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Wklv sdshu sursrvhv dq dssurdfk iru suhglfwlqj wkh sdwwhuq ri phuj0

huv zkhq gl�huhqw phujhuv duh ihdvleoh1 Lw jhqhudol}hv wkh wudglwlrqdo LR

dssurdfk/ hpsor|lqj lghdv rq frdolwlrq0irupdwlrq iurp frrshudwlyh jdph

wkhru|1 Wkh prgho vxjjhvwv wkdw lq frqfhqwudwhg pdunhwv/ phujhuv duh frq0

gxflyh wr pdunhw vwuxfwxuhv zlwk odujh lqgxvwu| sur�wv/ dqg wkxv srlqwv wr d

frq lfw ehwzhhq sulydwh dqg vrfldo lqfhqwlyhv1 Lw lv vkrzq krz phujhuv pd|

eh xqghuwdnhq lq rughu wr suhhpsw rwkhu srvvleoh/ dqg vrfldoo| pruh ghvlu0

deoh/ phujhuv1 Wkh prgho dovr wkurzv oljkw rq wkh irupdwlrq ri uhvhdufk

mrlqw yhqwxuhv dqg wdul�0mxpslqj iruhljq gluhfw lqyhvwphqw1

MHO FODVVLILFDWLRQ QR= O46/ O74

NH\ZRUGV= hqgrjhqrxv phujhuv/ frdolwlrq irupdwlrq1

WKruq lv fxuuhqwo| rq ohdyh iurp wkh Lqvwlwxwh iru Lqwhuqdwlrqdo Hfrqrplf Vwxglhv/ Vwrfnkrop

Xqlyhuvlw|1 Rslqlrqv h{suhvvhg lq wklv sdshu duh qrw lqwhqghg wr uh hfw wkrvh ri wkh ZWR1 Zh
duh judwhixo iru khosixo glvfxvvlrqv zlwk/ lq sduwlfxodu/ Mrvhsk Iudqfrlv/ Kdudog Odqj/ Mrkdq

Vwhqqhn/ Dqguhdv Zhvwhupdun dqg Dvkhu Zrolqvn|/ dqg dovr zlwk Jhlu Dvkhlp/ Shgur Eduurv/

Gdylg Grphlm/ Ehqjw Hn/ Shwhu Qrupdq/ Prww| Shuu|/ Emùuq Vhjhqgru�/ Wrpdv Vmùvwuùp/ Wrq|
Yhqdeohv/ Mùujhq Zhlexoo/ dqg e| sduwlflsdqwv lq vhplqduv dw wkh Lqvwlwxwh iru Lqwhuqdwlrqdo Hfr0

qrplf Vwxglhv/ wkh Xqlyhuvlw| ri Ohxyhq/ wkh Xqlyhuvlw| ri Oxqg/ wkh QEHU Vxpphu Lqvwlwxwh

lq Lqwhuqdwlrqdo Wudgh/ Ervwrq/ 4<<8/ dqg dw wkh Vwrfnkrop Vfkrro ri Hfrqrplfv1 Ilqdqfldo
vxssruw e| wkh Edqn ri Vzhghq Whufhqwhqdu| Irxqgdwlrq/ dqg Wrp Khgholxv* dqg Mdq Zdo0

odqghu*v Uhvhdufk Irxqgdwlrqv/ lv judwhixoo| dfnqrzohgjhg1 Hpdlo= khquln1kruqCzwr1ruj dqg

oduvsClxl1vh1 +lrpuj941wh{,



41 Lqwurgxfwlrq

Wkh irufhv ehklqg phujhuv duh srruo| xqghuvwrrg/ ghvslwh wkhlu hylghqw hpslu0

lfdo lpsruwdqfh1 Lq sduwlfxodu/ wkh olwhudwxuh kdv yhu| olwwoh wr vd| derxw zk|

fhuwdlq �upv phujh dqg qrw rwkhuv/ lq wkh lqgxvwulhv ri prvw dqwl0wuxvw frqfhuq

� wkrvh zlwk uhodwlyho| ihz �upv1 Wkh wudglwlrqdo dqdo|vlv ri phujhu lqfhqwlyhv

zdv ruljlqdwhg e| Vwljohu +4<97/ 4<:4, dqg Vdodqw hw do +4<;6,/ dqg ghyhorshg e|

h1j1 Ghqhfnhuh dqg Gdylgvrq +4<;8,/ Shuu| dqg Sruwhu +4<;8,/ dqg PfDihh dqg

Zlooldpv +4<<5,1 Lw frqvlghuv d phujhu ehwzhhq dq duelwudu| qxpehu ri �upv lq

wkh frqwh{w ri vrph sduwlfxodu roljrsro| prgho1 Ilupv duh vdlg wr kdyh lqfhqwlyhv

wr phujh li wkh sur�w ri wkh phujhg hqwlw| lv kljkhu wkdq wkhlu frpelqhg sur�wv

lq wkh lqlwldo/ qr0phujhu htxloleulxp � zh zloo uhihu wr wklv dv wkh �wudglwlrqdo

fulwhulrq� iru lqfhqwlyhv iru phujhu1 Lw kdv ehhq vxjjhvwhg/ krzhyhu/ wkdw hyhq

li wkh wudglwlrqdo fulwhulrq lv ixo�oohg/ �upv pd| uhiudlq iurp phujlqj/ vlqfh lw

pljkw lqfuhdvh sur�wv ri dq lqglylgxdo �up pruh wr vwdqg rxwvlgh d phujhu wkdq

wr sduwlflsdwh/ zkhq wkh phujhu |lhogv srvlwlyh h{whuqdolwlhv rq rxwvlgh �upv1 Wklv

�krog0xs� sureohp khqfh suhvxssrvhv wkdw wkhuh lv d wklug dowhuqdwlyh/ rqh zkhuh

wkh �up grhv qrw sduwlflsdwh lq wkh phujhu/ exw zkhuh wkh rwkhu �upv phujh1

Wkh sxusrvh ri wklv sdshu lv wr jhqhudol}h wkh frqyhqwlrqdo dssurdfk wr phujhu

irupdwlrq1 Wkh wudglwlrqdo fulwhulrq iru phujhu lqfhqwlyhv lv qdwxudo zkhq wkh

fkrlfh lv ehwzhhq wzr pdunhw vwuxfwxuhv rqo|/ zkhuh rqh lv d vwulfw frqfhqwudwlrq

ri wkh rwkhu fdxvhg e| d vlqjoh phujhu1 Krzhyhu/ wkhuh duh w|slfdoo| vhyhudo

gl�huhqw phujhu frqvwhoodwlrqv wkdw duh ihdvleoh/ dqg zh zloo wkhuhiruh doorz wkh

pdunhw sduwlflsdqwv wr fkrrvh ehwzhhq doo wkh ihdvleoh frqvwhoodwlrqv/ lq rughu wr

ghwhuplqh wkh pdunhw vwuxfwxuh1 Iroorzlqj wkh olwhudwxuh/ zh zloo uhihu wr vxfk dq

dqdo|vlv zkhuh pruh wkdq rqh phujhu lv srvvleoh/ dv rqh ri �hqgrjhqrxv� phujhu

ghwhuplqdwlrq14 Pruh jhqhudoo|/ wkh sdshu fdq eh vhhq dv vxjjhvwlqj d wkhru| ri

4Wkh lpsruwdqfh ri hqgrjhql}lqj phujhu irupdwlrq lv uhfrjql}hg e| Vdodqw hw do1/ zkr dovr

vnhwfk d prgho wkdw frxog lqfrusrudwh vxfk d ihdwxuh1 Ghqhfnhuh dqg Gdylgvrq +4<;6, suhvhqw

d wzr0vwdjh qrq0frrshudwlyh prgho ri hqgrjhqrxv phujhu irupdwlrq/ zkhuh lw lv dvvxphg wkdw

wkh pdunhw vwuxfwxuh lv ghwhuplqhg ehiruh wkh qhjrwldwlrqv ri wkh whupv ri wkh phujhu1 Krzhyhu/

wklv uhsuhvhqwdwlrq vhhpv pruh vxlwdeoh iru wkh fdvh ri irupdwlrq ri fduwhov/ zklfk lv dovr rqh
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hqgrjhqrxv pdunhw vwuxfwxuh iru lqgxvwulhv zlwk d olplwhg qxpehu ri �upv/ dqg

lq zklfk wkh phdqv ri surgxfwlrq duh lq �{hg vxsso|1

Rqh fdq glvwlqjxlvk dw ohdvw wkuhh dssurdfkhv wr wkh prgholqj ri hqgrjhqrxv

phujhu irupdwlrq1 Ndplhq dqg ]dqj +4<<3/ 4<<4, wuhdw lw dv d qrupdo irup jdph

prgho lq zklfk �upv srvw elgv iru rwkhu �upv dqg dvnlqj sulfhv iru wkhlu rzq/

dqg zkhuh wkh htxloleulxp pdunhw vwuxfwxuh dulvhv dv d uhvxow ri wklv elgglqj1

D glvwlqjxlvklqj ihdwxuh ri wklv dssurdfk lv wkh vlpxowdqhlw| ri wkh srvwlqj ri

wkh elgv dqg dvnlqj sulfhv/ zklfk pdnhv lw vhhp ghvfulswlyh ri vlwxdwlrqv zkhuh

wkhuh duh qr qhjrwldwlrqv ehwzhhq �upv/ dqg zkhuh fkdqjhv lq rzqhuvkls ri �upv

lqvwhdg wdnh sodfh wkurxjk vrph irup ri wudglqj phfkdqlvp/ vxfk dv d vwrfn

h{fkdqjh1 Zh zloo uhwxuq wklv dssurdfk lq Vhfwlrq 61

Lq frqwudvw/ wkh vhfrqg dqg wklug dssurdfkhv irfxv rq wkh delolw| ri �upv

wr iuhho| frppxqlfdwh derxw phujhuv/ dqg wr vljq elqglqj frqwudfwv1 Phujhu

irupdwlrq lv khuh wuhdwhg dv vrph irup ri edujdlqlqj1 Wkhvh dssurdfkhv wkxv

vhhp ghvfulswlyh ri vlwxdwlrqv zkhuh d olplwhg qxpehu ri �upv dqg rzqhuv duh

lqyroyhg1 Wkh vhfrqg dssurdfk zrxog sruwud| wkh phujhu irupdwlrq dv d qrq0

frrshudwlyh h{whqvlyh irup edujdlqlqj jdph/ dgrswlqj d prgho vxfk dv wkh rqh

dqdo|}hg e| h1j1 Fkdwwhumhh hw do1 +4<<6,/ ru Ud| dqg Yrkud +4<<;,1 Zkloh lq

pdq| zd|v ehlqj wkh prvw qdwxudo dssurdfk/ lw kdv vrph xqghvludeoh ihdwxuhv1

Lq sduwlfxodu/ wkh suhglfwlrqv derxw wkh phujhuv wkdw zloo eh iruphg zrxog eh

vhqvlwlyh wr wkh rughu lq zklfk �up pdnh r�huv dqg frxqwhu0r�huv1 Krzhyhu/ wklv

ihdwxuh vhhpv wr eh dq duwlidfw ri wkh prgholqj surfhgxuh/ udwkhu wkdq dq dvshfw

ri �uvw0kdqg lpsruwdqfh wr phujhu irupdwlrq1
5

Wklv sdshu iroorzv d wklug dssurdfk/ dqg wuhdwv wkh phujhu irupdwlrq dv d

frrshudwlyh jdph/ iru d frpelqdwlrq ri wzr uhdvrqv1 Iluvw/ dqg dv lv riwhq vwuhvvhg/

e| vdful�flqj vrph ghwdlov lq wkh ghvfulswlrq ri dq h{wuhpho| frpsolfdwhg vwudwhjlf

lqwhudfwlrq/ d frrshudwlyh dssurdfk pd| surylgh vrph lqvljkwv lqwr vlwxdwlrqv

zkhuh sod|huv duh iuhh wr frppxqlfdwh dqg zulwh elqglqj frqwudfwv � dv �upv

lqwhusuhwdwlrq jlyhq e| wkh dxwkruv1 Vhh h1j1 Eorfk +4<<5,/ \l +4<<:/ 4<<;,/ dqg \l dqg Vklq

+4<<8, iru uhfhqw frqwulexwlrq wr wklv dssurdfk1

5
Vhh Ud| dqg Yrkud +4<<8, iru d glvfxvvlrq ri wkh sureohp ri prgholqj frdolwlrq irupdwlrq1
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w|slfdoo| duh lq wkh surfhvv ri phujhu irupdwlrq� lqvljkwv wkdw duh kdug wr dfklhyh

lq qrq0frrshudwlyh prghov16 Vhfrqgo|/ e| xvlqj d frrshudwlyh dssurdfk zh dovr

jhqhudol}h wkh wudglwlrqdo phujhu dqdo|vlv/ zklfk lpsolflwo| uholhv rq frrshudwlyh

uhdvrqlqj1 Wkh wudglwlrqdo fulwhulrq iru phujhu lqfhqwlyhv lv edvhg rq wkh lghd wkdw

li d phujhu uhsuhvhqwv d Sduhwr lpsuryhphqw iru d jurxs ri �upv/ wkh| vkrxog

vrphkrz eh deoh wr djuhh rq d glylvlrq ri wklv jdlq1 Exw/ lw lv qrw vshfl�hg zk|

dqg krz wkh sduwlhv djuhh rq wklv glylvlrq1 Khuh zh jhqhudol}h wklv dssurdfk

e| wdnlqj lwv orjlf rqh vwhs ixuwkhu/ lqfoxglqj frpsdulvrqv qrw rqo| ehwzhhq wzr

duelwudulo| fkrvhq pdunhw vwuxfwxuhv/ exw ehwzhhq doo srvvleoh pdunhw vwuxfwxuhv1

Wkh sdshu xvhv d frrshudwlyh dssurdfk wr frdolwlrq irupdwlrq/ �sduwlwlrq ixqf0

wlrq irup jdphv�/ wkdw gdwhv edfn wr Wkudoo dqg Oxfdv +4<96,1 Wkh sduwlwlrq

ixqfwlrq irup lqfoxghv wkh sd|r�v ri doo sod|huv lq dq| srvvleoh frdolwlrq vwuxf0

wxuh1 Iroorzlqj Vkhqr| +4<:<,/ wkh sduwlwlrq ixqfwlrq irup jdph lv h{suhvvhg dv

dq �devwudfw v|vwhp�/ zklfk lv d yhu| jhqhudo ghvfulswlrq ri d jdph17 Lw frq0

vlvwv ri wzr frpsrqhqwv= d vhw ri rxwfrphv/ dqg d elqdu| uhodwlrq grp gh�qhg

rq wkhvh rxwfrphv/ zlwk wkh lqwhusuhwdwlrq wkdw P� �grplqdwhv� P � zkhqhyhu

P
�
grp P

�
> zkhuh P �

>P
�
5 P1 Khuh/ wkh vhw ri rxwfrphv zloo eh rzqhuvkls

vwuxfwxuhv/ dqg wkh grp uhodwlrq zloo eh d jhqhudol}dwlrq ri wkh wudglwlrqdo fulwh0

ulrq iru phujhu lqfhqwlyhv wkdw fdq eh dssolhg wr dq| sdlu ri vwuxfwxuhv1 Khqfh/ lw

fdq udqn vwuxfwxuhv zkhuh qhlwkhu lv vwulfwo| pruh frqfhqwudwhg wkdq wkh rwkhu/ ru

zkhuh pruh wkdq rqh phujhu lv lqyroyhg1 E| dsso|lqj d vroxwlrq frqfhsw +vwdelolw|

fulwhulrq, wr wklv jdph/ lq rxu fdvh wkh fruh/ rqh fdq suhglfw dq htxloleulxp rzq0

huvkls +frdolwlrq, vwuxfwxuh1 Wkxv/ zh zloo udqn hyhu| ihdvleoh vwuxfwxuh djdlqvw

hyhu| rwkhu vwuxfwxuh/ dqg ylhz vwuxfwxuhv wkdw duh xqgrplqdwhg dv htxloleulxp

6Vhh h1j1 wkh ryhuylhzv ri frrshudwlyh wkhru| lq Juhhqehuj +4<<7,/ dqg Rveruqh dqg Uxehq0

vwhlq +4<<7,1 Wkhuh vhhpv wr eh d pxfk pruh hfohfwlf ylhz ri frrshudwlyh jdph wkhru| dprqj

jdph wkhrulvwv wkdq dprqj qrq0vshfldolvwv zkr dsso| jdph wkhruhwlf frqfhswv1
7Wklv frqfhsw ruljlqdwhv iurp yrq Qhxpdqq dqg Prujhqvwhuq +4<7:,/ dqg lwv uhohydqfh wr d

odujh qxpehu ri frrshudwlyh dqg qrq0frrshudwlyh dssurdfkhv lv glvfxvvhg e| Juhhqexuj +4<<7,1

D uhfhqw frrshudwlyh dssolfdwlrq lv Hvslqr}d dqg Lqduud +4<<9,/ zkr hpsor| wkh qrwlrq ri yrq

Qhxpdqq0Prujhqvwhuq vwdeoh vhwv ri sd|r�v wr ghulyh �phujhu vwdeoh� htxloleuld iru pdunhwv

zkhuh �upv duh lghqwlfdo1

5



rzqhuvkls vwuxfwxuhv1 Dv dujxhg e| Kduw dqg Nxu} +4<;6,/ vxfk dq dssurdfk fdq

eh vhhq dv d �uvw vwhs wrzdug d ixoo0 hgjhg g|qdplf dqdo|vlv/ lq wkdw lw fkdudf0

whul}hv lwv �qdo rxwfrph1

Wkh prgho ri hqgrjhqrxv phujhu irupdwlrq lv �uvw dssolhg wr wkh fdvh zkhuh

frpsohwh prqrsrol}dwlrq lv shuplwwhg dqg |lhogv pd{lpdo lqgxvwu| sur�wv dprqj

doo srvvleoh pdunhw vwuxfwxuhv1 Lw lv vkrzq lq Vhfwlrq 6 wkdw wkh krog0xs sureohp

lv qrw dv shuydvlyh khuh dv lq rwkhu dssurdfkhv/ xqghu idluo| jhqhudo flufxpvwdqfhv

uhjduglqj whfkqrorj| dqg ghpdqg1 Wkh uhdvrq iru wklv lv wkdw lq rxu iudphzrun

d uhixvdo e| vrph sduw| wr vljq d frqwudfw wr zklfk lw lv vljqdwru| lpsolhv wkdw

wkh zkroh frqwudfw lv yrlg1 Wkhq/ li rqh sod|hu lv ohdylqj wkh prqrsro|/ wkh

rwkhuv fdq dozd|v oxuh klp edfn zlwk d ehwwhu r�hu/ dv orqj dv wkh prqrsro|

hqmr|v wkh dgydqwdjh ri |lhoglqj wkh kljkhvw lqgxvwu| sur�w1 Zh �qg wklv ihdwxuh

lqwxlwlyho| dsshdolqj/ vlqfh zh eholhyh wkdw zkloh wkh krog0xs sureohp pljkw eh

ghvfulswlyh ri pdunhwv zlwk d odujh qxpehu ri rzqhuv/ lw lv pxfk ohvv sodxvleoh wkdw

d olplwhg qxpehu ri rzqhuv lq d frqfhqwudwhg lqgxvwu| zklfk fdq frppxqlfdwh

dqg vljq elglqj djuhhphqwv zrxog zdlw lqgh�qlwho| wr uhds wkh jdlqv iurp phujhu/

dv d uhvxow ri frqvwdqwo| wu|lqj wr ehfrph sur�wdeoh rxwvlghuv1 Li wkh sduwlhv fdq

frppxqlfdwh dqg vljq elqglqj frqwudfwv wkhq wkh rxwfrph vkrxog dovr eh h!flhqw1

Vhfwlrq 7 ghulyhv frqglwlrqv xqghu zklfk wkh prvw frqfhqwudwhg vwuxfwxuh zloo

dulvh/ dovr zkhq d prqrsro| lv qrw shuplwwhg wr irup1 Lw vkrzv dovr wkdw li frvw

vdylqjv iurp phujhuv rqo| vwhp iurp vdylqjv ri �{hg frvwv/ wkhq wkh htxloleulxp

pdunhw vwuxfwxuh pd{lpl}hv lqgxvwu| sur�wv dprqj doo shuplwwhg vwuxfwxuhv1

Vhfwlrq 8 eulh | gudzv vrph frqfoxvlrqv frqfhuqlqj flufxpvwdqfhv xqghu

zklfk sulydwh lqfhqwlyhv duh fruuhfw iurp d vrfldoo| srlqw ri ylhz/ dqg zkhq

wkh| glyhujh1 Lw dovr vkrzv wkdw htxloleulxp phujhuv qhhg qhlwkhu holplqdwh wkh

prvw lqh!flhqw �upv/ qru fuhdwh wkh prvw h!flhqw rqhv1 Wkh vhfwlrq hqgv zlwk d

ihz uhpdunv rq phujhu srolf| zkhq phujhuv duh hqgrjhqrxv1 Zkhq hydoxdwlqj d

sursrvhg phujhu wkh dowhuqdwlyh wr wkh phujhu lv qrw qhfhvvdulo| wkh rxwvhw/ exw

pd| eh dqrwkhu sursrvhg phujhu1 Wkh ghvljq ri dq rswlpdo srolf| lv frqvlghudeo|

pruh frpsolfdwhg zkhq wkhvh ihdwxuhv kdyh wr eh wdnhq lqwr dffrxqw1

D glvwlqjxlvklqj ihdwxuh ri wkh suhvhqw prgho/ zkhq frpsduhg wr rwkhu prghov
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ri hqgrjhqrxv phujhuv/ lv wkdw wklv prgho fdq kdqgoh dv|pphwulhv ehwzhhq �upv/

dqg wkxv suhglfw wkh phujhuv wkdw duh pruh olnho| wr hphujh lq vlwxdwlrqv zkhuh

�upv duh dv|pphwulf1 Iru lqvwdqfh/ lw lv vkrzq krz phujhuv pd| eh xqghuwdnhq

lq rughu wr suh0hpsw rwkhu srvvleoh/ dqg vrfldoo| pruh ghvludeoh/ phujhuv1 Wkh

uhdvrqv iru wklv lv sduwo| wkh idfw wkdw phujhu irupdwlrq lq wkhvh fdvhv duh sduwo|

gulyhq e| suhhpswlyh prwlyhv= d �up*v dowhuqdwlyh wr phujlqj qhhg qrw eh wr

uhpdlq lq wkh lqlwldo srvlwlrq/ exw wr vwdqg rxwvlgh vrph rwkhu phujhu1 D phujhu

fdq wkxv sduwo| eh gulyhq e| d ghvluh wr dyrlg qhjdwlyh uhshufxvvlrqv wkdw wkh

phujlqj sduwlhv zrxog h{shulhqfh li rwkhu phujhuv zhuh qrw suhyhqwhg1

Wklv phfkdqlvp wxuq rxw wr eh fhqwudo iru wkh uhvxowv ghulyhg lq Vhfwlrq 9/

zkhuh wkh prgho lv dssolhg wr wkuhh lvvxhv uhodwhg wr frqyhqwlrqdo phujhu dqdo|vlv1

Iru h{dpsoh/ lw lv vkrzq krz uhvhdufk mrlqw yhqwxuhv pd| eh iruphg lq rughu wr

suh0hpsw rwkhu srvvleoh/ dqg vrfldoo| pruh ghvludeoh/ mrlqw yhqwxuhv1 Lw lv dovr

looxvwudwhg krz kljk wudgh eduulhuv pd| ohdg wr phujhuv dprqj grphvwlf �upv/

zkhuh wkhvh grphvwlf phujhuv duh sduwo| gulyhq e| wkh lqfhqwlyh iru grphvwlf �upv

wr suh0hpsw lqwhuqdwlrqdo phujhuv1 Wklv uhvxow frqwudvwv wr wkh �wdul�0mxpslqj�

dujxphqw zklfk krogv wkdw kljk eduulhuv suryrnh lqwhuqdwlrqdo phujhuv1

51 Wkh prgho

Wkh vwdqgdug dssurdfk lq frrshudwlyh jdph wkhru| uholhv rq wkh �frdolwlrq ixqf0

wlrq� ru �fkdudfwhulvwlf ixqfwlrq� irup/ zklfk odujho| ljqruhv h{whuqdolwlhv18 Lq

wkhvh jdphv lw lv lpsolflwo| dvvxphg wkdw wkh sd|r� ohyhov phpehuv ri d frdol0

wlrq fdq dwwdlq duh lqghshqghqw ri wkh dfwlrqv fkrvhq e| wkh sod|huv rxwvlgh wklv

frdolwlrq1 Wklv ghvfulswlrq vkduso| frqwudvwv zlwk wkh vlwxdwlrq zh hqylvdjh zkhuh

wkh rxwfrph ri wkh phujhu irupdwlrq vkrxog eh h{shfwhg wr eh lq xhqfhg erwk

e| wkh sur�wv �upv pdnh zkhq phujlqj/ dv zhoo dv e| wkhlu sur�wv zkhq rwkhu

�upv phujh1 Lq rughu wr fdswxuh wklv w|sh ri vlwxdwlrq/ zh zloo ghvfuleh phujhu

irupdwlrq dv d sduwlwlrq ixqfwlrq irup jdph1

Frqvlghu dq lqgxvwu| lq zklfk surgxfwlrq uhtxluhv wkh xvdjh ri dq dvvhw wkdw lv

8Vhh h1j1 Vkxeln +4<;6/ s1 687, dqg Juhhqehuj +4<<7/ s1 463;,1
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lq �{hg vxsso|1 Hdfk xqlw ri wklv dvvhw lv lqglylvleoh dqg lv xqghu wkh frqwuro dqg

rzqhuvkls ri d vhsdudwh rzqhu1 Wkh lqwhudfwlrq lq wkh lqgxvwu| wdnhv sodfh lq wzr

vwdjhv1 Lq wkh �uvw wkh rzqhuv irup �upv1 D �up qhhgv rqh xqlw ri wkh dvvhw wr

eh rshudwlrqdo/ vr hdfk vhsdudwh rzqhu fdq uxq d �up1 Exw rzqhuv fdq dovr irup

frdolwlrqv � phujh � lq rughu wr fuhdwh �upv wkdw frqwuro pruh wkdq rqh xqlw ri

wkh dvvhw1 Dq rzqhuvkls vwuxfwxuh P
� lv d sduwlwlrq ri wkh vhw Q @ i4> ===> qj ri

rzqhuv lqwr frdolwlrqv1 OhwP eh wkh vhw ri doo srvvleoh rzqhuvkls vwuxfwxuhv dqg

ohw N� eh wkh vhw ri doo �upv +frdolwlrqv, lq P
� 1

Wkh �upv wkdw duh iruphg lq wkh �uvw vwdjh frpshwh qrq0frrshudwlyho| lq

vwdqgdug idvklrq lq dq roljrsrolvwlf pdunhw lq wkh vhfrqg vwdjh1 Ohw wkh sur�wv ri

�up n lq pdunhw vwuxfwxuh P� eh ghqrwhg �
�

&
/ hwf11 Zkhq djuhhlqj rq d phujhu/

rzqhuv fdq ghflgh rq dq| glylvlrq ri wkh �up*v sur�w/ dv orqj dv wkh vxp ri

wkh sd|phqwv htxdov wkh sur�w ri wkh �up1 Krzhyhu/ rzqhuv fdqqrw pdnh dq|

sd|phqwv ehwzhhq frdolwlrqv lq wkh �uvw vwdjh/ qru fdq wkhuh eh dq| wudqvihuv

ehwzhhq �upv lq wkh vhfrqg vwdjh19

Lq olqh zlwk pxfk ri frrshudwlyh jdph wkhru|/ dqg lq d wulyldo vhqvh zlwk

wkh wudglwlrqdo LR dssurdfk wr wkh dqdo|vlv ri phujhu lqfhqwlyhv/ zh zloo ghulyh

wkh htxloleulxp frdolwlrq vwuxfwxuh+v, e| phdqv ri elqdu| frpsdulvrqv ri vxfk

vwuxfwxuhv1 D fhqwudo frqfhsw zloo eh wkh �grplqdqfh uhodwlrq� grp1 Wkh lghd

ehklqg wklv uhodwlrq lv wkdw li d rzqhuvkls vwuxfwxuhP � lv �grplqdwhg� e| dqrwkhu

vwuxfwxuh P� / wkh iruphu zloo qrw eh wkh rxwfrph ri wkh phujhu jdph/ vlqfh lw

lv lq wkh lqwhuhvw ri rzqhuv zkr kdyh wkh srzhu ri hqiruflqj P
� ryhu P � dqg

ylfh yhuvd � zkr duh �ghflvlyh� zlwk uhvshfw wr P
� dqg P

� � wr hqirufh P�

zkhqhyhu wkh dowhuqdwlyh wkuhdwhqv wr eh P �1 Lq sduwlfxodu/ iru P� wr grplqdwh

P
�/ doo rzqhuv zkr duh lqyroyhg lq wkh irupdwlrq dqg euhdnlqj xs ri phujhuv

ehwzhhq wkh wzr vwuxfwxuhv pxvw lq vrph vhqvh suhihu wkh grplqdwlqj vwuxfwxuh

wr wkh rwkhu vwuxfwxuh1 Dv phqwlrqhg ehiruh/ zh duh pdlqo| lqwhuhvwhg lq fdvhv

9Lq wkh sdshu zh devwudfw iurp srwhqwldo frq lfwv ehwzhhq pdqdjhuv dqg rzqhuv/ frq lfwv

wkdw duh dw wkh iruhiurqw lq d odujh olwhudwxuh lq �qdqfh1 Uhodwhg/ doo dvvhwv rzqhg e| wkh vdph

rzqhu duh hpsor|hg lq wkh vdph �up1 Zh wkhuhiruh ghsduw iurp wkh odujh olwhudwxuh lq �qdqfh

zklfk irfxvhv rq frq lfwv ehwzhhq rzqhuv dqg pdqdjhuv/ dqg ehwzhhq gl�huhqw jurxsv ri rzqhuv1

8



zkhuh wkhuh lv d olplwhg qxpehu ri �upv lq wkh pdunhw1 Vlqfh �up rzqhuv fdq

w|slfdoo| iuhho| frppxqlfdwh derxw phujhuv/ lw lv uhdvrqdeoh wr ylhz wkh rzqhuv

dv sduwlflsdwlqj lq vrph irup ri edujdlqlqj ryhu wkh wzr vwuxfwxuhv1

Wkuhh lvvxhv qhhg wr eh uhvroyhg lq rughu wr xwlol}h wklv dssurdfk= Iluvw/ zkr

fdq lq xhqfh wkh udqnlqj ri d jlyhq sdlu ri vwuxfwxuhvB Vhfrqgo|/ zkdw fulwhulrq

grhv wklv jurxs hpsor| iru wkh udqnlqjB Wklugo|/ krz vkrxog doo wkh udqnlqjv

ri wkh ydulrxv srvvleoh vwuxfwxuhv eh zhljkwhg wrjhwkhuB Wkhvh wkuhh txhvwlrqv/

zklfk duh fhqwudo wr dq| frrshudwlyh jdph/ duh dgguhvvhg lq wkuhh vxevhfwlrqv

ehorz1 Krzhyhu/ ehiruh wxuqlqj wr wkhvh ghwdlov zh suhvhqw dq h{dpsoh wkdw

ghprqvwudwhv wkh frqvlghudwlrqv wkh prgho duh phdqw wr fdswxuh1

5141 Dq h{dpsoh

Dvvxph wkhuh duh wkuhh roljrsrolvwlf �upv/ 4/ 5/ dqg 6/ dw wkh rxwvhw1 Wkh| duh

doorzhg wr phujh/ exw qrw wr irup d prqrsro|1 Wkh srvvleoh pdunhw vwuxfwxuhv

duh P�
@ i4> 5> 6j/ P�

@ i45> 6j/ P�
@ i46> 5j/ dqg P�

@ i56> 4j/ zkhuh lq

vwuxfwxuh D �upv 4 dqg 5 duh phujhg/ dqg �up 6 lv rq lwv rzq/ hwf1 Wkh sur�wv

ri wkh �upv lq wkh srvvleoh pdunhw vwuxfwxuhv duh

��
�
@ ��

2
@ ��

�
@ 3 ��

�2
@ :3> ��

�
@ 83

��
��

@ 433> ��
2
@ 3 ��

2�
@ <3> ��

�
@ 8

Wkh wdvn ri suhglfwlqj wkh phujhu wkdw lv olnho| wr eh iruphg lv frpsolfdwhg e|

wkh idfw wkdw iru dq| sd|r� yhfwru wkdw lv sursrvhg/ wkhuh duh rwkhu sd|r� yhfwruv

wkdw duh ehwwhu iru erwk sduwlflsdqwv ri dqrwkhu phujhu lq vrph rwkhu vwuxfwxuh

� wkdw lv/ wkhuh h{lvwv qr �frdolwlrq vwuxfwxuh fruh1� Wklv whqghqf| wr pryh dzd|

iurp dq| sursrvhg pdunhw vwuxfwxuh lpsolhv wkdw wkhuh lv qr vlpsoh fdqglgdwh iru

dq htxloleulxp pdunhw vwuxfwxuh1:

:Wkh wudglwlrqdo dssurdfk wr phujhu dqdo|vlv zrxog rqo| shuplw d frpsdulvrq ri vwuxfwxuh

�
� zlwk hlwkhu vwuxfwxuh ��/ �� ru ��

c vlqfh wkhvh duh wkh rqo| frpsdulvrqv lqyroylqj d

vwulfw frqfhqwudwlrq/ vwhpplqj iurp d vlqjoh phujhu1 Iru h{dpsoh/ lq wkh whuplqrorj| deryh/

wkh wudglwlrqdo fulwhulrq zrxog dprxqw wr wkh fulwhulrq �
�
_J6 �

� li Z��2 : Z
�

� n Z
�

2 1 Wklv

vroxwlrq lpsolflwo|/ dqg lq d wulyldo vhqvh/ uholhv rq wkh fruh= �� lv wkh sursrvhg vroxwlrq li�� lv
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Fohduo|/ wkh sur�wv wkdw hdfk phujhg hqwlw| dfklhyhv lq wkh gl�huhqw frqvwhood0

wlrqv � wkh ydoxhv :3/ 433/ dqg <3 � vkrxog lq xhqfh wkh lghqwlw| ri wkh phujhu

wkdw lv iruphg1 Iurp wklv shuvshfwlyh/ wkh phujhu ehwzhhq �upv 4 dqg 6 vhhpv

prvw olnho|1 Krzhyhu/ wkh �upv duh qrw rqo| gl�huhqwo| sur�wdeoh lq wkh gl�hu0

hqw phujhu frqvwhoodwlrqv/ exw duh dovr gl�huhqwo| sur�wdeoh rxwvlgh phujhuv/ dqg

vkrxog wkhuhiruh eh gl�huhqwo| frqfhuqhg wr phujh1 Vxssrvh wkdw �upv 4 dqg

6 frqwhpsodwh phujlqj/ lq rughu wr glylgh wkh sur�w ri 4331 Ilup 5 frxog wkhq

sursrvh vwuxfwxuh P�/ lq zklfk �upv 4 dqg 5 phujh1 Wkh uhvxowlqj sur�w ri :3

lv vpdoohu wkdq wkh 433 dfklhyhg wkurxjk wkh phujhu ehwzhhq �upv 4 dqg 61 Exw/

lq rughu wr vxssruw pdunhw vwuxfwxuh P� lqvwhdg ri P�/ �up 6 pd| qrw dffhsw

dq|wklqj ohvv lq wkh phujhu zlwk �up 4 wkdq wkh 83 lw zrxog jhw lq wkh sursrvhg

vwuxfwxuh P�/ dv dq rxwvlghu1 Khqfh/ �up 4 zrxog eh ohiw zlwk d pd{lpxp ri 83

lq wkh phujhu zlwk �up 61 Ilup 5 zrxog wkhq eh zloolqj wr jlyh �up 4 d sd|r�

ri 93/ vd|/ lq rughu wr lqgxfh lw wr phujh zlwk �up 51 Wklv zrxog ohdyh �up 5

zlwk 43/ zklfk lv ehwwhu wkdq wkh 3 rewdlqhg li 4 dqg 6 phujh1 Khqfh/ zh pd|

h{shfw vwuxfwxuh P� wr grplqdwh vwuxfwxuh P� dv d fdqglgdwh iru d vroxwlrq wr

wkh phujhu jdph1 D vlplodu uhdvrqlqj zrxog frqfoxgh wkdw vwuxfwxuh P� lq wklv

vhqvh grplqdwhv vwuxfwxuhv P� dqg P�1 Ehlqj wkh rqo| xqgrplqdwhg pdunhw

vwuxfwxuh/ vwuxfwxuh P� zrxog eh rxu xqltxh vxjjhvwlrq iru d vroxwlrq wr wkh

phujhu irupdwlrq jdph � wkh rqo| pdunhw vwuxfwxuh wkdw lv vwdeoh zlwk uhvshfw

wr wkh srvvlelolw| ri �upv wr phujh lv P�1

5151 Ghflvlyh rzqhuv

Ohw K� eh d vxevhw ri wkh vhw ri �upv +frdolwlrqv, lq P �> K� � N�/ dqg ohw R+K�,

eh wkh vhw ri rzqhuv sduwlflsdwlqj lq wkh �upv lq K�1

Gh�qlwlrq 4 D ghflvlyh jurxs ri rzqhuv zlwk uhvshfw wr rzqhuvkls vwuxfwxuhv

P� dqg P� / ghqrwhg G
��
} > dqg wkh vhwv ri �upv K�

} dqg K
�
} wkdw frpsulvh

wkhvh rzqhuv lq wkh uhvshfwlyh vwuxfwxuh/ kdyh wkh iroorzlqj surshuwlhv=

xqgrplqdwhgc zklfk lw lv zkhqhyhu �� dqg �� duh wkh rqo| srvvleoh vwuxfwxuhv/ dqg ��
_J6

�
�1

:



41 41 G
��
} @ R+K�

}, @ R+K
�
}, 9@ >1

51 K�
} _K

�
} @ >1

61 CG � G
��
} m G ixo�oov 4 dqg 51

Khqfh/ wklv vhw ri rzqhuv lv rewdlqhg e| iruplqj d xqlrq ri �upv lq P � dqg d

xqlrq ri �upv lq P� / vxfk wkdw wkh wzr xqlrqv wkxv iruphg frqwdlq wkh vdph vhw

ri rzqhuv/ wkh wzr xqlrqv gr qrw kdyh dq| �upv lq frpprq/ dqg wkhuh lv qr vwulfw

vxevhw ri wkh vhw wkxv iruphg wkdw fdq eh frqvwuxfwhg lq wkh vdph zd|1 Vxevfulsw

j lqglfdwhv wkdw lq jhqhudo wkhuh pd| h{lvw pruh wkdq rqh ghflvlyh jurxs ri rzqhuv

zlwk uhvshfw wr wzr rzqhuvkls vwuxfwxuhv1

Wkhuh lv d yhu| vlpsoh lghd ehklqg wklv shukdsv vrphzkdw rsdtxh gh�qlwlrq1

Lw fdq eh vhhq lq wkh iroorzlqj h{dpsoh/ lq zklfk wkhuh duh ; rzqhuv/ dqg wzr

rzqhuvkls vwuxfwxuhv P� @ i45> 6> 7> 8> 9> :;j dqg P� @ i4> 56> 78> 9> :;j1 Rzq0

huv 9/ : dqg ; ehorqj wr lghqwlfdo �upv lq erwk vwuxfwxuhv/ dqg vlqfh sd|phqwv

ehwzhhq �upv duh qrw doorzhg/ wkhvh rzqhuv fdqqrw lq xhqfh wkh udqnlqj ri P�

dqg P� � wkh| duh qrw �ghflvlyh� zlwk uhvshfw wr wkhvh wzr vwuxfwxuhv1 Qrz

wxuq wr rzqhuv 4/ 5 dqg 61 Li P� lv iruphg/ 6 zloo qrw sduwlflsdwh lq d phujhu1

Lq rughu wr suhyhqw wklv/ zklfk zrxog eh lq wkh lqwhuhvw ri 6 li wkh rzqhu*v sur�w

lq wklv vwuxfwxuh lv vpdoo/ 6 pd| r�hu wr iruhjr vxusoxv lq vwuxfwxuh P� lq wkh

phujhu zlwk rzqhu 51 Rq wkh rwkhu kdqg/ rzqhu 4 pd| frxqwhu zlwk dq r�hu wr

iruhjr vxusoxv lq vwuxfwxuh P�> wr lqgxfh d phujhu zlwk rzqhu 51 Ru/ 5 pljkw eh

zloolqj wr vdful�fh d odujh sduw ri wkh sur�w pdgh e| �up 56 lq P� / lq rughu wr

lqgxfh rzqhu 6 wr sduwlflsdwh lq d phujhu1 Rzqhu 4 pd| wkhq qhhg wr r�hu d odujh

sduw ri wkh sur�w lq P� wr shuvxdgh 5 wr phujh1 Lq hlwkhu fdvh/ e| ehlqj olqnhg

wr rzqhu 5 lq vwuxfwxuh P� / 6 lv deoh wr �edujdlq� zlwk 4 ryhu 5*v sduwlflsdwlrq

lq d phujhu1 Lq d vlplodu yhlq/ li wkh sur�w ri rzqhu 8 lq vwuxfwxuh P� lv orz/

wklv rzqhu pd| r�hu d odujh vkduh ri wkh fdnh wr rzqhu 7/ lq rughu wr lqgxfh wkh

odwwhu wr sduwlflsdwh lq wkh phujhu lq vwuxfwxuhP� 1 Wkxv/ rzqhuv 4/111/8 kdyh wkh

srvvlelolw|/ dqg xvxdoo| dovr wkh lqfhqwlyh/ wr d�hfw wkh udqnlqj ri P� dqg P� /

dqg duh wkhuhiruh �ghflvlyh� zlwk uhvshfw wr wkhvh wzr vwuxfwxuhv1 Exw/ lw lv qrw

srvvleoh iru rzqhuv 4/ 5 dqg 6/ wr wudqvihu uhvrxufhv wr rzqhuv 7 dqg 8/ dqg ylfh

;



yhuvd> khqfh wkh qhhg wr glvwlqjxlvk ehwzhhq vhsdudwh jurxsv ri ghflvlyh rzqhuv1

5161 Wkh grplqdqfh uhodwlrq

Wkhq/ zkhq vkrxog wkh vhw ri ghflvlyh rzqhuv eh vdlg wr suhihu rqh vwuxfwxuh wr

dqrwkhuB Ohw G��
} eh dq duelwudu| ghflvlyh jurxs zlwk uhvshfw wr P � dqg P� 1 Zh

zloo vd| wkdw P� grplqdwhv P � yld G
��
} li dqg rqo| li wkh frpelqhg sur�w ri wkh

ghflvlyh jurxs lv odujhu lq P� wkdq lq P �
>

[

&MG
�
}

�
�

&
A

[

&MG�
}

�
�
& +514,

zkhuh +K�
}>K

�
}>G

��
} , ixo�oo Gh�qlwlrq 41 Zlwk pruh wkdq rqh ghflvlyh jurxs/ wkhvh

jurxsv pd| grplqdwh lq rssrvlwh gluhfwlrqv1 Iru P� wr grplqdwh P
�/ zulwwhq

P
�
grp P

�/ zh uhtxluh wkdw grplqdwlrq krogv iru hdfk ghflvlyh jurxs zlwk

uhvshfw wr P � dqg P� =

Gh�qlwlrq 5 P
�
grp P

� l� +514, krogv iru hdfk ghflvlyh jurxs z1u1w1 P � dqg

P
� 1

Qrwh wkdw wklv lpsolhv wkdw zh fdqqrw kdyh erwk wkdwP�
grp P

� dqgP �
grp P

� >

wkdw lv/ wkh grp uhodwlrq lv dv|pphwulf1

Qrwh wkdw rxu grplqdqfh uhodwlrq lqfoxghv wkh fulwhulrq iru phujhu lqfhqwlyhv

hpsor|hg lq wkh wudglwlrqdo phujhu olwhudwxuh dv d vshfldo fdvh zklfk dulvhv zkhq

P
� lv d vwuxfwxuh zlwkrxw phujhuv/ dqg P� rqh zkhuh d vlqjoh jurxs ri rzqhuv

kdyh phujhg1 Rxu fulwhulrq wkhq h{dfwo| frlqflghv zlwk wkh vwdqgdug fulwhulrq= wkh

vhwv ri ghflvlyh rzqhuv duh lghqwlfdo lq erwk fdvhv/ dv duh wkh grplqdqfh uhodwlrqv1

Exw/ wkh grplqdqfh uhodwlrq hpsor|hg khuh lv pruh jhqhudo lq wzr uhvshfwv= lw lv

dssolfdeoh wr vlwxdwlrqv zkhuh wkhuh lv pruh wkdq rqh frqfhqwudwlyh phujhu/ dqg

zkhuh qhlwkhu rzqhuvkls vwuxfwxuhv lv d vwulfw frqfhqwudwlrq ri wkh rwkhu1

5171 Htxloleulxp rzqhuvkls dqg pdunhw vwuxfwxuhv

Wkh gh�qlwlrq ri ghflvlyh jurxsv dqg ri wkh grp uhodwlrq vshfl�hv krz wr udqn dq|

sdlu ri rzqhuvkls vwuxfwxuhv1 Wkh uhpdlqlqj lvvxh lv wr vshfli| krz wkhvh udqnlqjv

<



duh wr eh xvhg lq rughu wr suhglfw wkh rxwfrph ri wkh phujhu irupdwlrq1 Wr wklv

hqg zh gh�qh dv Htxloleulxp Rzqhuvkls Vwuxfwxuhv +HRV, wkrvh vwuxfwxuhv wkdw

duh lq wkh fruh=

Gh�qlwlrq 6 Wkh vhw ri HRV lvPqiP � 5P m <P 5P vxfk wkdwP grp P
�j=

Wklv vwdelolw| frqfhsw lv odujho| fkrvhq iru lwv dqdo|wlfdo frqyhqlhqfh1 Exw/

lw lv dovr lq d wulyldo vhqvh lq nhhslqj zlwk wkh wudglwlrqdo phujhu olwhudwxuh/ dv

qrwhg deryh1 Ri frxuvh/ wkhuh duh vrph zhoo0nqrzq sureohpv zlwk wkh fruh1 Iru

lqvwdqfh/ lw pd| frqwdlq pruh wkdq rqh hohphqw1 Frqyhuvho|/ lw pd| eh hpsw|/ lq

zklfk fdvh zh duh qrw deoh wr suhglfw wkh htxloleulxp rzqhuvkls vwuxfwxuh1 Wklv

srvvlelolw| dulvhv iurp wkh lqwudqvlwlylw| ri wkh grp uhodwlrq= lw lv srvvleoh wkdw

P
�
grp P

� / dqgP�
grp P

� zkloh P�
grp P

�
> vlqfh gl�huhqw ghflvlyh jurxsv

duh lqyroyhg lq wkh wkuhh grplqdqfh udqnlqjv1 Lq wkh dssolfdwlrqv ehorz/ lw zloo

eh qhfhvvdu| wr lpsrvh hqrxjk vwuxfwxuh vr dv wr dyrlg wkhvh nlqgv ri sureohpv1;

5181 Wkh grplqdqfh uhodwlrq dqg lqglylgxdo sd|r�v

Lw kdv ehhq dvvxphg wkdw li wkh frpelqhg sur�wv ri wkh ghflvlyh jurxs lv odujhu lq

rqh vwuxfwxuh wkdq lq wkh rwkhu/ wkh phujlqj rzqhuv lq wkh vwuxfwxuh zlwk odujhu

sur�wv zloo vrphkrz djuhh rq d glylvlrq wkdw pdnhv doo phpehuv ri wkh ghflvlyh

jurxs suhihu wklv wr wkh dowhuqdwlyh1 Zh zloo khuh eulh | srlqw wr rqh srvvleoh zd|

lq zklfk wklv grplqdqfh uhodwlrq frxog lqvwhdg eh frxfkhg lq whupv ri lqglylgxdo

sd|r�v1

;Qrwh wkdw vlqfh zh iru wkh vdnh ri dqdo|wlfdo vlpsolflw| riwhq zloo hpsor| roljrsro| prghov

zlwk fhuwdlq v|pphwulhv/ gl�huhqw HRV pd| ohdg wr lghqwlfdo Htxloleulxp Pdunhw Vwuxfwxuhv

+HPV,/ l1h1/ wr pdunhwv zlwk wkh vdph qxpehu ri �upv/ dqg wkh vdph glvwulexwlrq ri surgxfwlrq

whfkqrorjlhv dfurvv �upv1 Iru lqvwdqfh/ lq wkh fdvh zkhuh wkh xqghuo|lqj roljrsro| pdunhw lv d

krprjhqrxv surgxfw Frxuqrw pdunhw zkhuh �upv kdyh lghqwlfdo whfkqrorjlhv/ d phujhu ehwzhhq

dq| sdlu ri �upv jlyhv ulvh wr wkh vdph pdunhw vwuxfwxuh/ dqg dv d frqvhtxhqfh wr wkh vdph

rxwfrph lq whupv ri wkh glvwulexwlrq dfurvv �upv ri rxwsxwv dqg ri sur�wv/ dv d phujhu ehwzhhq

dq| rwkhu sdlu ri �upv1 Xqghu vxfk flufxpvwdqfhv zh zloo qrw eh deoh wr suhglfw h{dfwo| zklfk

ri wkh rzqhuvkls vwuxfwxuhv zlwk lghqwlfdo rxwfrphv wkdw zloo uhvxow/ exw pd| vwloo suhglfw wkh

htxloleulxp pdunhw vwuxfwxuh1 Krzhyhu/ zlwk vx!flhqw dv|pphwu| ehwzhhq wkh �upv hdfk HRV

zloo jlyh ulvh wr d vhsdudwh HPV1
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Zkhq iruplqj d phujhu lq wkh �uvw vwdjh/ sduwlflsdwlqj rzqhuv fdq iuhho|

fkrrvh krz wr glvwulexwh dprqj wkhpvhoyhv wkh sur�wv wkh �up zloo pdnh lq wkh

vhfrqg vwdjh1 D yhfwru ri sd|r�v u� @ +u
�

�
> ===> u

�
?, vshfl�hv d glvwulexwlrq ri wkhvh

sur�w dprqj wkh rzqhuv lq rzqhuvkls vwuxfwxuh P� 1 Wkh rqo| frqvwudlqw wkdw lv

lpsrvhg rq sd|r�v lv wkdw hdfk �up glvwulexwhv h{dfwo| wkh sur�w lw pdnhv lq wkh

surgxfw pdunhw frpshwlwlrq vwdjh wr lwv rzqhu+v,1< Zh wkxv vd| wkdw d sd|r�

yhfwru u� lv P �
0ihdvleoh li iru hdfk �up n lq pdunhw vwuxfwxuh P� lw krogv wkdw

[

�M&

u
�

�
@ �

�

&
+515,

zkhuh k lv dq duelwudu| rzqhu1 Wkh vhw ri doo sd|r� yhfwruv wkdw duh ihdvleoh

lq P � lv ghqrwhg I� 1 Zh zloo vd| wkdw P�
grplqdwhv P �

yld G
��
} / zulwwhq

P� grp
&

��
}
P �> li dqg rqo| li wkhuh grhv qrw h{lvw d sdlu ri ihdvleoh sd|r�v +u�> u�,

vxfk wkdw doo rzqhuv lq G��
} duh ehwwhu r� lq P � wkdq lq P� / l1h1/ P� grp

&
��
}
P �

li dqg rqo| li

C+u�> u�, m u� 5 I �> u� 5 I � > u�� � u
�

�
> ;k 5 G��

} +516,

Dq dowhuqdwlyh gh�qlwlrq ri grplqdqfh zrxog wkhq eh wkh iroorzlqj=

Gh�qlwlrq 5* P� grp P � l� +516, krogv iru hdfk ghflvlyh jurxs z1u1w1 P � dqg

P� 1

Wkh iroorzlqj Ohppd/ zklfk lv suryhg lq Kruq dqg Shuvvrq +4<<9,/ vkrzv

wkdw Gh�qlwlrq 4/ zklfk lv d jhqhudol}dwlrq ri wkh wudglwlrqdo fulwhulrq iru phujhu

lqfhqwlyhv/ fdq eh vhhq dv d uhgxfhg irup ri Gh�qlwlrq 5=

Ohppd 41 Gh�qlwlrqv 5 dqg 5* jlyh wkh vdph udqnlqj ri rzqhuvkls vwuxfwxuhv1

<Zh wkxv shuplw erwk srvlwlyh dqg qhjdwlyh sd|r�v1 Rqh srvvleoh vlwxdwlrq lq zklfk dq rzqhu

zrxog djuhh wr d qhjdwlyh sd|r�/ zrxog dulvh li wkhuh zhuh frvwv ri h{lwlqj wkh pdunhw1 Exw/ wkh

edvlf wkuxvw ri wkh uhvxowv lq wkh hqvxlqj vhfwlrqv zrxog frqwlqxh wr krog li zh uhvwulfw sd|r�v

wr eh qrq0qhjdwlyh1 Krzhyhu/ wkh dqdo|vlv uhtxluhv vrph dgglwlrqdo dvvxpswlrqv/ dqg ehfrphv

pruh frpsolfdwhg1 Pruhryhu/ iru d vx!flhqwo| v|pphwulf vhwxs/ wkh uhvxowv ehorz zrxog eh

xqd�hfwhg e| vxfk d qrq0qhjdwlylw| frqvwudlqw1
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61 Lv wkhuh d �krog0xs sureohp�B

D frpprqo| glvfxvvhg lvvxh lq wkh phujhu olwhudwxuh lv wkh krog0xs sureohp1 D

pdqlihvwdwlrq ri vxfk d sureohp zrxog eh wkdw d prqrsro| lv qrw iruphg/ hyhq

wkrxjk lwv irupdwlrq lv erwk shuplwwhg dqg sur�wdeoh dffruglqj wr wkh wudglwlrqdo

fulwhulrq iru phujhu lqfhqwlyhv1 Dv zloo eh vhhq/ wkh suhvhqw dssurdfk grhv qrw

vkduh wklv ihdwxuh xqghu zhdn dvvxpswlrqv derxw wkh xqghuo|lqj whfkqrorjlhv dqg

ghpdqg1

Zh zloo wkurxjkrxw wkh dqdo|vlv dvvxph wkdw d zhdnhu yhuvlrq ri wkh wudgl0

wlrqdo fulwhulrq iru phujhu lqfhqwlyhv krogv1 Ohw wkh pd{lpdoo| shuplwwhg ghjuhhv

ri frqfhqwudwlrq eh fdswxuhg e| wkh plqlpxp shuplwwhg qxpehu ri �upv �

n143

Wkh iroorzlqj dvvxpswlrq lv pdlqwdlqhg wkurxjkrxw=

� Dq| vlqjoh/ sxuho| frqfhqwudwlyh/ phujhu wkdw uhgxfhv wkh qxpehu ri �upv

iurp n wr �

n/ zkhuh �

n ? n � q/ lqfuhdvhv wkh frpelqhg sur�w ri wkh phujlqj

�upv1 +D4,

Zh wkxv dvvxph wkdw wkh wudglwlrqdo fulwhulrq krogv iru dq| sxuho| frqfhqwudwlyh

phujhu wkdw |lhogv wkh prvw frqfhqwudwhg vwuxfwxuh shuplwwhg1 Wkh dvvxpswlrq

lv h{suhvvhg lq d qrq0irupdo zd| lq rughu wr eh pruh wudqvsduhqw dqg wr vdyh rq

irupdolvp1 Wzr srlqwv vkrxog eh hpskdvl}hg1 Iluvw/ +D4, grhv qrw dvvxph dzd|

wkh krog0xs sureohp/ vlqfh lw lv ixoo| frpsdwleoh zlwk d vlwxdwlrq lq zklfk rxwvlgh

�upv* lqfuhdvh lq sur�wv duh odujhu wkdq wkh lqfuhdvh lq sur�wv iurp sduwlflsdwlqj

lq wkh phujhu/ lq erwk fdvhv frpsduhg wr wkh rxwvhw1 Vhfrqgo|/ zh doorz iru

wkh srvvlelolw| wkdw d sxuho| frqfhqwudwlyh phujhu wkdw ohdgv wr d vwuxfwxuh zlwk

pruh wkdq �

n �upv ghfuhdvhv wkh frpelqhg sur�w ri wkh phujlqj �upv1 Wkxv/

lw lv qrw qhfhvvdu| wkdw doo frqfhqwudwlyh phujhuv ixo�oo wkh wudglwlrqdo fulwhulrq1

Frqglwlrq +D4, lv ixo�oohg lq yluwxdoo| hyhu| roljrsro| prgho hpsor|hg lq wkh

phujhu olwhudwxuh/ iru wkh fdvh zkhuh wkh phujhu uhvxowv lq d prqrsro|144

43Iurp d srolf| srlqw ri ylhz lw pljkw kdyh ehhq pruh qdwxudo wr phdvxuh wkh ghjuhh ri frq0

fhqwudwlrq e|/ vd|/ d Khu�qgdo lqgh{1 Krzhyhu/ wklv zrxog eh dqdo|wlfdoo| pxfk pruh lqyroyhg1

Dovr/ lq wkh �{hg frvw vdylqjv prghov frqvlghuhg ehorz wklv fkrlfh zrxog reylrxvo| qrw pdwwhu1
44Iru lqvwdqfh/ li wkh lqlwldo qxpehu ri �upv lv wkuhh dqg d prqrsro| lv shuplwwhg/ +D4, grhv
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Rxu �uvw uhvxow hvwdeolvkhv wkdw wkh krog0xs sureohp lv qrw d ihdwxuh ri wkh

suhvhqw iudphzrun lq wkh fdvh zkhuh d prqrsro| lv doorzhg wr irup=

Sursrvlwlrq 41 Dvvxph wkdw +D4, krogv/ dqg wkdw d prqrsro| lv shuplwwhg wr

irup1 Wkhq wkh prqrsro| vwuxfwxuh lv wkh xqltxh HRV1

Surri1 Vlqfh doo sod|huv duh lqfoxghg lq wkh vdph ghflvlyh jurxs zkhq udqnlqj

wkh prqrsro| vwuxfwxuh P� wr dq duelwudu| rzqhuvkls vwuxfwxuh P �
> P

�
grp

P
� l� wkh prqrsro| sur�w lv odujhu wkdq wkh frpelqhg sur�wv ri wkh roljrsrolvwv

lq P
�
> dqg wklv lv hqvxuhg e| +D4,1 Wkh dv|pphwu| ri wkh grplqdqfh uhodwlrq

lpsolhv wkdw P� lv wkhq dovr xqgrplqdwhg1

Wkh idfw wkdw wkh krog0xs sureohp grhv qrw dsshdu khuh exw lq rwkhu vwxglhv/

lv gxh wr gl�huhqfhv lq htxloleulxp frqfhswv/ vlqfh +D4, krogv lq prvw roljrsro|

prghov dv orqj dv phujhu wr prqrsro| lv doorzhg/ dv qrwhg deryh1 Wr ehwwhu xqghu0

vwdqg wkhvh gl�huhqfhv zh zloo uhodwh rxu dssurdfk wr wkh rwkhu wzr dssurdfkhv

wr hqgrjhqrxv phujhu ghwhuplqdwlrq wkdw zhuh phqwlrqhg lq wkh Lqwurgxfwlrq1

Ndplhq dqg ]dqj +4<<3/ 4<<4, surylghg d irupdo irxqgdwlrq iru wkh krog0xs

sureohp lq zklfk rzqhuv �uvw vlpxowdqhrxvo| srvw elgv iru rwkhu �upv/ dqg dvn0

lqj sulfhv iru wkhlu rzq �upv/ dqg wkh sdwwhuq ri phujhuv lv wkhq ghwhuplqhg rq

wkh edvlv ri wkhvh elgv1 Lq d odwhu vwdjh wkhuh lv surgxfw pdunhw frpshwlwlrq1

Vrphzkdw ryhu0vlpsoli|lqj/ wkh edvlf phfkdqlvp fdq eh looxvwudwhg dv iroorzv=

frqvlghu d pdunhw zlwk q v|pphwulf �upv dqg d fdqglgdwh htxloleulxp zkhuh doo

�upv pdnh lghqwlfdo elgv wkdw shuplw d prqrsro| wr eh iruphg/ zklfk jlyh hdfk

�up 4@q ri wkh prqrsro| sur�w1 Wklv qhhg qrw eh d Qdvk htxloleulxp vlqfh dq|

�up frxog ghyldwh e| pdnlqj dq xqdffhswdeoh dvnlqj sulfh/ lq wkh h{shfwdwlrq ri

pdnlqj d odujhu sur�w e| ehfrplqj d gxrsrolvw wkdw frpshwhv zlwk wkh uhpdlqlqj

q� 4 phujhg �upv1 Khqfh/ prqrsrol}dwlrq euhdnv grzq145

qrw uhtxluh wkdw d phujhu wr d gxrsro| lv sur�wdeoh iru wkh phujlqj sduwqhuv/ exw rqo| wkdw d

frpsohwh prqprsrol}dwlrq lv1 +D4, krogv lq wkh edvlf Vdodqw hw do +4<;6, prgho zlwkrxw �{hg

frvwv/ vlqfh lq wkhlu prgho ZE�� : ?ZE?�/ iru ? : �1
45Wkh dxwkruv glvfxvv wkh srvvlelolw| wr zulwh frqwlqjhqw frqwudfw/ exw fodlp wkdw wklv dsshduv

wr eh d gluhfw ylrodwlrq ri X1V1 dqwlwuxvw odzv1 Krzhyhu/ lw lv vkrzq e| \l +4<<8, wkdw li rzqhuv

fdq lq wkh �uvw vwdjh pdnh r�huv wkdw duh frqglwlrqhg rq wkh pdunhw vwuxfwxuh/ wkh htxloleulxp
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D fuxfldo dvshfw ri wkh dssurdfk ri Ndplhq dqg ]dqj lv wkdw lw uhtxluhv wkdw

wkh htxloleulxp lq wkh phujhu irupdwlrq jdph lv d vlpxowdqhrxv pryh Qdvk htxl0

oleulxp lq xqfrqglwlrqdo dvnlqj sulfhv dqg elgv1 Wklv ghvfulswlrq vhhpv prvw

vxlwdeoh iru d vlwxdwlrq zkhuh wkhuh duh pdq| �upv lq wkh pdunhw/ dqg zkhuh frq0

vhtxhqwo| d �up*v fkrlfh ri zkhwkhu ru qrw wr sduwlflsdwh lq d phujhu kdv olplwhg

lpsdfw rq wkh lqfhqwlyhv ri wkh rwkhu �upv1 Rxu iudphzrun lv pruh ghvfulswlyh ri

vlwxdwlrqv zkhuh �upv fdqqrw ghyldwh iurp d sursrvhg phujhu zlwkrxw h{shfwlqj

rwkhu sduwlhv wr uhdfw/ li wkh| vr zlvk1 Lq dfwxdolw|/ d uhixvdo e| vrph sduw| wr vljq

d frqwudfw wr zklfk lw lv d vljqdwru|/ w|slfdoo| lpsolhv wkdw wkh zkroh frqwudfw lv

yrlg/ hyhq li wkh rwkhu sduwlhv kdyh vljqhg lw1 D ghyldwlqj rzqhu pxvw wkhuhiruh

wdnh lqwr dffrxqw wkh pdunhw vwuxfwxuhv wkdw pljkw dulvh dv d uhvxow ri wkh ghyld0

wlrq1 Wkhuhiruh/ zkloh wkh krog0xs sureohp pljkw eh ghvfulswlyh ri pdunhwv zlwk

d odujh qxpehu ri rzqhuv/ lw vhhpv ohvv sodxvleoh wkdw d olplwhg qxpehu ri rzqhuv

lq d frqfhqwudwhg lqgxvwu| zrxog zdlw lqgh�qlwho| wr uhds wkh jdlqv iurp phujhu/

dv d uhvxow ri frqvwdqwo| wu|lqj wr ehfrph sur�wdeoh rxwvlghuv1

Wxuq qh{w wr wkh uhodwlrqvkls ehwzhhq wkh fxuuhqw dssurdfk wr hqgrjhqrxv

phujhu irupdwlrq dqg rqh zklfk zrxog uho| rq qrq0frrshudwlyh vhtxhqwldo edu0

jdlqlqj prghov1 Ud| dqg Yrkud +4<<;, srlqw wr wzr pdlq ihdwxuhv ri wkhlu dqdo|0

vlv= �uvw/ mxvw dv khuh lw hpsor|v d sduwlwlrq ixqfwlrq dssurdfk lq rughu wr fdswxuh

lqwhu0frdolwlrqdo lqwhudfwlrqv1 Vhfrqg/ wkh sod|huv duh dvvxphg wr eh �idu0vljkwhg�

lq wkdw wkh| ixoo| wdnh lqwr dffrxqw wkh g|qdplf lpsolfdwlrqv ri d sduwlfxodu gh0

flvlrq zlwk uhjdug wr d phujhu1 Khuh wkh wzr dssurdfkhv gl�hu1 Wr vhh krz/

frqvlghu wkh iroorzlqj wkuhh �up h{dpsoh iurp wkhlu sdshu=46
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Dffruglqj wr wkh uhdvrqlqj lq Ud| dqg Yrkud/ wkhvh �upv duh olnho| wr dfklhyh

pdunhw vwuxfwxuh ehfrphv pruh frqfhqwudwhg1
46Vwulfwo| vshdnlqj/ wkh h{dpsoh lq Ud| dqg Yrkud uhihuv wr surylvlrq ri d sxeolf jrrg/ dqg

qrw phujhuv lq dq roljrsrolvwlf pdunhw1
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dq rxwfrph zklfk lv lqh!flhqw iru wkh lqgxvwu|/ wkdw lv/ wkh| zloo qrw prqrsrol}h

wkh pdunhw1 Zkhq wkh �upv frqvlghu iruplqj wkh prqrsro|/ rqh �up kdv dq

lqfhqwlyh wr ghihfw nqrzlqj wkdw wkh rwkhu wzr �upv zrxog kdyh dq lqfhqwlyh wr

uhpdlq phujhg rqfh idfhg zlwk wkh idfw ri wkh ghihfwlrq1 Zkloh wklv vhhpv wr

fdswxuh vrph ri wkh frqvlghudwlrqv ri wkh �upv lq vxfk d vlwxdwlrq/ lw grhv qrw

dsshdu wr eh wkh ixoo vwru|1 Dv srlqwhg rxw e| Ud| dqg Yrkud/ �Wklv vwdwhphqw

lv iudxjkw zlwk qxphurxv frpsoh{lwlhv wkdw zh kdyh irxqg ehvw wr dyrlg/ lq wkh

lqwhuhvw ri pdnlqj vrph surjuhvv rq wkh txhvwlrq ri frdolwlrq irupdwlrq1 Li dq|

elqglqj djuhhphqw fdq/ lq sulqflsoh eh uhqhjrwldwhg/ wkhq wkh rxwfrph vkrxog eh

h!flhqw1 Diwhu doo/ li dv lq wkh h{dpsoh deryh/ wkh rwkhu wzr fdq wu| wr oxuh klp

edfn zlwk wkh surplvh ri d ehwwhu r�hu111� +ss1 607,1 Dv srlqwhg rxw deryh/ d

pdlq lghd ehklqg rxu prgho lv wr fdswxuh wkhvh srvvlelolwlhv1

Rxu dqdo|vlv odfnv wkh iduvljkwhgqhvv hpskdvl}hg e| Ud| dqg Yrkud/ krzhyhu/

lq lwv uholdqfh rq wkh fruh vroxwlrq frqfhsw1 Rqh frdolwlrq vwuxfwxuh pd| eh

grplqdwhg e| dqrwkhu vwuxfwxuh/ wkdw lq wxuq lv grplqdwhg e| d wklug1 Lw pljkw

eh dujxhg wkdw wkh �uvw grplqdwlrq lq wklv fkdlq lv qrw fuhgleoh/ vlqfh lw frphv

wkurxjk grplqdwlrq e| d vwuxfwxuh wkdw lwvhoi lv grplqdwhg/ dqg wkdw wkxv fdqqrw

eh sduw ri wkh vroxwlrq1 Wkh hvvhqwldo frqvhtxhqfh ri shuplwwlqj vxfk grplqdwlrq/

dv lv grqh khuh/ lv wr uhvwulfw wkh vhw ri vroxwlrqv xqqhfhvvdulo|1 Wklv lv d sulfh zh

sd| lq rughu wr dyrlg dq h{wuhpho| frpsolfdwhg iruzdug0orrnlqj dqdo|vlv147

Dqrwkhu zhdnqhvv ri wkh fxuuhqw dssurdfk lv wkh odfn ri ghwhuplqdwlrq ri

sd|r�v zlwklq phujhg hqwlwlhv1 Rqh srvvlelolw| ri dgguhvvlqj wklv/ zrxog eh wr

dgg d sd|r� glylvlrq uxoh wr wkh htxloleulxp phujhuv/ iru lqvwdqfh wkdw/ sd|r�v

duh htxdoo| glylghg/ ru dffruglqj wr Vkdsoh| ydoxhv1 Rqh zrxog wkhq dvvxph

wkdw wklv glylvlrq uxoh rqo| dssolhg wr htxloleulxp phujhu+v,1 Ri frxuvh/ wkh

sursrvhg sd|r� yhfwru zrxog w|slfdoo| qrw eh lppxqh djdlqvw ghyldwlrqv/ vlqfh

wkhuh w|slfdoo| grhv qrw h{lvw d fruh sd|r� yhfwru1

Wr frqfoxgh/ wkh fxuuhqw dssurdfk lv rqo| rqh ri vhyhudo srvvleoh zd|v ri

hqgrjhql}lqj phujhuv1 Dv dozd|v/ wkh ydoxh ri dq| sduwlfxodu dssurdfk olhv lq

47Vhh Dxpdqq dqg P|huvrq +4<;;,/ dqg Fkzh +4<<8,/ iru rwkhu dssurdfkhv exloglqj rq idu0

vljkwhgqhvv1
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wkh lqvljkwv lw |lhogv1 Lq rxu ylhz/ wkh fxuuhqw prgho fdswxuhv lq d uhodwlyho|

vlpsoh idvklrq phfkdqlvpv wkdw duh qrw reylrxv d sulrul/ exw rqfh looxplqdwhg

dsshdu lqwxlwlyho| frpshoolqj1 Lw wkhuhiruh lpsuryhv rxu xqghuvwdqglqj ri fhuwdlq

dvshfwv ri phujhu irupdwlrq1 Zh wkxv vhh rxu dssurdfk dv frpsohphqwdu| wr

wkrvh ri Ndplhq dqg ]dqj/ dqg ri Ud| dqg Yrkud1

71 Htxloleulxp rzqhuvkls dqg pdunhw vwuxfwxuhv

Li d prqrsro| lv shuplwwhg/ lw zloo w|slfdoo| eh iruphg/ dqg li vr/ qr ixuwkhu

dqdo|vlv lv qhhghg/ vlqfh erwk wkh htxloleulxp rzqhuvkls dqg pdunhw vwuxfwxuh

duh ghwhuplqhg1 Krzhyhu/ lw pd| shukdsv lqwxlwlyho| eh dujxhg wkdw wkh krog0xs

sureohp glg qrw dulvh deryh h{dfwo| ehfdxvh ri wklv srvvlelolw| iru �upv wr irup

d prqrsro|/ exw wkdw wklv lv riwhq qrw srvvleoh lq sudfwlfh1 Zh zloo wkhuhiruh lq

wkh uhvw ri wklv sdshu dvvxph wkdw prqrsrolhv duh qrw shuplwwhg wr irup/ h1j1

gxh wr lqwhuyhqwlrqv e| d frpshwlwlrq dxwkrulw|/ ru vlqfh lw lv qr dvvrfldwhg zlwk

pd{lpdo lqgxvwu| sur�wv +vhh wkh glvfxvvlrq lq wkh Frqfoxglqj uhpdunv vhfwlrq,1

Wkh iroorzlqj idluo| jhqhudo uhvxow olplwv wkh vhw ri rzqhuvkls vwuxfwxuhv wkdw duh

fdqglgdwhv iru HRV=

Sursrvlwlrq 51 Dvvxph wkdw +D4, krogv1 Wkhq/ lq dq| HRV rzqhuv duh sduwl0

wlrqhg lqwr wkh plqlpxp shuplwwhg qxpehu ri �upv1

Surri1 Dq| vwuxfwxuh P � zlwk pruh wkdq �n �upv lv e| +D4, grplqdwhg e| vrph

vwuxfwxuh zlwk �n �upv zklfk lv d sxuh frqfhqwudwlrq riP �1 Wkxv/ rqo| vwuxfwxuhv

zlwk �n �upv duh fdqglgdwhv iru ehlqj HRV1

Wklv Sursrvlwlrq surylghv dqrwkhu slhfh ri hylghqfh lq idyru ri wkh ylhz h{0

suhvvhg deryh/ wkdw wkh rzqhuv vkrxog eh deoh wr dyrlg zkdw lv srvvleo| wkh zruvw

ri rxwfrphv/ wkh ohdvw frqfhqwudwhg lqgxvwu| vwuxfwxuh148 Exw/ lw idoov vkruw ri

hvwdeolvklqj wkdw vwuxfwxuhv zlwk �n �upv duh xqgrplqdwhg � lw pd| jhqhudoo| eh

wkdw doo vwuxfwxuhv duh grplqdwhg ehfdxvh ri wkh deryh0phqwlrqhg lqwudqvlwlylw|

ri wkh grplqdqfh uhodwlrq1 Lw lv gl!fxow wr �qg jhqhudo frqglwlrqv wkdw hqvxuh

48Qrwh wkdw iru wkh lqlwldo/ qr0phujhu vwuxfwxuh wr eh wkh vlqjoh HRV/ lw lv qhlwkhu vx!flhqw

qru qhfhvvdu| wkdw wkh lqhtxdolw| lq +D4, lv uhyhuvhg iru doo pdunhw vwuxfwxuhv1
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wkdw wkh vhw ri HRV lv qrq0hpsw| lq wkh fdvh zkhq prqrsro| lv qrw shuplwwhg1

Wkhuh lv rqh fhqwudo h{fhswlrq/ krzhyhu/ zklfk lv zkhq gxrsrolhv duh shuplwwhg wr

irup1 Wklv fdvh lv ri lqwhuhvw lq lwv rzq uljkw vlqfh zh duh lqwhuhvwhg lq phujhuv lq

frqfhqwudwhg pdunhwv1 Exw/ lw dovr srlqwv wr fhuwdlq ihdwxuhv ri phujhu irupdwlrq

wkdw vkrxog eh suhvhqw dovr lq fdvhv zkhuh rqo| ohvv frqfhqwudwhg vwuxfwxuhv duh

shuplwwhg1 Qrwh/ krzhyhu/ wkdw zkloh lq wudglwlrqdo roljrsro| dqdo|vlv wkhuh lv

xvxdoo| qr txdolwdwlyh gl�huhqfh ehwzhhq gxrsrolhv dqg ohvv frqfhqwudwhg vwuxf0

wxuhv/ wkhuh lv khuh d ixqgdphqwdo gl�huhqfh iurp wkh srlqw ri ylhz ri phujhu

irupdwlrq1

7141 Gxrsrolhv

Lw zloo eh xvhixo wr vshfli| vrph surshuwlhv ri wkh phujhu whfkqrorj| lq rughu wr

surfhhg1 Pdq| phujhu prghov zrxog vkduh wkh iroorzlqj ihdwxuh=

� D sxuho| frqfhqwudwlyh phujhu wkdw ohdgv wr d vwuxfwxuh zlwk �n �upv lq0

fuhdvhv wkh sur�wv ri rxwvlgh �upv1 +D5,

Wkh prvw lpphgldwh fdvh zkhuh +D5, qhhg qrw eh ixo�oohg dulvhv zkhq wkh phujhu

fuhdwhv vwurqj yduldeoh frvw v|qhujlhv/ lq wkh whuplqrorj| ri Iduuhoo dqg Vkdslur

+4<<3d,1 +D5, lv fohduo| frpsdwleoh zlwk wkh h{lvwhqfh ri d krog0xs sureohp/ vlqfh

li wkh srvlwlyh h{whuqdolwlhv duh vwurqj hqrxjk lw zloo pdnh rxwvlghuv sur�w pruh

wkdq lqvlghuv iurp d phujhu1

Zh duh qrz vhw wr vkrz wkdw d frqfhqwudwhg htxloleulxp pdunhw vwuxfwxuh

lv qrw vshfl�f wr wkh fdvh zkhuh prqrsro| lv shuplwwhg +iru wkh surri/ vhh wkh

Dsshqgl{,=

Sursrvlwlrq 61 Dvvxph wkdw +D4, dqg +D5, krog/ dqg wkdw doo rzqhuvkls vwuxf0

wxuhv duh shuplwwhg h{fhsw d prqrsro|1 Wkhq/ wkh vhw ri HRV lv qrq0hpsw|/ dqg

frqvlvwv ri wkrvh gxrsro| vwuxfwxuhv wkdw jlyh ulvh wr wkh pd{lpdo lqgxvwu| sur�w

dprqj doo vwuxfwxuhv1

Sursrvlwlrq 6 qrw rqo| vkrzv wkdw wkh whqghqf| wrzdug frqfhqwudwlrq wkdw zdv

hvwdeolvkhg iru wkh fdvh zkhq d prqrsro| lv shuplwwhg dovr h{lvwv zkhq d gxrsro|
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lv wkh pd{lpdoo| shuplwwhg ghjuhh ri frqfhqwudwlrq1 Lw dovr ghprqvwudwhv wkdw/

xqghu +D4, dqg +D5, wkh htxloleulxp gxrsro| vwuxfwxuh jlyhv ulvh wr wkh pd{lpdo

lqgxvwu| sur�wv dprqj doo vwuxfwxuhv/ h{fhsw iru d prqrsro|1

Lw lv gl!fxow wr ghulyh uhvxowv zklfk duh htxdoo| vwurqj wr wkrvh lq Sursr0

vlwlrqv 4 dqg 6 iru ohvv frqfhqwudwhg vwuxfwxuhv/ ehfdxvh ri wkh lqwudqvlwlylw|

ri wkh grplqdqfh uhodwlrq1 Wklv lqwudqvlwlylw| reylrxvo| grhv qrw dulvh lq wkh

fdvh ri prqrsro|/ vlqfh doo rzqhuv wkhq ehorqj wr wkh vdph ghflvlyh jurxs zkhq

udqnlqj wklv vwuxfwxuh zlwk dq| rwkhu vwuxfwxuh1 Doo wkdw pdwwhuv wkhq lv wkdw

wkh prqrsro| sur�w lv juhdwhu wkdq wkh djjuhjdwh sur�w lq dq| rwkhu vwuxfwxuh1

Qru grhv lw dsshdu zkhq wkh pd{lpdoo| shuplwwhg ghjuhh ri frqfhqwudwlrq lv d

gxrsro|/ vlqfh doo rzqhuv ehorqj wr wkh vdph ghflvlyh jurxs dovr zkhq wzr duel0

wudu| gxrsro| vwuxfwxuhv duh udqnhg1 Lqwxlwlyho|/ zkhq rqo| rqh ghflvlyh jurxs

lv lqyroyhg/ dv zkhq prqrsro| ru gxrsrolhv duh doorzhg/ rzqhuv kdyh xqolplwhg

srvvlelolwlhv ri wudqvihuulqj sd|phqwv dprqj wkhpvhoyhv1 Zkhq wkhuh lv pruh

wkdq rqh ghflvlyh jurxs/ krzhyhu/ lw lv qrw srvvleoh wr wudqvihu sd|phqwv ehwzhhq

rzqhuv lq gl�huhqw ghflvlyh jurxsv1 Wkhvh gl�huhqw jurxsv ri rzqhuv pd| wkhq

glvdjuhh dv wr zklfk rzqhuvkls vwuxfwxuh wr suhihu1

7151 Ohvv frqfhqwudwhg vwuxfwxuhv

Zh qrz wxuq wr vlwxdwlrqv lq zklfk qhlwkhu prqrsrolhv qru gxrsrolhv duh shu0

plwwhg1 Lq rughu wr ghwhuplqh wkh htxloleulxp rzqhuvkls dqg pdunhw vwuxfwxuhv/

zh qhhg wr lpsrvh pruh vwuxfwxuh rq wkh sur�wv ri wkh gl�huhqw �upv/ erwk lq

dqg rxwvlgh phujhg hqwlwlhv1 Lq wkh iroorzlqj wzr vxevhfwlrqv zh zloo wr wklv hqg

xwlol}h wzr yhuvlrqv ri wkh vwdqgdug Frxuqrw prgho wkdw duh frpprqo| hpsor|hg

lq wkh phujhu olwhudwxuh � rqh zkhuh �upv gl�hu lq wkhlu �{hg frvwv dqg phujhuv

vdyh rq �{hg frvwv/ dqg rqh zkhuh �upv kdyh gl�huhqw frqvwdqw pdujlqdo frvwv/

dqg d phujhu hqdeoh �upv wr surgxfh zlwk wkh prvw h!flhqw whfkqrorj| lq frqwuro

e| wkh phujlqj �upv149

49Ri frxuvh/ wkhuh duh vhyhudo rwkhu roljrsro| prghov hpsor|hg lq wkh olwhudwxuh/ vxfk dv wkrvh

lq Ghqhfnuh dqg Gdylgvrq +4<;8,/ dqg Shuu| dqg Sruwhu +4<;8,1 Exw/ iru wkh vdnh ri euhylw| zh

olplw wkh dqdo|vlv wr wkh wzr phqwlrqhg lq wkh pdlq wh{w1
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Ehiruh wxuqlqj wr wkhvh prghov/ lw vkrxog shukdsv eh vwuhvvhg wkdw zh kdyh

e| qr phdqv �dvvxphg� wkdw wkh HPV duh wkh pdunhw vwuxfwxuhv wkdw pd{lpl}h

lqgxvwu| sur�wv1 Wklv fdq lpphgldwho| eh vhhq iurp wkh iroorzlqj qxphulfdo

h{dpsoh zlwk irxu rzqhuv1 Ohw doo �upv pdnh }hur sur�wv lq doo vwuxfwxuhv/ h{fhsw

iru lq P�
@ i45> 6> 7j zkhuh sur�wv duh ��

�2
@ 9> dqg ��

�
@ ��

e
@ 4> dqg lq

P�
@ i46> 5> 7j zkhuh sur�wv duh ��

��
@ 7> ��

2
@ 5=8> dqg ��

e
@ 5=81 Lq wklv fdvh

P� lv wkh rqo| HRV1 Wr vhh wklv/ qrwh wkdw erwk wkhvh vwuxfwxuhv grplqdwh doo

rwkhu vwuxfwxuhv/ dqg e| dv|pphwu| duh qrw grplqdwhg e| wkhvh vwuxfwxuhv1 Wkh

rqo| ghflvlyh jurxs z1u1w1 P� dqgP� lv i4> 5> 6j> dqg vlqfh wkh frpelqhg sur�wv

ri rzqhuv lq wklv jurxs lv kljkhu lq P� wkdq lq P� / wkh iruphu grplqdwhv wkh

odwwhu1 Krzhyhu/ lqgxvwu| sur�wv lv kljkhu lq wkh odwwhu wkdq lq wkh iruphu1

715141 Il{hg frvw vdylqjv

Wkh prvw reylrxv uhdvrq iru �upv wr phujh lv wr vdyh rq �{hg frvwv1 Wklv prwlyh

kdv ehhq d pdlq remhfw ri vwxg| lq wkh wudglwlrqdo olwhudwxuh/ dqg lv dovr riwhq

fodlphg lq dfwxdo phujhu fdvhv1 Lw lv fdswxuhg lq lwv prvw edvlf irup lq wkh iro0

orzlqj prgho/ zklfk zloo eh uhihuuhg wr dv wkh Il{hg Frvw Prgho= dq lqgxvwu|

surgxfhv d krprjhqrxv surgxfw/ wkhuh lv Frxuqrw frpshwlwlrq/ �upv kdyh lghq0

wlfdo yduldeoh frvw whfkqrorjlhv/ exw pd| gl�hu lq wkhlu �{hg frvwv1 E| phujlqj

�upv pd| vdyh rq �{hg frvwv/ exw wkh yduldeoh frvw whfkqrorjlhv duh xqd�hfwhg e|

wkh phujhu1 Rzqhuv duh odehohg vxfk wkdw li wkh| zhuh wr uxq lqghshqghqw �upv/

wkh �{hg frvwv lq wkhvh �upv zrxog eh i� ? i2=== ? i?1

Wr fkdudfwhul}h htxloleulxp pdunhw vwuxfwxuhv lq wklv prgho/ zh qhhg wr frp0

sohphqw wkh prgho ghvfulswlrq zlwk dq dvvxpswlrq frqfhuqlqj wkh phujhu whfk0

qrorj|1 Wkh vwdqgdug dssurdfk lq wkh LR olwhudwxuh lv wr dvvxph wkdw d phujhg

�up rqo| qhhgv wr xvh rqh ri wkh rshudwlrqv wkdw jlyh ulvh wr �{hg frvwv/ dqg wkdw

lw fdq fkrrvh wkh prvw h!flhqw rqh=

� Wkh �{hg frvw lq d phujhg �up lv wkh plqlpxp ri wkrvh ri wkh phujlqj

�upv1 +D6,

Wklv dvvxpswlrq kdv wkh frqyhqlhqw lpsolfdwlrq ri uhgxflqj wkh qxpehu ri gli0
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ihuhqw pdunhw vwuxfwxuhv wkdw qhhg wr eh wdnhq lqwr frqvlghudwlrq1 Iru lqvwdqfh/

zlwk wkuhh rzqhuv/ d phujhu ehwzhhq rzqhuv 4 dqg 6 jlyhv ulvh wr wkh vdph pdunhw

vwuxfwxuh dv d phujhu ehwzhhq rzqhuv 5 dqg 61 Ri frxuvh/ wkh  ls vlgh ri wkh frlq

lv wkdw zh fdqqrw glvwlqjxlvk ehwzhhq wkhvh wzr rzqhuvkls vwuxfwxuhv1

Wkh iroorzlqj uhvxow lv suryhg lq wkh Dsshqgl{=

Sursrvlwlrq 71 Lq wkh Il{hg Frvw Prgho/ dvvxplqj +D4, krogv/ +l, wkh vhw ri

HRV lv qrq0hpsw|/ dqg frqwdlqv doo vwuxfwxuhv wkdw kdyh wkh plqlpdo lqgxvwu|

frvwv dprqj vwuxfwxuhv zlwk �n �upv> dqg +ll, li dovr +D6, krogv/ wkh vhw ri HRV lv

qrq0hpsw|/ dqg lq doo HRV wkh dvvhwv ri rzqhuv 4> ===> �n duh hpsor|hg lq vhsdudwh

�upv/ dqg doo rzqhuvkls vwuxfwxuhv zlwk wklv glvwulexwlrq ri dvvhwv duh HRV1

Wkh �uvw sduw ri wkh Sursrvlwlrq wkxv vkrzv wkdw uhjdugohvv ri wkh pdqqhu lq

zklfk wkh �{hg frvwv vdylqjv frph derxw/ wkh pdunhw vwuxfwxuh zlwk wkh pd{l0

pdoo| frqfhqwudwhg rzqhuvkls vwuxfwxuh ehorqjv wr wkh vhw ri HRV1 Wkh vhfrqg

sduw hvwdeolvkhv wkdw li lq dgglwlrq wkh phujhu whfkqrorj| lv ri wkh frpprq w|sh

vshfl�hg lq +D6,/ wkhq wkh xqltxh HPV lv wkh vwuxfwxuh lq zklfk lqgxvwu| �{hg

frvwv duh plqlpl}hg jlyhq �n/ dqg zkhuh lqgxvwu| sur�wv khqfh duh pd{lpl}hg1

Wkh sulydwh h!flhqf| ri wkh �pdunhw phujhu phfkdqlvp� wkdw zdv ghprqvwudwhg

deryh iru wkh fdvhv zkhuh prqrsrolhv dqg gxrsrolhv zhuh shuplwwhg � wkh idfw

wkdw wkh HPV pd{lpl}hg lqgxvwu| sur�wv dprqj doo vwuxfwxuhv zlwk d ghjuhh ri

frqfhqwudwlrq qrw h{fhhglqj �n � lv khqfh d ihdwxuh dovr ri wklv vwdqgdug Frxuqrw

prgho/ uhjdugohvv ri wkh plqlpxp shuplwwhg ghjuhh ri frqfhqwudwlrq$

715151 Yduldeoh frvw udwlrqdol}dwlrqv

Lq wkh prgho wr eh frqvlghuhg qh{w/ �upv gl�hu lq wkhlu frqvwdqw yduldeoh +pdujlqdo,

frvwv1 Wkh txhvwlrq ri zkrp wr phujh zlwk wkhq jhwv dq dgglwlrqdo/ vwudwhjlf/ gl0

phqvlrq vlqfh sulfhv dqg rxwsxwv pd| eh gl�huhqwldoo| d�hfwhg e| gl�huhqw phuj0

huv1 Erwk wkhvh prghov duh ri frxuvh yhu| vlpsol�hg ghvfulswlrqv ri krz phujhuv

doorz �upv wr frpelqh dvvhwv1 Exw zh eholhyh wkdw wkh wzr prghov fdswxuh wkh

wzr edvlf srvlwlyh h�hfwv ri d phujhu rq �upv* frvw ixqfwlrqv1 Iru prghov zkhuh
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wkh phujhu ri dvvhwv duh h{solflwo| prghohg/ vhh iru lqvwdqfh Shuu| dqg Sruwhu

+4<;8,/ dqg Iduuhoo dqg Vkdslur +4<<3e,1

Wkh iroorzlqj prgho lv ghqrwhg wkh Yduldeoh Frvw Prgho= dq lqgxvwu| surgxfhv

d krprjhqrxv surgxfw/ wkhuh lv Frxuqrw frpshwlwlrq/ wkhuh duh qr �{hg frvwv/ dqg

�upv kdyh frqvwdqw yduldeoh frvwv/ zklfk pd| gl�hu dfurvv �upv1 Odeho rzqhuv

vxfk wkdw li wkh| zhuh wr uxq lqghshqghqw �upv/ wkhlu yduldeoh frvwv zrxog eh

f� ? f2 ? === ? f?=

Wzr ixuwkhu dvvxpswlrqv zloo eh xvhg1 Iluvw/ dv lq wkh suhylrxv prgho/ wkh

phujhu whfkqrorj| lv vshfl�hg1 Wkh vlpsohvw srvvlelolw| lv wkdw �upv fdq xvh wkh

prvw h!flhqw ri wkh whfkqrorjlhv wr zklfk wkh| kdyh dffhvv=

� Wkh frqvwdqw yduldeoh frvw lq d phujhg �up lv wkh plqlpxp ri wkh frqvwdqw

yduldeoh frvwv ri wkh phujlqj �upv1 +D7,

Wkh vhfrqg dvvxpswlrq vhuyhv wr glvsdwfk ri vlwxdwlrqv lq zklfk lqgxvwu| sur�wv

duh kljkhu zkhq fhuwdlq �upv kdyh yhu| kljk pdujlqdo frvwv=

� Wkh lqgxvwu| sur�w lv pd{lpdo dprqj doo vwuxfwxuhv zlwk �n �upv zkhq

rzqhuv 4> ===> �n +fr0,rzq gl�huhqw �upv1 +D8,

Dv zloo eh vkrzq ehorz/ wklv dvvxpswlrq fdq eh vhhq dv d uhvwulfwlrq rq wkh ghjuhh

wr zklfk �upv* frvwv pd| gl�hu1 Fohduo|/ wklv surshuw| pd| zhoo eh ixo�oohg lq

vshfl�f fdvhv/ exw lw grhv qrw kdyh dq| fodlp wr jhqhudo ydolglw|1

Wkh iroorzlqj uhvxow lv hvwdeolvkhg lq wkh Dsshqgl{=

Sursrvlwlrq 81 Lq wkh Yduldeoh Frvw Prgho/ dvvxplqj wkdw +D4,/ +D7, dqg +D8,

krog/ wkh vhw ri HRV lv qrq0hpsw|/ dqg frqwdlqv doo rzqhuvkls vwuxfwxuhv zlwk �n

�upv lq zklfk wkh dvvhwv ri rzqhuv 4> ===> �n duh hpsor|hg lq vhsdudwh �upv1

Wkh Sursrvlwlrq hvwdeolvkhv wrjhwkhu zlwk Sursrvlwlrq 5 wkdw wkh phujhu pdu0

nhw phfkdqlvp zloo ohdg wr wkh pd{lpdoo| shuplwwhg ghjuhh ri frqfhqwudwlrq1

Wkxv/ wkh Yduldeoh Frvw Prgho lv lq wklv uhvshfw lghqwlfdo wr wkh Il{hg Frvw

Prgho1 Krzhyhu/ lw grhv qrw ixoo| fkdudfwhul}h wkh vhw ri HRV/ vlqfh lw ohdyhv

rshq wkh srvvlelolw| wkdw rwkhu vwuxfwxuhv zlwk �n �upv wkdq wkrvh wkdw jlyh ulvh

wr d pdunhw vwuxfwxuh zlwk frvwv f�> = = = > f7& ehorqj wr wkh vhw ri HRV1
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81 Sulydwh yv1 vrfldo lqfhqwlyhv iru phujhuv

Wkh w|slfdo txhvwlrq frqfhuqlqj zhoiduh dgguhvvhg lq wkh LR olwhudwxuh lv zkhwkhu

vrph h{rjhqrxvo| fkrvhq/ sxuho| frqfhqwudwlyh/ phujhu lqfuhdvhv zhoiduh1 Exw/

htxlsshg zlwk d wkhru| ri hqgrjhqrxv phujhuv lw lv qdwxudo wr lqyhvwljdwh wkh

eurdghu lvvxh ri wkh vrfldo ghvludelolw| ri wkh �phujhu pdunhw phfkdqlvp�1 Qrw

xqh{shfwhgo|/ lw lv kdug wr ghulyh jhqhudo frqfoxvlrqv1 Wkh gl!fxow| vwhpv iurp

wkh idfw wkdw phujhuv lq roljrsro| prghov w|slfdoo| erwk hqkdqfh surgxfwlyh h!0

flhqf|/ dqg frqwulexwh wr prqrsrol}dwlrq1

Lq rughu wr glvhqwdqjoh wkhvh h�hfwv/ frqvlghu �uvw wkh iroorzlqj Frqjorphudwh

Il{hg Frvw Prgho= wkhuh duh q rzqhuv zkr vhoo lq q vhsdudwh pdunhwv1 Wkh �upv

pd| kdyh gl�huhqw yduldeoh frvwv/ exw wkhvh duh xqd�hfwhg e| phujhuv1 Ilupv

gl�hu lq wkhlu �{hg frvwv/ dqg rzqhuv duh odehohg vxfk wkdw li wkh qrqh ri wkh

rzqhuv zhuh wr phujh/ wkh �{hg frvwv zrxog eh vxfk wkdw i� ? i2=== ? i?1 Zh

wkhq kdyh wkh iroorzlqj fohdu0fxw uhvxow=

Fruroodu| 41 Lq wkh Frqjorphudwh Il{hg Frvw Prgho/ dvvxplqj +D4, dqg +D6,

krog/ wkh HRV duh wkh vwuxfwxuhv wkdw +l, plqlpl}h lqgxvwu| frvwv/ dqg +ll, duh

vrfldoo| suhihuuhg dprqj doo vwuxfwxuhv1

Surri1 Sduw +l, iroorzv gluhfwo| iurp Sursrvlwlrq 7 xsrq qrwlqj wkdw yduldeoh

frvwv duh qrw d�hfwhg e| phujhuv/ dqg wkdw wkh suhvhqw prgho lq doo rwkhu uhvshfwv

lv d vshfldo fdvh ri wkh Il{hg Frvw Prgho/ iru dq| pd{lpdo shuplwwhg ghjuhh ri

frqfhqwudwlrq �n1 Wr hvwdeolvk Sduw +ll,/ qrwh wkdw doo vwuxfwxuhv kdyh wkh vdph

sulfhv dqg yduldeoh frvwv e| wkh dvvxpswlrq wkdw wkh pdunhwv duh vhsdudwhg1 Wkxv/

vlqfh wkh vhw ri HRV plqlpl}hv lqgxvwu| frvw e| +l,/ lw |lhogv wkh vrfldoo| suhihuuhg

pdunhw vwuxfwxuh1

Wkh glvwlqjxlvklqj ihdwxuh ri wklv vlwxdwlrq lv wkdw phujhuv gr qrw kdyh dq|

h{whuqdolwlhv rq sduwlhv rxwvlgh wkh lqgxvwu|1 Wkh| duh vwloo dvvrfldwhg zlwk lqwud0

lqgxvwu| h{whuqdolwlhv/ vlqfh hdfk phujhu h{foxghv wkh srvvlelolw| ri vrph rwkhu

phujhuv iurp wdnlqj sodfh1 Krzhyhu/ wkh phujhu pdunhw phfkdqlvp lqwhuqdol}hv

wkhvh h�hfwv/ dqg wkxv ohdgv wr dq rxwfrph wkdw lv sulydwho| h!flhqw/ dqg vlqfh

wkhuh duh qr rwkhu h{whuqdolwlhv wkh phujhu pdunhw lv dovr vrfldoo| h!flhqw1 Qrz/ lw
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pd| eh dujxhg wkdw lw lv douhdg| zhoo xqghuvwrrg wkdw vxfk frqjorphudwh phujhuv

kdyh srvlwlyh zhoiduh h�hfwv1 Exw/ qrwh wkdw zkdw lv vkrzq lv qrw wkdw d sduwlfxodu

frqjorphudwh phujhu lqfuhdvhv zhoiduh/ exw wkdw dprqj doo srvvleoh vxfk phujhuv/

wkrvh wdnh sodfh wkdw |lhog wkh kljkhvw zhoiduh1

Frqwudu| wr zkdw lqwxlwlrq pljkw vxjjhvw/ wkh phujhu pdunhw phfkdqlvp qhhg

qrw ohdg wr wkh fuhdwlrq ri wkh prvw h!flhqw �up/ qru wr wkh holplqdwlrq ri wkh

prvw lqh!flhqw �up1 Wklv lv hdvlo| vhhq lq wkh fdvh ri wkuhh rzqhuv/ l> m dqg n1

Lqvwhdg ri vshfli|lqj d sduwlfxodu phujhu whfkqrorj|/ ohw d phujhu ehwzhhq rzqhuv

l dqg m uhvxow lq d �up zlwk d �{hg frvw i�� > hwf11

Fruroodu| 51 Lq wkh Frqjorphudwh Il{hg Frvw Prgho/ zlwk wkuhh rzqhuv/ dqg

dvvxplqj +D4, krogv/ wkh HRV lqyroyhv d phujhu ehwzhhq rzqhuv l dqg m l�

i�� . i& ? plq +i�& . i� > i�& . i�,> zlwk l 9@ m 9@ n 9@ l=

Surri1 E| Sursrvlwlrq 6 zh nqrz wkdw vwuxfwxuhv lq wkh HRV duh wkh gxrsrolhv

wkdw jlyh ulvh wr pd{lpdo lqgxvwu| sur�wv dprqj doo gxrsro| vwuxfwxuhv h{fhsw

prqrsro|1 Vlqfh wkhuh duh qr gl�huhqfhv ehwzhhq phujhuv lq wkhlu h�hfwv rq

uhyhqxhv dqg yduldeoh frvw/ wkh gxrsro| vwuxfwxuh wkdw pd{lpl}hv lqgxvwu| sur�wv

lv wkh vwuxfwxuh wkdw plqlpl}hv lqgxvwu| frvwv1

Khqfh/ wkh htxloleulxp phujhu lv qrw qhfhvvdulo| dvvrfldwhg zlwk wkh orzhvw

�{hg frvw iru wkh phujlqj rzqhuv/ l1h1/ lw lv qrw qhfhvvdulo| wkh prvw h!flhqw �up

wkdw lv fuhdwhg wkurxjk wkh phujhuv1 Lw pd| hyhq eh wkh rqh wkdw lv dvvrfldwhg

zlwk wkh kljkhvw �{hg frvw dprqj wkh wkuhh srvvleoh phujhg hqwlwlhv1 Ixuwkhupruh/

wkhuh pd| eh d phujhu ehwzhhq �upv l dqg m/ vd|/ hyhq li i& lv odujhu wkdq i� dqg

i� 1 Khqfh/ wkh prvw lqh!flhqw �up lv qrw qhfhvvdulo| holplqdwhg1 Qhyhuwkhohvv/

wkh htxloleulxp phujhu lv wkh rqh zklfk lv dvvrfldwhg zlwk wkh kljkhvw zhoiduh1

Lqwxlwlyho|/ wkh phujhu pdunhw phfkdqlvp wdnhv lqwr frqvlghudwlrq wkh �rs0

sruwxqlw| frvw� ri phujhuv1 Iru lqvwdqfh/ lq wkh fdvh zlwk wkuhh rzqhuv/ wkh prvw

h!flhqw vlqjoh0dvvhw �up pljkw eh qhhghg lq rughu wr fuhdwh wkh prvw h!flhqw

wzr0dvvhw �up1 Exw/ wkh �rssruwxqlw| frvw� ri fuhdwlqj wklv �up pd| eh kljkhu

wkdq iru fuhdwlqj wkh rwkhu �upv/ vlqfh wklv �up pd| iruhjr pruh sur�wv zkhq

phujlqj wkdq wkh rwkhuv gr1 Vlqfh wkh phujhu surfhvv wdnhv wkhvh dvshfwv lqwr
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frqvlghudwlrq/ wkh prvw h!flhqw �up lv qrw qhfhvvdulo| fuhdwhg1

Sulydwh dqg vrfldo lqfhqwlyhv duh khqfh shuihfwo| doljqhg lq wkh fdvh ri frq0

jorphudwh phujhuv1 Wkhuh lv d ghjuhh ri fruuhvsrqghqfh dovr lq wkh fdvh ri wkh

Il{hg Frvw Prgho frqvlghuhg deryh1 Sursrvlwlrq 7 vxjjhvwv wkdw lq wklv prgho

wkh HRV duh vwloo sulydwho| h!flhqw vlqfh wkh| jlyh ulvh wr wkh pdunhw vwuxfwxuh

zlwk wkh pd{lpdo djjuhjdwh sur�w1 Pruhryhu/ wkh HRV duh vrfldoo| h!flhqw lq wkh

vhqvh wkdw wkh| jlyh ulvh wr wkh pdunhw vwuxfwxuh zlwk wkh kljkhvw zhoiduh dprqj

doo htxdoo| frqfhqwudwhg pdunhw vwuxfwxuhv/ vlqfh doo vwuxfwxuhv zlwk d jlyhq ghjuhh

ri frqfhqwudwlrq |lhog wkh vdph frqvxphu vxusoxv1 Ri frxuvh/ iurp d vrfldo srlqw

ri ylhz d ohvv frqfhqwudwhg vwuxfwxuh pd| eh suhihuuhg1 Exw/ dprqj wkh vwuxfwxuhv

zlwk wkh pd{lpdoo| shuplwwhg ghjuhh ri frqfhqwudwlrq/ wkh irufhv gulylqj phujhuv

dfwxdoo| ohdg wr wkh vrfldoo| suhihuuhg pdunhw vwuxfwxuh1 Wkxv/ wkh srolf| pdnhu

zrxog lq wklv vshfldo fdvh rqo| qhhg wr fduh derxw wkh ghjuhh ri frqfhqwudwlrq/

dqg frxog ohdyh wr pdunhw irufhv wr ghwhuplqh wkh pdunhw vwuxfwxuh1

Wkh slfwxuh lv pxfk pruh frpsolfdwhg zkhq wkhuh duh dv|pphwulhv ehwzhhq

�upv* yduldeoh frvwv/ vlqfh qrz wkh gl�huhqfhv lq lpsdfwv ri phujhuv rq �upv*

uhyhqxhv zloo pdwwhu iru wkh rxwfrph1 Wkh surri ri wkh iroorzlqj uhvxow lv eurxjkw

lq wkh Dsshqgl{=

Fruroodu| 61 Lq wkh Yduldeoh Frvw Prgho/ dvvxplqj wkdw +D4, dqg +D7, krog/

wkdw rxwsxwv duh vwudwhjlf vxevwlwxwhv/ dqg wkdw doo vwuxfwxuhv h{fhsw d prqrsro|

duh shuplwwhg/ wkh vhw ri HRV lv qrq0hpsw| dqg frqvlvwv ri wkh gxrsro| vwuxfwxuhv

zkhuh rqh �up idfhv wkh yduldeoh frvw f�/ dqg wkh rwkhu �up kdv wkh yduldeoh frvw

f2 li f? ? f
�
dqg wkh frvw f? li f? A f

��
/ zkhuh f� ? f

� � f
��
? f?1

Wkh Fruroodu| vkrzv wkdw wkh lqfhqwlyh wr phujh lq rughu wr udwlrqdol}h sur0

gxfwlrq grplqdwhv wkh lqfhqwlyh wr phujh wr olplw frpshwlwlrq iru orz ydoxhv ri

wkh yduldeoh frvw lq wkh kljk frvw �up/ exw wkdw iru vx!flhqwo| kljk yduldeoh frvw lq

wkh kljk frvw �up wkh dqwl0frpshwlwlyh lqfhqwlyh lqvwhdg grplqdwhv14: Lqwxlwlyho|/

zkhq �upv phujh wkh| pd| hlwkhu hqg xs lq d vwuxfwxuh zlwk wzr h!flhqw �upv

erwk surgxflqj zlwk orz yduldeoh frvw exw zlwk uhodwlyho| lqwhqvh frpshwlwlrq/ ru

4:Lw zdv wklv odwwhu srvvlelolw| wkdw +D8, vhuyhg wr dyrlg lq Sursrvlwlrq 81
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wkh| pd| �ex|� wkhpvhoyhv ohvv frpshwlwlrq dw wkh sulfh ri frvwo| surgxfwlrq lq

wkh kljk frvw �up1 Zkhq wkh kljkhu frvw ehfrphv vx!flhqwo| kljk/ wkh h!flhqw

�up dssurdfkhv ehfrplqj d prqrsrolvw lq wkh pdunhw/ dqg wkxv wkh kljk frvw

�up vshqgv yhu| olwwoh rq lqh!flhqw surgxfwlrq14;

Ohw xv hqg e| d ihz uhpdunv derxw srolf|1 Wkh jhqhudo slfwxuh wkdw hphujhv

iurp wkh deryh dqdo|vlv lv wkdw rqh vkrxog qrw lq jhqhudo h{shfw wkh �phujhu pdu0

nhw phfkdqlvp� wr ohdg wr vrfldoo| h!flhqw pdunhw vwuxfwxuhv1 Wkhuh wkxv vhhpv

wr eh d uroh iru zhoiduh0hqkdqflqj phujhu srolflhv/ vlqfh wkh HRV zloo lq jhqhudo

eh ghwhuplqhg erwk e| wkh frvw vdylqj prwlyhv kljkoljkwhg lq wkh Frqjorphudwh

Il{hg Frvw Prgho/ dv zhoo dv e| wkh dqwl0frpshwlwlyh prwlyhv1 Exw/ wkh hqgrjh0

qrxv qdwxuh ri phujhuv lpsolhv wkdw wkh rswlpdo ghvljq ri phujhu srolf| lv khuh

vxevwdqwldoo| pruh lqyroyhg wkdq lq wkh wudglwlrqdo fdvh ri h{rjhqrxv phujhuv1

Iru lqvwdqfh/ zkhq hydoxdwlqj wkh rswlpdo uhvsrqvh wr d vxjjhvwhg phujhu/ lw lv

lpsruwdqw wr wdnh lqwr dffrxqw wkrvh pdunhw vwuxfwxuhv wkdw pljkw dulvh erwk dv

d uhvxow ri dffhswlqj dv zhoo dv ri uhmhfwlqj wkh sursrvhg phujhu1 Lq sulqflsoh/

wkh frpshwlwlrq dxwkrulw| pxvw iruhfdvw zkdw ixuwkhu phujhuv wkdw pd| eh sur0

yrnhg dv d uhvxow ri dffhswlqj wkh sursrvhg phujhu/ dqg zkdw phujhuv wkdw duh

suhyhqwhg iurp wdnlqj sodfh1 Vlploduo|/ lw pxvw dovr dvvhvv wkrvh rwkhu phujhuv

wkdw pljkw eh sursrvhg li wkh fxuuhqw sursrvdo lv uhmhfwhg1

Wkh hqgrjhqhlw| ri wkh phujhu irupdwlrq dovr srlqwv wr dqrwkhu frpsolfdwlqj

idfwru iru wkh ghvljq ri phujhu srolf|= wkh vhw ri HRV pd| sduwo| ghshqg rq

grplqdqfh uhodwlrqv ehwzhhq vwuxfwxuhv qrw lq wkh vhw ri HRV1 Iru lqvwdqfh/ lw

pd| lq jhqhudo eh wkdw qhlwkhu ri vwuxfwxuhv P� dqg P � grplqdwh hdfk rwkhu/

exw wkdw vwuxfwxuh P� lv wkh rqo| htxloleulxp vwuxfwxuh devhqw srolf|/ vlqfh P �

lv grplqdwhg e| d wklug vwuxfwxuh P& 1 D phujhu srolf| wkdw grhv qrw shuplwP&

wr srwhqwldoo| eh iruphg/ pljkw wkhq pdnh P � d srvvleoh htxloleulxp rxwfrph1

4;Vwulfwo| vshdnlqj/ lq rughu wr suhyhqw d prqrsro| wr eh iruphg/ wkh frvw lq wkh kljk frvw

�up pxvw eh vx!flhqwo| orz lq rughu iru wkh �up wr pdlqwdlq d srvlwlyh pdunhw vkduh1

58



91 Dssolfdwlrqv

Lq wklv vhfwlrq zh eulh | ghprqvwudwh krz wkh prgho ghyhorshg deryh fdq wkurz

oljkw rq rwkhu lvvxhv ri srolf| frqfhuq1 Wkh sxusrvh lv qrw wr ghulyh jhqhudo uhvxowv/

exw udwkhu wr klqw dw dvshfwv ri wkhvh lvvxhv wkdw kdyh qrw ehhq kljkoljkwhg vr idu1

9141 Uhvhdufk mrlqw yhqwxuhv

Wkh vrfldo ghvludelolw| ri uhvhdufk mrlqw yhqwxuhv +UMY, kdv uhfhqwo| dwwudfwhg

lqwhuhvw lq wkh olwhudwxuh1 Dv lq wkh fdvh ri phujhuv/ wkh w|slfdo dssurdfk lq

wkh olwhudwxuh kdv ehhq wr vwxg| wkh lpsdfw ri frooderudwlrq ehwzhhq h{rjhqrxvo|

fkrvhq jurxsv ri �upv14< Exw/ wkh frqvhtxhqfhv ri wkhvh djuhhphqwv zloo reylrxvo|

ghshqg rq wkh fkdudfwhulvwlfv ri wkh �upv wkdw frooderudwh/ dv zhoo dv ri wkrvh qrw

sduwlflsdwlqj1 Lw lv wkhuhiruh ri lqwhuhvw wr ghwhuplqh zklfk ri doo srvvleoh UMYv

wkdw pdunhw irufhv zloo vhohfw1 Qrwh wkdw dq djuhhphqw wr irup d UMY lv edvlfdoo|

dq djuhhphqw wr irup d frdolwlrq1 Ilupv duh iuhh wr frppxqlfdwh derxw UMYv/

dqg wkh| fdq frpplw wr vxfk duudqjhphqwv wkurxjk ohjdoo| elqglqj frqwudfwv/

hyhq wkrxjk wkh �upv uhwdlq frqvlghudeoh glvfuhwlrq ryhu wkh h�ruwv sxw lqwr wkh

frooderudwlrq1 Ixuwkhupruh/ wkh vxusoxv fuhdwhg wkurxjk UMYv fdq eh txlwh iuhho|

glvwulexwhg/ vlqfh �upv kdyh lq sudfwlvh vljql�fdqw iuhhgrp lq ghflglqj rq erwk

wkh uhsruwhg wrwdo frvwv ri UMY surmhfwv/ dv zhoo dv rq krz wr vkduh wkhvh frvwv1

Dvvxplqj wkdw �upv fdq eh wdnhq wr eh xqfrqvwudlqhg lq wkh wudqvihu ri uhvrxufhv

zlwklq UMYv/ zh fdq wkxv gluhfwo| dsso| wkh dssurdfk ghyhorshg deryh1

Irupdoo|/ zh hpsor| d yduldqw ri wkh Yduldeoh Frvw Prgho zlwk wkuhh �upv

4/5/6/ zkr idfh d olqhdu lqgxvwu| ghpdqg s @ 4�
S

{�1 Dq| frqvwhoodwlrq ri wkhvh

wkuhh �upv/ lqfoxglqj doo wkuhh ri wkhp/ duh doorzhg wr irup d frvwohvv UMY wkdw

zlwk fhuwdlqw| uhvxowv lq d qhz surfhvv whfkqrorj| zlwk dvvrfldwhg yduldeoh frvw

�f/ exw wkh �upv fdq dovr devwdlq iurp xqghuwdnlqj d UMY1 Wkh surmhfw fdqqrw eh

xqghuwdnhq e| dq| ri wkh �upv dorqh +shukdsv ehfdxvh qhlwkhu �up kdv vx!flhqw

nqrz0krz wr fduu| rxw wkh uhvhdufk dorqh,/ exw hdfk �up fdq rqo| sduwlflsdwh lq

rqh UMY1 Wkh qhz whfkqrorj| rewdlqhg wkurxjk wkh UMY lv pruh h!flhqw wkdq

4<Rqh ri wkh ihz h{fhswlrqv duh Eorfk +4<<8,/ dqg \l dqg Vklq +4<<8,1
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wkh whfkqrorjlhv hpsor|hg e| �upv 5 dqg 6/ exw ohvv vr wkdq wkh whfkqrorj| ri �up

41 Iru vlpsolflw|/ ohw wkh lqlwldo yduldeoh frvwv ri �upv 5 dqg 6 eh f2 @ 4@9/ dqg

f� @ 4@6/ dqg ohw wkh qhz whfkqrorj| jlyh ulvh wr wkh yduldeoh frvw �f @ 4@<> zh wkxv

dvvxph wkdw f� ? 4@<1 Wkhuh duh irxu srvvleoh UMYv � wkh wkuhh frqvwhoodwlrqv

zkhuh wzr �upv sduwlflsdwh/ dqg wkh rqh zkhuh doo �upv wdnh sduw1 Exw/ uhjdugohvv

ri zklfk UMY wkdw lv iruphg/ �up 4 zloo frqwlqxh wr xvh lwv rzq whfkqrorj| vlqfh

lw lv pruh h!flhqw1 Wkxv/ li 4 dqg 5 xqghuwdnh wkh UMY wkh frvwv ri �upv 4/ 5

dqg 6 duh/ uhvshfwlyho|/ f�> 4@< dqg 4@61 Wkh fruuhvsrqglqj frvwv zkhq �upv 4

dqg 6 irup d UMY duh f�> 4@9 dqg 4@</ dqg zkhq �upv 5 dqg 6 irup d UMY wkh|

duh f�> 4@< dqg 4@</ zklfk duh dovr wkh frvwv li doo �upv sduwlflsdwh1

Zloo wkhuh eh d mrlqw yhqwxuh/ dqg li vr/ ehwzhhq zklfk �upvB Rq wkh rqh kdqg/

�upv 5 dqg 6 kdyh wkh juhdwhvw lqfhqwlyh/ lq wkh vhqvh wkdw wkhlu yduldeoh frvwv

zrxog idoo e| wkh prvw zlwk wkh qhz whfkqrorj|1 Exw/ dv kdv ehhq ghprqvwudwhg

deryh/ wklv lv rqo| kdoi ri wkh vwru|1 Lqghhg/ vwudljkwiruzdug fdofxodwlrqv |lhog wkh

iroorzlqj +vhh wkh Dsshqgl{,=

Sursrvlwlrq 91 Wkh htxloleulxp UMY lv ehwzhhq �upv 4 dqg 5 iru doo f� ? �f=

Khqfh/ ghvslwh wkh idfw wkdw �up 4 kdv qr lqwhuhvw lq wkh qhz whfkqrorj| shu vh/

dqg ghvslwh wkh idfw wkdw �up 6 zrxog vwdqg wkh prvw wr jdlq iurp sduwlflsdwlqj/

wkh suhglfwhg UMY lqyroyhv �upv 4 dqg 51 Zk|B Vlqfh ohdylqj �up 6 rxwvlgh wkh

djuhhphqw hqvxuhv wkdw rqh ri wkh �upv lv uhodwlyho| xqfrpshwlwlyh/ dqg wklv lv

frqgxflyh wr lqgxvwu| sur�wv1

Zh kdyh iru vlpsolflw| dvvxphg wkdw wkh UMY lv frvwohvv1 Dv d uhvxow/ vlqfh

wkh UMY orzhuv surgxfwlrq frvwv/ dqg wkxv lqwhqvl�hv frpshwlwlrq/ lw pxvw eh

vrfldoo| ghvludeoh1 Krzhyhu/ wkuhh ihdwxuhv vkrxog eh srlqwhg rxw1 Iluvw/ qrwh

wkdw dprqj wkh irxu srvvleoh �up frqvwhoodwlrqv lq wkh UMY/ wkh pdunhw vhohfwv

wkh UMY zklfk uhvxowv lq wkh kljkhvw lqgxvwu| frvwv/ dqg zklfk lv wkh zruvw UMY

iurp d vrfldo srlqw ri ylhz1 Vhfrqgo|/ li wkhuh zhuh �{hg frvwv dvvrfldwhg zlwk wkh

UMY/ lw zrxog eh srvvleoh wkdw wkh UMY fkrvhq e| wkh pdunhw dfwxdoo| uhgxfhv

zhoiduh/ zkloh vlpxowdqhrxvo| vrph rwkhu UMY zrxog lqfuhdvh zhoiduh1 Wklugo|/

wkh prgho suhglfwv wkdw wkhuh zloo qrw eh d UMY lqyroylqj doo wkuhh �upv � wklv
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frqvwhoodwlrq kdv wkh glvdgydqwdjh ri ghvwur|lqj lqgxvwu| sur�wv e| vsuhdglqj

wkh orz frvw whfkqrorj| wrr zlgho|/ zlwkrxw eulqjlqj wkh xvxdo dgydqwdjh ri d

prqrsro| lq whupv ri pdunhw srzhu1

Wklv vlpsolvwlf ghslfwlrq ri UMY reylrxvo| devwudfwv iurp pdq| ri wkh dv0

shfwv ri UMYv wkdw duh frqvlghuhg fhqwudo lq wkh olwhudwxuh/ vxfk dv wkh lqkhuhqw

xqfhuwdlqw| ri U dqg G/ wkh gl!fxowlhv lq dssursuldwlqj lwv rxwfrph/ dqg wkh

lpsruwdqfh iru zhoiduh ri wkh ryhudoo ohyho ri U dqg G wkdw lv xqghuwdnhq lq wkh

lqgxvwu|1 Zh kdyh dovr devwudfwhg iurp wkh srvvleoh lqwhudfwlrq ehwzhhq lqfhq0

wlyhv wr irup UMYv dqg lqfhqwlyhv iru phujhuv> wklv lvvxh lv wr eh ghdow zlwk lq d

frpsdqlrq sdshu1 Iru lqvwdqfh/ lw lv fohdu wkdw UMYv/ e| fkdqjlqj wkh whfkqro0

rj|/ pljkw d�hfw wkh sur�wdelolw| ri frqvhtxhqw phujhuv1 Krzhyhu/ vlpsoh dv wkh

h{dpsoh lv/ lw kljkoljkwv d ihdwxuh ri UMY wkdw vkrxog eh ri fhqwudo lpsruwdqfh

� wkdw dprqj doo srvvleoh UMYv/ pdunhw irufhv pljkw vhohfw wkrvh wkdw duh ohvv

ghvludeoh iurp d vrfldo srlqw ri ylhz1

9151 Pdunhw vwuxfwxuh zlwk fdsdflw| frqvwudlqhg �upv

Wkurxjkrxw wkh dqdo|vlv/ �upv kdyh ehhq dvvxphg wr eh xqfrqvwudlqhg lq wkhlu

fdsdflw| wr surgxfh dq| yroxph wkh| olnh1 Krzhyhu/ wkhuh duh pdq| vlwxdwlrqv

zkhq wklv lv qrw wkh fdvh1 Iru lqvwdqfh/ �upv pd| eh frqvwudlqhg e| surgxfwlrq

txrwdv lpsrvhg iru hqylurqphqwdo uhdvrqv/ ru wkh| pd| idfh lpsruw ru h{sruw

txrwdv1 Dlu olqhv kdyh d olplwhg qxpehu ri odqglqj vorwv/ plqlqj dqg rlo �upv kdyh

frqfhvvlrqv rq h{wudfwlrq ri fhuwdlq txdqwlwlhv/ dqg eurdgfdvwhuv qhhg olfhqvhv1

Vxfk rxwsxw uhvwulfwlrqv surylgh vshfldo lqfhqwlyhv wr phujh/ dv fdq hdvlo| eh

vhhq153

Ohw wkhuh djdlq eh wkuhh �upv 4/5 dqg 6/ idflqj d olqhdu ghpdqg s @ 4 �

S
{�1 Dvvxph wkdw wkh rzqhuv duh qrw doorzhg wr irup d prqrsro|/ exw wkdw

gxrsrolhv duh doorzhg +iru h{dpsoh/ wkhuh frxog eh vdylqjv ri �{hg frvwv lq wkh

edfnjurxqg,1 Wkhuh duh irxu srvvleoh pdunhw vwuxfwxuhv/ d wulrsro| dqg wkh wkuhh

gl�huhqw gxrsro| frqvwhoodwlrqv1 Hdfk �up kdv d txrwd t�/ dqg wkh �upv fdq

53Ghshqglqj rq wkh sduwlfxodu dssolfdwlrq/ �upv pd| ru pd| qrw eh deoh wr uhwdlq wkhlu txrwdv

li wkh| phujh zlwk rwkhu txrwd kroghuv1
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surgxfh frvwohvvo| xs wr wkh txrwd/ exw lw lv qrw srvvleoh wr surgxfh pruh dw dq|

frvw1 Ohw t� ? t2 ? t� ? 4@7> wklv lv d vx!flhqw frqglwlrq iru wkh txrwdv wr

eh vpdoo hqrxjk wr elqg lq wkh wulrsro| htxloleulxp1 Dvvxph dovr wkdw wkh| duh

odujh hqrxjk vr wkdw d phujhg hqwlw| lv qrw fdsdflw| frqvwudlqhg/ t� . t� A 6@;1

Zkdw lv wkh htxloleulxp pdunhw vwuxfwxuhB Wkh iroorzlqj uhvxow lv suryhq lq wkh

Dsshqgl{=

Sursrvlwlrq :1 Wkh htxloleulxp pdunhw vwuxfwxuh lqyroyhv d phujhu ehwzhhq wkh

wzr �upv zlwk wkh odujhvw txrwdv1

Wkh lqwxlwlrq ehklqg wkh Sursrvlwlrq lv vlpsoh= lq wkh Frxuqrw htxloleulxp/

wkh phujlqj �upv uhgxfh wkhlu frpelqhg rxwsxw1 Wkh rxwvlgh �up zloo wkhuhe|

jhw dq lqfhqwlyh wr lqfuhdvh lwv yroxph/ exw fdq*w gr wklv ehfdxvh ri wkh fdsdflw|

frqvwudlqw1 Wkh phujlqj �upv/ rq wkh rwkhu kdqg/ zloo xqghuxwlol}h wkhlu txrwdv1

Wkh pdunhw lv wkhuhiruh prvw prqrsrol}hg zkhq wkh vpdoohvw txrwd lv ehlqj xvhg/

dqg khqfh wkh rzqhu ri wkdw txrwd zloo qrw phujh1

D wulyldo/ exw srvvleo| lpsruwdqw/ dvshfw ri txdqwlw| frqvwudlqwv lv wkdw wkh|

whqg wr lqfuhdvh wkh sur�wdelolw| ri phujhuv1 Lq wkh h{dpsoh deryh wklv lv looxv0

wudwhg e| wkh idfw wkdw wkhuh duh jdlqv iurp phujhuv/ hyhq wkrxjk wkhuh duh qr

frvw vdylqjv1 Wklv lv d pxfk pruh jhqhudo skhqrphqrq wkdq zkdw lv vxjjhvwhg e|

wklv h{dpsoh/ zklfk iroorzv lpphgldwho| zkhqhyhu wkh �upv rxwvlgh wkh phujhu

fdqqrw lqfuhdvh wkhlu rxwsxwv lq uhvsrqvh wr wkh frqwudfwlrq ri rxwsxw wkdw wkh

phujlqj �upv xqghuwdnh1 Khqfh/ rqh vkrxog h{shfw lqfhqwlyhv iru phujhuv wr eh

pruh surqrxqfhg lq lqgxvwulhv zkhuh fdsdflw| frqvwudlqwv duh lpsruwdqw/ dv orqj

dv wkhvh duh qrw vx!flhqwo| uhvwulfwlyh wr pdnh wkh djjuhjdwh rxwsxw yroxph ohvv

wkdq wkh prqrsrolvw*v rswlpdo yroxph1 Uhodwhg/ rqh vkrxog h{shfw lpsruw txrwdv

wr lqfuhdvh lqfhqwlyhv iru grphvwlf phujhuv1

9161 Wdul�v dqg iruhljq gluhfw lqyhvwphqw

Lw lv riwhq dujxhg wkdw kljk wudgh frvwv lqgxfh iruhljq �upv wr xqghuwdnh gluhfw

lqyhvwphqw lq rughu wr dyrlg wkh wudgh eduulhuv/ vr fdoohg wdul�0mxpslqj IGL1 Wklv

uhdvrqlqj lpsolflwo| suhvxphv wkdw wkh dvvhwv erxjkw e| wkh iruhljq �upv duh lq
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lq�qlwho| hodvwlf vxsso| � li wkh| zhuh qrw/ wkh IGL zrxog d�hfw wkh survshfwv ri

lqyhvwphqwv iru frpshwlwruv/ dqg wkhvh h�hfwv zrxog kdyh wr eh wdnhq lqwr dffrxqw

lq wkh lqyhvwphqw ghflvlrq1 Wklv hodvwlf vxsso| ri dvvhwv pd| eh ghvfulswlyh ri

fhuwdlq pdunhwv1 Krzhyhu/ lq sudfwlvh wkh pdmrulw| ri lqzdug IGL lq h1j1 wkh X1V1

grhv qrw wdnh wkh irup ri sxufkdvhv ri lq�qlwho| hodvwlfdoo| vxssolhg dvvhwv/ exw

ri phujhuv dqg dftxlvlwlrqv ri �upv lq wkh vdph lqgxvwu|1 Iru lqvwdqfh/ phujhuv

dqg dftxlvlwlrqv dffrxqwhg iru ryhu <4( ri ryhudoo iruhljq gluhfw lqyhvwphqw lq

wkh X1V1 lq 4<<7/ dqg dyhudjhg ryhu ;4( gxulqj 4<;<04<<7154 Dv zh vkdoo vhh/ wkh

prgh ri lqyhvwlqj lq wkh iruhljq frxqwu| pljkw pdnh d vljql�fdqw gl�huhqfh wr

wkh sodxvlelolw| ri wkh dujxphqw wkdw kljk wudgh0eduulhuv lqgxfh IGL1

Zh zloo hpsor| d yhuvlrq ri wkh Yduldeoh Frvw Prgho/ zkhuh wkhuh duh wkuhh

�upv vhuylqj d pdunhw zlwk olqhdu ghpdqg s @ 4 �
S

{�1 Ilupv 4 dqg 5 duh

orfdwhg lq wkh pdunhw/ dqg wkh iruhljq �up 6 lv orfdwhg deurdg1 Wkhuh duh qr

frvwv ri surgxfwlrq/ exw �up 6 idfhv d shu xqlw wudgh frvw w dv d uhvxow ri lwv

orfdwlrq dqg2ru lwv qdwlrqdolw|1 Exw e| phujlqj zlwk rqh ri wkh orfdo �upv/ �up

6 fdq dyrlg wkh wudgh frvw1 Wkh prvw gluhfw lqwhusuhwdwlrq ri wklv frvw lv wkdw ri d

wdul�1 Exw/ lq wklv olqhdu Frxuqrw prgho wkh wudgh frvw fdq dovr eh lqwhusuhwhg dv

d wudqvsruw frvw/ vlqfh diwhu d phujhu zlwk d orfdo �up doo surgxfwlrq frxog wdnh

sodfh wkurxjk wkh orfdo �up1

Djdlq zh doorz iru gxrsrolhv wr eh iruphg/ exw uxoh rxw prqrsro|1 Wkhuh duh

wkxv wzr w|sh ri phujhuv wkdw frxog eh iruphg1 Rqh lv d grphvwlf phujhu ehwzhhq

�upv 4 dqg 51 Wkh rwkhu lv dq lqwhuqdwlrqdo phujhu/ zklfk frxog eh lqwhusuhwhg

dv d iruhljq gluhfw lqyhvwphqw1 Wkhuh duh wzr lghqwlfdo phujhuv ri wklv w|sh/ rqh

ehwzhhq �upv 4 dqg 6/ dqg wkh rwkhu lqyroylqj �upv 5 dqg 61 Qrwh wkdw zkloh

wkh prgho lqfrusrudwhv wkh vwdqgdug w|sh ri uhdvrq iru iruplqj dq lqwhuqdwlrqdo

�up � wr orzhu frvwv ri vhuylqj wkh pdunhw +doehlw khuh iru mxvw rqh ri wkh �upv,

� wkhuh lv qr frqyhqwlrqdo uhdvrq iru iruplqj wkh grphvwlf �up1 Wkh iroorzlqj

uhvxow lv hvwdeolvkhg lq wkh Dsshqgl{=

54Iljxuhv frpslohg e| MHWUR +4<<9,1 Lq fhuwdlq vhfwruv/ vxfk dv dxwrv/ qhz lqyhvwphqwv kdyh

qhyhuwkhohvv ehhq lpsruwdqw1
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Sursrvlwlrq ;1 Wkh HRV jlyhv ulvh wr wkh wulrsro| iru 3 ? w ? 4@48> dq lqwhuqd0

wlrqdo phujhu iru 4@48 ? w ? 4@6/ hlwkhu wkh wulrsro| ru dq lqwhuqdwlrqdo phujhu

iru 4@6 ? w ? 5@8/ wkh wulrsro| iru 5@8 ? w ?
s
5 � 4/ dqg wkh grphvwlf phujhu

iru
s
5� 4 ? w � 4@51

Wkdw lv/ iru yhu| orz ohyhov ri wkh wudgh frvw wkhuh zloo qrw eh dq| phujhu iru

vwdqgdug uhdvrqv1 Iru vrphzkdw kljkhu ohyhov +exw orzhu wkdq 4@6, wkh wudglwlrqdo

jdlq iurp �wdul�0mxpslqj� grplqdwhv rwkhu h�hfwv/ dqg wkh wudgh eduulhu wkxv

lqgxfhv dq lqwhuqdwlrqdo phujhu/ dv wkh frqyhqwlrqdo dujxphqw vxjjhvwv1 Lq wkh

udqjh 4@6 ? w ? 4@5/ wkh iruhljq �up lv fkrnhg r� iurp wkh pdunhw lq wkh

wulrsro|/ exw pdlqwdlqv d srvlwlyh pdunhw vkduh lq wkh fdvh zkhuh wkh grphvwlf

�upv phujh1 Wkh grphvwlf phujhu eulqjv vpdoohu djjuhjdwh sur�wv frpsduhg

wr wkh lqwhuqdwlrqdo phujhu +zklfk lqgxfhv vdylqjv ri wudgh frvwv, iru w ? 5@8/

dqg wklv phujhu lv ixuwkhupruh zruvh wkdq wkh wulrsro| iru �upv 4 dqg 5 iru

w ?
s
5� 4 +l1h1/ frqglwlrq +D4, lv qrw ixo�oohg,1 Krzhyhu/ zkhq wkh wudgh eduulhu

lv vx!flhqwo| odujh/ wkhuh zloo eh d grphvwlf phujhu/ frqwudu| wr wkh vwdqgdug

uhdvrqlqj$ Wklv vwdqgdug dujxphqw qhjohfwv wkh idfw wkdw wkh ohyho ri wkh wudgh

eduulhu d�hfwv qrw rqo| wkh lqfhqwlyhv wr irup dq lqwhuqdwlrqdo �up/ exw dovr

wkrvh wr phujh grphvwlfdoo|1 Zkhq wkh eduulhu lv vx!flhqwo| kljk/ wkh jdlqv iurp

d grphvwlf phujhu lv hyhq odujhu wkdq wkrvh iurp dq lqwhuqdwlrqdo phujhu/ gxh

wr wkh kljk ghjuhh ri prqrsrol}dwlrq wkh iruphu eulqjv1 Wklv uhvxow/ zklfk lv

idu pruh jhqhudo wkdq zkdw wkh suhvhqw h{dpsoh vhhpv wr vxjjhvw/ wkxv srlqwv

wr wkh srvvlelolw| wkdw wkh dvvxpswlrq ri dq lq�qlwho| hodvwlf vxsso| ri dvvhwv lq

wkh iruhljq pdunhw/ dq dvvxpswlrq zklfk lv lpsolflwo| pdlqwdlqhg lq wkh zkroh

iruhljq gluhfw lqyhvwphqw olwhudwxuh/ pd| dfwxdoo| eh txlwh uhvwulfwlyh155

55Lq d frpsdqlrq sdshu zh hpsor| wkh dssurdfk ghyhorshg khuh/ wr h{dplqh ghwhuplqdqwv

dqg zhoiduh h�hfwv ri phujhuv lq dq lqwhuqdwlrqdo pdunhw lq wkh frqwh{w ri pruh jhqhudo roljrsro|

prghov1
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:1 Frqfoxglqj uhpdunv

Yluwxdoo| wkh zkroh lqgxvwuldo rujdql}dwlrq olwhudwxuh rq phujhuv frqvlghuv wkh

lqfhqwlyhv iru/ dqg wkh frqvhtxhqfhv ri/ phujhuv ehwzhhq dq h{rjhqrxvo| fkrvhq

jurxs ri �upv1 Zh kdyh lq wklv sdshu wulhg wr wdnh wkh dqdo|vlv rqh vwhs ixuwkhu e|

hqgrjhqrxvo| ghwhuplqlqj wkh lghqwlw| ri wkh �upv wkdw zloo phujh1 Wkh sxusrvh

kdv qrw ehhq wr surylgh d wkhru| ghvfulelqj wkh g|qdplf surfhvv ri phujhuv1 Wkh

fuhdwlrq ri vxfk d wkhru| lv lqghhg ghvludeoh/ dv orqj dv lw grhv qrw uho| rq duel0

wudu| wlplqj dvvxpswlrq/ hwf1/ dqg dv orqj dv lw |lhogv hfrqrplf lqvljkwv lqwr wkh

phujhu surfhvv1 Lqvwhdg/ wkh sdshu kdv sursrvhg d fulwhulrq iru wkh vwdelolw| ri d

pdunhw vwuxfwxuh wr phujhuv1 Wkh dssurdfk h{whqgv wkh edvlf lghd lq wkh phujhu

olwhudwxuh � zkdw zh uhihu wr dv wkh wudglwlrqdo fulwhulrq iru phujhuv � dqg lw

dgdswv frqfhswv iurp frrshudwlyh jdph wkhru| lq rughu wr fdswxuh wkh glvwlq0

jxlvklqj ihdwxuh ri roljrsrolvwlf pdunhwv � wkh h{lvwhqfh ri h{whuqdolwlhv ehwzhhq

�upv1 Wkh jhqhudo slfwxuh wkdw hphujhv zkhq dsso|lqj wkh prgho wr vwdqgdug

frqfhqwudwhg Frxuqrw pdunhwv/ lv wkdw pdunhw irufhv whqg wr eh frqgxflyh wr pdu0

nhw vwuxfwxuhv zlwk odujh lqgxvwu| sur�wv/ dv rssrvhg wr odujh sur�wv ri vshfl�f

jurxsv ri �upv/ dv orqj dv wkh vwdqgdug fulwhulrq iru frqfhqwudwlyh phujhuv lv

ixo�oohg iru phujhuv wr yhu| frqfhqwudwhg vwuxfwxuhv1

Wdnhq olwhudoo|/ wkh dqdo|vlv vxjjhvwv wkdw wkh rqo| uhdvrq zk| lqgxvwulhv duh

qrw frpsohwho| prqrsrol}hg lv wkdw lw lv hlwkhu xqsur�wdeoh/ ru qrw doorzhg e|

dqwl0wuxvw dxwkrulwlhv1 Lw lv reylrxvo| yhu| kdug wr ghwhuplqh krz idu wkhvh h{sod0

qdwlrqv pljkw jr1 Exw/ hyhq li wkh| fdqqrw ixoo| h{sodlq wkh idfw wkdw lqgxvwulhv

duh qrw prqrsrol}hg/ zh wklqn wkdw wkh| duh pruh lpsruwdqw wkdq vhhpv wr eh

frpprqo| eholhyhg1 Zlwk uhjdug wr wkh sur�wdelolw| ri prqrsrol}dwlrq/ lw lv fohdu

wkdw prqrsrol}dwlrq lv olnho| wr eulqj jdlqv iurp frruglqdwlrq ri ghflvlrqv lq rxw0

sxw pdunhwv lq wkh vkruw wr phglxp uxq1 Krzhyhu/ prqrsrol}dwlrq lv dovr olnho|

wr kdyh ohvv dgydqwdjhrxv frqvhtxhqfhv lq wkh orqjhu uxq iru surgxfwlrq frvwv/

dqg iru h1j1 lqqrydwlyhqhvv1 Khqfh/ lw fdq qrw eh wdnhq iru judqwhg wkdw lqgxvwu|

sur�wv duh odujhu zlwk prqrsrol}dwlrq wkdq zlwk ohvv frqfhqwudwhg vwuxfwxuhv1

Frqfhuqlqj wkh uroh ri dqwl0wuxvw/ lw lv lqwhuhvwlqj wr qrwh Vwljohu*v +4<83, ylhz
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wkdw zkhq phujhuv ehfrph ohjdo/ dqg h!flhqw fdslwdo pdunhwv hphujhg dw wkh hqg

ri wkh 4<wk fhqwxu|/ phujhuv wr fuhdwh forvh wr prqrsrolhv rffxuuhg lq pdq| lq0

gxvwulhv lq wkh X1V1 Wklv ylhz lv dovr vxssruwhg e| Vfkhuhu dqg Urvv +4<<3,/ zkr

zulwh derxw wkh Juhdw Phujhu Zdyh ri 4;;:04<37/ wkdw �^l`wv rxwvwdqglqj fkdudf0

whulvwlf zdv wkh vlpxowdqhrxv frqvrolgdwlrq ri qxphurxv surgxfhuv lqwr hqwhusulvhv

grplqdwlqj wkh pdunhw wkh| vxssolhg1� Vwljohu dujxhv wkdw wkh pdlq h{sodqdwlrq

ri zk| phujhuv iru prqrsro| ehfdph pxfk pruh xqfrpprq lq wkh X1V1 lq wkh

ehjlqqlqj ri wkh 53wk fhqwxu| zdv gxh wr dqwlwuxvw odz= �Wkh hud ri phujhu iru

prqrsro| hqghg lq wklv frxqwu| urxjko| lq 4<37/ zkhq wkh Qruwkhuq Vhfxulwlhv gh0

flvlrq pdgh lw fohdu wkdw wklv dyhqxh wr prqrsro| zdv dovr forvhg e| wkh dqwlwuxvw

odzv1� Vwljohu frqwlqxhv �Wkh Vkhupdq Odz vhhpv wr kdyh ehhq wkh ixqgdphqwdo

fdxvh iru wkh vkliw iurp phujhu iru prqrsro| wr phujhu iru roljrsro|1� Lq frqfox0

vlrq/ dv orqj dv phujhu iru prqrsro| ru d grplqdqw srvlwlrqv zkhuh doorzhg lq

frqfhqwudwhg vwuxfwxuhv lq wkh X1V1/ wkh| wrrn sodfh iuhtxhqwo| dqg dw idvw sdfh1

D glvwlqjxlvklqj ihdwxuh ri wkh suhvhqw prgho/ zkhq frpsduhg wr rwkhu prghov

ri hqgrjhqrxv phujhuv/ lv wkdw wklv prgho fdq kdqgoh dv|pphwulhv ehwzhhq �upv/

dqg wkxv suhglfw wkh phujhuv wkdw duh pruh olnho| wr hphujh lq vlwxdwlrqv zkhuh

�upv duh dv|pphwulf1 Wkh prgho zdv hpsor|hg wr lvvxhv frqfhuqlqj uhvhdufk mrlqw

yhqwxuhv/ phujhuv zkhq �upv duh fdsdflw| frqvwudlqhg/ dqg wdul�0mxpslqj iruhljq

gluhfw lqyhvwphqw1 Lq doo wkuhh fdvhv wkh dqdo|vlv srlqwhg wr frq lfwv ehwzhhq frq0

vxphu lqwhuhvwv dqg wkh ixqfwlrqlqj ri wkh phujhu pdunhw phfkdqlvp� frdolwlrqv

zhuh iruphg ehwzhhq wkh zurqj �upv iurp wkh srlqw ri ylhz ri frqvxphuv1 Wkh

uhdvrqv iru wklv zhuh wkh idfw wkdw phujhu irupdwlrq lq wkhvh fdvhv zhuh odujho|

gulyhq e| suhhpswlyh prwlydwlrqv= d �up*v dowhuqdwlyh wr phujlqj qhhg qrw eh wr

uhpdlq lq wkh lqlwldo srvlwlrq/ exw wr vwdqg rxwvlgh vrph rwkhu phujhu1 D phujhu

fdq wkxv sduwo| eh gulyhq e| d ghvluh wr dyrlg qhjdwlyh uhshufxvvlrqv wkdw wkh

phujlqj sduwlhv zrxog h{shulhqfh li rwkhu phujhuv zhuh qrw suhyhqwhg1

Ilqdoo|/ wkh prgho vkrxog dovr eh dssolfdeoh wr rwkhu lqvwdqfhv ri frdolwlrq

irupdwlrq wkdq phujhuv/ vxfk dv wkh irupdwlrq ri fxvwrpv xqlrqv/ ru prqhwdu|

xqlrqv1
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Dsshqgl{

Surri ri Sursrvlwlrq 6

Dq| vwuxfwxuh P zlwk pruh wkdq wzr �upv lv e| Sursrvlwlrq 5 grplqdwhg e|

vrph gxrsro| vwuxfwxuh zklfk lv d sxuh frqfhqwudwlrq riP 1 Wkxv/ rqo| gxrsrolhv

duh fdqglgdwhv iru HRV1

OhwP2 eh wkh vhw ri rzqhuvkls vwuxfwxuhv wkdw |lhog pd{lpxp sur�w dprqj

gxrsro| vwuxfwxuhv1 Zkhq pdnlqj d grplqdqfh udqnlqj ehwzhhq wzr vwuxfwxuhv

wkdw duh erwk lq P2/ wkh ghflvlyh jurxs frqwdlqv doo rzqhuv1 Vlqfh djjuhjdwh

sur�wv duh wkh vdph/ qhlwkhu vwuxfwxuh grplqdwh wkh rwkhu1 Zkhq pdnlqj d

grplqdqfh udqnlqj ehwzhhq P � 5 P2 dqg vrph gxrsro| vwuxfwxuh P �
@5 P2/

wkh ghflvlyh jurxs zloo djdlq frqwdlq doo rzqhuv/ dqg wkxv P�
grp P

� vlqfh

�
�
A �

� e| gh�qlwlrq1 Khqfh/ dq| vwuxfwxuh qrw lqP2 lv grplqdwhg e| vwuxfwxuhv

lqP2/ dqg e| wkh dv|pphwu| ri wkh grplqdqfh uhodwlrq/ qr vwuxfwxuh lqP2 lv

grplqdwhg e| dq| gxrsro| vwuxfwxuh qrw lqP21 Vwuxfwxuhv lqP2 duh wkhuhiruh

xqgrplqdwhg zlwk uhvshfw wr doo gxrsro| vwuxfwxuhv1

Lw uhpdlqv wr vkrz wkdwP� lv xqgrplqdwhg z1u1w1 vwuxfwxuhv frpsulvlqj pruh

wkdq wzr �upv1 Qrwh wkdw zkhq d grplqdqfh udqnlqj lqyroyhv d gxrsro|/ wkhuh

zloo eh hlwkhu rqh ru wzr ghflvlyh jurxsv1 Li wkhuh lv rqh ghflvlyh jurxs/ lw pd|

ru pd| qrw lqyroyh doo rzqhuv/ dqg li wkhuh duh wzr ghflvlyh jurxsv/ wkh| pxvw

wrjhwkhu frpsulvh doo rzqhuv1 OhwP � eh vrph duelwudu| vwuxfwxuh zlwk pruh wkdq

wzr �upv/ dqg ohw P� eh dq duelwudu| vwuxfwxuh lqP21

+d, Zlwk rqh ghflvlyh jurxs frpsulvlqj doo sod|huv/ +D4, dqg +D5, hqvxuh wkdw d

vwulfw frqfhqwudwlrq ri P � wr vrph gxrsro| P �� lqfuhdvhv lqgxvwu| sur�wv1 Exw/

vlqfh vwuxfwxuhv lq P2 kdyh wkh kljkhvw lqgxvwu| sur�wv dprqj wkh gxrsrolhv/

�
� � �

��
A �

�1 Khqfh/ P �
grp P

�
= E| wkh dv|pphwu| ri wkh grp uhodwlrq/ P�

lv xqgrplqdwhg z1u1w1 P �1

+e, Zlwk rqh ghflvlyh jurxs frpsulvlqj ohvv wkdq doo sod|huv/ wklv jurxs pxvw lq

P
� eh d sxuh frqfhqwudwlrq ri wkh �upv lq wkh jurxs lq P

�1 Khqfh/ vlqfh wkh

sur�w ri wkh ghflvlyh jurxs e| dvvxpswlrq +D4, lv kljkhu lq P � wkdq lq P �/ P�

grp P
�/ dqg e| +D5,/ ��

A �
�
= Lw iroorzv iurp wkh dv|pphwu| ri wkh grp uhodwlrq
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wkdw P� lv xqgrplqdwhg z1u1w1 P �1

+f, Zlwk wzr vhsdudwh ghflvlyh jurxsv/ +D4, dqg +D5, hqvxuh wkdw d vwulfw frqfhq0

wudwlrq ri P � wr vrph gxrsro| P �� lqfuhdvhv lqgxvwu| sur�wv1 Exw/ vlqfh vwuxf0

wxuhv lqP2 kdyh wkh kljkhvw lqgxvwu| sur�wv dprqj wkh gxrsrolhv/ �� � ��� A ��1

Khqfh/ sur�wv duh kljkhu iru dw ohdvw rqh ri wkh ghflvlyh jurxsv/ dqg frqvhtxhqwo|

P� lv qrw grplqdwhg e| P �1

Khqfh/ wkh vhw ri HRV lv lghqwlfdo wr wkh vhwP2/ dqg wkhvh vwuxfwxuhv duh dvvr0

fldwhg zlwk wkh pd{lpdo lqgxvwu| sur�wv dprqj doo vwuxfwxuhv h{fhsw prqrsro|1

Surri ri Sursrvlwlrq 7

Sduw +l,1 Frqvlghu �uvw udqnlqjv zkhuh erwk vwuxfwxuhv kdyh �n �upv1 Ohw

P
7& eh wkh vhw ri rzqhuvkls vwuxfwxuhv wkdw |lhog pd{lpdo lqgxvwu| sur�wv dprqj

vwuxfwxuhv zlwk �n �upv1 Zh �uvw vkrz wkdw vwuxfwxuhv lq P
7& duh xqgrplqdwhg

z1u1w1 doo rwkhu vwuxfwxuhv zlwk �n �upv1 Zkhq pdnlqj d grplqdqfh udqnlqj

ehwzhhq vrph P� 5 P
7&/ dqg vrph P � @5 P

7& zlwk �n �upv/ ohw �
�
} dqg ��

} eh/

lq wkh uhvshfwlyh vwuxfwxuh/ wkh frpelqhg sur�wv ri wkh �upv lq d w|slfdo ghflvlyh

jurxs j z1u1w1 wkhvh vwuxfwxuhv1 Wkhq/ vlqfh �� A �� e| gh�qlwlrq>

[

}

+�
�
} � �

�
}, .

[

�

+�
�

�
� �

�
�, A 3 +:14,

zkhuh wkh �uvw vxppdwlrq lv ryhu doo ghflvlyh jurxsv z1u1w1 P� dqg P �/ dqg

wkh vhfrqg vxppdwlrq lv ryhu doo �upv k zkr*v rzqhuv duh lq X �� � Qq ^} G
��
} >

zklfk lv wkh vhw ri rzqhuv zkr duh qrw ghflvlyh zlwk uhvshfw wr P � dqg P� 1

Exw/ vlqfh wkhuh lv dq htxdo qxpehu ri �upv lq wkh wzr vwuxfwxuhv/ dqg wkh �upv

zkr*v rzqhuv duh qrw ghflvlyh pdnh wkh vdph sur�wv lq wkh wzr vwuxfwxuhv/ wkh

odwwhu vxp lv }hur1 Wkhuh pxvw wkhq eh dw ohdvw vrph ghflvlyh jurxs iru zklfk wkh

sur�w lv odujhu lq vwuxfwxuh P� wkdq lq P �/ dqg khqfh wkh iruphu lv xqgrplqdwhg

z1u1w1 wkh odwwhu1 Wklv uhdvrqlqj reylrxvo| krogv lqghshqghqwo| ri wkh qxpehu ri

ghflvlyh jurxsv/ dqg dovr lq wkh fdvh zkhuh X ��
@ >1

Qh{w wxuq wr udqnlqjv ehwzhhq vrph P� 5 P
7& dqg vrph vwuxfwxuh P � zlwk

n� A �n �upv1 Wkhq/ iru dq| sxuh frqfhqwudwlrq ri P � wr d vwuxfwxuh P �� zlwk

�n �upv/ ��� A ��/ e| +D4, dqg e| wkh srvlwlyh h{whuqdolwlhv iurp phujhuv wkdw lv
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dq lqkhuhqw ihdwxuh ri wklv w|sh ri Frxuqrw prgho1 Wkhuhiruh/ vlqfh �� � �
�� e|

gh�qlwlrq/ zh kdyh wkdw �� A ��/ dqg h{suhvvlrq +:14, wkhq dssolhv djdlq1 Vlqfh

P �� lv d sxuh frqfhqwudwlrq ri P �/ X�� @ X ��� / zklfk pd| exw qhhg qrw eh hpsw|/

wkh odvw whup lv }hur1 Wkhuh pxvw frqvhtxhqwo| eh vrph ghflvlyh jurxs zlwk d

odujhu sur�w lq P� wkdq lq P �/ dqg P� lv wkxv xqgrplqdwhg z1u1w1 P �1

Khqfh/ vlqfh vwuxfwxuhv lq P
7& duh qhlwkhu grplqdwhg e| rwkhu htxdoo| frq0

fhqwudwhg vwuxfwxuhv/ ru e| ohvv frqfhqwudwhg vwuxfwxuhv/ wkh| duh hohphqwv ri wkh

vhw ri HRV1 Ixuwkhupruh/ vlqfh uhyhqxhv qhw yduldeoh frvwv duh wkh vdph lq doo

vwuxfwxuhv zlwk �n �upv/ vwuxfwxuhv lq P
7& pxvw kdyh orzhu lqgxvwu| �{hg frvwv

wkdq rwkhu vwuxfwxuhv zlwk �n �upv1

Sduw +ll,1 E| +D6, P
7& lv qrz wkh vhw ri rzqhuvkls vwuxfwxuhv zlwk �n �upv lq

zklfk wkh dvvhwv ri rzqhuv 4> ===> �n duh hpsor|hg lq gl�huhqw �upv1 Qrwh/ �uvw/

wkdw e| Sursrvlwlrq 5/ wkh rqo| fdqglgdwhv iru HRV duh vwuxfwxuhv zlwk �n qxpehu

ri �upv1

Vhfrqgo|/ frqvlghu dq duelwudu| vwuxfwxuh P � zlwk �n �upv wkdw lv qrw lqP
7& 1

Wklv vwuxfwxuh lv dozd|v grplqdwhg e| vrph rwkhu vwuxfwxuh zlwk �n �upv= Wr vkrz

wklv/ vrph ixuwkhu qrwdwlrq lv qhhghg1 Zlwk d voljkw dexvh ri qrwdwlrq/ ohw i4> ===> �nj

ghqrwh wkh vhw ri rzqhuv 4> ==> �n/ dqg ohw V��i4> ===> �nj ghqrwh wkrvh dprqj wkhvh

rzqhuv zkr +fr0,rzq �upv lq vwuxfwxuh P � wkdw gr qrw kdyh dq| rwkhu rzqhu

iurp i4> ===> �nj= Wkhq i4> ===> �njqV� duh wkrvh rzqhuv zkr fr0rzq �upv zlwk rzqhu

iurp i4> ===> �nj1 Ohw wkh rzqhu zlwk wkh orzhvw qxpehu lq i4> ===> �njqV� eh ghqrwhg

n�

�
> dqg ghqrwh wkh �up zklfk wklv rzqhu fr0rzqv dv N �1 Ohw n�

2
eh wkh rzqhu lq

i4> ===> �nj zlwk wkh vhfrqg orzhvw udqnlqj lq N�1 Ilqdoo|/ ohw N �� 5 P � eh d �up

zkrvh rzqhu+v, gr qrw ehorqj wr i4> ===> �nj � vxfk d �up pxvw h{lvw � dqg ohw

n��

�
eh wkh rzqhu zlwk wkh orzhvw qxpehu lq wklv srvvleo| vlqjoh0rzqhu �up1 Qrz

frqvlghu d vwuxfwxuhP� zklfk lv ghulyhg iurpP � e| ohwwlqj rzqhu n�

�
dqg rzqhuv

ri N �� phujh1 Wkh ghflvlyh jurxs zloo wkhq eh rzqhuv lq wkh vhw iR+N �,^R+N ��,j1

Wkh wrwdo �{hg frvwv ri wklv jurxs lv e| +D6, i&�

�
. i&�

2
lq P� / dqg i&�

�
. i&��

�
lq

P �= Wkh odwwhu frvw h{fhhgv wkh iruphu/ dqg P � lv khqfh grplqdwhg e| P� 1 Wkh

dujxphqw deryh fdq eh dssolhg wr dq| vwuxfwxuh P � @5 P
7&/ dqg khqfh doo wkhvh
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vwuxfwxuhv duh grplqdwhg156

Khqfh/ doo vwuxfwxuhv wkdw duh qrw lq P
7& duh grplqdwhg1 Vlqfh lw zdv vkrzq

lq Sduw +l, iru dq duelwudu| phujhu whfkqrorj| ixo�oolqj +D4,/ wkdw vwuxfwxuhv qrw

lqP
7& frxog qrw grplqdwh vwuxfwxuhv lqP

7&/ wklv pxvw krog dovr zlwk wkh phujhu

whfkqrorj| vshfl�hg lq +D6,/ dv orqj dv lw ixo�oov +D4,1 Khqfh/ wkh vhw ri HRV lv

htxdo wr wkh vhw P
7& =

Surri ri Sursrvlwlrq 8

D sdudooho dujxphqw wr wkdw lq Sduw +l, ri wkh surri ri Sursrvlwlrq 7 fdq eh

pdgh/ zlwk rqh prgl�fdwlrq1 Iluvw/ lq d udqnlqj ri wzr vwuxfwxuhv zlwk dq htxdo

qxpehu ri �upv/ wkh �upv zkr*v rzqhuv duh qrw ghflvlyh idfh frpshwlwruv zlwk

wkh vdph/ dqg lq vrph fdvhv orzhu pdujlqdo frvwv1 Wkh| pxvw wkhuhiruh pdnh

orzhu sur�w lq P �1 Frqvhtxhqwo|/ wkh vhfrqg vxp lv +:14, qhjdwlyh1 Lw iroorzv d

iruwlrul wkdw wkhuh pxvw eh dw ohdvw vrph ghflvlyh jurxs iru zklfk wkh sur�w lv

odujhu lq vwuxfwxuh P� wkdq lq P �=

Surri ri Fruroodu| 6

Frxuqrw frpshwlwlrq dqg +D7, lpso| wkdw wkhuh duh srvlwlyh h{whuqdolwlhv iurp

d frqfhqwudwlyh phujhu1 Wkhq e| +D4, Sursrvlwlrq 6 lv dssolfdeoh1 Zh nqrz wkdw

wkh vhw ri HRV frqvlvwv ri wkrvh gxrsro| vwuxfwxuhv wkdw jlyh ulvh wr wkh pd{lpdo

lqgxvwu| sur�w1

Wkh sur�w ri �up l @ o> k lv �� @ S+t, . t�,t� � f� � t�/ zkhuh f� � f,1 Wkh

IRFv lpso| t, A t� iru f� A f,1 Wrwdoo| gl�huhqwldwlqj wkh IRFv/

Ct�

Cf�
@

4

G
+5S � . t�S

��,
Ct�

Cf�
@ �

4

G
+S � . t�S

��,> l 9@ m @ k> o

zkhuh

G � +S �,2 . +S � . t,S
��,S � . +S � . t�S

��,S � A 3

56Wkh iroorzlqj h{dpsoh pd| foduli| wkh uhdvrqlqj= Ohw ��
' t�c2�cecD� dqg ohw 7& ' e1

Khuh 7�
' t�cecD�/ g�

' t2��c &�

� ' 2c &
�

2 ' �c g
��
' tD� dqg &

��

� ' D1 Vwuxfwxuh �� lv wkhq

grplqdwhg e| ��
' t�c2Dc�ce�c vlqfh iru wkh ghflvlyh jurxs z1u1w1 �U dqg �

� lv t2c�cD�/ zh

kdyh wkdw s&3

4
n s&3

5
' s2 n s� 	 s2 n sD ' s&3

4
n s&33

4
�

6:



vlqfh rxwsxwv duh vwudwhjlf vxevwlwxwhv1 Wkh djjuhjdwh htxloleulxp sur�w lv

�+f,> f�, @ S+t, . t�,+t, . t�,� f,t, � f�t�> t
�
@ t�+f,> f�,

+l, f, @ f�/ vlqfh djjuhjdwh sur�wv lv kljkhu wkh orzhu lv f, =

C�+f,> f�,

Cf,
@

S �

G
^+t� � t,,S

� . +t� � 5t,,+S
� . t�S

��,� t,+S
� . t,S

��,` ? 3

+ll, Dw f� @ f,> t, @ t� � t=

C�+f,> f,,

Cf�
@ �

5tS �

G
^S � . tS ��` ? 3

Wkhuh zloo wkxv eh d udqjh +f,> f
�, lq wkh qhljkerukrrg ri f� @ f,/ lq zklfk

�+f,> f�, ? �+f,> f,,1

+lll, Ohw �f eh vxfk wkdw t� @ 3 iru f� � �f=1Vlqfh/ wkh prqrsrolvw*v sur�w zlwk frvw

f, h{fhhgv wkdw ri d gxrsro| zlwk wkh vdph frvw f, lq erwk �upv/ wkhuh pxvw eh d

udqjh ri ydoxhv ri +f��> �f+f,,` vxfk wkdw �+f,> f�, A �+f,> f,,=

Surri ri Sursrvlwlrq 9

Ohw {� eh wkh rxwsxw ri �up l/ dqg ohw �� eh lwv sur�w1 Zlwk olqhdu ghpdqgv

dqg frvwv wkh htxloleulxp rxwsxw dqg sur�w ri �up l duh=

{� @
4

7
+4� 6f� . f� . f&, �� @

4

49
+4� 6f� . f� . f&,

2> l 9@ m 9@ n

Wkhuh duh �yh vwuxfwxuhv wr frqvlghu= P� @ i4> 5> 6j> P� @ i45> 6j/ P� @

i46> 5j/ P� @ i4> 56j/ dqg P� @ i456j=

+l, Lq vwuxfwxuh P� wkh sur�wv ri �upv 4 dqg 5 duh/ uhvshfwlyho|/

��� @
<

97
+4� 5f�,

2 ��
2
@

4

8:9
+8 . 9f�,

2

+ll, Wkh htxloleulxp rxwsxwv duh lq P� =

{�
�
@

4

69
+46� 5:f�,> {�

2
@

4

7
+4 . f�,> {�

�
@

4

69
+4 . <f�,

Wkh uhvxowlqj sur�wv ri �upv 4 dqg 5/ dqg wkh lqgxvwu| sur�w/ duh

��
�
@

4

45<9
+46� 5:f�,

2 ��
2
@

4

49
+4 . f�,

2 �� @
4

45<9
+584� 855f� . ;<4f2

�
,

6;



+lll, Wkh htxloleulxp rxwsxwv dqg wkh lqgxvwu| sur�w duh lq P� =

{
�
�
@

4

:5
+56� 87f�,> {

�
2
@

4

:5
+44 . 4;f�,> {

�
�
@

4

57
+8 . 9f�,

�
� @

4

84;7
+;:8� 487;f� . 6897f2

�
,

+ly, Wkh htxloleulxp rxwsxwv dqg wkh lqgxvwu| sur�w duh lq P� =

{
�
�
@

4

69
+44� 5:f�,> {

�
2
@

4

69
+: . <f�,> {

�
�
@

4

69
+: . <f�,

�
� @

4

765
+:6� 447f� . 5<:f2

�
,

+y, Zkhq doo wkuhh �upv sduwlflsdwh/ wkh djjuhjdwh sur�w lv wkh vdph dv lq vwuxf0

wxuh P� 1

Qrwh wkdw iru rxwsxwv wr eh srvlwlyh zh pxvw kdyh wkdw f� ? 44@5:1 Exw/

vlqfh f� ? 4@< e| dvvxpswlrq/ wklv lqhtxdolw| lv dozd|v ixo�oohg1 Lw fdq qrz

vwudljkwiruzdugo| eh vhhq wkdw P� grplqdwhv doo wkh rwkhu vwuxfwxuhv/ vlqfh

�
�
� �

� @
4

4:5;
+76� 4;3f�, A 3

�
�
� �

� @
4

657
+;� 78f�, A 3

�
�
�
. �

�
2 � �

�
� � �

�
2
@

4

58<5
+56 . 43;f�, A 3

�
�
� �

� @ �
�
� �

�
A 3

Khqfh/ wkh htxloleulxp UMY lqyroyhv �upv 4 dqg 51

Surri ri Sursrvlwlrq :

Ohw P� @ i4> 5> 6j> P� @ i45> 6j/ P� @ i46> 5j/ P� @ i4> 56j1 Wkh ehvw0

uhso| ixqfwlrq ri �up l lq wulrsro| lv {� @
�

2
+4 � {� � {&,1 Vlqfh wkh pd{lpxp

txrwd lv 427> wkh plqlpxp ehvw uhso| lv 427 iru hdfk �up lq wkh wulrsro|1 Khqfh/

doo txrwdv elqg/ dqg wkh htxloleulxp sur�wv ri �up l duh ��� @ +4�t��t� �t&,t�1

Frqvlghu qh{w gxrsrolhv1 Wkh ehvw uhso| ri d gxrsrolvw l djdlqvw dqrwkhu �up m

lv {� @
�

2
+4�{�,1 Lq wkh gxrsro| vwuxfwxuhP

�> li �up 6 xvhv lwv txrwd ixoo|/ lw vwloo

surgxfhv ohvv wkdq 4@7> dqg khqfh wkh ehvw uhso| iru �up 45 lv ohvv wkdq 6@;> zklfk

lq wxuq lv ohvv wkdq t�. t2 e| dvvxpswlrq1 Ilup 6*v ehvw uhso| djdlqvw dq rxwsxw

6<



ri �up 45 ri ohvv wkdq 6@; lv odujhu wkdq 8@49/ zklfk lv odujhu wkdq lwv txrwd1

Khqfh/ e| wkh olqhdulw| ri wkh prgho/ wkh xqltxh Qdvk htxloleulxp lv {�
�2

@ 6@;>

dqg {�
�
@ 4@71 Wkh uhvxowlqj lqgxvwu| sur�w lv �

e
+4� t2

�
,1 D v|pphwulf uhdvrqlqj

wr wkh deryh vkrzv wkdw lq wkh wzr rwkhu gxrsro| vwuxfwxuhv/ wkh txrwd ri wkh

rxwvlgh �up zloo dovr elqg1 Lw iroorzv wkdw lqgxvwu| sur�wv lq wkhvh vwuxfwxuhv fdq

eh rewdlqhg e| uhsodflqj t� zlwk t� dqg t2 lq wkh deryh h{suhvvlrq1 Wkh gxrsro|

vwuxfwxuh zlwk pd{lpdo sur�w wkxv dulvhv zkhq wkh rxwvlgh �up kdv wkh vpdoohvw

txrwd1

Lw uhpdlqv wr yhuli| wkdw P� grplqdwhv P�1 Wklv iroorzv lpphgldwho| iurp

wkh idfwv wkdw wkh frpelqhg sur�wv ri �upv 4 dqg 5 lq wkh wulrsro| lv +4 � +t� .

t2,� t�,+t�. t2,/ zkloh wkh sur�w ri �up 45 lq vwuxfwxuh P� lv +4�{�2� t�,{�21

Wkhvh h{suhvvlrqv duh lghqwlfdo h{fhsw iru wkdw {�2 uhsodfhv t� . t2 lq wkh vhfrqg

h{suhvvlrq1 Khqfh/ vlqfh {�
�2

pd{lpl}hv wklv h{suhvvlrq/ dqg vlqfh t� . t2 A {�
�2
/

wkh sur�w lv odujhu lq wkh gxrsro| vwuxfwxuh iru wkh wzr �upv/ dqg khqfh P�

grplqdwhv P�1

Surri ri Sursrvlwlrq ;

Ohw P� @ i4> 5> 6j> P� @ i45> 6j> P� @ i46> 5j> dqg P� @ i4> 56j1 Wkh

wulrsro| txdqwlwlhv dqg sur�wv duh> iru w ? 4@6>

{�
�
@ {�

2
@

4

7
+4 . w, {�

�
@

4

7
+4� 6w,

�
�

�
@ �

�

2
@

4

49
+4 . w,2 �

�

�
@

4

49
+4� 6w,2

dqg {�
�
@ {�

2
@ 4@6> {�

�
@ 3/ ��

�
@ ��

2
@ 4@</ dqg ��

�
@ 3> iru 4@6 ? w ? 4@51

Lq wkh fdvh ri d phujhu ehwzhhq wkh grphvwlf �upv 4 dqg 5/

{
�

�2
@

4

<
+4 . w, {

�

�
@

4

<
+4� 5w,

�
�

�2
@

4

<
+4 . w,2 �

�

�
@

4

<
+4� 5w,2

dqg zlwk dq lqwhuqdwlrqdo phujhu {�
��

@ {�
2
@ {�

�
@ {�

2�
@ 4@6> dqg ��

��
@ ��

2
@

��
�
@ ��

2�
@ 4@<1

Wkhuh duh wkuhh w|shv ri grplqdqfh udqnlqjv wkdw duh ri lqwhuhvw/ vlqfh vwuxf0

wxuhv P� dqg P� duh frpsohwho| v|pphwulf=
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+l, Wkh gl�huhqfh lq djjuhjdwh sur�wv lq wkh wzr w|sh ri gxrsrolhv lv �� � �
� @

w+8w� 5,@<1 Khqfh/ iru 3 ? w ? 5@8/ P� grp P�/ dqg ylfh yhuvd iru 5@8 ? w ?

4@51

+ll, Lq wkh udqjh w ? 4@6/ P� grp P� l� 4�4;w.78w2 ? 3/ l1h1/ iru 3 ? w ? 4@6/

zkloh P� grp P� iru 4@48 ? w ? 4@6= Iru 4@6 ? w ? 4@5 erwk vwuxfwxuhv jlyh

wkh vdph sur�w iru wkh ghflvlyh jurxs/ dqg khqfh qhlwkhu grplqdwhv wkh rwkhu1

+lll, Lq wkh udqjh w ? 4@6/ P� grp P� l� w ? 5@:/ zkloh wkh rssrvlwh krogv iru

5@: ? w ? 4@61 Lq wkh udqjh 4@6 ? w ? 4@5/ P� grp P� l� 4� 5w� w2 A 3/ l1h1/

iru 4@6 ? w ?
s
5� 4/ zkloh P� grp P� iru

s
5� 4 ? w ? 4@5=

Wkh deryh lpsolhv wkdw P� lv xqgrplqdwhg iru 3 ? w ? 4@48 dqg iru 4@6 ?

w ?
s
5� 4/ P� lv xqgrplqdwhg iru 4@48 ? w ? 5@8/ zkloh P� lv xqgrplqdwhg

iru
s
5� 4 ? w ? 4@5=

Uhihuhqfhv

^4` Eorfk/ Iudqflv/ �Hqgrjhqrxv Vwuxfwxuhv ri Dvvrfldwlrq lq Roljrsrolhv/� Udqg

Mrxuqdo ri Hfrqrplfv/ Dxwxpq 4<<8/ Yro1 59/ Qr1 6/ 86:08891

^5` Eorfk/ Iudqflv/ �Vhtxhqwldo Irupdwlrq ri Frdolwlrqv lq Jdphv zlwk H{whuqdo0

lwlhv dqg Il{hg Sd|r� Glylvlrq/� Jdphv dqg Hfrqrplf Ehkdylru 47/ 4<<9/

<304561

^6` Fkdwwhumhh/ N1/ E1 Gxwwd/ G1 Ud|/ N1 Vhqjxswd/ �D Wkhru| ri Qrqfrrshud0

wlyh Frdolwlrqdo Edujdlqlqj/� Uhylhz ri Hfrqrplf Vwxglhv 93/ 4<<6/ 79607::/

4<<61

^7` Ghqhfnhuh/ Ud|prqg dqg Gdylgvrq/ Fduo/ �Frdolwlrq Irupdwlrq lq Qrq0

Frrshudwlyh Roljrsro| Prghov/� plphr/ 4<;61

^8` Ghqhfnhuh/ Ud|prqg dqg Gdylgvrq/ Fduo/ �Lqfhqwlyhv wr Irup Frdolwlrqv

zlwk Ehuwudqg Frpshwlwlrq/� Udqg Mrxuqdo ri Hfrqrplfv/ Zlqwhu 4<;8/ Yro1

49/ 7:607;91

^9` Hvslqrvd/ Pduld S1 dqg Hohqd Lqduud/ �yrq Qhxpdqq dqgPrujhqvwhuq Vwdeoh

Vhw lq d Phujhu Jdph/� Plphr/ Xqlyhuvlgdg gho Sdlv Ydvfr/ Mdqxdu| 4<<81
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^:` Iduuhoo/ Mrvhsk dqg Vkdslur/ Fduo/ �Krul}rqwdo Phujhuv= Dq Htxloleulxp

Dqdo|vlv/� Dphulfdq Hfrqrplf Uhylhz/ 4<<3d/ ;3/ 43:0591

^;` Iduuhoo/ Mrvhsk dqg Vkdslur/ Fduo/ �Dvvhw Rzqhuvkls dqg Pdunhw Vwuxfwxuh

lq Roljrsro|/� UDQG Mrxuqdo ri Hfrqrplfv/ 4<<3e/ Yro1 54/ 5:805<51

^<` Juhhqehuj/ Mrvhsk/ �Frdolwlrq Vwuxfwxuhv/� lq Dxpdqq/ U1 M1 dqg Kduw/ V1/

hg1/ Kdqgerrn ri Jdph Wkhru|/ Yroxph 5/ Hovhylhu Vflhqfh E1Y1/ 4<<71

^43` Kduw/ Vhujxl dqg Nxu}/ Prughfdl/ �Hqgrjhqrxv Irupdwlrq ri Frdolwlrqv/�

Hfrqrphwulfd/ 4<;6/ Yro1 84/ Qr1 7/ 437:043971

^44` Kruq/ Khquln dqg Oduv Shuvvrq/ �Hqgrjhqrxv Phujhuv lq Frqfhqwudwhg Pdu0

nhwv/� 4<<9/ Fhqwuh iru Hfrqrplf Srolf| Uhvhdufk Glvfxvvlrq Sdshu 48771

^45` MHWUR +4<<9,/ �MHWUR Zklwh Sdshu rq Iruhljq Gluhfw Lqyhvwphqw 4<<9/�

Mdsdq H{whuqdo Wudgh Rujdql}dwlrq/ dydlodeoh dw kwws=22zzz1mhwur1jr1ms1

^46` Ndplhq/ Pruwrq L1 dqg ]dqj/ Lvudho/�Frpshwlwlyho| Frvw Dgydqwdjhrxv

Phujhuv dqg Prqrsrol}dwlrq�/ Jdphv ri Hfrqrplf Ehkdylru/ 4<<4/ 6/ 6560

66;1

^47` Ndplhq/ Pruwrq L1 dqg ]dqj/ Lvudho/ �Wkh Olplwv ri Prqrsrol}dwlrq Wkurxjk

Dftxlvlwlrq/� Txduwhuo| Mrxuqdo ri Hfrqrplfv/ Pd| 4<<3/ 5/ 7980<<1

^48` PfDihh/ U1 Suhvwrq dqg Zlooldpv/ Plfkdho D1/ �Krul}rqwdo Phujhuv dqg

Dqwlwuxvw Srolf|�/ Mrxuqdo ri Lqgxvwuldo Hfrqrplfv/ Mxqh 4<<5/ [O/ 4;404;:1

^49` Rveruqh/ Pduwlq M1 dqg Uxelqvwhlq/ Dulho/ D Frxuvh lq Jdph Wkhru|1 Fdp0

eulgjh/ Pdvvdfkxvhwwv= Wkh PLW Suhvv/ 4<<71

^4:` Shuu|/ Pduwlq N1 dqg Sruwhu/ Urehuw K1/ �Roljrsro| dqg wkh Lqfhqwlyh iru

Krul}rqwdo Phujhu/� Dphulfdq Hfrqrplf Uhylhz/ 4<;8/ :8/ 54<05:1

^4;` Ud|/ Gheudm dqg Yrkud/ Udmly/ �Elqglqj Djuhhphqwv dqg Frdolwlrqdo Edu0

jdlqlqj/� plphr/ Mxo| 4<<81
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^4<` Ud|/ Gheudm dqg Yrkud/ Udmly/ �D Wkhru| ri Hqgrjhqrxv Frdolwlrq Vwuxf0

wxuh/� zrunlqj sdshu QR1 <;05/ Ervwrq Xqlyhuvlw|/ Mdqxdu| 4<<;1

^53` Vdodqw/ Vwhskhq Z1/ Vzlw}hu/ Vkhogrq dqg Uh|qrogv/ Urehuw M1/ �Orvvhv Gxh

wr Phujhu= Wkh H�hfwv ri dq H{rjhqrxv Fkdqjh lq Lqgxvwu| Vwuxfwxuh rq

Frxuqrw0Qdvk Htxloleulxp/� Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 4<;6/ <;/ 4;80

<<1

^54` Vfkhuhu/ Iuhghulf P1 dqg Urvv/ Gdylg/ Lqgxvwuldo Pdunhw Vwuxfwxuh dqg

Hfrqrplf Shuirupdqfh1 Wklug hglwlrq/ 4<<3/ Krxjkwrq Pl"lq Frpsdq|/

Ervwrq1

^55` Vkhqr|/ S1/ �Rq Frdolwlrq Irupdwlrq= D Jdph0Wkhruhwlfdo Dssurdfk/� Lq0

whuqdwlrqdo Mrxuqdo ri Jdph Wkhru|/ 4<:</ ;/ 46604971

^56` Vkxeln/ Pduwlq/ Jdph Wkhru| dqg wkh Vrfldo Vflhqfhv1 Fdpeulgjh/ Pdv0

vdfkxvhwwv= Wkh PLW Suhvv/ 4<;61

^57` Vwljohu/ Jhrujh1 M1/ �Prqrsro| dqg Roljrsro| e| Phujhu/� Dphulfdq Hfr0

qrplf Uhylhz/ 4<83/ 73/ 560671

^58` Wkudoo/ U1 dqg Oxfdv/ Z/ �q0shuvrq Jdphv lq Sduwlwlrq Ixqfwlrq Irup/�

Qdydo Uhvhdufk Orjlvwlfv Txduwhuo|/ 4<96/ 43/ 5;405<;1

^59` \l/ Vdqj0Vhxqj/ �Vwdeoh Frdolwlrq Vwuxfwxuhv zlwk Srvlwlyh H{whuqdo H�hfwv�/

Zrunlqj Sdshu Qr1 <805/ Gduwprxwk Froohjh/ 4<<81

^5:` \l/ Vdqj0Vhxqj/ �Vwdeoh Frdolwlrq Vwuxfwxuhv zlwk H{whuqdolwlhv/� Jdphv

dqg Hfrqrplf Ehkdylru/ Yro1 53/ 534056:/ 4<<:1

^5;` \l/ Vdqj0Vhxqj/ �Hqgrjhqrxv Irupdwlrq ri Mrlqw Yhqwxuhv zlwk H!flhqf|

Jdlqv/� iruwkfrplqj lq Udqg Mrxuqdo ri Hfrqrplfv/ 4<<;1

^5<` \l/ Vdqj0Vhxqj dqg Vklq/ K|xnvhxqj/ �Hqgrjhqrxv Irupdwlrq ri Uhvhdufk

Mrlqw Yhqwxuhv/� Zrunlqj Sdshu Qr1 <8048/ Gduwprxwk Froohjh/ 4<<81
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