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4 Lqwurgxfwlrq

Wkh idplo| sod|v d fuxfldo uroh lq ghflvlrqv derxw lqyhvwphqw lq hgxfdwlrq/ dw ohdvw lq ghyhorslqj

frxqwulhv1 Wkh uhdvrqv duh vlpsoh= hgxfdwlrq lv h{shqvlyh dqg wkhuh lv rqo| d yhu| olplwhg

vfrsh iru eruurzlqj lq rughu wr lqyhvw lq hgxfdwlrq1 Hgxfdwlrq lv h{shqvlyh ehfdxvh iuhh dqg

ixqfwlrqlqj sxeolf vfkrrov gr qrw h{lvw lq pdq| sodfhv dqg hyhq zkhq wkh| gr wkh| duh riwhq

iuhh rqo| lq qdph +Wkh Sureh Uhsruw/ 4<<</ Nrfkdu/ 5333,1 Rqh fdqqrw eruurz wr lqyhvw lq

hgxfdwlrq ehfdxvh kxpdq fdslwdo surylghv yhu| srru froodwhudo/ dqg lq dq| fdvh fuhglw pdunhwv

ixqfwlrq yhu| srruo| lq ghyhorslqj frxqwulhv1 Prvw ri wkh �qdqfldo lqyhvwphqw lq hgxfdwlrq

wkhuhiruh kdv wr eh ixqghg e| wkh idplo|1

Dv d uhvxow/ prvw wkhruhwlfdo dqg hpslulfdo vwxglhv ri lqyhvwphqw lq hgxfdwlrq kdyh wr wdnh d

vwdqg rq krz wkh| wklqn wkh idplo| pdnhv lwv ghflvlrqv1 Wklv lv dq lvvxh hvshfldoo| zlwk uhvshfw

wr ghflvlrqv derxw hgxfdwlrq wkdw duh wdnhq zkhq wkh fkloguhq duh |rxqj dqg sduhqwv duh/ dw

ohdvw qrplqdoo|/ lq fkdujh ri �qdqfldo ghflvlrqv iru wkh idplo|1 Wkhuh lv/ krzhyhu/ yhu| olwwoh

djuhhphqw derxw krz idplolhv pdnh wkhvh ghflvlrqv1 Hyhq d fxuvru| jodqfh dw wkh olwhudwxuh rq

lqyhvwphqw lq hgxfdwlrq uhyhdov d zlgh ydulhw| ri ylhzv udqjlqj iurp wkh Eduur0Ehfnhu prgho

+Ehfnhu/ 4<;4> Orxu|/ 4<;4> Prrnkhumhh dqg Ud|/ 5333, zkhuh sduhqwv dqg fkloguhq vkduh d

vlqjoh xql�hg xwlolw| ixqfwlrq/ wr wkh sxuh ryhuodsslqj jhqhudwlrq prgho/ zkhuh wkh idplo| lv

sxuho| d qh{xv iru wudqvdfwlrqv�wkh rog �ohqg� wr wkhlu fkloguhq zkr uhsd| wkhp zlwk rog djh

fduh +Nrwolnr� dqg Vslydn/ 4<;4> Fr{/ 4<;:> Fr{/ 4<<3> Fuhphu/ Nhvvohu dqg Shvwlhdx/ 4<<5>

Fr{ dqg Mdnxevrq/ 4<<8/ Edukdp hw do/ 4<<8,1 Wkhuh lv dovr d udqjh ri irupxodwlrqv wkdw duh

lqehwzhhq wkhvh wzr�ydulrxv irupv ri lpshuihfw dowuxlvp zkhuh wkh sduhqwv sxw vrph zhljkw

rq wkh lqfrph/ frqvxpswlrq ru kxpdq fdslwdo ri wkhlu fkloguhq4 dv zhoo dv �zdup0jorz� ehtxhvw

suhihuhqfhv/ zkhuh wkh sduhqw ydoxhv zkdw vkh lv jlylqj dqg qrw zkdw wkh fklog lv jhwwlqj15

Krzhyhu/ wr wkh ehvw ri rxu nqrzohgjh/ wkhuh kdyh ehhq qr v|vwhpdwlf dwwhpswv wr xqghu0

vwdqg zkhwkhu dqg lq zkdw zd| wkhvh wklqjv pdwwhu�lq rwkhu zrugv/ zkdw duh wkh srvlwlyh dqg

qrupdwlyh lpsolfdwlrqv ri pdnlqj hdfk ri wkhvh dowhuqdwlyh dvvxpswlrqv1 Wkh jrdo ri wklv sdshu

lv wr �oo d sduw ri wklv jds lq wkh olwhudwxuh1 Zh suhvhqw d vlpsoh rqh0jrrg/ wzr0vhfwru jurzwk

4Vhh Ehkupdq/ Sroodn dqg Wdxepdq +4<;5,/ dqg Huplvfk dqg Iudqfhvfrql +5333, iru h{dpsohv ri irupxodwlrqv

ri wklv fodvv1
5Vhh Jorpp dqg Udylnxpdu +4<<5,/ Jdoru dqg ]hlud +4<<6,/ Edqhumhh dqg Qhzpdq +4<<7,/ dqg Jdoru dqg

Prdy +4<<<,1



prgho zkhuh jrrgv duh surgxfhg xvlqj vnloohg dqg xqvnloohg oderu1 Hyhu|rqh lv hqgrzhg zlwk

d xqlw ri xqvnloohg oderu/ exw vnloo kdv wr eh dffxpxodwhg e| lqyhvwlqj lq kxpdq fdslwdo1 Zh

dvvxph wkdw wkhuh duh qr fuhglw pdunhwv/ dqg lqyhvwphqw lq kxpdq fdslwdo lv hlwkhu �qdqfhg e|

wkh vwdwh6 ru e| wkh sduhqwv ri wkh fklog zkr lv jhwwlqj wkh kxpdq fdslwdo�wklv vhhpv wr eh d uhd0

vrqdeoh dssur{lpdwlrq wr wkh vlwxdwlrq lq prvw ohvv0ghyhorshg frxqwulhv1 Lq dgglwlrq/ zh pdnh

wkh sodxvleoh dqg vwdqgdug7 dvvxpswlrq wkdw wkh surgxfwlrq ri vnloov lv pruh lqwhqvlyh lq kxpdq

fdslwdo wkdq wkh surgxfwlrq ri jrrgv1 Ilqdoo|/ zh dvvxph wkdw wkh surgxfwlrq ixqfwlrq iru vnloov

h{klelwv ghfuhdvlqj uhwxuqv dqg wkdw wkhuh duh qr kxpdq fdslwdo h{whuqdolwlhv1 Zh uhfrjql}h wkdw

hdfk ri wkhvh odvw dvvxpswlrqv lv srwhqwldoo| frqwuryhuvldo1 Wkh| duh pdgh pdlqo| iru vwudwhjlf

uhdvrqv1 Wkh dvvxpswlrq ri qrq0frqyh{lwlhv lq wkh hgxfdwlrqdo surgxfwlrq ixqfwlrq kdv ehhq

vkrzq e| Jdoru dqg ]hlud +4<<6, wr kdyh d qxpehu ri vwurqj lpsolfdwlrqv zkhq frpelqhg zlwk

wkh dvvxpswlrq ri lpshuihfw fuhglw pdunhwv�lq sduwlfxodu/ wkhuh duh sryhuw| wudsv dqg sxeolf lq0

yhvwphqw lq hgxfdwlrq fdq lqfuhdvh vwhdg| vwdwh rxwsxw1 Pruhryhu/ wkh| dujxh wkdw wkhlu uhvxowv

duh lqghshqghqw ri wkh zd| zh prgho sduhqwdo suhihuhqfhv dv orqj dv wkh qrq0frqyh{lw| lv odujh

hqrxjk1 Vlqfh zh duh lqwhuhvwhg lq wkh gl�huhqfhv ehwzhhq wkh lpsolfdwlrqv ri gl�huhqw w|shv

ri sduhqwdo suhihuhqfhv/ dyrlglqj qrq0frqyh{lwlhv fohduo| khosv1 Zh gr/ krzhyhu/ wdnh frpiruw

lq wkh idfw wkdw wkh hylghqfh iru qrq0frqyh{lwlhv lq hgxfdwlrq lv udwkhu pl{hg1 Svdfkdudsrxoxv

+4<<7, dujxhv rq wkh edvlv ri hylghqfh iurp d qxpehu ri frxqwulhv wkdw wkh uhwxuqv duh kljko|

frqfdyh1 Rq wkh rwkhu kdqg/ d frxsoh ri ghwdlohg vwxglhv iurp wkh X1V1 �qg hylghqfh ri vpdoo

qrq0frqyh{lwlhv +Dqjulvw dqg Nuxhjhu/ 4<<<> Fdug dqg Nuxhjhu/ 4<<5,1 Olnhzlvh/ wkh ghflvlrq

qrw wr doorz iru kxpdq fdslwdo h{whuqdolwlhv zdv gulyhq lq sduw e| wkh idfw wkdw wkh frqvhtxhqfhv

ri vxfk h{whuqdolwlhv kdyh ehhq zlgho| vwxglhg dqg lq sduw e| wkh idfw wkdw wkhuh vhhpv wr eh

yhu| olwwoh plfur0hylghqfh iru wkh suhvhqfh ri odujh h{whuqdolwlhv ri wklv w|sh18

Zh vwxg| wklv prgho xqghu irxu gl�huhqw dvvxpswlrqv derxw idplo| ghflvlrq0pdnlqj1 Dw

rqh h{wuhph lv zkdw zh fdoo wuxh dowuxlvp +wkh vr0fdoohg �Eduur� suhihuhqfhv,1 Dw wkh rwkhu

h{wuhph lv wkh fdvh zh kdyh odehohg shuihfw ixqfwlrqdo dowuxlvp= Lq wklv prgho wkh idplo| lv mxvw

d frqwudfwxdo uhodwlrq +�shrsoh rqo| fduh derxw wkhlu fkloguhq ehfdxvh fkloguhq wdnh fduh ri wkhp

6Zkhuh wkh vwdwh frxog eh wkh orfdo jryhuqphqw1
7Wklv dvvxpswlrq jrhv edfn dw ohdvw wr X}dzd +4<98,1 Uhehor +4<<4,/ lq klv zhoo0nqrzq vwxg| ri hgxfdwlrq

srolf| lq jurzwk prghov dovr pdnhv wklv dvvxpswlrq1
8Vhh Dfhprjox dqg Dqjulvw +4<<<, dqg Gx r +5333,1 Elov dqg Nohqrz +4<<;, pdnh d fdvh djdlqvw hgxfdwlrqdo

h{whuqdolwlhv xvlqj furvv0frxqwu| gdwd1
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lq rog djh�,/ dqg zh dvvxph wkdw wkhuh duh qr uhvwulfwlrqv rq wkh srvvlelolwlhv iru frqwudfwlqj

ehwzhhq wkh jhqhudwlrqv1 Ri wkh wzr lqwhuphgldwh fdvhv/ rqh lv d prgho ri olplwhg dowuxlvp=

sduhqwv jhw �zdup0jorz� xwlolw| iurp wkh dprxqw wkh| lqyhvw lq wkhlu fkloguhq1 Wkh rwkhu lv

d prgho ri olplwhg ixqfwlrqdo dowuxlvp= wkh idplo| uhodwlrq lv sxuho| frqwudfwxdo exw wkh vhw ri

hqirufhdeoh frqwudfwv lv txlwh olplwhg1

Ehfdxvh zh dvvxph wkdw wkhuh duh qr fuhglw pdunhwv/ doo wkhvh prghov orrn udwkhu vlplodu lq

wkhlu vkruw suhglfwlrqv1 Lq doo ri wkhp/ d g|qdvw| wkdw kdv pruh hgxfdwlrq wrgd| zloo kdyh pruh

hgxfdwlrq wrpruurz1 Wklv lv ehfdxvh wkhuh lv dq lqfrph h�hfw rq wkh ghpdqg iru hgxfdwlrq�

pruh hgxfdwhg sduhqwv duh ulfkhu dqg wkhuhiruh ex| pruh hgxfdwlrq iru wkhlu fkloguhq1 Ehfdxvh

ri wkhvh lqfrph h�hfwv/ hyhq oxps0vxp wd{hv dqg vxevlglhv zloo kdyh dq h�hfw rq hgxfdwlrqdo

lqyhvwphqw lq wkh vkruw uxq1

Zkloh wkh gdwd vxssruwv wkhvh suhglfwlrqv +vhh Mdfre|/ 4<<7> Johzzh dqg Mdfre|/ 5333> dqg

Fduydokr/ 5333/ iru h{dpsoh, wklv w|sh ri hylghqfh reylrxvo| fdqqrw khos xv glvfulplqdwh ehwzhhq

wkh irxu dowhuqdwlyh prghov1 Zh wkhuhiruh irfxv rq wkh orqj uxq suhglfwlrqv ri wkh prghov= xqghu

hdfk ri wkh dvvxpswlrqv derxw idplo| ghflvlrq pdnlqj/ zh vwxg| wkh orqj0uxq surshuwlhv ri wkh

uhvxowlqj hfrqrp| +lv wkhuh orqj0uxq lqhtxdolw|B lv wkh vwhdg| vwdwh xqltxhB hwf1, dv zhoo dv

wkh h�hfwv ri d qxpehu ri dowhuqdwlyh srolflhv lqfoxglqj oxps0vxp dqg sursruwlrqdo wd{hv dqg

vxevlglhv dqg fkdqjhv lq wkh uhwxuqv wr kxpdq fdslwdo1

Wkh uhvxowv uhyhdo dq lqwuljxlqj v|pphwu|1 Wkh wzr srodu prghov/ zklfk uhsuhvhqw wuxh

dowuxlvp +wkh vr0fdoohg �Eduur� suhihuhqfhv, dqg sxuho| ixqfwlrqdo dowuxlvp +�shrsoh rqo| fduh

derxw wkhlu fkloguhq ehfdxvh fkloguhq wdnh fduh ri wkhp lq rog djh�,/ wxuq rxw wr kdyh yhu| vlplodu

orqj0uxq surshuwlhv�wkhuh lv qr lqhtxdolw| lq wkh orqj0uxq dqg wkh vwhdg| vwdwh lv xqltxh1 Oxps0

vxp wd{hv dqg vxevlglhv kdyh qr orqj0uxq h�hfwv/ zkloh d sursruwlrqdo wd{ rq kxpdq fdslwdo

uhgxfhv kxpdq fdslwdo lqyhvwphqw hyhq li lw lv wkhq uhglvwulexwhg dv d oxps0vxp hgxfdwlrqdo

vxevlg|1 Rq wkh rwkhu kdqg/ srolflhv wkdw lqfuhdvh wkh udwh ri uhwxuq rq kxpdq fdslwdo udlvh

lqyhvwphqw1 Ilqdoo|/ d sursruwlrqdo vxevlg| wr hgxfdwlrq vshqglqj udlvhv lqyhvwphqw lq erwk

wkhvh prghov1 Krzhyhu/ rqh nh| gl�huhqfh ehwzhhq wkh prghov lv wkdw lq wkh wuxh dowuxlvp fdvh

wklv lqfuhdvh lq lqyhvwphqw uhgxfhv wkh zhoiduh ri wkh uhsuhvhqwdwlyh djhqw/ zkloh lq wkh ixqfwlrqdo

dowuxlvp fdvh/ vlqfh wkhuh lv qrw d uhsuhvhqwdwlyh djhqw/ lw lv qrw srvvleoh wr pdnh d fohdu zhoiduh

vwdwhphqw1

Wkh wzr lqwhuphgldwh prghov dovr wxuq rxw wr gholyhu uhodwlyho| vlplodu uhvxowv/ wkrxjk wkhvh

6



uhvxowv duh yhu| gl�huhqw iurp zkdw zh ohduqhg iurp wkh srodu prghov1 Rqh ri wkhvh prghov

lv d prgho ri olplwhg dowuxlvp/ zkhuh wkhuh lv d zdup0jorz ehtxhvw prwlyh1 Wkh rwkhu lv d

prgho ri olplwhg ixqfwlrqdo dowuxlvp zklfk gl�huv iurp wkh hduolhu prgho ehfdxvh ri lqfrpsohwh

frqwudfwlqj ehwzhhq sduhqwv dqg fkloguhq1 Erwk ri wkhvh prghov jhqhudwh wkh srvvlelolw| ri orqj0

uxq lqhtxdolw| dqg pxowlsolflw| ri vwhdg| vwdwhv/ iru uhodwhg exw glvwlqfw uhdvrqv1 Erwk prghov

dovr udlvh wkh srvvlelolw| wkdw oxps0vxp wd{hv dqg vxevlglhv zrxog kdyh orqj0uxq h�hfw1 Lq wkh

zdup0jorz prgho/ dqg shukdsv lq wkh rwkhu prgho dv zhoo/ sursruwlrqdo wd{hv rq kxpdq fdslwdo

pd| vrphwlphv udlvh dyhudjh lqyhvwphqw dqg lqfuhdvhv lq wkh uhwxuqv wr kxpdq fdslwdo pd|

uhgxfh lqyhvwphqw e| pdnlqj whdfkhuv h{shqvlyh1

Wkh vlplodulw| ehwzhhq wkh uhvxowv iurp wkh srodu prghov lv qrw dfflghqwdo1 Lq wkh prgho ri

shuihfw ixqfwlrqdo dowuxlvp/ wkh idfw wkdw wkhuh duh qr uhvwulfwlrqv rq wkh frqwudfwlqj srvvlelolwlhv

zlwklq wkh idplo|/ pdnhv vxuh wkdw lq htxloleulxp wkh lqwhuhvwv ri doo jhqhudwlrqv duh doljqhg1

Lq wkh wuxh dowuxlvp fdvh wkhuh duh qr frq lfwv ri lqwhuhvw wr ehjlq zlwk1 E| frqwudvw/ wzr

lqwhuphgldwh prghov duh fkrvhq wr fdswxuh wzr lpsruwdqw uhdvrqv zk| wkhuh pd| eh d frq lfw

ri lqwhuhvw hyhq lq htxloleulxp1 Lq wkh zdup0jorz prgho wkh sduhqw lv frpsohwho| xquhvsrqvlyh

wr zkdw wkh fklog dfwxdoo| zdqwv�wr wdnh d qrw xqidploldu h{dpsoh/ wkh sduhqw lv zloolqj wr sd|

wr vhqg wkh fklog wr dq h{shqvlyh vfkrro exw qrw wr jlyh wkh fklog wkh prqh| lqvwhdg1 Edvlfdoo|

vlqfh wkh sduhqw lv rqo| lqwhuhvwhg lq jlylqj dorqj wklv rqh glphqvlrq dqg h{shfwv qrwklqj lq

uhwxuq/ wkh fklog kdv qr zd| ri shuvxdglqj wkh sduhqw wr gr zkdw vkh zdqwv19 Lq wkh olplwhg

ixqfwlrqdo dowuxlvp prgho/ e| frqwudvw/ sduhqwv dqg fkloguhq gr zdqw wr fxw d ghdo/ exw wkh

sureohp lv hqirufhdelolw|1:

Wkh txhvwlrq ri zkhwkhu zh vkrxog h{shfw wkh lqwhuhvwv ri sduhqwv dqg fkloguhq wr eh doljqhg/

jrhv edfn dw ohdvw wr Ehfnhu*v idprxv Urwwhq Nlg Wkhruhp +Ehfnhu/ 4<;4,1 Rxu pdlq frqwul0

9Wklqjv zrxog eh gl�huhqw/ iru h{dpsoh/ li wkh sduhqw zdv sodqqlqj wr ohdyh wkh fklog vrph fdvk lq dgglwlrq wr

wkh h{shqglwxuh rq vfkrrolqj1 Wkhq wkh fklog frxog edujdlq zlwk wkh sduhqw dorqj wkh olqhv�li |rx mxvw jdyh ph

d olwwoh elw pruh fdvk/ wkhq |rx frxog vdyh |rxuvhoi wkh hqwluh h{shqvh ri vhqglqj ph wr wkdw vfkrro zkhuh L nqrz

L zloo plvhudeoh1 Exw iru wkh dyhudjh sduhqw lq dq OGF/ lw pd| eh uhdvrqdeoh wr dvvxph wkdw doo wkdw sduhqwv hyhu

sodq wr jlyh wkhlu fklog lv dq hgxfdwlrq vr wkdw wklv nlqg ri edujdlqlqj lv uxohg rxw1
:Zh xvh wkh wzr lqwhuphgldwh prghov wr looxvwudwh wzr uhdvrqv zk| wkh lqwhuhvwv ri jhqhudwlrqv pd| qrw eh

doljqhg1 Wkh lqwhusuhwdwlrq zh jlyh wkhp lv phdqw rqo| wr eh vxjjhvwlyh1 Iru h{dpsoh/ rqh frxog lpdjlqh zdup

jorz suhihuhqfhv zklfk wdnh h{dfwo| wkh irup ri rxu olplwhg ixqfwlrqdo dowuxlvp fdvh dqg frqyhuvho|/ rqh irup ri

olplwhg ixqfwlrqdo dowuxlvp pd| eh wkdw fkloguhq duh reoljhg wr wdnh fduh ri wkhlu sduhqwv lq sursruwlrq wr krz

pxfk wkhlu sduhqwv kdyh vshqw rq wkhlu hgxfdwlrq +lw pd| eh wklv lv doo wkdw lv revhuydeoh wr vrflhw| dw odujh,1

7



exwlrq lv wr frqqhfw wkhvh lvvxhv wr txhvwlrqv derxw wkh orqj0uxq h�hfwv ri hgxfdwlrq srolf|1

Wkh jds ehwzhhq wkh dqvzhuv zh jhw derxw hgxfdwlrq srolf| iurp wkh gl�huhqw prghov lv udwkhu

vxevwdqwldo1 Wkh idfw wkdw wkhuh lv qr orqj0uxq lqhtxdolw| lq wkh wzr srodu prghov dprxqwv wr

uxolqj rxw sryhuw| wudsv> wkh xqltxhqhvv ri wkh vwhdg| vwdwh lq wkrvh prghov vd|v wkdw hyhq li

wkhuh lv d vkrfn zklfk zlshv rxw d kxjh sduw ri d frxqwu|*v kxpdq fdslwdo +dv DLGV vhhpv wr

eh lq wkh surfhvv ri grlqj lq vxe0Vdkdudq Diulfd,/ wkh frxqwu| zloo uhfryhu1; Wkh idfw wkdw d

oxps0vxp hgxfdwlrqdo vxevlg| �qdqfhg e| d sursruwlrqdo wd{ rq kxpdq fdslwdo dozd|v uhgxfhv

lqyhvwphqw lv d vwurqj dujxphqw iru odlvvh}0idluh/ zkloh wkh rssrvlwh frqfoxvlrq ohqgv vxssruw wr

d pruh lqwhuyhqwlrqlvw vwdqfh1 Wkdw kljkhu uhwxuqv rq kxpdq fdslwdo surprwh pruh lqyhvwphqw

lq wkh srodu prghov fruuhvsrqgv wr wkh lqwxlwlrq shrsoh kdyh iurp prghov zlwk shuihfw fuhglw

pdunhwv1 Lw wkhuhiruh ohqgv vxssruw wr wkh vr0fdoohg ghpdqg0vlgh ylhz ri hgxfdwlrq�wkh ylhz

wkdw wkh uhdvrq zk| shrsoh lq ghyhorslqj frxqwulhv kdyh vwd|hg dzd| iurp vfkrrov lv ehfdxvh

wkhvh frxqwulhv kdyh qrw lqyhvwhg hqrxjk lq udlvlqj wkh uhwxuqv wr hgxfdwlrq1< Wkh lqwhuphgldwh

prghov vxjjhvw d pruh vfhswlfdo ylhz= qrw wkdw rqh vkrxog eh rssrvhg wr qhz whfkqrorjlhv dqg

rwkhu srolflhv wkdw pdnh hgxfdwlrq pruh uhzduglqj/ exw wkdw vxfk srolflhv pd| qrw eh dghtxdwh

lq wkhpvhoyhv dqg pd| qhhg wr eh frpsohphqwhg e| rwkhu vxsso|0vlgh srolflhv1

Wkh sdshu ehjlqv e| od|lqj rxw wkh edvlf prgho dqg h{dplqlqj wkh surshuwlhv ri wkh prgho

xqghu wkh dvvxpswlrq ri shuihfw fuhglw pdunhwv1 Wkh irxuwk vhfwlrq lv wkh khduw ri wkh sdshu�wkh

dowhuqdwlyh prghov ri wkh idplo| ghflvlrq0pdnlqj duh odlg rxw dqg dqdo|}hg lq d vhwwlqj zkhuh

wkhuh duh qr fuhglw pdunhwv1 Zh frqfoxgh zlwk d glvfxvvlrq ri wkh dowhuqdwlyh prghov dqg zkdw

vhsdudwhv wkhp1

5 Wkh Edvlf Prgho

Frqvlghu d zruog zkhuh wkhuh lv rqo| rqh �qdo jrrg exw wzr w|shv ri kxpdq lqsxwv�vnloo dqg

xqvnloohg oderu1 Wkh �qdo jrrg lv surgxfhg e| frpelqlqj wkh wzr w|shv ri lqsxwv xvlqj d

whfkqrorj|=

| @ i+K>O>�,

;Wklv dvvxphv wkdw wkh xqltxh vwhdg| vwdwh lv dq dwwudfwru/ zklfk lv ri frxuvh qrw dozd|v wuxh1
<Vhh iru h{dpsoh Irvwhu dqg Urvhq}zhlj +5333,1

8



zkhuh K dqg O duh/ uhvshfwlyho|/ wkh dprxqw ri vnloo dqg wkh dprxqw ri xqvnloohg oderu xvhg

lq surgxfwlrq/ dqg � lv d sdudphwhu ghvfulelqj wkh qdwxuh ri wkh whfkqrorj|1 Zh dvvxph wkdw

wkh surgxfwlrq ixqfwlrq h{klelwv frqvwdqw uhwxuqv zlwk uhvshfw wr wkh wzr lqsxwv wrjhwkhu exw

glplqlvklqj uhwxuqv zlwk uhvshfw wr hdfk lqglylgxdo lqsxw1 Wklv irupxodwlrq dovr lpsrvhv wkh

uhvwulfwlrq wkdw doo ohyhov ri kxpdq fdslwdo duh shuihfw vxevwlwxwhv�rqh ri wkh lqvljkwv ri wkh sdshu

e| Prrnkhumhh dqg Ud|/ flwhg deryh/ lv wkdw uhod{lqj wklv dvvxpswlrq lqwurgxfhv dq dgglwlrqdo

vrxufh ri shuvlvwhqw lqhtxdolw|1

Hdfk shuvrq lq wkh hfrqrp| lv dvvxphg wr rzq rqh xqlw ri xqvnloohg oderu1 Lq dgglwlrq wkh|

rzq d fhuwdlq qxpehu ri xqlwv ri vnloov/ zklfk fruuhvsrqg wr wkh dprxqwv wkh| lqyhvwhg lq kxpdq

fdslwdo1

Djhqwv lq wklv hfrqrp| olyh iru wkuhh shulrgv1 Lq wkh �uvw shulrg ri wkhlu olyhv wkhuh lv qr

frqvxpswlrq ru zrun= doo wkh| gr lv dftxluh vnloov1 Wkh vhfrqg shulrg lv zkhq shrsoh zrun dqg

hduq dq lqfrph1 Wklv lqfrph fdq eh vshqw rq fxuuhqw frqvxpswlrq ru vdyhg dqg lqyhvwhg iru

frqvxpswlrq lq wkh qh{w shulrg/ zkhq wkh| qr orqjhu kdyh zdjh lqfrph1 Lq wkh vhfrqg shulrg ri

wkhlu olyhv wkh| dovr jlyh eluwk wr h{dfwo| rqh fklog1 Wkh srsxodwlrq wkhuhiruh vwd|v xqfkdqjhg

ryhu wlph dqg hdfk frkruw lv dvvxphg wr eh vl}h rqh1

Kxpdq fdslwdo lv surgxfhg xvlqj d frpelqdwlrq ri kxpdq fdslwdo dqg xqvnloohg oderu1 Wkh

frvw ri dftxlulqj k xqlwv ri kxpdq fdslwdo lv �v+k> k3, xqlwv ri kxpdq fdslwdo dqg +4��,v+k> k3,

xqlwv ri xqvnloohg oderu/ zkhuh 3 � � � 4 dqg k3 lv wkh ohyho ri kxpdq fdslwdo ri wkh sduhqw ri

wkh shuvrq zkr lv dftxlulqj wkh kxpdq fdslwdo1 Zh dvvxph wkdw v+3> k3, @ 3> Yr
Y�

A 3> Y2r
Y�2

A 3/

Yr
Y�3

? 3/ Y2r
Y�32 A 3/ dqg _7E��

_�
A 3> zkhuh V+k, @ v+k> k,1 Wkh vhfrqg dqg wklug dvvxpswlrqv whoo

xv wkdw wkh frvw ixqfwlrq lv lqfuhdvlqj dqg frqyh{/ wkhuhiruh uxolqj rxw qrq0frqyh{lwlhv1 Wkh qh{w

wzr dvvxpswlrqv fdswxuh wkh lghd wkdw wkh idplo| dwprvskhuh pdwwhuv�fkloguhq ri vnloohg sduhqwv

�qg lw hdvlhu wr dftxluh vnloov�wkrxjk dw d glplqlvklqj udwh1 Wkh odvw dvvxpswlrq lpsrvhv wkh

frqglwlrq wkdw wkh lqfuhdvhg frvw iurp lqfuhdvlqj k lv qrw rxwzhljkhg e| wkh uhgxfwlrq lq frvw

frplqj iurp wkh idfw wkdw wkh qh{w jhqhudwlrq zloo qrz kdyh pruh hgxfdwlrq dqg wkhuhiruh �qg

lw hdvlhu wr hgxfdwh wkhlu fkloguhq1

Wkurxjkrxw wklv sdshu zh zloo pdnh wkh dvvxpswlrq ri shuihfwo| frpshwlwlyh pdunhwv iru

oderu dqg vnloov/ zlwk wkh sulfh ri oderu dw wlph w ehlqj zu
| dqg wkdw ri vnloo zM

| 1 H{fhsw lq

wkh qh{w vhfwlrq zh zloo pdnh wkh h{wuhph dvvxpswlrq wkdw wkhuh duh qr fdslwdo pdunhwv dqg qr

dvvhwv rwkhu wkdq kxpdq fdslwdo1

9



Ilqdoo| lq whupv ri srolf| lqvwuxphqwv/ zh dvvxph wkdw wkhuh lv dq hgxfdwlrqdo vxevlg| ri

hf.h�H> zkhuh H @ +�zM
| .+4��,zu

| ,v+k|n�> k|, lv wkh dprxqw wkh idplo| vshqgv rq hgxfdwlrq1

Wklv lv �qdqfhg sduwo| ru hqwluho| e| d wd{ rq wkh hduqlqj phpehuv ri vrflhw| wkdw lv sduwo|

oxps0vxp dqg sduwo| d ixqfwlrq ri wkh wd{sd|hu*v kxpdq fdslwdo= W @ �f. ��k|z
M
| = Oxps0vxp

wd{hv duh ri frxuvh vwdqgdug zkloh wkh wd{ rq kxpdq fdslwdo hduqlqjv zloo wxuq rxw wr eh d vlpsoh

zd| wr lqwurgxfh uhglvwulexwlyh wd{dwlrq1 Lq rughu wr jhw vkdushu uhvxowv dqg olplw wkh qxpehu

ri fdvhv/ zh zloo/ iru wkh prvw sduw/ irfxv rq wkh fdvh zkhuh zh vwduw iurp d vlwxdwlrq zkhuh wkh

idplo| zdv douhdg| vshqglqj vrph dprxqw rq hgxfdwlrq dqg wkhq orrn dw wkh h�hfwv yhu| vpdoo

fkdqjhv lq wkh wd{hv dqg vxevlglhv1 Wklv doorzv xv wr dyrlg wkh lvvxh ri fruqhu vroxwlrqv143

6 Wkh Ehqfkpdun= Dowuxlvwlf Idplolhv dqg Shuihfw Fuhglw Pdu0

nhwv

Lq wklv vhfwlrq L hvwdeolvk d ehqfkpdun iru wkh uhvxowv lq wkh qh{w vhfwlrq e| h{dplqlqj zkdw

kdsshqv xqghu wkh vwdqgdug dvvxpswlrqv ri shuihfw dowuxlvp dqg shuihfw fuhglw pdunhwv1 L dgrsw

wkh vwdqgdug irupxodwlrq zkhuh shuihfw dowuxlvp lv uhsuhvhqwhg e| d vlqjoh xwlolw| ixqfwlrq iru

wkh hqwluh g|qdvw|=

"[

|'f

�|x+f|,1

Wkh lqvwdqwdqhrxv xwlolw| ixqfwlrq x+f|, lv dvvxphg wr eh lqfuhdvlqj dqg frqfdyh dqg f| lv

lqwhusuhwhg dv wkh wrwdo frqvxpswlrq ri doo wkh jhqhudwlrqv suhvhqw dw wlph w1

Shuihfw fuhglw pdunhwv dprxqw wr dvvxplqj wkdw dq|rqh fdq eruurz dqg ohqg dv pxfk dv wkh|

zdqw dw wkh pdunhw lqwhuhvw udwh u1 Xqghu wklv dvvxpswlrq/ hdfk g|qdvw| idfhv wkh lqwhuwhpsrudo

exgjhw frqvwudlqw

$|n� @ u|+$| � f| � +�zM
| . +4� �,zu

| ,v+k|n�> k|,+4� h�, .zu
| . k|z

M
| +4� ��, . hf � �f,/

+4,

43Wklv irupxodwlrq grhv krzhyhu frph zlwk wkh frvw wkdw wkhuh lv qr zd| wr glvwlqjxlvk ehwzhhq hgxfdwlrqdo

vxevlglhv dqg jhqhudo lqfrph vxevlglhv vlqfh hyhq li wkh vxevlg| zhuh hdupdunhg iru hgxfdwlrq/ wkh idplo| frxog

dozd|v fxw edfn rq zkdw lw zdv douhdg| vshqglqj rq hgxfdwlrq1

:



zkhuh $| lv wkh vwduwlqj zhdowk ri wkh w|� jhqhudwlrq1 Wkh whup +�zM
| .+4��,zu

| ,v+k|n�> k|,+4�
h�, uhsuhvhqwv wkh lqyhvwphqw lq wkh qh{w jhqhudwlrq*v kxpdq fdslwdo phdvxuhg lq xqlwv ri wkh

jrrg1 Pd{lpl}lqj wkh deryh xwlolw| ixqfwlrq xqghu wklv vhw ri frqvwudlqwv jlyhv xv wkh �uvw0rughu

frqglwlrqv=

x�+f|, @ �u|x
�+f|n�, +5,

u|+�z
M
| . +4� �,zu

| ,v�+k|n�> k|,+4� h�, +6,

zM
|n�+4� ��,� +�zM

|n� . +4� �,zu
|n�,v2+k|n2> k|n�,+4� h�,1

Lw lv dssduhqw iurp wkhvh frqglwlrqv wkdw/ qrw vxusulvlqjo|/ wkhuh duh qr lqfrph h�hfwv lq

wklv hfrqrp|�wkh dprxqw lqyhvwhg lq hgxfdwlrq grhv qrw ghshqg rq sduhqwdo zhdowk1 Krzhyhu/

wkhuh fdq eh d sduhqwdo kxpdq fdslwdo h�hfw zklfk lq wkh gdwd pd| orrn olnh d zhdowk h�hfw= iru

h{dpsoh/ li v�2 ? 3/ dq lqfuhdvh lq k|/ nhhslqj k|n2 �{hg/ orzhuv wkh pdujlqdo frvw ri lqyhvwlqj

lq hgxfdwlrq +zlwkrxw d�hfwlqj wkh ehqh�wv, dqg wkhuhiruh udlvhv k|n�144

Dv L vd| lq wkh lqwurgxfwlrq/ wkh irfxv khuh lv rq zkdw kdsshqv lq wkh vwhdg| vwdwh1 Lq vwhdg|

vwdwh u| @ u|n� @ u/ f| @ f|n�/ zM
| @ zM

|n� @ zM /zu
| @ zu

|n� @ zu dqg k| @ k|n� @ k|n2 @ k vr

wkdw wkh deryh frqglwlrqv uhgxfh wr rqh nh| frqglwlrq=

v�+k> k, . �v2+k> k, @ �
+4� ��,@+4� h�,

� . +4� �,zu@zM
1 +7,

Zh duh qrz lq d srvlwlrq wr dvn d qxpehu ri txhvwlrqv derxw wkh qdwxuh ri wkh vwhdg| vwdwh1

Lqhtxdolw|= Lv wkh vwhdg| vwdwh shuihfwo| hjdolwduldq ru lw srvvleoh lqhtxdolw| shuvlvwv lq

wkh vhqvh wkdw gl�huhqw g|qdvwlhv zlwklq wkh vdph hfrqrp| frqyhujh wr gl�huhqw vwhdg| vwdwh

ohyhov ri kxpdq fdslwdoB Ru lq rwkhu zrugv/ duh wkhuh pxowlsoh vwhdg| vwdwhv iru d �{hg ydoxh ri

zu@zMB45

Wkh dujxphqw/ pdgh deryh/ vxjjhvwlqj wkdw wkh fkloguhq ri hgxfdwhg sduhqwv jhw pruh hg0

xfdwlrq/ whoov xv wkdw vxfk pxowlsolflw| pd| eh srvvleoh dqg lqghhg wklv lv wkh fdvh li � lv vpdoo

hqrxjk dqg wkh udwlr v�2@v�� lv srvlwlyh dqg odujh hqrxjk1 Krzhyhu lq wkh uhvw ri wklv sdshu zh

44Dfwxdoo|/ wkh dprxqw ri kxpdq fdslwdo lq doo jhqhudwlrqv zloo jr xs1 Wkh lqfuhdvh lq �|n� fdxvhv �|n2 wr jr

xs/ zklfk fdxvhv r2E�|n2c �|n�� wr jr grzq/ zklfk hqfrxudjhv ixuwkhu lqfuhdvhv lq �|n�/ hwf1
45Zh dovr kdyh wr fkhfn wkdw wkh ydoxh ri �u*�M vr jhqhudwhg lv frqvlvwhqw zlwk wkh dprxqw ri kxpdq fdslwdo

wkdw zh zrxog kdyh lq wkh vwhdg| vwdwh/ exw zh fdq dozd|v fkrrvh wkh surgxfwlrq ixqfwlrq wr pdnh wkdw �w1

;



irfxv rq wkh fdvh zkhuh vxfk pxowlsolflw| fdqqrw dulvh/ qdpho| wkh fdvh zkhuh v�2 @ 31 Wkhuh duh

wzr uhdvrqv zk| zh pdnh wklv fkrlfh= �uvw Jdoru dqg Wvlggrq +4<<:, kdyh douhdg| ghyhorshg wkh

srvvlelolw| ri pxowlsoh vwhdg| vwdwhv zkhq v�2 ? 3 dqg zh kdyh qrwklqj wr dgg wr wkhlu uhvxowv1

Vhfrqg/ lw fdq eh vkrzq wkdw wkh pxowlsolflw| rqo| h{lvwv zkhq wkh g|qdvwlhv duh vx!flhqwo|

lpsdwlhqw�iru � forvh wr 4/ zh kdyh wkh htxlydohqw ri d Wxuqslnh Wkhruhp/ zklfk whoov xv wkdw

wkh vwhdg| vwdwh lv lqghshqghqw ri lqlwldo frqglwlrqv1

Xqghu wkh dvvxpswlrq wkdw v�2 @ 3/ doo g|qdvwlhv frqyhujh wr wkh vdph ohyho ri k1 Wr vhh

wklv/ revhuyh �uvw wkdw xqghu wklv frqglwlrq/ qhlwkhu k| qru k|n2 hqwhuv Htxdwlrqv 5 dqg 6/ zklfk

whoov xv wkdw hyhu| g|qdvw| fkrrvhv wkh vdph ohyho ri k|n�1 Wkhuhiruh/ hyhu|rqh pxvw kdyh wkh

vdph ohyho ri kxpdq fdslwdo lq hyhu| shulrg rwkhu wkdq wkh yhu| �uvw1

Xqltxhqhvv= Gr rwkhuzlvh lghqwlfdo hfrqrplhv wkdw vwduw zlwk yhu| gl�huhqw dyhudjh ohyhov

ri kxpdq fdslwdo hyhqwxdoo| hqg xs zlwk vdph dyhudjh ohyhoB Wr dqvzhu wklv txhvwlrq zh qhhg

wr vkrz wkdw wkh vwhdg| vwdwh htxdwlrq=

v�+k> k, . �v2+k> k,� �
+4� ��,@+4� h�,

� . +4� �,j+k>�,
@ 3 +8,

kdv d xqltxh vroxwlrq zkhuh wkh ixqfwlrq j+k>�, � �u

�M
ghqrwhv wkh vwhdg| vwdwh uhodwlyh zdjhv1

Wr ghulyh wkh ixqfwlrq j+k> �, qrwh wkdw lq d vwhdg| vwdwh zkhuh hyhu|rqh kdv k xqlwv ri kxpdq

fdslwdo/ wkh qhw vxsso| ri xqvnloohg oderu dqg kxpdq fdslwdo wr wkh surgxfwlrq vhfwru duh jlyhq

e| 4� V+k,+4� �, dqg k� V+k,�/ uhvshfwlyho|1 Wkhuhiruh

zM @ iM+k� V+k,�> 4� V+k,+4� �,> �, dqg zu @ iu+k� V+k,�> 4� V+k,+4� �,> �,1

Zkdw kdsshqv wr j+k> �, zkhq k jrhv xsB Vlqfh i+�, lv krprjhqhrxv ri ghjuhh rqh/ j+�, ghshqgv
rqo| rq wkh udwlr �37E���

�37E��E�3�� 1 Vlqfh/ e| dvvxpswlrq V+k, lv lqfuhdvlqj lq k/ wkh ghqrplqdwru

ri wklv h{suhvvlrq fohduo| jrhv grzq zkhq k jrhv xs1 Wkh h�hfw rq wkh qxphudwru lv/ krzhyhu/

srwhqwldoo| dpeljxrxv1 Krzhyhu/ li k lv lq wkh qhljkerukrrg ri d vwhdg| vwdwh/

g+k� V+k,�,

gk
@ 4� v�� � v2� A 4� v�� � �v2� @ 4� �+4� ��,@+4� h�,

4 . E�3��
�

j+k>�,
1

Wkhuhiruh/ lq wkh qhljkerukrrg ri d vwhdg| vwdwh/ j+k, lv lqfuhdvlqj lq k dv orqj dv wkh h{suhvvlrq

rq wkh uljkw lv srvlwlyh1 Wklv lv wuxh dv orqj dv +4���,@ +4� h�, lv qrw wrr pxfk odujhu wkdq 4> lq

rwkhu zrugv wkh vxevlg| fdqqrw eh wrr odujh1 Edvlfdoo|/ li wkh vxevlg| lv wrr odujh wkhuh pd| eh

ryhu0lqyhvwphqw lq hgxfdwlrq wr wkh srlqw zkhuh dq h{wud xqlw ri kxpdq fdslwdo frvwv pruh wkdq

<



rqh xqlw ri kxpdq fdslwdo wr surgxfh1 Iru wkh uhvw ri wkh sdshu zh zloo dvvxph wkdw vxevlg| lv

qhyhu vr odujh wkdw wklv zh jhw lqwr wklv fdvh dqg wkhuhiruh zh zloo dvvxph wkdw j+k> �, lv dozd|v

lqfuhdvlqj dv d ixqfwlrq ri k> wkh shu fdslwd hqgrzphqw ri kxpdq fdslwdo lq wkh hfrqrp|11

Wr frpsohwh wkh dujxphqw zh gl�huhqwldwh wkh vwhdg| vwdwh pds +Htxdwlrq 8, zlwk uhvshfw

wr k dqg xvh wkh idfw wkdw v�2 @ 3/ wr jhw wkh h{suhvvlrq

v�� . �v22 . �
4� �

�

+4� ��,@+4� h�,

+� . +4� �,j+k> �,,2
j�+k> d,1

Lq wkh qhljkerukrrg ri d vwhdg| vwdwh wklv h{suhvvlrq lv dozd|v srvlwlyh vlqfh v��/ v22 dqg j�+k,

duh doo srvlwlyh1 Wkhuhiruh/ wkh vwhdg| vwdwh kdv wr eh xqltxh1

Wkh H�hfwv ri Wd{hv dqg Vxevlglhv

Zh duh qrz lq d srvlwlrq wr orrn dw vrph srolf| h{shulphqwv1 Frqvlghu �uvw d vpdoo lqfuhdvh

lq wkh oxps0vxp hgxfdwlrqdo vxevlg| hf ru d idoo lq wkh oxps0vxp wd{ �f1 Vlqfh qhlwkhu hqwhuv

Htxdwlrq 8/ wkh| fohduo| kdyh qr h�hfw rq wkh orqj0uxq ohyho ri lqyhvwphqw lq hgxfdwlrq/ dv orqj

dv wkh qrq0qhjdwlylw| frqvwudlqw rq lqyhvwphqw lq hgxfdwlrq lv qrw elqglqj146

Fkdqjhv lq h� dqg �� fohduo| gr kdyh dq lpsdfw rq hgxfdwlrqdo lqyhvwphqw1 Lw lv hdvlo| fkhfnhg

wkdw wkh �uvw0ehvw ohyho ri lqyhvwphqw zloo eh dfklhyhg zkhq �� @ h�1 Vlqfh wd{ froohfwlrq vl frvwo|/

wkh rswlpxp lv suhvxpdeo| �� @ h� @ 31 Frqvhtxhqwo|/ wkh rqo| uhdvrq wr vxevlgl}h hgxfdwlrq

lv wr frxqwhudfw wkh h�hfwv ri suh0h{lvwlqj wd{hv rq kxpdq fdslwdo1 Pruhryhu/ dq lqfuhdvh lq hf

�qdqfhg e| dq lqfuhdvh lq �� fohduo| uhgxfhv hgxfdwlrqdo lqyhvwphqw1 Zh lqwhusuhw wklv dv vd|lqj

wkdw li hgxfdwlrq vxevlglhv duh kdughu wr wdujhw wkdq wd{hv rq kxpdq fdslwdo/ wkhq wkh qhw h�hfw

ri wkh vxevlg| pd| eh wr glvfrxudjh hgxfdwlrq147

Udlvlqj Uhwxuqv wr Hgxfdwlrq

Ilqdoo|/ zh fdq orrn dw zkdw kdsshqv zkhq wkh udwh ri uhwxuq wr hgxfdwlrq jrhv xs1 Zh

fdswxuh wklv e| dvvxplqj wkdw udlvlqj � orzhuv j+k> �, iru doo ydoxhv ri k= wklv dprxqwv wr dq

lqfuhdvh lq wkh uhodwlyh sulfh ri vnloov/ iru hdfk ohyho ri k/ dqg fdq eh lqwhusuhwhg dv wkh uhvxow/ iru

h{dpsoh/ ri d jryhuqphqw srolf| surprwlqj wkh dgrswlrq ri d qhz vnloo0lqwhqvlyh whfkqrorj|148

46 Lq wkh vkruw uxq/ krzhyhu/ fkdqjhv lq ef 3 �f nhhslqj doo rwkhu srolflhv �{hg grhv d�hfw wkh lqwhuhvw udwh dqg

wkurxjk lw lqyhvwphqw lq hgxfdwlrq1
47Rqfh djdlq/ wklv lv rqo| wuxh li wkh qrq0qhjdwlylw| frqvwudlqw grhv qrw elqg1
48Irvwhu dqg Urvhq}zhlj +5333, vxjjhvw wkdw wkh juhhq uhyroxwlrq lq Lqgld zdv dq h{dpsoh ri vxfk d srolf|1

43



Lw lv fohdu iurp Htxdwlrq 8 wkdw li j+�, jrhv grzq/ k zloo kdyh wr xs1 Wkhuhiruh/ dq lqfuhdvh lq

wkh udwh ri uhwxuq rq hgxfdwlrq grhv lqfuhdvh lqyhvwphqw lq hgxfdwlrq lq wklv prgho1

7 Prghov zlwk Qr Fuhglw Pdunhwv

Lq wklv zruog wkhuh duh qr fuhglw pdunhwv/ ru dw ohdvw wkh h{lvwlqj fuhglwv pdunhwv duh wrr lqh!flhqw

wr eh ri uhohydqfh wr prvw shrsoh1 Shrsoh lqyhvw lq wkhlu fkloguhq*v vfkrrolqj xvlqj wkhlu idplo|

uhvrxufhv1 Pruhryhu/ lqyhvwlqj lq hgxfdwlrq lv wkh rqo| lqyhvwphqw rssruwxqlw| dydlodeoh wr wkh

idplo|1 Wkhuh duh/ krzhyhu/ dovr wd{hv dqg vxevlglhv/ mxvw dv lq wkh suhylrxv vhfwlrq1 Wkhuhiruh/

lwv exgjhw frqvwudlqw lq dq| shulrg w fdq eh zulwwhq dv=

zu
| . k|z

M
| +4� ��,� +�zM

| . +4� �,zu
| ,v+k|n�> k|,+4� h�, . hf � �f @ f|1

Wklv frqvwudlqw krogv iru hyhu| w1 Pruhryhu/ frqvxpswlrq lv dvvxphg wr eh dozd|v qrq0qhjdwlyh

lq rughu wr pdnh wkh fuhglw frqvwudlqw phdqlqjixo1

Lq wkh uhvw ri wkh sdshu zh zloo h{dplqh wkh lpsolfdwlrqv ri vshfl�f dvvxpswlrqv derxw

dowuxlvp zlwklq wkh iudphzrun gh�qhg deryh1 Lq wklv glvfxvvlrq lqfrph h�hfwv zloo sod| dq

lpsruwdqw uroh/ wkrxjk/ dv zh zloo vhh/ wkh| kdyh udwkhu gl�huhqw lpsolfdwlrqv ghshqglqj rq

zkdw zh dvvxph derxw dowuxlvp1

714 Wuxh Dowuxlvp

Lq wklv fdvh/ hdfk jhqhudwlrq pd{lpl}hv wkh suhvhqw ydoxh ri wkh frqvxpswlrq xwlolwlhv ri doo wkh

iroorzlqj jhqhudwlrqv1 Dv lv zhoo nqrzq/ wklv ohdgv wr d wlph0frqvlvwhqw ghflvlrq uxoh/ zlwk hdfk

jhqhudwlrq fkrrvlqj zkdw wkh suhylrxv jhqhudwlrqv zrxog kdyh zdqwhg lw wr fkrrvh1 Lq rwkhu

zrugv/ wkh idplo| dfwv dv vlqjoh ghflvlrq pdnhu1 Pruh vshfl�fdoo|/ ohw wkh frqvxpswlrq xwlolw| ri

wkh w|� jhqhudwlrq eh x+f|,/x� A 3/ x�� ? 31 Wkh w|� jhqhudwlrq wkhq pd{lpl}hv
S

"

r'| �
r3|x+fr,/

jlyhq wkhlu hqgrzphqw ri kxpdq fdslwdo/ k|/ dqg d exgjhw frqvwudlqw

zu
| . k|+4� ��,z

M
| � +�zM

| . +4� �,zu
| ,v+k|n�> k|,+4� h�, . hf � �f @ f|>;w +9,

Li y|+k|, lv wkh lqgluhfw xwlolw| ixqfwlrq vr jhqhudwhg/ lw lv zhoo nqrzq wkdw wklv lv htxlydohqw wr

dvvxplqj wkdw hdfk jhqhudwlrq pd{lpl}hv x+f|, . y|n�+k|n�,1 Xvlqj wkh exgjhw frqvwudlqw/ wklv

fdq eh uhzulwwhq dv x+k|> k|n�,.y+k|n�, zklfk kdv wkh irup X |+k|> k|n�,1 Pruhryhu/ lw lv hdv| wr
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vhh wkdw X |
� @ ^zM

| +4���,�+�zM
| .+4��,zu

| ,v2+k|n�> k|,+4�h�,`x
�+f|, A 3 dqg X |

�2 @ �+�zM
| .

+4 � �,zu
| ,^z

M
| +4 � ��, � +�zM

| . +4 � �,zu
| ,v2+k|n�> k|,+4 � h�,`v�+k|n�> k|,+4 � h�,x

��+f|, A 3

e| wkh frqfdylw| ri x+f|,1 X |+k|> k|n�, lv wkhuhiruh vxshuprgxodu1 Iru vxfk fdvhv zh kdyh wkh

iroorzlqj +wulyldo, uhvxow=

Fodlp 4= Vxssrvh hdfk jhqhudwlrq pd{lpl}hv d ixqfwlrq ri wkh irup X |+k|> k|n�,1 Wkhq

g|qdvwlhv zlwk pruh kxpdq fdslwdo dw wlph w dovr kdyh pruh kxpdq fdslwdo dw wlph w.4 dv orqj

dv X | lv vxshuprgxodu1

Surri1 Dw wlph w hdfk g|qdvw| pd{lpl}hv X |1 Ohw k�| dqg k��| eh wzr ydoxhv ri k| dqg k�|n�

dqg k��|n� eh wkh fruuhvsrqglqj rswlpdo fkrlfhv iru k|n�1 Ohw k
�

| ? k��| exw kc
��

|n� � k�|1 E| uhyhdohg

suhihuhqfh X |+k�|> k
�

|n�, � X |+k�|> k
��

|n�, dqg X |+k��| > k
��

|n�, � X |+k��| > k
�

|n�,1 Wkhvh wzr lqhtxdolwlhv

wrjhwkhu lpso| X |+k�|> k
�

|n�, � X |+k�|> k
��

|n�, � 3 � X |+k��| > k
�

|n�,� X |+k��| > k
��

|n�,1 Wklv frqwudglfwv

wkh idfw wkdw X | lv vxshuprgxodu1 Wkhuhiruh/ k�| ? k��| dozd|v lpsolhv k
��

|n� A k�|1

Lw iroorzv iurp wklv uhvxow wkdw lq wkh prgho lq wklv vxe0vhfwlrq wkh fkloguhq ri wkh hgxfdwhg

zloo whqg wr eh pruh hgxfdwhg dv zhoo/ _�|n�
_�|

A 3/ ghvslwh wkh idfw wkdw zh kdyh qrz dvvxphg

v�2 @ 3 wr uxoh rxw d gluhfw h�hfw ri wkh hgxfdwlrq ri wkh sduhqwv rq wkh hgxfdwlrq ri wkhlu

fkloguhq1

Qh{w/ xvlqj wkh exgjhw frqvwudlqw zh fdq uhzulwh
S

"

|'f �
|x+f|, dv

S
"

|'f �
|x+zu

| . k|+4 �
��,z

M
| � +�zM

| . +4� �,zu
| ,v+k|n�> k|,+4� h�, . hf � �f,1 Pd{lpl}lqj wklv zlwk uhvshfw wr wkh

vhtxhqfh ik|j |lhogv wkh �uvw rughu frqglwlrqv=

+�zM
|3� . +4� �,zu

|3�,v�+k|> k|3�,+4� h�,

@ �
x�+f|,

x�+f|3�,
^zM

| +4� ��,� +�zM
| . +4� �,zu

| ,v2+k|n�> k|,+4� h�,`=

Xvlqj wkh idfw wkdw lq wkh vwhdg| vwdwh f| @ f|n�/ zM
| @ zM dqg zu

| @ zu ;w/wklv uhgxfhv wr wkh
frqglwlrq

v�+k> k, . �v2+k> k,� �
+4� ��,@+4� h�,

� . +4� �,j+k>�,
@ 3

zklfk zloo eh uhfrjql}hg dv Htxdwlrq 8/ wkh vwhdg| vwdwh frqglwlrq xqghu dowuxlvp dqg shuihfw

fuhglw pdunhwv1 Lw iroorzv wkdw xqghu wkh dvvxpswlrq wkdw v�2 @ 3> wkhuh lv frpsohwh htxdol}dwlrq

lq wkh orqj0uxq/ hyhq wkrxjk wkh ulfk lqyhvw pruh wkdq wkh srru lq wkh kxpdq fdslwdo ri wkhlu

fkloguhq1 Pruhryhu/ wkh vwhdg| vwdwh lv xqltxh dqg wkh ohyho ri lqyhvwphqw dqg frqvxpswlrq lq
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wkh olplw duh zkdw wkh| zrxog eh lq d �uvw0ehvw zruog149

Wkh orqj0uxq h�hfwv ri srolf| lq wklv prgho/ qrw vxusulvlqjo|/ duh wkh vdph dv lq wkh ehqfk0

pdun fdvh�oxps0vxp wd{hv dqg vxevlglhv kdyh qr h�hfw/ dqg zkloh sursruwlrqdo wd{hv dqg

vxevlglhv gr kdyh dq h�hfw/ qr wd{hv dqg qr vxevlglhv uhpdlqv rswlpdo1 Wkh jhqhudo srolf| eldv

wkdw frphv iurp wklv prgho lv wkdw/ dw ohdvw lq wkh orqj0uxq/ zkdw pdwwhuv lv uhprylqj eduulhuv

wkdw suhyhqw wkh uhwxuqv wr kxpdq fdslwdo iurp ehlqj dv kljk dv srvvleoh14:

715 Shuihfw Ixqfwlrqdo Dowuxlvp

Lq wklv vxevhfwlrq zh frqvlghu wkh h{dfw rssrvlwh prgho�d prgho zkhuh shrsoh duh frpsohwho|

vho�vk lq wkh vhqvh wkdw sduhqwv gr qrw fduh dw doo derxw zkdw kdsshqv wr wkhlu fkloguhq1 Wkh

uhdvrq zk| wkhuh dsshduv wr eh dowuxlvp/ lq wkh vhqvh ri sduhqwv lqyhvwlqj lq wkh hgxfdwlrq ri

wkhlu fkloguhq/ lv wkdw idplolhv dfw dv lpshuihfw vxevwlwxwhv iru wkh plvvlqj fuhglw pdunhw1 Lq rwkhu

zrugv/ sduhqwv lqyhvw lq wkh hgxfdwlrq ri wkhlu fkloguhq lq uhwxuq iru rog djh fduh1 Wkhuh duh

vhyhudo sodxvleoh uhdvrqv iru zk| vxfk d wudqvdfwlrq pd| eh srvvleoh lq dq hfrqrp| zkhuh wkhuh

duh qr rwkhu fuhglw wudqvdfwlrqv= �uvw/ sduhqwv w|slfdoo| nqrz d orw pruh derxw wkhlu fkloguhq/

zklfk pd| olplw wkh dprxqw ri dgyhuvh vhohfwlrq> vhfrqg/ wkhuh pd| eh vrfldo qrupv wkdw sxqlvk

fkloguhq zkr gr qrw wdnh fduh ri wkhlu sduhqwv/ exw gr qrw dsso| wr wkrvh zkr idlo wr krqru wkhlu

ghewv> �qdoo|/ wkhuh pd| eh hprwlrqdo wlhv ehwzhhq sduhqwv dqg fkloguhq zklfk hqdeoh sduhqwv

wr �sxqlvk� fkloguhq zkr gr qrw wdnh fduh ri wkhp1

Wr gr mxvwlfh wr wklv fdvh zh qhhg wr vwduw zlwk d prgho zkhuh wkhuh duh wkuhh jhqhudwlrqv

dw dq| srlqw lq wlph�wkh |rxqj/ zkrvh rqo| uroh lv wr jhw dq hgxfdwlrq> wkh plggoh0djhg zkr

zrun/ sd| iru wkhlu fkloguhq*v hgxfdwlrq dqg vxssruw wkhlu sduhqwv> dqg wkh rog zkr vlpso|

frqvxph zkdw wkhlu fkloguhq jlyh wkhp1 Vxssrvh wkdw shrsoh rqo| jhw xwlolw| iurp krz pxfk

wkh| frqvxph zkhq wkh| duh plggoh0djhg dqg zkhq wkh| duh rog1 Wkhlu suhihuhqfhv duh wkhuhiruh

fdswxuhg e| wkh xwlolw| ixqfwlrq x6+f|, . xJ+s|n�,1

Wr frpsohwh wkh prgho zh dovr qhhg wr vd| vrphwklqj derxw h{dfwo| krz wkh lqwhujhqhudwlrqdo

49Wklv lv hvvhqwldoo| d ghwhuplqlvwlf yhuvlrq ri wkh uhvxow lq Orxu| +4<;4, vkrzlqj wkdw lq wkh orqj uxq doo

g|qdvwlhv kdyh wkh vdph glvwulexwlrq ri frqvxpswlrq hyhq lq wkh suhvhqfh ri fuhglw frqvwudlqwv1
4:Wkh vkruw0uxq h�hfwv ri srolf| duh/ krzhyhu/ srwhqwldoo| gl�huhqw iurp wkh �uvw0ehvw fdvh1 Lq sduwlfxodu ehfdxvh

kxpdq fdslwdo lv qrw lqvwdqwo| htxdol}hg/ d vxevlg| �qdqfhg e| d wd{ rq kxpdq fdslwdo grhv uhglvwulexwh dqg wkh

uhvxowlqj lqfuhdvh lq wkh lqfrph ri wkh srru zloo w|slfdoo| lqfuhdvh wkhlu lqyhvwphqw lq kxpdq fdslwdo dqg wkxv

kdvwhq frqyhujhqfh1
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�lpsolflw� frqwudfw jhwv fkrvhq1 Khuh zh pdnh wkh h{wuhph dvvxpswlrq wkdw wkhuh lv rqh judqg

frqwudfw hqfrpsdvvlqj doo ixwxuh jhqhudwlrqv/ zklfk jhwv fkrvhq dw wlph 31 Wkh fkrlfh ri wkh

frqwudfw lv edvhg rq pd{lpl}lqj d zhljkwhg dyhudjh ri wkh xwlolwlhv ri doo wkh jhqhudwlrqv= 	"|'f�
|+

x6+f|, . xJ+s|n�,,/ 3 ? � ? 414; Suhvxpdeo| wkh lghd lv qrw wkdw wkhuh lv dfwxdoo| frqwudfwxdo

qhjrwldwlrq ehwzhhq doo wkh jhqhudwlrqv/ exw udwkhu wkdw wkhuh lv d vrfldo qrup zklfk plplfv wkh

rswlpdo judqg frqwudfw1

Wkhuh duh vhyhudo prwlyhv ehklqg wkh fkrlfh ri wklv sduwlfxodu irupxodwlrq= Iluvw/ lw surylghv

xv zlwk wkh forvhvw sdudooho wr wkh fdvh ri wuxh dowuxlvp1 Vhfrqg/ lw lv vljql�fdqwo| vlpsohu wkdq

pdq| ri wkh dowhuqdwlyhv dv wkhuh lv qr uroh iru vwudwhjlf lqwhudfwlrqv ehwzhhq jhqhudwlrqv14<

Pruhryhu/ wkh vwhdg| vwdwh ri wklv prgho frlqflghv zlwk wkh vwhdg| vwdwh ri d prgho zkhuh wkh

frqwudfw lv rqo| ehwzhhq dgmdfhqw jhqhudwlrqv/ exw hdfk jhqhudwlrq dvvxphv wkdw wkh frqwudfwxdo

fkrlfh ri doo ixwxuh jhqhudwlrqv lv xqd�hfwhg e| wkhlu rzq fkrlfh153

Jlyhq wkhvh dvvxpswlrqv/ zh fdq qrz zulwh grzq wkh h{dfw pd{lpl}dwlrq sureohp idflqj

d sduwlfxodu g|qdvw| dw wlph 3/ jlyhq wkdw lw vwduwhg zlwk kf dprxqw ri kxpdq fdslwdo dqg dq

reoljdwlrq ri sf wrzdugv lwv sduhqw1 Lw kdv wr fkrrvh ik|> s|j|'"|'� wr pd{lpl}h 	"|'f�
|+x6+f|, .

xJ+s|n�,, jlyhq wkh lqlwldo ydoxhv kfdqg sf dqg wkh exgjhw frqvwudlqw

zu
| . k|+4� ��,z

M
| � +�zM

| . +4� �,zu
| ,v+k|n�> k|,+4� h�, . hf � �f � s| @ f|>;w1 +:,

Wklv pd{lpl}dwlrq |lhogv d ydoxh ixqfwlrq y+kf> sf b,1 Dw dq| srlqw lq wlph/ wkh g|qdvw| fdq eh

wkrxjkw ri dv pd{lpl}lqj x6+f|, . xJ+s|n�, . �y+k|n�> s|n�,/ vxemhfw wr d exgjhw frqvwudlqw

zklfk wdnhv wkh irup ri Htxdwlrq :1 Zkloh wklv lv qrw h{dfwo| lq wkh irup X |+k|> k|n�,/ wkh

dujxphqw pdgh lq Fodlp 4 lv hdvlo| h{whqghg wr wklv fdvh1 Wkhuhiruh zh kdyh=

Fodlp 5= Wkrvh zkrvh sduhqwv kdyh pruh kxpdq fdslwdo dovr kdyh pruh kxpdq fdslwdo ri

wkhlu rzq1

Lq rwkhu zrugv/ wkhuh duh lqfrph h�hfwv lq wklv prgho dqg lqhtxdolw| lq hgxfdwlrq zloo whqg

4;Vlqfh wkh qdwxudo lqwhusuhwdwlrq ri b lv wkdw lw lv wkh edujdlqlqj srzhu ri wkh qh{w jhqhudwlrq uhodwlyh wr wkdw ri

wkh fxuuhqw jhqhudwlrq/ wkh uhvwulfwlrq wkdw b 	 � lv qrw hqwluho| uhdvrqdeoh/ exw wkh jdlq lq dqdo|wlfdo wudfwdelolw|

iurp pdnlqj wklv dvvxpswlrq lv vljql�fdqw1
4<Iru h{dpsoh/ dq dowhuqdwlyh zrxog kdyh ehhq wr doorz rqo| dgmdfhqw jhqhudwlrqv wr frqwudfw zlwk hdfk rwkhu1

Lq wklv fdvh/ zh pljkw kdyh wr nhhs wudfn ri krz fkdqjhv lq wkh frqwudfw ehwzhhq wklv jhqhudwlrq dqg wkh qh{w

d�hfw wkh frqwudfw ehwzhhq wkh qh{w jhqhudwlrq dqg wkh rqh diwhu1
53Wklv pdnhv lw d Qdvk htxloleulxp exw grhv qrw uhtxluh wkdw lw eh vxe0jdph shuihfw1
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wr eh uhodwlyho| shuvlvwhqw1 Wr vhh zkdw kdsshqv lq wkh orqj0uxq/ revhuyh wkdw wkh �uvw rughu

frqglwlrqv iru wkh deryh pd{lpl}dwlrq sureohp +dvvxplqj dq lqwhulru vroxwlrq h{lvwv, duh=

�x�6+f|, @ x�J+s|,

+�zM
| . +4� �,zu

| ,v�+k|n�> k|,+4� h�,x
�

6+f|,

@ �^+4� ��,z
M
|n� � +�zM

|n� . +4� �,zu
|n�,v2+k|n2> k|n�,+4� h�,`x

�

6+f|n�,1

Lq d vwhdg| vwdwh wkh vhfrqg htxdwlrq uhgxfhv wr wkh pxfk pruh frpsdfw frqglwlrq=

v�+k> k, . �v2+k> k, @ �
+4� ��,@+4� h�,

� . +4� �,j+k>�,
1

Wkh h{suhvvlrq gh�qlqj wkh vwhdg| vwdwh ohyho ri kxpdq fdslwdo lv h{dfwo| wkh vdph frqglwlrq dv

lq wkh fdvh ri wuxh dowuxlvp/ zlwk � uhsodflqj �1 Dq idoo lq �> pxfk olnh d idoo lq �> glvfrxudjhv

lqyhvwphqw lq kxpdq fdslwdo�juhdwhu srzhu lq wkh kdqgv ri wkh roghu jhqhudwlrq ohdgv wr ohvv

hgxfdwlrq1

Wkh rwkhu surshuwlhv ri wkh vwhdg| vwdwh duh uhodwlyho| xqvxusulvlqj= Xqghu wkh pdlqwdlqhg

dvvxpswlrq wkdw v�2 @ 3/ wkhuh lv qr lqhtxdolw| lq wkh orqj0uxq/ dqg wkh vwhdg| vwdwh lv xqltxh1

Pruhryhu/ wkh fkdqjhv lq srolf| sdudphwhuv kdyh h�hfwv lq wkh vdph gluhfwlrq dv wkh| zrxog

kdyh lq wkh fdvh ri wuxh dowuxlvp1

Krzhyhu/ d qxpehu ri qhz srolf| lvvxhv dulvh= �uvw/ li wkh jryhuqphqw lqlwldwhv d sd|0dv0

|rx0jr vrfldo vhfxulw| v|vwhp/ lqyhvwphqw lq hgxfdwlrq lv olnho| wr froodsvh vlqfh sduhqwv zloo qr

orqjhu ihho wkh qhhg iru wudqvihuv iurp wkhlu fkloguhq1 Vhfrqg/ lw udlvhv wkh lvvxh ri zkhwkhu wkh

jryhuqphqw vkrxog wu| wr dowhu wkh edodqfh ri srzhu zlwklq wkh idplo|= wkhuh lv qr d sulrul uhdvrq

zk| �/ zklfk phdvxuhv wkh edujdlqlqj srzhu ri wkh |rxqj/ vkrxog dovr eh wkh zhljkw fkloguhq

jhw lq wkh vrfldo zhoiduh ixqfwlrq1 Iru h{dpsoh/ wkh jryhuqphqw pd| zdqw wr pd{lpl}h vwhdg|

vwdwh zhoiduh udwkhu wkdq wkh pd{lpdqg wkdw dfwxdoo| jhwv pd{lpl}hg1 Lq wklv fdvh/ xqolnh lq wkh

fdvh ri wuxh dowuxlvp/ d sursruwlrqdo vxevlg| wr hgxfdwlrq ru d pdqgdwru| vfkrrolqj odz pd| eh

rswlpdo1 Lq rwkhu zrugv/ wkh jryhuqphqw pd| sxvk shrsoh wr lqyhvw pruh lq hgxfdwlrq lq rughu

wr vdih0jxdug wkh lqwhuhvwv ri wkh |rxqj1
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716 Olplwhg Dowuxlvp= Zdup0Jorz Ehtxhvw Suhihuhqfhv

Sduhqwv pd| dfwxdoo| fduh derxw krz wkh| kdyh wuhdwhg wkhlu fkloguhq hyhq zkhq wkh| duh

lqgl�huhqw wr wkh fklog*v zhoiduh1 Wkh vwdqgdug irup ri vxfk suhihuhqfhv lv jlyhq e| wkh vr0fdoohg

zdup0jorz prgho +Dqguhrql/ 4<;<,1 Lq wklv prgho/ sduhqwv fduh derxw wkhlu rzq frqvxpswlrq

dqg wkh ohyho ri ehtxhvw wkh| ohdyh wkhlu fkloguhq +udwkhu wkdq wkhlu frqvxpswlrq ru xwlolw|,/

zklfk/ lq rxu prgho/ lv vlpso| wkh dprxqw lqyhvwhg lq wkh fklog*v kxpdq fdslwdo1 Wkhuh lv/

krzhyhu/ dq lvvxh derxw krz zh phdvxuh wkh dprxqw lqyhvwhg e| sduhqwv/ dv d sduw ri wkh

h{shqglwxuh lv �qdqfhg e| vxevlglhv dqg vxevlglhv lq wxuq duh �qdqfhg e| wd{hv1 Udwkhu wkdq

mrlqlqj wklv lvvxh qrz/ zh dvvxph wkdw wkhuh duh qr wd{hv dqg vxevlglhv dqg srvwsrqh wkh

glvfxvvlrq xqwlo wkh hqg ri wklv vxe0vhfwlrq1 Iru wkh wlph ehlqj/ zh dvvxph wkdw hdfk sduhqw

pd{lpl}hv d xwlolw| ixqfwlrq ri wkh irup x+f|, . y++�zM
| . +4� �,zu

| ,v+k|n�> k|,, vxemhfw wr wkh

exgjhw frqvwudlqw +Htxdwlrq 9, +zlwk doo wd{hv dqg vxevlglhv vhw wr }hur,/ zkhuh erwk x+�, dqg
y+�, duh lqfuhdvlqj/ frqfdyh ixqfwlrqv1 Wkh fkrlfh yduldeoh lv vwloo k|n�1

Xvlqj wkh exgjhw frqvwudlqw zh fdq uhzulwh wkh pd{lpdqg lq wkh irup=

x+zu
| . k|z

M
| � +�zM

| . +4� �,zu
| ,v+k|n�> k|,, . y++�zM

| . +4� �,zu
| ,v+k|n�> k|,,1

Vlqfh dqg zM
| dqg zu

| duh sdudphwhuv iurp wkh srlqw ri ylhz ri dq lqglylgxdo/ wklv kdv wkh irup

X |+k|> k|n� b,1 Pruhryhu=

X |
�+k|> k|n�, @ x�+�,^+zM

| � +�zM
| . +4� �,zu

| ,v2+k|n�> k|,`

.y�+�,+�zM
| . +4� �,zu

| ,v2+k|n�> k|,

dqg

X |
�2+k|> k|n�

b, @ �x��+�,^zM
| � +�zM

| . +4� �,zu
| ,v2+k|n�> k|,`+�z

M
| . +4� �,zu

| ,v�+k|n�> k|,

�x�+�,^+�zM
| . +4� �,zu

| ,v�2+k|n�> k|,` . y�+�,+�zM
| . +4� �,zu

| ,v�2+k|n�> k|,

.y��+�,+�zM
| . +4� �,zu

| ,v2+k|n�> k|,+�z
M
| . +4� �,zu

| v�+k|n�> k|,1

Ehfdxvh v�2 @ 3/ wklv h{suhvvlrq lv fohduo| srvlwlyh dqg wkhuhiruh Fodlp 4 dssolhv wr wklv fdvh�wkh

fkloguhq ri wkh hgxfdwhg zloo whqg wr eh pruh hgxfdwhg1 Pd{lpl}lqj wkhvh suhihuhqfhv vxemhfw

wr wkh exgjhw frqvwudlqw +Htxdwlrq 9, whoov xv wkdw dw dq lqwhulru pd{lpxp lw pxvw eh wkh fdvh
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wkdw=

x�+zu
| . k|z

M
| � +�zM

| . +4� �,zu
| ,v+k|n�> k|,,+�z

M
| . +4� �,zu

| ,v�+k|n�> k|,

@ y�++�zM
| . +4� �,zu

| ,v+k|n�> k|,,+�z
M
| . +4� �,zu

| ,v�+k|n�> k|,1

Lq vwhdg| vwdwh wklv uhgxfhv wr=

x�+zu . kzM � +�zM . +4� �,zu,V+k,,

y�++�zM . +4� �,zu,V+k,,
@ 41 +;,

Lqhtxdolw|= Erwk wkh qxphudwru dqg wkh ghqrplqdwru ri wkh h{suhvvlrq rq wkh ohiw duh

w|slfdoo| jrlqj wr eh ghfuhdvlqj dv d ixqfwlrq ri k154 Zkhwkhu wkh fxuyh jlyhq e| wklv h{suhvvlrq

vorshv xs ru grzq ghshqgv rq zklfk ri wkh wzr ghfuhdvhv idvwhu1 Lq sduwlfxodu/ lw lv qrw kdug wr

�qg fdvhv zkhuh lw jrhv xs dqg grzq vhyhudo wlphv/ jhqhudwlqj vhyhudo vroxwlrqv lq wkh surfhvv/

zklfk jhqhudwh wkh srvvlelolw| ri wkhuh ehlqj lqhtxdolw| lq wkh vwhdg| vwdwh1

Wr vhh pruh suhflvho| zkdw lv jrlqj rq khuh/ frqvlghu �uvw wkh fdvh zkhuh wkhuh lv frqvwdqw

uhodwlyh ulvn dyhuvlrq/ l1h1/ x+f, @ S�3j

�3j / dqg pruhryhu y+�, @ �x+�,1 Lq wklv fdvh/ wkh frqglwlrq ;

fdq eh uhzulwwhq lq wkh irup=

zu . kzM

+�zM . +4� �,zu,V+k,
@ 4 . +

4

�
,
�
j 1 +<,

Lw lv hdvlo| fkhfnhg/ xvlqj wkh idfw wkdw wkh ixqfwlrq V+k, � v+k> k, lqfuhdvlqj dqg frqyh{/ dqg

wkh idfw wkdw V+3, @ 3>wkdw wkh ohiw0kdqg vlgh lv ghfuhdvlqj dv d ixqfwlrq ri k> dqg wkhuhiruh wkh

ydoxh ri k wkdw vroyhv wklv htxdwlrq lv xqltxh1

Frqvlghu qh{w wkh rwkhu vwdqgdug irupxodwlrq iru suhihuhqfhv/ qdpho| wkh frqvwdqw devroxwh

ulvn dyhuvlrq idplo|= l1h1/ x+f, @ 4 � h3jS dqg y+�, @ �x+�,1 Lq wklv fdvh/ Htxdwlrq ; fdq eh

zulwwhq lq wkh irup=

�+zu . kzM, . 5++�zM . +4� �,zu,V+k,, @
4

�
orje �1 +43,

Wkh ohiw0kdqg vlgh ri wklv htxdwlrq gh�qhv d frqyh{ ixqfwlrq ri k1 Li V�+3, @ 3/ lw dozd|v vwduwv e|

ehlqj grzqzdug0vorslqj exw hyhqwxdoo| vorshv xs +ehfdxvh V+k, jurzv idvwhu wkdq k,1 Dvvxplqj

�zu A �
j
orje � dqg V+k,@k $ 4 dv k $ 4/ zh kdyh wkh fdvh wkdw lv lq Iljxuh 41 Wkhuh duh

54Wklv lv qrw dozd|v wuxh ehfdxvh iru kljk hqrxjk ydoxhv ri �c lw lv frqfhlydeoh wkdw wkh qxphudwru lqfuhdvhv

zlwk �1 Wklv uhtxluhv/ krzhyhu/ wkdw wkh idplo| lv khdylo| ryhu0lqyhvwlqj lq hgxfdwlrq1 Lq rwkhu zrugv/ lw pxvw eh

wkh fdvh wkdw dq lqfuhdvh lq � dfwxdoo| uhgxfhv rxwsxw qhw ri hgxfdwlrqdo h{shqglwxuh1

4:



wkuhh srwhqwldo vwdwlrqdu| ydoxhv ri k lq wklv fdvh�k @ 3> k @ k� dqg k @ k21 Htxdwlrq ; grhv

qrw dfwxdoo| krog dw k @ 3= zkdw kdsshqv lv wkdw wkh pdujlqdo xwlolw| ri ehtxhvwv lv vwulfwo| ohvv

wkdq wkh pdujlqdo xwlolw| ri frqvxpswlrq/ exw vlqfh ehtxhvwv fdqqrw eh qhjdwlyh/ k @ 3 lv wkh

rswlpdo fkrlfh1 Ri wkh rwkhu wzr vwhdg| vwdwhv/ wkh rqh dw k2 lv vwdeoh dqg wkhuhiruh shukdsv

pruh zruwk| ri lqwhuhvw1

Lq erwk wkh FDUD dqg FUUD fdvh wkh edvlf irufhv duh wkh vdph�wkhuh lv dq lqfrph h�hfw

ri ehlqj pruh hgxfdwhg/ zklfk pdnhv hgxfdwhg sduhqwv pruh zloolqj wr lqyhvw1 Wklv/ krzhyhu/ lv

frxqwhudfwhg e| wkh idfw wkdw dq hgxfdwhg sduhqw kdv wr lqyhvw pruh mxvw wr pdnh vxuh wkdw klv

fklog lv qrw ohvv hgxfdwhg wkdq kh lv/ dqg/ pruhryhu/ wkh pdujlqdo frvw ri lqyhvwphqw lv ulvlqj1

Zklfk ri wkhvh h�hfwv grplqdwhv dqg wkhuhiruh zkhwkhu wkhuh lv rqh ru pruh vwdwlrqdu| ohyho ri

k/ ghshqgv rq wkh h{dfw fxuydwxuh ri wkh xwlolw| ixqfwlrqv155

Xqltxhqhvv= Wkh dujxphqw lq wkh suhylrxv sdudjudskv vkrzv wkdw wkhuh fdq eh lqhtxdolw|

lq wkh orqj0uxq iru FDUD suhihuhqfhv1 G|qdvwlhv zklfk vwduw zlwk pruh kxpdq fdslwdo zloo

dovr whqg wr hqg xs zlwk pruh kxpdq fdslwdo1 Jlyhq wkdw wkhuh lv lqhtxdolw|/ lw lv olnho| wkdw

frqyhujhqfh zloo dovr idlo= dq hfrqrp| wkdw vwduwv zlwk d odujh qxpehu ri kljk kxpdq fdslwdo

g|qdvwlhv zloo whqg wr kdyh d kljk orqj0uxq ohyho ri kxpdq fdslwdo1

Wkhuh lv dfwxdoo| d vhfrqg/ lqghshqghqw uhdvrq zk| frqyhujhqfh pljkw idlo= wr kljkoljkw wklv

uhdvrq zh fkrrvh FUUD suhihuhqfhv vr wkdw lq wkh orqj0uxq wkhuh lv shuihfw htxdolw|1 Pruhryhu

dvvxph +sxuho| iru frqyhqlhqfh, wkdw � @ 41 Xqghu wkhvh frqglwlrqv zh fdq uhzulwh Htxdwlrq <

lq wkh irup=

j+k> d, . k

V+k,
@ 4 . +

4

�
,
�
k 1 +44,

Erwk wkh ghqrplqdwru dqg wkh qxphudwru ri wkh udwlr }E�c@�n�
7E�� duh lqfuhdvlqj lq k1 Zh

nqrz wkdw wkh udwlr k@V+k, ghfolqhv dv k jrhv xs vlqfh V lv frqyh{1 Krzhyhu/ lw lv hqwluho|

srvvleoh wkdw }E�c@�
7E�� lqfuhdvhv lq k dw ohdvw ryhu d udqjh�wklv zloo eh wkh fdvh zkhq wkh ghjuhh

ri vxevwlwxwdelolw| ehwzhhq vnloohg dqg xqvnloohg oderu lv uhodwlyho| vpdoo1 Lw lv wkhuhiruh txlwh

vwudljkwiruzdug wr frqvwuxfw h{dpsohv zkhuh wkh ixqfwlrq }E�c@�n�
7E�� kdv wkh irup jlyhq lq Iljxuh

51 Wkhuh duh fohduo| wkuhh vwhdg| vwdwhv lq wklv fdvh/ ri zklfk wkh wzr h{wuhph rqhv duh vwdeoh1

Wkh pxowlsolflw| ri vwhdg| vwdwhv uh hfwv wkh iroorzlqj vlpsoh lqwxlwlrq= whdfkhuv duh fkhds lq

55Wklv vrxufh ri orqj uxq lqhtxdolw| lv forvho| uhodwhg wr wkdw lq Jdoru dqg Prdy +4<<<,/ wkrxjk wkhlu prgho lv

edvhg rq Vwrqh0Jhdu| w|sh suhihuhqfhv iru ehtxhvw dqg lv wkhuhiruh dqdo|wlfdoo| pruh ghpdqglqj1

4;



dq hfrqrp| zkhuh wkhuh lv d orw ri kxpdq fdslwdo dqg wkhuhiruh wkh vdph ohyho ri ehtxhvwv ex|v

pruh kxpdq fdslwdo/ dqg dv d uhvxow wkh lqlwldo kljk ohyho ri kxpdq fdslwdo lv uhsurgxfhg156

Wd{hv dqg Vxevlglhv1

Zh qrz qhhg wr dgguhvv wkh txhvwlrq ri krz wd{hv dqg vxevlglhv hqwhu wkh suhihuhqfhv1 Rqh

srvvlelolw| lv wkdw y @ y++�zM
| . +4� �,zu

| ,v+k|n�> k|,+4� h�,� hf,1 Wklv dvvxpswlrq vd|v wkdw

shrsoh frxqw dv wkhlu ehtxhvw wkh hqwluh dprxqw wkh| kdyh vshqw rq hgxfdwlrq/ exw qrw wkh

wd{hv wkh| kdyh sdlg zklfk duh wkhq vshqw rq vxevlgl}lqj hgxfdwlrq1 Dq dowhuqdwlyh srvvlelolw|

zrxog eh wkdw shrsoh frxqw wkh wd{hv wkh| kdyh sdlg dv sduw ri wkhlu ehtxhvw1 Lq wklv fdvh

y @ y++�zM
| . +4� �,zu

| ,v+k|n�> k|,+4� h�,� hf. �f . ��k|z
M
|
b,1 Zkloh wkh vhfrqg dvvxpswlrq

lv pruh frqyhqwlrqdo/ zh suhihu wkh �uvw ri wkhvh dvvxpswlrqv rq wkh jurxqgv wkdw lw lv yhu|

gl!fxow wr lpdjlqh wkdw shrsoh fdq lghqwli| wkh sduw ri wkhlu wd{ sd|phqwv wkdw lv jrlqj wr sd|

iru wkh hgxfdwlrqdo vxevlglhv/ exw zh doorz iru erwk1

Xqghu wkh �uvw dvvxpswlrq/ wkh vwhdg| vwdwh frqglwlrq wxuqv rxw wr eh=

x�+zu . k+4� ��,zM � +�zM . +4� �,zu,V+k,+4� h�, . hf � �f,

y�++�zM . +4� �,zu,V+k,+4� h�,� hf,
@ 41

Lw lv fohdu iurp wklv h{suhvvlrq wkdw fkdqjhv lq oxps0vxp wd{hv dqg vxevlglhv kdyh orqj0uxq h�hfwv

lq wklv prgho= dq lqfuhdvh lq hf dqg d fxw lq �f surprwh lqyhvwphqw lq hgxfdwlrq1 Pruhryhu/

dq lqfuhdvh lq hf dqg �f wkdw ohdyhv wkh jryhuqphqw gh�flw xqfkdqjhg +�hf @ ��f, lqfuhdvhv

lqyhvwphqw lq kxpdq fdslwdo1 Lqghhg/ dq| lqfuhdvh lq vxevlglhv dqg wd{hv wkdw nhhs hyhu|rqh*v

qhw lqfrph xqfkdqjhg +dw wkh ruljlqdo vwhdg| vwdwh ydoxh ri k, zloo lqfuhdvh lqyhvwphqw1 Wklv lv

ehfdxvh shrsoh lq wklv prgho gr qrw pdnh wkh frqqhfwlrq ehwzhhq wkh lqfuhdvhv lq vxevlg| dqg

wkh lqfuhdvh lq wd{hv1

Xqghu wkh vhfrqg dvvxpswlrq/ wkh vwhdg| vwdwh frqglwlrq lv jrlqj wr eh=

x�+zu . k+4� ��,z
M � +�zM . +4� �,zu,V+k,+4� h�, . hf � �f,

y�++�zM . +4� �,zu,V+k,+4� h�,� hf . �f . ��k|zM
| ,

@ 41

Lq wklv fdvh/ fkdqjhv lq wd{hv dqg vxevlglhv wkdw gr qrw fkdqjh wkh sxeolf gh�flw kdyh qr

h�hfw rq lqyhvwphqw dv orqj dv wkhuh lv qr lqhtxdolw| lq wkh vwhdg| vwdwh1 Rq wkh rwkhu kdqg/

dq lqfuhdvh lq hf zlwkrxw dq| rwkhu fkdqjhv lq wd{hv ru vxevlglhv grhv lqfuhdvh lqyhvwphqw lq

56Wklv w|sh ri pxowlsolflw| ri vwhdg| vwdwhv/ vxvwdlqhg e| sulfh h�hfwv/ lv vlplodu wr wkh pxowlsolflw| lq Edqhumhh

dqg Qhzpdq/ 4<<61
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kxpdq fdslwdo +dw wkh h{shqvh ri lqfuhdvlqj wkh sxeolf gh�flw,1 Li/ krzhyhu/ wkhuh lv lqhtxdolw|

lq wkh vwhdg| vwdwh/ fkdqjhv lq sursruwlrqdo wd{hv dqg vxevlglhv kdyh glvwulexwlrqdo h�hfwv�dqg

dv d uhvxow wkhuh pd| eh dq h�hfw rq dyhudjh lqyhvwphqw hyhq li wkhuh lv qr fkdqjh lq wkh sxeolf

gh�flw1 Frqvlghu wkh fdvh lq Iljxuh 4/ zkhuh zh kdyh FDUD suhihuhqfhv dqg pxowlsoh vwhdg|

vwdwhv1 Wr vlpsoli| pdwwhuv/ dvvxph wkdw vxevlglhv duh oxps0vxp exw wd{hv duh sursruwlrqdo/

l1h1/ h� @ 3 dqg �f @ 3/ dqg wkdw wkhuh lv d edodqfhg exgjhw/ l1h1/ hf @ ��kz
M / zkhuh k lv wkh

phdq ohyho ri kxpdq fdslwdo1 Zlwk wkhvh dvvxpswlrqv zh fdq uhzulwh Htxdwlrq 43 dv

�zu � kzM . 5+�zM . +4� �,zu,V+k, . 5+k� k,��z
M @

4

�
orje �1

Iluvw frqvlghu zkdw kdsshqv iru �{hg ydoxhv ri zu dqg zM 1 Wkh h�hfw ri dq lqfuhdvh lq �� lv

vkrzq lq Iljxuh 4 Dq lqfuhdvh lq �� vkliwv wkh ohiw0kdqg vlgh ri wkh deryh htxdwlrq grzq iru

orz ydoxhv ri k dqg xs iru kljk ydoxhv ri k1 Iru vpdoo fkdqjhv lq �� vwduwlqj dw �� @ 3/ wkh

vwdeoh vwhdg| vwdwh dw k @ 3 uhpdlqv dqg wkh vwdeoh �jrrg� vwdwh dv k2 pryhv ohiw1 Li zh wklqn

ri wkh srsxodwlrq dv ehlqj lqlwldoo| glvwulexwhg dfurvv wkhvh wzr vwhdg| vwdwhv/ lw lv fohdu wkdw

wkh h�hfw ri lqfuhdvlqj �� lv wr uhgxfh wkh phdq ohyho ri kxpdq fdslwdo1 Krzhyhu/ iru odujhu

lqfuhdvhv lq ��> wkh vwhdg| vwdwhv dw k @ 3 dqg k� ydqlvk/ dqg wkh hqwluh srsxodwlrq hqgv xs

dw k2= Wklv whoov xv wkdw kljkhu wd{hv fdq eulqj derxw pruh lqyhvwphqw1 Krzhyhu wkh dujxphqw

lv lqfrpsohwh�vr idu zh kdyh nhsw wkh ydoxhv ri zu dqg zM �{hg1 Krzhyhu qrwh wkdw zh fdq

plqlpl}h wkh fkdqjhv lq zu dqg zM e| pdnlqj wkh hodvwlflw| ri vxevwlwxwlrq lq surgxfwlrq kljk

hqrxjk1 Wkhuhiruh wkh vdph uhvxow/ qdpho| wkdw d oxps0vxp vxevlg| �qdqfhg e| d sursruwlrqdo

wd{ rq kxpdq fdslwdo/ fdq lqfuhdvh lqyhvwphqw lq kxpdq fdslwdo krogv hyhq zkhq1 zu dqg zM

duh hqgrjhqrxv1 Hvvhqwldoo|/ uhglvwulexwlrq khuh khosv vwduw d yluwxrxv f|foh dqg wklv ohdgv wr d

odujh lqfuhdvh lq kxpdq fdslwdo1

Wkh idfw wkdw wkh vwhdg| vwdwh lv qrw xqltxh hyhq zkhq wkhuh lv qr lqhtxdolw| lq wkh vwhdg|

vwdwh vxjjhvwv d gl�huhqw srvvlelolw| iru d yluwxrxv f|foh1 Vxssrvh vwduwlqj dw d �edg� vwhdg|

vwdwh/ wkh jryhuqphqw eruurzv prqh| deurdg dqg lqyhvwv lw lq d sursruwlrqdo vxevlg| wr kxpdq

fdslwdo1 Li wkh vxevlg| lv odujh hqrxjk/ wklv fdq vhw r� d yluwxrxv f|foh zkhuh wkhuh lv pruh dqg

pruh kxpdq fdslwdo dqg wkhuhiruh lqyhvwphqw lq kxpdq fdslwdo ehfrphv fkhdshu dqg fkhdshu1

Dv wkh hfrqrp| jhwv ulfkhu/ wkh jryhuqphqw fdq udlvh wd{hv dqg uhsd| wkh lqlwldo ghew1

Udlvlqj uhwxuqv wr hgxfdwlrq1

Wkh h�hfw ri fkdqjhv lq uhwxuqv wr hgxfdwlrq duh ehvw vhhq e| orrnlqj dw wkh vwhdg| vwdwh
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frqglwlrq zlwk FUUD suhihuhqfhv +zlwk � @ 4,=

j+k> d, . k

V+k,
@ 4 . +

4

�
,
�
k 1

Lw lv fohdu wkdw d vkliw lq � wkdw vkliwv j+k> �, grzq +d vnloo0eldvhg fkdqjh,/ kdv wr uhgxfh

lqyhvwphqw lq hgxfdwlrq/ vlqfh dw dq| vwdeoh vwhdg| vwdwh wkh ixqfwlrq }E�c@�n�
7E�� kdv wr eh d gh0

folqlqj ixqfwlrq ri k1 Dq lqfuhdvh lq wkh uhzdugv iru kxpdq fdslwdo dozd|v uhgxfhv lqyhvwphqw lq

kxpdq fdslwdo lq wklv fdvh/ ehfdxvh lw pdnhv whdfkhuv pruh h{shqvlyh dqg hgxfdwlrq lv surgxfhg

xvlqj whdfkhuv1 Fohduo| wkh vwuhqjwk ri wklv uhvxow ghulyhv iurp wkh idfw wkdw jlyhq wkh vshfl�fd0

wlrq ri suhihuhqfhv/ wkh vl}h ri wkh uhzdugv iurp hgxfdwlrq gr qrw pdwwhu wr wkh sduhqwv1 Zkloh

wklv lv fohduo| dq h{wuhph dvvxpswlrq/ lw lv qrw lpsodxvleoh wkdw sduhqwv zloo fduh ohvv derxw wkh

uhwxuqv wr hgxfdwlrq wkdq derxw wkh frvwv/ jlyhq wkdw wkh| sd| wkh frvwv dqg wkhlu fkloguhq jhw

wkh uhwxuqv1

717 Olplwhg Ixqfwlrqdo Dowuxlvp= Wkh H�hfwv ri Lqfrpsohwh Lqwhu0jhqhudwlrqdo

Frqwudfwv

Wkh prgho ri ixqfwlrqdo dowuxlvp edvhg rq wkh lghd ri d judqg idplo| frqwudfw fohduo| vwuhwfkhv

wkh olplwv ri hqirufhdelolw|1 Shukdsv d pruh sodxvleoh dvvxpswlrq lv wkdw wkh lqwhu0jhqhudwlrqdo

frqwudfw lv lqfrpsohwh= lw fdqqrw vshfli| wkh h{dfw reoljdwlrqv ri sduhqwv dqg fkloguhq/ doo lw fdq

gr lv uhtxluh wkdw fkloguhq wdnh fduh ri wkhlu sduhqwv dw d ohyho frpphqvxudwh zlwk wkhlu rzq

frqvxpswlrq ohyhov157 Wklv jlyhv sduhqwv wkh lqfhqwlyh wr lqyhvw lq wkhlu fkloguhq*v hgxfdwlrq dv

d zd| ri lqfuhdvlqj wkh fkloguhq*v frqvxpswlrq dqg wkhuhiruh wkhlu rzq frqvxpswlrq1

Zh fdswxuh wklv w|sh ri ehtxhvw suhihuhqfh e| dvvxplqj wkdw hdfk jhqhudwlrq fduhv dexw lwv

vkduh ri wrwdo idplo| frqvxpswlrq zkhq lw lv plggoh0djhg dqg zkhq lw lv rog= x+�f|, . �x++4�
�,f|n�, zkhuh x+�, lv dq lqfuhdvlqj/ frqfdyh dqg wzlfh gl�huhqwldeoh ixqfwlrq dqg � lv wkh vkduh

ri idplo| frqvxpswlrq wkdw jrhv wr wkh plggoh0djhg1 Wkh exgjhw frqvwudlqw lv vwloo jlyhq e|

Htxdwlrq 91

Zkdw pdnhv wklv fdvh vrphzkdw ohvv wudfwdeoh wkdq suhylrxv rqhv lv wkdw wkhuh lv d frq lfw

ri lqwhuhvw ehwzhhq wkh jhqhudwlrqv�wkh fxuuhqw jhqhudwlrq fduhv rqo| derxw wkh qh{w/ zkloh

57 Lq pdq| frxqwulhv sduhqwv olyh zlwk wkhlu jurzq xs fkloguhq dqg vkduh wkh vwdqgdug ri olylqj ri wkhlu fkloguhq1
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wkh qh{w jhqhudwlrq fduhv derxw wkh rqh diwhu158 Wklv udlvhv wkh lvvxh ri vwudwhjlf lqwhudfwlrqv

ehwzhhq wkh jhqhudwlrqv�h{ dqwh hdfk jhqhudwlrq zrxog olnh wr surplvh wkdw lw zloo frqvxph

hyhu| groodu wkdw lw jhwv iurp lwv sduhqw*v lqyhvwphqw +wklv pd{lpl}hv wkh sduhqw*v zloolqjqhvv wr

lqyhvw,1 H{ srvw/ lw zloo zdqw wr vkduh vrph ri wkdw prqh| zlwk wkhlu rzq fkloguhq1 Dvvxplqj

wkdw elqglqj frqwudfwv duh qrw srvvleoh/ hdfk jhqhudwlrq*v pd{lpl}dwlrq sureohp vkrxog wdnh

dffrxqw ri wkh qh{w jhqhudwlrq*v htxloleulxp ghflvlrq uxoh iru doorfdwlqj wkhlu hduqlqjv ehwzhhq

frqvxpswlrq dqg kxpdq fdslwdo lqyhvwphqw1 Xqiruwxqdwho|/ wklv jlyhv ulvh wr wkh srvvlelolw| ri

pxowlsoh htxloleuld/ zklfk gl�hu lq wkh ghflvlrq uxoh dgrswhg e| hdfk jhqhudwlrq1 Wr olplw wkh

qxpehu ri htxloleuld/ zh frq�qh rxuvhoyhv wr orrnlqj rqo| dw wkh vhw ri Pdunryldq htxloleuld1

Wkhvh duh htxloleuld zkhuh hdfk jhqhudwlrq xvhv d ghflvlrq uxoh ri wkh irup k|n�+k|,1 Lq rwkhu

zrugv/ wkh kxpdq fdslwdo lqyhvwphqw e| hdfk jhqhudwlrq ghshqgv rqo| rq wkh dprxqw ri kxpdq

fdslwdo wkdw lw jrw iurp lwv sduhqw dqg wkh lqgh{ ri wlph159 Lw lv hdvlo| fkhfnhg wkdw vxfk dq

htxloleulxp h{lvwv1

Krzhyhu/ wklv e| lwvhoi grhv qrw whoo xv yhu| pxfk derxw wkh vwhdg| vwdwhv ri wklv hfrqrp|

vlqfh hyhu|wklqj ghshqgv rq wkh ixqfwlrq k|n�+k|,/ zklfk lwvhoi lv ghwhuplqhg lq htxloleulxp1 Lq

rughu wr xqghuvwdqg wkh srvvlelolwlhv wkdw dulvh lq wklv fdvh/ zh qhhg wr orrn dw d sdudphwulf

h{dpsoh= Zh vkrz wkdw iru d vshfl�f fkrlfh ri sdudphwhuv/ k|n�+k|, lv olqhdu dqg wklv doorzv xv

wr fkdudfwhul}h wkh vroxwlrq lq pruh ghwdlo1

71714 D olqhdu0txdgudwlf h{dpsoh

Dvvxph wkdw x+{, @ {� �
2!{

21 Dvvxph dovr wkdw v+k|n�> k|, @ v � k|n� dqg wkdw � @ 41 Xvlqj

wkh exgjhw frqvwudlqw zh uhzulwh wkh idplo|*v pd{lpdqg dv=

x+�+zu
| . k|+4� ��,z

M
| � +�zM

| . +4� �,zu
| ,v+k|n�> k|,+4� h�, . hf � �f,,

.�x++4� �,+zu
|n� . k|n�+4� � �,z

M
|n� � +�zM

|n� . +4� �,zu
|n�,v+k|n2> k|n�,+4� h�, . hf � �f,,1

Wkh �uvw rughu frqglwlrq iru xwlolw| pd{lpl}dwlrq zlwk uhvshfw wr k|n� wxuqv rxw wr eh=

58Vhh Ehuqkhlp dqg Ud| +4<;:, iru d gl�huhqw prgho ri wklv fodvv/ zklfk/ rqfh djdlq looxvwudwhv wkh gl!fxowlhv

ri zrunlqj zlwk vxfk prghov1
59Wkh lqgh{ ri wlph lv wkhuh wr doorz iru wkh srvvlelolw| wkdw �M dqg �u fkdqjh dorqj wkh htxloleulxp sdwk1
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x�+�f|,�+�z
M
| . +4� �,zu

| ,v+4� h�, +45,

@ �x�++4� �,f|n�,+4� �,^zM
|n�+4� ��,� v+�zM

|n� . +4� �,zu
7|n�,+4� h�,

gk|n2
gk|n�

`1

Zh qrz fodlp/ wkdw jlyhq rxu dvvxpswlrqv derxw suhihuhqfhv dqg wkh surgxfwlrq whfkqrorj|

iru kxpdq fdslwdo/ wkhuh lv d olqhdu vroxwlrq wr wklv pd{lpl}dwlrq sureohp1 Lq rwkhu zrugv/ wkhuh

lv d vroxwlrq wkdw wdnhv wkh irup _�|n�
_�|

@ �|>;w1 Wr vkrz wklv/ dvvxph wkdw _�|n2

_�|n�
@ �|n� dqg

gl�huhqwldwh Htxdwlrq 45 zlwk uhvshfw wr k| wr jhw +xvlqj dovr wkh idfw wkdw x��+f|, @ x��+f|n�, @

!,=

�2^zM
| +�zM

| . +4� �,zu
| ,v+4� h�,+4� ��,� +�zM

| . +4� �,zu
| ,

2v2+4� h�,
2gk|n�

gk|
+̀46,

@ +4� �,2�
gk|n�
gk|

^zM
|n�+4� ��,� v+4� h�,+�z

M
| . +4� �,zu

| ,�|n�`
21

Wklv htxdwlrq gh�qhv _�|n�
_�|

lq whupv ri d vhw ri frqvwdqwv dqg �|n�1 Dv orqj dv �|n� lv d

frqvwdqw/ _�|n�
_�|

zloo dovr eh d frqvwdqw/ zklfk frq�upv wkdw wkhuh lv d vroxwlrq zlwk wkh surshuw|

wkdw _�|n�
_�|

@ �|/ ;w1
Xvlqj wkh vwhdg| vwdwh frqglwlrqv +lqfoxglqj wkh idfw wkdw �| @ �|n� @ �,/ Htxdwlrq 46

uhgxfhv wr=

v
4� h�
4� ��

^
4

+� . +4� �,j+k,,
� v+

4� h�
4� ��

,�` @ ��+
4� �

�
,2^

4

+� . +4� �,j+k,,
� v+

4� h�
4� ��

,�`2

ru

v @
��

+ >
�3>,

2 . ��2
4� ��
4� h�

^
4

+� . +4� �,j+k,,
` +47,

zkhuh k lv wkh dyhudjh dprxqw ri kxpdq fdslwdo lq wkh hfrqrp| lq wkh vwhdg| vwdwh1

Wkh wzr vlghv ri wklv htxdwlrq duh uhsuhvhqwhg lq Iljxuh 61 Wkh uljkw0kdqg vlgh/ uhsuhvhqwhg

dv K+�,/ gh�qhv d qrq0prqrwrqlf ixqfwlrq ri � iru dq| �{hg ydoxh ri k= Lw lv forvh wr }hur dqg

lqfuhdvlqj iru � lq wkh qhljkerukrrg ri }hur exw ghfuhdvhv wrzdugv }hur iru kljk ydoxhv ri �1

Wkhuhiruh/ li wkhuh lv dw ohdvw rqh ydoxh ri � wkdw vroyhv wklv htxdwlrq wkhuh pxvw eh wzr1 Lq

Iljxuh 6/ wkhvh wzr vwhdg| vwdwhv duh lghqwl�hg dv � dqg �1 Qrwh wkdw erwk � dqg � duh srvlwlyh=

dv lq wkh suhylrxv prghov/ sduhqwv zlwk pruh hgxfdwlrq zloo kdyh fkloguhq zlwk pruh hgxfdwlrq1

Wkh pxowlsolflw| ri srvvleoh ydoxhv iru � kdv d vlpsoh h{sodqdwlrq�d kljk ydoxh ri � phdqv

wkdw hdfk jhqhudwlrq uhvsrqgv wr dq lqfuhdvh lq lwv rzq kxpdq fdslwdo e| vxevwdqwldoo| lqfuhdvlqj
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lqyhvwphqw lq lwv fkloguhq*v kxpdq fdslwdo1 Wklv dprxqwv wr vd|lqj wkdw wkh fxuuhqw jhqhudwlrq

ri plggoh0djhg jhw d orz udwh ri uhwxuq rq wkhlu lqyhvwphqw lq fkloguhq�dv lv zhoo0nqrzq/ shrsoh

pd| lqyhvw pruh zkhq wkh udwh ri uhwxuq lv orz/ li wkh lqfrph h�hfw lv vwurqj hqrxjk15:

Zh gr qrw wdnh d vwdqg rq zklfk ri � dqg � lv wkh uljkw vroxwlrq1 Wkh xvxdo phwkrg ri xvlqj

wkh vwdelolw| surshuwlhv wr holplqdwh vroxwlrqv lv sureohpdwlf khuh jlyhq wkh frpsoh{/ iruzdug0

orrnlqj g|qdplfv dvvrfldwhg zlwk Htxdwlrq 461

Krzhyhu zh fdq vd| vrphwklqj pruh derxw wkh surshuwlhv ri �= Uhzulwh vwhdg| vwdwh frqglwlrq

45 lq wkh irup

v @
�

>��EE>S�
E�3>���EE�3>�S� . ��

4� ��
4� h�

^
4

+� . +4� �,j+k,,
`1 +48,

dqg frpelqh lw zlwk htxdwlrq 47 wr jhw1

�
x�+�f,

x�++4� �,f,
@

�

4� �
1 +49,

Wklv lpphgldwho| lpsolhv wkdw � � 4 li dqg rqo| li � � 4@51 Lq wkh fdvh zkhuh � A 4 g|qdvwlf

wudmhfwrulhv zloo whqg wr glyhujh�d srvlwlyh vkrfn wr k|/ vwduwlqj dw wkh vwhdg| vwdwh/ zloo jhqhudwh

dq hyhq odujhu lqfuhdvh lq k|n� dqg vr rq1 Wkh fdvh zkhuh � ? 4@5 zklfk fruuhvsrqgv wr wkh

fdvh/ qrw lpsodxvleoh lq wkh frqwh{w ri ghyhorslqj frxqwulhv/ zkhuh wkh edodqfh idyruv wkh hoghuo|/

lv ehwwhu ehkdyhg vlqfh lw lpsolhv � ? 41 Lq wklv fdvh g|qdvwlhv zloo uhwxuq wr wkhlu vwhdg| vwdwh

ydoxhv iroorzlqj d vkrfn1 Khqfhiruwk zh zloo irfxv rq wkh fdvh zkhuh � ? 4@5 dqg � ? 4=

Ilqdoo| revhuyh wkdw wkh vwhdg| vwdwh frqglwlrq 48 lv qrw xqolnh wkh fruuhvsrqglqj frqglwlrq

iru wkh �uvw0ehvw fdvh/ wkh rqh gl�huhqfh ehlqj wkdw � kdv ehhq uhsodfhg e| B
>��EE>S�

E�3>���EE�3>�S�
nB#

= Lw lv

qrw fohdu krz wkhvh qxpehuv frpsduh vlqfh wkhuh lv qr uhdvrq zk| wkh ��v vkrxog eh wkh vdph/

exw li wkh| zhuh wkh vdph/ wkhq/ dw ohdvw iru � qrw wrr gl�huhqw iurp 4@5> lw fdq eh vkrzq wkdw

B
>��EE>S�

E�3>���EE�3>�S�
nB#

A �= Lq rwkhu zrugv/ d uhvxow ri wkh vwudwhjlf lqwhudfwlrq ehwzhhq wkh jhqhudwlrqv

lv wkdw wkhuh lv xqghulqyhvwphqw lq hgxfdwlrq1

Lqhtxdolw|= Wkhvh gl�huhqw ydoxhv ri � uhsuhvhqw gl�huhqw g|qdvwlf vwudwhjlhv1 Wkh| zloo

w|slfdoo| ohdg wr orqj0uxq lqhtxdolw| lq wkh vhqvh wkdw wkrvh g|qdvwlhv zloo kdyh gl�huhqw vwhdg|

vwdwh ohyhov ri frqvxpswlrq dqg kxpdq fdslwdo1 Wr vhh wklv/ revhuyh wkdw dv orqj dv � ? 4@5/

5:Wkh uljkw0kdqg vlgh ri Htxdwlrq 45 pxvw eh qrq0qhjdwlyh/ zklfk lpsolhv wkdw # pxvw eh vxfk wkdw #3� D
rE�nE�3��}E��E�3e���*E�3���1 Krzhyhu/ wklv lv dozd|v wkh fdvh/ vlqfh iurp Htxdwlrq 48 rE�nE�3��}E��E�3
e���*E�3 ��� '

B#

E �

4��
�5nB#5

	 #3�1
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��E>S�
��EE�3>�S� @ �3�>S

�3�E�3>�S lv lqfuhdvlqj lq f1 Lw iroorzv iurp Htxdwlrq 49 wkdw lq wklv fdvh/ kljk

ydoxhv ri � zloo eh dvvrfldwhg zlwk orz ydoxhv ri vwhdg| vwdwh frqvxpswlrq1 5;

Xqltxhqhvv= Dv vxjjhvwhg lq wkh suhylrxv vxe0vhfwlrq/ rqfh wkhuh lv lqhtxdolw| lq wkh vwhdg|

vwdwh/ wkh suhvxpswlrq lv wkdw wkhuh zloo dovr eh pxowlsoh vwhdg| vwdwhv= lqwxlwlyho|/ dq hfrqrp|

zklfk vwduwv zlwk rqo| kljk � g|qdvwlhv zloo eh gl�huhqw iurp dq hfrqrp| zklfk vwduwv zlwk rqo|

orz � g|qdvwlhv/ hyhq lq wkh orqj0uxq1 Krzhyhu/ dv ehiruh/ lw lv dovr zruwk fkhfnlqj zkhwkhu

wkhuh fdq eh pxowlsoh vwhdg| vwdwhv zlwkrxw dq| lqhtxdolw|1 Lq htxdwlrq 48/ wkhuh lv |hw dqrwkhu

srvvleoh vrxufh ri pxowlsolflw|1 Krzhyhu dfwxdoo| ghprqvwudwlqj pxowlsolflw| zloo uhtxluh d pruh

lqyroyhg glvfxvvlrq wkdq zh ihho lv dssursuldwh khuh1 Zh wkhuhiruh frq�qh rxuvhoyhv wr h{sodlqlqj

wkh orjlf ri wkh frqvwuxfwlrq= Vxssrvh k zhuh wr jr grzq iru vrph uhdvrq1 Wklv sxvkhv wkh fxuyh

xs lq Iljxuh 6 ehfdxvh j+k, jrhv grzq1 Dv zh nqrz/ wkh h�hfw wklv kdv rq � ghshqgv rq wkh

lqlwldo ydoxh ri �= Dvvxplqj doo g|qdvwlhv vwduwhg zlwk � @ �/ � jrhv grzq/ zklfk phdqv wkdw lq

wkh vwhdg| vwdwh/ k kdv wr jr xs +dvvxplqj � ? 4@5,> frqwudglfwlqj rxu suhplvh wkdw k kdg jrqh

xs1 Wklv whoov xv wkdw wkhuh fdqqrw eh pxowlsoh vwhdg| vwdwhv lq wklv fdvh1 Qrz frqvlghu wkh fdvh

zkhuh lqlwldoo| hyhu|rqh zdv dw � Wkh uhdvrqlqj lv h{dfwo| wkh vdph exw qrz � jrhv xs/ sxvklqj

k grzq1 Wkhuh lv �srvlwlyh ihhg0edfn�> fuhdwlqj wkh srvvlelolw| ri pxowlsolflw|1

Wkh edvlf lqwxlwlrq iru wkh pxowlsolflw| lv forvho| wr uhodwhg wr wkh h{sodqdwlrq iru zk| wkhuh

duh wzr htxloleulxp ydoxhv ri �= Dq lqfuhdvh lq k orzhuv wkh udwh ri uhwxuq wr kxpdq fdslwdo/

zklfk kdv erwk dq lqfrph h�hfw dqg d vxevwlwxwlrq h�hfw1 Lqyhvwphqw jrhv xs zkhq wkh lqfrph

h�hfw grplqdwhv1

Wd{hv/ vxevlglhv dqg uhwxuqv wr kxpdq fdslwdo= Oxps0vxp wd{hv dqg vxevlglhv gr qrw

hqwhu Htxdwlrqv 47 dqg 49 dqg wkhuhiruh kdyh qr gluhfw h�hfw rq wkh vwhdg| vwdwh ydoxhv ri � dqg

f1 Krzhyhu vlqfh lq vwhdg| vwdwh f @ zu.kzM+4���,�vk+�zM .+4��,zu,+4� h�,.hf��f/

dq lqfuhdvh lq wkh qhw +oxps0vxp, vxevlg| wr wkh krxvhkrog vhfwru zloo ohdg wr d ghfuhdvh lq k

iru dq| �{hg f/5< zklfk udlvhv wkh fxuyh lq Iljxuh 61 Wklv zloo ohdg wr d idoo lq � dqg dq lqfuhdvh

lq �1 Iru wkrvh zkr zhuh lqlwldoo| dw �/ wkh h�hfw zloo eh wr lqfuhdvh f dqg k +djdlq dvvxplqj

� ? 4@5,1 Iru wkrvh zkr zhuh lqlwldoo| dw �/ wkhuh zloo eh d idoo lq erwk f dqg k1

5;Vlqfh S lv w|slfdoo| lqfuhdvlqj dv d ixqfwlrq ri �/ wklv lpsolhv wkdw kljk ydoxhv ri wkh pdujlqdo surshqvlw| wr

lqyhvw lq hgxfdwlrq zloo jr zlwk ohvv ryhudoo lqyhvwphqw1 Pruhryhu/ vlqfh �|n�E�|� ' �f n #�|/ wklv lpsolhv wkdw

kljk ydoxhv ri # zloo jr zlwk orz ydoxhv ri �f1
5<Wklv iroorzv iurp rxu pdlqwdlqhg dvvxpswlrq wkdw
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Dq lqfuhdvh lq �� kdv d gluhfw qhjdwlyh h�hfw rq k> zklfk fdq eh vhhq iurp htxdwlrq 48/

xqghu wkh dvvxpswlrq wkdw f dqg � duh �{hg1 Wklv lv wkh vwdqgdug glvlqfhqwlyh h�hfw1 Krzhyhu

lw dovr sxvkhv wkh fxuyh grzq lq Iljxuh 6/ zklfk udlvhv � dqg uhgxfhv �1 Iru wkrvh zkr vwduwhg

dw � wklv zloo ohdg wr d ixuwkhu idoo lq k +dvvxplqj � ? 4@5,1 Iru wkrvh zkr vwduwhg dw �/ wklv

zrxog frxqwhudfw wkh lqlwldo idoo lq k wkrxjk zh gr qrw |hw nqrz zkhwkhu wkh qhw h�hfw fdq eh

srvlwlyh1 Wkh vdph orjlf dovr dssolhv wr wkh fdvh ri dq lqfuhdvh lq wkh uhwxuq wr kxpdq fdslwdo1

Vwduwlqj dw � wkh h�hfw lv dozd|v srvlwlyh/ exw zh fdqqrw uxoh wkh srvvlelolw| wkdw lw lv qhjdwlyh

zkhq � @ �=

8 Frqfoxvlrq

Wkh pdlq srlqw ri wklv sdshu zdv wr xqghuvfruh wkh lpsruwdqw gl�huhqfhv ehwzhhq wkh lpsol0

fdwlrqv ri dowhuqdwlyh zd|v ri prgholqj wkh idplo| lq d zruog zkhuh hgxfdwlrqdo lqyhvwphqw lv

odujho| �qdqfhg e| wkh idplo|1 Wkh wzr srodu prghov wxuq rxw wr vkduh pdq| ri wkh ihdwxuhv

ri wkh prgho zlwk fuhglw pdunhwv1 Wklv frqwudvwv zlwk zkdw zh �qg lq wkh wzr lqwhuphgldwh

prghov�wkh lqfrpsohwh frqwudfw prgho dqg wkh zdup0jorz prgho�wkrxjk lw vkrxog eh hpskd0

vl}hg wkdw wkh uhvxowv iurp wkh lqfrpsohwh prgho duh txlwh whqwdwlyh1

Hpskdvl}lqj wkhvh gl�huhqfhv lv lpsruwdqw dv pdq| txhvwlrqv ri ixqgdphqwdo lpsruwdqfh lq

pdnlqj hgxfdwlrqdo srolf| wxuq rq wkhp1 Krzhyhu/ lw vkrxog eh qrwhg wkdw wkh pdlq gl�huhqfhv

duh lq wkh orqj0uxq1 Lq wkh vkruw uxq/ doo wkh prghov kdyh lq frpprq wkh idfw wkdw wkhuh duh

lqfrph h�hfwv�wkh pruh hgxfdwhg zloo lqyhvw pruh lq wkhlu fkloguhq*v hgxfdwlrq1 Wkhvh dulvh

iurp wkh devhqfh ri fuhglw pdunhwv iru �qdqflqj kxpdq fdslwdo lqyhvwphqw wkdw doo wkh prghov

vkduh/ d uhodwlyho| xqfrqwuryhuvldo dvvxpswlrq dw ohdvw lq wkh frqwh{w ri OGFv1 Exw wkhvh lqfrph

h�hfwv vhhp wr eh ohvv lpsruwdqw iru wkh orqj0uxq rxwfrph lq wkh wzr prghov wkdq wkh| duh

lq wkh rwkhu wzr prghov1 Lq rwkhu zrugv/ zkloh wkh suhvhqfh ri lqfrph h�hfwv grhv mxvwli| d

ghjuhh ri lqwhuyhqwlrqlvp hyhq lq wkh srodu prghov/ vxfk lqwhuyhqwlrqlvp frphv zlwk d orqj0uxq

frvw/ zkhuhdv lq wkh wzr lqwhuphgldwh prghov erwk orqj0uxq dqg vkruw0uxq frqvlghudwlrqv pljkw

mxvwli| d pruh lqwhuyhqwlrqlvw vwdqfh1

Ri frxuvh/ wkh revhuydwlrq ri wkh phuh idfw ri gl�huhqfh lv xowlpdwho| ohvv vdwlvi|lqj wkdq xq0

ghuvwdqglqj h{dfwo| zk| wkhvh gl�huhqfhv dulvh1 Dv zh vdlg lq wkh lqwurgxfwlrq/ rqh nh| gl�huhqfh

ehwzhhq wkhvh prghov frphv iurp wkh h{whqw ri doljqphqw ri lqwhuhvwv ehwzhhq wkh jhqhudwlrqv1
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Wkh irupdo dqdo|vlv deryh sduwldoo| uhlqirufhv wklv fodlp1 Wkh nh| vrxufh ri vlplodulw| ehwzhhq

wkh wzr srodu prghov frphv iurp wkh idfw wkdw/ lq wkh hqg/ wkh lqyhvwphqw ghflvlrq h�hfwlyho|

frphv grzq wr d wudgh0r� ehwzhhq fxuuhqw dqg ixwxuh frqvxpswlrq iru wkh vdph jhqhudwlrq1

Vlqfh frqvxpswlrq lq hyhu| shulrg lv frqvwdqw lq wkh vwhdg| vwdwh/ wkh fxuuhqw pdujlqdo xwlolw|

ri frqvxpswlrq lv htxdo wr wkdw lq wkh ixwxuh dqg wkhuhiruh wkh pdujlqdo xwlolw| whupv fdqfho

rxw dqg gr qrw hqwhu wkh vwhdg| vwdwh frqglwlrq1 E| frqwudvw/ lq wkh wzr lqwhuphgldwh prghov/

ehfdxvh ri wkh lqdelolw| wr doljq lqfhqwlyhv/ wkh pdujlqdo xwlolw| whupv gr qrw fdqfho rxw dqg duh

lq idfw wkh vrxufh ri doo wkh lqwhuhvwlqj uhvxowv1 Lq sduwlfxodu/ wkh rqh fdvh zkhuh wkhuh lv dozd|v

d xqltxh vwhdg| vwdwh ydoxh ri � lq wkh lqfrpsohwh frqwudfwv prgho lv zkhq � @ 4@5 +iurp Htxd0

wlrq 49 lw lv lpphgldwh wkdw lq wklv fdvh � @ 4,1 Exw � @ 4@5 dovr pdnhv wkh fxuuhqw dqg ixwxuh

frqvxpswlrq ri hyhu| jhqhudwlrq htxdo/ lq h�hfw pdnlqj wkh vwhdg| vwdwh ydoxh ri wkh pdujlqdo

udwh ri vxevwlwxwlrq ehwzhhq fxuuhqw frqvxpswlrq dqg lqyhvwphqw lq fkloguhq d frqvwdqw1

Li wklv lqwxlwlrq lv fruuhfw/ lw vxjjhvwv wkdw wkh wzr srodu prghov duh dfwxdoo| txlwh vshfldo�li

iru h{dpsoh wkhuh lv h{rjhqrxv jurzwk dqg vwhdg| vwdwh frqvxpswlrq jurzv/ wkh vwhdg| vwdwh

ydoxh ri wkh pdujlqdo udwh ri vxevwlwxwlrq ehwzhhq fxuuhqw frqvxpswlrq dqg lqyhvwphqw lq fklo0

guhq zloo qr orqjhu eh d frqvwdqw/ hyhq lq wkhvh prghov zkhuh wkhuh vhhpv wr eh doljqphqw ri

lqwhuhvwv/ dqg wklv zloo zhdnhq wkh udwkhu vwdun surshuwlhv ri wkhvh fodvvhv ri prghov1 Pruhryhu/

dq| prgho zkhuh wkh h{dfw vkdsh ri shrsoh*v rzq xwlolw| ixqfwlrq dqg wkh xwlolw| wkh| jhw/ gl0

uhfwo| ru lqgluhfwo|/ iurp wkhlu ehtxhvwv wr wkhlu fkloguhq duh gl�huhqw/ kdv wkh srwhqwldo wr eh

yhu| gl�huhqw iurp wkh wzr srodu prghov1

Lq sduw wklv vxjjhvwv wkdw zh qhhg pruh wkhruhwlfdo uhvhdufk dlphg wrzdugv sxwwlqj vrph

vwuxfwxuh rq wkh qdwxuh ri idplo| ghflvlrq0pdnlqj1 Udqjho +4<<<, lv rqh h{dpsoh ri wklv w|sh ri

zrun/ dujxlqj wkdw wkh uhtxluhphqw wkdw wkh lpsolflw frqwudfw zlwklq wkh idplo| eh hqirufhdeoh

lpsrvhv lpsruwdqw uhvwulfwlrqv rq wkh idplo|*v fkrlfhv1 Lq sduw lw vxjjhvwv dq hpslulfdo djhqgd

dlphg wrzdugv lghqwli|lqj dqg whvwlqj wkh shfxoldu lpsolfdwlrqv ri wkhvh dqg rwkhu prghov ri wkh

idplo|1 Dv srlqwhg rxw douhdg|/ ehfdxvh doo ri wkhvh prghov glvsod| lqfrph h�hfwv/ wkhlu vkruw

uxq lpsolfdwlrqv whqg wr eh txlwh vlplodu1 Krzhyhu/ dv srlqwhg rxw e| Huplvfk +4<<9, vrph ri

wkh lpsolfdwlrqv ri ixqfwlrqdo dowuxlvp/ hvshfldoo| derxw wkh uhdfwlrq wr dq lqfuhdvh lq wkh fklog*v

lqfrph/ duh txlwh gl�huhqw iurp wkh lpsolfdwlrqv ri wuxh dowuxlvp163 Erwk wklv nlqg ri hpslulfdo

zrun dqg uhodwhg h{shulphqwdo zrun/ kdyh dq hqruprxv frqwulexwlrq wr pdnh wr wkh zd| zh

63Klv frqfoxvlrq rq wkh edvlv ri klv hpslulfdo dqdo|vlv idyruv dowuxlvp1
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wklqn derxw hgxfdwlrq srolf|1

Uhihuhqfhv

0 0 0 0 0 Sxeolf uhsruw rq edvlf hgxfdwlrq lq Lqgld1 Ghokl> R{irug= R{irug Xqlyhuvlw| Suhvv/

53331

Dfhprjox/ G1 dqg M1 Dqjulvw +4<<<,/ �Krz Odujh duh wkh Vrfldo Uhwxuqv wr HgxfdwlrqB Hyl0

ghqfh iurp Frpsxovru| Vfkrrolqj Odzv�/ plphr/ PLW1

Dqguhrql/ M1 +4<;<,/ �Jlylqj zlwk Lpsxuh Dowuxlvp= Dssolfdwlrqv wr Fkdulw| dqg Ulfdugldq

Htxlydohqfh�/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ Yro1 <:/ ss1 477:0478;1

Dqjulvw/ M1 dqg D1 Nuxhjhu +4<<<,/ �Hpslulfdo Vwudwhjlhv lq Oderu Hfrqrplfv�/ lq Kdqgerrn ri

Oderu Hfrqrplfv/ Yroxph 6/ Dvkhqihowhu/ R1 dqg G1 Fdug +hgv1,/ Dpvwhugdp> Qhz \run=

Hovhylhu Vflhqwl�f/ ss45::046991

Edqhumhh/ D1 dqg D1 Qhzpdq +4<<6,/ �Rffxsdwlrqdo Fkrlfh dqg wkh Surfhvv ri Ghyhorsphqw�/

Mrxuqdo ri Srolwlfdo Hfrqrp|/ Yro1 434 +5,/ ss1 5:70<;1

Edqhumhh/ D1 dqg D1 Qhzpdq +4<<7,/ �Sryhuw| dqgZhoo0Ehlqj lq Ghyhorslqj Frxqwulhv= Sryhuw|/

Lqfhqwlyhv dqg Ghyhorsphqw�/ Dphulfdq Hfrqrplf Uhylhz Sdshuv dqg Surfhhglqjv/ Pd|/

ss1 54405481

Edukdp/ Y1 U1 Eurdgzd|/ P1 Pdufkdqg dqg S1 Shvwlhdx +4<<8,/ �Hgxfdwlrq dqg wkh Sryhuw|

Wuds�/ Hxurshdq Hfrqrplf Uhylhz/ Yro1 6</ ss1 458:045:81

Ehfnhu/ Jdu|/ D Wuhdwlvh rq wkh Idplo|1 Fdpeulgjh/ PD= Kduydug Xqlyhuvlw| Suhvv/ 4<;41

Ehkupdq/ M1/ U1 Sroodn dqg S1 Wdxepdq +4<;5,/ �Sduhqwdo Suhihuhqfhv dqg Surylvlrq iru

Surjhq|�/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ Yro1 <3+4,/ ss1 850:61

Ehuqkhlp/ E1 dqg G1 Ud| +4<;:,/ �Hfrqrplf Jurzwk dqg Lqwhujhqhudwlrqdo Dowuxlvp�/ Uhylhz

ri Hfrqrplf Vwxglhv/ Yro1 87/ ss1 55:05761

Elov/ P1 dqg S1 Nohqrz +4<<:,/ �Grhv Vfkrrolqj Fdxvh Jurzwk ru wkh Rwkhu Zd| DurxqgB�/

plphr/ Xqlyhuvlw| ri Urfkhvwhu1
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Fdug/ G1 dqg D1 Nuxhjhu +4<<5,/ �Grhv Vfkrro Txdolw| PdwwhuB Uhwxuqv wr Hgxfdwlrq dqg

wkh Fkdudfwhulvwlfv ri Sxeolf Vfkrrov lq wkh Xqlwhg Vwdwhv/� Mrxuqdo ri Srolwlfdo Hfrqrp|/

Yro1 433 +4,/ ss1 40731

Fduydokr/ L1 +5333,/ �Krxvhkrog Lqfrph dv d Ghwhuplqdqw ri Fklog Oderu dqg Vfkrro Hquroophqw

lq Eud}lo= Hylghqfh iurp d Vrfldo Vhfxulw| Uhirup�/ plphr1

Fr{/ G1 +4<;:,/ �Prwlyhv iru Sulydwh Lqfrph Wudqvihuv�/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ Yro1

<8/ ss1 83;08791

Fr{/ G1 +4<<3,/ �Lqwhujhqhudwlrqdo Wudqvihuv dqg Oltxlglw| Frqvwudlqwv�/ Txduwhuo| Mrxuqdo ri

Hfrqrplfv/ Yro1 438/ ss1 4;:054:1

Fr{/ G1 dqg J1 Mdnxevrq +4<<8,/ �Wkh Frqqhfwlrq Ehwzhhq Sxeolf Wudqvihuv dqg Sulydwh

Lqwhuidplo| Wudqvihuv�/ Mrxuqdo ri Sxeolf Hfrqrplfv/ Yro1 8:/ ss1 45<049:1

Fuhphu K1/ G1 Nhvvohu dqg S1 Shvwlhdx +4<<5,/ �Lqwhujhqhudwlrqdo Wudqvihuv zlwklq wkh Idplo|�/

Hxurshdq Hfrqrplf Uhylhz/ Yro1 69/ ss1 40491

Gx r/ H1 +5333,/ �Vfkrrolqj dqg Oderu Pdunhw Frqvhtxhqfhv ri Vfkrro Frqvwuxfwlrq lq Lq0

grqhvld= Hylghqfh iurp dq Xqxvxdo Srolf| H{shulphqw�/ QEHU Zrunlqj Sdshu &:;931

Huplvfk/ Mrkq +4<<9,/ �Sduhqwdo Vxssruw iru Kxpdq Fdslwdo Lqyhvwphqw e| \rxqj Dgxowv�/

Fhqwuh iru Hfrqrplf Srolf| Uhvhdufk Glvfxvvlrq Sdshu= 48691

Huplvfk/ M1 dqg P1 Iudqfhvfrql +5333,/ �Hgxfdwlrqdo Fkrlfh/ Idplolhv dqg \rxqj Shrsoh*v

Hduqlqjv�/ Wkh Mrxuqdo ri Kxpdq Uhvrxufhv/ Yro1 68+4,/ ss1 47604:91

Irvwhu/ D1 dqg P1 Urvhq}zhlj +5333,/ �Grhv Hfrqrplf Jurzwk Lqfuhdvh wkh Ghpdqg iru

VfkrrovB Hylghqfh iurp Uxudo Lqgld/ 4<9304<<<�/ plphr/ Fhqwhu iru Hfrqrplf Ghyho0

rsphqw dqg Srolf| Uhirup dqg Xqly1 ri Shqqv|oydqld1

Jdoru/ R1 dqg R1 Prdy +4<<<,/ �Iurp Sk|vlfdo wr Kxpdq Fdslwdo Dffxpxodwlrq= Lqhtxdolw|

lq wkh Surfhvv ri Ghyhorsphqw�/ plphr/ Eurzq Xqlyhuvlw|1

Jdoru/ R1 dqg G1 Wvlggrq +4<<:,/ �Wkh Glvwulexwlrq ri Kxpdq Fdslwdo dqg Hfrqrplf Jurzwk�/

Mrxuqdo ri Hfrqrplf Jurzwk/ Yro1 5 +4,/ ss1 <604571
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Jdoru/ R1 dqg M1 ]hlud +4<<6,/ �Lqfrph Glvwulexwlrq dqg Pdfurhfrqrplfv�/ Uhylhz ri Hfrqrplf

Vwxglhv/ Yro1 93 +4,/ ss 680851

Johzzh/ S1 dqg K1 Mdfre| +5333,/ �Hfrqrplf Jurzwk dqg wkh Ghpdqg iru Hgxfdwlrq= Lv wkhuh

d Zhdowk H�hfw�/ plphr/ Xqlyhuvlw| ri Plqqhvrwd1

Jorpp/ J1 dqg E1 Udylnxpdu +4<<5,/ �Sxeolf yhuvxv Sulydwh Lqyhvwphqw lq Kxpdq Fdslwdo=

Hqgrjhqrxv Jurzwk dqg Lqfrph Lqhtxdolw|�/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ Yro1 433 +7,/

ss ;4;0;67

Mdfre|/ K1 +4<<7,/ � Eruurzlqj Frqvwudlqwv dqg Surjuhvv wkurxjk Vfkrro= Hylghqfh iurp Shux�/

Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ Yro1 :9+4,/ ss1 4840931

Nrfkdu/ Dqmlql +5333,/ �Hphujlqj Fkdoohqjhv iru Lqgldq Hgxfdwlrq Srolf|�/ plphr/ Vwdqirug1

Nrwolnr�/ O1 dqg D1 Vslydn +4<;4,/ �Wkh Idplo| dv dq Lqfrpsohwh Dqqxlwlhv Pdunhw�/ Mrxuqdo

ri Srolwlfdo Hfrqrp|/ Yro1 ;< +5,/ ss 6:506<41

Orxu|/ J1 +4<;4,/ �Lqwhujhqhudwlrqdo Wudqvihuv dqg wkh Glvwulexwlrq ri Hduqlqjv�/ Hfrqrphw0

ulfd/ Yro1 7</ ss ;760;9:1

Prrnkhumhh/ G1 dqg G1 Ud| +5333,/ �Shuvlvwhqw Lqhtxdolw|�/ plphr/ Ervwrq Xqlyhuvlw|1

Svdfkdursrxorv/ J1 +4<<7,/ �Uhwxuqv wr Lqyhvwphqwv lq Hgxfdwlrq= D Joredo Xsgdwh�/ Zruog

Ghyhorsphqw/ Yro1 55+<,/ ss1 4658046761

Udqjho/ Dqwrqlr +4<<<,/ �Iruzdug dqg Edfnzdug Lqwhujhqhudwlrqdo Jrrgv= D Wkhru| ri Lqwhu0

jhqhudwlrqdo H{fkdqjh�/ plphr/ Vwdqirug Xqlyhuvlw|1

Uhehor/ Vhujlr +4<<4,/ �Orqj0Uxq Srolf| Dqdo|vlv dqg Orqj0Uxq Jurzwk�/ Mrxuqdo ri Srolwlfdo

Hfrqrp|/ Yro1 << +6,/ ss 83308541

X}dzd/ K1 +4<98,/ �Rswlpdo Whfkqlfdo Fkdqjh lq dq Djjuhjdwlyh Prgho ri Hfrqrplf Jurzwk�/

Lqwhuqdwlrqdo Hfrqrplf Uhylhz/ Yro1 9/ ss1 4;0641
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