
Wd{ Surjuhvvlrq dqg Kxpdq Fdslwdo lq d Pdwfklqj Iudphzrun�

Pdwkldv Kxqjhue kohu
�

LUHV/ Xqlyhuvlwì Fdwkroltxh gh Orxydlq

Qryhpehu 5335

Devwudfw

Wklv sdshu lqyhvwljdwhv wkh h�hfw ri wd{ surjuhvvlrq rq oderxu pdunhw rxwfrphv lq dq htxloleulxp

vhdufk prgho zlwk zdjh edujdlq dqg hqgrjhqrxv kxpdq fdslwdo1 Zh vkrz wkdw wklv h�hfw ghshqgv

rq zkhwkhu wkh �up dqg wkh zrunhu fdq zulwh d elqglqj frqwudfw rq kxpdq fdslwdo lqyhvwphqwv ru

qrw1 Li frpsohwh frqwudfwv duh qrw srvvleoh/ hlwkhu wkh �up ru wkh zrunhu lqyhvwv lq kxpdq fdslwdo1

Zh �qg wkdw wkh h�hfw ri wd{ surjuhvvlrq rq kxpdq fdslwdo ghshqgv fuxfldoo| rq zklfk sduw| lqyhvwv

dqg wkh wd{ ixqfwlrq wkdw lv frqvlghuhg1 Zkhq wkh �up lqyhvwv/ zh fdqqrw h{foxgh wkdw d kljkhu wd{

surjuhvvlrq lqfuhdvhv kxpdq fdslwdo1 Pruhryhu/ zh �qg wkdw zkhq d frpsohwh frqwudfw lv srvvleoh ru

zkhq wkh �up lqyhvwv/ wkh rswlpdo wd{ udwh lq d prgho zlwk kxpdq fdslwdo lv dw ohdvw dv kljk dv lq d

prgho zlwkrxw kxpdq fdslwdo1

Nh| zrugv = Wd{ surjuhvvlrq/ Kxpdq Fdslwdo/ Vhdufk

MHO Fodvvl�fdwlrq = K55/ M57/ M74
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4 Lqwurgxfwlrq

Dv kljk xqhpsor|phqw lq Hxursh lv khdylo| frqfhqwudwhg dprqj orz0vnloohg zrunhuv/ vhyhudo srolf| dgylfhv

uhfrpphqg wr fxw vrfldo vhfxulw| frqwulexwlrqv ri orz0zdjh hduqhuv +vhh iru h{dpsoh Dojrvnrx�v hw do1/

4<<8,/ pdnlqj wkhuhe| wkh vrfldo vhfxulw| frqwulexwlrq v|vwhp pruh surjuhvvlyh1 Krzhyhu/ lw lv wkhq

frxqwhu0dujxhg wkdw wklv wd{ srolf| kdv shuyhuvh h�hfwv1 Wd{ surjuhvvlylw| lv dffxvhg wr uhgxfh lqfhqwlyhv

wr dftxluh kxpdq fdslwdo/ dqg wkhuhiruh wr lqfuhdvh wkh vxsso| ri orz0vnloohg zrunhuv1 Wkh dlp ri wkh

suhvhqw sdshu lv wr lqyhvwljdwh zkhwkhu wklv dujxphqw lv ydolg dqg wr fkhfn wkh h�hfwv ri wd{ surjuhvvlylw|

rq kxpdq fdslwdo dqg xqhpsor|phqw zkhq oderxu pdunhwv duh lpshuihfw1

Wklv sdshu lv lqvsluhg e| wkuhh olqhv ri h{lvwlqj uhvhdufk wkdw wu| wr olqn wd{ surjuhvvlrq/ kxpdq fdslwdo

dqg lpshuihfw oderxu pdunhwv1

Wkh �uvw dqg prvw reylrxv rqh frqqhfwv wd{ surjuhvvlrq wr kxpdq fdslwdo/ dvvxplqj shuihfw oderxu

pdunhwv1 Lq wkdw fdvh/ rqh ri wkh pdlq dujxphqwv djdlqvw d v|vwhp ri surjuhvvlyh lqfrph wd{hv lv wkh

glvfrxudjhphqw ri lqyhvwphqwv lq kxpdq fdslwdo1 Dv wkh pdujlqdo wd{ udwh lqfuhdvhv zlwk hduqlqjv/

dqg wkhuhiruh zlwk kxpdq fdslwdo/ wkh ehqh�wv ri kxpdq fdslwdo +dgglwlrqdo hduqlqjv, duh wd{hg dw d

kljkhu udwh wkdq wkh frvw +iruhjrqh hduqlqjv dqg2ru rxw0ri0srfnhw h{shqvhv, duh zulwwhq r�1 Wkhuhiruh/ d

surjuhvvlyh wd{ v|vwhp glvwruwv wkh lqyhvwphqwv lq kxpdq fdslwdo grzqzdugv1 Uhglvwulexwlrq ri lqfrph

e| wd{hv kdv d frvw lq whupv ri orzhu kxpdq fdslwdo1 Wdnlqj lqwr dffrxqw wkh h�hfwv ri kxpdq fdslwdo rq

jurzwk dqg xqhpsor|phqw/ wklv frvw fdq eh vxevwdqwldo1 Dowkrxjk wklv dujxphqw lv riwhq xvhg lq srolf|

ghedwhv/ wkhuh lv qrw pxfk olwhudwxuh derxw lw1 Prvw sdshuv xvh jhqhudo htxloleulxp prghov zkhuh djhqwv

fdq lqyhvw lq kxpdq dqg sk|vlfdo fdslwdo1 Vjrqw} +4<;5, vkrzv lq d vlpsoh prgho wkdw wkh h�hfwv ri

wd{ surjuhvvlrq rq kxpdq fdslwdo duh dpeljxrxv1 Rq wkh rqh kdqg/ dv phqwlrqhg deryh/ wd{ surjuhvvlrq

uhgxfhv kxpdq fdslwdo ehfdxvh wkh dgglwlrqdo hduqlqj lv wd{hg dw d kljkhu udwh wkdq wkh frvw ri wkh kxpdq

fdslwdo lv zulwwhq r�1 Exw rq wkh rwkhu kdqg/ wd{ surjuhvvlrq dovr d�hfwv lqyhvwphqwv lq sk|vlfdo fdslwdo1

Dqg li dw ohdvw sduw ri wkhvh lqyhvwphqwv duh lq wkh irup ri iruhjrqh hduqlqjv/ kxpdq fdslwdo lv idyrxuhg wr

sk|vlfdo fdslwdo dqg djhqwv pd| vkliw lqyhvwphqwv iurp sk|vlfdo wr kxpdq fdslwdo1 Krzhyhu/ li wkh wd{ lv

d sxuh zdjh wd{/ wkh vhfrqg h�hfw grhv qrw wdnh sodfh dqg wd{ surjuhvvlrq xqdpeljxrxvo| uhgxfhv kxpdq

fdslwdo1 Wdehu +5333, vwxglhv wkh h�hfwv ri d vkliw irup wkh fxuuhqw +surjuhvvlyh, XV wd{ v|vwhp wr d  dw

wd{ lq dq hpslulfdo ryhuodsslqj jhqhudwlrqv jhqhudo htxloleulxp prgho1 Djdlq/ erwk h�hfwv phqwlrqhg

deryh duh suhvhqw dqg wkhuh lv qr xqdpeljxrxv dqdo|wlfdo uhvxow1 Klv vlpxodwlrqv vkrz wkdw wd{ fkdqjhv

kdyh rqo| olwwoh h�hfw rq wkh vwrfn ri kxpdq fdslwdo1 Wkh suhvhqw sdshu ghdov zlwk wkh h�hfwv ri d sxuh

zdjh wd{1 Wkhuhiruh/ wklv �uvw olqh ri olwhudwxuh vxjjhvwv d qhjdwlyh h�hfw ri wd{ surjuhvvlrq rq kxpdq

fdslwdo1 Exw frpsduhg wr wkdw olwhudwxuh/ zh dvvxph wkdw oderxu pdunhwv duh lpshuihfw1

D vhfrqg gluhfwlrq ri uhvhdufk olqnv wd{ surjuhvvlrq wr lpshuihfw oderxu pdunhwv/ qhjohfwlqj kxpdq

fdslwdo1 Li wkhuh lv zdjh edujdlq lq wkh oderxu pdunhw/ wd{ surjuhvvlrq kdv d glvwulexwlyh h�hfw= surjuhvvlyh

wd{hv uhgxfh wkh zdjh fodlpv ri wkh zrunhuv dqg prghudwh zdjhv1 Lq dq hqylurqphqw zkhuh oderxu

pdunhw lpshuihfwlrqv ohdg wr lqyroxqwdu| xqhpsor|phqw/ zdjh prghudwlrq fdq uhgxfh xqhpsor|phqw1

Wd{ surjuhvvlrq fdq wkhq lpsuryh h!flhqf|1 Khuvrxj +4<;7,/ Orfnzrrg dqg Pdqqlqj +4<<6, dqg Nrvnhod

dqg Ylopxqhq +4<<9, vwxg| wkh h�hfwv ri wd{ surjuhvvlrq lq d prgho zlwkrxw kxpdq fdslwdo zkhuh

wkh suhvhqfh ri d xqlrq jlyhv ulvh wr lqyroxqwdu| xqhpsor|phqw1 Dq lqfuhdvh lq wd{ surjuhvvlrq dw

frqvwdqw dyhudjh wd{ udwh pdnhv pdujlqdo diwhu0wd{ zdjh lqfuhdvhv pruh h{shqvlyh lq whupv ri suh0wd{

zdjh lqfuhdvhv1 Wklv kdv wzr h�hfwv1 Iluvw/ li wkh xqlrq lv frqfhuqhg derxw wkh hpsor|phqw ohyho/

lw vxevwlwxwhv hpsor|phqw wr zdjhv/ ehfdxvh hpsor|phqw kdv ehfrph uhodwlyho| fkhdshu1 Vhfrqg/ wkh
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kljkhu sulfh ri d pdujlqdo zdjh lqfuhdvh fkdqjhv wkh h�hfwlyh edujdlqlqj vwuhqjwk ri wkh djhqwv1 Wkh

�up lv pruh uhoxfwdqw wr jlyh dq lqfuhdvh lq diwhu0wd{ zdjhv ehfdxvh wkh zdjh frvw iru wklv lqfuhdvh kdv

ehfrph kljkhu1 D kljkhu wd{ surjuhvvlrq wkhq lqfuhdvhv wkh h�hfwlyh edujdlqlqj vwuhqjwk ri wkh �up1 Wklv

vhfrqg h�hfw lv dovr suhvhqw lq htxloleulxp vhdufk prghov zkhuh vhdufk iulfwlrqv ohdg wr d uhqw iru hyhu|

zrunhu0hpsor|hh pdwfk1 Wkh zrunhu dqg wkh �up edujdlq derxw wkh glvwulexwlrq ri wkh uhqw1 Wkhuhiruh/

dv lq wkh xqlrq prghov/ wd{ surjuhvvlrq lqfuhdvhv wkh uhodwlyh edujdlqlqj vwuhqjwk ri wkh �up1 Lq h!flhqf|

zdjh prghov/ wd{ surjuhvvlrq kdv d vlplodu h�hfw rq wkh zdjh ohyho dqg lqyroxqwdu| xqhpsor|phqw +Krho/

4<<3> Slvdxur 4<<4,1 Zlwk kljk wd{ surjuhvvlrq/ d elj sduw ri d pdujlqdo zdjh lqfuhdvh jrhv wr wkh

jryhuqphqw/ dqg rqo| d vpdoo sduw lv jlyhq wr wkh zrunhu dv dq lqfhqwlyh iru h�ruw1 Wkhuhiruh/ wkh �up lv

pruh uhoxfwdqw wr jlyh d zdjh lqfuhdvh dqg wkh zdjh ohyho idoov1 Krzhyhu/ lq frqwudvw wr wkh edujdlqlqj

prghov/ dq lqfuhdvh lq wd{ surjuhvvlrq +dw frqvwdqw dyhudjh wd{ udwh, grhv qrw ohdg wr d kljkhu rxwsxw

+Udvpxvvhq/ 4<<<,1 Slvvdulghv +4<<;, dqg Vûuhqvhq +4<<<, frpsduh wkh h�hfwv lq wkhvh gl�huhqw prghov

ri lpshuihfw oderxu pdunhwv zlwk �{hg vnloov1 Wkh| frqfoxgh wkdw wd{ surjuhvvlrq uhgxfhv zdjhv dqg

xqhpsor|phqw1 Rxu sdshu xvhv d vwdwlf htxloleulxp vhdufk prgho1 Pdunhwv duh lpshuihfw ehfdxvh ri

vhdufk iulfwlrqv dqg wd{ surjuhvvlrq fkdqjhv wkh glylvlrq ri wkh vxusoxv ehwzhhq wkh zrunhu dqg wkh �up1

Dw wkh vdph wlph/ zh lqwurgxfh kxpdq fdslwdo lq rxu prgho1

Ilqdoo|/ d wklug gluhfwlrq ri uhvhdufk frqqhfwv kxpdq fdslwdo wr lpshuihfw oderxu pdunhwv1 Li wkh lpshu0

ihfwlrqv ri wkh oderxu pdunhw jlyh ulvh wr d uhqw wkdw lv vkduhg ehwzhhq wkh �up dqg wkh zrunhu/ erwk

sduwlhv kdyh lqfhqwlyhv wr lqyhvw lq kxpdq fdslwdo1 Krzhyhu/ li lw lv lpsrvvleoh wr frqwudfw rq kxpdq

fdslwdo/ d krog0xs sureohp dulvhv1 Wkh sduwlhv rqo| pd{lplvh wkhlu sduw ri wkh uhqw/ qrw wkh wrwdo vxusoxv/

qhjohfwlqj wkh h{whuqdo h�hfwv wkh lqyhvwphqw kdv rq wkh sduw ri wkh uhqw ri wkh rwkhu sduw|1 Dq xqghu0

lqyhvwphqw lq kxpdq fdslwdo lv wkh orjlf frqvhtxhqfh ri wkhvh pdunhw lpshuihfwlrqv1 Dv Ehfnhu +4<97,

phqwlrqv/ wkh �up kdv lqfhqwlyhv wr lqyhvw lq �up0vshfl�f kxpdq fdslwdo1 Dfhprjox dqg Slvfknh +4<<<,

vkrz wkdw wkh �up kdv dovr lqfhqwlyhv wr lqyhvw lq jhqhudo kxpdq fdslwdo li oderxu pdunhwv duh lpshuihfw1

Rxu sdshu wkhuhiruh dvvxphv wkdw erwk wkh zrunhu dqg wkh �up fdq lqyhvw lq wkh kxpdq fdslwdo ri wkh

zrunhu1 Gxh wr wkh vwdwlf qdwxuh ri rxu prgho/ zh fdqqrw glvwlqjxlvk ehwzhhq �up0vshfl�f dqg jhqhudo

kxpdq fdslwdo1

Vrph uhfhqw sdshuv frqqhfw wkh �uvw wzr olqhv ri uhvhdufk phqwlrqhg deryh1 Wkh| doo dvvxph wkdw rqo|

wkh zrunhu fdq lqyhvw lq kxpdq fdslwdo1 Ehujvwuùp +4<<:, vwxglhv wkh h�hfw ri surjuhvvlyh wd{dwlrq lq

d prgho zlwk jhqhudo kxpdq fdslwdo1 Wkh zrunhu pdnhv wkh lqyhvwphqw dqg wkh jryhuqphqw fdqqrw

fruuhfw glvwruwlrqv e| hgxfdwlrq vxevlglhv1 Wkh suhvhqfh ri xqlrqv ohdgv wr lqyroxqwdu| xqhpsor|phqw1

Surjuhvvlyh wd{dwlrq fdq uhgxfh wklv xqhpsor|phqw exw ohdgv dw wkh vdph wlph wr orzhu lqyhvwphqwv lq

kxpdq fdslwdo e| wkh zrunhu/ frpelqlqj wkh wzr h�hfwv ri wd{ surjuhvvlrq zh phqwlrqhg deryh1 Wkh wrwdo

h�hfw rq zhoiduh lv dpeljxrxv1 Ydq Hzlmn dqg Wdqj +5334, xvh d vlplodu hqylurqphqw zlwk jhqhudo kxpdq

fdslwdo/ exw lqwurgxfh hgxfdwlrq vxevlglhv dv dq dgglwlrqdo lqvwuxphqw iru wkh jryhuqphqw wr dfklhyh dq

rswlpdo srolf|1 Wkh| vkrz wkdw li hgxfdwlrq lv ixoo| revhuydeoh/ wkh hgxfdwlrq vxevlglhv fdq eh xvhg wr

ixoo| fruuhfw wkh glvwruwlrqv fdxvhg e| wd{ surjuhvvlrq1 Wklv lv qr orqjhu wuxh li hgxfdwlrq lv qrw ixoo|

revhuydeoh1 Lq wkdw fdvh/ wkh glvwruwlrqv fdqqrw eh fruuhfwhg e| hgxfdwlrq vxevlglhv/ dqg wkh qhjdwlyh

h�hfw ri wd{ surjuhvvlrq rq hgxfdwlrq uhpdlqv1 Wklv qhjdwlyh h�hfw lv rssrvhg wr wkh srvlwlyh h�hfw ri

wd{ surjuhvvlrq rq xqhpsor|phqw lq lpshuihfw oderxu pdunhwv1 Errqh dqg gh Prrlm +5333, vwxg| wkh

rswlpdo wd{ udwhv lq d vwdwlf htxloleulxp vhdufk prgho zkhuh wkh vhdufk lqwhqvlw| ri wkh xqhpsor|hg lv

hqgrjhqrxv1 Wkh jryhuqphqw fdq fkrrvh wkh wd{ ixqfwlrq dqg hgxfdwlrq vxevlglhv wr fruuhfw wkh pdunhw

rxwfrph1 Wkh| frqvlghu erwk fdvhv zkhuh d frqwudfw rq kxpdq fdslwdo lqyhvwphqwv lv srvvleoh ru qrw1
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Wkh| �qg wkdw wd{ surjuhvvlrq lv ohvv glvwruwlrqdu| zkhq frpplwphqw rq wkh kxpdq fdslwdo lqyhvwphqw

lv srvvleoh1 Lq Ixhvw dqg Kxehu +4<<;,/ wkh �up dqg wkh zrunhu edujdlq lqglylgxdoo| derxw wkh zdjh1

Lqyroxqwdu| xqhpsor|phqw dulvhv iurp d �{hg klulqj2vnloo irupdwlrq frvw wr wkh hpsor|hu1 Qrw doo zrunhuv

wkdw duh zloolqj wr zrun duh kluhg1 Zrunhuv zlwk orz kxpdq fdslwdo duh xqhpsor|hg1 Vlqfh wkh +�up0

vshfl�f, kxpdq fdslwdo lv qrw revhuydeoh wr d wklug sduw| dqg rqo| wkh zrunhu fdq ghwhuplqh wkh ohyho

ri kxpdq fdslwdo/ d krog0xs sureohp dulvhv1 Wd{ surjuhvvlrq ghfuhdvhv wkh h�hfwlyh edujdlqlqj vwuhqjwk

ri wkh zrunhu dqg wkhuhiruh wkh zdjh udwh shu h!flhqf| xqlw ri kxpdq fdslwdo1 Wklv orzhu uhwxuq wr

kxpdq fdslwdo lq wxuq ghfuhdvhv wkh zrunhu*v lqyhvwphqwv1 Wkh| vkrz wkdw zlwk wkhlu vshfl�fdwlrq ri wkh

prgho/ wklv orzhu kxpdq fdslwdo lqfuhdvhv xqhpsor|phqw pruh wkdq wkh h�hfw ri orzhu zdjhv ghfuhdvhv

lw1 Frqwudu| wr wkh phqwlrqhg sdshuv/ rxu sdshu lqfoxghv wkh srvvlelolw| wkdw wkh �up fdq lqyhvw lq wkh

kxpdq fdslwdo ri wkh zrunhu1 Zh vkrz wkdw wklv fdq fkdqjh wkh h�hfw ri wd{ surjuhvvlrq rq kxpdq fdslwdo

udglfdoo|1 Zh dovr vkrz wkdw wklv h�hfw ghshqgv rq wkh idplo| ri wd{ ixqfwlrqv wkdw lv frqvlghuhg1 Zh

xvh wkh pdlq wd{ ixqfwlrqv xvhg lq wkh deryh sdshuv dqg vkrz wkhlu frqvhtxhqfhv rq wkh lqfhqwlyhv ri

wkh �up wr lqyhvw lq kxpdq fdslwdo1

Vhfwlrq 5 vhwv xs wkh edvlf prgho zh xvh/ ehiruh vhfwlrq 6 h{soruhv wkh �uvw0ehvw ohyhov ri kxpdq fdslwdo

dqg oderxu pdunhw wljkwqhvv1 Lq vhfwlrq 7/ zh vxssrvh wkdw wkh �up dqg wkh zrunhu fdq zulwh d frpsohwh

frqwudfw rq kxpdq fdslwdo dqg wkh zdjh dqg vkrz wkh h�hfw ri wd{ surjuhvvlrq rq wkh oderxu pdunhw

rxwfrphv1 Zh ghulyh wkh rswlpdo +vhfrqg0ehvw, wd{ udwh dqg frpsduh lw wr wkh rswlpdo wd{ udwh lq d

prgho zlwk h{rjhqrxv kxpdq fdslwdo hqgrzphqw1 Lq vhfwlrq 8/ zh dvvxph wkdw frpsohwh frqwudfwv duh

qr orqjhu srvvleoh/ dqg d krog0xs sureohp dulvhv1 Zh lqyhvwljdwh wkh h�hfwv ri wd{ surjuhvvlrq dqg wkh

rswlpdo wd{ udwhv wkhq xqghu gl�huhqw wd{ ixqfwlrqv1 Vhfwlrq 9 �qdoo| frqfoxghv1

5 Wkh Prgho

Wklv vhfwlrq ghyhorsv d vwdwlf prgho ri vhdufk lq wkh oderxu pdunhw wkdw lqwhjudwhv kxpdq fdslwdo lqwr

wkh vwdqgdug prgho +h1j1 Slvvdulghv/ 5333 ru Fdkxf dqg ]|oehuehuj/ 5334, zlwk krprjhqrxv �upv dqg

zrunhuv1 Wkh oderxu irufh lv h{rjhqrxvo| jlyhq/ zkhuhdv wkh qxpehu ri �upv lv hqgrjhqrxv1 Zh dvvxph

wkdw �upv duh vpdoo dqg frqvlvw ri rqo| rqh zrunhu1 Wudqvdfwlrq frvwv pdnh lw frvwo| iru wkh �up dqg

wkh zrunhu wr �qg d sduwqhu1 D vxffhvvixo pdwfk |lhogv wkhuhiruh d uhqw1 Wkh uhsuhvhqwdwlyh �up dqg wkh

uhsuhvhqwdwlyh zrunhu edujdlq derxw wkh glvwulexwlrq ri wkh uhqw1

Pdwfklqj

Zh dvvxph wkdw wkh oderxu irufh O lv h{rjhqrxv1 Dw wkh ehjlqqlqj/ doo zrunhuv duh xqhpsor|hg dqg

vhdufk iru d mre1 Ilupv rshq d qxpehu Y ri ydfdqflhv1 Wkh qxpehu ri pdwfkhv P lv wkhq jlyhq e| wkh

pdwfklqj whfkqrorj|

P @p+O> Y ,

Wklv pdwfklqj ixqfwlrq lv dvvxphg wr eh lqfuhdvlqj dqg frqfdyh lq erwk dujxphqwv dqg krprjhqhrxv ri

ghjuhh 41 Pruhryhu/ wkh qxpehu ri pdwfkhv fdqqrw h{fhhg qru wkh oderxu irufh qru wkh qxpehu ri rshq

ydfdqflhv1 Zh dvvxph wkdw wkh pdwfklqj ixqfwlrq lv ri wkh Free0Grxjodv w|sh/ dq dvvxpswlrq zklfk lv

vxssruwhg e| hpslulfdo �qglqjv +vhh Slvvdulghv/ 5333,1 Lw lv xvhixo wr gh�qh oderxu pdunhw wljkwqhvv � dv
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Y@O1 Rshq ydfdqflhv duh wkhq �oohg dw d udwh

t+�, @
P

Y
@ p+

4

�
> 4,

dqg zrunhuv �qg d mre zlwk wkh suredelolw|

�t+�, @
P

Y

Y

O

Kxpdq fdslwdo

Kxpdq fdslwdo lv phdvxuhg lq surgxfwlylw| xqlwv1
�
Rxwsxw lv jlyhq e| wkh dprxqw ri kxpdq fdslwdo K

ri wkh zrunhu1 Kxpdq fdslwdo kdv d frvw ixqfwlrq f+K, zklfk lv dvvxphg wr eh lqfuhdvlqj dqg frqyh{ lq

K1 Sxw dqrwkhu zd|/ lw ehfrphv pruh dqg pruh h{shqvlyh wr lqfuhdvh wkh surgxfwlylw| ri wkh zrunhu1 Wkh

�up lqyhvwv dq dprxqw L � lq kxpdq fdslwdo zkhuhdv wkh zrunhu lqyhvwv dq dprxqw L � 1 Wrwdo lqyhvwphqw
lv jlyhq e| wkh vxp ri wkh wzr/ zkhuh/ e| gh�qlwlrq/ L � . L � @ f+K,1

�

Zrunhuv

Wkh zrunhuv duh dvvxphg wr eh ulvn qhxwudo1 Dq hpsor|hg zrunhu kdv d jurvv lqfrph z/ zklfk lv wd{hg

e| dq lqfrph wd{ w+z,=
�
Wkh dyhudjh dqg pdujlqdo wd{ udwhv duh gh�qhg dv

�

w � +z, @ w+z,

z

w
�
+z, @

Cw+z,

Cz

Zh dvvxph wkdw wkh zrunhu*v rxwvlgh rswlrq htxdov 31 Wklv phdqv wkdw wkh zrunhu jhwv qr xqhpsor|phqw

ehqh�wv li kh grhvq*w �qg d mre1

Ilupv

Wkh uhwxuq rq d �oohg ydfdqf| iru wkh �up htxdov K � z/ zkhuh wkh zrunhu*v jurvv zdjh z ghshqgv rq

klv ohyho ri kxpdq fdslwdo1 Iru hyhu| rshq ydfdqf|/ wkh �up kdv wr sd| d klulqj frvw n1 Wkh h{shfwhg

sur�w iurp rshqlqj d ydfdqf| lv wkhuhiruh

�n . t+�,^K �z � L � `

Ilupv rshq ydfdqflhv dv orqj dv wklv h{shfwhg sur�w lv srvlwlyh1 Iuhh hqwu| hqvxuhv wkdw dw wkh htxloleulxp

wklv h{shfwhg sur�w htxdov 3/ zklfk ohdgv wr wkh iroorzlqj ydfdqf| vxsso| fxuyh=

K � z � L � � n

t+�,
@ 3 +4,
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Zdjh edujdlq

Rqfh wkh �up dqg wkh zrunhu duh pdwfkhg/ wkh| hqmr| d uhqw ehfdxvh wkh| gr qrw kdyh wr lqyhvw lq

frvwo| vhdufk dq| pruh wr surgxfh wkh rxwsxw1 Wklv uhqw lv vkduhg ehwzhhq wkh zrunhu dqg wkh �up1 Zh

dvvxph wkdw wkh| qhjrwldwh ryhu wkh glvwulexwlrq ri wkh uhqw lq d zd| wkdw wkh rxwfrph ri wkh edujdlq lv

wkh Qdvk vroxwlrq wr wkh edujdlqlqj sureohp1 Wkh h{rjhqrxv uhodwlyh edujdlqlqj srzhuv duh � dqg 4� �

iru wkh zrunhu dqg wkh �up uhvshfwlyho|/ zkhuh � lv uhvwulfwhg wr ydoxhv ehwzhhq 3 dqg 41 Li wkhuh lv qr

djuhhphqw/ surgxfwlrq grhv qrw wdnh sodfh1 Wkh �up wkhq pdnhv d �qdqfldo orvv/ dv lw kdv douhdg| sdlg

wkh klulqj frvw n1 Wkh zrunhu jhwv klv rxwvlgh rswlrq/ zklfk lq devhqfh ri xqhpsor|phqw ehqh�wv/ htxdov

31 Wkh edujdlqlqj sureohp gl�huv zkhwkhu frpsohwh frqwudfwv duh srvvleoh ru qrw1 Li frpsohwh frqwudfwv

duh srvvleoh/ wkh edujdlq lv vlpxowdqhrxvo| derxw wkh zdjh udwh dqg kxpdq fdslwdo1 Rq wkh frqwudu|/ li

frpsohwh frqwudfwv duh qrw hqirufhdeoh/ wkh edujdlq lv derxw wkh zdjh udwh rqo|1

Jryhuqphqw

Wkh jryhuqphqw fkrrvhv dv lwv rqo| srolf| lqvwuxphqw
�

d wzlfh gl�huhqwldeoh wd{ ixqfwlrq w+z, vxemhfw wr

lwv exgjhw frqvwudlqw1 Zh dvvxph wkdw wkhuh lv qr sxeolf jrrg wr eh �qdqfhg1 Pruhryhu/ wkh jryhuqphqw

grhv qrw sd| xqhpsor|phqw ehqh�wv wr wkh xqhpsor|hg1 Dv wkh zrunhuv duh krprjhqhrxv lq rxu prgho/

d elqglqj exgjhw frqvwudlqw lpsolhv wkhq wkdw dw wkh htxloleulxp zdjh wkh wd{ w+z, @ 31 Wklv wkhq lpsolhv

wkdw wkh jryhuqphqw fkrrvhv d wd{ ixqfwlrq vxfk wkdw dw wkh htxloleulxp zdjh

w � +z, @ 3

Pruhryhu/ zh dvvxph wkdw wkh pdujlqdo wd{ udwh fdqqrw h{fhhg 41

6 Wkh Vrfldo Rswlpxp

Zh phdvxuh vrfldo zhoiduh e| wrwdo rxwsxw plqxv wkh frvw ri wudlqlqj dqg srvwlqj ydfdqflhv1 Vlqfh djhqwv

duh krprjhqhrxv dqg ulvn qhxwudo/ glvwulexwlrqdo frqvlghudwlrqv ehwzhhq wkh zrunhuv dqg wkh xqhpsor|hg

duh ri qr lpsruwdqfh iru d xwlolwduldq vrfldo sodqqhu1 Wkh vrfldo sodqqhu wkhuhiruh fkrrvhv kxpdq fdslwdo

dqg oderxu pdunhw wljkwqhvv wr pd{lplvh rxwsxw qhw ri frvwv

i�t+�,^K � f+K,`� n�jO

Wklv jlyhv wkh �uvw0rughu frqglwlrqv

f
�
+K, @ 4

t+�,^K � f+K,` . t
�
+�,�^K � f+K,` @ n

Wkh �uvw htxdwlrq vlpso| whoov wkdw kxpdq fdslwdo lv dw lwv rswlpdo ohyho li lwv pdujlqdo surgxfwlylw|

htxdov lwv pdujlqdo frvw1 Wkh vhfrqg rqh lv vlplodu wr Krvlrv* +4<<3, htxdwlrq dqg ghwhuplqhv wkh rswlpdo
� D1������
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ohyho ri oderxu pdunhw wljkwqhvv1 Wkh lqwxlwlrq lv vwudljkwiruzdug= D qhz ydfdqf| uhvxowv lq d pdwfk wkdw

jlyhv d qhw rxwsxw ri K�f+K, zlwk suredelolw| �t+�,1 Wkh qhz ydfdqf| kdv d gluhfw frvw ri n/ dqg dw wkh

vdph wlph d qhjdwlyh h{whuqdolw| rq h{lvwlqj ydfdqflhv= Wkh suredelolw| wkdw wkh h{lvwlqj ydfdqflhv duh

pdwfkhg wr d zrunhu dqg ohdg wr dq rxwsxw K � f+K, ghfuhdvhv e| �t�+�,1 Wkh vrfldo rswlpxp uhtxluhv

wkdw wkhvh frvwv htxdo wkh pdujlqdo ehqh�w1 Lq lwv vwdqgdug zd|/ wklv frqglwlrq lv uhzulwwhq dv

^K � f+K,`+4� �, @
n

t+�,
+5,

zkhuh � lv wkh devroxwh ydoxh ri wkh hodvwlflw| ri wkh pdwfklqj ixqfwlrq dqg wdnhv d ydoxh ehwzhhq 3 dqg

41 Xqghu wkh Free0Grxjodv dvvxpswlrq rq wkh pdwfklqj ixqfwlrq/ � lv d frqvwdqw sdudphwhu1

Wkh iroorzlqj vhfwlrqv zloo fkhfn wr zkdw h{whqw wkh rswlpdo ydoxhv iru � dqg K fdq eh ghfhqwudol}hg1

Frpsohwh dqg lqfrpsohwh frqwudfwv zloo eh frqvlghuhg lq wxuq1

7 Frpsohwh Frqwudfwv

Lq wklv fdvh/ wkh �up dqg wkh zrunhu duh deoh wr zulwh d elqglqj frqwudfw derxw wkh ohyhov ri lqyhvwphqw

lq kxpdq fdslwdo dqg zdjhv1 Wkh vhtxhqfh ri ghflvlrqv lv wkhq wkh iroorzlqj=

� Vwhs 4= Wkh jryhuqphqw vhwv wkh wd{ ixqfwlrq w+z,1

� Vwhs 5= Ilupv ghflgh wr rshq ydfdqflhv dqg zrunhuv ghflgh wr vhdufk iru d mre1 Ilupv dqg zrunhuv

duh pdwfkhg1

� Vwhs 6= Wkh �up dqg wkh zrunhu edujdlq derxw zdjhv dqg lqyhvwphqw ohyhov dqg wkh glvwulexwlrq

ri wkh lqyhvwphqw frvwv1

Zh vroyh edfnzdugv/ dvvxplqj wkdw djhqwv duh dzduh ri wkh ydoxh ri w+z, iru dq| z/ exw dovr ri �uvw0

dqg vhfrqg0rughu ghulydwlyhv ri wkh ixqfwlrq w+z,1

714 Edujdlq derxw Zdjhv dqg Kxpdq Fdslwdo

Lq vwhs 6/ wkh zrunhu dqg wkh �up fkrrvh wkh zdjh ohyho/ kxpdq fdslwdo dqg wkh glvwulexwlrq ri wkh

lqyhvwphqw frvwv e| pd{lplvlqj wkh Qdvk edujdlq

^z � w+z,� �f+K,`
�
^K �z � +4� �,f+K,`

��� �
+6,

zlwk uhvshfw wr z/ K dqg �1 � lv wkh sduw ri wkh lqyhvwphqw frvw sdlg e| wkh zrunhu dqg lv uhvwulfwhg wr

ydoxhv ehwzhhq 3 dqg 4/ vxfk wkdw L � @ �f+K, dqg L � @ +4� �,f+K,1 Wkh �uvw0rughu frqglwlrqv ohdg wr

wkh iroorzlqj htxdwlrqv ghwhuplqlqj K dqg z +vhh Dsshqgl{ :14,=

f
�
+K, @

4� w
�
+z,

+4� �,+4� w
�
+z,, . �

+7,

z @
�+4� w

�
+z,,^K � +4� �,f+K,` . +4� �,�f+K,

+4� �,+4� w � +z,, . �+4� w
�
+z,,

+8,

Wkh Nxkq0Wxfnhu �uvw0rughu frqglwlrqv rq � lpso| � @ 3 li w
�
+z, A 3> � @ 4 li w

�
+z, ? 3 dqg ��^3> 4` li

w
�
+z, @ 3= Wkhvh uhvxowv wkhq jlyh wkh iroorzlqj ohppd=

:



Ohppd 4 Wkh lqyhvwphqw lq kxpdq fdslwdo lv dw lwv rswlpdo ohyho li wkh pdujlqdo wd{ udwh lv qrq0qhjdwlyh1

Li wkh pdujlqdo wd{ udwh lv qhjdwlyh/ wkhuh lv ryhu0lqyhvwphqw lq kxpdq fdslwdo1

Surri1 Lw lv vwudljkwiruzdug wr vhh wkdw li wkh pdujlqdo wd{ udwh htxdov 3/ htxdwlrq +7, lpsolhv wkdw

wkh pdujlqdo frvw ri kxpdq fdslwdo htxdov 4/ zkdwhyhu wkh ydoxh ri �1 Vlploduo|/ li wkh pdujlqdo wd{

udwh lv srvlwlyh/ � htxdov 3 dqg htxdwlrq +7, vkrzv wkh vdph uhvxow1 Krzhyhu/ li wkh pdujlqdo wd{ udwh lv

qhjdwlyh/ � lv fkrvhq wr htxdo 4 dqg htxdwlrq +7, vkrzv wkdw wkh pdujlqdo frvw ri kxpdq fdslwdo lv eljjhu

wkdq 41 Wklv/ wrjhwkhu zlwk wkh frqyh{lw| dvvxpswlrq rq wkh frvw ixqfwlrq f+K, lpsolhv wkdw wkhuh lv

ryhu0lqyhvwphqw lq kxpdq fdslwdo1

Wkh lqwxlwlrq iru wklv uhvxow lv vlpsoh1 Li wkh pdujlqdo wd{ udwh lv }hur/ d frpsohwh frqwudfw rq kxpdq

fdslwdo wdnhv wkh lqfhqwlyhv ri erwk wkh zrunhu dqg wkh �up lqwr dffrxqw1 Dv wkh sduw| wkdw sd|v wkh

frvw lv dozd|v uhlpexuvhg/ lw grhv qrw pdwwhu e| zklfk sduw| wkh lqyhvwphqw lv sdlg1 Wkh| dozd|v dwwdlq

wkh �uvw0ehvw ohyho ri kxpdq fdslwdo lq d zruog zlwkrxw wd{hv1 Exw wd{hv fdq fkdqjh wklv uhvxow1 Wkh

frvw ri wkh lqyhvwphqw lv vkduhg1 Dv lq rxu prgho/ wkhuh duh qr wd{hv rq wkh �up*v sur�w/ lw lv vx!flhqw

wr uhlpexuvh wkh h{dfw dprxqw ri wkh lqyhvwphqw frvw wr wkh �up1 Rq wkh rwkhu kdqg/ wkh rqo| zd| ri

uhlpexuvlqj wkh zrunhu iru klv lqyhvwphqw frvw lv wr sd| klp d kljkhu zdjh1 Exw wklv zdjh lqfuhdvh lv

wd{hg dw wkh pdujlqdo wd{ udwh1 Wkh zdjh lqfuhdvh kdv wr lqfoxgh wklv wd{ dqg lv wkhuhiruh qrw wkh vdph

dv wkh lqyhvwphqw frvw1 Lq idfw/ li wkh pdujlqdo wd{ udwh lv qhjdwlyh/ dq lqfuhdvh lq kxpdq fdslwdo/ sdlg e|

wkh zrunhu/ lv vxevlglvhg e| wkh jryhuqphqw1 Wkh zrunhu dqg wkh �up wkhq djuhh wkdw wkh| sur�w iurp

wklv vxevlg| e| ohwwlqj wkh zrunhu sd| wkh frvw1 Jlyhq wkh idfw wkdw zlwkrxw wd{/ wkh| dwwdlq wkh �uvw0ehvw

ohyho ri kxpdq fdslwdo/ d vxevlg| ri wkh pdujlqdo lqfuhdvh lq kxpdq fdslwdo ohdgv wr ryhu0lqyhvwphqw1

Lqyhuvho|/ zlwk d srvlwlyh pdujlqdo wd{ udwh wkh lqyhvwphqw grhv qrw ghyldwh iurp lwv �uvw0ehvw ohyho= Dq

lqyhvwphqw sdlg e| wkh zrunhu lv srvlwlyho| wd{hg/ dqg li wkh zrunhu zdv wkh rqo| rqh zkr frxog lqyhvw/

wklv zrxog ohdg wr xqghu0lqyhvwphqw1 Krzhyhu/ wkh| fdq dovr djuhh wkdw wkh �up sd|v wkh lqyhvwphqw1 Dv

wkh uhlpexuvhphqw ri wkh lqyhvwphqw frvw wr wkh �up lv qrw d�hfwhg e| wkh pdujlqdo wd{ udwh/ wklv ohdgv

wr wkh vdph uhvxow dv zlwkrxw wd{hv1 Wkh rqo| gl�huhqfh lv wkdw qrz lw pdwwhuv wkdw rqo| wkh �up sd|v

wkh lqyhvwphqw1

715 Oderxu Pdunhw Htxloleulxp

Lq vwhs 5 wkhq/ wkh �up ghflghv wr rshq ydfdqflhv1 Wkh ydfdqf| vxsso| +4, fdq eh uhzulwwhq dv

K �z � +4� �,f+K, @
n

t+�,
+9,

Lqwurgxflqj wkh uhvxowv iru wkh zdjh htxdwlrq +8, dqg xvlqj wkh jryhuqphqw*v exgjhw frqvwudlqw w � +z, @ 3/

zh jhw wkh iroorzlqj uhvxowv=

Ohppd 5 Oderxu pdunhw wljkwqhvv � lv dw lwv rswlpdo ohyho li wkh iroorzlqj frqglwlrq rq wkh pdujlqdo

wd{ udwh lv vdwlv�hg dw wkh htxloleulxp zdjh +dvvxplqj wkdw wkh exgjhw frqvwudlqw ri wkh jryhuqphqw lv

vdwlv�hg,=

w
�
+z, @ 4�

�

4� �

4� �

�
+:,

;



Wklv frqglwlrq lv lqghshqghqw ri zkhwkhu wkh �up ru wkh zrunhu +ru erwk, lqyhvwv lq kxpdq fdslwdo1 D

pdujlqdo wd{ udwh wkdw lv kljkhu wkdq wklv ydoxh ohdgv wr d wrr kljk oderxu pdunhw wljkwqhvv1 Lqyhuvho|/ li

wkh pdujlqdo wd{ udwh lv orzhu wkdq wklv fulwlfdo ydoxh/ oderxu pdunhw wljkwqhvv lv ehorz wkh rswlpdo ohyho1

Pruhryhu/ wkh fulwlfdo ydoxh ri wkh wd{ udwh +:, lv srvlwlyh li � A �/ qhjdwlyh li � ? � dqg htxdo wr 3 li

� @ �1

Surri1 Vhh Dsshqgl{ :151

Wkh lqwxlwlrq lv wkh vdph dv lq Krvlrv* +4<<3, prgho1 Li � htxdov �/ wkh sulydwh dqg vrfldo uhwxuq rq dq

rshq ydfdqf| duh wkh vdph lq d prgho zlwkrxw wd{hv/ zklfk hqvxuhv rswlpdo oderxu pdunhw wljkwqhvv lq

wkh ghfhqwudol}hg htxloleulxp1 Wd{hv wkhq rqo| ghyldwh oderxu pdunhw wljkwqhvv iurp lwv rswlpdo ydoxh1

Rq wkh frqwudu|/ li � gl�huv iurp �/ wd{ srolf| fdq eh xvhg wr eulqj wkh sulydwh uhwxuq edfn dw lwv rswlpdo

ohyho1 Pruh vshfl�fdoo|/ htxdwlrq +8, vkrzv wkdw dq lqfuhdvh lq wkh pdujlqdo wd{ udwh ghfuhdvhv wkh zdjh

udwh dqg lqfuhdvhv wkhuhiruh wkh sur�w ri wkh �up1 Wkh kljkhu wkh pdujlqdo wd{ udwh/ wkh pruh ydfdqflhv

duh rshqhg e| �upv dqg wkh kljkhu wkh oderxu pdunhw wljkwqhvv1 Lqyhuvho|/ d orz pdujlqdo wd{ udwh

lqfuhdvhv wkh zdjh fodlpv ri wkh zrunhuv dqg ghfuhdvhv wkhuhiruh wkh h{shfwhg sur�w ri d ydfdqf| iru d

�up1 Ohvv ydfdqflhv duh rshqhg dqg oderxu pdunhw wljkwqhvv ghfuhdvhv1

716 Rswlpdo Wd{ Srolf|

Lq vwhs 4/ wkh jryhuqphqw fkrrvhv wkh wd{ ixqfwlrq1 Dv wkh dyhudjh wd{ lv uhvwulfwhg wr 3 e| wkh exgjhw

frqvwudlqw ri wkh jryhuqphqw/ wkh rqo| iuhh yduldeoh wkdw d�hfwv rxwfrph lv wkh pdujlqdo wd{ udwh1 Wkh

jryhuqphqw fkrrvhv wklv pdujlqdo wd{ udwh wr pd{lplvh vrfldo zhoiduh1 Krzhyhu/ lw idfhv wzr yduldeohv wr

dgmxvw 0 oderxu pdunhw wljkwqhvv dqg kxpdq fdslwdo 0 exw kdv rqo| rqh lqvwuxphqw wr dfklhyh lw1 Wklv

lqgxfhv wkdw wkh �uvw ehvw rxwfrph pljkw qrw eh rewdlqhg1 Wkh jryhuqphqw wkhq fkrrvhv wkh pdujlqdo

wd{ udwh wr dfklhyh wkh vhfrqg ehvw1 Zlwk wkh khos ri ohppd 4 dqg 5/ zh jhw wkh iroorzlqj sursrvlwlrq

wkdw fkdudfwhul}hv wkh fkrlfh ri wkh pdujlqdo wd{ udwh=

Sursrvlwlrq 6 Wkh �uvw0ehvw ohyho ri oderxu pdunhw wljkwqhvv dqg kxpdq fdslwdo lqyhvwphqw lv dwwdlqhg

li � � �1 Lq wkdw fdvh/ wkh pdujlqdo wd{ udwh lv qrq0qhjdwlyh dqg vhw dw wkh ohyho jlyhq e| htxdwlrq

+:,1 Li � ? �/ wkh pdujlqdo wd{ udwh lv qhjdwlyh dqg wkh �uvw0ehvw rxwfrph fdqqrw eh dwwdlqhg1 Wkhuh lv

ryhu0lqyhvwphqw lq kxpdq fdslwdo dqg oderxu pdunhw wljkwqhvv lv deryh lwv rswlpdo ohyho1 Wkh wd{ udwh lv

ehwzhhq wkh ohyho jlyhq e| htxdwlrq +:, dqg 31

Surri1 Vhh Dsshqgl{ :161

Jlyhq wkh ohppdv 4 dqg 5/ wklv uhvxow lv txlwh vwudljkwiruzdug1 Wkh �up sd|v wkh lqyhvwphqw li wkh

pdujlqdo wd{ lv srvlwlyh dqg lqyhvwphqw lv dw lwv rswlpdo ohyho/ xqd�hfwhg e| wkh pdujlqdo wd{ udwh

+ohppd 4,1 Wkhuhiruh wkh pdujlqdo wd{ udwh fdq eh xvhg wr uhvwruh wkh rswlpdo ohyho ri oderxu pdunhw

wljkwqhvv/ xqghu wkh frqglwlrq wkdw wklv rswlpdo ohyho ri wkh pdujlqdo wd{ udwh lv qrq0qhjdwlyh1 Wklv lv wuxh

dv orqj dv � � � +ohppd 5,1 Rq wkh frqwudu|/ li � ? �/ ohppd 5 whoov wkdw wkh wd{ ohyho qhhghg wr uhvwruh

wkh rswlpdo ohyho ri oderxu pdunhw wljkwqhvv lv qhjdwlyh1 Exw ohppd 4 lqglfdwhv wkdw d qhjdwlyh pdujlqdo

wd{ udwh ohdgv wr ryhu0lqyhvwphqw lq kxpdq fdslwdo1 Wkhuh lv wkhq d wudgh0r� ehwzhhq dssurdfklqj wkh

�uvw0ehvw ohyho ri oderxu pdunhw wljkwqhvv +zklfk qhhgv d qhjdwlyh wd{ udwh jlyhq lq ohppd 5, dqg wkh

<



�uvw0ehvw ohyho ri kxpdq fdslwdo +zklfk qhhgv d pdujlqdo wd{ udwh dw ohdvw htxdo wr 3,1 Wkh vhfrqg0ehvw

lv wkhq dwwdlqhg e| vhwwlqj wkh pdujlqdo wd{ udwh vrphzkhuh lq ehwzhhq wkhvh wzr ydoxhv1 Wkh suhflvh

ydoxh lv jlyhq e| htxdwlrq +56, lq Dsshqgl{ :161

Wkhvh uhvxowv duh frqglwlrqdo rq wkh idfw wkdw wkh jryhuqphqw kdv wkh pdujlqdo wd{ udwh dv rqo| srolf|

lqvwuxphqw1 Lq idfw/ li wkh jryhuqphqw zdv deoh wr revhuyh frvwohvvo| wkh kxpdq fdslwdo ri wkh zrunhu/ lw

frxog xvh hgxfdwlrq vxevlglhv ru hgxfdwlrq wd{hv wr dwwdlq wkh �uvw0ehvw ohyho ri oderxu pdunhw rxwfrphv1

Errqh dqg gh Prrlm +5333, vkrz wklv lq d prgho zkhuh rqo| wkh zrunhu fdq sd| wkh lqyhvwphqw frvw1

Wkh wd{ udwh lv wkhq xvhg wr sxw oderxu pdunhw wljkwqhvv dw lwv rswlpdo ohyho/ dqg wkh hgxfdwlrq vxevlg|

lv fkrvhq dv wr dfklhyh wkh rswlpdo ohyho ri kxpdq fdslwdo1 Dqrwkhu srvvlelolw| iru wkh jryhuqphqw pljkw

eh wr lqfuhdvh wkh zrunhu*v rxwvlgh rswlrq e| lqwurgxflqj dq xqhpsor|phqw ehqh�w �qdqfhg e| wd{hv rq

oderxu1 Erwk wkh srvlwlyh dyhudjh wd{ udwh dqg wkh xqhpsor|phqw ehqh�w lqfuhdvh wkh jurvv zdjh dqg

ghfuhdvh wkhuhiruh wkh h{shfwhg sur�w irup d pdwfk wkdw jrhv wr wkh �up1 Wklv fdq khos wr ghfuhdvh

oderxu pdunhw wljkwqhvv wr lwv rswlpdo ohyho1
�

Rq wkh frqwudu|/ lw grhv qrw pdwwhu zkhwkhu wkh wd{ rq

oderxu lv irupdoo| sdlg e| wkh zrunhu ru wkh �up1 Wkh iuhh0hqwu| frqglwlrq lpsolhv wkdw lq dq| fdvh/

h{shfwhg sur�wv htxdo }hur dqg wkhuhiruh/ wkh zrunhu ehduv wkh hqwluh wd{1 Wkh vdph uhdvrqlqj dssolhv

iru sur�w wd{dwlrq +vhh Errqh dqg Eryhqehuj/ 5334,1

Frpsdulqj rxu uhvxowv wr wkh uhvxowv rewdlqhg lq d htxloleulxp vhdufk prgho zlwkrxw hqgrjhqrxv kxpdq

fdslwdo +ghyhorshg lq Dsshqgl{ :17, jlyhv wkh iroorzlqj fruroodu|=

Fruroodu| 7 Li frpsohwh frqwudfwv duh hqirufhdeoh/ wkh pdujlqdo wd{ udwh lq dq htxloleulxp vhdufk prgho

zlwk hqgrjhqrxv kxpdq fdslwdo irupdwlrq lv dw ohdvw dv kljk dv lq d vlplodu prgho zlwk h{rjhqrxv kxpdq

fdslwdo hqgrzphqw1

Lq idfw/ zkhq kxpdq fdslwdo lv h{rjhqrxv/ wkh wd{ ixqfwlrq rqo| kdv wr uhvwruh wkh h!flhqf| frqglwlrq

rq oderxu pdunhw wljkwqhvv1 Dv ohppd 5 vkrzv/ wklv fdq eh dfklhyhg e| vhwwlqj wkh pdujlqdo wd{ udwh dw

wkh ohyho jlyhq e| htxdwlrq +:,1 Dv kxpdq fdslwdo lv h{rjhqrxv/ wklv grhv qrw hqwhu lqwr frq lfw zlwk dq|

rwkhu hqgrjhqrxv yduldeoh1 Wkh pdujlqdo wd{ udwh wkhq vhwv oderxu pdunhw wljkwqhvv dw lwv �uvw0ehvw ohyho1

Rq wkh frqwudu|/ wkh lqwhjudwlrq ri kxpdq fdslwdo kdv wkh frqvhtxhqfh wkdw wkh �uvw0ehvw rxwfrph fdqqrw

dozd|v eh dwwdlqhg/ dv wkh jrdo wr vhw oderxu pdunhw wljkwqhvv dw lwv �uvw0ehvw ydoxh pljkw eh lqfrpsdwleoh

zlwk vhwwlqj wkh kxpdq fdslwdo dw lwv �uvw0ehvw ohyho1 Dqrwkhu lqwhuhvwlqj lpsolfdwlrq ri sursrvlwlrq 6 lv

wkdw wkhuh lv qhyhu xqghu0lqyhvwphqw lq kxpdq fdslwdo1

Krzhyhu/ wkhvh uhvxowv duh frqglwlrqdo rq wkh dvvxpswlrq wkdw wkh zrunhu dqg wkh �up fdq zulwh d

elqglqj frqwudfw rq kxpdq fdslwdo lqyhvwphqwv1 Wkh qh{w vhfwlrq frqvlghuv wkh fdvh zkhuh wklv lv qrw

srvvleoh1

8 Lqfrpsohwh Frqwudfwv

Kxpdq fdslwdo lv riwhq gl!fxow wr revhuyh e| d wklug sduw|1 D frqwudfw rq kxpdq fdslwdo lv wkhq qrw

hqirufhdeoh dqg wkhuhiruh ydoxhohvv1 Wklv ohdgv wr d krog0xs sureohp1 Wkh wzr sduwlhv fdq lqyhvw lq
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kxpdq fdslwdo/ exw fdqqrw zulwh d elqglqj frqwudfw rq lw1 Zdjhv duh wkhq qhjrwldwhg derxw vhsdudwho|

irup wkh lqyhvwphqw ghflvlrq1 Wkh vhtxhqfh ri ghflvlrqv lv wkh iroorzlqj=

� Vwhs 4= Wkh jryhuqphqw vhwv wkh wd{ ixqfwlrq w+z,1

� Vwhs 5= Ilupv ghflgh wr rshq ydfdqflhv dqg zrunhuv ghflgh wr vhdufk iru d mre1 Ilupv dqg zrunhuv

duh pdwfkhg1

� Vwhs 6= Wkh �up dqg wkh zrunhu ghflgh lqglylgxdoo| derxw wkhlu ohyho ri lqyhvwphqw lq kxpdq

fdslwdo1

� Vwhs 7= Wkh �up dqg wkh zrunhu edujdlq derxw wkh zdjh udwh1

Zdjhv frxog dovr eh qhjrwldwhg ehwzhhq vwhsv 5 dqg 61 Krzhyhu/ li zh dvvxph wkdw wklv zdjh fdq eh

uhqhjrwldwhg dw hyhu| prphqw lq wlph dqg dw qr frvwv/ wkh �uvw zdjh frqwudfw zrxog wkhq qrw eh hqirufhg1

Zh vroyh edfnzdugv1

814 Zdjh Edujdlq

Lq vwdjh 7/ wkh frvwv ri wkh lqyhvwphqw duh vxqn1 Wkhuhiruh wkh| gr qrw hqwhu wkh edujdlq ehwzhhq wkh

zrunhu dqg wkh �up1 Wkh zdjh udwh lv wkhq fkrvhq wr pd{lplvh wkh Qdvk surgxfw

^z � w+z,`
�
^K �z`

��� �
+;,

Wklv jlyhv wkh zdjh htxdwlrq

z @
�+4� w

�
+z,,K

+4� �,+4� w � +z,, . �+4� w
�
+z,,

+<,

Dv lq hyhu| Qdvk edujdlq/ li rqh ri wkh sduwlhv kdv doo wkh edujdlqlqj srzhu/ wkh rwkhu sduw| jhwv mxvw lwv

rxwvlgh rswlrq1 Lq rxu fdvh/ li � htxdov 3/ wkh zdjh lv vhw dw 31 Lqyhuvho|/ li � htxdov 4/ wkh zdjh lv vhw dw

wkh wrwdo rxwsxw K/ dqg wkh zkroh vxusoxv ri wkh pdwfk ehorqjv wr wkh zrunhu1 Frpsdulqj htxdwlrq +<,

wr htxdwlrq +8,/ lw lv hdvlo| vhhq wkdw wkh rqo| gl�huhqfh frqvlvwv lq wkh idfw wkdw htxdwlrq +<, grhv qrw

wdnh lqwr dffrxqw wkh frvw ri lqyhvwphqw1 Wklv lv ehfdxvh wkh lqyhvwphqw lv pdgh lq vwhs 6 dqg lv d vxqn

frvw lq vwhs 71

815 Kxpdq Fdslwdo

Lq vwhs 6/ wkh �up dqg wkh zrunhu lqyhvw lq �up0vshfl�f kxpdq fdslwdo wr pd{lplvh wkhlu rzq remhfwlyh/

nqrzlqj wkdw wkh zdjh zloo eh vhw lq vwhs 7 dw wkh ohyho jlyhq e| htxdwlrq +<,1 Vlqfh wkh lqyhvwphqw ohyho

lv qrw yhul�deoh wr d wklug sduw|/ dq| frqwudfw rq lw fdqqrw eh hqirufhg1 Zkhq wkh| ghflgh derxw wkhlu

lqyhvwphqw ohyhov/ wkh �up dqg wkh zrunhu wkhuhiruh rqo| pd{lplvh wkhlu rzq sduw ri wkh vxusoxv dqg

qrw wkh wrwdo vxusoxv1 Dq| srvlwlyh h{whuqdolw| rq wkh rwkhu sduw| lv qrw lqwhuqdolvhg1 Wkh lqyhvwphqw lv

wkhuhiruh vxerswlpdo1 Wklv lv lq idfw d w|slfdo krog0xs sureohp1
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Wkh zrunhu pd{lplvhv klv xwlolw| nqrzlqj wkdw wkh zdjh udwh zloo eh vhw lq vwhs 7 dw wkh ohyho jlyhq e|

htxdwlrq +<,1 Wdnlqj wkh lqyhvwphqw ri wkh �up L � dv jlyhq/ kh fkrrvhv L � � 3 wr pd{lplvh

z � w+z,� L �

Wkh zdjh z ghshqgv rq wkh lqyhvwphqw ohyho dv zhoo1 Klv sodqqhg lqyhvwphqw lv wkhq lpsolflwo| jlyhq e|

wkh �uvw0rughu frqglwlrq +iru wkh pdwkhpdwlfdo ghyhorsphqw vhh wkh Dsshqgl{ :18,

+4� w
�
+z,,

�

4 . �
��� ��� ���
� � ��� ��� +K �z,

@ f
�
+K,+4� � � , +43,

zlwk wkh frpsohphqwdu| vodfnqhvv frqglwlrqv

L � � 3

� � L � @ 3

zkhuh � � uhsuhvhqwv wkh Odjudqjh pxowlsolhu iru wkh qrq0qhjdwlylw| frqvwudlqw rq kxpdq fdslwdo lqyhvw0

phqw ri wkh zrunhu1 w
� �
+z, lv wkh vhfrqg ghulydwlyh ri w+z, zlwk uhvshfw wr z1 Wkh ohiw0kdqg vlgh lv wkh

pdujlqdo lqfuhdvh lq wkh diwhu wd{ zdjh ri d pdujlqdo lqfuhdvh lq kxpdq fdslwdo1 Zh dvvxph wkdw wklv

ydoxh lv qrq0qhjdwlyh1 Wklv phdqv wkdw dq lqfuhdvh lq kxpdq fdslwdo grhv qrw ghfuhdvh wkh zrunhu*v

xwlolw|1 Pdwkhpdwlfdoo|/ wklv dprxqwv wr lpsrvlqj d orzhu erxqg rq w
� �
+z,1

Wdnlqj L � dv jlyhq/ wkh �up fkrrvhv L � � 3 wr pd{lplvh

K �z � L �

Wklv ohdgv wr wkh �uvw0rughu frqglwlrq +iru wkh pdwkhpdwlfdo ghyhorsphqw vhh wkh Dsshqgl{ :18,

4�
�

4 . �
� � � � ���
� � ��� ��� +K �z,

@ f
�
+K,+4� � � , +44,

zlwk wkh frpsohphqwdu| vodfnqhvv frqglwlrqv

L � � 3

� � L � @ 3

zkhuh � � uhsuhvhqwv wkh Odjudqjh pxowlsolhu iru wkh qrq0qhjdwlylw| frqvwudlqw rq kxpdq fdslwdo lqyhvw0

phqw ri wkh �up1 Rqfh djdlq/ wkh ohiw0kdqg vlgh lv wkh pdujlqdo lqfuhdvh lq wkh �up*v sur�w ri d pdujlqdo

lqfuhdvh lq kxpdq fdslwdo1 Zh dvvxph wkdw wklv ydoxh lv qrq0qhjdwlyh/ l1h1 dq lqfuhdvh lq kxpdq fds0

lwdo grhv qrw ghfuhdvh wkh �up*v sur�w1 Lqwurvshfwlrq ri htxdwlrqv +43, dqg +44, dqg wkhlu dvvrfldwhg

frpsohphqwdu| vodfnqhvv frqglwlrqv vkrzv wkdw lq jhqhudo/ rqh ri wkh wzr qrq0qhjdwlylw| frqvwudlqwv rq

lqyhvwphqwv lq kxpdq fdslwdo lv elqglqj1 Wklv lpsolhv wkdw rqo| rqh sduw| lqyhvwv lq kxpdq fdslwdo/ wkh

rwkhu rqh vhwv lwv lqyhvwphqw dw }hur1 Lq d qrq0frrshudwlyh jdph/ wkh lqyhvwphqw lv wkh kljkhu ri wkh wzr

sodqqhg lqyhvwphqwv +vhh Dsshqgl{ :19,1 Lq idfw/ li L � dqg L � duh wkh vroxwlrqv wr +43, dqg +44, e| vhwwlqj
wkh Odjudqjh pxowlsolhuv wr 3/ wkh ohyho ri kxpdq fdslwdo htxdov wkh pd{lpxp ri wkh wzr1 Li L � A L � / wkh
zrunhu ehduv doo wkh frvw ri kxpdq fdslwdo1 Lqyhuvho|/ li L � ? L � / wkh �up ehduv wkh frvw1 Lqwurvshfwlrq

ri htxdwlrqv +43, dqg +44,/ xvlqj wkh frqyh{lw| dvvxpswlrq rq f+K,/ vkrzv wkdw L � A L � li dqg rqo| li

+4� w
�
+z,,

�

4 . �
�	� �
� ���
� � ��� ��� +K �z,

A 4�
�

4 . �
�	� �	� ���
��� ��� ��� +K �z,

+45,
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Wklv htxdwlrq whoov wkdw wkh sduw| wkdw h{shfwv wkh eljjhu sduw ri wkh pdujlqdo lqfuhdvh lq klv rzq sduw

ri wkh vxusoxv/ lqyhvw1

Wkh edvlf lqwxlwlrq ehklqg htxdwlrqv +43, dqg +44, lv hdv| wr vhh1 Dv htxdwlrq +<, vkrzv/ wkh pdujlqdo

wd{ udwh lq xhqfhv wkh glvwulexwlrq ri wkh vxusoxv ehwzhhq wkh zrunhu dqg wkh �up1 Wkh kljkhu wkh

pdujlqdo wd{ udwh/ wkh eljjhu lv wkh sduw ri wkh rxwsxw wkdw jrhv wr wkh �up1 Zkhq wkh zrunhu dqg

wkh �up ghwhuplqh wkhlu ghvluhg lqyhvwphqw/ wkh| wdnh wklv h�hfw lqwr dffrxqw1 Dq lqfuhdvh lq kxpdq

fdslwdo lqfuhdvhv wkh zdjh udwh/ dqg pljkw wkhuhiruh lq xhqfh wkh pdujlqdo wd{ udwh w
�
+z,1 Lq idfw/ li wkh

pdujlqdo wd{ udwh lv frqvwdqw/ wklv h�hfw ydqlvkhv1 Wkh glvwulexwlrq ri wkh rxwsxw grhv qrw fkdqjh/ rqo|

wkh vl}h ri wkh rxwsxw lqfuhdvhv zlwk kljkhu kxpdq fdslwdo1 Zlwk d frqvwdqw pdujlqdo wd{ udwh/ wkh vhfrqg

ghulydwlyh ri wkh wd{ ixqfwlrq htxdov }hur/ dqg lw lv hdv| wr vhh iurp htxdwlrqv +43, dqg +44, wkdw lq wkdw

fdvh wkh �up jhwv d sduw 4 � � ri wkh pdujlqdo lqfuhdvh lq wkh rxwsxw/ dqg wkh zrunhu*v suh0wd{ zdjh

lqfuhdvhv e| d sduw � ri wkh pdujlqdo lqfuhdvh
�
1 Wklv fruuhvsrqgv wr wkh lqwxlwlrq wkdw lq Qdvk edujdlqv/

wkh sduwlhv jhw d vkduh htxdo wr wkhlu uhodwlyh edujdlqlqj srzhuv1 Pruhryhu/ dv wkh oderxu ghpdqg lv

shuihfwo| hodvwlf/ wkh wd{ lv hqwluho| eruqh e| wkh zrunhu +vhh dovr Errqh dqg Eryhqehuj/ 5334,1 Rq wkh

frqwudu|/ li wkh pdujlqdo wd{ udwh lv qrw frqvwdqw/ wkh fkdqjh lq wkh glvwulexwlrq ri wkh rxwsxw kdv wr

eh wdnhq lqwr dffrxqw1 Li wkh pdujlqdo wd{ udwh lqfuhdvhv lq z/ w
� �
+z, lv srvlwlyh1 Dq lqfuhdvh lq kxpdq

fdslwdo fkdqjhv wkhq wkh glvwulexwlrq ri wkh rxwsxw lq idyrxu ri wkh �up1 Iurp htxdwlrqv +43, dqg +44,/

lw lv hdv| wr vhh wkdw wklv lqfuhdvhv wkh lqfhqwlyhv ri wkh �up wr lqyhvw lq kxpdq fdslwdo/ exw dw wkh vdph

wlph/ lw ghfuhdvhv wkh lqfhqwlyhv ri wkh zrunhu1 Pruhryhu/ dq lqfuhdvh lq wkh pdujlqdo wd{ udwh ghfuhdvhv

wkh sduw ri wkh pdujlqdo lqfuhdvh lq wkh rxwsxw wkdw jrhv wr erwk sduwlhv/ dv pruh wd{hv kdyh wr eh sdlg wr

wkh jryhuqphqw1 Pdwkhpdwlfdoo|/ lqwurvshfwlrq ri htxdwlrq +<, vkrzv wkdw dq lqfuhdvh lq kxpdq fdslwdo

lq xhqfhv wkh zdjh wkurxjk wkuhh fkdqqhov1 Iluvw/ lq d gluhfw zd|= Dq lqfuhdvh lq K lqfuhdvhv z/ dv wkh

rxwsxw lqfuhdvhv1 Exw wklv zdjh lqfuhdvh dggv wzr lqgluhfw h�hfwv ri wkh lqfuhdvh lq kxpdq fdslwdo= Rq

wkh rqh kdqg/ d zdjh lqfuhdvh fkdqjhv wkh dyhudjh wd{1 Wklv h�hfw ghshqgv rq wkh pdujlqdo wd{ udwh1 Li

wkh pdujlqdo wd{ udwh lv kljkhu wkdq wkh dyhudjh wd{ udwh/ wkh dyhudjh wd{ udwh lqfuhdvhv zlwk wkh zdjh

udwh1 Lqwxlwlyho|/ d kljkhu dyhudjh wd{ udwh wkhq ghfuhdvhv wkh vxusoxv wkdw fdq eh glylghg ehwzhhq wkh

zrunhu dqg wkh �up1 Wklv lqgluhfw h�hfw ri kxpdq fdslwdo rq wkh +suh0wd{, zdjh udwh lv wkhuhiruh srvlwlyh

dv orqj dv w � ? w
�
1 Ilqdoo|/ wkh wklug h�hfw vkrzv wkdw wkh pdujlqdo wd{ udwh pljkw fkdqjh dv wkh zdjh

lqfuhdvhv1 Wklv h�hfw ghshqgv rq wkh vhfrqg ghulydwlyh ri wkh wd{ ixqfwlrq1 Li w
� �
lv srvlwlyh/ dq lqfuhdvh

lq wkh zdjh lqfuhdvhv wkh pdujlqdo wd{ udwh1 Exw wkh pdujlqdo wd{ udwh lq xhqfhv wkh glvwulexwlrq ri wkh

rxwsxw wkdw fdq eh glylghg ehwzhhq wkh �up dqg wkh zrunhu1 D kljk pdujlqdo wd{ udwh dwwulexwhv d eljjhu

sduw ri wkh rxwsxw wr wkh �up1 Wklv lqgluhfw h�hfw ri kxpdq fdslwdo rq wkh zdjh udwh lv wkhuhiruh qhjdwlyh

dv orqj dv wkh vhfrqg ghulydwlyh ri wkh wd{ ixqfwlrq lv srvlwlyh1 Dv wklv glvfxvvlrq vkrzv/ wkh vkdsh ri wkh

pdujlqdo wd{ udwh lv ri fuxfldo lpsruwdqfh iru wkh h�hfw ri wd{ surjuhvvlrq rq oderxu pdunhw rxwfrphv1

Rqh srvvlelolw| lv wkhq wr ohw wkh jryhuqphqw iuhho| fkrrvh wkh wd{ ixqfwlrq1 Lq rxu fdvh/ wklv dprxqwv

wr fkrrvh iuhho| wkh pdujlqdo wd{ udwh dqg wkh vhfrqg ghulydwlyh ri wkh wd{ ixqfwlrq zlwk uhvshfw wr wkh

zdjh
�
1 Krzhyhu/ wkh sxeolfdwlrqv lq wklv �hog kdyh frqfhqwudwhg 0 vrphwlphv lpsolflwo| 0 rq d vshfl�f wd{
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ixqfwlrq zkhuh rqo| rqh wd{ sdudphwhu lv iuhho| fkrvhq e| wkh jryhuqphqw1 Zh dovr iroorz wklv dssurdfk1

Exw zh vkrz wkh h�hfwv xqghu gl�huhqw wd{ ixqfwlrqv/ wkh rqhv wkdw duh xvhg lq wkh uhfhqw olwhudwxuh

rq wklv vxemhfw1 Wklv doorzv xv wr vhh wkdw txdolwdwlyho| gl�huhqw uhvxowv duh rewdlqhg zlwk gl�huhqw wd{

ixqfwlrqv1 Wklv fdq sduwo| h{sodlq wkh khwhurjhqhrxv uhvxowv lq wkh uhfhqw olwhudwxuh derxw wklv vxemhfw1

Iluvw fdvh= wkh wd{ ixqfwlrq lv olqhdu

Lq wklv fdvh zh uhvwulfw rxuvhoyhv wr wkh idplo| ri wd{ ixqfwlrqv zkhuh wkh pdujlqdo wd{ udwh grhv qrw

ghshqg rq wkh zdjh
�
1 Wklv vshfl�fdwlrq lv xvhg dprqj rwkhuv lq Ehujvwuùp +4<<:, dqg Errqh dqg gh

Prrlm +5333,1 Dv wkh vhfrqg ghulydwlyh ri wkh wd{ ixqfwlrq htxdov 3/ htxdwlrqv +43, dqg +44, vlpsoli|= Dq

lqfuhdvh lq kxpdq fdslwdo grhv qrw d�hfw wkh glvwulexwlrq ri wkh rxwsxw/ dqg wkhuhiruh/ wkh lqgluhfw h�hfw

ri kxpdq fdslwdo rq wkh zdjh yld wkh vhfrqg ghulydwlyh ri wkh wd{ ixqfwlrq lv qlo1 Wkh iroorzlqj ohppd

fdq eh ghulyhg=

Ohppd 8 Li wkh wd{ ixqfwlrq lv olqhdu dqg wkh �up lqyhvwv/ wkh lqyhvwphqw lq kxpdq fdslwdo lv vxe0

rswlpdo dv orqj dv wkh �up kdv qrw doo wkh edujdlqlqj srzhu +� @ 3,1 Li wkh zrunhu lqyhvwv/ wkh lqyhvwphqw

lv rswlpdo li wkh iroorzlqj frqglwlrq iru wkh pdujlqdo wd{ udwh lv vdwlv�hg dw wkh htxloleulxp zdjh +dvvxplqj

wkdw wkh exgjhw frqvwudlqw ri wkh jryhuqphqw lv vdwlv�hg,=

w
�
+z, @ 4�

4

�
� 3 +46,

Wkhuh lv ryhu0 +xqghu0,lqyhvwphqw li wkh pdujlqdo wd{ udwh lv orzhu +kljkhu, wkdq wklv ydoxh1

Dq lqfuhdvh lq wkh pdujlqdo wd{ udwh ghfuhdvhv kxpdq fdslwdo li wkh zrunhu lqyhvwv dqg grhv qrw d�hfw wkh

ohyho ri lqyhvwphqw lq kxpdq fdslwdo li wkh �up lqyhvwv1

Surri1 Vhh Dsshqgl{ :1:1

Lqwxlwlyho|/ zlwk olqhdu wd{ ixqfwlrqv/ wkh glvwulexwlrq ri wkh rxwsxw grhv qrw fkdqjh dv kxpdq fdslwdo

lqfuhdvhv1 Wkh �up jhwv wkhq d frqvwdqw sduw ri wkh pdujlqdo lqfuhdvh lq wkh rxwsxw1 Wklv sduw grhv qrw

ghshqg rq wkh pdujlqdo wd{ udwh dqg wkhuhiruh/ wd{ surjuhvvlrq fdqqrw lq xhqfh kxpdq fdslwdo li wkh �up

lqyhvwv1 Vlploduo|/ wkh +suh0wd{, zdjh ri wkh zrunhu lqfuhdvhv e| d frqvwdqw wkdw lv lqghshqghqw ri wkh

pdujlqdo wd{ udwh1 Krzhyhu/ wkh zrunhu*v zdjh lv wd{hg/ dqg dq lqfuhdvh lq wkh pdujlqdo wd{ udwh uhgxfhv

klv lqfhqwlyhv wr lqyhvw lq kxpdq fdslwdo1 Dv wkh sduwlhv gr qrw wdnh lqwr dffrxqw wkh h{whuqdolwlhv wkh|

kdyh rq wkh rwkhu sduw|/ wkh krog0xs sureohp lpsolhv vxe0rswlpdolw| ri wkh lqyhvwphqw ohyho1 Krzhyhu/ li

rqh sduw| kdv doo wkh edujdlqlqj srzhu/ wklv h{whuqdolw| grhv qrw h{lvw dq| pruh1 Dv wkh �up*v sur�w lv

qrw wd{hg/ wkh �up vhwv wkh kxpdq fdslwdo lqyhvwphqw dw lwv rswlpdo ohyho1 Rq wkh frqwudu|/ dwwulexwlqj

doo wkh edujdlqlqj srzhu wr wkh zrunhu grhv qrw vroyh wkh krog0xs sureohp1 Lq idfw/ wkh zrunhu*v zdjh lv

vwloo wd{hg/ vxfk wkdw wkh lqyhvwphqw lv vxe0rswlpdo dv orqj dv wkh pdujlqdo wd{ udwh lv srvlwlyh1 Krzhyhu/

li wkh zrunhu lqyhvwv/ wkh lqyhvwphqw fdq eh eurxjkw edfn wr lwv rswlpdo ohyho li lqyhvwphqw lv vx!flhqwo|

vxevlglvhg +wkh pdujlqdo wd{ udwh lv vx!flhqwo| ehorz }hur,1

Vhfrqg fdvh= Wkh wd{ ixqfwlrq kdv d frqvwdqw frh!flhqw ri uhvlgxdo lqfrph surjuhvvlrq

+FULS,
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Wkh frh!flhqw ri uhvlgxdo lqfrph surjuhvvlrq � lv gh�qhg dv
���

4� w
�
+z,

4� w � +z,

Wklv irup ri wd{ ixqfwlrq lv xvhg lq ydq Hzlmn dqg Wdqj +5334, dqg lpsolflwo| lq Ixhvw dqg Kxehu

+4<<;,1 Li � lv eljjhu wkdq rqh/ wkh wd{ v|vwhp lv uhjuhvvlyh/ zkhuhdv d � wkdw lv orzhu wkdq rqh lqglfdwhv d

surjuhvvlyh wd{ v|vwhp1 Li wkh wd{ ixqfwlrqv duh uhvwulfwhg wr wkh rqhv zlwk d frqvwdqw FULS/ dq lqfuhdvh

lq wkh pdujlqdo wd{ +zklfk lv htxlydohqw wr dq lqfuhdvh lq � dw d frqvwdqw dyhudjh wd{, dovr fkdqjhv

wkh vhfrqg ghulydwlyh ri wkh wd{ ixqfwlrq zlwk uhvshfw wr wkh zdjh
� �
1 D fkdqjh lq wd{ surjuhvvlrq wkhq

fkdqjhv wkh glvwulexwlrq ri wkh rxwsxw dqg zh jhw wkh iroorzlqj uhvxow=

Ohppd 9 Li wkh wd{ ixqfwlrq kdv d frqvwdqw FULS dqg wkh �up lqyhvwv/ wkh lqyhvwphqw lq kxpdq fdslwdo

lv vxe0rswlpdo dv orqj dv wkh �up kdv qrw doo wkh edujdlqlqj srzhu +� @ 3,1 Li wkh zrunhu lqyhvwv/ wkh

lqyhvwphqw lv rswlpdo li wkh iroorzlqj frqglwlrq iru wkh pdujlqdo wd{ udwh lv vdwlv�hg dw wkh htxloleulxp

zdjh +dvvxplqj wkdw wkh exgjhw frqvwudlqw ri wkh jryhuqphqw lv vdwlv�hg,=

w
�
+z, @

4

5
�

t

�6 .
�

�

5
? 3 +47,

Wkhuh lv ryhu0 +xqghu0,lqyhvwphqw li wkh pdujlqdo wd{ udwh lv orzhu +kljkhu, wkdq wklv ydoxh1 Dq lqfuhdvh

lq wkh pdujlqdo wd{ udwh ghfuhdvhv kxpdq fdslwdo li wkh zrunhu lqyhvwv exw lqfuhdvhv lw li wkh �up lqyhvwv1

Surri1 Vhh Dsshqgl{ :1;1

Lq idfw/ wkh zdjh htxdwlrq +<, fdq eh uhzulwwhq zlwk � dv wkh rqo| wd{ sdudphwhu1 Dv � lv dvvxphg wr

eh frqvwdqw zkhq wkh wd{ ixqfwlrq kdv d frqvwdqw FULS/ wklv vkrzv wkdw rqo| wkh gluhfw h�hfw ri kxpdq

fdslwdo rq wkh zdjh uhpdlqv/ dqg wklv h�hfw lv xqdpeljxrxvo| srvlwlyh1 Wkh lqgluhfw h�hfwv wurxjk wkh

dyhudjh dqg pdujlqdo wd{ udwh fdqfho rxw1 Lw fdq eh vkrzq +vhh Dsshqgl{ :1;, wkdw wkh gluhfw h�hfw

ghfuhdvhv dv wkh pdujlqdo wd{ udwh lqfuhdvhv/ l1h1 wkh kljkhu wkh pdujlqdo wd{ udwh/ wkh orzhu wkh zdjh

lqfuhdvh zkhq kxpdq fdslwdo lqfuhdvhv1 Iurp htxdwlrqv +43, dqg +44,/ zh jhw wkhq wkh uhvxow wkdw d

pdujlqdo lqfuhdvh lq kxpdq fdslwdo kdv d kljkhu lqfhqwlyh h�hfw iru wkh �up/ exw d orzhu rqh iru wkh

zrunhu1

816 Oderxu Pdunhw Htxloleulxp

Lq vwhs 5/ wkh �up ghflghv wr rshq ydfdqflhv1 Wkh ydfdqf| vxsso| lv jlyhq e| htxdwlrq +4,1 Xvlqj wkh

dqdo|wlfdo uhvxowv xvhg iru ohppdv 8 dqg 9/ zh �qg wkh iroorzlqj ohppd=
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Ohppd : Li wkh lqyhvwphqw lv sdlg e| wkh �up/ wkh ohyho ri oderxu pdunhw wljkwqhvv lv rswlpdo li wkh

pdujlqdo wd{ udwh vroyhv wkh iroorzlqj frqglwlrq dw wkh htxloleulxp zdjh +dvvxplqj wkdw wkh exgjhw frq0

vwudlqw ri wkh jryhuqphqw lv vdwlv�hg,=

w
�
+z, @ 4�

�

4� �

4� �

�

K � f+K,

K � f+K, .
� ��� �
�����

+48,

Dq lqfuhdvh lq wkh pdujlqdo wd{ udwh ohdgv wkhq wr dq lqfuhdvh lq oderxu pdunhw wljkwqhvv1

Li wkh lqyhvwphqw lv sdlg e| wkh zrunhu/ wkh ohyho ri oderxu pdunhw wljkwqhvv lv rswlpdo li wkh pdujlqdo

wd{ udwh vroyhv wkh iroorzlqj frqglwlrq dw wkh htxloleulxp zdjh +dvvxplqj wkdw wkh exgjhw frqvwudlqw ri wkh

jryhuqphqw lv vdwlv�hg,=

w
�
+z, @ 4�

�

4� �

4� �

�

K � f+K, .
� ��� �
�

K � f+K,
+49,

Wkh h�hfw ri dq lqfuhdvh lq wkh pdujlqdo wd{ udwh rq oderxu pdunhw wljkwqhvv lv wkhq dpeljxrxv1

Surri1 Vhh Dsshqgl{ :1<1

Qrwh wkdw frpsduhg wr wkh pdujlqdo wd{ udwh rewdlqhg lq ohppd 5/ wkh pdujlqdo wd{ udwh wkdw vhwv oderxu

pdunhw wljkwqhvv dw lwv rswlpdo ohyho lv kljkhu li wkh �up sd|v wkh lqyhvwphqw/ dqg lw lv orzhu/ li wkh zrunhu

sd|v wkh lqyhvwphqw1 Wklv lv ehfdxvh lq d frpsohwh frqwudfw/ wkh frvw fdq eh vkduhg1 Zlwk lqfrpsohwh

frqwudfwv/ wklv lv qr orqjhu srvvleoh1 Li wkh �up sd|v wkh hqwluh lqyhvwphqw/ wkh frvw iru wkh �up lv kljkhu

wkdq li wkh �up fdq vkduh wkh frvw1 Wkh h{shfwhg sulydwh uhwxuq rq d ydfdqf| lv wkhq orzhu/ exw wklv fdq

eh fruuhfwhg e| ghfuhdvlqj wkh zdjh wkurxjk d kljkhu pdujlqdo wd{ udwh1 Wkhuhiruh/ wkh pdujlqdo wd{ udwh

wkdw uhvwruhv wkh �uvw0ehvw ohyho ri oderxu pdunhw wljkwqhvv lv kljkhu wkdq xqghu frpsohwh frqwudfwv1 Wkh

lqyhuvh lv wuxh li wkh zrunhu lqyhvwv1 Wkh �up wkhq grhvq*w kdyh wr sd| lwv sduw ri wkh lqyhvwphqw/ dqg

wkh h{shfwhg sulydwh uhwxuq rq d ydfdqf| ehfrphv kljkhu/ zklfk fdq eh fruuhfwhg e| d orzhu pdujlqdo

wd{ udwh1

Wkhuh lv d gluhfw dqg dq lqgluhfw h�hfw ri wkh pdujlqdo wd{ udwh rq oderxu pdunhw wljkwqhvv1 Wkh

gluhfw h�hfw lv rewdlqhg e| wkh idfw wkdw d kljkhu pdujlqdo wd{ udwh ghfuhdvhv wkh zdjh udwh shu xqlw ri

kxpdq fdslwdo/ jlyhq e| htxdwlrq +<,1 Wkh �up wkhuhiruh jhwv d kljkhu sduw ri wkh rxwsxw dqg rshqv

pruh ydfdqflhv1 Wklv h�hfw lv xqdpeljxrxvo| srvlwlyh1 Krzhyhu/ wkh pdujlqdo wd{ udwh dovr lqgluhfwo|

d�hfwv oderxu pdunhw wljkwqhvv wurxjk wkh ohyho ri kxpdq fdslwdo1 Dv ohppdv 8 dqg 9 vkrz/ kxpdq

fdslwdo ghfuhdvhv zkhq wkh pdujlqdo wd{ udwh lqfuhdvhv dqg wkh zrunhu lqyhvwv1 Lq wkdw fdvh/ wkh rxwsxw

ghfuhdvhv/ dqg lw lv srvvleoh wkdw wklv h�hfw grplqdwhv wkh gluhfw h�hfw ri wkh wd{ udwh rq oderxu pdunhw

wljkwqhvv
�1�
1 Rq wkh frqwudu|/ li wkh �up lqyhvwv/ wkh lqgluhfw h�hfw ehfrphv qrq0qhjdwlyh/ dqg wkh wrwdo

h�hfw lv srvlwlyh1

� � ����
����.�g��r.���K�1����6�C�� �
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817 Rswlpdo Wd{ Srolf|

Lq vwhs 4 �qdoo|/ wkh jryhuqphqw vhwv lwv wd{ ixqfwlrq w+z,1 Wkh exgjhw frqvwudlqw lpsolhv wkdw wkh

dyhudjh wd{ udwh htxdov 31 Li wkh wd{ ixqfwlrqv duh uhvwulfwhg wr wkh w|shv glvfxvvhg lq vxevhfwlrq 815/ wkh

jryhuqphqw kdv rqo| rqh lqvwuxphqw 0 wkh pdujlqdo wd{ udwh 0 wr dgmxvw wzr yduldeohv 0 oderxu pdunhw

wljkwqhvv dqg kxpdq fdslwdo1 Wklv lpsolhv wkh srvvlelolw| wkdw wkh �uvw0ehvw rxwfrph pljkw qrw eh

dfklhyhg/ dqg wkh jryhuqphqw vhwv wkh pdujlqdo wd{ udwh wr jhw wkh vhfrqg0ehvw1 Djdlq/ zh vwxg| wkh

rswlpdo pdujlqdo wd{ udwh xqghu wkh gl�huhqw wd{ v|vwhpv wkdw zh douhdg| xvhg lq vwhs 61

Iluvw fdvh= Wkh wd{ ixqfwlrq lv olqhdu1

Pd{lplvlqj wrwdo rxwsxw/ vxemhfw wr htxdwlrqv +4,/ +<,/ +43, dqg +44,/ zh jhw wkh iroorzlqj uhvxow=

Sursrvlwlrq ; Li wkh �up lqyhvwv/ wkh rswlpdo pdujlqdo wd{ udwh lv dw wkh ohyho wkdw vroyhv iru rswlpdo

oderxu pdunhw wljkwqhvv1 Frpsduhg wr wkh �uvw0ehvw/ wkh lqyhvwphqw lq kxpdq fdslwdo lv vxe0rswlpdo/ exw

oderxu pdunhw wljkwqhvv lv rswlpdo1 Li wkh zrunhu lqyhvwv/ wkh uhvxow lv dpeljxrxv1

Surri1 Vhh Dsshqgl{ :1431

Lq idfw/ lw wkh �up lqyhvwv/ kxpdq fdslwdo lqyhvwphqw lv qrw d�hfwhg e| wkh pdujlqdo wd{ udwh/ dqg wd{

srolf| fdqqrw eh xvhg wr fruuhfw kxpdq fdslwdo1 Dv ohppd 8 whoov/ kxpdq fdslwdo lqyhvwphqw lv vxe0

rswlpdo1 Exw wkh pdujlqdo wd{ udwh fdq wkhq eh ixoo| xvhg wr fruuhfw wkh oderxu pdunhw wljkwqhvv dqg

wr eulqj lw wr lwv �uvw0ehvw ohyho1 Wkhuh lv qr wudgh0r� ehwzhhq fruuhfwlqj kxpdq fdslwdo dqg fruuhfwlqj

oderxu pdunhw wljkwqhvv1 Rq wkh frqwudu|/ li wkh zrunhu lqyhvwv/ wkh pdujlqdo wd{ udwh d�hfwv kxpdq

fdslwdo dqg oderxu pdunhw wljkwqhvv1 Wkhuh lv wkhq d wudgh0r� ehwzhhq dfklhylqj rswlpdo oderxu pdunhw

wljkwqhvv dqg wkh rswlpdo ohyho ri kxpdq fdslwdo1 Lqwxlwlyho|/ wkh rswlpdo wd{ udwh olhv vrphzkhuh lq

ehwzhhq wkh wd{ udwhv wkdw vroyh iru rswlpdo kxpdq fdslwdo dqg rswlpdo oderxu pdunhw wljkwqhvv/ jlyhq

e| htxdwlrqv +46, dqg +49, uhvshfwlyho|1 Dv wkhvh ydoxhv ghshqg rq wkh sdudphwhuv/ zh fdqqrw vd| zklfk

rqh lv kljkhu1 Wkhuhiruh/ dq| rxwfrph lv srvvleoh= Kxpdq fdslwdo dv zhoo dv oderxu pdunhw wljkwqhvv fdq

eh wrr orz ru wrr kljk1

Vhfrqg fdvh= Wkh wd{ ixqfwlrq kdv d frqvwdqw frh!flhqw ri uhvlgxdo lqfrph surjuhvvlrq

+FULS,

E| pd{lplvlqj wkh wrwdo rxwsxw/ vxemhfw wr htxdwlrqv +4,/ +<,/ +43, dqg +44,/ zh jhw wkh iroorzlqj uhvxow=

Sursrvlwlrq < Li wkh �up lqyhvwv/ wkh rswlpdo pdujlqdo wd{ udwh lv deryh wkh ohyho wkdw lpsolhv rswlpdo

oderxu pdunhw wljkwqhvv1 Frpsduhg wr wkh �uvw0ehvw/ wkh lqyhvwphqw lq kxpdq fdslwdo lv vxe0rswlpdo/

dqg oderxu pdunhw wljkwqhvv lv wrr kljk frpsduhg wr wkh �uvw0ehvw1 Li wkh zrunhu lqyhvwv/ wkh uhvxow lv

dpeljxrxv1

Surri1 Vhh Dsshqgl{ :1431

Iru wkh zrunhu*v sduw/ wkh lqwxlwlrq lv wkh vdph dv zlwk olqhdu wd{hv1 Dqg wkh uhdvrqlqj iru wkh �up*v

sduw lv vlplodu1 Lq idfw/ dq lqfuhdvh lq wkh pdujlqdo wd{ udwh dssurdfkhv wkh kxpdq fdslwdo lqyhvwphqw

wr lwv �uvw0ehvw ohyho1 Wkhuh lv d wudgh0r� ehwzhhq dssurdfklqj wkh �uvw0ehvw kxpdq fdslwdo ohyho dqg

wkh �uvw0ehvw oderxu pdunhw wljkwqhvv dv vrrq dv wkh pdujlqdo wd{ udwh lv kljkhu wkdq wkh ohyho jlyhq lq
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htxdwlrq +48,1 Krzhyhu/ frqwudu| wr wkh fdvh zkhuh wkh zrunhu lqyhvwv/ zh nqrz wkdw wkh wd{ udwh wkdw

vhwv kxpdq fdslwdo dw lwv rswlpdo ohyho htxdov 4 dqg lv wkhuhiruh lqghshqghqw ri wkh sdudphwhuv1 Wkh wd{

udwh lv wkhq vhw vrphzkhuh lq ehwzhhq wkh ohyho jlyhq e| htxdwlrq +48, dqg 41 Wkh ohppdv 9 dqg : ohw xv

�qdoo| frqfoxgh wkdw oderxu pdunhw wljkwqhvv lv wrr kljk dqg kxpdq fdslwdo vxe0rswlpdo1

Dv lq wkh fdvh zkhq d frpsohwh frqwudfw lv srvvleoh/ wkhvh uhvxowv duh frqglwlrqdo rq wkh idfw wkdw wkh

jryhuqphqw kdv rqo| rqh srolf| lqvwuxphqw dydlodeoh1 Wkh fdvh zkhuh wkh jryhuqphqw fdq iuhho| fkrrvh

wkh pdujlqdo wd{ udwh dqg wkh vhfrqg ghulydwlyh ri wkh wd{ ixqfwlrq lv ghyhorshg dqg glvfxvvhg lq Dsshqgl{

:1441 Li wkh jryhuqphqw zdv deoh wr revhuyh wkh kxpdq fdslwdo ri wkh zrunhu zlwkrxw frvw/ lw frxog xvh

hgxfdwlrq vxevlglhv ru hgxfdwlrq wd{hv wr dwwdlq wkh �uvw0ehvw ohyho ri oderxu pdunhw rxwfrphv1 Errqh

dqg gh Prrlm +5333, vkrz wklv iru wkh fdvh zkhuh wkh zrunhu lqyhvwv1 Wkh pdujlqdo wd{ lv xvhg wr vhw

oderxu pdunhw wljkwqhvv dw lwv rswlpdo ohyho/ dqg dq| glvwruwlrq rq kxpdq fdslwdo fdq eh fruuhfwhg e|

wkh hgxfdwlrq vxevlg|1 Rq wkh frqwudu|/ wkh lqwurgxfwlrq ri d wd{ rq oderxu wkdw kdv wr eh irupdoo| sdlg

e| wkh hpsor|hu grhv qrw fkdqjh rxu uhvxowv1 Lq idfw/ lq rxu prgho/ lw grhv qrw pdwwhu zkhwkhu wkh zdjh

wd{ lv irupdoo| sdlg e| wkh zrunhu ru e| wkh �up1

Frpsdulqj rxu uhvxowv wr wkh uhvxowv rewdlqhg lq d htxloleulxp vhdufk prgho zlwkrxw hqgrjhqrxv kxpdq

fdslwdo +ghyhorshg lq Dsshqgl{ :17, jlyhv wkh iroorzlqj fruroodu|=

Fruroodu| 43 Lq wkh fdvh zkhuh frpsohwh frqwudfwv duh qrw hqirufhdeoh/ wkh pdujlqdo wd{ udwh lq dq

htxloleulxp vhdufk prgho zlwk hqgrjhqrxv kxpdq fdslwdo irupdwlrq lv dw ohdvw dv kljk dv lq d vlplodu

prgho zlwk h{rjhqrxv kxpdq fdslwdo hqgrzphqw li wkh �up ghflghv xsrq wkh ohyho ri kxpdq fdslwdo1

Lq d prgho zlwk h{rjhqrxv kxpdq fdslwdo/ wkh rqo| wdvn ri wkh pdujlqdo wd{ udwh lv wr sxw oderxu pdunhw

wljkwqhvv dw lwv rswlpdo ohyho1 Zkhq kxpdq fdslwdo lv hqgrjhqrxv dqg wkh �up lqyhvwv/ ohppd 9 lqglfdwhv

wkdw d kljkhu pdujlqdo wd{ udwh pljkw lqfuhdvh kxpdq fdslwdo dqg dssurdfk lw wr lwv rswlpdo ohyho1 Wkhuh

lv d wudgh0r� iru wkh jryhuqphqw ehwzhhq jhwwlqj rswlpdo oderxu pdunhw wljkwqhvv dqg rswlpdo kxpdq

fdslwdo/ zklfk lqgxfhv wkdw wkh fkrlfh iru wkh pdujlqdo wd{ udwh lq wklv vhfrqg0ehvw hqylurqphqw lv kljkhu

wkdq zkhq kxpdq fdslwdo lv h{rjhqrxv1 Krzhyhu/ li wkh zrunhu lqyhvwv/ wkh h�hfw lv dpeljxrxv dqg zh

duh qrw deoh wr frqfoxgh zkhwkhu wkh lqwurgxfwlrq ri kxpdq fdslwdo lq wkh prgho lqfuhdvhv ru ghfuhdvhv

wkh rswlpdo pdujlqdo wd{ udwh1

9 Frqfoxvlrq

Wklv sdshu kdv lqyhvwljdwhg wkh h�hfw ri wd{ surjuhvvlrq rq oderxu pdunhw rxwfrphv lq d vwdwlf htxloleulxp

vhdufk prgho1 Wd{ surjuhvvlrq zdv vkrzq wr kdyh wzr h�hfwv= Iluvw/ wkhuh lv wkh wudglwlrqdo glvlqfhqwlyh

h�hfw/ dv wkh uhwxuq rq kxpdq fdslwdo lv uhgxfhg e| pruh surjuhvvlyh wd{dwlrq1 Exw zdjh edujdlq lqgxfhv

d vhfrqg h�hfw= Wd{ surjuhvvlrq fkdqjhv wkh glvwulexwlrq ri wkh vxusoxv ehwzhhq wkh zrunhu dqg wkh �up1

Zklfk rqh ri wkhvh wzr h�hfwv grplqdwhv/ ghshqgv wkhq rq wkh w|shv ri wd{ ixqfwlrqv frqvlghuhg dqg

zkhwkhu wkh �up dqg wkh zrunhu duh deoh wr zulwh d elqglqj frqwudfw rq kxpdq fdslwdo1 Wzr lpsruwdqw

uhvxowv hphujh iurp rxu uhvhdufk= Iluvw/ d kljkhu wd{ surjuhvvlrq pljkw lqfuhdvh kxpdq fdslwdo1 Wklv lv

wkh fdvh li frpsohwh frqwudfwv duh qrw dydlodeoh/ wkh �up sd|v wkh lqyhvwphqw dqg li wkh wd{ ixqfwlrqv

frqvlghuhg duh wkrvh zlwk d frqvwdqw frh!flhqw ri uhvlgxdo lqfrph surjuhvvlrq1 Wkh vhfrqg uhvxow vwdwhv

wkdw wkh rswlpdo pdujlqdo wd{ udwh lv lq pdq| fdvhv kljkhu lq d prgho zlwk hqgrjhqrxv kxpdq fdslwdo

frpsduhg wr d prgho zlwk h{rjhqrxv kxpdq fdslwdo1 Zh vkrzhg wkdw wkh lqwurgxfwlrq ri hqgrjhqrxv
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kxpdq fdslwdo ghfuhvhv wkh rswlpdo ghjuhh ri wd{ surjuhvvlrq rqo| li frpsohwh frqwudfwv duh qrw ihdvleoh

dqg li wkh zrunhu lqyhvwv1

Krzhyhu/ wklv lv fhuwdlqo| qrw wkh hqg ri wkh vwru|1 Wkhuh duh wkuhh dvshfwv wkdw vhhp lpsruwdqw wr xv

dqg wkdw duh qrw wuhdwhg lq wklv sdshu1 Iluvw/ wd{ srolf| lv qrw rqo| dq h!flhqf| lvvxh1 Wd{ srolf| kdv �uvw

ri doo wkh dlp wr fkdqjh wkh lqfrph glvwulexwlrq1 Vlqfh zrunhuv duh krprjhqhrxv/ wkh h!flhqf|0htxlw|

wudgh0r� lv qrw wuhdwhg lq wklv sdshu1 Lw zrxog eh lqwhuhvwlqj wr vhh krz wkh lqwhjudwlrq ri htxlw| frqfhuqv

fkdqjhv wkh uhvxowv ri wklv sdshu1

Vhfrqg/ zh xvhg lq wklv sdshu wkh uxoh wkdw wkh sduw| wkdw kdv wkh kljkhu pdujlqdo ehqh�w irup dq

lqyhvwphqw lq kxpdq fdslwdo lv wkh rqh wkdw lqyhvwv1 Krzhyhu/ wkh zrunhu fdq eh fuhglw frqvwudlqw1 Kh pd|

wkhq qrw eh deoh wr lqyhvw hyhq li kh zdqwv wr1 Dqrwkhu ihdwxuh wkdw pd| fkdqjh wkh lqyhvwphqw sdwwhuq

lv lpshuihfw lqirupdwlrq1 Zh dvvxphg wkdw erwk sduwlhv duh shuihfwo| lqiruphg derxw wkh srvvlelolwlhv

ri lqyhvwphqw1 Ilqdoo|/ zh dvvxphg wkdw wkh lqyhvwphqwv ri erwk sduwlhv duh shuihfw vxevwlwxwhv1 Wklv lv

fhuwdlqo| wrr vlpsolvwlf1 Wkh uhvxowv ri wklv sdshu fdq eh dssolhg wr wkh fdvh zkhuh rqo| rqh sduw| fdq

lqyhvw1 Krzhyhu/ wkh fdvh zkhuh erwk fdq lqyhvw/ exw zkhuh wkh lqyhvwphqwv duh lpshuihfw vxevwlwxwhv/ lv

pxfk pruh frpsolfdwhg1

Wklug/ dqg vwloo frqfhuqlqj wkh uxoh ri lqyhvwphqw/ lw vhhpv fohdu wr xv wkdw wkh ghflvlrq zkhwkhu wkh

�up ru wkh zrunhu lqyhvwv ghshqgv rq oderxu pdunhw lqvwlwxwlrqv dv zhoo1 Hvshfldoo|/ rqh frxog wklqn

wkdw oderxu pdunhw uljlglwlhv wkdw whqg wr lqfuhdvh wkh gxudwlrq ri d zrunhu0�up uhodwlrqvkls lqfuhdvh wkh

lqfhqwlyhv ri wkh �up wr lqyhvw lq kxpdq fdslwdo1 Wrjhwkhu zlwk wkh uhvxowv ri wklv sdshu/ wklv zrxog wkhq

lpso| d frpsohphqwdulw| ri oderxu pdunhw uljlglwlhv dqg surjuhvvlyh wd{dwlrq1 Wklv frxog khos wr h{sodlq

gl�huhqfhv ehwzhhq wkh XV dqg Hxurshdq wd{dwlrq dqg oderxu pdunhw srolflhv1

: Dsshqgl{

:14 Ghulydwlrq ri wkh Qdvk edujdlq vroxwlrq zlwk frpsohwh frqwudfwv

Rqh kdv wr pd{lplvh htxdwlrq +6, zlwk uhvshfw wr z/ K dqg �/ zkhuh � lv uhvwulfwhg wr ydoxhv ehwzhhq

3 dqg 41 Zh xvh wkh Nxkq0Wxfnhu irupxodwlrq1 Wkh Odjudqjldq lv wkhq zulwwhq dv
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zlwk � � � 3/ � � � 3 dqg wkh lqhtxdolw| frqvwudlqwv 3 � � � 41 V � dqg V � duh wkh sduwv ri wkh vxusoxv

wkdw jr wr wkh zrunhu dqg wkh �up uhvshfwlyho| dqg duh gh�qhg dv

V � @ z � w+z,� �f+K,

V � @ K �z � +4� �,f+K,

Iurp htxdwlrq +4:d,/ zh lpphgldwho| jhw htxdwlrq +8,1 Htxdwlrq +4:d, fdq dovr eh uhzulwwhq dv

V � @
�+4� w

�
+z,,

4� �
V � +4;,

Lqwurgxflqj wklv uhvxow lqwr +4:e, ohdgv wr htxdwlrq +7,1 Lqwurgxflqj +4;, lqwr +4:f, jlyhv

+4� �,f+K,^4�
�

��� �	�	� ��� `
4� �

.
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V
�
� V

��� �
�

@ 3 +4<,

Li w
�
+z, lv srvlwlyh/ wkh �uvw whup ri +4<, ehfrphv qhjdwlyh1 E| wkh qrq0qhjdwlylw| ri � � dqg � � / wklv

lpsolhv wkdw � � lv srvlwlyh1 Jlyhq htxdwlrq +4:g,/ wklv lpsolhv wkdw wkh frqvwudlqw � @ 3 lv elqglqj1

Lqyhuvho|/ li w
�
+z, lv qhjdwlyh/ wkh �uvw whup ri +4<, ehfrphv srvlwlyh/ zklfk lpsolhv wkdw wkh frqvwudlqw

� @ 4 lv elqglqj1 Ilqdoo|/ li w
�
+z, htxdov 3/ wkh �uvw whup ri +4<, lv }hur/ zklfk lpsolhv wkdw qrqh ri wkh

frqvwudlqwv lv elqglqj1 Lq wkdw fdvh/ � lv lqghwhuplqdwh dqg fdq wdnh dq| ydoxh ehwzhhq 3 dqg 41

:15 Surri ri ohppd 5

Lqwurgxflqj +8, lqwr htxdwlrq +9, dqg lpsrvlqj wkh jryhuqphqw exgjhw frqvwudlqw w � +z, @ 3 dw wkh

htxloleulxp zdjh z/ rqh jhwv wkh htxdwlrq

^K � f+K,`
4� �

4� �w
�
+z,

@
n

t+�,
+53,

Wklv htxdwlrq grhv qrw ghshqg rq wkh glvwulexwlrq ri wkh lqyhvwphqw frvw1 Frpsdulqj wklv uhvxow zlwk

wkh rswlpdolw| frqglwlrq +5,/ rswlpdo oderxu pdunhw wljkwqhvv lv dfklhyhg li

4� �

4� �w
�
+z,

@ 4� �

Uhduudqjlqj wklv htxdwlrq jlyhv htxdwlrq +:,1 Lw lv wkhq vwudljkwiruzdug wkdw wkh pdujlqdo wd{ udwh lv

srvlwlyh li � A �/ qhjdwlyh li � ? � dqg htxdo wr 3 li � @ �1

Wr jhw wkh uhvxow wkdw oderxu pdunhw wljkwqhvv lv wrr kljk zkhq wkh pdujlqdo wd{ udwh lv kljkhu wkdq

wkh ydoxh jlyhq lq htxdwlrq +:,/ zh vkrz wkdw oderxu pdunhw wljkwqhvv lqfuhdvhv zlwk wkh pdujlqdo wd{

udwh1 Wr jhw wkh pdujlqdo h�hfw ri wkh pdujlqdo wd{ udwh rq oderxu pdunhw wljkwqhvv/ zh xvh wkh lpsolflw

ixqfwlrq wkhruhp rq htxdwlrq +53,1 E| gh�qlqj wkh ixqfwlrq

I +�> w
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rqh kdv wkh sduwldo ghulydwlyhv
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zklfk jlyhv wkh ghulydwlyh

C�

Cw
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+z,

@ �
n� . t+�,+4� �,^4� f
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+K,`

� �
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t
�
+�,^K � f+K,`+4� �,

+54,

Li wkh pdujlqdo wd{ udwh lv qrq0qhjdwlyh/ ohppd 4 whoov xv wkdw f
�
+K, @ 41 Wkh qxphudwru lv wkhq srvlwlyh1

Li wkh pdujlqdo wd{ udwh lv qhjdwlyh/ ohppd 4 whoov xv wkdw f
�
+K, A 4 dqg � @ 41 Sxwwlqj � @ 4 lqwr

htxdwlrq +7, dqg xvlqj wkh lpsolflw ixqfwlrq wkhruhp/ rqh jhwv

CK

Cw
�
+z,

@ �
4

f
� �
+K,

Jlyhq wkh frqyh{lw| dvvxpswlrq rq f+K,/ wklv ghulydwlyh lv qhjdwlyh1 Wklv suryhv wkdw zlwk qhjdwlyh

pdujlqdo wd{ udwhv/ wkh qxphudwru ri +54, lv srvlwlyh dv zhoo1 Dv wkh ghqrplqdwru lv qhjdwlyh/ zh jhw wkh

uhvxow wkdw dq lqfuhdvh lq wkh pdujlqdo wd{ udwh ohdgv wr kljkhu oderxu pdunhw wljkwqhvv1

:16 Surri ri sursrvlwlrq 6

Wkh jryhuqphqw pd{lplvhv wkh qhw rxwsxw

�t+�,^K � f+K,`� n�

e| fkrrvlqj wkh pdujlqdo wd{ udwh/ vxemhfw wr htxdwlrqv +9,/ +8,/ +7, dqg wkh jryhuqphqw*v exgjhw frq0

vwudlqw1 Sxwwlqj +8, lqwr +9, dqg vroylqj iru ^K � f+K,` zh fdq uhzulwh wkh jryhuqphqw*v remhfwlyh dv

�n
�

4� �
+4� w

�
+z,, +55,

Wkh �uvw0rughu frqglwlrq ri wkh pd{lplvdwlrq ri +55, zlwk uhvshfw wr w
�
+z, fdq eh uhzulwwhq dv

�

4� �
n^+4� w

�
+z,,

C�

Cw
�
+z,

� �` @ 3

zkhuh
���

� � � � ��� lv jlyhq e| htxdwlrq +54,1 Wkh �uvw0rughu frqglwlrq fdq wkhq eh uhzulwwhq dv

w
�
+z, @ 4�

�+4� �,

+4� �,� .
� � � � �������
	���


���
�
����
�

� ����


+56,

Iluvw zh fkhfn wkh fdvh zkhuh � � �1 Zh wkhq suryh e| frqwudglfwlrq wkdw wkh rswlpdo pdujlqdo wd{

udwh lv vhw dw wkh ohyho jlyhq e| htxdwlrq +:,1 Dvvxph wkdw wklv lv qrw wkh fdvh1 Wkhuh duh wzr srvvlelolwlhv/

hlwkhu wkh wd{ udwh lv kljkhu ru orzhu wkdq wklv ydoxh1 Iluvw/ dvvxph wkdw wkh wd{ udwh lv kljkhu1 Ohppd

4 wkhq lqglfdwhv wkdw
� ��� � � �� � � � ��� @ 31 Exw wkhq/ htxdwlrq +56, vkrzv wkdw wkh jryhuqphqw vhwv wkh wd{ udwh

dw wkh ohyho jlyhq e| htxdwlrq +:,/ zklfk frqwudglfwv wkh dvvxpswlrq wkdw wkh wd{ udwh lv kljkhu wkdq wklv

ydoxh1 Dvvxph wkhq wkdw wkh wd{ udwh lv orzhu wkdq wklv ydoxh1 Wkhq ohppd 4 vkrzv wkdw
� � � � � �� � � � ��� � 31 Exw

xqghu wklv frqglwlrq/ htxdwlrq +56, jlyhv d wd{ udwh wkdw lv dw ohdvw dv kljk dv wkh ydoxh jlyhq e| htxdwlrq

+:,1 Wklv frqwudglfwv wkh dvvxpswlrq wkdw wkh wd{ udwh lv orzhu wkdq wklv ydoxh1 Wkhuhiruh/ wkh pdujlqdo

wd{ udwh lv vhw dw wkh ohyho lq htxdwlrq +:,/ zklfk lpsolhv e| ohppd 5 wkdw oderxu pdunhw wljkwqhvv lv dw
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lwv �uvw0ehvw ohyho1 Dv wkh wd{ udwh lv srvlwlyh/ ohppd 4 ohwv xv frqfoxgh wkdw kxpdq fdslwdo lqyhvwphqw

lv dw lwv �uvw0ehvw ohyho1

Frqvlghu qrz wkh fdvh zkhuh � ? �1 Zh suryh e| frqwudglfwlrq wkdw wkh rswlpdo wd{ udwh lv vhw ehwzhhq

3 dqg wkh ydoxh lq htxdwlrq +:,1 Dvvxph wkdw wkh wd{ udwh lv kljkhu wkdq ru htxdo wr 31 Iurp ohppd 4

zh wkhq nqrz wkdw
� ��� � � �� � � � ��� @ 31 Exw wkhq htxdwlrq +56, lqglfdwhv wkdw wkh wd{ udwh lv vhw dw wkh ydoxh

jlyhq lq htxdwlrq +:,1 Dv � ? �/ wklv ydoxh lv qhjdwlyh1 Wklv frqwudglfwv wkh dvvxpswlrq wkdw wkh wd{ udwh

lv qrq0qhjdwlyh1 Ilqdoo|/ dvvxph wkdw wkh wd{ udwh lv htxdo wr ru orzhu wkdq wkh ydoxh jlyhq lq htxdwlrq

+:,1 Dv wklv ydoxh lv qhjdwlyh/ ohppd 4 whoov wkdw
� ��� � � �� �	�	� ��� A 31 Exw htxdwlrq +56, wkhq vkrzv wkdw wkh

jryhuqphqw vhwv wkh wd{ udwh dw d ohyho wkdw lv kljkhu wkdq wkh ohyho jlyhq e| htxdwlrq +:,1 Wklv frqwudglfwv

wkh dvvxpswlrq wkdw wkh wd{ udwh lv orzhu wkdq wklv ydoxh1 Wkhuhiruh/ wkh pdujlqdo wd{ udwh kdv d ydoxh

ehwzhhq 3 dqg wkh ydoxh ghvfulehg lq htxdwlrq +:,1 Dv wklv wd{ udwh lv qhjdwlyh/ ohppd 4 whoov wkdw wkhuh

lv ryhu0lqyhvwphqw lq kxpdq fdslwdo1 Ilqdoo|/ zlwk wkh khos ri ohppd 5 zh fdq frqfoxgh wkdw oderxu

pdunhw wljkwqhvv lv deryh lwv rswlpdo ohyho1

:17 Rswlpdo wd{ srolf| lq d prgho zlwk h{rjhqrxv kxpdq fdslwdo hqgrzphqw

Lq wklv prgho/ wkh kxpdq fdslwdo K lv h{rjhqrxvo| jlyhq1 Iru vlpsolflw|/ dvvxph wkdw wkh frvw ri wklv

kxpdq fdslwdo f+K, htxdov 31 Wkh Qdvk edujdlq +6, lv wkhq rqo| derxw wkh zdjh udwh z1 Wklv jlyhv wkh

zdjh htxdwlrq

z @
�+4� w

�
+z,,K

+4� �,+4� w � +z,, . �+4� w
�
+z,,

+57,

Wkh ydfdqf| vxsso| ehfrphv

K � z @
n

t+�,
+58,

Wkh jryhuqphqw wkhq pd{lplvhv wkh qhw rxwsxw

�t+�,K � n�

e| fkrrvlqj wkh pdujlqdo wd{ udwh/ vxemhfw wr htxdwlrqv +58,/ +57, dqg wkh jryhuqphqw*v exgjhw frqvwudlqw1

Sxwwlqj +57, lqwr +58, dqg vroylqj iru K zh fdq uhzulwh wkh jryhuqphqw*v remhfwlyh dv

�n
�

4� �
+4� w

�
+z,,

Wkh �uvw0rughu frqglwlrq ri wkh pd{lplvdwlrq ri +55, zlwk uhvshfw wr w
�
+z, fdq eh uhzulwwhq dv

�

4� �
n^+4� w

�
+z,,

C�

Cw
�
+z,

� �` @ 3

zkhuh
���

� �	�	� ��� fdq eh ghulyhg iurp htxdwlrqv +58, dqg +57,1Wkh �uvw0rughu frqglwlrq fdq wkhq eh uhzulwwhq

dv

w
�
+z, @ 4�

�+4� �,

+4� �,�

zklfk lqglfdwhv wkh rswlpdo pdujlqdo wd{ udwh lq d vhdufk htxloleulxp prgho zlwk h{rjhqrxv kxpdq

fdslwdo hqgrzphqw1
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:18 Ghulydwlrq ri wkh sodqqhg kxpdq fdslwdo lqyhvwphqwv zlwk lqfrpsohwh

frqwudfwv

Wkh sureohp ri wkh zrunhu lv wr pd{lplvh

z � w+z,� L �

zlwk uhvshfw wr L � � 3/ wdnlqj L � dv jlyhq1 Dv wkh frvw ixqfwlrq f+�, lv frqyh{/ lwv lqyhuvh ixqfwlrq f
� �

+�,

h{lvwv1 Rqh fdq wkhq gh�qh kxpdq fdslwdo K dv

K @ f
� �

+L � . L � ,

Xvlqj wklv vshfl�fdwlrq lq wkh pd{lplvdwlrq sureohp/ rqh jhwv wkh �uvw rughu0frqglwlrq

+4� w
�
+z,,

Cz

CK
� f

�
+K, . � � @ 3

zkhuh � � lv wkh Odjudqjh pxowlsolhu rq wkh qrq0qhjdwlylw| frqvwudlqw rq kxpdq fdslwdo lqyhvwphqw ri wkh

zrunhu1

Vlploduo|/ wkh �up*v sureohp lv wr pd{lplvh

K �z � L �

zlwk uhvshfw wr L � � 3/ wdnlqj L � dv jlyhq1 Wklv ohdgv wr wkh �uvw rughu0frqglwlrq

+4�
Cz

CK
,� f

�
+K, . � � @ 3

zkhuh � � lv wkh Odjudqjh pxowlsolhu rq wkh qrq0qhjdwlylw| frqvwudlqw rq kxpdq fdslwdo lqyhvwphqw ri wkh

�up1

Xvlqj wkh lpsolflw ixqfwlrq wkhruhp rq htxdwlrq +<, jlyhv

Cz

CK
@

�

4 . �
� � � � ���
� � ��� ��� +K �z,

Sxwwlqj wkhvh htxdwlrqv wrjhwkhu/ rqh jhwv lpphgldwho| htxdwlrqv +43, dqg +44,1

:19 Qdvk vroxwlrq wr wkh qrq0frrshudwlyh jdph lq kxpdq fdslwdo lqyhvwphqwv

Iurp htxdwlrq +44, rqh lpsolflwho| jhwv wkh �up*v lqyhvwphqw lq kxpdq fdslwdo dv d uhdfwlrq wr wkh

zrunhu*v lqyhvwphqw1 Dv orqj dv wkh qrq0qhjdwlylw| frqvwudlqw rq wkh lqyhvwphqw lv qrw elqglqj/ hyhu|

fkdqjh lq wkh zrunhu*v lqyhvwphqw lv frpsohwo| frpshqvdwhg e| wkh lqyhvwphqw ri wkh �up/ l1h1
� ���
� �

�
@ �41

Wklv phdqv wkdw wkh �up qhyhu ohwv wkh kxpdq fdslwdo idoo xqghu d ohyho K � / zklfk lv wkh ydoxh wkdw vroyhv
htxdwlrq +44, zlwkrxw elqglqj qrq0qhjdwlylw| frqvwudlqw1 Li wkh qrq0qhjdwlylw| frqvwudlqw lv elqglqj/ wkh

lqyhvwphqw ri wkh �up lv vhw dw 31

Wkh zrunhu dfwv vlploduo|1 Iurp htxdwlrq +43, rqh lpsolflwho| jhwv wkh zrunhu*v lqyhvwphqw lq kxpdq

fdslwdo dv d uhdfwlrq wr wkh �up*v lqyhvwphqw1 Dv orqj dv wkh qrq0qhjdwlylw| frqvwudlqw rq wkh lqyhvwphqw
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Iw

If

Reaction function of the firm

Reaction function of the worker

Nash equilibrium

Iljxuh 4= Uhdfwlrq ixqfwlrqv

lv qrw elqglqj/ hyhu| fkdqjh lq wkh �up*v lqyhvwphqw lv frpsohwo| frpshqvdwhg e| wkh lqyhvwphqw ri

wkh zrunhu/ l1h1
� �
�� ��� @ �41 Wklv phdqv wkdw wkh zrunhu qhyhu ohwv wkh kxpdq fdslwdo idoo xqghu d

ohyho K � / zklfk lv wkh ydoxh wkdw vroyhv htxdwlrq +43, zlwkrxw elqglqj qrq0qhjdwlylw| frqvwudlqw1 Li wkh

qrq0qhjdwlylw| frqvwudlqw lv elqglqj/ wkh lqyhvwphqw ri wkh zrunhu lv vhw dw 31

Iljxuh 4 vkrzv wkh wzr uhdfwlrq ixqfwlrqv lq wkh L � � L � vsdfh iru wkh fdvh zkhuh K � ? K � 1 Dv lw

fdq hdvlo| eh vhhq/ wkh rqo| Qdvk htxloleulxp lv dw wkh srlqw zkhuh wkh lqyhvwphqw ri wkh �up htxdov 3

dqg wkh lqyhvwphqw sdlg e| wkh zrunhu htxdov f+K � ,1 D vlplodu uhdvrqlqj iru wkh fdvh zkhuh K � A K �
lqglfdwhv wkdw lq wkdw fdvh wkh lqyhvwphqw ri wkh zrunhu lv vhw dw 3/ zkhuhdv wkh �up sd|v dq lqyhvwphqw

ri f+K � ,1 Wklv vkrzv wkdw wkh sduw| wkdw ghvluhv wkh kljkhu kxpdq fdslwdo sd|v lw hqwluho|/ zkhuhdv wkh

rwkhu sduw| grhvq*w sdulflsdwh wr sd| wkh lqyhvwphqw1

Ilqdoo|/ li K � @ K � +zklfk lq jhqhudo/ lv qrw wkh fdvh
� �
,/ dq| glylvlrq ri wkh frvw lv d Qdvk htxloleulxp1

Kxpdq fdslwdo lv vhw dw K � @ K � 1
� . �����	�n� �n��6�< @P�
���F�����
���	�J������4F��
�3��	6���<o="��6���`.�g���2�;:.4e��6h�O���.� ����<o���2�
����`�
�4 ��6�CP�����RX���
�i���
$��

���������
��4e��]^XN��� �K�h�	�$��6�< @

�����g�������g�	�

�,(+* / � ��23�,� �
( ' � � � � ������ 

� �����

� � * 2 �
" (+* �

( ' � � � � � � ���

� �����
� � *$2 �

!$�������	������6�C�� �
�	��6M� �N� 6Q3��O6���

��<t6��,�N���,���	�
`���Ct];X��gC��e6.������

���,������� �1�������g�	6L��:�
���6���< @;���	�Of
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:1: Surri ri ohppd 8

Li wkh wd{ ixqfwlrq lv olqhdu/ htxdwlrqv +43, dqg +44, zklfk ghwhuplqh wkh ohyho ri kxpdq fdslwdo vlpsoli|

wr

+4� w
�
,� @ f

�
+K, +59,

li wkh zrunhu lqyhvwv dqg

4� � @ f
�
+K, +5:,

li wkh �up lqyhvwv1 Iurp +5:, lw lv vwudljkwiruzdug wkdw wkh pdujlqdo wd{ udwh grhv qrw d�hfw kxpdq

fdslwdo1 Khqfh/ li wkh �up lqyhvwv/ wkh �uvw0ehvw lv rqo| dfklhyhg li � @ 31 Wkh lpsolflw ghulydwlrq ri +59,

ohdgv wr

CK

Cw
� @ �

�

f
� �
+K,

+5;,

Wkh frqyh{lw| dvvxpswlrq rq f+K, wkhq lpsolhv wkdw kxpdq fdslwdo ghfuhdvhv dv wkh pdujlqdo wd{ udwh

lqfuhdvhv1 Dvvxplqj wkdw wkh exgjhw frqvwudlqw ri wkh jryhuqphqw lv vdwlv�hg/ htxdwlrq +59, whoov wkdw

kxpdq fdslwdo lv dw lwv rswlpdo ohyho li

w
�
@ 4�

4

�
� 3

Li wkh wd{ udwh lv kljkhu wkdq wklv ydoxh/ kxpdq fdslwdo lv vxe0rswlpdo/ li lw lv orzhu/ wkhuh lv ryhu0lqyhvwphqw

lq kxpdq fdslwdo1

:1; Surri ri ohppd 9

Li wkh wd{ ixqfwlrq kdv d frqvwdqw frh!flhqw ri uhvlgxdo lqfrph surjuhvvlrq �/ wkh zdjh htxdwlrq +<, fdq

eh uhzulwwhq dv

z @
��K

4� � . ��

Wkh ghulydwlyh ri wkh zdjh zlwk uhvshfw wr kxpdq fdslwdo wkhq ehfrphv

Cz

CK
@

��

4� � . ��

Htxdwlrqv +43, dqg +44, zklfk ghwhuplqh wkh ohyho ri kxpdq fdslwdo vlpsoli| wr

+4� w
�
,

��

4� � . ��
@ f

�
+K,

li wkh zrunhu lqyhvwv dqg

4�
��

4� � . ��
@ f

�
+K,
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li wkh �up lqyhvwv1 Lw lv hdv| wr vhh wkdw li wkh �up lqyhvwv/ wkh �uvw ehvw ohyho ri kxpdq fdslwdo lv rqo|

dfklhyhg li wkh �up kdv doo wkh edujdlqlqj srzhu1 Rwkhuzlvh/ wkhuh lv xqghu0lqyhvwphqw lq kxpdq fdslwdo1

Li wkh zrunhu lqyhvwv dqg dvvxplqj wkdw wkh exgjhw frqvwudlqw ri wkh jryhuqhphqw lv vdwlv�hg/ rqh jhwv

wkh �uvw0ehvw ohyho ri kxpdq fdslwdo li

w
�
@

4

5
�

t

�6 .
�

�

5
? 3

Li wkh wd{ udwh lv kljkhu wkdq wklv ohyho/ wkh kxpdq fdslwdo lv vxe0rswlpdo1 Li wkh wd{ udwh lv orzhu/ wkhuh

lv ryhu0lqyhvwphqw1 Wkh lpsolflw ghulydwlrq ri wkhvh wzr htxdwlrqv wkhq jlyhv wkh h�hfw ri dq lqfuhdvh lq

wkh pdujlqdo wd{ udwh rq kxpdq fdslwdo +xqghu wkh jryhuqphqw*v exgjhw frqvwudlqw w � @ 3,/ zklfk htxdov

CK

Cw
�
+z,

@ �
�+4� w

�
+z,

�

,

f
� �
+K,^4� �w

�
+z,`

+5<,

li wkh zrunhu lqyhvwv1 Wkh frqyh{lw| dvvxpswlrq rq f+K, lpsolhv wkdw wklv whup lv qhjdwlyh1 Li wkh �up

lqyhvwv/ wkh ghulydwlyh ehfrphv

CK

Cw
�
+z,

@
�f

�
+K,

f
� �
+K,^4� �w

�
+z,`

+63,

zklfk lv srvlwlyh1

:1< Surri ri ohppd :

Li wkh zrunhu lqyhvwv/ frpelqlqj wkh ydfdqf| vxsso| fxuyh +4,/ wkh zdjh htxdwlrq +<, dqg wkh jryhuqphqw*v

exgjhw frqvwudlqw w � +z, @ 3/ ohdgv wr wkh iroorzlqj htxdwlrq=

K
4� �

4� �w
�
+z,

@
n

t+�,
+64,

Wkh �uvw0ehvw ohyho ri oderxu pdunhw wljkwqhvv lv dwwdlqhg li htxdwlrq +5, lv vdwlv�hg1 Frpsdulqj wkhvh

wzr htxdwlrqv/ lw lv hdv| wr fkhfn wkdw wkh| duh erwk vdwlv�hg li dqg rqo| li htxdwlrq +49, lv vdwlv�hg1

Vlploduo|/ li wkh �up lqyhvwv/ frpelqlqj wkh ydfdqf| vxsso| fxuyh +4,/ wkh zdjh htxdwlrq +<, dqg wkh

jryhuqphqw*v exgjhw frqvwudlqw w � +z, @ 3 ohdgv wr wkh iroorzlqj htxdwlrq=

K
4� �

4� �w
�
+z,

� f+K, @
n

t+�,
+65,

Frpsdulqj wklv htxdwlrq wr htxdwlrq +5,/ rqh hdvlo| jhwv wkh uhvxow wkdw oderxu pdunhw wljkwqhvv lv dw lwv

rswlpdo ohyho li dqg rqo| li htxdwlrq +48, lv vdwlv�hg1

Wkh lpsolflw ghulydwlrq ri htxdwlrq +64, jlyhv

C�

Cw
�
+z,

@ �
�

4� �

t+�,

t
�
+�,

�

� � � � .
� �

� � � � ���
��� �
�

�

� � � �
+66,
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Iurp ohppdv 8 dqg 9/ zh nqrz wkdw
� �

� � � � ��� lv qhjdwlyh li wkh zrunhu lqyhvwv1 Wkh vljq ri htxdwlrq +66, lv

srvlwlyh li

n

t+�,
A �

CK

Cw
�
+z,

4� �

�

dqg qhjdwlyh li wkh lqhtxdolw| lv lqyhuwhg1

Wkh lpsolflw ghulydwlrq ri htxdwlrq +65, jlyhv

C�

Cw
�
+z,

@ �
�

4� �

t+�,

t
�
+�,

f+K, .
�

� � � � .
� �

� � � � ���
��� �
� ^4� f

�
+K,`

�

� � � �
+67,

Iurp ohppdv 8 dqg 9/ zh nqrz wkdw
� �

� � � � ��� lv qrq0qhjdwlyh li wkh �up lqyhvwv1 Htxdwlrq +67, lv wkhq

dozd|v srvlwlyh1

:143 Surri ri sursrvlwlrqv ; dqg <

Wkh jryhuqphqw pd{lplvhv qhw rxwsxw

�t+�,^K � f+K,`� n�

e| fkrrvlqj wkh pdujlqdo wd{ udwh/ vxemhfw wr htxdwlrqv +4,/ +<,/ +43,/ +44, dqg wkh jryhuqphqw*v exgjhw

frqvwudlqw1 Wkh �uvw0rughu frqglwlrq lv wkhq

C�

Cw
�
+z,

4

�
^+4� �,+K � f+K,,�

n

t+�,
` . ^4� f

�
+K,`

CK

Cw
�
+z,

@ 3 +68,

Qh{w/ ohw xv gh�qh

{ @
�+4� f

�
+K,,

� �
� � � � ���

���
� �	�	� ���

+69,

Li wkh �up lqyhvwv/ htxdwlrq +68, fdq eh uhzulwwhq e| xvlqj htxdwlrqv +4, dqg +<, dv

w
�
+z, @ 4�

�

4� �

4� �

�

K � f+K,�
�

�

K � f+K, .
� ��� �
����� .

�

�����
+6:,

Dv lw fdq hdvlo| eh vhhq/ wklv ydoxh lv eljjhu wkdq wkh ydoxh jlyhq e| htxdwlrq +48, li dqg rqo| li { A 31

Ohppd 8 lqglfdwhv wkdw lq wkh fdvh ri d olqhdu wd{/ { @ 31 Wkhuhiruh/ htxdwlrq +6:, vlpsol�hv wr htxdwlrq

+48, zklfk lqglfdwhv wkdw wkh rswlpdo wd{ udwh lv wkh rqh wkdw vroyhv iru rswlpdo oderxu pdunhw wljkwqhvv1

Li wkh wd{ ixqfwlrq kdv d frqvwdqw FULS/ ohppdv 9 dqg : lpso| wkdw { A 31 Wkhq/ wkh rswlpdo wd{ udwh

lv kljkhu wkdq wkh rqh wkdw vroyhv iru rswlpdo oderxu pdunhw wljkwqhvv1

Zkhq wkh zrunhu lqyhvwv/ zh gr qrw jhw d fohdu uhvxow1 Lq idfw/ xvlqj htxdwlrqv +4, dqg +<,/ htxdwlrq

+68, fdq eh uhzulwwhq dv

w
�
+z, @ 4�

�

4� �

4� �

�

K � f+K, .
� � � �
� �

�

�

K � f+K, .
�

�����
+6;,

Exw ohppd : lqglfdwhv wkdw zh fdqqrw ghwhuplqh wkh vljq ri {1 Wkhuhiruh/ zh fdqqrw frqfoxgh zkhwkhu

wkh rswlpdo pdujlqdo wd{ udwh lv kljkhu ru orzhu wkdq wkh ydoxh wkdw vroyhv iru rswlpdo oderxu pdunhw

wljkwqhvv1 Wklv krogv wuxh iru d olqhdu wd{ dv zhoo dv iru d wd{ ixqfwlrq zlwk d frqvwdqw FULS1
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:144 Rswlplvdwlrq zlwk lqfrpsohwh frqwudfwv li wkh jryhuqphqw fdq iuhho|

fkrrvh doo wd{ sdudphwhuv

Li wkh rqo| frqvwudlqw wkh jryhuqphqw idfhv zkhq lw fkrrvhv lwv wd{ ixqfwlrq lv wkh exgjhw frqvwudlqw/ lw kdv

wzr lqvwuxphqwv wkdw lw fdq xvh dqg wkdw lq xhqfh wkh rxwfrphv= wkh pdujlqdo wd{ udwh/ dqg wkh vhfrqg

ghulydwlyh ri wkh wd{ ixqfwlrq zlwk uhvshfw wr wkh zdjh1 Dv wkhuh duh rqo| wzr yduldeohv wkdw fdudfwhulvh

wkh rswlpdo oderxu pdunhw rxwfrph +oderxu pdunhw wljkwqhvv dqg wkh lqyhvwphqw lq kxpdq fdslwdo,/ lw

lv qrw h{foxghg wkdw wkh jryhuqphqw fdq dfklhyh wkh �uvw0ehvw rxwfrphv e| fkrrvlqj wkh rswlpdo wd{

ixqfwlrq1 Vlqfh wkh vhfrqg ghulydwlyh ri wkh wd{ ixqfwlrq rqo| lqwhuyhqhv lq wkh htxdwlrqv wkdw ghwhuplqh

wkh ohyho ri kxpdq fdslwdo/ wkh jryhuqphqw xvhv wklv vhfrqg ghulydwlyh wr vhw kxpdq fdslwdo dw lwv rswlpdo

ohyho1 Wkh pdujlqdo wd{ udwh lv wkhq fkrvhq wr vhw wkh oderxu pdunhw wljkwqhvv dw lwv rswlpdo ohyho1

Li wkh zrunhu lqyhvwv/ zh �qg iurp htxdwlrq +43, wkdw kxpdq fdslwdo lv dw lwv rswlpdo ohyho li wkh vhfrqg

ghulydwlyh vdwlv�hv wkh iroorzlqj frqvwudlqw=

w
� �
+z, @ +4� w

�
+z,,

4� �w
�
+z,

�+4� �,
^+4� w

�
+z,,� � 4`

4

K

zkhuh K @ f
� � �

+4,1 Wkh pdujlqdo wd{ udwh lv wkhq wkh wd{ udwh wkdw vroyhv htxdwlrq +49, dqg vhwv oderxu

pdunhw wljkwqhvv dw lwv rswlpdo ohyho1

Li wkh �up lqyhvwv/ htxdwlrq +44, vkrzv wkdw kxpdq fdslwdo jhwv wr lwv rswlpdo ohyho dv wkh vhfrqg

ghulydwlyh ri wkh wd{ ixqfwlrq jrhv wr .41 Wkh pdujlqdo wd{ udwh lv wkhq wkh wd{ udwh wkdw vroyhv

htxdwlrq +48, dqg vhwv oderxu pdunhw wljkwqhvv dw lwv rswlpdo ohyho1

Wklv vkrzv wkh vxusulvlqj 0 dqg dw �uvw vljkw frxqwhulqwxlwlyh 0 uhvxow wkdw zkhq wkh jryhuqphqw fdq iuhho|

fkrrvh doo wd{ sdudphwhuv/ lw lv ehwwhu wr kdyh lqfrpsohwh frqwudfwv wkdq frpsohwh frqwudfwv1 Wklv lv gxh

wr wkh idfw wkdw zlwk lqfrpsohwh frqwudfwv/ wkh jryhuqphqw jhwv d vhfrqg srolf| lqvwuxphqw= wkh vhfrqg

ghulydwlyh ri wkh wd{ ixqfwlrq1 Zkhq frpsohwh frqwudfwv duh dydlodeoh/ wklv vhfrqg ghulydwlyh kdv qr lpsdfw

rq wkh rxwfrph1 Rq wkh frqwudu|/ zkhq frpsohwh frqwudfwv duh qrw hqirufhdeoh/ wkh grxeoh pd{lplvdwlrq

lpsolhv wkdw wklv vhfrqg ghulydwlyh fdq sod| d uroh1 Wkh jryhuqphqw wkhq kdv wzr lqvwuxphqwv wr dgmxvw

wzr hqgrjhqrxv yduldeohv 0 oderxu pdunhw wljkwqhvv dqg kxpdq fdslwdo1 Wklv lpsolhv wkdw wkh �uvw0ehvw

rxwfrph fdq dozd|v eh dfklhyhg zkhq frpsohwh frqwudfwv duh qrw dydlodeoh1 Rq wkh frqwudu|/ li frpsohwh

frqwudfwv h{lvw/ wkh jryhuqphqw kdv dq lqvx!flhqw qxpehu ri lqvwuxphqwv wr dgmxvw wkh rxwfrph wr lwv

�uvw0ehvw ohyho1 Wkh dydlodelolw| ri frpsohwh frqwudfwv wkhuhiruh zruvhqv wkh rxwfrph1
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