
Rq wkh glvwulexwlrq ri glylghqgv lq jdphvzlwk rughuhg sod|huv�
Uhqì ydq ghq Eulqn_Jhudug ydq ghu OddqhYdohul Ydvlo*hy=

Devwudfw
D vlwxdwlrq lq zklfk d �qlwh vhw ri sod|huv fdq rewdlq fhuwdlq sd|r�v e| frrshu0dwlrq fdq eh ghvfulehg e| d frrshudwlyh jdph zlwk wudqvihudeoh xwlolw|/ ru vlpso| dWX0jdph/ ehlqj d sdlu +Q> y,/ zkhuh Q lv d �qlwh vhw ri sod|huv dqg y = 5Q $ U lv dfkdudfwhulvwlf ixqfwlrq rq Q vxfk wkdw y+>, @ 31 Iru dq| frdolwlrq V � Q / y+V, lv wkhzruwk ri frdolwlrq V/ l1h1 wkh phpehuv ri frdolwlrq V fdq rewdlq d wrwdo sd|r� ri y+V,e| djuhhlqj wr frrshudwh1 Lq d WX0jdph sod|huv rqo| gl�hu zlwk uhvshfw wr wkhlu sr0vlwlrq lq wkh jdph1 H{dpsohv ri prghov lq zklfk sod|huv qrw rqo| gl�hu zlwk uhvshfwwr wkhlu srvlwlrq lq wkh jdph/ exw dovr duh sduw ri vrph uhodwlrqdo vwuxfwxuh +zklfksrvvleo| d�hfwv wkh frrshudwlrq srvvlelolwlhv ru sd|r� glvwulexwlrqv, duh wkh jdphvlq frdolwlrq vwuxfwxuh lq zklfk lw lv dvvxphg wkdw wkh vhw ri sod|huv lv sduwlwlrqhglqwr glvmrlqw vhwv zklfk uhsuhvhqw vrfldo jurxsv vxfk wkdw iru d sduwlfxodu sod|hu lw lvpruh hdv| wr frrshudwh zlwk sod|huv lq lwv rzq jurxs wkdq wr frrshudwh zlwk sod|huvlq rwkhu jurxsv/ dqg wkh jdphv zlwk olplwhg frppxqlfdwlrq vwuxfwxuh lq zklfk wkhhgjhv ri dq xqgluhfwhg judsk rq wkh vhw ri sod|huv uhsuhvhqw elqdu| frppxqlfdwlrqolqnv ehwzhhq wkh sod|huv vxfk wkdw sod|huv fdq frrshudwh rqo| li wkh| duh frqqhfwhg1Wkh xqghuo|lqj sdshu lv lq olqh zlwk jdphv zlwk d shuplvvlrq vwuxfwxuh lq zklfklw lv dvvxphg wkdw sod|huv lq d WX0jdph duh sduw ri d klhudufklfdo rujdql}dwlrq lqzklfk wkhuh duh sod|huv wkdw qhhg shuplvvlrq iurp rwkhu sod|huv ehiruh wkh| duhdoorzhg wr frrshudwh zlwklq d frdolwlrq/ vhh Jloohv/ Rzhq dqg ydq ghq Eulqn +4<<5,/Jloohv dqg Rzhq +4<<7,/ ydq ghq Eulqn dqg Jloohv +4<<9, dqg ydq ghq Eulqn +4<<:,1Wkh klhudufklfdo vwuxfwxuh lv uhsuhvhqwhg e| d gluhfwhg judsk ru gljudsk +Q>G, zlwkG � Q �Q d elqdu| uhodwlrq rq Q 1Lq wklv sdshu zh dovr dvvxph wkh sod|huv wr eh klhudufklfdoo| rughuhg dqg uhihuwr d wulsoh +Q> y>G, dv d jdph zlwk rughuhg sod|huv1 Krzhyhu/ lqvwhdg ri uhvwulfwlqjfrrshudwlrq srvvlelolwlhv dv grqh lq jdphv zlwk d shuplvvlrq vwuxfwxuh/ zh ohw wkh

WWklv uhvhdufk lv sduw ri wkh Uhvhdufk Surjudp �Frpshwlwlrq dqg Frrshudwlrq� dqg kdv ehhqgrqh zkloh wkh wklug dxwkru zdv ylvlwlqj wkh Wlqehujhq Lqvwlwxwh/ Iuhh Xqlyhuvlw| Dpvwhugdp/ rqdq QZR0judqw1_M1U1 ydq ghq Eulqn/ Ghsduwphqw ri Hfrqrphwulfv dqg Wlqehujhq Lqvwlwxwh/ Iuhh Xqlyhuvlw|/ GhErhohoddq 4438/ 43;4 KY Dpvwhugdp/ Wkh Qhwkhuodqgv1 H0pdlo= mueulqnCihzhe1yx1qohJ1 ydq ghu Oddq/ Ghsduwphqw ri Hfrqrphwulfv dqg Wlqehujhq Lqvwlwxwh/ Iuhh Xqlyhuvlw|/ GhErhohoddq 4438/ 43;4 KY Dpvwhugdp/ Wkh Qhwkhuodqgv1 H0pdlo= joddqCihzhe1yx1qo=Y1D1 Ydvlo*hy/ Vrerohy Lqvwlwxwh ri Pdwkhpdwlfv/ Survs1 Nrsw|xjd 7/ 9633<3 Qrylvleluvn/ Uxv0vld/ H0pdlo= ydvlohyCpdwk1qvf1ux
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klhudufklfdo rughu gluhfwo| d�hfw wkh glvwulexwlrq ri glylghqgv +vhh Kduvdq|l +4<8<,,lq wkh jdph1 Zh lqwurgxfh wzr vroxwlrqv zklfk glvwulexwh glylghqgv lq wkh vslulw riwkh Vhohfwrsh +vhh Kdpphu/ Shohg dqg Vruhqvhq +4<::, dqg Ghunv/ Kdoohu dqg Shwhuv+5333,, dqg Kduvdq|l vhw +vhh Ydvlo*hy +4<:;/ 4<;4, dqg Ydvlo*hy dqg ydq ghu Oddq+5335,, iru duelwudu| WX0jdphv1 Iru WX0jdphv wkhvh vroxwlrqv duh lghqwlfdo dqg wrdq| jdph wkh| dvvljq wkh vhw ri sd|r� yhfwruv wkdw duh rewdlqhg e| glvwulexwlqj wkhglylghqg ri hyhu| frdolwlrq dprqj wkh sod|huv lq wkh fruuhvsrqglqj frdolwlrq lq dq|srvvleoh zd|1Lq wkh Vhohfwrsh iru jdphv zlwk rughuhg sod|huv zh dvvljq wkh glylghqg ri d frdol0wlrq wr d sod|hu wkdw lv qrw grplqdwhg zlwklq wkh frdolwlrq1 Lq wkh Kduvdq|l vhwiru jdphv zlwk rughuhg sod|huv zh glvwulexwh wkh glylghqg ri d frdolwlrq dprqj wkhsod|huv lq wkdw frdolwlrq lq d zd| vxfk wkdw wkh vkduh ri d sod|hu wkdw lv grplqdwhgzlwklq wkh frdolwlrq lv dw prvw htxdo wr wkh vkduh ri d sod|hu e| zklfk lw lv grplqdwhglq wkh frdolwlrq1Dowkrxjk iru WX0jdphv wkh Vhohfwrsh dqg Kduvdq|l vhw duh htxlydohqw/ iru jdphvzlwk rughuhg sod|huv wkhlu lghdv jlyh gl�huhqw vroxwlrqv1 Iru dq| jdph zlwk rughuhgsod|huv wkh Vhohfwrsh lv d vxevhw ri wkh Kduvdq|l vhw1 Ixuwkhu/ wkh Kduvdq|l vhw irujdphv zlwk rughuhg sod|huv jhqhudol}hv erwk wkh Vkdsoh| ydoxh +Vkdsoh| +4<86,, dqgwkh Kduvdq|l vhw iru duelwudu| WX0jdphv1 Lq sduwlfxodu/ lw lv htxdo wr wkh Kduvdq|lvhw ri wkh xquhvwulfwhg jdph li wkh gljudsk lv hpsw|/ dqg lw lv d vlqjohwrq frqvlvwlqjri wkh Vkdsoh| ydoxh li wkh gljudsk li frpsohwh lq wkh vhqvh wkdw doo sod|huv grplqdwhhdfk rwkhu1 Dv d fruroodu| wkh Kduvdq|l vhw iru jdphv zlwk rughuhg sod|huv lv dozd|vqrq0hpsw|/ zkhuhdv wkh Vhohfwrsh pljkw eh hpsw|1Zh surylgh fkdudfwhul}dwlrqv ri wkh Kduvdq|l vhw dqg Vhohfwrsh iru jdphv zlwkrughuhg sod|huv xvlqj wkh nqrzq surshuwlhv ri h!flhqf|/ qxoo sod|hu surshuw|/ glvmrlqwdgglwlylw| dqg vljq suhvhuydwlrq1 Wr fkdudfwhul}h wkh Kduvdq|l vhw zh dgg wr wkhvhsurshuwlhv wkh lqihulru sod|hu surshuw| zklfk uh hfwv wkh klhudufklfdo grplqdqfh e|vwdwlqj wkdw sod|huv dozd|v hduq dw ohdvw dv pxfk dv sod|huv wkdw duh lqihulru wr wkhp1Khuh sod|hu l lv lqihulru wr sod|hu m li rqh ri wkh iroorzlqj wzr frqglwlrqv krogv= +l,l lv d vxeruglqdwh ri m/ doo glylghqgv ri frdolwlrqv frqwdlqlqj m duh qrq0qhjdwlyh dqgdoo glylghqgv ri frdolwlrqv frqwdlqlqj l exw qrw m duh }hur/ +ll, l lv d vxshulru ri m/ dooglylghqgv ri frdolwlrqv frqwdlqlqj l duh qrq0srvlwlyh dqg doo glylghqgv ri frdolwlrqvfrqwdlqlqj m exw qrw l duh }hur1 Lw wxuqv rxw wkdw wkh Kduvdq|l vhw iru jdphv zlwkrughuhg sod|huv vdwlv�hv wkhvh �yh surshuwlhv1 Pruhryhu/ li d vroxwlrq vdwlv�hv wkhvh�yh surshuwlhv wkhq wr hyhu| jdph zlwk rughuhg sod|huv lw pxvw dvvljq d vhw ri sd|r�yhfwruv wkdw lv d vxevhw ri wkh Kduvdq|l vhw ri wklv jdph zlwk rughuhg sod|huv1 Dvfruroodulhv zh rewdlq fkdudfwhul}dwlrqv ri wkh Kduvdq|l vhw dqg Vkdsoh| ydoxh iruxquhvwulfwhg WX0jdphv1Wkh Vhohfwrsh iru jdphv zlwk rughuhg sod|huv dovr vdwlv�hv wkh �yh surshuwlhvphqwlrqhg lq wkh suhylrxv sdudjudsk1 +Qrwh wkdw wklv jlyhv dq dowhuqdwlyh surri iruwkh Vhohfwrsh ri d jdph zlwk rughuhg sod|huv ehlqj d vxevhw ri wkh fruuhvsrqglqjKduvdq|l vhw1, Lw dovr vdwlv�hv dq dowhuqdwlyh lqihulru sod|hu surshuw| zklfk uhtxluhvwkdw dq lqihulru sod|hu zkr jhqhudwhv qrwklqj zlwkrxw rqh ri lwv vxshulruv hduqv }hurlq dq| sd|r� yhfwru lq wkh Vhohfwrsh +zkhqhyhu wklv vroxwlrq lv qrq0hpsw|,1Diwhu glvfxvvlqj d phwkrg iru frpsxwlqj wkh h{wuhph srlqwv ri wkh Kduvdq|lvhw iru dq| jdph zlwk rughuhg sod|huv/ zh dsso| wklv vroxwlrq wr shhu jurxs jdphvdv lqwurgxfhg e| Eudq}hl/ Iudjqhool dqg Wlmv +5335,1 Iru vxfk jdphv zlwk rughuhgsod|huv wkh Vhohfwrsh lv d vlqjohwrq/ dqg erwk wkh Vkdsoh| ydoxh ri wkh xquhvwulfwhgjdph dqg wkh xqltxh hohphqw ri wkh Vhohfwrsh duh h{wuhph srlqwv ri wkh Kduvdq|lvhw iru wkh jdph zlwk rughuhg sod|huv1 Dsso|lqj wkhvh uhvxowv wr shhu jurxs jdphvzkhuh wkh klhudufk| kdv d vshfl�f vwuxfwxuh/ vxfk dv d olqh0judsk ru d vwdu0judsk/ zh
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rewdlq qhz vroxwlrqv iru/ d1r1 dlusruw jdphv/ vhtxhqflqj jdphv dqg dxfwlrq jdphv1Uhihuhqfhv
Eudq}hl/ U1/ Iudjqhool/ Y1/ dqg Wlmv/ V1 +5335,/ �Wuhh frqqhfwhg shhu jurxs vlwxdwlrqvdqg shhu jurxs jdphv/� Pdwkhpdwlfdo Phwkrgv ri Rshudwlrqv Uhvhdufk/ 88/ ss<604391Eulqn/ U1 ydq ghq +4<<:,/ �Dq D{lrpdwl}dwlrq ri wkh Glvmxqfwlyh Shuplvvlrq Ydoxhiru Jdphv zlwk d Shuplvvlrq Vwuxfwxuh/� Lqw1 M1 Jdph Wkhru| 59/ 5:�761Eulqn/ U1 ydq ghq/ dqg Jloohv/ U1 S1 +4<<9,/ �D{lrpdwl}dwlrqv ri wkh FrqmxqfwlyhShuplvvlrq Ydoxh iru Jdphv zlwk Shuplvvlrq Vwuxfwxuhv/� Jdphv dqg HfrqrplfEhkdy1 45/ 446�4591Ghunv/ M1/ K1 Kdoohu/ dqg K1 Shwhuv +5333,/ �Wkh Vhohfwrsh iru Frrshudwlyh WX0Jdphv/ Lqwhuqdwlrqdo Mrxuqdo ri Jdph Wkhru|/ 5</ 5606;1Jloohv/ U1 S1/ dqg Rzhq/ J1 +4<<7,/ �Frrshudwlyh Jdphv dqg Glvmxqfwlyh Shuplv0vlrq Vwuxfwxuhv/� Ghsduwphqw ri Hfrqrplfv/ Ylujlqld Sro|whfkqlf Lqvwlwxwh dqgVwdwh Xqlyhuvlw|/ Eodfnvexuj/ Ylujlqld1Jloohv/ U1 S1/ Rzhq/ J1/ dqg Eulqn/ U1 ydq ghq +4<<5,/ �Jdphv zlwk ShuplvvlrqVwuxfwxuhv= Wkh Frqmxqfwlyh Dssurdfk/� Lqw1 M1 Jdph Wkhru| 53/ 5::�5<61Kdpphu/ S1O1/ X1Q1 Shohg/ dqg V1 Vruhqvhq +4<::,/ �Svhxgr0Errohdq Ixqfq0wlrqvdqg Jdph Wkhru|1 L1 Fruh Hohphqwv dqg Vkdsoh| Ydoxh�/ Fdklhuv gx FHUR/4</ 48<04:91Kduvdq|l/ M1F1 +4<8<,/ �D Edujdlqlqj Prgho iru Frrshudwlyh q0Shuvrq Jdphv�/ LqFrqwulexwlrqv wr wkh Wkhru| ri Jdphv LY +hgv1 Wxfnhu D1Z1/ dqg U1G1 Oxfh,/Sulqfhwrq XS/ Sulqfhwrq ss 65806881Vkdsoh|/ O1 V1 +4<86,/ �D ydoxh iru q0shuvrq jdphv/� lq Frqwulexwlrqv wr wkh Wkh0ru| ri Jdphv/ Yro LL +K1 Z1 Nxkq/ dqg D1 Z1 Wxfnhu/ Hgv1,/ ss1 63:�64:1Sulqfhwrq= Sulqfhwrq Xqly1 Suhvv1Ydvlo*hy/ Y1D1 +4<:;,/ �Vxssruw ixqfwlrq ri wkh fruh ri d frqyh{ jdph�/ Rswlpl}dflmdY|s 54/ 63068 +lq Uxvvldq,1Ydvlo*hy/ Y1D1 +4<;4,/ �Rq d Fodvv ri Lpsxwdwlrqv lq Frrshudwlyh Jdphv�/ Vrylhw1Pdwk1 Grno1/ 56/ 8608:1Ydvlo*hy/ Y1D1 dqg J1 ydq ghu Oddq/ +5335,/ �Wkh Kduvdq|l vhw iru frrshudwlyhWX0jdphv�/ Vlehuldq Dgydqfhv lq Pdwkhpdwlfv/ 45/ <:04581
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