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Wkh Dxfwlrqlqj ri d Idlolqj Ilup

Oduv Shuvvrq�

Wkh Uhvhdufk Lqvwlwxwh ri Lqgxvwuldo Hfrqrplfv

Qryhpehu 56/ 4<<;

Devwudfw

Wklv sdshu hydoxdwhv wkh zhoiduh frqvhtxhqfhv ri wkh idlolqj �up grfwulqh lq

wkh HX dqg XV phujhu odzv1 L frpelqh dq roljrsro| prgho zlwk dq �hqgrjhqrxv

ydoxdwlrqv� dxfwlrq prgho1 Wkhuhe|/ L wdnh lqwr dffrxqw wkdw/ lq dq roljrsro|/ d

�up*v zloolqjqhvv wr sd| iru wkh dvvhwv ghshqgv rq wkh lghqwlw| ri wkh dowhuqdwlyh

ex|hu1 Wkh pdlq uhvxow lv wkdw wkh grfwulqh ohdgv wr frvw lqh!flhqflhv/ gxh wr

d �ohdvw gdqjhu wr frpshwlwlrq� +OGF, frqglwlrq/ zklfk idyruv vpdoo/ dqg wkxv

lqh!flhqw/ �upv1 Lq sduwlfxodu/ wkh OGF frqglwlrq lpsolhv wkdw vpdoo �upv fdq

suhhpsw dftxlvlwlrqv wkdw zrxog ohdg wr erwk kljkhu surgxfhu vxusoxv dqg kljkhu

frqvxphu vxusoxv1

MHO FODVVLILFDWLRQ QR= N54/ O46/ O74

Nh|zrugv= Frpshwlwlrq Srolf|> Idlolqj Ilup Ghihqvh> Dxfwlrq1

�Wklv duwlfoh lv wkh wklug fkdswhu ri p| glvvhuwdwlrq/ zklfk L zurwh dw wkh Lqvwlwxwh iru Lqwhuqdwlrqdo

Hfrqrplf Vwxglhv/ Vwrfnkrop Xqlyhuvlw|1 L dp judwhixo iru khosixo glvfxvvlrqv zlwk Gdylg Grphlm/

Vyhq0Rori Iulgroivvrq/ Khquln Kruq/ Gdq Nryhqrfn/ Mrkdq Olqghq/ Qlov0Shwwhu Odjhuoùi/ Mrdnlp Vrq0

qhjèug/ Mrkdq Vwhqqhn/ Urehuw Wrzq dqg Qlov Zdko/ dqg e| sduwlflsdqwv lq vhplqduv dw wkh Lqvwlwxwh

iru Lqwhuqdwlrqdo Hfrqrplf Vwxglhv/ wkh Vwrfnkrop Vfkrro ri Hfrqrplfv/ dqg dw wkh HHD dqg HVHP

Frqihuhqfhv lq Wrxorxvh1 Ilqdqfldo vxssruw e| wkh Edqn ri Vzhghq Whufhqwhqdu| Irxqgdwlrq/ dqg Wrp

Khgholxv* dqg Mdq Zdoodqghu*v Uhvhdufk Irxqgdwlrqv/ lv judwhixoo| dfnqrzohgjhg1 Hpdlo= oduvsClxl1vh1



41 Lqwurgxfwlrq

Phujhuv fuhdwlqj ru vwuhqjwkhqlqj grplqdqw srvlwlrqv duh loohjdo dffruglqj wr wkh frp0

shwlwlrq odzv lq prvw ghyhorshg frxqwulhv1 Frpshwlwlrq dxwkrulwlhv w|slfdoo| lpsohphqw

wkhvh odzv lq d zd| zklfk fdq urxjko| eh ghvfulehg dv �wu|lqj qrw wr doorz phdvxuhg

frqfhqwudwlrq wr ehfrph wrr kljk�14 Li wkh wdujhw lv idlolqj/ d phujhu ohdglqj wr kljk

frqfhqwudwlrq pd| qhyhuwkhohvv eh dffhswhg xqghu wkh vr0fdoohg idlolqj �up ghihqvh15 Iru

lqvwdqfh/ wkh idlolqj �up ghihqvh lv zhoo hvwdeolvkhg lq wkh XV fdvh0odz dv lv lqglfdwhg e|

wkh iroorzlqj txrwh iurp Kryhqndps6 +4<<7/ s1 7<9,= �Wkh idlolqj �up frpsdq| lv zhoo

hvwdeolvkhg lq dqwl wuxvw fdvh odz/ dowkrxjk d txdoli|lqj �idlolqj �up� kdv ehhq irxqg

rqo| d ihz wlphv17 Flwl}hq Sxeolvklqj Fr1 y1 Xqlwhg Vwdwhv dvvhvvhg wkh uhtxluhphqw

wkdw ehiruh wkh idlolqj frpsdq| ghihqvh fdq eh xvhg/ wkh ghihqgdqw pxvw vkrz 4, wkdw

wkh dftxluhg �up lv doprvw fhuwdlq wr jr edqnuxsw dqg fdqqrw eh uhrujdql}hg vxffhvv0

ixoo|> dqg 5, wkdw qr ohvv dqwlfrpshwlwlyh dftxlvlwlrq +l1h1/ e| d vpdoohu frpshwlwru ru d

qrqfrpshwlwru, lv dydlodeoh dv dq dowhuqdwlyh1�

Pruhryhu/ wkh idlolqj �up ghihqvh lv lqfoxghg lq wkh Ghsduwphqw ri Mxvwlfh dqg Ihghudo

Wudgh Frpplvvlrq XV 4<<5 Krul}rqwdo Phujhu Jxlgholqhv zklfk vwdwh wkdw dq rwkhuzlvh

dqwl0frpshwlwlyh phujhu pd| eh shuplwwhg li irxu frqglwlrqv duh phw= o, wkh doohjhgo|

4 Iru lqvwdqfh/ lq wkh XV/ wkh Khu�qgdko0Kluvfkpdq Lqgh{ +KKL, lv xvhg dv d phdvxuh ri

frqfhqwudwlrq1 Wkh KKL lv fdofxodwhg e| vxpplqj wkh vtxduhv ri wkh lqglylgxdo pdunhw vkduhv

ri doo �upv lq wkh pdunhw1
5 Phujhuv zlwk idlolqj wdujhwv duh qrw txdqwlwdwlyho| luuhohydqw1 Iru lqvwdqfh/ lq d 9670

frpsdq| vdpsoh lqfoxglqj d furvv vhfwlrq ri erwk vpdoo dqg odujh dftxlvlwlrq wdujhwv/ 81;( kdg

d qhjdwlyh rshudwlqj lqfrph lq wkh |hdu ehiruh ehlqj dftxluhg/ vhh Vfkhuhu/ I1 P1/ dqg Urvv/ G1/

�Lqgxvwuldo Pdunhw Vwuxfwxuh dqg Hfrqrplf Shuirupdqfh/� Krxjkwrq Pl"lq Frpsdq|/ 4<<31
6 Kryhqndps/ K1/ �Ihghudo Dqwlwuxvw Srolf|= Wkh Odz ri Frpshwlwlrq dqg lwv Sudfwlfh/�

Zhvw Sxeolvklqj Fr1/ 4<<71
7 �Vhh Xqlrq Ohdghu Frus1 y1 Qhzvsdshu ri Qhz Hqjodqg/ Lqf1/ 5;7 I15g 8;5/ 8;<08<3 +4vw

Flu1 4<93,/ fhuw1 ghqlhg/ 698 X1V1 ;66/ ;4 V1Fw1 :7: +4<94, +vwdwlqj idlolqj frpsdq| ghihqvh/

exw lq idfw �qglqj qr lqmxu| wr frpshwlwlrq> IWF y1 Juhdw Odnhv Fkhp1 Frus1/ 85; I1Vxss1

;7/ <90<; +Q1G1LLL14<;4, +dssurylqj d phujhu wkdw zrxog ehqh�w idlolqj �up/ lwv vkduhkroghu/

dqg hfrqrp|,> Judqghu y1 Sxeolf Edqn/ 5;4 I1Vxss1 453 +H1G1Plfk14<9:, +ghihqvh dffhswhg

zkhuh edqn idloxuh zrxog lqmxuh wkh sxeolf dqg dowhuqdwlyh r�huv zhuh xqdffhswdeoh,> Xqlwhg

Vwdwhv y1 P1S1P1/ 6<: I1Vxss1 :;/ <9 +G1Fror14<:8, +ghihqvh dffhswhg zkhuh idloxuh zdv doprvw

fhuwdlq dqg dwwhpswv wr �qg dowhuqdwlyh wudqvdfwlrqv idlohg,1�
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idlolqj �up zrxog eh xqdeoh wr phhw lwv �qdqfldo reoljdwlrqv lq wkh qhdu ixwxuh> 5,

lw zrxog qrw eh deoh wr uhrujdql}h vxffhvvixoo| xqghu Fkdswhu 44 ri wkh Edqnuxswf|

Dfw> 6, lw kdv pdgh xqvxffhvvixo jrrg0idlwk h�ruwv wr holflw uhdvrqdeoh dowhuqdwlyh r�huv

ri dftxlvlwlrq ri wkh dvvhwv ri wkh idlolqj �up8 wkdw zrxog erwk nhhs lwv wdqjleoh dqg

lqwdqjleoh dvvhwv lq wkh uhohydqw pdunhw dqg srvh d ohvv vhyhuh gdqjhu wr frpshwlwlrq

wkdq grhv wkh sursrvhg phujhu> dqg 7, devhqw wkh dftxlvlwlrq/ wkh dvvhwv ri wkh idlolqj

�up zrxog h{lw wkh uhohydqw pdunhw1

Lq wkh HX/ qhlwkhu Duwlfoh 5 ri wkh Phujhu Uhjxodwlrq qru dq| rwkhu surylvlrq ri wkh

Frppxqlw| phujhu ohjlvodwlrq frqwdlq dq h{solflw uhihuhqfh wr wkh �idlolqj �up ghihqvh�

dv d jurxqg iru dxwkrul}lqj d phujhu wkdw zrxog fuhdwh ru vwuhqjwkhq d grplqdqw srvlwlrq

lq wkh HX1 Ghvslwh wkh odfn ri vwdwxwru| gh�qlwlrq/ wkh Frpplvvlrq kdv ghyhorshg wkh

frqfhsw ri d �uhvfxh phujhu� lq lwv fdvh0odz19

Wkh frqfhsw ri wkh �uhvfxh phujhu� kdv ehhq lqyrnhg e| wkh sduwlhv dv d jurxqg iru

dxwkrul}lqj wkh qrwl�hg wudqvdfwlrq ehiruh wkh Frpplvvlrq lq vhyhudo fdvhv1 Krzhyhu/

Ndol dqg Vdo}2Pgn2Wuhxkdqg: lv wkh rqo| fdvh wr gdwh zkhuh wklv frqfhsw lv glvfxvvhg

lq ohqjwk lq wkh Frpplvvlrq*v ghflvlrq1 Lq srlqw :4/ wkh Frpplvvlrq vwdwhv wkdw= �Df0

fruglqjo|/ d phujhu jhqhudoo| lv qrw wkh fdxvh ri wkh ghwhulrudwlrq ri wkh frpshwlwlyh

vwuxfwxuh li lw lv fohdu wkdw=

0 wkh dftxluhg xqghuwdnlqj zrxog lq wkh qhdu ixwxuh eh irufhg rxw ri wkh pdunhw li

qrw wdnhq ryhu e| dqrwkhu xqghuwdnlqj/

0 wkh dftxlulqj xqghuwdnlqj zrxog wdnh ryhu wkh pdunhw vkduh ri wkh dftxluhg xqghu0

wdnlqj li lw zhuh irufhg rxw ri wkh pdunhw/

0 wkhuh lv qr ohvv dqwlfrpshwlwlyh dowhuqdwlyh sxufkdvh1�

Wkh jhqhudo prwlydwlrq iru doorzlqj phujhuv lq wkhvh flufxpvwdqfhv lv wkdw wkh uh0

mhfwlrq ri d sursrvhg phujhu zkhq wkh wdujhw lv idlolqj pljkw ohdg wr wkh oltxlgdwlrq ri

8 �Dq| r�hu wr sxufkdvh wkh dvvhwv ri wkh idlolqj �up iru d sulfh deryh wkh oltxlgdwlrq ydoxh ri

wkrvh dvvhwv 0 wkh kljkhvw ydoxhg xvh rxwvlgh wkh uhohydqw pdunhw ru htxlydohqw r�hu wr sxufkdvh

wkh vwrfn ri wkh idlolqj �up 0 zloo eh uhjdughg dv d uhdvrqdeoh dowhuqdwlyh r�hu1�
9 Vhh wkh Frqwulexwlrq e| wkh Hxurshdq Frpplvvlrq Ghohjdwlrq lq RHFG Urxqgwdeohv/

Idlolqj Ilup Ghihqvh/ RHFG2JG+<9,561
: Fdvh Qr LY2P163;1 Vhh R!fldo Mrxuqdo ri wkh Hxurshdq Frppxqlwlhv/ Qr O 4;926;1
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surgxfwlyh dvvhwv1 Rq wkhvh jurxqgv/ lw kdv ehhq dujxhg wkdw wkh idlolqj �up ghihqvh

kdv srvlwlyh h�hfwv rq zhoiduh1; Exw olwwoh dwwhqwlrq kdv ehhq sdlg wr idlolqj �up uxohv lq

hfrqrplf wkhru|/ ghvslwh wkhlu srolf| uhohydqfh1<

H{lvwlqj vwxglhv ri wkh idlolqj �up ghihqvh hpsor| prghov wkdw duh xqvdwlvidfwru| lq

vhyhudo uhvshfwv1 Iluvw/ wkh| gr qrw prgho wkh pdunhw lq zklfk wkh idlolqj �up kdv idlohg

dv dq roljrsro|143 Udwkhu/ doo vwxglhv uho| rq shuihfw frpshwlwlrq prghov/ prqrsro|

prghov/ grplqdqw0�up prghov ru dg krf dvvxpswlrqv frqfhuqlqj wkh ydoxh ri wkh idlolqj

�up*v dvvhwv xqghu gl�huhqw rzqhuvklsv1 Exw w|slfdoo|/ wkh idlolqj �up ghihqvh lv dssolhg

wr vlwxdwlrqv zlwk d frqfhqwudwhg pdunhw dqg rwkhu srwhqwldo ex|huv iru wkh idlolqj �up1

Wkxv/ vwxg|lqj wkh shuirupdqfh ri wkh idlolqj �up ghihqvh lq dq roljrsro| vhhp hvvhqwldo1

Wkh pdlq dgydqwdjh ri xvlqj dq roljrsro| prgho lv wkdw lw fdq wkhq eh fdswxuhg krz wkh

doorfdwlrq ri wkh idlolqj �up*v dvvhwv d�hfwv wkh glvwulexwlrq ri surgxfwlrq lq wkh lqgxvwu|/

dqg wkxv wkh frqvxphu dqg surgxfhu vxusoxv1 Wkh vhfrqg xqvdwlvidfwru| ihdwxuh ri wkhvh

vwxglhv lv wkdw wkh| devwudfw iurp wkh lvvxh ri krz wkh dvvhwv duh vrog1 Exw/ wkh lghqwlw|

ri wkh ex|hu ghshqgv rq krz wkh dvvhwv duh vrog1 Wkxv/ d irupdo prgho ri wkh vhoolqj ri

wkh dvvhwv lv qhhghg iru hydoxdwlqj wkh gl�huhqw dftxlvlwlrq uxohv1

Wkh dlp ri wklv vwxg| lv wr hydoxdwh wkh zhoiduh lpsolfdwlrqv ri wkh XV idlolqj �up

; Qrwh wkdw lq wklv sdshu/ idlolqj �up ghihqvh uhihuv wr doo odzv frqfhuqlqj wklv vlwxdwlrq/

zkhuhdv wkh XV idlolqj �up ghihqvh uhihuv wr wkh XV yhuvlrq1
< Dv idu dv L nqrz/ rqo| d ihz vwxglhv ghdo zlwk wklv lvvxh1 Fdpsehoo/ W1 M1/ �Wkh H!flhqf|

ri wkh Idlolqj Frpsdq| Ghihqvh/� Wh{1 O1 Uhy/ 4<;7/ Yro1 96/ 58405;6/ Iulhgpdq/ U1 G1/

�Xqwdqjolqj wkh Idlolqj Frpsdq| Grfwulqh/� Wh{1 O1 Uhy/ 4<;9/ Yro1 97/ 46:804759/ Nzrnd/

MU1 M1 H1 dqg Zduuhq0Erxowrq/ I1 U1/ �H!flhqflhv/ Idlolqj Ilupv/ dqg Dowhuqdwlyhv wr Phujhu=

D Srolf| V|qwkhvlv/� Wkh Dqwlwuxvw Exoohwlq/ Vxpphu 4<;9/ 7640783/ PfFkhvqh|/ I1 V1/ �Gh0

ihqglqj wkh Idlolqj0Ilup Ghihqvh/� Qhe1 O1 Uhy/ 4<;8/ Yro1 98/ 4053/ dqg Vkxjkduw LL/ Z1 I1

dqg Wroolvrq/ U1 G1/ �Wkh Zhoiduh Edvlv ri wkh �Idlolqj Frpsdq|� Grfwulqh/� Wkh Dqwlwuxvw

Exoohwlq/ Vxpphu 4<;8/ 68:06971 Doo wkhvh vwxglhv frqfhuq wkh h!flhqf| ri wkh idlolqj �up

ghihqvh lq wkh XV 4<;7 Phujhu Jxlgholqhv/ zklfk gl�huv voljkwo| iurp wkh idlolqj �up ghihqvh

lq wkh XV 4<<5 Phujhu Jxlgholqhv1 Iru d glvfxvvlrq ri wkh gl�huhqfhv ehwzhhq wkh 4<;7 dqg

4<<5 uxohv vhh Shuvvrq/ O1/ �Wkh Dxfwlrqlqj ri d Idlolqj IlupB/� 4<<;d1 Lq O1 Shuvvrq/ Sk1 G1

Wkhvlv/ Vwrfnkrop Xqlyhuvlw|1 Prqrjudsk Vhulhv/ Qr1 681
43 Wkh sdshu e| Iulhgpdq +4<;9, lv wkh h{fhswlrq +Flwhg lq qrwh :,1 Wkh dxwkru vwxglhv wkh

zhoiduh h�hfwv ri ohwwlqj wkh dvvhwv vwd| lq wkh lqgxvwu| zlwk ohwwlqj wkhp h{lw1 Krzhyhu/ wkh

dxwkru grhv qrw frpsduh wkh zhoiduh h�hfwv ri ohwwlqj gl�huhqw �upv lq wkh lqgxvwu| rewdlq wkh

idlolqj �up*v dvvhwv/ dq lvvxh zklfk lv fhqwudo wr p| vwxg|1
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ghihqvh uxoh dqg wkh HX uhvfxh phujhu uxoh1 Zkhq zloo hlwkhu ri wkhvh lpso| wkdw wkh

vrfldoo| suhihuuhg ex|hu rewdlqv wkh dvvhwv/ ru dw ohdvw shuirupv ehwwhu wkdq wkh vwdqgdug

phujhu odz uxohB Zloo rqh ri wkhvh uxohv shuirup ehwwhu wkdq wkh rwkhuB

Lq rughu wr lqfrusrudwh wkh deryh phqwlrqhg ghvludeoh ihdwxuhv/ L zloo hpsor| d prgho

lq zklfk d �up lq d Frxuqrw lqgxvwu| lv idlolqj1 Wkh uhpdlqlqj �upv/ dv zhoo dv dq rxw0

vlgh �up/ duh srwhqwldo ex|huv ri wkh idlolqj �up*v dvvhwv/ zklfk duh vrog dw dq dxfwlrq1 Lq

wklv fdvh/ wkh lghqwlw| ri wkh ex|hu d�hfwv wkh sur�wv ri doo �upv1 Wklv lqwhughshqghqfh

frqvwlwxwhv d ixqgdphqwdo gl!fxow| zkhq ghwhuplqlqj wkh ex|hu/ vlqfh wkh sulfh d srwhq0

wldo ex|hu lv zloolqj wr sd| iru wkh dvvhwv ghshqgv rq zkr pljkw rwkhuzlvh rewdlq wkhp144

Wklv sureohp zdv rqo| vroyhg uhfhqwo|1 Lq sduwlfxodu/ p| vwxg| zloo xvh wkh dssurdfk

wdnhq e| Ixqn +4<<9, dqg Mhklho dqg Progrydqx +4<<9,/45 zkr dqdo|}h dxfwlrqv zkhuh

wkh elgghuv* ydoxdwlrqv ri dq dxfwlrqhg lwhp ghshqg rq wkh rwkhu elgghuv* lghqwlwlhv146

Xvlqj wkh deryh dssurdfk/ L vkrz wkdw wkh XV idlolqj �up ghihqvh grhv qrw jxdudqwhh

wkdw wkh vrfldoo| suhihuuhg ex|hu rewdlqv wkh idlolqj �up*v dvvhwv/ iru wzr uhdvrqv1 Iluvw/

xqghu wkh XV idlolqj �up ghihqvh/ wkh doorfdwlrq ri wkh idlolqj �up*v dvvhwv duh ghshqghqw

44 Ihz sdshuv ghdo zlwk wkh vhoolqj ri remhfwv zklfk h{huw h{whuqdolwlhv rq rwkhu srwhqwldo

ex|huv1 H{fhswlrqv/ dprqj rwkhuv/ duh Jdoh/ L1/ �D Pxowl0Remhfw Dxfwlrq zlwk Vxshudgglwlyh

Ydoxhv/� Hfrqrplf Ohwwhuv/ 4<<3/ Yro1 67/ 656065;/ Jkhpdzdw/ S1/ �Wkh Vqrzedoo H�hfw/�

Lqwhuqdwlrqdo Mrxuqdo ri Lqgxvwuldo Rujdql}dwlrq/ 4<<3/ ;/ 6680684/ dqg Nulvkqd/ N1/ �Dxfwlrqv

Zlwk Hqgrjhqrxv Ydoxdwlrqv= Wkh Shuvlvwhqfh ri Prqrsro| Uhylvlwhg/� Dphulfdq Hfrqrplf

Uhylhz/ Pdufk 4<<6/ ;6/ 47:04931 Wkh olwhudwxuh rq sdwhqw olfhqvlqj dovr h{solflwo| frqvlghuv wkh

h{whuqdo h�hfwv1 Vhh iru lqvwdqfh Jloehuw/ U1 M1 dqg Qhzehu|/ G1 P1 J1/ �Suhhpswlyh Sdwhqwlqj

dqg wkh Shuvlvwhqfh ri Prqrsro|/� Dphulfdq Hfrqrplf Uhylhz/ 4<;5/ Yro1 :5/ 8470859/ dqg

Ndw}/ P1 O1 dqg Vkdslur/ F1/ �Krz wr Olfhqvh Lqwdqjleoh Surshuw|/� Txduwhuo| Mrxuqdo ri

Hfrqrplfv/ 4<;9/ Yro1 434/ 89:08;<1
45 Ixqn/ S1/ �Dxfwlrqv Zlwk Lqghshqghqw Ydoxdwlrqv/� Lqwhuqdwlrqdo Mrxuqdo ri Jdph Wkh0

ru|/ 4<<9/ 58/ 84097> dqg Mhklho/ S1 dqg Progrydqx/ E1/ �Vwudwhjlf Qrqsduwlflsdwlrq/� UDQG

Mrxuqdo ri Hfrqrplfv/ Vsulqj 4<<9/ Yro1 5:/ ;70<;1
46 Qrwh wkdw lq olqh zlwk wkh h{lvwlqj olwhudwxuh rq phujhu srolf|/ wkh dlp ri wkh sdshu lv wr

vwxg| h{lvwlqj phujhu odz uxohv/ udwkhu wkdq wr wu| wr ghulyh wkh rswlpdo vhoolqj phfkdqlvpv

iru wkh frpshwlwlrq dxwkrulw|1

Lw vkrxog eh srlqwhg rxw wkdw doprvw qr olwhudwxuh ghulyhv rswlpdo phfkdqlvpv iru wkh vhoolqj

ri remhfwv zklfk fdxvh h{whuqdolwlhv rq rwkhu srwhqwldo ex|huv1 Dv idu dv L/ nqrz Mhklho/ S1/

Progrydqx/ E1/ dqg Vwdffkhwwl/ H1/ �Krz +Qrw, wr Vhoo Qxfohdu Zhdsrqv/� Dphulfdq Hfrqrplf

Uhylhz/ Vhswhpehu 4<<9d/ Yro1 ;9/ ;470;5< dqg Mhklho/ S1/ Progrydqx/ E1/ dqg Vwdffkhwwl/ H1/

�Pxowlglphqvlrqdo Phfkdqlvp Ghvljq iru Dxfwlrqv zlwk H{whuqdolwlhv/� plphr/ 4<<9e/ duh wkh

rqo| sdshu rq wklv vxemhfw1

8



rq wkh �upv* elgv/ dqg lw lv zhoo0nqrz wkdw sulydwh dqg vrfldo ydoxhv ri dvvhwv pljkw

gl�hu lq dq roljrsro|1 Vhfrqg/ wkh XV idlolqj �up ghihqvh lqfoxghv d �ohdvw gdqjhu wr

frpshwlwlrq� +OGF, frqglwlrq/ zklfk idyruv vpdoo ex|huv lq wkh elgglqj surfhvv1 Dw

�uvw vljkw/ rqh pljkw eholhyh wkdw wklv frqglwlrq vkrxog plwljdwh wkh lqh!flhqf| fdxvhg

e| pdnlqj wkh doorfdwlrq ghshqghqw rq wkh �upv* elgv1 Wklv lv qrw wkh fdvh/ krzhyhu1

Lq sduwlfxodu/ wkh OGF frqglwlrq pljkw suhyhqw wkh prvw zhoiduh hqkdqflqj dftxlvlwlrqv1

Wrr vhh wklv/ frqvlghu d vlwxdwlrq zkhuh wkh vpdoohu �up*v frvw vdylqjv iurp rewdlqlqj

wkh idlolqj �up*v dvvhwv duh vpdoo1 Wkxv/ wkh vpdoohu �up zrxog qrw eh zloolqj wr sd|

pxfk iru wkh dvvhwv li wkhvh zrxog rwkhuzlvh h{lw1 Dvvxph wkdw wkh frvw vdylqjv iurp

rewdlqlqj wkh idlolqj �up*v dvvhwv iru d odujh �up duh vr odujh wkdw wkh �up zloo h{sdqg

wkh rxwsxw wr wkh h{whqw wkdw wkh pdunhw sulfh zloo eh orzhu wkdq li wkh vpdoohu �up

rewdlqv wkh dvvhwv1 Exw/ wkh vpdoohu �up*v sur�w zloo wkhq ghfuhdvh dqg frqvhtxhqwo|/ lw

zloo eh zloolqj wr sd| iru suhyhqwlqj wkh odujhu �up iurp rewdlqlqj wkh dvvhwv1 Wkh OGF

frqglwlrq lpsolhv wkdw wklv frxog eh grqh e| wkh vpdoohu �up zlwkrxw ryhuelgglqj wkh

odujhu �up/ exw mxvw ryhuelgglqj wkh oltxlgdwlrq ydoxh1 Frqvhtxhqwo|/ wkh OGF frqglwlrq

lpsolhv wkdw d vpdoo �up frxog suhhpsw dq dftxlvlwlrq wkdw zrxog ohdg wr erwk kljkhu

surgxfhu vxusoxv dqg kljkhu frqvxphu vxusoxv1 Wklv uhvxow vxjjhvwv wkh lpsruwdqfh ri

wdnlqj frvw h!flhqflhv lqwr dffrxqw/ zkhq hydoxdwlqj d phujhu lqyroylqj d idlolqj �up1

Wkh OGF frqglwlrq pljkw eh jrrg iru frqvxphuv/ krzhyhu/ li wkh frvw vdylqjv duh

v|pphwulf hqrxjk/ vlqfh wkhq vpdoohu �upv kdyh ohvv wr orvh iurp d sulfh idoo dqg frqvh0

txhqwo|/ kdyh vwurqjhu lqfhqwlyhv wr h{sdqg rxwsxw/ zklfk ehqh�wv wkh frqvxphu wkurxjk

orzhu sulfhv1 Ixuwkhupruh/ L vkrz wkdw li vrflhw| frqvlghuv wkh uhyhqxhv iurp vhoolqj wkh

dvvhwv wr eh lpsruwdqw/ wkh idlolqj �up ghihqvh lv qrw vxlwdeoh/ vlqfh wkh OGF frqglwlrq

vhyhuho| uhvwulfwv wkh elgglqj frpshwlwlrq ehwzhhq wkh �upv zlwklq wkh lqgxvwu|1

Wkh dgglwlrqdo pdmru gudzedfn zlwk wkh HX idlolqj �up ghihqvh lv wkdw surgxfwlyh

dvvhwv h{lw wkh lqgxvwu|/ gxh wr d �pdunhw vkduh� frqglwlrq/ zklfk lpsolhv wkdw wkh ghihqvh

lv rqo| dssolfdeoh zkhq wkh sxufkdvhu lv d prqrsrolvw1

Wkh sdshu lv rujdql}hg lq wkh iroorzlqj zd|1 Vhfwlrq 5 lqwurgxfhv wkh prgho ri krz

wkh idlolqj �up*v dvvhwv duh vrog dqg odwhu hpsor|hg1 Wkh prgho frqvlvwv ri d Frxuqrw

9



lqgxvwu| zlwk ? dfwlyh �upv dqg rqh qrq0yldeoh �up1 Wkhuh lv dovr rqh dfwlyh �up

rxwvlgh wkh Frxuqrw lqgxvwu|1 Lq Vhfwlrq 514/ wkh prgho zkhuh wkh idlolqj �up*v dvvhwv

duh vrog lv ghvfulehg lq ghwdlo1 Wkh vhoolqj ri wkh idlolqj �up*v dvvhwv lv prghohg dv d

vhdohg elg dxfwlrq zkhuh wkh srwhqwldo ex|huv vlpxowdqhrxvo| srvw elgv1 Lq Vhfwlrq 6/

wkh XV idlolqj �up ghihqvh uxohv dqg wkh HX uhvfxh phujhu uxoh duh gh�qhg dqg wkhlu

zhoiduh lpsolfdwlrqv ghulyhg1 Vhfwlrq 7 frqfoxghv1

51 Wkh Prgho

Frqvlghu d Frxuqrw lqgxvwu| zlwk ? dfwlyh �upv dqg rqh �up zklfk lv idlolqj147 Wkhuh

lv dovr rqh �up odehohg h/ zklfk lv dfwlyh rxwvlgh wkh Frxuqrw lqgxvwu|1 Wkhuh duh wzr

vwdjhv ri lqwhudfwlrq1 Lq wkh �uvw vwdjh/ wkh idlolqj �up*v dvvhwv duh vrog lq rqh slhfh dw dq

dxfwlrq zkhuh wkh ? dfwlyh Frxuqrw �upv dqg wkh rxwvlgh �up duh wkh srwhqwldo ex|huv1 Lq

wkh vhfrqg vwdjh/ wkh ? �upv frpshwh lq d vwdqgdug zd| lq wkh Frxuqrw lqgxvwu|/ zkhuh

rqh ri wkhp kdv srvvleo| rewdlqhg wkh idlolqj �up*v dvvhwv148 Wkh rxwvlgh �up*v ehkdylru

lv qrw h{solflwo| prghohg/ exw lv dvvxphg wr jhqhudwh sur�wv dqg frqvxphu vxusoxv1 Wkh

rxwvlgh pdunhw fdq wkxv eh vhhq dv d shuihfwo| frpshwlwlyh pdunhw/ d prqrsro| pdunhw

ru dq roljrsro| pdunhw1

Wkh Frxuqrw prgho lv d prgl�hg yhuvlrq ri wkh prgho dqdo|}hg e| Iduuhoo dqg Vkdslur

+4<<3e,49/ zkhuh lqyhuvh ghpdqg lv jlyhq e| RE'�/ R lv sulfh/ ' lv lqgxvwu| rxwsxw dqg

R�E'� 	 f� Wkh frqvxphu jurvv vxusoxv ixqfwlrq lv �E'� �
U '
f
RE5�_5� Ilup l *v yduldeoh

47 Vhyhudo h{sodqdwlrqv zk| wkh �up lv idlolqj duh frpsdwleoh zlwk wkh prgho1 Iru lqvwdqfh/

wkh �up pd| qrw eh yldeoh li wkh pdunhw kdv ehhq klw e| dq xqiruhvhhq vkrfn> srvvleo| d

ghpdqg idoo ru frvw vkliwv1

Vxssruw iru wklv dvvxpswlrq fdq eh irxqg lq ulfkhu prghov zlwk �qdqfldo dv|pphwulhv ehwzhhq

wkh �upv1 Erowrq/ S1 dqg Vfkduivwhlq/ G1 V1/ �D Wkhru| ri Suhgdwlrq Edvhg rq Djhqf| Sureohpv

lq Ilqdqfldo Frqwudfwlqj/� Dphulfdq Hfrqrplf Uhylhz/ Pdufk 4<<3/ Yro1 ;3/ <60439 surylgh d

prgho zkhuh wkh fuhglwru r�huv dq rswlpdo orqj0whup frqwudfw1 Lq rughu wr surylgh pdqdjhuldo

lqfhqwlyhv/ wkh fuhglwru qhhgv wr sxqlvk d �up zlwk d orz sur�w lq wkh �uvw shulrg e| lqfuhdvlqj

wkh ulvn ri whuplqdwlrq1
48 Lw lv dvvxphg wkdw wkh idlolqj �up*v dvvhwv fdqqrw eh uhvrog lq wkh vhfrqg shulrg1
49 Iduuhoo/ M dqg Vkdslur/ F/ �Dvvhw Rzqhuvkls dqg Pdunhw Vwuxfwxuh lq Roljrsro|/� UDQG

Mrxuqdo ri Hfrqrplfv/ Vxpphu 4<<3e/ Yro1 54/ 5:805<51

:



frvw lv S� � S�E^�c &�� dqg lwv wrwdo frvw ��
� S�ns �� L ghqrwh S�^ �

YS�E^� c&��

Y^�
dqg S�& �

YS�E^� c&��

Y&�
/

dqg lw lv dvvxphg wkdw S�^& �
Y2S�E^�c&��

Y^�Y&�
	 f� Wkxv/ pruh fdslwdo orzhuv wkh pdujlqdo frvwv1

Ilupv lq wkh lqgxvwu| frpshwh lq Frxuqrw idvklrq/ zkhuh �up l pd{lpl}hv Z� �

RE'�^� � ��E^�c &�c s��� Wkh Qdvk htxloleulxp4: lv gh�qhg e|

RE'� n ^�R
�E'�� S�^E^�c &�� ' fc � ' �c ���c ?� +514,

Wkh �upv lq wkh lqgxvwu| duh odehohg vxfk wkdw &f
�
: &f

2
��� : &f?� Wkxv/ �up 4 lv wkh

odujhvw �up lq wkh lqgxvwu|1 Wkh vrfldo zhoiduh phdvxuh lv jlyhq e| ` � �E'� �
S?

�'�
� �E^�c &�c s�� n` e/ zkhuh ` e lv wkh zhoiduh lq wkh rxwvlgh pdunhw1

Lw zloo eh xvhixo iru wkh vxevhtxhqw dqdo|vlv wr ghulyh wkh htxloleulxp h�hfwv ri d

pdujlqdo lqfuhdvh lq wkh qxpehu ri dvvhwv rzqhg e| vrph �up �1 Iroorzlqj Iduuhoo dqg

Vkdslur/ dqg ohwwlqj b� �
3R�

E'�3^�R
��
E'�

S�^^3R�E'�
/ B� �

3S�
^&

S�^^3R�E'�
dqg \ �

S?

�'�
b�/ wkh iroorzlqj

uhvxowv fdq eh vkrzq wr krog=

_^� ' �b�_'n B�_&� +515,

_' '
B�_&�

� n \
+516,

_Z�

_&�
' �R�E'�

B�E\� b��

� n \
^� � S�& : f +517,

_Z�

_&�
' R�E'�

B�E� n b��

� n \
^� 	 fc � 9' � +518,

dqg
_`

_&�
' �R�E'�

B�

� n \
E^�E� n \��

?[

�'�

b�^��� S�& +519,

Lq wkh dqdo|vlv ehorz/ L zloo dovr iuhtxhqwo| hpsor| d prgho�ghqrwhg �wkh olqhdu

prgho��zkhuh lqyhuvh ghpdqg lv R ' � � 'c dqg zkhuh hdfk �up*v frvw ixqfwlrq lv

jlyhq e| S� ' ^�
&�
� Dvvxplqj wkdw wkhuh duh wzr �upv lq wkh lqgxvwu|/ wkh htxloleulxp

4: Wzr vwdqgdug dvvxpswlrqv duh pdgh derxw wkh Frxuqrw htxloleulxp1 Iluvw/ lw lv dvvxphg

wkdw hdfk �up*v uhdfwlrq ixqfwlrq vorshv grzqzdug> l1h1 s�+T, . t�s
��+T, ? 3> l @ 4> ===> q=

Vhfrqg/ lw lv dvvxphg wkdw wkh ghpdqg fxuyh idflqj hdfk �up lqwhuvhfwv wkdw �up*v pdujlqdo

frvw fxuyh iurp deryh> l1h1/ wkdw f�^^+t�> n�, A s�+T,> l @ 4> ===> q= Wklv dvvxpswlrq lv d vwdelolw|

frqglwlrq iru d Frxuqrw htxloleulxp1

;



rxwsxwv duh jlyhq e| ^� '
�

�

&�&�32&�n&�

&�&�
dqg ' ' �

�

2&�&�3&�3&�

&�&�
/ zkhuh &� � 2

&�

&�n�
hqvxuhv

srvlwlyh txdqwlwlhv1 Wkh pdujlqdo h�hfwv lq wklv fdvh duh= _Z�

_&�
'

eE&�&�32&�n&��

b&�&
�

�

c _Z�

_&�
'

�
2E&�&�32&�n&��

b&��&�
c dqg _`

_&�
'

e&�&�3��&�n.&�

b&�� &�
�

5141 Wkh dxfwlrq

Iru d idlolqj �up ghihqvh dujxphqw wr eh dffhswhg/ frpshwlwlrq dxwkrulwlhv w|slfdoo|

uhtxluh wkdw wkhuh pxvw eh qr dowhuqdwlyh ex|hu zkr pljkw fdxvh ohvv kdup1 Wkh| pd|

hyhq uhtxluh/ dv d yhul�fdwlrq/ wkdw pruh suhihuuhg ex|huv kdyh ehhq dvnhg wr pdnh dq

r�hu iru wkh �up1 Li vxfk dq lqyhvwljdwlrq kdv qrw ehhq pdgh/ wkh frpshwlwlrq dxwkrulwlhv

riwhq duudqjh iru d wklug sduw| wr vhoo wkh dvvhwv14; Wkxv/ wkh idlolqj �up ghihqvh uxoh fdq

eh lqwhusuhwhg dv dq dxfwlrq zkhuh wkh �upv srvw elgv dqg wkh frpshwlwlrq dxwkrulw|

ghflghv zkr rewdlqv wkh dvvhwv/ jlyhq wkh srvwhg elgv1 Wkh zlqqlqj ex|hu w|slfdoo| sd|v

dq dprxqw htxdo wr klv elg1 Wkh froohfwlrq ri elgv vhhpv uhodwlyho| vhfuhw14< Wkxv/ wkh

ex|huv gr qrw vhhp wr nqrz hdfk rwkhuv* elgv zkhq elgglqj153 Wkhuhiruh/ wkh elgv duh

khuh dvvxphg wr eh pdgh vlpxowdqhrxvo|1

Ohw xv qrz wxuq wr wkh �upv* ydoxdwlrqv ri dq duelwudu| glvwulexwlrq ri wkh idlolqj

�up*v dvvhwv1 Wkhvh ydoxdwlrqv gr qrw rqo| ghshqg rq wkh lghqwlw| ri �up l/ exw dovr rq

wkh lghqwlw| ri wkh �up rewdlqlqj wkh dvvhwv/ �up m/ dqg rq wkh lghqwlw| ri wkh �up wkdw zloo

rewdlq wkh dvvhwv li �up m grhv qrw1 Vrph qrwdwlrq lv uhtxluhg lq rughu wr gh�qh d �up*v

ydoxdwlrq1 Ohw �up l *v fdslwdo vwrfn eh ghqrwhg &� dqg ohwk � E&�c ���c &?c &ec &s �c zkhuh &e

ghqrwhv wkh fdslwdo vwrfn ri wkh h{whuqdo �up/ dqg &s wkh idlolqj �up*v fdslwdo vwrfn1 Wkh

fruuhvsrqglqj yhfwru lq wkh fdvh zkhuh wkh idlolqj �up*v dvvhwv duh oltxlgdwhg lv xvhg dv

4; Lq wkh RHFG2JG+<9,56 urxqgwdeoh +flwhg lq qrwh 6,/ wkh Vhfuhwduldw zurwh= � Wklv h{0

sodlqv zk| fhuwdlq mxulvglfwlrqv zlwkkrog d idlolqj �up ghihqfh2h{fhswlrq xqohvv wkh sduwlhv

ghprqvwudwh wkdw vhulrxv wklug sduw| h�ruwv kdyh ehhq pdgh wr �vkrs wkh �up�/ dqg kdyh

idlohg wr surgxfh d ohvv dqwl0frpshwlwlyh uhdvrqdeoh r�hu�1 Vhh wkh H1F1 Fdvh Qr LY2P163;0

Ndol.Vdo}2PgN2Wuhxkdqg/ dqg IWF y1 Kduerxu Jurxs Lqyhvwphqw/ O1S1/ 4<<305 Wudgh Fdv1

9</57: +G1G1F1 4<<3,/ iru fdvhv zkhuh dq lqdghtxdwh vhdufk iru dq dowhuqdwlyh ex|hu uhvxowhg

lq d suholplqdu| lqmxqfwlrq1
4< Iru lqvwdqfh/ wkh Fdqdgldq frqwulexwlrq vwdwhv wkdw= �Zkloh hyhu| h�ruw wr pdlqwdlq

frq�ghqwldolw| zrxog eh pdgh/ fohduo| vrph lpsruwdqw lqirupdwlrq zrxog kdyh wr eh glvforvhg�1
53 L dvvxph wkdw doo srwhqwldo ex|huv sduwlflsdwh lq wkh elgglqj/ dqg wkdw doo srwhqwldo ex|huv

h{shfw doo rwkhu srwhqwldo ex|huv wr sduwlflsdwh1

<



d uhihuhqfh srlqw iru lqwhusuhwdwlrqdo frqyhqlhqfh/ dqg lv ghqrwhg kf
� E&f�c ���c &

f
?c &

f
e c f�1

Wkh lqfuhdvh lq fdslwdo vwrfn iru �up l zkhq rewdlqlqj wkh idlolqj �up*v dvvhwv lv ghqrwhg

{&� '
b

&s 1 Ohw k
� ghqrwh wkh yhfwru ri fdslwdo vwrfnv diwhu �up m kdv rewdlqhg wkh idlolqj

�up*v dvvhwv dqg Z�Ek
�� ghqrwh wkh sur�w pdgh e| �up l zkhq �up m kdv dftxluhg wkh

idlolqj �up*v dvvhwv1 Wkhq/ wkh ydoxdwlrq iru �up l/ ��,� c lv gh�qhg=

Gh�qlwlrq 41 �
�,

� � Z�Ek��� Z�Ek,�

Wklv ydoxdwlrq lv ghwhuplqhg e| wzr frpsrqhqwv1 Wkh �uvw lv wkh sur�w pdgh e|

�up l zkhq �up m kdv dftxluhg wkh idlolqj �up*v dvvhwv1 Wkh vhfrqg lv wkh sur�w pdgh

e| �up l zkhq �up o kdv dftxluhg wkh dvvhwv1 ��,� lv wkh jdlq iru �up l ri rewdlqlqj

wkh dvvhwv jlyhq wkdw �up o zloo rwkhuzlvh rewdlq wkhp1 Iurp gh�qlwlrq +4,/ zh vhh

wkdw ��,� ' EZ�Ek
��� Z�Ek

f�� n EZ�Ek
f�� Z�Ek

,��� Wkxv/ wkh ydoxdwlrq ri rewdlqlqj wkh

dvvhwv iru �up l lv wkh sur�w lqfuhdvh fdxvhg e| lwv dvvhw h{sdqvlrq soxv wkh sur�w orvv

dyrlghg e| suhyhqwlqj �up o iurp h{sdqglqj1 Prvw dxfwlrq olwhudwxuh grhv qrw ghdo zlwk

vlwxdwlrqv zkhuh wkh odwwhu h�hfw h{lvwv1 Exw/ dv zh vkdoo vhh/ lw sod|v d fhqwudo sduw lq

dq dxfwlrq zkhuh wkh srwhqwldo ex|huv frpshwh lq dq roljrsro|1 Qrwh wkdw wkh ydoxdwlrq

iru �up l ri rewdlqlqj wkh dvvhwv lqvwhdg ri ohwwlqj wkhp h{lw lv ghqrwhg ��f� �

Wkh ydoxdwlrq iru �up l ri �up m lqvwhdg ri �up o rewdlqlqj d pdujlqdo dprxqw ri

dvvhwv lv
_�

�,
�

_&�
�

_Z�Ek
f�

_&�
�

_Z�Ek
f�

_&,
/ zkhuh _&� ' _&, : f ghqrwhv wkdw wkh dvvhwv duh rewdlqhg

e| �up m1

D elg +vwudwhj|, e| rqh ri wkh srwhqwldo ex|huv lv d uhdo qxpehu K� 5 -� Dv revhuyhg

deryh/ frpshwlwlrq dxwkrulwlhv w|slfdoo| uhtxluh wkdw/ iru wkh idlolqj �up ghihqvh dujx0

phqw wr eh dffhswhg/ wkhuh pxvw eh qr dowhuqdwlyh ex|hu zkr pljkw fdxvh ohvv kdup wr

frpshwlwlrq/1 Wkh lqwhusuhwdwlrq ri wkh h{suhvvlrq ohvv kdup wr frpshwlwlrq lv fuxfldo1

Wklv fulwhulrq lv rshq wr lqwhusuhwdwlrq1 Exw/ lq sudfwlfh/ lw vhhpv dv li frpshwlwlrq dx0

wkrulwlhv duh uhdoo| orrnlqj dw pdunhw vkduhv154 Lq rughu wr fdswxuh wklv uhtxluhphqw/ ohw

54 Dqrwkhu srvvlelolw| lv wr dvvxph wkdw wkh frpshwlwlrq dxwkrulwlhv xvh wkh KKL ru wkh Ohduqhu

Lqgh{ lqvwhdg ri pdunhw vkduhv1 Wkh KKL ru Ohduqhu lqgh{ zrxog lqfuhdvh ohvv/ krzhyhu/ li d

vpdoohu �up rewdlqhg wkh dvvhwv lq d Frxuqrw prgho1 Wkxv/ wkh vhw0xs lv dovr frpsdwleoh zlwk

wklv lqwhusuhwdwlrq1
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�up l*v pdunhw vkduh eh ghqrwhg e| r� �
^�
'
� Ixuwkhupruh/ ohw t eh dq duelwudu| yhfwru

ri pdunhw vkduhv lq wkh lqgxvwu| dqg 5 wkh vhw ri doo vxfk yhfwruv1 Wkh vdohv phfkdqlvp

� ri wkh frpshwlwlrq dxwkrulw| lv wkhq d ixqfwlrq iurp -?n� � 5 wr i�c ���c ?c ej gh�qlqj

d zlqqhu �EMc t� 5 i�c ���c ?c ej� Wkh gl�huhqw dftxlvlwlrq uxohv vwxglhg lq wkh dqdo|vlv

ehorz/ zloo eh ghvfulehg e| phdqv ri gl�huhqw vdohv phfkdqlvpv1

Wkh sd|r� iru d srwhqwldo ex|hu l/ ��EMc �EMc t��c lv �
�f

� li �EMc t� ' � 9' �c dqg ��f� �K�

li �EMc t� ' �� Ohw ` Ek
�
� ghqrwh wkh zhoiduh zkhq �up l kdv rewdlqhg wkh idlolqj �up*v

dvvhwv1 Wkh sd|r� `�EMc �EMc t�� iru wkh dxwkrulw| lv ` Ek
�
��` Ek

f
��

Wkh dxfwlrqv zloo eh vroyhg iru Qdvk htxloleuld lq xqgrplqdwhg sxuh vwudwhjlhv1 Lw

lv dvvxphg wkdw wkhuh lv d vpdoohvw prqhwdu| xqlw/ ghqrwhg e| 01 Zh dvvxph wkdw wlhv

duh udqgrpo| eurnhq/ dqg wkdw doo htxdolwlhv olnh ��&� ' �
�,

� duh uxohg rxw1 Wkh vpdoohvw

dprxqw 0 lv fkrvhq vxfk wkdw doo lqhtxdolwlhv duh suhvhuyhg li dq 0 lv dgghg ru vxewudfwhg1

61 Dftxlvlwlrq Uxohv

Wr irfxv rq wkh gl�huhqfh ehwzhhq wkh idlolqj �up ghihqvh uxohv dqg wkh vwdqgdug phujhu

odz/ lw lv dvvxphg wkdw dq| phujhu ehwzhhq �upv lq wkh lqgxvwu| lv eorfnhg zkhq wkh

vwdqgdug phujhu odz lv dssolhg155 Wkdw lv/ wkh h{whuqdo �up lv dvvxphg wr rewdlq wkh

dvvhwv xqghu wkh vwdqgdug phujhu odz uxoh1

Ohw xv qrz wxuq wr wkh irupdo lqwhusuhwdwlrqv ri wkh gl�huhqw idlolqj �up ghihqvh

uxohv1 L vwduw zlwk wkh XV/ zkhuh wkh fdvh0odz kdv hvwdeolvkhg wkdw wkh idlolqj �up

ghihqvh fdq eh xvhg li wkh wzr frqglwlrqv ghvfulehg lq wkh lqwurgxfwlrq duh phw1 Wkh �uvw

frqglwlrq uhtxluhv wkdw wkh idlolqj �up pxvw eh xqdeoh wr phhw lwv �qdqfldo reoljdwlrqv

\hw dqrwkhu lqwhusuhwdwlrq lv wkdw wkh dowhuqdwlyh ex|hu zrxog srvh ohvv vhyhuh gdqjhu wr kljk

sulfhv1 Wklv lqwhusuhwdwlrq zrxog qrw eh frpsdwleoh zlwk wkh dqdo|vlv surylghg khuh1 Krzhyhu/

wklv fulwhulrq vhhpv pxfk pruh ghpdqglqj iru wkh frpshwlwlrq dxwkrulw|/ dqg lv dssduhqwo|

qrw xvhg lq sudfwlvh1
55 Wklv dvvxpswlrq sxwv uhvwulfwlrqv rq wkh xqghuo|lqj Frxuqrw prgho1 Edvlfdoo|/ lw phdqv

wkdw wkh phujhu lqfuhdvhv frqfhqwudwlrq lq d qrq0qhjoleoh zd| dqg wkdw frvw vdylqjv dvvrfldwhg

zlwk wkh phujhu duh olplwhg1 Lq wkh dqdo|vlv ehorz/ lw zloo qrw eh yhul�hg zkhwkhu wkhvh

uhvwulfwlrqv duh vdwlv�hg1

Wkh dqdo|vlv lv dovr vlpsol�hg e| wklv dvvxpswlrq/ vlqfh lw fhuwl�hv wkdw qr rwkhu phujhu wkdq

wkh srvvleoh phujhu zlwk wkh idlolqj �up wdnhv sodfh1

44



dqg lv qrw yldeoh lq wkh orqj uxq1 Frqglwlrq 5 uhtxluhv wkdw qr ohvv dqwlfrpshwlwlyh

dftxlvlwlrq lv dydlodeoh1 Wkh 4<<5 Phujhu Jxlgholqhv vhhp wr dgrsw wklv srvlwlrq= Wkh

�uvw frqglwlrq phqwlrqhg deryh fruuhvsrqgv wr wkh wzr �uvw frqglwlrqv lq wkh 4<<5 XV

Phujhu Jxlgholqhv1 Wkh vhfrqg frqglwlrq fruuhvsrqgv wr wkh wklug dqg irxuwk frqglwlrqv

lq wkh 4<<5 XV Phujhu Jxlgholqhv156 Krzhyhu/ vlqfh wkh uxohv lq wkh Jxlgholqhv duh pruh

h{solflwo| ghvfulehg/ L zloo xvh wkhvh lq p| dqdo|vlv1

Wkh �uvw frqglwlrq lq wkh 4<<5 XV Phujhu Jxlgholqhv uhtxluhv wkdw wkh idlolqj �up

pxvw eh xqdeoh wr phhw lwv �qdqfldo reoljdwlrqv1 Wkh vhfrqg frqglwlrq hqvxuhv wkdw wkh

�up grhv qrw rqo| kdyh vkruw0whup gl!fxowlhv/ exw lv dovr qrw yldeoh lq wkh orqj uxq1

Vlqfh lw lv vlpso| dvvxphg lq wklv vhw0xs wkdw wkh �idlolqj �up� lv idlolqj/ wkh �uvw wzr

frqglwlrqv duh ixo�oohg e| dvvxpswlrq1 Frqglwlrq 6 uhihuv wr dq dowhuqdwlyh ex|hu wkdw

zrxog srvh ohvv vhyhuh gdqjhu wr frpshwlwlrq1 Dv dvvxphg deryh/ wklv fruuhvsrqgv wr

d �up zlwk d vpdoohu pdunhw vkduh1 Ixuwkhupruh/ wklv dowhuqdwlyh ex|hu pxvw pdnh d

uhdvrqdeoh r�hu/ gh�qhg dv iroorzv= �Dq| r�hu wr sxufkdvh wkh dvvhwv ri wkh idlolqj �up

iru d sulfh deryh wkh oltxlgdwlrq ydoxh ri wkrvh dvvhwv 0 wkh kljkhvw ydoxhg xvh rxwvlgh

wkh uhohydqw pdunhw ru htxlydohqw r�hu wr sxufkdvh wkh vwrfn ri wkh idlolqj �up 0 zloo

eh uhjdughg dv d uhdvrqdeoh dowhuqdwlyh r�hu1� Pruhryhu/ lq wklv vhw0xs/ Frqglwlrq 7 lv

ixo�oohg li dqg rqo| li Frqglwlrq 6 lv ixo�oohg/ vlqfh lw lv dvvxphg wkdw wkh idlolqj �up zloo

eh oltxlgdwhg dqg h{lw li qrw dftxluhg1 Zh fdq wkhuhiruh ljqruh Frqglwlrq 7157 Khqfh/

wkh XV idlolqj �up ghihqvh lv ydolg khuh li dqg rqo| li Frqglwlrq 6 lv vdwlv�hg1

Irupdoo|/ wklv uxoh fdq eh ghvfulehg lq wkh iroorzlqj zd|1 Uhfdoo wkdw �up 4 lv wkh

odujhvw �up/ �up 5 wkh vhfrqg odujhvw/ hwf1/ dqg ohw � eh gh�qhg= � ' 4@ i� G K� � Kej�

Wkxv/ � lv wkh vpdoohvw �up lq wkh lqgxvwu| wkdw srvwv d elg dw ohdvw dv kljk dv wkh elg

srvwhg e| wkh h{whuqdo �up1 Wkh vhoolqj uxoh/ �L7
EMc t�c lv wkhq gh�qhg=

56 Dffruglqj wr Kryhqndps +4<<7/ s1 7<9, +flwhg lq qrwh 6, wkh XV 4<<5 Phujhu Jxlgholqhv

jhqhudoo| dgrsw wkh srvlwlrq ri wkh fdvh0odz frqfhuqlqj wkh idlolqj �up ghihqvh1
57 Wklv vhhpv uhdvrqdeoh/ vlqfh wkh irxuwk frqglwlrq lv surylghg wr hqvxuh wkdw wkh �up lv qrw

yldeoh lq wkh orqj uxq1 Kryhqndps +4<<7, +flwhg lq qrwh 6, pdnhv wkh iroorzlqj lqwhusuhwdwlrq=

�Wkh irxuwk idfwru lv dq dgglwlrq iurp wkh 4<;7 Jxlgholqhv/ dqg vxjjhvwv wkdw wkh hqirufhphqw

djhqflhv duh jrlqj wr jlyh dvvhuwlrqv ri wkh idlolqj frpsdq| ghihqvh hyhq forvhu vfuxwlq| wkdq

wkh| kdyh uhfhlyhg lq wkh sdvw�1
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Gh�qlwlrq 51 �L7EMc t� '

;?
=

� li � h{lvwv

e rwkhuzlvh

<@
>

Lq wkh Ndol dqg Vdo} fdvh lq wkh HX/ wkh Frpplvvlrq vwdwhg wkdw dq rwkhuzlvh dqwl0

frpshwlwlyh phujhu pd| eh shuplwwhg li wkuhh frqglwlrqv/ ghvfulehg lq wkh Lqwurgxfwlrq/

duh phw1 Pruh vshfl�fdoo|= +l, Wkh Frpplvvlrq frqvlghuhg wkdw PgN zdv qrw frpshw0

lwlyh dqg frqvwlwxwhg d idlolqj �up/ iru wkh sxusrvhv ri wkh dssolfdwlrq ri wkh �uhvfxh

phujhu� sulqflsoh1 +ll, Dffruglqj wr wkh Frpplvvlrq/ lw frxog uhdvrqdeo| eh h{shfwhg

wkdw li PgN qr orqjhu h{lvwhg dv d frpshwlwru/ yluwxdoo| doo ri lwv pdunhw vkduh zrxog jr

wr Ndol dqg Vdo}1 +lll, Jrogpdq Vdfkv zdv dvvljqhg wkh wdvn ri lqylwlqj whqghuv iru PgN1

Qrqh ri wkh frpsdqlhv frqwdfwhg e| Jrogpdq Vdfkv ru wkh Frpplvvlrq zdv suhsduhg

wr dftxluh PgN1 Rq wklv edvlv/ wkh Frpplvvlrq frqfoxghg wkdw doo uhtxluhphqwv iru wkh

dssolfdwlrq ri wkh frqfhsw ri d �uhvfxh phujhu� zhuh phw lq wklv fdvh158

Lq wklv vhw0xs/ HX Frqglwlrqv +l, dqg +lll, duh lghqwlfdo zlwk Frqglwlrqv 4 wr 7 lq wkh

4<<5 XV Phujhu Jxlgholqhv1 Frqglwlrq +ll, dggv dq h{wud uhvwulfwlrq1 Wkh frpshwlwlrq

dxwkrulw|*v vwudwhj| lv wkhuhiruh gh�qhg=

Gh�qlwlrq 61 �.L EMc t� '

;?
=

� li � h{lvwv dqg r�Ek
�� � r�Ek

f�

e rwkhuzlvh

<@
>

Wkh gl�huhqfh ehwzhhq wkh XV dqg wkh HX uxoh lv wkh HX Frqglwlrq +ll, zklfk dggv

dq h{wud uhvwulfwlrq wr wkh HX uhtxluhphqw1 Wklv gl�huhqfh zdv h{solflwo| glvfxvvhg lq

wkh Mrlqhg Fdvhv F09;2<7/59 zklfk lv wkh rqo| fdvh zkhuh wkh uhvfxh phujhu frqfhsw

kdv ehhq glvfxvvhg e| wkh Frxuw1 Wkh Iuhqfk Jryhuqphqw dujxhg wkdw wkh Frpplvvlrq

58 Lq rqh rwkhu fdvh rqo|/ wkh Gh Kdyloodqg fdvh/ glg wkh Frpplvvlrq h{dplqh zkhwkhu d

qrwl�hg frqfhqwudwlrq zrxog frqvwlwxwh d �uhvfxh phujhu�1 Wkh fdvh frqfhuqhg wkh mrlqw dftxl0
vlwlrq ri Gh Kdyloodqg/ wkh uhjlrqdo dlufudiw glylvlrq ri Erhlqj/ e| Dìurvsdwldoh dqg Dohqld Wkh

sduwlhv dujxhg wkdw li wkh sursrvhg rshudwlrq kdg qrw wdnhq sodfh/ Gh Kdyloodqg*v surgxfwlrq
pljkw kdyh ehhq skdvhg rxw e| Erhlqj1 Krzhyhu/ rq edvlv ri wkh hylghqfh pdgh dydlodeoh/

wkh Frpplvvlrq dvvhvvhg wkdw wkhuh zdv qr vxfk olnholkrrg1 Wkh Frpplvvlrq wkhq frqfoxghg
wkdw wkh frqfhsw ri d �uhvfxh phujhu� glg qrw dsso|1 Vhh wkh Frqwulexwlrq e| wkh Hxurshdq
Frpplvvlrq Ghohjdwlrq lq RHFG Urxqgwdeohv/ Idlolqj Ilup Ghihqvh/ RHFG2JG+<9,561

59 Wkh Frxuw ri Mxvwlfh ri wkh Hxurshdq Frppxqlwlhv/ Mxgjphqw ri wkh Frxuw/ Mrlqhg Fdvhv

F09;2<7/ dydlodeoh dw kwws=22zzz1fxuld1hx1lqw2hq2lqgh{1kwp
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duelwudulo| lqwurgxfhg wkh fulwhulrq ri wkh devruswlrq ri pdunhw vkduhv1 Krzhyhu/ wkh HX

Frxuw uhmhfwv wklv sohd/ dv vwdwhg lq Srlqw 449=

�Wkh fulwhulrq ri devruswlrq ri pdunhw vkduhv/ dowkrxjk qrw frqvlghuhg e| wkh Frp0

plvvlrq dv vx!flhqw lq lwvhoi wr suhfoxgh dq| dgyhuvh h�hfw ri wkh frqfhqwudwlrq rq frp0

shwlwlrq/ wkhuhiruh khosv wr hqvxuh wkh qhxwudo h�hfwv ri wkh frqfhqwudwlrq dv uhjdugv wkh

ghwhulrudwlrq ri wkh frpshwlwlyh vwuxfwxuh ri wkh pdunhw1 Wklv lv frqvlvwhqw zlwk wkh

frqfhsw ri fdxvdo frqqhfwlrq vhw rxw lq Duwlfoh 5+5, ri wkh Uhjxodwlrq1�

Lw lv dovr lqwhuhvwlqj wr qrwh wkdw wkh Iuhqfk Jryhuqphqw fulwlfl}hg wkh Frpplvvlrq

iru lqfruuhfwo| xvlqj wkh �idlolqj frpsdq| ghihqvh� lq wkh X1V1 dqwlwuxvw ohjlvodwlrq1

Krzhyhu/ wkh Frxuw dujxhg wkdw wklv glg qrw d�hfw wkh odzixoqhvv ri wkh Frpplvvlrqv

ghflvlrq/ dv vwdwhg lq Srlqw 445=

�Lw pxvw eh revhuyhg/ �uvw ri doo/ wkdw wkh idfw wkdw wkh frqglwlrqv vhw e| wkh Frp0

plvvlrq iru frqfoxglqj wkdw wkhuh zdv qr fdxvdo olqn ehwzhhq wkh frqfhqwudwlrq dqg wkh

ghwhulrudwlrq ri wkh frpshwlwlyh vwuxfwxuh gr qrw hqwluho| frlqflgh zlwk wkh frqglwlrqv

dssolhg lq frqqhfwlrq zlwk wkh Xqlwhg Vwdwhv cidlolqj frpsdq| ghihqfh* lv qrw lq lwvhoi

d jurxqg ri lqydolglw| ri wkh frqwhvwhg ghflvlrq1 Vroh| wkh idfw wkdw wkh frqglwlrqv vhw

e| wkh Frpplvvlrq zhuh qrw fdsdeoh ri h{foxglqj wkh srvvlelolw| wkdw d frqfhqwudwlrq

pljkw eh wkh fdxvh ri wkh ghwhulrudwlrq lq wkh frpshwlwlyh vwuxfwxuh ri wkh pdunhw frxog

frqvwlwxwh d jurxqg ri lqydolglw| ri wkh ghflvlrq1�

Wr looxvwudwh wkh gl�huhqfhv ehwzhhq wkhvh idlolqj �up ghihqvh uxohv dqg wkh vwdqgdug

phujhu odz uxoh lq wklv vhw0xs/ frqvlghu wkh iroorzlqj h{dpsoh= Wkhuh duh wkuhh �upv lq d

pdunhw/ rqh idlolqj �up dqg wzr yldeoh �upv/ �upv 4 dqg 51 Ilup 4 kdv d odujhu pdunhw

vkduh wkdq �up 51 Wkhuh lv dovr d irxuwk �up/ h/ zklfk lv dfwlyh lq dqrwkhu pdunhw1

Wkh wdeoh ehorz vkrzv krz wkh gl�huhqw dftxlvlwlrq uxohv doorfdwh wkh dvvhwv iru d jlyhq

yhfwru ri elgv/ EK�c K2c Ke�� L xvh wzr frpelqdwlrqv ri elgv lq rughu wr looxvwudwh wkh pdlq

gl�huhqfhv ehwzhhq wkh uxohv1 Lq hlwkhu fdvh/ �up 4 pdnhv wkh kljkhvw elg1 Wkh gl�huhqfh

ehwzhhq wkh wzr fdvhv lv wkdw lq fdvh 4/ �up 5*v elg h{fhhgv wkh h{whuqdo elg/ zkhuhdv

wkh rssrvlwh krogv lq fdvh 51
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Elg Yhfwru VPO dqg HX Uxoh XV 4<<5 Uxoh

4 K� : K2 : Ke Ilup h Ilup 5

5 K� : Ke : K2 Ilup h Ilup 4

Lq erwk fdvhv/ wkh vwdqgdug phujhu uxoh lpsolhv wkdw �up h rewdlqv wkh dvvhwv/ vlqfh

qhlwkhu �up 4 qru �up 5 lv doorzhg wr dftxluh wkh dvvhwv/ e| dvvxpswlrq1

Lq Fdvh 4/ wkh XV uxoh lpsolhv wkdw �up 5 rewdlqv wkh dvvhwv/ vlqfh wkhuh lv qr

�frpshwlwlyho| suhihudeoh ex|hu� zlwk d kljkhu elg1 Ilup 4 grhv qrw rewdlq wkh dvvhwv/

vlqfh lwv pdunhw vkduh h{fhhgv wkdw ri �up 51 Lq Fdvh 5/ dffruglqj wr wkh XV uxoh/ �up

4 zloo eh doorzhg wr dftxluh wkh dvvhwv/ vlqfh wkhvh zrxog rwkhuzlvh h{lw wkh pdunhw1

Li wkhuh duh dw ohdvw wzr �upv lq wkh lqgxvwu|/ qr �up wdnh ryhu wkh h{lwlqj �up*v

hqwluh pdunhw vkduh lq d Frxuqrw prgho1 Wkxv/ li dw ohdvw wzr �upv uhpdlq lq wkh pdunhw/

wkh HX uxoh lpsolhv wkdw wkh dvvhwv duh rewdlqhg e| wkh rxwvlgh �up1

6141 Wkh htxloleulxp

Wkh �upv* elgglqj ehkdylru lv ghshqghqw rq wkh uhodwlrq ehwzhhq wkhlu rzq ydoxdwlrq

ri rewdlqlqj wkh idlolqj �up*v dvvhwv dqg doo rwkhu �upv* ydoxdwlrqv ri rewdlqlqj wkhvh

dvvhwv1 Doo srvvleoh rughulqjv ri wkh gl�huhqw �upv* ydoxdwlrqv pxvw �uvw eh frqvlghuhg dv

rswlrqv lq wkh dqdo|vlv1 Lq wkh fdvh zlwk wzr �upv lq wkh lqgxvwu| dqg rqh �up rxwvlgh/

wkhuh duh 63 gl�huhqw rughulqjv wr frqvlghu/ dv lv yhul�hg lq Ohppd D4 lq wkh Dsshqgl{1

Lq rughu wr pdnh wkh dqdo|vlv ri wkh htxloleulxp pruh wudfwdeoh/ zhdno| grplqdwhg

vwudwhjlhv duh �uvw holplqdwhg1 Wkh zhdno| grplqdwhg uhvshfwlyho| qrw zhdno| grplqdwhg

vwudwhjlhv duh ghvfulehg lq wkh iroorzlqj Ohppd=

Ohppd 41 +4, Iru �L7 dqg �.L / zh kdyh wkdw +l, dq| elg K� � 4@ � �
��

� lv zhdno|

grplqdwhg e| wkh elg K�

� � 4@ � �
��

� � 0c +ll, dq| elg K� � K�

� lv qrw grplqdwhg1

Surri1 Vhh Dsshqgl{1

Wkh iroorzlqj Ohppd vkrzv wkdw wkh dqdo|vlv fdq eh hyhq ixuwkhu uhvwulfwhg1

Ohppd 51 Qr �up zloo lq htxloleulxp rewdlq wkh idlolqj �up*v dvvhwv iru dq| elg K� : �ee

xqghu +l, �L7 ru +lll, �.L 1
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Surri1 Vhh Dsshqgl{1

Ohw xv qrz wxuq wr wkh lghqwl�fdwlrq ri wkh htxloleulxp ex|huv xqghu wkh gl�huhqw

dftxlvlwlrq uxohv1 Wkh iroorzlqj Ohppd lghqwl�hv wkh htxloleulxp ex|hu xqghu wkh XV

uxoh iru wkh fdvh ri rqh dqg wzr �upv/ uhvshfwlyho|/ lq wkh lqgxvwu|1 Wr vlpsoli| wkh

suhvhqwdwlrq/ wkh rughulqj ri lqhtxdolwlhv kdv ehhq ghqrwhg lq wkh iroorzlqj zd|= Iru

lqvwdqfh/ zkhq ? ' 2c �e

e

�

: �
��

� uhihuv wr doo rughulqjv zkhuh wkh �uvw lqhtxdolw| lv �ee : �
��

�

dv lq wkh rughulqj= �ee : �
�2

�
: �

�e
�

: �
2�

2
: �

2e
2

dqg �
e
e : �

2�

2
: �

�2

�
: �

�e
�

: �
2e
2
/ hwf1

Ohppd 61 Frqvlghu uxoh �
L7

�

+L, Ohw ? ' �1 Wkhq

+4, wkh rxwvlgh �up rewdlqv wkh dvvhwv li �ee : �
�e
�
(

+5, wkh prqrsrolvw rewdlqv wkh dvvhwv li ��e
�

: �
e
e1

+LL, Ohw ? ' 2� Wkhq

+4, wkh rxwvlgh �up rewdlqv wkh dvvhwv li �ee
�

: �
��

� c ru �
2�

2

�

: �
e
e>

+5, �up 4 rewdlqv wkh dvvhwv li ��2
�

: �
�e
�

: �
e
e : �

2�

2
: �

2e
2
>

+6, �up 5 rewdlqv wkh dvvhwv li �2e
2

: �
e
e ru �ee

e

: �
2e
2
>

+7, wkh rxwvlgh �up ru �up 5 rewdlqv wkh dvvhwv li

�
��

�

�

: �
��

�

2

: �
e
ec zkhuh �c � ' �c 2 dqg � 9' �c ru ��2

�

�

: �
e
e

+8, +4,0+7, h{kdxvw doo srvvleoh rughulqjv ri wkh ydoxdwlrqv1

Surri1 Vhh Dsshqgl{1

Wkh Ohppd wkxv hvwdeolvkhv wkdw li wkh lqfxpehqw lv d prqrsrolvw/ wkh dvvhwv zloo eh

rewdlqhg e| hlwkhu wkh lqfxpehqw ru wkh h{whuqdo �up/ ghshqglqj rq zklfk ri wkhvh �upv

hydoxdwhv wkh dvvhwv wkh prvw1 Zkhq wkhuh duh dw ohdvw wkuhh srwhqwldo ex|huv/ krzhyhu/

wkh ex|hu zlwk wkh kljkhvw pd{lpxp ydoxdwlrq grhv qrw qhfhvvdulo| rewdlq wkh dvvhwv1

Iru lqvwdqfh/ zkhq �
2�

2
: �

�2

�
: �

e
e : �

�e
�

: �
2e
2
c lw lv srvvleoh wkdw ex|hu h rewdlqv wkh

dvvhwv/ hyhq wkrxjk dqrwkhu ex|hu hydoxdwhv wkh dvvhwv kljkhu1 Wkh uhdvrq lv wkdw �up 5

hydoxdwhv wkh dvvhwv kljkhu wkdq ex|hu h/ rqo| li �up 4 zloo rwkhuzlvh rewdlq wkh dvvhwv1

Exw li ex|hu h zloo rwkhuzlvh rewdlq wkh dvvhwv/ �up 5*v ydoxdwlrq lv orzhu wkdq ex|hu h*v

ydoxdwlrq1 Qrwh dovr wkdw zkhq wkhuh duh wzr �upv lq wkh lqgxvwu|/ wkh vpdoohu �up lv
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pruh �olnho|� wr rewdlq wkh dvvhwv wkdq wkh odujhu �up15: Wkxv/ wkh XV 4<<5 uxoh idyruv

vpdoohu �upv1

Qrz/ ohw xv frqvlghu wkh HX uxoh1 Wkh iroorzlqj Ohppd ghvfulehv wkh doorfdwlrq ri

wkh idlolqj �up*v dvvhwv xqghu wkh HX uhvfxh phujhu odz=

Ohppd 71 Xqghu �.L +4, Ohw ? ' �� Wkhq li +l,/ ��e
�
: �

e

e
c wkh prqrsrolvw rewdlqv wkh

dvvhwvc dqg li +ll, �e
e
: �

�e

�
wkh rxwvlgh �up rewdlqv wkh dvvhwv1 +5, Ohw ? A 2� Wkhq wkh

rxwvlgh �up rewdlqv wkh dvvhwv1

Surri1 Vhh Dsshqgl{1

Wkh HX uxoh dqg wkh XV 4<<5 idlolqj �up ghihqvh uxoh duh htxlydohqw/ zkhq wkhuh lv d

prqrsrolvw lq wkh lqgxvwu|1 Li wkhuh duh dw ohdvw wzr �upv lq wkh lqgxvwu|/ qr vlqjoh �up

zloo wdnh ryhu wkh h{lwlqj �up*v hqwluh pdunhw vkduh1 Wkxv/ li dw ohdvw wzr �upv uhpdlq

lq wkh lqgxvwu|/ wkh HX uxoh lpsolhv wkdw wkh dvvhwv duh rewdlqhg e| wkh rxwvlgh �up15;

6151 Dq hydoxdwlrq ri wkh idlolqj �up ghihqvh uxohv

L qrz wxuq wr dq hydoxdwlrq ri ydulrxv dvshfwv ri wkh idlolqj �up ghihqvh uxohv/ vwduwlqj

zlwk d zhoiduh hydoxdwlrq1

615141 Wkh idlolqj �up ghihqvh dqg zhoiduh

Wkh idlolqj �up ghihqvh uxohv gr qrw jxdudqwhh wkdw wkh vrfldoo| suhihuuhg ex|hu rewdlqv

wkh dvvhwv/ vlqfh wkh uxohv duh edvhg rqo| rq wkh �upv* elgv dqg rq wkh �upv* pdunhw

5: Ixuwkhupruh/ lq srlqw +7,/ wkh Ohppd ghprqvwudwhv/ wkdw zkhq y2�
2

A y�2
�

A ye
e
A y�e

�
A

y2e
2
> wkhuh duh wzr srvvleoh htxloleuld1 Rqh lv glvfxvvhg deryh/ zkhuh �up h rewdlqv wkh dvvhwv1

Exw wkhuh lv dovr dq htxloleulxp zkhuh �up 5 rewdlqv wkh dvvhwv dqg zkhuh �up 4 srvwv d

elg kljkhu wkdq ee1 Wklv lv dq htxloleulxp/ vlqfh lw lv rswlpdo iru �up 5 wr srvw d kljkhu elg

wkdq �up h/ li �up 4 srvwv d elg kljkhu wkdq ee= Pruh jhqhudoo|/ dv srlqwhg rxw e| Mhklho

dqg Progrydqx/ wklv lv fdxvhg e| wkh idfw wkdw wkh sulfh hdfk ex|hu lv zloolqj wr sd| lq d

vr0fdoohg �dxfwlrq zlwk hqgrjhqrxv ydoxdwlrqv� ghshqgv rq zklfk ex|hu kh eholhyhv zloo rewdlq

wkh dvvhwv li kh grhv qrw1 Wkhvh eholhiv duh hqgrjhqrxvo| ghwhuplqhg lq htxloleulxp/ dqg vhyhudo

frqvlvwhqw eholhiv fdq eh frqvwuxfwhg1
5; Lq d prgho zlwk surgxfw gl�huhqwldwlrq/ rqh �up pd| rewdlq wkh h{lwlqj �up*v hqwluh

pdunhw vkduh1 Krzhyhu/ lq prvw roljrsro| prghov/ wkh uhpdlqlqj �upv zloo vkduh wkh h{lwlqj

�up*v pdunhw vkduh1 Pruhryhu/ wkh rqo| fdvh zkhuh wkh Frpplvvlrq dffhswhg d phujhu zlwk d

uhvfxh phujhu dujxphqw zdv lq d prqrsro| vlwxdwlrq1 +Ndol.Vdo}2PgN2Wuhxkdqg1,
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vkduhv> qrw rq wkhlu xqghuo|lqj whfkqrorjlhv1 D elgglqj �up grhv qrw lqwhuqdol}h wkh

h{whuqdolwlhv lw zloo h{huw rq ulydov dqg frqvxphuv/ li lw rewdlqv wkh dvvhwv1 Lw fdq eh

vkrzq wkdw wklv lpsolhv wkdw wkh sulydwh dqg wkh vrfldo udqnlqjv ri wkh srwhqwldo ex|huv

ri wkh idlolqj �up*v dvvhwv gr qrw frlqflgh15<

E| idyrulqj ex|huv zkr srvh d ohvv vhyhuh gdqjhu wr frpshwlwlrq/ l1h1 vpdoohu �upv/ dv

lq frqglwlrq 6 lq wkh idlolqj �up ghihqvh uxohv/ wkh ghihqvhv gr qrw shuihfwo| frpshqvdwh

iru wkh lqh!flhqf| fdxvhg e| pdnlqj wkh doorfdwlrq ghshqghqw rq wkh �upv* elgv1 Wklv

frqglwlrq zloo wkxv sod| d fhqwudo sduw iru wkh shuirupdqfh ri wkh idlolqj �up ghihqvh

uxohv dqg zloo eh uhihuuhg wr dv wkh �ohdvw gdqjhu wr frpshwlwlrq� frqglwlrq1 Wkh uhdvrq

zk| wkh �ohdvw gdqjhu wr frpshwlwlrq� +OGF, frqglwlrq grhv qrw shuihfwo| frpshqvdwh

iru wkh lqh!flhqf|/ lv looxvwudwhg e| wkh fdvhv zkhuh wkh �upv* ydoxdwlrqv duh udqnhg dv

�
2e

2
: �

e

e
� Wkhq �up 5 rewdlqv wkh dvvhwv xqghu wkh XV uxoh dffruglqj wr Ohppd 61 Lw

pljkw/ krzhyhu/ eh vrfldoo| ghvludeoh wr ohw wkh dvvhwv h{lw ru wr ohw �up 4 rewdlq wkhp1

Ohw xv �uvw wdnh d forvhu orrn dw wkh frpsdulvrq ehwzhhq �up 4 dqg �up 51 Rqh

pljkw eholhyh wkdw wkh vpdoohvw �up lv wkh vrfldoo| prvw suhihuuhg ex|hu/ exw wklv lv qrw

qhfhvvdulo| wuxh/ dv vkrzq lq wkh iroorzlqj revhuydwlrq163

Revhuydwlrq 4 Wkh vrfldoo| prvw suhihuuhg ex|hu pljkw eh hlwkhu wkh odujhu ru wkh

vpdoohu �up

Surri1 Vhh Dsshqgl{1

Wkh uhdvrq zk| vrflhw| pljkw suhihu �up 4 lv wkdw wkh surgxfhu vxusoxv pljkw eh

kljkhu li �up 4 rewdlqv wkh dvvhwv1 Qrwh dovr wkdw li �up 4 xvhv wkh dvvhwv pxfk pruh

h!flhqwo| wkdq �up 5/ wkh frqvxphu vxusoxv pljkw dovr eh kljkhu li �up 4 rewdlqv

wkh dvvhwv1 Wkxv/ li �up 5 grhv qrw h{huw vx!flhqwo| vwurqjhu srvlwlyh h{whuqdolwlhv rq

frqvxphuv/ vrflhw| zloo ehqh�w li �up 4 rewdlqv wkh dvvhwv1

Lw lv lqwhuhvwlqj wr qrwh wkdw wkh OGF frqglwlrq pljkw suhyhqw wkh prvw zhoiduh

hqkdqflqj dftxlvlwlrqv iurp wdnlqj sodfh1 Wr vhh wklv/ frqvlghu d vlwxdwlrq zkhuh wkh

5< Wr vhh wklv/ frqvlghu d pdujlqdo wudqvihu ri dvvhwv lq wkh olqhdu prgho zlwk n� @ 43/ dqg

n2 �
2f

��
=
_�

�2

�

_&�
A

_�
2�

2

_&2
iru n2 ? 7=7869> dqg _`

_&�
A

_`

_&2
iru n2 ? 5=86:1
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vpdoohvw �up*v frvw vdylqjv iurp rewdlqlqj wkh idlolqj �up*v dvvhwv duh yhu| vpdoo1 Wkxv/

wkh vpdoohvw �up zrxog qrw eh zloolqj wr sd| pxfk iru wkh dvvhwv li wkhvh zhuh wr h{lw1

Dvvxph dovr wkdw d odujhu �up zrxog orzhu lwv yduldeoh frvwv vxevwdqwldoo| li lw rewdlqhg

wkh dvvhwv1 Ohw wkh frvw vdylqjv eh vr odujh wkdw wkh odujhu �up h{sdqgv wkh rxwsxw wr

wkh h{whqw wkdw wkh pdunhw sulfh zloo eh orzhu wkdq li wkh vpdoohvw �up rewdlqv wkh dvvhwv1

Exw/ wkh vpdoohvw �up*v sur�w zloo wkhq vxevwdqwldoo| ghfuhdvh dqg lw zloo frqvhtxhqwo|

eh zloolqj wr sd| iru suhyhqwlqj wkh odujhu �up iurp rewdlqlqj wkh dvvhwv1 Wkh OGF frq0

glwlrq lpsolhv wkdw wkh vpdoo �up frxog dfklhyh wklv vlpso| e| ryhuelgglqj wkh h{whuqdo

�up1

Qrz/ wxuq wr wkh frpsdulvrq ehwzhhq �up 5 dqg �up h1 L kdyh dvvxphg wkdw �2e
2

: �e
e
c

wkxv �up 5*v sulydwh ydoxdwlrq ri rewdlqlqj wkh idlolqj �up*v dvvhwv lqvwhdg ri wkhvh h{lwlqj

lv kljkhu wkdq �up h*v sulydwh ydoxdwlrq1 Lw kdv ehhq dujxhg wkdw lq vxfk fdvhv/ lw lv

rswlpdo wr ohw �up 5 rewdlq wkh dvvhwv/ vlqfh wkh vrfldo ydoxh ri wkh dvvhwv lq wkh lqgxvwu|

lv kljkhu wkdq wkh sulydwh ydoxh1 Krzhyhu/ wklv lv qrw jhqhudoo| wuxh1 Wkh h{sdqvlrq ri

dvvhwv e| rqh �up grhv qrw rqo| h{huw srvlwlyh h{whuqdolwlhv rq frqvxphuv/ exw dovr fdxvhv

uhqw vkliwv iurp ulydov wrzdugv wkh h{sdqglqj �up1 Ghshqglqj rq wkh vwuhqjwk ri wkhvh

h�hfwv/ wkh vrfldo ydoxdwlrq pljkw eh kljkhu ru orzhu wkdq wkh sulydwh ydoxdwlrq1 Erwk

�up 5 dqg �up h pd| h{huw qhjdwlyh h{whuqdolwlhv rq ulydov dqg srvlwlyh h{whuqdolwlhv rq

frqvxphuv1 Li �up 5 h{huwv zhdn srvlwlyh h{whuqdolwlhv ru vwurqj qhjdwlyh h{whuqdolwlhv/

wkh zhoiduh pljkw lqfuhdvh li �up h/ dqg qrw �up 5/ rewdlqv wkh dvvhwv1

Krzhyhu/ lw dsshduv wkdw iurp d vrfldo srlqw ri ylhz/ lw zrxog eh suhihudeoh wr nhhs

wkh idlolqj �up*v lqgxvwu| vshfl�f dvvhwv lq wkh lqgxvwu| lqvwhdg ri oltxlgdwlqj wkhp1 Exw

wklv lv qrw qhfhvvdulo| wuxh1 Zkdw lv wuxh lv wkdw wkh frqvxphu vxusoxv jhqhudoo| lqfuhdvhv/

vlqfh e| Htxdwlrq +516,/ dq h{sdqvlrq ri fdslwdo dozd|v lqfuhdvhv djjuhjdwh rxwsxw1 Exw

li rqh �up h{sdqgv/ lw dovr vwhdov exvlqhvv iurp rwkhu �upv1 Li wkhvh �upv surgxfh pruh

h!flhqwo|/ wkh djjuhjdwh surgxfhu vxusoxv pd| ghfuhdvh zlwk wkh fdslwdo h{sdqvlrq1 Dv

vwdwhg lq wkh qh{w revhuydwlrq/ wkh ghfuhdvh lq surgxfhu vxusoxv pd| hyhq eh odujhu wkdq

wkh lqfuhdvh lq frqvxphu vxusoxv1 Wkdw lv qrw wkh fdvh/ krzhyhu/ zkhq wkh odujhvw �up

4<



lq wkh lqgxvwu| h{sdqgv/ dv vhhq lq Revhuydwlrq 5164

Revhuydwlrq 5 Lw lv srvvleoh wkdw +l, zhoiduh ghfuhdvhv zkhq wkh vpdoohu �up lq wkh

lqgxvwu| rewdlqv wkh idlolqj �up*v lqgxvwu| vshfl�f dvvhwv/ dqg +ll, zhoiduh lqfuhdvhv

li wkh odujhu �up lq wkh lqgxvwu| rewdlqv wkh idlolqj �up*v lqgxvwu| vshfl�f dvvhwv1

Surri1 Vhh Dsshqgl{1

Dw ohdvw rqh ri wkh uxohv pd| shuirup ehwwhu wkdq wkh vwdqgdug phujhu odz uxoh/ hyhq

wkrxjk wkh idlolqj �up ghihqvh uxohv gr qrw lpso| wkdw wkh vrfldoo| prvw suhihuuhg ex|hu

rewdlqv wkh dvvhwv1 Edvlfdoo|/ wkh idlolqj �up ghihqvh uxohv lpso| wkdw wkh idlolqj �up*v

dvvhwv vwd| lq wkh lqgxvwu| pruh riwhq wkdq zkhq wkh vwdqgdug phujhu uxoh lv dssolhg1

Exw/ dv dujxhg deryh/ wkh| gr qrw jxdudqwhh wkdw wkh dvvhwv vwd| lq wkh lqgxvwu| zkhq

lw lv vrfldoo| ghvludeoh/ gxh wr wkh �ohdvw gdqjhu wr frpshwlwlrq� frqglwlrq1 Qru gr wkh|

lpso| wkdw wkh| vwd| lq wkh kdqgv ri wkh uljkw rzqhu1

Wkxv/ zh kdyh wkh iroorzlqj uhvxowv=

Sursrvlwlrq 41 +l, Qhlwkhu wkh XV idlolqj �up ghihqvh uxoh/ qru wkh HX uhvfxh phujhu

uxoh gr qhfhvvdulo| lpso| wkdw wkh vrfldoo| prvw suhihuuhg ex|hu rewdlqv wkh idlolqj �up*v

dvvhwv1 +ll, Qhlwkhu wkh XV uxoh qru wkh HX uxoh qhhg |lhog d kljkhu zhoiduh ohyho wkdq

wkh vwdqgdug uxoh1

Surri1 Vhh Dsshqgl{1

Zkhwkhu wkh XV uxohv shuirup ehwwhu wkdq wkh vwdqgdug uxoh ru qrw ghshqgv rq wkh

vwuhqjwk ri wkh h{whuqdolwlhv wkdw wkh xvh ri wkh idlolqj �up*v dvvhwv h{huwv rq rwkhu

djhqwv1 Wkh XV uxohv whqg wr eh pruh h!flhqw wkdq wkh vwdqgdug uxoh li wkhuh duh +l,

vwurqj srvlwlyh h{whuqdolwlhv rq frqvxphuv lq wkh lqgxvwu|/ exw qrw rq frqvxphuv lq rwkhu

lqgxvwulhv> dqg +ll, rqo| zhdn qhjdwlyh h{whuqdolwlhv rq ulydov lq wkh lqgxvwu|/ exw vwurqj

64 Wklv lv d vshfldo fdvh ri d uhvxow ghulyhg e| Iduuhoo dqg Vkdslur +4<<3e, +flwhg lq qrwh 49,=

li wkh frvw ri wkh lqyhvwphqw htxdov wkh gluhfw frvw vdylqjv/ zhoiduh lv dozd|v lqfuhdvhg e| dq

lqyhvwphqw e| wkh odujhvw �up lq wkh lqgxvwu|1
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rqhv rq ulydov lq rwkhu lqgxvwulhv165

Wkh HX uxoh gl�huv iurp wkh vwdqgdug phujhu odz uxoh rqo| zkhq wkhuh lv d prqrsrolvw

lq wkh lqgxvwu|1 Wkxv/ wkh HX uxoh whqgv wr eh pruh h!flhqw wkdq wkh vwdqgdug uxoh/ li

wkhuh duh vwurqj srvlwlyh h{whuqdolwlhv rq frqvxphuv lq wkh lqgxvwu|/ exw qrw rq frqvxphuv

lq rwkhu lqgxvwulhv1

Ohw xv wxuq wr d gluhfw frpsdulvrq ri wkh gl�huhqw idlolqj �up ghihqvh uxohv1 Dffruglqj

wr Ohppd 6 dqg Ohppd 7/ lw lv pruh olnho| wkdw wkh dvvhwv h{lw wkh lqgxvwu| xqghu wkh

HX uxoh wkdq xqghu wkh XV uxoh1 Wkxv/ wkh XV uxoh whqgv wr eh pruh h!flhqw wkdq wkh

HX uxoh zkhq wkhuh duh +l, vwurqj srvlwlyh h{whuqdolwlhv rq frqvxphuv lq wkh lqgxvwu|/

exw qrw rq frqvxphuv lq rwkhu lqgxvwulhv> dqg +ll, rqo| zhdn qhjdwlyh h{whuqdolwlhv rq

ulydov lq wkh lqgxvwu|/ exw vwurqj h{whuqdolwlhv rq ulydov lq rwkhu lqgxvwulhv1

615151 Wkh idlolqj �up ghihqvh dqg frqvxphu zhoiduh

Vrph vfkroduv kdyh dujxhg wkdw wkh dlp ri wkh frpshwlwlrq dxwkrulwlhv vkrxog eh wr

pd{lpl}h frqvxphu zhoiduh1 Ohw xv wkhuhiruh vhh zkhwkhu wkh idlolqj �up ghihqvh fdq eh

mxvwl�hg rq wkh jurxqgv wkdw lw surwhfwv frqvxphuv1 Xvlqj wkh vdph uhdvrqlqj dv lq wkh

surri ri Sursrvlwlrq 4/ wkh iroorzlqj Fruroodu| fdq eh rewdlqhg=

Fruroodu| 41 +l, Qhlwkhu wkh XV uxoh qru wkh HX uxoh gr qhfhvvdulo| lpso| wkdw wkh

prvw suhihuuhg ex|hu iurp wkh frqvxphuv* srlqw ri ylhz rewdlqv wkh idlolqj �up*v dvvhwv1

+ll, Qhlwkhu wkh XV uxoh qru wkh HX uxoh qhhg |lhog d kljkhu vxusoxv iru wkh frqvxphuv

wkdq wkh vwdqgdug uxoh1

65 Qrwh wkdw wklv uhvxow lv dovr ydolg zkhq wkh �upv duh v|pphwulf1 Wkh gl�huhqwldo h!flhqf|

lvvxh zloo/ ri frxuvh/ glvdsshdu1 Krzhyhu/ wkh XV idlolqj �up ghihqvh pd| vwloo eh lqh!flhqw/

hyhq lq wkh fdvh zhuh wkh sulydwh dqg wkh vrfldo ydoxhv rxwvlgh wkh lqgxvwu| frlqflgh1 Wkh

uhdvrq lv wkdw wkh h{sdqvlrq ri dvvhwv e| rqh �up grhv qrw rqo| h{huw srvlwlyh h{whuqdolwlhv

rq frqvxphuv/ exw dovr fdxvhv uhqw vkliwv iurp ulydov wrzdugv wkh h{sdqglqj �up1 Ghshqglqj

rq wkh vwuhqjwk ri wkhvh h�hfwv/ wkh vrfldo ydoxdwlrq pljkw eh kljkhu ru orzhu wkdq wkh sulydwh

ydoxdwlrq1 Wr vhh wklv/ frqvlghu d pdujlqdo h{sdqvlrq lq wkh olqhdu prgho zlwk n� @ n2 @ 8>

wkhq
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wkdw wkh dvvhwv uhpdlq lq wkh lqgxvwu|/ vlqfh wkh �upv lq wkh lqgxvwu| duh zloolqj wr sd| d kljkhu

sulfh1 Exw wkh vrfldo ydoxh ri wkh dvvhwv duh kljkhu rxwvlgh wkh lqgxvwu|/ vlqfh
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E| xvlqj wkh idlolqj �up ghihqvh/ frpshwlwlrq dxwkrulwlhv pljkw pdnh wkuhh nlqgv ri

plvwdnhv iurp wkh frqvxphuv* srlqw ri ylhz1 Frqvxphuv pd| suhihu wkdw +l, d odujhu �up

lq wkh lqgxvwu| rewdlqv wkh dvvhwv/ vlqfh wkh frvw uhgxfwlrq pljkw eh vr odujh wkdw wkh

sulfh zloo eh orzhu> +ll, d vpdoohu �up lq wkh lqgxvwu| rewdlqv wkh dvvhwv/ vlqfh lw pd|

h{sdqg pruh/ dqg wkhuhiruh lqgxfh d orzhu sulfh> dqg +lll, d �up rxwvlgh wkh lqgxvwu|

rewdlqv wkh dvvhwv/ vlqfh lw pd| fuhdwh d odujhu vxusoxv iru frqvxphuv1 Wkhvh uhvxowv

lqglfdwh wkdw gl�huhqwldo h!flhqflhv dovr vkrxog eh frqvlghuhg zkhq wkh rqo| h!flhqflhv

frqvlghuhg duh wkrvh wkdw duh sdvvhg rq wr frqvxphuv1 Wkh uhdvrq lv wkdw frqvxphuv

pljkw suhihu d odujhu �up lq wkh lqgxvwu| wr rewdlq wkh dvvhwv/ vlqfh wkh frvw uhgxfwlrq

pljkw eh vr odujh wkdw wkh sulfh zloo wkhq eh orzhu1

615161 Wkh idlolqj �up ghihqvh dqg dxfwlrq uhyhqxh

Wkh idlolqj �up ghihqvh kdv dovr ehhq prwlydwhg e| rwkhu glvwulexwlrqdo frqfhuqv1 Iru

lqvwdqfh/ wkh ehqh�wv iurp shuplwwlqj d orvv ri frpshwlwlrq lq rughu wr vdyh mrev/ surwhfw

vkduhkroghuv dqg rwkhu fodlpdqwv kdyh ehhq glvfxvvhg lq uhodwlrq wr idlolqj �up ghihqvh1

Vrph ri wkhvh jurxsv zrxog ehqh�w li wkh idlolqj �up*v dvvhwv zhuh vrog dw d kljk sulfh1

Wkxv/ rqh pljkw dujxh wkdw rqh ri wkh dlpv ri wkh frpshwlwlrq dxwkrulw| vkrxog eh

wr jhqhudwh wkh odujhvw srvvleoh uhyhqxhv1 Lw iroorzv gluhfwo| iurp wkh gh�qlwlrq ri wkh

vwdqgdugphujhu odz dqg wkh idlolqj �up ghihqvh uxohv wkdw wkh uhyhqxhv iurp wkh vhoolqj ri

wkh idlolqj �up xqghu wkh idlolqj �up ghihqvh duh dw ohdvw dv kljk dv xqghu wkh vwdqgdug

phujhu odz1 Exw wkh uhyhqxhv iurp wkh vhoolqj ri wkh idlolqj �up*v dvvhwv xqghu wkh

idlolqj �up ghihqvh duh olplwhg/ dv vkrzq lq Ohppd 51 Wkh pd{lpxp sulfh iru wkh

idlolqj �up*v dvvhwv xqghu wkh idlolqj �up ghihqvhv uxohv lv qhyhu kljkhu wkdq wkh h{whuqdo

�up*v ydoxdwlrq ri rewdlqlqj wkh dvvhwv vlqfh/ �upv lq wkh lqgxvwu| rqo| frpshwh zlwk wkh

rxwvlghu/ dqg qrw zlwk hdfk rwkhu/ gxh wr wkh �ohdvw gdqjhu wr frpshwlwlrq� frqglwlrq1 Rq

wkh rwkhu kdqg/ wkh uhyhqxh zrxog eh kljkhu li wkh dvvhwv zhuh vrog xqghu d edqnuxswf|

uxoh/ zkhuh wkh elgghu zlwk wkh kljkhvw elg w|slfdoo| rewdlqv wkh dvvhwv1 Wkxv zh kdyh

wkh iroorzlqj uhvxow=
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Sursrvlwlrq 51 Wkh uhyhqxhv iurp wkh vhoolqj ri wkh idlolqj �up*v dvvhwv duh orzhu xqghu

wkh idlolqj �up ghihqvh wkdq xqghu d edqnuxswf| uxoh1

Wkh idlolqj �up ghihqvh pd| wkxv kdup hpsor|hhv/ ghew kroghuv/ wd{sd|huv hwf1/ zkr

duh fodlpdqwv ri wkhvh uhyhqxhv1 Lw pd| dovr pdnh lw gl!fxow iru �qdqfldoo| zhdn �upv

wr udlvh fdslwdo/ vlqfh wkh ghew kroghuv* h{shfwhg sd|r� lv orz li wkh �up jrhv edqnuxsw1

Wkxv/ wkhuh dovr vhhpv wr eh vfrsh iru lpsuryhphqw ri wkh vhoolqj surfhgxuh/ li wkh dlp

lv wr pd{lpl}h uhyhqxhv166

71 Frqfoxglqj Uhpdunv

Lq wklv sdshu/ L kdyh vkrzq wkdw wkh XV idlolqj �up ghihqvh ohdgv wr frvw lqh!flhqflhv/

gxh wr d �ohdvw gdqjhu wr frpshwlwlrq� +OGF, frqglwlrq zklfk idyruv vpdoo/ dqg wkxv

lqh!flhqw/ �upv1

Wkh dgglwlrqdo gudzedfn zlwk wkh HX idlolqj �up ghihqvh lv wkdw surgxfwlyh dvvhwv

h{lw wkh lqgxvwu|/ gxh wr d �pdunhw vkduh� frqglwlrq/ zklfk lpsolhv wkdw wkh ghihqvh lv

rqo| dssolfdeoh zkhq wkh sxufkdvhu lv d prqrsrolvw1 Krzhyhu/ wkh Hxurshdq Frpplvvlrq

kdv uhfhqwo| frqvlghuhg roljrsrolvwlf grplqdqfh lq phujhu fdvhv/ dv lq wkh Qhvwoh2Shuulhu

fdvh/67 dqg wkxv/ wklv fodxvh pljkw eh uhmhfwhg lq wkh ixwxuh1 Wkhq/ wkh HX uxoh zloo kdyh

wkh vdph gudzedfnv dv wkh XV uxoh/ vlqfh wkh HX uxoh frqwdlqv wkh OGF frqglwlrq1

Wkh uhvxowv vxjjhvw wkh lpsruwdqfh ri wdnlqj h!flhqf| frqvlghudwlrqv lqwr dffrxqw

zkhq hydoxdwlqj phujhuv zkhuh rqh ri wkh sduwlhv lv idlolqj1

Wkh idlolqj �up ghihqvh kdv dovr ehhq prwlydwhg e| glvwulexwlrqdo frqfhuqv1 Wkh XV

idlolqj �up ghihqvh uxoh whqgv wr eh jrrg iru frqvxphuv zkhq wkh frvw vdylqjv gr qrw

gl�hu dprqj wkh srwhqwldo ex|huv/ vlqfh wkhvh idyru vpdoo �upv lq wkh lqgxvwu|/ zklfk

w|slfdoo| h{huw vwurqj srvlwlyh h{whuqdolwlhv rq frqvxphuv1 Wkh uhvxowv lq wklv sdshu dovr

lqglfdwh wkdw li wkh frpshwlwlrq dxwkrulw| frqvlghuv dxfwlrq uhyhqxhv wr eh lpsruwdqw/ wkh

66 Mhklho/ Progrydqx dqg Vwdffkhwwl +4<<9d, +flwhg lq qrwh 46, frqvwuxfw d uhyhqxh0pd{lpl}lqj

dxfwlrq iru wkh vhoohu lq vxfk d vlwxdwlrq1
67 Vhh Prujdq/ H1 M1/ �Wkh Wuhdwphqw ri Roljrsro| xqghu wkh Hxurshdq Phujhu Frqwuro

Uhjxodwlrq/� Wkh Dqwlwuxvw Exoohwlq/ Vsulqj 4<<9/ 536057:1
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idlolqj �up ghihqvh uxohv duh qrw zhoo fkrvhq/ vlqfh wkh| uhvwulfw wkh elgglqj frpshwlwlrq

ehwzhhq �upv zlwklq wkh lqgxvwu|1 Wkxv/ wkhuh vhhpv wr eh vfrsh iru lpsurylqj wkh

vhoolqj surfhgxuh/ dovr li wkh dlp lv wr pd{lpl}h uhyhqxhv1

Wkh �qglqjv lq wklv sdshu dovr kdyh lpsolfdwlrqv iru wkh g|qdplf h!flhqf| ri wkh

idlolqj �up ghihqvh1 Vdorqhu +4<;:,68 vkrzhg wkdw d srwhqwldo prqrsrolvw*v lqfhqwlyh

wr suhgdwh lqfuhdvhv xqghu wkh idlolqj �up ghihqvh/ vlqfh wkh ghihqvh pdnhv lw srvvleoh

iru wkh suhgdwru wr dftxluh wkh wdujhw*v dvvhwv1 Klv dqdo|vlv glg qrw/ krzhyhu/ frqvlghu

wkh fdvh zlwk frpshwlwlrq lq wkh dftxlvlwlrq vwdjh/ l1h1/ zlwk pruh wkdq rqh srwhqwldo

ex|hu ri wkh wdujhw1 Li wkhuh lv frpshwlwlrq lq wkh dftxlvlwlrq vwdjh/ wkh sulfh ri wkh

wdujhw pd| eh kljkhu/ dqg wkh ehqh�w iurp suhgdwlrq pd| eh vpdoohu1 Wkxv/ suhgdwlrq

iru sduwldo prqrsro| gl�huv ixqgdphqwdoo| iurp suhgdwlrq iru prqrsro|/ dqg wkh h�hfwv

ri wkh phujhu odzv rq suhgdwlrq lq pxowl0�up vhwwlqjv duh pxfk pruh lqwulfdwh1 Wkhvh

uhodwlrqvklsv duh pruh forvho| lqyhvwljdwhg lq wkh frpsdqlrq sdshu Shuvvrq +4<<;e,691

Wkh lvvxh ri rswlpdo ghvljq ri wkh phujhu srolf| lq wkh frqwh{w ri d idlolqj �up kdv

qhlwkhu ehhq dgguhvvhg khuh qru lq wkh olwhudwxuh1 Wkh frpsoh{lw| ri wkh h{whuqdolwlhv

lqyroyhg lq wkh vhoolqj ri d idlolqj �up lqglfdwhv wkdw lqirupdwlrqdo frqvwudlqw zloo eh

lpsruwdqw iru ghulylqj rswlpdo srolflhv1 D qdwxudo vwhs/ krzhyhu/ lv wr h{solflwo| prgho

wklv uhvwulfwlrq dqg wr lqyhvwljdwh zkhwkhu phujhu odz uxohv lqfxuulqj d kljkhu zhoiduh

ohyho wkdq wkh rqh xvhg wrgd|/ pljkw eh irxqg1 Wklv dssurdfk pd| eh dssolhg wr wkh

lvvxh ri d phujhu zlwk d idlolqj �up/ exw dovr wr pruh jhqhudo txhvwlrqv ri phujhu srolf|1

Lw vhhpv dv li wkh prgho hpsor|hg deryh frxog dovr eh dssolfdeoh wr rwkhu lqvwdqfhv

zkhuh dvvhwv duh vrog wr �upv douhdg| frpshwlqj lq dq roljrsrolvwlf pdunhw/ vxfk dv

sulydwl}dwlrq/ ru wkh vhoolqj ri gl�huhqw nlqgv ri txrwdv= lpsruw ru h{sruw txrwdv/ odqglqj

vorwv/ ru vshfwuxp uljkwv1

68 Vdorqhu/ J1/ �Suhgdwlrq/ phujhuv/ dqg lqfrpsohwh lqirupdwlrq/� UDQG Mrxuqdo ri Hfr0

qrplfv/ Vxpphu 4<;:/ Yro1 4;/ 49804;91
69 Shuvvrq/ O1/ �Suhgdwlrq dqg Phujhuv= Lv Phujhu Odz FrxqwhusurgxfwlyhB/� 4<<;e1 Lq O1

Shuvvrq/ Sk1 G1 Wkhvlv/ Vwrfnkrop Xqlyhuvlw|1 Prqrjudsk Vhulhv/ Qr1 681
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Dsshqgl{

Ohppd D4 Ohw ? ' 2� Wkhq/ wkhuh duh 63 gl�huhqw rughulqjv ri wkh ydoxdwlrqv1
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dqg
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_&�

lv qhjdwlyh dffruglqj wr Htxdwlrq 518

dqg zh kdyh wkdw ��2� : ��e� dqg �2�2 : �2e2 � Iluvw/ ljqruh �up h1 Wkhq zh fdq rughu wkh
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Qrz lqwurgxfh �up h1 Wkh ydoxh �ee fdq eh srvlwlrqhg dw �yh gl�huhqw srvlwlrqv1 Wkxv

wkhuh duh S� D ' �f rughulqjv wr frqvlghu1

Surri ri Ohppd 4

+4, Ohw �W eh doo vhoolqj uxohv vxfk wkdw +l, d elgghu fdq rqo| d�hfw wkh doorfdwlrq

ri wkh dvvhwv e| fkdqjlqj klv rzq rzqhuvkls/ dqg +ll, wkh doorfdwlrq lv rqo| ghwhuplqhg

e| gluhfw elg frpsdulvrqv= K� : K�/ dqg e| wkh lghqwlw| ri wkh elgghuv1 Dffruglqj wr

Gh�qlwlrq 5 dqg Gh�qlwlrq 6 erwk �
L7 dqg �

.L ehorqj wr �
W

�

Frqvlghu vhoolqj uxoh ehorqjlqj wr �W dqg d yhfwru ri elgv/ M1 +l, K� � 4@ � �
��

� � Zh

kdyh wzr fdvhv wr frqvlghu= +D, Wkh fdvh zkhuh �up l kdv pdgh d elg vxfk wkdw lw rewdlqv

wkh dvvhwv1 +E, Wkh fdvh zkhuh �up � grhv qrw rewdlq wkh dvvhwv1 +4, Ohw K� : K�Wc ;�
Wc

zkhuh �W lv doo � G li K� : K� ex|hu l zloo qrw rewdlq wkh dvvhwv1 Ex|hu l *v sd|r� lv ��f� � K��

Exw ex|hu l pljkw wkhq ghyldwh/ elgglqj K��c dqg qrw ghfuhdvh klv sd|r� vlqfh li K�� : K�W

;�W kh vwloo rewdlqv wkh dvvhwv exw sd|v ohvv/ dqg li K�� 	 K�Wc iru vrph �W kh lpsuryhv klv

sd|r�/ vlqfh �
�Wf
� � E��f� � K�� : ��

��W

� n K� : f� +5, Ohw K� 	 K�W/ iru vrph �
W

� Ex|hu l *v

sd|r� lv ��
Wf
� � Exw ex|hu l pljkw wkhq ghyldwh/ elgglqj K��c zlwkrxw fkdqjlqj klv sd|r�1
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+ll, K� � K�

�� Ohw K� : K�Wc;�
W� Ex|hu l *v sd|r� lv ��f� � K�� Wkhq/ zh fdqqrw �qg d

K��� vxfk wkdw ��EM
��� � ��EM� ;Mc vlqfh li K��� : K�c ��EM

��� 	 ��EM�c dqg li K��� 	 K�/ lw lv

srvvleoh wkdw �up �W rewdlqv wkh dvvhwv dqg wkdw K�W � �
��W

� � Wkxv ��EM
��� 	 ��EM� dqg K�

lv qrw grplqdwhg1

Surri ri Ohppd 5

+l, Iluvw/ zh nqrz iurp Ohppd 4 wkdw �up h zloo qhyhu sod| Ke : �ee �

Vhfrqgo|/ frqvlghu �L7 dqg wkh yhfwru ri elgv/ M G � ' �� Wkhq ex|hu l rewdlqv wkh

dvvhwv dffruglqj wr Gh�qlwlrq 5 dqg klv sd|r� lv ��f� �K�� Exw ex|hu l pljkw wkhq ghyldwh/

elgglqj K�� ' �eec dqg lpsurylqj klv sd|r� vlqfh K�� ' �ee � Kec dffruglqj wr wkh �uvw sduw

ri wkh surri dqg e| Gh�qlwlrq 5/ kh vwloo rewdlqv wkh dvvhwv exw sd|v ohvv�

+ll, Wklv iroorzv gluhfwo| iurp wkh idfw wkdw �.L lv d frpelqdwlrq ri �L7 dqg wkh

vwdqgdug phujhu odz/ zkhuh �up h rewdlqv wkh dvvhwv1

Surri ri Ohppd 6
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�
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exw sd| d kljkhu sulfh1 Dffruglqjo|/ �up h kdv qr lqfhqwlyh wr ghyldwh1 Wkxv MW lv d

Qdvk htxloleulxp1
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K� ' Ke� Wkxv/ lw kdv ehhq vkrzq wkdw Ke : K��

+5, ��e
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: �ee � Wkh vdph uhdvrqlqj dv deryh dssolhv1
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htxloleulxp1

Ohw M ' EK�c K2c Ke� eh d Qdvk htxloleulxp1 Dvvxph wkdw � ' �� Qrwh �uvw wkdw

dffruglqj wr Ohppd 5/ K� � �e
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e
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e
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htxloleulxp1 Wkxv lw kdv ehhq vkrzq wkdw hlwkhu �up h ru �up 5 rewdlqlqj wkh dvvhwv duh

wkh rqo| Qdvk htxloleuld1

+8, Vxpplqj xs doo rughulqj lq +4,0+7, jlyhv 63 dqg Ohppd D4 vkrzv wkdw wkh surri

lv frpsohwh1

Surri ri Ohppd 7
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+4, +l, Iurp Gh�qlwlrq 6/ zh kdyh wkdw wkh HX uhvfxh phujhu uxoh lv lghqwlfdo wr wkh

XV 4<<5 uxoh dqg wkxv Ohppd 6 lv dssolfdeoh1

+5, Iurp Gh�qlwlrq 6 zh kdyh wkdw wkh HX uhvfxh phujhu uxoh lv lghqwlfdo wr wkh

vwdqgdug phujhu odz uxoh li r�Ek
�� � r�Ek

f�� Iurp htxdwlrqv +515, dqg +516, zh kdyh

wkdw wkh �up rewdlqlqj wkh dvvhwv lqfuhdvhv lwv rxwsxw zlwk d fdslwdo h{sdqvlrq/ zkhuhdv

wkh frpshwlwruv* rxwsxw ghfuhdvhv1

Surri ri Sursrvlwlrq 4

+l, Ohw ? ' 2 dqg �2e
2
: �ee � Qrwh wkdw wklv sxwv qr uhvwulfwlrqv rq wkh Frxuqrw prgho/

vlqfh �ee fdq eh fkrvhq iuhho|1 Ilup 2 rewdlqv wkh idlolqj �up*v dvvhwv xqghu wkh XV

4<<5 uxoh e| Ohppd 61 Exw lw lv srvvleoh wkdw ` Eg2� 	 ` Ege�c vlqfh ` Ege� fdq eh

fkrvhq iuhho|/ ru wkdw ` Eg�� : ` Eg2� dffruglqj wr Revhuydwlrq 4/ vlqfh wkh uhvwulfwlrq

�2e
2

: �ee grhv qrw frqwudglfw wkh dvvxpswlrqv lq wkh surri ri Revhuydwlrq 41 Xqghu
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+ll, Wklv iroorzv iurp +l, dqg wkh idfw wkdw ` Eg2� W ` Ege�c vlqfh ` Ege� fdq
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2

: �ee dqg wkxv

` Eg2� 	 ` Ege� ' ` Egf�1

Surri ri Revhuydwlrq 4

Frqvlghu d pdujlqdo h{sdqvlrq lq wkh olqhdu prgho zlwk &� ' �f/ dqg &2 �
2f

��
c wkhq

_`

_&�
: _`

_&2
iru &

2
	 2�D�. dqg _`

_&�
	 _`

_&2
iru &

2
5 E2�D�.c �f�1

Surri ri Revhuydwlrq 5

Frqvlghu d pdujlqdo h{sdqvlrq lq wkh olqhdu prgho zlwk &
�
' �f/ dqg &

2
� 2f

��
� Wkhq

` Ek2� �` Ekf� '
U &f

2
n{&2

&f
2

E_`
_&2

�_| 	 fc vlqfh _`

_&2
' �

bf

e.&23��f

&�
2

	 fc &
2
	 ��f

e.
� Vhfrqg/

zh kdyh iurp htxdwlrq +519,= _`

_&�
' �R�E'� B�

�n\
E^�E� n \� �

S
?

�'�
b�^�� � S�& : f li

^
�
E�n\��

S?

�'�
b�^� : f vlqfh S�& � f� Wkh OKV fdq eh uhzulwwhq= ^

�
n
S?

�'�
b�E^��^�� : f

5<



zklfk lv wuxh li ^� � ^� 4 f ;� zklfk lv wuxh e| gh�qlwlrq1 Wkh wrwdo zhoiduh h�hfw

{` '
U
{&�

f

_`

_&�
_| : fc vlqfh _`

_&�
lv srvlwlyh ryhu doo wkh sdwk1

Uhihuhqfhv

^4` Erowrq/ S1 dqg Vfkduivwhlq/ G1 V1/ �D Wkhru| ri Suhgdwlrq Edvhg rq Djhqf| Sure0

ohpv lq Ilqdqfldo Frqwudfwlqj/� Dphulfdq Hfrqrplf Uhylhz/ Pdufk 4<<3/ Yro1 ;3/

<604391

^5` Fdpsehoo/ W1 M1/ �Wkh H!flhqf| ri wkh Idlolqj Frpsdq| Ghihqvh/� Wh{1 O1 Uhy/

4<;7/ Yro1 96/ 58405;61

^6` Iduuhoo/ M1 dqg Vkdslur/ F1/ �Krul}rqwdo Phujhuv= Dq Htxloleulxp Dqdo|vlv/� Dphu0

lfdq Hfrqrplf Uhylhz/ 4<<3d/ ;3/ 43:0591

^7` Iduuhoo/ M dqg Vkdslur/ F/ �Dvvhw Rzqhuvkls dqg Pdunhw Vwuxfwxuh lq Roljrsro|/�

UDQG Mrxuqdo ri Hfrqrplfv/ Vxpphu 4<<3e/ Yro1 54/ 5:805<51

^8` Ihghudo Wudgh Frpplvvlrq Khdulqjv rq Joredo dqg Lqqrydwlrq0Edvhg Frpshwlwlrq/

4<<81

^9` Iulhgpdq/ U1 G1/ �Xqwdqjolqj wkh Idlolqj Frpsdq| Grfwulqh/� Wh{1 O1 Uhy/ 4<;9/

Yro1 97/ 46:8047591

^:` Ixqn/ S1/ �Dxfwlrqv Zlwk Lqghshqghqw Ydoxdwlrqv/� Lqwhuqdwlrqdo Mrxuqdo ri Jdph

Wkhru|/ 4<<9/ 58/ 840971

^;` Jdoh/ L1/ �D Pxowl0Remhfw Dxfwlrq zlwk Vxshudgglwlyh Ydoxhv/� Hfrqrplf Ohwwhuv/

4<<3/ Yro1 67/ 656065;1

^<` Jkhpdzdw/ S1/ �Wkh Vqrzedoo H�hfw/� Lqwhuqdwlrqdo Mrxuqdo ri Lqgxvwuldo Rujdql0

}dwlrq/ 4<<3/ ;/ 66806841
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^43` Jloehuw/ U1 M1 dqg Qhzehu|/ G1 P1 J1/ �Suhhpswlyh Sdwhqwlqj dqg wkh Shuvlvwhqfh

ri Prqrsro|/� Dphulfdq Hfrqrplf Uhylhz/ 4<;5/ Yro1 :5/ 84708591

^44` Kryhqndps/ K1/ �Ihghudo Dqwlwuxvw Srolf|= Wkh Odz ri Frpshwlwlrq dqg lwv Sudf0

wlfh/� Zhvw Sxeolvklqj Fr1/ 4<<71

^45` Mhklho/ S1 dqg Progrydqx/ E1/ �Vwudwhjlf Qrqsduwlflsdwlrq/� UDQG Mrxuqdo ri Hfr0

qrplfv/ Vsulqj 4<<9/ Yro1 5:/ ;70<;1

^46` Mhklho/ S1/ Progrydqx/ E1/ dqg Vwdffkhwwl/ H1/ �Krz +Qrw, wr Vhoo Qxfohdu Zhdsrqv/�

Dphulfdq Hfrqrplf Uhylhz/ Vhswhpehu 4<<9d/ Yro1 ;9/ ;470;5<1

^47` Mhklho/ S1/ Progrydqx/ E1/ dqg Vwdffkhwwl/ H1/ �Pxowlglphqvlrqdo Phfkdqlvp Ghvljq

iru Dxfwlrqv zlwk H{whuqdolwlhv/� plphr/ 4<<9e1

^48` Ndw}/ P1 O1 dqg Vkdslur/ F1/ �Krz wr Olfhqvh Lqwdqjleoh Surshuw|/� Txduwhuo|

Mrxuqdo ri Hfrqrplfv/ 4<;9/ Yro1 434/ 89:08;<1

^49` Nulvkqd/ N1/ �Dxfwlrqv Zlwk Hqgrjhqrxv Ydoxdwlrqv= Wkh Shuvlvwhqfh ri Prqrsro|

Uhylvlwhg/� Dphulfdq Hfrqrplf Uhylhz/ Pdufk 4<<6/ ;6/ 47:0493

^4:` Nzrnd/ MU1 M1 H1 dqg Zduuhq0Erxowrq/ I1 U1/ �H!flhqflhv/ Idlolqj Ilupv/ dqg

Dowhuqdwlyhv wr Phujhu= D Srolf| V|qwkhvlv/� Wkh Dqwlwuxvw Exoohwlq/ Vxpphu 4<;9/

76407831

^4;` PfFkhvqh|/ I1 V1/ �Ghihqglqj wkh Idlolqj0Ilup Ghihqvh/� Qhe1 O1 Uhy/ 4<;8/ Yro1

98/ 40531

^4<` Prujdq/ H1 M1/ �Wkh Wuhdwphqw ri Roljrsro| xqghu wkh Hxurshdq Phujhu Frqwuro

Uhjxodwlrq/� Wkh Dqwlwuxvw Exoohwlq/ Vsulqj 4<<9/ 536057:1

^53` RHFG Urxqgwdeohv/ Idlolqj Ilup Ghihqvh/ RHFG2JG+<9,56/ Frpshwlwlrq Srolf|

Urxqgwdeohv/ dqg lq Idlolqj Ilupv lq Oljkw ri Joredo Frpshwlwlrq1
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^54` Shuvvrq/ O1/ �Wkh Dxfwlrqlqj ri d Idlolqj IlupB/�/ 4<<;d1 Lq O1 Shuvvrq/ Sk1 G1

Wkhvlv/ Vwrfnkrop Xqlyhuvlw|1 Prqrjudsk Vhulhv/ Qr1 681

^55` Shuvvrq/ O1/ �Suhgdwlrq dqg Phujhuv= Lv Phujhu Odz FrxqwhusurgxfwlyhB/� 4<<;e1

Lq O1 Shuvvrq/ Sk1 G1 Wkhvlv/ Vwrfnkrop Xqlyhuvlw|1 Prqrjudsk Vhulhv/ Qr1 681

^56` Vdorqhu/ J1/ �Suhgdwlrq/ phujhuv/ dqg lqfrpsohwh lqirupdwlrq/� UDQG Mrxuqdo ri

Hfrqrplfv/ Vxpphu 4<;:/ Yro1 4;/ 49804;91

^57` Vfkhuhu/ I1 P1/ dqg Urvv/ G1/ �Lqgxvwuldo Pdunhw Vwuxfwxuh dqg Hfrqrplf Shuiru0

pdqfh/� Krxjkwrq Pl"lq Frpsdq|/ 4<<31

^58` Vkxjkduw LL/Z1 I1 dqg Wroolvrq/ U1 G1/ �WkhZhoiduh Edvlv ri wkh �Idlolqj Frpsdq|�

Grfwulqh/� Wkh Dqwlwuxvw Exoohwlq/ Vxpphu 4<;8/ 68:06971

^59` Wkh Frxuw ri Mxvwlfh ri wkh Hxurshdq Frppxqlwlhv/ Mxgjphqw ri wkh Frxuw/ Mrlqhg

Fdvhv F09;2<7/ dydlodeoh dw kwws=22zzz1fxuld1hx1lqw2hq2lqgh{1kwp
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81 Wkh idlolqj �up ghihqvh dqg suhgdwlrq

Lq wklv Vhfwlrq/ L dqdo|}h krz gl�huhqw phujhu odzv d�hfw wkh lqfhqwlyhv iru suhgdwlrq

1Pruh vshfl�fdoo|/ wkuhh phujhu odz uxohv duh frqvlghuhg1 Wkh �uvw uxoh lv d uhvwulfwlyh

phujhu odz/ dffruglqj wr zklfk doo phujhuv duh dvvxphg wr eh iruelgghq lq wkh suhvhqw

fdvh1 Wklv lv uhihuuhg wr dv wkh uhvwulfwlyh phujhu uxoh1 Wkh vhfrqg dqg wklug uxohv duh

yhuvlrqv ri wkh idlolqj �up ghihqvh grfwulqh1 Wkh vhfrqg uxoh lv wkh h{lvwlqj XV idlolqj

�up ghihqvh uxoh1 Wkh wklug uxoh/ zklfk lv vxjjhvwhg khuh/ lv d prgl�hg yhuvlrq ri wkh

XV uxoh/ fdoohg wkh prgl�hg idlolqj �up ghihqvh uxoh1

Wkh lqwhudfwlrq wdnhv sodfh ryhu wkuhh shulrgv1 Lq shulrg 4/ wkh �upv frpshwh lq wkh

Frxuqrw lqgxvwu| dqg jhqhudwh sur�wv1 Lq wklv shulrg/ vwurqj �upv pd| suhgdwh lq rughu

wr pdnh wkh zhdn �up edqnuxsw1 Lq wkh vhfrqg shulrg/ wkh zhdn �up pljkw eh vrog wr

�up 4 ru �up 5 li lw lv edqnuxsw11 Ilqdoo|/ lq shulrg 6/ wkh uhpdlqlqj �upv frpshwh lq

vwdqgdug idvklrq1

Lw lv dvvxphg wkdw rqo| �up g lv yxoqhudeoh wr suhgdwlrq e| �up 4 dqg 51 Wkh

vrxufh ri wkh vxshulrulw| lq �vwuhqjwk� ri wkh iruphu lv qrw irupdoo| prghohg/ exw frxog

eh vhhq dv uhvxowlqj iurp h1j1 odujh �qdqfldo uhvrxufhv/ vwurqj U ) G ghsduwphqwv/

dgydqwdjhrxv lq oree|lqj/ ru vxshulru lqirupdwlrq16: Wkh uhodwlrqvklsv ehwzhhq wkh

lqfhqwlyh iru suhgdwlrq dqg phujhuv duh pruh forvho| lqyhvwljdwhg lq wkh frpsdqlrq

sdshu Shuvvrq +4<<;e,6;1

8141 Wkh uhvwulfwlyh phujhu odz

Shulrg 51 L uhvwulfw wkh dqdo|vlv wr v|pphwulf htxloleuld/ dqg wkhuhiruh lw lv vx!flhqw wr

frqvlghu rqh ri wkh vwurqj �upv* lqfhqwlyh wr suhgdwh/ �up 4/ vd|1 Ilup 4*v sur�wv ryhu

6:Iru lqvwdqfh/ Erowrq dqg Vfkduivwhlq +4<<3, suhvhqw d prgho zlwk rqh �qdqfldoo| vwurqj dqg rqh

�qdqfldoo| zhdn �up1 Lq wklv prgho d fuhglwru r�huv wkh zhdn �up dq rswlpdo orqj0whup frqwudfw1

Lq rughu wr surylgh pdqdjhuldo lqfhqwlyhv/ wkh fuhglwru pxvw sxqlvk d �up wkdw pdnhv d orz sur�w lq

wkh �uvw shulrg e| lqfuhdvlqj wkh ulvn ri whuplqdwlqj wkh fuhglw1 Wkh zhdn �up lv wkhq yxoqhudeoh wr

suhgdwlrq e| wkh vwurqj �up1
6; Shuvvrq/ O1/ �Suhgdwlrq dqg Phujhuv= Lv Phujhu Odz FrxqwhusurgxfwlyhB/� 4<<;e1 Lq O1

Shuvvrq/ Sk1 G1 Wkhvlv/ Vwrfnkrop Xqlyhuvlw|1 Prqrjudsk Vhulhv/ Qr1 681
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shulrgv 5 dqg 7 zkhq suhgdwlqj duh Z�E�c �c �c _� �
b

%

�
n Z�E�c �c �c f�c vlqfh qr phujhuv

duh doorzhg lq shulrg 6 dqg �up g h{lwv diwhu suhgdwlrq1 Li �up 4 grhv qrw suhgdwh/ lwv

sur�wv ryhu shulrgv 5 dqg 7 duh Z�E�c �c�c _� nZ�E�c �c �c _�c vlqfh qr phujhuv duh doorzhg

lq shulrg 61 Wkxv �up 4 suhgdwhv lq shulrg 5 li dqg rqo| li F6* krogv=

F6* Z�E�c �c �c _��
b

%

�
n Z�E�c �c�c f� : 2Z�E�c�c �c _�

Shulrg 41 Qr phujhuv duh doorzhg lq shulrg 4 dffruglqj wr wkh uhvwulfwlyh phujhu

odz1

Wkh pdunhw vwuxfwxuh lq shulrg 7 zloo wkxv eh d txdgursro| li suhgdwlrq grhv qrw

rffxu lq shulrg 5 dqg d wulrsro| li suhgdwlrq rffxuv lq shulrg 51 Ohw %r eh wkh frvw dw

zklfk wkh vwurqj �upv duh lqgl�huhqw wr suhgdwlqj ru qrw suhgdwlqj lq shulrg 51 Wkxv

zh kdyh wkh iroorzlqj uhvxow=

Ohppd 81 Xqghu wkh uhvwulfwlyh phujhu odz/ wkh htxloleulxp pdunhw vwuxfwxuh lv +l, d

txdgursro| li
b

%: %rdqg +ll, d wulrsro| li
b

%	 %r1

8151 Wkh XV idlolqj �up ghihqvh

Ohw xv wxuq wr wkh fdvh zkhuh lqwhudfwlrq ehwzhhq wkh �upv wdnhv sodfh xqghu wkh XV

4<<5 Phujhu Jxlgholqhv/ zklfk vwdwh wkdw dq rwkhuzlvh dqwl0frpshwlwlyh phujhu pd| eh

shuplwwhg li irxu frqglwlrqv duh phw= o, wkh doohjhgo| idlolqj �up zrxog eh xqdeoh wr

phhw lwv �qdqfldo reoljdwlrqv lq wkh qhdu ixwxuh> 5, lw zrxog qrw eh deoh wr uhrujdql}h

vxffhvvixoo| xqghu Fkdswhu 44 ri wkh Edqnuxswf| Dfw> 6, lw kdv pdgh xqvxffhvvixo jrrg0

idlwk h�ruwv wr holflw uhdvrqdeoh dowhuqdwlyh r�huv ri dftxlvlwlrq ri wkh dvvhwv ri wkh idlolqj

�up6< wkdw zrxog erwk nhhs lwv wdqjleoh dqg lqwdqjleoh dvvhwv lq wkh uhohydqw pdunhw dqg

srvh d ohvv vhyhuh gdqjhu wr frpshwlwlrq wkdq grhv wkh sursrvhg phujhu> dqg 7, devhqw

wkh dftxlvlwlrq/ wkh dvvhwv ri wkh idlolqj �up zrxog h{lw wkh uhohydqw pdunhw1

6<Dq| r�hu wr sxufkdvh wkh dvvhwv ri wkh idlolqj �up iru d sulfh deryh wkh oltxlgdwlrq ydoxh ri wkrvh

dvvhwv � wkh kljkhvw ydoxhg xvh rxwvlgh wkh uhohydqw pdunhw ru htxlydohqw r�hu wr sxufkdvh wkh vwrfn ri

wkh idlolqj �up � zloo eh uhjdughg dv d uhdvrqdeoh dowhuqdwlyh r�hu1
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Wkh �uvw frqglwlrq uhtxluhv wkdw wkh idlolqj �up pxvw eh xqdeoh wr phhw lwv �qdqfldo

reoljdwlrqv1 Wkh vhfrqg frqglwlrq hqvxuhv wkdw wkh �up grhv qrw rqo| kdyh vkruw0whup

gl!fxowlhv/ exw lv dovr qrw yldeoh lq wkh orqj uxq1 Wkhvh wzr frqglwlrqv duh ixo�oohg li

wkh suh| lv edqnuxsw1 Pruhryhu/ lq wklv vhw0xs/ Frqglwlrq 7 lv ixo�oohg li dqg rqo| li

Frqglwlrq 6 lv ixo�oohg/ vlqfh lw lv dvvxphg wkdw wkh idlolqj �up zloo eh oltxlgdwhg/ dqg

wkxv h{lw/ li qrw dftxluhg1 Khqfh/ wkh 4<<5 idlolqj �up ghihqvh lv ydolg lq p| vhw0xs

li/ dqg rqo| li/ Frqglwlrq 6 lv vdwlv�hg1 Frqglwlrq 6 uhihuv wr dq dowhuqdwlyh ex|hu wkdw

zrxog srvh ohvv vhyhuh gdqjhu wr frpshwlwlrq1 Lw lv dvvxphg wkdw wklv lv lqwhusuhwhg e|

wkh dxwkrulw| dv d �up zlwk d vpdoohu pdunhw vkduh1 Ixuwkhupruh/ wklv dowhuqdwlyh ex|hu

pxvw pdnh d uhdvrqdeoh r�hu/ zklfk L lqwhusuhw dv wkh kljkhvw elg iurp d �up rxwvlgh

wkh lqgxvwu|1

Lq rughu wr lqfrusrudwh wkhvh uhvwulfwlrqv lqwr wkh phujhu irupdwlrq prgho/ vrph pruh

qrwdwlrq lv uhtxluhg173 Ohw rzqhu h eh dq rzqhu zkr zloo xvh wkh suh|*v dvvhwv rxwvlgh wkh

lqgxvwu|1 Wkh ydoxdwlrq ri rewdlqlqj wkh edqnuxsw �up*v dvvhwv iru rzqhu h lv ghqrwhg

�e
e_Rc dqg rzqhu h*v elg lv ghqrwhg K_e � Lw lv dvvxphg wkdw wkh dvvhwv lq wkh lqgxvwu| duh

sduwo| lqgxvwu| vshfl�f= rzqhu h*v ydoxdwlrq ri rewdlqlqj wkh dvvhwv lv orzhu wkdq wkh

ydoxh iru �upv lq wkh lqgxvwu| ri rewdlqlqj wkh dvvhwv li wkh dvvhwv zrxog rwkhuzlvh h{lw

wkh lqgxvwu|/ l1h1 �ee_R 	 ��e�_R� Lq rughu wr hqvxuh wkdw rzqhu h grhv qrw rewdlq dq| ri wkh

vwurqj �upv* dvvhwv/ lw lv dvvxphg wkdw wkh lqvlghuv* dvvhwv duh ri qr ydoxh wr rzqhu h dqg

wr hqvxuh wkdw qr lqvlghu rewdlqv rzqhu h*v dvvhwv/ lw lv dvvxphg wkdw rzqhu h*v dvvhwv

duh ri qr ydoxh wr wkh lqvlghuv1

Vrph pruh qrwdwlrq lv qhhghg/ lq rughu wr irupdol}h wkh XV idlolqj �up ghihqvh uxoh1

Ohw �up l *v pdunhw vkduh eh ghqrwhg e| r� �
^�
'
� Ixuwkhupruh/ ohw t eh dq duelwudu|

yhfwru ri pdunhw vkduhv lq wkh lqgxvwu|1 Ohw �up 4 eh wkh odujhvw �up lq wkh lqgxvwu|/

�up 5 wkh vhfrqg odujhvw/ hwf1/ dqg ohw � eh gh�qhg= � ' 4@ i� G K� � K_ej� Wkhq � lv wkh

vpdoohvw �up lq wkh lqgxvwu| wkdw srvwv d elg dw ohdvw dv kljk dv wkh elg srvwhg e| wkh

h{whuqdo �up1 Li wkh �upv duh lghqwlfdo/ lw lv dvvxphg wkdw diwhu wkh elgglqj kdv wdnhq

sodfh/ wkh frpshwlwlrq dxwkrulw| slfnv rqh ri wkh �upv zlwk htxdo suredelolw| ri ehlqj

73Iru d pruh ghwdlohg glvfxvvlrq ri wkh idlolqj �up ghihqvh grfwulqh vhh Shuvvrq +4<<;,1
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wkh vpdoohvw174 Wkh idlolqj �up ghihqvh doorfdwlrq uxoh/ 7sEMc tc��c lv gh�qhg=

Gh�qlwlrq 71 7s EMc tc�� '

;?
=

�( iru � 9' _

� li � h{lvwv/ e rwkhuzlvh> iru � ' _

<@
>

Wkxv/ doo dvvhwv rzqhg e| qrq0edqnuxsw rzqhuv vwd| zlwk wkhlu ruljlqdo rzqhuv/ dqg

rzqhu g*v dvvhwv duh vrog hlwkhu wr rqh ri wkh vwurqj �upv ru wr wkh rxwvlgh �up1

Shulrg 71 Wkh uhpdlqlqj �upv kdyh qr lqfhqwlyh wr suhgdwh/ vlqfh wklv lv wkh odvw

shulrg1 Wkh �upv wkxv frpshwh lq vwdqgdug idvklrq dqg jhqhudwh sur�wv1

Shulrg 61 Wkhuh duh irxu �upv lq wkh lqgxvwu|/ vlqfh qr phujhuv duh doorzhg lq

shulrg 4 dffruglqj wr wkh XV idlolqj �up ghihqvh uxoh1 Iru wkh vdph uhdvrq/ qr phujhuv

duh doorzhg lq shulrg 6/ li �up g lv qrw edqnuxsw1 Li �up g lv edqnuxsw/ lwv dvvhwv duh

vrog1 Wkh rxwfrph xqghu wkh XV idlolqj �up ghihqvh uxoh lv ghvfulehg lq wkh iroorzlqj

Ohppd=

Ohppd 91 Li �up g lv edqnuxsw lq shulrg 6/ rzqhu � 9' _c e rewdlqv rzqhu g*v dvvhwv dw

d sulfh htxdo wr wkh ydoxh ri wkh dvvhwv rxwvlgh wkh lqgxvwu|/ �ee_R�

Surri1 Vhh Dsshqgl{1

Qrwh wkdw wkh XV idlolqj �up ghihqvh uxoh uhvwulfwv wkh elgglqj frpshwlwlrq ehwzhhq

wkh �upv lq wkh lqgxvwu|/ vlqfh wkh dvvhwv fdq rqo| eh rewdlqhg e| wkh vpdoohvw �up lq

wkh lqgxvwu| zlwk d elg deryh wkh rxwvlghu*v175

Shulrg 51 Wkhuh duh irxu �upv lq wkh lqgxvwu| vlqfh/ dffruglqj wr wkh XV idlolqj �up

ghihqvh uxoh/ qr phujhuv duh doorzhg lq shulrg 41 Vlqfh L uhvwulfw wkh dqdo|vlv wr v|pphwulf

htxloleuld/ lw lv vx!flhqw wr orrn dw rqh ri wkh vwurqj �up*v lqfhqwlyh wr suhgdwh/ �up 4

vd|1 Ilup 4*v sur�w zkhq suhgdwlqj lv jlyhq e| Z�E�c �c �c _� �
b

%

�
n 2

�
Z�E�c � n _Rc �c f� n

74Wklv dvvxpswlrq vhhpv frpsdwleoh zlwk wkh vlwxdwlrq zkhuh wkh frpshwlwlrq dxwkrulw| fdqqrw shu0

ihfwo| revhuyh wkh �upv* pdunhw vkduh/ exw xvhv hvwlpdwhv1
75Qrwh wkdw wklv w|sh ri dxfwlrq zlwk h{whuqdolwlhv jhwv pxfk pruh lqyroyhg zkhq wkh srwhqwldo ex|huv

duh dv|pphwulf1 Krzhyhu/ wkh lpsruwdqw wklqj iru wkh uhvxow khuh lv wkdw wkh dftxlvlwlrq sulfh xqghu

wkh idlolqj �up ghihqvh qhyhu h{fhhgv wkh ydoxh ri wkh dvvhwv rxwvlgh wkh lqgxvwu|1 Wklv lv vkrzq wr krog

dovr iru dv|pphwulf �upv/ vhh Shuvvrq +4<<;,1
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�

�
EZ�E� n _Rc �c�c f� � �ee_R�c vlqfh rzqhu 4 rewdlqv wkh suh|*v dvvhwv zlwk wkh suredelolw|

ri �

�
/ dqg grhv qrw zlwk wkh suredelolw| ri 2

�
/ zkhq �up g lv edqnuxsw lq shulrg 61 Wkh

sur�w iru �up 4 zkhq qrw suhgdwlqj lv Z�E�c �c �c _� n Z�E�c �c �c _�c vlqfh qr phujhuv duh

doorzhg lq shulrg 6 li �up g lv qrw edqnuxsw1 Frqvhtxhqwo|/ �up 4 suhgdwhv li dqg rqo|

li F6� krogv=

F6� Z�E�c �c�c ���
b

%

�
n 2

�
Z�E�c � n _Rc �c f� n �

�
EZ�E� n _Rc �c �c f�� �ee_R�

: 2Z�E�c�c �c _�

Shulrg 41 Vlqfh qr �up lv edqnuxsw/ qr phujhuv duh doorzhg dffruglqj wr wkh XV

idlolqj �up ghihqvh1

Wkh pdunhw vwuxfwxuh lq shulrg 7 lv khqfh d txdgursro| li wkh vwurqj �upv gr qrw

suhgdwh lq shulrg 5/ dqg d wulrsro| li wkh vwurqj �upv suhgdwh lq shulrg 51 Ohw %sghqrwh

wkh frvw dw zklfk wkh vwurqj �upv duh lqgl�huhqw wr suhgdwlrq ru qrq0suhgdwlrq lq shulrg

51 Wkxv zh kdyh wkh iroorzlqj uhvxow=

Ohppd :1 Xqghu wkh XV idlolqj �up ghihqvh/ wkh htxloleulxp pdunhw vwuxfwxuh lv +l, d

txdgursro| li
b

%: %sdqg +ll, d wulrsro| li
b

%	 %s 1

8161 Wkh prgl�hg idlolqj �up ghihqvh

Ohw xv qrz wxuq wr d prgl�hg yhuvlrq ri wkh XV idlolqj �up ghihqvh/ d uxoh wkdw lv

suhvhqwhg khuh1 Lw lv lghqwlfdo wr wkh uxoh lq wkh XV 4<<5 Phujhu Jxlgholqhv/ dsduw iurp

wkh odvw wzr frqglwlrqv ehlqj rplwwhg1 Wkxv/ rqo| phujhuv zlwk edqnuxsw �upv duh

doorzhg dqg wkh elgghu zlwk wkh kljkhvw elg rewdlqv wkh edqnuxsw �up*v dvvhwv1 Wklv

fruuhvsrqgv wr wkh vlwxdwlrq xqghu wkh edqnuxswf| uxoh/ ghvfulehg lq Vhfwlrq BB/ zlwk

wkh uhvwulfwlrq wkdw qr phujhuv ehwzhhq qrq0edqnuxsw �upv duh doorzhg176

Shulrg 71 Wkh uhpdlqlqj �upv kdyh qr lqfhqwlyh wr suhgdwh/ dqg wkxv frpshwh lq

vwdqgdug idvklrq1

76Qrwh wkdw wkh phujhu irupdwlrq prgho lq wklv vlwxdwlrq fruuhvsrqgv wr wkh dxfwlrq prghov surylghg

e| Mhklho dqg Progrydqx +4<<9,1
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Shulrg 61 Wkhuh duh irxu �upv lq wkh lqgxvwu|/ vlqfh qr phujhuv duh doorzhg lq shulrg

41 Li �up g lv qrw edqnuxsw/ qr phujhuv duh doorzhg1 Li �up g lv edqnuxsw/ Ohppd BB

dssolhv/ vlqfh qr rwkhu phujhuv duh doorzhg dqg vlqfh lw lv dvvxphg wkdw �e
e_R 	 �

�e
�_R � Wkxv/

�up g lv dftxluhg e| rqh ri wkh vwurqj �upv dw wkh sulfh �
��

�_R
�

Shulrg 51 Wkhuh duh irxu �upv lq wkh lqgxvwu|/ vlqfh qr phujhuv duh doorzhg lq

shulrg 41 Vlqfh L uhvwulfw wkh dqdo|vlv wr v|pphwulf htxloleuld dqg vlqfh doo phujhuv

ehwzhhq qrq0edqnuxsw �upv duh iruelgghq/ Ohppd BB dssolhv1 Wkxv wkh vwurqj �upv

suhgdwh l� F6 krogv1

Shulrg 41 Qr phujhuv duh doorzhg dffruglqj wr wkh prgl�hg idlolqj �up ghihqvh

uxoh1

Frqvhtxhqwo|/ wkh pdunhw vwuxfwxuh lq shulrg 7 lv d txdgursro| li wkh vwurqj �upv gr

qrw suhgdwh lq shulrg 5 dqg lw lv d wulrsro| li wkh vwurqj �upv suhgdwh lq shulrg 51 Ohw %,

eh wkh frvw dw zklfk wkh vwurqj �upv duh lqgl�huhqw ehwzhhq suhgdwlqj ru qrw suhgdwlqj

lq shulrg 51 Wkhq/ wkhuh lv qr suhgdwlrq zkhq
b

%: %
, dqg suhgdwlrq zkhq

b

%	 %
,1 Wkxv

zh kdyh wkh iroorzlqj uhvxow=

Ohppd ;1 Xqghu wkh prgl�hg idlolqj �up ghihqvh/ wkh htxloleulxp pdunhw vwuxfwxuh lv

+l, d txdgursro| li
b

%: %
,
dqg +ll, d wulrsro| li

b

%	 %
,
1

8171 Wkh htxloleulxp pdunhw vwuxfwxuh xqghu wkh gl�huhqw phujhu odzv

Ohw xv qrz frpsduh krz wkh gl�huhqw phujhu odzv d�hfw wkh hphujlqj pdunhw vwuxfwxuh1

Wkh iroorzlqj uhvxow fdq eh ghulyhg iurp Ohppd 8/ Ohppd : dqg Ohppd ;=

Sursrvlwlrq 61 Wkh htxloleulxp pdunhw vwuxfwxuh lv +4, dw ohdvw dv frqfhqwudwhg xqghu

wkh uhvwulfwlyh phujhu odz dv xqghu wkh prgl�hg idlolqj �up ghihqvh dqg pruh frqfhq0

wudwhg iru vrph sdudphwhu ydoxhv +5, dw ohdvw dv frqfhqwudwhg xqghu wkh XV idlolqj �up

ghihqvh dv xqghu wkh prgl�hg idlolqj �up ghihqvh dqg pruh frqfhqwudwhg iru vrph sd0

udphwhu ydoxhv +6, pruh frqfhqwudwhg xqghu wkh XV idlolqj �up ghihqvh wkdq xqghu wkh

uhvwulfwlyh phujhu odz iru vrph sdudphwhu ydoxhv1

6;



Surri1 Vhh Dsshqgl{1

Wkh uhvxowv vxjjhvw wkdw d uhvwulfwlyh phujhu srolf|/ wkh uhvwulfwlyh phujhu odz/ pljkw

eh frxqwhusurgxfwlyh/ lq wkh vhqvh wkdw lw ohdgv wr frqfhqwudwlrq1 Lw pd| lqfuhdvh wkh

lqfhqwlyhv iru suhgdwlrq e| khoslqj suhgdwruv dyrlg d elgglqj frpshwlwlrq iru wkh suh|

diwhu suhgdwlrq kdv rffxuuhg1 Frqvhtxhqwo|/ wkh lqfhqwlyh iru suhgdwlrq iru phujhuv xqghu

d idlolqj �up ghihqvh lv olplwhg li wkh srwhqwldo ex|huv frpshwh wr dftxluh wkh idlolqj

�up1 Rq wkh rwkhu kdqg/ wkh lqfhqwlyh iru suhgdwlrq iru phujhu xqghu wkh XV idlolqj

�up ghihqvh pljkw eh vwurqj vlqfh lw doorzv phujhuv exw olplwv wkh elgglqj frpshwlwlrq

e| idyrulqj vpdoo �upv lq wkh dftxlvlwlrq surfhvv1

Xqghu wkh uhvwulfwlyh phujhu odz/ wkh pdunhw vwuxfwxuh pljkw qrw rqo| eh wkh rqh

zlwk wkh vpdoohvw qxpehu ri �upv/ exw dovr wkh rqh zlwk wkh vpdoohvw lqgxvwu| fdslwdo

vwrfn1 Wklv lv gxh wr wkh idfw wkdw wkh suh|*v dvvhwv h{lw xqghu wkh uhvwulfwlyh phujhu odz/

zkhuhdv wkh| pljkw eh rewdlqhg e| d ulydo xqghu wkh idlolqj �up ghihqvh srolflhv1 Wkxv/

wkh uhvwulfwlyh phujhu odz pljkw qrw rqo| ohdg wr ihz �upv lq wkh lqgxvwu|/ exw dovr wr d

vlwxdwlrq zkhuh wkhvh vpdoo �upv rqo| kdyh d vpdoo dprxqw ri fdslwdo1

Frqglwlrqv F6/ F6* dqg F6� fdq eh jhqhudol}hg wr wkh ?0vwurqj0�up fdvh1 Khqfh/ wkh

orjlf ri wkh surri ri Sursrvlwlrq6 pd| eh dssolhg wr vkrz wkdw wkh uhvxowv khuh jhqhudol}h

wr vlwxdwlrqv zlwk d odujhu qxpehu ri �upv1

6<


