
Hqgrjhqrxv Frqvwlwxwlrqv�
e| Gdylgh Wlffkl dqg Dqguhd Ylqgljql_

Iluvw Gudiw= Iheuxdu| 5335Wklv Gudiw= Iheuxdu| 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 jryhuqphqwdqg d orz ohyho ri wd{dwlrq1 D frqvhqvxdo ghprfudf|/ edvhg rq sursru0wlrqdo hohfwlrqv dqg srvw0hohfwrudo ohjlvodwlyh edujdlqlqj/ uhglvwulexwhvuhvrxufhv wrzdug d eurdghu vshfwuxp ri vrfldo jurxsv exw dovr kdv dodujhu jryhuqphqw dqg d kljkhu ohyho ri wd{dwlrq1 D frqvhqvxdo v|vwhpwxuqv rxw wr eh suhihuuhg e| wkh vrflhw| zkhq h{ dqwh lqfrph lqhtxdolw|lv uhodwlyho| orz/ zkloh d pdmrulwduldq v|vwhp lv fkrvhq zkhq lqfrphlqhtxdolw| lv uhodwlyho| kljk1 Wkxv/ zh dovr surylgh d qhz udwlrqdoh/edvhg rq wkh hqgrjhqhlw| ri wkh srolwlfdo v|vwhp/ ri wkh srvlwlyh rudevhqw +udwkhu wkdq qhjdwlyh, dvvrfldwlrq ehwzhhq htxdolw| dqg uhglv0wulexwlrq wudqvslulqj iurp wkh furvv0vhfwlrqdo hylghqfh ri ghyhorshgfrxqwulhv suhvhqwhg lq vrph uhfhqw vwxglhv1Nh|zrugv= Frqvwlwxwlrqv/ Frqvhqvxdo Ghprfudf|/ Pdmrulwduldq Ghprf0udf|/ Lqhtxdolw|/ Wd{dwlrq/ Uhglvwulexwlrq1MHO Fodvvl�fdwlrq Qxpehuv= G64/ G:5/ S491

WZh zlvk wr wkdqn Gdurq Dfhprjox/ Doehuwr Dohvlqd/ Urodqg Eìqderx/ Dqwrqlr Flf0frqh/ Jhqh Jurvvpdq/ Duhqg Olmskduw/ Pdvvlpr Pruhool/ Wruvwhq Shuvvrq/ Vwhidqr Vdffkl/Jloohv Vdlqw0Sdxo/ Mdphv Vq|ghu/ Jxlgr Wdehoolql dqg vhplqdu sduwlflsdqwv dw SulqfhwrqXqlyhuvlw|/ Eurzq Xqlyhuvlw| dqg PLW iru xvhixo frpphqwv1 D vshfldo wkdqn wr KrzdugUrvhqwkdo iru orqj glvfxvvlrqv/ hqfrxudjhphqwv/ dqg pdq| kljko| ydoxdeoh frpphqwv dqgvxjjhvwlrqv1 Wlffkl judwhixoo| dfnqrzohgjhv �qdqfldo vxssruw iurp wkh Hxurshdq Frpplv0vlrq wkurxjk wkh UWQ judqw �Vshfldol}dwlrq Yhuvxv Glyhuvl�fdwlrq1� Ylqgljql judwhixoo|dfnqrzohgjhv �qdqfldo vxssruw iurp Sulqfhwrq Xqlyhuvlw| dqg PLW1 Wkh xvxdo glvfodlphuvdsso|1_Gdylgh Wlffkl= Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Xuelqr +Lwdo|, dqg Xqlyhuvlw|Srpshx Ideud +Vsdlq,1 H0pdlo= wlffklChfrq1xqlxue1lw1 Dqguhd Ylqgljql= Ghsduwphqw riHfrqrplfv/ Pdvvdfkxvhwwv Lqvwlwxwh ri Whfkqrorj| +XVD,1 H0pdlo= dqguhd4Cplw1hgx1
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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

5



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 h{hfxwlyh dqg ohj0lvodwlyh srzhu1 Ilqdoo|/ zkhuhdv lq pdmrulwduldq ghprfudf| wkh h{hfxwlyhsrzhu lv w|slfdoo| frqfhqwudwhg lq rqh0sduw|/ eduh0pdmrulw| fdelqhwv/ lq frq0vhqvxdo ghprfudf| lw lv pxfk pruh vsuhdg/ dqg jryhuqphqwv duh qrupdoo|wkh h{suhvvlrq ri d frdolwlrq ri gl�huhqw sduwlhv14Dprqj 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 Qruwkhuq Hxurshdq frxqwulhv lq0foxglqj wkh Qhwkhuodqgv/ Ehojlxp/ Qruzd|/ Dxvwuld dqg Vzlw}huodqg1 Krz0hyhu/ pdq| lpsruwdqw lqvwlwxwlrqdo hohphqwv ri wkh frqvhqvxdo prgho duhdovr vkduhg e| vhyhudo rwkhu frxqwulhv ri Frqwlqhqwdo Hxursh15Wkh 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,/ Dxvwhq0Vplwk +5333,/ Shuvvrq dqg Wdehoolql +5333,/Ol}}hul dqg Shuvlfr +5334, dqg Plohvl0Ihuuhwwl/ Shurwwl dqg Urvwdjqr +5335,1Doo ri wkhvh sdshuv kdyh surylghg dqvzhuv wr lpsruwdqw txhvwlrqv uhodwlyhwr vxfk lvvxhv dv wkh gl�huhqw lqfhqwlyhv iru srolwlfldqv wr h{wudfw uhqwv/ dqgwr vxsso| fdvk wudqvihuv yhuvxv sxeolf jrrgv/ dqg gl�huhqw w|shv ri sxeolfjrrgv/ wr wkh flwl}hqv/ dfurvv gl�huhqw hohfwrudo uxohv dqg srolwlfdo v|vwhpv1Doo ri wkhp duh/ krzhyhu/ edvhg rq wkh suhplvh ri wdnlqj srolwlfdo lqvwlwxwlrqvdv �jlyhq�1Khuh zh dwwhpsw lqvwhdg wr surylgh dq hfrqrplf wkhru| ri wkh fkrlfhri d ghprfudwlf frqvwlwxwlrq/ rq wkh edvh ri rqh sulplwlyh ixqgdphqwdo=wkh +suh0wd{, glvwulexwlrq ri lqfrph zlwklq d vrflhw|1 Wkh irfxv rq wkhglvwulexwlrq ri lqfrph lv prwlydwhg e| wkh lqvljkwv surylghg e| wkh srvlwlyhsrolwlfdo hfrqrplfv wkhru| ri wd{dwlrq dqg uhglvwulexwlrq lq ghprfudflhv +h1j1
4Rwkhu lpsruwdqw lqvwlwxwlrqdo gl�huhqfhv ehwzhhq pdmrulwduldq dqg frqvhqvxdo ghprf0udf| duh uhodwhg wr wkh vwuxfwxuh ri wkh sduw| +wzr yhuvxv pxowlsduw|,/ wkh lqwhuhvw jurxsvv|vwhpv/ wkh qdwxuh ri wkh elfdphudolvp +dv|pphwulf yhuvxv edodqfhg,/ wkh ghjuhh ri ihg0hudolvp ri wkh vwdwh/ wkh suhvhqfh ru qrw ri d zulwwhq frqvwlwxwlrq dqg plqrulw| yhwr uljkwv15D pdmru h{fhswlrq lv uhsuhvhqwhg e| Iudqfh/ zklfk lv dovr d pdmrulwduldq ghprfudf|/exw dw|slfdo lq whupv ri srolf| rxwfrphv +vhh ehorz,1
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Phow}hu dqg Ulfkdug +4<;4,,/ zklfk vwuhvvhv wkh lpsruwdqfh ri wklv yduldeohlq vkdslqj �vfdo srolf| rxwfrphv zkhq lqglylgxdo suhihuhqfhv duh djjuhjdwhggluhfwo| e| pdmrulw| yrwlqj1 Krzhyhu/ lq rxu prgho/ wkh glvwulexwlrq rilqfrph zloo d�hfw �vfdo srolf| lq d frpsohwho| qryho zd|/ wkdw lv wr vd| e|lq xhqflqj wkh surfhvv ri vrfldo fkrlfh dprqj gl�huhqw srolwlfdo lqvwlwxwlrqv/zklfk zloo kdyh gl�huhqw �uvw0rughu h�hfwv rq srolf| lwvhoi1Zh suhvhqw d vlpsoh sxeolf �qdqfh prgho/ zkhuh �vfdo srolf| lv derxwwkh surylvlrq ri vrph sxeolf jrrgv/ �qdqfhg zlwk sursruwlrqdo wd{dwlrq rilqfrph1 Wkh sxeolf jrrgv frqvlghuhg duh orfdo/ ru jurxs0vshfl�f/ wkdw lv wrvd| hdfk ri wkhp lv ghvluhg e| rqh dqg rqo| rqh ri wkh wkuhh vrfldo jurxsv+ru �fodvvhv�, suhvhqw/ dqg lghqwl�hg e| wkhlu ohyho ri suh0wd{ lqfrph= wkhsrru/ wkh plggoh fodvv dqg wkh ulfk1Zh jr rq wr fkdudfwhul}h wkh srolwlfdo htxloleulxp ri wkh prgho dfurvvgl�huhqw �frqvwlwxwlrqv/� fruuhvsrqglqj wr wkh hvvhqfh ri pdmrulwduldq dqgri frqvhqvxdo ghprfudf| uhvshfwlyho|1 D nh| dvvxpswlrq wkdw zh pdlqwdlq lvwkdw/ lq hdfk frqvwlwxwlrqdo hqylurqphqw/ srolwlfldqv duh flwl}hq0fdqglgdwhvzkr kdyh d gluhfw lqwhuhvw lq wkh srolf| lpsohphqwhg dqg/ dovr/ fdqqrw fuhg0leo| frpplw wr lpsohphqw dq| srolf| gl�huhqw iurp wkhlu suhihuuhg rqh1Zh ghprqvwudwh �uvw ri doo wkdw lq d pdmrulwduldq ghprfudf|/ zkhuh �vfdosrolf| lv ghflghg e| d ohdghu hohfwhg lq d qdwlrq0zlgh glvwulfw/ wkh ulfk hqmr|d qdwxudo dgydqwdjh ryhu wkh rwkhu fodvvhv/ zklfk dulvhv iurp wkhlu uhodwlyh�vfdo frqvhuydwlvp1 Zkloh qr vrfldo jurxs kdv dq| lqfhqwlyh wr surylgh dq|ri wkh sxeolf jrrgv ghvluhg e| wkh rwkhuv +dqg fdqqrw fuhgleo| frpplw wrgr vr,/ wkh ulfk orrn suhihudeoh vlqfh wkh| ghvluh ohvv wd{dwlrq wkdq dq|rqhhovh/ idflqj wkh kljkhvw pdujlqdo frvw ri lw1 Lq htxloleulxp/ rqo| ulfk flwl}hq0fdqglgdwhv uxq iru r!fh vlqfh dq| rssrqhqw iurp d gl�huhqw fodvv zrxogeh ghihdwhg e| dq| ri wkhp/ dqg zrxog wkhuhiruh ehdu rqo| vrph frvw lquxqqlqj1 Wklv uhvxow lqglfdwhv wkdw wkh vwuxfwxuh ri pdmrulwduldq ghprfudf|eldvhv srolf| rxwfrphv lq idyru ri wkh ulfk1Lq d frqvhqvxdo ghprfudf| ylfh yhuvd/ �vfdo srolf| lv ghflghg e| d frdol0wlrq jryhuqphqw iruphg lq d sduoldphqw hohfwhg zlwk d sursruwlrqdo hohfwrudoodz1 Pruh suhflvho|/ wkh jryhuqphqw lv iruphg dv rxwfrph ri vrph ohjlvodwlyhedujdlqlqj surfhvv zkhuh d phpehu ri wkh vrfldo jurxs kdylqj wkh odujhvwqxpehu ri sduoldphqwdu| vhdwv kdv wkh uljkw wr irupxodwh d frdolwlrq sur0srvdo wr wkh phpehuv ri rqh rwkhu jurxs ri klv fkrlfh1 Wkh sursrvdo lqfoxghvwkh vshfl�fdwlrq ri wkh ohyho ri lqfrph wd{dwlrq dv zhoo dv ri surylvlrq ri wkhsxeolf jrrgv1 Li wkh sursrvdo lv uhmhfwhg/ d vhfrqg djhqgd vhwwhu lv dssrlqwhgdqg wkh surfhvv uhshdwhg> li qr frdolwlrq lv iruphg dw wkh vhfrqg urxqg riwkh jdph/ d ghidxow srolf| lv lpsohphqwhg1 Wkh vhfrqg urxqg lv qrw uhdfkhge| wkh htxloleulxp0sdwk ri wkh jdph/ exw lw lv uhohydqw dv lw ghwhuplqhv wkh
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rxwvlgh rswlrqv ri wkh fodvvhv dw wkh �uvw urxqg/ zklfk duh hqgrjhqrxv1 Wkh�uvw djhqgd vhwwhu wxuqv rxw wr eh iurp wkh plggoh0fodvv/ zklfk lv e| dvvxps0wlrq wkh odujhvw vrfldo jurxs1 Wkh plggoh fodvv orrnv wr irup d jryhuqphqwfrdolwlrq zlwk wkh fodvv kdylqj wkh orzhvw edujdlqlqj srzhu1 D nh| uhvxowzh ghprqvwudwh lv wkdw/ lq d pruh xqhtxdo vrflhw|/ wkh ulfk duh lq zhdnhuedujdlqlqj srvlwlrq dqg duh wkxv pruh dsshdolqj dv d frdolwlrq sduwqhu1 Lq0wxlwlyho|/ wkh ulfk duh pruh diudlg ri wkh irupdwlrq ri d jryhuqphqw ohdge| wkh srru jlyhq wkdw wkh| zrxog eh h{sursuldwhg pruh dqg duh wkxv pruhzloolqj wr dffhsw dq| frdolwlrq sursrvdo lv pdgh wr wkhp e| wkh plggoh fodvv1Khqfh/ dffruglqj wr rxu prgho/ lq d frqvhqvxdo ghprfudf| d plggoh fodvvdqg ulfk +plggoh fodvv dqg srru,/ ru fhqwhu0uljkw +fhqwhu0ohiw,/ jryhuqphqwfrdolwlrq lv pruh olnho| wr eh iruphg zkhq wkh glvwulexwlrq ri lqfrph lv pruh+ohvv, srodul}hg1Zh frpsohwh wkh ghvfulswlrq ri wkh srolwlfdo htxloleuld ri wkh prgho e|ghprqvwudwlqj wkdw/ uhjdugohvv rq wkh qdwxuh ri wkh jryhuqphqw frdolwlrq/wd{dwlrq lv dozd|v kljkhu lq d frqvhqvxdo wkdq lq d pdmrulwduldq ghprfudf|dqg wkdw/ lq wkh iruphu/ lw lv kljkhu xqghu d fhqwhu0ohiw frdolwlrq1Ilqdoo|/ zh jr rqh vwhs edfnzdug dqg hydoxdwh iurp wkh srlqw ri ylhzri wkh gl�huhqw jurxsv ri flwl}hqv/ wkh zhoiduh lpsolfdwlrqv ri gl�huhqw w|shvri srolwlfdo lqvwlwxwlrqv dqg ohw lqglylgxdov yrwh lq dq �ruljlqdo srvlwlrq� rqzklfk frqvwlwxwlrq wr dgrsw1 Rxu edvlf uhvxow lv wkdw pdmrulwduldq srolwlfdolqvwlwxwlrqv duh pruh olnho| wr eh fkrvhq e| d vrflhw| zkhq wkh ghjuhh risuh0wd{ lqfrph lqhtxdolw| lv uhodwlyho| kljk1 Wr wkh frqwudu|/ frqvhqvxdoghprfudf| lv pruh olnho| wr dulvh lq uhodwlyho| pruh krprjhqhrxv vrflhwlhv1Lqwxlwlyho|/ wkh srru suhihu wr eh lq d frqvhqvxdo ghprfudf| rqo| li wkh|h{shfw wr eh sduw ri wkh jryhuqphqw frdolwlrq dqg wklv lv wkh fdvh zkhqlqhtxdolw| lv uhodwlyho| orz1 Li wkh srru gr qrw h{shfw wr eh sduw ri wkhjryhuqphqw lq d frqvhqvxdo ghprfudf|/ wkh| gr suhihu vwulfwo| wkh dgrswlrqri d pdmrulwduldq frqvwlwxwlrq jlyhq wkdw d ulfk �glfwdwru� zrxog wd{ wkhpohvv wkdq d fhqwhu0uljkw sduoldphqwdu| frdolwlrq/ dqg qhlwkhu ri wkhp zrxogvxsso| dq| dprxqw ri wkhlu ghvluhg sxeolf jrrg1Wkh prgho kdv vrph lpsruwdqw jhqhudo lpsolfdwlrqv1 D �uvw rqh lv wkdw/lq frqvhqvxdo ghprfudflhv/ fhqwhu0ohiw frdolwlrqv vkrxog eh revhuyhg +pxfk,pruh riwhq wkdq fhqwhu0uljkw rqhv1 D vhfrqg rqh lv wkdw pruh htxdolw| fdqzhoo eh dvvrfldwhg lq d furvv0vhfwlrq ri frxqwulhv/ wkurxjk wkh hqgrjhqhlw|ri wkh frqvwlwxwlrq/ zlwk pruh/ dqg qrw zlwk ohvv/ uhglvwulexwlrq/ mxvw dv lwdsshduv wr eh/ wkurxjk gl�huhqw phfkdqlvpv/ lq rwkhu uhfhqw wkhruhwlfdo sd0shuv +h1j1 Eìqderx +5333,,/ dv zhoo dv lq uhfhqw hpslulfdo frqwulexwlrqv +h1j1Shurwwl +4<<9,,1 D wklug yhu| uhodwhg lpsolfdwlrq lv wkdw d vkrfn lqfuhdv0lqj lqfrph lqhtxdolw| dqg vrflr0hfrqrplf srodul}dwlrq +h1j1 vnloohg eldvhg
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whfkqrorjlfdo fkdqjh, fdq lqgxfh d surfhvv ri srolwlfdo wudqvirupdwlrq dzd|iurp frqvhqvxdo surfhgxuhv dqg lqvwlwxwlrqv dqg wrzdug pdmrulwduldq rqhv1Vlploduo|/ d vkrfn uhgxflqj lqhtxdolw|/ dq h{dpsoh ri zklfk lv vrphwlph wkhhfrqrplf h�hfwv ri d zdu +vhh Slnhww| +5334, iru dq dujxphqw ri wklv nlqg,kdv wkh rssrvlwh h�hfw ri vwlpxodwlqj wkh dgrswlrq ri d frqvhqvxdo frqvwlwx0wlrq1Rxu sdshu lv uhodwhg wr d uhfhqw olwhudwxuh wkdw lqyhvwljdwhv/ iurp gl�hu0hqw shuvshfwlyhv/ wkh hqgrjhqrxv fkrlfh ri vrph frqvwlwxwlrqdo qrupv1 Iruh{dpsoh/ Djklrq dqg Erowrq +5336, ghdo zlwk wkh qrupdwlyh lvvxh ri wkhfkrlfh ri dq rswlpdo pdmrulw| uxoh lq dq lqfrpsohwh frqwudfwlqj iudphzrun1Djklrq/ Dohvlqd dqg Wuheel +5335, dqdo|}h wkh rswlpdo ghjuhh ri �lqvxod0wlrq� ri srolf|0pdnhuv1 Rwkhu frqwulexwlrqv dorqj wkhvh olqhv fdq eh irxqglq Eduehud dqg Mdfnvrq +5334, dqg Phvvqhu dqg Sroeruq +5335,1
Wkh 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 dfurvv gl�huhqw frqvwlwxwlrqv1Vhfwlrq 8 fkdudfwhul}hv wkh surshuwlhv ri wkh srolwlfdo htxloleulxp/ zlwklqdqg dfurvv frqvwlwxwlrqv lq whupv ri sxeolf �qdqfh rxwfrphv1 Vhfwlrq 9 ghdovzlwk wkh nh| lvvxh ri wkh hqgrjhqhlw| ri wkh frqvwlwxwlrq dqg lwv uhodwlrqzlwk wkh glvwulexwlrq ri lqfrph1 Vhfwlrq : suhvhqwv vrph slhfhv ri klvwrulfdohylghqfh vxssruwlqj rxu wkhru|1 Vhfwlrq ; glvfxvvhv wkh uhodwlrq ehwzhhqlqfrph lqhtxdolw| dqg uhglvwulexwlrq iurp wkh shuvshfwlyh ri rxu prgho dqgVhfwlrq < 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 +5333/ fk1 :,1 D vrflhw| lv pdghxs e| Q A 4 jurxsv ri lqglylgxdov1 Iru frqyhqlhqfh/ zh zloo irfxv rq wkhfdvh zkhuh Q @ 61 Jurxs m 5 @ � is> e> uj kdv vl}h +phdvxuh, p� dqgS�MVp� @ 4 +l1h1 wkh wrwdo srsxodwlrq lv pdgh e| d frqwlqxxp ri xqlwdu|phdvxuh, dqg dq h{rjhqrxv suh0wd{ lqfrph htxdo wr |� 1 Zlwk qr orvv rijhqhudolw|/ zh dovr 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 Jurxs elv wkh odujhvw rqh/ dqg kdv dq lqwhuphgldwh ohyho ri lqfrph/ vr lw lv qdwxudowr lghqwli| lw zlwk wkh �plggoh fodvv1� Jurxs s dqg jurxs u fruuhvsrqgylfh0yhuvd wr wkh �srru� dqg wr wkh �ulfk� shrsoh1 Wkh devroxwh pdmrulw|+ru soxudolw|, ri yrwhv lv uhdfkhg e| wkh frpelqdwlrq ri dq| sdlu ri jurxsv1

9



Qrwlfh dovr wkdw wkh deryh dvvxpswlrqv duh vx!flhqw wr hqvxuh wkdw wkh yrwhuzlwk phgldq lqfrph +l1h1 wkh phgldq yrwhu li suhihuhqfhv duh vlqjoh0furvvlqjlq lqfrph, ehorqjv wr jurxs e1 Ilqdoo|/ zh dvvxph wkdw |K ? b| �S�MVp�|� =wkh yrwhu zlwk phgldq lqfrph lv srruhu wkhq wkh +yluwxdo, phdq yrwhu/ zklfkphdqv wkdw wkh glvwulexwlrq ri lqfrph lv vnhzhg wr wkh ohiw +frqvlvwhqwo| zlwkwkh hpslulfdo hylghqfh rq wkh vkdsh ri wkh glvwulexwlrq ri lqfrph,1Zh dvvxph wkdw wkh xwlolw| ixqfwlrq ri d 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 fdswxuhv wkh idfw wkdw d vljql�fdqw sduw ri jryhuqphqwh{shqglwxuh lv derxw wkh surylvlrq ri sulydwh jrrgv dqg wkdw gl�huhqw lq0frph jurxsv pd| kdyh yhu| gl�huhqw suhihuhqfhv rq wkhp1 Iru h{dpsoh/Ehvoh| dqg Frdwh +4<<4, vkrz wkdw/ doorzlqj iru gl�huhqw txdolwlhv ri wkh
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 Zkdwlv hvvhqwldo lv d suhihuhqfhv vshfl�fdwlrq jhqhudwlqj d qhjdwlyh dvvrfldwlrq ehwzhhq wkhlqfrph ohyho dqg wkh �ghvluhg� wd{ udwh1

:



sxeolf jrrgv/ d gh mxuh xqlyhuvdo surylvlrq vfkhph grhv qrw lpso| wkdw lw lvgh idfwr xqlyhuvdo dqg h{sodlq zk| vrph sxeolfo| surylghg sulydwh jrrgv olnhkhdowk fduh pd| jr wr wkh dgydqwdjh ri wkh srru dqg qrw wr wkh ulfk1 Ihu0qdqgh} dqg Urjhuvrq +4<<8, glvfxvv wkh fdvh ri kljkhu dqg froohjh hgxfdwlrqdqg hpskdvl}h krz wkh sxeolf surylvlrq ri lw fdq ehqh�w kljkhu0lqfrph lq0glylgxdov dw wkh h{shqvh ri wkh srru18 Lq rxu irupxodwlrq wkh sxeolf jrrg*vshu fdslwd frqvxpswlrq ri wkh jurxs grhv qrw ghshqg rq wkh vl}h ri wkhjurxs dqg wklv pljkw qrw eh wkh fdvh li zh uhihu wr wkh surylvlrq ri sulydwhjrrg1 Krzhyhu/ rqh pljkw wklqn wkdw wkh surylvlrq ri vxfk jrrgv lpsolhvsulpdulo| d �{hg frvw dqg d orz +dw wkh h{wuhph }hur, yduldeoh frvwv19 Lqdq| fdvh/ lw lv fohdu wkdw lq wklv hfrqrp| �vfdo uhglvwulexwlrq wdnhv sodfh lqwkh irup ri wkh vhohfwlyh surylvlrq ri lq0nlqg +udwkhu wkdq fdvk, wudqvihuv1Lqfrph 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 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� � W +�, @ � [�MVp�|� @ �b| +6,

zkhuh  � im 5 @ = m lv sduw ri wkh jryhuqphqwj � � +@,1
8Iru dq h{whqvlyh hylghqfh rq wkh gl�huhqfhv ehwzhhq X1V1 dqg Hxursh lq wkh sxeolfsurylvlrq ri sulydwh jrrgv vhh Dohvlqd/ Jodhvhu dqg Vdfhugrwh +5334,19 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: Lw lv fohdu wkdw wkh dvvxpswlrq ri sursruwlrqdo wd{dwlrq lpsolhv d uhvwulfwlrq ri wkhsrolf| vsdfh1 Pruh jhqhudoo|/ rqh pd| wklqn wr pruh ru ohvv surjuhvvlyh ru uhjuhvvlyhwd{dwlrq vfkhphv1 Krzhyhu/ zh gr eholhyh wkdw rxu pdlq uhvxowv vkrxog eh urexvw wr dpruh jhqhudo vshfl�fdwlrq ri wkh prgho doorzlqj iru qrq0olqhdu wd{dwlrq dv orqj dv wkhdgplvvleoh ghjuhh ri surjuhvvlylw| +ru uhjuhvvlylw|, uhpdlqv frqvwudlqhg1; Lq rxu prgho wkhuh lv qr hfrqrplf htxloleulxp dv glvwlqfw iurp wkh srolwlfdo rqh/ jlyhqwkdw djhqwv gr qrw idfh phdqlqjixo hfrqrplf ghflvlrqv1

;



Lq wkh qh{w wzr vhfwlrqv zh ghulyh dqg fkdudfwhul}h wkh srolwlfdo htxl0oleulxp ri rxu prgho/ l1h1 wkh ryhudoo ohyho ri sxeolf h{shqglwxuh +wkdw lv/wkh wd{ udwh �, dqg lwv frpsrvlwlrq J � +jR> jK> jo,/ lq wkh fdvh ri erwk dpdmrulwduldq frqvwlwxwlrq dqg d frqvhqvxdo rqh1 Vlqfh wkh frqvwlwxwlrq lvvwloo wdnhq dv jlyhq/ wkhvh htxloleuld fdq eh frqvlghuhg dv sduwldo srolwlfdohtxloleuld1 Lq wkh jhqhudo srolwlfdo htxloleulxp ri wkh prgho +fkdudfwhul}hgodwhu rq,/ lqvwlwxwlrqv zloo eh wkhpvhoyhv hqgrjhqrxv krzhyhu1Zh dvvxph wkdw yrwlqj lv vlqfhuh lq dq| frqvwlwxwlrqdo hqylurqphqw dqgwkdw fdqglgdwh srolwlfldqv duh dozd|v hqgrjhqrxv1<
6 Pdmrulwduldq Ghprfudf|
Zh prgho wkh srolwlfdo surfhvv jrlqj rq zlwklq d pdmrulwduldq ghprfudf|gudzlqj rq wkh flwl}hq0fdqglgdwh dssdudwxv ri Rveruqh dqg Volylqvn| +4<<9,dqg Ehvoh| dqg Frdwh +4<<:,143 Zh dgrsw d prgho ri hqgrjhqrxv srolwlfdofdqglgdf| vlqfh zh zdqw wr hpskdvl}h wkh olqn h{lvwlqj ehwzhhq lqglylgxdosuhihuhqfhv +ri flwl}hqv dv zhoo dv ri srolwlfldqv, dqg lqglylgxdo lqfrph144Pruhryhu/ d nh| dgydqwdjh ri wklv prgho lv wr doorz iru wkh h{lvwhqfh ridq htxloleulxp hyhq zkhq lqglylgxdo suhihuhqfhv idlo wr eh vlqjoh0shdnhg/dqg zkhq wkhuhiruh wkhuh pd| qrw eh dq htxloleulxp xqghu vlpsoh pdmrulw|yrwlqj zlwk h{rjhqrxv fdqglgdwhv1 Wklv lv d srwhqwldoo| vhulrxv sureohp lqrxu prgho vlqfh wkh srolf| vsdfh/ qdpho| wkh vhw;?=+�>J, 5 ^3> 4`�?�n = [�Ml j� � �b|<@>
lv qrw xqlglphqvlrqdo dqg lw lv zhoo nqrzq wkdw srolwlfdo htxloleuld edvhg rqvlpsoh pdmrulw| yrwlqj pd| idlo wr h{lvw zkhq wkh vrfldo fkrlfh surfhvv kdvd pxowlglphqvlrqdo remhfw1 Wkh flwl}hq0fdqglgdwh prgho doorzv xv wr dyrlgwkh sureohp ri qrq0h{lvwhqfh ri dq htxloleulxp1 Dw wkh vdph wlph/ zh duhdeoh wr vkrz wkdw wkh pdlq gudzedfn ri lw/ qdpho| wkh jhqhulf pxowlsolflw|ri srolwlfdo htxloleuld/ lv qrw dq lvvxh lq rxu hfrqrp|1

<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 hohfwlrqv143Rveruqh 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 rqh144Wkh uhohydqfh ri wklv olqn lv ixuwkhu glvfxvvhg odwhu/ zkhq zh zloo suhvhqw vrph lpsru0wdqw slhfhv ri klvwrulfdo hylghqfh vxssruwlqj rxu prgho +vhh lq sduwlfxodu wkh glvfxvvlrq riwkh pdnlqj ri wkh Dphulfdq frqvwlwxwlrq,1
<



Zh dvvxph wkdw lq d pdmrulwduldq ghprfudf| �vfdo srolf| lv ghflghge| d �ohdghu�45 hohfwhg gluhfwo| e| wkh shrsoh wkurxjk d pdmrulw| yrwlqjsurfhvv 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 rxwfrph ri hohfwlrqv dqg wkh grplqdqfhri wkh h{hfxwlyh ryhu wkh ohjlvodwlyh srzhu146 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 xvlqjkhuh1Wkh phqx ri fdqglgdwhv lv hqgrjhqrxv dqg rqh lqglylgxdo uxqv iru r!fh lidqg rqo| li lq htxloleulxp/ wkh qhw jdlq ri grlqj vr +wkh gl�huhqfh ehwzhhq wkhxwlolw| kh jhwv li grhv0grhv qrw uxq, h{fhhgv vrph vshfl�hg frvw ri uxqqlqj1Wkh zlqqhu ri wkh hohfwlrq lv wkh fdqglgdwh jdlqlqj pruh wkdq �iw| shufhqwri yrwhv +ru wkh soxudolw|, dqg kh dorqh ghflghv rq �vfdo srolf|1 Yrwlqj wdnhvsodfh 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|1 Lw lvfohdu wkdw kh zrxog qrw vshqg dq|wklqj lq dq| sxeolf jrrg rwkhu wkdq klvsuhihuuhg rqh= j� @ 3/ l 9@ m dqg j� @ W @ �b|1 Wkhuhiruh/ wkh suhihuuhg ohyhori wd{dwlrq dqg h{shqglwxuh ri d phpehu ri jurxs m pd{lpl}hv klv xwlolw|jlyhq wkh jryhuqphqw exgjhw frqvwudlqw1 Irupdoo|/ lw lv wkh vroxwlrq wr wkhiroorzlqj sureohp47
pd{t�� z� @ +4� �, |� .K ��b|� =

45D vlplodu dvvxpswlrq lv pdgh lq d uhfhqw frqwulexwlrq ri Dxvwhq0Vplwk +5333,146Rxu 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 srvvlelolw|ri revhuylqj d �glylghg jryhuqphqw� +h1j1 Dohvlqd dqg Urvhqwkdo +4<<9,,1 Krzhyhu/ lq rxuylhz/ wkh pdlq uhvxowv ri wkh sdshu vkrxog eh hvvhqwldoo| lqghshqghqw iurp wklv rplvvlrq1Wklv srlqw zloo eh ixuwkhu glvfxvvhg odwhu rq/ zkhq zh ghdo zlwk wkh lvvxh ri wkh hqgrjhqhlw|ri wkh frqvwlwxwlrq147 Lw lv fohdu wkdw wklv ohyho ri wd{dwlrq dovr pd{lpl}hv wkh xwlolw| ri jurxs � dv d zkroh1
43



Wkh �uvw rughu frqglwlrq ri wklv sureohp lpsolhv wkdw48
|� @ K} ��b|�b|= +7,Ohw
� � @ K3�} +|�@b|,b| +8,

lqglfdwh wkh xqltxh vroxwlrq ri htxdwlrq +7,1 Lw lv vwudljkwiruzdug wr yhuli|wkdw Y� �Y+� ? 3= wkh ulfkhu lv d jurxs m phpehu +iru d jlyhq phdq ohyho rilqfrph,/ wkh kljkhu lv wkh pdujlqdo frvw ri sxeolf jrrg surylvlrq kh idfhvdqg wkh orzhu lv klv ghpdqg iru klv rzq sxeolf jrrg1 Zh uhihu wr wkh wd{udwh gh�qhg e| +8, dv wkh �glfwdwruldo wd{ udwh/� zklfk fdq eh rughuhg iruwkh gl�huhqw jurxsv dv
� o ? � K ? �R= +9,Qr frpplwphqw whfkqrorj| lv dvvxphg wr eh dydlodeoh/ dqg wkhuhiruhfdqglgdwhv fdqqrw dqqrxqfh fuhgleo| ehiruh wkh hohfwlrq wr sxuvxh/ li hohfwhg/dq| srolf| gl�huhqw iurp wkhlu suhihuuhg rqh1 Wkhuhiruh/ lq d pdmrulwduldqghprfudf| 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� lqglfdwlqjwkh m|� hohphqw ri wkh fdqrqlfdo edvh vsdqqlqj ?�n/ dqg j� @ � �b|1Ohw n lqglfdwh vrph sulydwh ehqh�w ri ehlqj lq r!fh/ zklfk lv hlwkhu dsv|fkrorjlfdo ehqh�w ru d qrw wd{hg prqhwdu| lqfrph/ dqg % eh wkh frvw riuxqqlqj1 Erwk duh h{rjhqrxv dqg htxdo iru hyhu|erg| zlwk n � %1 Wr dyrlgwkh h{lvwhqfh ri uhqwv lq wkh srolwlfdo surfhvv zh dvvxph wkdw n @ �%/ zkhuh� 5 i4> 5> 6> ===j1 Qrz/ zh fdq vwdwh wkh pdlq uhvxow ri wklv Vhfwlrq/ zklfk lvfrqwdlqhg lq Sursrvlwlrq 41

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 uxqqlqj> rqo| wkh sxeolf jrrg u lv surylghg dqg wkh wd{ udwh� lv vhw dw wkh ohyho gh�qhg e| htxdwlrq +8, iru |� @ |o1Surri1 Vhh Dsshqgl{1�
48Wkh Lqdgd frqglwlrqv lpsrvhg rq M Eu� lpso| wkdw wd{dwlrq lv vwulfwo| srvlwlyh1
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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{dwlrq1 Wklvlpsolhv wkdw/ r� htxloleulxp/ lw lv srvvleoh wr revhuyh dq �h{wuhph frdolwlrq�pdgh xs e| wkh ulfk dqg wkh srru= lq fdvh wkhuh duh wzr fdqglgdwhv/ d ulfkdqg d plggoh fodvv djhqw/ wkh srru suhihu wr yrwh iru wkh ulfk vlqfh wkh odwwhu*v�vfdo frqvhuydwlvp lv wkh ehvw dowhuqdwlyh wkh| kdyh149 Irxuwk/ li d jurxsh{shfwv wr orvh dq hohfwlrq/ qr fdqglgdwh lv iruwkfrplqj1Wzr rwkhu ihdwxuhv ri wkh pdmrulwduldq ghprfudf| rxwfrph duh lqwhuhvw0lqj1 Rq wkh rqh kdqg/ wkh vl}h ri wkh jryhuqphqw lv uhodwlyho| vpdoo vlqfh�vfdo srolf| lv ghflghg e| wkh prvw �vfdoo| frqvhuydwlyh jurxs1 Pruhryhu/wkh hohfwlrq*v rxwfrph lqyroyhv d ghsduwxuh iurp wkh vwdqgdug Grzqvldq+Grzqv +4<8:,, frqyhujhqfh wr wkh phgldq uhvxow1 Lqghhg/ wkh ulfk h{huflvhwkhlu ohdghuvkls qr pdwwhu krz pdq| wkh| duh/ wkdw lv hyhq li wkh| duh wkhvpdoohvw vrfldo jurxs1 Lq wklv fdvh rxu prgho ri pdmrulwduldq ghprfudf|zrxog lpso| d vruw ri �glfwdwruvkls ri wkh devroxwh plqrulw|�/ dv rssrvhgwr wkh rqh ri wkh phgldq yrwhu1 Lw lv zruwk| wr hpskdvl}h wkdw wklv eldv lqidyru ri wkh ulfk lq wkh surfhvv ri froohfwlyh ghflvlrq pdnlqj dulvh gluhfwo|/l1h1 uhjdugohvv wr rwkhu idfwruv/ vxfk dv d orz hohfwrudo wxuq0rxw udwh dprqjsrru/ orz kxpdq fdslwdo lqglylgxdov ru wkh suhvhqfh ri fuhglw frqvwudlqwv lqoree|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 wkdw wkh hohfwrudouxoh fruuhvsrqgv wr sxuh sursruwlrqdo uhsuhvhqwdwlrq zlwk d vlqjoh qdwlrq0zlgh hohfwrudo glvwulfw= wklv frq�jxudwlrq fruuhvsrqgv wr wkh prvw h{wuhphirup ri sursruwlrqdo uhsuhvhqwdwlrq1 Htxlydohqwo|/ zh frxog dvvxph wkh h{lv0whqfh ri d qxpehu ri hohfwrudo glvwulfwv juhdwhu wkdq rqh/ hdfk rqh uhsuhvhqw0lqj wkh pluuru lpdjh ri wkh hfrqrp| dw odujh/ dqg rewdlq wkh vdph srolwlfdohtxloleulxp1Wkh sduoldphqw lv frpsrvhg ri d frqwlqxxp ri phdvxuh � 5 +3> 4, ri

49H{wuhph frdolwlrq htxloleuld duh qrw xqfrpprq lq wkh srolwlfdo hfrqrp| olwhudwxuh1Iru lqvwdqfh/ wkh| kdyh ehhq irxqg wr dulvh lq rwkhu prghov ri sxeolf surylvlrq ri sulydwhjrrgv/ vxfk dv Hssoh dqg Urpdqr +4<<9d/e,1
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phpehuv1 Vlploduo| wr wkh pdmrulwduldq ghprfudf| iudphzrun/ fdqglgdwhvwr wkh sduoldphqwdu| hohfwlrqv duh hqgrjhqrxv1 Wkh jryhuqphqw lv iruphg dvwkh rxwfrph ri d surfhvv ri ohjlvodwlyh edujdlqlqj dprqj wkh uhsuhvhqwdwlyhvri wkh gl�huhqw jurxsv dqg lw h{suhvvhv d fhuwdlq sduoldphqwdu| pdmrulw|1Wklv uh hfwv wkh gl�huhqw edodqfh ri srzhuv ehwzhhq wkh h{hfxwlyh dqg wkhohjlvodwlyh/ zklfk glvwlqjxlvkhv frqvhqvxdo iurp pdmrulwduldq ghprfudf|14:Zh dovr dvvxph wkdw wkh soxudolw| ri sduoldphqwdu| yrwhv lv vx!flhqw wr irupd jryhuqphqw1 Wklv dvvxpswlrq grhv qrw fruuhvsrqg wr wkh sxuh lghdo ri frq0vhqvxdo ghprfudf|/ zklfk uhtxluhv wkdw +dw ohdvw vrph, froohfwlyh ghflvlrqvduh edfnhg e| d xqdqlprxv djuhhphqw ru/ htxlydohqwo|/ wkdw wkh plqrulw| lvhqwlwohg wr h{huflvh d elqglqj yhwr uljkw rq wkh ghflvlrqv ri wkh pdmrulw|1 Lqrxu prgho lqvwhdg zh lqwhusuhw wkh sulqflsoh ri srzhu vkdulqj zklfk lv dw wkhurrw ri frqvhqvxdo ghprfudf| lq d pruh uhvwulfwhg vhqvh1 Zh frpsduh wkhjryhuqphqw ri rqh hohfwhg zlwk d pdmrulwduldq hohfwrudo odz +pdmrulwduldqfrqvwlwxwlrq, wr wkh jryhuqphqw ri wkh pdmrulw| ri d sduoldphqw hohfwhg zlwkd sursruwlrqdo hohfwrudo 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
Dvvxplqj wkdw wkhuh duh wkuhh jurxsv lq wkh sduoldphqw dqg wkdw qrjurxs kdv wkh devroxwh pdmrulw| ri sduoldphqwdu| phpehuv +zklfk zloo ehwkh fdvh lq rxu prgho,/ dw wkh ohjlvodwlyh edujdlqlqj vwdjh hyhqwv wdnh sodfhdffruglqj 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 +4<95, plqlpxp vl}h frdolwlrq sulqflsoh zloo dsso|1� Li wkh sursrvdo lv dffhswhg/ wkh jryhuqphqw frdolwlrq lv iruphg/ wkhdjuhhg srolf| lv lpsohphqwhg dqg wkh jdph hqgv1

4:Wkh 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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� 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 zlwklq wkh vhfrqg urxqg/ wkh jdph hqgvdqg wkh vwdwxv txr srolf| lv lpsohphqwhg1 Zh dvvxph wkdw wkh vwdwxvtxr srolf| fruuhvsrqgv wr qr wd{dwlrq dqg qr sxeolf jrrgv surylvlrq1
Wkh vwuxfwxuh ri wkh ohjlvodwlyh edujdlqlqj prgho zh kdyh dvvxphg pd|orrn dw d �uvw vljkw dv dg krf dqg rqh pd| zrqghu krz fulwlfdo lw zloo eh irurxu uhvxowv1 Lqghhg/ d zhoo0nqrzq jhqhudo fulwlflvp riwhq udlvhg djdlqvw wkhuhvxowv rewdlqhg lq vhyhudo prghov ri wkh lqgxvwuldo rujdql}dwlrq olwhudwxuhlv wkdw hyhu|wklqj fdq eh suryhg e| zulwlqj grzq wkh dssursuldwh h{whqvlyhirup jdph1 Lq wkh oljkw ri vxfk fulwlflvp/ rxu dvvxpswlrq wkdw wkh dssrlqw0phqw ri wkh �uvw djhqgd vhwwhu lv ghwhuplqhg e| d ghwhuplqlvwlf uxoh zklohwkh dssrlqwphqw ri wkh vhfrqg rqh lv udqgrp pd| dsshdu dv wrr duelwudu|1Zh gr qrw �qg vxfk d srwhqwldo remhfwlrq dv yhu| frpshoolqj rq wkh jurxqgri idfwxdo revhuydwlrqv1 Hyhq fdvxdo hpslulflvp vkrzv wkdw lq sudfwlfh dfohdu eldv w|slfdoo| h{lvwv lq idyru ri wkh uhodwlyh pdmrulw| sduw|/ lq whupvri wkh doorfdwlrq ri djhqgd vhwwlqj uljkwv/ dqg jrlqj zhoo eh|rqg wkh uhod0wlyh vkduh ri wkh yrwhv ri vxfk d sduw|1 Pruhryhu/ zh eholhyh wkdw rxu pdlquhvxowv duh urexvw wr d pruh jhqhudo vshfl�fdwlrq ri wkh prgho/ zkhuh wkh�uvw djhqgd vhwwhu lv udqgrpo| vhohfwhg dprqj wkh uhsuhvhqwdwlyhv ri doo riwkh wkuhh vrfldo jurxsv/ dv orqj dv d vwurqj hqrxjk eldv wrzdug wkh uhodwlyhpdmrulw| sduw| lv dvvxphg1Qrwlfh 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 wxuqv rxw wr ghshqg rq wkh lqfrph glvwulexwlrq lwvhoi,1
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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 sdwk1Wkh dvvxpswlrq ri vlqfhuh yrwlqj dqg flwl}hq0fdqglgdwh vwuxfwxuh lpso|wkdw hdfk lqglylgxdo zloo yrwh iru d fdqglgdwh iurp klv rzq vrfldo jurxs lidydlodeoh zkdwhyhu wkh uhvxowlqj htxloleulxp srolf| zloo eh1 Wklv lq wxuqlpsolhv wkdw lq htxloleulxp wkhuh zloo eh fdqglgdwhv ri doo wkh wkuhh jurxsv1Wkhvh uhvxowv duh irupdol}hg lq wkh iroorzlqj Ohppd1Ohppd 4141 Lq wkh Qdvk htxloleulxp ri wkh yrwlqj vwdjh ri wkh jdphhdfk lqglylgxdo iurp jurxs m yrwhv iru d flwl}hq0fdqglgdwh iurp jurxs m lidydlodeoh/ zkdwhyhu wkh htxloleulxp dw wkh ohjlvodwlyh edujdlqlqj vwdjh lv/ ;m 5 @1Surri1 E| dvvxpswlrq yrwlqj lv vlqfhuh1 Vlqfh wkh srolf| suhihuhqfhv riwkh flwl}hq0fdqglgdwhv iurp jurxs m frlqflgh zlwk wkrvh ri wkh phpehuv riwkdw jurxs/ yrwlqj iru wkh ehvw srolf| dowhuqdwlyh +wkdw lv/ yrwlqj vlqfhuho|,lv htxlydohqw iru wkh odwwhu wr yrwlqj iru wkh iruphu1�Qh{w/ zh vkrz wkdw hdfk vrfldo jurxs kdv d vhw ri vhdwv lq wkh sduoldphqwsursruwlrqdo wr lwv vl}h1Ohppd 4151 Lq wkh Qdvk htxloleulxp ri wkh hqwu| vwdjh ri wkh jdph/ dvhw ri phdvxuh �� @ &0�p� ri lqglylgxdov iurp jurxs m uxqv iru r!fh/ d vhwri phdvxuh �p� ri wkhp lv hohfwhg/ dqg doo phpehuv ri jurxs m duh lqgl�huhqwehwzhhq uxqqlqj dqg qrw uxqqlqj/ ; m 5 @1Surri1 Jlyhq wkdw lqglylgxdov duh dwrplvwlf/ wkh srolf| rxwfrph dqgwkhuhiruh wkh jurvv0ri0r!fh0ehqh�w xwlolw| ri d flwl}hq0fdqglgdwh grhv qrwghshqg rq zkhwkhu dq| lqglylgxdo uxqv iru r!fh ru lv hohfwhg ru qrw1 Wkhq/d flwl}hq0fdqglgdwh ri jurxs m uxqv iru r!fh li dqg rqo| li
�s �z� +�>J, . n�. +4� s,z� +�>J,��z�+�>J, @ sn � %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| krogvdv dq htxdolw|/ zklfk phdqv wkdw wkh suredelolw| wkdw d phpehu ri jurxsm lv hohfwhg lv s @ 0& 5 +3> 4,/ ; m14; E| wklv uhvxow/ e| Ohppd 414 dqg

4;Ru/ lq rwkhu zrugv/ &*0 uhsuhvhqwv wkh qxpehu ri flwl}hqv iurp hdfk jurxs wkdw frpshwhiru hdfk vhdw wkdw wkh jurxs zlqv1
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e| wkh sursruwlrqdolw| ri wkh hohfwrudo odz iroorzv wkdw jurxs m hohfwv �p�uhsuhvhqwdwlyhv/ dqg wkh vhw ri fdqglgdwhv ri jurxs m uxqqlqj iru r!fh kdvphdvxuh �� @ 46�R @ 0&�p�1�
715 Wkh Ohjlvodwlyh Edujdlqlqj VwdjhOhppdv 414 dqg 415 lpso| wkdw wkh sduoldphqw zloo eh d pluuru0lpdjh rivrflhw| lq wkh vhqvh wkdw wkh glvwulexwlrq ri vhdwv dfurvv wkh wkuhh jurxsvzloo h{dfwo| uh hfw wkh glvwulexwlrq ri lqglylgxdov dfurvv vrfldo jurxsv1 Wklvlq wxuq phdqv wkdw wkh djhqgd vhwwhu dw urxqg 4 lv d uhsuhvhqwdwlyh ri wkhplggoh0fodvv/ zklfk +ehlqj wkh odujhvw fodvv, kdv wkh odujhvw qxpehu ri vhdwvlq wkh sduoldphqw1 Pruhryhu/ li wkh plggoh fodvv idlov wr irup d jryhuqphqw/wkh vhfrqg djhqgd vhwwhu lv dssrlqwhg udqgrpo| e| qdwxuh dqg fkrvhq eh0wzhhq wkh uhsuhvhqwdwlyhv ri wkh srru dqg wkh ulfk1 E| dvvxpswlrq/ wkhsuredelolw| wkdw d srru +ulfk, zloo eh wkh djhqgd vhwwhu dw wkh vhfrqg urxqg+frqglwlrqdo ri wkh jdph uhdfklqj lw, lv htxdo wr wkh vkduh ri wkh vhdwv riwkh srru +ulfk, ri wkh frpelqhg qxpehu ri vhdwv ri wkh srru dqg ri wkh ulfk1Khqfh/

! @ pRpR .po +:,
lv wkh suredelolw| wkdw d srru lv dssrlqwhg dv djhqgd vhwwhu dw urxqg 51Frqyhuvho|/ wkh suredelolw| wkdw wkh vhfrqg urxqg djhqgd vhwwhu lv ulfk lvhtxdo wr wkh frpsohphqwdu| suredelolw| +4 � !,1 Lw lv fohdu wkdw ! fdq ehlqwhusuhwhg dv dq lqgh{ ri wkh edujdlqlqj srzhu ri wkh srru= wkh kljkhulv !/ wkh kljkhu lv wkh suredelolw| wkdw wkh srru duh djhqgd vhwwhu dw wkhvhfrqg urxqg/ wkh kljkhu lv wkhlu h{shfwhg xwlolw| +frqglwlrqdo ri wkh jdphuhdfklqj urxqg 5, dqg wkhuhiruh wkh kljkhu zloo eh wkh sxeolf jrrg wkdw wkh|uhfhlyh dw urxqg 4 iru dq| jlyhq ohyho ri wd{dwlrq vr wr dffhsw wkh plggohfodvv jryhuqphqw frdolwlrq sursrvdo1Wkh ohjlvodwlyh edujdlqlqj jdph kdv d xqltxh +vxejdph0shuihfw, Qdvkhtxloleulxp1 Wkh �uvw djhqgd vhwwhu +plggoh fodvv, irupxodwhv d frdolwlrqirupdwlrq sursrvdo edvhg rq d �vfdo srolf| surjudp wr rqh rwkhu jurxsrqo|/ jlyhq wkdw qr pruh wkdq rqh jurxs lv qhhghg wr uhdfk d sduoldphqwdu|pdmrulw|1 Wkh sursrvhg srolf| lv vxfk wr ohdyh wkh jurxs uhfhlylqj wkhfrdolwlrq irupdwlrq r�hu mxvw lqgl�huhqw ehwzhhq dffhswlqj dqg uhmhfwlqjlw dv qr pruh wkdq wklv lv qhhghg wr ex| lwv yrwh1 Wklv lpsolhv wkdw wkhfrdolwlrq sursrvdo jlyhv wr wkh uhflslhqw d ohyho ri xwlolw| htxdo wr klv rxwvlghrswlrq/ dqg wkh r�hu lv lq idfw dffhswhg1 Wkhuhiruh/ wkh �uvw txhvwlrq zh
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qhhg wr dqvzhu lv wkh iroorzlqj= zkrvh yrwh dprqj wkh srru dqg wkh ulfk lvwkh fkhdshvw wr ex|B Wr dqvzhu wklv txhvwlrq/ zh �uvw vroyh rxu edujdlqlqjjdph e| edfnzdug lqgxfwlrq vwduwlqj iurp wkh vhfrqg urxqg1 Krzhyhu/ zh�uvw lqwurgxfh vrph pruh qrwdwlrq1Zh lqglfdwh wkh djhqgd vhwwhu zlwk k/ wkh rwkhu jurxs sduw ri wkh jry0huqphqw zlwk o dqg wkh vwdjh ri wkh jdph zlwk v1 Wkhuhiruh/ � rc�c, lv wkhwd{ udwh sursrvhg wr jurxs o e| wkh djhqgd vhwwhu k dw urxqg v ri wkh jdph1Wkh fruuhvsrqghqw ohyho ri sxeolf jrrg uhfhlyhg e| wkh jhqhulf jurxs l zlooeh j�rc�c,1 Vlploduo|/ wkh ohyho ri xwlolw| ri wkh jurxs l lv z�rc�c,1 Ohw dovr ehr � im 5 @ = m lv sduw ri wkh jryhuqphqw iruphg dw urxqg vj @ ik> oj1
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|1

Ohppd 51 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| klv jurvv lqfrph1 Khqfh/ wkh srolf| phqx +�2c�c,> j,rc�c,, r�huhgiurp wkh djhqgd vhwwhu k 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 lpsolhv 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�
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Zkloh 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 fdvh dwurxqg 41 Dqg lw lv suhflvho| wklv ihdwxuh ri wkh ohjlvodwlyh edujdlqlqj jdph*vhtxloleulxp zklfk pdnhv wkh lvvxh ri wkh frqvwlwxwlrqdo fkrlfh dq lqwhuhvwlqjrqh1 Wr vhh wklv/ ohw xv surfhhg wr wkh edfnzdug lqgxfwlrq vroxwlrq ri wkhjdph/ vwduwlqj iurp urxqg 5 zkhuh rqo| wzr vlwxdwlrqv duh srvvleoh/ qdpho|wkh flufxpvwdqfhv wkdw qdwxuh dssrlqwv d ulfk ru d srru dv djhqgd vhwwhu1Zh uhplqg wkdw li qr djuhhphqw lv uhdfkhg dw urxqg 4/ wkh jdph jrhv rq=qdwxuh dssrlqwv d srru djhqgd vhwwhu zlwk suredelolw| ! dqg d ulfk rqh zlwksuredelolw| +4� !,1
Fdvh 41 Li dw urxqg 5 wkh djhqgd vhwwhu lv d ulfk/ wkhq e| Ohppd 5wkh srru zloo eh wkh frdolwlrq sduwqhu/ l1h1 2 @ iu> sj1 Wkh sduwlflsdwlrqfrqvwudlqw iru wkh srru lpsolhv wkdw wkh srolf| sursrvhg +�2cocR> jR2cocR, lv vxfkwkdw wkhlu xwlolw| lv dw ohdvw htxdo wr wkh vwdwxv txr ohyho +zR2cocR � |R,/ dqgwkhuhiruh4<

+4� �2cocR, |R .K+jR2cocR, @ |R= +<,Wkh rswlpdo wd{ udwh iru wkh ulfk vroyhv wkh iroorzlqj pd{lpl}dwlrq sure0ohp
pd{t�2cocR�zo2cocR @ +4� �2cocR, |o .K+jo2cocR, +43,

vxemhfw wr wkh sduwlflsdwlrq frqvwudlqw iru wkh srru +<, dqg wkh jryhuqphqwexgjhw frqvwudlqw
�2cocR| @ jR2cocR . jo2cocR= +44,Vxevwlwxwlqj +44, lqwr +43, lpsolhv wkdw wkh rswlpl}dwlrq sureohp iru wkhulfk fdq eh uhzulwwhq dv

pd{t�2cocR�zo2cocR @ +4� �2cocR, |o .K+�2cocR| � jR2cocR,= +45,
4<Zh douhdg| wdnh lqwr dffrxqw wkh idfw wkdw wkh djhqgd vhwwhu zloo rswlpl}h jlylqj wr wkhfrdolwlrq sduwqhu zkdw lv vwulfwo| qhfhvvdu| wr dffhsw wkh srolf| sursrvhg1 Wklv h{sodlqvzk| zh zulwh wkh sduwlflsdwlrq frqvwudlqw +dqg odwhu wkh jryhuqphqw exgjhw frqvwudlqw,zlwk wkh htxdolw| vljq1

4;



Wkh rswlpdo wd{ udwh lv lpsolflwo| gh�qhg e| wkh �uvw rughu frqglwlrq
|o @ K}+�2cocR| � jR2cocR,#b| � CjR2cocRC�2cocR

$ +46,
zkhuh

CjR2cocRC�2cocR @ |RK}+jR2cocR, +47,
lv rewdlqhg iurp wkh sduwlflsdwlrq frqvwudlqw iru wkh srru +<,153 Wkh vhfrqgrughu frqglwlrq lv dozd|v vdwlv�hg jlyhq wkdw zo2cocR lv joredoo| frqfdyh lq�2cocR=
C2zo2cocRC +�2cocR,2 @ K}}+jo2cocR,%| � |RK}+jR2cocR,

&2 .K}}+jR2cocR,+|R,2K}+jo2cocR,kK}+jR2cocR,l� ? 3=

Fdvh 51 Li dw urxqg 5 wkh djhqgd vhwwhu lv d srru/ wkh frdolwlrq sduwqhuzloo eh wkh plggoh fodvv/ l1h1 2 @ is> ej1 Wkh sduwlflsdwlrq frqvwudlqw iruwkh plggoh fodvv lv
+4� �2cRcK, |K .K+jK2cRcK, @ |K= +48,

Wkh rswlpdo wd{ udwh iru wkh srru vroyhv wkh pd{lpl}dwlrq sureohp
pd{i�2cRcKjzR2cRcK @ +4� �2cRcK, |R .K+jR2cRcK, +49,

vxemhfw wr wkh sduwlflsdwlrq frqvwudlqw +48, dqg wkh jryhuqphqw exgjhw frq0vwudlqw
�2cRcK| @ jK2cRcK . jR2cRcK= +4:,

53Qrwlfh wkdw iurp +<, lw lv lpphgldwh wr yhuli| wkdw }R2cocR ' M3�E�2cocR+R�1
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Vxevwlwxwlqj +4:, lqwr +49, zh jhw
pd{i�2cRcKjzR2cRcK @ +4� �2cRcK, |R .K+�2cRcK| � jK2cRcK,= +4;,

Wkh iroorzlqj �uvw rughu frqglwlrq lpsolflwo| gh�qhv wkh rswlpdo wd{ udwh
|R @ K}+� 2cRcK| � jK2cRcK,#b| � CjK2cRcKC�2cRcK

$ +4<,
zkhuh iurp +48,54

CjK2cRcKC�2cRcK @ |KK}+jK2cRcK, = +53,
Djdlq/ wkh vhfrqg rughu frqglwlrq lv dozd|v vdwlv�hg jlyhq wkdw zR2cRcK lvjoredoo| frqfdyh lq �2cRcK=
C2zR2cRcKC +�2cRcK,2 @ K}}+jR2cRcK,%| � |KK}+jK2cRcK,

&2 .K}}+jK2cRcK,+|K,2K}+jR2cRcK,kK}+jK2cRcK,l� ? 3=
71515 Urxqg 4 ri wkh Edujdlqlqj JdphDw urxqg 4 ri wkh ohjlvodwlyh edujdlqlqj jdph wkh plggoh fodvv djhqgd vhwwhuzloo irup wkh jryhuqphqw frdolwlrq zlwk wkh jurxs +wkh ulfk ru wkh srru, wkdwdoorzv khu wr uhdfk wkh kljkhvw ohyho ri xwlolw| iurp wkh lpsohphqwhg srolf|1Lq zkdw iroorzv/ zh zloo hvwdeolvk d joredo uhvxow zklfk lghqwl�hv wkh zlqqlqjfrdolwlrq lq whupv ri d fulwlfdo ydoxh ri ! +dv gh�qhg e| +:,,1 Wr surfhhg lqwklv gluhfwlrq/ zh �uvw gh�qh wkh pd{lpl}dwlrq sureohpv ri wkh plggoh fodvvzkhq vkh pdnhv wkh frdolwlrq zlwk ulfk dqg wkh srru uhvshfwlyho|1

Fdvh 4= Plggoh fodvv dqg ulfk frdolwlrq1
Li wkh frdolwlrq jryhuqphqw lv pdgh xs e| wkh plggoh fodvv dqg wkh ulfk/wkh pd{lpl}dwlrq sureohp iru wkh plggoh fodvv lv

54Iurp +48, zh dovr nqrz wkdw }K2cRcK ' M3�E�2cRcK+K�1
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pd{i��cKcojzK�cKco @ �4� � �cKco� |K .K+jK�cKco, +54,
vxemhfw wr wkh jryhuqphqw exgjhw frqvwudlqw

� �cKco| @ jK�cKco . jo�cKco = +55,
dqg wkh sduwlflsdwlrq frqvwudlqw iru wkh ulfk1 Qrwlfh wkh iru wkh ulfk wreh frqylqfhg wr dffhsw wkh sursrvdo ri wkh plggoh fodvv djhqgd vhwwhu wkh|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 lv jlyhq e|

H +zo2, @ +4� !, �+4� �2cocR, |o .K+jo2cocR,�. ! +4� �2cRcK, |o= +56,
Wklv phdqv wkdw wkh srolf| phqx +��cKco> jo�cKco, wkh ulfk pxvw eh r�huhg dwurxqg 4 lv vxfk wkdw

+4� ��cKco, |o .K+jo�cKco, � H +zo2, = +57,
Wkhq/ frpelqlqj +56, dqg +57, zh jhw wkh iroorzlqj sduwlflsdwlrq frqvwudlqwiru wkh ulfk dw wkh �uvw urxqg
+4� ��cKco, |o .K+jo�cKco, � +4� !, �+4� �2cocR, |o .K+jo2cocR,�. ! +4� �2cRcK, |o=+58,Qrz/ vxevwlwxwlqj +55, lq +54, wkh deryh pd{lpl}dwlrq sureohp fdq ehuhzulwwhq dv

pd{i��cKcojzK�cKco @ �4� � �cKco� |K .K+� �cKco| � jo�cKco, +59,
vxemhfw wr +58,1 Dvvxplqj wkdw wkh sduwlflsdwlrq frqvwudlqw iru wkh ulfk lvelqglqj wkh �uvw rughu frqglwlrq ri wklv sureohp lv55

55 Lq wkdw fdvh wkh frqvwudlqw +58, krogv zlwk htxdolw| vljq ehfdxvh wkh djhqgd vhwwhusursrvhv wr wkh ulfk d srolf| wkdw ohdyhv wkhp lqgl�huhqw ehwzhhq dffhswlqj dqg uhmhfwlqjlw1
54



|K @ K} �� �cKco| � jo�cKco��b| � Cjo�cKcoC� �cKco
� = +5:,

zkhuh iurp +58,56
Cjo�cKcoC� �cKco @ |oK} �jo�cKco� A 3= +5;,

Wkh vhfrqg rughu frqglwlrq lv dozd|v vdwlv�hg dv
C2zK�cKcoC �� �cKco�2 @ K}}+jK�cKco,

57| � |oK} �jo�cKco�
682 .K}}+jo�cKco,+|o,2K}+jK�cKco,kK} �jo�cKco�l� ? 3

+5<,zklfk suryhv wkdw wkh remhfwlyh ixqfwlrq zK�cKco lv joredoo| frqfdyh lq � �cKco 1Wkh sduwlflsdwlrq frqvwudlqw iru wkh ulfk grhv qrw qhhg wr eh qhfhvvdulo|elqglqj iru doo ydoxhv ri ! krzhyhu1 Lqghhg/ dv ! dssurdfkhv rqh/ wkh h{0shfwhg xwlolw| ri wkh ulfk dw urxqg 5 dssurdfkhv wr +4� �2cRcK, |o1 Qrz/ li wkhplggoh fodvv glfwdwruldo wd{ udwh � K dv gh�qhg e| +8, lv orzhu wkdq �2cRcK/ wkhqwkh sduwlflsdwlrq frqvwudlqw iru wkh ulfk +58, lv qrw elqglqj1 Lq wklv fdvh wkhfrqvhqvxdo ghprfudf| htxloleulxp xqghu wkh plggoh fodvv dqg ulfk frdolwlrqlv htxlydohqw wr wkh glfwdwruvkls ri wkh plggoh fodvv zklfk zloo rewdlq khu+joredo, pd{lpxp ohyho ri xwlolw| e| vhwwlqj d wd{ udwh � �cKco htxdo wr � K dqgvshqglqj doo wkh jryhuqphqw uhyhqxhv lq khu suhihuuhg sxeolf jrrg= jK�cKco @� K| dqg jo�cKco @ 31 Lq pdq| qxphulfdo vlpxodwlrqv zh kdyh irxqg wkdw zkhq! lv vx!flhqwo| forvh wr rqh wkh sduwlflsdwlrq frqvwudlqw iru wkh srru fhdvhvwr eh elqglqj +vhh iru h{dpsoh Iljxuh 6,1 Wklv uhvxow fdq eh rewdlqhg dovrdqdo|wlfdoo| dw ! @ 4 lq wkh sduwlfxodu fdvh zkhuh wkh lqfrph ri wkh srru |Rlv htxdo wr }hur1 Lqghhg/ lq wklv fdvh wkh wd{dwlrq ri wkh jryhuqphqw frdolwlrqehwzhhq wkh srru djhqgd vhwwhu dqg plggoh fodvv dw wkh vhfrqg urxqg �2cRcKwxuqv rxw wr eh gh�qhg e| wkh iroorzlqj htxdwlrq
|KK}+�2cRcK|K, @ | +63,

56 Lw lv lpphgldwh wr qrwlfh wkdw wkh uljkw kdqg vlgh ri +58, lv lqghshqghqw erwk rq �4>e>udqg wkdw wkh srolf| yhfwru lpsohphqwhg dw urxqg 5 lv lqghshqghqw rq rq �1
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zkloh wkh glfwdwruldo wd{ udwh ri wkh plggoh fodvv lv jlyhq e|
|KK}+� K|, @ |= +64,

Frpelqlqj +63, dqg +64, lw lv wxuqv rxw wkdw �2cRcK|K @ � K|1 Wkhq/ lw lvlpphgldwh wr yhuli| wkdw �2cRcK A � K jlyhq wkdw |K ? |1
Fdvh 5= Plggoh fodvv dqg srru frdolwlrq1
Zkhq wkh plggoh fodvv irupv wkh jryhuqphqw frdolwlrq zlwk wkh srru/vkh vroyhv wkh iroorzlqj rswlpl}dwlrq sureohp

pd{i��cKcRjzK�cKcR @ �4� � �cKcR� |K .K+jK�cKcR, +65,
vxemhfw wr wkh jryhuqphqw exgjhw frqvwudlqw

� �cKcR| @ jK�cKcR . jR�cKcR +66,dqg wkh sduwlflsdwlrq frqvwudlqw iru wkh srru1 Wkh srru dffhsw wkh sursrvdori wkh plggoh fodvv djhqgd vhwwhu li wkh srolf| sursrvhg jxdudqwhhv wkhpd ohyho 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 = +67,

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, � H +zR2, = +68,Iurp +67, dqg +68, zh jhw wkh sduwlflsdwlrq frqvwudlqw iru wkh srru dw urxqg4

+4� ��cKcR, |R .K+jR�cKcR, � +4� !, |R . ! k+4� �2cRcK, |R .K+jR2cRcK,l =+69,
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Dw wklv srlqw lw lv zruwk| wr hpskdvl}h wkdw wkh sduwlflsdwlrq frqvwudlqw+69, iru wkh srru lv dozd|v elqglqj1 Lqghhg/ wkh srru duh dozd|v sduw ri wkhjryhuqphqw frdolwlrq dw urxqg 5 dqg wklv lpsolhv wkdw wkhlu h{shfwhg xwlolw|dw wklv vwdjh H +zR2, zloo dw ohdvw eh htxdo wr wkhlu ohyho ri lqfrph/ zklfk lvzkdw wkh| jhw iurp wkh vwdwxv txr srolf|1 Wklv phdqv wkdw iru dq| ohyho ri� �cKcR wkh srru kdyh wr eh frpshqvdwhg zlwk d vwulfwo| srvlwlyh dprxqw riwkhlu suhihuuhg sxeolf jrrg jR�cKcR / dqg wkhuhiruh +69, lv dozd|v elqglqj157Wkh vxevwlwxwlrq ri wkh jryhuqphqw exgjhw frqvwudlqw +66, lq +65, doorzvxv wr uhzulwh wkh plggoh fodvv pd{lpl}dwlrq sureohp dv
pd{i��cKcRjzK�cKcR @ �4� � �cKcR� |K .K+��cKcR| � jR�cKcR, +6:,

vxemhfw wr +69,1 Wkh �uvw rughu frqglwlrq ri wklv sureohp uhdgv
|K @ K}+��cKcR| � jR�cKcR,#b| � CjR�cKcRC��cKcR

$ = +6;,
zkhuh iurp wkh sduwlflsdwlrq frqvwudlqw iru wkh srru +69,

CjR�cKcRC��cKcR @ |RK} +jR�cKcR, A 3= +6<,
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
+73,

zklfk phdqv wkdw dovr zK�cKcR lv joredoo| frqfdyh lq � �cKcR1Wkh 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

57Fohduo|/ jlyhq wkdw wkh plggoh fodvv sursrvdo lv vxfk wr ohdyh wkh srru mxvw lqgl�huhqwehwzhhq dffhswlqj dqg uhmhfwlqj +69, krogv zlwk htxdolw| vljq1
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+l, li ! ? !W/ wkh jryhuqphqw frdolwlrq lv pdgh e| wkh plggoh fodvv dqge| wkh srru>+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, wklv phdqv wkdw wkhuh duh ihz srru dqg wkhlu edujdlqlqj srvlwlrqlv uhodwlyho| zhdn dv wkh| fdq h{shfw wr ehfrph djhqgd vhwwhu dw urxqg 5zlwk orz suredelolw|1 Khqfh/ wkh| gr orrn dv d pruh dsshdolqj srwhqwldofrdolwlrq sduwqhu wr wkh plggoh fodvv158 Rq wkh rwkhu kdqg/ zkhq ! lv vpdoo+4 � ! lv elj, wkh ulfk kdyh d uhodwlyho| kljk suredelolw| ri ehlqj djhqgdvhwwhu dw urxqg 5/ zklfk lq wxuq lpsolhv wkdw wkhlu h{shfwhg xwlolw| dw wkhvhfrqg urxqg lv kljk dqg wkhlu yrwh lv frvwo| wr ex|1 Wkhuhiruh/ zkhq !lv vpdoo wkh plggoh fodvv suhihuv wr pdnh d jryhuqphqw frdolwlrq zlwk srruehfdxvh wkhlu yrwh lv fkhdshu wr ex|1 Fohduo|/ wkh rssrvlwh lv wuxh zkhq !lv uhodwlyho| kljk +! A !W,1 Dw wkh wkuhvkrog !W/ wkh plggoh fodvv lv mxvwlqgl�huhqw ehwzhhq iruplqj d frdolwlrq zlwk wkh ulfk ru zlwk wkh srru159Wklv uhvxow fdq eh uhjdughg dv dq dssolfdwlrq ri wkh jhqhudo sulqflsoh e|zklfk/ lq frdolwlrq irupdwlrq jdphv/ lw fdq eh lq idfw dgydqwdjhrxv wr ehlq d uhodwlyho| zhdn edujdlqlqj srvlwlrq dv wkdw lqfuhdvhv wkh olnholkrrg riehfrplqj d phpehu ri wkh frdolwlrq1 Wklv lv pxfk wr wkh frqwudu| ri zkdwkdsshqv lq d Qdvk edujdlqlqj surfhvv/ zkhuh d orzhu edujdlqlqj srzhu rqo|uhgxfhv wkh vkduh ri wkh vxusoxv ri zklfk rqh fdq dssursuldwh1
8 Wkh Vl}h ri wkh Jryhuqphqw Dfurvv Gl�huhqwFrqvwlwxwlrqv
D frpsdulvrq ri wkh ohyho ri wkh wd{ udwh fkrvhq xqghu d pdmrulwduldq dqgxqghu d frqvhqvxdo frqvwlwxwlrq lv qrw vwudljkwiruzdug gxh wr wkh vwurqjqrq0olqhdulw| suhvhqw lq wkh �uvw rughu frqglwlrqv gh�qlqj wkhp1 Krzhyhu/zh fdq vwdwh wkdw/ dffruglqj wr rxu prgho/ wkh ryhudoo vl}h ri wkh jryhuqphqwlv jhqhudoo| kljkhu lq d frqvhqvxdo ghprfudf| wkdq lw lv lq d pdmrulwduldqrqh1Uhvxow 41 Wd{dwlrq lv vwulfwo| kljkhu lq d frqvhqvxdo ghprfudf| wkdqlw lv lq d pdmrulwduldq rqh/ iru d jlyhq phdq ohyho ri lqfrph1 Wkh ohyho ri

58Zh uhplqg wkdw qr pruh wkdq rqh sduwqhu lv qhhghg wr irup d jryhuqphqw frdolwlrq159Iljxuh 4 surylgh d judsklfdo uhsuhvhqwdwlrq ri wkh xwlolw| ri wkh plggoh fodvv dfurvvwkh wzr frdolwlrqv iru jlyhq ydoxhv ri wkh sdudphwhuv wkdw duh vshfl�hg ehorz1
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sxeolf h{shqglwxuh +dqg wkh vl}h ri wkh jryhuqphqw, lv wkxv dovr kljkhu dqglwv frpsrvlwlrq eurdghu1 Pruhryhu/ lq d frqvhqvxdo ghprfudf| wkh ohyho riwd{dwlrq rewdlqlqj xqghu d jryhuqphqw frdolwlrq pdgh e| wkh plggoh fodvvdqg wkh srru lv jhqhudoo| kljkhu wkdq wkdw rewdlqlqj xqghu d plggoh fodvvdqg ulfk frdolwlrq1Surri1 Vhh Dsshqgl{1�
Wklv uhvxow dovr whoov xv wkdw lq d frqvhqvxdo ghprfudf| wkh plggoh fodvvdqg srru frdolwlrq wd{hv dqg vshqgv pruh wkdq d plggoh fodvv dqg ulfkfrdolwlrq1 Dv lw zloo eh fohdu vrrq dqg / vlqfh wkh odwwhu jryhuqphqw frdolwlrqlv pruh olnho| wr eh iruphg lq d pruh xqhtxdo vrflhw|/ wkh prgho dovr suhglfwvwkh h{lvwhqfh ri d qhjdwlyh uhodwlrq ehwzhhq lqhtxdolw| dqg uhglvwulexwlrq lqd furvv0vhfwlrq ri ghprfudflhv ri frqvhqvxdo w|sh1
Wkh suhglfwlrqv ri rxu prgho uhodwlyh wr wkh v|vwhpdwlf h�hfwv ri frq0vwlwxwlrqdo sulqflsohv rq sxeolf �qdqfh rxwfrphv dsshdu lq djuhhphqw zlwkwkh hpslulfdo uhvxowv irxqg lq vrph lpsruwdqw uhodwhg zrunv1 Iru lqvwdqfhPlohvl0Ihuuhwwl/ Shurwwl dqg Urvwdjqr +5334, suhvhqw hylghqfh iurp RHFGdqg Odwlq Dphulfdq frxqwulhv/ dffruglqj wr zklfk wudqvihuv/ wkdw fdq ehwdujhwhg wr vrfldo jurxsv zlwk uhodwlyh hdvh +h1j1 xqhpsor|phqw ehqh�wv/shqvlrqv/ hwf1,/ duh kljkhu xqghu sursruwlrqdo wkdq pdmrulwduldq hohfwrudov|vwhpv1 Pruhryhu/ dffruglqj wr Olmskduw +4<<</ fk1 49, frqvhqvxdo ghprf0udflhv vshqg rq dyhudjh 816( shufhqw pruh ri wkhlu jurvv grphvwlf surg0xfw rq zhoiduh surjudpv1 Wkh yhu| vdph uhodwlrq lv pdqlihvw +dqg urexvw,lq whupv ri wkh zhoo nqrzq lqgh{ ri �ghfrpprgl�fdwlrq� hoderudwhg e|J1 Hvslqj0Dqghuvhq/ zklfk phdvxuhv wkh h{whqw wr zklfk zhoiduh ehqh�wv+zlwk uhjdug wr xqhpsor|phqw/ looqhvv/ glvdelolw| dqg djh, duh lqghshqghqwrq pdunhw rxwfrphv1 Wklv lv txlwh lq djuhhphqw zlwk rxu prgho/ dv zhoiduhh{shqglwxuhv duh surprwhg prvwo| e| jryhuqphqwv uhsuhvhqwlqj fhqwhu0ohiwfrqvwlwxhqflhv/ zklfk duh suhflvho| wkh jryhuqphqwv wkdw vkrxog eh pruhriwhq wkdq qrw h{shfwhg wr eh lq r!fh lq frqvhqvxdo ghprfudflhv1

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 wkdw wkh
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ghflvlrq lv wdnhq e| vlpsoh pdmrulw| yrwlqj +rqh pdq0rqh yrwh,/ dqg wkdw wkhdydlodeoh dowhuqdwlyhv duh wkh wzr 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|1Sursrvlwlrq 61 Li ! ? !W wkh vrflhw| fkrrvhv wkh frqvhqvxdo ghprfudf|zkloh lw suhihuv wkh pdmrulwduldq v|vwhp zkhq ! A !W1Surri1 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 vhwwlqj15; Krzhyhu/ zhnqrz wkdw wklv qhhgv qrw wr eh dozd|v wkh fdvh/ vlqfh wkh uxolqj frdolwlrqgrhv qrw lqfoxgh wkhp zkhqhyhu ! 5 +!W> 4,1 Lq wklv lqvwdqfh wkh srru duhdfwxdoo| zruvh0r� lq d frqvhqvxdo ghprfudf|= wkh| gr sd| kljkhu wd{hv +vhhUhvxow 4, exw jhw dv zhoo qr surylvlrq dw doo ri wkhlu vshfl�f sxeolf jrrg1Wkhuhiruh/ li ! 5 +3> !W, wkh pdmrulw| suhihuv wkh frqvhqvxdo ghprfudf| zklohwkh pdmrulwduldq ghprfudf| lv fkrvhq zkhq ! 5 +!W> 4,1�Zh qrz irfxv wkh dwwhqwlrq rq frqvwlwxwlrqdo fkdqjhv jhqhudwhg e| gli0ihuhqw phdq suhvhuylqj vsuhdgv wr 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 rqh15<
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|15;Djdlq/ 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 jrrg15<Zh kdyh dqdo|}hg rwkhu nlqgv ri phdq suhvhuylqj vsuhdg wr wkh glvwulexwlrq ri lqfrphwkdw zh gr qrw suhvhqw khuh exw wkdw frq�up wkh vdph uhvxowv1
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Phdq suhvhuylqj vsuhdg 41Zh �uvw frqvlghu d wudqvirupdwlrq ri wkh glvwulexwlrq ri lqfrph wkdwd�hfwv wkh vl}h ri wkh wkuhh fodvvhv1 Zh vxssrvh wkdw pR dqg po lqfuhdvhdqg wkdwpK ghfuhdvhv lq vxfk d zd| wkdw erwk wkh vl}h ri wkh srsxodwlrq dqgwkh dyhudjh ohyho ri lqfrph b| uhpdlq frqvwdqw1 Wkhq/ vrflhw| kdv d vpdoohuplggoh fodvv/ pruh ulfk dqg pruh srru> wkdw lv/ lw lv pruh xqhtxdo1Revhuyh wkdw wkh wkuhvkrog !W lv qrw d�hfwhg e| wklv wudqvirupdwlrq exw/dv zh vkrz ehorz/ wkh ydoxh ri ! qhfhvvdulo| lqfuhdvhv1 Wkhuhiruh/ lw lvpruh olnho| wkdw ! ehorqjv wr wkh lqwhuydo +!W> 4, dqg wkdw d pdmrulwduldqghprfudf| lv fkrvhq1Zh qrz vkrz wkdw wkh phdq suhvhuylqj vsuhdg frqvlghuhg lpsolhv dqlqfuhdvh lq !1 Ohw xv frqvlghu wkh gh�qlwlrq ri wkh dyhudjh lqfrph
b| @ pR|R .pK|K .po|o

dqg glylgh erwk vlghv e| +4 � pK, @ +pR . po, wdnlqj lqwr dffrxqw wkhgh�qlwlrq ri ! lq +:,
b|4�pK @ !|R . pK4�pK |K . +4� !,|o=

Uhduudqjlqj whupv zh jhw
|o � !+|o � |R, @ b| . pK4�pK +b| � |K,= +74,

Dq lqfuhdvh lq pK lpsolhv d uhgxfwlrq lq wkh uljkw ri +74, dv b| A |K dqgwkhuhiruh/ jlyhq wkdw |o A |R/ ! pxvw lqfuhdvh1 Wklv phdqv wkdw ! fdq dovreh lqwhusuhwhg dv d phdvxuh ri lqfrph lqhtxdolw|1 Djdlq/ rxu prgho suhglfwwkdw 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 wudqviru0pdwlrq ri erwk wkh vl}h dqg wkh lqfrph ri wkh wkuhh fodvvhv1 Rqh fdvh risduwlfxodu lqwhuhvw iru wkh dydlodeoh klvwrulfdo hylghqfh +h1j1 Slnhww| +5334,,
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lv wkdw ri d yduldwlrq ri wkh lqfrph ri wkh ulfk/ dffrpsdqlhg e| dq htxl0sursruwlrqdo fkdqjh lq wkh qxpehu ri wkh ulfk dqg ri wkh srru +dqg uhgxf0wlrq ri wkh plggoh fodvv,/ ohdylqj erwk ! dqg b| xqd�hfwhg1 Zkdw kdsshqvlq wklv fdvhB Wr dqvzhu wr wklv txhvwlrq/ zh surfhhg lq �yh vhsdudwh vwhsv1Vwhs 41 Iluvw ri doo/ revhuyh wkdw wkh xwlolw| ri wkh plggoh fodvv lq wkhfdvh ri wkh frdolwlrq zlwk wkh srru dw urxqg 4 grhv qrw ghshqg rq |o/ dqgwkhuhiruh lw lv qrw d�hfwhg e| dq| yduldwlrq ri lw1Vwhs 51 Qrwlfh wkhq wkdw wkh xwlolw| ri wkh ulfk zkhq wkh| duh djhqgdvhwwhu dw wkh vhfrqg urxqg ri wkh jdph fdq eh zulwwhq dv
zo2cocR @ +4� �2cocR, |o .K+�2cocR| � jR2cocR+�2cocR> |K,,=Khqfh

gzo2cocRg|o @ Czo2cocRC�2cocR C�2cocRC|o . Czo2cocRC|o @ Czo2cocRC|o @ +4� �2cocR,
vlqfh Y�o2cocRY�2cocR @ 3 durxqg �2cocR e| wkh hqyhorsh wkhruhp1Vwhs 61 Dvvxph wkdw wkh sduwlflsdwlrq frqvwudlqw iru wkh ulfk +58, lvelqglqj +wkhuhiruh lw krogv zlwk vwulfw htxdolw| lq htxloleulxp, dqg gl�hu0hqwldwh lw zlwk uhvshfw wr |o163 E| wkh uhvxowv rewdlqhg lq vwhs 5 zh kdyhwkdw

CK+jo�cKco,Cjo�cKco Cjo�cKcoC|o @ ��cKco � ^+4� !, � 2cocR . !�2cRcK` = +75,
Wkh whup lq sduhqwkhvlv rq wkh uljkw0kdqg0vlgh fruuhvsrqgv wr wkh h{shfwhgwd{ udwh li wkh jdph uhdfkhv urxqg 51 Vxssrvh wkdw wkh ulfk ehfrph ulfkhu/dqg wkdw wkh wd{ udwh wkh| h{shfw wr sd| li wkh jdph uhdfkhv urxqg 5 lv kljkhuwkdq wkh rqh vhw dw urxqg 41 Wkhq/ wkh gl�huhqfh ehwzhhq wkhlu +h{shfwhg,wd{ sd|phqwv frqglwlrqdo rq wkh jdph uhdfklqj urxqg 5 dqg dv ri urxqgrqh ri wkh jdph lqfuhdvhv1 Wklv lq wxuq zhdnhqv wkh edujdlqlqj srvlwlrq riwkh ulfk dv ri urxqg 4 ri wkh jdph/ e| pdnlqj lw iru wkhp pruh frvwo| +lqh{shfwhg ydoxh,/ wr wxuq grzq dq| srolf| frdolwlrq sursrvdo irupxodwhg e|wkh plggoh fodvv djhqgd vhwwhu1 Khqfh/ wkh ohyho ri vshfl�f sxeolf jrrg wkdwpxvw eh r�huhg wkhp wr ex| wkhlu yrwh dw urxqg 4 lv vpdoohu1

63 Li wkh frqvwudlqw +58, lv qrw elqglqj/ wkh srolf| lpsohphqwhg e| wkh plggoh fodvvfruuhvsrqgv wr khu suhihuuhg srolf|/ zklfk grhv qrw ghshqg rq wkh lqfrph ri wkh ulfk irudq| phdq ohyho ri lqfrph1
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Vwhs 71 Ilqdoo|/ revhuyh wkdw wkh xwlolw| ri wkh plggoh fodvv dw urxqg 4/zkhq vkh irupv d jryhuqphqw frdolwlrq zlwk wkh ulfk fdq eh zulwwhq dv
zK�cKco @ +4� ��cKco, |K .K+��cKco| � jo�cKco+��cKco> |o,,=Durxqg wkh srolwlfdo htxloleulxp zh kdyh wkdw

gzK�cKcog|o @ CzK�cKcoC��cKco C��cKcoC|o . CzK�cKcoC|o @ �Cjo�cKcoC|o CK+jK�cKco,CjK�cKco
vlqfh/ e| wkh hqyhorsh wkhruhp/ Y�K�cKcoY��cKco @ 3 dqg Y}K�cKcoY+o @ �Y}o�cKcoY+o 1 Pruhryhu/jlyhq wkdw Y�K�cKcoY}K�cKco A 3/ wkh vljq ri wkh h�hfw ri dq lqfuhdvh lq |o rq wkh xwlolw|ri wkh plggoh fodvv lq d frdolwlrq zlwk wkh ulfk ghshqgv rq wkh vljq ri Y}o�cKcoY+odqg lw lv srvlwlyh +qhjdwlyh, zkhq wkh odwwhu lv qhjdwlyh +srvlwlyh,1Vwhs 81 Lq wkh Dsshqgl{ zh kdyh ghprqvwudwhg wkdw wkh vfkhgxoh zK�cKco +!,lv lqfuhdvlqj lq ! dqg/ e| wkh uhvxow ri vwhs 7/ zh fdq frqfoxgh wkdw wkh vdphvfkhgxoh vkliwv xszdug dv |o lqfuhdvhv/ surylghg wkdw

��cKco ? ^+4� !, �2cocR . !�2cRcK` � H +� 2, =Vlqfh +uhfdoo vwhs 4, wkh vfkhgxoh zK�cKcR +!, grhv qrw ghshqg rq |o/ wkh wkuhvk0rog !W dw zklfk wkh wzr ri wkhp furvv vkliwv wr wkh ohiw dv |o lqfuhdvhv li��cKco ? H +�2,1Xqiruwxqdwho|/ lw lv qrw srvvleoh wr ghwhuplqh dqdo|wlfdoo| wkh vljq rih{suhvvlrq +75,1 Qhyhuwkhohvv/ qxphulfdo vlpxodwlrqv lqglfdwh wkdw wkh vljqri +75, lv qhjdwlyh1 Zh dvvxph d srzhu ixqfwlrq vshfl�fdwlrq iru K +�, zlwkwkh iroorzlqj edvholqh sdudphwhuv= D @ 4> � @ 3=8> |R @ 3=5> |K @ 3=;> b|@ 4> |o @ 5=81 Jlyhq wklv edvholqh sdudphwhul}dwlrq/ wkh uljkw kdqg vlgh rihtxdwlrq +75, dsshduv wr eh qhjdwlyh/ iru gl�huhqw ydoxhv ri !/ dv lw lv fohduiurp wkh iroorzlqj wdeoh uhsruwlqj lwv frpsxwdwlrqv1
! 314 315 316 317 318 319 31: 31; 31<��cKco �H +�2, 01557 015: 015;< 015< 015;7 015: 0157< 01559 014<<
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Iljxuh 7 sruwudlwv wkh xwlolw| ri wkh plggoh fodvv/ dv d ixqfwlrq ri !/ lqwkh wzr fdvhv ri wkh irupdwlrq ri wkh jryhuqphqw frdolwlrq zlwk wkh srrudqg zlwk ulfk1 Kroglqj frqvwdqw wkh phdq lqfrph/ |o lv ohw lqfuhdvh wr 6/8 dqg :1 Dv |o lqfuhdvhv/ d frdolwlrq zlwk wkh ulfk ehfrphv pruh dsshdolqjiru wkh plggoh fodvv iru dq| ydoxh ri != khqfh !W ghfuhdvhv1Wkh uhgxfwlrq ri !W jhqhudwhg e| wkh lqfuhdvh lq lqhtxdolw| frqvlghuhglpsolhv wkdw wkh udqjh +3> !W, zkhuh wkh frqvhqvxdo ghprfudf| lv fkrvhqghfuhdvhv/ dqg wkhuhiruh lw lv pruh olnho| wkh dgrswlrq ri d pdmrulwduldqfrqvwlwxwlrq1
: Vrph Klvwrulfdo Hylghqfh rq Lqhtxdolw|/ FodvvSuhihuhqfhv dqg Frqvwlwxwlrqdo Fkrlfh
Wklv Vhfwlrq glvfxvvhv vrph lpsruwdqw slhfhv ri klvwrulfdo hylghqfh wkdwdsshdu frqvlvwhqw zlwk rxu wkhru|1 Zh irfxv wkh dwwhqwlrq rq vdolhqw hslvrghvri wkh ohjdo dqg srolwlfdo klvwru| ri vrph Hxurshdq frxqwulhv dqg ri wkh X1V1ryhu urxjko| wkh odvw wzr fhqwxulhv1Zkloh wkh frqvwlwxwlrqdo klvwru| ri hdfk frxqwu| lv ri frxuvh yhu| vshfl�f/lw lv qrqhwkhohvv srvvleoh wr lghqwli| vrph jhqhudo sdwwhuqv ri lqvwlwxwlrqdohyroxwlrq1 Wkhvh sdwwhuqv fruuhvsrqg wr wkh iroorzlqj jurxsv ri frxqwulhv=

� Klvwrulfdoo| pdmrulwduldq ghprfudflhv +X1N1/ X1V1,1� Vfdqglqdyldq dqg rwkhu Qruwkhuq Hxurshdq frxqwulhv1� Frqwlqhqwdo Hxurshdq Frxqwulhv +Iudqfh/ Jhupdq|/ Lwdo|,1
Ryhudoo/ wkh klvwrulfdo hylghqfh suhvhqwhg lv lq djuhhphqw zlwk vrph rirxu pdlq uhvxowv/ lqfoxglqj wkh sursrvlwlrqv wkdw wkh vwuxfwxuhv ri pdmrul0wduldq ghprfudf| duh wkh h{suhvvlrq ri wkh lqwhuhvwv ri wkh ulfk/ zkr kdyhwkhuhiruh d qdwxudo suhihuhqfh iru wklv ghprfudwlf prgho/ dqg wkdw/ lq jhqhudosrolwlfdo htxloleulxp/ d kljkhu +orzhu, lqfrph lqhtxdolw| vkrxog eh h{shfwhgwr lqgxfh wkh dgrswlrq ri d pdmrulwduldq +frqvhqvxdo, frqvwlwxwlrq164

64Wkh idfw wkdw nh| frqvwlwxwlrqdo sulqflsohv dqg qrupv rxjkw wr eh lqwhusuhwhg iurp dqhfrqrplf shuvshfwlyh/ wkdw lv wr vd| dv uh hfwlqj wkh lqwhuhvwv ri sduwlfxodu vrfldo jurxsvru fodvvhv dv rssrvhg wr wkh �sxeolf jrrg� kdv dovr ehhq uhfrjql}hg e| Fkduohv D1 Ehdug+4<46, lq �Dq Hfrqrplf Lqwhusuhwdwlrq ri wkh Frqvwlwxwlrq ri wkh Xqlwhg Vwdwhv1� Lq wkh�uvw fkdswhu ri klv vwxg|/ kh zulwhv +vhh sdjh 46, wkdw �Lqdvpxfk dv wkh sulpdu| remhfw rid jryhuqphqw/ eh|rqg wkh phuh uhsuhvvlrq ri sk|vlfdo ylrohqfh/ lv wkh pdnlqj ri wkh uxohvzklfk ghwhuplqh surshuw| uhodwlrqv ri phpehuv ri vrflhw|/ wkh grplqdqw fodvvhv zkrvhuljkwv duh wkxv wr eh ghwhuplqhg pxvw shuirufh rewdlq iurp wkh jryhuqphqw vxfk uxohv dv
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:14 Wkh Pdnlqj ri wkh Frqvwlwxwlrq ri wkh Xqlwhg VwdwhvWkh Xqlwhg Vwdwhv kdyh wkh roghvw zulwwhq frqvwlwxwlrq ri wkh zruog/ gdwlqjwr 4:;:1 Lw zdv gudiwhg e| d Frqvwlwxwlrqdo Frqyhqwlrq ri ghohjdwhv iurpdoo Vwdwhv +dsduw Ukrgh Lvodqg, wkdw phw lq Sklodghoskld1 Dsduw iurp vrphuhodwlyho| plqru fkdqjhv/ lw kdv uhpdlqhg hvvhqwldoo| wkh vdph xs wrgd|/uhsuhvhqwlqj dorqj zlwk wkh Eulwlvk frqvwlwxwlrq wkh dufkhw|sh ri wkh prghori pdmrulwduldq ghprfudf|1 D vhplqdo hfrqrplf dqdo|vlv ri wkh Dphulfdqfrqvwlwxwlrq kdv ehhq surylghg e| wkh ohjdo klvwruldq Fkduohv Ehdug/ lq dfodvvlf zrun ri 4<46165Ehdug*v zrun vkduhv zlwk rxu sdshu wkh suhplvh wkdw nh| frqvwlwxwlrqdosulqflsohv rxjkw wr eh lqwhusuhwhg iurp dq hfrqrplf shuvshfwlyh dqg klv edvlfdujxphqw lv wkdw wkh frqvwlwxwlrq ri wkh Xqlwhg Vwdwhv kdg ehhq gudiwhg wruh hfw hvvhqwldoo| wkh lqwhuhvwv ri wkh hfrqrplf holwh ri wkh wlph1 Wkhvh zhuhhvvhqwldoo| wkrvh ri vhfxulqj lqglylgxdo surshuw| uljkwv/ dqg ri jxdudqwhh0lqj wkh ehvw srvvleoh lqvwlwxwlrqdo iudphzrun iru sulydwh hfrqrplf dfwlylw|1Ehdug +vhh sdjh 657, zulwhv=�Wkh pryhphqw iru wkh Frqvwlwxwlrq ri wkh Xqlwhg Vwdwhv zdv ruljlqdwhgdqg fduulhg wkurxjk sulqflsdoo| e| irxu jurxsv ri shuvrqdow| lqwhuhvwv zklfkkdg ehhq dgyhuvho| d�hfwhg xqghu wkh Duwlfohv ri Frqihghudwlrq= prqh|/sxeolf vhfxulwlhv/ pdqxidfwxuhv/ dqg wudgh dqg vklsslqj1Wkh �uvw �up vwhsv wrzdug wkh irupdwlrq ri wkh Frqvwlwxwlrq zhuh wdnhqe| d vpdoo dqg dfwlyh jurxs ri phq lpphgldwho| lqwhuhvwhg wkurxjk wkhlushuvrqdo srvvhvvlrqv lq wkh rxwfrph ri wkhlu oderuv1��111D odujh surshuw| pdvv zdv/ xqghu wkh suhydlolqj vx�udjh txdol�fd0wlrqv/ h{foxghg dw wkh rxwvhw iurp sduwlflsdwlrq +wkurxjk uhsuhvhqwdwlyhv, lqwkh zrun ri iudplqj wkh Frqvwlwxwlrq1duh frqvrqdqw zlwk wkh odujhu lqwhuhvwv qhfhvvdu| wr wkh frqwlqxdqfh ri wkhlu hfrqrplfsurfhvv/ ru wkh| pxvw wkhpvhoyhv frqwuro wkh rujdqv ri jryhuqphqw1 Lq d vwdeoh ghvsrwlvp/wkh iruphu wdnhv sodfh> xqghu dq| rwkhu v|vwhp ri jryhuqphqw/ zkhuh srolwlfdo srzhu lvvkduhg e| dq| sruwlrq ri wkh srsxodwlrq/ wkh phwkrgv dqg qdwxuh ri wklv frqwuro ehfrphwkh sureohp ri sulph lpsruwdqfh 0 lq idfw/ wkh ixqgdphqwdo sureohp lq frqvwlwxwlrqdo odz1Wkh vrfldo vwuxfwxuh e| zklfk rqh w|sh ri ohjlvodwlrq lv vhfxuhg dqg dqrwkhu suhyhqwhg 0wkdw lv/ wkh frqvwlwxwlrq 0 lv d vhfrqgdu| ru ghulydwlyh ihdwxuh dulvlqj iurp wkh qdwxuh riwkh hfrqrplf jurxsv vhhnlqj srvlwlyh dfwlrq dqg qhjdwlyh uhvwudlqw1�Srolwlfdo dqg hfrqrplf ghyhorsphqw kdyh dovr ehhq uhfrjql}hg e| d orqj wudglwlrq riwkrxjkw wr eh lqwlpdwho| frqqhfwhg surfhvvhv1 D prghuq lpsruwdqw uhihuhqfh lv wkh frq0wulexwlrq ri Olsvhw +4<;4,1 D yhu| uhfhqw uhvwdwhphqw ri lw lv frqwdlqhg lq wkh sdshu riDfhprjox dqg Urelqvrq +5333,1 Wklv sdshu krzhyhu irfxvhv ri wkh lqwhusod| ehwzhhqhfrqrplf ghyhorsphqw dqg wkh surfhvv ri ghprfudwl}dwlrq/ udwkhu wkdq rq wudqvirupdwlrqri ghprfudwlf lqvwlwxwlrqv165Zh wkdqn Doehuwr Dohvlqd iru eulqjlqj wklv errn wr rxu dwwhqwlrq1
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Wkh Phpehuv ri wkh Sklodghoskld Frqyhqwlrq zklfk gudiwhg wkh Frq0vwlwxwlrq zhuh/ zlwk ihz h{fhswlrqv/ lpphgldwho|/ gluhfwo|/ dqg shuvrqdoo|lqwhuhvwhg lq/ dqg ghulyhg hfrqrplf dgydqwdjhv iurp/ wkh hvwdeolvkphqw riwkh qhz v|vwhp1�Kh dovr dggv +vhh sdjh 658, wkdw=�Lq wkh udwl�fdwlrq/ lw ehfdph pdqlihvw wkdw wkh olqh ri fohdydjh iru dqgdjdlqvw wkh Frqvwlwxwlrq zdv ehwzhhq vxevwdqwldo shuvrqdow| lqwhuhvwv rq wkhrqh kdqg dqg wkh vpdoo iduplqj dqg ghewru lqwhuhvwv rq wkh rwkhu1Wkh Frqvwlwxwlrq zdv qrw fuhdwhg e| �wkh zkroh shrsoh� dv mxulvwv kdyhvdlg> qhlwkhu zdv lw fuhdwhg e| �wkh vwdwhv� dv Vrxwkhuq qxool�huv orqj frq0whqghg> exw lw zdv wkh zrun ri d frqvrolgdwhg jurxs zkrvh lqwhuhvwv nqhzqr vwdwh erxqgdulhv dqg zhuh wuxo| qdwlrqdo lq wkhlu vfrsh1�
Ehdug edvhv klv frqfoxvlrqv rq d odujh erg| ri glyhuvh slhfhv ri hylghqfh/udqjlqj iurp wkh uhfrugv ri wkh ghedwhv lq wkh Frqyhqwlrq wr wkh frqwhp0srudu| sdpskohwv dqg qhzvsdshuv vxfk dv Wkh Ihghudolvw1 Wzr sduwlfxoduo|lqwhuhvwlqj slhfhv ri hylghqfh uhylhzhg e| Ehdug duh uhsruwhg ehorz1Wkh �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{wudrugl0qdu| dzduhqhvv ri wkh hfrqrplf holwh derxw wkh qdwxuh ri khu lqwhuhvwv lq wkhsurfhvv ri frqvwlwxwlrq pdnlqj1 Wkh Ihghudolvw suhvhqwv wkh srolwlfdo vflhqfhri wkh qhz v|vwhp dv frqfhlyhg e| Kdplowrq/ Pdglvrq dqg Md|1 Lwv pdlqsudfwlfdo jrdo zdv wr frqylqfh wkh hfrqrplf dulvwrfudf|/ wkh odqgorugv/ dvzhoo wkh edqnhuv/ �qdqflhuv dqg hqwuhsuhqhxuv ri wkh vdihw| ri wkh qhz frq0vwlwxwlrq iru wkhlu rzq lqwhuhvwv1 Lw lv uhpdundeoh wkdw lq wkh whqwk qxpehuri Wkh Ihghudolvw/ Pdglvrq dujxhv 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 ri
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surshuw| ruljlqdwh1� Iru wklv wr eh srvvleoh/ d ixqgdphqwdo jrdo wr eh sxu0vxhg 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 surohwduldw1
:15 Hohfwrudo Uhirupv lq 4<|� Fhqwxu| HqjodqgHqjodqg kdv/ dorqj zlwk wkh X1V1/ wkh roghvw frqvwlwxwlrq ri wkh zruog1 Xq0olnh wkh Dphulfdq rqh/ krzhyhu/ wkh Hqjolvk lv qrw d zulwwhq frqvwlwxwlrq1Udwkhu/ lw frqvlvwv lq d froohfwlrq ri gl�huhqw zulwwhq grfxphqwv lqfoxglqjwkh Pdjqd Fkduwd ri 4548/ wkh Eloo ri Uljkwv ri 49;</ frpprqo| revhuyhgsudfwlfhv dqg frqfhswlrqv/ dv zhoo dv vrph odzv1Lw lv vwulnlqj wkdw wkh wzr roghvw ghprfudwlf frqvwlwxwlrqv/ dgrswhg dwwlphv gxulqj zklfk wkh srolwlfdo yrlfh ri wkh ulfk zdv ghwhuplqdqw/ dqgwkhuhiruh uh hfwlqj suhvxpdeo| wkh odwwhuv* hfrqrplf lqwhuhvwv/ duh erwk pd0mrulwduldq frqvwlwxwlrqv1 Rxu prgho/ zlwk lwv lpsolfdwlrq wkdw pdmrulwduldqghprfudwlf lqvwlwxwlrqv uhsuhvhqw wkh lqwhuhvwv ri wkh ulfk/ fdq dffrxqw iruwklv idfw1Rxu prgho fdq dovr vkhg oljkw rq d vdolhqw hslvrgh ri wkh Eulwlvk ohjdo dqgsrolwlfdo klvwru|/ wkdw lv wr vd| rq wkh surfhvv ri hohfwrudo uhirup wkdw wrrnsodfh gxulqj wkh 4<|� fhqwxu| zkhq Hqjodqg uhiruphg khu hohfwrudo v|vwhpwkuhh wlphv +lq 4;65/ 4;9: dqg 4;;7 uhvshfwlyho|,1Wklv vhtxhqfh ri uhirupv judgxdoo| h{whqghg iudqfklvh e| uhgxflqj wkhplqlpxp dprxqw ri shuvrqdo lqfrph qhfhvvdu| wr yrwh1 Vwulnlqjo| hqrxjk/ghvslwh wkh frqvlghudeoh h{sdqvlrq ri wkh vl}h ri hohfwrudwh/ wkh sduoldphqw/frpsrvhg e| wkh Krxvh ri Frpprqv dqg wkh Krxvh ri Orugv/ nhsw uhsuhvhqw0lqj diwhuzdugv sulpdulo| wkh lqwhuhvwv ri wkh hfrqrplf holwhv/ wkh odqgorugv dvzhoo dv wkh qhz ulfk/ zkr fuhdwhg wkhlu iruwxqhv zlwk frpphufh dqg wudgh1 Lqrwkhu zrugv/ wkh hqodujhphqw ri vx�udjh glg qrw hqwdlo dq| srolwlfdo +dqg hfr0qrplf, jdlqv iru prvw ri wkrvh frqfhuqhg/ iru d uhodwlyho| orqj shulrg1 ZdowhuEdjhkrw +4;:6,/ lq klv fodvvlf yroxph Wkh Hqjolvk Frqvwlwxwlrq zulwhv wkdwwkh shrsoh/ odujho| iurp wkh orzhu plggoh fodvv/ wkdw zhuh jlyhq wkh uljkw wryrwh e| wkh qhz odzv glg qrw hohfw wkhlu rzq uhsuhvhqwdwlyhv/ exw suhihuuhguhsuhvhqwdwlyhv iurp wkh hfrqrplf holwh/ zkhwkhu orugv ru vlpso| ulfk shrsoh1Edjhkrw +vhh sdjh ;, zulwhv wkdw �111wkh| olnhg wr kdyh rqh ri wkhlu �ehwwhuv�wr uhsuhvhqw wkhp> li kh zdv ulfk/ wkh| uhvshfwhg klp pxfk> dqg li kh zdv dorug/ wkh| olnhg klp ehwwhu1 Wkh lvvxh sxw ehiruh wkhvh hohfwruv zdv/ zklfkri wzr ulfk shrsoh zloo |rx fkrrvhB Dqg hdfk ri wkrvh ulfk shrsoh zdv sxwiruzdug e| juhdw sduwlhv zkrvh qrwlrqv zhuh wkh qrwlrqv ri wkh ulfk/ zkrvhsodqv zhuh wkhlu sodqv1 Wkh hohfwruv rqo| vhohfwhg rqh ru wzr zhdowk| phq
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wr fduu| rxw wkh vfkhphv ri rqh ru wzr zhdowk dvvrfldwlrqv1�Wkh pdlq h�hfw ri wkhvh hohfwrudo uhirupv/ dw ohdvw iru vhyhudo |hduv/ zdvd uhrujdql}dwlrq ri wkh glylvlrq ri wkh srolwlfdo srzhu zlwklq wkh h{lvwlqjhfrqrplf holwh ri wkh frxqwu|1 Diwhu 4;65/ dqg sduwlfxoduo| diwhu 4;9:/ wkhdulvwrfudf| judgxdoo| orvw khu suhgrplqdqfh lq wkh Krxvh ri Frpprqv/ wkdwehfrph pruh dqg pruh �oohg ri uhsuhvhqwdwlyhv zkrvh hfrqrplf lqwhuhvwvzhuh pdlqo| frqqhfwhg zlwk wkh qhz wudglqj zhdowk166 Edjhkrw dovr zulwhvwkdw �Wkh pdlq lqwhuhvwv ri erwk ri wkhvh fodvvhv lv qrz lghqwlfdo/ zklfk lvwr suhyhqw ru wr plwljdwh wkh uxoh ri xqhgxfdwhg phpehuv1 Exw/ wr suhyhqwh�hfwxdoo|/ wkh| pxvw qrw txduuho dprqj wkhpvhoyhv> wkh| pxvw qrw elg rqhdjdlqvw wkh rwkhu iru wkh dlg ri wkhlu frpprq rssrqhqw1 Dqg wklv lv suhflvho|wkh h�hfw ri d glylvlrq ehwzhhq Orugv dqg Frpprqv1�Wklv klvwrulfdo sx}}oh fdq eh dffrxqwhg iru wkurxjk rxu prgho/ zklfk kdvsuhflvho| wkh lpsolfdwlrq wkdw lq d pdmrulwduldq ghprfudf|/ wkh srru vkrxogeh h{shfwhg wr kdyh d frqvhuydwlyh yrwlqj ehkdylru1 Lqghhg/ d uhvwulfwlrq riiudqfklvh edvhg rq lqfrph ru zhdowk ru rzqhuvkls ri odqg vkrxog eh lppd0whuldo lq d pdmrulwduldq ghprfudf|/ jlyhq wkdw �vfdo srolf| uh hfwv khuh wkhsuhihuhqfhv ri wkh ulfk/ hyhq xqghu xqlyhuvdo vx�udjh167
:16 Wkh Eluwk ri Frqvhqvxdo Ghprfudf| lq VfdqglqdyldqFrxqwulhvHvvhqwldo 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,,1

66Ru/ wr xvh Edjhkrw*v zrugv +vhh sdjh 4:,/ wkh dulvwrfudf| dqg wkh soxwrfudf| uhvshf0wlyho|167Dfhprjox dqg Urelqvrq +5333, kdyh uhfhqwo| h{sodlqhg wkh h{whqvlrq ri yrwlqj uljkwvlq Zhvwhuq vrflhwlhv dv d vwudwhj| sxuvxhg e| wkh srolwlfdo holwhv lq rughu wr suhyhqw vrfldoxquhvw dqg srvvleo| wkh rxweuhdn ri d uhyroxwlrq1 Zh eholhyh wkdw wklv dujxphqw lv qrwlqfrpsdwleoh zlwk rxu vwru|1 Exw zkdw zh zlvk wr hpskdvl}h lv wkdw/ zlwklq d pdmrulwduldqghprfudf|/ iudqfklvh uhvwulfwlrqv qhhg qrw eh lqghhg yhu| lpsruwdqw lq doljqlqj �vfdosrolf| wr wkh lqwhuhvwv ri wkh ulfk1 Li wklv lv vr/ wkh h{whqvlrq ri iudqfklvh fdq zhoo eh dvwudwhjlf ghflvlrq ri wkh holwh/ dv Dfhprjox dqg Urelqvrq +5333, fodlp/ zlwk d uhodwlyho|vpdoo wudgh0r� lq whupv ri �vfdo uhglvwulexwlrq1 Li/ iru lqvwdqfh/ yrwlqj uljkwv duh ydoxhge| shrsoh shu vh/ wkhq wkh h{whqvlrq ri iudqfklvh fdq vhw0r� wkh srwhqwldo vrflr0srolwlfdowhqvlrqv jhqhudwhg e| wkh shufhswlrq ri wkh pdvvhv ri wkh �xqidluqhvv� ri d vwdwxv txrzkhuh wklv lv uhvwulfwhg1
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Wkh wzr fdvhv ri srolwlfdo ghyhorsphqw lq Vfdqglqdyldq qdwlrqv wkdw ds0shdu pruh frqvlvwhqw zlwk rxu wkhru|/ duh wkrvh ri Ghqpdun dqg ri Qruzd|1Wkh �uvw qdwlrqdo hohfwlrq edvhg rq wkh sulqflsoh ri sursruwlrqdo uhsuhvhq0wdwlrq wrrn sodfh lq Ghqpdun lq 4;89/ exw wkh sduwlfxodu phwkrg hpsor|hgzdv uhvwulfwhg wr 88 rxw ri wkh ;3 phpehuv ri wkh vlqjoh0fkdpehu sduoldphqw1Wkh ghjuhh ri sursruwlrqdolw| ri wkh Gdqlvk hohfwrudo v|vwhp kdv wkhq ehhqlqfuhdvhg judgxdoo| ryhu wlph wkurxjk d vhtxhqfh ri sduwldo uhirupv xqwlo4<53/ zkhq lw kdv ehhq hqwluho| sxw rq d sursruwlrqdo edvh1Vrph hylghqfh rq wkh hyroxwlrq ri lqfrph lqhtxdolw| lq Ghqpdun lv suh0vhqwhg lq Pruulvvrq +5333, dqg lw lv edvhg rq wkh pd{lpxp htxdol}dwlrqfrh!flhqw +PHF,/ zklfk lqglfdwhv wkh vkduh ri wrwdo lqfrph zklfk kdv wreh wudqvihuuhg iurp wkh srsxodwlrq zlwk lqfrph deryh wkh dyhudjh �b|� wrwkh rwkhu shrsoh lq rughu wr dfklhyh dq htxdo glvwulexwlrq1 Wklv lqgh{ idoovvkduso| iurp 3183 wr 3168 ehwzhhq 4;:3 +�uvw |hdu iru zklfk wkh gdwd duhdydlodeoh, dqg 4<331 Wkh lqgh{ lqfuhdvhv vrphzkdw gxulqj wkh Iluvw ZruogZdu |hduv exw txlfno| uhyhuwv wr wkh suh0zdu ydoxhv= lq 4<58 lw zdv 31691 Lwlv wkhq djdlq frqvwdqwo| ghfuhdvlqj jrlqj iurp 3167 lq 4<6< wr 315; lq 4<8504<86 wr 315: lq 4<961 Wkh dydlodeoh hylghqfh rq wkh hyroxwlrq ri lqhtxdolw|iurp ghflohv dqg txdqwlohv lv ri vdph yhlq ri wkdw edvhg rq wkh PHF1 Irulqvwdqfh/ wkh wrs ghflgh ri lqfrph glvwulexwlrq ghfolqhv iurp 83( lq 4;:3 wr6;( lq 4<36/ wr 69( lq 4<58 dqg nhhsv idoolqj wr uhdfk wkh ydoxh ri 5:14(lq 4<961Qruzd| �uvw lqwurgxfhg sursruwlrqdo uhsuhvhqwdwlrq lq 4<541 Wkh dydlo0deoh hylghqfh ghprqvwudwhv wkdw lqfrph lqhtxdolw| kdv idoohq frqvwdqwo| lqwkh ghfdghv ehiruh wkdw |hdu1 Wkh Jlql frh!flhqw idoov lq Qruzd| iurp wkh317< ydoxh ri wkh shulrg 4;9804<33 wr 3173 ri 4<3304<43 wr 3167 ri 4<53 +vhhPruulvvrq +5333,/ wdeoh 5/ sdjh 557,1Wkh 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 Iru lqvwdqfh/ Pruulvvrq +vhh sdjh55<, uhsruwv wkdw �111vrph lqfrph gdwd lq Dpvwhugdp vlqfh 4;:: doorzv xvwr frqfoxgh wkdw lqhtxdolw| zdv zlgh lq wklv wrzq iurp 4;:: wr 4;<3/ eh0iruh d prghudwh idoo gxulqj wkh odvw ghfdgh iroorzhg e| d shulrg ri vwdelolw|ehwzhhq 4<33 dqg 4<471�Wkh fdvhv ri Ilqodqg dqg ri Vzhghq dsshdu lqvwhdg wr eh vrphzkdw ohvvfrqvlvwhqw zlwk rxu wkhru|1 Ilqodqg dgrswhg sursruwlrqdo uhsuhvhqwdwlrq lq4<39/ zkloh lqfrph lqhtxdolw| kdv lqfuhdvhg iurp 4;;4 wr 4;<3 dqg ghfuhdvhgwkhuhdiwhu +Pruulvvrq +5333,/ sdjh 55;,1 Vzhghq vzlwfkhg wr sursruwlrqdouhsuhvhqwdwlrq lq 4<3:1 Dffruglqj wr wkh gdwd uhsruwhg lq Pruulvvrq/ lq0
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htxdolw| kdv lqfuhdvhg lq Vzhghq vlqfh 4;:3/ uhdfklqj lwv shdn ehwzhhq 4;<3dqg 4<46/ dqg kdv kdg d ghfolqlqj wuhqg iurp 4<47 wr 4<:3/ zkhq lw kdvvwdelol}hg1
:17 Iudqfh/ Jhupdq| dqg Lwdo| +4<4<04<7;,Slnhww| +5334, grfxphqwv wkdw d vkdus idoo lq lqfrph lqhtxdolw| kdv wdnhqsodfh lq Iudqfh gxulqj wkh shulrg 4<4704<78/ dqg prvwo| gxulqj dqg lq wkhlpphgldwh diwhupdwk ri Zruog Zdu LL1 Pruhryhu/ wklv grzqzdug wuhqg kdvehhq gxh sulpdulo| e| d vhqvleoh gurs lq wkh wrs shufhqwloh lqfrph vkduh1 Irulqvwdqfh/ wkh wrs ghfloh lqfrph vkduh gursshg wr dq devroxwh plqlpxp ri5<063( ri wrwdo krxvhkrog lqfrph lq 4<7704<781 Wklv wuhqg kdv ehhq gulyhqsulpdulo| wr wkh vkrfnv uhsuhvhqwhg e| wkh wzrZruogZduv dqg e| wkh hyhqwvri wkh lqwhu0zduv shulrg +lq dwlrq dqg Juhdw Ghsuhvvlrq,1 Doo ri wkhp kdyhvwurqjo| uhgxfhg lqfrph lqhtxdolw| dqg qhjdwlyho| d�hfwhg fdslwdo rzqhuv1Iru h{dpsoh/ erwk zduv kdyh ohg wr d yhu| vljql�fdqw frpsuhvvlrq ri wkhzdjh vwuxfwxuh1 Pruhryhu/ gxulqj Zruog Zdu Wzr/ wkh �jkwlqj ehwzhhq wkhJhupdqv dqg wkh Doolhg wkdw wrrn sodfh lq wkh Iuhqfk qdwlrqdo whuulwru| diwhuwkh G0Gd| ohiw �upv odujho| glvrujdql}hg dqg wkh zdjh sxvk lpsohphqwhge| wkh surylvlrqdo jryhuqphqw fxw grzq sur�wv vxevwdqwldoo|1 Dffruglqj wrrxu prgho/ d vl}deoh lqfrph orvv iru wkh ulfkhvw shrsoh/ vkrxog eh h{shfwhgwr gulyh wr wkh dgrswlrq ri hohphqwv ri wkh frqvhqvxdo ghprfudwlf prgho/vxfk dv d sursruwlrqdo hohfwrudo odz1Lqwhuhvwlqjo|/ lq wkh lpphgldwh diwhupdwk ri erwk wkh Iluvw dqg wkh Vhf0rqg Zruog Zdu/ Iudqfh vzlwfkhg wr d sursruwlrqdo hohfwrudo odz1 Lq 4<4</wkh Wklug Uhsxeolf glg vr/ hyhq li wkh sursruwlrqdolw| ri wkh hohfwrudo v|vwhpzdv txlwh zhdnhqhg e| frpsurplvhv pdgh zlwk dgyrfdwhv ri wkh pdmrulwdu0ldq v|vwhp1 Wklv v|vwhp zdv dedqgrqhg diwhu wkh 4<57 hohfwlrq/ dqg Iudqfhuhyhuwhg wr wkh vhfrqg edoorw lq vlqjoh0phpehu frqvwlwxhqflhv/ xvhg xqwlo wkhzdu1 Lq Rfwrehu 4<78/ d uhdo sursruwlrqdo v|vwhp zdv dssolhg wr wkh hohf0wlrq ri wkh �uvw Frqvwlwxhqw Dvvhpeo|1 Wkh vdph v|vwhp zdv dssolhg iruwkh hohfwlrq ri wkh Vhfrqg Frqvwlwxhqw Dvvhpeo| lq Mxqh 4<79 dqg ri wkhQdwlrqdo 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|1Lwdo| kdg dgrswhg d pdmrulwduldq hohfwrudo odz dw wkh wlph ri khu xql�fd0wlrq1 Lq 4<4</ wkh frxqwu| vzlwfkhg wr sursruwlrqdo uhsuhvhqwdwlrq/ dgrswhgxqwlo wkh ulvh ri idvflvp1 Diwhu wkh zdu/ d sursruwlrqdo v|vwhp zdv djdlq
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dgrswhg iru wkh sduoldphqwdu| ghprfudf| hvwdeolvkhg zlwk wkh frqvwlwxwlrqri 4<7;1Jhupdq| kdv dgrswhg uhsuhvhqwdwlyh lqvwlwxwlrqv iru qhduo| �iw| |hduvvlqfh 4<4;1 Krzhyhu/ wkh Jhupdq srolwlfdo v|vwhp kdv dozd|v ehhq fkdudf0whul}hg e| wkh ohdghuvkls ri d vwurqj h{hfxwlyh +d nh| ihdwxuh ri pdmrulwduldqghprfudf|,/ d ehtxhvw ri Elvpdufn srolwlfdo ohjdf|1 D wuxh sduoldphqwdu|v|vwhp/ zlwk sursruwlrqdo uhsuhvhqwdwlrq kdv ehhq lqwurgxfhg zlwk wkh frq0vwlwxwlrq ri wkh Zhlpdu Uhsxeolf lq 4<4</ dqg odvwhg xqwlo khu froodsvh lq4<661 D sduoldphqwdu| v|vwhp zlwk sursruwlrqdo uhsuhvhqwdwlrq kdv ehhqdjdlq lqwurgxfhg diwhu 4<781 Wkh dydlodeoh hylghqfh +vhh Pruulvvrq +5333,/sdjh 565, lqglfdwhv wkdw lqfrph lqhtxdolw| kdv vwurqjo| ghfuhdvhg lq Jhu0pdq| iurp 4<46 wr 4<59/ dqg lqfuhdvhg djdlq/ sduwlfxoduo| ehfdxvh wkh hfr0qrplf srolf| ri wkh Qd}l jryhuqphqw idyruhg fdslwdo uhyhqxhv1 Diwhu wkhVhfrqg Zruog Zdu/ lqhtxdolw| ghfuhdvhg djdlq/ dqg wr wkh ghwulphqw ri wkhwhqwk ghfloh dqg/ diwhu 4<83/ dovr ri wkh vhyhqwk wr qlqwk ghflohv1Zh fdq frqfoxgh wkdw wkh klvwru| ri wkh srolwlfdo dqg hfrqrplf ghyhors0phqw ri Iudqfh/ Jhupdq| dqg Lwdo| lq wkh �uvw kdoi ri wkh wzhqwlhwk fhqwxu|lv txlwh lq djuhhphqw zlwk rxu prgho= d vxevwdqwldo dqg shuvlvwhqw uhgxfwlrqri lqhtxdolw| kdv ehhq dvvrfldwhg wzlfh +dqg mxvw derxw dw wkh vdph wlph,lq doo ri wkhvh frxqwulhv/ zlwk wkh dgrswlrq ri d frqvwlwxwlrq ri frqvhqvxdoqdwxuh1
; Rq Frqvwlwxwlrqv dqg Uhglvwulexwlrq
Rxu prgho khosv xv wr vkhg vrph qhz oljkw rq rqh lpsruwdqw rshq sureohp lqsrolwlfdo hfrqrplfv/ qdpho| wkh uhodwlrq ehwzhhq wkh glvwulexwlrq ri lqfrphlq dq hfrqrp| dqg �vfdo srolf| rxwfrphv1 Pxfk ri wkh uhvhdufk h{lvwlqjrq wklv wrslf lv edvhg rq wkh vhplqdo frqwulexwlrq ri wkh prgho ri pdmrulw|yrwlqj rq olqhdu wd{ vfkhgxohv ri Phow}hu dqg Ulfkdug +4<;4,168 Lw lv zhoonqrzq wkdw wkh nh| uhgxfhg irup suhglfwlrq ri wklv prgho lv wkdw d kljkhu+suh0wd{, lqhtxdolw| lq wkh glvwulexwlrq ri lqfrph vkrxog eh h{shfwhg wr jhq0hudwh wkh srolwlfdo vxssruw iru d odujhu �vfdo uhglvwulexwlrq ri uhvrxufhv1 Wklvwkhru| idfhv krzhyhu d pdmru hpslulfdo sureohp/ dv wkh dydlodeoh hylghqfhkdugo| surylghv dq| vxssruw lq idyru ri lw169 Wr wkh frqwudu|/ d qxpehu

68D qrwdeoh h{dpsoh lv ri frxuvh uhsuhvhqwhg e| wkh olwhudwxuh ri wkh srolwlfdo hfrqrplfvri �vfdo srolf| dqg hqgrjhqrxv hfrqrplf jurzwk +h1j1 Dohvlqd dqg Urguln +4<<7, ruShuvvrq dqg Wdehoolql +4<<7,,169Wkh 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 gluhfw
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ri uhfhqw lpsruwdqw frqwulexwlrqv +h1j1 Shurwwl +4<<9,/ Urguljxh} +4<<<,/Eìqderx +5333, dqg Vdlqw0Sdxo +5334,, grfxphqw wkdw/ li dq|wklqj/ wkhfurvv0vhfwlrqdo fruuhodwlrq ehwzhhq lqhtxdolw| dqg uhglvwulexwlrq lq RHFGfrxqwulhv lv qhjdwlyh/ dv rssrvhg wr srvlwlyh1 Lq rwkhu zrugv/ wd{dwlrq dqgwkh vl}h ri jryhuqphqw wudqvihuv dqg vrfldo h{shqglwxuhv +dqg dorqj wkhpwkh h{whqw ri wkh �vfdo uhglvwulexwlrq ri lqfrph, dsshdu wr eh odujhu zkhuhwkh suh0wd{ glvwulexwlrq ri lqfrph lv pruh +h1j1 Frqwlqhqwdo Hxursh,/ udwkhuwkdq ohvv +h1j1 wkh X1V1,/ htxdo1D qxpehu ri gl�huhqw dssurdfkhv kdyh ehhq iroorzhg wr uhvroyh wklv sx}0}oh1 Iru lqvwdqfh/ 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 rxu sdshu zh ghprqvwudwh wkdw pruh xqhtxdo vrflhwlhv fdq dfwxdoo|eh fkdudfwhul}hg e| d orzhu ohyho ri wd{dwlrq dqg uhglvwulexwlrq dqg wklv fdqeh vr gxh wr wkh h�hfw ri lqfrph lqhtxdolw| rq frqvwlwxwlrqdo fkrlfh1 Pruhhtxdo vrflhwlhv duh pruh olnho| wr dgrsw d frqvhqvxdo frqvwlwxwlrq/ xqghuzklfk wd{dwlrq dqg uhglvwulexwlrq duh kljkhu wkdq xqghu d pdmrulwduldq rqh1Krzhyhu/ lw lv dovr srvvleoh wr revhuyh d qhjdwlyh +ru wkh devhqfh ri, fruuhod0wlrq ehwzhhq lqhtxdolw| dqg uhglvwulexwlrq iru d jlyhq frqvwlwxwlrq1 Lqghhg/lq d frqvhqvxdo ghprfudf| dq lqfuhdvh lq lqhtxdolw| fdq ghwhuplqh d fkdqjhlq wkh uxolqj frdolwlrq/ qdpho| d vzlwfk iurp d plggoh fodvv dqg srru wr dplggoh fodvv dqg ulfk pdmrulw| jryhuqphqw dqg/ frqvhtxhqwo|/ d uhgxfwlrqri wd{dwlrq1 Lq d pdmrulwduldq ghprfudf|/ dq lqfuhdvh lq lqhtxdolw| grhv qrwqhfhvvdulo| kdyh dq| h�hfw rq wd{dwlrq> lw grhv vr wr wkh h{whqw wkdw lw lvdvvrfldwhg wr d yduldwlrq ri wkh lqfrph ri wkh ulfk1 Li lqhtxdolw| lqfuhdvhv dvwkh ulfk ehfrph ulfkhu/ iru d jlyhq phdq ohyho ri lqfrph/ wd{dwlrq vkrxog ehh{shfwhg wr idoo xqghu d pdmrulwduldq frqvwlwxwlrq1ghprfudf| 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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< Frqfoxvlrqv
Wklv sdshu vkduhv zlwk rwkhu uhfhqw frqwulexwlrqv lq srolwlfdo hfrqrplfv wkhsuhplvh wkdw frqvwlwxwlrqdo sulqflsohv duh ri juhdw lpsruwdqfh lq vkdslqj �v0fdo srolf| rxwfrphv lq uhsuhvhqwdwlyh ghprfudflhv1 Zh vkrz wkdw frqvhqvxdoghprfudflhv wd{ pruh dqg vshqg pruh +wkdw lv/ kdyh odujhu jryhuqphqwv,wkdq pdmrulwduldq rqhv/ iru d jlyhq phdq ohyho ri lqfrph1 Exw rq wrs riwklv zh ghprqvwudwh wkdw/ rqfh lqvwlwxwlrqv duh ylhzhg dv hqgrjhqrxv/ frq0vhqvxdo ghprfudf| lv pruh gl!fxow wr vxvwdlq srolwlfdoo| lq d pruh xqhtxdovrflhw| vlqfh juhdwhu lqhtxdolw| whqgv wr xqghuplqh wkh vwdelolw| ri wkh frdol0wlrq vxssruwlqj lw1 Lq rxu prgho/ wkh phfkdqlvp gulylqj wklv uhvxow frphviurp wkh h�hfw ri lqhtxdolw| rq wkh edujdlqlqj srzhu ri wkh gl�huhqw fodvvhv=lq d pruh xqhtxdo vrflhw| wkh srru duh srwhqwldoo| vwurqjhu dqg wkh ulfkzhdnhu zlwklq d frdolwlrq jryhuqphqw zlwk wkh plggoh fodvv1 Wkhuhiruh/ wkhsrru ehfrph ohvv dsshdolqj dv frdolwlrq sduwqhuv wkdq wkh ulfk ehfdxvh wkh|gr ghpdqg pruh uhglvwulexwlrq lq wkhlu idyru1 Wklv lqgxfhv wkh plggoh fodvvwr wu| wr irup d jryhuqphqw zlwk wkh ulfk1 Dqwlflsdwlqj wklv rxwfrph/ wkhsrru zloo suhihu wkh glfwdwruvkls ri wkh ulfk +zklfk/ dffruglqj wr rxu prgho/rewdlqv xqghu d pdmrulwduldq frqvwlwxwlrq, wr d frdolwlrq ehwzhhq ulfk dqgplggoh fodvv/ jlyhq wkdw wkh odwwhu wd{hv pruh wkdq wkh iruphu dqg vwloo grhvqrw surylgh wkh sxeolf jrrg ghvluhg e| wkh srru1Rxu edvlf prgho lv dgplwwhgo| d yhu| vw|ol}hg rqh exw/ dv zh kdyh du0jxhg/ rxu edvlf uhvxowv vkrxog eh urexvw/ dw ohdvw ryhu vrph udqjh/ xqghupruh jhqhudo vshfl�fdwlrqv ri lw1 Lq sduwlfxodu/ zh h{shfw wkhp wr eh vr liwkh grpdlq ri �vfdo srolf| lv h{whqghg wr lqfoxgh vrph jhqhudo sxeolf jrrgsurylvlrq dqg lq0fdvk uhglvwulexwlrq1 Zh dovr eholhyh wkdw rxu fkdudfwhul}d0wlrq ri pdmrulwduldq ghprfudf| hqfrpsdvvhv erwk wkh Eulwlvk Sduoldphqwdu|dqg wkh Dphulfdq suhvlghqwldo0frqjuhvvlrqdo yhuvlrq ri lw1 Zkdw dsshduv wreh fulwlfdo lv wkh lqwhusod| ehwzhhq d pdmrulwduldq hohfwrudo uxoh dqg wkhfrqfhqwudwlrq ri wkh h{hfxwlyh srzhu lq rqh shuvrq rqo|/ wrjhwkhu zlwk wkhfruuhodwlrq ehwzhhq srolf| suhihuhqfhv dqg lqfrph wkdw dulvhv xqghu wkhdvvxpswlrq ri odfn ri frpplwphqw1 Wkhq/ rxu prgho grhv qrw vhhp lqds0sursuldwh iru hlwkhu ri wkh yhuvlrqv/ wkh �vwurqj� Eulwlvk dqg wkh �zhdn�Dphulfdq rqh/ ri pdmrulwduldq ghprfudf|1Ilqdoo|/ rxu prgho dovr surylghv d qhz dqg dowhuqdwlyh udwlrqdol}dwlrq/edvhg rq wkh fkrlfh ri gl�huhqw ghprfudwlf frqvwlwxwlrqv/ dqg ri wkh gl�huhqw�vfdo srolf| rxwfrphv wkdw wkhvh lqgxfh/ wr wkh vljq ri wkh furvv0vhfwlrqdouhodwlrq revhuyhg ehwzhhq lqfrph lqhtxdolw|/ jryhuqphqw vl}h dqg uhglvwul0exwlrq1
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43 Dsshqgl{4314 Surri ri Sursrvlwlrq 4Vwhs 41 Zh �uvw suryh wkdw rqo| wkh ulfk uxq iru r!fh1 Dvvxph wkdw dwohdvw rqh ulfk fdqglgdwh uxqv iru r!fh1 Zrxog dq|rqh hovh uxq iru r!fhBWkh dqvzhu lv qr1 Li d plggoh fodvv djhqw dovr uxq kh zrxog eh ghihdwhg e|wkh ulfk fdqglgdwh ehfdxvh erwk wkh ulfk dqg srru zrxog yrwh iru wkh odwwhu1Lqghhg/ wkh srru �qg lw frqyhqlhqw wr yrwh iru wkh ulfk fdqglgdwh ehfdxvh lqwkhlu h|hv kh lv wkh ohvv edg ri wkh wzr ri wkhp= kh r�huv wr wkh srru qrqhri wkhlu sxeolf jrrg exw ghpdqgv orzhu wd{hv1 Vlploduo|/ li d srru djhqwuxqv iru r!fh djdlqvw d ulfk fdqglgdwh/ kh zrxog eh ghihdwhg e| wkh yrwhri wkh plggoh fodvv dqg wkh ulfk1 Odvwo|/ qrwlfh lw fdqqrw eh wkh fdvh wkdw+dw ohdvw, d fdqglgdwh iurp hdfk jurxs uxqv iru r!fh1 Lqghhg/ wkh plggohfodvv fdqglgdwh zrxog zlq wkh hohfwlrq zlwk fhuwdlqw| lq wkdw fdvh +uhfdoowkdw pK A pd{ ipR>poj e| dvvxpswlrq, dqg wkhuhiruh qhlwkhu d srru qrud 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 Jlyhq wkdw rqo| wkh ulfk uxq iru r!fh/ wkh h{shfwhg xwlolw| rid ulfk fdqglgdwh lv
H +zo, @ s ^zo +� o>Jo, . n` . +4� s,zo +� o>Jo, =D ulfk djhqw zdqw wr uxq iru r!fh li dqg rqo| li wkh h{shfwhg jdlq ri uxqqlqjh{fhhgv lwv frvw/ l1h1 surylghg wkdw

is ^zo +� o>Jo, . n` . +4� s,zo +� o>Jo,j �zo+b� > bJ, � % +76,
zkhuh +b� > bJ, lqglfdwhv wkh srolf| yhfwru lpsohphqwhg li kh grhv qrw uxq1 Wrvkrz wkdw wkh vhw ri flwl}hq0fdqglgdwhv uxqqlqj iru r!fh lv qrw hpsw| lw lvvx!flhqw wr vkrz wkdw +76, lv vdwlv�hg zkhq rqo| rqh ulfk shuvrq uxqv irur!fh ; +b� > bJ, 5 �^3> 4`�?�n�1 Wr vhh wklv/ revhuyh wkdw lq wklv fdvh s @ 4dqg +76, ehfrphv

zo +� o>Jo, . n �zo+b� > bJ, � %=
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Vlqfh wkh srolf| yhfwru +� o>Jo,pd{lpl}hv wkh zhoiduh ri wkh ulfk/ zo +� o> Jo, Azo+b� > bJ,/ ;+b� > bJ, 5 �^3> 4`�?�n� zlwk +b� > bJ, 9@ +� o>Jo,1 Khqfh/ jlyhq wkdwn � %/ +76, dozd|v krogv zlwk vwulfw lqhtxdolw| zkhq s @ 41 Wklv phdqvwkdw wkh xqltxh ulfk fdqglgdwh uxqqlqj iru r!fh lv vwulfwo| ehwwhu0r� wkhqklv shhuv/ zklfk lq wxuq lpsolhv wkdw pruh wkdq rqh ulfk fdqglgdwh zloo uxq1Wkhuhiruh/ +b� > bJ, @ +� o> Jo, dqg wkh qr0ghyldwlrq frqglwlrq dvvxphv wkhirup sn � %1 Ilqdoo|/ iuhh hqwu| ri fdqglgdwhv gulyhv wkh qhw jdlq ri uxqqlqjgrzq wr }hur lq htxloleulxp zklfk lpsolhv wkdw s @ 0& 5 +3> 4,1
4315 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 zlwkwkh ulfk li ! ? !W/ dqg wkdw wkh rssrvlwh lv wuxh zkhqhyhu ! A !W1 Wr wklvdlp/ zh �uvw vkrz wkdw wkh xwlolw| ri wkh plggoh fodvv zkhq vkh pdnhv wkhjryhuqphqw frdolwlrq zlwk wkh ulfk zK�cKco lv prqrwrqlfdoo| lqfuhdvlqj lq !/zkloh wkh xwlolw| ri wkh plggoh fodvv zkhq wkh frdolwlrq lv pdgh zlwk wkhsrru zK�cKcR lv prqrwrqlfdoo| ghfuhdvlqj lq !1 Wkhq/ wr suryh wkdw wkhuh lv dvlqjoh furvvlqj ehwzhhq wkhvh wzr vfkhgxohv lq wkh udqjh zkhuh ! 5 +3> 4, zhvkrz wkdw zK�cKcR lv kljkhu wkdq zK�cKco dw ! @ 3/ dqg wkdw wkh rssrvlwh lv wuxhdw ! @ 41Wkh xwlolw| ri wkh plggoh fodvv lq wkh jryhuqphqw frdolwlrq zlwk wkh ulfklv gh�qhg e| wkh pd{lpl}dwlrq sureohp lq +59, vxemhfw wr wkh sduwlflsdwlrqfrqvwudlqw iru wkh ulfk +58,1 Li wkh frqvwudlqw +58, lv elqglqj/ wkhq gl�huhq0wldwlqj +59, zlwk uhvshfw wr ! dqg dsso|lqj wkh hqyhorsh wkhruhp zh jhw

gzK�cKcog! @ �K}+jK�cKco,Cjo�cKcoC! A 3= +77,
Lqghhg/ iurp +58,

Cjo�cKcoC! @ �2cocR|o �K+jo2cocR,� �2cRcK|oK+jo�cKco, ? 3 +78,
jlyhq wkdw �K+jo2cocR,� �2cocR|o� � 3 ehfdxvh lw uhsuhvhqwv wkh qhw jdlq ri wkhulfk zkhq wkh| duh djhqgd vhwwhu dw wkh vhfrqg urxqg1 Li wkh sduwlflsdwlrqfrqvwudlqw iru wkh ulfk lv qrw elqglqj/ wkhq zK�cKco lv dw lwv joredo pd{lpxpdqg _�K�cKco_� @ 31 Wkh uhvxow lq +77, suryhv wkdw wkh xwlolw| ri wkh plggoh fodvv
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lq wkh jryhuqphqw frdolwlrq zlwk wkh ulfk zK�cKco lv prqrwrqlfdoo| lqfuhdvlqjlq !1Wkh xwlolw| ri wkh plggoh fodvv zkhq vkh pdnhv wkh jryhuqphqw frdolwlrqzlwk wkh srru lv gh�qhg e| wkh pd{lpl}dwlrq sureohp lq +6:, vxemhfw wrwkh sduwlflsdwlrq frqvwudlqw iru wkh srru +69,16: Li zh gl�huhqwldwh +6:, zlwkuhvshfw wr ! dqg dsso| wkh hqyhorsh wkhruhp zh rewdlq wkdw
gzK�cKcRg! @ �K}+jK�cKcR,CjR�cKcRC! ? 3 +79,

jlyhq wkdw iurp +69,
CjR�cKcRC! @ ��2cRcK|R .K+jR2cRcK,K}+jR�cKcR, A 3= +7:,

Lqghhg/ wkh qxphudwru dw wkh uljkw kdqg vlgh uhsuhvhqwv wkh qhw jdlq ri wkhsrru zkhq wkh| duh djhqgd vhwwhu dw urxqg 51 Wkh uhvxow lq +79, phdqv wkdwwkh xwlolw| ri wkh plggoh fodvv zkhq vkh irupv wkh jryhuqphqw frdolwlrq zlwkwkh srru zK�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 Iluvw/ qrwlfh wkdw dw ! @ 3 li wkh jdph uhdfkhv urxqg 5 wkh ulfkzloo eh djhqgd vhwwhu zlwk suredelolw| rqh dqg wkh| zloo pdnh d jryhuqphqwfrdolwlrq zlwk wkh srru1 Wkh srru zloo uhfhlyh d ohyho ri xwlolw| iurp wkhsrolf| lpsohphqwhg htxdo wr wkhlu lqfrph |R dqg wkh xwlolw| ri wkh ulfk zlooeh dw ohdvw wkhlu lqfrph ohyho |o1 Lq rwkhu zrugv/ wkh ulfk kdyh d kljkhuh{shfwhg xwlolw| wkdq wkh srru H ^zo2 +3,` @ |o A |R @ H ^zR2 +3,`1 Wklvphdqv wkdw iru hdfk ohyho ri wd{dwlrq wkh ulfk kdyh wr eh frpshqvdwhg zlwkd juhdwhu dprxqw ri sxeolf jrrg iru wzr uhdvrqv1 Iluvw/ wkhlu h{shfwhg xwlolw|dw urxqg 5 lv kljkhu dqg wklv lpsolhv wkdw iru dq| jlyhq ohyho ri wd{dwlrq wkhohyho ri vshfl�f sxeolf jrrg wkh| uhtxluh lv kljkhu1 Vhfrqg/ iru dq| jlyhqohyho ri xwlolw| wr eh surylghg wkh| sd| kljkhu wd{hv/ jlyhq wkdw wkh| kdyh dkljkhu lqfrph +|o A |R,/ dqg wklv dovr uhtxluhv pruh ri wkhlu vshfl�f sxeolfjrrg wr frpshqvdwh wkh kljkhu wd{dwlrq orvv1 Wklv lpsolhv wkdw wkh plggohfodvv rewdlqv d kljkhu ohyho ri xwlolw| e| pdnlqj d jryhuqphqw frdolwlrq zlwkwkh srru lqvwhdg wkdq zlwk wkh ulfk/ l1h1 zK�cKcR+3, A zK�cKco+3,1Dw ! @ 4 wkh xwlolw| ri wkh plggoh fodvv djhqgd vhwwhu wkdw pdnhv djryhuqphqw frdolwlrq zlwk wkh srru +zK�cKcR, lv htxdo wr |K1 Lqghhg/ qrwlfh
6:Dv zh h{sodlqhg ehiruh/ wkh frqvwudlqw +69, lv dozd|v elqglqj1
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wkdw wkh srru duh djhqgd vhwwhu zlwk suredelolw| rqh dw urxqg 5 dqg wkh|pd{lpl}h wkhlu xwlolw| vxemhfw wr wkh frqvwudlqw ri jlylqj wr wkh plggoh fodvv dohyho ri xwlolw| htxdo wr wkh vwdwxv txr +|K,1 Iurp wkh pd{lpl}dwlrq sureohpri wkh plggoh fodvv lq wkh jryhuqphqw frdolwlrq zlwk ulfk lw lv lpphgldwh wryhuli| wkdw zK�cKco lv juhdwhu wkdq |K1 Wklv phdqv wkdw zK�cKco +4, A zK�cKcR +4,14316 Surri ri Uhvxow 4Wkh dqdo|wlfdo surri ri Uhvxow 4 lv pdgh dvvxplqj wkdw wkh lqfrph ri wkhsrru |R lv htxdo wr }hur dqg d srzhu xwlolw| ixqfwlrq K+j�, @ D+j�,k/ zkhuhD lv d frqvwdqw dqg � 5 +3> 4,1 Diwhuzdugv/ zh kdyh uhpryhg wkh dvvxpswlrqri |R @ 3 dqg wkh qxphulfdo vlpxodwlrqv kdyh frq�uphg Uhvxow 41Lq zkdw iroorzv zh vkrz wkdw xqghu wkh deryh dvvxpswlrqv +|R @ 3dqg srzhu ixqfwlrq iru wkh xwlolw| ri wkh sxeolf jrrg, wkh wd{ udwh ��cKcori wkh jryhuqphqw frdolwlrq ehwzhhq plggoh fodvv dqg ulfk lv lq wkh udqjhehwzhhq wkh glfwdwruldo wd{ udwh ri wkh ulfk � o +zklfk fruuhvsrqgv wr wkhohyho ri wd{dwlrq lq pdmrulwduldq ghprfudf|, dqg wkh glfwdwruldo wd{ udwh riwkh plggoh fodvv � K1 Wd{dwlrq xqghu d plggoh fodvv dqg srru frdolwlrq/ � �cKcR/lv dozd|v kljkhu wkdq � K1 Wkhuhiruh/ zh rewdlq wkdw � o � ��cKco � � K � � �cKcR1Zh qrz zdqw wr vkrz wkdw � o � ��cKco � � K1 Wr wklv dlp zh �uvw suryhwkdw ��cKco lv prqrwrqlfdoo| lqfuhdvlqj lq ! dqg wkhq wkdw ��cKco @ � o dw! @ 3 dqg ��cKco @ � K dw ! @ 41 Frqvlghu wkh �uvw rughu frqglwlrq iru wkhpd{lpl}dwlrq sureohp ri wkh plggoh fodvv zkhq lw pdnhv wkh jryhuqphqwfrdolwlrq zlwk wkh ulfk
|K @ K}+� �cKco| � jo�cKco,#b| � |oK}+jo�cKco,

$ +7;,
dqg gl�huhqwldwh lw zlwk uhvshfw wr !1 Diwhu uhduudqjlqj whupv zh jhw

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=

+7<,
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Htxdwlrq +7<, doorzv xv wr ghwhuplqh wkh vljq ri Y��cKcoY� 1 Iluvw/ qrwlfh wkdwiurp wkh gl�huhqwldwlrq ri wkh sduwlflsdwlrq frqvwudlqw iru wkh ulfk +58, lw lvlpphgldwh wr yhuli| wkdw
Cjo�cKcoC! ? 3= +83,

Khqfh/ wkh vljq ri wkh uhodwlrqvkls ehwzhhq ��cKco dqg ! ghshqgv rq wkh vljqri wkh whup lq wkh vhfrqg judsk sduhqwkhvlv ri +7<,1 Li
�K}}+jK�cKco,%| � |oK}+jo�cKco,

&.K}}+jo�cKco, |oK}+jK�cKco,kK}+jo�cKco,l2 ? 3 +84,
wkhq Y��cKcoY� A 3/ dqg ylfh yhuvd1 Hyhq wkrxjk lq jhqhudo lw lv qrw srvvleoh wrjlyh d gh�qlwh vljq wr wkh ohiw kdqg vlgh ri +84,/ dvvxplqj d srzhu ixqfwlrqiru wkh xwlolw| ri wkh sxeolf jrrg lw wxuqv rxw wkdw +84, lv vdwlv�hg li

D+jo�cKco,k� �cKco|o ? 4�= +85,
Qrwlfh wkdw wkh qxphudwru ri wkh ohiw kdqg vlgh ri +85, lv wkh xwlolw| wkdwwkh ulfk jhw iurp wkh sxeolf jrrg surylghg dqg wkh ghqrplqdwru uhsuhvhqwvwkh wd{hv wkh| sd|1 Lw lv hdv| wr yhuli| wkdw +85, lv dozd|v vdwlv�hg zkhq|R @ 3 li zh qrwlfh wzr wklqjv1 Iluvw/ wkh srolf| lpsohphqwhg e| wkh jry0huqphqw frdolwlrq ehwzhhq plggoh fodvv djhqgd vhwwhu dqg wkh ulfk lv wkhvdph dv wkh rqh lq pdmrulwduldq ghprfudf| dw ! @ 31 Lqghhg/ dw ! @ 3 wkhulfk duh djhqgd vhwwhu zlwk suredelolw| rqh dw wkh vhfrqg urxqg/ wkh| irupwkh jryhuqphqw frdolwlrq zlwk wkh srru/ dqg wkh �vfdo srolf| lpsohphqwhgfruuhvsrqgv wr wkh glfwdwruvkls ri wkh ulfk16; Wkxv/ wr irup d jryhuqphqwfrdolwlrq dw urxqg 4/ wkh plggoh fodvv kdv wr surylgh wr wkh ulfk wkh vdphohyho ri xwlolw| wkdw wkh| jhw dw urxqg 51 Jlyhq wkdw wkh ohyho ri xwlolw| ri wkhulfk lv htxdo wr lwv joredo xqfrqvwudlqhg pd{lpxp/ wkh plggoh fodvv fdq rqo|lpsohphqw wkh suhihuuhg srolf| ri wkh ulfk/ wkdw lv ��cKco @ � o/ jo�cKco @ � o|dqg jK�cKco @ 31 Wkh glfwdwruldo wd{ udwh ri wkh ulfk lq wklv fdvh lv

6;Wklv lv vr ehfdxvh wkh vwdwxv txr xwlolw| ri wkh srru lv }hur jlyhq wkdw wkhlu lqfrph lv}hur1
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� o @ ��D|k|o � ��3k

dqg lw lv hdv| wr yhuli| wkdw dw ! @ 3
D+jo�cKco,k� o�cKco|o @ D+� o|,k� o|o @ 4�= +86,

Dv ! lqfuhdvhv wkh ohiw kdqg vlgh ri +86, ghfuhdvhv prqrwrqlfdoo| ehfdxvhwkh h{shfwhg xwlolw| ri wkh ulfk lv prqrwrqlfdoo| ghfuhdvlqj lq !1 Wkhuhiruh/+85, lv dozd|v vdwlv�hg dqg wklv lpsolhv wkdw Y��cKcoY� A 31 Dw wklv srlqw zhnqrz wkdw ��cKco lv prqrwrqlfdoo| lqfuhdvlqj lq !/ wkdw ��cKco @ � o dw ! @ 3dqg +iurp vhfwlrq 71515, wkdw ��cKco @ � K dw ! @ 41 Wklv lpsolhv wkdw wd{dwlrqxqghu wkh jryhuqphqw frdolwlrq ehwzhhq plggoh fodvv dqg ulfk lv lq wkh udqjhehwzhhq wkh glfwdwruldo wd{ udwh ri wkh ulfk dqg wkh glfwdwruldo wd{ udwh riwkh plggoh fodvv= � o � ��cKco � � K1Zh qrz zdqw wr vkrz wkdw ��cKcR � � K1 Qrz/ zh wdnh wkh �uvw rughufrqglwlrq iru wkh pd{lpl}dwlrq sureohp ri wkh plggoh fodvv zkhq vkh pdnhvwkh frdolwlrq zlwk wkh srru
|K @ K}+��cKcR| � jR�cKcR,�b| � |RK} +jR�cKcR,

� +87,
dqg zh gl�huhqwldwh lw zlwk uhvshfw wr !1 Diwhu uhduudqjlqj whupv zh jhw

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

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

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

�.K}}+jR�cKcR, |RK}+jK�cKcR,^K} +jR�cKcR,`2
, @ 3=+88,Iurp wkh gl�huhqwldwlrq ri wkh sduwlflsdwlrq frqvwudlqw iru wkh srru +69, zhrewdlq wkdw
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CjR�cKcRC! A 3= +89,
Wkhuhiruh/ wkh vljq ri Y��cKcRY� ghshqgv rq wkh vljq ri wkh whup lq wkh vhfrqgjudsk sduhqwkhvlv ri +88,1 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 Dovr lq wklv fdvh lw lv qrw srvvleoh wr jlyh dgh�qlwh vljq wr wkh ohiw kdqg vlgh ri +8:, xqohvv zh dvvxph d srzhu ixqfwlrqiru wkh xwlolw| ri wkh sxeolf jrrg1 Lq wklv fdvh +8:, lv vdwlv�hg zkhqhyhu
D+jR�cKcR,k A ��cKcR|R� +8;,

zkhuh wkh ohiw kdqg vlgh lv uhsuhvhqwv wkh xwlolw| wkdw wkh srru jhw iurpwkh sxeolf jrrg dqg wkh uljkw kdqg vlgh lv wkh udwlr ehwzhhq wkh wd{hvwkh| sd| dqg �1 Qrwlfh wkdw li |R @ 3 wkh ohyho ri wd{dwlrq lv vhw e| wkhplggoh fodvv +zkhq vkh irupv wkh jryhuqphqw frdolwlrq zlwk wkh srru, wrwkhlu glfwdwruldo wd{ udwh � K +zlwk jK�cKcR @ � K| dqg jR�cKcR @ 3, dw ! @ 3ehfdxvh wkh sduwlflsdwlrq frqvwudlqw ri wkh srru lv qrw elqglqj16< Jlyhq wkdw��cKcR|R @ 3/ +8;, krogv zlwk htxdolw| vljq dw ! @ 3 dqg lw lv dozd|v vdwlv�hgiru ! A 3 ehfdxvh jR�cKcR zloo eh vwulfwo| srvlwlyh zkloh wkh uljkw kdqg vlghuhpdlqv htxdo wr }hur1 Wklv lpsolhv wkdw ��cKcR lv prqrwrqlfdoo| lqfuhdvlqjlq ! zlwk d plqlpxp ohyho htxdo wr � K +dw ! @ 3,1 Vxppdul}lqj/ ��cKcR lvdozd|v kljkhu � K/ zklfk uhsuhvhqwv wkh xsshu erxqg ri wkh wd{dwlrq ri wkhjryhuqphqw frdolwlrq ehwzhhq wkh plggoh fodvv dqg wkh ulfk +zklfk lq wxuqlv kljkhu wkdq wkh ohyho ri wd{dwlrq rewdlqlqj lq pdmrulwduldq ghprfudf|,1Iljxuh 5 jlyhv d uhsuhvhqwdwlrq ri wkh deryh uhvxowv1Zh kdyh uhpryhg wkh dvvxpswlrq wkdw wkh lqfrph ri wkh srru lv }hur dqgzh kdyh uxq qxphulfdo vlpxodwlrqv zklfk frq�up wkdw wd{dwlrq lq d frqvhq0vxdo ghprfudf| lv kljkhu wkdq wkh wd{dwlrq lq d pdmrulwduldq ghprfudf|1Wkh vlpxodwlrqv dovr frq�up wkdw wkh wd{dwlrq ri wkh jryhuqphqw frdolwlrqehwzhhq wkh plggoh fodvv dqg srru lv kljkhu wkdq wd{dwlrq ri wkh plggohfodvv dqg ulfk frdolwlrq1 Wkh qxphulfdo vlpxodwlrqv kdyh ehhq uxq dvvxplqj
6<Zh uhplqg wkdw kdyh d }hur h{shfwhg xwlolw| dw urxqg 5 dw � ' f1
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d srzhu ixqfwlrq vshfl�fdwlrq iru K +�, zlwk wkh edvholqh sdudphwhuv= D @ 4dqg � @ 3=81 Iljxuh 6 vkrzv wkh wd{dwlrq xqghu wkh iroorzlqj ydoxhv riwkh lqfrph ri wkh gl�huhqw fodvvhv= |R @ 3=5/ |K @ 3=;/ b| @ 4/ |o @ 5=81Iurp Iljxuh 4 zh fdq vhh wkdw xqghu wklv vshfl�fdwlrq wkh ydoxh ri !W � 3=61Yduldwlrqv ri wkhvh sdudphwhuv ohdgv wr wkh vdph txdolwdwlyh uhvxowv1
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�Iruwkfrplqj Mrxuqdo ri wkh Hxurshdq Hfrqrplf Dvvrfldwlrq/ 53361^6` Djklrq/ Sklolssh> Dohvlqd/ Doehuwr dqg Wuheel/ Iudqfhvfr1 �Hqgrjh0qrxv Srolwlfdo Lqvwlwxwlrqv1� Qdwlrqdo Exuhdx ri Hfrqrplf UhvhdufkZrunlqj Sdshu/ Qr1 <339/ Mxqh 53351^7` Dohvlqd/ Doehuwr dqg Urguln/ Gdql1 �Glvwulexwlyh Srolwlfv dqg HfrqrplfJurzwk1� Txduwhuo| Mrxuqdo ri Hfrqrplfv/ Pd| 4<<7/ 43<+5,/ ss1 7980<31^8` Dohvlqd/ Doehuwr dqg Urvhqwkdo/ Krzdug1 �D Wkhru| ri Glylghg Jry0huqphqw1� Hfrqrphwulfd/ Qryhpehu 4<<9/ 97+9,/ ss1 46440751^9` Dohvlqd/ Doehuwr> Edtlu/ Uh}d dqg Hdvwhuo|/ Zlooldp1 �Sxeolf Jrrgvdqg Hwkqlf Glylvlrqv1� Txduwhuo| Mrxuqdo ri Hfrqrplfv/ Qryhpehu4<<</ 447+7,/ ss1 45760;71^:` Dohvlqd/ Doehuwr> Jodhvhu/ Hgzdug dqg Vdfhugrwh/ Euxfh1 �Zk| Grhvq*wwkh Xqlwhg Vwdwhv Kdyh d Hxurshdq0Vw|oh Zhoiduh VwdwhB� EurrnlqjvSdshuv rq Hfrqrplf Dfwlylw|/ 5334/ 51^;` Dxvwhq0Vplwk/ Gdylg1 �Uhglvwulexwlqj Lqfrph Xqghu Sursruwlrqdo Uhs0uhvhqwdwlrq1� Mrxuqdo ri Srolwlfdo Hfrqrp|/ Ghfhpehu 5333/ 43;+9,/ ss1456809<1^<` Dxvwhq0Vplwk/ Gdylg dqg Edqnv/ Mh�uh| V1 �Hohfwlrqv/ Frdolwlrqv/ dqgOhjlvodwlyh Rxwfrphv1� Dphulfdq Srolwlfdo Vflhqfh Uhylhz/ Mxqh 4<;;/;5/ ss1 7380551
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^43` Eduehud/ Vdoydgru dqg Mdfnvrq/ Pdwwkhz R1 �Fkrrvlqj Krz wr Fkrrvh=Vhoi0Vwdeoh Pdmrulw| Uxohv1� Plphr/ Fdoliruqld Lqvwlwxwh ri Whfkqrorj|/53341^44` Ehdug/ Fkduohv D1 Dq Hfrqrplf Lqwhusuhwdwlrq ri wkh Frqvwlwxwlrq riwkh Xqlwhg Vwdwhv1 Qhz \run= Wkh Pdfploodq Frpsdq|/ 4<461^45` Eìqderx/ Urodqg1 �Xqhtxdo Vrflhwlhv= Lqfrph Glvwulelwlrq dqg wkh Vr0fldo Frqwudfw1� Dphulfdq Hfrqrplf Uhylhz/ Pdufk 5333/ <3+4,/ ss1<9045<1^46` Ehvoh|/ Wlprwk| dqg Frdwh/ Vwhskhq1 �Dq Hfrqrplf Prgho ri Uhsuh0vhqwdwlyh Ghprfudf|1� Txduwhuo| Mrxuqdo ri Hfrqrplfv/ Iheuxdu| 4<<:/445+4,/ ss1 ;804471^47` Ehvoh|/ Wlprwk| dqg Frdwh/ Vwhskhq1 �Sxeolf Surylvlrq ri SulydwhJrrgv dqg Wkh Uhglvwulexwlrq ri Lqfrph1� Dphulfdq Hfrqrplf Uh0ylhz/ Vhswhpehu 4<<4/ ;4+7,/ ss1 <:<0;71^48` Gdko/ Urehuw1 Glohppdv ri Soxudolvw Ghprfudf|1 Qhz Kdyhq= \doh Xql0yhuvlw| Suhvv/ 4<;51^49` Grzqv/ Dqwkrq|1 Dq Hfrqrplf Wkhru| ri Ghprfudf|1 Qhz \run=Kdushu dqg Urz/ 4<8:1^4:` Hssoh/ Ghqqlv dqg Urpdqr/ Ulfkdug H1 �Sxeolf Surylvlrq ri SulydwhJrrgv1� Mrxuqdo ri Srolwlfdo Hfrqrp|/ Iheuxdu| 4<<9d/ 437+4,/ ss1 8:0;71^4;` 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<:06581^4<` Ihuqdqgh}/ Udtxho dqg Urjhuvrq/ Ulfkdug1 �Rq wkh Srolwlfdo Hfrqrp|ri Hgxfdwlrq Vxevlglhv1�Uhylhz ri Hfrqrplf Vwxglhv/ Dsulo 4<<8/ 95+5,/ss1 57<0951^53` Odnhpdq/ Hqlg dqg Mdphv/ Odpehuw1 Yrwlqj lq Ghprfudflhv1 D Vwxg|ri Pdmrulw| dqg Sursruwlrqdo V|vwhpv1 Orqgrq= Idehu dqg Idehu/ 4<9<1^54` Olmskduw/ Duhqg1 Sdwwhuqv ri Ghprfudf|1 Qhz Kdyhq= \doh Xqlyhuvlw|Suhvv/ 4<<<1
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^55` Olsvhw/ Vh|prxu Pduwlq1 Srolwlfdo Pdq1 Wkh Vrfldo Edvhv ri Srolwlfv1Edowlpruh/ Pdu|odqg= Wkh Mrkqv Krsnlqv Xqlyhuvlw| Suhvv/ 4<;41^56` Ol}}hul/ Dohvvdqgur dqg Shuvlfr/ Qlfrod1 �Wkh Surylvlrq ri Sxeolf JrrgvXqghu Dowhuqdwlyh Srolwlfdo Uhjlphv1� Dphulfdq Hfrqrplf Uhylhz/Pdufk 5334/ <4+4,/ ss1 55806<1^57` 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<4705:1^58` Phvvqhu/ Pdwwkldv dqg Sroeruq Pdwwldv N1 �Yrwlqj rq Pdmrulw| Uxohv1�Iruwkfrplqj Uhylhz ri Hfrqrplf Vwxglhv/ 53351^59` Plohvl0Ihuuhwwl/ Jldq Pduld> Shurwwl/ Urehuwr dqg Urvwdjqr/ Pdvvlpr1�Hohfwrudo V|vwhpv dqg Sxeolf Vshqglqj1� Txduwhuo| Mrxuqdo ri Hfr0qrplfv/ Pd| 5335/ 44:+5,/ ss1 93<098:1^5:` 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/53331^5;` P|huvrq/ Urjhu E1 �Lqfhqwlyhv wr Fxowlydwh Idyruhg Plqrulwlhv xqghuDowhuqdwlyh Hohfwrudo V|vwhpv1� Dphulfdq Srolwlfdo Vflhqfh Uhylhz/ Gh0fhpehu 4<<6/ ;:+7,/ ss1 ;8909<1^5<` 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<91^63` Shurwwl/ Urehuwr1 �Jurzwk/ Lqfrph Glvwulexwlrq/ dqg Ghprfudf|=Zkdw wkh Gdwd Vd|1� Mrxuqdo ri Hfrqrplf Jurzwk/ Mxqh 4<<9/ 4+5,/ss1 47<0;:1^64` Shuvvrq/ Wruvwhq dqg Wdehoolql/ Jxlgr1 �Lv Lqhtxdolw| Kdupixo iruJurzwkB� Dphulfdq Hfrqrplf Uhylhz/ Mxqh 4<<7/ ;7+6,/ ss1 9330541^65` Shuvvrq/ Wruvwhq dqg Wdehoolql/ Jxlgr1 Srolwlfdo Hfrqrplfv= H{sodlqlqjHfrqrplf Srolf|1 Fdpeulgjh/ PD= PLW Suhvv/ 53331^66` Shuvvrq/ Wruvwhq> Urodqg Jìudug dqg Wdehoolql Jxlgr1 �Vhsdudwlrq riSrzhuv dqg Srolwlfdo Dffrqwdelolw|1� Txduwhuo| Mrxuqdo ri Hfrqrplfv/Qryhpehu 4<<:/ 445+7,/ ss1 4496045351
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^67` Shuvvrq/ Wruvwhq> Urodqg Jìudug dqg Wdehoolql Jxlgr1 �FrpsdudwlyhSrolwlfv ri Sxeolf Ilqdqfh1� Mrxuqdo ri Srolwlfdo Hfrqrp|/ Ghfhpehu5333/ 43;+9,/ ss1 44540941^68` Slnhww|/ Wkrpdv1 �Lqfrph Lqhtxdolw| lq Iudqfh 4<340<;1� Fhqwuh iruHfrqrplf Srolf| Uhvhdufk +Orqgrq/ XN,/ Glvfxvvlrq Sdshu Qr1 5;:9/Mxo| 53341^69` Ulnhu/ Zlooldp1 Wkh Wkhru| ri Srolwlfdo Frdolwlrqv1 \doh Xqlyhuvlw|Suhvv/ 4<951^6:` Urguïjxh}/ Iudqflvfr F1 �Lqhtxdolw|/ Uhglvwulexwlrq dqg Uhqw0Vhhnlqj1�Plphr/ Xqlyhuvlw| ri Pdu|odqg/ 4<<<1^6;` Urphu/ Wkrpdv dqg Urvhqwkdo/ Krzdug1 �Srolwlfdo Uhvrxufh Doorfd0wlrq/ Frqwuroohg Djhqgdv/ dqg wkh Vwdwxv Txr1� Sxeolf Fkrlfh/ Zlqwhu4<:;/ 66+7,/ ss1 5:0761^6<` 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;:1^73` Vdlqw0Sdxo/ Jloohv1 �Wkh G|qdplfv ri H{foxvlrq dqg Ilvfdo Frqvhu0ydwlvp1� Uhylhz ri Hfrqrplf G|qdplfv/ Dsulo 5334/ 7+5,/ ss1 5:806351
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���� OKFFNG�ENCUU���RQQT�EQCNKV KQP

OKFFNG�ENCUU���TKEJ� EQCNKVKQP

Iljxuh 4= Xwlolw| ri wkh plggoh fodvv dfurvv frdolwlrqv lq frqvhqvxdo ghprf0udf| +zlwk edvholqh sdudphwhul}dwlrq,1
1
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Iljxuh 5= Wd{dwlrq dfurvv frqvwlwxwlrqv dqg frdolwlrqv zkhq wkh lqfrph riwkh srru lv }hur1

86



� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��
���
���
���
���
���
���
���

VCZCVKQP�KP�VJG�O KFFNG�E NCUU ���RQQT�EQCNKV KQPVCZCVKQP�KP�VJG�O KFFNG�E NCUU ���TKEJ� EQCNKVKQPVCZCVKQP�KP�OCLQTKVCTKCP�FGOQETCE[� �

Iljxuh 6= Wd{dwlrq dfurvv frqvwlwxwlrqv dqg frdolwlrqv zlwk wkh edvholqhsdudphwhul}dwlrq1
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O KFFN G�E NCUU �� �RQQT�EQCNKV KQP

O KFFN G�E NCUU �� �TKEJ� EQCNKV KQP

+PEQOG�Q H�VJG�TKEJ� � ����+PEQOG�Q H�VJG�TKEJ� � ���KPEQOG�Q H� VJG�TKEJ� � ���KPEQOG�Q H� VJG�TKEJ� � ���

Iljxuh 7= Yduldwlrq ri wkh xwlolw| ri wkh plggoh fodvv lq wkh phdq suhvhuylqjvsuhdg 51

88


