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Xqhtxdo Vrflhwlhv=

Lqfrph Glvwulexwlrq dqg wkh Vrfldo Frqwudfw

Urodqg Eìqderx 4

Qhz \run Xqlyhuvlw|/ LGHL/ dqg FHUDV�HQSF

Iluvw gudiw= Dsulo 4<<8

Wklv yhuvlrq= Pdufk 4<<;

4L dp judwhixo iru khosixo frpphqwv wr Rolylhu Eodqfkdug/ Mdvrq Fxpplqv/ Mrkq Jhdqdnrsorv/ Pdun Jhuwohu/
Urehuw Kdoo/ Nhq Mxgg/ Mhdq�Fkduohv Urfkhw dqg Mxolr Urwhpehuj/ dv zhoo dv vhplqdu sduwlflsdqwv dw wkh QEHU
Vxpphu Lqvwlwxwh/ Vwdqirug Xqlyhuvlw|/ Sulqfhwrq Xqlyhuvlw| dqg PLW1 L dovr wkdqn Ghqlv Hssoh dqg wkuhh uhihuhhv
iru pdq| xvhixo frpphqwv1 Ilqdqfldo vxssruw iurp wkh Qdwlrqdo Vflhqfh Irxqgdwlrq/ wkh PdfDuwkxu Irxqgdwlrq
dqg wkh F1Y1 Vwduu Fhqwhu lv judwhixoo| dfnqrzohgjhg1



Devwudfw

L sursrvh d wkhru| ri lqhtxdolw| dqg wkh vrfldo frqwudfw zklfk h{sodlqv krz frxqwulhv zlwk vlplodu

suhihuhqfhv dqg whfkqrorjlhv/ dqg htxdoo| ghprfudwlf lqvwlwxwlrqv/ fdq qrqhwkhohvv vxvwdlq vxfk gl�huhqw

v|vwhpv ri vrfldo lqvxudqfh/ �vfdo uhglvwulexwlrq dqg hgxfdwlrq �qdqfh dv wkrvh ri wkh Xqlwhg Vwdwhv dqg

Zhvwhuq Hxursh1 Zlwk lpshuihfw fuhglw dqg lqvxudqfh pdunhwv vrph uhglvwulexwlyh srolflhv kdyh d srvlwlyh

h�hfw rq h{�dqwh zhoiduh/ dqg wklv lpsolhv d srolwlfdo vxssruw zklfk ghfuhdvhv zlwk lqhtxdolw|/ dw ohdvw

ryhu vrph udqjh1 Frqyhuvho|/ zlwk fdslwdo pdunhw lpshuihfwlrqv orzhu uhglvwulexwlrq wudqvodwhv lqwr

pruh shuvlvwhqw lqhtxdolw|1 Khqfh wkh srwhqwldo iru pxowlsoh vwhdg|0vwdwhv/ zlwk pxwxdoo| uhlqiruflqj kljk

lqhtxdolw| dqg orz uhglvwulexwlrq/ ru ylfh�yhuvd1

Nh|zrugv= Lqfrph Glvwulexwlrq/ Srolwlfdo Hfrqrp|/ Vrfldo Frqwudfw/ Wd{dwlrq/ Zhoiduh Vwdwh/ Hgxfdwlrq

Ilqdqfh/ Lqhtxdolw|1

MHO fodvvl�fdwlrq= G64/ H95/ S49/ R74/ L551



Lqwurgxfwlrq

Wkh vrfldo frqwudfw ydulhv frqvlghudeo| dfurvv qdwlrqv1 Vrph kdyh orz wd{ udwhv/ rwkhuv d vwhhso|

surjuhvvlyh �vfdo v|vwhp1 Pdq| frxqwulhv kdyh pdgh wkh �qdqflqj ri hgxfdwlrq dqg khdowk lqvxudqfh wkh

uhvsrqvlelolw| ri wkh vwdwh> vrph/ qrwdeo| wkh Xqlwhg Vwdwhv/ kdyh ohiw wkhp lq odujh sduw wr idplolhv/ orfdo

frppxqlwlhv dqg hpsor|huv1 Wkh h{whqw ri lpsolflw uhglvwulexwlrq wkurxjk oderu pdunhw srolflhv ru wkh pl{

ri sxeolf jrrgv dovr vkrzv shuvlvwhqw gl�huhqfhv1 Fdq wkhvh vrflhwdo fkrlfhv eh h{sodlqhg zlwkrxw dsshdolqj

wr h{rjhqrxv gl�huhqfhv lq wdvwhv/ whfkqrorjlhv/ ru srolwlfdo v|vwhpvB

Dgglqj wr wkh sx}}oh lv wkh idfw wkdw uhglvwulexwlrq lv riwhq fruuhodwhg zlwk lqfrph lqhtxdolw| lq mxvw wkh

rssrvlwh zd| wkdq suhglfwhg e| vwdqgdug srolwlfr�hfrqrplf wkhru|= dprqj lqgxvwuldo ghprfudflhv wkh pruh

xqhtxdo rqhv whqg wr uhglvwulexwh ohvv/ qrw pruh1 Wkh dufkhw|sdo fdvh lv wkdw ri wkh Xqlwhg Vwdwhv yhuvxv

Zhvwhuq Hxursh/ exw wkh revhuydwlrq krogv zlwklq wkh odwwhu jurxs dv zhoo> wkxv Vfdqglqdyldq frxqwulhv duh

erwk wkh prvw htxdo dqg wkh prvw uhglvwulexwlyh1 Lq wkh ghyhorslqj zruog d vlplodu frqwudvw lv irxqg lq

wkh lqflghqfh ri sxeolf hgxfdwlrq dqg khdowk vhuylfhv/ zklfk lv pxfk pruh surjuhvvlyh lq Hdvw Dvld wkdq lq

Odwlq Dphulfd +h1j1/ Vrxwk Nruhd yhuvxv Eud}lo,1 Wxuqlqj �qdoo| wr wlph wuhqgv/ lw lv udwkhu vwulnlqj wkdw

wkh zhoiduh vwdwh lv ehlqj fxw edfn lq prvw lqgxvwuldo ghprfudflhv dw wkh vdph wlph wkdw dq xqsuhfhghqwhg

ulvh lq lqhtxdolw| lv rffxuulqj1

Wkh sxusrvh ri wklv sdshu lv wr ghyhors d mrlqw wkhru| ri lqhtxdolw| dqg wkh vrfldo frqwudfw zklfk fdq

khos uhvroyh wkhvh sx}}ohv1 Lq wkh surfhvv/ lw dovr vhuyhv wr uhfrqfloh fhuwdlq hpslulfdo �qglqjv ri wkh uhfhqw

olwhudwxuh rq srolwlfdo hfrqrp| dqg jurzwk1 Vhyhudo dxwkruv vxfk dv Shuvvrq dqg Wdehoolql +4<<7, ru Dohvlqd

dqg Urguln +4<<7, kdyh grfxphqwhg d qhjdwlyh uhodwlrqvkls ehwzhhq lqlwldo glvsdulwlhv ri lqfrph ru zhdowk

dqg vxevhtxhqw djjuhjdwh jurzwk1 Wkh sursrvhg h{sodqdwlrq lv wkdw juhdwhu lqhtxdolw| wudqvodwhv lqwr d

srruhu phgldq yrwhu uhodwlyh wr wkh frxqwu|*v phdq lqfrph/ dv lq Phow}hu dqg Ulfkdugv +4<;4,1 Wklv ohdgv

wr lqfuhdvhg suhvvxuh iru uhglvwulexwlyh srolflhv/ zklfk lq wxuq uhgxfh lqfhqwlyhv iru wkh dffxpxodwlrq ri

sk|vlfdo dqg kxpdq fdslwdo1 Wkh gdwd/ krzhyhu/ gr qrw vxssruw wklv h{sodqdwlrq1 Shurwwl +4<<7,/ +4<<9,

dqg prvw ri wkh rwkhu vwxglhv uhylhzhg lq Eìqderx +4<<9f, �qg qr uhodwlrqvkls ehwzhhq lqhtxdolw| dqg wkh

vkduh ri wudqvihuv ru jryhuqphqw h{shqglwxuhv lq JGS1 Dprqj dgydqfhg frxqwulhv wkh h�hfw lv dfwxdoo|

qhjdwlyh/ dv vxjjhvwhg e| wkh deryh h{dpsohv +Urguljxh} +4<<:,,14 Dv wr wkh h�hfw ri wudqvihuv rq jurzwk/

prvw vwxglhv |lhog hvwlpdwhv zklfk duh lq idfw vljql�fdqwo| srvlwlyh1

Wkh srlqw ri ghsduwxuh iru wklv sdshu lv d udwkhu gl�huhqw ylhz ri erwk wkh uroh ri wkh vwdwh dqg wkh

zrunlqjv ri wkh srolwlfdo surfhvv1 Zkhq fdslwdo dqg lqvxudqfh pdunhwv duh lpshuihfw/ d ydulhw| ri srolflhv

zklfk uhglvwulexwh zhdowk iurp ulfkhu wr srruhu djhqwv fdq kdyh d srvlwlyh qhw h�hfw rq djjuhjdwh rxwsxw/

jurzwk/ ru pruh jhqhudoo| h{�dqwh zhoiduh1 H{dpsohv frqvlghuhg khuh zloo lqfoxgh vrfldo lqvxudqfh wkurxjk

surjuhvvlyh wd{hv dqg wudqvihuv/ vwdwh ixqglqj ri sxeolf hgxfdwlrq/ dqg uhvlghqwldo lqwhjudwlrq1 Qhw h!flhqf|

4Xvlqj sdqho gdwd iru 53 RHFG frxqwulhv dqg frqwuroolqj iru qdwlrqdo lqfrph/ srsxodwlrq dqg wkh djh glvwulexwlrq/
Urguljxh} +4<<:, �qgv wkdw suh0wd{ lqhtxdolw| kdv d vljql�fdqwo| qhjdwlyh h�hfw rq hyhu| pdmru fdwhjru| ri vrfldo wudqvihuv
dv d iudfwlrq ri JGS/ dv zhoo dv rq wkh fdslwdo wd{ udwh1 Khqulhw dqg Urfkhw +4<<:, vkrz/ iru d furvv�vhfwlrq ri 4; RHFG
frxqwulhv/ wkdw sxeolf khdowk fryhudjh lv pruh h{whqvlyh zkhuh rwkhu irupv ri uhglvwulexwlrq duh dovr kljkhu1
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jdlqv ohdg wr yhu| gl�huhqw srolwlfdo hfrqrp| frqvhtxhqfhv iurp wkrvh ri vwdqgdug prghov= srsxodu vxssruw

iru vxfk uhglvwulexwlyh srolflhv ghfuhdvhv zlwk lqhtxdolw|/ dw ohdvw ryhu vrph udqjh1 Lqwxlwlyho|/ h!flhqw

uhglvwulexwlrqv phhw zlwk d zlgh frqvhqvxv lq d idluo| krprjhqrxv vrflhw| exw idfh vwurqj rssrvlwlrq lq

dq xqhtxdo rqh1 Frqyhuvho|/ li djhqwv hqjdjh lq dq| w|sh ri lqyhvwphqw/ fdslwdo pdunhw lpshuihfwlrqv

lpso| wkdw orzhu uhglvwulexwlrq wudqvodwhv lqwr pruh shuvlvwhqw lqhtxdolw|1 Wkh frpelqdwlrq ri wkhvh wzr

phfkdqlvpv fuhdwhv wkh srwhqwldo iru pxowlsoh vwhdg|0vwdwhv= pxwxdoo| uhlqiruflqj kljk lqhtxdolw| dqg orz

uhglvwulexwlrq/ ru orz lqhtxdolw| dqg kljk uhglvwulexwlrq1 Whpsrudu| vkrfnv wr wkh glvwulexwlrq ri lqfrph

ru wkh srolwlfdo v|vwhp fdq wkhq kdyh shupdqhqw h�hfwv1

L irupdol}h wkhvh lghdv lq d vwrfkdvwlf jurzwk prgho zlwk lqfrpsohwh dvvhw pdunhwv dqg khwhurjhqhrxv

djhqwv zkr yrwh ryhu uhglvwulexwlyh srolflhv/ zkhwkhu �vfdo ru hgxfdwlrqdo1 Lq wkh vkruw uxq/ uhglvwulexwlrq

lv vkrzq wr eh X�vkdshg zlwk uhvshfw wr lqhtxdolw|> lq wkh orqj uxq wkh| duh qhjdwlyho| fruuhodwhg dfurvv

vwhdg|�vwdwhv1 Wkhuh duh wzr lpsruwdqw lqjuhglhqwv lq wkh dqdo|vlv1 Wkh �uvw rqh lv wkdw uhglvwulexwlrq

hqkdqfh h{�dqwh zhoiduh/ dw ohdvw xs wr d srlqw1 L wkxv h{dplqh srolflhv zklfk uhgxfh wkh yduldqfh dqg

srvvleo| lqfuhdvh wkh phdq ri idplo| lqfrph/ e| surylglqj lqvxudqfh djdlqvw lglrv|qfudwlf vkrfnv dqg

uhod{lqj fuhglw frqvwudlqwv1 Wkh vhfrqg rqh lv d vlpsoh h{whqvlrq ri wkh vwdqgdug yrwlqj prgho/ uh hfwlqj

wkh idfw wkdw vrph jurxsv kdyh pruh lq xhqfh lq wkh srolwlfdo surfhvv wkdq rwkhuv1 L suhvhqw h{whqvlyh

hylghqfh wkdw wkh surshqvlwlhv wr yrwh/ jlyh srolwlfdo frqwulexwlrqv/ zrun rq fdpsdljqv dqg sduwlflsdwh lq

prvw irupv ri srolwlfdo dfwlylw| ulvh zlwk lqfrph dqg hgxfdwlrq1 Lq wkh prgho wkh slyrwdo djhqw lv ulfkhu

wkdq wkh phgldq/ exw kh qhhg qrw eh ulfkhu wkdq wkh phdq1 Lw vkrxog eh hpskdvl}hg wkdw L gr qrw dsshdo wr

yduldwlrqv lq srolwlfdo uljkwv ru sduwlflsdwlrq wr h{sodlq frxqwulhv* gl�huhqw vrflhwdo fkrlfhv= wklv sdudphwhu

lv nhsw �{hg dfurvv vwhdg|0vwdwhv1 Lq wkh frpsdudwlyh vwdwlfv dqdo|vlv L ydu| wkh h!flhqf| frvwv dqg ehqh�wv

ri uhglvwulexwlrq rq wkh rqh kdqg +yld wkh hodvwlflw| ri oderu vxsso| dqg wkh ghjuhh ri ulvn dyhuvlrq,/ wkh

srolwlfdo v|vwhp rq wkh rwkhu/ vr dv wr lghqwli| wkhlu uhvshfwlyh frqwulexwlrqv wr wkh uhvxowv1 Lq sduwlfxodu/

wkhuh h{lvwv d fulwlfdo ohyho iru wkh +qrupdol}hg, jdlq lq h{�dqwh zhoiduh iurp d uhglvwulexwlyh srolf|/ vxfk

wkdw= +l, ehorz wklv wkuhvkrog/ qr doorfdwlrq ri srolwlfdo lq xhqfh fdq vxvwdlq pruh wkdq d vlqjoh vrfldo

frqwudfw> +ll, deryh wklv wkuhvkrog/ pxowlsoh vwhdg|0vwdwhv rffxu surylghg wkh srolwlfdo zhljkw ri wkh ulfk lv

qhlwkhu wrr odujh qru wrr vpdoo1

Zkhq wzr �xqhtxdo vrflhwlhv� dulvh iurp frpprq ixqgdphqwdov wkh| fdqqrw eh Sduhwr�udqnhg/ do0

wkrxjk wkh pruh uhglvwulexwlyh rqh kdv orzhu lqhtxdolw| dqg juhdwhu vrfldo prelolw|1 Dv wr pdfurhfrqrplf

shuirupdqfh/ wkh wudghr� ehwzhhq wd{ glvwruwlrqv dqg oltxlglw|�frqvwudlqw h�hfwv doorzv iru wzr lqwhuhvwlqj

vfhqdulrv1 Rqh/ whuphg �jurzwk�hqkdqflqj uhglvwulexwlrqv�/ fdq khos dffrxqw iru wkh srvlwlyh frh!flhqwv

ri wudqvihuv lq jurzwk uhjuhvvlrqv/ dv zhoo dv wkh frqwulexwlrqv ri hgxfdwlrq dqg odqg srolflhv lq Hdvw�Dvldq

dqg Odwlq Dphulfdq frxqwulhv wr wkhlu uhvshfwlyh ghyhorsphqwv +ru odfn wkhuhri,1 Wkh rwkhu/ whuphg �hx0

urvfohurvlv/� h{sodlqv krz Hxurshdq yrwhuv fdq fkrrvh wr vdful�fh pruh hpsor|phqw dqg jurzwk wr vrfldo

lqvxudqfh wkdq wkhlu Dphulfdq frxqwhusduwv/ hyhq wkrxjk erwk srsxodwlrqv kdyh wkh vdph edvlf suhihu0

hqfhv1 Dqrwkhu qrwdeoh suhglfwlrq ri wkh prgho lv wkdw/ ghshqglqj rq wkhlu vrxufh/ h{rjhqrxv vkrfnv wr
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lqfrph lqhtxdolw| zloo eulqj derxw vkduso| gl�huhqw hyroxwlrqv ri wkh vrfldo frqwudfw1 Wkxv/ dq lqfuhdvhg

yduldelolw| ri vhfwrudo vkrfnv zloo ohdg wr dq h{sdqvlrq ri wkh vrfldo vdihw| qhw/ zkloh d vxujh lq lppljudwlrq

pd| surpsw odujh�vfdoh fxwedfnv1

Wkh prgho dovr kdv vhyhudo lqwhuhvwlqj phwkrgrorjlfdo ihdwxuhv1 Wkh �uvw lv dqdo|wlfdo wudfwdelolw|1 Lq0

glylgxdo wudqvlwlrqv duh olqhdu/ uh hfwlqj wkh devhqfh ri qrq0frqyh{lwlhv> |hw rqh rewdlqv pxowlsolflw|1 Wkh

glvwulexwlrq ri zhdowk uhpdlqv orj0qrupdo/ ohdglqj wr hdvlo| lqwhusuhwdeoh forvhg�irup vroxwlrqv1 Vhfrqg/

zkhuhdv wkh suhylrxv olwhudwxuh kdv irfxvhg rq sursruwlrqdo wd{dwlrq/ L vkrz krz wr lqfrusrudwh surjuhv0

vlylw|1 Wklug/ L irupdol}h srolwlfdo lq xhqfh lq dq lqwxlwlyh dqg wudfwdeoh pdqqhu1 Wkhvh prghoolqj ghylfhv

frxog eh xvhixo lq rwkhu vhwwlqjv1

Wkhuh duh wkuhh vwudqgv ri uhfhqw olwhudwxuh wr zklfk wkh sdshu lv uhodwhg1 Wkh �uvw rqh hpskdvl}hv

wkh srolwlfdo hfrqrp| ri uhglvwulexwlrq +Ehuwrod +4<<6,/ Shurwwl +4<<6,/ Vdlqw0Sdxo dqg Yhuglhu +4<<6,/

Dohvlqd dqg Urguln +4<<7,/ Shuvvrq dqg Wdehoolql +4<<7,/ +4<<9,/ Ehqkdele dqg Uxvwlfklql +4<<9,,1 Wkh

vhfrqg rqh lv frqfhuqhg zlwk wkh �qdqflqj dqg dffxpxodwlrq ri kxpdq fdslwdo +Orxu| +4<;4,/ Jorpp dqg

Udylnxpdu +4<<5,/ Jdoru dqg ]hlud +4<<6,/ Eìqderx +4<<9d,/ Gxuodxi +4<<9d,/ Ihuqdqgh} dqg Urjhuvrq

+4<<7,/ Judgvwhlq dqg Mxvwpdq +4<<:,,1 Wkh wklug rqh vwuhvvhv wkh zhdowk dqg lqfhqwlyh frqvwudlqwv zklfk

ehdu rq hqwuhsuhqhxuldo lqyhvwphqw +Edqhumhh dqg Qhzpdq +4<<4,/ +4<<6,/ Djklrq dqg Erowrq +4<<:,/

Slnhww| +4<<:,,1 Prvw gluhfwo| uhodwhg duh wkh prghov lq Eìqderx +4<<9d,/ +4<<9f,/ xsrq zklfk L exlog/

dqg wkh sdshu e| Vdlqw0Sdxo +4<<7,/ zklfk lghqwl�hv dqrwkhu srolwlfr0hfrqrplf phfkdqlvp zlwk surshuwlhv

uhodwhg wr wkrvh rewdlqhg khuh1 Vdlqw0Sdxo srlqwv rxw wkdw lqfuhdvhv lq lqhtxdolw| zkrvh dgyhuvh lpsdfw lv

frqfhqwudwhg lq wkh orzhu wdlo ri wkh lqfrph glvwulexwlrq pd| eh dffrpsdqlhg e| d ulvh lq phgldq lqfrph

uhodwlyh wr wkh phdq1 Wkh plggoh fodvv/ zklfk uhpdlqv srolwlfdoo| ghflvlyh/ zloo wkhq uhgxfh lwv wudqvihuv wr

wkh srru1 Li h{lw iurp sryhuw| uhtxluhv vrph nlqg ri lqyhvwphqw/ fdslwdo pdunhw lpshuihfwlrqv pd| wkhq

ohdg wr pxowlsoh vwhdg|0vwdwhv= d odujh xqghufodvv zklfk shuvlvwv gxh wr orz uhglvwulexwlrq/ ru rqh zklfk lv

nhsw vpdoo e| vljql�fdqw wudqvihuv1 Slnhww| +4<<8, surylghv dqrwkhu h{sodqdwlrq iru lqwhuqdwlrqdo gl�huhqfhv

lq uhglvwulexwlrq/ vlplodu wr d froohfwlyh irup ri wkh edqglw sureohp1 Ehfdxvh lqglylgxdo h{shulphqwdwlrq lv

frvwo|/ djhqwv qhyhu ixoo| ohduq wkh h{whqw wr zklfk lqfrph lv d�hfwhg e| h�ruw udwkhu wkdq suhghwhuplqhg e|

vrfldo ruljlqv1 Wkh flwl}hqv ri rwkhuzlvh lghqwlfdo frxqwulhv pd| wkhq hqg xs zlwk gl�huhqw glvwulexwlrqv ri

eholhiv frqfhuqlqj vrfldo prelolw|/ zklfk wudqvodwh lqwr gl�huhqw shufhlyhg wudghr�v ehwzhhq wkh lqvxudqfh

dqg lqfhqwlyh h�hfwv ri uhglvwulexwlrq1

Wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq L h{sodlqv wkh pdlq lghdv xvlqj wkh vlpsohvw srvvleoh vhwxs/

zklfk wuhdwv wkh djjuhjdwh lpsdfw ri uhglvwulexwlrq dv h{rjhqrxv1 Vhfwlrq LL suhvhqwv wkh dfwxdo hfrqrplf

prgho/ zklfk frpelqhv lqfrpsohwh dvvhw pdunhwv dqg surjuhvvlyh wd{dwlrq1 Vhfwlrq LLL ghvfulehv wkh sr0

olwlfdo v|vwhp/ wkhq vkrzv krz d qrq�prqrwrqlf uhodwlrqvkls ehwzhhq lqhtxdolw| dqg uhglvwulexwlrq dulvhv

lq wkh vkruw uxq1 Vhfwlrq LY dqdo|}hv wkh vwhdg|�vwdwh ri dq hqgrzphqw hfrqrp|1 Wkh h{whqw ri vrfldo

lqvxudqfh fkrvhq e| yrwhuv lqfuhdvhv zlwk lqfrph xqfhuwdlqw| exw pd| ghfuhdvh zlwk wkh shuvlvwhqfh ri

hqgrzphqw vkrfnv1 Vhfwlrq Y vroyhv wkh ixoo prgho zlwk dffxpxodwlrq1 Wkh udqjh ri hfrqrplf dqg sr0
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olwlfdo �ixqgdphqwdov� zklfk doorz pxowlsoh vwhdg|�vwdwhv wr dulvh lv fkdudfwhul}hg/ dqg wkh udwhv ri vrfldo

prelolw| dqg djjuhjdwh jurzwk xqghu dowhuqdwlyh uhjlphv duh frpsduhg1 Vhfwlrq YL uhfdvwv wkh prgho vr dv

wr h{sodlq gl�huhqfhv lq frxqwulhv* v|vwhpv ri hgxfdwlrq �qdqfh/ zklfk uhsuhvhqw wkh prvw vwulnlqj h{dpsoh

ri glyhujhqfh lq wkh vrfldo frqwudfw1 Vhfwlrq YLL glvfxvvhv rwkhu dssolfdwlrqv vxfk dv dowuxlvp/ uhvlghqwldo

lqwhjudwlrq dqg wkh pl{ ri sxeolf jrrgv1 Vhfwlrq YLLL frqfoxghv1 Doo surriv duh jdwkhuhg lq wkh dsshqgl{1

L D Vlpsol�hg Suhvhqwdwlrq ri wkh Pdlq Lghdv

Dv d suhoxgh wr wkh wkh dfwxdo prgho/ L suhvhqw lq wklv vhfwlrq d kljko| vw|ol}hg uhgxfhg irup zklfk r�huv

d gluhfw vkruwfxw wr wkh pdlq lqwxlwlrqv dqg uhvxowv1

D Wkh Vwdqgdug Ylhz

Ohw wkhuh eh d frqwlqxxp ri djhqwv/ l 5 ^3> 4`> zlwk orj0qrupdoo| glvwulexwhg hqgrzphqwv= oq|l � Q +p>�5,1

Wkh orj0qrupdo lv d jrrg dssur{lpdwlrq ri hpslulfdo lqfrph glvwulexwlrqv/ ohdgv wr wudfwdeoh uhvxowv dqg

doorzv iru dq xqdpeljxrxv gh�qlwlrq ri lqhtxdolw|/ dv lqfuhdvhv lq �5 vkliw wkh Oruhq} fxuyh rxwzdug1 Wklv

yduldqfh dovr phdvxuhv wkh glvwdqfh ehwzhhq phgldq dqg shu fdslwd lqfrph= p @ oq| � �5@5/ zkhuh

| � H^|l`= Vxssrvh qrz wkdw djhqwv duh idfhg zlwk wkh fkrlfh ehwzhhq wzr vw|ol}hg srolflhv=

+S, odlvvh}0idluh= hdfk frqvxphv klv rzq hqgrzphqw/ fl @ |l> iru doo l=

+ eS, frpsohwh uhglvwulexwlrq= uhvrxufhv duh srrohg/ dqg hyhu|rqh frqvxphv fl @ |=

Vkdulqj lv uhvwulfwhg wr eh hlwkhu }hur ru rqh iru vlpsolflw|/ exw qrwklqj fkdqjhv zlwk d phqx ri wd{ udwhv

� 5 ^3>4`= Krz pdq| shrsoh duh lq idyru ri uhglvwulexwlrq/ lq wklv ehqfkpdun fdvh zkhuh lwv kdv qr djjuhjdwh

lpsdfwB Fohduo|/ doo wkrvh zlwk hqgrzphqw ehorz wkh phdq / l1h1 d sursruwlrq

s @ �

�
�5@5

�

�
@ �

�
�

5

�
+4,

zkhuh �+�, lv wkh f1g1i1 ri d vwdqgdug qrupdo1 Ehfdxvh wkh lqfrph glvwulexwlrq lv uljkw�vnhzhg wkh phgldq lv

ehorz wkh phdq/ vr s A 4@5= D vwulfw pdmrulw| uxoh zrxog wkxv suhglfw wkdw uhglvwulexwlrq vkrxog dozd|v wdnh

sodfh1 Lq uhdolw| wkh srru yrwh zlwk orzhu suredelolw| wkdq wkh ulfk dqg/ wr vrph h{whqw/ prqh| ex|v srolwlfdo

lq xhqfh1 Wkhuhiruh wkh uhohydqw wkuhvkrog iru uhglvwulexwlrq wr rffxu pd| qrw eh s� @ 83( @ �+3,> exw

s� @�+�,> � A 31 Iru lqvwdqfh li wkh � srruhvw djhqwv qhyhu yrwh/ �+�, @ +4 . �,@5=5

Zkdw lv lpsruwdqw dqg urexvw lq +4, lv wkhuhiruh qrw wkh ohyho h�hfw/ s A 4@5/ exw wkh frpsdudwlyh

vwdwlfv/ Cs@C� A 3 = lq d pruh xqhtxdo vrflhw| wkhuh lv juhdwhu srolwlfdo vxssruw iru uhglvwulexwlrq1 Iru dq|

ghjuhh ri eldv � lq wkh yrwlqj v|vwhp/ srvlwlyh ru qhjdwlyh/ wkh olnholkrrg wkdw uhglvwulexwlrq wdnhv sodfh

lqfuhdvhv zlwk lqhtxdolw| �ru pruh vshfl�fdoo|/ vnhzqhvv1 Wklv uhvxow lv rqo| uhlqirufhg xqghu wkh vwdqgdug

dvvxpswlrq wkdw uhglvwulexwlrq hqwdlov vrph ghdgzhljkw orvv +hqgrjhql}hg odwhu rq,/ uhgxflqj dydlodeoh

5Vhfwlrq LLL zloo irupdol}h lq pruh ghwdlo �dv zhoo dv suhvhqw h{whqvlyh hylghqfh rq� wkh lq xhqfh ri lqfrph dqg kxpdq
zhdowk rq prvw irupv ri srolwlfdo dfwlylw|1
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uhvrxufhv iurp | wr |h�E > E A 31 Jlyhq wkh fkrlfh ehwzhhq odlvvh}0idluh dqg vkdulqj wklv uhgxfhg slh/ wkh

h{whqw ri srolwlfdo vxssruw iru wkh lqh!flhqw uhglvwulexwlrq lv=

s @�

��E .�5@5

�

�
@ �

�
�E

�
.

�

5

�
=+5,

Qrwh wkdw qrz sA
? 4@5 exw Cs@C� lv hyhq pruh srvlwlyh wkdq ehiruh1 Dv lqhtxdolw| lqfuhdvhv/ vr grhv

wkh olnholkrrg wkdw d srolf| zklfk uhgxfhv djjuhjdwh lqfrph jhwv lpsohphqwhg1 Wklv/ lq hvvhqfh/ lv wkh

phfkdqlvp e| zklfk lqhtxdolw| uhgxfhv jurzwk lq prghov vxfk dv Dohvlqd dqg Urguln +4<<7,/ Shuvvrq

dqg Wdehoolql +4<<7, ru vrph fdvhv ri Ehuwrod +4<<6, dqg Shurwwl +4<<6,16 Wkh lghd wkdw glvwulexwlrqdo

frq lfw kdpshuv hfrqrplf shuirupdqfh dsshduv wr eh vxssruwhg e| wkh hylghqfh= d qxpehu ri vwxglhv kdyh

frq�uphg Shuvvrq dqg Wdehoolql*v dqg Dohvlqd dqg Urguln*v �qglqjv ri d qhjdwlyh h�hfw ri lqhtxdolw| rq

jurzwk17 Wklv fruuhodwlrq/ krzhyhu/ grhv qrw vhhp wr dulvh wkurxjk lqfuhdvhg uhglvwulexwlrq1 Shurwwl +4<<7,

+4<<9,/ Olqghuw +4<<9, dqg Nhhihu dqg Nqdfn +4<<8, vkrz wkdw wkhuh lv qr uhodwlrqvkls ehwzhhq wkh lqfrph

vkduh ri wkh plggoh fodvv +zklfk fruuhvsrqgv wr wkh phgldq yrwhu, dqg dq| wd{ udwh ru vkduh ri jryhuqphqw

wudqvihuv lq JGS1 Fodunh +4<<5, �qgv qr fruuhodwlrq ehwzhhq dq| phdvxuh ri lqhtxdolw| dqg jryhuqphqw

frqvxpswlrq1 Dv fdvxdo hpslulflvp vxjjhvwv/ pruh xqhtxdo frxqwulhv gr qrw uhglvwulexwh pruh1 Dprqj

dgydqfhg qdwlrqv/ wkh| dfwxdoo| uhglvwulexwh ohvv +Urguljxh} +4<<:,,1 Ixuwkhupruh/ wkh frh!flhqwv rq

wudqvihuv lq jurzwk uhjuhvvlrqv duh prvw riwhq vljql�fdqwo| srvlwlyh= vhh dprqj rwkhuv Olqghuw +4<<9,/ Vdod0

l0Pduwlq +4<<9,/ Ghydudmdq/ Vzdurrs dqg ]rx +4<<6,/ dqg hvshfldoo| Shurwwl +4<<7, +4<<9,/ zkr frqwurov

iru wkh hqgrjhqhlw| ri uhglvwulexwlrq1

E H!flhqf| Jdlqv dqg Uhglvwulexwlrq= wkh Vwdwlf Fdvh

Lq d zruog ri lqfrpsohwh lqvxudqfh dqg ordq pdunhwv/ vrph srolflhv zlwk uhglvwulexwlyh ihdwxuhv fdq kdyh

d srvlwlyh h�hfw rq wrwdo zhoiduh dqg hyhq rxwsxw +dv wkh hylghqfh rq wudqvihuv dqg jurzwk pd| vxjjhvw,1

H{�dqwh zhoiduh jdlqv/ lq wxuq/ lpso| d srolwlfdo vxssruw wkdw ydulhv zlwk lqhtxdolw| lq d udglfdoo| gl�huhqw

zd| iurp wkh wudglwlrqdo rqh1 Lqghhg/ vxssrvh wkdw e| uhglvwulexwlqj uhvrxufhv djhqwv dfklhyh lqfuhdvhg

h!flhqf|/ vr wkdw hdfk jhwv wr frqvxph |hE= Iru qrz L frqwlqxh wr wdnh E A 3 dv h{rjhqrxv/ exw odwhu rq

L vkdoo ghulyh lw iurp d ydulhw| ri fkdqqhov= lqvxudqfh/ dowuxlvp/ ru fuhglw frqvwudlqwv rq wkh dffxpxodwlrq

ri kxpdq dqg sk|vlfdo fdslwdo1 Wkh iudfwlrq ri shrsoh zkr vxssruw dq h!flhqw uhglvwulexwlrq lv=

s @ �

�
E .�5@5

�

�
@ �

�
E

�
.

�

5

�
=+6,

Lw lv ri frxuvh dozd|v kljkhu wkdq +4, dqg +5,/ exw wkh lpsruwdqw srlqw lv wkh rqh looxvwudwhg rq Iljxuh 41

6Qdwxudoo|/ wklv vlpsoh uhgxfhg irup idlov wr fdswxuh wkh ulfkqhvv ri wkh ruljlqdo prghov1
7 Vhh Eìqderx +4<<9f, iru d vxuyh| ri hpslulfdo vwxglhv rq lqhtxdolw| dqg jurzwk1 Dv zlwk qhduo| doo jurzwk uhjuhvvlrqv/

rqh vkrxog ehdu lq plqg wkdw wklv �qglqj lv urexvw wr d ydulhw| ri/ exw qrw wr doo/ fkdqjhv lq vshfl�fdwlrq1 Lq dq| fdvh/ wklv
fruuhodwlrq lv qrw hvvhqwldo wr rxu uhvxowv/ zklfk sulpdulo| lqyroyh lqhtxdolw| dqg uhglvwulexwlrq1 Wkxv/ Vhfwlrq Y1E lghqwl�hv
sdudphwhuv vxfk wkdw lqhtxdolw| dqg jurzwk duh srvlwlyho|/ ru qhjdwlyho|/ fruuhodwhg dfurvv vwhdg|�vwdwhv1
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Sursrvlwlrq 4 Zkhq d uhglvwulexwlyh srolf| jhqhudwhv jdlqv lq h{�dqwh h!flhqf|/ srolwlfdo vxssruw iru lw

lqlwldoo| ghfolqhv zlwk lqhtxdolw|1 Lq wkh suhvhqw iudphzrun/ wkh uhodwlrqvkls lv X0vkdshg1

Wkh lqwxlwlrq lv vlpsoh= zkhq glvshuvlrq lv uhodwlyho| vpdoo frpsduhg wr wkh dyhudjh jdlq/ wkhuh lv

qhdu xqdqlprxv vxssruw iru wkh srolf|1 Dv lqhtxdolw| ulvhv/ wkh sursruwlrq ri wkrvh zkr vwdqg wr orvh

iurp wkh uhglvwulexwlrq lqfuhdvhv1 Dw kljk hqrxjk ohyhov ri lqhtxdolw|/ krzhyhu/ wkh vwdqgdug vnhzqhvv

h�hfw hyhqwxdoo| grplqdwhv= wkhuh duh vr pdq| srru wkdw wkh| lpsrvh uhglvwulexwlrq qr pdwwhu zkdw lwv

djjuhjdwh lpsdfw1 Wkhuh lv wkxv qr prqrwrqlf uhodwlrqvkls ehwzhhq lqfrph lqhtxdolw| ru wkh uhodwlyh

srvlwlrq ri wkh phgldq djhqw +erwk phdvxuhg khuh e| �5, dqg wkh olnholkrrg ri uhglvwulexwlrq18

Wr uhodwh wkh h{whqw ri srsxodu vxssruw iru d srolf| wr dfwxdo rxwfrphv rqh qhhgv wr vshfli| wkh phfk0

dqlvp wkurxjk zklfk suhihuhqfhv duh djjuhjdwhg1 L vkdoo frqwlqxh wr dvvxph wkdw uhglvwulexwlrq rffxuv li s

h{fhhgv d wkuhvkrog s� � �+�,> zkhuh � uh hfwv wkh ghjuhh wr zklfk �qdqfldo ru kxpdq zhdowk frqwulexwhv

wr srolwlfdo lq xhqfh1 Pruh jhqhudoo|/ wkh suredelolw| ri lpsohphqwdwlrq frxog eh vrph lqfuhdvlqj ixqfwlrq

ri s= Iljxuh 4 vkrzv wkdw rqo| li uhglvwulexwlrq*v djjuhjdwh lpsdfw E lv srvlwlyh fdq wkh srolf| eh dedq0

grqhg dv wkh uhvxow ri juhdwhu lqhtxdolw| �qr pdwwhu krz eldvhg wkh srolwlfdo v|vwhp pljkw eh1 Frqyhuvho|/

d srvlwlyh � lv qhhghg iru wkh srolwlfdo rxwfrph wr uh hfw wkh gurs lq srsxodu vxssruw1 Wkh ixoo prgho zloo

frq�up wkh mrlqw lpsruwdqfh ri h!flhqf| jdlqv dqg zhdowk eldv lq vkdslqj d ghfolqlqj uhodwlrqvkls ehwzhhq

lqhtxdolw| dqg uhglvwulexwlrq1 Wkh dujxphqwv vhhq khuh iru d }hur�rqh srolf| fkrlfh zloo wkhq dsso| wr

pdujlqdo fkdqjhv lq wkh wd{ udwh/ l1h1 wr hyhu| hohfwrudo frqwhvw ehwzhhq � dqg � . g�=

Ilqdoo|/ frqvlghu wkh g|qdplf lpsolfdwlrqv ri Sursrvlwlrq 41 D vrflhw| zklfk vwduwv zlwk hqrxjk zhdowk

glvsdulw| wr �qg lwvhoi ehorz s� rq wkh X0vkdshg fxuyh ri Iljxuh 4 zloo qrw lpsohphqw wkh uhglvwulexwlyh

srolf|> dv d uhvxow/ kljk lqhtxdolw| zloo shuvlvw lqwr wkh qh{w shulrg ru jhqhudwlrq1 Frqyhuvho|/ orz lqhtxdolw|

fuhdwhv zlgh srolwlfdo vxssruw iru h!flhqw srolflhv zklfk suhyhqw glvsdulwlhv iurp jurzlqj1 Wkh g|qdplf

ihhgedfn rshudwhv zkhqhyhu vrph irup ri lqyhvwphqw lv fuhglw�frqvwudlqhg/ vr wkdw fxuuhqw uhvrxufhv d�hfw

ixwxuh hduqlqjv1 Wkxv wkh vdph w|sh ri pdunhw lpshuihfwlrqv zklfk fdq jlyh ulvh wr d +sduwo|, ghfuhdv0

lqj uhodwlrqvkls ehwzhhq lqhtxdolw| dqg wudqvihuv dovr surylgh wkh vhfrqg lqjuhglhqw uhtxluhg iru pxowlsoh

vwhdg|0vwdwhv1 Wkhvh g|qdplfv duh uhsuhvhqwhg rq Iljxuh 5 +zklfk zloo eh irupdoo| ghulyhg odwhu rq,/ iru

d frqwlqxrxv udwh ri uhglvwulexwlrq � 5 ^3>4`= Wkh X0vkdshg fxuyh � @ W +�, lv vlplodu wr wkdw ri Iljxuh

4/ zkloh wkh ghfolqlqj �@ G+�, orfxv dulvhv iurp wkh dffxpxodwlrq phfkdqlvp1

Wkh pdlq sduw ri wkh sdshu/ wr zklfk L qrz wxuq/ zloo vkrz wkdw doo wkh lqwxlwlrqv rewdlqhg lq wklv

vhfwlrq fduu| ryhu wr d ixoo| vshfl�hg lqwhuwhpsrudo prgho ri lqglylgxdo ehkdylru dqg froohfwlyh fkrlfh1 Lq

sduwlfxodu/ wkh zhoiduh jdlqv dqg orvvhv iurp uhglvwulexwlrq zloo eh hqgrjhqrxv1

8Wkh idfw wkdw lqhtxdolw| d�hfwv srolwlfdo vxssruw iru uhglvwulexwlrq lq rssrvlwh zd|v/ ghshqglqj rq wkh vljq ri lwv djjuhjdwh
lpsdfw/ lv hvvhqwldoo| lqghshqghqw ri glvwulexwlrqdo dvvxpswlrqv1 Iru dq| v|pphwulf glvwulexwlrq 8 E%� zlwk phdq >/ d
v|pphwulf/ phdq�suhvhuylqj vsuhdg ohdgv wr d ghfolqh lq srsxodu vxssruw R ' 8 E> n �� iru doo � : f/ dqg dq lqfuhdvh iru
doo � 	 f1 Lq wkh fdvh ri orj0qrupdoo| glvwulexwhg zhdowk/ d ulvh lq { frpelqhv wklv jhqhudo h�hfw ri glvshuvlrq zlwk d idoo lq
6 ' > 3 {2*2 gxh wr lqfuhdvhg vnhzqhvv> khqfh wkh X0vkdsh1 Wkhvh surshuwlhv uhpdlq wuxh zkhq � lv d ixqfwlrq ri {/ dv
orqj dv lw lqfuhdvhv ohvv wkdq rqh iru rqh zlwk {� Vxfk zloo eh wkh fdvh zkhq � lv hqgrjhql}hg odwhu rq1
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LL Lqfrpsohwh Dvvhw Pdunhwv dqg Surjuhvvlyh Wd{dwlrq

D Whfkqrorj|/ Suhihuhqfhv dqg wkh Wlplqj ri Ghflvlrqv

Wkh hfrqrp| lv srsxodwhg e| ryhuodsslqj�jhqhudwlrqv idplolhv/ l 5 L � ^3> 4`1 Lq jhqhudwlrq w/ dgxow l

frpelqhv klv +kxpdq ru sk|vlfdo, fdslwdo hqgrzphqw nlw zlwk h�ruw olw wr surgxfh rxwsxw/ vxemhfw wr dq

l1l1g1 surgxfwlylw| vkrfn }lw =

|lw @ }lw
�
nlw
�� �

olw
��

=+7,

Wd{hv dqg wudqvihuv/ vshfl�hg ehorz/ wudqvirup wklv jurvv lqfrph |lw lqwr d glvsrvdeoh lqfrph a|lw zklfk

�qdqfhv erwk wkh dgxow*v frqvxpswlrq/ flw> dqg klv lqyhvwphqw/ hlw =

a|lw @ flw . hlw+8,

nlw.4 @ � �lw.4 +n
l
w,

� +hlw,
�+9,

Fdslwdo ghsuhfldwhv jhrphwulfdoo| dw wkh udwh 4� � � ��> dqg lqyhvwphqw lv vxemhfw wr l1l1g1 surgxfwlylw|

vkrfnv �lw= Wkhuh lv qr ordq pdunhw iru �qdqflqj lqglylgxdo lqyhvwphqw ru hgxfdwlrqdo surmhfwv +h1j1/ fkloguhq

fdqqrw eh khog uhvsrqvleoh iru wkh ghewv ri wkhlu sduhqwv, dqg qr lqvxudqfh ru vhfxulwlhv pdunhw zkhuh wkh

lglrv|qfudwlf ulvnv }lw dqg �lw.4 frxog eh glyhuvl�hg dzd|1 Wkhvh duh h{wuhph irupv ri pdunhw lqfrpsohwhqhvv/

exw doo wkdw uhdoo| pdwwhuv lv wkdw wkhuh eh vrph lpshuihfwlrqv19 Erwk vkrfnv duh dvvxphg wr eh orj�

qrupdo zlwk phdq rqh/ dqg lqlwldo kxpdq fdslwdo lv orj�qrupdoo| glvwulexwhg dfurvv idplolhv= wkxv oq }lw �
Q +�y5@5> y5,> oq �lw � Q +�z5@5> z5, dqg oqnl3 � Q +p3>�5

3,=

Dgxowv kdyh olihwlph suhihuhqfhv gh�qhg ryhu wkhlu rzq frqvxpswlrq dqg h�ruw dv zhoo dv wkhlu fklog*v

hqgrzphqw ri fdslwdo/ doo ri zklfk duh udqgrp yduldeohv1 Iroorzlqj Nuhsv dqg Sruwhxv +4<:<,/ Hsvwhlq dqg

]lq +4<;<, dqg Zhlo +4<<3,/ wkhvh suhihuhqfhv zloo eh gh�qhg uhfxuvlyho| zlwk uhvshfw wr wkh vhtxhqfh ri

vkrfnv> vhh Iljxuh 61

hqgrzhg yrwhv ohduqv }lw fkrrvhv olw> uhfhlyhv a|lw frqvxphv flw> fklog hqgrzhg

zlwk nlw rq � w surgxfhv |lw lqyhvwv hlw zlwk nlw.4

& & & & & & &
& &

X l
w @ X+nlw> � w, Y l

w @ Y +nlw> }
l
w> � w,

Iljxuh 6= Suhihuhqfhv dqg wkh Wlplqj ri Ghflvlrqv

9Shurwwl +4<<7, surylghv hylghqfh wkdw fuhglw pdunhw iulfwlrqv uhgxfh djjuhjdwh lqyhvwphqw/ hvshfldoo| zkhuh wkh lqfrph
vkduh ri wkh erwwrp 73( lv orz1 Dgglwlrqdo hylghqfh rq dvvhw pdunhw lqfrpsohwhqhvv dv d frqvwudlqw rq lqyhvwphqw ghflvlrqv
lq hgxfdwlrq dqg iduplqj lv glvfxvvhg lq Eìqderx +4<<9f,1

:



Xsrq glvfryhulqj klv surgxfwlylw| }lw djhqw l fkrrvhv h�ruw/ frqvxpswlrq dqg vdylqjv vr dv wr pd{lpl}h=

oqY l
w � pd{

ol
w
> fl

w

q
+4� �,^oq flw � +olw,

�` . � oq
�
+Hw^+n

l
w.4,

u3 m nlw> }lw`,4@u
3

�r
=+:,

Wkh glvxwlolw| ri h�ruw lv phdvxuhg e| � A 4> zklfk fruuhvsrqgv wr d frpshqvdwhg hodvwlflw| ri oderu vxsso|

htxdo wr 4@+� � 4,= Wkh glvfrxqw idfwru � gh�qhv wkh uhodwlyh zhljkwv ri wkh dgxow*v rzq iholflw| dqg ri klv

ehtxhvw prwlyh/ zkloh klv +uhodwlyh, ulvn�dyhuvlrq zlwk uhvshfw wr wkh fklog*v hqgrzphqw nlw.4 lv phdvxuhg

e| 4� u3= Dw wkh ehjlqqlqj ri shulrg w/ rq wkh rwkhu kdqg/ zkhq hydoxdwlqj dqg yrwlqj ryhu uhglvwulexwlyh

srolflhv/ wkh djhqw kdv qrw |hw ohduqhg }lw= Lq rwkhu zrugv/ kh nqrzv klv w|sh +nlw> }
l
w, lpshuihfwo|1

: Wkh

uhvxowlqj xqfhuwdlqw| ryhu klv h{�srvw xwlolw| ohyho Y l
w lv uh hfwhg lq klv h{�dqwh suhihuhqfhv/

X l
w � oq

�
Hw^+Y

l
w ,

u m nlw`4@u
�
>+;,

zlwk d ulvn�dyhuvlrq frh!flhqw ri 4� u= Zkhq u @ 3 suhihuhqfhv duh wlph�vhsdudeoh dqg 4@+4� u, frlqflghv

zlwk wkh lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq/ zklfk e| +:, lv �{hg dw rqh +iru dqdo|wlfdo wudfwdelolw|/ dv

lq pxfk ri wkh olwhudwxuh rq lqfrph glvwulexwlrq g|qdplfv,1 Wkh xvhixoqhvv ri wkh uhfxuvlyh vshfl�fdwlrq/

krzhyhu/ olhv lq doorzlqj 4� u wr sdudphwul}h wkh lqvxudqfh ydoxh ri uhglvwulexwlyh srolflhv/ dqg wkhuhiruh

wkhlu lpsdfw rq wkh ehqh�w vlgh ri h!flhqf| �mxvw dv wkh hodvwlflw| ri oderu vxsso| 4@+� � 4, sdudphwul}hv

wkhlu lpsdfw rq wkh frvw vlgh/ wkurxjk vwdqgdug glvwruwlrqv1 Ilqdoo|/ lw vkrxog eh qrwhg wkdw zkloh L kdyh

dvvxphg ryhuodsslqj jhqhudwlrqv zlwk �lpshuihfw� dowuxlvp/ pdq| ri sdshu*v uhvxowv fdq dovr eh ghulyhg

zlwk lq�qlwho| olyhg djhqwv1;

E Ilvfdo Srolf|

Lq shulrg w> djhqw l*v pdunhw lqfrph |lw lv wudqviruphg lqwr glvsrvdeoh lqfrph a|lw wkurxjk wkh iroorzlqj

wd{0dqg wudqvihu vfkhph=

a|lw @ +|lw,
4��w +�|w,

�w >+<,

zkhuh wkh euhdn�hyhq lqfrph ohyho �|w lv ghwhuplqhg e| wkh jryhuqphqw*v exgjhw frqvwudlqw= qhw wudqvihuv

pxvw vxp wr }hur ru/ ghqrwlqj shu fdslwd lqfrph e| |w =] 4

3

+|lw,
4�� w +�|w,

� w gl @ |w =+43,

:Wkhuhlq olhv wkh lpsruwdqw gl�huhqfh ehwzhhq 1�| dqg 5�| / udwkhu wkdq lq wkh idfw wkdw rqh d�hfwv kxpdq fdslwdo dqg wkh
rwkhu surgxfwlrq> wkrvh urohv frxog eh vzlwfkhg1 Dovr/ ehfdxvh wkh srolflhv zklfk L vkdoo frqvlghu surylgh qr lqvxudqfh djdlqvw
1�|n� +rqo| djdlqvw 5�|,/ wkh ydoxh ri � 3 o� zloo wxuq rxw qrw wr sod| dq lpsruwdqw uroh lq wkh dqdo|vlv1 Lw frxog wkhuhiruh eh

vhw +iru lqvwdqfh, wr }hur/ wr rqh/ ru wr � 3 o/ zklfk lv wkh pruh hvvhqwldo ulvn�dyhuvlrq sdudphwhu gh�qhg ehorz1
;Vhh irrwqrwh 45 lq Vhfwlrq LLL iru ixuwkhu glvfxvvlrq1 Wkh lq�qlwh�krul}rq yhuvlrq ri wkh uhfxuvlyh suhihuhqfhv suhvhqwhg

khuh lv rewdlqhg e| vlpso| uhsodflqj &�|n�
zlwk T �

|n�
lq +:,/ zlwk +;, xqfkdqjhg1 Lq dq hduolhu yhuvlrq ri wklv sdshu +Eìqderx

+4<<9e,, L dqdo|}hg wkh wlph�vhsdudeoh fdvh Eo ' �� zlwk hqgrjhqrxv srolf|/ zkloh lq Eìqderx +4<<:, L vwxg| wkh jhqhudo fdvh
zlwk h{rjhqrxv srolflhv/ erwk dqdo|wlfdoo| dqg txdqwlwdwlyho|1

;



Wkh hodvwlflw| � w ri srvw0wd{ lqfrph phdvxuhv wkh ghjuhh ri surjuhvvlylw| +ru uhjuhvvlylw|, ri �vfdo srolf|1<

Dq dowhuqdwlyh lqwhusuhwdwlrq lv wkdw ri zdjh frpsuhvvlrq wkurxjk oderu pdunhw lqvwlwxwlrqv idyrudeoh wr

zrunhuv zlwk uhodwlyho| orz vnloov1 Dv xvxdo/ frq�vfdwru| udwhv � w A 4 pxvw eh h{foxghg dv qrw lqfhqwlyh0

frpsdwleoh1 Qrwklqj lq sulqflsoh suhyhqwv d uhjuhvvlyh wd{/ vr L vkdoo doorz lw> uhvwulfwlqj � w wr eh qrq0

qhjdwlyh zrxog uhtxluh ghdolqj zlwk fruqhu vroxwlrqv exw zrxog qrw fkdqjh wkh qdwxuh ri dq| uhvxow1

Sursrvlwlrq 4 Jlyhq d wd{ udwh �w> djhqwv lq jhqhudwlrq w fkrrvh d frpprq oderu vxsso| dqg vdylqjv udwh=

ow @ " � +4� � w,
4@�

hlw@a|
l
w @ U

zkhuh "� � +�@�,+4� �. ��,@+4� �, dqg U � ��@+4� �. ��,=

L zloo uhihu iurp khuh rq wr 4@� dv �wkh� hodvwlflw| ri oderu vxsso|143 Ehfdxvh wd{hv duh surjuhvvlyh

udwkhu wkdq phuho| sursruwlrqdo wkh| d�hfw h�ruw/ ow @ o+� w,> lq vslwh ri wkh xqlwdu| lqwhuwhpsrudo hodvwlflw|

ri vxevwlwxwlrq1 Wkh| zrxog dovr d�hfw vdylqjv/ zhuh lw qrw iru dgxowv* vlpsoh ehtxhvw prwlyh1 Hyhq zlwk

lq�qlwho|�olyhg djhqwv/ krzhyhu/ wkh vdylqjv glvwruwlrq fdq eh ixoo| r�vhw e| d edodqfhg�exgjhw frpelqdwlrq

ri frqvxpswlrq wd{hv dqg lqyhvwphqw vxevlglhv/ dqg pruhryhu wklv fdq eh vkrzq wr eh Sduhwr�rswlpdo

+Eìqderx +4<<9e,/ +4<<:,,1 Lq dq| fdvh/ rqh glvwruwlrq lv hqrxjk wr ghprqvwudwh krz wkh wudghr� ehwzhhq

wkh frvwv dqg ehqh�wv ri uhglvwulexwlrq vkdshv wkh udqjh ri srolwlfr�hfrqrplf htxloleuld1

F Uhglvwulexwlrq dqg Dffxpxodwlrq

Jlyhq Sursrvlwlrq 4/ dqg vxevwlwxwlqj +<, lqwr +9,/ fdslwdo dffxpxodwlrq vlpsol�hv wr=

oqnlw.4 @ oq �lw.4 . �+4� � w, oq }
l
w . oq�. � oq U+44,

.+�. ��+4� �w,, oqn
l
w . ��+4� �w, oq ow . �� w oq �|w=

Gxh wr wkh v|pphwu| ri djhqwv* h�ruw dqg vdylqjv ghflvlrqv/ zhdowk dqg lqfrph uhpdlq orj0qrupdoo|

glvwulexwhg ryhu wlph1 Li oqnlw � Q +pw> �5
w ,/ wkh jryhuqphqw*v exgjhw frqvwudlqw +43, hdvlo| |lhogv wkh

euhdn�hyhq srlqw ri wkh uhglvwulexwlyh vfkhph +vhh wkh dsshqgl{,=

oq �|w @ �pw . � oq ow . +5� � w,�
5�5

w@5 . +4� � w,y
5@5=+45,

<Wkh pdujlqdo wd{ udwh ulvhv zlwk suhwd{ lqfrph/ wr dq h{whqw zklfk lqfuhdvhv zlwk � |1 Vlploduo|/ djhqwv zlwk wkh dyhudjh
ohyho ri lqfrph duh pdgh ehwwhu r� E�+| : +|� li dqg rqo| li � | : f� Phdvxulqj +orfdo, surjuhvvlylw| e| wkh hodvwlflw| ri diwhu0wd{
wr suhwd{ lqfrph zdv lqlwldoo| sursrvhg e| Pxvjudyh dqg Wklq +4<7;,1 Mdnrevvrq +4<:9, dqg Ndnzdql +4<::, odwhu vkrzhg
wklv wr eh wkh �uljkw� phdvxuh ri lqfrph htxdol}dwlrq= wkh srvw�wd{ glvwulexwlrq uhvxowlqj iurp rqh �vfdo vfkhph zloo Oruhqw}�
grplqdwh wkdw ri d vhfrqg rqh +iru doo suh�wd{ glvwulexwlrqv, li dqg rqo| li lwv hodvwlflw| lv hyhu|zkhuh vpdoohu1 L kdyh uhfhqwo|
ehfrph dzduh ri d frxsoh ri +vwdwlf, prghov zkhuh dq lvrhodvwlf ru �frqvwdqw uhvlgxdo surjuhvvlrq� vfkhph olnh +<, zdv xvhg
wr vwxg| lqvxudqfh ru ulvn�wdnlqj= Ihogvwhlq +4<9<,/ Ndqexu/ +4<:<, dqg Shuvvrq +4<;6,1

43 Lw lv lqghhg wkh xqfrpshqvdwhg hodvwlflw| wr wkh qhw0ri�wd{ udwh �3 � | ri wkh �vfdo vfkhph/ dqg ydulhv prqrwrqlfdoo| zlwk
wkh vwdqgdug frpshqvdwhg hodvwlflw| wr sursruwlrqdo yduldwlrqv lq wkh uhdo zdjh/ �*E# 3 ���

<



Iurp +44,/ zh wkhq rewdlq wzr vlpsoh gl�huhqfh htxdwlrqv zklfk jryhuq wkh hyroxwlrq ri wkh hfrqrp|=

pw.4 @ +�. ��,pw . �� oq ow . � �w +5� �w, +�
5�5

w . y5,@5 . oq
�
�U�

�� +z5 . �y5,@5+46,

�5
w.4 @ +�. ��+4� � w,,

5�5
w . �5+4� � w,

5 y5 .z5+47,

Wkh h�hfw ri uhglvwulexwlrq rq wkh g|qdplfv ri lqhtxdolw| lv fohdu= wkh surjuhvvlylw| udwh � w ghwhuplqhv

wkh shuvlvwhqfh ri idplo| zhdowk/ �.��+4� � w,= Wkh lpsdfw rq wkh g|qdplfv ri djjuhjdwh lqfrph lv pruh

frpsoh{/ dv lw lqyroyhv d wudghr� ehwzhhq oderu vxsso| dqg fuhglw�frqvwudlqw h�hfwv=

Sursrvlwlrq 5 Wkh glvwulexwlrq ri suh�wd{ lqfrph dw wlph w lv oq|lw � Q +�pw .� oq ow � y5@5> �5�5
w .y5,>

zkhuh pw dqg �5
w hyroyh dffruglqj wr wkh olqhdu gl�huhqfh htxdwlrqv +46,�+47, dqg ow @ "+4� � w,

4@�= Wkh

jurzwk udwh ri shu fdslwd lqfrph lv=

oq+|w.4@|w, @ oq ��� +4� �� ��, oq|w . �+oq ow.4 � � oq ow,� 1y+� w,y
5@5� 1�+�w,�

5�5
w @5+48,

zkhuh oq �� � �+oq�. � oq U,� �+4� �,z5@5 lv d frqvwdqw dqg

1y+�, � ��+4� ��,+4� �,5 A 3

1�+�, � �. ��+4� �,5 � +�. ��+4� �,,5 A 3=

Wkh whup lq oq|w lq wkh jurzwk htxdwlrq uh hfwv wkh vwdqgdug frqyhujhqfh h�hfw> lw glvdsshduv xqghu

frqvwdqw djjuhjdwh uhwxuqv/ qdpho| zkhq � . �� @ 4 ru zkhq � lv uhsodfhg e| dq dssursuldwh vslooryhu

�w +vhh Vhfwlrq Y1E,1 Wkh whup lq ow/ fdswxulqj wkh h�hfw ri oderu vxsso| rq dffxpxodwlrq/ lv dovr ri d

�uhsuhvhqwdwlyh djhqw� qdwxuh1 Wkh whupv lq 1y+�, dqg 1�+�,> rq wkh rwkhu kdqg/ uhsuhvhqw jurzwk orvvhv

vshfl�f wr wkh khwhurjhqrxv hfrqrp| zlwk lpshuihfw fuhglw pdunhwv1 Vxssrvh �uvw wkdw doo dgxowv lq

jhqhudwlrq w kdyh wkh vdph ohyho ri kxpdq fdslwdo +�5
w @ 3,= Hyhu|rqh wkhq idfhv wkh vdph whfkqrorj|

iru dffxpxodwlrq/ zlwk ghfuhdvlqj uhwxuqv phdvxuhg e| wkh frqfdylw| ��+4� ��,= Wkh vkrfnv }lw jhqhudwh

h{�srvw lqfrph glvsdulwlhv zklfk duh rqo| sduwldoo| r�vhw e| uhglvwulexwlrq> gxh wr wkh devhqfh ri fuhglw

wkhvh wudqvodwh lqwr lqh!flhqw yduldwlrqv lq lqyhvwphqw ohyhov/ uhgxflqj wkh jurzwk udwh ri wrwdo rxwsxw e|

1y+�w,+4� � w,
5y5@5= Frqvlghu qrz lqlwldo glvsdulwlhv lq hqgrzphqwv ri kxpdq ru sk|vlfdo fdslwdo/ �5�5

w =

Zkhq � @ 3 wkhvh kdyh wkh vdph h�hfw dv lqfrph vkrfnv= 1y � 1�= Wkh pdujlqdo uhwxuq wr lqyhvwphqw lv

kljkhu iru wkh srru wkdq iru wkh ulfk/ ehfdxvh wkh iruphu duh pruh vhyhuho| oltxlglw|�frqvwudlqhg1 Zkhq

� A 3> krzhyhu/ suhh{lvwlqj fdslwdo vwrfnv nlw uhsuhvhqw frpsohphqwdu| lqsxwv zklfk jhqhudwh d gl�huhqwldo

surgxfwlylw| ri lqyhvwphqw h{shqglwxuhv dfurvv djhqwv/ dqg wkhuhe| uhgxfh wkh ghvludelolw| ri htxdol}lqj

uhvrxufhv1 Wkxv 1�+�, lv plqlpl}hg iru � @ +4� �� ��,@+4� ��,> zklfk ghfuhdvhv zlwk �=
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G Lqglylgxdo Zhoiduh

L qrz wxuq iurp wkh hyroxwlrq ri wkh hfrqrp| dv d zkroh wr lqglylgxdov* hydoxdwlrq ri dowhuqdwlyh �vfdo

srolfhv1 Jlyhq wkh rswlpdo oderu vxsso| dqg vdylqjv uhvsrqvhv wr d wd{ udwh � w lw lv vwudljkwiruzdug wr

frpsxwh djhqw l*v glvsrvdeoh lqfrph a|lw/ iru dq| surgxfwlylw| uhdol}dwlrq }lw= Vxevwlwxwlqj klv frqvxpswlrq

flw @ +4�U,a|lw dqg qh{w shulrg zhdowk nlw.4 @ ��lw.4+n
l
w,

�+Ua|lw, lqwr +:, wkhq |lhogv klv h{�srvw zhoiduh/ Y l
w 1 Lw

lv ehiruh ohduqlqj wkhlu w|sh/ krzhyhu/ wkdw djhqwv pxvw yrwh ryhu uhglvwulexwlrq/ vr wkh uhohydqw suhihuhqfhv

ryhu � w duh gh�qhg e| wkh h{�dqwh xwlolw| X l
w / dffruglqj wr +;,1

Sursrvlwlrq 6 Jlyhq d udwh ri �vfdo surjuhvvlylw| � w/ djhqw l*v lqwhuwhpsrudo zhoiduh lv=

X l
w @ �xw .D+� w,+oqn

l
w �pw, .F+� w,� +4� �. ��,+4� � w,

5
�
�5�5

w .Ey5
�
@5+49,

zkhuh �xw lv lqghshqghqw ri wkh srolf| �w dqg=

D+�, � ��. +4� �. ��,�+4� �,+4:,

F+�, � +4� �,+� oq o+�,� o+�,�, . ��� oq o+�,+4;,

E � 4� u . �u+4� �, � 3=+4<,

Wkh �uvw frpsrqhqw ri lqwhuwhpsrudo xwlolw|/ �xw> ghshqgv rqo| rq wkh vwdwh yduldeohv pw dqg �5
w >

rq wkh hfrqrp|*v sdudphwhuv/ dqg rq wkh +hqgrjhqrxv exw frqvwdqw, lqyhvwphqw udwh U1 Wkh vhfrqg

whup lq +49,/ zklfk glvdsshduv wkurxjk djjuhjdwlrq/ pdnhv fohdu wkh uhglvwulexwlyh h�hfwv ri wd{ srolf|/

lqfoxglqj lwv lpsdfw rq wkh shuvlvwhqfh ri vrfldo srvlwlrqv/ � . ��+4 � �,1 Wkh odvw wzr whupv uhsuhvhqw

wkh djjuhjdwh zhoiduh frvw dqg djjuhjdwh zhoiduh ehqh�w ri d surjuhvvlylw| udwh � w= Wkxv F+� w,> zklfk lv

pd{lpl}hg iru � w @ 3> uh hfwv wkh glvwruwlrqv lq oderu vxsso| hqwdlohg e| vxfk d srolf|1 Frqyhuvho|/ wkh

whup �+4� � w,
5+�5�5

w . Ey5,/ zklfk lv pd{lpl}hg iru � w @ 4> hperglhv wkh h!flhqf| jdlqv zklfk dulvh

iurp ehwwhu lqvxudqfh dqg wkh uhglvwulexwlrq ri uhvrxufhv iurp orz wr kljk pdujlqdo�surgxfw lqyhvwphqwv1

Wr pdnh wkh uroh ri pdunhw lqfrpsohwhqhvv pruh h{solflw L frqvlghu djdlq hdfk vrxufh ri khwhurjhqhlw|

lq wxuq1 E| +49,/ lglrv|qfudwlf lqfrph yduldelolw| orzhuv hyhu|rqh*v xwlolw| e| +4� �. ��,E+4� �,5y5@5=

Zkhq � @ 4 wkh frh!flhqw rq +4 � �,5y5@5 lv vlpso| wkh dyhuvlrq wr ulvn/ 4� u = zlwk frqvwdqw uhwxuqv

wkh h{�dqwh ydoxh ri uhglvwulexwlrq uhgxfhv wr wkh lqvxudqfh lw surylghv1 Lq jhqhudo/ lw dovr frqwulexwhv wr

h!flhqf| wkurxjk wkh uhod{dwlrq ri fuhglw frqvwudlqwv1 Wklv lv ehvw vhhq zlwk ulvn�qhxwudo sduhqwv zkr

rqo| fduh rqo| derxw wkhlu r�vsulqj= zkhq u @ � @ 4 wkh xwlolw| orvv lv �+4� �,+4� �,5y5@5> zklfk lv wkh

vkruwidoo lq h{shfwhg +dqg djjuhjdwh, ehtxhdwkhg zhdowk uhvxowlqj iurp lpshuihfwo| r�vhw uhvrxufh vkrfnv

dqg d frqfdyh lqyhvwphqw whfkqrorj|1 Frqvlghu qrz suhh{lvwlqj lqhtxdolw| �5
w / zklfk uhgxfhv djjuhjdwh

zhoiduh e| +4� �. ��,�5+4� �,5�5
w @5= Wklv vlpsoh whup �ru htxlydohqwo| lwv ghfolqh zlwk uhglvwulexwlrq�

lv dfwxdoo| wkh vxp ri wzr h�hfwv/ rqo| rqh ri wkhp gxh wr pdunhw lqfrpsohwhqhvv1 Iluvw/ uhdoorfdwlqj

lqyhvwphqw uhvrxufhv wrzdugv wkh srru djdlq lqfuhdvhv wkh jurzwk udwh ri wrwdo zhdowk/ oq+nw.4@nw,= Vhfrqg/

wkhuh lv wkh vwdqgdug h�hfw ri frqfdyh +orjdulwkplf, xwlolw| ixqfwlrqv/ zkhuhe| dyhudjh zhoiduh lqfuhdvhv
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zkhq lqglylgxdo frqvxpswlrqv +ri flw dqg nlw.4, duh glvwulexwhg pruh htxdoo|144 Htxlydohqwo| lq wklv prgho/

lw fdswxuhv wkh h�hfw ri vnhzqhvv/ dv lq Vhfwlrq L= wkh phgldq djhqw/ zkrvh ohyhov ri frqvxpswlrq dqg

ehtxhvw duh ehorz dyhudjh/ jdlqv zkhq wkhvh uhvrxufhv duh uhglvwulexwhg surjuhvvlyho|1 Ilqdoo|/ qrwh wkdw

e| ydu|lqj 4 � u> �> y5 dqg 4@� wkh h{�dqwh h!flhqf| jdlq phdvxuhg e| Ey5@5> ru pruh jhqhudoo| e|

+4� � . ��,+4 � �,5Ey5@5� F+�,> fdq eh pdgh duelwudulo| odujh ru vpdoo uhodwlyh wr suhh{lvwlqj lqfrph

lqhtxdolw|/ �5�5
w =

LLL Wkh Srolwlfdo V|vwhp

L qrz wxuq wr wkh ghwhuplqdwlrq ri wkh htxloleulxp srolf|1 Hdfk jhqhudwlrq fkrrvhv wkh udwh ri �vfdo

surjuhvvlylw| � w wr zklfk lw zloo eh vxemhfw/ ehiruh wkh lqglylgxdo surgxfwlylw| vkrfnv }
l
w duh uhdol}hg1 Djhqw

l*v lghdo srolf| zrxog wkxv eh wr pd{lpl}h X l
w =
45 Wkhvh lqglylgxdo suhihuhqfhv duh djjuhjdwhg wkurxjk d

srolwlfdo surfhvv lq zklfk vrph jurxsv kdyh pruh lq xhqfh wkdq rwkhuv1

D Suhihuuhg Srolflhv

Iru h{srvlwru| sxusrvhv lw zloo riwhq eh xvhixo wr vwduw zlwk wkh fdvh zkhuh oderu vxsso| lv �{hg/ qdpho|

4@� @ 3= Wkh xwlolw| ixqfwlrq X l
w lv wkhq txdgudwlf lq � w> dqg pd{lpl}hg dw=

4

4� � lw
@

�5�5
w .Ey5

�pd{ioqnlw �pw>3j =+53,

Yrwhuv ehorz wkh phgldq ghvluh wkh pd{lpxp ihdvleoh wd{ udwh/ � lw @ 4> zklfk lv dovr wkh h{�dqwh h!flhqw

rqh lq wkh devhqfh ri glvwruwlrqv1 Yrwhuv deryh wkh phgldq ghvluh d wd{ udwh � lw ? 4 zklfk ghfuhdvhv

zlwk wkhlu lqlwldo zhdowk dqg lqfuhdvhv zlwk wkh yduldqfh ri surgxfwlylw| vkrfnv/ iru erwk lqvxudqfh dqg

lqyhvwphqw uhdvrqv +frqfdylw| ri suhihuhqfhv dqg frqfdylw| ri wkh whfkqrorj|,1

Zlwk hqgrjhqrxv oderu vxsso| frpsohwh uhglvwulexwlrq lv qhyhu fkrvhq/ dv lw zrxog ohdg wr }hur h�ruw

dqg rxwsxw1 Djhqw l*v ghvluhg srolf| lv jlyhq e| wkh �uvw�rughu frqglwlrq CX l
w @C� @ 3> ru=

44Irupdoo|/ rqh fdq uhzulwh E�34n4q��2E�3��2 ' 4dq�2E�3��23Eknq�E�3� ��2on E�34� �2E�3��2n4Eknq�E�3���2

' 4 *?E&|n�* *? &|� n E� 3 4� �@o�MU d*? S�| o n 4�@o�MU d*? &�|n�
o n >|c zkhuh �@o�MU duo ghqrwhv d furvv�vhfwlrqdo yduldqfh/ >| d

txdqwlw| lqghshqghqw ri � |c dqg L kdyh dvvxphg � ' � ' B ' f iru qrwdwlrqdo vlpsolflw|1
45Ehfdxvh ri wkh ryhuodsslqj�jhqhudwlrqv vwuxfwxuh wkhvh ghflvlrqv gr qrw lqyroyh dq| lqwhuwhpsrudo vwudwhjlf frqvlghudwlrqv1

Lq�qlwh olyhv ru �shuihfw� sduhqwdo dowuxlvp/ e| frqwudvw/ zrxog jhqhudwh d g|qdplf jdph zkhuh yrwhuv wu| wr lq xhqfh ixwxuh
srolwlfdo rxwfrphv � |n& e| dowhulqj wkh hyroxwlrq ri wkh zhdowk glvwulexwlrq {2

|n&
wkurxjk wkhlu fkrlfh ri � | +vhh +47,,1 Wklv

sureohp lv qrwrulrxvo| lqwudfwdeoh/ vr wkh vwdqgdug sudfwlfh lv wr dvvxph wkdw yrwhuv duh �p|rslf�/ hlwkhu idlolqj wr uhfrjql}h
wkhlu lq xhqfh rq ixwxuh rxwfrphv ru �dv khuh� qrw fdulqj derxw lw gxh wr d olplwhg ehtxhvw prwlyh1 Qrwdeoh h{fhswlrqv duh
Vdlqw�Sdxo +4<<7, dqg Jurvvpdq dqg Khospdq +4<<9,> dq dowhuqdwlyh dssurdfk lv wr orrn iru vroxwlrqv qxphulfdoo|/ dv grqh
e| Nuxvhoo/ Txdgulql dqg Uðrv0Uxoo +4<<:,1 Lq Eìqderx +4<<9e, L dvvxph d gl�huhqw irup ri srolwlfdo p|rsld rq wkh sduw ri
lq�qlwho|�olyhg djhqwv/ dqg rewdlq uhvxowv yhu| vlplodu wr wkrvh suhvhqwhg khuh1 L �uvw doorz dq duelwudu| lqlwldo jhqhudwlrq wr
vshfli| d frqvwlwxwlrq/ e| fkrrvlqj dprqj doo frqvwdqw vhtxhqfhv t� | ' ��"|'f wkh rqh wr zklfk lw zrxog olnh wr frpplw wkh
hfrqrp|1 L wkhq uhtxluh frqvlvwhqf| ehwzhhq wkh lqlwldo lqfrph glvwulexwlrq/ zklfk ghwhuplqhv wkh fkrlfh ri � c dqg wkdw zklfk
uhvxowv iurp wkh srolf|/ wkurxjk wkh odz ri prwlrq +47,1 Lq vxfk d vwhdg|0vwdwh E{2

| ' {2
"� hyhu| jhqhudwlrq/ li jlyhq wkh

vdph fkrlfh vhw dv lwv suhghfhvvruv/ zloo ydolgdwh wkh h{lvwlqj vrfldo frqwudfw1 Wkh �vhoi�uhvwudlqw� lpsolflw lq wkh uhvwulfwlrq
wr wlph�lqyduldqw srolflhv kdv ehhq xvhg lq vrph sdshuv rq g|qdplf wd{dwlrq +h1j1/ Fkdpoh| +4<;8,,/ exw qrqh ri wkhp vroyhg
iru d frqvlvwhqw vwhdg|0vwdwh1 Lw fdq eh jlyhq fkrlfh�wkhruhwlf irxqgdwlrqv edvhg rq wkh zrun ri Frkhq dqg Plfkho +4<<4, dqg
Fdloodxg/ Frkhq/ dqg Mxolhq +4<<7,1
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Wklv txdgudwlf htxdwlrq dozd|v kdv d xqltxh vroxwlrq ohvv wkdq 4/ zklfk zloo eh ghqrwhg � lw=

Sursrvlwlrq 7 Hdfk djhqw*v xwlolw| X l
w lv vwulfwo| frqfdyh lq wkh srolf| � w= Klv suhihuuhg wd{ udwh �

l
w ghfuhdvhv

zlwk klv zhdowk nlw dqg lqfuhdvhv zlwk Ey5= Ilqdoo|/
��� lw�� ghfuhdvhv zlwk wkh oderu vxsso| hodvwlflw| 4@�=46

Wkhvh uhvxowv duh lqwxlwlyh1 Orzhu shuvrqdo zhdowk ru juhdwhu h{0dqwh h!flhqf| ehqh�wv iurp uhglvwulex0

wlrq lqfuhdvh dq djhqw*v ghpdqg iru vxfk srolflhv1 D pruh hodvwlf oderu vxsso| lqfuhdvhv wkh ghdgzhljkw orvv

fdxvhg e| wd{hv dqg wudqvihuv/ zkhwkhu surjuhvvlyh ru uhjuhvvlyh/ zklfk fdxvh lqglylgxdov wr glvwruw wkhlu

oderu vxsso| dzd| iurp wkh �uvw�ehvw ohyho1 Ilqdoo|/ dv d suhoxgh wr wkh dqdo|vlv ri srolwlfdo htxloleulxp/

qrwh krz +54, hperglhv wkh vdph lqwxlwlrqv dv wkh vw|ol}hg prgho ri Vhfwlrq L1 Iru dq| � ? 4 wkh sursruwlrq

ri djhqwv zkr zrxog olnh ixuwkhu uhglvwulexwlrq dw wkh pdujlq/

s+�>�w, � &

�
l

����CXl
w

C�
A 3

�
@ �

�
+4� �,Ey5 � ��@+�+4� �,,

��w
. +4� �,��w

�
>+55,

lv X0vkdshg lq �w surylghg wkh uhvxowlqj jdlq lq h{�dqwh h!flhqf| +4 � �,Ey5 grplqdwhv wkh glvwruwlrq

��@+�+4��,,> rwkhuzlvh/ s+�>�w, lv vwulfwo| lqfuhdvlqj lq �w= Dovr dv rq Iljxuh 4/ wkh yduldwlrqv lq srsxodu

vxssruw iru h!flhqw lqfuhdvhv lq � wdnh sodfh deryh wkh 83( ohyho/ vr wkh| zloo lq xhqfh srolf| rxwfrphv

rqo| xqghu vrph ghsduwxuh iurp wkh sxuh �rqh shuvrq/ rqh yrwh� ghprfudwlf lghdo1

E Zhdowk dqg Srolwlfdo Lq xhqfh

Lw lv zhoo�nqrzq wkdw srru dqg ohvv hgxfdwhg lqglylgxdov kdyh d uhodwlyho| orz surshqvlw| wr uhjlvwhu/ wxuq

rxw wr yrwh/ dqg jlyh srolwlfdo frqwulexwlrqv1 Wkhvh duh dprqj wkh idfwv fohduo| grfxphqwhg lq Wdeoh

4/ zklfk suhvhqwv gdwd iurp Urvhqvwrqh dqg Kdqvhq +4<<6,> vhh dovr Zro�qjhu dqg Urvhqvwrqh +4<;3,/

Hgvdoo +4<;7,/ ru Frqzd| +4<<4,1 Iru hdfk irup ri sduwlflsdwlrq lq hohfwrudo dqg jryhuqphqwdo srolwlfv/

wkh uhsuhvhqwdwlrq udwlr ri d jlyhq vrflrhfrqrplf jurxs lv wkh udwlr ehwzhhq lwv vkduh ri wkh srsxodwlrq

hqjdjhg lq wklv dfwlylw| dqg lwv vkduh ri wkh jhqhudo srsxodwlrq1 Wkxv wkh srruhvw 49( dffrxqw iru rqo|

=:9 � 49 @ 45=5( ri wkh yrwhv dqg =58 � 49 @ 7=3( ri wkh qxpehu ri fdpsdljq frqwulexwruv/ zkloh wkh

ulfkhvw 8( dffrxqw iru 4=5:�8( @ 9=7( ri wkh yrwhv dqg 6=58�8 @ 49=6( ri frqwulexwruv1 Sxw gl�huhqwo|/

wkh uhsuhvhqwdwlrq udwlrv duh vlpso| wkh vorshv ri wkh +slhfhzlvh olqhdu, Oruhq} fxuyh zklfk ghvfulehv wkh

frqfhqwudwlrq/ e| lqfrph ru hgxfdwlrq/ ri d jlyhq irup ri srolwlfdo lq xhqfh1

Wkh gdwd lq Wdeoh 4 duh vwulnlqj lq vhyhudo uhvshfwv1 Wkh surshqvlw| wr sduwlflsdwh lq hyhu| uhsruwhg

irup ri srolwlfdo dfwlylw| ulvhv zlwk lqfrph dqg hgxfdwlrq1 Iru yrwlqj lwvhoi wkh whqghqf| lv uhodwlyho|

prghudwh/ zkhuhdv iru frqwulexwlqj wr srolwlfdo fdpsdljqv lw lv gudvwlf1 Lq wkh odwwhu fdvh wkh dfwxdo eldv

46 Vshfl�fdoo|= iru *? &�| $ 6| n �{2
| n ��2*� wkh lghdo � �

| lv srvlwlyh dqg ghfuhdvhv wrzdugv }hur dv �*# ulvhv1 Iru
*? &�

| : 6| n �{2
| n ��2*�/ � �

| 	 f dqg lw lqfuhdvhv wrzdugv }hur dv �*# ulvhv1
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lv vwloo xqghuvwdwhg/ dv wkh gdwd uh hfwv rqo| wkh qxpehu ri frqwulexwlrqv dqg qrw wkhlu dprxqwv/ zklfk

xqgrxewhgo| dovr ulvh vwhhso| zlwk lqfrph1 Lw lv lqwxlwlyh wkdw wkh zhdowk| vkrxog eh ryhuuhsuhvhqwhg lq

prqh|�lqwhqvlyh fkdqqhov ri srolwlfdo lq xhqfh= vxfk oree|lqj lv d irup ri froohfwlyh lqyhvwphqw zkhuh

oltxlglw| frqvwudlqwv duh hyhq pruh olnho| wr elqg wkdq xvxdo1 Rqh pljkw kdyh h{shfwhg srruhu/ ohvv vnloohg

djhqwv wr kdyh d frxqwhuydlolqj dgydqwdjh iru dwwhqglqj phhwlqjv/ zrunlqj rq fdpsdljqv/ zulwlqj Frqjuhvv/

dqg rwkhu vxfk wlph�lqwhqvlyh dfwlylwlhv iru zklfk wkh| kdyh d orzhu rssruwxqlw| frvw1 Exw/ uhpdundeo|/

wkh sur�zhdowk +�qdqfldo dqg kxpdq, eldv lv khuh djdlq qrw rqo| srvlwlyh/ exw h{wuhpho| vwurqj1

L vkdoo qrw vhhn wr h{sodlq wkh vrxufh ri wkhvh eldvhv/ rqo| wr prgho wkhp lq d frqyhqlhqw dqg iuxlwixo

pdqqhu147 Ohw hdfk djhqw*v rslqlrq eh d�hfwhg e| d uhodwlyh zhljkw/ ru suredelolw| ri yrwlqj/ $l@
U 4

3
$m gm= Li

lqglylgxdo suhihuhqfhv duh vlqjoh�shdnhg dqg wkh suhihuuhg srolf| lv prqrwrqlf lq zhdowk/ ru pruh jhqhudoo|

li suhihuhqfhv vdwlvi| d vruwlqj frqglwlrq/ d phgldq�yrwhu�w|sh uhvxow dssolhv exw zkhuh wkh phgldq lv frp0

sxwhg rq dq dssursuldwho| uhqrupdol}hg srsxodwlrq1 Zlwk d orj0qrupdo zhdowk glvwulexwlrq/ wkh iroorzlqj

vfkhphv |lhogv sduwlfxoduo| vlpsoh uhvxowv1

Sursrvlwlrq 8 Vxssrvh wkdw djhqwv l 5 ^3> 4` kdyh suhihuhqfhv X+nl> �, ryhu vrph srolf| yduldeoh � 5 U>

dqg wkdw wkhvh vdwlvi| wkh vlqjoh�furvvlqj frqglwlrq= iru doo n ? n3 dqg � ? � 3> li X+n3> � 3, A X+n3> �, wkhq

X+n> � 3, A X+n> �,=

4, Li dq djhqw*v srolwlfdo zhljkw ghshqgv rq klv udqn lq wkh zhdowk glvwulexwlrq/ $l @ $+sl,> wkh slyrwdo

yrwhu lv wkh rqh zlwk udqn s� @ �+�, dqg +orj, zhdowk oqn� @ p . ��/ zkhuh � : 3 lv gh�qhg e|�U�+�,

3
$+s,gs

�1�U 4

3
$+s,gs

�
@ 4@5 1

5, Li dq djhqw*v srolwlfdo zhljkw ghshqgv rq wkh devroxwh ohyho ri klv zhdowk/ zlwk $l @ +nl,� iru vrph

� : 3> wkh slyrwdo yrwhu kdv udqn s� @ �+��, dqg +orj, zhdowk oqn� @p. ��5=

Ruglqdo vfkhphv hqvxuh wkdw hdfk shuvrq*v zhljkw dqg wkh lghqwlw| ri wkh slyrwdo yrwhu uhpdlq lqyduldqw

zkhq wkh glvwulexwlrq ri zhdowk vkliwv gxh wr jurzwk ru zkhq lw ehfrphv pruh xqhtxdo148 Suhylrxv glvfxv0

vlrqv ri srolwlfdo uljkwv kdyh jhqhudoo| dvvxphg wkdw lq xhqfh ghshqgv rq rqh*v devroxwh ohyho ri zhdowk1

Wklv zdv prwlydwhg e| klvwrulfdo h{dpsohv vxfk dv yrwlqj iudqfklvhv uhvwulfwhg wr flwl}hqv rzqlqj d plql0

pxp dprxqw ri surshuw| +Vdlqw0Sdxo dqg Yhuglhu +4<<6,/ Shuvvrq dqg Wdehoolql +4<<7,, ru phpehuvkls lq

d uxolqj holwh zklfk uhtxluhv vrph lqyhvwphqw h{shqglwxuhv +Dghv dqg Yhuglhu +4<<:,,1 L �qg lw vrphzkdw

pruh sodxvleoh wkdw hyhq vxfk fxwr� ohyhov vkrxog eh uhodwlyh rqhv/ nhhslqj xs zlwk djjuhjdwh jurzwk dqg

uh hfwlqj wkh frpshwlwlyh qdwxuh ri elgv iru srolwlfdo lq xhqfh1 L vkdoo wkhuhiruh irfxv rq ruglqdo vfkhphv/

exw wkh vhfrqg sduw ri Sursrvlwlrq 8 vkrzv wkdw devroxwh lqfrph h�hfwv duh mxvw dv hdv| wr fdswxuh> wkh fdvh

� @ 4> iru lqvwdqfh/ fruuhvsrqgv wr d �rqh groodu/ rqh yrwh� uxoh1 Pruhryhu/ wklv dowhuqdwlyh irupxodwlrq

47Urhphu +4<<8, vkrzv krz wkh suhvhqfh ri d vhfrqg glphqvlrq lq wkh srolwlfdo jdph +prudov/ uholjlrq, fdq uhvxow lq d
vlplodu eldv/ e| olplwlqj wkh vl}h ri wkh frdolwlrq zklfk fdq eh pxvwhuhg lq idyru ri uhglvwulexwlrq1 Lw lv zruwk hpskdvl}lqj
djdlq wkdw L vkdoo qrw dsshdo wr gl�huhqfhv lq wkh doorfdwlrq ri srolwlfdo srzhu ru lq xhqfh wr h{sodlq zk| wkh h{whqw ri
uhglvwulexwlrq ydulhv dfurvv frxqwulhv +dowkrxjk wkh prgho fdq uhdglo| lqfrusrudwh wklv �hdvlhu� h{sodqdwlrq,1

48Dovr/ iru dq| ruglqdo vfkhph /Eu� wkh dvvrfldwhg b lv d vx!flhqw vwdwlvwlf= lw lv dv li wkh erwwrp 2xEb� 3 � yrwhuv +ru wkh
wrs �3 2xEb� zkhq b 	 f, v|vwhpdwlfdoo| devwdlqhg1 Qrwh wkdw hyhq wkrxjk b : f lv wkh pruh hpslulfdoo| uhohydqw fdvh/ wkh
prgho zloo eh vroyhg iru doo b B f�
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zrxog rqo| uhlqirufh wkh sdshu*v uhvxowv/ dv lw lpsolhv wkdw wkh srolwlfdo v|vwhp ehfrphv pruh eldvhg wrzdugv

wkh zhdowk| dv lqhtxdolw| ulvhv149

Lq wkh odvw froxpq ri Wdeoh 4 L lqwhusrodwhg wkh hpslulfdo $+s, ixqfwlrq wr frpsxwh wkh srvlwlrq

ri wkh slyrwdo djhqw s� iru hdfk vhsdudwh irup ri srolwlfdo sduwlflsdwlrq/ l1h1 dv li lw zhuh wkh rqo| rqh

wkdw pdwwhuhg14: Qr gdwd h{lvw zklfk zrxog doorz wkhp wr eh zhljkwhg e| wkhlu uhodwlyh lpsruwdqfh lq

ghwhuplqlqj wkh �qdo srolwlfdo rxwfrph1 Iru yrwlqj wkh zhdowk eldv lv prghudwh/ zlwk wkh slyrwdo yrwhu dw

wkh 89wk shufhqwloh udwkhu wkdq wkh xvxdoo| dvvxphg phgldq1 Iru doo rwkhu irupv ri lq xhqfh lw lv pxfk

vwurqjhu/ zlwk wkh slyrwdo djhqw dozd|v deryh wkh 93wk shufhqwloh/ dqg txlwh riwhq wkh :3wk= Iurp wklv

hylghqfh rqh fdq vdiho| frqfoxgh wkdw wkh ghflvlyh srolwlfdo jurxs lv orfdwhg deryh wkh phgldq lq whupv ri

lqfrph dqg kxpdq zhdowk1 Ghshqglqj rq wkh uhodwlyh h!fdf| ri wkh gl�huhqw fkdqqhov ri srolwlfdo lq xhqfh

lw pd| hyhq eh deryh wkh phdq/ zklfk lq wkh XV lqfrph glvwulexwlrq idoov durxqg wkh 96g shufhqwloh1 Dv

zh vkdoo vhh ehorz/ wkh �uvw frqglwlrq �exw qrw wkh vhfrqg� zloo eh uhtxluhg iru uhglvwulexwlrq wr ghfolqh

zlwk lqhtxdolw|1

F Srolwlfdo Htxloleulxp/ Lqhtxdolw|/ dqg Uhglvwulexwlrq

Zh duh qrz uhdg| wr hvwdeolvk wkh sdshu*v �uvw pdlq uhvxow1 E| yluwxh ri Sursrvlwlrqv 7 dqg 8/ wkh

rxwfrph ri wkh srolwlfdo surfhvv lv rewdlqhg e| vlpso| vhwwlqj oqnlw �pw @ ��w lq wkh �uvw0rughu frqglwlrq

CX l
w@C� @ 3> ru htxlydohqwo| s+�>�w, @ s� @ �+�, lq +55,1 Djdlq/ frqvlghu �uvw wkh fdvh zkhuh wkhuh duh

qr oderu vxsso| glvwruwlrqv +4@� @ 3,= Iru � A 3> wklv |lhogv=
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4� �w
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Wkh htxloleulxp wd{ udwh lv fohduo| X�vkdshg lq �w> dqg plqlpl}hg zkhuh �5 @ Ey5@�5= Vlploduo|/ lq wkh

jhqhudo fdvh lw lv wkh xqltxh vroxwlrq W +�w, ? 4 wr wkh txdgudwlf htxdwlrq ghulyhg iurp +54,=

+4� � w,
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Sursrvlwlrq 9 Wkh udwh ri �vfdo surjuhvvlylw| � w @ W +�w, fkrvhq lq jhqhudwlrq w kdv wkh iroorzlqj ihdwxuhv=

4, � w lqfuhdvhv zlwk wkh h{�dqwh h!flhqf| jdlq iurp uhglvwulexwlrq +jurvv ri glvwruwlrqv, Ey5/ dqg

ghfuhdvhv zlwk wkh srolwlfdo lq xhqfh ri zhdowk/ �=

5, m� wm ghfuhdvhv zlwk wkh hodvwlflw| ri oderu vxsso| 4@�=4;

49Wklv lv vrphzkdw vlplodu wr Dghv dqg Yhuglhu +4<<9,/ lq wkdw lqfuhdvhg lqhtxdolw| sxvkhv d juhdwhu iudfwlrq ri wkh
srsxodwlrq lqwr srolwlfdo glvhqiudqfklvhphqw +orz /�c gxh wr orz zhdowk,/ wkhuhe| frqfhqwudwlqj srzhu rq d vpdoohu �holwh�1

4:Wkh zhljkwv /ER�� duh rewdlqhg e| uhvfdolqj wkh uhsuhvhqwdwlrq udwlrv e| wkh srsxodwlrq*v dyhudjh surshqvlw| wr sduwlf0
lsdwh lq wkh dfwlylw| xqghu frqvlghudwlrq +jlyhq lq froxpq 4,1 Li d jurxs ri vl}h ?� kdv d surshqvlw| wr sduwlflsdwh htxdo wr
/� lw dffrxqwv iru d vkduh Z� ' /�?�*E

S
/�?�� ri wkh srolwlfdo dfwlylw|/ vr lwv uhsuhvhqwdwlrq udwlr lv �� ' Z�*

�
?�*

S
?�

�
�

Wkhuhiruh /� ' � �7/c zkhuh 7/ 
 E
S

/�?� � *
�S

?�
�
� Dv wr wkh uhodwlrqvkls ehwzhhq yrwhuv* lqfrph dqg wkhlu srolwlfdo suhi0

huhqfhv/ PfFduwk|/ Srroh dqg Urvhqwkdo +4<<:, surylgh vxevwdqwldo hylghqfh wkdw X1V1 srolwlfv duh kljko| �dqg lqfuhdvlqjo|�
xqlglphqvlrqdo/ dorqj wkh d{lv ri ulfk2rssrvhg wr uhglvwulexwlrq yhuvxv srru2idyrulqj uhglvwulexwlrq1

4;Wkxv li ��2 : b2*e wkhq � | : f dqg lw ghfolqhv zlwk �*#� Li ��2 	 b2*e/ wkhq Y� |*YE�*#� kdv wkh vljq ri 0� |�
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6, �w lv X0vkdshg lq wkh lqlwldo ohyho ri lqhtxdolw| �w> iru dq| � A 3 +dqg lqfuhdvlqj iru dq| � � 3,= Lw

vwduwv dw wkh h{�dqwh h!flhqw udwh/ jlyhq e|=

4

4� W +3,
@

4

5

�
4 .

s
4 . 7+�@�,Ey5

�
iru �w @ 3/ ghfolqhv wr d plqlpxp � dw vrph � +zlwk � A 3 li dqg rqo| li � A 3,> wkhq ulvhv edfn wrzdugv

rqh dv �w whqgv wr lq�qlw|1 Wkh odujhu Ey5> wkh zlghu wkh udqjh ^3>�, zkhuh C� w@C�w ? 3=

Wkh �uvw wzr uhvxowv vkrz wkdw wkh htxloleulxp wd{ udwh ghshqgv rq wkh frvwv dqg ehqh�wv ri uhglvwulex0

wlrq/ dv zhoo dv rq wkh doorfdwlrq ri srolwlfdo lq xhqfh/ lq d yhu| lqwxlwlyh pdqqhu1 Wkh wklug uhvxow surylghv

dq hqgrjhqrxvo| ghulyhg dqdorjxh wr Iljxuh 4/ zlwk wkh frqwlqxrxv srolf| rxwfrph � qrz uhsodflqj wkh

sursruwlrq ri shrsoh vxssruwlqj uhglvwulexwlrq lq d }hur0rqh ghflvlrq1 Lw dovr frq�upv wzr lpsruwdqw fodlpv

pdgh hduolhu derxw wkh uhvxow wkdw uhglvwulexwlrq pd| ghfolqh zlwk lqhtxdolw|1 Iluvw/ lw lv qrw suhglfdwhg

rq wkh slyrwdo djhqw ehlqj ulfkhu wkdq wkh phdq/ ru ehfrplqj ulfkhu uhodwlyh wr wkh phdq1 Vhfrqg/ lw lv

pruh olnho| wr rffxu wkh odujhu wkh h{�dqwh zhoiduh jdlq iurp uhglvwulexwlrq/ h1j1 wkh odujhu Ey5=4< Vrph

eldv � A 3 zlwk uhvshfw wr sxuh pdmrulw| uxoh lv qhhghg dv zhoo/ ehfdxvh wkh phgldq djhqw dozd|v zdqwv

wr sxvk uhglvwulexwlrq eh|rqg lwv udqjh ri h!flhqf|1 Dv vkrzq lq +55,/ lw lv rqo| zlwklq wkdw udqjh wkdw

srolwlfdo vxssruw iru d wd{ fxw/ 4� s+� >�w,/ fdq ulvh zlwk lqhtxdolw|1

Doo wkhvh uhvxowv dsso| htxdoo| lq dq hqgrzphqw hfrqrp| +� @ 3, dqg lq wkh suhvhqfh ri dffxpxodwlrq1

Lq wkh �uvw fdvh wkh h!flhqf| jdlqv dulvh iurp lqvxudqfh1 Lq wkh vhfrqg wkh| dovr uh hfw wkh uhdoorfdwlrq

ri uhvrxufhv wr djhqwv zkrvh pdujlqdo surgxfw ri lqyhvwphqw lv kljkhu/ gxh wr wljkwhu oltxlglw| frqvwudlqwv1

Lq vwxg|lqj zklfk vrfldo frqwudfwv hphujh lq wkh orqj�uxq/ L vkdoo frqvlghu hdfk fdvh lq wxuq1

LY Lqhtxdolw| dqg Vrfldo Lqvxudqfh lq dq Hqgrzphqw Hfrqrp|

Vkrxog zh h{shfw d pruh jhqhurxv zhoiduh vwdwh lq frxqwulhv zlwk juhdwhu glvsdulwlhv ri lqfrph dqg zhdowk/

dv suhglfwhg e| vwdqgdug prghov/ ru d ohvv jhqhurxv rqh/ dv d frpsdulvrq ehwzhhq Vzhghq dqg wkh Xqlwhg

Vwdwhv zrxog vxjjhvwB Wr vwxg| wkh srolwlfdo hfrqrp| ri sxuh vrfldo lqvxudqfh/ ohw xv irfxv rq dq hqgrzphqw

hfrqrp| +� @ 3,=53 E| +9,/ hdfk g|qdvw|*v hqgrzphqw nlw wkhq vlpso| iroorzv d jhrphwulf DU+4, surfhvv

zlwk vhuldo fruuhodwlrq �= Wkh vdph lv wuxh iru lqfrph |lw @ }lw+n
l
w,

�+ow,
� h{fhsw wkdw wkh ghwhuplqlvwlf whup

lv hqgrjhqrxv/ uh hfwlqj rswlpdo h�ruw1 E| Sursrvlwlrq 9/ wkh udwh ri wd{ surjuhvvlylw| fkrvhq dw wlph w lv

X0vkdshg lq �w= Lq wkh orqj uxq/ krzhyhu/ lqhtxdolw| frqyhujhv wr lwv vwdwh�vwdwh ohyho �5
4

� z5@+4 ��5,>

4<Zlwk uhvshfw wr wkh �uvw fodlp/ qrwh wkdw *? &W 3 *?. d&o ' 6 n b{ 3{2*2 lv lqfuhdvlqj rqo| rq dfc bo dqg srvlwlyh rqo|
rq dfc 2bo� Qhlwkhu lqwhuydo frlqflghv zlwk/ qru frqwdlqv/ dfc {o� Wkh vhfrqg fodlp iroorzv iurp Sursrvlwlrq 9/ exw hyhq zkhq
��2 ' f rqh vhhv iurp +55, wkdw iru doo { M dfc {o d pdujlqdo ulvh lq � deryh A E{� lqfuhdvhv h{�dqwh h!flhqf|1 Wkhvh jdlqv
dulvh iurp orzhulqj wkh h�ruw glvwruwlrqv gxh wr uhjuhvvlrqdu| wd{hv/ dv ��2 ' f lpsolhv A Ef� ' fc khqfh � | 	 f rq dfc {o�

53Wkh lpsruwdqw dvvxpswlrq khuh lv wkh devhqfh ri lqvxudqfh pdunhwv1 Wkh lqfrpsohwhqhvv ri wkh ordq pdunhw lv lqhvvhqwldo/
dqg lqghhg wklv vhfwlrq*v uhvxowv uhpdlq xqfkdqjhg lq wkh vwdwlf fdvh zkhuh 4 ' f� Wklv rqh�vkrw prgho lv forvh wr wkdw ri
Shuvvrq +4<;6,/ h{fhsw wkdw kh dvvxphv qr lqlwldo gl�huhqfh ehwzhhq djhqwv +{f ' f, dqg qr srolwlfdo eldv Eb ' f�� Kh vwxglhv
wkh h{�dqwh rswlpdo srolf| +vlplodu wr A Ef� lq Sursrvlwlrq 9, dqg frqwudvwv lw zlwk wkh rqh zklfk wkh phgldq yrwhu pljkw
zdqw wr ghyldwh wr h{�srvw/ rqfh doo wkh lqfrph vkrfnv kdyh ehhq uhdol}hg1
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dqg wkh wd{ udwh wkhuhiruh wr �4 � W +�4,= Zkhq 4@� @ 3> iru lqvwdqfh/
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Pruh jhqhudoo|/ lw lv hdvlo| vkrzq wkdw=

Sursrvlwlrq : Wkh vwhdg|0vwdwh udwh ri �vfdo surjuhvvlylw| �4 lqfuhdvhv zlwk djhqwv* ghjuhh ri ulvn�

dyhuvlrq 4� u dqg zlwk lqfrph xqfhuwdlqw| y5> exw lv X0vkdshg zlwk uhvshfw wr wkh yduldqfh ri hqgrzphqw

uhdol}dwlrqv z5 dqg wkh shuvlvwhqfh ri wkh hqgrzphqw surfhvv/ �=54 Lw ghfuhdvhv zlwk wkh srolwlfdo lq xhqfh

ri zhdowk �/ dqg ghfolqhv lq devroxwh ydoxh zlwk wkh oderu vxsso| hodvwlflw| 4@�=

Uhfdoolqj wkdw vwhdg|�vwdwh lqfrph glvshuvlrq lv �5z5@+4 � �5, . y5> wkhvh uhvxowv lqglfdwh wkdw wkh

uhodwlrqvkls ehwzhhq lqhtxdolw| dqg uhglvwulexwlrq lv qrw olnho| wr eh prqrwrqlf1 Zkdw pdwwhuv lv qrw

mxvw wkh dprxqw ri lqfrph lqhtxdolw|/ exw dovr lwv vrxufh1 Wr wkh h{whqw wkdw kljk lqfrph glvsdulwlhv lq

vrph frxqwulhv uh hfw odujhu xqlqvxudeoh vkrfnv +ru pruh lpshuihfw lqvxudqfh pdunhwv,/ kljkhu wd{hv dqg

wudqvihuv vkrxog eh revhuyhg1 Exw li juhdwhu lqhtxdolw| lv gxh wr pruh shuvlvwhqw zhdowk g|qdplfv ru wr

juhdwhu h{�dqwh khwhurjhqhlw| dw wkh wlph ri wkh srolf| ghflvlrq �fruuhodwhg iru lqvwdqfh zlwk revhuydeoh

hwkqlf ru uhjlrqdo gl�huhqfhv� wkh uhyhuvh fruuhodwlrq pd| eh revhuyhg155 Lq sduwlfxodu/ juhdwhu shuvlvwhqfh

fdq uhgxfh ulvn0vkdulqj/ hyhq wkrxjk lw lpsolhv pruh yrodwloh olihwlph lqfrph1 Wkh uhdvrq lv wkdw lw dovr

lqfuhdvhv wkh qxpehu ri djhqwv iru zkrp wkh ydoxh ri lqvxudqfh lv pruh wkdq r�vhw e| wkhlu yhvwhg lqwhuhvw

lq wkh vwdwxv txr1

Y Klvwru|�Ghshqghqw Vrfldo Frqwudfwv

D G|qdplfv dqg Pxowlsoh Vwhdg|0Vwdwhv

L qrz wxuq wr wkh sdshu*v vhfrqg pdlq lghd/ vnhwfkhg dw wkh hqg ri Vhfwlrq L= li pruh lqhtxdolw| ohdgv

wr ohvv uhglvwulexwlrq dqg li suh0wd{ uhvrxufhv ghshqg rq sdvw wudqvihuv/ pxowlsoh htxloleuld fdq dulvh1 Wr

ghprqvwudwh wklv srlqw L vroyh wkh ixoo prgho zlwk fdslwdo dffxpxodwlrq vxemhfw wr zhdowk frqvwudlqwv

+� A 3,1 Wkh fulwlfdo gl�huhqfh zlwk wkh hqgrzphqw hfrqrp| lv wkdw wkh zhdowk glvwulexwlrq lv qrz

hqgrjhqrxv/ wkurxjk wkh h�hfw ri �vfdo srolf| rq shuvlvwhqfh �.�+4�� w,= Wkh mrlqw hyroxwlrq ri lqhtxdolw|

dqg srolf| lv wkxv ghvfulehg e| wkh uhfxuvlyh g|qdplfdo v|vwhp=;?= � w @ W +�w,

�w.4 @ )+�w> � w,
+59,

54Dv lq Sursrvlwlrq 9/ wkh ghfolqlqj sruwlrq ri wkh X�vkdshg fxuyh lv qrq�ghjhqhudwh li dqg rqo| li b : fc zklfk lv wkh
hpslulfdoo| uhohydqw fdvh1

55D uhodwhg uhvxow rewdlqv lq Shuvvrq dqg Wdehoolql +4<<9,/ zkhuh wzr uhjlrqv edujdlq ryhu wkh ghjuhh ri ulvn�vkdulqj lq
wkh ihghudo frqvwlwxwlrq1 Lq erwk prghov wkh xqghuo|lqj dvvxpswlrq lv wkh lqdelolw| wr pdnh wd{hv dqg wudqvihuv frqwlqjhqw
rqo| rq xqsuhglfwdeoh lqqrydwlrqv wr lqglylgxdo ru uhjlrqdo lqfrph/ dv glvwlqjxlvkhg iurp lwv shupdqhqw frpsrqhqw1 Vhh dovr
Fdvvdpdwwd/ Fuhphu dqg Shvwldx +4<<:, iru d vwxg| ri krz h{�srvw srolwlfdo htxloleulxp frqvwudlqv wkh h{�dqwh ghvljq ri
sxeolf khdowk lqvxudqfh v|vwhpv1
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zkhuh W +�w, lv wkh xqltxh vroxwlrq ohvv wkdq rqh wr +57,/ zkloh )+�w> � w, lv jlyhq e| wkh uhfxuvlrq htxdwlrq

+47,1 Xqghu d wlph�lqyduldqw srolf|/ lq sduwlfxodu/ orqj�uxq lqhtxdolw| ghfuhdvhv zlwk uhglvwulexwlrq=

�5
4

@
z5 . �5+4� �,5y5

4� +�. ��+4� �,,5
� G5+�,=+5:,

D vwhdg|0vwdwh htxloleulxp lv dq lqwhuvhfwlrq ri wklv grzqzdug0vorslqj orfxv/ �@ G+�,> zlwk wkh X0vkdshg

fxuyh � @ W +�, ghvfulehg lq Sursrvlwlrq 9> vhh Iljxuh 51 Vxevwlwxwlqj +5:, lqwr +57,/ wklv fruuhvsrqgv wr

d udwh ri wd{ surjuhvvlylw| vroylqj wkh htxdwlrq=

i+�, � +4� �,
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Wkh vroxwlrqv fruuhvsrqg wr wkh }hurhv ri d sro|qrpldo ri ghjuhh hljkw/ pdnlqj wklv d frpsoh{ sureohp1

\hw/ e| h{sorlwlqj jhrphwulf lqwxlwlrqv rq wkh vkdsh ri i L vkdoo hvwdeolvk d vhulhv ri sursrvlwlrqv zklfk

irupdol}h vrph ri wkh sdshu*v pdlq hfrqrplf lghdv1 Dv looxvwudwhg rq Iljxuh 7/ wzr frxqwulhv zlwk wkh

vdph hfrqrplf dqg srolwlfdo ixqgdphqwdov fdq qrqhwkhohvv hyroyh lqwr gl�huhqw vrflhwlhv/ surylghg=

+d, wkh h{�dqwh zhoiduh ehqh�wv ri uhglvwulexwlrq duh kljk hqrxjk/ uhodwlyh wr wkh frvwv>

+e, wkh srolwlfdo srzhu ri wkh zhdowk| olhv lq vrph lqwhuphgldwh udqjh1

Wkh lqwxlwlrq ehklqg wkh surriv lv wkh iroorzlqj1 Frqvlghu wkh uljkw�kdqg vlgh ri +5;, dv d ixqfwlrq ri

4�� 5 +3> +4��,@��,= Vlqfh G lv prqrwrqlf/ wkh �uvw iudfwlrq lq odujh eudfnhwv lv X�vkdshg lq 4�� = Diwhu

pxowlsolfdwlrq e| 4 � � wkh surgxfw w|slfdoo| ehfrphv Q 0vkdshg/ vr wkdw lw zloo kdyh wkuhh lqwhuvhfwlrqv

zlwk wkh krul}rqwdo �> iru vrph udqjh ri ydoxhv ri �= Wkh odujhu E> wkh pruh surqrxqfhg wklv Q�vkdsh/

zklfk lv dovr wkdw ri wkh yhuwlfdo gl�huhqfh W +�,�G�4+�, rq Iljxuh 51 Frqyhuvho|/ wkh odvw whup lq +5;,/

uh hfwlqj oderu vxsso| glvwruwlrqv/ whqgv wr pdnh i vwulfwo| lqfuhdvlqj lq 4� � +dw ohdvw zkhuh � A 3, dqg

wkhuhiruh zrunv wrzdugv xqltxhqhvv1

Wkhruhp 4 Ohw 4� � ? 5��= Zkhq wkh qrupdol}hg h!flhqf| jdlq E � 4� u+4� �. ��, lv ehorz vrph

fulwlfdo ydoxh E +htxlydohqwo|/ zkhq ulvn�dyhuvlrq 4� u lv ohvv wkdq vrph 4� u,/ wkhuh lv d xqltxh/ vwdeoh/

vwhdg|�vwdwh1 Zkhq E A E> rq wkh rwkhu kdqg/ wkhuh h{lvw � dqg �� zlwk 3 ? � ? ��/ vxfk wkdw=

4, Iru dq| � lq ^�> ��` wkhuh duh +dw ohdvw, wzr vwdeoh vwhdg|0vwdwhv156 Lqhtxdolw| lv orzhu/ dqg vrfldo

prelolw| kljkhu/ xqghu d pruh uhglvwulexwlyh vrfldo frqwudfw1

5, Iru � ? � ru � A �� wkh vwhdg|�vwdwh lv xqltxh1

Zkhuh pxowlsoh vwhdg|0vwdwhv rffxu/ klvwru| pdwwhuv1 Whpsrudu| vkrfnv wr wkh glvwulexwlrq ri zhdowk

+lppljudwlrq/ hgxfdwlrqdo glvfulplqdwlrq/ vkliwv lq ghpdqg ru whfkqrorj|, dv zhoo dv wr wkh srolwlfdo v|vwhp

+vodyhu|/ yrwlqj uljkwv uhvwulfwlrqv, fdq shupdqhqwo| pryh vrflhw| iurp rqh htxloleulxp wr wkh rwkhu/ ru

pruh jhqhudoo| kdyh orqj�odvwlqj h�hfwv rq wkh hfrqrp| dqg wkh vrfldo frqwudfw1 Iru lqvwdqfh/ hyhq li

56 Vshfl�fdoo|/ wkhuh duh 2 $ ? $ e vwdeoh vwhdg| vwdwhv1 Li �*# lv vpdoo hqrxjk wkhq ? $ �/ dqg li k lv dovr vpdoo hqrxjk
wkhq ? ' 2� Vhh wkh wkhruhp*v surri lq wkh dsshqgl{1

4;



wkh idfwruv ehklqg wkh uhfhqw ulvh lq zdjh lqhtxdolw| lq lqgxvwuldol}hg frxqwulhv +h1j1/ vnloo0eldvhg whfkqlfdo

surjuhvv, dedwh ryhu wkh qh{w ihz ghfdghv/ wkh fxuuhqw hfrqrplf srodul}dwlrq ri wkhvh vrflhwlhv dqg wkh

fxwedfnv lq wkh zhoiduh vwdwh zklfk duh dffrpsdq|lqj lw duh olnho| wr hqgxuh pxfk orqjhu1

Wklv klvwru|0ghshqghqfh frqwudvwv vkduso| zlwk wudglwlrqdo srolwlfr0hfrqrplf prghov/ zkhuh frxqwulhv

fdq ghyldwh dw prvw whpsrudulo| iurp d frpprq vwhdg|0vwdwh ohyho ri lqhtxdolw| dqg uhglvwulexwlrq +jlyhq

vwdeoh �ixqgdphqwdov�,1 Lq sduwlfxodu/ �vfdo srolf| rshudwhv wkhuh dv d vwdelol}lqj irufh rq wkh glvwulexwlrq

ri zhdowk= pruh lqhtxdolw| wrgd| phdqv pruh uhglvwulexwlrq/ khqfh ohvv lqhtxdolw| wrpruurz157 Khuh/ rq wkh

frqwudu|/ wkhuh hphujhv lq wkh orqj�uxq d qhjdwlyh fruuhodwlrq ehwzhhq lqhtxdolw| dqg uhglvwulexwlrq dfurvv

vrflhwlhv/ dv lqghhg rqh revhuyhv ehwzhhq wkh Xqlwhg Vwdwhv dqg Hxursh/ ru dprqj dgydqfhg frxqwulhv lq

jhqhudo +Urguljxh} +4<<:,,1 Dorqj wkh dgmxvwphqw sdwk wkhuh lv qr prqrwrqlf uhodwlrqvkls ehwzhhq wkhvh

wzr yduldeohv/ dqg lqghhg wkh fruuhodwlrq lv }hur lq vdpsohv zklfk lqfoxgh ghyhorslqj dqg srru frxqwulhv

+h1j1/ Shurwwl +4<<9,,1 Pxowlsoh vwhdg|0vwdwhv gxh wr d qhjdwlyh lpsdfw ri lqhtxdolw| rq uhglvwulexwlrq lv wkh

glvwlqjxlvklqj ihdwxuh zklfk wkh suhvhqw prgho vkduhv zlwk Vdlqw0Sdxo +4<<7,1 Frqvlvwhqw zlwk wkh jhqhudo

dujxphqw wkdw wklv hqwdlov uhglvwulexwlrqv zklfk lqfuhdvh wkh vl}h ri wkh slh/ Vdlqw Sdxo*v prgho kdv wkh

surshuw| wkdw wudqvihuv udlvh djjuhjdwh lqfrph1

Dovr ri lqwhuhvw lv wkh suhglfwhg qhjdwlyh fruuhodwlrq ehwzhhq lqhtxdolw| dqg vrfldo prelolw|/ zklfk lv

frqvlvwhqw zlwk wkh uhvxowv rewdlqhg e| Hulnvrq dqg Jrogwkrush +4<<5, iru d vdpsoh ri �iwhhq ghyhorshg

frxqwulhv1 Exw zkdw ri wkh frqyhqwlrqdo zlvgrp ri wkh Xqlwhg Vwdwhv dv dq h{fhswlrqdoo| preloh vrflhw|B

Lq idfw/ prvw hfrqrphwulf vwxglhv ri lqfrph prelolw| �qg hlwkhu qr vljql�fdqw gl�huhqfh/ ru hyhq vrphzkdw

juhdwhu prelolw| lq Hxurshdq �zhoiduh vwdwhv�= vhh Emùunoxqg dqg Mçqwwl +4<<:e, iru d vxuyh|158 Lqghhg/

wkh prvw h{wuhph irupv ri vrfldo lpprelolw| dw wkh orzhu hqg/ vxfk dv xuedq jkhwwrv ru wkh shuvlvwhqfh

ri zhoiduh ghshqghqf| dfurvv jhqhudwlrqv/ gr vhhp pruh h{dfhuedwhg lq Dphulfdq vrflhw|1 Wklqjv frxog

zhoo eh gl�huhqw iru wkh plggoh fodvv/ vr d pruh vdwlvidfwru| frpsdulvrq dfurvv frxqwulhv zrxog qhhg wr

wdnh lqwr dffrxqw vxfk qrq�olqhdulwlhv lq wkh prelolw| surfhvv +h1j1/ Frrshu/ Gxuodxi dqg Mrkqvrq +4<<7,,1

Wkhvh uhpdlq eh|rqg wkh vfrsh ri wkh suhvhqw prgho dqg ri prvw h{lvwlqj frpsdudwlyh vwxglhv1

Kdylqj ghprqvwudwhg krz wkh vxvwdlqdelolw| ri gl�huhqw vrflhwdo fkrlfhv ghshqgv rq wkh lpsruwdqfh ri

ulvn�dyhuvlrq dqg fuhglw frqvwudlqwv +vxppdul}hg lq E, dv zhoo dv rq wkh doorfdwlrq ri srzhu lq wkh srolwlfdo

v|vwhp +�,> L qrz frqvlghu wkh rwkhu sdudphwhuv1 Gxh wr wkh frpsoh{lw| ri wkh sureohp wkhlu h�hfwv rq

wkh pxowlsolflw| wkuhvkrog/ zklfk lv d ixqfwlrq E+y@z> �y5,/ duh vwxglhg xqghu dgglwlrqdo dvvxpswlrqv1

57 Lq Shuvvrq dqg Wdehoolql +4<<7, wkh ghjuhh ri lqhtxdolw|/ khqfh dovr wkh srolflhv lpsohphqwhg/ ghshqgv rqo| rq wkh �{hg
xqghuo|lqj glvwulexwlrq ri wdohqw1 Lq Dohvlqd dqg Urguln +4<<7, dqg Ehuwrod +4<<6, wkh ghwhuplqlvwlf qdwxuh ri wkh prghov
doorzv dq| glvwulexwlrq ri lqlwldo hqgrzphqwv wr shuvlvw lqgh�qlwho|1 Lqfrusrudwlqj xqlqvxudeoh lglrv|qfudwlf vkrfnv zrxog
qrupdoo| ohdg wr d xqltxh vwhdg|0vwdwh glvwulexwlrq1 Xqltxhqhvv dovr rewdlqv lq Shurwwl +4<<6, dqg Vdlqw0Sdxo dqg Yhuglhu
+4<<6,1 Lq Vdlqw0Sdxo dqg Yhuglhu +4<<5, juhdwhu lqhtxdolw| djdlq uhvxowv lq kljkhu wd{hv dqg vshqglqj rq sxeolf hgxfdwlrq/ exw
wklv vwdelol}lqj h�hfw lv pruh wkdq frpshqvdwhg e| d glyhujhqfh lq wkh lqfhqwlyhv ri wkh ulfk dqg wkh srru wr lqyhvw sulydwho|
lq dgglwlrqdo kxpdq fdslwdo1 Khqfh wzr srvvleoh vwhdg|0vwdwhv= kljk +orz, lqhtxdolw| dqg sxeolf hgxfdwlrq h{shqglwxuhv/
zlwk sulydwh dffxpxodwlrq e| wkh ulfk rqo| +e| erwk fodvvhv,1 Wklv jhqhudwhv wkh vdph fruuhodwlrqv dv pryhphqw dorqj wkh
frqyhujhqfh sdwk lq Vdlqw0Sdxo dqg Yhuglhu +4<<6,= juhdwhu lqhtxdolw| lv dvvrfldwhg zlwk lqfuhdvhg uhglvwulexwlrq dqg/ xs wr
d srlqw/ zlwk kljkhu jurzwk1 Erwk fruuhodwlrqv duh vrphzkdw sureohpdwlf lq ylhz ri wkh hpslulfdo hylghqfh1

58Iru lqvwdqfh/ Frxfk dqg Gxqq +4<<:, �qg juhdwhu prelolw| �hvshfldoo| lq whupv ri hgxfdwlrq� lq Jhupdq| wkdq lq wkh
XV/ dqg Emùunoxqg dqg Mçqwwl +4<<:d, �qg vlplodu uhvxowv iru Vzhghq1 Uxvwlfklql/ Lfklqr dqg Fkhffkl +4<<:,/ rq wkh rwkhu
kdqg/ �qg orzhu prelolw| lq Lwdo| wkdq lq wkh XV1
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Sursrvlwlrq ; Ohw 4@� @ 31 Wkh h!flhqf| wkuhvkrog iru pxowlsolflw| E lv d ghfuhdvlqj ixqfwlrq ri y@z/

zlwk olpy@z$3 E @ .4 dqg olpy@z$.4 E @ 3=

Wklv uhvxow dovr dsshduv rq Iljxuh 71 Wkh lqwxlwlrq lv wkdw lqfrph xqfhuwdlqw| lqwhudfwv zlwk pdunhw

lqfrpsohwhqhvv lq jhqhudwlqj h!flhqf| jdlqv iurp uhglvwulexwlrq/ dv uh hfwhg e| wkh whup Ey5 lq +49,1 Iru

d jlyhq E> pxowlsolflw| wkhuhiruh rffxuv zkhq y5 lv odujh hqrxjk frpsduhg wr wkh rwkhu vrxufh ri lqfrph

glvshuvlrq/ qdpho| wkh yduldqfh z5 ri wkh vkrfnv zklfk djhqwv ohduq sulru wr fkrrvlqj srolf|1 Wkh frqfuhwh

lpsolfdwlrqv duh lpsruwdqw= ghshqglqj rq wkhlu vrxufh/ fkdqjhv lq wkh hfrqrplf hqylurqphqw zklfk kdyh

vlplodu vkruw�uxq h�hfwv rq lqfrph lqhtxdolw| zloo eulqj derxw udglfdoo| gl�huhqw hyroxwlrqv ri wkh vrfldo

frqwudfw1 Wkxv/ dq lqfuhdvh lq wkh yduldelolw| ri vhfwrudo vkrfnv +vlplodu wr y5, zloo ohdg wr dq h{sdqvlrq ri

wkh zhoiduh vwdwh/ lqfoxglqj sxeolf hgxfdwlrq1 Frqyhuvho|/ d vxujh lq lppljudwlrq zklfk uhvxowv lq d juhdwhu

khwhurjhqhlw| ri wkh srsxodwlrq +vlplodu wr dq h{rjhqrxv ulvh lq �5
w ru z

5, pd| ohdg wr fxwedfnv ru hyhq d

odujh�vfdoh glvpdqwolqj1 Lq wkh �uvw fdvh wkh srolf| uhvsrqvh zloo plwljdwh wkh vkrfn*v lpsdfw rq orqj�uxq

lqhtxdolw|/ lq wkh vhfrqg lw zloo djjudydwh lw1

Li juhdwhu ehqh�wv ri uhglvwulexwlrq lqfuhdvh wkh olnholkrrg ri pxowlsolflw|/ juhdwhu glvwruwlrqv zloo uhgxfh

lw1 Wkhvh frvwv duh sdudphwul}hg e| wkh oderu vxsso| hodvwlflw| 4@� +mxvw dv E ru 4 � u sdudphwul}hv wkh

jdlqv,/ exw rqo| iru srvlwlyh ydoxhv ri � = Zkhuh h�ruw lv glvwruwhg e| uhjuhvvlrqdu| wd{hv dqg wudqvihuv/

rq wkh frqwudu|/ d ulvh lq � uhsuhvhqwv dq h!flhqf| jdlq zklfk lqfuhdvhv zlwk 4@�> uhfdoo wkdw F+�, lv

pd{lpl}hg iru � @ 3= Zkhq uhjuhvvlyh �vfdo srolf| lv uxohg rxw/ dv lq Vhfwlrq YL ehorz/ ru pruh jhqhudoo|

iru hfrqrplhv wkdw rshudwh lq d uhjlrq zkhuh � A 3> glvwruwlrqv gr ulvh prqrwrqlfdoo| zlwk 4@�> dqg wkh

vfrsh iru pxowlsoh uhjlphv fruuhvsrqglqjo| ghfolqhv1

Sursrvlwlrq < Frqvlghu dq hfrqrp| zlwk E A E+y@z>�y5, dqg vxfk wkdw iru vrph � lq ^�> ��` wkhuh duh

+dw ohdvw, wzr vwdeoh vwhdg|0vwdwhv zlwk srvlwlyh udwhv ri surjuhvvlylw|/ 3 ? �4 ? �5 ? 4= Wkhq/ iru dq|

4@�3 ? 4@�> E A E+y@z> �3y5, dqg wkhuh lv vrph udqjh ^�3> ��
3

` iru zklfk wkh hfrqrp| zlwk sdudphwhuv

+E> y>z> �3, kdv +dw ohdvw, wzr vwdeoh vwhdg|0vwdwhv/ zlwk dw ohdvw rqh fruuhvsrqglqj wr d srvlwlyh udwh ri

surjuhvvlylw|1

E Jurzwk Lpsolfdwlrqv ri Gl�huhqw Vrfldo Frqwudfwv

Wkh vwhdg|�vwdwhv fruuhvsrqglqj wr wzr gl�huhqw vrfldo frqwudfwv duh fohduo| qrw Sduhwr�udqndeoh1 Krz

gr wkh| frpsduh lq whupv ri ryhudoo jurzwk dqg dyhudjh zhoiduhB Uhfdoo iurp +48, wkdw wkh h�hfw ri �vfdo

surjuhvvlylw| � w rq vkruw�uxq jurzwk +l1h1/ jlyhq |w dqg �w, lv ghwhuplqhg e| wkh wudghr� ehwzhhq wd{

glvwruwlrqv dqg fuhglw�frqvwudlqw h�hfwv1 Wklv uhpdlqv wuxh iru orqj�uxq rxwsxw/ dv vhhq e| wdnlqj olplwv lq

+48, zlwk d frqvwdqw � = Pruhryhu/ dq| frpsdulvrq ri orqj�uxq ohyhov fdq hdvlo| eh wudqvodwhg lqwr d udqnlqj

ri orqj0whup jurzwk udwhv/ wkurxjk nqrzohgjh vslooryhuv ru sxeolf jrrgv frpsohphqwlqj sulydwh lqyhvwphqw1
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Iru lqvwdqfh/ ohw wkh frqvwdqw � lq +9, eh uhsodfhg e| +�w,
$> zkhuh wkh kxpdq ru sk|vlfdo fdslwdo djjuhjdwh

�w �
�] l

3

+nlw,
�

�4@�

+5<,

fdswxuhv h{whuqdo h�hfwv ri wkh hfrqrplf hqylurqphqw rq dffxpxodwlrq/ rwkhu wkdq wkrvh ri srolf|1 Dv �w

grhv qrw hqwhu lqwr wkh ghwhuplqdwlrq ri wkh srolwlfr�hfrqrplf htxloleulxp +�w dqg � w, doo suhylrxv uhvxowv

uhpdlq xqfkdqjhg/ zlwk � vlpso| uhsodfhg e| �w zkhuhyhu lw dsshduhg1 Wkh suhvhqfh ri wkh vslooryhu rqo|

d�hfwv wkh jurzwk udwh dorqj hdfk htxloleulxp wudmhfwru|/ wudqviruplqj iru lqvwdqfh �qlwh vwhdg|�vwdwhv

+zkhq $ ? 4 � � � ��, lqwr hqgrjhqrxv jurzwk sdwkv +zkhq $ @ 4 � � � ��,159 Wkh iroorzlqj uhvxowv

wkhuhiruh dsso| htxdoo| wr vkruw� dqg wr orqj�uxq hfrqrplf jurzwk1

Sursrvlwlrq 43 D pruh uhglvwulexwlyh vrfldo frqwudfw

4, kdv kljkhu lqfrph jurzwk zkhq 4@� @ � @ 3 dqg �� ? 4>

5, kdv orzhu lqfrph jurzwk zkhq 4@� A 3> � @ 3 dqg �� @ 4=

Vlqfh erwk frqglwlrqv duh frpsdwleoh zlwk Wkhruhp 4*v uhtxluhphqw wkdw 4 � � ? 5�� wkh| doorz

wkh frpsdulvrq ri vwhdg|�vwdwhv fruuhvsrqglqj wr gl�huhqw/ vhoi�vxvwdlqlqj ydoxhv ri � = Wzr lqwhuhvwlqj

hpslulfdo vfhqdulrv fdq eh dffrxqwhg iru e| wkh prgho1

Fdvh 4= �Jurzwk�hqkdqflqj uhglvwulexwlrqv�1 Wkh idfw wkdw erwk htxloleuld kdyh +hqgrjhqrxvo|, wkh

vdph vdylqjv udwh pdnhv fohdu wkdw wkh vxshulru jurzwk shuirupdqfh xqghu wkh pruh uhglvwulexwlyh vrfldo

frqwudfw dulvhv iurp d pruh h!flhqw doorfdwlrq ri lqyhvwphqw h{shqglwxuhv/ zklfk uhod{hv wkh fuhglw frq0

vwudlqwv ri wkh srru15: Wd{ glvwruwlrqv/ phdqzkloh/ uhpdlq uhodwlyho| vpdoo1 Wklv vfhqdulr lv sduwlfxoduo|

uhohydqw iru kxpdq fdslwdo lqyhvwphqw +zklfk lv frqvlghuhg lq pruh ghwdlo lq wkh qh{w vhfwlrq, dqg sxeolf

khdowk h{shqglwxuhv> wkh frqwudvwhg sdwkv iroorzhg e| Hdvw Dvldq dqg Odwlq Dphulfdq frxqwulhv frph wr

plqg1 Pruh jhqhudoo|/ lw r�huv d srwhqwldo h{sodqdwlrq/ lq d frqwh{w ri hqgrjhqrxv srolf| fkrlfh/ iru wkh idfw

wkdw uhjuhvvlrq hvwlpdwhv ri wkh h�hfwv ri vrfldo dqg hgxfdwlrqdo wudqvihuv rq jurzwk duh xvxdoo| srvlwlyh

dqg vljql�fdqw +h1j1/ wkh uhihuhqfhv lq Vhfwlrq L1D,1

Fdvh 5= �Hxurvfohurvlv dqg wkh zhoiduh vwdwh�1 Lq wklv frqyhuvh fdvh/ wkh fuhglw�frqvwudlqw h�hfw

lv zhdn frpsduhg wr wkh wd{ glvwruwlrqv1 Hxurshdq frxqwulhv/ lw lv riwhq dujxhg/ kdyh fkrvhq d kljkhu

ghjuhh ri vrfldo lqvxudqfh dqg frpsuhvvlrq ri lqhtxdolwlhv wkdq wkh Xqlwhg Vwdwhv/ dw wkh frvw ri kljkhu

xqhpsor|phqw dqg vorzhu jurzwk15; Zkhwkhu wklv lv ylhzhg dv hqoljkwhqhg srolf| ru glvpdo �hxurvfohurvlv�/

lw ehjv wkh txhvwlrq ri zk| yrwhuv rq erwk vlghv ri wkh Dwodqwlf zrxog fkrrvh vxfk gl�huhqw srlqwv rq wkh

59 Ehfdxvh lw djjuhjdwhv lqglylgxdo frqwulexwlrqv zlwk wkh vdph hodvwlflw| ri vxevwlwxwlrq dv wrwdo rxwsxw/ V| lv khwhurjhqhlw|�
qhxwudo/ lq wkh vhqvh wkdw lw grhv qrw lqwurgxfh dq| dgglwlrqdo h�hfwv ri lqfrph glvwulexwlrq rq jurzwk1 Lw mxvw pdnhv pruh
shupdqhqw wkrvh gxh wr lpshuihfw fuhglw pdunhwv/ e| uhgxflqj ru hyhq holplqdwlqj wkh �frqyhujhqfh� whup 3E�3k3 q� *? +|
iurp +48,1 Dowhuqdwlyh FHV djjuhjdwhv zlwk hodvwlflwlhv rwkhu wkdq �*E�3�� frxog hdvlo| eh ghdow zlwk/ dv lq Eìqderx +4<<9d,1

5:Wkh htxdolw| ri lqyhvwphqw udwhv lv wuxh lq wkh lq�qlwh�krul}rq yhuvlrq ri wkh prgho dv zhoo1 D kljkhu � wkhq lpsolhv d
orzhu sulydwh vdylqjv udwh/ exw dovr d kljkhu htxloleulxp udwh ri frqvxpswlrq wd{dwlrq dqg lqyhvwphqw vxevlgl}dwlrq1

5; Vhh iru h{dpsoh Iuhhpdq +4<<8,1 Lw lv lq uhfhqw |hduv wkdw Hxurshdq jurzwk kdv idoohq vkruw ri XV jurzwk/ exw xqhp0
sor|phqw kdv ehhq kljkhu iru qhduo| wzr ghfdghv1
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htxlw|�h!flhqf|/ ru lqvxudqfh�jurzwk/ wudghr�1 Lq rxu prgho Hxurshdqv fkrrvh pruh uhglvwulexwlrq wkdq

Dphulfdqv qrw ehfdxvh wkh| duh lqwulqvlfdoo| pruh ulvn�dyhuvh/ exw ehfdxvh lq pruh krprjhqrxv vrflhwlhv

wkhuh lv ohvv hurvlrq ri wkh frqvhqvxv ryhu vrfldo lqvxudqfh phfkdqlvpv zklfk/ h{�dqwh/ zrxog eh ydoxhg

hqrxjk wr frpshqvdwh iru ohvvhu jurzwk survshfwv1 Dw dq| jlyhq ohyho ri lqfrph�vkdulqj d vpdoohu iudfwlrq

ri wkh srsxodwlrq zdqwv wr rsw rxw/ vr wkh htxloleulxp udwh ri uhglvwulexwlrq lv kljkhu1

Frqvlghu �qdoo| djjuhjdwh zhoiduh/ zklfk khuh lv dovr wkdw ri wkh phgldq yrwhu1 Vlqfh pxowlsolflw|

uhtxluhv vrph plqlpdo srolwlfdo eldv +� A 3, lw lv fohdu wkdw/ lq hdfk vwhdg|�vwdwh/ d pdujlqdo lqfuhdvh lq

uhglvwulexwlrq zrxog udlvh dyhudjh zhoiduh> vhh +49, dqg +54,1 Wklv fruuhvsrqgv wr wkh uhtxluhphqw/ lq wkh

vw|ol}hg prgho ri Vhfwlrq L/ ri dq djjuhjdwh jdlq iurp wkh uhglvwulexwlyh srolf| eS uhodwlyh wr S = Frpsdulqj

vwhdg|�vwdwhv/ rq wkh rwkhu kdqg/ lqyroyhv qrq0pdujlqdo yduldwlrqv lq �= Zkhq wd{ glvwruwlrqv duh vpdoo

hqrxjk +vxfk dv lq Fdvh 4 deryh, wkh pruh uhglvwulexwlyh vwhdg|�vwdwh grhv kdyh kljkhu wrwdo zhoiduh/ exw

lq jhqhudo wklv qhhg qrw eh wkh fdvh> vhh htxdwlrq +49,1

YL H{sodlqlqj Lqwhuqdwlrqdo Gl�huhqfhv lq Hgxfdwlrq Ilqdqfh

D Dowhuqdwlyh V|vwhpv ri Vfkrro Ixqglqj

Hgxfdwlrq �qdqfh surylghv shukdsv wkh prvw frpshoolqj fdvh ri d uhglvwulexwlyh srolf| zlwk srvlwlyh hi0

�flhqf| lpsolfdwlrqv1 Ordq pdunhw lpshuihfwlrqv duh pruh olnho| wr d�hfw lqyhvwphqw lq kxpdq wkdq lq

sk|vlfdo fdslwdo/ zklfk fdq vhuyh dv froodwhudo1 Wkh vdph lv wuxh iru ghfuhdvlqj uhwxuqv1 Wkh �qdqflqj ri

sulpdu| dqg vhfrqgdu| vfkrrov dovr frqvwlwxwhv d vwulnlqj h{dpsoh ri shuvlvwhqw lqwhuqdwlrqdo gl�huhqfhv lq

wkh h{whqw ri uhglvwulexwlrq1 Mdsdq dqg prvw Hxurshdq frxqwulhv kdyh vwdwh0ixqghg sxeolf hgxfdwlrq/ zklfk

hvvhqwldoo| htxdol}hv h{shqglwxuhv dfurvv sxslov1 Wkh Xqlwhg Vwdwhv/ lq frqwudvw/ uholhv lq odujh sduw rq orfdo

�qdqflqj> ehfdxvh frppxqlwlhv duh khdylo| lqfrph0vhjuhjdwhg/ h{shqglwxuhv uh hfw sduhqwdo uhvrxufhv wr

d odujh h{whqw/ pdnlqj hgxfdwlrq d txdvl0sulydwh jrrg1 Lq Eìqderx +4<<9d, L ghprqvwudwh krz d pryh

iurp orfdo wr vwdwh ixqglqj ri vfkrrov fdq udlvh wkh hfrqrp|*v orqj0uxq rxwsxw ohyho/ dqg hyhq lwv orqj0whup

jurzwk udwh1 Fdoleudwlqj d prgho zlwk orfdo ixqglqj wr XV gdwd/ Ihuqdqgh} dqg Urjhuvrq +4<<7, �qg wkdw

vxfk d pryh wr vwdwh �qdqfh frxog udlvh vwhdg|0vwdwh JGS e| derxw 6(1 Zkhwkhu ru qrw rqh vxevfulehv

wr wklv ylhz/ gl�huhqfhv lq qdwlrqdo hgxfdwlrq v|vwhpv zklfk shuvlvw iru ryhu d fhqwxu| uhsuhvhqw d sx}}oh/

xqohvv rqh lv zloolqj wr dsshdo wr lqwulqvlf gl�huhqfhv lq wdvwhv/ whfkqrorjlhv ru srolwlfdo uljkwv15<

Wr h{dplqh wklv lvvxh/ ohw nlw qrz vshfl�fdoo| uhsuhvhqw kxpdq zhdowk1 Wkh whup +nlw,
� lq +9, fdswxuhv wkh

wudqvplvvlrq ri kxpdq fdslwdo ru delolw| zlwklq wkh idplo|/ zkloh wkh vkrfnv �lw.4 uhsuhvhqw wkh xqsuhglfwdeoh

frpsrqhqw ri lqqdwh wdohqw1 Ilqdoo|/ lqvwhdg ri surjuhvvlyh wd{hv dqg wudqvihuv L qrz frqvlghu surjuhvvlyh

5< Lq Jorpp dqg Udylnxpdu +4<<5, sulydwh �qdqfh ri hgxfdwlrq ohdgv wr d kljkhu orqj0uxq jurzwk udwh wkdq sxeolf ixqglqj
ehfdxvh lw jlyhv lqglylgxdov ehwwhu lqfhqwlyhv wr dffxpxodwh kxpdq zhdowk1 Eìqderx +4<<9d, vkrzv wkdw wdnlqj lqwr dffrxqw
wkh udqgrpqhvv lq fkloguhq*v delolw| whqgv wr uhyhuvh wklv udqnlqj/ dv grhv wkh suhvhqfh ri hfrqrp|0zlgh vslooryhuv1 Judgvwhlq
dqg Mxvwpdq +4<<6, vwxg| vlplodu lvvxhv lq d prgho zlwk oderu vxsso|/ wkhq h{dplqh yrwhuv* fkrlfh dprqj gl�huhqw ixqglqj
uhjlphv1 Wkh| rewdlq d xqltxh htxloleulxp1 Vdlqw0Sdxo dqg Yhuglhu*v +4<<5, prgho |lhogv pxowlsolflw| zlwk uhvshfw wr wkh
ohyho ri sxeolf hgxfdwlrq ixqglqj/ dv h{sodlqhg lq irrwqrwh 571
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vxevlglhv wr hgxfdwlrqdo lqyhvwphqw1 Wkxv +<, lv uhsodfhg e| a|lw @ |lw> zkloh lq +9, sduhqwdo vdylqjv hlw duh

uhsodfhg e| wkh qhw +diwhu�wd{, uhvrxufhv lqyhvwhg lq wkhlu fklog*v hgxfdwlrq/ qdpho|=

ahlw @ hlw +�|w@|
l
w,

� w>+63,

zlwk �|w vwloo ghwhuplqhg e| +43,1 Ehfdxvh djhqwv zloo vwloo fkrrvh d frpprq vdylqjv udwh wkh jryhuqphqw*v

exgjhw frqvwudlqw/ zklfk lv qrz ] 4

3

+ahlw � hlw, gl @ 3>+64,

zloo djdlq eh vdwlv�hg1 Wkh surjuhvvlylw| udwh � w lv wkh hodvwlflw| ri wkh wd{ sulfh ri hgxfdwlrq zlwk uhvshfw

wr zhdowk1 Jlyhq djhqwv* vdylqjv ehkdylru/ hlw @ �w|
l
w> lw dovr phdvxuhv wkh h{whqw wr zklfk hgxfdwlrq lv

sxeolfo| dqg htxdoo| surylghg= wkxv � @ 3 fruuhvsrqgv wr sulydwh �qdqfh/ zkloh � @ 4 lv htxlydohqw wr d

Hxurshdq�vw|oh v|vwhp zkhuh xqlyhuvdo sxeolf hgxfdwlrq lv ixqghg e| d sursruwlrqdo lqfrph wd{1

Sursrvlwlrq 44 Jlyhq d udwh ri hgxfdwlrq �qdqfh surjuhvvlylw| � w> djhqwv lq jhqhudwlrq w fkrrvh d frpprq

oderu vxsso| dqg vdylqjv udwh= hlw@a|
l
w @ ��@+4� �. ��, � U> dv ehiruh/ zkloh=

ow @

�
�

�

�4@� �
4� �. ��+4� � w,

4� �

�4@�

=

Wkh h�ruw glvwruwlrq lv vpdoohu wkdq lq wkh wd{dwlrq fdvh ehfdxvh wkh srolf| ehduv rqo| rq wkh sduw

ri wkhlu lqfrph zklfk djhqwv uhlqyhvw/ dqg qrw rq wkdw zklfk wkh| frqvxph163 Xs wr wkdw gl�huhqfh lq

ow @ o+� w, wkh lpsolhg g|qdplfv ri kxpdq zhdowk duh lghqwlfdo wr +44,�+48,/ ohdglqj wr wkh iroorzlqj uhvxow1

Sursrvlwlrq 45 Jlyhq d udwh ri hgxfdwlrq �qdqfh surjuhvvlylw| � w/ djhqw l*v lqwhuwhpsrudo zhoiduh lv=

X l
w @ �xw .D+� w,+oqn

l
w �pw, .F+�w,� ��+4� � w,

5�5�5
w .E+� w,y

5@5+65,

zkhuh �xw lv lqghshqghqw ri wkh srolf| �w dqg

D+�, � ��. +4� �. ��+4� �,,�+66,

F+�, � +4� �,+� oq o+�,� o+�,�, . ��� oq o+�,+67,

E+�, � �+4� �. ��+4� �,5, . u+4� �. ��+4� �,,5=+68,

Wklv xwlolw| ixqfwlrq uhvhpeohv forvho| wkh rqh zklfk durvh xqghu �vfdo uhglvwulexwlrq/ zlwk wzr idluo|

plqru gl�huhqfhv1 Rq wkh frvw vlgh/ F+�, lv wkh vdph ixqfwlrq ri h�ruw o+�, dv ehiruh exw o+�, lv qrz

gl�huhqw1 Lq sduwlfxodu/ glvwruwlrqv uhpdlq erxqghg/ vr hyhq wkrxjk X l
w lv vwulfwo| frqfdyh lq � w lw pd|

63 Lq wkh lq�qlwh�krul}rq yhuvlrq ri wkh prgho sulydwh vdylqjv ghflvlrq duh dovr ohvv glvwruwhg wkdq zlwk lqfrph wd{hv dqg
wudqvihuv1 Exw/ rqfh djdlq/ yrwhuv doo djuhh rq d Sduhwr�lpsurylqj pl{ ri frqvxpswlrq wd{hv dqg lqyhvwphqw vxevlglhv zklfk
uhvwruh hyhu|rqh*v lqyhvwphqw udwh wr U�
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eh pd{lpl}hg dw � @ 4 iru d srru hqrxjk djhqw1 Wkh rwkhu gl�huhqfh rffxuv lq wkh ehqh�wv whup1 Iru

� @ 4> E+�, @ ��+4 � u�,+4 � �,5 dv lq +49,/ dqg zlwk wkh vdph hfrqrplf lqwhusuhwdwlrq lq whupv ri

lqvxudqfh dqg uhdoorfdwlrq ri oltxlglw|�frqvwudlqhg lqyhvwphqwv1 Exw lq jhqhudo E+�, lv qrw sursruwlrqdo

wr �+4� �,5 dq| pruh/ dqg zkhq u A 3 lw lv qrw hyhq prqrwrqlf lq 4� � 1 Wkxv h!flhqf| pd| uhtxluh ohvv

wkdq ixoo htxdol}dwlrq ri hgxfdwlrqdo uhvrxufhv +E3+3, A 3 A E3+4,,> hyhq zkhq devwudfwlqj iurp ghdgzhljkw

orvvhv dqg gl�huhqfhv lq idplo| hqylurqphqwv164

Jlyhq wkh forvho| uhodwhg irup ri suhihuhqfhv dqg glvwulexwlrqdo g|qdplfv/ wkh srolwlfdo htxloleulxp ri

wkh hgxfdwlrq prgho lv yhu| vlplodu wr wkdw ri wkh wd{ prgho/ erwk lq wkh vkruw dqg lq wkh orqj uxq1 Krzhyhu/

wkh irupdo dqdo|vlv lv uhqghuhg pruh gl!fxow e| wkh srvvlelolw| ri fruqhu vroxwlrqv +� w @ 4, dqg wkh gl�huhqw

irup ri E+�,= Lq dq| fdvh/ ghulylqj dq h{dfw dqdorjxh wr Wkhruhp 4 zrxog eh uhshwlwlrxv1 L vkdoo irfxv

lqvwhdg rq d vlpsohu fdvh zklfk |lhogv h{solflw uhvxowv iru wkh vwhdg|�vwdwhv dqg wkhlu frpsdudwlyh vwdwlfv/

eulqjlqj rxw wkh xqghuo|lqj lqwxlwlrqv prvw fohduo|1

E Vxvwdlqdelolw| ri Fhqwudol}hg dqg Ghfhqwudol}hg Hgxfdwlrq V|vwhpv

Iurp khuh rq/ L uhvwulfw srolf| wr wzr rswlrqv1 Xqghu odlvvh}0idluh ru ghfhqwudol}hg ixqglqj/ � @ 3> hgxfdwlrq

h{shqglwxuhv duh ghwhuplqhg e| idplo| ru frppxqlw| uhvrxufhv> wkh wzr duh hvvhqwldoo| htxlydohqw zkhq

frppxqlwlhv duh vwudwl�hg e| vrflrhfrqrplf vwdwxv1 Sxeolf ixqglqj ri hgxfdwlrq fruuhvsrqgv wr � @ 4

ru pruh jhqhudoo| wr � @ �� > zkhuh 3 ? �� � 4= Jlyhq dq lqlwldo lqfrph glvwulexwlrq ri kxpdq fdslwdo �w

wklv v|vwhp lv dgrswhg li X l
w +��, A X l

w +3, iru dw ohdvw d iudfwlrq s� � �+�, ri wkh srsxodwlrq1 Vhwwlqj

oqnlw �pw @ ��w lq +65,/ wklv phdqv=

� ?

�
+E+��,�E+3,,

�
y5

5

�
� +F+3,� F+��,,

�
4@����

��w
.

�
5� ��

5

�
��w=+69,

Lqwxlwlyho|/ wkh srolwlfdo lq xhqfh ri zhdowk pxvw qrw eh wrr odujh frpsduhg wr wkh djjuhjdwh zhoiduh ehqh�w

ri uhglvwulexwlyh hgxfdwlrq �qdqfh +uhodwlyh wr odlvvh}�idluh,/ dqg jlyhq wkh h{lvwlqj ohyho ri lqhtxdolw|1

Suhh{lvwlqj lqhtxdolw| udlvhv wkh kxugoh zklfk wkh srolf| pxvw ryhufrph/ dv uh hfwhg e| wkh whup 4@��w

pxowlso|lqj wkh qhw zhoiduh ehqh�w1 Wklv h�hfw whqgv wr pdnh dgrswlrq ri vwdwh �qdqfh pruh gl!fxow zkhuh

lw kdv qrw suhylrxvo| ehhq lq sodfh +h1j1/ wkh Xqlwhg Vwdwhv,/ ehfdxvh ri wkh juhdwhu kxpdq fdslwdo glvsdulwlhv

zklfk uhvxow ryhu wlph iurp d ghfhqwudol}hg v|vwhp1 Frqyhuvho|/ wkh whup lq ��w lqfrusrudwhv wkh frpelqhg

h�hfwv ri vnhzqhvv dqg fuhglw�frqvwudlqwv/ zklfk dozd|v jhqhudwh d kljkhu ghpdqg iru uhglvwulexwlrq1 Dv d

uhvxow ri wkhvh wzr r�vhwwlqj irufhv wkh uljkw0kdqg vlgh ri +69, kdv wkh xvxdo X0vkdsh lq �w/ dqg lv lq idfw

yhu| vlplodu wr +6, lq wkh vw|ol}hg prgho ri Vhfwlrq L1 Wr irfxv rq wkh orqj�uxq/ ohw xv qrz uhsodfh �w e|

wkh dv|pswrwlf yduldqfh xqghu sxeolf surylvlrq +sduwldo ru frpsohwh,/ qdpho| �4 @ G+��, jlyhq e| +5:,1

64Wklv lv gxh wr wkh idfw wkdw dgxowv idfh d wudghr� ehwzhhq lqvxulqj wkhlu fkloguhq*v kxpdq fdslwdo &�|n� djdlqvw d orz

uhdol}dwlrq ri wkhlu rzq surgxfwlylw| 5�|c dqg vprrwklqj wkh lqwhuwhpsrudo sur�oh ri wkh wzr jrrgv wkh| fduh derxw/ qdpho|
S�| dqg &�|n�

� D kljk � | khosv zlwk wkh �uvw remhfwlyh exw kxuwv zlwk wkh vhfrqg/ jlyhq wkdw S�| lv qrw lqvxodwhg iurp wkh vkrfn

5�| � Wkh uhvxow lv qrw vshfl�f wr wkh p|rslf ehtxhvw prwlyh dgrswhg lq wklv sdshu1 Lw dovr rffxuv zlwk lq�qlwho|�olyhg djhqwv/
jlyhq d orz hqrxjk ghjuhh ri ulvn�dyhuvlrq> vhh Eìqderx +4<<:,1
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Uhglvwulexwlyh sxeolf ixqglqj ri hgxfdwlrq lv wkxv d vwhdg|0vwdwh zkhq=

� ?

�
+E+��,� E+3,,

�
y5

5

�
� +F+3,�F+��,,

��
4@����

�G+��,

�
.

�
5� ��

5

�
�G+��, � ��=+6:,

Frqyhuvho|/ sulydwh ru orfdo �qdqflqj lv d vwhdg|0vwdwh/ zlwk lqhtxdolw| �4 @G+3,> zkhq=

� A

�
+E+��,�E+3,,

�
y5

5

�
� +F+3,�F+��,,

��
4@����

�G+3,

�
.

�
5� ��

5

�
�G+3, � �=+6;,

Wkh wzr uhjlphv fdq frh{lvw li dqg rqo| li � ? ��> zklfk rffxuv zkhq wkh gl�huhqwldo jdlq

E+��,�E+3, @ ���� ^5� �� � u+5� 5�. ��+5� ��,,`+6<,

h{fhhgv wkh gl�huhqwldo frvw

F+3,� F+��, @
�

�

�
+4� �. ��, oq

�
4� �. ��

4� �. ��+4� ��,

�
� ����

�
+73,

e| d vx!flhqw dprxqw/ vshfl�hg ehorz1 Lw lv hdvlo| vhhq wkdw wkh glvwruwlrq F+3, � F+��, lv srvlwlyh dqg

lqfuhdvlqj lq 4@�= L zloo dvvxph wkdw E+��, A E+3,> vr wkdw wkhuh lv dq dfwxdo jdlq wr eh frpsduhg wr wklv

frvw> vx!flhqw frqglwlrqv lqfoxgh 4� u � 4> ru �+5 . �, � 4> ru wkdw �� qrw eh wrr odujh1 Ilqdoo|/ ohw

J+��, � ����+5� ��,�5

3Cv
4 . �5y5@z5

4� +�. ��,5

4D3Cv
4 . �5+4� ��,5y5@z5

4� +�. ��+4� ��,,5

4D =+74,

Wkhruhp 5 Li wkh jdlq lq h{�dqwh zhoiduh iurp surjuhvvlyh sxeolf �qdqflqj ri hgxfdwlrq/ uhodwlyh wr sulydwh

ru ghfhqwudol}hg �qdqflqj/ lv odujh hqrxjk/ qdpho|

E+��,�E+3, � +F+3,� F+��,,

�
5

y5

�
.J+��,

�
z5

y5

�
� E+y@z> �y5,>

wkhuh h{lvw 3 ? � ? �� vxfk wkdw=

4, iru � 5 ^�> ��` erwk sxeolf dqg ghfhqwudol}hg vfkrro ixqglqj duh vwdeoh vwhdg|0vwdwhv1 Wkh �uvw uhjlph

+� @ ��, kdv orzhu lqhtxdolw| dqg juhdwhu vrfldo prelolw| wkdq vhfrqg +� @ 3,1

5, iru � ? � sxeolf ixqglqj lv wkh rqo| vwhdg|0vwdwh/ zkloh iru � A �� lw lv ghfhqwudol}hg ixqglqj1

Wkhvh uhvxowv ghprqvwudwh krz vxfk ixqgdphqwdoo| gl�huhqw v|vwhpv ri vfkrro �qdqfh dv wkrvh ri wkh

Xqlwhg Vwdwhv dqg Zhvwhuq Hxurshdq frxqwulhv fdq eh vhoi�shushwxdwlqj/ rqfh dulvhq iurp klvwrulfdo flu0

fxpvwdqfhv165 Dv wr zklfk w|sh ri hgxfdwlrq v|vwhp ohdgv wr idvwhu jurzwk/ wklv ghshqgv rqfh djdlq rq

wkh wudghr� ehwzhhq wkh srvlwlyh lpsdfw ri uhglvwulexwlyh hgxfdwlrq �qdqfh rq zhdowk frqvwudlqwv dqg lwv

65Jhqhudol}lqj Wkhruhp 5 wr dq| srolf| sdlu t� c 7�� zlwk � 	 7� $ � lv vwudljkwiruzdug1 Olnh doo wkh uhvxowv lq wkh sdshu/ lw
fdq dovr eh h{whqghg wr doorz iru rswlpdo wlph doorfdwlrq e| sduhqwv ehwzhhq zrun dqg fklog0uhdulqj/ dqg iru d surgxfwlrq
vwuxfwxuh zkhuh idplolhv duh olqnhg wkurxjk frpsohphqwdulwlhv ehwzhhq gl�huhqw w|shv ri zrunhuv/ ru wkurxjk hfrqrp|0zlgh
vslooryhuv lq surgxfwlrq ru dffxpxodwlrq1

58



dgyhuvh h�hfw rq lqfhqwlyhv= Sursrvlwlrq 43 dssolhv xqfkdqjhg1 Ehfdxvh wkh glvwruwlrqv duh ohvv vhyhuh wkdq

zlwk surjuhvvlyh wd{hv dqg wudqvihuv/ krzhyhu/ wkh olnholkrrg wkdw vwdwh lqwhuyhqwlrq hqkdqfhv jurzwk lv

qrz juhdwhu1

Wkhruhp 5 dovr vkrzv krz wkh h!flhqf| wkuhvkrog iru pxowlsolflw| ydulhv zlwk wkh frvwv dqg ehqh�wv ri

uhglvwulexwlyh vfkrro �qdqfh/ dv zhoo dv gl�huhqw vrxufhv ri lqfrph lqhtxdolw|= E+y@z> �y5, lqfuhdvhv zlwk

4@� dqg z5> zkloh lw ghfuhdvhv zlwk y51 Htxlydohqwo|/ wkhuh lv d orzhu erxqg iru ulvn�dyhuvlrq zlwk wkh vdph

surshuwlhv1 Wkhvh uhvxowv kdyh wkh vdph lqwhusuhwdwlrqv dv Sursrvlwlrqv ;�</ dqg fdq djdlq eh uhsuhvhqwhg

rq Iljxuh 7/ zlwk E � E+��,� E+3, qrz rq wkh yhuwlfdo d{lv1 Lq sduwlfxodu/ d pruh hodvwlf oderu vxsso|

vkliwv wkh E orfxv iurp wkh vrolg wr wkh grwwhg fxuyh1 Rqh gl�huhqfh zlwk wkh fdvh ri d frqwlqxrxv srolf|

yduldeoh � lv wkdw iru E ? E wkhuh pljkw eh qr vwhdg|�vwdwh/ dv �� lv wkhq ohvv wkdq �= Htxdwlrqv +6:,�+6;,

vkrz wkdw iru � @5 ^��> �` wkhuh lv d xqltxh +dqg lqwxlwlyh, vwhdg|�vwdwh/ exw iru � 5 ^��> �` wkhuh lv qrqh1 Wkh

hfrqrp| fdq lqvwhdg eh vkrzq wr f|foh ehwzhhq wkh wzr uhjlphv/ dv lq Judgvwhlq dqg Mxvwpdq +4<<:,/ zlwk

zkrvh prgho wklv rqh vkduhv lpsruwdqw hohphqwv +wkhluv grhv qrw jhqhudwh pxowlsolflw|/ krzhyhu,1 Dfwxdo

lqvwdqfhv ri vxfk f|folqj duh kdug wr frph e|/ dqg lqghhg Wkhruhp 4 lqglfdwhv wkdw qrq0h{lvwhqfh lv dq

duwhidfw ri uhvwulfwlqj srolf| wr glvfuhwh ydoxhv166

L qrz uhwxuq wr wkh fhqwudo lvvxh/ qdpho| wkh frh{lvwhqfh ri pxowlsoh uhjlphv1 Wkh udqjh ri srolwlfdo

v|vwhpv zklfk doorz wklv lqghwhuplqdf| lv looxvwudwhg rq Iljxuh 81

Sursrvlwlrq 46 Wkh vfrsh iru wkh srolwlfdo v|vwhp wr jhqhudwh pxowlsoh htxloleuld lqfuhdvhv zlwk wkh h!0

flhqf| ehqh�wv ri uhglvwulexwlrq dqg ghfuhdvhv zlwk wkhlu h!flhqf| frvwv= dv E � E+��,� E+3, lqfuhdvhv/

gxh wr juhdwhu ulvn�dyhuvlrq ru pruh ghfuhdvlqj uhwxuqv/ erwk � dqg �� ulvh exw wkh lqwhuydo ^�> ��` zlghqv1 D

kljkhu oderu vxsso| hodvwlflw| kdv wkh rssrvlwh h�hfwv1

YLL Rwkhu Dssolfdwlrqv

D Frqfhuq iru Htxlw|

Dsduw iurp vrfldo lqvxudqfh dqg fdslwdo pdunhw lpshuihfwlrqv/ rqh ri wkh pdlq uhdvrqv iru lqfrph uhglvwul0

exwlrq lv vlpso| wkdw prvw shrsoh glvolnh olylqj lq d vrflhw| zklfk lv wrr xqhtxdo1 Wklv pd| eh gxh wr sxuh

dowuxlvp ru wr wkh idfw wkdw lqhtxdolw| jhqhudwhv vrfldo whqvlrqv/ fulph/ dqg vlplodu sureohpv zklfk kdyh

gluhfw frvwv1 Wr fdswxuh wkhvh lghdv rqh fdq vlpso| dxjphqw +:, dv iroorzv=

oq aY l
w @ oqY l

w � +D@5,
k
+4� �, ydum5L ^oq f

m
w � +omw ,

�` . � ydum5L ^oqn
m
w.4`

l
= +:*,

66Pruh vshfl�fdoo|/ zlwk d frqwlqxrxv � wkh dqdorjxh ri htxdwlrq +5;, iru hgxfdwlrq ixqglqj lv hdvlo| vkrzq wr dozd|v kdyh
dw ohdvw rqh vwdeoh vwhdg|�vwdwh1 Frqyhuvho|/ dq dqdorjxh ri Wkhruhp 5 fdq eh ghulyhg iru surjuhvvlyh wd{dwlrq/ zlwk wkh
surjuhvvlylw| udwh � uhvwulfwhg wr tfc 7��� Wklv lv lqwhuhvwlqj ehfdxvh lw vkrzv wkdw wkh qrq�olqhdu uhglvwulexwlyh vfkhphv xvhg
lq wkh sdshu/ qdpho| +<, dqg +63,/ duh qrw gulylqj wkh uhvxowv= iru wkh srodu ydoxhv � ' f dqg � ' 7� 
 � +dqg irfxvlqj rq
wkh fdvh zkhuh �*# ' f,/ vxfk d jhrphwulf vfkhph dqg wkh vwdqgdug olqhdu rqh frlqflgh h{dfwo|1 Wkh prgho ri Judgvwhlq dqg
Mxvwpdq +4<<9, fruuhvsrqgv wr wkh fdvh zkhuh � 3 o ' � +wlph�vhsdudeoh/ orjdulwkplf xwlolw|,/ wkh glvxwlolw| ri h�ruw 3,# lv
uhsodfhg e| *?E� 3 ,�c � M tfc �� +sxuh sxeolf ru sulydwh v|vwhp,/ b ' f +sxuh ghprfudf|, dqg �2 ' f +qr xqfhuwdlqw| dw wkh
wlph ri yrwlqj,1 Iurp Wkhruhp 5 zh vhh wkdw wkh uhvwulfwlrqv b ' f dqg �2 ' f duh zkdw suhfoxghv pxowlsoh htxloleuld1
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Wkh frh!flhqw D uhsuhvhqwv hyhu|rqh*v dyhuvlrq wr glvsdulwlhv lq iholflw|/ phdvxuhg e| wkh furvv0vhfwlrqdo

yduldqfhv ri frqvxpswlrq +lqfoxglqj ohlvxuh, dqg ehtxhdwkhg zhdowk1 Iru d jlyhq wd{ udwh wklv dowuxlvwlf

prwlyh grhv qrw d�hfw vdylqjv ru h�ruw ghflvlrqv/ vr wkh hfrqrp|*v odzv ri prwlrq uhpdlq xqfkdqjhg dqg

wkh srolwlfdo htxloleulxp txlwh vlplodu1 Iru vlpsolflw|/ ohw xv irfxv djdlq rq wkh hqgrzphqw hfrqrp|/ � @ 3>

zkhuh wkh dowuxlvp whup lv mxvw +D@5,
�
+4� �,+4� �,5+�5�5

w . y5, . �+�5�5
w .z5,

�
= Lqglylgxdov* lghdo wd{

udwhv � lw dqg wkh htxloleulxp srolf| �w duh wkhq wkh vdph dv ehiruh/ h{fhsw wkdw wkh xeltxlwrxv �5�5
w .Ey5

lv uhsodfhg e| +4 .D,�5�5
w . +E .D,y5 = lqhtxdolw| dyhuvlrq lv htxlydohqw wr d vlpxowdqhrxv lqfuhdvh lq

ulvn�dyhuvlrq dqg lq wkh frqfdylw| ri wkh djjuhjdwh zhoiduh ixqfwlrq +suhylrxvo| orjdulwkplf,1 Iru lqvwdqfh/

zkhq 4@� @ 3 wkh vwhdg|�vwdwh wd{ udwh ehfrphv

4

4� �4
@

z

�

%
+4 .D,

�
�s

4� �5

�
. +4 .D� +4� �,u,

� y

z

�5
#s

4� �5

�

$&
> +57*,

lqvwhdg ri +58,1 Qdwxudoo|/ surjuhvvlylw| lqfuhdvhv zlwk D dqg ghfuhdvhv zlwk �= Li rqh revhuyhg wzr

frxqwulhv/ wkh �uvw zlwk orz suhwd{ lqhtxdolw| |hw h{whqvlyh uhglvwulexwlrq/ wkh rwkhu zlwk kljk lqhtxdolw|

|hw olplwhg uhglvwulexwlrq/ rqh zrxog lqghhg eh whpswhg wr frqfoxgh wkdw wkh flwl}hqv ri wkh �uvw frxqwu|

zhuh pruh dowuxlvwlf/ ru wkhlu srru ehwwhu rujdql}hg srolwlfdoo|1 Lq idfw lw frxog eh wkdw suhihuhqfhv duh

lghqwlfdo dqg srolwlfdo lqvwlwxwlrqv htxlydohqw/ exw wkdw wkh vhfrqg frxqwu|*v pruh xqhtxdo glvwulexwlrq

uh hfwv d pruh shuvlvwhqw lqfrph surfhvv1 Wklv frxog eh gxh wr h{rjhqrxv idfwruv/ dv zlwk � khuh/ ru eh

hqgrjhqrxv/ dv lq wkh fdvh ri pxowlsoh vwhdg|�vwdwhv1

E Wkh Pl{ ri Sxeolf Jrrgv

Vrph sxeolf vhuylfhv vxfk dv wkh ohjdo v|vwhp/ wkh surwhfwlrq ri surshuw|/ sulvrqv/ hwf1/ ehqh�w flwl}hqv

odujho| lq sursruwlrq wr wkhlu ohyhov ri zhdowk ru lqyhvwphqw1 Rwkhuv/ vxfk dv sxeolf lqiudvwuxfwxuh ru

hgxfdwlrq/ kdyh pruh xqlirupo| ru hyhq surjuhvvlyho| glvwulexwhg ehqh�wv1 Ghlqlqjhu dqg Vtxluh +4<<8,

�qg lq furvv�frxqwu| uhjuhvvlrqv wkdw sxeolf lqyhvwphqw d�hfwv wkh jurzwk ri lqfrph htxdoo| iru doo txlqwlohv/

zkloh sxeolf vfkrrolqj h{shqglwxuhv ehqh�w wkh erwwrp 73( prvw/ wkh plggoh fodvv wr d ohvvhu h{whqw/ dqg

wkh ulfk qrw dw doo1 Ohw xv wkhuhiruh wklqn ri wkh jryhuqphqw dv fkrrvlqj/ dw wkh pdujlq/ iurp dprqj d

phqx ri sxeolf jrrgv zklfk duh frpsohphqwdu| wr sulydwh fdslwdo dffxpxodwlrq= li jw lv vshqw rq d sxeolf

jrrg zlwk fkdudfwhulvwlfv +�>�> �> �,> wkh sulydwh vhfwru idfhv wkh iroorzlqj whfkqrorj|=

nlw.4 @ � � �lw.4 � +nlw,� +hlw,
�+jw,

�=+75,

Wkh �uvw w|sh ri jrrg fruuhvsrqgv wr d kljk ydoxh ri �. � dqg d orz ydoxh ri �> wkh vhfrqg w|sh kdv orz

� . � dqg kljk �= Lq wkh vlpsoh fdvh zkhuh wkh srolf| ghflvlrq frqvlvwv ri fkrrvlqj d vlqjoh sxeolf jrrg

+eurdgo| gh�qhg, iurp vxfk d phqx/ wkh sureohp lv dqdorjrxv wr wkh hduolhu rqhv1 Dv d uhvxow/ frxqwulhv

fdq vxvwdlq gl�huhqw fkrlfhv zlwkrxw dq| xqghuo|lqj gl�huhqfhv lq wdvwhv1 Lq uhdolw|/ pdq| sxeolf jrrgv duh
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surylghg vlpxowdqhrxvo| dqg wkh ghedwh lv ryhu wkh dssursuldwh pl{167 Qrqhwkhohvv/ wkh vdph lqwxlwlrqv

vkrxog fduu| ryhu wr wklv pruh frpsolfdwhg sureohp1

F Wkh Vrflrhfrqrplf Vwuxfwxuh ri Flwlhv

Wkh suhvhqfh lq kxpdq fdslwdo dffxpxodwlrq ri shhu h�hfwv/ uroh prghov dqg rwkhu qhljkerukrrg lqwhudf0

wlrqv lpsolhv wkdw uhvlghqwldo vwudwl�fdwlrq lqfuhdvhv wkh shuvlvwhqfh ri lqfrph glvsdulwlhv dfurvv idplolhv

+h1j1/ Eìqderx +4<<6,/ Gxuodxi +4<<9d,,1 Xuedq jkhwwrv duh exw wkh prvw h{wuhph h{dpsoh ri wklv skh0

qrphqrq/ zklfk lv wkh vxemhfw ri d odujh hpslulfdo olwhudwxuh168 Wkh ghjuhh ri vrflrhfrqrplf vhjuhjdwlrq

+riwhq fruuhodwhg zlwk hwkqlf vhjuhjdwlrq, ydulhv d orw iurp rqh flw| wr dqrwkhu1 Vr gr wkh ohyho ri sr0

olwlfdo vxssruw iru/ dqg uhvrxufhv frpplwwhg wr/ krxvlqj/ vfkrrolqj dqg lqiudvwuxfwxuh srolflhv dlphg dw

uhgxflqj ru olplwlqj wklv srodul}dwlrq1 Wr vhh krz qhljkerukrrg h�hfwv fdq jlyh ulvh wr vdph pxowlsolflw|

ri srolwlfr�hfrqrplf uhjlphv dv �vfdo dqg hgxfdwlrq srolf|/ frqvlghu wkh jhqhudo odz ri prwlrq iru kxpdq

fdslwdo vwxglhg lq Eìqderx +4<<9d,=

kl
w.4 @ I+�lw.4> k

l
w> O

l
w> Kw,>+76,

zkhuh Ol
w dqg Kw duh kxpdq fdslwdo dyhudjhv fdswxulqj uhvshfwlyho| orfdo h{whuqdolwlhv +h1j1/ shhu h�hfwv,

dqg hfrqrp|0zlgh lqwhudfwlrqv +h1j1/ surgxfwlrq frpsohphqwdulwlhv/ nqrzohgjh vslooryhuv/ hwf1, zklfk d�hfw

wkh dffxpxodwlrq ri kxpdq fdslwdo1 Wkxv Ol
w lv frpsxwhg ryhu wkh srsxodwlrq ri idplo| l* v qhljkeruv ru

shhuv/ zkloh Kw uh hfwv wkh jhqhudo srsxodwlrq*v glvwulexwlrq ri fkdudfwhulvwlfv1 Lq d phwursrolwdq duhd

zkhuh idplolhv kdyh vruwhg lqwr vrflrhfrqrplfdoo| krprjhqrxv frppxqlwlhv ru �foxev�/ Ol
w @ kl

w iru hyhu|

l> vr kl
w.4 @ I+�lw.4 > k

l
w> k

l
w>Kw,= Frqyhuvho|/ xqghu shuihfw lqwhjudwlrq hdfk frppxqlw| lv d uhsuhvhqwdwlyh

vdpsoh ri wkh srsxodwlrq dw odujh/ vr hyhu|rqh vkduhv lq wkh vdph ohyho ri orfdo h{whuqdolw| ru sxeolf jrrg/

Ol
w @ Ow> khqfh kl

w.4 @ I+�lw.4 > k
l
w> Ow> Kw,= Orrnlqj dw wkh lpsolhg vhuldo fruuhodwlrqv iru kxpdq zhdowk/

wkh irupdo vlplodulw| zlwk wkh fdvhv � @ 3 dqg � @ 4 lq wkh suhvhqw prgho lv txlwh dssduhqw/ hvshfldoo|

zkhq I lv Free�Grxjodv1 Pruhryhu/ L vkrz lq Eìqderx +4<<6,/ +4<<9d, wkdw wkh orqj0uxq lpsdfw ri

vhjuhjdwlrq rq djjuhjdwh vxusoxv lv olnho| wr eh qhjdwlyh> sxw lq dqrwkhu zd|/ htxloleulxp vhjuhjdwlrq whqgv

wr eh lqh!flhqwo| kljk1 Wkh wzr frqglwlrqv lghqwl�hg khuh iru pxowlsoh vwhdg|0vwdwhv duh wkhuhiruh vdwlv�hg=

wkhuh duh uhglvwulexwlyh srolflhv +eurdgo| vshdnlqj/ vxevlgl}lqj lqwhjudwlrq, zklfk fdq uhgxfh shuvlvwhqfh

dqg lqfuhdvh h{�dqwh zhoiduh1 \hw d kljk ghjuhh ri vhjuhjdwlrq fdq eh vhoi0shushwxdwlqj/ suhflvho| gxh wr wkh

lqfuhdvhg lqhtxdolw| zklfk lw lqgxfhv169 Wkhrulhv zklfk dvfuleh lqwhuqdwlrqdo gl�huhqfhv wr d pxowlsolflw|

ri htxloleuld dozd|v idfh wkh fkdoohqjh ri lghqwli|lqj wkh ruljlqdo vrxufh ri wkhvh glyhujlqj sdwkv1 Lq wkh

67Irupdoo|/ &�|n�
'

U
V u 1�|n� u E&�|�

kEe�|�
qE}|EVc kc q���� _V _k _q _�c zlwk

U
}|EVc kc qc �� _V _k _q _� htxdo wr jryhuqphqw

uhyhqxh1 Ehqrñw dqg Rveruqh +4<<7, vwxg| d uhodwhg lvvxh lq wkh frqwh{w ri fulph/ h{dplqlqj zkdw ghwhuplqhv d frxqwu|*v
fkrvhq pl{ ehwzhhq wkh vhyhulw| ri sxqlvkphqw dqg suhyhqwlyh vrfldo h{shqglwxuhv1

68Uhfhqw uhihuhqfhv lqfoxgh Erumdv +4<<8,/ Frrshu/ Gxuodxi dqg Mrkqvrq +4<<7, dqg Wrsd +4<<8,1 Mhqfnv dqg Pd|hu +4<<3,
surylgh dq h{whqvlyh vxuyh| ri hduolhu hpslulfdo vwxglhv/ dqg Pdqvnl +4<<6, d fulwlfdo glvfxvvlrq ri phwkrgrorj|1 Lqghhg wkh
lghqwl�fdwlrq ri wkhvh vrfldo vslooryhuv uhpdlqv wkh vxemhfw ri vrph frqwuryhuv|> vhh iru lqvwdqfh Rdwhv dqg Vfkzde +4<<5,1

69Dq dowhuqdwlyh vrxufh ri pxowlsolflw| lv wkh rqh h{soruhg e| Gxuodxi +4<<9e,/ zkhuh lw lv rqo| zkhq lqfrph glvsdulwlhv duh
qrw wrr odujh wkdw ulfk idplolhv duh zloolqj wr vkduh zlwk srruhu rqhv wkh �{hg frvwv ri uxqqlqj d frppxqlw| dqg lwv vfkrrov1

5;



fdvh ri vhjuhjdwlrq/ wkh klvwrulfdo flufxpvwdqfhv zklfk vhw wkh Xqlwhg Vwdwhv dqg d ihz rwkhu frxqwulhv rq

d shupdqhqwo| gl�huhqw frxuvh gr qrw vhhp kdug wr slqsrlqw16:

YLLL Frqfoxvlrq

Wklv sdshu kdv sursrvhg d wkhru| ri wkh vrfldo frqwudfw zklfk h{sodlqv krz frxqwulhv zlwk vlplodu suhihu0

hqfhv dqg whfkqrorjlhv/ dv zhoo dv htxdoo| ghprfudwlf srolwlfdo v|vwhpv/ fdq qrqhwkhohvv pdnh yhu| gl�huhqw

fkrlfhv zlwk uhvshfw wr �vfdo surjuhvvlylw|/ vrfldo lqvxudqfh/ dqg hgxfdwlrq �qdqfh1 Wkh dqvzhu lqyroyhv

wzr phfkdqlvpv zklfk dulvh qdwxudoo| lq wkh devhqfh ri frpsohwh lqvxudqfh dqg fuhglw pdunhwv1 Iluvw/

uhglvwulexwlrqv zklfk zrxog lqfuhdvh h{�dqwh zhoiduh frppdqg ohvv srolwlfdo vxssruw lq dq xqhtxdo vrflhw|

wkdq lq d pruh krprjhqrxv rqh1 D orzhu udwh ri uhglvwulexwlrq/ lq wxuq/ lqfuhdvhv lqhtxdolw| ri ixwxuh

lqfrphv gxh wr zhdowk frqvwudlqwv rq lqyhvwphqw lq kxpdq ru sk|vlfdo fdslwdo1 Wklv ohdgv wr wzr vwdeoh

vwhdg|�vwdwhv/ wkh dufkhw|shv iru zklfk frxog eh wkh Xqlwhg Vwdwhv dqg Vzhghq= rqh zlwk kljk lqhtxdolw|

|hw orz uhglvwulexwlrq/ wkh rwkhu zlwk wkh uhyhuvh frq�jxudwlrq1 Wkhvh wzr vrflhwlhv duh qrw Sduhwr udqn0

deoh/ dqg zklfk rqh kdv idvwhu lqfrph jurzwk ghshqgv rq wkh edodqfh ehwzhhq wd{ glvwruwlrqv wr h�ruw dqg

wkh juhdwhu surgxfwlylw| ri lqyhvwphqw uhvrxufhv uhdoorfdwhg wr pruh vhyhuho| fuhglw�frqvwudlqhg djhqwv1

Wkhvh lghdv zhuh irupdol}hg lq d vwrfkdvwlf jurzwk prgho zlwk plvvlqj pdunhwv/ surjuhvvlyh �vfdo

ru hgxfdwlrq srolf|/ dqg d pruh uhdolvwlf srolwlfdo v|vwhp wkdq wkh vwdqgdug phgldq yrwhu vhwxs1 Wkh

uhvxowlqj glvwulexwlrqdo g|qdplfv uhpdlq vlpsoh hqrxjk wr doorz d qxpehu ri h{whqvlrqv1 Lq Eìqderx

+4<<:, L ghyhors dqg fdoleudwh dq lq�qlwh�krul}rq yhuvlrq ri wkh lqfrpsohwh pdunhwv prgho/ wkhq xvh lw

wr txdqwli| wkh h�hfwv ri �vfdo dqg hgxfdwlrqdo uhglvwulexwlrq rq jurzwk/ ulvn/ dqg zhoiduh1 Dowhuqdwlyho|/

rqh frxog hqulfk wkh prgho*v uhsuhvhqwdwlrq ri wkh surgxfwlrq vhfwru wr vwxg| wkh lqwhudfwlrqv ehwzhhq

whfkqrorjlfdo surjuhvv/ wkh hgxfdwlrq v|vwhp/ dqg wkh srolwlfdo vskhuh1 \hw dqrwkhu lqwhuhvwlqj sureohp lv

wr hqgrjhql}h wkh nlqg ri zhdowk�eldvhg srolwlfdo phfkdqlvp xvhg khuh/ zkhuh wkrvh zlwk pruh uhvrxufhv

frppdqg pruh lq xhqfh> Erxujxljqrq dqg Yhuglhu +4<<:, dqg Urguljxh} +4<<:, duh uhfhqw h{dpsohv ri

vxfk prghov1 Ilqdoo|/ wkh ruljlqdo txhvwlrq ri zk| wkh vrfldo frqwudfw gl�huv dfurvv frxqwulhv/ dqg zkhwkhu

wkhvh fkrlfhv duh vxvwdlqdeoh lq wkh orqj uxq/ uhpdlqv dq lpsruwdqw wrslf iru ixuwkhu uhvhdufk1

6: Lq dgglwlrq wr wkh reylrxv ohjdf| ri udfldo vhjuhjdwlrq/ wkh srvw0zdu shulrg vdz d frpelqdwlrq ri vxgghq whfkqrorjlfdo
fkdqjh +wkh vsuhdg ri wkh dxwrpreloh, dqg ihghudo jryhuqphqw srolflhv +vxevlglhv wr lqiudvwuxfwxuh dqg krph rzqhuvkls, zklfk
pdgh h{whqvlyh vxexuedql}dwlrq yldeoh1

5<



Dsshqgl{

Surri ri Sursrvlwlrq 4 Rqfh djhqw l nqrzv klv surgxfwlylw| }lw> khqfh dovr klv suh� dqg srvw�wd{

lqfrphv |lw @ }lw+n
l
w,

�+olw,
� dqg a|lw @ +|lw,

4��w+�|w,/ klv ghflvlrq sureohp wdnhv wkh irup=

oqY l
w @ pd{

o>�

q
+4� �,^oq++4� �,a|lw,� o� ` . +�@u3, oqHw^+n

l
w.4,

u3

` m nlw.4 @ ��lw.4+n
l
w,

�+�a|lw,
�
r

+D14,

@ pd{
�

i+4� �, oq+4� �, . �� oq�j.pd{
o

i�+4� �,o� . +4� �. ��,+4� � w,� oq oj
.�+oq�� +4� u3,z5@5, . ^��. +4� �. ��,�+4� �w,` oqn

l
w

.+4� �. ��,
�
+4� � w, oq }

l
w . � w oq �|w

�
>

zkhuh �l
w � hlw@a|

l
w lv wkh vdylqjv udwh1 Vwulfw frqfdylw| lq � dqg o lv hdvlo| yhul�hg/ dqg wkh �uvw�rughu

frqglwlrqv gluhfwo| |lhog wkh vwdwhg uhvxowv1 n

Surri ri Sursrvlwlrq 5 Ohw xv vwduw e| frpsxwlqj wkh uhglvwulexwlyh vfkhph*v fxwr� ohyho �|w1 Li

oqnlw � Q +pw>�
5
w ,/ wkhq +7, lpsolhv wkdw djjuhjdwh lqfrph lv=

oq|w @ oqH^}lw` . oqH^+nlw,
�` . � oq ow @ �pw . � oq ow . �5�5

w@5=+D15,

Wkh ohyho ri wudqvihuv �|w zklfk vdwlv�hv wkh jryhuqphqw exgjhw frqvwudlqw +43, lv wkhq jlyhq e|=

� w oq �|w @ oq|w � �+4� � w, oq ow � oqH
�
+}lw,

4�� w

�� oqH
k
+nlw,

�+4�� w,
l

@ oq|w � �+4� � w, oq ow .
�
+4� � w,� +4� � w,

5
�
y5@5� �

+4� � w,�pw . +4� � w,
5�5�w

5@5
�

vlqfh wkh }lw*v dqg nlw*v duh lqghshqghqw1 Wkxv=

� w oq �|w @ �� wpw . �� w oq ow . � w+5� � w,�
5�w

5@5 . � w+4� � w,y
5@5>+D16,

dv fodlphg lq +45,1 Htxdwlrq +47, iroorzv iurp wdnlqj yduldqfhv lq +44,/ zkloh +46, iroorzv iurp wdnlqj

dyhudjhv zlwk � w oq �|w uhsodfhg e| +D16,1 Ilqdoo|/ frpelqlqj erwk odzv ri prwlrqv zlwk +D15, |lhogv=

oq|w.4 @ � oq ow.4 . �
�
+�. ��,pw . �� oq ow . � � w +5� � w, +�

5�5
w . y5,@5 . oq+�U�,� +z5 . �y5,@5

�
.�5

�
+�. ��+4� � w,,

5�5
w . �5+4� � w,

5 y5 .z5
�
@5

@ �+oq�. � oq U� +4� �,z5@5, . �+oq ow.4 � � oq ow, . +�. ��,^�pw . �ow . �5�5
w@5`

���^4� � w+5� � w,� ��+4� �w,
5`y5@5� ^�. �� � +�. ��+4� �w,,

5 � ��� w+5� � w,`�
5�5

w @5

@ oq ��. �+oq ow.4 � � oq ow, . +�. ��, oq|w � ��+4� ��,+4� �w,
5y5@5� 1�+� w,�

5�5
w @5>

khqfh wkh uhvxow/ jlyhq wkh gh�qlwlrqv ri oq ��> 1y+�, dqg 1�+�,= n
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Surri ri Sursrvlwlrq 6 Vxevwlwxwlqj wkh rswlpdo olw @ ow dqg �l
w @ U lqwr +D14,/ dqg ghqrwlqj

oq�3 � oq�� +4� u3,z5@5/ |lhogv=

oqY l
w @ � oq�3 . +4� �, oq+4� U, . �� oq U� +4� �,o�w . +4� �. ��,+4� � w,� oq ow+D17,

.^��. +4� �. ��,�+4� � w,` oqn
l
w . +4� �. ��,

�
+4� � w, oq }

l
w . � w oq �|w

�
=

Wkxv frqglwlrqdo rq nlw> oqY
l
w lv qrupdoo| glvwulexwhg/ zlwk yduldqfh +4� �. ��,5+4� � w,

5y5= Wklv lpsolhv=

oqX l
w � 4

u
oqH

k�
Y l
w

�u m nlw
l
@ H

�
oqY l

w m nlw
�
. u+4� �. ��,5+4� � w,

5y5=+D18,

Wkhuhiruh/ wr rewdlq oqX l
w rqh vlpso| qhhgv wr uhsodfh lq +D17, wkh whup lq oq }lw e| �+4 � � . ��,+4 �

� w, ^4� u+4� �. ��,+4� � w,`y5@5= Ilqdoo|/ vxevwlwxwlqj lq wkh ydoxh ri � w oq �|w iurp +D16, |lhogv wkh

fodlphg uhvxow/ zlwk

�xw @ oq^+4� U,4��
U
�� ` . �+oq�� +4� u3,z5@5,. +��.+4� �. ��,�,pw .+4� �. ��,�5�5

w @5= n+D19,

Surri ri Sursrvlwlrq 7 Zh fdq uhzulwh +54, dv d vhfrqg�ghjuhh sro|qrpldo lq { � 4� � >

S +{, � {5+�5�5
w .Ey5,� +�+oqnlw �pw,� �@�,{� �@� @ 3>+D1:,

zklfk dozd|v kdv wzr uhdo urrwv ri rssrvlwh vljq1 Vlqfh � lw � 4 qhfhvvdulo|/ wkh uhohydqw urrw lv {l
w @ 4�� lw A 3

dqg dw wkdw srlqw S 3+{l
w, A 3= Lw lv hdv| wr frpsxwh � lw h{solflwo|/ exw iru frpsdudwlyh vwdwlfv L vkdoo vlpso|

xvh wkh lpsolflw ixqfwlrq wkhruhp1 Vlqfh CS@C+Ey5, A 3 A CS@C oqnlw dqg S 3+{l
w, A 3> wkh wkhruhp lpsolhv

wkdw C{l
w@C oqn

l
w A 3 A C{l

w@C+Ey5,= Vlploduo|/ C{l
w@C�w ? 3= Ilqdoo|/ �CS@C+4@�, @ �+4�{,> vr C{lw@C+4@�,

kdv wkh vljq ri 4� {l
w @ � lw> ru htxlydohqwo| C� lw@C+4@�, kdv wkh vljq ri �� lw= Ilqdoo|/ �

l
w A 3 li dqg rqo| li

{l
w ? 4/ zklfk phdqv S +4, A 3> ru �+oqnlw �pw, ? �5�5

w .Ey5= n

Surri ri Sursrvlwlrq 8 Ohw xv lqgh{ djhqwv e| wkhlu orj�zhdowk/ �l � oqnl> dqg ghqrwh lwv f1g1i1

e| I+�,= Iru dq| zhljkwlqj vfkhph $l @ j+�l, wkh sursruwlrq ri yrwhv fdvw e| djhqwv zlwk �l � � +pruh

jhqhudoo|/ wkhlu wrwdo srolwlfdo zhljkw, lvJ +�,@J +4, zkhuh J+�, � U �

�4
j+},gI +},= Iru dq ruglqdo vfkhph/

j+}, @ $+I +},,> vr J +�, @
U I+�,

3 $+s,gs= Jlyhq wkh vlqjoh0furvvlqj frqglwlrq vdwlv�hg e| suhihuhqfhv/ wkh

djhqw zlwk orj0zhdowk �� dqg udqn s� @ I+��, gh�qhg e| J +��,@J +4, @ 4@5 lv fohduo| slyrwdo +vhh

Jdqv dqg Vpduw +4<<9,,1 Lq wkh orj0qrupdo fdvh I+�, @ �++� �p,@�,> vr li zh gh�qh � � ��4+s�, wkhq

�� @ p.��= Wklv zhdowk ohyho lv wkh vdph dv li wkh zkroh glvwulexwlrq ri � @ oqn zhuh vkliwhg xs e| ��=

Ohw xv qrz wxuq wr wkh fduglqdo vfkhph j+�, @ h��= Vlpsoh ghulydwlrqv vkrz wkdw

J+�, �
] �

�4

h�} gI +}, @ h�+p.��5@5, � I+� � ��5,>+D1;,

khqfh J +�,@J +4, @ I+� � ��5,= Wkh zkroh glvwulexwlrq lv wkxv vkliwhg e| ��5> dqg vr lv wkh vroxwlrq

wr J +��,@J +4, @ 4@5= n
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Surri ri Sursrvlwlrq 9 Wkh htxloleulxp wd{ udwh lv wkh rqh suhihuuhg e| wkh djhqw zlwk oqnlw�pw @

��w> vr fodlpv +4, dqg +5, iroorz gluhfwo| iurp wkh surshuwlhv ri � lw hvwdeolvkhg lq Sursrvlwlrq 71 Wr hvwdeolvk

wkh wklug fodlp ohw xv uhzulwh wkdw djhqw*v �uvw0rughu frqglwlrq/ CX l
w@C� @ 3> lq whupv ri {w � 4� �w= E|

+D1:,/ {w lv wkh xqltxh srvlwlyh urrw ri wkh sro|qrpldo=

T+{, � {5+�5�5
w .Ey5,� +���w � �@�,{� �@� @ 3=+D1<,

Qrz/ T3+{w, A 3 dqg CT@C�w @ 5{5�5�w � ��{/ vr C{w@C�w kdv wkh vljq ri � � 5�{w�w= Wkhuhiruh

C� w@C�w A 3 li dqg rqo| li {w A �@5��w= Iru � � 3 wklv lv dozd|v wuxh/ khqfh � w lv vwulfwo| lqfuhdvlqj lq

�w= Iru � A 3> rq wkh rwkhu kdqg/ wkh frqglwlrq lv htxlydohqw wr=

�w
5T+�@5��w, @ +�@5�,5+�5�5

w .Ey5,� +���w � �@�,+��w@5�,� +�@�,�5
w ? 3/

U+�w, � � +�. 7�@��,�5
w . 5+�@��,�w . �Ey5@�5 ? 3=

Wklv vhfrqg�ghjuhh sro|qrpldo lq �w kdv wzr uhdo urrwv ri rssrvlwh vljq1 Ghqrwlqj � wkh srvlwlyh rqh

+zlwk/ fohduo|/ C�@C+Ey5, A 3,/ zh frqfoxgh wkdw C� w@C�w A 3 li dqg rqo| li �w A �= Wkxv � w lv lqghhg

X�vkdshg lq �w> dqg lwv olplwlqj ydoxhv dw�w @ 3 dqg dv �w $ 4 duh uhdglo| rewdlqhg iurp +D1<,1 Ilqdoo|/

uhfdoo wkdw � lw A 3 li dqg rqo| �+oqnlw �pw, ? �5�5
w .Ey5> wkhuhiruh

� w A 3/ �5�5
w � ���w .Ey5 A 3=+D143,

Zkhq Ey5 A �5@7 wkh frqglwlrq dozd|v krogv/ vr � w A 3= Zkhq Ey5 ? �5@7 wkhuh lv d udqjh ^�3> ��33` �
+3>5�, vxfk wkdw � w ? 3 li dqg rqo| li �w lv lq wkdw lqwhuydo1 n

Surri ri Wkhruhp 4 Ohw xv vwduw zlwk d ohppd fkdudfwhul}lqj vwdeoh dqg xqvwdeoh vwhdg|�vwdwhv1

Ohppd 4 D vwdeoh vwhdg|�vwdwh lv d srlqw �� zkhuh wkh ixqfwlrq i+�, fxwv wkh krul}rqwdo � iurp deryh/ ru

htxlydohqwo| d srlqw +��> ��, zkhuh wkh fxuyh � @G+�, fxwv wkh fxuyh � @ W +�, iurp deryh1 Dq xqvwdeoh

vwhdg| vwdwh fruuhvsrqgv lq hdfk fdvh wr dq lqwhuvhfwlrq iurp ehorz1

Surri= Wkh g|qdplfdo v|vwhp +59, uhgxfhv wr d rqh�glphqvlrqdo uhfxuvlrq= �w.4 @ )+�w> W +�w,,= D

�{hg srlqw �� @ )+��> W +��,, lv vwdeoh li dqg rqo| li +g)+�w> W +�w,,@g�w,�@�� ? 4> ru=

)4+�
�> ��, . W 3+��,)5+�

�> ��, ? 4>+D144,

zkhuh �� � W +��, dqg d m�vxevfulsw ghqrwhv d m0wk sduwldo ghulydwlyh1 Qrz/ wkh ixqfwlrq � @ W +�, lv

lpsolflwo| jlyhq e| wkh �uvw�rughu frqglwlrq +57,/ ru=

#+� >�, � +4� �,

�
�5�5 .Ey5

�

�
� �

��

�
� w

4� �w

�
� ��@ 3>+D145,
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wkhuhiruh W 3+�, @�+#5@#4,+W +�,>�, dqg wkh vwdelolw| frqglwlrq ehfrphv=

)4+�
�> ��,�

�
#5+�

�>��,

#4+�
�>��,

�
)5+�

�> ��, ? 4=+D146,

Qh{w/ uhfdoo iurp +5;, wkdw i lv gh�qhg e|= i+�, � � @ #+�>G+�,,@G+�,> vr wkdw i 3 ? 3 li dqg rqo|

li #4 . +#5 � #@G,G3 ? 3= Ilqdoo|/ G+�, lv gh�qhg e| +5:, dv wkh +xqltxh, �{hg srlqw vroxwlrq wr

G+�, @ )+G+�,> �,> wkhuhiruh= G3 @ )5@+4�)4,= Vxevwlwxwlqj G3 dqg xvlqj wkh idfw wkdw #+��>��, @ 3

dw d vwhdg|�vwdwh/ wklv ehfrphv=

i 3+��, ? 3 / #4+�
�>��, +4�)4+�

�> ��,, . #5+�
�>��,)5+�

�> ��, ? 3

zklfk lv wkh vdph dv +D146,/ khqfh wkh uhvxow lq whupv ri wkh vorsh ri i= Lwv wudqvodwlrq lqwr wkh frqglwlrq

wkdw W 3+��, A +G�4,3+��, lv lpphgldwh1 n

Zh qrz frph wr dfwxdoo| vroylqj iru vwhdg|�vwdwhv1 Lw zloo eh pruh frqyhqlhqw khuh wr zrun zlwk wkh

yduldeoh { � ��+4� �, 5 ^3>4,1 Dffruglqjo|/ ohw xv gh�qh=

�+{, �
v

z5 . {5y5@�5

4� +�. {,5
@ G+�,>+D147,

dqg uhzulwh wkh htxdwlrq i+�, @ � dv=

*+{, � {

�
�+{, .

Ey5@�5

�+{,

�
�
�

��

���+{,

��
�� � {

{

�
@ ��=+D148,

D vwdeoh vwhdg|�vwdwh lv qrz dq lqwhuvhfwlrq ri wkh ixqfwlrq *+{, zlwk wkh krul}rqwdo ��/ iurp ehorz1 Vlqfh

*+3, � 3 +lw htxdov �4 iru 4@� A 3> ru 3 iru 4@� @ 3, zkloh *+4 � �, @ .4/ iru dq| � A 3 wkhuh lv

dozd|v dw ohdvw rqh vwdeoh htxloleulxp { 5 +3>4� �,> zlwk 3 ? �+{, ? .4= Pruhryhu/ wkh wrwdo qxpehu

ri lqwhuvhfwlrqv pxvw dozd|v eh rgg/ zlwk q lqwhuvhfwlrqv iurp ehorz +vwdeoh htxloleuld,/ dowhuqdwlqj zlwk

q � 4 lqwhuvhfwlrqv iurp deryh +xqvwdeoh htxloleuld,1 Pxowlsoh lqwhuvhfwlrqv +q A 3, zloo dfwxdoo| rffxu/

iru vrph qrq0hpsw| lqwhuydo ri ydoxhv ri �> li dqg rqo| li *+�, lv qrq�prqrwrqlf1 Lqghhg/ vlqfh *3+3, A 3

+wklv lv hdvlo| yhul�hg iurp +D148,, dqg *+4� �, @ .4,> qrq�prqrwrqlflw| lv htxlydohqw wr wkh surshuw|

ri kdylqj dw ohdvw rqh vwulfw orfdo pd{lpxp/ iroorzhg e| rqh vwulfw orfdo plqlpxp/ lq +3>4��,= Jlyhq wkh

erxqgdu| ydoxhv ri *> pxowlsoh htxloleuld wkhq rffxu li dqg rqo| li � ehorqjv wr wkh udqjh ^�> ��`> zkhuh=;?= � � plqi*+{, m { lv d vwulfw orfdo plqlpxp ri *+{,j A 3

�� � pd{ i*+{, m{ lv d vwulfw orfdo plqlpxp ri *+{,j A 3=
+D149,

Wkdw �� dqg � duh erwk dozd|v srvlwlyh iroorzv iurp wkh idfw wkdw iru 4@� @ 3> *+{, A 3 iru doo { A 3

+vhh +D148,,/ zkloh iru 4@� A 3> li *+{, ? 3 wkhq *3+{, A 3 qhfhvvdulo|1 Wklv odvw surshuw| fdq eh yhul�hg

gluhfwo| iurp +D148, dqg +D14:, ehorz/ ru pruh lqwxlwlyho| e| revhuylqj wkdw li lw zhuh qrw wuxh/ wkhuh
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zrxog eh d vxelqwhuydo ri ydoxhv ri { zkhuh *+{, ? 3 dqg * lv qrw prqrwrqlf1 Wklv/ lq wxuq/ zrxog lpso|

wkdw wkhuh h{lvwv ydoxhv ri � ? 3 iru zklfk +D148, kdv dw ohdvw wzr vroxwlrqv1 Exw vxfk vroxwlrqv duh dovr

lqwhuvhfwlrqv ri wkh fxuyhv � @ G+�, dqg � @ W +�,> wkh iruphu lv dozd|v ghfuhdvlqj/ dqg zh vdz hduolhu

wkdw/ iru doo � ? 3/ wkh odwwhu lv dozd|v lqfuhdvlqj1 Pxowlsoh lqwhuvhfwlrqv duh wkhuhiruh lpsrvvleoh1

Wkhruhp 4 zloo qrz eh suryhg e| fkdudfwhul}lqj wkh vhw ' � iE � 3 m * lv qrq0prqrwrqlf rq +3> +4�
�,@��,j> wkhq vwxg|lqj lwv yduldwlrqv zlwk wkh sdudphwhuv y> z> dqg �=

Ohppd 5 Ohw 4�� ? 5��= Wkh vhw ' � iE � 3 m < { 5 +3> 4��,> *3+{, ? 3j lv d qrq�hpsw| lqwhuydo ri
wkh irup ' @ +E>.4, zlwk E A 3/ ru ' @ ^3>.4,=

Surri= Ohw xv gl�huhqwldwh +D148,=

*3+{, � *+{,

{
. {�3+{,

�
4� Ey5@�5

�5+{,

�
� ��

��

��
4

{
� 5��

{5

�
4

�+{,
�
�
��

{
� 4

�
�3+{,

�5+{,

�
@ �+{, .

Ey5@�5

�+{,
�

�
��

���+{,

��
�� � {

{5

�
. {�3+{,

�
4� Ey5@�5

�5+{,

�
���

��

��
4

{
� 5��

{5

�
4

�+{,
�
�
��

{
� 4

�
�3+{,

�5+{,

�
=

Jurxslqj whupv/ *3+{, ? 3 li dqg rqo| li=

Ey5

�5

�
{�3+{,

�+{,
� 4

�
A

�
{�3+{,

�+{,
. 4

�
�5+{, .

�
��

��

��
��

{5
.

�
��

{
� 4

�
�3+{,

�+{,

�
=+D14:,

Zh qrz hvwdeolvk wkh ohppd wkurxjk wzr lqwhuphgldwh fodlpv1

� Fodlp 4= Li +D14:, lv vdwlv�hg iru vrph E � 3 dw vrph { 5 +3>4� �,/ wkhq {�3+{,@�+{, A 4= Dv d

frqvhtxhqfh/ +D14:, lv vdwlv�hg dw { iru doo E3 A E=

Surri= Li �3+{,@�+{,� 4@{ � 3 wkh ohiw�kdqg�vlgh ri +D14:, lv qrq�srvlwlyh/ vr rq wkh uljkw�kdqg vlgh

lw pxvw eh wkdw ��@{� 4 ? 3= Exw wkhq=

��

{5
.

�
��

{
� 4

�
�3+{,

�+{,
A

��

{5
.

�
��

{
� 4

�
4

{
@

5�� � {

{5
=

Vlqfh { ? 4� � ? 5��/ wklv lpsolhv wkdw wkh uljkw�kdqg vlgh ri +D14:, lv srvlwlyh/ d frqwudglfwlrq1

� Fodlp 5= Wkhuh h{lvwv dq a{ 5 +3> 4 � �, vxfk wkdw {�3+{,@�+{, A 4 li dqg rqo| li { A a{= Dv d

frqvhtxhqfh/ iru dq| { A a{> +D14:, krogv iru E odujh hqrxjk1

Surri= Ohw xv ghqrwh iurp khuh rq $ � y@�z= Vlqfh �5+{, @ z5+4 .$5{5,@+4� +�. {,5,>

�3+{,

�+{,
@

$5{

4 .$5{5
.

�. {

4� +�. {,5
=+D14;,

Wkhuhiruh {�3+{,@�+{, A 4 li dqg rqo| li

$5{5+4� +�. {,5, . {+�. {,+4 . $5{5, A +4 .$5{5,+4� +�. {,5, /
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$5{6+�. {,� +4� +�. {,5, . {+�. {, A 3 /
$5{6+�. {, . +�. {,+�.5{,� 4 A 3=

Wklv odvw h{suhvvlrq lv fohduo| lqfuhdvlqj lq { rq +3> 4��,> iurp �5�4 ? 3 dw { @ 3 wr $5+4��,6.4�� A 3

dw { @ 4��= Wklv suryhv Fodlp 5 zklfk/ wrjhwkhu zlwk Fodlp 4/ hvwdeolvkhv wkdw wkh vhw' lv d qrq0hpsw|

lqwhuydo ri wkh irup +E>.4, ru ^E>.4,= Pruhryhu/ qrwh wkdw lwv frpsohphqw/ U. q ' � iE � 3 m ; { 5
+3>4��,> *3+{, � 3j/ lv d forvhg vhw ehfdxvh *3 lv frqwlqxrxv lq E dw hyhu| srlqw1 Wklv lpsolhv wkdw hlwkhu

' @ +E>.4, zlwk E A 3> ru hovh ' @ ^3>4,> dqg �qlvkhv wr hvwdeolvk Ohppd 51 Iurp +D14:,�+D14;,/

pruhryhu/ lw lv fohdu wkdw E lv d ixqfwlrq E+y@z>�y5,= n
Wr frqfoxgh wkh surri ri Wkhruhp 4 dv zhoo dv wkh dgglwlrqdo fodlpv lq irrwqrwh 56 frqfhuqlqj wkh h{dfw

qxpehu ri vwhdg|�vwdwhv/ zh vkdoo pdnh xvh ri d odvw ohppd1

Ohppd 6 Iru E ? E+y@z>�y5,> wkhuh lv d xqltxh vwdeoh vwhdg|�vwdwh1 Iru E A E+y@z>�y5, wkh vdph lv

wuxh li � @5 ^�> ��`> zkloh iru � 5 ^�> ��` wkhuh duh q 5 i5> 6> 7j vwdeoh vwhdg|�vwdwhv1 Pruhryhu/ li 4@� lv vpdoo

hqrxjk wkhq q � 6> dqg li � lv dovr vpdoo hqrxjk wkhq q @ 5=

Surri= E| gh�qlwlrq/ iru E ? E+y@z>�y5, wkh ixqfwlrq * lv vwulfwo| lqfuhdvlqj hyhu|zkhuh/ vr wkh

vwhdg|�vwdwh lv xqltxh1 Wkh vdph lv wuxh iru E @ E+y@z> �y5, A 3> vlqfh wkhq ' @ +E>.4,= Wkh rwkhu

phdvxuh�}hur fdvh/ E @ E+y@z>�y5, @ 3> lv wrr vshfldo wr eh ri lqwhuhvw1 Qrz/ iru E A +y@z>�y5,> zh vdz

hduolhu wkdw wkhuh pxvw eh q vwdeoh htxloleuld dqg q� 4 xqvwdeoh rqhv lq wkh lqwhuydo +3>4��,= Wr h{dplqh

zkdw ydoxhv q fdq wdnh/ uhzulwh *+{, @ �� dv=

V+{, �
�
{5

�
�5+{, .

Ey5

�5

�
�
�
��

��

�
+�� � {,

�5
� ^��{�+{,`5 @ 3=+D14<,

E| +D147,/ �5+{, lv d sro|qrpldo iudfwlrq lq { zkrvh qxphudwru dqg ghqrplqdwru duh erwk ri ghjuhh

5= Pxowlso|lqj wkh zkroh htxdwlrq+D14<, e| wkh vtxduhg ghqrplqdwru ri �5+{,/ zh wkhuhiruh rewdlq d

sro|qrpldo V�+{, ri ghjuhh 5 � +5 . 5, @ ;> zklfk fdq kdyh dw prvw ; uhdo urrwv1 Exw zh vdz lq wkh

glvfxvvlrq iroorzlqj +D148, wkdw *+{, @ �� pxvw kdyh dq rgg qxpehu ri vroxwlrqv rq +3>4 � �,> zlwk q

lqwhuvhfwlrqv iurp deryh dqg q�4 iurp ehorz1 Wkh qxpehuv ri vwdeoh dqg xqvwdeoh htxloleuld fdq wkhuhiruh

rqo| eh +4> 3,> +5> 4,> +6>5, ru +7>6,=

Zkhq 4@� @ 3 zh fdq vlpsoli| +D14<, e| {5> ohdylqj iru V�+{, rqo| d sro|qrpldo ri ghjuhh 9> wklv uxohv

rxw q @ 7= Zkhq/ lq dgglwlrq/ � @ 3> qrwh iurp +D147, wkdw �+{, ghshqgv rq { rqo| wkurxjk {5= Dv d

frqvhtxhqfh/ wkh vl{wk�ghjuhh sro|qrpldo V�+{, lv dovr d sro|qrpldo ri ghjuhh 6 lq {5> vr lw kdv dw prvw

wkuhh uhdo urrwv1 Wklv uxohv rxw q @ 6= Ilqdoo|/ vlqfh wkh sro|qrpldo V�+{,> olnh +D14<,/ lv frqwlqxrxv zlwk

uhvshfw wr 4@� dqg �> vr lv +jhqhulfdoo| zlwk uhvshfw wr wkh rwkhu sdudphwhuv, lwv qxpehu ri uhdo }hurhv lq

wkh lqwhuydo +3> 4� �,= Wkh suhfhglqj uhvxowv wkhuhiruh dovr dsso| iru 4@� dqg � vpdoo hqrxjk1 n
Wklv frqfoxghv wkh surri ri Wkhruhp 41 �
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Surri ri Sursrvlwlrq ; Zkhq 4@� @ 3 wkh frqglwlrq iru *3+{, ? 3> qdpho| +D14:,/ ehfrphv=

Ey5

�5
A

�
{�3+{,@�+{, . 4

{�3+{,@�+{,� 4

�
�5+{,>+D153,

zlwk wkh uhtxluhphqw wkdw wkh ghqrplqdwru pxvw eh srvlwlyh1 Xvlqj +D14;,/ wklv fdq eh uhzulwwhq dv

E A

�
{5 .$�5

{6+�. {,� $�5+4� +�. {,+�. 5{,,

��
{5+5� +�. {,+�. 5{,, .$�5+4� �+�. {,,

4� +�. {,5

�
� �+{>$,

zkhuh $ � y@z= Lw lv hdvlo| yhul�hg wkdw wkh hdfk ri wkh eudfnhwhg ixqfwlrqv lv lqfuhdvlqj lq $�5> wkhuhiruh=

E+$, � lqi
�
�+{>$, m { 5 +3> 4� �, dqg {6+�. {, A $�5+4� +�. {,+�.5{,,

�
+D154,

lv vwulfwo| srvlwlyh/ dqg ghfuhdvlqj lq $= Revhuyh qh{w wkdw dv $ whqgv wr lq�qlw| �+{>$, dssurdfkhv

�+{>4, @ {5@+4 � +� . {,5,> zkrvh lq�pxp ydoxh rq +3>4 � �, lv }hur> wkhuhiruh/ olp$$4 E+$, @ 3=

Ilqdoo|/ iru dq| { zlwk {6+� . {, A $�5+4� +� . {,+� . 5{,,>qrwh wkdw �+{> $, A $�5@+4� �5,> zklfk

whqgv wr lq�qlw| dv $ whqgv wr 3= Wkhuhiruh olp$$3 E+$, @4= n

Surri ri Sursrvlwlrq < Ohw xv �{ E 5 ' dqg pdnh wkh ixqfwlrq **v ghshqghqfh rq � h{solflw/ e|

ghqrwlqj lw *+{> �,= Frqvlghu qrz dq| � vxfk wkdw/ iru vrph ydoxh ri �/ wkhuh duh wzr vwhdg|�vwdwhv zlwk

3 ? �4 ? �5 ? 4= Ohw 3 ? {5 ? {4 ? �� wkhq ghqrwh wkh fruuhvsrqglqj ydoxhv ri { @ ��+4� �,= Zh nqrz

wkdw *pxvw kdyh dw ohdvw rqh frqvhfxwlyh orfdo pd{lpxp {3 dqg orfdo plqlpxp {33/ zlwk {5 ? {3 ? {33 ? {4=

Qrz/ iru doo { 5 +{3> {33,> *3+{>�, ? 3> vlqfh { ? {4 ? ��> wkh odvw eudfnhwhg lq whup +D14:, lv srvlwlyh/

vr wkh zkroh uljkw�kdqg vlgh ri wkdw htxdwlrq lv ghfuhdvlqj lq �= Dv d uhvxow/ iru doo a� A �> zh vwloo kdyh

*3+{> a�, ? 3 rq +{3> {33,= Vlqfh *3+3>�3, A 3> wkh ixqfwlrq *+{> �3, pxvw wkhuhiruh kdyh d orfdo pd{lpxp a{3

lq +3> ��,= Vlqfh lw pxvw hyhqwxdoo| lqfuhdvh edfn wrzdugv .4 dv { whqgv wr 4��> lw pxvw dovr kdyh d orfdo

plqlpxp a{33 lq +{3> 4� �,= Wkhuh h{lvwv wkhuhiruh d udqjh ^�3> ��
3

` � ^*+a{33,> *+a{3,` ri �*v/ hdfk ri zklfk lv

fxw iurp ehorz e| *+{>�3, dw qr ohvv wkdq wkuhh srlqwv/ rqh ri wkhp dw ohdvw ehlqj wr wkh ohiw ri a{3 ? ��=

Khqfh wkh h{lvwhqfh ri pxowlsoh vwdeoh vwhdg|�vwdwhv/ zlwk rqh ri wkhp dw ohdvw iru d srvlwlyh ydoxh ri � = n

Surri ri Sursrvlwlrq 43 Jlyhq orj�qrupdolw|/ +5<, ehfrphv oq�w @ pw . ��5
w@5 @ +oq|w � �ow,@�>

vr vxevwlwxwlqj oq �� lqwr wkh jurzwk htxdwlrq +48, |lhogv=

oq|w.4 � +�. �� . $, oq|w @ oq ��. �+oq ow.4 � +�. $, oq ow,� 1y+� w,y
5@5� 1�+� w,�

5�5
w @5 � jw+D155,

zlwk oq �� � �� oq U � �+4 � �,z5@5= Lq d vwhdg| vwdwh/ li � . �� . $ ? 4 wkh ohiw kdqg vlgh htxdov

+4� �� �� � $, wlphv wkh rxwsxw ohyho oq|4> zkhq � . �� . $ @ 4 lw ehfrphv htxdo wr wkh dv|pswrwlf

jurzwk udwh/ olpw$4 oq+|w.4@|w,= Dv wr wkh uljkw�kdqg vlgh/ lq d vwhdg|�vwdwh zlwk � w @ � lw ehfrphv=

j4+�, � oq ��. ��� oq o+�,� 1y+�,y
5@5� 1�+�,�

5G+�,5@5+D156,
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Iru � @ 3 zh vdz wkdw 1�+�, ehfrphv htxdo wr 1y+�, @ ��+4� ��,+4 � �,5> wkhuhiruh 1y+�,y
5@5 .

1�+�,�5G+�,5@5 lv vwulfwo| ghfuhdvlqj lq � = Qrz/ zlwk 4@� @ 3 wkh oderu vxsso| whup lv frqvwdqw/ wkhuhiruh

j4+�, lv vwulfwo| lqfuhdvlqj lq � > wklv suryhv wkh sursrvlwlrq*v �uvw fodlp1 Frqyhuvho| zkhq �� @ 4 wkhq

1y+�, @ 1� @ 3> zlwk 4@� A 3> j4> +�,> olnh o+�,/ lv wkhq ghfuhdvlqj lq � > khqfh wkh vhfrqg fodlp1 n

Surri ri Sursrvlwlrq 44 Rqfh djhqw l nqrzv klv surgxfwlylw| }lw> khqfh dovr klv lqfrph |lw @

}lw+n
l
w,

�+olw,
� dqg klv lqyhvwphqw vxevlg| udwh ahlw@h

l
w @ +�|w@a|lw,

� w / klv ghflvlrq sureohp wdnhv wkh irup=

oqY l
w @ pd{

o>�

q
+4� �,^oq++4� �,|lw,� o�` . +�@u3, oq^Hw+n

l
w.4,

u3

` m nlw.4 @ ��lw.4+n
l
w,

�+ahlw,
�
r

+D157,

@ pd{
�

i+4� �, oq+4� �, . �� oq�j.pd{
o

i�+4� �,o� . +4� �. ��+4� � w,,� oq oj
.�+oq� � +4� u3,z5@5, . ^��. +4� �. ��+4� � w,,�` oqn

l
w

.+4� �. ��+4� � w,, oq }
l
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Uhihuhqfhv

Djklrq/ S1 dqg Erowrq/ S1 +4<<:, �D Wulfnoh0Grzq Wkhru| ri Jurzwk dqg Ghyhorsphqw zlwk Ghew

Ryhukdqj/� Uhylhz ri Hfrqrplfv Vwxglhv/ 97+5,/ 484�4:51

Dohvlqd/ D1 dqg Urguln/ G1 +4<<7, �Glvwulexwlyh Srolwlfv dqg Hfrqrplf Jurzwk/� Txduwhuo| Mrxuqdo ri

Hfrqrplfv/ 43</ 79807<31

Edqhumhh/ D1 dqg Qhzpdq/ D1 +4<<4, �Ulvn0Ehdulqj dqg wkh Wkhru| ri Lqfrph Glvwulexwlrq/� Uhylhz

ri Hfrqrplf Vwxglhv/ 8;/ 54405691

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

ri Srolwlfdo Hfrqrp|/ 434/ 5:705<;1

Eìqderx/ U1 +4<<6, �Zrunlqjv ri d Flw|= Orfdwlrq/ Hgxfdwlrq dqg Surgxfwlrq/� Txduwhuo| Mrxuqdo ri

Hfrqrplfv/ 43;/ 94<09851

Eìqderx/ U1 +4<<9d, �Khwhurjhqhlw|/ Vwudwl�fdwlrq/ dqg Jurzwk= Pdfurhfrqrplf Lpsolfdwlrqv ri Frp0

pxqlw| Vwuxfwxuh dqg Vfkrro Ilqdqfh/� Dphulfdq Hfrqrplf Uhylhz/ ;9+6,/ 8;7�93<1

Eìqderx/ U1 +4<<9e, �Xqhtxdo Vrflhwlhv/� QEHU Zrunlqj Sdshu 88;6/ Pd|1

Eìqderx/ U1 +4<<9f, �Lqhtxdolw| dqg Jurzwk/� QEHU Pdfur Dqqxdo 4<<9/ yro1 44/ Ehq V1 Ehuqdqnh

dqg Mxolr M1 Urwhpehuj hgv1/ 440:71

Eìqderx/ U1 +4<<:, �Zkdw Ohyhov ri Uhglvwulexwlrq Pd{lpl}h Lqfrph Jurzwk dqg H!flhqf|/� Qhz

\run Xqlyhuvlw| plphr/ Mxo|1

Ehqrñw/ M1S1/ dqg Rveruqh/ P1 +4<<7, �Fulph/ Sxqlvkphqw dqg Vrfldo H{shqglwxuhv/� Qhz \run Xql0

yhuvlw| plphr/ Rfwrehu1

Ehuwrod/ J1 +4<<6, �Idfwru Vkduhv dqg Vdylqjv lq Hqgrjhqrxv Jurzwk/� Dphulfdq Hfrqrplf Uhylhz/

;6/ 44;7044<;1

Emùunoxqg/ D1 dqg Mçqwwl/ P1 +4<<:d, �Lqwhujhqhudwlrqdo Lqfrph Prelolw| lq Vzhghq Frpsduhg wr wkh

Xqlwhg Vwdwhv/� Dphulfdq Hfrqrplf Uhylhz/ iruwkfrplqj1

Emùunoxqg/ D1 dqg Mçqwwl/ P1 +4<<:, �Lqwhujhqhudwlrqdo Prelolw| ri Hfrqrplf Vwdwxv= Lv wkh Xqlwhg

Vwdwhv Gl�huhqwB� Vwrfnkrop Lqvwlwxwh iru Vrfldo Uhvhdufk plphr/ Vhswhpehu1

Erumdv/ J1 +4<<8, �Hwkqlflw|/ Qhljkerukrrgv/ dqg Kxpdq�Fdslwdo H{whuqdolwlhv/� Dphulfdq Hfrqrplf

Uhylhz/ ;8+6,/ 698�6<31

Erxujxljqrq/ I1 dqg Yhuglhu/ W1 +4<<:, �Roljdufk|/ Ghprfudf|/ Lqhtxdolw| dqg Jurzwk/� GHOWD

plphr/ Rfwrehu1

Fdloodxg/ E1/ Frkhq/ G1 dqg Mxolhq/ E1 +4<<7, �Wrzdugv d Wkhru| ri Vhoi�Uhvwudlqw/� FHSUHPDS

Glvfxvvlrq Sdshu <754/ Mxqh1

Fdvvdpdwwd/ J1/ Fuhphu/ K1 dqg Shvwldx/ S1 +4<<:, �Rq wkh Srolwlfdo Vxvwdlqdelolw| ri Uhglvwulexwlyh

Vrfldo Lqvxudqfh V|vwhpv/� LGHL plphr/ Qryhpehu1

Fkdpoh|/ F1 +4<;8, �H!flhqw Wd{ Uhirup lq d G|qdplf Prgho ri Jhqhudo Htxloleulxp/� Txduwhuo|

Mrxuqdo ri Hfrqrplfv/ Pd|/ 668�6891
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Frkhq/ G1 dqg Plfkho/ S1 +4<<4, �Zklfk Uxohv Udwkhu Wkdq Glvfuhwlrq= Dq D{lrpdwlf Dssurdfk/�

FHSU Glvfxvvlrq Sdshu 86:/ Dsulo1

Fodunh/ J1 +4<<5, �Pruh Hylghqfh rq Lqfrph Glvwulexwlrq dqg Jurzwk/� Zruog Edqn Zrunlqj Sdshu

4397/ Srolf|/ Uhvhdufk dqg H{whuqdo D�dluv/ Ghfhpehu1

Frqzd|/ P1 +4<<4, �Srolwlfdo Sduwlflsdwlrq lq wkh Xqlwhg Vwdwhv/� XV Frqjuhvvlrqdo Txduwhuo| Suhvv/

Zdvklqjwrq G1F1

Frrshu/ V1/ Gxuodxi/ V1 dqg Mrkqvrq/ S1 +4<<7, �Rq wkh Hyroxwlrq ri Hfrqrplf Vwdwxv Dfurvv Jhq0

hudwlrqv/� Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq/ Exvlqhvv dqg Hfrqrplfv Vhfwlrq/ Sdshuv dqg Surfhhglqjv/

8308;1

Frxfk/ N1 dqg Gxqq/ W1 +4<<:, �Lqwhujhqhudwlrqdo Fruuhodwlrqv lq Oderu Pdunhw Vwdwxv= D Frpsdulvrq

ri wkh Xqlwhg Vwdwhv dqg Jhupdq|/� Mrxuqdo ri Kxpdq Uhvrxufhv/ 65+4,/ Zlqwhu1

Ghlqlqjhu/ N1 dqg Vtxluh/ O1 +4<<8, �Lqhtxdolw| dqg Jurzwk= Uhvxowv iurp d Qhz Gdwd Vhw/� Zruog

Eodqn Plphr/ Ghfhpehu1

Ghydudmdq/ V1 / Vzdurrs/ Y1 dqg ]rx/ K1 +4<<6, �Zkdw Gr Jryhuqphqwv Ex|B� Zruog Edqn Zrunlqj

Sdshu 43;5/ Srolf|/ Uhvhdufk dqg H{whuqdo D�dluv/ Iheuxdu|1

Gxuodxi/ V1 +4<<9d, �D Wkhru| ri Shuvlvwhqw Lqfrph Lqhtxdolw|/� Mrxuqdo ri Hfrqrplf Jurzwk/ 4+4,/

:8�<71

Gxuodxi/ V1 +4<<9e, �Qhljkerukrrg Ihhgedfnv/ Hqgrjhqrxv Vwudwl�fdwlrq/ dqg Lqfrph Lqhtxdolw|/�

iruwkfrplqj lq Surfhhglqjv ri wkh Vl{wk Lqwhuqdwlrqdo V|psrvlxp rq Hfrqrplf Wkhru| dqg Hfrqrphwulfv/�

Z1 Eduqhww/ J1 Jdqgroir dqg F1 Kloolqjhu/ hgv1/ Fdpeulgjh Xqlyhuvlw| Suhvv1

Hgvdoo/ W1 +4<;7, �Wkh Qhz Srolwlfv ri Lqhtxdolw|/� Z1Z1 Qruwrq ) Frpsdq|/ Qhz \run1

Hsvwhlq/ O1 dqg ]lq/ V1 +4<;<, �Vxevwlwxwlrq/ Ulvn Dyhuvlrq/ dqg wkh Whpsrudo Ehkdylru ri Dvvhw

Uhwxuqv= D Wkhruhwlfdo Iudphzrun/� Hfrqrphwulfd 8:+7,/ <6:�<9<1

Hulnvrq/ U1 dqg Jrogwkrush/ M1K1 +4<<5, �Wkh Frqvwdqw Iox{= D Vwxg| ri Fodvv Prelolw| lq Lqgxvwuldo

Vrflhwlhv/� R{irug/ Foduhqgrq Suhvv1

Ihogvwhlq/ P1 +4<9<, �Wkh H�hfwv ri Wd{dwlrq rq Ulvn Wdnlqj/� Mrxuqdo ri Srolwlfdo Hfrqrp|/ ::/

:88�:971

Ihuqdqgh}/ U1 dqg Urjhuvrq/ U1 +4<<7, �Sxeolf Hgxfdwlrq dqg wkh G|qdplfv ri Lqfrph Glvwulexwlrq=

D Txdqwlwdwlyh Hydoxdwlrq ri Hgxfdwlrq Ilqdqfh Uhirup/� QEHU Zrunlqj Sdshu 7;;6/ Rfwrehu1

Iuhhpdq/ U1 +4<<8, �Oderu Pdunhw Lqvwlwxwlrqv dqg Hduqlqjv Lqhtxdolw|/� Kduydug Xqlyhuvlw| plphr/

Qryhpehu1

Jdoru/ R1 dqg ]hlud/ M1 +4<<6, �Lqfrph Glvwulexwlrq dqgPdfurhfrqrplfv/� Uhylhz ri Hfrqrplf Vwxglhv/

93/ 680851

Jdqv/ M1 dqg Vpduw/ P1 +4<<9, �Pdmrulw| Yrwlqj zlwk Vlqjoh�Furvvlqj Suhihuhqfhv/� Mrxuqdo ri Sxeolf

Hfrqrplfv/ 8</ 54<�56:1

Jorpp/ J1 dqg Udylnxpdu/ E1 +4<<5, �Sxeolf yv1 Sulydwh Lqyhvwphqw lq Kxpdq Fdslwdo= Hqgrjhqrxv
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Jurzwk dqg Lqfrph Lqhtxdolw|/� Mrxuqdo ri Srolwlfdo Hfrqrp|/ 433/ ;4;0;671

Judgvwhlq P1 dqg Mxvwpdq/ P1 +4<<:, �Ghprfudwlf Fkrlfh ri dq Hgxfdwlrq V|vwhp= Lpsolfdwlrqv iru

Jurzwk dqg Lqfrph Glvwulexwlrq/� Mrxuqdo ri Hfrqrplf Jurzwk/ 5+5,/ 49<�4;71

Jurvvpdq/ J1 dqg Khospdq/ H1 +4<<9, �Lqwhujhqhudwlrqdo Uhglvwulexwlrq zlwk Vkruw�Olyhg Jryhuq0

phqwv/� QEHU Zrunlqj Sdshu 877:/ Mdqxdu|1

Khqulhw/ G1 dqg Urfkhw/ M1F1 +4<<:, �Wkh Srolwlfdo Hfrqrp| ri Khdowk Lqvxudqfh/� LGHL plphr/ Pdufk1

Mdnrevvrq/ X1 +4<:9, �Rq wkh Phdvxuhphqw ri wkh Ghjuhh ri Surjuhvvlrq/� Mrxuqdo ri Sxeolf Hfrqrplfv/

8/ 494�49;1

Mhqfnv/ F1 dqg Pd|hu/ V1 +4<<3, �Wkh Vrfldo Frqvhtxhqfhv ri Jurzlqj Xs lq d Srru Qhljkerukrrg/�

lq Odxuhqfh O|qq dqg Plfkdho PfJhdu|/ hgv1/ Lqqhu Flw| Sryhuw| lq wkh Xqlwhg Vwdwhv/ Zdvklqjwrq GF/

Qdwlrqdo Dfdghp| Suhvv/ 4<<3/ 4440;91

Ndnzdql/ Q1F1 +4<::, �Dssolfdwlrqv ri Oruhq} Fxuyhv lq Hfrqrplf Dqdo|vlv/� Hfrqrphwulfd/ 78/ :4<�

:5:1

Ndqexu/ V1P1 +4<:<, �Ri Ulvn Wdnlqj dqg wkh Shuvrqdo Glvwulexwlrq ri Lqfrph/� Mrxuqdo ri Srolwlfdo

Hfrqrp| ;:+7,/ :9<�:<:1

Nhhihu/ S1 dqg Nqdfn/ V1 +4<<8, �Srodul}dwlrq/ Surshuw| Uljkwv dqg wkh Olqnv Ehwzhhq Lqhtxdolw| dqg

Jurzwk/� Zruog Edqn plphr/ Rfwrehu1

Nuhsv/ G1 dqg Sruwhxv/ H1 +4<:<, �G|qdplf Fkrlfh Wkhru| dqg G|qdplf Surjudpplqj/� Hfrqrphwulfd/

7:/ <4�4331

Nuxvhoo/ S1/ Txdgulql/ Y1 dqg Uðrv�Uxoo/ M1�Y1 +4<<:, �Srolwlfr �Hfrqrplf Htxloleulxp dqg Hfrqrplf

Jurzwk/� Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frqwurov/ 54+4,/ 576�5:51

Olqghuw/ S1 +4<<9, �Zkdw Olplwv Vrfldo VshqglqjB� H{sorudwlrqv lq Hfrqrplf Klvwru|/ 66/ 4�671

Orxu|/ J1 +4<;4, �Lqwhujhqhudwlrqdo Wudqvihuv dqg wkh Glvwulexwlrq ri Hduqlqjv/� Hfrqrphwulfd/ 7</

;760;9:1

Pdqvnl/ F1 +4<<6, �Lghqwl�fdwlrq ri Vrfldo H�hfwv= Wkh Uh hfwlrq Sureohp/� Uhylhz ri Hfrqrplf

Vwxglhv/ 93/ 86408751

PfFduw|/ Q1/ Srroh/ W1 dqg Urvhqwkdo/ K1 +4<<:, �Lqfrph Uhglvwulexwlrq dqg wkh Uhdoljqphqw ri

Dphulfdq Srolwlfv1 � Dphulfdq Hqwhusulvh Lqvwlwxwh Suhvv/ Zdvklqjwrq/ G1F1

Phow}hu/ D1/ dqg Ulfkdugv/ D1 +4<;4, �D Udwlrqdo Wkhru| ri wkh Vl}h ri Jryhuqphqw/� Mrxuqdo ri

Srolwlfdo Hfrqrp|/ ;</ <47�<5:1

Pxvjudyh/ U1/ dqg Wklq/ W1 +4<7;, �Lqfrph Wd{ Surjuhvvlrq 4<5<�7;/� Mrxuqdo ri Srolwlfdo Hfrqrp|/

89/ 7<;�8471

Hydqv/ Z1/ Rdwhv/ Z1 dqg Vfkzde/ U1 +4<<5, �Phdvxulqj Shhu H�hfwv= D Vwxg| ri Whhqdjh Ehkdylru/�

Mrxuqdo ri Srolwlfdo Hfrqrp|/ 433+8,/ <99�<<41

Shurwwl/ U1 +4<<6, �Srolwlfdo Htxloleulxp/ Lqfrph Glvwulexwlrq/ dqg Jurzwk/� Uhylhz ri Hfrqrplf

Vwxglhv/ 93/ :880::91
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Shurwwl/ U1 +4<<7, �Lqfrph Glvwulexwlrq dqg Lqyhvwphqw/� Hxurshdq Hfrqrplf Uhylhz/ 6;/ ;5:0;681

Shurwwl/ U1 +4<<9, �Jurzwk/ Lqfrph Glvwulexwlrq dqg Ghprfudf|= Zkdw wkh Gdwd Vd|/� Mrxuqdo ri

Hfrqrplf Jurzwk/ 4+5,/ 47<�4;:1

Shuvvrq/ P1 +4<;6, �Wkh Glvwulexwlrq ri Delolwlhv dqg wkh Surjuhvvlyh Lqfrph Wd{/� Mrxuqdo ri Sxeolf

Hfrqrplfv/ 55/ :6�;;1

Shuvvrq/ W1 dqg Wdehoolql/ J1 +4<<4, �Lv Lqhtxdolw| Kdupixo iru JurzwkB Wkhru| dqg Hylghqfh/�

Dphulfdq Hfrqrplf Uhylhz/ 7;/ 93309541

Shuvvrq/ W1 dqg Wdehoolql/ J1 +4<<9, �Ihghudo Ilvfdo Frqvwlwxwlrqv= Ulvn Vkdulqj dqg Uhglvwulexwlrq/�

LJLHU plphr1

Slnhww|/ W1 +4<<8, �Vrfldo Prelolw| dqg Uhglvwulexwlyh Srolwlfv/� Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 443/

884�7751

Slnhww|/ W1 +4<<:, �Wkh G|qdplfv ri wkh Zhdowk Glvwulexwlrq dqg Lqwhuhvw Udwh zlwk Fuhglw0Udwlrqlqj/�

Uhylhz ri Hfrqrplf Vwxglhv/ 97+5,/ 4:6�4<31

Urguljxh}/ I1 +4<<:, �Lqhtxdolw|/ Uhglvwulexwlrq dqg Uhqw�Vhhnlqj/� Kduydug Xqlyhuvlw| plphr1

Urhphu/ M1 +4<<8, �Zk| wkh Srru Gr Qrw H{sursuldwh wkh Ulfk lq Ghprfudflhv= D Qhz Dujxphqw/�

plphr/ Xqlyhuvlw| ri Fdoliruqld 0 Gdylv/ Pd|1

Urvhqvwrqh/ V1 dqg Kdqvhq/ M1 +4<<6, �Prelol}dwlrq/ Sduwlflsdwlrq dqg Ghprfudf| lq Dphulfd/� Qhz

\run= PdfPloodq Sxeolvklqj Frpsdq|1

Uxvwlfklql/ D1/ Lfklqr/ D1 dqg Fkhffkl/ G1 +4<<:, �Pruh Htxdo Exw Ohvv PrelohB Hgxfdwlrq Ilqdqflqj

dqg Lqwhujhqhudwlrqdo Prelolw| lq Lwdo| dqg wkh XV/� Xqlyhuvlwã Erffrql plphr/ Mdqxdu|1

Vdlqw0Sdxo/ J1 +4<<7, �Wkh G|qdplfv ri H{foxvlrq dqg Ilvfdo Frqvhuydwlvp/� FHSU Glvfxvvlrq Sdshu

<<;/ Mxo|1

Vdlqw0Sdxo/ J1 dqg Yhuglhu/ W1 +4<<6, �Hgxfdwlrq/ Ghprfudf| dqg Jurzwk/� Mrxuqdo ri Ghyhorsphqw

Hfrqrplfv/ 75/ 5/ 6<<073:1

Vdlqw0Sdxo/ J1 dqg Yhuglhu/ W1 +4<<5, �Klvwrulfdo Dfflghqwv dqg wkh Shuvlvwhqfh ri Glvwulexwlrqdo Frq0

 lfwv/� Mrxuqdo ri wkh Mdsdqhvh dqg Lqwhuqdwlrqdo Hfrqrplhv/ 9/ 73907551

Vdod0l0Pduwlq/ [1 +4<<9, �D Srvlwlyh Wkhru| ri Vrfldo Vhfxulw|/� Mrxuqdo ri Hfrqrplf Jurzwk/ 4+5,/

5::�6371

Wrsd/ J1 +4<<8, �Vrfldo Lqwhudfwlrqv dqg wkh Vsdwldo Glvwulexwlrq ri Xqhpsor|phqw/� Xqlyhuvlw| ri

Fklfdjr glvvhuwdwlrq1

Yhuglhu/ W1 dqg Dghv/ D1 +4<<6, �Wkh Ulvh dqg Idoo ri Holwhv= Hfrqrplf Ghyhorsphqw dqg Vrfldo

Srodul}dwlrq lq Uhqw0Vhhnlqj Vrflhwlhv/� Kduydug Xqlyhuvlw| plphr/ Iheuxdu|1

Zro�qjhu/ U1 dqg Urvhqvwrqh/ V1 +4<;3, �Zkr YrwhvB� Qhz Kdyhq= \doh Xqlyhuvlw| Suhvv1

Zhlo/ S1 +4<<3, Qrqh{shfwhg Xwlolw| lq Pdfurhfrqrplfv/� Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 438 +4,/

5<0751
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Wdeoh 4d= Srolwlfdo Sduwlflsdwlrq e| Lqfrph

Uhsuhvhqwdwlrq udwlrv e| s�

Srolwlfdo Dfwlylw|= Wrwdo ( shufhqwloh idplo| lqfrph +lq

+Hohfwrudo Srolwlfv/ 4<8504<;;, wdnlqj sduw 3049 4:066 6709: 9;0<8 <9�433 (,

Yrwh 9914 1:9 1<3 4133 4149 415: 8818

Wu| wr lq xhqfh rwkhuv 591: 196 1:< 1<; 4158 4187 9319

Frqwulexwh prqh| ;1< 158 184 1;3 4187 6158 :619

Dwwhqg phhwlqjv :1; 17< 1:6 1<6 4164 515: 981:

Zrun rq fdpsdljq 719 17; 1:7 1;8 416: 5175 9:19

Vrxufh= Urvhqvwrqh dqg Kdqvhq +4<<6,/ Wdeoh ;05/ soxv rzq frpsxwdwlrq ri s�=

Wdeoh 4e= Srolwlfdo Sduwlflsdwlrq e| Hgxfdwlrq

Uhsuhvhqwdwlrq udwlrv e| |hduv ri hgxfdwlrq s�

Srolwlfdo Dfwlylw|= Wrwdo +zlwk fruuhvsrqglqj ( ri srsxodwlrq,

( 30; <044 45 46048 49. +lq

wdnlqj sduw +5314(, +4916(, +651;(, +491;(, +47(, (,

Hohfwrudo Srolwlfv/ 4<8504<;;

Yrwh 9914 1;8 1;6 4133 4145 4159 881;

Wu| wr lq xhqfh rwkhuv 591: 194 1:8 1<7 4166 4194 9618

Frqwulexwh prqh| ;1< 166 184 1;: 416: 5174 :61:

Dwwhqg phhwlqjv :1; 17; 183 1;8 4176 5147 :515

Zrun rq fdpsdljq 719 17; 183 1;: 4166 5158 :513

Jryhuqphqwdo Srolwlfv/ 4<:904<;;

Vljq Shwlwlrq 671; 167 ^# 1;: $` 4177 9<18

Dwwhqg orfdo phhwlqj 4;13 164 ^# 1:; $` 4179 :616

Zulwh frqjuhvv 4719 16; ^# 1:5 $` 4189 :81<

Vrxufh= Urvhqvwrqh dqg Kdqvhq +4<<6,/ Wdeohv ;04 dqg ;05/ soxv rzq frpsxwdwlrq ri s�=
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