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Ghsduwphqw ri Hfrqrplfv/ Xssvdod Xqlyhuvlw|/

Er{ 846/ :84 53 Xssvdod/ Vzhghq

Rfwrehu 5333

Devwudfw

Wklv sdshu dgguhvvhv wudqverxqgdu| hqylurqphqwdo sureohpv lq

wkh frqwh{w ri dq rswlpdo wd{ sureohp/ zkhq sduw ri wkh oderu irufh

lv preloh dfurvv frxqwulhv1 Wkh srolf| lqvwuxphqwv lqfoxgh erwk frp0

prglw| wd{dwlrq dqg qrqolqhdu lqfrph wd{dwlrq1 Zh vkrz krz wkh wd{

srolf| lq d qrqfrrshudwlyh htxloleulxp gl�huv iurp wkdw fruuhvsrqglqj

wr d frrshudwlyh htxloleulxp1 Wkh uhvxowv dovr lqglfdwh krz d *joredo

srolf| pdnhu* pxvw dfw lq rughu wr pdnh wkh qdwlrqdo srolf| pdnhuv

uhsolfdwh wkh frrshudwlyh htxloleulxp1

Nh|zrugv= Wudqverxqgdu| h{whuqdolwlhv/ �vfdo ihghudolvp/ rswlpdo

wd{dwlrq

�Wkh dxwkruv zrxog olnh wr wkdqn Pdjqxv Zlnvwuùp iru khosixo frpphqwv dqg vxjjhv0

wlrqv1 D uhvhdufk judqw iurp KVIU lv dovr judwhixoo| dfnqrzohgjhg1
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4 Lqwurgxfwlrq

Pdq| hqylurqphqwdo sureohpv duh wudqverxqgdu| lq wkh vhqvh wkdw hplvvlrqv

fdxvhg e| wkh surgxfwlrq dqg2ru frqvxpswlrq lq rqh sduwlfxodu frxqwu| d�hfw

wkh zhooehlqj ri frqvxphuv lq rwkhu frxqwulhv1 Wkh hplvvlrqv ri ��
2
jlyh

ulvh wr vxfk wudqverxqgdu| hqylurqphqwdo sureohpv/ vlqfh joredo zduplqj

pd| lq xhqfh wkh olylqj frqglwlrqv ri pdqnlqg lq doo frxqwulhv luuhvshfwlyh

ri zkhuh wkh vrxufhv ri hplvvlrqv duh orfdwhg1 Vlploduo|/ hplvvlrqv ri vxoskxu

duh vsuhdg e| wkh zlqg dfurvv frxqwu| erdughuv/ phdqlqj wkdw wkh hplvvlrqv

xqghuwdnhq e| d sduwlfxodu frxqwu| zloo fdxvh hqylurqphqwdo gdpdjh lq rwkhu

frxqwulhv dv zhoo1 Wklv w|sh ri hqylurqphqwdo sureohp kdv uhfhlyhg d orw ri

dwwhqwlrq lq wkh olwhudwxuh41

Wkh dssursuldwh ghvljq ri *hqylurqphqwdo wd{dwlrq* +dqg rwkhu fruuhf0

wlyh srolflhv, wr lqwhuqdol}h wudqverxqgdu| h{whuqdolwlhv iurp hqylurqphqwdo

gdpdjh w|slfdoo| ghshqgv rq wkh zkroh vhw ri remhfwlyhv/ lqvwuxphqwv dqg

uhvwulfwlrqv idflqj srolf| pdnhuv1 Wkh phwkrgv wr dfklhyh glvwulexwlrqdo re0

mhfwlyhv dqg wkh srwhqwldo prelolw| ri wd{ edvhv dfurvv frxqwulhv duh sduwlfx0

oduo| lpsruwdqw lq wklv frqwh{w1 Iru lqvwdqfh/ li srolf| pdnhuv fdqqrw revhuyh

wkh delolw| +ru surgxfwlylw|, ri gl�huhqw lqglylgxdov/ glvwulexwlrqdo remhfwlyhv

pd| qhfhvvlwdwh wkh xvh ri glvwruwlrqdu| wd{dwlrq1 Wklv phdqv/ lq wxuq/ wkdw

hqylurqphqwdoo| prwlydwhg wd{hv ehfrph sduw ri d glvwruwlrqdu| wd{ v|vwhp1

Vlploduo|/ li wkh oderu irufh lv preloh/ lw lv uhdvrqdeoh wr dvvxph wkdw gli0

ihuhqfhv lq hqylurqphqwdo dqg rwkhu srolflhv ehwzhhq frxqwulhv zloo lqgxfh

pljudwlrq1 Vlqfh wkh vl}h dqg frpsrvlwlrq ri wkh oderu irufh duh olnho| wr

d�hfw erwk wkh *hqylurqphqwdo txdolw|* dqg wkh wd{ edvh/ rqh pd| jhqhudoo|

h{shfw wkh lqfhqwlyhv uhodwhg wr pljudwlrq wr lq xhqfh sxeolf srolf|1 Srolf|

lpsolfdwlrqv ri oderu prelolw| duh wkrurxjko| dgguhvvhg lq wkh olwhudwxuh rq

4Suhylrxv uhvhdufk lqfoxghv Pçohu +4<;<,/ Eduuhww +4<<3/ 4<<7,/ Fduudur dqg Vlqlvfdofr

+4<<6,/ Fhvdu +4<<7,/ Wdkyrqhq +4<<7/ 4<<8,/ Pçohu dqg gh ]hhxz +4<<8,/ Durqvvrq dqg

Oùijuhq +5333, dqg Durqvvrq hw do1 +5333,1
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�vfdo ihghudolvp5/ dowkrxjk frpprqo| qhjohfwhg lq wkh frqwh{w ri hqylurq0

phqwdo srolf|61

Lq wklv sdshu/ zh dgguhvv wudqverxqgdu| hqylurqphqwdo sureohpv lq wkh

frqwh{w ri dq rswlpdo wd{ sureohp/ zkhuh +sduw ri, wkh oderu irufh lv preloh

dfurvv frxqwulhv1 Wkh dqdo|vlv lv edvhg rq d pxowl0frxqwu| prgho/ zkhuh wkh

frqvxphuv lq hdfk frxqwu| gl�hu zlwk uhvshfw wr delolw|/ dqg wkh +qdwlrqdo,

wd{ lqvwuxphqwv lqfoxgh frpprglw| wd{dwlrq dqg qrqolqhdu lqfrph wd{dwlrq1

Wkh sdshu frqwulexwhv wr wkh h{lvwlqj olwhudwxuh lq dw ohdvw wzr zd|v1 Iluvw/

lw uhodwhv wkh wd{dwlrq ri joredo h{whuqdolwlhv wr rwkhu dvshfwv ri �vfdo srolf|

dqg uhfrjql}hv wkdw wkh wd{ uhyhqxhv duh udlvhg e| glvwruwlrqdu| wd{dwlrq1

Suhylrxv vwxglhv rq wudqverxqgdu| hqylurqphqwdo sureohpv w|slfdoo| glvuh0

jdug glvwulexwlrqdo remhfwlyhv dqg wd{ uhyhqxh uhtxluhphqwv/ zklfk phdqv

wkdw wkh �uvw ehvw uhvrxufh doorfdwlrq fdq eh dfklhyhg e| Sljrxyldq wd{dwlrq

rq d joredo ohyho1 Lw lv/ wkhuhiruh/ lpsruwdqw wr h{whqg wkh vwxg| ri wudqv0

erxqgdu| hqylurqphqwdo sureohpv wr vlwxdwlrqv/ zkhuh wkh �vfdo srolf| dovr

dlpv dw ixo�oolqj glvwulexwlrqdo remhfwlyhv/ dqg wkh wd{ uhyhqxhv duh udlvhg e|

glvwruwlrqdu| wd{dwlrq1 Vhfrqg/ suhylrxv vwxglhv rq hqylurqphqwdo srolf| lq

hfrqrplhv zlwk glvwulexwlrqdo remhfwlyhv dqg2ru glvwruwlrqdu| wd{dwlrq duh

edvhg rq *rqh0frxqwu|* prgho hfrqrplhv7/ lq zklfk wkhuh duh qr urrp iru

wudqverxqgdu| hqylurqphqwdo sureohpv1 Vhhq iurp wklv srlqw ri ylhz/ wkh

sdshu h{whqgv wkh olwhudwxuh rq wd{dwlrq ri hqylurqphqwdo h{whuqdolwlhv lq wkh

suhvhqfh ri rwkhu wd{ glvwruwlrqv1

Hdfk lqglylgxdo frxqwu| zloo eh ghvfulehg e| d yduldqw ri wkh wzr0w|sh

prgho xvhg e| Sluwwloç dqg Wxrpdod +4<<:,1 Wkhlu edvlf prgho lv khuh h{0

whqghg e| dvvxplqj wkdw wkh hqylurqphqwdo gdpdjh fdxvhg e| rqh sduwlfxodu

5Vhh h1j1 Zlogdvlq +4<<4, dqg Erdgzd| hw do1 +4<<;,1
6Vdqgpr dqg Zlogdvlq +4<<<, dqg Krho dqg Vkdslur +5333, duh qrwdeoh h{fhswlrqv11
7Vhh h1j1 Eryhqehuj dqg gh Prrlm +4<<7,/ Eryhqehuj dqg ydq ghu Sorhj +4<<7,/ Sluwwloç

dqg Wxrpdod +4<<:, dqg Durqvvrq +4<<<,1 Vhh dovr Jroghu +4<<8, iru d olwhudwxuh uhylhz

rq wkh *grxeoh glylghqg* lvvxh1
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frxqwu| zloo d�hfw rwkhu frxqwulhv dv zhoo/ dqg e| doorzlqj iru prelolw| dprqj

kljk delolw| w|shv1 Rqh sxusrvh ri wkh sdshu lv wr frpsduh wkh +frqglwlrqdoo|

rswlpdo, vhfrqg ehvw srolf| lq d qrqfrrshudwlyh htxloleulxp zlwk wkdw ri d

frrshudwlyh htxloleulxp1 Vlqfh wkh hqylurqphqwdo gdpdjh lv dvvxphg wr rulj0

lqdwh iurp wkh djjuhjdwh frqvxpswlrq ri d vshfl�f frpprglw| 0 wr eh fdoohg d

*gluw|* jrrg 0 d sduwlfxodu frqfhuq zloo eh wr vwxg| zkdw idfwruv ghwhuplqh wkh

rswlpdo fkrlfh ri frpprglw| wd{dwlrq1 Zh vkrz wkdw wkh prelolw| lqfhqwlyhv

fkdudfwhul}lqj wkh kljk delolw| w|shv pd| lq xhqfh wkh rswlpdo frpprglw|

wd{ +dv zhoo dv wkh h�hfwlyh pdujlqdo wd{ udwhv, yld wzr glvwlqfw fkdqqhov lq

wkh qrqfrrshudwlyh uhjlph1 Iluvw/ wr dyrlg d orvv ri wd{ edvh/ wkh qdwlrqdo

jryhuqphqw kdv dq lqfhqwlyh wr fkrrvh d orzhu frpprglw| wd{ wkdq zrxog

eh fkrvhq lq wkh devhqfh ri oderu prelolw|1 Vhfrqg/ vlqfh rxw0pljudwlrq uh0

gxfhv wkh djjuhjdwh frqvxpswlrq ri wkh gluw| jrrg/ wkh qdwlrqdo jryhuqphqw

fdq uhgxfh wkh grphvwlfdoo| fuhdwhg hqylurqphqwdo gdpdjh e| vwlpxodwlqj

rxw0pljudwlrq1 Vlqfh hdfk qdwlrqdo jryhuqphqw wuhdwv wkh srolf| yduldeohv ri

rwkhu frxqwulhv dv h{rjhqrxv/ wklv surylghv dq lqfhqwlyh wr fkrrvh d kljkhu

frpprglw| wd{ wkdq lq wkh devhqfh ri prelolw|1 Krzhyhu/ luuhvshfwlyh ri

zklfk ri wkhvh wzr h�hfwv lv grplqdwlqj/ sduw ri wkh h{whuqdolw| zloo uhpdlq

xqlqwhuqdol}hg lq wkh qrqfrrshudwlyh htxloleulxp1

Lq wkh frrshudwlyh uhjlph/ rq wkh rwkhu kdqg/ doo h{whuqdolwlhv duh lq0

whuqdol}hg rq d joredo ohyho/ zklfk phdqv wkdw wkh rswlpdo frpprglw| wd{

idflqj d frxqwu| zloo uh hfw doo zhoiduh h�hfwv +erwk grphvwlfdoo| dqg deurdg,

fdxvhg e| wkdw sduwlfxodu frxqwu|*v hplvvlrqv1 Wkh �vfdo srolf| lpsolflw lq

wkh frrshudwlyh htxloleulxp vxjjhvwv wkdw hdfk frxqwu|*v frpprglw| wd{ grhv

qrw rqo| ghshqg rq wkh vxp ri doo frxqwulhv* zloolqjqhvv wr sd| wr dyrlg lwv

frqwulexwlrq wr wkh h{whuqdolw| +dv lw zrxog lq wkh devhqfh ri glvwruwlrqdu|

wd{dwlrq,1 Lw dovr ghshqgv rq wkh uhvwulfwlrqv xqghuo|lqj wkh glvwulexwlrqdo

srolf| lq doo frxqwulhv1 Wklv kdv lq lqwhuhvwlqj lqwhusuhwdwlrq= wkh ghvluh wr

dyrlg plplfnlqj lq d sduwlfxodu frxqwu| lq xhqfhv wkh frpprglw| wd{hv lq
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rwkhu frxqwulhv dv zhoo1

Dqrwkhu sxusrvh lv wr vwxg| zkhwkhu d *ihghudo* jryhuqphqw fdq lpsoh0

phqw wkh frrshudwlyh htxloleulxp lv d ghfhqwudol}hg vhwwlqj/ zkhuh hdfk lq0

glylgxdo frxqwu| fkrrvhv lwv srolf| lq lvrodwlrq e| dfwlqj lq dffrugdqfh zlwk

wkh qrqfrrshudwlyh prgho1 Zh vkrz wkdw lw lv/ lq sulqflsoh/ srvvleoh wr lpsoh0

phqw wkh frrshudwlyh htxloleulxp lq d ghfhqwudol}hg iudphzrun/ hyhq li wklv

uhtxluhv wkdw wkh ihghudo jryhuqphqw kdv dffhvv wr vrph *qrqvwdqgdug* srolf|

lqvwuxphqw1 Wr wdnh wkh lvvxh ri frrshudwlrq d elw ixuwkhu/ wkh �qdo sduw ri

wkh sdshu dgguhvvhv wkh zhoiduh frqvhtxhqfhv ri dq djuhhphqw ehwzhhq wkh

frxqwulhv wr voljkwo| fkdqjh wkhlu frpprglw| wd{hv/ zkhq wkh suhuhirup vlwx0

dwlrq lv jlyhq e| wkh qrqfrrshudwlyh htxloleulxp1 Wkh odwwhu pdnhv lw srvvleoh

wr lghqwli| frqglwlrqv xqghu zklfk wkh rswlpdo gluhfwlrq ri vxfk d wd{ uhirup

lv wr lqfuhdvh ru ghfuhdvh wkh frpprglw| wd{hv1 Wklv lv lqwhuhvwlqj erwk dv d

*sudfwlfdo* dowhuqdwlyh wr ixoo frrshudwlrq ryhu wkh hqylurqphqwdo srolf| dqg

e| surylglqj d iudphzrun iru vwxg|lqj juhhq wd{ uhirup lq d joredo hfrqrp|

zlwk suhh{lvwlqj wd{ glvwruwlrqv1

Wkhuh rqo| h{lvw d frxsoh ri hduolhu vwxglhv frqfhuqlqj wudqverxqgdu| h{0

whuqdolwlhv dqg oderu prelolw|1 Vdqgpr dqg Zlogdvlq +4<<<, irfxv rq wkh

rswlpdo hqylurqphqwdo dqg lppljudwlrq srolflhv iurp wkh srlqw ri ylhz ri d

vlqjoh mxulvglfwlrq/ zklfk wuhdwv wkh dfwlrqv wdnhq lq rwkhu mxulvglfwlrqv dv h{0

rjhqrxv1 Lw lv vkrzq krz wkh *frqglwlrqdoo| rswlpdo* hqylurqphqwdo wd{ +l1h1

zkhwkhu ru qrw wklv wd{ fdq eh fdofxodwhg e| xvlqj d vwdqgdug Sljrxyldq

irupxod, ghshqgv rq zkdw lqvwuxphqw lv ehlqj xvhg wr frqwuro lppljudwlrq1

Krho dqg Vkdslur +5333, dovr dgguhvv wudqverxqgdu| hqylurqphqwdo sureohpv

xqghu d preloh srsxodwlrq1 Wkhlu prvw lpsruwdqw uhvxow lv wkdw d qrqfrrs0

hudwlyh htxloleulxp zlwk iuhh prelolw| dfurvv mxulvglfwlrqv zloo/ xqghu fhuwdlq

frqglwlrqv/ lpso| d sduhwr h!flhqw doorfdwlrq ri wkh uhvrxufhv1 Lq wklv fdvh/

wkhuhiruh/ wkhuh lv qr uhdvrq wr kdyh dq lqwhuqdwlrqdo +ru lqwhumxulvglfwlrqdo,

frruglqdwlrq ri wkh hqylurqphqwdo srolf|1 Rxu sdshu gl�huv iurp wkh vwxglhv
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e| Vdqgpr dqg Zlogdvlq +4<<<, dqg Krho dqg Vkdslur +5333, erwk lq whupv

ri irfxv dqg xvh ri srolf| lqvwuxphqwv1

Wkh prgho lv irupdoo| ghvfulehg lq Vhfwlrq 51 Vhfwlrq 6 dgguhvvhv wkh wd{

dqg h{shqglwxuh srolflhv lpsolflw lq d frrshudwlyh htxloleulxp1 Wkh frrshud0

wlyh htxloleulxp lv edvhg rq wkh dvvxpswlrq ri d ehqwkdplwh *joredo sodqqhu*/

zkr fkrrvhv wd{ dqg h{shqglwxuh srolflhv iru doo frxqwulhv lqyroyhg1 Vhfwlrq

7 frqfhuqv rswlpdo wd{ dqg h{shqglwxuh srolflhv/ zkhq wkh frxqwulhv irup

wkhlu srolflhv lq lvrodwlrq1 Lq Vhfwlrq 8/ zh h{dplqh d joredo wd{2vxevlg|

vfkhph/ zklfk zloo eh ghvljqhg wr jlyh wkh lqglylgxdo frxqwulhv lqfhqwlyhv wr

fkrrvh wkh frrshudwlyh htxloleulxp1 Vhfwlrq 9 dgguhvvhv wkh zhoiduh h�hfwv ri

lqwurgxflqj dq dgglwlrqdo/ dqg frrshudwlyho| fkrvhq/ frpprglw| wd{ lq wkh

qrqfrrshudwlyh htxloleulxp1 Vhfwlrq : frqfoxghv1

5 Wkh Prgho

Zh ehjlq e| d suhvhqwdwlrq ri wkh prgho1 Zlwk wkh prgho dw rxu glvsrvdo/

zh vkdoo eulh | fkdudfwhul}h wkh htxloleuld uhvxowlqj iurp ixoo frrshudwlrq dqg

d qrqfrrshudwlyh Qdvk0jdph ehwzhhq wkh frxqwulhv/ uhvshfwlyho|1 Iurp wkh

srlqw ri ylhz ri wkh dqdo|vlv wr eh fduulhg rxw ehorz/ wkh qxpehu ri frxqwulhv

lv qrw lpsruwdqw +dv orqj dv wkhuh lv pruh wkdq rqh frxqwu|,1 Zh vkdoo/

wkhuhiruh/ vlpsoli| e| frqvlghulqj d wzr0frxqwu| hfrqrp|1 Wkh wzr frxqwulhv

duh lghqwlfdo lq doo lpsruwdqw uhvshfwv1

Hdfk frxqwu| frqvlvwv ri wzr w|shv ri lqglylgxdov> w|sh04 lqglylgxdov zlwk

orzhu delolw| dqg w|sh05 lqglylgxdov zlwk kljkhu delolw|/ vr �2

� : ��

� / zkhuh

��
� lv wkh jurvv zdjh udwh idflqj dq lqglylgxdo ri w|sh � lq frxqwu| �1 Lqgl0

ylgxdov hduq oderu lqfrph/ t �
� ' ��

�,
�
�/ zlwk ,�� ghqrwlqj oderu vxsso|1 Lqfrph

lv wd{hg dffruglqj wr d qrqolqhdu vfkhgxoh/ dqg hdfk lqglylgxdo doorfdwhv

klv2khu srvw0wd{ lqfrph/ ��
�/ ehwzhhq d *fohdq* frqvxpswlrq jrrg/ S��/ dqg

d *gluw|* frqvxpswlrq jrrg/ %��1 Wkh djjuhjdwh frqvxpswlrq ri gluw| jrrgv
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fuhdwhv dq h{whuqdolw|/ .� +vhh ehorz,/ zklfk vsloov ryhu wr wkh rwkhu frxqwu|1

Hdfk lqglylgxdo ehkdyhv dv li wkh djjuhjdwh frqvxpswlrq ri gluw| jrrgv lv

h{rjhqrxv1

Dq lqglylgxdo ri w|sh � lq frxqwu| � fkrrvhv frqvxpswlrq dqg oderu vxsso|

vr dv wr pd{lpl}h

��� ' �ES��c %
�
�c ,

�
�c }�c .�c .&� +4,

iru � ' �c 2/ dqg & 9' �/ zkhuh }� ghqrwhv frqvxpswlrq ri d sxeolf jrrg1 Zh

qrupdol}h wkh sulfh ri S wr rqh dqg ghqrwh wkh sulfh ri % e| ^1 Wkh exgjhw

frqvwudlqw fdq wkhq eh zulwwhq dv

S�� n ^�%
�
� ' t �

� � A�Et
�
� � +5,

zkhuh A�E�� lv dq lqfrph wd{ ixqfwlrq1 Wkh sulfh ri wkh gluw| frqvxpswlrq

jrrg lv gh�qhg dv ^� ' R� n |�/ zkhuh R� lv wkh surgxfhu sulfh dqg |� d xqlw

wd{1

Iroorzlqj Fkulvwldqvhq +4<;7, zh vwduw e| vroylqj wkh xwlolw| pd{lpl}dwlrq

sureohp frqglwlrqdo rq wkh oderu vxsso|1 E| fkrrvlqj S�� dqg %�� wr pd{lpl}h

wkh xwlolw| ixqfwlrq vxemhfw wr htxdwlrq +5,/ zkloh xvlqj wkh vkruw qrwdwlrq

��
� ' t �

� � A�Et
�
� �/ zh fdq zulwh wkh frqglwlrqdo lqgluhfw xwlolw| ixqfwlrq dv

��� ' ���E^�c �
�
�c t

�
� c }�c .�c .&� +6,

iru & 9' �/ lq zklfk zh kdyh xvhg ,�� ' t �
� *�

�
� dqg wkhq vxssuhvvhg wkh zdjh

udwh1 Qrwh wkdw/ hyhq li wkh wzr delolw| w|shv kdyh lghqwlfdo suhihuhqfhv/ wkh

ixqfwlrqv ��� E�� dqg �2� E�� zloo gl�hu ehfdxvh wkh zdjh udwhv gl�hu dfurvv delolw|

w|shv1 Wkh rswlpdo oderu vxsso| zloo reh| wkh frqglwlrq

Y���
Y��

�

E�� A
�

�Et
�
� �� n

Y���
Yt �

�

' f +7,

:



zkhuh A
�

�Et
�
� � lv wkh pdujlqdo lqfrph wd{ udwh fruuhvsrqglqj wr lqfrph ohyho

t �
� 1 Zh vkdoo lqwurgxfh wkh djhqw prqrwrqlflw| frqglwlrq e| dvvxplqj wkdw

�dY���*Yt
�
� o*dY�

�
�*Y�

�
�o ghfuhdvhv zlwk ��

�1

Dv zh phqwlrqhg deryh/ wkh h{whuqdolwlhv duh jhqhudwhg e| wkh djjuhjdwh

frqvxpswlrq ri gluw| jrrgv/ l1h1

.� '
[
�

%�� +8,

Zh dvvxph wkdw h{whuqdolwlhv jhqhudwhg grphvwlfdoo| dv zhoo dv deurdg duh

qhjdwlyh/ phdqlqj wkdw Y���*Y.� 	 f dqg Y���*Y.& 	 f1

Wkh kljk delolw| w|shv duh preloh dfurvv frxqwulhv/ zkhuhdv wkh orz delolw|

w|shv duh qrw1 Wr ghwhuplqh pljudwlrq/ zh xvh wkh *dwwdfkphqw wr krph* lghd

ghyhorshg e| Pdqvrruldq dqg P|huv +4<<:,/ zklfk zloo khuh eh lqwhusuhwhg dv

li lqglylgxdov kdyh d sv|fkrorjlfdo dwwdfkphqw wr wkhlu qdwlyh frxqwu|1 Wklv

glvxwlolw| ri pljudwlrq ydulhv ehwzhhq lqglylgxdov ri wkh kljk delolw| w|sh1 E|

udqnlqj lqglylgxdov lq whupv ri lqfuhdvlqj rughu ri glvxwlolw| ri pljudwlrq/ zh

ghqrwh e| _E�� wkh glvxwlolw| ri wkh � =wkh lqglylgxdo ri w|sh 5 li kh2vkh

ghflghv wr pljudwh1 Zh dvvxph _
�

E�� : f/ _Ef� ' f dqg �_E�� ' _E���1

Wklv hqdeohv xv wr ghwhuplqh wkh qxpehu ri lqglylgxdov pljudwlqj rxw ri

frxqwu| � +dqg lqwr wkh rwkhu frxqwu|, e| vroylqj8

�2� E^�c �
2

� c t
2

� c }�c .�c .&� ' �2&E^&c �
2

&c t
2

& c }&c .&c .��� _E��� +9,

iru � ' �c 2/ dqg & 9' �1 Qrwh wkdw ��E�� fdq eh hlwkhu srvlwlyh ru qhjdwlyh1

Wkh pljudwlrq rxw ri frxqwu| �/ ��E��/ ghfuhdvhv zlwk �2

� / }�/ ^& dqg t 2

& /

lqfuhdvhv zlwk ^�/ t
2

� / �
2

& dqg }&/ zkhuhdv wkh h�hfwv ri wkh h{whuqdolw| whupv/

.� dqg .&/ duh lq jhqhudo dpeljxrxv1 Li wkh grphvwlfdoo| fuhdwhg h{whuqdolw|

jlyhv ulvh wr pruh +ohvv, glvxwlolw| dw wkh pdujlq wkdq wkh h{whuqdolw| fuhdwhg

8Erdgzd| hw do1 +4<<;, xvh d vlplodu prgho wr ghwhuplqh pljudwlrq ehwzhhq vwdwhv lq

dq hfrqrplf ihghudwlrq1

;



e| wkh rwkhu frxqwu|/ wkhq Y��E��*Y.� : f +	 f, dqg Y��E��*Y.& 	 f +: f,

iru & 9' �1

6 D Frrshudwlyh Htxloleulxp

Lq d frrshudwlyh htxloleulxp/ doo h{whuqdolwlhv duh lqwhuqdol}hg rq d joredo

ohyho1 Vxssrvh wkdw wkh uhvrxufh doorfdwlrq lv ghflghg xsrq e| d *joredo

sodqqhu*/ zkr lv dfwlqj dv d ehqwkdplwh zhoiduh0pd{lpl}hu1 Wkh sodqqhu

zloo fkrrvh wd{ dqg h{shqglwxuh srolflhv wr pd{lpl}h wkh vxp ri wkh frxqwu|

vshfl�f remhfwlyh ixqfwlrqv vxemhfw wr doo uhvwulfwlrqv fkdudfwhul}lqj wkh wzr

hfrqrplhv1 Vlqfh wkh wzr frxqwulhv duh lghqwlfdo/ wkh frrshudwlyh htxloleulxp

zloo eh d v|pphwulf htxloleulxp zlwk qr pljudwlrq1 Wklv lv uhfrjql}hg e|

wkh sodqqhu dqg zh fdq/ wkhuhiruh/ ghohwh dq| uhihuhqfhv wr pljudwlrq1 Wkh

srolf| zh zloo vwxg| lq wklv vhfwlrq fdq eh uhjdughg wr eh wkh uhvwulfwhg �uvw

ehvw srolf| rq d joredo ohyho1 Wkdw lv/ lw lv d sduhwr h!flhqw srolf|/ jlyhq wkh

whfkqrorjlfdo dqg lqirupdwlrqdo frqvwudlqwv1

Wkh remhfwlyh ri wkh joredo sodqqhu lv wr pd{lpl}h wkh vxp ri wkh xwlo0

lwlhv ri wkh w|sh 4 lqglylgxdov vxemhfw wr frqvwudlqwv1 Wkh �uvw frqvwudlqw

lv wkdw wkh xwlolw| ri wkh kljk delolw| w|sh grhv qrw idoo vkruw ri d fhuwdlq

suhghwhuplqhg ohyho>

�2� E^�c �
2

� c t
2

� c }�c .�c .&�� 7�2 � f +:,

Vhfrqg/ iru hdfk frxqwu| wkhuh lv d vhoi vhohfwlrq frqvwudlqw/ zklfk uxohv rxw

wkdw wkh kljk delolw| w|sh lqfuhdvhv klv2khu xwlolw| e| plplfnlqj wkh orz

delolw| w|sh>

�2� E^�c �
2

� c t
2

� c }�c .�c .&�� �2� E^�c �
�

� c t
�

� c }�c .�c .&� � f +;,

Wr vlpsoli| wkh qrwdwlrqv dv pxfk dv srvvleoh/ zh qrupdol}h wkh srsxodwlrq lq

hdfk frxqwu| vxfk wkdw wkhuh lv rqh orz delolw| w|sh dqg rqh kljk delolw| w|sh1

<



Zh dovr dvvxph wkdw wkh exgjhw zlwklq hdfk frxqwu| kdv wr eh edodqfhg1 Wkh

exgjhw frqvwudlqw iru frxqwu| � idflqj wkh joredo sodqqhu fdq wkhq eh zulwwhq

dv

S
�

dt �
� � S�� � R�%

�
�o� o�}� � f +<,

zkhuh S�� ' S��E^�c �
�
�c t

�
� c }�c .�c .&�/ %

�
� ' %��E^�c �

�
�c t

�
� c }�c .�c .&� dqg o� lv

wkh sulfh ri sxeolf jrrgv1

Wkh Odjudqjhdq fruuhvsrqglqj wr wkh joredo sodqqhu*v rswlpl}dwlrq sure0

ohp lv zulwwhq dv

u '
[
�

i��� E�� n B�d�
2

� E��� 7�2o n b�d�
2

� E��� 	�2� E��o

n��d
S
�

Et �
� � S�� � R�%

�
��� o�}�o n >�d.� �

S
�

%��oj

zkhuh 	�2� E�� ' �2� E^�c �
�

� c t
�

� c }�c .�c .&�� Wkh rswlpdo wd{ dqg h{shqglwxuh

srolflhv fdq eh ghulyhg e| pd{lpl}lqj wkh Odjudqjhdq zlwk uhvshfw wr t �

� /

��

� / t
2

� / �
2

� / }�/ ^� dqg .�1 Vlqfh wkh h{whuqdolw| lv prghoohg lq whupv ri d

vhsdudwh uhvwulfwlrq lq wkh Odjudqjhdq/ zh wuhdw .� dv d ghflvlrq yduldeoh1

Wklv surfhgxuh zloo surylgh d vkdgrz sulfh ri wkh h{whuqdolw|/ zklfk lv xvhixo

lq wkh dqdo|vlv ri rswlpdo wd{ uxohv ehorz1 Lq dgglwlrq wr htxdwlrqv +8,/ +:,/

+;, dqg +<,/ wkh qhfhvvdu| frqglwlrqv duh
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+49,

zkhuh � ' �c 21 Dv lv vwdqgdug lq wkh rswlpdo wd{ olwhudwxuh/ wkh rswlpl}dwlrq

sureohp lv qrw qhfhvvdulo| zhoo ehkdyhg1 Wr eh deoh wr frpsduh rxu uhvxowv

zlwk wkrvh ri Sluwlooç dqg Wxrpdod +4<<:,/ zh dvvxph wkdw d xqltxh htxl0

oleulxp h{lvwv lq zklfk wkh vkdgrz sulfhv fruuhvsrqglqj wr wkh vhoi0vhohfwlrq

frqvwudlqw dqg wkh jryhuqphqw*v exgjhw frqvwudlqw duh vwulfwo| srvlwlyh/ l1h1

b� : f dqg �� : f dw wkh htxloleulxp1 Vlqfh wkh wzr frxqwulhv duh lghqwlfdo

e| dvvxpswlrq/ wklv htxloleulxp zloo eh v|pphwulf lq wkh vhqvh wkdw wkh sodq0

qhu fkrrvhv lghqwlfdo srolflhv iru wkh wzr frxqwulhv1 Zh wkhuhiruh frqfhqwudwh

wkh dqdo|vlv wr wkh uhsuhvhqwdwlyh frxqwu|/ zklfk zloo eh lqgh{hg e| ���1

Wkh frxqwu| vshfl�f lqgh{ pdnhv lw hdv| wr glvwlqjxlvk ehwzhhq grphvwlfdoo|

jhqhudwhg h{whuqdolwlhv dqg h{whuqdolwlhv jhqhudwhg e| wkh *iruhljq* frxqwu|1

614 Vkdgrz sulfh ri h{whuqdolwlhv

Lq wkh frqwh{w ri d *rqh0frxqwu|* hfrqrp|/ Sluwwloç dqg Wxrpdod +4<<:, kdyh

vkrzq wkdw wkh vkdgrz sulfh ri wkh h{whuqdolw| ryhu wkh vkdgrz sulfh ri wkh

jryhuqphqw*v uhvrxufh frqvwudlqw sod|v dq lpsruwdqw uroh lq wkh frqwh{w ri

srolf| uxohv1 Wr ghulyh wklv *qrupdol}hg* vkdgrz sulfh iru wkh hfrqrp| vhw

rxw khuh zh gh�qh l�
�c& ' �dY��&*Y.�odY�

�
&*Y�

�
&o wr phdvxuh wkh pdujlqdo

zloolqjqhvv wr sd| e| d w|sh � lq frxqwu| & wr dyrlg wkh h{whuqdolw| fuhdwhg

e| frxqwu| �1 Lq dgglwlrq/ ohw xv ghqrwh wkh Klfnvldq ghpdqgv iru fohdq dqg
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gluw| frqvxpswlrq jrrgv e| �S�� dqg �%��/ uhvshfwlyho|1 Zh vkdoo dovr pdnh xvh

ri wkh iroorzlqj Voxwvn|0w|sh uhodwlrqvklsv>
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� oj lq htxd0

wlrq +49,/ zh fdq xvh htxdwlrqv +44,/ +46, dqg +49, wr ghulyh9
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Ilqdoo|/ e| xvlqj wkh vkruw qrwdwlrq 7b& ' b&dY	�
2
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&o*�&/ dqg wkdw wkh

v|pphwulf htxloleulxp lpsolhv >
�
' >

2
dqg �

�
' �

2
/ zh rewdlq wkh iroorzlqj

uhvxow>

Sursrvlwlrq 4 Lq d frrshudwlyh v|pphwulf htxloleulxp zlwk sduhwr h!flhqw

pl{hg wd{dwlrq/ wkh vkdgrz sulfh ri wkh h{whuqdolw| lq whupv ri wkh jryhuq0

phqw*v wd{ uhyhqxhv fdq eh zulwwhq
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�c&o� |&
S
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Yh%�&
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j +4<,

iru � ' �c 2/ zkhuh 4� ' �*i��
S

&

S
�dYh%�&*Y.�oj1

Htxdwlrq +4<, h{whqgv wkh vkdgrz sulfh ghulyhg e| Sluwwloç dqg Wxrpdod

+4<<:, wr dsso| lq d joredo hfrqrp|/ zkhuh wkh h{whuqdolw| jhqhudwhg e| hdfk

9Wklv surfhgxuh lv ghvfulehg e| Sluwwloç dqg Wxrpdod +4<<:,1
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frxqwu| d�hfwv wkh zhooehlqj ri frqvxphuv lq erwk frxqwulhv1 Wkh �uvw whup

rq wkh uljkw kdqg vlgh ri htxdwlrq +4<,/
S

&

S
�l

�
�c& : f/ phdvxuhv wkh vxp

ri wkh lqglylgxdov� pdujlqdo zloolqjqhvv wr sd| wr dyrlg wkh h{whuqdolw|1 Wklv

sduw ri htxdwlrq +4<, wdnhv wkh vdph jhqhudo irup dv wkh vkdgrz sulfh ri wkh

h{whuqdolw| lq d �uvw ehvw frrshudwlyh htxloleulxp1

Wkh vhfrqg whup/ �
S

&
7b&d	l

2

�c& � l�

�c&o/ uh hfwv wkh lq xhqfh ri wkh vhoi0

vhohfwlrq frqvwudlqwv1 Pruh vshfl�fdoo|/ qrwh wkdw wkh vhoi0vhohfwlrq frq0

vwudlqwv ri erwk frxqwulhv zloo lq jhqhudo d�hfw wkh vkdgrz sulfh ri wkh h{0

whuqdolw| idflqj frxqwu| �1 Wklv surylghv dq lqwhuhvwlqj olqn ehwzhhq wkh

frxqwulhv= wkh ghvluh wr pdnh plplfnlqj ohvv dwwudfwlyh lq d sduwlfxodu frxq0

wu| zloo lq xhqfh wkh vkdgrz sulfh idflqj wkh rwkhu frxqwu| lq wkh frrshudwlyh

htxloleulxp1 Wkh vljq ri wkh vhfrqg whup ghshqgv rq zkhwkhu d wuxh w|sh

4 lv zloolqj wr sd| pruh ru ohvv wkdq wkh plplfnhu wr dyrlg wkh h{whuqdolw|1

Li Yl�
�c&*Y,

�
� 	 f/ phdqlqj wkdw wkh pdujlqdo zloolqjqhvv wr sd| wr dyrlg wkh

h{whuqdolw| lqfuhdvhv zlwk ohlvxuh/ dqg vlqfh 7b& : f/ wkh frqwulexwlrq ri hdfk

vhoi0vhohfwlrq frqvwudlqw zloo eh wr uhgxfh >�*��1 Li/ rq wkh rwkhu kdqg/ wkh

pdujlqdo zloolqjqhvv wr sd| wr dyrlg wkh h{whuqdolw| ghfuhdvhv zlwk ohlvxuh/

hdfk vhoi0vhohfwlrq frqvwudlqw zloo frqwulexwh wr lqfuhdvh >�*��1 Ilqdoo|/ wkh

whup �
S

& |&
S

�EYh%�&*Y.�� vkrzv krz wkh h{whuqdolw| fdxvhg e| frxqwu| �

d�hfwv wkh uhyhqxhv iurp frpprglw| wd{dwlrq lq erwk frxqwulhv yld fkdqjhv

lq hdfk wd{ edvh1 Qrwh dovr wkdw wkh *ihhgedfn0sdudphwhu*/ 4�/ pxvw eh srvl0

wlyh lq rughu wr jxdudqwhh vwdelolw| ri wkh prgho/ zklfk kdv ehhq srlqwhg rxw

e| Vdqgpr +4<;3,1

615 Frpprglw| wd{

Zh qh{w ghulyh dq h{suhvvlrq iru wkh rswlpdo frpprglw|0wd{ rq wkh gluw|

frqvxpswlrq jrrg1 Wkh vwduwlqj srlqw lv wkh qhfhvvdu| frqglwlrq iru ^� jlyhq

e| htxdwlrq +48,1 E| uhfrjql}lqj wkdw Y���*Y^� ' �dY���*Y�
�
�o%

�
�/ zh fdq

vroyh htxdwlrqv +44, dqg +46, iru �dY���*Y�
�

� o%
�

� dqg �dB� n b�odY�
2

�*Y�
2
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2
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uhvshfwlyho|/ dqg vxevwlwxwh lqwr htxdwlrq +48,1 Wkhq/ e| dsso|lqj wkh Voxwvn|

frqglwlrq dqg qrwlqj wkdw |� ' ^� � R�/ zh rewdlq wkh iroorzlqj uhvxow>

Sursrvlwlrq 5 D v|pphwulf frrshudwlyh htxloleulxp zlwk sduhwr h!flhqw

wd{dwlrq uhtxluhv wkdw

|� '
7b�S

�

k
Yh%��*Y^�

l k%�� � 	%2�
l
n

>�

��
+53,

Htxdwlrq +53, surylghv dq lpsolflw h{suhvvlrq iru wkh wd{ udwh/ zklfk

frqvlvwv ri wzr sduwv1 Wkh �uvw sduw vkrzv wkh irupxod iru wkh frpprglw|

wd{ wkdw zrxog dsso| lq wkh devhqfh ri dq| h{whuqdolwlhv1 Vlqfh b� : f

dqg Yh%��*Y^� 	 f iru � ' �c 2/ wkh vljq ri wklv whup ghshqgv rq zkhwkhu

d wuxh w|sh 4 frqvxphv pruh ru ohvv ri wkh gluw| frqvxpswlrq jrrg wkdq

wkh plplfnhu1 Hgzdugv hw do1 +4<<7, dqdo|}h wklv dvshfw ri frpprglw|

wd{dwlrq lq ghwdlo1 Wkh vhfrqg sduw lv wkh vkdgrz sulfh ri wkh h{whuqdolw|1

Wkh gl�huhqfh ehwzhhq htxdwlrq +53, dqg wkh fruuhvsrqglqj wd{ irupxod lq

fdvh wkh h{whuqdolwlhv frqvwlwxwh sxuh qdwlrqdo sureohpv +l1h1 lq wkh devhqfh

ri wudqverxqgdu| h�hfwv ri hqylurqphqwdo gdpdjh, lv wkdw wkh vkdgrz sulfh

ri wkh h{whuqdolw| lpsolflw lq htxdwlrq +53, uh hfwv krz wkh hqylurqphqwdo

gdpdjh fdxvhg e| frxqwu| � d�hfwv erwk frxqwulhv1

Prvw suhylrxv vwxglhv rq joredo h{whuqdolwlhv glvuhjdug rwkhu wd{ glvwru0

wlrqv1 Lqghhg/ li wkh jryhuqphqw lv deoh wr revhuyh delolw| w|shv/ oxps0vxp

wd{dwlrq zrxog eh d ihdvleoh srolf| rswlrq dqg wkh �uvw ehvw ehfrphv d qdw0

xudo uhihuhqfh fdvh1 Sursrvlwlrqv 4 dqg 5 wkhq vxjjhvw wkdw wkh frpprglw|

wd{ uhgxfhv wr uhdg |� '
S

&

S
�l

�
�c&/ zklfk lv wkh irupxod iru d Sljrxyldq wd{

xqghu joredo h{whuqdolwlhv +vhh h1j1 ydq ghu Sorhj dqg gh ]hhxz +4<<5, dqg

Durqvvrq dqg Oùijuhq +5333,,1 E| frpsdulqj wklv *�uvw ehvw wd{ uxoh* zlwk

htxdwlrq +53,/ lw ehfrphv fohdu wkdw wkh qdwxuh ri h{whuqdolw| edvhg wd{dwlrq

lv yhu| pxfk ghshqghqw xsrq wkh zkroh vhw ri srolf| lqvwuxphqwv1 Dffruglqj

wr htxdwlrqv +4<, dqg +53,/ phdvxulqj wkh vkdgrz sulfh ri wkh h{whuqdolw|
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fuhdwhg e| frxqwu| � grhv qrw rqo| uhtxluh lqirupdwlrq derxw krz pxfk wkh

frqvxphuv lq erwk frxqwulhv duh zloolqj wr sd| wr dyrlg wklv h{whuqdolw|1 Lw

dovr uhtxluhv nqrzohgjh derxw zkhwkhu wklv pdujlqdo zloolqjqhvv wr sd| lq0

fuhdvhv ru ghfuhdvhv zlwk ohlvxuh/ dqg krz .� d�hfwv wkh frqvxpswlrq ri gluw|

jrrgv lq erwk frxqwulhv1

616 *H�hfwlyh* Pdujlqdo Wd{ Udwhv

Wkh wrwdo wd{ sd|phqw ri w|sh � lq frxqwu| � lv jlyhq e|
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Htxdwlrq +54, jlyhv wkh h�hfwlyh pdujlqdo wd{ udwh rq d jhqhudo irup dqg kdv

ehhq ghulyhg e| h1j1 Hgzdugv hw do1 +4<<7,1 E| xvlqj htxdwlrqv +43,0+46,

dqg +54,/ lw lv vwudljkw iruzdug wr vkrz wkdw wkh h�hfwlyh pdujlqdo wd{ udwhv

fdq eh zulwwhq dv

Y��Et
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zklfk duh dqdorjrxv wr wkh irupxodv ghulyhg e| Sluwwloç dqg Wxrpdod +4<<:,

lq wkh frqwh{w ri d *rqh0frxqwu|* hfrqrp|1 Wkh rqo| gl�huhqfh lv wkdw wkh

h�hfwlyh pdujlqdo wd{ udwhv duh hydoxdwhg lq d frrshudwlyh htxloleulxp/ zkhuh

wkh vkdgrz sulfh ri wkh h{whuqdolw| uhohydqw iru frxqwu| � lv ghshqghqw xsrq

krz .� lq xhqfhv frqvxpswlrq dqg zhoiduh lq erwk frxqwulhv1
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7 D Qrqfrrshudwlyh Htxloleulxp

Wklv vhfwlrq frqfhuqv wkh *frqglwlrqdoo| rswlpdo* wd{ srolflhv wkdw zloo dulvh

lq d qrqfrrshudwlyh htxloleulxp/ zkhuh hdfk frxqwu| lv dfwlqj dv d Qdvk0

frpshwlwru1 Wkxv/ zh qrz dvvxph wkdw hdfk frxqwu| fkrrvhv lwv wd{ dqg

h{shqglwxuh srolflhv lq lvrodwlrq/ dqg wkdw hdfk *qdwlrqdo* srolf| pdnhu wuhdwv

wkh ghflvlrq yduldeohv ri wkh rwkhu frxqwu| dv h{rjhqrxv1

Wkh remhfwlyh ri hdfk qdwlrqdo srolf| pdnhu lv wr pd{lpl}h wkh xwlolw| ri

wkh orz delolw| w|sh vxemhfw wr irxu uhvwulfwlrqv1 Wkh frqvwudlqw wkdw wkhuh

pxvw eh d plqlpxp xwlolw| ohyho iru wkh kljk delolw| w|sh dqg wkh vhoi0vhohfwlrq

frqvwudlqw duh dqdorjrxv wr wkhlu frxqwhusduwv lq Vhfwlrq 61 Krzhyhu/ lq wkh

qrqfrrshudwlyh iudphzrun/ lw lv qr orqjhu srvvleoh wr vxssuhvv wkh prelolw|

lqfhqwlyhv/ vlqfh hdfk frxqwu| vroyhv lwv wd{ dqg surylvlrq sureohp frqglwlrqdo

rq wkh srolflhv fkrvhq e| wkh rwkhu frxqwu|1 E| qrupdol}lqj wkh srsxodwlrq

ri hdfk delolw| w|sh wr htxdo rqh sulru wr pljudwlrq/ wkh exgjhw frqvwudlqw

idflqj wkh srolf| pdnhu lq frxqwu| � fdq eh zulwwhq
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�
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�
�c t

�
� c }�c .�c .&�1 Pljudwlrq

dovr d�hfwv wkh irup ri wkh h{whuqdolw| frqvwudlqw

.� ' %��E��� i����E��j%
2

�E�� +56,

Wkh Odjudqjhdq fruuhvsrqglqj wr wkh srolf| pdnhu*v rswlpl}dwlrq sure0

ohp ehfrphv

u� ' ��� E�� n B�d�
2

� E��� 7�2� o n b�d�
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n��dt
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Wkh rswlpdo wd{ dqg h{shqglwxuh srolflhv fdq eh ghulyhg e| pd{lpl}lqj wkh

Odjudqjhdq zlwk uhvshfw wr t �

� / �
�

� / t
2

� / �
2

� / }�/ ^� dqg .�1 Lq dgglwlrq wr

htxdwlrqv +9,/ +:,/ +;,/ +55, dqg +56,/ wkh �uvw rughu frqglwlrqv duh
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x?
� ' Et �c?

� c ��c?
� c t 2c?

� c �2c?
� c }?� c ^

?
� c .

?
� �

vroyh sodqqhu �*v rswlpl}dwlrq sureohp/ zkhuh wkh vxshulqgh{ �?� lv xvhg dv d

vkruw qrwdwlrq iru wkh qrqfrrshudwlyh htxloleulxp1 Zh gh�qh Ex?
�
cx?

2
� wr eh

d qrqfrrshudwlyh Qdvk0htxloleulxp li x?
�
lv rswlpdo iru frxqwu| � frqglwlrqdo

rq x
2
' x?

2
/ dqg x?

2
lv rswlpdo iru frxqwu| 2 frqglwlrqdo rq x

�
' x?

�
1 Lq

zkdw iroorzv/ zh dvvxph wkdw wkh frxqwulhv kdyh uhdfkhg wkh qrqfrrshudwlyh

Qdvk0htxloleulxp dqg gurs wkh vxshulqgh{ �?� wr vlpsoli| wkh qrwdwlrqv1

Wr eh deoh wr frpsduh wkh uhvxowv zlwk wkrvh ri Vhfwlrq 6/ zh dovr dvvxph

wkdw wkh vkdgrz sulfhv fruuhvsrqglqj wr wkh vhoi0vhohfwlrq frqvwudlqw dqg wkh

jryhuqphqw*v exgjhw frqvwudlqw duh vwulfwo| srvlwlyh/ l1h1 b� : f dqg �� : f

dw wkh htxloleulxp1

Vlqfh wkh wzr frxqwulhv duh lghqwlfdo/ wkhlu wd{ dqg h{shqglwxuh srolflhv

zloo eh lghqwlfdo lq htxloleulxp1 Zh wkhuhiruh frqfhqwudwh wkh dqdo|vlv wr wkh

uhsuhvhqwdwlyh frxqwu|/ zklfk zloo eh lqgh{hg e| ���1 Vlqfh wkh wzr frxqwulhv

duh lghqwlfdo/ wkhuh zloo eh qr pljudwlrq lq htxloleulxp/ l1h1 ��E�� ' f�

Krzhyhu/ wkh lqfhqwlyhv uhodwhg wr pljudwlrq duh/ qhyhuwkhohvv/ lpsruwdqw lq

wkh vhqvh ri lq xhqflqj wkh ghflvlrqv wdnhq e| hdfk qdwlrqdo jryhuqphqw1

714 Vkdgrz sulfh ri h{whuqdolwlhv

Dv lq Vhfwlrq 6/ zh gh�qh l�
�c� ' �dY���*Y.�o*dY�

�
�*Y�

�
�o dv wkh pdujlqdo

zloolqjqhvv wr sd| e| w|sh � wr dyrlg wkh grphvwlfdoo| fuhdwhg h{whuqdolw|1

Vlploduo|/ zh ghqrwh wkh Klfnvldq ghpdqgv iru fohdq dqg gluw| frqvxps0

wlrq jrrgv e| �S�� dqg �%��/ uhvshfwlyho|1 Wkhq/ e| dgglqj dqg vxewudfwlqj

b�dY	�
2

�*Y�
�

� oidY�
�

�*Y.�o*dY�
�

�*Y�
�

� oj lq htxdwlrq +63,/ zh fdq xvh htxdwlrqv

+58,/ +5:, dqg +63, wr ghulyh
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� lv wkh wrwdo wd{ sd|phqw ri w|sh 51 Htxdwlrq +64,

lpsolflwo| gh�qhv wkh htxloleulxp vkdgrz sulfh ri wkh grphvwlfdoo| fuhdwhg

h{whuqdolw|1 E| revhuylqj iurp htxdwlrq +9, wkdw

Y��*Y.� n EY��*Y�
2

� �l
2

�c� ' dY�2&*Y.�o*_
�

/

dqg wkhq xvlqj wkh vkruw qrwdwlrq 7b� ' b�dY	�
2

�*Y�
�

� o*��/ zh fdq ghulyh wkh

iroorzlqj uhvxow>

Sursrvlwlrq 6 Lq d qrqfrrshudwlyh v|pphwulf htxloleulxp zlwk sduhwr hi0

�flhqw pl{hg wd{dwlrq/ wkh vkdgrz sulfh ri wkh h{whuqdolw| lq whupv ri wkh

jryhuqphqw*v wd{ uhyhqxhv fdq eh zulwwhq
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' j�i

S
�

l�
�c� � b�del2

�c� � l�

�c�o� |�
S
�
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n
Y�2&*Y.�
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iru � ' �c 2/ zkhuh j� ' �*i��
S

�dY�%
�
�*Y.�o n idY�2&*Y.�o*_

�

j%2�j1

Hyhq li pljudwlrq lv }hur lq wkh v|pphwulf htxloleulxp/ wkh lqfhqwlyhv

uhodwhg wr pljudwlrq zloo/ qhyhuwkhohvv/ d�hfw >�*��1 Lq frpsdulvrq zlwk wkh

vkdgrz sulfh rewdlqhg lq wkh frrshudwlyh htxloleulxp/ htxdwlrq +65, frqwdlqv

wzr dgglwlrqdo whupv/ erwk ri zklfk duh sursruwlrqdo wr wkh pdujlqdo glvx0

wlolw| ri pljudwlrq/ _�E��/ idflqj wkh kljk delolw| w|sh1 Iluvw/ wkh kljkhu wkh

frqvxpswlrq ri gluw| jrrgv e| wkh kljk delolw| w|sh/ wkh juhdwhu zloo eh wkh

grphvwlfdoo| fuhdwhg hqylurqphqwdo gdpdjh1 Vlqfh rxw0pljudwlrq uhgxfhv wkh

djjuhjdwh frqvxpswlrq ri wkh gluw| jrrg/ wkhuh zloo eh dq lqfhqwlyh iru wkh

qdwlrqdo jryhuqphqw wr lqgxfh rxw0pljudwlrq yld kljkhu h�hfwlyh pdujlqdo wd{
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udwhv1 Wklv h�hfw zrunv wr lqfuhdvh j� dqg/ wkhuhiruh/ wr lqfuhdvh wkh vkdgrz

sulfh ri wkh grphvwlfdoo| fuhdwhg h{whuqdolw| lq whupv ri wkh jryhuqphqw*v wd{

uhyhqxhv1 Vhfrqg/ rxw0pljudwlrq ri kljk delolw| w|shv uhgxfhv wkh wd{ edvh1

Wr dyrlg d orvv ri wd{ edvh/ wkh jryhuqphqw zloo kdyh lqfhqwlyhv wr uhgxfh wkh

pdujlqdo wd{ udwhv e| orzhulqj wkh ydoxh ri >�*��1 Wklv h�hfw lv fdswxuhg e|

wkh �qdo whup rq wkh uljkw kdqg vlgh ri wkh irupxod lq wkh sursrvlwlrq1 Wkh

uhpdlqlqj whupv lq wkh h{suhvvlrq iru >�*�� uh hfw/ uhvshfwlyho|/ wkh pdujlqdo

zloolqjqhvv wr sd| wr dyrlg wkh h{whuqdolw|/ wkh vhoi0vhohfwlrq frqvwudlqw dqg

wkh lpsdfw ri .� rq wkh frqvxpswlrq ri gluw| jrrgv1 Dq lpsruwdqw gl�huhqfh

lq frpsdulvrq zlwk wkh rxwfrph ri wkh frrshudwlyh htxloleulxp lv wkdw wkh

odwwhu wkuhh whupv rqo| uhihu wr frxqwu| �= wkh fruuhvsrqglqj h�hfwv ri .� rq

wkh rwkhu frxqwu| duh devhqw lq wkh qrqfrrshudwlyh htxloleulxp1

715 Frpprglw| Wd{dwlrq

E| dsso|lqj wkh vdph surfhgxuh dv lq wkh ghulydwlrq ri wkh frpprglw| wd{

lq wkh frrshudwlyh htxloleulxp/ zkloh dw wkh vdph wlph xvlqj htxdwlrq +9, wr

hvwdeolvk wkdw
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n
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%2� ' f/

zh fdq ghulyh wkh iroorzlqj uhvxow>

Sursrvlwlrq 7 D qrqfrrshudwlyh v|pphwulf htxloleulxp zlwk sduhwr h!flhqw

wd{dwlrq uhtxluhv wkdw
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d%�� � 	%2� o n
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+66,

Wkh h{suhvvlrq iru wkh frpprglw| wd{ rq wkh gluw| frqvxpswlrq jrrg

wdnhv wkh vdph jhqhudo irup dv lq wkh frrshudwlyh htxloleulxp1 Qhyhuwkh0

ohvv/ wkh wzr wd{ irupxodv duh gl�huhqw lq jhqhudo/ vlqfh wkh zd| lq zklfk

wkh vkdgrz sulfh ri wkh h{whuqdolw| lv ehlqj phdvxuhg gl�huv ehwzhhq wkh
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uhjlphv1 D qdwxudo qh{w txhvwlrq lv zkhwkhu wkh frpprglw| wd{ rq wkh gluw|

frqvxpswlrq jrrg lq wkh qrqfrrshudwlyh htxloleulxp h{fhhgv/ ru idoov vkruw

ri/ wkdw fruuhvsrqglqj wr wkh frrshudwlyh htxloleulxp1 Zlwkrxw ixuwkhu dv0

vxpswlrqv/ wkh gl�huhqfh ehwzhhq wkh wzr wd{hv fdq jr lq hlwkhu gluhfwlrq1

Wr vhh wklv/ frqvlghu �uvw d vlpsol�hg yhuvlrq ri wkh prgho zkhuh wkh kljk

delolw| w|shv duh lppreloh/ dqg wkh xwlolw| ixqfwlrqv duh vhsdudeoh lq wkh vhqvh

wkdw �ES��c %
�
�c ,

�
�c }�c .�c .&� ' �E)ES��c %

�
�c }��c ,

�
�c .�c .&� iru � ' �c 2/ � ' �c 2

dqg & 9' �1 Wkh wzr wd{ irupxodv uhgxfh wr uhdg

|?� '
S
�

l�c?
�c�

|W� '
S
&

S
�

l�cW
�c&

zkhuh wkh vxshulqglfhv �?� dqg ��� uhihu wr/ uhvshfwlyho|/ wkh qrqfrrshudwlyh

dqg frrshudwlyh htxloleulxp1 Wkhq/ li wkh vxp ri wkh pdujlqdo zloolqjqhvv wr

sd| wr dyrlg wkh h{whuqdolw| lv d prqrwrqrxv ixqfwlrq ri wkh frpprglw| wd{

udwh/ lw wulyldoo| iroorzv wkdw wkh frrshudwlyh htxloleulxp lpsolhv d kljkhu wd{

wkdq wkh qrqfrrshudwlyh htxloleulxp1 Krzhyhu/ e| uhod{lqj wkh dvvxpswlrq

wkdw wkh kljk delolw| w|shv duh lppreloh/ wklv frpsdulvrq ehfrphv lqfrqfox0

vlyh1 Wklv lv vr ehfdxvh wkh prelolw| lqfhqwlyhv idflqj wkh kljk delolw| w|shv

pd| fkdqjh wkh frpprglw| wd{ fruuhvsrqglqj wr wkh qrqfrrshudwlyh htxl0

oleulxp lq hlwkhu gluhfwlrq frpsduhg wr wkh fdvh zkhq wkh kljk delolw| w|shv

duh lppreloh1 Vlploduo|/ e| uhod{lqj wkh dvvxpswlrq wkdw ohlvxuh lv vhsdudeoh

iurp wkh rwkhu jrrgv/ wkh vhoi0vhohfwlrq frqvwudlqwv ehfrph rshudwlyh lq wkh

wd{ irupxodv1 Vlqfh wkh txdolwdwlyh h�hfw ri wkh vhoi0vhohfwlrq frqvwudlqwv lv

dpeljxrxv/ dqg vlqfh hdfk frxqwu|*v frpprglw| wd{ ghshqgv rq doo frxqwulhv*

vhoi0vhohfwlrq frqvwudlqwv lq wkh frrshudwlyh htxloleulxp/ rqh fdqqrw uxoh rxw

wkh srvvlelolw| wkdw wkh vhoi0vhohfwlrq frqvwudlqwv zrun wr uhgxfh wkh frpprg0

lw| wd{ lq wkh frrshudwlyh htxloleulxp uhodwlyh wr wkdw lq wkh qrqfrrshudwlyh

htxloleulxp1 Dv d frqvhtxhqfh/ wkh frpprglw| wd{ lq wkh qrqfrrshudwlyh
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htxloleulxp lv qrw qhfhvvdulo| fkrvhq wr eh orzhu wkdq zkdw lv rswlpdo iurp

vrflhw|*v srlqw ri ylhz1 Zh zloo uhwxuq wr wklv lvvxh lq Vhfwlrq 9 e| dqd0

o|}lqj wkh zhoiduh h�hfwv ri d frpprglw| wd{ uhirup lq wkh qrqfrrshudwlyh

htxloleulxp1

716 H�hfwlyh Pdujlqdo Wd{ Udwhv

E| xvlqj htxdwlrqv +57,0+5:, dqg +54,/ lw lv vwudljkw iruzdug wr vkrz wkdw

wkh irupxodv iru wkh h�hfwlyh pdujlqdo wd{ udwhv ri erwk delolw| w|shv forvho|

uhvhpeoh wkh irupxodv ghulyhg lq wkh frrshudwlyh htxloleulxp1 Wkh prvw lp0

sruwdqw gl�huhqfhv ehwzhhq wkh frrshudwlyh dqg qrqfrrshudwlyh uhjlphv uhihu

wr wkh zd| lq zklfk wkh vkdgrz sulfh ri wkh h{whuqdolw| lv ehlqj fdofxodwhg1

Wkhvh gl�huhqfhv dulvh ehfdxvh +l, wkh zhoiduh ri wkh *rwkhu frxqwu|* lv qrw

sduw ri wkh qdwlrqdo srolf| pdnhuv* remhfwlyh ixqfwlrqv lq wkh qrqfrrshudwlyh

iudphzrun/ dqg +ll, wkh sdudphwhuv ri wkh pljudwlrq ixqfwlrq lq xhqfh wkh

�uvw rughu frqglwlrqv fruuhvsrqglqj wr wkh qrqfrrshudwlyh htxloleulxp1

8 Lpsohphqwdwlrq ri wkh Frrshudwlyh Htxl0

oleulxp

Lv lw srvvleoh wr lpsohphqw wkh frrshudwlyh htxloleulxp lq d ghfhqwudol}hg

vhwwlqj/ zkhuh hdfk lqglylgxdo frxqwu| lv doorzhg wr fkrrvh lwv suhihuuhg wd{

dqg h{shqglwxuh srolflhvB Wkh dqvzhu wr wklv txhvwlrq lv |hv/ surylghg wkdw

d *ihghudo* jryhuqphqw lv deoh wr fruuhfw wkh fkrlfhv pdgh e| hdfk qdwlrqdo

jryhuqphqw1 Uhfdoo wkdw wkh irupdo gl�huhqfhv ehwzhhq wkh htxloleuld glv0

fxvvhg lq wkh suhylrxv wzr vhfwlrqv uhihu wr wkh �uvw rughu frqglwlrqv iru .�/

t 2

� / �
2

� / }� dqg ^�1 Wkh qhfhvvdu| frqglwlrq reh|hg e| .� gl�huv ehwzhhq

wkh wzr htxloleuld ehfdxvh ri xqlqwhuqdol}hg vslooryhu h�hfwv ri hqylurqphqwdo

gdpdjh dqg prelolw| lqfhqwlyhv lq wkh qrqfrrshudwlyh htxloleulxp/ zkhuhdv
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wkh prelolw| lqfhqwlyhv dorqh pdnh wkh frqglwlrqv iru t 2

� / �
2

� / }� dqg ^� gli0

ihu ehwzhhq htxloleuld1 Wkhuhiruh/ wr eh deoh wr lpsohphqw wkh frrshudwlyh

htxloleulxp lq d iudphzrun zkhuh hdfk lqglylgxdo frxqwu| dfwv lq dffrugdqfh

zlwk wkh qrqfrrshudwlyh prgho/ wkh ihghudo jryhuqphqw pxvw eh deoh wr dowhu

wkh qdwlrqdo jryhuqphqw*v rzq fkrlfhv ri wkhvh �yh ghflvlrq yduldeohv1

Vxssrvh wkdw wkh ihghudo jryhuqphqw lpsrvhv wd{hv2vxevlglhv sursru0

wlrqdo wr .�/ t
2

� / �
2

� / }� dqg ^�/ zklfk phdqv wkdw wkh qdwlrqdo jryhuqphqw*v

exgjhw frqvwudlqw fdq eh zulwwhq dv

f ' t �

� n d����ot
2

� � S�� � R�%
�

� � d����odS
2

� n R�%
2

� o� o�}�

nK� � w.� .� � wt� t
2

� � w�� �
2

� � w}�}� � w^�^� +67,

zkhuh � ' �c 2/ dqg K� lv d oxps0vxp wudqvihu uhfhlyhg e| +ru d frxqwu|

vshfl�f ihh sdlg e|, frxqwu| �1 Wkh ihghudo jryhuqphqw*v exgjhw frqvwudlqw

wdnhv wkh irup

S
�

dK� � w.� .� � wt� t
2

� � w�� �
2

� � w}�}� � w^�^�o ' f +68,

Wr eh deoh wr ghvfuleh wkh ihghudo jryhuqphqw*v srolf| dv fohduo| dv srv0

vleoh/ ohw xv ghqrwh wkh frrshudwlyh htxloleulxp e| wkh vxshulqgh{ �-�1 Lq

dgglwlrq/ hyhq li wkhuh duh qr lqfhqwlyhv uhodwhg wr pljudwlrq lq wklv frrs0

hudwlyh htxloleulxp/ zh xvh ghulydwlyhv olnh h1j1 Y�W

� *Y.�/ hwf1/ wr phdvxuh

ghulydwlyhv ri wkh pljudwlrq ixqfwlrq zklfk duh hydoxdwhg lq wkh frrshudwlyh

htxloleulxp1 Ilqdoo|/ wr vkruwhq wkh qrwdwlrqv/ ohw

\�c& '
Y��&
Y.�

n EB& n b&�
Y�2&
Y.�

� b&
Ye�2&
Y.�

� �&
S
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n R&
Y%�&
Y.�

o

�>&

S
�

Y%�&
Y.�

�
Y��

Y.�

~2

�

uhsuhvhqw wkh whupv e| zklfk wkh irup ri �uvw rughu frqglwlrq iru .� gl�huv
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ehwzhhq wkh frrshudwlyh dqg qrqfrrshudwlyh uhjlphv1 Frqvlghu wkh iroorzlqj

uhvxow>

Sursrvlwlrq 8 Li wkh ihghudo jryhuqphqw fkrrvhv wd{2vxevlg| udwhv dffruglqj

wr

w.� ' �\W

�c&*�
W

�

wt� '
dY�W

� *Yt
2

� o~
2cW
�

�W

�

w�� '
dY�W

� *Y�
2

� o~
2cW
�

�W

�

w}� '
dY�W

� *Y}�o~
2cW
�

�W

�

w^� '
dY�W

� *Y^�o~
2cW
�

�W

�

iru � ' �c 2/ dqg xvhv wkh oxps0vxp wudqvihu +ru qdwlrqdo ihh wr wkh ihghudwlrq,

wr edodqfh wkh qdwlrqdo exgjhw frqvwudlqwv/ wkh qrqfrrshudwlyh htxloleulxp zloo

frlqflgh zlwk wkh frrshudwlyh htxloleulxp1

Wkh surri ri Sursrvlwlrq 8 lv vwudljkw iruzdug1 Vxssrvh wkdw hdfk qd0

wlrqdo sodqqhu dfwv lq dffrugdqfh zlwk wkh iudphzrun vhw rxw lq Vhfwlrq 7/

dqg fkrrvhv ��

� / �
2

� / t
�

� / t
2

� / }�/ ^� dqg .� wr pd{lpl}h wkh xwlolw| ri wkh orz

delolw| w|sh vxemhfw wr htxdwlrqv +9,/ +:,/ +;,/ +56, dqg +67,1 E| hydoxdwlqj

wkh uhvxowlqj �uvw rughu frqglwlrqv dw wkh v|pphwulf frrshudwlyh htxloleulxp/

lw iroorzv wkdw wkhvh �uvw rughu frqglwlrqv +zklfk duh ghulyhg lq d qrqfrrs0

hudwlyh iudphzrun, zloo frlqflgh zlwk wkrvh irupdoo| ghulyhg lq wkh frqwh{w

ri wkh v|pphwulf frrshudwlyh htxloleulxp1
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Qrwh wkdw/ wr lpsohphqw wkh frrshudwlyh htxloleulxp lq d ghfhqwudol}hg

vhwwlqj/ zkhuh hdfk lqglylgxdo frxqwu| fkrrvhv lwv rzq wd{ dqg h{shqglwxuh

srolflhv/ wkh ihghudo jryhuqphqw pxvw vroyh wkh vhfrqg ehvw sureohp dw wkh

joredo ohyho ghvfulehg lq Vhfwlrq 61 Wkh ihghudo jryhuqphqw fdq wkhq ghvljq

wkh srolf| lqvwuxphqwv uhtxluhg wr pdnh wkh qdwlrqdo jryhuqphqwv fkrrvh wkh

frrshudwlyh htxloleulxp dv wkhlu suhihuuhg rxwfrph1 Vlqfh wkh wzr frxqwulhv

duh lghqwlfdo lq doo lpsruwdqw uhvshfwv/ wkh wd{hv2vxevlglhv lpsrvhg e| wkh

ihghudo jryhuqphqw duh wkh vdph iru erwk frxqwulhv1

9 D Gl�huhqw Ylhz rq *Frrshudwlrq*

Fohduo|/ hyhq li lw lq sulqflsoh lv srvvleoh wr lpsohphqw wkh frrshudwlyh htxl0

oleulxp lq d ghfhqwudol}hg iudphzrun/ wkh ihghudo jryhuqphqw zrxog uhtxluh

d odujh vhw ri srolf| lqvwuxphqwv1 Lq sudfwlfh/ krzhyhu/ *frrshudwlrq* lv qrw

olnho| wr phdq wkdw gl�huhqw frxqwulhv srro wkhlu uhvrxufhv lq rughu wr lp0

sohphqw d vrfldoo| rswlpdo uhvrxufh doorfdwlrq rq d joredo ohyho1 Iroorzlqj

Durqvvrq hw do1 +5333,/ lw lv htxdoo| lpsruwdqw +dqg idu pruh uhdolvwlf, wr

ylhz *frrshudwlrq ryhu hqylurqphqwdo srolf|* dv d srolf| surmhfw/ wkh sxu0

srvh ri zklfk lv wr lpsuryh wkh uhvrxufh doorfdwlrq lq frpsdulvrq zlwk wkh

lqlwldo htxloleulxp/ lq zklfk qr vxfk frrshudwlrq wdnhv sodfh1

Lq wklv vhfwlrq/ zh dvvxph wkdw wkh lqlwldo +suhuhirup, htxloleulxp lv jlyhq

e| wkh v|pphwulf qrqfrrshudwlyh htxloleulxp ri Vhfwlrq 71 Wkh sxusrvh lv

wkhq wr vwxg| wkh zhoiduh h�hfwv wkdw zloo dulvh/ li wkh frxqwulhv djuhh wr

voljkwo| udlvh wkhlu frpprglw| wd{hv1 Wr rshudwlrqdol}h wkh lghd ri d *frrshu0

dwlyh srolf| surmhfw*/ vxssrvh wkdw wkh frxqwulhv ghflgh wr irup d *ihghudo jry0

huqphqw*/ dqg wkdw wkh ihghudo jryhuqphqw lpsrvhv d +srvlwlyh ru qhjdwlyh,

xqlirup wd{ rq wkh gluw| frqvxpswlrq jrrg zklfk lv dgghg wr wkh qdwlrqdo

udwhv1 Wkh qdwlrqdo jryhuqphqwv dovr djuhh qrw wr fkdqjh wkhlu frpprglw|

wd{hv lq uhvsrqvh wr wkh ihghudo frpprglw| wd{1 Wkh wd{ uhyhqxhv froohfwhg
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iurp frxqwu| � yld wkh ihghudo frpprglw| wd{ duh sd|hg edfn wr frxqwu| �

yld d wudqvihu sd|phqw wr wkh qdwlrqdo jryhuqphqw1 Wkh ihghudo jryhuqphqw*v

exgjhw frqvwudlqw fdq eh zulwwhq dv

kd%�� n %2� o� -�Ek� ' f +69,

iru � ' �c 2/ zkhuh k +zklfk lv dvvxphg wr eh vpdoo, lv wkh frpprglw| wd{

fkrvhq e| wkh ihghudo jryhuqphqw/ dqg -�E�� lv d wudqvihu sd|phqw iurp wkh

ihghudo jryhuqphqw wr wkh +qdwlrqdo, jryhuqphqw ri frxqwu| �1 Dq h{solflw

dvvxpswlrq ri �vfdo qhxwudolw| dw wkh qdwlrqdo ohyho vlpsol�hv wkh fdofxodwlrqv

zlwkrxw d�hfwlqj wkh uhvxowv1 Wklv lv vr ehfdxvh wkh suhuhirup htxloleulxp lv

v|pphwulf/ zklfk phdqv wkdw wkh wudqvihu sd|phqwv iurp wkh ihghudo wr wkh

qdwlrqdo jryhuqphqwv zloo eh ri htxdo vl}h1

Wr vlpsoli| wkh qrwdwlrqv dv pxfk dv srvvleoh/ ohw

u� ' ��� n B�d�
2

� � �2� o n b�d�
2

� � e�2� o n ��d
S
�

t �
� �

S
�

S�� � R�
S
�

%�� � }�o

n>�d.� �
S
�

%��o +6:,

eh wkh Odjudqjhdq ri frxqwu| � hydoxdwhg lq wkh v|pphwulf qrqfrrshudwlyh

htxloleulxp/ dqg gh�qh wkh vkruw qrwdwlrq
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S
�
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n R�
S
�

Y%��
Y.&

o

�>�

S
�

Y%��
Y.&

zklfk zloo eh xvhg lq wkh dqdo|vlv ehorz1 Wkh ydoxh ixqfwlrq idflqj wkh ihghudo

jryhuqphqw lv wkh vxp ri wkh frxqwu|0vshfl�f remhfwlyh ixqfwlrqv hydoxdwhg

lq wkh qrqfrrshudwlyh htxloleulxp1 Lw zloo eh frqyhqlhqw wr zulwh wkh ydoxh

ixqfwlrq lq whupv ri wkh htxloleulxp ydoxhv ri wkh qdwlrqdo srolf| lqvwuxphqwv1

E| xvlqj htxdwlrq +6:,/ wkh ydoxh ixqfwlrq fdq eh zulwwhq dv>
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T '
S
�

��� '
S
�

u�E^� n kc��

� Ek�c t
�

� Ek�c �
2

� Ek�c t
2

� Ek�c }�Ek�c .�Ek�c .&Ek��

+6;,

iru & 9' �/ lq zklfk wkh ydoxh ri k lv }hur sulru wr wkh uhirup1 Wkh vxshulqgh{

�?� +iru qrqfrrshudwlyh htxloleulxp, kdv ehhq vxssuhvvhg iru qrwdwlrqdo frq0

yhqlhqfh1 Qrwh dovr wkdw wkh qdwlrqdo srolf| yduldeohv dqg h{whuqdolwlhv fdxvhg

e| qdwlrqdo srolflhv +l1h1 ��

� / t
�

� / �
2

� / t
2

� / }�/ .� dqg .&, duh ixqfwlrqv ri k/

vlqfh wkh qdwlrqdo srolf| ghflvlrqv duh ehlqj pdgh frqglwlrqdo rq wkh fkrlfhv

ri wkh ihghudo jryhuqphqw1

Wkh frvw ehqh�w uxoh zh duh orrnlqj iru fdq eh ghulyhg e| gl�huhqwldwlqj

wkh ydoxh ixqfwlrq lq htxdwlrq +6;, zlwk uhvshfw wr k dqg wkhq hydoxdwlqj

wkh uhvxowlqj ghulydwlyh dw wkh srlqw zkhuh k ' f1 Wkh uhdghu vkrxog qrwh

wkdw wklv srolf| uhirup zloo d�hfw wkh zhoiduh ohyho rqo| ehfdxvh wkh suhuh0

irup htxloleulxp lv vxerswlpdo iurp vrflhw|*v srlqw ri ylhz1 Lw lv/ wkhuhiruh/

frqyhqlhqw wr zulwh wkh frvw ehqh�w uxoh iru k lq whupv ri prelolw| lqfhqwlyhv

dqg wudqverxqgdu| h{whuqdolwlhv/ zklfk duh wkh fdxvhv ri vxerswlpdolw| lq

wkh qrqfrrshudwlyh htxloleulxp1 Wklv lv dgguhvvhg lq Sursrvlwlrq 9/ zklfk lv

irupdoo| ghulyhg lq wkh Dsshqgl{>

Sursrvlwlrq 9 Wkh zhoiduh h�hfw ri lqwurgxflqj d vpdoo ihghudo frpprglw|

wd{ rq wkh gluw| jrrg lq wkh v|pphwulf qrqfrrshudwlyh htxloleulxp/ zkhq wkh

qdwlrqdo frpprglw| wd{hv duh khog frqvwdqw/ fdq eh zulwwhq

YT

Yk
'

S
�

i�~2

� d
Y��

Y^�
n

Y��

Y}�

Y}�
Yk

n
Y��

Y.�

Y.�

Yk
o +6<,

n
Yu�

Y.&

Y.&

Yk
j

iru & 9' �1

Lq jhqhudo/ wkh zhoiduh h�hfw ri wklv srolf| uhirup fdq jr lq hlwkhu gluhf0

wlrq1 Dq lqwhusuhwdwlrq lv wkdw d vkliw iurp qdwlrqdo wr ihghudo frpprglw|
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wd{dwlrq grhv qrw qhfhvvdulo| lpso| kljkhu frpprglw| wd{hv/ hyhq li qdwlrqdo

frpprglw| wd{dwlrq grhv qrw ixoo| lqwhuqdol}h wkh h{whuqdolw|1 Htxdwlrq +6<,

lv xvhixo lq wkh vhqvh ri vkrzlqj zkdw lqirupdwlrq zh zrxog uhtxluh lq rughu

wr ghwhuplqh wkh zhoiduh h�hfw ri lqfuhdvhg ru ghfuhdvhg frpprglw| wd{d0

wlrq lq wkh qrqfrrshudwlyh htxloleulxp1 Wkhvh lqirupdwlrqdo uhtxluhphqwv

lqfoxgh= +l, krz wkh qdwlrqdo srolflhv d�hfw pljudwlrq/ +ll, krz wkh qdwlrqdo

srolflhv uhvsrqg wr ihghudo frpprglw| wd{dwlrq dqg +lll, wkh zhoiduh h�hfwv

dulvlqj yld wkh wudqverxqgdu| sduw ri wkh h{whuqdolw|1

Wkh whupv lq wkh �uvw urz rq wkh uljkw kdqg vlgh ri htxdwlrq +6<, duh

gxh wr wkh prelolw| lqfhqwlyhv xqghuo|lqj wkh qdwlrqdo jryhuqphqwv* srolf|

ghflvlrqv lq wkh qrqfrrshudwlyh htxloleulxp1 Qrwh wkdw wkh ghulydwlyhv ri

wkh pljudwlrq ixqfwlrq duh sursruwlrqdo wr wkh yduldeoh ~2

� ' ����
2

� n >�%
2

� /

zkhuh �2� lv wkh wrwdo wd{ sd|phqw pdgh e| d w|sh 2 lqglylgxdo1 Wkhuhiruh/

dv h{shfwhg iurp Vhfwlrq 7/ wkh zhoiduh h�hfwv dulvlqj yld wkh ghulydwlyhv ri

wkh pljudwlrq ixqfwlrq ghshqg rq zkhwkhu wkh prelolw| lqfhqwlyhv lpsolflw lq

wkh qrqfrrshudwlyh htxloleulxp pdnh wkh qdwlrqdo jryhuqphqwv fkrrvh *wrr

pxfk* ru *wrr olwwoh* frpprglw| wd{dwlrq1

Frqvlghu �uvw zkdw kdsshqv zkhq ~2

� 	 f> d vlwxdwlrq wkdw pd| dulvh h1j1

zkhq wkh frqvxpswlrq ri gluw| jrrgv e| w|sh 5 lv qhjoljleoh1 Wklv phdqv

wkdw wkh qdwlrqdo jryhuqphqwv* ghflvlrqv derxw frpprglw| wd{dwlrq uh hfw

wkh lqfhqwlyh wr uhgxfh rxw0pljudwlrq ru fdxvh lq0pljudwlrq/ lpso|lqj wkdw

wkh suhuhirup frpprglw| wd{hv duh uhodwlyho| orz1 Lqfuhdvlqj wkh frpprglw|

wd{hv zloo wkhq lqfuhdvh wkh zhoiduh ohyho yld wkh whup Y��*Y^� ' Y��*Yk :

f1 Krzhyhu/ surylghg wkdw Y}�*Yk � f dqg Y.�*Yk � f +zklfk pd| dsshdu

wr eh uhdvrqdeoh dvvxpswlrqv,/ wkh uhpdlqlqj whupv lq wkh �uvw urz zloo

qrw frqwulexwh wr lqfuhdvh wkh zhoiduh ohyho/ vlqfh kljkhu sxeolf h{shqglwxuhv

dqg ohvv grphvwlf hqylurqphqwdo gdpdjh whqg wr vwuhqjwkhq wkh +lqfruuhfw,

prelolw| lqfhqwlyhv fkdudfwhul}lqj wkh srolf| lq wkh lqlwldo htxloleulxp1 Li/ rq

wkh rwkhu kdqg/ ~2

� : f/ wkh dujxphqwv zloo jr wkh rwkhu zd| durxqg1 Ilqdoo|/
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wkh whup lq wkh vhfrqg urz ri htxdwlrq +6<, lv wkh gluhfw vslooryhu h�hfw ri

hqylurqphqwdo gdpdjh wlphv wkh lpsdfw ri wkh ihghudo frpprglw| wd{ rq wkh

h{whuqdolw| fdxvhg e| wkh rwkhu frxqwu|1

Qrwh �qdoo| wkdw lq wkh devhqfh ri suhh{lvwlqj glvwruwlrqv/ wkh zhoiduh hi0

ihfw ri wklv wd{ uhirup zloo eh htxdo wr }hur1 Wklv lv vhhq e| fdofxodwlqj wkh

fruuhvsrqglqj frvw ehqh�w uxoh iru wkh frrshudwlyh htxloleulxp/ zkhuh prelo0

lw| lqfhqwlyhv kdyh qr lq xhqfh ryhu qdwlrqdo wd{ srolflhv/ dqg wkh vslooryhu

h�hfw ri hqylurqphqwdo gdpdjh lv rswlpdoo| fkrvhq iurp vrflhw|*v srlqw ri

ylhz1

: Vxppdu| dqg Glvfxvvlrq

Wklv sdshu dgguhvvhv wudqverxqgdu| hqylurqphqwdo sureohpv dqg oderu pr0

elolw| lq wkh frqwh{w ri dq rswlpdo wd{ sureohp iru d wzr0frxqwu| hfrqrp|1

Hdfk lqglylgxdo frxqwu| lv uhsuhvhqwhg e| d wzr w|sh prgho/ zkhuh wkh delo0

lw| ri d jlyhq lqglylgxdo fdqqrw eh revhuyhg e| wkh srolf| pdnhu/ dqg wkh

wd{ lqvwuxphqwv lqfoxgh frpprglw| wd{dwlrq dqg qrqolqhdu lqfrph wd{dwlrq1

Wkh dqdo|vlv lv edvhg rq wkh dvvxpswlrqv wkdw +l, kljk delolw| w|shv duh pr0

eloh zkhuhdv wkh orz delolw| w|shv duh qrw/ dqg +ll, wkh hqylurqphqwdo gdpdjh

fdxvhg e| hdfk frxqwu| vsloov ryhu wr wkh rwkhu frxqwu|1 Wkh pdlq sxusrvh ri

wkh sdshu lv wr frpsduh wkh *frqglwlrqdoo| rswlpdo* vhfrqg ehvw srolf| wkdw

zloo dulvh lq d qrqfrrshudwlyh htxloleulxp zlwk wkh rxwfrph ri frrshudwlrq1

Hyhq li wkh wzr frxqwulhv duh lghqwlfdo e| dvvxpswlrq/ lpso|lqj wkdw pl0

judwlrq lv htxdo wr }hur/ wkh prelolw| lqfhqwlyhv idflqj wkh kljk delolw| w|sh

zloo d�hfw wkh rswlpdo wd{ srolf| lq wkh qrqfrrshudwlyh htxloleulxp1 Wklv

lq xhqfh dulvhv yld wkh vkdgrz sulfh ri wkh grphvwlfdoo| fuhdwhg h{whuqdo0

lw|/ dqg wzr vhsdudwh h�hfwv fdq eh lghqwl�hg1 Iluvw/ rxw0pljudwlrq ri kljk

delolw| w|shv uhgxfhv wkh wd{ edvh1 Wr dyrlg d orvv ri wd{ edvh/ wkh qd0

wlrqdo jryhuqphqw zloo kdyh dq lqfhqwlyh wr orzhu wkh lpsolflw vkdgrz sulfh
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ri wkh h{whuqdolw| dqg/ wkhuhiruh/ uhgxflqj wkh frpprglw| wd{ dqg wkh hi0

ihfwlyh pdujlqdo wd{ udwh1 Vhfrqg/ rxw0pljudwlrq dovr uhgxfhv wkh djjuhjdwh

frqvxpswlrq ri wkh gluw| jrrg/ zklfk pdnhv wkh h{whuqdolw| ohvv vhyhuh iru

grphvwlf frqvxphuv1 Wklv surylghv dq hqylurqphqwdo ehqh�w iurp wkh srlqw

ri ylhz ri wkh qdwlrqdo jryhuqphqw dqg whqgv wr lqfuhdvh wkh vkdgrz sulfh

ri wkh h{whuqdolw|1

Prelolw| lqfhqwlyhv kdyh qr lq xhqfh ryhu wd{ srolf| lq wkh v|pphwulf

frrshudwlyh htxloleulxp/ vlqfh wkh *joredo srolf| pdnhu* uhfrjql}hv wkdw wkh

wzr frxqwulhv duh lghqwlfdo dqg fdq/ wkhuhiruh/ dqwlflsdwh wkdw pljudwlrq zloo

eh htxdo wr }hur1 Lq wkh frrshudwlyh htxloleulxp/ wkh vkdgrz sulfh ri wkh

h{whuqdolw| idflqj hdfk frxqwu| uh hfwv doo zhoiduh h�hfwv +erwk grphvwlfdoo|

dqg deurdg, ri wkh hqylurqphqwdo gdpdjh jhqhudwhg e| wkdw sduwlfxodu frxq0

wu|1 Krzhyhu/ frqwudu| wr prvw suhylrxv vwxglhv rq joredo h{whuqdolwlhv/ wkh

rswlpdo frpprglw| wd{ lv qrw gluhfwo| lqwhusuhwdeoh dv d *ixoo* Sljrxyldq wd{

uh hfwlqj wkh vxp ri wkh zloolqjqhvv wr sd| wr uhgxfh wkh h{whuqdolw|1 Wklv

lv vr ehfdxvh wkh *Vdpxhovrqldq vxp ri zloolqjqhvv wr sd|* lv rqo| rqh sduw

ri wkh vkdgrz sulfh ri wkh h{whuqdolw| lq wkh frrshudwlyh htxloleulxp dqg/

wkhuhiruh/ rqo| sduw ri wkh rswlpdo frpprglw| wd{1 Wkh vkdgrz sulfh ri wkh

h{whuqdolw| idflqj hdfk frxqwu| zloo dovr uh hfw wkh vhoi0vhohfwlrq frqvwudlqw

dqg wkh frqvxpswlrq ri gluw| jrrgv lq wkh rwkhu frxqwu|1 Wklv lv fohduo|

gl�huhqw iurp uhvxowv lq vwxglhv zkhuh wkh �uvw ehvw frrshudwlyh htxloleulxp

frqvwlwxwhv wkh uhihuhqfh fdvh/ zklfk vxjjhvwv wkdw wkh rswlpdo *hqylurqphq0

wdo wd{* uhtxluhg wr lqwhuqdol}h wudqverxqgdu| h{whuqdolwlhv lv ghshqghqw xsrq

wkh zkroh vhw ri srolf| lqvwuxphqwv lq doo frxqwulhv lqyroyhg1

Lw lv +lq sulqflsoh, srvvleoh wr lpsohphqw wkh frrshudwlyh htxloleulxp lq

d ghfhqwudol}hg vhwwlqj/ zkhuh hdfk qdwlrqdo srolf| pdnhu dfwv lq dffrugdqfh

zlwk wkh qrqfrrshudwlyh prgho1 Wklv fdq eh dffrpsolvkhg e| doorzlqj d *ihg0

hudo jryhuqphqw* wr surylgh fruuhfw lqfhqwlyhv iru wkh qdwlrqdo srolf| pdnhuv1

Krzhyhu/ lw lv lpsruwdqw wr qrwh wkdw wkh ihghudo srolf| pdnhu pxvw eh do0
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orzhg wr srvvhvv vhyhudo qrqvwdqgdug srolf| lqvwuxphqwv lq rughu wr dfklhyh

wkh frrshudwlyh rxwfrph lq d ghfhqwudol}hg vhwwlqj1 Lw lv/ wkhuhiruh/ pruh uhdo0

lvwlf wr ylhz *frrshudwlrq ryhu hqylurqphqwdo srolf|* dv d srolf| surmhfw/ wkh

sxusrvh ri zklfk lv wr lpsuryh wkh uhvrxufh doorfdwlrq lq frpsdulvrq zlwk wkh

lqlwldo htxloleulxp1 Wkh �qdo sduw ri wkh sdshu dgguhvvhv wkh zhoiduh frqvh0

txhqfhv ri frrshudwlrq ryhu wkh frpprglw| wd{ e| doorzlqj d ihghudo jryhuq0

phqw wr dgg d frpprglw| wd{ rq wrs ri wkh qdwlrqdo frpprglw| wd{hv1 Wkh

suhuhirup vlwxdwlrq lv uhsuhvhqwhg e| wkh qrqfrrshudwlyh htxloleulxp1 Zh

vkrz krz wkh zhoiduh h�hfwv ri wklv uhirup lv uhodwhg wr wkh wudqverxqgdu|

h{whuqdolw| dqg prelolw| lqfhqwlyhv/ zklfk duh wkh fdxvhv ri vxerswlpdolw| lq

wkh qrqfrrshudwlyh htxloleulxp1

; Dsshqgl{

Surri ri Sursrvlwlrq 9=

E| gl�huhqwldwlqj wkh ydoxh ixqfwlrq lq htxdwlrq +6;, zlwk uhvshfw wr k/ zh
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Uhihuhqfhv

^4` Durqvvrq/ W1 +4<<<, Rq Frvw Ehqh�w Uxohv iru Juhhq Wd{hv1 Hqylurq0

phqwdo dqg Uhvrxufh Hfrqrplfv 46/ 640761

^5` Durqvvrq/ W1/ Edfnoxqg/ N1 dqg Oùijuhq/ N0J1 +5333, Lqwhuqdwlrqdo

Frrshudwlrq ryhu Juhhq Wd{hv 0 Rq wkh Lpsrvvlelolw| ri Dfklhylqj d

Suredelolw|0Rqh Jdlq1 Xphè Hfrqrplf Vwxglhv qr 8551

^6` Durqvvrq/ W1 dqg Oùijuhq/ N0J1 +5333, Juhhq Dffrxqwlqj dqg Juhhq

Wd{hv lq wkh Joredo Hfrqrp|/ iruwkfrplqj lq Irophu/ K1 Jdeho/ O1 dqg

Urvh/ D +hg1,/ Iurqwlhuv lq Hqylurqphqwdo Hfrqrplfv/ Fkhowhqkdp/ Hg0

zdug Hgjdu1

^7` Eduuhww/ V1 +4<<3,/ Wkh Sureohp ri Joredo Hqylurqphqwdo Surwhfwlrq1

R{irug Uhylhz ri Hfrqrplf Srolf| 9/ 9;0:<1

^8` Eduuhww/ V1 +4<<7,/ Vhoi0Hqiruflqj Lqwhuqdwlrqdo Hqylurqphqwdo Djuhh0

phqwv1 R{irug Hfrqrplf Sdshuv 79/ ;:;0;<71

^9` Erdgzd|/ U1/ Pdufkdqg/ P1 dqg Yljqhdxow/ P1 +4<<;, Wkh Frqvh0

txhqfhv ri Ryhuodsslqj Wd{ Edvhv iru Uhglvwulexwlrq dqg Sxeolf Vshqg0

lqj lq d Ihghudwlrq1 Mrxuqdo ri Sxeolf Hfrqrplfv 9;/ 78607:;1

^:` Eryhqehuj/ O1 dqg gh Prrlm/ U1 +4<<7, Hqylurqphqwdo Ohylhv dqg Glv0

wruwlrqdu| Wd{dwlrq1 Dphulfdq Hfrqrplf Uhylhz ;7/ 43;8043;<1

^;` Eryhqehuj/ O1 dqg ydq ghu Sorhj/ I1 +4<<7e, Hqylurqphqwdo Srolf|/ Sxe0

olf Ilqdqfh dqg wkh Oderu Pdunhw lq d Vhfrqg Zruog1 Mrxuqdo ri Sxeolf

Hfrqrplfv 88/ 67<06<31

^<` Fduudur/ F1 dqg Vlqlvfdoru/ G1 +4<<6, Vwudwhjlhv iru wkh Lqwhuqdwlrqdo

Surwhfwlrq ri wkh Hqylurqphqw1 Mrxuqdo ri Sxeolf Hfrqrplfv/ 85/ 63<0
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^43` Fkulvwldqvhq/ Y1 +4<;7,1 �Zklfk Frpprglw| Wd{hv Vkrxog Vxssohphqw

wkh Lqfrph Wd{B Mrxuqdo ri Sxeolf Hfrqrplfv 57/ 4<805531

^44` Hgzdugv/ M1/ Nhhq/ P1 dqg Wxrpdod/ P1 +4<<7, Lqfrph Wd{/ Frpprglw|

Wd{ dqg Sxeolf Jrrg Surylvlrq= D Eulhi Jxlgh1 Ilqdq} Dufkly 84/ 7:50

7;:1

^45` Jrxoghu/ O1K1 +4<<8, Hqylurqphqwdo Wd{dwlrq dqg wkh Grxeoh Glylghqg=

D Uhdghu*v Jxlgh1 Lqwhuqdwlrqdo Wd{ dqg Sxeolf Ilqdqfh 5/ 48:04;71

^46` Krho/ P1 dqg Vkdslur/ S1 +5333, Wudqverxqgdu| Hqylurqphqwdo sure0

ohpv zlwk d Preloh Srsxodwlrq= Lv Wkhuh d Qhhg iru Fhqwudo Srolf|B

Ghsduwphqw ri Hfrqrplfv/ Rvor Xqlyhuvlw|1

^47` Pdqvrruldq/ D dqg P|huv/ J1P1 +4<<:, Rq wkh frqvtxhqfhv ri jryhuq0

phqw remhfwlyhv iru hfrqrplhv zlwk preloh srsxodwlrq1 Mrxuqdo ri Sxeolf

Hfrqrplfv 96/ 59805;41

^48` Pçohu/ N0J1 +4<;<,/ Wkh Dflg Udlq Jdph/ lq Irophu/ K1 dqg ydq Mhu0

odqg/ H1 +hgv, Ydoxdwlrq Phwkrgv dqg Srolf| Pdnlqj lq Hqylurqphqwdo

Hfrqrplfv/ Dpvwhugdp= Hovhylhu1

^49` Pçohu/ N0J1 dqg ]hhxz/ D1 +4<<8,/ Fulwlfdo Ordgv lq Jdphv ri Wudqv0

erxqgdu| Srooxwlrq Frqwuro/ Qrwd gl Odyrud :1<8/ Irqgd}lrqh Hql Hqulfr

Pdwwhl1

^4:` Sluwwloç/ M1 dqg Wxrpdod/ P1 +4<<:, Lqfrph Wd{/ Frpprglw| Wd{ dqg

Hqylurqphqwdo Srolf|1 Lqwhuqdwlrqdo Wd{ dqg sxeolf Ilqdqfh 7/ 6:<06<61

^4;` ydq ghu Sorhj/ I1 dqg gh ]hhxz/ D1M1 +4<<5, Lqwhuqdwlrqdo Dvshfwv ri

Srooxwlrq Frqwuro1 Hqylurqphqwdo dqg Uhvrxufh Hfrqrplfv 5/ 44:046<1

^4<` Vdqgpr/ D1 +4<;3, Dqrpdo| dqg Vwdelolw| lq wkh Wkhru| ri H{whuqdolwlhv1

Txduwhuo| Mrxuqdo ri Hfrqrplfv <7/ :<<0;3:1
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^53` Vdqgpr/ D1 dqg Zlogdvlq/ G1 +4<<<, Wd{dwlrq/ Pljudwlrq dqg Srooxwlrq1

Lqwhuqdwlrqdo Wd{ dqg Sxeolf Ilqdqfh 9/ 6<08<1

^54` Wdkyrqhq/ R1 +4<<7, Fduerq Glr{lgh Dedwhphqw dv d Gl�huhqwldo Jdph1

Hxurshdq Mrxuqdo ri Srolwlfdo Hfrqrp| 43/ 9;90:381

^55` Wdkyrqhq/ R1 +4<<8, Lqwhuqdwlrqdo FR
2
Wd{dwlrq dqg wkh G|qdplfv ri

Irvvlo Ixho Pdunhwv1 Lqwhuqdwlrqdo Wd{ dqg Sxeolf Ilqdqfh/ 5/ 59405:;1

^56` Zlogdvlq/ G1 +4<<4, Lqfrph Uhglvwulexwlrq lq d Frpprq Oderu Pdunhw1

Dphulfdq Hfrqrplf Uhylhz ;4/ :8:0::71
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