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Xqlyhuvlw| ri Khovlqnl

Ghsduwphqw ri Hfrqrplfv

S1R1 Er{ 87/ 33347 Khovlqnl

Ilqodqg

h0pdlo= sdqx1srxwyddudCkhovlqnl1�

Mxo| :/ 4<<<

Devwudfw

Zh dqdo|}h d wzr0shulrg prgho zkhuh ulvn0dyhuvh vwxghqwv glylgh wkhlu wlph

ehwzhhq ulvn| hgxfdwlrq/ ohlvxuh/ dqg zrun1 Wkh hgxfdwhg fdq pljudwh1 Zdjh0

wd{ �qdqfhg wudqvihu wr vwxghqwv dfwv dv dq lqvxudqfh/ dqg lqfuhdvhv erwk lqyhvw0

phqw lq hgxfdwlrq dqg ghpdqg iru ohlvxuh1 Zh ghulyh vx!flhqw frqglwlrqv iru

wd{ frpshwlwlrq wr ohdg wr wrr orz zdjh wd{ udwhv1 Zh vxjjhvw/ wkdw wkh hgxfdwhg

vkrxog sd| wkhlu zdjh wd{hv wr wkh uhjlrq zklfk kdv �qdqfhg wkhlu hgxfdwlrq1

Zh vkrz wkdw wklv zrxog lqfuhdvh wd{dwlrq dqg lqyhvwphqw lq hgxfdwlrq/ dqg

zrxog ehqh�w dovr wkh rzqhuv ri wkh frpsohphqwdu| idfwru1

Nh|zrugv= Ilvfdo ihghudolvp/ wd{ frpshwlwlrq/ rswlpdo wd{dwlrq/ hgxfdwlrq

vxevlglhv/ wd{ frqvwlwxwlrq

MHO Fodvvl�fdwlrq= K;:/ L55/ K54

�Wklv sdshu kdv ehhq suhvhqwhg dw wkh ]HZ Frqihuhqfh �Ilvfdo Frpshwlwlrq dqg Ihghudolvp lq

Hxursh� lq Pdqqkhlp/ Jhupdq|/ Mxqh 506/ 4<<<1 Dq hduolhu yhuvlrq kdv ehhq suhvhqwhg dw wkh ISSH

zrunvkrs lq Khovlqnl1 Wkh dxwkru zrxog olnh wr wkdqn vhplqdu sduwlflsdqwv/ hvshfldoo| Fohphqv Ixhvw/

Dqguhdv Kdx hu/ Ndl D1 Nrqudg/ Zdoodfh H1 Rdwhv/ Mrkq P1 Txljoh|/ Kdqv0Zhuqhu Vlqq/ dqg Gdylg

H1 Zlogdvlq iru ydoxdeoh frpphqwv dqg vxjjhvwlrqv1 Wkh dxwkru lv lqghewhg dovr wr Yhvd Ndqqldlqhq

iru lqvljkwixo frpphqwv1
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Qrq0Whfkqlfdo Vxppdu|

Lq d vhfrqg0ehvw zruog zkhuh wkhuh duh plvvlqj pdunhwv iru lqvxudqfh djdlqvw lq0

frph ulvn uhodwhg wr hgxfdwlrq/ d oxps0vxp wudqvihu wr vwxghqwv �qdqfhg e| d sursru0

wlrqdo zdjh wd{ dfwv dv lqvxudqfh1 Lw r�huv zhoiduh jdlqv iru ulvn0dyhuvh lqglylgxdov/

dqg lqgxfhv wkhp wr lqyhvw pruh lq hgxfdwlrq1 Dw wkh vdph wlph/ krzhyhu/ wkh zdjh

wd{ glvwruwv wkh doorfdwlrq ri wlph ehwzhhq oderu dqg ohlvxuh/ dv lw ghfuhdvhv wkh sulfh ri

ohlvxuh1 Lq wkh �uvw shulrg/ lqglylgxdov doorfdwh wkhlu wlph ehwzhhq zrun iru d frqvwdqw

zdjh/ hgxfdwlrq/ dqg ohlvxuh/ dqg fkrrvh wkhlu qhw vdylqj1 Kxpdq fdslwdo ghshqgv rq

wkh gxudwlrq ri hgxfdwlrq dqg lqglylgxdo0vshfl�f udqgrp yduldeoh/ zklfk lv uhyhdohg

rqo| diwhu hgxfdwlrq lv frpsohwhg1 Lq wkh vhfrqg shulrg/ wkh hgxfdwhg hqwhu wkh od0

eru pdunhw vxsso|lqj wkhlu kxpdq fdslwdo fuhdwhg lq wkh �uvw shulrg1 Vhfrqg0shulrg

surgxfwlrq frpelqhv kxpdq fdslwdo dqg �{hg idfwru/ l1h1 fdslwdo dqg oderu vxsso|

e| wkrvh xqhgxfdwhg1 Zh dvvxph wkdw wkh jryhuqphqw lv ehqhyrohqw dqg pd{lpl}hv

wkh h{shfwhg xwlolw| ri wkrvh wr eh hgxfdwhg1 Gl�huhqfhv ehwzhhq vwxghqwv fdqqrw eh

revhuyhg ehiruh hgxfdwlrq lv frpsohwhg1

Rswlpdo lqvxudqfh lv qrw frpsohwh/ wkdw lv/ zdjh0wd{ udwh lv ohvv wkdq rqh/ gxh wr

wzr irufhv= oderu0ohlvxuh glvwruwlrq dqg uhqw frqvlghudwlrq1 Dv lqyhvwphqw lq hgxfdwlrq

lqfuhdvhv/ wkh lqfuhdvh lq kxpdq fdslwdo orzhuv lwv pdujlqdo surgxfwlylw| dqg khqfh

lqwudpdujlqdo uhqwv1 Li wkh jryhuqphqw fdq wd{ dovr wkh rzqhuv ri wkh �{hg idfwru/ lw

uhfhlyhv pruh wd{ uhyhqxh uhvxowlqj iurp hgxfdwlrq1 Wklv ghfuhdvhv wkh lpsruwdqfh ri

uhqw lq irupxodwlrq ri wd{ srolf| dqg ohdgv wr d kljkhu zdjh wd{ udwh dovr iru wkrvh wr

eh hgxfdwhg1

Wkh hgxfdwhg duh frpsohwho| preloh diwhu wkh irupdwlrq ri d ihghudwlrq1 Rwkhu idf0

wruv ri surgxfwlrq gr qrw pljudwh1 Lq d ihghudwlrq zlwk wd{ frpshwlwlrq/ wkh hgxfdwhg

sd| wkhlu wd{hv wr wkh uhjlrq zkhuh wkh| olyh1 Zkhq hdfk jryhuqphqw pd{lpl}hv wkh

h{shfwhg xwlolw| ri wkrvh flwl}hqv zkr ehfrph hgxfdwhg/ wkh srvvlelolw| ri wd{ frpsh0

wlwlrq fuhdwhv d wlph lqfrqvlvwhqf| sureohp1 Wkh jryhuqphqw kdv wr frpplw lwvhoi wr d

wudqvihu ehiruh lqglylgxdov ghflgh zkhwkhu wr vwd| lq wkh uhjlrq ru wr hpljudwh1 Hdfk

jryhuqphqw kdv dq lqfhqwlyh wr fxw lwv wd{ udwh wr dwwudfw pruh kxpdq fdslwdo iurp

rwkhu uhjlrqv dqg wkxv lqfuhdvh wd{ edvh1 Zkhq jryhuqphqwv fxw wkhlu wd{ udwhv/ wkh|

ljqruh qhjdwlyh �vfdo h{whuqdolwlhv wkh| lpsrvh rq rwkhu uhjlrqv e| uhgxflqj wkhlu wd{

edvh1 Wd{ frpshwlwlrq ohdgv wr wkh hurvlrq ri wd{dwlrq dv lqvwuxphqw wr �qdqfh hgx0

fdwlrq1 Wklv glvfrxudjhv lqyhvwphqw lq hgxfdwlrq dqg ohdgv wr dq lqh!flhqw rxwfrph1

Zh vxjjhvw wkdw wkh hgxfdwhg vkrxog sd| dq hgxfdwlrq wd{ wr d uhjlrq zklfk kdv

sduwlflsdwhg lq �qdqflqj wkhlu hgxfdwlrq1 Wklv zrxog holplqdwh �vfdo h{whuqdolwlhv/

dv gl�huhqfhv lq wd{dwlrq zrxog qr orqjhu d�hfw pljudwlrq1 Zh vkrz wkdw dw ohdvw

li wkh �{hg idfwru lv qrw wd{hg pruh khdylo| wkdq wkh hgxfdwhg/ d ihghudwlrq zlwkrxw
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wd{ frpshwlwlrq zrxog ohdg wr d kljkhu zdjh wd{ udwh iru wkrvh wr eh hgxfdwhg/ dqg

wkxv hqfrxudjh lqyhvwphqw lq hgxfdwlrq1 Zh glvfxvv dovr wkh srvvlelolw| ri yroxqwdu|

luuhyrfdeoh uhglvwulexwlrq frqwudfwv1 Lq h{fkdqjh iru wxlwlrq dqg srvvleo| vrph rwkhu

ehqh�wv/ d vwxghqw zrxog kdyh wr frpplw wr sd|lqj dq hgxfdwlrq wd{ lqghshqghqwo|

ri grplfloh1 Wkhvh frqwudfwv frxog eh r�huhg e| jryhuqphqwv ru xqlyhuvlwlhv1 Wkrvh

vwxghqwv zkr zrxog qrw olnh wr sduwlflsdwh lq vxfk d frqwudfw/ zrxog sd| wkh pdunhw

sulfh iru wkhlu hgxfdwlrq1 Wkh sureohp zlwk yroxqwdu| frqwudfwv lv dgyhuvh vhohfwlrq1

Wkh uhtxluhg frqwulexwlrqv iurp wkrvh zlwk kljk lqfrph zrxog kdyh wr eh prghudwh

hqrxjk qrw wr lqgxfh wkrvh zlwk kljkhvw h{shfwhg hduqlqjv wr rsw rxw1 Li frqwudfwv

zhuh r�huhg e| xqlyhuvlwlhv xvlqj hqwudqfh h{dpv/ wkrvh sduwlflsdwlqj zrxog irup d

pruh krprjhqhrxv jurxs doohyldwlqj wkh dgyhuvh vhohfwlrq sureohp1

Li uhjlrqv duh lghqwlfdo/ wkrvh wr eh hgxfdwhg fdqqrw ehqh�w iurp wkh irupdwlrq ri d

ihghudwlrq1 Li uhjlrqv duh qrw lghqwlfdo exw idfh uhjlrq0vshfl�f vkrfnv olnh xqfhuwdlqw|

derxw ixwxuh h{sruw sulfhv/ wkh srvvlelolw| wr pljudwh r�huv d pdunhw lqvxudqfh djdlqvw

uhjlrq0vshfl�f vkrfnv1 Wklv hqfrxudjhv hgxfdwlrq dqg ehqh�wv dovr wkh rzqhuv ri wkh

frpsohphqwdu| �{hg idfwru1 Wkh h{shfwhg uhwxuq wr hgxfdwlrq fdq eh kljkhu ru orzhu

wkdq lq d forvhg hfrqrp|/ ghshqglqj rq wkh w|sh ri vkrfnv dqg surgxfwlrq whfkqrorj|1

Pdunhw lqvxudqfh doorzv vfdolqj grzq sxeolf lqvxudqfh wkurxjk glvwruwlqj wd{dwlrq/

exw lw grhv qrw fryhu lqglylgxdo0vshfl�f ulvnv1 Dw wkh vdph wlph/ lw vkliwv lqfrph ulvn

dulvlqj iurp uhjlrq0vshfl�f vkrfnv hqwluho| wr wkh rzqhuv ri wkh �{hg idfwru1 Zhoiduh

h�hfwv ri wkh irupdwlrq ri d ihghudwlrq pd| jr lq hlwkhu gluhfwlrq erwk iru wkrvh wr eh

hgxfdwhg dqg iru wkh rzqhuv ri wkh �{hg idfwru1

Dv wkh prelolw| ri wkh hgxfdwhg lqfuhdvhv/ wkh sureohpv fdxvhg e| wd{ frpshwlwlrq

ehfrph pruh vhyhuh1 Xqlirup wd{dwlrq pd| eh dq lqh!flhqw vroxwlrq iru wkh Hxurshdq

Xqlrq/ dv phpehu vwdwhv duh yhu| gl�huhqw1 Qdwlrqdolw|0edvhg wd{dwlrq ru luuhyrfdeoh

uhglvwulexwlrq frqwudfwv r�hu d udglfdo exw surplvlqj vroxwlrq frpelqlqj wkh ehqh�wv

ri iuhh pljudwlrq dqg wkrvh ri lqvxudqfh wkurxjk wd{dwlrq dqg sxeolf �qdqflqj ri

hgxfdwlrq1
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4 Lqwurgxfwlrq

Wkh Hxurshdq Xqlrq kdv fuhdwhg d ydvw vlqjoh pdunhw zkhuh jrrgv/ vhuylfhv/ oderu dqg

fdslwdo fdq/ lq sulqflsoh/ pryh iuhho| dfurvv qdwlrqdo erughuv1 Pljudwlrq ri wkh idf0

wruv ri surgxfwlrq/ zkhq edvhg rq gl�huhqfhv lq pdujlqdo surgxfwlylw|/ hqvxuhv wkhlu

prvw h!flhqw xvh/ dqg wkxv surprwhv wkh jhqhudo zhoiduh1 Krzhyhu/ prelolw| dfurvv

qdwlrqdo erughuv wkuhdwhqv qdwlrqdo uhglvwulexwlrq zlwk dgyhuvh vhohfwlrq1 Ehqh�fldulhv

vhdufk iru uhjlrqv zlwk kljkhu ehqh�wv/ dqg qhw frqwulexwruv suhihu uhjlrqv zlwk prg0

hvw uhglvwulexwlrq ru qr uhglvwulexwlrq dw doo1 Pxvjudyh +4<9<, ylhzv vxfk ehkdylru dv

dq dujxphqw iru dvvljqlqj uhglvwulexwlrq wr wkh qdwlrqdo udwkhu wkdq wr orfdo jryhuq0

phqwv1 Vlqq +4<<6/ 4<<:, dujxhv wkdw zlwkrxw fhqwudol}hg dfwlrq dw wkh xqlrq ohyho/

iuhh prelolw| zloo uhvxow lq �hufh wd{ frpshwlwlrq wkuhdwhqlqj wr glvpdqwoh qdwlrqdo lq0

frph uhglvwulexwlrq lq wkh Hxurshdq Xqlrq1 Zlogdvlq +4<<4/ 4<<5/ 4<<8/ 4<<:, vkrzv

krz prelolw| ri hlwkhu ehqh�fldulhv ru qhw frqwulexwruv uhvwulfwv uhglvwulexwlrq ehwzhhq

jurxsv dqg lqfuhdvhv lwv frvwv li pljudwlrq ghflvlrqv duh glvwruwhg e| �vfdo gl�huhqfhv1

Wkh vwdqgdug dssurdfk lq wkh olwhudwxuh rq wd{ frpshwlwlrq lv wr wdnh idfwruv ri

surgxfwlrq dv jlyhq iru d ihghudwlrq dqg dqdo|}h krz �vfdo gl�huhqfhv lq xhqfh wkhlu

doorfdwlrq zlwklq ihghudwlrq1 Wkh h!flhqf| frvwv ri wd{ frpshwlwlrq duh uhvwulfwhg wr

lqh!flhqw doorfdwlrq ri wkh preloh idfwru ri surgxfwlrq lq fdvh ri gl�huhqfhv lq wd{dwlrq1

Wkh hpskdvlv lv jhqhudoo| rq zhoiduh frvwv ri uhgxfhg srvvlelolwlhv ri uhglvwulexwlrq1

+vhh Zlogdvlq 4<<4/ 4<<5/ 4<<:, Lq rxu prgho/ wkh preloh idfwru ri surgxfwlrq/ kxpdq

fdslwdo/ lv hqgrjhqrxv1 Wklv gudzv dwwhqwlrq wr d zlgho| qhjohfwhg h!flhqf| frvw ri

wd{ frpshwlwlrq1 Lq d zruog zlwk xqfhuwdlqw|/ sduw ri zkdw lv frqyhqwlrqdoo| vhhq dv uh0

glvwulexwlrq fdq eh vhhq dv dq lqvxudqfh h{ dqwh1 Vlqq +4<<8, vkrzv krz uhglvwulexwlrq

ehwzhhq h{ dqwh lghqwlfdo lqglylgxdov fdq eh h!flhqf| hqkdqflqj lq wkdw lw vwlpxodwhv

ulvn wdnlqj1 Zkhq uhwxuqv wr hgxfdwlrq duh xqfhuwdlq/ vxevlglhv iru hgxfdwlrq �qdqfhg

e| d zdjh wd{/ zkhwkhu lw phdqv sxeolfo| �qdqfhg vfkrrov dqg xqlyhuvlwlhv ru door0

fdwlrqv wr vwxghqwv/ fdq eh vhhq dv dq lqvxudqfh1 Vxfk d wd{ dqg wudqvihu vfkhph

ghfuhdvhv wrwdo olihwlph hduqlqjv zkhq uhwxuqv wr hgxfdwlrq duh kljkhu wkdq h{shfwhg

dqg lqfuhdvhv wkhp zkhq uhwxuqv duh orzhu wkdq h{shfwhg1 Jlyhq ulvn dyhuvlrq dqg wkh

devhqfh ri sulydwh lqvxudqfh djdlqvw lqfrph ulvn uhodwhg wr hgxfdwlrq/ wkh doorfdwlrq

lv pruh h!flhqw zlwk wkh jryhuqphqw*v lqwhuyhqwlrq wkdq zlwkrxw lw1 Li wd{ frpshwl0

wlrq uhvxowv lq wkh hurvlrq ri �qdqfldo vxssruw wr hgxfdwlrq/ lw pd| d�hfw dgyhuvho|

wkh ixwxuh vwrfn ri kxpdq fdslwdo dqg wkxv ixwxuh surgxfwlrq fdsdflw| dqg jurzwk1

Wkhvh orqj uxq frvwv pd| h{fhhg wkh vkruw uxq h!flhqf| frvw ri lqh!flhqw doorfdwlrq

ri h{lvwlqj kxpdq fdslwdo1

Wklv sdshu frpelqhv wzr txhvwlrqv wkdw kdyh suhylrxvo| ehhq dqdo|}hg vhsdudwho|/

wkdw ri rswlpdo wd{dwlrq zkhq uhwxuqv wr hgxfdwlrq duh xqfhuwdlq/ dqg wkdw ri wkh
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h�hfwv ri wd{ frpshwlwlrq dqg oderu prelolw|1 Zh dqdo|}h wzr dowhuqdwlyh ihghudo wd{

frqvwlwxwlrqv1 Lq d ihghudwlrq zlwk wd{ frpshwlwlrq/ wkh hgxfdwhg sd| wkhlu zdjh

wd{hv wr wkh uhjlrq zkhuh wkh| olyh1 Lq d ihghudwlrq zlwkrxw wd{ frpshwlwlrq/ wkh

hgxfdwhg sd| lqghshqghqwo| ri wkhlu grplfloh wkhlu zdjh wd{hv wr wkh uhjlrq iurp

zklfk wkh| kdyh uhfhlyhg �qdqfldo vxssruw dv vwxghqwv1 D wkuloolqj qrupdwlyh txhvwlrq

lv zhoiduh frpsdulvrq ehwzhhq wkhvh dowhuqdwlyh frqvwlwxwlrqdo duudqjhphqwv dqg d

forvhg hfrqrp|1

Wkh prgho kdv wzr shulrgv1 Lq wkh �uvw shulrg lqglylgxdov glylgh wkhlu wlph eh0

wzhhq hgxfdwlrq/ ohlvxuh dqg zrun/ dqg ghflgh rq qhw vdylqj lq rughu wr pd{lpl}h wkh

h{shfwhg olihwlph xwlolw|1 Lq wkh vhfrqg shulrg/ wkh| vxsso| oderu lqhodvwlfdoo|1 Wkhuh

lv xqfhuwdlqw| frqfhuqlqj wkh uhwxuqv wr hgxfdwlrq/ wkdw lv/ wkh vhfrqg0shulrg zdjh lv

d udqgrp yduldeoh1 Pdujlqdo xwlolw| ri frqvxpswlrq lv glplqlvklqj/ dqg vr lqglylgxdov

duh ulvn0dyhuvh1 Wklv fuhdwhv d prwlydwlrq iru d zdjh0wd{ �qdqfhg wudqvihu/ zklfk dfwv

dv dq lqvxudqfh ehfdxvh wkh jryhuqphqw uhwxuqv wkh h{shfwhg wd{ uhyhqxh wr h{ dqwh

lghqwlfdo vwxghqwv1 Wkh jryhuqphqw fkrrvhv wd{ dqg oxps0vxp wudqvihu wr vwxghqwv

wr pd{lpl}h wkh h{shfwhg xwlolw| ri lwv rzq flwl}hqv wr eh hgxfdwhg1 Zh doorz wkh

jryhuqphqw wr wd{ dovr wkh rzqhuv ri wkh �{hg idfwru srvvleo| xqghu d frqvwudlqw/ dqg

glvwulexwh wd{ uhyhqxh wr vwxghqwv1

Hdwrq dqg Urvhq +4<;3e, dqg Kdplowrq +4<;:, kdyh dqdo|}hg wkh lqwhusod| eh0

wzhhq lqyhvwphqw lq hgxfdwlrq xqghu xqfhuwdlqw| dqg wd{dwlrq lq d forvhg hfrqrp|1

Lq wkhlu dqdo|vlv/ wkh surgxfwlrq ixqfwlrq lv lpsolflwo| dvvxphg wr eh olqhdu lq wkh

zrun h�ruw ri wkh hgxfdwhg1 Rxu dqdo|vlv lqfoxghv d frpsohphqwdu| idfwru ri surgxf0

wlrq/ zklfk lv dvvxphg wr eh �{hg1 Wklv frpsohphqwdu| idfwru lqfoxghv/ iru h{dpsoh/

sk|vlfdo fdslwdo/ qdwxudo uhvrxufhv dqg zrun h�ruw ri wkrvh zkr uhpdlq xqhgxfdwhg1

Wkh h{lvwhqfh ri d �{hg idfwru ri surgxfwlrq lv d fhqwudo dvvxpswlrq lq wkh olwhudwxuh

dqdo|}lqj wd{ frpshwlwlrq1 Wkh nh| dgglwlrqdo phfkdqlvp lv wkdw wkh frpsohphq0

wdu| idfwru fuhdwhv glplqlvklqj pdujlqdo surgxfwlylw| ri kxpdq fdslwdo1 Wklv vxjjhvwv

wkdw hyhq li wkh hgxfdwhg fdq pljudwh zlwkrxw frvw/ vpdoo gl�huhqfhv lq wd{ wuhdw0

phqw fdqqrw fuhdwh fruqhu vroxwlrqv zlwk doo wkh hgxfdwhg pljudwlqj wr dq duhd zlwk d

pdujlqdoo| pruh idyrudeoh wd{ wuhdwphqw1 Lw lv dvvxphg wkdw wkh hgxfdwhg fdq pljudwh

diwhu wkhlu hgxfdwlrq lv frpsohwhg dqg fkrrvh wkh uhjlrq zkhuh wkhlu diwhu0wd{ lqfrph

lv wkh kljkhvw1

Kljkhu qhw zdjhv duh fhuwdlqo| qrw wkh rqo| prwlydwlrq wr hpljudwh deurdg1 Zrun0

lqj deurdg pd| r�hu vxshulru srvvlelolwlhv wr dffxpxodwh kxpdq fdslwdo dqg dftxluh

h{shulhqfh1 Hpljudwlrq ri |rxqj/ kljk0delolw| lqglylgxdov/ zkhq lw lv whpsrudu|/ zloo

wkxv ehqh�w wkh hfrqrp|1 Wkh �eudlq h{fkdqjh� fdq ehqh�w doo wkrvh lqyroyhg1 Li

gl�huhqfhv lq diwhu0wd{ zdjhv duh odujh/ �eudlq h{fkdqjh� fdq wxuq lqwr �eudlq gudlq�1
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Zkdw wklv sdshu dqdo|}hv lv wkh �eudlq gudlq�/ l1h1 shupdqhqw hpljudwlrq prwlydwhg

e| lqwhuuhjlrqdo gl�huhqfhv lq qhw zdjhv1

Lqyhvwphqw lq kxpdq fdslwdo lv wuhdwhg dv hqgrjhqrxv dovr e| Zlogdvlq +4<<9,1

Krzhyhu/ lq klv prgho dq| zrunhu pd| dftxluh wkh vnloov qhfhvvdu| wr ehfrph d vnloohg

zrunhu lq d sduwlfxodu lqgxvwu| dw d jlyhq frvw1 Pruhryhu/ wkhuh duh qr lqglylgxdo/ exw

rqo| lqgxvwu|0vshfl�f/ ulvnv1 Lq rxu prgho/ wkh qxpehu ri vwxghqwv lv h{rjhqrxv/ exw

wlph ghyrwhg wr hgxfdwlrq lv hqgrjhqrxv1 Nrqudg +4<<<, dqdo|}hv lqyhvwphqw lq ulvn|

hgxfdwlrq zkhq wkh jryhuqphqw fdqqrw frpplw wr wkh vhfrqg0shulrg wd{ vfkhph lq wkh

�uvw shulrg1 Lq klv prgho/ frvwv ri hgxfdwlrq duh qrq0shfxqldu|/ dqg wd{dwlrq d�hfwv

rqo| uhwxuq wr hgxfdwlrq1 Hyhq d ehqhyrohqw jryhuqphqw fkrrvhv h{ srvw h{fhvvlyh

uhglvwulexwlrq frpsduhg wr zkdw zrxog eh h!flhqw h{ dqwh1 Dq hgxfdwlrq vxevlg|

lv d vhfrqg0ehvw srolf| wr hqfrxudjh hgxfdwlrq1 Li wkh jryhuqphqw fdqqrw frpplw

wr d fhuwdlq wd{ vfkhph lq dgydqfh/ d ihghudwlrq zlwk wd{ frpshwlwlrq pd| vroyh

wlph lqfrqvlvwhqf| sureohp iurp wkh jryhuqphqwv* vlgh14 Lq rxu prgho/ wkhuh lv qr

xqfhuwdlqw| frqfhuqlqj ixwxuh wd{dwlrq/ dqg frvwv ri hgxfdwlrq duh orvw zdjh lqfrph1

Wkh devhqfh ri wkh wlph lqfrqvlvwhqf| sureohp iurp wkh jryhuqphqw*v sduw frxog eh

mxvwl�hg e| prgholqj wkh pd{lpl}dwlrq sureohp h{solflwo| lq dq ROJ0iudphzrun1 D

ghyldwlrq iurp wkh dqqrxqfhg wd{ srolf| zrxog lq xhqfh lqyhvwphqw ghflvlrqv e| ixwxuh

jhqhudwlrqv1

Lw lv h{shfwhg wkdw d ihghudwlrq zlwk wd{ frpshwlwlrq uhvxowv lq d vxerswlpdo zdjh

wd{ udwh/ zkhuhdv d ihghudwlrq zlwkrxw wd{ frpshwlwlrq pd| kdyh d kljkhu zdjh wd{

udwh wkdq d forvhg hfrqrp|1 Wkh srvvlelolw| wr pljudwh fuhdwhv d wlph lqfrqvlvwhqf|

sureohp/ dv jryhuqphqwv kdyh wr frpplw wr �qdqflqj hgxfdwlrq ehiruh lqglylgxdov

fkrrvh zkhwkhu wr vwd| lq wkh uhjlrq1 Lqglylgxdo uhjlrqv kdyh dq lqfhqwlyh wr fxw zdjh

wd{hv lq rughu wr lqfuhdvh wkhlu wd{ edvhv/ wkxv lpsrvlqj d qhjdwlyh �vfdo h{whuqdolw|

rq rwkhu uhjlrqv1

Lq wkh vhfrqg vhfwlrq zh dqdo|}h d forvhg hfrqrp|1 Zh vkrz wkdw lqfuhdvlqj zdjh

wd{dwlrq lqgxfhv vwxghqwv wr doorfdwh pruh wlph erwk wr ulvn| hgxfdwlrq dqg ohlvxuh/

zkhq oderu vxsso| lv lqhodvwlf lq wkh vhfrqg shulrg dqg xwlolw| iurp wkh �uvw0shulrg

frqvxpswlrq lv d olqhdu ixqfwlrq1 Wkh qryho ihdwxuh ri wklv uhvxow lv lqfrusrudwlrq ri

hqgrjhqrxv ohlvxuh fkrlfh1 Zh dovr dqdo|}h rswlpdo zdjh wd{ udwhv1 Wkh wklug vhfwlrq

�qgv wkh vx!flhqw frqglwlrqv xqghu zklfk wkh irupdwlrq ri d ihghudwlrq zlwk wd{

frpshwlwlrq ehwzhhq lghqwlfdo uhjlrqv ohdgv wr d orzhu zdjh wd{ udwh wkdq lq d forvhg

hfrqrp|1 Vfdolqj grzq sxeolf vxssruw iru hgxfdwlrq lv ghwulphqwdo wr wkh irupdwlrq

ri kxpdq fdslwdo1 Rq wkh rwkhu kdqg/ lw lv vkrzq wkdw lq wkh suhvhqfh ri uhjlrq0

vshfl�f vkrfnv wkh irupdwlrq ri d ihghudwlrq lqfuhdvhv h{shfwhg uhwxuqv wr hgxfdwlrq

4L dp lqghewhg wr Ndl D1 Nrqudg dqg Gdylg H1 Zlogdvlq iru udlvlqj wklv srlqw1
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li surgxfwlrq whfkqrorj| lv Free0Grxjodv1 Wklv phfkdqlvp uhvwv rq h!flhqf| jdlqv

iurp pljudwlrq1 Pljudwlrq rshqv qhz srvvlelolwlhv wr xwlol}h kxpdq fdslwdo lq d pruh

h!flhqw zd|1 Wkxv wkh gxudwlrq ri hgxfdwlrq fdq eh orqjhu ru vkruwhu wkdq lq d forvhg

hfrqrp|1 Zlwk fhuwdlq surgxfwlrq whfkqrorjlhv dqg vkrfnv/ pljudwlrq lv vkrzq wr

ghfuhdvh wkh h{shfwhg uhwxuq wr hgxfdwlrq1 Wkh irxuwk vhfwlrq vkrzv wkdw d ihghudwlrq

zlwkrxw wd{ frpshwlwlrq lqfuhdvhv zdjh wd{dwlrq dw ohdvw lq wkh devhqfh ri uhjlrq0

vshfl�f vkrfnv li �{hg idfwru lv qrw wd{hg pruh khdylo| wkdq wkh hgxfdwhg1 Zh dovr

glvfxvv wkh srvvlelolw| ri yroxqwdu| luuhyrfdeoh uhglvwulexwlrq frqwudfwv/ zkhuh wkh vwdwh

ru xqlyhuvlw| zrxog dfw dv d yhqwxuh fdslwdolvw sduwlflsdwlqj lq wkh lqyhvwphqw lq ulvn|

hgxfdwlrq1 Wkh �iwk vhfwlrq glvfxvvhv wkh h�hfwv ri pljudwlrq frvwv dqg wkh vl{wk

vhfwlrq frqfoxghv zlwk lpsolfdwlrqv wr wkh Hxurshdq Xqlrq1

5 Forvhg Hfrqrp|

514 Surgxfwlrq

Zh dqdo|}h d wzr0shulrg prgho zlwk wzr surgxfwlrq vhfwruv1 Wkhuh duh wkuhh w|shv ri

lqsxwv xvhg lq wkh surgxfwlrq= kxpdq fdslwdo surylghg e| wkh hgxfdwhg/ zrun h�ruw

ri wkrvh zkr duh qrw |hw hgxfdwhg exw duh jrlqj wr eh hgxfdwhg +vwxghqwv,/ dqg doo

rwkhu lqsxwv1 Wkhvh rwkhu lqsxwv/ zklfk lqfoxgh fdslwdo dqg wkh zrun h�ruw ri wkh

xqhgxfdwhg zkr duh qrw vwxghqwv/ zloo eh uhihuuhg wr vlpso| dv d �{hg idfwru1 Lq rqh

vhfwru/ kxpdq fdslwdo surylghg e| wkh hgxfdwhg lv frpelqhg zlwk wkh �{hg idfwru1

Wkh rwkhu vhfwru xvhv rqo| oderu vxssolhg e| vwxghqwv dqg lv fkdudfwhul}hg e| d olqhdu

surgxfwlrq ixqfwlrq zlwk qr rwkhu lqsxwv1 Rqh lqwhusuhwdwlrq iru wklv lv wkdw vwxghqwv

zrun lq d oderu0lqwhqvlyh vhuylfh vhfwru1 Oderu vxsso| ri wkh hgxfdwhg lv lqhodvwlf/ dqg

kxpdq fdslwdo lv krprjhqhrxv1 Wkh wrwdo kxpdq fdslwdo xvhg lq surgxfwlrq lv ghqrwhg

e| l1 Lw lv uhdvrqdeoh wr h{shfw wkdw wkh pdujlqdo surgxfwlylw| ri kxpdq fdslwdo lv

glplqlvklqj/ ehfdxvh lq xwlol}lqj lw rwkhu lqsxwv duh dovr qhhghg1 Vxssuhvvlqj wkh �{hg

idfwru/ zh fdq ghqrwh wkh frqfdyh surgxfwlrq ixqfwlrq xvlqj kxpdq fdslwdo dv lqsxw

e| 8 El�1

Wkhuh lv qr xqfhuwdlqw| frqfhuqlqj wkh ydoxh ri surgxfwlrq1 Vwxghqwv uhfhlyh dv

zdjh wkhlu pdujlqdo surgxfw1 Wklv lv ghqrwhg e| ��1 Lq vxevhfwlrq 615 zh dqdo|}h

wkh frqvhtxhqfhv ri pdfurhfrqrplf xqfhuwdlqw|1 Zh dvvxph wkdw doo jrrgv duh shuihfw

vxevwlwxwhv lq frqvxpswlrq/ lq wkh vhqvh wkdw lw lv wkh wrwdo ydoxh ri surgxfwlrq wkdw

frxqwv1 Wklv fdq eh h{sodlqhg e| wkh srvvlelolw| ri lqwhuqdwlrqdo wudgh1 Zh kdyh wdnhq

wkh sulfh ri wkh frpsrvlwh jrrg surgxfhg lq vhfrqg shulrg dv qxphudluh dqg wkhq

fkrvhq �� vr wkdw wkh ydoxh ri wkh �uvw shulrg*v surgxfwlrq lv dovr fdofxodwhg lq wkh

qxphudluh1 Zh zloo frqfhqwudwh rxu dqdo|vlv rq d frkruw ri wkrvh wr eh hgxfdwhg dqg
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zloo gh�qh wkh jryhuqphqw*v exgjhw frqvwudlqw dqg srolwlfdo surfhvv vr wkdw wkhuh lv

qr qhhg wr kdyh dq ROJ0prgho1

515 Lqglylgxdo*v Pd{lpl}dwlrq Sureohp

Gxulqj wkh �uvw shulrg wkrvh zkr ehfrph hgxfdwhg glylgh wkhlu wlph ehwzhhq vwxg|0

lqj/ ohlvxuh/ dqg zrunlqj iru d frqvwdqw zdjh1 Wkh vhfrqg0shulrg zdjh ghshqgv rq wkh

gxudwlrq ri hgxfdwlrq1 Wkh gxudwlrq ri erwk shulrgv lv rqh1 Wkh lqglylgxdo*v pd{l0

pl}dwlrq sureohp lv wr fkrrvh wkh gxudwlrq ri hgxfdwlrq M/ ohlvxuh u dqg qhw vdylqj 7

lq wkh �uvw shulrg lq rughu wr pd{lpl}h wkh h{shfwhg wrwdo xwlolw|1 Lw lv dvvxphg wkdw

kxpdq fdslwdo lv surgxfhg xvlqj rqo| wlph dv dq lqsxw/ vr wkdw orvw zdjhv duh wkh rqo|

frvw ri lqyhvwphqw lq kxpdq fdslwdo1

Wkh zdjh iru dq hgxfdwhg shuvrq lv klv ru khu dprxqw ri kxpdq fdslwdo wlphv wkh

pdujlqdo surgxfwlylw| ri kxpdq fdslwdo1 Wkh lqglylgxdo*v kxpdq fdslwdo lv dvvxphg

wr eh wkh surgxfw ri wkh gxudwlrq ri hgxfdwlrq M/ dqg d udqgrp yduldeoh %/ iru

zklfk .E%� ' � dqg % 5 d@c Koc @ : f1 D qdwxudo lqwhusuhwdwlrq iru wkh udqgrp

yduldeoh % lv wkdw lw uh hfwv lqkhulwhg delolw| gl�huhqfhv1 Krzhyhu/ % frxog uh hfw

dovr lpshuihfw nqrzohgjh derxw wkh txdolw| ri vfkrrolqj wkh lqglylgxdo fkrrvhv/ dqg

lpshuihfw nqrzohgjh derxw wkh uhodwlyh ghvludelolw| ri d sduwlfxodu hgxfdwlrq lq wkh

ixwxuh oderu pdunhw1 Wkh pdujlqdo surgxfw ri kxpdq fdslwdo lv 8 �1 Khuh zh kdyh

vxssuhvvhg wkh dujxphqw l1 Wkxv/ wkh vhfrqg0shulrg zdjh �2 ri lqglylgxdo � lv jlyhq

e|

��
2
' %�M�8

��

Wkh lqglylgxdo0vshfl�f udqgrp yduldeohv %� duh xqnqrzq wr hyhu|rqh lq wkh �uvw

shulrg1 Wkh| duh uhyhdohg dw wkh ehjlqqlqj ri wkh vhfrqg shulrg/ zkhq wkh wdohqwhg duh

douhdg| hgxfdwhg1 Iurp qrz rq/ wkh lqglylgxdo lqgh{ � zloo eh vxssuhvvhg1 Lw vkrxog

eh qrwhg/ krzhyhu/ wkdw zdjhv ehwzhhq wkh hgxfdwhg gl�hu gxh wr wkh suhvhqfh ri wkh

lqglylgxdo0vshfl�f udqgrp yduldeoh1

Lqwhuhvw udwh o lv jlyhq dqg lv wkh vdph iru hdfk lqglylgxdo dqg wkh jryhuqphqw1

D qdwxudo lqwhusuhwdwlrq iru wklv lv wkdw frqvxpswlrq jrrgv fdq eh eruurzhg dqg ohqw

lqwhuqdwlrqdoo| dw d jlyhq udwh zlwkrxw dq| wudqvdfwlrq frvwv1 Wkxv/ lq dq| jlyhq

shulrg/ wkh wrwdo lqfrph ri wkh hfrqrp| dqg lwv wrwdo frqvxpswlrq pd| gl�hu15 Wkh

5Dqrwkhu srvvlelolw| zrxog eh wr prgho dq hqgrjhqrxv ghwhuplqdwlrq ri wkh lqwhuhvw udwh1 Wkh

lghd ri lqwhuqdwlrqdo ordq pdunhwv lv pruh vxlwdeoh ehfdxvh fdslwdo lv wdnhq dv jlyhq1 Prgholqj dq

hqgrjhqrxv lqwhuhvw udwh zrxog fdoo iru prgholqj dq hqgrjhqrxv ghwhuplqdwlrq ri sk|vlfdo fdslwdo1

Wklv pljkw orvh lpsruwdqw lqvljkwv wr txhvwlrqv dqdo|}hg khuh lq wkh vhqvh wkdw dvvxpswlrqv pdgh

derxw wkh ghwhuplqdwlrq ri vdylqjv dqg lqyhvwphqwv pljkw ehfrph fuxfldo wr dw ohdvw vrph uhvxowv1

;



zdjh wd{ udwh | lv wkh vdph lq wkh �uvw dqg lq wkh vhfrqg shulrg/ dqg fdqqrw eh kljkhu

wkdq rqh1 D oxps0vxp wudqvihu � lv jlyhq wr vwxghqwv1 Wkh hgxfdwhg gr qrw rzq

dq| �{hg idfwru/ kdyh qr lqfrph rwkhu wkdq zdjhv dqg lqwhuhvw rq vdylqj/ dqg kdyh

qr lqlwldo zhdowk1 Wkh rzqhuv ri wkh �{hg idfwru idfh wd{ udwh A / srvvleo| frqvwudlqhg

wr }hur1 Wkhuh duh qr rwkhu wd{hv ru sxeolf h{shqglwxuhv lq wkh prgho1 Lqwhuhvw

lqfrph lv qrw wd{hg dqg lqwhuhvw sd|phqwv duh qrw ghgxfwleoh1 Wkhuh duh qr prudo

kd}dug sureohpv uhodwhg wr eruurzlqj1 Li wkh pdujlqdo xwlolw| ri wkh vhfrqg0shulrg

frqvxpswlrq dssurdfkhv lq�qlw| dv wkh vhfrqg0shulrg frqvxpswlrq dssurdfkhv }hur/

dqg lqglylgxdov fdqqrw frqfhdo wkhlu zhdowk ru lqfrph/ qr rqh zloo wdnh rxw d juhdwhu

ordq wkdq kh ru vkh fdq uhsd| zlwk fhuwdlqw|1

Wkh lqglylgxdo*v xwlolw| lv dvvxphg wr eh vhsdudeoh1 Pruhryhu/ wkh xwlolw| iurp

wkh �uvw0shulrg frqvxpswlrq �� lv olqhdu/ wkh xwlolw| iurp �uvw0shulrg ohlvxuh T Eu� lv

frqfdyh/ dqg wkh xwlolw| iurp wkh vhfrqg0shulrg frqvxpswlrq glvfrxqwhg wr wkh �uvw

shulrg lv dovr frqfdyh dqg ghqrwhg e| L E�2�1 Wkxv wkh lqglylgxdo*v pd{lpl}dwlrq

sureohp lv

4@ 
Mc7cu

i�� n T Eu� n .dLE�2�oj

�� ' E��M � u�E� � |��� n� � 7

�2 ' E�� |�%M8 � n 7E� n o��

+4,

Lq fkrrvlqj M dq lqglylgxdo wdnhv l dv jlyhq/ ehfdxvh wkh h�hfw ri klv ru khu

hgxfdwlrqdo fkrlfh rq l lv qhjoljleoh1 Wkh �uvw0rughu frqglwlrqv iru wkh rswlpdo fkrlfhv

ri M/ 7/ dqg u duh

�E�� |��� n E� � |�8 �.E%L �� ' f +5,

�� n E� n o�.EL �� ' f +6,

�E� � |��� n T � ' f� +7,

Wkh vhfrqg0rughu frqglwlrqv duh vdwlv�hg1

516 Jryhuqphqw*v Exgjhw Frqvwudlqw

Zh qrz dqdo|}h dq hfrqrp| ri pdq| wdohqwhg flwl}hqv zkrvh lqglylgxdo udqgrp ydul0

deohv duh lqghshqghqw1 Wkh odz ri odujh qxpehuv whoov xv wkdw wkh yduldqfh ri wkh
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dyhudjh kxpdq fdslwdo dssurdfkhv }hur dv wkh qxpehu ri flwl}hqv dssurdfkhv lq�qlw|1

Zh vlpsoli| wkh dqdo|vlv e| dvvxplqj wkdw wkh yduldqfh ri wkh djjuhjdwh kxpdq fdslwdo

lv }hur1 Wkh suhvhqw ydoxh ri wd{ uhyhqxh iurp d jhqhudwlrq kdv wr eh htxdo wr wkh

wrwdo frvw ri lwv oxps0vxp wudqvihuv1 Wkh dyhudjh wlph vshqw lq hgxfdwlrq M dqg wkh

dyhudjh ohlvxuh fkrlfh u duh wkh vdph dv M dqg u fkrvhq e| hdfk lqglylgxdo1 Li wkhuh

duh � flwl}hqv zkr ehfrph hgxfdwhg/ hfrqrp|*v kxpdq fdslwdo lv jlyhq e| l ' �M1

Zh qrupdol}h wkh srsxodwlrq vl}h ri flwl}hqv zkr ehfrph hgxfdwhg wr xqlw|/ vr wkdw

l ' M1 Wklv grhv qrw phdq wkdw wkhuh zrxog eh d vlqjoh flwl}hq1 Flwl}hqv zkr ehfrph

hgxfdwhg vhhp h{ dqwh lghqwlfdo/ exw gl�huhqfhv ehfrph ylvleoh dw wkh ehjlqqlqj ri wkh

vhfrqg shulrg1 Wkhuh lv qrw uhsuhvhqwdwlyh hgxfdwhg flwl}hq1 Wkh jryhuqphqw*v exgjhw

frqvwudlqw shu flwl}hq zkr ehfrphv hgxfdwhg lv

� ' |E��M � u��� n
|

� n o
l8 � n

A

� n o
E8 � l8 ��� +8,

Wkh jryhuqphqw dfwv olnh dq lqvxudqfh frpsdq| srrolqj lqglylgxdo0vshfl�f ulvnv

e| srrolqj xqfhuwdlq wd{ uhyhqxhv iurp gl�huhqw lqglylgxdov1 Wkh odvw whup fdswxuhv

hyhqwxdo uhglvwulexwlrq iurp wkh rzqhuv ri wkh �{hg idfwru wr wkrvh wr eh hgxfdwhg1

517 Oxps0vxp Wudqvihu wr Vwxghqwv dqg Lqyhvwphqw lq Hgx0

fdwlrq

D zdjh0wd{ �qdqfhg oxps0vxp wudqvihu � wr vwxghqwv rshudwhv dv dq lqvxudqfh iru

lqyhvwphqw lq ulvn| kxpdq fdslwdo= lw lqfuhdvhv olihwlph hduqlqjv zkhq wkh| duh orzhu

wkdq h{shfwhg dqg ghfuhdvhv wkhp zkhq wkh| duh kljkhu wkdq h{shfwhg1 Zh zloo vhh

wkdw wklv phfkdqlvp lv lqghshqghqw ri hyhqwxdo uhglvwulexwlrq ehwzhhq wkh jurxsv/ dqg

krogv iru dq| A 1 Dw wkh vdph wlph/ wkh zdjh wd{ orzhuv wkh rssruwxqlw| frvw ri ohlvxuh

iurp dq lqglylgxdo*v srlqw ri ylhz1 Zh qrz suryh

Sursrvlwlrq 4 D sursruwlrqdo wd{ rq zdjh lqfrph fuhdwhv dq lqfhqwlyh iru vwxghqwv

wr lqfuhdvh wkhlu lqyhvwphqw lq kxpdq fdslwdo1 Dw wkh vdph wlph/ lw lqfuhdvhv wkh

ghpdqg iru ohlvxuh dqg ghfuhdvhv oderu vxsso| lq wkh �uvw shulrg1

Surri1 Vhh Dsshqgl{ 41

Wkh lghd ri wkh surri ri sursrvlwlrq 4 lv wkh iroorzlqj= zh wrwdoo| gl�huhqwldwh wkh

�uvw0rughu frqglwlrqv zlwk uhvshfw wr wkh lqglylgxdo*v ghflvlrq yduldeohv dqg zdjh wd{

udwh1 Diwhu wkdw/ zh xvh Fudphu*v uxoh wr �qg rxw krz d fkdqjh lq wkh zdjh wd{ udwh

d�hfwv wkh lqglylgxdo*v ghflvlrq yduldeohv zh duh lqwhuhvwhg lq1

Wkh lqwxlwlrq ehklqg wkh lqfuhdvh lq ghpdqg iru ohlvxuh lv vwudljkwiruzdug1 D

sursruwlrqdo wd{ rq zdjh lqfrph ghfuhdvhv wkh sulydwh frvw ri ohlvxuh/ zklfk lv htxdo
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wr iruhjrqh diwhu0wd{ zdjh lqfrph1 Lqglylgxdo pryhv uhvrxufhv iurp frqvxpswlrq wr

ohlvxuh1

Zkhq oderu vxsso| lv lqhodvwlf lq wkh vhfrqg shulrg/ lqfuhdvlqj zdjh wd{dwlrq uh0

gxfhv sursruwlrqdoo| wkh frvwv ri lqyhvwphqw lq hgxfdwlrq dqg lwv uhwxuqv1 Wklv gh0

fuhdvhv wkh yduldqfh ri wkh vhfrqg0shulrg frqvxpswlrq dqg lqgxfhv shrsoh wr xvh pruh

wlph iru hgxfdwlrq1 Zlwk txdvlolqhdu xwlolw| iurp wkh �uvw0shulrg frqvxpswlrq/ zdjh

wd{dwlrq lqfuhdvhv lqyhvwphqw lq hgxfdwlrq hyhq zkhq wd{ uhyhqxhv duh qrw uhwxuqhg

wr vwxghqwv1 Lqfrph h�hfwv ri wd{dwlrq zrxog eh devruehg e| wkh �uvw0shulrg frq0

vxpswlrq1 Txdvlolqhdulw| holplqdwhv dovr wkh h�hfwv ri A 1 Srxwyddud +4<<;, dqdo|}hv d

prgho zkhuh ohlvxuh lv h{rjhqrxv/ exw wkh xwlolw| iurp frqvxpswlrq lv d frqfdyh ixqf0

wlrq lq erwk shulrgv1 Lq wkdw prgho wd{dwlrq pljkw ghfuhdvh lqyhvwphqw lq hgxfdwlrq

li h{shfwhg wd{ uhyhqxhv zhuh qrw uhwxuqhg1

Li wkh zdjh wd{ udwh lv yhu| kljk/ ru wkh h{shfwhg uhwxuq rq hgxfdwlrq vx!flhqwo|

kljk uhodwlyh wr wkh �uvw0shulrg zdjh/ lqglylgxdov pljkw ghpdqg pruh ohlvxuh dqg

hgxfdwlrq wkdq wkhlu �uvw0shulrg wlph hqgrzphqw doorzv/ wkdw lv/ wkh| pd| zlvk wr

r�hu d qhjdwlyh dprxqw ri oderu lq wkh �uvw shulrg1 Wr uxoh wklv rxw zh uhvwulfw rxu

dqdo|vlv wr fdvhv zkhuh lqglylgxdov zrxog qhyhu zlvk wr vxsso| d qhjdwlyh dprxqw ri

oderu lq wkh �uvw shulrg1

518 Rswlpdo Zdjh Wd{dwlrq

Zh dvvxph wkdw wkh jryhuqphqw zdqwv wr pd{lpl}h wkh h{shfwhg xwlolw| ri lwv flwl}hqv

zkr ehfrph hgxfdwhg1 Wkh mxvwl�fdwlrq iru wd{dwlrq lv wkh plvvlqj pdunhw ri sulydwh

lqvxudqfh djdlqvw lqfrph ulvn uhodwhg wr hgxfdwlrq1 D jryhuqphqw zlwk lwv exgjhw frq0

vwudlqw fdq dfw dv dq lqvxudqfh frpsdq|/ srrolqj lqglylgxdo lqfrph ulvnv dqg wkhuhe|

uhgxflqj wkh yduldqfh ri diwhu0wd{ lqfrph1 Ghvslwh glvwruwlrqv lq oderu vxsso| lq wkh

�uvw shulrg/ wkh jryhuqphqw fdq r�hu h!flhqf| jdlqv iru ulvn0dyhuvh lqglylgxdov1 Wkh

mxvwl�fdwlrq ri sxeolf lqwhuyhqwlrq lv pdunhgo| gl�huhqw iurp wudglwlrqdo Sljrxyldq

wd{dwlrq xvhg wr fruuhfw h{whuqdolwlhv1

Wkh jryhuqphqw pd{lpl}hv vrfldo zhoiduh{/ zklfk lv wkh lqglylgxdo*v pd{lpl}dwlrq

sureohp lq +4, diwhu vxevwlwxwlqj � iurp +8,/ M ' M/ u ' u/ dqg wdnlqj | dqg A dv

wkh rswlpl}lqj yduldeohv1 Wkh wd{ udwh ri wkh �{hg idfwru lv frqvwudlqhg wr eh qr

kljkhu wkdq hA / doorzlqj f � hA � �1 Wkh jryhuqphqw*v pd{lpl}dwlrq sureohp fdq eh

suhvhqwhg dv

4@ 
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{ ' �� n T Eu� n .dLE�2�o�

44



Lw lv hylghqw wkdw wkh jryhuqphqw zrxog fkrrvh dv kljk A dv srvvleoh/ dv dozd|v
_{

_A
: f1 Wkxv wkh jryhuqphqw fkrrvhv hA 1 Ohw xv �uvw nhhs M dqg l dv vhsdudwh/

dowkrxjk wkh jryhuqphqw wdnhv lqwr dffrxqw wkdw l ' M1 Wklv pdnhv frpsdulvrqv

zlwk ihghudwlrqv hdvlhu1 _l

_M
' � ehfdxvh srsxodwlrq vl}h lv qrupdol}hg wr xqlw| dqg

wkhuh lv qr pljudwlrq1 Krzhyhu/ zh gluhfwo| vxevwlwxwh M ' M dqg u ' u1 Xvlqj wkh

lqglylgxdo*v �uvw0rughu frqglwlrqv/ wkh zhoiduh h�hfw ri d exgjhw frqvwudlqw pdlqwdlqlqj

fkdqjh lq wkh zdjh wd{ udwh lv jlyhq e|

_{

_|
' �

�no
l8 � �M8 �.E%L ��� |��

_M

_|

ni |

�no
8 � n |

�no
l8 �� n E�� |�M8 ��.E%L ���

hA

�no
l8 ��j _l

_M

_M

_|
� |��

_u

_|
�

+9,

Qh{w vxevwlwxwh lqwr wklv l ' M dqg xvh djdlq lqglylgxdo*v �uvw0rughu frqglwlrqv

wr rewdlq=

_{

_|
' �M8 ��J�E%cL ��

n
q
�|E8 � nM8 ����J�E%cL �� nM8 ��.E%L ���

hA

�no
M8 ��

r
_M

_|
� |��

_u

_|
�

+:,

Vhwwlqj +:, htxdo wr }hur dqg rujdql}lqj srvlwlyh whupv wr wkh ohiw dqg qhjdwlyh

whupv wr wkh uljkw zh rewdlq=

�M8 ��J�E%cL ��� |E8 � nM8 ����J�E%cL ��_M
_|
�

hA

�no
M8 �� _M

_|

' �M8 ��.E%L ��_M
_|

n |��
_u

_|
�

+;,

Wklv vrfldo �uvw0rughu frqglwlrq htxdol}hv wkh pdujlqdo vrfldo ehqh�w dqg frvw ri d

wd{ lqfuhdvh1 Wkh fryduldqfh whupv fdswxuh wkh lqvxudqfh ehqh�wv iurp d wd{ lqfuhdvh1

E| wd{lqj dqg uhwxuqlqj wkh h{shfwhg wd{ uhyhqxh wr wkh hgxfdwhg/ wkh jryhuqphqw

holplqdwhv sursruwlrq | ri wkh xqfhuwdlqw| dvvrfldwhg zlwk wkh zdjh lqfrph lq wkh

vhfrqg shulrg1 Zhoiduh jdlqv iurp wklv uhvxow iurp glplqlvklqj pdujlqdo xwlolw| ri

frqvxpswlrq1

Iurp wkh lqglylgxdo*v srlqw ri ylhz/ wkh zkroh uhwxuq wr hgxfdwlrq lv ulvn|1 Iurp

wkh vrfldo srlqw ri ylhz/ rqo| sursruwlrq ��| ri uhwxuqv wr hgxfdwlrq lq wkh hfrqrp| lv

dvvrfldwhg zlwk lqfrph ulvn1 Wkh uhvw lv srrohg dqg uhwxuqhg dv lqvxuhg lqfrph wr wkrvh

wr eh hgxfdwhg1 Wklv holplqdwhv sursruwlrq | ri lqfrph xqfhuwdlqw| dvvrfldwhg zlwk

wkh uhwxuq wr hgxfdwlrq1 Wklv doorzv d pruh h!flhqw doorfdwlrq ri frqvxpswlrq1 Wkxv/

wkh h{shfwhg vrfldo uhwxuq wr d jlyhq hgxfdwlrq lv pruh ydoxdeoh wkdq wkh h{shfwhg

sulydwh uhwxuq1 Wkh vhfrqg whup lv wkh ydoxh ri lqvxudqfh iru pdujlqdo hgxfdwlrqdo

lqyhvwphqw lqgxfhg e| wkh fkdqjh lq wkh wd{ udwh1 Lw lv wkh surgxfw ri wkh h{shfwhg

uhwxuq wr hgxfdwlrqdo lqyhvwphqw iru wkh hgxfdwhg dv d jurxs/ 8 � nM8 ��/ wkh fkdqjh
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lq hgxfdwlrqdo lqyhvwphqw/ _M

_|
/ wkh jdlq iurp lqvxudqfh shu lqfrph xqlw/ ��J�E%cL ��/

dqg wkh h{whqw ri fryhudjh ri wd{dwlrq/ |16 Wkh vhfrqg whup lv srvlwlyh li dqg rqo| li

dq lqfuhdvh lq kxpdq fdslwdo grhv qrw ghfuhdvh wkh lqfrph dffuxlqj wr wkh hgxfdwhg

dv d jurxs/ wkdw lv/ _

_l
dl8 �o ' 8 � nl8 �� � f1 Wkh fryduldqfh whupv duh dqdorjrxv exw

qrw htxdo wr wkrvh lq Gl{lw dqg Vdqgpr +4<::,1 Gl{lw dqg Vdqgpr dqdo|}h vrfldoo|

rswlpdo wd{dwlrq zlwkrxw xqfhuwdlqw| exw lq suhvhqfh ri khwhurjhqhrxv lqglylgxdov1

Wkh wklug whup fdswxuhv wkh lqfuhdvh lq wkh wd{ uhyhqxh iurp wkh rzqhuv ri wkh �{hg

idfwru uhvxowlqj iurp lqfuhdvhg lqyhvwphqw lq hgxfdwlrq1

Wkh �uvw whup rq wkh uljkw kdqg vlgh ri +;, uh hfwv frvwv ri orzhu pdujlqdo surgxf0

wlylw| ri kxpdq fdslwdo fdxvhg e| lqfuhdvhg lqyhvwphqw lq kxpdq fdslwdo1 Wkh vhfrqg

whup rq wkh uljkw kdqg vlgh ri +;, fdswxuhv wkh zhoiduh orvv iurp d glvwruwhg oderu

vxsso| lq wkh �uvw shulrg1 _u

_|
ghvfulehv wkh h�hfw ri d fkdqjh lq wkh zdjh wd{ udwh rq

ohlvxuh fkrlfh/ zkhuhdv |�� lv wkh zhgjh ehwzhhq vrfldo dqg sulydwh frvw ri ohlvxuh1

Dq dowhuqdwlyh zd| wr fkdudfwhul}h zhoiduh h�hfwv ri d fkdqjh lq wd{dwlrq lv wr glylgh

h�hfwv lqwr wkrvh zlwkrxw dq| fkdqjh lq wkh gxudwlrq ri hgxfdwlrq ru ohlvxuh/ wkh sxuh

lqvxudqfh h�hfw/ dqg wkh zhoiduh h�hfwv ri d fkdqjh lq wkh gxudwlrq ri hgxfdwlrq dqg

lq wkh gxudwlrq ri ohlvxuh1 Wklv lv grqh lq +:,1 Sxuh lqvxudqfh h�hfw lv xqdpeljxrxvo|

srvlwlyh/ zkhuhdv wkh h�hfw ri d fkdqjh lq ohlvxuh lv xqdpeljxrxvo| qhjdwlyh dqg fdq

eh fdoohg wkh ghdg0zhljkw orvv ri oderu0ohlvxuh glvwruwlrq1 Ohw xv ghqrwh wkh lqfrph

dffuxlqj wr wkh hgxfdwhg e| U1 Sxuh lqvxudqfh h�hfw lv wkh surgxfw ri wkh h{shfwhg

lqfrph ri wkh hgxfdwhg dv d jurxs/ .EU� ' M8 �/ dqg wkh jdlq iurp lqvxudqfh shu

lqfrph xqlw/ U?r ' ��J�E%cL ��1 Sxuh lqvxudqfh h�hfw jlyhv wkh zhoiduh jdlq iurp d

pdujlqdo lqfuhdvh lq wkh fryhudjh ri lqvxudqfh wkurxjk dq lqfuhdvh lq |1 Ghdg0zhljkw

orvv iurp oderu0ohlvxuh glvwruwlrq lv ghvfulehg e| wkh qrwdwlrq(`uu ' |��
_u

_|
1 Lw wxuqv

rxw wkdw wkh vljq ri wkh whup fdswxulqj wkh zhoiduh h�hfw ri wkh fkdqjh lq wkh gxudwlrq

ri hgxfdwlrq/ ._�(�o '
q
�|E8 � nM8 ����J�E%cL �� nM8 ��.E%L ���

hA

�no
M8 ��

r
_M

_|
/ lv

hvvhqwldo lq dqdo|}lqj wkh h�hfwv ri wkh irupdwlrq ri d ihghudwlrq1 Wkh vrfldo �uvw0rughu

frqglwlrq fdq eh zulwwhq dv=

.EU�� U?rn ._�(�o �(`uu ' f�

Wkh vljq ri ._�(�o lv ghwhuplqhg e| rssrvlwh h�hfwv1 Rq rqh kdqg/ wkh vrfldo

uhwxuq wr hgxfdwlrq lv kljkhu wkdq wkh sulydwh uhwxuq/ dv wd{dwlrq dqg wudqvihu holp0

lqdwh sursruwlrq | ri xqfhuwdlqw| dvvrfldwhg zlwk wkh vrfldo uhwxuq wr hgxfdwlrq1 Lq

dgglwlrq wr wklv/ dq lqfuhdvh lq lqyhvwphqw lq hgxfdwlrq lqfuhdvhv wd{ uhyhqxh iurp wkh

6Wkh h{shfwhg uhwxuq wr hgxfdwlrq iru wkh hgxfdwhg dv d jurxs lv fdofxodwhg e| gl�huhqwldwlqj

wkh h{shfwhg lqfrph ri wkh hgxfdwhg/ 
I 3/ zlwk uhvshfw wr kxpdq fdslwdo/ 
1 Diwhu wkdw/ vxevwlwxwh


 @ K wr rewdlq wkh vwdwhg uhvxow1
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�{hg idfwru1 Rq wkh rwkhu kdqg/ dq lqfuhdvh lq hgxfdwlrq ghfuhdvhv wkh pdujlqdo sur0

gxfwlylw| ri kxpdq fdslwdo1 Li wkh pdujlqdo surgxfwlylw| ri kxpdq fdslwdo lv frqvwdqw

ru vx!flhqwo| forvh wr frqvwdqw/ wkh gxudwlrq h�hfw ri hgxfdwlrq lv srvlwlyh1 Gxudwlrq

h�hfwv lv srvlwlyh dovr li hA lv vx!flhqwo| kljk1 Li wkh gxudwlrq h�hfw lv qhjdwlyh lq wkh

wd{ rswlpxp/ wkh jryhuqphqw nhhsv wkh zdjh wd{ udwh orzhu wkdq lw zrxog li lqyhvw0

phqw lq hgxfdwlrq zhuh h{rjhqrxv/ lq rughu wr lqgxfh vwxghqwv wr lqyhvw ohvv lq kxpdq

fdslwdo1 Li ._�(�o lv srvlwlyh/ wd{dwlrq lv uhvwulfwhg e| oderu0ohlvxuh glvwruwlrq/ dqg

qrw e| wkh uhqw frqvlghudwlrq1 ._�(�o lv srvlwlyh/ li wkh vhfrqg whup lq +:, lv srvlwlyh1

Qh{w zh lqwurgxfh

Uhpdun 41 Li wkh vhfrqg whup lq +:, lv srvlwlyh +qhjdwlyh, zkhq +:, jrhv wr }hur/

zh vd| wkdw wkh jryhuqphqw zrxog suhihu/ lq wkh forvhg hfrqrp|*v wd{ rswlpxp/ kljkhu

+orzhu, hgxfdwlrqdo lqyhvwphqw wkdq lqglylgxdov zrxog fkrrvh1

Wkh prwlydwlrq ehklqg wklv gh�qlwlrq lv wkh iroorzlqj= dv wkh vhfrqg whup ri +:,

fdswxuhv wkh zhoiduh h�hfwv ri d fkdqjh lq wkh zdjh wd{ udwh wkurxjk wkh fkdqjh lq

wkh gxudwlrq ri hgxfdwlrq/ lw vkrzv/ zkhwkhu wkh jryhuqphqw zrxog olnh wr lqfuhdvh ru

ghfuhdvh hgxfdwlrqdo lqyhvwphqw frpsduhg wr zkdw lqglylgxdov zrxog fkrrvh1 Dv orqj

dv wklv h�hfw lv srvlwlyh +qhjdwlyh,/ wkh jryhuqphqw zrxog suhihu lqglylgxdov wr lqyhvw

pruh +ohvv, lq hgxfdwlrq wkdq wkh| gr1

Sursrvlwlrq 5 Zlwk frqvwdqw pdujlqdo surgxfwlylw| ri kxpdq fdslwdo/ wkh rswlpdo

zdjh wd{ udwh lv vwulfwo| ehwzhhq }hur dqg rqh1 Zlwk glplqlvklqj pdujlqdo surgxfwlylw|

ri kxpdq fdslwdo/ wkh rswlpdo zdjh wd{ udwh pd| eh orzhu1

Surri1 Wkh �uvw whup lq +:, lv srvlwlyh/ ehfdxvh wkh vhfrqg0shulrg frqvxpswlrq

lv dq lqfuhdvlqj ixqfwlrq ri % dqg wkh pdujlqdo xwlolw| ri frqvxpswlrq lv glplqlvklqj1

Pdujlqdo surgxfwlylw| ri kxpdq fdslwdo lv frqvwdqw li 8 �� ' f1 Lq wklv fdvh +:, lv

srvlwlyh li | ' f/ dqg qhjdwlyh li | ' �1 Ixoo lqvxudqfh/ wkdw lv/ | ' �/ zrxog holplqdwh

wkh fryduldqfh whupv1 Wkh eljjhu | lv/ wkh vwurqjhu lv wkh glvwruwlrq lq wkh �uvw0shulrg

oderu vxsso|/ zklfk lv fdswxuhg e| wkh odvw whup1 Li 8 �� 	 f/ wkh ydoxh ri +:, ehfrphv

vpdoohu dw ohdvw li hA lv vpdoo hqrxjk1

D zdjh wd{ udwh lv dovr vwulfwo| ehwzhhq rqh dqg }hur zlwk glplqlvklqj pdujlqdo

surgxfwlylw| ri kxpdq fdslwdo li wkh jryhuqphqw suhihuv kljkhu lqyhvwphqw lq hgxfd0

wlrq wkdq zkdw lqglylgxdov zrxog fkrrvh lq wkh forvhg hfrqrp|*v wd{ rswlpxp1 Wklv

phdqv wkdw r�hulqj sduwldo lqvxudqfh lv rswlpdo dv orqj dv uhqw pd{lpl}dwlrq lv qrw

wkh grplqdwlqj prwlydwlrq lq wkh jryhuqphqw*v ghflvlrq0pdnlqj1 Wkh sduwldolw| ri

lqvxudqfh iroorzv iurp wkh qhhg wr uhvwulfw oderu0ohlvxuh glvwruwlrq1 Wkh dpeljxlw| ri

wkh vljq ri | iroorzv hqwluho| iurp uhqw frqvlghudwlrq1 Li hA ' �/ uhqw frqvlghudwlrq grhv

qrw uhvwulfw zdjh wd{dwlrq1 Wkh iroorzlqj dqdo|vlv lq ihghudo frqwh{w zloo eh uhohydqw

zkhq rswlpdo zdjh wd{ udwh lv srvlwlyh lq d forvhg hfrqrp|1
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6 Wd{ Frpshwlwlrq lq d Ihghudwlrq

614 Pljudwlrq Htxloleulxp

Lq wklv vhfwlrq zh dqdo|}h d ihghudwlrq ri ? mxulvglfwlrqv zkhuh wkh hgxfdwhg sd|

wd{hv rqo| wr wkh mxulvglfwlrq lq zklfk wkh| olyh1 Lq hdfk mxulvglfwlrq/ wkh jryhuqphqw

pd{lpl}hv wkh h{shfwhg xwlolw| ri lwv flwl}hqv zkr ehfrph hgxfdwhg1 Mxulvglfwlrqv dqg

uhjlrqv frlqflgh1 Uhjlrqv duh dvvxphg wr eh lghqwlfdo1 Lw lv dvvxphg wkdw rqo| wkh

hgxfdwhg fdq pryh1 Pljudwlrq ghflvlrqv duh pdgh diwhu lqglylgxdo0vshfl�f udqgrp

yduldeohv duh uhyhdohg1 Wkh hgxfdwhg fkrrvh wkh uhjlrq lq zklfk wkhlu qhw lqfrph lv

wkh kljkhvw1 Wkhuh duh qr pljudwlrq frvwv1

Ohw xv �uvw dqdo|}h krz d fkdqjh lq wkh wd{ udwh lq rqh uhjlrq d�hfwv wkh doorfdwlrq

ri kxpdq fdslwdo lq wkh ihghudwlrq/ zkhq wd{ udwhv lq rwkhu uhjlrqv duh jlyhq dqg

lghqwlfdo1 Zh ghqrwh wkh yduldeohv uhodwlqj wr rwkhu uhjlrqv e| kdw1 lv ghqrwh srvw0

pljudwlrq kxpdq fdslwdo1 D ihghudwlrq*v kxpdq fdslwdo l8 lv glylghg wr kxpdq fdslwdo

lq rqh uhjlrq dqg lghqwlfdo dprxqwv ri kxpdq fdslwdo lq rwkhu ? � � uhjlrqv1 Wklv

phdqv wkdw el ' l83l

?3�
1 Vxevwlwxwlqj wklv lqwr frqglwlrq iru pljudwlrq htxloleulxp

E�� |�8 �El� ' E�� e|�8 �El83l
?3�

� dqg wrwdoo| gl�huhqwldwlqj zlwk uhvshfw wr | dqg l zh

rewdlq

�
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�
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'
E?� ��8 �El�

E? � ��E�� |�8 ��El� n E� � e|�8 ��El83l
?3�

�
� +<,

Khuh
�
_l

_|

�
A�

lv wkh h�hfw ri d fkdqjh lq wkh zdjh wd{ udwh rq srvw0pljudwlrq kxpdq

fdslwdo lq d ihghudwlrq zlwk wd{ frpshwlwlrq1 Zlwk d jlyhq kxpdq fdslwdo/ wkh fkdqjhv

lq kxpdq fdslwdo lq gl�huhqw uhjlrqv wrwdo }hur1 Wkxv wkh h�hfw ri d fkdqjh lq | rq el
lv

#
_el
_|

$
A�

' �
8 �El�

E?� ��E�� |�8 ��El� n E� � e|�8 ��El83l
?3�

�
� +43,

615 Wd{dwlrq/ Uhjlrq0vshfl�f Vkrfnv/ dqg Hgxfdwlrqdo Ghfl0

vlrqv

Zh dqdo|}h �uvw d ihghudwlrq zlwkrxw uhjlrq0vshfl�f vkrfnv1 Wkh zdjh wd{ udwh iru

hdfk jhqhudwlrq kdv wr eh fkrvhq lq hdfk uhjlrq dw wkh ehjlqqlqj ri wkh �uvw shulrg dqg
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fdqqrw eh fkdqjhg1 Wkh jryhuqphqwv duh wkxv hqjdjhg lq d vwdwlf Frxuqrw0Qdvk jdph

ri frpsohwh lqirupdwlrq1 Exgjhw frqvwudlqw krogv h{dfwo| zkhq hdfk uhjlrq fkrrvhv lwv

wd{ udwh/ dqg diwhu wkdw hdfk uhjlrq uhwxuqv dv d oxps0vxp wudqvihu wkh suhvhqw ydoxh

ri wd{ uhyhqxhv1 Wkh oxps0vxp wudqvihu kdv wr vdwlvi|

� ' |E��M � u��� n
|

� n o
l8 � n

A

� n o
E8 � l8 ���

Wkh pd{lpl}dwlrq sureohp ri wkh uhsuhvhqwdwlyh flwl}hq lv

4@ 
Mc7cu

i�� n T Eu� n .dLE�2�oj

�� ' E��M � u�E� � |��� n� � 7

�2 ' E�� |�%M8 � n 7E� n o��

Wkh �uvw0rughu frqglwlrqv duh dv lq d forvhg hfrqrp|1

Zh surfhhg dorqj wkh olqhv ri vxevhfwlrq 5171 Wkh gl�huhqfh lv wkdw/ lq d ihghud0

wlrq/ d fkdqjh lq wkh zdjh wd{ udwh d�hfwv wkh dprxqw ri kxpdq fdslwdo dovr wkurxjk

pljudwlrq1 Wklv d�hfwv wkh pdujlqdo surgxfwlylw| ri kxpdq fdslwdo/ wd{ uhyhqxhv dqg

wkxv oxps0vxp wudqvihuv wr vwxghqwv1

Sursrvlwlrq 6 Lq d ihghudwlrq zlwk wd{ frpshwlwlrq dqg zlwkrxw uhjlrq0vshfl�f vkrfnv/

d pdujlqdo lqfuhdvh lq wkh zdjh wd{ udwh lq rqh uhjlrq lqfuhdvhv lqyhvwphqw lq hgxfdwlrq

lq wkdw uhjlrq/ dw ohdvw li wd{ udwhv duh lqlwldoo| htxdo lq doo uhjlrqv1 Lqyhvwphqw pd|

lqfuhdvh pruh ru ohvv wkdq lq d forvhg hfrqrp| zlwk wkh vdph lqlwldo wd{ udwh1 Wkh

h�hfw rq lqyhvwphqw lq hgxfdwlrq lq rwkhu uhjlrqv pd| eh srvlwlyh ru qhjdwlyh1 Wkh

wrwdo h�hfw rq wkh ihghudwlrq*v kxpdq fdslwdo lv/ krzhyhu/ wkh vdph dv lq d forvhg

hfrqrp|1 Wkh ghpdqg iru ohlvxuh uhvsrqgv lq wkh uhjlrq fkdqjlqj wkh zdjh wd{ udwh

dv lq d forvhg hfrqrp|1 Lq rwkhu uhjlrqv/ ghpdqg iru ohlvxuh grhv qrw fkdqjh1

Surri1 Vhh Dsshqgl{ 51

Wkh suhfhglqj sursrvlwlrq fdswxuhv wkh h�hfwv ri d ihghudwlrq zlwkrxw uhjlrq0

vshfl�f vkrfnv1 Zlogdvlq +4<<:, dqdo|}hv wkh h�hfw ri pljudwlrq rq wrwdo lqfrph

dffuxlqj wr wkh preloh dqg �{hg idfwruv/ zkhq lqlwldo doorfdwlrq ri wkh preloh idfwru

gl�huv iurp h!flhqw doorfdwlrq e| d phdq0suhvhuylqj vsuhdg1 Kh vkrzv wkdw li lghqwl0

fdo frqfdyh surgxfwlrq ixqfwlrqv duh hlwkhu Free0Grxjodv ru wkhlu wklug ghulydwlyh lv

qrq0srvlwlyh/ pljudwlrq lqfuhdvhv wkh wrwdo lqfrph ri wkh preloh kljk0vnloohg oderu lq

ihghudo ohyho1 Zlwk d jlyhq xqlirup zdjh0wd{ udwh/ wkh srvvlelolw| ri pljudwlrq zrxog

fuhdwh dq lqfhqwlyh wr lqfuhdvh lqyhvwphqw lq hgxfdwlrq lq wzr zd|v= e| lqfuhdvlqj
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wkh h{shfwhg uhwxuq wr hgxfdwlrq dqg e| ghfuhdvlqj lwv yduldqfh1 Zkhwkhu pljudwlrq

lqfuhdvhv wkh lqfrph ri wkh preloh idfwru lq wkh ihghudo ohyho ru qrw/ ghshqgv rq wkh

irupxodwlrq ri wkh vkrfn dovr zlwk lghqwlfdo surgxfwlrq ixqfwlrqv dqg rssrvlwh vkrfnv1

Lq wkh qh{w ohppd/ zh dvvxph wkdw wkh ydoxh ri wkh surgxfwlrq lq zklfk wkh hgxfdwhg

sduwlflsdwh frqwdlqv d pxowlsolfdwlyh udqgrp frpsrqhqw/ 5/ zklfk lv xqnqrzq zkhq

wkh gxudwlrq ri hgxfdwlrq lv fkrvhq1 Zlogdvlq +4<<8, lqwhusuhwv d pxowlsolfdwlyh vkrfn

dv sulfh xqfhuwdlqw| ri wkh h{sruwhg jrrg ri wkh uhjlrq1 Rqh lqgxvwu| idfhv d srvlwlyh

vkrfn 5 ' � n �/ dqg dqrwkhu d qhjdwlyh vkrfn 5 ' � � �/ zkhuh f � � 	 �1

Ohppd 41 Zlwk pxowlsolfdwlyh dqg rssrvlwh uhjlrq0vshfl�f sulfh vkrfnv/ pljudwlrq

lqfuhdvhv wkh wrwdo lqfrph ri wkh hgxfdwhg zlwk Free0Grxjodv whfkqrorj|/ exw ghfuhdvhv

lw li wkh wklug ghulydwlyh ri wkh surgxfwlrq ixqfwlrq lv qrq0srvlwlyh1

Surri1 Ohw l eh kxpdq fdslwdo lq hdfk uhjlrq ehiruh pljudwlrq/ dqg k kxpdq

fdslwdo*v vkduh ri surgxfwlrq1 Il{hg idfwru lv qrupdol}hg wr xqlw| lq erwk uhjlrqv1

Zlwkrxw pljudwlrq wkh wrwdo ydoxh ri surgxfwlrq lq wkh ihghudwlrq lv

t � ' E� n ��lk n E�� ��lk ' 2lk� +44,

Li pljudwlrq lv doorzhg dqg zh fkrrvh lqglfhv vr wkdw wkh uhjlrq zlwk d srvlwlyh

+qhjdwlyh, vkrfn jhwv lqgh{ R +?�/ dqg pdujlqdo surgxfwlylw| lv htxdol}hg/ lR dqg l?

kdyh wr vdwlvi| wkh lghqwlw| E� n ��klk3�
R ' E� � ��klk3�

? clR n l? ' 2l1 Vroylqj lR

dqg l?/ zh jhw dv wkh wrwdo ydoxh ri surgxfwlrq lq d ihghudwlrq zlwk pljudwlrq=

t ` ' dE� n ��
�

�3k n E� � ��
�

�3k o
�3k

E2l�
k
� +45,

Vxewudfwlqj +44, iurp +45, zh jhw wkh lqfuhdvh lq wkh ydoxh ri wkh ihghudwlrq*v wrwdo

surgxfwlrq zlwk pljudwlrq frpsduhg wr wkh vlwxdwlrq zlwkrxw pljudwlrq=

� ' dE� n ��
�

�3k n E�� ��
�

�3k o�3kE2l�k � 2lk
� +46,

Wkh h�hfw ri dq lqfuhdvh lq � rq wkh lqfrph jdlqv fuhdwhg e| pljudwlrq lv

Y�

Y�
' dE� n ��

�

�3k n E� � ��
�

�3k o3kE2l�kdE� n ��
k

�3k � E�� ��
k

�3k o� +47,

Iurp +47, zh vhh wkdw dq lqfuhdvh lq � dozd|v lqfuhdvhv wkh lqfrph jdlqv fuhdwhg

e| pljudwlrq dqg vr lqfuhdvhv wkh wrwdo ydoxh ri surgxfwlrq1 Wrwdo lqfrph ri wkh

hgxfdwhg ehlqj sursruwlrqdo wr wkh ydoxh ri surgxfwlrq/ dq lqfuhdvh lq wkh wrwdo ydoxh

ri surgxfwlrq dovr lqfuhdvhv wkh wrwdo lqfrph ri wkh hgxfdwhg1

Qh{w dvvxph surgxfwlrq ixqfwlrq 8 El�/ 8 �

: fc 8 ��

� f/ 8 ���

� f1 Zlwkrxw

pljudwlrq/ wkh wrwdo lqfrph ri wkh hgxfdwhg lv lE� n ��8 �El� n lE� � ��8 �El� '

2l8 �El�1 Li pljudwlrq lv doorzhg/ lq htxloleulxp
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E� n ��8
�

ElR� ' E�� ��8
�

El?��

Vxevwlwxwlqj l? ' 2l � lR dqg wrwdoo| gl�huhqwldwlqj zlwk uhvshfw wr � dqg lR

jlyhv xv

_lR

_�
' �

8
�ElR� n 8

�El?�

E� n ��8 ��ElR� n E� � ��8 ��El?�
� +48,

Dv wkh ydoxh ri wkh pdujlqdo surgxfw ri kxpdq fdslwdo lv htxdol}hg/ wrwdo lqfrph

ri wkh hgxfdwhg lq d ihghudwlrq lv jlyhq e| 2lE� n ��8 �ElR�1 Zlwk � ' f/ wklv lv wkh

vdph dv zlwkrxw pljudwlrq1 Wkxv/ pljudwlrq lqfuhdvhv +ghfuhdvhv, wkh wrwdo lqfrph ri

wkh hgxfdwhg li E� n ��8 �ElR� lv lqfuhdvlqj +ghfuhdvlqj, lq �1 Zlwk +48,/ ghulydwlrq

zlwk uhvshfw wr � jlyhv

_

_�
dE� n ��8 �ElR�o ' 8

�ElR�� E� n ��8 ��ElR�
8

�ElR� n 8
�El?�

E� n ��8 ��ElR� n E�� ��8 ��El?�

' �

�E� � ��8 �ElR�8
��El?� n E� n ��8 �El?�8

��ElR�

E� n ��8 ��ElR� n E� � ��8 ��El?�
�

Li 8 ���

� f/ �8 ��ElR� � �8
��El?� dv lR : l?1 Dv 8

��

	 f/ 8 �El?� : 8
�ElR�1 Wkxv

_

_�
dE� n ��8 �ElR�o 	 f dqg pljudwlrq ghfuhdvhv wkh wrwdo lqfrph ri wkh hgxfdwhg1

Zlwk Free0Grxjodv whfkqrorj|/ wkh srvvlelolw| ri pljudwlrq lqfuhdvhv wkh h{shfwhg

uhwxuq wr hgxfdwlrq dv lq Zlogdvlq +4<<:,1 Wklv fuhdwhv d ixuwkhu lqfhqwlyh wr lqyhvw lq

hgxfdwlrq1 Li wkh wklug ghulydwlyh ri wkh surgxfwlrq ixqfwlrq lv qrq0srvlwlyh/ lqfoxglqj

txdgudwlf surgxfwlrq ixqfwlrq dv d vshfldo fdvh/ pljudwlrq zlwk pxowlsolfdwlyh sulfh

vkrfnv ghfuhdvhv wkh h{shfwhg uhwxuq wr hgxfdwlrq1 Wklv lv dq rssrvlwh uhvxow wr wkh

h�hfw ri d phdq0suhvhuylqj vsuhdg dqdo|}hg e| Zlogdvlq +4<<:,1

616 Rswlpdo Zdjh Wd{dwlrq

Lq wklv vhfwlrq zh dqdo|}h d ihghudwlrq zlwkrxw uhjlrq0vshfl�f vkrfnv1 Wklv doorzv xv wr

frpsduh wkh rswlpdo zdjh wd{ udwh lq d ihghudwlrq wr wkdw lq d forvhg hfrqrp|1 Zkhq

hdfk jryhuqphqw pd{lpl}hv wkh h{shfwhg xwlolw| ri lwv rzq uhsuhvhqwdwlyh flwl}hq/ zh

jhw dv wkh pd{lpl}dwlrq sureohp ri wkh jryhuqphqw=

4@ 
|cA

{
A�

' �� n T Eu� n .dLE�2�o

�� ' E� �M � u��� n
|

�no
l8 � n A

�no
E8 � l8 ��� 7

�2 ' E� � |�%M8 � n 7E� n o��
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Dv lq d forvhg hfrqrp|/ lw lv rswlpdo wr vhw A ' hA 1 Wkh h�hfw ri d fkdqjh lq wkh

zdjh wd{ udwh rq wkh uhsuhvhqwdwlyh flwl}hq*v h{shfwhg xwlolw| lv

�
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_|

�
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' �
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+49,

Lq +49,/
�
_M8

_|

�
A�

lv wkh fkdqjh lq wkh ihghudwlrq*v kxpdq fdslwdo lqgxfhg e| d

fkdqjh lq |/ dv fdofxodwhg lq Dsshqgl{ 51 Yl
YM

8

h{suhvvhv wkh h�hfw ri d fkdqjh lq wkh

ihghudwlrq*v kxpdq fdslwdo rq srvw0pljudwlrq kxpdq fdslwdo lq rqh uhjlrq1 Wkh �iwk

whup fdswxuhv wkh zhoiduh h�hfwv ri d fkdqjh lq wkh zdjh wd{ udwh wkurxjk wkh fkdqjh

lq wkh wd{ edvh1 Fkdqjhv lq wd{ edvhv wrwdo }hur/ dqg lq wkh v|pphwulf lqlwldo vlwxdwlrq

wkh qhjdwlyh ri wkh �iwk whup phdvxuhv �vfdo h{whuqdolw| lpsrvhg rq rwkhu uhjlrqv1 Dv

uhjlrqv gr qrw wdnh lqwr dffrxqw wkhvh h{whuqdolwlhv/ lw lv h{shfwhg wkdw xqfrruglqdwhg

vroxwlrq ohdgv wr dq lqh!flhqw rxwfrph1

Li
�
_{
_|

�
A�

	 f dw wkh forvhg hfrqrp|*v wd{ rswlpxp/ wkh forvhg hfrqrp|*v wd{

rswlpxp lv qrw d Qdvk htxloleulxp lq d ihghudwlrq zlwk wd{ frpshwlwlrq1 Lqvwhdg/ d

ihghudwlrq zlwk wd{ frpshwlwlrq ohdgv wr d orzhu zdjh wd{ udwh ehfdxvh lw lv lq wkh

lqwhuhvw ri hdfk jryhuqphqw wr orzhu lwv zdjh wd{ udwh1 Zh fdq ghulyh d urexvw uhvxow=

Sursrvlwlrq 7 D vx!flhqw frqglwlrq iru wkh irupdwlrq ri d ihghudwlrq ehwzhhq lghq0

wlfdo uhjlrqv wr uhvxow lq d orzhu zdjh wd{ udwh wkdq lq d forvhg hfrqrp| lv

41 wkh jryhuqphqw zrxog suhihu lq wkh forvhg hfrqrp|*v wd{ rswlpxp kljkhu hgxfd0

wlrqdo lqyhvwphqw wkdq lqglylgxdov zrxog fkrrvh ru/ dowhuqdwlyho|/

51 wkh zdjh wd{ udwh lv dw ohdvw 3l8 ��

8 �

lq wkh forvhg hfrqrp| dqg
�
_M

_|

�
A�

�
_M

_|
1

Li dw ohdvw rqh ri wkhvh frqglwlrqv lv phw/ dq hqodujhphqw ri d ihghudwlrq ohdgv wr dq

hyhq orzhu zdjh wd{dwlrq1

Surri1 Vhh Dsshqgl{ 61

Sursrvlwlrq 7 vkrzv wzr dowhuqdwlyh vx!flhqw frqglwlrqv xqghu zklfk Frxuqrw0Qdvk

wd{ frpshwlwlrq ehwzhhq ehqhyrohqw jryhuqphqwv ohdgv wr zdjh wd{ udwhv wkdw duh wrr

orz/ dqg wkxv/ dffruglqj wr sursrvlwlrq 6/ wr wrr orz dq lqyhvwphqw lq hgxfdwlrq1

Wkxv wd{ frpshwlwlrq lv ghwulphqwdo wr wkh irupdwlrq ri kxpdq fdslwdo/ dqg lpsrvhv

dq h!flhqf| frvw rq wkh ihghudwlrq1 Wr jdlq dq lqwxlwlrq ri fdvh 5/ qrwh wkdw zlwk

Free0Grxjodv whfkqrorj| lw zrxog vlpsoli| lqwr wkh uhtxluhphqw wkdw wkh zdjh wd{

udwh lv dw ohdvw dv � � k/ zkhuh k lv wkh vkduh ri kxpdq fdslwdo ri surgxfwlrq1 Wkhvh

uhvxowv krog iru doo hA 1 Qrwh wkdw dovr hA ' � lv vx!flhqw wr hqvxuh wkdw wd{ frpshwlwlrq

orzhuv zdjh wd{dwlrq1
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7 Ghfhqwudol}hg Wd{dwlrq zlwkrxw Wd{ Frpshwl0

wlrq

Lq rxu prgho/ fhqwudol}hg wd{dwlrq zrxog fohduo| vroyh doo wkh sureohpv fuhdwhg e| wd{

frpshwlwlrq1 Krzhyhu/ zkhq phpehu vwdwhv duh dv khwhurjhqhrxv dv wkh| duh lq wkh

Hxurshdq Xqlrq/ xqlirup wd{dwlrq dqg vrfldo vhfxulw| duh srwhqwldoo| lqh!flhqw eh0

fdxvh ri gl�huhqw wdvwhv frqfhuqlqj uhglvwulexwlrq1 Ixuwkhupruh/ fhqwudol}hg xqlirup

vrfldo vhfxulw| dqg wd{dwlrq zrxog fuhdwh h{whqvlyh lqfrph wudqvihuv ehwzhhq phpehu

vwdwhv1 Wklv frxog glvwruw wkh ghflvlrq0pdnlqj surfhvv/ iru h{dpsoh/ zlwk srru uhjlrqv

yrwlqj iru h{fhvvlyh ehqh�wv dqg ulfk uhjlrqv zdqwlqj wr vfdoh grzq wkh h{lvwlqj vrfldo

vhfxulw|/ shukdsv hvshfldoo| xqhpsor|phqw ehqh�wv1 Vlqq +4<<6/ 4<<8, kdv vxjjhvwhg

uhvwuxfwxulqj wd{hv dqg vrfldo vhfxulw| wr eh edvhg rq qdwlrqdolw| udwkhu wkdq rq grpl0

floh dv d uhphg| djdlqvw wd{ frpshwlwlrq1 Li gl�huhqfhv lq h{shfwhg uhyhqxhv ri wkrvh

wr eh hgxfdwhg zhuh qrw wrr odujh dw wkh djh ri 4;/ vd|/ rqh frxog vxevwlwxwh luuhyrfdeoh

uhglvwulexwlrq frqwudfwv iru pdqgdwru| uhglvwulexwlyh wd{dwlrq1 D flwl}hq zrxog kdyh

wr frpplw wr sduwlflsdwlqj lq d jlyhq uhglvwulexwlrq vfkhph iru wkh uhvw ri klv ru khu

olih lqghshqghqwo| ri wkh grplfloh/ ru rsw rxw zlwkrxw d srvvlelolw| iru vrfldo vhfxulw| lq

fdvh ri edg oxfn1 Vlqq qrwhv wkdw hyhq vxfk dq duudqjhphqw zrxog vx�hu iurp dgyhuvh

vhohfwlrq sureohp/ ehfdxvh prvw gl�huhqfhv duh douhdg| ylvleoh ehiruh wkh djh ri 4;1

Wkh pdlq sureohp zlwk yroxqwdu| uhglvwulexwlrq frqwudfwv lv dgyhuvh vhohfwlrq1 Lq

rughu wr eh ihdvleoh/ wkh uhtxluhg frqwulexwlrq iurp wkh kljk0lqfrph hduqhuv lq dq

luuhyrfdeoh uhglvwulexwlrq frqwudfw zrxog kdyh wr eh orz hqrxjk qrw wr lqgxfh wkrvh

zlwk wkh kljkhvw h{shfwhg hduqlqjv wr rsw rxw1 D elqglqj luuhyrfdeoh uhglvwulexwlrq

frqwudfw zrxog eh hdvlhu wr dsso| wr �qdqflqj hgxfdwlrq wkdq wr vrfldo vhfxulw| lq

jhqhudo/ lq zklfk lw lv hylghqwo| lpsrvvleoh1 Lq wkh �hog ri kljkhu hgxfdwlrq/ doo sxeolf

�qdqfh iru hgxfdwlrq/ zkhwkhu e| doorfdwlrqv wr vwxghqwv ru vxevlglhv wr sxufkdvlqj hg0

xfdwlrq iurp xqlyhuvlwlhv/ vkrxog eh pdgh frqglwlrqdo xsrq dffhswlqj dq luuhyrfdeoh

uhglvwulexwlrq frqwudfw1 Wkh frqwudfw frxog dsso| wr erwk sulydwh dqg sxeolf xql0

yhuvlwlhv/ dowkrxjk gl�huhqw wxlwlrq ihhv dqg frvwv lq gl�huhqw vwxg| surjudpv zrxog

fhuwdlqo| srvh vhulrxv sureohpv1 Wkh vroxwlrq zrxog suredeo| eh wr lqwurgxfh hlwkhu

d oxps0vxp yrxfkhu ru dq dgmxvwdeoh yrxfkhu zklfk zrxog sd| iru d fhuwdlq ohyho ri

hgxfdwlrq1 Wkh sureohp zlwk dgmxvwdeoh yrxfkhuv zrxog qdwxudoo| eh lq suhyhqwlqj

wkh xqlyhuvlwlhv iurp fkdujlqj xquhdvrqdeo| kljk ihhv1 Wkrvh rswlqj rxw zrxog sd|

wkh vdph dprxqw ri wxlwlrq ihhv dv zkdw xqlyhuvlwlhv uhfhlyh iurp wkh vwdwh iru wkrvh

vwxghqwv sduwlflsdwlqj lq wkh luuhyrfdeoh uhglvwulexwlrq frqwudfw1

Hyhq li vwxghqwv vwxglhg lq pruh wkdq rqh frxqwu|/ wkh| vkrxog uhwdlq wkh ehqh�wv

dqg reoljdwlrqv ri wkh �uvw frqwudfw wkh| vljqhg1 Rqh lqwhuhvwlqj txhvwlrq/ glvfxvvhg
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wr vrph h{whqw e| Vlqq +4<<6,/ lv lqwurgxflqj v|vwhp frpshwlwlrq lq vrfldo vhfxulw|

zlwkrxw dgyhuvh0vhohfwlrq h�hfwv zlwk wkh khos ri dq luuhyrfdeoh fkrlfh ri uhglvwulexwlrq

surjudp1 Dssolhg wr hgxfdwlrq/ wkh vwxghqwv frxog shukdsv kdyh dowhuqdwlyh sdfndjhv

ri ehqh�wv dqg wd{ vfkhgxohv1 Krzhyhu/ wkh qhhg wr dyrlg dgyhuvh vhohfwlrq vwurqjo|

uhvwulfwv wkh dydlodeoh vfrsh ri yroxqwdu| surjudpv/ dqg pljkw pdnh wkh uhglvwulexwlrq

vfkhph suhihuuhg e| d ydvw pdmrulw| lqihdvleoh1

Dq dowhuqdwlyh dssurdfk frxog eh wr jlyh vwxghqwv d ordq lqvwhdg ri d wudqvihu dqg

pdnh wkh uhsd|phqw frqglwlrqdo rq vxevhtxhqw zdjh lqfrph/ vd| d fhuwdlq shufhqwdjh

ri zdjh xqwlo wkh ordq lv uhsdlg1 Lq fdvh ri hpljudwlrq/ vxfk d ordq zrxog kdyh wr eh

ixoo| uhsdlg1 Wklv zrxog/ krzhyhu/ rqo| doohyldwh/ exw qrw vroyh wkh sureohp1 Hyhq

lq d forvhg hfrqrp|/ vxevlglhv zrxog eh qhhghg lq wkh v|vwhp zkhuh rqo| wkrvh zlwk

kljkhu wkdq h{shfwhg lqfrph zrxog uhsd| wkh ordq dqg lqwhuhvw zkloh wkrvh zlwk orzhu

wkdq h{shfwhg lqfrph zrxog sd| ohvv wkdq wkh ordq dqg lqwhuhvw1 Lq dq rshq hfrqrp|/

wkrvh zlwk kljkhu wkdq h{shfwhg lqfrph zrxog wkhq eh wkh �uvw wr hpljudwh1

Lw pd| eh srvvleoh wr r�hu pdunhw lqvxudqfh zlwkrxw sxeolf lqwhuyhqwlrq wr vwxghqwv

djdlqvw wkrvh ulvnv zklfk duh qrw revhuydeoh h{ dqwh1 Wklv frxog eh dfklhyhg e| doorzlqj

xqlyhuvlwlhv wr r�hu elqglqj frqwudfwv lq zklfk vwxghqwv zrxog sd|/ luuhvshfwlyh ri

wkhlu grplfloh/ dq hgxfdwlrq wd{ wr wkh xqlyhuvlw| lq h{fkdqjh iru wxlwlrq dqg srvvleo|

vrph rwkhu ehqh�wv1 Wd{ vfkhgxohv frxog eh qrq0olqhdu1 Wklv nlqg ri vroxwlrq zrxog

uhgxfh h{ dqwh ylvleoh uhglvwulexwlrq1 Wr vhfxuh wkh �qdqflqj ri hgxfdwlrq/ iru h{dpsoh

wr wkh glvdeohg/ sxeolf lqwhuyhqwlrq ru jxdudqwhhv djdlqvw glvfulplqdwlrq zrxog eh

qhhghg1 Rq wkh rwkhu kdqg/ xqlyhuvlwlhv vkrxog eh deoh wr vfuhhq vwxghqwv e| phdqv

ri hqwudqfh h{dpv/ whvwv/ dqg dssolfdwlrqv1 Wkxv/ dovr wkh xqlyhuvlwlhv zkhuh vwxghqwv

kdyh wkh kljkhvw h{shfwhg hduqlqjv frxog r�hu dwwudfwlyh hqrxjk frqwudfwv1 Lq dq| fdvh/

lqvxudqfh surjudpv rujdql}hg e| xqlyhuvlwlhv frxog vljql�fdqwo| uhgxfh wkh suhvhqw

furvv0vxevlgl}dwlrq ehwzhhq gl�huhqw dfdghplf �hogv1 Lw zrxog dovr uhtxluh vx!flhqw

ixqgv iru xqlyhuvlwlhv wr eh deoh wr devrue pdfurhfrqrplf ulvnv dqg/ ri frxuvh/ zrxog

eh olplwhg e| wkh qhhg wr dyrlg dgyhuvh vhohfwlrq1

Yroxqwdu| luuhyrfdeoh uhglvwulexwlrq frqwudfwv zrxog eh htxlydohqw wr wd{dwlrq/

surylghg wkdw hdfk vwdwh surylghv frqwudfwv rqo| wr wkrvh uhfhlylqj hgxfdwlrq lqvlgh lwv

erughuv/ wkdw wkh frqwudfwv wkhpvhoyhv gr qrw lqgxfh dq| pljudwlrq ri vwxghqwv/ wkdw

wkh frqwudfwv duh dwwudfwlyh hqrxjk iru dgyhuvh vhohfwlrq sureohpv qrw wr dulvh/ dqg

wkdw hA ' f1 Krzhyhu/ zh shuirup wkh dqdo|vlv xvlqj d pruh frqyhqwlrqdo v|vwhp ri

lqyroxqwdu| qdwlrqdolw|0edvhg wd{dwlrq doorzlqj hA wr gl�hu iurp }hur1 Wkh sursrvhg

v|vwhp phdqv wkdw gl�huhqfhv lq wd{dwlrq gr qrw lqgxfh dq| pljudwlrq/ dqg hyhu|rqh

olyhv lq wkh duhd zkhuh klv ru khu pdujlqdo surgxfwlylw| lv wkh kljkhvw1 Kxpdq fdslwdo

lv glylghg htxdoo| ehwzhhq wkh uhjlrqv1 Dq lqglylgxdo*v pd{lpl}dwlrq sureohp lv wkh
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vdph dv lq d ihghudwlrq zlwk wd{ frpshwlwlrq/ zlwk wkh gl�huhqfh ehlqj wkdw pdujlqdo

surgxfwlylw| ri kxpdq fdslwdo lv qrz wkh vdph lq hdfk uhjlrq dqg wkh oxps0vxp

wudqvihu lv jlyhq e|
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Lq wkh devhqfh ri uhjlrq0vshfl�f vkrfnv/ wkh h�hfw ri d pdujlqdo fkdqjh lq wkh zdjh

wd{ udwh rq lqyhvwphqw lq kxpdq fdslwdo lv h{dfwo| wkh vdph dv lq d forvhg hfrqrp|1

Wr vhh wklv/ qrwh wkdw qrz l lv lqghshqghqw ri wkh wd{ udwhv/ dqg zkhq uhjlrqv duh

lghqwlfdo/ l ' M1 Wkh h�hfw ri d fkdqjh lq wkh zdjh wd{ udwh rq hgxfdwlrq lv dv lq

Dsshqgl{ 41 Wkh jryhuqphqw*v pd{lpl}dwlrq sureohp lq d ihghudwlrq zlwk qdwlrqdolw|0

edvhg wd{dwlrq lv
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+4:,

Lw lv djdlq rswlpdo wr vhw A ' hA 1 Wkh ghulydwlyh ri +4:, zlwk uhvshfw wr | whoov xv

wkh iroorzlqj=

Sursrvlwlrq 8 D ihghudwlrq zlwk qdwlrqdolw|0edvhg wd{dwlrq zlwkrxw uhjlrq0vshfl�f

vkrfnv ohdgv wr d kljkhu zdjh wd{ udwh wkdq lq d forvhg hfrqrp| dw ohdvw li wkh kljkhvw

doorzhg wd{ udwh iru wkh rzqhuv ri wkh �{hg idfwru lv qrw kljkhu wkdq wkh wd{ udwh iru

wkrvh wr eh hgxfdwhg lq wkh forvhg hfrqrp|*v wd{ rswlpxp1

Surri1 Vhh Dsshqgl{ 71

Wkh lqwxlwlrq ehklqg sursrvlwlrq 8 lv wkdw pljudwlrq gdpshqv wkh qhjdwlyh h�hfw ri

ghfuhdvhg pdujlqdo surgxfwlylw| ri kxpdq fdslwdo/ zklfk iroorzv dq lqfuhdvh lq kxpdq

fdslwdo lqgxfhg e| dq lqfuhdvh lq wkh zdjh wd{ udwh1 Wkxv/ d ihghudwlrq zlwkrxw wd{

frpshwlwlrq ohdgv wr d pruh frpsohwh lqvxudqfh wkdq lq d forvhg hfrqrp|1 Wklv lv

edg iru wkrvh wr eh hgxfdwhg ehfdxvh lw ohdgv wr h{fhvvlyh lqyhvwphqw lq hgxfdwlrq

iurp wkhlu srlqw ri ylhz dqg wkxv wr orzhu uhqwv1 Li wd{ udwh iru wkh rzqhuv ri wkh

�{hg idfwru lv kljkhu wkdq wkh wd{ udwh iru wkrvh wr eh hgxfdwhg/ d ihghudwlrq zlwk

qdwlrqdolw|0edvhg wd{dwlrq pd| ohdg wr orzhu wd{ udwh wkdq lq d forvhg hfrqrp|1 Hyhq

zlwk qdwlrqdolw|0edvhg wd{dwlrq/ wkdw sduw ri zhoiduh jdlqv ri lqfuhdvhg lqyhvwphqw lq

hgxfdwlrq wkdw uhvxowv iurp kljkhu wd{ uhyhqxh iurp wkh rzqhuv ri wkh �{hg idfwru

ohdnv sduwo| wr rwkhu uhjlrqv1
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8 Wkh H�hfwv ri Pljudwlrq Frvwv

Zh dqdo|}h d prgho zkhuh d sursruwlrq S ri kxpdq fdslwdo lv orvw lq pljudwlrq ehfdxvh

ri odqjxdjh dqg rwkhu gl�huhqfhv ehwzhhq uhjlrqv1 Wklv sursruwlrq lv frqvwdqw dfurvv

hgxfdwhg flwl}hqv lq gl�huhqw uhjlrqv1 Uhjlrqv duh lghqwlfdo lq uhvshfwv rwkhu wkdq

wd{dwlrq/ dqg suh0pljudwlrq kxpdq fdslwdo lv l� lq hdfk uhjlrq1 Zh dvvxph wkdw wkh

qhw uhwxuq wr kxpdq fdslwdo lv orzhu lq rqh uhjlrq ehfdxvh ri kljkhu wd{dwlrq1 Wkh wd{

udwh lv | lq uhjlrq zlwk kljk wd{hv dqg e| lq doo rwkhu uhjlrqv1 Iru vlpsolflw|/ zh dvvxph

surgxfwlrq ixqfwlrq wr eh Free0Grxjodv dqg qrupdol}h wkh �{hg idfwru wr xqlw|1 Ohw

k eh wkh vkduh ri kxpdq fdslwdo1 D qhfhvvdu| frqglwlrq iru wkhuh wr eh pljudwlrq lv

E� � |�kl
k3�
�

	 E� � e|�E� � S�klk3�
�

+4;,

| : � � E�� e|�E� � S�

| : e|n S� e|S�
Li wkh wd{ udwh zhuh f�D lq rwkhu uhjlrqv dqg wkh pljudwlrq frvw zhuh sursruwlrq

f�2 ri kxpdq fdslwdo/ | frxog eh f�S zlwkrxw lqgxflqj hpljudwlrq ri kxpdq fdslwdo1

Wkh suhvhqfh ri pljudwlrq frvwv ghfuhdvhv wkh dwwudfwlyhqhvv ri fxwwlqj zdjh wd{dwlrq

xqghu wkh forvhg hfrqrp|*v rswlpxp/ ehfdxvh wkh wd{ udwh zrxog kdyh wr xqghufxw

wkdw gh�qhg lq +4;, lq rughu wr dwwudfw kxpdq fdslwdo iurp rwkhu uhjlrqv1 Lq dgglwlrq

wr wklv/ wkh lq rz zrxog eh vpdoohu wkdq zlwkrxw pljudwlrq frvwv1 Li x xqlwv ri kxpdq

fdslwdo pljudwhv wr rwkhu uhjlrqv/ srvw0pljudwlrq htxloleulxp uhtxluhv wkdw kxpdq

fdslwdo ruljlqdoo| vlwxdwhg lq wkh kljk0wd{ uhjlrq hduqv wkh vdph uhwxuq lq wkdw uhjlrq

dqg lq dq| rwkhu uhjlrq1 Qhw uhwxuq wr kxpdq fdslwdo kdv wr eh vx!flhqwo| kljk

lq rwkhu uhjlrqv wr frpshqvdwh iru wkh idfw wkdw sduw S ri kxpdq fdslwdo lv orvw lq

pljudwlrq1 Srvw0pljudwlrq htxloleulxp uhdgv dv
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Ohw xv qh{w vroyh iru wd{ udwh pd{lpl}lqj wd{ uhyhqxh iurp wkh hgxfdwhg zlwk

pljudwlrq frvwv dqg d jlyhq dprxqw ri kxpdq fdslwdo dqg wd{ udwhv lq rwkhu uhjlrqv1

Vxevwlwxwlqj +4<, lqwr |kEl� � x�k zh jhw wd{ uhyhqxhv iurp srvw0pljudwlrq kxpdq
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fdslwdo iru kljk0wd{ uhjlrq zlwk hdfk wd{ udwh |/ surylghg wkdw | vdwlv�hv +4;,1 Glylglqj

wklv zlwk lk
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Dvvxph wkdw hA ' f1 Zh fdq qrz vroyh qxphulfdoo| wkdw zlwk e| ' f�D/ S ' f�2/

k ' f�D/ dqg ? ' 2 pd{lpxp wd{ uhyhqxh lv rewdlqhg zlwk | ' f�S�/ zkhuhdv li wkhuh

zhuh qr pljudwlrq frvwv/ wkdw lv/ S ' f/ pd{lpxp wd{ uhyhqxh zrxog eh rewdlqhg

zlwk | ' f�S�1 Li S zhuh f�� dqg ? zhuh �D/ wd{ uhyhqxhv zrxog eh pd{lpl}hg zlwk

| ' f�SD/ wkh kljkhvw zdjh wd{ udwh vdwlvi|lqj +4;, dqg wkxv qrw lqgxflqj pljudwlrq/

zkhuhdv li S zhuh f dqg ? �D/ wd{ uhyhqxhv zrxog eh pd{lpl}hg zlwk | ' f�D217

Li hA : f/ wd{ udwh iru wkrvh wr eh hgxfdwhg zklfk pd{lpl}hv wd{ uhyhqxh iurp wkh

hgxfdwhg dqg iurp wkh rzqhuv ri wkh �{hg idfwru lv ghfuhdvhg1 Krzhyhu/ wkh txdolwdwlyh

frqfoxvlrq lv xqfkdqjhg= wkh suhvhqfh ri pljudwlrq frvwv vljql�fdqwo| lqfuhdvhv wkh

udqjh ri ihdvleoh wd{dwlrq iurp wkh ylhzsrlqw ri dq lqglylgxdo uhjlrq1 Krzhyhu/ wklv

frphv dw dq h!flhqf| frvw1

Txdolwdwlyho| vlplodu uhvxowv fdq eh rewdlqhg e| dqdo|}lqj sv|fklf pljudwlrq frvwv1

Sv|fklf pljudwlrq frvw fdq eh gh�qhg dv d vlwxdwlrq lq zklfk dq hpljudqw rewdlqv ohvv

xwlolw| iurp wkh vdph ohyho ri frqvxpswlrq lq dq| rwkhu uhjlrq wkdq klv ru khu krph

uhjlrq1 Pdqvrruldq dqg P|huv +4<<6, vwuhvv wkdw wkh lghd ri sv|fkrorjlfdo ehqh�w

iurp olylqj lq rqh*v krph uhjlrq lv ri vshfldo lqwhuhvw lq d ihghudwlrq wkdw frqvlvwv ri

fxowxudoo| vhsdudwh uhjlrqv/ vxfk dv wkh Hxurshdq Xqlrq1 Wkh suhvhqfh ri qhw vdylqj

pdnhv sv|fklf pljudwlrq frvwv pruh sureohpdwlf wr dqdo|}h1 Li pljudwlrq frvwv zhuh

gh�qhg shu hgxfdwhg shuvrq/ zh zrxog kdyh wr pdnh dq h{wud dvvxpswlrq frqfhuqlqj

wkh glvwulexwlrq ri kxpdq fdslwdo dprqjvw wkh hgxfdwhg1 Wkrvh zlwk wkh prvw kxpdq

fdslwdo zrxog eh wkh �uvw rqhv wr pljudwh1

Lq rxu prgho/ d ghfuhdvh ri pljudwlrq frvwv lv dozd|v ehqh�fldo iru wkh hgxfdwhg zlwk

d jlyhq kxpdq fdslwdo1 Srvvleoh frvwv ri d ghfuhdvh ri pljudwlrq frvwv frph iurp wrr

orz dq lqvxudqfh djdlqvw lqglylgxdo vkrfnv ehfdxvh ri lqfuhdvhg wd{ frpshwlwlrq1 Vfkùe

dqg Zlogdvlq +4<<:, dqdo|}h d prgho zkhuh lpsolflw oderu frqwudfwv lqvxuh zrunhuv

djdlqvw uhjlrq0vshfl�f vkrfnv1 Lq wkhlu prgho/ d ghfuhdvh lq pljudwlrq frvwv pd| kxuw

zrunhuv ehfdxvh lqfuhdvhg oderu prelolw| ohdgv wr d pruh  h{leoh oderu pdunhw1

7
Qxphulfdo fdofxodwlrqv zhuh rewdlqhg zlwk Pdwkhpdwlfd1

57



9 Frqfoxvlrq

Zhoiduh frpsdulvrqv ehwzhhq d ihghudwlrq ri dq| w|sh dqg d forvhg hfrqrp| duh vlpsoh

lq devhqfh ri uhjlrq0vshfl�f vkrfnv dqg frpsolfdwhg zkhq uhjlrq0vshfl�f vkrfnv duh

lqfoxghg1 Zlwkrxw uhjlrq0vshfl�f vkrfnv/ d ihghudwlrq mxvw uhsolfdwhv wkh forvhg hfrq0

rp| vroxwlrq1 Wkxv/ d ihghudwlrq ri dq| w|sh lv ghwulphqwdo wr wkh h{shfwhg zhoiduh

ri wkrvh wr eh hgxfdwhg li lw fkdqjhv wkh zdjh wd{ udwh iurp wkh rswlpdo zdjh wd{

udwh fkrvhq lq wkh forvhg hfrqrp|1 D ihghudwlrq lqfuhdvhv wkh zhoiduh ri wkh rzqhuv

ri wkh �{hg idfwru li lw lqfuhdvhv kxpdq fdslwdo lq wkh hfrqrp|1 Rqo| li wkh rzqhuv ri

wkh �{hg idfwru idfh d kljkhu wd{ udwh wkdq wkrvh wr eh hgxfdwhg/ d ihghudwlrq zlwkrxw

wd{ frpshwlwlrq pd| ohdg wr d orzhu zdjh wd{ iru wkrvh wr eh hgxfdwhg1 Li wklv lv qrw

wkh fdvh/ wkh rzqhuv ri wkh �{hg idfwru suhihu d ihghudwlrq zlwkrxw wd{ frpshwlwlrq wr

erwk d forvhg hfrqrp| dqg d ihghudwlrq zlwk wd{ frpshwlwlrq1 Lq wkh sodxvleoh fdvh

zkhuh ihghudwlrq zlwk wd{ frpshwlwlrq ohdgv wr orzhu wd{ udwhv wkdq lq wkh forvhg

hfrqrp|/ wkh rzqhuv ri wkh �{hg idfwru zrxog suhihu wkh hfrqrp| wr uhpdlq forvhg1

Zlwk uhjlrq0vshfl�f vkrfnv/ wkh zhoiduh h�hfwv iurp wkh irupdwlrq ri d ihghudwlrq pd|

jr lq hlwkhu gluhfwlrq erwk iru wkrvh wr eh hgxfdwhg dqg wkh rzqhuv ri wkh �{hg idfwru1

Wkh srvvlelolw| ri pljudwlrq lqvxuhv wkh hgxfdwhg djdlqvw uhjlrq0vshfl�f vkrfnv1 Iru

h{dpsoh zlwk Free0Grxjodv whfkqrorj|/ srvvlelolw| ri pljudwlrq hqfrxudjhv hgxfdwlrq

dovr e| lqfuhdvlqj lwv h{shfwhg uhwxuqv1 Wkh lqvxudqfh h�hfw ri iuhh pljudwlrq dovr do0

orzv vfdolqj grzq wkh lqvxudqfh wkurxjk glvwruwlqj wd{dwlrq1 Li wkhvh h�hfwv duh vwurqj

hqrxjk/ d ihghudwlrq ri dq| w|sh pd| eh ehqh�fldo iru wkrvh wr eh hgxfdwhg1 Pljud0

wlrq pd| lqfuhdvh wkh h{shfwhg xwlolw| ri wkh rzqhuv ri wkh �{hg idfwru e| lqfuhdvlqj

wkhlu h{shfwhg lqfrph/ exw lw dovr lqfuhdvhv wkh yduldqfh ri wkdw lqfrph/ wkxv kxuwlqj

ulvn0dyhuvh rzqhuv ri wkh �{hg idfwru1 Wkh rzqhuv ri fdslwdo dqg rwkhu qrq0kxpdq

uhvrxufhv vkrxog eh deoh wr doohyldwh wkh lqfuhdvhg ulvn wkurxjk vhfxulw| pdunhwv/ exw

wklv rswlrq lv qrw dydlodeoh wr xqhgxfdwhg oderu1

Wkh fxuuhqw wd{ frqvwlwxwlrq lq wkh Hxurshdq Xqlrq lv rqh ri xqolplwhg wd{ frp0

shwlwlrq lq uhjdug wr zdjh wd{dwlrq1 Wkdw lv/ wd{dwlrq lv ghflghg dw wkh qdwlrqdo ohyho1

Zh kdyh vkrzq wkdw wklv wkuhdwhqv wr vfdoh grzq sxeolf �qdqflqj iru hgxfdwlrq/ zklfk

zrxog eh d vljql�fdqw sureohp lq Hxursh1 Wkh hqodujhphqw ri d ihghudwlrq pd| lq0

fuhdvh wkh qhjdwlyh h�hfwv ri wd{ frpshwlwlrq erwk iru wkh hgxfdwhg dqg iru wkh rzqhuv

ri wkh �{hg idfwru1 Suhvhqw phpehu fdqglgdwhv wr wkh Hxurshdq Xqlrq lqfuhdvh suhv0

vxuh iurp wd{ frpshwlwlrq ohvv lq wkh sxeolf �qdqflqj ri hgxfdwlrq wkdq lq rwkhu �hogv

ri uhglvwulexwlrq1 Lqvwhdg/ wd{ frpshwlwlrq pd| lqwhqvli| ehwzhhq fxuuhqw phpehu

vwdwhv dv wkh prelolw| ri kljko| vnloohg surihvvlrqdov lqfuhdvhv1 Wkxv wd{ frpshwlwlrq

pd| hurgh dw ohdvw sduw ri wkh jdlqv iurp lqwhjudwlrq1

Wkh txdolwdwlyh frqfoxvlrqv ri wklv sdshu gr qrw uho| rq wkh wrwdo devhqfh ri pljud0
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wlrq frvwv> lw lv hqrxjk wkdw wkhuh lv d vljql�fdqw qxpehu ri shrsoh zkrvh pljudwlrq

frvwv duh qrw surklelwlyho| kljk1 Fohduo|/ pljudwlrq  rzv ehwzhhq phpehu vwdwhv ri wkh

Hxurshdq Xqlrq duh pxfk vpdoohu wkdq wkrvh ehwzhhq gl�huhqw vwdwhv lq wkh Xqlwhg

Vwdwhv1 Rqo| 418 ( ri wkh flwl}hqv ri wkh Hxurshdq Xqlrq zrun lq dqrwkhu phpehu

frxqwu|/ zkloh lq wkh Xqlwhg Vwdwhv/ dv pxfk dv 517 ( ri shrsoh roghu wkdq 4 |hdu

pljudwhg wr dqrwkhu vwdwh ehwzhhq Pdufk 4<<9 dqg Pdufk 4<<: +Hnoxqg 4<<;/ X1V1

Fhqvxv Exuhdx 4<<:,1 Qrqhwkhohvv/ h{whqvlyh h{fkdqjh surjudpv dqg lpsuryhg odq0

jxdjh vnloov h�hfwlyho| orzhu wkh eduulhuv wr prelolw|/ dqg kljko| vnloohg surihvvlrqdov

hvshfldoo| ehfrph lqfuhdvlqjo| preloh1 Lq Vzhghq/ 48 ( ri wkrvh zkr judgxdwh iurp

xqlyhuvlw| hpljudwh hdfk |hdu +Hnoxqg 4<<;,1

Glvpdqwolqj sxeolf sduwlflsdwlrq lq wkh �qdqflqj ri hgxfdwlrq lv olnho| wr lqfuhdvh

srodul}dwlrq lq wkh vhqvh wkdw wkrvh zkr duh wdohqwhg pd| zhofrph ghfuhdvlqj uhglv0

wulexwlrq/ zkhuhdv wkrvh ri dyhudjh delolw|/ ru hyhq vrphzkdw deryh dyhudjh delolw|/

pd| frqvlghu lqyhvwlqj ohvv lq hgxfdwlrq li lqfrph ulvnv lqfuhdvh1 Dv pljudwlrq frvwv

glplqlvk/ lqvxudqfh djdlqvw uhjlrq0vshfl�f vkrfnv ehfrphv pruh frpsohwh/ exw dw wkh

h{shqvh ri wkh hurvlrq ri uhglvwulexwlyh wd{dwlrq zklfk lqvxuhv djdlqvw lqglylgxdo ulvnv1

Wkxv/ wkh ehqh�wv iurp wkh holplqdwlrq ri wd{ frpshwlwlrq dovr jurz1

Dv phpehu vwdwhv lq wkh Hxurshdq Xqlrq duh yhu| gl�huhqw/ xqlirup wd{dwlrq lv

qrw dq rswlpdo vroxwlrq1 Wd{ frpshwlwlrq lv d sureohp prvwo| zkhq lw frphv wr

wkh uhglvwulexwlyh dfwlylwlhv ri wkh jryhuqphqw/ dowkrxjk Vlqq +4<<6/ 4<<:, dujxhv

wkdw lq wkh suhvhqfh ri �{hg frvwv ru ghfolqlqj pdujlqdo frvwv/ wd{ frpshwlwlrq srvhv

sureohpv hyhq wr wkh �qdqflqj ri orfdo sxeolf jrrgv1 D vroxwlrq doorzlqj gl�huhqw

v|vwhpv wr vxuylyh dqg hyhq frpshwh zlwk hdfk rwkhu rq d vrxqg edvlv zrxog eh wr

edvh uhglvwulexwlyh wd{dwlrq rq qdwlrqdolw| udwkhu wkdq rq grplfloh1 Dqrwkhu srvvleoh

vroxwlrq zrxog eh wr pdnh sduwlflsdwlrq lq vrph irupv ri uhglvwulexwlrq d yroxqwdu|

exw luuhyrfdeoh fkrlfh wkdw dq lqglylgxdo zrxog kdyh wr pdnh dw dq hduo| vwdjh ri olih

zkhq wkhuh zdv vwloo xqfhuwdlqw| frqfhuqlqj ixwxuh uhyhqxhv1 Zlwk wkhvh luuhyrfdeoh

uhglvwulexwlrq frqwudfwv/ wkrvh wr eh hgxfdwhg zrxog sd|/ luuhvshfwlyh ri wkhlu grplfloh/

d fhuwdlq shufhqwdjh ri wkhlu zdjh lqfrph wr wkh uhjlrq ru xqlyhuvlw| zklfk sduwlflsdwhg

lq �qdqflqj wkhlu hgxfdwlrq1 Wkh vwdwh ru xqlyhuvlw| zrxog dfw dv d yhqwxuh fdslwdolvw1

Grplfloh0lqghshqghqw wd{dwlrq dqg hvshfldoo| d wudqvlwlrq wr �qdqflqj hgxfdwlrq

zlwk luuhyrfdeoh uhglvwulexwlrq frqwudfwv zrxog phdq d udglfdo fkdqjh1 Wkh pdlq

sureohp lq lpsohphqwlqj vxfk d fkdqjh lv wkdw lw zrxog frqvlghudeo| dowhu wkh vwdwxv

txr1 Vwdwhv ehqh�wlqj iurp wkh qhw pljudwlrq ri vnloohg surihvvlrqdov duh qrw olnho|

wr dffhsw vxfk d fkdqjh zlwkrxw frpshqvdwlrq1 D ohvv udglfdo vroxwlrq zrxog eh wr

lpsrvh d fhuwdlq plqlpxp ohyho rq wd{dwlrq xvhg wr �qdqfh hgxfdwlrq1 Wklv zrxog

doohyldwh wkh sureohpv fuhdwhg e| wd{ frpshwlwlrq/ exw pljkw/ dw wkh vdph wlph/ lpsrvh
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lqh!flhqw kduprql}dwlrq1 Lq dq| fdvh/ wkh hqodujhphqw ri wkh Hxurshdq Xqlrq dqg

wkh lqfuhdvhg prelolw| ri wkh hgxfdwhg duh olnho| wr hqfrxudjh d frqvwlwxwlrqdo fkdqjh

wr holplqdwh ru dw ohdvw wr uhvwulfw wd{ frpshwlwlrq1

Dsshqgl{ 41 Zdjh Wd{ Udwh/ Lqyhvwphqw lq Hgxfdwlrq/ dqg Ohlvxuh

Fkrlfh lq d Forvhg Hfrqrp|

Wrwdo gl�huhqwldwlrq ri dq lqglylgxdo*v �uvw0rughu frqglwlrqv +5,/ +6,/ +7, zlwk uh0

vshfw wr M/ 7/ u/ dqg | jlyhv xv
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Zkhq gl�huhqwldwlqj zlwk uhvshfw wr dq lqglylgxdo*v ghflvlrq yduldeohv zh wdnh l

dv jlyhq/ ehfdxvh dq lqglylgxdo grhv qrw wdnh lqwr dffrxqw wkh h�hfw ri klv ru khu

hgxfdwlrqdo fkrlfh rq wkh pdujlqdo surgxfwlylw| ri kxpdq fdslwdo lq wkh hfrqrp|1

Sursrvlwlrq 41 D sursruwlrqdo wd{ rq zdjh lqfrph fuhdwhv dq lqfhqwlyh iru vwx0

ghqwv wr lqfuhdvh wkhlu lqyhvwphqw lq kxpdq fdslwdo1 Dw wkh vdph wlph/ lw lqfuhdvhv

wkh ghpdqg iru ohlvxuh dqg ghfuhdvhv oderu vxsso| lq wkh �uvw shulrg1

Surri1 Fudphu*v uxoh jlyhv xv wkh h�hfw ri d fkdqjh lq wkh zdjh wd{ udwh rq wkh

lqglylgxdo*v fkrlfh ri K=

_M
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'
M

� � |
� +D5,

Wklv lv srvlwlyh1 Iru wkh xvh ri Dsshqgl{ 6/ zh uhfrug wkdw wkh qrplqdwru fdq eh

zulwwhq
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Wkh h�hfw ri d fkdqjh lq wkh wd{ udwh rq ohlvxuh lv jlyhq e|
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Wklv lv srvlwlyh1 �

Dsshqgl{ 51 Zdjh Wd{ Udwh dqg Lqyhvwphqw lq Hgxfdwlrq lq d Ihghud0

wlrq zlwk Wd{ Frpshwlwlrq

Wrwdo gl�huhqwldwlrq ri dq lqglylgxdo*v �uvw0rughu frqglwlrqv lq wkh uhjlrq fkdqjlqj

wkh zdjh0wd{ udwh dqg lq wkh rwkhu uhjlrq zlwk uhvshfw wr M/ 7/ u/ eM/ e7/ eu/ dqg |

jlyhv xv
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Zkhq gl�huhqwldwlqj zlwk uhvshfw wr dq lqglylgxdo*v ghflvlrq yduldeohv zh wdnh

l dqg el dv jlyhq/ ehfdxvh lqglylgxdov gr qrw wdnh lqwr dffrxqw wkh h�hfw ri wkhlu

hgxfdwlrqdo fkrlfh rq wkh pdujlqdo surgxfwlylw| ri kxpdq fdslwdo lq wkh ihghudwlrq1

Zkhq gl�huhqwldwlqj zlwk uhvshfw wr wkh jryhuqphqw*v ghflvlrq yduldeoh | zh xvh +<,
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dqg +43,/ ehfdxvh jryhuqphqwv gr wdnh lqwr dffrxqw wkh h�hfw ri wd{dwlrq rq srvw0

pljudwlrq kxpdq fdslwdo1 Zkhuh qhfhvvdu|/ zh kdyh glvwlqjxlvkhg wkh whupv uhihuulqj

wr wkh rwkhu uhjlrq zlwk kdw1 Ehiruh surfhhglqj/ zh suryh

Ohppd E41 Zlwk d glvfuhwh udqgrp yduldeoh % zlwk h{shfwhg ydoxh rqh kdylqj

rqo| srvlwlyh ydoxhv lq wkh dujxphqw ri d frqfdyh xwlolw| ixqfwlrq

.E%
2
L

���.EL ���� d.E%L ���o2 � f� +E4,

Surri1 Glvfuhwh udqgrp yduldeoh % fdq eh suhvhqwhg xvlqj ?c ? 5 � sdluv zlwk

h{shfwhg ydoxh rqh1 Zh wdnh dq duelwudu| sdlu dqg qrwh wkh frqglwlrqdo suredelolw| ri

wkh �uvw ydoxh ri wkh sdlu zlwk wkh frqglwlrq wkdw rqh ri wkh sdlu*v ydoxhv lv fkrvhq R1

Li R ' f ru R ' �/ wkh ohiw0kdqg vlgh ri +E4, lv }hur1 Qh{w zh dvvxph wkdw f 	 R 	 �1

Li wkh ydoxh ri wkh srlqw zlwk frqglwlrqdo suredelolw| R lv E� n @�/ wkh ydoxh ri wkh

srlqw zlwk frqglwlrqdo suredelolw| E� � R� kdv wr eh � �
R

�3R
@1 Erwk ydoxhv kdyh wr

eh srvlwlyh1 Sxwwlqj wkhvh ydoxhv dqg wkhlu frqglwlrqdo suredelolwlhv lqwr +E4, dqg

vxssuhvvlqj dujxphqwv rwkhu wkdq wkh udqgrp yduldeoh iurp L
�� jlyhv

.E%2L ���.EL ���� d.E%L ���o2

' dRE� n @�2L ��E� n @� n E�� R�E� �
R

�3R
@�2L ��E� �

R

�3R
@�o

�dRL ��E� n @� n E�� R�L ��E� �
R

�3R
@�o

�dRE� n @�L ��E� n @� n E�� R�E�� R

�3R
@�L ��E�� R

�3R
@�o2

'
R

�3R
@
2
L

��E� n @�L ��E��
R

�3R
@�c

zklfk lv srvlwlyh iru hdfk @ 9' f1 Ehfdxvh wklv lv wuxh iru hdfk sdlu/ lw lv wuxh iru d vxp

ri wkhvh sdluv htxlsshg zlwk srvlwlyh pxowlsolhuv +suredelolwlhv,1

Ohppd E4 lv suhvhqwhg iru d glvfuhwh suredelolw| ixqfwlrq1 Lw krogv dovr iru dq

duelwudulo| h{dfw dssur{lpdwlrq iru frqwlqxrxv ixqfwlrqv ri %1 Zh fdq qh{w suryh

Sursrvlwlrq 61 Lq d ihghudwlrq zlwk wd{ frpshwlwlrq dqg zlwkrxw uhjlrq0vshfl�f

vkrfnv/ d pdujlqdo lqfuhdvh lq wkh zdjh wd{ udwh lq rqh uhjlrq lqfuhdvhv lqyhvwphqw lq

hgxfdwlrq lq wkdw uhjlrq/ dw ohdvw li wd{ udwhv duh lqlwldoo| htxdo lq doo uhjlrqv1 Lqyhvwphqw

pd| lqfuhdvh pruh ru ohvv wkdq lq d forvhg hfrqrp| zlwk wkh vdph lqlwldo wd{ udwh1 Wkh

h�hfw rq lqyhvwphqw lq hgxfdwlrq lq rwkhu uhjlrqv pd| eh srvlwlyh ru qhjdwlyh1 Wkh

wrwdo h�hfw rq wkh ihghudwlrq*v kxpdq fdslwdo lv/ krzhyhu/ wkh vdph dv lq d forvhg

hfrqrp|1 Wkh ghpdqg iru ohlvxuh uhvsrqgv lq wkh uhjlrq fkdqjlqj wkh zdjh wd{ udwh

dv lq d forvhg hfrqrp|1 Lq rwkhu uhjlrqv/ ghpdqg iru ohlvxuh grhv qrw fkdqjh1

Surri1 Zh hydoxdwh wkh h�hfwv ri d fkdqjh lq wkh zdjh wd{ udwh lq wkh v|pphwulf

lqlwldo vlwxdwlrq/ zkhuh e| ' |/ zklfk lpsolhv wkdw �ee ' ��� hwf1 Fudphu*v uxoh jlyhv

xv diwhu vlpsol�fdwlrq=
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Lq erwk h{suhvvlrqv/ wkh ghqrplqdwru lv srvlwlyh1 Wkh vljq ri wkh h�hfw ri dq

lqfuhdvh lq | rq dq lqglylgxdo*v hgxfdwlrqdo fkrlfh lv wkxv wkh vljq ri wkh qrplqdwru1

Lq wkh uhjlrq fkdqjlqj wkh zdjh wd{ udwh/ wklv vlpsol�hv diwhu vxevwlwxwlqj +<, lqwr wkh

irup

f��22 �f2��2 '

E�� |�E� n o�2Md8 �El�o2i.E%2L ���.EL ���� d.E%L ���o2j �
?

�E� n o�28 �El�.E%L ��.EL ���?3�
?
�

+E5,

E| Ohppd E4 erwk whupv duh srvlwlyh1 Frpsdulqj wklv zlwk wkh h�hfw lq d forvhg

hfrqrp|/ lw lv hylghqw wkdw zlwk lghqwlfdo |/ rqh fdqqrw vd| zlwkrxw ixuwkhu uhvwulfwlrqv

zklfk h{suhvvlrq lv eljjhu1 E| v|pphwu| ri wkh uhjlrqv/ eM ' M/ eL �� ' L
�� hwf1 zkhq

hydoxdwhg lq wkh lqlwldo vlwxdwlrq1 Wkxv zh fdq zulwh=

fe�22 �fD��2 '
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+E6,

Wkh �uvw whup lq wkh uljkw0kdqg vlgh lv srvlwlyh/ wkh vhfrqg whup lv qhjdwlyh/ dqg

wkxv wkh vljq lv dpeljxrxv1 Wkh h�hfw ri d pdujlqdo wd{ lqfuhdvh lq rqh uhjlrq rq wkh

ihghudwlrq*v kxpdq fdslwdo lv ghqrwhg e| _M
8

_|
1 Lw lv wkh vxp ri wkh h�hfw lq wkh uhjlrq

fkdqjlqj wkh zdjh wd{ udwh dqg wkh lqgxfhg h�hfwv lq ?� � rwkhu uhjlrqv=�
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Vxevwlwxwlqj +E5, dqg +E6, wr wklv h{suhvvlrq zh vhh wkdw wkh frpelqhg h�hfw lv

wkh vdph dv wkh h�hfw lq wkh forvhg hfrqrp|/ fdofxodwhg lq Dsshqgl{ 41

Wr vhh krz wkh ghpdqg iru ohlvxuh uhvsrqgv/ zh xvh Fudphu*v uxoh dqg vlpsoli| wr

jhw
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zklfk lv wkh vdph dv lq d forvhg hfrqrp|/ dqg

#
_eu
_|

$
A�

' f�

Dsshqgl{ 61 Rswlpdo Zdjh Wd{ Udwh lq d Ihghudwlrq zlwk Wd{ Frpsh0

wlwlrq

Sursrvlwlrq 71 D vx!flhqw frqglwlrq iru wkh irupdwlrq ri d ihghudwlrq ehwzhhq

lghqwlfdo uhjlrqv wr uhvxow lq d orzhu zdjh wd{ udwh wkdq lq d forvhg hfrqrp| lv

41 wkh jryhuqphqw zrxog suhihu lq wkh forvhg hfrqrp|*v wd{ rswlpxp kljkhu hgxfdwlrqdo

lqyhvwphqw wkdq lqglylgxdov zrxog fkrrvh ru/ dowhuqdwlyho|/

51 wkh zdjh wd{ udwh lv dw ohdvw 3l8 ��

8 �
lq wkh forvhg hfrqrp| dqg

�
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�
A�
�
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1

Li dw ohdvw rqh ri wkhvh frqglwlrqv lv phw/ dq hqodujhphqw ri d ihghudwlrq ohdgv wr dq

hyhq orzhu zdjh wd{dwlrq1

Surri1 Zh zdqw wr vkrz wkdw +49, lv qhjdwlyh lq wkh forvhg hfrqrp| wd{ rswlpxp1

Zh dqdo|}h �uvw fdvh 41 E| +D5,/ +D6, dqg +E5, zh fdq zulwh�
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1 Zlwk wklv uhvxow dqg

uhvxowv iurp Dsshqgl{ 5 zh fdq qh{w zulwh +49, dv
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+F5,

Wkh �uvw wzr whupv dqg wkh odvw lq +F5, duh wkh vdph dv lq +9,1 Wkh vxp ri wkh

wklug dqg �iwk whupv lv ohvv wkdq wkh vxp ri wkh wklug dqg irxuwk whupv lq +9,1 Wkh

qhjdwlyh irxuwk dqg vl{wk whupv ri +F5, duh qrw suhvhqw lq +9,1 Wkhuhiruh/ +F5, dqg

wkxv dovr +49, duh qhjdwlyh lq wkh forvhg hfrqrp|*v wd{ rswlpxp1 Dv wkh srvlwlyh vxp
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ri wkh wklug dqg �iwk whupv lv ghfuhdvlqj lq ? dqg wkh qhjdwlyh irxuwk dqg vl{wk whupv

duh lqfuhdvlqj lq devroxwh ydoxh lq ?/ dq hqodujhphqw ri d ihghudwlrq ohdgv wr d orzhu

ydoxh ri +F5, dqg wkxv wr d orzhu zdjh wd{dwlrq1

Lq fdvh 5/ zh fdq zulwh wkh whup lq sduhqwkhvhv lq +49, lq wkh iroorzlqj irup

xvlqj lqglylgxdo*v �uvw0rughu frqglwlrqv dqg wkh idfw wkdw lq d v|pphwulfdo htxloleulxp

zlwkrxw pljudwlrq/ M ' l=
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Li zh hydoxdwh wklv grzqzdugv e| vxevwlwxwlqj .EL �� iru .E%L �� dqg vlpsoli| xvlqj

frqglwlrq iru fdvh 5/ zh vhh wkdw +F6, dqg wkxv wkh whup lq sduhqwkhvhv lq +49, duh

srvlwlyh1

Wkh �uvw wzr dqg wkh odvw whup ri +49, duh wkh vdph dv lq +9,1 Wkh qhjdwlyh wklug

whup lv qrw vpdoohu lq devroxwh ydoxh wkdq lq +9, dv
�
_M

_|

�
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�
_M

_|
1 Wkh irxuwk whup lv

vpdoohu lq +49,1 Wkh �iwk whup lv qrw suhvhqw lq +9, dqg lw lv qhjdwlyh/ dv wkh pxowlsolhu�
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lv qhjdwlyh1 Wkxv/ +49, lv qhjdwlyh dw wkh forvhg hfrqrp|*v wd{ rswlpxp/ zkhuh

+9, kdv ydoxh }hur1

Wkh pxowlsolhu Yl
YM8

' �
?
ri wkh srvlwlyh irxuwk whup lv ghfuhdvlqj lq ? zkhuhdv wkh

qhjdwlyh pxowlsolhu
�
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ri wkh �iwk whup lqfuhdvhv lq devroxwh ydoxh dv ? lqfuhdvhv1

Li
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/ wkhq
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lv lqfuhdvlqj lq ?1 Wkxv/ qhjdwlyh wklug whup lq +49, lv

lqfuhdvlqj lq ? lq devroxwh ydoxh1 Wkhuhiruh/ dq lqfuhdvh lq ? ghfuhdvhv wkh zdjh wd{

udwh lq d ihghudwlrq zlwk wd{ frpshwlwlrq1 �

Dsshqgl{ 71 Rswlpdo Zdjh Wd{ Udwh lq d Ihghudwlrq zlwk Qdwlrqdolw|0

edvhg Wd{dwlrq

Sursrvlwlrq 81 D ihghudwlrq zlwk qdwlrqdolw|0edvhg wd{dwlrq zlwkrxw uhjlrq0vshfl�f

vkrfnv ohdgv wr d kljkhu zdjh wd{ udwh wkdq lq d forvhg hfrqrp| dw ohdvw li wkh kljkhvw

doorzhg wd{ udwh iru wkh rzqhuv ri wkh �{hg idfwru lv qrw kljkhu wkdq wkh wd{ udwh iru

wkrvh wr eh hgxfdwhg lq wkh forvhg hfrqrp|*v wd{ rswlpxp1
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zlwk qdwlrqdolw|0edvhg wd{dwlrq ohdgv wr d kljkhu wd{ udwh wkdq lq d forvhg hfrqrp|1
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Wd{dwlrq1� Vfdqglqdyldq Mrxuqdo ri Hfrqrplfv/ 74:07561

^5` Hdwrq/ M1/ dqg Urvhq/ K1 V1 +4<;3d,1 �Oderu Vxsso|/ Xqfhuwdlqw|/ dqg H!flhqw

Wd{dwlrq1� Mrxuqdo ri Sxeolf Hfrqrplfv 47/ 69806:71

^6` 0 +4<;3e,1 �Wd{dwlrq/ Kxpdq Fdslwdo/ dqg Xqfhuwdlqw|1� Dphulfdq Hfrqrplf
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^;` Pdqvrruldq/ D1/ dqg P|huv/ J1P1 +4<<6,1 �Dwwdfkphqw wr Krph dqg H!flhqw

Sxufkdvhv ri Srsxodwlrq lq d Ilvfdo H{whuqdolw| Hfrqrp|1� Mrxuqdo ri Sxeolf

Hfrqrplfv 85/ 44:04651
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86681

^47` 0 +4<<:,1 �Wkh Vhohfwlrq Sulqflsoh dqg Pdunhw Idloxuh lq V|vwhpv Frpshwlwlrq1�

Mrxuqdo ri Sxeolf Hfrqrplfv 99/ 57:05:71

^48` X1V1 Fhqvxv Exuhdx +4<<:,1 �Jhrjudsklfdo Prelolw| ri Shrsoh 4 \hdu

dqg Roghu/ e| Vh{/ Ehwzhhq Pdufk 4<<9 dqg Pdufk 4<<:1� Wdnhq iurp

kwws=22zzz1eov1fhqvxv1jry2fsv2sxe24<<:2prelolw|1kwp1
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dqg Lppljudwlrq1� Hxurshdq Hfrqrplf Uhylhz 73/ 4;:054:1

^4:` Zlogdvlq/ G1 H1 +4<<4,1 �Lqfrph Uhglvwulexwlrq lq d Frpprq Oderu Pdunhw1�

Dphulfdq Hfrqrplf Uhylhz ;4 +7,/ :8:0::71

^4;` 0 +4<<5,1 �Uhod{dwlrq ri Eduulhuv wr Idfwru Prelolw| dqg Lqfrph Uhglvwulexwlrq1�

Lq Shvwlhdx/ S1 +hg1,/ Sxeolf Ilqdqfh lq d Zruog ri Wudqvlwlrq/ d Vxssohphqw wr

Yro1 7:/ 4<<5 ri Sxeolf Ilqdqfh2Ilqdqfhv Sxeoltxhv/ 54905631

^4<` 0 +4<<7,1 �Lqfrph Uhglvwulexwlrq dqg Pljudwlrq1� Fdqdgldq Mrxuqdo ri Hfrqrplfv
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67
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