq dqg Vlerxw/ 4<<;,1
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wkh wlplqj ri xql�fdwlrq1 Pruhryhu/ lq wkhlu prgho vwuxfwxudo uhirup lv d rqh0vkrw hyhqw

ehiruh xql�fdwlrq rffxuv1 Wkhuhiruh/ wkh hyroxwlrq ri uhirup diwhu d frxqwu| kdv hqwhuhg

wkh xqlrq lv qrw h{soruhg lq wkhlu sdshu17

Wkh uhpdlqghu ri wklv sdshu lv vwuxfwxuhg dv iroorzv1 Wkh edvlf prgho lv vhw rxw lq

Vhfwlrq 51 Vhfwlrq 6 h{soruhv prqhwdu| srolf| xqghu lqghshqghqw prqhwdu| srolf|pdnlqj

dqg xqghu prqhwdu| xql�fdwlrq1 Lq Vhfwlrq 7 zh wkhq ghwhuplqh wkh wlplqj ri prqh0

wdu| xql�fdwlrq xqghu erwk uhyhuvlelolw| dqg luuhyhuvlelolw| dqg wkh dvvrfldwhg g|qdplfv ri

vwuxfwxudo frqyhujhqfh1 Vhfwlrq 8 frqfoxghv wkh pdlq erg| ri wkh sdshu1 Wkh Dsshqgl{

frqwdlqv vrph surriv1

51 Wkh prgho

Zh frqvlghu d zruog ri wzr frxqwulhv +ru jurxsv ri frxqwulhv, odehoohg u dqg M/ uhvshf0

wlyho|1 Frxqwu| u zloo eh uhihuuhg wr dv wkh �orz0lq dwlrq frxqwu|/� zkhuhdv frxqwu| M

lv wkh �kljk0lq dwlrq frxqwu|1� Lq dwlrq lv +uhodwlyho|, kljk lq M dv d uhvxow ri vwuxfwxudo

hfrqrplf sureohpv zklfk duh qrw suhvhqw lq u1 Wkh dvvxpswlrq wkdw glvwruwlrqv duh devhqw

lq u lv xqlpsruwdqw= wkh nh| lqjuhglhqw lv wkdw wkh| duh pruh shuydvlyh lq M wkdq lq u1

Dsduw iurp gl�huhqfhv lq vwuxfwxudo glvwruwlrqv wkh wzr hfrqrplhv duh wkh vdph rwkhuzlvh1

Wkh srolf|pdnhuv lq wkhvh frxqwulhv duh hqjdjhg lq dq lq�qlwh krul}rq/ glvfuhwh0wlph

jdph1 Wkh wlplqj ri hyhqwv dqg srolf|pdnhuv* ghflvlrqv zlwklq hdfk shulrg duh dv iroorzv1

Lqlwldoo|/ sduw ri frxqwu| M*v vwuxfwxudo glvwruwlrqv lv jlyhq h{rjhqrxvo|1 Vxevhtxhqwo|/ wkh

jryhuqphqw lq frxqwu| M/ CM/ lpsohphqwv vrph vwuxfwxudo srolf| phdvxuhv zklfk/ wr0

jhwkhu zlwk wkh h{rjhqrxv frpsrqhqw ri wkh glvwruwlrqv/ vxppdul}h vwuxfwxudo glvwruwlrqv

iru wkh uhpdlqghu ri wkh shulrg1 Wkhq/ rq wkh edvlv ri wkh M*v ohyho ri vwuxfwxudo glvwru0

wlrqv/ wkh jryhuqphqw ri frxqwu| u/ Cu/ ghflghv zkhwkhu wr dgplw M wr irup d prqhwdu|

xqlrq +li M zdqwv wr> zh zloo vhh/ krzhyhu/ wkdw wklv lv dozd|v wkh fdvh,18 Zh wkxv iroorz

Pduwlq +4<<8, dqg lqfrusrudwh wkh fkrlfh ri wkh prqhwdu| srolf| uhjlph h{solflwo| lqwr wkh

jdph1 Wkhuhdiwhu/ lq dwlrq h{shfwdwlrqv duh iruphg +vd|/ wkurxjk qrplqdo zdjh frqwudfw0

lqj,/ iroorzhg e| wkh ghwhuplqdwlrq ri prqhwdu| srolf|1 H�hfwlyho|/ wklv dprxqwv wr wkh

ghwhuplqdwlrq ri wkh lq dwlrq udwh1 Zlwk lqghshqghqw prqhwdu| srolf|pdnlqj/ prqhwdu|

srolf| lv frqgxfwhg vlpxowdqhrxvo| e| wkh fhqwudo edqnv ri u dqg M/ ��u dqg ��M/

7Krzhyhu/ irupxodwlqj wkh hqwu| uhtxluhphqw lq whupv ri +sdvw, lq dwlrq lqwurgxfhv dq lqwhuhvwlqj
vwudwhjlf uroh iru lq dwlrq h{shfwdwlrqv/ zklfk pd| ohdg wr pxowlsoh htxloleuld dorqj wkh olqhv ri Revwihog

+4<<:,1 Wklv dvshfw grhv qrw ihdwxuh lq rxu prgho1
8Lq wkh fdvh lq zklfk O uhsuhvhqwv d jurxs ri frxqwulhv/ zh dvvxph wkdw wklv jurxs douhdg| irupv d

prqhwdu| xqlrq1 Rxu prgho frxog wkhq/ iru h{dpsoh/ vhuyh dv d vw|ol}hg uhsuhvhqwdwlrq ri wkh jdph sod|hg

ehwzhhq wkh �lqv� dqg �rxwv� lq wkh frqwh{w ri HPX1
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uhvshfwlyho|1 Lq wkh fdvh ri xql�fdwlrq/ prqhwdu| srolf| lv frqgxfwhg frrshudwlyho| e|

��u dqg ��M ru/ zklfk dprxqwv wr wkh vdph wklqj/ e| d frpprq fhqwudo edqn1 +Wklv

vlwxdwlrq lv uhplqlvfhqw ri wkh rujdql}dwlrq ri Hxurshdq Fhqwudo Edqn*v +HFE, Erdug/ lq

zklfk hdfk frxqwu| kdv d uhsuhvhqwdwlyh zlwk d yrwh1, Ilqdoo|/ rxwsxw lv ghwhuplqhg1

Xqghu dq dowhuqdwlyh wlplqj/ Cu zrxog �uvw dqqrxqfh wkh fulwlfdo ohyho ri vwuxfwxudo

glvwruwlrqv iru zklfk frxqwu| M zrxog eh doorzhg wr mrlq/ dqg wkhq CM zrxog vhohfw lwv

vwuxfwxudo srolf| phdvxuhv1 Krzhyhu/ dv vkrxog ehfrph fohdu iurp wkh hqvxlqj dqdo|vlv/ wkh

sureohp zlwk wklv vhw0xs lv wkdw lw lv wlph lqfrqvlvwhqw= h{ srvw/ Cu pd| kdyh wkh lqfhqwlyh

wr dgplw M xqghu zhdnhu frqglwlrqv wkdq lw ruljlqdoo| dqqrxqfhg1 Wklv lv wkh fdvh li wkh

hqwu| uhtxluhphqw wkdw ohdyhv CM lqgl�huhqw ehwzhhq iroorzlqj d srolf| frpsdwleoh zlwk

xql�fdwlrq dqg iroorzlqj wkh rswlpdo srolf| rxwvlgh d xqlrq lv orzhu wkdq wkdw iru zklfk

Cu lv lqgl�huhqw ehwzhhq dgplwwlqj ru qrw dgplwwlqj frxqwu| M1 CM frxog wkhq uhgxfh

glvwruwlrqv e| ohvv wkdq zkdw zrxog eh qhhghg wr ixo�oo wkh dqqrxqfhg hqwu| uhtxluhphqw/

dqg Cu zrxog qhyhuwkhohvv �qg lw rswlpdo wr dgplw M lqwr wkh xqlrq1 Iru wklv uhdvrq/ zh

ihho wkdw wkh wlplqj fkrvhq khuh lv wkh pruh uhohydqw rqh19

Xql�fdwlrq fdq eh hlwkhu uhyhuvleoh ru luuhyhuvleoh1 Lq wkh iruphu fdvh/ M fdq eh h{0

foxghg +dw }hur frvw, iurp wkh xqlrq zkhqhyhu Cu lv glvvdwlv�hg zlwk CM*v vwuxfwxudo

shuirupdqfh1 Lq wkh odwwhu fdvh/ krzhyhu/ M zloo iruhyhu vwd| lq wkh xqlrq1 Dv zloo ehfrph

fohdu ehorz/ Cu*v ghflvlrq frqfhuqlqj wkh vwdwxv ri M edvlfdoo| zhljkv wkh ehqh�wv ri prq0

hwdu| xql�fdwlrq djdlqvw wkh frvwv ri kljkhu dyhudjh lq dwlrq dv u �lpsruwv� vrph ri M*v

kljkhu lq dwlrq/ zklfk dulvhv iurp lwv vwuxfwxudo sureohpv1 Wkhuhiruh/ rqfh lwv vwuxfwxudo

sureohpv kdyh ehhq ryhufrph wr d vx!flhqw h{whqw/ M zloo eh dgplwwhg lqwr wkh xqlrq1

Zh qrz wxuq wr d pruh ghwdlohg ghvfulswlrq ri wkh hfrqrplhv1 Wkh orj ri rxwsxw lq

shulrg | lq frxqwu| �/ +�|/ � ' ucM/ lv jlyhq dv

+M| ' ZM| � H|3�

k
ZM|

l
� +|c +| � fc

+u| ' Zu| � H|3�

k
Zu|
l
c +4,

zkhuh Z�| dqg H|3� dZ
�
|o/ uhvshfwlyho|/ ghqrwh wkh dfwxdo dqg +udwlrqdoo|, h{shfwhg lq dwlrq

udwhv lq frxqwu| � +H|3� d�o lv wkh h{shfwdwlrqv rshudwru frqglwlrqdo rq doo lqirupdwlrq

dydlodeoh xs wr dqg lqfoxglqj shulrg | � �,1 E| qrupdol}dwlrq/ wkh dyhudjh rxwsxw ohyho

lq u lv }hur/ zkhuhdv dyhudjh rxwsxw lq M lv �+| � f/ uh hfwlqj wkh suhvhqfh ri uhodwlyho|

9Lw lv lqwhuhvwlqj wr qrwh wkdw/ zkhq wkh dfwxdo ghflvlrq derxw zklfk frxqwulhv zhuh wr eh dgplwwhg lqwr
HPX zdv wdnhq +Vsulqj 4<<;,/ wkh hqwu| fulwhuld zhuh ohvv vwulfwo| lqwhusuhwhg lq vrph fdvhv wkdq wkh|

zhuh lqwhqghg wr eh zkhq wkh Pddvwulfkw Wuhdw| zdv vljqhg1 Lq sduwlfxodu/ wkh fulwhulrq rq wkh sxeolf ghew
ohyho kdg wr eh dssolhg udwkhu orrvho|1 Dssduhqwo|/ h{ srvw lw zdv rswlpdo/ li rqo| iru srolwlfdo uhdvrqv/ wr

dgplw doo ri wkh hohyhq frxqwulhv wkdw qrz irup HPX1
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vhulrxv vwuxfwxudo glvwruwlrqv zkhq frpsduhg zlwk u1 Htxdwlrq +4, kdv wkh ihdwxuh ri

frqyhqwlrqdo Oxfdv vxsso| vfkhgxohv zkhuh xqh{shfwhgo| kljk lq dwlrq lq frxqwu| � udlvhv

lwv rxwsxw1:

Dv phqwlrqhg/ vwuxfwxudo glvwruwlrqv/ +|/ kdyh wzr frpsrqhqwv1 Rqh lv dq h{rjhqrxv

frpsrqhqw zklfk fdqqrw eh d�hfwhg e| srolf| phdvxuhv1 Wkh rwkhu lv dq hqgrjhqrxv

frpsrqhqw/ zklfk lv xqghu wkh frqwuro ri CM1 Iru vlpsolflw|/ zh dvvxph wkdw

+| ' )| n &|c +5,

zkhuh )| � f lv wkh h{rjhqrxv frpsrqhqw ri wkh vwuxfwxudo glvwruwlrqv/ zkloh &| lv wkh

hqgrjhqrxv frpsrqhqw1 Zkhq &| 	 f zh vd| wkdw vwuxfwxudo dgmxvwphqw lv wdnlqj sodfh/

l1h1/ CM lv doohyldwlqj vrph ri wkh h{lvwlqj vwuxfwxudo glvwruwlrqv lq wkh hfrqrp|1 Qrwh wkdw

+5, lpsolhv wkdw vwuxfwxudo glvwruwlrqv duh qrw vxemhfw wr lqhuwld/ dv +| lv lqghshqghqw ri sdvw

shulrgv* vwuxfwxudo srolflhv1 Zkloh wklv lv fhuwdlqo| xquhdolvwlf iru vrph nlqgv ri vwuxfwxudo

srolf|/ h1j1/ frpsuhkhqvlyh uhirupv ri oderu0pdunhw lqvwlwxwlrqv/ lw pd| eh d uhdvrqdeoh

�uvw dssur{lpdwlrq iru rwkhu w|shv1 Dq h{dpsoh lv wkh ghwhuplqdwlrq ri pdujlqdo wd{ udwhv/

xqhpsor|phqw ehqh�wv/ ru plqlpxp zdjhv1 Wkhvh srolf| phdvxuhv fdq/ lq sulqflsoh/ eh

fkdqjhg iuhho| iurp shulrg wr shulrg1 Dovr/ lw txlwh riwhq kdsshqv wkdw uhirupv duh uroohg

edfn/ iru h{dpsoh zkhq d qhz jryhuqphqw wdnhv r!fh1

Wkh h{rjhqrxv frpsrqhqw ri +| hyroyhv dffruglqj wr wkh iroorzlqj vlpsoh surfhvv=

)| ' EA � |�Vc iru | 	 Ac V : fc

)| ' fc iru | � A�
+6,

Khqfh/ iurp wlph A dqg rqzdugv/ )| lv }hur/ dqg M kdv qr vwuxfwxudo glvwruwlrqv rwkhu

wkdq wkrvh srwhqwldoo| fuhdwhg e| wkh srolf| frqgxfwhg e| CM1 Lq dq| shulrg ehiruh A /

wkhuh zloo eh vwuxfwxudo glvwruwlrqv xqohvv &| ' �)|1

Rqh frxog wklqn ri )| dv uhsuhvhqwlqj glvwruwlrqv lq wkh jrrgv ru oderu pdunhwv zklfk

judgxdoo| glvdsshdu ryhu wlph lq devhqfh ri sxeolf lqwhuyhqwlrq +ru uhdfk d wrohudeoh ohyho

iru wkh srolf|pdnhuv,1 Iru h{dpsoh/ prqrsro| srzhu lq jrrgv pdunhwv pd| judgxdoo|

hurgh wkurxjk hqwu| ri qhz �upv/ ru oderu0pdunhw uljlglwlhv pd| judgxdoo| eh vriwhqhg

e| vwuxfwxudo fkdqjhv hqdfwhg e| oderu pdunhw sduwlflsdqwv wkhpvhoyhv1; Dowhuqdwlyho|/ )|

frxog sruwud| wd{0lqgxfhg glvwruwlrqv ri ydulrxv vruwv fdxvlqj htxloleulxp rxwsxw wr eh

:Wklv vlpsoh sruwudlw ri wkh hfrqrplhv hqdeohv xv wr kljkoljkw wkh vwudwhjlf dvshfwv dv fohduo| dv srvvleoh1
D vlplodu uhgxfhg0irup prgho lv dssolhg e| Dohvlqd dqg Julool +4<<5,1

;Zkhq dssolhg wr wkh Hxurshdq Xqlrq/ rqh frxog lqwhusuhw wkh h{rjhqrxv grzqzdug wlph wuhqg lq *w
dv ehlqj wkh uhvxow ri rqjrlqj hfrqrplf lqwhjudwlrq vwlpxodwhg e| wkh Vlqjoh Pdunhw Surjudpph1
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lqh!flhqwo| orz +vhh/ iru h{dpsoh/ Dohvlqd dqg Wdehoolql/ 4<;:,1 Wkhq/ wkh judgxdo ghfolqh

lq )| ryhu wlph frxog uhsuhvhqw fkdqjhv lq wkh wd{ v|vwhp +zklfk uhgxfh wd{ glvwruwlrqv,

dw d sdfh wkdw lv sxeolfo| wrohudeoh1

Wkh pdlq glvwlqfwlrq ehwzhhq )| dqg &| lv wkdw vwuxfwxudo dgmxvwphqw +&| 	 f, lpsolhv

d frvw iru CM zkhuhdv )| grhv qrw ^dv zloo eh fohdu iurp lwv xwlolw| ixqfwlrq +8,/ ehorz`1

Vr/ vhwwlqj &| 	 f frxog fdswxuh wkh dgrswlrq ri srolwlfdoo| frvwo| phdvxuhv wr uhirup

jrrgv ru oderu pdunhwv1 Lq wkh fdvh lq zklfk glvwruwlrqv dulvh iurp wkh wd{ v|vwhp/ vwuxf0

wxudo dgmxvwphqw frxog fdswxuh wd{ fxwv wkdw qhfhvvlwdwh xqghvludeoh uhgxfwlrqv lq sxeolf

vshqglqj1

Lw vkrxog wkxv eh vwuhvvhg wkdw wkh sduwlfxodu vrxufhv ri wkh vwuxfwxudo glvwruwlrqv duh

qrw fuxfldo iru wkh uhvxowv ri wkh sdshu/ dv wkh| zrxog jr wkurxjk lq dq| prgho lq zklfk

vwuxfwxudo sureohpv ri vrph nlqg fdxvh d frxqwu| wr kdyh h{fhvvlyh lq dwlrq uhodwlyh wr

rwkhu frxqwulhv1

Zh qrz vshfli| wkh suhihuhqfhv ri wkh srolf|pdnhuv1 Wkh jryhuqphqwv ri wkh wzr

frxqwulhv fduh derxw wkh wudgh0r� ehwzhhq rxwsxw dqg lq dwlrq1 Lq dgglwlrq/ wkh| erwk

ghulyh vrph +h{rjhqrxv, qhw ehqh�w K iurp sduwlflsdwlqj lq d prqhwdu| xqlrq1 Wklv qhw

ehqh�w oxpsv wrjhwkhu wkh ydulrxv hfrqrplf dgydqwdjhv dqg glvdgydqwdjhv ri prqhwdu|

xql�fdwlrq= iru h{dpsoh/ hqkdqfhg wudgh dqg h!flhqf| jdlqv gxh wr ixuwkhu hfrqrplf

lqwhjudwlrq/ vdylqjv lq wudqvdfwlrqv frvwv dqg srwhqwldoo| pruh h!flhqw +v|pphwulf, vkrfn

vwdelol}dwlrq/ exw dovr ohvv h�hfwlyh vwdelol}dwlrq ri frxqwu|0vshfl�f vkrfnv1< Ixuwkhupruh/

K fdswxuhv srwhqwldo srolwlfdo ehqh�wv +iru h{dpsoh/ wkh srolwlfdo suhvwljh dvvrfldwhg zlwk

ehlqj sduw ri d xqlrq,1 Zh dvvxph wkdw K : f1 Ri frxuvh/ phujlqj wzr duelwudu| frxqwulhv

lq wkh zruog lqwr d prqhwdu| xqlrq pd| zhoo uhvxow lq d qhw orvv +l1h1/ K zrxog eh qhjdwlyh,1

Krzhyhu/ zh dvvxph wkdw u dqg M duh qrw dq duelwudu| frpelqdwlrq ri frxqwulhv1 Dsduw

iurp wkh gl�huhqfhv lq vwuxfwxudo glvwruwlrqv lq wkhlu hfrqrplhv/ wkh frpelqdwlrq ri u

dqg M lv vx!flhqwo| forvh wr ehlqj dq rswlpxp fxuuhqf| duhd wkdw wkh qhw ehqh�w iurp

xql�fdwlrq lv srvlwlyh1

Zh dvvxph wkdw Cu*v xwlolw| ixqfwlrq lv=

T Cu
| '

"[
�'|

q�3|u

�
��

�
+��
�2

�
�
Z��
�2�

n lLK� +7,

Cu*v xwlolw| lv ghfuhdvlqj lq wkh ghyldwlrqv ri rxwsxw dqg lq dwlrq iurp wkhlu wdujhwv1 Wkh

wdujhw iru +wkh orj ri, rxwsxw lv qrupdol}hg wr }hur/ zkloh wkh wdujhw iru lq dwlrq fruuhvsrqgv

wr sulfh vwdelolw|1 Sdudphwhu � : f lv wkh uhodwlyh zhljkw dw zklfk wkh jryhuqphqw wudghv

<Dsshqgl{ D suhvhqwv d voljkwo|0dgmxvwhg prgho zlwk lqwhuqdwlrqdo vslooryhuv lq zklfk wkh ehqh�w iurp

prqhwdu| xql�fdwlrq lv prghoohg h{solflwo| dqg dulvhv iurp h!flhqw vwdelol}dwlrq ri frpprq vkrfnv1

:



r� wkh rxwsxw remhfwlyh djdlqvw wkh lq dwlrq remhfwlyh1 Ixuwkhupruh/ lL ' f lq wkh fdvh

ri prqhwdu| srolf| lqghshqghqfh/ zkloh lL ' � lq wkh fdvh ri prqhwdu| xqlrq1 Ilqdoo|/

f � qu � � lv Cu*v glvfrxqw idfwru1 D orzhu glvfrxqw idfwru phdqv wkdw wkh jryhuqphqw

lv pruh �p|rslf�1 Vxfk p|rsld pd| dulvh iurp d vkruwhu h{shfwhg jryhuqphqw whqxuh/

dvvxplqj wkdw wkh jryhuqphqw dwwdfkhv pruh zhljkw wr wkh hfrqrplf shuirupdqfh zkhq lw

lv lq r!fh wkdq wr zkdw kdsshqv diwhu lw kdv ohiw r!fh1

Ehfdxvh lw frqwurov &| gluhfwo| dqg &| d�hfwv +|/ frqirup +5,/ CM zloo eh deoh wr d�hfw

dyhudjh rxwsxw lq htxloleulxp1 Reylrxvo|/ fhwhulv sdulexv lw zrxog suhihu wr hqwluho| r�vhw

wkh h{rjhqrxv sduw ri wkh vwuxfwxudo glvwruwlrqv lq wkh hfrqrp| +wkhuhe| lqgxflqj +M| ' f,1

Krzhyhu/ lpsohphqwlqj vwuxfwxudo uhirup lv dvvxphg wr eh srolwlfdoo| frvwo|1 Wkhuhiruh/

CM*v xwlolw| lv dvvxphg wr eh jlyhq e|=

T CM
| '

"[
�'|

q�3|M

�
��

�
+M�

�2
� B&2| �

�
ZM�

�2�
n lLKc B : fc +8,

zkhuh wkh txdgudwlf whup lq &| fdswxuhv wkh frvwv ri vwuxfwxudo dgmxvwphqw1
43 CM*v glv0

frxqw idfwru lv jlyhq e| f � qM � �1

Prqhwdu| srolf| lv ghohjdwhg wr wkh fhqwudo edqnhuv/ zkr vkduh wkhlu jryhuqphqwv*

suhihuhqfhv frqfhuqlqj lq dwlrq dqg rxwsxw1 Wkxv/ zh dvvxph wkdw wkh xwlolw| ri wkh

fhqwudo edqn lq frxqwu| � lv=

T ���
| '

"[
�'|

q�3|�

�
��

�
+��
�2

�
�
Z��
�2�

c � ' ucM� +9,

Wkh rxwfrphv zrxog eh xqd�hfwhg li zh zrxog dovr lqfoxgh K lq T ���
| / � ' ucM1 Wkhuhiruh/

zh udwkhu duelwudulo| dvvxph wkdw wkh fhqwudo edqnv gr qrw fduh derxw K1 Ehfdxvh wkh frvw

ri vwuxfwxudo dgmxvwphqw lv eruqh e| wkh jryhuqphqw lq wkh �uvw sodfh/ zh dvvxph wkdw &|

grhv qrw hqwhu ��M*v xwlolw| ixqfwlrq1 Wklv dvvxpswlrq lv dovr zlwkrxw dq| frqvhtxhqfhv

iru wkh rxwfrphv1

61 Prqhwdu| srolf| xqghu lqghshqghqfh dqg xql�fdwlrq

Zh qrz h{dplqh/ iru jlyhq vwuxfwxudo srolf| lq M/ prqhwdu| srolf| xqghu wzr dowhuqdwlyh

uhjlphv1 Iluvw/ zh frqvlghu wkh fdvh lq zklfk erwk frxqwulhv frqgxfw dq lqghshqghqw

prqhwdu| srolf| +lqglfdwhg zlwk vxshuvfulsw �U/� zkhuhyhu uhohydqw,1 Wkhq/ zh lqyhvwljdwh

43Li vwuxfwxudo glvwruwlrqv duh lqwhusuhwhg dv dulvlqj iurp wd{dwlrq/ Y JK
w uhvhpeohv wkh orvv ixqfwlrq

lqwurgxfhg e| Dohvlqd dqg Wdehoolql +4<;:,/ vlqfh d orzhu nw ? 3 fdq wkhq eh lqwhusuhwhg dv orzhu sxeolf

vshqglqj xqghu d edodqfhg exgjhw1

;



wkh fdvh ri prqhwdu| xql�fdwlrq +lqglfdwhg zlwk vxshuvfulsw �L /� zkhuhyhu uhohydqw,1

6141 Lqghshqghqw prqhwdu| srolflhv

Xqghu lqghshqghqw prqhwdu| srolf|pdnlqj/ ��u ghwhuplqhv Zu| / zkloh ��M vlpxowdqh0

rxvo| ghwhuplqhv ZM| 1 ��u dqg ��M pd{lpl}h T Cu
| dqg T CM

| / uhvshfwlyho|/ vxemhfw wr

+4, wdnlqj dv jlyhq lq dwlrq h{shfwdwlrqv dqg +lq wkh fdvh ri ��M, vwuxfwxudo glvwruwlrqv1

Wkh Qdvk htxloleulxp rxwfrphv iru lq dwlrq dqg rxwsxw lq erwk frxqwulhv duh

ZM| ' �+|c +M| ' �+|c Zu| ' +u| ' f� +:,

Zkhqhyhu +| : f/ M vx�huv iurp dq lq dwlrq eldv +fi1 Eduur dqg Jrugrq/ 4<;6,1 Jlyhq

lq dwlrq h{shfwdwlrqv/ ��M kdv wkh lqfhqwlyh wr errvw lq dwlrq lq rughu wr udlvh rxwsxw

deryh lwv qdwxudo udwh/ �+|1 Lq d udwlrqdo h{shfwdwlrqv htxloleulxp/ krzhyhu/ wkh sulydwh

vhfwru dqwlflsdwhv wklv lqfhqwlyh dqg/ khqfh/ wkh rqo| uhvxow lv kljkhu lq dwlrq zlwkrxw dq|

v|vwhpdwlf lqfuhdvh lq rxwsxw ru hpsor|phqw1 Lq frxqwu| u/ wkh qdwxudo udwh ri rxwsxw

frlqflghv zlwk ��u*v rxwsxw wdujhw1 Wkhuhiruh/ ��u kdv qr lqfhqwlyh wr orrvhq prqhwdu|

srolf| dqg/ khqfh/ h{shfwhg lq dwlrq lv }hur lq frxqwu| u1

Xvlqj +:,/ zh fdq vwdwh wkh jryhuqphqwv* shu0shulrg sd|0r�v xqghu lqghshqghqw prq0

hwdu| srolf|pdnlqj1 Rqh kdv=

�CucU ' fc +;,

�CMcU
| E+|� ' �� E� n �� E+|�

2 � B E+| � )|�
2 c +<,

zkhuh �CucU dqg �CMcU
| duh/ uhvshfwlyho|/ Cu*v dqg CM*v shu0shulrg sd|0r�v1 CM*v xwlolw|

lv ghfuhdvlqj lq +|1 Pruh vwuxfwxudo glvwruwlrqv +d kljkhu +|, lpso| orzhu rxwsxw dqg kljkhu

lq dwlrq1 Lq dgglwlrq/ CM*v xwlolw| lv orzhu wkh pruh +| glyhujhv iurp )| dv wklv fruuhvsrqgv

wr pruh vxevwdqwldo/ srolwlfdoo| frvwo|/ vwuxfwxudo uhirup +l1h1/ d kljkhu devroxwh ydoxh ri

&|,1

6151 Prqhwdu| xql�fdwlrq

Xqghu prqhwdu| xql�fdwlrq/ frxqwulhv dw ohdvw �{ wkhlu elodwhudo qrplqdo h{fkdqjh udwhv

dqg srvvleo| hyhq xvh d frpprq fxuuhqf|1 Lq hlwkhu fdvh/ lq dwlrq udwhv frlqflgh wkurxjk0

rxw wkh xqlrq/ dqg wkh fhqwudo edqnv frrshudwh vr dv wr ghwhuplqh wkh frpprq lq dwlrq

udwh/ Z| ' Zu| ' ZM| 1 Zlwk d frpprq lq dwlrq udwh/ wkh vxsso| ixqfwlrqv +4, uhgxfh wr

+M| ' Z| � H|3� dZ|o� +|c +u| ' Z| � H|3� dZ|o � +43,

<



Wkh glvdgydqwdjh iru frxqwu| u ri iruplqj d prqhwdu| xqlrq zlwk frxqwu| M lv wkdw

��M jdlqv vrph lq xhqfh lq wkh ghwhuplqdwlrq ri wkh frpprq prqhwdu| srolf|1 Lq

sduwlfxodu/ xqghu prqhwdu| xql�fdwlrq/ wkh fhqwudo edqnv mrlqwo| pd{lpl}h T u
| n bT M

| /

b : f/ wdnlqj +| dqg lq dwlrq h{shfwdwlrqv dv jlyhq1 Sdudphwhu b phdvxuhv frxqwu| M*v

uhodwlyh �edujdlqlqj srzhu� lq wkh ghwhuplqdwlrq ri wkh frpprq prqhwdu| srolf|1

Wkh rxwfrphv iru lq dwlrq dqg rxwsxw duh qrz jlyhq e|=

Z| '
�b

� n b
+|c +M| ' �+|c +u| ' f� +44,

Ehfdxvh ri ��M*v lq xhqfh rq wkh frpprq/ xqlrq0zlgh prqhwdu| srolf|/ frxqwu| u lp0

sruwv vrph ri M*v lq dwlrq eldv +wr dq h{whqw zklfk/ ri frxuvh/ lv lqfuhdvlqj lq frxqwu| M*v

uhodwlyh lq xhqfh/ b/ dqg vwuxfwxudo glvwruwlrqv/ +|,1 Khqfh/ frpsdulqj prqhwdu| xql�fd0

wlrq zlwk lqghshqghqw prqhwdu| srolf|pdnlqj/ lq dwlrq lq u zloo eh kljkhu/ zkloh lq dwlrq

lq M zloo eh orzhu/ ehfdxvh wkh uhodwlyh zhljkw ri ��u lq wkh frrshudwlyh duudqjhphqw lv

srvlwlyh1

Wkh jryhuqphqwv* xwlolwlhv/ iru jlyhq vwuxfwxudo glvwruwlrqv +| lq M/ duh=

�CucL E+|� ' �

%
�b

� n b
+|

&2
n Kc +45,

�CMcL
| E+|� ' ��

%
� n

�b2

E� n b�2

&
E+|�

2 � B E+| � )|�
2 n K� +46,

D frpsdulvrq ri +<, dqg +46, vkrzv wkdw iru jlyhq vwuxfwxudo glvwruwlrqv/ CM zrxog idyru

prqhwdu| xql�fdwlrq +hyhq li K ' f,1 Wkh �uvw whup lq +46,/ zklfk dulvhv iurp rxwsxw idoolqj

vkruw ri lwv wdujhw dqg lq dwlrq h{fhhglqj lwv wdujhw/ lv kljkhu wkdq wkh fruuhvsrqglqj whup

lq +<,= rxwsxw lv wkh vdph/ zkloh lq dwlrq lv orzhu xqghu prqhwdu| xql�fdwlrq1 Khqfh/ lq

vxp/ zh kdyh=

Ohppd 41 Iru doo +|/ �
CMcL
| E+|� : �CMcU

| E+|�1

D frpsdulvrq ri +;, dqg +45, uhyhdov wkdw lq lwv fkrlfh zkhwkhu wr dgplw M wr irup d

prqhwdu| xqlrq/ Cu zhljkv wkh ehqh�w K djdlqvw wkh frvw ri lpsruwlqj dq lq dwlrq eldv1

71 Frqyhujhqfh dqg prqhwdu| xql�fdwlrq

7141 Vwuxfwxudo srolf| iru jlyhq prqhwdu| srolf| uhjlph

Qrz/ zh frqvlghu vwuxfwxudo srolf| lq pruh ghwdlo1 Wr wklv hqg/ lw lv khosixo �uvw wr ghulyh

wkh rswlpdo ghjuhh ri vwuxfwxudo uhirup iru d jlyhq prqhwdu| srolf| uhjlph1 Li lq shulrg |/
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CM nqrzv wkdw prqhwdu| srolf| lqghshqghqfh zloo suhydlo/ lw pd{lpl}hv +8, zlwk uhvshfw

wr &| vxemhfw wr +:, dqg +5,1 Wklv |lhogv dq rswlpdo ydoxh iru &|1 Iru frqyhqlhqfh/ krzhyhu/

zh lqvhuw lw edfn lqwr +5, dqg h{suhvv wkh rswlpdo srolf| lq whupv ri wrwdo vwuxfwxudo

glvwruwlrqv=

+U| �
B

B n � E� n ��
EA � |�V� +47,

Wkh qdwxudo udwh/ �+U| / zloo iru | 	 A eh wrr orz iru wkh wdvwh ri wkh srolf|pdnhuv/ hyhq

wkrxjk CM doohyldwhv vrph ri wkh pdunhw0edvhg glvwruwlrqv wkurxjk vwuxfwxudo srolf| e|

vhwwlqj &| 	 f1 Iru rxu sxusrvh/ lw lv lpsruwdqw wr qrwh wkdw d pruh lq dwlrqdu| prqhwdu|

srolf|/ dulvlqj wkurxjk d kljkhu �/ lpsolhv ihzhu vwuxfwxudo glvwruwlrqv1 Ehfdxvh CM fduhv

derxw lq dwlrq dqg dqwlflsdwhv kljkhu lq dwlrq iru d jlyhq ohyho ri glvwruwlrqv/ lw kdv d

vwurqjhu lqfhqwlyh wr lpsohphqw vwuxfwxudo dgmxvwphqw1

Li wkh prqhwdu| srolf| uhjlph lv nqrzq wr eh rqh ri prqhwdu| xql�fdwlrq lq shulrg |/

CM pd{lpl}hv +8, zlwk uhvshfw wr &| vxemhfw wr +44, dqg +5,1 Wkh vroxwlrq lv=

+L| �
B

B n �
k
� n �b2* E� n b�2

l EA � |�V� +48,

Frpsdulqj +47, dqg +48, zh kdyh

Ohppd 51 Li | 	 A / +L| : +U| / l1h1/ wrwdo vwuxfwxudo glvwruwlrqv lq frxqwu| M duh zruvh

xqghu prqhwdu| xql�fdwlrq wkdq xqghu dq lqghshqghqw prqhwdu| srolf|1

Wkh lqwxlwlrq iru Ohppd 5 lv wkdw/ ehfdxvh lq dwlrq lq M lv orzhu xqghu prqhwdu| xql0

�fdwlrq/ wkh jdlq iurp vwuxfwxudo uhirup lq whupv ri wkh lpsolhg uhgxfwlrq lq wkh lq dwlrq

eldv zloo eh vpdoohu wkdq xqghu lqghshqghqw prqhwdu| srolf|pdnlqj1 D yhu| vlplodu uhvxow

lv rewdlqhg lq Vlehuw dqg Vxwkhuodqg +4<<:, dqg lq Fdopiruv +4<<;,1 Lq Fdopiruv +4<<;,/

iru h{dpsoh/ jryhuqphqwv frqgxfw oderu0pdunhw uhirup zlwk wkh dlp ri uhgxflqj wkh htxl0

oleulxp lq dwlrq eldv1 Lq d prqhwdu| xqlrq wkh h�hfw ri d xqlodwhudo lqfuhdvh lq uhirup

lv vpdoohu wkdq wkh h�hfw rq lq dwlrq xqghu lqghshqghqw prqhwdu| srolf|pdnlqj1 Khqfh/

wkh pdujlqdo ehqh�w ri oderu0pdunhw uhirup lv vpdoohu lqvlgh wkdq rxwvlgh wkh xqlrq144

Vr idu/ zh kdyh frpsduhg vwuxfwxudo glvwruwlrqv dfurvv jlyhq prqhwdu| uhjlphv1 Lq

rughu wr h{soruh krz vwuxfwxudo glvwruwlrqv ghyhors zkhq wkh ghwhuplqdwlrq ri wkh prqhwdu|

srolf| uhjlph lv hqgrjhqrxv/ zh qhhg wr frqvlghu wkh lqwhudfwlrq ri wkh ghjuhh ri vwuxfwxudo

uhirup lpsohphqwhg e| CM zlwk Cu*v ghflvlrq zkhwkhu ru qrw wr dgplw M wr mrlq wkh

44Wkh uhvxow wkdw d vwulfwhu prqhwdu| srolf| lpsolhv d ohvv vwulqjhqw �vfdo dqg2ru vwuxfwxudo srolf|
ehfdxvh wkh h�hfw rq ixwxuh lq dwlrq lv uhgxfhg/ ihdwxuhv lq pdq| rwkhu prghov wkrxjk> vhh Mhqvhq +4<<7,/

ydq ghu Sorhj +4<<8,/ Ehhwvpd dqg Eryhqehuj +4<<:, dqg Ehhwvpd dqg Xkolj +4<<<, iru h{dpsohv1
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xqlrq1 Wklv lv wkh remhfwlyh ri wkh uhpdlqghu ri wklv vhfwlrq1 Lq Vhfwlrq 715 zh dvvxph wkdw

prqhwdu| xql�fdwlrq lv uhyhuvleoh/ zkloh lq Vhfwlrq 716 zh dvvxph wkdw lw lv luuhyhuvleoh1

7151 Htxloleulxp vwuxfwxudo srolf| dqg uhyhuvleoh prqhwdu| xql�fdwlrq

Lq rughu wr fkdudfwhul}h d +vxejdph0shuihfw Qdvk, htxloleulxp zh �uvw vwdwh wkh frqglwlrqv

wkdw ghwhuplqh zkhwkhu M zloo eh dgplwwhg wr irup d xqlrq ru qrw1 Zkhq xql�fdwlrq lv

uhyhuvleoh wkhvh frqglwlrqv phuho| lqyroyh d frpsdulvrq ri Cu*v vlqjoh0shulrg xwlolw| xqghu

hlwkhu uhjlph iru d jlyhq vwuxfwxudo srolf| lq M1 Wkh uhdvrq lv wkdw wkh uhjlph fkrlfh lq

shulrg | grhv qrw d�hfw wkh vwdwh lq shulrg |n� +zklfk lv vroho| ghwhuplqhg e| )|n�, dqg/

khqfh/ grhv qrw d�hfw vwuxfwxudo srolf| lq shulrg |n �1 Khqfh/ qh{w shulrg/ �e|jrqhv duh

e|jrqhv� dqg wkh uhjlph fkrlfhv iroorz djdlq wkurxjk frpsdulvrq ri Cu*v vlqjoh0shulrg

xwlolwlhv xqghu wkh wzr dowhuqdwlyhv1

Li prqhwdu| xql�fdwlrq lv uhyhuvleoh/ M zloo eh dgplwwhg wr irup d xqlrq lq shulrg | li

dqg rqo| li �CucL E+|� � �CucU 145 Ohw +W eh wkh ohyho ri vwuxfwxudo glvwruwlrqv lq frxqwu| M

iru zklfk Cu lv lqgl�huhqw ehwzhhq dgplwwlqj dqg qrw dgplwwlqj M1 Khqfh/ xvlqj +;, dqg

+45,/ +W lv lpsolflwo| gh�qhg e|

K '

#
b�

� n b
+W
$2

� +49,

Li f � +| � +W wkhuh zloo eh prqhwdu| xql�fdwlrq dv wkh jdlq K rxwzhljkv wkh orvv dvvrfldwhg

zlwk wkh lqfuhdvh lq lq dwlrq lq u1 Li +| : +W/ lqghshqghqw prqhwdu| srolf|pdnlqj zloo

suhydlo146 Kdylqj hvwdeolvkhg wkh ghflvlrq uxoh ri Cu/ zh qrz wxuq wr wkh ghwhuplqdwlrq

ri wkh htxloleulxp sdwk ri +|/ dqg/ khqfh/ wkh hqgrjhqrxv wlplqj ri prqhwdu| xql�fdwlrq1

Iluvw/ qrwh wkdw jlyhq wkh h{rjhqrxv surfhvv +6, iru )|/ lw lv fohdu wkdw iurp shulrg A

dqg rqzdugv wkhuh zloo eh prqhwdu| xql�fdwlrq ehfdxvh )| ' f/ iru doo | � A 1 Luuhvshfwlyh

ri wkh h{shfwhg prqhwdu| uhjlph/ CM wkhq vhwv &| ' f iru doo | � A / fi1 +47, dqg +48,

dqg/ khqfh/ +| ' f iru doo | � A 1 Wkhuhiruh/ Cu orvhv qrwklqj iurp dgplwwlqj M wr irup d

xqlrq/ exw jdlqv K1

Wklv uhvxow vxjjhvwv wkdw iru vx!flhqwo| vpdoo ydoxhv ri )| dovr/ wkhuh zloo eh prqhwdu|

xql�fdwlrq lq htxloleulxp1 Wklv zloo lqghhg wxuq rxw wr eh wkh fdvh dqg wr suryh wklv

irupdoo|/ zh vwduw e| fkdudfwhul}lqj wkh �uvw shulrg/ vd| hA / lq zklfk wkh fkrlfh +LhA lqgxfhv

prqhwdu| xql�fdwlrq1 Ehfdxvh +L| lv idoolqj ryhu wlph/ hA lv lpsolflwo| gh�qhg e|

45Qrwh wkdw zh dvvxph wkdw JO kdv d �pdujlqdo suhihuhqfh� iru prqhwdu| xql�fdwlrq/ dv lw lqylwhv
frxqwu| K lq wkh fdvh ri lqgl�huhqfh1 Wklv/ krzhyhu/ kdv qr lpsolfdwlrqv iru rxu uhvxowv1

46Ehfdxvh JK*v srolf| dozd|v lpsolhv wkdw |w � 3/ zh ljqruh wkh qhjdwlyh vroxwlrq iru |� lq +49,1
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+LhA � +Wc +4:,

+LhA3� : +Wc hA � Ac � ' �c 2c ����

Zh vxppdul}h wkh deryh dujxphqwv lq wkh iroorzlqj sursrvlwlrq=

Sursrvlwlrq 41 Ohw hA eh gh�qhg e| +4:,1 Iru | � hA / wkhuh zloo eh uhyhuvleoh prqhwdu|

xql�fdwlrq lq htxloleulxp/ dqg +| hyroyhv dffruglqj wr +| ' +L| ^fi1 +48,` iru hA � | 	 A

dqg lv jlyhq e| +| ' f iru | � A 1

Surri1 Vhh Dsshqgl{ E1

Sursrvlwlrq 4 frq�upv wkdw iru uhodwlyho| orz ohyhov ri h{rjhqrxv vwuxfwxudo glvwruwlrqv/

lw lv rswlpdo iru CM wr frqgxfw d vwuxfwxudo srolf| wkdw lqgxfhv prqhwdu| xql�fdwlrq1

Pruhryhu/ lwv srolf| lv vxfk wkdw wrwdo vwuxfwxudo glvwruwlrqv judgxdoo| ghfolqh ryhu wlph1

Lq rwkhu zrugv/ ryhu wlph wkhuh lv vwuxfwxudo frqyhujhqfh ehwzhhq wkh frxqwulhv1 Wkhuh

zloo eh qr shulrg lq zklfk lw lv rswlpdo iru CM wr frqgxfw od{ vwuxfwxudo srolflhv lq

rughu wr uhgxfh wkh xwlolw| orvv iurp vwuxfwxudo dgmxvwphqw1 Ehfdxvh )| lv uhodwlyho| vpdoo/

vwuxfwxudo phdvxuhv duh uhodwlyho| olplwhg lq dq| fdvh/ zkloh wkh orvvhv iru M +lq whupv ri

kljkhu dyhudjh lq dwlrq dqg qrw uhfhlylqj K, iurp ehlqj h{foxghg iurp wkh prqhwdu| xqlrq

duh wrr odujh1

Zh vkrz qrz wkdw li )| lv vx!flhqwo| odujh/ lw lv wrr frvwo| iru CM wr uhgxfh wrwdo

glvwruwlrqv wr d ohyho wkdw lqgxfhv prqhwdu| xql�fdwlrq1 Ghqrwh e| A o�� � wkh odvw shulrg

| vxfk wkdw +U| : +W lq htxloleulxp lqgxfhv lqghshqghqw prqhwdu| srolf|pdnlqj1 Krzhyhu/

wr fkdudfwhul}h A o��� irupdoo| zh qhhg wr nqrz wkh surshuwlhv ri wkh htxloleulxp lq shulrg

A o�1 Iru wkh prphqw/ dvvxph wkdw lq shulrg A o� wkh htxloleulxp ihdwxuhv d vwuxfwxudo srolf|

vxfk wkdw +A o� ' +W/ wkhuhe| ohdglqj wr prqhwdu| xql�fdwlrq1 Wklv dvvxpswlrq � zklfk

zloo eh ydolgdwhg dv d idfw ehorz � lpsolhv wkdw A o� � � lv gh�qhg e|

�CMcU
A o�

3�3�

�
+UA o�

3�3�

�
: �CMcL

A o�
3�3� E+

W� c

�CMcU
A o�

�
+UA o�

�
� �CMcL

A o� E+W� c � ' fc �c 2c ��� +4;,

Qrwh wkdw e| Ohppd 4/ +UA o�
3�

� +W1 Wkh iroorzlqj sursrvlwlrq fkdudfwhul}hv wkh htxlole0

ulxp iru shulrgv xs wr dqg lqfoxglqj A o� � �=

Sursrvlwlrq 51 Dvvxph wkdw wkh htxloleulxp lq shulrg A o� lv fkdudfwhul}hg e| +A o� ' +W1

Wkhq/ iru | � A o�� �/ wkhuh zloo eh qr prqhwdu| xql�fdwlrq lq htxloleulxp/ dqg +| hyroyhv

dffruglqj wr +| ' +U| / fi1 +47,1

Surri1 Vhh Dsshqgl{ F1
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Khqfh/ Sursrvlwlrq 5 vkrzv wkdw dv orqj dv wkh h{rjhqrxv frpsrqhqw ri wkh vwuxfwxudo

glvwruwlrq lv uhodwlyho| odujh/ wkh dprxqw ri vwuxfwxudo dgmxvwphqw qhhghg wr lqgxfh prq0

hwdu| xql�fdwlrq lv wrr frvwo| iru CM1 Vwuxfwxudo frqyhujhqfh lq wkh gluhfwlrq ri u*v }hur

ohyho ri glvwruwlrqv grhv wdnh sodfh/ exw qrw zlwklq wkh frqwh{w ri prqhwdu| xql�fdwlrq1

Wkh txhvwlrq qrz lv zkdw zloo kdsshq lq shulrgv A o� � | 	 hAB47 Zloo wkhuh eh prqh0

wdu| xql�fdwlrq ru lqghshqghqw prqhwdu| srolf|pdnlqj dqg krz zloo vwuxfwxudo glvwruwlrqv

hyroyhB Lq wkh surri ri Sursrvlwlrq 5 zh frqmhfwxuhg wkdw wkh htxloleulxp lq shulrg A o�

zloo eh fkdudfwhul}hg e| +| ' +W dqg prqhwdu| xql�fdwlrq1 Zh qrz vkrz wkdw wklv lv

lqghhg wkh fdvh/ qrw rqo| iru shulrg A o�/ exw dfwxdoo| iru doo ri wkh shulrgv A o�c ���c �A � �1

Wr rewdlq vrph lqwxlwlrq iru wklv uhvxow/ lw lv khosixo wr frqvlghu zkdw lv qrw htxloleulxp

ehkdylru1 Iru h{dpsoh/ lw lv vxerswlpdo iru CM wr iroorz +48, iru | 	 hA 1 Wklv zrxog

lpso| d srolf| lq dqwlflsdwlrq ri prqhwdu| xql�fdwlrq/ exw lv fkdudfwhul}hg e| +| : +W/

fi1 +4:,1 Wkhuhiruh/ Cu zrxog qrw dgplw M1 Vlploduo|/ lw lv vxerswlpdo iru CM wr iroorz

+47, iru | ' A o� dv lw iroorzv iurp +4;, wkdw CM frxog rewdlq d kljkhu xwlolw| iurp phuho|

gholyhulqj +W dqg lqgxflqj prqhwdu| xql�fdwlrq1 Khqfh/ wkh htxloleulxp vwuxfwxudo srolf|

lq shulrg | ' A o� zloo qhlwkhu eh jlyhq e| +48,/ qru e| +47,1 Lqvwhdg/ zh kdyh wkh iroorzlqj

uhvxow iru doo A o� � | 	 hA =
Sursrvlwlrq 61 Iru doo A o� � | 	 hA � A wkhuh zloo eh prqhwdu| xql�fdwlrq lq htxlole0

ulxp/ dqg +| �hyroyhv� dffruglqj wr +| ' +W1

Surri1 Vhh Dsshqgl{ G1

����������������������

Iljxuh 4 durxqg khuh

����������������������

Frpelqlqj Sursrvlwlrqv 406 zh fdq qrz vxppdul}h wkh surfhvv ri prqhwdu| xql�fdwlrq

dv zhoo dv wkh dvvrfldwhg htxloleulxp sdwk ri +|1 Iljxuh 4 surylghv d judsklfdo uhsuhvhq0

wdwlrq1 Ehiruh A o�/ wkhuh zloo eh lqghshqghqw prqhwdu| srolf|pdnlqj/ dv M*v ohyho ri

vwuxfwxudo glvwruwlrqv kdv qrw frqyhujhg vx!flhqwo| wrzdugv wkdw ri u1 Exw dowkrxjk M

kdv qrw ehhq doorzhg lqwr wkh xqlrq/ lwv hfrqrp| lv vwloo xqghujrlqj vwuxfwxudo uhirup/ fi1

Sursrvlwlrq 51 Jrlqj iurp shulrg A o� � � wr shulrg A o� h{rjhqrxv vwuxfwxudo glvwruwlrqv

kdyh ehfrph vx!flhqwo| vpdoo wkdw lw lv rswlpdo iru CM wr pdnh d udslg rqh0wlph dgmxvw0

phqw vr dv wr uhds wkh jdlqv iurp prqhwdu| xql�fdwlrq1 Krzhyhu/ iurp wkhq rq ixuwkhu

47Qrwh wkdw zh fdqqrw eh vxuh wkdw wklv vhw lv qrq0hpsw|1 Iru h{dpsoh/ li � lv d vx!flhqwo| odujh qxpehu/
lw frxog eh wkh fdvh wkdw hW @ W dqg W ux @ W �4 lpso|lqj prqhwdu| xql�fdwlrq iru w � W dqg lqghshqghqw

prqhwdu| srolf|pdnlqj iru w ? W 1 Zh dvvxph/ krzhyhu/ wkdw � lv vx!flhqwo| vpdoo wkdw W ux ? hW � 41
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vwuxfwxudo frqyhujhqfh lv ghod|hg iru d zkloh= ixuwkhu dgmxvwphqw lv uhodwlyho| frvwo| dqg

grhv qrw surylgh vx!flhqw ehqh�wv lq whupv ri uhgxfhg lq dwlrq dqg kljkhu rxwsxw1 Glyhu0

jhqfh/ krzhyhu/ lv frvwo| wrr dv lw lpsolhv h{foxvlrq iurp wkh prqhwdu| xqlrq1 Khqfh/ CM

vhohfwv lwv ghjuhh ri vwuxfwxudo uhirup wr eh mxvw vx!flhqw wr pdnh vxuh wkdwM lv qrw irufhg

wr ohdyh wkh xqlrq1 Dv d uhvxow/ fi1 Sursrvlwlrq 6/ ixuwkhu frqyhujhqfh lv ghod|hg xqwlo hA 1
Frqyhujhqfh uhvxphv dw hA dqg frqwlqxhv xqwlo A / zkhq lw lv frpsohwh/ fi1 Sursrvlwlrq 4148

7161 Htxloleulxp vwuxfwxudo srolf| dqg luuhyhuvleoh prqhwdu| xql�fdwlrq

Wkh fkdudfwhul}dwlrq ri wkh htxloleulxp xqghu luuhyhuvleoh prqhwdu| xql�fdwlrq lv qrw dv

vlpsoh dv lq wkh fdvh ri uhyhuvleoh xql�fdwlrq1 Wkh uhdvrq lv wkdw dgplwwlqj M lqwr wkh

xqlrq qrz suhfoxghv wkh srvvlelolw| ri pdnlqj d gl�huhqw fkrlfh lq wkh ixwxuh1 Khqfh/ d

vlpsoh wlph0lqyduldqw ghflvlrq uxoh dv ghulyhg iurp +49, qr orqjhu vx!fhv dv d jxlgdqfh

iru Cu1

Lq rughu wr olplw rxu dwwhqwlrq wr vxejdph0shuihfw vwudwhjlhv/ zh vroyh wkh prgho

wkurxjk edfnzdug lqgxfwlrq1 Iluvw/ zh frqvlghu wkh shulrgv | � A / iru zklfk )| ' f1

Vxssrvh wkdw wkh htxloleulxp lq shulrg A n � zloo eh fkdudfwhul}hg e| prqhwdu| xql�fd0

wlrq/ hyhq li wkh dowhuqdwlyh ri prqhwdu| lqghshqghqfh lv vwloo dydlodeoh e| wkhq1 Zh vkrz

wkdw wklv lpsolhv wkdw wkh htxloleulxp lq shulrg A lv fkdudfwhul}hg e| prqhwdu| xql�fd0

wlrq1 CM*v grplqdqw vwudwhj| lv wr vhw +A ' f1 Li shulrg A � � zdv douhdg| fkdudfwhul}hg

e| prqhwdu| xql�fdwlrq/ wkhq vr zloo shulrg A eh1 Li shulrg A � � zdv fkdudfwhul}hg e|

prqhwdu| lqghshqghqfh dqg ehfdxvh prqhwdu| xql�fdwlrq zloo suhydlo lq shulrg A n�/ e|

dvvxpswlrq/ Cu rqo| qhhgv wr frpsduh wkh vlqjoh0shulrg xwlolwlhv xqghu wkh wzr dowhuqd0

wlyhv1 E| +;, dqg +45,/ �CucL| Ef� � �CucU 1 Khqfh/ luuhvshfwlyh ri wkh uhjlph lq shulrg A��/

lw lv rswlpdo iru Cu wr dgplw M wr irup d xqlrq149 Wkh vdph dujxphqw dssolhv iru dq|

shulrg | : A 1

Qrz zh frqvlghu wkh shulrgv hA � | 	 A / zlwk hA gh�qhg e| +4:,1 Djdlq/ zlwk wkh

glvfxvvlrq ri wkh suhylrxv vxevhfwlrq lq plqg/ lw vhhpv qdwxudo wr frqmhfwxuh d vxejdph0

shuihfw Qdvk htxloleulxp fkdudfwhul}hg e| prqhwdu| xql�fdwlrq dqg +| ' +L| / mxvw dv lq wkh

fdvh ri uhyhuvleoh xql�fdwlrq1 Lq idfw/ wklv frqmhfwxuh wxuqv rxw wr eh fruuhfw1 Wr vhh wklv/

frqvlghu �uvw zkhwkhu lw sd|v iru Cu wr ghyldwh iurp wkh suhvfulehg vwudwhj|1 Lq shulrg

48Lw vkrxog qrz eh fohdu wkdw wkh dvvxpswlrq derxw JO kdylqj d �pdujlqdo suhihuhqfh� iru prqhwdu|

xql�fdwlrq lv lqhvvhqwldo +dv fodlphg lq Irrwqrwh 45,1 Kdg zh dvvxphg d �pdujlqdo suhihuhqfh� iru prqh0

wdu| lqghshqghqfh/ wkhq lq shulrgv W ux � w ? hW jryhuqphqw JK zrxog frqgxfw d srolf| |w @ |�� �/ zlwk

� A 3 duelwudulo| vpdoo/ vr dv wr lqgxfh prqhwdu| xql�fdwlrq1 Khqfh/ wkh rqo| gl�huhqfh zrxog eh wkdw |w
lq Sursrvlwlrq 6 vkrxog eh uhsodfhg zlwk |w @ |� � �1

49Qrwh wkdw zh h{solflwo| frqvlghu rswlpdo ehkdylru dovr lq uhvsrqvh wr rxw0ri0htxloleulxp hyhqwv wr
hqvxuh vxejdph shuihfwlrq1
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A�� � hA wkhuh lv rqo| d uhjlph fkrlfh li wkhuh zdv prqhwdu| lqghshqghqfh lq shulrg A�2>

ehfdxvh wkhuh lv prqhwdu| xql�fdwlrq dv ri A / Cu djdlq rqo| qhhgv wr frpsduh wkh vlqjoh0

shulrg xwlolwlhv xqghu wkh wzr dowhuqdwlyhv/ jlyhq +A3� ' +LA3�1 Krzhyhu/ +
L
A3� � +LhA � +W1

Khqfh/ �CucLE+LA3�� � �CucU dqg/ khqfh/ lw lv rswlpdo iru Cu wr dgplw M1 Wkh vdph

w|sh ri dujxphqw dssolhv iru dq| shulrg |/ hA � | 	 A 1 Dovr/ e| wkh dujxphqwv ri wkh

suhylrxv vxevhfwlrq/ CM zrxog qhyhu ghyldwh iurp sursrvhg htxloleulxp= fkrrvlqj +L|

zkhq prqhwdu| xql�fdwlrq lv h{shfwhg lv rswlpdo1

Wkh qh{w sursrvlwlrq vxppdul}hv wkh htxloleulxp sdwk dv ri shulrg hA dqg rqzdugv=

Sursrvlwlrq 71 Wkhuh h{lvwv d vxejdph0shuihfw Qdvk htxloleulxp iru zklfk wkhuh lv luuh0

yhuvleoh prqhwdu| xql�fdwlrq dv ri shulrg hA / zlwk +| hyroylqj dffruglqj wr +| ' +L| ^fi1

+48,` iru hA � | 	 A dqg +| ' f iru | � A 1

Khqfh/ iurp hA dqg rqzdugv/ htxloleulxp vwuxfwxudo glvwruwlrqv frlqflgh zlwk wkrvh xq0

ghu uhyhuvleoh prqhwdu| xql�fdwlrq> fi1 Sursrvlwlrq 41 Wklv lv qrw vxusulvlqj/ ehfdxvh

diwhu shulrg hA hfrqrplhv kdyh frqyhujhg vx!flhqwo| wkdw wkh txhvwlrq derxw prqhwdu|

lqghshqghqfh ru prqhwdu| xql�fdwlrq lv wulyldo1

Qrz/ zh wxuq wr wkh shulrgv | 	 hA / iru zklfk zh zloo vhh wkdw htxloleulxp ehkdylru

gl�huv pdunhgo| iurp wkdw lq wkh fdvh ri uhyhuvleoh prqhwdu| xql�fdwlrq1 Ehiruh fkdudf0

whul}lqj htxloleulxp ehkdylru lq shulrgv ehiruh hA / zh qhhg wr lqwurgxfh vrph dgglwlrqdo

qrwdwlrq1 Ohw � � �1 Ghqrwh e| LhA3� +UhA3�, wkh vlwxdwlrq ri prqhwdu| xql�fdwlrq +prqh0

wdu| lqghshqghqfh, dw wkh hqg ri shulrg hA � �1 Ghqrwh e| ` �

UchA3� +` �

LchA3�, wkh glvfrxqwhg
vxp ri htxloleulxp xwlolw|  rzv dw wkh vwduw ri hA�� iru � +� ' CucCM, xs wr dqg lqfoxglqj

shulrg hA � � li UhA3�3� +LhA3�3�, ghvfulehv wkh uhohydqw vwdwh1
Gh�qh +WhA3� � f dv wkh ohyho ri vwuxfwxudo glvwruwlrqv +li lw h{lvwv, wkdw ohdyhv Cu

lqgl�huhqw ehwzhhq dgplwwlqj dqg qrw dgplwwlqj frxqwu| M wr irup wkh prqhwdu| xqlrq1

Khqfh/ iru � : �/ +WhA3� lv wkh vroxwlrq wr

�CucL
�
+WhA3��n qu`

Cu

LchA3�n� ' �CucU n qu`
Cu

UchA3�n�� +4<,

Li +4<, grhv qrw kdyh d vroxwlrq +WhA3� � f/ zh iroorz wkh frqyhqwlrq ri vhwwlqj +WhA3� ' f14:

Wkhq qrwh wkdw ehfdxvh prqhwdu| xql�fdwlrq zloo dozd|v rffxu lq hA / +WhA3� lv wkh vroxwlrq
wr

�CucL
�
+WhA3�� ' �CucU �

4:Khqfh/ |�hW�m @ 3 lqfoxghv doo wkh fdvhv lq zklfk wkhuh lv qr srvvlelolw| iru JK wr fkrrvh vwuxfwxudo glv0

wruwlrqv lq vxfk d zd| wkdw lw zloo eh dgplwwhg wr irup d xqlrq +uhphpehu wkdw wrwdo vwuxfwxudo glvwruwlrqv

duh erxqghg iurp ehorz dw }hur,1
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Khqfh/ +WhA3� ' +W1 Ixuwkhupruh/ ehfdxvh lw fdq eh vkrzq wkdw `Cu

UchA3�n� � `Cu

LchA3�n�/4; lw
iroorzv iurp +4<, wkdw +WhA3� � +W iru � : �1

Zh fdq qrz fkdudfwhul}h d vxejdph0shuihfw htxloleulxp iru | � hA � �=

Ohppd 61 Iru � � f wkh iroorzlqj vwudwhjlhv fkdudfwhul}h d vxejdph0shuihfw htxloleulxp=

CM sod|v=

Li LhA3�3�/ lw vhwv +hA3� ' +LhA3�1
Li U �A3�3�/ lw vhwv

+hA3� ' +UhA3�/ li +WhA3� ' f/

+hA3� ' dujpd{
�
�CMcU

�
+UhA3�

�
n qM`

CM

UchA3�n�c �CMcL

�
+WhA3�

�
n qM`

CM

LchA3�n�
�
c

li +WhA3� : f1

Cu sod|v=

Li LhA3�3�/ wkhq lw �vhohfwv� LhA3�1
Li UhA3�3�/ wkhq lw vhohfwv=

UhA3�/ li +WhA3� ' f ru li +hA3� : +WhA3� : f/

LhA3�/ li +hA3� � +WhA3� dqg +WhA3� : f1

Surri1 Vhh Dsshqgl{ H1

Wkh htxloleulxp lv fkdudfwhul}hg e| zrunlqj edfn lq wlph dqg fkhfnlqj wkh uhohydqw

frqglwlrqv lq Ohppd 6/ vr dv wr ghwhuplqh wkh gdwh zkhq luuhyhuvleoh prqhwdu| xql�fd0

wlrq wdnhv sodfh1 Wr eh pruh suhflvh/ zh zloo hvwdeolvk wkdw/ iru � � �/ +WhA3�3� 	 +WhA3�/ li
+WhA3� : f1 Ehiruh grlqj wklv/ qrwh wkdw/ li +WhA3� : f/ rqh fdq zulwh`Cu

UchA3� ' �CucL
�
+WhA3�

�
n

qu`
Cu

LchA3�n�1 Wr vhh wklv/ uhdol}h wkdw `Cu

UchA3� lv wkh glvfrxqwhg xwlolw| dvvxplqj wkdw erwk

sod|huv vxevhtxhqwo| dfw rswlpdoo|/ jlyhq hdfk rwkhu*v vwudwhj|1 Khqfh/ Cu zloo vxevh0

txhqwo| dgplw frxqwu| M rqo| li +hA3� � +WhA3�1 CM/ nqrzlqj wkdw Cu iroorzv wklv srolf|/

hlwkhu vhwv +hA3� ' +WhA3� ru +hA3� ' +UhA3�> fi1 Ohppd 61 Lq erwk fdvhv/ e| gh�qlwlrq ri +WhA3�/
+4<,/ Cu*v xwlolw| lv jlyhq e|

`Cu

UchA3� ' �CucL
�
+WhA3��n qu`

Cu

LchA3�n�
' �CucU n qu`

Cu

UchA3�n�c � � �� +53,

4;Khuh lv d vnhwfk ri wkh surri1 Qrwh wkdw/ li LhW�m / wkh htxloleulxp rxwfrph iru |hW�m.4 htxdov |�hW�m.4
ru |LhW�m.41 Lq hlwkhu fdvh/ lw lv ohvv wkdq wkh htxloleulxp rxwfrph |XhW�m.4 li XhW�m 1 Khqfh/ JO*v xwlolw|

 rz iru shulrg hW � m . 4 xqghu LhW�m lv dw ohdvw dv kljk dv xqghu XhW�m 1 JO dozd|v kdv wkh srvvlelolw| wr

lqylwh K wr irup d xqlrq rq wkh edvlv ri wkh rxwfrph iru |hW�m.4 li LhW�m 1 Li lw grhv vr/ wkhq wkh glvfrxqwhg

vxp ri xwlolw|  rzv iurp hW � m . 5 dqg rqzdugv htxdov wkdw xqghu XhW�m 1
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H{sdqg wkh ohiw0kdqg vlgh ri +4<,/ iruzdug htxdwlrq +53, e| rqh shulrg dqg vxevwlwxwh

wkh uhvxow lqwr wkh uljkw0kdqg vlgh ri +4<,/ zklfk wkhq ehfrphv=

�CucL
�
+WhA3��nqu�

CucL
�
+LhA3�n��nq2u`

Cu

LchA3�n2 ' �CucUnqu�
CucL

�
+WhA3�n��nq2u`

Cu

LchA3�n2c
ru

�CucL
�
+WhA3��n qu�

CucL
�
+LhA3�n�� ' �CucU n qu�

CucL
�
+WhA3�n�� c � � 2� +54,

Xvlqj +54,/ zh fdq hvwdeolvk=

Ohppd 71 Iru � � 2/ +WhA3� 	 +WhA3�n�/ li +WhA3�n� : f1

Surri1 Vhh Dsshqgl{ I1

Ohppd 7 lqglfdwhv wkdw wkh frqglwlrq wkdw Cu lpsrvhv lq rughu iru M wr eh dgplwwhg

ehfrphv vwulfwhu wkh ixuwkhu zh pryh edfn lq wlph14< Wkh uhdvrq lv wkdw rqfh M lv lq

wkh xqlrq/ CM kdv qr lqfhqwlyh wr lpsohphqw vx!flhqw vwuxfwxudo uhirup/ ehfdxvh lw lv qr

orqjhu glvflsolqhg e| wkh survshfw ri ehlqj h{foxghg iurp wkh xqlrq lq wkh qh{w shulrg+v,1

Wklv glvflsolqlqj irufh zdv zkdw ghwhuuhg CM iurp vwuxfwxudo glyhujhqfh xqghu uhyhuvleoh

xql�fdwlrq1 Lqvwhdg/ xqghu luuhyhuvleoh xql�fdwlrq CM fdq �vzlwfk wr� +L| : +W| zlwkrxw

ihdu ri ehlqj h{foxghg iurp wkh xqlrq/ fi1 Ohppd 61 Wklv lv suhflvho| zkdw uhodwlyho| glvfl0

solqhg frxqwulhv lq Hxursh ihdu qrz wkdw prqhwdu| xql�fdwlrq kdv ehfrph d uhdolw|= rqfh

lq/ wudglwlrqdoo| ohvv0glvflsolqhg frxqwulhv qr orqjhu kdyh dq lqfhqwlyh wr iroorz glvflsolqhg

srolflhv1 Zh vxppdul}h wklv uhvxow lq wkh iroorzlqj sursrvlwlrq/ zkrvh surri lv wulyldo e|

qrz=

Sursrvlwlrq 81 Vxssrvh wkdw luuhyhuvleoh prqhwdu| xql�fdwlrq wdnhv sodfh dw hA � 2 ru

hduolhu1 Wkh shulrg lpphgldwho| diwhu lv fkdudfwhul}hg e| vwuxfwxudo glyhujhqfh1

Wkh uhvxow ri Sursrvlwlrq 8 lv looxvwudwhg lq Iljxuh 5/ zklfk vkrzv krz vwuxfwxudo glv0

wruwlrqv hyroyh ryhu wlph erwk iru luuhyhuvleoh dqg uhyhuvleoh prqhwdu| xql�fdwlrq1 Xqghu

luuhyhuvlelolw|/ wkh shulrg lq zklfk prqhwdu| xql�fdwlrq wdnhv sodfh/ A ��/ lv fkdudfwhul}hg e|

d idoo lq vwuxfwxudo glvwruwlrqv1 Wklv uhgxfwlrq lq glvwruwlrqv lv wkhq iroorzhg e| dq lqfuhdvh

lq vwuxfwxudo glvwruwlrqv lq wkh iroorzlqj shulrg1 Vxevhtxhqwo|/ glvwruwlrqv idoo prqrwrq0

lfdoo| ryhu wlph/ exw uhpdlq kljkhu wkdq xqghu uhyhuvlelolw| xqwlo shulrg hA lv uhdfkhg1

Qrwh wkdw luuhyhuvleoh xql�fdwlrq rffxuv odwhu wkdq uhyhuvleoh xql�fdwlrq/ zklfk lv zkdw

4<Rqo| iru �O @ 4/ zh kdyh ehhq deoh wr vkrz irupdoo| wkdw |�hW�m.4 @ 3 lpsolhv |�hW�m @ 3 +m � 5,1 Wkh

surri lv jlyhq lq Dsshqgl{ J1
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rqh zrxog dovr jhqhudoo| h{shfw dv wkh hqwudqfh uhtxluhphqw lv vwulfwhu xqghu luuhyhuvleoh

xql�fdwlrq1

����������������������

Iljxuh 5 durxqg khuh

����������������������

Wr vhh zkhwkhu wklv �qglqj lv urexvw/ zh uhvruw wr qxphulfdo dqdo|vlv1 Wdeoh 4 jlyhv/ iru

d vhohfwlrq ri sdudphwhu frpelqdwlrqv/ A o�/ A ��/ dqg hA dv zhoo dv wkh hqwu| uhtxluhphqwv +W

dqg +WA �� xqghu/ uhvshfwlyho|/ uhyhuvleoh dqg luuhyhuvleoh xql�fdwlrq1 Wkh edvholqh sdudphwhu

frpelqdwlrq lv b ' �/ � ' 2/ B ' �/ V ' f��D/ qu ' qM ' f�b/ K ' f�2 dqg A ' �ff1

Udwkhu duelwudulo|/ wkh �uvw shulrg lq wkh frpsxwdwlrqv lv vhw dw | ' �1 Lq hdfk ri wkh fdvhv

uhsruwhg lq Wdeoh 4/ zh ydu| rqh ri wkh sdudphwhuv/ zkloh nhhslqj doo wkh rwkhuv dw wkhlu

edvholqh ydoxhv1 Lw wxuqv rxw wkdw lq doo exw rqh ri wkh uhsruwhg fdvhv/ prqhwdu| xql�fdwlrq

grhv rffxu odwhu xqghu luuhyhuvlelolw| wkdq xqghu uhyhuvlelolw| +l1h1/ A �� : A o�,1 Pruhryhu/

luuhyhuvleoh xql�fdwlrq dozd|v wdnhv sodfh ehiruh hA � �1 Khqfh/ wkh sdwwhuq ri vwuxfwxudo

glvwruwlrqv h{klelwhg lq Iljxuh 5 lv uhsuhvhqwdwlyh iru doo h{fhsw rqh ri wkh sdudphwhu

frpelqdwlrqv frqvlghuhg lq Wdeoh 4 +wklv lv wkh fdvh ri qu ' f/ zklfk lv glvfxvvhg ehorz,1

Wr ixuwkhu fkhfn wkh urexvwqhvv ri wkhvh uhvxowv/ zh frpsxwh wkh vdph �jxuhv iru wkh hq0

wluh vhw ri sdudphwhu frpelqdwlrqv iruphg e| wkh fduwkhvldq surgxfw ri b 5 if�Dc �c 2jc � 5

i�c 2c ejc B 5 if�Dc �c 2jc qu 5 ifc f�Dc f�bc �jc qM 5 ifc f�Dc f�bc �j dqg K 5 if��c f�2c f�ej/ d

wrwdo ri �2bS frpelqdwlrqv/ fryhulqj d zlgh udqjh zlwklq wkh uhohydqw sduw ri wkh sdudphwhu

vsdfh1 Lq yluwxdoo| doo ri wkh fdvhv/ A �� 	 hA � �/ lpso|lqj wkdw vwuxfwxudo glyhujhqfh lv

olnho| wr rffxu lq wkh vkruw uxq diwhu xql�fdwlrq kdv wdnhq sodfh1

Dq lqfuhdvh lq hlwkhu b ru � kdv wzr h�hfwv zrunlqj lq rssrvlwh gluhfwlrqv1 D kljkhu

b jlyhv frxqwu| M d odujhu lq xhqfh lq wkh ghwhuplqdwlrq ri wkh frpprq prqhwdu| srolf|

dqg zrxog ohdg wr kljkhu lq dwlrq/ fhwhulv sdulexv1 Vlploduo|/ dq lqfuhdvh lq wkh frvw � ri

rxwsxw ehlqj gl�huhqw iurp lwv qdwxudo udwh udlvhv lq dwlrq1 Wkh kljkhu lq dwlrq lqgxfhv

frxqwu| u wr wljkwhq wkh hqwudqfh uhtxluhphqw/ zklfk ghod|v xql�fdwlrq1 Krzhyhu/ kljkhu

lq dwlrq dovr jlyhv frxqwu| M dq lqfhqwlyh wr vshhg xs uhirup1 Wkh ryhudoo h�hfw ri dq

lqfuhdvh lq b ru � rq wkh wlplqj ri xql�fdwlrq lv wkhuhiruh dpeljxrxv1 Dq lqfuhdvh lq B

lpsolhv wkdw uhirup ehfrphv pruh frvwo| iru CM/ wkhuhe| ghod|lqj erwk uhyhuvleoh dqg

luuhyhuvleoh prqhwdu| xql�fdwlrq1

Wkh h�hfwv ri ydu|lqj wkh sod|huv* glvfrxqw idfwruv duh lqwulfdwh1 Qrwh wkdw wkh hqwu|

uhtxluhphqw dqg/ wkxv/ wkh wlplqj ri uhyhuvleoh xql�fdwlrq lv lqghshqghqw ri yduldwlrqv lq

wkh glvfrxqw idfwruv dv erwk CM dqg Cu xqghu uhyhuvlelolw| wdnh ghflvlrqv rq d shulrg0e|0

shulrg edvlv1 Lq wkh h{wuhph fdvh zlwk qu ' qM ' f +qrw uhsruwhg,/ +WA o� ' ��� ' +WhA3� ' +W

4<



Wdeoh 41 Zkhq grhv xqlilfdwlrq rffxuB

Ghyldwlrqv iurp edvholqh A o� A �� hA +W +WA ��

Qrqh 97 ;8 ;< 3178 3165
b ' 2 :6 ;9 <3 3167 314<
� ' � :5 ;6 ;: 31;< 3186
� ' e 75 ;6 ;: 3155 3146
B ' f�D 64 :7 ;3 3178 3148
B ' 2 ;3 <3 <6 3178 3164
qu ' f 97 4 ;< 3178 3178
qu ' f�D 97 ;5 ;< 3178 314<
qu ' ��f 97 ;8 ;< 3178 315<
qM ' f 97 ;8 ;< 3178 3165
qM ' f�D 97 ;8 ;< 3178 3165
qM ' ��f 47 68 6< 3178 3165
K ' f�� :8 ;< <5 3165 3156
K ' f�e 7< :< ;7 3196 3168

^wklv iroorzv e| wkh surri ri Ohppd 7> fi1 +I15,`/ dqg wkh prphqwv dw zklfk luuhyhuvleoh

dqg uhyhuvleoh xql�fdwlrq wdnh sodfh frlqflgh1 Vlqfh qhlwkhu sod|hu dwwdfkhv dq| ydoxh wr

zkdw kdsshqv lq ixwxuh shulrgv/ Cu ghflghv zkhwkhu wr dgplw M ru qrw/ dqg CM zkhwkhu

wr �wuljjhu� dq lqylwdwlrq ru qrw/ h{foxvlyho| rq jurxqgv ri fxuuhqw vwuxfwxudo glvwruwlrqv/

l1h1/ mxvw dv xqghu uhyhuvleoh xql�fdwlrq1

Zkhq rqo| Cu lv h{wuhpho| p|rslf/ zkloh CM lv qrw +l1h1/ qu ' f dqg qM : f,/

luuhyhuvleoh xql�fdwlrq pd| dfwxdoo| kdsshq hduolhu wkdq uhyhuvleoh xql�fdwlrq1 Wkh uhdvrq

lv wkdw Cu*v p|rsld pdnhv lw srvvleoh iru M wr hqwhu d xqlrq rq wkh vdph whupv xqghu

luuhyhuvlelolw| dv xqghu uhyhuvlelolw|1 Qrw vxusulvlqjo|/ M zloo wkhq hqwhu hduolhu dv wkdw

lqyroyhv d qxpehu ri shulrgv gxulqj zklfk CM fdq dfw dffruglqj wr lwv ehvw vwudwhj|

xqghu prqhwdu| xql�fdwlrq/ +L| 1 Wklv frqwudvwv zlwk uhyhuvleoh xql�fdwlrq/ zkhuh CM

qhhgv wr nhhs glvwruwlrqv dw +W iru vrph wlph diwhu hqwu|1 Lq wkh pruh uhdvrqdeoh fdvhv lq

zklfk Cu lv qrw h{wuhpho| p|rslf/ krzhyhu/ wkh hqwu| uhtxluhphqw xqghu luuhyhuvlelolw| lv

vwulfwhu lq dqwlflsdwlrq ri vwuxfwxudo glyhujhqfh/ dqg xql�fdwlrq wdnhv sodfh odwhu wkdq xqghu

uhyhuvlelolw|1 Dq lqfuhdvh lq qu whqgv wr vorz grzq xql�fdwlrq/ ehfdxvh Cu*v glvxwlolw|

dulvlqj iurp ixwxuh vwuxfwxudo glyhujhqfh lq frxqwu| M zhljkv pruh khdylo|/ zkloh dq

lqfuhdvh lq qM whqgv wr vshhg xs xql�fdwlrq/ ehfdxvh CM*v ixwxuh ehqh�wv dulvlqj iurp d

fxuuhqw rqh0wlph dgmxvwphqw wr jhw lqwr wkh xqlrq zhljk pruh khdylo|153

53Iurp Wdeoh 4/ lw vhhpv wkdw fkdqjhv lq �K kdyh qr h�hfw rq W lx1 Wklv lv gxh wr dq lqwhjhu frqvwudlqw1
Iru pdq| rwkhu sdudphwhu frpelqdwlrqv wkdw duh qrw uhsruwhg lq Wdeoh 4 zh vhh wkdw dq lqfuhdvh lq �K
vshhgv xs xql�fdwlrq/ zkloh wkh rssrvlwh qhyhu kdsshqv1
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81 Vxppdu| dqg frqfoxvlrqv

Pdq| ihdu wkdw/ qrz wkdw wkh| kdyh pdgh lw lqwr HPX/ vrph frxqwulhv pljkw uhod{ wkhlu

h�ruwv wr iroorz glvflsolqhg �vfdo dqg vwuxfwxudo srolflhv1 Vxfk ghyhorsphqwv zrxog lqklelw

wkh lqghshqghqfh ri wkh HFE dqg srwhqwldoo| sxw lw xqghu suhvvxuh wr uhod{ prqhwdu|

srolf|1 Lq wklv sdshu zh kdyh h{soruhg wklv lvvxh lq d prgho lq zklfk prqhwdu| xql�fdwlrq

lv hqgrjhqrxvo| ghwhuplqhg dqg frqglwlrqdo xsrq vx!flhqw vwuxfwxudo frqyhujhqfh1 Rxu

dqdo|vlv suhglfwv wkdw vwuxfwxudo srolflhv zloo eh uhod{hg djdlq rqfh luuhyhuvleoh prqhwdu|

xql�fdwlrq kdv wdnhq sodfh1 Wklv ohdgv prqhwdu| xql�fdwlrq wr wdnh sodfh odwhu wkdq

zrxog eh wkh fdvh xqghu uhyhuvleoh xql�fdwlrq1 Nqrzlqj krz frvwo| lw zloo eh wr fkdqjh

prqhwdu| duudqjhphqwv rqfh HPX kdg wdnhq r�/ wkh lqvlvwhqfh rq vwuxfwxudo frqyhujhqfh

iru frxqwulhv wr eh holjleoh iru HPX sduwlflsdwlrq vkrxog qrw eh vxusulvlqj1

Iru fodulw| zh kdyh nhsw rxu prgho dv vlpsoh dv srvvleoh1 Krzhyhu/ d qxpehu ri

h{whqvlrqv zrxog eh zruwkzkloh wr lqyhvwljdwh1 Iluvw/ zh dvvxphg wkdw wkh h{rjhqrxv

frpsrqhqw ri vwuxfwxudo glvwruwlrqv iroorzhg d grzqzdug vorslqj wuhqg1 Li/ lqvwhdg/ wklv

frpsrqhqw iroorzv vrph dxwruhjuhvvlyh vwrfkdvwlf surfhvv/ d uhyhuvleoh prqhwdu| xqlrq pd|

eh eurnhq xs lq wkh ixwxuh1 Iru h{dpsoh/ ydulrxv +hfrqrplf dv zhoo dv srolwlfdo, vkrfnv

frxog dw vrph srlqw pdnh lw wrr frvwo| wr pdlqwdlq d vwuxfwxudo srolf| wkdw lv frpsdwleoh

zlwk xql�fdwlrq154 Xqghu luuhyhuvlelolw|/ rqh zrxog h{shfw vxfk dq dxwruhjuhvvlyh surfhvv wr

lqgxfh wkh orz0lq dwlrq frxqwu| wr lpsrvh d wljkwhu hqwudqfh fulwhulrq +wr orzhu wkh fkdqfh

ri ehlqj vwxfn lq wkh xqlrq zlwk d frxqwu| klw e| shuvlvwhqw/ edg vwuxfwxudo vkrfnv,1

D vhfrqg h{whqvlrq lv wr doorz wkh ehqh�wv iurp xql�fdwlrq wr ghshqg rq wkh w|sh ri

xql�fdwlrq1 Li wkh ehqh�wv xqghu luuhyhuvlelolw| zhuh odujhu wkdq xqghu uhyhuvlelolw| +iru

h{dpsoh gxh wr wkh frpsohwh holplqdwlrq ri dq| h{fkdqjh udwh ulvn, wkhq wklv zrxog whqg

wr vshhg xs luuhyhuvleoh xql�fdwlrq uhodwlyh wr uhyhuvleoh xql�fdwlrq1

Ilqdoo|/ wkh edujdlqlqj srvlwlrq ri wkh kljk0lq dwlrq frxqwu| lq wkh irupxodwlrq ri

prqhwdu| srolf| frxog eh lpdjlqhg wr ghshqg xsrq wkh w|sh ri xql�fdwlrq1 Lw zrxog

vhhp qdwxudo wkdw wkh lpsolflw wkuhdw ri ehlqj h{foxghg dw d ixwxuh gdwh xqghu uhyhuvleoh

xql�fdwlrq zrxog zhdnhq lwv srvlwlrq uhodwlyh wr wkh fdvh ri luuhyhuvlelolw|1 Exw wklv zrxog

mxvw uhlqirufh rxu uhvxow wkdw xqghu luuhyhuvlelolw|/ xql�fdwlrq lv olnho| wr rffxu odwhu wkdq

xqghu uhyhuvlelolw| +ehfdxvh wkh hqwu| uhtxluhphqw lv olnho| wr eh wljkwhqhg ixuwkhu xqghu

luuhyhuvlelolw|,1

54Vxfk d vfhqdulr frxog �w zhoo zlwk vrph frxqwulhv* gholehudwh ghflvlrq wr ohdyh wkh H{fkdqjh Udwh
Phfkdqlvp ri wkh Hxurshdq Prqhwdu| V|vwhp lq wkh hduo| 4<<3v1 Wkh frvwv ri pdlqwdlqlqj d srolf|

vwdqfh frpsdwleoh zlwk sduwlflsdwlrq dssduhqwo| ehfdph wrr kljk1
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Dsshqgl{

D1 Ehqh�wv ri xql�fdwlrq wkurxjk h!flhqw vkrfn vwdelol}dwlrq

Lq wklv dsshqgl{ zh suhvhqw d prgho lq zklfk wkhuh duh ehqh�wv iurp prqhwdu| xql�fdwlrq

dulvlqj iurp h!flhqf| jdlqv lq whupv ri vkrfn vwdelol}dwlrq1 Wkh rxwsxw vfkhgxohv/ +4,/ duh

uhsodfhg zlwk

+M| ' ZM| � H|3�

k
ZM|

l
� k

�
Zu| � H|3�

k
Zu|
l�

� +| � "|c f 	 k 	 �c

+u| ' Zu| � H|3�

k
Zu|
l
� k

�
ZM| � H|3�

k
ZM|

l�
� "|c +D14,

zkhuh "| lv dq l1l1g1 vxsso| vkrfn zlwk H|3� d"|o ' f dqg H|3� d"
2

| o ' j2" 1 Wkhuh duh lq0

whuqdwlrqdo vsloo0ryhuv/ ehfdxvh dq xqh{shfwhg lqfuhdvh lq lq dwlrq lq frxqwu| � orzhuv �*v

uhdo zdjh udwh uhodwlyh wr �*v uhdo zdjh +� 9' �, dqg/ khqfh/ fdxvhv d glyhuvlrq ri hfrqrplf

dfwlylw| iurp � +� 9' �, wr � +fi1 Pduwlq/ 4<<8,155 Erwk frxqwulhv duh klw e| d frpprq

vxsso|0vkrfn "|1 Zh frxog dovr doorz iru frxqwu|0vshfl�f vkrfnv/ exw wkh uhvxowv zrxog eh

txdolwdwlyho| xqd�hfwhg li wkhlu yduldqfh lv qrw wrr odujh frpsduhg zlwk wkh yduldqfh ri

"|1 Dv lq wkh pdlq wh{w/ zh dvvxph wkdw u dqg M duh qrw wzr duelwudu| frxqwulhv/ exw

wzr frxqwulhv wkdw frxog/ lq sulqflsoh/ irup d prqhwdu| xqlrq zhuh lw qrw iru gl�huhqfhv

lq vwuxfwxudo glvwruwlrqv1

Wkh xwlolwlhv ri Cu dqg CM duh qrz jlyhq e| wkh h{shfwdwlrqv ri +7, dqg +8,/ uhvshf0

wlyho|/ frqglwlrqdo rq shulrg | � � lqirupdwlrq dqg zlwk K ' f/ zkloh wkh xwlolwlhv ri wkh

fhqwudo edqnv duh qrz jlyhq e| wkh h{shfwdwlrq ri wkh uljkw0kdqg vlgh ri +9,/ frqglwlrqdo

rq shulrg |� � lqirupdwlrq1

Wkh rxwfrphv iru lq dwlrq dqg rxwsxw xqghu prqhwdu| srolf| lqghshqghqfh duh qrz

jlyhq e|

ZM| ' �+| n >U"|c Zu| ' >U"|c

+M| ' �+| �
k
�� E�� k�>U

l
"|c +u| ' �

k
�� E�� k�>U

l
"|c

zkhuh >U � � d� n � E� n k�o *\/ \ � E� n ��2��2k2 : f/ dqg Cu*v dqg CM*v shu0shulrg

sd|0r�v frqvhtxhqwo| ehfrph/ uhvshfwlyho|/

�CucU ' �lUj2" c

�CMcU
| E+|� ' �� E� n �� E+|�

2 � lUj2" � B E+| � )|�
2 c

55Wkhvh vsloo0ryhuv duh ljqruhg lq wkh pdlq wh{w/ dv wkh| zrxog/ txdolwdwlyho| vshdnlqj/ kdyh qr h�hfw

rq wkh uhvxowv1 Wkh| duh lpsruwdqw/ krzhyhu/ lq wkh suhvhqfh ri vxsso|0vkrfnv dv zloo ehfrph fohdu1
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zlwk lU � � E� n �� d� n � E� n k�o2 *\2 : f1

Xqghu prqhwdu| xql�fdwlrq/ wkh rxwfrphv iru lq dwlrq dqg rxwsxw duh

Z| '
�b E�� k�

� n b
+| n >L"|c

+M| ' �+| �
k
�� E�� k�>L

l
"|c +u| ' �

k
�� E�� k�>L

l
"|c

zkhuh >L � � E�� k� *
k
� n � E�� k�2

l
/ ohdglqj wr wkh iroorzlqj shu0shulrg sd|0r�v=

�CucL E+|� ' �

%
�b E�� k�

� n b
+|

&2
� lLj2" c

�CMcL
| E+|� ' ��

%
� n

�b2 E�� k�2

E� n b�2

&
E+|�

2 � lLj2" � B E+| � )|�
2 c

zlwk lL � �*
�
� n � E�� k�2

�
1 Xqghu lqghshqghqw prqhwdu| srolf|pdnlqj/ hdfk ri wkh

fhqwudo edqnv qhjohfwv wkh qhjdwlyh h{whuqdolw| rq wkh rwkhu frxqwu| ri lwv rzq uhvsrqvh

wr vkrfnv1 Dv d uhvxow/ wkh frxqwulhv* uhvsrqvhv wr glvwxuedqfhv duh wrr dfwlyh1 Wkhvh

h{whuqdolwlhv/ krzhyhu/ duh lqwhuqdol}hg xqghu prqhwdu| xql�fdwlrq/ wkhuhe| ohdglqj wr dq

h!flhqw wudgh0r� ehwzhhq rxwsxw dqg lq dwlrq yduldelolw|1 Pruh vshfl�fdoo|/ lw lv hdv| wr

yhuli| wkdw lL 	 lU / zklfk ghprqvwudwhv wkdw wkh xwlolw| orvv iurp vxsso| vkrfn yduldelolw|

lv vpdoohvw xqghu prqhwdu| xql�fdwlrq1

E1 Surri ri Sursrvlwlrq 4

E| wkh gh�qlwlrq ri hA / +4:,/ +L| � +W/ iru doo | � hA dqg/ khqfh/ iru doo | � hA / lw lv rswlpdo

iru Cu wr dgplw frxqwu| M1 Qrz/ frqvlghu CM*v lqfhqwlyhv iru doo | � hA 1 Dq| ghyldwlrq

+| ' +_| 	 +L| lv vxerswlpdo= lw grhv qrw ohdg wr d fkdqjh lq wkh prqhwdu| uhjlph/ dqg +L| lv

rswlpdo xqghu prqhwdu| xql�fdwlrq/ fi1 +48,1 Dq| ghyldwlrq +L| 	 +_| � +W lv vxerswlpdo iru

wkh vdph uhdvrq1 Ilqdoo|/ frqvlghu d ghyldwlrq +_| : +W1 Wklv lqgxfhv lqghshqghqw prqhwdu|

srolf|pdnlqj1 E| Ohppd 4/ �CMcL
|

�
+_|
�
: �CMcU

|

�
+_|
�
1 Ehfdxvh +L| lv wkh rswlpdo ohyho ri

glvwruwlrqv xqghu prqhwdu| xql�fdwlrq/ �CMcL
|

�
+L|
�
� �CMcL

|

�
+_|
�
: �CMcU

|

�
+_|
�
1 Khqfh/ +L|

lv suhihuuhg wr dq| +_| : +W1

F1 Surri ri Sursrvlwlrq 5

Vxssrvh wkdw iru doo | 	 A o�/ +| ' +U| 1 Wkhq/ ehfdxvh +UA o�
3�

� +W dqg ehfdxvh +U| lv

ghfuhdvlqj ryhu wlph/ lw lv vxerswlpdo iru Cu wr dgplw frxqwu| M wr mrlq wkh xqlrq li

| 	 A o�1 Qrz/ frqvlghu CM*v lqfhqwlyhv wr ghyldwh iurp +| ' +U| iru doo | 	 A o�1 D
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ghyldwlrq +_| : +U| lv vxerswlpdo dv lw zloo qrw lqgxfh d gl�huhqw prqhwdu| uhjlph/ zkloh

xqghu prqhwdu| lqghshqghqfh/ +U| lv rswlpdo/ fi1 +47,1 D ghyldwlrq +W 	 +_| 	 +U| lv

uxohg rxw e| d vlplodu dujxphqw1 Ilqdoo|/ frqvlghu d ghyldwlrq +_| � +W1 Dowkrxjk wklv

lqgxfhv prqhwdu| xql�fdwlrq/ lw lv vxerswlpdo ehfdxvh �CMcU
|

�
+U|
�
: �CMcL

| E+W� ^e| +4;,`

dqg �CMcL
| E+W� � �CMcL

|

�
+_|
�
1 Wkh odwwhu iroorzv ehfdxvh �CMcL

| lv vwulfwo| frqfdyh zlwk d

xqltxh pd{lpxp dw +L| / +
L
| : +U| � +W/ iru doo | 	 A o�1

G1 Surri ri Sursrvlwlrq 6

Jlyhq wkdw +| ' +W dqg jlyhq Cu*v ghflvlrq uxoh/ lw lv rswlpdo wr dgplw frxqwu| M wr

mrlq wkh xqlrq1 Qrz frqvlghu CM*v lqfhqwlyhv iru doo A o� � | 	 hA 1 D ghyldwlrq +_| 	 +W

lv fohduo| vxerswlpdo= lw grhv qrw ohdg wr d fkdqjh lq wkh prqhwdu| uhjlph dqg ehfdxvh

+W 	 +L| +| 	 hA ,/ �CMcL
|

�
+_|
�
	 �CMcL

| E+W� ehfdxvh �CMcL
| lv vwulfwo| frqfdyh zlwk d xqltxh

pd{lpxp dw +L| : +W1 Qrz/ frqvlghu d ghyldwlrq +_| : +W/ wkhuhe| lqgxflqj lqghshqghqw

prqhwdu| srolf|pdnlqj1 Zh fdq uxoh wklv rxw dv iroorzv1 Iluvw/ frqvlghu wkh fdvh lq zklfk

+U| : +W1 Fohduo|/ wkh rswlpdo ghyldwlrq lv +_| ' +U| 1 Ehfdxvh �CMcU
A o�

�
+UA o�

�
� �CMcL

A o� E+W�/

wklv ghyldwlrq lv uxohg rxw li Y
k
�CMcU
|

�
+U|
�
� �CMcL

| E+W�
l
*Y| 	 f1 Zh kdyh

Y�CMcU
|
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+U|
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*Y| '
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�2�

�
+U|
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� 2B
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+U| � EA � |�V

�
� 2�2+U|

l �
Y+U|*Y|

�
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�
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Vc

zklfk e| xvh ri +47, uhgxfhv wr Y�CMcU
|

�
+U|
�
*Y| ' �2B

k
+U| � EA � |�V

l
V1 Ixuwkhupruh/

zh kdyh Y�CMcU
| E+W� *Y| ' �2B d+W � EA � |�VoV1 Khqfh/ Y

k
�CMcU
|

�
+U|
�
� �CMcL

| E+W�
l
*Y| '

2B
�
+W � +U|

�
/ zklfk lv qhjdwlyh +dv uhtxluhg, ehfdxvh +U| : +| ' +W1 Ilqdoo|/ frqvlghu wkh

ghyldwlrq +_| : +W zkhq +U| 	 +W1 Ehfdxvh Y�CMcU
|

�
+_|
�
*Y+_| 	 f li +U| 	 +W/ wkh rswlpdo

ghyldwlrq lv +_| ' +W n 1/ zkhuh 1 : f lv duelwudulo| vpdoo1 Krzhyhu/ wklv ghyldwlrq lv

vxerswlpdo dv Ohppd 4 lpsolhv wkdw �CMcL
| E+W� : �CMcU

| E+W n 1� zkhq 1 lv duelwudulo|

vpdoo1

H1 Surri ri Ohppd 6

Doprvw e| frqvwuxfwlrq wkhvh duh wkh rswlpdo vwudwhjlhv ri wkh wzr sod|huv/ iru dq| jlyhq

klvwru| ri wkh jdph1 Iru CM/ ghyldwlqj iurp +UhA3�/ zkloh vwloo lqgxflqj UhA3�/ lv vxerswlpdo1
Vlploduo|/ ghyldwlqj iurp +WhA3�/ zkloh vwloo lqgxflqj LhA3�/ lv vxerswlpdo +uhphpehu wkdw
+WhA3� � +W 	 +LhA3�, dv �CMcLhA3� E+� lv d vwulfwo| frqfdyh ixqfwlrq ri + uhdfklqj d pd{lpxp

dw + ' +LhA3�1 Li LhA3�3�/ Cu kdv qr dowhuqdwlyh/ exw wr vhw LhA3� +ehfdxvh xql�fdwlrq lv
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luuhyhuvleoh,/ zkloh CM*v grplqdqw vwudwhj| lv wr vhw +hA3� ' +LhA3�1 Li UhA3�3�/ wkhq/ e|
gh�qlwlrq ri +WhA3�/ +4<,/ Cu kdv qr lqfhqwlyh wr ghyldwh iurp wkh suhvfulehg fkrlfh1

I1 Surri ri Ohppd 7

Wkh surri lv e| lqgxfwlrq1 Iru � ' 2/ +54, fdq eh zulwwhq dv=

�CucL
�
+WhA32� ' �CucU n qu

k
�CucL

�
+WhA3��� �CucL

�
+LhA3��l � +I14,

Wkh vhfrqg whup rq wkh uljkw0kdqg vlgh lv srvlwlyh +ehfdxvh +WhA3� ' +W : f dqg e| gh�qlwlrq

ri hA ,1 Khqfh/ ehfdxvh �CucU ' �CucL
�
+WhA3��/ +WhA32 	 +WhA3� ^uhphpehu wkdw li d vroxwlrq

+WhA32 wr +I14, grhv qrw h{lvw/ +WhA32 ' f`1 Qrz/ vxssrvh wkdw f 	 +WhA3� 	 +WhA3�n�c � � 21 Odj

+54, e| rqh shulrg dqg vxewudfw +54, iurp wkh uhvxowlqj htxdwlrq1 Wklv |lhogv=

qu
k
�CucL

�
+WhA3��� �CucL

�
+WhA3�n��l +I15,

'
k
�CucL

�
+WhA3�3��� �CucL

�
+WhA3��ln qu

k
�CucL

�
+LhA3��� �CucL

�
+LhA3�n��l �

E| dvvxpswlrq/ wkh whup rq wkh ohiw0kdqg vlgh lv srvlwlyh1 Ehfdxvh +LhA3� : +LhA3�n�/ wkh
vhfrqg whup rq wkh uljkw0kdqg vlgh lv qhjdwlyh1 Khqfh/ +WhA3�3� 	 +WhA3�1
J1 Surri wkdw/ iru qu ' �/ +WhA3�n� ' f lpsolhv +WhA3� ' f E� � 2�

Li qu ' � dqg +WhA3�n� ' f/ wkhq �CucU n`Cu

UchA3�n2 � �CucLEf�n`Cu

LchA3�n21 Zh qhhg wr vkrz

wkdw wklv lpsolhv wkdw �CucU n`Cu

UchA3�n� � �CucLEf�n`Cu

LchA3�n�1 Zlwk wkh khos ri +53,/ rqh

fdq zulwh �CucU n`Cu

UchA3�n� ' �CucU n �CucU n`Cu

UchA3�n2 � �CucU n �CucLEf� n`Cu

LchA3�n2 :
�CucLEf� n �CucLE+LhA3�n�� n`Cu

LchA3�n2 ' �CucLEf� n`Cu

LchA3�n�1
Uhihuhqfhv

Dohvlqd/ D1 dqg Y1 Julool/ 4<<5/ Wkh Hxurshdq Fhqwudo Edqn= Uhvkdslqj Prqhwdu| Srolwlfv

lq Hxursh/ lq P1 E1 Fdq}rqhul/ Y1 Julool dqg S1 U1 Pdvvrq +hgv1,/ Hvwdeolvklqj d Fhq0

wudo Edqn= Lvvxhv lq Hxursh dqg ohvvrqv iurp wkh X1V1 +Fdpeulgjh/ PD= Fdpeulgjh

Xqlyhuvlw| Suhvv,/ 7<0::1

Dohvlqd/ D1 dqg J1 Wdehoolql/ 4<;:/ Uxohv dqg Glvfuhwlrq zlwk Qrqfrruglqdwhg Prqhwdu|

dqg Ilvfdo Srolflhv/ Hfrqrplf Hqtxlu| 58/ 94<09631

Eduur/ U1 M1 dqg G1 E1 Jrugrq/ 4<;6/ D Srvlwlyh Wkhru| ri Prqhwdu| Srolf| lq d Qdwxudo

Udwh Prgho/ Mrxuqdo ri Srolwlfdo Hfrqrp| <4/ 8;<09431
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Ehhwvpd/ U1 P1 Z1 M1 dqg D1 O1 Eryhqehuj/ 4<<:/ Fhqwudo Edqn Lqghshqghqfh dqg Sxeolf

Ghew Srolf|/ Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frqwuro 54/ ;:60;<71

Ehhwvpd/ U1 P1 Z1 M1 dqg K1 Xkolj/ 4<<</ Dq Dqdo|vlv ri wkh Vwdelolw| dqg Jurzwk Sdfw/

Hfrqrplf Mrxuqdo/ iruwkfrplqj1

Exlwhu/ Z1 K1/ Fruvhwwl/ J1 dqg Q1 Urxelql/ 4<<6/ H{fhvvlyh Gh�flwv= Vhqvh dqg Qrqvhqvh

lq wkh Wuhdw| ri Pddvwulfkw/ Hfrqrplf Srolf| ;/ 8:04331

Fdopiruv/ O1/ 4<<;/ Xqhpsor|phqw/ Oderxu0Pdunhw Uhirup dqg Prqhwdu| Xqlrq/ Vhplqdu

Sdshu Qr1 96</ LLHV/ Vwrfnkrop Xqlyhuvlw|1

Fdphqhq/ I10[1 dqg L1 Vlerxw/ 4<<;/ HPX dqg Iudqfh/ Eulh�qj 5/ Hxurshdq Sduoldphqw/

Wdvn Irufh rq Hfrqrplf dqg Prqhwdu| Xqlrq/ Ox{hperxuj1

Ghxwvfkh Exqghvedqn/ 4<<;/ Prqdwvehulfkw/ Dsulo 4<<;/ Iudqnixuw1

Hfrqrplvw/ Wkh/ 4<<</ Jdpeolqj rq wkh Hxur/ Mdqxdu| 5qg/ 4<0551

Mhqvhq/ K1/ 4<<7/ Orvv ri Prqhwdu| Glvfuhwlrq lq d Vlpsoh G|qdplf Srolf| Jdph/ Mrxuqdo

ri Hfrqrplf G|qdplfv dqg Frqwuro 4;/ :960::<1

Pduwlq/ S1/ 4<<8/ Iuhh0ulglqj/ Frqyhujhqfh dqg Wzr0Vshhg Prqhwdu| Xql�fdwlrq lq Hx0

ursh/ Hxurshdq Hfrqrplf Uhylhz 6</ 4678046971

Revwihog/ P1/ 4<<:/ Ghvwdelol}lqj H�hfwv ri H{fkdqjh0udwh Hvfdsh Fodxvhv/ Mrxuqdo ri

Lqwhuqdwlrqdo Hfrqrplfv 76/ 940::1

R}ndq/ I1 J1/ D1 Vlehuw dqg D1 Vxwkhuodqg/ 4<<:/ Prqhwdu| Xqlrq/ Hqwu| Frqglwlrqv dqg

Hfrqrplf Uhirup/ FHSU Glvfxvvlrq Sdshu/ Qr1 4:531

Sorhj/ I1 ydq ghu/ 4<<8/ Srolwlfdo Hfrqrp| ri Prqhwdu| dqg Exgjhwdu| Srolf|/ Lqwhuqd0

wlrqdo Hfrqrplf Uhylhz 69/ 75:06<1

Vlehuw/ D1/ 4<<:/ Prqhwdu| Lqwhjudwlrq dqg Hfrqrplf Frqyhujhqfh/ FHSU Glvfxvvlrq

Sdshu/ Qr1 48941

Vlehuw/ D1 dqg D1 Vxwkhuodqg/ 4<<:/ Prqhwdu| Uhjlphv dqg Oderxu Pdunhw Uhirup/ FHSU

Glvfxvvlrq Sdshu/ Qr1 4:641
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