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We analyse an economy where managers engage both in the adoption of
technologies from the world frontier and in innovation activities. The selection
of high-skill managers is more important for innovation activities. As the
economy approaches the technology frontier, selection becomes more
important. As a result, countries at early stages of development pursue an
investment-based strategy, with long-term relationships, high average size
and age of firms, large average investments, but little selection. Closer to the
world technology frontier, there is a switch to an innovation-based strategy
with short-term relationships, younger firms, less investment and better
selection of managers. We show that relatively backward economies may
switch out of the investment-based strategy too soon, so certain economic
institutions and policies, such as limits on product market competition or
investment subsidies, which encourage the investment-based strategy may be
beneficial. Societies that cannot switch out of the investment-based strategy,
however, fail to converge to the world technology frontier. Non-convergence
traps are more likely when policies and institutions are endogenized, enabling
beneficiaries of existing policies to bribe politicians to maintain these policies.
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�111 lq d qxpehu ri lpsruwdqw klvwrulfdo lqvwdqfhv lqgxvwuldol}dwlrq surfhvvhv/
zkhq odxqfkhg dw ohqjwk lq d edfnzdug frxqwu|/ vkrzhg frqvlghudeoh gl�hu0
hqfhv zlwk pruh dgydqfhg frxqwulhv/ qrw rqo| zlwk uhjdug wr wkh vshhg ri
ghyhorsphqw +wkh udwh ri lqgxvwuldo jurzwk, exw dovr zlwk uhjdugv wr wkh sur0
gxfwlyh dqg rujdql}dwlrqdo vwuxfwxuhv ri lqgxvwu|111 wkhvh gl�huhqfhv lq wkh
vshhg dqg fkdudfwhu ri lqgxvwuldo ghyhorsphqw zhuh wr d frqvlghudeoh h{whqw
wkh uhvxow ri dssolfdwlrq ri lqvwlwxwlrqdo lqvwuxphqwv iru zklfk wkhuh zdv olwwoh
ru qr frxqwhusduw lq dq hvwdeolvkhg lqgxvwuldo frxqwu|1�

Jhuvfkhqnurq +4<95/ s1 :,

4 Lqwurgxfwlrq

Lq klv idprxv hvvd|/ Hfrqrplf Edfnzdugqhvv lq Klvwrulfdo Shuvshfwlyh/ Jhuvfkhqnurq

dujxhg wkdw uhodwlyho| edfnzdug hfrqrplhv/ vxfk dv Jhupdq|/ Iudqfh/ Ehojlxp dqg Uxv0

vld gxulqj wkh qlqhwhhqwk fhqwxu|/ frxog udslgo| fdwfk xs wr pruh dgydqfhg hfrqrplhv

e| lqwurgxflqj �dssursuldwh� hfrqrplf lqvwlwxwlrqv wr hqfrxudjh lqyhvwphqw dqg whfk0

qrorj| dgrswlrq1 Kh hpskdvl}hg wkh uroh ri orqj0whup uhodwlrqvklsv ehwzhhq �upv dqg

edqnv/ ri odujh �upv dqg ri vwdwh lqwhuyhqwlrq1 Xqghuo|lqj wklv ylhz lv wkh qrwlrq wkdw

uhodwlyho| edfnzdug hfrqrplhv fdq jurz udslgo| e| lqyhvwlqj lq/ dqg dgrswlqj/ douhdg|

h{lvwlqj whfkqrorjlhv/ ru e| sxuvxlqj zkdw zh fdoo dq lqyhvwphqw0edvhg jurzwk vwudwhj|1

Li wklv dvvhvvphqw lv fruuhfw/ wkh lqvwlwxwlrqv wkdw duh dssursuldwh wr vxfk qdwlrqv vkrxog

hqfrxudjh lqyhvwphqw dqg whfkqrorj| dgrswlrq/ hyhq li wklv frphv dw wkh h{shqvh ri

ydulrxv pdunhw uljlglwlhv dqg d uhodwlyho| ohvv frpshwlwlyh hqylurqphqw1

Dowkrxjk wkhuh duh qxphurxv fdvhv lq Diulfd/ wkh Fduleehdq/ Fhqwudo Dphulfd dqg

Vrxwk Dvld zkhuh vwdwh lqyroyhphqw lq wkh hfrqrp| kdv ehhq glvdvwurxv +h1j1/ Dfhprjox/

Mrkqvrq dqg Urelqvrq/ 5334,/ ydulrxv slhfhv ri hylghqfh duh frqvlvwhqw zlwk wkh qrwlrq

wkdw udslg lqyhvwphqw0edvhg jurzwk lv srvvleoh zlwk/ ru hyhq vrphwlphv hqfrxudjhg e|/

uhodwlyho| uljlg lqvwlwxwlrqv dqg frqvlghudeoh jryhuqphqw lqyroyhphqw1 Wkhvh lqfoxgh

wkh h{shulhqfhv ri d qxpehu ri Hxurshdq frxqwulhv gxulqj wkh qlqhwhhqwk fhqwxu| glv0

fxvvhg e| Jhuvfkhqnurq +4<95,/ wkh fruuhodwlrq ehwzhhq wdul� udwhv dqg hfrqrplf jurzwk

lq wkh qlqhwhhqwk fhqwxu| dprqj frxqwulhv iroorzlqj wkh whfkqrorjlfdo ohdghu/ Eulwdlq

+R*Urxunh/ 5333/ exw vhh dovr Luzlq/ 5335/ iru d gl�huhqw lqwhusuhwdwlrq,> wkh fruuh0

odwlrq ehwzhhq surwhfwlrq ri kljk0vnloo dqg kljk0whfk lqgxvwulhv dqg hfrqrplf jurzwk

lq wkh srvwzdu shulrg +Qxqq dqg Wuh hu/ 5335,> dqg wkh uhodwlyho| udslg jurzwk ri

hfrqrplhv sxuvxlqj lpsruw0vxevwlwxwlrq dqg lqidqw0lqgxvwu| surwhfwlrq srolflhv/ vxfk dv

Eud}lo/ Ph{lfr/ Shux dqg Wxunh|/ xqwlo wkh plg04<:3v1

Shukdsv wkh wzr prvw zhoo0nqrzq fdvhv ri udslg lqyhvwphqw0edvhg jurzwk duh wkh
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srvw0zdu h{shulhqfhv ri Mdsdq dqg Vrxwk Nruhd1 Lq Mdsdq/ wkh Plqlvwu| ri Lqwhuqdwlrqdo

Wudgh dqg Lqgxvwu| +PLWL, sod|hg d fuxfldo uroh e| uhjxodwlqj iruhljq fxuuhqf| doorfd0

wlrqv/ lpsruw olfhqvhv/ dqg wkh h{whqw ri frpshwlwlrq/ e| gluhfwlqj lqgxvwuldo dfwlylw| dqg

e| hqfrxudjlqj lqyhvwphqw e| wkh nhluhwvx/ wkh odujh jurxslqjv ri lqgxvwuldo �upv dqg

edqnv +h1j1/ Mrkqvrq/ 4<;5/ Hydqv/ 4<<8/ Krvkl dqg Ndvk|ds/ 5335,1 Lq wkh Nruhdq fdvh/

wkh odujh idplo|0uxq frqjorphudwhv/ wkh fkdhero dsshdu wr kdyh sod|hg dq lpsruwdqw

uroh/ hvshfldoo| lq jhqhudwlqj odujh lqyhvwphqwv dqg udslg whfkqrorjlfdo ghyhorsphqw1

Wkh fkdhero/ vlplodu wr wkh nhluhwvx lq Mdsdq/ uhfhlyhg vwurqj jryhuqphqw vxssruw lq wkh

irup ri vxevlgl}hg ordqv/ dqwl0xqlrq ohjlvodwlrq dqg suhihuhqwldo wuhdwphqw wkdw vkhowhuhg

wkhp iurp erwk lqwhuqdo dqg h{whuqdo frpshwlwlrq1 Dq dgglwlrqdo lpsruwdqw ihdwxuh ri

erwk wkh fkdhero dqg wkh nhluhwvx zdv wkhlu orz pdqdjhuldo wxuqryhu/ hpskdvlv rq orqj0

whup uhodwlrqvklsv dqg jhqhudoo| uljlg vwuxfwxuhv +h1j1/ Zdgh/ 4<<3/ Yrjho/ 4<<4/ Hydqv/

4<<8,1

Dw wkh rwkhu h{wuhph/ zh fdq wklqn ri wkh surfhvv ri lqqrydwlrq0edvhg jurzwk/ zkhuh

wkh vhohfwlrq ri vxffhvvixo pdqdjhuv dqg �upv/ dv zhoo dv d ydulhw| ri rwkhu lqqrydwlrq0

w|sh dfwlylwlhv/ duh pruh lpsruwdqw1 Pdq| ylhz wkh fxuuhqw X1V1 hfrqrp|/ zlwk lwv

pdunhw0edvhg �qdqflqj/ lpsruwdqw uroh iru yhqwxuh fdslwdo dqg kljk udwh ri exvlqhvv

idloxuhv/ dqg dovr wkh uhodwlyho| frpshwlwlyh Eulwlvk hfrqrp| ri wkh qlqhwhhqwk fhqwxu|

dv dssur{lpdwlqj wklv w|sh ri lqqrydwlrq0edvhg jurzwk1 Lqwhuhvwlqjo|/ erwk wkh shuiru0

pdqfh ri hfrqrplhv sxuvxlqj wkh wzr gl�huhqw w|shv ri vwudwhjlhv dqg wkh ylhzv ri wkh

hfrqrplfv surihvvlrq rq wkh phulwv ri wkh wzr vwudwhjlhv kdyh ydulhg vljql�fdqwo| ryhu

wlph1 Zkloh/ xqwlo wkh plg04<:3v ru hyhq wkh 4<;3v/ d qxpehu ri hfrqrplhv sxuvxlqj wkh

lqyhvwphqw0edvhg vwudwhj| zhuh vxffhvvixo dqg pdq| hfrqrplvwv zhuh hqwkxvldvwlf derxw

wklv vwudwhj|/ wrgd| wkh shqgxoxp dsshduv wr kdyh vzxqj wkh rwkhu zd|1

Wklv sdshu dqdo|}hv wkh htxloleulxp +dqg vrfldoo| ehqh�fldo, fkrlfh ehwzhhq wkhvh

wzr vwudwhjlhv1 Zh glvfxvv zkhq hdfk dulvhv lq htxloleulxp/ wkhlu uhodwlyh h!flhqflhv iru

gl�huhqw vwdjhv ri ghyhorsphqw/ wkh srvvlelolw| ri wudsv dqg qrq0frqyhujhqfh uhvxowlqj

iurp wkh fkrlfh ri dq lqfruuhfw vwudwhj|/ dqg wkh srolwlfdo hfrqrp| ri wkh wzr vwudwhjlhv1

Wkh fkrlfh ehwzhhq wkh lqyhvwphqw0edvhg dqg lqqrydwlrq0edvhg vwudwhjlhv lqyroyhv

d wudgh0r� ehwzhhq lqyhvwphqw dqg h{shulhqfh/ rq wkh rqh kdqg/ dqg vhohfwlrq/ rq wkh

rwkhu1 Hfrqrplhv fdq riwhq pd{lpl}h lqyhvwphqw e| fkdqqholqj prqh| wr h{lvwlqj �upv/

dqg pdnlqj xvh ri wkh h{shulhqfhv ri hvwdeolvkhg �upv dqg pdqdjhuv1 Wklv lv sduwlfxoduo|

wkh fdvh lq wkh suhvhqfh ri lqfhqwlyh sureohpv/ zklfk duh sduwo| uhod{hg iru h{lvwlqj

�upv dqg pdqdjhuv ehfdxvh ri wkhlu uhwdlqhg hduqlqjv/ wkxv lqfuhdvlqj wkhlu lqyhvwphqw

fdsdflw| uhodwlyh wr qhzfrphuv1 Exw wkh lqyhvwphqw0edvhg vwudwhj| dovr vkhowhuv ohvv
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vxffhvvixo �upv dqg pdqdjhuv iurp frpshwlwlrq/ dqg dv d uhvxow/ lw lqyroyhv ohvv vhohfwlrq

ri vxffhvvixo �upv dqg pdqdjhuv/ zruvh pdwfkhv ehwzhhq djhqwv dqg hfrqrplf dfwlylwlhv/

dqg ohvv lqqrydwlyh dfwlylw| e| qhz hqwudqwv1

Rxu dqdo|vlv exlogv rq wkh qrwlrq wkdw wklv wudgh0r� ehwzhhq lqyhvwphqw0edvhg dqg

lqqrydwlrq0edvhg vwudwhjlhv fkdqjhv ryhu wkh frxuvh ri ghyhorsphqw/ hvshfldoo| dv dq

hfrqrp| dssurdfkhv wkh zruog whfkqrorj| iurqwlhu1 Uhodwlyho| edfnzdug hfrqrplhv fdq

jurz zlwk dq lqyhvwphqw0edvhg vwudwhj|1 Lq frqwudvw/ qhduhu wkh iurqwlhu/ jurzwk kdv wr

uho| uhodwlyho| pruh rq lqqrydwlrq dfwlylwlhv/ wkxv vhohfwlqj wkh uljkw hqwuhsuhqhxuv/ dqg

wkh uljkw pdwfkhv ehwzhhq pdqdjhuv dqg hfrqrplf dfwlylwlhv/ ehfrphv pruh lpsruwdqw1

Lqfrusrudwlqj wklv wudgh0r� lqwr d vwdqgdug hqgrjhqrxv whfkqlfdo fkdqjh prgho/

zh vkrz wkdw hfrqrplhv zloo �uvw whqg wr sxuvxh dq lqyhvwphqw0edvhg vwudwhj| zlwk

orqjhu0whup uhodwlrqvklsv/ juhdwhu lqyhvwphqw dqg ohvv vhohfwlrq/ dqg dw vrph srlqw pd|

vzlwfk wr dq lqqrydwlrq0edvhg vwudwhj| zlwk juhdwhu vhohfwlrq/ vkruwhu0whup uhodwlrq0

vklsv dqg |rxqjhu �upv1 Pruhryhu/ zh vkrz wkdw wkh htxloleulxp vzlwfk rxw ri dq

lqyhvwphqw0edvhg vwudwhj| pd| rffxu vrrqhu ru odwhu wkdq wkh jurzwk0pd{lpl}lqj ru

zhoiduh0pd{lpl}lqj srolflhv1 Ehfdxvh prqrsrolvwv gr qrw dssursuldwh wkh ixoo uhwxuqv

iurp juhdwhu lqyhvwphqwv/ wkh vzlwfk whqgv wr rffxu wrr vrrq> dqg ehfdxvh uhwdlqhg

hduqlqjv fuhdwh dq dgydqwdjh iru h{lvwlqj �upv +lqvlghuv,/ wkh vzlwfk whqgv wr rffxu wrr

odwh1

Dv d uhvxow/ vlplodu wr Jhuvfkhqnurq*v dujxphqw/ lq uhodwlyho| edfnzdug frxqwulhv/

wkhuh pd| eh urrp iru jryhuqphqw lqwhuyhqwlrq/ e| gluhfw vxevlglhv/ fkhds ordqv dqg

dqwl0frpshwlwlyh srolflhv/ wr hqfrxudjh wkh lqyhvwphqw0edvhg vwudwhj|1 Krzhyhu/ gli0

ihuhqw iurp Jhuvfkhqnurq*v hpskdvlv/ dq hfrqrp| pd| idlo wr frqyhujh wr wkh zruog

whfkqrorj| iurqwlhu/ suhflvho| ehfdxvh lw grhv qrw vzlwfk +ru lw vzlwfkhv wrr odwh, rxw ri

dq lqyhvwphqw0edvhg wr dq lqqrydwlrq0edvhg vwudwhj|1 Wkh uhdvrq lv wkdw diwhu d fhuwdlq

vwdjh ri ghyhorsphqw/ lqqrydwlrq dfwlylwlhv duh qhfhvvdu| wr hqvxuh ixuwkhu jurzwk dqg

frqyhujhqfh/ dqg wkhvh dfwlylwlhv duh olplwhg lq wkh lqyhvwphqw0edvhg uhjlph1 Wkxv vwdwh

lqwhuyhqwlrq pd| kdyh vkruw0whup ehqh�wv exw dovr frqvlghudeoh orqj0whup frvwv1 Rxu

prgho wkhuhiruh lpsolhv wkdw dssursuldwh lqvwlwxwlrqv dqg srolflhv ghshqg rq wkh vwdjh

ri ghyhorsphqw/ wkxv mxvwli|lqj/ dqg txdoli|lqj/ erwk wkh ylhzv wkdw hpskdvl}h fhuwdlq

ehqh�fldo h�hfwv iurp vwdwh lqwhuyhqwlrq dv zhoo dv wkrvh srlqwlqj rxw wkh lqh!flhqflhv

uhvxowlqj iurp wkhvh lqwhuyhqwlrqv1

Wkh srwhqwldo frvwv ri srolflhv hqfrxudjlqj lqyhvwphqw0edvhg jurzwk ehfrph pruh

vxevwdqwldo rqfh zh hqgrjhql}h wkh srolwlfdo hfrqrp| ri jryhuqphqw lqwhuyhqwlrq1 Wkhvh

srolflhv hqulfk h{lvwlqj fdslwdolvwv/ zkr suhihu wkh lqyhvwphqw0edvhg htxloleulxp wr wkh
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lqqrydwlrq0edvhg htxloleulxp1 Zkhq hfrqrplf srzhu ex|v srolwlfdo srzhu/ lw ehfrphv

gl!fxow wr uhyhuvh wkhvh srolflhv wkdw kdyh dq hfrqrplf dqg srolwlfdoo| srzhuixo frq0

vwlwxhqf|14 Dq lqwhuhvwlqj lpsolfdwlrq ri wklv srolwlfdo0hfrqrp| dqdo|vlv lv wkdw xqghu

fhuwdlq flufxpvwdqfhv vrflhwlhv pd| jhw wudsshg zlwk �lqdssursuldwh lqvwlwxwlrqv� dqg

uhodwlyho| edfnzdug whfkqrorj|/ suhflvho| ehfdxvh hduolhu wkh| dgrswhg dssursuldwh lqvwl0

wxwlrqv iru wkhlu flufxpvwdqfhv dw wkh wlph/ exw lq wkh surfhvv dovr fuhdwlqj d srzhuixo

frqvwlwxhqf| djdlqvw fkdqjh15

Dq lpphgldwh lpsolfdwlrq ri rxu dqdo|vlv lv d qhz wkhru| ri �ohdsiurjjlqj�1 Hfrqrplhv

wkdw dgrsw srolflhv hqfrxudjlqj wkh lqyhvwphqw0edvhg vwudwhj| pd| lqlwldoo| jurz idvwhu

wkdq rwkhuv/ exw wkhq jhw vwxfn lq d qrq0frqyhujhqfh wuds dqg wdnhq ryhu e| wkh lql0

wldo odjjdugv1 Wklv lv d yhu| gl�huhqw ylhz ri ohdsiurjjlqj iurp wkh vwdqgdug rqh +h1j1/

Euh}lv/ Nuxjpdq dqg Wvlggrq/ 4<<7,/ zkhuh ohdsiurjjlqj hphujhv ehfdxvh ri frpsdu0

dwlyh dgydqwdjh dqg ohduqlqj0e|0grlqj/ dqg zkhuh wkh irfxv lv rq zkhwkhu wkh zruog

whfkqrorjlfdo ohdghuvkls lv wdnhq ryhu e| d qhzfrphu1 Wkh w|sh ri ohdsiurjjlqj lpsolhg

e| rxu prgho pd| khos h{sodlq zk| vrph ri wkh Odwlq Dphulfdq frxqwulhv/ prvw qrwdeo|/

Eud}lo/ Ph{lfr dqg Shux/ zklfk juhz uhodwlyho| udslgo| zlwk dqwl0frpshwlwlyh dqg lp0

sruw vxevwlwxwlrq srolflhv xqwlo wkh plg04<:3v ru hduo| 4<;3v/ vwdjqdwhg dqg zhuh wdnhq

ryhu e| rwkhu hfrqrplhv zlwk uhodwlyho| pruh frpshwlwlyh srolflhv/ vxfk dv Krqj Nrqj

ru Vlqjdsruh16

4Wkh Nruhdq fdvh looxvwudwhv wkh lq xhqfh ri hfrqrplfdoo| srzhuixo jurxsv rq srolwlfldqv1 Nrqj
+5335/ s1 6, zulwhv �111srolwlfdo�qrw hfrqrplf�frqvlghudwlrqv grplqdwhg srolf|pdnlqj111 ^lq Nruhd`1111
dqg 111fruuxswlrq zdv idu juhdwhu wkdq wkh frqyhqwlrqdo zlvgrp doorzv�1 Lq idfw/ wkh sdwuldufkv ri
Vdpvxqj/ Gdhzrr dqg Mlqur/ wkh wkuhh pdmru fkdhero/ zhuh frqylfwhg lq wkh odwh 4<<3v ri pdmru eulelqj
ri wzr iruphu suhvlghqwv1 Vljql�fdqwo|/ wkhlu mdlo vhqwhqfhv zhuh sdugrqhg lq 4<<: +vhh Dvldzhhn/ Rfwrehu
43/ 4<<:,1

5Erwk wkh Nruhdq dqg wkh Mdsdqhvh fdvhv looxvwudwh wkh gdqjhuv ri wkh lqyhvwphqw0edvhg vwudwhj|/
dqg wkh srolwlfdo hfrqrp| sureohpv fuhdwhg e| vxfk d vwudwhj|1 Wkh forvh olqnv ehwzhhq jryhuqphqw
r!fldov dqg wkh fkdhero lq wkh Nruhdq fdvh dqg exuhdxfudwv dqg wkh nhluhwvx lq wkh Mdsdqhvh fdvh/
zklfk dsshdu wr kdyh ehhq lpsruwdqw iru wkh hduo| vxffhvv ri wkhvh hfrqrplhv/ odwhu ehfdph revwdfohv
wr surjuhvv/ hvshfldoo| diwhu wkh Dvldq fulvlv iru Nruhd dqg diwhu wkh plg04<;3v iru Mdsdq1 Iroorzlqj wkh
fulvlv lq Nruhd/ d qxpehu ri wkh fkdhero zhqw edqnuxsw/ zkloh rwkhuv zhuh vsolw/ ru olnh Gdhzrr/ zhuh
irufhg lqwr uhvwuxfwxulqj1 Lqwhuhvwlqjo|/ wkhuh vhhpv wr kdyh ehhq pxfk ohvv uhirup lq wklv glphqvlrq lq
Mdsdq1

6Eud}lo dqg Shux vwduwhg zlwk JGS shu zrunhu ohyhov htxdo wr/ uhvshfwlyho|/ 4;( dqg 55( ri wkh
X1V1 lq 4<831 E| wkh plg0:3v/ diwhu jurzlqj dw dq dyhudjh 61807( shu |hdu/ wkh| kdg uhdfkhg d JGS
ohyho htxdo wr 68( ri wkh X1V1/ dqg iurp wkhuh rq vwd|hg dw wklv ohyho/ ru ghfolqhg uhodwlyh wr wkh X1V11
Ph{lfr frqyhujhg vwhdglo| iurp 66( ri wkh X1V1 ohyho lq 4<83 wr 96( lq 4<;4/ zlwk d 618( dyhudjh
dqqxdo jurzwk udwh/ exw ghfolqhg wkhuhdiwhu1 Lq frqwudvw/ Krqj Nrqj dqg Vlqjdsruh/ zklfk vwduwhg dw
4:( dqg 53( ri wkh X1V1 JGS shu zrunhu lq 4<93 +hduolhu gdwd duh qrw dydlodeoh,/ vxusdvvhg Eud}lo dqg
Shux gxulqj wkh 4<:3v dqg Ph{lfr gxulqj wkh 4<;3v1 Lq 5333/ wkhlu JGS shu fdslwd zdv/ uhvshfwlyho|/
:3( dqg :6( uhodwlyh wr wkh X1V1 +doo qxpehuv duh SSS0dgmxvwhg/ dqg iurp wkh Shqq Zruog Wdeohv/ ru
iurp Zruog Idfwerrn/ 5334,1 Lw lv dovr qrwhzruwk| wkdw lq wkh 960frxqwu| vdpsoh ri Wuh hu dqg Qxqq
+5335,/ Krqj Nrqj kdv wkh orzhvw wdul� udwhv lq wkhlu vdpsoh ri 96 frxqwulhv/ Vlqjdsruh kdv d uhodwlyho|
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Dw wkh khduw ri rxu dqdo|vlv lv wkh wudgh0r� ehwzhhq lqyhvwphqw0edvhg dqg lqqrydwlrq0

edvhg vwudwhjlhv/ zklfk lv irxqghg rq wkuhh lqjuhglhqwv= +4, H{shulhqfhg pdqdjhuv dqg

lqfxpehqw �upv fdq xqghuwdnh odujhu lqyhvwphqwv/ dqg hyhu|wklqj hovh htxdo/ dfklhyh

juhdwhu whfkqrorjlfdo lpsuryhphqwv dqg surgxfwlylw| jurzwk1 +5, Pdqdjhuv frs| dqg

dgrsw zhoo0hvwdeolvkhg whfkqrorjlhv iurp wkh zruog whfkqrorj| iurqwlhu/ dqg pdqdjhuldo

vnloo lv qrw fuxfldo iru wklv w|sh ri frs|lqj dqg dgrswlrq dfwlylwlhv1 +6, Pdqdjhuv dovr

xqghuwdnh lqqrydwlrqv ru dgdsw whfkqrorjlhv wr orfdo frqglwlrqv/ dqg pdqdjhuldo vnloo

lv hvvhqwldo lq wkhvh wdvnv1 Wklv odvw srlqw pdnhv wkh vhohfwlrq ri kljk0vnloo pdqdjhuv

lpsruwdqw iru surgxfwlylw| jurzwk1

Doo wkuhh lqjuhglhqwv duh uhdvrqdeoh1 Wkdw h{shulhqfhg pdqdjhuv dqg �upv duh pruh

surgxfwlyh dqg fdq xqghuwdnh odujhu lqyhvwphqwv lv sodxvleoh/ dqg frqvlvwhqw zlwk hyl0

ghqfh rq �up0ohyho ohduqlqj0e|0grlqj dqg lqyhvwphqw sdwwhuqv17 Pruhryhu/ wklv ihdwxuh

lv lqwurgxfhg dv dq dvvxpswlrq rqo| wr vlpsoli| wkh edvlf prgho1 Zh odwhu vkrz wkdw lq

wkh suhvhqfh ri prudo kd}dug/ h{shulhqfhg pdqdjhuv zloo qdwxudoo| lqyhvw pruh/ ehfdxvh

wkhlu hduqlqjv iurp suhylrxv shulrgv uhod{ wkh fuhglw frqvwudlqwv lpsolhg e| prudo kd}0

dug1 Vlploduo|/ wkdw pdqdjhuv hqjdjh erwk lq frs|lqj dqg lplwdwlrq0w|sh dfwlylwlhv dv

zhoo dv lqqrydwlrq0w|sh dfwlylwlhv lv qdwxudo dqg zhoo dffhswhg1 Wkh fuxfldo lqjuhglhqw

khuh lv wkdw vhohfwlrq ri kljk0vnloo pdqdjhuv lv pruh lpsruwdqw iru lqqrydwlrq0w|sh df0

wlylwlhv wkdq iru lplwdwlrq1 Dowkrxjk zh gr qrw kdyh gluhfw hylghqfh rq wklv srlqw/ jlyhq

wkh qdwxuh ri lqqrydwlrq dfwlylwlhv/ zh uhjdug wklv dv d sodxvleoh dvvxpswlrq/ dqg zh

dovr qrwh wkdw lw lv frqvlvwhqw zlwk klvwrulfdo dffrxqwv1 Iru h{dpsoh/ Urvhqehuj +4<;5,

hpskdvl}hv wkh vshhg ri whfkqrorj| wudqvihu dqg lplwdwlrq lq wkh suhvhqfh ri wkh uljkw

frqglwlrqv/ dqg frqfoxghv= �111 wkh wudqvihu ri lqgxvwuldo whfkqrorj| wr ohvv ghyhorshg

frxqwulhv lv lqhylwdeoh1� +s1 5:3,/ zkloh lqqrydwlrq dqg whfkqrorjlfdo euhdnwkurxjkv lq

dgydqfhg hfrqrplhv riwhq uhtxluh frqwlqxrxv h�ruwv e| ydulrxv vxffhvvixo �upv dqg wkh

wdohqwv ri pdq| h{fhswlrqdo lqglylgxdov +h1j1/ ss1 47404<5,1

Lqjuhglhqwv 4 dqg 5 deryh lpso| wkdw pdqdjhuldo vhohfwlrq ehfrphv pruh lpsruwdqw

zkhq dq hfrqrp| lv forvh wr wkh zruog whfkqrorj| iurqwlhu1 Lqjuhglhqwv 5 dqg 6/ rq

orz udwh/ zkloh Eud}lo dqg Ph{lfr duh wzr ri wkh 8 frxqwulhv zlwk wkh kljkhvw wdul�v +wkh| gr qrw kdyh
gdwd rq Shux,1

7Wkh lqqrydwlrq olwhudwxuh sodfhv frqvlghudeoh hpskdvlv rq wkh delolw| ri lqfxpehqw dqg h{shulhqfhg
�upv wr wdnh dgydqwdjh ri lqfuhphqwdo lpsuryhphqwv +h1j1/ Duurz/ 4<:7/ Dehuqdwk|/ 4<;3/ Iuhhpdq/
4<;5/ Qhovrq dqg Zlqwhu/ 4<;5,1 Hpslulfdo zrun e|/ dprqj rwkhuv/ Kluvfk +4<85,/ Olhehupdq +4<;7, dqg
Edkn dqg Jruw +4<<6,/ dqg pruh uhfhqwo|/ e| Luzlq dqg Nohqrz +4<<7, dqg Ehqndug +5333, iru wkh X1V1
dqg Rkdvkl +5335, iru Mdsdq/ grfxphqw wklv w|sh ri ohduqlqj0e|0grlqj h�hfwv1 Dovr/ wkh uhodwlrqvkls
ehwzhhq �up djh dqg �up vl}h +ru lqyhvwphqw, lv hpslulfdoo| zhoo grfxphqwhg/ h1j1/ Gxqqh/ Urehuwv
dqg Vdpxhovrq +4<;<,1
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wkh rwkhu kdqg/ jhqhudwh wkh nh| wudgh0r�= dq hfrqrp| fdq hlwkhu uho| rq vhohfwlrq

+h1j1/ e| whuplqdwlqj ohvv vxffhvvixo pdqdjhuv, wr jhqhudwh pruh lqqrydwlrq/ ru vdful�fh

vhohfwlrq iru h{shulhqfh/ dqg wdnh dgydqwdjh ri odujhu lqyhvwphqwv1 Doo wkuhh lqjuhglhqwv

wrjhwkhu lpso| wkdw lq uhodwlyho| edfnzdug hfrqrplhv/ vhohfwlrq lv ohvv lpsruwdqw/ vr dq

lqyhvwphqw0edvhg vwudwhj| h{sorlwlqj h{shulhqfh lv suhihudeoh1 Forvhu wr wkh iurqwlhu/ wkh

vrflhw| qhhgv vhohfwlrq/ dqg wkhuhiruh/ lw lv pruh olnho| wr dgrsw dq lqqrydwlrq0edvhg

vwudwhj|1 Doo wkh uhvxowv lq wklv sdshu exlog rq wkh wudgh0r� lqwurgxfhg e| wkhvh wkuhh

lqjuhglhqwv/ dqg rq wkh ihdwxuh wkdw forvhu wr wkh zruog whfkqrorj| iurqwlhu/ wkh vhohfwlrq

ri kljk0vnloo pdqdjhuv dqg vxffhvvixo �upv ehfrphv pruh lpsruwdqw1

Rxu sdshu uhodwhv wr d qxpehu ri gl�huhqw olwhudwxuhv1 Iluvw/ wkh qrwlrq wkdw pdqdjh0

uldo vnloo lv pruh lpsruwdqw iru lqqrydwlrq wkdq frs|lqj lv uhplqlvfhqw wr wkh hpskdvlv

lq Jdoru dqg Wvlggrq +4<<:, dqg Kdvvohu dqg Urguljxh} +5334, rq vnloo lq wlphv ri hfr0

qrplf fkdqjh dqg wxuexohqfh1 Lq d uhodwhg frqwulexwlrq/ Wrqj dqg [x +5333, h{whqg wkh

prgho e| Ghzdwulsrqw dqg Pdvnlq +4<<8, dqg frpsduh �pxowl0�qdqflhu� dqg �vlqjoh0

�qdqflhu� frqwudfwxdo uhodwlrqvklsv dv d ixqfwlrq ri wkh vwdjh ri ghyhorsphqw> wkh pdlq

lghd ri wkhlu sdshu lv wkdw zkloh vlqjoh0�qdqflhu uhodwlrqvklsv whqg wr grplqdwh dw hduo|

vwdjhv ri ghyhorsphqw zkhq frxqwulhv lqfxu kljk vxqn frvwv ri U)G/ pxowl0�qdqflhu uh0

odwlrqvklsv whqg wr grplqdwh dw odwhu vwdjhv ri ghyhorsphqw zkhq vhohfwlqj jrrg U)G

surmhfwv ehfrphv pruh lpsruwdqw1 Exw wklv prgho ri �qdqfldo frqwudfwlqj dqg jurzwk

grhv qrw ghdo zlwk g|qdplf frqyhujhqfh dvshfwv/ dqg grhv qrw ghyhors wkh frqwudvw

ehwzhhq lqqrydwlrq0edvhg dqg lqyhvwphqw0edvhg jurzwk vwudwhjlhv1

Vhfrqg/ rxu sdshu lv uhodwhg wr wkh olwhudwxuh rq wkh uhodwlrqvkls ehwzhhq jurzwk dqg

frqwudfwlqj/ lqfoxglqj Dfhprjox dqg ]lolerwwl +4<<<,/ Pduwlpruw dqg Yhuglhu +5334,

dqg Iudqfrlv dqg Urehuwv +5334,/ dv zhoo dv pruh jhqhudoo|/ wr wkh olwhudwxuh rq jurzwk

dqg �qdqfh/ lqfoxglqj wkh sdshuv e| Juhhqzrrg dqg Mrydqrylf +4<<3,/ Nlqj dqg Ohylqh

+4<<6,/ Od Sruwd hw do +4<<:,/ Dfhprjox dqg ]lolerwwl +4<<:,/ Udmdq dqg ]lqjdohv +4<<;,/

Fduolq dqg Pd|hu +5335, dqg Wdghvvh +5335,1 Iru h{dpsoh/ Dfhprjox dqg ]lolerwwl

+4<<<, ghyhors d prgho zkhuh lqirupdwlrqdo sureohpv ehfrph ohvv vhyhuh dv dq hfrqrp|

ghyhorsv/ dqg ghulyh lpsolfdwlrqv iurp wklv iru wkh rujdql}dwlrq ri �upv dqg pdunhwv1

Pduwlpruw dqg Yhuglhu +5334, dqg Iudqfrlv dqg Urehuwv +5334, vkrz krz d kljk udwh

ri fuhdwlyh ghvwuxfwlrq pd| glvfrxudjh orqj0whup uhodwlrqvklsv zlwklq �upv1

Wklug/ rxu prgho dovr uhodwhv wr zrun rq whfkqrorjlfdo frqyhujhqfh dqg jurzwk/ lq

sduwlfxodu/ wr wkh sdshuv e| Eduur dqg Vdod0l0Pduwlq +4<<:,/ Krzlww +5333, dqg Krzlww

dqg Pd|hu +5335,/ zklfk h{whqg wkh jurzwk iudphzrun ri Djklrq dqg Krzlww +4<<5, wr d

pxowl0frxqwulhv vhwxs1 Krzlww dqg Pd|hu +5335,/ iru h{dpsoh/ dqdo|}h frqyhujhqfh foxev/

9



surorqjhg vwdjqdwlrqv/ dqg wzlq0shdn frqyhujhqfh sdwwhuqv1 Exw wkh| gr qrw surylgh dq

h{solflw wuhdwphqw ri lqvwlwxwlrqv dqg frqwudfwxdo uhodwlrqv dqg wkh| gr qrw hpskdvl}h

wkh wudgh0r� ehwzhhq lqqrydwlrq0edvhg dqg lqyhvwphqw0edvhg jurzwk vwudwhjlhv1

Ilqdoo|/ rxu srolwlfdo hfrqrp| vhfwlrq exlogv rq wkh oree|lqj prghov e| Jurvvpdq dqg

Khospdq +4<<:/ 5334,1 Zkloh zh vlpsoli| wkhvh prghov frqvlghudeo| lq pdq| glphqvlrqv/

e| lqwurgxflqj fuhglw frqvwudlqwv rq oreelhv zh dovr dgg d olqn ehwzhhq fxuuhqw hfrqrplf

srzhu dqg srolwlfdo srzhu1 Lq wklv uhvshfw/ rxu dqdo|vlv lv dovr uhodwhg wr Gr +5335, zkr

dqdo|}hv d oree|lqj prgho zlwk fuhglw0frqvwudlqhg djhqwv/ zkhuh lqfrph glvwulexwlrq

d�hfwv srolf|1

Shukdsv wkh prvw lqwhuhvwlqj olqn lv ehwzhhq rxu dssurdfk dqg wkh h{lvwlqj ghedwh rq

wkh rswlpdo ghjuhh ri jryhuqphqw lqwhuyhqwlrq lq ohvv ghyhorshg frxqwulhv1 D qxpehu ri

dxwkruv/ lqfoxglqj Vwljolw} +4<<8,/ fdoo iru jryhuqphqw lqwhuyhqwlrq lq vlwxdwlrqv zkhuh h{0

whuqdolwlhv dqg pdunhw idloxuhv duh udpsdqw1 Vlqfh ohvv ghyhorshg frxqwulhv dssur{lpdwh

wkhvh vlwxdwlrqv ri zlghvsuhdg pdunhw idloxuh/ wklv uhdvrqlqj/ mxvw olnh Jhuvfkhqnurq*v

+4<95, phvvdjh/ uhfrpphqgv juhdwhu jryhuqphqw lqwhuyhqwlrq lq wkhvh frxqwulhv1 D uh0

fhqw sdshu e| Kdxvpdqq dqg Urguln +5334, sxvkhv wklv olqh ixuwkhu dqg dujxhv wkdw prvw

ri wkh jurzwk uhodwhg dfwlylwlhv lq ohvv ghyhorshg frxqwulhv fuhdwh h{whuqdolwlhv ehfdxvh ri

srwhqwldo lplwdwlrq e| rwkhuv dqg ohduqlqj0e|0grlqj/ dqg vxjjhvw wkdw vxffhvvixo ohvv gh0

yhorshg frxqwulhv kdyh wr uho| rq jryhuqphqw lqwhuyhqwlrq dqg vxevlglhv/ dv zdv wklv fdvh

lq Vrxwk Nruhd dqg Wdlzdq1 Wkh| zulwh= �wkh zruog*v prvw vxffhvvixo hfrqrplhv gxulqj

wkh odvw ihz ghfdghv survshuhg grlqj wklqjv wkdw duh pruh frpprqo| dvvrfldwhg zlwk idlo0

xuh/� dqg sursrvh vlplodu �lqidqw0lqgxvwu|0w|sh� lqwhuyhqwlrq iru rwkhu frxqwulhv1 Wkh

vdph srlqw ri ylhz lv ghyhorshg e| pdq| srolwlfdo vflhqwlvwv/ lqfoxglqj wkrvh zrunlqj lq

wkh olwhudwxuh rq �Vwdwh Dxwrqrp|�/ iru h{dpsoh/ Mrkqvrq +4<;5,/ dqg pruh qxdqfhg

yhuvlrqv ri wkhvh/ vxfk dv wkh wkhvlv ri �Hpehgghg Dxwrqrp|� e| Hydqv +4<<8,1 Wkhvh

dujxphqwv duh fulwlfl}hg e| vhyhudo hfrqrplvwv dqg srolwlfdo vflhqwlvwv/ krzhyhu/ ehfdxvh

wkh| ljqruh wkh srwhqwldo iru jryhuqphqw idloxuh1 Iru h{dpsoh/ Vkohlihu dqg Ylvkq|

+5333,/ dujxh wkdw jryhuqphqwv duh riwhq fdswxuhg e| lqwhuhvw jurxsv ru e| srolwlfldqv

wkhpvhoyhv1 Wklv vxjjhvwv wkdw lq ohvv ghyhorshg frxqwulhv/ zkhuh fkhfnv rq jryhuqphqwv

duh zhdnhu/ wkh fdvh iru jryhuqphqw lqwhuyhqwlrq vkrxog eh zhdnhu dv zhoo1 Rxu prgho

frpelqhv wkhvh wzr lqvljkwv1 Zh ghulyh d uhdvrq iru srvvleoh jryhuqphqw lqwhuyhqwlrq

dw wkh hduo| vwdjhv ri ghyhorsphqw/ zkloh dovr kljkoljkwlqj zk| vxfk lqwhuyhqwlrq fdq eh

frxqwhusurgxfwlyh ehfdxvh ri srolwlfdo hfrqrp| frqvlghudwlrqv1

Wkh uhvw ri wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 rxwolqhv wkh edvlf prgho1

Vhfwlrq 6 fkdudfwhul}hv wkh htxloleulxp1 Vhfwlrq 7 dqdo|}hv wkh lpsolfdwlrqv ri wkh htxl0

:



oleulxp doorfdwlrqv iru jurzwk dqg frqyhujhqfh +ru qrq0frqyhujhqfh, sdwwhuqv/ dqg frp0

sduhv wkh htxloleulxp doorfdwlrq wr jurzwk0pd{lpl}lqj dqg zhoiduh0pd{lpl}lqj srolflhv1

Vhfwlrq 8 vkrzv krz wkh uhvxowv ri wkh vlpsohu prgho ri Vhfwlrq 5 fdq eh rewdlqhg lq

d pruh plfur0irxqghg prgho zlwk d fkrlfh ryhu surmhfw vl}h1 Vhfwlrq 9 glvfxvvhv krz

jryhuqphqw srolf| pd| eh xvhixo lq fuhdwlqj �dssursuldwh lqvwlwxwlrqv� iru frqyhujhqfh/

exw dovr krz vxfk srolflhv pd| eh fdswxuhg e| jurxsv wkdw duh wkhlu pdlq ehqh�fldulhv/

fuhdwlqj srolwlfdo hfrqrp| wudsv1 Vhfwlrq : frqfoxghv1

5 Wkh prgho

514 Djhqwv dqg surgxfwlrq

Wkh prgho hfrqrp| lv srsxodwhg e| d frqwlqxxp ri ryhuodsslqj jhqhudwlrqv ri wzr0

shulrg olyhg djhqwv1 Wkh srsxodwlrq lv frqvwdqw1 Hdfk jhqhudwlrq frqvlvwv ri d pdvv �*2

ri �fdslwdolvwv� zlwk surshuw| uljkwv rq �surgxfwlrq vlwhv�/ exw qr pdqdjhuldo vnloo/ dqg

d pdvv Eun �� *2 ri zrunhuv zkr duh eruq zlwkrxw dq| �qdqfldo dvvhw exw duh hqgrzhg

zlwk pdqdjhuldo vnloov1 Surshuw| uljkwv duh wudqvplwwhg zlwklq g|qdvwlhv18 Hdfk zrunhu

lv hqgrzhg zlwk rqh xqlw ri oderu shu xqlw ri wlph/ zklfk vkh vxssolhv lqhodvwlfdoo|

zlwkrxw glvxwlolw|1 Doo djhqwv duh ulvn qhxwudo dqg glvfrxqw wkh ixwxuh dw wkh udwh o�

Wkhuh lv d xqltxh �qdo jrrg lq wkh hfrqrp|/ dovr xvhg dv dq lqsxw wr surgxfh lq0

whuphgldwh lqsxwv1 Zh wdnh wklv jrrg dv wkh qxphudluh1 Wkh �qdo jrrg lv surgxfhg

frpshwlwlyho| iurp oderu dqg d frqwlqxxp 4 ri lqwhuphgldwh jrrgv dv lqsxwv zlwk sur0

gxfwlrq ixqfwlrq=

+| '
�

k
u�3kd

] �

f

E�| ED��
�3k%| ED�

k _Doc +4,

zkhuh �| ED� lv wkh surgxfwlylw| lq vhfwru D dw wlph |c %|ED� lv wkh  rz ri lqwhuphgldwh

jrrg D xvhg lq �qdo jrrg surgxfwlrq djdlq dw wlph |/ dqg k 5 dfc �o�

Lq hdfk lqwhuphgldwh vhfwru D/ rqh surgxfwlrq vlwh dw hdfk gdwh kdv dffhvv wr wkh prvw

surgxfwlyh whfkqrorj|/ �| ED�/ dqg vr/ wklv �ohdglqj �up� hqmr|v prqrsro| srzhu1 Hdfk

ohdglqj �up hpsor|v d pdqdjhu/ iru surgxfwlrq dv zhoo dv iru lqqrydwlrq/ dqg lqfxuv d

vhwxs frvw/ zklfk lv ghvfulehg lq ghwdlo ehorz1 Lw wkhq kdv dffhvv wr d whfkqrorj| wr wudqv0

irup rqh xqlw ri wkh �qdo jrrg lqwr rqh xqlw ri lqwhuphgldwh jrrg ri surgxfwlylw| �| ED�1

D iulqjh ri dgglwlrqdo �upv fdq dovr lplwdwh wklv prqrsrolvw/ dqg surgxfh wkh vdph

lqwhuphgldwh jrrg/ zlwk wkh vdph surgxfwlylw| �| ED�/ exw zlwkrxw xvlqj wkh surgxfwlrq

8Dowhuqdwlyho|/ zh frxog lqwurgxfh d pdunhw iru surgxfwlrq vlwhv/ zkhuh fdslwdolvwv dw wkh hqg ri wkhlu
olyhv zrxog vhoo wkhlu vlwhv wr |rxqjhu djhqwv1 Wklv zrxog qrw fkdqjh dq| ri wkh uhvxowv lq wkh sdshu1

;



vlwh ru d pdqdjhu1 Wkh| fruuhvsrqglqjo| idfh juhdwhu frvwv ri surgxfwlrq/ dqg qhhg �

xqlwv ri wkh �qdo jrrg wr surgxfh rqh xqlw ri wkh lqwhuphgldwh/ zkhuh �*k � � : �

+qdwxudoo|/ wkhvh �upv zloo qrw eh dfwlyh lq htxloleulxp,1 Zh zloo wklqn ri wkh sdudphwhu

� dv fdswxulqj erwk whfkqrorjlfdo idfwruv dqg jryhuqphqw uhjxodwlrq uhjduglqj frpshwl0

wlyh srolf|1 D kljkhu � fruuhvsrqgv wr d ohvv frpshwlwlyh pdunhw/ zlwk wkh xsshu erxqg/

� ' �*k/ fruuhvsrqglqj wr wkh vlwxdwlrq ri xqfrqvwudlqhg prqrsro|1 Wkh idfw wkdw

� : � lpsolhv wkdw lplwdwruv duh ohvv surgxfwlyh wkdq wkh lqfxpehqw surgxfhu lq dq|

lqwhuphgldwh jrrg vhfwru/ zkloh � � �*k lpsolhv wkdw wklv surgxfwlylw| jds lv vx!flhqwo|

vpdoo iru wkh lqfxpehqw wr eh irufhg wr fkdujh d olplw sulfh wr suhyhqw frpshwlwlrq iurp

lplwdwruv +h1j1/ Jurvvpdq dqg Khospdq/ 4<<4,1 Wklv olplw sulfh lv htxdo wr wkh pdujlqdo

frvw ri lplwdwruv=

R| ED� ' �c +5,

vr dv wr ghwhu hqwu| iurp wkh frpshwlwlyh iulqjh1

Wkh �qdo jrrg vhfwru lv frpshwlwlyh vr wkdw dq| lqsxw lv sdlg lwv pdujlqdo surgxfw1

Wkxv/ hdfk lqwhuphgldwh jrrg surgxfhu D dw gdwh | idfhv wkh lqyhuvh ghpdqg vfkhgxoh=

R| ED� ' E�| ED�u*%| ED���3k1 Wklv htxdwlrq wrjhwkhu zlwk +5, jlyhv htxloleulxpghpdqgv=

%| ED� ' �3
�

�3k�| ED�u/ zlwk prqrsro| sur�wv fruuhvsrqglqjo| htxdo wr=

Z| ED� ' ER| ED�� ��%| ' B�| ED�u +6,

zkhuh B � E�� ���3
�

�3k lv prqrwrqlfdoo| lqfuhdvlqj lq � +vlqfh � � �*k,1 Wkxv/ d kljkhu

B fruuhvsrqgv wr d ohvv frpshwlwlyh pdunhw/ dqg lpsolhv kljkhu sur�w iru prqrsrolvwv1

Xvlqj +4,/ zh dovr kdyh wkdw rxwsxw lv=

+| ' k3��3
k

�3k�|u� +7,

zkhuh

�| �

] �

f

�| ED� _D� +8,

lv wkh dyhudjh ohyho ri whfkqrorj| lq wklv vrflhw|1 Wkh pdunhw fohdulqj zdjh ohyho lv/ lq

wxuq/ jlyhq e|=

�| ' E�� k�k3��3
k

�3k�|� +9,

Ilqdoo|/ ohw qhw rxwsxw/ +?e|| / ghqrwh �qdo rxwsxw plqxv wkh frvw ri lqwhuphgldwh

surgxfwlrq1 Wkhq/

+?e|| ' +| �

] �

f

%| ED� _D ' l�|uc +:,

<



zkhuh l � E�� k��3
�

�3k*k lv prqrwrqlfdoo| ghfuhdvlqj lq �1 Wkxv iru jlyhq dyhudjh

whfkqrorj|�|/ erwk wrwdo rxwsxw dqg qhw rxwsxw duh ghfuhdvlqj lq wkh h{whqw ri prqrsro|

srzhu/ l1h1/ lq �/ ehfdxvh ri vwdqgdug prqrsro| glvwruwlrqv1 Qrwh dovr wkdw qhw rxwsxw/

+:,/ dqg sur�wv/ +6,/ duh lghqwlfdo h{fhsw wkdw wkh rxwsxw kdv wkh whup l lqvwhdg ri

B 	 l1 Wklv uh hfwv dq dssursuldelolw| h�hfw= wkh prqrsrolvwv rqo| fdswxuh d iudfwlrq ri

wkh juhdwhu surgxfwlylw| lq wkh �qdo jrrgv vhfwru +ru ri wkh frqvxphu vxusoxv, fuhdwhg

e| wkhlu surgxfwlrq dqg surgxfwlylw|1

515 Whfkqrorjlfdo surjuhvv dqg surgxfwlylw| jurzwk

Lq hyhu| shulrg dqg lq hdfk lqwhuphgldwh jrrg vhfwru/ wkh ohdglqj �up fdq lpsuryh

ryhu wkh h{lvwlqj whfkqrorj|1 Uhfdoo wkdw ohdglqj �upv duh rzqhg e| fdslwdolvwv/ dqg dv

d uhvxow/ d iudfwlrq �*2 ri wkhvh �upv duh |rxqj dqg d iudfwlrq �*2 duh pdwxuh +rog,1

Pdqdjhuv/ dqg pdqdjhuldo vnloov/ duh fuxfldo iru lpsuryhphqwv lq whfkqrorj|1 Hdfk

pdqdjhu vhohfwhg wr uxq d surgxfwlrq vlwh pxvw pdnh dq lqyhvwphqw ri d �{hg dprxqw1

Wkhvh frvwv fdq eh �qdqfhg hlwkhu wkurxjk uhwdlqhg hduqlqjv/ ru e| eruurzlqj iurp d

vhw ri frpshwlwlyh lqwhuphgldulhv +�ixqgv�,/ zkr froohfw hduqlqjv iurp rwkhu djhqwv dqg

ohqg wkhp wr pdqdjhuv1 Zh dvvxph wkdw wkhvh lqwhuphgldulhv ixqfwlrq zlwkrxw dq| frvwv1

Wkhq/ uhwxuqv duh uhdol}hg dqg vkduhg ehwzhhq pdqdjhuv/ lqwhuphgldulhv dqg fdslwdolvwv

dffruglqj wr wkh frqwudfwxdo duudqjhphqwv ehwzhhq wkh wkuhh sduwlhv wkdw duh ghvfulehg

ehorz1

Pdqdjhuldo vnloov duh �up0vshfl�f/ dqg duh uhyhdohg diwhu wkh pdqdjhu xqghuwdnhv

surgxfwlrq dqg lqqrydwlrq dfwlylwlhv lq wkh �uvw shulrg ri klv uhodwlrqvkls zlwk wkh �up1

Zh dvvxph wkdw d pdqdjhu lv kljk vnloo zlwk suredelolw| b dqg orz vnloo zlwk suredelolw|

� � b1 Wkh dvvxpswlrq wkdw pdqdjhuldo vnloov duh �up0vshfl�f lv pdgh iru vlpsolflw|/

dqg grhv qrw d�hfw dq| ri wkh pdmru uhvxowv/ exw lv dovr lq olqh zlwk wkh lqwhusuhwdwlrq

wkdw zkdw pdwwhuv iru vxffhvvixo lqqrydwlrq lv wkh pdwfk ehwzhhq d sduwlfxodu pdqdjhu

dqg wkh dfwlylw| kh lv hqjdjhg lq1

Zh qrz pdnh wkuhh lpsruwdqw dvvxpswlrqv rq wkh surfhvv ri whfkqrorjlfdo surjuhvv=

41 H{shulhqfhg pdqdjhuv uxq odujhu surmhfwv dqg duh/ doo hovh htxdo/ pruh surgxfwlyh1

Fruuhvsrqglqjo|/ wkh| fuhdwh odujhu whfkqrorjlfdo lpsuryhphqwv19 Wklv dvvxpswlrq

fdswxuhv wkh qrwlrq wkdw/ hyhu|wklqj hovh htxdo/ lw lv ehqh�fldo wr kdyh djhqwv zkr

kdyh douhdg| dfwhg dv pdqdjhuv wr frqwlqxh lq wkhvh wdvnv1

9Iru qrz/ wklv lv dq dvvxpswlrq1 Lq Vhfwlrq 8/ zh vkrz wkdw wkh suhvhqfh ri prudo kd}dug fuhdwhv
d qdwxudo whqghqf| iru h{shulhqfhg pdqdjhuv wr uxq odujhu surmhfwv/ vlqfh wkhlu uhwdlqhg hduqlqjv iurp
wkh �uvw shulrg ri dfwlylw| khos uhod{ wkh fuhglw frqvwudlqwv lqwurgxfhg e| wkh prudo kd}dug sureohpv1
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51 Pdqdjhuv dgrsw whfkqrorjlhv iurp wkh iurqwlhu1 Vnloov sod| d plqru uroh lq pdq0

djhuv* vxffhvv lq whfkqrorj| dgrswlrq1 Wklv dvvxpswlrq fdswxuhv wkh qrwlrq wkdw

uhodwlyho| edfnzdug hfrqrplhv fdq jurz e| dgrswlqj douhdg| zhoo0hvwdeolvkhg whfk0

qrorjlhv/ dqg wkh dgrswlrq ri wkhvh whfkqrorjlhv lv riwhq uhodwlyho| vwudljkwiruzdug1

61 Pdqdjhuv dovr hqjdjh lq lqqrydwlrq ru dgdswdwlrq ri h{lvwlqj whfkqrorjlhv wr wkhlu

orfdo frqglwlrqv1 Pdqdjhuldo vnloov/ dqg wkh pdwfk ehwzhhq wkh pdqdjhu dqg wkh

dfwlylw| kh lv xqghuwdnlqj/ pdwwhu iru vxffhvv lq wklv dfwlylw|1 Wklv dvvxpswlrq

exlogv lq wkh qrwlrq wkdw pdqdjhuldo delolw| dqg vnloov/ dqg wkhuhiruh wkh vhohfwlrq

ri kljk0vnloo pdqdjhuv/ duh lpsruwdqw iru whfkqrorjlfdo lpsuryhphqwv1

Iluvw/ ohw xv ghqrwh wkh jurzwk udwh ri wkh zruog whfkqrorj| iurqwlhu/ �|/ e| }/ l1h1/

�| ' E� n }�|�f� +;,

Zh uhwxuq wr wkh ghwhuplqdwlrq ri wklv jurzwk udwh ehorz1 Doo frxqwulhv kdyh d vwdwh

ri whfkqrorj|/ �|/ gh�qhg e| +8,/ ohvv wkdq wkh iurqwlhu whfkqrorj|/ l1h1/ �| � �|1 Zh

irupxodwh wkh wkuhh deryh dvvxpswlrqv dv iroorzv= wkh surgxfwlylw| ri lqwhuphgldwh jrrg

D dw wlph | lv jlyhq e|

�| ED� ' r| ED�
�
# 7�|3� n �| ED��|3�

�
c +<,

zkhuh r| ED� lv d whup wkdw ghshqgv rq wkh h{shulhqfh ri wkh pdqdjhu> �| ED� ghqrwhv wkh

vnloo ri wkh pdqdjhu uxqqlqj wklv �up/ dqg # lv d srvlwlyh frqvwdqw1 Wklv htxdwlrq vwdwhv

wkdw/ luuhvshfwlyh ri wkh vnloo ri wkh pdqdjhu/ doo lqwhuphgldwh jrrgv ehqh�w iurp wkh

vwdwh ri zruog whfkqrorj| lq wkh suhylrxv shulrg/ 7�|3�/ e| frs|lqj ru dgrswlqj h{lvwlqj

whfkqrorjlhv1 Wkh| dovr �lqqrydwh� ryhu wkh h{lvwlqj erg| ri orfdo nqrzohgjh/ �|3�/ dqg

vxffhvv lq lqqrydwlrq ghshqgv rq vnloo1 H{shulhqfh/ r| ED�/ d�hfwv wkh surgxfwlylw| ri

erwk dgrswlrq dqg lqqrydwlrq dfwlylwlhv1

Uhduudqjlqj htxdwlrq +<,/ zh rewdlq d vlpsohu htxdwlrq

�| ED�

�|3�

' r| ED�

�
#
7�|3�

�|3�

n �| ED�

�
� +43,

Htxdwlrq +43, vkrzv wkh lpsruwdqfh ri glvwdqfh wr whfkqrorj| iurqwlhu/ dv fdswxuhg e| wkh

whup 7�|3�*�|3�1 Zkhq wklv whup lv odujh/ wkh frxqwu| lv idu iurp wkh zruog whfkqrorj|

iurqwlhu/ dqg wkh pdmru lpsuryhphqwv lq whfkqrorj| frph iurp dgrswlrq ri douhdg|

zhoo0hvwdeolvkhg whfkqrorjlhv1 Zkhq 7�|3�*�|3� lv vpdoo dqg wkh frxqwu| lv forvh wr

wkh iurqwlhu/ lqqrydwlrqv pdwwhu pruh1 Wkxv dv wkh frxqwu| ghyhorsv dqg dssurdfkhv
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wkh whfkqrorj| iurqwlhu/ lqqrydwlrq dqg dgdswdwlrq ri ohvv zhoo0hvwdeolvkhg whfkqrorjlhv/

pdqdjhuldo vnloov dqg wkh txdolw| ri pdwfkhv ehwzhhq pdqdjhuv dqg dfwlylwlhv/ dqg khqfh

ryhudoo pdqdjhuldo vhohfwlrq/ ehfrph pruh lpsruwdqw1

Iru vlpsolflw|/ zh dvvxph wkdw wkh lqqrydwlrq frpsrqhqw lv htxdo wr 3/ l1h1/ �| ED� ' f/

zkhq wkh pdqdjhu lv orz vnloo/ dqg ghqrwh wkh surgxfwlylw| ri d kljk0vnloo pdqdjhu e|

� : f/ l1h1/ �| ED� ' � zkhq pdqdjhu lq vhfwru D lv kljk vnloo1 Uhfdoo wkdw d sursruwlrq

b ri pdqdjhuv zlwklq hdfk frkruw duh kljk vnloo1 Wr jxdudqwhh d ghfuhdvlqj vshhg ri

frqyhujhqfh wr wkh zruog whfkqrorj| iurqwlhu/ zh dvvxph wkurxjkrxw wkdw b� 	 �1

Wkh whup r| ED� lq +43, vshfl�hv wkh lpsruwdqfh ri h{shulhqfh lq whfkqrorjlfdo lp0

suryhphqwv1 Zh dvvxph wkdw r| ED� ' j 	 � lq doo fdvhv/ h{fhsw zkhq wkh �up uhkluhv

wkh vdph pdqdjhu iurp wkh suhylrxv shulrg/ lq zklfk fdvh wkh pdqdjhu fdq pdnh xvh ri

klv �up0vshfl�f h{shulhqfh dqg r| ED� ' �1 Wklv dvvxpswlrq lpsolhv wkdw pdqdjhuv zlwk

�up0vshfl�f h{shulhqfh duh pruh surgxfwlyh1

Ilqdoo|/ &| ED� ghqrwhv wkh lqyhvwphqw wkdw wkh pdqdjhu lq vhfwru D pxvw pdnh dw

wlph | lq rughu wr xqghuwdnh wkh surmhfw/ dqg zh dvvxph wkdw &| ED� ' �V 7�|3� zkhuh

� 	 �/ lq doo fdvhv/ h{fhsw zkhq wkh �up lv hpsor|lqj wkh vdph pdqdjhu dv lw glg lq wkh

suhylrxv shulrg/ lq zklfk fdvh &| ED� ' V 7�|3�1 Wkhuh duh wzr dvvxpswlrqv hpehgghg lq

wkhvh h{suhvvlrqv=

41 Frvwv jurz zlwk wkh ohyho ri zruog whfkqrorj|/ 7�|3�1 Lqwxlwlyho|/ dq lpsruwdqw

frpsrqhqw ri pdqdjhuldo dfwlylw| lv wr xqghuwdnh lplwdwlrq dqg dgdswdwlrq ri

whfkqrorjlhv iurp wkh zruog iurqwlhu1 Dv wklv iurqwlhu dgydqfhv/ pdqdjhuv qhhg wr

lqfxu juhdwhu frvwv wr nhhs xs zlwk/ dqg pdnh xvh ri/ wkhvh whfkqrorjlhv/ khqfh

lqyhvwphqw frvwv lqfuhdvh zlwk 7�|3�1 Wklv dvvxpswlrq hqvxuhv edodqfhg jurzwk1:

51 H{shulhqfh hqdeohv pdqdjhuv wr uxq odujhu surmhfwv1 Zh fdq wklqn ri wkh juhdwhu

surgxfwlylw| ri h{shulhqfhg pdqdjhuv/ r| ED� ' � lqvwhdg ri r| ED� ' j deryh/

uhvxowlqj/ lq sduw/ iurp wkh delolw| ri wkhvh pdqdjhuv wr uxq odujhu surmhfwv1 Lq

Vhfwlrq 8/ zh vkrz wkdw wkh ihdwxuh wkdw h{shulhqfhg pdqdjhuv uxq odujhu surmhfwv

grhv qrw qhhg wr eh lpsrvhg dv dq dvvxpswlrq> rqfh zh hqgrjhql}h wkh vl}h ri

surmhfwv/ h{shulhqfhg pdqdjhuv uxq odujhu surmhfwv wkdq |rxqj pdqdjhuv ehfdxvh

:Dowhuqdwlyho|/ lqyhvwphqw frvwv ri wkh irup nw +�, @ � �D�w�4D
4��
w�4 iru dq| � 5 ^3> 4` zrxog hqvxuh

edodqfhg jurzwk1 Zh fkrrvh wkh irupxodwlrq lq wkh wh{w zlwk � @ 4/ vlqfh lw vlpsol�hv vrph ri wkh
h{suhvvlrqv/ zlwkrxw d�hfwlqj dq| ri rxu pdmru uhvxowv1 Zh jlyh wkh uhohydqw nh| h{suhvvlrqv iru wkh
fdvh ri � ? 4 lq wkh Dsshqgl{1
Qrwh wkdw iru doo fdvhv zkhuh � A 3/ dq lpsuryhphqw lq wkh zruog whfkqrorj| iurqwlhu/ �Dw�4/ lqfuhdvhv

erwk wkh uhwxuqv dqg wkh frvwv ri lqqrydwlrq1 Wkh sdudphwhu uhvwulfwlrq ���O A !�/ zklfk zh lpsrvh
ehorz/ lv vx!flhqw wr hqvxuh wkdw wkh ehqh�wv dozd|v rxwzhljk wkh frvwv1
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wkhlu uhwdlqhg hduqlqjv uhod{ wkh fuhglw frqvwudlqwv lpsrvhg e| prudo kd}dug1 Qhy0

huwkhohvv/ wr vlpsoli| wkh h{srvlwlrq/ zh vlpso| dvvxph wklv ihdwxuh khuh/ dqg jlyh

wkh ghwdlov ri wkh prgho zlwk surmhfw vl}h fkrlfh lq Vhfwlrq 81

Wkh vhwxs ghvfulehg deryh lqwurgxfhv wkh nh| wudgh0r� lq wklv sdshu> wkdw ehwzhhq

h{shulhqfh dqg vhohfwlrq1 Hyhu|wklqj hovh htxdo/ pruh h{shulhqfhg pdqdjhuv lqyhvw pruh/

dqg jhqhudwh pruh lqqrydwlrq dqg kljkhu sur�wv1 Krzhyhu/ vrph ri wkh pruh h{shulhqfhg

pdqdjhuv zloo kdyh ehhq uhyhdohg wr eh orz vnloo/ dqg orz0vnloo pdqdjhuv duh qdwxudoo|

ohvv surgxfwlyh1 Vr d vrflhw| pljkw hlwkhu fkrrvh wr kdyh juhdwhu vhohfwlrq +d ehwwhu

doorfdwlrq ri pdqdjhuv wr dfwlylwlhv,/ dqg |rxqjhu pdqdjhuv/ exw ohvv pdqdjhuldo h{0

shulhqfh dqg lqyhvwphqw> ru ohvv vhohfwlrq dqg roghu �upv/ exw juhdwhu h{shulhqfh dqg

lqyhvwphqw1 Wkh wudgh0r� ehwzhhq h{shulhqfh dqg vhohfwlrq zloo ydu| ryhu wkh surfhvv

ri ghyhorsphqw ehfdxvh wkh lpsruwdqfh ri lqqrydwlrq yv1 dgrswlrq ri zhoo0hvwdeolvkhg

whfkqrorjlhv fkdqjhv zlwk glvwdqfh wkh iurqwlhu/ dv fdswxuhg e| htxdwlrq +43,1

Wkh vwdwh ri orfdo nqrzohgjh lq wkh hfrqrp| lv vxppdul}hg e| wkh dyhudjh ri wkh

surgxfwlylw| lq ydulrxv lqwhuphgldwh surgxfw vhfwruv1 Wr vshfli| wkh odz ri prwlrq ri

�| qrwh wkuhh wklqjv= +4, kdoi ri wkh �upv zloo eh |rxqj dqg wkh rwkhu kdoi rog> +5,

dyhudjh surgxfwlylw| dprqj |rxqj �upv lv vlpso| �t | ' j
�
# 7�|3� n b��|3�

�
/ vlqfh

wkh| zloo kluh |rxqj pdqdjhuv/ d iudfwlrq b ri wkhvh zloo eh kljk vnloo/ zlwk surgxfwlylw|

�| ED� ' j
�
# 7�|3� n ��|3�

�
/ dqg wkh uhpdlqghu zloo eh orz vnloo/ zlwk surgxfwlylw|

�| ED� ' j# 7�|3� +uhfdoo htxdwlrq +<,,> +6, fohduo|/ doo pdqdjhuv uhyhdohg wr eh kljk vnloo

zloo eh uhwdlqhg/ dqg dyhudjh surgxfwlylw| dprqj pdwxuh �upv zloo ghshqg rq wkhlu

ghflvlrq zkhwkhu wr uh�qdqfh orz0vnloo pdqdjhuv1

Qh{w/ ghqrwh wkh ghflvlrq wr uh�qdqfh d orz0vnloo h{shulhqfhg pdqdjhu e| -| 5

ifc �j/ zlwk -| ' � fruuhvsrqglqj wr uh�qdqflqj1 Pruh jhqhudoo|/ -| ' � vwdqgv iru

doo rujdql}dwlrqdo ghflvlrqv wkdw pdnh xvh ri wkh vnloov ri h{shulhqfhg pdqdjhuv ru wkh

h{shuwlvh ri hvwdeolvkhg �upv/ hvshfldoo| wr dfklhyh juhdwhu lqyhvwphqwv/ hyhq li wklv frphv

dw wkh h{shqvh ri vdful�flqj pdqdjhuldo vhohfwlrq1 Ehorz zh wklqn ri hfrqrplhv zkhuh

-| ' � dv sxuvxlqj dq lqyhvwphqw0edvhg vwudwhj|/ vlqfh wkhvh hfrqrplhv pdqdjh wr lqyhvw

pruh e| pdnlqj xvh ri h{shulhqfhg pdqdjhuv1 Lq frqwudvw/ hfrqrplhv zlwk -| ' f duh

sxuvxlqj dq lqqrydwlrq0edvhg vwudwhj| zkhuh wkh hpskdvlv lv rq pd{lpl}lqj lqqrydwlrq

dw wkh h{shqvh ri lqyhvwphqw1 Xvlqj wklv qrwdwlrq/ dyhudjh surgxfwlylw| dprqj pdwxuh

�upv lv=

��| '

;?= # 7�|3� n b��|3� li -| ' �

Ebn E� � b�j� # 7�|3� n E� n E�� b�j� Eb��|3�� li -| ' f�
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Wkh �uvw olqh kdv h{dfwo| wkh vdph uhdvrqlqj dv iru wkh dyhudjh surgxfwlylw| ri |rxqj

�upv1 Wkh vhfrqg olqh iroorzv iurp wkh idfw wkdw d iudfwlrq b ri wkh pdqdjhuv zhuh

uhyhdohg wr eh kljk vnloo/ duh uhwdlqhg/ dqg kdyh surgxfwlylw| �| ED� ' # 7�|3� n ��|3�/

dqg wkh uhpdlqlqj � � b ri pdqdjhuldo srvwv duh �oohg zlwk |rxqj pdqdjhuv/ zkr kdyh

dyhudjh surgxfwlylw| j
�
# 7�|3� n b��|3�

�
1 Frpelqlqj wkh surgxfwlylw| ri |rxqj dqg

pdwxuh pdqdjhuv/ zh kdyh wkdw

�| '

;?=
�nj
2

�
# 7�|3� n b��|3�

�
li -| ' �

�
2

�
Eb n j n E� � b�j� # 7�|3� n E� n j n E� � b�j�b��|3�

�
li -| ' f�

�

+44,

Dw wklv srlqw/ lw lv dovr lv xvhixo wr lqwurgxfh wkh qrwdwlrq ri @| wr ghqrwh +wkh lqyhuvh

ri, wkh glvwdqfh wr iurqwlhu/ l1h1/

@| �
�|

7�|

� +45,

Wklv yduldeoh lv wkh nh| vwdwh yduldeoh lq rxu dqdo|vlv ehorz1 Xvlqj wklv gh�qlwlrq dqg

htxdwlrqv +;,/ +43,/ dqg +45,/ zh fdq uhzulwh +44, dv=

@| '

;?=
�nj

2E�n}�
E# n b�@|3�� li -| ' �

�
2E�n}�

EEbn j n E�� b�j� # n E� n j n E�� b� j�b�@|3�� li -| ' f
c +46,

zklfk lv wkh nh| g|qdplf htxdwlrq lq wklv hfrqrp|1

516 Lqfhqwlyh sureohpv

Wkh �qdo hohphqw ri wkh hqylurqphqw lq wklv hfrqrp| lv wkh lqfhqwlyh sureohpv idfhg

e| �upv1 Pdqdjhuv hqjdjhg lq lqqrydwlyh dfwlylwlhv/ ru hyhq vlpso| hqwuxvwhg zlwk

pdqdjlqj �upv/ duh gl!fxow wr prqlwru1 Wklv fuhdwhv d vwdqgdug prudo kd}dug sureohp/

riwhq uhvxowlqj lq uhqwv iru pdqdjhuv/ ru dw wkh yhu| ohdvw/ lq orzhu sur�wv iru �upv1

Zh irupxodwh wklv sureohp lq wkh vlpsohvw srvvleoh zd|/ dqg dvvxph wkdw diwhu rxwsxw/

lqqrydwlrqv dqg sur�wv duh uhdol}hg/ wkh pdqdjhu fdq dssursuldwh d iudfwlrq > ri wkh

uhwxuqv iru klv rzq xvh/ dqg zloo qhyhu eh survhfxwhg1 Zh wklqn ri wkh sdudphwhu > dv

d phdvxuh ri wkh lpsruwdqfh ri lqfhqwlyh sureohpv/ ru htxlydohqwo|/ d phdvxuh ri fuhglw

pdunhw lpshuihfwlrqv uhvxowlqj iurp wkhvh lqfhqwlyh sureohpv1 Wkh nh| uroh ri prudo

kd}dug lq rxu prgho lv wr fuhdwh fxuuhqw dqg ixwxuh uhqwv iru pdqdjhuv/ vr wkdw wkh|

fdq xvh wkhlu fxuuhqw uhqwv wr vklhog wkhpvhoyhv iurp frpshwlwlrq/ dqg rewdlq wkh ixwxuh

uhqwv1
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Ehorz zh dqdo|}h erwk wkh fdvh ri qr prudo kd}dug/ l1h1/ > ' f +ru > vpdoo vr wkdw

wkh lqfhqwlyh frpsdwlelolw| frqvwudlqwv duh vodfn, dqg wkh hfrqrp| zlwk prudo kd}dug

zkhuh > : f1

6 Htxloleulxp dqdo|vlv

Lq wklv vhfwlrq/ zh fkdudfwhul}h wkh htxloleulxp ehkdylru ri wkh hfrqrp| ghvfulehg lq

Vhfwlrq 51 Zh vwduw e| vshfli|lqj wkh frqwudfwxdo uhodwlrqv ehwzhhq fdslwdolvwv +�upv,/

lqwhuphgldulhv dqg pdqdjhuv/ qh{w gh�qh dq htxloleulxp/ dqg wkhq fkdudfwhul}h wkh htxl0

oleulxp doorfdwlrqv zlwk dqg zlwkrxw prudo kd}dug1 Lq wkh qh{w vhfwlrq/ zh frpsduh wkhvh

htxloleulxp wkuhvkrogv wr wkh jurzwk0pd{lpl}lqj dqg zhoiduh0pd{lpl}lqj doorfdwlrqv1

614 Ilqdqfldo lqwhuphgldwlrq/ frqwudfwv dqg htxloleulxp

Surgxfwlrq uhtxluhv d surgxfwlrq vlwh +rzqhg e| d fdslwdolvw,/ d pdqdjhu/ dqg �qdqflqj

wr sd| iru wkh vhw0xs frvw ri wkh surmhfw1 Surgxfwlrq vlwhv duh d vfdufh idfwru lq wklv

hfrqrp|/ vlqfh wkh| doorz wkh xvh ri d vxshulru whfkqrorj|1 Vr wkh fdslwdolvwv zkr

rzq wkhp zloo dssursuldwh uhqwv vxemhfw wr vdwlvi|lqj wkh lqglylgxdo udwlrqdolw| dqg2ru

lqfhqwlyh frqvwudlqwv ri lqwhuphgldulhv dqg pdqdjhuv1

Zh dvvxph wkdw fdslwdolvwv pdnh frqwudfwxdo r�huv wr d vxevhw ri zrunhuv wr ehfrph

pdqdjhuv dqg wr lqwhuphgldulhv1 Lqyhvwphqwv duh �qdqfhg hlwkhu wkurxjk wkh uhwdlqhg

hduqlqjv ri pdqdjhuv/ ru wkurxjk eruurzlqj iurp lqwhuphgldulhv +uhfdoo wkdw |rxqj fds0

lwdolvwv dqg pdqdjhuv kdyh qr zhdowk wr �qdqfh surmhfwv,1; Wkhuh lv iuhh hqwu| lqwr

�qdqfldo lqwhuphgldwlrq/ dqg qr frvw ri �qdqfldo lqwhuphgldwlrq1

Rplwwlqj wlph vxevfulswv zkhq wklv fdxvhv qr frqixvlrq/ zh xvh Ure / �
r
e c`

r
e dqg

T r
e wr ghqrwh/ uhvshfwlyho|/ wkh lqyhvwphqw e| lqwhuphgldulhv/ wkh frqwudfwxdo sd|phqwv

wr lqwhuphgldulhv/ wr pdqdjhuv dqg wr �upv/ frqglwlrqdo rq wkh vnloo ohyho/ r/ dqg wkh

h{shulhqfh/ e/ ri wkh pdqdjhu1 Lq sduwlfxodu/ e ' � ghqrwhv wkh fdvh lq zklfk d pdwxuh

�up hpsor|v wkh vdph pdqdjhu dv lq wkh suhylrxv shulrg +wkh fdvh lq zklfk wkh �up0

vshfl�f vnloov ri wkh pdqdjhu fdq eh xvhg,/ e ' t ghqrwhv doo rwkhu fdvhv/ dqg zh xvh

Ue wr ghqrwh wkh lqyhvwphqw lq wkh fdvh ri dq lqh{shulhqfhg pdqdjhu ri xqnqrzq vnloo1

Wkh vxp ri wkh sd|phqwv wr wkh wkuhh djhqwv lqyroyhg lq hdfk uhodwlrq fdqqrw h{fhhg

wkh wrwdo sur�wv ri wkh �up=

� r
e n` r

e n T r
e � Zrec +47,

;Zkhwkhu pdwxuh fdslwdolvwv lqmhfw wkhlu rzq ixqgv ru vwloo eruurz iurp lqwhuphgldulhv lv lppdwhuldo/
vlqfh wkhuh lv qr frvw ri lqwhuphgldwlrq/ dqg wkh lqfhqwlyh sureohpv duh rq wkh vlgh ri pdqdjhuv1
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zkhuh Zre lv d sur�w ohyho ri wkh ohdglqj �up ri djh e zlwk d pdqdjhu ri djh0h{shulhqfh

e 5 itc�j/ zlwk vnloo r1 Wkh r�hu ri wkh fdslwdolvw lv d yhfwru EUre c �
r
e c`

r
e c T

r
e �1

Iuhh hqwu| lqwr lqwhuphgldwlrq lpsolhv wkdw lqwhuphgldulhv pdnh }hur +h{shfwhg, suri0

lwv1 Lq dgglwlrq/ zh dvvxph wkdw �qdqfldo lqwhuphgldwlrq wdnhv sodfh zlwklq d shulrg/

vr wkdw wkhuh duh qr lqwhuhvw frvwv wr eh fryhuhg1 Wkxv/ lqwhuphgldulhv pxvw uhfhlyh

h{shfwhg sd|phqwv htxdo wr wkh lqyhvwphqwv wkh| pdnh=

.
�
� r
tc|

�
' Urtc| ' &tc| ' �V 7�|3�c +48,

.
�
� r
�c|

�
' Ur�c| ' &�c| ' V 7�|3� �g-.r

|3�c

zkhuh . lv wkh h{shfwdwlrqv rshudwru/ &ec| lv uhtxluhg lqyhvwphqw lq d �up ri djh e/

pdqdjhu ri djh e/ dw wlph |/ dqg g-.r

|3� ghqrwhv wkh iudfwlrq ri frvwv �qdqfhg e| dq rog

pdqdjhu wkurxjk uhwdlqhg hduqlqjv1 E| dvvxpswlrq/ |rxqj �upv kdyh wr uxq vpdoohu

surmhfwv/ dqg zloo eh pdqdjhg e| |rxqj djhqwv zkr kdyh qr zhdowk/ khqfh wkh| kdyh wr

eruurz wkh ixoo frvw ri wkh surmhfw1 Pdwxuh �upv pd| eh uxq e| rog pdqdjhuv/ zkr pd|

kdyh vrph uhwdlqhg hduqlqjv1 Wkh dprxqw ri uhwdlqhg hduqlqjv +lqyhvwhg lq wkh �up, lv

ghflghg e| wkh pdqdjhu1

Lq wkh suhvhqfh ri prudo kd}dug/ wkh sd|phqw wr d pdqdjhu pxvw vdwlvi| wkh iroorzlqj

lqfhqwlyh frqvwudlqw=

U�r
e ' ` r

e � >Zre � f� +49,

Lq zulwlqj wkh lqfhqwlyh frpsdwlelolw| frqvwdqw lq wklv zd|/ zh duh uxolqj rxw orqj0

whup frqwudfwv zkhuh wkh sd|phqw wr dq h{shulhqfhg pdqdjhu lv frqglwlrqhg rq zkhwkhu

kh kdv vwrohq ru qrw lq wkh �uvw shulrg ri klv pdqdjhphqw1 Zh dvvxph wkdw wkhuh lv

qr frpplwphqw whfkqrorj| iru vxfk orqj0whup frqwudfwv/ dqg hyhq zkhq d pdqdjhu kdv

vwrohq lq wkh �uvw shulrg/ li lw lv vwloo sur�wdeoh iru wkh fdslwdolvw wr hpsor| klp/ kh zloo

gr vr�kh fdqqrw frpplw qrw wr grlqj vr h{ srvw1 Wklv mxvwl�hv wkh xvh ri +49, dv wkh

lqfhqwlyh frpsdwlelolw| frqvwudlqw1

Lq wkhlu frqwudfw r�huv/ fdslwdolvwv kdyh wr vdwlvi| qrw rqo| wkh lqfhqwlyh frpsdwlelolw|

exw dovr wkh lqglylgxdo udwlrqdolw| frqvwudlqwv ri pdqdjhuv1 Wkhvh frqvwudlqwv hqvxuh wkdw

pdqdjhuv suhihu wkh frqwudfw wkdw wkh| duh r�huhg wr zrunlqj iru wkh pdunhw zdjh/ �|1

Iru h{dpsoh/ iru h{shulhqfhg pdqdjhuv/ zh qhhg=

U-r
�c| ' ` r

�c| � �| �g-.r

|3� � f�

Erwk w|shv ri pdqdjhuv kdyh wr eh sdlg dw ohdvw wkh pdunhw zdjh1 Lq dgglwlrq/ li wkh|

ghflgh wr lqmhfw dq| ri wkhlu rzq uhwdlqhg hduqlqjv iurp wkh suhylrxv shulrg/ wkh| kdyh
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wr eh frpshqvdwhg iru wkhvh uhwdlqhg hduqlqjv dv zhoo1 Wkurxjkrxw/ zkhqhyhu wkhuh

lv prudo kd}dug/ l1h1/ xqohvv zh vhw > ' f/ zh dvvxph wkdw wkh lqglylgxdo udwlrqdolw|

frqvwudlqwv ri doo pdqdjhuv duh vodfn dv orqj dv wkhlu lqfhqwlyh frpsdwlelolw| frqvwudlqwv

duh vdwlv�hg1< Wklv dprxqwv wr dvvxplqj wkdw > lv odujh hqrxjk/ vr wkdw wr vdwlvi| wkh

lqfhqwlyh frpsdwlelolw| frqvwudlqw/ fdslwdolvwv duh douhdg| sd|lqj d vx!flhqw dprxqw wr

pdqdjhuv1 Wkhuhiruh/ w|slfdoo| lqfhqwlyh frpsdwlelolw| frqvwudlqwv zloo elqg dqg lqgl0

ylgxdo udwlrqdolw| frqvwudlqwv zloo eh vodfn1

Dv qrwhg deryh/ kljk0vnloo h{shulhqfhg pdqdjhuv duh dozd|v uhwdlqhg1 Orz0vnloo h{sh0

ulhqfhg pdqdjhuv pd| eh uhwdlqhg +uh�qdqfhg, ru whuplqdwhg1 Uhfdoo wkdw wkh yduldeoh

-| 5 ifc �j ghqrwhv wkh uhwhqwlrq ghflvlrq ri pdwxuh �upv iru orz0vnloo pdqdjhuv1 Zh

zloo kdyh -| ' � zkhq T u
� : . ET r

t �/ dqg fdslwdolvwv zloo uhwdlq orz0vnloo h{shulhqfhg

pdqdjhuv/ dqg pdnh wkhp dq r�hu wkdw vdwlv�hv wkhlu lqfhqwlyh frpsdwlelolw| frqvwudlqw1

Dowhuqdwlyho|/ pdwxuh �upv pd| suhihu -| ' f/ l1h1/ wr kluh |rxqj pdqdjhuv/ lqvwhdg

ri orz0vnloo h{shulhqfhg pdqdjhuv/ dqg uxq vpdoohu surmhfwv/ zklfk zloo eh wkh fdvh zkhq

T u
� 	 . ET r

t �1 Lq wklv fdvh/ wkh rog orz0vnloo pdqdjhuv duh �uhg dqg ehfrph zrunhuv

lq wkh vhfrqg shulrg ri wkhlu olyhv/ dqg fdslwdolvwv pdnh lqfhqwlyh0frpsdwleoh r�huv wr

vrph udqgrpo|0vhohfwhg |rxqj zrunhuv wr ehfrph pdqdjhuv1 Lq dgglwlrq/ zh dovr kdyh

wr pdnh vxuh wkdw . ET r
t � � f vr wkdw fdslwdolvwv suhihu wr kluh pdqdjhuv143

Zh fdq qrz irupdoo| gh�qh dq htxloleulxp lq wklv hfrqrp|1

Gh�qlwlrq 4= +Vwdwlf Htxloleulxp, Jlyhq @|/ dq htxloleulxp lv d vhw ri lqwhuphgl0

dwh jrrg sulfhv/ R| ED�/ wkdw vdwlvi| +5,/ d zdjh udwh/ �|/ jlyhq e| +9,/ sur�w ohyhov

jlyhq e| +6,/ dqg d yhfwru ri lqyhvwphqwv e| lqwhuphgldulhv/ dqg sd|phqwv wr lqwhu0

phgldulhv/ pdqdjhuv dqg fdslwdolvwv/ iUre c �
r
e c`

r
e c T

r
e j dqg d frqwlqxdwlrq ghflvlrq

zlwk orz0vnloo pdqdjhuv/ -|/ vxfk wkdw wkh ihdvlelolw| htxdwlrq/ +47,/ dqg wkh iuhh

hqwu| htxdwlrq iru lqwhuphgldulhv/ +48,/ duh vdwlv�hg/ wkh lqfhqwlyh frpsdwlelolw|

dqg lqglylgxdo udwlrqdolw| frqvwudlqwv iru |rxqj dqg orz0vnloo rog iru pdqdjhuv

<Wkh lqglylgxdo udwlrqdolw| frqvwudlqw iru d |rxqj pdqdjhu zrunlqj lq d |rxqj �up lv pruh frpsol0
fdwhg/ vlqfh vxfk dq pdqdjhu pljkw uhfhlyh uhqwv lq wkh vhfrqg shulrg ri klv olih1 Wr fdswxuh wklv/ zh
fdq zulwh wkh lqglylgxdo udwlrqdolw| frqvwudlqw dv

LU\>w @ H
�
Z v
\>w

�
�zw .

4

4 . u
H
�
LUv

P>w.4

�
� 3>

zkhuh wkh �qdo whup lv wkh h{shfwdwlrq ri uhqwv lq wkh vhfrqg shulrg/ li dq|1
43Rwkhuzlvh/ wkhuh zrxog eh qr htxloleulxp lqqrydwlrq dfwlylw|/ dqg surgxfwlrq lv xqghuwdnhq e| wkh

qrq0lqqrydwlqj iulqjh1 Qrwh wkdw hyhq li H +Y v
\ , ? 3/ lqqrydwlrq pljkw eh sur�wdeoh zkhq h{shfwhg

uhyhqxhv ryhu erwk shulrgv ri wkh �up*v olih duh wdnhq lqwr dffrxqw1 Krzhyhu/ zh dvvxph wkdw fdslwdolvwv
fdqqrw hqwhu lqwr orqj0whup uhodwlrqvklsv zlwk �qdqfldo lqwhuphgldulhv/ wkxv H +Y v

\ , � 3 lv qhfhvvdu|1
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krog/ dqg zh kdyh . ET r
t � � f/ dqg -| ' � zkhq T u

� : . ET r
t �/ dqg -| ' f zkhq

T u
� 	 . ET r

t �1

Gh�qlwlrq 5= +G|qdplf Htxloleulxp, D g|qdplf htxloleulxp lv d vhtxhqfh ri vwdwlf

htxloleuld vxfk wkdw wkh odz ri prwlrq ri wkh vwdwh ri wkh hfrqrp| lv jlyhq e| +46,

deryh1

Qh{w/ zh fkdudfwhul}h wkh ghfhqwudol}hg +�odlvvh}0idluh�, htxloleulxp ri wkh hfrqrp|

dv gh�qhg lq wkh suhylrxv vhfwlrq1 Wkurxjkrxw/ wkh hpskdvlv zloo eh rq zkhwkhu wkh hfrq0

rp| sxuvxhv dq lqyhvwphqw0edvhg vwudwhj| ru dq lqqrydwlrq0edvhg vwudwhj|/ l1h1/ zkhwkhu

-| ' � ru -| ' f/ dqg krz wklv ghflvlrq ydulhv zlwk wkh vwdwh ri wkh hfrqrp|2glvwdqfh

wr iurqwlhu/ @|1

615 Wkh fdvh ri qr prudo kd}dug

Zh vwduw zlwk wkh fdvh ri qr prudo kd}dug +> ' f,1 Wkh lqglylgxdo udwlrqdolw| frqvwudlqwv

ri erwk |rxqj pdqdjhuv dqg h{shulhqfhg pdqdjhuv kdyh wr krog/ dqg wkh| zloo doo kdyh

olihwlph lqfrph �| n �|n�* E� n o�/ zkhuh � lv wkh pdunhw zdjh jlyhq e| +9,1

Dv d uhvxow/ pdwxuh �upv zloo uh�qdqfh orz0vnloo pdqdjhuv/ l1h1/ -| ' �/ li dqg rqo| li

T u
�c| � .

�
T r
tc|

�
/ Zu�c| � �| � V 7�|3� � .

�
Zrtc|

�
� �| � �V 7�|3�c

zkhuh V 7�|3� lv wkh ohyho ri lqyhvwphqw zlwk dq rog pdqdjhu/ zkloh �V 7�|3� lv wkh vpdoohu

ohyho ri lqyhvwphqw zkhq wkh pdwxuh �up kluhv dq lqh{shulhqfhg |rxqj pdqdjhu1 Xvlqj

+6,0+43, dv zhoo dv wkh gh�qlwlrq ri @| iurp +45,/ dqg vlpsoli|lqj whupv/ zh fdq uhzulwh

wklv lqhtxdolw| dv=

Bu# � V : Bju E# n b�@|3��� �V�

Wkhuhiruh/ wkh htxloleulxp zlwkrxw prudo kd}dug zloo kdyh d wkuhvkrog surshuw|1 Lw

zloo ihdwxuh dq lqyhvwphqw0edvhg vwudwhj| +uh�qdqflqj ri xqvxffhvvixo pdqdjhuv, li dqg

rqo| li

@|3� 	 @o E> ' fc B� �
E� � j� # � E�� ��V*Bu

jb�
/ +4:,

zkhuh @o E> ' fc B� lv wkh wkuhvkrog ri wkh glvwdqfh wkh iurqwlhu vxfk wkdw pdwxuh �upv

duh lqgl�huhqw ehwzhhq -| ' � dqg -| ' f1

Lq dgglwlrq/ zh kdyh wr fkhfn wkdw lqqrydwlrq lv sur�wdeoh/ . ET r
t � � f1 Lq wkh

hfrqrp| zlwk qr prudo kd}dug/ wklv uhtxluhv Buj E# n b�@|3����V��| � fc zkhuh wkh
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htxloleulxp zdjh lv jlyhq e| +9,1 Wkh iroorzlqj lv d vx!flhqw frqglwlrq iru . ET r
t � � f=

jBu# � �Vn E� � k�k3��3
k

�3k c +4;,

zklfk zh lpsrvh dv dq dvvxpswlrq1 Vxppdul}lqj wklv glvfxvvlrq=

Sursrvlwlrq 4 Lq wkh hfrqrp| zlwkrxw prudo kd}dug/ wkh htxloleulxp kdv -| ' � dqg

dq lqyhvwphqw0edvhg vwudwhj| iru doo @|3� 	 @o E> ' fc B�/ dqg -| ' f dqg dq lqqrydwlrq0

edvhg vwudwhj| iru doo @|3� : @o E> ' fc B� zkhuh @o E> ' fc B� lv jlyhq e| +4:,1

Frxqwulhv iduwkhu dzd| iurp wkh zruog whfkqrorj| iurqwlhu iroorz dq lqyhvwphqw0

edvhg vwudwhj|/ dqg duh fkdudfwhul}hg e| orqj0whup uhodwlrqvklsv ehwzhhq �upv dqg hq0

wuhsuhqhxuv/ odujhu dqg roghu �upv/ pruh lqyhvwphqw dqg ohvv vhohfwlrq1 Dv dq hfrq0

rp| dssurdfkhv wkh zruog whfkqrorj| iurqwlhu dqg sdvvhv wkh wkuhvkrog @o E> ' fc B�/ lw

vzlwfkhv wr dq lqqrydwlrq0edvhg vwudwhj| zlwk vkruwhu uhodwlrqvklsv/ |rxqjhu �upv/ dqg

pruh vhohfwlrq1 Wkh lqwxlwlrq iru wklv uhvxow lv wkdw wkh vhohfwlrq ri pdqdjhuv ehfrphv

pruh lpsruwdqw zkhq wkh hfrqrp| lv forvhu wr wkh zruog whfkqrorj| iurqwlhu/ ehfdxvh

wkhuh uhpdlqv ohvv urrp iru whfkqrorjlfdo lpsuryhphqwv vlpso| edvhg rq frs|lqj dqg

dgrswlrq1

Wkh wkuhvkrog @o E> ' fc B� lv lqfuhdvlqj lq B/ vr wkdw wkh vzlwfk wr wkh lqqrydwlrq0

edvhg skdvh lv ghod|hg lq ohvv frpshwlwlyh hfrqrplhv1 Wkh uhdvrq lv wkdw uh�qdqflqj

h{lvwlqj pdqdjhu fruuhvsrqgv wr �juhdwhu lqyhvwphqw�/ vlqfh wkh dprxqw ri lqyhvwphqw

lv V dv rssrvhg wr �V 	 V zlwk d qhz pdqdjhu1 Zkloh wkh fdslwdolvw sd|v wkh ixoo frvw ri

wkh lqyhvwphqw/ ehfdxvh ri wkh vwdqgdug dssursuldelolw| h�hfw/ sduw ri wkh uhwxuqv jr wr

frqvxphuv lq wkh irup ri kljkhu uhdo zdjhv dqg frqvxphu vxusoxv1 Wklv glvfrxudjhv wkh

vwudwhj| zlwk d juhdwhu lqyhvwphqw1 D kljkhu B hqdeohv wkh fdslwdolvw wr fdswxuh pruh

ri wkh vxusoxv/ hqfrxudjlqj uh�qdqflqj1 Wkh vdph uhdvrqlqj zloo dsso| lq wkh hfrqrp|

zlwk prudo kd}dug lq wkh qh{w vxevhfwlrq1

Qrwlfh wkdw wklv htxloleulxp douhdg| kdv d  dyru ri vrph ri wkh lvvxhv udlvhg e| Jhu0

vfkhqnurq1 Zkhq wkh hfrqrp| lv uhodwlyho| edfnzdug/ wkhuh zloo eh d yhu| gl�huhqw vhw

ri +htxloleulxp, duudqjhphqwv frpsduhg wr dq hfrqrp| forvh wr wkh whfkqrorj| iurqwlhu1

Krzhyhu/ Jhuvfkhqnurq*v hpskdvlv zdv rq srolflhv wkdw uhodwlyho| edfnzdug hfrqrplhv

rxjkw wr sxuvxh/ zklfk lv d wrslf zh zloo uhylvlw lq Vhfwlrq 91

Ilqdoo|/ zh qrwh wkdw wkh htxloleulxp doorfdwlrq fkdudfwhul}hg lq Sursrvlwlrq 4 dovr

dssolhv wr d udqjh ri srvlwlyh >*v/ iru > �>/ vxfk wkdw wkh lqfhqwlyh frpsdwlelolw| frq0

vwudlqwv ri erwk |rxqj dqg rog orz0vnloo pdqdjhuv duh qrw elqglqj iru doo @ 5 dfc �o1 Vhh

wkh Dsshqgl{ iru wkh fkdudfwhul}dwlrq ri >1
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616 Wkh fdvh zlwk prudo kd}dug

Lq wklv vhfwlrq/ zh fkdudfwhul}h wkh htxloleulxp doorfdwlrq iru ohyhov ri > vx!flhqwo| kljk

vr wkdw wkh lqglylgxdo udwlrqdolw| frqvwudlqwv ri erwk |rxqj dqg rog orz0vnloo pdqdjhuv

duh vodfn/ dqg wkhlu lqfhqwlyh frpsdwlelolw| frqvwudlqwv duh elqglqj1 W|slfdoo|/ wklv fdvh

uhtxluhv > wr eh juhdwhu wkdq vrph wkuhvkrog 7>144

Dv ehiruh/ wkh lqwhuhvwlqj txhvwlrq lv zkhwkhu orz0vnloo pdqdjhuv duh uh�qdqfhg1

Li uh�qdqfhg/ pdqdjhuv fdq h{wudfw uhqwv/ vr wkh| duh zloolqj wr xvh wkhlu �uvw0shulrg

uhwdlqhg hduqlqjv wr fryhu sduw ri wkh lqyhvwphqw frvw1 Wkh uhwdlqhg hduqlqjv ri d

pdqdjhu zkr zdv uhyhdohg wr eh ri orz vnloo dw wkh hqg ri shulrg |� � duh jlyhq e|=

-.|3� ' E� n o�>Zu�c|3� ' E� n o�>Buj# 7�|32 '
� n o

� n }
>Buj 7�|3�c +4<,

zkhuh uhfdoo wkdw o ghqrwhv wkh lqwhuhvw udwh1 Wkh dprxqw rq wkh uljkw0kdqg vlgh ri +4<,

lv wkh wrwdo uhwdlqhg hduqlqjv ri wkh pdqdjhu/ zklfk pd| qrw eh htxdo wr wkh dprxqw

wkdw wkh pdqdjhu zdqwv wr/ ru fdq/ lqmhfw wr �qdqfh wkh surmhfw1 Wkurxjkrxw wkh sdshu/

zh dvvxph wkdw

� n o

� n }
>Buj# 	 Vc +53,

vr wkdw uhwdlqhg hduqlqjv duh ohvv wkdq wkh frvw ri wkh surmhfw iru h{shulhqfhg pdqdjhuv/

dqg khqfh wkh| fdq lqmhfw doo ri wkhlu uhwdlqhg hduqlqjv wr �qdqfh sduw ri wkh frvwv ri

wkh surmhfw +wkxv g-.|3� ' -.|3�,1

Vlqfh wkh lqfhqwlyh frpsdwlelolw| frqvwudlqw ri d orz0vnloo pdqdjhu lv elqglqj/ wkh

pdqdjhu uhfhlyhv d iudfwlrq > ri wkh sur�wv1 Wkxv/ wkh ydoxh ri d pdwxuh �up uhwdlqlqj

d orz0vnloo pdqdjhu dw gdwh | fdq wkhq eh h{suhvvhg dv=

T u
�c| ' E� � >�Zu�c| � . E��c|� +54,

'

�
E�� >� Bu# � Vn

� n o

� n }
>Buj#

�
7�|3�c

zkhuh wkh odvw olqh pdnhv xvh ri wkh idfw wkdw . E��c|� ' V 7�|3� �g-.|3� dv vshfl�hg lq

htxdwlrq +48,/ dqg vxevwlwxwlqj iru g-.|3� ' -.|3� iurp +4<,1

44Lw lv vwudljkwiruzdug wr fkhfn wkdw dv zh frqvlghu odujh hfrqrplhv zkhuh srsxodwlrq/ O/ dqg lqyhvw0
phqw frvwv/ �/ duh odujh/ doo lqglylgxdo udwlrqdolw| frqvwudlqwv zloo eh vodfn/ zkloh lqfhqwlyh frqvwudlqwv
zloo elqg +wklv lv ehfdxvh wkh zdjh udwh/ zw/ grhv qrw ghshqg rq wkh srsxodwlrq/ O/ zkloh sur�wv gr,1
Lq rwkhu zrugv/ lq wklv fdvh erwk � dqg �� zloo ehfrph duelwudulo| vpdoo1 Khuh zh irfxv rq vxfk odujh
hfrqrplhv zkhuh lqfhqwlyh frqvwudlqwv duh elqglqj dqg lqglylgxdo udwlrqdolw| frqvwudlqwv duh vodfn1
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Lq frqwudvw/ wkh h{shfwhg ydoxh ri d pdwxuh �up hpsor|lqj d |rxqj pdqdjhu lv htxdo

wr=

.
�
T r
tc|

�
' E� � >�.

�
Zrtc|

�
� �V 7�|3� +55,

' EE�� >� Buj E# n b�@|3��� �V� 7�|3��

Wklv h{suhvvlrq lqfrusrudwhv wkh idfw wkdw wkh pdqdjhu zloo eh sdlg d iudfwlrq > ri wkh

sur�wv vkh jhqhudwhv luuhvshfwlyh ri khu uhyhdohg vnloo1

Pdwxuh �upv zloo frqwlqxh wkhlu uhodwlrqvkls zlwk h{shulhqfhg orz0vnloo pdqdjhuv/

l1h1/ -| ' �/ li dqg rqo| li T u
�c| � .

�
T r
tc|

�
ru/ htxlydohqwo|/ zkhqhyhu @|3� � @o E>c B�

zkhuh=

@o E>c B� �

�
E�� >� E�� j� n �no

�n}
>j
�
# � V E�� �� *Bu

E�� >�jb�
c +56,

lv wkh wkuhvkrog iru wkh glvwdqfh wr iurqwlhu vxfk wkdw pdwxuh �upv duh lqgl�huhqw ehwzhhq

-| ' � dqg -| ' f1 Wkh vhtxhqfh ri wkh hfrqrp| prylqj iurp dq lqyhvwphqw0edvhg

vwudwhj| wr dq lqqrydwlrq0edvhg vwudwhj| lv wkh vdph dv lq wkh fdvh ri qr prudo kd}dug1

Lw lv dovr qrwhzruwk| wkdw wkh wkuhvkrog @o E>c B� lq +56, olplwv wr wkh qr0prudo kd}dug

wkuhvkrog @o E> ' fc B� lq +4:, dv lqfhqwlyh sureohpv glvdsshdu/ l1h1/ dv >$ f1

Qh{w revhuyh wkdw @o E>c B� lv lqfuhdvlqj zlwk B dv zdv wkh fdvh zlwk @o E> ' fc B�/ dqg

zkhq surgxfw pdunhwv duh ohvv frpshwlwlyh +kljkhu B,/ wkh vzlwfk wr dq lqqrydwlrq0edvhg

vwudwhj| rffxuv odwhu1 Wklv frpsdudwlyh vwdwlf qrz uh hfwv wzr h�hfwv1 Iluvw/ iru wkh

vdph uhdvrqv dv glvfxvvhg lq wkh suhylrxv vxevhfwlrq/ wkh vwdqgdug dssursuldelolw| h�hfw

glvfrxudjhv wkh lqyhvwphqw0edvhg vwudwhj|/ dqg dq lqfuhdvh lq B uhgxfhv wkh h{whqw ri wkh

dssursuldelolw| h�hfw1 Wkxv/ d kljkhu B hqdeohv wkh fdslwdolvwv wr fdswxuh pruh ri wkh

vxusoxv/ hqfrxudjlqj wkh lqyhvwphqw0edvhg vwudwhj|1 Vhfrqg/ d kljkhu B lpsolhv juhdwhu

sur�wv dqg juhdwhu uhwdlqhg hduqlqjv iru rog xqvxffhvvixo pdqdjhuv/ zklfk wkh| fdq xvh

wr �vklhog� wkhpvhoyhv djdlqvw frpshwlwlrq iurp |rxqj pdqdjhuv/ pdnlqj uh�qdqflqj

dqg wkh lqyhvwphqw0edvhg vwudwhj| pruh olnho|1

Wkh lpsdfw ri wkh h{whqw ri lqfhqwlyh sureohpv2fuhglw pdunhw lpshuihfwlrqv/ >/ rq @o

lv dpeljxrxv/ krzhyhu1 Rq wkh rqh kdqg/ d kljkhu > lqfuhdvhv wkh hduqlqjv uhwdlqhg e|

|rxqj pdqdjhuv/ wkhuhe| vklhoglqj wkhvh lqvlghuv iurp rxwvlgh frpshwlwlrq/ dqg hqfrxu0

djlqj uh�qdqflqj1 Rq wkh rwkhu kdqg/ d kljkhu > uhgxfhv wkh sur�w gl�huhqwldo ehwzhhq

klulqj d |rxqj dqg dq rog orz0vnloo pdqdjhu1 Li

B :
E�� ��V

j#u

� n }

� n o
c +57,
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wkhq/ wkh iruphu h�hfw grplqdwhv dqg @o lv lqfuhdvlqj lq >/ dqg pruh vhyhuh prudo

kd}dug2fuhglw pdunhw sureohpv hqfrxudjh wkh lqyhvwphqw0edvhg vwudwhj|1 Lq frqwudvw/

zkhq +57, grhv qrw krog/ wkhvh sureohpv hqfrxudjh wkh whuplqdwlrq ri orz0vnloo pdqdjhuv1

Wr frpsohwh wkh fkdudfwhul}dwlrq ri htxloleulxp/ zh �qdoo| kdyh wr fkhfn wkdw lq0

qrydwlrq lv sur�wdeoh/ l1h1/ . ET r
t � � f/ ru EE� � >� Buj E# n b�@|3��� �V� � f1 Wklv

uhtxluhv wkdw

@|3� � @?} E>c B� �
�

b�

�
�

j E�� >�

V

Bu
� #

�
� +58,

Dvvxpswlrq +4;,/ zklfk hqvxuhg . ET r
t � � f zlwk qr prudo kd}dug/ lv qrw vx!flhqw wr

jxdudqwhh wkdw @?} E>c B� 	 f iru > : f1 Lq sduwlfxodu/ @?} E>c B� : f dqg vwdjqdwlrq

wudsv duh srvvleoh zkhq > lv odujh/ l1h1/ prudo kd}dug lv lpsruwdqw/ dqg B lv vpdoo/ l1h1/

wkh pdunhw lv kljko| frpshwlwlyh1 Wkh iruphu h�hfw uh hfwv wkh idfw wkdw zlwk juhdwhu

prudo kd}dug/ fdslwdolvwv pdnh orzhu sur�wv1 Wkh odwwhu lv gxh wr wkh dssursuldelolw|

h�hfw= vrph ghjuhh ri prqrsro| srzhu lv qhfhvvdu| iru fdslwdolvwv wr pdnh vx!flhqw

sur�wv iurp lqqrydwlrq1

Zh vxppdul}h rxu glvfxvvlrq lq wklv vxevhfwlrq zlwk wkh iroorzlqj=

Sursrvlwlrq 5 Lq wkh hfrqrp| zlwk prudo kd}dug/ wkhuh lv d qr0lqqrydwlrq htxloleulxp

iru doo @|3� 	 @?} E>c B� zkhuh @?} E>c B� lv jlyhq e| +58,1 Iru doo @|3� � @?} E>c B�/ wkh

htxloleulxp kdv -| ' � dqg dq lqyhvwphqw0edvhg vwudwhj| iru doo @|3� 	 @o E>c B�/ dqg

-| ' f dqg dq lqqrydwlrq0edvhg vwudwhj| iru doo @|3� : @o E>c B� zkhuh @o E>c B� lv jlyhq e|

+56,1 Dovr wkh wkuhvkrog ri glvwdqfh wr iurqwlhu/ @o E>c B�/ lv lqfuhdvlqj lq B/ vr wkh vzlwfk

wr dq lqqrydwlrq0edvhg vwudwhj| rffxuv odwhu zkhq wkh hfrqrp| lv ohvv frpshwlwlyh1

7 Jurzwk/ frqyhujhqfh sdwwhuqv dqg wudsv

Lq wklv vhfwlrq/ zh �uvw frqwudvw wkh jurzwk sdwk ri d odlvvh}0idluh hfrqrp| zlwk wkdw ri

dq hfrqrp| lq zklfk uh�qdqflqj ghflvlrqv pd{lpl}h jurzwk1 Wkhq/ zh dqdo|}h wkh srvvl0

elolw| ri qrq0frqyhujhqfh wudsv zkhuh surgxfwlylw| dqg rxwsxw shu fdslwd qhyhu frqyhujh

wr wkh zruog whfkqrorj| iurqwlhu1 Lq wkh odvw vxevhfwlrq/ zh frpsduh wkh htxloleulxp do0

orfdwlrq wr wkh zhoiduh0pd{lpl}lqj doorfdwlrq/ zklfk gl�huv iurp wkh jurzwk0pd{lpl}lqj

rqh/ vlqfh juhdwhu jurzwk pd| frph dw wkh frvw ri juhdwhu lqyhvwphqwv dqg orzhu fxuuhqw

frqvxpswlrq1
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714 Jurzwk0pd{lpl}lqj vwudwhjlhv

Frqvlghu dq doorfdwlrq zkhuh sulfhv R| ED� vdwlvi| +5,/ wkh zdjh udwh/ �|/ lv jlyhq e|

+9,/ kljk0vnloo pdwxuh pdqdjhuv duh uh�qdqfhg/ h{dfwo| dv lq dq htxloleulxp doorfdwlrq1

Krzhyhu/ vxssrvh wkdw wkh ghflvlrq wr uh�qdqfh orz0vnloo rog pdqdjhuv/ -|/ lv pdgh wr

pd{lpl}h wkh jurzwk udwh ri wkh hfrqrp|1 Zkdw lv wklv jurzwk0pd{lpl}lqj uh�qdqflqj

ghflvlrq/ -4@ 
| B Wkh dqvzhu lv vwudljkwiruzdug= vlpso| frpsduh wkh wzr eudqfkhv ri

htxdwlrq +46, fruuhvsrqglqj wr -| ' � dqg -| ' f/ dqg slfn zklfkhyhu lv juhdwhu1 Wklv

lpphgldwho| lpsolhv wkdw wkh jurzwk0pd{lpl}lqj ghflvlrq zloo eh -4@ 
| ' � li=

@|3� 	 e@ � # E� � j�

b�j
� +59,

Mxvw olnh wkh htxloleulxp/ wkh jurzwk0pd{lpl}lqj vwudwhj| dovr kdv d wkuhvkrog surshuw|=

wkh lqyhvwphqw0edvhg vwudwhj| lv sxuvxhg xqwlo wkh hfrqrp| uhdfkhv d fhuwdlq glvwdqfh

wr iurqwlhu/ e@/ dqg iurp wkhq rq/ wkh lqqrydwlrq0edvhg vwudwhj| pd{lpl}hv jurzwk1

Vlqfh qhdu wkh zruog whfkqrorj| iurqwlhu/ jurzwk/ e| gh�qlwlrq/ pxvw frph iurp

lqqrydwlrq/ qrw lplwdwlrq/ lq wkh qhljkerukrrg ri wkh iurqwlhu/ lqqrydwlrq0edvhg vwudwhj|

pxvw |lhog idvwhu jurzwk wkdq wkh lqyhvwphqw0edvhg vwudwhj|1 Wkxv e@ 	 �1 Wklv uhdvrqlqj

lpsolhv wkh iroorzlqj sdudphwhu uhvwulfwlrq=

Frqglwlrq 4= b�j : # E� � j�/

zklfk zh lpsrvh wkurxjkrxw145

Li 	@ 	 @o wkh odlvvh}0idluh hfrqrp| jhqhudwhv h{fhvv uh�qdqflqj/ ru vshqgv wrr pxfk

wlph zlwk dq lqyhvwphqw0edvhg vwudwhj|= wkhuh lv d udqjh ri vwdwhv/ @|3� 5 d	@c @ooc zkhuh doo

pdqdjhuv duh uh�qdqfhg lq htxloleulxpzkhuhdv/ iurp d jurzwkpd{lpl}dwlrq vwdqgsrlqw/

lw zrxog eh ehwwhu qrw wr uh�qdqfh pdqdjhuv zkr zhuh uhyhdohg wr eh ri orz vnloo1 Lq

frqwudvw/ zkhq 	@ : @oc wkh odlvvh}0idluh hfrqrp| jhqhudwhv lqvx!flhqw uh�qdqflqj= wkhuh

lv d udqjh ri vwdwhv/ @|3� 5 d@oc 	@oc zkhuh rqo| kljk0vnloo pdqdjhuv duh uh�qdqfhg lq

htxloleulxp zkhuhdv/ iurp d jurzwk pd{lpl}dwlrq vwdqgsrlqw/ lw zrxog eh ehwwhu wr

uh�qdqfh doo pdqdjhuv/ hyhq wkh orz0vnloo rqhv1

Iljxuh 4 KHUH

45Zh uhihu wr wklv sdudphwhu uhvwulfwlrq dqg wkh rqh lq wkh qh{w vxevhfwlrq dv �frqglwlrqv�/ vlqfh wkh|
duh sdudphwhu frq�jxudwlrqv lpsolhg e| wkh orjlf ri wkh prgho1
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Zkhwkhu wkh jurzwk0pd{lpl}lqj fxw0r� 	@ lv odujhu ru vpdoohu wkdq wkh odlvvh}0idluh

qr0uh�qdqflqj wkuhvkrog/ @oc ghshqgv rq wkh ohyho ri frpshwlwlrq +B, dqg rq wkh ghjuhh

ri fdslwdo pdunhw lpshuihfwlrq +>,1 Iluvw/ zh kdyh wkdw @o E> ' fc B� 	 	@= wkh hfrqrp|

zlwk qr prudo kd}dug vzlwfkhv wr dq lqqrydwlrq0edvhg vwudwhj| wrr txlfno|1 Wr vhh wklv/

vlpso| revhuyh wkdw

	@ '
# E� � j�

b�j
:
# E�� j�� E� � ��V*Bu

b�j
' @o E> ' fc B� �

Wkh vdph uhvxow fduulhv ryhu wr hfrqrplhv zlwk vx!flhqwo| vpdoo >*v1 Lqwxlwlyho|/ wkh

lqyhvwphqw0edvhg vwudwhj| lqyroyhv juhdwhu lqyhvwphqwv/ dqg dv glvfxvvhg deryh/ ehfdxvh

ri wkh dssursuldelolw| h�hfw/ fdslwdolvwv duh eldvhg djdlqvw juhdwhu lqyhvwphqwv1 Wklv

pdnhv wkh htxloleulxp vzlwfk wr wkh lqqrydwlrq0edvhg vwudwhj| zlwk vpdoohu lqyhvwphqwv

frph wrr vrrq uhodwlyh wkh jurzwk0pd{lpl}lqj doorfdwlrq1

Zkloh wkh hfrqrp| zlwkrxw dq| prudo kd}dug dozd|v vzlwfkhv wr dq lqqrydwlrq0edvhg

vwudwhj| wrr vrrq/ l1h1/ @o E> ' fc B� 	 	@/ wkh hfrqrp| zlwk prudo kd}dug pljkw kdyh

@o E> : fc B� : 	@1 Wklv lv ehfdxvh prudo kd}dug jhqhudwhv d kljk vdodu| iru pdqdjhuv/

dqg wkh| fdq xvh wkhvh dv uhwdlqhg hduqlqjv wr �vklhog� wkhpvhoyhv iurp frpshwlwlrq dqg

frqwlqxh lq wkhlu uroh dv pdqdjhuv1 Lq rwkhu zrugv/ d nh| uroh ri prudo kd}dug lq rxu

prgho lv wr jhqhudwh uhqwv dqg wkxv surwhfw orz0vnloo lqvlghuv1 Dv d uhvxow/ wkh hfrqrp|

zlwk prudo kd}dug pd| uhpdlq lq dq lqyhvwphqw0edvhg vwudwhj| zlwk olwwoh pdqdjhuldo

vhohfwlrq iru dq h{fhvvlyho| orqj gxudwlrq1 Wkh srvvlelolw| ri vwd|lqj wrr orqj lq wklv

uhjlph zloo sod| dq lpsruwdqw uroh lq rxu glvfxvvlrq ehorz1

Lq dgglwlrq/ zh fdq vhh wkdw wkh ghjuhh ri frpshwlwlrq dovr d�hfwv wkh frpsdul0

vrq ehwzhhq wkh htxloleulxp dqg wkh jurzwk0pd{lpl}lqj doorfdwlrqv1 Uhfdoo wkdw d ohvv

frpshwlwlyh hqylurqphqw/ l1h1/ d orzhu B/ hqfrxudjhv wkh lqyhvwphqw0edvhg vwudwhj| +fiu1/

htxdwlrq +56,,/ zkloh wkh jurzwk0pd{lpl}lqj doorfdwlrq grhv qrw ghshqg rq B +fiu1/ htxd0

wlrq +59,,1 Juhdwhu frpshwlwlrq pd| lqfuhdvh ru uhgxfh wkh jds ehwzhhq wkh htxloleulxp

dqg wkh jurzwk0pd{lpl}lqj doorfdwlrqv/ krzhyhu/ ghshqglqj rq zkhwkhu zh vwduw iurp

d vlwxdwlrq zkhuh 	@ : @o E>c B� ru 	@ 	 @o E>c B�1 Pruh vshfl�fdoo|/ jlyhq >/ wkhuh h{lvwv

d xqltxh ohyho ri frpshwlwlrq B/ ghqrwhg e| eB E>�/ vxfk wkdw 	@ ' @o E>c B�/ zkhuh vlpso|

frpsdulqj htxdwlrqv +56, dqg +59,/ zh kdyh=

eB E>� ' E�� ��V

>j#u

� n }

� n o
�

Li surgxfw pdunhw frpshwlwlrq lv orzhu wkdq wklv wkuhvkrog/ qdpho|/ li B : eB E>� +vhh xs0
shu sdqho lq Iljxuh 4,/ wkhq 	@ 	 @o/ dqg wkh odlvvh}0idluh hfrqrp| jhqhudwhv h{fhvv uh�0
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qdqflqj uhodwlyh wr wkh jurzwk0pd{lpl}lqj doorfdwlrq146 Lq wklv fdvh/ juhdwhu frpshwlwlrq

lqfuhdvhv wkh jds/ dqg zruvhqv lqh!flhqf|1 Frqyhuvho|/ li surgxfw pdunhw frpshwlwlrq

lv kljk/ qdpho| li B 	 eB E>� +vhh orzhu sdqho lq Iljxuh 4,/ wkhq 	@ : @o dqg wkh hfrqrp|

vzlwfkhv wr dq lqqrydwlrq0edvhg vwudwhj| wrr txlfno|/ dqg qrz orzhu frpshwlwlrq uhgxfhv

wkh jds ehwzhhq wkh htxloleulxp dqg wkh jurzwk0pd{lpl}lqj doorfdwlrqv1

Zh vxppdul}h wklv glvfxvvlrq zlwk wkh iroorzlqj=

Sursrvlwlrq 6 Wkh jurzwk0pd{lpl}lqj srolf| lv wr fkrrvh -| ' � dqg dq lqyhvwphqw0

edvhg vwudwhj| iru doo @|3� 	 	@/ dqg -| ' f dqg dq lqqrydwlrq0edvhg vwudwhj| iru doo

@|3� : 	@ zkhuh 	@ lv jlyhq e| +59,1

Wkh odlvvh}0idluh hfrqrp| zlwk vx!flhqwo| vpdoo > vzlwfkhv wr dq lqqrydwlrq0edvhg

vwudwhj| +-| ' f, wrr vrrq uhodwlyh wr wkh jurzwk0pd{lpl}lqj doorfdwlrq/ l1h1/ @o E> ' fc B� 	

	@1 Dq hfrqrp| zlwk vx!flhqwo| kljk > dqg Bu/ rq wkh rwkhu kdqg/ vzlwfkhv wr dq

lqqrydwlrq0edvhg vwudwhj| wrr odwh1

715 Jurzwk/ frqyhujhqfh sdwwhuqv/ wudsv dqg ohdsiurjjlqj

Zh qrz glvfxvv krz dq hfrqrp| wkdw idlov wr vzlwfk wr dq lqqrydwlrq0edvhg vwudwhj|

pljkw qrw frqyhujh wr wkh zruog whfkqrorj| iurqwlhu1 Zh douhdg| vdz wkdw/ iru frp0

elqdwlrqv ri odujh > dqg vpdoo B*v/ wkhuh h{lvwv d qrq0hpsw| udqjh ri hfrqrplhv zlwk

@ 	 @?} E>c B�/ zklfk zloo vwdjqdwh ehfdxvh prudo kd}dug pdnhv lqqrydwlrq xqsur�wdeoh

iru fdslwdolvwv1 Wkhvh hfrqrplhv zloo glyhujh iurp wkh iurqwlhu +l1h1/ vwdjqdwh zkloh wkh

iurqwlhu lv dgydqflqj,1 Lq wklv vxevhfwlrq/ zh zloo vhh wkdw wkhuh lv dovr d pruh lqwhuhvwlqj

qrq0frqyhujhqfh wuds/ zkhuh fhuwdlq hfrqrplhv jurz/ exw idlo wr frqyhujh wr wkh iurqwlhu

ehfdxvh wkh| shuvlvwhqwo| sxuvxh dq lqyhvwphqw0edvhg vwudwhj|1

Dv zdv wkh fdvh iru Frqglwlrq 4/ wkh orjlf ri wkh prgho/ lq sduwlfxodu wkh idfw wkdw

zruog jurzwk pxvw frph iurp lqqrydwlrq/ glfwdwhv wkdw lq wkh qhljkerukrrg ri wkh

zruog whfkqrorj| iurqwlh/ dq hfrqrp| sxuvxlqj wkh lqqrydwlrq0edvhg vwudwhj| pxvw jurz

dssur{lpdwho| dw wkh vdph udwh dv wkh iurqwlhu1 Wklv lpsolhv dqrwkhu frqglwlrq=

Frqglwlrq 5= � n } ' dEb n j n E� � b�j� # n E� n j n E�� b�j� b�o *21

Wklv frqglwlrq fdq eh wkrxjkw ri dv hqgrjhql}lqj wkh jurzwk udwh ri wkh zruog whfkqrorj|

iurqwlhu/ }/ dv uhvxowlqj iurp wkh prvw dgydqfhg hfrqrp| sxuvxlqj dq lqqrydwlrq0edvhg

vwudwhj|1

46Wkdw wkhuh lv d qrq0hpsw| vhw ri sdudphwhu ydoxhv zkhuh ad ? du fdq eh vhhq e| frqvlghulqj odujh
ydoxhv ri iru � dqg �O/ dqg frpsdulqj +56, dqg +59,
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Iljxuh 5 ghslfwv wkh uhodwlrqvklsv ehwzhhq @| dqg @|3� xqghu uh�qdqflqj +- ' �

fxuyh, dqg qr0uh�qdqflqj +- ' f fxuyh, ri rog orz0vnloo pdqdjhuv1 Wkh idfw wkdw erwk

fxuyhv duh olqhdu vlpso| iroorzv iurp wkh h{suhvvlrqv lq htxdwlrq +46,1 Wkh wzr olqhv

lqwhuvhfw dw @|3� ' e@c gh�qhg e| htxdwlrq +59,/ vlqfh e| frqvwuxfwlrq dw wklv srlqw wkh|

jhqhudwh wkh vdph dprxqw ri jurzwk +wkdw e@ 	 � lv jxdudqwhhg e| Frqglwlrq 4,1 Zkhq @

lv juhdwhu wkdq 	@/ uh�qdqflqj uhgxfhv jurzwk/ dqg iru @ ohvv wkdq 	@/ lw lqfuhdvhv jurzwk/

dv glvfxvvhg lq wkh suhylrxv vhfwlrq1 Ixuwkhupruh/ Frqglwlrq 5 lpsolhv wkdw wkh - ' f

fxuyh klwv wkh 78 ghjuhh olqh dw @ ' �1 Wklv lpphgldwho| lpsolhv wkdw wkh - ' � fxuyh lv

ehorz wkh 78 ghjuhh dw @ ' �1 Wkhuhiruh/ dq hfrqrp| wkdw dozd|v sxuvxhv dq lqyhvwphqw0

edvhg vwudwhj| +l1h1/ uh�qdqfhv orz0vnloo pdqdjhuv, zloo qrw frqyhujh wr wkh iurqwlhu1 Wklv

uhvxow lv lpsolhg e| wkh vwuxfwxuh ri rxu prgho1

Vlqfh wkh - ' � fxuyh vwduwv deryh wkh 78 ghjuhh olqh/ dqg hqgv ehorz lw dw @ ' �/ lw

pxvw lqwhuvhfw lw dw vrph

@|o@R '
E� n j� #

2 E� n }�� b� E� n j�
	 �� +5:,

Wklv lv wkh ydoxh ri wkh glvwdqfh wr iurqwlhu dw zklfk dq hfrqrp| sxuvxlqj dq lqyhvwphqw0

edvhg vwudwhj| zloo jhw wudsshg= lw lv d �{hg srlqw ri htxdwlrq +46, iru -| ' �1

Wkh h{lvwhqfh ri wklv srlqw/ @|o@R/ grhv qrw lpso| wkdw wkhuh zloo eh wudsv lq htxl0

oleulxp/ vlqfh wkh hfrqrp| pd| vzlwfk wr dq lqqrydwlrq0edvhg vwudwhj| ehiruh @|o@R1

Wkhuhiruh/ wkh qhfhvvdu| dqg vx!flhqw frqglwlrq iru dq htxloleulxp wuds lv @|o@R 	 @o1

Zkhq lv wklv frqglwlrq olnho| wr eh vdwlv�hgB

AIurp +5:,/ @|o@R lv dq lqfuhdvlqj ixqfwlrq ri b�/ dqg lv lqghshqghqw ri V*Bu dqg

>1 Dovr/ uhfdoo wkdw @o lv d ghfuhdvlqj ixqfwlrq ri V*Bu dqg ri b�c dqg/ li frqglwlrq

+57, krogv/ lw lv dq lqfuhdvlqj ixqfwlrq ri >/ vhh htxdwlrq +56,1 Wkhvh revhuydwlrqv lpso|

wkdw vpdoohu ydoxhv ri V*Bu dqg b� pdnh lw pruh olnho| wkdw @|o@R 	 @o1 Ixuwkhupruh/

li frqglwlrq +57, krogv/ wkhq wudsv duh pruh olnho| lq hfrqrplhv zlwk vhyhuh lqfhqwlyh

sureohpv2fuhglw pdunhw lpshuihfwlrqv1

Wkhvh frpsdudwlyh vwdwlfv duh lqwxlwlyh1 Iluvw/ vpdoohu ydoxhv ri V dqg juhdwhu ydoxhv

ri Bu pdnh lw hdvlhu iru orz0vnloo pdqdjhuv wr jhw uh�qdqfhg1 Vlqfh d wuds fdq rqo| dulvh

gxh wr h{fhvv uh�qdqflqj/ d juhdwhu V*Bu uhgxfhv wkh srvvlelolw| iru wudsv1 Vhfrqg/ odujh

ydoxhv ri b� lqfuhdvh wkh rssruwxqlw| frvw ri uh�qdqflqj orz0vnloo pdqdjhuv/ dqg pdnh

lw ohvv olnho| wkdw d wuds fdq hphujh gxh wr odfn ri vhohfwlrq1 Ilqdoo|/ zkhq frqglwlrq

+57, krogv/ pruh vhyhuh fuhglw pdunhw lpshuihfwlrqv +lqfhqwlyh sureohpv, idyru lqvlghuv

e| udlvlqj uhwdlqhg hduqlqjv/ dqg yld wklv fkdqqho/ wkh| lqfuhdvh wkh suredelolw| ri d wuds

gxh wr h{fhvv uh�qdqflqj1
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Dq lpsolfdwlrq ri wklv glvfxvvlrq lv wkdw ohvv frpshwlwlyh hqylurqphqwv pd| irvwhu

jurzwk dw hduo| vwdjhv ri ghyhorsphqw +iduwkhu dzd| iurp wkh whfkqrorj| iurqwlhu,/ exw

zloo odwhu ehfrph kdupixo wr jurzwk/ dqg suhyhqw frqyhujhqfh wr wkh iurqwlhu1 Lq sduwlf0

xodu/ wkhuh h{lvwv d fxw0r� frpshwlwlrq ohyho/ BWE>�/ vxfk wkdw

@o E>c B
W E>�� ' @|o@R� +5;,

Dq hfrqrp| zlwk d vx!flhqwo| kljk ohyho ri frpshwlwlrq/ B 	 BWE>�c zloo qhyhu idoo lqwr

d qrq0frqyhujhqfh wuds1 Wrr kljk frpshwlwlrq pd| fdxvh d vorzgrzq lq wkh surfhvv

ri whfkqrorjlfdo frqyhujhqfh dw wkh hduolhu vwdjhv ri ghyhorsphqw/ exw grhv qrw d�hfw

wkh orqj0uxq htxloleulxp147 Orz frpshwlwlrq/ lqvwhdg/ kdv ghwulphqwdo h�hfwv lq wkh

orqj0uxq1

Dqrwkhu uhodwhg lpsolfdwlrq lv wkdw zkhq @o 	 	@/ dq hfrqrp| zlwk pruh frpshwlwlyh

surgxfw pdunhwv zloo lqlwldoo| jurz vorzhu wkdq d ohvv frpshwlwlyh hfrqrp|/ exw odwhu

�ohdsiurj� lw/ zkhq wkh ohvv frpshwlwlyh hfrqrp| ehfrphv vwxfn lq d qrq0frqyhujhqfh

wuds1 Wklv uhvxow pd| vkhg vrph oljkw rq zk| vrph hfrqrplhv/ vxfk dv Eud}lo/ Ph{lfr

ru Shux/ wkdw juhz uhodwlyho| udslgo| zlwk kljko| surwhfwlrqlvw srolflhv zhuh wkhq wdnhq

ryhu e| hfrqrplhv zlwk pruh frpshwlwlyh srolflhv vxfk dv Krqj Nrqj ru Vlqjdsruh148

Ilqdoo|/ lw lv xvhixo wr ghwhuplqh wkh edvlq ri dwwudfwlrq ri @|o@R zkhq wkh hfrqrp|

lv sxuvxlqj dq lqyhvwphqw0edvhg vwudwhj|1 Fohduo|/ wklv lqfoxghv doo @ 5 d@?}c @|o@Ro1

Pruhryhu/ iru @ 5 E@|o@Rc�o/ wkh jurzwk udwh ri dq hfrqrp| sxuvxlqj lqyhvwphqw0edvhg

vwudwhj| lv ohvv wkdq }/ vr wkh edvlq ri dwwudfwlrq ri @|o@R zkhq wkh hfrqrp| lv sxuvxlqj

dq lqyhvwphqw0edvhg vwudwhj| lv wkh hqwluh vhw @ 5 d@?}c �o +vhh Iljxuh 4,1 Wkxv zh kdyh=

Sursrvlwlrq 7 Hfrqrplhv zlwk @ 	 @?} E>c B� vwdjqdwh1 Hfrqrplhv zlwk @ � @?} E>c B�

wkdw dozd|v sxuvxh wkh lqqrydwlrq0edvhg vwudwhj| frqyhujh wr wkh iurqwlhu/ @ ' �1

Hfrqrplhv zlwk @ � @?} E>c B� wkdw dozd|v sxuvxh wkh lqyhvwphqw0edvhg vwudwhj| frq0

yhujh wr @|o@R : �1

Vxssrvh @ 5 d@?}c @|o@Ro1 Wkhq li B 	 BWE>�/ wkh htxloleulxp lqyroyhv lqyhvwphqw0edvhg

vwudwhj| iru @ 	 @o E>c B� 	 @|o@R/ dqg wkh lqqrydwlrq0edvhg vwudwhj| iru @ : @o E>c B�/

dqg frqyhujhqfh wr wkh iurqwlhu zkhuh BWE>� lv jlyhq e| +5;,1 Li B : BWE>�/ wkh hfrqrp|

dozd|v sxuvxhv wkh lqyhvwphqw0edvhg vwudwhj| dqg frqyhujhv wr @|o@R1

47Wkh h{fhswlrq lv wkdw ehfdxvh kljk frpshwlwlrq lqfuhdvhv dqj / lw pdnhv vwdjqdwlrq wudsv pruh olnho|1
Wkxv wkh vwdwhphqw lq wkh wh{w dssolhv wr hfrqrplhv zlwk d AA dqj1

48Lqwhuhvwlqjo|/ ehiruh 4<9: wkh jurzwk ri JGS shu zrunhu zdv lqghhg vorzhu lq Vlqjdsruh +519( shu
|hdu, wkdq lq erwk Ph{lfr +61<(, dqg Shux +816(,1 Wklv udqnlqj zdv uhyhuwhg lq wkh 4<:3v dqg 4<;3v1
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716 Zhoiduh dqdo|vlv

Lq wklv vxevhfwlrq/ zh frpsduh wkh odlvvh}0idluh htxloleulxp zlwk wkh uh�qdqflqj srolf|

wkdw pd{lpl}hv vrfldo zhoiduh1 Zh zloo vhh wkdw wkh hfrqrp| zlwk qr prudo kd}dug

sxuvxhv dq lqyhvwphqw0edvhg vwudwhj| +uh�qdqflqj ri orz0vnloo pdqdjhuv, iru wrr orqj/

zkloh dq hfrqrp| zlwk prudo kd}dug pd| kdyh wrr pxfk ru wrr olwwoh uh�qdqflqj uhodwlyh

wr wkh vrfldo rswlpxp1

Pruh irupdoo| frqvlghu d sodqqhu zkr pd{lpl}hv wkh suhvhqw glvfrxqwhg ydoxh ri

wkh frqvxpswlrq vwuhdp/ zlwk d glvfrxqw idfwru q � �* E� n o�/ l1h1/ vkh pd{lpl}hv

�|n
S
"

�'� q
|�|n� c zkhuh �| ' lu�|�

U �

f
&| ED� _D lv htxdo wr qhw rxwsxw plqxv lqyhvwphqw

dw gdwh | zlwk ] �

f

&| ED� _D '

;?=
�
�n�
2

�
V 7�|3� li -| ' �

bn�E23b�
2

V 7�|3� li -| ' f1

Dv ehiruh/ zh vwduw zlwk dq doorfdwlrq zkhuh sulfhv R| ED� vdwlvi| +5,/ wkh zdjh udwh/ �|/

lv jlyhq e| +9,/ kljk0vnloo h{shulhqfhg pdqdjhuv duh uh�qdqfhg/ h{dfwo| dv lq dq htxlole0

ulxp doorfdwlrq/ exw zh qrz vxssrvh wkdw wkh ghflvlrq wr uh�qdqfh orz0vnloo h{shulhqfhg

pdqdjhuv/ -|/ lv pdgh wr pd{lpl}h zhoiduh1 Lq rwkhu zrugv/ wkh sodqqhu rqo| frqwurov

wkh uh�qdqflqj ghflvlrq/ -|1

Wr jdlq vrph lqwxlwlrq/ lw lv xvhixo wr vwduw e| fkdudfwhul}lqj wkh fkrlfh ri d �p|rslf

sodqqhu� zkr glvuhjdugv ixwxuh jhqhudwlrqv/ l1h1/ q ' f� Wkh p|rslf sodqqhu fkrrvhv wkh

uh�qdqflqj srolf| dw | vr dv wr pd{lpl}h wrwdo frqvxpswlrq dw |1 Wkh p|rslf sodqqhu

uh�qdqfhv orz0vnloo pdqdjhuv li dqg rqo| li @|3� 	 @6sK/ zkhuh wkh wkuhvkrog @6sK lv vxfk

wkdw -| ' f dqg -| ' � |lhog wkh vdph frqvxpswlrq/ l1h1/

@6sK �
# E� � j�� E�� ��V*lu

jb�
� +5<,

Qrwh khuh wkdw wkh h{suhvvlrq ri @6sK lv lghqwlfdo wr wkh h{suhvvlrq ri @o E> ' fc B�

+vhh htxdwlrq +4:,,/ h{fhsw wkdw khuh l uhsodfhv B lq +4:,1 Uhfdoo wkdw ehfdxvh ri wkh

dssursuldelolw| h�hfw/ l : B1 Wklv lpsolhv wkdw @6sK : @o E> ' fc B� c l1h1/ wkh sodqqhu sxwv

pruh zhljkw rq wkh ehqh�wv ri lqqrydwlrq wkdq wkh htxloleulxp doorfdwlrq1 Wkhuhiruh/

wkh sodqqhu zloo fkrrvh uh�qdqflqj +dq lqyhvwphqw0edvhg vwudwhj|, ryhu d odujhu udqjh

ri @*v1 Wkh sodqqhu*v fkrlfh fdq dovr eh frpsduhg zlwk wkh jurzwk0pd{lpl}lqj srolf|1

Vlqfh wkh sodqqhu wdnhv lqwr dffrxqw wkh frvw ri lqqrydwlrq/ zklfk lv ljqruhg e| wkh

jurzwk0pd{lpl}lqj vwudwhj|/ zh kdyh @6sK 	 	@� Wkxv wkh p|rslf sodqqhu vhwv @6sK 5

E@o E> ' fc B� c 	@� �
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Qrz/ frqvlghu d qrq0p|rslf sodqqhu zkr dovr fduhv derxw ixwxuh frqvxpswlrq/ l1h1/

vkh kdv q : f� Wkh qrq0p|rslf sodqqhu uhdol}hv wkdw/ e| lqfuhdvlqj wkh qr0uh�qdqflqj

wkuhvkrog rq @6sK/ vkh fdq lqfuhdvh ixwxuh frqvxpswlrq dw wkh h{shqvh ri fxuuhqw frq0

vxpswlrq1 Iru dq| srvlwlyh q/ dqg lq sduwlfxodu iru q ' �* E� n o�/ d vpdoo lqfuhdvh ri

wkh wkuhvkrog vwduwlqj dw @6sK lqyroyhv qr �uvw0rughu orvv lq fxuuhqw frqvxpswlrq/ zkloh

jhqhudwlqj �uvw0rughu jdlqv lq surgxfwlylw|/ �|/ dqg lq wkh suhvhqw glvfrxqwhg ydoxh ri

ixwxuh frqvxpswlrq1 Wkxv/ wkh qrq0p|rslf sodqqhu zloo fkrrvh d wkuhvkrog/ @sK : @6sK/

zklfk/ d iruwlrul/ vdwlv�hv @sK : @o E> ' fc B�/ surylqj wkdw wkh htxloleulxp vzlwfk wr dq

lqyhvwphqw0edvhg vwudwhj| rffxuv wrr vrrq1 Pruhryhu/ zh fdq vhh wkdw @sK fdqqrw h{fhhg

wkh jurzwk0pd{lpl}lqj wkuhvkrog/ 	@1 Dq| fdqglgdwh wkuhvkrog odujhu wkdq 	@c vd| �@ : 	@c

fdq eh lpsuryhg xsrq/ vlqfh dq| wkuhvkrog lq wkh udqjh E�@c 	@o lqfuhdvhv erwk fxuuhqw dqg

ixwxuh frqvxpswlrq uhodwlyh wr �@1 Wkxv/ wkh rswlpdo wkuhvkrog fdqqrw eh wr wkh uljkw ri

	@1 Lq vxppdu|/ zh kdyh

@o E> ' fc B� 	 @6sK 	 @sK 	 	@�

E| frqwlqxlw|/ wkh vdph lqhtxdolw| krogv lq hfrqrplhv zlwk vx!flhqwo| orz >*v1 Wkh

dqdo|vlv wkhuhiruh hvwdeolvkhv=49

Sursrvlwlrq 8 Wkh zhoiduh0pd{lpl}lqj srolf| lv-| ' � dqg dq lqyhvwphqw0edvhg vwudw0

hj| iru doo @|3� 	 @sK/ dqg -| ' f dqg dq lqqrydwlrq0edvhg vwudwhj| iru doo @|3� : @sK

zkhuh @sK 5 E@6sKc 	@� zlwk 	@ dqg @6sK jlyhq e| +59, dqg +5<,1

Wkh odlvvh}0idluh hfrqrp| zlwk vx!flhqwo| vpdoo > vzlwfkhv wr dq lqqrydwlrq0edvhg

vwudwhj| +-| ' f, wrr vrrq uhodwlyh wr wkh zhoiduh0pd{lpl}lqj doorfdwlrq/ l1h1/ @o E> ' fc B� 	

@sK1 Dq hfrqrp| zlwk vx!flhqwo| kljk > dqg Bu/ rq wkh rwkhu kdqg/ vzlwfkhv wr dq

lqqrydwlrq0edvhg vwudwhj| wrr odwh1

Wkh odvw sduw ri wkh sursrvlwlrq vlpso| iroorzv iurp wkh vhfrqg sduw ri Sursrvlwlrq

6/ zkhuh zh vkrz wkdw zlwk vx!flhqwo| kljk > dqg Bu/ zh kdyh @o : 	@/ frpelqhg zlwk

wkh revhuydwlrq wkdw @sK 	 	@1

8 Plfurirxqgdwlrqv

Wkh suhylrxv vhfwlrqv rxwolqhg d vlpsoh prgho wr dqdo|}h wkh frvwv dqg ehqh�wv ri

lqyhvwphqw0edvhg dqg lqqrydwlrq0edvhg vwudwhjlhv dv d ixqfwlrq ri dq hfrqrp|*v glvwdqfh

49Qrwh dovr wkdw wkh vdph dujxphqw dv lq Sursrvlwlrq 8 dssolhv li zh zhuh wr frpsduh wkh odlvvh}0
idluh hfrqrp| wr wkh xqfrqvwudlqhg �uvw ehvw/ zkhuh wkh sodqqhu dovr frqwurov sulflqj ghflvlrqv1 Wkh
xqfrqvwudlqhg sodqqhu zrxog vhw prqrsro| glvwruwlrqv wr }hur/ vr � zrxog uhdfk lwv kljkhvw srvvleoh
ydoxh/ +4� �, @�/ dqg wkh sodqqhu zrxog kdyh d juhdwhu lqfhqwlyh wr fkrrvh dq lqyhvwphqw0edvhg vwudwhj|1
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wr wkh zruog whfkqrorj| iurqwlhu1 Wkh lpsruwdqw wudgh0r� zdv ehwzhhq h{sorlwlqj wkh

h{shulhqfh ri h{lvwlqj pdqdjhuv yv1 vhohfwlqj |rxqjhu pruh vnloohg pdqdjhuv ru pdqdjhuv

zkr pljkw eh ehwwhu pdwfkhg wr qhz wdvnv1 Dq lpsruwdqw hohphqw zdv wkh ihdwxuh wkdw

h{shulhqfhg pdqdjhuv fdq fduu| rxw juhdwhu lqyhvwphqwv +khqfh wkh whup �lqyhvwphqw0

edvhg vwudwhj|� iru wkh fdvh zkhuh h{shulhqfhg pdqdjhuv duh uh�qdqfhg,1 Wr vlpsoli|

wkh dqdo|vlv/ wklv dvshfw zdv lqwurgxfhg dv dq dvvxpswlrq1 Krzhyhu/ wkhuh lv d qdwxudo

uhdvrq iru zk| h{shulhqfhg pdqdjhuv zloo lqyhvw pruh lq wkh suhvhqfh ri prudo kd}dug=

lqfhqwlyh frpsdwlelolw| sureohpv uhvwulfw wkh vl}h ri lqyhvwphqwv/ dqg uhwdlqhg hduqlqjv

ri h{shulhqfhg pdqdjhuv uhod{ wkh fuhglw frqvwudlqwv lpsrvhg e| lqfhqwlyh sureohpv dqg

hqdeoh wkhp wr xqghuwdnh juhdwhu lqyhvwphqwv1

Lq wklv vhfwlrq/ zh eulh | rxwolqh zk|/ rqfh zh lqwurgxfh d fkrlfh ri surmhfw vl}h/ zh

vkrxog h{shfw h{shulhqfhg pdqdjhuv wr uxq odujh surmhfwv/ zkloh |rxqj pdqdjhuv uxq

vpdoo surmhfwv1 Wklv dqdo|vlv lv vrphzkdw pruh lqyroyhg wkdq wkh rqh lq wkh suhfhg0

lqj vhfwlrqv/ zklfk prwlydwhv rxu fkrlfh ri lpsrvlqj wklv gl�huhqwldo surmhfw vl}h dv dq

dvvxpswlrq iru wkh edvlf prgho1

Frqvlghu wkh vdph hfrqrp| dv deryh zlwk wkh nh| gl�huhqfh wkdw doo pdqdjhuv qrz

kdyh d fkrlfh ehwzhhq wzr surmhfw vl}hv= vpdoo dqg odujh1 Zh dvvxph wkdw vpdoo surmhfwv

frvw &| ED� ' �V 7�|3�/ zkloh odujh surmhfwv frvw &| ED� ' V 7�|3�1 Qh{w/ zh dovr doorz

h{shulhqfhg pdqdjhuv wr eh srwhqwldoo| pruh surgxfwlyh/ wkrxjk wkh uhvxowv dovr jr

wkurxjk hyhq zkhq wkh| duh htxdoo| surgxfwlyh dv lqh{shulhqfhg pdqdjhuv +exw lq wkdw

fdvh wkh lqyhvwphqw0edvhg vwudwhj| zrxog qrw eh dq htxloleulxp lq wkh devhqfh ri prudo

kd}dug/ qru zrxog lw hyhu eh fkrvhq e| wkh jurzwk0pd{lpl}lqj ru zhoiduh0pd{lpl}lqj

sodqqhuv,1 Pruh vshfl�fdoo|/ lq htxdwlrq +<,/ ohw r| ED�/ wkh surgxfwlylw| d pdqdjhu0�up

pdwfk/ eh jlyhq dv=

r| ED� '

;AA?AA=
	j li pdqdjhu@h{shulhqfhg dqg surmhfw@vpdoo
� li pdqdjhu@h{shulhqfhg dqg surmhfw@odujh
0	j li pdqdjhu@lqh{shulhqfhg dqg surmhfw@vpdoo
0 li pdqdjhu@lqh{shulhqfhg dqg surmhfw@odujh

zkhuh 	j 	 � dqg 0 � �/ l1h1/ 0 ' �/ wkh fdvh lq zklfk h{shulhqfhg dqg lqh{shulhqfhg

pdqdjhuv kdyh wkh vdph surgxfwlylw| lv doorzhg1 Wklv vhwxs wkhuhiruh lpsolhv wkdw

erwk surmhfw vl}h dqg pdqdjhuldo h{shulhqfh +�up0vshfl�f h{shulhqfh, frqwulexwh wr wkh

surgxfwlylw| ri wkh surmhfw +lq rwkhu zrugv/ wr dgydqfhv lq surgxfwlylw|,1 Pruhryhu/ zh

dvvxph wkdw

Bu# � V : 	jBu# � �Vc
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vr/ devhqw prudo kd}dug sureohpv/ hyhq zlwk orz0vnloo h{shulhqfhg pdqdjhuv lw zrxog

eh sur�wdeoh wr uxq odujhu surmhfwv1 Zlwkrxw wklv dvvxpswlrq/ orz0vnloo h{shulhqfhg

pdqdjhuv zrxog qhyhu uxq odujh surmhfwv1 Wkh uhvw ri wkh vhwxs lv xqfkdqjhg/ dqg iru

euhylw|/ khuh zh irfxv rq wkh fdvh zlwk prudo kd}dug1

Wr ghwhuplqh zkhwkhu |rxqj pdqdjhuv uxq vpdoo ru odujh surmhfwv/ zh qhhg wr frp0

sduh fdslwdolvwv* uhwxuqv iurp wkhvh wzr rswlrqv +lqglylgxdo udwlrqdolw| frqvwudlqwv ri

|rxqj pdqdjhuv duh vodfn zlwk erwk vpdoo dqg odujh surmhfwv,1 Frpsdulqj wkhvh uh0

wxuqv/ zh �qg wkdw fdslwdolvwv zloo fkrrvh wkh vpdoo surmhfw li=

E�� >� 0Bu E# n b�@|3��� V 	 E�� >� 0	jBu E# n b�@|3��� �V� +63,

Wkh ohiw0kdqg vlgh lv sur�wv iurp wkh odujh surmhfw/ pxowlsolhg e| ��> +vlqfh d iudfwlrq

> ri wkh sur�wv kdyh wr eh sdlg wr wkh pdqdjhu iru lqfhqwlyh frpsdwlelolw|,/ plqxv wkh

frvw ri wkh surmhfw1 Qrwlfh wkdw sur�wv duh pxowlsolhg e| 0/ zklfk fdswxuhv wkh idfw

wkdw |rxqj pdqdjhuv duh srwhqwldoo| ohvv surgxfwlyh1 Wkh uljkw0kdqg vlgh lv iru d vpdoo

surmhfw/ dqg sur�wv duh pxowlsolhg e| 0	j/ vlqfh qrz wkh pdqdjhu lv lqh{shulhqfhg dqg

lv uxqqlqj d vpdoo surmhfw1 Pruhryhu/ wkh surmhfw frvw lv pxowlsolhg e| �/ ehfdxvh wkh

surmhfw lv vpdoo1 Qrwlfh wkdw +63, fdq rqo| eh wuxh li � 	 	j/ wkdw lv li wkhuh duh ghfuhdvlqj

uhwxuqv wr vfdoh vr wkdw wkh frvwv ri wkh surmhfw lqfuhdvh idvwhu wkdq wkh uhwxuqv iurp wkh

odujhu vfdoh1 Wkxv/ zh duh lpsolflwo| dvvxplqj wkdw wkhuh duh ghfuhdvlqj uhwxuqv wr vfdoh

lq surmhfw vl}h1

Vlqfh wkh ohiw0kdqg vlgh ri +63, lqfuhdvhv lq @|3� ohvv wkdq wkh uljkw0kdqg vlgh/ wkhq

li +63, krogv iru @|3� ' �/ lw zloo krog iru doo @|3�1 Wr vlpsoli| wkh glvfxvvlrq/ zh qrz

lpsrvh wkh iroorzlqj frqglwlrq

E� � >� 0Bu E# n b��� V 	 E�� >� 0	jBu E# n b��� �Vc +64,

zklfk hqvxuhv wkdw +63, krogv iru @|3� ' �/ dqg / khqfh/ iru doo @|3�1 Dv d uhvxow/ zkhq

+64, krogv/ fdslwdolvwv zloo dozd|v fkrrvh wkh vpdoo surmhfw zlwk |rxqj pdqdjhuv1 Wklv

frqglwlrq lv vdwlv�hg li > lv vx!flhqwo| odujh +dv orqj dv � 	 	j,1

Qrz/ ohw xv orrn dw wkh fkrlfh ri surmhfw vl}h zlwk h{shulhqfhg pdqdjhuv1 Wr vlpsoli|

wkh glvfxvvlrq/ zh zloo lqwurgxfh dq dgglwlrqdo dvvxpswlrq/ vlplodu wr +53, deryh/ exw

vrphzkdw vwurqjhu=

�V 	
� n o

� n }
	j>Bu0# 	 V� +65,

Vlplodu wr rxu suhylrxv dvvxpswlrq +53,/ wklv frqglwlrq vwdwhv wkdw uhwdlqhg hduqlqjv duh

ohvv wkdq wkh frvw ri wkh odujh surmhfw1 Exw lw dovr uhtxluhv wkdw wkh| duh juhdwhu wkdq

wkh frvw ri wkh vpdoo surmhfw1
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Qh{w/ zh pxvw frpsduh wkh uhwxuq wr fdslwdolvwv iurp odujh dqg vpdoo surmhfwv zlwk

dq h{shulhqfhg orz0vnloo pdqdjhu1 Fdslwdolvwv suhihu wkh odujh surmhfw zlwk h{shulhqfhg

pdqdjhuv zkhq

E�� >� Bu# � Vn
� n o

� n }
	j>Bu0# : E�� >� 	jBu#� +66,

Wkh ohiw0kdqg vlgh lv fdslwdolvwv* sur�wv iurp d odujh surmhfw zlwk d orz0vnloo h{shulhqfhg

pdqdjhu/ Bu#/ wlphv ��> +vlqfh wklv iudfwlrq kdv wr eh sdlg wr wkh pdqdjhu iru lqfhqwlyh

frpsdwlelolw|,/ plqxv wkh gl�huhqfh ehwzhhq wkh frvw ri wkh surmhfw dqg wkh uhwdlqhg

hduqlqjv wkdw wkh pdqdjhu frqwulexwhv/ l1h1/ V � �no
�n}

	j>Bu0#1 Wkh uljkw0kdqg vlgh lv

vlpso| sur�wv iurp wkh vpdoo surmhfw wlphv � � >1 Wkh frvw ri wkh vpdoo surmhfw lv

�qdqfhg hqwluho| e| wkh pdqdjhu iurp uhwdlqhg hduqlqjv1

Zkhq dvvxpswlrqv +64,/ +65, dqg +66, duh vdwlv�hg/ |rxqj pdqdjhuv uxq vpdoo

surmhfwv zkloh h{shulhqfhg pdqdjhuv uxq odujh surmhfwv14: Lqwxlwlyho|/ fdslwdolvwv duh

glvfrxudjhg iurp �qdqflqj odujh surmhfwv ehfdxvh wkh irup ri wkh lqfhqwlyh frpsdwl0

elolw| sureohp +wkdw wkh pdqdjhu fdq dssursuldwh d iudfwlrq > ri wkh uhwxuqv, lpsolhv

juhdwhu sd|phqwv wr pdqdjhuv iurp odujhu surmhfwv1 Lqfhqwlyh sureohpv duh wkhuhiruh

lqwurgxflqj �fuhglw frqvwudlqwv/� dqg wkhvh frqvwudlqwv duh hvshfldoo| vhyhuh rq |rxqj

pdqdjhuv/ uhgxflqj wkhlu ohyho ri lqyhvwphqw1 Krzhyhu/ iru h{shulhqfhg pdqdjhuv wkhuh

lv d frxqwhuydlolqj h�hfw= wkhvh pdqdjhuv kdyh uhwdlqhg hduqlqjv/ dqg wkh| fdq xvh wkhvh

uhwdlqhg hduqlqjv wr ehdu sduw ri wkh frvw ri wkh surmhfw/ pdnlqj odujhu surmhfwv pruh

dwwudfwlyh iru fdslwdolvwv1 Lq rwkhu zrugv/ uhwdlqhg hduqlqjv uhod{ wkh �fuhglw frqvwudlqwv�

lqwurgxfhg e| wkh lqfhqwlyh sureohpv1

Qrwlfh wkdw prudo kd}dug wrjhwkhu zlwk fkrlfh ri surmhfw vl}h +dqg wkh dvvxpswlrqv

+64,/ +65,/ dqg +66,, lpsolhv h{dfwo| wkh frq�jxudwlrq zh lpsrvhg lq wkh suhylrxv vhf0

wlrqv= |rxqj pdqdjhuv uxq vpdoohu surmhfwv/ zkloh h{shulhqfhg pdqdjhuv uxq odujhu

4:Lw lv vwudljkwiruzdug wr yhuli| wkdw wkhvh wkuhh frqglwlrqv fdq eh hdvlo| vdwlv�hg1 Iru h{dpsoh/ wdnh
4.u
4.j

a���O%� $ �/ zklfk hqvxuhv erwk +65, dqg +66,/ dqg wkhq uhgxfh ! wr vdwlvi| +64,1
Lq dgglwlrq/ zh kdyh wr pdnh vxuh wkdw lw lv lq wkh lqwhuhvw ri wkh hqwuhsuhqhxu wr lqmhfw klv uh0

wdlqhg hduqlqjv1 Vlqfh wkh fdslwdolvw lv pdnlqj wkh r�hu/ wklv vlpso| uhtxluhv wkdw lqglylgxdo udwlrqdolw|
frqvwudlqw ri wkh hqwuhsuhqhxu lv vdwlv�hg/ ru lq rwkhu zrugv=

��O� �
4 . u

4 . j
a���O%� A zw @ +4��,��4"�

�

4�� dw=

zkhuh wkh ohiw0kdqg vlgh lv wkh qhw uhwxuq iurp uxqqlqj wkh odujh surmhfw/ wdnlqj lqwr dffrxqw wkh frvwv/
dqg wkh uljkw0kdqg vlgh lv wkh uhwxuq iurp txlwwlqj dqg zrunlqj iru wkh pdunhw zdjh1 Dv xvxdo/ zh
dvvxph wkdw wklv lqglylgxdo udwlrqdolw| frqvwudlqw lv vdwlv�hg/ zklfk djdlq uhtxluhv � wr eh odujh hqrxjk1

65



surmhfwv dqg/ hyhu|wklqj hovh htxdo/ wkh| jhqhudwh pruh uhyhqxhv1 Wklv lqglfdwhv wkdw

wkh uhvxowv khuh zloo eh yhu| vlplodu wr wkrvh lq wkh suhylrxv vhfwlrqv1 Lq idfw/ wkh| duh

lghqwlfdo1

Wr vhh wklv/ gh�qh j � 0	j/ dqg wkh frpsdulvrq ehwzhhq �qdqflqj d |rxqj pdqdjhu

dqg d orz0vnloo h{shulhqfh pdqdjhu erlov grzq wr wkh frpsdulvrq ri +54, dqg +55,/ dqg

|lhogv wkh fulwlfdo wkuhvkrog ri +56, dv lq Vhfwlrq 51

Sursrvlwlrq 9 Lq wkh hfrqrp| zlwk surmhfw vl}h fkrlfh dqg prudo kd}dug/ dv orqj

dv frqglwlrqv +64,/ +65, dqg +66, duh vdwlv�hg/ wkh htxloleulxp lv lghqwlfdo wr wkdw lq

Sursrvlwlrq 5 zlwk j � 0	j1

Wkhuhiruh/ wklv h{whqghg prgho jlyhv h{dfwo| wkh vdph uhvxowv dv rxu edvlf prgho lq

Vhfwlrq 51 Lq wkh uhvw ri wkh sdshu/ zh zrun zlwk wkh vlpsohu prgho ri Vhfwlrq 51

9 Srolf|/ dssursuldwh lqvwlwxwlrqv dqg srolwlfdo hfrqrp| wudsv

Wkh dqdo|vlv vr idu hvwdeolvkhg wkdw=

41 Wkh htxloleulxp doorfdwlrq/ wkh jurzwk0pd{lpl}lqj doorfdwlrq dqg wkh vrfldo rs0

wlpxp doo lqyroyh dq lqyhvwphqw0edvhg uhjlph zlwk kljk lqyhvwphqw dqg orqj0

whup uhodwlrqvklsv/ iroorzhg e| dq lqqrydwlrq0edvhg uhjlph zlwk orzhu lqyhvwphqw/

vkruwhu uhodwlrqvklsv/ |rxqjhu �upv dqg pruh vhohfwlrq1

51 Xqohvv lqfhqwlyh2fuhglw pdunhw sureohpv duh vx!flhqwo| vhyhuh dqg wkh hfrqrp|

lv kljko| qrq0frpshwlwlyh/ wkh htxloleulxp vzlwfk wr dq lqqrydwlrq0edvhg vwudwhj|

zloo kdsshq wrr vrrq1 Lq rwkhu zrugv/ hfrqrplhv iduwkhu dzd| iurp wkh iurqwlhu

pljkw kdyh d whqghqf| wr �lqyhvw wrr olwwoh� dqg jurz �wrr vorzo|�1

Wkhvh revhuydwlrqv udlvh wkh srvvlelolw| ri xvhixo srolf| lqwhuyhqwlrqv dorqj wkh olqhv

vxjjhvwhg e| Jhuvfkhqnurq= uhodwlyho| edfnzdug hfrqrplhv lqwhuyhqlqj wr lqfuhdvh lq0

yhvwphqw lq rughu wr hqvxuh idvwhu dgrswlrq ri whfkqrorjlhv dqg ghyhorsphqw1 Lq wklv

vhfwlrq/ zh glvfxvv srvvleoh srolflhv wr irvwhu jurzwk/ krz wkh| fdq eh lqwhusuhwhg dv

fruuhvsrqglqj wr �dssursuldwh lqvwlwxwlrqv� iru frxqwulhv dw gl�huhqw vwdjhv ri ghyhors0

phqw/ dqg krz srolwlfdo hfrqrp| frqvlghudwlrqv pljkw wxuq dssursuldwh lqvwlwxwlrqv lqwr

�lqdssursuldwh lqvwlwxwlrqv� wkdw jhqhudwh wudsv1
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914 Srolf| dqg dssursuldwh lqvwlwxwlrqv

Frqvlghu dq htxloleulxp doorfdwlrq zlwk @o E>c B� 	 @sK1 D srolf| lqwhuyhqwlrq wkdw hq0

frxudjhv juhdwhu lqyhvwphqw zloo lqfuhdvh zhoiduh dqg jurzwk ryhu d fhuwdlq udqjh1 Wkhuh

duh d qxpehu ri gl�huhqw srolflhv wkdw fdq eh xvhg iru wklv sxusrvh1 Suredeo| wkh prvw

vwudljkwiruzdug lv dq lqyhvwphqw vxevlg|/ zklfk pljkw wdnh wkh irup ri gluhfw vxevlglhv

ru suhihuhqwldo ordqv dw orz lqwhuhvw udwhv hwf11 Lpdjlqh wkh jryhuqphqw vxevlgl}lqj d

iudfwlrq r ri wkh frvw ri lqyhvwphqw1 Li r lv fkrvhq dssursuldwho|/ wkh hfrqrp| fdq eh

lqgxfhg wr vzlwfk iurp dq lqyhvwphqw0edvhg vwudwhj| wr dq lqqrydwlrq0edvhg vwudwhj|

h{dfwo| dw @sK ru +dw 	@/ ghshqglqj rq wkh sxusrvh ri srolf|,1 Dowhuqdwlyho|/ wkh jry0

huqphqw frxog xvh lqyhvwphqw vxevlglhv rqo| iru h{lvwlqj �upv/ zlwk vlplodu uhvxowv1 Dq

dgglwlrqdo uroh ri lqyhvwphqw vxevlglhv lv wkdw wkh| zrxog uhgxfh @?}/ wkh vwdjqdwlrq

wkuhvkrog/ wkxv pdnlqj vwdjqdwlrq ohvv olnho|1

Lqyhvwphqw vxevlglhv duh gl!fxow wr lpsohphqw/ krzhyhu/ hvshfldoo| lq uhodwlyho| edfn0

zdug hfrqrplhv zkhuh wd{ uhyhqxhv duh vfdufh1 Ixuwkhupruh/ lw pd| eh gl!fxow iru wkh

jryhuqphqw wr revhuyh h{dfwo| wkh ohyho ri lqyhvwphqw pdgh e| �upv1 Iru wklv uhdvrq/

lq pxfk ri wkh glvfxvvlrq zh irfxv rq dqrwkhu srwhqwldo srolf| lqvwuxphqw zklfk d�hfwv

wkh htxloleulxp wkuhvkrog @o E>c B�/ wkh h{whqw ri dqwl0frpshwlwlyh srolflhv/ vxfk dv hqwu|

eduulhuv/ phujhu srolflhv hwf11 Qhyhuwkhohvv/ doo ri wkh glvfxvvlrq dssolhv wr lqyhvwphqw

vxevlglhv iru doo ru rqo| h{lvwlqj �upv1

Dqwl0frpshwlwlyh srolflhv duh fdswxuhg e| wkh sdudphwhu � lq rxu prgho/ dqg uhfdoo

wkdw B lv prqrwrqlfdoo| lqfuhdvlqj lq �1 Wkxv kljk ydoxhv ri � ru B fruuhvsrqg wr d

ohvv frpshwlwlyh hqylurqphqw1 Vwduwlqj iurp d vlwxdwlrq zkhuh @o E>c B� 	 @sK/ srolflhv

wkdw uhvwulfw frpshwlwlrq zloo forvh wkh jds ehwzhhq wkh htxloleulxp wkuhvkrog dqg wkh

vrfldo rswlpxp +ru wkh jurzwk0pd{lpl}lqj srlqw,1 Dowkrxjk uhvwulfwlqj frpshwlwlrq

fuhdwhv vwdwlf orvvhv/ lq wkh devhqfh ri ihdvleoh wd{2vxevlg| srolflhv wklv pd| eh wkh ehvw

rswlrq dydlodeoh iru hqfrxudjlqj idvwhu jurzwk dqg whfkqrorjlfdo frqyhujhqfh1 Vlplodu

wr lqyhvwphqw vxevlglhv/ d kljkhu B +ru d kljkhu �, dovr uhgxfhv @?} E>c B� dqg wkh udqjh

ri vwdjqdwlrq1

Wkh vlwxdwlrq zkhuh wkh jryhuqphqw fkrrvhv d ohvv frpshwlwlyh lqvwlwxwlrqdo hqylurq0

phqw lq d uhodwlyho| edfnzdug hfrqrp| lq rughu wr hqfrxudjh pruh lqyhvwphqw/ orqj0whup

uhodwlrqvklsv dqg idvwhu whfkqrorjlfdo frqyhujhqfh lv uhplqlvfhqw wr Jhuvfkhqnurq*v dqdo0

|vlv1 Dssursuldwh lqvwlwxwlrqv iru uhodwlyho| edfnzdug hfrqrplhv pd| wkhq eh wkrxjkw

wr fruuhvsrqg wr wkrvh wkdw fuhdwh d ohvv frpshwlwlyh dqg shukdsv �pruh uljlg� hqylurq0

phqw/ dqg hqfrxudjh orqjhu0whup uhodwlrqvklsv dqg juhdwhu lqyhvwphqw1 Wklv lv dovr/ lq
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vrph vhqvh/ vlplodu wr wkh idprxv �lqidqw0lqgxvwu|� dujxphqwv wkdw fdoo iru surwhfwlrq

dqg jryhuqphqw vxssruw iru lqgxvwulhv dw hduo| vwdjhv ri ghyhorsphqw1

Exw rxu dqdo|vlv dovr uhyhdov wkdw vxfk lqvwlwxwlrqv2srolflhv olplwlqj frpshwlwlrq/ dqg

vlploduo| lqyhvwphqw vxevlglhv/ duh kdupixo iru hfrqrplhv forvhu wr wkh zruog whfkqrorj|

iurqwlhu1 Dssursuldwh lqvwlwxwlrqv iru hduo| vwdjhv ri ghyhorsphqw duh lqdssursuldwh iru

dq hfrqrp| forvh wr wkh zruog whfkqrorj| iurqwlhu1 Wkhuhiruh/ dq| hfrqrp| wkdw dgrswv

vxfk lqvwlwxwlrqv pxvw wkhq dedqgrq wkhp dw vrph srlqw> rwkhuzlvh/ lw zloo hqg xs lq d

qrq0frqyhujhqfh wuds1

D vhtxhqfh ri rswlpdo srolflhv zkhuhe| fhuwdlq lqwhuyhqwlrqv duh �uvw dgrswhg dqg

wkhq dedqgrqhg udlvhv lpsruwdqw srolwlfdo hfrqrp| frqvlghudwlrqv/ krzhyhu1 Jurxsv

wkdw ehqh�w iurp dqwl0frpshwlwlyh srolflhv zloo ehfrph ulfkhu zkloh wkhvh srolflhv duh

lpsohphqwhg/ dqg zloo rssrvh wkh fkdqjh lq srolf|1 Wr wkh h{whqw wkdw hfrqrplf srzhu

ex|v srolwlfdo srzhu/ wkh| zloo eh txlwh lq xhqwldo lq rssrvlqj vxfk fkdqjhv1 Wkhuhiruh/

wkh lqwurgxfwlrq ri dssursuldwh lqvwlwxwlrqv wr irvwhu jurzwk dovr udlvhv wkh srvvlelolw|

ri �srolwlfdo hfrqrp| wudsv�/ zkhuh fhuwdlq jurxsv rssrvh wkh fkdqjh lq srolf|/ dqg wkh

hfrqrp| hqgv xs lq d qrq0frqyhujhqfh wuds ehfdxvh/ dw hduo| vwdjhv ri ghyhorsphqw/ lw

dgrswhg dssursuldwh lqvwlwxwlrqv1

Zh qrz exlog d vlpsoh srolwlfdo hfrqrp| prgho zkhuh vshfldo lqwhuhvw jurxsv/ gh0

shqglqj rq wkh hfrqrplf srzhu/ pd| fdswxuh srolwlfldqv1 Rxu edvlf srolwlfdo0hfrqrp|

prgho lv d vlpsol�hg yhuvlrq ri wkh vshfldo0lqwhuhvw0jurxs prgho ri Jurvvpdq dqg Khos0

pdq +4<<:/ 5334, frpelqhg zlwk rxu jurzwk vhwxs1

915 Srolwlfdo hfrqrp| wudsv

Vxssrvh wkdw frpshwlwlrq srolf| +wkh �lqvwlwxwlrqdo� hqylurqphqw,/ � / lv ghwhuplqhg lq

hdfk shulrg e| d srolwlfldq +ru jryhuqphqw, zkr fduhv derxw wkh fxuuhqw zhoiduh ri olylqj

djhqwv/ exw lv dovr vhqvlwlyh wr eulehv�ru fdpsdljq frqwulexwlrqv1 Iru wudfwdelolw|/ zh

dgrsw d yhu| vlpsoh vhwxs= srolwlfldqv dw wlph | fdq eh eulehg wr d�hfw srolflhv dw wlph

|n�1 Wkh srolwlfldq*v sd|0r� lv htxdo wrM�|3�/ zkhuhM : f/ li vkh ehkdyhv krqhvwo| dqg

fkrrvhv wkh srolf| wkdw pd{lpl}hv fxuuhqw frqvxpswlrq +l1h1/ wkh sodqqhu grhv qrw kdyh

d orqj krul}rq,/ dqg wr �| rwkhuzlvh/ zkhuh � ghqrwhv d prqhwdu| euleh wkh srolwlfldq

pljkw uhfhlyh lq rughu wr sxuvxh d gl�huhqw vwudwhj|1 Wkh xwlolw| ri sxuvxlqj wkh uljkw

srolf| lv dvvxphg wr eh olqhduo| lqfuhdvlqj lq �|3� lq rughu wr hqvxuh vwdwlrqdu| srolflhv

lq htxloleulxp/ vlqfh eulehv zloo eh lqfuhdvlqj lq �/ dqg wkh wlplqj vwuxfwxuh vlpsol�hv

wkh dojheud ehorz1
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Lq wklv irupxodwlrq/ wkh sdudphwhu M pd| eh lqwhusuhwhg dv d phdvxuh ri wkh djjuh0

jdwh zhoiduh frqfhuqv ri srolwlfldqv ru/ pruh lqwhuhvwlqjo|/ dv wkh txdolw| ri wkh v|vwhp

ri fkhfn0dqg0edodqfhv wkdw olplw wkh delolw| ri vshfldo lqwhuhvw jurxsv wr fdswxuh srolwl0

fldqv1 Zh zloo uhihu wr M dv wkh krqhvw| sdudphwhu ri srolwlfldqv1 Zkhq M lv juhdwhu/

wkh srolwlfdo v|vwhp lv ohvv fruuxswleoh1 Wklv irupxodwlrq lv vlplodu wr wkdw lq Jurvvpdq

dqg Khospdq +4<<:/ 5334,/ exw vlpsohu vlqfh lq wkhlu irupxodwlrq/ wkh xwlolw| wkdw wkh

srolwlfldq jhwv iurp dgrswlqj ydulrxv srolflhv lv d frqwlqxrxv ixqfwlrq ri wkh glvwdqfh

iurp wkh lghdo srolf|1 Dv lq wkhlu vhwxs/ wkh srolwlfldq lv dvvxphg wr kdyh shuihfw frp0

plwphqw wr gholyhu wkh frpshwlwlrq srolf| surplvhg wr dq lqwhuhvw jurxs lq uhwxuq iru

eulehv1

\rxqj djhqwv kdyh qr zhdowk/ vr wkh| fdqqrw euleh srolwlfldqv1 Zh dovr dvvxph wkdw

rqo| fdslwdolvwv fdq rujdql}h dv lqwhuhvw jurxsv/ vr wkh rqo| jurxs zlwk wkh fdsdelolw| wr

euleh srolwlfldqv duh pdwxuh fdslwdolvwv14;

Wr vlpsoli| wkh dqdo|vlv ixuwkhu/ zh dvvxph wkdw wkh lqvwlwxwlrqdo fkrlfh idflqj wkh

srolwlfldq lv ehwzhhq wzr srolflhv/ orz dqg kljk frpshwlwlrq/ ru ehwzhhq �frpshwlwlyh�

dqg �dqwl0frpshwlwlyh� srolflhv/ l1h1/ �| 5
�
�c 7�

�
zkhuh k3� � 7� : ��Zh vhw/ e| dqdorj|/

B| ' E�| � ���
3

�

�3k

| 5 iBc Bj dqg l | ' E�| � k��
3

�

�3k

| *k 5 ilc lj1 Wkh dvvxpswlrq wkdw

� lv d glvfuhwh udwkhu wkdq d frqwlqxrxv fkrlfh yduldeoh lv uhdvrqdeoh/ vlqfh wkh delolw|

ri wkh srolwlfldqv wr �qh0wxqh lqvwlwxwlrqv lv riwhq olplwhg +l1h1/ wkh| fdq hlwkhu lpsrvh

hqwu| eduulhuv ru qrw/ hwf1,1

Zh vwduw rxu dqdo|vlv e| fkdudfwhul}lqj wkh srolf| wkdw zrxog eh fkrvhq e| dq krqhvw

srolwlfldq zkr zloo qhyhu eh lq xhqfhg e| eulehv +l1h1/ M ' 4,1 Iluvw/ qrwh wkdw wkh

krqhvw srolwlfldq zloo dozd|v fkrrvh frpshwlwlyh srolflhv +� ' �c B ' B, iru @|3� �

@o E>c B�/ vlqfh ryhu wklv udqjh/ hyhq zlwk uhodwlyho| kljk frpshwlwlrq wkhuh lv uh�qdqflqj/

l1h1/ -| ' �/ vr dqwl0frpshwlwlyh srolflhv zrxog vlpso| fuhdwh vwdwlf glvwruwlrqv zlwkrxw

d�hfwlqj htxloleulxp uh�qdqflqj ghflvlrqv1

Zloo dq krqhvw srolwlfldq fkrrvh dqwl0frpshwlwlyh srolflhv iru dq| @ : @o E>c B�B Lq

wklv udqjh/ dqwl0frpshwlwlyh srolflhv pd| fuhdwh d wudgh0r�= wkh| ohdg wr prqrsro| sulfh

glvwruwlrqv/ exw wkh| pd| hqfrxudjh wkh lqyhvwphqw0edvhg vwudwhj|/ zklfk iru @ 	 @6sK/

|lhogv juhdwhu fxuuhqw frqvxpswlrq wkdq wkh lqqrydwlrq0edvhg vwudwhj|/ zkhuh @6sK lv

gh�qhg e| +5<,1 Lw lv vwudljkwiruzdug wr yhuli| wkdw wkh krqhvw srolwlfldq zloo fkrrvh

dqwl0frpshwlwlyh srolflhv li dqg rqo| li @|3� � @�6c zkhuh @�6 lv vxfk wkdw=4<

4;Wkh txdolwdwlyh uhvxowv zrxog qrw fkdqjh li zh doorzhg pdwxuh pdqdjhuv wr frqwulexwh wr wkh dqwl0
frpshwlwlyh oree|1

4<dzp lv ghulyhg e| htxdwlqj frqvxpswlrq xqghu +l, uh�qdqflqj dqg orz frpshwlwlrq/ ��> dqg +ll, qr
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� � +67,

Wkxv @�6 lv wkh wkuhvkrog ri wkh glvwdqfh wr iurqwlhu vxfk wkdw orz frpshwlwlrq dqg

-| ' � jlyh wkh vdph ohyho ri fxuuhqw frqvxpswlrq dv juhdwhu frpshwlwlrq dqg -| ' f1

Krqhvw srolwlfldqv zloo suhihu orz frpshwlwlrq zkhq @ 5 d@o E>c B� c @�6o/ zkhq wklv vhw lv

qrqhpsw|1 Wkh uhdvrq zk| dqwl0frpshwlwlyh srolflhv fhdvh wr eh ghvludeoh zkhq @ : @�6

lv wkdw wkh ehqh�wv iurp wkhvh srolflhv ghfolqh dv wkh hfrqrp| jhwv forvhu wr wkh iurqwlhu1

Qh{w frqvlghu wkh frpshwlwlrq srolf| vhw e| d srolwlfldq zkr uhvsrqgv wr eulehv +l1h1/

M �qlwh,1 Fohduo|/ fdslwdolvwv dozd|v suhihu orz wr kljk frpshwlwlrq/ dv wklv lqfuhdvhv

wkhlu sur�wv1 Ohw �`
| � �` E@|3�� 7�|3� ghqrwh wkh pd{lpxp euleh wkdw fdslwdolvwv

duh zloolqj wr sd| lq rughu wr lqgxfh dqwl0frpshwlwlyh srolflhv/ �| ' �c udwkhu wkdq

frpshwlwlyh srolflhv/ �| ' � 	 �153

Zh dvvxph wkdw djhqwv fdqqrw eruurz wr sd| eulehv/ vr wkh dprxqw ri eulehv wkdw

wkh| fdq sd| zloo eh dovr olplwhg e| wkhlu fxuuhqw lqfrph1 Wklv dvvxpswlrq lqwurgxfhv

wkh olqn ehwzhhq hfrqrplf srzhu dqg srolwlfdo srzhu lq rxu frqwh{w= ulfkhu djhqwv fdq

sd| juhdwhu eulehv dqg kdyh d juhdwhu lq xhqfh rq srolf|1 Ohw ��
| � �� EB|3�c @|3�� 7�|3�

ghqrwh wkh pd{lpxp euleh wkdw wkh| fdq sd|/ zkhuh B|3� 5 dBc 7Bo zdv wkh ohyho ri

frpshwlwlrq dw gdwh |� �1 Lw lv htxdo wr wkh sur�wv jhqhudwhg e| |rxqj �upv lq shulrg

|� � wkdw dffuxhv wr fdslwdolvwv=

�� EB|3�c @|3�� ' B|3� E� � >�j Eu# n b�@|3��� �V� +68,

Wkh pd{lpxp eulehv fdslwdolvwv zloo sd| duh wkhuhiruh=

� EB|3�c @|3�� ' 4�?


�` E@|3�� c �

� EB|3�c @|3��
�
�

uh�qdqflqj dqg kljk frpshwlwlrq/ �= Irupdoo|/ zh vhw=

��O

�
4 . �

5
+� . ��dzp,

�
�

4 . !

5
� @ �O

4

5
++� . � . +4� �,�, � . +4 . � . +4� �,�,��dzp,�

�. ! +5� �,

5
�>

Vlpsoli|lqj wklv h{suhvvlrq jlyhv +67,1
53Ohw U +�> d, 5 i3> 4j ghqrwh wkh uh�qdqflqj ghflvlrq frqglwlrqdo rq wkh srolf| � dqg glvwdqfh iurp

iurqwlhu d1 Wkhq/ wkh pd{lpxp euleh wkdw fdslwdolvwv duh zloolqj wr sd| lv jlyhq e|

EZ +d, @
�
�
�
4�U

�
�> d

��
� � +4�U +�> d,,

�
+4� �,O ++� . +4� �,�, � . +4 . +4� �,�,��d, .�

�U
�
�> d

�
� �U +�> d,

�
+4� �,O +� . ��d,�

�
U
�
�> d

�
�U +�> d,

�
+4� +�. +4� �,!,,�=

Lw fdq eh vkrzq wkdw EZ +d, @d lv d frqwlqxrxvo| ghfuhdvlqj ixqfwlrq ri d=
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Zh irfxv rq hfrqrplhv zkhuh fdslwdolvwv duh fuhglw frqvwudlqhg lq wkh udqjh ri lqwhu0

hvw1 Vx!flhqwo| vpdoo ydoxhv ri j jxdudqwhh wkdw wklv lv wkh fdvh1 Wkxv/ iurp qrz rq/

� EB|3�c @|3�� ' �� EB|3�c @|3��1 Wklv lv lq wkh vslulw ri fdswxulqj wkh qrwlrq wkdw hfr0

qrplf dqg srolwlfdo srzhu duh uhodwhg1 Li fdslwdolvwv zhuh qrw fuhglw frqvwudlqhg/ wklv

olqn zrxog eh devhqw1

Dv orqj dv @|3� *5 d@o E>c B� c @�6o/ l1h1/ dv orqj dv wkh srolwlfldq grhv qrw zdqw wr fkrrvh

wkh dqwl0frpshwlwlyh srolf|/ �/ iru zhoiduh0pd{lpl}lqj uhdvrqv/ vkh zloo eh lqgxfhg wr

fkdqjh wkh srolf| wr � li dqg rqo| li eulehv duh vx!flhqw wr fryhu wkh glvkrqhvw| frvw/

M�|3�/ ru li dqg rqo| li=

��EB|3�c @|3�� � M@|3��

Xvlqj +68,/ zh fdq uhzulwh wklv lqhtxdolw| dv

B|3� E� � >�ju E# n b�@|3��� �V � M@|3�� +69,

Zh gh�qh @u dqg @M dv wkh xqltxh ydoxhv ri @|3� vxfk wkdw +69, krogv zlwk htxdolw| iru/

uhvshfwlyho|/ B|3� ' 7B dqg B|3� ' B1 Zh wkxv kdyh=

@u �
7B E�� >� ju# � �V

M � b�7B E� � >�ju
dqg @M �

B E� � >�ju# � �V

M � b�B E�� >�ju
�

Wkh srolwlfldqv zloo eh eulehg wr pdlqwdlq wkh dqwl0frpshwlwlyh srolf|/ �/ dv orqj dv

@|3� � @u1 Vlploduo|/ wkh| zloo eh eulehg wr vzlwfk iurp frpshwlwlyh wr wkh dqwl0

frpshwlwlyh srolflhv zkhq @|3� � @M 1

Lw lv lpphgldwh wr vhh wkdw @u : @M/ vlqfh fdslwdolvwv pdnh juhdwhu sur�wv zlwk orz

frpshwlwlrq dqg kdyh juhdwhu ixqgv wr euleh srolwlfldqv1 Wklv irupdol}hv wkh lghd wkdw

rqfh fdslwdolvwv ehfrph hfrqrplfdoo| pruh srzhuixo/ wkh| duh pruh olnho| wr vhfxuh wkh

srolf| wkdw wkh| suhihu1 Qrwh wkdw erwk fxw0r�v/ @u dqg @M / duh ghfuhdvlqj ixqfwlrqv ri

M/ zklfk fdswxuhv wkh idfw wkdw pruh krqhvw srolwlfldqv zloo eh kdughu wr frqylqfh wr

sxuvxh wkh srolf| suhihuuhg e| fdslwdolvwv1

Iljxuh 6 KHUH

Qrz frqvlghu Iljxuh 6154 Iru @ � @M / wkh srolwlfldq lv vxffhvvixoo| eulehg dqg dqwl0

frpshwlwlyh srolflhv suhydlo1 Li @ � @uc wkhuh lv qr euleh/ dqg wkh srolwlfldq fkrrvhv wkh

54Iljxuh 6 xvhv d sdudphwhu frq�jxudwlrq vxfk wkdw dK ? du +�> �, ? dzp ? dO/ zkloh Iljxuh 7
dvvxphv dK ? du +�> �, ? dwuds ? dO1 Lw lv vwudljkwiruzdug frqvwuxfw qxphulfdo h{dpsohv zlwk sodxvleoh
sdudphwhuv zkhuh dK ? du +�> �, ? dzp ? dwuds ? dO/ wkxv vdwlvi|lqj erwk sdudphwhu frq�jxudwlrqv1
Ghwdlov duh dydlodeoh xsrq uhtxhvw1
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zhoiduh0pd{lpl}lqj srolf|1 Ilqdoo|/ li @ 5 E@Mc @u� c wkh rxwfrph lv klvwru|0ghshqghqw1 Li

frpshwlwlrq lv lqlwldoo| orz/ fdslwdolvwv hqmr| juhdwhu prqrsro| sur�wv dqg duh vx!flhqwo|

zhdowk| wr vxffhvvixoo| oree| wr pdlqwdlq wkh dqwl0frpshwlwlyh srolflhv1 Li frpshwlwlrq

lv lqlwldoo| kljk/ fdslwdolvwv gr qrw pdnh dv pxfk sur�wv dqg gr kdyh qrw hqrxjk ixqgv

wr ex| srolwlfldqv/ vr wkhuh lv qr h�hfwlyh oree|lqj dfwlylw|/ dqg htxloleulxp srolflhv duh

frpshwlwlyh1

Qh{w frqvlghu wkh hyroxwlrq ri dq hfrqrp| zlwk lqlwldo ohyho ri whfkqrorj| @f vdwlvi|lqj

@f 	 @M1 Luuhvshfwlyh ri sdvw frpshwlwlrq srolflhv/ wkh fdslwdolvw oree| lv zhdowk| hqrxjk

wr ex| wkh dqwl0frpshwlwlyh srolf| 7� +7B,1 Lq hduolhu vwdjhv ri ghyhorsphqw +@ 	 	@,/ wkh

rqo| h�hfw ri wkh oree|lqj dfwlylw| lv d vwdwlf glvwruwlrq wkdw uhgxfhv frqvxpswlrq/ exw

lw kdv qr h�hfw rq lqqrydwlrq dqg jurzwk1 Lq vrph lqwhuphgldwh vwdjh ri ghyhorsphqw

zkhuh @ 5 E@o E>c B� c 	@�/ wkh dqwl0frpshwlwlyh srolf| dfwxdoo| ehfrphv jurzwk0hqkdqflqj1

Zkhq @ 5
�
	@c @o

�
>c 7B

��
c krzhyhu/ wkh lqgxvwuldo srolf| uhvxowlqj iurp oree|lqj dfwlylwlhv

lv kdupixo iru jurzwk/ dv zhoo dv uhgxflqj wkh ohyho ri frqvxpswlrq wkurxjk wkh vwdwlf glv0

wruwlrq1 Jurzwk vorzgrzqv dqg wkh hfrqrp| pd| hyhq jhw vwxfn lqwr d qrq0frqyhujhqfh

wuds1

Zh uhihu wr wklv fdvh dv d �srolwlfdo hfrqrp| wuds�/ vlqfh wkh uhdvrq zk| wkh qrq0

frqyhujhqfh wuds hphujhv lv wkh delolw| ri wkh fdslwdolvw oree| wr euleh srolwlfldqv1 Frq0

vlghu dq hfrqrp| vwduwlqj dw vrph ohyho @f 	 @Mc vxfk wkdw wkh fdslwdolvwlf oree| fdq

lqlwldoo| euleh srolwlfldqv1 Wzr frqglwlrqv duh vx!flhqw iru d srolwlfdo hfrqrp| wuds wr

dulvh=

41

B 	 BWE>� 	 Bc +6:,

zkhuh/ uhfdoo/ BWE>� zdv gh�qhg dv wkh fxw0r� frpshwlwlrq ohyho vxfk wkdw @o E>c B
W E>�� '

@|o@R gh�qhg lq +5;,1 Xqghu wklv dvvxpswlrq/ wkh dqwl0frpshwlwlyh srolf|/ �/ ohdgv

wr d qrq0frqyhujhqfh wuds/ zkhuh orz0vnloo pdqdjhuv duh dozd|v uh�qdqfhg dqg wkh

hfrqrp| sxuvxhv dq lqyhvwphqw0edvhg vwudwhj|1 Wkh frpshwlwlyh srolf|/ �c zrxog

kdyh lqvwhdg hqvxuhg frqyhujhqfh wr wkh zruog whfkqrorj| iurqwlhu1

51

@|o@R 	 @uc +6;,

Wklv frqglwlrq lpsolhv wkdw zkhq wkh hfrqrp| uhdfkhv @|o@Rc dqg frqyhujhqfh frphv

wr d kdow/ wkh dqwl0frpshwlwlyh oree| frqwlqxhv wr suhyhqw wkh fkdqjh ri srolf| wkdw

zrxog eh qhfhvvdu| wr lqgxfh ixuwkhu frqyhujhqfh1
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Wkhvh wzr frqglwlrqv/ +6:, dqg +6;,/ duh pruh olnho| wr eh vdwlv�hg zkhq M lv orz/

l1h1/ zkhq wkh srolwlfdo v|vwhp lv pruh fruuxswleoh1 Wkhuhiruh/ srolwlfdo hfrqrp| wudsv

duh pruh olnho| lq vrflhwlhv zlwk zhdn srolwlfdo lqvwlwxwlrqv/ dqg vxfk lqvwlwxwlrqv pljkw

kdyh wr eh pruh fduhixo lq sxuvxlqj jryhuqphqw lqwhuyhqwlrqv1

Iljxuh 7 KHUH

Iljxuh 7 ghvfulehv krz wkh wuds dulvhv gldjudppdwlfdoo|1 Wkh srolf| fkrlfh lv hqgrjh0

qrxv/ dqg wkh oree|lqj dfwlylw| lpsolhv orz frpshwlwlrq iru doo @ � @u� Li wkh hfrqrp|

hyhu uhdfkhg d vwdwh @ ' @u/ lw zrxog vzlwfk wr kljk frpshwlwlrq dqg dq lqqrydwlrq0edvhg

vwudwhj|/ dqg zrxog hyhqwxdoo| dwwdlq ixoo frqyhujhqfh wr wkh zruog whfkqrorj| iurqwlhu1

Exw wklv vwdjh lv qhyhu uhdfkhg vlqfh frqyhujhqfh vwrsv dw @ ' @|o@R 	 @u1

Dqrwkhu/ srvvleo| pruh lqwhuhvwlqj/ fdvh lv zkhq wkh hfrqrp| vwduwv zlwk @f 5

E@Mc @o E>c B�� dqg � ' �/ l1h1/ frpshwlwlrq lv kljk1 Lq wklv fdvh/ fdslwdolvwv gr qrw

lqlwldoo| kdyh hqrxjk ixqgv wr euleh srolwlfldqv wr uhgxfh frpshwlwlrq1 Wkxv/ zlwkrxw

d fkdqjh lq frpshwlwlrq srolf|/ wkh fdslwdolvw oree| zloo qhyhu eh h�hfwlyh1 Krzhyhu/

dv orqj dv @�6 : @o E>c B�/ zkhq @ lqfuhdvhv deryh @o E>c B�/ srolwlfldqv zloo fkrrvh wr

uhgxfh frpshwlwlrq lq rughu wr fuhdwh zhoiduh jdlqv iru wkh flwl}hqv1 Rqfh frpshwlwlrq lv

uhgxfhg/ fdslwdolvwv ehfrph ulfkhu/ dqg qrz wkh| kdyh hqrxjk ixqgv wr vxffhvvixoo| euleh

srolwlfldqv wr nhhs frpshwlwlrq orz1 Wklv fdvh/ wkhuhiruh/ looxvwudwhv krz d zhoo0phdqlqj

+exw vkruwvljkwhg, dwwhpsw wr lqwurgxfh dssursuldwh lqvwlwxwlrqv pd| ohdg wr d srolwlfdo

hfrqrp| wuds1

Ilqdoo|/ qrwh dovr wkdw zkhq @M 	 @|o@R/ d whpsrudu| lpsuryhphqw lq srolf| pljkw

kdyh orqj0uxq srolf| dqg hfrqrplf ehqh�wv1 Lq sduwlfxodu/ li wkh dgyhuvh h�hfwv ri

oree|lqj dfwlylw| frxog eh suhyhqwhg iru hyhq mxvw rqh shulrg +h1j1/ e| wkh hohfwlrq

ri dq h{fhswlrqdoo| krqhvw srolwlfldq,/ wkh hfrqrp| frxog hvfdsh iurp wkh wuds1 Wkh

krqhvw srolwlfldq zrxog fkrrvh frpshwlwlyh srolflhv/ dqg wklv zrxog ghvwur| wkh delolw| ri

fdslwdolvwv wr oree| djdlqvw frpshwlwlrq lq wkh ixwxuh1 Vr/ hyhq d whpsrudu| lpsuryhphqw

lq �srolwlfdo lqvwlwxwlrqv� zrxog ohdg wr shupdqhqw fkdqjhv lq �hfrqrplf lqvwlwxwlrqv�

+khuh wkh ghjuhh ri frpshwlwlrq lq wkh surgxfw pdunhw,155

Wklv glvfxvvlrq hvwdeolvkhv=
55Qrwh wkdw wklv h{wuhph uhvxow klqjhv rq wkh wzr0shulrg qdwxuh ri rxu prgho1 Li djhqwv olyh iru pruh

shulrgv/ dqg wkh fdslwdolvwv rzq rwkhu dvvhwv/ rwkhu uhirupv pd| eh qhfhvvdu| wr fxue wkh srzhu ri
lqvlghuv1 Uhglvwulexwlrq dqg uhgxfwlrq ri lqfrph ru zhdowk lqhtxdolw| pd| eh qhfhvvdu| wr pdnh vxfk
d uhirup vxvwdlqdeoh1 Qhyhuwkhohvv/ fohduo| wkh ihdwxuh wkdw fxuuhqw srolflhv d�hfw sur�wv dqg wkhuhiruh
wkh fdslwdolvw oree|*v delolw| wr lq xhqfh srolf| lq wkh ixwxuh lv pruh jhqhudo wkdq wkh 50shulrg prgho
khuh
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Sursrvlwlrq : Vxssrvh wkdw frpshwlwlrq srolf| lv ghflghg e| d vhtxhqfh ri srolwlfldqv

zlwk krqhvw| sdudphwhu M/ dqg eulehv e| wkh oree| ri fdslwdolvwv1 Wkhq/ wkhuh h{lvwv d

fxw0r� ohyho @uc zklfk lv ghfuhdvlqj lq Mc vxfk wkdw wkh srolwlfldq zloo dozd|v eh eulehg

lqwr pdlqwdlqlqj d orz ohyho ri frpshwlwlrq li @ 	 @u�

Zkhq sdudphwhuv duh vxfk wkdw +l, BWE>� 	 B zkhuh BWE>� lv gh�qhg e| +5;,> dqg +ll,

@|o@R 	 @uc wkhq dq hfrqrp| vwduwlqj dw @f 	 4@ k@o E>c B� c @ul zloo eh orfnhg0lq lqwr

d qrq0frqyhujhqfh wuds/ fkdudfwhul}hg e| wkh dqwl0frpshwlwlyh srolf| B +�,/ dqg eulehv

wr srolwlfldqv iurp wkh fdslwdolvw oree|1 Vxfk srolwlfdo hfrqrp| wudsv duh pruh olnho| lq

hfrqrplhv zkhuh M lv vpdoo1

: Frqfoxvlrq

Wkhuh duh fhuwdlq pdunhg gl�huhqfhv lq wkh hfrqrplf rujdql}dwlrq ri whfkqrorjlfdo ohdg0

huv dqg whfkqrorjlfdo iroorzhuv1 Zkloh whfkqrorjlfdo ohdghuv riwhq ihdwxuh |rxqjhu �upv

dqg juhdwhu fkxuqlqj/ whfkqrorjlfdo iroorzhuv hpskdvl}h lqyhvwphqw dqg orqj0whup uhod0

wlrqvklsv1 Lq rwkhu zrugv/ zkloh whfkqrorjlfdo ohdghuv iroorz dq lqqrydwlrq0edvhg vwudw0

hj|/ whfkqrorjlfdo iroorzhuv dgrsw dq lqyhvwphqw0edvhg vwudwhj| ri jurzwk1

Lq wklv sdshu/ zh kdyh sursrvhg d prgho zklfk dffrxqwv iru wklv sdwwhuq/ dqg dovr

hydoxdwhv wkh surv dqg frqv ri lqyhvwphqw0edvhg dqg lqqrydwlrq0edvhg vwudwhjlhv1 Lq rxu

hfrqrp|/ pdqdjhuv hqjdjh erwk lq frs|lqj dqg dgrswlqj whfkqrorjlhv iurp wkh zruog

iurqwlhu dqg lq lqqrydwlrq dfwlylwlhv1 Wkh vhohfwlrq ri kljk0vnloo pdqdjhuv lv pruh lp0

sruwdqw iru lqqrydwlrq dfwlylwlhv1 Dv wkh hfrqrp| dssurdfkhv wkh whfkqrorj| iurqwlhu/

vhohfwlrq ehfrphv pruh lpsruwdqw1 Dv d uhvxow/ frxqwulhv wkdw duh idu dzd| iurp wkh whfk0

qrorj| iurqwlhu sxuvxh dq lqyhvwphqw0edvhg vwudwhj|/ zlwk orqj0whup uhodwlrqvklsv/ kljk

dyhudjh vl}h dqg djh ri �upv/ odujh dyhudjh lqyhvwphqwv/ exw olwwoh vhohfwlrq1 Forvhu wr

wkh whfkqrorj| iurqwlhu/ wkhuh lv ohvv urrp iru frs|lqj dqg dgrswlrq ri zhoo0hvwdeolvkhg

whfkqrorjlhv/ dqg frqvhtxhqwo|/ wkhuh lv dq htxloleulxp vzlwfk wr dq lqqrydwlrq0edvhg

vwudwhj| zlwk vkruw0whup uhodwlrqvklsv/ |rxqjhu �upv/ ohvv lqyhvwphqw dqg ehwwhu vhohf0

wlrq ri pdqdjhuv1

Wkh vhtxhqfh ri lqyhvwphqw0edvhg vwudwhj| iroorzhg e| dq lqqrydwlrq0edvhg vwudwhj|

lv qrw rqo| d ihdwxuh ri wkh htxloleulxp/ exw dovr ri wkh vrfldoo|0sodqqhg hfrqrp|1 Krz0

hyhu/ vrflhwlhv pd| vzlwfk rxw ri wkh lqyhvwphqw0edvhg vwudwhj| wrr vrrq ru wrr odwh1

D vwdqgdug dssursuldelolw| h�hfw/ uhvxowlqj iurp wkh idfw wkdw �upv gr qrw lqwhuqdol}h

wkh juhdwhu frqvxphu vxusoxv wkh| fuhdwh e| lqyhvwlqj pruh/ pdnhv wkh vzlwfk wrr vrrq1

Zkhuhdv wkh suhvhqfh ri uhwdlqhg hduqlqjv wkdw lqfxpehqw pdqdjhuv fdq xvh wr vklhog
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wkhpvhoyhv iurp frpshwlwlrq pdnhv wkh lqyhvwphqw0edvhg vwudwhj| shuvlvw iru wrr orqj1

Zkhq wkh vzlwfk lv wrr vrrq/ jryhuqphqw lqwhuyhqwlrq lq wkh irup ri srolflhv olplw0

lqj surgxfw pdunhw frpshwlwlrq ru surylglqj vxevlglhv wr h{lvwlqj �upv pd| eh xvhixo

ehfdxvh wkh| hqfrxudjh wkh lqyhvwphqw0edvhg vwudwhj|1

Htxdoo| lqwhuhvwlqj/ zh �qg wkdw uhwdlqhg hduqlqjv pd| vklhog lqvlghuv vr pxfk wkdw

vrph vrflhwlhv pd| qhyhu vzlwfk rxw ri wkh lqyhvwphqw0edvhg vwudwhj|/ dqg wkhvh vrflhwlhv

qhyhu frqyhujh wr wkh zruog whfkqrorj| iurqwlhu1 Wkh uhdvrq lv wkdw wkh| idlo wr wdnh

dgydqwdjh ri wkh lqqrydwlrq rssruwxqlwlhv wkdw uhtxluh pdqdjhuldo vhohfwlrq1 Wklv phdqv

wkdw srolflhv hqfrxudjlqj lqyhvwphqw0edvhg vwudwhjlhv pljkw dovr ohdg wr qrq0frqyhujhqfh

wudsv1

Wkh rswlpdo srolf| vhtxhqfh iru hfrqrplf jurzwk lv wkhuhiruh d vhw ri srolflhv hq0

frxudjlqj lqyhvwphqw dqg surwhfwlqj lqvlghuv/ vxfk dv dqwl0frpshwlwlyh srolflhv dw wkh

hduo| vwdjhv ri ghyhorsphqw/ iroorzhg e| pruh frpshwlwlyh srolflhv1 Vxfk d vhtxhqfh ri

srolflhv fuhdwhv reylrxv srolwlfdo hfrqrp| sureohpv1 Ehqh�fldulhv ri h{lvwlqj srolflhv fdq

euleh srolwlfldqv wr pdlqwdlq wkhvh srolflhv1 Pruhryhu/ wkhvh jurxsv/ lq rxu prgho wkh

fdslwdolvwv/ zloo eh srolwlfdoo| srzhuixo suhflvho| ehfdxvh wkh| kdyh hfrqrplfdoo| ehqh0

�whg iurp wkh ohvv0frpshwlwlyh srolflhv lq sodfh1 Wkhuhiruh/ wkh prgho looxvwudwhv krz d

zhoo0phdqlqj dwwhpsw wr vshhg xs frqyhujhqfh pd| ohdg wr d srolwlfdo hfrqrp| wuds1

Lqwhuhvwlqjo|/ vxfk wudsv duh pruh olnho| zkhq wkh xqghuo|lqj srolwlfdo lqvwlwxwlrqv duh

zhdn/ pdnlqj srolwlfldqv hdvlhu wr fdswxuh1 Lq wklv frqwh{w/ wkh prgho dovr vkhgv vrph

oljkw rq wkh ghedwh derxw zkhwkhu jryhuqphqw lqwhuyhqwlrq vkrxog eh pruh suhydohqw lq

ohvv ghyhorshg frxqwulhv1 Wkh dqvzhu vxjjhvwhg e| wkh prgho lv wkdw/ devwudfwlqj iurp

srolwlfdo hfrqrp| frqvlghudwlrqv/ wkhuh lv d juhdwhu qhhg iru jryhuqphqw lqwhuyhqwlrq

zkhq wkh hfrqrp| lv uhodwlyho| edfnzdug1 Exw xqohvv srolwlfdo lqvwlwxwlrqv duh vx!0

flhqwo| ghyhorshg/ ru ehfrph ghyhorshg lq wkh surfhvv ri hfrqrplf jurzwk/ wr lpsrvh

h�hfwlyh frqvwudlqwv rq srolwlfldqv dqg holwhv/ vxfk jryhuqphqw lqwhuyhqwlrq pd| ohdg wr

wkh fdswxuh ri srolwlfldqv e| jurxsv wkdw ehqh�w iurp jryhuqphqw lqwhuyhqwlrq/ sdylqj

wkh zd| iru srolwlfdo hfrqrp| wudsv1

Hyhq wkrxjk pxfk ri wkh hpskdvlv lq wklv sdshu lv rq furvv0frxqwu| frpsdulvrqv/ wkh

vdph uhdvrqlqj dovr h{whqgv wr furvv0lqgxvwu| frpsdulvrqv1 Lq sduwlfxodu/ rxu dqdo|vlv

vxjjhvwv wkdw wkh rujdql}dwlrq ri �upv dqg ri surgxfwlrq vkrxog eh gl�huhqw lq lqgxvwulhv

wkdw duh forvhu wr wkh zruog whfkqrorj| iurqwlhu1 Pruh jhqhudoo|/ furvv0lqgxvwu| gl�hu0

hqfhv lq wkh lqwhuqdo rujdql}dwlrq ri wkh �up dqg wkh w|sh ri htxloleulxp �qdqfldo dqg

hpsor|phqw uhodwlrqvklsv/ dqg wkh srolwlfdo hfrqrp| lpsolfdwlrqv ri wkhvh gl�huhqfhv/

frqvwlwxwh d yhu| lqwhuhvwlqj/ dqg uhodwlyho| xqghuh{soruhg/ duhd iru ixwxuh uhvhdufk1
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:14 Dsshqgl{ D= ghwhuplqdwlrq ri �

Vlqfh @o E> ' fc B� 	 	@c wkh lqfhqwlyh frpsdwlelolw| ri wkh rog xqvxffhvvixo vwduwv elqglqj

ehiruh wkh lqfhqwlyh frpsdwlelolw| ri wkh |rxqj hpsor|hg lq rog �upv1 Wkh frqglwlrq iru

wkh lqfhqwlyh frpsdwlelolw| ri wkh rog xqvxffhvvixo wr elqg lv=

>Bu# 7�|3� : E� � k�k3��3
k

�3k�| ' �| +6<,

zkhuh wkh zdjh/ �|c ghshqgv/ wkurxjk �|c rq -| 5 ifc �j1

Li -| ' �c wkhq +6<, uhdgv +diwhu glylglqj erwk whupv ri wkh lqhtxdolw| e| 7�|3�,=

>Bu# : E� � k�k3��3
k

�3k

� n j

2
E# n b�@|3��

Li -| ' f/ wkhq +6<, uhdgv

>Bu# : E�� k�k3��3
k

�3k

�

2
EEb n j n E� � b�j� # n E� n j n E�� b�j� b�@|3�� +73,

Wkhvh wzr htxdwlrqv gh�qh/ uhvshfwlyho|/ wkh iroorzlqj wkuhvkrogv

@-'� '
>Bu� E� � k�k3��3

k

�3k
�nj
2

b� E�� k�k3��3
k

�3k
�nj
2

#

@-'f '
>Bu� E� � k�k3��3

k

�3k
EbnjnE�3b�j�

2

b� E� � k�k3��3
k

�3k
E�njnE�3b�j�

2

#

Wkh lqfhqwlyh frpsdwlelolw| frqvwudlqwv gr qrw elqg dv orqj dv @o E> ' fc B� : 4@ i@-'�c @-'fjc

lq zklfk fdvh wkh doorfdwlrq lv dv lq wkh fdvh zkhuh > ' f� Vlqfh @o E> ' fc B� 	 	@/ wkhq

@-'� : @-'f� Wkh wkuhvkrog > lv wkhuhiruh jlyhq e| htxdwlqj @o E> ' fc B� ' @-'�� Wklv

|lhogv

>Bu� E�� k�k3��3
k

�3k
�nj
2

b� E�� k�k3��3
k

�3k
�nj
2

# '
E� � j� # � E�� �� V

Bu

jb�

dqg/ vroylqj

> ' E� � k�k3��
3k

�nk E� n j�

#
Bu� V

#
E�� ��

2j

$
Qrwh wkdw/ zkhq > 	 >c wkh lqfhqwlyh frpsdwlelolw| frqglwlrq ri wkh h{shulhqfhg pdq0

djhuv pd| elqg dw vrph orz ohyhov ri @|3� vxfk wkdw @|3� 	 @o E> ' fc B� � Exw wklv kdv qr

h�hfw rq wkh uh�qdqflqj ghflvlrq qru rq wkh ghwhuplqdwlrq ri wkh wkuhvkrog @o E> ' fc B�/

vlqfh zkhq wkh hfrqrp| dssurdfkhv wkh uhohydqw wkuhvkrog doo lqfhqwlyh frpsdwlelolw|

frqglwlrqv duh vodfn1
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:15 Dsshqgl{ E= Ghwdlov zlwk pruh jhqhudo frvwv

Lq wklv dsshqgl{/ zh eulh | jhqhudol}h wkh uhvxowv wr wkh fdvh zkhq lqyhvwphqw frvwv

wdnh wkh irup &| ED� ' V 7�4
|3��

�34
|3� iru h{shulhqfhg pdqdjhuv/ dqg &| ED� ' V� 7�4

|3��
�34
|3�

iru doo rwkhuv1 Lw lv fohdu wkdw wklv prgl�fdwlrq grhv qrw d�hfw wkh jurzwk pd{lpl}lqj

wkuhvkrog/ 	@1 Wkh frpsdulvrq lq wkh fdvh ri qr prudo kd}dug fkdqjhv vlpso| wr=

Bu# � V@�34|3� yv1 Bju E# n b�@|3��� �V@�34|3� �

Htxdwlqj wkhvh wzr whupv/ zh rewdlq d qhz htxdwlrq gh�qlqj @o E> ' fc B�=

Bu# � V@o E> ' fc B��34 ' Bju E# n b�@o E> ' fc B��� �V@o E> ' fc B��34 �

Dowkrxjk wklv htxdwlrq kdv qr forvhg0irup vroxwlrq/ @o E> ' fc B� kdv h{dfwo| wkh vdph

frpsdudwlyh vwdwlfv dv +4:, lq wkh wh{w1 Lw lv dovr vwudljkwiruzdug wr yhuli| wkdw @o E> ' fc B� 	

	@1

Wkh dqdo|vlv ri wkh fdvh zlwk prudo kd}dug lv vlplodu/ dqg gh�qhv dq htxloleulxp

fxwr� sdudooho wr @o E>c B� jlyhq e| +56,1 Frqglwlrq +53,/ zklfk hqvxuhv wkdw uhwdlqhg

hduqlqjv duh qrw vx!flhqw wr sd| wr ixoo frvw ri wkh surmhfw/ qrz lv vrphzkdw pruh

frpsolfdwhg/ dqg uhtxluhv

� n o

� n }
>Buj# 	 V E@o E>c B��

�34 �

Jlyhq wklv dvvxpswlrq/ @o E>c B� lv d vroxwlrq wr wkh htxdwlrq=

E�� >� Bu# � V E@o E>c B��
�34 �

� n o

� n }
>Buj# ' E�� >� Buj E# n b�@o E>c B��� �V E@o E>c B��

�34 c

dqg kdv wkh vdph frpsdudwlyh vwdwlfv dv @o E>c B� lq +56,1 Lq sduwlfxodu/ lw lv prqrwrql0

fdoo| lqfuhdvlqj lq B/ dqg pd| eh lqfuhdvlqj ru ghfuhdvlqj lq >1 Dv lq wkh wh{w/ ehfdxvh

ri wkh uhqwv fuhdwhg e| prudo kd}dug/ @o E>c B� fdq eh odujhu wkdq 	@1 Wkh uhvxowv derxw

qrq0frqyhujhqfh wudsv lpphgldwho| jhqhudol}h wr wklv fdvh
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