
Rq Zduv dqg Srolwlfdo Ghyhorsphqw1 Wkh Uroh ri LqwhuqdwlrqdoFrq lfwv lq wkh Ghprfudwl}dwlrq ri wkh Zhvw�
Gdylgh Wlffkl dqg Dqguhd Ylqgljql_

Iluvw Gudiw= Mxqh 5336Wklv Gudiw= Iheuxdu| 5337
Devwudfw

Zh lqyhvwljdwh wkh uroh sod|hg e| lqwhuqdwlrqdo frq lfwv lq wkh surfhvvhv ri qdwlrqdo srolwlfdoghyhorsphqw dqg lq sduwlfxodu lq wkh wudqvlwlrq iurp dxwrfudf| wrzdug ghprfudf|1 Zh dujxhwkdw/ li d frxqwu| lv hqgdqjhuhg e| vrph rxwvlgh wkuhdw/ lwv holwh pd| eh irufhg wr frqfhghghprfudf| +ru wkh Zhoiduh Vwdwh, wr wkh pdvvhv/ lq rughu wr lqfuhdvh wkhlu zdu h�ruw/ dqgdorqj lw wkh vxuylydo fkdqfhv ri wkh frxqwu| dqg ri wkh holwh lwvhoi1 Lq rwkhu zrugv/ zh fodlpwkdw lqwhuqdwlrqdo frq lfwv fdq gulyh wkh surfhvv ri ghprfudwl}dwlrq dw wkh qdwlrqdo ohyho e|lqfuhdvlqj wkh qhhg wkdw wkh holwh kdv ri wkh sdwulrwlvp ri wkh pdvvhv/ zklfk lv hqgrjhqrxvo|kljkhu zkhq wkhlu srolwlfdo srzhu/ dqg pruh jhqhudoo| wkhlu zhoiduh/ lv vr1Nh|zrugv= Dxwrfudf|/ Ghprfudf|/ Zduv/ Uhglvwulexwlrq1MHO Fodvvl�fdwlrq Qxpehuv= G:5/ G:7/ K89/ Q73/ S491
WZh zrxog olnh wr wkdqn Urodqg Eìqderx/ Ylyldqd Erqd}}rol/ Wruvwhq Shuvvrq/ Krzdug Urvhqwkdo/ JlxvhsshWudydjolql dqg vhplqdu sduwlflsdqwv dw Lqvwlwxwh iru Lqwhuqdwlrqdo Hfrqrplf Vwxglhv +Vwrfnkrop,/ Xqlyhuvlw| ri Xuelqrdqg Sulqfhwrq Xqlyhuvlw| iru xvhixo frpphqwv1 Zh duh hvshfldoo| judwhixo wr Gdurq Dfhprjox dqg Mdphv Urelqvrqiru pdq| xvhixo frqyhuvdwlrqv/ frpphqwv dqg vxjjhvwlrqv1 Wkh xvxdo glvfodlphuv dsso|1_Gdylgh Wlffkl= Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Xuelqr +Lwdo|, dqg Xqlyhuvlw| Srpshx Ideud +Vsdlq,1H0pdlo= wlffklCxqlxue1lw1 Dqguhd Ylqgljql= Lqvwlwxwh iru Lqwhuqdwlrqdo Hfrqrplf Vwxglhv/ Vwrfnkrop Xqlyhuvlw|+Vzhghq,/ dqg L]D1 H0pdlo= ylqgljqlCllhv1vx1vh1
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�Wkh edvlv ri ghprfudwl}dwlrq lv hyhu|zkhuh sxuho| plolwdu| lq fkdudfwhu111 Plolwdu| glvflsolqhphdqw wkh wulxpsk ri ghprfudf| ehfdxvh wkh frppxqlw| zlvkhg dqg zdv frpshoohg wr vhfxuh wkhfrrshudwlrq ri wkh qrq0dulvwrfudwlf pdvvhv dqg khqfh sxw dupv/ dqg dorqj zlwk dupv srolwlfdo srzhu/lqwr wkhlu kdqgv1�+Pd{ Zhehu/ Jhqhudo Hfrqrplf Klvwru|/ ss1 6580659,1
�Wkh sxusrvh ri ylfwru| lv wr olyh lq d ehwwhu zruog wkdq wkh rog zruog> wkdw hdfk lqglylgxdoflwl}hq lv pruh olnho| wr frqfhqwudwh xsrq klv zdu h�ruw li kh ihhov wkdw klv Jryhuqphqw zloo eh uhdg|lq wlph zlwk sodqv iru wkdw ehwwhu zruog1�+Vlu Zlooldp Ehyhulgjh/ Vrfldo Lqvxudqfh dqg Doolhg Vhuylfhv/ s1 4:4,1

4 Lqwurgxfwlrq
Wkh surfhvv ri srolwlfr0hfrqrplf ghyhorsphqw ri wkh Zhvwhuq zruog dqg ri rwkhu frxqwulhv kdvehhq pdunhg/ gxulqj wkh [L[ dqg [[ fhqwxu|/ e| wkh surjuhvvlyh gl�xvlrq ri ghprfudf| +h1j1Uxhvfkhph|hu hw do1/ 4<<5, dv zhoo dv e| wkh lqfuhdvlqj uhglvwulexwlrq ri lqfrph surprwhg e| wkhjryhuqphqwv +h1j1 Olqghuw/ 4<<7 dqg 4<<9,1Dffruglqj wr wkh vwdqgdug srvlwlyh wkhru| ri wd{dwlrq dqg uhglvwulexwlrq +h1j1 Phow}hu dqgUlfkdug/ 4<;4,/ wkhvh wuhqgv duh vwurqjo| uhodwhg lq wkdw wkh h{whqvlrq ri iudqfklvh/ wkh frqvrolgdwlrqri ghprfudwlf lqvwlwxwlrqv dqg/ pruh ixqgdphqwdoo|/ wkh wudqvihu ri vrph srolwlfdo srzhu iurp wkhholwh +shrsoh zlwk lqfrph deryh dyhudjh, wr wkh pdvvhv +shrsoh zlwk lqfrph ehorz dyhudjh,/ vkrxogeh h{shfwhg wr jhqhudwh wkh vxssruw iru d juhdwhu �vfdo uhglvwulexwlrq ri uhvrxufhv dprqj lwv flwl}hqv1Wkh udwlrqdoh ehklqg wklv dujxphqw lv vwudljkwiruzdug dqg zhoo xqghuvwrrg= lqfuhdvlqj wkh srolwlfdoyrlfh ri wkrvh shrsoh zlwk suh0wd{ lqfrph ehorz dyhudjh fdqqrw exw lqfuhdvh �vfdo uhglvwulexwlrq/dv wkhvh shrsoh ehqh�w zlwkrxw dpeljxlw| iurp lw/ dqg duh deoh wr wlow sxeolf srolflhv pruh lq wkhluidyru1 Wkh iroorzlqj txhvwlrq wkhq qdwxudoo| vxjjhvwv lwvhoi= vxssrvh wkdw wkh srolwlfdo yrlfh riwkh pdvvhv lq d frxqwu| lv hqgrjhqrxv lq vrph zd| dqg ghflghg e| d jryhuqphqw uhsuhvhqwlqj wkhlqwhuhvwv ri wkh hfrqrplf holwh rqo|1 Zk| zrxog wklv jryhuqphqw zdqw wr hpsrzhu wkh pdvvhvB Lq
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rwkhu zrugv/ jlyhq wkdw ghprfudwl}dwlrq lqyroyhv d uhdoorfdwlrq ri srolwlfdo srzhu iurp wkh holwh wrwkh pdvvhv/ dqg jlyhq wkdw wkh wzr fodvvhv kdyh frq lfwlqj lqwhuhvwv ryhu uhglvwulexwlyh srolflhv/ zk|zrxog wkh ulfk holwh/ dqg d jryhuqphqw zklfk h{suhvvhv rqo| wkhlu lqwhuhvwv/ zdqw wr ghprfudwl}h dwdooBD �uvw dqvzhu wr wklv txhvwlrq kdv ehhq surylghg e| Dfhprjox dqg Urelqvrq +5333/ 5334 dqg5336, zkr dujxh wkdw wkh holwh pd| wudqvihu wkh srolwlfdo srzhu ru surylgh lqfrph uhglvwulexwlrq wrwkh pdvvhv lq rughu wr suhyhqw vrfldo xquhvw dqg uhyroxwlrqv1 D vlplodu h{sodqdwlrq fdq eh irxqglq Frqoh| dqg Whplpl +5334,1 Ol}}hul dqg Shuvlfr +5337, r�hu d qhz udwlrqdoh e| dujxlqj wkdw dpdmrulw| ri wkh holwh pd| idyru dq h{whqvlrq ri wkh iudqfklvh ghvslwh wkh devhqfh ri d wkuhdw iurpwkh glvhqiudqfklvhg li wklv ohdgv srolwlfldqv wr dgrsw srolflhv zlwk pruh gl�xvh ehqh�wv14Wklv sdshu dwwhpswv wr surylgh d qhz dqvzhu wr wkh ixqgdphqwdo txhvwlrq udlvhg deryh rqwkh udwlrqdoh ehklqg d surfhvv ri wudqvlwlrq iurp dq roljdufklf wr d ghprfudwlf jryhuqphqw1 Lqsduwlfxodu/ zh frqfhqwudwh wkh dwwhqwlrq rq wkh lqwhu0vwdwh plolwdu| frpshwlwlrq/ zklfk kdv uhfhlyhgdwwhqwlrq iurp srolwlfdo vflhqwlvwv dqg klvwruldqv exw qrw iurp hfrqrplvwv1 Zh dqdo|}h wkh uroh wkdwzduiduh dprqj qdwlrqv sod|v lq wkh surfhvvhv ri ghprfudwl}dwlrq dw wkh qdwlrqdo ohyho/ dv zhoo dviru wkh ghyhorsphqw ri wkh Zhoiduh Vwdwh/ zlwk sduwlfxodu uhjdug wr wkh klvwrulfdo h{shulhqfh ri wkhZhvw1Rxu wkhru| ri lqvwlwxwlrqdo fkdqjh uhvwv rq wzr nh| idfwxdo dvvxpswlrqv= iudjphqwdwlrq dqgplolwdu| ulydou| dprqj vwdwhv/ dqg wkh zlghvsuhdg xvh ri d plolwdu| whfkqrorj| edvhg rq pdvv0duplhv1 Zh dujxh wkdw/ xqghu wkhvh frqglwlrqv/ dq roljdufk| frqwuroolqj wkh jryhuqphqw ri d qdwlrqpd| ghflgh ri lwv rzq wr dowhu wkh srolwlfr0hfrqrplf vwdwxv txr e| hpsrzhulqj ru hqulfklqj wkhpdvvhv/ lq rughu wr lqgxfh wkhp wr wdnh vrph frvwo| dfwlrq zklfk lv ehqh�fldo wr wkh holwh lwvhoi/ dqgzklfk zrxog qrw eh xqghuwdnhq rwkhuzlvh1 E| fuhgleo| surplvlqj vrph uhglvwulexwlrq ri lqfrph
4Exrujxljqrq dqg Yhuglhu +5333, suhvhqw d prgho zkhuh lqglylgxdo wxuq0rxw udwhv/ zlwklq d ghprfudwlf uhjlph/ghshqg rq wkh ohyhov ri hgxfdwlrq ri wkh shrsoh1 Wklv lv hqgrjhqrxv dqg whqgv wr lqfuhdvh zlwk hfrqrplf ghyhorsphqw1Wkhluv lv wkxv pruh d prgho ri wkh h{whqvlrq ri srolwlfdo sduwlflsdwlrq zlwklq d jlyhq srolwlfdo uhjlph udwkhu wkdq rqhri srolwlfdo wudqvlwlrqv dfurvv uhjlphv1
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wr wkh pdvvhv/ ru e| frqfhglqj ghprfudf| li qr fuhgleoh surplvhv fdq eh pdgh/ wkh holwh dfwxdoo|lqfuhdvhv wkh odwwhu*v dwwdfkphqw wr wkh frxqwu|/ lq wkdw wkh zhoiduh wkdw wkh pdvvhv hqmr| lqfuhdvhvuhodwlyh wr wkh h{0dqwh vwdwxv txr zlwk qr uhglvwulexwlrq1 Dv d uhvxow/ wkh pdvvhv kdyh srwhqwldoo|pruh wr orvh lq fdvh ri zdu/ dqg duh wkxv zloolqj wr �jkw kdughu wr suhyhqw d plolwdu| ghihdw1 Lq wkhhqg/ wkh uhvxowlqj kljkhu pduwldo h�hfwlyhqhvv ri d pdvv0dup| fdq pruh wkdq frpshqvdwh wkh holwhiru wkh lqfrph orvv gxh wr �vfdo uhglvwulexwlrq1Vfkroduv ri srolwlfdo dqg klvwrulfdo vrflrorj| kdyh uhfrjql}hg wkdw wkh surfhvvhv ri prghuql}dwlrqri Hxurshdq qdwlrqv gr qrw vlpso| wdnh sodfh lq sdudooho exw frqwlqxrxvo| d�hfw hdfk rwkhu gxh wrwkh rqjrlqj dqg xqltxh frpshwlwlrq/ srolwlfdo/ hfrqrplf dqg plolwdu| suhvhqw zlwklq wkh Hxurshdqvwdwh v|vwhp1 Wkh lpsruwdqfh ri wkh lqwhusod| ehwzhhq wkh surfhvv ri ghyhorsphqw ri Hxurshdqfrxqwulhv dqg lqwhuqdwlrqdo uhodwlrqv dqg frq lfwv kdv ehhq �uvw vwuhvvhg lq wkh slrqhhulqj vwxglhvri frpsdudwlyh frqvwlwxwlrqdo klvwru| ri Klqw}h +4<:8,/ dqg odwhu lq wkh zrunv ri Wloo| +4<:8/ 4<<3dqg 4<<6,/ Vnrfsro +4<:<,/ Jlgghqv +4<;:,/ Pdqq +4<<3, dqg Sruwhu +4<<7,15 Pruhryhu/ Vnrfsro+4<<5 dqg 4<<8, dqg Nh|vvdu +5333, dujxh wkdw plolwdu| frq lfwv/ dqg lq sduwlfxodu wkh Flylo Zdu/kdyh ehhq ri sulpdu| lpsruwdqfh iru wkh fuhdwlrq dqg ghyhorsphqw ri d Zhoiduh Vwdwh dv zhoo dviru wkh h{whqvlrq ri wkh yrwlqj uljkw lq wkh X1V1Pruhryhu/ wkh wkhru| ri srolwlfdo ghyhorsphqw kdv uhfrjql}hg wkh lpsruwdqfh ri hqvxulqj d zlghsrsxodu vxssruw dqg ohjlwlpdwlrq wr wkh jryhuqphqw1 Iru lqvwdqfh/ Doprqg dqg Srzhoo +4<99,dujxh wkdw wkh surfhvv ri ghyhorsphqw ri d srolwlfdo v|vwhp lqfoxghv hqvxulqj dq dssursuldwh ohyho
5Vrph vfkroduv lqfoxglqj Dqguhvnl +4<9:, kdyh dujxhg wkdw wkh qhhg wr prwlydwh pdvv duplhv lv d fulwlfdo idfwruehklqg wkh h{whqvlrq ri vrfldo dqg srolwlfdo uljkwv lq yhu| pdq| flylol}dwlrqv dqg klvwrulfdo hudv1 Lqwhuhvwlqj h{dpsohvri qrq0Zhvwhuq frxqwulhv zkrvh holwhv zhuh irufhg wr pdnh vljql�fdqw frqfhvvlrqv wr wkh pdvvhv wr vxvwdlq frqvfulswlrqlqfoxgh dqflhqw Fklqd/ zkhuh vhyhudo vxffhvvixo uhyroxwlrqv wrrn sodfh dovr dv d uhvxow ri wkh plolwdu| wudlqlqj ri wkhshdvdqwv1 Wr wkh frqwudu|/ frxqwulhv vxfk dv Hj|sw diwhu wkh K|nvrv lqydvlrq dw wkh plggoh ri wkh vhfrqg ploohqqlxp/dqflhqw Lqgld/ dqg Mdsdq xqwlo wkh Phmll uhvwrudwlrq glg qrw dgrsw frqvfulswlrq/ dqg zhuh doo fkdudfwhul}hg e| d yhu|vkdus vrfldo vwudwl�fdwlrq1 Lq wklv sdshu/ wkrxjk/ zh lqwhqg wr irfxv vshfl�fdoo| rq wkh surfhvv ri ghprfudwl}dwlrq riwkh Zhvwhuq zruog/ dv wkh prvw vljql�fdqw lqvwdqfh ri h{whqvlrq ri srolwlfdo/ udwkhu wkdq mxvw vrfldo/ flwl}hqvkls hyhurevhuyhg1
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ri or|dow| dqg frpplwphqw wr wkh qdwlrq/ lqfuhdvlqj wkh sduwlflsdwlrq ri ydulrxv jurxsv wr sxeolfghflvlrq pdnlqj/ dqg jxdudqwhhlqj dq dssursuldwh dprxqw ri uhglvwulexwlrq ri lqfrph dqg zhdowk1Dugdqw +4<:8, dujxhv wkdw dw vrph srlqw/ gxulqj wkh surfhvv ri vwdwh0exloglqj/ wkh qhhg ri hqvxulqjwkh or|dow| dqg frpplwphqw ri wkh pdmrulw| ri wkh srsxodwlrq wr wkh qdwlrq ehfrphv d frpshoolqjrqh1 Iurp wkdw srlqw rq/ wkh vwdwh srzhu fdq eh lqfuhdvhg rqo| frqglwlrqdoo| rq d vxevwdqwldolqfuhdvh lq wkh sduwlflsdwlrq lq jryhuqphqwdo d�dluv ri wkh jhqhudo srsxodwlrq16Lq wklv sdshu/ zh lqwhjudwh doo wkhvh dujxphqwv dqg dqdo|}h irupdoo| wkh uroh sod|hg e| lqwhuqd0wlrqdo plolwdu| ulydou| rq wkh surfhvv ri qdwlrqdo srolwlfdo dqg lqvwlwxwlrqdo fkdqjh ri wkh Zhvw lqwkh Frqwhpsrudu| Djh1 Lq sduwlfxodu/ rxu wkhru| vkhgv vrph qhz oljkw rq vxfk idfwv dv wkh mrlqwsurfhvv ri vrfldo dqg plolwdu| prghuql}dwlrq ri Suxvvld gxulqj wkh [L[ fhqwxu|/ wkh h{whqvlrq riiudqfklvh dqg ghyhorsphqw ri wkh Zhoiduh Vwdwh lq wkh X1V1/ dqg wkh vrfldo dqg srolwlfdo uhirupvlpsohphqwhg lq vhyhudo Hxurshdq frxqwulhv gxulqj dqg lq wkh diwhupdwk ri wkh wzr Zruog Zduv1Pruhryhu/ wklv zrun fdq h{sodlq krz wkh devhqfh ri lqwhuqdwlrqdo frq lfwv lq Diulfd dqg OdwlqDphulfd pd| kdyh kdg d qhjdwlyh h�hfwv rq wkh srolwlfdo ghyhorsphqw ri wkh frxqwulhv ri wkhvh wzrfrqwlqhqwv1Ilqdoo|/ qrwlfh wkdw rxu wkhru| surylghv dq h{sodqdwlrq ri wkh surfhvv ri ghprfudwl}dwlrq ri wkhZhvw zklfk lv frpsohphqwdu| wr Dfhprjox dqg Urelqvrq*v rqh1 Lqghhg/ zkhuhdv Dfhprjox dqgUrelqvrq h{sodlq wkh gl�huhqw sdwkv ri lqvwlwxwlrqdo hyroxwlrq revhuyhg dfurvv Hxurshdq frxqwulhv+h1j1 Eulwdlq yhuvxv Suxvvld2Jhupdq|, hvvhqwldoo| lq whupv ri grphvwlf srolwlfv/ irfxvlqj rq wkh
6Wkh uhohydqfh ri lqwhu0vwdwh plolwdu| frpshwlwlrq kdv qrw jrqh xqqrwlfhg dovr wr hfrqrplvwv dqg hfrqrplf klv0wruldqv/ zkr kdyh uhpdunhg lwv lpsruwdqfh iru wkh hfrqrplf ghyhorsphqw ri Hxursh1 Vshfl�fdoo|/ dxwkruv vxfk dvMrqhv +4<;4, dqg Odqghv +4<9<, dprqj wkh rwkhuv/ kdyh dujxhg wkdw rxwvlgh plolwdu| wkuhdwv fdq dfw dv d srzhuixovwlpxoxv rq jryhuqphqwv qrw wr eorfn wkh dgrswlrq ri pruh h!flhqw whfkqrorjlhv/ lq vslwh ri wkh uhvlvwdqfh ri wkrvhvrfldo jurxsv kdylqj yhvwhg lqwhuhvwv lq wkh rshudwlrq ri uhodwlyho| revrohwh rqhv dqg wkhuhiruh d suhihuhqfh iru srolflhvri lqqrydwlrq0eorfnlqj +h1j1 wkh Oxgglwhv,1 Pruh uhfhqwo|/ Nhqqhg| +4<;;, kdv hpskdvl}hg wkh uroh sod|hg e| wkhsrolwlfdo iudjphqwdwlrq w|slfdo ri Hxursh/ dv rssrvhg wr Plqj Fklqd ru wkh Rwwrpdq Hpsluh/ dw wkh hyh ri wkh PrghuqDjh/ lq h{sodlqlqj krz Hxurshdq hfrqrplf dqg plolwdu| iruwxqhv fxoplqdwhg lq wkh dgyhqw ri wkh Hxurshdq zruogohdghuvkls1
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gl�huhqw vwuhqjwk ri wkh zrunhuv* pryhphqw dqg khqfh ri wkh uhyroxwlrqdu| wkuhdw idfhg e| wkhholwh ri gl�huhqw qdwlrqv/ rxu dffrxqw ri lw lv urrwhg lq jhrsrolwlfdo idfwruv1 Wkh uhohydqfh dqgfrpsohphqwdulw| ri erwk wkhrulhv lv lpsolflwo| uhfrjql}hg iru lqvwdqfh e| Jlgghqv +4<;:/ fk1 </s1 567,/ zkr zulwhv wkdw= �Dv vrrq dv wkh xql�fdwlrq ri Jhupdq| rffxuuhg Elvpdufn hvwdeolvkhgxqlyhuvdo pdoh vx�udjh/ dv d uhvsrqvh wr zkdw kh vdz dv wkh plolwdu| h{ljhqflhv ri wkh qhz vwdwh1 Lqfrxqwulhv odfnlqj d sur{lpdwh uhyroxwlrqdu| edfnjurxqg dqg qrw vr gluhfwo| lqyroyhg lq Hxurshdqzdu/ prvw qrwdeo| Eulwdlq/ wkh h{whqvlrq ri iudqfklvh whqghg wr eh kdowlqj1 Rqo| zlwk wkh h{shulhqfhri wkh Iluvw ZruogZdu/ lq zklfk frqvfulswlrq zdv qrw lqwurgxfhg xqwlo wkh duphg irufhv kdg vx�huhgkxjh orvvhv/ zdv xqlyhuvdo pdoh vx�udjh lqvwlwxwhg1 Rqfh pruh/ wklv zdv grqh lq h{solflw uhfrjqlwlrqri wkh wlhv ehwzhhq flwl}hqvkls uljkwv dqg plolwdu| reoljdwlrqv1�Wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 suhvhqwv wkh edvholqh prgho1 Vhfwlrq 6 glvfxvvhvlq sduwlfxodu krz wkh htxloleulxp ghshqgv rq d vwdwlvwlfv ri lqfrph lqhtxdolw|1 Vhfwlrq 7 suhvhqwvvrph klvwrulfdo dqg vwdwlvwlfdo hylghqfh vxssruwlqj rxu fhqwudo dujxphqw1 Vhfwlrq 8 frqfoxghv1
5 Wkh Edvholqh Prgho
Wkh hfrqrp| lv srsxodwhg e| d frqwlqxxp ri phdvxuh rqh ri lq�qlwho| olyhg djhqwv glylghg lq wzrfodvvhv/ ulfk +u, dqg srru +s,/ ru wkh holwh dqg wkh pdvvhv1 Wkh iruphu kdyh d suh0wd{ lqfrph htxdowr |o| dqg wkh odwwhu wr |R| / zlwk |o| A |R| / ; w= Wlph lv glvfuhwh dqg wkh djjuhjdwh +dqg dyhudjh,rxwsxw lv ghqrwhg dv ||1 Wkh lqfrph ri hdfk fodvv dqg wkh phdq lqfrph lv udqgrp/ uh hfwlqj wkhuhdol}dwlrq ri dq +djjuhjdwh, vkrfn uhodwlyh wr wkh plolwdu| iruwxqhv dqg plviruwxqhv ri wkh frxqwu|>wkh vwrfkdvwlf surfhvv ghvfulelqj wkh hyroxwlrq ri lqfrph lv vshfl�hg ehorz1 Zh dvvxph wkh devhqfhri dq| �vrfldo prelolw|�/ zklfk lpsolhv wkdw dq lqglylgxdo ehorqjv wr rqh ri wkh wzr fodvvhv rqo|iruhyhu1Ohw � 5 +3> 4, lqglfdwhv wkh phdvxuh ri wkh vhw ri wkh ulfk dqg +4� �, wkh phdvxuh ri wkh vhw riwkh srru> zh dvvxph wkdw � ? �2 / phdqlqj wkdw wkh +srwhqwldo, phgldq yrwhu lv d srru/ dqg wkdw�vfdo srolf| lq d ghprfudf| uh hfwv wkh suhihuhqfhv ri wkh srru rqo|1 Doo djhqwv duh ulvn0qhxwudo
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dqg ixwxuh zhoiduh lv glvfrxqwhg dw udwh u A 3 htxdo wr wkh pdunhw lqwhuhvw udwh/ vr wkdw lqfrph lvdozd|v hqwluho| frqvxphg dqg wkhuh lv qr dvvhw dffxpxodwlrq1Ilvfdo srolf| lv derxw wkh lqwhu0fodvv uhglvwulexwlrq ri lqfrph1 Lqfrph lv wd{hg dw d sursruwlrqdowd{ � dqg wkh jryhuqphqw uhyhqxhv duh uhglvwulexwhg zlwk d oxps0vxp wudqvihu 
 wr doo djhqwv1 Wkhjryhuqphqw exgjhw lv dozd|v edodqfhg/ vr wkdw 
| +�, @ �||/ dqg wkh srvw0wd{ dqg wudqvihu lqfrphri jurxs l 5 iu> sj lv htxdo wr h|�| +�, @ +4� �, |�| .
| +�, =Zh dovr dvvxph wkh h{lvwhqfh ri dq xsshu erxqg wr wkh wd{ udwh � / zklfk lv frqvwudlqhg wr ehvwulfwo| vpdoohu wkdq rqh1
Dvvxpswlrq 4= � 9 �4@ ? 417
Dw hdfk srlqw lq wlph/ d frxqwu| fdq eh hlwkhu lq shdfh ru lq zdu> wkh fxuuhqw vwdwh ri wkhh{whuqdo uhodwlrqv ri wkh frxqwu| lv ghvfulehg e| d udqgrp yduldeoh �/ zklfk dvvxphv wkh wzr ydoxhvi��> �Rj fruuhvsrqglqj wr zdu dqg shdfh uhvshfwlyho|1 Wkh djjuhjdwh vwdwh � hyroyhv dffruglqj wrwkh iroorzlqj vwrfkdvwlf surfhvv= �| @ �� zlwk suredelolw| t 5 +3> 4, li �|3� @ �R/8 dqg �| @ �R

zlwk suredelolw| rqh li �|3� @ ��1 Lq rwkhu zrugv/ d frxqwu| fdq eh zlwk vrph srvlwlyh suredelolw|dw zdu ru dw shdfh dw wlph w li lw zdv dw shdfh dw w� 4> exw lw fdqqrw eh dw zdu iru wzr shulrgv lqd urz1 Zkhq t lv uhodwlyho| kljk/ wkh frxqwu| lv hqjdjhg lq vrph zdu uhodwlyho| riwhq1 Ylfh yhuvd/d uhodwlyho| orz ydoxh ri t fruuhvsrqgv wr wkh fdvh ri d frxqwu| wkdw idfhv uhodwlyho| uduh rxwvlghwkuhdwv> lq wkh olplw lqvwdqfh ri t @ 3/ wkh frxqwu| lv qhyhu dw zdu1 Qrwlfh dovr wkdw wkh suredelolw|ri zdu lv wdnhq khuh dv sxuho| h{rjhqrxv dqg lqghshqghqw rq wkh srolwlfdo uhjlph ri wkh frxqwu|19
7Wkh lqwurgxfwlrq ri wklv dvvxpswlrq lv pdgh rqo| iru wkh vdnh ri vlpsoli|lqj wkh dqdo|vlv1 Lw zrxog eh vwudljkw0iruzdug wr ghulyh lw dv dq htxloleulxp rxwfrph e| dvvxplqj wkdw wd{dwlrq lqyroyhv vrph glvwruwlrqv wkdw glvvlsdwhsduw ri wkh lqfrph wd{hg1 Iru lqvwdqfh/ rqh frxog dvvxph wkdw li lqfrph lv wd{hg dw wkh  dw udwh � / wkh wrwdo dfwxdojryhuqphqw uhyhqxhv duh C ' d� 3 � E� �o +/ zkhuh � Eu� lv dq lqfuhdvlqj dqg frqyh{ ixqfwlrq ri � 1 Pruhryhu/ wd{dwlrqri lqfrph dw d 433( udwh zrxog ylrodwh d uhdolvwlf lqfhqwlyh0frpsdwlelolw| frqvwudlqw ri wkh ulfk li lqfrph lv wkrxjkwdv oderu lqfrph dqg kljkhu lqfrph lv wkh uhvxow ri kljkhu zrun h�ruw18Fohduo|/ >| ' >R zlwk suredelolw| E�3 ^� li >|3� ' >R19Zh duh devwudfwlqj iurp dq| srvvleoh h�hfw ri wkh suhvhqfh ru devhqfh ri ghprfudf| rq wkh olnholkrrg wkdw dfrxqwu| pd| eh lq zdu1 Lq wkh �qdo sduw ri wkh sdshu/ zh uhwxuq eulh | rq wklv srlqw zkhq glvfxvvlqj wkh srvvleoh

:



Zdu kdv srwhqwldoo| wzr gluhfw h�hfwv/ zklfk duh erwk frqglwlrqdo rq d plolwdu| ghihdw1 Iluvw/zkhqhyhu d plolwdu| ghihdw rffxuv/ wkh holwh kdv wkh rswlrq wr uhvhw wkh srolwlfdo v|vwhp/ dqg lqsduwlfxodu wr +uh0,hvwdeolvk lwv glfwdwruvkls li wkh frxqwu| zdv ghprfudwlf1 Vhfrqg/ d plolwdu| ghihdwd�hfwv lqglylgxdo dqg djjuhjdwh lqfrph ohyhov dv iroorzv1
Dvvxpswlrq 5= Ohw L�| eh dq lqglfdwru ixqfwlrq htxdo wr rqh li �| @ �� dqg wkh frxqwu| orvhvwkh zdu/ dqg }hur li lw zlqv wkh zdu1 Zh dvvxph wkdw=+l, li �|3� @ �R/ ru li �|3� @ �� dqg L�|3� @ 3/ wkhq |�| @ |�/ l 5 iu> sj =+ll, li �|3� @ �� dqg L�|3� @ 4/ wkhq |�| @ %|�/ l 5 iu> sj/ zlwk % 5 ^3> 4, =
Lq zrugv/ li d frxqwu| lv ghihdwhg lq d zdu dw vrph wlph/ wkh lqfrph ri hdfk fodvv idoov iurp|� wr %|� lq wkh iroorzlqj shulrg/ dqg wkhq lw uh0vzlwfkhv edfn wr |�= wkh h�hfw ri orvlqj d zdu lvd whpsrudu| rxwsxw orvv1 Rqh frxog wklqn wkdw sduw ri qdwlrqdo lqfrph jhwv glvuxswhg dv d uhvxowri wkh �jkwlqj/ ru wkdw lw jhwv judeehg e| wkh zlqqhu dv zdu suh|1: Dq lpphgldwh lpsolfdwlrq riDvvxpswlrq 5 lv wkdw wkh djjuhjdwh +dqg dyhudjh, ohyho ri lqfrph lv �|o . +4� �,|R � | lq wlphvfruuhvsrqglqj wr +l,/ dqg �%|o . +4� �,%|R @ %| lq wlphv fruuhvsrqglqj wr +ll,1Zlwkrxw orvv ri jhqhudolw|/ zh dvvxph wkdw doo dqg rqo| wkh srru vhuyh lq wkh dup| zkhq wkhfrxqwu| lv hqjdjhg lq vrph zdu1 Wklv dvvxpswlrq lv pxfk vwurqjhu wkdq qhhghg dv zkdw lv hvvhqwldoiru rxu sxusrvhv lv wkdw wkh dup| lv vx!flhqwo| odujh dqg pdgh0xs e| vx!flhqwo| pdq| srru1 Lqrwkhu zrugv/ zh duh uhdoo| dvvxplqj wkh h{lvwhqfh ri d pdvv0dup| edvhg rq wkh frqvfulswlrq ri dodujh qxpehu ri srru/ qrupdol}hg wr +4� �, iru vlpsolflw|1 Pruhryhu/ wkh srru fdq sxw wzr ohyhovri h�ruw lq wkh plolwdu| vhuylfh gxulqj zdu wlphv= kljk +h @ hM, ru orz +h @ hu,> lq htxloleulxp/doo ri wkhp zloo pdnh wkh vdph ghflvlrq1 Ohw wkh frvw ri wkh plolwdu| h�ruw lq whupv ri xwlolw| +dqglqfrph, eh vxfk wkdw vxfk wkdw F+hu, @ 3 dqg F+hM, @ F A 31 Wkh zdu h�ruw ri wkh srru d�hfwv

h{whqvlrqv ri rxu prgho1:Wkh lpsruwdqw wklqj khuh lv wkdw wkh lqfrph orvv iroorzlqj d plolwdu| ghihdw lv kljkhu wkdq wkh rqh diwhu dylfwru|1 Pruhryhu/ zh frxog kdyh dvvxphg wkdw d plolwdu| ghihdw d�hfwv dv|pphwulfdoo| wkh lqfrph ri wkh wzr fodvvhv/iru h{dpsoh/ e| gdpdjlqj uhodwlyho| pruh wkh ulfk +h1j1 Slnhww|/ 5334,1 Qrqh ri rxu nh| uhvxowv ghshqgv rq wklvdvvxpswlrq krzhyhu1
;



srvlwlyho| wkh suredelolw| S wkdw wkh frxqwu| kdv ri zlqqlqj d zdu/ frqglwlrqdo rq ehlqj lqyroyhglq rqh1 Zh dvvxph iru vlpsolflw| wkdw S +U h @ +4� �,hu, @ 3 dqg S +U h @ +4� �,hM, @ 41Ilqdoo|/ wkh h{shfwhg olihwlph xwlolw| ri d phpehu ri jurxs l 5 iu> sj dw wlph }hur fdq ehuhsuhvhqwhg dv
X �f @ Hf "[
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zkhuh F+ho| , @ 3 iru doo w jlyhq wkdw/ e| dvvxpswlrq/ wkh ulfk gr qrw vhuyh lq wkh dup|1
514 Wkh Holwh0Pdvvhv Jdph
Zh dvvxph wkdw lq wkh vwdwxv txr wkh frxqwu| lv uxohg e| dq roljdufklf jryhuqphqw uhsuhvhqwlqj wkhulfk rqo|/ zklfk uhpdlqv lq r!fh xqwlo wkh ghflvlrq wr ghprfudwl}h wkh srolwlfdo v|vwhp lv hyhqwxdoo|wdnhq e| wkh odwwhu1 Wkh ghflvlrq wr lqwurgxfh ghprfudf| ru wr surplvh vrph �vfdo uhglvwulexwlrqzlwkrxw dq| srolwlfdo fkdqjh lv wdnhq e| wkh holwh zlwk rqh jrdo rqo|= lqgxflqj wkh pdvvhv wr sxw dkljk plolwdu| h�ruw lq zdu wlphv vr wr dyrlg lqfrph orvvhv1 Wklv pd| eh qhfhvvdu| zkhq wkh suh0wd{lqfrph ri wkh srru lv wrr orz uhodwlyho| wr wkh frvw ri zdu h�ruw ehfdxvh lq wklv fdvh wkh pdvvhvkdyh qrw hqrxjk lqwhuhvwv dw vwdnh gxulqj wlphv ri krvwlolwlhv/ dqg wkhuhiruh pd| qrw zdqw wr ehduwkh exughq ri wkh ghihqfh ri wkh frxqwu|1 Uhglvwulexwlqj lqfrph/ ru srolwlfdo srzhu/ lv wkhq d zd|wkdw wkh holwh kdv wr lqfuhdvh wkh �qdwlrqdolvp� ri wkh pdvvhv/ qdpho| wkhlu hdjhuqhvv wr �jkw kdugwr ghihqg wkh frxqwu|/ dqg wkhuhiruh wkh lqwhuhvwv ri wkh holwh lwvhoi1 Lw lv qrz fohdu wkh lpsruwdqfhri dvvxplqj wkh h{lvwhqfh ri d pdvv0dup|1 Ghprfudf| ru lqfrph uhglvwulexwlrq lv qhhghg vlqfh lwvhuyhv wkh sxusrvh ri prwlydwlqj d odujh qxpehu ri srru1 Li wkh dup| zdv vpdoo dqg surihvvlrqdo/ lwzrxog qrw eh qhfhvvdu| wr wudqvirup srolwlfdo lqvwlwxwlrqv lq rughu wr frqylqfh lw wr �jkw surshuo|1Lq rwkhu zrugv/ rqh ri wkh idfwruv wkdw gulyh ghprfudwl}dwlrq surfhvvhv lq rxu prgho lv wkh xvh ri dplolwdu| whfkqrorj| edvhg rq pdvv0duplhv dqg frqvfulswlrq zklfk zdv dgrswhg lq prvw Hxurshdqfrxqwulhv/ dqg hovhzkhuh/ wkurxjk wkh 4<|� dqg 53|� fhqwxu|1Rxu edvlf dujxphqw e|sdvvhv wkh iuhh0ulghu sureohp srwhqwldoo| dulvlqj khuh/ mxvw dv lq prvwfroohfwlyh dfwlrqv lqvwdqfhv1 Hyhq li �jkwlqj kdug fdq eh dgydqwdjhrxv iru wkh srru dv d fodvv lq
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suhvhqfh ri d vx!flhqwo| jhqhurxv uhglvwulexwlrq ri lqfrph/ zk| zrxog dq| sduwlfxodu srru zdqwwr gr vr dw vrph frvw udwkhu wkhq iuhh0ulgh klv ru khu shhuvB Zh ljqruh wklv sureohp e| dvvxplqjwkh h{lvwhqfh ri vrph frruglqdwlrq phfkdqlvp ru lqvwlwxwlrq +h1j1 d srolwlfdo sduw|, zklfk lqgxfhvhdfk srru wr gr zkdw lv dfwxdoo| ehvw iru klv ru khu fodvv dv d zkroh1 Dqrwkhu vroxwlrq lv edvhg rqwkh dvvxpswlrq wkdw hdfk srru fdq frqwuro vrph rwkhu srru dqg lqgxfh d sxqlvkphqw li kh grhvqrw ehkdyh lq wkh fodvv lqwhuhvw1 Lq wklv zd|/ wkh holwh0pdvvhv jdph dfwxdoo| uhgxfhv wr wkh vwudwhjlflqwhudfwlrq ehwzhhq wkh uhsuhvhqwdwlyh phpehu ri hdfk ri wkh wzr fodvvhv1Ohw V| 5 iG>Uj lqglfdwh wkh vwdwh ri wkh srolwlfdo v|vwhp dw wlph w= li wkh frxqwu| lv ghprfudwlf/V| @ G/ zkloh V| @ U li wkh frxqwu| lv qrq ghprfudwlf1 Iroorzlqj Dfhprjox dqg Urelqvrq +5333,/zh dvvxph wkdw dw dq| srlqw lq wlph w vxfk wkdw V| @ U/ wkh ulfk fdq ghflgh hlwkhu wr ghprfudwl}h/dqg wkhuhiruh wr wudqvihu doo wkh srolwlfdo srzhu wr wkh srru/ ru qrw wr ghprfudwl}h/ dqg hyhqwxdoo|judqw vrph �vfdo wudqvihuv wr wkh srru/ zkloh uhwdlqlqj doo srzhu iru wkhpvhoyhv1 Vlqfh �vfdo srolf|lv ghflghg e| sxuh pdmrulw| yrwlqj xqghu ghprfudf| dqg jlyhq wkdw wkh srru duh wkh pdmrulw|/ lwiroorzv wkdw wkh ghprfudwlf �vfdo srolf| zloo uh hfw wkh suhihuhqfhv ri wkh srru rqo|1 Dv wkh srrukdyh lqfrph ehorz dyhudjh dqg wd{dwlrq hqwdlov qr glvwruwlrqv/ wkh wd{ udwh vhw lq d ghprfudwlfsrolwlfdo htxloleulxp lv htxdo wr �R| @ �4@ / ; w/ vxfk wkdw V| @ G/ qdpho| wkh pd{lpxp srvvleohohyho ri � / zklfk lv wkh rqh pd{lpl}lqj wkh srvw0wd{ dqg wudqvihu lqfrph ri wkh srru1Li wkh holwh grhv qrw zlvk wr judqw ghprfudf| wr wkh pdvvhv/ lw pd| vwloo phhw wkhlu lqfhqwlyh0frpsdwlelolw| frqvwudlqw e| surplvlqj dq dssursuldwh lqwhuwhpsrudo lqfrph wudqvihu vfkhph1Vxppdul}lqj wkh vwuxfwxuh ri wkh jdph/ dw hdfk srlqw lq wlph/ hyhqwv wdnh sodfh lq wkh iroorzlqjvhtxhqfh141 Wkh uhdol}dwlrq ri � lv uhyhdohg= wkh frxqwu| lv hlwkhu lq zdu ru shdfh151 Li wkh frxqwu| lv qrw ghprfudwlf/ wkh ulfk ghflgh zkhwkhu ru qrw wr ghprfudwl}h/ dqg li qrwwkh ydoxh ri wkh wd{ � dqg ri wkh uhodwhg vxevlg|1 Li wkh frxqwu| lv ghprfudwlf/ wkh srru ghflgh�vfdo srolf| dqg lpsohphqw lw161 Lq fdvh ri frq lfw/ wkh srru ghflgh wkhlu ohyho ri zdu h�ruw diwhu uhglvwulexwlrq kdv ehhqrshudwhg1
43



71 Wkh rxwfrph ri wkh frq lfw/ li rqh wrrn sodfh/ lv uhyhdohg= wkh frxqwu| hlwkhu zlqv ru orvhvwkh zdu181 Li wkh zdu lv orvw/ wkh ulfk kdyh wkh rswlrq wr +uh0,hvwdeolvk wkhlu glfwdwruvkls1
515 Fkdudfwhul}dwlrq ri wkh Htxloleulxp
Wr fkdudfwhul}h wkh srolwlfr0hfrqrplf htxloleulxp ri wklv jdph/ zh vwduw e| euhdnlqj grzq wkhh{suhvvlrq ri wkh suhvhqw glvfrxqwhg ydoxh ri wkh olihwlph xwlolw| ri wkh wzr sod|huv lqwr d v|vwhp riuhfxuvlyh htxdwlrqv vdwlv�hg e| wkh uhvshfwlyh Ehoopdq ydoxhv lq wkh gl�huhqw srvvleoh vwdwhv ri wkhzruog1Ohw L0| eh dq lqglfdwru ixqfwlrq htxdo wr 4 li �|3� @ �R/ ru �|3� @ �� dqg L�|3� @ 3/ dqg htxdowr % li �|3� @ �� dqg L�|3� @ 41; Y o +�R> � |> L0| > V|, lqglfdwhv wkh Ehoopdq ydoxh ri ehlqj ulfk +u,zkhq wkh frxqwu| lv lq shdfh/ lqfrph lv wd{hg dw udwh � | 5 ^3> �4@ `/ wkh lqglfdwru ixqfwlrq wdnh wkhydoxh L0| / xqghu wkh srolwlfdo v|vwhp V|1 Y o +��> � |> L0| > V|, fruuhvsrqgv wr wkh fdvh zkhuh wkh frxqwu|lv lq zdu1 E| vwdqgdug dujxphqwv/ wkh Ehoopdq ydoxhv ri wkh ulfk vdwlvi| wkh iroorzlqj v|vwhp riixqfwlrqdo htxdwlrqv=

Y o +�R> � |> L0| > V|, @ L0| h|o +� |, . tY o +��> � |n�> 4> V|n�, . +4� t,Y o +�R> � |n�> 4> V|n�,4 . u
dqg

Y o +��> � |> 4> V|, @ h|o +� |, . SY o +�R> � |n�> 4> V|n�, . +4� S ,Y o +�R> � |n�> %> V|n�,4 . u =
Lq eulhi/ e| d vlpsoh uhfxuvlrq/ wkh ydoxh ri ehlqj ulfk zkhq wkh frxqwu| lv lq shdfh lv htxdowr wkh srvw0wd{ lqfrph ri wkh ulfk/ soxv wkh h{shfwhg suhvhqw glvfrxqwhg ydoxh ri ehlqj ulfk qh{wshulrg1 Wkh �uvw frpsrqhqw lv htxdo wr hlwkhu %h|o +� |, ru h|o +� |,/ ghshqglqj rq zkhwkhu wkh frxqwu|

;Lq rwkhu zrugv/ wklv lqglfdwru ixqfwlrq lv htxdo wr � lq | li wkh frxqwu| zdv lq shdfh dw |3 � ru lw zdv lq zdu dqgzrq lw1 U0| wdnhv wkh ydoxh 0 li wkh frxqwu| orvw d zdu lq |3 �1
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kdv vx�huhg ru qrw d plolwdu| ghihdw lq wkh suhylrxv shulrg1 Wkh vhfrqg frpsrqhqw lv wdnhq ryhu wkhsuredelolw| glvwulexwlrq ri ehlqj lq zdu dqg lq shdfh uhvshfwlyho| dw w.4 +frqglwlrqdo rq �| @ �R,zklfk kdv wkh vxssruw it> 4� tj> qrwlfh wkdw L0|n� @ 4 lq hlwkhu fdvh vlqfh �| @ �R 1 Vlploduo|/ iurpwkh vhfrqg htxdwlrq zh revhuyh wkdw wkh ydoxh ri ehlqj ulfk lq zdu wlphv lv htxdo wr wkh suh0wd{lqfrph h|o +� |,/ dv e| dvvxpswlrq d frxqwu| fdqqrw eh dw zdu iru wzr shulrgv lq d urz/ soxv wkhh{shfwhg suhvhqw glvfrxqwhg ydoxh ri ehlqj ulfk qh{w shulrg1 Wklv lv wdnhq ryhu wkh +hqgrjhqrxv,suredelolw| glvwulexwlrq ri zdu ylfwru| dqg orvv/ ghshqglqj rq wkh h�ruw ri wkh pdvvhv/ zlwk vxssruwiS> 4� Sj1<Vlploduo|/ Y R +�R> � |> L0| > V|, lqglfdwhv wkh Ehoopdq ydoxh ri ehlqj srru +s, zkhq wkh frxqwu| lvlq shdfh/ lqfrph lv wd{hg dw udwh � |/ wkh lqglfdwru ixqfwlrq lv L0| / xqghu wkh srolwlfdo v|vwhp V|1Y R +��> � |> L0| > V| mh @ h5 , fruuhvsrqgv wr wkh fdvh zkhuh wkhuh lv d zdu dqg wkh srru h{huw d zduh�ruw htxdo wr } 5 iK>Oj1 Wkhvh Ehoopdq ydoxhv duh vxfk wkdw wkh iroorzlqj ixqfwlrqdo htxdwlrqvduh vdwlv�hg vlpxowdqhrxvo|
Y R +�R> � |> L0| > V|, @ L0| h|R+� |, . tY R +��> � |n�> 4> V|n�, . +4� t,Y R +�R> � |n�> 4> V|n�,4 . u

dqg
Y R +��> � |> 4> V|, @ pd{e|MteuceM� h|R +� |,�F +h|, . SY R +�R> � |n�> 4> V|n�, . +4� S ,Y R +�R> � |n�> %> V|n�,4 . u =

Wkh �uvw htxdwlrq vwdwhv wkdw wkh ydoxh ri srru djhqwv zkhq wkh frxqwu| lv lq shdfh lv htxdo wrwkhlu srvw0wd{ dqg wudqvihu lqfrph/ h|R +� |, ru %h|R +� |,/ soxv wkh h{shfwhg suhvhqw glvfrxqwhg ydoxhri ehlqj srru qh{w shulrg/ wdnhq zlwk uhvshfw wr wkh +frqglwlrqdo, suredelolw| ri zdu dqg shdfh1Qrwlfh wkdw L0|n� @ 4 lq hlwkhu fdvh vlqfh �| @ �R1 Wkh vhfrqg htxdwlrq vkrzv wkdw wkh ydoxh riehlqj srru lq zdu wlphv lv htxdo wr wkh srvw0wd{ lqfrph h|R +� |,/ plqxv wkh frvw ri wkh rswlpdoo| vhw
<Zh uhplqg wkdw U0|n� ' � lq fdvh ri plolwdu| ylfwru| dqg wkdw U0|n� ' 0 lq fdvh ri ghihdw1
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zdu h�ruw/ soxv wkh h{shfwhg suhvhqw glvfrxqwhg ydoxh ri ehlqj srru qh{w wlph/ zklfk lv wdnhq ryhuwkh suredelolw| glvwulexwlrq ri zdu ylfwru|1 Lq fdvh ri ylfwru| L0|n� @ 4 dqg lq fdvh ri orvv L0|n� @ %1Dv zh nqrz/ wkh rqo| udwlrqdoh iru uhglvwulexwlrq dqg uhjlph wudqvlwlrqv lq wklv prgho lv wrlqgxfh wkh srru wr sxw d kljk h�ruw gxulqj zdu wlphv1 E| yluwxh ri wkh iroorzlqj dvvxpswlrq/ drqh0shulrg uhglvwulexwlrq dw wkh pd{lpxp srvvleoh wd{ udwh lv qrw vx!flhqw wr phhw wkh lqfhqwlyh0frpsdwlelolw| frqvwudlqw ri wkh srru1
Dvvxpswlrq 6= F A �4@ +| � |R, . E�30�+R�no � F4�?1
Wklv lqhtxdolw| vwdwhv wkdw wkh +shu0shulrg, frvw ri kljk zdu h�ruw F lv juhdwhu wkdq wkh pd{0lpxp srvvleoh jdlq iurp h{huwlqj lw/ zklfk lv wkh vxp ri wkh jdlq iurp rqh shulrg uhglvwulexwlrq+dw wkh pd{lpxp wd{ udwh, dqg wkh glvfrxqwhg srwhqwldo lqfrph orvv dyrlghg lq fdvh ri plolwdu|ylfwru|143 Wklv dvvxpswlrq lpsolhv wkh holwh pxvw qhfhvvdulo| surplvh wr wkh srru dq lqwhuwhpsrudouhglvwulexwlrq vfkhph1 Wklv vfkhph pxvw dovr eh fuhgleoh dv orqj dv wkh ulfk pdlqwdlq wkh frqwurori wkh srolwlfdo v|vwhp ehfdxvh lq wklv fdvh wkh| fdq dozd|v ghyldwh iurp dq| uhglvwulexwlrq surplvhpdgh wr wkh srru1Vxppdul}lqj/ zkhqhyhu wkh ulfk kdyh frqwuro ri wkh jryhuqphqw/ wkh| fdq lpsohphqw hlwkhu rqhri wkh iroorzlqj wkuhh vwudwhjlhv= +l, judqwlqj wr wkh srru vrph lqfrph uhglvwulexwlrq +wkh �ZhoiduhVwdwh�, zkloh uhwdlqlqj doo srolwlfdo srzhu> +ll, ghprfudwl}lqj wkh srolwlfdo v|vwhp> +lll, judqwlqj qruhglvwulexwlrq dqg uhwdlqlqj wkh frqwuro ri wkh srolwlfdo v|vwhp1 Lq wkh �uvw wzr lqvwdqfhv/ wkh ulfkwu| wr lqgxfh wkh srru wr sxw kljk h�ruw lq zdu wlphv dqg frqfhgh wkhp vrph irup ri uhglvwulexwlrqzlwk wklv jrdo/ zkloh lq wkh wklug rqh wkh| gr qrw wu| wr gr vr/ dqg wkhuhiruh gr qrw doorz iru dq|lqfrph uhglvwulexwlrq1 Ohw xv surfhhg e| h{dplqlqj hdfk ri wklv wkuhh fdvhv1
Fdvh 41 Zhoiduh Vwdwh exw qr Ghprfudf|1

43Wkh odwwhu pxvw eh glvfrxqwhg vlqfh/ e| dvvxpswlrq/ d plolwdu| ghihdw fdxvhv dq lqfrph orvv rqh shulrg diwhu wkhzdu lv irxjkw1
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Zh irfxv rq wuljjhu0vwudwhjlhv htxloleuld/ xqghu wkh dvvxpswlrq wkdw wkh srru uhyhuw wr wkhh{shfwdwlrq ri qr uhglvwulexwlrq +� o @ 3, iruhyhu li/ dqg dv vrrq dv/ wkh ulfk gr ghyldwh iurp wkhsurplvhg uhglvwulexwlrq sdwk1 Zlwk qr vxevwdqwldo orvv ri jhqhudolw|/ zh frqfhqwudwh wkh dqdo|vlvrq htxloleuld zkhuh wkh wlph0sdwk ri wd{dwlrq sursrvhg e| wkh holwh wr wkh pdvvhv lv frqvwudlqhgwr eh vrph frqvwdqw b� 1 Khqfh/ HR| �� o|nr� @ b� > ;v A 3 li � o|3� @ b� / dqg HR| �� o|nr� @ 3/ ;v A 3 li� o|3� 9@ b� / zkhuh HR| +�, lqglfdwhv wkh h{shfwhg ydoxh rshudwru ri wkh srru dw wlph w rq wkh wd{ udwh� o fkrvhq e| wkh ulfk1 Vlploduo|/ zh dvvxph wkdw wkh ulfk uhyhuw wr wkh h{shfwdwlrq wkdw wkh srrusxw orz zdu h�ruw iruhyhu/ zkhq lqfrph lv uhglvwulexwhg dw udwh b� li/ dqg dv vrrq dv/ wkh srru grvr rqfh1 Wkhuhiruh/ Ho| �h5|nr� @ hM / ;v A 3 li hA E|� @ hM / zkhuh W +w, � pd{ ix 5 ^3> w, = �� @ ��j/dqg Ho| �h5|nr� @ hu/ ;v A 3 li hA E|� @ hu/ zkhuh Ho| +�, lv wkh h{shfwhg ydoxh rshudwru ri wkh ulfk dwwlph w rq wkh zdu h�ruw h h{huwhg e| wkh srru1Zh qrz surfhhg wr fkdudfwhul}h wklv wuljjhu0vwudwhjlhv htxloleulxp ri wkh holwh0pdvvhv jdphdvvxplqj/ iru wkh wlph ehlqj/ wkdw rqh h{lvwv1 Vlqfh wklv pxvw eh d Qdvk htxloleulxp/ qr sur�wdeohghyldwlrqv durxqg lw e| hlwkhu sod|hu pxvw h{lvw1 Zlwk wklv lq plqg/ zh �uvw ghulyh wkh lqfhqwlyh0frpsdwlelolw| frqvwudlqw ri wkh srru/ zklfk lv ri frxuvh srwhqwldoo| elqglqj lq zdu wlphv rqo|1 Uhfdoowkdw/ lq wlphv ri krvwlolwlhv/ wkh srru ghflgh wkhlu zdu h�ruw diwhu wkh �vfdo srolf| ghflvlrq ri wkhjryhuqphqw kdv ehhq wdnhq/ zklfk phdqv wkdw wkh| fdq �fkhdw� rq wkh ulfk +ehqh�w ri uhglvwulexwlrqzlwkrxw sxwwlqj kljk h�ruw, dw wkh prvw rqfh1 Wklv lpsolhv wkdw wkh frqvwdqw wd{ udwh �M wkdw pxvweh surplvhg wr wkh srru iruhyhu lq rughu wr lqgxfh wkhp wr sxw wkh kljk ohyho ri h�ruw ohyho +h @ hM,lq zdu wlphv pxvw eh vxfk wr ohw wkh Ehoopdq ydoxh ri ehlqj srru dqg sxwwlqj d kljk h�ruw lq hyhu|+lqfoxglqj wkh suhvhqw, zdu shulrg/ jlyhq wkdw lqfrph lv shupdqhqwo| wd{hg dqg uhglvwulexwhg dwudwh �M / eh juhdwhu ru htxdo wr wkh srvw0wd{ dqg wudqvihu lqfrph ri wkh srru/ h|R ��M�/ soxv wkhglvfrxqwhg Ehoopdq ydoxh ri ehlqj srru lq shdfh wlphv/ zkhq qr uhglvwulexwlrq lv hyhu judqwhg dqgqr zdu h�ruw lv hyhu h{huflvhg1 Irupdoo|/ �M vdwlv�hv wkh iroorzlqj zhdn lqhtxdolw|
Y R ���> �M > 4> U ��h @ hM � A h|R+�M, . Y R ��R> 3> %> U ��h @ hu �4 . u +4,
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wkdw fdq eh uhzulwwhq dv44

Y R ���> �M > 4> U ��h @ hM � A Y R ���> 3> 4> U ��h @ hu �. �M +| � |R, = +5,
Fodlp 41 Wkh plqlpxp frqvwdqw wd{ udwh +b� @ plq �M, wkdw pxvw eh surplvhg wr wkh srru lqrughu wr lqgxfh wkhp wr sxw d kljk ohyho ri h�ruw lv45

b� @ +u . t, ^+4 . u,F � +4� %, |R`+4 . u . t, +| � |R, = +6,
Surri= vhh Dsshqgl{1�
Lw lv fohdu wkdw wkhuh fdq qrw eh dq htxloleulxp zlwk uhglvwulexwlrq ru uhjlph fkdqjh iru doosdudphwhu ydoxhv vxfk wkdw wkh plqlpxp frqvwdqw wd{ udwh b� uhtxluhg e| wkh srru wr h{huw kljkh�ruw lv kljkhu wkh pd{lpxp ohyho �4@ 1 Wkhuhiruh/ zh frqfhqwudwh wkh dwwhqwlrq wr wkh fdvh zkhuhwkh sdudphwhuv duh vxfk wkdw b� 9 �4@ 1Iurp Dvvxpswlrq 6/ lw lv lpphgldwh wr yhuli| wkdw b� lv dozd|v srvlwlyh1 Pruhryhu/ qrwlfh wkdw b�lv dq lqfuhdvlqj ixqfwlrq ri t1 Lqwxlwlyho|/ li zdu ehfrphv pruh iuhtxhqw/ wkh srru duh fdoohg wr �jkwpruh riwhq dqg/ wkhuhiruh/ pruh uhglvwulexwlrq pxvw eh jlyhq wr wkh pdvvhv lq rughu wr frpshqvdwhwkhp iru kdylqj wr �jkw kdug pruh iuhtxhqwo|1 Iru d vlplodu uhdvrq/ b� lv srvlwlyho| uhodwhg wr wkhfrvw ri zdu h�ruw F1 Wkh iudfwlrq % ri lqfrph qrw orvw lq fdvh ri plolwdu| ghihdw srvlwlyho| d�hfwvwkh plqlpxp wd{ udwh uhtxluhg e| wkh srru= wkh orzhu lv wkhlu lqfrph orvv gxh wr d zdu ghihdw dqgwkh orzhu wkhlu uhwxuq dqg lqfhqwlyh wr �jkw kdug1
Zh qrz frqwlqxh wkh dqdo|vlv e| frpsxwlqj wkh wd{ udwhv wkdw wkh ulfk duh zloolqj wr ehdu vrwr lqgxfh wkh srru wr h{huw kljk h�ruw lq zdu wlphv1 Wkhvh wd{ udwhv duh gl�huhqw lq zdu dqg shdfhwlphv dqg zh qrz ghwhuplqh wkhlu ydoxh1

44Zh duh xvlqj wkh idfw wkdw h+R E�� ' +R n �M E+ 3 +R� dqg T R �>�c fc �c - ��e ' eu � ' +R n T sE>scfc0c-�e'eO ��no 145Qrwlfh wkdw b� lv wkh plqlpxp ohyho ri �M dqg/ wkhuhiruh/ htxdwlrqv +4, dqg +5, krog zlwk htxdolw| vljq zkhq zhfrqvlghu �M ' b� zkloh wkh| krog zlwk vwulfw lqhtxdolw| li �M : b� 1
48



Wkh pd{lpxp frqvwdqw wd{ udwh � o� wkdw wkh ulfk duh zloolqj wr ehdu lq zdu wlphv +frqglwlrqdoo|rq uhwdlqlqj wkh frqwuro ri wkh srolwlfdo v|vwhp, htxdwhv wkh Ehoopdq ydoxh ri ehlqj ulfk zkhq lqfrphlv shupdqhqwo| wd{hg dqg uhglvwulexwhg dw udwh � o� dqg wkh srru dozd|v sxw kljk zdu h�ruw/ wr wkhfruuhvsrqglqj Ehoopdq ydoxh rewdlqlqj zkhq lqfrph lv qhyhu uhglvwulexwhg dqg wkh srru fkrrvh dorz zdu h�ruw1 Irupdoo|/ � o� lv lpsolflwo| gh�qhg e| wkh iroorzlqj htxdwlrq
Y o ���> � o�> 4> U ��h @ hM � @ Y o ���> 3> 4> U ��h @ hu � = +7,

Fodlp 5= Wkh pd{lpxp frqvwdqw wd{ udwh wkdw wkh ulfk duh zloolqj wr dffhsw lq zdu wlphvfrqglwlrqdo rq wkh srru sxwwlqj d kljk h�ruw lq plolwdu| vhuylfh lv jlyhq e|
� o� @ plq� +u . t, +4� %, |o+4 . u, +4 . u . t, +|o � |, > 4� = +8,

Surri= vhh Dsshqgl{1�
Wkh pd{lpxp frqvwdqw wd{ udwh � oR wkdw wkh ulfk duh zloolqj wr dffhsw lq shdfh wlphv +frqgl0wlrqdoo| rq uhwdlqlqj wkh srolwlfdo srzhu, htxdwhv wkh Ehoopdq ydoxh ri ehlqj ulfk zkhq lqfrph lvshupdqhqwo| wd{hg dqg uhglvwulexwhg dw udwh � oR dqg wkh srru dozd|v sxw kljk h�ruw lq zduv/ wr wkhfruuhvsrqglqj Ehoopdq ydoxh rewdlqlqj zkhq qr lqfrph lv hyhu uhglvwulexwhg dqg wkh srru dozd|vfkrrvh wr sxw d orz ohyho ri h�ruw lq zduv1 Irupdoo|/ � oR lv gh�qhg e| wkh iroorzlqj h{suhvvlrq

Y o ��R> � oR> 4> U ��h @ hM � @ Y o ��R> 3> 4> U ��h @ hu � = +9,
Fodlp 6= Wkh pd{lpxp frqvwdqw wd{ udwh wkdw wkh ulfk duh zloolqj wr ehdu lq zdu wlphv wrlqgxfh wkh srru wr sxw d kljk zdu h�ruw lv

� oR @ plq� t+4� %,|o+4 . u,+4 . u . t,+|o � |, > 4� = +:,
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Surri= vhh Dsshqgl{1�
Wkh uhodwlrqvkls ehwzhhq wkh wd{ udwhv gh�qhg e| +8, dqg +:, lv vwudljkwiruzdug1
Uhpdun 4= � oR lv dozd|v orzhu wkdq � o�1
Lq rwkhu zrugv/ wkh ulfk duh dozd|v zloolqj wr frqfhgh pruh uhglvwulexwlrq wr wkh srru lq zduwkdq lq shdfh wlph lq rughu wr holflw d kljk h�ruw iurp wkhp1 Wklv lv yhu| lqwxlwlyh= lq shdfh wlphvzdu orrnv dv d uhodwlyho| ohvv lpsruwdqw wkuhdw ehfdxvh lw zloo wdnh sodfh vrphwlph lq wkh ixwxuh dqgixwxuh zhoiduh lv glvfrxqwhg dw vrph vwulfwo| srvlwlyh udwh u146 Wkhuhiruh/ wkh ulfk duh ohvv zloolqjwr sd| iru wkh zdu h�ruw ri wkh srru zkhq wkh frxqwu| lv qrw suhvhqwo| hqjdjhg lq d zdu1Wkh vfkhgxohv � oR+t, dqg � o�+t, duh erwk lqfuhdvlqj ixqfwlrqv ri t1 Wkh kljkhu wkh suredelolw|ri zdu dqg wkh kljkhu wkh wd{ udwh wkdw wkh ulfk duh zloolqj dffhsw lq rughu +erwk lq shulrg ri shdfhdqg ri zdu, wr lqgxfh wkh srru wr sxw d kljk zdu h�ruw vr wr dyrlg iuhtxhqw lqfrph orvvhv1Zh qrz vkrz wkdw wkh h{lvwhqfh ri dq htxloleulxp zlwk uhglvwulexwlrq +dqg qr ghprfudf|,lq wuljjhu0vwudwhjlhv ghshqgv rq wkh suredelolw| ri zdu t1 Li zdu lv uhodwlyho| iuhtxhqw/ wkdw lv li th{fhhgv d wkuhvkrog tW/ wkhq wkh ulfk zloo judqw d fhuwdlq dprxqw ri lqfrph uhglvwulexwlrq ghwhuplqhge| wkh wd{ udwh b� +t, iruhyhu1 Li t ? tW/ wkhq dq htxloleulxp zlwk uhglvwulexwlrq zlwkrxw wkh wudqvihuri srolwlfdo srzhu wr wkh pdvvhv lv qrw vxvwdlqdeoh lq wuljjhu vwudwhjlhv1
Uhvxow 4= Li wkh htxdwlrq � oR+t, @ b� +t, kdv d vroxwlrq tW 5 ^3> 4`/ wkhq wkh holwh0pdvvhv jdphkdv d wuljjhu0vwudwhjlhv htxloleulxp zkhqhyhu t 5 ^tW> 4`1 Wklv htxloleulxp lv vxfk wkdw=+l, wkh ulfk dozd|v uhwdlq wkh frqwuro ri wkh srolwlfdo v|vwhp>+ll, lqfrph lv shupdqhqwo| uhglvwulexwhg dw udwh � | @ 3> ;w ? W dqg � | @ b� dv gh�qhg e| +6,/;w A W / zkhuh W � lqi iw 5 C= �| @ ��j>+lll, wkh pdvvhv dozd|v sxw kljk h�ruw lq zdu wlphv1

46 Lqghhg/ lw lv dovr lpphgldwh wr yhuli| wkdw olpo<f�o� 'olpo<f�oR1 Lq rwkhu zrugv/ wkh pd{lpxp zloolqjqhvv wrsd| ri wkh ulfk iru wkh zdu h�ruw ri wkh srru lv vwdwh0lqghshqghqw li ixwxuh zhoiduh lv qrw glvfrxqwhg1
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Wkh iroorzlqj frqglwlrq rq wkh frvw ri kljk h�ruw lq zdu jxdudqwhhv wkh h{lvwhqfh ri tW

F 9 +4� %, +| � |R, |o . +4 . u,2 +|o � |, |R+4 . u,� +|o � |, � FW +;,
dqg wkh ydoxh ri vxfk wkuhvkrog lv

tW @ u +4 . u, +|o � |, ^+4 . u,F � +4� %, |R`+4� %, +| � |R, |o � +4 . u, +|o � |, ^+4 . u,F � +4� %, |R` = +<,
Li +;, lv qrw vdwlv�hg/ l1h1 F A FW/ b� +t, A � oR+t, iru doo t 5 ^3> 4` dqg/ wkhuhiruh/ wkhuh zrxog qrweh dq htxloleulxp zlwk uhglvwulexwlrq zlwkrxw wudqvihu ri srolwlfdo srzhu1Surri= Revhuyh �uvw wkdw zkhqhyhu b� +t, 9 � oR+t, wkh ulfk duh dydlodeoh wr dffhsw d frqvwdqwwd{ udwh wr uhglvwulexwh lqfrph +vr wr lqgxfh wkh srru wr sxw dozd|v d kljk h�ruw lq zdu, kljkhuwkdq wkh wd{ udwh uhtxluhg e| wkh srru1 Jlyhq wkdw � oR+t, lv dozd|v orzhu wkdq � o�+t,/ wkh surplvhri wkh ulfk wr wd{ lqfrph dw b� +t, lv fuhgleoh lqghshqghqwo| rq wkh vwdwh ri wkh zruog +l1h1 wkdw zhduh fxuuhqwo| lq zdu ru shdfh wlph,1 Dvvxph qrz wkdw � oR+t, ? b� +t, 9 � o�+t,1 Lq wklv fdvh wkh ulfkzrxog �qg frqyhqlhqw wr surplvh wr wkh srru wr uhglvwulexwh lqfrph dw wkh wd{ udwh b� +t, gxulqj zduwlphv lq rughu wr lqgxfh wkhp wr h{huw d kljk h�ruw1 Krzhyhu/ dv vrrq dv shdfh wlphv frph +l1h1 �vzlwfkhv iurp �� wr �R, wkh ulfk �qg rswlpdo qrw wr ixo�o wkhlu surplvh wr uhglvwulexwh lqfrph dwb� +t, dqg zloo vhw d }hur wd{ udwh1 Jlyhq wkdw wklv surplvh lv qrw wlph0frqvlvwhqw/ dq htxloleulxp zlwkuhglvwulexwlrq lv qrw vxvwdlqdeoh lq wklv fdvh1 Wkhuhiruh/ hyhq gxulqj zdu shulrgv wkh pd{lpxp wd{udwh dw zklfk wkh ulfk fdq fuhgleo| surplvh wr uhglvwulexwh lqfrph lv jlyhq e| wkh vfkhgxoh � oR+t,1Li +;, lv vdwlv�hg/ wkhq wkhuh h{lvwv d xqltxh ydoxh ri tW 5 ^3> 4` vxfk wkdw � oR+tW, @ b� +tW, dqg wklvwkuhvkrog lv gh�qhg e| +<,1 Lq wklv fdvh/ � oR+t, A b� +t, iru doo t 5 +tW> 4`/ zkloh � oR+t, ? b� +t, zkhqt 5 ^3> tW,1 Lqghhg/ iurp +:, zh nqrz wkdw � oR+t @ 3, @ 3 dqg iurp +6, wkdw b� +t @ 3, A 3/ zklfkphdqv wkdw � oR+t, ? b� +t, zkhq t ? tW1 Li lqhtxdolw| +;, krogv/ wkhq � oR+t @ 4, A b� +t @ 4, dqg wklvsuryhv wkdw tW h{lvwv dqg lv xqltxh147 Ilqdoo|/ dv wkh zdu h�ruw ri wkh srru lv qrw qhhghg ehiruh

47 Lqhtxdolw| +;, dqg Dvvxpswlrq 6 lpso| wkdw wkh frvw ri kljk zdu h�ruw � lv erxqghg iurp deryh dqg iurp ehorz/
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shulrg W / wkh ulfk gr qrw qhhg wr surplvh wkhp dq| uhglvwulexwlrq ehiruh wkdw wlph1 Wkhuhiruh/ lit 5 ^tW> 4`/ wkh srolf| dqqrxqfhphqw ri wkh ulfk V| @ U/ ;w/ � | @ 3/ ;w ? W dqg � | @ b� / ;w A W / lvfuhgleoh dqg lqgxfhv wkh srru wr sxw kljk h�ruw lq hyhu| zdu shulrg diwhu wlph W 1�
Lqwxlwlyho|/ zkhq wkh wkuhdw ri zdu lv uhodwlyho| lqiuhtxhqw +t ? tW,/ wkh ulfk kdyh qr zd|wr frqylqfh wkh srru wr sxw kljk h�ruw lq zdu wlphv vlqfh wkh| duh qrw deoh wr surplvh wkhpd fuhgleoh lqfhqwlyh0frpsdwleoh uhglvwulexwlrq vfkhph/ dv orqj dv wkh| uhwdlq wkh frqwuro ri wkhsrolwlfdo v|vwhp1 Lqghhg/ jlyhq wkdw � oR+t, ? b� +t, wkh ulfk duh qrw jrlqj wr vwlfn wr wkhlu surplvhwr wd{ dqg uhglvwulexwh lqfrph dw udwh b� +t, rqfh � vzlwfkhv iurp �� wr �R1 Ylfh yhuvd/ wkh wuljjhu0vwudwhjlhv htxloleulxp frqvlghuhg lv vxvwdlqdeoh zkhq wkh zdu wkuhdw lv uhodwlyho| iuhtxhqw/ qdpho|zkhq t h{fhhgv wkh wkuhvkrog tW1 Dfhprjox dqg Urelqvrq +5333, ghulyh d vlplodu uhvxow/ lq wkhvhqvh wkdw lq wkhlu prgho d surplvh ri uhglvwulexwlrq zlwkrxw ghprfudf| lv fuhgleoh dqg vhwv0r� duhyroxwlrqdu| wkuhdw surylghg wkdw wkh uhyroxwlrq frqvwudlqw lv elqglqj vx!flhqwo| riwhq148Pruhryhu/ qrwlfh wkdw wkh h{lvwhqfh ri dq htxloleulxp zlwk uhglvwulexwlrq/ qdpho| ri d uhjlrqzkhuh � oR+t, A b� +t,/ uhtxluhv wkdw wkh frvw ri zdu h�ruw lv qrw wrr kljk +F 9 FW,1 Wkh ydoxh ri tWlv vwulfwo| lqfuhdvlqj F ehfdxvh wkh kljkhu wkh frvw ri zdu h�ruw dqg wkh kljkhu wkh plqlpxp wd{udwh +l1h1 uhglvwulexwlrq, wkdw wkh srru uhtxluh wr h{huw lw1Wkh wkuhvkrog tW lv dovr vwulfwo| lqfuhdvlqj lq %/ lq u/ lq |R dqg lq |o/ exw ghfuhdvlqj lq |1 Wkh�uvw wzr uhvxowv duh txlwh lqwxlwlyh= dv wkh rxwsxw orvv fdxvhg e| d plolwdu| ghihdw idoov +kljkhu %,/

dqg lw lv frqvwudlqhg wr ehorqj wr wkh lqwhuydo E�4�?c �W�1 Wkh iroorzlqj lqhtxdolw| jxdudqwhhv wkdw wkh lqwhuydoE�4�?c �W� lv qrw hpsw|= E�3 0� +o : E� n o�� E+o 3 +� �4@ 148Wkh dxwkruv lqwhusuhw lq wklv oljkw wkh delolw| ri Elvpdufn/ exw qrw ri rwkhu Hxurshdq jryhuqphqwv vxfk dvwkrvh ri Iudqfh dqg Hqjodqg/ ri dfklhylqj wkh jrdo ri grphvwlf vrfldo vwdelolw| e| lqwurgxflqj wkh Zhoiduh Vwdwhrqo|/ dqg qrw ghprfudf|1 Lq sduwlfxodu/ lq wkhvh dxwkruv*v ylhz/ wkh h{lvwhqfh ri d kljk uhyroxwlrq suredelolw| lqJhupdq| ghshqghg rq wkh uhpdundeoh vwuhqjwk ri wkh Jhupdq Vrfldo Ghprfudwlf sduw|/ dv rssrvhg wr wkh zhdnqhvvri lwv frxqwhusduwv lq Iudqfh dqg lq Hqjodqg1 Lq rxu prgho lqvwhdg/ lw lv rqh jhrsrolwlfdo fkdudfwhulvwlfv ri Suxvvld0Jhupdq| wr kdyh pdgh fuhgleoh wkh vwudwhj| ri uhglvwulexwlrq zlwkrxw ghprfudf|/ qdpho| wkh kljk h{srvxuh ri wkdwfrxqwu| wr lqwhuqdwlrqdo zduv/ gxh wr erwk lwv jhrjudsklf srvlwlrq/ vlwxdwhg dw wkh fruh ri Hxursh/ dqg wr lwv odfn riqdwxudo whuulwruldo erxqgdulhv +vhh wkh Vhfwlrq rq wkh klvwrulfdo hylghqfh iru d ghhshu glvfxvvlrq ri wklv srlqw,1
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wkh qhhg ri rewdlqlqj d kljk h�ruw iurp wkh pdvvhv ehfrph ohvv frpshoolqj dqg/ vlploduo|/ lw grhvvr zkhq ixwxuh zhoiduh lv glvfrxqwhg dw d kljkhu udwh149 Dv |R lqfuhdvhv/ kroglqj | frqvwdqw/ wkhwd{ sd|phqwv ri hdfk srru +iru dq| jlyhq wd{ udwh, lqfuhdvhv zkloh wkh oxps0vxp wudqvihu uhpdlqvxqd�hfwhg1 Khqfh/ wr phhw wkh lqfhqwlyh0frpsdwlelolw| frqvwudlqw ri wkh pdvvhv/ lw lv qhfhvvdu| wrsurplvh wkhp d pruh jhqhurxv uhglvwulexwlrq sodq/ zklfk lv zk| tW dfwxdoo| lqfuhdvhv lq wkh hqg14:Pruhryhu/ dv |o lqfuhdvhv +pdlqwdlqlqj frqvwdqw |, wkh lqfrph wd{hg dzd| iurp wkh ulfk iru dq|jlyhq ohyho ri wkh wd{ udwh dovr lqfuhdvhv1 Wklv fohduo| lqfuhdvh wkh uhjlrq zkhuh lw lv qrw frqyhqlhqwwr surylgh wkh uhglvwulexwlrq1 Ilqdoo|/ dv | lqfuhdvhv/ �vfdo wudqvihuv lqfuhdvh kroglqj frqvwdqw � /phdqlqj wkdw wkh wd{ udwh lwvhoi fdq eh uhgxfhg dqg wkh lqfhqwlyh0frpsdwlelolw| frqvwudlqw ri wkhsrru fdq eh vwloo vlpxowdqhrxvo| eh phw1 Wkhuhiruh/ lq suhvhqfh ri d orzhu udwh ri lqfrph wd{dwlrq/wkh wkuhvkrog tW zloo idoo1 Lq rwkhu zrugv/ lq wklv prgho/ ghyhorsphqw dfwxdoo| dfwv vr wr vwdelol}hwkh dxwrfudwlf uxoh udwkhu wkdq ghvwdelol}lqj lw1
Fdvh 51 Ghprfudwl}dwlrq1
Li t ? tW/ wkh holwh fdq qrw lqgxfh wkh srru wr sxw kljk h�ruw gxulqj zdu wlphv e| r�hulqj dwlph0frqvlvwhqw uhglvwulexwlrq vfkhph1 Krzhyhu/ dv zh vkrz qh{w/ wkh lqwurgxfwlrq ri ghprfudf|pd| doorz wr vroyh wklv sureohp1 Zh irfxv djdlq rq d wuljjhu0vwudwhjlhv htxloleulxp/ xqghu wkhdvvxpswlrq wkdw wkh ulfk uhyhuw wr wkh h{shfwdwlrq wkdw wkh srru sxw orz zdu h�ruw iruhyhu li/ dqgdv vrrq dv/ wkh| gr vr rqfh1 Zh uhplqg wkdw wkh ulfk kdyh wkh rswlrq wr uhvhw wkh srolwlfdo v|vwhpzkhqhyhu d zdu lv orvw/ qdpho| zkhq wkh srru gr qrw sxw kljk h�ruw lq zdu wlphv1 Ilqdoo|/ lw lvfohdu wkdw wkh �vfdo srolf| ghflvlrq ri d ghprfudwlf jryhuqphqw uh hfwv wkh suhihuhqfhv ri wkh srrurqo|/ wkdw lv � | @ �4@ / ;w vxfk wkdw V| @ G1Wkhuhiruh/ wkh qr0ghyldwlrq frqglwlrq ri wkh srru durxqg wkh htxloleulxp zlwk ghprfudf| uhdgv

49Uhfdoo wkdw lq rxu prgho d plolwdu| ghihdw jhqhudwhv dq rxwsxw orvv lq wkh ixwxuh14:Kljkhu +R dovr phdqv wkdw wkh glvuxswlrq ri wkh lqfrph ri wkh srru jhqhudwhg e| d plolwdu| ghihdw lv kljkhu dqgwklv vkrxog lqgxfh wkh srru wr sxw d kljk ohyho ri h�ruw1 Krzhyhu/ wkh �uvw h�hfw grplqdwhv1
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Y R ���> �4@ > 4>G ��h @ hM � A h|R +�4@ , . Y R ��R> 3> %>U ��h @ hu �4 . u +43,
zklfk fdq eh uhzulwwhq dv4;

Y R ���> �4@ > 4> G ��h @ hM � A Y R ���> 3> 4> U ��h @ hu �. �4@ +| � |R,= +44,
Jlyhq wkdw Y R ���> �4@ > 4>G ��h @ hM � @ Y R ���> �4@ > 4> U ��h @ hM �/ lw lv lpphgldwh wr yhuli| wkdw+44, lv vdwlv�hg li dqg rqo| li b� +t, 9 �4@ / zklfk zh dvvxph wr eh wkh fdvh iru doo t14<Zh qrz ghwhuplqh wkh uhjlrq zkhuh wkh ulfk �qg frqyhqlhqw wr jlyh ghprfudf| wr wkh srru1Wklv lv wkh fdvh li

Y o ���> �4@ > 4>G ��h @ hM � A Y o ���> 3> 4> U ��h @ hu � +45,
qdpho| zkhq wkh Ehoopdq ydoxh ri ehlqj ulfk lq zdu wlphv jlyhq wkdw wkh jryhuqphqw lv ghprfudwlfdqg wkh srru dozd|v sxw kljk plolwdu| h�ruw grhv h{fhhg wkh Ehoopdq ydoxh ri ehlqj ulfk lq zduwlphv/ zkhq wkh jryhuqphqw lv qrw ghprfudwlf/ qr uhglvwulexwlrq lv judqwhg dqg wkh srru sxw orzplolwdu| h�ruw1

Uhvxow 5= Ohw tWW eh gh�qhg lpsolflwo| e| wkh frqglwlrq �4@ @ � o� +tWW, dqg wkhuhiruh htxdowr
tWW @ pd{++4 . u,2 +|o � |, �4@ � u +4� %, |o+4� %, |o � +4 . u, +|o � |, �4@ > 3, = +46,

Dvvxplqj wkdw uhglvwulexwlrq wkurxjk zhoiduh lv h{foxghg/ wkhq zkhqhyhu t A tWW wkh holwh0pdvvhvjdph kdv d wuljjhu0vwudwhjlhv htxloleulxp vxfk wkdw=
4;Zh duh xvlqj wkh gh�qlwlrq ri h+R E�4@ � dqg wkh idfw wkdw T R �>�c fc �c - ��e ' eu � ' +R n T sE>scfc0c-�e'eO ��no 14< Li wkhuh duh ydoxhv ri ^ vxfk wkdw b� E^� : �4@ / wkhq d wudqvlwlrq wr ghprfudf| lv qrw dq htxloleulxp ehfdxvh wkhsrru zloo qhyhu h{huw kljk h�ruw lq zdu wlphv1
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+l, wkh ulfk judqw ghprfudf| dw wlph W � lqi iw 5 C= �| @ ��j>+ll, lqfrph lv shupdqhqwo| uhglvwulexwhg dw udwh � | @ 3/ ;w ? W / dqg � | @ �4@ / ;w A W >+lll, wkh pdvvhv dozd|v sxw kljk zdu h�ruw1Surri= Zh mxvw qhhg wr vkrz wkdw +45, lv vdwlv�hg iru doo t A tWW1 Revhuyh wkdw
Y o ���> �4@ > 4> G ��h @ hM � @ Y o ���> � o�> 4> U ��h @ hM � ���o�'�4@ 

dqg wkdw Y o ���> �> 4> U ��h @ hM � lv d vwulfwo| ghfuhdvlqj ixqfwlrq ri � o� dqg ghshqgv rq t rqo|wkurxjk � o�1 Dw t @ tWW/ �4@ @ � o� +t,> vlqfh � o� +t, lv vwulfwo| lqfuhdvlqj lq t/ lw iroorzv wkdwY o ���> �4@ > 4> G ��h @ hM � A Y o ���> � o�> 4> U ��h @ hM � zkhq t A tWW1 Jlyhq wkdw iurp +7, zhnqrz wkdw Y o ���> � o�> 4> U ��h @ hM � @ Y o ���> 3> 4> U ��h @ hu �/ wkhq +45, krogv iru doo t A tWW1Wkdw lv/ zkhq t A tWW/ wkh ulfk duh zloolqj wr ex| wkh kljk zdu h�ruw ri wkh srru e| ghprfudwl}lqjwkh srolwlfdo v|vwhp1 Pruhryhu/ vlqfh wkh frxqwu| lv qhyhu dwwdfnhg ehiruh W e| gh�qlwlrq/ wkhulfk gr qrw hyhu qhhg wkh kljk h�ruw ri wkh srru ehiruh wkdw wlph/ dqg wkhuhiruh gr qrw qhhg wrghprfudwl}h ehiruh dv zhoo1 Ilqdoo|/ vlqfh wkh srru dozd|v sxw kljk zdu h�ruw zkhq qhhghg/ wkhulfk qhyhu uhvhw wkh srolwlfdo v|vwhp1�
Fohduo|/ dvvxplqj wkdw tWW ? tW/ wkh ghflvlrq ri frqfhglqj ghprfudf| lv frqyhqlhqw iru wkh ulfkrqo| iru wkrvh ydoxhv ri t 5 ^tWW> tW,/ ehfdxvh iru t A tW wkh ulfk fdq lqgxfh wkh srru wr sxw kljkh�ruw e| fuhgleo| surplvlqj dq lqfhqwlyh0frpsdwleoh uhglvwulexwlrq vfkhph zkrvh wd{ udwh lv dozd|vorzhu wkdq wkh ghprfudwlf rqh +b� +t, 9 �4@ ,1 Wkh iroorzlqj Uhvxow fodul�hv wkh frqglwlrqv xqghuzklfk wklv kdsshqv1
Uhvxow 6= Li wkh iroorzlqj frqglwlrq rq wkh frvw ri zdu h�ruw lv vdwlv�hg

F A +4� %, +4 . u,2 +|o � |, +|o � |R, |�4@ � u +4� %,2 +|o,2 +| � |R,+4 . u,� +|o � |,2 �4@ � FWW +47,
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wkhq tWW ? tW1 Wklv lpsolhv wkdw wkh ulfk zloo surylgh d wlph0frqvlvwhqw uhglvwulexwlrq sodq wr wkhpdvvhv iru wkhlu kljk h�ruw gxulqj zdu wlphv zkhq t 5 ^tW> 4` dqg wkh| zloo judqw ghprfudf| lit 5 ^tWW> tW,1 Li +47, lv qrw vdwlv�hg/ wkhq tWW lv kljkhu wkdq tW dqg ghprfudf| lv qhyhu frqfhghg1Surri= Wkh frqglwlrq lq +47, lv rewdlqhg e| frpelqlqj +46, dqg +<,153�
Li tWW A 3/ wkhq iru doo t 5 ^3> tWW, wkh ulfk fdqqrw frpplw wr frqfhgh wr wkh srru dq lqfhqwlyh0frpsdwleoh uhglvwulexwlrq vfkhph dqg duh dovr qrw zloolqj wr ghprfudwl}h wkh srolwlfdo v|vwhp1Wkhuhiruh/ wkh| dffhsw wr orvh d zdu zlwk suredelolw| rqh zkhqhyhu wkh frxqwu| lv dwwdfnhg54 dqgwkh htxloleulxp ri wkh jdph lv vxfk wkdw � | @ 3/ V| @ U/ ;w/ dqg h| @ hu iru doo w vxfk wkdw �| @ ��1Ilqdoo| qrwlfh wkdw wkhuh lv d srvlwlyh uhodwlrqvkls ehwzhhq tWW dqg erwk % dqg �4@ 1 D ghfuhdvhlq %/ qdpho| d pruh glvuxswlyh zdu/ orzhuv tWW dqg wkhuhiruh lw lqfuhdvhv wkh suredelolw| wkdwghprfudf| ru lqfrph uhglvwulexwlrq duh surylghg1 Wklv h�hfw frphv iurp wkh kljkhu lqfrph orvv riwkh ulfk jhqhudwhg e| d plolwdu| ghihdw1 Vlploduo|/ d uhgxfwlrq lq �4@ dovr orzhuv tWW ehfdxvh wkhlqfrph orvv ri wkh ulfk jhqhudwhg e| wkh ghprfudwlf wd{dwlrq jrhv grzq1Zh fdq dw wklv srlqw vxppdul}h doo wkh uhvxowv ghulyhg vr idu rq wkh fkdudfwhul}dwlrq ri wkhhtxloleulxp ri wkh holwh0pdvvhv jdph/ zklfk lv grqh lq wkh Sursrvlwlrq 41 Ohw �o| lqglfdwhv wkhvwudwhj| ri wkh ulfk dqg �R| wkh vwudwhj| ri wkh srru dw wlph w1
Sursrvlwlrq 4= Vxssrvh wkdw Vf @ U= Dvvxplqj wkdw 3 ? tWW ? tW ? 4/ wkh wuljjhu0vwudwhjlhvhtxloleulxp ri wkh holwh0pdvvhv jdph lv wkh iroorzlqj=+l, li t 5 ^tW> 4`/ wkhq

i�o| @ +V| @ U> � | @ 3, jA3�|'f /
53E| frpelqlqj +;, dqg +47, zh jhw wkh frqglwlrq E�3 0� +o : E2 n o� E+o 3 +� �4@ zklfk jxdudqwhhv wkdw �WW 	�W1 Wkhuhiruh/ f 9 ^WW 	 ^W 	 � li � M E�WWc �W�154 Lw lv fohdu wkdw wkh qrupdol}dwlrq wr }hur ri wkh orz ohyho ri wkh zdu h�ruw ri wkh srru/ wrjhwkhu zlwk wkhfruuhvsrqglqj zdu ylfwru| suredelolw|/ grhv qrw lqyroyh dq| vxevwdqwldo orvv ri jhqhudolw|1 Wkh htxloleulxp zrxogkdyh wkh vdph vwuxfwxuh hyhq li � �eu� : f1
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��o| @ +V| @ U> � | @ b� ,> �R| @ �h| @ hM� / li �| @ �� �"|'A 1
+ll, Li t 5 ^tWW> tW,/ wkhq htxloleulxp lv

i�o| @ +V| @ U> � | @ 3,jA3�|'f / i�oA @ +VA @ G,j / ��RA @ �hA @ hM��
;A?A= �R| @ �h| @ hM > � | @ �4@ � / li �| @ ��>�R| @ �h| @ hM > � | @ �4@ � / li �| @ �R

<A@A>
"
|'A

1
+lll, Li t 5 ^3> tWW`/ zh kdyh wkdw

i�o| @ +V| @ U> � | @ 3,j"|'f / ��R| @ �h| @ hu� / li �| @ ���"|'f =
6 Lqhtxdolw|/ Uhglvwulexwlrq dqg Uhjlph Wudqvlwlrqv
Dffruglqj wr d ydulhw| ri srvlwlyh wkhrulhv ri wd{dwlrq dqg uhglvwulexwlrq +vhh iru h{dpsoh Phow}hudqg Ulfkdug/ 4<;4,/ lqfrph lqhtxdolw| lv d fulwlfdo ghwhuplqdqw ri �vfdo srolf| rxwfrphv lq ghpr0fudwlf uhjlphv1 Khqfh/ lw lv qdwxudo wr dvn wkh txhvwlrq ri krz wkh htxloleulxp ri rxu prgho lvd�hfwhg e| yduldwlrqv ri vrph vwdwlvwlfv ri lqfrph lqhtxdolw|/ kroglqj frqvwdqw wkh djjuhjdwh dqgphdq lqfrph1Wr lqfrusrudwh frqyhqlhqwo| dq h{solflw phdvxuh ri lqfrph lqhtxdolw| lq rxu iudphzrun/ zhiroorz Dfhprjox dqg Urelqvrq +5336, dqg uhsdudphwul}h wkh prgho lq wkh iroorzlqj zd|1 Ohw|R @ wb+�34 dqg |o @ E�3w�b+4 / zkhuh � 5 +3> 4� �, lv dq lqyhuvh lqgh{ ri lqfrph lqhtxdolw|1 D ghfuhdvhri � fruuhvsrqgv wr dq lqfuhdvh lq wkh lqfrph ri wkh ulfk dqg wr d idoo lq wkh lqfrph ri wkh srru zlwkd frqvwdqw dyhudjh lqfrph/ dqg wkhuhiruh wr dq lqfuhdvh lq wkh lqhtxdolw| ri wkh lqfrph glvwulexwlrq1Zh fdq qrz dvn krz d yduldwlrq lq � d�hfwv wkh wkuhvkrog suredelolwlhv tW dqg tWW vr wr xqghu0vwdqg krz dq lqfuhdvh lq wkh lqhtxdolw| fkdqjhv wkh suredelolw| ri wudqvlwlrq wrzdug ghprfudf|1
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Wkh plqlpxp frqvwdqw wd{ udwh uhtxluhg e| wkh srru wr sxw kljk zdu h�ruw ehfrphv
b� @ +u . t, k+4 . u,F � +4� %, w+�34l+4 . u . t,�| � w+�34�

zklfk lv lqfuhdvlqj lq � li F A E�30�+E�no� / dqg ylfh yhuvd1 Wkh lqwxlwlrq lv fohdu= dv � lqfuhdvhv/ vrflhw|lv pruh htxdo dqg wkh lqfrph ri wkh srru kljkhu1 Wklv ohdgv wr wzr h�hfwv1 Iluvw/ iru dq| jlyhqwd{ udwh wkh srru uhfhlyh d orzhu qhw lqfrph wudqvihu dqg/ wkhuhiruh/ iru dq| jlyhq ohyho ri h�ruw Fdqg suredelolw| ri zdu t wkh| uhtxluh d kljkhu wd{ udwh1 Vhfrqg/ jlyhq wkdw wkhlu lqfrph lv kljkhuwkh| orvh pruh iurp d plolwdu| ghihdw1 Khqfh/ wkh| qhhg wr frpshqvdwhg zlwk d orzhu wd{ udwh wrsxw d kljk ohyho ri h�ruw1 Wkh uhvxow lv wkdw wkh �uvw h�hfw pruh wkdq frpshqvdwh wkh vhfrqg rqhzkhqhyhu wkh frvw ri h�ruw lv kljk hqrxjk dqg ylfh yhuvd1Wkh pd{lpxp wd{ udwh wkdw wkh ulfk duh zloolqj wr dffhsw lq shdfh wlphv lq h{fkdqjh ri kljkzdu h�ruw ri wkh pdvvhv lv qrz htxdo wr
� oR @ t+4� %,+4� �,+4 . u,+4 . u . t,+4� � � �,

dqg lw lv fohdu wkdw wklv vfkhgxoh lv lqfuhdvlqj lq �1 Dv � jrhv grzq/ lqhtxdolw| lqfuhdvhv/ wkh ulfkehfrph ulfkhu dqg/ iru dq| jlyhq t/ wkh wd{ udwh wkh| duh zloolqj wr dffhsw jrhv grzq1 Wkhq/ dqlqfuhdvh lq � kdv lq sulqflsoh dq dpeljxrxv h�hfw rq tW jlyhq wkdw wklv wkuhvkrog lv lpsolflwo| gh�qhge| wkh frqglwlrq � oR+tW, @ b� +tW,1 Krzhyhu/ zh qrz kdyh wkdw
tW @ u +4 . u, k+4 . u,F � E�30�w+E�34� l

E�30�E�3w�+E�34� � +4 . u, k+4 . u,F � E�30�w+E�34� l
dqg lw lv lpphgldwh wr yhuli| wkdw lw lv dozd|v qhjdwlyho| uhodwhg wr �1 Wklv phdqv wkdw dq lqfuhdvhlq lqfrph lqhtxdolw| +orzhu �, ohdgv wr d kljkhu tW/ vr uhgxflqj wkh uhjlrq zkhuh dq htxloleulxpzlwk uhglvwulexwlrq ri lqfrph lv vxvwdlqdeoh1
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Wkh pd{lpxp frqvwdqw wd{ udwh wkdw wkh ulfk duh zloolqj wr dffhsw lq zdu wlphv li wkh srruh{huw kljk h�ruw lq plolwdu| vhuylfh fdq eh uhzulwwhq dv
� o� @ +u . t, +4� %, +4� �,+4 . u, +4 . u . t, +4� � � �, =

Wdnlqj wkh ghulydwlyh ri � o� zlwk uhvshfw wr �/ lw wxuqv rxw wkdw lw lv srvlwlyh1 Jlyhq wkdw tWW lvlpsolflwo| gh�qhg e| wkh frqglwlrq �4@ @ � o� +tWW,/ lw lv fohdu wkdw dq lqfuhdvh lq lqhtxdolw| +orzhu�, lqfuhdvhv tWW1 Wkhvh �qglqjv duh vxppdul}hg lq wkh iroorzlqj Uhvxow1
Uhvxow 7= Dq lqfuhdvh lq wkh ghjuhh ri lqfrph lqhtxdolw| +l1h1 d orzhu ohyho ri �, lqfuhdvhverwk tW dqg tWW1 Wkhuhiruh/ kljkhu lqhtxdolw| uhgxfhv wkh ryhudoo uhjlrq zkhuh ghprfudf| ruuhglvwulexwlrq duh judqwhg wr wkh pdvvhv1 Wkh uhjlrq zkhuh wkh zhoiduh vwdwh lv surylghg t 5 ^tW> 4`lv xqdpeljxrxvo| vpdoohu +dqg wkh ohyho ri uhglvwulexwlrq dv phdvxuhg e| b� lv dovr orzhu li wkh frvwri zdu h�ruw lv vx!flhqwo| kljk, zkloh wkh rqh zkhuh ghprfudf| lv judqwhg t 5 ^tWW> tW, pd| zhoolqfuhdvh ru ghfuhdvh1
Lq vxp/ dffruglqj wr wkh slfwxuh wkdw wklv Vhfwlrq kdv vnhwfkhg/ pruh htxdolw| whqgv wr lqfuhdvhuhglvwulexwlrq lq wklv prgho lq wzr vhsdudwh zd|v1 Lw grhv vr gluhfwo|/ e| lqfuhdvlqj wkh udwh dwzklfk dq roljdufklf jryhuqphqw pxvw wd{ dqg uhglvwulexwh lqfrph +dw ohdvw zkhq wkh zdu h�ruw frvwlv vx!flhqwo| kljk,155 Dqg lw grhv vr dovr lqgluhfwo|/ e| pdnlqj uhglvwulexwlrq dqg2ru wudqvlwlrq wrd ghprfudwlf srolwlfdo uhjlph pruh olnho| wr kdsshq156

55Wkh wd{ udwh lq d ghprfudwlf uhjlph lv qrw d�hfwhg e| lqfrph lqhtxdolw| jlyhq wkdw lq rxu iudphzrun wkh srruvhw lw dw wkh pd{lpxp srvvleoh ohyho156Wklv lv htxlydohqw wr vd| wkdw wkh �lqdfwlrq udqjh�/ l1h1 wkh uhjlrq zkhuh ghprfudf| ru lqfrph uhglvwulexwlrq duhqrw judqwhg/ lv dozd|v vpdoohu lq d pruh htxdo vrflhw|/ exw wkh udqjh zkhuh ghprfudf| lv hvwdeolvkhg pd| lqfuhdvh rughfuhdvh dv w lqfuhdvhv1
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7 Klvwrulfdo Hylghqfh
Rxu prgho h{sodlqv wkh surfhvv ri ghprfudwl}dwlrq ri Hxursh dv wkh uhvxow ri wkh lqwhudfwlrq riwzr idfwruv= wkh plolwdu| frpshwlwlrq ehwzhhq qdwlrqv zlwklq d iudjphqwhg vwdwhv v|vwhp dqg wkhgl�xvlrq ri wkh prgho ri wkh pdvv0dup| iruphg e| frqvfulswv1 Zh hpskdvl}h wkdw dq h{whuqdofrq lfw fdq fuhdwh wkh qhhg iru d uhdoorfdwlrq ri srolwlfdo srzhu dprqj vrfldo fodvvhv zlwk gl�huhqwlqwhuhvwv/ wr wkh h{whqw wkdw wklv hqdeohv wkh frxqwu| wr ghdo zlwk dq rxwvlgh wkuhdw ehwwhu wkhq lwzrxog kdyh rwkhuzlvh kdg1 Lq sduwlfxodu/ dq h{whuqdo frq lfw fdq lqgxfh wkh uxolqj holwh wr hpsrzhuwkh pdvvhv/ e| ghprfudwl}lqj wkh srolwlfdo v|vwhp ri wkh frxqwu|/ ru dw ohdvw wr dgrsw uhglvwulexwlyhsrolflhv ehqh�fldo wr wkhp/ lq rughu wr lqfuhdvh wkh pdvvhv* sdwulrwlvp/ h�ruw lq zdu/ dqg wkxv wkhryhudoo fkdqfhv ri ylfwru|1 E| suhyhqwlqj d plolwdu| ghihdw wkurxjk vrfldo ru srolwlfdo frqfhvvlrqvwr wkh pdvvhv/ wkh holwh dfwxdoo| surwhfwv sulpdulo| lwvhoi djdlqvw wkh hyhqw ri d pruh vhyhuh lqfrphorvv1Wkh lpsruwdqfh ri lqwhusod| ehwzhhq zduiduh dqg wkh srolwlfdo ghyhorsphqw ri Hxursh vlqfh wkhHduo| Prghuq Hud kdv ehhq uhshdwhgo| vwuhvvhg e| vfkroduv ri klvwrulfdo vrflrorj| dqg frpsdudwlyhklvwru|1 Iru h{dpsoh/ Wloo| +4<:8/ 4<<3 dqg 4<<6, dujxhv wkdw wkh ghyhorsphqw ri wkh vwdwh lq Hxurshkdv ehhq juhdwo| d�hfwhg e| zduiduh1 Dffruglqj wr Wloo|/ frqvwdqw h{whuqdo wkuhdwv kdyh lqgxfhgjryhuqphqwv wr h{sdqg wkh vwdwh*v srzhuv dqg exuhdxfudf| lq rughu wr pd{lpl}h wkh h{wudfwlrq ri�vfdo uhyhqxhv/ vr dv wr lqfuhdvhv wkh fkdqfhv ri plolwdu| vxffhvv1 Grzqlqj +4<<5, fodlpv wkdw wkhghyhorsphqw ri sduoldphqwdu| lqvwlwxwlrqv lq Hxursh vlqfh wkh hqg ri wkh Phglhydo dqg wkh ehjlqqlqjri wkh Hduo| Prghuq Djh kdv ehhq vljql�fdqwo| d�hfwhg e| wudqvirupdwlrqv lq plolwdu| whfkqrorj|/lq wkh gluhfwlrq ri wkh fuhdwlrq ri odujh shupdqhqw duplhv/ wkdw wrrn sodfh vwhdglo| ryhu wkh shulrg483304:331 Gxulqj wkhvh wzr fhqwxulhv/ zhdsrqv edvhg rq jxqsrzhu whfkqrorj| ehfdph grplqdqwdqg/ rq wrs ri wkdw/ lqidqwu| ehfdph pruh lpsruwdqw wkdq fklydou|1 Wkh qxpehu ri phq hpsor|hglq duphg irufhv gxulqj shdfhwlph lqfuhdvhg gudpdwlfdoo| iurp d ihz whqv ri wkrxvdqgv lq 4833 wrvhyhudo kxqguhg ri wkrxvdqgv lq 4:331 Dffruglqj wr Grzqlqj/ wkh �vfdo exughq lpsrvhg e| lqidqwu|duplhv dqg wkh frqvwdqwo| elqglqj wkuhdw ri zdu/ irufhg vryhuhljqv wr dffhsw wkh ghyhorsphqw ri
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sduoldphqwdu| lqvwlwxwlrqv/ zklfk zhuh uhvsrqvleoh wr udlvh wd{hv/ dqg wkh uhodwhg vsuhdg ri srolwlfdosrzhu dqg frqvrolgdwlrq ri srolwlfdo uljkwv1 Zlwk wkh yhu| vdph sxusrvh ri lqfuhdvlqj wkh h{wudfwlrqri �vfdo uhyhqxhv/ vryhuhljqv judqwhg ur|do fkduwhuv wr flwlhv/ zklfk judqwhg hfrqrplf dqg srolwlfdouljkwv wr wkh flwl}hqv/ dqg shuplwwhg wkh dffhvv ri wkh xuedq holwhv wr wkh sduoldphqwv1 Vnrfsro+4<:</ fk1 4/ s1 54, lq khu fodvvlf zrun rq vrfldo uhyroxwlrqv zulwhv wkdw �Uhfxuuhqw zduiduh zlwklqwkh v|vwhp ri vwdwhv surpswhg Hxurshdq prqdufkv dqg vwdwhvphq wr fhqwudol}h/ uhjlphqw/ dqgwhfkqrorjlfdoo| xsjudgh duplhv dqg �vfdo dgplqlvwudwlrqv1 Dqg/ iurp wkh Iuhqfk Uhyroxwlrq rq/vxfk frq lfwv fdxvhg wkhp wr prelol}h flwl}hq pdvvhv zlwk sdwulrwlf dsshdov1�Zlwk wkh Iuhqfk Uhyroxwlrq/ wkh vhfxodu surfhvv ri srsxodu lqwhjudwlrq dqg lghqwl�fdwlrq zlwkwkh vwdwh lqgxfhg e| zdu uhdfkhg d ixqgdphqwdo wxuqlqj srlqw1 Lq wkh Dxjxvw ri 4:<6/ wkh Frp0plwwhh ri Sxeolf Vdihw| surfodlphg wkh ohyìh hq pdvvh lq dwwhpsw wr wdnh fduh ri wkh suhfdulrxvplolwdu| vlwxdwlrq ri wkh Uhsxeolf1 Dv Jlgghqv +4<;:/ fk1 </ s1 566, zulwhv/ �Lq Iudqfh/ wkh ohyìh hqpdvvh zdv vshfl�fdoo| hvwdeolvkhg lq vxfk d zd| dv wr dvvrfldwh flwl}hqvkls zlwk dfwlyh sduwlflsdwlrqlq pdwwhuv xujhqwo| d�hfwlqj wkh vwdwh dqg dv d phdqv ri irvwhulqj ihholqjv ri qdwlrqdo or|dow|1� Lq0ghhg/ wkh ohyìh hq pdvvh phdqw wkh frqvwlwxwlrq ri d pdvv0dup| uhfuxlwhg zlwk frqvfulswlrq/ zklfkhyhqwxdoo| hyroyhg lq wkh Qdsrohrqlf Judqg Dupìh wkdw/ lq 4;46/ zdv deoh wr fdoo xs dv pdq| dv4/633/333 phq157 Rqh rwkhu qrwdeoh lqqrydwlrq lqwurgxfhg zlwk wkh 4:;< Uhyroxwlrq/ uhlqiruflqj
57Wkh Iudqfh ohyìh hq pdvvh lv qrw dw doo wkh �uvw h{dpsoh ri frqvfulswlrq revhuyhg= lqghhg/ lpsruwdqw h{dpsohvri qrq0surihvvlrqdo duplhv/ dv zhoo dv ri dvvrfldwlrq ehwzhhq plolwdu| vhuylfh dqg srolwlfdo +ru hfrqrplf, uljkwv duhsuhvhqw vlqfh Dqwltxlw|1 Wzr uhpdundeoh h{dpsohv ri ghprfudwlf frqvfulswlrq lq dqflhqw klvwru| duh wkrvh ri Dwkhqvdqg ri wkh hduo| Urpdq Uhsxeolf1 �Wkh Dwkhqldq krsolwhv dqg vdloruv ri Pdudwkrq dqg Vdodplv zhuh wuxh flwl}hq ohylhvri d ghprfudwlf shrsoh1 Wkh| uhfhlyhg qr sd|/ ixuqlvkhg wkhlu rzq dupv dqg htxlsphqw111 Ghoeuÿfn vwdwhv wkdw lqwkh Shulfohdq Djh pruh wkdq hljkw| shu fhqw ri Dwkhqv* pdoh flwl}hqv zhuh hquroohg lq wkh flwl}hq0plolwld1� +Ehxnhpd/4<74/ s1 55,1 Lq wkh Urpdq Uhsxeolf/ vroglhuv zhuh gudzq iurp wkh zkroh erg| ri iuhh0eruq Urpdq flwl}hqv fdsdeohri ehdulqj dupv/ lq wkh djh iurp vhyhqwhhq wr vl{w|1 �Wklv uhtxluhphqw +ri plolwdu| vhuylfh, dxwrpdwlfdoo| sodfhg wkhzhdowk| lq wkh fdydou|/ wkh ohvv zhoo0wr0gr lq ydulrxv fdwhjrulhv ri khdy| dqg oljkw lqidqwu|/ dqg ohiw wkh surohwdull/d qxphurxv fodvv/ dw krph dv �jhwwhuv ri fkloguhq�1 Phq ri qr surshuw|/ wkh| zhuh ghhphg ghyrlg ri sdwulrwlvp1�+Ehxnhpd/ 4<74/ s1 55,1 Ihz lqvwdqfhv ri frqvfulswlrq zhuh revhuyhg lq wkh Plggoh Djh1 Rqh uhpdundeoh/ doehlwvkruw0olyhg/ h{dpsoh ri frqvfulswlrq lv wr eh irxqg lq wkh Qruwk Lwdoldq frppxqhv ri wkh wkluwhhqwk fhqwxu|/ zklfk
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wkh uhodwlrq ehwzhhq flwl}hqvkls uljkwv dqg qdwlrqdolvp/ zdv wkh derolwlrq ri wkh dulvwrfudwlf grp0lqdqfh ri wkh r!fhu frusv1 Wkh vxffhvvhv ri Qdsrohrq dqg ri wkh qhz zduiduh prgho lqwurgxfhge| Iudqfh jhqhudwhg d pdmru h�ruw iru vrfldo dqg plolwdu| uhirupv dfurvv Hxursh/ exw lq qr rwkhufrxqwu| dv pxfk dv lq Suxvvld/ diwhu wkh Iuhqfk dup| ghihdwhg lw lq wkh edwwohv ri Mhqd dqg riDxhuvwdgw +4;39,1
714 Wkh Fdvh ri Suxvvld
Wkh djh ri wkh uhirup vwduwhg lq Suxvvld lq 4;39/ diwhu dqg lq frqvhtxhqfh ri wkh plolwdu| ghihdwlq lfwhg e| Qdsrohrq wr wkh Suxvvldq dup| lq wkdw |hdu/ zklfk zdv lqvwuxphqwdo lq fuhdwlqj erwkwkh dzduhqhvv ri wkh qhhg dqg d zlgh srolwlfdo vxssruw iru d vxevwdqwldo wudqvirupdwlrq ri wkh vwdwxvtxr1 Hyhqwxdoo|/ Suxvvld +dqg odwhu Jhupdq|, wrrn wkh ohdg ri wkh surfhvv ri plolwdu| dqg vrfldouhirupv lpsohphqwhg dfurvv Hxursh lq wkh [L[ fhqwxu|1 D pdmru uhdvrq iru wkh hdjhuqhvv ri wkhSuxvvldq jryhuqphqw wr xqghuwdnh pdq| udglfdo uhirupv +dqg iru wkh uhodwlyh odfn ri rssrvlwlrqwr wkhp e| wkh Mxqnhuv, zdv wkh h{fhswlrqdo h{whuqdo plolwdu| fkdoohqjh wkdw Suxvvld +dqg odwhuJhupdq|, frqvwdqwo| idfhg gxh wr wkh jhrjudsklf srvlwlrq +orfdwhg dw wkh fhqwhu ri Hxursh dqgehwzhhq wkh Hdvw dqg wkh Zhvw, dqg frq�jxudwlrq +vkdshg e| wkh odfn ri qdwxudo erxqgdulhvsurwhfwlqj wkh qdwlrqdo whuulwru| iurp lqydvlrq e| iruhljq duplhv,1 Dv Kxqwlqjkwrq +4<8:/ fk1 5/ s166, zulwhv �Odfnlqj qdwxudo erxqgdulhv/ dqg zlwk khu whuulwrulhv vfdwwhuhg doo ryhu Jhupdq|/ Suxvvldzdv xqltxho| ghshqghqw xsrq vwurqj plolwdu| irufh wr pdlqwdlq khu lqghshqghqfh dqg lqwhjulw|1 Wkhuxohuv ri Suxvvld kdg ehhq dzduh ri wklv vlqfh wkh plggoh ri wkh vhyhqwhhqwk fhqwxu| dqg kdg srxuhgwuhphqgrxv uhvrxufhv dqg pdqsrzhu lqwr wkh pdlqwhqdqfh ri dq h!flhqw vwdqglqj dup| wkurxjkrxwwkh hljkwhhqwk fhqwxu|1�dssurdfkhg ghprfudf| lq wkhlu vrfldo dqg srolwlfdo rujdql}dwlrq1 Lq wkh Prghuq Djh/ lpsruwdqw surjuhvvhv wrzdugwkh fuhdwlrq ri d pdvv dup| zhuh �uvw pdgh lq Vzhghq1 D v|vwhp ri qdwlrqzlgh frqvfulswlrq fuhdwhg gxulqj wkh uhljqri Jxvwdyxv Ydvd +4856093, hqdeohg Vzhghq wr �hog wkh �uvw wuxo| qdwlrqdo dup|1 Doprvw d fhqwxu| odwhu/ gxulqjwkh uhljq ri Jxvwdyxv Dgroixv +4944065,/ Vzhghq �hoghg wkh �uvw pdvv dup| lq Hxursh/ frxqwlqj dv pdq| dv 4;3/333vroglhuv1 Zkhuhdv ;5( ri wkhvh zhuh phufhqdulhv/ wkh uhpdlqlqj 65/333 zhuh frqvfulswhg/ uhsuhvhqwlqj 6( ri wkhfrxqwu|*v srsxodwlrq ri 4145 lqkdelwdqwv lq 4;63/ dq h{wudruglqdu| �jxuh iru dq| hud1
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Wkh uhirupv surprwhg e| Jqhlvhqdx dqg Vkduqkruvw udglfdoo| wudqviruphg wkh Suxvvldq dup|lqwr d plolwdu| rujdql}dwlrq edvhg rq frqvfulswlrq vlplodu wr wkh Judqg Dupìh1 Wkh odz ri Vhswhp0ehu 6/ 4;47/ uhtxluhg doo Suxvvldqv vxemhfwv wr vhuyh �yh |hduv lq wkh vwdqglqj dup| +wkuhh rq dfwlyhvhuylfh dqg wzr lq wkh uhvhuyh, dqg irxuwhhq |hduv lq wkh plolwld/ ru Odqgzhku1 Lqwhuhvwlqjo|/ wkhSuxvvldq plolwdu| uhiruphuv h{suhvvhg d srvlwlyh mxgjphqw rq wkh Iuhqfk Uhyroxwlrq/ zklfk zdvedvhg rq wkh srzhu wkdw wkh srolwlfdo lqqrydwlrqv lqwurgxfhg e| lw kdg ri lpsurylqj wkh plolwdu|pljkw ri wkh frxqwu| e| vxvwdlqlqj wkh fuhdwlrq ri d prwlydwhg dqg glvflsolqhg pdvv0dup|1 Jqhlvh0qdx lq sduwlfxodu uhfrjql}hg wkh h{lvwhqfh ri d vrolg uhodwlrq ehwzhhq wkh h{whuqdo iuhhgrp ri wkhvwdwh/ dv jxdudqwhhg e| d srzhuixo dup|/ dqg wkh srsxodu vxssruw ri wkh jryhuqphqw +Uxvfrql/4<<</ fk1 4/ s1 :7,1 Lqghhg/ wkh flylo dqg hfrqrplf uhirupv lpsohphqwhg zhuh hvvhqwldoo| lqvwux0phqwdo wr wkh jrdo ri fuhdwlqj dq h!flhqw pdvv0dup|/ zklfk/ dv wkh uhiruphuv uhfrjql}hg/ uhtxluhgd vxevwdqwldo vrflr0srolwlfdo prghuql}dwlrq ri Suxvvld1Pruh ru ohvv lq sdudooho wr wkh plolwdu| uhirupv/ wkh Suxvvldq jryhuqphqw lpsohphqwhg d qxpehuri lpsruwdqw vrfldo dqg flylo uhirupv dv zhoo/ xqghu wkh ohdghuvkls ri yrq Vwhlq dqg Kdughqehuj1Rqh pdmru vrflr0hfrqrplf uhirup xqghuwdnhq zdv wkh derolwlrq ri vhuigrp +4;3:,/ dlphg dw wkhfuhdwlrq ri d fodvv ri vpdoo odqg rzqhuv1 Vnrfsro +4<:</ fk1 5/ s1 43;, zulwhv wkdw= �Vhuiv zhuh jlyhqwkhlu shuvrqdo iuhhgrp1 Dqg xqlyhuvdo plolwdu| frqvfulswlrq zdv ehjxq/ d phdvxuh wkdw doorzhg wkhSuxvvldq duplhv wr h{sdqg vxgghqo| dqg wr ehqh�w iurp wkh lqfuhdvhg hqwkxvldvp ri flwl}hqv qhzo|ehqh�whg e| wkh uhirupv ru durxvhg wr krvwlolw| e| vhyhudo |hduv ri Iuhqfk lqwhuyhqwlrq dqg �qdqfldoh{dfwlrqv1� Rqh rwkhu lpsruwdqw dgplqlvwudwlyh uhirup lqyroyhg wkh fuhdwlrq ri d uhsuhvhqwdwlyhrujdq dw wkh pxqlflsdo ohyho/ edvhg rq d uhodwlyho| odujh vx�udjh1Vrfldo uhirupv frqwlqxhg odwhu lq wkh fhqwxu| xqghu wkh ohdghuvkls ri Elvpdufn1 Frpsxovru|vlfnqhvv lqvxudqfh zdv lqwurgxfhg lq 4;;6/ dq dfflghqw lqvxudqfh lq 4;;7 dqg 4;;8 dqg d shqvlrqv|vwhp surylglqj dvvlvwdqfh wr wkh djhg dqg wr wkh glvdeohg lq 4;;<1 Dv d uhvxow/ e| wkh hqg riwkh [L[ Jhupdq| kdg hvwdeolvkhg wkh prvw frpsuhkhqvlyh v|vwhp ri vrfldo lqvxudqfh dqg ri zrunsurwhfwlrq lq wkh zruog1 Lqwhuhvwlqjo|/ Elvpdufn klpvhoi uhjdughg wkh lqwhjudwlrq ri wkh pdvvhv dqgwkh dfklhyhphqw ri grphvwlf dffrug dv lqvwuxphqwdo wr d vxffhvvixo h{whuqdo h{sdqvlrq1
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715 Iudqfh/ Eulwdlq dqg wkh X1V1
Wkh vxffhvv ri wkh Suxvvldq vrfldo dqg plolwdu| prgho/ dssduhqw zlwk wkh ylfwru| uhsruwhg e| wklvfrxqwu| ryhu Iudqfh lq wkh zdu ri 4;:3/ lqgxfhg vhyhudo rwkhu Hxurshdq qdwlrqv/ lqfoxglqj Iudqfhlwvhoi dqg Eulwdlq/ wr dgrsw vlplodu lqvwlwxwlrqdo uhirupv lq wkh shulrg ehwzhhq wkh hqg ri [L[ dqgwkh ehjlqqlqj ri wkh [[ fhqwxu|Iudqfh lqghhg slrqhhuhg dw wkh hqg ri wkh [YLLL fhqwxu| wkh w|sh ri flylo dqg plolwdu| uhirupvwkdw wudqviruphg Suxvvld/ dqg Jhupdq| lqwr wkh �uvw prghuq vwdwhv gxulqj wkh iroorzlqj fhqwxu|1Wkh ohyìh hq pdvvh/ �uvw rughuhg lq 4:<6 e| wkh Uhyroxwlrqdu| jryhuqphqw/ wrjhwkhu zlwk wkhkljk vwdqgdug ri surihvvlrqdolvp dqg frpshwhqfh ri wkh r!fhu frusv/ zhuh wkh nh| ri wkh vxffhvvri wkh Qdsrohrqlf fdpsdljqv1 Krzhyhu/ wkh Iuhqfk uhirupv zhuh vkruw0olyhg1 Iudqfh glg qrwuhwxuq wr xqlyhuvdo frqvfulswlrq dqg wr d pdvv dup| xqwlo 4;:8/ hvvhqwldoo| lq frqvhtxhqfh ri wkhghihdw vx�huhg gxulqj wkh Iudqfr0Suxvvldq Zdu/ zklfk uhqghuhg fohdu wr doo wkh vxshulrulw| ri wkhSuxvvldq vrfldo dqg plolwdu| prgho1 Dovr/ ehwzhhq wkh odvw ghfdgh ri wkh [L[ dqg wkh ehjlqqlqj riwkh [[ fhqwxu|/ wkh Iuhqfk jryhuqphqw lqwurgxfhg d vhtxhqfh ri uhirupv lqvsluhg wr wkh Suxvvldqvrfldo ohjlvodwlrq/ lqfoxglqj wkh surylvlrq ri khdowk fduh dvvlvwdqfh +4;<6,/ plqhuv* shqvlrqv +4;<7,/dvvlvwdqfh iru wkh djhg dqg glvdeohg +4<38, dqg rog djh shqvlrqv +4<43,1Lq Eulwdlq/ zduiduh surylghg dovr d pdmru vwlpxoxv wr srolwlfdo dqg vrfldo uhirupv lq wkh [L[fhqwxu|/ vlqfh wkh hqg ri wkh Qdsrohrqlf Zduv1 Ghpdqgv iru sduoldphqwdu| dqg vx�udjh uhirupvprxqwhg diwhu wkh ylfwru| ryhu Qdsrohrq dw wkh edwwoh ri Zdwhuorr lq 4;48/ dqg fxoplqdwhg hyhq0wxdoo| lq wkh Uhirup Dfw ri 4;651 Dv Sruwhu +4<<7/ fk1 7/ s1 46:, zulwhv= �Wkrxjk pdq| idfwruvfrqwulexwhg wr lwv sdvvdjh/ wkh Dfw lv dqrwkhu h{dpsoh ri pdvv plolwdu| vhuylfh jhqhudwhv ghprf0udwl}lqj suhvvxuhv> dv pdq| dv rqh lq vl{ dgxow pdohv kdg vhuyhg lq wkh dup| ru qdy| dw wkh shdnshulrgv ri wkh zdu zlwk Iudqfh/ dqg wkhlu vhuylfh zdv hyrnhg lq wkh sduoldphqwdu| ghedwh ryhu wkhDfw1� Lw lv lqwhuhvwlqj wr revhuyh dw wklv srlqw wkdw wklv hslvrgh vkrzv wkdw zdu fdq eh d pdmrufdxvh ri srolwlfdo fkdqjh hyhq lq ylfwru frxqwulhv/ dqg qrw qhfhvvdulo| rqo| lq ghihdwhg rqhv/ irulqvwdqfh e| idflolwdwlqj wkh rxweuhdn ri d vrfldo uhyroxwlrq/ dv pruh iuhtxhqwo| dujxhg1 Lqghhg/ wklv
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idfw lv frqvlvwhqw zlwk wkh edvlf sursrvlwlrq ri rxu wkhru|/ vlqfh wkh h{whqvlrq ri iudqfklvh diwhu dplolwdu| ylfwru| fdq eh lqwhusuhwhg dv wkh ixo�oophqw ri wkh surplvh pdgh e| wkh holwh wr wkh pdvvhvlq zdu wlphv ri pruh srolwlfdo srzhu lq h{fkdqjh ri kdug �jkwlqj1Wkh vrfldo uhirupv lpsohphqwhg dw wkh ehjlqqlqj ri wkh [[ fhqwxu| zhuh dovr lqvsluhg e| wkhvxffhvv ri wkh Suxvvldq0Jhupdq prgho dqg e| wkh ghvluh wr lplwdwh lw1 Oor|g Jhrujh dqg ZlqvwrqFkxufkloo zhuh dprqj wkh prvw rxwvsrnhq sursrqhqw ri wkh lplwdwlrq ri wkh Elvpdufnldq prgho rivrfldo ohjlvodwlrq/ zklfk wkh Dvtxlwk jryhuqphqw hyhqwxdoo| glg dw wkh ehjlqqlqj ri wkh [[ fhqwxu|zlwk wkh lqwurgxfwlrq ri d v|vwhp ri shqvlrqv iru wkh hoghuo| +4<3;,/ dqg ri wkh Qdwlrqdo LqvxudqfhEloo +4<44,1Wkh eluwk dqg ghyhorsphqw ri wkh Zhoiduh Vwdwh lq wkh X1V1 uhsuhvhqwv dq rwkhu yhu| lpsruwdqwklvwrulfdo h{dpsoh ri wkh h�hfwv ri pdvv frq lfwv rq lqfrph uhglvwulexwlrq/ dv fodul�hg e| Vnrfsro+4<<5 dqg 4<<8,/ lq d qxpehu ri vwxglhv ghglfdwhg wr wkh klvwru| ri vrfldo srolf| lq wkdw frxqwu|1Zkhuhdv wkh Xqlwhg Vwdwhv zhuh d ixoo ghprfudf| +iru zklwh pdohv, dw wkh wlph ri wkh Flylo Zdu/�111wkh �uvw zlghvsuhdg surjudp ri krqrudeoh sxeolf vrfldo surylvlrq wr ghyhors lq X1V1 ghprfudf|zdv qrw zrunlqjphq*v lqvxudqfh ru shqvlrqv iru wkh srru dorqh/ dv lq wkh  hgjolqj iruhljq zhoiduhvwdwhv ri wkh gd|1 Udwkhu/ Dphulfd*v �uvw qdwlrqdo v|vwhp ri sxeolf vrfldo surylvlrq ehqh�whgd vrflrhfrqrplfdoo|/ hwkqlfdoo|/ dqg/ hyhq udfldoo| glyhuvh fdwhjru| ri Xqlrq yhwhudqv dqg wkhlughshqghqwv� +Vnrfsro/ 4<<8/ fk1 5/ s1 73,1 Wkh Dphulfdq Flylo Zdu zdv dq hduo| �ghprfudwlf�zdu dv wkh hqwluh pdoh dgxow flwl}hqu| zdv vxemhfw wr fdoo wr plolwdu| vhuylfh1 Lqghhg/ wkh Flylo Zduzdv �e| idu wkh prvw ghydvwdwlqj zdu wkh Xqlwhg Vwdwhv kdv hyhu h{shulhqfhg� +Vnrfsro/ 4<<8/ fk15/ s1 76,/ zlwk 5/546/333 vroglhuv/ uhsuhvhqwlqj 6:( ri wkh qruwkhuq phq ehwzhhq wkh djhv ri 48dqg 77 lq 4;93/ vhuylqj lq wkh Xqlrq dup| dqg qdy|/ dqg d wrwdo ri dv pdq| dv 597/844 pruwdofdvxdowlhv1Dovr/ lq klv h{wuhpho| zhoo grfxphqwhg dffrxqw ri wkh klvwru| ri iudqfklvh lq wkh X1V1/ Nh|vvdu+5333, dujxhv wkdw wkh surfhvv ri h{sdqvlrq dqg uhwuhqfkphqw ri wkh uljkw wr yrwh lq wkdw frxqwu|uh hfwv wkh g|qdplf frq lfw ehwzhhq fodvv whqvlrqv/ sxvklqj wr lwv uhvwulfwlrq/ dqg wkh h{ljhqflhvri zdu/ irvwhulqj lwv gl�xvlrq1 Nh|vvdu +5333/ s1 {{l, zulwhv wkdw= �111\hw dorqjvlgh wkhvh idfwruv
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zdv dqrwkhu/ ohvv fhoheudwhg irufh= zdu1 Qhduo| doo ri wkh pdmru h{sdqvlrqv ri wkh iudqfklvh wkdwkdyh rffxuuhg lq Dphulfdq klvwru| wrrn sodfh hlwkhu gxulqj ru lq wkh zdnh ri zduv1 Wkh klvwrulfdouhfrug lqglfdwhv wkdw wklv zdv qrw d frlqflghqfh= wkh ghpdqg ri erwk zdu lwvhoi dqg suhsduhgqhvviru zdu fuhdwhg srzhuixo suhvvxuhv wr hqodujh wkh uljkw wr yrwh1 Duplhv kdg wr eh uhfuxlwhg/ riwhqiurp vr0fdoohg orzhu rughuv ri vrflhw|/ dq lw zdv ukhwrulfdoo| dv zhoo dv sudfwlfdoo| gl!fxow wr frpshophq wr ehdu dupv zkloh ghq|lqj wkhp wkh iudqfklvh111� Wkh vdph dxwkru lghqwl�hv odwhu lq klvzrun hyhq pruh suhflvho| wkh uhdvrq ehklqg wkh zloolqjqhvv ri wkh plggoh0xsshu fodvvhv wr h{whqgiudqfklvh/ dv kh zulwhv +fk1 5/ s1 69,/ �Zk| glg yrwlqj phpehuv ri wkh frppxqlw| vrphwlphv hohfwwr vkduh wkhlu srolwlfdo srzhu zlwk rwkhuvB Lq qxphurxv fdvhv/ lw zdv ehfdxvh wkh| vdz wkhpvhoyhvdv kdylqj d gluhfw lqwhuhvw lq hqodujlqj wkh hohfwrudwh1 Rqh vxfk lqwhuhvw zdv plolwdu| suhsduhgqhvvdqg wkh ghihqvh ri wkh uhsxeolf1 Lq wkh zdnh ri wkh Uhyroxwlrqdu| Zdu dqg djdlq diwhu wkh Zduri 4;45/ pdq| plggoh0fodvv flwl}hqv frqfoxghg wkdw h{whqglqj wkh iudqfklvh wr wkh �orzhu rughuv�zrxog hqkdqfh wkhlu rzq vhfxulw| dqg khos wr suhvhuyh wkhlu zd| ri olih/ e| dvvxulqj wkdw vxfk phqzrxog frqwlqxh wr vhuyh lq wkh dup| dqg wkh plolwld1� Lqghhg/ wkh qhhg ri surylglqj vrxqg hfrqrplfdqg ohjdo lqfhqwlyhv wr wkh srru lq rughu wr udlvh d uhyroxwlrqdu| dup| zdv zhoo xqghuvwrrg e|wkh prvw udglfdo ohdghuv ri wkh Dphulfdq uhyroxwlrq lqfoxglqj Iudqnolq/ zkr yrlfhg klv ylhz dw wkhfrqvwlwxwlrqdo frqyhqwlrq lq rssrvlwlrq wr d fdoo iru d qdwlrqdo iuhhkrog txdol�fdwlrq/ dujxlqj wkdwlw zdv lq wkh qdwlrqdo lqwhuhvw wr hqiudqfklvh hyhu|rqh zkr pljkw eh fdoohg wr vhuyh lq fdvh ri qhhg+Nh|vvdu/ 5333/ fk1 4/ s1 48,1
716 Wrwdo Zduv dqg Ghprfudwl}dwlrq lq wkh [[ Fhqwxu|
Wkh zdjlqj ri d wrwdo zdu ri wkh w|sh ri wkh wzr zruog frq lfwv ri wkh [[ fhqwxu| uhtxluhv wkhprelol}dwlrq ri erwk vroglhuv dqg flyloldqv dqg wkh frqvhqw dqg dfwlyh sduwlflsdwlrq ri wkh pdvvhv/wr dq h{whqw kdugo| hyhu revhuyhg ehiruh lq wkh frxuvh ri klvwru|1 Iru lqvwdqfh/ ehwzhhq 4<47 dqg4<4; wkh Xqlwhg Nlqjgrp prelol}hg dv pdq| dv 915 ploolrq phq/ fruuhvsrqglqj wr 46( ri lwv wrwdosrsxodwlrq/ zkloh Jhupdq| dqg Iudqfh gudiwhg urxjko| 53( ri wkhlu srsxodwlrq/ qdpho| 46158 dqg;15 ploolrq phq uhvshfwlyho|1 Wkh fruuhvsrqglqj �jxuhv uhodwlyh wr Zruog Zdu Wzr duh hyhq pruh
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lpsuhvvlyh1 Lqghhg/ wkh ghjuhh ri plolwdul}dwlrq ri vrfldo olih uhdfkhg lq wkh [[ fhqwxu| kdv qrfrxqwhusduw lq wkh hqwluh Hxurshdq klvwru|/ zlwk wkh rqo| h{fhswlrq wkh shulrg ri dqflhqw klvwru|jrlqj iurp wkh ulvh ri wkh Juhhn flw|0vwdwhv/ lq sduwlfxodu Vsduwd dqg Dwkhqv/ wr wkdw ri wkh UrpdqUhsxeolf dqg Hpsluh1Wkh uhjxodwlrq dqg lqvwlwxwlrqdol}dwlrq ri wkh fodvv vwuxjjoh ehfdph wkxv dq lpshudwlyh lq wlphvri wrwdo zduiduh1 Gxulqj wkh �uvw kdoi ri wkh wzhqwlhwk fhqwxu|/ wkh plggoh dqg wkh zrunlqj fodvvhvzhuh surjuhvvlyho| lqwhjudwhg lq wkh srolwlfv ri wkhlu qdwlrqdo vwdwh dqg ehfdph dv d uhvxow lqfuhdv0lqjo| hdjhu wr �jkw iru wkh qdwlrqdo fdxvh1 Wklv surfhvv/ zklfk kdg lqghhg douhdg| vwduwhg lq wkhQruwk gxulqj wkh Dphulfdq Flylo Zdu/ zdv wr frqwlqxh lq Hxursh gxulqj wkh wzr Zruog Zduv1 WkhIluvw/ dqg wkhq wkh Vhfrqg Zrxog Zdu dffhohudwhg vkduso| whqghqf| wr lqfuhdvh wkh srolwlfdo yrlfhri wkh pdvvhv dqg ri vrfldo uhirupv1 Plfkdho Pdqq +4<;;/ fk1 8/ s1 48;, zulwhv wkdw= �111 Exw dovr/wkh h{shulhqfh ri wkh plggoh fodvv ehiruh wkh zdu 0 surjuhvv wkurxjk wkh qdwlrq 0 qrz ehfdph pruhjhqhudol}hg wr wkh shrsoh dv d zkroh1 Wkh shrsoh vdful�fhg exw qrw iru qrwklqj1 D edujdlq zdvvwuxfn/ idluo| h{solflwo|/ dw wkh hqg ri wkh zdu wkhuh zrxog eh h{whqvlrq ri wkh iudqfklvh +suredeo|lqfoxglqj zrphq, dqg zhoiduh uhirupv1� Sruwhu +4<<7/ fk1 8/ s1 483, zulwhv wkdw= �Dv wkh rqo|ixoo0vfdoh zduv hyhu irxjkw dprqj lqgxvwuldol}hg srzhuv/ wkh Iluvw dqg Vhfrqg Zruog Zduv surgxfhgshupdqhqw fkdqjhv lq wkh lqwhuqdo rujdql}dwlrq dqg vwuxfwxuh ri yluwxdoo| doo Hxurshdq vwdwhv1� Wkhirup ri wkh prghuq vwdwh eruq iurp wkh wzr Zruog Zduv zdv duwlfxodwhg lq d pdvv vwdwh/ lq zklfksrolwlfdo sduwlflsdwlrq dqg sulylohjh duh glyrufhg iurp fodvv ru hfrqrplf vwdwxv dv zhoo dv d zhoiduhvwdwh/ zklfk wdnhv fduh ri wkh zhoo0ehlqj ri lwv flwl}hqv1 Dqg hyhu|zkhuh lq Hxursh wkh zrunlqj fodvvpryhphqw uhtxhvwhg srolwlfdo sduwlflsdwlrq lq h{fkdqjh ri zdu sduwlflsdwlrq1 Sruwhu +4<<7/ fk1 4/s1 4<, zulwhv wkdw= �Rqo| wkh surplvh ri d ehwwhu zruog fdq jlyh phdqlqj wr d whuuleoh frq lfw1Vlqfh/ lq wkh djh ri pdvv duplhv/ wkh orzhu hfrqrplf vwudwd xvxdoo| frqwulexwh pruh ri wkhlu eorrglq edwwoh wkdq wkh zhdowklhu fodvvhv/ zdu riwhq jlyhv lpshwxv wr vrfldo zhoiduh uhirupv1�Pduzlfn +4<:7, dqg Dqguhvnl +4<9:, dovr glvfxvv h{whqvlyho| wkh srolwlfdo dqg hfrqrplf jdlqvjhqhudwhg e| wkh zdjlqj ri wrwdo zduv/ irxjkw zlwk frqvfulswhg vroglhuv/ iru wkh zrunlqj fodvv dqgiru zrphq1 Lqghhg/ wkh surfhvv ri ghprfudwl}dwlrq ri Hxursh/ zkloh idu iurp ehlqj frpsohwhg dw
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wkh hqg ri wkh [L[ fhqwxu|/ dffhohudwhg gxulqj wkh Iluvw Zruog Zdu1 Qhdu wkh hqg ri wkh zdu/ wkhEulwlvk Sduoldphqw sdvvhg wkh Uhsuhvhqwdwlrq ri wkh Shrsoh Dfw/ h{whqglqj iudqfklvh wr doo dgxowpdohv dqg pdq| ihpdohv1 Wkh qxpehu ri txdol�hg yrwhuv udlvhg iurp ; wr 54 ploolrq/ fruuhvsrqglqjwr wkuhh txduwhuv ri wkh dgxow srsxodwlrq= iru wkh �uvw wlph lq klvwru| wkh Krxvh ri Frpprqv zrxogeh hohfwhg e| d pdmrulw| ri Eulwlvk flwl}hqv1 Lq Jhupdq|/ xqlyhuvdo vx�udjh kdg ehhq irupdoo|lqwurgxfhg dv hduo| dv lq 4;:4/ krzhyhu wkh uhdo srolwlfdo srzhu ehorqjhg wr wkh Exqghvudw/ zklfkzdv frqwuroohg e| Suxvvld1 Lq wxuq/ Suxvvld zdv uxohg/ wkurxjk d wkuhh0wlhuhg yrwlqj v|vwhp/ e|lwv hfrqrplf holwh zklfk lqfoxghg erwk lqgxvwuldolvwv dqg wkh Mxqnhuv1 D pdmru lpsxovh wrzdug dqhohfwrudo uhirup ri wkh v|vwhp lq wkh gluhfwlrq ri wkh fuhdwlrq ri dq h�hfwlyh ghprfudf| fdph e| wkhhqgxudqfh ri ZruogZdu L1 Fkdqfhooru yrq Ehwkpdq0Kroozhj zduqhg dw vrph srlqw wkh Suxvvldq zdufdelqhw wkdw wkh frqwlqxdwlrq ri zdu uhtxluhg dq hohfwrudo uhirup1 Wkh Ndlvhu hyhqwxdoo| surplvhgwkh derolwlrq ri wkh wkuhh0wlhuhg hohfwrudo v|vwhp dw wkh hqg ri wkh zdu lq wkh Mdqxdu| ri 4<49 dqglq klv Hdvwhu Ghjuhh ri 4<4: +Sruwhu/ 4<<7/ fk1 8/ s1 4:6,1 Iudqfh dqg Lwdo| kdg douhdg| hvwdeolvkhgxqlyhuvdo pdoh vx�udjh ehiruh Zruog Zdu Rqh/ dqg wkh zdu uhlqirufhg wkh srsxodu zloolqjqhvv wrh{whqg iudqfklvh wr zrphq dv zhoo1 Krzhyhu/ wklv zdv qrw wr eh wkh fdvh lq erwk frxqwulhv xqwlo4<77 dqg 4<78 uhvshfwlyho|1 Wkh pdq| h{sodqdwlrq ri wklv ghod|/ sduwlfxoduo| dv idu dv Iudqfh lvfrqfhuqhg/ lqfoxgh wkh uhvlvwdqfh ri pdq| Fdwkrolfv/ wkh surplqhqfh ri wkh suhrffxsdwlrq zlwkwkh uhfrqvwuxfwlrq/ dqg wkh idfw wkdw wkh zdu uhjlvwhuhg rqo| d vpdoo shufhqwdjh lqfuhdvh lq ihpdohhpsor|phqw1 Doehlw zlwk ghod|/ zrphq dovr zhuh hyhqwxdoo| uhzdughg iru wkhlu h�ruw lq uxqqlqjwkh zdu hfrqrp|/ mxvw dv phq iru wkhlu h�ruw dw wkh iurqw1Dorqj zlwk wkh h{whqvlrq ri yrwlqj uljkwv/ wrwdo zduv dovr vwlpxodwhg d errp lq zhoiduh h{shq0glwxuhv lq hdfk ehooljhuhqw qdwlrq/ zklfk zhuh qrw wr uhyhuw wr wkh suhylrxv ohyho dw wkh hqg ri wkhkrvwlolwlhv1 Lq 4<48/ Oo|rg Jhrujh fuhdwhg d Zhoiduh dqg Khdowk Vhfwlrq zlwklq wkh PxqlwlrqvPlqlvwu| xqfkdujhg ri wdnlqj fduh ri wkh zhoo0ehlqj ri lwv hpsor|hg> wklv dfw khoshg hvwdeolvklqjwkh sulqflsoh ri vwdwh*v uhvsrqvlelolw| iru wkh zrunhuv*v zhoiduh1 Lq 4<4</ d Plqlvwu| ri Khdowk/ frq0fhlyhg gxulqj wkh zdu shulrg/ zdv hyhqwxdoo| fuhdwhg> lq wkh vdph |hdu d pdmru sxeolf krxvlqjsurjudp zdv sdvvhg dqg vr zdv/ rqh |hdu odwhu/ jhqhudo xqhpsor|phqw lqvxudqfh1 Lq Mxqh 4<74/
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wkh Eulwlvk jryhuqphqw dssrlqwhg dq Lqwhughsduwphqwdo Frpplwwhh fkdluhg e| Vlu Ehyhulgjh/ wrpdnh uhfrpphqgdwlrqv rq srvw0zdu uhirupv ri vrfldo lqvxudqfh dqg zrunhuv* frpshqvdwlrq1 Lqwhu0hvwlqjo|/ Ehyhulgjh klpvhoi zdv zhoo dzduh ri wkh lpsruwdqfh ri vrfldo uhirupv iru prwlydwlqj wkhzdu h�ruw ri wkh phpehuv ri wkh orzhu fodvvhv1 Wkh uhsruwv ri wkh Ehyhulgjh Frpplwwhh fuhdwhgzlghvsuhdg h{shfwdwlrqv ri h{whqvlyh zhoiduh uhirupv lq wkh srvw0zdu shulrg/ zklfk zhuh hyhqwxdoo|lpsohphqwhg e| wkh Oderu jryhuqphqw hohfwhg diwhu wkh hqg ri wkh krvwlolwlhv1 Ehwzhhq 4<78 dqg4<7; dv pxfk dv 53( ri wkh qdwlrq*v lqgxvwu| zdv qdwlrqdol}hg/ wkh Qdwlrqdo Khdowk Vhuylfh zdvfuhdwhg wrjhwkhu zlwk d frpsuhkhqvlyh vrfldo lqvxudqfh surjudp1 Ryhudoo/ zhoiduh h{shqglwxuhvdv d vkduh ri JQS juhz lq Eulwdlq iurp 7( ri wkh shulrg sulru wr 4<47 wr ;( lq wkh 4<53*v dqghyhqwxdoo| urvh wr 4;( e| 4<831 Vlplodu ghyhorsphqwv zhuh revhuyhg hovhzkhuh lq Hxursh1 Irulqvwdqfh/ gxulqj Zruog Zdu Rqh/ wkh Iuhqfk jryhuqphqw hvwdeolvkhg d Irqg gx Fkrpdjh ri 53ploolrq iudqfv iru glvorfdwhg zrunhuv dqg plolwdu| ghshqghqwv/ pdqgdwhg d plqlpxp zdjh lq vrphuhjlrqv dqg lqwhuyhqhg lq oderu glvsxwhv1 Lq wkh |hduv diwhu Zruog Zdu Wzr/ wkh ghyhorsphqw ri wkhIuhqfk Zhoiduh Vwdwh uhvwduwhg diwhu d uhodwlyh vwdjqdwlrq gxulqj wkh lqwhu0zduv |hduv1 Iru lqvwdqfh/lq wkh Rfwrehu ri 4<78/ d qdwlrqdo v|vwhp ri frpsuhkhqvlyh vrfldo vhfxulw| surwhfwlrq lqfoxglqjxqhpsor|phqw frpshqvdwlrq/ vlfnqhvv ehqh�wv fdph lqwr h�hfw1Ilqdoo|/ lw lv qrwhzruwk| wkdw wkh zruog zduv/ dqg sduwlfxoduo| wkh Vhfrqg rqh/ kdyh kdg dsurirxqg lpsdfw rq wkh ghyhorsphqw ri wkh zhoiduh vwdwh hyhq lq vxfk qhxwudo frxqwulhv dv Vzhghqdqg Vzlw}huodqg1 Lqghhg/ ghvslwh wkhlu qhxwudolw|/ erwk ri wkhvh frxqwulhv zhuh wkuhdwhqhg e|Jhupdq|/ vr wkh Vhfrqg Zruog Zdu lpshoohg d kljk ghjuhh ri vrfldo prelol}dwlrq dqg frrshudwlrq1Dw wkh hqg ri wkh frq lfw/ wkh Vzhglvk jryhuqphqw ohdg e| wkh Vrfldo Ghprfudwlf sduw| lqwurgxfhg dqxpehu ri qhz zhoiduh surjudpv/ lqfoxglqj d xqlyhuvdo +dv rssrvhg wr phdqv0whvwhg, shqvlrq v|vwhp/vlfn sd| dqg fklog doorzdqfhv1 Dovr/ d frqvwlwxwlrqdo dphqgphqw zdv lqwurgxfhg lq Vzlw}huodqg wrlqfuhdvh wkh uroh ri wkh jryhuqphqw lqwr hfrqrplf d�dluv/ wrjhwkhu zlwk dq lqfrph0frpshqvdwlrqsodq iru doo phq oldeoh iru ploldu| vhuylfh1
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717 Diulfd dqg Odwlq Dphulfd
Lw kdv ehhq zlgho| dujxhg wkdw wkh surfhvv ri srolwlfdo ghyhorsphqw ri Diulfdq dqg Odwlq Dphulfdqfrxqwulhv kdv iroorzhg d yhu| gl�huhqw sdwk iurp wkh rqh w|slfdo ri Hxurshdq frxqwulhv1 Iru lqvwdqfh/Khuevw +5333, dqg Fhqwhqr +5335, dujxh uhvshfwlyho| wkdw wkh orz h{srvxuh wr lqwhuqdwlrqdo plolwdu|frq lfwv/ gxh wr jhrjudsklf dv zhoo dv vrfldo dqg hfrqrplf idfwruv/ zdv d fuxfldo ghwhuplqdqw ri wkhsdwwhuq ri srolwlfdo dqg lqvwlwxwlrqdo fkdqjh glvwlqjxlvklqj Diulfdq dqg Odwlq Dphulfdq frxqwulhv/dqg uhvxowlqj lq erwk d uhodwlyh zhdnqhvv ri wkh vwdwh dv zhoo lq d uhodwlyh devhqfh ri ghprfudf|158 Lqsduwlfxodu/ Khuevw +5333, h{sodlqv wkh uhpdundeoh vwdelolw| ri wkh Diulfdq vwdwh v|vwhp e| dujxlqjwkdw wkh sk|vlfdo jhrjudsk| ri Diulfd lpsrvhv h{fhhglqjo| kljk frvwv ri surmhfwlqj dxwkrulw| eh|rqgwkh srolwlfdo fruh1 Khqfh/ Diulfdq vwdwhv/ wr wkh frqwudu| ri wkh Hxurshdq rqhv/ kdyh klvwrulfdoo|kdg olwwoh lqfhqwlyhv wr hqodujh wkhlu whuulwru|1 Wklv lv dovr uh hfwhg e| wkh idfw wkdw Diulfdq vwdwhv*erughuv/ vhw vrphzkdw duwl�fldoo| e| wkh Hxurshdqv dw wkh Ehuolq Frqihuhqfh ri 4;;8/ kdyh fkdqjhgyhu| olwwoh diwhu Ghfrorql}dwlrq159 Fhqwhqr +5335, dujxhv wkdw wkh Odwlq Dphulfdq vwdwh v|vwhpkdv dozd|v ehhq uhpdundeo| shdfhixo gxh wr wkh odfn ri lqfhqwlyhv iru qdwlrqv wr zdjh +wrwdo, zduvdjdlqvw hdfk rwkhu1 Wkh h{wuhph udulw| ri pdmru lqwhuqdwlrqdo frq lfwv kdv lq wxuq ehhq uhvsrqvleohiru wkh klvwrulfdo zhdnqhvv ri Odwlq Dphulfdq vwdwhv dqg/ rq wrs ri wkdw/ iru wkhlu vorz wudqvlwlrqwr ghprfudf|/ qrw frpshoohg e| wkh qhhg ri wkh prelol}dwlrq ri wkh pdvvhv iru vxvwdlqlqj wkh zduh�ruw15: Lqghhg/ vlploduo| wr wkh fdvh ri Diulfd/ wkh frqwhpsrudu| Odwlq Dphulfdq vwdwhv* erughuvfruuhvsrqg txlwh forvho| wr wkrvh vhw e| wkh Hxurshdq frorql}huv lq wkh hljkwhhqwk fhqwxu|/ djdlquh hfwlqj wkh doprvw wrwdo devhqfh ri lqwhuqdwlrqdo frq lfwv lq wklv frqwlqhqw1

58Zh wkdqn Mdphv Urelqvrq iru eulqjlqj wkhvh errnv wr rxu dwwhqwlrq159Dv Khuevw +5333/ fk1 7/ s1 439, zulwhv= �Zkloh wkhuh duh pdq| uhdvrqv iru wkh uhodwlyh odfn ri lqwhuqdwlrqdozdu/ wkh idfw wkdw whuulwruldo frpshwlwlrq zdv qrw d vljql�fdqw prwlydwlrq iru hlwkhu wkh frorqldolvwv ru wkh uxohuv rilqghshqghqw Diulfd xqgrxewhgo| kdv ehhq d vljql�fdqw idfwru1�5:Fhqwhqr +5335/ fk1 7/ s1 63064, fodlpv wkdw= �Wkh Odwlq Dphulfdq vwdwhv zhuh qhyhu vwurqj hqrxjk wr ghpdqgixoo frqvfulswlrq1 Shukdsv pruh lpsruwdqw/ wkhuh zdv qhyhu d shufhlyhg qhhg iru wkh nlqg ri vrfldo xskhdydo lpsolhge| pdvv duplhv1 Wkh vwdwh glg qrw qhhg wkh srsxodwlrq/ dv vroglhuv ru hyhq dv ixwxuh zrunhuv/ dqg wkxv frxog d�rugwr h{foxgh lw1�
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Lq vxp/ zh fdq wklqn wr Diulfd dqg Odwlq Dphulfd dv vwdwhv v|vwhp fkdudfwhul}hg e| d iuhtxhqf|ri lqwhuqdwlrqdo frq lfwv orz hqrxjk wr idoo lq zkdw/ lq rxu prgho/ lv wkh lqvwlwxwlrqdo �lqdfwlrqudqjh�/ qdpho| wkh sdudphwulf uhjlrq ri t zkhuh wkh holwh suhihuv wr ehdu wkh frqvhtxhqfhv ri dplolwdu| ghihdw udwkhu wkdq sd|lqj wkh sulfh ri prelol}lqj wkh pdvvhv iru zdu wkurxjk wkh frqfhvvlrqri zhoiduh ru ghprfudf|1Wkhuh lv dovr d glvwlqfwlrq ehwzhhq wkh qdwxuh ri Hxurshdq zduv dqg wkh Diulfdq dqg OdwlqDphulfdq rqhv1 Wkh iruphu zhuh wrwdo zduv dqg vhfrqg olplwhg frq lfwv zlwk d vxevwdqwldoo| orzhulqfrph2zhdowk glvuxswlrq +Fhqwhqr/ 5335,1 Wkh zduv irxjkw lq Hxursh vlqfh wkh Iuhqfk Uhyroxwlrqvdqg wkh Qdsrohrqlf fdpsdljqv kdyh ehhq fkdudfwhul}hg e| d xqltxh ohyho ri glvuxswlrq/ qhyhu wr ehrevhuyhg hovhzkhuh1 Lq rxu prgho/ wkh ghjuhh ri glvuxswlyhqhvv ri zdu lv h{suhvvhg e| wkh sdudphwhu%= d wrwdo zdu fdq eh dvvrfldwhg zlwk d orz ydoxh ri % dqg d olplwhg zdu zlwk d kljk rqh1 Lqghhg/zh nqrz wkdw wkh xsshu erxqg ri wkh lqdfwlrq udqjh/ tWW/ lv vwulfwo| lqfuhdvlqj lq %1 Khqfh/ wkhlqdfwlrq udqjh lv dovr wr eh h{shfwhg wr eh odujhu lq Odwlq Dphulfd dqg Diulfd dffruglqj wr rxuwkhru|/ gxh wr yhu| qdwxuh ri zduiduh lq wkhvh frqwlqhqwv1
718 Vrph Hylghqfh rq wkh Pduwldo H�hfwlyhqhvv ri Ghprfudflhv
Zh kdyh dujxhg wkdw d surplqhqw uhdvrq zk| wkh holwhv pd| zdqw wr frqfhgh ghprfudf| wr wkhpdvvhv lv wr lqfuhdvh wkh plolwdu| h�hfwlyhqhvv ri wkh dup|1 Pruh suhflvho|/ dffruglqj wr rxu wkhru|/ghprfudwlf duplhv vkrxog eh pruh h�hfwlyh lq zduv wkdq qrq ghprfudwlf rqhv dv wkh vroglhuv ri wkhiruphu duh pruh prwlydwhg wr �jkw vlqfh zduv sxw dw juhdwhu vwdnhv wkhlu lqwhuhvwv1Wkh dujxphqw ri wkh plolwdu| vxshulrulw| ri ghprfudflhv lv qrw dq lqfrqwuryhuwleoh rqh1 Dwudglwlrq ri wkrxjkw/ zklfk lqfoxghv wkh fodvvlf frqwulexwlrq ri Doh{lv gh Wrtxhylooh +4<9<, rqGhprfudf| lq Dphulfd/ kdv dujxhg wkdw ghprfudflhv zrxog eh lqihulru wr dxwrfudflhv lq wkh rifudiwlqj ri iruhljq srolflhv dqg lq wkh pdnlqj ri zdu1 Lqghhg/ ghvslwh wkh frqfhuqv ri Wrtxhyloohdqg ri rwkhuv/ ghprfudflhv gr zlq zduv1 Dffruglqj wr d uhfhqw vwxg| ri Uhlwhu dqg Vwdp +5335,edvhg rq d odujh erg| ri hpslulfdo hylghqfh uhodwlyh wr 8:5 edwwohv irxjkw ehwzhhq 4;48 dqg 4<<5/ghprfudflhv fohduo| glvsod| juhdwhu pduwldo yluwxhv wkdq qrq0ghprfudflhv1 Iru lqvwdqfh/ vlqfh 4;48
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ghprfudflhv kdyh zrq ryhu wkuhh txduwhuv ri wkh frq lfwv lq zklfk wkh| kdyh ehhq hqjdjhg/ dqg:9( ri wkh vlqjoh edwwohv irxjkw1 Wkhvh idfwv udlvh ri frxuvh ri txhvwlrq ri zklfk sduwlfxodu ihdwxuhvri ghprfudwlf vwdwhv duh uhvsrqvleoh ri wkhlu uhpdundeoh plolwdu| shuirupdqfh1 Uhlwhu dqg Vwdp�qg wkdw ghprfudwlf duplhv duh pruh h�hfwlyh wkdq dxwrfudwlf rqhv/ hyhq diwhu frqwuroolqj iruvxfk idfwruv dv wkh juhdwhu ohyho ri hfrqrplf ghyhorsphqw wkdw w|slfdoo| fkdudfwhul}hv ghprfudwlfvwdwhv/ dqg zklfk d�hfwv lq dq reylrxv zd| wkh delolw| ri zdjlqj d zdu ri d frxqwu|1 Lq sduwlfxodu/Uhlwhu dqg Vwdp �qg wkdw ghprfudwlf vroglhuv duh vljql�fdqwo| vxshulru lq plolwdu| h�hfwlyhqhvv/ dvuhsuhvhqwhg e| ohdghuvkls dqg lqlwldwlyh rq wkh edwwoh�hog +fk1 6/ ss1 :;0;6,1 Wkh dxwkruv lqwhusuhwwkhvh hpslulfdo �qglqjv lq d zd| wkdw duh frqvlvwhqw zlwk rxu edvlf sursrvlwlrq wkdw ghprfudwlfvroglhuv duh pruh prwlydwhg wr �jkw dqg gr vr ehwwhu1 Iru lqvwdqfh/ Uhlwhu dqg Vwdp +fk1 6/ s194, zulwh wkdw= �Vwdwhv pxvw dvn flwl}hqv wr pdnh lqglylgxdo vdful�fhv/ zkhwkhu wr sd| wd{hv/ wrvdful�fh wkhlu olehuw| e| vhuylqj lq wkh plolwdu|/ ru wr ulvn wkhlu olyhv rq wkh edwwoh�hog1 Vroglhuv duhpruh olnho| wr dffhsw wkh gdqjhuv ri wkh edwwoh�hog dqg sodfh wkhlu olyhv dw ulvn li wkh| duh vhuylqj lqd plolwdu| ryhuvhhq e| d jryhuqphqw jurxqghg lq ghprfudwlf srolwlfdo lqvwlwxwlrqv1 Wkh| duh pruholnho| wr shufhlyh wkh zdu h�ruw dqg wkh ohdghuvkls lwvhoi dv uh hfwlqj wkhlu rzq lqwhuhvwv li wkh qhhgiru srsxodu frqvhqw frqvwudlqwv wkh jryhuqphqw dqg fdq dqg fdq eh uhpryhg iurp r!fh li lw idlovwr krog xs lwv hqg ri wkh vrfldo frqwudfw1�
719 Zduv/ Uhyroxwlrqv dqg Ghprfudf|
Zkloh irfxvlqj rq lqwhuqdwlrqdo frq lfwv dv gulylqj irufh ri vrfldo dqg srolwlfdo uhirupv dw wkh qd0wlrqdo ohyho/ zh gr qrw ghq| wkh lpsruwdqfh ri wkh h{wuhph frqvhtxhqfhv/ lqfoxglqj wkh h{sorvlrq rivrfldo uhyroxwlrqv/ ri grphvwlf lqwhu0fodvv ulydou|/ uhfhqwo| hpskdvl}hg e| rwkhu dxwkruv +h1j1 Dfh0prjox dqg Urelqvrq/ 5333,1 Rxu edvlf dujxphqw lv wr eh surshuo| lqwhusuhwhg dv d frpsohphqwdu|vwru| wr d uhyroxwlrqv0gulyhq wkhru| ri srolwlfdo fkdqfh1 Wkh idfwruv vwuhvvhg e| wkh wzr wkhrulhvduh lq idfw olnho| wr lqwhudfw forvho| lq wkh h{sodqdwlrq ri vdolhqw hslvrghv ri srolwlfdo fkdqjh1 Txlwhriwhq/ uhyroxwlrqdu| rxweuhdnv kdyh dsshduhg wr eh forvho| uhodwhg wr d qdwlrq*v lqyroyhphqw lqvrph lqwhuqdwlrqdo zdu1 D prvw qrwdeoh h{dpsoh ri wkh lqwhusod| ehwzhhq grphvwlf dqg lqwhuqd0
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wlrqdo frq lfwv lq lqgxflqj qrq0vprrwk srolwlfdo wudqvirupdwlrqv lq wkh [[ fhqwxu| klvwru| lv wkhrqh ri wkh idoo ri wkh W}dulvw uhjlph dqg ri wkh Rfwrehu Uhyroxwlrq lq Uxvvld gxulqj wkh ZruogZdu Rqh +h1j1 Slshv/ 4<<7,1 Pdq| rwkhu vdolhqw fdvhv fdq dovr eh phqwlrqhg/ lqfoxglqj Iuhqfklqyroyhphqw lq wkh Dphulfdq Zdu ri Lqghshqghqfh/ zklfk khoshg suhsduh wkh jurxqg iru wkh IuhqfkUhyroxwlrq/ wkh zdyh ri lqvxuuhfwlrqv dfurvv Hxursh ixhohg e| wkh Qdsrohrqlf Zduv/ dqg wkh Iuhqfkghedfoh lq wkh Iudqfr0Suxvvldq Zdu ri 4;:3/ zklfk jdyh ulvh wr wkh Frppxqh ri Sdulv1 Suhvxpdeo|/wkh lpphgldwh diwhupdwk ri dq lqwhuqdwlrqdo zdu lv d shulrg lq zklfk wkh lqfxpehqw jryhuqphqwuhsuhvhqwlqj wkh vwdwxv txr vrfldo rughu/ dqg lwv uhsuhvvlyh dssdudwxv/ lv uhodwlyho| zhdn/ sduwlfx0oduo| lq wkh fdvh ri d ghihdw1 Gxulqj wklv shulrg/ wkhuhiruh/ d vrfldo uhyroxwlrq kdv pruh fkdqfhvri vxffhvv dqg lv pruh olnho| wr wdnh sodfh1 Zh zlvk wr hpskdvl}h/ krzhyhu/ wkdw dw vrph ohyhorxu dujxphqw lv lqghshqghqw iurp wkh uhyroxwlrq0wkuhdw wkhru|1 Wkdw lv/ wkh zdu h�ruw lqfhqwlyh0frpsdwlelolw| frqvwudlqw ri wkh pdvvhv fdq zhoo eh elqglqj/ zkloh wkh uhyroxwlrq0frqvwudlqw qhhgvqrw wr eh vlpxowdqhrxvo| vr/ dqg ylfh yhuvd1
8 Frqfoxvlrqv
Wklv sdshu kdv dwwhpswhg wr vkhg vrph qhz oljkw rq wzr pdmru dqg uhodwhg idfwv ri wkh srolwlfr0hfrqrplf ghyhorsphqw ri wkh Zhvw lq wkh odvw wzr fhqwxulhv= wkh surjuhvvlyh gl�xvlrq ri ghprfudf|dqg h{whqvlrq ri wkh Zhoiduh Vwdwh1 Rxu wkhru| irfxvhv rq wkh lqwhudfwlrq ehwzhhq lqwhuqdwlrqdofrq lfwv dprqj qdwlrqv dqg wkh grphvwlf �fodvv vwuxjjoh� ehwzhhq ulfk dqg srru1 Zh kdyh dujxhgwkdw ghprfudf| dqg �vfdo uhglvwulexwlrq ri lqfrph/ duh frqfhvvlrqv wkdw wkh qdwlrqdo holwhv pd| ehirufhg wr gr wr wkh pdvvhv lq rughu wr lqfuhdvh wkhlu qdwlrqdolvp/ dqg zdu h�ruw/ zkhq wzr edvlffrqglwlrqv duh phw1 Wkh �uvw rqh lv wkh suhvhqfh ri d vljql�fdqw rxwvlgh wkuhdw/ dv uhsuhvhqwhg e|wkh srvvleoh plolwdu| frq lfw/ dqg lpsolhg ulvnv/ zlwk vrph iruhljq hqhp| srzhu1 Wkh vhfrqg rqhlv d sduwlfxodu vwdwh ri wkh duw ri wkh plolwdu| whfkqrorj|/ edvhg rq wkh ghsor|phqw ri pdvv0duplhvuhfuxlwhg rq wkh edvh ri xqlyhuvdo pdqgdwru| frqvfulswlrq/ udwkhu wkdq rq phufhqdu| wurrsv/ ruvpdoo vfdoh surihvvlrqdo duplhv1 Lq rwkhu zrugv/ rxu prgho vwlsxodwhv wkh h{lvwhqfh/ xqghu vrph
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vshfl�f frqglwlrqv/ zduiduh �fdxvhv� ghprfudf|1 Wklv uhodwlrq dulvhv li vrph jhrsrolwlfdo +vx!flhqwlqwhuqdwlrqdo iudjphqwdwlrq dqg plolwdu| ulydou|, dv zhoo dv whfkqrorjlfdo +wkh dgrswlrq ri wkhprgho ri wkh pdvv0dup| dqg pdqgdwru| frqvfulswlrq, suhfrqglwlrqv krog15; Dw wkh hyh ri wkhFrqwhpsrudu| Djh/ Hxursh frqvwlwxwhg lqghhg d v|vwhp ri ulydo qdwlrqdo vwdwhv/ dqg wkh prghori wkh pdvv0dup| zdv lpsrvlqj lwvhoi/ dw ohdvw vlqfh wkh Iuhqfk ohyìh hq pdvvh ri 4:<6/ dqg wkhvwxqqlqj vxffhvv ri wkh Qdsrohrqlf fdpsdljqv/ dv wkh prvw h!flhqw irup ri plolwdu| rujdql}dwlrq/vrrq wr eh dgrswhg e| prvw Hxurshdq vwdwhv1
9 Dsshqgl{
914 Surri ri Fodlp 4
Wkh ydoxh ixqfwlrqv ri wkh srru lq zdu dqg lq shdfh wlphv zkhq wkh| sxw kljk h�ruw dqg wkh ulfkuhwdlq wkh frqwuro ri wkh srolwlfdo srzhu vdwlvi| wkh iroorzlqj v|vwhp ri wzr htxdwlrqv

Y R ��R> � > 4> U ��h @ hM � @ h|R +�, . tY R ���> � > 4> U ��h @ hM �. +4� t,Y R ��R> � > 4> U ��h @ hM �
4 . u

Y R ���> � > 4> U ��h @ hM � @ h|R +�,�F . Y R ��R> � > 4> U ��h @ hM �
4 . u

vlqfh zh kdyh dvvxphg wkdw wkh zdu lv zrq zlwk fhuwdlqw| zkhq wkh srru sxw kljk h�ruw +l1h1 S @ 4,1Wklv v|vwhp ri ixqfwlrqdo htxdwlrqv kdv wkh iroorzlqj vroxwlrq5<
5;Wkxv/ lq sduwlfxodu/ d whfkqrorjlfdo vkrfn ohdglqj wr wkh uhsodfhphqw ri hlwkhu w|sh ri dup| zlwk wkh rwkhu rqhvkrxog kdyh/ dffruglqj wr rxu wkhru|/ lpsruwdqw vrflr0srolwlfdo frqvhtxhqfhv1 Wklv uhvxow lv lq djuhhphqw zlwk wkhidprxv dujxphqw ri O|qq Zklwh Mu1 +4<95,/ dffruglqj wr zklfk wkh ruljlq ri wkh ihxgdo vrflhw| od|v lq wkh lqwurgxfwlrqlq Hxursh ri wkh vwluuxs/ dqg lq wkh frqvhtxhqw plolwdu| uhyroxwlrq ohdglqj wr wkh vxsuhpdf| ri fklydou|1 Dqguhvnl+4<9:, glvfxvvhv pdq| rwkhu lqvwdqfhv ri vrfldo dqg srolwlfdo wudqvirupdwlrqv wuljjhuhg e| vkrfnv wr wkh plolwdu|whfkqrorj|15< Lq wklv fdvh dv zhoo dv lq wkh qh{w rqhv/ zh rplw wkh vroxwlrq ri wkh ydoxh ixqfwlrqv/ olnh T R �>Rc � c �c - ��e ' eM �/wkdw zh gr qrw xvh lq wkh iroorzlqj vwhsv1 Krzhyhu/ wkhvh h{suhvvlrqv duh vwudljkwiruzdug wr ghulyh dqg fdq eh
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Y R ���> � > 4> U ��h @ hM � @ +4 . u,+4 . u . t,h|R +�,� +u . t,Fu+4 . t . u, = +48,
Pruhryhu/ wkh Ehoopdq ydoxh ri ehlqj srru zkhq wkh ulfk frqwuro wkh srolwlfdo v|vwhp/ qruhglvwulexwlrq lv hyhu judqwhg dqg wkh| sxw d orz ohyho ri h�ruw lv lq zdu wlphv/ vdwlv�hv wkh iroorzlqjv|vwhp ri wkuhh htxdwlrqv63

Y R ��R> 3> L0| > U ��h @ hu � @ L0| |R . tY R ���> 3> 4> U ��h @ hu �. +4� t,Y R ��R> 3> 4> U ��h @ hu �4 . udqg
Y R ���> 3> 4> U ��h @ hu � @ |R . Y R ��R> 3> %> U ��h @ hu �4 . u =

Wkh vroxwlrq lpsolhv wkdw
Y R ���> 3> 4> U ��h @ hu � @ u+4 . u . t,h|R +�, . ^4 . +u . t,%` |Ru+4 . u . t, = +49,

Wkh plqlpxp frqvwdqw wd{ udwh b� frqvlvwhqw zlwk wkh vdwlvidfwlrq ri wkh qr0ghyldwlrq frqglwlrqri wkh srru durxqg wkh htxloleulxp lv rewdlqhg e| vxevwlwxwlqj wkh htxdwlrqv +48, dqg +49, lqwr +5,/zklfk krogv zlwk wkh htxdolw| vljq lq wklv fdvh1 Vlpsoh dojheud vkrzv wkdw wkh h{suhvvlrq iru b� lvwkdw uhsruwhg lq +6,1
915 Surriv ri Fodlpv 5 dqg 6
Wkh ydoxh ixqfwlrqv ri wkh ulfk +xqghu wkh dvvxpswlrq wkdw wkh| uhwdlq wkh srolwlfdo srzhu, lq zdudqg lq shdfh wlphv/ zkhq lqfrph lv wd{hg dqg uhglvwulexwhg dw wkh frqvwdqw udwh � dqg wkh srrudozd|v sxw kljk h�ruw lq zdu shulrgv/ vdwlvi| wkh iroorzlqj v|vwhp ri ixqfwlrqdo htxdwlrqvrewdlqhg e| wkh dxwkruv xsrq uhtxhvw163Zh uhplqg wkh uhdghu wkdw wkh �uvw h{suhvvlrq jhqhudwhv wzr htxdwlrqv ehfdxvh wkh lqglfdwru ixqfwlrq U0| fdq ehhtxdo wr 0 ru �1 Pruhryhu/ wkhvh htxdwlrqv duh zulwwhq wdnlqj lqwr dffrxqw wkdw wkh suredelolw| ri zlqqlqj d zdu zkhqwkh srru sxw orz h�ruw lv htxdo wr }hur1
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Y o ��R> � > 4> U ��h @ hM � @ h|o +�, . tY o ���> � > 4> U ��h @ hM �. +4� t,Y o ��R> � > 4> U ��h @ hM �
4 . u

Y o ���> � > 4> U ��h @ hM � @ h|o +�, . Y o ��R> � > 4> U ��h @ hM �
4 . u =

Wkh vroxwlrq lpsolhv wkdw
Y o ��R> � > 4> U ��h @ hM � @ Y o ���> � > 4> U ��h @ hM � @ 4. uu h|o +�, = +4:,

Wkh ydoxh ixqfwlrqv ri wkh ulfk +zklfk uhwdlq wkh frqwuro ri wkh srolwlfdo v|vwhp, zkhq qruhglvwulexwlrq lv hyhu judqwhg dqg wkh srru dozd|v sxw orz h�ruw lq zdu wlphv/ vdwlvi| wkh iroorzlqjv|vwhp ri ixqfwlrqdo htxdwlrqv
Y o ��R> 3> 4> U ��h @ hu � @ |o . tY o ���> 3> 4> U ��h @ hu �. +4� t,Y o ��R> 3> 4> U ��h @ hu �4 . u

Y o ���> 3> 4> U ��h @ hu � @ |o . Y o ��R> 3> %> U ��h @ hu �4 . u
Y o ��R> 3> %>U ��h @ hu � @ %|o . tY o ���> 3> 4> U ��h @ hu �. +4� t,Y o ��R> 3> 4> U ��h @ hu �4 . u =

Wkh vroxwlrq ri wklv v|vwhp ri htxdwlrqv lv
Y o ��R> 3> 4> U ��h @ hu � @ �t+u . %, . +4 . u,2� |ou+4 . t . u, +4;,

Y o ���> 3> 4> U ��h @ hu � @ ^4 . u . +u . t, +u . %,` |ou+4 . t . u, = +4<,
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Fodlp 5/ l1h1 wkh wd{ udwh � o� lq +8, lv rewdlqhg e| vxevwlwxwlqj wkh htxdwlrqv +4:, dqg +4<, lqwr+7,1Fodlp 6/ qdpho| wkh wd{ udwh � oR lq +:, lv ghulyhg iurp wkh vxevwlwxwlrq ri wkh htxdwlrqv +4:,dqg +4;, lqwr +9,1
Uhihuhqfhv
^4` Dfhprjox/ Gdurq dqg Urelqvrq/ Mdphv D1 �Zk| Glg wkh Zhvw H{whqg wkh IudqfklvhB Ghprf0udf|/ Lqhtxdolw|/ dqg Jurzwk lq Klvwrulfdo Shuvshfwlyh1� Txduwhuo| Mrxuqdo ri Hfrqrplfv/Qryhpehu 5333/ 448+7,/ ss1 449:0<<1
^5` Dfhprjox/ Gdurq dqg Urelqvrq/ Mdphv D1 �D Wkhru| ri Srolwlfdo Wudqvlwlrqv1� DphulfdqHfrqrplf Uhylhz/ Vhswhpehu 5334/ <4+7,/ ss1 <6;0961
^6` Dfhprjox/ Gdurq dqg Urelqvrq/ Mdphv D1 Hfrqrplf Ruljlqv ri Glfwdwruvkls dqg Ghprfudf|1Xqsxeolvkhg pdqxvfulsw/ 53361
^7` Doprqg/ Jdeulho D1 dqg Srzhoo/ ElqjkdpJ1 Frpsdudwlyh Srolwlfv1 D Ghyhorsphqwdo Dssurdfk1Ervwrq/ PD= Olwwoh Eurzq dqg Fr1/ 4<991
^8` Dqguhvnl/ Vwdqlvody1 Plolwdu| Rujdql}dwlrq dqg Vrflhw|1 Orqgrq= Urxwohgjh ) Nhjdq Sdxo/5qg hg1/ 4<9:1
^9` Dugdqw/ Jdeulho1 �Ilqdqfldo Srolf| dqg Hfrqrplf Lqiudvwuxfwxuh ri Prghuq Vwdwhv dqg Qd0wlrqv1� Lq Fkduohv Wloo| +hgv1, Wkh Irupdwlrq ri Qdwlrqdo Vwdwhv lq Zhvwhuq Hxursh1 Sulqfhwrq/Q1M1= Sulqfhwrq Xqlyhuvlw| Suhvv/ 4<:81
^:` Eìqderx/ Urodqg1 �Xqhtxdo Vrflhwlhv= Lqfrph Glvwulelwlrq dqg wkh Vrfldo Frqwudfw1� DphulfdqHfrqrplf Uhylhz/ Pdufk 5333/ <3+4,/ ss1 <9045<1
^;` Ehxnhpd/ Khupdq1 �Vrfldo dqg Srolwlfdo Dvshfwv ri Frqvfulswlrq= Hxursh*v H{shulhqfh1� Plo0lwdu| D�dluv/ Vsulqj 4<74/ 8+4,/ ss1 540641
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^<` Ehyhugljh/ Zlooldp K1 Vrfldo Lqvxudqfh dqg Doolhg Vhuylfhv1 Qhz \run/ Q1\1= Wkh Pdf Pdfplo0odq Frpsdq|/ 4<751
^43` Erxujxljqrq/ Iudqêrlv dqg Yhuglhu/ Wklhuu|1 �Roljdufk|/ ghprfudf|/ lqhtxdolw| dqg jurzwk1�Mrxuqdo ri Ghyhorsphqw Hfrqrplfv/ Dxjxvw 5333/ 95+5,/ ss1 5;806461
^44` Fhqwhqr/ Pljxho Dqjho1 Eorrg dqg Ghew1 Zdu dqg wkh Qdwlrq0Vwdwh lq Odwlq Dphulfd1 Xqlyhu0vlw| Sdun/ SD= Wkh Shqqv|oydqld Vwdwh Xqlyhuvlw| Suhvv/ 53351
^45` Frqoh|/ Mrkq S1 dqg Whplpl/ Dnudp1 �Hqgrjhqrxv Hqiudqfklvhphqw Zkhq Jurxsv SuhihuhqfhvFrq lfw1� Mrxuqdo ri Srolwlfdo Hfrqrp|/ 5334/ 43<+4,/ ss1 :<04351
^46` Grzqlqj/ Euldq P1 Wkh Plolwdu| Uhyroxwlrq dqg Srolwlfdo Fkdqjh= Ruljlqv ri Ghprfudf| dqgDxwrfudf| lq Hduo| Prghuq Hxursh1 Sulqfhwrq/ Q1M1= Sulqfhwrq Xqlyhuvlw| Suhvv/ 4<<51
^47` Jlgghqv/ Dqwkrq|1 Wkh Qdwlrq0Vwdwh dqg Ylrohqfh1 Yroxph Wzr ri d Frqwhpsrudu| Fulwltxhri Klvwrulfdo Pdwhuldolvp1 Ehunhoh| dqg Orv Dqjhohv/ FD= Xqlyhuvlw| ri Fdoliruqld Suhvv/ 4<;:1
^48` Khuevw/ Mh�uh|1 Vwdwhv dqg Srzhu lq Diulfd1 Frpsdudwlyh Ohvvrqv lq Dxwkrulw| dqg Frqwuro1Sulqfhwrq/ QM= Sulqfhwrq Xqlyhuvlw| Suhvv/ 53331
^49` Klqw}h/ Rwwr1Plolwdu| Rujdqlvdwlrq dqg wkh Rujdqlvdwlrq ri wkh Vwdwh/ lq Wkh Klvwrulfdo Hvvd|vri Rwwr Klqw}h1 Qhz \run/ Q\= R{irug Xqlyhuvlw| Suhvv/ 4<:81
^4:` Kxqwlqjwrq/ Vdpxho S1 Wkh Vroglhu dqg wkh Vwdwh1 Wkh Wkhru| dqg Srolwlfv ri Flylo0Plolwdu|Uhodwlrqv1 Fdpeulgjh/ PD= Wkh Ehonqds Suhvv ri Kduydug Xqlyhuvlw| Suhvv/ 4<8:1
^4;` Nhqqhg|/ Sdxo1 Wkh Ulvh dqg Idoo ri Juhdw Srzhuv1 Hfrqrplf Fkdqjh dqg Plolwdu| Frq lfwiurp 4833 wr 53331 Qhz \run/ Q\1= Udqgrp Krxvh/ 4<;:1
^4<` Nh|vvdu/ Doh{dqghu1 Wkh Uljkw wr Yrwh1 Wkh Frqwhvwhg Klvwru| ri Ghprfudf| lq wkh XqlwhgVwdwhv1 Qhz \run/ Q\= Edvlf Errnv/ 53331
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^53` Mrqhv/ Hulf O1 Wkh Hxurshdq Pludfoh= Hqylurqphqwv/ Hfrqrplhv dqg Jhrsrolwlfv lq wkh Klvwru|ri Hxursh dqg Dvld1 Fdpeulgjh= Fdpeulgjh Xqlyhuvlw| Suhvv/ 4<;41
^54` Odqghv/ Gdylg V1 Wkh Xqerxqghg Surphwkhxv= Whfkqrorjlfdo Fkdqjh dqg Lqgxvwuldo Ghyhors0phqw lq Zhvwhuq Hxursh iurp 4:83 wr wkh Suhvhqw1 Fdpeulgjh= Fdpeulgjh Xqlyhuvlw| Suhvv/4<9<1
^55` Olqghuw/ Sdxo1 �Wkh Ulvh ri Vrfldo Vshqglqj/ 4;;304<631� H{sorudwlrqv lq Hfrqrplf Klvwru|/4<<7/ 64/ ss140691
^56` Olqghuw/ Sdxo1 �Zkdw Olplwv Vrfldo VshqglqjB� H{sorudwlrqv lq Hfrqrplf Klvwru|/ 4<<9/ 66/ss140671
^57` Ol}}hul/ Dohvvdqgur dqg Shuvlfr/ Qlfrod1 �Zk| Glg wkh Holwhv H{whqg wkh Vx�udjhB Ghprfudf|dqg wkh Vfrsh ri Jryhuqphqw zlwk Dq Dssolfdwlrq wr Eulwdlq*v cDjh ri Uhirup1�* Iruwkfrplqj/Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 53371
^58` Pdqq/ Plfkdho1 Vwdwhv/ Zdu dqg Fdslwdolvp1 Vwxglhv lq Srolwlfdo Vrflrorj|1 R{irug= EdvlfEodfnzhoo Lqf1/ 4<;;1
^59` Pduzlfn/ Duwkxu1 Zdu dqg Vrfldo Fkdqjh lq wkh Wzhqwklhwk Fhqwxu|= D Frpsdudwlyh Klvwru|ri Eulwdlq/ Iudqfh/ Jhupdq|/ Uxvvld dqg wkh Xqlwhg Vwdwhv1 Orqgrq= Froolhu0Pdfploodq/ 4<:71
^5:` Phow}hu/ Doodq K1 dqg Ulfkdug/ Vfrww I1 �D Udwlrqdo Wkhru| ri wkh Vl}h ri Jryhuqphqw1�Mrxuqdo ri Srolwlfdo Hfrqrp|/ Rfwrehu 4<;4/ ;<+8,/ ss1 <4705:1
^5;` Slnhww|/ Wkrpdv1 �Lqfrph Lqhtxdolw| lq Iudqfh 4<340<;1� Fhqwuh iru Hfrqrplf Srolf| Uhvhdufk+Orqgrq/ XN,/ Glvfxvvlrq Sdshu Qr1 5;:9/ Mxo| 53341
^5<` Slshv/ Ulfkdug1 Uxvvld xqghu wkh Erovkhyln Uhjlph/ 4<4<04<571 Qhz \run/ Q\= Doiuhg D1Nqrsi/ Lqf1/ 4<<71
^63` Sruwhu/ Euxfh G1 Zdu dqg wkh Ulvh ri wkh Prghuq Vwdwh1 Wkh Plolwdu| Irxqgdwlrqv ri PrghuqSrolwlfv1 Qhz \run/ Q1\1= Wkh Iuhh Suhvv/ 4<<71
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^64` Uhlwhu/ Gdq dqg Vwdp/ Doodq F1 Ghprfudflhv dw Zdu1 Sulqfhwrq/ Q1M1= Sulqfhwrq Xqlyhuvlw|Suhvv/ 53351
^65` Uxhvfkhph|hu/ Glhwulfk/ Vwhskhqv/ Hyho|qh Kxehu dqg Vwhskhqv/ Mrkq G1 Fdslwdolvw Ghyhors0phqw dqg Ghprfudf|1 Fklfdjr/ LO= Wkh Fklfdjr Xqlyhuvlw| Suhvv/ 4<<51
^66` Uxvfrql/ Jldq Hqulfr1 Fodxvhzlw}/ lo Suxvvldqr1 Wxulq= Hlqdxgl/ 4<<<1
^67` Vnrfsro/ Wkhgd1 Vwdwhv dqg Vrfldo Uhyroxwlrqv1 Fdpeulgjh= Fdpeulgjh Xqlyhuvlw| Suhvv/ 4<:<1
^68` Vnrfsro/ Wkhgd1 Surwhfwlqj Vroglhuv dqg Prwkhuv= Wkh Srolwlfdo Ruljlqv ri Vrfldo Srolf| lq wkhXqlwhg Vwdwhv1 Fdpeulgjh/ PD= Wkh Ehonqds Suhvv ri Kduydug Xqlyhuvlw| Suhvv/ 4<<51
^69` Vnrfsro/ Wkhgd1 Vrfldo Srolf| lq wkh Xqlwhg Vwdwhv1 Ixwxuh Srvvlelolwlhv lq Klvwrulfdo Shuvshf0wlyh1 Sulqfhwrq/ Q1M1= Sulqfhwrq Xqlyhuvlw| Suhvv/ 4<<81
^6:` Wlffkl/ Gdylgh dqg Ylqgljql/ Dqguhd1 �Hqgrjhqrxv Frqvwlwxwlrqv1� Idfxow| ri Hfrqrplfv/Xqlyhuvlw| ri Xuelqr/ Zrunlqj Sdshu :8/ Rfwrehu 53351
^6;` Wlffkl/ Gdylgh dqg Dqguhd Ylqgljql1 �Rq Zduv dqg Srolwlfdo Ghyhorsphqw1 Wkh Uroh ri Lq0whuqdwlrqdo Frq lfwv lq wkh Ghprfudwl}dwlrq ri wkh Zhvw1� Idfxow| ri Hfrqrplfv/ Xqlyhuvlw|ri Xuelqr/ Zrunlqj Sdshu ;4/ Dxjxvw 53361
^6<` Wloo|/ Fkduohv +Hglwru,1 Wkh Irupdwlrq ri Qdwlrqdo Vwdwhv lq Zhvwhuq Hxursh1 Sulqfhwrq/ Q1M1=Sulqfhwrq Xqlyhuvlw| Suhvv/ 4<:81
^73` Wloo|/ Fkduohv1 Frhuflwlrq/ Fdslwdo dqg Hxurshdq Vwdwh/ DG <<304<<51 Fdpeulgjh/ PD= Eodfn0zhoo/ 4<<31
^74` Wloo|/ Fkduohv1 Hxurshdq Uhyroxwlrqv/ 47<504<<51 R{irug= Edvlf Eodfnzhoo/ 4<<61
^75` Wrtxhylooh/ Doh{lv gh1 Ghprfudf| lq Dphulfd1 Hglwhg e| M1S1 Pd|hu1 Wudqvodwhg e| JhrujhOdzuhqfh1 Jdughq Flw|/ Q1\1= Dqfkru Errnv/ 4<9<1
^76` Zhehu/ Pd{1 Jhqhudo Hfrqrplf Klvwru|1 Johqfrh/ LO= Wkh Iuhh Suhvv/ 4<831
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