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Abstract: Until recently, the trend in world capital markets has been toward increasing “globalization.” Recent
events in Latin America and Asia have forced a rethinking of the desirability of unrestricted world capital flows.
In this paper we ask whether simple restrictions on capital mobility can succeed in reducing the volatility of
funds flows, whether such restrictions are consistent with the long-term development of the countries that
might impose them, whether such restrictions are beneficial for poorer countries while harming wealthier
countries, and whether barriers to capital movements should be reduced in magnitude as the development
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We find first that appropriately selected barriers to capital movements can be used by a poorer country to
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these barriers are consistent with increased rather than reduced levels of economic development in both the
short and long run. Third, we show that it is empirically plausible that such barriers will be reduced over time
as economies develop. Fourth, we show that, in the long run, all countries can benefit from the presence of
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net capital flows in a steady state.

JEL classification: F21, F34, G18

Key words: barriers, international capital flows, volatility



Eduulhuv wr Lqwhuqdwlrqdo Fdslwdo Iorzv= Zkhq/ Zk|/ Krz Elj/ dqg
iru ZkrpB

41 Lqwurgxfwlrq

Xqwlo uhfhqwo|/ wkh wuhqg lq zruog fdslwdo pdunhwv kdv ehhq wrzdugv lqfuhdvlqj
�joredol}dwlrq1� Gxulqj wkh 4<<3*v hyhq hfrqrplhv zlwk orqj dqg vxffhvvixo klv0
wrulhv ri eduulhuv wr fdslwdo  rzv4 kdyh pryhg lq wkh gluhfwlrq ri rshqlqj wkhlu
�qdqfldo v|vwhpv wr odujho| xquhvwulfwhg lq rzv dqg rxw rzv ri ixqgv1

Uhfhqw hyhqwv lq Odwlq Dphulfd dqg Dvld kdyh fdxvhg pdq| lq dfdghplf dqg
srolf|0pdnlqj flufohv wr txhvwlrq zkhwkhu wklv wuhqg vkrxog eh zkroo|/ ru dw ohdvw
sduwldoo|/ uhyhuvhg1 Lqghhg/ lw lv qrz frpprqsodfh wr vhh LPI dqg Zruog Edqn
r!fldov dgyrfdwlqj wkh ghvludelolw| ri ydulrxv eduulhuv wr iuhh fdslwdo prelolw|1
Dqg/ lw lv frpprqo| dujxhg wkdw 0dw d plqlpxp 0 frxqwulhv vkrxog eh jlyhq wkh
glvfuhwlrq wr huhfw vxfk eduulhuv/ dw ohdvw lq fhuwdlq flufxpvwdqfhv1

Uhfhqw hyhqwv/ wkhq/ kdyh irufhg d uhwklqnlqj ri wkh ghvludelolw| ri xquhvwulfwhg
zruog fdslwdo  rzv1 Dqg/ wkh hyhqwv wkdw kdyh ehhq fhqwudo wr wklv uhwklqnlqj
duh wkh iuhtxhqwo| revhuyhg/ pdvvlyh uhyhuvdov lq fdslwdo  rzv wr wkh ghyhorslqj
zruog1 Exw/ li e| vrph fulwhuld/ uhvwulfwlrqv rq lqwhuqdwlrqdo fdslwdo pryhphqwv duh
ghvludeoh/ wklv udlvhv vhyhudo txhvwlrqv1 Fdq vlpsoh uhvwulfwlrqv rq fdslwdo prelolw|
vxffhhg lq uhgxflqj wkh yrodwlolw| ri ixqgv  rzvB Duh vxfk uhvwulfwlrqv frqvlvwhqw
zlwk wkh orqj0whup ghyhorsphqw ri wkh frxqwulhv wkdw pljkw lpsrvh wkhpB Dqg/
li vxfk uhvwulfwlrqv duh ehqh�fldo iru srruhu frxqwulhv/ gr wkh| qhfhvvdulo| kdup
zhdowklhu frxqwulhvB Ilqdoo|/ li wkh yrodwlolw| ri vkruw0uxq fdslwdo pryhphqwv lv
sulpdulo| d sureohp iru hfrqrplhv lq wkh uhodwlyho| hduolhu vwdjhv ri ghyhorsphqw/
grhv wklv lpso| wkdw eduulhuv wr fdslwdo pryhphqwv vkrxog qdwxudoo| eh uhgxfhg
lq pdjqlwxgh dv wkh ghyhorsphqw surfhvv surfhhgvB

Dw wklv srlqw/ wkhuh lv uhodwlyho| olwwoh dydlodeoh lq wkh zd| ri dqdo|wlfdo iudph0
zrunv iru hydoxdwlqj wkh dqvzhuv wr wkhvh txhvwlrqv15 Zkdw ihdwxuhv vkrxog vxfk d
iudphzrun kdyhB Iluvw/ wkh hqruprxv yrodwlolw| lq lqwhuqdwlrqdo fdslwdo  rzv kdv

4Iru lqvwdqfh Nruhd dqg Wdlzdq1
5Vhh Hlfkhqjuhhq/ Wrelq dqg Z|sorv} +4<<8, iru dq h{fhswlrq dssolhg wr iruhljq h{fkdqjh

pdunhwv1



suryhq gl!fxow wr h{sodlq edvhg rq ixqgdphqwdov dorqh16 Wkxv d prgho wkdw lv
xvhixo iru hydoxdwlqj wkh frqvhtxhqfhv ri eduulhuv wr fdslwdo  rzv vkrxog frqwdlq
d phfkdqlvp zkhuhe| wkh xquhvwulfwhg rshudwlrq ri zruog fdslwdo pdunhwv fdq �
shukdsv gudpdwlfdoo|� dpsoli| hfrqrplf yrodwlolw|1 Vhfrqg/ zkloh vkdus uhyhuvdov
lq fdslwdo  rzv kdyh uhfhlyhg wkh prvw dwwhqwlrq/ wkhuh duh rwkhu ihdwxuhv ri lqwhu0
qdwlrqdo fdslwdo pdunhwv wkdw duh ri frqfhuq wr ghyhorslqj frxqwulhv1 Iru lqvwdqfh/
derxw wzr0wklugv ri wkh zruog*v srruhvw hfrqrplhv uhfhlyh qr h{whqvlrq ri sulydwh
orqj0whup/ qrq jxdudqwhhg fuhglw17 Dqg/ zlwk wkh h{fhswlrq ri vkruw hslvrghv/
vxfk dv 4<<30<9/ iru h{whqghg shulrgv ri wlph wkh qhw dyhudjh  rz ri fdslwdo kdv
ehhq iurp srruhu wr zhdowklhu frxqwulhv18 Wkxv qrw rqo| gr fdslwdo  rzv whqg wr
eh yhu| yrodwloh lq wkh vkruw0uxq/ exw wkh xquhvwulfwhg rshudwlrq ri lqwhuqdwlrqdo
fdslwdo pdunhwv dsshduv wr dfw wr wkh ghwulphqw ri orqj0whup ghyhorsphqw lq srru
hfrqrplhv1 Lq rxu ylhz/ d prgho wkdw lv xvhixo iru dqdo|}lqj wkh frqvhtxhqfhv ri
eduulhuv wr fdslwdo prelolw| vkrxog dovr eh deoh wr h{sodlq wkhvh revhuydwlrqv1

Lq wklv sdshu zh sxw iruzdug d iudphzrun fdsdeoh ri h{sodlqlqj zk| fdslwdo
pljkw/ rq qhw/  rz iurp srruhu wr ulfkhu hfrqrplhv1 Wklv iudphzrun dovr kdv wkh
ihdwxuh wkdw wkh xquhvwulfwhg rshudwlrq ri wkh lqwhuqdwlrqdo �qdqfldo v|vwhp fdq
hdvlo| ohdg wr hqgrjhqrxvo| jhqhudwhg yrodwlolw| lq fdslwdo  rzv/ dqg lq doo rwkhu
hqgrjhqrxv yduldeohv1 Zh wkhq xvh wkh prgho wr dqdo|}h wkh frqvhtxhqfhv ri
eduulhuv wr fdslwdo prelolw|1 Wkh eduulhuv zh dqdo|}h duh phdqw wr fuxgho| fdswxuh
vhyhudo ihdwxuhv ri wkh zlgho| sudlvhg �Fklohdq prgho1� Dqg/ zh duh deoh wr rewdlq
wkh iroorzlqj uhvxowv1

Iluvw/ dssursuldwho| vhohfwhg eduulhuv wr fdslwdo pryhphqwv fdq eh xvhg e| d
srruhu frxqwu| wr holplqdwh wkh vkruw0whup yrodwlolw| ri fdslwdo  rzv dqg rwkhu
hfrqrplf yrodwlolw| dv zhoo1 Vhfrqg/ wkhvh eduulhuv duh frqvlvwhqw zlwk lqfuhdvhg
udwkhu wkdq uhgxfhg ohyhov ri hfrqrplf ghyhorsphqw/ lq erwk wkh vkruw dqg orqj0
uxq1 Wkxv ghyhorslqj hfrqrplhv qhhg qrw idfh d wudgh0r� zkhuhe| vkruw0whup
yrodwlolw| fdq eh uhgxfhg rqo| dw wkh h{shqvh ri orqj0whup ghyhorsphqw1 Orqj0
uxq uhdo shuirupdqfh fdq eh lpsuryhg dw wkh vdph wlph wkdw vkruw0uxq  xfwxdwlrqv
duh uhgxfhg1 Wklug/ wkhuh lv qr suhvxpswlrq wkdw wkh eduulhuv wr fdslwdo prelolw|
zloo ru vkrxog eh uhgxfhg dv wkh ghyhorsphqw surfhvv surfhhgv1 Krzhyhu/ zh vkrz
wkdw lw lv hpslulfdoo| sodxvleoh wkdw vxfk eduulhuv zloo lqghhg eh uhgxfhg ryhu wlph

6Vhh/ iru h{dpsoh/ Fdoyr hw1do1 +4<<6,/ Fkxkdq/ Fodhvvhqv dqg Pdplqjl +4<<6,/ dqg
Ihuqdqgh}0Duldv +4<<7,1

7Vhh/ iru h{dpsoh/ wkh Zruog Ghyhorsphqw Uhsruw 4<;</ wdeoh 541 Dqg/ wklv kdv ehhq wuxh
iru wkh odvw 63 |hduv1

8Vhh wkh Kxpdq Ghyhorsphqw Uhsruw 4<<5/ wdeoh 706/ dqg wkh Zruog Hfrqrplf Rxworrn/
Pd| 4<<<1
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dv hfrqrplhv ghyhors1 Irxuwk/ zh vkrz wkdw/ lq wkh orqj0uxq/ doo frxqwulhv fdq
ehqh�w iurp wkh suhvhqfh ri eduulhuv wr fdslwdo prelolw|1 Dqg/ �iwk/ zh vkrz wkdw
eduulhuv wr fdslwdo prelolw| fdq dfwxdoo| lqfuhdvh wkh pdjqlwxgh ri qhw fdslwdo
 rzv/ lq d vwhdg| vwdwh1

Ilqdoo|/ zh frqvlghu dq lvvxh wkdw/ vr idu dv zh nqrz/ kdv uhpdlqhg hqwluho|
xqdgguhvvhg1 Li lw lv ghvludeoh wr huhfw eduulhuv wr fdslwdo  rzv/ zkr vkrxog huhfw
wkhpB Wkh jhqhudo suhvxpswlrq dsshduv wr eh wkdw wkh �ylfwlpv� ri kljko| yrodwloh
fdslwdo  rzv vkrxog eh doorzhg wr olplw ru uhvwulfw lq rzv dqg rxw rzv ri ixqgv1
Exw/ rxw rzv ri ixqgv iurp vpdoohu dqg ohvv ghyhorshg hfrqrplhv riwhq uhsuhvhqw
lq rzv ri ixqgv wr odujhu dqg pruh ghyhorshg hfrqrplhv1 Wklv udlvhv wkh lvvxh ri
zkhwkhu wkhuh zrxog eh ehqh�wv dvvrfldwhg zlwk odujhu dqg zhdowklhu hfrqrplhv
wdnlqj dfwlrqv wr olplw fdslwdo prelolw|B Zh vkrz wkdw/ lq idfw/ lw lv d pdwwhu
ri lqgl�huhqfh zkr huhfwv wkh eduulhuv wr fdslwdo  rzv1 Wkh frqvhtxhqfhv ri dq|
eduulhuv huhfwhg e| d ghyhorslqj frxqwu| fdq eh uhsolfdwhg e| kdylqj d ghyhorshg
frxqwu| lpsohphqw vrph dqdorjrxv uhvwulfwlrqv rq fdslwdo prelolw|1

Rxu yhklfoh iru dqdo|}lqj wkhvh lvvxhv lv d wzr frxqwu| prgho zkhuh erwk frxq0
wulhv duh lghqwlfdo h{fhsw/ srvvleo|/ iru wkhlu srolflhv zlwk uhvshfw wr fdslwdo  rzv
dqg wkhlu lqlwldo fdslwdo vwrfnv1 Lq sduwlfxodu/ hdfk frxqwu| surgxfhv d vlqjoh �0
qdo jrrg xvlqj wkh vdph frqvwdqw uhwxuqv wr vfdoh whfkqrorj| zlwk fdslwdo dqg
oderu dv lqsxwv1 Lq hdfk frxqwu| fdslwdo lqyhvwphqw uhtxluhv vrph fuhglw �qdqfh1
Wklv fuhglw h{whqvlrq lv frpsolfdwhg/ lq erwk grphvwlf dqg zruog pdunhwv/ e|
wkh suhvhqfh ri d vwdqgdug lqirupdwlrqdo iulfwlrq1 Lq rughu wr eulqj wkh frqvh0
txhqfhv ri wklv iulfwlrq wr wkh iruhiurqw/ zh devwudfw iurp rwkhu ihdwxuhv ri uhdo
zruog hfrqrplhv wkdw pljkw ohdg wr fdslwdo  ljkw iurp fhuwdlq frxqwulhv/ ru wr dq
lqwhuqdwlrqdo glyhuvl�fdwlrq prwlyh iru lqyhvwruv1

Lq wklv frqwh{w/ Er|g dqg Vplwk +4<<:, ghprqvwudwhg wkdw wkhuh zrxog/ xqghu
zhdn frqglwlrqv/ h{lvw orfdoo| vwdeoh vwhdg| vwdwh htxloleuld zkhuh rqh frxqwu|
lv shupdqhqwo| zhdowk| dqg rqh lv shupdqhqwo| srru1 Lqghhg/ wklv lv wuxh hyhq
wkrxjk doo frqglwlrqv lpso|lqj wkh htxdolw| ri orqj0uxq lqfrph ohyhov duh vdwlv�hg
li wkh hfrqrplhv duh forvhg/ ru li wkh lqirupdwlrqdo iulfwlrq lv devhqw1 Pruhryhu/
Er|g dqg Vplwk vkrz wkdw/ lq vxfk vwhdg| vwdwhv/ wkh zruog lv srruhu wkdq lw zrxog
eh li doo hfrqrplhv zhuh forvhg1 Dqg/ wkh sdwwhuq ri lqwhuqdwlrqdo ixqgv  rzv lv
qhfhvvdulo| shuyhuvh= wkdw lv/ srru frxqwulhv duh qhw lqyhvwruv lq ulfk frxqwulhv1
Ilqdoo|/ Er|g dqg Vplwk looxvwudwh wkdw wkh xquhvwulfwhg rshudwlrq ri zruog fdslwdo
pdunhwv fdq hdvlo| ohdg wr hqgrjhqrxvo| jhqhudwhg yrodwlolw| dorqj htxloleulxp
sdwkv wkdw dssurdfk d vwhdg| vwdwh1 Odujh  xfwxdwlrqv lq lqfrphv/ fdslwdo  rzv/
dqg udwhv ri uhwxuq fdq eh revhuyhg dorqj vxfk sdwkv1 Vxfk d �qglqj/ ri frxuvh/
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vxjjhvwv zk| zh pljkw revhuyh vr pxfk yrodwlolw| lq zruog fdslwdo pdunhwv wkdw
vhhpv kdug wr h{sodlq edvhg rq ixqgdphqwdov dorqh1 Dqg wkh Er|g0Vplwk uhvxowv
vxjjhvw wkdw hqgrjhqrxvo| dulvlqj yrodwlolw| pd| suhgrplqdqwo| d�hfw wkh srruhu
frxqwu|1

Wkhvh uhvxowv udlvh wkh srvvlelolw| wkdw eduulhuv wr fdslwdo  rzv duh/ lqghhg/
�ghvludeoh/� dw ohdvw iru vrph frxqwulhv1 Khuh zh h{soruh wkh frqvhtxhqfhv ri
vrph vxfk eduulhuv/ zklfk duh fuxgho| edvhg rq wkrvh hpsor|hg e| Fkloh dqg
Pdod|vld1 Zh wkhq ghulyh wkh uhvxowv ghvfulehg deryh1 Dqg/ �qdoo|/ zh hvwdeolvk
vx!flhqw frqglwlrqv xqghu zklfk lqfuhdvhg eduulhuv wr fdslwdo prelolw| lqfuhdvh
wkh h{ dqwh h{shfwhg vwhdg| vwdwh xwlolw| ri doo uhvlghqwv lq erwk wkh ulfk dqg srru
frxqwulhv1 Reylrxvo|/ wkh vdwlvidfwlrq ri vxfk frqglwlrqv lpsolhv wkdw wkh huhfwlrq
ri vxfk eduulhuv pd| eh ehqh�fldo �lq wkh orqj0uxq� qrw mxvw wr wkh uhvlghqwv ri wkh
frxqwu| huhfwlqj wkh eduulhuv1 Lqghhg/ vxfk eduulhuv fdq �lq wkh orqj0uxq� kdyh
srvlwlyh frqvhtxhqfhv iru rwkhu hfrqrplhv1

Wkh uhpdlqghu ri wkh sdshu surfhhgv dv iroorzv1 Vhfwlrq 5 ghvfulehv wkh hfr0
qrplf hqylurqphqw wkdw zh frqvlghu/ dqg vhfwlrq 6 glvfxvvhv wudgh lq zruog fuhglw
dqg idfwru pdunhwv1 Vhfwlrq 7 h{dplqhv wkh prgho lq wkh devhqfh ri dq| eduulhuv
wr fdslwdo  rzv1 Vhfwlrq 8 lqwurgxfhv vxfk eduulhuv/ orrvho| prwlydwhg e| Fkloh*v
dqg Pdod|vld*v zlgho| glvfxvvhg h�hfwlyh wd{dwlrq ri fhuwdlq lqyhvwphqwv e| iru0
hljqhuv1 Lw wkhq dqdo|}hv wkh vkruwhu0uxq frqvhtxhqfhv ri uhvwulfwlrqv rq fdslwdo
 rzv/ zkloh Vhfwlrq 9 frqvlghuv vrph lpsolfdwlrqv ri wkhvh uhvwulfwlrqv iru vwhdg|
vwdwh htxloleuld lqfoxglqj dq dqdo|vlv ri wkhlu lpsolfdwlrqv iru vwhdg| vwdwh zhoiduh1
Vhfwlrq : vkrzv wkdw/ lq rughu wr holplqdwh �h{fhvv yrodwlolw|/� eduulhuv wr fdslwdo
 rzv pxvw hyroyh ryhu wlph1 Vhfwlrq ; eulh | frqvlghuv wkh frqvhtxhqfhv ri zkr
lw lv wkdw huhfwv eduulhuv wr fdslwdo prelolw|/ dqg vrph frqfoxglqj uhpdunv duh
r�huhg lq vhfwlrq <1

51 Wkh Prgho

5141 Hqylurqphqw

Frqvlghu d zruog hfrqrp| frqvlvwlqj ri wzr frxqwulhv/ hdfk srsxodwhg e| dq lq0
�qlwh vhtxhqfh ri wzr0shulrg olyhg/ ryhuodsslqj jhqhudwlrqv1 Lq hdfk frxqwu|/
hyhu| jhqhudwlrq lv lghqwlfdo lq vl}h dqg frpsrvlwlrq/ dqg frqwdlqv d frqwlqxxp ri
djhqwv zlwk xqlw pdvv1 Zlwklq hdfk jhqhudwlrq/ djhqwv duh glylghg lqwr wzr w|shv=
�srwhqwldo eruurzhuv� dqg �ohqghuv�1 D iudfwlrq k 5 Efc �� ri wkh srsxodwlrq lv
srwhqwldo eruurzhuv> wklv iudfwlrq lv wkh vdph lq hdfk frxqwu|1
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Ohw | @ 3/4/111 lqgh{ wlph1 Dw gdwh | d vlqjoh �qdo jrrg lv surgxfhg lq hdfk
frxqwu|/ xvlqj d frqvwdqw uhwxuqv wr vfdoh whfkqrorj| zlwk fdslwdo dqg oderu ri
wkdw frxqwu| dv lqsxwv1 Zh dvvxph wkh �qdo jrrg wr eh preloh dfurvv erughuv/
zkloh idfwruv ri surgxfwlrq duh lppreloh1 Ohw g�

| +� ' �c 2, ghqrwh wkh wlph
| fdslwdo lqsxw/ dqg u�

| ghqrwh wkh wlph | oderu lqsxw ri d uhsuhvhqwdwlyh �up
ri frxqwu| �1 Wkhq �qdo rxwsxw lv t �

| ' 8 Eg �
| c u

�
|�1 Wkh surgxfwlrq ixqfwlrq

8 vdwlv�hv wkh iroorzlqj frqglwlrqv= lw lv lqfuhdvlqj lq hdfk dujxphqw/ vwulfwo|
frqfdyh/ dqg 8 Efc u� ' 8 Egc f� ' f krogv/ iru doo gcu1 Lq dgglwlrq/ li &� � g�

u� lv
wkh fdslwdo0oderu udwlr ri frxqwu| �/ dqg li sE&�� � 8 E&�c �� ghqrwhv wkh lqwhqvlyh
surgxfwlrq ixqfwlrq/ wkhq s � : f : s �� krogv ;&�/ dqg s vdwlv�hv wkh vwdqgdug
Lqdgd frqglwlrqv1 Ilqdoo|/ zh dvvxph wkdw wkh lqkhulwhg fdslwdo vwrfn dw gdwh | lv
xvhg lq surgxfwlrq/ dqg wkdw wkhuhdiwhu lw ghsuhfldwhv frpsohwho|1 Qrwlfh wkdw wkh
�qdo jrrgv surgxfwlrq whfkqrorj| lv wkh vdph lq hdfk frxqwu|1

Zlwk uhvshfw wr hqgrzphqwv/ doo |rxqj djhqwv duh hqgrzhg zlwk rqh xqlw ri
oderu/ zklfk lv vxssolhg lqhodvwlfdoo|/ zkloh djhqwv duh uhwluhg zkhq rog1 Lqglylgx0
dov rwkhu wkdq wkh rog ri shulrg }hur kdyh qr hqgrzphqw ri fdslwdo ru �qdo jrrgv/
zkloh wkh lqlwldo rog djhqwv ri frxqwu| � kdyh dq djjuhjdwh fdslwdo hqgrzphqw ri
g�

f : f1
Djhqwv ri doo w|shv duh dvvxphg wr fduh rqo| derxw rog djh frqvxpswlrq dqg/

lq dgglwlrq/ doo djhqwv duh ulvn qhxwudo1 Wkxv doo |rxqj shulrg lqfrph lv vdyhg19

Srwhqwldo eruurzhuv dqg ohqghuv duh gl�huhqwldwhg e| wkh idfw wkdw hdfk sr0
whqwldo eruurzhu kdv dffhvv wr d vwrfkdvwlf olqhdu whfkqrorj| iru frqyhuwlqj gdwh |
�qdo jrrgv lqwr gdwh | n � fdslwdo1 Ohqghuv kdyh qr dffhvv wr wklv whfkqrorj|1

Wkh fdslwdo lqyhvwphqw whfkqrorj| kdv wkh iroorzlqj surshuwlhv1 Iluvw/ lw lv
lqglylvleoh dqg qrqwudgdeoh= hdfk srwhqwldo eruurzhu kdv rqh lqyhvwphqw surmhfw
zklfk fdq rqo| eh rshudwhg dw wkh vfdoh ^1 Lq sduwlfxodu/ ^ : f xqlwv ri wkh �qdo
jrrg lqyhvwhg lq rqh surmhfw dw | |lhog 5^ xqlwv ri fdslwdo dw |n�/ zkhuh 5 lv dq llg
+dfurvv eruurzhuv dqg shulrgv, udqgrp yduldeoh/ zklfk lv uhdol}hg dw |n�1 Zh ohw
C ghqrwh wkh suredelolw| glvwulexwlrq ri 5/ dqg dvvxph wkdw C kdv d gl�huhqwldeoh
ghqvlw| ixqfwlrq } zlwk vxssruw dfc 75o1 Zh ohw 	5 ghqrwh wkh h{shfwhg ydoxh ri 5/
l1h1/ 	5 � U

75

f
5}E5�_51 Zh dovr dvvxph wkdw ^ dqg wkh suredelolw| glvwulexwlrq ri

lqyhvwphqw uhwxuqv duh wkh vdph lq hdfk hfrqrp|1
Wkh dprxqw ri fdslwdo surgxfhg e| dq| lqyhvwphqw surmhfw fdq eh revhuyhg

frvwohvvo| e| wkh surmhfw rzqhu1 Dq| djhqw rwkhu wkdq wkh surmhfw rzqhu fdq

9Wkh idfw wkdw vdylqjv lv vxssolhg lqhodvwlfdoo| lpsolhv wkdw wkh wd{dwlrq ri fdslwdo lqfrph
zloo kdyh qr h�hfw rq wkh vwhdg| vwdwh fdslwdo vwrfn lq d forvhg hfrqrp| yhuvlrq ri rxu prgho1
Dv zh zloo vhh/ wklv zloo qrw w|slfdoo| eh wkh fdvh lq rshq hfrqrplhv1

8



revhuyh wkh surmhfw uhwxuq rqo| e| ehdulqj d �{hg frvw ri � : f xqlwv ri fdslwdo1:

61 Wudgh

6141 Idfwru Pdunhwv

Zh dvvxph wkdw fdslwdo dqg oderu duh wudghg lq frpshwlwlyh grphvwlf pdunhwv dw
hdfk gdwh1 Wkxv/ li ��

| ghqrwhv wkh wlph | uhdo zdjh udwh dqg 4
�
| lv wkh wlph | fdslwdo

uhqwdo udwh lq frxqwu| l/ wkh vwdqgdug idfwru sulflqj uhodwlrqvklsv rewdlq=

4�| ' s �E&�|� +614,

��
| ' sE&�|�� &�|s

�E&�|� � �E&�|�� +615,

Qrwlfh wkdw ��E&� : f krogv dqg/ lq dgglwlrq/ zh zloo dvvxph wkh iroorzlqj1

Dvvxpswlrq 41 ���E&� 	 f( ;& � f�

Dvvxpswlrq 4 lv vdwlv�hg li/ iru h{dpsoh/ s lv dq| FHV surgxfwlrq ixqfwlrq zlwk
hodvwlflw| ri vxevwlwxwlrq qr ohvv wkdq rqh1 Dvvxpswlrq 4 jxdudqwhhv wkh xqltxh0
qhvv ri d qrq0wulyldo vwhdg| vwdwh htxloleulxp lq d forvhg hfrqrp| yhuvlrq ri wkh
prgho1

6151 Fuhglw Pdunhwv

Doo |rxqj djhqwv lq frxqwu| � dw | vxsso| rqh xqlw ri oderu lqhodvwlfdoo|/ hduqlqj
wkh uhdo zdjh udwh ��

|1 Iru ohqghuv wklv lqfrph lv vxssolhg lqhodvwlfdoo| lq zruog
fuhglw pdunhwv1 Zh fdq wklqn ri doo fuhglw h{whqvlrq dv ehlqj lqwhuphgldwhg lq wkh
pdqqhu ghvfulehg e| Zlooldpvrq +4<;9,1

Srwhqwldo eruurzhuv dovr kdyh |rxqj shulrg lqfrph ��
|/ dqg zh dvvxph wkh|

pxvw rewdlq h{whuqdo �qdqflqj wr rshudwh wkhlu lqyhvwphqw surmhfwv1

Dvvxpswlrq 51 ^ : �E&�|� iru doo �uhohydqw� ydoxhv ri &�|�

Ohw K�| ghqrwh wkh dprxqw eruurzhg e| wkh rshudwru ri d ixqghg surmhfw +lq uhdo
whupv, lq frxqwu| � dw |> fohduo|

K�| ' ^ � �E&�|�� +616,

:Wkdw lv/ lq yhuli|lqj wkh surmhfw uhwxuq/ � xqlwv ri fdslwdo duh xvhg xs1 Wkh dvvxpswlrq wkdw
fdslwdo lv frqvxphg lq wkh yhul�fdwlrq surfhvv iroorzv Ehuqdqnh dqg Jhuwohu +4<;<,1 Wklv frvw
lv djdlq lghqwlfdo dfurvv frxqwulhv1

9



Wr rewdlq h{whuqdo ixqglqj eruurzhuv dqqrxqfh ordq frqwudfw whupv1 Wkhvh
whupv duh hlwkhu dffhswhg ru uhmhfwhg e| lqwhuphgldulhv= eruurzhuv zkrvh whupv duh
dffhswhg wkhq uhfhlyh ixqglqj dqg rshudwh wkhlu surmhfwv1 Iroorzlqj Zlooldpvrq
+4<;9/ 4<;:,/ d ordq frqwudfw frqvlvwv ri wkh iroorzlqj remhfwv1 Rqh lv d vhw ri
surmhfw uhwxuq uhdol}dwlrqv ��

| iru zklfk yhul�fdwlrq ri wkh uhwxuq rffxuv lq frxqwu|
� dw |1 Yhul�fdwlrq grhv qrw rffxu li 5 5 ��

| � dfc 75o � ��
|1
; Vhfrqg/ li 5 5 ��

|/
wkhuh lv d surplvhg sd|phqw +shu xqlw eruurzhg, -�

|E5�1 Li 5 5 ��
|c wkhq wkh ordq

frqwudfw r�huv dq xqfrqwlqjhqw sd|phqw ri %�| +shu xqlw eruurzhg,1 Doo sd|phqwv
vshfl�hg e| dq| ordq frqwudfw duh lq uhdo whupv1

Ordq frqwudfwv r�huhg e| eruurzhuv duh hlwkhu dffhswhg ru uhmhfwhg e| lqwhu0
phgldulhv zkr fdq eh wkrxjkw ri dv pdnlqj doo ordqv1 Lq dgglwlrq lqwhuphgldulhv
wdnh ghsrvlwv dqg frqgxfw prqlwrulqj ri surmhfw uhwxuqv dv fdoohg iru e| ordq frq0
wudfwv1 Dq| ohqghu fdq hvwdeolvk dq lqwhuphgldu|1 Lq htxloleulxp/ lqwhuphgldulhv
zloo eh shuihfwo| glyhuvl�hg/ hduq }hur sur�wv/ dqg kdyh d qrqvwrfkdvwlf uhwxuq rq
wkhlu sruwirolrv1 Wkxv wkh| qhhg qrw eh prqlwruhg e| wkhlu ghsrvlwruv1

Lqwhuphgldulhv ehkdyh frpshwlwlyho| lq ghsrvlw pdunhwv dqg wkhuhiruh wdnh wkh
jurvv udwh ri lqwhuhvw rq ghsrvlwv dw |/ o|n�/ dv jlyhq1< Lw iroorzv wkdw lqwhuphgldulhv
duh zloolqj wr dffhsw ordq frqwudfw r�huv |lhoglqj dq h{shfwhg uhwxuq ri dw ohdvw
o|n�1 Ordq frqwudfw r�huv pxvw wkhuhiruh vdwlvi| wkh h{shfwhg uhwxuq frqvwudlqw]

��
|

d-�
|E5�K

�
| � 4�|n��o}E5�_5 n %�|K

�
|

]
��
|

}E5�_5 � o|n�K
�
|� +617,

Qrwlfh wkdw h{shfwhg uhsd|phqwv pxvw dw ohdvw fryhu wkh lqwhuphgldu|*v frvw ri
ixqgv 0 o|n�K�| 0 soxv wkh uhdo h{shfwhg prqlwrulqj frvw

4�|n��

]
��
|

}E5�_5�

Wkh odwwhu whup ghshqgv rq 4�|n� ehfdxvh � xqlwv ri fdslwdo duh h{shqghg zkhq
surmhfw uhwxuqv duh yhul�hg1 Ilqdoo|/ surmhfw rzqhuv pxvw kdyh wkh surshu lqfhq0
wlyhv wr fruuhfwo| uhyhdo zkhq d prqlwrulqj vwdwh kdv rffxuuhg1 Wkh dssursuldwh
lqfhqwlyh frqvwudlqw lv

-�
|E5� � %�|( 5 5 ��

|� +618,

;Zh wkxv devwudfw iurp vwrfkdvwlf vwdwh yhul�fdwlrq1 Er|g dqg Vplwk +4<<7, vkrz wkdw wkh
zhoiduh jdlqv iurp vwrfkdvwlf prqlwrulqj duh wulyldo zkhq uhdolvwlf sdudphwhu ydoxhv duh dvvxphg1

<Vlqfh ixqgv duh preloh lqwhuqdwlrqdoo|/ wklv udwh ri uhwxuq pxvw eh wkh vdph lq hdfk frxqwu|1

:



Lq dgglwlrq/ wkh uhsd|phqwv vshfl�hg e| dq| frqwudfw pxvw eh ihdvleoh iru wkh
eruurzhu/ vr wkdw

-�
|E5� � 4�|n�5^

K�|
( 5 5 ��

| +619,

%�| � �?u
5M��

|

d
4�|n�5^

K�|
o� +61:,

Htxdwlrqv +619, dqg +61:, uhtxluh wkdw uhsd|phqwv qhyhu h{fhhg wkh uhdo ydoxh ri
wkh fdslwdo |lhoghg e| dq lqyhvwphqw surmhfw/ zklfk lq vwdwh 5 lv 5^4�|n� dw | n �1

Eruurzhuv zloo pd{lpl}h wkhlu rzq h{shfwhg xwlolw| e| fkrlfh ri frqwudfw whupv/
vxemhfw wr wkh frqvwudlqwv mxvw ghvfulehg1 Wkhuhiruh/ dqqrxqfhg ordq frqwudfwv dw
gdwh | zloo eh vhohfwhg wr pd{lpl}h

4�|n�	5^ � K�|

]
��
|

-�
|E5�}E5�_5 � %�|K

�
|

]
��
|

}E5�_5

vxemhfw wr +617,0+61:,1
Wkh vroxwlrq wr wkh eruurzhu*v sureohp lv wr r�hu d vwdqgdug ghew frqwudfw1 Lq

sduwlfxodu/ wkh eruurzhu hlwkhu uhsd|v %�| +sulqflsdo soxv lqwhuhvw, ru hovh ghidxowv1
Lq wkh hyhqw ri ghidxow wkh ohqghu prqlwruv wkh surmhfw/ dqg uhwdlqv lwv surfhhgv
qhw ri prqlwrulqj frvwv1 Irupdoo|/ zh kdyh43

Sursrvlwlrq 6141 Vxssrvh ^ : K�|1 Wkhq wkh rswlpdo frqwudfwxdo ordq whupv
vdwlvi|

-�
|E5� '

4�|n�5^

K�|
( 5 5 ��

| +61;,

��
| ' dfc

%�|K
�
|

^4�|n�
� +61<,

o|n� '

]
��
|

�
-�

|E5��
4�|n��

K�|

�
}E5�_5 n %�|

]
��
|

}E5�_5� +6143,

43Wkh surri ri sursrvlwlrq 614 lv vwdqgdug= Vhh Jdoh dqg Khoozlj +4<;8, ru Zlooldpvrq +4<;9,1

;



Iru ixwxuh uhihuhqfh/ wkh h{shfwhg uhwxuq uhfhlyhg e| d ohqghu xqghu wkh rswlpdo
frqwudfw/ shu xqlw ri ixqglqj/ lv jlyhq e|]

��
|

�
-�

|E5��
4�|n��

K�|

�
}E5�_5 n %�|

]
��
|

}E5�_5

' %�| �
4�|n��

K�|
CE

%�|K
�
|

4�|n�^
�� 4�|n�^

K�|

%�|K
�
|

4�
|n�

^]
f

CE5�_5 � Z

�
%�|(

K�|
4�|n�

�
� +6144,

Wkh ixqfwlrq Z jlyhv wkh h{shfwhg uhwxuq wr wkh ohqghu dv d ixqfwlrq ri wkh jurvv
ordq udwh/ %�|/ wkh dprxqw ri h{whuqdo �qdqfh uhtxluhg/ K

�
|/ dqg wkh ixwxuh uhodwlyh

sulfh ri fdslwdo/ 4�|n�1
Lw zloo eh xvhixo wr pdnh vrph dvvxpswlrqv uhjduglqj wkh ixqfwlrq Z1 Iroorzlqj

Zlooldpvrq +4<;9/ 4<;:, zh dvvxph wkh iroorzlqj=

Dvvxpswlrq 61 }E5� n E�
^
�}�E5� � f( iru doo 5 5 dfc 75o�

Dvvxpswlrq 71 Z�dfc E
K�|

4�|n�
�o : f�

Dvvxpswlrq 6 lpsolhv wkdw Z�� 	 f1 Dvvxpswlrqv 6 dqg 7 lpso| wkdw Z kdv wkh
frq�jxudwlrq ghslfwhg lq Iljxuh 41 Hylghqwo|/ ghshqglqj rq wkh ydoxh ri K�|*4

�
|n�/

wkhuh lv d xqltxh ydoxh ri %�| zklfk pd{lpl}hv wkh h{shfwhg uhwxuq wkdw fdq eh
r�huhg wr dq| ohqghu1 Zh zloo ghqrwh wklv ydoxh e| 	%EK�|*4

�
|n��� Wkh ixqfwlrq 	%

vdwlv�hv

Z�

�
	%E

K�|
4�|n�

�(
K�|
4�|n�

�
� �� E

�

^
�}

�
	%E

K�|
4�|n�

�
K�|

4�|n�^

�
�C

�
	%E

K�|
4�|n�

�
K�|

4�|n�^

�
� f� +6145,

Htxdwlrq +6145, dqg Dvvxpswlrq 6 lpso| wkdw

	%

�
K�|
4�|n�

�
K�|

4�|n�^
� # +6146,

zkhuh # : f lv d frqvwdqw vdwlvi|lqj �� E�
^
�}E#��CE#� � f1 Zkhq doo srwhqwldo

eruurzhuv duh r�hulqj wkh lqwhuhvw udwh 	%
�

K�|
4�|n�

�
c # lv wkh fulwlfdo surmhfw uhwxuq

iru zklfk d eruurzhu*v surmhfw lqfrph h{dfwo| fryhuv ordq sulqflsdo soxv lqwhuhvw1
Lq rwkhu zrugv/ d ghidxow rffxuv li 5 5 dfc #�1

<



6161 Fuhglw Udwlrqlqj

Dv qrwhg e| Jdoh dqg Khoozlj +4<;8, dqg Zlooldpvrq +4<;9/ 4<;:,/ lq wklv hq0
ylurqphqw lw lv srvvleoh iru fuhglw wr eh udwlrqhg lq hlwkhu ru erwk frxqwulhv1 Lq
sduwlfxodu/ li doo eruurzhuv zdqw wr rshudwh wkhlu surmhfwv dw gdwh |/ wkh wrwdo +shu
fdslwd, ghpdqg iru ixqgv lq hdfk frxqwu| lv k^1 Wkh wrwdo shu fdslwd vxsso|
ri vdylqj lv �E&�|� lq frxqwu| � dw |1 Zruog fuhglw ghpdqg h{fhhgv zruog fuhglw
vxsso|/ dqg khqfh fuhglw pxvw eh udwlrqhg lq wkh zruog hfrqrp|/ li wkh iroorzlqj
dvvxpswlrq krogv iru doo | � f1

Dvvxpswlrq 81 2k^ : �E&�| � n �E&2| ��

Zkhq fuhglw lv udwlrqhg lq frxqwu| �/ lw dovr pxvw eh wkh fdvh wkdw

%�| ' 	%E
K�|
4�|n�

� � 	%

�
^ � �E&�|�

4�|n�

�
� +6147,

Lq sduwlfxodu/ doo srwhqwldo eruurzhuv pxvw r�hu wkh lqwhuhvw udwh wkdw pd{lpl}hv d
survshfwlyh ohqghu*v h{shfwhg udwh ri uhwxuq1 Udwlrqhg +xqixqghg, srwhqwldo eru0
urzhuv fdqqrw wkhq rewdlq fuhglw e| fkdqjlqj ordq frqwudfw whupv/ vlqfh grlqj vr
vlpso| uhgxfhv wkh h{shfwhg uhwxuq shufhlyhg e| +doo, ohqghuv1 Wkxv li dvvxpswlrq
8 dqg htxdwlrq +6147, krog dw gdwh |/ fuhglw udwlrqlqj lv dq htxloleulxp rxwfrph
iru wkh zruog hfrqrp|1 Zh khqfhiruwk irfxv rq wkh fdvh zkhuh fuhglw udwlrqlqj
rffxuv dw doo gdwhv lq erwk frxqwulhv144

616141 Sd|r�v Xqghu Fuhglw Udwlrqlqj

Zh qrz ghvfuleh wkh h{shfwhg sd|r�v ri ohqghuv dqg +ixqghg, eruurzhuv dw | zkhq
fuhglw lv udwlrqhg1 Htxdwlrqv +6144, dqg +6147, lpso| wkdw wkh h{shfwhg uhwxuq rq
edqn ordqv lv jlyhq e|

Z

�
	%E

K�|
4�|n�

�(
K�|
4�|n�

�
� 4�|n�^

K�|

;AA?
AA=	%E

K�|
4�|n�

�
K�|

4�|n�^
� E

�

^
�C

�
	%E

K�|
4�|n�

�
K�|

4�|n�^

�
�

	%K|
4|n�^]
f

CE5�_5

<AA@
AA>

44Wkh dvvxpswlrq wkdw fuhglw lv udwlrqhg uhvxowv lq d vxevwdqwldo whfkqlfdo vlpsol�fdwlrq1
Krzhyhu/ fuhglw udwlrqlqj lv frpprq lq ghyhorslqj frxqwulhv +PfNlqqrq/ 4<:6,/ dqg wkhuh lv
hylghqfh ri vljql�fdqw udwlrqlqj ri fuhglw hyhq lq wkh Xqlwhg Vwdwhv +Mdshool/ 4<<3,1 Wkhuhiruh
wklv grhv qrw vhhp wr eh dq hpslulfdoo| xquhdvrqdeoh dvvxpswlrq1 Zh frpphqw ehorz rq krz
wkh dqdo|vlv zrxog qhhg wr eh prgl�hg li fuhglw udwlrqlqj zhuh revhuyhg lq rqo| rqh +wkh srruhu,
frxqwu|1

43



� 4�|n�^

K�|

5
7# � E

�

^
�CE#��

#]
f

CE5�_5

6
8 � �

4�|n�^

K�|
� +6148,

Qrwh wkdw wkh uhwxuq wr d ohqghu ehwzhhq | dqg | n � lv sursruwlrqdo wr wkh udwlr
4�|n�*K

�
| zkhq fuhglw udwlrqlqj rewdlqv1 Wkh h{shfwhg xwlolw| ri d ixqghg eruurzhu

xqghu fuhglw udwlrqlqj lv jlyhq e|

4�|n�	5^ � o|n�K
�
| � 4�|n��C

�
	%E

K�|
4�|n�

�
K�|

4�|n�^

�
� 4�|n�^

�
	5 � E

�

^
�CE#�

�
� o|n�K

�
|�

Vlqfh dq| srwhqwldo eruurzhu frxog dozd|v iruhjr rshudwlqj klv surmhfw dqg ghsrvlw
klv lqfrph lq d edqn/ doo srwhqwldo eruurzhuv fdq jxdudqwhh wkhpvhoyhv wkh xwlolw|
ohyho o|n��E&�|�1 Srwhqwldo eruurzhuv wkhq suhihu eruurzlqj wr ohqglqj l�

4�|n�^

�
	5 � E

�

^
�CE#�

�
� o|n�K

�
| � o|n��E&

�
|�� +6149,

Zh qrz gh�qh
� � 	5 � E

�

^
�CE#�� +614:,

Wkh yduldeoh � uhsuhvhqwv wkh h{shfwhg surmhfw |lhog shu xqlw lqyhvwhg/ xqghu
fuhglw udwlrqlqj/ qhw ri fdslwdo frqvxphg e| prqlwrulqj145 Wkhq htxdwlrq +6149,
fdq eh uhgxfhg wr

�4�|n� � o|n�� +614;,

Li +614;, idlov/ wkhq eruurzhuv zloo suhihu qrw wr eruurz1

71 Wkh Rshq Hfrqrp|

Dv d srlqw ri uhihuhqfh zh ehjlq e| frqvlghulqj htxloleuld zkhq wkhuh duh qr
eduulhuv wr lqwhuqdwlrqdo fdslwdo  rzv1 Iru uhdvrqv ri whfkqlfdo vlpsolflw|/ zh dovr
uhvwulfw dwwhqwlrq wr wkh fdvh zkhuh fuhglw lv udwlrqhg lq erwk frxqwulhv146

Zlwk xquhvwulfwhg lqwhuqdwlrqdo eruurzlqj dqg ohqglqj/ fohduo| rqh htxloleulxp
frqglwlrq lv wkdw wkh h{shfwhg uhwxuqv r�huhg e| eruurzhuv eh wkh vdph lq hdfk

45Ri frxuvh/ zh dvvxph wkdw ! A 3=
46Vhh Kx|ehqv dqg Vplwk +4<<;, iru vrph glvfxvvlrq ri wkh uhod{dwlrq ri wklv dvvxpswlrq lq

wkh fdvh ri d vpdoo rshq hfrqrp|1

44



frxqwu| iru | � f1 Jlyhq wkh irup ri wkh h{shfwhg uhwxuq ixqfwlrq/ wklv frqglwlrq
rewdlqv l�

s �E&�|n��

^ � �E&�| �
'

s �E&2|n��

^ � �E&2| �
� +714,

Wkh vhfrqg frqglwlrq ri htxloleulxp lv wkdw zruog vdylqj htxdo zruog lqyhvwphqw1
Ohw >�| eh wkh iudfwlrq ri srwhqwldo eruurzhuv zkr rewdlq fuhglw lq frxqwu| � dw |1
Wkhq dq htxdolw| ehwzhhq vrxufhv dqg xvhv ri ixqgv uhtxluhv47

k^E>�| n >2| � ' �E&�| � n �E&2| �� +715,

Vlqfh wkhuh lv qr djjuhjdwh xqfhuwdlqw|/ wkh wlph | n � fdslwdo vwrfn dydlodeoh
iru xvh lq zruogzlgh surgxfwlrq/ qrw lqfoxvlyh ri fdslwdo h{shqghg rq vwdwh yhul0
�fdwlrq/ lv e5k^E>�| n >2| � ' e5d�E&�| � n �E&2| �o1 Wrwdo fdslwdo h{shqglwxuhv rq vwdwh
yhul�fdwlrq duh k�CE#�E>�| n >2| � ' E�*^�CE#�d�E&�| � n �E&2| �o1 Lq htxloleulxp/
wkhuhiruh/48

&�|n� n &2|n� ' �d�E&�| � n �E&2| �o� +716,

Ilqdoo|/ wr jxdudqwhh wkdw fuhglw lv udwlrqhg lq hdfk frxqwu|/ zh uhtxluh

4@ E&�| c &
2
| � 	 �k^

iru doo | � �1
47Qrwlfh wkdw xqixqghg eruurzhuv gr qrw zlvk wr frqvxph wkhlu lqfrph zkhq |rxqj1 Khqfh

hdfk xqixqghg eruurzhu vdyhv z+nl
w, wr frqvxph zkhq rog1

48Vxssrvh wkdw fuhglw lv qrw udwlrqhg +dw dq| gdwh, lq frxqwu| 4/ dqg gh�qh �w � {4w e
4
w@t�

4
w.4=

Wkhq wkh htxloleulxp frqglwlrqv +714, dqg +715, pxvw eh uhsodfhg zlwk
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Vroxwlrq vhtxhqfhv wr wklv v|vwhp zrxog kdyh wr vdwlvi| �w � �> n4w � !�t> dqg n5w ? !�t> ;w=
Ehfdxvh wklv v|vwhp ri htxdwlrqv lv qrw v|pphwulf lq n4w dqg n5w / lw lv pxfk kdughu wr dqdo|}h
wkdq wkh v|vwhp frqvlvwlqj ri +714, dqg +716,1
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7141 Vwhdg| Vwdwh Htxloleuld

Zh ehjlq e| h{dplqlqj vwhdg| vwdwhv1 G|qdplfdo htxloleuld duh glvfxvvhg lq wkh
qh{w vhfwlrq1 Wr idflolwdwh rxu dqdo|vlv/ zh gh�qh wkh ixqfwlrq ME&� e|

ME&� '
s �E&�

d^ � �E&�o
� +717,

Lq rughu wr fkdudfwhul}h vwhdg| vwdwhv/ lw zloo eh xvhixo wr nqrz pruh derxw wkh
ixqfwlrq ME&�� Vrph ri lwv surshuwlhv duh vwdwhg lq wkh iroorzlqj ohppd149

Ohppd 7141 Wkh ixqfwlrq M vdwlv�hv
E@� *�4

&<f
ME&� '4c

EK� *�4
&<	&

ME&� '4c ��eoe 	& � �3�E^�c

ES�M �E&� � f( & � s3�E^�c @?_
E_�M �E&� � f( & � s3�E^��

Ohppd 714 lpsolhv wkdw wkh ixqfwlrqM kdv wkh frq�jxudwlrq ghslfwhg lq Iljxuh 51
Lq d vwhdg| vwdwh/ +714, dqg +716, uhgxfh wr

&� n &2 ' �d�E&�� n �E&2�o� +718,

ME&�� ' ME&2�� +719,

Er|g dqg Vplwk +4<<:, vkrz wkdw htxdwlrqv +718, dqg +719, gh�qhg orfl dv
ghslfwhg lq Iljxuh 61 Dv lv dssduhqw iurp wkh �jxuh/ wkhuh lv wkh glvwlqfw srv0
vlelolw| wkdw wzr nlqgv ri vwhdg| vwdwh htxloleuld h{lvw1 +l, Rqh lv d �v|pphwulf�
vwhdg| vwdwh lq zklfk &� ' &2 ' &Wc zkhuh &W � ��E&W� : f lv wkh vwhdg|0vwdwh
htxloleulxp ohyho ri wkh fdslwdo vwrfn iru d forvhg hfrqrp|1 Wkh fdslwdo vwrfnv lq
hdfk frxqwu| frlqflgh zlwk wkh qrqwulyldo vwhdg| vwdwh fdslwdo vwrfnv wkdw zrxog
eh revhuyhg lq vwhdg| vwdwh li hdfk frxqwu| zhuh forvhg14: +ll, Wkhuh pd| dovr eh
�dv|pphwulf� vwhdg| vwdwhv lq zklfk &� 9' &21 Er|g dqg Vplwk +4<<:, hvwdeolvk
wkh iroorzlqj surshuwlhv ri dv|pphwulf vwhdg| vwdwhv1
+d, Li &� : &2/ &� : &W : &2 krogv1

49Vhh Er|g dqg Vplwk +4<<:, iru d surri1
4:Wklv lv wr eh h{shfwhg/ vlqfh wkh hfrqrplhv duh lghqwlfdo lq doo uhvshfwv h{fhsw iru wkhlu

lqlwldo fdslwdo vwrfnv1 Dvvxpswlrq 4 lpsolhv wkdw wkhuh lv d xqltxh qrqwulyldo v|pphwulf vwhdg|
vwdwh1
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+e, Lq d vwhdg| vwdwh zlwk &� : &2/ wkhuh duh qhw fdslwdo  rzv iurp frxqwu| 5 wr
frxqwu| 41 Wkdw lv/ wkh srru frxqwu| lv d qhw lqyhvwru lq wkh ulfk frxqwu|14;

+f, Lq dq dv|pphwulf vwhdg| vwdwh/ &�n&2 	 2&W krogv1 Wkxv wkh zruog dv d zkroh
lv srruhu wkdq lw zrxog eh li erwk frxqwulhv zhuh forvhg hfrqrplhv14<

+g, Dq dv|pphwulf vwhdg| vwdwh h{lvwv53 li sE&W� : ^ krogv1
Surshuw| +d, dvvhuwv wkdw zhdowk| hfrqrplhv duh zhdowklhu �dqg srru frxqwulhv

duh srruhu � dv rshq hfrqrplhv wkdq wkh| zrxog eh dv forvhg hfrqrplhv1 Wklv
jlyhv d fohdu vhqvh lq zklfk xquhvwulfwhg lqwhuqdwlrqdo fdslwdo pdunhwv rshudwh wr
wkh orqj0uxq ghwulphqw ri ohvv ghyhorshg frxqwulhv1 Dqg lw vxjjhvwv wkdw vxfk
frxqwulhv pljkw zdqw wr uhvwulfw wkh rshudwlrq ri vxfk pdunhwv iru uhdvrqv wkdw
kdyh qrwklqj wr gr zlwk �ru iru uhdvrqv lq dgglwlrq wr � wkh vkruw0whup yrodwlolw| ri
fdslwdo  rzv1 Surshuw| +e, lqglfdwhv wkdw wklv lpsryhulvkphqw ri srruhu frxqwulhv
rffxuv ehfdxvh ri shuyhuvh orqj0uxq  rzv ri fdslwdo iurp srru wr ulfk hfrqrplhv1
Hylghqfh wkdw wklv sdwwhuq ri orqj0uxq �qdqfldo  rzv lv dfwxdoo| revhuyhg� dw
ohdvw iru vx!flhqwo| srru frxqwulhv� zdv flwhg lq wkh lqwurgxfwlrq1 Surshuw| +f,
lqglfdwhv wkdw lqwhuqdwlrqdo fdslwdo  rzv qrw rqo| pdnh srru frxqwulhv srruhu/ exw
wkdw wkh| pdnh wkh zruog dv d zkroh srruhu1 Wklv surshuw| dw ohdvw vxjjhvwv wkh
srvvlelolw| wkdw �iurp d vwhdg| vwdwh shuvshfwlyh� doo frxqwulhv fdq ehqh�w iurp
wkh huhfwlrq ri vrph eduulhuv wr fdslwdo prelolw|1 Ilqdoo|/ surshuw| +g, lqglfdwhv
wkdw dv|pphwulf vwhdg| vwdwhv zloo h{lvw li/ lq forvhg hfrqrplhv/ wkh vkduh ri fdslwdo
lqyhvwphqw �qdqfhg lqwhuqdoo| h{fhhgv oderu*v vkduh ri lqfrph154 Lq wkh X1V1/ wkh
X1N1/ dqg Jhupdq| vxfk d vlwxdwlrq grhv lqghhg rewdlq/ dqg lw dssur{lpdwho|
rewdlqv lq Iudqfh dqg Mdsdq155 Wkxv wkh h{lvwhqfh ri orfdoo| vwdeoh dv|pphwulf
vwhdg| vwdwhv lv/ lq idfw/ dq hpslulfdoo| sodxvleoh vlwxdwlrq1

Wrjhwkhu wkhvh frqglwlrqv lpso| wkdw wkh lqfrph ohyho ri wkh lqlwldoo| srruhu
hfrqrp| qhhg qrw frqyhujh wr wkdw ri wkh lqlwldoo| zhdowklhu hfrqrp|1 Vxfk d
uhvxow lv frqvlvwhqw zlwk wkh �qglqjv ri Sduhqwh dqg Suhvfrww +4<<6, wkdw srruhu

4;Irupdoo|/ n4 � !z+n4, A 3 A n5 � !z+n5, krogv1
4<Wklv uhvxow ghshqgv rq wkh dvvxphg frqfdylw| ri z+n,= Xqghu wklv dvvxpswlrq/ zruog vdylqjv

+dqg khqfh wkh zruog fdslwdo vwrfn, lv pd{lpl}hg e| doorfdwlqj d �{hg vwrfn ri fdslwdo htxdoo|
dfurvv frxqwulhv1 Sduhqwkhwlfdoo|/ z33+n, ? 3krogv li i+n, lv dq| FHV surgxfwlrq ixqfwlrq zlwk
hodvwlflw| ri vxevwlwxwlrq qr ohvv wkdq rqh1

53Lq idfw/ dw ohdvw wzr dv|pphwulf vwhdg| vwdwhv h{lvw xqghu wkhvh frqglwlrqv/ vlqfh dv|pphwulf
vwhdg| vwdwhv frph lq sdluv1

54Wr vhh wklv/ revhuyh wkdw wkh vkduh ri lqyhvwphqw �qdqfhg lqwhuqdoo| lq d forvhg hfrqrp| lv
z+n�,@t/ lq d vwhdg| vwdwh1 Dqg/ i+n�, A t krogv l� z+n�,@t A z+n�,@i+n�,=

55Vhh Kdplg dqg Vlqjk +4<<5, iru �jxuhv rq wkh iudfwlrq ri lqyhvwphqw �qdfhg lqwhuqdoo| lq
hdfk frxqwu|1
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hfrqrplhv whqg wr uhwdlq wkhlu lqfrph ohyho uhodwlyh wr wkh X1V1 ryhu wlph1 Wr0
jhwkhu zlwk wkh uhvxowv rq orfdo g|qdplfv ghvfulehg ehorz/ wkhvh �qglqjv lqglfdwh
zk| vrph frxqwulhv pljkw eh whpswhg wr huhfw frpsohwh ru sduwldo eduulhuv wr
lqwhuqdwlrqdo fdslwdo  rzv1

7151 Orfdo G|qdplfv

Lq wkh fdvh zkhuh sE&� ' (&B +Free0Grxjodv surgxfwlrq,/ Er|g dqg Vplwk +4<<:,
vkrz wkdw +d, wkh v|pphwulf vwhdg| vwdwh lv d vdggoh1 Lwv vwdeoh pdqlirog lv wkh
orfxv &�| ' &2| 1 Lw lv qrw srvvleoh wr frqyhujh wr wkh vwhdg| vwdwh li &�f 9' &2f1
+e, Wkh| surylgh vx!flhqw frqglwlrqv xqghu zklfk dq dv|pphwulf vwhdg| vwdwh
zloo eh d vlqn1 Wrjhwkhu wkhvh uhvxowv lpso| wkdw dq lqlwldoo| srru hfrqrp| fdq eh
shupdqhqwo| lpsryhulvkhg e| wkh rshudwlrq ri xquhvwulfwhg zruog fdslwdo pdunhwv1
Lqwxlwlyho|/ eruurzhuv lq wkh ulfk frxqwu| kdyh uhodwlyho| kljk lqfrphv/ dqg khqfh
wkh| kdyh d vxshulru delolw| wr surylgh lqwhuqdo �qdqfh iru wkhlu rzq surmhfwv1 Lq
wkh suhvhqfh ri wkh FVY sureohp/ dv qrwhg e| Ehuqdqnh dqg Jhuwohu +4<;<,/ wkh
delolw| wr surylgh lqwhuqdo �qdqfh dfwv wr plwljdwh �qdqfldo pdunhw iulfwlrqv1 Wkh
Er|g0Vplwk uhvxowv vshfli| frqglwlrqv xqghu zklfk wklv idfwru lv vr lpsruwdqw wkdw
lw fdq qhyhu eh ryhufrph e| dq lqlwldoo| srru hfrqrp|/ dw ohdvw li lqwhuqdwlrqdo
fdslwdo  rzv duh xquhvwulfwhg156

Dv zh kdyh qrwhg/ wkhuh lv frqvlghudeoh hylghqfh wkdw wkh revhuyhg yrodwlolw|
ri lqwhuqdwlrqdo fdslwdo  rzv fdqqrw hdvlo| eh xqghuvwrrg e| uhihuhqfh wr wkh
ehkdylru ri hfrqrplf �ixqgdphqwdov1� Wkh hfrqrp| frqvlghuhg khuh/ krzhyhu/ lv
shuihfwo| fdsdeoh ri jlylqj ulvh wr hqgrjhqrxv/ ru �pdunhw0jhqhudwhg� yrodwlolw|1
Wkh prgho lv wkhuhiruh frqvlvwhqw zlwk wkh kljk revhuyhg yrodwlolw| ri fdslwdo  rzv/
dv zh qrz looxvwudwh1

Wr dqdo|}h orfdo g|qdplfv dw dq| vwhdg| vwdwh/ zh uhsodfh +714, dqg +718, zlwk
wkh olqhdu dssur{lpdwlrq

E&�| � &�c &2| � &2�� ' aE&�|3� � &�c &2|3� � &2��c

zkhuh a lv wkh Mdfreldq pdwul{

a '

5
7 Y&�|

Y&�|3�

Y&�
|

Y&2
|3�

Y&2
|

Y&�
|3�

Y&2
|

Y&2
|3�

6
8

56Dv lqglfdwhg e| Jhuwohu dqg Urjr� +4<<3,/ wkh vdph irufhv duh olnho| wr eh dw zrun lq dq
hfrqrp| zkhuh lqyhvwphqw lv vxemhfw wr d prudo kd}dug sureohp1
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zlwk doo sduwldo ghulydwlyhv hydoxdwhg dw wkh dssursuldwh vwhdg| vwdwh1 Wkh surs0
huwlhv ri orfdo g|qdplfv duh wkhq jryhuqhg e| wkh hljhqydoxhv ri a 1

Vxssrvh wkdw wkh frpprq surgxfwlrq ixqfwlrq kdv wkh Free0Grxjodv irup
sE&� ' (&Bc zlwk B 5 Efc ��� Wkhq Er|g dqg Vplwk +4<<:, hvwdeolvk wkdw wkh
ghwhuplqdqw dqg wudfh ri a vdwlvi|

(e|Ea� ' B

�
� n +B3�

� n +B

��
BsE&2�

^ � E�� B�sE&2�

�

Ao@SeEa� ' B n

�
2

BE� n +�

��
� n +B

� n +B3�

�
(e|Ea�

zkhuh + � &2*&� lv wkh udwlr ri wkh wzr fdslwdo vwrfnv1 Lq dgglwlrq/ wkh hljhqydoxhv
ri a / b� dqg b2c duh jlyhq e| wkh uhodwlrqv b�b2 ' (e|Ea�c dqg b�nb2 ' Ao@SeEa��

Lw lv txlwh gl!fxow wr ghulyh jhqhudo uhvxowv derxw wkh hljhqydoxhv ri a / dqg
khqfh derxw orfdo g|qdplfv1 Wkhuhiruh zh frqwhqw rxuvhoyhv khuh zlwk pdnlqj
vwdwhphqwv derxw �hpslulfdoo| sodxvleoh� orfdo g|qdplfv zlwk xquhvwulfwhg lqwhu0
qdwlrqdo fdslwdo  rzv1

7161 D Fdoleudwlrq H{huflvh

Zh fdoleudwh wkh iroorzlqj hfrqrp| xvlqj dydlodeoh vwdwlvwlfv rq lqwhuqdo �qdqflqj
ri lqyhvwphqwv/ vlqfh wkh uroh ri lqwhuqdo �qdqfh lv wkh fhqwudo ihdwxuh ri rxu dqdo|0
vlv1 Lq wkh X1V1/ iru lqvwdqfh/ derxw ;3( ri fdslwdo lqyhvwphqw lv �qdqfhg lqwhu0
qdoo| +lq Jhupdq| derxw :3( lv �qdqfhg lqwhuqdoo|,/ zkloh lq Ph{lfr/ Wkdlodqg/
Wxunh|/ ru Nruhd/ rqo| derxw 53( ri lqyhvwphqw frphv iurp lqwhuqdo ixqgv157

Xqghu wkh dvvxpswlrq wkdw sE&�� ' (E&��Bc lqwhuqdo �qdqflqj ri lqyhvwphqw lq
frxqwu| � lv �E&�� ' E�� B�sE&��� Khqfh zh fkrrvh sdudphwhuv vr wkdw wkh vwhdg|
vwdwh htxloleulxp ydoxhv &2 dqg &� vdwlvi| �E&�� ' �H^ dqg �E&2� ' �2^1 Wklv
uhtxluhv vhwwlqj B ' �Dc 58 dqg � ' ESH*2D�E^*(2�� Fuhglw lv udwlrqhg lq hdfk frxq0
wu|/ iru wkhvh sdudphwhu ydoxhv/ li k : �S*�.� Ilqdoo|/ frqglwlrq +614;, lv vdwlv�hg
li � : Dd53E�*^�o2

25
�

Iru wkhvh sdudphwhuv/ wkh hljhqydoxhv ri a duh f�eHD�	f�D2b�� Wkxv wkh dv|p0
phwulf vwhdg| vwdwh zloo eh d vlqn/ dqg g|qdplfdo htxloleulxp sdwkv dssurdfklqj
lw zloo glvsod| hqgrjhqrxvo| dulvlqj yrodwlolw| iru �sodxvleoh� sdudphwhu ydoxhv1

57Vhh Kdplg dqg Vlqjk +4<<5,1 Wkhvh �jxuhv duh iru uhodwlyho| odujh frusrudwlrqv1
58Wklv lv d uhodwlyho| odujh ydoxh iru fdslwdo*v vkduh1 Krzhyhu/ jlyhq wkh vpdoo qxpehu ri iuhh

sdudphwhuv lq wkh prgho/ zh gr qrw uhjdug wklv dv �edg�ydoxh iru �=
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Uhpdun
Iru hyhu| h{dpsoh zh fdofxodwhg/ wkh dv|pphwulf vwhdg| vwdwh lv d vlqn1 Dqg/

wkh hljhqydoxhv ri a duh vrphwlphv uhdo dqg vrphwlphv frpsoh{1 Krzhyhu/ hyhq
li orfdo g|qdplfv duh prqrwrqh lq wklv hfrqrp|/ joredo g|qdplfv qhhg qrw eh1
Lqghhg/ odujh fkdqjhv lq qhw  rzv ri fdslwdo duh txlwh srvvleoh/ dv wkh qh{w h{dpsoh
looxvwudwhv1

H{dpsoh 41 Ohw ( @31:/ B ' f�2Dc ^ ' f�Dc k ' f�b2Dc � ' f�H�S2c dqg
}E5� ' 53� zlwk 5 ' 2� Wkhq wkhuh lv d v|pphwulf vwhdg| vwdwh/ dqg wkhuh duh
wzr dv|pphwulf vwhdg| vwdwhv= rqh zlwk +&�c &2� ' Ef���c �2�e�c dqg rqh zlwk
+&�c &2� ' Ef�2�ec ����� Wkh hljhqydoxhv ri ac hydoxdwhg dw wkh vhfrqg vwhdg| vwdwh/
duh b� ' f�b..2 dqg b2 ' f�2DHH� Qhyhuwkhohvv/ ghshqglqj rq wkh ydoxhv ri lql0
wldo frqglwlrqv/ odujh fkdqjhv lq wkh qhw  rz ri fdslwdo duh srvvleoh/ dv Iljxuh 7
looxvwudwhv1

Dv wkh glvfxvvlrq deryh lqglfdwhv/ wklv hfrqrp| lv fdsdeoh ri h{sodlqlqj zk|
wkhuh lv pxfk pruh yrodwlolw| lq fdslwdo  rzv wkdq pryhphqwv lq�ixqgdphqwdov�
zrxog vxjjhvw1 Wkh prgho dovr vxjjhvwv zk| wkh rshudwlrq ri lqwhuqdwlrqdo fds0
lwdo pdunhwv pljkw zrun djdlqvw wkh orqj0whup ghyhorsphqw ri lqlwldoo| srru
hfrqrplhv1 Erwk revhuydwlrqv lqglfdwh wkdw �dw ohdvw lq uhodwlyho| srru hfrqrplhv�
lw pd| eh ghvludeoh wr lpsrvh eduulhuv wr fdslwdo  rzv1 Zh qrz wxuq rxu dwwhqwlrq
wr wkh huhfwlrq ri vxfk eduulhuv1

81 Eduulhuv wr Fdslwdo Iorzv= Holplqdwlqj Hqgrjhqrxv Yrodwlo0
lw|

Dv wkh suhylrxv vhfwlrq lqglfdwhv/ wkh xqihwwhg ixqfwlrqlqj ri lqwhuqdwlrqdo fdslwdo
pdunhwv fdq lwvhoi hdvlo| jlyh ulvh wr hfrqrplf yrodwlolw|1 Lq wklv vhfwlrq zh vkrz
krz ydulrxv eduulhuv wr fdslwdo prelolw| �li vhohfwhg dssursuldwho|0 fdq eh xvhg wr
holplqdwh wklv yrodwlolw|1

Dv zh kdyh qrwhg/ xqohvv lqlwldo fdslwdo vwrfnv duh lghqwlfdo +l1h1/ &�f ' &2f,/ wkh
hfrqrplhv zh frqvlghu fdqqrw frqyhujh wr d v|pphwulf vwhdg| vwdwh1 Pruhryhu/
zh kdyh looxvwudwhg wkdw wkhuh zloo eh dv|pphwulf vwhdg| vwdwhv wkdw duh vlqnv iru
�sodxvleoh� sdudphwhul}dwlrqv ri wkh prgho1 Qhdu vxfk vwhdg| vwdwhv/ ixqgv zloo
 rz +rq qhw, iurp wkh srru wr wkh ulfk frxqwu|1 Zh khqfhiruwk uhvwulfw dwwhqwlrq
wr wklv vlwxdwlrq1 Dqg/ zlwkrxw orvv ri jhqhudolw|/ ohw frxqwu| 4+5, eh wkh ulfk
+srru, frxqwu|/ vr wkdw wkh dv|pphwulf vwhdg| vwdwh zh frqvlghu kdv &� : &2�

Vxssrvh wkdw frxqwu| 5 zlvkhv wr vwdelol}h lwv surgxfwlrq ohyho +ru wkdw frxqwu|
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4 zlvkhv wr vwdelol}h wkh surgxfwlrq ohyho ri frxqwu| 5,/ dqg srvvleo| wr lq xhqfh
wkh pdjqlwxgh dqg yrodwlolw| ri qhw fdslwdo  rzv1 Wkhq zh lpdjlqh wkdw frxqwu|
5 fkrrvhv d �wdujhw� ydoxh iru lwv fdslwdo vwrfn +rxwsxw ohyho,/ vr wkdw &2| ' &2

;| � �c zkhuh &2 lv vrph frqvwdqw vdwlvi|lqj &2 5 Efc &W��59 Lq dgglwlrq/ d wd{
lv lpsrvhg rq wkh lqwhuhvw lqfrph hduqhg e| uhvlghqwv ri frxqwu| 5 lq frxqwu| 4
dw gdwh w1 Wklv lqfrph lv wd{hg dw wkh sursruwlrqdo udwh � | dw gdwh w1 Wkhuh duh
vhyhudo lqwhusuhwdwlrqv wkdw fdq eh jlyhq wr vxfk d wd{1 Wkhvh lqfoxgh= +d, frxqwu|
5 wd{hv lqwhuhvw +ru doo, lqfrph hduqhg deurdg +wkdw lv/ frxqwu| 5 wd{hv fdslwdo
rxw rzv,> +e, frxqwu| 5 wd{hv doo lqfrph hduqhg e| iruhljq lqyhvwphqw/ vr wkdw lw
wd{hv lqwhuhvw lqfrph hduqhg e| lwv uhvlghqwv deurdg dqg lqwhuhvw lqfrph hduqhg
e| uhvlghqwv ri frxqwu| 4 lq frxqwu| 5> +f, frxqwu| 5 wd{hv doo lqwhuhvw lqfrph> +g,
frxqwu| 4 wd{hv fdslwdo lq rzv1 Lq dq| fdvh/ zh dvvxph wkdw wkh frxqwu| ohy|lqj
wkh wd{ uhedwhv wkh surfhhgv wr rog ohqghuv dv d oxps0vxp dw hdfk gdwh1 Xqghu rxu
dvvxpswlrqv/ vxfk uhedwhv gr qrw d�hfw wkh htxloleulxp frqglwlrqv ri wkh prgho1

Lq wkh suhvhqfh ri wklv eduulhu wr fdslwdo prelolw|/ uhvlghqwv ri frxqwu| 5 pxvw
eh lqgl�huhqw ehwzhhq ohqglqj lqwhuqdwlrqdoo| dqg ohqglqj grphvwlfdoo|1 Wkh jurvv
uhwxuq rq ixqgv ohqw grphvwlfdoo| zloo eh
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Dqg/ wkh diwhu0wd{ jurvv uhdo uhwxuq rq ixqgv lqyhvwhg deurdg zloo eh
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6
8 s �E&�|n��*d^ � �E&�| �o� +814,

Khqfh/ zkhq frxqwu| 5 dwwhpswv wr krog lwv surgxfwlrq ohyho +fdslwdo vwrfn, frq0
vwdqw/

ME&2� ' E�� � |n��
s �E&�|n��

d^ � �E&�| �o
c

;| � � pxvw krog lq rughu iru diwhu0wd{ uhdo uhwxuqv wr eh htxdwhg15:

59Uhfdoo wkdw n� @ !z+n�, A 3> wkdw lv/ n� lv wkh xqltxh qrq0wulyldo vwhdg| vwdwh fdslwdo vwrfn
lq d forvhg hfrqrp|1
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Xqghu rxu dvvxpswlrqv derxw wkh wd{dwlrq ri lqwhuhvw lqfrph/ frxqwu| 4 uhvl0
ghqwv zloo lqyhvw lq frxqwu| 4 rqo|1 Lq dgglwlrq/ dq htxdolw| ri zruog vrxufhv dqg
xvhv ri ixqgv frqwlqxhv wr uhtxluh wkdw +718, rewdlq1 Wkxv5;

&�|n� ' ��E&�| � n d��E&2�� &2o +815,

� xE&�| c &
2�( | � �

pxvw rewdlq5<

Htxdwlrq +815, gh�qhv d odz ri prwlrq iru i&�| j"|'� wkdw lv ghslfwhg lq Iljxuh 81
Vlqfh &2 	 &Wc ��E&2� : &2 krogv1 Khqfh/ dw doo gdwhv +h{fhsw srvvleo| wkh �uvw,/
wkh frxqwu| 4 fdslwdo vwrfn frqyhujhv prqrwrqlfdoo| wr d vwhdg| vwdwh fdslwdo vwrfn
&� : &W� Qr hfrqrplf  xfwxdwlrqv +djdlq/ h{fhsw srvvleo| dw wkh lqlwldo gdwh, fdq
eh revhuyhg1

Lq rughu wr ydolgdwh wkh vhtxhqfh ri fdslwdo vwrfnv i&�| j"|'� jlyhq e| +815, dqg
&2| ' &2c | � �c dv htxloleuld/ wkh �eduulhu� � |n� pxvw eh vhohfwhg dssursuldwho| dw
hdfk gdwh1 Htxdwlrqv +814, dqg +815, lpso| wkdw � |n�pxvw eh vhw vr wkdw

�� � |n� ' ME&2�d^ � �E&�| �o*s
�E&�|n�� +816,

' ME&2�d^ � �E&�| �o*s
�dxE&�| c &

2�o( | � �

5:Dw w @ 3/ i 3+n5,
t�z+n5

3
,
@ +4� �4,

i 3+n4
4
,

^t�z+n4
r
,` pxvw eh vdwlv�hg lq rughu iru diwhu0wd{ uhdo uhwxuqv wr

eh htxdwhg1
5;Dw w@3/ n44 @ !^z+n43, .z+n53,`� n5 krogv1 Qrwh wkdw n5 ? !^z+n43, .z+n53,` lv uhtxluhg iru

ihdvlelolw|1 Wkxv n5 ? pd{in�> !^z+n43, . z+n53,`j pxvw krog1
5<Li fuhglw lv udwlrqhg lq frxqwu| 5/ exw qrw lq frxqwu| 4/ wkhq wkh v|vwhp ri htxloleulxp

frqglwlrqv lv
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68 >
zlwk �w � �= Fohduo| dq| eduulhu wr fdslwdo prelolw| wkdw vwdelol}hg wkh fdslwdo vwrfn lq frxqwu| 5
zrxog uhtxluh erwk n4w dqg n5w wr eh dw wkhlu vwhdg| vwdwh ydoxhv iruhyhu1 Vlqfh wklv lv jhqhulfdoo|
lqihdvleoh/ li fuhglw lv qrw udwlrqhg lq frxqwu| 4/ lw pd| eh lpsrvvleoh iru frxqwu| 5 wr suhyhqw
yduldwlrqv ryhu wlph lq lwv fdslwdo vwrfn dqg surgxfwlrq ohyho1
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Frqglwlrqv xqghu zklfk � |n� 5 Efc ��c ; | � �c duh vwdwhg ehorz1
Hylghqwo|/ +816, jlyhv � |n� dv d ixqfwlrq ri &�| dqg &2( vd| � |n� ' A E&�| c &

2�� Lw
lv vwudljkwiruzdug wr hvwdeolvk wkh iroorzlqj uhvxow1

Ohppd 8141 Li &2 � 4@ is3�E^�c E���3�E�*��jc wkhq A2E&
�
| c &

2� � f krogv1 +e,
Li E���3�E�*�� � &2 � s3�E^� krogv/ wkhq A2E&

�
| c &

2� � f krogv1 +f, Rwkhuzlvh/
A2E&

�
| c &

2� lv ri dpeljxrxv vljq1

Ohppd 814 hvwdeolvkhv wkdw/ jlyhq &�| cwkh pdjqlwxgh ri wkh dssursuldwh eduulhu
wr fdslwdo prelolw| dw w.4 pd| eh hlwkhu lqfuhdvlqj ru ghfuhdvlqj lq frxqwu| 5*v
lqfrph ohyho1

Dq lqwhuhvwlqj txhvwlrq frqfhuqv krz eduulhuv wr fdslwdo  rzv zloo ydu| ryhu
wlph zlwk wkh ohyho ri wkh frxqwu| 4 fdslwdo vwrfn1 Dsshqgl{ D hvwdeolvkhv wkh
iroorzlqj uhvxow1

Ohppd 8151 Vxssrvh sE&� ' (&B1 Wkhq�
&�|

�� � |n�

�
YE�� � |n��

Y&�|
' B

��
�E&�| �

^ � �E&�| �

�
� E�� B� n E�� B�

�
��E&2�� &2

&�|n�

��
+817,

Vlqfh &2 	 &Wc ��E&2� : &2 qhfhvvdulo| krogv1 Wkxv A�E&�| c &
2� 	 f +E�� � |n��

lv lqfuhdvlqj lq &�| , li �E&
�
| �*^ � E�� B�*E2� B� lv vdwlv�hg1 Vlqfh �E&�| �*^ lv wkh

iudfwlrq ri fdslwdo lqyhvwphqw �qdqfhg lqwhuqdoo| lq wkh ulfk frxqwu|/ wklv frqglwlrq
pxvw eh vdwlv�hg iru dq| sodxvleoh sdudphwul}dwlrq ri wkh prgho1 Lqghhg/ iru B � f/
A�E&

�
| c &

2� 	 f zloo krog li �E&�| �*^ � �D lv vdwlv�hg1 Iru doo wkh ghyhorshg frxqwulhv
h{dplqhg/ iru lqvwdqfh/ e| Kdplg dqg Vlqjk +4<<5,/ wkh iudfwlrq ri lqyhvwphqw
�qdqfhg lqwhuqdoo| lv qr ohvv wkdq 83 shufhqw1 Khqfh zh frqfoxgh wkdw A�E&�| c
&2� 	 f lv wkh hpslulfdoo| sodxvleoh vlwxdwlrq1 Wkxv eduulhuv wr fdslwdo prelolw|
zloo ghfolqh ryhu wlph li i&�| j lv dq lqfuhdvlqj vhtxhqfh1 Ru/ lq rwkhu zrugv/ eduulhuv
wr fdslwdo prelolw| zloo ghfolqh dv wkh zruog hfrqrp| ghyhorsv ryhu wlph1

Ri frxuvh +816, lpsolhv wkdw *�4|<"E�� � |n�� ' ME&2�*ME&�� ' �� � � Khqfh
� 5 dfc �� zloo krog li &2 lv qrw wrr vpdoo uhodwlyh wr &�1 Lqghhg 3 	 � 	 � zloo
qhfhvvdulo| eh vdwlv�hg li wkh �wdujhw� ydoxh &2 h{fhhgv wkh vwhdg| vwdwh frxqwu| 5
fdslwdo vwrfn wkdw zrxog rewdlq lq dq dv|pphwulf vwhdg| vwdwh lq wkh hfrqrp| ri
vhfwlrq 71 Wkxv/ li wkh orqj0uxq vlwxdwlrq ri frxqwu| 5 lv wr eh �lpsuryhg� +iurp
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wkh shuvshfwlyh ri surgxfwlrq,/ vrph eduulhuv wr fdslwdo prelolw| zloo kdyh wr eh
uhwdlqhg hyhq dv|pswrwlfdoo|163

Zh pdnh d �qdo uhpdun1 Zkhq eduulhuv wr fdslwdo prelolw| duh huhfwhg/ +d,
hfrqrplf yrodwlolw| fdq eh uhgxfhg/ dqg +e, erwk wkh vkruw dqg orqj0uxq surgxf0
wlrq ohyhov ri d frxqwu| fdq eh lqfuhdvhg uhodwlyh wr wkh vlwxdwlrq zlwk xquhvwulfwhg
fdslwdo prelolw|1 Exw/ li doo yduldwlrq lq frxqwu| 5 lqfrph lv holplqdwhg +dqg li
&�� 	 &��c rqh uhvxow zloo eh wkdw frxqwu| 5 surgxfwlrq ohyhov zloo eh �vwdjqdqw�
zkloh frxqwu| 4 surgxfwlrq ohyhov zloo ulvh ryhu wlph1 Khqfh lqhtxdolw| lq zruog
surgxfwlrq zloo lqfuhdvh ryhu wlph dorqj zlwk zruog hfrqrplf ghyhorsphqw1

Ri frxuvh wkxv idu wkh dqdo|vlv kdv ehhq vlohqw uhjduglqj wkh orqj0uxq +vwhdg|
vwdwh, frqvhtxhqfhv ri huhfwlqj eduulhuv wr fdslwdo prelolw|1 Zh qrz frqvlghu wklv
lvvxh1

91 Orqj0Uxq Frqvhtxhqfhv ri Eduulhuv wr Fdslwdo Prelolw|

Ohw Ee&�ce&2� ghqrwh d vwhdg| vwdwh htxloleulxp ri wkh prgho zlwk qr eduulhuv wr
fdslwdo  rzv lq sodfh1 Wkxv Ee&�ce&2� vdwlv�hv +71:, dqg +71;,1 Pruhryhu/ wr �{
lghdv/ vxssrvh wkdw Ee&�ce&2� lv dq dv|pphwulf vwhdg| vwdwh zlwk e&� : e&2/ vr wkdw
frxqwu| 4+5, lv uhodwlyho| zhdowk| +srru,1 Wkhq/ dv zh kdyh vhhq/ frxqwu| 5 fdq
vhohfw dq| ydoxh &2 5 de&2c &W�/ dqg fdq vhohfw dq dssursuldwh vhtxhqfh ri eduulhuv wr
fdslwdo  rzv / i� |j"|'� c vr wkdw &2| ' &2 ;| � �c dqg vr wkdw *�4|<" � | ' � 5 dfc ��1
Pruhryhu/ zlwk &2 5 de&2c &W�c *�4|<" &�| : &W zloo krog1 Wkxv/ zlwk dssursuldwho|
vhohfwhg �dqg dssursuldwho| hyroylqj� lpshglphqwv wr fdslwdo prelolw| lq sodfh/
frxqwu| 5 fdq erwk holplqdwh dq| hqgrjhqrxv  xfwxdwlrqv lq fdslwdo  rzv dqg
surgxfwlrq ohyhov/ dqg lqfuhdvh lwv orqj0uxq rxwsxw dqg fdslwdo vwrfn1

Zh qrz zlvk wr frqvlghu wkh frqvhtxhqfhv ri dq| eduulhuv frxqwu| 5 pljkw lp0
srvh iru wkhvh sxusrvhv iurp wkh shuvshfwlyh ri frxqwu| 41 Lq dgglwlrq/ zh frqvlghu
wkh frqvhtxhqfhv ri frxqwu| 5*v uhvwulfwlrqv rq fdslwdo  rzv iru zruog surgxfwlrq
ohyhov/ dqg iru wkh zhoiduh ri gl�huhqw djhqwv lq erwk frxqwulhv1 Wkurxjkrxw/ zh
irfxv rxu dwwhqwlrq rq wkh orqj0uxq/ ru vwhdg| vwdwh frqvhtxhqfhv ri dq| eduulhuv
lpsrvhg1 Zh qrz rzq wxuq rxu dwwhqwlrq wr wklv wdvn1

63Li W4+n4w > n
5, ? 3 krogv/ lw iroorzv wkdw � w.4 5 +3> 4, zloo wkhq krog iru doo w vr orqj dv n4w lv

qhyhu �wrr idu� iurp lwv vwhdg| vwdwh ydoxh1
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9141 Orqj0Uxq Surgxfwlrq Ohyhov

Lq rughu wr ghvfuleh wkh h�hfwv ri eduulhuv wr fdslwdo  rzv rq orqj0uxq surgxfwlrq
ohyhov/ lw zloo eh xvhixo wr gh�qh wzr ehqfkpdun ohyhov ri frxqwu| 5*v fdslwdo vwrfn1
Iluvw/ ohw h& eh gh�qhg e| ���Eh&� ' �� Xqghu rxu dvvxpswlrqv rq whfkqrorj|/ h& lv
wkh fdslwdo vwrfn wkdw/ lq vwhdg| vwdwh/ pd{lpl}hv wkh gl�huhqfh ehwzhhq frxqwu|
5 vdylqj dqg frxqwu| 5 lqyhvwphqw1 Ru/ lq rwkhu zrugv/ zkhq &2 ' h&c qhw vwhdg|
vwdwh fdslwdo  rzv iurp frxqwu| 5 wr frxqwu| 4 duh pd{lpl}hg1 Lq dgglwlrq/ gh�qh
&n : &W e| wkh uhodwlrq

&n � ��E&n� ' ��Eh&�� h&�
Wkhq/ li &2 ' h&c &� ' &n� Ru/ lq rwkhu zrugv/ &n lv frxqwu| 4*v vwhdg| vwdwh fdslwdo
vwrfn li lw uhfhlyhv wkh pd{lpxp srvvleoh ohyho ri fdslwdo lq rzv1 Rxu dvvxpswlrqv
lpso| wkdw &� � &n pxvw krog lq dq| vwhdg| vwdwh1

Lq rughu wr ixoo| glvfxvv wkh frqvhtxhqfhv ri frxqwu| 5*v wd{dwlrq ri lqfrph
hduqhg deurdg/ lw lv xvhixo wr glvwlqjxlvk ehwzhhq wzr fdvhv1

Fdvh 4= e&2 	 h& dqg &2 5 de&2ch&o1 Wklv fdvh wudqvsluhv li/ lq wkh vwhdg| vwdwh
ri vhfwlrq 7/ frxqwu| 5 lv idluo| srru1 Lq wklv vlwxdwlrq/ wkh iroorzlqj srvvlelolw|
dulvhv1 Zlwk &2 5 Ee&2ch&oc wkh lpsrvlwlrq ri wd{hv e| frxqwu| 5 rq lqfrph hduqhg
deurdg lqfuhdvhv wkh txdqwlw| ��E&2�� &2/ uhodwlyh wr lwv �ruljlqdo� vwhdg| vwdwh
ohyho1 Lw lv wkhq lpphgldwh wkdw wkh vwhdg| vwdwh fdslwdo vwrfn ri frxqwu| 4 pxvw
ulvh> wkdw lv/ &� : e&� krogv1

Wkxv/ li frxqwu| 5 lv lqlwldoo| srru hqrxjk/ lwv huhfwlrq ri eduulhuv wr fdslwdo
 rzv dfwxdoo| udlvhv orqj0uxq lqfrph ohyhov lq hdfk frxqwu|1 Wkdw lv/ surgxfwlrq
lq frxqwu| 4 lv qrw dgyhuvho| d�hfwhg e| wkh dwwhpswv ri frxqwu| 5 wr glvfrxudjh
fdslwdo rxw rzv1

Lqghhg/ lq d vwhdg| vwdwh/ wkhvh dwwhpswv dfwxdoo| lqfuhdvh wkh qhw rxw rz
ri fdslwdo iurp frxqwu| 51 Lqwxlwlyho|/ wkh eduulhuv wr fdslwdo prelolw| huhfwhg
e| frxqwu| 5 gr hqfrxudjh frxqwu| 5 uhvlghqwv wr vkliw lqyhvwphqw iurp frxqwu|
4 wr frxqwu| 5/ rwkhu wklqjv htxdo1 Exw/ wklv lqfuhdvh lq frxqwu| 5 lqyhvwphqw
udlvhv wkh ohyho ri vdylqjv lq frxqwu| 5 dv zhoo1 Zlwk &2 � h&c grphvwlf vdylqj
lqfuhdvhv e| pruh wkdq grphvwlf lqyhvwphqw lq wkh srru frxqwu|/ dqg wkh qhw
h�hfw lv wkdw frxqwu| 5 kdv d juhdwhu qhw rxw rz ri fdslwdo lq wkh suhvhqfh ri
eduulhuv wr fdslwdo rxw rzv wkdq lw grhv lq wkhlu devhqfh1 Qrwlfh wkdw wklv uhvxow
looxvwudwhv dq lpsruwdqw srvvlelolw|= eduulhuv wr fdslwdo prelolw| qhhg qrw ohvvhq
wkh qhw pdjqlwxgh ri fdslwdo  rzv1

Fdvh 5= e&2 � h&� Lq wklv fdvh/ vhwwlqj &2 : e&2 pxvw uhgxfh wkh ydoxh ��E&2��&2
+uhodwlyh wr wkh vlwxdwlrq zkhuh iruhljq lqwhuhvw lqfrph lv xqwd{hg,/ dqg lw pxvw
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uhgxfh wkh vwhdg| vwdwh ydoxh &�� Lq rwkhu zrugv/ &� 	 e&� pxvw rewdlq1 Lqwxlwlyho|/
zkhq e&2 � h&c eduulhuv wr fdslwdo prelolw| pxvw uhgxfh qhw fdslwdo  rzv wr frxqwu|
41 Dv d uhvxow/ lwv vwhdg| vwdwh fdslwdo vwrfn pxvw idoo1 Kdylqj e&2 	 h& krog lv d
uhdo srvvlelolw|/ dv wkh iroorzlqj h{dpsohv looxvwudwh1

H{dpsoh 51 Ohw sE&� ' f�HD&�SSc ^ ' f�feDc � ' f��fSe.��c dqg }E5� ' 53�

+xqlirup glvwulexwlrq,/ zlwk 5 ' ��.�2fD� Wkhq wkhuh lv dq dv|pphwulf vwhdg|
vwdwh/ li wkhuh duh qr eduulhuv wr fdslwdo prelolw|/ zlwk e&� ' f�f�2H.b dqg e&2 '
f�ff�S�2H�� Khuh h& ' f�ff.SeHS vr wkdw e&2 	 h& krogv1 Sduhqwkhwlfdoo|/ wkh hljhq0
ydoxhv ri a / dw wklv vwhdg| vwdwh/ duh 3184:<4:	f�efSDf.�/ vr wkdw hqgrjhqrxv
yrodwlolw| zloo eh revhuyhg lq wkh devhqfh ri eduulhuv wr fdslwdo prelolw|1

Lq rxu fdoleudwlrq h{huflvh deryh/ lw lv vwudljkwiruzdug wr ghprqvwudwh wkdw
���Ee&2� ' ��. : �c vr wkdw e&2 	 h& krogv1 Wkxv/ zh uhjdug lw dv d vwurqj hpslulfdo
srvvlelolw| wkdw vrph ghjuhh ri eduulhuv wr fdslwdo prelolw|/ dorqj zlwk dq dssur0
suldwh fkrlfh ri &2c fdq +d, lqfuhdvh orqj0uxq surgxfwlrq ohyhov lq hdfk frxqwu|/
dqg +e, lqfuhdvh wkh pdjqlwxgh ri qhw fdslwdo  rzv1

Glvfxvvlrq
Vr orqj dv e&2 	 h& krogv/ dqg vr orqj dv frxqwu| 5 vhwv &2 5 de&2ch&oc frxqwu|

4 dqg frxqwu| 5 h{shulhqfh wkh vdph surgxfwlrq frqvhtxhqfhv iurp wkh fuhdwlrq
ri eduulhuv wr fdslwdo prelolw|1 Khqfh/ dw ohdvw zlwk uhvshfw wr surgxfwlrq/ qr
frq lfwv ri lqwhuhvw ehwzhhq wkh frxqwulhv �dw ohdvw lq wkh orqj0uxq � duh fuhdwhg
li frxqwu| 5 huhfwv vxfk eduulhuv1

Rqfh frxqwu| 5 frqwhpsodwhv vhwwlqj &2 vx!flhqwo| kljk/ krzhyhu/ lw pd| fdxvh
frxqwu| 4*v orqj0uxq surgxfwlrq ohyho wr ghfolqh dv d uhvxow ri wkh lpshglphqwv
lw fuhdwhv wr fdslwdo prelolw|1 Lq sduwlfxodu/ zlwk qr eduulhuv wr fdslwdo prelolw|/
frxqwu| 4 h{shulhqfhv d qhw +vwhdg| vwdwh, lq rz ri ixqgv htxdo wr ��Ee&2� � e&2�
Vr orqj dv ��E&2� � &2 � ��Ee&2� � e&2 lv vdwlv�hg64/ frxqwu| 5*v dfwlrqv zloo qrw
uhgxfh qhw fdslwdo lq rzv wr frxqwu| 4/ ru frxqwu| 4*v surgxfwlrq/ uhodwlyh wr wkh
vwhdg| vwdwh ri vhfwlrq 71 Dwwhpswv e| frxqwu| 5 wr vhw &2 vr wkdw ��E&2�� &2 	

��Ee&2��e&2 zloo dgyhuvho| d�hfw frxqwu| 4*v surgxfwlrq ohyhov/ krzhyhu/ dqg pd|
lqylwh uhwdoldwlrq1 Wkxv wkh delolw| ri frxqwu| 5 wr huhfw eduulhuv wr fdslwdo prelolw|
�zlwkrxw dq| uhdfwlrq e| frxqwu| 4� zloo eh juhdwhvw zkhq e&2 	 h& krogv1

64Li en5 ? hn> wklv frqglwlrq fdq eh vdwlv�hg li n5 A hn krogv/ vr orqj dv n5 lv qrw wrr odujh1 Lien5 � hn/ wklv frqglwlrq idlov/ iru doo ydoxhv n5 � en5=
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914141 Zruog Surgxfwlrq Ohyhov

Frqvlghu wkh sureohp ri pd{lpl}lqj wkh zruog vwhdg| vwdwh surgxfwlrq ohyho/
sE&�� n sE&2�/ vxemhfw wr wkh frqvwudlqw wkdw zruog lqyhvwphqw grhv qrw h{fhhg
zruog vdylqjv +&� n &2 � �d�E&�� n �E&2�o�� Wkh iroorzlqj ohppd vwdwhv d uhvxow
frqfhuqlqj wkh vroxwlrq wr wklv sureohp1

Ohppd 9141 Vxssrvh wkdw sE&� kdv wkh FHV irup sE&� ' d@&4 n Ko�*4c zlwk

4 5 dfc ��165 Wkhq zruog rxwsxw lv pd{lpl}hg e| vhwwlqj &� ' &2 ' &W�

Wkh surri ri Ohppd 914 dsshduv lq Dsshqgl{ E1 Lqwxlwlyho|/ wkh frqfdylw| ri
�E&� lpsolhv wkdw zruog vdylqjv lv pd{lpl}hg e| vhwwlqj &� ' &2� Vlploduo|/ wkh
frqfdylw| ri sE&� lpsolhv wkdw zruog surgxfwlrq lv pd{lpl}hg e| vhwwlqj &� ' &2�
Wkxv &� ' &2 ' &W ' ��E&W� pxvw krog1

Wkh ohppd lpsolhv wkdw zruog surgxfwlrq zloo ulvh dv &2 lv lqfuhdvhg xs wr wkh
srlqw zkhuh &2 ' &W� Pruhryhu/ li &2 ' &W/ *�4|<" � | ' fc vr wkdw qr eduulhuv
wr fdslwdo prelolw| zloo eh uhtxluhg/ lq vxfk d vwhdg| vwdwh1 Krzhyhu/ dv zh kdyh
qrwhg/ vhwwlqj &2 dw vxfk d kljk ohyho pd| lqylwh uhwdoldwlrq e| frxqwu| 4/ dqg
khqfh pd| qrw eh ihdvleoh iru frxqwu| 51

914151 Vrph Fdoleudwhg Eduulhuv

Frqvlghu rxu fdoleudwlrq h{huflvh ri vhfwlrq 71 Zkdw zrxog eh wkh pdjqlwxgh ri
wkh wd{ wkdw frxqwu| 5 zrxog kdyh wr ohy| li wkh| vhw &2 ' h& +wkdw lv/ li wkh|
pd{lpl}hg wkh vwhdg| vwdwh fdslwdo vwrfn ri frxqwu| 4,B Lw lv hdv| wr fdofxodwh
wkdw h& @^+4:258,+^*(�o2/ dqg wkdw &n @+4.

s
2�2h&� Lw lv dovr hdv| wr yhuli| wkdw

MEh&�*ME&n� ' f�SDD�bc vr wkdw lq d vwhdg| vwdwh/ frxqwu| 5 zruog zrxog kdyh wr
vhw � ' f��eeS��

Dowhuqdwlyho|/ vxssrvh wkdw frxqwu| 5 vhw &2 vr wkdw &� ' e&�c dqg vr wkdw
&2 lv wkh odujhvw vroxwlrq wr e&� � ��Ee&�� ' ��E&2�� &2� +Wklv lv wkh odujhvw
wkdw wkh frxqwu| 5 fdslwdo vwrfn fdq eh zlwkrxw orzhulqj wkh frxqwu| 4 fdslwdo
vwrfn uhodwlyh wr e&��� Rqh uhdglo| fdofxodwhv wkdw &2 ' dE��He*e�E^*(�o2c dqg wkdw
ME&2�*ME&�� ' f�Se�� Wkxv frxqwu| 5 qhhgv wr wd{ lqwhuhvw lqfrph rq iruhljq
lqyhvwphqw dw wkh udwh � ' �� f�Se� ' f��Dbc lq d vwhdg| vwdwh1

sEh&�*sEe&2� ' ��. lv uhdglo| vkrzq wr krog1 sE&n�*sEe&�� ' ��f2S1 Wkxv/ e|
vhwwlqj dq dssursuldwh wd{ vhtxhqfh i� |j"|'�/ frxqwu| 5 fdq kdyh &2 ' h& : e&2

65Vhwwlqj � ? 3 zrxog lpso| wkh ylrodwlrq ri dvvxpswlrq 41
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;| � �c wkhuhe| holplqdwlqj h{fhvv yrodwlolw| ri surgxfwlrq dqg qhw fdslwdo  rzv/
dqg lw fdq lqfuhdvh lwv vwhdg| vwdwh rxwsxw ohyho e| :3(/ uhodwlyh wr wkh vlwxdwlrq
zlwk � ' f� Frxqwu| 4*v orqj0uxq rxwsxw ohyho zloo dovr ulvh dv d uhvxow/ exw rqo|
e| 519(1 Dowhuqdwlyho|/ li frxqwu| 5 pd{lpl}hv &2 vxemhfw wr &� � e&�/ dqg vhwv
d wd{ vhtxhqfh i� |j"|'� vr dv wr kdyh &2| ' &2 ;| � �c lw lv hdv| wr fkhfn wkdw
sE&2�*sEe&2� ' 2�e� Wkxv frxqwu| 5 fdq lqfuhdvh lwv vwhdg| vwdwh surgxfwlrq ohyho
e| 473( zlwkrxw lpsdlulqj vwhdg| vwdwh surgxfwlrq lq frxqwu| 41

914161 D Irupdo Uhvxow

Zh qrz dgguhvv wkh iroorzlqj/ uhodwlyho| whfkqlfdo txhvwlrq1 Zkhq zloo dq dv|p0
phwulf vwhdg| vwdwh zlwk e&2 	 h& h{lvwB Wkh iroorzlqj uhvxow vwdwhv d irupdo
frqglwlrq1

Sursrvlwlrq 9141 Vxssrvh wkdw sE&W� : ^ dqg MEh&� 	 ME&n� krog1 Wkhq wkhuh
h{lvwv dq dv|pphwulf vwhdg| vwdwh zlwk e&2 	 h& 1

Sursrvlwlrq 914 lv suryhg lq dsshqgl{ F1

9151 Vwhdg| Vwdwh Zhoiduh

Dv zh kdyh vkrzq/ dssursuldwho| huhfwhg eduulhuv wr fdslwdo prelolw| fdq holplqdwh
hqgrjhqrxvo| dulvlqj  xfwxdwlrqv lq rxwsxw/ dqg fdq dfwxdoo| lqfuhdvh wkh vwhdg|
vwdwh surgxfwlrq ohyhov ri doo hfrqrplhv +uhodwlyh wr d vlwxdwlrq zkhuh qr eduulhuv
wr fdslwdo  rzv h{lvw,1 Lqghhg/ zh kdyh hyhq dujxhg wkdw lw lv hpslulfdoo| sodxvleoh
wkdw vxfk d vlwxdwlrq pljkw rewdlq1 Zh qrz wxuq wr wkh iroorzlqj txhvwlrq= zkdw
lpsdfw gr wkhvh eduulhuv kdyh rq wkh vwhdg| vwdwh zhoiduh ri gl�huhqw djhqwv lq
gl�huhqw frxqwulhvB

Wr dqvzhu wklv txhvwlrq/ zh dvvxph wkdw wkhuh h{lvwv dq dv|pphwulf vwhdg|
vwdwh/ Ee&�ce&2�c vdwlvi|lqj e&2 	 h&c zkhq qr eduulhuv wr fdslwdo prelolw| duh lq sodfh1
Xqghu wkhvh flufxpvwdqfhv/ zh nqrz wkdw lw lv srvvleoh �wkurxjk wkh frqvwuxfwlrq
ri dssursuldwh wd{hv rq fdslwdo  rzv� wr lqfuhdvh &2 zlwkrxw uhgxflqj &�1 Dqg/
lqghhg/ lw lv srvvleoh wr udlvh erwk &� dqg &2�

Pruhryhu/ wr vlpsoli| fdofxodwlrqv/ zh dvvxph wkurxjkrxw wkh uhpdlqghu ri wklv
vhfwlrq wkdw wkh surgxfwlrq ixqfwlrq kdv wkh Free0Grxjodv irup sE&� ' (&Bc zlwk
B 5 Efc ���

Vlqfh doo ohqghuv kdyh wkh rswlrq ri lqyhvwlqj lq wkhlu krph frxqwu|/ zkhuh
lqyhvwphqw lqfrph lv xqwd{hg/ ohqghuv lq frxqwu| � hduq wkh uhdo jurvv uhwxuq
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�ME&�� rq wkhlu vdylqjv1 Pruhryhu/ xqghu rxu dvvxpswlrqv/ doo |rxqj shulrg
lqfrph lv vdyhg1 Wkxv/ wkh xwlolw| ri ohqghuv lq frxqwu| 4 lv �ME&���E&�� 1 Wkh
xwlolw| ri ohqghuv lq frxqwu| 5 lv �ME&2��E&2�/ soxv wkh ydoxh ri dq| wudqvihu
uhfhlyhg iurp wkh surfhhgv ri wd{lqj lqyhvwphqw lqfrph hduqhg iurp deurdg1 Zh
zloo vwdwh frqglwlrqv xqghu zklfk wkh whup �ME&��E&� lv lqfuhdvlqj lq &1 Wkhvh
frqglwlrqv duh fohduo| vx!flhqw wr lpso| wkdw ohqghuv lq erwk frxqwulhv ehqh�w
iurp eduulhuv wr fdslwdo  rzv wkdw udlvh erwk &� dqg &2�

Zlwk uhvshfw wr eruurzhuv/ zh nqrz iurp wkh glvfxvvlrq lq vhfwlrq 6 wkdw wkhlu
xwlolw|/ frqglwlrqdo rq uhfhlylqj ixqglqj/ lv jlyhq e| wkh h{suhvvlrq

�^s �E&��� oK� ' �^s �E&��� �ME&��d^ � �E&��o

' E�^ � ��s �E&��

Lq dgglwlrq/ wkh suredelolw| ri uhfhlylqj ixqglqj iru d srwhqwldo eruurzhu lv >� '
&�*�k^ 1 Lw iroorzv wkdw wkh h{ dqwh +sulru wr wkh uhyhodwlrq ri zkhwkhu ixqglqj lv
uhfhlyhg, h{shfwhg xwlolw| ri d srwhqwldo eruurzhu lv

T E&�� �
�
�^ � �

�k^

�
&�s �E&�� n

�
�k^ � &�

�k^

�
��E&��ME&��( � ' �c 2 +914,

Zh qrz vwdwh rxu �uvw zhoiduh uhvxow1 Wkh uhvxow dvvhuwv frqglwlrqv xqghu zklfk
wkh xwlolw| ri ohqghuv lv lqfuhdvlqj lq &��

Sursrvlwlrq 9151 +d, Vxssrvh wkdw &� � s3�E^�� Wkhq �E&��ME&�� lv vwulfwo|
lqfuhdvlqj lq &�� +e, Vxssrvh wkdw B � f�D� Wkhq �E&��ME&�� lv vwulfwo| lqfuhdvlqj
lq &�c ;&��

Wkh surriv ri sursrvlwlrqv 9150917 dsshdu lq dsshqglfhv ( � 8 / uhvshfwlyho|1
Sursrvlwlrq 915 lpsolhv wkdw ohqghuv lq frxqwu| 4 dozd|v ehqh�w iurp dfwlrqv wkdw
udlvh &�� Dqg/ li B � f�Dc ohqghuv lq frxqwu| 5 qhfhvvdulo| ehqh�w iurp dfwlrqv wkdw
udlvh &2�

Zh qrz qhhg wr ghwhuplqh zkhq srwhqwldo eruurzhuv ehqh�w/ lq dq h{ dqwh
vhqvh/ iurp lqfuhdvhv lq wkh fdslwdo vwrfn1 Gl�huhqwldwlqj +914, zh rewdlq

�k^T �E&�� ' E�^ � ��s �E&��
�
� n d&�s ��E&��*s �E&��o

�
+915,

n

�
�k^ � &�

&�

�
��E&��ME&��

�
&���E&��

�E&��
n
&�M �E&��

ME&��

�
���E&��ME&���
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Zh qrz vwdwh frqglwlrqv xqghu zklfk T �E&�� :3 krogv iru wkh uhodwlyho| zhdowk|
frxqwu|1

Sursrvlwlrq 9161 Vxssrvh wkdw �^ : �c dqg wkdw �E&n� � ^ � E�*�� � Wkhq
T �E&�� : f krogv iru doo &� 5 ds3�E^�c &no li wkh iroorzlqj frqglwlrq lv vdwlv�hg=

BdE�� B�(oE�*B� � d^ � E�*��oE�*B�

�k^
� +916,

Vlqfh &� 5 ds3�E^�c &noc lw iroorzv wkdw T �E&�� : f krogv li wkh frqglwlrqv ri wkh
sursrvlwlrq duh vdwlv�hg1 Wkxv/ zkhq wkhvh frqglwlrqv rewdlq/ erwk ohqghuv dqg
srwhqwldo eruurzhuv ehqh�w/ lq dq h{ dqwh vhqvh/ iurp wkh fuhdwlrq ri eduulhuv wr
fdslwdo prelolw| wkdw udlvh &��

Lqwxlwlyho|/ wkh frqglwlrqv ri sursrvlwlrq 916 jxdudqwhh wkdw wkh suredelolw| ri
d srwhqwldo eruurzhu uhfhlylqj d ordq lv qrw �wrr juhdw1� Lw iroorzv wkdw wkh h{
dqwh h{shfwhg xwlolw| ri srwhqwldo eruurzhuv zloo qrw gl�hu wrr juhdwo| iurp wkh
zhoiduh ri vdyhuv1 Dv d uhvxow/ srolf| dfwlrqv wkdw lqfuhdvh wkh vwhdg| vwdwh fdslwdo
vwrfn zloo dovr lqfuhdvh wkh h{ dqwh h{shfwhg xwlolw| ri srwhqwldo eruurzhuv1

Hylghqwo|/ li wkh frqglwlrqv ri sursrvlwlrq 915 duh vdwlv�hg/ srwhqwldo eruurzhuv
dqg ohqghuv +dw ohdvw iurp wkh shuvshfwlyh ri wkh vwhdg| vwdwh, lq frxqwu| 4 zloo
xqdqlprxvo| dssuryh ri wkh eduulhuv wr fdslwdo  rzv/ li wkh| gr qrw uhgxfh &�1
Dqg/ li B � f�Dc wkhvh eduulhuv zloo dovr eh ehqh�fldo wr ohqghuv uhvlglqj lq frxqwu|
51 Reylrxvo|/ lw uhpdlqv wr ghvfuleh zkhq srwhqwldo eruurzhuv lq frxqwu| 5 dovr
ehqh�w iurp wkhvh eduulhuv/ lq d vwhdg| vwdwh1 Sursrvlwlrq 917 vwdwhv d vx!flhqw
frqglwlrq iru wklv wr rffxu1

Sursrvlwlrq 9171 Vxssrvh wkdw B � f�D dqg �k^ � �E� � B n B2�*B2� Wkhq
T �E&�� : f krogv iru doo &� � s3�E^��

Lw lv qrz fohdu wkdw li wkh frqglwlrqv ri sursrvlwlrq 916 dqg 917 krog vlpxowdqh0
rxvo|/ doo djhqwv lq doo frxqwulhv ehqh�w �lq dq h{0dqwh vhqvh� iurp dssursuldwho|
vhohfwhg eduulhuv wr fdslwdo prelolw|/ dw ohdvw iurp wkh shuvshfwlyh ri d vwhdg|
vwdwh1 Pruhryhu/ wkh frqglwlrqv ri wkh sursrvlwlrqv duh phuho| vx!flhqw/ dqg e|
qr phdqv qhfhvvdu| frqglwlrqv iru doo jurxsv wr ehqh�w iurp wkhvh eduulhuv1 Dqg/
�qdoo|/ lw ghvhuyhv hpskdvlv wkdw sdudphwhuv fdq eh vhohfwhg wr vdwlvi| doo ri wkh
frqglwlrqv ri sursrvlwlrq 915�917 zlwklq wkh frqwh{w ri rxu fdoleudwhg h{dpsoh1
Zh zrxog / wkhuhiruh/ dujxh wkdw wkhvh frqglwlrqv duh qrw hpslulfdoo| lpsodxvleoh1
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:1 Vwdwlf Eduulhuv wr Fdslwdo Prelolw|

Wkxv idu zh kdyh irfxvhg rq eduulhuv wr fdslwdo prelolw| wkdw hyroyh ryhu wlph/
vr dv wr suhyhqw surgxfwlrq ohyhov lq frxqwu| 5 iurp  xfwxdwlqj1 Reylrxvo|/ iurp
wkh shuvshfwlyh ri d vwhdg| vwdwh/ dq|wklqj wkdw fdq eh dfklhyhg zlwk d vhtxhqfh
i� |j"|'� vdwlvi|lqj *�4|<" � | ' � fdq dovr eh dfklhyhg vlpso| e| vhwwlqj � | '
�;|� Krzhyhu/ huhfwlqj d vwdwlf eduulhu wr fdslwdo  rzv zloo jhqhudoo| qrw suhyhqw
hqgrjhqrxv yrodwlolw| lq surgxfwlrq dqg fdslwdo  rzv/ dv zh qrz ghprqvwudwh1

Li � | ' � krogv iru doo |c zkhuh � kdv wkh vdph lqwhusuhwdwlrq dv ehiruh +d wd{
lpsrvhg rq lqwhuhvw lqfrph hduqhg deurdg wkdw lv sdlg e| frxqwu| 5 uhvlghqwv,/
wkhq wkh vhtxhqfh i&�| c &2| j pxvw hyroyh dffruglqj wr +718, dqg

E�� � �s �E&�|n��

^ � �E&�| �
'

s �E&2|n��

^ � �E&2| �
+:14,

Djdlq/ zh frqvlghu wkh orfdo g|qdplfv ri wklv v|vwhp/ vr zh uhsodfh +718, dqg +:14,
zlwk wkh olqhdu dssur{lpdwlrq

E&�|n� � &�c &2|n� � &2�� ' aE&�| � &�c &2| � &2��

zkhuh/ dv ehiruh/ a lv wkh Mdfreldq pdwul{

a '

3C Y&�
|n�

Y&�
|

Y&�
|n�

Y&2
|

Y&2
|n�

Y&�
|

Y&2
|n�

Y&2
|

4D
Zh qrz xvh dq h{dpsoh wr looxvwudwh wkh idfw wkdw vwdwlf eduulhuv wr fdslwdo  rzv
fdqqrw jhqhudoo| suhyhqw hqgrjhqrxv yrodwlolw| iurp dsshdulqj lq fdslwdo  rzv
dqg surgxfwlrq ohyhov1

H{dpsoh 61 Wkh h{dpsoh lv wkh vdph dv h{dpsoh 51 Iru wkhvh sdudphwhu ydoxhv
� ' � dqg # ' ���SSf� krog1

Li � ' f lv vdwlv�hg/ vr wkdw wkhuh lv qr lqwhuihuhqfh zlwk fdslwdo  rzv/
wkhq wkhuh duh wkuhh qrqwulyldo E&�c &2� sdluv= E&�c &2�� ' +31334945;6/31365;:<,/
E&�c &2�� '+31358<99/ 31358<99, dqg E&�c &2�� '+31365;:</ 31334945;6,166

Dv qrwhg suhylrxvo|/ wkh v|pphwulf vwhdg| vwdwh lv d vdggoh +khuh wkh uhohydqw
hljhqydoxhv duh 199 dqg 5198,1 Wkh hljhqydoxhv dw hdfk dv|pphwulf vwhdg| vwdwh duh
3184:<4:	f�efSDf.� 1 Lw iroorzv wkdw wkh dv|pphwulf vwhdg| vwdwhv duh vlqnv/ dqg

66Lw lv hdv| wr yhuli| wkdw fuhglw lv udwlrqhg lq hdfk frxqwu| lq hdfk ri wkh vwhdg| vwdwhv/ dqg
wkdw +614;, lv vdwlv�hg1 Wklv lv wuxh iru doo ri wkh wd{ udwhv frqvlghuhg khuh1
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wkdw htxloleulxp sdwkv dssurdfklqj wkhp glvsod| hqgrjhqrxvo| dulvlqj yrodwlolw|
wkdw gdpshqv dv|pswrwlfdoo|1

Li � lv vhw htxdo wr 314/ wkhq wkhuh frqwlqxh wr eh wkuhh vwhdg| vwdwhv1 Rqh
vwhdg| vwdwh kdv &� ' f�f��.�b dqg &2 ' f�ff2�Sec vr wkdw frxqwu| 5 frqwlqxhv wr
eh txlwh srru uhodwlyh wr frxqwu| 41 Qrqhwkhohvv/ dq lqfuhdvh lq wkh udwh ri fdslwdo
lqfrph wd{dwlrq e| frxqwu| 5 kdv ohg wr dq lqfuhdvh lq wkh fdslwdo vwrfn ri hdfk
frxqwu| +uhodwlyh wr wkh dv|pphwulf vwhdg| vwdwh wkdw rewdlqv zlwk � ' f,1 Dqg
wkh sursruwlrqdo h�hfw rq wkh fdslwdo vwrfn ri frxqwu| 5 lv pxfk odujhu wkdq wkdw
iru frxqwu| 4= wkh vwhdg| ydoxh ri &2 ulvhv e| pruh wkdq 67( zkloh wkh vwhdg|
vwdwh ydoxh ri &� ulvhv e| rqo| 519(1 Ilqdoo|/ zh qrwh wkdw wklv dv|pphwulf vwhdg|
vwdwh frqwlqxhv wr eh d vlqn/ dqg wkdw sdwkv dssurdfklqj lw frqwlqxh wr glvsod|
hqgrjhqrxv yrodwlolw|1 Wkh uhohydqw hljhqydoxhv ri a duh b ' �fDeHe	 f��beb��

Zkhq � � ' ��/ wkhuh h{lvwv dqrwkhu vwhdg| vwdwh zlwk &� ' 3135;66< dqg
&2 ' f�f2�e�bD� Wklv vwhdg| vwdwh lv d vdggoh= wkh hljhqydoxhv ri a duh 31:34;6
dqg 41::74;1

Iru wklv h{dpsoh/ li � ' f��S��2e wkhq wkhuh h{lvwv d vwhdg| vwdwh zlwk &� '
&n ' f�f�S�.b.S/ dqg &2 ' h& ' f�ff.SeHS�Qrwlfh wkdw wkh fdslwdo vwrfn ri frxqwu|
5/ zkloh vwloo txlwh orz uhodwlyh wr wkdw ri frxqwu| 4/ lv pruh wkdq 618 wlphv juhdwhu
wkdq zdv wkh fdvh zlwk � � ' f��1 Krzhyhu/ wkh dv|pphwulf vwhdg| vwdwh frqwlqxhv
wr eh d vlqn/ dqg wkh hljhqydoxhv ri a duh 31:;8<5	f�2DDe��� Wkxv/ lq wklv h{dpsoh/
vwdwlf eduulhuv wr fdslwdo  rzv fdqqrw holplqdwh hqgrjhqrxv yrodwlolw|1

;1 Eduulhuv wr Fdslwdo Iorzv= Zkr Vkrxog Huhfw WkhpB

Vr idu zh kdyh glvfxvvhg eduulhuv wr fdslwdo prelolw| sxw lq sodfh e| wkh srru
frxqwu|1 Li zh wklqn ri wklv dv d �Qruwk0Vrxwk� prgho/ wkhvh eduulhuv zloo wdnh
wkh irup ri h�hfwlyh wd{dwlrq ri fdslwdo rxw rzv/ dv rq qhw fdslwdo pxvw �lq wkh
orqj0uxq�  rz iurp wkh �Vrxwk wr wkh Qruwk1� Dqg/ wkhvh eduulhuv fdq eh wkrxjkw
ri dv � dqg duh/ lq idfw/ phdvxuhv wkdw suhyhqw  xfwxdwlrqv lq wkh pdjqlwxgh ri
qhw fdslwdo  rzv1

Lw lv lpsruwdqw wr hpskdvl}h/ wkrxjk/ wkdw +dw ohdvw zlwk uhvshfw wr htxloleulxp
fdslwdo vwrfnv dqg surgxfwlrq ohyhov, lghqwlfdo rxwfrphv fdq eh dfklhyhg e| kdylqj
wkh ulfk frxqwu| huhfw eduulhuv djdlqvw fdslwdo lq rzv1 Wkhvh eduulhuv fdq wdnh wkh
irup ri wd{dwlrq ri lqwhuhvw lqfrph hduqhg e| iruhljq uhvlghqwv lq wkh grphvwlf
frxqwu|1 Wkxv/ vlqfh dq htxloleulxp vlpso| uhtxluhv wkdw

E�� � |n��s
�E&�|n��

^ � �E&�| �
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lw lv yluwxdoo| luuhohydqw zkhwkhu � |n� lv d wd{ rq fdslwdo rxw rzv lpsrvhg e|
frxqwu| 5/ ru d wd{ rq fdslwdo lq rzv lpsrvhg e| frxqwu| 41 Doo wkdw lv d�hfwhg
e| zkr lpsrvhv wkh wd{ lv zkr froohfwv wkh uhyhqxh lw jhqhudwhv1 Wklv revhuydwlrq
kdv dq lpsruwdqw fruroodu|/ krzhyhu1 Li ghyhorshg frxqwulhv duh frqfhuqhg derxw
wkh frqvhtxhqfhv ri yrodwlolw| lq qhw fdslwdo  rzv ehwzhhq srru dqg ulfk frxqwulhv/
wkh| fdq lpsrvh eduulhuv wr fdslwdo prelolw| wkdw zloo uhfwli| wklv vlwxdwlrq dv zhoo
srru frxqwulhv fdq1

<1 Frqfoxvlrqv

Fdslwdo  rzv srwhqwldoo| srvh sureohpv iru uhodwlyho| srru hfrqrplhv lq erwk wkh
vkruw dqg wkh orqj0uxq1 Lq wkh vkruw0uxq wkh| fdq jhqhudwh hfrqrplf yrodwlolw| idu
lq h{fhvv ri ixqgdphqwdov1 Dqg/ lq wkh orqj uxq/ wkh qhw gluhfwlrq ri fdslwdo  rzv
lv qrw jhqhudoo| frqgxflyh wr wkh vxvwdlqhg ghyhorsphqw ri lqlwldoo| srru frxqwulhv1

Dv zh kdyh vkrzq/ eduulhuv wr fdslwdo prelolw| fdq eh xvhg wr holplqdwh wkh
h{fhvv yrodwlolw| jhqhudwhg e| lqwhuqdwlrqdo fdslwdo pryhphqwv1 Dqg/ wkhvh vdph
eduulhuv fdq eh xvhg wr surprwh fdslwdo dffxpxodwlrq/ dqg wr lqfuhdvh vwhdg|
vwdwh surgxfwlrq ohyhov lq wkh srru hfrqrp|1 Ilqdoo|/ li wkh srru frxqwu| zrxog
eh vx!flhqwo| srru lq wkh devhqfh ri dq| eduulhuv wr fdslwdo  rzv/ wkhvh ehqh�wv
fdq eh kdg zlwkrxw uhgxflqj orqj0uxq surgxfwlrq ohyhov lq zhdowklhu hfrqrplhv1
Lqghhg/ dw ohdvw zlwk uhvshfw wr vwhdg| vwdwhv/ vxfk eduulhuv fdq ehqh�w doo djhqwv
lq doo frxqwulhv1

Zh kdyh dovr orrnhg dw sdudphwhul}dwlrqv ri rxu prgho wkdw jhqhudwh htxloleuld
glvsod|lqj lqwhuqdwlrqdo gl�huhqfhv lq wkh lqwhuqdo �qdqflqj ri lqyhvwphqw wkdw duh
frqvlvwhqw zlwk revhuydwlrq1 Zh wklqn wkdw wklv lpsruwdqw wr gr h{dfwo| ehfdxvh
gl�huhqfhv lq wkh lqwhuqdo �qdqflqj ri lqyhvwphqw duh wkh fhqwudo ihdwxuh ri rxu
dqdo|vlv1 Dqg/ lq vxfk sdudphwhul}dwlrqv/ hqgrjhqrxv yrodwlolw| lq surgxfwlrq
dqg fdslwdo  rzv grhv dulvh1 Eduulhuv wr fdslwdo prelolw| phdqw wr holplqdwh
wkhvh  xfwxdwlrqv zloo kdyh wkh ihdwxuh wkdw wkh pdjqlwxgh ri wkhvh eduulhuv zloo
ghfolqh ryhu wlph1 Dqg/ wkhvh eduulhuv fdq udlvh orqj0uxq surgxfwlrq ohyhov lq
erwk frxqwulhv1 Krzhyhu/ dw ohdvw li wkh srru frxqwu| grhv qrw huhfw eduulhuv wkdw
uhgxfh orqj0uxq surgxfwlrq ohyhov lq wkh zhdowklhu frxqwu|/ wkhvh eduulhuv zloo
uhpdlq txlwh kljk/ hyhq dv|pswrwlfdoo|1
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431 Dsshqglfhv

D= Surri ri Ohppd 8151 Gl�huhqwldwlrq ri +816, |lhogv
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dv fodlphg1�
E= Surri ri Ohppd 9141 Frqvlghu wkh sureohp 6@% sE&�� n sE&2� vxemhfw wr

&� n &2 � �d�E&�� n �E&2�o� +E14,

Ohwwlqj b eh wkh Odjudqjh pxowlsolhu dvvrfldwhg zlwk wkh frqvwudlqw +E14,/ wkh
�uvw rughu frqglwlrqv iru wklv sureohp vhw
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Pruhryhu/ rxu dvvxpswlrqv rq sE&� lpso| wkdw
k
&��E&�
�E&�

l k
�E&�
&s �E&�

l
' KE�34�

@&4nK
� Lw iroorzv

wkdw wkh ohiw0kdqg vlgh ri +E15, lv vwulfwo| ghfuhdvlqj lq &�� Khqfh dq rswlpxp kdv
&� ' &2� Vdwlvidfwlrq ri +E14, wkhq lpsolhv wkdw &� ' &2 ' &W�

F= Surri ri Sursrvlwlrq 914
Wkh frqglwlrq sE&W� : ^ jxdudqwhhv wkh h{lvwhqfh ri dq dv|pphwulf vwhdg|

vwdwh ^Er|g0Vplwk +4<<:,`1 Dqg/ wkhuh h{lvwv dq dv|pphwulf vwhdg| vwdwh zlwk
&2 	 h& li �E&W� 	 ^/ dqg li wkh grzqzdug vorslqj eudqfk ri ME&�� ' ME&2� sdvvhv
wkurxjk d srlqw E&�ch&�c zlwk &� 	 &n +vhh Iljxuh 9,1 Exw wklv lv jxdudqwhhg e|
ME&n� : MEh&���

G= Surri ri sursrvlwlrq 9151
+d, ��E&�� : f krogv ;&�1 Dqg/ iru &� 5 ds3�E^�c �3�E^��c M �E&�� � f krogv1

Wkxv �E&��ME&��lv vwulfwo| lqfuhdt�?j lq &���
+e, Qrwh wkdw �E&��ME&�� ' �E&��s �E&��*d^��E&��o� Li B � f�D/ wkhq�E&��s �E&��

lv qrqghfuhdvlqj lq &�� Wkh fodlp iroorzv lpphgldwho|1�
H= Surri ri sursrvlwlrq 9161
Jlyhq rxu vshfl�fdwlrq ri wkh surgxfwlrq whfkqrorj|/
&s ��E&�*s �E&� ' B��c &��E&�*�E&� ' B dqg &M �E&�*ME&� ' B��niB�E&�*d^ � �E&�oj

krog1 Vxevwlwxwlqj wkhvh uhodwlrqv lqwr +915, dqg uhduudqjlqj whupv |lhogv
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Vlqfh �E&n� � ^ � E�*��c lw iroorzv wkdw �*d^ � �E&��o � � iru doo &� � &n�
Wkhuhiruh/ ��E&��*d^��E&��o � ��E&�� � �^�� krogv iru doo &� � &n� Xvlqj wklv
idfw lq +H15,/ lw lv hylghqw wkdw T �E&�� : f krogv iru doo &� 5 ds3�E^�c �3�d^�E�*��oo
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krogv1 Qrwlfh wkdw iru doo &� 5 ds3�E^�c �3�d^�E�*��oo/ zh kdyh
q

B^
^3�E&��

� E�� B�
r
�

B� Wkxv/ +H16, lv vdwlv�hg li

BE�k^ � &�� � E�� B�&�� +H17,

Uhduudqjlqj whupv lq +H17, |lhogv wkh htxlydohqw frqglwlrq

B�k^ � &� +H18,

Exw/ vlqfh &� � �3�d^ � E�*��o ' id^ � E�*��o*E�� B�(j�*B c +H18, pxvw krog
;&� 5 ds3�E^�c &no li
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lv vdwlv�hg1 Exw/ iru &� � s3�E^�c �E&��
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Uhihuhqfhv

^4` Ehuqdqnh/ Ehq V1/ dqg Pdun Jhuwohu/ 4<;</ Djhqf| Frvwv/ Qhw Zruwk/ dqg
Exvlqhvv Ioxfwxdwlrqv/ Dphulfdq Hfrqrplf Uhylhz :</ 470641

^5` Er|g/ Mrkq K1/ dqg Euxfh G1 Vplwk/ 4<<7/ Krz Jrrg Duh Vwdqgdug Ghew
FrqwudfwvB= Vwrfkdvwlf yhuvxv Qrqvwrfkdvwlf Prqlwrulqj lq d Frvwo| Vwdwh
Yhul�fdwlrq Hqylurqphqw/ Mrxuqdo ri Exvlqhvv 9:/ 86<08941

^6` Er|g/ Mrkq K1/ dqg Euxfh G1 Vplwk/ 4<<:/ Fdslwdo Pdunhw Lpshuihfwlrqv/ Lq0
whuqdwlrqdo Fuhglw Pdunhwv/ dqg Qrqfrqyhujhqfh/ Mrxuqdo ri Hfrqrplf Wkh0
ru| :6/ 66806971

^7` Fdoyr/ Jxloohupr/ O1 Ohlghupdq/ dqg Fduphq Uhlqkduw/ �Fdslwdo Iorzv dqg
wkh Uhdo H{fkdqjh Udwh Dssuhfldwlrq lq Odwlq Dphulfd= wkh Uroh ri H{whuqdo
Idfwruv/� LPI Vwd� Sdshuv 73 +4<<6,/ 43;04841

^8` Fkxkdq/ S1/ V1 Fodhvvhqv/ dqg Q1 Pdplqjl/ �Htxlw| dqg Erqgv Iorzv wr Odwlq
Dphulfd dqg Dvld= wkh Uroh ri Joredo dqg Frxqwu| Idfwruv/� pdqxvfulsw/ Wkh
Zruog Edqn/ 4<<61

^9` Hlfkhqjuhhq/ Eduu|/ Mdphv Wrelq dqg Fkduohv Z|sorv}/ 4<<8/ Wzr Fdvhv iru
Vdqg lq wkh Zkhhov ri Lqwhuqdwlrqdo Ilqdqfh/ Wkh Hfrqrplf Mrxuqdo 49504:51

^:` Ihuqdqgh}0Duldv/ H1 �Wkh QhzZdyh ri Sulydwh Fdslwdo Iorzv= Sxvk ru SxooB�
pdqxvfulsw/ Wkh Zruog Edqn 4<<71

^;` Jdoh/ Grxjodv dqg Pduwlq Khoozlj/ 4<;8/ Lqfhqwlyh Frpsdwleoh Ghew Frq0
wudfwv= wkh Rqh Shulrg Sureohp/ Uhylhz ri Hfrqrplf Vwxglhv 85/ 97:09961

^<` Jhuwohu/ Pdun dqg Nhqqhwk Urjr�/ 4<<3/ Qruwk0Vrxwk Ohqglqj dqg Hq0
grjhqrxv Grphvwlf Fdslwdo Pdunhw Lqh!flhqflhv/ Mrxuqdo ri Prqhwdu| Hfr0
qrplfv/ 59/ 57805991

^43` Lqwhuqdwlrqdo Prqhwdu| Ixqg/ 4<<</ �Zruog Hfrqrplf Rxworrn/� Pd|1

^44` Kdplg/ Mdyhg/ dqg Dmlw Vlqjk/ 4<<5/ Frusrudwh Ilqdqfldo Vwuxfwxuhv lq Gh0
yhorslqj Frxqwulhv/ Lqwhuqdwlrqdo Ilqdqfh Frusrudwlrq/ Whfkqlfdo Sdshu Qr1
4/ Wkh Zruog Edqn Zdvklqjwrq G1F1
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^45` Kx|ehqv/ Holvdehwk dqg Euxfh Vplwk/ 4<<;/ Ilqdqfldo Pdunhw Iulfwlrqv/ Prq0
hwdu| Srolf| dqg Fdslwdo Dffxpxodwlrq lq d Vpdoo Rshq Hfrqrp|1 Mrxuqdo
ri Hfrqrplf Wkhru| ;4/8<909561

^46` Mdshool/ Wxoolr/ 4<<3/ Zkr lv Fuhglw Frqvwudlqhg lq wkh X1V1 Hfrqrp|B/ Txdu0
whuo| Mrxuqdo ri Hfrqrplfv 438/ 54<0671

^47` PfNlqqrq/ Urqdog L1/ 4<:6/ Prqh| dqg Fdslwdo lq Hfrqrplf Ghyhorsphqw/
Eurrnlqjv Lqvwlwxwh/ Zdvklqjwrq/ G1F1

^48` Sduhqwh/ Vwhskhq/ dqg Hgzdug F1 Suhvfrww 4<<6/ Fkdqjhv lq wkh Zhdowk ri
Qdwlrqv/ Ihghudo Uhvhuyh Edqn ri Plqqhdsrolv/ Txduwhuo| Uhylhz 4:/ Qr1 5/
40491

^49` Xqlwhg Qdwlrqv/ 4<<5/ Kxpdq Ghyhorsphqw Uhsruw 4<<5/ R{irug Xqlyhuvlw|
Suhvv/ Qhz \run1

^4:` Zlooldpvrq/ Vwhskhq/ 4<;9/ Frvwo|Prqlwrulqj/ Ilqdqfldo Lqwhuphgldwlrq/ dqg
Htxloleulxp Fuhglw Udwlrqlqj1 Mrxuqdo ri Prqhwdu| Hfrqrplfv 4;/ 48<04:<1

^4;` Zlooldpvrq/ Vwhskhq/ 4<;:/ Frvwo| Prqlwrulqj/ Ordq Frqwudfwv/ dqg Htxl0
oleulxp Fuhglw Udwlrqlqj1 Txduwhuo| Mrxuqdo ri Hfrqrplfv 435/ 46804781

^4<` Zruog Edqn/ �Zruog Ghyhorsphqw Uhsruw/ 4<;</� R{irug Xqlyhuvlw| Suhvv/
Qhz \run1
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Figure 1
The Expected Return Function
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Figure 3
Steady State Equilibria with Unrestricted Capital Flows
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Figure 4
Example 1

y = k2/k1
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Figure 5
Law of Motion for {k1

t} when Variations in Country 2 Capital Stock are Eliminated
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Figure 6
Existence of an Asymmetric Steady State with k2 < k
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