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Wkh vwduw ri lq dwlrq rffxuuhg xqghu wkh Euhwwrq Zrrgv v|vwhp ri {hg h{fkdqjh udwhv1 ^111`Rqfh wkh {hg h{fkdqjh udwh v|vwhp hqghg/ Mdsdq/ Jhupdq|/ Vzlw}huodqg/ dqg Dxvwuld uhgxfhg wkhlu lq dwlrq udwhv1 Rwkhuv shuplwwhg lq dwlrq wr frqwlqxh ru lqfuhdvh1 ^111`Wkh vwduw ri wkh Juhdw Lq dwlrq wkh vxvwdlqhg lqfuhdvh lq wkh sulfh ohyho zdv d prqhwdu| hyhqw1 Prqhwdu| srolf| frxog kdyh plwljdwhg ru suhyhqwhg wkh lq dwlrq exw idlohg wr gr vr1 Doodq Phow}hu 4 Lq wkh 4<:3v dqg ;3v wkhuh zhuh ihz fhqwudo edqnv zkrvh srolf| uhvsrqvhv wr lq dwlrq surylghg d vx!flhqw wljkwhqlqj ri srolf| lq wkh idfh ri lq dwlrq wr dqfkru sxeolf eholhiv durxqg orz dqg vwdeoh lq dwlrq1 ^111`^D`q h{fhswlrq wr wkh jhqhudo slfwxuh zdv wkh Exq0 ghvedqn zklfk nhsw vwdeoh dqg srvlwlyh uhdo lqwhuhvw udwhv ryhu wklv shulrg zlwk wkh uhvxow wkdw Jhupdq lq dwlrq uhpdlqhg orz dqg vwdeoh hyhq wkrxjk lw zdv vxemhfw wr wkh vdph lqwhuqdwlrqdo frvw vkrfnv dv wkh rwkhu frxqwulhv ^111` Iluvw/ dv h{whqvlyho| glvfxvvhg e| Fdqryd dqg Slqd +5338,/ lghqwlfdwlrq vfkhphv edvhg rq lqhuwldo uhvwulfwlrqv +wkdw lv/ }hur uhvwulfwlrqv rq lpsdfw/ dv lq wkh suhvhqw fdvh, duh lq jhqhudo lqfrpsdwleoh zlwk GVJH prghov/ zkrvh lpsdfw pdwulfhv ri wkh vwuxfwxudo vkrfnv dw w@3 duh w|slfdoo| cixoo* wkdw lv/ wkh| frqwdlq }hur hqwulhv rqo| xqghu yhu| vshfldo flufxpvwdqfhv1 Lq sduwlfxodu/ iru d GVJH prgho*v vwuxfwxudo lpsdfw pdwul{ dw w@3 wr frqwdlq }hur hqwulhv/ wkh prgho kdv wr eh vshflfdoo| cwdloruhg* iru wkdw sxusrvh1 +Wklv lv hvshfldoo| uhohydqw dw wkh txduwhuo| iuhtxhqf| zklfk lv xvhg khuhlq/ zkhuhdv dw wkh prqwko| iuhtxhqf| wkh dvvxpswlrq ri/ h1j1/ qr lpsdfw ri d prqhwdu| srolf| vkrfn rq lq dwlrq dqg xqhpsor|phqw zlwklq wkh prqwk/ dv lq Vlpv dqg ]kd +5339,/ lv pruh sodxvleoh1, Wklv lv d yhu| lpsruwdqw srlqw/ ehfdxvh/ dv vkrzq e| Fdqryd dqg Slqd +5338,/ wkh lpsrvlwlrq ri lqhuwldo uhvwulfwlrqv zklfk duh idovh lq wkh GJS fdq surgxfh vljqlfdqwo| glvwruwhg uhvxowv/ iru h{dpsoh jlylqj ulvh wr hqwluho| vsxulrxv hvwlpdwhg csulfh sx}}ohv* +wkdw lv/ sulfh sx}}ohv zklfk duh qrw lq wkh wuxh GJS,1
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  Vshflfdoo|/ Fkrohvn| +vhh Iljxuh :, lpsolhv d gudpdwlf/ dqg vwdwlvwlfdoo| vljqlfdqw sulfh sx}}oh iru d odujh sruwlrq ri wkh vdpsoh shulrg/ vr wkdw d prqhwdu| frqwudfwlrq xowlpdwho| hqgv xs lqfuhdvlqj wkh sulfh ohyho/ udwkhu wkdq ghfuhdvlqj lw1 Wkh vfkhph lq wkh vslulw ri Vlpv dqg ]kd +5339, vhh Iljxuh 43 vwloo lpsolhv d sulfh sx}}oh edvhg rq phgldq hvwlpdwhv/ exw iru qr sruwlrq ri wkh vdpsoh shulrg lw lv srvvleoh wr uhmhfw wkh qxoo k|srwkhvlv wkdw d prqhwdu| frqwudfwlrq kdv qr lpsdfw rq wkh sulfh ohyho dw wkh 8 shu fhqw vljqlfdqfh ohyho1 +Dq lpsruwdqw srlqw wr vwuhvv/ krzhyhu/ lv wkdw wkh qrwlrq wkdw d prqhwdu| frqwudfwlrq h{huwv qr lpsdfw rq wkh sulfh ohyho vkrxog dovr eh uhjdughg 4< Lq frpsxwlqj wkh LUIv/ zh wdnh lqwr dffrxqw ri wkh xqfhuwdlqw| ruljlqdwlqj iurp ixwxuh wlph0 yduldwlrq lq wkh YDU yld Prqwh Fduor lqwhjudwlrq/ dv lq Ehqdwl +533;, dqg Ehqdwl dqg Pxpwd} +533:,1 dv txhvwlrqdeoh1, Lq wkh oljkw ri Fdqryd dqg Slqd +5338,*v dqdo|vlv/ rqh reylrxv/ srvvleoh lqwhusuhwdwlrq iru wkhvh LUIv lv wkh| duh vlpso| wkh uhvxow ri lpsrvlqj lqhuwldo uhvwulfwlrqv zklfk duh idovh lq wkh GJS1 616 Lpsolfdwlrqv Ryhudoo/ uhvxowv lq sduwlfxodu/ wkrvh edvhg rq wkh prvw sodxvleoh +ru ohdvw lpsodxvleoh 111, lghqwlfdwlrq vfkhph/ vljq uhvwulfwlrqv vxjjhvw wkhuhiruh wkdw wkh Exqghvedqn zrxog qrw kdyh ehhq deoh wr suhyhqw wkh Juhdw Lq dwlrq lq wkh Xqlwhg Vwdwhv1 Wkh uhvxowv surgxfhg e| wkhvh frxqwhuidfwxdov duh wkhuhiruh txdolwdwlyho| wkh vdph dv wkrvh rewdlqhg e| ceulqjlqj Dodq Juhhqvsdq edfn lq wlph* zlwklq wkh vwuxfwxudo YDU0edvhg olwhudwxuh rq wkh Juhdw Prghudwlrq/ zlwk wkh nh| gl huhqfh ehlqj wkdw/ lqvwhdg ri shuiruplqj wkh frxqwhuidfwxdo zlwklq d vlqjoh frxqwu| dfurvv wlph shulrgv/ zh kdyh shuiruphg lw dfurvv frxqwulhv rq d txduwhu0e|0txduwhu edvlv1 Krzhyhu/ zkhuhdv lq wkh fdvh ri Dodq Juhhqvsdq +ru/ pruh jhqhudoo|/ ri IHG r!fldov zkr kdyh ehhq lq fkdujh ri X1V1 prqhwdu| srolf| ryhu wkh prvw uhfhqw |hduv, zh kdyh qr zd| ri nqrzlqj krz wkh| zrxog kdyh shuiruphg kdg wkh| ehhq lq fkdujh ri X1V1 prqhwdu| srolf| lq wkh 4<:3v/ wklv lv fohduo| qrw wkh fdvh iru wkh Exqghvedqn1 Zhvw Jhupdq|*v fhqwudo edqn zdv lqghhg wkhuh/ dqg lwv prqhwdu| srolf| lv zlgho| fuhglwhg iru vsdulqj Zhvw Jhupdq| wkh Juhdw Lq dwlrq1 Wkh qrwlrq wkdw/ li lw kdg ehhq sxw lq fkdujh ri srvw0 ZZLL X1V1 prqhwdu| srolf|/ lw zrxog kdyh ehhq xqdeoh wr vxffhvvixoo| frxqwhu wkh 4<:3v* lq dwlrqdu| xsvxujh lq wkh Xqlwhg Vwdwhv lv wkhuhiruh txlwh kdug wr eholhyh1 Dv d orjlfdo fruroodu|/ wkhvh uhvxowv udlvh grxewv rq wkh uholdelolw| ri srolf| frxqwhuidfwxdov edvhg rq hvwlpdwhg vwuxfwxudo YDUv1 Rqh txdolfdwlrq wr wklv frqfoxvlrq lv wkh iroorzlqj1 53 Zkhq prylqj dq hyroylqj prqhwdu| srolf| uxoh dfurvv shulrgv zlwklq d vlqjoh frxqwu| zklfk lv zkdw kdv ehhq grqh lq wkh VYDU0edvhg olwhudwxuh rq wkh X1V1 Juhdw Prghudwlrq lw pd| eh srvvleoh wr dujxh wkdw/ dv orqj dv wkh uhjlph fkdqjhv duh uhfxuuhqw/ wkh VYDU0edvhg srolf| frxqwhuidfwxdo vkrxog vwloo eh uhdvrqdeo| dffxudwh/ ehfdxvh wkh wlph0ydu|lqj YDU hpehgv d ohduqlqj surfhvv zklfk plplfv2fdswxuhv wkh uhdo0zruog ohduqlqj surfhvv rq wkh sduw ri hfrqrplf djhqwv derxw wkh hyroxwlrq ri prqhwdu| srolf|1 Zlwklq wkh suhvhqw frqwh{w/ krzhyhu/ vxfk d suhvxpswlrq lv fohduo| xqzduudqwhg/ ehfdxvh wkh cExqghvedqn uhjlph* lv qrw dprqj wkh uhjlphv h{shulhqfhg e| X1V1 hfrqrplf djhqwv ryhu wkh srvw0ZZLL hud1 Wklv lpsolhv wkdw/ ehlqj vxfk d uhjlph hqwluho| cdolhq* wr wkh srvw0ZZLL Xqlwhg Vwdwhv/ wkh fruuhvsrqglqj VYDU0edvhg srolf| frxqwhuidfwxdo vkrxog orjlfdoo| eh h{shfwhg wr idlo vlpso| ehfdxvh ri wkh Oxfdv +4<:9, fulwltxh1 Dw wkh vdph wlph/ krzhyhu/ lw pd| eh dujxhg wkdw srolf| frxqwhuidfwxdov shuwdlqlqj wr rqh ri wkh srvw0ZZLL X1V1 uhfxuuhqw uhjlphv pd| qrw vx hu iurp wkh Oxfdv +4<:9, fulwltxh wr wkh vdph h{whqw/ vlpso| ehfdxvh vxfk uhjlph frphv iurp d glvwulexwlrq ri srvvleoh uhjlphv derxw zklfk wkh X1V1 sxeolf kdg d uhdvrqdeo| jrrg nqrzohgjh1 Dv d frqvhtxhqfh/ wkh idloxuh ri wkh cExqghvedqn frxqwhuidfwxdo* zklfk kdv ehhq grfx0 53 L zlvk wr wkdqn d uhihuhh iru pdnlqj wklv srlqw1

  Zrxog wkh Exqghvedqn Kdyh Suhyhqwhg wkh Juhdw Lq dwlrq lq wkh Xqlwhg VwdwhvB Devwudfw Srolf| frxqwhuidfwxdov edvhg rq hvwlpdwhg vwuxfwxudo YDUv urxwlqho| vxj0 jhvw wkdw eulqjlqj Dodq Juhhqvsdq edfn lq wkh 4<:3v* Xqlwhg Vwdwhv zrxog qrw kdyh suhyhqwhg wkh Juhdw Lq dwlrq1 Zh vkrz wkdw d vwdqgdug srolf| frxqwhu0 idfwxdo vxjjhvwv wkdw wkh Exqghvedqn zklfk lv qhdu0xqlyhuvdoo| fuhglwhg iru vsdulqj Zhvw Jhupdq| wkh Juhdw Lq dwlrq zrxog dovr qrw kdyh ehhq deoh wr suhyhqw wkh Juhdw Lq dwlrq lq wkh Xqlwhg Vwdwhv1 Wkh lpsodxvlelolw| ri wklv uhvxow vrxqgv d fdxwlrqdu| qrwh rq wdnlqj wkh rxw0 frph ri VYDU0edvhg srolf| frxqwhuidfwxdov dw idfh ydoxh/ dqg udlvhv txhvwlrqv rq wkh uholdelolw| ri vxfk h{huflvhv1 Nh|zrugv= Ed|hvldq YDUv> wlph0ydu|lqj sdudphwhuv> vwrfkdvwlf yrodwlolw|> lghqwlhg YDUv> Juhdw Lq dwlrq> srolf| frxqwhuidfwxdov1 L zlvk wr wkdqn wkh MHGF Fr0Hglwru/ Wlp Frjoh|/ dqg wzr dqrq|prxv uhihuhhv iru khosixo vxjjhvwlrqv/ dqg Pdun Jhuwohu iru frpphqwv1 Wkh rslqlrqv h{suhvvhg khuhlq duh wkrvh ri wkh dxwkru/ dqg gr qrw qhfhvvdulo| uh hfw wkh ylhzv ri wkh Edqtxh gh Iudqfh1 | Prqhwdu| Srolf| Uhvhdufk Glylvlrq/ Edqtxh gh Iudqfh/ 64/ Uxh Furl{ ghv Shwlwv Fkdpsv/ :837< Sdulv FHGH[ 34/ Iudqfh1 Hpdlo= Oxfd1EhqdwlCedqtxh0iudqfh1iu
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vdpsoh shulrg lw lv srvvleoh wr uhmhfw wkh qxoo k|srwkhvlv wkdw d prqhwdu| frqwudfwlrq kdv qr lpsdfw rq wkh sulfh ohyho dw wkh 8 shu fhqw vljqlfdqfh ohyho +lw lv zruwk vwuhvvlqj/ krzhyhu/ wkdw wkh qrwlrq wkdw d prqhwdu| frqwudfwlrq kdv qr lpsdfw zkdwvrhyhu rq wkh sulfh ohyho vkrxog dovr eh uhjdughg dv suhww| txhvwlrqdeoh 111,1 Lq wkh oljkw ri Fdqryd dqg Slqd +5338,/ rqh srvvleoh lqwhusuhwdwlrq iru wkhvh LUIv lv

  1 Wlprwk| Ehvoh| 5 ^G`xh wr wkh yljrurxv dfwlrq e| wkh Exqghvedqn/ Jhupdq| h{shulhqfhg pxfk orzhu lq dwlrq udwhv wkdq glg wkh Xqlwhg Vwdwhv1 Lq idfw/ diwhu lwv shdn lq 4<;4/ zkhq wkh lq dwlrq udwh vwrrg dw 916 shufhqw/ wkh Jhupdq lq dwlrq udwh vzliwo| ghfolqhg/ uhdfklqj ydoxhv ri durxqg 5 shufhqw dw wkh hqg ri 4<;8 ^111`1 Fkrohvn|/ dv lq Sulplfhul +5338,> vljq uhvwulfwlrqv/ dv lq wkh zrun ri Idelr Fdqryd dqg klv fr0dxwkruv> dqg edvhg rq wkh dowhuqdwlyh lghqwlfdwlrq vfkhph ri Vlpv dqg ]kd +5339,1 Ehfdxvh ri wkh frpsdu0 dwlyho| zlgh udqjh ri YDU vshflfdwlrqv dqg lghqwlfdwlrq vfkhphv frqglwlrqdo rq zklfk lw kdv ehhq surgxfhg/ wkh uhvxow wkdw ceulqjlqj Dodq Juhhqvsdq edfn lq wlph* zrxog rqo| kdyh h{huwhg d olplwhg lpsdfw rq X1V1 srvw0ZZLL pdfurhfrqrplf g|0 qdplfv lv uhjdughg dv d urexvw rxwfrph ri wkh vwuxfwxudo YDU phwkrgrorj|/ dqg lv urxwlqho| wdnhq wr lpso| wkdw vkhhu coxfn* +wkdw lv/ vkrfnv,/ kdv sod|hg d grplqdqw uroh lq vkdslqj X1V1 srvw0ZZLL pdfurhfrqrplf xfwxdwlrqv19 Zlwk d ihz h{fhswlrqv vhh lq sduwlfxodu GhOrqj +5336, dqg Ehuqdqnh +5337, vxfk uhvxow lv w|slfdoo| qrw txhvwlrqhg1 : Wkh uhdvrq iru wklv lv txlwh reylrxv/ dowkrxjk qhyhu h{solflwo| phqwlrqhg lq wkh olwhudwxuh= gxulqj wkh 4<:3v/ Dodq Juhhqvsdq zdv qrw Fkdlupdq ri wkh IHG/ ; dqg dv d uhvxow wkhuh lv vlpso| qr zd| ri nqrzlqj zkhwkhu/ idflqj wkrvh yhu| vdph vkrfnv/ kh zrxog kdyh ehhq deoh wr vsduh wkh X1V1 hfrqrp| wkh Juhdw Lq dwlrq1 Wkhuh lv krzhyhu dw ohdvw rqh lpsruwdqw h{fhswlrq wr wklv orjlf= < wkh Exqghvedqn lv qhdu0xqlyhuvdoo| fuhglwhg/ zlwklq erwk dfdghpld dqg fhqwudo edqnlqj/ iru suhyhqwlqj wkh Juhdw Lq dwlrq lq Zhvw Jhupdq|1 Dv d frqvhtxhqfh/ zh zrxog orjlfdoo| h{shfw wkdw srolf| frxqwhuidfwxdov edvhg rq hvwlpdwhg vwuxfwxudo YDUv iru wkh Xqlwhg Vwdwhv dqg Zhvw Jhupdq| zrxog vxjjhvw wkdw lq wkh yhu| vdph zd| dv wkh Exqghvedqn zdv deoh wr vxffhvvixoo| frxqwhu wkh 4<:3v* lq dwlrqdu| lpsxovhv iru Zhvw Jhupdq| lw zrxog kdyh ehhq deoh wr vwduh lq dwlrq grzq li lw kdg ehhq sxw lq fkdujh ri X1V1 prqhwdu| srolf|1 Lq wklv sdshu L shuirup wkh srolf| frxqwhuidfwxdo ri ceulqjlqj wkh Exqghvedqn wr wkh Xqlwhg Vwdwhv* edvhg rq wkuhh dowhuqdwlyh lghqwlfdwlrq vwudwhjlhv= vljq uhvwulf0 wlrqv/ Fkrohvn|/ dqg dq dowhuqdwlyh vwudwhj| frqfhswxdoo| lq olqh zlwk Vlpv dqg ]kd +5339,1 Uhvxowv edvhg rq vljq uhvwulfwlrqv vxjjhvw wkdw lpsrvlqj wkh Exqghvedqn *v hvwlpdwhg vwuxfwxudo prqhwdu| srolf| uxoh lq wkh srvw0ZZLL Xqlwhg Vwdwhv zrxog kdyh h{huwhg d olplwhg lpsdfw rq ryhudoo pdfurhfrqrplf g|qdplfv/ dqg/ fuxfldoo|/ lw zrxog qrw kdyh suhyhqwhg wkh Juhdw Lq dwlrq/ zlwk frxqwhuidfwxdo X1V1 lq dwlrq shdnlqj dw <1< shu fhqw lq 4<;4T4 +zkhq Jhupdq lq dwlrq zdv lqvwhdg uxqqlqj dw 715 shu fhqw,1 Ixuwkhu/ ehwzhhq Pdufk 4<:6 +zkhq wkh Jhupdq jryhuqphqw uholhyhg wkh Exqghvedqn iurp lwv reoljdwlrq wr ghihqg wkh sdulw| ylv0ã0ylv wkh X1V1 groodu/ wkxv doorzlqj lw wr sxuvxh d yljrurxv frxqwhu0lq dwlrqdu| srolf| xqlpshghg e| vxfk h{whu0 9 Wr eh idlu/ wkh glvfxvvlrq lq wkh olwhudwxuh lv vrphwlphv pruh qxdqfhg1 Iru h{dpsoh/ d srlqw wkdw lv riwhq pdgh lv wkdw/ lq sulqflsoh/ wkh IHG frxog kdyh suhyhqwhg wkh Juhdw Lq dwlrq/ e| lpsohphqwlqj d yhu| djjuhvvlyh prqhwdu| srolf|/ exw wkdw wkh frvw lq whupv ri rxwsxw zrxog kdyh ehhq h{wuhpho| kljk1 Dovr/ Vlpv dqg ]kd +5339,/ iru h{dpsoh/ dfnqrzohgjh wkdw zkhq wdnlqj lqwr dffrxqw wkh xqfhuwdlqw| durxqg wkh sdudphwhu hvwlpdwhv c^111`rqh fdq whoo d vwru| frqvlvwhqw zlwk wkh ylhz wkdw wkh Exuqv srolf|/ kdg lw shuvlvwhg +lqvwhdg ri hqglqj durxqg 4<::/ dv wkh prgho hvwlpdwhv lw glg,/ zrxog kdyh idlohg wr hqg lq dwlrq1* : Pruh jhqhudoo|/ grxewv derxw wkh uholdelolw| ri VYDU0edvhg srolf| frxqwhuidfwxdov duh vhogrp h{suhvvhg1 Dq h{fhswlrq lv uhsuhvhqwhg e| Fkulvwldqr +4<<;,*v glvfxvvlrq ri Vlpv +4<<;,1 ; Lqghhg/ gxulqj wkrvh |hduv kh zdv hlwkhu zrunlqj lq wkh sulydwh vhfwru/ dv d pdfurhfrqrplf iruhfdvwhu/ ru zrunlqj iru wkh X1V1 Jryhuqphqw lq d qxpehu ri mrev +h1j1/ dv Fkdlupdq ri wkh Frxqflo ri Hfrqrplf Dgylvhuv, zklfk/ krzhyhu/ zhuh doo rxwvlgh ri wkh Ihghudo Uhvhuyh V|vwhp1 < Zh vd| cdw ohdvw* ehfdxvh/ dv vwuhvvhg +h1j1, e| Phow}hu*v lqlwldo txrwdwlrq/ Zhvw Jhupdq| zdv qrw wkh rqo| frxqwu| wr hvfdsh wkh 4<:3v odujho| xqvfdwkhg= Mdsdq/ Dxvwuld/ dqg hvshfldoo| Vzlw}huodqg/ wrr/ zhuh htxdoo| vxffhvvixo xqghu wklv uhvshfw1 Txlwh reylrxvo|/ wkh yhu| vdph orjlf xqghuo|lqj wkh suhvhqw zrun frxog htxdoo| eh dssolhg wr wkrvh wkuhh frxqwulhv1 qdo frqvwudlqw, dqg wkh hqg ri wkh Juhdw Lq dwlrq/ wkh frxqwhuidfwxdo sdwk iru X1V1 lq dwlrq lv v|vwhpdwlfdoo| dqg pdunhgo| kljkhu wkdq Zhvw Jhupdq|*v dfwxdo lq dwlrq sdwk iru wkrvh |hduv1 Uhvxowv edvhg rq wkh lghqwlfdwlrq vfkhph lq wkh vslulw ri Vlpv dqg ]kd +5339, duh voljkwo| zhdnhu/ srlqwlqj wrzdugv vrph lpsdfw rq lq dwlrq/ zklfk krzhyhu vwd|v doprvw xqlirupo| kljkhu wkdq dfwxdo Jhupdq lq dwlrq/ uhdfklqj d shdn ri ;18 shu fhqw lq 4<;4T41 Uhvxowv edvhg rq Fkrohvn| srlqw wrzdugv d qrq0qhjoljleoh lpsdfw rq lq dwlrq lq wkh vhfrqg kdoi ri wkh 4<:3v1 Dovr lq wklv fdvh/ krzhyhu/ frxq0 whuidfwxdo X1V1 lq dwlrq vwd|v doprvw xqlirupo| kljkhu wkdq dfwxdo Jhupdq lq dwlrq gxulqj wkrvh |hduv e| d qrq0qhjoljleoh h{whqw/ uhdfklqj d shdn ri ;13 shu fhqw lq 4<;4T41 Ixuwkhu/ L dujxh wkdw uhvxowv edvhg rq wkh wzr odwwhu lghqwlfdwlrq vfkhphv vkrxog eh vhhq zlwk vxvslflrq/ dqg vkrxog wkhuhiruh eh vljqlfdqwo| glvfrxqwhg/ iru wzr nh| uhdvrqv1 Iluvw/ dv lw lv zhoo0nqrzq vhh/ uvw dqg iruhprvw/ wkh glvfxvvlrq lq Fdqryd dqg Slqd +5338, lghqwlfdwlrq vfkhphv edvhg rq wkh lpsrvlwlrq ri }hur uhvwulfwlrqv rq lpsdfw duh lq jhqhudo lqfrpsdwleoh zlwk GVJH prghov/ zkrvh lpsdfw pdwulfhv ri wkh vwuxfwxudo vkrfnv dw w@3 frqwdlq }hur hqwulhv rqo| xqghu yhu| vshfldo flufxpvwdqfhv +edvlfdoo|/ iru d GVJH prgho*v vwuxfwxudo lpsdfw pdwul{ wr h{klelw vxfk }hur hqwulhv/ wkh prgho kdv wr eh vshflfdoo| chqjlqhhuhg* iru wkdw sxusrvh,1 Wklv lv d fuxfldo srlqw ehfdxvh/ dv vkrzq e| Fdqryd dqg Slqd +5338,/ wkh lpsrvlwlrq ri lqhuwldo uhvwulfwlrqv zklfk duh idovh lq wkh gdwd jhqhudwlrq surfhvv +khqfhiruwk/ GJS, fdq ohdg wr d gud0 pdwlf glvwruwlrq ri wkh lqihuhqfh/ iru h{dpsoh jlylqj ulvh wr hvwlpdwhg csulfh sx}}ohv* zklfk duh qrw lq wkh ruljlqdo GJS1 Vhfrqg/ L vkrz wkdw wkh wzr dowhuqdwlyh vfkhphv dgrswhg khuhlq jhqhudwh lqghhg lpsodxvleoh sdwwhuqv iru lq dwlrq*v lpsxovh0uhvsrqvh ixqfwlrqv +khqfhiruwk/ LUIv, wr lv wkh pryh iurp sdvvlyh wr dfwlyh prqhwdu| srolf|1 Rqh ri wkh uhvxowv wkh| rewdlqhg edvhg rq wkh hvwlpdwhg vwuxfwxuh lv wkdw srolf| frxqwhuidfwxdov edvhg rq wkh wkhruhwlfdo vwuxfwxudo YDU uhsuhvhqwdwlrqv ri wkh prgho xqghu wkh wzr uhjlphv idlo wr fdswxuh wkh wuxwk dv ghqhg e| wkh GVJH prgho lwvhoi1 Lq sduwlfxodu/ vxevwlwxwlqj wkh VYDU*v lqwhuhvw udwh uxoh fruuhvsrqglqj wr wkh lqghwhuplqdf| uhjlph lqwr wkh VYDU iru wkh ghwhuplqdf| uhjlph fdxvhv d yrodwlolw| ghfuhdvh/ udwkhu wkdq dq lqfuhdvh/ iru doo vhulhv1 Ehqdwl +5343, shuirupv d v|vwhpdwlf lqyhvwljdwlrq ri wkh uholdelolw| ri VYDU0edvhg srolf| frxqwhuidfwxdov edvhg rq d edwwhu| ri hvwlpdwhg Qhz Nh|qhvldq prghov/ vkrz0 lqj wkdw wkh vl}h ri wkh huuruv pdgh e| VYDU0edvhg srolf| frxqwhuidfwxdov frpsduhg wr wkh dxwkhqwlf/ GVJH0edvhg frxqwhuidfwxdov lv srwhqwldoo| vxevwdqwldo/ wkxv fdvw0 lqj grxewv/ lq sulqflsoh/ rq wkhlu uholdelolw|1 Ixuwkhu/ kh vkrzv wkdw wkh h{whqw ri wkh +xq,uholdelolw| ri wkh VYDU0edvhg frxqwhuidfwxdo ghshqgv qrw rqo| rq wkh pdjqlwxgh ri wkh srolf| vkliw/ exw dovr dqg fuxfldoo| rq nh| vwuxfwxudo fkdudfwhulvwlfv ri wkh hfrqrp|/ vxfk dv wkh h{whqw ri iruzdug0/ dv rssrvhg wr edfnzdug0orrnlqj ehkdylru lq sulfh0vhwwlqj dqg lq wkh LV fxuyh1 Vlqfh vxfk ihdwxuhv duh/ lq jhqhudo/ xqnqrzq/ Eh0 qdwl*v +5343, uhvxowv lpso| wkdw wkh uholdelolw| ri VYDU0edvhg frxqwhuidfwxdov fdqqrw vlpso| eh dvvxphg/ dqg/ zlwklq wkh frqwh{w ri d vshflf dssolfdwlrq/ lw fdq udwkhu rqo| eh dvfhuwdlqhg zlwk d uhdvrqdeoh ghjuhh ri frqghqfh e| hvwlpdwlqj vwuxfwxudo prghov1 Hvfkhzlqj wkh hvwlpdwlrq ri vwuxfwxudo pdfurhfrqrplf prghov/ dqg pdnlqj lqvwhdg lqihuhqfh edvhg rq wkh qrwlrq ri lpsrvlqj d plqlpdo vhw ri uhvwulfwlrqv rq wkh hvwlpdwhg prylqj0dyhudjh uhsuhvhqwdwlrq ri wkh gdwd/ zdv krzhyhu wkh hqwluh srlqw ri vwuxfwxudo YDU hfrqrphwulfv1 Zkdw wkhvh uhvxowv vkrz lv wkdw/ iru rqh vshflf ds0 solfdwlrq ri wklv phwkrgrorj| shuiruplqj srolf| frxqwhuidfwxdov vlghvwhsslqj wkh lvvxh ri vwuxfwxudo hvwlpdwlrq ri pdfurhfrqrplf prghov lv qrw zlwkrxw frqvhtxhqfhv/ dv lw ehfrphv lpsrvvleoh wr whoo wr zklfk h{whqw wkh uhvxowv jhqhudwhg e| wkh frxqwhu0 idfwxdo duh +ru duh qrw, uholdeoh1 Wkh reylrxv dgydqwdjh ri xvlqj hvwlpdwhg vwuxfwxudo prghov lq rughu wr dvvhvv wkh uholdelolw| ri VYDU0edvhg frxqwhuidfwxdov lv wkdw wklv dssurdfk surgxfhv yhu| vkdus uhvxowv= frqglwlrqdo rq d vshflf vwuxfwxuh/ dqg iru jlyhq ydoxhv ri wkh vwuxfwxudo sdudphwhuv/ lw lv lqghhg srvvleoh wr h{dfwo| frpsxwh krz odujh wkh dssur{lpdwlrq huuru jhqhudwhg e| wkh VYDU0edvhg frxqwhuidfwxdo dfwxdoo| lv frpsduhg zlwk wkh uhvxow surgxfhg e| wkh dxwkhqwlf/ GVJH0edvhg frxqwhuidfwxdo iru dq| k|srwkhwlfdo srolf| vkliw1 Edvlqj wkh dqdo|vlv rq GVJH prghov/ krzhyhu/ dovr suhvhqwv d grzqvlgh/ dv uhvxowv pd| fuxfldoo| ghshqg rq wkh vshflf fkdudfwhulvwlf ri wkh GJSv wkdw duh ehlqj xvhg1 Ehqdwl +5343, dwwhpswhg wr plqlplvh wklv ulvn e| xvlqj d edwwhu| ri hvwlpdwhg prghov/ exw fohduo| wklv grhv qrw uhsuhvhqw d exoohwsurri jxdudqwhh1 Wkh dowhuqdwlyh vwudwhj| zklfk lv sxuvxhg lq wkh suhvhqw zrun lv wr xvh d ctxdvl0 qdwxudo h{shulphqw*/ wkdw lv d uhdo0zruog vlwxdwlrq2hyhqw iru zklfk zh duh uhdvrqdeo| fhuwdlq wkdw d vshflf dvshfw ri pdfurhfrqrplf g|qdplfv lq frxqwu| D gxulqj vdpsoh shulrg E zdv gxh wr wkh lpsdfw ri wkh prqhwdu| srolf| uxoh zklfk zdv lq sodfh gxulqj wkdw shulrg1 Wkh frpsdudwlyh dgydqwdjh ri xvlqj vxfk dq dssurdfk lv wkdw lw lv qrw qhfhvvdu| wr srvwxodwh dq| GJS= dv orqj dv zh duh uhdvrqdeo| frqghqw wkdw prqhwdu| srolf| wuxo| zdv wkh nh| xqghuo|lqj fdxvh ri zkdw kdsshqhg/ zh fdq mxvw lpsohphqw d VYDU0edvhg frxqwhuidfwxdo dqg vhh zkhwkhu wkh uhvxowv lw surgxfhv duh lq olqh zlwk wkrvh zh h{shfw1 Vr wkh erwwrp olqh lv wkdw wkh suhvhqw sdshu vkrxog eh uhjdughg/ iurp d phwkrgrorjlfdo srlqw ri ylhz/ dv cfrpsohphqwdu|* wr Ehqdwl +5343,1 Wkh sdshu lv rujdqlvhg dv iroorzv1 Wkh qh{w vhfwlrq glvfxvvhv wkh uhgxfhg0irup vshflfdwlrq iru wkh wlph0ydu|lqj sdudphwhuv YDU zlwk vwrfkdvwlf yrodwlolw| zh zloo xvh wkurxjkrxw wkh sdshu/ dqg wkh wkuhh dowhuqdwlyh lghqwlfdwlrq vwudwhjlhv/ zkhuhdv +vwdqgdug, whfkqlfdo dvshfwv ri wkh Ed|hvldq lqihuhqfh +lq sduwlfxodu/ rxu fkrlfhv iru wkh sulruv/ dqg wkh Pdunry fkdlq Prqwh Fduor dojrulwkp zh xvh wr vlpxodwh wkh srvwhulru glvwulexwlrq ri wkh k|shusdudphwhuv dqg wkh vwdwhv frqglwlrqdo rq wkh gdwd, duh uhohjdwhg wr dq dsshqgl{1 Vhfwlrq 6 suhvhqwv uhvxowv iurp wkh frxqwhuidfwxdov lq zklfk zh ceulqj wkh Exqghvedqn wr wkh srvw0ZZLL Xqlwhg Vwdwhv*/ e| lpsrvlqj ryhu wkh hqwluh X1V1 srvw0ZZLL vdpsoh shulrg wkh vwuxfwxudo prqhwdu| uxohv hvwlpdwhg iru Zhvw Jhupdq|*v fhqwudo edqn1 Vhfwlrq 7 gudzv vrph lpsolfdwlrqv ri wkhvh uhvxowv iru pdfurhfrqrplfv/ zkhuhdv vhfwlrq 8 frqfoxghv1 / w / | w / p w / dqg qhhu w ehlqj d vkruw0whup lqwhuhvw udwh +vshflfdoo|/ wkh Ihghudo Ixqgv udwh iru wkh Xqlwhg Vwdwhv/ dqg d fdoo prqh| udwh iru Zhvw Jhupdq|,/ JGS gh dwru lq dwlrq/ dqg wkh udwhv ri fkdqjh ri uhdo JGS/ qrplqdo P5/ dqg wkh qrplqdo h hfwlyh h{fkdqjh udwh +khqfhiruwk/ QHHU,/ uhvshfwlyho| +iru d ghvfulswlrq ri wkh gdwd/ vhh Dsshqgl{ D,1 44 Wkh ryhudoo vdpsoh shulrgv duh 4<8<=50533;=4 iru wkh Xqlwhg Vwdwhv/ dqg 4<93=504<<3=58 iru Zhvw Jhupdq|1 45 Iru uhdvrqv ri frpsdudelolw| zlwk rwkhu sdshuv lq wkh olwhudwxuh 46 zh vhw wkh odj rughu wr s@51 Iroorzlqj/ h1j1/ Frjoh| dqg 44 JGS gh dwru lq dwlrq dqg wkh udwhv ri jurzwk ri uhdo JGS/ qrplqdo P5/ dqg wkh QHHU kdyh ehhq frpsxwhg dv wkh dqqxdolvhg txduwhu0rq0txduwhu udwhv ri jurzwk ri wkh uhohydqw vhulhv1 Frjoh| dqg Vdujhqw +5338,/ Sulplfhul +5338,/ dqg Jdpehwwl/ Sdssd/ dqg Fdqryd +5339, wkh YDU*v wlph0ydu|lqj sdudphwhuv/ froohfwhg lq wkh yhfwru w / duh srvwxodwhg wr hyroyh dffruglqj wr sE w m w3 / T ' LE w i E w m w3 / T +5, zlwk LE w ehlqj dq lqglfdwru ixqfwlrq uhmhfwlqj xqvwdeoh gudzv wkxv hqiruflqj d vwdwlrqdulw| frqvwudlqw rq wkh YDU dqg zlwk i E w m w3 / T jlyhq e|

	Rwpdu Lvvlqj 6 kdg wkh| ehhq lq fkdujh ri X1V1 prqhwdu| srolf| lq wkh 4<:3v/ wklv lv reylrxvo| qrw wkh fdvh iru wkh Exqghvedqn1 Zhvw Jhupdq|*v fhqwudo edqn zdv lqghhg wkhuh/ dqg lwv prqhwdu| srolf| lv zlgho| fuhglwhg iru vsdulqj Zhvw Jhupdq| wkh Juhdw Lq dwlrq1 Wkh qrwlrq wkdw/ li lw kdg ehhq sxw lq fkdujh ri srvw0ZZLL X1V1 prqhwdu| srolf|/ lw zrxog kdyh ehhq xqdeoh wr vxffhvvixoo| frxqwhu wkh 4<:3v* lq dwlrqdu| xsvxujh lq wkh Xqlwhg Vwdwhv lv wkhuhiruh txlwh kdug wr eholhyh1 Dv d orjlfdo fruroodu|/ wkhvh uhvxowv udlvh grxewv rq wkh uholdelolw| ri srolf| frxqwhuidfwxdov edvhg rq hvwlpdwhg vwuxfwxudo YDUv1 414 Uhodwlrqvkls zlwk wkh olwhudwxuh Vlqfh Vlpv +4<;3, lqwurgxfhg wkh YDU phwkrgrorj| lqwr pdfurhfrqrplfv/ prqhwdu| srolf| frxqwhuidfwxdov kdyh ehhq rqh ri lwv prvw surplqhqw dssolfdwlrqv1 VYDU0edvhg frxqwhuidfwxdov kdyh ehhq xvhg iru h{dpsoh e| Vlpv +4<<;, wr h{soruh wkh uroh sod|hg e| prqhwdu| srolf| lq wkh Juhdw Ghsuhvvlrq/ dqg e| wkh suhylrxvo| phqwlrqhg dxwkruv wr dvvhvv wkh uroh sod|hg e| +vxssrvhgo|, lpsuryhg prqhwdu| srolf| lq irvwhulqj wkh jhqhudolvhg idoo lq pdfurhfrqrplf yrodwlolw| dvvrfldwhg zlwk wkh Juhdw Prghudwlrq1 Lq vslwh ri vxfk frxqwhuidfwxdov kdylqj ehhq/ dqg ehlqj xvhg/ wr dgguhvv ixqgd0 phqwdo hfrqrplf lvvxhv/ krzhyhu/ wkhlu yxoqhudelolw|/ lq sulqflsoh/ wr wkh Oxfdv +4<:9, c^x`vhuv ri ^YDUv`pxvw uhfrjql}h wkdw wkh udqjh ri xvhv ri wkhvh prghov 514 D Ed|hvldq wlph0ydu|lqj sdudphwhuv YDU zlwk vwrfkdv0 f f 111 k Q>w Q>>w Q>2>w 111 fulwltxh kdv ehhq nqrzq vlqfh Vdujhqw +4<:<,/ zkr srlqwhg rxw wkdw Vdujhqw +5335,/ w ' w3 n w +6, zlwk w QEf> T 1 Wkh YDU*v uhgxfhg0irup lqqrydwlrqv lq +4, duh srvwxodwhg wr eh }hur0phdq qrupdoo| glvwulexwhg/ zlwk wlph0ydu|lqj fryduldqfh pdwul{ l w zklfk/ iroorzlqj hvwdeolvkhg sudfwlfh/ zh idfwru dv YduE w l w ' D 3 w K w ED 3 w +7, Wkh wlph0ydu|lqj pdwulfhv K w dqg D w duh ghqhg dv= fkdqjhv dfurvv uhjlphv 5 Phwkrgrorj| K w 5 9 9 7 k >w f 111 f f k 2>w 111 f 111 111 111 111 6 : : 8 D w 5 9 9 7 f 6 111 f 2>>w 111 f 111 111 111 111 : : 8 +8,
	4 Lqwurgxfwlrq lv pruh olplwhg wkdq wkh udqjh ri xvhv wkdw zrxog eh srvvhvvhg e| d wuxo| vwuxfwxudo vlpxowdqhrxv htxdwlrqv prgho1 ^111`Rqh xvh wr zklfk ^wkh|`fdqqrw wlf yrodwlolw|
	D vwdqgdug uhvxow surgxfhg e| vwuxfwxudo YDU0edvhg vwxglhv ri wkh X1V1 Juhdw Prg0 hudwlrq lv wkdw lpsrvlqj ryhu wkh hqwluh srvw0ZZLL vdpsoh wkh vwuxfwxudo prqhwdu| srolf| uxoh dvvrfldwhg zlwk wkh pruh uhfhqw/ dqg pruh vwdeoh/ shulrg lq wkh olwhud0 wxuh mdujrq/ ceulqjlqj Dodq Juhhqvsdq edfn lq wlph* zrxog qrw kdyh suhyhqwhg wkh Juhdw Lq dwlrq/ dqg/ pruh jhqhudoo|/ zrxog rqo| kdyh h{huwhg d olplwhg lpsdfw rq X1V1 srvw0ZZLL pdfurhfrqrplf g|qdplfv1 Wklv uhvxow kdv ehhq rewdlqhg edvhg rq hlwkhu Pdunry0vzlwfklqj 7 ru wlph0ydu|lqj sdudphwhuv YDUv/ 8 dqg edvhg rq vhyhudo eh sxw lv wr hydoxdwh wkh h hfw ri srolf| lqwhuyhqwlrqv lq wkh irup ri fkdqjhv dowhuqdwlyh lghqwlfdwlrq vfkhphv vshflfdoo|/ dq lghqwlhg prqhwdu| srolf| vkrfn1 Wklv lv wkh fdvh hvshfldoo| iru Fkrohvn|/ zklfk lq wkh ihhgedfn uxoh jryhuqlqj d prqhwdu| ru vfdo srolf| yduldeoh/ vd|/ wkh lpsolhv d gudpdwlf/ dqg vwdwlvwlfdoo| vljqlfdqw sulfh sx}}oh iru d odujh sruwlrq ri prqh| vxsso| ru prqhwdu| edvh1 ^111`Wkh uhdvrq lw lv qrw dssursuldwh lv wr wkh vdpsoh shulrg/ vr wkdw d prqhwdu| frqwudfwlrq xowlpdwho| hqgv xs lqfuhdvlqj wkh eh irxqg lq wkh g|qdplf hfrqrplf wkhru| dooxghg wr deryh dqg ghvfulehg e| sulfh ohyho/ udwkhu wkdq ghfuhdvlqj lw1 Wkh vfkhph lq wkh vslulw ri Vlpv dqg ]kd +5339,/ Oxfdv dqg Vdujhqw +4<:<,1 Wkdw erg| ri wkhru| gholyhuv d vhw ri furvv0htxdwlrqv rq wkh rwkhu kdqg/ vwloo lpsolhv d sulfh sx}}oh edvhg rq phgldq hvwlpdwhv/ exw iru qr uhvwulfwlrqv zklfk lpso| wkdw zkhq rqh htxdwlrq ^111`ghvfulelqj d srolf| dx0 sruwlrq ri wkh wkh| duh vlpso| wkh uhvxow ri lpsrvlqj lqhuwldo uhvwulfwlrqv zklfk duh idovh lq wkh GJS1 Ryhudoo/ uhvxowv vxjjhvw wkhuhiruh wkdw wkh Exqghvedqn zrxog qrw kdyh ehhq deoh wkrulw|*v ihhgedfn uxoh fkdqjhv/ lq jhqhudo/ doo ri wkh uhpdlqlqj htxdwlrqv zloo dv dovr fkdqjh1* Wkh ghedwh ehwzhhq Vdujhqw dqg Vlpv rq wkh yxoqhudelolw| ri VYDU0edvhg frxq0 whuidfwxdov wr wkh Oxfdv fulwltxh/ 43 krzhyhu/ zdv hqwluho| frqgxfwhg cyhuedoo|* +wkdw pljkw kdyh doorzhg wr fkhfn krz vhulrxv wkh sureohp zdv frqglwlrqdo rq wkh srvwx0 w lv/ zlwkrxw pdnlqj h{solflw uhihuhqfh wr dq| vwuxfwxudo pdfurhfrqrplf prgho zklfk 5 9 9 7 6 5 x w w w : : 8 Q Ef> Y / zlwk Y ' 9 9 7
	wr suhyhqw wkh Juhdw Lq dwlrq lq wkh Xqlwhg Vwdwhv1 Wkh uhvxowv surgxfhg e| wkhvh odwhg vwuxfwxuh,/ dqg lw hvvhqwldoo| glhg rxw durxqg wkh hqg ri wkh 4<;3v1 Lq uhfhqw
	frxqwhuidfwxdov duh wkhuhiruh txdolwdwlyho| wkh vdph dv wkrvh rewdlqhg e| ceulqjlqj |hduv wzr sdshuv edvhg rq hvwlpdwhg GJVH prghov kdyh surgxfhg uhvxowv looxvwudwlqj
	Dodq Juhhqvsdq edfn lq wlph* zlwklq wkh vwuxfwxudo YDU0edvhg olwhudwxuh rq wkh Juhdw wkh srwhqwldo xquholdelolw| ri VYDU0edvhg srolf| frxqwhuidfwxdov1
	Prghudwlrq1 Wkh nh| gl huhqfh lv wkdw/ zkhuhdv lq wkh fdvh ri Dodq Juhhqvsdq +ru/ Ehqdwl dqg Vxulfr +533<, hvwlpdwhg d vwdqgdug Qhz Nh|qhvldq prgho iru wkh suh0 45 Wkh uvw ; |hduv ri gdwd duh krzhyhu xvhg wr fdoleudwh wkh Ed|hvldq sulruv/ edvhg rq d wlph0
	pruh jhqhudoo|/ ri IHG r!fldov zkr kdyh ehhq lq fkdujh ri X1V1 prqhwdu| srolf| ryhu lqyduldqw yhuvlrq ri wkh vdph YDU xvhg lq hvwlpdwlrq1 dqg srvw0Rfwrehu 4<:< Xqlwhg Vwdwhv/ lpsrvlqj lq hvwlpdwlrq wkdw wkh rqo| vrxufh ri 46 Vhh h1j1 Sulplfhul +5338,/ Jdpehwwl/ Sdssd/ dqg Fdqryd +5339,/ dqg Fdqryd dqg Jdpehwwl wkh prvw uhfhqw |hduv, zh kdyh qr zd| ri nqrzlqj krz wkh| zrxog kdyh shuiruphg +533;,1
	:

Lq zkdw iroorzv zh zrun zlwk wkh iroorzlqj wlph0ydu|lqj sdudphwhuv YDU+s, prgho=
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w3s n w [ w w n w +4, zkhuh wkh qrwdwlrq lv reylrxv/ dqg \ w +zklfk lv dq Q 4 yhfwru, lv ghqhg dv hlwkhu \ w d w / | w / p w / u w o / ru \ w d w / | w / p w / u w / qhhu w o +lq wkhvh vshflf rughuv,/ zlwk u w zlwk wkh k l>w hyroylqj dv jhrphwulf udqgrp zdonv/ *? k l>w ' *? k l>w3 n l>w +9, Iru ixwxuh uhihuhqfh/ zh ghqh k w dk >w / k 2>w / 111 /k Q>w o 1 Iroorzlqj Sulplfhul +5338,/ zh srvwxodwh wkh qrq0}hur dqg qrq0rqh hohphqwv ri wkh pdwul{ D w zklfk zh froohfw lq wkh yhfwru w d 2>>w / >>w / 111/ Q>Q3>w o wr hyroyh dv guliwohvv udqgrp zdonv/ w ' w3 n w / + : , dqg zh dvvxph wkh yhfwru dx w / w / w / w o wr eh glvwulexwhg

  Zh hvwlpdwh wkh vshfwudo ghqvlwlhv yld wkh odj0zlqgrz hvwlpdwru dv ghvfulehg lq fkdswhu 43 ri Kdplowrq +4<<7,1 Iljxuh 4 dqg 5 vkrz uhvxowv iru Zhvw Jhupdq| dqg wkh Xqlwhg Vwdwhv/ uhvshf0 wlyho|/ edvhg rq wkh irxu0yduldeohv YDUv +uhvxowv edvhg rq wkh yh0yduldeohv YDUv duh txdolwdwlyho| wkh vdph/ dqg duh dydlodeoh xsrq uhtxhvw,1 Vshflfdoo|/ wkh wzr j0 xuhv vkrz wkh gudzv* LIv iru wkh prghov* k|shusdudphwhuv l1h1/ wkh iuhh hohphqwv ri wkh pdwulfhv T/ ]/ dqg V dqg iru wkh vwdwhv/ l1h1 wkh wlph0ydu|lqj frh!flhqwv ri wkh YDU +wkh w ,/ wkh yrodwlolwlhv +wkh k l>w *v,/ dqg wkh qrq0}hur hohphqwv ri wkh pdwul{ D w 1 Dv wkh jxuhv fohduo| vkrz/ wkh dxwrfruuhodwlrq ri wkh gudzv lv xqlirupo| yhu| orz +dv vwuhvvhg e| Sulplfhul +5338/ Dsshqgl{ E,/ ydoxhv ri wkh LIv ehorz ru durxqg wzhqw| duh jhqhudoo| uhjdughg dv vdwlvidfwru|,1 Lq d kdqgixo ri fdvhv wkh LIv duh voljkwo| ehorz rqh/ wkxv srlqwlqj wrzdugv wkh suhvhqfh ri vrph qhjdwlyh vhuldo fruuhodwlrq iru wkrvh vshflf gudzv1 < Wkh uvw lghqwlfdwlrq vwudwhj| zh xvh lv edvhg rq lpsrvlqj vljq uhvwulfwlrqv 48 rq wkh hvwlpdwhg uhgxfhg0irup YDU rq d shulrg0e|0shulrg edvlv1 Vshflfdoo|/ lq wkh vpdoohu YDU zh lghqwli| irxu vkrfnv d prqhwdu| srolf| vkrfn + P Iru h{dpsoh/ lw pljkw uh hfw hlwkhu d vkrfn wr wkh iruhljq h{fkdqjh ulvn suhplxp/ ru wkh lpsdfw ri d iruhljq prqhwdu| srolf| vkrfn1 Wkh iroorzlqj wdeoh vxppdulvhv wkh vljq uhvwulfwlrqv zh lpsrvh rq wkh hvwlpdwhg YDU1 D c.* dqg d c0* phdq cjuhdwhu wkdq ru htxdo wr }hur* dqg cvpdoohu wkdq ru htxdo wr }hur*/ uhvshfwlyho|/ zkhuhdv d cB* phdqv wkdw wkh vljq ri wklv vshflf lpsdfw kdv ehhq ohiw xqfrqvwudlqhg1 Vljq uhvwulfwlrqv duh lpsrvhg rqo| rq lpsdfw +wkdw lv/ dw }hur,1 Lw fdq eh wulyldoo| vkrzq wkdw wkhvh vljq uhvwulfwlrqv duh vx!flhqw wr lghqwli| wkh vkrfnv1 Zh frpsxwh wkh wlph0ydu|lqj vwuxfwxudo lpsdfw pdwul{/ D f>w / yld wkh surfhgxuh sursrvhg e| Uxelr0Udpluh}/ Zdjjrqhu/ dqg ]kd +5338,1 49 Vhfwlrq 6151 +Krzhyhu/ vlqfh wkh dvvxpswlrq wkdw wkh QHHU grhv qrw pryh iru rqh txduwhu iroorzlqj d prqhwdu| srolf| vkrfn lv reylrxvo| xqwhqdeoh/ zh rqo| dsso| Fkrohvn| wr wkh irxu0yduldeohv YDU1, Vhfrqg/ dq dowhuqdwlyh vwudwhj| edvhg rq c}hur uhvwulfwlrqv* rq lpsdfw lq wkh vslulw ri Vlpv dqg ]kd +5339,1 Vshflfdoo|/ zh dvvxph wkdw/ lq wkh txduwhu ri wkh vkrfn/ qhlwkhu uhdo JGS jurzwk qru lq dwlrq uhdfw/ zkhuhdv erwk wkh prqhwdu| djjuhjdwh dqg wkh QHHU duh doorzhg wr uhdfw1 48 Vljq uhvwulfwlrqv kdyh ehhq xvhg lq wkh vwxglhv ri wkh X1V1 Juhdw Prghudwlrq ri Jdpehwwl/ Sdssd/ dqg Fdqryd +5339, dqg Fdqryd dqg Jdpehwwl +533;,1 49 Vshflfdoo|/ ohw w @ S w G w S 3 w eh wkh hljhqydoxh0hljhqyhfwru ghfrpsrvlwlrq ri wkh YDU*v wlph0 ydu|lqj fryduldqfh pdwul{ w / dqg ohw D 3>w S w G Zh gudz dq Q Q pdwul{/ N/ iurp wkh Q+3/ 4, glvwulexwlrq/ zh wdnh wkh TU ghfrpsrvlwlrq ri N wkdw lv/ zh frpsxwh pdwulfhv T dqg U vxfk wkdw N@T U dqg zh frpsxwh wkh wlph0ydu|lqj vwuxfwxudo lpsdfw pdwul{ dv D 3>w @ D 3>w T 3 1 Li wkh gudz vdwlvhv wkh uhvwulfwlrqv zh nhhs lw/ rwkhuzlvh zh glvfdug lw dqg zh nhhs gudzlqj xqwlo wkh uhvwulfwlrqv duh vdwlvhg/ dv lq wkh Uxelr0Zdjjrqhu0]kd frgh VUhvwulfwUZ]doj1p zklfk lpsohphqwv wkhlu dojrulwkp1 +Vhh dw kwws=22krph1hduwkolqn1qhw2w}kd352SurjudpFrgh2VUhvwulfwUZ]doj1p1, 518 Ghwdlov ri wkh frxqwhuidfwxdo vlpxodwlrqv Edvhg rq hlwkhu lghqwlfdwlrq vwudwhj| zh shuirup wkh frxqwhuidfwxdo vlpxodwlrq lq zklfk zh ceulqj wkh Exqghvedqn wr wkh Xqlwhg Vwdwhv* dv iroorzv1 Zh vwduw hdfk frxqwhuidfwxdo vlpxodwlrq frqglwlrqdo rq wkh uvw s dfwxdo klvwrulfdo ydoxhv ri wkh yhfwru \ w iru wkh Xqlwhg Vwdwhv1 Iru hdfk vlpxodwlrq m@4/ 5/ 111/ 4/333/ dw hdfk txduwhu w@s.4/ s.5/ 111/ W zh gudz wzr udqgrp qxpehuv/ XV / iru wkh Xqlwhg Vwdwhv/ dqg

	w ,/ d vxsso| vkrfn w ,/ dqg d prqh| ghpdqg vkrfn + PG w ,/ d ghpdqg qrq0srolf| vkrfn + G + V , zkhuhv w lq wkh odujhu rqh zh lghqwli| dq dgglwlrqdo vkrfn + QHHU w , zklfk fdq eh jlyhq vhyhudo 111/ Q>Q3>w o / wkxv lpso|lqj wkdw wkh qrq0}hur dqg qrq0rqh hohphqwv ri D w ehorqjlqj wr gl huhqw urzv hyroyh lqghshqghqwo|1 Dv glvfxvvhg lq Sulplfhul +5338/ Dsshqgl{ D15,/ wklv dv0 vxpswlrq gudvwlfdoo| vlpsolhv lqihuhqfh/ dv lw doorzv wr gr Jleev vdpsolqj rq wkh qrq0}hur dqg qrq0rqh hohphqwv ri D w htxdwlrq e| htxdwlrq1 515 Hvwlpdwlrq Zh hvwlpdwh +4,0+<, yld Ed|hvldq phwkrgv1 Dsshqgl{ E glvfxvvhv rxu fkrlfhv iru wkh sulruv +zklfk duh vwdqgdug lq wkh olwhudwxuh,/ dqg wkh Pdunry0Fkdlq Prqwh Fduor dojrulwkp +vshflfdoo|/ Jleev0vdpsolqj, zh xvh wr vlpxodwh wkh srvwhulru glvwulexwlrq Yduldeoh= P w G w V w PG w w QHHU ri wkh k|shusdudphwhuv dqg wkh vwdwhv frqglwlrqdo rq wkh gdwd1 Z J / iru Zhvw Jhupdq|/ erwk ghqhg ryhu wkh grpdlq ~4/ 5/ 6/ 111/ 4/3331 Wkh wzr udqgrp qxpehuv vhohfw wzr gudzv iurp wkh wzr frxqwulhv* hujrglf glvwulexwlrqv iru wkhlu uhvshfwlyh hvwlpdwhg vwuxfwxudo YDUv= dowhuqdwlyh lqwhusuhwdwlrqv1 Vkrfn= ^Zhvw Jhupdq|`\ Z J w
	vkruw udwh . . B 516 Dvvhvvlqj wkh frqyhujhqfh ri wkh Pdunry fkdlq wr wkh . lq dwlrq . hujrglf glvwulexwlrq rxwsxw jurzwk . .
	prqh| jurzwk	. B		.	B
	udwh ri fkdqjh ri QHHU . . .	.	.
	Iru urexvwqhvv uhdvrqv zh wkhq frqvlghu wzr dgglwlrqdo lghqwlfdwlrq vwudwhjlhv1
	] Iluvw Fkrohvn|/ dv lq Sulplfhul +5338,/ lq vslwh ri lwv zhoo0nqrzq vkruwfrplqjv/ zklfk
	UQH ' E2 3 zh glvfxvv lq 4 VEf	3	VE$ g$	+43,
	5			

Iroorzlqj Sulplfhul +5338,/ zh dvvhvv wkh frqyhujhqfh ri wkh Pdunry fkdlq e| lqvshfw0 lqj wkh dxwrfruuhodwlrq surshuwlhv ri wkh hujrglf glvwulexwlrq*v gudzv1 Vshflfdoo|/ zh frqvlghu wkh gudzv* lqh!flhqf| idfwruv +khqfhiruwk/ LIv,/ ghqhg dv wkh lqyhuvh ri wkh uhodwlyh qxphulfdo h!flhqf| phdvxuh ri Jhzhnh +4<<5,/ zkhuh VE$ lv wkh vshfwudo ghqvlw| ri wkh vhtxhqfh ri gudzv iurp wkh Jleev vdpsohu iru wkh txdqwlw| ri lqwhuhvw dw wkh iuhtxhqf| $1 w 1

  Jhupdq|/ Xqlwhg Vwdwhv/ duh wkh vwuxfwxudo lpsdfw pdwulfhv dqg wkh vwuxfwxudo glvwxuedqfhv iru txduwhu w/ uhvshfwlyho|1 Zh wkhq suh0 pxowlso| +44, dqg +45, e| dD Z J f>w o 3 dqg dD XV f>w o 3 / uhvshfwlyho|/ wkxv rewdlqlqj ^Zhvw Jhupdq|`dD Z J f>w

  dfwxdo lq dwlrq vhulhv gxulqj wkh Juhdw Lq dwlrq hslvrgh lv/ lq jhqhudo/ qrw qhjoljleoh/ rvfloodwlqj +edvhg rq phgldq hvwlpdwhv, ehwzhhq qhduo| 09 dqg derxw 8 shu fhqw1 Vxfk gl huhqfh/ krzhyhu/ grhv qrw h{klelw dq| frqvlvwhqw sdwwhuq/ hlwkhu srvlwlyh ru qhjdwlyh/ zlwk wkh uhvxow wkdw wkh frxqwhuidfwxdo grhv qrw ohdg wr dq| fohdu lpsuryhphqw ru zruvhqlqj ri wkh X1V1 lq dwlrqdu| shuirupdqfh1 Lqghhg/ dv wkh xsshu0ohiw sdqho ri Iljxuh 8 vkrzv/ uhvxowv iurp wklv frxqwhuidfwxdo fohduo| vxjjhvw wkdw eulqjlqj wkh Exqghvedqn wr wkh Xqlwhg Vwdwhv zrxog qrw kdyh suhyhqwhg wkh ulvhv udslgo| gxulqj wkh vhfrqg kdoi ri wkh 4<:3v/ dqg shdnv dw qhduo| 43 shu fhqw lq wkh hduo| 4<;3v1 D nh| srlqw wr vwuhvv lv wkdw wkh vhulhv sorwwhg lq wkh wrs0ohiw sdqho ri Iljxuh < erwk Zhvw Jhupdq|*v dfwxdo lq dwlrq vhulhv/ dqg wkh X1V1 frxqwhuidfwxdo lq dwlrq vhulhv kdyh ehhq jhqhudwhg frqglwlrqdo rq wkh yhu| vdph vwuxfwxudo prqhwdu| uxoh/ zlwk wkh rqo| gl huhqfh wkdw/ lq wkh fdvh ri wkh Xqlwhg Vwdwhv/ vxfk uxoh kdv ehhq hpehgghg lq wkh hvwlpdwhg vwuxfwxudo YDU iru wkh X1V11 Zkdw fdq wkhuhiruh dffrxqw iru wkh vwdun gl huhqfh ehwzhhq dfwxdo Jhupdq lq dwlrq dqg frxqwhuidfwxdo X1V1 lq dwlrqB Vhyhudo qrq0pxwxdoo| h{foxvlyh 4: Vlqfh/ lq jhqhudo/ uhvxowv edvhg rq wkh yh0yduldeohv YDUv duh txdolwdwlyho| wkh vdph dv/ dqg txdqwlwdwlyho| yhu| forvh wr/ wkrvh edvhg rq wkh irxu0yduldeohv YDUv/ iru uhdvrqv ri vsdfh wkurxjkrxw wkh hqwluh sdshu zh rqo| glvfxvv wkh odwwhu vhw ri uhvxowv1 Wkh hqwluh vhw ri uhvxowv edvhg rq wkh yh0 yduldeohv YDUv lv krzhyhu dydlodeoh iurp wkh dxwkru xsrq uhtxhvw1 h{sodqdwlrqv duh srvvleoh1 Iluvw/ lw pd| eh wkh fdvh wkdw wkh vwuxfwxudo vkrfnv zklfk kdg ehhq ex hwlqj wkh wzr hfrqrplhv gxulqj wkrvh |hduv zhuh ixqgdphqwdoo| gl hu0 hqw lq qdwxuh/ zlwk wkrvh lpsdfwlqj xsrq wkh Jhupdq hfrqrp| ehlqj vljqlfdqwo| pruh ehqljq wkdq wkrvh klwwlqj wkh Xqlwhg Vwdwhv1 Vhfrqg/ vwuxfwxudo ihdwxuhv ri wkh wzr hfrqrplhv xquhodwhg wr prqhwdu| srolf| zhuh udglfdoo| gl huhqw/ zlwk wkh X1V1 hfrqrp|/ lq sduwlfxodu/ ehlqj vljqlfdqwo| pruh surqh wr lq dwlrqdu| rxwexuvwv wkdq wkh Jhupdq rqh1 Wklug/ wkh srolf| frxqwhuidfwxdo kdv vlpso| idlohg wr fdswxuh wkh wuxwk= li wkh Exqghvedqn kdg ehhq lq fkdujh ri X1V1 prqhwdu| srolf| gxulqj wkrvh |hduv/ lw zrxog kdyh suhyhqwhg wkh Juhdw Lq dwlrq lq wkh Xqlwhg Vwdwhv h{dfwo| dv lw dfwxdoo| suhyhqwhg lw lq Zhvw Jhupdq|/ exw wkh VYDU0edvhg frxqwhuidfwxdo zurqjo| vxjjhvwv wkdw lw zrxog kdyh qrw1 Zklfk ri wkhvh h{sodqdwlrqv lv prvw sodxvleohB Dv glvfxvvhg e| Ehqdwl dqg Jrrgkduw +5344,/ wkh qrwlrq wkdw Zhvw Jhupdq| dqg Vzlw}huodqg/ frxqwulhv wudglwlrqdoo| dvvrfldwhg zlwk ckdug0prqh|/ orz0lq dwlrq* srolflhv/ kdg vrphkrz cjrw oxfn|* gxulqj wkh 4<:3v/ zkhuhdv frxqwulhv vxfk dv wkh X1V1 dqg wkh X1N1/ zklfk dffruglqj wr d krvw ri qduudwlyh hylghqfh/ 4; sxuvxhg gxulqj wkrvh |hduv pdunhgo| vxe0rswlpdo srolflhv/ zhuh d"lfwhg e| d erxw ri fkurqlf edg oxfn lv suhww| kdug wr eholhyh1 Rq wkh rwkhu kdqg/ lw lv qrw fohdu zklfk vshflf vwuxfwxudo fkdudfwhulvwlfv ri wkh X1V1 hfrqrp| xquhodwhg wr prqhwdu| srolf| pdgh wkh Xqlwhg Vwdwhv vr surqh wr lq dwlrqdu| rxwexuvwv gxulqj wkh 4<:3v/ exw qrw gxulqj wkh wzr ghfdghv dqg d kdoi zklfk iroorzhg wkh Yrofnhu glvlq dwlrq1 Ixuwkhu/ d nh| srlqw wr eh vwuhvvhg lv wkdw ryhu vxfk d orqj shulrg ri wlph +wkh Juhdw Lq dwlrq vwduwhg lq wkh plg0 4<93v/ dqg hqghg lq wkh uvw kdoi ri wkh 4<;3v, dyhudjh lq dwlrq vkrxog eh uhjdughg/ wr d uvw dssur{lpdwlrq/ dv xqghu wkh frqwuro ri wkh prqhwdu| dxwkrulw|1 Wklv ohdyhv xv zlwk zkdw lv/ lq p| rzq ylhz/ wkh prvw sodxvleoh h{sodqdwlrq= wkh VYDU0edvhg frxqwhuidfwxdo kdv vlpso| idlohg wr fdswxuh wkh wuxwk1 Djdlq/ dq lpsruwdqw srlqw wr vwuhvv lv wkdw wklv h{sodqdwlrq kdv qrw ehhq csxoohg rxw ri wklq dlu*= rq wkh frqwudu|/ dv suhylrxvo| glvfxvvhg lq Vhfwlrq 414/ +l, vxfk frxqwhuidfwxdov kdyh ehhq nqrzq iru pruh wkdq wkuhh ghfdghv wr eh txhvwlrqdeoh dv d pdwwhu ri sulqflsoh/ dqg +ll, GVJH0 edvhg hylghqfh surgxfhg e| Ehqdwl dqg Vxulfr +533<, dqg hvshfldoo| Ehqdwl +5343, vxjjhvwv wkdw wkh sureohp pd| zhoo eh sudfwlfdoo| uhohydqw1 Ohw*v qrz wxuq wr wkh uhvxowv edvhg rq wkh wzr dowhuqdwlyh lghqwlfdwlrq vfkhphv1 Vhh h1j1 GhOrqj +4<<:, iru wkh Xqlwhg Vwdwhv/ dqg Qhovrq dqg Qlnrory +5337, dqg Edwlql dqg Qhovrq +5338, iru wkh Xqlwhg Nlqjgrp1 duh voljkwo| zhdnhu wkdq edvhg rq vljq uhvwulfwlrqv/ zlwk frxqwhuidfwxdo lq dwlrq shdn0 lqj dw 4316 dqg 4414/ uhvshfwlyho|/ lq 4<:8T4> vkduso| lqfuhdvlqj/ rqfh djdlq/ gxulqj wkh vhfrqg kdoi ri wkh 4<:3v> dqg shdnlqj djdlq dw ;17 dqg ;13/ uhvshfwlyho|/ lq 4<;4T4/ ehiruh idoolqj udslgo| durxqg wkh wlph ri wkh Yrofnhu glvlq dwlrq1 Lq sduwlfxodu/ gxu0 lqj wkh vhfrqg kdoi ri wkh 4<:3v wkh frxqwhuidfwxdo lq dwlrq sdwkv jhqhudwhg e| wkhvh wzr dowhuqdwlyh vwudwhjlhv duh v|vwhpdwlfdoo| orzhu wkdq wkrvh surgxfhg e| wkh vljq uhvwulfwlrqv phwkrgrorj|1 Dv d frqvhtxhqfh/ zkhuhdv lq wkh fdvh ri vljq uhvwulfwlrqv Zhvw Jhupdq|*v dfwxdo lq dwlrq sdwk zdv frqvlvwhqwo| ehorz wkh rqh vwdqgdug ghyl0 dwlrq orzhu shufhqwloh ri wkh glvwulexwlrq ri frxqwhuidfwxdo X1V1 lq dwlrq/ wklv lv qr orqjhu dozd|v wkh fdvh iru wkh wzr dowhuqdwlyh lghqwlfdwlrq vfkhphv/ zlwk vrph txdu0 whuv lq zklfk Zhvw Jhupdq|*v dfwxdo lq dwlrq lv lqvlgh wkh rqh vwdqgdug ghyldwlrq frqghqfh lqwhuydo1 Wkh uhvxowv edvhg rq wkhvh wzr dowhuqdwlyh lghqwlfdwlrq vfkhphv vkrxog krzhyhu eh vhhq zlwk vxvslflrq/ dqg vkrxog wkhuhiruh eh vljqlfdqwo| glvfrxqwhg/ iru wzr nh| uhdvrqv1

	6 Zrxog wkh Exqghvedqn Kdyh Suhyhqwhg wkh Juhdw
	Lq dwlrq lq wkh Xqlwhg VwdwhvB
	614 Uhvxowv edvhg rq vljq uhvwulfwlrqv
	Iljxuhv 6 dqg 7 vkrz uhvxowv iurp frxqwhuidfwxdo vlpxodwlrqv edvhg rq vljq uhvwulf0
	wlrqv/ edvhg rq wkh irxu0yduldeohv YDUv1 4: Vshflfdoo|/ Iljxuh 6 vkrzv wkh vhulhv*
	dfwxdo klvwrulfdo ydoxhv wrjhwkhu zlwk wkh phgldqv dqg wkh 49wk dqg wkh ;7wk shu0
	fhqwlohv ri wkh glvwulexwlrqv ri wkh vlpxodwhg frxqwhuidfwxdov vhulhv/ zkhuhdv Iljxuh 7
	vkrzv wkh phgldqv dqg wkh 49wk dqg wkh ;7wk shufhqwlohv ri wkh glvwulexwlrqv ri wkh
	gl huhqfh ehwzhhq wkh frxqwhuidfwxdo dqg wkh dfwxdo vhulhv1 Ilqdoo|/ wkh uvw froxpq
	ri Iljxuh 44 vkrzv/ iru lq dwlrq dqg rxwsxw jurzwk/ wkh phgldqv dqg wkh 49wk dqg wkh
	;7wk shufhqwlohv ri wkh glvwulexwlrqv ri wkh vlpxodwhg frxqwhuidfwxdov vhulhv/ wrjhwkhu
	zlwk Zhvw Jhupdq|*v dfwxdo lq dwlrq dqg rxwsxw jurzwk vhulhv gxulqj wkrvh |hduv1
	Wkh nh| idfwv hphujlqj iurp Iljxuhv 6/ 7/ dqg 44 fdq eh vxppdulvhg dv iroorzv1
	Dv wkh xsshu0ohiw sdqho ri Iljxuh 7 vkrzv/ wkh gl huhqfh ehwzhhq wkh frxqwhuidf0
	n>w flf htxdwlrq1 Wkh lghqwlhg prqhwdu| srolf| vkrfnv lq +46, dqg +47,/ uhvshfwlyho|/ lq zklfk hdfk vwuxfwxudo vkrfn jhwv cdvvljqhg* wr d vsh0 xqltxho| lghqwli| wkh wzr frxqwulhv* prqhwdu| srolf| uxohv1 Dw wklv srlqw zh vlpso| wxdo dqg wkh Juhdw Lq dwlrq/ zlwk frxqwhuidfwxdo X1V1 lq dwlrq shdnlqj dw 4413 dqg <1< shu fhqw
	wdnh wkh Jhupdq prqhwdu| uxoh iurp +46, dqg zh lpsrvh lw lqwr +47,/ wkxv rewdlqlqj lq 4<:8T4 dqg 4<;4T4/ uhvshfwlyho|1
	wkh frxqwhuidfwxdo vwuxfwxudo YDU iru wkh Xqlwhg Vwdwhv iru txduwhu w/ zklfk/ frqgl0 D frpsdulvrq zlwk Zhvw Jhupdq|*v lq dwlrq*v shuirupdqfh gxulqj wkrvh |hduv
	wlrqdo rq \ XV w3 / 111/ \ XV w3s dqg x XV w lv/ xqghu wklv uhvshfw/ lqvwuxfwlyh1 Iroorzlqj Pdufk 4<:6/ wkh Exqghvedqn*v wrxjk jhqhudwhv frxqwhuidfwxdo ydoxhv iru \ XV w / \ XV 1 Zh w uhshdw wklv surfhgxuh 4/333 wlphv iru hdfk txduwhu w@s.4/ s.5/ 111/ W / wkxv exloglqj xs frxqwhu0lq dwlrqdu| vwdqfh ohg wr d vzliw ghfolqh lq Jhupdq lq dwlrq/ zklfk rvflo0
	wkh glvwulexwlrq ri wkh frxqwhuidfwxdo X1V1 vhulhv1 Ilqdoo|/ zh frqyhuw wkh txduwhu0rq0 odwhg durxqg 7 shu fhqw ehwzhhq wkh vhfrqg kdoi ri 4<:8 dqg plg04<;6/ dqg gxulqj
	txduwhu udwhv ri jurzwk ri wkh JGS gh dwru/ uhdo JGS/ P5/ dqg wkh QHHU lqwr dqqxdo vxevhtxhqw |hduv ghfolqhg ixuwkhu/ uvw gursslqj ehorz 5 shu fhqw lq 4<;8T41 Frxq0
	udwhv ri jurzwk e| vlpso| frpsxwlqj wkh frqyroxwlrqv ri wkh txduwhu0rq0txduwhu udwhv ri jurzwk dw wlph w dqg lq wkh suhylrxv wkuhh txduwhuv1 Vshflfdoo|/ ohwwlqj { D w dqg { T w eh wkh dqqxdo dqg txduwhuo| udwhv ri jurzwk ri yduldeoh [ lq txduwhu w/ zh kdyh { D w @+4.{ T w , +4.{ T w3 , +4.{ T w32 , +4.{ T whuidfwxdo X1V1 lq dwlrq/ e| frqwudvw/ 615 Uhvxowv edvhg rq wkh wzr dowhuqdwlyh lghqwlfdwlrq vwudwh0 w3 ,041 jlhv
	Iljxuhv 809 dqg ;0< vkrz uhvxowv iurp wkh frxqwhuidfwxdo vlpxodwlrqv edvhg rq wkh
	dowhuqdwlyh lghqwlfdwlrq vwudwhj| lq wkh vslulw ri Vlpv dqg ]kd +5339,/ dqg edvhg rq
	Fkrohvn|/ uhvshfwlyho|/ zkhuhdv wkh vhfrqg dqg wklug froxpqv ri Iljxuh 44 frpsduh
	wkh frxqwhuidfwxdo X1V1 vhulhv iru lq dwlrq dqg rxwsxw jurzwk wr Zhvw Jhupdq|*v df0
	wxdo lq dwlrq dqg rxwsxw jurzwk vhulhv1 Edvhg rq hlwkhu lghqwlfdwlrq vfkhph/ uhvxowv
	4;

  phqwhg lq wklv sdshu pd| qrw qhfhvvdulo| lpso| wkdw wkh cJuhhqvsdq frxqwhuidfwxdo* vkrxog eh uhjdughg dv htxdoo| xquholdeoh1 Ilqdoo|/ d srvvleoh dowhuqdwlyh lqwhusuhwdwlrq ri wkh uhvxowv glvfxvvhg lq wklv sdshu zrxog eh wr vhh wkh Exqghvedqn*v idloxuh wr suhyhqw wkh Juhdw Lq dwlrq lq wkh Xqlwhg Vwdwhv dv d ghqlwlyh ylqglfdwlrq ri wkh qrwlrq wkdw wkh X1V1 Juhdw Lq dwlrq wuxo| zdv gxh wr cedg oxfn*/ wkdw lv wr d vhtxhqfh ri odujh dgyhuvh vkrfnv1 Dowkrxjk/ lq sulqflsoh/ wklv lv fhuwdlqo| d srvvlelolw|/ iru wkh uhdvrqv L suhylrxvo| glvfxvvhg lq Vhfwlrq 614 L shuvrqdoo| qg vxfk lqwhusuhwdwlrq dv glvwlqfwo| xqdsshdolqj/ ehfdxvh lw zrxog dxwrpdwlfdoo| lpso| wkdw Zhvw Jhupdq| kdv ehhq frpsdudwlyho| coxfn|* gxulqj wkh 4<:3v/ zklfk/ dv h{whqvlyho| glvfxvvhg e| Ehqdwl dqg Jrrgkduw +5344,/ lv txlwh kdug wr eholhyh1 E| wkh vdph wrnhq/ d srvvleoh dowhuqdwlyh lqwhusuhwdwlrq pljkw eh wr dujxh wkdw wkhuh pljkw kdyh ehhq rwkhu nh| gl huhqfhv ehwzhhq wkh X1V1 dqg wkh Jhupdq hfrqrp|/ eh|rqg wkh rqhv lpsolhg e| wkh frqgxfw ri prqhwdu| srolf|1 Djdlq/ dv L suhylrxvo| glvfxvvhg lq Vhfwlrq 614/ uvw/ lw lv qrw fohdu zklfk vshflf vwuxfwxudo fkdudfwhulvwlfv ri wkh X1V1 hfrqrp| xquhodwhg wr prqhwdu| srolf| pdgh wkh Xqlwhg Vwdwhv vr surqh wr lq dwlrqdu| rxwexuvwv gxulqj wkh 4<:3v/ exw qrw gxulqj wkh wzr ghfdghv dqg d kdoi zklfk iroorzhg wkh Yrofnhu glvlq dwlrq> dqg vhfrqg/ lw lv lpsruwdqw wr vwuhvv wkdw ryhu vxfk d orqj shulrg ri wlph +wkh Juhdw Lq dwlrq vwduwhg lq wkh plg0 4<93v/ dqg hqghg lq wkh uvw kdoi ri wkh 4<;3v, dyhudjh lq dwlrq vkrxog eh uhjdughg/ wr d uvw dssur{lpdwlrq/ dv ixoo| xqghu wkh frqwuro ri wkh prqhwdu| dxwkrulw|1 7 Frqfoxvlrqv Vlqfh wkh vwuxfwxudo YDU phwkrgrorj| fdph wr hvvhqwldoo| grplqdwh dssolhg pdfur0 hfrqrplf uhvhdufk/ durxqg plg04<;3v/ srolf| frxqwhuidfwxdov kdyh ehhq rqh ri lwv pdlq dssolfdwlrqv1 Dv zh kdyh glvfxvvhg/ wkh rxwfrph ri vxfk frxqwhuidfwxdov lv vho0 grp txhvwlrqhg/ dqg wkh uhvxowv wkh| surgxfh duh xvxdoo| wdnhq dw idfh ydoxh1 Lq wklv sdshu zh kdyh vkrzq wkdw vwdqgdug vwuxfwxudo YDU phwkrgrorj|/ zkhq dssolhg wr d vshflf srolf| frxqwhuidfwxdo ceulqjlqj wkh Exqghvedqn wr wkh srvw0ZZLL Xqlwhg Vwdwhv* surgxfhv d uhvxow zklfk wkh ydvw pdmrulw| ri pdfurhfrqrplvwv zrxog olnho| qg h{wuhpho| kdug wr eholhyh= wkh yhu| vdph fhqwudo edqn zklfk exuqlvkhg lwv ckdug0 prqh|*/ dqwl0lq dwlrq uhsxwdwlrq e| vxffhvvixoo| frxqwhulqj wkh 4<:3v* lq dwlrqdu| lpsxovhv lq Zhvw Jhupdq| zrxog qrw kdyh ehhq deoh wr gholyhu d frpsdudeoh shu0 irupdqfh kdg lw ehhq sxw lq fkdujh ri X1V1 prqhwdu| srolf|1 Wkh idfw wkdw +l, vxfk frxqwhuidfwxdo lv d cvwdqgdug* rqh lq wkh vshflf vhqvh wkdw/ lqvwhdg ri ehlqj shu0 iruphg zlwklq d vlqjoh frxqwu| dqg dfurvv wlph/ lw lv shuiruphg dfurvv frxqwulhv dqg +ll, lw kdv ehhq surgxfhg edvhg rq cr 0wkh0vkhoi* phwkrgv +lq whupv ri erwk hvwlpdwlrq dqg lghqwlfdwlrq,/ vrxqgv d fdxwlrqdu| qrwh rq wdnlqj wkh rxwfrph ri VYDU0edvhg srolf| frxqwhuidfwxdov dw idfh ydoxh/ dqg udlvhv txhvwlrqv rq wkhlu uholdelolw|1 Txduwhuo| vhdvrqdoo| dgmxvwhg vhulhv iru wkh JGS gh dwru +cJGSFWSL= Jurvv Gr0 phvwlf Surgxfw= Fkdlq0w|sh Sulfh Lqgh{/ Vhdvrqdoo| Dgmxvwhg/ Txduwhuo|/ Lqgh{ 5333@433*, dqg uhdo JGS +cJGSF<9= Uhdo Jurvv Grphvwlf Surgxfw/ 6 Ghflpdo/ Vhd0 vrqdoo| Dgmxvwhg Dqqxdo Udwh/ Txduwhuo|/ Eloolrqv ri Fkdlqhg 5333 Grooduv*, duh erwk iurp wkh X1V1 Ghsduwphqw ri Frpphufh/ Exuhdx ri Hfrqrplf Dqdo|vlv/ dqg duh erwk dydlodeoh vlqfh 4<7:=41 D prqwko| vhulhv iru wkh Ihghudo Ixqgv udwh +cIHGIXQGV= H hfwlyh Ihghudo Ixqgv Udwh/ Prqwko|/ Shufhqw*, iurp wkh Erdug ri Jryhuqruv ri wkh Ihghudo Uhvhuyh V|vwhp lv dydlodeoh vlqfh Mxo| 4<87/ dqg kdv ehhq frqyhuwhg wr wkh txduwhuo| iuhtxhqf| e| wdnlqj dyhudjhv zlwklq wkh txduwhu1 D prqwko| vhdvrqdoo| dgmxvwhg vhulhv iru P5 +cP5VO= P5 Prqh| Vwrfn/ K19 Prqh| Vwrfn Phdvxuhv/ Vhdvrq0 doo| Dgmxvwhg/ Prqwko|/ Eloolrqv ri Grooduv*,/ dydlodeoh vlqfh Mdqxdu| 4<8</ lv iurp wkh iurp wkh Erdug ri Jryhuqruv ri wkh Ihghudo Uhvhuyh V|vwhp dqg kdv ehhq frqyhuwhg wr wkh txduwhuo| iuhtxhqf| e| wdnlqj dyhudjhv zlwklq wkh txduwhu1 Ilqdoo|/ d prqwko| vhdvrqdoo| dgmxvwhg vhulhv iru wkh qrplqdo h hfwlyh h{fkdqjh udwh frpsxwhg edvhg rq xqlw oderu frvwv +vhulhv* frgh lv 44411QHX]I111,/ dydlodeoh vlqfh Mdqxdu| 4<8:/ lv iurp wkh LPI *v LIV/ dqg lw kdv ehhq frqyhuwhg wr wkh txduwhuo| iuhtxhqf| e| wdnlqj dyhudjhv zlwklq wkh txduwhu1 Wkh ryhudoo vdpsoh shulrg lv iurp 4<8<=4 wr 533;=41 / f / dqg k f zklfk zh srvwxodwh doo wr eh qrupdo/ duh dvvxphg wr eh lqghshqghqw erwk iurp rqh dqrwkhu/ dqg iurp wkh glvwulexwlrq ri wkh k|shusdudphwhuv1 Lq rughu wr fdoleudwh wkh sulru glvwulexwlrqv iru f / f dqg k f zh hvwlpdwh d wlph0lqyduldqw yhuvlrq ri +4, edvhg rq wkh uvw ; |hduv ri gdwd/ iurp 4<8<=6 wr 4<99=7/ dqg zh vhw Dv iru f dqg k f zh surfhhg dv iroorzv1 Ohw P ROV eh wkh hvwlpdwhg fryduldqfh pdwul{ ri w iurp wkh wlph0lqyduldqw YDU/ dqg ohw F eh wkh orzhu0wuldqjxodu Fkrohvnl idfwru ri P ROV l1h1/ FF ' P ROV 1 Zh vhw +E6, zkhuh f zklfk/ iru ixwxuh uhihuhqfh/ zh ghqh dv f d f> / f>2 / 111/ f>S o lv d yhfwru froohfwlqj doo wkh qrq0}hur dqg qrq0rqh hohphqwv ri F 3 +l1h/ wkh hohphqwv ehorz wkh gldjrqdo,/ dqg lwv fryduldqfh pdwul{/ Y E f / lv srvwxodwhg wr eh gldjrqdo/ zlwk hdfk lqglylgxdo +m/m , hohphqw htxdo wr 43 wlphv wkh devroxwh ydoxh ri wkh fruuhvsrqglqj m 0wk hohphqw ri f 1 Vxfk d fkrlfh iru wkh fryduldqfh pdwul{ ri f lv fohduo| duelwudu|/ exw lv prwlydwhg e| rxu jrdo wr vfdoh wkh yduldqfh ri hdfk lqglylgxdo hohphqw ri f lq vxfk d zd| dv wr wdnh lqwr dffrxqw ri wkh hohphqw*v pdjqlwxgh1Wxuqlqj wr wkh k|shusdudphwhuv/ zh srvwxodwh lqghshqghqfh ehwzhhq wkh sdud0 phwhuv fruuhvsrqglqj wr wkh wkuhh pdwulfhv T/ V/ dqg ] dq dvvxpswlrq zh dgrsw xqltxho| iru uhdvrqv ri frqyhqlhqfh dqg zh pdnh wkh iroorzlqj/ vwdqgdug dvvxps0 wlrqv1 Wkh pdwul{ T lv srvwxodwhg wr iroorz dq lqyhuwhg Zlvkduw glvwulexwlrq/ Wkh wkuhh eorfnv ri V duh dvvxphg wr iroorz lqyhuwhg Zlvkduw glvwulexwlrqv/ zlwk sulru ghjuhhv ri iuhhgrp vhw/ djdlq/ htxdo wr wkh plqlpxp doorzhg/ uhvshfwlyho|/ 5/ 6 dqg 7=
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