
Xqfhuwdlqw| dqg wkh Srolwlfv ri Hpsor|phqwSurwhfwlrq�
Dqguhd Ylqgljql_

DevwudfwWklv sdshu lqyhvwljdwhv wkh uroh wkdw lglrv|qfudwlf xqfhuwdlqw|/ lqwkh irup ri �up0vshfl�f surgxfwlylw| vkrfnv/ sod|v lq vkdslqj vrfldosuhihuhqfhv ryhu wkh ghjuhh ri oderu pdunhw � h{lelolw|�1 Krz oderupdunhwv uhvsrqg wr vkrfnv lv vkdshg e| lqvwlwxwlrqdo idfwruv vxfk dvwkh vwuhqjkw ri wkh �edujdlqlqj srzhu� ri oderu1 D pruh yrodwloh hq0ylurqphqw/ dqg d pruh prghvw v|vwhpdwlf udwh ri surgxfwlylw| jurzwk+�edg wlphv�, pd| whqg wr idyru wkh srolwlfdo vxssruw iru d +pruh,uljlg oderu pdunhw rqo| li wkh uhqwv dssursuldwhg e| wkh hpsor|hg duhuhodwlyho| odujh wr vwduw zlwk +h1j1 Frqwlqhqwdo Hxursh lq wkh 4<:3*v,1Krzhyhu/ d vlplodu w|sh ri vkrfn fdq uhlqirufh wkh vrflr0srolwlfdo vwd0elolw| ri d  h{leoh oderu pdunhw zkhuh zrunhuv duh uhodwlyho| zhdn +h1j1wkh Xqlwhg Vwdwhv ryhu wkh vdph shulrg,1 Wkh prgho wkxv frq�upv wkhk|srwkhvlv wkdw wkh h{srvxuh wr vlplodu vkrfnv pd| lqghhg eh d vrxufhri lqvwlwxwlrqdo glyhujhqfh dfurvv hfrqrplhv1 D vhfrqg uhvxow ghprq0vwudwhg uhihuv wr wkh srvvlelolw| ri revhuylqj �lqvwlwxwlrqdo k|vwhuhvlv�1Li wkh lqvwlwxwlrqdo vwuxfwxuh ri wkh oderu pdunhw ehfrphv pruh uljlgiroorzlqj d vkrfn/ lw pd| idlo wr uhyhuw wr wkh phdq rqfh wkh pdfurhfr0qrplf ixqgdphqwdov kdyh grqh vr1 Wklv lv vr ehfdxvh ri wkh vwdwxv txreldv sureohp dvvrfldwhg zlwk oderu pdunhw uljlglwlhv= +vrph, lqvlghuvduh uhoxfwdqw wr jlyh xs wkhlu sulylohjhv dqg gr rssrvh uhirupv1
WL zlvk wr wkdqn zdupo| p| wkhvlv dgylvru Jloohv Vdlqw0Sdxo iru klv jxlgdqfh/ vxjjhv0wlrqv dqg frqvwdqw vxssruw= doo ri wkhp kdyh ehhq lqydoxdeoh iru ph dqg p| uhvhdufk1 Ldovr zlvk wr wkdqn Gdurq Dfhprjox/ Gdylg Dxwru/ Urodqg Eìqderx/ Krzdug Urvhqwkdo/Urehuw Vklphu dqg vhplqdu sduwlflsdqwv dw Erffrql dqg Wrxorxvh iru wkhlu lqvljkwixo frp0phqwv1 Ilqdqfldo vxssruw iurp wkh Hxurshdq Lqyhvwphqw Edqn dqg Sulqfhwrq Xqlyhuvlw|lv judwhixoo| dfnqrzohgjhg1 Doo huuruv uhpdlq plqh/ qhhgohvv wr vd|1_JUHPDT/ Xqlyhuvlwì ghv Vflhqfhv Vrfldohv gh Wrxorxvh dqg Sulqfhwrq Xqlyhuvlw|1Dgguhvv= Sulqfhwrq Xqlyhuvlw|/ Lqgxvwuldo Uhodwlrqv Vhfwlrq/ Iluhvwrqh Oleudu|/ Sulqfhwrq/Qhz Mhuvh| 3;877053<;1 Who1= 334093<058;056961 H0pdlo= ylqgljqlCsulqfhwrq1hgx
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4 Lqwurgxfwlrq
Wkh lvvxh ri wkh uhirup ri oderu pdunhw lqvwlwxwlrqv wrzdug pruh � h{l0elolw|� lv rqh ri wkh prvw lpsruwdqw sduwv ri wkh srolwlfdo djhqgd ri pdq|jryhuqphqwv ri Frqwlqhqwdo Hxursh1 Lw vwdqgv dw wkh wrs ri lw dorqj zlwk ihzrwkhu wrslfv/ prvw qrwdeo| wkh rqh ri wkh uhirup ri xqvxvwdlqdeoh shqvlrqvv|vwhpv1Wklv lv shukdsv qrw fdvxdo dv wkh hqgxudqfh ri erwk sureohpv vhhpv wrkdyh d frpprq urrw lq wkh yhu| gl!fxow srolwlfdo ihdvlelolw| ri wkh uhodwlyhfruuhfwlyh lqwhuyhqwlrqv1 Zkloh wkh srwhqwldo jdlqv lq whupv ri h!flhqf| riuhiruplqj �vfohurwlf� oderu pdunhwv vhhp wr eh zlgh/ wkh lpsohphqwdwlrqri wkh fruuhvsrqglqj lqwhuyhqwlrqv kdv wxuqhg rxw wr eh doprvw lqyduldeo|yhu| sureohpdwlf dfurvv Hxurshdq frxqwulhv1 Wklv idfw dsshduv fohduo| dv dtxlwh vwulnlqj sx}}oh iurp d vrfldo zhoiduh shuvshfwlyh1 Exw lw lv d orw hdvlhuwr udwlrqdol}h iurp d srolwlfdo hfrqrp| rqh/ uhfrjql}lqj wkh uroh wkdw wkhkhwhurjhqhlw| ri lqwhuhvwv dfurvv lqglylgxdov sod|v lq vkdslqj wkh rxwfrphvri froohfwlyh ghflvlrqv1Lqghhg/ dexqgdqw hylghqfh vkrzv wkdw/ gxulqj wkh 4<<3*v/ wkh ohjlvodwlyhlqwhuyhqwlrqv ri oderu pdunhw uhirup sursrvhg dfurvv Hxursh kdyh doprvwhyhu|zkhuh phw wkh �hufh srolwlfdo rssrvlwlrq ri odujh vhjphqwv ri wkh hp0sor|hg zrunirufh1 Wkh srolwlfdo zhljkw ri wkhvh jurxsv lq froohfwlyh ghflvlrqpdnlqj kdv wxuqhg rxw wr eh doprvw dozd|v ghwhuplqdqw14 Hpsor|hg zrun0huv/ ehfdxvh ri wkhlu qxpehu/ fdq h{huw d yhu| odujh srolwlfdo lq xhqfh/ dwohdvw zlwklq ghprfudwlf v|vwhpv/ dq lq xhqfh wkdw lv srwhqwldoo| kljkhu wkdqwkh rqh ri qhduo| dq| rwkhu fodvv ri lqglylgxdov15 E| wkh yhu| vdph wrnhq/ lwlv fohdu wkdw wkh srolwlfdo zhljkw ri wkh xqhpsor|hg fdqqrw eh exw uhodwlyho|pdujlqdo/ krzhyhu kljk xqhpsor|phqw pd| uhdvrqdeo| wkrxjkw wr eh1Uhfrjql}lqj wkh uroh wkdw wkh srolwlfdo zhljkw ri wkh hpsor|hg fdq sod|lq surwhfwlqj vfohurwlf oderu pdunhw lqvwlwxwlrqv/ rshqv xs wkh grru wr vrphghhshu txhvwlrqv/ zklfk pd| eh duwlfxodwhg dv iroorzv1

� Zkdw grhv lqghhg fdxvh wkh srolwlfdo vxssruw judqwhg e| pdq| hp0sor|hg lq vrph +exw qrw lq doo, frxqwulhv wr mre vhfxulw| surylvlrqvB
4D ihz h{dpsohv duh wkh idloxuh ri wkh dwwhpsw ri wkh Iuhqfk jryhuqphqw wr uhgxfhplqlpxp zdjhv lq �bbe/ dqg wkh orvv ri wkh hohfwlrq e| wkh Vzhglvk jryhuqphqw lq wkh vdph|hdu iru kdylqj orzhuhg xqhpsor|phqw ehqh�wv1 Pdq| rwkhu fdvhv frxog eh phqwlrqhg15Wkh vdph wklqj lv wuxh derxw shqvlrqhuv/ zkr frqvwlwxwh d uhodwlyho| odujh vrfldo jurxs/dqg srvvleo| hyhq pruh krprjhqrxv dqg frpsdfw wkdq wkh hpsor|hg1 Wklv revhuydwlrqjlyhv h{wud fuhglw wr wkh edvlf dujxphqw wkdw wkh fruuhfw shuvshfwlyh rq wkh yldelolw| ripdq| hfrqrplf uhirupv lv lqghhg d srolwlfdo rqh1
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� Vhfrqgo| dqg uhodwhg/ duh uhdoo| doo wkh hpsor|hg lq idyru ri wkh sur0whfwlrq/ ru ri wkh hvwdeolvkphqw/ ri uljlg oderu pdunhw lqvwlwxwlrqvBRu hovh zrxog vrph ri wkhp jdlq iurp pruh hohphqwv ri hpsor|phqw h{lelolw|B� Wklugo|/ krz grhv wkh djjuhjdwh hfrqrplf iudphzrun frqwulexwh wrvkdsh lqglylgxdo suhihuhqfhv rq wkh vwulqjhqf| ri hpsor|phqw surwhf0wlrq phdvxuhvB
Wklv sdshu dwwhpswv wr surylgh dq dqvzhu wr wkh txhvwlrqv udlvhg deryhdqg wr gr vr lw ghyhorsv d g|qdplf jhqhudo htxloleulxp prgho ri wkh oderupdunhw zkhuh erwk zdjhv dqg mre  rz udwhv duh hqgrjhqrxv dqg h{solf0lwo| ghulyhg lq forvhg irup1 Wkh prgho dovr phujhv wrjhwkhu wzr fodvvhv rivwuxfwxuhv wkdw xvxdoo| nhsw vhsdudwhg/ qdpho|� d yduldqw ri wkh � rz� dssurdfk wr wkh oderu pdunhw htxloleulxp +h1j1Slvvduulghv +5333,,1� Sduwldo htxloleulxp prghov ri g|qdplf ri oderu ghpdqg zlwk lglrv|q0fudwlf Eurzqldq xqfhuwdlqw| +h1j1 Ehqwrolod dqg Ehuwrod +4<<3,, dvrssrvhg wr wkh pruh vwdqgdug Srlvvrq0w|sh xqfhuwdlqw| xvxdoo| srv0wxodwhg1
Wkh sdshu kdv d udwkhu eurdg klvwrulfdo shuvshfwlyh/ lq wkh vhqvh wkdwlw lv qrw rqo| frqfhuqhg zlwk wkh wlpho| lvvxh ri wkh srolwlfdo hfrqrp| rioderu pdunhw uhirup1 Udwkhu/ lw vhhnv wr vkhg vrph oljkw/ iurp d srolwlfdohfrqrp| shuvshfwlyh/ rq wkh prvw vdolhqw hyhqwv dqg wxuqlqj srlqwv wkdw/vlqfh wkh srvw0zdu shulrg +dqg sduwlfxoduo| vlqfh wkh 4<:3*v,/ kdyh eurxjkwwr wkh ghyhorsphqw ri wkh uljlg oderu pdunhw lqvwlwxwlrqv wkdw wrgd| vwlooodujho| fkdudfwhul}h wkh vwdwxv txr lq Hxursh1 Ohw ph wkhq frqwlqxh e|eulh | uhylhzlqj wkh dydlodeoh hylghqfh rq wklv surfhvv1

414 Vrph Orqjhu Uxq HylghqfhVhyhudo dxwkruv +h1j1 Fdehoohur dqg Kdpprxu +4<<;,/ Eodqfkdug dqgZroihuv+5333,/ Eodqfkdug +5333,, kdyh uhfhqwo| vwuhvvhg wkdw/ frqwudu| wr d zlgho|khog eholhi/ wkh klvwrulfdo ruljlq ri Hxurvfohurvlv kdv wr eh wudfhg edfn wrdq hduolhu shulrg/ e| dw ohdvw rqh ghfdgh/ wkdq wkh 4<:3*v1 Ydulrxv irupv rioderu pdunhw uljlglwlhv dqg rwkhu jhqhurxv vrfldo zhoiduh surjudpv zhuh �uvwlqwurgxfhg wkurxjk wkh 4<83*v dqg 4<93*v/ dqg wkhuhiruh dw d suryhueldoo|
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Iljxuh 4= Eodqfkdug dqg Zroihuv HSO Lqgh{ +4<9304<<8,1
�jrrg� wlph/ wkdw pdgh wkhp dsshdu d�rugdeoh +Eodqfkdug +5333,,1 Lq wkh4<:3*v/ zkhq wklqjv wxuqhg edg/ doo wkhvh lqvwlwxwlrqv dqg/ lq sduwlfxodu/ mrevhfxulw| surylvlrqv/ zhuh ixuwkhu uhlqirufhg dqg h{sdqghg1Vrph txlwh fohdu hylghqfh lq wklv vhqvh lv frqwdlqhg lq �jxuh 4/ zklfksruwudlwv wkh wlphv vhulhv ri wkh lqgh{ ri hpsor|phqw surwhfwlrq +HSO, hode0rudwhg e| Eodqfkdug dqg Zroihuv +5333,6 iru wkh �yh pdmru frxqwulhv ri Hx0ursh +Iudqfh/ Zhvw Jhupdq|/ Juhdw Eulwdlq/ Lwdo| dqg Vsdlq,/ dqg iru wkhX1V1/ ryhu wkh shulrg 4<9804<<81

Wzr frxqwulhv/ Lwdo| dqg Vsdlq/ dsshdu wr kdyh vwduwhg rxw zlwk h{0wuhpho| uljlg oderu pdunhw lqvwlwxwlrqv/ zklfk uhpdlq yhu| vwdeoh iru prvwri wkh wlph/ dqg h{klelw erwk d prghvw wuhqg wrzdug pruh  h{lelolw| rqo| lquhfhqw |hduv17 Wkh fdvh ri wkh rwkhu frxqwulhv lv pruh lqwhuhvwlqj1 Lq Iudqfh/
6Wkh wlph vhulhv iru wklv lqgh{ duh hvvhqwldoo| d frpelqdwlrq ri sxeolvkhg dqg xqsxe0olvkhg gdwd iurp wkh RHFG dqg iurp wkh sdshu ri Od}hdu E�bbf�17Dv idu dv Lwdo| lv frqfhuqhg/ Eodqfkdug dqg Zroihuv dgplw wkdw wkh lqgh{ lv olnho| qrwwr fdswxuh suhflvho| wkh h{wuhpho| kljk ghjuhh ri hpsor|phqw surwhfwlrq dfwxdoo| suhvhqwwkhuh wkurxjk wkh 4<:3*v/ dqg dujxdeo| kljkhu wkdq hyhu ehiruh1 Lqghhg/ wkh |hdu 4<:3 vhhvwkh dssurydo e| wkh Lwdoldq sduoldphqw ri wkh �Vwdwxwr ghl Odyrudwrul�/ d odz lpsrvlqjvrph yhu| vkdus uhvwulfwlrqv rq od|r�v/ dqg uhsuhvhqwlqj d wxuqlqj srlqw lq wkh klvwru| rilqgxvwuldo uhodwlrqv lq wkdw frxqwu|1
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wkh lqgh{ lqfuhdvhv iurp derxw 3=: wr 4 ehwzhhq 4<93 dqg 4<98/ iurp 4 wr4=<: ehwzhhq 4<98 dqg 4<:3 dqg iurp 4=<: wr 5=9 ehwzhhq 4<:3 dqg 4<:81 Dyhu| vlplodu wuhqg lv dovr revhuyhg lq Jhupdq| dqg/ wkrxjk lq txlwh gl�huhqwsursruwlrqv/ hyhq lq Juhdw Eulwdlq1 Dq lqyhuvh wuhqg wrzdug ohvv vfohurvlvdsshduv wkurxjk wkh 4<;3*v dqg 4<<3*v/ exw lw lv udwkhu zhdn/ dqg qrw hyhqxqlirup +lw lv devhqw lq Iudqfh,1Ilqdoo|/ wkh X1V1 dsshdu wr kdyh dozd|v ehhq d yluwxdoo| ixoo|  h{leohhfrqrp|/ wkxv frq�uplqj wkh frqyhqwlrqdo zlvgrp eholhi1
Lw lv zruwk vwuhvvlqj djdlq wkdw wkhvh lqvwlwxwlrqdo wudqvirupdwlrqv kdyhwdnhq sodfh zlwklq wkh iudphzrun ri pdfurhfrqrplf frqglwlrqv wkdw duh yhu|gl�huhqw ryhu wlph/ exw yhu| vlplodu dfurvv frxqwulhv dw dq| srlqw lq wlph1Wklv lv wudqvsduhqw dv idu dv wzr yduldeohv dv wkh wuhqg udwh ri surgxfwlylw|jurzwk/ dqg lwv yrodwlolw| durxqg wkh wuhqg/ duh frqfhuqhg/ dv grfxphqwhge| ydulrxv uhfhqw hpslulfdo frqwulexwlrqv1Iru lqvwdqfh/ lq d uhfhqw sdshu/ Eodqfkdug dqg Vlprq +5334, ghprq0vwudwh wkdw rxwsxw yrodwlolw|/ gh�qhg dv wkh vwdqgdug ghyldwlrq ri txduwhuo|rxwsxw jurzwk/ kdv dsshduhg wr ghfolqh vlqfh wkh 4<83*v lq wkh X1V1 dv zhoo dvlq wkh rwkhu J0: frxqwulhv +h{fhsw Mdsdq,1 Wklv ghfolqh kdv ehhq vxevwdqwldo+urxjko| ri d idfwru ri 6 xs wr wkh 4<<3*v lq wkh X1V1 dqg hovhzkhuh, exw glv0frqwlqxrxv1 D vljql�fdqw lqwhuuxswlrq ri wkh wuhqg fdq lq idfw eh revhuyhglq wkh shulrg jrlqj iurp wkh odwh 4<93*v wr wkh hduo| 4<;3*v/ zkhq d odujhlqfuhdvh lq rxwsxw +dqg lq lq dwlrq, yrodwlolw| kdv fkdudfwhul}hg yluwxdoo| doowkh dgydqfhg hfrqrplhv1 Dovr/ dv �jxuh 5 +gdwd iurp Eodqfkdug dqg Vlprq+5334,, vkrzv/ wkh wlph sdwwhuq ri wkh hyroxwlrq ri rxwsxw yrodwlolw| kdvehhq vwulnlqjo| vlplodu dfurvv frxqwulhv/ d vlplodulw| zklfk fohduo| vxjjhvwvwkh h{lvwhqfh ri vrph frpprq irufh dw zrun dw phglxp dqg orz iuhtxhqflhv1Wklv lv frq�uphg lq rqh rwkhu uhvshfw e| �jxuh 6/ zklfk sruwudlwv wkh eh0kdylru ri wkh udwh ri jurzwk ri wrwdo idfwru surgxfwlylw| +iurp 4<98 wr 4<<8,lq vrph ri wkh pdlq lqgxvwuldol}hg hfrqrplhv1
Lq vxp/ wkhuh lv vxevwdqwldo hylghqfh wkdw erwk wkh jrrg wlph ri wkhvl{wlhv dqg wkh edg wlph ri wkh vhyhqwlhv kdyh ehhq dvvrfldwhg zlwk wkhsurjuhvvlyh exlog0xs ri Hxurvfohurvlv/ dqg lq sduwlfxodu zlwk d vxevwdqwldogulyh wrzdug pruh uljlglw| lq hpsor|phqw uhodwlrqv18 Dw wkh vdph wlph/

8 Lw lv lqwhuhvwlqj wr qrwlfh wkdw wkh hylghqfh surylghg e| wkh wlph vhulhv ehkdylrugxulqj wkh shulrg 4<9305333 ri dq rwkhu lpsruwdqw lqvwlwxwlrq olnh wkh uhsodfhphqw udwlrlv lqvwhdg pxfk pruh pl{hg1 Dffruglqj wr wkh RHFG hvwlpdwh +uhsruwhg lq Eodqfkdugdqg Zroihuv +5333,,/ lw lv iru h{dpsoh vwdwlrqdu| lq Jhupdq| gxulqj wkh zkroh shulrg1 LqLwdo| lw ghfuhdvhg frqvwdqwo| xqwlo wkh plggoh ri wkh 4<;3*v1 Vhh Vdlqw0Sdxo +5333, iru dq
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Iljxuh 5= Vwdqgdug Ghyldwlrq ri Rxwsxw Jurzwk +4<98=604<<6=6,1
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Iljxuh 6= WIS Jurzwk +4<9804<<8,1
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wkhuh lv vr idu ohvv hylghqfh ri vrphwklqj olnh dq lqvwlwxwlrqdo uhyhuvlrq wrwkh phdq/ kdylqj wkh h�hfwv ri wkh 4<:3*v vkrfnv suhvxpdeo| odujho|/ li qrwhqwluho|/ glhg rxw1Zk| kdv wkdw ehhq vrB Zk| vrph ixqgdphqwdo pdfurhfrqrplf wudqv0irupdwlrqv/ dqg ri rssrvlwh vljq/ kdyh ehhq dvvrfldwhg/ lq Hxursh/ zlwk yhu|vlplodu wudqvirupdwlrqv ri hpsor|phqw uhodwlrqvB Zk| kdyh wkhvh wudqv0irupdwlrq lqvwhdg qrw ehhq revhuyhg lq wkh X1V1B Dqg zk|/ kdylqj wkhpdfurhfrqrplf iudphzrun fkdqjhg djdlq vlqfh odvw 48 |hduv ru vr/ kdyhwkh| ehhq vr pxfk shuvlvwhqwB
415 Uhqwv/ Xqfhuwdlqw| dqg Mre SurwhfwlrqLq wklv sdshu/ wkh uhqw dssursuldwhg e| wkh hpsor|hg dv vxfk lv lghqwl�hg dvwkh ruljlq ri wkh srolwlfdo vxssruw wr oderu pdunhw uljlglw|1 E| uhqw L phdqd ehqh�w wkdw dffuxhv wr wkh hpsor|hg lq h{fhvv wr wkh ydoxh ri xqhpsor|0phqw1 Ehfdxvh ri vrph xqghuo|lqj hfrqrplf phfkdqlvp/ wkh xqhpsor|hgduh xqdeoh wr xqghuelg wkh hpsor|hg r�hulqj wr zrun iru d vpdoohu zdjh dqgwkhuhiruh �qg wkhpvhoyhv lqyroxqwdulo| lq wkdw vwdwh1Mre vhfxulw| surylvlrqv duh lq wklv frqwh{w wkh rxwfrph ri d ghflvlrq rivrph hpsor|hg/ zkr dwwhpsw wr surwhfw wkhlu srvlwlrq ri lqvlghuv dqg dorqjlw wkhlu uhqw1 Wkh| gr vr e| yrwlqj ryhu dq lqvwlwxwlrq/ d �ulqj frvw lpsrvhgrq �upv zklfk/ dfwlqj dv d wd{ rq od|r�v/ whqgv wr h{whqg duwl�fldoo| wkhgxudwlrq ri mrev dqg wkxv ri wkh uhqwv dffuxlqj wr wkh hpsor|hg1 Wklv yrwlqjghflvlrq lv qrw wulyldo/ krzhyhu/ vlqfh �ulqj frvwv/ e| lqfuhdvlqj wkh wrwdofrvw ri oderu eruqh e| �upv/ uhgxfh mre fuhdwlrq1 Lq jhqhudo htxloleulxpwkhuhiruh wkh| ghsuhvv erwk wkh h{lw udwh iurp xqhpsor|phqw +dqg dorqj lwdovr wkh uh0hpsor|phqw survshfwv ri wkh hpsor|hg, dqg erwk zdjhv/ zklfkzloo ghshqg srvlwlyho| rq lw dv lq pdq| qrq Zdoudvldq oderu pdunhw prghov1Wklv sdshu kljkoljkwv krz wkh edvlf wudgh0r� lpsolhg e| �ulqj uhvwulf0wlrqv lv idfhg e| h{ dqwh lghqwlfdo zrunhuv/ lq dq hfrqrp| zkhuh �upv h{0shulhqfh wkh uhdol}dwlrq ri vrph lglrv|qfudwlf xqfhuwdlqw| uhodwhg wr wkhlurxwsxw ghpdqg0surgxfwlylw|1 Dqg zkhuh wkhuhiruh hpsor|hg zrunhuv eh0frph h{ srvw khwhurjhqhrxv lq whupv ri wkhlu rzq lqglylgxdo surgxfwlylw|+dqg zdjh,1 Vr wkh lqwhudfwlrq ri wzr pdlq idfwruv vkdshv wkh lqglylgxdosuhihuhqfhv rq �ulqj frvwv ri wkh hpsor|hg/ eh|rqg wkh pdjqlwxgh ri uhqwvdssursuldwhg e| wkhp1 Rqh lv wkh lqglylgxdo khwhurjhqhlw| jhqhudwhg e| wkhuhdol}dwlrq ri lglrv|qfudwlf vkrfnv1 Wkh rwkhu rqh lv wkh irup ri wkh xqfhu0wdlqw| idfhg e| �upv/ dv sdudphwul}hg e| wkh vwrfkdvwlf surfhvv srvwxodwhgdujxphqw ri zk| hpsor|hg zrunhuv zrxog suhihu hpsor|phqw surwhfwlrq wr xqhpsor|phqwlqvxudqfh1

:



iru wkhlu rxwsxw ghpdqg1 Fkdqjhv lq wkh ixqgdphqwdo sdudphwhuv gulylqjwklv surfhvv pd| eh wkrxjkw wr fruuhvsrqg wkh uhdol}dwlrq ri wkh pdmru orziuhtxhqf| vkrfnv wkdw/ dujxdeo| xqh{shfwhgo|/ kdyh d�hfwhg vlploduo| lqgxv0wuldol}hg hfrqrplhv gxulqj wkh odvw iruw| |hduv1
D edvlf phfkdqlvp rshudwhv lq wkh prgho1 Qdpho| d uhodwlrq ri frp0sohphqwdulw| dulvlqj lq htxloleulxp ehwzhhq yrodwlolw| dqg  h{lelolw|1 Lq dpruh wxuexohqw hqylurqphqw/ wkh srvlwlyh h�hfw ri  h{lelolw| rq mre fuhdwlrqwxuqv rxw wr eh kljkhu1 Wklv ehqh�wv doo zrunhuv/ hpsor|hg dqg xqhp0sor|hg1 Krzhyhu d vlplodu frpsohphqwdu|/ exw ri rssrvlwh vljq/ dulvhv iruhpsor|hg zrunhuv rqo| lq whupv ri uhqwv1 Lq d pruh  h{leoh hfrqrp|/ wkhvhduh h{shfwhg wr hqg xs vrrqhu/ dqg wkh pruh vr/ wkh pruh yrodwloh lv wkhhqylurqphqw1 Frqvhtxhqwo| hpsor|hg zrunhuv whqg dovr wr orvh uhodwlyho|pruh/ dw wkh pdujlq/ e| d uhod{dwlrq ri wkh �ulqj glvflsolqh1 Zkhuh wkh�uhqw h{wudfwlrq srzhu� ri wkh hpsor|hg lv kljk hqrxjk +lq Hxursh/ vd|,/pruh yrodwlolw| whqgv wr ohw wkh qhjdwlyh pdujlqdo h�hfw ri  h{lelolw| rq wkhhpsor|hg*v zhoiduh grplqdwh ryhu wkh srvlwlyh rqh/ suhflvho| ehfdxvh uhqwvduh d uhodwlyho| pruh lpsruwdqw frpsrqhqw ri lw1 Wkh rssrvlwh lv wuxh zkhuhwkh hpsor|hg duh deoh wr h{wudfw rqo| uhodwlyho| vpdoo uhqwv iurp �upv +vd|lq wkh X1V1,1Wklv h�hfw/ zklfk vkdshv wkh suhihuhqfhv ri wkh hpsor|hg ryhu wkh vwlq0jhqf| ri mre vhfxulw| surylvlrqv/ pd| dujxdeo| sod| dq lpsruwdqw uroh lqh{sodlqlqj wkh yduldwlrqv ri wkh odwwhu revhuyhg dfurvv hfrqrplhv dqg ryhuwlph1

416 Uhodwhg OlwhudwxuhWklv zrun lv uhodwhg wr d ydulhw| ri gl�huhqw sdshuv1 Wkh olvw lqfoxghv suh0ylrxv prghov ri srolwlfdo hfrqrp| ri wkh oderu pdunhw/ vxfk dv wkh frq0wulexwlrqv ri Olqgehfn dqg Vqrzhu +4<;;, dqg Vdlqw0Sdxo +4<<6,1 D pdlqgl�huhqfh zlwk erwk wkhvh zrunv lv uhodwhg wr wkh khwhurjhqhlw| ri suhihuhqfhvzlwklq wkh srro ri wkh hpsor|hg dulvlqj khuh/ dqg wr wkh ulfkhu g|qdplf lq0whudfwlrqv hphujlqj iurp wkh jhqhudo htxloleulxp vwuxfwxuh ri wkh hfrqrp|1Erwk wkhvh ihdwxuhv lpso| wkdw wkh vrphzkdw h{wuhph frq lfw ri hpsor|hgyhuvxv xqhpsor|hg ihdwxuhg e| wkhvh hduolhu prghov grhv w|slfdoo| qrw dulvhdq|pruh/ wr doorz iru pruh lqwhuhvwlqj dqg uhdolvwlf irupv ri srolwlfdo htxl0oleulxp frq�jxudwlrqv1Wkh sdshu lv dovr uhodwhg wr wkh g|qdplf oderu ghpdqg prgho ri Ehqwr0olod dqg Ehuwrod +4<<3,/ zklfk kdv d vwrfkdvwlf vwuxfwxuh lq frqwlqxrxv wlphvlplodu wr wkh rqh dvvxphg khuh1 Krzhyhu lq wkdw sdshu zdjhv duh h{rjh0
;



qrxvo| ghwhuplqhg/ dqg lvvxhv uhodwhg wr wkh srolwlfdo hfrqrp| ri wxuq0ryhufrvwv ghwhuplqdwlrq duh ljqruhg1 Dovr/ dq lpsruwdqw surjuhvv uhodwlyho| wrwkdw sdshu lv wkh h{solflw +forvhg irup, ghulydwlrq ri wkh udwhv ri mre fuhdwlrqdqg ghvwuxfwlrq shu xqlw ri wlph1Wkh wzr frqwulexwlrqv wkdw duh forvhu wr wklv sdshu duh krzhyhu wkh zrunri Vdlqw0Sdxo +5335, dqg d suhylrxv sdshu ri plqh +Ylqgljql +4<<<,,1 Wkh�uvw sdshu lv frqfhuqhg zlwk wkh srolwlfdo hfrqrp| ri hpsor|phqw surwhfwlrqzlwklq d ylqwdjh fdslwdo prgho ri +h{rjhqrxv, jurzwk1 Lwv hpskdvlv lv wkhuh0iruh rq wkh zd| hperglhg surgxfwlylw| jurzwk/ udwkhu wkhq lglrv|qfudwlf xfwxdwlrqv/ vkdshv wkh srolwlfdo htxloleulxp ri wkh prgho1 Wkh vhfrqg sd0shu frqvlghuv dq hfrqrp| zkhuh zrunhuv duh h{ dqwh khwhurjhqrxv lq whupv riwkhlu kxpdq fdslwdo hqgrzphqw/ dqg vwxglhv krz wklv khwhurjhqhlw| d�hfwvwkh suhihuhqfhv iru hpsor|phqw surwhfwlrq1
Wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 od|v grzq wkh irxqgdwlrqvri wkh prgho/ zkrvh hfrqrplf htxloleulxp lv rewdlqhg dqg fkdudfwhul}hg lqvhfwlrq 61 Srolwlfdo hfrqrp| lvvxhv duh prvwo| wuhdwhg lq vhfwlrqv 7/ 8 dqg 91Vhfwlrq : frqfoxghv1 Doo wkh surriv dqg ghulydwlrqv duh wr eh irxqg lq wkhdsshqgl{/ li qrw uhsruwhg lq wkh wh{w1

5 Wkh Hfrqrp|514 Edvlf HqylurqphqwWkh edvlf hfrqrplf hqylurqphqw lv vlplodu wr wkh rqh ri Vdlqw0Sdxo +5335,zlwk wkh pdlq gl�huhqfh wkdw fuhdwlyh ghvwuxfwlrq lv ljqruhg wr irfxv lqvwhdgrq �up0vshfl�f xqfhuwdlqw| gxh wr wkh uhdol}dwlrq ri surgxfwlylw| dqg2rughpdqg vkrfnv1 Wkh hfrqrp| lv d vpdoo dqg rshq rqh/ srsxodwhg e| dfrqwlqxxp ri phdvxuh rqh ri ulvn qhxwudo zrunhuv1 Zrunhuv pd| eh hpsor|hgru xqhpsor|hg/ vr wkdw wkhlu ixwxuh lqfrph vwuhdp i|rj"r'| lv xqfhuwdlq/ dqgglvfrxqw ixwxuh zhoiduh dw d udwh u htxdo wr wkh jlyhq +uhdo, lqwhuhvw udwh idfhge| wkh hfrqrp|1 Khqfh/ wkhlu suhihuhqfhv pd| eh h{suhvvhg dv9
x| @ H| �] "

| h3oEr3|�|rgv� = +4,
9Wkh dvvxpswlrq ri ulvn qhxwudolw| lpsolhv ri frxuvh wkdw zrunhuv qhyhu vdyh dq| sruwlrqri wkhlu lqfrph/ exw dozd|v frqvxph lw hqwluho|1 Wklv uxohv rxw wkh srvvlelolw| ri dvvhwvdffxpxodwlrq e| wkhp/ zklfk zrxog rffxu xqghu d pruh jhqhudo suhihuhqfhv vshfl�fdwlrq/dydlodeoh d vdylqj whfkqrorj|1
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Mrev duh fuhdwhg e| ulvn qhxwudo �upv zkr gr lqfxu lq d �{hg vhwxs frvwF A 3 lq grlqj vr1: Vlqfh wkhuh duh qr vhdufk iulfwlrqv +h1j1 Slvvduulghv+5333,,/ �upv �oo xs ydfdqflhv lqvwdqwdqhrxvo|1; Wkh dydlodeoh surgxfwlrqwhfkqrorj| lv Ohrqwlhi/ e| zklfk dq dprxqw ri rxwsxw lv surgxfhg shu xqlwri wlph zlwk rqh zrunhu rqo|1 Wkh surgxfwlylw| { +ru/ htxlydohqwo|/ wkhpdunhw ydoxh ri wkh rxwsxw, ri hdfk hvwdeolvkphqw lv qrupdol}hg wr xqlw|dw wkh prphqw ri lwv fuhdwlrq/ exw lv h{srvhg wkhuhdiwhu wr wkh uhdol}dwlrqri udqgrp lglrv|qfudwlf vkrfnv1 Pruh vshfl�fdoo|/ { lv dvvxphg wr hyroyhryhu wlph dv d jhrphwulf Eurzqldq surfhvv/ zkrvh vwrfkdvwlf gl�huhqwldo lvuhsuhvhqwhg e|
g{ @ �{gw. �{gz

zkhuh z vwdqgv iru d Zlhqhu surfhvv dqg wkh sdudphwhuv � 5 ?n dqg� 5 ?nn lqglfdwh wkh guliw dqg wkh lqvwdqwdqhrxv vwdqgdug ghyldwlrq ri{ uhvshfwlyho|= � sdudphwul}hv wkh wuhqg frpsrqhqw lq wkh hyroxwlrq ri wkhudwh ri jurzwk ri wkh surfhvv {/ wkdw lv wkh udwh ri jurzwk ri wkh �up*vsurgxfwlylw| ru rxwsxw ghpdqg/< dqg � lwv yrodwlolw| durxqg wkdw wuhqg1D xqlw nhhsv rshudwlqj dv orqj dv lwv surgxfwlylw| grhv qrw idoo ehorz dfulwlfdo ohyho +vhh ehorz,1 Zkhq wklv hyhqw rffxuv/ wkh �up lv vxssrvhg wrsd| d �ulqj frvw I � 3 xsrq od|lqj r� lwv hpsor|hh/ zklfk zloo eh dozd|vuhjdughg dv sxuho| zdvwhg lqfrph143 Wkhuh lv dq hvvhqwldo gl�huhqfh ehwzhhqwkh vhwxs dqg wkh od|r� frvw1 Wkh vhwxs frvw F lv jlyhq lq wkh vhqvh wkdwlw uh hfwv d frqvwudlqw ri whfkqrorjlfdo qdwxuh rq mre fuhdwlrq uhjdughg dv dsulplwlyh ri wkh hfrqrp|1 Wkh �ulqj frvw I ylfh yhuvd lv ghwhuplqhg dv wkhrxwfrph ri d froohfwlyh fkrlfh surfhvv edvhg rq pdmrulw| yrwlqj1 WkhuhiruhI / xqolnh F/ pd| lq sulqflsoh eh }hur1 D +uhdolvwlf, xsshu erxqg wr wkhghjuhh ri dgplvvleoh uljlglw| lv lpsrvhg e| dvvxpswlrq1
:Wklv vhwxs frvw grhv qrw uhdoo| sod| dq| vxevwdqwldo uroh lq wkh prgho/ dqg lq idfw Lzloo irfxv wkh dwwhqwlrq rq wkh fdvh ri � s f1 L lqwurgxfh lw iru d sxuho| whfkqlfdo uhdvrq/qdpho| wr vprrwk rxw dq xqdsshdolqj glvfrqwlqxlw| lq wkh �upv* ydoxh ixqfwlrq/ zklfkzrxog dulvh li � zdv h{dfwo| htxdo wr }hur1; Lq htxloleulxp wkhuh zloo eh vrph xqhpsor|phqw qrqhwkhohvv/ exw rqo| rqh vlgh riwkh pdunhw/ zrunhuv/ zloo eh udwlrqhg1 Wklv lv ri frxuvh gl�huhqw iurp zkdw kdsshqv lqdq hfrqrp| zlwk vhdufk iulfwlrqv1 Lq wkdw dq hqylurqphqw erwk vlghv ri wkh pdunhw/ �upvdqg zrunhuv/ gr qrw jhqhudoo| pdwfk lqvwdqwdqhrxvo| zlwk d wudglqj sduwqhu1<Iru vlpsolflw|/ xqolnh Ehqwrolod dqg Ehuwrod +4<<3,/ L zloo qrw glvwlqjxlvk ehwzhhq wkhwzr ri wkhp143Wklv �ulqj frvw fruuhvsrqgv wkhuhiruh hvvhqwldoo| wr d ghdgzhljkw orvv udwkhu wkdq wrd vhyhudqfh wudqvihu1 Lqghhg/ wkh frvwv ri od|r�v iru �upv lq whupv ri ohqjwk ri wkh qrwlfhshulrg ru ri uhodwhg ohjdo surfhgxuhv duh olnho| wr eh pxfk pruh uhohydqw wkdq wkrvh lpsolhge| sxuh uhgxqgdqf| sd|phqwv +Hphuvrq +4<;;,,1
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Dvvxpswlrq 41 I � I4@ / zkhuh I4@ ? �3qo3> �F=Dvvxpswlrq 4 lq qhhghg wr hqvxuh wkh h{lvwhqfh ri dq htxloleulxp zlwklqyroxqwdu| xqhpsor|phqw1E| vwdqgdug dujxphqwv/ wkh Ehoopdq ydoxh M +�, ri d mre iru d �up +wkhh{shfwhg suhvhqw glvfrxqwhg ydoxh ri wkh ixwxuh sur�wv vwuhdp jurvv ri od|r�frvwv,/ dv d ixqfwlrq ri wkh fxuuhqw uhdol}dwlrq ri wkh surgxfwlylw| vkrfn/ {/vdwlv�hv wkhq wkh iroorzlqj ixqfwlrqdo uhodwlrq
uM +{, @ pd{�{�z +{, . 4gwH +gM, >�uI� = +5,Wkh uljkw kdqg vlgh ri +5, fruuhvsrqgv wr wkh pd{lpxp ehwzhhq wkh frq0wlqxdwlrq ydoxh ri wkh dvvhw dqg wkh  rz htxlydohqw/ ru dqqxlw| ydoxh/ ri wkh�ulqj frvw I 1 Wkh iruphu fruuhvsrqgv wr wkh  rz sd|r� ri wkh dvvhw soxv lwvh{shfwhg fdslwdo jdlq ru orvv1 Wkh dsshqgl{ ri wkh sdshu fkdudfwhul}hv wkhvroxwlrq ri wkh rswlpl}dwlrq sureohp lqyroyhg lq htxdwlrq +5, lq whupv ri deduulhu frqwuro srolf|1 D �up forvhv grzq/ od|lqj r� wkh zrunhu dqg sd|lqjwkh pdqgdwru| �ulqj frvw I / li/ dqg dv vrrq dv/ lwv surgxfwlylw| uhdfkhv dfhuwdlq uhvhuydwlrq ohyho U> fruuhvsrqglqj wr dq rswlpdoo| vhw wkuhvkrog1 Dqlpphgldwh lpsolfdwlrq ri wkh rswlpdo vwrsslqj vwudwhj| dqg ri wkh irup riwkh surfhvv gulylqj rxwsxw jurzwk dw wkh plfurhfrqrplf ohyho lv wkdw wkhvxssruw ri wkh furvv0vhfwlrqdo glvwulexwlrq ri surgxfwlylw| lv wkh xqerxqghgvhw +U>4,1Htxdwlrq +5, lv dovr vxemhfw wr wkh lqlwldo ydoxh frqglwlrq iroorzlqj iurpwkh vwdqgdug dvvxpswlrq ri iuhh hqwu|/ zklfk lpsolhv wkdw �upv hduq qrsxuh sur�wv lq htxloleulxp/ dqg wkhuhiruh htxdol}hv wkh h{ dqwh ydoxh ri mrefuhdwlrq wr wkh ydoxh ri wkh vhwxs frvw1 Irupdoo|/ iuhh hqwu| ri ydfdqflhvlpsolhv wkdw

M +4, @ F= +6,
515 Zdjh Vhwwlqj PhfkdqlvpZh fdq qrz wxuq wr wkh zdjh vhwwlqj phfkdqlvp1 Lw lv xvhixo wr vwduw e|euhdnlqj grzq +4, lqwr d sdlu ri uhfxuvlyh htxdwlrqv vdwlv�hg e| wkh Ehoopdqydoxhv ri hpsor|phqw dqg ri xqhpsor|phqw1 Wkh dvvhw ydoxhZ +{, ri zrun0lqj lq d �up zlwk lglrv|qfudwlf surgxfwlylw| { 5 +U>4,/ dqg wkh dvvhw ydoxhX ri xqhpsor|phqw vdwlvi| wkh iroorzlqj v|vwhp ri ixqfwlrqdo htxdwlrqv

uZ +{, @ z +{, . 4gwH +gZ , +7,
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uX @ e. � +Z +4,� X, +8,zkhuh z +{, lv wkh zdjh udwh/ e lv wkh +h{rjhqrxvo| jlyhq, xqhpsor|phqwfrpshqvdwlrq lqfrph ru ydoxh ri ohlvxuh/ dqg � vwdqgv iru wkh +hqgrjhqrxv,lqglylgxdo h{lw udwh rxw ri xqhpsor|phqw1 Wkh ydoxh ri hpsor|phqw lv dovrvxemhfw wr wkh whuplqdo frqglwlrq/ Z +U, @ X=Qrwlfh wkdw wkh dvvhw ydoxh ri xqhpsor|phqw lv d frqvwdqw vlqfh wkhxqfhuwdlqw| suhvhqw lq wkh hfrqrp| lv sxuho| lglrv|qfudwlf1 Pruhryhu/ e|dvvxpswlrq/ doo qhz mrev vwduw rxw zlwk d jlyhq dqg frqvwdqw surgxfwlylw|ohyho/ qrupdol}hg wr 41
L iroorz djdlq Vdlqw0Sdxo +5335, e| dvvxplqj wkdw d zrunhu hpsor|hg lqd xqlw zlwk surgxfwlylw| { hduqv d zdjh udwh vxfk wkdw wkh fruuhvsrqglqjEhoopdq ydoxh ri hpsor|phqw lv htxdo wr wkh ydoxh ri xqhpsor|phqw soxv djlyhq iudfwlrq � ri wkh suhvhqw glvfrxqwhg ydoxh ri wkh rxwsxw vwuhdp wkdwlv h{shfwhg wr eh jhqhudwhg e| wkh mre1 Wkh odwwhu fruuhvsrqgv wr wkh uhqwdssursuldwhg e| wkh hpsor|hg1 Lq rwkhu zrugv/ L dvvxph wkdw

Z +{, @ X . �Y +{, +9,zkhuh
Y +{, @ H+] A E-�

| h3oEr3|�{rgv m {| @ {,
uhsuhvhqwv wkh h{shfwhg suhvhqw glvfrxqwhg ydoxh ri wkh ixwxuh rxwsxw vwuhdpjhqhudwhg e| d �up kdylqj/ dw d wlph w/ d surgxfwlylw| ohyho {| @ { xs wr wkhvwrsslqj wlph W +U, � lqi iw 5 ?n = {| @ Uj zkhq wkh surfhvv { lv devruehge| wkh eduulhu U1Wkh sdudphwhu � 5 +3> 4, phdvxuhv wkh srzhu ri uhqw h{wudfwlrq hqmr|hge| wkh hpsor|hg1 Dv vxfk/ lw lqgh{hv wkh ghjuhh ri glvwruwlrq suhvhqw lqzdjh vhwwlqj dqg wdnhq dv h{rjhqrxvo| jlyhq +dv rssrvhg wr wkh ghjuhh rioderu wxuqryhu glvwruwlrq/ zklfk lv lq idfw hqgrjhqrxv,1 Lw lv xvhixo wr vwuhvvkrzhyhu wkdw � pd| qrw eh vwulfwo| vshdnlqj lqwhusuhwhg dv dq lqgh{ riedujdlqlqj srzhu vlqfh +9, lv qrw ghulyhg iurp d edujdlqlqj prgho exw iurpd yhuvlrq ri wkh h!flhqf| zdjh prgho ã od Vkdslur dqg Vwljolw} +4<;7,144 Dvlq wkdw prgho/ wkh uhqw dssursuldwhg e| wkh hpsor|hg khuh pd| eh wkrxjkw

44 Lq wkh prgho ri Vkdslur dqg Vwljolw} +4<;7,/ wkh dvvhw ydoxh ri hpsor|phqw fruuhvsrqgvwr d �{hg pdun0xs ryhu wkh dvvhw ydoxh ri xqhpsor|phqw1 Wkh pdun0xs ghshqgv lqsduwlfxodu rq wkh h!flhqf| ri wkh prqlwrulqj whfkqrorj| dydlodeoh wr wkh �up/ zklfk lvdvvxphg wr eh jlyhq/ exw lv lqghshqghqw iurp wkh +frqvwdqw/ lq wkdw prgho,  rz rxwsxw
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ri dv ruljlqdwlqj iurp d vlwxdwlrq ri lqirupdwlrqdo dv|pphwu| e| zklfk wkh�up lv xqdeoh wr prqlwru shuihfwo| wkh ehkdylru ri wkh zrunhu1 Wr ryhufrphwkh uhvxowlqj prudo kd}dug sureohp/ wkh �up �qgv lw sur�wdeoh wr sd| wrlwv hpsor|hh d qrq pdunhw fohdulqj zdjh1 Dq lpphgldwh fruroodu| ri wklv lvwkdw lq wkh hfrqrp| wkhuh lv lqyroxqwdu| xqhpsor|phqw1 Wkh xqhpsor|hgzrxog eh zloolqj wr zrun iru dq % vpdoohu zdjh wkdq wkh rqh judqwhg wr wkhhpsor|hg/ exw �upv duh qrqhwkhohvv xqzloolqj wr kluh wkhp1Rqh rwkhu lpsruwdqw/ dqg voljkwo| pruh vxewoh/ lpsolfdwlrq ri d vkdulqjuxoh olnh +9, lv wkdw xqghu lw xwlolw| lv qrw wudqvihudeoh dv lw zrxog eh iruh{dpsoh li wkh zdjh zdv vhw yld Qdvk edujdlqlqj1 Dv orqj dv � A 3/ zrunhuvduh/ fhwhulv sdulexv/ dozd|v vwulfwo| ehwwhu0r� hpsor|hg wkdq xqhpsor|hg=wkhuhiruh wkh vhsdudwlrq ghflvlrq lv jhqhulfdoo| pdgh e| rqh vlgh rqo|/ wkdwlv e| wkh �up145
Dv ghprqvwudwhg lq wkh dsshqgl{/ wkh zdjh vfkhgxoh lpsolhg e| d vkdulqjuxoh olnh +9, uhdgv= z +{, @ e. ��Y +4, . �{= +:,Forvhg irup h{suhvvlrqv wxuq rxw wr eh dydlodeoh erwk iru Y +�, dqg iru M +�, >wkh| uhdg/ uhvshfwlyho|/

Y +{, @ {u � � � U�31{1u � � +;,
ri wkh �up1 Wkh vkdulqj uxoh lpsolhg e| +9, fdq wkhuhiruh eh ylhzhg dv fruuhvsrqglqj wrd jhqhudol}dwlrq ri wkh prgho ri Vkdslur dqg Vwljolw}/ wr doorz iru d srvlwlyh ghshqghqfhri wkh zrunhuv* uhqw rq wkh surgxfwlylw| ri oderu145Wkh wudqvihudelolw| ri xwlolw| rewdlqlqj xqghu d Qdvk edujdlqlqj phfkdqlvp lpsolhvwkdw wkh rxwvlgh rswlrq ri rqh sduwqhu lv elqglqj li/ dqg rqo| li/ wkh rxwvlgh rswlrq ri wkhvhfrqg sduwqhu lv vlpxowdqhrxvo| vr1 Khqfh/ lw lv qrw uhdoo| phdqlqjixo wr vshdn ri wkh��ulqj� ri wkh zrunhu jlyhq wkdw vhsdudwlrq wdnhv sodfh li dqg rqo| li lw lv mrlqwo| rswlpdoiru erwk sduwqhuv +dqg wkhuhiruh sulydwho|/ zkloh qrw qhfhvvdulo| vrfldoo|/ h!flhqw,1 Lqrwkhu zrugv/ d pdwfk euhdnv grzq rqo| zkhq erwk sduwqhuv djuhh wr vsolw1 Ehfdxvh riwklv/ lw lv lqghhg txhvwlrqdeoh wr dvvxph/ dv lw lv w|slfdoo| grqh/ wkdw lq prghov zlwkwudqvihudeoh xwlolw| �ulqj frvwv vkrxog dsshdu lq wkh idooedfn srvlwlrq ri �upv1 Pruhjhqhudoo|/ lw lv txhvwlrqdeoh wkdw prghov wkdw gr qrw lghqwli| h{dfwo| �zkr �uhv� dqg �zkrlv �uhg� duh frqfhswxdoo| wkdw dssursuldwh iudphzrun wr vwxg| wkh ghwhuplqdwlrq dqg wkhlpsolfdwlrqv ri dq lqvwlwxwlrq dfwlqj edvlfdoo| dv d wd{ rq �ulqjv1 Dq dowhuqdwlyh dssurdfkwr wkh sureohp/ zklfk uhwdlqv Qdvk edujdlqlqj dv wkh zdjh vhwwlqj phfkdqlvp/ lv wkh rqhiroorzhg e| Eodqfkdug dqg Sruwxjdo +5334,1 Wkh| dvvxph wkdw zdjhv duh vhw rqfh dqgiruhyhu dw wkh ehjlqqlqj ri dq hpsor|phqw uhodwlrq dqg fdqqrw eh uhqhjrwldwhg wkhuhdiwhu/ghvslwh wkh uhdol}dwlrq ri lglrv|qfudwlf vkrfnv1 Lq wklv zd| wkh| duh deoh wr glvwlqjxlvkfohduo| ehwzhhq vhsdudwlrq dqg txlwv exw gr qrw doorz iru wkh ghshqghqfh ri zdjhv rqlglrv|qfudwlf surgxfwlylw| zklfk zloo dsshdu dv fulwlfdo iru wkh srolwlfdo htxloleulxp ri wkhprgho1
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M +{, @ +4� �,{u � � � e. �� ��3-�31o3> �
u � +4� �,U�31{1� +u � �, +<,

zkhuh � @ � +�> �, ? 3 fruuhvsrqgv wr wkh qhjdwlyh urrw ri wkh fkdudfwhulv0wlf sro|qrpldo dvvrfldwhg zlwk wkh gl�huhqwldo htxdwlrq +vhh wkh dsshqgl{,vdwlv�hg e| M +�,1Lq erwk htxdwlrqv wkh ydoxh ri wkh fruuhvsrqglqj dvvhw dsshduv ghfrp0srvhg lq wzr frpsrqhqwv/ qdpho| lwv ixqgdphqwdo dqg wkh uhodwhg rswlrqydoxh ri zdlwlqj iru ehwwhu wlphv1 Qrwlfh lq sduwlfxodu wkdw wkh rswlrq ydoxhdvvrfldwhg zlwk wkh dvvhw M +�, lv vwulfwo| srvlwlyh vr wkdw wkh ydoxh ri d mreiru d �up h{fhhgv wkh uhodwhg ixqgdphqwdo1
6 Hfrqrplf Htxloleulxp614 DjjuhjdwlrqIlupv lq wklv hfrqrp| duh fuhdwhg dw vrph srlqw lq wlph dqg h{shulhqfhwkhuhdiwhu gl�huhqw Pdunry klvwrulhv uh hfwlqj wkh uhdol}dwlrq ri lglrv|qfudwlfxqfhuwdlqw|1 Zkloh wkh ehkdylru ryhu wlph +lq whupv ri surgxfwlylw| dqggxudwlrq, ri hdfk xqlw lv udqgrp/ wkh rqh ri wkh frkruw wr zklfk wkh xqlwehorqjv lv qrw1 Lq idfw/ vlqfh hyhu| frkruw ri qhz �upv2mrev lv odujh/ qdpho|pdgh xs e| d frqwlqxxp ri xqlwv/ e| d odz ri odujh qxpehuv lwv ehkdylru ryhuwlph fdq eh wudfnhg wr wkh rqh ri lwv �uhsuhvhqwdwlyh� phpehu1 Lq sduwlfxoduwkh vxuylydo suredelolw| ri d xqlw/ vd| iurp wkh wlph x ri fuhdwlrq xs wr wlphw.x/ grhv fruuhvsrqg wr wkh ghwhuplqlvwlf iudfwlrq ri wkh �upv ri lwv frkruwwkdw duh vwloo rshudwlyh xs wr wkdw wlph1Ohw W� lqglfdwh wkh udqgrp wlph lq zklfk d x ylqwdjh hvwdeolvkphqw h{0shfwv wr forvh grzq vlqfh wkh prphqw ri lwv fuhdwlrq1 Ohw i +4> x> {> w. x,lqglfdwh wkh +wlph krprjhqrxv, wudqvlwlrq ghqvlw| ixqfwlrq ri lwv surgxfwly0lw| dv ri wlph w. x jlyhq wkdw {� @ 4 iru hyhu| x/ frqglwlrqdo rq qrw kdylqjwkh xqlw |hw forvhg1 Wkh suredelolw| dw zklfk wkh xqlw lv vwloo lq rshudwlrq dwwlph w.x/ htxlydohqw wr wkh suredelolw| wkdw W� h{fhhgv w/ lv uhsuhvhqwhg e|

Su +W� A w, @ ] "
- i +4> x> �> w. x,g� @

@ ] "
- i +4> �> w,g�

dqg lv lqghshqghqw iurp wkh fdohqgdu wlph x ri fuhdwlrq ri wkh xqlw e| wkhkrprjhqhlw| ri lwv wudqvlwlrq nhuqho1 Dw wlph x wkh  rz ri zrunhuv iurp
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xqhpsor|phqw lqwr hpsor|phqw/ htxlydohqw wr wkh pdvv ri qhzo| fuhdwhgsurgxfwlrq xqlwv/ kdv phdvxuh �� +4� O�, = Wrwdo hpsor|phqw/ vd| dw wlphw/ pd| eh ghfrpsrvhg dv wkh +lqwhjudo, vxp ri wrwdo mre fuhdwlrq iurp dqlq�qlwho| uhprwh sdvw/ zhljkwlqj hdfk frkruw ri �upv2mrev e| lwv vxuylydosuredelolw|/ vr wkdw
O| @ ] |

3" �� +4� O�,Su +W� A w� x, gx +43,
@ ] "

f �|3� +4� O|3�, Su +W A y,gy=
Lq dq hujrglf vwhdg| vwdwh/ djjuhjdwh oderu pdunhw rxwfrphv duh vwdwlrq0du|/ dqg wkhuhiruh O| @ O> �| @ �> ; w= Htxdwlrq +43,/ wrjhwkhu zlwk oderupdunhw  rzv edodqfh frqglwlrq e| zklfk �O @ � +4� O,/ zkhuh � lqglfdwhvwkh djjuhjdwh mre ghvwuxfwlrq udwh/ lpsolhv wkhq wkdw

� @ 4U"f Su +W A w,gw=Wkh h{suhvvlrq ri � lv h{solflwo| ghulyhg lq wkh dsshqgl{ dqg lw lv uhsruwhgehorz dorqj zlwk wkh hujrglf suredelolw| ghqvlw| ixqfwlrq ri surgxfwlylw|dfurvv hpsor|phqw1
Uhvxow 41 Vxssrvh wkdw � ? j22 1 Wkh vwhdg| vwdwh djjuhjdwh mre gh0vwuxfwlrq udwh wkhq uhdgv46

� @ 4moqUm
#�25 � �$ = +44,

Uhvxow 51 Wkh hujrglf furvv0vhfwlrqdo glvwulexwlrq ri surgxfwlylw| dfurvvsurgxfwlrq xqlwv/ �+�,/ kdv suredelolw| ghqvlw| ixqfwlrq uhsuhvhqwhg e|
# +{, @ 5 m�m�2U3�j2 #{2 #j23� � Lt-$%	"� +{, +45,

zkhuh � � ��� j22 �1
46Dvvxpswlrq 4 dqg htxdwlrq +49, +vhh ehorz, lpso| wkdw - : f/ vr wkdw B lv vwulfwo|erxqghg dzd| iurp f dqg dq htxloleulxp +zlwk lqyroxqwdu| xqhpsor|phqw, h{lvwv1
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615 Fkdudfwhul}dwlrqWdnlqj dv jlyhq wkh ghjuhh hpsor|phqw surwhfwlrq/ wkh htxloleulxp ri wkhprgho lv gh�qhg e| d sdlu ri htxdwlrqv lq wkh wzr hqgrjhqrxv yduldeohv/ wkhuhvhuydwlrq surgxfwlylw| U dqg wkh h{lw udwh iurp xqhpsor|phqw �= Wkh �uvwri wkhvh htxdwlrq lv wkh iuhh hqwu| frqglwlrq/ zklfk iurp +6, dqg +<, lv irxqgwr uhdg
+4� �,u � � � e. �� ��3-�31o3> �

u � +4� �,U�31� +u � �, @ F= +46,
Wkh vhfrqg htxdwlrq fruuhvsrqgv wr wkh �ydoxh pdwfklqj� frqglwlrq/ zklfkdulvhv iurp wkh vroxwlrq ri wkh rswlpdo vwrsslqj sureohp ri wkh �up +vhh wkhdsshqgl{,/ dqg hvwdeolvkhv wkh frqwlqxlw| ri wkh �up*v ydoxh ixqfwlrq xsrqforvlqj grzq1 Wklv htxdwlrq uhdgv

+4� �,Uu � � � e. �� ��3-�31o3> �
u � +4� �,U� +u � �, @ �I= +47,

Htxdwlrq +46, pd| eh xvhg wr rewdlq dq h{suhvvlrq iru wkh htxloleulxppdunhw wljkwqhvv/ dv d ixqfwlrq ri wkh uhvhuydwlrq surgxfwlylw|/ ru
� @ u +4� �, �U�31 � ���� +U�31 � 4, . +u � �, +e. uF,� +U�31 � 4, = +48,

Wklv h{suhvvlrq dqg htxdwlrq +47, pd| eh frpelqhg wr rewdlq d uhodwlrqgh�qlqj lpsolflwo| wkh htxloleulxp ydoxh ri U/ zklfk htxdwhv wkh h{shfwhgsuhvhqw glvfrxqwhg ydoxh ri jurvv sur�wv wr wkh wrwdo qrq zdjh oderu frvw/qdpho|
4� �u � �

#U�U�31� . 4�U$ @ I .F= +49,
Wkh prgho wxuqv rxw wr kdyh d uhfxuvlyh vwuxfwxuh1 Htxdwlrq +49, gh0whuplqhv wkh +xqltxh, htxloleulxp ydoxh ri wkh uhvhuydwlrq surgxfwlylw| dv dixqfwlrq ri ydulrxv h{rjhqrxv sdudphwhuv1 Htxdwlrq +47, gh�qhv d +vwulfwo|,xszdug vorslqj orfxv lq wkh +U> �, sodqh1 Jlyhq wkh htxloleulxp ydoxh ri U/htxdwlrq +47, gholyhuv wkhuhiruh wkh xqltxh ydoxh ri wkh htxloleulxp h{lw udwhrxw ri xqhpsor|phqw1
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61514 Wkh Olplw Fdvh ri wkh Ixoo| Ioh{leoh Hfrqrp|D sduwlfxodu fdvh ri vshfldo lqwhuhvw lv wkh rqh rewdlqlqj lq devhqfh ri dq|uhvwulfwlrq wr od|r�v/ qdpho| zkhq I @ 31 Ehlqj F A 3/ wkh hpsor|hgvwloo hduq uhqwv ryhu wkh xqhpsor|hg/ dqg wkhuhiruh xqhpsor|phqw uhpdlqvlqyroxqwdu|1 Krzhyhu wkh ruljlq ri wkhvh uhqwv lv sxuho| whfkqrorjlfdo/ mxvw dvlq Olqgehfn dqg Vqrzhu +4<;;,/ zkhuh whfkqrorjlfdoo| jlyhq oderu wxuqryhufrvwv gr qrw doorz/ ryhu vrph udqjh/ wkh xqghuelgglqj ri wkh lqvlghuv e| wkhrxwvlghuv1 Wklv hfrqrp| lv ri lqwhuhvw hvvhqwldoo| ehfdxvh lw dssur{lpdwhv/dv F $ 3/ wkh olplw fdvh ri dq hfrqrp| zkhuh whfkqrorjlfdo dv zhoo dvlqvwlwxwlrqdo wxuqryhu frvwv duh erwk devhqw1Krz grhv wklv olplw hfrqrp| orrn olnhB Frqvlghu wkh vfkhgxoh U @U +I>F, gh�qhg lpsolflwo| e| htxdwlrq +49, dqg ohw U8,e% � U +3> F,1 Lwlv vwudljkwiruzdug wr yhuli| wkdw olp�<fU8,e% +F>�, @ 4/ ; � 5 +3> 4,1 Vrlq wkh olplw fdvh ri devhqfh ri whfkqrorjlfdo dv zhoo dv lqvwlwxwlrqdo iulfwlrqv/wkh uhvhuydwlrq surgxfwlylw| lv htxdo wr wkh vwdqgdugl}hg lqlwldo surgxfwly0lw| ohyho1 Dovr/ lq wklv olplw hfrqrp| erwk wkh udwh ri mre fuhdwlrq dqg rimre ghvwuxfwlrq whqg wr lq�qlw|/ dqg wkh gxudwlrq ri dq| hpsor|phqw dqgxqhpsor|phqw vshoo whqgv wr }hur1 Lq wklv vhqvh/ wkh vwdwh ri hpsor|phqw lvxqghuvwrrg dv ehlqj shuihfwo| vkduhg dfurvv zrunhuv1
616 Frpsdudwlyh VwdwlfvWkh +rqo|, htxloleulxp ri wkh prgho kdv vrph h{shfwhg frpsdudwlyh vwdwlfvsurshuwlhv dqg ihz ohvv reylrxv rqh1 Wkh| duh glvfxvvhg qh{w/ xqghu wkhtxdol�fdwlrq wkdw I lv dozd|v khog frqvwdqw dv wkh rwkhu sdudphwhuv duh ohwydu|1

41 Kljkhu �ulqj frvwv uhgxfh zlwkrxw dpeljxlw| wkh uhvhuydwlrq surgxf0wlylw| dqg wkh h{lw udwh iurp xqhpsor|phqw1 Erwk wkhvh h�hfwv duhzhoo nqrzq dqg duh irxqg wr eh vwdqgdug dfurvv pdq| qrq frpshwl0wlyh prghov ri wkh oderu pdunhw vxfk dv �vhdufk dqg pdwfklqj� dv zhoodv lq sduwldo htxloleulxp prghov zlwk h{rjhqrxv zdjh ghwhuplqdwlrq1Dq lpsolfdwlrq ri wklv sdlu ri uhvxowv lv wkh dovr zhoo nqrzq idfw wkdw�ulqj uhvwulfwlrqv kdyh h�hfwv ri dpeljxrxv vljq rq vwhdg| vwdwh ohyhori hpsor|phqw151 Kljkhu vhwxs frvwv kdyh txdolwdwlyho| wkh vdph h�hfwv ri kljkhu �u0lqj frvwv= wkh| uhgxfh erwk U dqg �1 Qrwlfh krzhyhu wkdw/ zkloh wkhpdujlqdo lpsdfw ri vhwxs frvwv rq U lv lghqwlfdo wr wkh rqh ri �ulqjfrvwv/ wkhlu pdujlqdo lpsdfw rq � lv gl�huhqw1 Lq idfw/ vhwxs frvwv
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uhgxfh gluhfwo|/ qdpho| kroglqj U frqvwdqw/ wkh udwh ri mre fuhdwlrq1Wkhuhiruh/ wkh ryhudoo lpsdfw ri kljkhu vhwxs frvwv rq htxloleulxp hp0sor|phqw/ zkloh lq sulqflsoh dpeljxrxv/ lv pruh olnho| wr eh qhjdwlyhwkdq wkh rqh ri kljkhu �ulqj frvwv lv161 D kljkhu ydoxh ri � uhgxfhv erwk wkh uhvhuydwlrq surgxfwlylw| dqg wkhpdunhw wljkwqhvv1 Wkh uhvhuydwlrq surgxfwlylw| idoov vlqfh �upv zlvk wrkrog rq iru d orqjhu wlph dv wkh| qhhg wr frpshqvdwh wkh uhvxowlqj orvvri  rz sur�wv1 Wkh pdunhw wljkwqhvv idoov dorqj zlwk wkh uhvhuydwlrqsurgxfwlylw|/ exw dovr kroglqj wkh odwwhu frqvwdqw/ gxh wr wkh gluhfwqhjdwlyh h�hfw wkdw d kljkhu � kdv rq sur�wdelolw|171 Juhdwhu yrodwlolw| ghfuhdvhv wkh htxloleulxp uhvhuydwlrq surgxfwlylw|1Wklv lv vr vlqfh lq d pruh wxuexohqw hqylurqphqw/ wkh rswlrq ydoxhdvvrfldwhg wr wkh dvvhw �mre� lv kljkhu +jlyhq � dqg U,/ dqg wkhuhiruh�upv �qg lw ghvludeoh wr krog rq pruh1 Khqfh U idoov1 Dq lpsolfdwlrqri wklv uhvxow lv wkdw wkh lpsdfw ri � rq wkh vwhdg| vwdwh djjuhjdwh udwhri mre ghvwuxfwlrq � lv wzrirog dqg ri rssrvlwh vljq1 � udlvhv gluhfwo|zlwk �> exw lw idoov zlwk lw dv U idoov1 Lq sulqflsoh wkh edodqfh ri wklvwzr h�hfwv lv dpeljxrxv/ exw lw pd| eh vdiho| dvvxphg dv riwhq grqh lqwkh olwhudwxuh +h1j1 Slvvduulghv +5333,,/ wkdw wkh gluhfw srvlwlyh h�hfwgrplqdwhv181 Lq htxloleulxp/ d juhdwhu ydoxh ri � lv dovr irxqg wr vwlpxodwh mre fuh0dwlrq/ qdpho| wr udlvh �= Wklv lv lq hvvhqfh d frqvhtxhqfh ri wkh frq0yh{lw| h�hfw ri yrodwlolw|/ zklfk whqgv wr lqfuhdvh wkh h{shfwhg ydoxhri d mre iru d �up/ dqg dorqj lw gulyhv xs mre fuhdwlrq147 Qrwlfh wkdwwklv lv dq htxloleulxp h�hfw/ zklfk grplqdwhv ryhu wkh qhjdwlyh lpsdfwwkdw � kdv rq U gluhfwo|/ dqg wkhuhiruh rq � lqgluhfwo|1 Lw lv dovr zruwkvwuhvvlqj djdlq wkdw wklv h�hfw rewdlqv kroglqj I frqvwdqw= lq wkh qh{wvhfwlrq lw vkdoo eh dujxhg wkdw/ dv wkh yduldqfh ri vkrfnv lqfuhdvhv/ dqhfrqrp| pd| zhoo ehfrph pruh uljlg dv d uhvxow ri d srolwlfdo htxl0oleulxp fkdqjh1 Qrwlfh �qdoo| wkdw/ dv erwk � dqg � lqfuhdvh zlwk �kroglqj I frqvwdqw/ wkh lpsdfw ri wkh odwwhu rq htxloleulxp hpsor|0phqw lv qrw fohdu d sulrul dqg pd| lq sulqflsoh jr lq hlwkhu gluhfwlrq191 D kljkhu ydoxh ri wkh guliw frh!flhqw � lqfuhdvhv wkh htxloleulxp uhvhu0ydwlrq surgxfwlylw| exw kdv d sulrul dpeljxrxv h�hfwv rq wkh h{lw
47Slvvduulghv +5333, �qgv lqvwhdg wkdw lq d �vhdufk dqg pdwfklqj� prgho zlwk hqgrjh0qrxv vhsdudwlrq dqg Srlvvrq xqfhuwdlqw|/ d kljkhu duulydo udwh ri vkrfnv uhgxfhv mre fuh0dwlrq lq htxloleulxp1
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udwh iurp xqhpsor|phqw1 Wkh uhvhuydwlrq surgxfwlylw| lqfuhdvhv vlqfhkljkhu jurzwk whqgv wr udlvh sur�wdelolw|/ dqg wkhuhiruh U pxvw lq0fuhdvh dv zhoo wr uhvwruh wkh htxloleulxp1 Wkh lpsdfw ri � rq � lv qrwfrqyhuvho| fohdu vlqfh erwk wkh ydoxh ri rxwsxw dqg wkh frvw ri oderuwhqg wr lqfuhdvh zlwk lw1
7 Srolwlfv714 Wkh Yrwlqj PhfkdqlvpZh dvvxph wkdw d jlyhq vwdwxv txr ohyho ri �ulqj frvw I @ I7' A 3 lv lpsoh0phqwhg vlqfh wlph �� 4�1 Htxlydohqwo|/ jlyhq wkh h{lvwhqfh ri d rqh0wr0rqhuhodwlrq ehwzhhq wkhp/ fruuhvsrqglqj wr htxdwlrq +49,/ dqg iru dqdo|wlfdofrqyhqlhqfh rqo|/ zh vkdoo uhihu iurp qrz rqzdugv wr U udwkhu wkdq wr I 1Dw d fhuwdlq srlqw lq wlph w @ W W/ U lv ghwhuplqhg e| pdmrulw| uxoh1Ehfdxvh ri wkh vwdwlrqdulw| ri wkh hqylurqphqw/ wkh fdohqgdu wlph ri wkhyrwlqj surfhvv lv dfwxdoo| luuhohydqw148Wkh srolwlfdo htxloleulxp ri pdq| srolwlfdo hfrqrp| prghov lv xvxdoo|fkdudfwhul}hg wkurxjk wkh dssolfdwlrq ri wkh phgldq yrwhu wkhruhp1 Wklvzloo qrw eh srvvleoh khuh dv wkh suhihuhqfhv ri vrph djhqwv ryhu wkh srolf|yduldeoh gr idlo wr eh vlqjoh0shdnhg149 Vwloo/ d +joredo, uhvxow ri h{lvwhqfh ri dxqltxh Frqgruhfw zlqqhu vkdoo eh ghprqvwudwhg xqghu rqh h{wud sdudphwulfuhvwulfwlrq/ sodflqj dq xsshu erxqg rq wkh uhqw h{wudfwlrq srzhu ri zrunhuv1Zkhq vxfk uhvwulfwlrq grhv qrw krog ylfh yhuvd/ zh zloo ghprqvwudwh wkdw wkhyrwlqj surfhvv kdv wzr htxloleuld/ ghshqglqj rq wkh jlyhq vwdwxv txr ohyho ri�ulqj frvwv1 Wklv pxowlsolflw| ri htxloleuld uh hfwv wkh zhoo nqrzq sureohp

48 Lq sduwlfxodu/ ehfdxvh djjuhjdwh vkrfnv duh wkrxjkw ri dv xqsuhglfwdeoh orz iuhtxhqf|hyhqwv/ hyhu| ixwxuh yrwlqj surfhvv lv h{shfwhg/ dw dq| srlqw lq wlph/ wr jhqhudwh wkh vdphrxwfrph1 Vr wkhuh duh qr sureohpv uhodwhg wr vwudwhjlf yrwlqj lqfhqwlyhv/ hyhq li hohfwlrqvwdnh sodfh uhshdwhgo|149Wkh jhqhudo dvvxpswlrq ri irfxvlqj rq rqh vrfldo fodvv rqo| pd| dsshdu dv uhvwulfwlyh1Dw ohdvw wzr uhohydqw jurxsv ri djhqwv kdyh ehhq ohiw dzd|/ qdpho| fdslwdolvwv dqg shq0vlrqhuv1 Lw vhhpv idluo| reylrxv wkdw fdslwdolvwv zrxog rssrvh dq| ghjuhh ri oderu pdunhwuljlglw| lq zklfkhyhu irup1 Exw/ ohvv reylrxvo|/ shqvlrqhuv pd| kdyh yhu| vlplodu suhihu0hqfhv ryhu wkh vwdwxv ri oderu pdunhw lqvwlwxwlrqv1 Lqghhg/ wr wkh h{whqw wkdw pruh h!flhqwoderu pdunhw lqvwlwxwlrqv doorz wr uhlqirufh wkh vwdelolw| ri d shqvlrq v|vwhp ru hyhq doorzlw wr sd| pruh jhqhurxv frqwulexwlrqv/ shqvlrqhuv pd| zhoo mrlq wkh frdolwlrq iru  h{lelolw|1Lqwhuhvwlqjo|/ wkh hyroxwlrq lq wkh vrfldo dwwlwxgh wrzdug wkh uhjxodwlrq ri oderu pdunhwlqvwlwxwlrqv riwhq revhuyhg lq uhfhqw |hduv dfurvv frxqwulhv kdv surfhhghg lq sdudooho wr wkhjurzwk ri wkh vkduh ri shqvlrqhuv ryhu wkh srsxodwlrq dw odujh1 Vwloo/ irfxvlqj sulpdulo| rqwkh suhihuhqfhv rq hpsor|phqw surwhfwlrq ri hpsor|hg zrunhuv/ ylhzhg dv wkh ghwhuplqdqwvrfldo jurxs/ grhv qrw dsshdu xqmxvwl�hg1
4<



ri wkh vwdwxv txr eldv dvvrfldwhg wr uhqw0jhqhudwlqj lqvwlwxwlrqv1 Zkhq vxfklqvwlwxwlrqv h{lvwv/ wkh| gr fuhdwh wkhlu rzq frqvwlwxhqf| dqg vhoi0vwdelol}hwkhpvhoyhv1
715 Zrunhuv* Ydoxh IxqfwlrqvOhw*v ehjlq e| fkdudfwhul}lqj wkh olih0wlph xwlolw| ri wkh gl�huhqw zrunhuv1 E|frpelqlqj htxdwlrqv +7,/ +8,/ +9, dqg +:,/ wkh dvvhw ydoxh ri xqhpsor|phqwpd| eh zulwwhq grzq dv

X @ eu . ��u 4�U�31u � � = +4:,
Wklv h{suhvvlrq fdq eh ixuwkhu vlpsol�hg e| holplqdwlqj � zlwk +48, wr |lhogwkh iroorzlqj

X @ 4� �u � � � +4� �,U�31+u � �, � �F= +4;,
Vwudljkwiruzdug gl�huhqwldwlrq ri htxdwlrq +4;, vkrzv wkdw wkh dvvhwydoxh ri xqhpsor|phqw lv vwulfwo| lqfuhdvlqj lq U= xqhpsor|hg zrunhuvzrxog eh vwulfwo| ehwwhu0r� lq d ixoo|  h{leoh oderu pdunhw zkhuh od|r�vduh qrw frqvwudlqhg lq dq| zd| dqg zkhuh wkhuhiruh wkh h{lw udwh iurp xq0hpsor|phqw lv dv kljk dv lw fdq eh1
Zkdw derxw wkh hpsor|hgB Wkh dvvhw ydoxh ri hpsor|phqw lq d �up zlwksurgxfwlylw| {/ zklfk lv ri frxuvh gh�qhg surylghg wkdw { � U/ lv frpsxwhgfrpelqlqj htxdwlrqv +4;, dqg +;,/ dqg uhdgv

Z +{, @ X . �Y +{, +4<,@ 4� �u � � � +4� �,U�31+u � �, � �F . �{�U�31{1u � � =
716 Suhihuhqfhv ryhu -Htxdwlrq +4<, doorzv xv wr dvvhvv krz wkh hpsor|hg*v zhoiduh ghshqgv rq dpdujlqdo fkdqjh lq U1 Wklv lv d fuxfldo srlqw wr nhhs lq plqg vlqfh/ djdlq/+4<, lv rqo| gh�qhg surylghg wkdw { � U1

Uhvxow 81 Ohw U @ U7'1 Doo zrunhuv hpsor|hg lq �upv hqmr|lqj d ohyhori surgxfwlylw| { 5 +{W>4, > zkhuh
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{W @ pd{-�4� �� m�m � �1 > U7'.
ehqh�w vwulfwo| iurp d pdujlqdo lqfuhphqw lq  h{lelolw| ri wkh oderu pdunhw1Ylfh yhuvd/ doo zrunhuv lqyroyhg lq mrev zlwk surgxfwlylw| { 5 kU7'> {W� duhpdgh vwulfwo| zruvh0r� e| wkh vdph1

Uhvxow 8 whoov xv wkdw lq wklv hfrqrp| zrunhuv hpsor|hg lq uhodwlyho|surgxfwlyh �upv whqg wr suhihu d pruh  h{leoh oderu pdunhw/ dw wkh pdujlq/ryhu wkh vwdwxv txr/ zkloh d srolwlfdo vxssruw wr pdlqwdlq wkh h{lvwlqj ohyho rihpsor|phqw surwhfwlrq exlogv xs durxqg wkh hpsor|hhv ri uhodwlyho| xqsur0gxfwlyh xqlwv1 Zkdw lv wklv vrB Hpsor|phqw surwhfwlrq lv wr vrph ghjuhhfrvwo| iru dq|rqh1 Zh nqrz douhdg| wkdw iru wkh xqhpsor|hg wkh pdujlqdofrvw lv dozd|v orzhu wkdq wkh pdujlqdo jdlq ri uhod{lqj wkh �ulqj glvflsolqh1Iru wkh hpsor|hg lqvwhdg wklv lv qrw qhfhvvdulo| wkh fdvh1 E| gl�huhqwldwlqjhtxdwlrq +4<,/ wkh h�hfw ri dq lq�qlwhvlpdo lqfuhphqw ri U rq wkh hpsor|hg*vzhoiduh pd| eh ghfrpsrvhg lqwr wzr sduwv/ fruuhvsrqglqj wr wkh pdujlqdojdlq dqg orvv uhvshfwlyho|=CZ +{>U,CU @CXCUEn� . �CY +{>U,CUE3� = +53,
Dw wkh pdujlq/ wkh jdlq ri uhgxflqj I / dqg wkxv ri lqfuhdvlqj U/ lv wkh vdphiru doo hpsor|hg zrunhuv/ lqghshqghqwo| iurp wkhlu lqglylgxdo surgxfwlylw|1Lq idfw/ lw lv gxh hqwluho| wr wkh fruuhvsrqglqj yduldwlrq ri wkh dvvhw ydoxh rixqhpsor|phqw1 Frqyhuvho|/ wkh pdujlqdo orvv ri d uhgxfwlrq riU/ zklfk jrhvwkurxjk wkh yduldwlrq ri wkh uhqw frpsrqhqw ri wkh dvvhw ydoxh ri hpsor|phqwfdq eh vkrzq wr eh ghfuhdvlqj lq {14: Wkhuhiruh/ uhodwlyho| pruh surgxfwlyhzrunhuv orvh uhodwlyho| ohvv e| d uhod{dwlrq ri wkh �ulqj glvflsolqh= khqfh wkhluvxssruw wr pruh  h{lelolw| +dqg wkh rssrvlwlrq wr lw iurp wkhlu xqsurgxfwlyhfrxqwhusduw,14;

4:Wkh vljq ri wkh uhohydqw h{suhvvlrq lv wkh vdph dv wkh vljq riY2T E%(-�Y-Y% ' 31 E�3 1�o 3 > -31%13�
zklfk lv srvlwlyh14;Wklv uhvxow ghshqgv lq fuxfldo zd| rq wkh qdwxuh ri wkh vwrfkdvwlf surfhvv srvwxodwhgiru surgxfwlylw|/ dqg lq sduwlfxodu rq wkh shuvlvwhqfh surshu ri jhrphwulf Eurzqldq xq0fhuwdlqw|1 Li wkh uhdol}dwlrqv ri % zhuh jryhuqhg/ vd|/ e| d krprjhqhrxv Srlvvrq surfhvv/
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Qrwlfh wkdw lw fdq qhyhu eh wkh fdvh wkdw doo wkh hpsor|hg pd| eh kxuwdw wkh pdujlq e|  h{lelolw| vlqfh xqghu dq| sdudphwul}dwlrq frqvlvwhqw zlwkwkh htxloleulxp vlqfh {W ? 414<
Wkh +xqltxh, wkuhvkrog ydoxh {W dw zklfk Y` E%(-�Y- @ 3 ghshqgv rq wkuhhh{rjhqrxv sdudphwhuv/ qdpho| rq wkh zrunhuv* uhqw h{wudfwlrq srzhu � dqg/wkurxjk � @ � +�> �,/ dovr rq wkh lqvwdqwdqhrxv phdq �/ dqg rq wkh lqvwdq0wdqhrxv vwdqgdug ghyldwlrq �1
Wkh ydoxh ri {W/ li gl�huhqw iurp U7'/ dsshduv wr eh vwulfwo| lqfuhdvlqjlq �1 Lqghhg/ iru hpsor|phqw surwhfwlrq wr eh dwwudfwlyh iru wkh hpsor|hg/wkh uhqw wkh| hqmr|/ gluhfwo| uhodwhg wr �/ pxvw eh ulfk hqrxjk wr frpshqvdwhiru wkh glvwruwlrqv fdxvhg e| �ulqj frvwv1 Lq wkh olplw fdvh ri � @ 3 wkhuhlv reylrxvo| qr vfrsh zkdwvrhyhu iru mre vhfxulw| surylvlrqv dqg lq idfw/olpq<f {W +�, @ 31Shukdsv pruh vxusulvlqjo|/ wkh uhqw h{wudfwlrq srzhu ri wkh hpsor|hgwxuqv rxw wr ghwhuplqh dovr wkh h�hfwv ri fkdqjhv ri � dqg ri � rq wkhwkuhvkrog {W1 Wkhvh duh uhpdunhg lq wkh iroorzlqj1
Uhvxow 91 Dq lqfuhphqw lq wkh ghjuhh ri yrodwlolw| suhvhqw lq wkh hfrqrp|dqg d uhgxfwlrq ri wkh wuhqg udwh ri ghpdqg jurzwk erwk whqg wr lqfuhdvh{W > li � 5 +�W> 4, zkhuh �W @ een�1� = Wkh vdph kdyh erwk wkh rssrvlwh h�hfwli � 5 +3> �W, dqg duh luuhohydqw li � @ �W1Lq rwkhu zrugv/ wkh uhvsrqvh ri hpsor|hg zrunhuv wr d juhdwhu yduldelolw|dqg wr d ghsuhvvhg ghpdqg jurzwk lv qrw xqdpeljxrxv exw ghshqgv fux0fldoo| rq wkh uhqw h{wudfwlrq srzhu hqmr|hg e| wkhp1 Zkhuh vxfk srzhulv uhodwlyho| kljk/ pruh yduldelolw| lv olnho| wr uhqghu wkh pdujlqdo zrunhulghqwl�hg e| {W pruh surgxfwlyh/ dqg ylfh yhuvd1 Zk| lv wklv wkh fdvhBIrupdoo|/ lw fdq eh yhul�hg wkdw pruh yrodwlolw| kdv d wzrirog dqg rssrvlwhh�hfw rq wkh pdujlqdo lpsdfw ri  h{lelolw| rq wkh hpsor|hg*v zhoiduh1 E|wkh hqyhorsh wkhruhp/ d pdujlqdo fkdqjh lq � kdv rqo| gluhfw +qdpho| jrlqjwkurxjk kroglqj U frqvwdqw, �uvw rughu h�hfwv rq Y` E%W(-�Y- = Wkhvh fdq ehghfrpsrvhg lq wzr jurxsv= wkrvh d�hfwlqj wkh dvvhw ydoxh ri xqhpsor|phqwdqg wkrvh d�hfwlqj wkh uhqw153 Wkh wzr h�hfwv duh fohduo| ri rssrvlwh vljq/wkhq dq lq�qlwhvlpdo lqfuhphqw ri - zrxog kdyh wkh vdph h�hfw rq wkh olihwlph xwlolw| ridoo ri wkh hpsor|hg +zklfk zrxog eh lqghshqghqw ri %,14< Lw lv wkh fdvh wkdw olpq<�%W Eq� ' "1 Krzhyhu q ' � lv qrw frqvlvwhqw zlwk wkhh{lvwhqfh ri dq htxloleulxp jlyhq wkdw �upv zrxog pdnh qhjdwlyh sur�wv li wkh| kluhg dzrunhu153Irupdoo|/ lw lv wkh fdvh wkdw=
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wkh iruphu ehlqj srvlwlyh/ dqg wkh odwwhu qhjdwlyh1 Lq rwkhu zrugv/ d irupri frpsohphqwdulw| grhv h{lvw ehwzhhq yrodwlolw| dqg  h{lelolw|/ lq wkh vhqvhwkdw pruh ri wkh iruphu whqgv wr udlvh wkh pdujlqdo jdlq iurp wkh odwwhuh{shulhqfhg e| wkh hpsor|hg +dqg e| wkh xqhpsor|hg dv zhoo,1 Exw lw dovrsxoov xs wkh pdujlqdo orvv lq whupv ri uhqw ghvwuxfwlrq1 Li � A �W/ wkh uhqwlv d uhodwlyho| lpsruwdqw frpsrqhqw ri wkh zhoiduh ri wkh hpsor|hg/ dqgwkhuhiruh wkh vhfrqg h�hfw grplqdwhv1 Wkh pdujlqdo zrunhu lghqwl�hg e| {Wkdv wr ehfrph pruh surgxfwlyh vlqfh/ wr eh lqgl�huhqw wrzdug d pdujlqdoo|kljkhu  h{lelolw|/ lq d pruh wxuexohqw hqylurqphqw/ kh pxvw vx�hu uhodwlyho|ohvv iurp lw1 Wkh rssrvlwh lv wuxh li uhqwv duh d uhodwlyho| xqlpsruwdqw iruzrunhuv/ lq zklfk fdvh wr uhvwruh lqgl�huhqfh wkh wuljjhu surgxfwlylw| kdv wridoo1Dv idu dv jurzwk lv frqfhuqhg/ lw lv srvvleoh wr yhuli| wkdw/ durxqg {W/ YLY-ghfuhdvhv zlwk � dqg YT E%(-�Y- lqfuhdvhv zlwk lw1 Wkdw lv/ kljkhu surgxfwlylw|jurzwk ghfuhdvhv wkh pdujlqdo jdlq ri  h{lelolw| dqg ghfuhdvhv dv zhoo wkhpdujlqdo orvv lq whupv ri uhqw ghvwuxfwlrq1 Htxlydohqwo|/ li ghpdqg jurzwkidoov/ wkh pdujlqdo jdlq iurp  h{lelolw| lqfuhdvhv dqg vr grhv wkh uhodwhgpdujlqdo orvv1 Zkhq � lv uhodwlyho| kljk/ wkh vhfrqg h�hfw grplqdwhv= wkhwuljjhu surgxfwlylw| ohyho {W pxvw lqfuhdvh dv wkh pdujlqdo zrunhuv qhhg wreh pruh lqvxodwhg iurp wkh ulvnv lpsohg e| kljkhu  h{lelolw|1 Wkh frqyhuvhlv ri frxuvh wuxh li � lv uhodwlyho| orz1
71614 Wkh Qrq Vlqjoh0Shdnqhvv LvvxhIurp zkdw kdv ehhq vdlg vr idu/ lw pd| vhhp wkdw doo zrunhuv zlwk surgxf0wlylw| ehorz {W zloo eh kduphg e| d uhgxfwlrq ri U1 Krzhyhu/ wklv lv qrwfruuhfw1 Lq hvvhqfh/ wkh pdujlqdo hydoxdwlrq hperglhg lq +53, lv qrw qhfhv0vdulo| lqirupdwlyh derxw wkh suhihuhqfhv ri doo wkh hpsor|hg ryhu d glvfuhwh/udwkhu wkdq lq�qlwhvlpdo/ fkdqjh lq U1 Li U mxpsv iurp U7' ? U8 ,e% wrd kljkhu ydoxh U�e�/ d vhw ri mrev ri qrw wulyldo phdvxuh lv lqvwdqwdqhrxvo|ghvwur|hg/ d shfxoldu lpsolfdwlrq ri kljkhu  h{lelolw|1 Wkh hpsor|hg zlwksurgxfwlylw| { 5 +U�e�> {W, duh lqghhg zruvh0r� lq wkh pruh  h{leoh hfrq0rp|1 Exw zkdw derxw wkh uhpdlqlqj hpsor|hgB Wkh| zloo qrz w|slfdoo|

Y2` E%W�Y-Yj ' Y2LY-Yj n q Y2T E%W�Y-Yjx E�3 q�-31Eo 3 >� 12 E� n 1 E�3 1� *?-� n q-31 E%W�1Eo 3 >�En�
��1 n E�3 1� *?-� �

E3�
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vsolw lq wzr jurxsv/ zlwk rssrvlwh suhihuhqfhv ryhu wkh lqvwlwxwlrqdo fkdqjh/wkh iroorzlqj uhdvrq1 Lw lv fohdu wkdw wkh ixqfwlrq Z @ Z +{, lv frqwlqxrxvryhu wkh udqjh +U>4,> lqghhg/ wkh vwrsslqj uxoh iroorzhg e| �upv lpsolhvdovr lwv frqwlqxlw| dw { @ U= Wklv phdqv wkdw wkh zhoiduh ri wkrvh hpsor|hgzrunhuv zlwk surgxfwlylw| lq d +ohiw, qhljkerukrrg ri U/ lv dssur{lpdwho|htxdo wr X 1 Qrz/ wkh yrwlqj surfhvv zh duh frqvlghulqj lqyroyhv d glvfuhwhfkrlfh/ zklfk/ iru wkrvh hpsor|hg zrunhuv zlwk surgxfwlylw| { * U7' lvqhduo| d fkrlfh ehwzhhq ehlqj xqhpsor|hg lq d uljlg dqg lq d  h{leoh hfrq0rp|1 Jlyhq wkdw wkh odwwhu ydoxh lv vwulfwo| juhdwhu wkdq wkh iruphu/ lw lvfohdu wkdw wkh zrunhuv lq wkh orzhu wdlo ri wkh glvwulexwlrq ri surgxfwlylw|zloo yrwh iru pruh  h{lelolw|1Wklv dujxphqw pd| eh ghyhorshg pruh irupdoo| e| orrnlqj iru wkh h{0suhvvlrq ri wkh surgxfwlylw| ohyho wkdw ohdyhv zrunhuv lqgl�huhqw ehwzhhq wkhwzr dowhuqdwlyhv1 OhwwlqjZ +�>U7', lqglfdwh wkh ydoxh ri hpsor|phqw lq wkhvwdwxv txr oderu pdunhw dv d ixqfwlrq ri surgxfwlylw|/ dqg ohwwlqj X+U�e�,lqglfdwh wkh ydoxh ri xqhpsor|phqw lq wkh uhiruphg rqh/ wklv fulwlfdo wkuhvk0rog/ {WW @ {WW+U7'> U�e�,/ lv gh�qhg lpsolflwo| e| wkh lqgl�huhqfh frqglwlrqhtxdwlqj wkhp/ wkdw lv Z +{WW>U7',@ X+U�e�,/ zklfk lpsolhv wkdw
{WW � +U7',�31+{WW,1 @ 4� �� m�m q+U�e�,�31 � +U7',�31r = +54,

Vlqfh wkh ohiw kdqg vlgh ri wklv htxdwlrq lv lqfuhdvlqj vwulfwo| lq {WW/ dqghtxdo wr }hur li {WW @ U7'/ zkloh lwv ohiw kdqg vlgh lv vwulfwo| srvlwlyh/ lw lvfohdu wkdw +54, dozd|v kdv d xqltxh vroxwlrq ryhu wkh udqjh +U7'/4,= Khqfhd vhpl0forvhg vhw ri qrq }hur phdvxuh kU7'> {WW� ri vwdwxv txr surgxfwlylw|ohyhov dozd|v h{lvwv/ vxfk wkdw wkh fruuhvsrqglqj zrunhuv �qg wkhpvhoyhvvwulfwo| ehwwhu0r� dv xqhpsor|hg lq wkh pruh  h{leoh oderu pdunhw1 Wkhvhzrunhuv duh ri fulwlfdo lpsruwdqfh dv wkhlu suhihuhqfhv dsshdu qrw wr ehvlqjoh0shdnhg lq wkh srolf| yduldeoh1 Wkh suhvhqfh ri wkhvh zrunhuv lpsolhvwkh ylrodwlrq ri rqh ri wkh dvvxpswlrqv ri wkh phgldq yrwhu wkhruhp/ zklfkwkhuhiruh fdqqrw eh uhdglo| dssolhg wr vroyh iru wkh srolwlfdo htxloleulxp lqwklv prgho154Vxppdul}lqj/ zh fdq vwdwh wkh iroorzlqj1
Uhvxow :1 Lq yrwlqj ehwzhhq wkh wzr dowhuqdwlyhv U7' dqg U�e�> wkhvwdwxv txr lv suhihuuhg rqo| e| wkrvh hpsor|hg zrunhuv zlwk d ohyho ri lglrv|q0

54D vlplodu uhvxow lv dovr irxqg lq Ylqgljql +4<<<,/ zkhuh lw dulvhv lq dq hfrqrp| srs0xodwhg e| zrunhuv zkr duh h{ dqwh khwhurjhqhrxv/ udwkhu wkdq h{ srvw dv khuh/ gxh wrh{rjhqrxv gl�huhqfhv lq wkhlu kxpdq fdslwdo hqgrzphqwv> lw lv dovr irxqg lq wkh sdshu riVdlqw0Sdxo +5335,1
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fudwlf surgxfwlylw| { 5 +{WW> {W,1 Doo wkh xqhpsor|hg/ dqg wkh hpsor|hg zlwksurgxfwlylw| { 5 kU7'> {WWl ^ ^{W>4, > yrwh wkh dowhuqdwlyh1Krz grhv wkh vhfrqg wuljjhu surgxfwlylw| ydoxh {WW ydu| zlwk wkh sd0udphwhuv ri lqwhuhvwBUhvxow ;1 Wkh wuljjhu surgxfwlylw| {WW lqfuhdvhv vwulfwo| zlwk � dqgghfuhdvhv vwulfwo| zlwk � dqg �1Djdlq/ wkh qhjdwlyh lpsdfw ri dq lqfuhphqw ri � rq {WW lv txlwh lqwxlwlyh=zkhq wkh hpsor|hg duh deoh wr h{wudfw kljkhu uhqwv iurp �upv wkhlu srvlwlrqri lqvlghuv fdqqrw exw ehfrph pruh dsshdolqj1 Dv d uhvxow/ wkh orzhu wuljjhusurgxfwlylw| ohyho idoov dovr1D kljkhu ydoxh ri � lv irxqg wr uhgxfh {WW/ qdpho| wr fxw grzq wkhsrolwlfdo vxssruw iru  h{lelolw| zlwklq wkh ohvv surgxfwlyh zrunhuv zlwkrxwdq| dpeljxlw|1 Zk| lv wklv vrB Wkh srlqw lv wkdw d kljkhu wuhqg frpsrqhqwlq ghpdqg2surgxfwlylw| jurzwk phdqv wkdw hpsor|hg zrunhuv/ zkdwhyhuwkhlu fxuuhqw surgxfwlylw| ohyho/ h{shfw wr ehfrph uhodwlyho| pruh surgxfwlyhlq ixwxuh1 Wklv lv lq sduwlfxodu wuxh derxw wkh hpsor|hg lq orz surgxfwlylw|xqlwv1 Dv d uhvxow/ d kljkhu ydoxh ri � lqgxfhv wkhp wr ehfrph uhodwlyho| pruhrswlplvwlf derxw wkhlu ixwxuh surgxfwlylw|/ khqfh derxw wkh ixwxuh uhqwv wreh dssursuldwhg e| wkhp dv hpsor|hg/ dqg khqfh pdnhv wkhp pruh uhoxfwdqwwr jlyh xs wkhlu srvlwlrq ri lqvlghuv155 E| wkh vdph wrnhq/ lq d pruh yrodwlohhqylurqphqw/ wkh ulvn ri d fulwlfdo idoo lq surgxfwlylw| lv kljkhu1 Vr wkhlqvlghuv dw wkh orzhu pdujlq/ ehlqj lq d pruh xqvwdeoh srvlwlrq/ duh pruhzloolqj wr ohdyh dqg wklv h{sodlqv zk| d kljkhu ydoxh ri � kdv wkh rssrvlwhh�hfw ri � rq {WW1
8 Srolwlfdo Htxloleuld
Zh fdq qrz wxuq wr wkh fkdudfwhul}dwlrq ri wkh srolwlfdo htxloleuld ri wkhprgho1 Zh zloo ghprqvwudwh hvvhqwldoo| wzr uhvxowv1 Li wkh uhqw h{wudfwlrq

55Wklv sduwlfxodu uhvxow pd| vhhp wr eh lq vkdus frqwudvw zlwk wkh fruuhvsrqglqj uhvxowrewdlqhg lq Vdlqw0Sdxo +5335,/ zkhuh lw lv irxqg wkdw idvwhu surgxfwlylw| jurzwk xqdp0eljxrxvo| lqfuhdvhv wkh vxssruw iru  h{lelolw|1 Dqg lq sduwlfxodu lw grhv vr zlwklq wkhohvv surgxfwlyh hpsor|hg1 Wkh fuxfldo gl�huhqfh lv wkdw lq wkdw prgho wkh jurzwk ri sur0gxfwlylw| lv gxh wr hperglhg whfkqrorjlfdo surjuhvv/ zklfk ehqh�wv rqo| qhzo| fuhdwhgxqlwv ri surgxfwlrq1 Lq rwkhu zrugv/ lq wkdw hfrqrp| xqlwv ehfrph lqhylwdeo| pruh dqgpruh revrohwh ryhu wlph uhodwlyho| wr wkh prylqj whfkqrorjlfdo iurqwlhu1 Dv d uhvxow/ wkhluhpsor|hhv kdyh qr krsh ri ehqh�wwlqj iurp jurzwk lq whupv ri wkhlu rzq surgxfwlylw|/ uh0pdlqlqj lq wkh vdph �up1 Wklv lv ri frxuvh qrw zkdw kdsshqv khuh/ zkhuh wkh surgxfwlylw|ri d �up fdq dozd|v ydu| vwrfkdvwlfdoo| lq hdfk gluhfwlrq1
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srzhu ri zrunhuv lv orz hqrxjk +wkdw lv/ ehorz vrph wkuhvkrog ydoxh,/ wkhprgho kdv d xqltxh srolwlfdo htxloleulxp/ xqfrqglwlrqdoo| rq wkh vwdwxv txr1Li qrw/ krzhyhu/ wkh prgho zloo kdyh wzr htxloleuld/ ixoo uljlglw| ru ixoo  h{0lelolw|/ ghshqglqj rq wkh vwdwxv txr1 Wkdw lv/ d vwdwxv txr eldv lvvxh h{lvwv/dv lw lv riwhq wkh fdvh lq suhvhqfh ri vrph uhqw0jhqhudwlqj lqvwlwxwlrq1Wr surfhhg/ zh lqwurgxfh wkh iroorzlqj wzr gh�qlwlrqv ri srolwlfdo htxl0oleulxp1
Gh�qlwlrq 41 U @ UW lv gh�qhg dv d joredo srolwlfdo htxloleulxp/ frq0glwlrqdo rq wkh vwdwxv txr/ li lw ghihdwv dq| rwkhu dowhuqdwlyh lq sdluzlvhfrpsdulvrqv frqglwlrqdoo| rq U @ U7'=
Gh�qlwlrq 51 U @ UW lv gh�qhg dv dq xqfrqglwlrqdo joredo srolwlfdohtxloleulxp/ li lw ghihdwv dq| rwkhu dowhuqdwlyh lq sdluzlvh frpsdulvrqv xq0frqglwlrqdoo| rq wkh vwdwxv txr ydoxh ri U1
Sursrvlwlrqv 4 dqg 5 vwdwh wkdw wkh hfrqrp| kdv dozd|v d joredo srolwlfdohtxloleulxp/ wkh qdwxuh ri zklfk ghshqgv edvlfdoo| rq wkh ydoxhv ri � dqg riU7'1 Pruh suhflvho|/ ohw �WW eh gh�qhg dv wkh xqltxh56 ydoxh ri � vroylqjhtxdwlrq +57, �4� �� m�m � �1 @ U8 ,e% +F>�, +55,

Wkdw lv/ dw � @ �WW/ {W +�, lv htxdo wr wkh uhvhuydwlrq surgxfwlylw| rewdlqlqjlq devhqfh ri �ulqj frvwv/ jlyhq �1Ohw dovr U-�}�_ @ U +I4@ ,/ zkhuh I4@ lqglfdwhv wkh pd{lpxp ohyho ri�ulqj frvwv doorzhg iru +e| dvvxpswlrq 4,1
814 Wkh q � qWW Fdvh
Sursrvlwlrq 41 Vxssrvh wkdw � 5 +3> �WW`/ wkhq I @ 3 +U @ U8 ,e%, lv wkh+xqltxh, xqfrqglwlrqdo joredo srolwlfdo htxloleulxp ri wkh prgho1

Sursrvlwlrq 4 whoov xv wkdw/ dv orqj dv wkh uhqw h{wudfwlrq srzhu ri wkhhpsor|hg lv uhodwlyho| orz/ d +ixoo|,  h{leoh lqvwlwxwlrqdo vwuxfwxuh zloo ehvwdeoh/ lq wkh vhqvh wkdw lw zloo eh suhihuuhg zkdwhyhu wkh dowhuqdwlyh lv1
56Wkh ohiw kdqg vlgh ri +57, lv vwulfwo| lqfuhdvlqj lq q dqg rqwr Efc"� zkloh lwv uljkwkdqg vlgh lv vwulfwo| ghfuhdvlqj dqg rqwr Efc ��1 Khqfh wkh wzr vfkhgxohv gr furvv hdfkrwkhu rqfh dqg rqo| rqfh1
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Dqg wkdw/ dovr/  h{lelolw| zloo hphujh lqhylwdeo| dw wkh prphqw ri yrwlqj/zkdwhyhu wkh vwdwxv txr lv1 Dq lqwxlwlrq iru wklv uhvxow pd| eh judvshg e|uhfdoolqj wkdw li � lv/ dw wkh olplw/ htxdo wr 3/ wkhuh lv qr srlqw zkdwvrhyhuiru dq|rqh lq yrwlqj iru vrph �ulqj uhvwulfwlrq dv uhqwv duh qxoo dq|zd|1 Vrlw lv qrw vxusulvlqj wkdw lq wklv olplw fdvh ixoo  h{lelolw| zloo hphujh dv wkhxqltxh srolwlfdo htxloleulxp ri wkh jdph1 Sursrvlwlrq 4 whoov xv wkdw wklvyhu| lqwxlwlyh uhvxow lv vrphzkdw pruh jhqhudo/ dv lw krogv qrw rqo| lq wkdwvlqjxodu fdvh/ exw zkhqhyhu � ehorqjv wr vrph uljkw qhljkerukrrg ri }hur1Lw lv qdwxudo wkhq wr dvn wr wkh prgho krz wkh wuljjhu ydoxh �WW ghshqgvrq wkh sdudphwhuv ri lqwhuhvwv1 D fohdu dqvzhu wklv txhvwlrq pd| surylghgli vhwxs frvwv duh dssur{lpdwho| htxdo wr }hur1
Uhvxow <1 Dv F $ 3/ �WW lqfuhdvhv vwulfwo| zlwk � dqg lw ghfuhdvhvvwulfwo| zlwk �1
Vr lw dsshduv pruh hdv|/ lq wkh vhqvh wkdw �WW vkliwv wr wkh uljkw/ lq duhodwlyho| yrodwloh hqylurqphqw/ wr rewdlq d xqdqlprxv srolwlfdo vxssruw iru h{lelolw|1 Lq rwkhu zrugv/ lq wkh oljkw ri wkh uhvxow mxvw ghulyhg juhdwhu ydul0delolw| vkrxog uhlqirufh wkh vwdelolw| ri wkh vrflr0srolwlfdo frqvhqvxv wrzdugh{lvwlqj  h{leoh oderu pdunhw lqvwlwxwlrqv/ zklfk lq wxuq fdq eh h{shfwhg wrvxuylyh li wkh uhqwv h{wudfwhg e| wkh hpsor|hg duh uhodwlyho| orz1D kljkhu ydoxh ri wuhqg whup � sod|v djdlq wkh rssrvlwh uroh1 Lq idfw �WWvkliwv wr wkh ohiw dv � lqfuhdvhv1Zkdw lv wkh lqwxlwlrq ehklqg wklv sdlu ri uhvxowvB Lw kdv ehhq douhdg|srlqwhg rxw wkdw dv wkh yduldqfh ri vkrfnv lqfuhdvhv/  h{lelolw| ehfrphv dw wkhpdujlq pruh dsshdolqj surylghg wkdw wkh uhqwv h{wudfwhg e| wkh hpsor|hgduh uhodwlyho| orz/ qdpho| li � 5 +3> �W, zkhuh �W lv gh�qhg dv lq uhvxow91 Vlqfh olp�<f �WW +F, @ ��n�1� ? �W @ een�1� / wklv lv lqghhg wkh fdvh ryhuwkh udqjh qrz ri lqwhuhvw1 D �frpshqvdwlqj yduldwlrq�/ lq wkh irup ri dqlqfuhphqw ri wkh uhqw h{wudfwlrq srzhu �/ pxvw wkhq rffxu lq rughu wr uhvwruhwkh lqgl�huhqfh ehwzhhq uljlglw| dqg  h{lelolw| ri wkh pdujlqdo zrunhuv dwwkh surgxfwlylw| ohyho {W * olp�<fU8 ,e% +F, @ 41 Lq rwkhu zrugv/ wkh vhw+3> �WW` pxvw ehfrph odujhu dqg lq wklv vhqvh xqfhuwdlqw| lv irxqg wr dfw dvuhlqiruflqj wkh vwdelolw| ri d  h{leoh hfrqrp|1Zkhq � lqfuhdvhv/ erwk wkh pdujlqdo jdlq dqg wkh pdujlqdo orvv iurp h{lelolw| idoo1 Jlyhq wkdw � lv e| dvvxpswlrq uhodwlyho| orz/ wkh idoo riwkh pdujlqdo jdlq dsshduv wr eh uhodwlyho| pruh lpsruwdqw1 Dv d uhvxow/ h{lelolw| whqgv wr ehfrph uhodwlyho| ohvv dsshdolqj iru wkh pdujlqdo zrunhuv1Wr uhvwruh wkhlu lqgl�huhqfh durxqg {W * 4/ �WW pxvw idoo1
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Lq vxp/ wkh sdudphwulf udqjh +3> �WW` frqvlvwhqw zlwk d xqdqlprxv vxs0sruw iru ixoo  h{lelolw| vkulqnv lq suhvhqfh ri idvwhu ghpdqg2surgxfwlylw|jurzwk dqg orzhu yrodwlolw|1 Dqg/ lq wklv vhqvh/ jrrg exvlqhvv frqglwlrqv/duh irxqg wr eh kdupixo iru wkh suhvhuydwlrq ri d  h{leoh oderu pdunhw1Lqwhuhvwlqjo|/ wkh lqvwlwxwlrqdo wudqvirupdwlrqv wkdw eurxjkw wr wkh exlog0xs ri Hxurvfohurvlv vwduwhg douhdg| wr wdnh sodfh gxulqj wkh 4<83* dqg 4<93*v/dqg wkhuhiruh zlwklq wkh yhu| idyrudeoh pdfurhfrqrplf iudphzrun ri vxv0wdlqhg jurzwk dqg uhodwlyho| orz yrodwlolw| w|slfdo ri wkrvh |hduv1 Dffruglqjwr wkh uhvxowv mxvw ghprqvwudwhg/ suhflvho| wkh pdfurhfrqrplf zhoo ehlqj hq0mr|hg e| wkh lqgxvwuldol}hg hfrqrplhv ri Hxursh gxulqj wkdw wlph pd| kdyhsod|hg dq lpsruwdqw uroh lq idyrulqj wkdw �ixqgdphqwdo wudqvirupdwlrq�1Zkdw li/ hovh/ � A �WWB
815 Wkh q : qWW FdvhOhw {nn @ {nn +U-�}�_> U8 ,e%, eh gh�qhg dv wkh surgxfwlylw| ohyho +li rqhh{lvwv, wkdw ohdyhv d zrunhu mxvw lqgl�huhqw ehwzhhq ehlqj hpsor|hg lq wkhprvw uljlg ri wkh srvvleoh zruogv +fruuhvsrqglqj wr I4@ , dqg xqhpsor|hglq wkh ixoo|  h{leoh hfrqrp|1 Ohw dovr {WW @ {WW �U7'> U8,e%� e| gh�qhg dvlq +54,798- dqg �[ lqglfdwh Ohehvjxh0Vwlhowmhv phdvxuh lqgxfhg e| �+�,1

Sursrvlwlrq 51 Vxssrvh wkdw � A �WW1 +l, Li {nn � U7'/ wkhq U @U-�}�_ +U @ U8,e%, lv wkh frqglwlrqdo joredo srolwlfdo htxloleulxp li/ dqgrqo| li/ O� �[ i+{nn> {W,j � �2 +? �2,1 +ll, Li {nn ? U7'/ wkhq U @ U-�}�_+U @ U8,e%, lv wkh frqglwlrqdo joredo srolwlfdo htxloleulxp li/ dqg rqo| li/O � �[ i+{WW> {W,j � �2 +? �2,1Sursrvlwlrq 5 whoov xv vhyhudo wklqjv1 Iluvw ri doo/ lw frq�upv dqg pdnhvpruh suhflvh rqh uhvxow lq sduw douhdg| hphujhg/ qdpho| wkdw uljlglw| whqgvwr eh vxssruwhg e| wkrvh hpsor|hg zrunhuv zlwk �lqwhuphgldwh� surgxfwly0lw|1 Wr wkh frqwudu|/  h{lelolw| lv vxssruwhg e| dq h{wuhph frdolwlrq pdghxs e| wkh pruh dqg ohvv surgxfwlyh hpsor|hg dqg e| wkh hpsor|hg1 Lw whoovxv dovr wkdw wklv hfrqrp| vkrxog eh h{shfwhg wr eh hlwkhu ixoo|  h{leoh ru dvpxfk uljlg dv srvvleoh/ hyhq li wklv vkdus uhvxow ghshqgv yhu| pxfk rq wkhvwuxfwxuh ri wkh prgho157 Ilqdoo| lw fodul�hv wkh uroh sod|hg lq wklv prgho e|klvwru|/ wkdw lv e| wkh vwdwxv txr lqvwlwxwlrqdo vwuxfwxuh ri wkh oderu pdu0nhw1 Li {nn ? U7'/ wkh phdvxuh ri wkh vhw +{WW> {W, lv vwulfwo| ghfuhdvlqjlq U7' +vlqfh Y%WWY-7' A 3,1 Khqfh/ kroglqj frqvwdqw � +dqg wkhuhiruh {W,/
57Iru lqvwdqfh/ Vdlqw0Sdxo E2ff2� ghprqvwudwhv wkh h{lvwhqfh ri orfdo lqwhulru srolwlfdohtxloleuld lq d voljkwo| pruh jhqhudo iudphzrun1
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dq hfrqrp| vwduwlqj rxw pruh uljlg + h{leoh,/ vhhpv pruh olnho| wr ehfrphpruh dqg pruh uljlg + h{leoh, ryhu wlph1 Lq rwkhu zrugv/ lw lv qrw vwulfwo|qhfhvvdu| dffruglqj wr rxu prgho wr dvvxph wkh h{lvwhqfh ri d gl�huhqfh lqwkh edujdlqlqj srzhu ri oderu lq rughu wr revhuyh shuvlvwhqw lqhtxdolw| dfurvvvrflhwlhv lq whupv ri lqvwlwxwlrqv dqg hfrqrplf rxwfrphv1 Wkh uroh sod|hge| klvwru| pd| eh vx!flhqw wr dffrxqw iru wklv1 Wklv uroh hphujhv khuh lquhodwlrq wr wkh uhqw0jhqhudwlqj qdwxuh ri hpsor|phqw surwhfwlrq ohjlvodwlrq1Uhqw0jhqhudwlqj lqvwlwxwlrqv whqg wr eh txlwh vwdeoh srolwlfdoo|/ dv wkh| grfuhdwh wkhlu rzq frqvwlwxhqf| rqfh lpsohphqwhg158
9 Frpsdudwlyh G|qdplfv ri Oderu Pdunhw Lqvwl0wxwlrqv
Kdylqj fkdudfwhul}hg wkh srolwlfr0hfrqrplf htxloleulxp ri wkh prgho/ zhfdq wkhq dsso| lw wr lqwhusuhw wkh frpsdudwlyh hyroxwlrq ri wkh lqvwlwxwlrqdovwuxfwxuh ri wkh oderu pdunhwv ri Frqwlqhqwdo Hxursh dqg wkh X1V1 +X1N1,1Zh vkdoo irfxv sulpdulo| rq wzr lvvxhv/ qdpho| wkh �ixqgdphqwdo wudvirupd0wlrq� wrzdug uljlglw| wkdw wrrn sodfh vlqfh wkh odwh 4<93*v dqg wkh surfhvvri hyroxwlrq lq wkh rssrvlwh gluhfwlrq fxuuhqwo| revhuyhg wr vrph h{whqw lqvrph hfrqrplhv1Lq dvvhvvlqj krz wkh srolwlfdo vxssruw iru gl�huhqw ydoxhv ri U lv d�hfwhge| yduldwlrqv lq wkh sdudphwhuv ri lqwhuhvw/ zh vkdoo pdlqwdlq wkh txdol�0fdwlrq ri kroglqj frqvwdqw wkh uhvhuydwlrq surgxfwlylwlhv/ dv li yrwlqj zdvdfwxdoo| wdnlqj sodfh ehwzhhq dowhuqdwlyh dqg jlyhq ydoxhv ri U udwkhu wkdqri I 159
914 Wkh Elj Sxvk Wrzdug OderuWkh |hduv jrlqj iurp wkh gdwh ri 4<9; wr wkh plggoh ri wkh 4<;3*v fruuhvsrqgvdffruglqj wr Fdedoohur dqg Kdpprxu +4<<;, wr d vxevwdqwldo lqvwlwxwlrqdo

58 Lw lv whpswlqj lq wklv uhvshfw wr uhodwh rxu prgho dovr wr vrph uhfhqw frqwulexwlrqvlq wkh srolwlfdo hfrqrplfv ri sxeolf �qdqfh +h1j1 Eìqderx +5333,,/ hpskdvl}lqj wkh h{lv0whqfh ri srolwlfr0hfrqrplf frpsohphqwdulwlhv ehklqg wkh h{lvwhqfh/ dqg wkh shuvlvwhqfh/ ri�xqhtxdo vrflhwlhv�/ zlwk yhu| gl�huhqw ghjuhhv ri uhglvwulexwlrq dqg lqhtxdolw|1 Wkrxjk dvwdwxv txr eldv sureohp grhv qrw w|slfdoo| dulvh lq wkdw olwhudwxuh/ furvv0vhfwlrqdo htxdolw|jhqhudwhv wkh srolwlfdo vxssruw iru srolflhv uhsurgxflqj lw1 Vlploduo|/ khuh kljk �ulqj frvwvwhqg wr jhqhudwh wkh srolwlfdo vxssruw iru wkhlu suhvhuydwlrq159Zkloh d rqh0wr0rqh uhodwlrq ehwzhhq 8 dqg - h{lvwv lq htxloleulxp/ wklv ghshqgv rqwkh h{rjhqrxv sdudphwhuv ri wkh prgho1 Khqfh/ yduldwlrqv ri wkh odwwhu d�hfw - iru d jlyhqwkh ydoxh ri 8 1 Zh ljqruh wkhvh h�hfwv dqg irfxv wkh dwwhqwlrq rq - dv wkh hpsor|phqwsurwhfwlrq lqgh{ dfwxdoo| uhohydqw1
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exlog0xs lq idyru ri oderu lq Iudqfh1 Wkh vwduw ri wkh shulrg lv v|perol}hgzhoo e| wkh hyhqwv ri wkh Pd| ri 4<9;1 Exw djdlq wkh Iuhqfk h{shulhqfh lvyhu| zhoo uhsuhvhqwdwlyh ri wkh rqh ri Frqwlqhqwdo Hxursh dw odujh15:Wkh shulrg lv fkdudfwhul}hg e| d pdunhg zdjh surjuhvvlrq zklfk jrhvwkurxjk xqwlo wkh hduo| 4<;3*v/ kljkoljkwlqj d vkdus lqfuhdvh ri wkh uhqwdssursuldwlrq srzhu ri oderu1 \hw/ zkloh lwv �uvw sduw vhhv wkh frqwlqxdwlrq/doehlw lq vrphzkdw zhdnhu whupv/ ri wkh wuhqg ri hfrqrplf h{sdqvlrq surshuri wkh hduolhu ghfdgh/ wklv lv wkhq iroorzhg e| d euhdn +zklfk iru Iudqfh pd|eh orfdwhg lq 4<:7, zklfk lqdxjxudwhv d vhfrqg skdvh ri ghsuhvvhg exvlqhvvfrqglwlrqv dqg kljko| yrodwloh ghpdqg15;Krz glg rujdql}hg oderu uhdfwhg wr wkh vxgghq dqg xqh{shfwhg ghwh0ulrudwlrq ri wkh pdfurhfrqrplf frqglwlrqvB Wr txrwh djdlq wkhvh dxwkruv/�Idfhg zlwk ghwhulrudwlqj djjuhjdwh frqglwlrqv/ lqvlghu oderu dwwhpswhg wrexlog ihqfhv durxqg lwvhoi wkrurxjk d frpelqdwlrq ri mre0surwhfwlrq uhjxod0wlrqv dqg srolwlfdo uhvlvwdqfh wr odujh0vfdoh lqgxvwuldo oderu vkhgglqj111� +vhhFdedoohur dqg Kdpprxu +4<<;, s1 5,15<Zlwklq rxu prgho/ wklv surfhvv fdq eh uhsuhvhqwhg dv d wudqvlwlrq iurpd vwdwxv txr ohyho ri hpsor|phqw surwhfwlrq h{suhvvhg e| U7' wr dq dowhu0qdwlyh ohyho U�e� ? U7'1 E| sursrvlwlrq 5/ zh fdq lghqwli| U�e� zlwkU-�}�_1 U7' lv ylfh yhuvd lghqwl�hg +dssur{lpdwho|, zlwk U8 ,e%/ fdswxulqjwkh wudqvlwlrq iurp d uhodwlyho|  h{leoh wr uljlg oderu pdunhw163 Fuxfldoo|/ zhdvvxph wkdw lq wklv hfrqrp| +�Frqwlqhqwdo Hxursh/ �uvw kdoi ri wkh 4<:3*v�,/wkh uhqwv dssursuldwhg e| wkh hpsor|hg duh uhodwlyho| kljk1 Wkdw lv/ zh dv0vxph wkdw � A �W1 Wklv lv d uhdvrqdeoh dvvxpswlrq lq wkh oljkw ri wkh vkliw
5:Iru h{dpsoh/ wkh Iuhqfk Pd| 9; zdv vkruwo| iroorzhg e| wkh Lwdoldq �Krw Dxwxpq�ri 4<9<15;Vhyhudo duh wkh hyhqwv wkdw kdyh frqwulexwhg wr vkdsh wkh pdfurhfrqrplf iudphzrunw|slfdo ri wkh 4<:3*v1 Rqh frxog phqwlrq wkh hqg ri wkh Euhwwrq Zrrgv hud zlwk wkhwudqvlwlrq wrzdug d  h{leoh h{fkdqjh udwhv uhjlph/ wkh lqfuhdvlqj rshqqhvv wr wudgh ridoo wkh lqgxvwuldol}hg hfrqrplhv/ wkh surgxfwlylw| vorzgrzq dqg wkh xqfrruglqdwhg prq0hwdu| dqg �vfdo srolflhv riwhq lpsohphqwhg gxulqj wkrvh |hduv/ wr qdph rqo| vrph ri wkhprvw lpsruwdqw1 Dujxdeo|/ doo ri wkhvh hyhqwv fdq kdyh sod|hg vrph uroh lq ghvwdelol}lqjHxurshdq oderu pdunhwv dqg lq idyrulqj wkh wudqvirupdwlrq ri wkhlu lqvwlwxwlrqv15<D vkruw olvw ri lpsruwdqw hyhqwv lq wklv vhqvh lqfoxghv wkh odz ri Mxo| 46/ 4<:6/ uh0txlulqj �uhdo dqg vhulrxv� prwlyhv iru od|r�v/ dqg wkh odz ri Mdqxdu| 6/ 4<:8/ lpsrvlqjdq dgplqlvwudwlyh dxwkrul}dwlrq iru hfrqrplfdoo| prwlydwhg �ulqjv163Wklv lv qrw h{dfwo| wuxh vlqfh zh nqrz douhdg| wkdw vhyhudo Hxurshdq hfrqrplhv zhuhdouhdg| qrw dq|pruh �ixoo|  h{leoh� dw wkh hqg ri wkh 4<93*v1 Krzhyhu/ doo wkh uhvxowv zhzloo ghprqvwudwh fduu| ryhu +e| frqwlqxlw|, wr wkh fdvh ri -7' s -8,e%1 Zkdw lv hvvhqwldolv wkdw wkh yduldwlrq lq wkh wkuhvkrog fruuhvsrqglqj wr %WW lqgxfhg e| d vkrfn lv qhjoljleoh/zklfk lv wkh fdvh lq wkh vwdwxv txr lv qrw wrr idu iurp wkh ixoo  h{lelolw| ehqfkpdun +iurp+54,/ Y%��Y1 whqgv wr }hur dv -7' dssurdfkhv -�e� ' -8,e%,1
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ri wkh edodqfh ri srzhu lq lqgxvwuldo uhodwlrqv rffxuuhg wkurxjk wkh 4<93*vdqg 4<:3*v dqg fdswxuhg pruh ru ohvv suhflvho| e| pryhphqwv lq wkh vkduhri oderu grfxphqwhg/ iru h{dpsoh/ lq Ehqwrolod dqg Vdlqw0Sdxo +4<<<, dqge| Eodqfkdug dqg Zroihuv +5333,1
Zh nqrz +uhvxow 8, wkdw d wudqvlwlrq wrzdug d pruh uljlg oderu pdunhwlv idyruhg e| doo wkrvh hpsor|hg zrunhuv zlwk surgxfwlylw| ehorz wkh wuljjhuydoxh {W dqg deryh wkh vwdwxv txr uhvhuydwlrq surgxfwlylw| U8 ,e%1Zkdw fdq zh vd| derxw wkh frpsdudwlyh vwdwlfv ri wkh srolwlfdo htxlole0ulxpB Dv douhdg| vdlg/ zh vkdoo dqvzhu wr wklv txhvwlrq zlwk wkh txdol�fdwlrqri kroglqj frqvwdqw wkh wzr dowhuqdwlyh uhvhuydwlrq surgxfwlylwlhv/ dv li yrw0lqj zdv dfwxdoo| wdnlqj sodfh ehwzhhq dowhuqdwlyh ydoxhv ri U udwkhu wkdqri I 164 Zh douhdg| nqrz krz wkh wuljjhu ydoxh {W uhvsrqgv wr yduldwlrq ri�/ � dqg �/ lq sduwlfxodu li � A �W/ wkh fdvh qrz ri lqwhuhvw1 D vwurqjhu uhqwh{wudfwlrq srzhu/ kljkhu yrodwlolw| dqg d vpdoohu udwh ri v|vwhpdwlf jurzwkdoo whqg wr vkliw {W wr wkh uljkw/ dqg zrxog wkhuhiruh vhhp wr lqfuhdvh wkhqxpehu ri hpsor|hg zkr zrxog jdlq iurp d pruh uljlg oderu pdunhw1Krzhyhu wkh sureohp lv pruh vxewoh vlqfh frpsrvlwlrq h�hfwv kdyh dovrwr eh wdnhq lqwr dffrxqw1 Lq idfw fkdqjhv lq � dqg lq � dowhu wkh irup riwkh hujrglf furvv0vhfwlrqdo glvwulexwlrq ri surgxfwlylw| dfurvv hpsor|phqw1Pruhryhu/ dorqj zlwk fkdqjhv lq �/ wkh| gr dovr d�hfw vwrfn yduldeohv/ vlqfhwkh| lpsdfw rq htxloleulxp hpsor|phqw dqg xqhpsor|phqw1 Lw wxuqv rxw/krzhyhu/ wkdw frqwuroolqj iru xqhpsor|phqw/ doo frpsrvlwlrq h�hfwv whqg wruhlqirufh wkh h�hfwv rq wkh wuljjhu surgxfwlylw| {W165 Vr pruh yrodwlolw| dqgd ghsuhvvhg udwh ri ghpdqg jurzwk whqg erwk wr vkliw suredelolw| pdvv wr wkhohiw ri wkh vxssruw ri wkh glvwulexwlrq/ dqg wkhuhiruh erwk dfw vr dv wr lqfuhdvhgluhfwo| wkh glphqvlrqv ri wkh frdolwlrq iru pruh uljlglw|1 Wkh h�hfw ri � lvudwkhu lqwxlwlyh= zkhq wkh surgxfwlylw| ri xqlwv jurzv dw d kljkhu v|vwhpdwlfudwh/ pruh �upv whqg wr hqmr| uhodwlyho| kljk surgxfwlylw| ohyhov1 Wkh h�hfwri � lv vrphzkdw ohvv reylrxv1 Lw jrhv wkurxjk vlqfh kljkhu yrodwlolw| whqgvwr pdnh pruh olnho| wkh hyhqw ri d fulwlfdo idoo ri lglrv|qfudwlf surgxfwlylw|1Dqg wkhuhiruh lw whqgv dovr wr pdnh lw pruh xqolnho| iru d �up wr uhdfkuhodwlyho| jrrg exvlqhvv frqglwlrqv1

64Zkloh d rqh0wr0rqh uhodwlrq ehwzhhq 8 dqg - h{lvwv lq htxloleulxp/ wklv ghshqgv rqwkh h{rjhqrxv sdudphwhuv ri wkh prgho1 Khqfh/ yduldwlrqv ri wkh odwwhu d�hfw - iru d jlyhqwkh ydoxh ri 8 1 Zh ljqruh wkhvh h�hfwv dqg irfxv wkh dwwhqwlrq rq - dv wkh hpsor|phqwsurwhfwlrq lqgh{ dfwxdoo| uhohydqw165 Lw fdq eh yhul�hg wkdw/ iru dq| ydoxh ri %/ wkh iroorzlqj krog= Y[E%(>�Y> M E3"c f� dqgY[E%(j�Yj M Efc"�1
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Zh fdq wkhq vxppdul}h wkh uhvxowv rq wkh frpsdudwlyh vwdwlfv ri wkhsrolwlfdo htxloleulxp lq wkh iroorzlqj sursrvlwlrq1Sursrvlwlrq 61 Vxssrvh wkdw � 5 +�W> 4,1 Wkhq d kljkhu yrodwlolw|/ dvorzhu udwh ri jurzwk/ dqg d kljkhu uhqw h{wudfwlrq srzhu ri hpsor|hg zrun0huv/ frqwuroolqj iru wkh udwh ri xqhpsor|phqw/ lqfuhdvh wkh srolwlfdo vxssruwiru d wudqvlwlrq wrzdug d uljlg oderu pdunhw zkhq wkh vwdwxv txr fruuhvsrqgvwr d uhodwlyho|  h{leoh rqh1Wklv uhvxow lv djdlq vrphzkdw zhdnhqhg e| wkh dvvxpswlrq ri kroglqjfrqvwdqw xqhpsor|phqw1 Krzhyhu/ lw kdv douhdg| ehhq dujxhg wkh yduldwlrqvri � dqg � kdyh erwk dpeljxrxv h�hfwv rq wkh udwh ri htxloleulxp xqhp0sor|phqw1 Pruhryhu/ zkdw uhpdlqv xqfrqglwlrqdoo| wuxh ri sursrvlwlrq 6 lvwkdw kljkhu uhqwv/ pruh yrodwlolw| dqg ohvv vxvwdlqhg jurzwk xqdpeljxrxvo|lqfuhdvh wkh vxssruw iru d pruh uljlg oderu pdunhw zlwklq wkh hpsor|hg liwkhvh duh douhdg| deoh wr h{wudfw vx!flhqwo| kljk uhqwv wr vwduw zlwk1Ilqdoo|/ revhuyh wkdw wkh dvvxpswlrq wkdw zrunhuv h{wudfw uhodwlyho| kljkuhqwv lv dq hvvhqwldo rqh1 Li � ? �W/ d qhjdwlyh vkrfn zrxog sxvk wkh wuljjhusurgxfwlylw| ohyho {W wr wkh ohiw/ vr wkh edodqfh zlwk wkh frpsrvlwlrq h�hfwzrxog eh d sulrul xqfohdu1 Lq sulqflsoh/ lw pd| zhoo eh wkh fdvh wkdw wkhfrdolwlrq djdlqvw pruh uljlglw| pd| ehfrph vwurqjhu166Lw lv whpswlqj wr lqwhusuhw lq wklv oljkw wkh yhu| gl�huhqw srolwlfdo dqglqvwlwxwlrqdo uhvsrqvh ri Frqwlqhqwdo Hxursh/ d kljk uhqwv hfrqrp|/ iurp wkhrqh ri wkh X1V1/ d orz uhqwv rqh/ wr wkh vkrfnv ri wkh 4<:3*v1 Lq rwkhu zrugv/sursrvlwlrq 6 vxjjhvwv wkdw d vkrfn uhvxowlqj lq d vkdus lqfuhphqw lq wxuex0ohqfh dqg lq ghsuhvvhg exvlqhvv frqglwlrqv/ vxfk dv wkh rqhv h{shulhqfhg e|lqgxvwuldol}hg frxqwulhv wkuhh ghfdghv ru vr/ pd| eh h{shfwhg wr eh d vrxufhri lqvwlwxwlrqdo glyhujhqfh udwkhu frqyhujhqfh dfurvv hfrqrplhv zkrvh oderupdunhw vwuxfwxuh lv vljql�fdqwo| gl�huhqw dqg lq sduwlfxodu grhv2grhv qrwghsduw pdunhgo| iurp wkh shuihfw frpshwlwlrq olplw1
915 Yrwlqj rq d UhirupD wkh suhvhqw prphqw/ wkh srolwlfdo ghedwh ryhu oderu pdunhw lqvwlwxwlrqv lqHxursh lv fhqwhuhg durxqg wkh holplqdwlrq ri sduw ri wkhlu uljlglw|1 Dffruglqj

66 Lw lv lqwhuhvwlqj wr uhihu lq wklv uhjdug wr wkh h{shulhqfh ri wkh X1N1/ zkhuh wkh edu0jdlqlqj srzhu ri oderu zdv vxevwdqwldoo| fxw0grzq vlqfh wkh odwh 4<:3*v e| wkh frqvhuydwlyhjryhuqphqw1 Edvlfdoo|/ dv �jxuh 4 vkrzv/ hpsor|phqw surwhfwlrq grhv vhhp wr kdyh lq0fuhdvhg yhu| olwwoh lq wkdw frxqwu| ryhu wkh shulrg ri lqwhuhvw/ ehlqj lw douhdg| orz wr vwduwzlwk1
65



wr vrph dxwkruv +h1j1 Ehdq +4<<;,, �jrrg wlphv�/ vxfk dv rqh suhvhqwo|h{shulhqfh e| wkh hfrqrplhv ri yluwxdoo| doo lqgxvwuldol}hg frxqwulhv/ vkrxogeh d idyrudeoh shulrg iru lpsohphqwlqj uhirupv1 \hw/ d srolwlfdo frqvhqvxvwrzdug lqflvlyh wudqvirupdwlrqv lq wklv vhqvh vhhpv wr exlog xs yhu| vorzo|/li lw grhv vr dw doo1Rxu prgho fdq vkhg vrph oljkw rq wklv dssduhqw sx}}oh/ dujxlqj wkdwwkhuh lv qrw d vlpsoh dqg fohdu uhodwlrq ehwzhhq pdfurhfrqrplf zhoo ehlqjdqg wkh exlog xs ri srolwlfdo vxssruw iru d wudqvlwlrq wrzdug pruh  h{lelolw|iurp d uljlg vwdwxv txr1 Wklv lv dq lpsruwdqw uhvxow lq lwvhoi/ jlyhq lwvlqwhusuhwdwlyh srzhu iru wkh fxuuhqw uhdop ri Hxursh1 Exw dovr ehfdxvh lwuhyhdov d srvvleoh vwulnlqj dv|pphwu| ehwzhhq wkh �srolwlfdo uhvsrqvh� ridq hfrqrp| wr d zruvhqlqj dqg wr dq lpsuryhphqw ri djjuhjdwh exvlqhvvfrqglwlrqv/ zklfk lv edvlfdoo| dq h{suhvvlrq ri wkh vwdwxv txr eldv sureohpw|slfdoo| dvvrfldwhg zlwk dq| uhqw0jhqhudwlqj lqvwlwxwlrq1
Zh fdq qrz wxuq wr wkh fkdudfwhul}dwlrq ri wkh srolwlfdo htxloleulxp1Djdlq e| sursrvlwlrq 5/ zh zloo wklqn wr wkh vwdwxv txr dv ehlqj U-�}�_ dqgwr wkh dowhuqdwlyh dv U8 ,e%1 Ohw {WW eh gh�qhg dv lq htxdwlrq +54,> uhvxow: whoov xv wkdw d wudqvlwlrq wrzdug pruh  h{lelolw| lv idyruhg e| dq h{wuhphfrdolwlrq ri yhu| oxfn| dqg ri yhu| xqoxfn| zrunhuv1 Wkhvh zrunhuv gr qrwkdyh qhhg pxfk iru uljlglw| +wkh| duh vr surgxfwlyh wr kdyh olwwoh ihdu ri dod|r�, ru gr qrw zdqw lw doo +wkh| duh xqhpsor|hg dqg zdqw wr �qg d mretxlfno| ru wkh| duh hpsor|hg exw jdlq uhodwlyho| vpdoo uhqwv dqg h{shfw wkhpwr whuplqdwh txlfno|,1 Krz duh gr wkh vl}hv ri wkh wzr frdolwlrqv ghshqg iurpwkh sdudphwhuv ri lqwhuhvwBIluvw ri doo/ ohw*v kdyh d orrn wr wkh uhqw h{wudfwlrq srzhu ri wkh hpsor|hg1Lw pd| vhhp wkdw d kljkhu ydoxh ri � uhgxfhv zlwkrxw dpeljxlw| wkh vl}h riwkh frdolwlrq iru uhirup= {W lv vwulfwo| lqfuhdvlqj lq lw zkloh {WW lv vwulfwo|ghfuhdvlqj1 Wklv lpsuhvvlrq lv krzhyhu djdlq qrw qhfhvvdulo| wuxh vlqfh lqhtxloleulxp xqhpsor|phqw dovr lqfuhdvhv zlwk � zlwkrxw dpeljxlw|1 Xqghuwkh txdol�fdwlrq ri kroglqj xqhpsor|phqw frqvwdqw krzhyhu/ wkh glphqvlrqvri wkh frdolwlrq vwdqglqj iru wkh suhvhuydwlrq ri wkh vwdwxv txr lqfuhdvh dorqjzlwk wkh uhqwv dssursuldwhg e| hpsor|hg dqg wkh lqwxlwlrq iru wklv uhvxow lve| qrz yhu| fohdu1Zkdw derxw wkh lpsdfw ri � dqg � rq wkh wzr ohyhov ri wuljjhu surgxf0wlylw|B Zh kdyh wr glvwlqjxlvk wzr gl�huhqw fdvhv/ fruuhvsrqglqj wr d ydoxhri � vpdoohu ri juhdwhu wkdq �W @ een�1� 1� Li � 5 +3> �W, wkh dqvzhu lv xqdpeljxrxv1 Lq idfw Y%WYj ? 3 dqg Y%WY> A 3lq wkdw fdvh/ dqg/ zklfkhyhu wkh ydoxh ri � lv/ Y%WWYj A 3 dqg Y%WWY> ? 31
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� Li � 5 +�W> 4, wklqjv duh qrw vr fohdu vlqfh/ zkloh wkh h�hfwv ri � dqg �rq {WW duh txdolwdwlyho| wkh vdph dv ehiruh/ rq {W wkh| duh wkh rssrvlwhjlyhq wkdw Y%WYj A 3 dqg Y%WY> ? 31
Wkh vhfrqg fdvh pd| eh wkrxjkw wr eh pruh uhohydqw/ lq wkh vhqvh wkdw lwfruuhvsrqgv wr wkh uhdolw| ri wkh kljk uhqwv hfrqrplhv ri Frqwlqhqwdo Hxursh1Zkdw fdq wkh prgho wkhq whoo xv derxw wkh fxuuhqw dqg ixwxuh survshfwvri uhiruplqj Hxurshdq oderu pdunhwvB Xqiruwxqdwho|/ qrw d fohdu fxw phv0vdjh1Li rqh lv rswlplvw dqg h{shfwv d euljkw ixwxuh ri idvw jurzwk dqg qrwd�hfwhg e| vxevwdqwldo vkrfnv/ dv iru h{dpsoh Eodqfkdug dqg Zroihuv +5333,dqg Eodqfkdug dqg Vlprq +5334, gr/ kh ru vkh vkrxog h{shfw iurp wklv prghodpeljxrxv suhglfwlrqv derxw wkh ixwxuh srolwlfdo yldelolw| ri vxevwdqwldo od0eru pdunhw uhirupv1 Qrw rqo| {W dqg {WW whqg wr pryh lq rssrvlwh gluhfwlrqvli � lqfuhdvhv dqg � ghfuhdvhv/ exw frpsrvlwlrq h�hfwv dovr frpsolfdwh wkhslfwxuh1 Idvwhu jurzwk dqg orzhu yrodwlolw| erwk vkliw suredelolw| pdvv wrwkh uljkw1 Wkhuhiruh wkh| erwk whqg wr lqfuhdvh wkh pdvv ri prvw surgxfwlyhhpsor|hg zkr vwdqg iru  h{lelolw|1 Ru/ pruh irupdoo|/ wkh Ohehvjxh0Vwlhowmhvphdvxuh ri wkh vhw +{W>4, lqgxfhg e| �+�,/ qdpho| +gursslqj wkh frqvwdqwO, �[ i+{W>4,j � 4 � �+{W,1 Exw wkh| dovr whqg lqfuhdvh wkh glphq0vlrq ri wkh frdolwlrq iru uljlglw|/ qdpho| wkh Ohehvjxh0Vwlhowmhv phdvxuh riwkh vhw +{WW> {W,/ ru �[ i+{WW> {W,j � �+{W, � �+{WW,/ prylqj lq lw zrun0huv dw wkh orzhu surgxfwlylw| pdujlq/ dqg fdxvlqj wkhuhiruh d frqwudfwlrqri wkh vxssruw iru  h{lelolw| dw wkh erwwrp1 Ru/ irupdoo|/ d uhgxfwlrq ri�[ i+U-�}�_> {WW,j � �+U-�}�_,��+{WW,1
Lq vxp/ rxu prgho txhvwlrqv/ dw ohdvw lq vrph vhqvh/ wkh ydolglw| ri wkhdujxphqw wkdw jrrg wlphv duh qhfhvvdulo| jrrg dovr iru uhirupv1 Fxwwlqjgrzq wkh uhqwv dssursuldwhg e| wkh hpsor|hg vhhpv wr eh dq lpsruwdqwsuh0uhtxlvlwh ri d vxffhvvixo oderu pdunhw uhirup1 Krzhyhu/ yduldwlrqv lq wkhsdudphwhuv jryhuqlqj wkh gulylqj surfhvv iru surgxfwlylw|/ gr qrw vhhp wrkdyh fohdu0fxw lpsolfdwlrqv iru wkh srolwlfdo ihdvlelolw| ri d uhirup wrzdugpruh  h{lelolw| lq hpsor|phqw uhodwlrqv1 Wklv lv lq hvvhqfh dq h{suhvvlrq riwkh vwdwxv txr eldv sureohp dvvrfldwhg wr �ulqj frvwv dv uhqw0jhqhudwlqj lq0vwlwxwlrq1 Rqfh lpsohphqwhg/ lw pd| eh gl!fxow wr holplqdwh wkhp dv vrphshrsoh gr qrw zlvk wr jlyh xs wkh uhqwv wkh| jhqhudwh1 Lq rwkhu zrugv/ wudqv0irupdwlrqv lq oderu pdunhw lqvwlwxwlrqv pd| wxuq rxw wr eh kdugo| uhyhuvleoh/hyhq rqfh wkh vkrfnv wkdw kdyh lqgxfhg wkhp kdyh ydqlvkhg ru kdyh ehhqiroorzhg e| rwkhu vkrfnv ri rssrvlwh qdwxuh1
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: Frqfoxvlrqv
Wklv sdshu kdv odlg grzq d iudphzrun iru lqwhusuhwlqj wkh frpsdudwlyhg|qdplfv ri rqh oderu pdunhw lqvwlwxwlrq/ hpsor|phqw surwhfwlrq ohjlvodwlrq/lq Hxursh dqg lq wkh X1V1 vlqfh wkh srvw0zdu shulrg dqg xs wr wkh suhvhqwgd|1D nh| uhvxow ghprqvwudwhg frqfhuqv wkh eurdg lpsruwdqfh ri zdjh vhwwlqjglvwruwlrqv/ wkdw lv wr vd| ri wkh delolw| ri hpsor|hg zrunhuv wr h{wudfw uhqwv1Zdjh vhwwlqj glvwruwlrqv +sdudphwul}hg e| �, dqg oderu wxuqryhu glvwruwlrqv+h{suhvvhg e| I dqg lqgluhfwo| e| U, kdyh dsshduhg wr eh forvho| olqnhg dvsduw ri uljlg srolwlfdo htxloleuld ri vrph lqvwlwxwlrqdo fkrlfh surfhvv1 Wklv lvtxlwh lqwxlwlyh= li uhqwv duh orz wkhuh lv olwwoh vfrsh iru wkhlu surwhfwlrq dovr1Exw rq wrs ri wkdw/ wkh lqvwlwxwlrqdo uhvsrqvh ri dq hfrqrp| wr vrphpdfurhfrqrplf vkrfn kdv dovr ehhq irxqg wr ghshqg rq wkh delolw| ri oderu wrh{wudfw uhqwv1 Vshfl�fdoo|/ zh kdyh dujxhg lq wkh sdshu wkdw wkh gl�huhqwldosdwwhuq ri lqvwlwxwlrqdo hyroxwlrq h{shulhqfhg e| Frqwlqhqwdo Hxursh dqg e|wkh X1V1 lq uhvsrqvh wr vlplodu djjuhjdwh vkrfnv ryhu wkh odvw ihz ghfdghv/fdq eh udwlrqdol}hg lq wkh oljkw ri wkh gl�huhqw edujdlqlqj vwuhqjwk ri oderudfurvv wkh wzr vlghv ri wkh Dwodqwlf1
; Dsshqgl{;14 Vroxwlrq ri wkh Ilupv* K0M0E HtxdwlrqIlupv idfh d vwdqgdug sureohp ri rswlpdo vwrsslqj lq frqwlqxrxv wlph/ zklfklv irupdol}hg e| wkh Kdplowrq0Mdfrel0Ehoopdq +K0M0E, htxdwlrq +5,1 Wkhvroxwlrq ri wklv fodvv ri sureohpv +h1j1 Gl{lw +4<<6, ru Gl{lw dqg Slqg|fn+4<<7,, lv nqrzq wr eh fkdudfwhul}hg lq whupv ri d surgxfwlylw| wkuhvkrog Uvxfk wkdw wkh frqwlqxdwlrq ydoxh ri wkh dvvhw �mre� h{fhhgv lwv ydoxh xsrqvwrsslqj dv orqj dv { A U dqg lv h{fhhghg e| lw li { ? U> wkh wzr ri wkhp�pdwfklqj� dw { @ U1 Wkh rswlpdo vwrsslqj uxoh lv wkhq ri ohwwlqj wkh mrefrqwlqxh surgxflqj dv orqj dv { uhpdlqv deryh U dqg ri forvlqj lw grzq/�ulqj wkh zrunhuv dqg sd|lqj wkh dvvrfldwhg od|r� frvw I / dv vrrq dv wkhdevruelqj eduulhu U lv �uvw uhdfkhg=Rq wkh frqwlqxdwlrq uhjlrq i{ 5 ?n = { A Uj wkhuhiruh/ htxdwlrq +5,erlov grzq lqwr

uM +{, @ {�z +{, . 4gwH +gM, +56,zkloh dw U/ wkh �ydoxh pdwfklqj� frqglwlrq
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M +U, @ �I +57,krogv/ hvwdeolvklqj wkh frqwlqxlw| ri wkh ydoxh ixqfwlrq M +�, xsrq vwrsslqj1D vhfrqg ixqfwlrqdo uhodwlrq/ wkh �vprrwk sdvwlqj� frqglwlrq/ pxvw krog dvzhoo iru wkh vwrsslqj uxoh wr eh rswlpdo1 Lq jhqhudo/ wklv frqglwlrq lpsolhvwkh gl�huhqwldelolw| zlwk frqwlqxlw| ri wkh ydoxh ixqfwlrq dorqj wkh fxuyhvhsdudwlqj wkh frqwlqxdwlrq iurp wkh vwrsslqj uhjlrq dqg lq rxu sduwlfxodufdvh lw dvvxphv wkh irup
M � +U, @ 3= +58,Htxdwlrq +56, pd| eh wudqviruphg lqwr d vhfrqg rughu ruglqdu| gl�hu0hqwldo htxdwlrq lq wkh xqnqrzq ixqfwlrq M +�, e| dsso|lqj Lwr*v ohppd wrhydoxdwh H +gM, > wklv htxdwlrq uhdgv=45�2{2M �� +{, . �{M � +{,� uM +{, . {�z +{, @ 3= +59,Vlqfh z +{, @ e . ��Y +4, . �{ +vhh ehorz,/ wkh jhqhudo lqwhjudo ri wklvhtxdwlrq lv ri wkh w|sh

M +{, @ +4� �,{u � � � e. ��Y +4,u .F�{B .F2{1
zlwk F� dqg F2 vwdqglqj iru frqvwdqwv wr eh ghwhuplqhg dqg zlwk � dqg �vwdqglqj iru wkh srvlwlyh dqg iru wkh qhjdwlyh urrw ri wkh fkdudfwhulvwlf sro|0qrpldo # +�, @ �u � ��. j22 � +4� �,� dvvrfldwhg zlwk +59,1 E| d vwdqgdugdujxphqw +h1j1 Gl{lw +4<<6, s1 58,/ wkh urrw � A 4 pxvw eh holplqdwhg e|vhwwlqj wkh frqvwdqw F� htxdo wr }hur1 Rwkhuzlvh wkh ixqgdphqwdo ri wkh dv0vhw zrxog ehfrph qhjoljleoh uhodwlyho| wr lwv rswlrq ydoxh dv { $ .41 Wkhydoxh ri F2 lv lqvwhdg ghwhuplqhg wkurxjk wkh vprrwk sdvwlqj frqglwlrq/zklfk lpsolhv wkdw

F2 +U, @ � 4� �+u � �, �U�31=
Wdnlqj lqwr dffrxqw wkh h{suhvvlrq +ehorz ghulyhg, iru wkh zdjh udwh/htxdwlrq +<, rewdlqv wkhq uhdglo|/ zlwk wkh +rswlpdo, eduulhu U gh�qhg wkhqlpsolflwo| e| +58,1Qrwlfh wkdw/ ehlqj � @ �j2 �j22 � �� �2s+�2 � 5�,2 . ;�2u�/ wkh iroorz0lqj lqhtxdolw| lv lghqwlfdoo| wuxh
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C�C� @ 5��s+�2 � 5�,2 . ;�2u � ��2 � 5���. 5�2u��s+�2 � 5�,2 . ;�2u A 3=
Vlploduo|/ lw fdq eh yhul�hg wkdw Y1Y> ? 31

;15 Ghulydwlrq ri wkh H{shfwhg SGY ri RxwsxwWkh lqwhjudo lq +9, pd| eh eurnhq grzq uhfxuvlyho| wr |lhog wkh iroorzlqj+wulyldo, Ehoopdq htxdwlrq/ vdwlv�hg e| wkh ixqfwlrqdo Y +�, ryhu wkh frqwlq0xdwlrq uhjlrq +U>4,
uY +{, @ {. 4gwH +gY , = +5:,Wkh jhqhudo lqwhjudo ri wkh vhfrqg rughu gl�huhqwldo htxdwlrq dvvrfldwhgzlwk +5:, lv uhsuhvhqwhg e|=

Y +{, @ {u � � .F�{B .F2{1 +5;,
zkhuh � dqg � duh uhvshfwlyho| wkh srvlwlyh dqg qhjdwlyh urrw ri wkh uhohydqwfkdudfwhulvwlf vhfrqg rughu sro|qrpldo # +�, +lghqwlfdo wr wkh rqh dvvrfldwhgzlwk +5:,,1 H{foxglqj djdlq wkh srvlwlyh urrw � e| vhwwlqj F� @ 3/ dqgwdnlqj lqwr dffrxqw wkh erxqgdu| frqglwlrq Y +U, @ 3 lq +5;,/ htxdwlrq +;,lv rewdlqhg1
;16 Ghulydwlrq ri wkh Zdjh Vfkhgxoh�Gl�huhqwldwlqj� +wkh ghulydwlyh ri d ixqfwlrqdo ri d Eurzqldq surfhvv h{lvwvdoprvw qrzkhuh, erwk vlghv ri htxdwlrq +9, dqg wdnlqj h{shfwhg ydoxhv/ rqhrewdlqv wkdw 4gwH +gZ , @ � 4gwH +gY , =

Khqfh/ htxdwlrq +7, pd| eh zulwwhq grzq dv
uX . u�Y +{, @ z +{, . � 4gwH +gY , = +5<,Iurp htxdwlrqv +7,/ +8, dqg +9,/ wkh ydoxh ri xqhpsor|phqw pd| ehh{suhvvhg dv
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X @ eu . ��Y +4,u = +63,E| frpelqlqj htxdwlrqv +5<, dqg +63, rqh wkxv jhwv wkdw
z +{, @ e. ��Y +4, . u�Y +{,� � 4gwH +gY , = +64,Krzhyhu/ dq dssolfdwlrq ri Lwr*v Ohppd wr +;, gholyhuv wkh iroorzlqjh{suhvvlrq iru wkh h{shfwhg ydoxh ri wkh �ghulydwlyh� ri Y +�,

4gwH +gY , @ 4gwH +Y% +{,g{, . 4gwH �45Y%% +{, +g{,2� @ +65,
@ Y% +{,�{. 45Y%% +{,�2{2@ �u � �{� ��U�31u � �{1 . �25 � +4� �, U�31u � �{1=Ilqdoo|/ e| frpelqlqj htxdwlrqv +64, dqg +65, wkh zdjh udwh wxuqv rxwwr uhdg z +{, @ e. ��Y +4, . �{jlyhq wkdw � lv d urrw ri wkh fkdudfwhulvwlf sro|qrpldo ri wkh gl�huhqwldohtxdwlrq dvvrfldwhg zlwk +5:,/ qdpho| # +�, @ �u � ��. j22 � +4� �,�1

;17 Ghulydwlrq ri wkh Djjuhjdwh Mre Ghvwuxfwlrq Udwh dqgri wkh H{shfwhg Gxudwlrq ri d MreLw zloo eh frqyhqlhqw wr frqvlghu/ udwkhu wkdq wkh ruljlqdo surfhvv {/ lwv olqhduhtxlydohqw/ qdpho| wkh surfhvv } � oq{= Lw lv nqrzq wkdw +h1j1 Gl{lw +4<<6,,/ehlqj { d jhrphwulf Eurzqldq surfhvv zlwk guliw � dqg lqvwdqwdqhrxv vwdq0gdug ghyldwlrq �2/ } lv d olqhdu +ru devroxwh, Eurzqldq surfhvv zlwk phdq� @ ��� j22 � ? 3 e| dvvxpswlrq/ dqg lqvwdqwdqhrxv vwdqgdug ghyldwlrq �1Ohw j +}f> }> w, lqglfdwh wkh suredelolw| ghqvlw| ixqfwlrq wkdw } +w, @ } dqgwkdw wkh surfhvv grhv qrw uhdfk wkh eduulhu oqU zlwklq wkh wlph lqwhuydo+3> w, vr wkdw
Su i} +�, A oqU ; � 5 +3> w, > } +w, A oqUj @ ] "

*?- j +}f> �> w, g� +66,� J +}f> oqU> w,
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zkhuh wkh lqlwldo srvlwlrq }f lv ohw wr ydu| dqg wkh duulydo srvlwlrq lv khogfrqvwdqw dw oqU=Qrwlfh wkdw wkh udqgrp wlph W +oqU> }f, dw zklfk wkh surfhvv } �uvwuhdfkhv wkh eduulhu oqU vwduwlqj dw }f/ gluhfwo| uhohydqw lq wkh frpsxwdwlrqri wkh djjuhjdwh mre ghvwuxfwlrq udwh/ kdv d glvwulexwlrq ixqfwlrq vxfk wkdw
Su iW +oqU> }f, A wj @ ] "

*?- j +}f> �> w,g� @ J +}f> oqU> w, =
Vlqfh rxu remhfwlyh lv wr wkh hydoxdwh wkh h{shfwhg ydoxh ri d udqgrpwlph/ lw lv qdwxudo wr orrn dw wkh Nroprjrury edfnzdug sduwldo gl�huhqwldohtxdwlrq vdwlv�hg e| wkh wudqvlwlrq nhuqho j +�> oqU> �,/ qdpho|45�2C2j +}f> oqU> w,C}2f . �Cj +}f> oqU> w,C}f @ Cj +}f> oqU> w,Cw +67,

zlwk wkh erxqgdu| frqglwlrqv j +oqU> oqU> w, @ 3 dqg olp5f<"j +}f> oqU> w, @31 Wkh ixqfwlrq J +}f> oqU> w, lv nqrzq wr vdwlvi| wkh vdph sduwldo gl�huhq0wldo htxdwlrq +vhh Fr{ dqg Ploohu +4<98,, dqg zh vkdoo orrn iru wkh vroxwlrqri wkh odwwhu1 Iru rxu sxusrvh/ lw zloo eh frqyhqlhqw wr vroyh wklv erxqg0du| ydoxh sureohp zlwk wkh Odsodfh wudqvirup phwkrg1 Ohw � +�> }f> oqU,lqglfdwh wkh Odsodfh wudqvirup ri J +}f> oqU> w, > uhdglqj
� +�> }f> }, @ ] "

f h34| �] "
*?- j +}f> �> w,g�� gw= +68,E| wudqviruplqj erwk vlghv ri htxdwlrq +67, xvlqj wkh wkhruhp ri gl�hu0hqwldwlrq ri wkh ruljlqdo +h1j1 Nudvqry hw do1 +4<;:,,/ � +�> �> oqU, lv vkrzq wrvdwlvi| wkh iroorzlqj vhfrqg rughu ruglqdu| gl�huhqwldo htxdwlrq/ jlyhq wkdwU"*?- j +}f> �> 3,g� @ 4 dv }f A oqU=45�2g2� +�> }f> oqU,g}2f . �g� +�> }f> oqU,g}f @ �� +�> }f> oqU,� 4 +69,

zlwk wkh wzr wudqviruphg erxqgdu| frqglwlrqv � +�> oqU> oqU, @ 3 dqgolp5f<" � +�> }f> oqU, @ 3= Ohwwlqj � +�, @ �j2 ��� �s�2 . 5�2�� lqglfdwhwkh qhjdwlyh urrw ri wkh fkdudfwhulvwlf sro|qrpldo # +�, @ �j22 �2 . ��� ��dvvrfldwhg zlwk +68,/ wkh vroxwlrq ri wklv sureohp lv irxqg wr eh
� +�> }f> oqU, @ 4� �4� hwE4�E5f3*?-�� = +6:,

Qrwlfh wkdw/ xqghu wkh dvvxpswlrq wkdw � ? 3>
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� +3> 3> oqU, @ olp4<f 4� �4� h3wE4� *?-� @ oqU�zkhuh wkh vhfrqg htxdolw| iroorzv iurp gh o*Krvslwdo wkhruhp1 Vr wkh udwh ridjjuhjdwh mre ghvwuxfwlrq fdq eh gluhfwo| rewdlqhg iurp +44, dqg iurp wklvodvw h{suhvvlrq dv
� @ 4U"f Su iW +U> 4, A wjgw @ 4� +3> 3> oqU, @ 4moqUm

#�25 � �$ =
;18 Ghulydwlrq ri wkh Hujrglf Furvv Vhfwlrqdo Glvwulexwlrqri Surgxfwlylw|Ohw [ lqglfdwh d udqgrp yduldeoh fruuhvsrqglqj wr wkh djjuhjdwh surgxf0wlylw| lq wkh vwhdg| vwdwh furvv vhfwlrq ri �upv1 Zh orrn iru rewdlqlqj lwvsuredelolw| glvwulexwlrq1Ohw j +}f> }> w, eh gh�qhg dv lq +65,/ exw kroglqj frqvwdqw dw 3 wkh lqlwldosurgxfwlylw| }f dqg ohwwlqj wkh duulydo surgxfwlylw| qrz ydu|1 Wklv lv dssur0suldwh vlqfh zh duh qrz hvvhqwldoo| orrnlqj iru wkh glvwulexwlrq ri } dw wlphw jlyhq lwv lqlwldo vwdwh/ dqg wkhuhiruh zh vkdoo eh lqwhuhvwhg lq vroylqj wkhNroprjrury iruzdug gl�huhqwldo htxdwlrq vdwlv�hg e| wkdw nhuqho1 Wkhq/

Su i} +�, A oqU ; � 5 +3> w, > } +w, ? }j @ ] 5
*?- j +3> �> w, g�=

Wkh glvwulexwlrq ri [/ zklfk djdlq vwdqgv iru vwhdg| vwdwh surgxfwlylw|dfurvv hpsor|phqw/ wkxv uhdgv
Su i[ ? {j @ � +4� O,O ] |

3"
#] *?%

*?- j +3> �> w� x,gx$ g� @
@ � ] *?%

*?-
�] "

f j+3> �> y,gy� g�
zkhuh wkh vhfrqg olqh iroorzv iurp Ixelql*v wkhruhp dqg iurp wkh gh�qlwlrqri wkh vwdwlrqdu| djjuhjdwh mre ghvwuxfwlrq udwh1 Frqvlghu qrz wkh Odsodfhwudqvirup ri wkh ixqfwlrq j +3> }> w, > $ +�> 3> }, @ U"f h34|j +3> }> w,gw1 E| dwudqvirupdwlrq ri wkh Nroprjrury iruzdug gl�huhqwldo htxdwlrq vdwlv�hg e|j +3> �> �,/ $ +�> 3> }, lv irxqg wr vdwlvi| wkh iroorzlqj vhfrqg rughu ruglqdu|gl�huhqwldo htxdwlrq 45�2g2$g}2 � �g$g} @ �$ +6;,
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dorqj zlwk kh wudqviruphg olplw erxqgdu| frqglwlrq= olp5<"$ +�> 3> }, @ 31Wkh vroxwlrq ri wklv sureohp/ xs wr wkh frqvwdqw F2/ lv irxqg wr eh
$ +�> oqU> }, @ F2hwE4�5

zkhuh � +�, @ �j2 �� �s�2 . 5�2�� lqglfdwhv wkh qhjdwlyh urrw ri wkh fkdu0dfwhulvwlf sro|qrpldo # +�, @ �j22 �2 . ��� �� dvvrfldwhg zlwk +6;,1 Jlyhqwkdw U"f j+3> }> w,gw @ $ +3> 3> }, dqg wkdw $ +3> 3> }, @ F2 h{sq 2#j2 }r vlqfh� ? 3/ wkh djjuhjdwh vwhdg| vwdwh furvv vhfwlrqdo glvwulexwlrq ri surgxfwlylw|fdq qrz eh zulwwhq grzq dqg uhdgv
�+{, @ Su i[ ? {j @ � ] *?%

*?- $ +3> 3> �,g� @ �F2 ] *?%
*?- h{s�5��2 +�,� g�

@ 4� h{s�5��2 +oq{� oqU,� @ 4� � {U� 2#j2

zlwk wkh frqvwdqw F2 slqqhg grzq e| wkh �vxpplqj xs� frqglwlrq e| zklfkU"*?- g�+{, @ 4=Lw lv vwudljkwiruzdug wr yhuli| wkdw/ ; { 5 ^U>4,/ �+�, vdwlv�hg wkhiroorzlqj surshuwlhv= Y[E%(q�Yq A 3> Y[E%(j�Yj A 3 dqg Y[E%(>�Y> ? 31
;19 Frpsdudwlyh Vwdwlfv Surshuwlhv+4/ 5/ 6, Vwudljkwiruzdug lpsolflw gl�huhqwldwlrq lq htxdwlrqv +49, dqg +46,1+7, Gl�huhqwldwlqj lpsolflwo| U zlwk uhvshfw wr � lq htxdwlrq +49,/ wkhiroorzlqj h{suhvvlrq lv rewdlqhg

CUC� @ �UU�U�31 � �U�31 oqU� +4� �, +U�31 �U, @ U�U�31 �U1 � oqU1 � 4�� +4� �, +U�31 �U, ? 3
vlqfh wkh ghqrplqdwru ri wklv h{suhvvlrq lv srvlwlyh/ zkloh wkh qxphudwru lvqhjdwlyh vlqfh d� oqd A 4 iru hyhu| d 9@ 41 Dq lpsruwdqw surshuw| ri wklvvfkhgxoh/ zklfk vkdoo eh xvhixo odwhu rq/ lv lwv olplw ehkdylru dv U dssurdfkhvrqh/ zklfk lv uhdglo| irxqg wr eh vxfk wkdw

olp-<� CUC� @ olp�<f CU8,e%C� @ 3=
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+8, Wkh iroorzlqj suholplqdu| uhvxowv +rewdlqhg zlwk vrph lqwhuphgldwhdojheud, vkdoo eh xvhixo=
CY +{> �,C� @ 3C�U �U31 � oqU31 � 4�� +U�31 �U, � oq{4D U�31u � �=

Wkh �uvw whup zlwklq wkh odujh vtxduhg eudfnhwv lv qhjdwlyh zkloh wkhvhfrqg lv srvlwlyh li { 5 +U> 4, dqg qhjdwlyh li { A 41 Lw fdq eh yhul�hg wkdwYT E-(1�Y1 A 31 Khqfh < { @ {� 5 ^U> 4, vxfk wkdw YT E%(1�Y1 A 3 li { 5 ^U>{�, dqgYT E%(1�Y1 A 3 li { 5 +{�>4,1 Lq sduwlfxodu
CY +4> �,C� ? 3 @, #CU +�,�31 {1C�

$
%'� A 3=

Wkh ghulydwlyh ri wkh vfkhgxoh � @ � +U +�, > �, lv wkh irxqg wr eh
C�C� @ u +4� �, Y-E1��31Y1 ��2 �4� Eo3>�EKno��oE�3q� �� ��.U�31 �4�U�31��2 +U�31 � 4,2

dqg wklv h{suhvvlrq lv vxuho| srvlwlyh li �3qo3> � F . Ko 1 E| dvvxpswlrq 4/ wklvvr li e � uI4@ / zklfk lv dvvxphg wr eh wkh fdvh1+9, Dq lpsolflw gl�huhqwldwlrq lq htxdwlrq +49, vkrzv wkdw
CUC� @ U Y1Y> +4� �,U �4�U31 .U31 oqU31�� I�2� +4� �, +4� �, +U�U�31, A 3

jlyhq wkdw erwk wkh qxphudwru dqg wkh ghqrplqdwru ri wklv h{suhvvlrq duhsrvlwlyh1
;1: Surri ri Sursrvlwlrq 4Zh zdqw wr hvwdeolvk li/ dqg zkhq/ ; { 5 ^U7'> {W +�,` dqg ; U7'>wkhiroorzlqj zhdn lqhtxdolw| lv wuxh

Z +{>�>U7', � X +U8,e%, = +6<,Li +6<, lv wuxh iru vrph ydoxh ri �/ ixoo  h{lelolw| lv wkh xqltxh srolwlfdohtxloleulxp ri wkh prgho iru wkdw ydoxh ri �1 Lq idfw/ e| +6<,/ doo zrunhuv grsuhihu d wudqvlwlrq wrzdug ixoo  h{lelolw| zkdwhyhu wkh vwdwxv txr lv1 Dovr/
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ehfdxvh wkh dvvhw ydoxh ri xqhpsor|phqw lv vwulfwo| lqfuhdvlqj lq U +dqgkhqfh X +U, ? X +U8,e%, iru hyhu| U 9@ U8 ,e%,/ lw lv fohdu wkdw/ li +6<, krogv/ixoo  h{lelolw| ghihdwv lq sdluzlvh frpsdulvrq dq| dowhuqdwlyh dqg khqfh lwlv wkh xqltxh Frqgrufhw zlqqhu ri d pdmrulw| yrwlqj surfhvv/ zkdwhyhu wkhvwdwxv txr lv1Vrph vlpsoh dojheud vkrzv wkdw +6<, lv htxlydohqw wr
{� +U7',�31{1 � +{W +�,,1 ++U8 ,e%,�31 � +U7',�31,1Wkh ohiw kdqg vlgh ri wklv htxdwlrq lv lqfuhdvlqj lq { dqg khqfh lw uhdfkhv lwvpd{lpxp ryhu wkh udqjh ri lqwhuhvw dw { @ {W +�,/ zkhuh +6<, dvvxphv wkhirup {W +�,� +U7',�31 +{W +�,,1 � +{W +�,,1 ++U8 ,e%,�31 � +U7',�31,ru/ pruh vlpso|/ {W +�, � U8,e%=Vlqfh {W lv vwulfwo| lqfuhdvlqj lq � dqg vlqfh/ e| gh�qlwlrq/ {W +�WW, @U8 ,e%/ +6;, lv lghqwlfdoo| wuxh iru dq| ydoxh ri � 5 +3> �WW`1

;1; Surri ri Uhvxow ;Gl�huhqwldwh lpsolflwo| {WW lq htxdwlrq +54, zlwk uhvshfw wr � wr rewdlq�4� � �U7'��31 +{WW,13�� C{WWC�@ +4� �,��2 ��U�e���31 �4 . � oqU�e��� �U7'��31 �4 . � oqU7'��
.�U7'��31 {WW1 oq {WWU7' =

Wkh whup lq wkh vtxduhg eudfnhwv rq wkh ohiw kdqg vlgh ri wklv h{suhvvlrq lvvwulfwo| srvlwlyh1 Wkh uljkw kdqg vlgh lv dovr vr/ jlyhq wkdw d�31 +4 . � oq d,lv vwulfwo| lqfuhdvlqj lq d 5 +3> 4, li � ? 3 dqg jlyhq wkdw {WW A U7'= Wklvlpsolhv wkdw/ ; � 5 +3> 4,/ C{WW@C� A 3= Doo wkh vwdwhphqwv frqwdlqhg lquhvxow ; iroorzv wkhq vlpso| iurp wkh ghshqghqfh ri � rq wkh sdudphwhu riwkh prgho/ zklfk kdv douhdg| ehhq glvfxvvhg1
;1< Surri ri Sursrvlwlrq 2Uhfdoo wkdw/ e| dvvxpswlrq/ � A �WW/ dqg wkhuhiruh wkdw U8,e% ? {W +�,1

Zh iroorzlqj wzr suholplqdu| ohppdv zloo eh xvhixo1
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Ohppd 41 Li U� " U7' iru vrph U� ? U7'/ wkhq U-�}�_ ghihdwv dq|U � U� lq sdluzlvh frpsdulvrqv1Surri1 Lpphgldwh frqvhtxhqfh ri uhvxow 81
Ohppd 51 Li U�� " U7' iru vrph U�� A U7'/ wkhq U8 ,e% ghihdwv dq|U � U�� lq sdluzlvh frpsdulvrqv1Surri1 Lpphgldwh frqvhtxhqfh ri wkh idfw wkdw X lv vwulfwo| lqfuhdvlqjlq U dqg ri uhvxowv 8 dqg ;1
Ohw U� ? U7' ? U��> zkhuh U� � U8 ,e% dqg U�� � U-�}�_1 Ohw {nngh�qhg dv wkh +xqltxh, surgxfwlylw| ohyho vxfk wkdw Z +{nn>U�, @ X +U��,1Lw lv lpphgldwh wr ghgxfh wkdw {nn ? {WW +vlqfh Y2`Y-Y% A 3 iru dq| { dqg irudq| U, zkhuh {WW lv vxfk wkdw Z �{WW>U7'� @ X +U��,1 {nn pd| eh juhdwhuru orzhu wkdq U7'1Fdvh +l,= {nn A U7'1 Zh nqrz +uhvxow 8, wkdw U� lv suhihuuhg vwulfwo|wr U7' e| wkh hpsor|hg zlwk surgxfwlylw| { 5 �U7'> {W�1 Wklv vhw kdvOhehvjxh0Vwlhowmhv phdvxuh O � �[ q+U7'> {W,r � � +uhplqg wkdw �+�, lvgh�qhg dv d glvwulexwlrq ixqfwlrq dfurvv hpsor|phqw/ wkxv zh qhhg wr pxo0wlso| �[ e| O,1 U7' lv suhihuuhg wr U�� e| wkh zrunhuv zlwk surgxfwlylw|{ 5 +{WW> {W, � �U7'> {W� +uhvxow ;,/ zklfk kdv Ohehvjxh0Vwlhowmhv phdvxuhO � �[ i+{WW> {W,j � � ? �1 Ilqdoo|/ U� lv suhihuuhg wr U�� e| wkh zrun0huv zlwk surgxfwlylw| { 5 +{nn> {W,/ zklfk kdv Ohehvjxh0Vwlhowmhv phdvxuhO � �[ i+{nn> {W,j � !1 Vlqfh +{WW> {W, � +{nn> {W,/ lw lv wkh fdvh wkdw

� ? ! ? �
Zh fdq wkhq glvwlqjxlvk wzr vxe0fdvhv1
� � � �2 1 Lq wklv lqvwdqfh/ � dqg ! dqg dovr erwk orzhu wkdq �2 1 Wklvphdqv wkdw U7' � U�/ U�� " U7' dqg U�� " U� +U�� zlqv,1� � A �2 1 Zh kdyh wr frqvlghu wkuhh srvvlelolwlhv1 +l, � dqg ! duh erwkjuhdwhu wkdq �2 1 Lq wklv fdvh/ U� " U7'/ U7' " U�� dqg U� " U�� +U�zlqv,1 +ll, ! � �2 dqg � ? �2 1 Lq wklv fdvh U� " U7'/ U7' " U��/U� " U�� +U� zlqv,1 +ll, � dqg ! duh erwk orzhu wkdq �2 1 Lq wklv fdvh/U� " U7'/ U�� " U7'/ U�� " U� +U�� zlqv,1
Zh frqfoxgh wkdw U� +U��, ghihdwv dq| ri wkh wzr dowhuqdwlyhv lq sdluzlvhfrpsdulvrqv +dqg wkdw " lv wudqvlwlyh, li/ dqg rqo| li/ ! � �2 +? �2,1
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Frqvlghu qrz wkh ixqfwlrq ! @ ! +U�> U��,/ zklfk grhv qrw +e| gh�qlwlrqri !, ghshqg rq U7'1 Qrwlfh �uvw ri doo wkdw Y%nnY-� A 3 dqg wkdw Y%nnY-�� A 3=Wkhuhiruh/ Y�Y-� ? 3 dqg Y�Y-�� ? 31Wkhq/ lq vxp/ li ! +U-�}�_> U8 ,e%, � �2 / lw iroorzv wkdw ! +U-�}�_> U��, � �2; U�� ? U8 ,e%> e| ohppd 4/ U-�}�_ lv dovr vwulfwo| suhihuuhg wr dq| U ? U7'1Wklv ghprqvwudwhv wkh li lq +l, sduw 4> wkh rqo| li lv reylrxv1 Li/ lqvwhdg! +U-�}�_> U8 ,e%, ? �2 / wkhq ! +U�> U8 ,e%, ? �2 ; U� A U-�}�_= E| ohppd 5/U8 ,e% lv dovr vwulfwo| suhihuuhg wr dq| U A U7'1 Wkh rqo| li lv dovr reylrxv1Fdvh +ll,= {nn ? U7'1 Lq wklv fdvh U� lv dozd|v suhihuuhg wr U�� dqg! @ �1 Wkh surri lv wkhq doprvw lghqwlfdo wr wkh rqh uhodwlyh wr fdvh +l, dqglv wkhuhiruh rplwwhg1
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Uhihuhqfhv
^4` Ehdq/ Fkduohv1 �Wkh Lqwhudfwlrq ri Djjuhjdwh Ghpdqg Srolflhv dqgOderu Pdunhw Uhirup1� Vzhglvk Hfrqrplf Srolf| Uhylhz/ Qryhpehu4<<;1^5` Eìqderx/ Urodqg1 �Xqhtxdo Vrflhwlhv= Lqfrph Glvwulexwlrq dqg wkhVrfldo Frqwudfw1� Dphulfdq Hfrqrplf Uhylhz/ Pdufk 5333/ <3+4,/ ss1<9045<1^6` Ehqwrolod/ Vdpxho dqg Ehuwrod/ Jlxvhssh1 �Ilulqj Frvwv dqg OderuGhpdqg= Krz Edg lv Hxurvfohurvlv1� Uhylhz ri Hfrqrplf Vwxglhv/ Mxo|4<<3/ 8:+6,/ ss1 6;407351^7` Ehqwrolod/ Vdpxho dqg Vdlqw0Sdxo/ Jloohv1 �H{sodlqlqj Pryhphqwv lqwkh Oderu Vkduh1� FHPIL Zrunlqj Sdshu Qr1 <<38/ Dsulo 4<<<1^8` Eodqfkdug/ Rolylhu1 �Olrqho Ureelqv Ohfwxuhv1� Orqgrq Vfkrro ri Hfr0qrplfv/ 53331^9` Eodqfkdug/ Rolyhu dqg Sruwxjdo/ Shgur1 �Zkdw Klghv Ehklqg dq Xq0hpsor|phqw Udwh= Frpsdulqj Sruwxjxhvh dqg X1V1 Oderu Pdunhwv1�Dphulfdq Hfrqrplf Uhylhz/ Pdufk 5334/ <4+4,/ ss1 4;:053:1^:` Eodqfkdug/ Rolyhu dqg Vlprq/ Mrkq1 �Wkh Orqj dqg Odujh Ghfolqh lqX1V1 Rxwsxw Yrodwlolw|1� Eurrnlqj Sdshuv rq Hfrqrplf Dfwlylw|/ 5334/+4,/ ss1 46804:71^;` Eodqfkdug/ Rolyhu dqg Zroihuv/ Mxvwlq1 �Wkh Uroh ri Vkrfnv dqg Lqvwl0wxwlrqv lq wkh Ulvh ri Hxurshdq Xqhpsor|phqw= Wkh Djjuhjdwh Hyl0ghqfh1� Hfrqrplf Mrxuqdo/ Pdufk 5333/ 443+795,/ ss1 40661^<` Fdedoohur/ Ulfdugr M1 dqg Kdpprxu/ Prkdpdg O1 �Mreohvv Jurzwk=Dssursuldelolw|/ Idfwru Vxevwlwxwlrq/ dqg Xqhpsor|phqw1� Fduqdjlh0Urfkhvwhu Frqihuhqfh Vhulhv rq Sxeolf Srolf|/ Mxqh 4<<;/ 7;/ ss1 840<71^43` Fr{/ Gdylg dqg Ploohu/ K1G1 Wkh Wkhru| ri Vwrfkdvwlf Surfhvvhv1 Orq0grq= Phwkxhq/ 4<981^44` Gl{lw/ Dylqdvk N1 Wkh Duw ri Vprrwk Sdvwlqj1 Kduzrrg Dfdghplf Sxe0olvkhuv/ 4<<61^45` Gl{lw/ Dylqdvk N1 dqg Slqg|fn/ Urehuw V1 Lqyhvwphqw Xqghu Xqfhu0wdlqw|1 Sulqfhwrq Xqlyhuvlw| Suhvv/ 4<<71
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^46` Hphuvrq/ Plfkdho1 �Uhjxodwlrq dqg Ghuhjxodwlrq ri wkh Oderu Pdu0nhw= Srolf| Uhjlphv iru wkh Uhfuxlwphqw dqg Glvplvvdo ri Hpsor|hhv lqwkh Lqgxvwuldol}hg Frxqwulhv1� Hxurshdq Hfrqrplf Uhylhz/ Dsulo 4<<;/65+7,/ ss1 ::80;4:1^47` Nudvqry/ P1 O1> Nlvhohy/ D1 L1 dqg Pdnduhqnr/ J1 L1 Ixqfwlrqv ri dFrpsoh{ Yduldeoh dqg Wkhlu Dssolfdwlrqv1 Wudqvodwlrq ri wkh Uxvvldqruljlqdo1 Plu Hglwlrqv/ 4<;:1^48` Od}hdu/ Hgzdug S1 �Mre Vhfxulw| Surylvlrqv dqg Hpsor|phqw�1 Txdu0whuo| Mrxuqdo ri Hfrqrplfv/ 438/ ss1 9<<0:591^49` Olqgehfn/ Dvvdu dqg Vqrzhu/ Ghqqlv1 Wkh Lqvlghu Rxwvlghu Wkhru| riHpsor|phqw dqg Xqhpsor|phqw1 Fdpeulgjh PD= PLW Suhvv/ 4<;;1^4:` Slvvduulghv/ Fkulvwrskhu D1 Htxloleulxp Xqhpsor|phqw Wkhru|1 Fdp0eulgjh PD= PLW Suhvv/ 53331^4;` Vdlqw0Sdxo/ Jloohv1 �Rq wkh Srolwlfdo Hfrqrp| ri Oderu Pdunhw Ioh{lelo0lw|1� Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk +Fdpeulgjh / PD, Pdfurh0frqrplfv Dqqxdo/ 4<<6/ ss1 4840<81^4<` Vdlqw0Sdxo/ Jloohv1 �Wkh Srolwlfdo Hfrqrp| ri Hpsor|phqw Surwhfwlrq1�Mrxuqdo ri Srolwlfdo Hfrqrp|/ Mxqh 5335e/ 443+6,/ ss1 9:50:371^53` Vdlqw0Sdxo/ Jloohv1 Wkh Srolwlfdo Hfrqrp| ri Oderu Pdunhw Lqvwlwxwlrqv1R{irug Xqlyhuvlw| Suhvv/ 53331^54` Vkdslur/ Fduo dqg Vwljolw}/ Mrvhsk H1 �Htxloleulxp Xqhpsor|phqw dvd Zrunhu Glvflsolqh Ghylfh1� Dphulfdq Hfrqrplf Uhylhz/ Mxqh 4<;7/:7+6,/ ss1 7660771^55` Ylqgljql/ Dqguhd1 �Rq wkh Srolwlfdo Hfrqrp| ri Uljlglw| dqg Ioh{lelolw|zlwk Kxpdq Fdslwdo Khwhurjhqhlw|1� Plphr/ Xqlyhuvlw| ri Wrxorxvh/4<<<1
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