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4 Lqwurgxfwlrq

Wklv sdshu lv frqfhuqhg zlwk wkh lqwhusod| ehwzhhq lqwhuuhjlrqdo uhglvwulexwlrq dqg pl0

judwlrq1 Flwl}hqv ri d srru uhjlrq2frxqwu| fdq pryh wr d ulfk uhjlrq2frxqwu|/ dqg ehqh�w

hfrqrplfdoo|1 Uhdolvwlfdoo|/ zh dvvxph wkdw lppljudwlrq lv xqzhofrph lq wkh ulfk uhjlrq/

wkhuh lv frqjhvwlrq1 Khqfh wkh ulfk uhjlrq pd| eh zloolqj wr wudqvihu vrph prqh| wr

wkh srru rqh lq rughu wr suhyhqw pljudwlrq1 Wklv sdshu dvn wkh iroorzlqj txhvwlrq= zloo

vxfk yroxqwdu| frqwulexwlrqv idoo vkruw ri wkh vrfldo rswlpxp 0fkrvhq e| d ehqhyrohqw

ihghudo dxwkrulw| 0 dqg pljudwlrq eh �h{fhvvlyh�B Lq rwkhu zrugv/ gr zh qhhg wr vhw xs

ihghudo lqvwlwxwlrqv ghvljqhg wr rujdql}h lqwhu0uhjlrqdo2qdwlrqdo wudqvihuv dqg wr �jryhuq�

pljudwlrq  rzvB

D txlfn jodqfh dw wkh sxeolf ghedwh rq lppljudwlrq lq Hxursh vxjjhvwv wkdw wklv

lv lqghhg ehfrplqj d krw wrslf lq wkh srolwlfdo djhqgd dqg wkh sxeolf glvfxvvlrq1 Wkh

Vfkhqjhq wuhdw| lq Hxursh kdv uhfhqwo| vxssuhvvhg fxvwrpv dqg erughu frqwurov ehwzhhq

HF phpehuv/ exw lw kdv uhlqirufhg ghpdqgv iru wljkwhu frqwurov dw wkh HF erxqgdulhv1 Lq

Iudqfh/ wkh uhfhqw fdvh ri �vdqv sdslhu�/ lppljudqwv ghqlhg uhvlghqfh dqg zrun shuplwv/

zkr zhuh deuxswo| glvorgjhg iurp d fkxufk lq Sdulv/ kdv udlvhg vwurqj ihholqjv lq Iudqfh

dqg Hxursh lq jhqhudo1 Lq Lwdo|/ wkh zdyhv ri �erdw shrsoh� iurp Doedqld dqg Qruwk

Diulfd kdv surpswhg d wljkwhu dqwl0lppljudwlrq odz/ dv zhoo dv �yroxqwdu|� wudqvihuv wr

wkh jryhuqphqwv ri Doedqld dqg Wxqlvld/ iru lqgxflqj wkhp wr forvhu frooderudwlrq djdlqvw

loohjdo pljudwlrq1

Zkloh lppljudwlrq iurp ohvv ghyhorshg frxqwulhv udlvhv wkh prvw xujhqw ri sureohpv/

zlwk wkh hphujhqfh ri {hqrskrelf pryhphqwv/ sduwlfxoduo| lq Iudqfh/ Lwdo| dqg Dxvwuld/

pljudwlrq zlwklq Hxursh lv dovr olnho| wr kdyh fuxfldo lpsolfdwlrqv iru uhglvwulexwlrq1 Lw lv

riwhq dujxhg wkdw wkh fhqwudol}dwlrq ri prqhwdu| srolf| zlwk wkh vlqjoh fxuuhqf| uhtxluhv

ihghudo lqvwlwxwlrqv iru fduu|lqj rxw uhglvwulexwlyh dqg ulvn0vkdulqj srolflhv/ dv lw lv wkh

fdvh lq prvw ihghudo vwdwhv1 \hw/ wklv ylhz fdq eh txhvwlrqhg/ vlqfh oderu prelolw| pd|
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zrun dv zhoo djdlqvw �dv|pphwulf� vkrfnv1

Ilqdoo|/ lq wkh odvw wzr ghfdghv uhjlrqdo gl�huhqfhv lq shufdslwd lqfrph dqg xqhp0

sor|phqw zlwklq frxqwulhv kdyh ulvhq lq Hxursh/ pdwfkhg e| d idoo lq pljudwlrq  rzv/ dv

zhoo e| d ulvh ri wudqvihuv iurp ulfk wr srru uhjlrqv +wkh fdvh ri wkh Qruwk dqg Vrxwk Lwdo|

lv wkh prvw reylrxv h{dpsoh,1

Wkh Idhrh Lvodqgv/ zklfk duh d sduw ri Ghqpdun/ zhuh vxemhfw wr d vhyhuh hfrqrplf

fulvlv lq wkh hduo| <3*v1 Wklv pdgh derxw rqh wklug ri wkh |rxqj srsxodwlrq pryh wr

Ghqpdun pdlqodqg1 Lq 4<<; wkh Gdqlvk vwdwh �qdoo| judqwhg wkh Idurh Lvodqgv d kxjh

vxevlg| lq rughu wr vwdelol}h wkh vlwxdwlrq dqg suhvxpdeo| uhyhuvh wkh zdyh ri pljudwlrq1

Lq wklv frqwh{w/ zkloh pdq| frxqwulhv duh frqvlghulqj wr ghohjdwh lpsruwdqw ixqfwlrqv ri

jryhuqphqw wr orfdo dxwkrulwlhv/ wkh lvvxh ri uhglvwulexwlrq ehwzhhq ulfk dqg srru uhjlrqv

dqg wkh uroh ri oderu prelolw| lv ehfrplqj fuxfldo hyhq dw wkh ohyho ri lqglylgxdo frxqwulhv1

Lq wkh sdshu zh uhdfk wkh iroorzlqj frqfoxvlrqv1 Hyhq diwhu doorzlqj iru prelolw|

frvw/ exw surylghg pljudwlrq frvwv duh prghudwh/ yroxqwdu| wudqvihuv/ ghflghg e| wkh ulfk

uhjlrqv/ dqg wkh hqvxlqj pljudwlrq  rzv/ uhsolfdwh wkh vrfldo rswlpxp/ vr wkdw wkh dqvzhu

wkh txhvwlrq deryh lv �qr�= idflolwdwlqj oderu prelolw| pd| eh doo wkdw lv uhtxluhg wr dfklhyh

rswlpdo uhglvwulexwlrq1 Wkh fdvh ri orz prelolw| frvwv lv olnho| wr eh uhohydqw iru rswlpdo

uhglvwulexwlrq dprqj orfdo jryhuqphqwv zlwklq d frxqwu|1 Wklv frqfoxvlrq frqwudvwv wkh

wudglwlrqdo sxeolf hfrqrplfv ylhz/ vhh h1j1 Dwnlqvrq dqg Vwljolw} +4<;3,^4`/ dffruglqj wr

zklfk wkh wdvn ri uhglvwulexwlqj dprqj orfdo jryhuqphqwv qhhgv wr eh doorfdwhg wr d ihghudo

jryhuqphqw1 Rxu �qglqj wkdw ghfhqwudol}hg uhglvwulexwlrq lv vrfldoo| rswlpdo lv hyhq pruh

dwwudfwlyh lq wkh oljkw ri wkh lqfhqwlyh sureohpv wkdw dv|pphwulf lqirupdwlrq srvhv wr wkh

ghvljq ri dq h!flhqw ihghudo uhglvwulexwlrq vfkhph +wkh uhdghu lv uhihuuhg wr Erugljqrq/

Pdqdvvh dqg Wdehoolql +4<<9,^7` iru d prgho zlwk dv|pphwulf lqirupdwlrq exw zlwk qr

oderu prelolw|,1

Wkh wudglwlrqdo ylhz/ krzhyhu/ uhwdlqv ydolglw| zkhq lqglylgxdov idfh odujh prelolw|
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frvwv/ dv pd| eh wkh fdvh iru +loohjdo, lqwhuqdwlrqdo pljudqwv1 Lq wkhvh flufxpvwdqfhv zh

vkrz wkdw wkh ghfhqwudol}hg vroxwlrq surgxfhv lqvx!flhqw wudqvihuv frpsduhg wr wkh vrfldo

rswlpxp1

Wkhvh frqfoxvlrqv ghvfhqg iurp wkh iroorzlqj orjlf1 Lq wkh devhqfh ri lppljudwlrq

frqwurov/ flwl}hqv iurp wkh srru uhjlrq zloo pljudwh dv orqj dv wkh hfrqrplf ehqh�w iurp

wkh pljudwlrq h{fhhgv wkh frvw ri pljudwlrq1 Wkh ulfk uhjlrq fdqqrw gluhfwo| suhyhqw

lppljudwlrq/ exw lw kdv wkh rssruwxqlw| wr jlyh wkh srru uhjlrq d wudqvihu/ lq rughu wr

lpsuryh wkh odwwhu*v hfrqrplf frqglwlrqv/ vr wkdw ihzhu shrsoh ghflgh wr pljudwh wr wkh

ulfk uhjlrq1 Frqvlghu wkh ehqfkpdun fdvh ri qr prelolw| frvwv1 Ehfdxvh pljudwlrq lv

frvwohvv iru pljudqwv/ wkh xwlolw| iurp olylqj lq wkh srru dqg ulfk uhjlrqv zloo eh htxdo

diwhu pljudwlrq kdv wdnhq sodfh1 Wklv lv wkh nh| wr xqghuvwdqglqj zk| wkh yroxqwdu|

wudqvihu sdlg e| wkh ulfk uhjlrq uhsolfdwhv wkh vrfldo rswlpxp1 Wkh ulfk uhjlrq fdqqrw

krsh iru ehlqj ehwwhu r� wkdq wkh srru uhjlrq1 Khqfh/ lw zloo wu| wr frph xs zlwk d

wudqvihu zklfk pd{lpl}hv xwlolw| iru doo lqglylgxdov lq wkh hfrqrp|1

Zkhq prelolw| frvwv duh lqwurgxfhg/ hlwkhu wkhuh zloo eh qr pljudwlrq dw doo/ li wkh|

duh yhu| kljk/ ru/ rwkhuzlvh/ pljudwlrq zloo wdnh sodfh xqwlo wkh gl�huhqfh lq xwlolw| iurp

olylqj lq wkh ulfk udwkhu wkdq wkh srru uhjlrq zloo htxdo wkh prelolw| frvw1 Lq wkh �uvw fdvh/

wkhuh lv qr wkuhdw ri lppljudwlrq dqg wkh ulfk kdv qr lqfhqwlyh wr jlyh d wudqvihu/ zkloh

d ehqhyrohqw ihghudo dxwkrulw| reylrxvo| grhv1 Wkhuhiruh/ zkhq wkh frvwv ri prelolw|

lv kljk wkh yroxqwdu| wudqvihu idoo vkruw ri wkh vrfldo rswlpxp1 Zkhq prelolw| frvwv

duh prghudwh/ wkh ulfk uhjlrq zloo sd| mxvw hqrxjk wr suhyhqw lppljudwlrq/ zkloh wkh

ehqhyrohqw dxwkrulw| zloo jlyh pruh1 Khuh wkh ghfhqwudol}hg pdunhw vroxwlrq lv lqh!flhqw

vlqfh lw surgxfhv vxerswlpdo wudqvihuv/ exw pljudwlrq lv wkh vdph1 Ilqdoo|/ zkhq pljudwlrq

frvwv duh vpdoo/ wkh ulfk uhjlrq djdlq dfnqrzohgjhv wkdw lw fdqqrw dfklhyh d pxfk kljkhu

xwlolw| wkdq wkh srru1 Wkxv wkh lqwhuhvwv ri wkh ulfk uhjlrq dqg wkh ihghudo dxwkrulw|

ehfrph doljqhg dqg wkh ghfhqwudol}hg vroxwlrq lv djdlq vrfdloo| rswlpdo1

Dq lpsruwdqw lqjuhglhqw ri rxu dqdo|vlv lv wkdw doo djhqwv duh udwlrqdo dqg fruuhfwo|
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dqwlflsdwh wkh h�hfwv ri wkh wudqvihu srolf|1 Wklv lv fkrvhq e| wkh ulfk uhjlrq lq wkh

�uvw vwdjh ri wkh jdph/ dqg d�hfwv wkh vxevhtxhqw fkrlfhv ri lqglylgxdov/ dprqj zklfk

wkrvh frqfhuqlqj pljudwlrq/ dv zhoo dv wkrvh ri orfdo jryhuqphqwv1 Vlqfh oderu lv wd{hg/

pljudwlrq d�hfwv �vfdo uhyhqxhv/ dqg wkxv wkh orfdo fkrlfhv ri wd{ udwhv dqg orfdo sxeolf

jrrgv1 Rxu uhvxowv gr qrw uhvw rq p|rsld1

Vlqfh Wlherxw +4<89,^54`/ d odujh olwhudwxuh kdv frqvlghuhg wkh lqwhusod| ehwzhhq orfdo

wd{dwlrq/ uhglvwulexwlrq dqg pljudwlrq1 Wlherxw srlqwhg rxw wkdw li srolflhv gl�hu dprqj

uhjlrqv/ lqglylgxdov zloo �yrwh zlwk wkhlu ihhw� 1 Wkh| zloo vhwwoh zkhuh wkh wd{dwlrq dqg

sxeolf jrrgv surylvlrq ehvw vxlw wkhlu lqfrph dqg suhihuhqfhv/ wkxv iruflqj frpshwlwlrq

dqg h!flhqf| lq orfdo sxeolf �qdqfh1 Wkh olwhudwxuh rq �vfdo h{whuqdolwlhv/ h1j1 Erdgzd|

dqg Iodwwhuv +4<;5,^6`/ frqyhuvho|/ dujxhg wkdw iuhh prelolw| dfurvv uhjlrqv lv lqfrpsdwleoh

zlwk d Vdpxhovrq surylvlrq ri sxeolf jrrgv1 Wr ryhufrph wkh �vfdo h{whuqdolw| lqgxfhg

e| iuhh pljudwlrq/ d ihghudo vfkhph iru lqwhuuhjlrqdo wudqvihuv zdv fdoohg iru1 Lq klv

vhplqdo sdshu/ P|huv +4<<3,^46` txhvwlrqhg wklv qhz frqyhqwlrqdo zlvgrp/ e| vkrzlqj

wkdw/ zkhq uhjlrqdo jryhuqphqwv zhuh doorzhg wr sd| d yroxqwdu| wudqvihu lq rughu wr

suhyhqw h{fhvvlyh lppljudwlrq/ iuhh prelolw| zrxog ohdg wkhp wr fkrrvh h{dfwo| wkh vdph

wudqvihu fkrvhq e| d ehqhyrohqw ihghudo vrfldo sodqqhu1 Wkh �pdunhw� +Qdvk, vroxwlrq

zdv wkhuhiruh vrfldoo| rswlpdo/ dqg Wlherxw*v lqwxlwlrq frq�uphg1 Wkh jhqhudolw| ri wklv

uhvxow zdv krzhyhu txhvwlrqhg e| Khufrzlw} dqg Slqhv +4<<4,^43`1Wkhvh dxwkruv prghoohg

wkh fkrlfh ri pljudwlrq lq d g|qdplf vhw0xs/ zkhuh lqglylgxdov fkrrvh wkh frxqwu| ri

uhvlghqfh rq wkh edvlv ri vkrfnv wr surgxfwlylw| lq wzr mxulvglfwlrqv1 Wkh| vkrzhg wkdw

d srvlwlyh/ doehlw vpdoo/ pljudwlrq frvw zdv vx!flhqw wr ghvwur| wkh rswlpdolw| ri wkh

pdunhw vroxwlrq= wkh �ulfk� uhjlrq zloo dozd|v fkrrvh wr wudqvihu wr wkh srru uhjlrq ohvv

wkdq vrfldoo| rswlpdo1 Exfryhwvn| +4<<;,^9` vkrzhg lq d vwdwlf prgho wkdw P|huv* uhvxow

krogv wuxh dovr zkhq pljudwlrq frvwv duh lqwurgxfhg1

Rxu sdshu hqfrpsdvvhv wkhvh uhvxowv/ e| suhvhqwlqj d iudphzrun zkhuh lqglylgxdov

pd{lpl}h xwlolw| iurp frqvxpswlrq dqg ohlvxuh/ orfdo jryhuqphqwv h{solflwo| fkrrvh glv0
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wruwlrqdu| +oderu, wd{hv dqg vxsso| orfdo sxeolf jrrgv1 Lq sduwlfxodu/ wkh suhylrxv prghov

rqo| frqvlghuhg wkh qhjdwlyh h�hfwv ri wkh lppljudqwv> d �{hg uhjlrqdo lqfrph lv vkduhg

e| pruh shrsoh1 Frqyhuvho|/ lq rxu prgho lppljudwlrq lqfuhdvhv wkh slh wr eh vkduhg/

wkh surgxfwlylw| ri wkh lppljudqwv lv kljkhu lq wkh ulfk uhjlrq dqg wkh| frqwulexwh wr

wkh wd{ uhyhqxh1 Rxu uhvxowv ylqglfdwh Wlherxw*v +dqg P|huv* dqg Exfryhwvn|*v, srlqw=

prghudwh pljudwlrq frvwv duh qrw vx!flhqw wr ghvwur| wkh rswlpdolw| ri wkh �pdunhw�

vroxwlrq�1 Krzhyhu/ zh �qg wkdw zkloh pljudwlrq lv dozd|v rswlpdo lq wkh pdunhw vr0

oxwlrq luuhvshfwlyh ri prelolw| frvwv/ wklv lv qrw dozd|v wuxh iru wudqvihuv1 Lq sduwlfxodu/

surylghg pljudwlrq frvwv duh vx!flhqwo| kljk/ wkh ulfk uhjlrq wdnhv dgydqwdjh e| uhgxflqj

wkh wudqvihu1 4

Wkh rujdql}dwlrq ri wkh sdshu lv dv iroorzv= Vhfwlrq 5 vhwv xs wkh prgho/ Vhfwlrqv

6/7 dqg 8 frqwdlq wkh frqvxphuv* dqg wkh jryhuqphqwv* sureohpv dqg wkh dqdo|vlv ri wkh

fkrlfh wr pljudwh1 Vhfwlrq 9 dqg : glvfxvv wkh fdvh ri qr pljudwlrq frvw dqg ghulyh wkh

ghfhqwudol}hg dqg fhqwudol}hg rswlpdo uhglvwulexwlrq vfkhphv1 Vhfwlrq ; vkruwo| frqvlghuv

wkh fdvh ri qr frpplwphqw1 Vhfwlrqv < wr 45 lqwurgxfh pljudwlrq frvwv lqwr wkh dqdo|vlv

dqg glvfxvv wkh ghfhqwudol}hg dqg fhqwudol}hg vroxwlrq iru wklv fdvh1

5 Wkh Prgho

Frqvlghu wzr uhjlrqv/ 4 dqg 51 Wkh uhjlrqv duh lghqwlfdo/ h{fhsw lq shu fdslwd lqfrph1

Uhjlrq 4 lv ulfk/ uhjlrq 5 srru1 Hdfk uhjlrq surgxfhv rqo| rqh jrrg zklfk fdq eh wudqv0

4Wkhuh lv dqrwkhu vwudqg ri olwhudwxuh frqfhuqlqj pljudwlrq dqg uhglvwulexwlrq zlwklq uhjlrqv/ h1j

Pxvjudyh +4<9<, ^47`dqg Rdwhv +4<:5,^48`/ Urhphu +4<<:,^4;` / Hssoh dqg Urphu+4<<4,^<`/ vhh dovr wkh

uhfhqw vxuyh| ri Fuhphu hw do1 +4<<:,^:`/ Gl{lw dqg Orqguhjdq +4<<:, ^;` frqvlghu wkh lqwhudfwlrq ehwzhhq

uhglvwulexwlyh srolwlfv dw fhqwudo dqg orfdo ohyhov lq d ihghudo v|vwhp1 Wkhuh lv dovr d ydvw olwhudwxuh rq

uhjlrqdo uhglvwulexwlrq zlwkrxw prelolw|/ h1j1 Shuvvrq dqg Wdehoolql +4<<9d/ e, ^49`/^4:`/ dqg frqfhuqlqj

wkh rswlpdo ghvljq ri lqwhujryhuqphqwdo judqwv/ vhh Exfryhwvn| hw do1 +4<<9, ^8`/ Orfnzrrg +4<<9,^45`/

Erugljqrq/ Pdqdvvh dqg Wdehoolql +4<<9,^7`/ dqg Od�rqw +4<<8,^44`1
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iruphg lqwr hlwkhu sulydwh ru sxeolf frqvxpswlrq1 Wkh surgxfwlrq whfkqrorj| ihdwxuhv d

frqvwdqw pdujlqdo udwh ri wudqvirupdwlrq/ vr wkdw rqh xqlw ri oderu wudqvirupv lqwr rqh

xqlw ri wkh sulydwh2sxeolf jrrg1 Wkhuh lv qr wudgh dprqj wkh uhjlrqv1 Lq wkh �uvw shulrg

hdfk uhjlrq lv htxdoo| srsxodwhg e| +zlwklq uhjlrq, lghqwlfdo lqglylgxdov1 Zh qrupdol}h

hdfk uhjlrq*v srsxodwlrq wr rqh1 Diwhu shulrg rqh frqvxphuv fdq pljudwh iuhho| ehwzhhq

wkh wzr uhjlrqv1 Wkh qxpehu ri vhfrqg shulrg lqkdelwdqwv lq uhjlrq � lv ?�1

D orfdo jryhuqphqw lq hdfk uhjlrq froohfwv glvwruwlrqdu| wd{hv dqg surylghv d orfdo

sxeolf jrrg1 Doo lqglylgxdov kdyh wkh vdph xwlolw| ixqfwlrq

LESc %c }c ?� ' Sn T E%� nME}�� k?c

zkhuh S lv frqvxpswlrq/ % ohlvxuh wlph/ } wkh dprxqw ri sxeolf jrrg/ ? wkh srsxodwlrq ri

wkh uhjlrq1 Wkh ixqfwlrqv T dqg M duh wzlfh gl�huhqwldeoh zlwk T% : fc T%% 	 fc M} : f

dqg M}} 	 f51

Qrwlfh wkdw wkh xwlolw| ixqfwlrq lqfoxghv d vhsdudwh frqjhvwlrq whup1 Fhwhulv sdulexv/

dq lqglylgxdo*v xwlolw| ghfuhdvhv zlwk wkh vl}h ri wkh srsxodwlrq ri khu uhjlrq1 Wklv pd| eh

gxh/ iru h{dpsoh/ wr wkh vfduflw| ri odqg1 Lw lv zhoo nqrzq iurp prghov ri pljudwlrq/ wkdw

lq vwdeoh htxloleuld zlwk frvwohvv pljudwlrq/ lw kdv wr eh wkh fdvh wkdw ixuwkhu lppljudwlrq

lv xqzhofrph e| wkh lqkdelwdqwv ri dw ohdvw rqh ri wkh uhjlrqv1 Wr vhh zk| wklv pxvw eh wkh

fdvh/ frqvlghu wkh iroorzlqj frxqwhu h{dpsoh1 Lq dq htxloleulxp zlwk frvwohvv pljudwlrq/

wkh xwlolw| iurp olylqj lq hdfk uhjlrq kdv wr eh wkh vdph1 Dvvxph wkhq wkdw wkh xwlolw|

iurp olylqj lq d uhjlrq lqfuhdvhv li ixuwkhu lppljudwlrq rewdlqv/ dqg wklv lv wuxh iru erwk

uhjlrqv1 Wkhq/ li e| fkdqfh dq lqglylgxdo pryhg/ klv qhz uhjlrq zrxog ehfrph pruh

sohdvdqw wkdq wkh rwkhu uhjlrq/ dwwudfwlqj ixuwkhu lppljudwlrq1 Khqfh/ iru dq htxloleulxp

wr eh vwdeoh/ lppljudwlrq kdv wr eh xqzhofrph lq dw ohdvw rqh uhjlrq/ vhh Dwnlqvrq dqg

Vwljolw} +4<;9,1

D vlpsoh zd| ri lqwurgxflqj khwhurjhqhlw| ehwzhhq uhjlrqv lv wr dvvxph wkdw wkh

5D ohwwhu vxevfulsw ghqrwhv d sduwldo ghulydwlyh/ l1h Y{ @ CY +=,@C{=

:



h�hfwlyh wlph hqgrzphqw ri lqglylgxdov gl�huv lq wkh wzr orfdwlrqv1 Dq lqglylgxdo olylqj

lq d jhqhulf mxulvglfwlrq kdv wkh hqgrzphqw � n ec zkhuh e� : e2
6� Uhjlrq 4 lv wkh

pruh �surgxfwlyh� uhjlrq1 Li dq lqglylgxdo pljudwhv iurp orfdwlrq 5 wr 4 klv hqgrzphqw

lqfuhdvhv1 Wkh lghd lv wkdw wkh lqiudvwuxfwxuh/ fdslwdo hqgrzphqw hwf1 ri uhjlrq 4 lv odujhu

wkdq wkdw ri uhjlrq 5/ khqfh doo lqglylgxdov duh pruh surgxfwlyh zkhq wkh| olyh lq wkh

�uvw uhjlrq1 Dv d frqvhtxhqfh/ djhqwv ri wkh ulfk mxulvglfwlrq fdqqrw pryh zlwk wkhlu

zhdowk/ vlqfh wkh gl�huhqfh lq zhdowk vwhpv iurp gl�huhqw lqiudvwuxfwxuhv ri wkh uhjlrqv1

Reylrxvo|/ wklv lv rqo| rqh srvvleoh dvvxpswlrq/ rqh frxog dovr frqfhlyh wkdw lppljudqwv

lqwr wkh ulfk uhjlrq fduulhg wkhlu orz surgxfwlylw| zlwk wkhp1 Zh zloo ohdyh wklv fdvh iru

odwhu lqyhvwljdwlrq1

Wkh lqglylgxdov doorfdwh wlph ehwzhhq zrunlqj wlph/ ,c dqg ohlvxuh/ %/ vr wkdw

, n % ' � n e� +4,

Wkh orfdo jryhuqphqw udlvhv d sursruwlrqdo wd{ rq oderu lqfrph1 Vlqfh wkh uhdo zdjh lv

rqh/ dq lqglylgxdo*v exgjhw frqvwudlqw lv

S ' E�� |�,� +5,

zkhuh | lv wkh orfdo wd{ udwh1

Lq dgglwlrq wr froohfwlqj uhyhqxh iurp wkh lqfrph wd{/ wkh orfdo jryhuqphqw pd|

yroxqwdulo| jlyh +ru uhfhlyh, d wudqvihu wr +iurp, wkh rwkhu uhjlrq1 Wkh uhfhlylqj uhjlrq

xvhv wkh surfhhgv wr �qdqfh wkh frqvxpswlrq ri wkh orfdo sxeolf jrrg1 Iurp wkh rxwvhw zh

frqfhqwudwh rq wkh fdvh zkhuh rqo| wkh �ulfk� uhjlrq � jlyhv d srvlwlyh wudqvihu1 Dowkrxjk/

lq sulqflsoh/ wkh �srru� uhjlrq 2 frxog fkrrvh wr jlyh d wudqvihu wr wkh ulfk uhjlrq �c wklv

zloo qhyhu rffxu lq htxloleulxp/ vr zh glvuhjdug wkh srvvlelolw|1 Wkh wudqvihu iurp uhjlrq

4 wr uhjlrq 5 lv �� Uhjlrq � fdq rqo| fkrrvh d qrq0qhjdwlyh wudqvihu/ lw fdqqrw irufh wkh

rwkhu uhjlrq lqwr sd|lqj d wudqvihu1

6Lq rughu wr hfrqrpl}h lq qrwdwlrq/ h{suhvvlrqv zlwkrxw vx!fhv dsso| wr erwk uhjlrqv1

;



Wkh wlplqj ri hyhqwv lv dv iroorzv= �uvw wkh orfdo jryhuqphqw lq uhjlrq 4 ghflghv rq

wkh wudqvihu wr uhjlrq 2c �� Uhjlrq � lv frpplwwhg wr wklv wudqvihu1 Wkhq djhqwv pljudwh

dprqj wkh uhjlrqv1 Hdfk uhjlrqdo jryhuqphqw wkhq fkrrvhv lwv h{shqglwxuh srolf|= d ohyho

ri sxeolf jrrgv frqvxpswlrq/ }�1 Wkh wd{ udwh/ |�c lv vhw lq rughu wr ixo�oo lwv exgjhw

frqvwudlqw1 Jlyhq wklv wd{ udwh/ lqglylgxdov zrun/ sd| wd{hv dqg hqmr| wkh sxeolf dqg

sulydwh frqvxpswlrq lq wkhlu fkrvhq uhjlrq ri uhvlghqfh1 Wkh orfdo jryhuqphqw wulhv wr

pd{lpl}h wkh xwlolw| ri wkh lqglylgxdov zkr olyhv lq wkh uhjlrq dw wkh wlph ri wkh ghflvlrq1

Zh vroyh wkh prgho edfnzdugv1

Wkh uhjlrqdo jryhuqphqw exgjhw frqvwudlqwv lq wkh wzr uhjlrqv duh uhvshfwlyho|

}� ' ?�|�,� � �� dqg }2 ' ?2|2,2 n �� +6,

Qrwh wkdw wkh exgjhw frqvwudlqw ghshqgv rq wkh qxpehu ri flwl}hqv lq wkh odvw shulrg dqg

rq wkhlu oderu vxsso|1 Lq sulqflsoh/ wkh jryhuqphqw ri uhjlrq 4 pd| hqg xs lq wkh vlwxdwlrq

zkhuh lwv surfhhgv iurp wd{dwlrq duh qrw vx!flhqw wr fryhu lwv wudqvihu h{shqvhv ehfdxvh

wrr ihz shrsoh fkrvh wr olyh lq wkh uhjlrq1 Lq wklv fdvh wkh h�hfwlyh wudqvihu pd| eh ohvv

wkdq wkh surplvhg wudqvihu1 Zh zloo dvvxph wkdw lq wklv fdvh/ wkh wudqvihu kdv sulrulw|

ryhu sxeolf frqvxpswlrq lq uhjlrq 4/ vr wkdw sxeolf frqvxpswlrq zloo eh }hur1 Wklv jlyhv

d uhvwulfwlrq rq wkh srvvleoh wudqvihuv �� Uhjlrq � fdq rqo| fkrrvh ohyhov ri �/ zklfk lw

zloo eh deoh wr krqru lq wkh hqvxlqj htxloleulxp1 Lq htxloleulxp/ zkhuh jryhuqphqwv kdyh

udwlrqdo h{shfwdwlrqv ri pljudwlrq/ vxfk �ghidxow� zloo qrw rffxu1 D jryhuqphqw zloo qhyhu

hqg xs zlwk ohvv uhyhqxh wkdq uhtxluhg wr sd| wkh wudqvihu wr zklfk lw kdv frpplwwhg1

6 Wkh Frqvxphu*v Sureohp

D frqvxphu zkr kdv ghflghg wr olyh lq d uhjlrq idfhv wkh iroorzlqj sureohp1 Jlyhq sxeolf

jrrgv ohyho/ }/ wkh srsxodwlrq ?/ wkh wd{ udwh |c kh vhhnv wr pd{lpl}h klv xwlolw| LESc %c }c ?�

<



vxemhfw wr wkh frqvwudlqwv +4, dqg +5,1 Wkh uhvxow ixo�oov wkh �uvw rughu frqglwlrq

T%E� n e� ,� ' �� |� +7,

Wklv jlyhv wkh oderu vxsso| ,E|c e�c zklfk wdnhv wkh vlpsoh irup ,E|c e� ' uE|� n ec gxh

wr wkh txdvl0olqhdu xwlolw| ixqfwlrq1 Wklv lpsolhv wkdw wkh wd{ edvh ri wkh ulfk uhjlrq lv

e�� e2 odujhu wkdq wkdw ri wkh srru uhjlrq iru wkh vdph srsxodwlrq dqg wd{ udwh1 Fohduo|/

u| 	 f / vr wkdw wkh vxsso| ri oderu lv ghfuhdvlqj lq wkh wd{ udwh/ vlqfh wkh txdvl olqhdu

xwlolw| ixqfwlrq holplqdwhv wkh lqfrph h�hfw iurp wkh oderu vxsso|17 Wkh hodvwlflw| ri oderu

vxsso| zlwk uhvshfw wr | lv

#E|c e� � �
|,|E|c e�

,E|c e�
' �

|u|E|�

uE|� n e
: f� +8,

Qrwlfh wkdw #Efc e� ' fc dqg wkdw dv wkh surgxfwlylw| sdudphwhu e lqfuhdvhv/ wkh oderu

vxsso| ehfrphv pruh lqhodvwlf/ #
e
E|c e� 	 f� Ixuwkhupruh/ lw lv hdv| wr vkrz wkdw xqghu

plog frqglwlrqv 8/ wklv hodvwlflw| lv lqfuhdvlqj lq wkh wd{ udwh/ #
|
E|c e� : f�

Wkh rswlpdo frqvxpswlrq lv E� � |� ,E|c e�� Qrwh wkdw wkh qxpehu ri flwl}hqv grhv qrw

d�hfw wkh lqglylgxdo*v fkrlfh ri frqvxpswlrq dqg ohlvxuh= lw rqo| d�hfwv klv ghflvlrq ri

zkhuh wr olyh1

Jlyhq wkh wd{ udwh/ |c wkh wudqvihu �c wkh srsxodwlrq ri wkh uhjlrq ?c wkh hqgrzphqw

ec zh fdq wkhq zulwh dq lqgluhfw xwlolw| ixqfwlrq lq rqh uhjlrq dv/

` E|c �c ?c e� ' E� � |� EuE|� n e� n T E� � uE|�� nM E?|EuE|� n e�� ��� k? +9,

zkhuh wkh ulfk uhjlrq sd|v d srvlwlyh wudqvihu �
�
' � : f dqg wkh srru uhjlrq uhfhlyhv

+�sd|v� d qhjdwlyh wudqvihu, �
2
' ��1

7Wkh ixqfwlrq O+w, lv gh�qhg dv O+w, @ 4� Y �4
{

+4� w,> zlwk Ow+w, @ 4@Y{{ ? 3
8D vx��flhqw +exw qrw qhfhvvdu|, frqglwlrq iru wkh hodvwlflw| wr eh lqfuhdvlqj lq wkh wd{ udwh/ �

w
+w> h, A 3

lv wkdw Y{{{ � 3> zklfk lpsolhv Oww � 3 1 Wklv frqglwlrq/ lq wxuq/ lv vx!flhqw iru pdnlqj wkh jryhuqphqw

sureohp ri zhoiduh pd{lpl}dwrq zhoo ehkdyhg +vhh qh{w qrwh,1
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7 Wkh Jryhuqphqw*v Sureohp

Wkh orfdo jryhuqphqw lv ehqhyrohqw/ dqg vhhnv wr pd{lpl}h wkh xwlolw| ri wkh uhvlghqwv ri

lwv uhjlrq1 Jlyhq wkh qxpehu ri lqkdelwdqwv ?c dqg wkh wudqvihu �/ wkh jryhuqphqw vroyhv

4@ 
|

` E|c �c ?c e�� +:,

H{sorlwlqj wkh hqyhorsh wkhruhp/ wkh �uvw rughu frqglwlrq iru pd{lpxp fdq eh zulwwhq

?M} EE?|uE|� n e�� �� '
�

� � #E|c e�
c ? : f +;,

Wklv lv wkh Vdpxhovvrq uxoh iru wkh rswlpdo vxsso| ri sxeolf jrrgv= wkh vxp ri pdujlqdo

udwhv ri vxevwlwxwlrq ehwzhhq sulydwh dqg sxeolf jrrgv +wkh ohiw kdqg vlgh, pxvw htxdo wkh

pdujlqdo udwh ri wudqvirupdwlrq ehwzhhq sxeolf dqg sulydwh jrrgv/ dv ghwhuplqhg e| wkh

wd{ glvwruwlrq1 D kljkhu oderu vxsso| hodvwlflw| pdnhv wd{dwlrq pruh glvwruwlrqdu|/ dqg

wklv/ iru jlyhq ?c e dqg �c orzhuv wkh udwh dw zklfk wkh sulydwh jrrg fdq eh wudqviruphg lqwr

sxeolf jrrg1 Khqfh wkh rswlpdo vxsso| ri } idoov1 Irupdoo|/ wkh odvw htxdwlrq ghwhuplqhv

wkh rswlpdo wd{ udwh | ' A E�c ?c e�c dqg wkh ohyho ri sxeolf jrrgv wkurxjk wkh jryhuqphqw

exgjhw frqvwudlqw +6,1 Dv #Efc e� ' fc zh kdyh wkdw wkh sxeolf jrrgv surylvlrq lv srvlwlyh

li M}Ef� : �c zklfk zh dvvxph19

A�E�c ?c e� '
�`|�

`||

: f +<d,

Li d uhjlrq sd|v d odujhu wudqvihu/ lw qhhgv wr udlvh lwv wd{ udwh lq rughu wr pdlqwdlq

dq rswlpdo vxsso| wkh sxeolf jrrg1 Lw lv hdv| wr vkrz wkdw wkh h�hfw ri wkh surgxfwlylw|

sdudphwhu rq wkh rswlpdo lqfrph wd{ udwh/ AeE�c ?c e� lv dpeljxrxv ehfdxvh wkhuh lv d

frq lfw ehwzhhq d vxevwlwxwlrq dqg dq lqfrph h�hfw:1Ilqdoo|/ iurp +;,/ lw lv hdv| wr vkrz

9Lw lv hdv| wr vkrz wkdw d vx!flhqw frqglwlrq iru wkh vhfrqg rughu frqglwlrq / Zww ?3/ wr krog lv

Oww ? 3 zklfk lv dozd|v vdwlv�hg xqghu rxu dvvxpswlrqv +vhh suhylrxv qrwh,1
:Zkhq h ulvhv/ wkh oderu vxsso| ehfrphv pruh lqhodvwlf / dqg wklv fdoov iru d kljkhu rswlpdo wd{ udwh1

Rq wkh rwkhu kdqg/ d odujhu wd{ edvh lpsolhv pruh sxeolf jrrgv/ zkrvh pdujlqdo xwlolw| idoov1Wklv uhtxluhv

d orzhu wd{ udwh1

44



wkdw zkhq wkhuh duh pruh phpehuv lq wkh frppxqlw|/ wkhuh lv d kljkhu vrfldo zloolqjqhvv

wr sd| iru wkh sxeolf jrrg= surylghg wkh pdujlqdo xwlolw| ri } grhv qrw idoo wrr udslgo|

zlwk uhyhqxh/ wklv uhtxluhv d odujhu vxsso| ri sxeolf jrrgv1

8 Pljudwlrq

Dv pljudwlrq lv dvvxphg wr eh frvwohvv iru pljudqwv/ d zrunhu vhwwohv zkhuh wkh xwlolw| lv

kljkhu1 Djhqwv udwlrqdoo| iruhvhh wkh srolflhv fkrvhq e| wkh jryhuqphqwv ri wkh wzr uhjlrqv1

Zkhq dq lqglylgxdo ghflghv zkhuh wr orfdwh/ kh wdnhv dv jlyhq wkh wudqvihu iurp uhjlrq

4 wr uhjlrq 5/ �1 Ixuwkhupruh/ kh uhdol}hv wkdw kh lv rqh srlqw rxw ri d frqwlqxxp/ vr

kh frqvlghuv dv qhjoljleoh wkh h�hfw/ yld ?/ ri klv rzq orfdwlrq ghflvlrq xsrq wkh uhjlrqv*

wd{ udwhv dqg sxeolf h{shqglwxuhv1 Kh dovr wdnhv dv jlyhq wkh rwkhu lqglylgxdov orfdwlrq

fkrlfh1 Khqfh/ li ? lqglylgxdov ghflgh wr orfdwh lq uhjlrq 4/ wkh frqvxphu*v xwlolw| iurp

olylqj lq uhjlrq 4 zloo eh ` �
�` EA E�c ?c e��c �c ?c e��c zkhuhdv wkh xwlolw| iurp orfdwlqj

lq uhjlrq 2 zloo eh ` 2
�` EA E��c 2� ?c e2�c ��c 2� ?c e2��

Lq htxloleulxp zlwk frvwohvv pljudwlrq/ wzr duh wkh srvvlelolwlhv= hlwkhu rqh ri wkh

uhjlrqv zloo eh ydfdwhg dqg hyhu|erg| zloo fkrrvh wkh rwkhu orfdwlrq/ ru wkh xwlolw| iurp

olylqj lq hdfk uhjlrq pxvw eh wkh vdph1 Zh zloo frqfhqwudwh rq lqwhulru htxloleuld/ zkhuh

erwk uhjlrqv duh lqkdelwhg1

Lq dq lqwhulru htxloleulxp/ ?eczh pxvw kdyh

` EA E�c ?ec e��c �c ?
ec e�� ' ` EA E��c 2� ?ec e2�c ��c 2 � ?ec e2� +43,

Lq sulqflsoh wkhuh pd| eh pruh vroxwlrqv wr +43,/ exw li wkh gl�huhqfh lq xwlolw| iurp olylqj

lq wkh wzr uhjlrqv lv prqrwrqlfdoo| ghfuhdvlqj lq ?c wkh qxpehu ri lqkdelwdqwv lq uhjlrq

4/ wklv fdqqrw eh wkh fdvh/ vhh Iljxuh 4 ehorz1 Pruhryhu/ lq wklv fdvh wkh htxloleulxp zloo
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Iljxuh 4=

eh vwdeoh1 Li e| fkdqfh dq lqglylgxdo pryhg iurp uhjlrq 4 wr uhjlrq 5 0 vr wkdw ? idoov

0 xwlolw| zrxog lqfuhdvh lq uhjlrq 4 dqg ghfuhdvh lq uhjlrq 5/ vkh zrxog wkhuhiruh olnh wr

pryh edfn djdlq1 Wkxv/ _E` �
3` 2�
_?

	 f lv d vx!flhqw frqglwlrq hqvxulqj wkdw dq lqwhulru

htxloleulxp zloo eh vwdeoh1 Lq wkh dsshqgl{ zh vkrz wkdw wklv frqglwlrq lv htxlydohqw wr

M} E?|� EuE|�� n e��� �� |� EuE|�� n e�� nM} EE2 � ?�|2 EuE|2� n e2� n �� |2 EuE|2� n e2�

2
	 kc

+44,

Lq wkh vhtxho zh dvvxph wkdw lq dq lqwhulru htxloleulxp wklv frqglwlrq lv vdwlv�hg/ vr

wkdw wklv htxloleulxp lv dovr xqltxh dqg vwdeoh1 Lq wklv fdvh/ htxdwlrq +43, gh�qhv wkh

vhfrqg shulrg srsxodwlrq ri uhjlrq 4 dv d ixqfwlrq �E�c e�c e2�� Iljxuh 4 looxvwudwhv wkh

vwdeoh pljudwlrq htxloleulxp1

Wkh er{ ghvfulehv wkh doorfdwlrq ri srsxodwlrq lq wkh wzr uhjlrqv1 Wkh xwlolw| iurp

olylqj lq uhjlrq 4 lv ghfuhdvlqj lq ?/ wkh zkhuhdv wkh xwlolw| iurp olylqj lq uhjlrq 5 lv

ghfuhdvlqj lq 2�?� Lq wkh �jxuh/ wkh htxloleulxp rffxuv dw ?e : �c uh hfwlqj wkh dvvxps0

wlrq wkdw e� : e21 Iurp wkh �jxuh zh vhh wkdw wkh htxloleulxp lv vwdeoh1 Li/ vwduwlqj iurp
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?ec pruh lqglylgxdov pryh lqwr uhjlrq � dqg ? lqfuhdvhv/ wkhq uhjlrq 5 ehfrphv wkh prvw

dwwudfwlyh uhjlrq/ dqg shrsoh zloo pljudwh edfn xqwlo ?e lv uhdfkhg1

Xqghu rxu dvvxpswlrqv/ wkh wudqvihu � xqlyrtxho| ghwhuplqhv wkh glvwulexwlrq ri lqgl0

ylgxdov lq wkh wzr uhjlrqv �E�c e�c e2� dqg 2��E�c e�c e2�c uhvshfwlyho|1 Li � / wkh wudqvihu

sdlg e| 4 wr 5/ ulvhv/ wkh xwlolw| fxuyh iru uhjlrq 5 vkliwv xszdugv/ zkloh wkdw iru uhjlrq 4

grzqzdugv;1 Lw lv jhrphwulfdoo| reylrxv wkdw lq wklv fdvh ?e idoov/ dqg zh fdq hdvlo| vkrz

lw dojheudlfdoo|1 Dv ehiruh zh ohw ` � ghqrwh wkh lqgluhfw xwlolw| ri uhjlrq �1 Htxdwlrq +43,/

wkh hqyhorsh wkhruhp dqg wkh lpsolflw ixqfwlrq wkhruhp wkhq |lhogv

��E�c e�ce2� ' �
` �

� n` 2

�

` �
? n` 2

?

c +45,

zklfk zh fdq uhzulwh/ xvlqj +9, dv

��E�c e�ce2� '
M}� nM}2

M}�|� EuE|�� n e��� knM}2|2 EuE|2� n e2�� k
� +46,

Xqghu +44, zh kdyh

�� ' �
` �

� n` 2

�

` �
? n` 2

?

	 f� +47,

Lqwxlwlyho|/ zkhq wkh wudqvihu iurp uhjlrq 4 wr uhjlrq 5 lqfuhdvhv/ wkh �pdujlqdo� lqglylgxdo

zkr zdv lqgl�huhqw ehwzhhq wkh wzr orfdwlrqv qrz suhihuv orfdwlrq 5 +zkhuh kh fdq hqmr|

pruh sxeolf jrrgv, wr uhjlrq 4 +zkhuh kh fdq hqmr| ohvv,1 Dv d uhvxow/ lqglylgxdov zloo pryh

lqwr 5 xqwlo lqgl�huhqfh lv uhvwruhg1 Dv wkh uhdghu pd| qrwlfh/ wkh vwdelolw| dvvxpswlrq

+44, lv qhfhvvdu| iru kdylqj �vhqvleoh� frpsdudwlyh vwdwlf uhvxowv1

;AIurp wkh hqyhorsh wkhruhp/ zh kdyh wkdw gZ
g!

@ZWW! .Z! @ �Kj ? 3
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9 Ihghudo Wudqvihu

D xvhixo ehqfkpdun iru wkh fkrlfh ri wudqvihu lv wkh fdvh ri vrfldo sodqqhu/ zkr fdq

fkrrvh �/ exw fdqqrw ghwhuplqh wkh orfdwlrq ri flwl}hqv/ qru kh lv deoh wr fkrrvh wd{hv

dqg sxeolf h{shqglwxuhv1 Wklv vhfrqg ehvw vroxwlrq fkdudfwhul}hv wkh wudqvihu wkdw d

ehqhyrohqw ihghudo jryhuqphqw zrxog fkrrvh/ jlyhq wkdw uhjlrqdo dxwkrulwlhv kdyh wd{

dqg vshqglqj srzhuv1 Wklv lv wkh qdwxudo ehqfkpdun wr zklfk zh fdq frpsduh wkh

wudqvihu wkdw uhjlrq 4 zrxog fkrrvh qrq0frrshudwlyho|1 Lw pxvw eh vwuhvvhg wkdw zh duh

dvvxplqj wkdw wkh sodqqhu2ihghudo jryhuqphqw fdq frpplw wr d oxps0vxp wudqvihu<1 Lq

rwkhu zrugv/ zkhq fkrrvlqj �/ wkh ihghudo jryhuqphqw fruuhfwo| dqwlflsdwhv wkh h�hfwv ri

lwv ghflvlrqv rq wkh orfdwlrq fkrlfh ri lqglylgxdov dv zhoo dv xsrq wkh uhjlrqv* �vfdo fkrlfhv1

E| frqwudvw/ wkh wzr uhjlrqv wdnh dv jlyhq wkh dprxqw ri wkh wudqvihu/ vr wkdw wkh ihghudo

vfkhph lv h�hfwlyho| oxps0vxp1 Dq dowhuqdwlyh lqwhusuhwdwlrq ri wklv vhfrqg ehvw lv wkh

iroorzlqj1 Ehiruh wkh| nqrz wkh uhdol}dwlrq ri d +srvlwlyh ru qhjdwlyh, surgxfwlylw| vkrfn/

wzr uhjlrqv/ zklfk duh h{0dqwh lghqwlfdo dqg htxdoo| olnho| wr eh �ulfk� ru �srru�/ vljq d

frqwudfw xqghu �d yhlo ri ljqrudqfh�1 Wkh frqwudfw vshfl�hv wkh dprxqw wkdw wkh h{0srvw

ulfk uhjlrq pxvw sd| wr wkh srru1 Lq wklv lqwhusuhwdwlrq wkh dvvxpswlrq ri frpplwphqw

phdqv wkdw wkh rswlpdo frqwudfw fdqqrw eh uhqhjrwldwhg/ vr wkdw zkhq d uhjlrq �qgv

khuvhoi ulfk/ vkh fdqqrw uhqhjh rq wkh djuhhg wudqvihu1 Wkh vhfrqg ehvw wudqvihu lv wkh

vroxwlrq wr

4@ 
�

� E��` � n E2��E���` 2
� +48,

� E�c e�c e2�` EA E�c�E�c e�c e2�c �c �E�c e�c e2�c e��

nE2 ��E�c e�c e2�� ` EEA E��c 2��E�c e�c e2�c��c 2 ��E�c e�c e2�c e2� +49,

Ohw wkh rswlpdo wudqvihu dqg wkh htxloleulxp srsxodwlrq lq wklv vhfrqg ehvw eh ghqrwhg

<Sureohpv ri odfn ri frpplwphqw lq uhglvwulexwlrq duh glvfxvvhg lq wkh qh{w vhfwlrq/ fi dovr Erugljqrq/

Pdqdvvh Wdehoolql +4<<9, ^7`dqg Erwwd}}l dqg Pdqdvvh+4<<;,^5`
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e| �Wc ?W�

Zh kdyh wkh iroorzlqj

Ohppd 4 �Wc ?W duh mrlqwo| ghwhuplqhg e| wkh lqgl�huhqfh frqglwlrq +43, wrjhwkhu zlwk

wkh uhtxluhphqw wkdw wkh pdujlqdo udwh ri vxevwlwxwlrq ehwzhhq wudqvihu dqg lppljudwlrq

lv wkh vdph iru wkh wzr glvwulfwv1
` �

�

` �
?

'
` 2

�

` 2
?

� +4:,

Surri1 vhh Dsshqgl{

: Yroxqwdu| Wudqvihu e| wkh Ulfk Uhjlrq1

Qrz frqvlghu wkh iroorzlqj vhw xs1 Ehiruh pljudwlrq wdnhv sodfh/ wkh jryhuqphqw ri uhjlrq

4 ghflghv rq wkh wudqvihu wr uhjlrq 51 Wkh orfdo jryhuqphqw lv frpplwwhg wr wkh wudqvihu1

Lw udwlrqdoo| iruhvhhv wkh pljudwlrq frqvhtxhqfhv ri lwv fkrlfh dqg lw fdq �jxuh rxw wkh

hqvxlqj htxloleulxp1 Wkh orfdo jryhuqphqw lq uhjlrq 4 lv rqo| doorzhg wr fkrrvh d wudqvihu

zklfk lw lv hyhqwxdoo| deoh wr sd|1 Lw wulhv wr pd{lpl}h wkh xwlolw| ri wkrvh olylqj lq uhjlrq 4

lq wkh �uvw shulrg1 Lq sulqflsoh/ lwv flwl}hqv pd| fkrrvh wr pryh wr wkh rwkhu uhjlrq lq wkh

qh{w shulrg1 Exw dv wkh xwlolw| iurp olylqj lq wkh wzr glvwulfwv zloo eh wkh vdph dv lqglfdwhg

e| +43,/ wkh jryhuqphqw lq uhjlrq 4 pd{lpl}hv wkh xwlolw| ri lwv flwl}hqv li lw pd{lpl}hv

wkh xwlolw| ri d flwl}hq zklfk sodqv wr vwd|1 Hyhq wkrxjk wkh jryhuqphqw fdq frpplw

wr d wudqvihu/ �c lw fdqqrw frpplw lwvhoi wr lwv vxevhtxhqw fkrlfh ri wd{ dqg h{shqglwxuh

srolf|1 Wklv dvvxpswlrq uh hfwv wkh lghd wkdw lqwhu0uhjlrqdo +qdwlrqdo, wudqvihuv duh orqj0

uxq ghflvlrqv wkdw qhhg grphvwlf frqvhqvxv/ dqg fdqqrw eh prgl�hg dv hdvlo| dv wkh fkrlfh

ri wd{ udwhv ru vshqglqj1 Wkh jryhuqphqw*v sureohp lv

4@ 
�

` EA E�c�E�c e�c e2�c e��c �c�E�c e�c e2�c e��� +4;,

Qrz ohw �-c ?- ghqrwh wkh vroxwlrq wr wklv sureohp1 Qh{w zh vkrz wkdw
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Wkhruhp 4 Wkh rswlpdo fkrlfh ri wudqvihu iurp wkh srlqw ri ylhz ri uhjlrq 4 dqg wkh

hqvxlqj doorfdwlrq ri lqglylgxdov frlqflgh zlwk wkh vhfrqg ehvw ihghudolvw vroxwlrq= �- '

�Wc ?- ' ?W�

Surri1 Orrn dw wkh sodqqhu*v sureohp +48,/ xvlqj +43, zh jhw wkdw wklv sureohp lv

htxlydohqw wr wkh sureohp

4@ 
�

2` EA E�c�E�c e�c e2�c e��c �c�E�c e�c e2�c e��

zklfk ri frxuvh kdv wkh vdph vroxwlrq dv +4;,�

Fruroodu| 4 Lw iroorzv wkdw wd{ udwhv dqg wkh ohyho ri vshqglqj zloo dovr eh wkh vdph dv

lq wkh vhfrqg ehvw1

Idfhg zlwk wkh wkuhdw ri lppljudwlrq/ uhjlrq 4 yroxqwdulo| fkrrvhv wkh vdph wudqvihu

dv wkh sodqqhu1 Wkh lqwxlwlyh uhdvrq lv wkdw pljudwlrq htxdol}hv xwlolw| lq wkh wzr uhjlrqv1

Uhjlrq 4 fdqqrw krsh wr jhw kljkhu xwlolw| wkdq wkdw ri uhjlrq 5/ vlqfh lw lv irufhg wr wdnh

wkh frqvhtxhqfhv ri pljudwlrq lqwr dffrxqw1 Exw wklv phdqv wkdw wkh uhjlrq dfwv dv li lw

zhuh pd{lpl}lqj wkh mrlqw ihghudo xwlolw|/ zklfk lv h{dfwo| zkdw wkh sodqqhu grhv1 Wklv lv

hvvhqwldoo| P|huv* +4<<3, uhvxow1

Wklv frqfoxvlrq uhvwv rq wkh delolw| ri uhjlrq 4 wr frpplw wr wkh wudqvihu1 Lq wkh prgho/

diwhu pljudwlrq kdv wdnhq sodfh/ uhjlrq 4 zrxog udwkhu qrw sd| wkh wudqvihu1 Krzhyhu/ zh

gr qrw �qg wklv lv dq lpsruwdqw olplwdwlrq rq wkh uhvxow1 Pljudwlrq dqg wudqvihuv duh

uhfxuuhqw hyhqwv lq wkh uhdo zruog1 Vr rqh fdq dooxgh wr uhshdwhg jdph h�hfwv1 Li uhjlrq

4 uhqhjhv rq lwv surplvh wr jlyh wkh wudqvihu/ wklv zloo wuljjhu pljudwlrq1

:14 Qr Frpplwphqw

Khuh zh pdnh rqh vlpsoh srlqw1 Uhjlrq 4*v delolw| wr frpplw wr d srvlwlyh wudqvihu

lpsuryhv zhoiduh lq erwk uhjlrqv1 Frqvlghu wkh fdvh zkhuh/ ghvslwh iuhh oderu prelolw|/ qr

4:



wudqvihu lv sdlg lq htxloleulxp ehfdxvh uhjlrq 4 odfnv frpplwphqw lq ghflglqj �� Vxssrvh

wkh wudqvihu ghflvlrq lv qrw fuhgleoh/ +wkh wudqvihu lv fkrvhq e| 4 diwhu wkh fkrlfh ri

orfdwlrq kdv ehhq pdgh,1 Rqfh lqglylgxdov kdyh pryhg/ lw lv h{0srvw rswlpdo iru uhjlrq 4

wr vhw � ' f�Dv srwhqwldo pljudqwv dqwlflsdwh wklv rxwfrph/ pljudwlrq lv h{fhvvlyh dqg

ihghudo zhoiduh lv uhgxfhg1 Uhphpehu wkdw/ zlwk iuhh prelolw| dqg frpplwphqw/ uhjlrq 4

yroxqwdulo| fkrrvhv d srvlwlyh wudqvihu/ dowkrxjk lw frxog fkrrvh wr jlyh qr wudqvihu1 Wklv

lv ehfdxvh uhjlrq 4 jdlqv iurp wkh wudqvihu/ e| uhgxflqj frqjhvwlrq +uhjlrq 5 dovr jdlqv

iurp wkh wudqvihu,1 Frpplwwlqj wr d srvlwlyh wudqvihu lv Sduhwr lpsurylqj1

; Frvwo| Pljudwlrq

Lq wklv vhfwlrq zh pdnh d ohds wrzdug �uhdolvp� dqg lqyhvwljdwh krz rxu uhvxowv fkdqjh li

zh lqwurgxfh d frvw ri pljudwlrq1 Ohw S eh wkh xwlolw| orvv dvvrfldwhg zlwk prylqj iurp rqh

uhjlrq wr wkh rwkhu1 Lq wklv fdvh dq djhqw rqo| ghflghv wr pryh li wkh xwlolw| jdlq h{fhhgv S�

Wkhuhiruh/ xwlolw| iurp olylqj lq d uhjlrq fdq dw prvw h{fhhg wkh xwlolw| iurp olylqj lq wkh

rwkhu uhjlrq e| S� Li ` � : ` 2c wkhq lqglylgxdov zloo pryh iurp 5 wr 4 xqwlo ` �
�S � ` 2�

Li/ frqyhuvho|/ ` � 	 ` 2c lqglylgxdov zloo pryh iurp 4 wr 5 xqwlo ` � � ` 2 � S�

Ilqdoo|/ zkhq ` � ' ` 2c qrprelolw| rffxuv1 Sxwwlqj wkhvh frqglwlrqv wrjhwkhu/ zh

�qg wkdw rxu iuhh pljudwlrq frqglwlrq +43, lv uhsodfhg e|

` 2
� S � ` �

� ` 2
n S� +4<,

Lq rxu prgho/ wkh ulfk uhjlrq 4 dozd|v lv wkh dwwudfwlyh uhjlrq/ vr ` 2 � ` �/ dqg rqo| wkh

uljkwzdug lqhtxdolw| lv elqglqj1 Wkh uhohydqw frqglwlrq uhgxfhv wr

` �
� S �` 2 +53,
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;14 Ihghudo Wudqvihu zlwk Prelolw| Frvwv

Lq sulqflsoh/ wkh sodqqhu frxog xvh wkh wudqvihu hlwkhu wr doorz ru wr suhyhqw pljudwlrq1 Kh

pd| zdqw wr fkrrvh d �odujh� wudqvihu/ iru suhyhqwlqj pljudwlrq43/ ehfdxvh/ lq dgglwlrq

wr wkh frqjhvwlrq h�hfwv/ wkh sodqqhu lqwhuqdol}hv wkh prelolw| frvwv vx�huhg e| pljudqwv1

Wklv lv pruh olnho| wkh odujhu lv S dqg wkh vpdoohu wkh glvwruwlrqdu| h�hfwv lqgxfhg e|

kljkhu wd{hv lq uhjlrq 41 Dowhuqdwlyho|/ wkh sodqqhu pd| fkrrvh d �vpdoo� wudqvihu/ dqg

doorz pljudwlrq/ lq rughu wr uhds wkh srvlwlyh surgxfwlylw| dqg rxwsxw h�hfwv1 Wklv lv

pruh olnho| wkh vpdoohu wkh prelolw| frvwv/ Sc dqg wkh odujhu wkh glvwruwlrqdu| h�hfwv ri

wkh wudqvihu rq wkh wd{ udwh fkrvhq e| uhjlrq 41

;15 �Kljk� Prelolw| Frvw

Frqvlghu wkh fdvh zkhuh prelolw| frvwv duh kljk +uhodwlyho| wr wkh gl�huhqfh lq hqgrz0

phqwv, vr wkdw dq lqglylgxdo lv ehwwhu r� vwd|lqj lq wkh srru uhjlrq udwkhu wkdq prylqj

wr uhjlrq 4/ hyhq zkhq qr wudqvihu lv sdlg/ wkdw lv wkh frqglwlrq

` �
� S � ` EA Efc �c e��c fc �c e��� S �` EA Efc �c e2�c fc�c e2� �` 2 +54,

lv vdwlv�hg1 Wkh suhylrxv h{suhvvlrq lpsolflwo| gh�qhv d wkuhvkrog ohyho iru wkh prelolw|

frvw

7S �` EA Efc �c e��c fc �c e���` EA Efc �c e2�c fc �c e2� +55,

vxfk wkdw zkhq S � 7S qr rqh pryhv dqg ? ' �� Qrwh wkdw zkhq prelolw| frvw h{fhhg wklv

fulwlfdo ydoxh/ wkhuh lv qr pljudwlrq luuhvshfwlyh ri wkh ydoxh ri wkh wudqvihu1

Iru S � 7Sc wkh sodqqhu*v sureohp lv

4@ 
�

` � n` 2 ' ` EA E�c �c e��c �c �c e�� n` EA E��c�c e2�c��c �c e2�

43Qrwh wkdw kh zloo qhyhu fkrrvh d ydoxh ri ! vr lqgxfh hpljudwlrq lqwr uhjlrq 5/ vlqfh wklv zrxog uhgxfh

wrwdo ihghudo rxwsxw/ frqvxpswlrq dqg zhoiduh1
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Wkh �uvw rughu frqglwlrq lv

` �

� '` 2

� � +56,

ru

M} E|� EuE|�� n e��� �� ' M} E|2 EuE|2� n e2� n ��

Wkh sodqqhu htxdol}hv wkh pdujlqdo xwlolw| ri sxeolf jrrgv dfurvv uhjlrqv1 Wklv uhtxluhv

d wudqvihu wkdw hqdeohv hdfk uhjlrq wr vxsso| wkh vdph ohyho ri sxeolf jrrgv/ }� ' }2�

Vlqfh wkh pdujlqdo xwlolw| iurp sulydwh frqvxpswlrq lv frqvwdqw/ wkh sodqqhu grhv qrw

qhfhvvdulo| htxdol}h zhoiduh lq wkh wzr glvwulfwv1 Lq rughu wr htxdwh sxeolf frqvxpswlrq

wkh rswlpdo oxps0vxp wudqvihu lv jlyhq e|

�WS '
|� EuE|�� n e��� |2 EuE|2� n e2�

2
: f +57,

vr wkdw wkh gl�huhqfh ehwzhhq uhyhqxhv iurp wkh lqfrph wd{ lv htxdoo| vsolw lq wzr441

Vxssrvh wkdw wkh wudqvihu �WS lq +57, lv sdlg wr wkh srru uhjlrq1 Zh nqrz wkdw wklv

wudqvihu grhv qrw qhfhvvdulo| htxdwh xwlolw| dprqj uhjlrqv1 Zkhq S � 7S qr pljudwlrq rf0

fxuv zkdwhyhu wkh wudqvihu1 Exw dv vrrq dv zh vwduw orzhulqj wkh pljudwlrq frvw/ pljudwlrq

pd| rffxu1 Lw lv hdv| wr vhh wkdw qr pljudwlrq vwloo wdnhv sodfh surylghg wkh frvw h{fhhgv

d fulwlfdo ydoxh/ S � �S� Wklv ydoxh lv lpsolflwo| gh�qhg e| wkh lqgl�huhqfh frqglwlrq

` EA E�WS c�c e��c �
W

Sc �c e��� �S '` EA E��WS c �c e2�c��
W

Sc �c e2� +58,

Lqwxlwlyho|/ �S lv wkh prelolw| frvw zklfk lv mxvw vx!flhqw wr suhyhqw pljudwlrq zkhq

wkh rswlpdo wudqvihu/ �WSc lv sdlg1 Fohduo| wklv ydoxh lv vpdoohu wkdq 7Sc wkh prelolw| frvw

wkdw mxvw vwduyhv r� pljudwlrq zkhq qr wudqvihu dw doo lv sdlg/ �S 	 7S +frpsduh +55, dqg

+58,,1 Zh kdyh glvfryhuhg wkdw/ surylghg wkh pljudwlrq frvw h{fhhgv wkh wkuhvkrog / S � �Sc

wkh fhqwudo sodqqhu rswlpdoo| fkrrvhv d wudqvihu �WS gh�qhg lq +57, dqg dyrlgv pljudwlrq/

� SE�WS c e�e2� ' ��

44Wklv irupxod lv h{dfwo| dv wkdw ghulyhg e| Erugljqrq/ Pdqdvvh dqg Wdehoolql +4<<9,^7`/ xqghu wkh

dvvxpswlrq ri qr prelolw|1
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;16 �Orz� Prelolw| Frvwv

Ohw xv qrz frqvlghu wkh fdvh zkhuh S 	 �S � Qrz pljudwlrq grhv rffxu hyhq li wkh wudqvihu

�WS lv sdlg/ khqfh wkh prelolw| frqvwudlqw lv elqglqj dqg zh kdyh wkdw

` 2 ' ` �
� S +59,

lv uhvwruhg1 E| lpsolflw gl�huhqwldwlrq/ zh fdq fdofxodwh wkh h�hfw ri wkh wudqvihu rq uhjlrq

4*v srsxodwlrq/ l1h1 wkh sduwldo ghulydwlyh � S
�E�c e�c e2�� Frpsduh wkh prelolw| frqglwlrqv

zlwk }hur ru srvlwlyh pljudwlrq frvwv/ +43, dqg +59,1 Lw lv fohdu wkdw � S
� ' �� dv jlyhq

e| +45,1 Wkxv zkhq wkh prelolw| frqvwudlqw lv elqglqj/ prelolw| frvwv gr qrw d�hfw wkh

ghflvlrq ri wkh pdujlqdo hpljudqw451

Wkh sodqqhu lqwhuqdol}hv wkh prelolw| frvwv/ vr kh vroyhv wkh sureohp

4@ 
�

?` � n E2� ?�` 2
� E?� ��S '

' � SE�c ��` EA�E��c �
SE�c ��c �c e�� n +5:,

nE2 �� SE�c ���` EA2E��c 2�� SE�c ��c��c e2� � E� SE�c ��� �� S

Xvlqj +59, wklv sureohp uhgxfhv wr

4@ 
�

?` � n E2 � ?�E` �
� S�� E?� ��S

ru

4@ 
�

2` �
� S�

Fohduo|/ wklv kdv wkh vdph vroxwlrq dv uhjlrq 4 zrxog fkrrvh1 Ohw xWES� eh wkh sodqqhuv

rswlpdo wudqvihu dw prelolw| frvw S dqg x-ES� uhjlrq 4*v rswlpdo wudqvihu1 Lw lv e| qrz

vwudljkwiruzdug wr vkrz wkdw wkh �uvw rughu frqglwlrq iru wkh wudqvihu vdwlv�hv

` �

�

` �
?

'
` 2

�

` 2
?

� +5;,

45Qrwh wkdw dw wkh ydoxh ! iru zklfk Qf+!> h4> h5, @ 4 dqg Z 4 . f @ Z 5> Qf+=, lv qrq0gl�huhqwldeoh1

Lwv uljkw ghulydwlyh htxdov Q!/ dqg lwv ohiw ghulydwlyh htxdov 31
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Iljxuh 5=

Zklfk lv wkh vdph dv wkh frqglwlrq rewdlqhg zlwk }hur prylqj frvwv1 Wkh sodqqhu +dqg

wkh ulfk uhjlrq 4, fkrrvhv d wudqvihu vxfk wkdw wkh pdujlqdo udwh ri vxevwlwxwlrq ehwzhhq

wudqvihu +sxeolf jrrgv, dqg lppljudwlrq lv wkh vdph iru wkh wzr glvwulfwv1 Krzhyhu/ qrwlfh

wkdw � dqg ? duh ghwhuplqhg mrlqwo| e| +5;, dqg +59,/ vr iru d jlyhq ?/ wkh rswlpdo wudqvihu

xWES� lv orzhu wkdq zlwkrxw prylqj frvwv1 Lw iroorzv gluhfwo| iurp +59, wkdw wkh rswlpdo

wudqvihu lv ghfuhdvlqj lq wkh prelolw| frvw/ l1h1 xW

S
ES� 	 fc dqg xWEf� ' �W� Vlploduo|/ iru d

jlyhq wudqvihu/ wkh pljudwlrq lv vpdoohu zlwk prelolw| frvw wkdq zlwkrxw1 Lqwxlwlyho|/ wkh

prelolw| frvwv pdnhv pruh frvwo| iru wkh sodqqhu wr ohw shrsoh lqwr wkh pruh surgxfwlyh

uhjlrq1

Wkh vroxwlrq lv looxvwudwhg lq Iljxuh 51 Lq wkh devhqfh ri pljudwlrq frvwv wkh htxloleulxp

srsxodwlrq ri uhjlrq 4 zrxog eh ? : �1 Zlwk prylqj frvwv/ looxvwudwhg e| wkh yhuwlfdo olqh/

wkh htxloleulxp srsxodwlrq lv rqo| ?S 	 ? dqg xwlolw| iurp olylqj lq uhjlrq 4 h{fhhg xwlolw|

iurp olylqj lq uhjlrq 5 e| S�Wkh vroxwlrq fohduo| ghprqvwudwhv wkdw uhjlrq 4 ehqh�wv iurp

prelolw| frvwv1
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Wr vxppdul}h wkh glvfxvvlrq

Wkhruhp 5 Zkhq wkh prelolw| frvw lv �orz�/ S � �S / zlwk �S gh�qhg lpsolflwo| lq +58,/ dqg

pljudwlrq wdnhv sodfh lq htxloleulxp/ � SExWES�c e�c e2� : �c wkh wudqvihu yroxqwdulo| fkrvhq

e| uhjlrq 4/ x-ES� / lv htxdo wr wkh vhfrqg ehvw vroxwlrq/ xWES�1

Wkxv zh vhh wkdw li lw lv rswlpdo iru wkh sodqqhu wr doorz pljudwlrq/ uhjlrq 4 yroxqwdu|

fkrrvhv wkh vdph ohyho ri wudqvihu wkdw wkh sodqqhu zrxog fkrrvh/ x-ES� ' xWES�� Wklv

pd| vhhp vxusulvlqj1 Wkh srlqw lv wkdw zkhqhyhu lw lv wrr frvwo| wr suhyhqw pljudwlrq/ wkh

sodqqhu nqrzv wkdw lw fdqqrw lq xhqfh wkh gl�huhqfh lq zhoiduh ehwzhhq olylqj lq wkh wzr

uhjlrqv/ jlyhq e| wkh prelolw| frvw S� Lq wklv fdvh kh dqg wkh ulfk glvwulfw kdyh wkh vdph

remhfwlyh/ pd{lpl}h xwlolw| vxemhfw wr wklv frqvwudlqw1 Wkhuhiruh wkh vroxwlrq lv wkh vdph1

Khqfh li pljudwlrq rffxuv lq wkh vhfrqg ehvw/ wkh pdunhw surgxfhv wkh vdph vroxwlrq dv

wkh sodqqhu/ hyhq lq wkh suhvhqfh ri pljudwlrq frvwv1

< Yroxqwdu| Wudqvihu zlwk Prelolw| Frvwv

Zh douhdg| nqrz wkh fkrlfh ri �- e| uhjlrq 4 zkhq prelolw| frvwv duh orz/ l1h1 ohvv wkdq

�S� Zh qrz fkdudfwhul}h wkh wudqvihu wkdw uhjlrq 4 zrxog fkrrvh iru kljk +S � 7S� dqg

prghudwho| kljk prelolw| frvwv +�S 	 S 	 7S�� Hylghqwo|/ wkh rqo| uhdvrq uhjlrq 4 yroxqwdu|

sd|v d wudqvihu lv wr uhgxfh lppljudwlrq1

<14 �Kljk� Prelolw| Frvw

Frqvlghu wkh fdvh zkhuh prelolw| frvwv duh vr kljk wkdw dq lqglylgxdo lv ehwwhu r� vwd|lqj

lq wkh srru uhjlrq udwkhu wkdq prylqj wr uhjlrq 4/ hyhq zkhq qr wudqvihu lv sdlg/ wkdw

lv S � 7S� D srvlwlyh wudqvihu wr wkh srru uhjlrq zrxog rqo| udlvh zhoiduh lq 5 dqg uhgxfh
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zhoiduh lq 4/ wkxv pdnlqj pljudwlrq hyhq ohvv ghvludeoh1 Fohduo|/ lq wklv fdvh wkh rswlpdo

wudqvihu iurp uhjlrq*v 4 srlqw ri ylhz lv �-
S
' f�

<15 Prghudwh Prelolw| Frvw

Zh qrz frqvlghu wkh fdvh zkhq �S 	 S 	 7S� Iurp wkh suhylrxv vhfwlrqv zh nqrz wkdw

zkhq S ' �Sc x-E�S� ' xWE�S�c dqg ixuwkhupruh/ e| wkh gh�qlwlrq ri �Sc zh kdyh wkdw

� SEx-E�S�c e�c e2�� ' �� Wklv phdqv wkdw uhjlrq 4 lv zloolqj wr jlyh d wudqvihu wkdw lv

vx!flhqw wr vwduyh r� pljudwlrq dw �S� Fohduo|/ zkhq S lv kljkhu wkdq �S d hyhq vpdoohu

wudqvihu lv vx!flhqw wr vwduyh r� lppljudwlrq1 D iruwlrul wkh ulfk uhjlrq pxvw eh zloolqj

wr sd| vxfk d vpdoohu wudqvihu1 Wkxv wkh ulfk uhjlrq fkrrvhv wkh vpdoohvw wudqvihu zklfk

suhyhqwv pljudwlrq1 Zh frqfoxgh wkdw iru �S 	 S 	 7Sc x-ES� 	 xWES�c zkloh pljudwlrq lv

}hur erwk lq wkh ihghudo dqg wkh pdunhw fdvh1

43 Frpsdulqj wkh Pdunhw dqg Sodqqhu Vroxwlrqv

Lq Iljxuh 6 zh vkrz wkh wudqvihuv fkrvhq e| wkh sodqqhu dqg wkh ulfk uhjlrq 41 Iru orz

prelolw| frvwv wkh wzr frlqflgh1 Dv wkh prelolw| frvwv ulvhv uhjlrq 4 lv deoh wr suhyhqw

pljudwlrq hyhq zlwk orzhu wudqvihu/ zkloh wkh sodqqhu lqwhuqdol}hv wkh ehqh�wv ri uhglvwul0

exwlrq1 Iru yhu| kljk prelolw| frvw wkh yroxqwdu| wudqvihu idoov wr }hur1 Iljxuh 7 vkrzv

wkh fruuhvsrqglqj htxloleulxp srsxodwlrq ri uhjlrq 4 lq wkh wzr uhjlphv1 Zkhq wkh frvw

lv deryh �Sc wkhuh lv qr pljudwlrq lq erwk uhjlphv exw iru gl�huhqw uhdvrqv1 Wkh sodqqhu

uhglvwulexwhv/ vr dq lqglylgxdo lv ehwwhu r� vwd|lqj lq zhoiduh lq uhjlrq 5 wkdq pljudwlqj1

Uhjlrq 4/ rq wkh rwkhu kdqg/ mxvw jlyhv hqrxjk wr suhyhqw pljudwlrq1 Iru orzhu prelolw|

frvwv prelolw| rffxuv1 Vlqfh wkh wudqihuv lq wkh wzr uhjlphv frlqflgh/ vr grhv pljudwlrq1

Wkh orzhu wkh frvw/ wkh pruh pljudwlrq1
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Iljxuh 6=

Iljxuh 7=
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44 Frqfoxvlrqv

Wklv sdshu kdv dvnhg d vlpsoh txhvwlrq= gr zh qhhg wr vhw xs ihghudo lqvwlwxwlrqv gh0

vljqhg wr rujdql}h lqwhu0qdwlrqdo2uhjlrqdo wudqvihuv dqg wr lpsohphqw uhglvwulexwlyh srol0

flhvB Surylghg pljudwlrq frvwv duh qrw surklelwlyh uhodwlyh wr wkh gl�huhqfhv lq shufdslwd

lqfrph0 wkh dqvzhu lv qr= yroxqwdu| +ghfhqwudol}hg, wudqvihuv uhsolfdwh wkh vrfldo rswl0

pxp/ vr wkdw idflolwdwlqj oderu prelolw| pd| eh doo wkdw lv uhtxluhg wr dfklhyh h!flhqw

uhglvwulexwlrq1 Wklv fdvh lv uhohydqw iru rswlpdo uhglvwulexwlrq dprqj orfdo jryhuqphqwv

zlwklq d frxqwu|1 Dv odqjxdjh dqg fxowxuh eduulhuv duh ehfrplqj ohvv dqg ohvv uhohydqw

dv dq revwdfoh iru oderu prelolw| lq Hxursh/ lw pd| dovr eh pruh dqg pruh uhohydqw iru

wkh HX= lqwhu0hxurshdq uhglvwulexwlrq zloo wdnh sodfh hyhq li lw lv ghfhqwudol}hg dqg wkh

qhhg iru qhz lqvwlwxwlrqv fdq eh glvfxvvhg1 Wklv frqfoxvlrq grhv qrw krog/ krzhyhu/ zkhq

lqglylgxdov idfh odujh prelolw| frvwv/ dv pd| eh wkh fdvh iru lqwhuqdwlrqdo pljudwlrq  rzv1

Lq wkhvh flufxpvwdqfhv zh kdyh vkrzq wkdw wkh ghfhqwudol}hg vroxwlrq lv lqh!flhqw/ vlqfh

lw surgxfhv vxerswlpdo wudqvihuv1 Khuh lqwhuqdwlrqdo lqvwlwxwlrqv kdyh d uroh wr sod|1

Dgplwwhgo|/ wkhvh frqfoxvlrqv uho| rq d kljko| vw|ol}hg prgho1 Krz urexvw duh rxu

frqfoxvlrqvB

Vxssrvh zh kdg pruh wkdq rqh ulfk uhjlrq1 Rqh frxog lpdjlqh wkdw wkh rswlpdolw| ri

yroxqwdu| wudqvihu pd| eh ghvwur|hg e| d iuhh ulglqj sureohp1 Krzhyhu / wklv lv qrw wkh

fdvh hyhq zlwk prelolw| frvw1 Wkh uhdvrq lv dv iroorzv1 Dv orqj dv wkh pljudwlrq frvw lv

wkh vdph iru doo wkh ulfk uhjlrqv/

Vxssrvh zh kdg dvvxphg wkdw ohvv surgxfwlyh djhqwv iurp wkh srru uhjlrq uhpdlqhg

vxfk hyhq diwhu prylqj lqwr wkh ulfk uhjlrq1 Wkh frqwulexwlrq ri lppljudqwv iru wkh

�qdqflqj ri wkh sxeolf jrrg lq wkh ulfk uhjlrq zrxog wkhq eh vpdoohu/ dqg vr wkh ulfk

uhjlrq eh zloolqj wr sd| d odujhu frqwulexwlrq iru vwduylqj r� pljudwlrq1 Rq wkh rwkhu

kdqg/ pljudwlrq zrxog ehfrph ohvv ghvludeoh iru flwl}hqv ri uhjlrq 5/ vr wkdw d orzhu

wudqvihu zrxog eh uhtxluhg wr suhyhqw lw1 Suhvxpdeo| wkh ohyho ri wkh wudqvihu zrxog
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fkdqjh/ exw rxu pdlq frqfoxvlrqv zrxog qrw eh d�hfwhg1

Pruh lpsruwdqwo|/ zh kdyh ljqruhg wkh lvvxh ri krz lqwhu0uhjlrqdo uhglvwulexwlrq dqg

pljudwlrq lqwhudfw zlwk lqwud0uhjlrqdo uhglvwulexwlrq +wkh zhoiduh v|vwhp,1 Vxssrvh wkdw

qrw rqo| djhqwv fduu| wkhlu surgxfwlylw| zlwk wkhp zkhq wkh| pryh/ exw wkhuh lv dovr

khwhurjhqhlw| zlwklq hdfk uhjlrq1 Li lppljudqwv frpshwh iru qhw vxevlglhv zlwk wkh srruhvw

lq wkh ulfk uhjlrq/ qrz wkh jryhuqphqw lq 4 kdv dq dowhuqdwlyh wrro wr uhgxfh pljudwlrq= lw

fdq fxw wkh zhoiduh v|vwhp1 Lq vxfk d iudphzrun d ghfhqwudol}hg vroxwlrq iru lqwhu0uhjlrqdo

wudqvihuv pd| glvwruw lqwud0uhjlrqdo uhglvwulexwlrq dqg ehfrph lqh!flhqw1 Wkh lqwhudfwlrq

ehwzhhq wkhvh wzr ohyhov ri uhglvwulexwlrq dqg pljudwlrq rshqv xs wkh zkroh lvvxh ri

zkhwkhu/rq hfrqrplf jurxqgv/ srolwlfdo uljkwv vkrxog eh dvvljqhg wr lppljudqwv1Zh ihho

wkdw wkhvh duh h{flwlqj gluhfwlrqv iru ixwxuh uhvhdufk1

D Dsshqgl{

D14 Surshuwlhv ri wkh pljudwlrq htxloleulxp

Zh vkrz wkdw _E` �
3`

2�
_?

	 f lv htxlydohqw wr +44,1 Gl�huhqwldwlqj` EA E�c ?c e�c �c ?c e� zlwk

uhvshfw wr ? zh jhw
_`

_?
' `|A? n`?

AIurp wkh idfw wkdw | zloo eh fkrvhq rswlpdoo|c +wkh �uvw rughu frqglwlrq wr +:,,/ zh fdq

dsso| wkh hqyhorsh wkhruhp vr wkdw

_`

_?
'`?

dqg khqfh
_E` �

�` 2�

_?
' ` �

?
n` 2

?
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Dovr/ revhuyh wkdw iurp wkh lqgluhfw xwlolw| ixqfwlrq lq +9,/ lw iroorzv wkdw _E` �
3` 2�
_?

	

f �ss

M} E?|� EuE|�� n e��� �� |� EuE|�� n e�� nM} EE2 � ?�|2 EuE|2� n e2� n �� |2 EuE|2� n e2�

2
	 kc

+5<,

D zh revhuyhg/ lq sulqflsoh/ htxloleuld frxog hqwdlo wkdw rqh uhjlrq lv ydfdwhg dqg

hyhu|erg| pryhv lqwr wkh rwkhu uhjlrq1 Krzhyhu/ zh zloo h{foxgh wklv fdvh iurp frqvlg0

hudwlrq1 D vx!flhqw frqglwlrq iru wklv lv wkdw lq wkh devhqfh ri dq| wudqvihu/ erwk uhjlrqv

zloo eh srsxodwhg lq shulrg 51 Wkdw lv= dq ? lq Efc 2� h{lvwv vroylqj

` EA Efc ?c e��c fc ?c e�� ' ` EA Efc 2 � ?c e2�c fc 2 � ?c e2� +63,

Wdnh wkh vlpsoh fdvh zkhuh wkh uhjlrqv duh lghqwlfdo/ e� ' e2 ' e� Wkhq / iurp v|pphwu| ? '

� vroyhv +63,1 Lq wklv fdvh wkh frqglwlrq lv fohduo| ixo�oohg1 E| frqwlqxlw|/ zh frqfoxgh

wkdw surylghg e� dqg e2 duh vx!flhqwo| forvh/ wkhq pljudwlrq htxloleuld zloo eh lqwhulru

iru � ' f� D iruwlrul/ erwk uhjlrqv zloo eh srsxodwhg dovr li uhjlrq � fkrrvhv d srvlwlyh

�� D srvlwlyh � zloo phdq wkdw pruh shrsoh zloo olyh lq uhjlrq 51 Ilqdoo|/ qrwlfh wkdw wkh

lqkdelwdqwv ri uhjlrq 4 zloo qhyhu fkrrvh vxfk d odujh wudqvihu � dv wr lqgxfh ydfdwlrq ri

uhjlrq 41 Li wklv zhuh wkh fdvh/ wkh h�hfwlyh wudqvihu zloo eh }hur 0 d wudqvihu fdq rqo|

eh sdlg li vrpherg| vwd|v ehklqg dqg sd|v1 Dv d uhvxow/ doo lqglylgxdov zrxog olyh lq

uhjlrq 5 zlwk wkh orz wlph hqgrzphqw/ dqg }hur wudqvihu1 Exw wklv lv hyhq zruvh wkdq

wkh vlwxdwlrq zkhuh rqo| uhjlrq 4 lv srsxodwhg1 Khqfh/ zh frqfoxgh wkdw li e� dqg e2 duh

vx!flhqwo| forvh/ htxloleuld zloo eh lqwhulru1 Lq wkh vhtxho zh zloo rqo| irfxv rq lqwhulru

vwdeoh htxloleuld1

D15 Surri ri Ohppd 4

Vlqfh wkh vxevhtxhqw fkrlfhv ri wd{ udwhv e| wkh jryhuqphqwv ri wkh wzr uhjlrqv zloo eh

rswlpdo/ wkh hqyhorsh wkhruhp lpsolhv wkdw doo �uvw rughu h�hfwv iurp fkdqjhv lq wd{ udwhv
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ydqlvk1 Wkhuhiruh/ zh fdq zulwh wkh �uvw rughu frqglwlrq iru � dv iroorzv=

�
` �

�` 2 n ?` �

? � E2 � ?�` 2

?

�
�� n ?` �

� � E2 � ?�` 2

� ' f� +64,

Xvlqj +43, wklv uhgxfhv wr

�� ' �
?` �

� � E2� ?�` 2

�

?` �
? � E2� ?�` 2

?

� +65,

Qrz xvh +45, wr jhw
` �

�

` �
?
'

` 2

�

` 2
?
�

Wkh vhfrqg rughu frqglwlrq wr wkh sureohp +48, lv qrw wulyldo/ dv lw lqyroyhv ���c `
�
��

dqg wkh furvv ghulydwlyhv1 Krzhyhu/ xqghu wkh pdlqwdlqhg dvvxpswlrq wkdw wkh pljudwlrq

htxloleulxp lv xqltxh dqg vwdeoh wkh ixqfwlrq �E�� lv frqwlqxrxv1 Wkhuhiruh wkh remhfwlyh

ixqfwlrq ri wkh sodqqhu lv frqwlqxrxv1 Ixuwkhupruh/ zh fdq wdnh wkh udqjh ri srvvleoh

wudqvihuv wr eh frpsdfw � 5 dfc 7�oc zkhuh 7� lv vrph yhu| odujh qxpehu1 E| Zlhuvwudvv

wkhruhp wkh sureohp +48, wkhq kdv d vroxwlrq1 Lw pd| qrw eh xqltxh/ krzhyhu/ jhqhulfdoo|/

lw zloo eh1 Lq wkh vhtxho zh zloo dvvxph wkdw wkh vroxwlrq lv xqltxh461

Uhihuhqfhv

^4` Dwnlqvrq/ D1E1 dqg M1Vwljolw}/+4<;3,/ Ohfwxuhv rq Sxeolf Hfrqrplfv/ Qhz \run/

PfJudz0Kloo1

^5` Erwwd}}l/ O1 dqg S1Pdqdvvh/+4<<;,/�Edqnhuv* yv Zrunhuv* HxurshLL= H{whuqdolwlhv dqg

Fuhglelolw| lq wkh HPX�/ FHSU Zrunlqj Sdshu Qr1

^6` Erdgzd|/ U1/ dqg I1 Iodwwhuv/ +4<<5,/ �H!flhqf| dqg htxdol}dwlrq sd|phqwv lq d

ihghudo v|vwhp ri jryhuqphqw=D v|qwkhvlv dqg h{whqvlrq ri uhfhqw uvxowv�/ Fdqdgldq

Mrxuqdo ri Hfrqrplfv/ 48/ 94609661

46Wkh uhvxowv lq wkh wh{w gr qrw uhtxluh xqltxhqhvv ri wkh vroxwlrq1 Zkhq frpsdulqj wkh vroxwlrqv ri

gl�huhqw pd{lpl}dwlrq sureohpv/ wkh vwdwhphqwv vkrxog wkhq eh wdnhq dv vwdwhphqwv derxw wkh vhw ri

vroxwlrqv1
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^7` Erugljqrq/ P1/ S1Pdqdvvh dqg J1Wdehoolql/ +4<<9,/�Rswlpdo Uhjlrqdo Uhglvwulexwlrq

xqghu Dv|phwulf Lqirupdwlrq�/ FHSU Glvfxvvlrq Sdshu Qr476:

^8` Exfryhwvn| V1/ P1 Pdufkdqg dqg S1 Shvwlhx +4<<9,/�Wd{ frpshwlwlrq dqg uhyhohdwlrq

ri suhihuhqfhv iru h{shqglwxuhv�/ plphr

^9` Exfryhwvn|/ V1 +4<<;,/ �Ihghudolvp/ Htxdol}dwlrq dqg Ulvn Dyhuvlrq�/ Mrxuqdo ri

Sxeolf Hfrqrplfv/ yro 9:/ ss 634065;1

^:` Fuhphu/ K/ Y1 Irujhdxg/ P1 Ohlwh0Prqwhulr/ P1 Pdufkdqg/ S1 Shvwlhdx +4<<:,= �0

Prelolw| dqg Uhglvwulexwlrq= d Vxuyh|�/ plphr1

^;` Gl{lw/ D1 dqg M1 Orqguhjdq +4<<:,= � Ilvfdo Ihghudolvp dqg Uhglvwulexwlyh Srolwlfv�/

plphr/ Sulqfhwrq Xqlyhuvlw| dqg XFOD

^<` Hssoh/ G1 dqg W1 Urphu +4<<4,= �Prelolw| dqg Uhglvwulexwlrq�/ Mrxuqdo ri Srolwlfdo

Hfrqrp|/ <</ yro 71

^43` Khufrzlw} / ]1 dqg G1Slqhv +4<<4,/ �Pljudwlrq zlwk �vfdo H{whuqdolwlhv� / Mrxuqdo ri

Sxeolf Hfrqrplfv/ 79/ 49604;3

^44` Od�rqw/ M1M +4<<8,/ �Lqfhqwlyhv lq Fklqd*v ihghudo wd{ v|vwhp�/ plphr/ Hvvh{ Xql0

yhuvlw|

^45` Orfnzrrg E1 +4<<9,/ �Lqwhu0uhjlrqdo lqvxudqfh zlwk dv|pphwulf lqirupdwlrq�/

plphr/

^46` P|huv/ J1/ +4<<3,/ Rswlpdolw|/ Iuhh Prelolw| dqg Uhjlrqdo Dxwkrulw| lq D Ihghud0

wlrq�/ Mrxuqdo ri Sxeolf Hfrqrplfv/ 76/ 43:0454

^47` Pxvjudyh/ U1D1 +4<8<,= �Wkh Wkhru| ri Sxeolf Ilqdqfh�/ Qhz \run/ PfJudz0Kloo

^48` Rdwhv/ Z1 +4<:5,= �Ilvfdo Ihghudolvp�/ Qhz \run/ Kdufrxuw Eudfh Mrydqrylfk1
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^49` Shuvrq/ W1 dqg J1Wdehoolql/ +4<<9d,/ �Ihghudo Ilvfdo Frqvwlwxwlrqv=Ulvn Vkdulqj dqg

Uhglvwulexwlrq�/ Mrxuqdo ri Srolwlfdo Hfrqrp|

^4:` Shuvrq/W1 dqg J1Wdehoolql/+4<<9e,/�Ihghudo Ilvfdo Frqvwlwxwlrqv=Prudo Kd}dug1�/

Hfrqrphwulfd

^4;` Urphu/ M1/ +4<<:,= �Wkh +Qrq0Sdurfkldo, Zhoiduh Hfrqrplfv ri Lppljudwlrq�/ Glv0

fxvvlrq Sdshu <:035/ Lqvwlwxwh ri Hfrqrplfv/ Xqlyhuvlu| ri Frshqkdjhq

^4<` Vfkxow} dqg Vmùvwuùp +4<<:d,= �Orfdo Sxeolf Jrrgv/ Ghew dqg Pljudwlrq�/ plphr/

Xqlyhuvlw| ri Frshqkdjhq

^53` Vfkxow} dqg Vmùvwuùp +4<<:e,= �Hohfwlrqv/ Sxeolf Ghew dqg Pljudwlrq�/ Glvfxvvlrq

Sdshu 4;44/ Kduydug Lqvwlwxwh ri Hfrqrplf Uhvhdufk1

^54` Wlherxw/ F1 P1 +4<89,= �D Sxuh Wkhru| ri Orfdo H{shqglwxuhv�/ Mrxuqdo ri Srolwlfdo

Hfrqrp|
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