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Devwudfw

Wkh edvlf wudgh xqlrq prgho lv jhqhudol}hg wr doorz iru dq xqhpsor|phqw

ehqh�w v|vwhp frqvlvwlqj ri wzr ehqh�w ohyhov/ rqh iru vkruw0whup dqg rqh

iru orqj0whup xqhpsor|hg/ dqg d uxoh ghwhuplqlqj zkhwkhu dq xqhpsor|hg lv

vkruw0 ru orqj0whup1 Xqghu uhodwlyho| plog frqglwlrqv zh vkrz wkdw ehqh�w

v|vwhpv zlwk qr ru srvlwlyh gxudwlrq ghshqghqfh duh grplqdwhg e| d v|v0

whp zlwk qhjdwlyh gxudwlrq ghshqghqfh lq wkh vhqvh wkdw doo xqlrq phpehuv

dfklhyh kljkhu xwlolw|/ xqhpsor|phqw lv orzhu/ dqg ehqh�w h{shqglwxuhv duh

vpdoohu1

MHO Fodvvl�fdwlrq= M65/ M841
Nh|zrugv= Xqhpsor|phqw Ehqh�wv/ Wudgh Xqlrqv/ Xqhpsor|phqw1

�Zh zlvk wr wkdqn Qlhov Eorpjuhq0Kdqvhq/ Grqdog Sduvrqv/ Elujlwwh Vorwk/ Wruvwhq Voûn/

Wruehq Wudqév/ dqg vhplqdu sduwlflsdqwv dw HSUX dqg dw wkh HVHP Frqihuhqfh lq Wrxorxvh
iru vwlpxodwlqj glvfxvvlrqv1 Wkh khos ri Dqqh N1 Mhqvhq rq surylglqj gdwd lv dovr judwhixoo|

dfnqrzohgjhg1 Ilqdoo|/ zh duh judwhixo iru vxevwdqwldo lpsuryhphqwv vxjjhvwhg e| dq dqrq|prxv
uhihuhh1

|Fruuhvsrqghqfh= Kdqv Mûujhq Mdfrevhq/ Lqvwlwxwh ri Hfrqrplfv/ Xqlyhuvlw| ri Frshqkdjhq/
Vwxglhvwudhgh 9/ GN04788 Frshqkdjhq N/ Ghqpdun1 Sk1= .78 68 65 63 63/ id{= .78 68 65 63 33/

h0pdlo= mdfreChfrq1nx1gn1
}Wkh dfwlylwlhv ri HSUX +Hfrqrplf Srolf| Uhvhdufk Xqlw, duh �qdqfhg wkurxjk d judqw iurp

Wkh Gdqlvk Qdwlrqdo Uhvhdufk Irxqgdwlrq1



4 Lqwurgxfwlrq

Vkrxog xqhpsor|phqw ehqh�wv ghshqg rq shrsohv* sdvw xqhpsor|phqw uhfrugvB

Zh dgguhvv wklv txhvwlrq e| dqdo|vlqj krz xqhpsor|phqw gxudwlrq ghshqghqfh

lq ehqh�w v|vwhpv lq xhqfhv oderxu pdunhwv fkdudfwhul}hg e| prqrsrolvwlf zdjh

vhwwlqj1 Rxu uhvxowv vxjjhvw wkdw dq xqdpeljxrxv lpsuryhphqw fdq eh rewdlqhg

e| fkdqjlqj ehqh�w v|vwhpv zlwk qr ru srvlwlyh gxudwlrq ghshqghqfh wr rqh zlwk

qhjdwlyh gxudwlrq ghshqghqfh/ zkhuh xqhpsor|phqw ehqh�wv idoo wr d orzhu ohyho

diwhu vrph gxudwlrq ri xqhpsor|phqw1 E| xqdpeljxrxv lpsuryhphqw zh phdq

wkdw xqhpsor|phqw idoov/ doo zrunhuv jhw pruh xwlolw|/ dqg ehqh�w h{shqglwxuhv

ghfuhdvh1 Wkxv/ dq rswlpdo ehqh�w v|vwhp kdv qhjdwlyh gxudwlrq ghshqghqfh/ dqg

lq jhqhudo uhedodqflqj ri ehqh�w udwhv ydolg iru gl�huhqw gxudwlrqv ri xqhpsor|phqw

pd| srwhqwldoo| dfklhyh doo ri wkh deryh jrdov frqwudu| wr wkh riwhq frqvlghuhg

fkdqjh ri dq ryhudoo ehqh�w ohyho1

Vwdqgdug wudgh xqlrq wkhru| suhglfwv wkdw lqfuhdvhv lq xqhpsor|phqw ehqh�wv

lqfuhdvh zdjhv dqg xqhpsor|phqw/ vhh h1j1 Rvzdog +4<;8,/ Iduehu +4<;9,/ ru Errwk

+4<<8,1 Wklv olwhudwxuh frqvlghuv � dw udwh� ehqh�w v|vwhpv zkhuh d vshfl�f prq0

hwdu| frpshqvdwlrq lv sdlg lq hdfk shulrg ri xqhpsor|phqw lqghshqghqwo| ri wkh

gxudwlrq ri xqhpsor|phqw1 Wklv lv d txlwh fuxgh wuhdwphqw ri wkh dfwxdo ehqh�w

v|vwhpv lq prvw frxqwulhv1 Iru RHFG frxqwulhv/ Dwnlqvrq dqg Plfnohzuljkw +4<<4,

frqfoxgh +dprqj rwkhu wklqjv, wkdw *XL ehqh�w lv sdlg iru d olplwhg gxudwlrq/ dqg

wkh udwh ri ehqh�w pd| ghfolqh ryhu wlph* ^s1 49;<`1
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Wzr sureohpv pd| dulvh zkhq pdnlqj frqfoxvlrqv iurp prghov zklfk duh ryhu0

vlpsol�hg lq wkh ghvfulswlrq ri wkh xqhpsor|phqw ehqh�w v|vwhp1 Iluvw/ lghqwli|lqj

rqh ri wkh uhdo zruog*v vhyhudo ehqh�w udwhv zlwk wkh vlqjoh ehqh�w udwh ri d prgho

pd| ohdg wr zurqj suhglfwlrqv1 Vhfrqg/ rqh pd| ryhuorrn vrph lqwhuhvwlqj zd|v

ri uhiruplqj wkh ehqh�w v|vwhpv1 Wklv sdshu frqfhqwudwhv rq wkh vhfrqg lvvxh/ exw

jlyhv dovr dq looxvwudwlyh h{dpsoh ri wkh �uvw1

Wr nhhs wkh dqdo|vlv dv vlpsoh dv srvvleoh/ zh vwduw iurp wkh vlpsoh prqrsro|

xqlrq iudphzrun �uvw vxjjhvwhg e| Gxqors +4<77,/ dqg qrz irxqg lq pdmru wh{w

errnv1 Zh h{whqg wkh edvlf prgho wr doorz iru d pruh jhqhudo ehqh�w v|vwhp frqvlvw0

lqj ri wzr ehqh�w ohyhov/ rqh iru vkruw0whup dqg rqh iru orqj0whup xqhpsor|hg/ dqg

d uxoh ghwhuplqlqj zkhwkhu dq xqhpsor|hg lv fodvvl�hg dv vkruw0whup ru orqj0whup1

Vxfk d uxoh pd| vwdwh wkdw d shuvrq xqhpsor|hg lq d vshfl�f prqwk lv orqj0whup

xqhpsor|hg li kdylqj h{shulhqfhg ohvv wkdq 9 prqwkv ri hpsor|phqw gxulqj wkh

odvw 45 prqwkv/ ru pruh vlpsoh/ li kdylqj ehhq xqhpsor|hg lq doo ri wkh 9 suhfhg0

lqj prqwkv1 Qhjdwlyh gxudwlrq ghshqghqfh lq wkh ehqh�w v|vwhp wkhq phdqv wkdw

vkruw0whup xqhpsor|hg uhfhlyh d kljkhu ehqh�w udwh wkdq orqj0whup xqhpsor|hg1

Rxu dqdo|vlv wkxv frqwdlqv d g|qdplf hohphqw/ wkh ghshqghqfh ri ehqh�wv rq

wkh gxudwlrq ri xqhpsor|phqw1 Zh zloo �uvw lpsrvh vrph dvvxpswlrqv 0 pdlqo| d

}hur glvfrxqwlqj dvvxpswlrq 0 zklfk lpso| wkdw rxu prgho qhyhuwkhohvv suhvhuyhv

wkh vlpsoh vwdwlf qdwxuh ri wkh Gxqors prgho zklfk idflolwdwhv frpsdulvrq dqg

jlyhv wudqvsduhqf|1 Wkh dvvxpswlrqv dovr lpso| wkdw wkh wudgh xqlrq kdv d zhoo0

gh�qhg/ xqdpeljxrxv remhfwlyh/ dqg ixuwkhupruh wkdw rwkhu hohphqwv vxfk dv wkh
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uxoh glvwlqjxlvklqj ehwzhhq vkruw0whup dqg orqj0whup xqhpsor|phqw fdq eh jlyhq

d jhqhudo wuhdwphqw1 Zlwklq wkh vwdwlf prgho zh ghprqvwudwh wkdw vwduwlqj iurp dq

lqlwldo ehqh�w v|vwhp zlwk qr ru srvlwlyh gxudwlrq ghshqghqfh/ rqh fdq uhedodqfh

wkh ehqh�w udwhv vr wkdw vkruw0whup xqhpsor|hg jhw pruh dqg orqj0whup xqhpsor|hg

jhw ohvv dqg wkhuhe| dfklhyh orzhu xqhpsor|phqw/ kljkhu zhoiduh iru doo zrunhuv/ dqg

orzhu xqhpsor|phqw ehqh�w h{shqglwxuhv1 Wkh h{lvwhqfh ri vxfk dq xqdpeljxrxv

+Sduhwr, lpsuryhphqw lv rxu pdlq uhvxow1 Lw lpsolhv wkdw dq rswlpdo v|vwhp pxvw

kdyh qhjdwlyh gxudwlrq ghshqghqfh1

Wkh uhedodqflqj ri wkh ehqh�w udwhv jlyhv dq lpphgldwh ehqh�w orvv wr wkh orqj0

whup xqhpsor|hg/ dqg vr lw lv qrw reylrxv zkhwkhu wkh uhvxow krogv zlwk srvlwlyh

glvfrxqwlqj1 Zh wkhuhiruh gurs wkh }hur glvfrxqwlqj dvvxpswlrq dqg dvvxph lqvwhdg

wkdw wkh ixwxuh lv glvfrxqwhg e| d srvlwlyh uhdo lqwhuhvw udwh frpprq wr doo1 Wklv

ohdgv wr d g|qdplf dqg pruh frpsolfdwhg prgho lq zklfk zh kdyh wr eh pruh vshfl�f

derxw lvvxhv vxfk dv wkh vkruw0whup2orqj0whup uxoh1 Ixuwkhupruh/ xqlrq phpehuv

gr qr orqjhu kdyh frpprq lqwhuhvwv1 Zh vkrz/ krzhyhu/ wkdw iru d uhdvrqdeoh fodvv

ri xqlrq remhfwlyhv rxu pdlq uhvxow lv xqfkdqjhg li wkh uhdo lqwhuhvw udwh lv qrw wrr

odujh uhodwlyh wr lqlwldo xqhpsor|phqw1

D nh| wr xqghuvwdqglqj rxu pdlq uhvxowv lv wkdw/ frqwudu| wr wkh frqyhqwlrqdo

zlvgrp/ dq lvrodwhg lqfuhdvh lq wkh ehqh�w ohyho iru vkruw0whup xqhpsor|hg pd|

uhgxfh zdjhv dqg xqhpsor|phqw1 Wklv pd| rffxu ehfdxvh wkh lqflghqfh ri orqj0

whup xqhpsor|phqw/ wkdw lv/ wkh iudfwlrq ri wkh xqhpsor|hg zkr idoo iru wkh orqj0

whup fulwhulrq/ fdq uhdvrqdeo| eh dvvxphg wr eh lqfuhdvlqj lq xqhpsor|phqw lwvhoi1
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Wklv fuhdwhv dq lqfhqwlyh iru xqlrqv wr uhgxfh xqhpsor|phqw lq rughu wr pryh d

odujhu iudfwlrq ri wkh xqhpsor|hg wr wkh qrz kljkhu vkruw0whup ehqh�w ohyho1 Wklv

h�hfw frxqwhudfwv dqg pd| hyhq ryhuwxuq wkh wudglwlrqdo lqfhqwlyh iru zdjh suhvvxuh

fdxvhg e| wkh kljkhu rssruwxqlw| frvw ri hpsor|phqw1 Wkxv/ lw pd| eh plvohdglqj

wr frqfoxgh iurp wkh vwdqgdug xqlrq prgho wkdw kljkhu ehqh�w udwhv lq jhqhudo

lqfuhdvh xqhpsor|phqw1

Rxu pdlq sxusrvh lv wr dqdo|vh vwuxfwxudo uhirupv wkdw uhedodqfh wkh ehqh�w

ohyhov1 Li wkh lqfuhdvh lq wkh ehqh�w udwh iru vkruw0whup xqhpsor|hg lv dffrpsdqlhg

e| dq dssursuldwh uhgxfwlrq lq wkh udwh iru orqj0whup xqhpsor|hg wkhq wkh lqfhqwlyh

iru wkh xqlrq wr pryh xqhpsor|hg iurp orqj0whup wr vkruw0whup xqhpsor|phqw

lv rqo| uhlqirufhg/ zkloh wkh lqfuhdvh lq wkh rssruwxqlw| frvw ri hpsor|phqw lv

holplqdwhg1 Wklv uhvxowv lq dq xqdpeljxrxv lqfhqwlyh iru zdjh prghudwlrq/ zklfk lv

wkh fkdqqho wkurxjk zklfk orzhu xqhpsor|phqw/ kljkhu zrunhu zhoiduh/ dqg uhgxfhg

ehqh�w h{shqglwxuhv duh rewdlqhg1

Lw lv yhu| lpsruwdqw iru rxu uhvxowv wkdw wkh lqflghqfh ri orqj0whup xqhpsor|0

phqw/ wkdw lv/ wkh iudfwlrq ri xqhpsor|phqw fduulhg e| orqj0whup xqhpsor|hg/ lv

lqfuhdvlqj lq xqhpsor|phqw lwvhoi1 Zh dujxh wkhruhwlfdoo| iru wklv ehorz/ dqg pruh

wkrurxjko| lq Kdqvhq dqg Mdfrevhq +4<<;,/ exw lw dovr vhhpv wr eh dq hpslulfdo

uhjxodulw|1 Iljxuh 4 ehorz lv edvhg rq Gdqlvk gdwd iru wkh |hduv 4<:< wr 4<<;1

Iru hdfk |hdu d srlqw lqglfdwhv wkh udwh ri xqhpsor|phqw dqg wkh iudfwlrq ri wrwdo

xqhpsor|phqw fduulhg e| shrsoh zkr zhuh hpsor|hg ohvv wkdq 9 prqwkv gxulqj

wkh |hdu/ zklfk frxog eh d uhohydqw fulwhulrq iru glvwlqjxlvklqj ehwzhhq vkruw0whup
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dqg orqj0whup xqhpsor|phqw1 Lw uhyhdov d fohdu/ dqg shukdsv vxusulvlqjo| vwurqj/

srvlwlyh fruuhodwlrq1 D grxeolqj ri xqhpsor|phqw iurp durxqg 9( wr durxqg 45(/

vhhpv wr lpso| dq lqfuhdvh lq wkh lqflghqfh ri orqj0whup xqhpsor|phqw iurp durxqg

83( wr voljkwo| ehorz :8(/ wkdw lv/ orqj0whup xqhpsor|phqw jrhv iurp 6( ri wkh

zrunirufh xs wr d olwwoh ohvv wkdq <(1

	 Iljxuh 4 khuh :

Wkh lghd wkdw qhjdwlyh gxudwlrq ghshqghqfh ri xqhpsor|phqw ehqh�wv/ lq rqh

irup ru wkh rwkhu/ pd| eh d uhphg| djdlqvw xqhpsor|phqw kdv ehhq ghprqvwudwhg

lq rwkhu oderxu pdunhw prghov wrr1 Xvlqj *sduwldo0sduwldo* vhdufk prghov/ Pruwhqvhq

+4<::, dqg Exughww +4<:<, vkrz wkdw olplwhg ehqh�w gxudwlrq kdv lpsruwdqw h�hfwv

rq mre vhdufk lqfhqwlyhv lpso|lqj +d, wkdw wkh hvfdsh udwh iurp xqhpsor|phqw lv

lqfuhdvlqj wrzdugv ehqh�wv* h{kdxvwlrq/ dq h�hfw grfxphqwhg hpslulfdoo| e| h1j1

Ndw} dqg Ph|hu +4<<3,/ dqg +e, wkdw d ulvh lq wkh ehqh�w udwh jlyhq iru d olplwhg

gxudwlrq pd| uhgxfh xqhpsor|phqw ehfdxvh wkrvh qrw fxuuhqwo| holjleoh iru ehqh�wv

kdyh lqfuhdvhg lqfhqwlyhv iru mre vhdufk1 Vkdyhoo dqg Zhlvv +4<:<, vkrz lq d sduwldo

vhdufk prgho wkdw d ghfolqlqj gxudwlrq sur�oh iru jlyhq wrwdo ehqh�w h{shqglwxuhv

lqfuhdvhv dyhudjh vhdufk lqwhqvlw| ri wkh xqhpsor|hg dqg wkhuhe| lqfuhdvhv +dyhu0

djh, hpsor|phqw dqg zhoiduh1 Wklv uhvxow kdv pruh uhfhqwo| ehhq h{whqghg wr d

jhqhudo htxloleulxp vhdufk prgho e| Iuhghulnvvrq dqg Kropoxqg +4<<;,1 Dovr lq

h!flhqf| zdjh prghov wkhuh pd| eh srvlwlyh h�hfwv/ Dwnlqvrq +4<<8,/ exw wkh phfk0

dqlvpv wkurxjk zklfk orzhu xqhpsor|phqw lv dfklhyhg lq doo wkrvh frqwulexwlrqv duh
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gl�huhqw iurp wkh �xqhpsor|phqw frpsrvlwlrq h�hfw� wkdw gulyhv rxu uhvxow1

Rqh uhfhqw sdshu/ Fdkxf dqg Ohkpdqq +5333,/ dovr dqdo|vhv wkh lpsolfdwlrqv ri

gxudwlrq ghshqghqw ehqh�w udwhv lq d iudphzrun zkhuh zrunhuv sxvk zdjhv deryh

wkh frpshwlwlyh ohyho1 Krzhyhu/ wkh| frqvlghu d sxuh lqvlghu zdjh ghwhuplqdwlrq

zkhuh zdjh vhwwhuv gr qrw wdnh lqwr dffrxqw krz wkh| d�hfw ryhudoo xqhpsor|phqw

rq wkhlu oderxu pdunhw1 Khqfh/ wkh frpsrvlwlrq h�hfw gulylqj rxu uhvxow lv qrw

suhvhqw lq Fdkxf dqg Ohkpdqq +5333,1 Wkh| �qg/ frqwudu| wr xv/ wkdw d  dw udwh

v|vwhp surgxfhv orzhu xqhpsor|phqw wkdq rqh zlwk qhjdwlyh gxudwlrq ghshqghqfh1

Wkh edvlf uhdvrq lv d frpelqdwlrq ri lqvlghu zdjh ghwhuplqdwlrq dqg glvfrxqwlqj1

Xqolnh fxuuhqwo| xqhpsor|hg zrunhuv/ wkrvh hpsor|hg duh vxuh wr jhw wkh vkruw0whup

ehqh�w udwh lq wkh �uvw shulrgv ri xqhpsor|phqw1 D uhedodqflqj ri wkh ehqh�w udwhv

lq idyrxu ri vkruw0whup xqhpsor|hg zloo wkhq uhgxfh wkh h{shfwhg glvfrxqwhg lqfrph

orvv ri xqhpsor|phqw iru wkrvh fxuuhqwo| hpsor|hg zkr uhvsrqg e| lqfuhdvlqj wkh

zdjh fodlpv1 Wklv h�hfw lv dovr suhvhqw lq rxu prgho zlwk glvfrxqwlqj1 Krzhyhu/ zh

vkrz wkdw iru oderxu pdunhwv zlwk mxvw prghudwh xqhpsor|phqw wkh frpsrvlwlrq

h�hfw grplqdwhv li glvfrxqwlqj lv zlwklq uhdolvwlf olplwv/ dqg wklv krogv hyhq li wkh

xqlrq fduhv rqo| derxw hpsor|hg phpehuv1 Wkxv/ zh wklqn rxu uhvxow lv dssursuldwh

iru oderxu pdunhwv zlwk frqvlghudeoh xqhpsor|phqw sureohpv dqg zkhuh zdjhv duh

kljko| lq xhqfhg e| wudgh xqlrqv1

Wkh sdshu lv rujdql}hg dv iroorzv1 Lq Vhfwlrq 5 zh jhqhudol}h wkh vwdqgdug vwdwlf

wudgh xqlrq prgho wr lqfoxgh wkh vlwxdwlrq zkhuh xqhpsor|phqw ehqh�wv ghshqg

rq wkh gxudwlrq ri xqhpsor|phqw1 Vhfwlrq 6 vwdwhv dqg suryhv rxu pdlq uhvxow iru
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wkh vwdwlf prgho1 Lq Vhfwlrq 7 zh vkrz wkdw rxu pdlq uhvxow dovr krogv iru uhdolvwlf

glvfrxqwlqj1 Vhfwlrq 8 frqfoxghv1

5 Wkh Jhqhudol}hg Wudgh Xqlrq Prgho

Zh frqvlghu d oderxu pdunhw zlwk pdq| lghqwlfdo zrunhuv doo rujdql}hg lq d wudgh

xqlrq1 Hdfk zrunhu vxssolhv lqhodvwlfdoo| rqh xqlw ri oderxu lq hdfk shulrg1 Wkh

qxpehu ri zrunhuv dqg wkxv wkh wrwdo shu shulrg oderxu vxsso| lv qrupdol}hg wr

rqh1 Ilupv ghpdqg oderxu lq hdfk shulrg dffruglqj wr d grzqzdug vorslqj ghpdqg

fxuyh uE��1 Wkh zdjh udwh � lv vhw xqlodwhudoo| e| wkh wudgh xqlrq dqg dvvxphg

wr eh wkh vdph dovr lq doo ixwxuh shulrgv14 Lq d shulrg zlwk zdjh udwh �/ wkh udwh

ri xqhpsor|phqw lv � E�� ' �� u E��/ li � : �S/ dqg �E�� ' f li � � �S/ zkhuh

�S lv wkh frpshwlwlyh zdjh udwh/ uE�S� ' �1 Wkh hodvwlflw| ri oderxu ghpdqg dw wkh

zdjh udwh � lv 0 E�� � �
u�E���

uE��
' ��E���

�3�E��
: f1

Hdfk xqlrq phpehu lv lqwhuhvwhg lq wkh h{shfwhg ydoxh ri wkh glvfrxqwhg vxp/

ru dyhudjh/ ri ixwxuh lqfrphv> hlwkhu ehfdxvh hdfk phpehu kdv d shulrgzlvh xwlolw|

ixqfwlrq wkdw lv olqhdu lq frqvxpswlrq lpso|lqj wkdw wkh pdujlqdo xwlolw| ri lqfrph

lv wkh vdph dfurvv shulrgv ru ehfdxvh hdfk phpehu kdv dffhvv wr shuihfw fdslwdo

pdunhwv lpso|lqj wkdw hdfk phpehu fdq iuhho| fkrrvh dprqj doo frqvxpswlrq sur0

�ohv wkdw duh htxdo lq glvfrxqwhg ydoxh wr h{shfwhg ixwxuh lqfrph15 Dv vdlg zh �uvw

4Zh wkxv dsso| wzr �olplw dvvxpswlrqv�= Wkh zdjh udwh lv vhw iruhyhu dqg wkh ixwxuh lv glv0

frxqwhg e| dq lqwhuhvw udwh htxdo wr }hur1 Lw lv hdv| wr ghprqvwudwh/ krzhyhu/ wkdw wkh uhvxowv zh
rewdlq duh wkh olplw ri wkrvh rewdlqhg iurp dq dssursuldwho| irupxodwhg prgho zlwk qrq0vwdwlrqdu|

zdjhv dqg glvfrxqwlqj zkhq wkh lqwhuhvw udwh jrhv wr }hur1 Wkh olplwlqj prgho zh frqvlghu lv lq

wklv vhqvh wkh fruuhfw dssur{lpdwlrq iru vx!flhqwo| vpdoo glvfrxqwlqj1 Dqrwkhu lvvxh/ zklfk zh
uhwxuq wr lq Vhfwlrq 7/ lv zkhwkhu wkh uhvxowv vxuylyh zlwk uhdolvwlf glvfrxqwlqj1

5Wkh uhvxowv duh qhduo| lghqwlfdo lq wkh rwkhu h{wuhph fdvh zkhuh phpehuv kdyh d vwulfwo|

:



dvvxph/

D41 Wkh wlph suhihuhqfh/ ru lqwhuhvw/ udwh ri doo zrunhuv lv }hur1

Ixuwkhu/ zh dvvxph wkdw li wkh udwh ri xqhpsor|phqw uhpdlqv frqvwdqwo| � iru

pdq| shulrgv wkhq hyhu| lqglylgxdo zrunhu zloo lq glvwdqw shulrgv kdyh suredelolw|

� ri ehfrplqj xqhpsor|hg lqghshqghqwo| ri lqlwldo vwdwxv/

D51 Dw d frqvwdqw udwh ri xqhpsor|phqw � hdfk dqg hyhu| zrunhu*v orqj uxq

suredelolw| ri xqhpsor|phqw lv �1

Xqghu wkh riwhq frqvlghuhg �vlpsoh xqhpsor|phqw g|qdplf� zkhuh lq dq| sh0

ulrg hyhu| zrunhu kdv lqglylgxdo xqhpsor|phqw ulvn htxdo wr wkh shulrg*v xqhp0

sor|phqw udwh/ D5 lv wulyldoo| ixo�oohg> douhdg| iurp wkh �uvw shulrg hyhu|erg| kdv

suredelolw| � ri xqhpsor|phqw1 Lw lv/ krzhyhu/ dovr ixo�oohg xqghu pruh jhqhudo dqg

uhdolvwlf dvvxpswlrqv doorzlqj lqglylgxdo xqhpsor|phqw ulvnv wr ghshqg rq sdvw xq0

hpsor|phqw uhfrugv/ vhh Kdqvhq dqg Mdfrevhq +4<<;,1 Zkdw D5 ex|v xv lv wkxv

jhqhudolw| zlwk uhvshfw wr wkh xqghuo|lqj xqhpsor|phqw g|qdplf1

Zh frqvlghu dq xqhpsor|phqw ehqh�w v|vwhp wkdw frqvlvwv ri wzr hohphqwv1

Wkhuh lv d uxoh zklfk ghflghv zkhwkhu dq xqhpsor|hg lv vkruw0whup ru orqj0whup

xqhpsor|hg1 Ixuwkhu/ wkhuh duh wzr udwhv ri xqhpsor|phqw ehqh�wv/ K� dqg K2/ iru

vkruw0whup dqg orqj0whup xqhpsor|hg/ uhvshfwlyho|1 Qhjdwlyh gxudwlrq ghshqghqfh

wkhq phdqv wkdw K� : K21 Wkh vwdqgdug fdvh ri d � dw udwh� v|vwhp fruuhvsrqgv wr

frqfdyh shulrgzlvh xwlolw| ixqfwlrq ryhu frqvxpswlrq ri d qrq0vwrudeoh jrrg dqg zkhuh wkhuh lv
qr dffhvv wr fdslwdo pdunhwv/ fi1 Dsshqgl{ D1

;



K� ' K2 ' K/ zkhuh wkh uxoh grhv qrw pdwwhu1

Wkh uxohv w|slfdoo| xvhg lq ohjlvodwlrq duh ri wkh irup= D zrunhu zkr lv xqhp0

sor|hg lq d vshfl�f shulrg lv fodvvl�hg dv orqj0whup xqhpsor|hg li kdylqj h{shul0

hqfhg � ru ihzhu hpsor|phqw shulrgv zlwklq wkh odvw 6 suhfhglqj shulrgv +wkdw lv/

6� � ru pruh xqhpsor|phqw shulrgv,/ zkhuh d shulrg lv/ h1j1/ d zhhn ru d prqwk1

D sduwlfxodu fdvh lv � ' f/ zkhuh rqh lv orqj0whup xqhpsor|hg rqo| li rqh zdv

dovr xqhpsor|hg lq doo ri wkh suhfhglqj 6 shulrgv1 Vxfk d uxoh lv/ krzhyhu/ pruh

pdqlsxodeoh wkdq d uxoh zlwk d srvlwlyh �> mxvw rqh shulrg ri hpsor|phqw lpsolhv

wkdw rqh zloo eh holjleoh iru wkh vkruw0whup ehqh�w udwh iru dqrwkhu 6 shulrgv ri

xqhpsor|phqw1 Wkhuhiruh/ uhdo zruog uxohv xvxdoo| rshudwh zlwk srvlwlyh �*v1 Khuh/

zh zloo qrw eh vshfl�f derxw wkh uxoh1 Lqvwhdg/ zh dvvxph

D61 +l, Diwhu d qxpehu ri shulrgv zlwk d frqvwdqw xqhpsor|phqw udwh �/ wkh

iudfwlrq ri xqhpsor|hg zkr duh orqj0whup xqhpsor|hg uhdfkhv d fhuwdlq ohyho � E��/

wkh lqflghqfh ri orqj0whup xqhpsor|phqw1

+ll, Jlyhq d frqvwdqw �/ wkh whupv � E�� � E��� dqg �� E�� duh wkh iudfwlrqv ri

doo zrunhuv zkr zloo eh vkruw0whup dqg orqj0whup xqhpsor|hg/ uhvshfwlyho|1 Wkhvh

iudfwlrqv duh dovr hdfk lqglylgxdo zrunhu*v orqj uxq suredelolwlhv ri ehlqj vkruw0whup

dqg orqj0whup xqhpsor|hg/ uhvshfwlyho|1

+lll, Zkhq xqhpsor|phqw lqfuhdvhv/ wkh lqflghqfh ri orqj0whup xqhpsor|phqw

lqfuhdvhv/ wkdw lv/ # E�� � ��E���

�E��
: f hyhu|zkhuh1

Wklv dvvxpswlrq ex|v xv jhqhudolw| zlwk uhvshfw wr wkh vkruw0whup2orqj0whup

<



uxoh1 Wr mxvwli| D6/ frqvlghu �uvw wkh vlpsoh xqhpsor|phqw g|qdplf zkhuh hyhu|0

erg| kdv xqhpsor|phqw ulvn � lq hdfk shulrg/ dqg wkh vlpsoh uxoh vwdwlqj wkdw

dq xqhpsor|hg lv orqj0whup xqhpsor|hg li kdylqj h{shulhqfhg xqhpsor|phqw lq

doo ri wkh suhfhglqj 6 shulrgv/ � ' f1 Lq wklv fdvh/ wkh vwdwlrqdu| glvwulexwlrq lv

hvwdeolvkhg qr odwhu wkdq diwhu 6 shulrgv/ dqg wkh glylvlrq ri xqhpsor|phqw lq orqj

whup2vkruw whup lv jlyhq e| �E�� ' �6/ zklfk lv lqfuhdvlqj lq �1 Lq Kdqvhq dqg

Mdfrevhq +4<<;, zh vkrz wkdw D6 lv dovr ixo�oohg iru wkh jhqhudo uxoh/ � 5 dfc6o/

dqg dovr xqghu pruh jhqhudo xqhpsor|phqw g|qdplfv doorzlqj lqglylgxdo xqhp0

sor|phqw ulvnv wr ghshqg rq sdvw xqhpsor|phqw uhfrugv1 Ilqdoo| qrwh wkdw wkh

fuxfldo sduw +lll, dovr krogv hpslulfdoo| dv vkrzq lq wkh Lqwurgxfwlrq/ fi1 Iljxuh 41

Dvvxpswlrqv D4 wr D6 lpso| wkdw zh dyrlg frpsolfdwlrqv dulvlqj iurp wuxo|

lqwhuwhpsrudo rswlpl}dwlrq dqg hqvxuh wkdw wkhuh lv dq xqdpeljxrxv remhfwlyh iru

wkh xqlrq/ wkdw lv/ frpprq lqwhuhvwv dfurvv phpehuv1 Lqghhg/ dw d zdjh udwh �/

hdfk xqlrq phpehu*v shulrgzlvh h{shfwhg lqfrph zloo/ dffruglqj wr D5 dqg D6/

frqyhujh wr rqh dqg wkh vdph ohyho/ wkh orqj uxq shulrgzlvh h{shfwhg lqfrph ri d

zrunhu/

lE�c K�c K2� � E�� ��� n � dE�� � E��� K� n � E�� K2o c +4,

zkhuh � ' � E��1 Krzhyhu/ l lv dovr wkh h{shfwhg dyhudjh ri doo ixwxuh lqfrphv iru

hdfk phpehu/6 dqg iurp D4 wklv lv h{dfwo| zkdw doo phpehuv duh lqwhuhvwhg lq1 Vr/

wkh zhoiduh ri doo xqlrq phpehuv lv h{dfwo| lE�c K�c K2�/ dqg frqvhtxhqwo| l lv dovr

6Khuh zh xvh wkh idfw wkdw li H +|w, frqyhujhv wrzdugv vrph �| wkhq H
k
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zkdw wkh xqlrq vkrxog fduh derxw1 Jlyhq K� dqg K2 wkh xqlrq vhwv � wr pd{lpl}h

lE�c K�c K2�1

Wkh vshfldo fdvh ri d  dw udwh v|vwhp/ K� ' K2 ' K/ jlyhv l ' E�� ��� n �K

zklfk lv wkh xqlrq remhfwlyh ixqfwlrq lq wkh vwdqgdug prqrsro| xqlrq prgho1 Wkh

prgho frqvlghuhg khuh lv wkxv d jhqhudol}dwlrq17

Wkh �uvw rughu frqglwlrq/ l� ' f/ iru pd{lpl}lqj l zlwk uhvshfw wr � |lhogv/

� '
E�� �� K� n �K2 � �# EK� � K2�

�� �*0
c +5,

zkhuh 0 ' 0 E��/ � ' � E��/ # ' # E��/ dqg � ' � E��1 Lq zkdw iroorzv lw zloo

eh dvvxphg wkdw wkh rswlpdo zdjh udwh ri wkh xqlrq lv jlyhq xqltxho| e| wkh �uvw

rughu frqglwlrq dqg lv lqwhulru/ � : �S1 Wklv lpsolhv wkdw wkhuh lv xqhpsor|phqw lq

htxloleulxp/ wkh vhfrqg rughu frqglwlrq l�� 	 f lv ixo�oohg/ dqg 0 dv lq wkh vwdqgdug

prqrsro| xqlrq prgho 0 wkh hodvwlflw| ri oderxu ghpdqg lv deryh xqlw|/ 0E�� : �1

Lq wkh vwdqgdug fdvh ri d  dw udwh v|vwhp/ K� ' K2 ' K/ zh jhw dv d vshfldo fdvh

� ' �

�3�*0E��
K1 Wkh zdjh udwh lv d pdunxs ryhu wkh rssruwxqlw| frvw ri hpsor|phqw

htxdo wr wkh ehqh�w orvv ri vhqglqj d zrunhu iurp xqhpsor|phqw wr hpsor|phqw1

Orzhu Kphdqv orzhu � dqg wkxv orzhu �1 Lq wkh jhqhudo fdvh/ wkh vroxwlrq fdq vwloo eh

lqwhusuhwhg dv d pdunxs ryhu wkh rssruwxqlw| frvw ri hpsor|phqw1 D uhgxfwlrq ri �

7Dvvxpswlrqv D4 dqg D5 duh qrw dozd|v vhhq dv xqghuo|lqj wkh vwdqgdug prgho1 Li rqh dv0

vxphv wkh vlpsoh xqhpsor|phqw g|qdplf zkhuh hyhu| phpehu kdv wkh vdph/ klvwru| lqghshqghqw

suredelolw| x ri ehfrplqj xqhpsor|hg dqg d  dw udwh ehqh�w v|vwhp/ wkhq wkh wudgh xqlrq fdq
rswlpl}h iru hdfk shulrg vhsdudwho| dqg D4 dqg D5 duh qrw qhhghg1 Krzhyhu/ uhdolvwlfdoo| xqhp0

sor|phqw ulvnv ghshqg rq iruphu xqhpsor|phqw uhfrugv/ vhh h1j1 Od|dug hw do1 +4<<4,/ s1 5591

Zkhq wklv lv wkh fdvh/ phpehuv pd| kdyh frq lfwlqj lqwhuhvwv/ dovr xqghu d  dw udwh v|vwhp/ dv
wkhlu shulrgzlvh h{shfwhg lqfrphv ghshqg rq wkhlu lqglylgxdo hpsor|phqw uhfrugv1 Dvvxpswlrqv

D4 dqg D5 hqvxuh wkdw wkh uhvxowv ri wkh vwdqgdug prqrsro| xqlrq prgho dovr krog xqghu vxfk
pruh jhqhudo dqg uhdolvwlf xqhpsor|phqw g|qdplfv1 Wkxv/ dvvxpswlrq D6 lv zkdw zh uhdoo| qhhg

lq h{fhvv ri wkh dvvxpswlrqv lq wkh vwdqgdug prqrsro| xqlrq prgho1
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dqg wkxv � |lhogv wkh ehqh�w orvv E����K�n�K2/ vlqfh wkh qrz dgglwlrqdoo| hpsor|hg

zrunhuv zrxog lq wkh orqj uxq kdyh ehhq orqj0whup xqhpsor|hg wkh iudfwlrq � ri

wkh wlph jhwwlqj K2 hwf1 Krzhyhu/ zkhq � idoov d odujhu iudfwlrq ri wkh xqhpsor|hg

zloo ehfrph vkruw0whup xqhpsor|hg/ dqg khqfh rewdlq d ehqh�w jdlq e| jrlqj iurp

K2 wr K�1 Wkh wrwdo ehqh�w jdlq htxdov �#EK� � K2� ' ��� E�� EK� � K2�/ ru lq zrugv

wkh qxpehu ri douhdg| xqhpsor|hg wlphv wkh iudfwlrq ri wkhp jrlqj iurp orqj0

whup wr vkruw0whup xqhpsor|phqw wlphv wkh gl�huhqfh ehwzhhq wkh vkruw0whup dqg

orqj0whup ehqh�w ohyhov1

6 Uhedodqflqj Xqhpsor|phqw Ehqh�wv

Rxu lqwhuhvw lv lq vwuxfwxudo uhirupv zklfk/ dw dq dssursuldwho| fkrvhq vkruw0

whup2orqj0whup uxoh/ uhedodqfh wkh wzr udwhv K� dqg K21 Lq sduwlfxodu zh lqyhvwljdwh

xqghu zkdw flufxpvwdqfhv vxfk uhirupv fdq dfklhyh orzhu xqhpsor|phqw/ kljkhu

zhoiduh iru doo xqlrq phpehuv/ dqg orzhu ehqh�w h{shqglwxuhv1 Zlwk wkh }hur0

glvfrxqwlqj dvvxpswlrq wkh wrwdo glvfrxqwhg ydoxh ri ixwxuh ehqh�w h{shqglwxuhv

fdq eh lghqwl�hg zlwk wkh orqj uxq shulrgzlvh ehqh�w h{shqglwxuh/

�E�c K�c K2� ' � dE�� � E��� K� n � E�� K2o c +6,

zkhuh djdlq � ' � E��1 Lq rughu wr looxplqdwh wkh edvlf lqfhqwlyh h�hfwv dw zrun/

frqvlghu �uvw wkh vlpsoh/ qrq0vwuxfwxudo srolf| h{shulphqw ri lqfuhdvlqj K� ohdy0

lqj hyhu|wklqj hovh xqfkdqjhg/ dq xqdpeljxrxv lpsuryhphqw iru wkh xqhpsor|hg1

Htxdwlrq +5, vkrzv wkdw dq lqfuhdvh lq K� uhgxfhv � li � 	 � E�� E� n # E���/ ru
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vwdwhg gl�huhqwo|/8

�� � E��

�E��
	 #E��� +7,

Lw pd| eh vxusulvlqj wkdw dq lpsuryhphqw lq wkh frqglwlrqv ri wkh xqhpsor|hg pd|

lpso| orzhu zdjhv dqg xqhpsor|phqw lq dq rwkhuzlvh vwdqgdug xqlrq prgho1 Wkhuh

duh/ krzhyhu/ wzr rssrvlwh lqfhqwlyh h�hfwv lqyroyhg lq dq lqfuhdvh lq K�= +l, Lw pdnhv

xqhpsor|phqw ehwwhu uhodwlyh wr hpsor|phqw wr zklfk wkh xqlrq xqdpeljxrxvo|

uhvsrqgv e| lqfuhdvlqj � lq dffrugdqfh zlwk wkh vwdqgdug uhvxow1 Wkh vl}h ri wklv

h�hfw lv sursruwlrqdo wr wkh ohiw kdqg vlgh ri wkh deryh frqglwlrq h{suhvvlqj krz

khdylo| wkh vkruw0whup xqhpsor|hg/ qrz jhwwlqj kljkhu ehqh�wv/ zhljk lq wrwdo

xqhpsor|phqw1 +ll, Lw pdnhv vkruw0whup xqhpsor|phqw ehwwhu uhodwlyh wr orqj0

whup wr zklfk wkh xqlrq uhvsrqgv e| dwwhpswlqj wr sxvk zrunhuv iurp orqj0whup

wr vkruw0whup xqhpsor|phqw1 Vlqfh � lv lqfuhdvlqj lq �/ wklv fdq eh grqh rqo| e|

orzhulqj � dqg khqfh �> wkh uljkw kdqg vlgh ri wkh deryh frqglwlrq phdvxuhv wkh

vwuhqjwk ri wklv h�hfw/ vlqfh lw lqglfdwhv krz lqfuhdvlqj � lv lq �1

Dowkrxjk zh gr qrw fodlp wkdw frqglwlrq +7, lv olnho| wr eh ixo�oohg iru sodxvleoh

vkruw0whup2orqj0whup uxohv/ wkh deryh lqglfdwhv wkdw wkh h�hfwv ri fkdqjlqj ehqh�wv

pd| eh idu ohvv surqrxqfhg li zkdw lv fkdqjhg lv d whpsrudu| ehqh�w ohyho K� udwkhu

wkdq dq hyhu odvwlqj K/ dv qrupdoo| suhvxphg lq wudgh xqlrq prghov1 Vlqfh prvw

frxqwulhv kdyh dq hqg wr wkh xqhpsor|phqw ehqh�w shulrg wklv frxog eh d uhdvrq

8Wklv dujxphqw xvhv wkh vhfrqg rughu frqglwlrq1 Wkh wrwdo h�hfw ri d fkdqjh lq e4 lv ghwhuplqhg
e| wkh �uvw rughu frqglwlrq 
z+z> e4> e5, @ 31 Iurp wkh Lpsolflw Ixqfwlrq Wkhruhp/

gz

ge4
@ �


ze4
+z> e4> e5,


zz +z> e4> e5,
@ �x3 +z,

4� ! +x, +4 . � +x,,


zz +z> e4> e5,
>

zklfk lv qhjdwlyh h{dfwo| xqghu wkh vwdwhg frqglwlrq ehfdxvh 
zz ? 31
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zk| lw kdv ehhq kdug hpslulfdoo| wr grfxphqw odujh vljql�fdqw h�hfwv rq zdjhv dqg

xqhpsor|phqw ri fkdqjlqj xqhpsor|phqw ehqh�wv19

Dq lqfuhdvh lq K2 ohdgv xqdpeljxrxvo| wr dq lqfuhdvh lq �1 Dv xvxdo/ lw pdnhv

xqhpsor|phqw ehwwhu uhodwlyh wr hpsor|phqw/ zklfk sxoov wkh zdjh udwh xszdugv/

exw lq dgglwlrq/ lw pdnhv vkruw0whup xqhpsor|phqw zruvh uhodwlyh wr orqj0whup/

zklfk udlvhv wkh zdjh ixuwkhu1

Qrz/ vxssrvh wkdw wkh ulvh lq K� frqvlghuhg deryh lv frpelqhg zlwk d uhgxfwlrq

ri K21 Wklv lpsolhv wkdw lw lv srvvleoh wr jhw ulg ri h�hfw +l, dqg dw wkh vdph wlph

uhlqirufh +ll,1 Rqh lv wkhq ohiw zlwk dq lqfhqwlyh h�hfw xqdpeljxrxvo| sxoolqj wkh

zdjh udwh/ dqg khqfh xqhpsor|phqw/ grzqzdugv1 Wklv zdjh prghudwlrq h�hfw

zrunv hqwluho| wkurxjk wkh lqfhqwlyhv ri wkh xqlrq wr pryh zrunhuv iurp orqj0whup

xqhpsor|phqw wr vkruw0whup xqhpsor|phqw1 Lw lv wkhuhiruh frpsohwho| gl�huhqw

iurp wkh vwdqgdug zdjh prghudwlrq h�hfw dulvlqj iurp d jhqhudo uhgxfwlrq ri wkh

ehqh�w ohyhov1 Lq sduwlfxodu/ d orzhu zdjh udwh fdq eh rewdlqhg zlwkrxw uhgxflqj

zrunhu zhoiduh/ dv zh suryh ehorz1 Vlqfh oderxu ghpdqg lv pruh wkdq xqlw hodvwlf

dw wkh rog htxloleulxp/ wkh orzhu zdjh udwh lpsolhv d kljkhu zdjh eloo/ dqg vlqfh

wrwdo zrunhu zhoiduh frphv iurp wkh zdjh eloo soxv wkh ehqh�w eloo/ wklv dovr jlyhv

urrp iru orzhu ehqh�w h{shqglwxuhv1 Wklv jlyhv wkh lqwxlwlrq iru Wkhruhp 41

Wkhruhp 4 Dvvxph D4 dqg D5/ dqg frqvlghu d uxoh glvwlqjxlvklqj ehwzhhq vkruw0

whup dqg orqj0whup xqhpsor|phqw vxfk wkdw D6 lv ixo�oohg1 Wkhq iru dq| lqlwldo

9Dwnlqvrq dqg Plfnohzuljkw +4<<4, qrwh wkdw hpslulfdo vwxglhv iurp XN dqg XV lqglfdwh wkdw

d 43 shufhqwdjh srlqw lqfuhdvh lq wkh uhsodfhphqw udwlr +udwlr ri ehqh�wv wr hduqlqjv lq zrun, zloo
lqfuhdvh dyhudjh gxudwlrq ri xqhpsor|phqw e| rqo| derxw rqh zhhn1

47



wzr ehqh�w udwhv K�c K2/ zkhuh K2 : f/ lw lv srvvleoh wr uhedodqfh wkh ehqh�w udwhv wr d

kljkhu K� dqg d orzhu K2/ vxfk wkdw zrunhu zhoiduh/ l/ lqfuhdvhv/ ehqh�w h{shqglwxuhv/

�/ ghfuhdvh/ dqg xqhpsor|phqw/ �/ idoov1

Surri1 Zh vwduw e| orrnlqj dw dq lqfuhdvh lq K� dqg d fruuhvsrqglqj uhgxfwlrq lq

K2 +iurp dq lqlwldo vlwxdwlrq zkhuh K2 : f,/ vxfk wkdw l lv nhsw frqvwdqw1 Wkxv/

d uhedodqflqj kdv wr ixo�oo lE�c K�c K2� ' 7l/ dqg iurp wkh �uvw rughu frqglwlrq/

l� E�c K�c K2� ' f1 Wrwdo gl�huhqwldwlrq ri lE�c K�c K2� ' 7l zlwk uhvshfw wr K�/ K2/

dqg �/ dqg xvh ri l� E�c K�c K2� ' f/ jlyh wkh iroorzlqj uhgxfwlrq lq K2/

_K2
_K�

' �
�� � E��

� E��
�

Wrwdo gl�huhqwldwlrq ri l�E�c K�c K2� ' f/ dqg lqvhuwlrq ri _K2*_K� jlyhv/

_�

_K�
' �

l�K� E�c K�c K2�� E��� E�� � E��� l�K2 E�c K�c K2�

� E�� l�� E�c K�c K2�
�

Diwhu ghulydwlrq ri l�K� dqg l�K2 iurp +4,/ wkh h{suhvvlrq ehfrphv

_�

_K�
'

�� E�� # E��

l�� E�c K�c K2�
�

Wklv lv qhjdwlyh vlqfh l�� 	 f/ �� E�� : f dqg # E�� : f1 Wklv vkrzv wkdw d uhedo0

dqflqj ri xqhpsor|phqw ehqh�wv wkdw nhhsv l �{hg uhgxfhv zdjhv dqg wkhuhiruh

xqhpsor|phqw1 Wkh h{shqglwxuhv rq ehqh�wv fdq eh zulwwhq dv

� ' l� E�� ���c

zklfk vkrzv wkdw wkh deryh h{shulphqw uhgxfhv wrwdo ehqh�w h{shqglwxuhv/ vlqfh

E�� ��� lqfuhdvhv zkhq � ghfuhdvhv ehfdxvh 0 E�� : �1 Wkxv/ lq wklv h{shulphqw/
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zkhuh l lv nhsw �{hg/ erwk orzhu xqhpsor|phqw dqg orzhu ehqh�w h{shqglwxuhv

duh dfklhyhg1 E| frqwlqxlw|/ zlwk d voljkwo| vpdoohu uhgxfwlrq ri K2/ rqh zrxog dovr

rewdlq kljkhu l/ dqg vwloo orzhu � dqg �1

Wkhruhp 4 lpsolhv wkdw erwk  dw udwh v|vwhpv/ K2 ' K� ' K : f/ dqg v|vwhpv

zlwk srvlwlyh gxudwlrq ghshqghqfh/ K2 : K� � f/ fdq eh +Sduhwr, lpsuryhg e|

lqfuhdvlqj K� dqg ghfuhdvlqj K21 Wkxv/ wkh rswlpdo ehqh�w v|vwhp kdv qhjdwlyh

gxudwlrq ghshqghqfh1 Lq idfw/ lw lv rswlpdo wr frqwlqxh wkh uhedodqflqj xqwlo K2 '

f1 Lw pd| wkhuhiruh eh dujxhg wkdw wkh dqdo|vlv vxssruwv wkh olplwhg gxudwlrq

ehqh�w v|vwhp xvhg e| prvw frxqwulhv1 Krzhyhu/ wklv odvw frqfoxvlrq grhv qrw

qhfhvvdulo| dsso| zkhq zrunhuv duh ulvn dyhuvh/ zkhuhdv Dsshqgl{ D ghprqvwudwhv

wkdw Wkhruhp 4 vwloo krogv zkhq xqlrq phpehuv duh ulvn dyhuvh +kdylqj shulrgzlvh

xwlolw| ixqfwlrqv zklfk duh frqfdyh udwkhu wkdq olqhdu lq lqfrph, dqg gr qrw kdyh

dffhvv wr fdslwdo pdunhwv/ exw rqo| li K2 � K�1 Wkhuhiruh/ wkh ryhudoo frqfoxvlrq iurp

wklv vhfwlrq lv wkdw dq rswlpdo ehqh�w v|vwhp lqyroyhv qhjdwlyh gxudwlrq ghshqghqfh

li wkhuh lv rqo| plqru glvfrxqwlqj1

7 Rq Glvfrxqwlqj

Wkhruhp 4 zdv ghulyhg xqghu dq dvvxpswlrq ri }hur glvfrxqwlqj1 Wklv zdv grqh

lq rughu wr hqvxuh wkh dqdo|wlfdo dgydqwdjhv ri d zhoo0gh�qhg xqlrq remhfwlyh dqg

d vlpsoh vwdwlf prgho1 Wxuqlqj wr glvfrxqwlqj lw iroorzv iurp sxuh frqwlqxlw| wkdw

wkh uhvxow zrxog vwloo krog lq dq dssursuldwho| irupxodwhg prgho zlwk srvlwlyh glv0
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frxqwlqj dv orqj dv wkh lqwhuhvw udwh e| zklfk wkh ixwxuh lv glvfrxqwhg lv vx!flhqwo|

vpdoo1: Rqh frxog vxvshfw/ krzhyhu/ wkdw iru uhdolvwlf lqwhuhvw udwhv/ vd| |hduo| uhdo

udwhv lq wkh udqjh ri � � D shu fhqw/ wkh uhvxow zrxog glvdsshdu1 Zh qrz wxuq wr

wkdw txhvwlrq1

Iru D4 zh vxevwlwxwh/

D4*1 Wkhuh lv d frpprq lqwhuhvw udwh/ 4 : f/ e| zklfk wkh ixwxuh lv glvfrxqwhg

e| hyhu|erg| +zrunhuv/ xqlrq/ jryhuqphqw,1

Dvvxph wkdw xs wr dqg lqfoxglqj shulrg }hur wkhuh kdv ehhq d  dw udwh v|vwhp

zlwk ehqh�w ohyho K : f1 Iurp shulrg 4/ d uhirup lqwurgxfhv d v|vwhp zlwk qhj0

dwlyh gxudwlrq ghshqghqfh/ K� : K : K2/ dw d vshfl�f vkruw0whup2orqj0whup uxoh1

Zrunhuv zloo wkhq kdyh frq lfwlqj lqwhuhvwv hyhq d sulrul shulrg 41 Wkrvh zkr kdyh

h{shulhqfhg pxfk xqhpsor|phqw lq wkh sdvw zloo/ li wkh| ehfrph xqhpsor|hg lq

shulrg 4/ idoo iru wkh orqj0whup fulwhulrq dqg uhfhlyh wkh orz ehqh�w udwh/ K2/ zkloh

wkrvh zkr kdyh h{shulhqfhg rqo| olwwoh sdvw xqhpsor|phqw zloo jhw wkh kljk ehqh�w

udwh/ K�1 Xqghu }hur glvfrxqwlqj wklv gl�huhqfh lq wkh hduo| shulrgv diwhu d uhirup

grhv qrw pdwwhu/ exw zlwk glvfrxqwlqj lw grhv1 Wkrvh uhfhlylqj d orz ehqh�w udwh

zloo/ fhwhulv sdulexv/ eh pruh lqwhuhvwhg lq d zdjh uhgxfwlrq zklfk lqfuhdvhv wkh

olnholkrrg ri ehfrplqj hpsor|hg1 Ixuwkhupruh/ lw zloo eh pruh gl!fxow wr rewdlq

d Sduhwr lpsuryhphqw wkurxjk d uhedodqflqj ri wkh ehqh�w udwhv vlqfh wkh prvw

xqiruwxqdwh zloo/ lq wkh hduo| shulrgv diwhu d uhirup/ uhfhlyh wkh orzhu K2 li wkh|

:Dq �dssursuldwho| irupxodwhg prgho� frxog/ h1j1/ xvh wkh xqlrq remhfwlyh frqvlghuhg ehorz

dqg d Sduhwr lpsuryhphqw frxog wkhq eh rewdlqhg iru vx!flhqwo| vpdoo lqwhuhvw udwhv1
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frqwlqxh wr eh xqhpsor|hg1

Wkh txhvwlrq lv qrz zkhwkhu wkh Sduhwr grplqdqfh ri qhjdwlyh gxudwlrq ghshq0

ghqfh dovr krogv zlwk uhdolvwlf lqwhuhvw udwhv jlyhq dq dssursuldwho| gh�qhg remhfwlyh

ri wkh xqlrq1 Wklv fdq rqo| eh lqyhvwljdwhg lq d wuxo| g|qdplf prgho/ dqg wr nhhs

wkh dqdo|vlv wudfwdeoh zh zloo kdyh wr eh pruh vshfl�f rq lvvxhv zkhuh zh zhuh

txlwh jhqhudo ehiruh1 Zh vwloo dvvxph wkdw wkh zdjh udwh lv vhw e| wkh xqlrq wr eh

wkh vdph iruhyhu/ dqg wr vlpsoli| zh dovr dvvxph wkdw oderxu ghpdqg lv lvrhodvwlf/

0 E�� ' 0 : �1 Zlwk uhvshfw wr wkh xqhpsor|phqw g|qdplf zh vxevwlwxwh iru D5

wkh vlpsoh g|qdplf/

D5*1 Lq hdfk shulrg doo xqlrq phpehuv kdyh wkh vdph suredelolw| ri xqhpsor|0

phqw +htxdo wr wkh shulrg*v ryhudoo xqhpsor|phqw udwh/ �,/

dqg zlwk uhvshfw wr wkh vkruw0whup2orqj0whup uxoh zh vxevwlwxwh iru D6 wkh vlpsohvw

srvvleoh rqh/

D6*1 Wkh uxoh xvhg lq wkh xqhpsor|phqw ehqh�w v|vwhp wr glvwlqjxlvk ehwzhhq

vkruw0whup dqg orqj0whup xqhpsor|phqw vwdwhv wkdw d zrunhu zkr lv xqhpsor|hg lq

d vshfl�f shulrg lv orqj0whup xqhpsor|hg li kh zdv dovr xqhpsor|hg lq wkh shulrg

ehiruh dqg vkruw0whup xqhpsor|hg rwkhuzlvh1;

Lq ylhz ri D6* dqg wkh ehqh�w v|vwhpv dfwxdoo| h{lvwlqj ru sursrvhg lq gl�huhqw

frxqwulhv/ wkh shulrg ohqjwk vkrxog shukdsv eh wkrxjkw ri dv ehlqj lq wkh udqjh �

2
��

;Fdkxf dqg Ohkpdqq +5333, dovr dvvxph wkdw dq xqhpsor|hg lv orqj0whup xqhpsor|hg diwhu
rqo| rqh shulrg ri xqhpsor|phqw/ dqg wkdw vkruw0whup xqhpsor|hg dqg orqj0whup xqhpsor|hg

kdyh wkh vdph ulvn ri ehfrplqj xqhpsor|hg lq hdfk shulrg1
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|hdu/ dqg wkhq uhdolvwlf shulrgzlvh lqwhuhvw udwhv 4 zrxog eh lq wkh udqjh ��
2
� D shu

fhqw1 Zlwk D5* dqg D6*/ wkh lqflghqfh ixqfwlrq � lv vlpso| �E�� ' �/ dqg khqfh

#E�� ' �1 Ixuwkhu/ D5* dqg D6* lpso| wkdw wkh rqo| shulrg ri wkh sdvw wkdw pdwwhuv

lv wkh odvw rqh ehiruh wkh uhirup/ shulrg }hur1 Ohw wkh udwh ri xqhpsor|phqw lq wkdw

shulrg eh �f zkhuhdv wkh xqhpsor|phqw udwh suhydlolqj diwhu wkh uhirup lv jlyhq e|

� ' � E�� olnh lq wkh suhylrxv dqdo|vlv1

Dv vdlg/ wkhuh lv qr orqjhu frpprq lqwhuhvwv ehwzhhq wkh xqlrq phpehuv1 Lw lv

wkhuhiruh rshq iru glvfxvvlrq zkdw wkh xqlrq vkrxog wu| wr pd{lpl}h1 Zh frqvlghu

wkh iroorzlqj jhqhudo remhfwlyh ixqfwlrq

l ' kl� n E�� k� lec f 	 k 	 �c +8,

zkhuh l� lv wkh h{shfwhg glvfrxqwhg lqfrph ri d zrunhu zkr zdv xqhpsor|hg lq

shulrg 3/

l� ' E�� ��� n �K2 n
"[
|'2

E� n 4�3E|3�� dE�� ��� n � EE�� �� K� n �K2�o c

ru

l� ' E�� ��� n �K2 n
�

4
dE�� ��� n � EE�� �� K� n �K2�o c +9,

le lv wkh h{shfwhg glvfrxqwhg lqfrph ri d zrunhu zkr zdv hpsor|hg lq shulrg 3/

le ' E�� ��� n �K� n
�

4
dE�� ��� n � EE�� �� K� n �K2�o c +:,

dqg k lv d sdudphwhu wkdw ghwhuplqhv wkh zhljkw jlyhq wr wkh wzr w|shv e| wkh xqlrq1

Vshfldo fdvhv ri wklv remhfwlyh duh k ' �f fruuhvsrqglqj wr d �xwlolwduldq� xqlrq

zklfk pd{lpl}hv wkh dyhudjh xwlolw| ri wkh phpehuv dqg k ' f fruuhvsrqglqj wr dq

4<



�lqvlghu� xqlrq zklfk pd{lpl}hv xwlolw| ri rqo| wkrvh hpsor|hg lq shulrg f1 Qrwh

dovr wkdw wkh rqo| gl�huhqfh ehwzhhq wkh wzr w|shv ri zrunhuv lv wkdw wkh suhylrxvo|

xqhpsor|hg uhfhlyh K2 li xqhpsor|hg wkh �uvw shulrg diwhu wkh uhirup zkhuhdv wkh

suhylrxvo| hpsor|hg uhfhlyh K�1 Iurp shulrg 5 dqg rqzdugv wkh xqhpsor|phqw

klvwru| ehiruh wkh uhirup grhv qrw pdwwhu dq| orqjhu1

Dv ehiruh zh dvvxph wkdw wkh htxloleulxpzdjh udwh ri wkh xqlrq lv jlyhq xqltxho|

e| wkh �uvw rughu frqglwlrq dqg lv lqwhulru1 Iurp wkh �uvw rughu frqglwlrq/ l� ' f/

rqh jhwv wkh zdjh vhwwlqj uxoh

� '
�

� n 4

K� E� n 4�� E2�n 4k� EK� � K2�

�� �*0
c +;,

zkhuh � ' � E��1 Qrwh wkdw

*�4
4<f

� '
K� � 2� EK� � K2�

�� �*0
c

zklfk lv h{dfwo| wkh rswlpdo zdjh xqghu }hur glvfrxqwlqj jlyhq e| irupxod +5,/

zkhq zh lq wkdw irupxod lqvhuw � ' � dqg # ' �1

Lqlwldoo|/ lq shulrg }hur/ wkhuh lv d  dw udwh ehqh�w v|vwhp ru rqh zlwk srvlwlyh

gxudwlrq ghshqghqfh/ K2 � K� : f/ dqg iurp shulrg 4/ wkh udwhv duh uhedodqfhg wr

kljkhu K� dqg orzhu K21 Dv ehiruh zh dvn li vxfk d uhedodqflqj fdq jlyh d Sduhwr

lpsuryhphqw e| lqfuhdvlqj erwk l� dqg le dqg uhgxflqj wkh suhvhqw ydoxh ri ixwxuh

ehqh�w h{shqglwxuhv jlyhq e|

� ' � dE�� �f� K� n �fK2o n
"[
|'2

E� n 4�3E|3�� � dE�� �� K� n �K2o c
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ru

� ' � dE�� �f� K� n �fK2o n
�

4
dE�� �� K� n �K2o � +<,

Wkhruhp 5 Dvvxph D4* wr D6*1 Li 4 	 �f
�n�f3k

wkhq iru dq| lqlwldo wzr ehqh�w

udwhv K�c K2/ zkhuh K2 � K� : f/ lw lv srvvleoh wr uhedodqfh wkh ehqh�w udwhv wr d kljkhu

K� dqg d orzhu K2/ vxfk wkdw zhoiduh lqfuhdvhv iru doo zrunhuv/ ehqh�w h{shqglwxuhv

ghfuhdvh/ dqg xqhpsor|phqw idoov1

Surri1 Vhh Dsshqgl{ E1

Wkh vfrsh iru d Sduhwr lpsuryhphqw ghshqgv rq wkh zhljkw jlyhq wr wkh wzr

w|shv lq wkh xqlrq remhfwlyh ixqfwlrq1 Li wkh xqlrq fduhv rqo| derxw suhylrxvo|

xqhpsor|hg xqlrq phpehuv/ k ' �/ wkh frqglwlrq iru dq lpsuryhphqw lv mxvw wkdw

wkh uhdo lqwhuhvw udwh lv ehorz �ffI1 Iru d xwlolwduldq xqlrq/ k ' �f/ wkh uhtxluhphqw

lv wkdw wkh lqlwldo xqhpsor|phqw udwh lv deryh wkh uhdo lqwhuhvw udwh1 Ilqdoo|/ wkh

uhtxluhphqw lv vwurqjhvw zlwk dq lqvlghu xqlrq/ k ' f/ zkhuh wkh frqglwlrq ehfrphv

4 	 �f*E� n �f�1

Zh kdyh dujxhg deryh wkdw uhohydqw lqwhuhvw udwhv duh shukdsv wr eh irxqg lq wkh

udqjh ��
2
� D shu fhqw1 Wklv lpsolhv wkdw wkhuh lv vfrsh iru d Sduhwr lpsuryhphqw

e| jrlqj iurp d  dw udwh ehqh�w v|vwhp wr rqh zlwk qhjdwlyh gxudwlrq ghshqghqfh

li wkhuh lv d vxevwdqwldo xqhpsor|phqw sureohp wr ghdo zlwk lqlwldoo|/ vd| dq xq0

hpsor|phqw udwh wkdw lv deryh D shu fhqw diwhu h{foxglqj iulfwlrqdo xqhpsor|phqw1

Iru zkdw wkh| duh zruwk/ wkhvh qxphulfdo h{huflvhv dw ohdvw vxjjhvw wkdw wkh Sduhwr

lpsuryhphqw zklfk h{lvwv jhqhudoo| xqghu }hur glvfrxqwlqj grhv qrw qhfhvvdulo| glv0

54



dsshdu zlwk uhdolvwlf ohyhov ri glvfrxqwlqj1 Udwkhu wkh| srlqw wr wkh rssrvlwh= wkdw

wkh vfrsh iru d Sduhwr lpsuryhphqw vxuylyhv uhdolvwlf glvfrxqwlqj zkhqhyhu wkhuh lv

vxevwdqwldo xqhpsor|phqw lqlwldoo|1

Wkhruhp 5 dovr kdv wkh lpsolfdwlrq wkdw dq �rswlpdo� ehqh�w v|vwhp lqyroyhv

qhjdwlyh gxudwlrq ghshqghqfh dv orqj dv wkh deryh frqglwlrq rq glvfrxqwlqj lv

ixo�oohg/ dqg zh uhvwulfw dwwhqwlrq wr vlpsoh uxohv zkhuh rqh idoov iru wkh orqj0whup

fulwhulrq rqo| diwhu d fhuwdlq shulrg ri xqlqwhuuxswhg xqhpsor|phqw1<

8 Frqfoxvlrq

Zh kdyh jhqhudol}hg wkh edvlf prqrsro| xqlrq prgho wr hqfrpsdvv xqhpsor|phqw

ehqh�w v|vwhpv zkhuh ehqh�wv ghshqg rq wkh gxudwlrq ri xqhpsor|phqw1 Wklv lv

lq frqwudvw wr vwdqgdug wkhru| rq wudgh xqlrqv zklfk dvvxphv wkdw doo xqhpsor|hg

uhfhlyh wkh vdph ehqh�w udwh lqghshqghqwo| ri xqhpsor|phqw gxudwlrq1 Zh kdyh

irfxvhg rq uhirupv wkdw uhedodqfh wkh ehqh�w udwhv iru gl�huhqw gxudwlrqv lq idyrxu

ri wkh vkruw0whup xqhpsor|hg1 Rxu uhvxowv vkrz wkdw vxfk uhirupv fdq uhgxfh xq0

hpsor|phqw/ lqfuhdvh xwlolw| ri doo xqlrq phpehuv/ dqg uhgxfh ehqh�w h{shqglwxuhv

lq xqlrql}hg oderxu pdunhwv li wkh lqlwldo xqhpsor|phqw dqg wkh uhdo lqwhuhvw udwh

duh zlwklq uhdolvwlf olplwv1 Wklv krogv dw ohdvw zkhq wkh lqlwldo ehqh�w v|vwhp kdv

qr ru srvlwlyh gxudwlrq ghshqghqfh lpso|lqj wkdw qhjdwlyh gxudwlrq ghshqghqfh lv

rswlpdo1

<Lw lv hvvhqwldoo| xvhg lq wkh surri ri Wkhruhp 5 wkdw rqh vwduwv iurp dq lqlwldo vlwxdwlrq ri

e4 � e51 Vr/ xqghu uhdolvwlf glvfrxqwlqj lw grhv qrw iroorz wkdw dq rswlpdo v|vwhp lv ri olplwhg
gxudwlrq/ l1h1 e5 @ 3/ olnh lq wkh qr glvfrxqwlqj fdvh1 Krzhyhu/ lw fdqqrw eh frqfoxghg hlwkhu wkdw

wkh rswlpdo v|vwhp lv qhyhu ri olplwhg gxudwlrq1

55



Lw pd| eh dujxhg wkdw lq wkh uhdo zruog lw lv qrw srvvleoh wr dfklhyh d Sduhwr

lpsuryhphqw e| d uhedodqflqj ri wkh ehqh�w udwhv/ vlqfh wkhuh duh shuvrqv zkr

zloo qhyhu jhw d mre1 Wkhvh zloo riwhq uhfhlyh wkh ehqh�w udwh ydolg iru orqj0whup

xqhpsor|hg dqg zkhq wklv lv uhgxfhg wkh| zloo h{shulhqfh d shupdqhqw lqfrph

orvv1 Lw lv wkhuhiruh lpsruwdqw wr srlqw rxw wkdw rxu dqdo|vlv vkrxog eh ylhzhg dv d

frqwulexwlrq wr wkh wkhru| ri rswlpdo xqhpsor|phqw lqvxudqfh2frpshqvdwlrq/ qrw

wr wkh wkhru| ri sryhuw| doohyldwlrq1

Irfxvlqj rq rswlpdo xqhpsor|phqw lqvxudqfh sxwv hpskdvlv rq wkh fdvh ri ulvn

dyhuvh zrunhuv1 Ulvn dyhuvlrq grhv qrw pdwwhu li zrunhuv kdyh shuihfw dffhvv wr fds0

lwdo pdunhwv vlqfh wkh| duh wkhq rqo| frqfhuqhg zlwk h{shfwhg lqfrph dv zh kdyh

dvvxphg1 Wxuqlqj wr wkh rwkhu h{wuhph fdvh/ zkhuh zrunhuv gr qrw kdyh dffhvv

wr fdslwdo pdunhwv dw doo/ zh kdyh vkrzq lq Dsshqgl{ D wkdw lw lv vwloo srvvleoh wr

pdnh d +Sduhwr, lpsuryhphqw e| jrlqj iurp d v|vwhp zlwk qr ru srvlwlyh gxudwlrq

ghshqghqfh wr rqh zlwk qhjdwlyh gxudwlrq ghshqghqfh1 D ghyldwlrq iurp d  dw

ehqh�w udwh uhgxfhv wkh lqvxudqfh ydoxh ri wkh ehqh�w v|vwhp/ dqg fuhdwhv wkhuhe|

d zhoiduh orvv li zrunhuv duh ulvn dyhuvh1 Wklv rqo| uhlqirufhv wkh zhoiduh jdlq ri uh0

edodqflqj li wkh lqlwldo v|vwhp kdv srvlwlyh gxudwlrq ghshqghqfh1 Zlwk qr gxudwlrq

ghshqghqfh wkhuh lv d qhjdwlyh zhoiduh h�hfw exw rqo| ri vhfrqg rughu1 Lw grhv qrw

lpphgldwho| iroorz iurp wkhvh h{wuhph fdvhv/ krzhyhu/ wkdw rxu uhvxowv dovr krog

zkhq zrunhuv kdyh dffhvv wr d olplwhg fuhglw pdunhw1 Li fuhglw rssruwxqlwlhv ghfuhdvh

zlwk wkh gxudwlrq ri xqhpsor|phqw/ frqvxpswlrq ri dq xqhpsor|hg zrunhu pd|

ghfuhdvh zlwk wkh ohqjwk ri wkh xqhpsor|phqw vshoo lpso|lqj wkdw pdujlqdo xwlolw|
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lv kljkhu iru orqj0whup xqhpsor|hg wkdq iru vkruw0whup xqhpsor|hg1 D uhedodqflqj

zloo wkhq jlyh d qhjdwlyh �uvw rughu lqvxudqfh h�hfw hyhq zlwk qr gxudwlrq ghshq0

ghqfh lqlwldoo|1 Wklv frxog olplw wkh vfrsh iru uhedodqflqj lq idyrxu ri vkruw0whup

xqhpsor|hg1

Wkh srvvlelolw| ri d Sduhwr lpsuryhphqw lq rxu dqdo|vlv ghshqgv fuxfldoo| rq

wkh dvvxpswlrq wkdw zdjh vhwwhuv wdnh lqwr dffrxqw krz wkh| d�hfw xqhpsor|phqw

rq wkhlu oderxu pdunhw1 Wkh ehqh�fldo h�hfw ydqlvkhv xqghu d sxuho| ghfhqwudol}hg/

lqvlghu zdjh ghwhuplqdwlrq zkhuh zdjh vhwwhuv gr qrw wdnh wklv lqwr dffrxqw1 Krz0

hyhu/ d wudgh xqlrq vkrxog fduh derxw djjuhjdwh xqhpsor|phqw ehfdxvh lw lq xhqfhv

wkh suredelolw| ri xqhpsor|phqw qrw rqo| iru wkrvh douhdg| xqhpsor|hg/ exw dovr

iru wkh hpsor|hg1 Wkxv/ zh eholhyh wkdw rxu uhvxowv duh uhohydqw iru oderxu pdunhwv

zkhuh zdjhv duh kljko| lq xhqfhg e| wudgh xqlrqv1

Iru lqvwdqfh/ iru xqvnloohg zrunhuv lq Ghqpdun xqhpsor|phqw lv kljk/ xqlrqv

duh hqfrpsdvvlqj dqg/ dffruglqj wr hpslulfdo zrun/ vwurqj lq zdjh ghwhuplqdwlrq1

Vlqfh zdjhv duh orz iru wkh xqvnloohg dqg wkh ehqh�w ohyho lv pruh ru ohvv wkh vdph

iru doo/ ehqh�wv duh dovr yhu| kljk uhodwlyh wr zdjhv1 Ixuwkhupruh/ lw lv srvvleoh

wr uhfhlyh wkh vdph ehqh�w ohyho iru xs wr �yh |hduv143 Lw lv riwhq dgyrfdwhg/ iru

lqvwdqfh zlwk uhihuhqfh wr wudgh xqlrq wkhru|/ wkdw ehqh�wv iru xqvnloohg zrunhuv

pxvw eh uhgxfhg lq rughu wr eulqj grzq xqhpsor|phqw1 Lw lv frxqwhudujxhg/ krz0

hyhu/ wkdw vxfk d uhgxfwlrq zrxog kxuw h{dfwo| wkrvh zkr duh douhdg| dprqj wkh

srruhvw dqg wklv dujxphqw vhhpv wr suhyhqw uhirupv1 Rxu dqdo|vlv vxjjhvwv wkdw dq

43Diwhu rqh |hdu d uhflslhqw kdv wr sduwlflsdwh lq vrph nlqg ri oderxu pdunhw surjudp/ exw wkh
prqhwdu| frpshqvdwlrq wr wkh xqhpsor|hg frqwlqxhv wr eh wkh vdph1
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lqwhuhvwlqj dowhuqdwlyh wr d jhqhudo ehqh�w fxw/ dqg rqh wkdw pd| kdyh dffhswdeoh

glvwulexwlrqdo frqvhtxhqfhv/ frxog eh wr lqwurgxfh/ h1j1/ d 9 prqwkv gxudwlrq fulwh0

ulrq lq wkh ehqh�w v|vwhp dqg ohw ehqh�wv eh hyhq kljkhu gxulqj wkh �uvw 9 prqwkv

ri xqhpsor|phqw/ dqg orzhu diwhuzdugv1

Dq|krz/ lqwurgxfwlrq ri gxudwlrq fulwhuld lq ehqh�w v|vwhpv dqg uhedodqflqj

ri ehqh�w udwhv ydolg iru gl�huhqw xqhpsor|phqw gxudwlrqv vkrxog/ zkhq lw frphv

wr �jkwlqj xqhpsor|phqw/ eh frqvlghuhg dv dq lqwhuhvwlqj dowhuqdwlyh wr wkh riwhq

dgyrfdwhg jhqhudo ehqh�w fxwv/ zklfk duh xvxdoo| prwlydwhg zlwk uhihuhqfh wr oderxu

pdunhw wkhrulhv vxfk dv wkh wudgh xqlrq prgho1
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Uhihuhqfhv

^4` Dwnlqvrq/ D1 E1/ 4<<81 Lqfrphv dqg wkh Zhoiduh Vwdwh1 Fdpeulgjh Xqlyhuvlw|

Suhvv1

^5` Dwnlqvrq/ D1 E1 dqg Plfnohzuljkw/ M1/ 4<<41 Xqhpsor|phqw Frpshqvdwlrq dqg

Oderu Pdunhw Wudqvlwlrqv= D Fulwlfdo Uhylhz/ Mrxuqdo ri Hfrqrplf Olwhudwxuh

5</ 49:<04:5:1

^6` Errwk/ D1 O1/ 4<<81 Wkh Hfrqrplfv ri wkh Wudgh Xqlrq1 Fdpeulgjh Xqlyhuvlw|

Suhvv1

^7` Exughww/ N1/ 4<:<1 Xqhpsor|phqw Lqvxudqfh Sd|phqwv dv d Vhdufk Vxevlg|=

D Wkhruhwlfdo Dqdo|vlv/ Hfrqrplf Lqtxlu| 4:+6,/ 66606761

^8` Fdkxf/ S1 dqg Ohkpdqq/ H1/ 53331 Vkrxog Xqhpsor|phqw Ehqh�wv Ghfuhdvh

zlwk wkh Xqhpsor|phqw VshooB/ Mrxuqdo ri Sxeolf Hfrqrplfv ::/ 4680861

^9` Gxqors/ M1 W1/ 4<771 Zdjh Ghwhuplqdwlrq Xqghu Wudgh Xqlrqv1 Pdfploodq=

Qhz \run1

^:` Iduehu/ K1 V1/ 4<;91 Wkh Dqdo|vlv ri Xqlrq Ehkdylru1 Lq= Dvkhqihowhu/ R1 dqg

Od|dug/ U1 +Hgv1,/ Kdqgerrn ri Oderu Hfrqrplfv/ Yro1 51 Qruwk0Kroodqg= Dp0

vwhugdp1

59



^;` Iuhgulnvvrq/ S1 dqg Kropoxqg/ E1/ 4<<;1 Rswlpdo Xqhpsor|phqw Lqvxudqfh lq

Vhdufk Htxloleulxp/ Zrunlqj Sdshu 4<<;=5/ Ghsduwphqw ri Hfrqrplfv/ Xssvdod

Xqlyhuvlw|1

^<` Kdqvhq/ F1 W1 dqg Mdfrevhq/ K1 M1/ 4<<;1 Gxudwlrq Ghshqghqw Xqhpsor|phqw

Ehqh�wv lq Wudgh Xqlrq Wkhru|/ Glvfxvvlrq Sdshu 4<<;03;/ Lqvwlwxwh ri Hfr0

qrplfv/ Xqlyhuvlw| ri Frshqkdjhq1

^43` Ndw}/ O1 I1 dqg Ph|hu/ E1 G1/ 4<<31 Wkh Lpsdfw ri wkh Srwhqwldo Gxudwlrq ri

Xqhpsor|phqw Ehqh�wv rq wkh Gxudwlrq ri Xqhpsor|phqw/ Mrxuqdo ri Sxeolf

Hfrqrplfv 74/ 780:51

^44` Pruwhqvhq/ G1/ 4<::1 Xqhpsor|phqw Lqvxudqfh dqg Mre Vhdufk Ghflvlrqv/ Lq0

gxvwuldo dqg Oderxu Uhodwlrqv Uhylhz 63+7,/ 838084:1

^45` Od|dug/ U1/ Qlfnhoo/ V1 dqg Mdfnpdq/ U1/ 4<<41 Xqhpsor|phqw= Pdfurhfrqrplf
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^46` Rvzdog/ D1 M1/ 4<;81 Wkh Hfrqrplf Wkhru| ri Wudgh Xqlrqv= Dq Lqwurgxfwru|

Vxuyh|/ Vfdqglqdyldq Mrxuqdo ri Hfrqrplfv ;:+5,/ 49304<61

^47` Vkdyhoo/ V1 dqg Zhlvv/ O1 +4<:<,1 Wkh Rswlpdo Sd|phqw ri Xqhpsor|phqw

Lqvxudqfh Ehqh�wv ryhu Wlph/ Mrxuqdo ri Srolwlfdo Hfrqrp| ;:+9,/ 467:046951
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D Ulvn Dyhuvlrq

Khuh/ zh frqvlghu wkh fdvh zkhuh phpehuv kdyh d vwulfwo| frqfdyh shulrgzlvh xwlolw|

ixqfwlrq ryhu frqvxpswlrq ri d qrq0vwrudeoh jrrg dqg zkhuh wkhuh lv qr dffhvv wr

fdslwdo pdunhwv1 Wklv lpsolhv wkdw zrunhuv frqvxph wkhlu hqwluh lqfrph lq hdfk

shulrg1 Zh dvvxph wkdw wkh  rz xwlolw| lv fkdudfwhul}hg e| wkh vwulfwo| frqfdyh

ixqfwlrq � E%�/ zkhuh % lv wkh  rz lqfrph htxdo wr �/ K�/ ru K2 ghshqglqj rq wkh

fxuuhqw vwdwh ri wkh zrunhu1 Zh suryh wkdw Wkhruhp 4 lv xqfkdqjhg li wkh lqlwldo

htxloleulxp lv fkdudfwhul}hg e| qr ru srvlwlyh gxudwlrq ghshqghqfh/ K� � K21
44 Qrz/

wkh remhfwlyh ixqfwlrq ri wkh xqlrq lv
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Wkh udwhv K� dqg K2 duh djdlq uhedodqfhg vr dv wr nhhs l �{hg1 Wrwdo gl�huhqwldwlrq

ri lE�c K�c K2�/ dqg wkh �uvw rughu frqglwlrq/ l� E�c K�c K2� ' f/ jlyh

_K2
_K�

' �
lK� E�c K�c K2�

lK2 E�c K�c K2�
' �

�� � E� E���

� E� E���

�� EK��

�� EK2�
�

Wrwdo gl�huhqwldwlrq ri wkh �uvw rughu frqglwlrq/ l� E�c K�c K2� ' f/ |lhogv

_�

_K�
' �

l�K� E�c K�c K2� n l�K2 E�c K�c K2�
_K2
_K�
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Wkxv/ d olplwhg gxudwlrq ehqh�w v|vwhp/ l1h1 e5 @ 3/ qhhgv qrw eh rswlpdo zkhq zrunhuv duh ulvn
dyhuvh1 Dqg li lw lv dvvxphg wkdw wkh pdujlqdo xwlolw| ri lqfrph frqyhujhv wr lq�qlw| zkhq lqfrph
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Wkh ghqrplqdwru lv djdlq srvlwlyh gxh wr wkh vhfrqg rughu frqglwlrq1 Zkhq K� � K2

d vx!flhqw frqglwlrq iru d qhjdwlyh qxphudwru lv E4� 0��f n 04 E�� k� 	 f/ ru

4 	
0�f

�f n 0 E�� k�
c

zklfk lv dozd|v ixo�oohg zkhq 4 	 �f
�n�f3k

� Wkxv/ zkhq wklv frqglwlrq lv ixo�oohg lw

lv srvvleoh wr uhgxfh �/ uhgxfh �/ dqg nhhs l� �{hg1 Wkh rqo| gl�huhqfh ehwzhhq

d zrunhu zkr zdv xqhpsor|hg lq shulrg f dqg rqh zkr zdv hpsor|hg lv wkdw wkh

iruphu rewdlqv d orzhu K2 li xqhpsor|hg diwhu wkh uhedodqflqj zkhuhdv wkh odwwhu

uhfhlyhv d kljkhu K� li xqhpsor|hg1 Wkhuhiruh/ lw iroorzv wkdw le lqfuhdvhv lq wkh

deryh h{shulphqw1 E| frqwlqxlw|/ zlwk d voljkwo| vpdoohu uhgxfwlrq ri K2/ rqh zrxog

dovr rewdlq kljkhu l�/ dqg vwloo ixo�oo wkh rwkhu jrdov1
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Figure 1

Fraction of unemployment carried by long-term 

unemployed as function of unemployment. Annual data 

from 1979 to 1998.
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