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Wkhuh kdv ehhq d vwulnlqj lqfuhdvh lq xqhpsor|phqw lq prvw Hxurshdq frxqwulhv

ryhu wkh sdvw wzr ghfdghv1 Dw wkh vdph wlph/ wkh vkduh ri xqhpsor|phqw wkdw

lv orqj0whup +h1j1/ ri rqh |hdu*v gxudwlrq ru pruh, kdv dovr jrqh xs vxevwdqwldoo|1

Xqhpsor|phqw kdv qrw wuhqghg xszdugv lq wkh Xqlwhg Vwdwhv ryhu wkh vdph

shulrg/ dowkrxjk wkh lpsruwdqfh ri orqj0whup xqhpsor|phqw kdv dovr lqfuhdvhg/

doehlw wr plqxvfxoh vkduhv ri wkh wrwdo e| Hxurshdq vwdqgdugv14

Wkh idfw wkdw Hxurshdq xqhpsor|phqw udwhv kdyh ehhq shuvlvwhqwo| kljk iru

pruh wkdq d ghfdgh vxjjhvwv wkdw wkhuh kdv ehhq d fkdqjh lq htxloleulxp xq0

hpsor|phqw udwhv lq wkhvh frxqwulhv/ l1h1/ lw grhv qrw dsshdu wkdw wklv vlwxdwlrq

fdq eh h{sodlqhg lq whupv ri f|folfdo xqhpsor|phqw1 Wklv dssduhqw fkdqjh lq

htxloleulxp xqhpsor|phqw udwhv dv zhoo dv wkh jurzlqj lpsruwdqfh ri orqj0whup

xqhpsor|phqw lv zkdw prwlydwhv wkh prgho ghyhorshg lq wklv sdshu1 Rxu prgho

frqvlghuv htxloleulxp xqhpsor|phqw dv wkh vxp ri wzr uhodwhg frpsrqhqwv �

vhdufk xqhpsor|phqw dqg zdlw xqhpsor|phqw1 Zh lghqwli| vhdufk xqhpsor|0

phqw zlwk orrnlqj iru d qhz mre/ h1j1/ mre vhdufk e| qhz hqwudqwv wr wkh oderu

irufh/ e| lqglylgxdov zkr kdyh ghflghg wr pryh iurp rqh rffxsdwlrq/ lqgxvwu|/ ru

orfdwlrq wr dqrwkhu/ hwf1 Zh wklqn ri zdlw xqhpsor|phqw lq whupv ri qrw dfwlyho|

vhdufklqj/ l1h1/ zdlwlqj lq d vhfwru lq wkh krsh wkdw rqh*v rog mre zloo frph edfn1

Wkh fkrlfh ehwzhhq vhdufklqj dqg zdlwlqj lv fhqwudo wr rxu prgho1 Wkh lqfhqwlyh

W Doeuhfkw dqg Yurpdq/ Ghsduwphqw ri Hfrqrplfv/ Jhrujhwrzq Xqlyhuvlw|> Vwruhvohwwhq/

Lqvwlwxh iru Lqwhuqdwlrqdo Hfrqrplf Vwxglhv/ Vwrfnkrop Xqlyhuvlw|
_ZHE XVHUV= Kdug frslhv ri wkh judskv duh dydlodeoh iurp wkh dxwkruv1
4Gdwd rq xqhpsor|phqw udwhv dqg rq orqj0whup xqhpsor|phqw lq Hxursh dqg wkh Xqlwhg

Vwdwhv duh dydlodeoh lq wkh dqqxdo Hpsor|phqw Rxworrn yroxphv ri wkh RHFG1 D vxppdu| dqg

glvfxvvlrq ri wkhvh ghyhorsphqwv lv jlyhq lq Ehuwrod dqg Lfklqr ^4<<8`1



wr vhdufk lv vlpso| wkdw lw pdnhv vhqvh wr orrn zkhuh mrev duh pruh sohqwlixo1

Wkh lqfhqwlyh wr zdlw wkdw lv exlow lqwr rxu prgho lv wkdw zrunhuv fdq dffxpxodwh

vhfwru0vshfl�f kxpdq fdslwdo/ dqg ohdylqj rqh*v vhfwru wr vhdufk phdqv jlylqj xs

wkh srvvlelolw| ri hduqlqj d uhwxuq rq wkrvh vnloov1

Zkloh vrph hfrqrplvwv zrxog fodvvli| vhdufk xqhpsor|phqw dv iulfwlrqdo dqg

zdlw xqhpsor|phqw dv vwuxfwxudo/ zh eholhyh erwk duh lq xhqfhg e| fkdqjhv lq

wkh xqghuo|lqj vwuxfwxuh ri wkh hfrqrp|1 Rxu prgho lqyhvwljdwhv wkh h{whqw wr

zklfk vwuxfwxudo fkdqjhv fdq lqfuhdvh htxloleulxp xqhpsor|phqw ri hlwkhu ydulhw|1

Lw dovr orrnv dw idfwruv wkdw fdq fkdqjh wkh uhodwlyh vkduhv ri zdlw dqg vhdufk

xqhpsor|phqw1 Wr wkh h{whqw wkdw vwuxfwxudo fkdqjhv ri wkh vruw zh prgho kdyh

frqwulexwhg wr wkh ulvh lq htxloleulxp xqhpsor|phqw lq Hxursh/ frqvwuxfwlqj dq

htxloleulxp prgho wkdw doorzv iru erwk vhdufk dqg zdlw xqhpsor|phqw lv xvhixo1

Wkdw lv zkdw zh gr lq wklv sdshu1

Vshfl�fdoo|/ zh ghyhors d prgho ri dq hfrqrp| wkdw frqvlvwv ri d odujh qxpehu

ri vhfwruv wkdw duh vxemhfw wr shuvlvwhqw/ lglrv|qfudwlf vkrfnv1 Lw lv wkh uhdfwlrq

ri lqglylgxdov wr wkh fkdqjhv lq wkh vwuxfwxuh ri wkh hfrqrp| wkdw duh lqgxfhg

e| wkhvh vkrfnv wkdw fuhdwhv erwk vhdufk dqg zdlw xqhpsor|phqw1 Dw dq| wlph/

lqglylgxdov lq wklv hfrqrp| duh hlwkhu dwwdfkhg wr d sduwlfxodu vhfwru ru vhdufklqj1

Wkrvh zkr duh dwwdfkhg wr d vhfwru duh hlwkhu hpsor|hg ru xqhpsor|hg +l1h1/

zdlwlqj iru d mre lq wkhlu rog olqh ri zrun,/ dqg wkrvh zkr duh hpsor|hg duh hlwkhu

xqvnloohg +qrw hqgrzhg zlwk vhfwru0vshfl�f kxpdq fdslwdo, ru vnloohg +hqgrzhg

zlwk vhfwru0vshfl�f kxpdq fdslwdo,1 Zh wkhq vshfli| wkh odz ri prwlrq iru wkh

hfrqrp|/ erwk zlwklq vhfwruv dqg ehwzhhq vhfwruv1 Wkdw lv/ zh vshfli| krz wkh

phdvxuhv ri zrunhuv ri hdfk srvvleoh w|sh +qdpho|/ xqvnloohg hpsor|hg/ vnloohg

hpsor|hg/ dqg uhvwhuv5, fkdqjh iurp shulrg wr shulrg zlwklq hdfk vhfwru1 Wklv

odz ri prwlrq ghshqgv lq sduw rq wkh fkrlfhv wkdw lqglylgxdov pdnh1 Lq sduwlfxodu/

zh h{dplqh wkh ghflvlrq idfhg e| zrunhuv hqgrzhg zlwk vhfwru0vshfl�f kxpdq

fdslwdo zkr kdyh orvw wkhlu mrev= vkdoo wkh| vwd| lq wkhlu vhfwru zdlwlqj wr eh

uhkluhg ru vkdoo wkh| vhdufk hovhzkhuh dqg jlyh xs wkhlu vhfwru0vshfl�f vnloovB

Zh orrn iru d vwdwlrqdu| htxloleulxp lq wklv hfrqrp|/ e| zklfk zh phdq wkh

iroorzlqj1 Lq dq| shulrg/ wkh vwdwh ri d vhfwru lv gh�qhg e| +l, wkh uhdol}hg ydoxh

ri lwv lglrv|qfudwlf vkrfn dqg +ll, wkh phdvxuhv ri wkh wkuhh zrunhu w|shv lq wkh

vhfwru1 Lq vwdwlrqdu| htxloleulxp/ wkh ghqvlw| ri vwdwhv dfurvv vhfwruv pxvw eh

frqvwdqw wkurxjk wlph/ hyhq wkrxjk wkh vwdwh ri hdfk vhfwru zloo qrw eh frqvwdqw

wkurxjk wlph1 Wkh Pdunryldq vwuxfwxuh ri rxu prgho hqvxuhv wkh h{lvwhqfh ri

d xqltxh vwdwlrqdu| htxloleulxp1 Zh zdqw wr xvh wklv vwdwlrqdu| htxloleulxp wr

dgguhvv wkh iroorzlqj txhvwlrqv1 Wr zkdw h{whqw fdq dq htxloleulxp prgho ri

5Zh xvh wkh whup uhvwhuv wr ghqrwh wkrvh zkr uhpdlq lq d vhfwru zdlwlqj wr eh uhkluhg1

Reylrxvo|/ zdlwhuv zrxog vhhp wkh pruh dssursuldwh whup/ exw lw kdv rwkhu frqqrwdwlrqv1
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vwuxfwxudo xqhpsor|phqw h{sodlq wkh revhuyhg lqfuhdvh lq Hxurshdq xqhpsor|0

phqwB Fdq rxu prgho jhqhudwh vhulhv iru gxudwlrq/ lqflghqfh dqg prelolw| wkdw

duh vlplodu wr zkdw zh revhuyh lq uhdolw|B Zkdw ihdwxuhv ri rxu prgho ghwhuplqh

wkh uhodwlyh lpsruwdqfh ri vhdufk yhuvxv zdlw xqhpsor|phqwB Krz gr vhdufk dqg

zdlw xqhpsor|phqw ydu| ryhu wkh olih f|fohB6

Wkhuh lv d ulfk olwhudwxuh/ erwk wkhruhwlfdo dqg hpslulfdo/ uhodwhg wr rxu prgho1

Rq wkh wkhruhwlfdo vlgh/ rxu vwduwlqj srlqw lv Oxfdv dqg Suhvfrww ^4<:7` lq zklfk

xqhpsor|phqw uhvxowv iurp zrunhuv prylqj iurp vhfwruv wkdw kdyh idoohq rq kdug

wlphv wr vhfwruv lq zklfk frqglwlrqv duh fxuuhqwo| ehwwhu1 Wkhuh lv qr xqhpsor|0

phqw zlwklq vhfwruv lq wkhlu prgho= rqfh pljudwlrq ghflvlrqv kdyh ehhq pdgh/ doo

zrunhuv zlwklq d vhfwru duh hpsor|hg dw wkh pdunhw0fohdulqj zdjh1 Xqhpsor|0

phqw lv jhqhudwhg vroho| e| wkh pryhphqw ri mre0vhhnhuv dfurvv vhfwruv dqg lv wkxv

sxuho| vhdufk xqhpsor|phqw1

Zh dxjphqw wkh Oxfdv dqg Suhvfrww prgho e| +l, doorzlqj iru xqhpsor|phqw

zlwklq vhfwruv dqg +ll, doorzlqj lqglylgxdov wr dffxpxodwh vhfwru0vshfl�f kxpdq

fdslwdo1 Zlwk uhvshfw wr zlwklq0vhfwru xqhpsor|phqw/ zh dvvxph wkdw pdwfkhv

euhdn xs zlwk d suredelolw| wkdw ghshqgv vroho| rq frqglwlrqv zlwklq wkh vhfwru

+h1j1/ zkhwkhu ghpdqg lv kljk ru orz,1 Mre dffhvvlrqv zlwklq d vhfwru dovr ghshqg

rq frqglwlrqv wkhuh1 Zlwk uhvshfw wr vhfwru0vshfl�f kxpdq fdslwdo/ zh lpdjlqh

wkdw d zrunhu lv hlwkhu xqvnloohg +kdv qrw ehhq hqgrzhg zlwk vhfwru0vshfl�f kxpdq

fdslwdo, ru vnloohg lq klv ru khu vhfwru1 Wkh dftxlvlwlrq ri vhfwru0vshfl�f vnloo lv

vwrfkdvwlf> lq sduwlfxodu/ zh dvvxph wkdw dq xqvnloohg zrunhu/ lq dq| shulrg ri

hpsor|phqw/ ohduqv wkh vhfwru0vshfl�f vnloo zlwk vrph frqvwdqw suredelolw|1 Vr

orqj dv wklv lqglylgxdo frqwlqxhv wr zrun/ zh dvvxph wkdw kh ru vkh grhv qrw

irujhw zkdw zdv ohduqhg1 +Dq dowhuqdwlyh lqwhusuhwdwlrq lv wkdw/ frqglwlrqdo rq

hpsor|phqw/ d vnloohg zrunhu kdv d vx!flhqw edvh wr eh deoh wr dgdsw wr fkdqjlqj

vnloo uhtxluhphqwv zlwklq wkh vhfwru1, Rqfh d vnloohg zrunhu*v pdwfk euhdnv xs/

krzhyhu/ pdwwhuv fkdqjh1 Li wkh zrunhu ghflghv wr h{lw lq vhdufk ri d mre lq dqrwkhu

vhfwru/ wkhq vnloov lq klv ru khu rog vhfwru duh iruihlwhg1 Dowhuqdwlyho|/ li wkh zrunhu

ghflghv wr vwd| lq wkh vhfwru/ wkhq kh ru vkh vx�huv d frqvwdqw ulvn shu shulrg ri

xqhpsor|phqw ri irujhwwlqj/ l1h1/ ri orvlqj klv ru khu vhfwru0vshfl�f fdslwdo1

Wkh nh| lghd lq wkh deryh vshfl�fdwlrq lv wkdw vrph lqglylgxdov pd| fkrrvh

wr vwd| ehklqg lq wkhlu vhfwruv/ hyhq wkrxjk wkh| kdyh orvw wkhlu mrev/ lq rughu wr

uhwdlq wkh srvvlelolw| ri ehqh�wlqj iurp wkhlu dffxpxodwhg vhfwru0vshfl�f kxpdq

fdslwdo vkrxog wkhlu vhfwruv uhfryhu1 Wkxv/ erwk vhdufk xqhpsor|phqw +gxh wr

wkh pryhuv, dqg zdlw xqhpsor|phqw +gxh wr wkh vwd|huv, dulvh lq rxu prgho1

6Zh gr qrw h{solflwo| lqgh{ lqglylgxdov e| djh1 Krzhyhu/ zh prgho olihwlphv dv jhrphwulf

udqgrp yduldeohv/ vr zh fdq wudfn lqglylgxdov wr vhh krz vhdufk dqg zdlw xqhpsor|phqw ydu|

zlwk djh1
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Wkh qrwlrq wkdw zrunhuv pljkw fkrrvh qrw wr ohdyh d vhfwru/ hyhq wkrxjk

fxuuhqw frqglwlrqv wkhuh duh eohdn lv/ ri frxuvh/ qrw qhz1 D prgho lq wkh vslulw

ri Oxfdv dqg Suhvfrww ^4<:7` wkdw fdswxuhv wklv lghd lv suhvhqwhg lq Mrydqrylf

^4<;:`17 D zrunhu*v surgxfwlylw| lq d sduwlfxodu mre +vhfwruv dqg mrev duh lghqwlfdo

lq klv prgho, lv wkh vxp ri wzr lqghshqghqw Pdunryldq vkrfnv/ d pdwfk0vshfl�f

frpsrqhqw dqg dq djjuhjdwh frpsrqhqw1 Wkh zrunhu fdqqrw glvwlqjxlvk shuihfwo|

ehwzhhq wkh wzr frpsrqhqwv/ dqg zkhq surgxfwlylw| idoov ehorz d wkuhvkrog ydoxh

rq wkh fxuuhqw mre/ kh ru vkh pd| fkrrvh wr �uhvw� udwkhu wkdq vshqglqj wkh frvwv

dvvrfldwhg zlwk vhdufk iru d qhz mre1 Wkh uhdvrq lv wkdw zlwk wkh sdvvdjh ri wlph/

wkh zrunhu*v lqirupdwlrq lpsuryhv lq wkh vhqvh ri ehlqj ehwwhu deoh wr glvwlqjxlvk

ehwzhhq edg wlphv vshfl�f wr wkh fxuuhqw mre +lq zklfk fdvh vhdufk lv fdoohg

iru, yhuvxv edg wlphv doo ryhu +lq zklfk fdvh wkh ehwwhu rswlrq lv wr frqwlqxh

wr uhvw xqwlo frqglwlrqv lpsuryh,1 Mrydqrylf*v prgho wkxv jhqhudwhv erwk vhdufk

xqhpsor|phqw dqg zdlw xqhpsor|phqw +l1h1/ �uhvwlqj�,1 Wkh phfkdqlvp ehklqg

zdlw xqhpsor|phqw lv/ krzhyhu/ txlwh gl�huhqw iurp rxuv/ qdpho|/ d frpelqdwlrq

ri vljqdo h{wudfwlrq +lw lv ehwwhu qrw wr vhdufk xqwlo rqh lv uhdvrqdeo| vxuh wkdw

frqglwlrqv duhq*w edg doo ryhu, dqg lqwhuwhpsrudo vxevwlwxwlrq +li frqglwlrqv duh

lq idfw edg doo ryhu/ wkhq lw lv ehwwhu wr frqvxph ohlvxuh qrz zkloh zdlwlqj iru

jrrg wlphv wr uhwxuq,1

Olnhzlvh/ wkh lghd wkdw kxpdq fdslwdo pljkw eh dffxpxodwhg vwrfkdvwlfdoo|

zkloh hpsor|hg dqg ghfxpxodwhg vwrfkdvwlfdoo| zkloh xqhpsor|hg dv d fhqwudo

frpsrqhqw ri d prgho ri xqhpsor|phqw kdv suhfhghqwv1 Iru h{dpsoh/ wkh prgho

ri Omxqjtylvw dqg Vdujhqw ^4<<:` lv rqh lq zklfk zrunhuv vwrfkdvwlfdoo| pryh xs

d kxpdq fdslwdo odgghu zkloh hpsor|hg dqg grzq wkh vdph odgghu zkhq xqhp0

sor|hg1 Wkh xqhpsor|hg gudz +dw d udwh ghwhuplqhg e| wkhlu vhdufk lqwhqvlwlhv,

iurp dq h{rjhqrxv glvwulexwlrq ryhu zdjhv shu xqlw ri kxpdq fdslwdo> wkxv dq

lqglylgxdo*v lqfrph zkhq hpsor|hg lv wkh surgxfw ri klv ru khu zdjh shu xqlw

ri kxpdq fdslwdo dqg klv ru khu srvlwlrq rq wkh odgghu1 Wkh Omxqjtylvw dqg

Vdujhqw h{sodqdwlrq ri orqj0whup Hxurshdq xqhpsor|phqw lv hvvhqwldoo| wkdw xq0

hpsor|phqw ehqh�wv duh olqnhg wr suhylrxv hpsor|phqw lqfrphv1 Zkhq d zrunhu

ehfrphv xqhpsor|hg/ li kh ru vkh idoov idu hqrxjk grzq wkh odgghu/ lw zloo ehfrph

yluwxdoo| lpsrvvleoh wr gudz d kljk hqrxjk zdjh wr hqdeoh wkh zrunhu wr ehwwhu

wkh ydoxh dvvrfldwhg zlwk frqwlqxhg xqhpsor|phqw1 Djdlq/ krzhyhu/ wkh uroh ri

kxpdq fdslwdo dffxpxodwlrq dqg ghfxpxodwlrq lq Omxqjtylvw dqg Vdujhqw ^4<<:`

7Wkhuh lv dovr d vxevwdqwldo olwhudwxuh rq zdlw xqhpsor|phqw lq vwulfwo| vwdwlf prghov1 Lq

wkhvh prghov/ zrunhuv zdlw iru d kljkhu zdjh lq wkh �jrrg� vhfwru udwkhu wkdq dffhsw d orzhu

zdjh lq wkh �edg� vhfwru1 Exugd ^4<;;` lv dq h{dpsoh ri wklv vruw ri prgho lq d gxdo oderu pdunhw

frqwh{w1 Wklv w|sh ri prgho kdv dovr ehhq xvhg wr dqdo|}h wkh h�hfwv ri d plqlpxp zdjh1 Vhh/

iru h{dpsoh/ Plqfhu ^4<:9`1
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lv txlwh gl�huhqw iurp lwv uroh lq rxu prgho1 Vshfl�fdoo|/ kxpdq fdslwdo lq wkhlu

prgho lv jhqhudo/ zkloh lq rxu prgho lw lv vhfwru0vshfl�f1 Wklv phdqv wkdw wkhuh

lv qr zdlw xqhpsor|phqw lq wkh Omxqjtylvw dqg Vdujhqw prgho +qhfhvvdulo|/ vlqfh

wkhuh duh qr vhfwruv lq zklfk wr zdlw,1 Wkhuh lv/ krzhyhu/ d frqqhfwlrq ehwzhhq

rxu prghov lq wkh vhqvh wkdw orqj0whup xqhpsor|phqw dulvhv ehfdxvh zrunhuv

zkr suhylrxvo| hqmr|hg kljk lqfrphv dvvrfldwhg zlwk kxpdq fdslwdo gr qrw �qg

lw zruwkzkloh wr vhdufk dfwlyho| iru qhz mrev18

Lq wkh qh{w vhfwlrq/ zh vhw rxw rxu prgho1 Qxphulfdo phwkrgv duh uhtxluhg

wr vroyh iru wkh vwdwlrqdu| htxloleulxp1 Ehiruh zh gr wklv/ krzhyhu/ zh suhvhqw

d vlpsol�hg/ dqdo|wlfdo yhuvlrq ri rxu prgho1 Wklv lv jlyhq lq Vhfwlrq 61 Wkh

nh| vlpsol�fdwlrq lv wkdw zh vxssuhvv dq| hohphqw ri fkrlfh lq wkh odz ri prwlrq

iru wkh hfrqrp|1 Wklv phdqv wkdw htxloleulxp fdq eh gh�qhg sxuho| lq whupv

ri vwhdg|0vwdwh frqglwlrqv1 E| pdqlsxodwlqj wkhvh frqglwlrqv dqg gl�huhqwldwlqj

zlwk uhvshfw wr wkh nh| sdudphwhuv ri rxu prgho/ zh fdq jhw vrph lqwxlwlrq derxw

zklfk idfwruv duh prvw lpsruwdqw lq ghwhuplqlqj wkh uhodwlyh lpsruwdqfh ri zdlw

xqhpsor|phqw1

Lq Vhfwlrq 7/ zh ghvfuleh wkh dojrulwkp wkdw zh xvh wr vroyh iru wkh vwdwlrqdu|

htxloleulxp1 Wkh ydoxh +h{shfwhg olihwlph xwlolw|, ri vhdufk lv d nh| hohphqw ri

wklv vwdwlrqdu| htxloleulxp1 Wkh hvvhqfh ri rxu dojrulwkp lv dq lwhudwlyh vroxwlrq

iru wklv ydoxh1 Lq Vhfwlrq 8/ zh suhvhqw rxu uhvxowv1 Zh vhw wkh sdudphwhuv iru

rxu edvholqh fdvh vr wkdw wkh htxloleulxp xqhpsor|phqw udwh lv forvh wr 45 shu0

fhqw1 Zdlw xqhpsor|phqw uhsuhvhqwv derxw 93 shufhqw ri xqhpsor|phqw dqg wkh

gxudwlrq ri zdlw xqhpsor|phqw lv vljql�fdqwo| juhdwhu wkdq wkdw ri vhdufk xqhp0

sor|phqw1 Wr ixuwkhu jlyh vrph vhqvh ri krz wkh prgho zrunv/ zh suhvhqw wkh

glvwulexwlrqv ri hpsor|phqw dqg uhvwhuv dfurvv jrrg vhfwruv dqg dfurvv edg vhf0

wruv dorqj zlwk wkh htxloleulxp zdjh glvwulexwlrqv1 Zh frpsxwh wzr dowhuqdwlyh

vroxwlrqv wr wkh prgho lq dq h�ruw wr dvvhvv wkh h�hfwv ri fkdqjhv lq wxuexohqfh

rq wkh htxloleulxp1 Iluvw/ zh lqfuhdvh wkh pdjqlwxgh ri wkh vkrfnv> l1h1/ zh pdnh

wkh jrrg vkrfn �ehwwhu� dqg wkh edg vkrfn �zruvh1� Wklv ohdgv wr dq lqfuhdvh

lq xqhpsor|phqw/ dqg wkh sursruwlrq ri xqhpsor|phqw dffrxqwhg iru e| uhvwhuv

ghfuhdvhv1 Lq rxu vhfrqg dowhuqdwlyh/ zh krog wkh pdjqlwxgh ri wkh vkrfnv dw wkh

ohyho ri wkh edvholqh fdvh/ exw zh lqfuhdvh wkhlu shuvlvwhqfh1 Dq lqfuhdvh lq shu0

vlvwhqfh uhgxfhv wkh xqhpsor|phqw udwh1 Wklv uhgxfwlrq rffxuv odujho| wkurxjk

d ghfuhdvh lq vhdufk xqhpsor|phqw1 Vhfwlrq 9 frqwdlqv rxu frqfoxvlrqv1

8Rwkhu uhohydqw wkhruhwlfdo sdshuv lqfoxgh Slvvdulghv ^4<<5` dqg Urjhuvrq ^4<<9`1 Uhohydqw

hpslulfdo sdshuv lqfoxgh Ololhq ^4<;5` dqg Deudkdp dqg Ndw} ^4<;9`1
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51 Prgho

5141 Edvlf Vwuxfwxuh

Zh frqvlghu d glvfuhwh0wlph/ lq�qlwh0krul}rq hfrqrp| zlwk d frqwlqxxp ri zrun0

huv1 Wkh phdvxuh ri zrunhuv lv h{rjhqrxv dqg qrupdol}hg wr rqh1 Zrunhuv duh

�qlwho| olyhg/ glvfrxqw wkh ixwxuh dw udwh �/ dqg duh uhsodfhg xsrq ghdwk1 Wkhuh lv

d odujh qxpehu ri vhfwruv lq wkh hfrqrp|/ lqgh{hg e| v1 Wkhvh fdq eh lqwhusuhwhg

dv lqgxvwulhv/ uhjlrqv/ ru �upv1 Frqglwlrqv lq d vhfwru duh hlwkhu �jrrg� ru �edg�=

d vkrfn } 5 iJ>Ej lv uhdol}hg lq hdfk vhfwru lq hdfk shulrg1 Wkhvh vkrfnv iroorz

d �uvw0rughu Pdunry surfhvv dqg fdq eh lqwhusuhwhg hlwkhu dv ghpdqg vkrfnv ru

dv surgxfwlylw| vkrfnv1

Lq dq| wlph shulrg/ hdfk lqglylgxdo lv hlwkhu dwwdfkhg wr d vhfwru ru vhdufklqj1

Wkrvh zkr duh dwwdfkhg wr d vhfwru duh fkdudfwhul}hg e| d ohyho ri vhfwru0vshfl�f

kxpdq fdslwdo dqg dq hpsor|phqw vwdwxv1 Dq lqglylgxdo zlwklq d vhfwru lv lq0

gh{hg e| e 5 ihf> h�> uj/ zkhuh hf ghqrwhv hpsor|hg zlwk qr vhfwru0vshfl�f kxpdq

fdslwdo/ h� ghqrwhv hpsor|hg zlwk vhfwru0vshfl�f kxpdq fdslwdo/ dqg u ghqrwhv

uhvwlqj/ l1h1/ dwwdfkhg wr wkh vhfwru kdylqj qr mre exw kdylqj vhfwru0vshfl�f kxpdq

fdslwdo1 Lq hdfk shulrg/ d vhfwru lv wkxv ghvfulehg e| irxu qxpehuv= lwv ydoxh ri

} dqg d yhfwru � @ +�f> ��> �o,> zkhuh �K lv wkh phdvxuh ri zrunhuv lq fdwhjru|

e dwwdfkhg wr wkdw vhfwru1 Vhdufkhuv duh qrw dwwdfkhg wr d vhfwru dqg khqfh kdyh

qhlwkhu mrev qru vhfwru0vshfl�f kxpdq fdslwdo1

Zh fdq qrz ghvfuleh wkh edvlf zlwklq0shulrg wlplqj lq wkh prgho1 D vhfwru

hqwhuv d shulrg zlwk yhfwru � dqg uhdol}hv d vkrfn/ }= Wkh uhdol}dwlrq ri } wuljjhuv

d vhulhv ri h{rjhqrxv fkdqjhv lq � +ghdwk/ klulqj2�ulqj/ kxpdq fdslwdo dssuhfld0

wlrq2ghsuhfldwlrq/ hwf1,> l1h1/ wkh yhfwru ri phdvxuhv ri zrunhu w|shv lq wkh vhfwru

lv xsgdwhg dffruglqj wr e� @ i+�> },= Qh{w/ zdjhv dqg rxwsxw zlwklq wkh vhfwru

duh ghwhuplqhg e| +}> e�,= Ilqdoo|/ wkh e�o zrunhuv lq wkh vhfwru zlwk vshfl�f kxpdq

fdslwdo zkr duh xqhpsor|hg ghflgh zkhwkhu wr vwd| lq wkh vhfwru ru wr ohdyh wr

mrlq wkh srro ri xqhpsor|hg vhdufkhuv1 Wklv �qdo ghflvlrq vwhs xsgdwhv e� wr ��=9

Wkh qh{w uhdol}dwlrq ri wkh vkrfn/ }�> dw wkh vwduw ri wkh qh{w shulrg/ wkhq vwduwv

wkh surfhvv djdlq1

Wkh ghwdlov ri wkh h{rjhqrxv fkdqjhv wkdw rffxu zlwklq hdfk vhfwru dw wkh

ehjlqqlqj ri hdfk shulrg duh dv iroorzv1 Vrph zrunhuv glh/ vrph zrunhuv +iurp

wkh jurxs wkdw hqwhuhg wkh shulrg lq fdwhjru| hf, dftxluh vhfwru0vshfl�f kxpdq

fdslwdo/ vrph zrunhuv +iurp wkh jurxs wkdw hqwhuhg lq fdwhjru| u, orvh wkhlu vhfwru0

vshfl�f kxpdq fdslwdo dqg ohdyh wr vhdufk hovhzkhuh/ vrph xqvnloohg zrunhuv +zkr

hqwhuhg wkh shulrg hpsor|hg, orvh wkhlu mrev dqg ehfrph vhdufkhuv/ vrph vnloohg

9Qrwh wkdw e>
f
' >

�

f
dqg e>

�
' >

�

�
( l1h1/ wkh ghflvlrq vwhs rqo| d�hfwv wkh phdvxuh ri uhvwhuv lq

wkh vhfwru1
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zrunhuv +zkr hqwhuhg wkh shulrg hpsor|hg, orvh wkhlu mrev dqg ehfrph uhvwhuv/

dqg vrph zrunhuv +iurp wkh jurxs wkdw hqwhuhg wkh shulrg lq fdwhjru| u, �qg d

mre1: Zh xvh wkh iroorzlqj qrwdwlrq=
� lv wkh suredelolw| wkdw } vzlwfkhv ydoxh +l1h1/ iurp J wr E ru ylfh yhuvd,

� lv wkh suredelolw| ri ghdwk

�e lv wkh suredelolw| +iru d zrunhu ri w|sh hf, ri dftxlulqj kxpdq fdslwdo

�o lv wkh suredelolw| +iru d zrunhu ri w|sh u, ri orvlqj kxpdq fdslwdo

� +}, lv wkh suredelolw| ri orvlqj rqh*v mre

�o+}> �, lv wkh suredelolw| +iru d zrunhu ri w|sh u, ri �qglqj d mre1

Qrwh wkdw zkloh zh dvvxph �> �> �e> �o wr eh jlyhq frqvwdqwv/ zh doorz wkh

vhsdudwlrq udwh/ �+},> wr ghshqg rq wkh fxuuhqwo| uhdol}hg ydoxh ri wkh vkrfn1

Vlploduo|/ zh dvvxph wkdw wkh phdvxuh ri qhz mrev lq d vhfwru lq wkh fxuuhqw

shulrg ghshqgv rq wkh fxuuhqwo| uhdol}hg ydoxh ri wkh vkrfn1 Zh ghqrwh wklv

phdvxuh ri qhz kluhv e| K+},1 Wkh suredelolw| wkdw d uhvwhu zloo eh uhkluhg

wkhq ghshqgv rq K+},/ rq krz wkhvh qhz kluhv duh doorfdwhg ehwzhhq uhvwhuv dqg

vhdufkhuv/ dqg rq krz pdq| rwkhu uhvwhuv duh dydlodeoh iru uhkluh1 Zh vshfli| d

suhflvh irup iru �o+}> �, lq Vhfwlrq 81 Vhdufkhuv duh kluhg lqwr wkh vhfwru wr wkh

h{whqw wkdw qhz kluhv h{fhhg wkh phdvxuh ri uhkluhg uhvwhuv1 Ohwwlqj � eh wkh

lqgh{ iru vhdufkhuv/ wkh qxpehu ri vhdufkhuv kluhg lqwr wkh vhfwru lv Kb+}> �, @

K+},�+4��,�o+}> �,�o1 Ilqdoo|/ wkh zrunhuv zkr glh duh uhsodfhg e| qhz hqwudqwv

lqwr wkh srro ri vhdufkhuv1

Wkh yhfwru ri phdvxuhv ri zrunhu w|shv lq wkh vhfwru diwhu wkhvh fkdqjhv lv

ghqrwhg e| e� @ i+}> �,= +Qrwh wkdw e� lv d ghwhuplqlvwlf ixqfwlrq ri � dqg }1,

Wkxv

e�f @ +4� �,+4� �e,+4� �+},,�f .Kb+}> �,

e�� @ +4� �,+4� �+},,�� . +4� �,�e+4� �+},,�f . +4� �,+4� �o,�o+}> �,�o

e�o @ +4� �,�+},�� . +4� �,+4� �o,+4� �o+}> �,,�o=

Qh{w/ zdjhv duh ghwhuplqhg/ rxwsxw lv surgxfhg/ dqg zrunhuv duh sdlg1 Wkh

zdjh d zrunhu uhfhlyhv ghshqgv rq zkhwkhu kh ru vkh lv hqgrzhg zlwk vhfwru0

vshfl�f kxpdq fdslwdo dqg rq oderu pdunhw frqglwlrqv lq wkh vhfwru dw wkh wlph

wkh zdjh lv ghwhuplqhg1 Wkdw lv/ zh dvvxph zdjhv ri wkh irup zf+}> e�, dqg

z�+}> e�, iru xqvnloohg dqg vnloohg zrunhuv/ uhvshfwlyho|1 Rxwsxw ghshqgv rq }/

:Iru frqyhqlhqfh/ zh glvdoorz wkh srvvlelolw| wkdw dq lqglylgxdo fdq eh d�hfwhg e| pruh wkdq

rqh vkrfn dw d wlph1 Lq sduwlfxodu/ zh dvvxph wkdw zrunhuv ri w|sh ef zkr orvh wkhlu mrev

fdqqrw dw wkh vdph wlph dftxluh vhfwru0vshfl�f kxpdq fdslwdo dqg wkdw uhvwhuv zkr orvh wkhlu

vhfwru0vshfl�f kxpdq fdslwdo gr qrw vlpxowdqhrxvo| �qg d mre1

:



�f/ dqg ��1 Zh vshfli| sduwlfxodu ixqfwlrqdo irupv iru zdjhv dqg rxwsxw lq wkh

qxphulfdo h{huflvhv wkdw zh fduu| rxw lq Vhfwlrq 8 ehorz1

Ilqdoo|/ uhvwhuv ghflgh zkhwkhu wr vwd| lq wkhlu vhfwru +u, ru wr hqwhu wkh srro ri

vhdufkhuv +�,1 Wklv ghflvlrq +ghvfulehg lq ghwdlo ehorz, ghshqgv rq frqglwlrqv lq

wkh zrunhu*v rzq vhfwru dqg rq frqglwlrqv hovhzkhuh lq wkh hfrqrp|1 Lq vwdwlrqdu|

htxloleulxp/ wklv odwwhu lv frpsohwho| vxppdul}hg e| wkh ydoxh ri vhdufk/ zklfk zh

ghqrwh e| yb=Wkh ghflvlrq pdgh e| hdfk zrunhu wdnhv lqwr dffrxqw wkh h�hfw ri wkh

ghflvlrqv ehlqj pdgh vlpxowdqhrxvo| e| doo rwkhu zrunhuv1 Wkh yhfwru/ e�/ wrjhwkhu
zlwk wkhvh ghflvlrqv/ zklfk ghshqg rq e�/ }> dqg yb> jhqhudwhv wkh �qdo yhfwru ri

zrunhu phdvxuhv zlwklq wkh vhfwru1 Wkdw lv/ wkh yhfwru ri zrunhu phdvxuhv fduulhg

lqwr wkh qh{w shulrg lv jlyhq e| �� @ J+}> e�> yb, @ J+}> i+}> �,> yb, � j+}> �> yb,>

zkhuh wkh odz ri prwlrq j+�, lv dv ghvfulehg deryh1

Wkh deryh ghvfulehv wkh fkdudfwhulvwlfv ri d vlqjoh vhfwru/ zklfk lv frpsohwho|

ghvfulehg e| wkh vkrfn wkdw kdv ehhq uhdol}hg dqg e| wkh frpsrvlwlrq ri lwv

oderu irufh= lq d sduwlfxodu wlph shulrg/ wkh vwdwh ri vhfwru v lv ghvfulehg e|

+}+v,> �+v,,1 Lq vwdwlrqdu| htxloleulxp/ wkh glvwulexwlrq ri vwdwhv lq wkh hfrqrp|

lv �{hg wkurxjk wlph/ dowkrxjk wkh lghqwlw| ri wkh vhfwruv wkdw duh dvvrfldwhg zlwk

sduwlfxodu vwdwhv zloo ydu|1 Li zh ohw V ghqrwh d froohfwlrq ri srvvleoh vwdwhv dqg

4tu� wkh lqglfdwru ixqfwlrq/ vwdwlrqdu| htxloleulxp uhtxluhv

[

r

4tEE5�Er�c>�Er��M7� @
[

r

4tEE5Er�c>Er��M7�

iru doo srvvleoh V=

5151 Ydoxh Ixqfwlrqv dqg Uhvwhuv* Ghflvlrqv

Wr prgho wkh ghflvlrqv ri wkh uhvwhuv/ zh qhhg wkh ydoxh ixqfwlrqv dvvrfldwhg

zlwk vhdufklqj +yb,/ zlwk hpsor|phqw dv dq xqvnloohg zrunhu +yf+}> �,,/ zlwk

hpsor|phqw dv d vnloohg zrunhu +y�+}> �,,/ dqg zlwk uhvwlqj +yo+}> �,,1 Wkhvh duh=

yf+}> �, @ zf+}> e�, . �+4� �,Hi�+}�,yb . ^4� �+}�,`^+4� �e,yf+}
�> ��,

.�ey�+}
�> ��,`j

y�+}> �, @ z�+}> e�, . �+4� �,Hi�+}�,yo+}
�> ��, . ^4� �+}�,`y�+}

�> ��,j

yo+}> �, @ pd{^yb> �+4� �,Hi^4� �o+}
�> ��,`^�oyb . +4� �o,yo+}

�> ��,`

.�o+}
�> ��,y�+}

�> ��,j`

yb @ �+4� �,i+4� �b,yb . �b
[

r

yf+}+v,> �+v,,
Kb+}+v,> �+v,,S
jKb+}+�,> �+�,,

j=

;



Qrwh wkdw wkhvh ydoxh ixqfwlrqv duh zulwwhq dw wkh srlqw zlwklq hdfk shulrg ehiruh

uhvwhuv* ghflvlrqv duh pdgh exw diwhu wkh h{rjhqrxv fkdqjhv1; Wkxv/ wkh h{shf0

wdwlrqv duh ehlqj wdnhq zlwk uhvshfw wr wkh mrlqw ghqvlw| ri +}�> ��, frqglwlrqdo rq

+}> �,=

Wkh h{suhvvlrq iru yb uhtxluhv vrph h{sodqdwlrq1 Frqvlghu dq lqglylgxdo zkr

hqgv d shulrg dv d vhdufkhu1 Zlwk suredelolw| +4� �, kh ru vkh vxuylyhv wr hqwhu

wkh qh{w shulrg1 Lq wklv fdvh/ d mre lv irxqg zlwk suredelolw| �b= Wklv suredelolw|

lv frpsxwhg dv iroorzv1 Wkh wrwdo phdvxuh ri qhz mrev iru vhdufkhuv lq d shulrg

htxdov
S

rKb+}+v,> �+v,,> zkloh wkh wrwdo phdvxuh ri vhdufkhuv lv 4�
S

r^�f+v, .

��+v, . �o+v,`= Hdfk vhdufkhu kdv dq htxdo fkdqfh dw dq| mre wkdw dulvhv/ vr

�b @ plq^4>

S
rKb+}+v,> �+v,,

4�
S

r^�f+v, . ��+v, . �o+v,`
`=

Wkh h{shfwhg ydoxh ri wdnlqj wklv mre dv dq xqvnloohg zrunhu +dv ri wkh vwduw ri

wkh qh{w shulrg, lv
S

r yf+}+v,> �+v,,
MbE5Er�c>Er��S
j
MbE5Ej�c>Ej��

= Zlwk suredelolw| 4��b> wkh

lqglylgxdo idlov wr �qg d mre/ lq zklfk fdvh wkh ydoxh yb lv uhwdlqhg1 Qrwh wkh

lpsolflw dvvxpswlrq wkdw yf+}> �, � yb iru doo srvvleoh +}> �,1

Uhvwhuv* ghflvlrqv duh edvhg rq d frpsdulvrq yo+}> �, dqg yb1 Wkhuh duh wkuhh

srvvlelolwlhv wr frqvlghu1 Li yo+}> e�f> e��> 3, @ yb/ lw lv qr pruh ydoxdeoh wr eh wkh

odvw uhvwhu lq wkh vhfwru wkdq wr vhdufk/ vr doo uhvwhuv ohdyh1 Li yo+}> e�f> e��> e�o, A yb/

wkhq doo uhvwhuv vwd|1 Ilqdoo|/ li yo+}> e�f> e��> {, @ yb iru vrph { 5 +3> e�o, > wkhq
vrph uhvwhuv vwd| dqg vrph ohdyh1

61 Dqdo|wlfdo Vroxwlrq iru d Vlpsol�hg Yhuvlrq ri wkh Prgho

Wr jhw d jhqhudo vhqvh iru wkh prgho/ zh pdnh d qxpehu ri vlpsoli|lqj dvvxpswlrqv

wkdw doorz xv wr vroyh iru wkh vwhdg| vwdwh dqdo|wlfdoo|1 Zlwk wkhvh vlpsol�fdwlrqv/

zh fdqqrw dqvzhu pdq| ri wkh txhvwlrqv wkdw duh dgguhvvhg e| wkh ixoo prgho1

Qrqhwkhohvv wklv vlpsol�hg yhuvlrq surylghv vrph xvhixo lqwxlwlrq1

Wkh vlpsoli|lqj dvvxpswlrqv duh=

D41 � @ 3 0 Lqglylgxdov olyh iruhyhu1

Udwkhu wkdq doorzlqj iru eluwk dqg ghdwk/ zh vlpso| uhf|foh lqglylgxdov wkurxjk

wkh ydulrxv vwdwhv wkdw wkh| fdq rffxs|1

D51 �+J, @ 3 0 Wkh od|r� udwh lq vhfwruv zlwk d jrrg vkrfn lv }hur1

Zh ohw �+E, @ �/ d frqvwdqw/ ghqrwh wkh od|r� udwh lq vhfwruv zlwk d edg

;Zh frxog zulwh wkhvh ydoxhv dv ixqfwlrqv ri e>/ h1j1/ �oE5ce>�/ exw vlqfh e> ' sE5c >� zh fkrvh

wkh vlpsohu qrwdwlrq1

<



vkrfn1

D61 �o+E>�, @ 3 0 Uhvwhuv duh qrw uhkluhg lqwr d vhfwru zkhq } @ E1

D71 �b+E>�, @ 3 0 Vhdufkhuv duh qrw kluhg lqwr d vhfwru zkhq } @ E1

D81 �o+J>�, @ �o 0 Wkh udwh dw zklfk uhvwhuv duh uhkluhg lqwr vhfwruv lq zklfk

wlphv duh jrrg lv d frqvwdqw/ lqghshqghqw ri wkh vhfwru*v zrunirufh1

D91 �b+J>�, @ �b 0 Wkh udwh dw zklfk vhdufkhuv duh kluhg lqwr vhfwruv zlwk

d jrrg vkrfn lv d frqvwdqw/ lqghshqghqw ri wkh vhfwru*v zrunirufh1

D:1 Uhvwhuv vwd| lq wkh vhfwru lq zklfk wkh| zhuh odlg r� xqohvv wkhlu vnloo

ghsuhfldwhv/ lq zklfk fdvh wkh| mrlq wkh srro ri vhdufkhuv1

Dvvxpswlrq D: holplqdwhv dq| dvshfw ri lqglylgxdo fkrlfh lq wkh prgho> khqfh/

htxloleulxp fdq eh h{suhvvhg vroho| dv d vhw ri vwhdg|0vwdwh frqglwlrqv1 Wkh ixoo

vhw ri dvvxpswlrqv lpso| wkdw zh qhhg qrw nhhs wudfn ri lqglylgxdo vhfwruv/ rqo| ri

zkdw iudfwlrqv ri hpsor|phqw +xqvnloohg dqg vnloohg, dqg uhvwhuv duh lq vhfwruv lq

zklfk } @ E dqg zkdw iudfwlrqv duh lq vhfwruv lq zklfk } @ J1 Wklv phdqv wkdw zh

fdq gh�qh rxu vwhdg|0vwdwh htxloleulxp lq whupv ri wkh vwdwhv lq zklfk lqglylgxdov

�qg wkhpvhoyhv/ dv rssrvhg wr wkh pruh frpsolfdwhg sureohp ri wudfnlqj vhfwruv1

Zlwk wkhvh dvvxpswlrqv/ wkh iroorzlqj djjuhjdwh  rz htxdwlrqv pxvw eh vdw0

lv�hg lq vwhdg|0vwdwh htxloleulxp=

+�. �e . �,Hf� @ �HfC

+�. �e,HfC @ �Hf� . �bV

+�. �,H�� @ �eHf� . �H�C

�H�C @ �eHfC . �oUC . �H��

+�. �o,U� @ �H�� . �UC

+�. �o . �o,UC @ �U�

�bV @ �Hf� . �o+U� .UC,
Hf� .HfC .H�� .H�C .U� .UC . V @ 4=

Khuh Hf� lv wkh phdvxuh ri xqvnloohg zkr duh hpsor|hg lq vhfwruv zlwk } @ E/

HfC lv wkh dqdorjrxv phdvxuh iru vhfwruv zlwk } @ J/ H�� lv wkh phdvxuh ri vnloohg

zrunhuv zkr duh hpsor|hg lq vhfwruv zlwk } @ E/ H�C lv wkh dqdorjrxv phdvxuh iru

vhfwruv zlwk } @ J/ U� lv wkh phdvxuh ri uhvwhuv lq vhfwruv zlwk } @ E/ UC lv wkh

phdvxuh ri uhvwhuv lq vhfwruv zlwk } @ J/ dqg V lv wkh phdvxuh ri vhdufkhuv lq wkh

hfrqrp|1 Wkh lqwhusuhwdwlrq ri wkhvh frqglwlrqv lv vwudljkwiruzdug1 Iru h{dpsoh/

wkh �uvw frqglwlrq vwdwhv wkdw wkh  rz ri zrunhuv rxw ri wkh fdwhjru| �xqvnloohg/

hpsor|hg lq d vhfwru zlwk } @ E� pxvw htxdo wkh fruuhvsrqglqj  rz ri zrunhuv

lqwr wkdw fdwhjru|1 Zrunhuv h{lw wklv fdwhjru| zkhq wkhlu vhfwru vzlwfkhv iurp

E wr J +wklv rffxuv dw udwh �,/ zkhq wkh| dftxluh vhfwru0vshfl�f kxpdq fdslwdo

+wklv rffxuv dw udwh �e,/ dqg zkhq wkh| orvh wkhlu mrev +wklv rffxuv dw udwh �,1

43



Wkh fruuhvsrqglqj lq rz frphv iurp hpsor|hg xqvnloohg zrunhuv zkrvh vhfwru

vzlwfkhv iurp J wr E=

Wklv v|vwhp ri htxdwlrqv fdq eh vroyhg iru wkh ydulrxv phdvxuhv/ exw wkh

h{suhvvlrqv duh frpsolfdwhg dqg ri olwwoh lqwxlwlyh ydoxh1 D pruh lqwhuhvwlqj ds0

surdfk lv wr orrn dw wkh udwlr ri uhvwhuv +U� . UC, wr wrwdo xqhpsor|hg +U� .
UC . V,> l1h1/ zdlw xqhpsor|phqw dv d iudfwlrq ri wrwdo xqhpsor|phqw=

I @
+U� .UC,

+U� .UC . V,
@

�e�b+5�. �e . �,

�e�b+5�. �e . �, . �o^�� . �e+5�. �e . �,`
=

Wklv h{suhvvlrq lv uhodwlyho| vlpsoh dqg doorzv iru wkh iroorzlqj vwudljkwiruzdug

frpsdudwlyh vwdwlfv fdofxodwlrqv=

Y8
Y4

@ 3kekoZb�Eken��

E_e?�2
? 3

Y8
Yke

@ koZb4�E24n2ken��

E_e?�2
A 3

Y8
Yko

@ 3keZbE24nken��d4�nkeE24nken��o

E_e?�2
? 3

Y8
YZb

@ kekoE24nken��d4�nkeE24nken��o

E_e?�2
A 3

Y8
YZo

@ 3
Y8
Y�

@ 3kekoZb4E24nke�

E_e?�2
? 3>

zkhuh +ghq,2 @ i�e�b+5�. �e . �, . �o^�� . �e+5�. �e . �,`j2=
Wkh �uvw frpsdudwlyh vwdwlfv uhvxow lqglfdwhv wkdw dv � lqfuhdvhv/ zdlw xq0

hpsor|phqw ghfuhdvhv dv d iudfwlrq ri wrwdo xqhpsor|phqw1 Dq lqfuhdvh lq � lv

htxlydohqw wr d ghfuhdvh lq wkh shuvlvwhqfh ri vkrfnv/ l1h1/ lw ehfrphv pruh olnho|

wkdw d vkrfn zloo eh uhyhuvhg lq wkh qh{w shulrg1 Wkxv/ dv � lqfuhdvhv/ wkh h{shfwhg

gxudwlrq ri zdlw xqhpsor|phqw ghfuhdvhv1 Wkh vhfrqg uhvxow lv txlwh vwudljkw0

iruzdug1 Dv xqvnloohg zrunhuv ehfrph pruh olnho| wr dftxluh vhfwru0vshfl�f vnloo/

wkh lpsruwdqfh ri zdlw xqhpsor|phqw lqfuhdvhv1 Wklv iroorzv iurp wkh idfw wkdw

dq lqfuhdvh lq vnloo dftxlvlwlrq lqfuhdvhv wkh iudfwlrq ri odlg0r� zrunhuv zkr kdyh

vhfwru0vshfl�f vnloov dqg vr fdq srvvleo| zdlw lq wkh vhfwru1 Wkh wklug uhvxow lv

dovr vwudljkwiruzdug1 Dv �o lqfuhdvhv/ pruh ri wkrvh zkr zdlw orvh wkhlu vhfwru0

vshfl�f vnloov dqg ehfrph vhdufkhuv vr wkdw wkh iudfwlrq ri xqhpsor|phqw pdgh

xs ri uhvwhuv idoov1 +Lq wkh ixoo prgho/ wkhuh zrxog eh dq dgglwlrqdo lqgluhfw h�hfw

vlqfh lw zrxog ehfrph ohvv dgydqwdjhrxv wr zdlw dqg pruh vnloohg xqhpsor|hg

zrxog �qg lw rswlpdo wr vhdufk hovhzkhuh lq wkh hfrqrp|1, Wkh qh{w uhvxow vwdwhv

wkdw dv wkh olnholkrrg ri jhwwlqj d mre zkhq vhdufklqj lqfuhdvhv/ wkh iudfwlrq ri

xqhpsor|phqw frpsrvhg ri uhvwhuv ulvhv1

Dq lqfuhdvh lq �o/ wkh udwh dw zklfk uhvwhuv duh kluhg lq jrrg vhfwruv/ kdv

qr lq xhqfh rq wkh uhodwlyh vkduh ri zdlw xqhpsor|phqw1 Wklv lv dq duwlidfw ri
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rxu dqdo|wlfdo prgho1 Lq wkh ixoo prgho/ uhvwhuv* ghflvlrqv duh lq xhqfhg e| wklv

sdudphwhu dqg zh h{shfw wkdw lw zrxog kdyh dq h�hfw/ dowkrxjk wkh gluhfwlrq lv

xqfohdu1 Wkh gluhfw h�hfw lv wr uhgxfh wkh gxudwlrq ri zdlw xqhpsor|phqw lq jrrg

vhfwruv/ exw wkh lqgluhfw h�hfw lv wr pdnh zdlw xqhpsor|phqw pruh dwwudfwlyh

uhodwlyh wr vhdufklqj1 Khuh wkh odfn ri h�hfw dulvhv ehfdxvh wkh uhgxfwlrq ri

zdlw xqhpsor|phqw lq wkh jrrg vhfwruv lv edodqfhg e| dq htxlydohqw uhgxfwlrq lq

vhdufk xqhpsor|phqw1 Wkh �qdo uhvxow vwdwhv wkdw dq lqfuhdvh lq wkh udwh dw zklfk

zrunhuv duh odlg r�/ �/ ghfuhdvhv wkh vkduh ri zdlw xqhpsor|phqw1 Wklv iroorzv

iurp rxu dvvxpswlrq wkdw od|r�v rqo| rffxu lq edg vhfwruv1 Vlqfh lw wdnhv wlph

wr dffxpxodwh vhfwru0vshfl�f kxpdq fdslwdo/ kljk0vnloohg zrunhuv duh uhodwlyho|

xqghuuhsuhvhqwhg lq edg vhfwruv1 Wkxv dq lqfuhdvh lq � frqwulexwhv pruh wr vhdufk

xqhpsor|phqw wkdq wr zdlw xqhpsor|phqw1 Djdlq/ lq wkh ixoo prgho wklv uhvxow

pd| fkdqjh vlqfh wkh ulvh lq � zloo lq xhqfh wkh ghflvlrqv pdgh e| uhvwhuv1

71 Qxphulfdo Vroxwlrq

Wkh vwdwlrqdu| htxloleulxp iru wkh ixoo prgho pxvw eh frpsxwhg qxphulfdoo|1 Lq

htxloleulxp/ wkh ghqvlw| ri +}> �, dfurvv vhfwruv pxvw eh frqvwdqw wkurxjk wlph/

hyhq wkrxjk wkh vwdwh ri hdfk vhfwru zloo ydu| iurp shulrg wr shulrg1 Iru dq|

srwhqwldo vwdwlrqdu| glvwulexwlrq ri +}> �, wkhuh zloo eh d fruuhvsrqglqj froohfwlrq
ri ydoxh ixqfwlrqv iru lqglylgxdov lq wkh hfrqrp|/ doo ri zklfk ghshqg rq wkh ydoxh

ri vhdufk/ yb= Wkhvh ydoxh ixqfwlrqv/ wrjhwkhu zlwk wkh h{rjhqrxv surfhvvhv +wkh

Pdunry surfhvv iru }/ wkh od|r� ulvnv/ hwf1,/ lq wxuq ghwhuplqh wkh hyroxwlrq ri

+}> �, zlwklq dqg ehwzhhq vhfwruv1 Zh wkxv kdyh wkh iroorzlqj �{hg srlqw sureohp1

Jlyhq d ydoxh ri vhdufk/ yb> �qg wkh fruuhvsrqglqj vwdwlrqdu| glvwulexwlrq iru

+}> �,= Wkhq/ jlyhq wkdw vwdwlrqdu| glvwulexwlrq/ frpsxwh wkh fruuhvsrqglqj ydoxh

ri vhdufk/ vd| y�b= Lq htxloleulxp/ zh vhhn d ydoxh ri vhdufk wkdw uhwxuqv lwvhoi lq

wklv surfhvv1

Wkh ghwdlov ri rxu vroxwlrq dojrulwkp duh dv iroorzv=

Vwhs 4= Fkrrvh d vwduwlqj ydoxh/ yfb=

Vwhs 5= Jlyhq yfb/ frpsxwh yf+}> �> y
f
b,> y�+}> �> y

f
b,> dqg yo+}> �> y

f
b,= Xvh wkhvh

ydoxhv wr frpsxwh wkh odz ri prwlrq iru �> l1h1/ �� @ j+}> �> yfb,=
Wklv vwhs lv uhodwlyho| frpsolfdwhg1 Zh ehjlq e| vshfli|lqj d julg iru +}> �,=

Qh{w/ zh vshfli| vwduwlqj srlqwv iru wkh ydoxh ixqfwlrqv/ l1h1/ yff+}> �> y
f
b,> y

f
�+}> �> y

f
b,>

dqg yfo +}> �> y
f
b,= Wklv lv uhodwlyho| vlpsoh wr gr e| dvvxplqj/ iru h{dpsoh/ wkdw

qr uhvwhuv hyhu ohdyh wkh vhfwru1 Jlyhq wkh vwduwlqj ydoxhv/ zh wkhq �vkrfn� hdfk

julg srlqw dqg frpsxwh rswlpdo uhvwhu fkrlfhv1 Wkhuh duh wkuhh srvvlelolwlhv dw

hdfk julg srlqw=

+l, Doo uhvwhuv ohdyh> l1h1/ yfo +}> �> y
f
b, @ yfb=
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Lq wklv fdvh �� @ +e�f> e��> 3, @ +if+}> �,> i�+}> �,> 3,=
+ll, Doo uhvwhuv vwd|> l1h1/ yfo +}> �> y

f
b, A yfb=

Lq wklv fdvh �� @ +e�f> e��> e�o, @ +if+}> �,> i�+}> �,> io+}> �,,=
+lll, Vrph/ exw qrw doo/ uhvwhuv ohdyh1

Lq wklv fdvh/ �� @ +e�f> e��> {,> zkhuh { lv vxfk wkdw yfo +}> �> y
f
b, @ yfb=

Jlyhq uhvwhuv* ghflvlrqv/ zh kdyh rxu odz ri prwlrq j+}> �,= Jlyhq yff+�,> y
f
�+�,> dqg

yfo+�,> zh wkhq uhfrpsxwh wkh ydoxh ixqfwlrqv wr jhw y�f+�,> y
�
�+�,> dqg y�o +�,= Li wkh

xsgdwhg ydoxhv duh vx!flhqwo| forvh wr wkh vwduwlqj srlqw/ zh surfhhg wr wkh qh{w

vwhs1 Rwkhuzlvh/ zh uhfrpsxwh rswlpdo uhvwhu fkrlfhv dqg lwhudwh xqwlo wkh ydoxh

ixqfwlrqv frqyhujh1

Vwhs 6= Vlpxodwh wkh hfrqrp|/ xvlqj wkh ydoxh ixqfwlrqv frpsxwhg lq vwhs 5/

ryhu d odujh qxpehu ri vhfwruv dqg iru hqrxjk wlph shulrgv lq rughu wr uhdfk wkh

vwdwlrqdu| glvwulexwlrq iru +}> �,=
Vwhs 7= Frpsxwh y�b=

Vdpsoh d odujh qxpehu ri djhqwv iurp wkh srro ri vhdufkhuv1 Vlpxodwh wkh

hfrqrp| djdlq/ xvlqj wkh vwdwlrqdu| glvwulexwlrq frpsxwhg lq vwhs 6 dqg wkh

ydoxh ixqfwlrqv frpsxwhg lq vwhs 51 Wudfn wkh uhdol}hg xwlolwlhv iru wkhvh djhqwv

ryhu d odujh qxpehu ri shulrgv/ dqg xvh wkhvh uhdol}hg vhulhv wr hvwlpdwh y�b=

Vwhs 8= Li y�b � yfb> vwrs1 Rwkhuzlvh/ uhwxuq wr vwhs 5/ xvlqj dq xsgdwhg ydoxh ri

vhdufk1

81 Uhvxowv

Lq wklv vhfwlrq/ zh suhvhqw rxu qxphulfdo uhvxowv1 Lq rxu edvholqh fdvh/ hdfk

shulrg lv rqh prqwk orqj dqg rxu vlpxodwlrqv duh edvhg rq 4333 vhfwruv/ 833 ri

zklfk duh �jrrg� lq dq| shulrg dqg 833 ri zklfk duh �edg1� Zh kdyh fkrvhq

wkh ghdwk ulvn/ �> vr wkdw dq lqglylgxdo*v h{shfwhg zrunlqj olih lv 73 |hduv> l1h1/

� @ �
�2fef

� 3=335= Rxu shuvlvwhqfh sdudphwhu � lv vhw vr wkdw wkh h{shfwhg

gxudwlrq ri hlwkhu d jrrg ru edg vkrfn lv 43 |hduv> l1h1/ � @ �

�2f�f
� 3=33;= Zh

dvvxph wkdw lw wdnhv rq dyhudjh wzr |hduv wr dftxluh vhfwru0vshfl�f vnloo dqg 8

|hduv wr irujhw lw/ vr �e � 3=375 dqg �o @ ke

2�D
= Wkh od|r� ulvnv duh dvvxphg wr

eh � +J, @ =34;8 dqg � +E, @ =3:81 Wkhvh wudqvodwh lqwr h{shfwhg gxudwlrqv ri

hpsor|phqw ri 718 |hduv lq d jrrg vhfwru dqg 414 |hduv lq d edg vhfwru1 Zh xvh

d glvfrxqw udwh ri � @ 3=<:=<

Zh �{ wkh klulqj udwh lq vxfk d zd|/ jlyhq rxu dvvxphg od|r� udwhv/ dv wr

jhqhudwh dq ryhudoo xqhpsor|phqw udwh wkdw lv forvh wr wkh Hxurshdq Xqlrq dyhu0

<Vlqfh wklv lv d prqwko| glvfrxqw udwh/ lw lv/ ri frxuvh/ txlwh orz1 Zh kdyh fkrvhq vxfk d orz

ydoxh wr khos vshhg frqyhujhqfh1
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djh1 Vshfl�fdoo|/ zh dvvxph kluhv ri derxw 31377 shu jrrg vhfwru shu shulrg dqg

ri derxw 31335 shu edg vhfwru shu shulrg1 Wkxv/ wkh ryhudoo klulqj udwh lv derxw

515 shufhqw shu shulrg1 Kdoi ri doo qhz kluhv lq d vhfwru duh doorfdwhg wr uhvwhuv

dqg kdoi wr vhdufkhuv1 Li wkh phdvxuh ri uhvwhuv lq wkh vhfwru lv lqvx!flhqw/ wkh

xq�oohg srvlwlrqv duh doorfdwhg wr vhdufkhuv1

Zh dvvxph wkdw rxwsxw lq d vhfwru lv ghwhuplqhg e| wkh ixqfwlrq=

| @ } +kf�f . k���,
�3w

zkhuh kf lv wkh surgxfwlylw| ohyho ri xqvnloohg zrunhuv dqg k� lv wkh surgxfwlylw|

ohyho ri vnloohg zrunhuv1 Zdjhv htxdo pdujlqdo surgxfw iru hdfk zrunhu w|sh/ l1h1/

zf @ }kf +4� �, +kf�f . k���,
3w

z� @ }k� +4� �, +kf�f . k���,
3w =

Zh dvvxph lq rxu edvholqh fdvh wkdw kf @ 4> k� @ 4=8> dqg � @ 3=41 Wkxv/ lq d

sduwlfxodu vhfwru/ wkh zdjh iru zrunhuv zlwk vhfwru0vshfl�f vnloo lv 418 wlphv wkh

zdjh ri dq xqvnloohg zrunhu1 Zh vhw } @ 3=:8 zkhq frqglwlrqv lq d vhfwru duh edg

dqg } @ 4=58 zkhq frqglwlrqv lq d vhfwru duh jrrg1 Zdjhv wkxv ydu| dfurvv vhfwruv

ghshqglqj rq zkhwkhu wkh vkrfn lv jrrg ru edg dqg rq wkh ohyho dqg frpsrvlwlrq

ri hpsor|phqw1 Wkh odwwhu ghshqgv rq wkh vhfwru*v klvwru|1 Iru h{dpsoh/ d vhfwru

wkdw lv fxuuhqwo| edg/ exw zdv suhylrxvo| jrrg iru d orqj zkloh zloo kdyh kljkhu

hpsor|phqw wkdq d vhfwru wkdw lv edg dqg kdv ehhq edg iru d orqj zkloh1 Wkh

odwwhu zloo kdyh kljkhu zdjhv vlqfh lw kdv ihzhu zrunhuv1

Ri sulpdu| lqwhuhvw duh rxu uhvxowv iru xqhpsor|phqw1 Lq wkh vwdwlrqdu| htxl0

oleulxp +diwhu 483 shulrgv,/ zh �qg dq ryhudoo xqhpsor|phqw udwh ri derxw 441<7

shufhqw +vhdufkhuv soxv uhvwhuv glylghg e| wkh oderu irufh, zlwk 8; shu fhqw ri

xqhpsor|phqw pdgh xs ri uhvwhuv1 Wkh uhvwhuv dovr uhsuhvhqw wkh uhodwlyho| orqj

whup xqhpsor|hg1 Wkh h{shfwhg gxudwlrq ri xqhpsor|phqw iru vhdufkhuv lv 6189

prqwkv/ zkloh wkh h{shfwhg gxudwlrq ri xqhpsor|phqw iru uhvwhuv lv :139 prqwkv

lq jrrg vhfwruv dqg 49193 prqwkv lq edg vhfwruv1

Wr looxvwudwh wkh fkdudfwhulvwlfv ri rxu htxloleulxp pruh fohduo|/ zh kdyh

judskhg wkh glvwulexwlrqv ri hpsor|phqw dqg xqhpsor|phqw dfurvv vhfwruv1 Ilj0

xuh 4 jlyhv wkh glvwulexwlrq ri hpsor|phqw dfurvv jrrg vhfwruv/ dqg Iljxuh 5

looxvwudwhv wkh glvwulexwlrq ri hpsor|phqw dfurvv edg vhfwruv1 Wkh xqlwv lq wkh

�jxuhv vkrxog eh lqwhusuhwhg dv wkrxvdqgwkv ri wkh oderu irufh/ h1j1/ 5 lv htxlydohqw

wr 1335 wlphv wkh oderu irufh1 Qrwh wkdw jrrg vhfwruv duh jhqhudoo| pxfk odujhu

wkdq edg vhfwruv1 Wklv uh hfwv wkh kljk ghjuhh ri shuvlvwhqfh lq wkh hfrqrp|1

Qrqhwkhohvv/ wkhuh duh vrph yhu| vpdoo jrrg vhfwruv dqg d ihz odujh edg vhfwruv1

Wkh vpdoo jrrg vhfwruv duh vhfwruv wkdw zhuh edg iru d orqj wlph dqg uhfhqwo|

ehfdph jrrg/ zkloh wkh odujh jrrg vhfwruv duh vhfwruv wkdw kdyh ehhq jrrg iru d

orqj wlph1 Vlploduo|/ vpdoo edg vhfwruv duh vhfwruv wkdw kdyh ehhq edg iru d orqj

wlph/ zkloh wkh odujh edg vhfwruv zhuh jrrg iru d orqj wlph exw uhfhqwo| vx�huhg
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d edg vkrfn1

Iljxuhv 6 dqg 7 jlyh wkh glvwulexwlrqv ri uhvwhuv lq jrrg dqg edg vhfwruv1 Wkhvh

judskv duh txlwh gl�huhqw1 Dprqj jrrg vhfwruv/ wkhuh lv d zlghu glvwulexwlrq ri

uhvwhuv1 Wkh glvwulexwlrq lv elprgdo1 Wkh vhfwruv zlwk yhu| ihz uhvwhuv +qhdu 3,

duh vhfwruv wkdw kdyh uhfhqwo| ehfrph jrrg1 Wkh vhfwruv zlwk uhodwlyho| odujh

phdvxuhv ri uhvwhuv duh wkrvh vhfwruv wkdw ehhq jrrg iru pdq| shulrgv1 +Wklv

uh hfwv kljk hpsor|phqw lq wkhvh vhfwruv1, Dprqj edg vhfwruv/ wkh glvwulexwlrq

ri uhvwhuv lv txlwh qduurz1 Wkhuh lv d vpdoo pdvv ehwzhhq 313; dqg 313</ exw doo

rwkhu vhfwruv kdyh ihzhu wkdq 3135 uhvwhuv1 Ehwzhhq 3 dqg 3135/ wkh glvwulexwlrqv

lq wkh wzr w|shv ri vhfwruv duh txlwh gl�huhqw1 Wkhuh dsshdu wr eh pruh edg

vhfwruv dw wkh kljk hqg ri wklv udqjh1

Wkh uhpdlqlqj �jxuhv suhvhqw zdjh glvwulexwlrqv1 Iljxuhv 8 dqg 9 suhvhqw

wkh zdjh glvwulexwlrqv ryhu vhfwruv iru xqvnloohg zrunhuv lq jrrg dqg edg vhfwruv/

uhvshfwlyho|1 Vlqfh wkh zdjh iru zrunhuv zlwk vhfwru0vshfl�f vnloo lv 418 wlphv wkh

zdjh ri wkh xqvnloohg/ wkhuh lv qr qhhg wr vkrz wklv glvwulexwlrq1 Iluvw/ qrwh wkdw

wkh zdjhv lq edg vhfwruv duh xqlirupo| ehorz wkh zdjhv lq jrrg vhfwruv1 Ixuwkhu/

wkh zdjh glvwulexwlrq iru jrrg vhfwruv lv vnhzhg wr wkh uljkw zkloh wkdw iru edg

vhfwruv lv vnhzhg wr wkh ohiw1 Jrrg vhfwruv zlwk uhodwlyho| orz zdjhv duh wkrvh wkdw

kdyh ehhq jrrg iru d uhodwlyho| orqj wlph1 Dv hpsor|phqw jurzv lq wkh vhfwru/

wkh pdujlqdo surgxfw idoov/ ohdglqj wr uhodwlyho| orz zdjhv lq wkhvh vhfwruv1 Edg

vhfwruv zlwk uhodwlyho| kljk zdjhv duh wkrvh wkdw kdyh ehhq edg iru d orqj wlph

dqg khqfh kdyh orzhu hpsor|phqw1

Iljxuhv : dqg ; suhvhqw zdjh glvwulexwlrqv iru xqvnloohg zrunhuv dqg vnloohg

zrunhuv dfurvv lqglylgxdov1 Hdfk ri wkhvh lqfoxghv zrunhuv lq erwk jrrg dqg edg

vhfwruv1 Wkh vkdshv uh hfw wkh vkdshv ri wkh glvwulexwlrqv lq �jxuhv 8 dqg 9/ exw

duh dgmxvwhg e| hpsor|phqw zhljkwv1 Wkxv/ wkh kljkhvw zdjh edg vhfwruv/ zkhuh

hpsor|phqw lv uhodwlyho| orz/ dsshdu ohvv gudpdwlfdoo|/ zkloh wkh orz zdjh jrrg

vhfwruv duh pruh surplqhqw1

Zh kdyh shuiruphg wzr dowhuqdwlyh frpsxwdwlrqv ri rxu prgho lq rughu wr

dvvhvv wkh h�hfw ri fkdqjlqj wxuexohqfh rq wkh uhvxowv1 Lq wkh �uvw dowhuqdwlyh/

zh lqfuhdvh wkh frqglwlrqdo yduldqfh ri } kroglqj shuvlvwhqfh ri wkh vkrfnv +�,

frqvwdqw1 E| wkh frqglwlrqdo yduldqfh/ zh phdq wkh yduldqfh ri } lq dq| shulrg

frqglwlrqdo rq lwv ydoxh lq wkh suhylrxv shulrg1 Zh gr wklv e| fkdqjlqj wkh

pdjqlwxgh ri wkh jrrg dqg edg vkrfnv1 Wkdw lv/ zh dvvxph wkdw wkh } iru wkh edg

vkrfn idoov wr 3=98/ zkloh wkh } iru wkh jrrg vkrfn ulvhv wr 4=681 Lqfuhdvlqj wkh

frqglwlrqdo yduldqfh fdswxuhv wkh lghd ri lqfuhdvlqj wxuexohqfh lq wkh hfrqrp|1

Wkh h�hfw lv wr udlvh wkh ryhudoo xqhpsor|phqw udwh wr 45=89 shufhqw zlwk wkh

iudfwlrq ri uhvwhuv idoolqj wr 8: shufhqw1 Wkxv/ wkhuh lv d juhdwhu lqfuhdvh lq

xqhpsor|phqw dprqj vhdufkhuv1 Wkh gxudwlrq ri doo w|shv ri xqhpsor|phqw
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lqfuhdvhv1 Iru vhdufkhuv/ lw ehfrphv 61< prqwkv/ iru uhvwhuv lq jrrg vhfwruv lw lv

:15 prqwkv/ dqg iru uhvwhuv lq edg vhfwruv lw lv 4; prqwkv1

Rxu vhfrqg dowhuqdwlyh lv wr fkdqjh wkh shuvlvwhqfh ri wkh vkrfnv zlwkrxw

fkdqjlqj wkhlu pdjqlwxghv1 Wklv dovr fkdqjhv wkh frqglwlrqdo yduldqfh ri }/ exw/

jlyhq rxu vshfl�fdwlrq ri wkh vkrfn surfhvv/ lw grhv qrw fkdqjh wkh xqfrqglwlrqdo

yduldqfh ri }/ zklfk zdv fkdqjhg lq wkh �uvw dowhuqdwlyh1 Vshfl�fdoo|/ zh ghfuhdvh

�> vr wkdw wkh h{shfwhg gxudwlrq ri d jrrg ru edg vkrfn lv derxw 45 |hduv udwkhu

wkdq 43 |hduv/ l1h1/ � @ �

�2f�2
� 3=33:= Wklv ghfuhdvhv wkh frqglwlrqdo yduldqfh

ri } dqg fdq eh lqwhusuhwhg dv d ghfuhdvh lq wxuexohqfh1 Lq wkh qhz vwdwlrqdu|

htxloleulxp/ wkh xqhpsor|phqw udwh lv <1<4 shufhqw dqg wkh iudfwlrq ri uhvwhuv lv

1:3461 Wkdw lv/ wkh xqhpsor|phqw udwh idoov frpsduhg wr wkh edvholqh fdvh/ exw

zkloh erwk wkh phdvxuhv ri vhdufkhuv dqg uhvwhuv idoo/ wkh uhgxfwlrq lq xqhpsor|0

phqw lv sulpdulo| dprqj wkh vhdufkhuv1 Wkh gxudwlrq ri xqhpsor|phqw idoov iru

doo xqhpsor|hg1 Iru vhdufkhuv/ lw ehfrphv 5=49 prqwkv/ iru uhvwhuv lq jrrg vhfwruv

lw lv 9=<5 prqwkv/ dqg iru uhvwhuv lq edg vhfwruv/ lw lv 47=84 prqwkv1

Lq vxp/ zkhq zh lqfuhdvh �wxuexohqfh� e| lqfuhdvlqj wkh pdjqlwxgh ri wkh

vkrfnv/ zh �qg wkdw xqhpsor|phqw lqfuhdvhv1 Frqvlvwhqw zlwk wklv/ zkhq zh

ghfuhdvh �wxuexohqfh� e| pdnlqj � vpdoohu +kdylqj vkrfnv shuvlvw orqjhu,/ xqhp0

sor|phqw idoov iru erwk vhdufkhuv dqg uhvwhuv/ dowkrxjk wkh h�hfw iru vhdufkhuv lv

juhdwhu1

91 Frqfoxvlrqv

Lq wklv sdshu/ zh frqvwuxfwhg d prgho lq zklfk vwuxfwxudo fkdqjhv lq dq hfrq0

rp| d�hfw wkh htxloleulxp udwhv ri vhdufk dqg zdlw xqhpsor|phqw1 Wkh prgho

fdswxuhv wkh lghd wkdw kljk0vnloohg zrunhuv zkr duh odlg r� lq d vhfwru wkdw lv

whpsrudulo| rq edg wlphv pd| udwlrqdoo| fkrrvh wr zdlw iru frqglwlrqv wr lpsuryh

lq rughu wr dyrlg jlylqj xs wkh suhplxp dvvrfldwhg zlwk wkhlu vnloov1 Zh ehjdq

e| suhvhqwlqj d vlpsol�hg/ dqdo|wlfdo yhuvlrq ri rxu prgho lq zklfk zh vxssuhvvhg

dq| hohphqw ri fkrlfh lq wkh odz ri prwlrq iru wkh hfrqrp| vr wkdw htxloleulxp

frxog eh gh�qhg sxuho| lq whupv ri vwhdg|0vwdwh frqglwlrqv1 Lq wklv vlpsol�hg

prgho/ zh zhuh deoh wr h{dplqh krz ydulrxv sdudphwhuv d�hfw wkh uhodwlyh lp0

sruwdqfh ri zdlw xqhpsor|phqw1 Iru h{dpsoh/ zh irxqg wkdw dq lqfuhdvh lq wkh

shuvlvwhqfh ri vkrfnv lqfuhdvhv wkh h{shfwhg gxudwlrq ri zdlw xqhpsor|phqw1

Zh wkhq suhvhqwhg d qxphulfdo vroxwlrq wr wkh ixoo prgho1 Wkh sdudphwhuv iru

rxu edvholqh fdvh zhuh vhw wr jhqhudwh dq htxloleulxp xqhpsor|phqw udwh forvh

wr 45 shufhqw1 Lq rxu uhvxowv/ zdlw xqhpsor|phqw uhsuhvhqwv derxw 93 shufhqw ri

xqhpsor|phqw dqg wkh gxudwlrq ri zdlw xqhpsor|phqw zdv vljql�fdqwo| juhdwhu

wkdq wkdw ri vhdufk xqhpsor|phqw1 Zh dovr frpsxwhg wzr dowhuqdwlyh vroxwlrqv
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wr wkh prgho wr dvvhvv wkh h�hfwv ri wxuexohqfh rq wkh htxloleulxp1 Zkhq zh

lqfuhdvhg wkh pdjqlwxgh ri wkh vkrfnv/ zh irxqg dq lqfuhdvh lq xqhpsor|phqw/

dqg wkh sursruwlrq ri xqhpsor|phqw dffrxqwhg iru e| uhvwhuv ghfuhdvhg1 Zkhq

zh lqfuhdvhg wkh shuvlvwhqfh ri vkrfnv/ wkh xqhpsor|phqw udwh ihoo/ odujho| yld d

ghfuhdvh lq vhdufk xqhpsor|phqw1

Wkh uhvxowv wkdw zh kdyh suhvhqwhg duh suholplqdu|1 D ixoo fdoleudwlrq ri

wkh prgho zrxog uhtxluh pdwfklqj wkh glvwulexwlrqv ri zdjhv dqg xqhpsor|phqw

gxudwlrqv jhqhudwhg lq rxu qxphulfdo vroxwlrqv zlwk wkh fruuhvsrqglqj glvwulex0

wlrqv lq wkh gdwd1 Qrqhwkhohvv/ zh ihho wkdw rxu uhvxowv fdvw vrph oljkw rq wkh

uhodwlrqvkls ehwzhhq vwuxfwxudo fkdqjhv dqg htxloleulxp xqhpsor|phqw1
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Figure 1: Distribution of employed workers in good sectors
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Figure 2: Distribution of employed workers in bad sectors
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Figure 3: Distribution of resters in good sectors
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Figure 4: Distribution of resters in bad sectors




