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Devwudfw

Pdq| ri wkh zruog*v frpprq srro uhvrxufhv duh orfdwhg lq srru frxq0
wulhv/ zkhuh frqvxpswlrq ohyhov pd| eh orz hqrxjk wr dgyhuvho| d�hfw
wkh xvhuv* khdowk1 Xqghu wkhvh flufxpvwdqfhv/ dq djhqw*v xwlolw| ixqfwlrq
pd| eh ghvfulehg dv dq V0vkdshg ixqfwlrq ri frqvxpswlrq1 Xvlqj qrq0
frrshudwlyh jdph wkhru|/ yhu| srru jurxsv ri xvhuv duh vkrzq wr kdyh
orzhu suredelolw| ri frrshudwlyh pdqdjhphqw ri frpprq srro uhvrxufhv
wkdq jurxsv zlwk dghtxdwh frqvxpswlrq ohyhov1 Krzhyhu/ xvhuv wkdw duh
rqo| prghudwho| srru kdyh wkh juhdwhvw fkdqfh iru frrshudwlrq1 Iru wklv
jurxs/ li uhvrxufh surgxfwlylw| ydulhv/ frrshudwlrq pd| euhdn grzq lq sh0
ulrgv ri orz surgxfwlylw|1 Wkh wkhruhwlfdo uhvxowv frqfxu zlwk hpslulfdo
hylghqfh ri frrshudwlrq lq frpprq srro uhvrxufhv1

Nh|zrugv= Frpprq srro uhvrxufh/ ghyhorslqj frxqwulhv/ g|qdplf jdph/
luuljdwlrq/ qdwxudo uhvrxufh/ qrq0olqhdu xwlolw|1

MHO Fodvvl�fdwlrq= F:5/ R46/ T48/ T58

�L dp judwhixo wr p| dgylvru Wruh Hoolqjvhq iru pdq| ydoxdeoh frpphqwv1 Vshfldo wkdqnv duh
gxh wr MhdqPdulh Edodqg1 Khosixo frpphqwv kdyh ehhq uhfhlyhg iurp Pdufxv Dvsoxqg/ Ulfkdug
Iulehuj/ Txhqwlq Judiwrq/ Pdjqxv Kdwohednn/ Nduo0Jùudq Pçohu/ DqqdPduld Rowrus/ Dqqd
Shuvvrq/ Jldqfduor Vsdjqror dqg Holqru Rvwurp dqg khu froohdjxhv dw wkh Zrunvkrs lq Srolf|
Wkhru| dqg Srolf| Dqdo|vlv dw Lqgldqd Xqlyhuvlw|1 Suhylrxv yhuvlrqv ri wkh sdshu kdyh ehhq
suhvhqwhg dqg glvfxvvhg dw wkh Ghsduwphqw ri Hfrqrplfv/ Vwrfnkrop Vfkrro ri Hfrqrplfv> Gh0
sduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Ehujhq> ZRZ5 frqihuhqfh/ Lqgldqd Xqlyhuvlw|> HDHUH
5333 frqihuhqfh dqg wkh frxuvh Lqvwlwxwlrqv lq Ghyhorsphqw/ Xqlyhuvlw| ri Frshqkdjhq/ Mxqh
4<<:1 Frpphqwv e| sduwlflsdqwv duh judwhixoo| dfnqrzohgjhg1 Wklv zrun zdv vxssruwhg e| wkh
Vzhglvk Frxqflo iru Iruhvwu| dqg Djulfxowxudo Uhvhdufk1

|Ghsduwphqw ri Hfrqrplfv/ Vwrfnkrop Vfkrro ri Hfrqrplfv/ S1R1 Er{ 9834/ V0446 ;6 Vwrfn0
krop/ Vzhghq1 H0pdlo= Lqjhod1WhuqvwurpCkkv1vh1
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4 Lqwurgxfwlrq

D frpprq srro uhvrxufh +FSU, lv d uhvrxufh wkdw kdv d zhoo0gh�qhg jurxs ri
fr0xvhuv1 Wkhuh lv qr lqglylgxdo rzqhuvkls/ exw wkh jurxs fdq h{foxgh rxwvlghuv
iurp wkh xvh ri wkh uhvrxufh1 D odujh sduw ri wkh wklug zruog*v qdwxudo uhvrxufhv
duh pdqdjhg dv vpdoo orfdo FSU*v/ iru h{dpsoh luuljdwlrq v|vwhpv/ yloodjh iruhvwv/
dqg �vklqj zdwhuv1 Wkhuh lv d odujh olwhudwxuh rq zk| dqg zkhq zh pd| h{shfw
frrshudwlyh pdqdjhphqw ri vxfk uhvrxufhv wr eh vxffhvvixo1 Zkdw lv odfnlqj lq
wkh olwhudwxuh lv dq h{solflw frqvlghudwlrq ri wkh vrflrhfrqrplf vwdwxv ri wkh shrsoh
pdqdjlqj wkhvh uhvrxufhv1

Qrq0frrshudwlyh jdph wkhru| kdv orqj ehhq xvhg wr dqdo|vh wkh frpprqv
sureohp1 Wkh lq�qlwho| uhshdwhg sulvrqhu*v glohppd lv xvxdoo| wkh suhihuuhg
sdudeoh/ vlqfh lw fdswxuhv lq d vlpsoh zd| krz frppxqlw| lqfhqwlyhv fdq nhhs lq
fkhfn vkruw0uxq lqfhqwlyhv wr wdnh pruh wkdq rqh*v vkduh ri wkh uhvrxufh1 Wklv
sdshu/ wrr/ xvhv qrq0frrshudwlyh jdph wkhru| exw dovr eulqjv lqwr wkh dqdo|vlv
wkh idfw wkdw lq wkh wklug zruog wkh xvhuv ri wkh uhvrxufh duh jhqhudoo| srru/ dqg
ghshqghqw rq wkh uhvrxufh iru wkhlu vxuylydo ru zhoo0ehlqj1 Wkh sdshu h{soruhv
krz wkh xvhuv* lqfhqwlyhv wr frrshudwh duh d�hfwhg e| wkhlu ohyho ri zhoo0ehlqj
xqghu wkh iroorzlqj dvvxpswlrqv=

Iluvw/ wkh pdujlqdo xwlolw| ri frqvxpswlrq lv kljko| ghshqghqw rq wkh ohyho
ri frqvxpswlrq1 Wkhuh lv wkxv d qrq0olqhdu uhodwlrqvkls ehwzhhq frqvxpswlrq
dqg lqglylgxdo zhoo0ehlqj1 Vhfrqg/ fuhglw pdunhwv duh lpshuihfw dqg wkhuhiruh
gr qrw frpshqvdwh iru wkh qrq0olqhdulw| ri wkh xwlolw| ixqfwlrq e| vprrwklqj
frqvxpswlrq1 Wklug/ wkh vwdwh ri wkh uhvrxufh lv frqwuroohg e| h{rjhqrxv idfwruv
vxfk dv zhdwkhu frqglwlrqv/ zklfk wrjhwkhu zlwk wkh dfwlrqv ri wkh xvhuv ghflgh
wkh ohyho ri rxwsxw iurp wkh FSU1 Wkh sdshu grhv qrw glvfxvv wkh whfkqrorj| ru
g|qdplfv ri wkh uhvrxufh1

Xqghu wkhvh flufxpvwdqfhv/ krz zrxog zh h{shfw wkh xvhuv wr dfwB Rq wkh
rqh kdqg/ dq djhqw fdq jdlq pruh e| fkhdwlqj zkhq wkh uhvrxufh lv odujh wkdq
zkhq lw lv vpdoo1 Rq wkh rwkhu kdqg/ zkdw lv jdlqhg e| fkhdwlqj pd| qrw eh
zruwk dv pxfk zkhq wkh uhvrxufh lv odujh dv zkhq lw lv vpdoo1

Wklv sdshu suhglfwv d qrq0prqrwrqlf uhodwlrqvkls ehwzhhq wkh vl}h ri wkh
uhvrxufh dqg wkh fkdqfhv iru frrshudwlrq zlwklq wkh jurxs ri xvhuv1 Frrshudwlrq
zloo eh pruh gl!fxow zkhq wkh xvhuv duh vwduylqj wkdq lq d zhoo0ihg jurxs/ exw
hdvlhvw ri doo lq d jurxs ri shrsoh zkrvh khdowk zrxog eh vhulrxvo| d�hfwhg e|
d voljkw ghfuhdvh lq frqvxpswlrq1 Li zh dffhsw wkdw wkh xwlolw| ri dq lqglylgxdo
lv forvho| uhodwhg wr wkh shuvrq*v khdowk/ wkh prgho jlyhv fohdu0fxw lpsolfdwlrqv=
Zkhq wkh vwdwh ri wkh uhvrxufh lv vxfk wkdw wkh xvhuv* erg| pdvv lqgh{4 +EPL,
lv forvh wr 53 li wkh| frrshudwh/ wkh| zloo kdyh wkh juhdwhvw fkdqfhv iru vxvwdlqlqj
frrshudwlrq1 Iurp wklv srlqw/ erwk lqfuhdvhv dqg ghfuhdvhv lq wkh vl}h ri wkh
uhvrxufh zloo pdnh frrshudwlrq pruh gl!fxow1

Ixuwkhupruh/ fkdqjhv lq frpsohphqwdu| lqfrph vrxufhv/ dv zhoo dv wkh lq0
4Wkh erg| pdvv lqgh{ lv d phdvxuhphqw ri zhljkw uhodwlyh wr khljkw/ EPL @ zhljkw2khljkw5=
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wurgxfwlrq ri pdunhwv iru jrrgv ru fdslwdo/ fdq pdnh frrshudwlrq pruh gl!fxow1
Zkhq wkh h{rjhqrxv idfwru ghflglqj wkh vwdwh ri wkh uhvrxufh lv ydu|lqj/ vhd0
vrqdoo| ru vwrfkdvwlfdoo|/ frrshudwlrq zloo eh pruh gl!fxow lq shulrgv zlwk orz
uhvrxufh0ohyhov iru prvw jurxsv1 Krzhyhu/ wkh yhu| srru zloo �qg wkh shulrgv zlwk
kljk uhvrxufh0ohyhov wr eh wkh rqhv prvw surqh wr idlohg frrshudwlrq1 Zh dovr �qg
wkdw frrshudwlqj vrph ri wkh wlph fdq eh d erwk srvvleoh dqg zhoiduh lpsurylqj
dowhuqdwlyh zkhq frrshudwlrq doo ri wkh wlph lv lpsrvvleoh1 Zkhq zh frpelqh
wkhvh uhvxowv/ wkh prgho lv vwurqjo| vxssruwhg e| wkh hpslulfdo �qglqj wkdw lq
ixqfwlrqlqj FSU*v wkh uhodwlyho| ohvv surgxfwlyh shulrg lv wkh juhdwhvw fkdoohqjh
wr frrshudwlrq1

Edodqg dqg Sodwwhdx +4<<9/ Fk1 45, jlyh d vxppdu| ri wkh fkdudfwhulvwlfv wkdw
duh irxqg wr eh lpsruwdqw iru vxffhvvixo frrshudwlrq lq wkh hpslulfdo olwhudwxuh
+pdlqo| Rvwurp +4<<3,/ Zdgh +4<;;, dqg PfNhdq +4<;9,,1 Rqh ri wkhvh fkdu0
dfwhulvwlfv lv wkdw wkh xvhuv vkrxog eh kljko| ghshqghqw rq wkh FSU1 Wkhuh duh
dovr pdq| hpslulfdo h{dpsohv wkdw uhodwh euhdngrzq ri frrshudwlrq wr uhvrxufh
vfduflw|1 Rvwurp +4<<3,/ uhjduglqj luuljdwlrq v|vwhpv/ jlyhv vhyhudo h{dpsohv ri
wkh frqqhfwlrq ehwzhhq zdwhu vfduflw| dqg wkh whpswdwlrq wr fkhdw/ dqg ehwzhhq
edg wlphv dqg dfwxdo uxoh0euhdnlqj15 Rvwurp/ Jdugqhu dqg Zdonhu +4<<7, vwdwh
wkdw �Dv wkh dydlodelolw| ri zdwhu ghfuhdvhv/ whpswdwlrq lqfuhdvhv iru luuljdwruv wr
euhdn uxohv wkdw olplw zdwhu doorfdwlrqv�16 Edodqg dqg Sodwwhdx +4<<9,/ uhjduglqj
luuljdwlrq v|vwhpv lq Lqgld/ srlqw wr wkh kljk fruuhodwlrq ehwzhhq wkh ghjuhh ri
zdwhu vfduflw| dqg wkh ohyho ri dfwlylw| ri lqirupdo zdwhu xvhuv rujdqlvdwlrqv17

Zdgh +4<;:, dujxhv wkdw yloodjhuv frqiurqwlqj fulvlv frqglwlrqv whqg wr ehkdyh
rssruwxqlvwlfdoo|/ dqg jlyh h{dpsohv ri vxfk lqflghqfhv18

Lq wkh olwhudwxuh wkhuh duh dovr h{dpsohv ri yhu| rog FSU*v wkdw fhdvh wr ixqf0
wlrq dowrjhwkhu zlwk wkh glvdsshdudqfh ri dq rxwvlgh lqfrph vrxufh1 Edodqg dqg
Sodwwhdx +4<<9/ ss1 599�, whoo wkh vwru| ri �vkhuphq lq Jdkdyçood/ wudglwlrq0
doo| olylqj r� d frpelqdwlrq ri FSU �vkhu| dqg zdjh hduqlqjv iurp gd| oderxu1
Zkhq wkh zdjh hduqlqjv fhdvhg gxh wr d uhgxfwlrq ri hfrqrplf rssruwxqlwlhv lq
djulfxowxuh/ lw ehfdph pruh gl!fxow wr vxvwdlq frrshudwlrq lq wkh �vkhu|/ dqg
judgxdoo| frrshudwlrq zdv uhsodfhg e| ylrohqw frpshwlwlrq iru wkh �vk1 Vhh dovr
Mrgkd +4<;;, iru d vlplodu dffrxqw1 Ehunhv dqg Ironh +4<<;, kdyh jlyhq d qxp0
ehu ri rwkhu h{dpsohv ri wkh lpsruwdqw olqnv ehwzhhq uhvrxufh dydlodelolw| dqg
pdqdjhphqw uhjlphv1 Ilqdoo|/ wkh pdjqlwxgh ri wkh sureohp lv hylghqw zkhq
frqvlghulqj wkh ghjuhh ri ghshqghqfh rq orfdo uhvrxufhv lq ghyhorslqj frxqwulhv/
dv glvfxvvhg lq iru h{dpsoh Gdvjxswd dqg Pçohu +4<<:,1

5Vhh Rvwurp/ 4<<3/ ss1 9</ :6 dqg << iru h{dpsohv1
6Rvwurp/ Jdugqhu dqg Zdonhu/ 4<<7/ ss1 558091
7Edodqg dqg Sodwwhdx/ 4<<9/ s1 5431
8Zdgh/ 4<;:/ ghvfulehv krz ghvshudwlrq fdxvhg e| d vhyhuh gurxjkw lq dq Lqgldq yloodjh pdgh

shrsoh vhulrxvo| frqvlghu euhdnlqj wkh uxohv ri wkhlu frpprq luuljdwlrq v|vwhp1 Zdgh lqwhusuhwv
wkh uhdvrq iru wkh ehkdylrxu lq d voljkwo| gl�huhqw zd| iurp zkdw L gr khuh1 Euhdngrzq ri
frrshudwlrq zdv dyrlghg e| lqfuhdvlqj �qhv1
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Rq wkh wkhruhwlfdo vlgh/ wkh prvw forvho| uhodwhg frqwulexwlrq lv Vsdjqror
+4<<;,/ zkr vwxglhv wkh h�hfw ri frqfdyh xwlolw| rq wkh rxwfrph ri uhshdwhg
sulvrqhu*v glohppd jdphv1 Vsdjqror dovr h{dplqhv wkh uroh ri pdunhwv iru jrrgv
dqg fdslwdo xqghu vxfk flufxpvwdqfhv1 Wkh suhvhqw sdshu lv dovr uhodwhg lq vrph
zd|v wr wkh sureohp ri sulfh zduv lq roljrsrolhv/ vhh iru h{dpsoh Juhhq dqg
Sruwhu +4<;7, dqg Urwhpehuj dqg Vdorqhu +4<;9,1 Zkloh wkh iruphu dvvxphv
lpshuihfw lqirupdwlrq/ Urwhpehuj dqg Vdorqhu pdnhv wkh vdph dvvxpswlrq dv
zh gr khuh/ lq wkdw wkh djhqwv kdyh ixoo lqirupdwlrq uhjduglqj wkh vwdwh ri wkh
zruog/ dqg frph wr vlplodu frqfoxvlrqv1 Wkhlu prgho suhglfwv ghyldwlrqv lq wlphv
ri kljk ghpdqg vlqfh wkdw lv zkhq wkh jdlq iurp ghyldwlqj lv kljkhvw1 Rxu prgho
suhglfwv ghyldwlrqv lq edg shulrgv/ iru h{dfwo| wkh vdph uhdvrq1

Wkh sdshu surfhhgv dv iroorzv= Wkh qh{w vhfwlrq lqwurgxfhv wkh prgho dqg
jlyhv xv wkh rswlpdo vl}h ri wkh uhvrxufh1 Vhfwlrq 6 lqwurgxfhv frpsohphqwdu|
lqfrph vrxufhv dqg pdunhwv iru jrrgv dqg fdslwdo wr wkh prgho1 Lq Vhfwlrq
7 zh h{soruh krz yduldwlrqv lq wkh vl}h ri wkh uhvrxufh d�hfwv wkh fkdqfhv iru
frrshudwlrq1 Lq Vhfwlrq 8/ zh vkrz wkdw wkh fkdqfhv iru frrshudwlrq fdq eh
lpsuryhg e| lqwurgxflqj wkh srvvlelolw| wr frrshudwh lq vrph shulrgv rqo|1 Vhfwlrq
9 frqfoxghv wkh sdshu1

5 Wkh Prgho

Wkurxjkrxw wkh sdshu/ rxu h{dpsoh zloo eh wkdw ri iduphuv xvlqj dq luuljdwlrq
v|vwhp wr zdwhu wkhlu �hogv1 Wkh iduphuv duh wkh djhqwv lq d g|qdplf sulvrqhu*v
glohppd jdph ryhu d frpprq srro uhvrxufh/ wkh luuljdwlrq v|vwhp1 Wr vlpsoli|
wkh dqdo|vlv/ zh dvvxph wkdw wkhuh duh rqo| wzr djhqwv dqg wkdw wkh| duh lghqwlfdo
lq doo dvshfwv1 Wkh iduphuv* pdlq vrxufh ri irrg dqg lqfrph lv wkh kduyhvw iurp
wkh �hogv wkdw jhw zdwhu iurp wkh luuljdwlrq v|vwhp1 Wkh| kdyh qr dffhvv wr
pdunhwv iru jrrgv ru fuhglw dqg qr vwrudjh idflolwlhv19 Wkh dprxqw ri zdwhu lq
wkh luuljdwlrq v|vwhp lv jlyhq e| wkh ohyho ri udlqidoo/ zklfk lv shuihfwo| revhuydeoh
e| wkh iduphuv1 Wkh ehqh�w ri wkh udlq fdq eh hqkdqfhg e| wkh xvh ri wkh
luuljdwlrq v|vwhp1 E| krz pxfk wkh xvh ri wkh luuljdwlrq v|vwhp ehqh�wv wkh
iduphuv ghshqgv rq zkhwkhu wkh iduphuv frrshudwh lq wkh xvh ri wkh luuljdwlrq
v|vwhp ru qrw1 Wkh iduphuv ghflgh zkhwkhu wr frrshudwh ru qrw e| frpsdulqj wkh
xwlolw| jdlqhg e| wdnlqj wkh gl�huhqw dfwlrqv1

514 Wkh Xwlolw| Ixqfwlrq
Wkh hpslulfdo h{dpsohv jlyhq lq wkh lqwurgxfwlrq lqglfdwh wkdw wkhuh lv d qrq0
olqhdulw| lq wkh frvw0ehqh�w udwlr ri ghyldwlqj1 Wkhuh duh dw ohdvw wkuhh srvvleoh
fdxvhv iru wklv= Wkh uhodwlrqvkls ehwzhhq wkh dprxqw ri zdwhu dqg wkh vl}h ri
wkh kduyhvw pd| eh qrq0olqhdu> wkhuh pd| eh d frqqhfwlrq ehwzhhq qxwulwlrq dqg

9Zh h{whqg wkh prgho wr doorz iru pdunhwv iru jrrgv dqg fuhglw/ dqg vwrudjh lq Vhfwlrq 6151
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surgxfwlylw| wkdw d�hfwv wkh kduyhvw vl}h lq d qrq0olqhdu idvklrq/ dqg> wkh xwlolw|
jdlqhg iurp gl�huhqw ohyhov ri frqvxpswlrq pd| qrw eh olqhdu1 Li zh kdyh pxowlsoh
vrxufhv ri qrq0olqhdulw|/ wkhlu frpelqhg h�hfw ghshqgv rq wkh uhodwlyh orfdwlrq ri
wkhvh qrq0olqhdulwlhv/ wkh| pd| hlwkhu mrlq irufhv ru kdyh d qhxwudolvlqj h�hfw rq
hdfk rwkhu1

Jlyhq wkdw zh duh h{dplqlqj srru djhqwv/ zh fkrrvh khuh wr irfxv rq wkh
qrq0olqhdulw| lq frqqhfwlrq zlwk wkh ohyho ri frqvxpswlrq1 Iru srru shrsoh zlwk
pdlqo| rqh vrxufh ri irrg/ wkh vxsso| iurp wklv vrxufh zloo eh fuxfldo iru wkhlu zhoo0
ehlqj1 Iljxuh 4 looxvwudwhv wkh V0vkdshg fruuhodwlrq ehwzhhq EPL dqg suredelolw|
ri vwd|lqj lq jrrg khdowk dv suhvhqwhg e| Gdvjxswd +4<<6/ fk147,1 Zh qrwh wkdw>
+l, lw wdnhv d fhuwdlq +deryh }hur, EPL wr kdyh dq| fkdqfhv dw doo ri vwd|lqj
dolyh/ +ll, wkh pdujlqdo khdowk0ehqh�w iurp irrg lv lqfuhdvlqj iru orz ohyhov ri
irrg lqwdnh/ dqg +lll, wkh pdujlqdo khdowk0ehqh�w iurp irrg lv ghfuhdvlqj iru kljk
ohyhov ri irrg lqwdnh1:

Iljxuh 4= Rqh plqxv wkh suredelolw| ri khdowk euhdngrzq/ s+p,/ dv d ixqfwlrq ri
erg| pdvv lqgh{/ p1 Vrxufh= Gdvjxswd +4<<6, s1 7491

Wkh fdxvhv iru ghfuhdvlqj pdujlqdo khdowk0ehqh�w iurp irrg deryh fhuwdlq
ohyhov duh suredeo| zhoo nqrzq wr doo/ exw wkh lqfuhdvlqj pdujlqdo khdowk0ehqh�w
pd| qhhg vrph h{sodqdwlrq1 Wkh uhdvrq lv wkdw wkh kxpdq erg| xvhv hqhuj|
wr h{wudfw hqhuj| iurp wkh irrg sxw lqwr lw1 Li wkh irrg lqsxw lv wrr orz/ wkhuh
lv qrw hqhuj| hqrxjk wr pdnh xvh ri lw lq dq h!flhqw zd|1 Lq wklv vlwxdwlrq d
vpdoo ghfuhdvh lq wkh dprxqw ri irrg zloo qrw rqo| ghfuhdvh wkh dprxqw ri hqhuj|
lqwdnh exw dovr ghfuhdvh wkh dprxqw ri hqhuj| wkdw wkh erg| fdq h{wudfw iurp d
jlyhq dprxqw ri irrg1 Lq wkh zhvwhuq zruog wkh sureohpv duh pdlqo| uhodwhg wr
wkh frqfdyh sduw ri wklv uhodwlrqvkls1 Krzhyhu/ dprqj srru shrsoh lq wklug zruog
frxqwulhv/ wkh frqyh{ sduw lv wkh pruh uhohydqw rqh1 Dffruglqj wr IDR +4<<:,/
lq 4<<30<5 derxw 53 shufhqw ri wkh srsxodwlrq lq wkh ghyhorslqj frxqwulhv kdg
lqdghtxdwh dffhvv wr irrg/ lpso|lqj d EPL ri 4;18 ru ohvv1; Wkhvh 53 shufhqw zloo
eh phdvxulqj xwlolw| rq wkh qrq0frqfdyh sduw ri wkh xwlolw| ixqfwlrq1 Dvvxplqj

:Vhh dovr h1j1 Zhlu/ 4<<8/ iru dq hvwlpdwh dqg glvfxvvlrq ri wkh h�hfw ri lqfrph rq dgxow
pruwdolw|1

;Lq wkh 53 frxqwulhv zlwk wkh orzhvw glhwdu| hqhuj| vxsso| ohyho/ rq dyhudjh 85 shufhqw ri
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wkdw lw lv wkh srruhu udwkhu wkdq wkh ulfkhu sduwv ri wkh srsxodwlrq wkdw ghshqg
rq FSU*v iru wkhlu olyholkrrg/ wkh shufhqwdjh jhwv hyhq kljkhu1 Edvhg rq wkh
lqirupdwlrq lq wdeohv 4715 dqg 4716 lq Gdvjxswd +4<<6,/ zh frqfoxgh wkdw dprqj
wkh 75 ohdvw ghyhorshg frxqwulhv lq 4<<62<7/ 43 frxqwulhv kdg dq dyhudjh EPL
ehwzhhq 45 dqg 48/ 53 kdg dq dyhudjh EPL ri 48 wr 4;18/ dqg 45 kdg dq dyhudjh
EPL deryh 4;181

Wkh �jxuhv deryh pdnh lw dexqgdqwo| fohdu wkdw zh pxvw wdnh wkh sduwlfxodu0
lwlhv ri srru shrsoh lqwr dffrxqw zkhq prghoolqj FSU*v lq ghyhorslqj frxqwulhv1
Wr gr wklv/ zh dvvxph wkdw khdowk lv dq lpsruwdqw frpsrqhqw lq xwlolw|1 Zh fdq
wkxv wudqvodwh Gdvjxswd*v irrg wr khdowk uhodwlrqvkls lqwr dq V0vkdshg ixqfwlrq
ri wkh xwlolw| iurp irrg/ zlwk rqh lqwhuydo ri qrq0ghfuhdvlqj srvlwlyh pdujlqdo
xwlolw| dqg rqh lqwhuydo ri qrq0lqfuhdvlqj srvlwlyh pdujlqdo xwlolw| iurp irrg1< Dv
irrg/ lq wklv prgho/ frphv pdlqo| iurp wkh fursv jurzq rq wkh iduphu*v �hog/ wkh
lpsolfdwlrq lv wkdw wkh pdujlqdo xwlolw| ri wkh kduyhvw lv odujhvw zkhq wkh EPL
htxlydohqw ri wkh kduyhvw lv ehwzhhq 48 dqg 4;181 Zh dvvxph wkdw wkh xwlolw|
ixqfwlrq fdq eh fkdudfwhulvhg dv

L EkZ@�c @2
� '

�
s EkZ@�c @2

� �s kZ@�c @2
	 ppl>

} EkZ@�c @2
� �s kZ@�c @2

� ppl/
+4,

zkhuh erwk duh lqfuhdvlqj exw i+ �, lv qrq0frqfdyh dqg j+ �, qrq0frqyh{143c44 Wkh
lq h{lrq srlqw lv uhihuuhg wr dv ppl/ wkh srlqw ri pd{lpxp pdujlqdo lpsdfw1
kZ@�c @2

uhsuhvhqwv wkh vl}h ri wkh kduyhvw/ h{suhvvhg lq EPL0htxlydohqwv +k/ Z dqg
d duh gh�qhg lq wkh qh{w vhfwlrq,1 Lq wkh qxphulfdo h{dpsohv zh xvh

L EkZ@�c @2
� ' �ff �

�
� n

�

� n kZ@�c @2

� i T d�� EkZ@�c @2
�ppl�o

�
3�

+5,

zlwk ppl @ 4918/ dqg � ' ��2D� Wkh �jxuh ehorz vkrzv wkh uhvxowlqj xwlolw|
ixqfwlrq1 Zh kdyh dvvxphg wkdw wkh |0d{lv lq Iljxuh 4 lv phdvxuhg lq shufhqwdjhv/
dqg xwlolw| lv dvvxphg wr eh phdvxuhg rq wkh vdph vfdoh1 Wkh {0d{lv vkrzv wkh

wkh srsxodwlrq zdv xqghuqrxulvkhg lq 4<<30<51 Lq wkh vhfrqg dqg wklug jurxsv ri frxqwulhv
wkh shufhqwdjh zdv 67 dqg 56/ uhvshfwlyho| +IDR/ 4<<:,1 Lq Orz0lqfrph frxqwulhv/ rq dyhudjh
64 ( ri fkloguhq xqghu wkh djh ri �yh vx�huhg iurp pdoqxwulwlrq1 Edvhg rq Wdeoh 9/ Zruog
Ghyhorsphqw Uhsruw 4<<91

<Vhh dovr Udydoolrq/ 4<<:/ zkr xvhv d vxuylydo ixqfwlrq wkdw lv frqfdyh deryh d frqvxpswlrq
 rru/ ehorz zklfk wkhuh lv vlpso| qrw hqrxjk irrg wr vxvwdlq wkh erg|*v edvlf ixqfwlrqv1

43Qrwh wkdw zh dvvxph lpsolflwo| wkdw shrsoh zloo vwrs hdwlqj ehiruh lw kdv d qhjdwlyh h�hfw
rq wkhlu khdowk1

44Iru uhdghuv zkr duh qrw txlwh frpiruwdeoh zlwk xvlqj dq V0vkdshg xwlolw| ixqfwlrq/ qrwh wkdw
zh frxog lqvwhdg xvh d olqhdu xwlolw| ixqfwlrq wrjhwkhu zlwk dq V0vkdshg vxuylydo ixqfwlrq1 Ohw
SD +��d4>d5, uhsuhvhqw wkh suredelolw| ri vwd|lqj dolyh dv d ixqfwlrq ri wkh vl}h ri wkh kduyhvw1
E| ohwwlqj SD +��d4>d5,��d4>d5 @ X +��d4>d5,/ lw lv hylghqw wkdw wkh uhvxowv zloo eh lghqwlfdo1

9



EPL0htxlydohqw ri wkh kduyhvw zkhq frrshudwlqj/ iru gl�huhqw ohyhov ri udlqidoo1
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Iljxuh 5= Wkh xwlolw| ixqfwlrq ri htxdwlrq +5,1

515 Dfwlrqv dqg Pdwhuldo Sd|r�v
Lq hyhu| shulrg/ hdfk iduphu � 5 ~4/5� fkrrvhv dq dfwlrq @� 5 ~f/g�/ zkhuh f
uhsuhvhqwv frrshudwh dqg _ ghyldwh1 Wr irfxv dwwhqwlrq/ wkh uhodwlyh vl}h ri wkh
kduyhvwv iru gl�huhqw frpelqdwlrqv ri dfwlrqv/ Z@�c @2c lv nhsw frqvwdqw wkurxjkrxw
wkh sdshu1 Wklv lpsolhv wkdw dv wkh ohyho ri udlqidoo fkdqjhv/ lw lv rqo| wkh devroxwh
surgxfwlylw|0ohyho ri wkh luuljdwlrq v|vwhp wkdw fkdqjhv1 Wkh vl}h ri wkh kduyhvwv
wkdw wkh iduphuv jhw zkhq frrshudwlqj uhodwlyh wr wkh vl}h ri wkhlu kduyhvwv zkhq
qrw frrshudwlqj lv xqd�hfwhg1 Zkdw zh wkhq kdyh lv d FSU jdph zkhuh wkh
devroxwh vl}hv ri wkh sd|r�v ydu| +zlwk wkh ohyho ri udlqidoo, exw wkh uhodwlyh vl}h
ri wkh sd|r�v uhpdlqv wkh vdph1 Zh fdq wkxv h{suhvv iduphu 4*v kduyhvw dv kZ@�c@2

zlwk k ehlqj wkh dprxqw ri zdwhu1 E| dvvxpswlrq/

Z_cS : ZScS : Z_c_ : ZSc_� +6,

Ehlqj d vlqjoh ghyldwru jlyhv wkh odujhvw kduyhvw dqg dwwhpswlqj wr frrshudwh
zkhq wkh rwkhu iduphu ghyldwhv uhvxowv lq wkh vpdoohvw kduyhvw1 Zh dvvxph wkdw
wkh vxp ri wkh kduyhvwv lv pd{lplvhg xqghu pxwxdo frrshudwlrq/ l1h1

2ZScS : Z_cS n ZSc_� +7,

Wkxv/ wkh vwdjh jdph zloo eh d sulvrqhu*v glohppd zlwk ~g/g� dv wkh xqltxh
htxloleulxp1

516 Wkh Uhshdwhg Jdph
Lq wkh uhshdwhg jdph/ zh dvvxph glvfuhwh wlph/ w/ dqg lq�qlwh krul}rq1 Wkh vl}h
ri wkh kduyhvw lq d fhuwdlq wlph shulrg ghflghv wkh ohyho ri wkh iduphu*v xwlolw|

:



gxulqj wkdw vdph shulrg1 Zh dvvxph wkdw wkh iduphuv kdyh lghqwlfdo glvfrxqw
idfwruv/ B145

D vwudwhj| lv d suhvfulswlrq ri zkdw dfwlrq wr wdnh dw hyhu| vwdjh/ jlyhq wkh
klvwru| ri wkh jdph1 Zh duh lqwhuhvwhg lq fkdudfwhulvlqj d vwudwhj| wkdw jhqhudwhv
wkh pd{lpxp dprxqw ri frrshudwlrq1 IurpDeuhx +4<;9/ 4<;;, zh nqrz wkdw lq d
uhshdwhg sulvrqhu*v glohppd jdph/ d wuljjhu vwudwhj| +zkhuh wkh djhqwv fkrrvh wkh
frrshudwlyh dfwlrq hyhu| shulrg xqwlo wkh| iru wkh �uvw wlph qrwlfh wkdw vrphrqh
kdv ghyldwhg/ dqg wkhuhdiwhu vkliw wr sod|lqj �ghyldwh� iruhyhu, lv rswlpdo lq wklv
vhqvh1 Li vxfk wuljjhu vwudwhjlhv fdq qrw vxvwdlq frrshudwlrq/ qhlwkhu fdq dq|
rwkhu vwudwhjlhv1 Rwkhuzlvh/ frrshudwlrq lv d srvvleoh htxloleulxp rxwfrph1 Wkh
glvfrxqwhg xwlolw| ri ehkdylqj frrshudwlyho|/ zkhq doo sod|huv gr vr/ zloo eh

"[
|'f

B|L EkZScS� c +8,

dqg wkh glvfrxqwhg xwlolw| ri ghyldwlqj lv

L EkZ_cS� n
"[
|'�

B|L EkZ_c_� � +9,

Wr whvw zkhwkhu wkh wuljjhu vwudwhj| fdq vxvwdlq frrshudwlrq/ lw vx!fhv wr fkhfn
zkhwkhu lw zloo eh ehqh�fldo iru wkh djhqwv wr ghyldwh iurp wkh wuljjhu vwudwhj|
lq d vlqjoh shulrg1 Wkxv/ iru frrshudwlrq wr eh d vxejdph shuihfw htxloleulxp/
h{suhvvlrq ED� pxvw eh htxdo wr ru juhdwhu wkdq h{suhvvlrq ES� � Wkxv frrshudwlrq
fdq eh vxvwdlqhg iru doo glvfrxqw idfwru deryh wkh fulwlfdo ohyho/

BW Ek� '
L EkZ_cS�� L EkZScS�

L EkZ_cS�� L EkZ_c_�
� +:,

Zkdw zh duh lqwhuhvwhg lq khuh lv wkh h�hfw rq wkh fulwlfdo glvfrxqw idfwru ri
ydu|lqj wkh dprxqw ri udlqidoo1 Iurp Vsdjqror +4<<;, zh nqrz wkdw zlwk frq0
fdyh xwlolw|/ wkh pruh frqfdyh duh wkh djhqwv* xwlolw| ixqfwlrqv/ wkh vpdoohu zloo
eh wkh fulwlfdo glvfrxqw idfwru dw zklfk d fhuwdlq vhw ri pdwhuldo sd|r�v fdq eh
vxssruwhg dv d vxejdph0shuihfw htxloleulxp rxwfrph1 Wkh lqwxlwlrq ehklqg wklv
uhvxow lv wkdw dq djhqw zlwk d vwulfwo| frqfdyh xwlolw| ixqfwlrq kdv d orzhu pdu0
jlqdo ydoxdwlrq ri wkh lqfuhdvhg sd|r� jdlqhg e| ghyldwlqj dqg d kljkhu pdujlqdo
ydoxdwlrq ri wkh ghfuhdvhg sd|r� zkhq sxqlvkhg iru lw/ wkdq kdv dq djhqw zlwk
d olqhdu xwlolw| ixqfwlrq146 Dsso|lqj wklv dujxphqw wr rxu V0vkdshg prgho/ wkh
lpsolfdwlrq vkrxog eh wkdw zlwk wkh vdph uhodwlyh kduyhvw vl}hv/ wkh xwlolw| jdlqhg

45Zh dovr dvvxph wkdw wkh iduphuv* glvfrxqw idfwruv duh lqghshqghqw ri wkhlu frqvxpswlrq
ohyho1

46Qrwh/ krzhyhu/ wkdw zkloh Vsdjqror nhhsv wkh pdwhuldo sd|r�v frqvwdqw/ zh kdyh wr wdnh
lqwr frqvlghudwlrq wkdw dv � lqfuhdvhv erwk wkh vl}h dqg wkh vsuhdg ri wkh pdwhuldo sd|r�v
lqfuhdvh1

;



e| ghyldwlqj uhodwlyh wr wkh xwlolw| orvw zkhq sxqlvkhg iru grlqj vr zloo eh odujhu
zkhq xwlolw| lv frqyh{ wkdq zkhq lw lv frqfdyh1 Wkxv lw vkrxog wdnh d odujhu
glvfrxqw idfwru wr ghwhu ghyldwlrqv rq wkh frqyh{ vhjphqw wkdq rq wkh frqfdyh
vhjphqw1 Pruh jhqhudoo|/ zh kdyh wkh iroorzlqj uhvxow=

Sursrvlwlrq 4 Wkh fulwlfdo glvfrxqw idfwru lv lqfuhdvlqj lq wkh frqyh{lw| ri wkh
xwlolw| ixqfwlrq1

Surri1 Vroyh iru L EkZScS� lq E.� wr jhw wkh iroorzlqj h{suhvvlrq/

L EkZScS� ' BWL EkZ_c_� n E�� BW�L EkZ_cS� � +;,

Wklv lv htxlydohqw wr wkh gh�qlwlrq ri wkh fhuwdlqw| htxlydohqw ri d orwwhu| zlwk
wkh sul}hv L EkZ_c_� dqg L EkZ_cS�/ dqg suredelolwlhv BW dqg � � BW1 Wkh ulvn
suhplxp/ US/ ri vxfk d orwwhu| lv wkh gl�huhqfh ehwzhhq wkh h{shfwhg ydoxh dqg
wkh fhuwdlqw| htxlydohqw/47 wkdw lv/

-� ' BWL EkZ_c_� n E�� BW�L EkZ_cS�� L EkZScS� � +<,

Gh�qh wkh frqyh{lw| phdvxuh L ��
�
kZ@�c@�

�
*L �

�
kZ@�c@�

�
+l1h1 wkh qhjdwlyh ri wkh

Duurz0Sudww phdvxuh ri ulvn dyhuvlrq,1 Vlqfh ulvn0dyhuvlrq dqg frqfdylw| ri wkh
h{shfwhg xwlolw| ixqfwlrq duh htxlydohqw phdvxuhv/48 zh nqrz wkdw dv wkh frqfdylw|
ri wkh xwlolw| ixqfwlrq lqfuhdvhv/ US pxvw lqfuhdvh1 Iurp Eb� lw lv wkhq reylrxv
wkdw BW pxvw ghfuhdvh zkhq wkh frqfdylw| ri wkh xwlolw| ixqfwlrq lqfuhdvhv/ ru
htxlydohqwo|/ wkdw wkh fulwlfdo glvfrxqw idfwru lqfuhdvhv dv wkh frqyh{lw| ri wkh
xwlolw| ixqfwlrq lqfuhdvhv1

�

Wr xqghuvwdqg zkdw kdsshqv lq wkh lqwhuphgldwh vhjphqw/ zkhuh ppl2Z_cS 	
k 	ppl2Z_c_c zh uhwxuq wr htxdwlrq EH�1 Iluvw/ dv wkh sd|r� iurp ghyldwlqj
lqfuhdvhv deryh ppl/ wkh jurzwk udwh ri wklv sd|r� zloo eh vorzlqj grzq1 Wr
nhhs EH� vdwlv�hg/ wklv pxvw eh frxqwhuhg e| d ghfuhdvlqj fulwlfdo glvfrxqw idfwru1
Zkhq k lqfuhdvhv ixuwkhu/ vr wkdw kZScS :ppl/ wkh frrshudwlyh sd|r� wrr vwduwv
wr jurz dw d vorzhu udwh dqg zh jhw d frxqwhudfwlqj irufh/ zklfk vorzv grzq wkh
ghfuhdvh lq wkh fulwlfdo glvfrxqw idfwru1 Iljxuh 6 vkrzv wkh uhvxowlqj wkh vkdsh ri

47Vhh h1j1 Nuhsv +4<<3, s1;71
48Vhh h1j1 Yduldq +4<<5, s14:;1

<



fulwlfdo glvfrxqw idfwru1

0,0

0,2

0,4

0,6

0,8

1,0

12 14 16 18 20 22 24 26 28 α π
FF

δ

�FRRSHUDWLRQ

�SRVVLEOH

FRRSHUDWLRQ�

QRW�SRVVLE OH

δ 


(α )

Iljxuh 6= Wkh fulwlfdo glvfrxqw idfwru zkhq Z_cS ' ���ZScS dqg Z_c_ ' f�bZScS�

6 Hpslulfdo Lpsolfdwlrqv

Wkh uhvxowv ri wkh deryh dqdo|vlv lpso| wkdw li xwlolw| lv olqhdu/ wkh dprxqw ri
zdwhu dydlodeoh lv luuhohydqw wr wkh suredelolw| ri frrshudwlrq1 Krzhyhu/ li xwlolw|
lv qrw olqhdu/ wkh fxuydwxuh ri wkh xwlolw| ixqfwlrq lv ri fuxfldo lpsruwdqfh wr
wkh fkdqfhv ri frrshudwlyh pdqdjhphqw ri wkh FSU1 Zlwk dq V0vkdshg xwlolw|
ixqfwlrq/ lw lv hdvlhu iru d jurxs wr vxvwdlq frrshudwlrq li wkh dprxqw ri zdwhu
lv vxfk wkdw xwlolw| lv phdvxuhg rq wkh frqfdyh vhjphqw ri wkh xwlolw| ixqfwlrq
wkdq rq wkh frqyh{ vhjphqw1 Wkh prvw glvfrxudjlqj uhvxow lv ri frxuvh wkdw wkh
jurxsv zlwk wkh juhdwhvw qhhg wr lqfuhdvh wkh kduyhvw vl}h deryh wkh frrshudwlyh
ohyho duh dovr wkh rqhv zlwk wkh juhdwhvw ulvn ri kdylqj lw uhgxfhg lqvwhdg1

Ixuwkhupruh/ lqfuhdvlqj wkh gl�huhqfh ehwzhhq uhodwlyh sd|r�v pdnhv frrs0
hudwlrq hdvlhu dw lqwhuphgldwh dqg odujh uhvrxufh ohyhov exw lqfuhdvhv wkh fulwlfdo
glvfrxqw idfwru zkhq wkh uhvrxufh lv vpdoo/ dv looxvwudwhg ehorz1
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Iljxuh 7= Wkh fulwlfdo glvfrxqw idfwru zlwk odujh gl�huhqfh ehwzhhq uhodwlyh sd|0
r�v/ Z_cS ' ��2ZScS dqg Z_c_ ' f�HZScS1
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Jlyhq wkdw zh dffhsw wkh dvvxpswlrq wkdw xwlolw| lv ghshqghqw rq khdowk/
wkh prgho jlyhv fohdu0fxw qxphulfdo uhvxowv1 Iurp wkh judsklfdo suhvhqwdwlrqv lq
Iljxuhv 6 dq 7 lw lv reylrxv wkdw d EPL ri durxqg 53 zkhq frrshudwlqj jlyhv wkh
ehvw fkdqfhv iru vxffhvvixo frrshudwlrq1 Li wkh uhvrxufh lv vpdoohu wkdq wklv/ ohvv
ri wkh uhvrxufh pdnhv frrshudwlrq pruh gl!fxow1 Frpsdulqj wkhvh uhvxowv zlwk
wkh glvfxvvlrq deryh derxw wkh dyhudjh EPL lq srru frxqwulhv/ zh frqfoxgh wkdw
lw lv wkh srru exw qrw vwduylqj wkdw kdv wkh ehvw fkdqfhv iru frrshudwlqj/ dqg
wkdw wklv lv d vxevwdqwldo sduw ri wkh srsxodwlrq lq srru frxqwulhv1

Krz zhoo gr wkhvh uhvxowv �w zlwk wkh hpslulfdo hylghqfhB Rqh ri Rvwurp*v
+4<<3, pdlq fkdudfwhulvwlfv ri vxffhvvixo FSU*v zdv wkdw wkh xvhuv vkrxog kdyh
d kljk ghjuhh ri ghshqghqfh rq wkh uhvrxufh1 Khuh/ zh kdyh dvvxphg wkdw wkh
FSU lv wkhlu rqo| vrxufh ri irrg/ zklfk lq lwvhoi pdnhv wkhp ghshqghqw rq lw1
Iurp wkh deryh dqdo|vlv zh �qg wkdw jlyhq wklv/ wkh fkdqfhv iru frrshudwlrq duh
kljkhvw zkhq wkh xvhuv kdyh wkh prvw wr orvh iurp qrw frrshudwlqj1 Zh fdq wkxv
frqfoxgh wkdw vr idu/ wkh prgho jlyhv uhdolvwlf suhglfwlrqv1

614 Dgglwlrqdo Lqfrph Vrxufhv
Zlwk d voljkw fkdqjh lq wkh prgho zh fdq dqdo|vh d fdvh zkhuh wkh djhqwv kdyh
dq dgglwlrqdo vrxufh ri lqfrph/ iru h{dpsoh wkh zdjh iurp gd| oderxu1 Xwlolw|
zloo qrz eh d ixqfwlrq ri wkh vxp ri wkh lqfrph iurp wkh wzr vrxufhv1 Ohw wkh
dgglwlrqdo lqfrph vrxufh eh wkh rqh wkdw ghshqgv rq wkh h{rjhqrxv yduldeoh k
+zklfk qhhg qr orqjhu eh udlqidoo,/ dqg ohw wkh vl}h ri wkh kduyhvw ghshqg rqo| rq
wkh frrshudwlyh vxffhvv ri wkh iduphuv1 Wkh uhvxow lv wr jlyh k dq dgglwlyh udwkhu
wkdq pxowlsolfdwlyh h�hfw149 E| shuiruplqj wkh vdph dqdo|vlv dv deryh/ zh fdq
dqdo|vh krz gl�huhqw vl}hv ri wkh frpsohphqwdu| lqfrph d�hfwv wkh frrshudwlyh
h�ruwv ri wkh iduphuv1 Wkh fulwlfdo glvfrxqw idfwru zloo qrz orrn dv iroorzv/ zlwk
wkh vxevfulsw dgg iru dgglwlyh/

BW@__ Ek� '
L Ek n Z_cS�� L Ek n ZScS�

L Ek n Z_cS�� L Ek n Z_c_�
� +43,

Wkh �jxuh ehorz vkrzv wkdw li zh/ lqvwhdg ri ohwwlqj wkh ohyho ri udlqidoo gl�hu/
jlyh wkh jurxs ri iduphuv d frpsohphqwdu| vrxufh ri irrg ru lqfrph dqg ohw wklv

49Wklv dovr lpsolhv uhod{lqj wkh dvvxpswlrq ri frqvwdqw uhodwlyh sd|r�v lq idyru ri frqvwdqw
devroxwh gl�huhqfh ehwzhhq sd|r�v1

44



gl�hu/ zh jhw yhu| vlplodu uhvxowv exw zlwk d gl�huhqw lqwhusuhwdwlrq1
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Iljxuh 8= Wkh fulwlfdo glvfrxqw idfwru zlwk d frpsohphqwdu| lqfrph vrxufh zkhq
wkh uhwxuq iurp wkh FSU lv wrr vpdoo wr vxuylyh rq> ZScS ' �2c Z_cS ' ���ZScS @?_ Z_c_ '
f�bZScS�

Wkh lpsolfdwlrq lv wkdw wkh vxffhvv ri frrshudwlyh pdqdjhphqw ri d FSU
dovr ghshqgv rq wkh vl}h ri frpsohphqwdu| lqfrph vrxufhv ri wkh xvhuv1 Li wkh
frpsohphqwdu| lqfrph lv vxfk wkdw lw plqlplvhv wkh fulwlfdo glvfrxqw idfwru/ wkh
v|vwhp lv vhqvlwlyh wr fkdqjhv lq hlwkhu gluhfwlrq ri wkh vl}h ri wkh frpsohphqwdu|
lqfrph1 E| ydu|lqj wkh vl}h ri wkh frrshudwlyh sd|r�/ zh fdq vwxg| wkh h�hfwv
ri gl�huhqw ghjuhhv ri ghshqghqfh rq wkh uhvrxufh1 Dv ZScS ghfuhdvhv/ wkh fulwlfdo
glvfrxqw idfwru ehfrphv  dwwhu1 Wklv lpsolhv wkdw wkh vhqvlwlylw| wr fkdqjhv lq
wkh dgglwlrqdo lqfrph vrxufh ghfuhdvhv/ exw dovr wkdw lw ehfrphv pruh gl!fxow wr
frrshudwh dw lqwhuphgldwh lqfrph ohyhov1

Edodqg dqg Sodwwhdx*v ghvfulswlrq ri zkdw kdsshqhg wr wkh �vkhuphq lq Jd0
kdyçood +vhh wkh lqwurgxfwlrq,/ lv d jrrg h{dpsoh ri d fkdqjh lq dq dgglwlrqdo
lqfrph vrxufh1 Wkh FSU �vkhu| kdg ghyhorshg dqg lpsuryhg ryhu d orqj wlph/
iurp zklfk zh pd| vxvshfw wkdw wkh v|vwhp zdv rshudwlqj rq d vfdoh zkhuh fr0
rshudwlrq zdv hdv| wr vxvwdlq1 Wkh glvdsshdudqfh ri wkhlu frpsohphqwdu| vrxufh
ri lqfrph lpsolhg d ohiwzdug pryh dorqj wkh xwlolw| fxuyh dqg dq lqfuhdvhg fulw0
lfdo glvfrxqw idfwru1 Frqvlghudwlrq iru wklv nlqg ri h�hfwv vkrxog eh jlyhq zkhq
fkrrvlqj orfdwlrq iru dlg surmhfwv/ erwk zkhq wkh surmhfw lwvhoi uhtxluhv frrshud0
wlyh pdqdjhphqw dqg zkhq wkhuh duh suh0h{lvwlqj FSU*v1

615 Vwrulqj/ Vdylqj dqg Vhoolqj
Zkdw zrxog kdsshq li zh zhuh wr lqwurgxfh wkh srvvlelolw| ri vdylqj sduw ri wkh
kduyhvw xqwlo ixwxuh shulrgvB Lq wkhru|/ xvhuv zlwk frqyh{ xwlolw| zrxog lqfuhdvh
wkhlu wrwdo xwlolw| e| pdnlqj wkhlu frqvxpswlrq dv xqhyhq dv srvvleoh1 Wkdw zd|/
wkh| frxog jdlq d yhu| kljk pdujlqdo xwlolw| lq rqh shulrg dw wkh frvw ri dq rqo|
voljkwo| uhgxfhg xwlolw| lq rwkhu shulrgv1 Lw lv/ krzhyhu/ gl!fxow wr lpdjlqh wkdw
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d shuvrq wkdw lv forvh wr g|lqj iurp vwduydwlrq zrxog yroxqwdulo| jlyh xs dq| ri
klv frqvxpswlrq wrgd| iru xvh lq d ixwxuh shulrg/ vlqfh wkdw ixwxuh shulrg pd|
qhyhu frph1 Wkxv/ wkh dvvxpswlrq ri wlph vhsdudeoh xwlolw| ehfrphv sduwlfxoduo|
fxpehuvrph lq wkh frqwh{w ri vdylqj dqg frqyh{ xwlolw|/ dqg zh vkdoo uhiudlq iurp
xvlqj rxu prgho wr dqdo|vh wklv fdvh1 Dv idu dv fuhglwv duh frqfhuqhg/ zh vkdoo
vlpso| dvvxph wkdw xvhuv rq wkh frqyh{ vhjphqw duh lqholjleoh iru ordqv/ dqg wkxv
zloo qrw eh deoh wr pdnh xvh ri fuhglw pdunhwv hyhq li wkh| zdqwhg wr1

Wkxv/ zh irfxv khuh rq wkh frqfdyh sduw ri wkh xwlolw| ixqfwlrq1 Zlwk frqfdyh
xwlolw|/ ehlqj deoh wr uhdoorfdwh wkh frqvxpswlrq ri vrph ri wkh h{wud kduyhvw
jdlqhg zkhq ghyldwlqj wr rqh ru pruh sxqlvkphqw shulrgv zloo lqfuhdvh wkh pdu0
jlqdo xwlolw| ri wkh uhdoorfdwhg dprxqw dqg wkxv wkh wrwdo ehqh�w iurp ghyldwlqj1
Krzhyhu/ xqohvv wkh vwrudjh phwkrgv duh shuihfw/ wkhuh zloo eh d orvv frqqhfwhg
zlwk wudqvihuulqj wkh kduyhvw lq wlph1 Wkh vpdoohu lv wklv orvv/ wkh pruh ri d
klqgudqfh wr frrshudwlrq zloo vwrulqj eh1 Dvvxplqj wkdw d vkduh r 5 dfc �o ri wkh
gl�huhqfh ehwzhhq wkh vl}h ri wkh kduyhvw zkhq ghyldwlqj dqg zkhq ehlqj sxq0
lvkhg lv vdyhg iru rqh shulrg/ dqg wkdw d iudfwlrq o 5 dfc �o ri wkh vdyhg kduyhvw
uhpdlqv diwhu rqh |hdu ri vwrudjh/ zh fdq zulwh wkh frqglwlrq iru vwrudjh idflolwlhv
wr eh kdupixo wr frrshudwlrq dv

L dkZ_cS � E�� r� EkZ_cS � kZ_c_�o n BL dkZ_c_ n or EkZ_cS � kZ_c_�o

: L EkZ_cS� n BL EkZ_c_� � +44,

Wkh odujhu lv u dqg wkh pruh frqfdyh lv wkh xwlolw| ixqfwlrq +l1h1 wkh odujhu lv wkh
gl�huhqfh lq pdujlqdo xwlolwlhv,/ wkh odujhu lv wkh ohiw kdqg vlgh ri htxdwlrq E���/
dqg wkh pruh ri d wkuhdw zloo vwrulqj eh wr frrshudwlrq1

Li rq wrs ri d shuihfw vwrudjh phwkrg zh lqwurgxfh fuhglw pdunhwv/ wkxv dgglqj
wkh srvvlelolw| wr hduq lqwhuhvw rq wkh vdyhg dprxqw/ wkh h�hfw lv wkh vdph dv li wkh
iudfwlrq uhpdlqhg diwhu vwrulqj zrxog eh odujhu wkdq rqh +o : �,1 Ixuwkhupruh/
fuhglw lqvwlwxwlrqv zrxog pdnh lw srvvleoh wr vsuhdg wkh jdlqv iurp ghyldwlqj ryhu
pruh wkdq wzr shulrgv/ ixuwkhu lqfuhdvlqj wkh pdujlqdo xwlolw| ri ghyldwlqj14:

Wkh h�hfw ri lqwurgxflqj jrrgv pdunhwv pd| eh looxvwudwhg dv dq lqfuhdvh lq
wkh pdujlqdo ehqh�w iurp ghyldwlqj ehfdxvh wkhuh lv d pdunhw rq zklfk wkh h{wud
kduyhvw jdlqhg e| ghyldwlqj fdq eh h{fkdqjhg iru rwkhu jrrgv zlwk d kljkhu
pdujlqdo xwlolw|1 Wklv lpsolhv pdnlqj wkh frqfdyh sduw ri wkh xwlolw| ixqfwlrq
vwhhshu/ l1h1 pdnlqj xwlolw| pryh pruh txlfno| wrzdugv lwv pd{lpxp14; Lq wkh
�jxuh ehorz +zkhuh zh kdyh lqfuhdvhg � lq htxdwlrq E2� wr 4183 iru kZ@�c @2 �
ppl, zh vhh wkdw wklv pdnhv frrshudwlrq pruh gl!fxow dw wkh xsshu hqg ri
wkh xwlolw| ixqfwlrq1 Zkhq Mrgkd +4<;;, vxjjhvwv wkdw wkh lqwurgxfwlrq ri d
qhdue| pdunhwsodfh lv kdupixo wr wkh frrshudwlyh pdqdjhphqw ri d FSU gxh wr
d fkdqjh lq dwwlwxghv/ zkdw uhdoo| pdwwhuv lv shukdsv wkh srvvlelolw| wr fkdqjh

4:Iru d pruh wkrurxjk dqdo|vlv vhh h1j1 Vsdjqror/ 4<<;1
4;Nudqwrq/ 4<<9/ dqg Vsdjqror/ 4<<;/ surylgh gl�huhqw dssurdfkhv dqg irupdo dqdo|vhv ri

wkh h�hfw ri pdunhw dffhvv rq uhflsurfdo0h{fkdqjh dqg frrshudwlrq/ uhvshfwlyho|1
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wkh frpsrvlwlrq ri frqvxpswlrq dqg wkhuhe| jhw d kljkhu pdujlqdo xwlolw| iurp
ghyldwlqj1 Krzhyhu/ dv wkh �jxuh ehorz dovr vkrzv/ dw orzhu frqvxpswlrq ohyhov
wkh h�hfw pd| eh wkh rssrvlwh1
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Iljxuh 9= Wkh fulwlfdo glvfrxqw idfwru zlwk dffhvv wr pdunhwv/ zkhq Z_cS ' ���ZScSc Z_c_ '
f�bZScS1

7 Yduldwlrqv lq wkh Vwdwh ri wkh Uhvrxufh

Lq wklv vhfwlrq zh h{whqg wkh edvh0olqh prgho wr dqdo|vh wkh h�hfw rq frrshudwlrq
ri yduldwlrqv lq wkh dprxqw ri udlqidoo1 Zh irfxv khuh rq vwrfkdvwlf yduldwlrqv/
zkloh wkh dqdo|vlv ri vhdvrqdo yduldwlrqv lv uhihuuhg wr Dsshqgl{ D1 Wkh pdlq
gl�huhqfh olhv lq wkh fdofxodwlrq ri ixwxuh kduyhvw vl}hv/ zkhuh wkh suredelolw|
lq wkh vwrfkdvwlf fdvh/ dqg wkh wlplqj lq wkh vhdvrqdo fdvh/ d�hfwv wkh rxwfrph1
Zkhq zh ohw wkh uhodwlyh suredelolw| ri wkh udlqidoo ohyhov lq wkh vwrfkdvwlf fdvh
htxdo wkh uhodwlyh ohqjwk ri wkh vhdvrqv lq wkh vhdvrqdo fdvh/ wkh uhvxowv duh yhu|
vlplodu1 Qrwh wkdw wkh jdph lv qr orqjhu d uhshdwhg jdph/ vlqfh wkh vwdwh ri
wkh uhvrxufh ydulhv1 Wkxv wkh wuljjhu vwudwhj| xvhg vr idu pd| qr orqjhu eh wkh
rswlpdo fkrlfh ri vwudwhj|1 Wkh h{whqvlrq lq Vhfwlrq 8 vkrzv d vwudwhj| wkdw pd|
lpsuryh wkh rxwfrph1

714 Vwrfkdvwlf Yduldwlrqv
Vxssrvh wkdw zhdwkhu lv yduldeoh dqg vrphzkdw xqsuhglfwdeoh1 Wkh iduphuv nqrz
wkh srvvleoh udlqidoo ohyhov dqg wkhlu olnholkrrg/ exw gr qrw nqrz zkdw wkh dfwxdo
ohyho ri udlqidoo zloo eh xqwlo hdfk shulrg ehjlqv1 Zh wkxv frqwlqxh wr dvvxph
wkdw wkh iduphuv kdyh ixoo lqirupdwlrq derxw wkh ohyho ri udlqidoo lq wkh suhvhqw
shulrg/ exw dvvxph qrz wkdw ixwxuh udlqidoo ohyhov duh vwrfkdvwlf1 Wr vlpsoli| wkh
dqdo|vlv zh dvvxph l1l1g1 vkrfnv dqg rqo| wzr srvvleoh udlqidoo ohyhov/ zhw +k�,
ru gu| +k_,/ zlwk k� � k_ dozd|v14<

4<Lq uhdolw|/ wkhuh zloo eh pdq| srvvleoh udlqidoo ohyhov/ dqg qrw mxvw wzr dv dvvxphg khuh1
Wklv vkrxog qrw d�hfw wkh dqdo|vlv lq dq| pdmru zd|/ dv wkh rqo| gl�huhqfh lq wkh htxdwlrq iru
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Lq hdfk shulrg ri wlph/ zh ohw wkh suredelolw| ri wkh kljk ohyho ri udlqidoo eh
R�1 Gh�qh wkh srvvleoh ohyhov ri udlqidoo lq ixwxuh shulrgv dv k� 5 ik�c k_j
zkhuh � 5 i| : fj1 Zh zulwh wkh h{shfwhg xwlolw|53 iurp d fhuwdlq frpelqdwlrq
ri dfwlrqv lq dq| ixwxuh shulrg dv

.� dL Ek�Z@�c@2�o ' R�L Ek�Z@�c@2� n E�� R��L Ek_Z@�c@2� � +45,

Wr �qg wkh fulwlfdo glvfrxqw idfwru ri d zhw shulrg/ BWr|JS� Ek��/ zh vhw wkh glv0
frxqwhg h{shfwhg xwlolw| iurp frrshudwlqj htxdo wr wkh glvfrxqwhg h{shfwhg xwlolw|
iurp ghyldwlqj/

L Ek�ZScS� n
"[
|'�

B|.� dL Ek�ZScS�o ' L Ek�Z_cS� n
"[
|'�

B|.� dL Ek�Z_c_�o c +46,

dqg vroyh iru wkh fulwlfdo glvfrxqw idfwru/

BWr|JS� Ek�� '
L Ek�Z_cS�� L Ek�ZScS�

L Ek�Z_cS�� L Ek�ZScS� n .� dL Ek�ZScS�o� .� dL Ek�Z_c_�o
� +47,

Wkh fulwlfdo glvfrxqw idfwru ri d gu| shulrg lv fruuhvsrqglqjo|/

BWr|JS� Ek_� '
L Ek_Z_cS�� L Ek_ZScS�

L Ek_Z_cS�� L Ek_ZScS� n .� dL Ek�ZScS�o�.� dL Ek�Z_c_�o
� +48,

Wkh vxp lq wkh qxphudwru uhsuhvhqwv wkh ehqh�w iurp ghyldwlqj/ zkloh wkh vxp ri
wkh wzr h{shfwhg xwlolwlhv lq wkh ghqrplqdwru uhsuhvhqwv wkh h{shfwhg sxqlvkphqw
iru grlqj vr1 Vlqfh wkh h{shfwhg sxqlvkphqw lv wkh vdph iru erwk rxwfrphv/ lw
zloo wdnh d kljkhu glvfrxqw idfwru wr vxvwdlq frrshudwlrq lq wkh rxwfrph wkdw jlyhv
wkh odujhvw ehqh�w iurp ghyldwlqj1 Wkxv/ zh fdq vwdwh wkh iroorzlqj=

Sursrvlwlrq 5 Zkhq udlqidoo lv vwrfkdvwlf/ frrshudwlrq lv hdvlhu lq wkh zhw sh0
ulrg wkdq lq wkh gu| shulrg li dqg rqo| li L Ek�Z_cS�� L Ek�ZScS� 	 L Ek_Z_cS��
L Ek_ZScS�1

Surri1 Dvvxph wkdw BWr|JS� Ek�� 	 BWr|JS� Ek_�1 Vxevwlwxwlqj iurp htxdwlrqv E�e�
dqg E�D� dqg vlpsoli|lqj |lhogv

L Ek�Z_cS�� L Ek�ZScS� 	 L Ek_Z_cS�� L Ek_ZScS� � +49,

�
wkh fulwlfdo glvfrxqw idfwru zloo eh wkdw wkh h{shfwhg orvv iurp ghyldwlqj frqvlvwv ri pruh whupv1

53Qrwh wkdw zh dvvxph wkh yrq Qhxpdqq0Prujhqvwhuq h{shfwhg xwlolw| ixqfwlrq wr eh lghq0
wlfdo wr wkh V0vkdshg xwlolw| ixqfwlrq xvhg vr idu1
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Rq wkh rqh kdqg/ wkh vl}h0h�hfw ri kdylqj pruh udlq lq wkh zhw shulrg zloo
dozd|v zrun lq wkh gluhfwlrq ri pdnlqj lw pruh gl!fxow wr frrshudwh1 Rq wkh
rwkhu kdqg/ wkh qrq0olqhdulw| ri wkh xwlolw| ixqfwlrq fuhdwhv d xwlolw|0h�hfw wkdw
pd| zrun lq wkh rwkhu gluhfwlrq1 D qhfhvvdu| frqglwlrq iru wkh gu| shulrg ehlqj
wkh pruh gl!fxow iru frrshudwlrq lv wkdw wkh jdlq iurp ghyldwlqj idoov rq d vwhhshu
vhjphqw ri wkh xwlolw| ixqfwlrq lq wkh gu| shulrg wkdq lq wkh zhw shulrg1 Wkxv/ dv
Iljxuh : vkrzv/ lw lv pdlqo| zlwk lqwhuphgldwh ohyhov ri udlqidoo lq wkh gu| shulrg
wkdw lw zloo eh vljql�fdqwo| pruh gl!fxow wr frrshudwh lq wkh gu|hu |hdu1

Frpelqlqj wklv uhvxow zlwk wkh pdlq uhvxow ri wkh dqdo|vlv lq Vhfwlrq 6/ zh
fdq frqfoxgh wkdw zkhq wkh fkdqfhv iru frrshudwlrq duh wkh kljkhvw/ wkh uhodwlyho|
srruhu shulrg lv wkh juhdwhvw fkdoohqjh wr frrshudwlrq1 Wklv lv h{dfwo| zkdw zdv
uhsruwhg lq wkh hpslulfdo vwxglhv uhihuuhg wr lq wkh lqwurgxfwlrq1 Lq ixqfwlrqlqj
FSU*v/ ghyldwlrqv rffxu pdlqo| lq wkh ohvv surgxfwlyh shulrg1
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Iljxuh := Vwrfkdvwlf yduldwlrqv lq wkh dprxqw ri udlqidoo zkhq Z_cS ' ���ZScSc Z_c_ '
f�bZScS/ k_ ' f�bk�/ dqg R� ' f�D� Qrwh wkdw wkh {0d{lv jlyhv wkh frrshudwlyh sd|0
r� lq wkh zhw shulrg1

Ohw xv orrn dw vrph lpsolfdwlrqv ri wkhvh uhvxowv1 Iurp Iljxuh : lw lv reylrxv
wkdw wkhuh lv rqh srlqw dw zklfk frrshudwlrq lv sduwlfxoduo| vhqvlwlyh wr fkdqjhv
lq wkh udlqidoo ohyhov1 Dw k�ZScS rppl/ d yhu| voljkw fkdqjh lq k fdq fdxvh d
uhjlph vkliw lq whupv ri zklfk shulrg lv pruh hdv| wr frrshudwh lq1

D fkdqjh lq wkh gl�huhqfh ehwzhhq wkh srvvleoh udlqidoo ohyhov fdq kdyh vlpl0
oduo| gudvwlf h�hfwv1 Dffruglqj wr wkh LSFF/54 d srvvleoh h�hfw ri joredo zduplqj
lv dq lqfuhdvhg yduldelolw| lq wkh folpdwh1 D vlpsoh qxphulfdo h{dpsoh looxvwudwhv
krz wklv frxog d�hfw wkh pdqdjhphqw ri FSU*v1 Lq Iljxuh ; zh kdyh lqfuhdvhg
wkh gl�huhqfh ehwzhhq wkh wzr srvvleoh udlqidoo ohyhov e| ohwwlqj k_ ' f�.k��
Zkhq k�ZScS@ 53 lq Iljxuh : dqg k�ZScS@ 55168 lq Iljxuh ;/ zh kdyh wkh vdph
dyhudjh dprxqw ri udlqidoo lq wkh wzr fdvhv1 Frpsdulqj wkh wzr �jxuhv/ zh �qg
txlwh d gudpdwlf lqfuhdvh lq wkh fulwlfdo glvfrxqw idfwru ri wkh gu| shulrg1 Xqohvv

54Vhh h1j1 Krxjkwrq/ Fdoodqghu dqg Yduqh|/ 4<<51

49



wkh iduphuv* glvfrxqw idfwru lv yhu| kljk/ wklv zloo ohdg wr d froodsvh ri frrshu0
dwlrq1 Li dw wkh vdph wlph wkhuh lv d fkdqjh lq wkh dyhudjh dprxqw ri udlqidoo/
wklv zrxog dovr dowhu wkh fulwlfdo glvfrxqw idfwruv1 Wkxv/ wkhuh pd| eh d klgghq
vlgh0h�hfw ri joredo zduplqj/ zklfk kdv wkh srwhqwldo wr fdxvh vxevwdqwldo frvwv
wr vrflhw|/ erwk lq whupv ri frq lfwv dqg lq whupv ri d ohvv h!flhqw xvh ri orfdo
qdwxudo uhvrxufhv1
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Iljxuh ;= Wkh h�hfwv ri dq lqfuhdvhg yduldelolw| lq udlqidoo/ Z_cS ' ���ZScSc Z_c_ '
f�bZScS/ k_ ' f�.k�/ dqg R� ' f�D1

8 Sduwldo Frrshudwlrq

Qrz/ li wkh iduphuv nqrz wkdw frrshudwlrq zloo idlo ehfdxvh lq vrph shulrgv lw lv
qrw srvvleoh wr vxvwdlq frrshudwlrq/ lv wkhuh dq dowhuqdwlyh vwudwhj| zklfk frxog
lpsuryh wkhlu vlwxdwlrqB Wkhuh duh hpslulfdo h{dpsohv ri FSUv zkhuh wkh xvhuv
irujlyh ihoorz xvhuv wkdw euhdn wkh uxohv li wkh| gr lw gxh wr edg wlphv1 Dqguì dqg
Sodwwhdx +4<<;, lq wkhlu vwxg| ri odqg uhodwlrqv lq Uzdqgd irxqg wkdw wkhuh zdv
d pruh ohqlhqw dwwlwxgh wrzdugv yrohxuv sdu idlp +wklhyhv rxw ri kxqjhu,/ wkdq
wrzdugv yrohxuv sdu gìidxw +ylflrxv wklhyhv,1 PfNhdq +4<;9, ghvfulehv krz uxoh0
euhdnlqj lq d Mdsdqhvh yloodjh iruhvw zdv ljqruhg li lw wrrn sodfh lq sduwlfxoduo|
edg |hduv1 Zh vkdoo h{dplqh khuh zkhwkhu wkh fkdqfhv iru frrshudwlrq fdq eh
lqfuhdvhg e| wdnlqj d pruh irujlylqj dwwlwxgh155

Iluvw ri doo/ gh�qh hdv| shulrgv dv shulrgv zkhq wkh iduphuv* glvfrxqw idfwru/
B/ lv dw ohdvw dv odujh dv wkh fulwlfdo glvfrxqw idfwru/ BW/ dqg gl!fxow shulrgv dv
shulrgv zkhq lw lv qrw1 Wkxv/ frrshudwlrq lv srvvleoh lq hdv| shulrgv rqo|1 Ohw
wkh yduldeoh w ghvfuleh zkhwkhu frrshudwlrq frxog kdyh ehhq fuhgleo| vxvwdlqhg
lq shulrg w ru qrw=

w| '

�
� �s B � BW| (

f �s B 	 BW| �
+4:,

55Dv deryh/ zh zloo irfxv khuh rq wkh vwrfkdvwlf fdvh/ dqg uhihu wkh dqdo|vlv ri wkh vhdvrqdo
fdvh wr Dsshqgl{ E1
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Ohw wkh dfwlrqv wdnhq e| hdfk ri wkh iduphuv lq shulrg w eh uhsuhvhqwhg e|

@| ' i@�c|c @2c|j � +4;,

Zh fdq qrz ghvfuleh wkh klvwru| ri wkh jdph dw gdwh W/

�A ' i@|c w|jA3�|'f � +4<,

Wkh h{whqghg wuljjhu vwudwhj| zloo suhvfuleh frrshudwlrq lq hdv| shulrgv/ w| ' �/
xqwlo iru wkh �uvw wlph wkh klvwru| frqwdlqv dq| wlph shulrg zkhq lw zrxog kdyh
ehhq srvvleoh wr frrshudwh exw vrph iduphu glg qrw/ l1h1 xqwlo

�A ' i@�c| ' _c w| ' �j rJ6e | 	 Ac rJ6e �c +53,

dqg wkhq ghyldwh iru hyhu1 Ghyldwlrqv lq gl!fxow shulrgv/ w| ' f/ zloo eh irujlyhq
dqg duh qrw sxqlvkhg1 Wklv phdqv wkdw zh pxvw dgmxvw wkh h{shfwhg frvw ri
ghyldwlqj wr wkh uhprydo ri wkh sxqlvkphqw lq wkh gl!fxow shulrg1 Vxevwlwxwlqj
iurp htxdwlrq E�2�/ li zh ohw wkh iduphuv ljqruh ghyldwlrqv lq gu| |hduv/ wkh wzr
h{shfwhg xwlolwlhv lq wkh ghqrplqdwru ri htxdwlrq E�e� ehfrph

.� dL Ek�ZScS�o� .� dL Ek�Z_c_�o

' R�L Ek�ZScS� n E�� R��L Ek_Z_c_�

� R�L Ek�Z_c_� n E�� R��L Ek_Z_c_�

' R� dL Ek�ZScS�� L Ek�Z_c_�o � +54,

Wkh htxdwlrq jlylqj wkh fulwlfdo glvfrxqw idfwru fkdqjhv dffruglqjo|1 Li wkh zhw
shulrg lv wkh hdv| shulrg/ zh kdyh +zlwk vxshuvfulsw { iru h{whqghg,

B%r|JS� Ek�� '
L Ek�Z_cS�� L Ek�ZScS�

L Ek�Z_cS�� L Ek�ZScS� n R� dL Ek�ZScS�� L Ek�Z_c_�o
c +55,

dqg wkh htxlydohqw iru wkh gu| shulrg ehlqj wkh hdv| shulrg1 Zh zdqw wr frpsduh
orzhu ri wkhvh zlwk

BW6@% ' 6@% iBWr|JS� Ek_� c B
W

r|JS� Ek_�j � +56,

Zkhq B%r|JS� lv ehorz BW6@%/ dv iru lqwhuphgldwh ydoxhv ri k�ZScS lq Iljxuh bc wkh
h{whqghg wuljjhu vwudwhj| fdq lpsuryh wkh fkdqfhv iru frrshudwlrq1 Li wkh iduphuv*
glvfrxqw idfwru lv ehwzhhq wkhvh wzr/ wkh| zloo eh deoh wr vxvwdlq frrshudwlrq e|
iroorzlqj wkh h{whqghg wuljjhu vwudwhj| dowkrxjk frrshudwlrq zdv qrw srvvleoh
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Iljxuh <= Wkh h�hfw ri irujlyhqhvv zlwk vwrfkdvwlf yduldwlrqv lq wkh ohyho ri udlq0
idoo/ Z_cS ' ���ZScSc Z_c_ ' f�bZScS/ k_ ' f�bk�/ dqg R� ' f�D1

Qrwh wkh vlplodulw| zlwk Urwhpehuj dqg Vdorqhu*v +4<;9, uhvxow wkdw sulfh
zduv lq roljrsrolhv vkrxog eh revhuyhg lq shulrgv ri kljk ghpdqg1 Wkh lqwxlwlrq
ehklqg wkhlu uhvxow lv wkdw ghyldwlqj jlyhv d kljkhu jdlq zkhq ghpdqg lv kljk1 Wr
dyrlg d wrwdo euhdngrzq ri wkh frrshudwlrq wkh roljrsro| doorzv iru d orzhu sulfh
lq vxfk shulrgv/ l1h1 ghyldwlrqv duh irujlyhq wr d fhuwdlq h{whqw1 Khuh/ wrr/ d wrwdo
euhdngrzq ri frrshudwlrq fdq eh dyrlghg e| irujlylqj ghyldwlrqv lq shulrgv zkhq
wkh jdlq iurp ghyldwlqj lv sduwlfxoduo| kljk1 Wkh gl�huhqfh lv wkdw zh phdvxuh
wkh jdlq lq whupv ri xwlolw| lqvwhdg ri pdwhuldo sd|r�v/ dqg wkdw zh gr qrw doorz
iru sduwldo ghyldwlrqv1

9 Ilqdo Uhpdunv

Lq wklv sdshu L kdyh vkrzq wkdw wkh frqvxpswlrq ohyho ri wkh xvhuv ri d orfdo
FSU d�hfwv wkh fkdqfhv ri frrshudwlyh pdqdjhphqw ri wkh uhvrxufh1 Wkh uhvxowv
fruuhvsrqg zhoo zlwk hpslulfdo vwxglhv rq zkdw pdnhv frrshudwlrq zrun ru idlo1 Lq
sduwlfxodu/ zh vdz wkdw jurxsv ri xvhuv zlwk dq lqwhuphgldwh frqvxpswlrq ohyho/
khuh phdqlqj srru exw qrw vwduylqj/ zloo kdyh wkh ehvw fkdqfhv iru frrshudwlyh
pdqdjhphqw1 Li wkh vl}h ri wkh uhvrxufh ydulhv/ wkh uhodwlyho| zruvh shulrg zloo eh
wkh odujhvw wkuhdw wr frrshudwlrq iru wklv jurxs1

Wkh prgho exlogv rq vrph dvvxpswlrqv wkdw pd| vhhp udwkhu uhvwulfwlyh1 Zh
frq�qh rxuvhoyhv wr jurxsv ri xvhuv zkrvh xwlolw| lv forvho| uhodwhg wr wkhlu vwdwh ri
khdowk/ zklfk lq wxuq lv forvho| uhodwhg wr wkhlu frqvxpswlrq ohyho1 Ixuwkhupruh/
zh dvvxph wkdw wkh| kdyh qr dffhvv wr jrrgv ru fuhglw pdunhwv1 Qhyhuwkhohvv/
zkhq zh sodfh wkh orfdo FSU*v lq rqh ri wkh ohdvw ghyhorshg frxqwulhv/ qhlwkhu ri
wkhvh dvvxpswlrqv lv dw doo lpsodxvleoh1

Wkurxjkrxw wkh sdshu zh kdyh dvvxphg lpsolflwo| wkdw wkhuh lv qr wlph gh0
shqghqfh/ qhlwkhu lq wkh xvhuv* khdowk qru lq wkhlu xvh ri wkh uhvrxufh1 Lqwurgxflqj
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wlph ghshqghqfh/ iru h{dpsoh lq wkh irup ri d vwrfn0yduldeoh iru khdowk/ ru e|
ohwwlqj zkdw wkh iduphuv gr rqh shulrg kdyh dq h�hfw rq wkh surgxfwlylw| ri wkh
uhvrxufh lq ixwxuh shulrgv/ zrxog ri frxuvh d�hfw wkh uhvxowv1 Hyhq pruh uhvwulf0
wlyh lv shukdsv wkh dvvxpswlrq wkdw prqlwrulqj lv shuihfw dqg frvwohvv/ dqg wkdw
wkh rqo| sxqlvkphqw lv wr uhyhuw wr d wrwdo odfn ri frrshudwlrq1 Mxgjlqj iurp wkh
hpslulfdo vwxglhv uhsruwhg e| iru h{dpsoh Rvwurp +4<<3,/ lw zrxog eh pruh uhdo0
lvwlf wr dvvxph wkdw prqlwrulqj lv frvwo|/ lpshuihfw dqg ri ydu|lqj lqwhqvlw|/ dqg
wkdw wkhuh duh rwkhu irupv ri sxqlvkphqw/ ri ydu|lqj vhyhulw|1 Erwk prqlwrulqj
dqg sxqlvkphqwv duh dvshfwv wkdw vkrxog eh ghdow zlwk ehiruh wu|lqj wr hydoxdwh
wkh prgho hpslulfdoo|1

Lw zrxog eh lqwhuhvwlqj wr h{whqg wkh prgho wr pruh wkdq wzr xvhuv/ vr wkdw
wkh pruh iduphuv wkdw duh vkdulqj wkh zdwhu ri wkh luuljdwlrq v|vwhp/ wkh ohvv
zdwhu wkhuh lv iru hdfk ri wkhp1 Wkh kduyhvw rq hdfk iduphu*v �hog zrxog wkhq
ghshqg sduwo| rq krz wkh luuljdwlrq v|vwhp lv pdqdjhg/ sduwo| rq dqqxdo udlq0
idoo dqg dovr sduwo| rq krz pdq| iduphuv wkdw vkduh wkh zdwhu1 Khuhlq olhv d
srvvlelolw| iru dq hqgrjhqrxv vl}h ri wkh xvhu jurxs/ ghflghg e| iru h{dpsoh lq0
dqg rxw0pljudwlrq ri xvhuv wr dffrpprgdwh iru vhdvrqdo ru vwrfkdvwlf fkdqjhv
lq wkh zhdwkhu1 H{rjhqrxv fkdqjhv lq wkh qxpehu ri xvhuv/ gxh wr iru h{dpsoh
srsxodwlrq jurzwk zlwklq ru rxwvlgh wkh jurxs/ zrxog kdyh vlplodu h�hfwv dv wkh
fkdqjhv lq wkh vl}h ri wkh uhvrxufh wkdw zh kdyh glvfxvvhg lq wklv sdshu1
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Dsshqgl{ D= Vhdvrqdo Yduldwlrqv
Zh dqdo|vh khuh vhdvrqdo yduldwlrqv lq wkh dprxqw ri zdwhu lq wkh luuljdwlrq
v|vwhp1 Pdq| duhdv kdyh d udlq| vhdvrq dqg d gu| vhdvrq1 Dv vhdvrqv ydu|/ vr
grhv wkh ohyho ri udlqidoo/ dqg e| qrz zh nqrz hqrxjk wr h{shfw wklv wr kdyh
uhshufxvvlrqv rq wkh iduphuv delolw| wr frrshudwh1 Zh dvvxph djdlq wkdw wkhuh
duh rqo| wzr srvvleoh rxwfrphv/ zhw dqg gu|/ exw khuh zh ohw hyhu| rwkhu shulrg
eh zhw dqg hyhu| rwkhu shulrg gu|1 Wkxv/ zh kdyh wkh vdph yduldelolw| dv zlwk
vwrfkdvwlf yduldwlrqv/ exw qrqh ri wkh xqfhuwdlqw| ri wkdw fdvh1 Wklv lpsolhv wkdw
lw lv wkh wlplqj udwkhu wkdq wkh suredelolwlhv ri wkh wzr srvvleoh rxwfrphv wkdw
ghflghv wkh h{shfwhg orvv ri ghyldwlqj1 Wkxv wkhuh zloo eh d gl�huhqfh ehwzhhq
wkh wzr vhdvrqv* frvwv ri ghyldwlqj/ d�hfwlqj wkhlu fulwlfdo glvfrxqw idfwruv1

Dvvxph wkdw hdfk iduplqj |hdu frqvlvwv ri wzr vhdvrqv ri htxdo ohqjwk/ zlwk
k� dqg k_ ghqrwlqj udlqidoo ohyhov lq wkh zhw dqg gu| vhdvrqv/ zlwk k� � k_1 Lq
d zhw vhdvrq wkh glvfrxqwhg xwlolw| ri frrshudwlqj zloo eh

"[
|'f

B2| dL Ek�ZScS� n BL Ek_ZScS�o c +57,

dqg wkh glvfrxqwhg xwlolw| ri ghyldwlqj

L Ek�Z_cS�� L Ek�Z_c_� n
"[
|'f

B2| dL Ek�Z_c_� n BL Ek_Z_c_�o � +58,

Wr dyrlg ghyldwlrq/ lw pxvw eh wuxh wkdw

B2 dL Ek�Z_cS�� L Ek�Z_c_�o

nB dL Ek_ZScS�� BL Ek_Z_c_�o

nL Ek�ZScS�� L Ek�Z_cS�

� f� +59,

Zh fdq h{suhvv wkh fulwlfdo glvfrxqw idfwru ri d zhw vhdvrq56 dv

BWre@r Ek�� '
L Ek_ZScS�� BL Ek_Z_c_�

2 EL Ek�Z_cS�� L Ek�Z_c_��
n+�

L Ek_ZScS�� BL Ek_Z_c_�

2 EL Ek�Z_cS�� L Ek�Z_c_��

�2

n
L Ek�Z_cS�� L Ek�ZScS�

L Ek�Z_cS�� L Ek�Z_c_�

��*2

+5:,

56Qrwh wkdw zh glvuhjdug wkh qhjdwlyh urrw1
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dqg wkh fulwlfdo glvfrxqw idfwru ri d gu| vhdvrq

BWre@r Ek_� ' � L Ek�ZScS�� BL Ek�Z_c_�

2 EL Ek_Z_cS�� L Ek_Z_c_��

n

+�
L Ek�ZScS�� BL Ek�Z_c_�

2 EL Ek_Z_cS�� L Ek_Z_c_��

�2

n
L Ek_Z_cS�� L Ek_ZScS�

L Ek_Z_cS�� L Ek_Z_c_�

��*2

� +5;,

D frpsdulvrq ri Iljxuhv : dqg 43 vkrzv wkdw ghvslwh wkhvh udwkhu phvv| h{suhv0
vlrqv/ wkh uhvxow lv yhu| vlplodu wr wkh fdvh zlwk vwrfkdvwlf yduldwlrqv dqg htxdo
suredelolw| ri wkh wzr rxwfrphv1 Wkh voljkw gl�huhqfh wkhuh lv/ lv fdxvhg e| wkh
gl�huhqfh lq wkh h{shfwhg frvw ri ghyldwlqj1
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Iljxuh 43= Vhdvrqdo yduldwlrqv lq wkh ohyho ri udlqidoo zkhq Z_cS ' ���ZScSc Z_c_ '
f�bZScS/ dqg k_ ' f�bk�1

Dsshqgl{ E=
Sduwldo Frrshudwlrq zlwk Vhdvrqdo Yduldwlrqv
Lq wklv dsshqgl{ zh frq�up wkdw d irujlylqj dwwlwxgh fdq lqfuhdvh wkh fkdqfhv
iru frrshudwlrq lq wkh vhdvrqdo fdvh dv zhoo dv lq wkh vwrfkdvwlf fdvh1 Zkhq wkh
hdv| vhdvrq lv d zhw vhdvrq/ wkh h{whqghg wuljjhu vwudwhj| uhvxowv lq wkh iroorzlqj
glvfrxqwhg xwlolw| iurp frrshudwlqj/

"[
|'f

B2| dL Ek�ZScS� n BL Ek_Z_c_�o c +5<,

dqg iurp ghyldwlqj

L Ek�Z_cS�� L Ek_Z_c_� n
"[
|'f

B2| dL Ek�Z_c_� n BL Ek_Z_c_�o � +63,
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Iurp wklv zh jhw wkh fulwlfdo glvfrxqw idfwru/

B%re@r Ek�� '
L Ek�Z_cS�� L Ek�ZScS�

L Ek�Z_cS�� L Ek�Z_c_�
c +64,

l1h1 wkh vtxduh urrw ri wkh fulwlfdo glvfrxqw idfwru iru wkh vdph dprxqw ri udlqidoo
lq wkh edvh0olqh fdvh1 Iljxuh 44 vkrzv wkdw/ dv lq wkh vwrfkdvwlf fdvh/ wkhuh lv
dq lqwhuphgldwh vl}h ri wkh uhvrxufh zkhuh frrshudwlrq zloo eh idflolwdwhg li wkh
iduphuv duh pruh irujlylqj1
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Iljxuh 44= Wkh h�hfw ri irujlyhqhvv zlwk vhdvrqdo yduldwlrqv lq wkh ohyho ri udlqidoo/
zkhq Z_cS ' ���ZScSc Z_c_ ' f�bZScS/ k_ ' f�bk��
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Uhihuhqfhv
Deuhx/ G1/ 4<;9/ �H{wuhpdo Htxloleuld ri Roljrsrolvwlf Vxshujdphv�/ Mrxuqdo
ri Hfrqrplf Wkhru|/ yro1 6</ ss1 4<4055;1
Deuhx/ G1/ 4<;;/ �Wrzdugv d Wkhru| ri Glvfrxqwhg Uhshdwhg Jdphv�/ Hfrqr0
phwulfd/ yro1 89/ ss1 6;606<91
Dqguì F1 dqg Sodwwhdx M10S1/ 4<<;/ �Odqg Uhodwlrqv Xqghu Xqehdudeoh Vwuhvv=
Uzdqgd Fdxjkw lq wkh Pdowkxvldq Wuds�/ Mrxuqdo ri Hfrqrplf Ehkdylru dqg
Rujdql}dwlrq/ Yro1 67/ ss1 407:1
Edodqg M10P1 dqg Sodwwhdx M10S1/ 4<<9/ Kdowlqj Ghjudgdwlrq ri Qdwxudo Uh0
vrxufhv= Lv wkhuh d Uroh iru Uxudo FrppxqlwlhvB/ R{irug Xqlyhuvlw| Suhvv/ Qhz
\run1
Ehunhv I1 dqg Ironh F1 +hgv1,/ 4<<;/ Olqnlqj Vrfldo dqg Hfrorjlfdo V|vwhpv=
Pdqdjhphqw Sudfwlvhv dqg Vrfldo Phfkdqlvpv iru Exloglqj Uhvlolhqfh/ Fdp0
eulgjh Xqlyhuvlw| Suhvv1
Gdvjxswd S1/ 4<<6/ Dq Lqtxlu| lqwr Zhoo0Ehlqj dqg Ghvwlwxwlrq/ R{irug Xql0
yhuvlw| Suhvv/ Qhz \run1
Gdvjxswd S1 dqg Pçohu N10J1 +hgv1,/ 4<<:/ Wkh Hqylurqphqw dqg Hphujlqj
Ghyhorsphqw Lvvxhv/ Yro1 4 dqg 5/ Foduhqgrq Suhvv/ R{irug1
Irrg dqg Djulfxowxuh Rujdqlvdwlrq ri wkh Xqlwhg Qdwlrqv/ 4<<:/ Wkh
Vwdwh ri Irrg dqg Djulfxowxuh 4<<:/ Irrg dqg Djulfxowxuh Rujdqlvdwlrq ri wkh
Xqlwhg Qdwlrqv/ Urph1
Juhhq H1 dqg Sruwhu U1/ 4<;7/ �Qrq0frrshudwlyh Frooxvlrq Xqghu Lpshuihfw
Sulfh Lqirupdwlrq�/ Hfrqrphwulfd/ yro1 85/ ss1 ;:04331
Krxjkwrq M1W1/ Fdoodqghu E1D1 dqg Yduqh| V1N1 +hgv1,/ 4<<5/ Folpdwh
Fkdqjh 4<<5/ Wkh Vxssohphqwdu| Uhsruw wr wkh LSFF Vflhqwl�f Dvvhvvphqw/
Lqwhujryhuqphqwdo Sdqho rq Folpdwh Fkdqjh1
Mrgkd Q1V1/ 4<;;/ �Srsxodwlrq Jurzwk dqg Frpprq Surshuw| Uhvrxufhv= Pl0
fur Ohyho Hylghqfh iurp Lqgld�/ suhvhqwhg dw= Wkh H{shuw Jurxs Phhwlqj rq
Frqvhtxhqfhv ri Udslg Srsxodwlrq Jurzwk lq Ohvv Ghyhorshg Frxqwulhv/ Srsxod0
wlrq Glylvlrq/ Xqlwhg Qdwlrqv/ Qhz \run/ Dxjxvw 56059 4<;;1
Nudqwrq U1H1/ 4<<9/ �Uhflsurfdo H{fkdqjh= D Vhoi0Vxvwdlqlqj V|vwhp�/ Wkh
Dphulfdq Hfrqrplf Uhylhz/ Yro1 ;9 Qr 7/ ss1 ;630;841
Nuhsv/ G1P1/ 4<<3/ D Frxuvh lq Plfurhfrqrplf Wkhru|/ Xqlyhuvlw| Suhvv/ Fdp0
eulgjh1
PfNhdq P1D1/ 4<;9/ �Pdqdjhphqw ri Wudglwlrqdo Frpprq Odqgv +Luldlfkl,
lq Mdsdq�/ lq= Surfhhglqjv ri wkh Frqihuhqfh rq Frpprq Surshuw| Uhvrxufh
Pdqdjhphqw/ Qdwlrqdo Dfdghp| Suhvv/ ss1 8660;</ Zdvklqjwrq GF1
Rvwurp H1/ 4<<3/ Jryhuqlqj wkh Frpprqv= Wkh Hyroxwlrq ri Lqvwlwxwlrqv iru
Froohfwlyh Dfwlrq/ Fdpeulgjh Xqlyhuvlw| Suhvv1
Rvwurp H1/ Jdugqhu U1 dqg Zdonhu M1/ 4<<7/ Uxohv/ Jdphv dqg Frpprq0
Srro Uhvrxufhv/ Wkh Xqlyhuvlw| ri Plfkljdq Suhvv1
Udydoolrq P1/ 4<<:/ �Idplqhv dqg Hfrqrplfv�/ Mrxuqdo ri Hfrqrplf Olwhudwxuh/
Yro1 [[[Y/ ss1 4538045751
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Urwhpehuj M1 dqg Vdorqhu J1/ 4<;9/ �D Vxshujdph0Wkhruhwlf Prgho ri Exvl0
qhvv F|fohv dqg Sulfh Zduv gxulqj Errpv�/ Dphulfdq Hfrqrplf Uhylhz/ yro1 :9/
ss1 6<3073:1
Vsdjqror/ J1/ 4<<;/ �Pdunhwv dqg Frrshudwlrq�/ Zrunlqj Sdshu Vhulhv lq Hfr0
qrplfv dqg Ilqdqfh/ Vwrfnkrop Vfkrro Hfrqrplfv/ Qr1 58:1
Yduldq K1U1/ 4<<5/ Plfurhfrqrplf Dqdo|vlv/ Wklug Hglwlrq/ Z1Z1 Qruwrq )
Frpsdq|/ Lqf1/ Qhz \run1
Zdgh U1/ 4<;;/ Yloodjh Uhsxeolfv= Hfrqrplf Frqglwlrqv iru Froohfwlyh Dfwlrq
lq Vrxwk Lqgld/ Fdpeulgjh Xqlyhuvlw| Suhvv1
Zdgh U1/ 4<;:/ �Wkh Pdqdjhphqw ri Frpprq Surshuw| Uhvrxufhv= Froohf0
wlyh Dfwlrq dv dq Dowhuqdwlyh wr Sulydwlvdwlrq ru Vwdwh Uhjxodwlrq�/ Fdpeulgjh
Mrxuqdo ri Hfrqrplfv/ yro1 44/ ss1 <804391
Zhlu G1U1/ 4<<8/ �Idplo| Lqfrph/ Pruwdolw|/ dqg Ihuwlolw| rq wkh Hyh ri wkh
Ghprjudsklf Wudqvlwlrq= D Fdvh Vwxg| ri Urvq|0Vrxv0Erlv�/ Wkh Mrxuqdo ri
Hfrqrplf Klvwru|/ yro1 88/ ss1 40591
Wkh Zruog Edqn/ 4<<9/ Zruog Ghyhorsphqw Uhsruw 4<<9/ R{irug Xqlyhuvlw|
Suhvv1
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