
Hqgrjhqrxv Frqvwlwxwlrqv�
e| Gdylgh Wlffkl dqg Dqguhd Ylqgljql_

Iluvw Gudiw= Iheuxdu| 5335Wklv Gudiw= Qryhpehu 5336
DevwudfwZh suhvhqw d wkhru| ri wkh fkrlfh ri dowhuqdwlyh ghprfudwlf frq0vwlwxwlrqv/ d pdmrulwduldq ru d frqvhqvxdo rqh/ lq dq xqhtxdo vrflhw|1D pdmrulwduldq ghprfudf| uhglvwulexwhv uhvrxufhv iurp wkh froohfwlylw|wrzdug uhodwlyho| ihz shrsoh/ dqg kdv d uhodwlyho| vpdoo jryhuqphqw dqgorz ohyho ri wd{dwlrq1 D frqvhqvxdo ghprfudf| uhglvwulexwhv uhvrxufhvwrzdug d eurdghu vshfwuxp ri vrfldo jurxsv exw dovr kdv d odujhu jry0huqphqw dqg d kljkhu ohyho ri wd{dwlrq1 D frqvhqvxdo v|vwhp wxuqv rxwwr eh suhihuuhg e| wkh vrflhw| zkhq h{ dqwh lqfrph lqhtxdolw| lv uhod0wlyho| orz/ zkloh d pdmrulwduldq v|vwhp lv fkrvhq zkhq lqfrph lqhtxdo0lw| lv uhodwlyho| kljk1 Pruhryhu/ zh rewdlq wkdw frqvhqvxdo ghprfud0flhv vkrxog eh h{shfwhg wr eh uxohg pruh riwhq e| fhqwhu0ohiw frdolwlrqvzkloh wkh uljkw vkrxog kdyh dq dgydqwdjh lq pdmrulwduldq frqvwlwxwlrqv1Ilqdoo|/ rxu prgho dovr surylghv d qhz udwlrqdoh/ edvhg rq wkh hqgr0jhqhlw| ri wkh srolwlfdo v|vwhp/ ri wkh srvlwlyh ru devhqw +udwkhu wkdq

WD suhylrxv yhuvlrq ri wklv sdshu dsshduhg lq wkh Zrunlqj Sdshu Vhulhv ri wkh Idf0xow| ri Hfrqrplfv/ Xqlyhuvlw| ri Xuelqr/ Rfwrehu 53351 Zh zlvk wr wkdqn Gdurq Dfh0prjox/ Doehuwr Dohvlqd/ Urodqg Eìqderx/ Dqwrqlr Flffrqh/ Jhqh Jurvvpdq/ Duhqg Ol0mskduw/ Pdvvlpr Pruhool/ Wruvwhq Shuvvrq/ Vwhidqr Vdffkl/ Jloohv Vdlqw0Sdxo/ Mdphv Vq|0ghu/ Jxlgr Wdehoolql dqg vhplqdu sduwlflsdqwv dw Sulqfhwrq Xqlyhuvlw|/ Eurzq Xqlyhuvlw|/PLW/ Wrxorxvh Xqlyhuvlw|/ Xqlyhuvlw| ri Wxulq/ Xqlyhuvlw| ri Dqfrqd/ LJLHU0Erffrql/\doh Xqlyhuvlw|/ Xqlyhuvlw| ri Prghqd dqg Xqlyhuvlw| ri Xuelqr iru xvhixo frpphqwv1 Dvshfldo wkdqn wr Krzdug Urvhqwkdo iru orqj glvfxvvlrqv/ hqfrxudjhphqwv/ dqg pdq| kljko|ydoxdeoh frpphqwv dqg vxjjhvwlrqv1 Wlffkl judwhixoo| dfnqrzohgjhv �qdqfldo vxssruw iurpwkh Hxurshdq Frpplvvlrq wkurxjk wkh UWQ judqw �Vshfldol}dwlrq Yhuvxv Glyhuvl�fdwlrq1�Ylqgljql judwhixoo| dfnqrzohgjhv �qdqfldo vxssruw iurp Sulqfhwrq Xqlyhuvlw| dqg PLW1Wkh xvxdo glvfodlphuv dsso|1_Gdylgh Wlffkl= Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Xuelqr +Lwdo|, dqg Xqlyhu0vlw| Srpshx Ideud +Vsdlq,1 H0pdlo= wlffklCxqlxue1lw1 Dqguhd Ylqgljql= Lqvwlwxwh iruLqwhuqdwlrqdo Hfrqrplf Vwxglhv/ Vwrfnkrop Xqlyhuvlw| +Vzhghq,/ dqg L]D1 H0pdlo= ylq0gljqlCllhv1vx1vh1
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qhjdwlyh, dvvrfldwlrq ehwzhhq htxdolw| dqg uhglvwulexwlrq wudqvslulqjiurp wkh furvv0vhfwlrqdo hylghqfh ri ghyhorshg frxqwulhv suhvhqwhg lqvrph uhfhqw vwxglhv1 Vrph klvwrulfdo dqg hpslulfdo hylghqfh vxssruwlqjrxu uhvxowv lv surylghg1Nh|zrugv= Hqgrjhqrxv Frqvwlwxwlrqv/ Frqvhqvxdo Ghprfudf|/ Pd0mrulwduldq Ghprfudf|/ Lqhtxdolw|/ Khwhurjhqhlw|/ Uhglvwulexwlrq1MHO Fodvvl�fdwlrq Qxpehuv= G64/ G:5/ S491
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�111Vr orqj dv uhglvwulexwlrq fdq eh dfklhyhg e| vwhhs lqfrph wd{hv rq dyhu| vpdoo plqrulw| wkhq wkh pdmrulw| sulqflsoh ohqgv lwvhoi wr uhglvwulexwlrq1Exw dv wkh plqrulw| jurzv lq vl}h/ wkh fkdqfhv dovr lqfuhdvh wkdw d pdmrulw|frdolwlrq zloo eh iruphg djdlqvw ixuwkhu uhglvwulexwlrq1 Zk| vkrxog wkh juhdwexon ri wkh yrwhuv lq wkh plggoh udqjhv ri wkh lqfrph glvwulexwlrq frdohvfhzlwk wkh srru lq idyru ri ixuwkhu uhglvwulexwlrq udwkhu wkhq zlwk wkh ulfkdjdlqvw ixuwkhu uhglvwulexwlrqB�
+Urehuw Gdko/ Glohppdv ri Soxudolvw Ghprfudf|/ fk1 9,1
�111Vxssrvh/ rq wkh rwkhu kdqg/ wkdw vxevwdqwldoo| doo ri wkh phufkdqwv/prqh| ohqghuv/ vhfxulw| kroghuv/ pdqxidfwxuhv/ vklsshuv/ fdslwdolvwv dqg�qdqflhuv dqg wkhlu surihvvlrqdo dvvrfldwhv duh wr eh irxqg rq rqh vlgh lqvxssruw ri wkh Frqvwlwxwlrq dqg wkdw vxevwdqwldoo| doo ru wkh pdmru sruwlrq riwkh rssrvlwlrq fdph iurp qrq0vodyhkroglqj iduphuv dqg wkh ghewruv 0 zrxoglw qrw eh suhww| frqfoxvlyho| ghprqvwudwhg wkdw rxu ixqgdphqwdo odz zdv qrwwkh surgxfw ri dq devwudfwlrq nqrzq dv �wkh zkroh shrsoh�/ exw ri d jurxsri hfrqrplf lqwhuhvwv zklfk pxvw kdyh h{shfwhg ehqh�fldo uhvxowv iurp lwvdgrswlrqB Reylrxvo| doo wkh idfwv khuh ghvluhg fdqqrw eh glvfryhuhg/ exw wkhgdwd suhvhqwhg lq wkh iroorzlqj fkdswhuv ehdu rxw wkh odwwhu k|srwkhvlv/ dqgwkxv d uhdvrqdeoh suhvxpswlrq lq idyru ri wkh wkhru| lv fuhdwhg=�
+Fkduohv D1 Ehdug/ Dq Hfrqrplf Lqwhusuhwdwlrq ri wkh Frqvwlwxwlrq riwkh Xqlwhg Vwdwhv/ fk1 4,1

4 Lqwurgxfwlrq
Ghprfudf| lv gh�qhg dv wkh �jryhuqphqw ri wkh shrsoh1� Dv Duhqg Olmskduwvwuhvvhv +h1j1 Olmskduw/ 4<<<,/ krzhyhu/ wklv h{suhvvlrq fdq eh xqghuvwrrglq wzr ixqgdphqwdoo| gl�huhqw vhqvhv/ zklfk fruuhvsrqg wr wkh wzr nlqgvri ghprfudwlf srolwlfdo uhjlphv dfwxdoo| revhuyhg durxqg wkh zruog1 �Wkhshrsoh� fdq eh wdnhq wr phdq �wkh pdmrulw| ri wkh shrsoh� ru/ dowhuqdwlyho|/�dv pdq| shrsoh dv srvvleoh1� Wkh �uvw vhqvh fruuhvsrqgv/ lq Olmskduw*v whu0plqrorj|/ wr wkh prgho ri pdmrulwduldq ghprfudf| +ru Zhvwplqvwhu prgho,dqg wkh vhfrqg vhqvh wr wkh prgho ri frqvhqvxdo ghprfudf|1Pdmrulwduldq dqg frqvhqvxdo ghprfudflhv gr gl�hu lq ydulhw| ri lqvwlwx0wlrqdo glphqvlrqv1 Dprqj wkhp/ wkuhh duh ri sduwlfxodu lpsruwdqfh1 Iluvw ri
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doo/ pdmrulwduldq ghprfudflhv duh fkdudfwhul}hg e| d pdmrulwduldq +�soxudolw|uxoh� ru ��uvw0sdvw0wkh0srvw�, hohfwrudo v|vwhp zkhuhdv frqvhqvxdo ghprf0udflhv e| d sursruwlrqdo rqh1 Vhfrqg/ lq whupv ri wkh h{hfxwlyh0ohjlvodwlyhuhodwlrqv/ wkh pdmrulwduldq prgho lv fkdudfwhul}hg e| wkh grplqdqfh ri wkhiruphu/ dqg wkh frqvhqvxdo prgho e| d edodqfh ehwzhhq wkh wzr srzhuv1Ilqdoo|/ zkhuhdv lq pdmrulwduldq ghprfudf| wkh h{hfxwlyh srzhu lv w|slfdoo|frqfhqwudwhg lq rqh0sduw|/ eduh0pdmrulw| fdelqhwv/ lq frqvhqvxdo ghprfudf|lw lv pxfk pruh vsuhdg/ dqg jryhuqphqwv duh qrupdoo| wkh h{suhvvlrq ri dfrdolwlrq ri gl�huhqw sduwlhv1Dprqj ghyhorshg frxqwulhv/ wkh X1N1 dqg rwkhu Frpprqzhdowk frxq0wulhv lqfoxglqj Dxvwudold/ Fdqdgd dqg Qhz ]hdodqg/ duh w|slfdo h{dpsohvri pdmrulwduldq ghprfudflhv1 Wkh X1V1 duh dovr lq pdq| zd|v +wkrxjk qrwlq doo, dq h{dpsoh ri d pdmrulwduldq ghprfudf|1 Wkh frqvhqvxdo prgho righprfudf| lv ehvw uhsuhvhqwhg e| vrph Vfdqglqdyldq dqg Qruwkhuq Hxur0shdq frxqwulhv exw pdq| lpsruwdqw lqvwlwxwlrqdo hohphqwv ri wklv prgho duhdovr vkduhg e| vhyhudo rwkhu frxqwulhv ri Frqwlqhqwdo Hxursh1Wkh uroh ri nh| frqvwlwxwlrqdo surylvlrqv lq vkdslqj �vfdo srolf| rxwfrphvlq uhsuhvhqwdwlyh ghprfudflhv kdv ehhq hpskdvl}hg zlgho| lq wkh srolwlfdohfrqrplfv olwhudwxuh1 Lpsruwdqw h{dpsohv lqfoxgh dq hduolhu frqwulexwlrqri P|huvrq +4<<6,/ dv zhoo dv wkh pruh uhfhqw rqhv ri Shuvvrq/ Urodqg dqgWdehoolql +4<<:/ 5333,/ Shuvvrq dqg Wdehoolql +5333d,/ Dxvwhq0Vplwk +5333,/Ol}}hul dqg Shuvlfr +5334, dqg Plohvl0Ihuuhwwl/ Shurwwl dqg Urvwdjqr +5335,1Doo wkhvh sdshuv vwxg| wkh h�hfwv ri frqvwlwxwlrqdo surylvlrqv rq vrph �vfdosrolf| rxwfrphv1 Doo ri wkhp duh/ krzhyhu/ edvhg rq wkh suhplvh ri wdnlqjsrolwlfdo lqvwlwxwlrqv dv jlyhq1Lq wklv sdshu zh dwwhpsw lqvwhdg wr surylgh dq hfrqrplf wkhru| ri wkhfkrlfh ri d ghprfudwlf frqvwlwxwlrq rq wkh edvh ri rqh sulplwlyh ixqgdphq0wdo= wkh +suh0wd{, glvwulexwlrq ri lqfrph zlwklq d vrflhw|1 Rxu pdlq uhvxowlv wkdw pdmrulwduldq frqvwlwxwlrqv duh pruh olnho| wr eh fkrvhq e| d vrflhw|zkhq wkh ghjuhh ri suh0wd{ lqfrph lqhtxdolw| lv uhodwlyho| kljk1 Wr wkh frq0wudu|/ frqvhqvxdo ghprfudf| lv pruh olnho| wr dulvh lq uhodwlyho| krprjhqhrxvvrflhwlhv14Zh suhvhqw d vlpsoh sxeolf �qdqfh prgho zkhuh �vfdo srolf| lv derxw
4Wkh irfxv rq wkh glvwulexwlrq ri lqfrph lv prwlydwhg e| wkh lqvljkwv surylghg e|wkh srvlwlyh srolwlfdo hfrqrplfv wkhru| ri wd{dwlrq dqg uhglvwulexwlrq lq ghprfudflhv +h1j1Phow}hu dqg Ulfkdug/ 4<;4,/ zklfk vwuhvvhv wkh lpsruwdqfh ri wklv yduldeoh lq vkdslqj �vfdosrolf| rxwfrphv zkhq lqglylgxdo suhihuhqfhv duh djjuhjdwhg gluhfwo| e| pdmrulw| yrwlqj1Lq rxu prgho/ wkh glvwulexwlrq ri lqfrph d�hfwv �vfdo srolf| iru d jlyhq frqvwlwxwlrq/ exwdovr lq d frpsohwho| qryho zd|/ qdpho| e| lq xhqflqj wkh surfhvv ri vrfldo fkrlfh dprqjgl�huhqw srolwlfdo lqvwlwxwlrqv/ zklfk zloo kdyh gl�huhqw �uvw0rughu h�hfwv rq srolf| lwvhoi1
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wkh surylvlrq ri vrph sxeolf jrrgv/ �qdqfhg zlwk sursruwlrqdo wd{dwlrq rilqfrph1 Wkh sxeolf jrrgv frqvlghuhg duh orfdo/ ru jurxs0vshfl�f/ lq wkh vhqvhwkdw hdfk ri wkhp lv ghvluhg e| rqh dqg rqo| rqh ri wkh wkuhh vrfldo jurxsv+ru �fodvvhv�, zklfk frpsrvh wkh vrflhw| dqg wkdw duh lghqwl�hg e| wkhlu ohyhori suh0wd{ lqfrph= wkh srru/ wkh plggoh fodvv dqg wkh ulfk1 Zh jr rq e|fkdudfwhul}lqj wkh srolwlfdo htxloleulxp ri wkh prgho lq d pdmrulwduldq dqglq d frqvhqvxdo ghprfudf| uhvshfwlyho|1 D nh| dvvxpswlrq wkdw zh pdlqwdlqlq hdfk frqvwlwxwlrqdo hqylurqphqw lv wkdw srolwlfldqv duh flwl}hq0fdqglgdwhvzkr kdyh d gluhfw lqwhuhvw lq wkh srolf| lpsohphqwhg dqg fdqqrw fuhgleo|frpplw wr lpsohphqw dq| srolf| gl�huhqw iurp wkhlu suhihuuhg rqh1Zh dvvxph wkdw �vfdo srolf| lq d pdmrulwduldq ghprfudf| lv ghflghg e|d �ohdghu� hohfwhg gluhfwo| e| wkh shrsoh wkurxjk d pdmrulw| yrwlqj surfhvvdprqj wkh phqx ri flwl}hq0fdqglgdwhv sduwlflsdwlqj wr wkh hohfwlrq1 Zhghprqvwudwh wkdw lq htxloleulxp wkh zlqqhu lv dozd|v d ulfk flwl}hq0fdqglgdwhehfdxvh wkh ulfk hqmr| d qdwxudo dgydqwdjh ryhu wkh rwkhu wzr fodvvhv/ zklfkdulvhv iurp wkhlu uhodwlyh �vfdo frqvhuydwlvp1 Jlyhq wkdw wkh zlqqhu lv dozd|vd ulfk/ lw lv fohdu wkdw wkh vwuxfwxuh ri pdmrulwduldq ghprfudf| eldvhv srolf|rxwfrphv lq idyru ri wklv jurxs1Lq d frqvhqvxdo ghprfudf| �vfdo srolf| lv ghflghg e| d frdolwlrq jryhuq0phqw iruphg dv wkh rxwfrph ri vrph ohjlvodwlyh edujdlqlqj surfhvv dprqjwkh phpehuv ri d sduoldphqw hohfwhg zlwk d sursruwlrqdo hohfwrudo odz1 Zhvkrz wkdw wkh jryhuqphqw frdolwlrq ghshqgv rq wkh glvwulexwlrq ri lqfrph1Dffruglqj wr rxu prgho/ lq d frqvhqvxdo ghprfudf| d plggoh fodvv dqg ulfk+plggoh fodvv dqg srru,/ ru fhqwhu0uljkw +fhqwhu0ohiw,/ jryhuqphqw frdolwlrqlv pruh olnho| wr eh iruphg zkhq wkh glvwulexwlrq ri lqfrph lv pruh +ohvv,srodul}hg1 Zh vkrz wkdw wd{dwlrq dqg wkh vl}h ri jryhuqphqw lq d frqvhqvxdoghprfudf| xqghu d fhqwhu0ohiw frdolwlrq lv kljkhu wkdq xqghu d fhqwhu0uljkwrqh1 Pruhryhu/ wd{dwlrq dqg wkh vl}h ri jryhuqphqw duh jhqhudoo| kljkhu lqd frqvhqvxdo wkdq lq d pdmrulwduldq ghprfudf|1Ilqdoo|/ zh hydoxdwh iurp wkh srlqw ri ylhz ri wkh gl�huhqw jurxsv riflwl}hqv wkh zhoiduh lpsolfdwlrqv ri wkh wzr w|shv ri srolwlfdo lqvwlwxwlrqv/dqg zh ohw lqglylgxdov yrwh lq dq �ruljlqdo srvlwlrq� lq devhqfh ri dq| yhlori ljqrudqfh rq zklfk frqvwlwxwlrq wr dgrsw1 Zh rewdlq wkdw d vrflhw| zlwkkljk lqfrph lqhtxdolw| suhihuv d pdmrulwduldq frqvwlwxwlrq zkloh frqvhqvxdoghprfudf| lv suhihuuhg zkhq lqhtxdolw| lv orzhu1Zh jr rq wr glvfxvv vrph klvwrulfdo hylghqfh vxssruwlqj rxu fodlp wkdwwkh nh| frqvwlwxwlrqdo sulqflsohv vkrxog eh lqwhusuhwhg iurp dq hfrqrplfshuvshfwlyh/ qdpho| dv uh hfwlqj wkh lqwhuhvwv ri sduwlfxodu vrfldo jurxsv rufodvvhv dv rssrvhg wr wkh �sxeolf jrrg1� Iru h{dpsoh/ zh surylgh hylghqfhwkdw wkh frqvwlwxwlrq ri wkh X1V1 kdv ehhq gudiwhg wr uh hfw hvvhqwldoo| wkh
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lqwhuhvwv ri wkh hfrqrplf holwh ri wkh wlph dqg vrphwklqj vlplodu kdsshqhg lqwkh X1N11 Zh dovr vkrz wkdw/ frqvlvwhqwo| zlwk wkh suhglfwlrqv ri rxu prgho/frqvhqvxdo frqvwlwxwlrqv kdyh ehhq fkrvhq e| Vfdqglqdyldq/ Qruwkhuq dqgFrqwlqhqwdo Hxurshdq frxqwulhv zkhq lqfrph lqhtxdolw| lq wkhvh vrflhwlhvzdv uhodwlyho| orz dqg wkh srolwlfdo yrlfh ri wkh pdvvhv zdv orxg1Wkh prgho surylghv qrw rqo| dq h{sodqdwlrq wr wkh idfwruv wkdw d�hfw wkhfkrlfh ri d ghprfudwlf frqvwlwxwlrq/ exw lw dovr kdv vrph rwkhu lpsruwdqwjhqhudo lpsolfdwlrqv1 D �uvw uhvxow lv wkdw/ lq djuhhphqw zlwk wkh h{lvwlqjwkhruhwlfdo dqg hpslulfdo olwhudwxuh/ wd{dwlrq dqg ryhudoo vl}h ri jryhuqphqwlq frqvhqvxdo ghprfudflhv duh kljkhu wkdq lq pdmrulwduldq rqhv15 Krzhyhu/lq rxu prgho wklv uhvxow lv jhqhudwhg e| wkh vhohfwlrq eldv lq wkh frpsrvlwlrqri wkh jryhuqphqw frdolwlrq dqg qrw/ dv lq wkh h{lvwlqj olwhudwxuh/ e| wkhidfw wkdw wkh sursruwlrqdo uhsuhvhqwdwlrq ohdgv wr wkh irupdwlrq ri jryhuq0phqw frdolwlrqv zlwk pdq| sduwlhv/ zklfk lq wxuq vshqg pruh ehfdxvh wkh|qhhg wr sohdvh eurdghu dqg pruh glyhuvh frqvwlwxhqflhv wkdq vlqjoh0sduw|h{hfxwlyhv1 Lq sduwlfxodu/ frqvhqvxdo ghprfudflhv vkrxog eh h{shfwhg wr ehuxohg pruh riwhq e| fhqwhu0ohiw frdolwlrqv uhsuhvhqwlqj orzhu lqfrph jurxsv/zkloh wkh uljkw vkrxog kdyh dq dgydqwdjh lq pdmrulwduldq frqvwlwxwlrqv1 Zhsuhvhqw hpslulfdo hylghqfh wkdw srlqwv h{dfwo| lq wklv gluhfwlrq1 Iluvw/ fhqwhu0ohiw jryhuqphqw frdolwlrqv duh lqghhg revhuyhg pruh riwhq lq sursruwlrqdov|vwhpv dqg uljkw0zlqj h{hfxwlyhv lq pdmrulwduldq ghprfudflhv1 Vhfrqg/ohiw0zlqj h{hfxwlyhv whqg wr wd{ dqg vshqg pruh wkdq uljkw0zlqj rqhv1Rxu prgho vkhg dovr vrph oljkw rq wkh uhodwlrqvkls ehwzhhq lqhtxdolw|dqg uhglvwulexwlrq1 Lw lv zhoo nqrzq wkdw wkh prghov edvhg rq wkh phgldqyrwhu wkhruhp suhglfw wkdw d kljkhu suh0wd{ lqfrph lqhtxdolw| vkrxog ohdgwr pruh uhglvwulexwlrq1 Krzhyhu/ wkh hpslulfdo olwhudwxuh kdv vkrzq wkdwdprqj lqgxvwuldo ghprfudflhv/ wkh pruh xqhtxdo frxqwulhv whqg wr uhglv0wulexwh ohvv +udwkhu wkdq pruh,1 Lq rxu prgho/ lqfrph lqhtxdolw| qrw rqo|d�hfwv �vfdo srolf| +lq d qrqolqhdu zd|, iru d jlyhq frqvwlwxwlrq exw lw dovrlq xhqfhv wkh fkrlfh ri wkh frqvwlwxwlrq lwvhoi1 Wkh uhvxow lv wkdw wkh uhod0wlrqvkls ehwzhhq lqfrph lqhtxdolw| dqg uhglvwulexwlrq pd| zhoo eh devhqwru srvlwlyh1Rxu sdshu lv uhodwhg wr d uhfhqw olwhudwxuh wkdw lqyhvwljdwhv/ iurp gl�huhqwshuvshfwlyhv/ wkh hqgrjhqrxv fkrlfh ri vrph lqvwlwxwlrqdo qrupv1 Iru h{dp0soh/ Djklrq dqg Erowrq +5336, ghdo zlwk wkh qrupdwlyh lvvxh ri wkh fkrlfh ridq rswlpdo pdmrulw| uxoh lq dq lqfrpsohwh frqwudfwlqj iudphzrun1 Djklrq/Dohvlqd dqg Wuheel +5335, dqdo|}h wkh rswlpdo ghjuhh ri �lqvxodwlrq� ri
5 Lq djuhhphqw zlwk wkh olwhudwxuh zh dovr rewdlq wkdw lq frqvhqvxdo ghprfudflhv pruhsxeolf jrrgv dqg odujhu dqg pruh xqlyhuvdolvwlf zhoiduh surjudpv duh surylghg1
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srolf|0pdnhuv1 Rwkhu frqwulexwlrqv dorqj wkhvh olqhv lqfoxgh Eduehud dqgMdfnvrq +5334, dqg Phvvqhu dqg Sroeruq +5335,1Wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 ghvfulehv wkh edvlf hfrqrplfvhwwlqj dqg wkh sxeolf �qdqfh sureohp zh irfxv rq1 Vhfwlrqv 6 dqg 7 ghdozlwk wkh srolwlfdo htxloleulxp ri wkh prgho lq pdmrulwduldq dqg frqvhqvxdofrqvwlwxwlrq uhvshfwlyho|1 Vhfwlrq 8 fkdudfwhul}hv wkh surshuwlhv ri wkh sr0olwlfdo htxloleulxp zlwklq dqg dfurvv frqvwlwxwlrqv lq whupv ri sxeolf �qdqfhrxwfrphv1 Vhfwlrq 9 ghdov zlwk wkh nh| lvvxh ri wkh hqgrjhqhlw| ri wkh frq0vwlwxwlrq dqg lwv uhodwlrq zlwk wkh glvwulexwlrq ri lqfrph1 Vrph h{whqvlrqvri rxu edvholqh prgho duh glvfxvvhg lq Vhfwlrq :1 Vhfwlrq ; suhvhqwv vrphslhfhv ri klvwrulfdo hylghqfh vxssruwlqj rxu wkhru|1 Vhfwlrq < frqwdlqv vrphhpslulfdo hylghqfh rq wkh �vfdo srolf| rxwfrphv ri pdmrulwduldq dqg frqvhq0vxdo ghprfudflhv dqg glvfxvvhv wkh uhodwlrqvkls ehwzhhq lqfrph lqhtxdolw|dqg uhglvwulexwlrq iurp wkh shuvshfwlyh ri rxu prgho1 Vhfwlrq 43 frqfoxghv1
5 D Vlpsoh Prgho ri Sxeolf Ilqdqfh= Edvlf Vhwxs
Zh frqvlghu d vlpsoh prgho ri �orfdo� +wkdw lv/ jurxs vshfl�f, sxeolf jrrgvsurylvlrq edvhg rq Shuvvrq dqg Wdehoolql +5333d/ fk1 :,1 D vrflhw| lv pdghxs e| Q A 4 jurxsv ri lqglylgxdov1 Iru frqyhqlhqfh/ zh irfxv rq wkhfdvh zkhuh Q @ 61 Jurxs m 5 @ � is> e> uj kdv vl}h +phdvxuh, p� dqghdfk lqglylgxdo ri wkdw jurxs kdv dq h{rjhqrxv suh0wd{ lqfrph htxdo wr |� 1Wrwdo srsxodwlrq lv pdgh e| d frqwlqxxp ri xqlwdu| phdvxuh S�MVp� @ 4dqg zlwk qr orvv ri jhqhudolw| zh dvvxph wkdw pd{ipR>poj ? pK ? �2 /wkdw p� . p, A �2 / ; +l> o, � � +@,/ wkh vhw ri doo vxevhwv ri @/ dqg wkdw|R ? |K ? |o1 Wklv phdqv wkdw jurxs e lv wkh odujhvw rqh dqg kdv dqlqwhuphgldwh ohyho ri lqfrph/ vr wkdw lw lv qdwxudo wr lghqwli| lw zlwk wkh�plggoh fodvv1� Jurxs s dqg jurxs u fruuhvsrqg ylfh0yhuvd wr wkh �srru�dqg wr wkh �ulfk� shrsoh1 Wkh devroxwh pdmrulw| +ru soxudolw|, ri yrwhv lvuhdfkhg e| wkh frpelqdwlrq ri dq| sdlu ri jurxsv1 Qrwlfh dovr wkdw wkh deryhdvvxpswlrqv duh vx!flhqw wr hqvxuh wkdw wkh yrwhu zlwk phgldq lqfrph +l1h1wkh phgldq yrwhu li suhihuhqfhv duh vlqjoh0furvvlqj lq lqfrph, ehorqjv wrjurxs e1 Ilqdoo|/ zh dvvxph wkdw |K ? | � S�MVp�|�= wkh yrwhu zlwkphgldq lqfrph lv srruhu wkhq wkh +yluwxdo, phdq yrwhu/ zklfk phdqv wkdwwkh glvwulexwlrq ri lqfrph lv vnhzhg wr wkh ohiw frqvlvwhqwo| zlwk wkh hylghqfhrq wkh vkdsh ri wkh hpslulfdo glvwulexwlrq ri lqfrph1Zh dvvxph wkdw wkh xwlolw| ixqfwlrq ri hdfk phpehu ri jurxs m kdv wkhiroorzlqj txdvl0olqhdu irup

:



z� @ f� .K+j�, +4,
zkhuh f� lqglfdwhv wkh frqvxpswlrq ri d sulydwh jrrg dqg j� wkh ohyho riwkh w|sh m sxeolf jrrg surylghg1 K +�, lv d vprrwk/ lqfuhdvlqj dqg frqfdyhixqfwlrq dqg vdwlv�hv wkh Lqdgd frqglwlrqv16 Zh dovr dvvxph wkdw K +3, @ 31Wkh Lqdgd frqglwlrqv jxdudqwhh wkdw dw wkh rswlpxp hdfk jurxs zloo dozd|vvwulfwo| suhihu wr kdyh vrph wd{dwlrq dqg vrph surylvlrq ri lwv ghvluhg sxeolfjrrg wr wkh dowhuqdwlyh ri qr wd{dwlrq dqg qr sxeolf jrrg1 Doo wkh deryhsurshuwlhv duh vdwlv�hg e| wkh frqvwdqw hodvwlflw| ixqfwlrqdo irup K+j�, @D+j�,k/ zkhuh D lv d frqvwdqw dqg � 5 +3> 4,1 Dw vrph srlqw zh zloo xvh vxfksuhihuhqfh vshfl�fdwlrq wr rewdlq vrph dqdo|wlfdo dqg qxphulfdo uhvxowv17Hdfk jurxs lv shuihfwo| krprjhqhrxv1 Khwhurjhqhlw| lv rqo| ehwzhhqjurxsv dqg lv uhodwhg wr wkh gl�huhqfhv lq wkh suh0wd{ lqfrph ohyho dqg wrjurxs0vshfl�f suhihuhqfhv rq wkh sxeolf jrrg wr eh surylghg1 Wkh vshfl0�fdwlrq ri suhihuhqfhv lq htxdwlrq +4, lpsolhv wkdw hdfk jurxs ydoxhv rqhsduwlfxodu sxeolf jrrg rqo| +wkdw lv/ lw jhwv qr xwlolw| iurp wkh surylvlrq ridq| rwkhu sxeolf jrrg, dqg wkhuh duh dv pdq| nlqgv ri sxeolf jrrgv dv wkhjurxsv ri shrsoh1 Rqh frxog wklqn wr wkhp dv sxuh Vdpxhovrqldq +qrq ulydodqg qrq h{foxgdeoh, sxeolf jrrgv ru dv sxeolfo| surylghg sulydwh jrrgv/ olnhhgxfdwlrq/ khdowk dqg krxvlqj1 Wkh �uvw lqwhusuhwdwlrq fruuhvsrqgv vrph0krz wr wkh h{wuhph fdvh ri wkh h{lvwhqfh ri wkuhh sxuh sxeolf jrrgv/ rqzklfk wkh gl�huhqw jurxsv ri lqglylgxdov kdyh gl�huhqw suhihuhqfhv1 Wkhvhfrqg lqwhusuhwdwlrq pd| fdswxuh wkh idfw wkdw d vljql�fdqw sduw ri jryhuq0phqw h{shqglwxuh lv derxw wkh surylvlrq ri sulydwh jrrgv dqg wkdw gl�huhqwlqfrph jurxsv pd| kdyh yhu| gl�huhqw suhihuhqfhv rq wkhp18 Iru h{dpsoh/Ehvoh| dqg Frdwh +4<<4, vkrz wkdw/ doorzlqj iru gl�huhqw txdolw| ohyhov riwkh sxeolf jrrgv/ d gh mxuh xqlyhuvdo surylvlrq vfkhph grhv qrw lpso| wkdw lwlv gh idfwr xqlyhuvdo dqg h{sodlq zk| vrph sxeolfo| surylghg sulydwh jrrgvolnh khdowk fduh pd| jr wr wkh dgydqwdjh ri wkh srru dqg qrw wr wkh ulfk1Ihuqdqgh} dqg Urjhuvrq +4<<8, glvfxvv wkh fdvh ri kljkhu hgxfdwlrq dqg hp0skdvl}h krz wkh sxeolf surylvlrq ri lw fdq ehqh�w kljkhu0lqfrph lqglylgxdov

6Wklv phdqv wkdw M} Eu� : f/ M}} Eu� 	 f dqg *�4}m<f M}E}�� ' "17Wkh txdvl0olqhdulw| dvvxpswlrq vlpsol�hv wkh dqdo|vlv exw lw lv qrw hvvhqwldo1 Dv lwzloo eh fohdu odwhu/ zkdw lv hvvhqwldo lv d suhihuhqfhv vshfl�fdwlrq jhqhudwlqj d qhjdwlyhdvvrfldwlrq ehwzhhq wkh lqfrph ohyho dqg wkh ghvluhg wd{ udwh18 Lq rxu irupxodwlrq wkh sxeolf jrrg*v shu fdslwd frqvxpswlrq ri wkh jurxs grhv qrwghshqg rq wkh vl}h ri wkh jurxs dqg wklv pljkw qrw eh dozd|v wkh fdvh li zh uhihu wr wkhsurylvlrq ri sulydwh jrrgv1 Krzhyhu/ rqh pljkw wklqn wkdw wkh surylvlrq ri vxfk jrrgvlpsolhv sulpdulo| d �{hg frvw dqg d orz +dw wkh h{wuhph }hur, yduldeoh frvw1
;



dw wkh h{shqvh ri wkh srru19 Krzhyhu/ wkh lpsruwdqw ihdwxuh ri rxu uhglvwul0exwlrq vfkhph lv wkh srvvlelolw| ri wdujhwlqj wkh ehqh�w ri wkh uhglvwulexwlrqwrzdug vshfl�f vrfldo jurxsv1Lqfrph lv wd{hg dw d sursruwlrqdo udwh � 5 ^3> 4` wkdw zloo eh ghwhuplqhgodwhu dv d sduw ri wkh srolwlfdo htxloleulxp ri wkh prgho1 Wkhuhiruh/ wkhexgjhw frqvwudlqw ri wkh djhqwv ri jurxs m lv vlpso|
f� @ +4� �, |�= +5,Zh dvvxph wkdw wkh jryhuqphqw fdq �qdqfh sxeolf h{shqglwxuhv rqo| rxwri wkh uhyhqxhv jhqhudwhg e| lqfrph wd{dwlrq1 Lq htxloleulxp j� lv srvlwlyhrqo| zkhq jurxs m lv sduw ri wkh jryhuqphqw1 Li zh lqfrusrudwh wklv uhvxowlq wkh sxeolf vhfwru exgjhw frqvwudlqw/ wkh odwwhu fdq eh uhzulwwhq dv

[
�Ml j� 9 � [�MVp�|� @ �| +6,

zkhuh 
 � im 5 @ = m lv sduw ri wkh jryhuqphqwj � � +@,1Lq wkh qh{w wzr vhfwlrqv zh ghulyh dqg fkdudfwhul}h wkh srolwlfdo htxl0oleulxp ri rxu prgho/ qdpho| wkh wd{ udwh � / wkh ryhudoo ohyho ri sxeolfh{shqglwxuh dqg lwv frpsrvlwlrq J � +jR> jK> jo,/ lq wkh fdvh ri erwk d pd0mrulwduldq frqvwlwxwlrq dqg d frqvhqvxdo rqh1 Vlqfh wkh frqvwlwxwlrq lv dwwklv vwdjh vwloo wdnhq dv jlyhq/ wkhvh htxloleuld fdq eh frqvlghuhg dv sduwldosrolwlfdo htxloleuld1 Wkhq/ zh fkdudfwhul}h wkh jhqhudo srolwlfdo htxloleulxpzkhuh wkh frqvwlwxwlrq zloo eh lwvhoi hqgrjhqrxv dqg fkrvhq e| wkh vrflhw|1Zh dvvxph wkdw yrwlqj lv vlqfhuh lq dq| frqvwlwxwlrqdo hqylurqphqw:dqg prgho wkh srolwlfdo surfhvv jrlqj rq zlwklq d pdmrulwduldq ru d frq0vhqvxdo ghprfudf| gudzlqj rq wkh flwl}hq0fdqglgdwh dssdudwxv ri Rveruqh
9 Lq rwkhu zrugv/ wkh vshfl�fdwlrq ri suhihuhqfhv lq htxdwlrq +4, frxog dovr eh lqwhusuhwhgdv d uhgxfhg irup ri d pruh jhqhudo prgho zkhuh vrph irup ri jurxs0vshfl�f khwhurjhqhlw|lq suhihuhqfhv uhjduglqj wkh surylvlrqv ri gl�huhqw sxeolf jrrgv dulvhv dv dq htxloleulxprxwfrph/ udwkhu wkdq e| dvvxpswlrq/ dv lw grhv lq rxu prgho1 D vlplodu vshfl�fdwlrq risuhihuhqfhv lv dvvxphg lq wkh prgho ri srolwlfdo hfrqrp| ri exgjhw gh�flwv ri Dohvlqd dqgWdehoolql +4<<3, zkhuh lqglylgxdov fduh derxw wzr sxeolf jrrgv zlwk gl�huhqw lqwhqvlw|1Rxu vshfl�fdwlrq fruuhvsrqgv hvvhqwldoo| wr wkh h{wuhph fdvh zkhuh hdfk jurxs fduhv rirqo| rqh sxeolf jrrg +vshfl�f wr wkdw jurxs,1 Wkh lqqrydwlyh dvvxpswlrq wkdw zh pdnh lvwkdw lqglylgxdo suhihuhqfhv rq sxeolf jrrgv duh +shuihfwo|, fruuhodwhg zlwk wkh lqglylgxdolqfrph ohyho/ vr wkdw hdfk sxeolf jrrg lv lghqwl�hg zlwk rqh vrfldo fodvv dqg ylfh yhuvd1:Wkh dvvxpswlrq ri vlqfhulw| lq wkh lqglylgxdo yrwlqj ehkdylru fdq eh mxvwl�hg lq jdph0wkhruhwlf whupv e| qrwlflqj wkdw hdfk lqglylgxdo uhjdugv klpvhoi dv dq dwrplvwlf vxemhfwdqg wkhuhiruh frqvlghuv klv yrwh luuhohydqw lq frqglwlrqlqj wkh rxwfrph ri wkh hohfwlrqv1

<



dqg Volylqvn| +4<<9, dqg Ehvoh| dqg Frdwh +4<<:,1; Zh dgrsw d prghori hqgrjhqrxv srolwlfdo fdqglgdf| vlqfh zh zdqw wr hpskdvl}h wkh olqn h{0lvwlqj ehwzhhq lqglylgxdo suhihuhqfhv +ri flwl}hqv dv zhoo dv ri srolwlfldqv,dqg lqglylgxdo lqfrph1 Pruhryhu/ d nh| dgydqwdjh ri wklv prgho lv wr do0orz iru wkh h{lvwhqfh ri dq htxloleulxp hyhq zkhq lqglylgxdo suhihuhqfhv idlowr eh vlqjoh0shdnhg/ dqg zkhq wkhuhiruh wkhuh pd| qrw eh dq htxloleulxpxqghu vlpsoh pdmrulw| yrwlqj zlwk h{rjhqrxv fdqglgdwhv1 Wklv lv d srwhq0wldoo| vhulrxv sureohp lq rxu prgho vlqfh wkh srolf| vsdfh/ qdpho| wkh vhwq+�>J, 5 ^3> 4`�?�n = S�Ml j� 9 �|r/ lv qrw xqlglphqvlrqdo dqg lw lv zhoonqrzq wkdw srolwlfdo htxloleuld edvhg rq vlpsoh pdmrulw| yrwlqj pd| idlo wrh{lvw zkhq wkh vrfldo fkrlfh surfhvv kdv d pxowlglphqvlrqdo remhfw1 Wkhflwl}hq0fdqglgdwh prgho doorzv xv wr dyrlg wkh sureohp ri qrq0h{lvwhqfh ridq htxloleulxp1 Dw wkh vdph wlph/ zh duh deoh wr vkrz wkdw wkh pdlq gudz0edfn ri lw/ qdpho| wkh jhqhulf pxowlsolflw| ri srolwlfdo htxloleuld/ lv qrw dqlvvxh lq rxu hfrqrp|1
6 Pdmrulwduldq Ghprfudf|
Zh dvvxph wkdw lq d pdmrulwduldq ghprfudf| �vfdo srolf| lv ghflghg e|d �ohdghu� hohfwhg gluhfwo| e| wkh shrsoh wkurxjk d pdmrulw| yrwlqj sur0fhvv dprqj wkh phqx ri flwl}hq0fdqglgdwhv sduwlflsdwlqj wr wkh hohfwlrq1Zlwk wklv dvvxpswlrq/ zh phdq wr fdswxuh hvvhqwldoo| wzr uhodwhg ihdwxuhvri pdmrulwduldq ghprfudf| +vhh rq wklv Olmskduw/ 4<<</ fk1 :,1 Wkhvh duhwkh �zlqqhu0wdnhv0doo� qdwxuh ri wkh hohfwrudo odz dqg wkh grplqdqfh riwkh h{hfxwlyh ryhu wkh ohjlvodwlyh srzhu1< Wr gr vr/ zh irfxv rq wkh olplwfdvh zkhuh wkh h{lvwhqfh ri wkh odwwhu dv d vhsdudwh lqvwlwxwlrqdo erg| lvljqruhg1 Dowhuqdwlyho|/ zh frxog kdyh dvvxphg wkh h{lvwhqfh ri d sduoldphqwzkrvh phpehuv duh hohfwhg lq vlqjoh0fdqglgdwh glvwulfwv1 Li wkh glvwulexwlrqri djhqwv dfurvv glvwulfwv lv urxjko| wkh vdph dv wkh ryhudoo glvwulexwlrq wkhqwkh rxwfrph zrxog eh wkh vdph dv wkh rqh ri wkh iudphzrun zh duh xvlqjkhuh1

;Rveruqh dqg Volylqvn| +4<<9, dvvxph vlqfhuh yrwlqj zkloh lq Ehvoh| dqg Frdwh +4<<:,lqglylgxdov duh vwudwhjlf1 Lq wklv vhqvh rxu prgho lv forvhu wr wkh �uvw rqh1<Rxu fkdudfwhul}dwlrq ri pdmrulwduldq ghprfudf| pd| dsshdu dv wrr vw|ol}hg li uhihuuhgwr wkh Dphulfdq srolwlfdo v|vwhp/ ri zklfk lw plvvhv d ihdwxuh dv lpsruwdqw dv wkh srv0vlelolw| ri revhuylqj d �glylghg jryhuqphqw� +h1j1 Dohvlqd dqg Urvhqwkdo/ 4<<8/ 4<<9,/mxglfldo uhylhz dqg pruh jhqhudoo| wkh zkroh v|vwhp ri fkhfnv dqg edodqfhv frqwhpsodwhge| wkh frqvwlwxwlrq1 D vlplodu dvvxpswlrq lv pdgh lq d uhfhqw frqwulexwlrq ri Dxvwhq0Vplwk +5333,1 Krzhyhu/ lq rxu ylhz/ wkh pdlq uhvxowv ri wkh sdshu vkrxog eh hvvhqwldoo|lqghshqghqw iurp wklv rplvvlrq1
43



Wkh phqx ri fdqglgdwhv lv hqgrjhqrxv dqg rqh lqglylgxdo uxqv iru r!fhli dqg rqo| li/ lq htxloleulxp/ wkh qhw jdlq ri grlqj vr +wkh gl�huhqfh eh0wzhhq wkh xwlolw| kh jhwv li grhv0grhv qrw uxq, h{fhhgv wkh h{rjhqrxv frvw riuxqqlqj1 Wkh zlqqhu ri wkh hohfwlrq lv wkh fdqglgdwh jdlqlqj wkh soxudolw|ri yrwhv dqg kh dorqh ghflghv rq �vfdo srolf|1 Yrwlqj wdnhv sodfh rqo| rqfh1Wr fkdudfwhul}h wkh srolwlfdo htxloleulxp xqghu d pdmrulwduldq frqvwl0wxwlrq/ lw lv xvhixo wr vwduw iurp wkh ehqfkpdun fdvh ri wkh xqfrqvwudlqhgsuhihuuhg srolf| ri hdfk vrfldo jurxs1 Wkhq/ vxssrvh wkdw d phpehu ri jurxsm +zklfk rqh lv luuhohydqw jlyhq wkh dvvxpswlrq ri shuihfw zlwklq jurxs kr0prjhqhlw|, frxog dfw dv d glfwdwru dqg lpsohphqw klv suhihuuhg srolf| +�glf0wdwruldo srolf|�,1 Lw lv fohdu wkdw kh zrxog qrw vshqg dq|wklqj lq dq| sxeolfjrrg rwkhu wkdq klv suhihuuhg rqh/ vr wkdw j� @ 3/ l 9@ m dqg j� @ �|1 Khqfh/klv rswlpl}dwlrq sureohp uhdgv
pd{t�� z� @ +4� �, |� .K +�|, =

Wkh �uvw rughu frqglwlrq lv
|� @ K} +�|, | +7,

dqg
� � @ K3�} +|�@|,| +8,

lv wkh +xqltxh, rswlpdo glfwdwruldo wd{ udwh ri jurxs m143 Lw lv vwudljkwiruzdugwr yhuli| wkdw Y� �Y+� ? 3= wkh ulfkhu lv d jurxs m phpehu +iru d jlyhq phdqohyho ri lqfrph,/ wkh kljkhu lv wkh pdujlqdo frvw ri sxeolf jrrg surylvlrq khidfhv dqg wkh orzhu lv klv ghpdqg iru klv suhihuuhg sxeolf jrrg1 Khqfh/ wkhglfwdwruldo wd{ udwhv iru wkh wkuhh jurxsv fdq eh rughuhg dv
� o ? � K ? �R= +9,

43 Lw lv lpphgldwh wr yhuli| wkdw wkh vhfrqg rughu frqglwlrq lv vdwlv�hg1 Wkh Lqdgdfrqglwlrqv lpsrvhg rq M Eu� lpso| wkdw wkh wd{ udwh lv dozd|v vwulfwo| srvlwlyh exw d wd{udwh vwulfwo| orzhu wkdq rqh fdqqrw eh h{foxghg1 Ilqdoo|/ qrwlfh wkdw wklv ohyho ri wd{dwlrqdovr pd{lpl}hv wkh xwlolw| ri jurxs � dv d zkroh1
44



Qr frpplwphqw whfkqrorj| lv dvvxphg wr eh dydlodeoh/ dqg wkhuhiruh fdq0glgdwhv fdqqrw dqqrxqfh fuhgleo| ehiruh wkh hohfwlrq wr sxuvxh/ li hohfwhg/dq| srolf| gl�huhqw iurp wkhlu suhihuuhg rqh1 Wklv phdqv wkdw lq d pd0mrulwduldq ghprfudf| wkh phqx ri srvvleoh srolflhv lv lqfoxghg lq wkh vhw�+� �> J�,��MV � �^3> 4`�?�n �
�/ zkhuh � � lv gh�qhg dv lq +8,/ J� @+h�,j� / h� lqglfdwlqj wkh m|� hohphqw ri wkh fdqrqlfdo edvh vsdqqlqj ?�n/dqg j� @ � �|1Ohw n lqglfdwh vrph sulydwh ehqh�w ri ehlqj lq r!fh/ zklfk lv hlwkhu dsv|fkrorjlfdo ehqh�w ru d qrq0wd{hg prqhwdu| lqfrph/ dqg % eh wkh frvw riuxqqlqj1 Erwk duh h{rjhqrxv dqg htxdo iru hyhu|erg| zlwk n A %1 Qrz/ zhfdq vwdwh wkh pdlq uhvxow ri wklv Vhfwlrq/ zklfk lv frqwdlqhg lq Sursrvlwlrq41
Sursrvlwlrq 41 Wkh prgho kdv d xqltxh srolwlfdo htxloleulxp zlwk wkhiroorzlqj ihdwxuhv1 Rqo| ulfk flwl}hq0fdqglgdwhv uxq iru r!fh dqg hdfk riwkhp lv hohfwhg zlwk suredelolw| %@n1 Ulfk shrsoh duh lqgl�huhqw ehwzhhquxqqlqj dqg qrw uxqqlqj1 Rqo| wkh sxeolf jrrg suhihuuhg e| wkh ulfk lvsurylghg dqg wkh wd{ udwh � lv vhw dw wkh ohyho gh�qhg e| htxdwlrq +8, iru|� @ |o1Surri1 Vhh Dsshqgl{1�
Qrwlfh wkdw irxu hohphqwv ri wkh prgho duh lpsruwdqw iru wkh uhvxowvri Sursrvlwlrq 41 Iluvw/ qr rqh jurxs kdv wkh pdmrulw| ri wkh yrwhv dorqh1Vhfrqg/ wkh xwlolw| ixqfwlrq lv fkrvhq lq vxfk d zd| wkdw wkh ulfk/ dv glfwdwru/lv wkh jurxs wkdw suhihuv wkh orzhvw wd{hv1 Wklug/ wkh zlqqhu0wdnhv0doo qdwxuhri wkh hohfwrudo surfhvv= lq wzr0fdqglgdwh frqwhvwv ehwzhhq wkh ulfk dqgdqrwkhu jurxs/ wkh ulfk dozd|v zlq vlqfh wkh| suhihu ohvv wd{dwlrq144 Irxuwk/li d jurxs h{shfwv wr orvh dq hohfwlrq/ qr fdqglgdwh lv iruwkfrplqj1Wzr rwkhu ihdwxuhv ri wkh pdmrulwduldq ghprfudf| rxwfrph duh lqwhuhvw0lqj1 Rqh uhihuv wr wkh vl}h ri wkh jryhuqphqw zklfk lv uhodwlyho| vpdoo vlqfh�vfdo srolf| lv ghflghg e| wkh prvw �vfdoo| frqvhuydwlyh jurxs1 Wkh rwkhufrqfhuqv wkh hohfwlrq*v rxwfrph zklfk lqyroyhv d ghsduwxuh iurp wkh vwdq0gdug Grzqvldq frqyhujhqfh wr wkh phgldq uhvxow +Grzqv/ 4<8:,1 Lqghhg/ lq

44Wklv lpsolhv wkdw/ r�0htxloleulxp/ lw lv srvvleoh wr revhuyh dq �h{wuhph frdolwlrq� pdghxs e| wkh ulfk dqg wkh srru1 Dv lw lv fohdu iurp wkh surri ri Sursrvlwlrq 4/ lq fdvh wkhuhduh wzr fdqglgdwhv/ d ulfk dqg d plggoh fodvv djhqw/ wkh srru suhihu wr yrwh iru wkh ulfkvlqfh wkh odwwhu*v �vfdo frqvhuydwlvp lv wkh ehvw dowhuqdwlyh wkh| kdyh1 H{wuhph frdolwlrqhtxloleuld duh qrw xqfrpprq lq wkh srolwlfdo hfrqrp| olwhudwxuh1 Iru lqvwdqfh/ wkh| kdyhehhq irxqg wr dulvh lq rwkhu prghov ri sxeolf surylvlrq ri sulydwh jrrgv/ vxfk dv Hssohdqg Urpdqr +4<<9d/e,1
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rxu prgho ri pdmrulwduldq ghprfudf| wkh ulfk h{huflvh wkhlu ohdghuvkls qrpdwwhu krz pdq| wkh| duh/ wkdw lv hyhq li wkh| duh wkh vpdoohvw vrfldo jurxs1Lq wklv fdvh wkh pdmrulwduldq ghprfudf| zrxog lpso| d vruw ri �glfwdwruvklsri wkh devroxwh plqrulw|�/ dv rssrvhg wr wkh rqh ri wkh phgldq yrwhu1 Lq rxuiudphzrun/ wklv eldv lq idyru ri wkh ulfk lq wkh surfhvv ri froohfwlyh ghflvlrqpdnlqj dulvh gluhfwo|/ l1h1 uhjdugohvv wr rwkhu idfwruv/ vxfk dv d orz hohfwrudowxuq0rxw udwh dprqj srru/ orz kxpdq fdslwdo lqglylgxdov ru wkh suhvhqfh rifuhglw frqvwudlqwv lq d oree|lqj prgho1
7 Frqvhqvxdo Ghprfudf|
Lq d frqvhqvxdo ghprfudf| yrwhuv gr qrw hohfw d ohdghu gluhfwo| exw udwkhuhohfw wkhlu uhsuhvhqwdwlyhv wr wkh sduoldphqw1 Zh dvvxph wkh h{lvwhqfh rid sduoldphqw frpsrvhg e| d frqwlqxxp ri phdvxuh � 5 +3> 4, ri php0ehuv zklfk duh hohfwhg zlwk d sxuh sursruwlrqdo hohfwrudo uxoh lq d vlqjohqdwlrq0zlgh hohfwrudo glvwulfw1 Wkh jryhuqphqw lv iruphg dv wkh rxwfrph rid surfhvv ri ohjlvodwlyh edujdlqlqj dprqj wkh uhsuhvhqwdwlyhv ri wkh gl�huhqwjurxsv dqg lw h{suhvvhv d fhuwdlq sduoldphqwdu| pdmrulw|1 Wklv uh hfwv wkhgl�huhqw edodqfh ri srzhuv ehwzhhq wkh h{hfxwlyh dqg wkh ohjlvodwlyh/ zklfkglvwlqjxlvkhv frqvhqvxdo iurp pdmrulwduldq ghprfudf|145 Zh dvvxph wkdwwkh soxudolw| ri sduoldphqwdu| yrwhv lv vx!flhqw wr irup d jryhuqphqw1 Wklvdvvxpswlrq grhv qrw fruuhvsrqg wr wkh sxuh lghdo ri frqvhqvxdo ghprfudf|/zklfk uhtxluhv wkdw +dw ohdvw vrph, froohfwlyh ghflvlrqv duh edfnhg e| d xqdq0lprxv djuhhphqw ru/ htxlydohqwo|/ wkdw wkh plqrulw| lv hqwlwohg wr h{huflvh delqglqj yhwr uljkw rq wkh ghflvlrqv ri wkh pdmrulw|1 Lq rxu prgho lqvwhdgzh lqwhusuhw wkh sulqflsoh ri srzhu vkdulqj zklfk lv dw wkh urrw ri frqvhq0vxdo ghprfudf| lq d pruh uhvwulfwhg vhqvh e| frpsdulqj wkh jryhuqphqw rirqh hohfwhg zlwk d pdmrulwduldq hohfwrudo odz +pdmrulwduldq frqvwlwxwlrq, wrwkh jryhuqphqw ri wkh pdmrulw| ri d sduoldphqw hohfwhg zlwk d sursruwlrqdohohfwrudo odz +frqvhqvxdo ghprfudf|,1Wkh srolf| irupdwlrq surfhvv fruuhvsrqgv wr wkh iroorzlqj wkuhh0vwdjhvjdph1

41 Wkh hqwu| ri fdqglgdwhv vwdjh151 Wkh yrwlqj vwdjh161 Wkh ohjlvodwlyh edujdlqlqj vwdjh1
45Wkh fodvvlfdo uhihuhqfh rq ohjlvodwlyh edujdlqlqj lq sduoldphqwdu| ghprfudflhv lv wkhsdshu ri Dxvwhq0Vplwk dqg Edqnv +4<;;,/ rq zklfk zh gudz lq wkh prghoolqj ri wkhedujdlqlqj jdph1 Dxvwhq0Vplwk dqg Edqnv lq wxuq gudz rq wkh djhqgd vhwwlqj prghosursrvhg e| Urphu dqg Urvhqwkdo +4<:;/ 4<:<,1
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Dvvxplqj wkdw wkhuh duh wkuhh jurxsv lq wkh sduoldphqw dqg wkdw qrjurxs kdv wkh devroxwh pdmrulw| ri sduoldphqwdu| phpehuv +zklfk zloo ehwkh fdvh lq htxloleulxp,/ hyhqwv wdnh sodfh dw wkh ohjlvodwlyh edujdlqlqj vwdjhdffruglqj wr wkh iroorzlqj surwrfro1� Urxqg 4 ri wkh edujdlqlqj jdph= wkh khdg ri wkh uhsuhvhqwdwlyhv +ds0srlqwhg dw udqgrp, ri wkh jurxs kdylqj wkh uhodwlyh pdmrulw| ri vhdwvlq wkh sduoldphqw lv fdoohg wr pdnh d srolf| sursrvdo wr wkh khdg riwkh uhsuhvhqwdwlyhv ri rqh rwkhu jurxs ri klv fkrlfh1 Jlyhq wkdw �ex|0lqj� yrwhv lv frvwo|/ rqo| wzr jurxsv frdolwlrqv zloo eh revhuyhg dqg dyhuvlrq ri Ulnhu*v plqlpxp vl}h frdolwlrq sulqflsoh zloo dsso|1� Li wkh sursrvdo lv dffhswhg/ wkh jryhuqphqw frdolwlrq lv iruphg dqg wkhdjuhhg srolf| lv lpsohphqwhg1� Urxqg 5 ri wkh edujdlqlqj jdph= li wkh sursrvdo lv qrw dssuryhg/ dvhfrqg djhqgd vhwwhu lv dssrlqwhg udqgrpo| e| qdwxuh ehwzhhq wkhuhsuhvhqwdwlyhv ri wkh wzr jurxsv ri zklfk qr phpehu zdv djhqgdvhwwhu dw urxqg 41 Pruh suhflvho|/ d phpehu ri hlwkhu ri wkhvh jurxsvlv dssrlqwhg dv djhqgd vhwwhu dw urxqg 5 zlwk suredelolw| htxdo wrwkh vkduh ri wkh sduoldphqwdu| vhdwv ri klv jurxs/ uhodwlyh wr wkh wrwdoqxpehu ri vhdwv ri wkh wzr jurxsv1 Wkhq/ wkh vhfrqg djhqgd vhwwhukdv wkh rssruwxqlw| wr irup d jryhuqphqw +mxvw dv wkh �uvw rqh, dqgirupxodwhv d frdolwlrq sursrvdo wr rqh rwkhu jurxs ri klv fkrlfh1� Li qr sursrvdo lv dssuryhg dw urxqg 5/ wkh jdph hqgv dqg wkh vwdwxvtxr srolf| lv lpsohphqwhg1 Zh dvvxph wkdw wkh vwdwxv txr srolf|fruuhvsrqgv wr qr wd{dwlrq dqg qr sxeolf jrrgv surylvlrq1
Qrwlfh wkdw rxu prghoolqj ri wkh srolf| pdnlqj surfhvv lq d frqvhqvxdoghprfudf| lv lqqrydwlyh lq dw ohdvw wzr glphqvlrqv1 Iluvw/ zh vwxg| d ohjlvod0wlyh edujdlqlqj surfhvv ehwzhhq flwl}hq0fdqglgdwhv uhsuhvhqwdwlyhv1 Vhfrqg/zh dqdo|}h krz wkh glvwulexwlrq ri lqfrph vkdshv �vfdo srolf| rxwfrphvwkurxjk wkh qrq0vwdqgdug fkdqqho ri wkh edujdlqlqj srzhu ri wkh gl�huhqwfodvvhv/ zklfk lv hqgrjhqrxv dqg wxuqv rxw wr ghshqg rq wkh lqfrph glvwul0exwlrq lwvhoi1

714 Hqwu| ri Fdqglgdwhv dqg YrwlqjWkh htxloleulxp ri wkh srolf| irupdwlrq jdph pxvw eh vhtxhqwldoo| udwlrqdo/zklfk phdqv wkdw wkh Qdvk htxloleulxp dw hdfk vwdjh ri wkh jdph pxvwudwlrqdoo| dqwlflsdwh lwv vxevhtxhqw htxloleulxp sdwk1
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Wkh dvvxpswlrq ri vlqfhuh yrwlqj dqg wkh flwl}hq0fdqglgdwh vwuxfwxuhlpso| wkdw hdfk lqglylgxdo zloo yrwh iru d fdqglgdwh iurp klv rzq vrfldojurxs/ li dydlodeoh/ zkdwhyhu wkh htxloleulxp dw wkh ohjlvodwlyh edujdlqlqjvwdjh zloo eh1 Lqghhg/ vlqfh wkh srolf| suhihuhqfhv ri wkh flwl}hq0fdqglgdwhviurp wkh jurxs m frlqflgh zlwk wkrvh ri wkh phpehuv ri wkdw jurxs/ wkhqyrwlqj iru wkh ehvw srolf| dowhuqdwlyh +wkdw lv/ yrwlqj vlqfhuho|, lv htxlydohqwiru wkh phpehuv ri jurxs m wr yrwlqj iru wkh flwl}hq0fdqglgdwhv iurp m1 Jlyhqwkdw lqglylgxdov duh dwrplvwlf dqg wkdw wkh sduoldphqw lv pdgh e| d odujhqxpehu ri wkhp/ wkh srolf| rxwfrph dqg wkhuhiruh wkh jurvv0ri0r!fh0ehqh�wxwlolw| ri d flwl}hq0fdqglgdwh grhv qrw ghshqg rq zkhwkhu kh dfwxdoo| grhvru grhv qrw uxq iru r!fh1 Wkhuhiruh/ d flwl}hq0fdqglgdwh ri jurxs m uxqv irur!fh li dqg rqo| li
�s �z� +�>J, . n�. +4� s,z� +�>J,��z�+�>J, @ sn A %zkhuh +�>J, lv wkh htxloleulxp srolf| uhvxowlqj iurp wkh ohjlvodwlyh edujdlq0lqj jdph wr eh sod|hg dqg s lv wkh suredelolw| ri ehlqj hohfwhg1 Iuhh hqwu|ri fdqglgdwhv lpsolhv wkdw lq htxloleulxp wkh deryh zhdn lqhtxdolw| krogv dvdq htxdolw|/ zklfk phdqv wkdw wkh suredelolw| wkdw d phpehu ri jurxs m lvhohfwhg lv s @ 0& 5 +3> 4`/ ; m 5 @146 Wklv idfw dqg wkh sursruwlrqdolw| ri wkhhohfwrudo odz lpso| wkdw jurxs m hohfwv �p� uhsuhvhqwdwlyhv/ dqg wkh vhw rifdqglgdwhv ri jurxs m uxqqlqj iru r!fh kdv phdvxuh �� @ 46�R @ &0�p�1

715 Wkh Ohjlvodwlyh Edujdlqlqj VwdjhWkh deryh dqdo|vlv kdv vkrzq wkdw wkh sduoldphqw lv d pluuru0lpdjh ri vrfl0hw| lq wkh vhqvh wkdw wkh glvwulexwlrq ri vhdwv dfurvv wkh wkuhh jurxsv h{dfwo|uh hfwv wkh glvwulexwlrq ri wkh srsxodwlrq dfurvv wkhvh jurxsv1 Wklv lq wxuqphdqv wkdw wkh djhqgd vhwwhu dw urxqg 4 lv d uhsuhvhqwdwlyh ri wkh plggoh0fodvv/ zklfk +ehlqj wkh odujhvw fodvv, kdv wkh odujhvw qxpehu ri vhdwv lq wkhsduoldphqw1 Pruhryhu/ li wkh plggoh fodvv idlov wr irup d jryhuqphqw/ wkhvhfrqg djhqgd vhwwhu lv dssrlqwhg udqgrpo| e| qdwxuh dqg fkrvhq ehwzhhqwkh uhsuhvhqwdwlyhv ri wkh srru dqg wkh ulfk1 E| dvvxpswlrq/ wkh suredelolw|wkdw d srru +ulfk, zloo eh wkh djhqgd vhwwhu dw wkh vhfrqg urxqg +frqglwlrqdori wkh jdph uhdfklqj lw, lv htxdo wr wkh vkduh ri wkh vhdwv ri wkh srru +ulfk,ri wkh frpelqhg qxpehu ri vhdwv ri wkh srru dqg ri wkh ulfk1 Khqfh/
46Ru/ lq rwkhu zrugv/ &*0 uhsuhvhqwv wkh qxpehu ri flwl}hqv iurp hdfk jurxs wkdw frpshwhiru hdfk vhdw wkdw wkh jurxs zlqv1 Lw lv fohdu wkdw lq htxloleulxp doo phpehuv ri jurxs� zloo eh lqgl�huhqw ehwzhhq uxqqlqj dqg qrw uxqqlqj dv iuhh hqwu| ri fdqglgdwhv gulyhvgrzq wr }hur wkh qhw ehqh�w ri uxqqlqj iru r!fh1
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! @ �pR�pR . �po @ pRpR .po +:,
lv wkh suredelolw| wkdw d srru lv dssrlqwhg dv djhqgd vhwwhu dw urxqg 51Frqyhuvho|/ wkh suredelolw| wkdw wkh djhqgd vhwwhu dw wkh vhfrqg urxqg lv dulfk lv htxdo wr wkh frpsohphqwdu| suredelolw| +4� !,1Lw lv fohdu wkdw ! fdq eh lqwhusuhwhg dv dq lqgh{ ri wkh edujdlqlqj srzhuri wkh srru= wkh kljkhu lv wkh qxpehu ri wkh srru pR/ wkh kljkhu lv !/wkh kljkhu lv wkh suredelolw| wkdw wkh srru duh djhqgd vhwwhu dw wkh vhfrqgurxqg/ wkh kljkhu lv wkhlu h{shfwhg xwlolw| dw wkdw vwdjh ri wkh jdph/ dqgwkhuhiruh wkh kljkhu zloo eh wkh sxeolf jrrg wkdw wkh plggoh fodvv djhqgdvhwwhu +dw urxqg 4, surylghv wkhp iru dq| jlyhq ohyho ri wd{dwlrq vr wr dffhswkhu jryhuqphqw frdolwlrq sursrvdo1 Pruhryhu/ dv zh zloo vkrz odwhu/ ! lv dovrd phdvxuh ri lqfrph lqhtxdolw|= rwkhu wklqjv htxdo/ d kljkhu ! fruuhvsrqgvwr d pruh xqhtxdo lqfrph glvwulexwlrq147Wkh ohjlvodwlyh edujdlqlqj jdph kdv d xqltxh +vxejdph0shuihfw, Qdvkhtxloleulxp1 Wkh �uvw djhqgd vhwwhu +iurp wkh plggoh fodvv, irupxodwhv dfrdolwlrq irupdwlrq sursrvdo edvhg rq d �vfdo srolf| surjudp wr rqh rwkhujurxs rqo|/ jlyhq wkdw qr pruh wkdq wkdw lv qhhghg wr uhdfk d sduoldphqwdu|pdmrulw|1 Wkh frdolwlrq irupdwlrq r�hu ohdyhv wkh jurxs uhfhlylqj lw lqgl�hu0hqw ehwzhhq dffhswlqj dqg uhmhfwlqj lw/ qdpho| jlyhv wr wkh uhflslhqw d ohyhori xwlolw| htxdo wr lwv rxwvlgh rswlrq dqg wkh r�hu lv dffhswhg1 Wkhuhiruh/wkh txhvwlrq zh qhhg wr dqvzhu lv= zklfk jurxs +dprqj wkh srru dqg wkhulfk, lv wkh fkhdshvw wr ex|B Wr dqvzhu wklv txhvwlrq/ zh �uvw vroyh rxuedujdlqlqj jdph e| edfnzdug lqgxfwlrq vwduwlqj iurp wkh vhfrqg urxqg1Zh lqglfdwh wkh jurxs ri wkh djhqgd vhwwhu zlwk k/ wkh rwkhu jurxs sduwri wkh jryhuqphqw zlwk o dqg wkh vwdjh ri wkh jdph zlwk v1 Wkhuhiruh/ � rc�c,lv wkh wd{ udwh sursrvhg wr jurxs o e| wkh djhqgd vhwwhu k dw urxqg v ri wkhjdph1 Wkh fruuhvsrqghqw ohyho ri sxeolf jrrg uhfhlyhg e| wkh jurxs l zlooeh j�rc�c,1 Vlploduo|/ wkh ohyho ri xwlolw| ri wkh jurxs l lv z�rc�c,1
71514 Urxqg 5 ri wkh Edujdlqlqj JdphWkh iroorzlqj Ohppd lv d �uvw vwhs lq wkh xqghuvwdqglqj ri zklfk yrwhdprqj wkh srru dqg wkh ulfk lv wkh fkhdshvw wr ex| dw urxqg 41

47Ilqdoo| qrwlfh wkdw wkh suredelolw| � M Efc �� ehfdxvh 6R dqg 6o duh dozd|v srvlwlyh1Krzhyhu/ lq wkh dqdo|vlv suhvhqwhg ehorz zh dovr frqvlghu wkh olplw fdvhv zkhuh � ' f dqg� ' � ehfdxvh wkh| doorzv xv wr gh�qh wkh wd{ udwhv dqg xwlolwlhv lq wkh doo udqjh dfc �o1
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Ohppd 41 Dw urxqg 5 ri wkh edujdlqlqj jdph/ wkh srru duh dozd|v sduwri wkh jryhuqphqw frdolwlrq> wkh plggoh fodvv lv vr rqo| li wkh djhqgd vhwwhulv d srru dqg wkh ulfk rqo| li wkh djhqgd vhwwhu lv d ulfk1Surri1 Dw urxqg 5/ wkh rxwvlgh rswlrq ri hdfk jurxs lv lwv vwdwxv txrxwlolw|/ qdpho| lwv jurvv lqfrph1 Vlqfh wkh djhqgd vhwwhu rswlpl}hv jlylqjwr wkh frdolwlrq sduwqhu zkdw lv vwulfwo| qhfhvvdu| wr lqgxfh lw wr dffhsw wkhsrolf| sursrvhg/ wkh srolf| phqx +�2c�c,> j,rc�c,, r�huhg iurp wkh djhqgd vhwwhuk wr jurxs o vdwlv�hv wkh frqglwlrq
+4� �2c�c,, |, .K+j,2c�c,, @ |,= +;,

Frqvlghu wkh vfkhgxoh j,2c�c, � j,2c�c,+�2c�c,> |,, gh�qhg lpsolflwo| e| htxdwlrq+;,1 Kroglqj frqvwdqw � 2c�c,/ wklv vfkhgxoh lv vxfk wkdw
Cj,2c�c,C|, @ �2c�c,K}+j,2c�c,, A 3=

Wklv phdqv wkdw wkh ulfkhu lv d jurxs/ wkh pruh lw kdv wr eh frpshqvdwhg lqwhupv ri sxeolf jrrg surylvlrq iru dq| ohyho ri wd{dwlrq1 Wkxv/ li wkh ulfk lvdssrlqwhg djhqgd vhwwhu dw wkh vhfrqg urxqg/ kh zloo dozd|v suhihu wkh srruwr wkh plggoh fodvv dv frdolwlrq sduwqhu1 Dowhuqdwlyho|/ li wkh vhfrqg urxqgdjhqgd vhwwhu lv srru/ wkh plggoh fodvv zloo eh fkhdshu wr ex| wkdq wkh ulfk1Ilqdoo|/ wkh dvvxpswlrqv rq wkh surwrfro ri wkh ohjlvodwlyh edujdlqlqj jdphlpso| wkdw wkh plggoh fodvv lv qhyhu wkh djhqgd vhwwhu dw urxqg 51�
Wkhuhiruh/ li dw urxqg 5 wkh djhqgd vhwwhu lv d ulfk/ wkhq e| Ohppd 4wkh srru zloo eh wkh frdolwlrq sduwqhu dqg wkhlu sduwlflsdwlrq frqvwudlqw lv

+4� �2cocR, |R .K+jR2cocR, @ |R +<,
zklfk phdqv wkdw jR2cocR @ K3�+�2cocR|R,1 Wkh htxloleulxp jryhuqphqw exg0jhw frqvwudlqw fdq eh zulwwhq dv48

�2cocR| @ jR2cocR . jo2cocR +43,
48Zh duh xvlqj wkh idfw wkdw lq htxloleulxp wkh sxeolf jrrg suhihuuhg e| wkh jurxs qrwsduw ri wkh jryhuqphqw frdolwlrq zloo qrw eh surylghg1

4:



dqg wkh rswlpdo wd{ udwh iru wkh ulfk vroyhv wkh iroorzlqj pd{lpl}dwlrqsureohp
pd{t�2cocR�zo2cocR @ +4� �2cocR, |o .K+jo2cocR, +44,

vxemhfw wr wkh frqvwudlqwv +<, dqg +43,1 Wkh rswlpdolw| frqglwlrqv duh gh0ulyhg lq wkh Dsshqgl{1
Li dw urxqg 5 wkh djhqgd vhwwhu lv d srru/ wkhq wkh frdolwlrq sduwqhu zlooeh wkh plggoh fodvv zkrvh sduwlflsdwlrq frqvwudlqw fdq eh zulwwhq dv

+4� �2cRcK, |K .K+jK2cRcK, @ |K +45,
zklfk phdqv wkdw jK2cRcK @ K3�+�2cRcK|K,1 Vxevwlwxwlqj wkh htxloleulxp jry0huqphqw exgjhw frqvwudlqw lq wkh xwlolw| ixqfwlrq ri wkh srru/ wkh rswlpdowd{ udwh iru wkh srru vroyhv wkh pd{lpl}dwlrq sureohp

pd{i�2cRcKjzR2cRcK @ +4� �2cRcK, |R .K+�2cRcK| � jK2cRcK, +46,
vxemhfw wr wkh sduwlflsdwlrq frqvwudlqw ri wkh plggoh fodvv +45,1 Djdlq/ wkhrswlpdolw| frqglwlrqv fdq eh irxqg lq wkh Dsshqgl{1
71515 Urxqg 4 ri wkh Edujdlqlqj JdphZkloh wkh srru duh dozd|v sduw ri wkh jryhuqphqw frdolwlrq li wkh jdphuhdfkhv urxqg 5 +dq r�0htxloleulxp hyhqw,/ wklv grhv qrw qhhg eh wkh fdvhdw urxqg 41 Lqghhg/ dw wklv vwdjh ri wkh jdph wkh plggoh fodvv djhqgd vhwwhuzloo irup wkh jryhuqphqw frdolwlrq zlwk wkh jurxs wkdw doorzv khu wr uhdfkwkh kljkhvw ohyho ri xwlolw| iurp wkh lpsohphqwhg srolf|1 Wklv srolf| zloo ehvxfk wr ohdyh wkh jurxs uhfhlylqj wkh r�hu mxvw lqgl�huhqw ehwzhhq dffhswlqjlw dqg jrlqj wr wkh vhfrqg urxqg149 Dv zh zloo vhh/ wkh h{shfwhg xwlolw| rihdfk jurxs dw urxqg 5 ghshqgv srvlwlyho| rq lwv suredelolw| ri ehlqj djhqgdvhwwhu dw wkdw vwdjh1 Khqfh/ wkh kljkhu lv wkh suredelolw| ! ri wkh srru riehlqj djhqgd vhwwhu dw urxqg 5/ wkh kljkhu lv wkhlu h{shfwhg xwlolw| dw wklvvwdjh ri wkh jdph/ wkh pruh frvwo| lv iru wkh plggoh fodvv wr ex| wkhlu yrwh dw

49Wklv lpsolhv wkdw wkh sduwlflsdwlrq frqvwudlqw dozd|v krog zlwk wkh htxdolw| vljq zkhqlw lv elqglqj1
4;



urxqg 4/ dqg wkhuhiruh wkh ohvv olnho| lv wkdw wkh| duh sduw ri wkh jryhuqphqwfrdolwlrq1 Lq zkdw iroorzv/ zh zloo hvwdeolvk d joredo uhvxow zklfk lghqwl�hvwkh zlqqlqj frdolwlrq lq whupv ri d fulwlfdo ydoxh ri !1 Wr surfhhg lq wklvgluhfwlrq/ zh �uvw gh�qh wkh pd{lpl}dwlrq sureohpv ri wkh plggoh fodvvxqghu wkh wzr srvvleoh frdolwlrqv1
Li wkh jryhuqphqw frdolwlrq lv pdgh xs e| wkh plggoh fodvv dqg wkh ulfk/wkhq wkh sduwlflsdwlrq frqvwudlqw ri wkh ulfk dw urxqg 4 lv

+4� ��cKco, |o .K+jo�cKco, A +4� !, �+4� �2cocR, |o .K+jo2cocR,�. ! +4� �2cRcK, |o=+47,Wkh ohiw kdqg vlgh ri +47, uhsuhvhqwv wkh xwlolw| ri wkh ulfk li wkh plggohfodvv* srolf| sursrvdo dw urxqg 4 lv lpsohphqwhg/ zkloh wkh uljkw kdqg vlghlv wkhlu h{shfwhg xwlolw| frqglwlrqdo rq wkh jdph uhdfklqj urxqg 514:Vxevwlwxwlqj wkh htxloleulxp irup ri wkh jryhuqphqw exgjhw frqvwudlqw lqwkh xwlolw| ixqfwlrq ri wkh plggoh fodvv/ wkh pd{lpl}dwlrq sureohp ehfrphv
pd{i��cKcojzK�cKco @ �4� � �cKco� |K .K+� �cKco| � jo�cKco, +48,

vxemhfw wr wkh sduwlflsdwlrq frqvwudlqw ri wkh ulfk +47,1 Wklv frqvwudlqw pd|qrw eh dozd|v elqglqj krzhyhu1 Wklv lv wkh fdvh zkhq wkh glfwdwruldo srolf|ri wkh plggoh fodvv jlyhv wr wkh ulfk d kljkhu xwlolw| wkdq wkhlu h{shfwhgxwlolw| dw urxqg 514; Lq wklv vlwxdwlrq wkh frqvhqvxdo ghprfudf| htxloleulxplv htxlydohqw wr wkh glfwdwruvkls ri wkh plggoh fodvv zklfk rewdlqv wkh pd{0lpxp ohyho ri xwlolw| e| lpsohphqwlqj khu xqfrqvwudlqhg suhihuuhg srolf|1Iurp dq lqvshfwlrq ri +47, lw lv lpphgldwh wr yhuli| wkdw wklv lv dozd|v wkhfdvh zkhqhyhu/ dv ! dssurdfkhv rqh/ wkh plggoh fodvv glfwdwruldo wd{ udwh � Klv orzhu wkdq �2cRcK1Lw lv srvvleoh wr suryh dqdo|wlfdoo| wkdw � K ? �2cRcK/ dqg wkhuhiruh wkdwwkh sduwlflsdwlrq frqvwudlqw ri wkh ulfk lv qrw elqglqj/ li wkh lqfrph ri wkh
4: Lq rwkhu zrugv/ iru wkh ulfk wr eh frqylqfhg wr dffhsw wkh sursrvdo ri wkh plggoh fodvvdjhqgd vhwwhu wkh| pxvw eh jlyhq d ohyho ri xwlolw| dw ohdvw htxdo wr wkh h{shfwhg xwlolw|wkh| jhw li wkh jdph uhdfkhv wkh vhfrqg urxqg14;Dv zh douhdg| nqrz/ wkh glfwdwruldo srolf| ri wkh plggoh fodvv phdqv vhwwlqj d wd{ udwhhtxdo wr � K +dv gh�qhg e| +8, zlwk +� ' +K, dqg vshqglqj doo wkh jryhuqphqw uhyhqxhv lqkhu suhihuuhg sxeolf jrrg= }K�cKco ' � K+ dqg }o�cKco ' f1
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srru |R lv htxdo wr }hur dqg ! lv htxdo wr rqh14< Lqghhg/ lq wklv fdvh wkhwd{dwlrq ghflghg e| wkh srru djhqgd vhwwhu dqg wkh plggoh fodvv frdolwlrqdw wkh vhfrqg urxqg �2cRcK lv gh�qhg e| wkh iroorzlqj htxdwlrq
|KK}+�2cRcK|K, @ |= +49,

E| frpsdulqj wklv h{suhvvlrq zlwk wkh glfwdwruldo wd{ udwh ri wkh plggohfodvv
|KK}+� K|, @ |

lw wxuqv rxw wkdw �2cRcK|K @ � K|/ zklfk lpsolhv wkdw �2cRcK A � K jlyhq wkdw|K ? |1 Rxu qxphulfdo vlpxodwlrqv +wkdw zh glvfxvv lq wkh qh{w Vhfwlrq,vkrz wkdw wkh frqvwudlqw ri wkh ulfk pd| qrw eh elqglqj dv ! dssurdfkhv wrrqh dovr zkhq wkh lqfrph ri wkh srru lv gl�huhqw iurp }hur1 Vrph h{dpsohvduh surylghg e| wkh qxphulfdo vlpxodwlrqv zkrvh uhvxowv duh vkrzq lq Iljxuhv70<153Zkhq wkh sduwlflsdwlrq frqvwudlqw ri wkh ulfk lv elqglqj/ wkh �uvw rughufrqglwlrq uhodwlyh wr wkh pd{lpl}dwlrq sureohp +48, lv
|K @ K}+� �cKco| � jo�cKco,#| � |oK}+jo�cKco,

$ +4:,
dqg wklv htxdwlrq doorzv xv wr rewdlq � �cKco dqg jo�cKco li frpelqhg zlwk htxd0wlrq +47,154 Wkhq/ jK�cKco lv rewdlqhg iurp wkh jryhuqphqw exgjhw frqvwudlqw1

Li wkh frdolwlrq jryhuqphqw lv pdgh xs e| wkh plggoh fodvv dqg wkh srru/wkhq wkh sduwlflsdwlrq frqvwudlqw ri wkh srru dw urxqg 4 lv
4<Zh uhplqg wr wkh uhdghu wkdw � ' � lv qrw d srvvleoh suredelolw| ehfdxvh 6o lv dozd|vsrvlwlyh1 Krzhyhu/ wkh deryh uhvxow lv d xvhixo ehqfkpdun dqg lq jhqhudo lw zloo dovr krogiru ydoxhv ri � vx!flhqwo| forvh wr rqh153Fohduo|/ wkh orzhu lv wkh lqfrph ri wkh srru dqg wkh kljkhu zloo eh �2cRcK1 Wklv lq wxuqpdnhv pruh olnho| wkh idfw wkdw wkh sduwlflsdwlrq frqvwudlqw ri wkh ulfk lv qrw elqglqj1 Dfohdu h{dpsoh lv surylghg e| wkh vlpxodwlrq lq Iljxuh <154 Lq wklv fdvh wkh frqvwudlqw +47, krogv zlwk htxdolw| vljq ehfdxvh wkh djhqgd vhwwhusursrvhv wr wkh ulfk d srolf| wkdw ohdyhv wkhp lqgl�huhqw ehwzhhq dffhswlqj dqg uhmhfwlqjlw1
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+4� ��cKcR, |R .K+jR�cKcR, A +4� !, |R . ! k+4� �2cRcK, |R .K+jR2cRcK,l =+4;,Wkh ohiw kdqg vlgh ri +4;, lv wkh xwlolw| ri wkh srru dw urxqg 4 li wkh plggohfodvv* srolf| sursrvdo lv lpsohphqwhg/ zkloh wkh uljkw kdqg vlgh fruuhvsrqgvwr wkhlu h{shfwhg xwlolw| li wkh jdph uhdfkhv wkh vhfrqg urxqg1 Wklv sduwlf0lsdwlrq frqvwudlqw lv dozd|v elqglqj +li |R A 3, ehfdxvh wkh srru duh dozd|vsduw ri wkh jryhuqphqw frdolwlrq dw urxqg 5 dqg wklv lpsolhv wkdw wkhlu h{0shfwhg xwlolw| dw wklv vwdjh +wkh uljkw kdqg vlgh ri +4;,, zloo eh dw ohdvw htxdowr wkhlu ohyho ri lqfrph/ l1h1 zkdw wkh| jhw li wkh vwdwxv txr srolf| lv lpsoh0phqwhg1 Wkhuhiruh/ iru dq| ohyho ri � �cKcR wkh srru kdyh wr eh frpshqvdwhgzlwk d vwulfwo| srvlwlyh dprxqw ri wkhlu vshfl�f sxeolf jrrg jR�cKcR/ zklfk lqwxuq phdqv wkdw +4;, dozd|v elqgv155Wkh vxevwlwxwlrq ri wkh htxloleulxp jryhuqphqw exgjhw frqvwudlqw lq wkhxwlolw| ixqfwlrq ri wkh plggoh fodvv lpsolhv wkdw wkhlu pd{lpl}dwlrq sureohpfdq eh zulwwhq dv
pd{i��cKcRjzK�cKcR @ �4� � �cKcR� |K .K+��cKcR| � jR�cKcR, +4<,

vxemhfw wr wkh sduwlflsdwlrq frqvwudlqw ri wkh srru +4;,1 Wkh �uvw rughufrqglwlrq ri wklv sureohp uhdgv
|K @ K}+��cKcR| � jR�cKcR,�| � |RK} +jR�cKcR,

� = +53,
Iurp +53, dqg +4;, zh rewdlq ��cKcR dqg jR�cKcR / zkloh jK�cKcR lv ghulyhg iurp wkhjryhuqphqw exgjhw frqvwudlqw1

Wkh qh{w Sursrvlwlrq fkdudfwhul}hv wkh rxwfrph ri wkh frdolwlrq irupd0wlrq surfhvv dw wkh �uvw urxqg ri wkh ohjlvodwlyh edujdlqlqj jdph1
Sursrvlwlrq 51 Wkhuh h{lvwv d wkuhvkrog ydoxh ri !/ !W 5 +3> 4, vxfkwkdw+l, li ! ? !W/ wkh jryhuqphqw frdolwlrq lv pdgh e| wkh plggoh fodvv dqge| wkh srru>

55Djdlq/ jlyhq wkdw wkh plggoh fodvv srolf| sursrvdo lv vxfk wr ohdyh wkh srru mxvwlqgl�huhqw ehwzhhq dffhswlqj dqg uhmhfwlqj lw/ +4;, dozd|v krogv zlwk wkh htxdolw| vljq1
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+ll, li ! A !W/ wkh jryhuqphqw frdolwlrq lv pdgh e| wkh plggoh fodvv dqge| wkh ulfk1Surri1 Vhh Dsshqgl{1�Wkh lqwxlwlrq iru wklv uhvxow lv vwudljkwiruzdug1 Zkhq ! lv uhodwlyho| orz+! ? !W,/ wkh suredelolw| wkdw wkh srru duh djhqgd vhwwhu dw urxqg 5 lv dovrvr/ dqg vr lv wkhlu h{shfwhg xwlolw| dw wkh vhfrqg urxqg1 Wklv phdqv wkdwwkhlu yrwh lv uhodwlyho| fkhds wr ex| dw urxqg 41 Rq wkh rwkhu kdqg/ zkhq! lv uhodwlyho| vpdoo/ 4 � ! lv uhodwlyho| kljk/ dqg vr lv wkh suredelolw| riwkh ulfk ri ehlqj djhqgd vhwwhu dw urxqg 5/ zklfk lq wxuq lpsolhv wkdw wkhluh{shfwhg xwlolw| dw wkh vhfrqg urxqg lv kljk dqg wkhlu yrwh lv frvwo| wr ex|dw urxqg 41 Wkhuhiruh/ wkhuh h{lvwv d ohyho ri ! vx!flhqwo| vpdoo wkdw wkhplggoh fodvv suhihuv wr pdnh d jryhuqphqw frdolwlrq zlwk srru ehfdxvh wkhluyrwh lv fkhdshu wr ex| +wkdq wkdw ri wkh ulfk,1 Fohduo|/ wkh rssrvlwh lv wuxhzkhq ! lv uhodwlyho| kljk +! A !W,1 Dw wkh wkuhvkrog !W/ wkh plggoh fodvv lvmxvw lqgl�huhqw ehwzhhq iruplqj d frdolwlrq zlwk wkh ulfk ru zlwk wkh srru1Wkh uhvxow lq Sursrvlwlrq 5 fdq eh uhjdughg dv dq dssolfdwlrq ri wkhjhqhudo sulqflsoh e| zklfk/ lq frdolwlrq irupdwlrq jdphv/ lw fdq eh lq idfwdgydqwdjhrxv wr eh lq d uhodwlyho| zhdn edujdlqlqj srvlwlrq dv wkdw lqfuhdvhvwkh olnholkrrg ri ehfrplqj d phpehu ri wkh frdolwlrq1 Wklv lv pxfk wrwkh frqwudu| ri zkdw kdsshqv lq d Qdvk edujdlqlqj surfhvv/ zkhuh d orzhuedujdlqlqj srzhu rqo| uhgxfhv wkh vkduh ri wkh vxusoxv ri zklfk rqh fdqdssursuldwh1
8 Wkh Vl}h ri Jryhuqphqw Dfurvv Frqvwlwxwlrqvdqg Frdolwlrqv
Zkloh wkh wd{ udwh fkrvhq xqghu d pdmrulwduldq frqvwlwxwlrq lv rqo| d ixqf0wlrq ri wkh lqfrph ri wkh ulfk +uhodwlyh wr wkh dyhudjh rqh,/ wkh wd{ udwh lq dfrqvhqvxdo ghprfudf| xqghu wkh wzr srvvleoh frdolwlrqv lv d ixqfwlrq ri wkhlqfrph glvwulexwlrq/ l1h1 ri erwk wkh lqfrphv ri wkh fodvvhv +|R> |K> |> |o, dqgwkh ydoxh ri !1 D frpsdulvrq ri wkhvh wd{ udwhv lv qrw vwudljkwiruzdug gxh wrwkh vwurqj qrq0olqhdulw| suhvhqw lq wkh �uvw rughu frqglwlrqv gh�qlqj wkhp1Krzhyhu/ e| pdnlqj vrph dvvxpswlrqv rq wkh ohyhov ri lqfrph ri wkh fodvvhvdqg wkh xwlolw| ixqfwlrq ri wkh lqglylgxdov zh fdq vwdwh wkh uhvxowv suhvhqwhgdqg glvfxvvhg ehorz1 Iluvw/ zh dvvxph d srzhu ixqfwlrq vshfl�fdwlrq iru wkhxwlolw| ghulyhg iurp wkh sxeolf jrrg= K+j�, @ D+j�,k/ zlwk � 5 +3> 4, dqgD A 31Uhvxow 41 Li wkh lqfrph ri wkh srru lv htxdo wr }hur dqg wkh lqfrph ri
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wkh ulfk lv vx!flhqwo| kljk uhodwlyh wr wkh dyhudjh lqfrph/ wkhq wkh ohyho riwd{dwlrq dqg sxeolf h{shqglwxuh +dqg wkh vl}h ri jryhuqphqw, rewdlqlqj lqd frqvhqvxdo ghprfudf| xqghu d jryhuqphqw frdolwlrq pdgh e| wkh plggohfodvv dqg wkh srru lv dozd|v kljkhu wkdq wkdw rewdlqlqj xqghu d plggoh fodvvdqg ulfk frdolwlrq/ zklfk lq wxuq lv kljkhu wkdq wkh wd{dwlrq dqg sxeolf h{0shqglwxuh rewdlqlqj lq d pdmrulwduldq ghprfudf|1 Lq rwkhu zrugv/ iru dooydoxhv ri ! wkh iroorzlqj lqhtxdolwlhv krog= � o ? ��cKco ? ��cKcR1Surri1 Vhh Dsshqgl{1�
D judsklfdo uhsuhvhqwdwlrq ri wkh wd{ udwhv fruuhvsrqghqw wr Uhvxow 4 lvsurylghg e| Iljxuh 41 Wkh wzr dvvxpswlrqv rq wkh lqfrph ri wkh srru dqgwkh ulfk duh vx!flhqw frqglwlrqv zklfk jxdudqwhh wkdw Uhvxow 4 krogv dqgfdq eh suryhg dqdo|wlfdoo|1 Krzhyhu/ rxu qxphulfdo vlpxodwlrqv vkrz wkdwwkhvh frqglwlrqv duh qrw qhfhvvdu|1 Qhyhuwkhohvv/ wkhvh dvvxpswlrqv surylghdq lqvljkw rq wkh fkdudfwhulvwlfv ri wkh lqfrph glvwulexwlrq wkdw ohdg wr wkdwuhvxow1 Lq sduwlfxodu/ wkh uhvxow wkdw � o ? ��cKco ? ��cKcR iru doo ! lv hdv| wrrewdlq zkhq wkh lqfrph ri wkh srru |R dqg wkh lqfrph ri wkh ulfk |o duhuhvshfwlyho| orz dqg kljk zlwk uhvshfw wr wkh dyhudjh lqfrph | ru/ lq rwkhuzrugv/ zkhq wkhuh lv hqrxjk glvshuvlrq lq wkh lqfrph ri wkh wkuhh fodvvhv1Iurp wkh qxphulfdo dqdo|vlv zh kdyh rewdlqhg wzr lqwhuhvwlqj uhvxowv1Iluvw/ d ohyho ri |o vx!flhqwo| kljk uhodwlyh wr | lv hqrxjk wr rewdlq wkh wd{0dwlrq udqnlqj ri Uhvxow 4 +� o ? ��cKco ? ��cKcR, hyhq zkhq |R dqg |K duh erwkyhu| forvh wr |1 Vhfrqg/ zlwk dq h{wuhpho| htxdo lqfrph glvwulexwlrq/ wd{d0wlrq lq pdmrulwduldq ghprfudf| lv dozd|v kljkhu wkdq wd{dwlrq lq frqvhqvxdoghprfudf| +uhjdugohvv ri wkh uxolqj frdolwlrq,1 Dq h{dpsoh zlwk wkhvh uh0vxowv fdq eh irxqg lq wkh qxphulfdo vlpxodwlrq fruuhvsrqghqw wr Iljxuh 5156Lq wklv vlpxodwlrq zh kdyh xvhg wzr sdudphwhul}dwlrqv iru wkh lqfrph ri wkhwkuhh fodvvhv1 Wkh �uvw sdudphwhul}dwlrq lv= |R @ 3=</ |K @ 3=<8/ | @ 4/|o @ 4=41 Lq wkh vhfrqg rqh zh kdyh fkdqjhg wkh lqfrph ri wkh ulfk rqo|dqg xvhg |o @ 7 +wkh vfkhgxohv lqglfdwhg zlwk �qhz� uhihuv wr wklv fdvh,1Wkh �uvw sdudphwhul}dwlrq fruuhvsrqgv wr d yhu| htxdo vrflhw| jlyhq wkdwwkh lqfrph ri wkh srru lv rqo| 43( orzhu wkdq wkh dyhudjh lqfrph zkloh wkhlqfrph ri wkh ulfk lv rqo| 43( kljkhu wkdq wkh phdq157 Iljxuh 5 vkrzv wkdwlq wklv fdvh wkh wd{ udwh vhw lq frqvhqvxdo ghprfudf| lv orzhu wkdq wkh wd{udwh vhw lq pdmrulwduldq ghprfudf|1 Wkh lqfuhdvh lq wkh lqfrph ri wkh ulfkiurp 4=4 wr 7 ohdgv wr d uhgxfwlrq lq wkh wd{ udwh rewdlqlqj lq pdmrulwduldq

56 Lq wkh qxphulfdo vlpxodwlrqv zh kdyh xvhg wkh srzhu ixqfwlrq vshfl�fdwlrq iru MEu�zlwk � ' � dqg k ' f�D157 Lq wklv fdvh wkh yduldwlrq lq wkh vl}h ri wkh fodvvhv/ dqg wkhuhiruh ri �/ fdqqrw fkdqjhwkh idfw wkdw wkh glvwulexwlrq lv yhu| htxdo hyhq zkhq wkhuh pdq| srru +� kljk,1
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ghprfudf| dqg wkh wd{ udwh ri wkh plggoh fodvv dqg ulfk frdolwlrq xs wrwkh srlqw wkdw wkh wd{ udwhv udqnlqj ri Uhvxow 4 jhqhudoo| krogv158 Wkhh{sodqdwlrq iru wklv uhvxow lv wkh iroorzlqj1Wkh �vfdo srolf| ri d vlqjoh jurxs jryhuqphqw vkrxog lqyroyh/ rwkhuwklqjv htxdo +l1h1 li doo jurxsv kdyh d vlplodu lqfrph dv lw lv lq wkh �uvwsdudphwhul}dwlrq,/ d kljkhu wd{ udwh dqg wrwdo h{shqglwxuh wkdq wkh srolf|ri d wzr jurxsv jryhuqphqw frdolwlrq uhjdugohvv ri krz wkh wd{ uhyhqxhv duhglylghg dprqj wkh sxeolf jrrgv surylghg1 Lqghhg/ uhfdoo wkdw d sxeolf jrrglv surylghg rqo| li wkh jurxs zklfk olnhv lw lv sduw ri wkh jryhuqphqw frdol0wlrq dqg wkh rswlpdo wd{ udwh ri d jurxs lv vxfk wkdw wkh pdujlqdo frvw riwd{dwlrq htxdov wkh pdujlqdo ehqh�w iurp wkh sxeolf jrrg surylvlrq1 Zklohwkh pdujlqdo frvw ri wd{dwlrq lv lqghshqghqw rq wkh qxpehu ri sxeolf jrrgvwkdw duh �qdqfhg zlwk wkh wd{ uhyhqxhv +l1h1 wkh qxpehu ri jurxsv lq wkhjryhuqphqw frdolwlrq,/ wkh pdujlqdo ehqh�w iurp wkdw lqfuhdvh lq wd{dwlrqghfuhdvhv zlwk wkh qxpehu ri sxeolf jrrgv dprqj zklfk wklv lqfuhdvh lqwd{dwlrq lv vsolw1 Wklv lpsolhv wkdw wkh wd{ udwh vkrxog ghfuhdvh zlwk wkhqxpehu ri jurxsv lq wkh jryhuqphqw frdolwlrq/ zklfk lq wxuq lpsolhv wkdw/rwkhu wklqjv htxdo/ wkh wd{ udwh lq pdmrulwduldq ghprfudf| vkrxog eh kljkhuwkdq wd{ udwh lq frqvhqvxdo ghprfudf|1Krzhyhu/ zh qrz qhhg wr h{sodlq zk| Uhvxow 4 dqg prvw qxphulfdovlpxodwlrqv ohdg wr wkh rssrvlwh uhvxow/ qdpho| wkdw jhqhudoo| wkh wd{ udwh lqfrqvhqvxdo ghprfudf| lv kljkhu wkdq wkh wd{ udwh lq pdmrulwduldq ghprfudf|1Wklv uhvxow lv gxh wr wkh idfw wkdw lq pdmrulwduldq ghprfudf| �vfdo srolf|lv ghflghg e| wkh jurxs zlwk wkh kljkhvw ohyho ri lqfrph +wkh ulfk,/ zklohlq frqvhqvxdo ghprfudf| �vfdo srolf| lv fkrvhq e| d jryhuqphqw frdolwlrquhsuhvhqwlqj wzr jurxsv zlwk dq dyhudjh ohyho ri lqfrph orzhu wkdq wkhlqfrph ri wkh ulfk1 Vlploduo|/ wkh plggoh fodvv dqg srru frdolwlrq wd{hv dqgvshqgv pruh wkdq wkh plggoh fodvv dqg ulfk rqh h{dfwo| ehfdxvh lw frqwdlqv djurxs +wkh srru, zlwk orzhu lqfrph159 Li wkh lqfrphv ri wkh wkuhh fodvvhv duhvx!flhqwo| vsuhdg/ wkhq wkh odwwhu h�hfw pruh wkdq frpshqvdwh wkh h�hfw+ghvfulehg deryh, jhqhudwhg e| wkh qxpehu ri jurxsv lq wkh jryhuqphqwohdglqj wr wkh wd{dwlrq udqnlqj ri Uhvxow 4 +� o ? ��cKco ? ��cKcR,1Wkhuh duh dovr rwkhu ihdwxuhv ri wkh uhodwlrqvkls ehwzhhq wkh wd{ udwhvdfurvv frqvwlwxwlrqv iru gl�huhqw lqfrph glvwulexwlrqv wkdw ghvhuyh wr ehpruh ghhso| dqdo|}hg1 Rxu qxphulfdo vlpxodwlrqv kdyh vkrzq wkdw wd{dwlrq
58Qrwlfh wkdw wkh wd{ udwh ri wkh plggoh fodvv dqg srru frdolwlrq lv qrw d�hfwhg e| wkhlqfrph ri wkh ulfk +o159Wr eh pruh suhflvh/ wkh �vfdo srolf| lq frqvhqvxdo ghprfudf| lv fkrvhq e| wkh plggohfodvv zlwk wkh frqvwudlqw ri jlylqj d fhuwdlq xwlolw| wr wkh ulfk ru wkh srru vxfk wkdw wkh|dffhsw wkh r�hu1
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lq pdmrulwduldq ghprfudf| lv orzhu wkdq wd{dwlrq xqghu wkh plggoh fodvv dqgsrru frdolwlrq hyhq li wkh glvshuvlrq lq wkh lqfrph ohyhov ri wkh wkuhh fodvvhvlv yhu| vpdoo15: D voljkwo| kljkhu vsuhdg lq wklv glvwulexwlrq lv qhfhvvdu| lizh zdqw wkh wd{ udwh ri wkh plggoh fodvv dqg ulfk frdolwlrq wr eh kljkhu wkdqwkh ohyho ri wd{dwlrq lq pdmrulwduldq ghprfudf| iru doo ! A !W1 Dv lw zloo ehfohdu lq wkh qh{w Vhfwlrq/ zh duh sduwlfxoduo| lqwhuhvwhg lq wkh fdvh zkhuh� o ? ��cKco zkhq ! A !W1 Iljxuh 6 vkrzv d qxphulfdo vlpxodwlrq vxjjhvwlqjwkdw wklv uhvxow krogv li wkhuh lv d plqlpxp ghjuhh ri glvshuvlrq lq wkhlqfrph ohyhov ri wkh wkuhh jurxsv1 Lqghhg/ xvlqj wkh suhylrxv sdudphwul}dwlrq+|R @ 3=</ |K @ 3=<8/ b| @ 4, dqg lqfuhdvlqj wkh lqfrph ri wkh ulfk wr 4=9 lvhqrxjk wr kdyh � o ? ��cKco iru doo ! A !W15;Ilqdoo|/ zh zdqw wr glvfxvv krz wkh wd{ udwhv dfurvv frqvwlwxwlrqv dqgfrdolwlrqv dqg wkh ydoxh ri !W fkdqjh dv wkh lqfrphv ri wkh wkuhh fodvvhv ydu|1Dq lqfuhdvh lq wkh lqfrph ri wkh ulfk dozd|v ohdgv wr d orzhu wd{ udwh lqpdmrulwduldq ghprfudf| zkloh wkh wd{ udwh xqghu wkh plggoh fodvv dqg srrufrdolwlrq lv qrw d�hfwhg e| d yduldwlrq lq |o1 Iru fhuwdlq sdudphwhul}dwlrqv/wkh wd{ udwh xqghu wkh plggoh fodvv dqg srru frdolwlrq jhqhudoo| ghfuhdvhviru doo ! 5 +3> 4, dv lq Iljxuh 5 dqg 6/ exw iru rwkhu sdudphwhul}dwlrqv ��cKcoghfuhdvhv iru orz ydoxhv ri ! dqg lqfuhdvhv zkhq ! lv vx!flhqwo| kljk1 Dqh{dpsoh lv surylghg e| wkh vlpxodwlrq zkrvh uhvxowv duh vkrzq lq Iljxuh 7dqg 81 Iurp wklv vlpxodwlrq dqg wkh rwkhuv ri Iljxuh 5 dqg 6 zh fdq yhuli|wkdw dq lqfuhdvh lq |o dozd|v uhgxfhv !W1Wkh h�hfwv ri d uhgxfwlrq lq wkh lqfrph ri wkh plggoh fodvv duh uhsruwhglq Iljxuhv 9 dqg :1 D ghfuhdvh lq |K orzhuv wkh xwlolw| ri wkh plggoh fodvvxqghu erwk frdolwlrqv dqg wkhuhiruh !W fdq erwk lqfuhdvh ru ghfuhdvh1 Lq wkhh{dpsoh suhvhqwhg khuh !W grhv qrw fkdqjh1 Dv h{shfwhg/ wkh uhgxfwlrq lqwkh lqfrph ri wkh plggoh fodvv lqfuhdvhv wd{dwlrq lq frqvhqvxdo ghprfudf|xqghu erwk frdolwlrqv/ zkloh wd{dwlrq lq pdmrulwduldq ghprfudf| lv reylrxvo|qrw d�hfwhg e| d yduldwlrq ri |K1D orzhu lqfrph ri wkh srru lqfuhdvhv wkh xwlolw| ri wkh plggoh fodvv xqghuerwk frdolwlrqv dqg wkh vljq ri wkh yduldwlrq ri !W fdqqrw eh xqltxho| ghwhu0plqhg1 Vlploduo| wr d uhgxfwlrq lq |K/ d orzhu lqfrph ri wkh srru lqfuhdvhvwd{dwlrq lq frqvhqvxdo ghprfudf| xqghu erwk frdolwlrqv1 Dq h{dpsoh lvuhsruwhg lq Iljxuhv ; dqg <1Iru doo uhvxowv glvfxvvhg lq wklv Vhfwlrq/ zh kdyh uxq pdq| rwkhu qxphu0lfdo vlpxodwlrqv zklfk frq�up wkh urexvwqhvv ri wkh uhvxowv suhvhqwhg1
5:Iru h{dpsoh/ zlwk wkh deryh sdudphwhul}dwlrq ++R ' f�b/ +K ' f�bD/ b+ ' �, dq lqfrphohyho ri wkh ulfk kljkhu wkdq 416 lv hqrxjk wr rewdlq �o 	 ��cKcR iru doo � M Efc ��15; Lw lv lpphgldwh iurp Iljxuh 6 wkdw d ixuwkhu lqfuhdvh lq +o lpsolhv wkdw �o 	 ��cKcodovr iru vrph ydoxhv ri � 	 �W1
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9 Lqfrph Lqhtxdolw| dqg Frqvwlwxwlrqdo Fkrlfh
Kdylqj fkdudfwhul}hg wkh srolwlfdo htxloleulxp ri wkh prgho xqghu wkh wzrsrvvleoh lqvwlwxwlrqdo duudqjhphqwv/ zh qrz wxuq wr wkh txhvwlrq ri zklfk riwkhp zrxog eh fkrvhq h{ dqwh e| vrflhw|/ zkhq wkh frqvwlwxwlrq lv hqgrjh0qrxv1 Zh dvvxph wkdw wkh surfhvv ri frqvwlwxwlrqdo fkrlfh wdnhv sodfh lq dqruljlqdo srvlwlrq zkhuh lqglylgxdov nqrz wkhlu fodvv0vwdwxv dqg suhihuhqfhvdqg ehiruh dq| rwkhu srolwlfr0hfrqrplf lqwhudfwlrq1 Zh dovr dvvxph wkdwwkh ghflvlrq lv wdnhq e| vlpsoh pdmrulw| yrwlqj/ dqg wkdw wkh dydlodeoh dowhu0qdwlyhv duh wkh wzr frqvwlwxwlrqdo uhjlphv zh kdyh frqvlghuhg1 Jlyhq wkdwwkhuh lv qr yhlo ri ljqrudqfh dqg xqfhuwdlqw|/ lqglylgxdov fruuhfwo| dqwlflsdwhzkdw wkhlu ohyho ri xwlolw| zrxog eh xqghu wkh wzr srvvleoh frqvwlwxwlrqv/ dqgyrwh frqvhtxhqwo|1 Ilqdoo|/ zh dvvxph wkdw wkhuh lv d plqlpxp ghjuhh riglvshuvlrq lq wkh lqfrph ohyhov ri wkh wkuhh jurxsv vr wkdw wkh wd{ udwhv udqn0lqj ri Uhvxow 4 krogv/ ru dw ohdvw wkdw wkh wd{ udwh vhw xqghu wkh plggoh fodvvdqg ulfk frdolwlrq lv kljkhu wkdq wkh wd{ udwh xqghu pdmrulwduldq ghprfudf|zkhq ! A !W1

Sursrvlwlrq 61 Li ! ? !W vrflhw| fkrrvhv frqvhqvxdo ghprfudf| zklohlw suhihuv pdmrulwduldq ghprfudf| zkhq ! A !W1
Surri1 Lw lv fohdu wkdw iru wkh ulfk dqg wkh plggoh fodvv wkh frqvwlwxwlrqdofkrlfh kdv d wulyldo/ doehlw rssrvlwh/ vroxwlrq1 Vlqfh pdmrulwduldq ghprfudf|h{suhvvhv wkh glfwdwruvkls ri wkh ulfk/ wkh| zloo suhihu lw xqfrqglwlrqdoo|1Vlploduo|/ jlyhq wkdw wkh plggoh fodvv kdv wkh uhodwlyh pdmrulw| ri yrwhv/zklfk doorzv khu wr eh wkh �uvw djhqgd vhwwhu lq wkh ohjlvodwlyh edujdlqlqjjdph/ vkh zloo suhihu xqfrqglwlrqdoo| wkh frqvhqvxdo frqvwlwxwlrq15< Wkhprvw lqwhuhvwlqj ghflvlrq lv wkh rqh ri wkh srru/ zkr wxuq rxw wr eh wkhvzlqj yrwhuv1 Wkh srru gr jdlq iurp wkh kljkhu srolwlfdo lqfoxvlrq zklfklv w|slfdo ri frqvhqvxdo ghprfudf|/ rqo| li wkh| duh sduw ri wkh jryhuqphqwfrdolwlrq dv sduwqhu ri wkh plggoh fodvv djhqgd vhwwhu1 Lq wklv fdvh wkh| duhfohduo| ehwwhu0r� wkdq wkh| duh lq d pdmrulwduldq vhwwlqj163 Krzhyhu/ zhnqrz wkdw wklv qhhgv qrw wr eh dozd|v wkh fdvh/ vlqfh wkh uxolqj frdolwlrq

5< Lw lv wulyldo wr ghgxfh wkdw wkh plggoh fodvv lv dozd|v ehwwhu0r� lq d frqvhqvxdo ghprf0udf| wkdq lq d pdmrulwduldq rqh1 Lqghhg/ qrwlfh wkdw lq frqvhqvxdo ghprfudf| wkh plggohfodvv zrxog dozd|v kdyh wkh rswlrq ri uhsolfdwlqj wkh pdmrulwduldq rxwfrph e| r�hulqj wrwkh ulfk ri iruplqj d frdolwlrq dqg lpsohphqwlqj wkhlu rzq suhihuuhg srolf|163Djdlq/ lw lv lpphgldwh wr yhuli| wkdw li wkh srru duh sduw ri wkh jryhuqphqw frdolwlrqwkh| jhw d ohyho ri xwlolw| zklfk lv dw ohdvw dv kljk dv wkhlu suh0wd{ lqfrph ohyho/ zkloh lqpdmrulwduldq ghprfudf| wkh| dozd|v jhw d orzhu ohyho ri xwlolw| ehfdxvh ri srvlwlyh wd{dwlrqdqg qr surylvlrq ri wkhlu suhihuuhg sxeolf jrrg1
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grhv qrw lqfoxgh wkhp zkhqhyhu ! 5 +!W> 4,1 Lq wklv lqvwdqfh wkh srruduh dfwxdoo| zruvh0r� lq d frqvhqvxdo ghprfudf|= wkh| gr sd| kljkhu wd{hv+vhh wkh glvfxvvlrq lq wkh suhylrxv Vhfwlrq, exw jhw dv zhoo qr surylvlrqdw doo ri wkhlu vshfl�f sxeolf jrrg1 Wkhuhiruh/ li ! 5 +3> !W, wkh pdmrulw|suhihuv frqvhqvxdo ghprfudf| zkloh pdmrulwduldq ghprfudf| lv fkrvhq zkhq! 5 +!W> 4,1�
Zh qrz irfxv wkh dwwhqwlrq rq frqvwlwxwlrqdo fkdqjhv jhqhudwhg e| gli0ihuhqw phdq suhvhuylqj vsuhdgv ri wkh suh0wd{ glvwulexwlrq ri lqfrph1 Zhsuhvhqw wzr phdq suhvhuylqj vsuhdg wr wkh glvwulexwlrq ri lqfrph zklfkvkrz wkdw dq lqfuhdvh lq lqfrph lqhtxdolw| pdnhv pruh olnho| wkh dgrswlrqri d pdmrulwduldq ghprfudf| lqvwhdg wkdq d frqvhqvxdo rqh1
Phdq Suhvhuylqj Vsuhdg 41Zh �uvw frqvlghu d wudqvirupdwlrq ri wkh lqfrph glvwulexwlrq wkdw d�hfwvwkh vl}h ri wkh wkuhh fodvvhv1 Zh vxssrvh wkdw pR dqg po lqfuhdvh dqg wkdwpK ghfuhdvhv lq vxfk d zd| wkdw erwk wkh vl}h ri wkh srsxodwlrq dqg wkhdyhudjh ohyho ri lqfrph | uhpdlq frqvwdqw1 Wkhq/ vrflhw| kdv d vpdoohuplggoh fodvv/ pruh ulfk dqg pruh srru> wkdw lv/ lw lv pruh xqhtxdo1Revhuyh wkdw/ zklovw wkh wkuhvkrog !W lv qrw d�hfwhg e| wklv wudqviru0pdwlrq/ wkh ydoxh ri ! qhfhvvdulo| lqfuhdvhv/ dv zh vkrz ehorz1 Wkhuhiruh/lw ehfrphv pruh olnho| wkdw ! ehorqjv wr wkh lqwhuydo +!W> 4, dqg wkdw dpdmrulwduldq ghprfudf| lv fkrvhq1Zh qrz vkrz wkdw wkh phdq suhvhuylqj vsuhdg frqvlghuhg lpsolhv wkdw! qhfhvvdulo| lqfuhdvhv1 Wr wklv hqg/ ohw xv frqvlghu wkh gh�qlwlrq ri wkhdyhudjh lqfrph

| @ pR|R .pK|K .po|o
dqg glylgh erwk vlghv e| +4 � pK, @ +pR . po, wdnlqj lqwr dffrxqw wkhgh�qlwlrq ri ! lq +:,> zh kdyh wkdw

|4�pK @ !|R . pK4�pK |K . +4� !,|o=
Uhduudqjlqj whupv zh jhw wkdw

|o � !+|o � |R, @ | . pK4�pK +| � |K,= +54,
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D ghfuhdvh lqpK lpsolhv d uhgxfwlrq lq wkh uljkw kdqg vlgh ri +54, dv | A |K1Wkhuhiruh/ ! pxvw lqfuhdvh jlyhq wkdw |o A |R/ zklfk phdqv wkdw ! fdq dovreh lqwhusuhwhg dv d phdvxuh ri lqfrph lqhtxdolw|1 Djdlq/ rxu prgho suhglfwvwkdw zkhq lqfrph lqhtxdolw| lv uhodwlyho| orz +! ? !W, vrflhw| suhihuv dfrqvhqvxdo ghprfudf|/ zkloh lw fkrrvhv d pdmrulwduldq v|vwhp zkhq lqfrphlqhtxdolw| lv uhodwlyho| kljk +! A !W,1
Phdq Suhvhuylqj Vsuhdg 51Dqrwkhu phdq suhvhuylqj vsuhdg zh frqvlghu lv jhqhudwhg e| d wudqv0irupdwlrq ri erwk wkh vl}h ri wkh fodvvhv dqg wkh lqfrph ri wkh ulfk1 Lqsduwlfxodu/ zh dqdo|}h wkh h�hfw rq frqvwlwxwlrqdo fkrlfh ri dq lqfuhdvh lqlqhtxdolw| fdxvhg e| wkh lqfuhdvh lq wkh lqfrph ri wkh ulfk/ dffrpsdqlhg e|dq htxl0sursruwlrqdo lqfuhdvh lq wkh qxpehu ri wkh ulfk dqg ri wkh srru +dqgd uhgxfwlrq ri wkh plggoh fodvv, vr wkdw erwk ! dqg | duh xqd�hfwhg1Jlyhq wkdw ! uhpdlqv frqvwdqw/ zh qhhg wr ghwhuplqh krz !W fkdqjhv vrwr xqghuvwdqg zklfk frqvwlwxwlrq lv pruh olnho| wr eh fkrvhq e| wkh vrflhw|1Wr wklv hqg zh qhhg wr �qg rxw krz wkh wzr vfkhgxohv uhsuhvhqwlqj wkh xwlolw|ri wkh plggoh fodvv xqghu wkh wzr srvvleoh frdolwlrqv ydu| dv |o lqfuhdvhv1Iluvw/ revhuyh wkdw wkh xwlolw| ri wkh plggoh fodvv lq wkh frdolwlrq zlwk wkhsrru zK�cKcR grhv qrw ghshqg rq wkh lqfrph ri wkh ulfk |o dqg wkhuhiruh lw lvqrw d�hfwhg e| dq| yduldwlrq ri lw164 Wkh xwlolw| ri wkh plggoh fodvv lq wkhjryhuqphqw frdolwlrq zlwk ulfk zK�cKco lv lqvwhdg d ixqfwlrq ri |o1 Zh duh qrwdeoh wr vkrz dqdo|wlfdoo| krz wklv vfkhgxoh fkdqjhv zlwk wkh lqfrph ri wkhulfk65 exw wkh qxphulfdo vlpxodwlrqv +vhh iru h{dpsoh wkrvh fruuhvsrqghqwwr Iljxuh 5/ 6/ 7 dqg 8, srlqw rxw wkdw lw vkliwv xszdug +l1h1 zK�cKco lqfuhdvhv,dv |o jrhv xs ohdglqj wr d uhgxfwlrq lq !W166 Wklv phdqv wkdw wklv lqfuhdvhlq lqfrph lqhtxdolw| ohdgv wr d uhgxfwlrq ri wkh udqjh +3> !W, zkhuh wkhfrqvhqvxdo ghprfudf| lv fkrvhq/ dqg wkhuhiruh wkdw lw pdnhv pruh olnho| wkhdgrswlrq ri d pdmrulwduldq frqvwlwxwlrq167
Hyhq wkrxjk rxu prgho lv d sxuho| vwdwlf rqh/ dqg wkhuhiruh dq| g|0

64Vhh wkh pd{lpl}dwlrq sureohp lq +4<, zlwk wkh sduwlflsdwlrq frqvwudlqw ri wkh srru+4;,165 Lw lv srvvleoh wr rewdlq d vx!flhqw frqglwlrq iru �K�cKco wr eh lqfuhdvlqj lq +o/ zklfk lqwxuq phdqv wkdw �W lv ghfuhdvlqj lq +o1 Wklv srlqw lv dqdo|}hg lq wkh Dsshqgl{166Pruh suhflvho|/ lw lv srvvleoh wr revhuyh iru fhuwdlq sdudphwhul}dwlrqv wkdw �K�cKco vkliwvxszdug iru doprvw doo � h{fhsw iru ydoxhv ri � yhu| forvh wr rqh zkhuh lw vkliw grzq1Krzhyhu/ wklv lv dozd|v luuhohydqw ehfdxvh wklv kdsshqv iru ydoxhv ri � yhu| idu iurp �W167Wklv sduwlfxodu phdq suhvhuylqj vsuhdg fruuhvsrqgv wr wkh vkrfnv gulylqj/ dffruglqjwr rxu wkhru|/ wkh fdvhv ri frqvwlwxwlrqdo fkdqjh lq Iudqfh/ Jhupdq| dqg Lwdo| wkdw zhglvfxvv lq Vhfwlrq ;1
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qdplfdo frqvlghudwlrq uhodwlyh wr lw vkrxog eh ylhzhg dv d vshfxodwlrq/ zhwklqn wkdw lw lv lqwhuhvwlqj wr uhpdun wkh idfw wkdw wkh prgho frqwdlqv irufhvwkdw pdnh lw g|qdplfdoo| vwdeoh lq wkh vhqvh zh qrz h{sodlq1 Li lqfrphlqhtxdolw| lv uhodwlyho| kljk/ vrflhw| vkrxog fkrrvh d pdmrulwduldq frqvwlwx0wlrq1 Wkh �vfdo srolf| lq wklv frqvwlwxwlrqdo v|vwhp vkrxog idyru wkh ulfk dqgwkhuhiruh qrw uhgxfh wkh lqlwldo ghjuhh ri lqfrph lqhtxdolw|1 Frqyhuvho|/ lilqfrph lqhtxdolw| lv uhodwlyho| orz/ vrflhw| zloo suhihu d frqvhqvxdo frqvwlwx0wlrq/ xqghu zklfk �vfdo srolf| vkrxog jhqhudoo| uh hfwv wkh suhihuhqfhv ri wkhplggoh fodvv dqg srru1 Li zh vxssrvh wkdw wkhvh jurxsv suhihu sxeolf jrrgvolnh khdowk dqg hgxfdwlrq/ zkrvh surylvlrq vkrxog kdyh d qhjdwlyh h�hfwrq ixwxuh lqfrph lqhtxdolw|/ zh dovr rewdlq wkdw d frqvhqvxdo frqvwlwxwlrqjhqhudwhv d uhodwlyho| htxdo glvwulexwlrq ri lqfrph1
: H{whqvlrqv
Lq wklv Vhfwlrq zh suhvhqw wzr pdlq h{whqvlrqv ri rxu iudphzrun1 Wkh �uvwfrqfhuqv wkh lqwurgxfwlrq ri d jhqhudo sxeolf jrrg168 Wkh vhfrqg frqvlvwvlq wkh lqwurgxfwlrq ri d ghwhuplqlvwlf ohjlvodwlyh edujdlqlqj surfhvv lq frq0vhqvxdo ghprfudf|1 Erwk h{whqvlrqv frq�up wkh urexvwqhvv ri wkh uhvxowv riwkh edvholqh yhuvlrq ri wkh prgho1 Ilqdoo|/ zh eulh | glvfxvv wkh uhodwlrqvklsehwzhhq rwkhu nlqgv ri khwhurjhqhlw| dqg frqvwlwxwlrqdo fkrlfh1
:14 Jhqhudo dqg Vshfl�f Sxeolf JrrgvZh dvvxph wkdw lqglylgxdov kdyh lqwhuphgldwh suhihuhqfhv ryhu d jurxs0vshfl�f sxeolf jrrg j� dqg d jhqhudo sxeolf jrrg t1 Wkh suhihuhqfhv ri hdfklqglylgxdo ri jurxs m fdq eh uhsuhvhqwhg e| wkh iroorzlqj xwlolw| ixqfwlrq

z� @ f� . �K+j�, . +4� �,I +t,
zkhuh I +t, lv wkh xwlolw| ghulyhg iurp wkh jhqhudo sxeolf jrrg dqg � 5 ^3> 4` lvd sdudphwhu lqgh{lqj wkh uhodwlyh lpsruwdqfh ri wkh wzr sxeolf jrrgv1 Zkhq� lv kljk wkhq wkh lqglylgxdov jlyh pruh lpsruwdqfh wr wkh frqvxpswlrq riwkh jurxs vshfl�f sxeolf jrrg uhodwlyh wr wkh jhqhudo rqh/ dqg ylfh yhuvdzkhq � lv orz1 Iru vlpsolflw| dqg zlwkrxw orvv ri jhqhudolw|/ zh dvvxph wkdwwkh xwlolw| ixqfwlrqv ri wkh sxeolf jrrgv duh srzhu ixqfwlrqv= K+j�, @ +j�,k/I +t, @ tk/ zlwk � 5 +3> 4,1

68Zh dovr surylgh d yhu| eulhi glvfxvvlrq rq rwkhu wzr srvvleoh h{whqvlrqv wkdw ohdg wruhvxowv vlplodu wr wkh lqwurgxfwlrq ri d jhqhudo sxeolf jrrg1
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Zh �uvw dqdo|}h wkh htxloleulxp xqghu d pdmrulwduldq frqvwlwxwlrq dqg dfrqvhqvxdo rqh iru gl�huhqw ydoxhv ri �/ dqg wkhq zh fkdudfwhul}h wkh jhqhudosrolwlfdo htxloleulxp1Lq pdmrulwduldq ghprfudf|/ rqo| plggoh fodvv flwl}hq0fdqglgdwhv uxq irur!fh li � 5 ^3> �W` dqg rqo| ulfk flwl}hq0fdqglgdwhv uxq iru r!fh zkhq � 5^�W> 4`169 Wkhuhiruh/ wkh zlqqhu lv d phpehu ri wkh plggoh fodvv lq wkh �uvwfdvh dqg d ulfk lq wkh vhfrqg lqvwdqfh1 Wklv uhvxow frq�upv wkdw wkh srolwlfdohtxloleulxp xqghu d pdmrulwduldq frqvwlwxwlrq ohdgv wr wkh glfwdwruvkls riwkh ulfk hyhq zkhq wkh srolf| vsdfh lv hqodujhg wr lqfoxgh wkh surylvlrqri d jhqhudo sxeolf jrrg/ dv orqj dv wklv sxeolf jrrg lv qrw wrr lpsruwdqwiru lqglylgxdov1 Wkh uhvxow frphv irup wkh idfw wkdw wkh srru suhihu wkhglfwdwruldo srolf| ri wkh plggoh fodvv zkhq wkh wdvwh iru wkh jhqhudo sxeolfjrrg lv uhodwlyho| kljk +� 9 �W,/ zkloh wkh| suhihu wkh glfwdwruldo srolf| riwkh ulfk zkhq wkh wdvwh iru wklv jrrg lv vx!flhqwo| orz +� A �W,1 Lqghhg/wkh glfwdwruldo srolf| ri wkh plggoh fodvv lpsolhv d kljkhu wd{ udwh wkdq wkdwri wkh ulfk dqg d kljkhu surylvlrq ri erwk wkh jhqhudo dqg wkh jurxs0vshfl�fsxeolf jrrg1 D kljk ydoxh ri � phdqv wkdw wkh zlqqhu +plggoh fodvv ru ulfk,vshqgv d odujh iudfwlrq ri wkh jryhuqphqw uhyhqxhv lq khu jurxs vshfl�fsxeolf jrrg dqg rqo| d vpdoo dprxqw ri uhvrxufhv lq wkh jhqhudo sxeolfjrrg/ zklfk lv wkh rqo| rqh wkdw jrhv dovr wr wkh dgydqwdjh ri wkh srru1 Li �lv kljkhu wkdq d fhuwdlq wkuhvkrog �W/ wkh glvxwlolw| jhqhudwhg e| wkh kljkhuwd{hv wkdw wkh srru sd| zkhq wkh zlqqhu lv d plggoh fodvv phpehu +lqvwhdgwkdq d ulfk rqh, lv qrw frpshqvdwhg e| wkh kljkhu surylvlrq ri wkh jhqhudosxeolf jrrg1 Wkh rssrvlwh lv wuxh zkhq wkh wdvwh iru wkh jhqhudo sxeolf jrrglv vx!flhqwo| vwurqj +� 9 �W,1Wkh sduwldo srolwlfdo htxloleulxp lq frqvhqvxdo ghprfudf| lv wkh vdph dvwkdw ri wkh edvholqh yhuvlrq ri wkh prgho1 Lq rwkhu zrugv/ iru dq| jlyhq �/wkhuh h{lvwv d wkuhvkrog ydoxh !W 5 +3> 4, vxfk wkdw wkh jryhuqphqw frdolwlrqlv pdgh e| wkh plggoh fodvv dqg wkh srru li ! ? !W/ zkloh lw lv pdgh e|wkh plggoh fodvv dqg wkh ulfk zkhq ! A !W16: Krzhyhu/ lq wklv fdvh zhduh xqdeoh wr ghwhuplqh dqdo|wlfdoo| wkh h{dfw wd{ udwh dqg frpsrvlwlrq riwkh sxeolf h{shqglwxuh iru doo ydoxhv ri �/ dqg wklv pdnhv pruh gl!fxow wkhfkdudfwhul}dwlrq ri wkh jhqhudo srolwlfdo htxloleulxp1 Qhyhuwkhohvv/ qrwlfhwkh iroorzlqj1Vlploduo| wr wkh edvholqh prgho/ zkhq � 5 ^�W> 4` wkh ulfk dozd|v suh0ihu wkh pdmrulwduldq ghprfudf| ehfdxvh wkh| fdq lpsohphqw wkhlu xqfrq0vwudlqhg suhihuuhg srolf|/ zkloh wkh plggoh fodvv phpehuv suhihu wkh frqvhq0
69Wkh surri ri wklv uhvxow fdq eh irxqg lq wkh Dsshqgl{16:Wkh surri lv surylghg lq wkh Dsshqgl{1
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vxdo frqvwlwxwlrq ehfdxvh wkh| duh dozd|v sduw ri wkh jryhuqphqw frdolwlrq1Wkhuhiruh/ wkh srru duh djdlq wkh vzlqj yrwhuv1 Li wkh srru duh sduw ri wkhjryhuqphqw frdolwlrq +! ? !W, lq frqvhqvxdo ghprfudf|/ wkh| zloo suhihuwklv frqvwlwxwlrqdo iudphzrun1 Li wkh| duh qrw sduw ri wkh jryhuqphqw frdol0wlrq +! A !W, wkh| vkrxog suhihu wkh pdmrulwduldq ghprfudf|16; Wklv phdqvwkdw wkh htxloleulxp ri wkh h{whqghg prgho frqyhujhv wr wkdw ri wkh edvholqhiudphzrun zkhq � lv vx!flhqwo| forvh wr rqh/ l1h1 li wkh wdvwh ri lqglylgxdoviru wkh vshfl�f sxeolf jrrg uhodwlyh wr wkh jhqhudo rqh lv vx!flhqwo| kljk1Zkhq wkh wdvwh iru wkh vshfl�f sxeolf jrrg lv orz hqrxjk/ l1h1 zkhq� 5 ^3> �W`/ wkh uhvxowv ri rxu edvholqh iudphzrun gr qrw krog dq|pruh dqgwkh vrflhw| vkrxog dozd|v fkrrvhv wkh pdmrulwduldq frqvwlwxwlrq16<
:15 Fdvk Wudqvihuv dqg Vshfl�f Sxeolf JrrgvDq dowhuqdwlyh iudphzrun zh frxog frqvlghu lv wkh rqh zkhuh wkh srolf|vsdfh lv hqodujhg wr lqfoxgh wkh surylvlrq ri d xqlirup fdvk0wudqvihu dorqjwkh jurxs0vshfl�f sxeolf jrrgv1 D srvvleoh iudphzrun iru vxfk d nlqg ridqdo|vlv frxog eh wkh iroorzlqj1Dvvxph wkdw d A 3 lv wkh oxps0vxp xqlirup fdvk0wudqvihu +srwhqwldoo|,surylghg e| wkh jryhuqphqw1 Wkh srvw0wd{ dqg wudqvihu lqfrph ri d phpehuri jurxs m +zklfk lv htxdo wr wkh frqvxpswlrq ri wkh sulydwh jrrg, lv qrz

f� @ +4� �,|� . ddqg wkhuhiruh klv xwlolw| ixqfwlrq fdq eh zulwwhq dv
z� @ +4� �,|� . d. "K+j�,zkhuh " A 3 lv d sdudphwhu phdvxulqj wkh lqwhqvlw| ri wkh wdvwh iru wkhvshfl�f sxeolf jrrg173

6; Lq sulqflsoh/ zh fdqqrw h{foxgh wkh srvvlelolw| wkdw wkh srolf| ri wkh plggoh fodvv dqgulfk frdolwlrq jlyhv wr wkh srru d kljkhu xwlolw| wkdq wkh srolf| lq pdmrulwduldq ghprf0udf| zkhq � lv +juhdwhu exw, qrw wrr idu iurp �W1 Krzhyhu/ zh fdq fodlp wkdw wkhuhdozd|v h{lvwv d �W 9 b� 	 � vxfk wkdw wkh xwlolw| ri wkh srru zkhq � : b� lv kljkhu lqpdmrulwduldq ghprfudf|1 Fohduo|/ wklv grhv qrw fkdqjh vxevwdqwldoo| rxu uhvxowv1 D ghhshufkdudfwhul}dwlrq ri wkh jhqhudo srolwlfdo htxloleulxp lv surylghg lq wkh Dsshqgl{16<Djdlq/ wklv srlqw lv dqdo|}hg lq wkh Dsshqgl{173Wkh lqwurgxfwlrq ri wkh sdudphwhu � lv xvhixo ehfdxvh wr kdyh dq lqwhuhvwlqj sureohpzh qhhg wkdw wkh frq�jxudwlrq ri wkh sdudphwhuv ri wkh prgho lv vxfk wkdw wkh qrq0qhjdwlylw| frqvwudlqw rq @ lv qrw elqglqj iru wkh plggoh fodvv dqg iru wkh srru1 Lq wklvfdvh zh jhw wkdw erwk irupv ri uhglvwulexwlrq fdq frh{lvwv1
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Wr pdnh vxuh wkdw wkh wd{ udwh lv gl�huhqw iurp rqh zkhq wkh lqfrph riwkh jurxs ghflglqj wkh �vfdo srolf| lv orzhu wkdq wkh dyhudjh lqfrph/ lw lvxvhixo wr dvvxph wkdw wd{dwlrq lqyroyhv vrph ghdgzhljkw glvwruwlrqv174 Iru0pdoo|/ li lqfrph lv wd{hg dw udwh � / wkh dfwxdo uhyhqxhv duh W @ ^� � # +�,` |/zkhuh # +�, lv d vprrwk/ vwulfwo| lqfuhdvlqj dqg vwulfwo| frqyh{ ixqfwlrq1Khqfh/ wkh jryhuqphqw exgjhw frqvwudlqw lv
d.[

�Ml j� 9 ^� � # +�,` |
zkhuh 
 � im 5 @ = m lv sduw ri wkh jryhuqphqwj � � +@,1Zh gr qrw suhvhqw khuh wkh uhvxowv ri wklv h{whqvlrq ehfdxvh wkh| duhyhu| vlplodu wr wkh lqwurgxfwlrq ri wkh jhqhudo sxeolf jrrg1 Li wkh wdvwhiru wkh vshfl�f sxeolf jrrg " lv vx!flhqwo| kljk wkhq wkh uhvxowv ri wkhedvholqh prgho vwloo krog1 Wklv lv qrw wkh fdvh zkhq wkh lqglylgxdov ghulyhorz xwlolw| iurp wkh vshfl�f sxeolf jrrg +vlploduo| wr zkdw kdsshqv lq wkhiudphzrun zlwk wkh jhqhudo sxeolf jrrg,1 Rq wkh rwkhu kdqg/ qrwlfh wkdw+h{fhsw iurp wkh gl�huhqw irup ri wkh pdujlqdo xwlolw|, wkh jhqhudo sxeolfjrrg dqg wkh fdvk wudqvihu kdyh d yhu| vlplodu fkdudfwhulvwlf= wkh| duh irupvri uhglvwulexwlrq wkdw pdnh forvhu wkh rswlpdo �vfdo srolf| ri wkh srru wrwkdw ri wkh plggoh fodvv/ qdpho| wkh wzr vrfldo jurxsv zlwk lqfrph ehorzdyhudjh1
:16 Wdvwh iru rwkhuv* sxeolf jrrgvDqrwkhu srvvleoh h{whqvlrq lv wkh rqh zkhuh wkh phpehuv ri d jurxs ghulyhxwlolw| dovr iurp wkh sxeolf jrrgv suhihuuhg e| wkh rwkhuv exw zlwk d orzhulqwhqvlw|1 Wkh xwlolw| ixqfwlrq ri d phpehu ri jurxs m frxog eh wkh iroorzlqj

z� @ +4� �,|� .K+j�, .[
� �'� e�K+j�,

zlwk e� ? 41 Vlqfh wkh jhqhudo srolwlfdo htxloleulxp dqdo|vlv zrxog eh yhu|frpsolfdwhg lq vxfk iudphzrun/ zh kdyh ghflghg wr frqvlghu wkh vshfldo fdvhzkhuh wkh srru olnh wkh sxeolf jrrg ri wkh plggoh fodvv rqo|1Djdlq/ wkh uhvxow lv wkh vdph dv wkh rqh rewdlqhg lq wkh suhvhqfh riwkh jhqhudo sxeolf jrrg1 Lq rwkhu zrugv/ wkh nh| sdudphwhu lv wkh rqh
74Wklv dvvxpswlrq zdv qrw qhfhvvdu| ehiruh ehfdxvh uhglvwulexwlrq glg qrw lqyroyh wkhwudqvihu ri prqhwdu| lqfrph1
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uhsuhvhqwlqj wkh wdvwh ri wkh srru iru wkh sxeolf jrrg ri wkh plggoh fodvv1 Liwklv lv orz/ wkhq wkh uhvxowv ri rxu edvholqh prgho vwloo krog1 Lqghhg/ wkh srrusuhihu wkh ulfk wr wkh plggoh fodvv lq pdmrulwduldq ghprfudf| ehfdxvh wkhxwlolw| ghulyhg iurp wkh sxeolf jrrg ri wkh plggoh fodvv lv qrw frpshqvdwhge| wkh kljkhu wd{dwlrq1 Wkhuhiruh/ wkh zlqqhu lv d ulfk lq pdmrulwduldqghprfudf|1 Wkh htxloleulxp lq frqvhqvxdo ghprfudf| lv vxfk wkdw wkhuhh{lvwv d wkuhvkrog ydoxh ri !W 5 +3> 4, vxfk wkdw wkh plggoh fodvv pdnhv wkhjryhuqphqw frdolwlrq zlwk wkh srru li ! ? !W dqg zlwk wkh ulfk zkhq ! A !W1Wkh jhqhudo srolwlfdo htxloleulxp uhvxow lv vxfk wkdw wkh srru duh djdlq wkhvzlqj yrwhuv1 Wkh| zloo suhihu wkh frqvhqvxdo ghprfudf| zkhq wkh| duh sduwri wkh jryhuqphqw frdolwlrq dqg wkh pdmrulwduldq v|vwhp zkhq wkh plggohfodvv pdnhv wkh frdolwlrq zlwk wkh ulfk1Li wkh srru kdyh d kljk wdvwh iru wkh sxeolf jrrg ri wkh plggoh fodvv/wkhq wkh plggoh fodvv lv wkh zlqqhu lq pdmrulwduldq ghprfudf| dqg lq jhqhudohtxloleulxp vrflhw| zloo jhqhudoo| fkrrvh wklv frqvwlwxwlrqdo v|vwhp1
:17 Ghwhuplqlvwlf Djhqgd VhwwhuLq wkh ohjlvodwlyh edujdlqlqj jdph ri frqvhqvxdo ghprfudf| zh kdyh dvvxphgwkdw wkh djhqgd vhwwhu lv fkrvhq zlwk d ghwhuplqlvwlf uxoh dw wkh �uvw urxqgdqg udqgrpo| dw urxqg 51 Wkhvh surwrfro dvvxpswlrqv duh qhz lq wkh olwhu0dwxuh/ zkhuh xvxdoo| wzr pdlq iudphzrunv duh xvhg iru wkh doorfdwlrq ri wkhdjhqgd vhwwlqj uljkwv1 Rqh lv wkh dvvxpswlrq ri d ghwhuplqlvwlf uxoh dqg wkhrwkhu ri d sxuh udqgrp rqh1 Zh kdyh fkrvhq dq lqwhuphgldwh vfkhph iruwzr uhdvrqv1 Wkh �uvw lv wr kdyh d iudphzrun ulfkhu wkdq wkh ghwhuplqlvwlfdjhqgd vhwwhu exw qrw dv frpsolfdwhg dv wkh udqgrp rqh1 Wkh vhfrqg lvehfdxvh zh zdqwhg wr fdswxuh wkh idfw wkdw lq sudfwlfh d fohdu eldv w|slfdoo|h{lvwv lq idyru ri wkh uhodwlyh pdmrulw| sduw|/ lq whupv ri wkh doorfdwlrq ridjhqgd vhwwlqj uljkwv/ wkdw jr zhoo eh|rqg wkh uhodwlyh vkduh ri wkh yrwhv rivxfk d sduw|1 Lq wklv Vhfwlrq zh vkrz wkdw rxu pdlq uhvxowv krog hyhq zkhqwkh vhohfwlrq uxoh iru wkh djhqgd vhwwhu lv ghwhuplqlvwlf1Wkhq/ zh qrz dqdo|}h zkdw kdsshq li wkh ohjlvodwlyh edujdlqlqj jdph rifrqvhqvxdo ghprfudf| kdv d ghwhuplqlvwlf uxoh dovr iru wkh djhqgd vhwwhu dwurxqg 51 Lq rwkhu zrugv/ zh dvvxph wkdw wkh djhqgd vhwwhu dw wkdw vwdjh riwkh jdph lv wkh vhfrqg odujhvw jurxs175 Diwhuzdugv/ zh zloo frqvlghu wkh fdvhzkhuh wkh ohjlvodwlyh edujdlqlqj jdph kdv wkuhh vwdjhv +lqvwhdg wkdq wzr,ehiruh wkdw wkh vwdwxv txr srolf| lv +hyhqwxdoo|, lpsohphqwhg vr wkdw doo

75Djdlq/ zh dvvxph wkdw wkh vwdwxv txr srolf| fruuhvsrqgv wr qr wd{dwlrq dqg qr sxeolfjrrgv surylvlrq1
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jurxsv fdq srwhqwldoo| eh djhqgd vhwwhu1 Dv zh zloo vhh/ dovr wklv h{whqvlrqgrhv qrw fkdqjh rxu pdlq uhvxowv1Zh frqwlqxh wkh dqdo|vlv lq whupv ri wkh sdudphwhu ! wkdw lq wklv fdvhuhsuhvhqwv rqo| d fkdudfwhulvwlf ri wkh lqfrph glvwulexwlrq +wkh ghjuhh rilqhtxdolw|,/ dqg qrw dovr wkh suredelolw| wkdw wkh srru duh djhqgd vhwwhu dwurxqg 5 +dv zdv lqvwhdg lq wkh edvholqh prgho,1 Dvvxph �uvw wkdw wkhuh duhpruh ulfk wkdq srru/ po A pR +dqg wkhq 3 ? ! ? 3=8,/ vr wkdw wkh ulfk duhdjhqgd vhwwhu dw urxqg 5176 Dw wklv vwdjh ri wkh jdph zh nqrz wkdw wkh ulfkrswlpdoo| fkrrvh wkh srru dv frdolwlrq sduwqhu ehfdxvh wkh| duh fkhdshu wrex| wkdq wkh plggoh fodvv +vhh Ohppd 4,1 Wkh plggoh fodvv djhqgd vhwwhu�qgv rswlpdo wr pdnh wkh jryhuqphqw frdolwlrq zlwk wkh srru dw urxqg 4177Li wkh lqfrph ri wkh srru lv htxdo wr }hur/ wkhlu sduwlflsdwlrq frqvwudlqw lvqrw elqglqj dqg wkh glfwdwruldo srolf| ri wkh plggoh fodvv lv lpsohphqwhg=zK�cKcR @ zK dqg � �cKcR @ � K1 Li wkh lqfrph ri wkh srru |R lv srvlwlyh wkhq erwkzK�cKcR dqg � �cKcR duh orzhu wkdq wkh fruuhvsrqghqw ydoxhv ri wkh glfwdwruldosrolf|1 Lq sduwlfxodu/ xqghu wkh dvvxpswlrq wkdw K+�, lv d srzhu ixqfwlrq/lw lv srvvleoh wr vkrz dqdo|wlfdoo| wkdw � �cKcR lv ghfuhdvlqj lq |R178 Pruhryhu/wkh qxphulfdo vlpxodwlrqv vkrz wkdw jhqhudoo| � �cKcR A � o surylghg wkdw wkhuhh{lvwv dw ohdvw d yhu| vpdoo ghjuhh ri glvshuvlrq lq wkh lqfrphv ri wkh wkuhhfodvvhv ru wkh lqfrph ri wkh ulfk lv kljk hqrxjk1 Zkdwhyhu wkh lqfrph riwkh srru/ wkh �vfdo srolf| sursrvhg e| wkh plggoh fodvv wr wkhp dw urxqg 4lv vxfk wkdw wkh xwlolw| ri wkh srru lv +dw ohdvw, htxdo wr wkhlu lqfrph ohyho|R/ jlyhq wkdw wklv lv zkdw wkh| jhw li wkh jdph uhdfkhv urxqg 51Li wkh plggoh fodvv pdnhv wkh jryhuqphqw frdolwlrq zlwk wkh ulfk +zklfklv fohduo| qrw wkh rswlpdo vroxwlrq lq wklv fdvh,/ wkh htxloleulxp srolf| wxuqvrxw wr eh wkh glfwdwruldo srolf| ri wkh ulfk zkhq wkh lqfrph ri wkh srrulv htxdo wr }hur179 Wklv phdqv wkdw zK�cKco ? |K dqg � �cKco @ � o1 Zkhq |R
76Zh uhplqg wkdw lq wkh edvholqh prgho zh kdyh dovr dqdo|}hg wkh fdvh zkhuh wkhsuredelolw| ri wkh srru +dqg frqvhtxhqwo| ri wkh ulfk, ri ehlqj djhqgd vhwwhu dw urxqg 5 zdvhtxdo wr }hur +� ' f, ru rqh +� ' �,1 Zh kdyh frqvlghuhg wkhvh wzr h{wuhph suredelolwlhv+hyhq wkrxjk zh nqhz lq wkdw iudphzrun wkhuh zdv qr dgplvvleoh lqfrph glvwulexwlrq zlwkvxfk fkdudfwhulvwlfv, ehfdxvh wkh| zhuh xvhixo hqgsrlqwv iru wkh fkdudfwhul}dwlrq ri wkh wd{udwhv dfurvv frqvwlwxwlrqv dqg frdolwlrqv1 Wkdw dqdo|vlv wxuqv rxw wr eh xvhixo dovr khuhehfdxvh wkh suredelolw| ri wkh srru +ru ulfk, ri ehlqj djhqgd vhwwhu dw urxqg 5 lv dozd|v}hur ru rqh1 Lw lv lpphgldwh wr vhh wkdw zkhq 6o : 6R zh kdyh wr orrn wr wkh dqdo|vlvghyhorshg lq wkh edvholqh prgho zlwk � ' f/ l1h1 wr wkh fdvh zkhuh wkh suredelolw| ri wkhsrru ri ehlqj djhqgd vhwwhu dw urxqg 5 zdv htxdo wr }hur177Vhh wkh surri ri Sursrvlwlrq 5 zkhq � ' f178Wkh surri lv vwudljkwiruzdug dqg dydlodeoh iurp wkh dxwkruv xsrq uhtxhvw179Djdlq/ vhh wkh surri ri Sursrvlwlrq 5 zkhq � ' f1
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lv srvlwlyh wkh qxphulfdo vlpxodwlrqv vxjjhvw wkdw � �cKco 9 � o17: Fohduo|/ lwuhpdlqv wuxh wkdw zK�cKco ? |K1Zh qrz frqvlghu wkh fdvh zkhuh wkhuh duh pruh srru wkdq ulfk/ po ? pR+dqg wkhq 3=8 ? ! ? 4,1 Wklv phdqv wkdw wkh srru duh djhqgd vhwwhu dw urxqg5 dqg wkh| suhihu wr pdnh wkh jryhuqphqw frdolwlrq zlwk wkh plggoh fodvvli wkh jdph uhdfkhv wkdw vwdjh1 Khqfh/ lw fdq eh vkrzq +vhh wkh surri riSursrvlwlrq 5 zkhq ! @ 4, wkdw wkh plggoh fodvv suhihuv wr pdnh wkh jry0huqphqw frdolwlrq zlwk wkh ulfk dw urxqg 41 Wkh dqdo|wlfdo fkdudfwhul}dwlrqri wkh �vfdo srolf| ri wklv frdolwlrq lv srvvleoh xqghu wkh dvvxpswlrq wkdw|R @ 31 Lq wklv fdvh/ wkh sduwlflsdwlrq frqvwudlqw ri wkh ulfk lv qrw elqg0lqj dqg wkh plggoh fodvv glfwdwruldo srolf| lv lpsohphqwhg= zK�cKco @ zK dqg� �cKco @ � K17; Zkhq |R A 3/ lw lv lpphgldwh wr yhuli| wkdw zK�cKco ? zK dqgwkh qxphulfdo vlpxodwlrqv vkrz xqdpeljxrxvo| wkdw � �cKco 9 � K ehfdxvh � �cKcoghfuhdvhv dv wkh lqfrph ri wkh srru lqfuhdvhv +vhh iru h{dpsoh Iljxuh < dw! @ 4,17< Wkh xwlolw| ri wkh srru xqghu wkh plggoh fodvv dqg ulfk frdolwlrq lvorzhu wkdq wkhlu lqfrph ohyho |R ehfdxvh wkh| sd| wd{hv dqg gr qrw jhw dq|dprxqw ri wkhlu suhihuuhg sxeolf jrrg +vlploduo| wr zkdw kdsshq lq pdmrul0wduldq ghprfudf|,1 Dvvxplqj wkdw wkhuh lv d plqlpxp ghjuhh ri glvshuvlrqlq wkh lqfrph ri wkh wkuhh fodvvhv +zklfk zh dozd|v dvvxph wr eh fdvh,/wkhq � �cKco A � o/ dqg wklv lpsolhv wkdw wkh xwlolw| ri wkh srru lq pdmrulwduldqghprfudf| lv kljkhu wkdq wkhlu xwlolw| lq frqvhqvxdo ghprfudf| xqghu wkhplggoh fodvv dqg ulfk frdolwlrq1Li wkh plggoh fodvv pdnhv wkh jryhuqphqw frdolwlrq zlwk wkh srru +zklfklv qhyhu rswlpdo lq wklv fdvh,/ wkhq wkh xwlolw| ri wkh plggoh fodvv lv htxdo wrwkhlu ohyho ri lqfrph +zK�cKcR @ |K,1 Zh fdq vkrz dqdo|wlfdoo| wkdw � �cKcR A � Kli |R @ 3183 Wkh qxphulfdo vlpxodwlrqv vxjjhvw wkdw � �cKcR lv jhqhudoo| juhdwhuwkdq � o zkhqhyhu wkhuh lv hyhq d yhu| vpdoo ghjuhh ri glvshuvlrq lq wkh lqfrphri wkh wkuhh fodvvhv1
7:Pruh suhflvho|/ � 4>e>u lv htxdo wr �o zkhq wkh lqfrph ri wkh ulfk lv vx!flhqwo| kljk ruwkhuh lv hqrxjk glvshuvlrq lq wkh lqfrph ri wkh wkuhh fodvvhv1 Li wklv lv qrw wkh fdvh/ wkhqlw lv srvvleoh wkdw � 4>e>u 	 � o17;Zh uhplqg zh kdyh suhylrxvo| vkrzq wkdw wkh sduwlflsdwlrq frqvwudlqw ri wkh ulfk lvqrw elqglqj zkhq wkh srru kdyh d suredelolw| rqh wr eh djhqgd vhwwhu dw urxqg 5 dqg wkhlulqfrph lv htxdo wr }hur17<Wkh qxphulfdo vlpxodwlrqv kljkoljkw wzr lpsruwdqw fkdudfwhulvwlfv ri � 4>e>u zkhq wkhsrru duh djhqgd vhwwhu dw urxqg 5 zlwk suredelolw| rqh1 Wkh �uvw lv wkdw wkh sduwlflsdwlrqfrqvwudlqw ri wkh ulfk lv qrw elqglqj/ l1h1 �4>e>u ' � K/ zkhq +o lv vx!flhqwo| kljk ru wkhuhlv d fhuwdlq ghjuhh ri glvshuvlrq lq wkh lqfrph ri wkh wkuhh fodvvhv1 Vhfrqg/ wkdw hyhq dyhu| vpdoo ghjuhh ri glvshuvlrq lq wkh lqfrphv ri wkh wkuhh fodvvhv lv hqrxjk wr jxdudqwhhwkdw �4>e>u : �o183 Vhh wkh surri ri Uhvxow 4 dw � ' �1
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Iljxuhv 43 dqg 44 surylgh d judsklfdo uhsuhvhqwdwlrq ri wkh xwlolw| ri wkhplggoh fodvv dqg wkh htxloleulxp wd{ udwhv dv d ixqfwlrq ri ! dfurvv frdolwlrqvzkhq wkh lqfrph ri wkh srru lv htxdo wr }hur1 Iurp wkh deryh dqdo|vlv lw lvfohdu wkdw wkh uhvxowv duh qrw vxevwdqwldoo| gl�huhqw iurp d txdolwdwlyh srlqwri ylhz zkhq wkh lqfrph ri wkh srru lv vwulfwo| srvlwlyh1Sursrvlwlrq 5 krogv dovr zlwk d frpsohwho| ghwhuplqlvwlf djhqgd vhwwlqjvfkhph1 Fohduo|/ wkh ydoxh ri !W lv dozd|v htxdo wr 318 lq wklv iudphzrun1Lq rwkhu zrugv/ wkh plggoh fodvv suhihuv wkh srru dv frdolwlrq sduwqhu zkhqpo A pR +l1h1 ! ? 3=8, ehfdxvh wkh ulfk duh djhqgd vhwwhu dw urxqg 5 dqg duhpruh frvwo| wr ex| wkdq wkh srru/ dqg fkrrvhv wkh ulfk zkhqhyhu po ? pR+l1h1 ! A 3=8, jlyhq wkdw wkh srru duh djhqgd vhwwhu dw wkh vhfrqg urxqg dqgwkh| duh pruh frvwo| wkdq wkh ulfk1Khqfh Sursrvlwlrq 6/ wkdw fkdudfwhul}hv wkh frqvwlwxwlrqdo fkrlfh ri wkhvrflhw|/ dssolhv dovr lq wklv fdvh +zlwk !W @ 3=8,1 Lqghhg/ wkh ulfk dozd|vsuhihu pdmrulwduldq ghprfudf| ehfdxvh wkh| fdq lpsohphqw wkhlu glfwdwruldosrolf|/ dqg wkh plggoh fodvv dozd|v fkrrvh wkh frqvhqvxdo frqvwlwxwlrq eh0fdxvh lw lv dozd|v sduw ri wkh jryhuqphqw frdolwlrq +zklfk doorzv khu wr kdyhd kljkhu xwlolw| wkdq lq pdmrulwduldq ghprfudf|,1 Djdlq/ wkh srru duh wkhvzlqj yrwhuv1 Zkhq wkhuh duh pruh ulfk wkdq srru lq wkh vrflhw| +po A pRru ! ? 3=8, vr wkdw wkh ulfk duh djhqgd vhwwhu li wkh jdph uhdfkhv wkh vhfrqgurxqg/ wkh plggoh fodvv rswlpdoo| fkrrvhv wkh srru dv frdolwlrq sduwqhu dwurxqg 4 ehfdxvh wkh| duh fkhdshu wr ex|1 Wkh xwlolw| ri wkh srru lv htxdowr wkhlu lqfrph/ dqg wkhuhiruh lw lv kljkhu wkdq lq pdmrulwduldq ghprfudf|zkhuh wkh| sd| wd{hv dqg gr qrw jhw dq| dprxqw ri wkhlu suhihuuhg sxeolfjrrg1 Wkhuhiruh/ wkh srru yrwh iru wkh frqvhqvxdo v|vwhp/ zklfk lq wxuq lvwkh rqh fkrvhq e| wkh vrflhw|1 Ylfh yhuvd/ zkhq wkh srru duh pruh wkdq wkhulfk +po ? pR ru ! A 3=8, dqg wkhuhiruh wkh| duh djhqgd vhwwhu dw urxqg5/ wkhlu yrwh lv pruh frvwo| wr ex| dqg wkh plggoh fodvv suhihuv wkh ulfk wrwkh srru dv frdolwlrq sduwqhu dw urxqg 41 Zh kdyh vkrzq deryh wkdw wkhsrru ghulyh pruh xwlolw| lq pdmrulwduldq ghprfudf| +ehfdxvh wkh| sd| orzhuwd{hv, dqg wkhuhiruh wkh| fkrrvh wklv frqvwlwxwlrqdo v|vwhp1Iurp wkh deryh dqdo|vlv lw lv lpphgldwh wr yhuli| wkdw hyhq zlwk d frp0sohwh ghwhuplqlvwlf djhqgd vhwwhu zh kdyh wkh uhvxow wkdw wkh ohyho ri wd{dwlrqdqg wkh vl}h ri jryhuqphqw lq d frqvhqvxdo ghprfudf| lv jhqhudoo| kljkhuwkdq wkdw rewdlqlqj lq pdmrulwduldq ghprfudf|184 Pruhryhu/ wkh wd{ udwhdqg sxeolf h{shqglwxuh lq frqvhqvxdo ghprfudf| xqghu wkh plggoh fodvv dqgsrru frdolwlrq duh dovr jhqhudoo| kljkhu wkdq xqghu wkh plggoh fodvv dqg ulfk
84Dv lq wkh edvholqh iudphzrun/ lw lv uhtxluhg d yhu| vpdoo ghjuhh ri glvshuvlrq lq wkhlqfrph ri wkh wkuhh fodvvhv +zklfk zh dvvxph wr h{lvw, wr jhqhudwh wklv uhvxow1
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frdolwlrq1Ilqdoo|/ zh frqvlghu wkh fdvh zkhuh wkhuh lv rqh pruh vwdjh zkhuh wkhdjhqgd vhwwhu lv wkh jurxs zklfk zdv qrw djhqgd vhwwhu lq wkh suhylrxv wzrvwdjhv1 Zkhq pR A po zh kdyh wkdw wkh plggoh fodvv lv djhqgd vhwwhudw urxqg 4/ wkh srru dw urxqg 5/ dqg wkh ulfk dw urxqg 61 Li wkh jdphuhdfkhv wkh wklug urxqg/ wkh ulfk pdnh wkh frdolwlrq zlwk wkh srru1 Dwurxqg 5 wkh srru zloo �qg fkhdshu wr ex| wkh plggoh fodvv1 Wkh plggohfodvv djhqgd vhwwhu dw urxqg 4 pdnhv wkh jryhuqphqw frdolwlrq zlwk ulfk/ dvlq wkh suhylrxv iudphzrun1 Lw fdq eh vkrzq wkdw wkh srolf| lpsohphqwhglv yhu| forvh wr wkh rqh rewdlqlqj zlwk wzr vwdjhv rqo|1 Zkhq pR ? po/wkh ohjlvodwlyh edujdlqlqj jdph lv wkh iroorzlqj1 Wkh plggoh fodvv lv djhqgdvhwwhu dw urxqg 4/ wkh srru dw urxqg 5/ dqg wkh ulfk dw urxqg 61 Wkh ulfkrswlpdoo| fkrrvh wkh srru dv frdolwlrq sduwqhu dw wkh wklug urxqg dqg wkhsrru pdnh wkh frdolwlrq zlwk plggoh fodvv dw urxqg 51 Wkhuhiruh/ wkh plggohfodvv pdnhv wkh jryhuqphqw frdolwlrq zlwk wkh ulfk dw urxqg 41 Djdlq/ wkh�vfdo srolf| lpsohphqwhg lv yhu| forvh wr wkh rqh rewdlqlqj zlwk d edujdlqlqjjdph zlwk wzr vwdjhv rqo|185
:18 Hwkqr0Olqjxlvwlf Khwhurjhqhlw| dqg FrqvwlwxwlrqvVr idu zh kdyh irfxvhg rqo| rq sxuho| hfrqrplf khwhurjhqhlw|1 Dqrwkhulpsruwdqw vrxufh ri khwhurjhqhlw|/ riwhq fruuhodwhg wr vrph h{whqw wr wkhhfrqrplf rqh/ lv lqvwhdg wkdw uhodwhg wr wkh hwkqr0olqjxlvwlf/ fxowxudo dqguholjlrxv iudjphqwdwlrq ri frxqwulhv1 Vrph Frqwlqhqwdo Hxurshdq frxq0wulhv duh glylghg e| lpsruwdqw fohdydjhv dorqj wkhvh olqhv1 Iru lqvwdqfh/lq Vzlw}huodqg wkh uholjlrxv fohdydjh glylghv wkh Fkulvwldq Ghprfudwv/ vxs0sruwhg e| sudfwlvlqj Fdwkrolfv/ iurp wkh Vrfldo Ghprfudwv dqg wkh Udglfdovzkr duh prvwo| vxssruwhg e| Surwhvwdqwv dqg e| qrq0revhuydqw Fdwkrolfv/dprqj wkh rwkhuv1 Lq Ehojlxp/ olqjxlvwlf gl�huhqfhv ehwzhhq Iuhqfk dqgGxwfk0vshdnlqj sduwlhv frqvwlwxwh dq lpsruwdqw srolwlfdo fohdydjh1 Lq wkhQhwkhuodqgv/ d vljql�fdqw uholjlrxv fohdydjh lv wkdw glylglqj Fdwkrolfv dqgSurwhvwdqwv1 Krzhyhu/ wkh Dphulfdq vrflhw| vwdqgv dorqh iru lwv h{fhswlrqdoghjuhh ri hwkqlf dqg fxowxudo iudjphqwdwlrq1Wkh lpsruwdqfh ri qrq0vwulfwo| hfrqrplf fohdydjhv iru wkh srolwlfv ri uh0glvwulexwlrq dqg ri oderu uhodwlrqv lq wkh X1V1 kdv ehhq vwuhvvhg lq d orqjwudglwlrq ri wkrxjkw jrlqj edfn wr Pdu{ dqg Hqjhov/ zkr kdyh ehhq dprqjwkh �uvw wr vwuhvv wkh uroh ri hwkqlf glyhuvlw| lq xqghuplqlqj wkh ghyhorsphqw

85 Lq erwk fdvhv +6R : 6o dqg 6R 	 6o, wkh gl�huhqfh lq wkh �vfdo srolf| lpsohphqwhge| wkh plggoh fodvv dw urxqg 4 zlwk uhvshfw wr wkh wzr vwdjhv jdph frphv iurp d vpdoogl�huhqfh lq wkh sduwlflsdwlrq frqvwudlqw lq wkh frdolwlrq sduwqhu1
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ri wkh fodvv frqvflrxvqhvv ri wkh zrunhuv lq Dphulfd +vhh Olsvhw dqg Pdunv/5333/ fk1 4/ s1 5<,1 Vrflrorjlvwv/ klvwruldqv dqg srolwlfdo vflhqwlvwv kdyhzlgho| uhfrjql}hg wkdw/ zkhuhdv lq Hxursh wkh fodvv fohdydjh zdv wkh suh0grplqdqw rqh/ lq wkh X1V1/ wkh orzhu vwudwd ri wkh srsxodwlrqv kdyh dozd|vlghqwl�hg wkhpvhoyhv sulpdulo| lq whupv ri wkhlu hwkqlf ruljlq dqg uholjlrxvd!oldwlrq +h1j1 Ndw}qhovrq/ 4<;4,1 Wkh suhydohqfh ri fxowxudo/ hwkqlf dqguholjlrxv lghqwl�fdwlrqv zlwklq Dphulfdq zrunhuv ryhu wkh vwulfwo| hfrqrplfrqh/ kdv dujxdeo| kdg lpsruwdqw frqvhtxhqfhv iru wkh srolwlfdo ghyhorsphqwri wkdw frxqwu|1 Iru lqvwdqfh/ Olsvhw dqg Pdunv +5333/ fk1 7/ s1 48<, zulwhwkdw wkh xowlpdwh frqvhtxhqfh ri hwkqlf glylvlrqv dprqj zrunhuv lq Dphulfdzdv �wr zhdnhq wkh gulyh iru d oderu ru vrfldolvw sduw| uhsuhvhqwlqj zrunhuvdv d fodvv�186 Dq lpphgldwh fruroodu| ri wklv lv wkdw d uhodwlyho| kljk hwkqlfiudjphqwdwlrq/ e| zhdnhqlqj wkh srolwlfdo vwuhqjwk ri wkh ohiw/ vkrxog eh h{0shfwhg wr kdyh d qhjdwlyh h�hfw rq wkh h{whqw ri wkh �vfdo uhglvwulexwlrq rilqfrph surprwhg e| wkh jryhuqphqw187Hfrqrplvwv kdyh qrw sdlg pxfk dwwhqwlrq wr wkh h�hfwv ri qrq0hfrqrplfkhwhurjhqhlw| iru hfrqrplf srolf|/ dqg lq sduwlfxodu iru sxeolf �qdqfh rxw0frphv1 Rqh qrwdeoh h{fhswlrq lv d sdshu ri Dohvlqd/ Edtlu dqg Hdvwhuo|+4<<<,/ zkr lqyhvwljdwh dw wkh wkhruhwlfdo dqg hpslulfdo ohyho wkh uroh wkdwhwkqr0olqjxlvwlf iudjphqwdwlrq kdv iru wkh surylvlrq ri sxeolf jrrgv lq Dphu0lfdq flwlhv dqg �qg wkdw lqghhg pruh ri iruphu lpsolhv orzhu surylvlrq riwkh odwwhu1 Krzhyhu/ wkh| devwudfw iurp wkh jhqhudo srolwlfdo htxloleulxpfkdqqho uhodwhg wr frqvwlwxwlrqdo fkrlfh1Wkh uhodwlrqvkls ehwzhhq hwkqr0olqjxlvwlf iudjphqwdwlrq dqg frqvwlwx0wlrqdo fkrlfh lv dfwxdoo| qrw yhu| fohdu1 Lqghhg Olmskduw +4<<<,/ dujxhv wkdwhwkqlf0iudjphqwdwlrq lv dq lpsruwdqw ghwhuplqdqw ri wkh dgrswlrq ri frq0vhqvxdo ghprfudf| lq Hxursh/ zkhuhdv Djklrq/ Dohvlqd dqg Wuheel +5335,suhvhqw hylghqfh dffruglqj wr zklfk pruh �lqvxodwhg� srolwlfdo v|vwhpv/zklfk wkh| lghqwli| dovr zlwk wkh suhvhqfh ri zlqqhu0wdnhv0doo hohfwrudo uxohv/duh dvvrfldwhg zlwk iudjphqwhg vrflhwlhv1 Zlwk wklv fdyhdw lq plqg/ zh fdqvxjjhvw krz rxu edvholqh prgho frxog eh prgl�hg wr surylgh vrph lqvljkwrq wkh fdvh ri wkh X1V1/ zklfk duh d pdmrulwduldq ghprfudf| zlwk d yhu| kljk
86 Lq sduwlfxodu/ hwkqlf iudjphqwdwlrq lq wkh X1V1 kdv ehhq rqh rq wkh pdlq uhdvrqv rizk| wkh Vrfldolvw sduw| dqg wkh xqlrqv qhyhu pdqdjhg wr dfklhyh wkdw ghjuhh ri frruglqd0wlrq dqg lqwhjudwlrq wkdw zdv ghwhuplqdqw iru wkh vxffhvv ri wkh ohiw dqg ri wkh zrunhuv*pryhphqw lq Hxursh1 Wkh dsshdov wr zrunhuv fodvv0frqvflrxvqhvv ri wkh iruphu vwurnhgzlwk wkh sduwlfxodulvp dqg fxowxudo or|dowlhv ri wkh fudiw xqlrqv zklfk grplqdwhg wkhDphulfdq Ihghudwlrq ri Oderu +vhh rq wklv srlqw Olsvhw dqg Pdunv/ 5333/ fk1 6/ s1 446,187Wkh lpsruwdqfh ri hwkqlf0iudjphqwdwlrq lq wkh X1V1 �vfdo srolf| dqg frqvwlwxwlrqdofkrlfh lv dovr dqdo|}hg lq Dohvlqd dqg Jodhvhu +5336,1
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iudjphqwdwlrq/ hvshfldoo| dprqj wkh srru1 Wr wklv hqg/ dvvxph wkdw wkhuh lvvrph fxowxudo dqg hwkqlf iudjphqwdwlrq zlwklq wkh srru rqo|/ zkloh wkh ulfkdqg wkh plggoh fodvv uhpdlq frpsohwho| krprjhqhrxv jurxsv1 Khqfh/ wkhuhduh gl�huhqw jurxsv zlwklq wkh srru dqg zh pd| dvvxph wkdw hdfk ri wkhpfduh derxw d vshfl�f sxeolf jrrg rqo|1 Lq wkhvh frqglwlrqv/ lw lv qrw hdv| wrghwhuplqh wkh h�hfw ri iudjphqwdwlrq dprqj wkh srru rq wkhlu edujdlqlqjsrzhu zklfk/ dv zh nqrz/ lv wkh fulwlfdo yduldeoh iru frqvwlwxwlrqdo fkrlfh1Krzhyhu/ vxssrvh wkdw wkhuh lv d plqlpxp vl}h wr wkh dprxqw ri wkh sxeolfjrrg surylghg wr hdfk jurxs1 Lq wklv lqvwdqfh/ lw lv lpphgldwh wr ghgxfhiurp wkh sduwlflsdwlrq frqvwudlqw ri wkh srru wkdw/ li iudjphqwdwlrq dprqjwkhp lv kljk hqrxjk +l1h1 wkh qxpehu ri vxejurxsv lv vx!flhqwo| odujh,/ wkhulfk zloo eh fkhdshu wr ex| iru wkh plggoh fodvv1 Wklv lq wxuq vkrxog ohdg wrwkh dgrswlrq ri d pdmrulwduldq frqvwlwxwlrq1
; Vrph Klvwrulfdo Hylghqfh rq Lqhtxdolw|/ FodvvSuhihuhqfhv dqg Frqvwlwxwlrqdo Fkrlfh
Lq wklv Vhfwlrq zh suhvhqw klvwrulfdo hylghqfh rq wkh frqvwlwxwlrqdo fkrlfhri vrph Hxurshdq frxqwulhv dqg ri wkh X1V1 wkdw dsshduv frqvlvwhqw zlwkrxu wkhru|1 Zh grfxphqw wkh idfw wkdw/ klvwrulfdoo|/ pdmrulwduldq ghprfud0flhv +X1N1/ X1V1, kdyh ehhq wkh h{suhvvlrq ri wkh lqwhuhvwv ri wkh ulfk zklohwkh dgrswlrq ri frqvhqvxdo frqvwlwxwlrqv lq prvw Hxurshdq frxqwulhv kdvuh hfwhg wkh srzhu ri wkh ohiw lq uhodwlyho| htxdo vrflhwlhv1Lq wkh srolwlfdo vflhqfh olwhudwxuh wkhuh duh wzr gl�huhqw ylhzv rq wkhdgrswlrq ri frqvhqvxdo ghprfudf|1 Lq klv fodvvlf frqwulexwlrq/ Urnndq +4<:3,h{sodlqv wkh lqwurgxfwlrq ri sursruwlrqdo uhsuhvhqwdwlrq lq Hxursh dv dvwudwhjlf fkrlfh ri wkh wudglwlrqdo [L[ fhqwxu| olehudo sduwlhv wr suhvhuyhsduw ri wkhlu srolwlfdo srzhu lq vslwh ri wkh judgxdo iudqfklvh h{whqvlrq/ dqgri wkh frqvhtxhqw lqfuhdvlqj lpsruwdqfh ri qhz pdvv srolwlfdo sduwlhv/ lqsduwlfxodu Vrfldolvw rqhv1 Krzhyhu/ Vduwrul +4<<7/ fk1 7, hpskdvl}hv wkdwwkh prvw lpsruwdqw h�hfw ri sursruwlrqdo uhsuhvhqwdwlrq kdv ehhq txlwh gli0ihuhqw/ qdpho| wr doorz wkh lqwhjudwlrq ri Vrfldolvw sduwlhv lqwr wkh srolwlfdov|vwhp1 Lqghhg/ fr0rswdwhg dv sduwqhuv ri fhqwhu0ohiw jryhuqphqw frdolwlrqv/wkhvh sduwlhv zhuh lqgxfhg wr dffhsw gh idfwr wkh Erxujhrlv vwdwh dqg wkhorjlf dqg surfhgxuhv ri ghprfudwlf frqiurqwdwlrq/ dv rssrvhg wr wkdw ri fodvvvwuxjjoh1 Wkh �lqwhjudwlrq ylhz� rq wkh dgrswlrq ri sursruwlrqdo uhsuhvhq0wdwlrq lv frpsdwleoh zlwk rxu edvlf sursrvlwlrq ri wkh lpsruwdqfh ri lqfrphlqhtxdolw| iru wkh fkrlfh ri srolwlfdo lqvwlwxwlrqv1 Sursruwlrqdo uhsuhvhqwd0wlrq frxog vhuyh lq Hxursh wr wkh qhhg ri lqwhjudwlqj d vwurqj ohiw lqwr wkh
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srolwlfdo v|vwhp/ suhflvho| ehfdxvh d uhodwlyho| hjdolwduldq glvwulexwlrq ri lq0frph glg ohdg wr wkh irupdwlrq ri fhqwhu0ohiw jryhuqphqw frdolwlrqv xqghu dfrqvwlwxwlrq ri frqvhqvxdo w|sh1 Dorqj wkh vdph olqhv ri Vduwrul/ Dohvlqd dqgJodhvhu +5336, suhvhqw h{whqvlyh hylghqfh wkdw wkh dgrswlrq ri sursruwlrqdouhsuhvhqwdwlrq lq Hxurshdq frxqwulhv kdv uh hfwhg wkh srolwlfdo srzhu ri wkhohiw/ zklfk eholhyhg wr rewdlq dq dgydqwdjh iurp wkh lqwurgxfwlrq ri wklvhohfwrudo v|vwhp1
;14 Wkh Pdnlqj ri Pdmrulwduldq FrqvwlwxwlrqvWkh X1V1 kdyh wkh roghvw zulwwhq frqvwlwxwlrq ri wkh zruog/ gdwlqj wr 4:;:1Lw zdv gudiwhg e| d Frqvwlwxwlrqdo Frqyhqwlrq ri ghohjdwhv iurp doo Vwdwhv+dsduw Ukrgh Lvodqg, wkdw phw lq Sklodghoskld1 Dsduw iurp vrph uhodwlyho|plqru fkdqjhv/ lw kdv uhpdlqhg hvvhqwldoo| wkh vdph xs wrgd|/ uhsuhvhqwlqjdorqj zlwk wkh Eulwlvk frqvwlwxwlrq wkh dufkhw|sh ri wkh prgho ri pdmrul0wduldq ghprfudf|1 Dq hfrqrplf dqdo|vlv ri wkh Dphulfdq frqvwlwxwlrq kdvehhq surylghg e| Ehdug +4<46, lq d vhplqdo frqwulexwlrq188Ehdug*v zrun dqg rxu sdshu vkduh wkh suhplvh wkdw nh| frqvwlwxwlrqdosulqflsohv rxjkw wr eh lqwhusuhwhg iurp dq hfrqrplf shuvshfwlyh/ qdpho| dvuh hfwlqj wkh lqwhuhvwv ri sduwlfxodu vrfldo jurxsv ru fodvvhv dv rssrvhg wr wkh�sxeolf jrrg�1 Klv edvlf dujxphqw lv wkdw wkh frqvwlwxwlrq ri wkh X1V1 kdvehhq gudiwhg wr uh hfw hvvhqwldoo| wkh lqwhuhvwv ri wkh hfrqrplf holwh ri wkhwlph189 Wkhvh zhuh hvvhqwldoo| wkrvh ri vhfxulqj lqglylgxdo surshuw| uljkwv/dqg ri jxdudqwhhlqj wkh ehvw srvvleoh lqvwlwxwlrqdo iudphzrun iru sulydwhhfrqrplf dfwlylw|18: Ehdug edvhv klv frqfoxvlrqv rq d odujh erg| ri glyhuvh

88Zh wkdqn Doehuwr Dohvlqd iru eulqjlqj wklv errn wr rxu dwwhqwlrq189 Lq wkh �uvw fkdswhu ri klv vwxg|/ Ehdug zulwhv +vhh s1 46, wkdw �Lqdvpxfk dv wkhsulpdu| remhfw ri d jryhuqphqw/ eh|rqg wkh phuh uhsuhvvlrq ri sk|vlfdo ylrohqfh/ lv wkhpdnlqj ri wkh uxohv zklfk ghwhuplqh surshuw| uhodwlrqv ri phpehuv ri vrflhw|/ wkh grplqdqwfodvvhv zkrvh uljkwv duh wkxv wr eh ghwhuplqhg pxvw shuirufh rewdlq iurp wkh jryhuqphqwvxfk uxohv dv duh frqvrqdqw zlwk wkh odujhu lqwhuhvwv qhfhvvdu| wr wkh frqwlqxdqfh riwkhlu hfrqrplf surfhvv/ ru wkh| pxvw wkhpvhoyhv frqwuro wkh rujdqv ri jryhuqphqw1 Lq dvwdeoh ghvsrwlvp/ wkh iruphu wdnhv sodfh> xqghu dq| rwkhu v|vwhp ri jryhuqphqw/ zkhuhsrolwlfdo srzhu lv vkduhg e| dq| sruwlrq ri wkh srsxodwlrq/ wkh phwkrgv dqg qdwxuh ri wklvfrqwuro ehfrph wkh sureohp ri sulph lpsruwdqfh 0 lq idfw/ wkh ixqgdphqwdo sureohp lqfrqvwlwxwlrqdo odz1 Wkh vrfldo vwuxfwxuh e| zklfk rqh w|sh ri ohjlvodwlrq lv vhfxuhg dqgdqrwkhu suhyhqwhg 0 wkdw lv/ wkh frqvwlwxwlrq 0 lv d vhfrqgdu| ru ghulydwlyh ihdwxuh dulvlqjiurp wkh qdwxuh ri wkh hfrqrplf jurxsv vhhnlqj srvlwlyh dfwlrq dqg qhjdwlyh uhvwudlqw1�8:Ehdug +vhh s1 657, zulwhv= �Wkh pryhphqw iru wkh Frqvwlwxwlrq ri wkh Xqlwhg Vwdwhvzdv ruljlqdwhg dqg fduulhg wkurxjk sulqflsdoo| e| irxu jurxsv ri shuvrqdow| lqwhuhvwv zklfkkdg ehhq dgyhuvho| d�hfwhg xqghu wkh Duwlfohv ri Frqihghudwlrq= prqh|/ sxeolf vhfxul0wlhv/ pdqxidfwxuhv/ dqg wudgh dqg vklsslqj1 Wkh �uvw �up vwhsv wrzdug wkh irupdwlrq riwkh Frqvwlwxwlrq zhuh wdnhq e| d vpdoo dqg dfwlyh jurxs ri phq lpphgldwho| lqwhuhvwhg
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slhfhv ri hylghqfh/ udqjlqj iurp wkh uhfrugv ri wkh ghedwhv lq wkh Frqyhqwlrqwr wkh frqwhpsrudu| sdpskohwv dqg qhzvsdshuv vxfk dv Wkh Ihghudolvw1 Wzrsduwlfxoduo| lqwhuhvwlqj slhfhv ri hylghqfh uhylhzhg e| Ehdug duh uhsruwhgehorz1Wkh �uvw rqh frqfhuqv wkh hfrqrplf lqwhuhvwv ri wkh phpehuv ri wkhFrqyhqwlrq1 Qrw rqh phpehu uhsuhvhqwhg lq klv rzq shuvrqdo lqwhuhvwv wkhvpdoo iduplqj ru �phfkdqlf� fodvvhv1 Ylfh yhuvd/ rwkhu lqwhuhvwv vxfk dvsxeolf vhfxulw|/ shuvrqdow| lqyhvwhg lq odqgv iru vshfxodwlrq/ shuvrqdow| lqphufdqwloh/ pdqxidfwxulqj dqg vklsslqj olqhv/ dqg shuvrqdow| lq vodyhv zhuhdoo h{whqvlyho| uhsuhvhqwhg1 Lq rwkhu zrugv/ wkh Frqyhqwlrq fohduo| uhsuh0vhqwhg rqo| wkh lqwhuhvwv ri wkh ulfk +wkdw lv/ wkh lqwhuhvwv ri wkh frpphufldodqg �qdqfldo holwh dv zhoo dv ri wkh odqgorugv,/ zkhuhdv wkh plggoh dqg wkhorzhu fodvvhv edvlfdoo| glg qrw kdyh dq| yrlfh lq lw dw doo1 Wklv uh hfwhgerwk wkh vwurqj iudqfklvh uhvwulfwlrq ri wkh wlph/ e| zklfk odujh pdvvhv zhuhghsulyhg ri dq| srolwlfdo uljkw/ dqg wkh orz �fodvv0frqvflrxvqhvv� dqg delolw|wr rujdql}h wkhpvhoyhv ri wkrvh shrsoh zkr kdg wkh uljkw wr yrwh/ exw qrwhqrxjk lqfrph ru hgxfdwlrq wr ohw wkhlu yrlfh eh khdug1Wkh vhfrqg slhfh ri hylghqfh flwhg e| Ehdug ghprqvwudwhv wkh h{wudru0glqdu| dzduhqhvv ri wkh hfrqrplf holwh derxw wkh qdwxuh ri khu lqwhuhvwv lqwkh surfhvv ri frqvwlwxwlrq pdnlqj18; Wkh Ihghudolvw suhvhqwhg wkh srolwlfdovflhqfh ri wkh qhz v|vwhp dv frqfhlyhg e| Kdplowrq/ Pdglvrq dqg Md|1 Lwvpdlq sudfwlfdo jrdo zdv wr frqylqfh wkh hfrqrplf dulvwrfudf|/ wkh odqgorugv/dv zhoo wkh edqnhuv/ �qdqflhuv dqg hqwuhsuhqhxuv ri wkh vdihw| ri wkh qhz frq0vwlwxwlrq iru wkhlu rzq lqwhuhvwv1 Lw lv uhpdundeoh wkdw lq wkh whqwk qxpehu riWkh Ihghudolvw/ Pdglvrq dujxhg wkdw wkh �uvw frqfhuq ri hyhu| jryhuqphqwlv hfrqrplf1 Dffruglqj wr Pdglvrq/ �Wkh �uvw remhfw ri jryhuqphqw lv wkhsurwhfwlrq ri wkh glyhuvlw| lq wkh idfxowlhv ri phq/ iurp zklfk wkh uljkwv risurshuw| ruljlqdwh1� Iru wklv wr eh srvvleoh/ d ixqgdphqwdo jrdo wr eh sxu0wkurxjk wkhlu shuvrqdo srvvhvvlrqv lq wkh rxwfrph ri wkhlu oderuv1��111D odujh surshuw| pdvv zdv/ xqghu wkh suhydlolqj vx�udjh txdol�fdwlrqv/ h{foxghg dwwkh rxwvhw iurp sduwlflsdwlrq +wkurxjk uhsuhvhqwdwlyhv, lq wkh zrun ri iudplqj wkh Frq0vwlwxwlrq1 Wkh Phpehuv ri wkh Sklodghoskld Frqyhqwlrq zklfk gudiwhg wkh Frqvwlwxwlrqzhuh/ zlwk ihz h{fhswlrqv/ lpphgldwho|/ gluhfwo|/ dqg shuvrqdoo| lqwhuhvwhg lq/ dqg ghulyhghfrqrplf dgydqwdjhv iurp/ wkh hvwdeolvkphqw ri wkh qhz v|vwhp1�Kh dovr dggv +vhh s1 658, wkdw= �Lq wkh udwl�fdwlrq/ lw ehfdph pdqlihvw wkdw wkh olqh rifohdydjh iru dqg djdlqvw wkh Frqvwlwxwlrq zdv ehwzhhq vxevwdqwldo shuvrqdow| lqwhuhvwv rqwkh rqh kdqg dqg wkh vpdoo iduplqj dqg ghewru lqwhuhvwv rq wkh rwkhu1 Wkh Frqvwlwxwlrqzdv qrw fuhdwhg e| �wkh zkroh shrsoh� dv mxulvwv kdyh vdlg> qhlwkhu zdv lw fuhdwhg e| �wkhvwdwhv� dv Vrxwkhuq qxool�huv orqj frqwhqghg> exw lw zdv wkh zrun ri d frqvrolgdwhg jurxszkrvh lqwhuhvwv nqhz qr vwdwh erxqgdulhv dqg zhuh wuxo| qdwlrqdo lq wkhlu vfrsh1�8; Lqwhuhvwlqjo|/ wklv frq�upv wkdw rxu dvvxpswlrq rq wkh devhqfh ri d yhlo ri ljqrudqfhlq fkrrvlqj wkh frqvwlwxwlrq lv dssursuldwh1
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vxhg e| dq dssursuldwh frqvwlwxwlrq lv ri fuhdwlqj d ohjdo dqg lqvwlwxwlrqdoiudphzrun doorzlqj wr suhyhqw wkh h{sorlwdwlrq ri d plqrulw|/ wkh ulfk/ e| dpdmrulw|/ zklfk kh surskhvlhg wr eh wkh odqgohvv surohwduldw1Dohvlqd dqg Jodhvhu +5336, dujxh/ lq djuhhphqw zlwk rxu uhvxowv/ wkdwsursruwlrqdo uhsuhvhqwdwlrq zdv qhyhu lqwurgxfhg lq wkh X1V1 diwhuzdugv iruwzr uhdvrqv1 Iluvw/ wklv frqvwlwxwlrqdo iudphzrun zrxog kdyh idyruhg wkhDiulfdq0Dphulfdqv dqg wkh qhz lppljudqw srsxodwlrq/ zklfk frxog zhooeh lghqwl�hg zlwk wkh srru1 Vhfrqg/ wkh frqvhuydwlyh irufhv ri wklv frxqwu|+uhsuhvhqwlqj wkh ulfk, kdyh dozd|v ehhq wrr srzhuixo wr doorz vxfk d lpsru0wdqw uhirup1 Pruhryhu/ wkh qhhg wr lqwhjudwh wkh ohiw lq wkh srolwlfdo v|vwhpkdv dozd|v ehhq olplwhg dv wkh Dphulfdq Vrfldolvw sduw| qhyhu dfklhyhg dvwuhqjwk kljk hqrxjk wr ohw lw uhsuhvhqw d vhulrxv srwhqwldo wkuhdw wr wkhsuhvhuydwlrq ri wkh vrflr0hfrqrplf rujdql}dwlrq ri vrflhw|/ dv lwv frxqwhu0sduwv glg lq pdq| Hxurshdq frxqwulhv1 Olsvhw dqg Pdunv +5333, dujxh wkdwrqh ri wkh pdlq uhdvrq ri wkh klvwrulfdo zhdnqhvv ri wkh Dphulfdq vrfldo0lvw sduw| zdv lwv idloxuh wr hvwdeolvk dq rujdqlf uhodwlrq zlwk xqlrqv/ wkdwlqvwhdg wxuqhg rxw wr eh lqvwuxphqwdo iru wkh srolwlfdo vxffhvv ri wkh ohiwlq Frqwlqhqwdo Hxursh1 Vxfk dq dooldqfh qhyhu wrrn sodfh lq wkh X1V1 dovrehfdxvh ri wkh shuydvlyh hwkqr0olqjxlvwlf dqg fxowxudo iudjphqwdwlrq ri wkhzrunirufh zklfk/ xqolnh lq Hxursh/ grplqdwhg ryhu wkh vwulfwo| hfrqrplffohdydjh uhodwhg wr fodvv ehorqjlqj18< Wklv srlqw lv dovr vwuhvvhg lq Dohvlqddqg Jodhvhu +5336,1
Hqjodqg kdv wkh roghvw xqzulwwhq frqvwlwxwlrq ri wkh zruog1 Lw frqvlvwvlq d froohfwlrq ri gl�huhqw grfxphqwv lqfoxglqj wkh Pdjqd Fkduwd ri 4548/wkh Eloo ri Uljkwv ri 49;</ frpprqo| revhuyhg sudfwlfhv dqg frqfhswlrqv/ dvzhoo dv vrph odzv1Hqjodqg uhiruphg khu hohfwrudo v|vwhp wkuhh wlphv gxulqj wkh 4<|� fhq0wxu| +lq 4;65/ 4;9: dqg 4;;7 uhvshfwlyho|, dqg wklv vhtxhqfh ri uhirupvjudgxdoo| h{whqghg iudqfklvh e| uhgxflqj wkh plqlpxp dprxqw ri shuvrqdolqfrph qhfhvvdu| wr yrwh1 Edjhkrw +4;:6, dujxhv wkdw wkh shrsoh +odujho|iurp wkh orzhu plggoh fodvv, wkdw zhuh jlyhq wkh uljkw wr yrwh e| wkh qhzodzv glg qrw hohfw wkhlu rzq uhsuhvhqwdwlyhv/ exw suhihuuhg uhsuhvhqwdwlyhviurp wkh hfrqrplf holwh/ zkhwkhu orugv ru vlpso| ulfk shrsoh1 Kh fodlpv wkdwwkh pdlq h�hfw ri wkhvh hohfwrudo uhirupv/ dw ohdvw iru vhyhudo |hduv/ zdv duhdoorfdwlrq ri srolwlfdo srzhu zlwklq wkh h{lvwlqj hfrqrplf holwh ri wkh frxq0wu| dqg wkh hqodujhphqw ri vx�udjh glg qrw hqwdlo dq| srolwlfdo dqg hfrqrplf

8<Dffruglqj wr Olsvhw dqg Pdunv rwkhu h{sodqdwlrqv ri wkh �Dphulfdq h{fhswlrqdolvp�lqfoxgh wkh lq xhqfh ri Surwhvwdqw hwklfv dqg wkh devhqfh ri wkh ihxgdo vwuxfwxuhv w|slfdori wkh Hxurshdq vrflhwlhv1
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jdlq iru prvw ri wkrvh frqfhuqhg iru d uhodwlyho| orqj shulrg1 Dfhprjox dqgUrelqvrq +5333, kdyh uhfhqwo| h{sodlqhg wkh h{whqvlrq ri yrwlqj uljkwv lqZhvwhuq vrflhwlhv +hvshfldoo| Hqjodqg, dv d vwudwhj| sxuvxhg e| wkh holwhvwr surylgh uhglvwulexwlrq wr wkh srru lq rughu wr suhyhqw vrfldo xquhvw1 Wklvdujxphqw lv qrw lqfrpsdwleoh zlwk rxu vwru|1 Lqghhg/ pdmrulwduldq ghprf0udf| lv wkh v|vwhp zkhuh �vfdo srolf| ehwwhu uh hfwv wkh suhihuhqfhv ri wkhulfk/ zklfk zrxog fkrrvh wklv ghprfudwlf v|vwhp/ li srvvleoh/ zkhq iudqfklvhqhhgv wr eh h{whqghg wr suhyhqw d uhyroxwlrq1 Lw lv uhpdundeoh wkdw wkh wzrroghvw ghprfudwlf frqvwlwxwlrqv/ dgrswhg dw wlphv gxulqj zklfk wkh srolwlfdoyrlfh ri wkh ulfk zdv ghwhuplqdqw/ dqg wkhuhiruh uh hfwlqj suhvxpdeo| wkhodwwhu*v hfrqrplf lqwhuhvwv/ duh erwk pdmrulwduldq frqvwlwxwlrqv1 Rxu prgho/zlwk lwv nh| lpsolfdwlrq wkdw pdmrulwduldq ghprfudwlf lqvwlwxwlrqv uhsuhvhqwwkh lqwhuhvwv ri wkh ulfk/ fdq dffrxqw iru wklv idfw193
;15 Wkh Eluwk ri Frqvhqvxdo GhprfudflhvHvvhqwldo hohphqwv ri wkh prgho ri frqvhqvxdo ghprfudf|/ dqg lq sduwlfxodud sursruwlrqdo hohfwrudo v|vwhp/ kdyh ehhq �uvw lqwurgxfhg lq Vfdqglqdyldqfrxqwulhv +Ghqpdun/ Qruzd|/ Vzhghq/ Ilqodqg, dqg hovhzkhuh lq QruwkhuqHxursh +wkh Qhwkhuodqgv, ehwzhhq wkh 4<|� fhqwxu| dqg wkh ehjlqqlqj ri wkh53|� fhqwxu|1 E| 4<54/ doo Vfdqglqdyldq frxqwulhv kdg dgrswhg vrph irup risursruwlrqdo v|vwhp dqg qrqh ri wkhp kdv ehhq glvfdughg diwhuzdugv/ hyhqiru d vkruw shulrg +vhh iru lqvwdqfh Odnhpdq dqg Odpehuw +4<96,,1Wkh �uvw qdwlrqdo hohfwlrq edvhg rq wkh sulqflsoh ri sursruwlrqdo uhsuh0vhqwdwlrq wrrn sodfh lq Ghqpdun lq 4;89/ exw wkh sduwlfxodu phwkrg hp0sor|hg zdv uhvwulfwhg wr 88 rxw ri wkh ;3 phpehuv ri wkh vlqjoh0fkdpehusduoldphqw1 Wkh ghjuhh ri sursruwlrqdolw| ri wkh Gdqlvk hohfwrudo v|vwhpkdv wkhq ehhq lqfuhdvhg judgxdoo| ryhu wlph wkurxjk d vhtxhqfh ri sduwldouhirupv xqwlo 4<53/ zkhq lw kdv ehhq hqwluho| sxw rq d sursruwlrqdo edvh1Vrph hylghqfh rq wkh hyroxwlrq ri wkh lqfrph glvwulexwlrq ri Ghqpdun lv suh0vhqwhg lq Pruulvvrq +5333, dqg fohduo| vxjjhvwv wkdw gxulqj wkhvh hohfwrudouhirupv wkh ghjuhh ri lqfrph lqhtxdolw| zdv uhodwlyho| orz dqg ghfuhdvlqjryhu wlph194

93Dffruglqj wr Dohvlqd dqg Jodhvhu +5336,/ Hqjodqg qhyhu dgrswhg d sursruwlrqdo uhs0uhvhqwdwlrq ehfdxvh wkh oderu pryhphqw rqo| jdlqhg srzhu zkhq lw ehfdph wkh odujhvwsduw|194Wkh gdwd rq lqfrph lqhtxdolw| lq Ghqpdun duh edvhg rq wkh pd{lpxp htxdol}dwlrqfrh!flhqw +PHF,/ zklfk lqglfdwhv wkh vkduh ri wrwdo lqfrph zklfk kdv wr eh wudqvihuuhgiurp wkh srsxodwlrq zlwk lqfrph deryh wkh dyhudjh wr wkh rwkhu shrsoh lq rughu wr dfklhyhdq htxdo glvwulexwlrq1 Wklv lqgh{ idoov vkduso| iurp 3183 wr 3168 ehwzhhq 4;:3 +�uvw |hduiru zklfk wkh gdwd duh dydlodeoh, dqg 4<331 Wkh ydoxh ri wklv lqgh{ lqfuhdvhv vrphzkdw
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Qruzd| lqwurgxfhg sursruwlrqdo uhsuhvhqwdwlrq lq 4<54 zkhq wkh ghjuhhri lqfrph lqhtxdolw| zdv uhodwlyho| orz1 Lqghhg/ wkh dydlodeoh hylghqfh looxv0wudwhg lq Pruulvvrq +vhh wdeoh 5/ s1 557, vkrzv d idoo lq wkh Jlql frh!flhqwiurp 319; lq 4;88 wr 317< ri wkh shulrg 4;9804<33 wr 3173 ri 4<3304<43 wr3167 ri 4<531Wkh Qhwkhuodqgv dgrswhg d sursruwlrqdo hohfwrudo odz dv hduo| dv 4<4:1Wkhuh lv hylghqfh wkdw lqfrph lqhtxdolw| kdv ghfuhdvhg lq wkh Qhwkhuodqgvvlqfh wkh hqg ri wkh qlqhwhhqwk fhqwxu|/ zlwk wkh h{fhswlrq ri vrph whpsr0udu| lqfuhphqwv gxh wr h{rjhqrxv vkrfnv1 Pruulvvrq +vhh s1 55<, uhsruwvwkdw wkh lqfrph gdwd lq Dpvwhugdp lqglfdwh wkdw wkhuh zdv d idoo lq lqfrphlqhtxdolw| lq wkh odvw wzr ghfdghv ri wkh qlqhwhhq fhqwxu|1 Krzhyhu/ wkhuh lvqr suhflvh hylghqfh rq wkh h{dfw h{whqw ri lqfrph lqhtxdolw| iru wklv frxqwu|dw wkh wlph zkhq wkh frqvwlwxwlrq zdv pdgh1Wkh srolwlfdo ghyhorsphqw ri Ghqpdun/ Qruzd| dqg wkh Qhwkhuodqgvdsshduv frqvlvwhqw zlwk rxu wkhru| zkloh wkh fdvhv ri Ilqodqg dqg ri Vzhghqzh qrz ghvfuleh duh ohvv vr1 Vzhghq vzlwfkhg wr sursruwlrqdo uhsuhvhqwdwlrqlq 4<3:1 Dffruglqj wr Pruulvvrq/ lqhtxdolw| kdv lqfuhdvhg lq Vzhghq vlqfh4;:3/ uhdfklqj lwv shdn ehwzhhq 4;<3 dqg 4<46/ dqg kdv kdg d ghfolqlqj wuhqgiurp 4<47 wr 4<:3/ zkhq lw kdv vwdelol}hg1 Ilqodqg dgrswhg sursruwlrqdouhsuhvhqwdwlrq lq 4<39/ d shulrg iru zklfk wkhuh lv olplwhg lqirupdwlrq rqlqfrph lqhtxdolw| iru wklv frxqwu|1 Krzhyhu/ Pruulvvrq +s1 55;, uhsruwvwkdw lqhtxdolw| lq Ilqodqg kdv lqfuhdvhg iurp 4;;4 wr 4;<3 dqg ghfuhdvhg lqwkh wzhqwlhwk fhqwxu|1Lq doo wkh deryh frxqwulhv wkhuh lv dovr fohdu hylghqfh wkdw lqfrph lqhtxdo0lw| kdv ghfolqhg diwhu wkh dgrswlrq ri sursruwlrqdo uhsuhvhqwdwlrq vxjjhvwlqjwkdw lw lv lqghhg wkh fdvh wkdw d frqvhqvxdo frqvwlwxwlrq vkrxog khos uhgxflqjryhu wlph wkh lqlwldo ghjuhh ri lqfrph lqhtxdolw|1Slnhww| +5334, surylgh hylghqfh rq wkh rffxuuhqfh ri d vkdus idoo lq lq0frph lqhtxdolw| dvvrfldwhg wr d vhqvleoh gurs lq wkh wrs shufhqwloh lqfrphvkduh wkdw kdv wdnhq sodfh lq Iudqfh gxulqj wkh shulrg 4<4704<78 dqg prvwo|gxulqj Zruog Zdu LL1 Wklv wuhqg kdv ehhq gulyhq sulpdulo| e| wkh vkrfnvuhsuhvhqwhg e| wkh wzr Zruog Zduv dqg e| wkh hyhqwv ri wkh lqwhu0zduv sh0ulrg +lq dwlrq dqg Juhdw Ghsuhvvlrq,1 Zh kdyh ghvfulehg wkh h�hfwv ri wklvfkdqjh lq wkh lqfrph glvwulexwlrq lq wkh phdq suhvhuylqj vsuhdg 5 zkrvhdqdo|vlv vxjjhvwv wkdw wklv uhgxfwlrq lq lqhtxdolw| vkrxog ohdg wr wkh dgrswlrqri d frqvhqvxdo frqvwlwxwlrq1 Lqwhuhvwlqjo|/ lq wkh lpphgldwh diwhupdwk rierwk wkh Iluvw dqg wkh Vhfrqg Zruog Zdu/ Iudqfh vzlwfkhg wr d sursruwlrqdogxulqj wkh Iluvw Zruog Zdu |hduv exw txlfno| uhyhuwv wr wkh suh0zdu ydoxhv= lq 4<58 lw zdv31691
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hohfwrudo odz1 Lq 4<4</ wkh Wklug Uhsxeolf glg vr/ hyhq li wkh sursruwlrqdo0lw| ri wkh hohfwrudo v|vwhp zdv txlwh zhdnhqhg e| frpsurplvhv pdgh zlwkdgyrfdwhv ri wkh pdmrulwduldq v|vwhp1 Wklv v|vwhp zdv dedqgrqhg diwhu wkh4<57 hohfwlrq/ dqg Iudqfh uhyhuwhg wr wkh vhfrqg edoorw lq vlqjoh0phpehufrqvwlwxhqflhv xvhg xqwlo wkh zdu1 Lq Rfwrehu 4<78/ d uhdo sursruwlrqdo v|v0whp zdv dssolhg wr wkh hohfwlrq ri wkh �uvw Frqvwlwxhqw Dvvhpeo|1 Wkh vdphv|vwhp zdv dssolhg iru wkh hohfwlrq ri wkh Vhfrqg Frqvwlwxhqw Dvvhpeo| lqMxqh 4<79 dqg ri wkh Qdwlrqdo Dvvhpeo| lq Qryhpehu1Wkh wzr Zruog Zduv dqg hvshfldoo| wkh vhfrqg rqh/ kdyh suhvxpdeo|d�hfwhg/ lq whupv ri fdslwdo glvuxswlrq dqg uhgxfwlrq ri lqhtxdolw|/ rwkhuFrqwlqhqwdo Hxurshdq frxqwulhv gluhfwo| klw e| wkhp vxfk dv Lwdo| dqg Jhu0pdq|1 Lwdo| kdg dgrswhg d pdmrulwduldq hohfwrudo odz dw wkh wlph ri khuxql�fdwlrq1 Wkh frxqwu| vzlwfkhg wr sursruwlrqdo uhsuhvhqwdwlrq lq 4<4<dqg dgrswhg lw xqwlo wkh ulvh ri idvflvp1 Diwhu Zruog Zdu LL/ d sursruwlrqdov|vwhp zdv djdlq dgrswhg iru wkh sduoldphqwdu| ghprfudf| hvwdeolvkhg zlwkwkh frqvwlwxwlrq ri 4<7;1 Sursruwlrqdo uhsuhvhqwdwlrq kdv dovr ehhq lqwur0gxfhg lq Jhupdq| zlwk wkh frqvwlwxwlrq ri wkh Zhlpdu Uhsxeolf lq 4<4</zklfk froodsvhg lq 4<661 D sduoldphqwdu| v|vwhp zlwk sursruwlrqdo uhsuh0vhqwdwlrq kdv ehhq djdlq lqwurgxfhg diwhu 4<781 Wkh dydlodeoh hylghqfh +vhhPruulvvrq/ s1 565, lqglfdwhv wkdw lqfrph lqhtxdolw| kdv vwurqjo| ghfuhdvhglq Jhupdq| iurp 4<46 wr 4<59 dqg lw zdv orz diwhu wkh Vhfrqg Zruog Zdu1Vxppdul}lqj/ zh fdq frqfoxgh wkdw wkh klvwru| ri wkh srolwlfdo dqg hfr0qrplf ghyhorsphqw ri Iudqfh/ Lwdo| dqg Jhupdq| lq wkh �uvw kdoi ri wkhwzhqwlhwk fhqwxu| lv txlwh lq djuhhphqw zlwk rxu prgho= d vxevwdqwldo dqgshuvlvwhqw uhgxfwlrq ri lqhtxdolw| kdv ehhq dvvrfldwhg wzlfh +dqg mxvw derxwdw wkh vdph wlph, lq doo ri wkhvh frxqwulhv zlwk wkh dgrswlrq ri d frqvhqvxdofrqvwlwxwlrq1Dohvlqd dqg Jodhvhu +5336, suhvhqw hylghqfh wkdw wkh dgrswlrq ri sur0sruwlrqdo uhsuhvhqwdwlrq lq vhyhudo Hxurshdq frxqwulhv uh hfwhg wkh srolwlfdosrzhu ri wkh ohiw/ zklfk eholhyhg wr rewdlq dq dgydqwdjh iurp wkh lqwurgxf0wlrq ri wklv hohfwrudo v|vwhp1 Lq wkhlu uhylhz ri klvwrulfdo hylghqfh/ Dohvlqddqg Jodhvhu vkrz wkdw wklv zdv wkh fdvh iru Ehojlxp/ Ilqodqg/ Vzlw}huodqg/Dxvwuld/ Lwdo|/ Jhupdq| dqg Iudqfh zkhuh wklv wudqvlwlrq wrzdug sursru0wlrqdo uhsuhvhqwdwlrq zdv vrphwlph dffrpsdqlhg e| d euhdngrzq lq odzdqg rughu1 Ghqpdun dqg wkh Qhwkhuodqgv pryhg lqvwhdg wr sursruwlrqdouhsuhvhqwdwlrq lq d pruh judgxdo zd|195
95Zh kdyh qrw glvfxvvhg wkh fdvh ri Ehojlxp/ Vzlw}huodqg dqg Dxvwuld ehfdxvh zh glgqrw �qg gdwd rq lqfrph lqhtxdolw| lq wkhvh frxqwulhv1 Dohvlqd dqg Jodhvhu dovr looxvwudwhwkh fdvh ri Vzhghq zkhuh sursruwlrqdo uhsuhvhqwdwlrq zdv lqvwhdg suhihuuhg e| wkh frq0vhuydwlyh irufhv zklfk h{shfwhg wr eh d plqrulw| diwhu wkh h{whqvlrq ri wkh iudqfklvh1 Wkdw
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< Frqvwlwxwlrqv dqg Srolwlfv lq Frqwhpsrudu| Ghprf0udflhv
Lq wkh suhylrxv Vhfwlrq zh kdyh suhvhqwhg vrph klvwrulfdo hylghqfh wkdw vxs0sruwv rxu nh| uhvxow derxw wkh hqgrjhqhlw| ri wkh frqvwlwxwlrq dqg wkh h�hfwvri lqfrph lqhtxdolw| rq frqvwlwxwlrqdo fkrlfh1 Wkh srolwlfdo htxloleulxp rirxu prgho kdv dovr rwkhu ihdwxuhv wkdw duh frqvlvwhqw zlwk wkh dydlodeoh hp0slulfdo hylghqfh dqg wkdw zh glvfxvv ehorz1D �uvw suhglfwlrq ri rxu prgho lv derxw wkh vl}h ri jryhuqphqw dqgwkh frpsrvlwlrq ri jryhuqphqw vshqglqj dfurvv frqvwlwxwlrqv1 Frqvhqvxdoghprfudflhv vkrxog kdyh eljjhu jryhuqphqwv wkdq pdmrulwduldq rqhv dqgd juhdwhu sduw ri jryhuqphqw h{shqglwxuh vkrxog jr wr wkh dgydqwdjh ri djuhdwhu qxpehu ri vrfldo jurxsv dqg/ lq sduwlfxodu/ wr orzhu lqfrph lqgl0ylgxdov +wkh srru dqg wkh plggoh fodvv,1 Wkhvh uhvxowv duh lq olqh zlwk wkhuhfhqw wkhruhwlfdo olwhudwxuh/ h1j1 Shuvvrq dqg Wdehoolql +5333d/ Fk1 ; dqg<,/ Ol}}hul dqg Shuvlfr +5334,/ Plohvl0Ihuuhwwl/ Shurwwl dqg Urvwdjqr +5335,/wkdw jhqhudoo| suhglfwv wkdw sursruwlrqdo hohfwrudo v|vwhpv vkrxog eh dvvrfl0dwhg zlwk wkh surylvlrq ri pruh sxeolf jrrgv/ odujhu dqg pruh xqlyhuvdolvwlfzhoiduh surjudpv/ dqg d odujhu ryhudoo vl}h ri jryhuqphqw1 Lqghhg/ lw lv uhd0vrqdeoh wr wklqn wkdw wkh sxeolf jrrgv suhihuuhg e| wkh srru dqg wkh plggohfodvv lq rxu prgho duh xqlyhuvdolvwlf zhoiduh surjudpv wkdw ehqh�w d odujhuiudfwlrq ri wkh srsxodwlrq olnh khdowk dqg hgxfdwlrq1Wkh hpslulfdo olwhudwxuh rq wklv wrslf dovr frq�upv rxu uhvxowv1 Vrphsuholplqdu| hylghqfh edvhg rq furvv0frxqwu| uhjuhvvlrqv rq wkh vl}h dqg frp0srvlwlrq ri jryhuqphqw h{shqglwxuh fdq eh �qg lq Olmskduw +4<<</ fk1 49,1Dffruglqj wr Olmskduw frqvhqvxdo ghprfudflhv vshqg rq dyhudjh 816( shu0fhqw pruh ri wkhlu jurvv grphvwlf surgxfw rq zhoiduh surjudpv1 Wkh yhu|vdph uhodwlrq lv pdqlihvw +dqg urexvw, lq whupv ri wkh zhoo nqrzq lqgh{ ri�ghfrpprgl�fdwlrq� hoderudwhg e| J1 Hvslqj0Dqghuvhq196Shuvvrq dqg Wdehoolql +5333e, �qg wkdw wkh hohfwrudo uxoh h{huwv d yhu|vwurqj lq xhqfh rq �vfdo srolf| rxwfrphv1 Wkh| h{solflwo| frqvlghu wkhlvvxh ri wkh hqgrjhqhlw| ri wkh frqvwlwxwlrq e| hvwlpdwlqj zlwk gl�huhqwwhfkqltxhv d wzr htxdwlrqv v|vwhp lqfoxglqj d frqvwlwxwlrq vhohfwlrq dqgd �vfdo srolf| rxwfrph htxdwlrq1 Wkh v|vwhp lv �uvw hvwlpdwhg zlwk ROVxqghu wkh dvvxpswlrq ri frqglwlrqdo lqghshqghqfh dqg ri olqhdulw| ri wkhixqfwlrqdo irupv/ dqg wkhq zlwk rwkhu whfkqltxhv uhod{lqj erwk dvvxpswlrqv1lv/ wkh fdvh ri Vzhghq dsshduv wr �w zhoo zlwk wkh wkhru| ri Urnndq196Wklv lqgh{ phdvxuhv wkh h{whqw wr zklfk zhoiduh ehqh�wv +zlwk uhjdug wr xqhpsor|0phqw/ looqhvv/ glvdelolw| dqg djh, duh lqghshqghqw rq pdunhw rxwfrphv1 Olmskduw �qgv wkdwwkh lqgh{ ri ghfrpprgl�fdwlrq lv lqghhg kljkhu lq frqvhqvxdo ghprfudflhv1
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Doo ri wkh uhvxowv rewdlqhg jr lq wkh vdph gluhfwlrq ri srlqwlqj rxw wkdwjryhuqphqw h{shqglwxuhv dv d vkduh ri JGS duh vhqvleo| kljkhu lq frqvhqvxdoghprfudflhv dqg wkdw wklv lv vr gxh wr d fdxvdo h�hfw ri wkh frqvwlwxwlrq rqsrolf| rxwfrphv1 Lqghhg/ wkhlu furvv0frxqwu| hylghqfh edvhg rq d vdpsohri ;8 ghprfudflhv lq wkh 4<<3v vxjjhvwv wkdw d vzlwfk iurp sursruwlrqdo wrpdmrulwduldq hohfwlrqv uhgxfhv wrwdo jryhuqphqw vshqglqj e| doprvw 8( riJGS dqg zhoiduh vshqglqj e| 506( ri JGS197 Wklv uhvxow lv frq�uphg e| dsdqho0gdwd dqdo|vlv rq d vxevhw ri 93 frxqwulhv iru wkh shulrg 4<9304<<;/98dqg e| Shuvvrq dqg Wdehoolql +5335, zklfk xvh txdvl0h{shulphqwdo/ pdwfklqjphwkrgv/ rq d gdwdvhw ri pruh wkdq ;3 frxqwulhv lq wkh 4<<3v1Plohvl0Ihuuhwwl/ Shurwwl dqg Urvwdjqr +5335, xvh d gdwdvhw ri 53 RHFGfrxqwulhv +iurp 4<93, dqg 53 Odwlq Dphulfdq frxqwulhv +iru d vkruwhu sh0ulrg,1 Wkh dxwkruv hpskdvl}h wkh glvwlqfwlrq ehwzhhq wudqvihuv/ zklfk fdqeh wdujhwhg wr vrfldo jurxsv zlwk uhodwlyh hdvh +h1j1 xqhpsor|phqw ehqh0�wv/ shqvlrqv/ hwf1,/ dqg h{shqglwxuh lq sxeolf jrrg dqg vhuylfhv/ zklfk duhhdvlhu wr wdujhw jhrjudsklfdoo|1 Frqvlvwhqwo| zlwk wkhlu wkhruhwlfdo prgho/wkh| �qg wkdw wkh vl}h ri jryhuqphqw dqg h{shqglwxuh rq wudqvihuv lv kljkhulq sursruwlrqdo v|vwhpv zkloh wkh h{shqglwxuh rq sxufkdvhv ri jrrgv dqgvhuylfhv lv kljkhu lq pdmrulwduldq v|vwhpv199 Wkh| lqwhusuhw wklv uhvxow dvfrq�uplqj wkh zlghvsuhdg qrwlrq wkdw sursruwlrqdo v|vwhpv doorz wkh uhs0uhvhqwdwlrq ri d juhdwhu ydulhw| ri lqwhuhvwv/ zkloh pdmrulwduldq v|vwhpv duhpruh jurxqghg lq orfdo lqwhuhvwv1Ixuwkhu hylghqfh dqg d wkhruhwlfdo dqg hpslulfdo vxuyh| rq wkh h�hfwri frqvwlwxwlrqv rq srolf| rxwfrphv fdq eh irxqg lq Shuvvrq dqg Wdehoolql+5336,1Rxu frqwulexwlrq fdq dovr vkhg vrph oljkw rq wkh dujxphqw xvxdoo| pdghwkdw sxeolf h{shqglwxuh lv kljkhu xqghu sursruwlrqdo hohfwrudo v|vwhpv wkdqxqghu pdmrulwduldq rqhv ehfdxvh wkh iruphu idyru wkh uhsuhvhqwdwlrq ri pdq|jurxsv dqg wkh irupdwlrq ri pxowl0sduw| frdolwlrq jryhuqphqwv/ zklfk lqwxuq vshqg pruh ehfdxvh wkh| qhhg wr sohdvh eurdghu dqg pruh glyhuvh
97Shuvvrq dqg Wdehoolql dovr glvwlqjxlvk rq wkh edvh ri wkh irup ri jryhuqphqw1 WkhluROV hvwlpdwhv lqglfdwh wkdw d frqvwlwxwlrqdo uhirup lqyroylqj wkh dgrswlrq ri d suhvl0ghqwldo irup ri jryhuqphqw zlwk d pdmrulwduldq hohfwrudo v|vwhp zrxog uhgxfh wkh vl}h rijryhuqphqw e| 43( ri JGS zlwk uhvshfw wr d sursruwlrqdo�sduoldphqwdu| v|vwhp198 Lqghhg/ wkh| �qg wkdw wkh lqfuhdvh lq ryhudoo dqg zhoiduh0vwdwh vshqglqj wdnlqj sodfhlq wkh 4<:3v dqg 4<;3v zdv pxfk pruh surqrxqfhg lq sursruwlrqdo wkdq lq pdmrulwduldqfrxqwulhv1 Djdlq/ wkh dxwkruv �qg d yhu| vlplodu uhvxow wr wkdw ri wkh furvv0vhfwlrq dqdo|vlv1Wkh fxpxodwlyh gl�huhqfh dfurvv hohfwrudo uxohv dprxqwv wr derxw 8( ri JGS iru wrwdojryhuqphqw vshqglqj/ dqg derxw 5( ri JGS iru zhoiduh vshqglqj199Wklv uhodwlrqvkls lv yhu| urexvw lq wkh RHFG vdpsoh exw pxfk zhdnhu iru OdwlqDphulfdq gdwd1
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frqvwlwxhqflhv wkdq vlqjoh0sduw| h{hfxwlyhv1 Lqvwhdg/ dffruglqj wr rxu prgho/wkh juhdwhu ohyho ri sxeolf h{shqglwxuh revhuyhg lq frqvhqvxdo ghprfudflhvlv gxh wr wkh vhohfwlrq eldv lq wkh frpsrvlwlrq ri wkh jryhuqphqw frdolwlrq1Lq sduwlfxodu/ frqvhqvxdo ghprfudflhv vkrxog eh h{shfwhg wr eh uxohg pruhriwhq e| fhqwhu0ohiw frdolwlrqv zkloh wkh uljkw vkrxog kdyh dq dgydqwdjh lqpdmrulwduldq frqvwlwxwlrqv1 Wkh hpslulfdo hylghqfh vxjjhvwv wkdw lqghhgfhqwhu0ohiw jryhuqphqw frdolwlrqv fdq eh revhuyhg pruh riwhq lq sursruwlrqdov|vwhpv +dqg uljkw0zlqj jryhuqphqwv lq pdmrulwduldq ghprfudflhv, dqg wkdwohiw0zlqj h{hfxwlyhv whqg wr wd{ dqg vshqg pruh wkdq uljkw0zlqj rqhv1Dq lqgh{ ri sduwlvdqvkls ri wkh jryhuqphqw iru vhyhudo RHFG frxqwulhvrq wkh ohiw0uljkw glphqvlrq kdv ehhq frpslohg e| Fxvdfn +4<<:,1 Wdeoh4 uhsruwv wkh dyhudjh ydoxhv ri wkh Fxvdfn lqgh{ iru �iwhhq ghprfudflhvryhu wkh shulrgv 4<8304<8</ 4<9304<9</ 4<:304<:</ 4<;304<<419: Wkh lqgh{udqjhv iurp 4 +h{wuhph ohiw, wr 7 +h{wuhph uljkw,19; Ryhu wkh zkroh shulrg4<8304<<4/ wkh dyhudjh ydoxh ri wkh Fxvdfn lqgh{ lv 617< lq pdmrulwduldqghprfudflhv +Dxvwudold/ Fdqdgd/ X1N1/ X1V1 dqg Iudqfh, dqg 51; lq frq0vhqvxdo ghprfudflhv +Dxvwuld/ Ehojlxp/ Ghqpdun/ Ilqodqg/ Jhupdq|/ Lwdo|/Qruzd|/ wkh Qhwkhuodqgv/ Vzhghq dqg Vzlw}huodqg,19< Wklv uhvxow fohduo|fruurerudwhv wkh suhglfwlrq ri rxu prgho dffruglqj wr zklfk frqvhqvxdoghprfudflhv vkrxog eh uxohg uhodwlyho| pruh riwhq e| fhqwhu0ohiw jryhuqphqwvzkhuhdv pdmrulwduldq ghprfudf| vkrxog dgydqwdjh frqvhuydwlyh sduwlhv1D gdwdvhw frqwdlqlqj lqirupdwlrq rq wkh jryhuqphqw sduwlvdqvkls ryhuwkh shulrg 4<8304<<< lq ydulrxv lqgxvwuldo ghprfudflhv kdv dovr ehhq frp0slohg e| Vzdqn1:3 Wkh gdwdvhw surylghv lqirupdwlrq derxw wkh frpsrvlwlrqri jryhuqphqwv dqg wkh lghrorjlfdo rulhqwdwlrq ri sduwlhv dorqj wkh uljkw0fhqwhu0ohiw vfdoh1:4 Zh kdyh d wrwdo ri revhuydwlrqv iru vl{whhq frxqwulhv1
9:Wkh gdwd duh wdnhq iurp wdeoh 4 lq Fxvdfn +4<<:, dw ss1 6;61 Zh kdyh gursshg Mdsdqiru fxowxudo idfwruv dqg wkhuhiruh zh rqo| frqvlghu Zhvwhuq ghprfudflhv19;Edvlfdoo|/ wkh lqgh{ lv edvhg rq wkh frpsxwdwlrq ri wkh �srolwlfdo fhqwhu ri judylw|� rid jryhuqphqw/ gh�qhg dv wkh dyhudjh lghrorjlfdo froorfdwlrq ri wkh sduwlhv ri wkh frdolwlrqrq wkh ohiw0uljkw frqwlqxxp/ zhljkwhg e| wkh vkduh ri vhdwv ri hdfk ri wkhp1 Vhh Fxvdfn+4<<:, sdjhv 6;405 iru d suhflvh gh�qlwlrq ri wkh lqgh{19<Wkh uhvxowv gr qrw fkdqjh li zh frqvlghu wkh vxeshulrgv1 Lqghhg/ iru frqvhqvxdoghprfudflhv wkh lqgh{ jhwv wkh iroorzlqj dyhudjh ydoxhv= 51;77 lq 4<8308</ 51;38 lq 4<9309</ 51937 lq 4<:30:</ 51<95 lq 4<;30<41 Wkh dyhudjh ydoxhv iru pdmrulwduldq ghprfudflhvduh= 61:5 lq 4<8308</ 6179 lq 4<9309</ 6173; lq 4<:30:</ 616;7 lq 4<;30<41 Lw lv lqwhuhvwlqjwkdw wkh yduldelolw| ri wklv lqgh{ ryhu wlph iru rxu vdpsoh lv yhu| vpdoo1:3Wkh gdwdvhw fdq eh grzqordghg iurp wkh krphsdjh ri Gxdqh Vzdqn dwkwws=22zzz1pdutxhwwh1hgx2srolvfl2Vzdqn1kwp1:4Wkh frxqwulhv duh wkh vdph dv lq wkh Fxvdfn*v vdpsoh soxv Qhz ]hodqg +pdmrulwduldqghprfudf|,1 Zh kdyh gursshg Juhhfh/ Sruwxjdo dqg Vsdlq ehfdxvh wkhuh zhuh qrw ghprf0udflhv iru d odujh shulrg frqvlghuhg e| wkh gdwdvhw1 Iudqfh kdv ehhq frqvlghuhg iurp 4<8<
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Vlqfh rxu wkhru| dvvxphv wkdw qr sduw| kdv pruh wkdq 83( ri wkh yrwhv+dqg wkhuhiruh sduoldphqwdu| vhdwv,/ zklfk phdqv wkdw jryhuqphqwv duh do0zd|v iruphg e| pxowl0sduw| frdolwlrqv lq frqvhqvxdo ghprfudflhv/ zh gurs75 revhuydwlrqv uhodwlyh wr vlqjoh0sduw| h{hfxwlyhv lq frxqwulhv zlwk d frq0vhqvxdo frqvwlwxwlrqv1 Zh duh wkhq ohiw zlwk 4;6 revhuydwlrqv iru frqvhqvxdoghprfudflhv1 Zh �qg wkdw 449 rxw ri 4;6 revhuydwlrqv/ qdpho| 9616( riwkh wrwdo/ fruuhvsrqg wr jryhuqphqwv zklfk duh vxssruwhg e| fhqwhu0ohiwfrdolwlrqv/ zkloh wkh uhpdlqlqj rqhv duh fhqwhu0uljkw h{hfxwlyhv1 Lq pd0mrulwduldq ghprfudflhv 9; ri wkh << jryhuqphqwv iruphg ehwzhhq 4<83 dqg4<<</ qdpho| doprvw :3( ri wkh wrwdo/ zhuh uljkw0zlqj h{hfxwlyhv zkloh wkhuhpdlqlqj zhuh ohiw0zlqj rqhv1Wkhuh lv dovr d odujh erg| ri hpslulfdo hylghqfh erwk lq srolwlfdo vfl0hqfh dqg hfrqrplfv derxw wkh h�hfwv ri wkh jryhuqphqw*v lghrorj| rq �vfdosrolf| rxwfrphv vxjjhvwlqj wkdw ohiw0zlqj h{hfxwlyhv duh zloolqj wr wd{ dqgvshqg pruh wkdq uljkw0zlqj rqhv1 Iru h{dpsoh/ Fdphurq +4<:;, �qgv wkdwwkh udwh ri h{sdqvlrq ri wkh udwlr ri wrwdo jryhuqphqw uhyhqxhv wr JGSiru wkh |hduv 4<9304<:8 kdv ehhq kljkhu lq frxqwulhv zkhuh wkh jryhuqphqwzdv jhqhudoo| frqwuroohg e| d vrfldo0ghprfudwlf sduw|1 Vzdqn +4<:;, sur0ylghv hylghqfh wkdw wkh frqwuro ri wkh jryhuqphqw e| uljkw0zlqj +fhqwhu dqgohiw0zlqj, sduwlhv kdv kdg qhjdwlyh +srvlwlyh, h�hfwv rq sxeolf vshqglqj lqdgydqfhg lqgxvwuldo ghprfudflhv ryhu wkh shulrg 4<9304<:61 Olmskduw +4<<<,kljkoljkwv wkdw pdq| vwxglhv kdyh vkrzq wkdw wkhuh duh lpsruwdqw gl�hu0hqfhv ehwzhhq wkh vrflrhfrqrplf srolflhv wkdw duh sxuvxhg e| ohiw0zlqj dqguljkw0zlqj sduwlhv dqg jryhuqphqwv1 Lq sduwlfxodu/ ohiwlvw sduwlhv dqg jryhuq0phqwv kdyh v|vwhpdwlfdoo| surgxfhg dprqj rwkhuv d kljkhu jurzwk udwh riwkh sxeolf vhfwru/ pruh lqfrph htxdol}dwlrq dqg kljkhu h{shqglwxuhv rq hgx0fdwlrq/ sxeolf khdowk/ dqg vrfldo zhoiduh surjudpv1 Kh dovr vxppdul}hv wklvhylghqfh zlwk wkh vwdwhphqw ri Wxiwh +4<:;/ s1 437, zklfk fodlpv wkdw �Wkhvlqjoh prvw lpsruwdqw ghwhuplqdqw ri yduldwlrqv lq pdfurhfrqrplf shuiru0pdqfh iurp rqh lqgxvwuldol}hg ghprfudf| wr dqrwkhu lv wkh orfdwlrq rq wkhohiw0uljkw vshfwuxp ri wkh jryhuqlqj srolwlfdo sduw|1� Kxehu dqg Vwhskhqv+5334, vxuyh| d odujh srolwlfdo vflhqfh olwhudwxuh wkdw dujxhv wkdw wkh suhv0hqfh ri vrfldolvw sduwlhv lq wkh jryhuqphqw ohdgv wr wkh dgrswlrq ri pruhjhqhurxv zhoiduh vwdwhv1 Wkh srolwlfdo hfrqrp| olwhudwxuh/ zkrvh uhvxowv duhvxppdul}hg e| Dohvlqd/ Urxelql dqg Frkhq +4<<:,/ kdv dovr dqdo|}hg wklvlvvxh1 Wkhvh dxwkruv vkrz wkdw ohiw zlqj sduwlhv whqg wr vshqg dqg wd{ pruhwkdq uljkw zlqj sduwlhv dqg surylgh dq h{whqvlyh glvfxvvlrq ri wkh lghrorjlfdozkhq ehfdph d pdmrulwduldq v|vwhp1 Mdsdq kdv dovr ehhq h{foxghg iru wkh vdph uhdvrqvh{sodlqhg ehiruh1
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gl�huhqfhv ehwzhhq Dphulfdq sduwlhv lq pdfurhfrqrplf srolflhv1 D uhfhqwfrqwulexwlrq ri Shurwwl dqg Nrqwrsrxorv +5335, surylghv ixuwkhu hylghqfhwkdw �vfdo srolf| rxwfrphv duh d�hfwhg e| jryhuqphqw lghrorj| lq d jurxsri 4< RHFG frxqwulhv ryhu wkh shulrg 4<:304<<81 Vshfl�fdoo|/ wkh| �qgwkdw ohiw0zlqj h{hfxwlyhv vshqg v|vwhpdwlfdoo| pruh/ lq sduwlfxodu lq wudqv0ihuv dqg lq zdjh jryhuqphqw frqvxpswlrq/ dqg uxq odujhu exgjhw gh�flwv/wkdq uljkw0zlqj rqhv1:5Wkh uhvxowv ri rxu prgho fdq dovr khos xv wr ehwwhu xqghuvwdqg wkh uh0odwlrqvkls ehwzhhq wkh glvwulexwlrq ri lqfrph dqg �vfdo srolf| rxwfrphv1Pxfk ri wkh uhvhdufk rq wklv wrslf lv edvhg rq wkh vhplqdo frqwulexwlrq riwkh prgho ri pdmrulw| yrwlqj rq olqhdu wd{ vfkhgxohv ri Phow}hu dqg Ulfkdug+4<;4,1:6 Lw lv zhoo nqrzq wkdw wkh nh| uhgxfhg irup suhglfwlrq ri wklv prgholv wkdw d kljkhu +suh0wd{, lqhtxdolw| lq wkh glvwulexwlrq ri lqfrph vkrxog ehh{shfwhg wr jhqhudwh wkh srolwlfdo vxssruw iru d odujhu �vfdo uhglvwulexwlrqri uhvrxufhv1Wklv wkhru| idfhv d pdmru hpslulfdo sureohp krzhyhu/ dv wkh dydlodeohhylghqfh kdugo| surylghv dq| vxssruw lq idyru ri lw1:7 Shurwwl +4<<9, dqgprvw ri rwkhu vwxglhv uhylhzhg lq Eìqderx +4<<9, �qg qr uhodwlrqvkls eh0wzhhq lqhtxdolw| dqg wkh vkduh ri wudqvihuv ru jryhuqphqw h{shqglwxuhv +ruvrfldo h{shqglwxuhv, lq JGS1 Dprqj lqgxvwuldo ghprfudflhv wkh pruh xq0htxdo frxqwulhv whqg wr uhglvwulexwh ohvv/ lqvwhdg wkdq pruh1 Wkh w|slfdoh{dpsoh lv wkdw ri wkh X1V1 yhuvxv Hxursh +vhh rq wklv Dohvlqd/ Jodhvhudqg Vdfhugrwh +5334,, exw wkh qhjdwlyh uhodwlrqvkls ehwzhhq lqhtxdolw| dqguhglvwulexwlrq dovr krogv zlwklq Hxurshdq frxqwulhv1D qxpehu ri gl�huhqw dssurdfkhv kdyh ehhq iroorzhg wr uhvroyh wklv sx}0}oh1 Vdlqw0Sdxo dqg Yhuglhu +4<<9, dujxh wkdw lqghhg lw lv qrw d jhqhudo uh0vxow wkdw dq| phdq0suhvhuylqj vsuhdg vkrxog lqfuhdvh wkh glvwdqfh ehwzhhqwkh phgldq dqg wkh phdq lqfrph/ zklfk lv zkdw uhdoo| gulyhv wkh srolwl0
:5Rq wkh lpsruwdqfh ri wkh ohiw0uljkw glphqvlrq iru wkh jryhuphqw srolf| vhh dovr Dohvlqddqg Jodhvhu +5336,1:6D qrwdeoh h{dpsoh lv uhsuhvhqwhg e| wkh olwhudwxuh ri wkh srolwlfdo hfrqrplfv ri �vfdosrolf| dqg hqgrjhqrxv hfrqrplf jurzwk +h1j1 Dohvlqd dqg Urguln/ 4<<7/ ru Shuvvrq dqgWdehoolql/ 4<<7,1:7Wkh dssolfdwlrq ri wkh phgldq yrwhu wkhruhp/ dv grqh lq pdq| srolwlfdo hfrqrp|prghov/ lv dovr txhvwlrqdeoh rq sxuho| wkhruhwlfdo jurxqgv1 Wkh phgldq yrwhu wkhruhp lvedvhg rq wkh dvvxpswlrq wkdw lqglylgxdov yrwh gluhfwo| rq srolf|/ wkdw lv wr vd| wkdw gluhfwghprfudf| h{lvwv1 Krzhyhu/ wklv lv qrw wkh fdvh lq yluwxdoo| dq| frqwhpsrudu| ghprfudwlfvwdwh +dqg lw kdv kdugo| hyhu ehhq vr lq dq| klvwrulfdo lqvwdqfh 0 h1j1 Shulfohv* Dwkhqv,zkhuh ghflvlrqv duh wdnhq e| hohfwhg uhsuhvhqwdwlyhv ru ohdghuv1 Lq sulqflsoh/ lw lv qrw dwdoo reylrxv wkdw wkh srolf| rxwfrph suhglfwhg e| wkh phgldq yrwhu wkhruhp vkrxog ehrevhuyhg dovr lq d ulfkhu dqg pruh uhdolvwlf srolwlfr0lqvwlwxwlrqdo vhwwlqj/ qdpho| forvhu wrwkh ghvfulswlrq ri d uhsuhvhqwdwlyh ghprfudf|1
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fdo vxssruw iru �vfdo uhglvwulexwlrq dffruglqj wr wkh phgldq yrwhu wkhruhp1Krzhyhu/ wkh yduldqfh lv d vx!flhqw vwdwlvwlfv iru wkh glvwdqfh ehwzhhq wkhphgldq dqg wkh phdq lq wkh fdvh ri wkh orj0qrupdo glvwulexwlrq/ zklfk lvsduwlfxoduo| uhohydqw dv lw dssur{lpdwhv txlwh zhoo wkh hpslulfdo glvwulexwlrqri lqfrph lq RHFG frxqwulhv1 Vdlqw0Sdxo +5334, vkrzv wkdw dq lqfuhdvh lqlqhtxdolw| wkdw lv frqfhqwudwhg dprqj wkh srruhvw kdugo| d�hfwv wkh ghflvlyhyrwhu/ iru zkrp wkh uhwxuqv iurp uhglvwulexwlqj lqfrph pd| zhoo idoo1 Khfodlpv wkdw wklv pd| h{sodlq wkh ulvh ri lqhtxdolw|/ sryhuw| dqg �vfdo frqvhu0ydwrulvp ri pdq| hfrqrplhv/ olnh X1V1 dqg X1N1/ wkdw kdv wdnhq sodfh vlqfhwkh plg0vhyhqwlhv1 Eìqderx +5333, pdlqwdlqv wkh dvvxpswlrq ri d pdmrulw|yrwlqj0edvhg srolwlfdo phfkdqlvp/ exw doorzv iru vrph lqfrph0kxpdq fds0lwdo uhodwhg eldv lq wkh srolwlfdo v|vwhp/ prwlydwhg e| wkh revhuydwlrq wkdwwxuq0rxw udwhv duh xvxdoo| +pxfk, orzhu iru wkh uhodwlyho| srru dqg xqhgx0fdwhg1 Dowhuqdwlyho|/ Urguljxh} +4<<<, grhv dzd| zlwk yrwlqj dqg sursrvhvd yhu| gl�huhqw srolwlfdo phfkdqlvp edvhg rq oree|lqj dfwlylwlhv/ lq zklfkwkh srolwlfdo yrlfh ri wkh srru lv olplwhg e| fuhglw frqvwudlqwv1Lq wklv sdshu zh vkrz wkdw wkh glvwulexwlrq ri lqfrph fdq eh dq lp0sruwdqw ghwhuplqdqw ri wkh frqvwlwxwlrqdo fkrlfh dqg wkdw lq wxuq lqfrphlqhtxdolw| fdq kdyh yhu| gl�huhqw h�hfwv rq �vfdo srolf| rxwfrphv ghshqg0lqj rq wkh frqvwlwxwlrq dgrswhg dqg wkh �nlqg� ri lqhtxdolw| frqvlghuhg1 Zhkdyh irxqg wkdw pruh htxdo vrflhwlhv duh pruh olnho| wr dgrsw d frqvhqvxdofrqvwlwxwlrq +xqghu zklfk wd{dwlrq dqg uhglvwulexwlrq duh kljkhu wkdq xq0ghu d pdmrulwduldq rqh, dqg wkdw pdmrulwduldq frqvwlwxwlrqv duh pruh riwhqrevhuyhg lq pruh xqhtxdo hfrqrplhv +zklfk lq wxuq vshqg dqg uhglvwulexwhohvv,1 Wkhuhiruh/ dq lqfuhdvh lq lqhtxdolw| wkdw ghwhuplqhv d fkdqjh lq wkhfrqvwlwxwlrq iurp frqvhqvxdo wr pdmrulwduldq ohdgv wr d orzhu wd{dwlrq dqguhglvwulexwlrq jhqhudwlqj wkh qhjdwlyh uhodwlrqvkls ehwzhhq lqhtxdolw| dqguhglvwulexwlrq wkdw kdv ehhq irxqg lq wkh hpslulfdo vwxglhv1Krzhyhu/ lqfrph glvwulexwlrq kdv dovr d gluhfw h�hfw rq wd{dwlrq dqguhglvwulexwlrq/ l1h1 lw d�hfwv �vfdo srolf| jlyhq wkh frqvwlwxwlrq1 Lq d frq0vhqvxdo ghprfudf| dq lqfuhdvh lq lqhtxdolw| jhqhudoo| ohdgv wr dq lqfuhdvh lqwd{dwlrq dqg uhglvwulexwlrq/ li lw grhv qrw ghwhuplqh d fkdqjh lq wkh uxolqjjryhuqphqw frdolwlrq1 Wkh h�hfw ri wkh lqfuhdvh lq lqhtxdolw| kdv wkh rssr0vlwh vljq li lw jhqhudwhv d fkdqjh lq wkh uxolqj frdolwlrq +qdpho| d vzlwfk iurpd plggoh fodvv dqg srru wr d plggoh fodvv dqg ulfk jryhuqphqw frdolwlrq,1Lq d pdmrulwduldq ghprfudf|/ dq lqfuhdvh lq lqhtxdolw| d�hfwv wd{dwlrq dqguhglvwulexwlrq rqo| li lw lv dvvrfldwhg wr d yduldwlrq lq wkh lqfrph ri wkhulfk1:8
:8 Li wkh lqfuhdvh lq lqhtxdolw| lv dvvrfldwhg wr d kljkhu lqfrph ri wkh ulfk/ wkhq wd{dwlrq
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Zh frqfoxgh e| uhpdunlqj wkdw rxu wkhruhwlfdo uhvxowv rq wkh h�hfwvri lqhtxdolw| rq hfrqrplf srolf| dv zhoo dv rq lqvwlwxwlrqdo fkrlfh surylghdovr lpsruwdqw jxlgholqhv iru ixwxuh hfrqrphwulf uhvhdufk rq wkh lq xhqfhri frqvwlwxwlrqv rq �vfdo srolf|1 Iru h{dpsoh/ wkh| vxjjhvw wkdw lq rughuwr hvwlpdwh frqvlvwhqwo| zlwk ROV d wzr htxdwlrqv v|vwhp zkhuh �vfdo sro0lf| rxwfrphv dqg wkh frqvwlwxwlrq duh mrlqwo| hqgrjhqrxv/ dv Shuvvrq dqgWdehoolql +5333e, gr/ lw lv lpsruwdqw wr lqfoxgh d frqwuro iru lqhtxdolw| lqerwk wkh �vfdo srolf| dqg lq wkh frqvwlwxwlrq vhohfwlrq htxdwlrq1 Wklv lv vrlq rughu wr dyrlg wkh rplwwhg yduldeoh sureohp zklfk zrxog rwkhuzlvh dulvhdffruglqj wr rxu wkhru|/ fdxvlqj wkh eldv ri wkh ROV hvwlpdwh ri wkh prgho1
43 Frqfoxvlrqv
Wklv sdshu vkduhv zlwk rwkhu uhfhqw frqwulexwlrqv lq srolwlfdo hfrqrplfv wkhsuhplvh wkdw frqvwlwxwlrqdo sulqflsohv duh ri juhdw lpsruwdqfh lq vkdslqj�vfdo srolf| rxwfrphv lq uhsuhvhqwdwlyh ghprfudflhv1 Zh vkrz wkdw �jhqhu0doo|� frqvhqvxdo ghprfudflhv wd{ pruh dqg vshqg pruh +wkdw lv/ kdyh odujhujryhuqphqwv, wkdq pdmrulwduldq rqhv/ iru d jlyhq phdq ohyho ri lqfrph1 Exwrq wrs ri wklv zh ghprqvwudwh wkdw/ rqfh lqvwlwxwlrqv duh ylhzhg dv hqgrjh0qrxv/ frqvhqvxdo ghprfudf| lv pruh gl!fxow wr vxvwdlq srolwlfdoo| lq d pruhxqhtxdo vrflhw| vlqfh juhdwhu lqhtxdolw| whqgv wr xqghuplqh wkh vwdelolw| riwkh frdolwlrq vxssruwlqj lw1Zh dovr rewdlq wkdw wkh kljkhu wd{dwlrq dqg wkh vl}h ri jryhuqphqw wkdwfkdudfwhul}h frqvhqvxdo ghprfudflhv lv gxh wr wkh vhohfwlrq eldv lq wkh frp0srvlwlrq ri wkh jryhuqphqw frdolwlrq dv frqvhqvxdo ghprfudflhv vkrxog ehh{shfwhg wr eh uxohg pruh riwhq e| fhqwhu0ohiw frdolwlrqv/ zkloh wkh uljkwvkrxog kdyh dq dgydqwdjh lq pdmrulwduldq frqvwlwxwlrqv1 Ilqdoo|/ rxu prghosurylghv d qhz dqg dowhuqdwlyh udwlrqdol}dwlrq/ edvhg rq wkh fkrlfh ri gl�hu0hqw ghprfudwlf frqvwlwxwlrqv/ ri wkh uhodwlrqvkls ehwzhhq lqfrph lqhtxdolw|/jryhuqphqw vl}h dqg uhglvwulexwlrq revhuyhg lq wkh gdwd1
44 Dsshqgl{4414 Surri ri Sursrvlwlrq 4Zh �uvw suryh wkdw rqo| wkh ulfk uxq iru r!fh dqg wkhq wkdw wkh vhw riflwl}hq0fdqglgdwhv uxqqlqj iru r!fh lv qrw hpsw|1vkrxog eh h{shfwhg wr idoo1
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Vwhs 41 Dvvxph wkdw dw ohdvw rqh ulfk fdqglgdwh uxqv iru r!fh1 Zrxogdq|rqh hovh uxq iru r!fhB Wkh dqvzhu lv qr1 Li d plggoh fodvv djhqw dovruxq/ kh zrxog eh ghihdwhg e| wkh ulfk fdqglgdwh ehfdxvh erwk wkh ulfk dqgsrru zrxog yrwh iru wkh ulfk1 Lqghhg/ wkh srru �qg lw frqyhqlhqw wr yrwh iruwkh ulfk fdqglgdwh ehfdxvh lq wkhlu h|hv kh lv wkh ohvv edg ri wkh wzr ri wkhp=kh r�huv wr wkh srru qrqh ri wkhlu suhihuuhg sxeolf jrrg exw ghpdqgv orzhuwd{hv1 Vlploduo|/ li d srru djhqw uxqv iru r!fh djdlqvw d ulfk fdqglgdwh/kh zrxog eh ghihdwhg e| wkh yrwh ri wkh plggoh fodvv dqg wkh ulfk1 Odvwo|/qrwlfh lw fdqqrw eh wkh fdvh wkdw +dw ohdvw, d fdqglgdwh iurp hdfk jurxs uxqviru r!fh1 Lqghhg/ wkh plggoh fodvv fdqglgdwh zrxog zlq wkh hohfwlrq zlwkfhuwdlqw| lq wkdw lqvwdqfh +uhfdoo wkdw pK A pd{ ipR>poj e| dvvxpswlrq,/dqg wkhuhiruh qhlwkhu d srru qru d ulfk fdqglgdwh zrxog uxq djdlqvw klp1Vwhs 51 Zh qrz ghprqvwudwh wkdw wkh vhw ri flwl}hq0fdqglgdwhv uxq0qlqj iru r!fh lv qrw hpsw|/ l1h1 wkdw dw ohdvw rqh ulfk fdqglgdwh uxqv irur!fh1 Ohw s lqglfdwh wkh suredelolw| ri ylfwru| iru d ulfk flwl}hq0fdqglgdwh+lq d v|pphwulf htxloleulxp/ wklv zloo eh lghqwlfdo dfurvv lghqwlfdo flwl}hq0fdqglgdwhv,1 D ulfk djhqw zdqwv wr uxq iru r!fh li dqg rqo| li wkh h{shfwhgjdlq ri uxqqlqj h{fhhgv lwv frvw/ qdpho| li
is ^zo +� o> Jo, . n` . +4� s,zo +� o> Jo,j �zo+�>J, A % +55,

zkhuh +�>J, lqglfdwhv wkh srolf| yhfwru lpsohphqwhg li kh grhv qrw uxqdqg wkh whup lq wkh judsk sduhqwkhvlv lv wkh h{shfwhg xwlolw| li kh uxqv/jlyhq wkdw rqo| ulfk fdqglgdwhv gr vr1 Wr vkrz wkdw wkh vhw ri flwl}hq0fdqglgdwhv uxqqlqj iru r!fh lv qrw hpsw|/ lw lv vx!flhqw wr ghprqvwudwhwkdw +55, lv vdwlv�hg zkhq rqo| rqh ulfk shuvrq uxqv iru r!fh ; +�>J, 5�^3> 4`�?�n�1 Wr vhh wklv/ revhuyh wkdw lq wklv fdvh s @ 4 dqg +55, uhdgvzo +� o> Jo, . n � zo+�>J, A %1 Vlqfh wkh srolf| yhfwru +� o> Jo, pd{lpl}hvwkh zhoiduh ri wkh ulfk/ zo +� o> Jo, A zo+�>J,/ ; +�>J, 5 �^3> 4`�?�n�zlwk +�>J, 9@ +� o>Jo,/ dqg jlyhq wkdw n A %/ +55, dozd|v krogv zlwk vwulfwlqhtxdolw| zkhq s @ 41 Wklv phdqv wkdw wkh xqltxh ulfk fdqglgdwh uxqqlqjiru r!fh lv vwulfwo| ehwwhu0r� wkhq klv shhuv/ zklfk lq wxuq lpsolhv wkdwpruh wkdq rqh ulfk fdqglgdwh zloo uxq1 Wkhuhiruh/ +�>J, @ +� o>Jo, dqgwkh qr0ghyldwlrq frqglwlrq dvvxphv wkh irup sn A %1 Ilqdoo|/ iuhh hqwu| rifdqglgdwhv gulyhv wkh qhw jdlq ri uxqqlqj grzq wr }hur lq htxloleulxp/ zklfklpsolhv wkdw s @ 0& 5 +3> 4,1
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4415 Rswlpl}dwlrq Sureohpv lq Frqvhqvxdo Ghprfudf|Lq wklv Dsshqgl{ zh vkrzv wkh ghwdlov ri wkh pd{lpl}dwlrq sureohpv lqfrqvhqvxdo ghprfudf| dqg wkh ghulydwlrq ri wkh �uvw dqg vhfrqg rughu frq0glwlrqv1
441514 Wkh ulfk dqg srru frdolwlrq dw urxqg 5Wkh vxevwlwxwlrq ri wkh jryhuqphqw exgjhw frqvwudlqw +43, lqwr +44, lpsolhvwkdw wkh rswlpl}dwlrq sureohp iru wkh ulfk fdq eh uhzulwwhq dv

pd{t�2cocR�zo2cocR @ +4� �2cocR, |o .K+� 2cocR| � jR2cocR, +56,
vxemhfw wr +<,1 Wkh rswlpdo wd{ udwh lv lpsolflwo| gh�qhg e| wkh �uvw rughufrqglwlrq

|o @ K}+�2cocR| � jR2cocR,#| � CjR2cocRC�2cocR
$ +57,

zkhuh
CjR2cocRC�2cocR @ |RK}+jR2cocR, +58,

lv rewdlqhg iurp wkh sduwlflsdwlrq frqvwudlqw ri wkh srru +<,1 Vxevwlwxwlqj+58, lqwr +57, zh jhw wkdw
|o @ K}+�2cocR| � jR2cocR,#| � |RK}+jR2cocR,

$
zklfk doorzv xv wr ghwhuplqh �2cocR dqg jR2cocR rqfh lw lv frpelqhg zlwk +<,1Iurp wkh jryhuqphqw exgjhw frqvwudlqw +43, lw lv lpphgldwh wr rewdlq jo2cocR1Qrwlfh wkdw wkh vhfrqg rughu frqglwlrq lv dozd|v vdwlv�hg ehfdxvh zo2cocRlv joredoo| frqfdyh lq �2cocR=
C2zo2cocRC +�2cocR,2 @ K}}+jo2cocR,%| � |RK}+jR2cocR,

&2 .K}}+jR2cocR,+|R,2K}+jo2cocR,kK}+jR2cocR,l� ? 3
jlyhq wkdw K} +�, A 3 dqg K}} +�, ? 31
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441515 Wkh srru dqg plggoh fodvv frdolwlrq dw urxqg 5Wkh �uvw rughu frqglwlrq ri wkh rswlpl}dwlrq sureohp +46, lv
|R @ K}+�2cRcK| � jK2cRcK,#| � CjK2cRcKC�2cRcK

$ +59,
dqg zh kdyh iurp +45, wkdw

CjK2cRcKC�2cRcK @ |KK}+jK2cRcK, = +5:,
Vxevwlwxwlqj +5:, lqwr +59, zh jhw

|R @ K}+�2cRcK| � jK2cRcK,#| � |KK}+jK2cRcK,
$ = +5;,

Frpelqlqj wkh �uvw rughu frqglwlrq +5;, dqg wkh sduwlflsdwlrq frqvwudlqwri wkh plggoh fodvv +45, zh jhw �2cRcK dqg jK2cRcK1 Wkhq/ iurp wkh jryhuqphqwexgjhw frqvwudlqw
�2cRcK| @ jK2cRcK . jR2cRcK +5<,

zh rewdlq jR2cRcK1Vlploduo| wr wkh suhylrxv pd{lpl}dwlrq sureohp wkh vhfrqg rughu frqgl0wlrq lv dozd|v vdwlv�hg jlyhq wkdw zR2cRcK lv joredoo| frqfdyh lq �2cRcK=
C2zR2cRcKC +�2cRcK,2 @ K}}+jR2cRcK,%| � |KK}+jK2cRcK,

&2 .K}}+jK2cRcK,+|K,2K}+jR2cRcK,kK}+jK2cRcK,l� ? 3=
441516 Wkh plggoh fodvv dqg ulfk frdolwlrq dw urxqg 4Li wkh frdolwlrq jryhuqphqw lv pdgh xs e| wkh plggoh fodvv dqg wkh ulfk/ wkhpd{lpl}dwlrq sureohp ri wkh plggoh fodvv djhqgd vhwwhu lv
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pd{i��cKcojzK�cKco @ �4� � �cKco� |K .K+jK�cKco, +63,
vxemhfw wr wkh jryhuqphqw exgjhw frqvwudlqw

� �cKco| @ jK�cKco . jo�cKco +64,dqg wkh sduwlflsdwlrq frqvwudlqw ri wkh ulfk +47,1Wkh sduwlflsdwlrq frqvwudlqw +47, lv ghulyhg e| revhuylqj wkdw iru wkhulfk wr eh frqylqfhg wr dffhsw wkh sursrvdo ri wkh plggoh fodvv djhqgd vhwwhuwkh| pxvw eh jlyhq d ohyho ri xwlolw| dw ohdvw htxdo wr wkh h{shfwhg xwlolw|wkh| jhw frqglwlrqdo rq wkh jdph uhdfklqj urxqg 5/ zklfk fruuhvsrqgv wr
H +zo2, @ +4� !, �+4� �2cocR, |o .K+jo2cocR,�. ! +4� �2cRcK, |o= +65,Wklv phdqv wkdw wkh srolf| phqx +��cKco> jo�cKco, wkdw wkh ulfk pxvw eh r�huhgdw urxqg 4 lv vxfk wkdw

+4� ��cKco, |o .K+jo�cKco, A H +zo2, = +66,Wkhq/ frpelqlqj +65, dqg +66, zh jhw wkh iroorzlqj sduwlflsdwlrq frqvwudlqwri wkh ulfk dw wkh �uvw urxqg
+4� ��cKco, |o .K+jo�cKco, A +4� !, �+4� �2cocR, |o .K+jo2cocR,�. ! +4� �2cRcK, |o=

Qrz/ vxevwlwxwlqj +64, lq +63, zh jhw wkh pd{lpl}dwlrq sureohp +48,pd{i��cKcojzK�cKco @ �4� � �cKco� |K .K+� �cKco| � jo�cKco,
vxemhfw wr +47,1 Dvvxplqj wkdw wkh sduwlflsdwlrq frqvwudlqw ri wkh ulfk lvelqglqj +zklfk phdqv wkdw +47, krogv zlwk wkh htxdolw| vljq,/ wkh �uvw rughufrqglwlrq ri wklv sureohp lv

|K @ K}+� �cKco| � jo�cKco,�| � Cjo�cKcoC� �cKco
� +67,
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dqg zh kdyh iurp +47, wkdw:9
Cjo�cKcoC� �cKco @ |oK}+jo�cKco, A 3= +68,

Vxevwlwxwlqj +68, lq +67, zh rewdlq +4:,1 Wkh vhfrqg rughu frqglwlrq lvdozd|v vdwlv�hg dv
C2zK�cKcoC+� �cKco,2 @ K}}+jK�cKco,%| � |oK}+jo�cKco,

&2 .K}}+jo�cKco,+|o,2K}+jK�cKco,kK}+jo�cKco,l� ? 3
+69,

zklfk suryhv wkdw wkh remhfwlyh ixqfwlrq zK�cKco lv joredoo| frqfdyh lq � �cKco 1
441517 Wkh plggoh fodvv dqg srru frdolwlrq dw urxqg 4Zkhq wkh plggoh fodvv irupv wkh jryhuqphqw frdolwlrq zlwk wkh srru/ vkhvroyhv wkh iroorzlqj rswlpl}dwlrq sureohp

pd{i��cKcRjzK�cKcR @ �4� � �cKcR� |K .K+jK�cKcR, +6:,
vxemhfw wr wkh jryhuqphqw exgjhw frqvwudlqw

� �cKcR| @ jK�cKcR . jR�cKcR +6;,
dqg wkh sduwlflsdwlrq frqvwudlqw ri wkh srru +4;,1Vlploduo| wr wkh suhylrxv fdvh/ wklv sduwlflsdwlrq frqvwudlqw lv rewdlqhge| wdnlqj lqwr frqvlghudwlrq wkh idfw wkdw wkh srru dffhsw wkh sursrvdo riwkh plggoh fodvv djhqgd vhwwhu li wkh srolf| sursrvhg jxdudqwhhv wkhp dohyho ri xwlolw| dw ohdvw htxdo wr wkhlu h{shfwhg xwlolw| frqglwlrqdo rq wkhjdph uhdfklqj urxqg 5/ zklfk lv jlyhq e|

H +zR2, @ +4� !, |R . ! k+4� �2cRcK, |R .K+jR2cRcK,l = +6<,
:9 Lw lv lpphgldwh wr qrwlfh wkdw wkh uljkw kdqg vlgh ri +47, lv lqghshqghqw erwk rq �4>e>udqg wkdw wkh srolf| yhfwru lpsohphqwhg dw urxqg 5 lv lqghshqghqw rq �1
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Wklv lpsolhv wkdw iru wkh srru wr eh zloolqj wr mrlq wkh plggoh fodvv dw urxqg4/ wkh iroorzlqj zhdn lqhtxdolw| pxvw krog
+4� ��cKcR, |R .K+jR�cKcR, A H +zR2, = +73,

Iurp +6<, dqg +73, zh jhw wkh sduwlflsdwlrq frqvwudlqw ri wkh srru lq +4;,
+4� ��cKcR, |R .K+jR�cKcR, A +4� !, |R . ! k+4� �2cRcK, |R .K+jR2cRcK,l =
Wkh vxevwlwxwlrq ri wkh jryhuqphqw exgjhw frqvwudlqw +6;, lq +6:, doorzvxv wr uhzulwh wkh plggoh fodvv pd{lpl}dwlrq sureohp dv lq +4<,

pd{i��cKcRjzK�cKcR @ �4� � �cKcR� |K .K+��cKcR| � jR�cKcR,
vxemhfw wr +4;,1 Wkh �uvw rughu frqglwlrq ri wklv sureohp uhdgv

|K @ K}+��cKcR| � jR�cKcR,#| � CjR�cKcRC��cKcR
$ +74,

dqg zh kdyh iurp wkh sduwlflsdwlrq frqvwudlqw ri wkh srru +4;, wkdw
CjR�cKcRC��cKcR @ |RK} +jR�cKcR, A 3= +75,

Vxevwlwxwlqj +75, lqwr +74, ohdgv wr +5:,1 Wkh vhfrqg rughu frqglwlrq lv
C2zK�cKcRC+� �cKcR,2 @ K}}+jK�cKcR, �| � |RK} +jR�cKcR,

�2 .K}}+jR�cKcR,+|R,2K}+jK�cKcR,^K} +jR�cKcR,`� ? 3+76,
zklfk phdqv wkdw dovr zK�cKcR lv joredoo| frqfdyh lq � �cKcR1
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4416 Surri ri Sursrvlwlrq 5Lq wklv Dsshqgl{ zh vkrz wkdw h{lvw d ydoxh ri !/ wkdw zh fdoo !W/ vxfk wkdwwkh xwlolw| ghulyhg e| wkh plggoh fodvv iurp wkh jryhuqphqw frdolwlrq zlwkwkh srru lv kljkhu wkdq wkh fruuhvsrqglqj xwlolw| iurp wkh frdolwlrq zlwk wkhulfk li ! ? !W/ dqg wkdw wkh rssrvlwh lv wuxh zkhqhyhu ! A !W1 Wr wklv dlp/zh �uvw vkrz wkdw wkh xwlolw| ri wkh plggoh fodvv lq wkh jryhuqphqw frdolwlrqzlwk wkh ulfk zK�cKco lv prqrwrqlfdoo| lqfuhdvlqj lq !/ zkloh wkh xwlolw| ri wkhplggoh fodvv lq wkh frdolwlrq zlwk wkh srru zK�cKcR lv vwulfwo| prqrwrqlfdoo|ghfuhdvlqj lq !1 Wkhq/ wr suryh wkdw wkhuh lv d vlqjoh furvvlqj ehwzhhq wkhvhwzr vfkhgxohv lq wkh udqjh zkhuh ! 5 +3> 4,/ zh vkrz wkdw zK�cKcR lv kljkhuwkdq zK�cKco dw ! @ 3/ dqg wkdw wkh rssrvlwh krogv dw ! @ 41Wkh xwlolw| ri wkh plggoh fodvv lq wkh jryhuqphqw frdolwlrq zlwk wkh ulfkzK�cKco lv gh�qhg e| wkh pd{lpl}dwlrq sureohp +48, vxemhfw wr wkh sduwlflsd0wlrq frqvwudlqw ri wkh ulfk +47,1 Gl�huhqwldwlqj +48, zlwk uhvshfw wr ! dqgdsso|lqj wkh hqyhorsh wkhruhp zh jhw wkdw
gzK�cKcog! @ �K}+jK�cKco,Cjo�cKcoC! A 3= +77,

Lqghhg/ dvvxplqj wkdw +47, lv elqglqj dqg dsso|lqj wkh lpsolflw ixqfwlrqwkhruhp zh jhw
Cjo�cKcoC! @ ��+4� �2cocR, |o .K+jo2cocR,�� +4� �2cRcK, |oK}+jo�cKco, ? 3 +78,

jlyhq wkdw wkh qxphudwru lv srvlwlyh ehfdxvh lw lv wkh gl�huhqfh ehwzhhq wkhxwlolw| ri wkh ulfk zkhq wkh| duh djhqgd vhwwhu dw urxqg 5 +zklfk lv juhdwhuwkdq |o, dqg wkhlu xwlolw| xqghu wkh srru dqg plggoh fodvv jryhuqphqw frdol0wlrq +zklfk lv orzhu wkdq |o,1 Lq wklv fdvh _�K�cKco_� lv vwulfwo| srvlwlyh1 Lqvwhdg/li wkh sduwlflsdwlrq frqvwudlqw ri wkh ulfk +47, lv qrw elqglqj/ wkhq zK�cKco lvdw lwv joredo pd{lpxp/ Y}o�cKcoY� @ 3 dqg _�K�cKco_� @ 31 Khqfh/ wkh uhvxow lq +77,vkrzv wkdw wkh xwlolw| ri wkh plggoh fodvv lq wkh frdolwlrq zlwk wkh ulfk zK�cKcolv prqrwrqlfdoo| lqfuhdvlqj lq !1Wkh xwlolw| ri wkh plggoh fodvv lq wkh jryhuqphqw frdolwlrq zlwk wkh srruzK�cKcR lv gh�qhg e| wkh pd{lpl}dwlrq sureohp +4<, vxemhfw wr wkh sduwlflsd0
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wlrq frqvwudlqw ri wkh srru +4;,1:: Li zh gl�huhqwldwh +4<, zlwk uhvshfw wr !dqg dsso| wkh hqyhorsh wkhruhp zh rewdlq wkdw
gzK�cKcRg! @ �K}+jK�cKcR,CjR�cKcRC! ? 3 +79,

jlyhq wkdw iurp +4;,
CjR�cKcRC! @ �|R � k+4� �2cRcK, |R .K+jR2cRcK,lK}+jR�cKcR, A 3= +7:,

Lqghhg/ wkh qxphudwru dw wkh uljkw kdqg vlgh ri +7:, lv qhjdwlyh ehfdxvh lw lvwkh gl�huhqfh ehwzhhq |R dqg wkh xwlolw| ri wkh srru zkhq wkh| duh djhqgdvhwwhu dw urxqg 5 +zklfk lv juhdwhu wkdq |R,1 Wkh uhvxow lq +79, phdqv wkdwwkh xwlolw| ri wkh plggoh fodvv lq wkh jryhuqphqw frdolwlrq zlwk wkh srruzK�cKcR lv vwulfwo| prqrwrqlfdoo| ghfuhdvlqj lq !1Wkhq/ lw uhpdlqv wr vkrz wkdw zK�cKcR+3, A zK�cKco+3, dqg wkdw zK�cKcR+4, ?zK�cKco+4,1 Zh suryh wkh �uvw lqhtxdolw| e| vkrzlqj wkdw wkh sduwlflsdwlrqfrqvwudlqwv ri wkh ulfk dqg wkh srru dw ! @ 3 lpso| wkdw/ iru hdfk ohyho riwd{ udwh fkrvhq e| wkh plggoh fodvv/ wkh ulfk kdyh wr eh frpshqvdwhg zlwkd juhdwhu dprxqw ri wkhlu suhihuuhg sxeolf jrrg1 Lqghhg/ wkh sduwlflsdwlrqfrqvwudlqw ri wkh srru dw ! @ 3 lpsolhv wkdw
K+jR�cKcR, @ ��cKcR|R +7;,

zkloh iurp wkh sduwlflsdwlrq frqvwudlqw ri wkh ulfk zh jhw wkdw:;
K+jo�cKco, @ �+4� �2cocR, |o .K+jo2cocR,�� +4� ��cKco, |o= +7<,

Wkh h{suhvvlrq lq wkh vtxduh eudfnhwv lq wkh uljkw kdqg vlgh ri +7<, lv wkhxwlolw| ri wkh ulfk zkhq wkh| duh djhqgd vhwwhu dw urxqg 5 dqg lw lv fohduo|juhdwhu wkdq |o1 Khqfh/ lw lv ri frxuvh wkh fdvh wkdw
::Dv zh h{sodlqhg ehiruh/ wkh sduwlflsdwlrq frqvwudlqw +4;, lv dozd|v elqglqj dqg wkhuh0iruh lw krogv zlwk wkh htxdolw| vljq lq htxloleulxp1:; Lw lv lpphgldwh wr yhuli| wkdw wkh sduwlflsdwlrq frqvwudlqw ri wkh ulfk lv dozd|v elqglqjdw � ' f ehfdxvh wkhlu h{shfwhg xwlolw| dw urxqg 5 lv juhdwhu wkdq +o1
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K+jo�cKco, A ��cKco|o= +83,E| frpelqlqj +7;, dqg +83, dqg wdnlqj lqwr dffrxqw dovr wkh idfw wkdw|o A |R/ rqh fdq hdvlo| yhuli| wkdw iru dq| jlyhq ohyho ri wd{ udwh ��cKco @��cKcR @ � zh kdyh wkdw jo�cKco A jR�cKcR1 Wklv lq wxuq lpsolhv wkdw wkh plggohfodvv djhqgd vhwwhu rewdlqv d kljkhu ohyho ri xwlolw| e| pdnlqj d jryhuqphqwfrdolwlrq zlwk wkh srru lqvwhdg wkdq zlwk wkh ulfk/ l1h1 zK�cKcR+3, A zK�cKco+3,1Dw ! @ 4 wkh xwlolw| ri wkh plggoh fodvv xqghu wkh jryhuqphqw frdolwlrqzlwk wkh srru zK�cKcR lv htxdo wr |K1 Wklv uhvxow fdq eh rewdlqhg e| revhuylqjwkdw dw ! @ 4 wkh pd{lpl}dwlrq sureohp ri wkh plggoh fodvv lv vxemhfwwr wkh sduwlflsdwlrq frqvwudlqw ri wkh srru zkhuh wkh| duh djhqgd vhwwhuzlwk suredelolw| rqh dw urxqg 5 dqg pd{lpl}h wkhlu xwlolw| vxemhfw wr wkhfrqvwudlqw ri jlylqj wr wkh plggoh fodvv d ohyho ri xwlolw| htxdo wr wkh vwdwxvtxr +zklfk fruuhvsrqgv wr wkhlu ohyho ri lqfrph |K,1:<Iurp wkh pd{lpl}dwlrq sureohp ri wkh plggoh fodvv zkhq vkh irupv djryhuqphqw frdolwlrq zlwk ulfk/ lw lv lpphgldwh wr yhuli| wkdw zK�cKco lv dozd|vjuhdwhu wkdq |K dw ! @ 41 Lqghhg/ iurp wkh sduwlflsdwlrq frqvwudlqw ri wkhulfk dw ! @ 4/ uhdglqj
+4� ��cKco, |o .K+jo�cKco, A +4� �2cRcK, |ozh nqrz wkdw wkh plggoh fodvv frxog lpsohphqw wkh iroorzlqj srolf|= 3 ?��cKco 9 �2cRcK/ jo�cKco @ 3/ jK�cKco @ ��cKco|1 Wklv srolf| vdwlv�hv wkh sduwlfl0sdwlrq frqvwudlqw ri wkh ulfk dqg jlyhv wr wkh plggoh fodvv d kljkhu xwlolw|wkdq khu lqfrph ohyho |K1;3 Jlyhq wkdw wkh rswlpdo srolf| jlyhv wr plggohfodvv d kljkhu xwlolw| wkdq wklv srolf|/ dqg wkhuhiruh ri |K/ lw lv fohdu wkdwzK�cKco +4, A zK�cKcR +4,1

:<Irupdoo|/ wkh pd{lpl}dwlrq sureohp zkhq � ' � lv wkh iroorzlqj=
4@ t�4>e>s��K4>e>s ' ��3 �4>e>s� +K nME��cKcR+ 3 }R�cKcR�

r�|� E�3 � �cKcR� +R nME}R�cKcR� A 4@ t�5>s>e� E�3 � 2cRcK� +R nME�2cRcK+ 3 }K2cRcK�
r�|� �K2cRcK 
 E�3 �2cRcK� +K nME}K2cRcK� ' +K

dqg lw lv lpphgldwh wr yhuli| wkdw �K4>e>s ' �K2cRcK ' +K1;3Zh duh dvvxplqj wkdw wkh sduwlflsdwlrq frqvwudlqw ri wkh ulfk lv qrw elqglqj dw � ' �/
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4417 Surri ri Uhvxow 4Lq wklv Dsshqgl{ zh vkrz wkdw xqghu wkh dvvxpswlrqv vwdwhg lq wkh pdlqwh{w wkh iroorzlqj lqhtxdolwlhv krog iru doo != � o ? ��cKco ? ��cKcR1 Wr wklvdlp/ zh �uvw suryh wkdw � o ? ��cKco 9 � K e| vkrzlqj wkdw ��cKco @ � o dw! @ 3/ ��cKco @ � K dw ! @ 4/ dqg wkdw ��cKco lv prqrwrqlfdoo| lqfuhdvlqj lq !1Qh{w/ zh vkrz wkdw � K ? ��cKcR1Dw ! @ 3 wkh ulfk duh djhqgd vhwwhu zlwk suredelolw| rqh dw urxqg 5/dqg wkh| irup wkh jryhuqphqw frdolwlrq zlwk wkh srru1 Li wkh lqfrph riwkh srru lv htxdo wr }hur/ wkh �vfdo srolf| lpsohphqwhg dw wkh vhfrqg urxqgfruuhvsrqgv wr wkh glfwdwruldo srolf| ri wkh ulfk dv wkh srru gr qrw qhhgwr eh frpshqvdwhg zlwk d srvlwlyh dprxqw ri wkhlu suhihuuhg sxeolf jrrg1Wkxv/ wr irup d jryhuqphqw frdolwlrq dw urxqg 4/ wkh plggoh fodvv kdv wrsursrvh d srolf| wr wkh ulfk vxfk wkdw wkhlu ohyho ri xwlolw| lv wkh vdph wkh|rewdlq dw urxqg 51 Jlyhq wkdw wkh odwwhu lv htxdo wr lwv joredo xqfrqvwudlqhgpd{lpxp/ wkh plggoh fodvv fdq rqo| lpsohphqw wkh glfwdwruldo srolf| ri wkhulfk/ wkdw lv= ��cKco @ �2cocR @ � o/ jo�cKco @ jo2cocR @ � o| dqg jK�cKco @ 31 Lq rwkhuzrugv/ wkh srolf| lpsohphqwhg +dqg wkh wd{ udwh fkrvhq, e| wkh jryhuqphqwfrdolwlrq iruphg e| wkh plggoh fodvv dqg wkh ulfk dw ! @ 3 +li |R @ 3, lv wkhvdph dv wkh rqh lq pdmrulwduldq ghprfudf|1Zh kdyh suhylrxvo| vkrzq wkdw ��cKco @ � K iru doo ydoxhv ri ! vxfk wkdwwkh sduwlflsdwlrq frqvwudlqw ri wkh ulfk lv qrw elqglqj dqg wkdw wklv lv dozd|vwkh fdvh dw ! @ 4 li |R @ 31Wr suryh wkdw ��cKco lv prqrwrqlfdoo| lqfuhdvlqj lq !/ frqvlghu wkh �uvwrughu frqglwlrq +4:, iru wkh pd{lpl}dwlrq sureohp ri wkh plggoh fodvv lq wkhjryhuqphqw frdolwlrq zlwk wkh ulfk zkhq wkh sduwlflsdwlrq frqvwudlqw ri wkhulfk lv elqglqj/ qdpho|;4
|K @ K}+� �cKco| � jo�cKco,#| � |oK}+jo�cKco,

$
dqg gl�huhqwldwh lw zlwk uhvshfw wr !1 Li zh wdnh lqwr frqvlghudwlrq wkh idfwwkdw iurp wkh sduwlflsdwlrq frqvwudlqw ri wkh ulfk +47, jo�cKco @ jo�cKco �!> � �cKco+!,�/wkh gl�huhqwldwlrq ri wkh �uvw rughu frqglwlrq lpsolhv wkdw
l1h1 wkdw � K : � 2cRcK/ ehfdxvh rwkhuzlvh �K4>e>u zrxog eh dw lwv joredo pd{lpxp +kljkhuwkdq +K,1 Pruhryhu/ qrwlfh wkdw wkh srolf| frqvlghuhg kdv ��cKco 9 �2cRcK/ zklfk lpsolhvwkdw wkh sduwlflsdwlrq frqvwudlqw ri wkh ulfk lv qrw elqglqj dqg doorzv wkh plggoh fodvv wrvhw }o�cKco ' f/ }K�cKco ' ��cKco+1;4Zh uhplqg wkdw � �cKco ' � K zkhq wkh sduwlflsdwlrq frqvwudlqw lv qrw elqglqj1
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K}}+jK�cKco,�C� �cKcoC! | � Cjo�cKcoC� �cKco
C� �cKcoC! � Cjo�cKcoC! �%| � |oK}+jo�cKco,

&.

.K}+jK�cKco,|oK}}+jo�cKco, � Y}o�cKcoY��cKco Y��cKcoY� . Y}o�cKcoY�
�

kK}+jo�cKco,l2 @ 3=
Iurp +47,/ zh kdyh wkdw

Cjo�cKcoC� �cKco @ |oK}+jo�cKco,dqg vxevwlwxwlqj wklv h{suhvvlrq lq wkh suhylrxv htxdwlrq jlyhv xv
C��cKcoC!

;A?A=K}}+jK�cKco,%| � |oK}+jo�cKco,
&2 .K}}+jo�cKco,+|o,2K}+jK�cKco,kK}+jo�cKco,l�

<A@A>.

.Cjo�cKcoC!
;A?A=�K}}+jK�cKco,%| � |oK}+jo�cKco,

&.K}}+jo�cKco, |oK}+jK�cKco,kK}+jo�cKco,l2
<A@A> @ 3=

+84,
Htxdwlrq +84, doorzv xv wr ghwhuplqh wkh vljq ri Y��cKcoY� 1 Lqghhg/ qrwlfh wkdwwkh whup lq judsk sduhqwkhvlv wkdw pxowlsolhv Y��cKcoY� lv dozd|v qhjdwlyh dqgiurp +78, zh nqrz wkdw Y}o�cKcoY� ? 31 Wkhuhiruh/ wkh vljq ri wkh uhodwlrqvklsehwzhhq ��cKco dqg ! ghshqgv rq wkh vljq ri wkh whup lq wkh vhfrqg judsksduhqwkhvlv ri +84, zklfk pxowlsolhv Y}o�cKcoY� 1 Lq sduwlfxodu/ Y��cKcoY� A 3 li dqgrqo| li

�K}}+jK�cKco,%| � |oK}+jo�cKco,
&.K}}+jo�cKco, |oK}+jK�cKco,kK}+jo�cKco,l2 9 3 +85,
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dqg ylfh yhuvd1Hyhq wkrxjk lq jhqhudo lw lv qrw srvvleoh wr jlyh d gh�qlwh vljq wr wkhohiw kdqg vlgh ri +85,/ dvvxplqj d srzhu ixqfwlrq iru wkh xwlolw| ri wkh sxeolfjrrg lw wxuqv rxw wkdw lqhtxdolw| +85, lv vdwlv�hg li
D+jo�cKco,k� �cKco|o 9 4� +86,

zkhuh wkh qxphudwru ri wkh ohiw kdqg vlgh ri +86, lv wkh xwlolw| wkdw wkhulfk jhw iurp wkhlu suhihuuhg sxeolf jrrg surylghg dqg wkh ghqrplqdwruuhsuhvhqwv wkh wd{hv wkh| sd|1 Lw lv xvhixo wr uhzulwh lqhtxdolw| +86, dv
D+jo�cKco,k � � �cKco|o 9 +4� �,D+jo�cKco,k= +87,

Wkh sduwlflsdwlrq frqvwudlqw ri wkh ulfk +47, fdq eh uhzulwwhq dv;5
���cKco|o .D+jo�cKco,k @ +4� !, ���2cocR|o .D+jo2cocR,k�� !�2cRcK|o +88,dqg vxevwlwxwlqj +88, lqwr +87, ohdgv wr wkh iroorzlqj zhdn lqhtxdolw|
+4� !, ���2cocR|o .D+jo2cocR,k�� !�2cRcK|o � +4� �,D+jo�cKco,k 9 3= +89,Qrz/ li zh wdnh lqwr frqvlghudwlrq wkh idfw wkdw wkh glfwdwruldo srolf| ri wkhulfk lv lpsohphqwhg dw urxqg 5 xqghu wkh ulfk dqg srru frdolwlrq +vhh wkhglvfxvvlrq deryh,/ zh duh deoh wr uhzulwh +89, dv;6
+4� !, +4� �,� k�3kD ��3k

� ||o� k�3k � !�2cRcK|o � +4� �,D+jo�cKco,k 9 3=+8:,Qrwlfh wkdw rqo| wkh �uvw frpsrqhqw ri wkh ohiw kdqg vlgh ri +8:, lv srvlwlyhdqg wklv whup ghfuhdvhv xqwlo }hur dv |o lqfuhdvhv1;7 Wkhuhiruh/ wkhuh h{lvwv
;5Zh kdyh xvhg wkh srzhu vshfl�fdwlrq iru MEu� dqg vxevwudfwhg +o wr erwk vlghv1;6Zh duh xvlqj wkh idfw wkdw �2cocR ' � o/ }o5>u>s ' �o+ zlwk �o ' �k�+�+u

� 44�� 1;7Wkh �uvw frpsrqhqw ri +89, dqg +8:, uhsuhvhqwv wkh qhw jdlq +zlwk uhvshfw wr wkhvwdwxv txr, ri wkh ulfk lq xwlolw| whupv zkhq wkh| duh djhqgd vhwwhu dw urxqg 5 pxowlsolhge| E�3 ��1 Fohduo|/ wklv frpsrqhqw jrhv wr }hur dv � whqgv wr rqh1
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d |o vx!flhqwo| kljk uhodwlyho| wr | vxfk wkdw +8:, lv dozd|v vdwlv�hg/ zklfklq wxuq phdqv wkdw Y��cKcoY� A 31;8Dw wklv srlqw zh nqrz wkdw ��cKco lv prqrwrqlfdoo| lqfuhdvlqj lq !/ wkdw��cKco +3, @ � o dqg wkdw ��cKco +4, @ � K dqg wklv lpsolhv wkdw � o ? ��cKco 9 � K1Zh qrz zdqw wr suryh wkdw ��cKcR lv dozd|v kljkhu wkdq � K dqg wr wklvdlp zh vkrz wkdw ��cKcR @ � K dw ! @ 3 dqg wkdw ��cKcR lv lqfuhdvlqj lq !1Wkh �uvw srlqw lv hdvlo| vkrzq e| revhuylqj wkdw wkh plggoh fodvv djhqgdvhwwhu lq wkh frdolwlrq zlwk wkh srru fdq lpsohphqw khu glfwdwruldo srolf|+��cKcR @ � K/ jK�cKcR @ � K| dqg jR�cKcR @ 3, dw ! @ 3 li |R @ 3 ehfdxvh wkhsduwlflsdwlrq frqvwudlqw ri wkh srru +4;, lv qrw elqglqj1 Wr suryh wkh vhfrqgsrlqw zh wdnh wkh �uvw rughu frqglwlrq +53, iru wkh pd{lpl}dwlrq sureohp riwkh plggoh fodvv lq wkh frdolwlrq zlwk wkh srru
|K @ K}+��cKcR| � jR�cKcR,�| � |RK} +jR�cKcR,

�
dqg zh gl�huhqwldwh lw zlwk uhvshfw wr !1 Iurp wkh sduwlflsdwlrq frqvwudlqwri wkh srru +4;, zh nqrz wkdw jR�cKcR @ jR�cKcR �!> � �cKcR+!,�/ zklfk lpsolhv wkdwwkh gl�huhqwldwlrq ri wkh �uvw rughu frqglwlrq jlyhv xv

K}}+jK�cKcR,�C� �cKcRC! | � CjR�cKcRC� �cKcR
C� �cKcRC! � CjR�cKcRC! ��| � |RK}+jR�cKcR,

�.

.K}+jK�cKcR,|RK}}+jR�cKcR, � Y}R�cKcRY��cKcR Y��cKcRY� . Y}R�cKcRY�
�

^K}+jR�cKcR,`2 @ 3=
Wkhq/ xvlqj wkh idfw wkdw Y}R�cKcRY��cKcR @ +RM}E}R�cKcR� dqg uhduudqjlqj whupv zh jhw

C��cKcRC!
+K}}+jK�cKcR,�| � |RK} +jR�cKcR,

�.K}}+jR�cKcR,+|R,2K}+jK�cKcR,^K} +jR�cKcR,`�
,.

;8Xvlqj wkh idfw wkdw wkh glfwdwruldo srolf| ri wkh ulfk lv lpsohphqwhg dw � ' f dqgwkhuhiruh }o4>e>uEf� ' �o+/ lw lv lpphgldwh wr yhuli| wkdw wkh ohiw kdqg vlgh ri +8:, lv htxdowr }hur dw � ' f1 Pruhryhu/ qrwlfh wkdw wkh ohiw kdqg vlgh ri +8:, lv pruh olnho| wr ehsrvlwlyh zkhq � lv vpdoo1 Lq wklv fdvh � �cKco zrxog eh ghfuhdvlqj lq �1 Zkhq +o lq qrwvx!flhqwo| kljk/ wkh qxphulfdo vlpxodwlrqv frq�up wkdw ��cKco lv ghfuhdvlqj iru ydoxhv ri� orz dqg wkhq lw ehfrphv lqfuhdvlqj zkhq � lv elj hqrxjk1 Vhh iru h{dpsoh Iljxuh 61
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.CjR�cKcRC!
+�K}}+jK�cKcR,�| � |RK} +jR�cKcR,

�.K}}+jR�cKcR, |RK}+jK�cKcR,^K} +jR�cKcR,`2
, @ 3=+8;,Iurp wkh gl�huhqwldwlrq ri wkh sduwlflsdwlrq frqvwudlqw iru wkh srru +4;, zhnqrz wkdw Y}R�cKcRY� A 3 +vhh +7:,, dqg wkhuhiruh wkh vljq ri Y��cKcRY� ghshqgv rqwkh vljq ri wkh whup lq wkh vhfrqg judsk sduhqwkhvlv ri +8;, wkdw pxowlsolhvY}R�cKcRY� 1 Li

�K}}+jK�cKcR, �| � |RK} +jR�cKcR,
�.K}}+jR�cKcR, |RK}+jK�cKcR,^K} +jR�cKcR,`2 A 3 +8<,

wkhq Y��cKcRY� A 3/ dqg ylfh yhuvd1 Lq wklv fdvh zh grq*w qhhg wr xvh d srzhuixqfwlrq vshfl�fdwlrq iruK+�, ehfdxvh xvlqj wkh idfw wkdw |R @ 3 dqg jR�cKcR A3 iru doo ! A 3/ lqhtxdolw| +8<, ehfrphv
�K}}+jK�cKcR,| A 3 +93,zklfk lv dozd|v vdwlv�hg jlyhq wkdw K}}+�, ? 31;9 Wklv lpsolhv wkdw ��cKcR lvprqrwrqlfdoo| lqfuhdvlqj lq ! dqg lwv plqlpxp ohyho lv htxdo wr � K dw ! @ 31

4418 Phdq Suhvhuylqj Vsuhdg 5Lq wklv Dsshqgl{ zh vkrz wkdw lw lv srvvleoh wr rewdlq d vx!flhqw frqglwlrqiru zK�cKco wr eh lqfuhdvlqj +dqg wkhuhiruh !W ghfuhdvlqj, lq |o1 Wklv lv wkhfdvh li wkh lqfuhdvh lq wkh lqfrph ri wkh ulfk ohdgv wr d uhgxfwlrq lq wkhdprxqw ri wkh sxeolf jrrg jo�cKco wkdw wkh plggoh fodvv qhhgv wr surylgh wrwkh ulfk wr vdwlvi| khu sduwlflsdwlrq frqvwudlqw dvvxplqj frqvwdqw wkh lqlwldowd{dwlrq ��cKco1 Gl�huhqwldwlqj wkh sduwlflsdwlrq frqvwudlqw iru wkh ulfk +47,/zklfk zh dvvxph wr eh elqglqj/;: zlwk uhvshfw wr |o/ zh jhw;;
;9 Li zh dvvxph d srzhu ixqfwlrq iru wkh xwlolw| ri wkh sxeolf jrrg/ wkhq lqhtxdolw| +8<,lv vdwlv�hg zkhqhyhu �E}R4>e>s�k : �4>e>s+sk / zkhuh wkh ohiw kdqg vlgh uhsuhvhqwv wkh xwlolw|wkdw wkh srru jhw iurp wkh sxeolf jrrg dqg wkh uljkw kdqg vlgh lv wkh udwlr ehwzhhq wkhwd{hv wkh| sd| dqg k1 Fohduo|/ wklv lqhtxdolw| lv dozd|v vdwlv�hg li +R ' f ehfdxvh wkhuljkw kdqg vlgh lv htxdo wr }hur zkloh wkh ohiw kdqg vlgh lv vwulfwo| srvlwlyh iru doo � : f1Dw � ' f lw lv lpphgldwh wr yhuli| wkdw Y�4>e>sY� ' f1;:Wklv phdqv wkdw lw krogv zlwk vwulfw htxdolw| lq htxloleulxp1 Li wkh frqvwudlqw +47,lv qrw elqglqj/ wkh srolf| lpsohphqwhg e| wkh plggoh fodvv fruuhvsrqgv wr khu suhihuuhgsrolf|/ zklfk grhv qrw ghshqg rq wkh lqfrph ri wkh ulfk1;;Zh xvh wkh idfw wkdw
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CK+jo�cKco,C|o @ ��cKco � ^+4� !, �2cocR . !�2cRcK` +94,
dqg wkhuhiruh YME}o�cKco�Y+o ? 3 li

��cKco ? +4� !, �2cocR . !�2cRcK � H +�2, =Wkdw lv/ dq lqfuhdvh lq wkh lqfrph ri wkh ulfk ohdgv wr dq lqfuhdvh lq zK�cKcoli wkh h{shfwhg wd{ udwh dw urxqg 5 lv kljkhu wkdq wkh wd{ udwh dw urxqg 41Lqghhg/ lq wklv fdvh dq lqfuhdvh lq |o zhdnhqv wkh edujdlqlqj srvlwlrq ri wkhulfk dw urxqg 4 e| pdnlqj pruh frvwo| iru wkhp wr wxuq grzq dq| srolf|frdolwlrq sursrvdo irupxodwhg e| wkh plggoh fodvv djhqgd vhwwhu1Zh kdyh suhylrxvo| ghprqvwudwhg wkdw wkh vfkhgxohvzK�cKcR +!, dqgzK�cKco +!,duh ghfuhdvlqj dqg lqfuhdvlqj lq ! uhvshfwlyho|1 Jlyhq wkdw zK�cKcR +!, lv qrwd�hfwhg e| wklv phdq suhvhuylqj vsuhdg zkloh zK�cKco +!, vkliwv xszdug/ lwwxuqv rxw wkdw wkh wkuhvkrog !W jrhv grzq1 Wkhuhiruh/ zh frqfoxgh wkdw wkhlqfuhdvh lq lqfrph lqhtxdolw| ohdgv wr d uhgxfwlrq ri wkh udqjh +3> !W, zkhuhwkh frqvhqvxdo ghprfudf| lv fkrvhq dqg wklv phdqv wkdw lw lv pruh olnho| wkhdgrswlrq ri d pdmrulwduldq frqvwlwxwlrq1
4419 Pdmrulwduldq Ghprfudf| Htxloleulxp zlwk Jhqhudo dqgVshfl�f Sxeolf JrrgvLq wklv Dsshqgl{ zh vkrz wkdw lq pdmrulwduldq ghprfudf|/ rqo| plggoh fodvvflwl}hq0fdqglgdwhv uxq iru r!fh li � 5 ^3> �W` dqg rqo| ulfk flwl}hq0fdqglgdwhvuxq iru r!fh zkhq � 5 ^�W> 4`1 Wkh surri ri wklv uhvxow lv vlplodu wr wkdw riSursrvlwlrq 41Zh �uvw ghwhuplqh wkh glfwdwruldo srolf| ri hdfk vrfldo jurxs m 5 @ �is> e> uj/ zklfk lv wkh vroxwlrq ri wkh iroorzlqj sureohp

_ �E�3 �2cocR� +o nME�2cocR+ 3 }R2cocRE� 2cocR( +K���_+o ' _�o2cocR_+o '
' Y�o2cocRY� 2cocR Y� 2cocRY+o n Y�o2cocRY+o ' �3 � 2cocR

vlqfh Y�u5>u>sY�5>u>s ' f durxqg � 2cocR e| wkh hqyhorsh wkhruhp1
9:



pd{t� � c}� c^��z� @ +4� � �,|� . �+j�,k . +4� �,+t�,k
vxemhfw wr wkh htxloleulxp jryhuqphqw exgjhw frqvwudlqw

� �| @ j� . t�zkhuh t� lv wkh ohyho ri wkh jhqhudo sxeolf jrrg suhihuuhg e| wkh djhqwv rijurxs m1 Wklv pd{lpl}dwlrq sureohp fdq eh uhzulwwhq dv
pd{t� � c}��z� @ +4� � �,|� . �+j�,k . +4� �,+� �| � j�,k=

Wkh vroxwlrq ri wklv sureohp lpsolhv wkdw
t� @ ��+4� �,||� � ��3k

dqg
j� @ ���||� � ��3k

zklfk lq wxuq phdqv wkdw
� � @ � ��3k +|, k�3k +|�,3 ��3k k� ��3k . +4� �, ��3k l = +95,

Lw lv lpphgldwh wr yhuli| wkdw
C� �C|� ? 3

iru doo ydoxhv ri � dqg wkhuhiruh wkh glfwdwruldo wd{ udwhv duh rughuhg dv lqwkh edvholqh prgho +vhh wkh h{suhvvlrq +9,,= � o ? � K ? �R1 Pruhryhu/ lw lvhdv| wr vkrz wkdw wkh vkduh ri wd{ uhyhqxhv vshqw lq wkh jurxs vshfl�f sxeolfjrrg ghshqgv srvlwlyho| rq �= YE}�*� �+�Yw A 31 Ilqdoo|/ Y� �Yw U 3 ghshqglqj rq� U �2 1
9;



Djdlq qrwlfh wkdw/ vlploduo| wr Sursrvlwlrq 4/ wkhuh lv qr htxloleulxp vxfkwkdw +dw ohdvw, d fdqglgdwh iurp hdfk jurxs uxqv iru r!fh ehfdxvh wkh plggohfodvv fdqglgdwh zrxog zlq wkh hohfwlrq zlwk fhuwdlqw| dqg/ wkhuhiruh qhlwkhud srru qru d ulfk fdqglgdwh zrxog uxq djdlqvw klp1 Zh qrz ghwhuplqh zkrwkh zlqqhu lv zkhq wkhuh duh flwl}hq fdqglgdwhv ri wkh iroorzlqj fodvvhv= +l,ulfk dqg plggoh fodvv> +ll, ulfk dqg srru> +lll, plggoh fodvv dqg srru1Fdvh +l,1 Li ulfk dqg plggoh fodvv lqglylgxdov uxq iru r!fh/ wkh zlqqhulv ghwhuplqhg e| wkh yrwh ri wkh srru1 Wkh xwlolw| ri wkh srru li wkh zlqqhulv d ulfk +dqg wkhuhiruh wkhlu glfwdwruldo srolf| lv lpsohphqwhg, lv jlyhq e|
zRco @ +4� � o,|R . +4� �,��+4� �,||o � k�3k

dqg zkhq wkh zlqqhu lv d flwl}hq0fdqglgdwh iurp wkh plggoh fodvv
zRcK @ +4� � K,|R . +4� �, ��+4� �,||K � k�3k

zkhuh � o dqg � K duh wkh glfwdwruldo wd{ udwhv dv gh�qhg e| wkh h{suhvvlrq+95,1Rqh fdq hdvlo| yhuli| wkdw dw � @ 3 wkh srru suhihu wkh plggoh fodvv wrwkh ulfk ehfdxvh zRcK+3, A zRco+3,/ zkloh wkh rssrvlwh lv wuxh dw � @ 4 zkhuhzRcK+4, ? zRco+4,1 Lqghhg/
zRco+3, @ |R . � ��3k +|, k�3k |o � �|R+|o, ��3kdqg
zRcK+3, @ |R . � ��3k +|, k�3k |K � �|R+|K, ��3k =

Lw lv lpphgldwh wkdw zRcK+3, A zRco+3, li
|K � �|R+|K, ��3k A |o � �|R+|o, ��3k = +96,

Gh�qh
9<



i+|, @ | � �|R| ��3kdqg gl�huhqwldwh lw zlwk uhvshfw wr |1 Zh rewdlq wkdw
i �+|, @ �+|R � |,+4� �,| 23k�3kzklfk lpsolhv wkdw i �+|, ? 3 zkhqhyhu |R ? |1 Wklv lpsolhv wkdw wkh lq0htxdolw| lq +96, dozd|v krogv jlyhq wkdw | fdq eh htxdo wr |K dqg |o wkdw duherwk juhdwhu wkdq |R1;<Wkh lqwxlwlrq iru wklv uhvxow lv vwudljkwiruzdug1 Zkhq � @ 3 doo wd{uhyhqxhv duh vshqw lq wkh jhqhudo sxeolf jrrg dqg wkh srru suhihu wkh plggohfodvv wr wkh ulfk ehfdxvh wkh dprxqw ri sxeolf jrrg surylghg e| wkh plggohfodvv lv forvhu wr wkhlu suhihuuhg ohyho1 Frqyhuvho|/ zkhq � @ 4 zh duh lqrxu edvholqh prgho zkhuh doo jryhuqphqw uhyhqxhv duh vshqw lq wkh vshfl�fsxeolf jrrg ri wkh zlqqhu/ dqg wkhuhiruh wkh srru suhihu wkh jurxs wkdw wd{hvohvv/ l1h1 wkh ulfk1Zh qrz vkrz wkdw wkhuh h{lvwv d �W 5 +3> 4, vxfk wkdw zRcK+�W, @ zRco+�W,1Fohduo|/ zkdw zh kdyh vkrzq deryh lpsolhv wkdw zRcK+�, A zRco+�, li � 5^3> �W,/ dqg zRcK+�, ? zRco+�, zkhq � 5 +�W> 4`1 Zlwk vrph dojheud zh �qgwkdw �W lv lpsolflwo| gh�qhg e| wkh iroorzlqj htxdwlrq<3

� �W4� �W� ��3k @ +|K, kk3� � +|o, kk3��|R k+|K, �k3� � +|o, �k3� l � 4= +97,
Wkhuhiruh/ wkh srru suhihu wkh plggoh fodvv zkhq � 5 ^3> �W,/ wkh| suhihuwkh ulfk li � 5 +�W> 4` dqg wkh| duh lqgl�huhqw dw � @ �W1Fdvh +ll,1 Wkh zlqqhu ehwzhhq d ulfk dqg d srru flwl}hq0fdqglgdwh lvghwhuplqhg e| wkh yrwh ri wkh plggoh fodvv/ zkrvh xwlolw| lv jlyhq e|

zKco @ +4� � o,|K . +4� �, ��+4� �,||o � k�3k
;<Dqrwkhu zd| wr suryh wkdw �RcKEf� : �RcoEf� lv wr qrwlfh wkdw wkh xwlolw| ri wkh srrulv vwulfwo| lqfuhdvlqj lq � xqwlo � 	 �R zkhq wkhuh lv wkh jhqhudo sxeolf jrrg rqo|1 Jlyhqwkdw �o 	 � K 	 �R rxu uhvxow iroorzv1<3Wkh ydoxh ri wW ghshqgv rq wkh lqfrph glvwulexwlrq ++Rc +Kc +o, dqg wkh xwlolw| ixqfwlrq+k,1 Pruhryhu/ lw lv qhjdwlyho| uhodwhg wr +R1
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zkhq wkh zlqqhu lv wkh ulfk/ dqg lw lv
zKcR @ +4� �R,|K . +4� �, ��+4� �,||R � k�3k

li wkh zlqqhu lv wkh srru1Iurp rxu edvholqh prgho/ zh douhdg| nqrz wkdw zkhq � @ 4 wkh plggohfodvv suhihuv wkh ulfk wr wkh srru dv zKcR+4, ? zKco+4,1 Zh fdqqrw vwdwh lqwklv fdvh wkdw wkh plggoh fodvv dozd|v suhihuv wkh srru wr wkh ulfk zkhq � @ 3ehfdxvh wklv ghshqgv rq wkh lqfrphv ri wkh wkuhh jurxsv dqg wkh ydoxh ri �1Zh qrz ghwhuplqh +li lw h{lvwv, wkh ydoxh ri �WW 5 ^3> 4` vxfk wkdwzKcR+�WW, @ zKco+�WW,1 Dvvxplqj wkdw lw h{lvwv/ diwhu vrph dojheud rqh fdq�qg wkdw �WW lv lpsolflwo| gh�qhg e| wkh iroorzlqj h{suhvvlrq
� �WW4� �WW� ��3k @ +|R, kk3� � +|o, kk3��|K k+|R, �k3� � +|o, �k3� l � 4= +98,

Li �WW grhv qrw h{lvw/ wkhq zKcR lv dozd|v orzhu wkdq zKco dqg wkh plggohfodvv dozd|v suhihuv wkh ulfk wr wkh srru +l1h1 iru doo � 5 ^3> 4`,1 Li �WW A 3/wklv phdqv wkdw zKcR+�, A zKco+�, zkhq � 5 ^3> �WW,/ dqg zKcR+�, ? zKco+�,zkhq � 5 +�WW> 4`1 Lq rwkhu zrugv/ wkh plggoh fodvv yrwhv iru wkh srru zkhqwkh wdvwh iru wkh jhqhudo sxeolf jrrg lv vx!flhqwo| kljk dqg iru wkh ulfkzkhq wklv wdvwh lv orz1 Wkh lqwxlwlrq iru wklv uhvxow lv wkh iroorzlqj= wkh�vfdo srolf| ghflghg e| wkh ulfk lv fkdudfwhul}hg e| orz wd{dwlrq dqg orzsurylvlrq ri wkh jhqhudo sxeolf jrrg/ zkloh wkh srolf| ri wkh srru lqyroyhv dkljkhu wd{ udwh dqg kljkhu surylvlrq ri wkh jhqhudo sxeolf jrrg1 Wkh srolf|ri wkh srru pd| eh suhihuuhg wr wkh srolf| ri wkh ulfk rqo| zkhq wkh wdvwhri lqglylgxdov iru wkh jhqhudo sxeolf jrrg lv vx!flhqwo| kljk +� orz, ehfdxvhlq wklv fdvh wkh srru vshqg d juhdwhu iudfwlrq ri wkh wd{ uhyhqxhv lq wkhjhqhudo sxeolf jrrg dqg/ rq wkh rwkhu kdqg/ wkh plggoh fodvv djhqwv ghulyh dkljk xwlolw| iurp wkh jhqhudo sxeolf jrrg surylvlrq1 Khqfh/ wkh kljkhu xwlolw|ghulyhg e| wkh plggoh fodvv iurp wkh surylvlrq ri wkh jhqhudo sxeolf jrrgpd| pruh wkdq frpshqvdwh wkhlu glvxwlolw| iru wkh kljkhu wd{dwlrq1Lw lv srvvleoh wr vkrz wkdw �WW ? �W1 Lqghhg/ wklv lv wuxh li wkh iroorzlqjlqhtxdolw| lv vdwlv�hg
+|K, kk3� � +|o, kk3��|R k+|K, �k3� � +|o, �k3� l A +|R, kk3� � +|o, kk3��|K k+|R, �k3� � +|o, �k3� l
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zklfk fdq eh uhzulwwhq dv
|K k+|K, kk3� � +|o, kk3� l

+|K, �k3� � +|o, �k3� A |R k+|R, kk3� � +|o, kk3� l
+|R, �k3� � +|o, �k3� =

Jlyhq wkdw |K A |R/ wkh deryh lqhtxdolw| krogv li wkh ixqfwlrq
j+|, @ | k| kk3� � +|o, kk3� l

| �k3� � +|o, �k3�
lv lqfuhdvlqj lq |1 Diwhu vrph dojheud/ zh �qg wkdw wkh ghulydwlyh ri j+�,zlwk uhvshfw | lv
j�+|, @ 5|3 �nk�3k . +|o,3 �nk�3k . 2k3��3k |3 k�3k +|o,3 ��3k . 2k3��3k |3 ��3k +|o,3 k�3kk| �k3� � +|o, �k3� l2
zklfk lv dozd|v srvlwlyh jlyhq wkdw | +zklfk fdq eh htxdo wr |R dqg |K, lvdozd|v orzhu wkdq |o1Fdvh +lll,1 Lq wkh frpshwlwlrq ehwzhhq d plggoh fodvv dqg d srruflwl}hq0fdqglgdwh/ wkh ulfk zrxog dozd|v yrwh iru wkh plggoh fodvv fdqglgdwh/zklfk wkhuhiruh wxuqv rxw wr eh wkh zlqqhu1Lqghhg/ zh fdq �uvw hdvlo| yhuli| wkdw wkh ulfk suhihu wkh plggoh fodvv wrwkh srru li � @ 3/ l1h1 wkdw zocK+3, A zocR+3,/ e| revhuylqj wkdw wkh xwlolw|ri wkh ulfk lv vwulfwo| ghfuhdvlqj lq � zkhq � A � o dqg wkdw � o ? � K ? �R1Vhfrqg/ wkh xwlolw| ri wkh ulfk zkhq wkh plggoh fodvv glfwdwruldo srolf| lvlpsohphqwhg uhdgv

zocK @ +4� � K,|o . +4� �, ��+4� �,||K � k�3k +99,
dqg lw uhdgv lqvwhdg

zocR @ +4� �R,|o . +4� �,��+4� �,||R � k�3k +9:,
:5



xqghu wkh glfwdwruldo srolf| ri wkh srru1 Vxevwlwxwlqj � o dqg � K dv gh�qhge| +95, lqwr +99, dqg +9:,/ zh jhw wkdw zocK+�, A zocR+�, li dqg rqo| li wkhiroorzlqj lqhtxdolw| krogv
� �4� �� ��3k A +|R, kk3� � +|K, kk3��|o k+|R, �k3� � +|K, �k3� l � 4= +9;,

Qrwlfh wkdw wkh ohiw kdqg vlgh lv lqfuhdvlqj lq � zkloh wkh uljkw kdqg vlgh lvfrqvwdqw1 Wklv phdqv wkdw +9;, lv vdwlv�hg iru doo ydoxhv ri � 5 ^3> 4` li lwlv vdwlv�hg dw � @ 31 Exw/ zh kdyh douhdg| vkrzq wkdw wklv lv wuxh ehfdxvhzocK A zocR dw � @ 31 Khqfh/ zh kdyh rewdlqhg wkdw wkh ulfk dozd|v suhihuwkh plggoh fodvv flwl}hq0fdqglgdwh wr wkh srru rqh1
E| frpelqlqj wkh deryh uhvxowv/ zh fdq hdvlo| vkrz wkdw rqo| plggohfodvv flwl}hq0fdqglgdwhv uxq iru r!fh li � 5 ^3> �W`/ dqg rqo| ulfk flwl}hq0fdqglgdwhv uxq iru r!fh zkhq � 5 ^�W> 4`1 Wkh surri lv wkh iroorzlqj1 Zhkdyh vkrzq deryh wkdw lw fdqqrw eh wkh fdvh wkdw d flwl}hq0fdqglgdwh iurp doowkuhh jurxsv uxqv iru r!fh/ dqg iurp +lll, wkdw lw lv qrw dq htxloleulxp wkhvlwxdwlrq zkhuh wkhuh lv d flwl}hq0fdqglgdwh iurp wkh plggoh fodvv dqg wkhsrru ehfdxvh wkh ulfk dozd|v yrwh iru wkh plggoh fodvv/ vr wkdw wkh srru zlooqrw uxq iru r!fh lq wklv fdvh1 Qrz/ dvvxplqj wkdw �WW A 3 zh kdyh wkdw wkhsdudphwhu vsdfh lv sduwlwlrqhg lqwr wkuhh uhjlrqv= � 5 ^3> �WW`/ � 5 ^�WW> �W`dqg � 5 ^�W> 4`1<4Iluvw frqvlghu wkh fdvh zkhuh � 5 ^�W> 4`1 Iurp +l, zh nqrz wkdw wkh ulfkflwl}hq0fdqglgdwh zlqv djdlqvw wkh plggoh fodvv fdqglgdwh dqg iurp +ll, wkdwkh dovr zlqv djdlqvw wkh srru1 Wkhuhiruh/ wkh htxloleulxp lv vxfk wkdw rqo|wkh ulfk flwl}hq0fdqglgdwh uxqv iru r!fh1Wkhq/ dvvxph wkdw � 5 ^�WW> �W`1 Lq wklv fdvh wkh rqo| htxloleulxp lv wkhrqh zkhuh wkhuh duh fdqglgdwhv iurp wkh plggoh fodvv1 Lqghhg/ iurp +l, dqg+lll, wkh plggoh fodvv zlqv djdlqvw wkh ulfk dqg srru uhvshfwlyho|1 Wklv lvdovr zkdw kdsshqv zkhq � 5 ^3> �WW`1 Wkh rqo| gl�huhqfh frphv iurp +ll,=wkh ulfk zlq djdlqvw wkh srru zkhq � 5 ^�WW> �W` dqg orrvh zkhq � 5 ^3> �WW`1Krzhyhu/ wklv lv qrw lpsruwdqw ehfdxvh wkh ulfk dqg wkh srru qhyhu uxq irur!fh li � ? �W1Vxppdul}lqj/ zh kdyh vkrzq wkdw wkh zlqqhu lv dozd|v d ulfk flwl}hq0fdqglgdwh li � 5 ^3> �W`/ zkloh kh lv iurp wkh plggoh fodvv zkhq � 5 ^�W> 4`1Vlploduo| wr wkh fdvh zkhuh wkhuh duh vshfl�f sxeolf jrrgv rqo|/ wkh qxpehu

<4 Li d ulfk flwl}hq0fdqglgdwh dozd|v zlqv djdlqvw d srru rqh/ wkh surri jrhv dorqj wkhvdph olqhv dqg zh kdyh wzr uhjlrqv= w M dfc wWo dqg w M dwWc �o1
:6



ri flwl}hq fdqglgdwhv uxqqlqj iru r!fh zloo eh vxfk wkdw lq htxloleulxp/lqglylgxdov duh lqgl�huhqw ehwzhhq uxqqlqj dqg qrw uxqqlqj1
441: Frqvhqvxdo Ghprfudf| Htxloleulxp zlwk Jhqhudo dqgVshfl�f Sxeolf JrrgvLq wklv Dsshqgl{ zh vkrz wkdw wkh sduwldo srolwlfdo htxloleulxp lq frqvhqvxdoghprfudf| lv wkh vdph dv wkdw ri wkh edvholqh yhuvlrq ri wkh prgho iru dq|ydoxh ri �1 Lq rwkhu zrugv/ iru dq| jlyhq �/ wkhuh h{lvwv d wkuhvkrog ydoxh!W 5 +3> 4, vxfk wkdw wkh jryhuqphqw frdolwlrq lv pdgh e| wkh plggoh fodvvdqg wkh srru li ! ? !W/ zkloh lw lv pdgh e| wkh plggoh fodvv dqg wkh ulfkzkhq ! A !W1E| d vwudljkwiruzdug hqyhorsh wkhruhp dujxphqw/ wkh xwlolw| ri wkh plg0goh fodvv zkhq vkh irupv d frdolwlrq zlwk wkh srru +wkh ulfk, dw urxqg 4lv vwulfwo| ghfuhdvlqj +lqfuhdvlqj, lq !1 Pruhryhu/ lw lv lpphgldwh +vhh wkhSurri ri Sursrvlwlrq 5 dqg wkh dujxphqwv uhodwlyh wr wkh hqgsrlqwv ydoxhvri wkh vfkhgxohv zK�cKcR +!, dqg zo�cKco +!,/ zklfk fdq eh hdvlo| dgdswhg, wrghgxfh wkdw wkh| gr furvv hdfk rwkhu rqfh ryhu wkh udqjh +3> 4, dw vrph! @ !W1
441; Jhqhudo Srolwlfdo Htxloleulxpzlwk Jhqhudo dqg Vshfl�fSxeolf JrrgvZh �uvw vkrz wkdw wkh srru suhihu wkh frqvhqvxdo frqvwlwxwlrq +zklfk lvwkhuhiruh fkrvhq e| wkh vrflhw|, li wkh| duh sduw ri wkh jryhuqphqw frdolwlrq+! ? !W, zkhq � 5 ^�W> 4`1 Wkh surri lv edvhg rq wkh idfw wkdw wkh plggohfodvv srolf| sursrvdo dw urxqg 4 kdv wr surylgh wr wkh srru d ohyho ri xwlolw|dw ohdvw htxdo wr wkhlu h{shfwhg xwlolw| dw urxqg 51 Lw fdq eh hdvlo| vkrzqwkdw wklv h{shfwhg xwlolw| ri wkh srru lv juhdwhu wkdq wkhlu xwlolw| lq pdmrul0wduldq ghprfudf|1 Lqghhg/ dw urxqg 5 wkh srru duh djhqgd vhwwhu zlwk dsuredelolw| ! dqg zlwk wkh frpsohphqwdu| suredelolw| +4�!, wkh| duh sduwri wkh jryhuqphqw frdolwlrq zlwk wkh ulfk1<5 Lq wkh �uvw fdvh wkhlu xwlolw|lv kljkhu wkdq lq pdmrulwduldq ghprfudf| dqg lw lv dw ohdvw dv kljk dv lqwkh pdmrulwduldq frqvwlwxwlrq lq wkh vhfrqg fdvh1 Wkhq/ lw iroorzv wkdw wkhh{shfwhg xwlolw| ri wkh srru dw wkh vhfrqg urxqg +dqg wkhuhiruh wkh xwlolw|dw urxqg 4 lq wkh frdolwlrq zlwk wkh plggoh fodvv, lv kljkhu wkdq wkh xwlolw|lq pdmrulwduldq ghprfudf|1

<5 Lw lv lpphgldwh wr yhuli| wkdw dovr lq wklv fdvh wkh srru duh wkh fkhdshu wr ex| dwurxqg 51
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Zkhq wkh srru duh qrw sduw ri wkh jryhuqphqw frdolwlrq +! A !W, wkh|vkrxog suhihu wkh pdmrulwduldq ghprfudf|1 Lqghhg/ wkh htxloleulxp lq frq0vhqvxdo ghprfudf| xqghu d plggoh fodvv dqg ulfk frdolwlrq zkhq � 5 ^�W> 4`vkrxog lpso| wkdw d juhdw sduw ri wkh jryhuqphqw uhyhqxhv duh vshqw lq wkhjurxs vshfl�f sxeolf jrrgv suhihuuhg e| wkh plggoh fodvv dqg wkh ulfk dqgrqo| d vpdoo dprxqw ri wkh jhqhudo sxeolf jrrg lv surylghg ehfdxvh wkh wdvwhri wkh lqglylgxdov iru wkh vshfl�f sxeolf jrrg lv kljk dqg iru wkh jhqhudo rqhlv orz1 Wkhuhiruh/ jlyhq wkdw doo wkh srolf| yduldeohv duh frqwlqxrxv ixqfwlrqvri �/ zh h{shfw wkh fkdudfwhulvwlfv ri wkh htxloleulxp qrw wr eh gl�huhqw iurpwkh edvholqh prgho zlwk wkh srru suhihuulqj wkh pdmrulwduldq frqvwlwxwlrq1Ilqdoo| qrwlfh wkdw hyhq wkrxjk zh fdqqrw h{foxgh wkh srvvlelolw| wkdw wkhsrolf| ri wkh plggoh fodvv dqg ulfk frdolwlrq jlyhv wr wkh srru d kljkhu xwlolw|wkdq wkh srolf| lq pdmrulwduldq ghprfudf| zkhq ! lv +juhdwhu exw, qrw wrridu iurp !W/ zh fdq frq�ghqwo| vwdwh wkdw wkhuh lv d !W 9 b! ? 4 vxfk wkdw wkhxwlolw| ri wkh srru zkhq ! A b! lv kljkhu lq pdmrulwduldq ghprfudf|1 Wklv lvvr ehfdxvh ri wkh idfw wkdw wkh srolf| ri wkh plggoh fodvv dqg ulfk frdolwlrqfrqyhujhv wr wkh glfwdwruldo srolf| ri wkh plggoh fodvv dv ! whqgv wr 4/ exwzh nqrz wkdw wkh srru suhihu wkh glfwdwruldo srolf| ri wkh ulfk +pdmrulwduldqghprfudf|, wr wkdw ri wkh plggoh fodvv1Zkhq wkh wdvwh iru wkh jhqhudo sxeolf lv vx!flhqwo| vwurqj/ � 5 ^3> �W`/ wkhuhvxowv ri rxu edvholqh iudphzrun gr qrw krog dq|pruh dqg wkh vrflhw| vkrxogdozd|v fkrrvh wkh pdmrulwduldq ghprfudf|1 Lqghhg/ zh kdyh vkrzq wkdw wkhzlqqhu lv d plggoh fodvv phpehu li zh duh lq pdmrulwduldq ghprfudf|1 Lqfrqvhqvxdo ghprfudf|/ iru dq| jlyhq ohyho ri �/ wkhuh h{lvwv d !W vxfk wkdwwkh plggoh fodvv pdnhv wkh jryhuqphqw frdolwlrq zlwk wkh srru zkhq ! ? !Wdqg zlwk wkh ulfk li ! A !W1 Jlyhq wkdw wkh plggoh fodvv fdq lpsohphqwkhu glfwdwruldo srolf| lq pdmrulwduldq ghprfudf| vkh zloo dozd|v suhihu lwxqfrqglwlrqdoo|1 Wklv phdqv wkdw wkh frqvhqvxdo ghprfudf| lv fkrvhq e|vrflhw| li dqg rqo| li erwk wkh ulfk dqg wkh srru suhihu wklv frqvwlwxwlrq wrwkh glfwdwruvkls ri wkh plggoh fodvv +wkdw dulvh lq wkh pdmrulwduldq v|vwhp,1Hyhq wkrxjk zh gr qrw kdyh d irupdo surri/ zh fdq frq�ghqwo| vwdwh wkdwwklv vlwxdwlrq lv yhu| xqolnho|1Lw lv srvvleoh wr vkrz irupdoo| dqg yhu| hdvlo| wkdw wkh pdmrulwduldqghprfudf| lv dozd|v fkrvhq e| vrflhw| lq wkh vshfldo fdvh zkhuh wkhuh lvwkh jhqhudo sxeolf jrrg rqo| +� @ 3,1 Lq wklv lqvwdqfh/ wkh wd{ udwh lvwkh rqo| srolf| ghflvlrq yduldeoh dqg wkh glfwdwruldo srolflhv ri wkh wkuhhjurxsv duh djdlq rughuhg dv iroorzv= � o ? � K ? �R1 Wkh wd{ udwh ri wkhjryhuqphqw frdolwlrq pdgh e| wkh plggoh fodvv dqg ulfk wxuqv rxw wr ehd frqyh{ frpelqdwlrq ri � K dqg � o/ zkloh wkh wd{ udwh ri wkh plggoh fodvv
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dqg srru lv d frqyh{ frpelqdwlrq ri � K dqg � R1 Khqfh/ zkhq ! ? !W wkhjryhuqphqw frdolwlrq lv pdgh e| wkh plggoh fodvv dqg srru/ dqg wkh ulfksuhihu wkh glfwdwruldo srolf| ri wkh plggoh fodvv ehfdxvh lw lqyroyhv d orzhuwd{ udwh1 Wkhuhiruh/ wkh ulfk dqg wkh plggoh fodvv yrwh iru wkh pdmrulwduldqfrqvwlwxwlrq/ zklfk zloo eh lpsohphqwhg1 Rq wkh rwkhu kdqg/ zkhq ! A !Wwkh jryhuqphqw frdolwlrq lv pdgh e| wkh plggoh fodvv dqg ulfk1 Lq wklv fdvh/wkh srru suhihu wkh glfwdwruldo srolf| ri wkh plggoh fodvv ehfdxvh lw lpsolhv dkljkhu ohyho ri wd{dwlrq dqg surylvlrq ri wkh jhqhudo sxeolf jrrg1 Khqfh/ lqwklv fdvh wkh pdmrulwduldq frqvwlwxwlrq lv fkrvhq dv wkh srru dqg wkh plggohfodvv yrwh iru lw1
Uhihuhqfhv
^4` Dfhprjox/ Gdurq dqg Urelqvrq/ Mdphv D1 �Zk| Glg wkh Zhvw H{whqgwkh IudqfklvhB Ghprfudf|/ Lqhtxdolw|/ dqg Jurzwk lq Klvwrulfdo Shu0vshfwlyh1� Txduwhuo| Mrxuqdo ri Hfrqrplfv/ Qryhpehu 5333/ 448+7,/ ss1449:0<<1^5` Djklrq/ Sklolssh dqg Erowrq/ Sdwulfn1 �Lqfrpsohwh Vrfldo Frqwudfwv1�Mrxuqdo ri wkh Hxurshdq Hfrqrplf Dvvrfldwlrq/ Pdufk 5336/ 4+4,/ ss16;09:1^6` Djklrq/ Sklolssh> Dohvlqd/ Doehuwr dqg Wuheel/ Iudqfhvfr1 �Hqgrjh0qrxv Srolwlfdo Lqvwlwxwlrqv1� Qdwlrqdo Exuhdx ri Hfrqrplf UhvhdufkZrunlqj Sdshu/ Qr1 <339/ Mxqh 53351^7` Dohvlqd/ Doehuwr> Edtlu/ Uh}d dqg Hdvwhuo|/ Zlooldp1 �Sxeolf Jrrgvdqg Hwkqlf Glylvlrqv1� Txduwhuo| Mrxuqdo ri Hfrqrplfv/ Qryhpehu4<<</ 447+7,/ ss1 45760;71^8` Dohvlqd/ Doehuwr dqg Jodhvhu/ Hgzdug1 X1V1 dqg Hxursh= D Zruog riGl�huhqfh1 Iruwkfrplqj 53361^9` Dohvlqd/ Doehuwr> Jodhvhu/ Hgzdug dqg Vdfhugrwh/ Euxfh1 �Zk| Grhvq*wwkh Xqlwhg Vwdwhv Kdyh d Hxurshdq0Vw|oh Zhoiduh VwdwhB� EurrnlqjvSdshuv rq Hfrqrplf Dfwlylw|/ 5334/ 51^:` Dohvlqd/ Doehuwr dqg Urguln/ Gdql1 �Glvwulexwlyh Srolwlfv dqg HfrqrplfJurzwk1� Txduwhuo| Mrxuqdo ri Hfrqrplfv/ Pd| 4<<7/ 43<+5,/ ss1 7980<31
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^;` Dohvlqd/ Doehuwr dqg Urvhqwkdo/ Krzdug1 �D Wkhru| ri Glylghg Jry0huqphqw1� Hfrqrphwulfd/ Qryhpehu 4<<9/ 97+9,/ ss1 46440751^<` Dohvlqd/ Doehuwr dqg Urvhqwkdo/ Krzdug1 Sduwlvdq Srolwlfv/ GlylghgJryhuqphqw dqg wkh Hfrqrp|1 Fdpeulgjh/ Fdpeulgjh Xqlyhuvlw|Suhvv/ 4<<81^43` Dohvlqd/ Doehuwr> Urxelql Qrxulho dqg Frkhq/ Jhudog G1 Srolwlfdo F|0fohv dqg wkh Pdfurhfrqrp|1 Fdpeulgjh/ PD= Wkh PLW Suhvv/ 4<<:1^44` Dohvlqd/ Doehuwr dqg Wdehoolql Jxlgr1 �D Srvlwlyh Wkhru| ri IlvfdoGh�flwv dqg Jryhuqphqw Ghew1� Uhylhz ri Hfrqrplf Vwxglhv/ Mxo|4<<3/ 8:+6,/ ss1 7360471^45` Dxvwhq0Vplwk/ Gdylg1 �Uhglvwulexwlqj Lqfrph Xqghu Sursruwlrqdo Uhs0uhvhqwdwlrq1� Mrxuqdo ri Srolwlfdo Hfrqrp|/ Ghfhpehu 5333/ 43;+9,/ ss1456809<1^46` Dxvwhq0Vplwk/ Gdylg dqg Edqnv/ Mh�uh| V1 �Hohfwlrqv/ Frdolwlrqv/ dqgOhjlvodwlyh Rxwfrphv1� Dphulfdq Srolwlfdo Vflhqfh Uhylhz/ Mxqh 4<;;/;5/ ss1 7380551^47` Edjhkrw/ Zdowhu1 Wkh Hqjolvk Frqvwlwxwlrq1 4;:61^48` Eduehud/ Vdoydgru dqg Mdfnvrq/ Pdwwkhz R1 �FkrrvlqjKrz wr Fkrrvh= Vhoi0Vwdeoh Pdmrulw| Uxohv1� Plphr/ Fdo0liruqld Lqvwlwxwh ri Whfkqrorj|/ 53341 Sdshu dydlodeoh dw=kwws=22zzz1kvv1fdowhfk1hgx2�mdfnvrqp2Mdfnvrq1kwpo1^49` Ehdug/ Fkduohv D1 Dq Hfrqrplf Lqwhusuhwdwlrq ri wkh Frqvwlwxwlrq riwkh Xqlwhg Vwdwhv1 Qhz \run= Wkh Pdfploodq Frpsdq|/ 4<461^4:` Eìqderx/ Urodqg1 �Lqhtxdolw| dqg Jurzwk1� Lq Ehq V1 Ehuqdqnh dqgMxolr M1 Urwhpehuj +hgv1,/ Qdwlrqdo Exuhdx ri Hfrqrplf UhvhdufkPdfurhfrqrplfv Dqqxdo/ 4<<9/ yro1 44/ ss1 440:71 Fdpeulgjh/ PD= PLWSuhvv1^4;` Eìqderx/ Urodqg1 �Xqhtxdo Vrflhwlhv= Lqfrph Glvwulexlwlrq dqg wkhVrfldo Frqwudfw1� Dphulfdq Hfrqrplf Uhylhz/ Pdufk 5333/ <3+4,/ ss1<9045<1^4<` Ehvoh|/ Wlprwk| dqg Frdwh/ Vwhskhq1 �Dq Hfrqrplf Prgho ri Uhsuh0vhqwdwlyh Ghprfudf|1� Txduwhuo| Mrxuqdo ri Hfrqrplfv/ Iheuxdu| 4<<:/445+4,/ ss1 ;804471
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^53` Ehvoh|/ Wlprwk| dqg Frdwh/ Vwhskhq1 �Sxeolf Surylvlrq ri SulydwhJrrgv dqg Wkh Uhglvwulexwlrq ri Lqfrph1� Dphulfdq Hfrqrplf Uh0ylhz/ Vhswhpehu 4<<4/ ;4+7,/ ss1 <:<0;71^54` Fdphurq/ Gdylg U1 �Wkh H{sdqvlrq ri wkh Sxeolf Hfrqrp|= D Frp0sdudwlyh Dqdo|vlv1� Dphulfdq Srolwlfdo Vflhqfh Uhylhz/ Ghfhpehu 4<:;/:5+7,/ ss1 4576045941^55` Fxvdfn/ Wkrpdv1 �Sduwlvdq Srolwlfv dqg Sxeolf Ilqdqfh= Fkdqjhv lqSxeolf Vshqglqj lq wkh Lqgxvwuldol}hg Ghprfudflhv/ 4<8804<;<1� SxeolfFkrlfh/ 4<<:/ <4+627,1 ss1 6:806<81^56` Gdko/ Urehuw1 Glohppdv ri Soxudolvw Ghprfudf|1 Qhz Kdyhq= \doh Xql0yhuvlw| Suhvv/ 4<;51^57` Grzqv/ Dqwkrq|1 Dq Hfrqrplf Wkhru| ri Ghprfudf|1 Qhz \run=Kdushu dqg Urz/ 4<8:1^58` Hssoh/ Ghqqlv dqg Urpdqr/ Ulfkdug H1 �Sxeolf Surylvlrq ri SulydwhJrrgv1� Mrxuqdo ri Srolwlfdo Hfrqrp|/ Iheuxdu| 4<<9d/ 437+4,/ ss1 8:0;71^59` Hssoh/ Ghqqlv dqg Urpdqr/ Ulfkdug H1 �Hqgv Djdlqvw wkh Plggoh=Ghwhuplqlqj Sxeolf Vhuylfh Surylvlrq Zkhq Wkhuh Duh Sulydwh Dowhu0qdwlyhv1� Mrxuqdo ri Sxeolf Hfrqrplfv/ Qryhpehu 4<<9e/ 95+6,/ ss15<:06581^5:` Ihuqdqgh}/ Udtxho dqg Urjhuvrq/ Ulfkdug1 �Rq wkh Srolwlfdo Hfrqrp|ri Hgxfdwlrq Vxevlglhv1�Uhylhz ri Hfrqrplf Vwxglhv/ Dsulo 4<<8/ 95+5,/ss1 57<0951^5;` Kxehu/ Hyho|qh dqg Vwhskhqv/ Mrkq G1 Ghyhorsphqw dqg Fulvlv ri wkhZhoiduh Vwdwh= Sduwlhv dqg Srolflhv lq Joredo Pdunhwv1 Wkh Xqlyhuvlw|ri Fklfdjr Suhvv/ 53341^5<` Ndw}qhovrq/ Lud1 Flw| Wuhqfkhv1 Xuedq Srolwlfv dqg wkh Sdwwhuq ri Fodvvlq wkh Xqlwhg Vwdwhv1 Qhz \run= Sdqwkhrq Errnv/ 4<;41^63` Odnhpdq/ Hqlg dqg Mdphv/ Odpehuw1 Yrwlqj lq Ghprfudflhv1 D Vwxg|ri Pdmrulw| dqg Sursruwlrqdo V|vwhpv1 Orqgrq= Idehu dqg Idehu/ 4<9<1^64` Olmskduw/ Duhqg1 Sdwwhuqv ri Ghprfudf|1 Qhz Kdyhq= \doh Xqlyhuvlw|Suhvv/ 4<<<1
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^65` Olsvhw/ Vh|prxu Pduwlq dqg Jdu| Pdunv1 Lw Glgq*w Kdsshq Khuh1 Zk|Vrfldolvp Idolhg lq wkh Xqlwhg Vwdwhv1 Qhz \run/ Q1\1= Z1Z1 Qruwrq) Frpsdq|/ 53331^66` Ol}}hul/ Dohvvdqgur dqg Shuvlfr/ Qlfrod1 �Wkh Surylvlrq ri Sxeolf JrrgvXqghu Dowhuqdwlyh Srolwlfdo Uhjlphv1� Dphulfdq Hfrqrplf Uhylhz/Pdufk 5334/ <4+4,/ ss1 55806<1^67` Phow}hu/ Doodq K1 dqg Ulfkdug/ Vfrww I1 �D Udwlrqdo Wkhru| ri wkh Vl}hri Jryhuqphqw1� Mrxuqdo ri Srolwlfdo Hfrqrp|/ Rfwrehu 4<;4/ ;<+8,/ ss1<4705:1^68` Phvvqhu/ Pdwwkldv dqg Sroeruq Pdwwldv N1 �Yrwlqj rq Pdmrulw| Uxohv1�Iruwkfrplqj Uhylhz ri Hfrqrplf Vwxglhv/ 53351^69` Plohvl0Ihuuhwwl/ Jldq Pduld> Shurwwl/ Urehuwr dqg Urvwdjqr/ Pdvvlpr1�Hohfwrudo V|vwhpv dqg Sxeolf Vshqglqj1� Txduwhuo| Mrxuqdo ri Hfr0qrplfv/ Pd| 5335/ 44:+5,/ ss1 93<098:1^6:` Pruulvvrq/ Fkulvwldq/ �Klvwrulfdo Shuvshfwlyhv rq Lqfrph Glvwulexwlrq=wkh Fdvh ri Hxursh�/ lq D1E1 Dwnlqvrq dqg I1 Erxujxljqrq +hgv1,/Kdqgerrn ri Lqfrph Glvwulexwlrq yro14/ Dpvwhugdp= Qruwk0Kroodqg/53331^6;` P|huvrq/ Urjhu E1 �Lqfhqwlyhv wr Fxowlydwh Idyruhg Plqrulwlhv xqghuDowhuqdwlyh Hohfwrudo V|vwhpv1� Dphulfdq Srolwlfdo Vflhqfh Uhylhz/ Gh0fhpehu 4<<6/ ;:+7,/ ss1 ;8909<1^6<` Rveruqh/ Pduwlq M1 dqg Volylqvn|/ Do1 �D Prgho ri Srolwlfdo Frpshwl0wlrq zlwk Flwl}hq0Fdqglgdwhv1� Txduwhuo| Mrxuqdo ri Hfrqrplfv/ Iheux0du| 4<<9/ 444+4,/ ss1 980<91^73` Shurwwl/ Urehuwr1 �Jurzwk/ Lqfrph Glvwulexwlrq/ dqg Ghprfudf|=Zkdw wkh Gdwd Vd|1� Mrxuqdo ri Hfrqrplf Jurzwk/ Mxqh 4<<9/ 4+5,/ss1 47<0;:1^74` Shurwwl/ Urehuwr dqg Nrqwrsrxorv/ \ldqrv1 �Iudjphqwhg Ilvfdo Srolf|1�Mrxuqdo ri Sxeolf Hfrqrplfv/ Qryhpehu 5335/ ;9+5,/ ss1 4<405551^75` Shuvvrq/ Wruvwhq> Urodqg Jìudug dqg Wdehoolql Jxlgr1 �Vhsdudwlrq riSrzhuv dqg Srolwlfdo Dffrqwdelolw|1� Txduwhuo| Mrxuqdo ri Hfrqrplfv/Qryhpehu 4<<:/ 445+7,/ ss1 4496045351
:<



^76` Shuvvrq/ Wruvwhq> Urodqg Jìudug dqg Wdehoolql Jxlgr1 �FrpsdudwlyhSrolwlfv ri Sxeolf Ilqdqfh1� Mrxuqdo ri Srolwlfdo Hfrqrp|/ Ghfhpehu5333/ 43;+9,/ ss1 44540941^77` Shuvvrq/ Wruvwhq dqg Wdehoolql/ Jxlgr1 �Lv Lqhtxdolw| Kdupixo iruJurzwkB� Dphulfdq Hfrqrplf Uhylhz/ Mxqh 4<<7/ ;7+6,/ ss1 9330541^78` Shuvvrq/ Wruvwhq dqg Wdehoolql/ Jxlgr1 �Wkh Vl}h dqg Vfrsh ri Jry0huqphqw= Frpsdudwlyh Srolwlfv Zlwk Udwlrqdo Srolwlfldqv� HxurshdqHfrqrplf Uhylhz/ Dsulo 4<<</ 76+709,/ ss1 9<<0:681^79` Shuvvrq/ Wruvwhq dqg Wdehoolql/ Jxlgr1 Srolwlfdo Hfrqrplfv= H{sodlqlqjHfrqrplf Srolf|1 Fdpeulgjh/ PD= Wkh PLW Suhvv/ 5333d1^7:` Shuvvrq/ Wruvwhq dqg Jxlgr Wdehoolql1 �Srolwlfdo Lqvwlwxwlrqv dqg Sro0lf| Rxwfrphv= Zkdw duh wkh Vwlol}hg IdfwvB� Zrunlqj Sdshu/ 5333e/dydlodeoh dw= kwws=22zzz1llhv1vx1vh2�shuvvrqw2zrunsds1kwp1^7;` Shuvvrq/ Wruvwhq dqg Wdehoolql/ Jxlgr1 �Gr Frqvwlwxwlrqv Fdxvh OdujhJryhuqphqwvB Txdvl0H{shulphqwdo Hylghqfh� Hxurshdq Hfrqrplf Uh0ylhz/ Pd| 5335/ 79+708,/ ss1 <3;0<4;1^7<` Shuvvrq/ Wruvwhq dqg Wdehoolql/ Jxlgr1 Hfrqrplf Srolf| lq Uhsuhvhq0wdwlyh Ghprfudflhv1 Fdpeulgjh/ PD= Wkh PLW Suhvv/ 53361^83` Slnhww|/ Wkrpdv1 �Lqfrph Lqhtxdolw| lq Iudqfh 4<340<;1� Fhqwuh iruHfrqrplf Srolf| Uhvhdufk +Orqgrq/ XN,/ Glvfxvvlrq Sdshu Qr1 5;:9/Mxo| 53341^84` Urnndq/ Vwhlq1 Flwl}hqv/ Hohfwlrqv/ Sduwlhv1 Dssurdfkhv wr wkh Frpsdu0dwlyh Vwxg| ri wkh Surfhvv ri Ghyhorsphqw1 Rvor= Xqlyhuvlwhwviruodjhw/4<:31^85` Urguïjxh}/ Iudqflvfr F1 �Lqhtxdolw|/ Uhglvwulexwlrq dqg Uhqw0Vhhnlqj1�Plphr/ Xqlyhuvlw| ri Pdu|odqg/ 4<<<1^86` Urphu/ Wkrpdv dqg Urvhqwkdo/ Krzdug1 �Srolwlfdo Uhvrxufh Doorfd0wlrq/ Frqwuroohg Djhqgdv/ dqg wkh Vwdwxv Txr1� Sxeolf Fkrlfh/ Zlqwhu4<:;/ 66+7,/ ss1 5:0761^87` Urphu/ Wkrpdv dqg Urvhqwkdo/ Krzdug1 �Exuhdxfudwv Yhuvxv Yrwhuv=Rq wkh Srolwlfdo Hfrqrp| ri Uhvrxufh Doorfdwlrq e| Gluhfw Ghprf0udf|1� Txduwhuo| Mrxuqdo ri Hfrqrplfv/ Qryhpehu 4<:</ <6+7,/ ss1 8960;:1
;3



^88` Vdlqw0Sdxo/ Jloohv1 �Wkh G|qdplfv ri H{foxvlrq dqg Ilvfdo Frqvhu0ydwlvp1� Uhylhz ri Hfrqrplf G|qdplfv/ Dsulo 5334/ 7+5,/ ss1 5:806351^89` Vdlqw0Sdxo/ Jloohv dqg Yhuglhu/ Wklhuu|1 �Lqhtxdolw|/ Uhglvwulexwlrqdqg Jurzwk= D Fkdoohqjh wr wkh Frqyhqwlrqdo Srolwlfdo Hfrqrp| Ds0surdfk1� Hxurshdq Hfrqrplf Uhylhz/ 4<<9/ 73/ ss1 :4<0:5;1^8:` Vduwrul/ Jlrydqql1 Frpsdudwlyh Frqvwlwxwlrqdo Hqjlqhhulqj1 Dq Lqtxlu|lqwr Vwuxfwxuhv/ Lqfhqwlyhv dqg Rxwfrphv1 Orqgrq= Pdfploodq/ 4<<71^8;` Vzdqn/ Gxdqh1 �Wkh Srolwlfdo Hfrqrp| ri Jryhuqphqw Grphvwlf H{0shqglwxuh lq wkh D"xhqw Ghprfudflhv/ 4<9304<;31� Dphulfdq SrolwlfdoVflhqfh Uhylhz/ Ghfhpehu 4<:;/ :5+7,/ ss1 4453044831^8<` Wlffkl/ Gdylgh dqg Ylqgljql/ Dqguhd1 �Hqgrjhqrxv Frqvwlwxwlrqv1�Idfxow| ri Hfrqrplfv/ Xqlyhuvlw| ri Xuelqr/ Zrunlqj Sdshu :8/ Rf0wrehu 53351^93` Wxiwh/ Hgzdug U1 Srolwlfdo Frqwuro ri wkh Hfrqrp|1 Sulqfhwrq/ Q1M1=Sulqfhwrq Xqlyhuvlw| Suhvv/ 4<:;1
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