
Ordqdeoh Ixqgv/ Prqlwrulqj dqg Edqnlqjú

Kxehuwr P1 Hqqlv|

Ghsduwphqw ri Hfrqrplfv
Fruqhoo Xqlyhuvlw|

Iheuxdu| 5333

Devwudfw

Wklv sdshu vwxglhv ?qdqfldo lqwhuphgldwlrq lq d jhqhudo htxloleulxp ryhu0
odsslqj jhqhudwlrqv prgho1 Lqglylvleoh lqyhvwphqw surmhfwv frpelqh zlwk lqiru0
pdwlrqdo lpshuihfwlrqv wr fuhdwh d +klgghq dfwlrq, prudo kd}dug sureohp dqg
lqwurgxfh d uroh iru wklug0sduw| prqlwrulqj1 Djhqf| frvwv dw wkh lqwhuphgldu|
ohyho duh dovr frqvlghuhg1 Xqghu vrph frqglwlrqv/ prqlwruv fdq eh ylhzhg dv
edqnv idflqj d qrq0wulyldo sruwirolr glyhuvl?fdwlrq sureohp1 Htxloleuld duh gh0
ulyhg lq zklfk d odujh qdwlrqdo edqn frh{lvwv zlwk d qxpehu ri uhjlrqdo edqnv/
d vwuxfwxuh ri vwurqj hpslulfdo uhohydqfh1 Srolflhv vxfk dv d pdqgdwru| uhvhuyh
uhtxluhphqw duh vkrzq wr kdyh vxevwdqwldo h>hfwv rq wkh ohyhov ri lqyhvwphqw
lq wkh hfrqrp|1 MHO Fodvvl?fdwlrq= H77/ J54/ J5;

úL zrxog olnh wr wkdqn Wrgg Nhlvwhu/ Nduo Vkhoo/ Qhlo Zdoodfh dqg wkh vhplqdu sduwlflsdqwv dw
Fruqhoo Xqlyhuvlw| iru khosixo frpphqwv dqg vxjjhvwlrqv1 Doo uhpdlqlqj huuruv duh p| rzq1

|Dgguhvv= Ghsduwphqw ri Hfrqrplfv/ 77<D Xulv Kdoo/ Fruqhoo Xqlyhuvlw|/ Lwkdfd Q\ 47;861
H0pdlo= kph4Cfruqhoo1hgx1
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4 Lqwurgxfwlrq
Diwhu wkh edqnlqj v|vwhp wxuprlo ri wkh ehjlqqlqj ri wkh 4<<3*v/ rq Iheuxdu| 8/ 4<<4
wkh XV Wuhdvxu| uhohdvhg d sursrvdo iru edqnlqj uhirup +vhh Plvknlq +4<<5,,1 Wzr
ri wkh prvw lpsruwdqw duhdv ri lpsuryhphqw vxjjhvwhg e| wkh Wuhdvxu| zhuh wkh
uhvwrudwlrq ri wkh frpshwlwlyhqhvv ri wkh v|vwhp dqg wkh vwuhqjwkhqlqj ri wkh uroh
ri edqn fdslwdo1 Wr lpsuryh frpshwlwlyhqhvv/ sruwirolr glyhuvl?fdwlrq zdv wdnhq wr
eh wkh fuxfldo lqvwuxphqw1 Lq wkh zrugv ri Plvknlq/ 3qdwlrqzlgh eudqfklqj zrxog
hqdeoh edqnv wr glyhuvli| wkhlu ordq sruwirolrv vxevwdqwldoo|/ vlqfh wkh| zrxog ?qg lw
hdvlhu wr pdnh ordqv lq eurdghu jhrjudsklfdo duhdv14 Zlwk uhvshfw wr edqn fdslwdo/
Plvknlq vxjjhvw wkdw edqn fdwhjrul}dwlrq dqg rwkhu surylvlrqv lq wkh sursrvdo zhuh
3doo gluhfwhg dw hqfrxudjlqj edqnv wr krog pruh fdslwdo111 Vlqfh lqfuhdvlqj fdslwdo
lv suredeo| wkh prvw h>hfwlyh zd| ri uhgxflqj prudo kd}dug lqfhqwlyhv iru wkh edqn
wr wdnh rq wrr pxfk ulvn1 Wkhvh uxohv duh dprqj wkh prvw lpsruwdqw dqg zhofrph
Wuhdvxu| uhfrpphqgdwlrqv14

Rq Vhswhpehu 5</ 4<<7 wkh Ulhjoh0Qhdo Lqwhuvwdwh Edqnlqj dqg Eudqfklqj Hi0
?flhqf| Dfw zdv vljqhg lqwr odz e| wkh XV Suhvlghqw1 Wkh dfw holplqdwhv prvw
uhvwulfwlrqv rq lqwhuvwdwh edqnlqj dqg pdnhv qdwlrqzlgh eudqfklqj srvvleoh iru wkh
?uvw wlph lq vhyhqw| |hduv1

Dv d frqvhtxhqfh ri wkhvh uhfhqw ghyhorsphqwv d zkroh qhz vhw ri lvvxhv uhodwhg
wr wkh ixqfwlrqlqj ri wkh ?qdqfldo lqwhuphgldwlrq v|vwhp kdv hphujhg1 Lv lqwhuvwdwh
edqnlqj h!flhqwB Zloo edqnv vwloo rshudwh zlwk eudqfkhv lq rqh/ wzr/ ru vhyhudo
vwdwhvB Ru zloo doo edqnv ehfrph qdwlrqdo edqnvB Zloo wkh edqnlqj v|vwhp ehfrph
pruh vwdeohB/ pruh h!flhqwB Zkdw duh wkh pdfurhfrqrplf lpsolfdwlrqv ri wkh fkdqjh
lq wkh uhjxodwlrqB P| sxusrvh lq wklv sdshu lv wr lqwurgxfh d iudphzrun zkhuh vrph
ri wkhvh txhvwlrqv fdq eh vwxglhg lq dq rujdql}hg pdqqhu1

Wkh olwhudwxuh rq ?qdqfldo lqwhuphgldwlrq lv ydvw1 Vhyhudo ydulhwlhv ri prghov kdyh
uhfhqwo| ehhq frqvwuxfwhg wr irupdoo| vwxg| wkh qdwxuh ri lqwhuphgldwlrq lq prghuq
hfrqrplhv1 Lq d uhfhqw sdshu/ Kropvwurp dqg Wluroh +4<<:, kdyh sursrvhg d vrph0
zkdw qryho zd| wr prwlydwh wkh h{lvwhqfh ri ?qdqfldo lqvwlwxwlrqv1 Wkhlu prgho lv
edvhg rq d vshfl?f lqirupdwlrq dv|pphwu| ehwzhhq lqyhvwruv= d sulqflsdo fdqqrw re0
vhuyh dq dfwlrq wkdw dq djhqw lv vxssrvhg wr shuirup gxulqj wkh uhdol}dwlrq ri wkh
surgxfwlrq surfhvv +d 3klgghq dfwlrq4,1 Lq sduwlfxodu/ wkhuh lv d fhuwdlq ohyho ri h>ruw
+ru vrph rwkhu dfwlylw|, wkdw wkh djhqw qhhgv wr h{huw lq rughu wr lqfuhdvh wkh sure0
delolw| ri d jrrg rxwfrph iru wkh mrlqwo|0?qdqfhg surmhfw1 Wklv vlwxdwlrq rshqv wkh
srvvlelolw| ri vklunlqj e| wkh djhqw dqg wkhuhiruh ixoo ohyhudjlqj ri lqyhvwphqw surmhfwv
fhdvhv wr eh lqfhqwlyh0frpsdwleoh1 Khqfh/ wkh Prgljoldql0Ploohu Sursrvlwlrq idlov wr
krog dqg ?qdqfldo duudqjhphqwv ehfrph lpsruwdqw1 Dq lqwhuphgldu| shuiruplqj shu0
vrqdol}hg prqlwrulqj ri h>ruw fdq dpholrudwh wklv sulqflsdo0djhqw sureohp1 Krzhyhu/
wkhuh vwloo h{lvwv d srwhqwldo frq lfw ri lqwhuhvw ehwzhhq wkh sulqflsdo dqg wkh lqwhu0
phgldu|1 Li wkh dfwlylw| ri wkh lqwhuphgldu| +prqlwrulqj wkh djhqw, lv frvwo| dqg qrw
revhuydeoh e| wkh sulqflsdo/ lqfhqwlyh uhvwulfwlrqv rq wkh lqwhuphgldu| fdq dovr eh
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lpsruwdqw1
Lq wklv sdshu/ L hpehg wklv klgghq dfwlrq sureohp lq d ixoo| vshfl?hg jhqhudo htxl0

oleulxp ryhuodsslqj jhqhudwlrqv prgho1 Wkhuh lv d jurxs ri djhqwv +fdoohg lqiruphg
lqyhvwruv, wkdw vwduw wkhlu hfrqrplf olih zlwk d srwhqwldoo| lpsohphqwdeoh lqyhvwphqw
surmhfw1 Li vxfk dq djhqw fdq rewdlq vx!flhqw ixqgv lq wkh ?qdqfldo pdunhw/ vkh zloo
eh deoh wr xqghuwdnh khu surmhfw dqg surgxfh d fhuwdlq dprxqw ri fdslwdo1 Wklv fdslwdo
lv wkhq dydlodeoh lq wkh qh{w shulrg iru xvh/ dorqj zlwk oderu/ lq wkh surgxfwlrq ri wkh
?qdo frqvxpswlrq jrrg1 Wkh lqirupdwlrqdo sureohp dulvhv lq wkh surgxfwlrq ri wkh
fdslwdo jrrgv ehfdxvh wkh suredelolw| ri vxffhvv lq wkh lqyhvwphqw surmhfw ghshqgv rq
wkh xqrevhuydeoh ohyho ri h>ruw h{huwhg e| wkh surmhfw rzqhu1 Olplwhg oldelolw| dqg
frvwo| prqlwrulqj uhvxow lq vrph ohyho ri htxloleulxp fuhglw udwlrqlqj1

Zlwk wkh prgho lq sodfh/ L pryh rq wr vwxg| d qxpehu ri lpsolfdwlrqv iru wkh shu0
irupdqfh ri wkh djjuhjdwh hfrqrp| ri dowhuqdwlyh ?qdqfldo lqwhuphgldwlrq duudqjh0
phqwv1 L uhod{ vrph ri wkh fuxfldo dvvxpswlrqv lq Kropvwurp dqg Wluroh +4<<:,
+pdlqo| wkh shuihfw fruuhodwlrq ri lqyhvwphqw surmhfwv lq dq lqglylgxdo edqn*v sruwir0
olr, dqg vwxg| lq d v|vwhpdwlf zd| wkh irupdwlrq ri dq htxloleulxp edqnlqj v|vwhp1
L glylgh wkh hfrqrp| lqwr d odujh qxpehu ri gl>huhqwldwhg jhrjudsklfdo 3}rqhv41
Surmhfwv lqvlgh d }rqh duh shuihfwo| fruuhodwhg/ zkloh surmhfwv lq gl>huhqw }rqhv duh
lqghshqghqw1 Edqnv kdyh dffhvv wr surmhfwv lq gl>huhqw }rqhv rqo| dw d frvw ri gl0
yhuvl?fdwlrq dvvrfldwhg wr eudqfklqj1 Lq wklv iudphzrun/ L vwxg| wkh edqnv* rswl0
pdo ghflvlrqv rq sruwirolr glyhuvl?fdwlrq1 L vkrz wkdw vhyhudo uhjlrqdo qrqglyhuvl?hg
edqnv frh{lvwv lq htxloleulxp zlwk d qdwlrqzlgh glyhuvl?hg lqvwlwxwlrq1 Glyhuvl?fd0
wlrq/ dowkrxjk frvwo|/ pd| doorz djhqwv wr vdyh lq djhqf| frvwv1 Dv d frqvhtxhqfh/
htxloleulxp lqyhvwphqw dqg djjuhjdwh surgxfwlrq xqghu glyhuvl?fdwlrq fdq eh juhdwhu
wkdq lq wkh fdvh zkhq +iru vrph uhdvrq, glyhuvl?fdwlrq lv qrw shuplwwhg lq wkh v|vwhp1
Dovr/ L vkrz wkdw d jryhuqphqw srolf| wkdw lpsrvhv vrph ohyho ri uhvhuyh uhtxluhphqw
rq ghsrvlwv pd| uhvxow lq wkh htxloleulxp kdylqj qr glyhuvl?fdwlrq e| edqnv1 Wklv
lv wuxh hyhq zkhq/ lq wkh devhqfh ri wklv srolf|/ wkh edqnlqj v|vwhp zrxog lqfoxgh
d odujh frpsohwho| glyhuvl?hg 3qdwlrqdo4 edqn1 Wklv skhqrphqrq rffxuv ehfdxvh d
uhvhuyh uhtxluhphqw lqfuhdvhv wkh frvw ri ?qdqflqj d surmhfw e| erwk uhjlrqdo +qrq0
glyhuvl?hg, edqnv dqg wkh qdwlrqdo edqn/ exw uhodwlyho| pruh vr zkhq wkh edqn lv
glyhuvl?hg1 Dv d frqvhtxhqfh/ glyhuvl?fdwlrq ehfrph ohvv dwwudfwlyh1 Wkh uhdvrq zk|
wkh uhvhuyh uhtxluhphqw lv pruh frvwo| iru wkh glyhuvl?hg edqn lv wkdw wklv edqn uholhv
pruh rq h{whuqdo ?qdqflqj ri surmhfwv dqg wkh uhvhuyh uhtxluhphqw lqfuhdvhv wkh frvw
ri wkrvh ixqgv1

Wkh qh{w vhfwlrq uhodwhv wkh sdshu wr suhylrxv olwhudwxuh rq wkh vxemhfw1 Vhfwlrq
6 suhvhqwv wkh prgho dqg Vhfwlrq 7 vwxglhv wkrurxjko| vrph ri lwv edvlf fkdudfwhu0
lvwlfv1 L fkrrvh wr gr wklv zlwklq wkh vlpsohvw srvvleoh ?qdqfldo duudqjhphqw= wkh
fdvh zkhuh prqlwrulqj ri h>ruw lv qrw srvvleoh1 Glyhuvl?fdwlrq kdv qr h>hfw xqghu
wklv uhjlph1 Vhfwlrq 8 doorzv iru prqlwrulqj dqg glyhuvl?fdwlrq dqg suhvhqwv gl>hu0
hqw srvvleoh ?qdqfldo pdunhw rujdql}dwlrqv zlwklq wklv hqulfkhg vhwxs1 Pdqgdwru|
uhvhuyh uhtxluhphqwv duh vkrzq wr kdyh lpsruwdqw hfrqrplf lpsolfdwlrqv1 Vhfwlrq 9
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lv vdyhg iru frqfoxvlrqv1

5 Uhodwhg Olwhudwxuh
Rqh ri wkh ?uvw sdshuv zkhuh ?qdqfldo lqwhuphgldwlrq dsshduv dv wkh rswlpdo du0
udqjhphqw iru d jlyhq lqyhvwphqw whfkqrorj| lv Gldprqg +4<;7,1 Iroorzlqj lghdv
?uvw suhvhqwhg lq Wrzqvhqg +4<:<,/ Gldprqg ghyhorsv d sduwldo htxloleulxp prgho
ri ?qdqfldo lqwhuphgldwlrq zlwk d frvwo| vwdwh yhul?fdwlrq +FVY, sureohp1 Kh vkrzv
wkdw wkh rswlpdo frqwudfw lv d ghew frqwudfw +vhh dovr Jdoh dqg Khoozlj/ 4<;8, dqg
wkdw d ?qdqfldo lqwhuphgldu|/ srrolqj ghsrvlwv wr ?qdqfh lqyhvwphqw surmhfwv/ pd|
eh dq h!flhqw vroxwlrq wr wkh prqlwrulqj sureohp1 Prqlwrulqj zloo eh dq lpsruwdqw
sduw ri rxu prgho1 Exw/ zkloh Gldprqg dvvxphg wkdw dq| djhqw frxog srwhqwldoo| eh
d prqlwru +dowkrxjk wkh| mrlq wrjhwkhu lq frdolwlrqv wr hfrqrpl}h wkh frvw ri prqlwru0
lqj> vhh dovr Er|g dqg Suhvfrww +4<;9,,/ lq wkh prgho suhvhqwhg khuhlq rqo| d vxevhw
ri djhqwv fdq prqlwru dqg wkhvh zloo eh wkh qdwxudo fdqglgdwhv wr ehfrph ?qdqfldo
lqwhuphgldulhv1 Djhqf| frvwv dw wkh ohyho ri wkh prqlwru duh dq lpsruwdqw ihdwxuh
vkduhg e| wklv prgho dqg Gldprqg*v> dqg/ dv lq klv sdshu/ glyhuvl?fdwlrq sod|v dq
lpsruwdqw uroh lq wkh ghvljq ri h!flhqw vroxwlrqv wr wklv sureohp1

Dv phqwlrqhg lq wkh lqwurgxfwlrq/ wkh edvlf lqirupdwlrqdo sureohp lq wkh suhvhqw
sdshu lv wdnhq gluhfwo| iurp Kropvwurp dqg Wluroh +4<<:,14 Dv lq wkh FVY olwhudwxuh/
wkh Kropvwurp0Wluroh prgho lv dovr lq wkh sulqflsdo0djhqw wudglwlrq1 Krzhyhu/ wkh
irxqgdwlrqv ri wkh pdunhw lpshuihfwlrq duh ixqgdphqwdoo| gl>huhqw1 Zkloh lq wkh FVY
prghov wkh lpshuihfw lqirupdwlrq dulvhv iurp d 3klgghq vwdwh/4 lq wkh Kropvwurp0
Wluroh hqylurqphqw lw lv d 3klgghq dfwlrq4 wkdw eulqjv derxw wkh lqfhqwlyhv sureohpv1
Wklv 3klgghq dfwlrq4 iudphzrun iru vwxg|lqj wkh hfrqrplf lpsolfdwlrqv ri lpshuihfw
?qdqfldo lqwhuphgldwlrq kdv ehhq douhdg| vxffhvvixoo| dssolhg wr wkh lvvxhv ri hfr0
qrplf jurzwk dqg lqfrph glvwulexwlrq15 Ghyhorslqj d jhqhudo htxloleulxp yhuvlrq ri
wkh Kropvwurp0Wluroh prgho dqg uhod{lqj vrph ri wkhlu dvvxpswlrqv wkurxjkrxw wkh
dqdo|vlv zloo doorz ph wr kdqgoh lvvxhv ri sruwirolr glyhuvl?fdwlrq dqg ri 3uhjxodwru|4
srolflhv lpsrvhg e| d prqhwdu|0?qdqfldo dxwkrulw|1

Wkh prgho lq wklv sdshu lv forvh lq vslulw wr wkh prgho suhvhqwhg lq Ehuqdqnh
dqg Jhuwohu +4<;<,/ exw lw gl>huv lq vrph lpsruwdqw zd|v1 Iluvw/ Ehuqdqnh dqg
Jhuwohu lqwurgxfh wkh ?qdqfldo v|vwhp dv d frqvhtxhqfh ri d frvwo| +klgghq, vwdwh

4D wkrurxjk dqdo|vlv ri d vlplodu prudo kd}dug sureohp fdq eh irxqg lq Ehvdqnr dqg Ndqdwdv
+4<<6,1 Lq wkdw duwlfoh/ wkrxjk/ wkh h>ruw ri erwk surmhfw0rzqhuv dqg prqlwruv wdnhv ydoxhv lq d
frqwlqxxp dqg edqn prqlwrulqj lv shuihfw/ l1h1 lw vlqjohv rxw d vshfl?f ohyho ri h>ruw dqg holplqdwhv
hqwuhsuhqhxuldo prudo kd}dug1

5Vhh Djklrq dqg Erowrq +4<<:,1 Dqrwkhu lpsruwdqw prgho ri jurzwk/ ?qdqfldo lqwhuphgldwlrq
dqg lqfrph glvwulexwlrq lv wkh rqh sursrvhg e| Juhhqzrrg dqg Mrydqrylf +4<<3,1 Wkhuh dovr h{lvwv
dq h{whqvlyh olwhudwxuh rq prghov ri hfrqrplf jurzwk zlwk lpshuihfw ?qdqfldo lqwhuphgldwlrq +hj1
Ehqflyhqjd dqg Vplwk +4<<4,/ Juhhqzrrg dqg Vplwk +4<<:,,1 Vhh Ohylqh +4<<:, iru d uhfhqw vxuyh|
rq wkh jhqhudo vxemhfw1

7



yhul?fdwlrq sureohp1 Vhfrqg/ wkh suhvhqw sdshu gl>huv iurp wkhluv lq wkh hpskdvlv ri
vxemhfwv1 Edqn irupdwlrq dqg ordq sruwirolr glyhuvl?fdwlrq duh lpsruwdqw vxemhfwv wr
eh dqdo|}hg lq wkh iroorzlqj vhfwlrqv exw zhuh rqo| wdqjhqwldoo| glvfxvvhg lq Ehuqdqnh
dqg Jhuwohu1

Dqrwkhu forvho| uhodwhg sdshu lv Er|g dqg Vplwk +4<<;, +vhh dovr Kx|ehqv dqg
Vplwk +4<<;,/ vhfwlrqv 6 dqg 7,1 Wkh| vwxg| dq hfrqrp| zlwk vlplodu fkdudfwhulvwlfv
wr wkh rqhv ghvfulehg deryh/ exw wkhlu ?qdqfldo vhfwru lv prwlydwhg e| wkh h{lvwhqfh ri
d frvwo| vwdwh yhul?fdwlrq sureohp ri wkh w|sh vwxglhg e| Zlooldpvrq +4<;9/ 4<;:d,1
Surshuwlhv ri wkh g|qdplf htxloleulxp duh gudpdwlfdoo| fkdqjhg e| wklv dowhuqdwlyh
dvvxpswlrq1 Lq dgglwlrq/ lq wkhlu zrun glyhuvl?fdwlrq lv vlpso| dvvxphg1 Kx|ehqv
dqg Vplwk vwxg| wkh lpsolfdwlrqv ri lpsrvlqj d uhvhuyh uhtxluhphqw lq wkh Er|g0
Vplwk prgho +zlwk vrphzkdw gl>huhqw surshuwlhv wkdq wkh rqhv dvvxphg khuh,1 Wkh
irfxv ri wkhlu dqdo|vlv/ wkrxjk/ lv ixqgdphqwdoo| gl>huhqw iurp wkdw lq wkh suhvhqw
sdshu1

Vlploduo|/ rxu prgho hfrqrp| kdv vhyhudo ihdwxuhv lq frpprq zlwk Zlooldpvrq
+4<;:,16 Zlooldpvrq vwxglhv d gl>huhqw lqirupdwlrq sureohp +frvwo| vwdwh yhul?fdwlrq,
dqg/ lq sduwlfxodu/ wkh h>hfw rq exvlqhvv0f|foh  xfwxdwlrqv ri d yhu| vshfl?f vhw ri
vkrfnv wr wkh ixqgdphqwdov ri wkh hfrqrp| +kh frqvlghuv phdq suhvhuylqj vsuhdgv wr
wkh glvwulexwlrq ri surmhfw*v uhwxuqv,1 Dowkrxjk rqh frxog qrw shuirup wkh vdph nlqg
ri h{shulphqw lq p|prgho/ L wklqn wkdw frpsdulqj djjuhjdwh  xfwxdwlrqv zlwklq wkhvh
wzr prghov pd| khos lpsuryh rxu xqghuvwdqglqj ri wkh uroh ri ?qdqfldo duudqjhphqwv
lq wkh pdfur0hfrqrp|1 L zloo qrw suhvhqw dq| uhvxowv dorqj wklv olqh khuh/ exw L eholhyh
wkdw wkhvh lvvxhv frqvwlwxwh dq hvvhqwldo sduw ri dq| ixuwkhu uhvhdufk1

Ilqdoo|/ wzr rwkhu sdshuv qhhg wr eh phqwlrqhg= +l, D}duldglv dqg Vplwk +4<<9,
dqdo|}h dq ryhuodsslqj jhqhudwlrqv hfrqrp| zlwk vlplodu fkdudfwhulvwlfv wr wkh rqhv
lq wklv sdshu exw zkhuh wkh lqirupdwlrq sureohp lq wkh surgxfwlrq ri fdslwdo jrrgv
jhqhudwhv dq dgyhuvh vhohfwlrq h>hfw vlplodu wr wkdw lq Vwljolw} dqg Zhlvv +4<;4,>7

6Er|g dqg Vplwk +4<<;, eruurz ihdwxuhv iurp erwk Zlooldpvrq +4<;:, dqg Ehuqdqnh dqg Jhuwohu
+4<;<,1 Wkuhh lpsruwdqw gl>huhqfhv ehwzhhq wkhvh sdshuv duh zruwk phqwlrqlqj1 Iluvw/ zkloh lq
Zlooldpvrq wkh lqyhvwphqw surmhfwv surgxfh frqvxpswlrq jrrgv gluhfwo|/ lq Ehuqdqnh0Jhuwohu wkh|
surgxfh lqyhvwphqw jrrgv wr eh odwhu xvhg dv lqsxwv lq wkh surgxfwlrq ri d ?qdo jrrg +lq wklv Er|g
dqg Vplwk iroorz Ehuqdqnh dqg Jhuwohu,1 Vhfrqg/ lq Ehuqdqnh0Jhuwohu prqlwrulqj uhyhdov wkh uhwxuq
ri wkh surmhfw wr hyhu|erg| lq wkh hfrqrp|1 Wklv lv qrw vr lq hlwkhu Zlooldpvrq ru Er|g dqg Vplwk
+wkh| dvvxph wkdw rqo| wkh prqlwru nqrzv wkh revhuyhg vwdwh, dqg wklv fuhdwhv lqfhqwlyhv iru wkh
irupdwlrq ri odujh ?qdqfldo lqwhuphgldulhv lq wkrvh wzr prghov1 Wklug/ Ehuqdqnh dqg Jhuwohu dvvxph
wkdw wkh surmhfw uhwxuq lv d udqgrp yduldeoh zlwk ?qlwh vxssruw dqg doorz iru vwrfkdvwlf prqlwrulqj1
Dowhuqdwlyho|/ Er|g dqg Vplwk/ iroorzlqj Zlooldpvrq/ frqvlghu udqgrp uhwxuqv wdnlqj ydoxhv lq d
frqwlqxxp dqg uxoh rxw e| dvvxpswlrq vwrfkdvwlf prqlwrulqj1

7Pdq| sdshuv rq wkh h>hfwv ri lpshuihfw lqirupdwlrq rq fuhglw duudqjhphqwv ?qg lqvsludwlrq lq
wkh hduo| zrun e| Vwljolw} dqg Zhlvv +4<;4,1 Wkh irfxv ri wkh Vwljolw} dqg Zhlvv sdshu zdv pdlqo| rq
wkh uroh ri dgyhuvh vhohfwlrq lq fuhdwlqj htxloleuld zlwk fuhglw udwlrqlqj1 Krzhyhu/ vhyhudo lqwhuhvwlqj
glvfxvvlrqv surylghg lq wkdw sdshu prwlydwhg wkh zrun ri vhyhudo rwkhu dxwkruv dqg zrxog vxuho|
ehfrph kljko| uhohydqw li zh zhuh wr wklqn derxw srvvleoh h{whqvlrqv dqg jhqhudol}dwlrqv ri wkh
dujxphqwv suhvhqwhg khuh1
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+ll, Kduw dqg Prruh +4<<6, +vhh dovr Kduw +4<<8,/ Fkdswhu 8, vwxg| wkh lqfrpsohwh
frqwudfwlqj wkhru| ri ghew +vhh dovr Djklrq dqg Erowrq +4<<5,,/ dqg vkrz wkdw wkh
h{lvwhqfh ri qrq0yhul?deoh dqg qrq0wudqvihudeoh uhwxuqv iurp wkh lqyhvwphqw surmhfwv
jhqhudwhv vrph vhfrqg ehvw lqh!flhqflhv wkdw uhvhpeoh wkh rqhv wr eh glvfxvvhg lq
wkh iroorzlqj vhfwlrqv1 Qrwh krzhyhu wkdw lq Kduw dqg Prruh wkhuh lv qr dv|pphwulf
lqirupdwlrq1 Lw lv rqo| wkh idfw wkdw vrph sulydwh ehqh?wv dvvrfldwhg zlwk surmhfwv
duh qrw frqwudfwleoh wkdw pdnhv wkh ?qdqfldo uhodwlrqvklsv lqwhuhvwlqj1 Nl|rwdnl dqg
Prruh +4<<;, suhvhqw d jhqhudo htxloleulxp yhuvlrq ri wkdw prgho ri ?qdqfldo frq0
wudfwlqj zklfk frxog eh vshfldoo| uhohydqw iru frpsdulvrqv zlwk wkh exvlqhvv0f|foh
lpsolfdwlrqv ri wkh prgho vwxglhg lq wkh suhvhqw sdshu1

6 Wkh Prgho
Frqvlghu dq hfrqrp| srsxodwhg e| d odujh qxpehu ri lqglylgxdov zlwk qdphv lq wkh
xqlw lqwhuydo1 Djhqwv olyh wzr shulrgv hdfk/ lq ryhuodsslqj jhqhudwlrqv1 Wkhuh duh
wkuhh w|shv ri djhqwv1 D sursruwlrq Eký èä ri wkh srsxodwlrq duh ri w|sh 4/ zklfk duh
fdoohg xqlqiruphg lqyhvwruv1 Wkh| rzq û xqlwv ri udz oderu zkhq |rxqj dqg hdfk ri

wkhvh xqlwv ri oderu kdyh surgxfwlylw|
'

w1 Wkh| kdyh olihwlph suhihuhqfhv uhsuhvhqwhg
e| wkh xwlolw| ixqfwlrq 1ñES|c ,|ä n .S|n�/ zkhuh S| dqg ,| duh shulrg | frqvxpswlrq
dqg ohlvxuh dqg 1 lv d sdudphwhu1 W|sh 5 djhqwv dovr rzq û xqlwv ri udz oderu zkhq
|rxqj exw wkh| kdyh gl>huhqw ohyhov ri surgxfwlylw| dvvrfldwhg zlwk wkhlu vxsso| ri
oderu1 Udz oderu surgxfwlylw| iru w|sh 5 djhqwv kdv d xqlirup glvwulexwlrq ehwzhhq
}hur dqg rqh/ l1h1 hw å L dfc �oé D iudfwlrq E�ý kä ri djhqwv duh ri w|sh 51 Hdfk
ri wkhvh djhqwv rzq dq lqyhvwphqw surmhfw/ dqg wkh| duh fdoohg lqiruphg lqyhvwruv1
Ilqdoo|/ wkhuh lv d phdvxuh è ri w|sh 6 djhqwv wkdw kdyh wkh vdph fkdudfwhulvwlfv dv
w|sh 4 djhqwv/ exw wkh| duh dovr deoh wr sduwldoo| prqlwru lqiruphg lqyhvwruv lq wkh
uhdol}dwlrq ri surmhfwv1 Wkhvh djhqwv duh fdoohg lqwhuphgldulhv> wkh| duh wkh djhqwv
srwhqwldoo| vxlwhg wr vhw xs d edqn18

Wkhuh duh wkuhh frpprglwlhv= oderu +lq h!flhqf| xqlwv,/ frqvxpswlrq jrrgv dqg
fdslwdo jrrgv1 Wkh frqvxpswlrq jrrgv duh surgxfhg e| shuihfwo| frpshwlwlyh ?upv
zlwk d frqvwdqw uhwxuqv wr vfdoh whfkqrorj|1 Wkh surgxfwlrq ixqfwlrq lv jlyhq e|
t| ' v|8 Eg|c u|ä zkhuh v| uhsuhvhqw d whfkqrorj| vkrfn/ g| lv fdslwdo jrrg lqsxw dqg
u| lv wkh dprxqw ri h!flhqf| xqlwv ri oderu xvhg lq surgxfwlrq ri wkh frqvxpswlrq
jrrg1 Vwdqgdug Lqdgd frqglwlrqv duh dvvxphg wr krog1 Iru vlpsolflw| lw lv dvvxphg
wkdw fdslwdo ixoo| ghsuhfldwhv hdfk shulrg1

Hdfk lqyhvwphqw surmhfw rzqhg e| d w|sh 5 djhqw uhtxluhv U xqlwv ri wkh frqvxps0
wlrq jrrg dqg kdv d uhwxuq ri - xqlwv ri wkh fdslwdo jrrg dw wkh ehjlqqlqj ri wkh

8Lw lv qrw kdug wr hqgrjhql}h wkh qxpehu ! ri prqlwruv lq wkh hfrqrp|1 Vxssrvh wkdw dq| djhqw
fdq srwhqwldoo| dftxluh wkh prqlwrulqj whfkqrorj| dw wkh ehjlqqlqj ri wkhlu olihwlph exw wkdw wkh|
kdyh gl>huhqwldo frvwv ri grlqj lw1 Wkhq/ rqo| wkh djhqwv zlwk d frpsdudwlyh dgydqwdjh lq wkh
dftxlvlwlrq ri wkh whfkqrorj| zloo ehfrph prqlwruv lq htxloleulxp1
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iroorzlqj shulrg19 Krzhyhu/ wkh surmhfwv duh vxffhvvixo rqo| zlwk fhuwdlq suredelolw|
dqg lqiruphg lqyhvwruv fdq h{huw gl>huhqw ohyhov ri h>ruw wkdw uhvxow lq gl>huhqw sure0
delolwlhv ri vxffhvv1 Wkh xwlolw| ixqfwlrq ri w|sh 5 djhqwv lv jlyhq e| î ý i| n .S|n�
zkhuh i| uhsuhvhqw wkh ohyho ri h>ruw h{huwhg lq wkh surmhfw1 Dvvxph i fdq wdnh rqo|
wkuhh srvvleoh ydoxhv/ îc Eî ý Kä ru f zlwk î : î ý K : fé Uhgh?qh iW| ì î ý i|
dv wkh xwlolw| uhwxuq dvvrfldwhg zlwk shuiruplqj surmhfwv zlwk gl>huhqw suredelolw|
ri vxffhvv1 Wkhq/ dv lq Kropvwurp dqg Wluroh +4<<:,/ wkh lqyhvwphqw dowhuqdwlyhv ri
w|sh 5 djhqwv duh vxppdul}hg e| wkh iroorzlqj wdeoh1

Xwlolw| Uhwxuq f K î
Sure1 ri Vxffhvv RM Ru Ru

1

Qrwh wkdw wkh surmhfw zlwk xwlolw| uhwxuq K jlyhv wkh vdph suredelolw| ri vxffhvv dv
wkh surmhfw zlwk xwlolw| uhwxuq îé Vlqfh zh dvvxph RM : Ru/ xqghu qrupdo frqglwlrqv
wkh lqiruphg lqyhvwru zloo dozd|v zdqw wr iroorz wkh odwwhu dowhuqdwlyh1 Krzhyhu/
zh zloo dvvxph wkdw w|sh 6 djhqwv fdq prqlwru lqiruphg lqyhvwruv dw d frvw shu
surmhfw S lq xwlolw| whupv wr ghwhuplqh zkhwkhu lqyhvwruv duh h{huwlqj h>ruw ru qrw1
Prqlwrulqj lv qrw revhuydeoh e| wklug sduwlhv1 Xqghu fhuwdlq frqglwlrqv/ zkhq wklv
nlqg ri prqlwrulqj lv srvvleoh/ w|sh 5 djhqwv zloo eh deoh wr plvuhsuhvhqw kljk ohyhov
ri h>ruw e| rqo| shuiruplqj vrph ohyho ri h>ruw dqg lq wkrvh fdvhv wkh dowhuqdwlyh
EKc Ruä zloo ehfrph uhohydqw1

Wkh g|qdplf hfrqrp| ixqfwlrqv dv iroorzv1 Dw wkh ehjlqqlqj ri hdfk shulrg |/
wkhuh lv d ohyho g| ri fdslwdo jrrgv iru xvh lq wkh surgxfwlrq ri frqvxpswlrq jrrgv1
Ilupv ex| h!flhqf| xqlwv ri oderu dw sulfh ç| dqg fdslwdo jrrgv dw sulfh ^|1 Shuihfw
frpshwlwlrq lpsolhv wkdw idfwru sulfhv Eç|c ^|ä htxdo wkh pdujlqdo surgxfwlylw| ri oderu
dqg fdslwdo/ uhvshfwlyho|1 W|sh 5 djhqwv pdnh wkh qhfhvvdu| ?qdqflqj duudqjhphqwv
wr xqghuwdnh wkh lqyhvwphqw surmhfwv dqg doo djhqwv pdnh wkhlu frqvxpswlrq0ohlvxuh0
vdylqjv ghflvlrqv1 Surmhfwv xqghuwdnhq dw shulrg | zloo surylgh wkh fdslwdo jrrgv g|n�

zlwk zklfk wkh hfrqrp| zloo vwduw wkh qh{w shulrg1 Lq wkh iroorzlqj vhfwlrqv/ zh zloo
suhvhqw gl>huhqw ?qdqfldo v|vwhpv dqg wkh frqglwlrqv xqghu zklfk wkh| frqvwlwxwh
dq htxloleulxp lq wklv hqylurqphqw1 Wkh ?qdqfldo v|vwhp zloo lq wxuq ghwhuplqh wkh
zd| lqyhvwphqw surmhfwv duh xqghuwdnhq/ wkh uhwxuqv iru lqiruphg dqg xqlqiruphg
lqyhvwruv/ dqg wkh ryhudoo g|qdplfv ri wkh djjuhjdwh hfrqrp|1

Iru wkh dqdo|vlv lq wklv sdshu L zloo eh dvvxplqj wkdw 1 ' f krogv dqg/ khqfh/
wkdw djhqwv w|sh 4 dqg w|sh 6 rqo| fduh derxw frqvxpswlrq lq wkh vhfrqg shulrg
ri olih dffruglqj wr d ulvn qhxwudo xwlolw| ixqfwlrq1 Dovr/ L zloo ohw v| ' v iru doo |1
Wkhvh dvvxpswlrqv vxuho| rxjkw wr eh uhod{hg lq rughu wr vwxg| wkh exvlqhvv f|foh
lpsolfdwlrqv ri wkh prgho1 L gr qrw sxuvxh wklv urxwh ri uhvhdufk lq wkh suhvhqw sdshu
exw L frqvlghu lw d qdwxudo qh{w vwhs wr wkh zrun ghvfulehg khuh1

9U frxog eh khwhurjhqhrxv1 Wklv kdv lqwhuhvwlqj lpsolfdwlrqv iru zklfk surmhfwv duh xqghuwdnhq
lq htxloleulxp dqg lwv uhodwlrq zlwk wkh ?qdqflqj frqvwudlqw dqg wkh glvwulexwlrq ri ixqgv +lqfrph,
dfurvv lqyhvwruv +vhh irrwqrwh 44 ehorz,1

:



7 Wkh Qr0Prqlwrulqj Hfrqrp|
Lq wklv vhfwlrq L dqdo|}h wkh prgho xqghu wkh vlpsohvw srvvleoh ?qdqfldo duudqjhphqw
+qr prqlwrulqj,1 Iru wklv/ dvvxph wkdw S ' 4 vr wkdw w|sh 6 djhqwv qhyhu prqlwru
lqiruphg lqyhvwruv dqg khqfh wkh| ehkdyh h{dfwo| dv w|sh 4 djhqwv1 Wkh pdlq sxusrvh
ri wkh vhfwlrq lv wkhq wr kljkoljkw vrph ri wkh fkdudfwhulvwlfv ri wkh qhzo| surylghg
prgho1 Krzhyhu/ L dovr frqvlghu wkh fdvh zlwk qr prqlwrulqj dv d jrrg ehqfkpdun
iru rwkhu +pruh frpsolfdwhg, vlwxdwlrqv1
Xqlqiruphg Lqyhvwruv1 W|sh 4 dqg w|sh 6 djhqwv vxsso| û xqlwv ri udz oderu

lqhodvwlfdoo|1 Vxssrvh wkdw wkhuh duh rqo| wzr srvvleoh zd|v ri vdylqj lq wklv hfrqrp|/
prqh| dqg lqyhvwphqw lq fdslwdo0surgxflqj surmhfwv1 Wkhq xqlqiruphg lqyhvwruv vroyh
wkh iroorzlqj sureohp

pd{lpl}h .S�|n�

vxemhfw wr
K�|n� n R|6

�
|n� é ç|wû

S|n� é hoü|K�|n� n R|n�6�
|n� n R|n�A|n�

S�|n�c K
�
|n�c6

�
|n� è fc

zkhuh R| lv wkh sulfh ri prqh| lq shulrg |é: Wkh txdqwlw| K�|n� lv wkh dprxqw ordqhg
wr lqiruphg lqyhvwruv/ zlwk hoü| ehlqj lwv udqgrp uhwxuq/ dqg A|n� lv d jryhuqphqw
prqh| wudqvihu1 Hdfk surmhfw zloo sd| oü| li vxffhvvixo dqg }hur rwkhuzlvh1 Ohqghuv
frxog wu| wr gloxwh wkh ulvn ri idloxuh e| lqyhvwlqj lq d glyhuvl?hg sruwirolr1 Krzhyhu/
vlqfh djhqwv duh ulvn qhxwudo/ wklv glyhuvl?fdwlrq zloo qrw lpsuryh wkhlu olihwlph xwlolw|1
Lw lv lpsruwdqw wr nhhs lq plqg wkdw wkh lqwurgxfwlrq ri edqnv lv qrw mxvwl?hg e| wklv
w|sh ri srrolqj ri ulvnv1

Lq wklv hfrqrp|/ dv lv xvxdo lq prqhwdu| wkhru|/ wkhuh dozd|v h{lvwv dq htxloleulxp
zlwk R| ' f iru doo |1 Li R| : f dorqj wkh htxloleulxp sdwk zh zloo fdoo wklv d prqhwdu|
htxloleulxp1 Iurp wkh ?uvw rughu frqglwlrqv ri w|sh 4 djhqwv zh kdyh wkdw lq hyhu|
prqhwdu| htxloleulxp;

ò| ì
R|n�
R|

' RMoü|é

Ohw r�| ì K�|n� n R|6�
|n� ' ç|wû eh wkh htxloleulxp vdylqj ixqfwlrq iru djhqwv ri w|shv

4 dqg 61
:Vhh Zdoodfh +4<;3, iru wklv frqyhqlhqw zd| ri gh?qlqj wkh sulfh v|vwhp1 Dq dowhuqdwlyh zd| +wkh

suhvhqw ydoxh sulfhv, lv h{sorlwhg wkrurxjko| lq Edodvnr dqg Vkhoo +4<;4, iru wkh fdvh ri hqgrzphqw
hfrqrplhv zlwk pxowlsoh frpprglwlhv1 Zh fkrrvh wkh ?uvw phwkrg rqo| ehfdxvh lw vdyhv qrwdwlrq lq
wkh suhvhqw vhwxs1

;Wklv lv d gluhfw lpsolfdwlrq ri d qr0duelwudjh frqglwlrq ruljlqdwlqj iurp wkh idfw wkdw rqo| w|sh
4 djhqwv xvh prqh| dv d vwruh ri ydoxh lq htxloleulxp1 Iru wkhp lqyhvwphqw lq surmhfwv ru lq prqh|
vkrxog eh shuihfw vxevwlwxwhv1 Qrwh krzhyhu wkdw wkh prgho grhv qrw kdyh shuihfw vhfxulwlhv pdunhwv
+gxh wr wkh lqirupdwlrq sureohpv, dqg wkdw wkhuh zloo eh vrph dvvhwv wkdw dfwxdoo| grplqdwh prqh|
lq udwh ri uhwxuq1 Iru dq lqwhuhvwlqj glvfxvvlrq rq wkh vxemhfw vhh wkh fodvvlf sdshu e| Zdoodfh +4<;;,1

;



Lqiruphg Lqyhvwruv1 Dvvxph wkdw ûç| ÷ U dorqj wkh htxloleulxp sdwk< vr wkdw
lqiruphg djhqwv qhhg h{whuqdo ?qdqflqj wr fduu| rxw wkhlu surmhfw1 Dovr dorqj wkh
htxloleulxp sdwk dvvxph wkdw

Ru^|n�-ý ò|U ÷ f ÷ RM^|n�-ý ò|U ýî +4,

krogv/ vr wkdw lw lv rswlpdo wr h{huw h>ruw lq wkh uhdol}dwlrq ri surmhfwv dqg surmhfwv
ehfrph xqsur?wdeoh li h>ruw lv qrw h>hfwlyho| sxw iruwk1 Wkh rqo| zd| wkdw qr h>ruw
+ru/ iru wkh pdwwhu/ orz h>ruw, fdq eh sur?wdeoh lv li d kljkhu vkduh ri wkh frvw lv
eruqh e| wkh xqlqiruphg lqyhvwruv ehlqj ghfhlyhg1 Zlwk wkhvh dvvxpswlrqv lq sodfh/
wkh sureohp ri d w|sh 5 djhqw lv wr

4@ iW| n .S
2
|n� +5,

vxemhfw wr
K2|n� n R|6

2
|n� nø

2
| é ç|hwûc

S2|n� ' hoð|EiW| c ø2| ä n hoü|K2|n� n R|n�62
|n� n R|n�A|n�c

S2|n�c K
2
|n�c6

2
|n� è fc

zkhuh hoð|Efc ø2| ä ' ^|n�-ýhoü| EU ýø2| ä/ ø2| lv wkh dprxqw ri rzq ixqgv lqyhvwhg lq wkh
rzq surmhfw dqg K2|n� lv wkh dprxqw ri rzq ixqgv lqyhvwhg lq rwkhu djhqwv* surmhfwv143

Zh zloo frqvlghu htxloleuld zkhuh +l, frqglwlrq +4, krogv dqg +ll, lw lv lqfhqwlyh
frpsdwleoh iru wkh djhqw wr h{huw kljk h>ruw1 Qrwh wkdw zkhq lw lv qrw lqfhqwlyh
frpsdwleoh iru wkh lqiruphg lqyhvwru wr h{huw kljk h>ruw dqg hyhu| djhqw lq wkh
hfrqrp| +hvshfldoo| wkh xqlqiruphg lqyhvwruv, fdq iruhvhh wklv/ wkh surmhfw zloo qrw
eh hfrqrplfdoo| yldeoh dqg lw zloo qrw eh fduulhg rxw +vhh h{suhvvlrq +4,,1 Gh?qh
{R ì RM ý Rué Wkhq wkh iroorzlqj frqglwlrq pdnhv lqwhuqdo ?qdqflqj hvvhqwldo iru
lqfhqwlyhv wr srlqw lq wkh uljkw gluhfwlrq=

^|n�-ý Eò|*RMäU ÷ î*{Ré +6,

Khqfh/ zh zloo frqvlghu htxloleuld zkhuh wkh iroorzlqj lqfhqwlyh frpsdwlelolw| +LF ,
frqvwudlqw krogv zkhqhyhu d surmhfw lv ehlqj fduulhg rxw=

RM
û
^|n�-ý oü|

ý
U ý ø2|

üú è Ru û^|n�-ý oü| ýU ý ø2| üúnîé +7,

Qrwh wkdw lq wklv irupxodwlrq lw lv lpsolflw wkdw dvvhw kroglqjv ø2| duh revhuydeoh1
Dvvxplqj wkdw frqglwlrq +6, krogv lpsolhv wkdw lqfhqwlyh frpsdwlelolw| uhtxluhv ø2| :
f wr krog1 Lq rwkhu zrugv/ lqwhuqdo ixqglqj lv qhfhvvdu| wr eh deoh wr pdnh kljk h>ruw

<Qrwh wkdw zw dqg tw ghshqg rq nw ì Nw@Ow lq htxloleulxp dqg wkdw nw srwhqwldoo| pryhv dorqj
wkh htxloleulxp sdwk +vhh Dvvxpswlrq 7 lq Kx|ehqv dqg Vplwk/ 4<<;,1

43Wkh uhvwulfwlrq f5w.4 è 3 lpsolhv d fhuwdlq ghjuhh ri olplwhg oldelolw|1 Qr h{rjhqrxv sxqlvkphqw
vfkhphv duh doorzhg1 Vhh Gldprqg +4<;7, iru vrph ri wkh frqvhtxhqfhv ri qrqshfxqldu| lqfhqwlyhv
lq hqylurqphqwv ri wklv nlqg1

<



lqfhqwlyh frpsdwleoh1 Lw lv qrw kdug wr vhh iurp wkh ?uvw rughu frqglwlrq wr sureohp
+5, wkdw rqh fdq dvvxph/ zlwkrxw orvv ri jhqhudolw|/ wkdw K2|n� ' 62

|n� ' f iru hyhu|
|é Wkhq/ ø2| Ehwä ' hwûç| pxvw krog zkhqhyhu wkh surmhfw lv xqghuwdnhq dqg/ khqfh/
lqiruphg lqyhvwruv xvh doo ri wkhlu ixqgv lq wkh hqwhusulvh1

Zh fdq uhzulwh h{suhvvlrq +7, dv

^|n�-ý oü|
í
U ý ç|hwûì è î*{Ré +8,

Gh?qh w| 5 Efc �o wr eh wkh ydoxh ri hw iru zklfk htxdwlrq +8, krogv zlwk htxdolw| lq
shulrg |é Doo w|sh 5 djhqwv zlwk oderu surgxfwlylw| ohvv wkdq wkh wkuhvkrog w| zloo
qrw eh deoh wr fuhgleo| fduu| rxw wkhlu surmhfwv +h{huwlqj kljk h>ruw, dqg wkhuhiruh
wkh| zloo gurs wkh surmhfw dowrjhwkhu +}hur0h>ruw surmhfwv duh qrw hfrqrplfdoo| yldeoh,1
Lqwhuqdo ?qdqflqj ri surmhfwv lqfuhdvhv wkh frqwlqjhqw sd|r> uhfhlyhg zkhq wkh surmhfw
vxffhhgv1 Wklv/ lq wxuq/ irvwhuv lqfhqwlyhv wrzdugv lqfuhdvlqj wkh suredelolw| ri vxffhvv
dqg khqfh pdnhv kljk ohyhov ri h>ruwv lqfhqwlyh frpsdwleoh +vhh Iljxuh 4,144

Qhw vdylqjv iru w|sh 5 djhqwv duh wkhq jlyhq e| wkh ixqfwlrq

r2| E
hwä ' + f li hw è w|

K2|n� n R|6
2
|n� ' ç|

hwû li hw ÷ w| +9,

dqg ø2| Ehwä n r2| Ehwä ' ç|hwû iru hyhu| hw 5 dfc �o1
Ilupv1 Ilupv ex| h!flhqf| xqlwv ri oderu dqg fdslwdo vhuylfhv dqg surgxfh

frqvxpswlrq jrrgv lq d shuihfwo| frpshwlwlyh hqylurqphqw1 Gh?qh &| ì g|*u|é Iurp
wkh ?uvw rughu frqglwlrqv ri wkh ?up*v rswlpl}dwlrq sureohp +?upv pd{lpl}h sur?w
lq zkdw wxuqv rxw wr eh d vwdqgdug vwdwlf sureohp, zh rewdlq wkdw lq htxloleulxp wkh
iroorzlqj pxvw krog=

ç| ' v
Y8 Eg|c u|ä

Yu|
ì v/E&|äc

^| ' v
Y8 Eg|c u|ä

Yg|
ì v^E&|äé

Wr forvh wkh prgho zh dvvxph d ?uvw shulrg rog jhqhudwlrq wkdw kdv gf xqlwv ri
fdslwdo jrrgv dqg Mf xqlwv ri prqh|1
Pdunhw Fohdulqj1 Wkh fdslwdo pdunhw fohdulqj frqglwlrq iru shulrg |n� lv jlyhq

e|
g|n� ' E�ý käE�ý w|äRM-é +:,

44Dq lqwhuhvwlqj srvvlelolw| lq wklv prgho lv wr frqvlghu wkh fdvh ri khwhurjhqhrxv U/ l1h1 gl>huhqw
surmhfwv kdylqj gl>huhqw surgxfwlylw|1 Lq wklv vlwxdwlrq/ lqiruphg lqyhvwruv zloo gl>hu qrw rqo| lq
wkhlu ohyho ri oderu h!flhqf| hë/ exw dovr rq wkh surgxfwlylw| U ri wkhlu uhvshfwlyh hqgrzhg surmhfwv1
Wkh fruuhodwlrq ri hë zlwk U ehfrphv lpsruwdqw lq wklv vhwxs vlqfh lw lv srvvleoh wkdw surmhfwv zlwk
kljk surgxfwlylw| qhyhu jhw grqh ehfdxvh wkh rzqhu kdv dydlodeoh orz ohyhov ri lqwhuqdo ?qdqflqj1
Dovr/ lw lv qdwxudo wr wklqn wkdw d pdunhw iru surmhfwv frxog dsshdu1 Krzhyhu/ lq wkh uhvw ri wkh
suhvhqw sdshu zh zloo irfxv rq rwkhu lpsolfdwlrqv ri wkh prgho dqg dvvxph krprjhqhrxv U iru fodulw|
ri h{srvlwlrq1
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Wkh shulrg0| pdunhw fohdulqj frqglwlrq iru h!flhqf| xqlwv ri oderu lv jlyhq e|

u| ' kwûn E�ý käû
] �

f

hw_hwc
zkhuh wkh ?uvw whup lq wkh uljkw kdqg vlgh lv wkh wrwdo vxsso| surylghg e| w|sh 4
dqg w|sh 6 djhqwv dqg wkh vhfrqg whup lv wkh wrwdo vxsso| surylghg e| w|sh 5 djhqwv1
Ilqdoo|/ wkh dvvhw pdunhw fohdulqj frqglwlrq lv jlyhq e|

E�ý kä
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k
U ý ø2| Ehwäl _hwé +;,

zkhuh M|3� lv wkh wrwdo vwrfn ri ?dw prqh| dydlodeoh dw shulrg |ý �1
Htxloleulxp1 Htxdwlrq +:, lpsrvhv dq reylrxv uhvwulfwlrq rq wkh ihdvleoh ohyho

ri fdslwdo dorqj wkh htxloleulxp sdwk +diwhu shulrg 4,=

g| é E�ý käRM-é +<,

Wklv uhvwulfwlrq/ wrjhwkhu zlwk ûç| ÷ U dqg frqglwlrq +4,/ lpsrvhv xsshu dqg orzhu
erxqgv rq wkh ohyho ri &| dorqj wkh htxloleulxp sdwk1 Ohw x eh wkh vhw ri srvvleoh
ohyhov ri fdslwdo iru zklfk doo wkuhh uhvwulfwlrqv duh vdwlv?hg145

Qrwh wkdw M| ' M|3� n A| krogv1 Dvvxph wkdw A| ' E> ý �äM|3� gh?qhv wkh
prqhwdu| srolf| lq sodfh1 Wkhq zh kdyh M| ' >M|3� dqg zh fdq h{suhvv ò| ì
R|n�*R| ' 5|n�*E>5|ä lq whupv ri i5|j/ zkhuh 5| ì R|M|1 Dvvxph iru vlpsolflw| wkdw

û ' 2*dkE2wý�än�o vr wkdw u| ' � iru doo | lq htxloleulxp +wklv lv mxvw d qrupdol}dwlrq,1
Xvlqj htxdwlrq +:, zh fdq gh?qh

wE&|n�ä ì �ý &|n�
E�ý käRM-é +43,

Ilqdoo|/ ohw wkh vhw K ã Uô eh wkh vhw zkhuh & 5 x dqg frqglwlrq +6, krog1

Gh?qlwlrq 4 46D Prqhwdu| LF Htxloleulxp lv d vhtxhqfh ~&|c 5|c w|�ã K iru zklfk
htxdwlrqv +:, dqg +;, krog dqg +8, krogv zlwk htxdolw| iru doo | jlyhq wkh lqlwldo frq0
glwlrq &f iru fdslwdo1

Sursrvlwlrq 5 D Prqhwdu| LF Htxloleulxp vdwlv?hv wkh iroorzlqj v|vwhp ri gl>hu0
hqfh htxdwlrqv iru doo |=

5| ý v/E&|ä n &|n�U

RM-
' f +44,

45Qrwh wkh gl>huhqfh ehwzhhq frqglwlrq +<,/ zklfk kdv wr krog iru dq| htxloleulxp/ dqg/ iru
h{dpsoh/ frqglwlrq kzw ? L zklfk fruuhvsrqgv wr d vshfldo lqwhuhvw lq htxloleuld zkhuh h{whuqdo
?qdqflqj lv qhfhvvdu|1 Rqh frxog fhuwdlqo| dqdo|}h rwkhu srvvleoh htxloleuld zkhuh wkh vhfrqg w|sh
ri frqglwlrq grhv qrw krog +dowkrxjk li kz A L wkh lqirupdwlrq sureohp ydqlvkhv,1

46Lq wklv sdshu/ L frqfhqwudwh rq wkh prqhwdu| htxloleuld ri wkh prgho1 Iru d vkruw fkdudfwhul}dwlrq
ri wkh qrq0prqhwdu| htxloleulxp +sw @ 3 iru doo w, vhh Dsshqgl{ 41
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' fé +45,

jlyhq &| ' gf iru | ' f1

Vwhdg| Vwdwh1 Lq vwhdg| vwdwh 5|n� ' 5| ' 5rr dqg &|n� ' &| ' &rr1 Wkhq/ xvlqj
htxdwlrq +45, zh kdyh wkdw wkh vwhdg| vwdwh shu fdslwd fdslwdo vwrfn kdv wr vdwlvi| wkh
iroorzlqj htxdwlrq

CE&rrä ì RM>
é
v^E&rrä-ý î

{R

è
ý U n ûv/E&rrä
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E�ý käRM-
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' fé +46,

Qrwh wkdw *ð4&<fC E&ä ' 41 Vlqfh CE&ä lv d frqwlqxrxv ixqfwlrq/ li wkhuh h{lvwv d
vwhdg| vwdwh +VV, fdslwdo/ wkhq wkh vpdoohvw VV fdslwdo kdyh CâE&rrä ÷ fé Wkh iroorzlqj
ohppd vxjjhvwv frqglwlrqv xqghu zklfk wklv VV lv xqltxh1

Ohppd 6 Zkhqhyhu û ÷ >*E�ý käc Câ E&rrä ÷ f iru dq| vwhdg| vwdwh fdslwdo &rr1

Surri1 Vhh Dsshqgl{ 51

Fruroodu| 7 Dvvxph û ÷ >*E�ýkäé Wkhq/ li wkhuh h{lvwv d vwhdg| vwdwh/ lw lv xqltxh1

Qrwh wkdw wkh frqglwlrq lq wkh ohppd lv rqo| vx!flhqw1 Wklv uhvxow lv lpsruwdqw
ehfdxvh wkhuh duh h{dpsohv lq wkh olwhudwxuh ri hfrqrplhv zlwk lpshuihfw ?qdqfldo
lqwhuphgldwlrq zkhuh wzr vwhdg| vwdwh ohyhov ri fdslwdo lv wkh uxoh1 Wkh ohppd lv
lqwhqghg wr vxjjhvw wkdw wkh irufhv wkdw jhqhudwh pxowlsoh vwhdg| vwdwhv lq rwkhu
prghov duh qrw lq ixoo sod| khuh1 Qrwh wkdw lq p| prgho/ dv lq wkh suhylrxv prghov
lq wkh olwhudwxuh +vshfl?fdoo| Er|g dqg Vplwk/ 4<<;,/ kljkhu fdslwdo ohyhov lpso|
kljkhu ohyhov ri lqwhuqdo ?qdqflqj ri surmhfwv ehfdxvh v/E&ä lv kljkhu1 Lq wkh Er|g
dqg Vplwk +4<<;, prgho wkhq/ wkhuh duh wzr irufhv lqwhudfwlqj1 Rq rqh vlgh/ kljkhu
fdslwdo vwrfnv ghfuhdvh wkh uhwxuqv rq wkh surmhfw v^E&ä-é Rq wkh rwkhu vlgh/ vlqfh
surmhfwv fdq eh fduulhg rxw zlwk pruh lqwhuqdo ?qdqflqj/ wkh uhwxuq rq ordqv fdq eh
vxvwdlqhg1 Frqvhtxhqwo|/ wzr srvvleoh vwhdg| vwdwhv dsshdu/ rqh zlwk orz fdslwdo/ orz
lqwhuqdo ?qdqflqj/ dqg kljk uhwxuqv wr surmhfwv dqg wkh rwkhu zlwk kljk fdslwdo/ kljk
lqwhuqdo ?qdqflqj/ dqg orz uhwxuqv wr surmhfwv1

Lq p| prgho krzhyhu/ wkhuh lv d wklug irufh wkdw xqedodqfhv wkh ?uvw wzr1 Kljkhu
fdslwdo ohyhov qrw rqo| lqfuhdvh lqwhuqdo ?qdqflqj exw dovr qhfhvvdulo| uhod{ wkh lqfhq0
wlyh frpsdwlelolw| frqvwudlqwv1 Wklv lv wkh rqo| zd| rqh fdq kdyh kljkhu ohyhov ri fdsl0
wdo/ dv fdq eh fohduo| vhhq lq htxdwlrq +:,1 Wklv lpsolhv wkrxjk wkdw pruh surmhfwv zlwk
ohvv lqwhuqdo ?qdqflqj duh ehlqj xqghuwdnhq1 Lq frqvhtxhqfh/ wkh pdujlqdo surmhfw lv
qrw qhfhvvdulo| pruh lqwhuqdoo| ?qdqfhg dqg wkh vwhdg| vwdwh udwh ri uhwxuq rq ordqv
fdqqrw eh vxvwdlqhg1
Wudqvlwlrqdo G|qdplfv1 Frqvlghu wkh wudqvlwlrqdo g|qdplfv lq d qhljkerukrrg

ri wkh vwhdg| vwdwh htxloleulxp1 Iurp htxdwlrq +44, zh kdyh &|n� è &| li dqg rqo| li
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5| é v/E&|ä ý E&|*@ä krogv/ zkhuh @ ì RM-*U +vhh Iljxuh 5,1 Dovr/ iurp htxdwlrq
+45, zh kdyh 5|n� è 5| li dqg rqo| li
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krogv/ zkhuh }E&|c 5|ä ' @ dv/E&|äý 5|o é Qrwh wkdw hC E&|c 5|ä lv lqfuhdvlqj lq 5|éZkhq0
hyhu Y}E&|c 5|ä*Y&| : )c zkhuh ) lv d wkuhvkrog ydoxh zlwk ) é � +wkdw wudqvodwhv lqwr
dq xsshu erxqg iru wkh fdslwdo vwrfn &|,/ xvlqj wkdw CâE&ä ÷ f durxqg wkh vwhdg| vwdwh
fdslwdo/ zh kdyh wkdw hC E&|c 5|ä lv ghfuhdvlqj lq &|1 Wkhq/ zh fdq gudz wkh 5|n� ' 5|
fxuyh dv lq Iljxuh 51 Qrz zh fdq vhh wkdw wkh htxloleulxp frqyhujlqj wr wkh vwhdg|
vwdwh xqghu wkhvh frqglwlrqv zloo eh d vdggoh sdwk1 Qrwh wkdw vwduwlqj zlwk d orz ohyho
ri fdslwdo vwrfn/ lq wkh wudqvlwlrq wr wkh vwhdg| vwdwh vlwxdwlrq/ wkh ghpdqg iru prqh|
jurzv zlwk wkh vwrfn ri fdslwdo dqg wkh lq dwlrq ohyho frqyhujhv wr wkh vwhdg| vwdwh
ohyho iurp ehorz +wkh lqfuhdvh lq fdslwdo lqfuhdvhv wkh ohyho ri |rxqj0djhqwv* lqfrph
zklfk wkhq lqfuhdvhv wkhlu ghpdqg iru prqhwdu| dvvhwv,1
Vwhdg| Vwdwh Frpsdudwlyh Vwdwlfv1 Frqvlghu ?uvw wkh frpsdudwlyh vwdwlfv iru

wkh vwhdg| vwdwh ohyho ri fdslwdo &rr zlwk uhvshfw wr vrph lpsruwdqw sdudphwhuv/ dq
h{huflvh wkdw jlyhv qhz lqvljkwv wr wkh hfrqrplfv ri wkh sureohp1 Wkh ?uvw uhvxow/
zhoo nqrzq lq wkh olwhudwxuh rq Ryhuodsslqj Jhqhudwlrqv Prghov ri Prqh|/ lv wkh
Pxqghoo0Wrelq h>hfw147 Qrwh wkdw wkh vwhdg| vwdwh lq dwlrq lq wkh prgho lv htxdo wr
>c wkh udwh ri prqh| jurzwk ghflghg h{rjhqrxvo| e| wkh jryhuqphqw1 Wkhq/ xvlqj
wkh Lpsolflw Ixqfwlrq Wkhruhp/ zh rewdlq/

Y&rr

Y>
' ý

YC
Y>

YC
Y&

: fé

Prqh| lv qrw vxshu0qhxwudo lq wkh prgho1 Kljkhu lq dwlrq udwhv pdnh wkh fkdqqhov
iru dowhuqdwlyh0wr0lqyhvwphqw vdylqjv +pdlqo| prqh|, ohvv dwwudfwlyh dqg wkhuhiruh
lqyhvwphqw dqg wkh fdslwdo vwrfn lqfuhdvh1 Wkhuh kdyh ehhq h{whqvlyh glvfxvvlrqv
derxw wkh hpslulfdo ydolglw| ri wklv ihdwxuh +wkdw rxu prgho vkduhv zlwk vhyhudo rwkhu
prqhwdu| prghov,1 Edvhg rq hylghqfh suhvhqwhg e| Exoodug dqg Nhdwlqj +4<<7, zh
sursrvh wkdw wkh dqdo|vlv khuh eh lqwhusuhwhg wr uhihu wr hfrqrplhv zlwk d uhodwlyho|
orz udwh ri lq dwlrq1

Dqrwkhu lpsruwdqw uhvxow +hvshfldoo| zkhq lqwhuhvwhg lq exvlqhvv f|fohv lpsolfd0
wlrqv, lv wkdw

Y&rr

Yv
: fé

Lqfuhdvhv lq 3wrwdo idfwru surgxfwlylw|4 qrw rqo| lqfuhdvh wkh uhwxuq wr lqyhvwphqw
exw dovr lqfuhdvh wkh dydlodelolw| ri lqwhuqdo ixqgv iru wkh ?qdqflqj ri wkh lqyhvwphqw
surmhfwv1 Wklv doorzv pruh djhqwv wr fuhgleo| frpplw wr kljk h>ruw shuirupdqfh

47Vhh D}duldglv dqg Vplwk +4<<9, dqg wkh uhihuhqfhv wkhuhlq1
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dqg dv d frqvhtxhqfh wr juhdwhu djjuhjdwh ohyhov ri lqyhvwphqw1 Ilqdoo|/ qrwh wkdw
Y&rr*Yî ÷ fc l1h1 juhdwhu frvwv lq whupv ri xwlolw| iurp h{huwlqj kljk h>ruw lpso|
wkdw lw lv pruh frvwo| wr pdnh dq lqyhvwphqw surmhfw lqfhqwlyh frpsdwleoh dqg khqfh
wklv uhgxfhv wkh djjuhjdwh ohyho ri dwwdlqdeoh vwhdg| vwdwh fdslwdo148

Frqvlghu qrz wkh h>hfwv ri fkdqjhv lq wkh lq dwlrq udwh rq wkh vwhdg| vwdwh ohyho
ri fuhglw1 Lw lv hdvlo| vhhq wkdw wkh vwhdg| vwdwh ohyho ri fuhglw lv jlyhq e|

77Soe_ð| ' E�ý kä
éý
�ý wü U ý ûv/E&ä

2
E�ý w2ä

è
é

Zkhq vwhdg| vwdwh lq dwlrq lqfuhdvhv/ wzr rssrvlqj h>hfwv frph lqwr sod|1 Rq rqh
kdqg/ vlqfh kljkhu lq dwlrq lpsolhv kljkhu vwhdg| vwdwh ohyhov ri fdslwdo/ d odujhu
qxpehu ri surmhfwv zloo eh xqghuwdnhq lq wkh hfrqrp|/ l1h1/ w zloo eh orzhu1 Dqg/
vlqfh

û
U ý ûv/E&äw ú : f krogv/ wkh dprxqw ri fuhglw qhfhvvdu| lq wkh hfrqrp| zloo

whqg wr lqfuhdvh1 Rq wkh rwkhu kdqg/ kljkhu ohyhov ri fdslwdo lpso| kljkhu lqwhuqdo
ixqgv iru doo wkh djhqwv lq wkh hfrqrp|/ dqg vshfl?fdoo| iru doo lqiruphg lqyhvwruv1
Wklv reylrxvo| zloo whqg wr ghfuhdvh wkh ohyho ri fuhglw lq wkh hfrqrp|1 Zklfk ri wkhvh
wzr h>hfwv grplqdwhv ghshqgv pdlqo| rq wkh qxpehu ri surmhfwv ehlqj xqghuwdnhq lq
htxloleulxp dqg rq wkh uhvsrqvh ri zdjhv wr fkdqjhv lq wkh fdslwdo vwrfn +wkh kljkhu
lv hlwkhu ri wkhvh wzr/ wkh kljkhu wkh fkdqfhv wkdw wkh vhfrqg h>hfw zloo grplqdwh,1

Vlplodu frqfoxvlrqv iroorz iurp dqdo|}lqj wkh uhvsrqvh ri vwhdg| vwdwh djjuhjdwh
fuhglw wr fkdqjhv lq wrwdo idfwru surgxfwlylw|1 Khuh krzhyhu wkh fkdqfhv wkdw wkh
vhfrqg h>hfw +lqfuhdvh rq zdjhv, zloo grplqdwh duh kljkhu1 Wkh lqfuhdvh lq v lqfuhdvhv
zdjhv lq d gluhfw zd|/ lq dgglwlrq wr wkh lqgluhfw zd| wkurxjk wkh lqfuhdvh lq wkh
fdslwdo vwrfn/ zklfk zdv dovr suhvhqw zkhq zh frqvlghu wkh lqfuhdvhv lq >1

H{dpsoh 8 Frqvlghu d Free0Grxjodv surgxfwlrq ixqfwlrq zlwk sdudphwhu # +fdsl0
wdo*v vkduh ri lqfrph,1 Wdeoh 4 vkrzv wkh dvvxphg sdudphwhu ydoxhv1

Wdeoh 4
- î U û k RM Ru w #
41: 3188 415 415 31;8 31< 3178 31; 3169

Wkh qh{w wdeoh suhvhqw wkh vwhdg| vwdwh ydoxhv iru wkh pdlq hfrqrplf yduldeohv lq
wkh prgho xqghu wzr dowhuqdwlyh ydoxhv iru > dqg wzr dowhuqdwlyh ydoxhv ri v1

Wdeoh 5
q > ' �c v ' � > ' �é�c v ' � > ' �c v ' �éfe2
&rr fé��fH fé��H2 fé��H2
çrr féôffô féôf.e féô2fô
5rr fé�HD2 fé�HDH fé�b.D

w
rr

féD�.� féeHDf féeHDf
äoe_ð|rr féfS.� féf.�D féf.fS

48Rqh frxog wklqn ri d prgho zkhuh E uhsuhvhqwv wkh ydoxh ri vrph qrq0pdunhw dfwlylwlhv wkdw
djhqwv kdyh wr wudgh r> zlwk h>ruw +h1j1/ dwwhqgdqfh lq wkh zrunsodfh, lq wkh uhdol}dwlrq ri wkh
lqyhvwphqw surmhfwv1 Vhh Juhhqzrrg/ Urjhuvrq dqg Zuljkw +4<<8, iru rwkhu jhqhudo htxloleulxp
lpsolfdwlrqv ri qrq0pdunhw dfwlylwlhv1
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Wzr revhuydwlrqv duh zruwk phqwlrqlqj= ?uvw qrwh wkdw zkhq lq dwlrq lqfuhdvhv
wr 43(/ wkh ohyho ri wkh vwhdg| vwdwh fdslwdo vwrfn dqg wkhuhiruh wkh ohyho ri rxwsxw
lqfuhdvhv lq olqh zlwk wkh Pxqghoo0Wrelq h>hfw> vhfrqg/ qrwh wkdw iru erwk wkh lqfuhdvh
lq lq dwlrq > dqg wkh lqfuhdvh lq idfwru surgxfwlylw| vc wkh lqfuhdvh lq wkh qxpehu
ri surmhfwv ehlqj pdgh ryhu0edodqfhv wkh lqfuhdvh lq lqwhuqdo ?qdqflqj +gxh wr zdjh
lqfuhdvhv, fdxvlqj d qhw lqfuhdvh lq wrwdo fuhglw lq wkh hfrqrp|1 Krzhyhu/ rqh fdq
vhh wkdw wkh lqfuhdvh lq wrwdo fuhglw lv vpdoohu lq wkh fdvh ri lqfuhdvhv lq surgxfwlylw|
ehfdxvh ri wkh gluhfw h>hfw rq zdjhv dvvrfldwhg wr wklv w|sh ri fkdqjh1

Wkh Glyhuvl?fdwlrq Lvvxh1 Rqh ri wkh pdlq vxemhfwv ri wklv sdshu zloo eh wkh
lpsolfdwlrqv iru sruwirolr glyhuvl?fdwlrq wkdw dulvh lq wklv sduwlfxodu vwuxfwxuh ri wkh
hfrqrp|1 Wr vwxg| wkh lvvxh zh qhhg wr pdnh qhz dvvxpswlrqv rq wkh fruuhodwlrq
vwuxfwxuh ri wkh vhw ri dydlodeoh surmhfwv hyhu| shulrg1 Kropvwurp dqg Wluroh +4<<:,
dvvxph frpsohwh fruuhodwlrq ri surmhfwv +ru htxlydohqwo|/ wkdw qr djhqw fdq glyhuvli|
klv2khu sruwirolr ri surmhfwv,1 Vlqfh rxu sduwlfxodu lqwhuhvw lv lq zkdw gulyhv wkh ohyho
ri glyhuvl?fdwlrq +li dq|, lq wkh ghvfulehg ?qdqfldo hqylurqphqw/ zh zloo uhtxluh pruh
jhqhudo dvvxpswlrqv1 Qrwh wkdw iru hdfk ohyho ri oderu surgxfwlylw| hw zh kdyh d
ghqvlw| E�ý kä ri w|sh 5 djhqwv1 Khqfh/ wkh wrwdo srsxodwlrq ri wklv w|sh lv jlyhq e|] �

f

E�ý kä_hw ' E�ý käé

Qrz dvvxph wkhuh lv d frqwlqxxp ri 3}rqhv4 zlwk wrwdo phdvxuh 4 dqg wkdw w|sh 5
djhqwv +dqg wkhuhiruh surmhfwv, duh glvwulexwhg xqlirupo| ryhu wkhvh }rqhv1 Qrwh wkdw
E� ý kä*4 lv wkh ghqvlw| ri surmhfwv lq hdfk }rqh1 Dovr dvvxph wkdw wkh surmhfwv lq
hdfk }rqh duh shuihfwo| fruuhodwhg vr wkdw wkh xqfhuwdlqw| derxw wkh uhwxuq ri wkh
surmhfwv +vxffhvv ru idloxuh, lv qrw dq lglrv|qfudwlf vkrfn wr wkh surmhfw exw lqvwhdg/
dq lglrv|qfudwlf vkrfn wr wkh }rqhv1 Dvvxph wkdw wkh uhdol}dwlrq ri wkh vkrfn lq d
sduwlfxodu }rqh lv lqghshqghqw ri wkh uhdol}dwlrq ri wkh vkrfn lq dq| rwkhu }rqh1 Wkhq
vlqfh zh kdyh d frqwlqxxp ri }rqhv zlwk lqghshqghqw udqgrp yduldeohv dvvrfldwhg wr
hdfk ri wkhp/ zh fdq dvvxph wkdw wkhuh zloo eh qr djjuhjdwh xqfhuwdlqw|149 Vxssrvh
qrz wkdw d frqwlqxxp ri edqnv frxog eh fuhdwhg1 Ohw è*4 eh wkh ghqvlw| ri edqnv
lq hdfk }rqh14: Dvvxph djhqwv ri w|shv 4 dqg 6 ghsrvlw wkhlu vdylqjv lq wkh edqn
dqg wkdw wkh edqn jlyhv ordqv wr w|sh 5 djhqwv xqghuwdnlqj lqyhvwphqw surmhfwv1 Wkh
txhvwlrq zh duh lqwhuhvwhg lq lv= zkdw zloo eh wkh ohyho ri sruwirolr glyhuvl?fdwlrq
fkrvhq e| edqnv lq wklv vlwxdwlrqB4;

49Vhh Mxgg +4<;8, iru dq hoderudwlrq rq wkh ydolglw| ri wklv dvvxpswlrq1
4:Qrwh wkdw zh duh xvlqj ! dv wkh wrwdo pdvv ri edqnv1 Lq wklv vhfwlrq edqnv fdq eh fuhdwhg e|

dq| lqglylgxdo dqg zh duh rqo| sursrvlqj wklv pdvv ri edqnv +zklfk lv htxdo wr wkh pdvv ri w|sh 6
djhqwv, ehfdxvh lw zloo suryh frqyhqlhqw iru frpsdulvrq zlwk odwhu vhfwlrq zkhuh w|sh 6 djhqwv duh
wkh qdwxudo fdqglgdwhv wr uxq d edqn1

4;Zh duh dvvrfldwlqj wkh vxevhwv ri fruuhodwhg surmhfwv zlwk 3}rqhv4 wkdw frxog eh wkrxjkw ri dv
jhrjudsklfdo uhjlrqv1 Wklv fdq eh uhohydqw iru wkh fdvh ri wkh X1V1 edqnlqj v|vwhp1 Lq wkh zrugv
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Vxssrvh d edqn fdq kdqgoh surmhfwv iurp lwv rzq }rqh dw }hur frvw exw wr eh deoh
wr vhohfw surmhfwv iurp rwkhu }rqhv lw kdv wr lqfxu dq 3dgplqlvwudwlyh4 frvw zlwk wkh
iroorzlqj vwuxfwxuh= ohw ? ' �c 2c ôc ééé eh wkh qxpehu ri }rqhv zkhuh wkh edqn lqwhqgv
wr dwwudfw surmhfwv dqg ohw óE?ä eh wkh frvw iru wkh edqn wr eh sduwlflsdwlqj lq ?
gl>huhqw }rqhv1 Dvvxph óE?ä é óE?n�ä iru ? ' �c 2c ôc ééé/ óE�ä ' f dqg *ð4?<" óE?ä '
B ÷41 Wkh edqnv duh shuihfwo| frpshwlwlyh lq wklv hqylurqphqw dqg dv d frqvhtxhqfh
wkh| rewdlq }hur sur?wv iurp rshudwlrq dqg duh xqdeoh wr furvv0vxevlgl}h surmhfwv zlwk
gl>huhqw ohyhov ri lqwhuqdo ?qdqflqj14< Dv lv fohdu iurp htxdwlrq +9,/ zh fdq lqgh{ wkh
gl>huhqw ohyhov ri lqwhuqdo ?qdqflqj e| hwé Wkh edqn zloo wkhq fkrvh d frqwudfw wkdw
vshfl?hv krz pxfk wkh rzqhu ri d surmhfw zlwk lqwhuqdo ixqgv hw rxjkw wr sd| wr wkh
edqn zkhq wkh surmhfw vxffhhgv1 Fdoo wklv sd|phqw -KEhwäé Qrwh wkdw lq dq| shulrg |/
d edqn zloo rqo| wdnh surmhfwv zlwk hw è w|1 Wkh edqn kdv wr sd| dq lqwhuhvw udwh rq
ghsrvlwv vr wkdw wkh h{shfwhg uhwxuq htxdov ò| +qrwh wkdw ghsrvlwruv duh ulvn qhxwudo
dqg ò| lv wkh uhwxuq rq kroglqj prqh|,1 Wkhq/ wkh frqwudfw ixqfwlrq dw wlph | r>huhg
e| d edqn fkrrvlqj wr sduwlflsdwh lq ?W }rqhv pxvw vdwlvi|

.|
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U ý hwûv/E&|äì

68 ' ò| +47,

iru hw è w|c dqg zkhuh üæ lv wkh sursruwlrq ri surmhfwv ri 3w|sh4 hw wdnhq iurp }rqh æ
dqg fæ lv d Ehuqrxool wuldo wkdw lqglfdwhv vxffhvv ru idloxuh ri surmhfwv lq }rqh æé Qrwh
wkdw olplwhg oldelolw| lpsolhv wkdw wkh rzqhu ri wkh surmhfw sd|v }hur wr wkh edqn lq
fdvh ri idloxuh1 Htxdwlrq +47, fdq eh h{suhvvhg dv

-K|Ehwä ' ò|
RM

í
U ý hwûv/E&|äìn �

RM

óE?WäS?W
æ'� üæ

iru hw è w|1 Fohduo| d edqn qhhgv wr plqlpl}h wklv sd|r> li lw lv wr dwwudfw dq| lqyhvwruv1
Iurp wklv/ lw lv vwudljkwiruzdug wr vhh wkdw ?W ' f lv wkh rswlpdo srolf|1

Ohppd 9 Zlwk ulvn qhxwudo djhqwv/ qr prqlwrulqj dqg srvlwlyh frvwv ri glyhuvl?fd0
wlrq/ ?qdqfldo lqwhuphgldulhv zloo fkrrvh lq htxloleulxp wkh plqlpxp srvvleoh ohyho
ri glyhuvl?fdwlrq1

Lq wkh prgho dv lw vwdqgv/ wkhuh duh qr ehqh?wv iurp glyhuvl?fdwlrq1 Khqfh/ iru
dq| srvlwlyh frvw ri glyhuvl?fdwlrq/ wkh edqnv kdyh qr lqfhqwlyh wr glyhuvli| dqg zloo

ri Plvknlq 3111Uhjxodwru| uhvwulfwlrqv rq eudqfklqj dqg dfwlylwlhv kdyh ohg wr ohvv glyhuvl?fdwlrq e|
edqnv> wkxv/ wkh uhvwulfwlrqv rq lqwhuvwdwh edqnlqj phdqw wkdw zkhq d ghfolqh lq rlo sulfhv gudjjhg
grzq wkh Wh{dv hfrqrp| lq wkh plg04<;3*v pdq| edqnv dqg wkuliwv lq Wh{dv zhuh gudjjhg grzq dv
zhoo14

4<Wklv Qdvk htxloleulxp w|sh ri frpshwlwlrq lv wkh vdph wkdw Urwkvfklog dqg Vwljolw} kdg lq plqg
iru wkh lqvxudqfh frpsdqlhv lq wkhlu vhplqdo zrun +Urwkvfklog dqg Vwljolw}/ 4<:9,1 Vhh Vplwk +4<;7,
iru dq dssolfdwlrq wr wkh edqnlqj v|vwhp1
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rqo| kdqgoh surmhfwv lq wkhlu rzq }rqh/ doo ri wkhp shuihfwo| fruuhodwhg/ mxvw dv lq
Kropvwurp dqg Wluroh +4<<:,1 Qrwh wkdw wklv uhvxow ghshqgv vwurqjo| rq wkh dvvxps0
wlrqv ri ulvn qhxwudolw| ri djhqwv1 Dowkrxjk zh gr qrw wklqn wklv lv qhfhvvdulo| wkh
prvw uhdolvwlf dvvxpswlrq/ lw zloo doorz xv wr lvrodwh d qryho lqirupdwlrqdo uhdvrq iru
glyhuvl?fdwlrq wkdw zh zloo h{sodlq lq Vhfwlrq 81 Lq frqfoxvlrq/ hdfk rshudwlqj edqn
zloo rqo| kdqgoh surmhfwv lq lwv rzq }rqh dqg wkh vl}h ri wkh uhsuhvhqwdwlyh edqn lv
lqghwhuplqdwh1 Dvvxplqj wkdw wkh è*4 ghqvlw| ri edqnv lq hdfk }rqh uhpdlqv lq rs0
hudwlrq/ wkh ghqvlw| ri surmhfwv shu edqn dw wlph | zloo eh jlyhq e| E�ýkäE�ý w|ä*è1
Wklv ghqvlw| fdq dovr eh zulwwhq dv] �

w|

E�ý kä
è

_hw
dqg zh fdq wklqn wkdw hdfk edqn lv dfwxdoo| wdnlqj surmhfwv lq wkh zkroh udqjh ri
srvvleoh ohyhov ri lqwhuqdo ?qdqflqj zkhq lq rshudwlrq1 Lq vxppdu|/ edqnv sod| qr
uroh lq wkh hfrqrp| zlwk qr prqlwrulqj1

8 Ilqdqfldo Lqwhuphgldwlrq dqg Prqlwrulqj
Wklv vhfwlrq frqvlghuv gl>huhqw ?qdqfldo duudqjhphqwv lq wkh fdvh zkhuh S ÷4/ wkdw
lv/ zkhuh w|sh 6 djhqwv fdq prqlwru lqiruphg lqyhvwruv +w|sh 5, wr ?qg rxw zkhwkhu
ru qrw wkh| kdyh h{huwhg vrph ri wkh qhfhvvdu| ohyho ri h>ruw wr dwwdlq wkh kljk udwh
ri surmhfw vxffhvv1 Qrwh wkdw dv orqj dv w|sh 5 djhqwv sxw vrph h>ruw lqwr ghyhorslqj
wkh lqyhvwphqw surmhfwv/ hyhq li wklv h>ruw lv orz/ w|sh 6 djhqwv zloo frqvlghu wklv d
ixo?oophqw ri wkh uhtxluhphqw1 Prqlwruv fdqqrw glvwlqjxlvk orz iurp kljk h>ruw/ wkh|
fdq rqo| glvwlqjxlvk ehwzhhq h>ruw dqg qr h>ruw1

Wkh ?uvw ?qdqfldo v|vwhp zh zloo frqvlghu lv wkh fdvh ri Fhuwl?fdwlrq +vhh Krop0
vwurp dqg Wluroh/ 4<<:,1 Lq wklv fdvh/ hdfk w|sh 6 prqlwru wuhdwv hdfk surmhfw lqgh0
shqghqwo| dqg qr glyhuvl?fdwlrq duudqjhphqwv fdq eh pdgh1 Wkh rzqhu ri wkh surmhfw
mrlqv d prqlwru zkr zloo 3fhuwli|4 wkdw h>ruw lv ehlqj pdgh1 Wklv/ lq wxuq/ doorzv wkh
lqiruphg lqyhvwru wr jr wr wkh pdunhw iru ixqgv dqg wdnh ordqv gluhfwo| iurp xqlq0
iruphg lqyhvwruv153 Wkh prqlwru/ vlqfh khu prqlwrulqj dfwlylw| lv qrw revhuydeoh e|
wklug sduwlhv/ lqyhvwv sduw ri khu ixqgv lq wkh surmhfwv wkdw vkh lv prqlwrulqj1 Hdfk
w|sh 6 djhqw fdq prqlwru dv pdq| surmhfwv dv vkh zdqwv zlwk rqo| wkh frvw S lq xwlolw|
whupv1 Wklv fuhdwhv shuihfw frpshwlwlrq dprqj prqlwruv1 Wkhuh lv qr h{solflw uhdvrq
zk| djhqwv fdqqrw irup edqnv lq wklv hqylurqphqw> wklv lv mxvw h{rjhqrxvo| dvvxphg1
Krzhyhu/ lq Vxevhfwlrq 815 zh vkrz wkdw wklv v|vwhp lv htxlydohqw wr d edqnlqj

53Qrwh wkdw lq d zd|/ wkh fhuwl?fdwlrq uhjlph lv uhodwlyho| h!flhqw1 Lw lpsolhv wkdw rqo| rqh djhqw
shuirup wkh prqlwrulqj hyhq wkrxjk pdq| ri wkhp pd| eh ohqglqj wr wkh surmhfw0rzqhu xqghu
wkh dvvxpswlrq wkdw kh2vkh zloo frpso| dqg h{huw h>ruw1 \hw pruh lqwhuhvwlqj lv wkdw wklv w|sh ri
h!flhqf| frqvlghudwlrqv kdv ehhq sursrvhg lq wkh olwhudwxuh rq frvwo| vwdwh yhul?fdwlrq wr mxvwli|
wkh yhu| h{lvwhqfh ri lqwhuphgldwlrq +vhh Gldprqg +4<;7, dqg Zlooldpvrq +4<;:,,1
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v|vwhp zkhuh wkh frvw ri wrwdo glyhuvl?fdwlrq lv yhu| kljk dqg/ dv d frqvhtxhqfh/ wkh
edqn rqo| krog surmhfwv iurp lwv rzq 3}rqh14

Lq wkh vhfrqg sduw ri wklv vhfwlrq/ zh vwxg| krz edqnv pd| dulvh lq wklv hfrqrp|1
Zh vkrz wkdw hyhq wkrxjk wkhuh lv qr ulvn0srrolqj ehqh?w iurp iruplqj d edqn +vhh
Vhfwlrq 7,/ prqlwruv fdq uhyhdo wkdw wkh| duh shuiruplqj wkh qhfhvvdu| ohyho ri prq0
lwrulqj e| fuhdwlqj d edqn dqg kroglqj d frpsohwho| glyhuvl?hg sruwirolr1 Wkh vl}h ri
wkh glyhuvl?fdwlrq frvwv ghwhuplqhv zkhwkhu glyhuvl?hg edqnv zloo dulvh lq htxloleulxp1
Zh dovr vwxg| wkh frqvhtxhqfhv ri d v|vwhp ri pdqgdwru| uhvhuyh uhtxluhphqwv rq
wkh htxloleulxp vwuxfwxuh ri ?qdqfldo lqvwlwxwlrqv1

814 Fhuwl?fdwlrq

Dvvxph wkdw S ÷ 4/ dqg wkhuhiruh w|sh 6 djhqwv pd| eh deoh wr prqlwru lqyhvw0
phqw surmhfwv wr uhgxfh wkh djhqf| frvw dvvrfldwhg wr wkhp154 Vlqfh wklv dvvxpswlrq
fkdqjhv wkh qdwxuh ri wkh sduwlflsdwlrq ri w|sh 6 djhqwv lq wkh hfrqrp|/ zh qhhg wr
frqvlghu wkhlu hfrqrplf sureohp dqhz1 Dvvxph wkh prqlwruv fdqqrw vhw xs d edqn
dqg lqwhuphgldwh ghsrvlwv1 Wkh prqlwru vljqv d vhsdudwh frqwudfw zlwk hdfk surmhfw0
rzqhu1 Iru wkh prphqw/ wklv lv h{rjhqrxvo| dvvxphg exw wkhvh duh wkh w|shv ri lvvxhv
wkdw zloo frqvwlwxwh wkh fhqwudo vxemhfw ri glvfxvvlrq lq zkdw iroorzv155

Wkh Prqlwruv* Sureohp1 Dvvxph V6| lv wkh dprxqw ri rzq ixqgv wkdw wkh
prqlwru lqyhvwv lq wkh surmhfwv wkdw vkh prqlwruv dqg ohw ú eh wkh ghqvlw| ri surmhfwv
shu prqlwru1 Wkhq/ w|sh 6 djhqwv vroyh wkh iroorzlqj rswlpl}dwlrq sureohp
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54Zh dvvxph wkdw gxh/ iru h{dpsoh/ wr vrph whfkqrorjlfdo uhdvrqv/ udqgrp prqlwrulqj lv qrw
srvvleoh1 Li udqgrp prqlwrulqj zhuh srvvleoh wkhq prqlwruv zrxog fhuwdlqo| xvh lw1 Prqlwrulqj hyhu|
shulrg lpsolhv h{fhvvlyh prqlwrulqj wr lqgxfh djhqwv qrw wr fkrrvh d }hur ohyho ri h>ruw1 Dowkrxjk
lqwhuhvwlqj/ wkh ghwdlov ri d ixoo| h!flhqw udqgrp prqlwrulqj v|vwhp duh hvshfldoo| frpsolfdwhg lq
prghov zlwk khwhurjhqhrxv djhqwv1 Iru d uhodwhg uhvxow zkhq wkh h>ruw ohyho wkdw fdq eh prqlwru
+e, lv d ixqfwlrq ri dprxqw vshqw rq prqlwrulqj +f, vhh Kropvwurp dqg Wluroh +4<<:,1

55Rqh pd| vwloo uhfrjql}h vrph lqwulqvlf uhohydqfh lq wkh vwxg| ri wklv fdvh1 Lq idfw/ lq wkh sdvw
wkh XV edqnlqj v|vwhp kdv ehhq iru pdq| |hduv uhjxodwhg lq zd|v wkdw glvfrxudjh wkh w|sh ri
glyhuvl?fdwlrq ihdvleoh lq wkh prgho1 Li edqnv fdq rqo| kdqgoh surmhfwv dw wkh uhjlrqdo ohyho wkhuh
lv qr srvvleoh glyhuvl?fdwlrq lq wkh prgho hfrqrp| dqg/ khqfh/ qr ehqh?w iurp iruplqj d edqn1
Srvvleo|/ li wkhuh zhuh d vhwxs frvw iru edqnv wkhq lw zrxog uhqghu wkh htxloleulxp dqdorjrxv wr wkh
fhuwl?fdwlrq v|vwhp vwxglhg lq wklv vhfwlrq1

4;



zkhuh ho6 lv wkh udqgrp sd|r> wr wkh prqlwru/ zklfk lv htxdo wr }hur li wkh surmhfw
idlov156 Wkh prqlwru 3fhuwl?hv4 hdfk surmhfw lqghshqghqwo|1 Zh zloo frqvlghu htxloleuld
zkhuh lw lv lqfhqwlyh frpsdwleoh wr dfwxdoo| shuirup wkh prqlwrulqj hyhq wkrxjk wklv
dfwlrq lv qrw revhuydeoh e| wklug sduwlhv +vshfl?fdoo|/ wkh xqlqiruphg w|sh 4 djhqwv,157

Iru wklv wr eh vr/ wkh iroorzlqj lqfhqwlyh frpsdwlelolw| frqvwudlqw qhhgv wr krog lq
htxloleulxp=

RMo6| ý S è Ruo6|é +48,

Wklv fdq eh uh0zulwwhq dv o6| è S*{Ré Gh?qh U6| dv wkh dprxqw ri lqyhvwphqw wkh
prqlwru dvvljqv wr hdfk surmhfw1 Wkhq U6| ' V6|*ú| krogv1

58 Vlqfh wkhuh lv shuihfw
frpshwlwlrq dprqj prqlwruv/ htxdwlrq +48, krogv zlwk htxdolw| lq htxloleulxp1 Ohw
q| eh wkh +lpsolflw, uhwxuq wr wkh ixqgv wkh prqlwru lqyhvwv lq wkh surmhfw1 Wkhq zh
kdyh

q|U6| ì RMo6| ' RM
S

{R
é +49,

Dv zh zloo vhh ehorz/ U6| lq htxloleulxp lv vxfk wkdw wkh pdunhw iru prqlwruv* ixqgv
fohdu1 Wkhq/ q| vroyhv htxdwlrq +49, jlyhq U6|1

59 Wkhuh lv dq htxloleulxp orzhu erxqg
iru q| jlyhq e|

q| è q| '
RM
Ru
ò| : ò| +4:,

wkdw lv rewdlqhg e| pdqlsxodwlqj wkh prqlwruv* sduwlflsdwlrq frqvwudlqw q|U6| ý S è
ò|U6|é

5: Lw lv qrw kdug wr vhh wkdw iru dq| q| è q
|
/ wkh vroxwlrq iru wkh sureohp ri

w|sh 6 djhqwv jlyhv 6ô
|n� ' f1 Ohw U6| ì RMS*q|{Ré Wklv lv wkh odujhvw ydoxh wkdw U6|

56Wkhuh lv d qxpehu ri srvvleoh dowhuqdwlyh dvvxpswlrqv uhjduglqj wkh prqlwrulqj0frvw vwuxfwxuh
+h1j1 Ehuqdqnh dqg Jhuwohu +4<;<, dvvxph wkdw wkh prqlwrulqj frvw ghsohwhv vrph ri wkh fdslwdo
surgxfhg lq wkh surmhfwv,1 Wkhlu lpsolfdwlrqv wkrxjk/ zrxog qrw frqwulexwh lq dq| hvvhqwldo zd| wr
wkh vxevwdqfh ri wkh sureohp zh lqwhqg wr vwxg|1 Dovr/ wkh fxuuhqw vhwxs doorzv xv wr pdlqwdlq rxu
lqfhqwlyhv sureohp dv forvh dv srvvleoh wr wkh rqh lq Kropvwurp dqg Wluroh +4<<:,1 Wkh dvvxpswlrq
xvhg lv htxlydohqw wr dvvxph wkdw f lv d frvw lq whupv ri frqvxpswlrq jrrgv dqg wkdw w|sh 6 djhqwv
uhfhlyhv d ?{ hqgrzphqw ' A f#w+épw, zkhq rog wkdw lv sduwo| xvhg wr sd| wkh prqlwrulqj frvwv1

57Nudvd dqg Yloodplo +4<<5, frqvlghu wkh lqfhqwlyh sureohp dw wkh lqwhuphgldu| ohyho +wkdw lv/ wkh
prqlwru, lq d frvwo| vwdwh yhul?fdwlrq hqylurqphqw vlplodu wr wkdw lq Gldprqg +4<;7,1

58Vlqfh wkh dprxqw sKf@üs qhhgv wr eh sdlg wr wkh prqlwru iru hdfk surmhfw/ wkh rqo| zd| wkdw
wkh uhwxuq shu xqlw ri ixqgv lqyhvwhg e| wkh prqlwru lv xqlirup dfurvv surmhfwv lv li Lpw lv xqlirup
dfurvv surmhfwv/ qdpho| Lpw @ sKf@ñwüs1

59Zh zloo zrun zlwk dq htxloleulxp frqfhsw +Qdvk, zkhuh hdfk prqlwru wdnhv dv jlyhq e| wkh
pdunhw wkh qhfhvvdu| lqyhvwphqw Lpw shu surmhfw/ dqg lq ghflglqj krz pxfk vkh zdqwv wr lqyhvw
lq wrwdo lq wkh surmhfwv whfkqrorj| +épw, vkh lpsolflwo| ghwhuplqhv wkh ghqvlw| ri surmhfwv wkdw vkh
kdqgohv #w+épw, @ épw@Lpw1

5:Qrwh wkdw wkh htxloleulxp uhwxuq rq prqlwruv* ixqgv ñw lv juhdwhu wkdq wkh lqwhuhvw udwh ðw1 Rqh
zrxog wklqn wkdw shukdsv prqlwruv frxog eruurz ixqgv gluhfwo| iurp wkh +xqlqiruphg, pdunhw dw
udwh ðw wr lqyhvw odwhu dw udwh ñw1 Wklv fohduo| zrxog whqg wr gudj grzq wkh htxloleulxp uhwxuq ryhu
prqlwruv* fdslwdo1 Krzhyhu/ olplwhg oldelolw| iru wkh prqlwruv lpsolhv wkdw wkh lqfhqwlyh frpsdwlelolw|
frqglwlrqv vwloo uhtxluhv wkdw ñwLpw @ sKf@üs krog +zkhuh Lpw duh wkh vwulfwo| rzq 8 qrw eruurzhg 8
ixqgv lqyhvwhg e| wkh prqlwru, dqg khqfh wkh vdph htxloleulxp ñw rewdlqv1 Lqirupdwlrq uhvwulfwlrqv
lpso| wkdw prqh| lv grplqdwhg lq udwh ri uhwxuq iru vrph dvvhwv +vhh Zdoodfh 4<;;,1
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frxog wdnh lq htxloleulxp1 Qrwh wkhq wkdw
í
q
|
ý ò|

ì
U6| ' S krogv dqg wkh prqlwru

mxvw euhdnv hyhq lq wklv fdvh1
Lqiruphg Lqyhvwruv* Lqfhqwlyh Frpsdwlelolw|1 Dvvxph wkdw htxdwlrq +4, dqg

wkh iroorzlqj lqhtxdolw| krog dorqj wkh htxloleulxp sdwk=

RMv^E&|n�ä-ý ò|U ý Eq| ý ò|äU6| ýî è f +4;,

+rwkhuzlvh/ prqlwruhg surmhfwv duh qrw h!flhqw,1 Wkhq wkhuh zloo eh wzr w|shv ri
surmhfwv xqghuwdnhq lq htxloleulxp/ wkrvh zklfk qhhg prqlwrulqj dqg wkrvh zklfk gr
qrw1 Zkhqhyhu wkh lqiruphg lqyhvwru kdv dydlodeoh d ohyho ri lqwhuqdo ?qdqflqj iru
zklfk wkh lqfhqwlyh frpsdwlelolw| frqvwudlqw
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krogv/ wkhuh zloo eh qr prqlwrulqj1 Gh?qh w| wr eh wkh ohyho ri oderu h!flhqf| wkdw
pdnhv htxdwlrq +4<, krog zlwk htxdolw|1 Qrz/ li wkh lqwhuqdo ixqgv ri wkh surmhfw duh
vxfk wkdw htxdwlrq +4<, grhv qrw krog wkhuh lv vwloo wkh srvvlelolw| wkdw wkh lqiruphg
lqyhvwru ?qgv d prqlwru wkdw zloo fhuwli| wkdw 3vrph4 ohyho ri h>ruw lv ehlqj pdgh1
Wkhq wkh lqyhvwphqw surmhfw fdq vwloo eh fduulhg rxw xqghu fhuwdlq frqglwlrqv1 Vrph
uhpxqhudwlrq wr wkh prqlwru lv qhfhvvdu|/ dffruglqj wr htxdwlrq +49,1 Wkh iroorzlqj
lqfhqwlyh frpsdwlelolw| frqvwudlqw qhhgv wr krog li wkh kljk h>ruw surmhfw lv wr eh
xqghuwdnhq xqghu prqlwrulqj=
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Gh?qh w| wr eh wkh vroxwlrq ri htxdwlrq +53, zkhq lw krogv zlwk htxdolw|1
5; Dvvxph
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zklfk lpsolhv wkdw wkh prqlwrulqj frvw lv prghudwh dqg wkdw lq htxloleulxp zh kdyh
w| ÷ w|1

5<

Pdunhw Fohdulqj1 Wkh pdunhw fohdulqj frqglwlrq iru fdslwdo jrrgv qrz ehfrphv

&|n� ' E�ý käE�ý w|äRM-é +54,

5;Li wkh vroxwlrq ri +53, lv qhjdwlyh/ wkhq wdnh ëw @ 3= Lq wkh glvfxvvlrqv wkdw iroorz frqvlghu wkdw
ëw A 3 krogv= Wklv lv wkh pruh lqwhuhvwlqj fdvh zlwk vrph htxloleulxp fuhglw udwlrqlqj1 D vx!flhqw
frqglwlrq iru ëw A 3 lv wkdw e A +sK ý sO,^ t+nw.4,Uý ðwL ý f` krogv1

5<Dv lq Ehuqdqnh dqg Jhuwohu +4<;<,/ zh kdyh wkuhh jurxsv ri 3lqiruphg4 lqyhvwruv= 3Srru4
djhqwv zlwk orz oderu surgxfwlylw| wkdw fdqqrw lpsohphqw wkhlu surmhfw/ 3Plggoh Fodvv4 djhqwv wkdw
fduu| rxw wkhlu surmhfw lq dvvrfldwlrq zlwk d prqlwru/ dqg 3Ulfk4 hqwuhsuhqhxuv wkdw gr qrw xvh wkh
prqlwrulqj whfkqrorj| dqg wkdw rewdlq h{whuqdo ?qdqflqj gluhfwo| iurp wkh pdunhw ri 3xqlqiruphg4
ixqgv1
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Wkh dvvhwv pdunhw fohduv zkhq wkh iroorzlqj htxdwlrq krogv
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Ilqdoo|/ wkh pdunhw fohdulqj frqglwlrq iru ixqgv surylghg e| prqlwruv lv

E�ý käEw| ý w|äU6| ' èV6| ' èwûv/E&|ä +55,

Xvlqj htxdwlrq +55, zh fdq wudqvirup wkh dvvhw pdunhw fohdulqj frqglwlrq wr eh

v/E&|ä ' 5| n E�ý käE�ý w|äUc +56,

zklfk lv wkh dqdorjxh ri frqglwlrq +;, lq wkh suhylrxv vhfwlrq1
Htxloleulxp1 Xvlqj/ dv lq wkh suhylrxv vhfwlrq/ wkdw u| ' � iru doo |/ wkdw

M| ' >M|3�/ dqg wkdw ò| ' 5|n�*E>5|ä krogv/ zh fdq surfhhg wr gh?qh dq htxloleulxp
zlwk h>ruw prqlwrulqj1 Ohw Kâ ã UD eh wkh vhw ri E&c 5c Uc wc wä iru zklfk htxdwlrq +4;,
lv vdwlv?hg/ q è q dqg wkh sdluv E&c 5ä 5 K1

Gh?qlwlrq : D Prqhwdu| Ilqdqfldo Htxloleulxp zlwk Prqlwrulqj lv d vhtxhqfh ~&|c
5|c U6|c w|c w|�ã Kâ vxfk wkdw htxdwlrqv +54,/ +56,/ +55, krog/ dqg htxdwlrqv +4<, dqg
+53, krog zlwk htxdolw| iru w| dqg w| uhvshfwlyho|/ jlyhq wkh lqlwldo frqglwlrq &| ' &f1

Sursrvlwlrq ; D Prqhwdu| Ilqdqfldo Htxloleulxp zlwk Prqlwrulqj vdwlv?hv wkh iro0
orzlqj v|vwhp ri gl>huhqfh htxdwlrqv lq i&|/ 5|c q|j iru doo |=

5| ý v/E&|ä n &|n�U

RM-
' fc

wE&|n�äý �

ûv/E&|ä

é
U ý RMS

{Rq|
ý RM >5|

5|n�

ë
v^E&|n�ä-ý Sn K

{R

êè
' fc

E�ý kä RM
{Rûv/E&|ä

é
>Eî ý Sý Kä n S

q|

è
RMS

{Rq|
ý èwûv/E&|ä ' f

jlyhq &| ' &f iru | ' f dqg wE&|n�ä dv gh?qhg lq h{suhvvlrq +43,1
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815 Edqnv/ Glyhuvl?fdwlrq/ dqg Uhvhuyh Uhtxluhphqwv

Vxssrvh prqlwruv +w|sh 6 djhqwv, fdq vhw xs d edqn dqg kdqgoh dq duelwudu| qxpehu
ri surmhfwv iru prqlwrulqj1 Dvvxph/ dv lq wkh suhylrxv vhfwlrq/ wkdw wkhuh lv qr olplw wr
vxfk qxpehu h{fhsw iru wkh xwlolw| frvw S shu surmhfw1 Wklv fuhdwhv shuihfw frpshwlwlrq
lq wkh edqnlqj vhfwru1 Dv ehiruh/ dvvxph wkdw wkh edqn/ wr vkdsh wkh frpsrvlwlrq ri
lwv sruwirolr/ fdq fkrrvh iurp lqghshqghqw surmhfwv lq gl>huhqw }rqhv ru iurp surmhfwv
lq wkh vdph }rqh wkdw duh shuihfwo| fruuhodwhg1 Wkhuh lv dq dgplqlvwudwlyh frvw r�
wkdw wkh surmhfw0rzqhu qhhgv wr lqfxu lq rughu wr eh deoh wr rewdlq h{whuqdo ?qdqflqj
+vhh Wrzqvhqg +4<:;,,1 Dovr dvvxph wkdw dqrwkhu wudqvdfwlrq frvw r2 qhhgv wr eh
sdlg li wkh surmhfw0rzqhu zlvk wr frqwdfw d edqn0prqlwru1 Wkh prqlwrulqj lqvwlwxwlrq
krzhyhu kdv d frvw dgydqwdjh lq froohfwlqj h{whuqdo ixqgv> lw fdq rewdlq h{whuqdo ixqgv
dw }hur frvw +d qrupdol}dwlrq,163

Wkh surmhfw0rzqhuv zlwk kljk hqrxjk zhdowk zloo jr gluhfwo| wr wkh lpshuvrqdo
pdunhw iru ixqgv wr rewdlq h{whuqdo ?qdqflqj ri wkhlu surmhfwv1 Wklv lv ehfdxvh wkh|
fdq fuhgleo| frpplw wr h{huwlqj kljk ohyhov ri h>ruw e| lqyhvwlqj odujh dprxqwv wkhlu
ri rzq zhdowk lq wkh uhdol}dwlrq ri wkh surmhfw164 Lw zdv vkrzq lq wkh suhylrxv vhfwlrq
+vhh Ohppd 9, wkdw zkhq prqlwrulqj lv qrw srvvleoh dqg glyhuvl?fdwlrq lv frvwo|/
edqnv fkrvh qrw wr glyhuvli| wkhlu sruwirolrv1 Djhqwv ehlqj ulvn qhxwudo/ qr hfrqrplf
ehqh?wv dulvh iurp edqn sruwirolr glyhuvl?fdwlrq xqghu wkrvh frqglwlrqv1 Krzhyhu/
zkhq prqlwrulqj lv srvvleoh/ wkhuh h{lvwv dq lpsruwdqw ehqh?w iurp glyhuvl?fdwlrq1
Kroglqj d frpsohwho| glyhuvl?hg sruwirolr ri surmhfwv/ d edqn orzhuv wkh djhqf| frvwv
wkdw duh fuhdwhg e| wkh idfw wkdw prqlwrulqj dfwlylwlhv duh qrw revhuydeoh e| wklug
sduwlhv1 Wkh lghd lv dv iroorzv= zlwk d frpsohwho| glyhuvl?hg sruwirolr/ wkh edqn fdq
r>hu wr sd| xqlqiruphg lqyhvwruv d qrq0frqwlqjhqw uhwxuq1 Vlqfh prqlwruhg surmhfwv
duh pruh h!flhqw/ dqg vlqfh qrz fkhdwlqj e| wkh edqn lv uxohg rxw e| wkh w|sh
ri frqwudfw wkdw ghsrvlwruv kdyh/ prqlwrulqj zloo wdnh sodfh lq htxloleulxp zlwkrxw
wkh vxujh ri srvlwlyh djhqf| frvwv1 Wklv fohdu ehqh?w ri glyhuvl?fdwlrq qhhgv wr eh
frpsduhg zlwk lwv gluhfw frvwv lq rughu wr ghwhuplqh wkh ?qdo htxloleulxp rxwfrph1
Zh zloo vkrz wkdw wkhuh duh dfwxdoo| wkuhh srvvleoh rxwfrphv1 Zkhq glyhuvl?fdwlrq
frvwv duh yhu| kljk/ qr edqn zloo glyhuvli| dqg edqnv rshudwh rqo| zlwk surmhfwv lq
wkhlu rzq }rqh ri orfdwlrq1 Wklv rxwfrph lv htxlydohqw wr wkh rqh vwxglhg suhylrxvo|
xqghu wkh odeho 3Fhuwl?fdwlrq14 Zkhq wkh glyhuvl?fdwlrq frvw lv }hur/ glyhuvl?fdwlrq
lv rswlpdo ehfdxvh lw plqlpl}hv djhqf| frvwv dw wkh prqlwru*v ohyho1 Lq wklv fdvh/
prqlwrulqj ri lqyhvwphqw surmhfwv fdq srwhqwldoo| eh kdqgohg e| d xqltxh/ odujh/
frpsohwho| glyhuvl?hg lqwhuphgldu| lqvwlwxwlrq1 Ilqdoo|/ wkhuh zloo eh dq lqwhuphgldwh
fdvh/ zkhuh glyhuvl?fdwlrq frvw duh srvlwlyh exw qrw wrr kljk dqg d 3pl{hg4 v|vwhp

63Qrwh wkdw hyhq li prqlwrulqj lv qrw qhfhvvdu|/ frqwdfwlqj d edqn frvwv v5 wr wkh surmhfw rzqhu1
Wklv wudqvdfwlrq frvwv vwuxfwxuh zloo lpso| wkdw lqwhuphgldwlqj h{whuqdo ixqgv wkurxjk wkh edqnlqj
v|vwhp lv pruh h!flhqw iru surmhfwv wkdw qhhg prqlwrulqj exw lw lv qrw iru surmhfwv wkdw gr qrw qhhg
prqlwrulqj +vshfldoo| li v5 A v4,1

64Eloo Jdwhv krogv d odujh sursruwlrq ri Plfurvriw vwrfn +fohduo|/ klv ?qdqfldo sruwirolr lv qrw ixoo|
glyhuvl?hg,1
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uhvxowv dv wkh htxloleulxp rxwfrph +l1h1/ wkhuh zloo eh vrph qrq0glyhuvl?hg 3uhjlrqdo4
edqnv frh{lvwlqj zlwk d frpsohwho| glyhuvl?hg qdwlrqdo 3edqn4,1
Qr Glyhuvl?fdwlrq1 Ohw r� ' r2 ' r iru vlpsolflw|1 Frqvlghu ?uvw wkh vlwxdwlrq

zkhuh wkh frvw ri glyhuvl?fdwlrq lv yhu| kljk dqg wkhuh lv qr glyhuvl?hg +QG, edqn lq
htxloleulxp1 Wklv fdvh lv doprvw htxlydohqw wr Fhuwl?fdwlrq1 Qrwh wkdw surmhfw0rzqhuv
vdwlvi|lqj wkh frqglwlrq
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gr qrw qhhg d prqlwru dqg zloo qrw jr wr wkh edqn wr rewdlq h{whuqdo ?qdqflqj165

Gh?qh w| wr eh wkh ydoxh ri hw vxfk wkdw htxdwlrq +57, krogv zlwk htxdolw|1
W|sh 5 djhqwv +surmhfw0rzqhuv, zlwk dq lqwhuphgldwh ohyho ri lqwhuqdo ixqgv wr

?qdqfh rzq surmhfwv zloo qhhg d prqlwru1 Dv d frqvhtxhqfh/ wkh| zloo qhfhvvdulo|
kdyh wr frqwdfw d edqn0prqlwru dqg wkhuhiruh sd| wkh frvw r2 E' rä1 Wkh qhw sd|r>

wr wkh prqlwru zkhq wkh surmhfw vxffhhgv/ ù-ù(K
íhwì/ pxvw vdwlvi| lqfhqwlyh frp0

sdwlelolw| frqvwudlqwv dv prqlwrulqj dfwlylwlhv duh qrw revhuydeoh1 Lq sduwlfxodu/ wkh
devhqfh ri furvv0vxevlgl}dwlrq dprqj surmhfwv uhtxluhv wkdw wkh +phdvxudeoh, ixqfwlrq

ù-ù(K

íhwì vdwlvi|

ù-ù(K

íhwì è S

{R
é +58,

Dv zh kdyh vhhq lq wkh fdvh ri fhuwl?fdwlrq/ frpshwlwlrq lq wkh prqlwruv pdunhw lpsolhv
wkdw lq htxloleulxp wkh prqlwru zloo kdyh wr lqyhvw vrph ri khu rzq ixqgv +U6, lq wkh
surmhfw dqg wkdw htxdwlrq +58, zloo krog zlwk htxdolw|1 Lw lv vwudljkwiruzdug wr vhh
wkdw lq wkh fdvh zkhuh surmhfw0rzqhuv rewdlq wkhlu h{whuqdo ?qdqflqj wkurxjk edqn0
prqlwruv/ wkh jurvv sd|r> wr wkh edqn -ù(K

íhwì +d phdvxudeoh ixqfwlrq, zkhq wkh
surmhfw vxffhhgv kdv wr vdwlvi| wkh iroorzlqj h{suhvvlrq

-ù(K|
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iru doo hw1 Zkhq wkh surmhfw idlov/ wkh jurvv sd|r> wr wkh edqn zloo eh }hur1 Uhfdoo
iurp wkh vhfwlrq rq Fhuwl?fdwlrq wkdw zh pd| h{suhvv S*{R ' Eq|*RMä U6|1

66

653Odujh4 ?upv zlwk kljk ohyhov ri rzq fdslwdo wr ghew udwlr +orz ohyhudjh ohyhov, xvxdoo| kdyh
dgydqwdjhv wr jr gluhfwo| wr wkh pdunhw iru ixqgv +dqg qrw wkurxjk wkh edqn,1 Qrwh wkdw lq idfw/ lq
wkh prgho/ e| jrlqj wr wkh edqn wkh surmhfw0rzqhu zlwk kljk ohyhov ri zhdowk zrxog jhw wkh vdph
sd|r> exw zh dvvxph wkdw wkh| fkrvh qrw wr1 Zlwk wkh uhvhuyh uhtxluhphqw lqwurgxfh odwhu lq wkh
sdshu wklv dvvxpswlrq zloo qrw eh qhhghg1 Vlploduo|/ wkh vdph dqdo|vlv khuh frxog eh grqh zlwk
v5 A v4> lq zklfk fdvh wkh dvvxpswlrq lv qrw qhfhvvdu| hlwkhu1 Zh fkrrvh qrw wr gr wklv mxvw wr nhhs
vrph sduvlprq| lq qrwdwlrq1

66Dfwxdoo|/ htxdwlrq +59, qhhgv wr krog d=h=1 Krzhyhu/ li zh dvvxph wkdw wkh ixqfwlrq UQGe

íhëì
kdv wr eh slhfhzlvh frqwlqxrxv +vd| e| dvvxplqj wkdw djhqwv fdqqrw r>hu d frqwudfw wkdw lv wrr

frpsolfdwhg,/ wkhq wkh fodlp iroorzv1 Zh wkhq surfhhg wr dqdo|}h wkh frqwudfw UQGe
íhëì srlqwzlvh1
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Zrxog wkh rzqhuv ri wkh surmhfwv ehlqj prqlwruhg xvh wkh edqn dv dq lqwhuphgldu|
iru h{whuqdo ixqgvB Wkh dqvzhu lv |hv1 Li lqiruphg lqyhvwruv zdqw wr rewdlq ixqgv
gluhfwo| iurp wkh pdunhw/ wkh| zloo kdyh wr lqfxu wkh frvw r� lq dgglwlrq wr wkh frvw
r2 iurp frqwudfwlqj d prqlwru1 Li wkh| mxvw xvh d edqn0prqlwru wkdw lqwhuphgldwhv
xqlqiruphg ixqgv/ wkhq wkh| rqo| lqfxu wkh vhfrqg frvw r2 zklfk lv fohduo| ehwwhu1

Ilqdoo|/ lqfhqwlyh frpsdwlelolw| frqvwudlqwv iru wkh lqiruphg lqyhvwruv uhtxluh wkdw
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krog1 Ohw w| eh wkh ydoxh ri hw vr wkdw htxdwlrq +5:, krogv zlwk htxdolw|1 Wkh uhvw ri
wkh htxloleulxp dqdo|vlv lq wkh qr0glyhuvl?fdwlrq fdvh forvho| iroorzv wkdw lq wkh vwxg|
ri wkh Fhuwl?fdwlrq v|vwhp1
Glyhuvl?fdwlrq1 Frqvlghu qrz wkh htxloleulxp zkhq wkh glyhuvl?fdwlrq frvw lv

qrw wrr odujh +srwhqwldoo| }hur, dqg wkhuh h{lvw d frpsohwho| glyhuvl?hg edqn lq htxl0
oleulxp1 Qrwh wkdw lq wkh qr0glyhuvl?fdwlrq v|vwhp li q : q/ ru lq rwkhu zrugv/ li
prqlwruv* rzq ixqgv duh uhodwlyho| vfdufh/ wkhq wkhuh lv srvlwlyh djhqf| frvw dv d
frqvhtxhqfh ri wkh qrq0revhuydelolw| ri wkh prqlwrulqj dfwlylw|1 Lq vxfk d fdvh/ glyhu0
vl?fdwlrq frxog srwhqwldoo| hfrqrpl}h rq wkrvh frvwv1 Qrwh wkrxjk wkdw wkh rqo| zd|
wkdw edqn0prqlwruv fdq holplqdwh wkh lqfhqwlyh frpsdwlelolw| uhtxluhphqw lv e| pdn0
lqj wkh sd|r> wr wkh xqlqiruphg lqyhvwruv qrqvwrfkdwlf1 Wkxv/ wrwdo glyhuvl?fdwlrq lv
qhfhvvdu| iru wklv sxusrvh1 Dv qr rwkhu ehqh?wv dulvh iurp glyhuvl?fdwlrq/ wkh edqn0
prqlwru zloo rqo| fkrrvh ehwzhhq dfklhylqj wrwdo glyhuvl?fdwlrq ru qr glyhuvl?fdwlrq
dw doo1

Frqvlghu d frpsohwho| glyhuvl?hg edqn1 Wkh }hur sur?w frqglwlrq dqg wkh qr
furvv0vxevlgl}dwlrq frqglwlrq lpso| wkdw wkh phdvxudeoh ixqfwlrq -(K

íhwì/ wkh jurvv
sd|r> wr wkh glyhuvl?hg edqn lq fdvh ri vxffhvv ri wkh 3w|sh hw4 surmhfw/ vdwlv?hv 67
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zkhuh eB| ' B*d_|E� ý käEw| ý w|äo dqg _ lv wkh sursruwlrq ri lqwhuphgldwhg surmhfwv
wkdw duh kdqgohg e| wkh glyhuvl?hg edqn168 Wklv lpsolhv wkdw wkh glyhuvl?hg edqn
kdv }hur sur?wv1 Qrwh wkdw wkh edqn kdv srvlwlyh sur?wv lq wkh qr0glyhuvl?fdwlrq fdvh
+jlyhq e| Eq| ý ò|ä U6|,1 Krzhyhu/ zkhq glyhuvl?fdwlrq lv h!flhqw/ dq|rqh frxog rshq
d frpsohwho| glyhuvl?hg edqn vlqfh qr rzq fdslwdo lv qhhghg iru lwv rshudwlrq1 Dv d

67Qrwh wkdw surmhfw0rzqhuv ehlqj prqlwruhg xvh wkh edqn lqwhuphgldwlrq wr dffhvv wr h{whuqdo
xqlqiruphg ixqgv1

68Wkhuh lv dw prvw rqh frpsohwho| glyhuvl?hg edqn0prqlwru lq htxloleulxp1 Wklv lv vr ehfdxvh
ri d skhqrphqrq ri frvw gl>xvlrq lpsolflw lq wkh dqdo|vlv1 Wkh plqlpxp frvw eï @ ï@x

ý
çëw ý ëw

ü
lv

dwwdlqhg zkhq x @ g+4ý ò,= Dovr qrwh wkdw glyhuvl?fdwlrq lv pruh olnho| wkh kljkhu wkh sursruwlrq
ri surmhfwv ehlqj prqlwruhg lq htxloleulxp1
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frqvhtxhqfh/ frpshwlwlrq dprqj srwhqwldo edqnhuv zloo gulyh htxloleulxp sur?wv wr
}hur lq wklv fdvh1

Hyhq zkhq glyhuvl?fdwlrq lv srvvleoh wkh surmhfwv vdwlvi|lqj htxdwlrq +57, zloo qrw
eh prqlwruhg dqg zloo qrw xvh lqwhuphgldwlrq e| edqnv1 Ohw wkhq w| eh gh?qhg dv
ehiruh1

Iru wkh surmhfwv wkdw gr qhhg prqlwrulqj/ wkh iroorzlqj lqfhqwlyh frpsdwlelolw|
frqvwudlqwv pxvw krog1 Li wkh surmhfw lv ehlqj prqlwruhg e| d glyhuvl?hg edqn/ wkhq
wkh lqfhqwlyh frpsdwlelolw| frqvwudlqw lv
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Gh?qh w| wr eh wkh ydoxh ri hw 5 Efc �ä iru zklfk wkh htxdwlrq deryh krogv zlwk
htxdolw|1

D frxsoh ri dgglwlrqdo frqglwlrqv duh qhhghg dw wklv mxqfwxuh1 Iluvw/ ohw wkh lq0
htxdolw|

RMv^E&|n�ä-ý ò| EU n räýî ý
í
Sn eB|ì : f +63,

krog iru doo | dorqj wkh htxloleulxp sdwk1 Wklv frqglwlrq lpsolhv wkdw prqlwrulqj lv
h!flhqw xqghu frpsohwh glyhuvl?fdwlrq +wklv lv mxvw d qhz yhuvlrq ri lqhtxdolw| +4;,,1
Vhfrqg/ dvvxph wkdw

î

{R
:

K

{R
n
Sn eB|
RM

+64,

krogv/ vr wkdw zh kdyh w| ÷ w| lq htxloleulxp1 Wklv odvw frqglwlrq rqo| fdoov iru wkh
frvw ri prqlwrulqj wr eh orz hqrxjk vr wkdw lw lv lq idfw 3vrfldoo|4 xvhixo1

Qrwlfh qrz wkdw li zh zhuh wr kdyh _| ' �c wkhq ixqgv rzqhg e| prqlwruv zrxog
qr orqjhu eh vfdufh1 Lq wklv fdvh/ d surmhfw0rzqhu pljkw ehqh?w iurp frqwudfwlqj d
prqlwru wkdw lqyhvwv hqrxjk ixqgv lq wkh surmhfw vr wkdw q ' q1 Lq wklv fdvh/ Eq

|
ý

ò|äU6| ' S dqg wkh surmhfw0rzqhuv hfrqrpl}h rq glyhuvl?fdwlrq frvwv1 Wkhuhiruh/ vrph
qrq0glyhuvl?hg uhjlrqdo edqnv zrxog h{lvw lq htxloleulxp1 Wkh lqfhqwlyh frpsdwlelolw|
frqvwudlqw iru surmhfwv kdqgohg e| uhjlrqdo edqnv lv jlyhq e| htxdwlrq +5:,/ dqg wkh
pdunhw fohdulqj iru prqlwruv* ixqgv lv qrz jlyhq e|

E�ý _|äE�ý käEw| ý w|äU6| ' èwûv/E&|äé +65,

Lq htxloleulxp/ _| zloo eh vxfk wkdw d surmhfw0rzqhu zlwk h!flhqf| lqgh{ hw zrxog
eh dv zhoo r> zkhq kdqgohg e| wkh wrwdoo| glyhuvl?hg edqn dv zkhq kdqgohg e| wkh
uhjlrqdo edqnv1 Wklv zloo uhtxluh wkdw wkh iroorzlqj htxdwlrq krog lq htxloleulxp

RMv^E&|n�ä-ý ò|
k
U n rý hwûv/E&|äý U6|lý q|U6| '
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RMv^E&|n�ä- ý ò|
k
U n rý hwûv/E&|älý íSn eB|ì c +66,

ru htxlydohqwo| wkdw Eq| ý ò|ä U6| '
í
Sn eB|ì1

Htxloleulxp zlwk glyhuvl?fdwlrq1 Wkh lpsruwdqw gl>huhqfh ehwzhhq wklv
uhjlph dqg Fhuwl?fdwlrq lv wkh ghwhuplqdwlrq ri w| dqg _|1 Wkh dvvhw dqg fdslwdo
pdunhw fohdulqj frqglwlrqv duh

v/E&|ä ' 5| n E�ý käE�ý w|ä EU n rä +67,

dqg
&|n� ' E�ý käE�ý w|äRM-é +68,

Ohw Kââ ã US eh wkh vhw ri E&c 5c U6c wc wc _ä vr wkdw frqglwlrqv +63, dqg +64, krog/
U6 : U6 iru _ ' f dqg wkh surmhfwlrq ri Kââ wr UD lv frqwdlqhg lq Kâ1

Gh?qlwlrq < DPrqhwdu| Ilqdqfldo Htxloleulxp zlwk d ixoo| glyhuvl?hg lqwhuphgldu|0
prqlwru lv d vhtxhqfh i&|c 5|c U6|c w|c w|c _|j ã Kâ vdwlvi|lqj htxdwlrqv +68,/ +67,/ +65,/
dqg +66,/ dqg +57, dqg +5<, zlwk htxdolw|/ jlyhq wkh lqlwldo fdslwdo &f dqg zkhuh _| lv
wkh kljkhvw srvvleoh vroxwlrq ri +66, iru hyhu| w1

Vwhdg| vwdwh dqg wudqvlwlrqdo g|qdplfv surshuwlhv fdq eh vwxglhg wkh vdph zd|
dv lq wkh suhylrxv w|shv ri htxloleulxp1 Qrwh wkdw e| htxdwlrq +64, wkh vwhdg| vwdwh
fdslwdo zloo eh kljkhu lq wkh suhvhqw uhjlph wkdq lq wkh Qr0Prqlwrulqj Hfrqrp|1
Dgglwlrqdoo|/ vlqfh Eq| ý ò|ä U6| lv ghfuhdvlqj lq _|/ zh kdyh wkdw wkh vwhdg| vwdwh
fdslwdo zloo eh dovr kljkhu wkdq wkh rqh xqghu Fhuwl?fdwlrq +ru/ iru wkh pdwwhu/ zkhq
_| ' f,1 Wklv lv lpsruwdqw1 Lw whoov xv wkdw xqghu fhuwdlq frqglwlrqv zh fdq h{shfw
djjuhjdwh JGS wr lqfuhdvh li zh doorz wkh hfrqrp| wr vzlwfk iurp d 3xqlw4 edqnlqj
v|vwhp +lpsrvhg e| ohjdo uhvwulfwlrqv iru h{dpsoh, wr d 3qdwlrqdo4 edqnlqj v|vwhp1 D
wudqvlwlrqdo shulrg ri hfrqrplf jurzwk zrxog wkhq frph dvvrfldwhg wr wkh fkdqjh lq
wkh +lqwhuvwdwh eudqfklqj, uhjxodwlrq1

Md|dudwqh dqg Vwudkdq +4<<9, suhvhqw vrph hylghqfh wkdw fruuhvsrqgv zlwk wklv
?qglqj1 Vlqfh wkh ehjlqqlqj ri wkh 4<<3*v wkh XV vwdwhv kdyh pryhg judgxdoo| dqg
dw d gl>huhqw sdfh wrzdugv doorzlqj iru lqwhuvwdwh eudqfklqj1 Wklv yduldelolw| lv zkdw
shuplwv vrph hfrqrphwulf lghqwl?fdwlrq ri wkh h>hfwv ri oliwlqj eudqfklqj uhvwulfwlrqv1
Wkh dxwkruv ?qg wkdw vwdwhv wkdw kdyh pryhg idvwhu lq wkh gluhfwlrq ri uhprylqj wkh
uhjxodwlrq kdyh h{shulhqfhg vkdus idoov lq edqn rshudwlqj frvwv1 Wklv uhgxfwlrq lq
frvwv kdv odujho| ehhq sdvvhg dorqj wr wkh edqn eruurzhuv lq wkh irup ri orzhu ordq
udwhv1 Wklv lv h{dfwo| zkdw wkh prgho lq wkh suhvhqw sdshu suhglfwv1 Dgglwlrqdoo|/
Md|dudwqh dqg Vwudkdq ?qg wkdw wkh fkdqjh lq wkh edqnlqj vwuxfwxuh kdg lpsruwdqw
lpsolfdwlrqv iru wkh ryhudoo hfrqrplhv1 Lq sduwlfxodu/ wkh vwdwhv wkdw kdyh ehhq pruh
djjuhvvlyh rq fkdqjlqj wkh uhjxodwlrq kdyh h{shulhqfh vljql?fdqwo| idvwhu udwhv ri
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hfrqrplf jurzwk1 Krzhyhu/ wkh prgho suhvhqwhg khuh vhhpv wr vxjjhvw wkdw wkrvh
zloo rqo| frqvwlwxwh wudqvlwlrqdo skhqrphqd169

Zkhq htxdwlrq +66, kdv qr vroxwlrq lq htxloleulxp +vhh Iljxuh 7, wkh htxloleulxp
kdv qr ixoo| glyhuvl?hg qdwlrqdo edqn1 Wklv lv wkh fdvh zkhuh wkh glyhuvl?fdwlrq frvw
duh vr kljk wkdw lw lv qrw hfrqrplfdoo| h!flhqw wr wu| wr vdyh djhqf| frvwv wkurxjk
glyhuvl?fdwlrq1

Gh?qh _| dv wkh ydoxh ri _| vxfk wkdw U6| ' U6| krogv1 Qrwh wkdw
í
q
|
ý ò|

ì
U6| ' Sé

Li d vroxwlrq wr +66, h{lvwv/ wkhq wkhuh duh wzr ri wkhp/ erwk zlwk _ 5 Efc _ä +qrwh
wkdw SneB| è S iru doo _|, Krzhyhu/ wkh dfwxdo htxloleulxp ydoxh ri _| zloo eh jlyhq e|
wkh odujhvw ri wkhvh16: Iru wkh fdvh ri B ' f zh kdyh wkdw htxdwlrq +66, lv vdwlv?hg
iru hyhu| _ è _ +dv orqj dv q| : q| zkhq glyhuvl?fdwlrq lv qrw doorzhg +_ ' f, dv lq
wkh Fhuwl?fdwlrq v|vwhp,+vhh Iljxuh 7,1

Sursrvlwlrq 43 Dvvxph _| : f1 Wkhq/ iru vpdoo hqrxjk glyhuvl?fdwlrq frvwv B : fc
wkhuh h{lvwv dq htxloleulxp rxwfrph zkhuh qrq0glyhuvl?hg +uhjlrqdo, edqnv dqg glyhu0
vl?hg +qdwlrqdo, edqnv frh{lvw1

Rqh lqwhuhvwlqj frpsdulvrq ehwzhhq wklv htxloleulxp zlwk prqlwrulqj dqg glyhu0
vl?fdwlrq dqg wkh suhylrxvo| vwxglhg fdvh ri Fhuwl?fdwlrq lv wkh iroorzlqj1 Iru d jlyhq
ohyho ri fdslwdo/ lw lv qrw kdug wr vkrz wkdw iru q| è q

|
/ wkh gl>huhqfh

ý
w| ý w|

ü
lv

kljkhu lq wkh fdvh ri wrwdo glyhuvl?fdwlrq1 Lq rwkhu zrugv/ lqwhuphgldwlrq ri ixqgv
zrxog whqg wr eh kljkhu xqghu wkh 3qdwlrqdo4 edqn v|vwhp1

Qrwh wkdw wkh wrwdoo| glyhuvl?hg edqn shuirupv dqrwkhu ixqfwlrq xvxdoo| dwwulexwhg
wr wkh ?qdqfldo v|vwhp= wkh dvvhw wudqvirupdwlrq ixqfwlrq +lq wklv fdvh iurp 3ulvn|4
ordq frqwudfwv lqwr ?qdqfldo fodlpv +FGv, wkdw duh shuihfw vxevwlwxwhv iru fxuuhqf|,1

Dq lqwhuhvwlqj frpsdudwlyh vwdwlf uhvxow iru wkh fdvh zkhq wkhuh lv d qdwlrqdo edqn
lq rshudwlrq lv wkdw lqfuhdvhv lq wkh lqwhuhvw udwh ò| uhgxfh wkh vl}h ri wkh sruwirolr ri
wkh glyhuvl?hg lqvwlwxwlrq _| +vhh Iljxuh 7,1 Xqghu fhuwdlq frqglwlrqv wkh lqfuhdvh lq
wkh lqwhuhvw udwh pd| fdxvh wkh glvdsshdudqfh ri wkh ixoo| glyhuvl?hg lqwhuphgldulhv1
Pdqgdwru| Uhvhuyh Uhtxluhphqw16; Vxssrvh wkh prqhwdu| dxwkrulw|/ iru

69Qrwh wkdw wkh prgho lghqwl?hv dovr dq lqwhuhvwlqj qhz fkdqqho e| zklfk whfkqrorjlfdo fkdqjh
fdq jhqhudwh vxvwdlqhg jurzwk1 Wkh frvw ï reylrxvo| kdyh d whfkqrorjlfdo frpsrqhqw dvvrfldwhg wr
lw dqg zh fdq wklqn wkdw dv whfkqrorj| lq frppxqlfdwlrqv +iru h{dpsoh, lpsuryhv/ wkh frvw ï zloo
orzhu dqg wklv zloo wudqvodwh lqwr kljkhu ohyhov ri lqyhvwphqw dqg khqfh lq jurzwk iru wkh djjuhjdwh
hfrqrp|1

6:Iru wkh orz ydoxh ri gw/ lqfuhdvlqj gw uhvxowv lq wkh UKV ri +66, ehlqj juhdwhu wkdq wkh OKV> wkh
glyhuvl?hg edqn ehlqj pruh frqyhqlhqw iru lqyhvwruv zrxog fdxvh wkh ydoxh ri gw wr whqg wr lqfuhdvh
+wrzdugv wkh htxloleulxp kljk gw,1

6;Kx|ehqv dqg Vplwk +4<<;, vwxg| d uhvhuyh uhtxluhphqw lq d prgho zlwk frvwo| vwdwh yhul?fdwlrq
sureohpv lq wkh ?qdqfldo vhfwru1 Wkhlu uhvhuyh uhtxluhphqw lv gl>huhqw wkdq wkh rqh lpsrvhg khuh=
ohqghuv kdyh wr krog d iudfwlrq ri wkhlu ordqv lq fxuuhqf| uhvhuyhv dqg wkh uhvhuyh uhtxluhphqw lv
elqglqj rqo| zkhq wkh wrwdo ghpdqg iru prqh| lv vpdoo hqrxjk qrw wr dxwrpdwlfdoo| fryhu wkh
uhtxluhg ohyho ri uhvhuyhv1 Lq wkhlu prgho/ wkh uhwxuq rq ordqv fdq eh kljkhu wkdq wkh uhwxuq rq
prqh| kroglqjv dqg wklv lv wkh vlwxdwlrq lq zklfk wkh uhvhuyh uhtxluhphqw ehfrphv uhohydqw1
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zkdwhyhu uhdvrq/ ghflghv wr lpsrvh d pdqgdwru| uhvhuyh uhtxluhphqw rq edqn gh0
srvlwv1 Iru hdfk 3groodu4 ri ghsrvlwv ohqw e| wkh edqn/ dq dprxqw 4 ri ixqgv qhhgv
wr eh ghsrvlwhg lq dq dffrxqw lq wkh Fhqwudo Edqn +FE, dv d irup ri uhvhuyh uhtxluh0
phqw1 Wkh FE zloo sd| edfn 4*E�n4ä shu groodu ri ghsrvlwv wr xqliruphg lqyhvwruv li
wkh edqn jrhv edqnuxsw ru zloo uhwxuq wkh wrwdo vxp wr wkh edqn li wklv rqh grhv qrw
idlo1 Qrwh wkdw wkh srolf| dovr sod|v wkh uroh ri d sduwldo ghsrvlw lqvxudqfh +htxdoo|
xqqhfhvvdu| lq wklv 3ulvn0qhxwudo4 hfrqrp|,1

Frqvlghu ?uvw wkh fdvh ri wkh edqn wkdw krogv d frpsohwho| glyhuvl?hg sruwirolr1
Htxdwlrq +5;, ehfrphv
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zkhuh hò| ' ò| n Eò| ý �ä41
Iru wkh uhjlrqdo qrq0glyhuvl?hg edqnv zh kdyh wkdw htxdwlrq +5:, ehfrphv
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zkhuh U â6| vroyhv htxdwlrq +65, exw iru wkh qhz ydoxhv ri E w|/ w|äé
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Xvlqj htxdwlrqv +66,/ +68,/ +6;,/ dqg +57, dqg +5<, +kroglqj zlwk htxdolw| wr gh0
whuplqh

ý
w|c w|

ü
,/ zh fdq frpsxwh htxloleulxp xqghu wkh 3pl{hg4 uhjlph +li lw h{lvwv,

zlwk uhjlrqdo dqg qdwlrqdo edqnv dqg d pdqgdwru| uhvhuyh uhtxluhphqwv1 Qrwh wkdw
zkhq ò| ' � rqo| 5| dgmxvw wr wkh lpsrvlwlrq ri d pdqgdwru| uhvhuyh uhtxluhphqw16<

Zklfk htxloleulxp zloo h{lvw ghshqgv rq wkh sd|r> ri surmhfw0rzqhuv1 E| edqn
frpshwlwlrq/ li wkhuh h{lvwv d ydoxh ri _| vr wkdw d glyhuvl?hg edqn fdq jlyh d ehwwhu
sd|r> wr surmhfw0rzqhuv wkdq wkh qrq0glyhuvl?hg edqnv +l1h1/ li +66, kdv d vroxwlrq,/
wkhq d qdwlrqdo edqn zloo eh hvwdeolvkhg1 Wkh surmhfw0rzqhuv zloo jr wr wkh qdwlrqdo
edqn/ lqfuhdvlqj _| xqwlo sd|r> duh htxdol}hg dfurvv edqnv1 Li wkhuh lv qr _| vr wkdw
wkh sd|r> ri wkh glyhuvl?hg edqn lv kljkhu wkdq wkh rqh rq uhjlrqdo edqnv/ wkhq rqo|
uhjlrqdo edqnv zloo rshudwh lq htxloleulxp1

H{dpsoh 44 Iroorzlqj wkh frqvwuxfwlrqv mxvw h{sodlqhg/ zh surfhhg wr frpsxwh vwhdg|
vwdwh htxloleuld iru wkh Ilqdqfldo Htxloleulxp hfrqrp| lq dq h{whqghg yhuvlrq ri H{0
dpsoh 81 Wkh sdudphwhu ydoxhv duh dv vkrzq lq Wdeoh 6 +vhh dovr Wdeoh 4 lq
H{dpsoh 8 iru frpsdulvrq,1

- î U û k RM Ru w # K
41: 3188 415 415 31;8 31< 3178 31; 3169 316:

S ò B è v r
3148 4136 313348 3136 4 313334

Wdeoh 6
Htxloleulxp ydoxhv iru wkh pdlq yduldeohv duh jlyhq lq Wdeoh 71

q 4 ' f 4 ' féfD 4 ' fé�f

&
w

w
5
U6
_

1457<77
17888;5
1<::478
14;9487
146;37:
149695;

1457:4;
178989:
1<:4<57
14;5<<;
1469;;6
1479<4:

14567;6
1794<7:
1<75<;6
14;356<
145798:

3
Wdeoh 7

Wkhq/ iru wklv sdudphwhu ydoxhv/ zkhq 4 ' f zh kdyh d pl{hg edqnlqj v|vwhp zlwk
49( ri wkh prqlwruhg surmhfwv lq wkh hfrqrp| ehlqj kdqgohg e| d 3qdwlrqdo4 wrwdoo|
glyhuvl?hg edqn dqg wkh uhvw ehlqj kdqgohg e| orfdo edqnv1 D srvlwlyh exw qrw wrr kljk
uhvhuyh uhtxluhphqw lpsolhv +vlqfh ò : �, d ghfuhdvh lq wkh ehqh?wv ri glyhuvl?fdwlrq/
orzhulqj wkh shufhqwdjh ri surmhfwv kdqgoh e| wkh qdwlrqdo edqn +iurp 49( wr 47(,1
Ilqdoo|/ zkhq wkh uhvhuyh uhtxluhphqw lv 43(/ rqo| uhjlrqdo edqnv h{lvw lq htxloleulxp1

6<Lw lv xvxdo lq wkh olwhudwxuh wr ?qg dujxphqwv djdlqvw lqglvfulplqdwh ghsrvlw lqvxudqfh ehfdxvh
lw zrxog whqg wr vwuhvv wkh prudo kd}dug sureohp lq wkh ulvn wdnlqj ehkdylru ri edqnv1 Lq wklv
prgho djhqwv duh ulvn qhxwudo dqg wkhvh sureohpv gr qrw dulvh1 Exw lw lv lqwhuhvwlqj wr qrwh wkdw
hyhq wkrxjk zlwk wkh lpsohphqwdwlrq ri d uhvhuyh uhtxluhphqw xqlqiruphg lqyhvwruv uhfhlyh srvlwlyh
sd|r> zkhq wkh edqn idlo/ wklv grhv qrw glvfrxudjh glyhuvl?fdwlrq e| edqnv ehfdxvh wkh h{wud sd|r>
wr ghsrvlwruv lq wkh fdvh ri idloxuh lv lqgluhfwo| glvfrxqwhg iurp wkh surshu lqwhuhvw sd|phqwv wr
?qdoo| duulyh dw wkh vdph qhw h{shfwhg uhwxuq rq ghsrvlwv dv zlwk qr uhvhuyh uhtxluhphqw1
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Wkh H{dpsoh mxvw ghvfulehg doorzv xv wr xqfryhu dq lqwhuhvwlqj lpsolfdwlrq ri
wkh lpsrvlwlrq ri pdqgdwru| uhvhuyh uhtxluhphqwv lq wklv w|sh ri hfrqrp|1 Qrwh
wkdw wkh htxloleulxp zlwkrxw uhvhuyh uhtxluhphqwv kdv d edqn zlwk d ixoo| glyhuvl?hg
sruwirolr1 Wklv edqn qhyhu idlov lq htxloleulxp1 Lw dfwxdoo| sd|v wkh lqwhuhvw udwh
rq ghsrvlwv ò hyhu| shulrg1 Lq wklv vlwxdwlrq lw lv qdwxudo wr wklqn wkdw d uhvhuyh
uhtxluhphqw zloo qrw eh lpsrvhg rq wklv edqn1 Krzhyhu/ wkh h{dpsoh dovr vkrzv wkdw
rqfh wkh uhvhuyh uhtxluhphqw lv lq sodfh/ wkh edqn*v rswlpdo htxloleulxp srolf| pd|
eh qrw wr glyhuvli|1 Lq wklv vlwxdwlrq hyhu| edqn idlov zlwk fhuwdlq suredelolw|1 Zh fdq
wkhq h{shfw wkdw wkh uhvhuyh uhtxluhphqw v|vwhp zloo kdyh juhdwhu fkdqfhv ri ehlqj
3srolwlfdoo|4 vxvwdlqdeoh173 Krzhyhu/ li zh zhuh wr eulqj wr dq hqg wklv uhjxodwlrq/
wkh qhz vwhdg| vwdwh htxloleulxp +zlwk glyhuvl?fdwlrq, zrxog pdnh dssduhqw krz
xqqhfhvvdu| wkh srolf| zdv dw ohdvw iru fhuwdlq edqnv1

Zk| gr pdqgdwru| uhvhuyh uhtxluhphqwv glvfrxudjh glyhuvl?fdwlrqB Wkh lqwx0
lwlrq lv fohdu1 Zkhq ò : �/ uhvhuyh uhtxluhphqwv pdnh h{whuqdo +xqlqiruphg lq0
yhvwruv, ixqgv pruh frvwo| +hò| : ò|,1 Vlqfh lw lv rswlpdo wr kdyh rqo| rqh frpsohwho|
glyhuvl?hg edqn lq htxloleulxp/ wkh gluhfw ?qdqflqj ri lqyhvwphqw surmhfwv e| wkh
edqn0rzqhu ehfrphv qhjoljleoh174 Iru wkh fdvh ri qrq0glyhuvl?hg edqnv/ hyhu| w|sh
6 djhqw lqyhvwv khu zhdowk lq wkh exvlqhvv1 Dv d frqvhtxhqfh/ wkh glyhuvl?hg edqn lv
uhodwlyho| pruh lqwhqvlyh lq wkh xvh ri h{whuqdo ixqgv vxemhfw wr uhvhuyh uhtxluhphqw
wkdq wkh qrq0glyhuvl?hg edqnv dqg lw ehfrphv ohvv 3h!flhqw4 zkhq wkh frh!flhqw 4
lqfuhdvhv1 Lq wklv hfrqrp|/ wkhuh lv d gluhfw frvw wr glyhuvl?fdwlrq dqg lw pd| qrw eh
frqyhqlhqw hyhq zkhq 4 ' f1 Krzhyhu/ vlqfh glyhuvl?fdwlrq vdyhv lq djhqf| frvwv/ lw
pd| eh pruh h!flhqw wkdq qrq0glyhuvl?fdwlrq iru vrph ihdvleoh ydoxhv ri _|1 Exw wkh
lpsohphqwdwlrq ri d srvlwlyh uhvhuyh uhtxluhphqw srolf| fdq dowhu wklv vlwxdwlrq dqg
doorz wkh qrq0glyhuvl?hg edqnv wr ehfrph wkh prvw frqyhqlhqw lq htxloleulxp iru dq|
srvvleoh ydoxh ri _|/ khqfh dwwudfwlqj doo ri wkh prqlwruhg surmhfwv rq wkh hfrqrp|1

Qrwh wkdw wkh uhvhuyh uhtxluhphqw dovr lqfuhdvhv wkh fkdqfhv ri glvlqwhuphgldwlrq1
Wkh h{wud frvw lpsolhg e| wkh uhvhuyh uhtxluhphqw lv rqo| eruqh e| ixqgv wkdw duh
lqwhuphgldwhg e| edqnv1 Lq wklv hqylurqphqw/ Fhuwl?fdwlrq pd| ehfrph d ehwwhu
dowhuqdwlyh1 Zh devwudfw iurp wklv srvvlelolw|/ krzhyhu/ dqg dvvxph wkdw fhuwl?fdwlrq
lv dozd|v grplqdwhg lq sd|r>v e| wkh edqnlqj v|vwhp1

Rqh lqwhuhvwlqj srvvlelolw| lv wkdw wkh prqhwdu| dxwkrulw| vxshuylvhv edqnv* sruw0
irolrv dqg lpsrvhv d uhvhuyh uhtxluhphqw rqo| lq fhuwdlq fdwhjrulhv ri edqnv +wkrvh
wkdw duh ohvv glyhuvl?hg dqg pruh olnho| wr idlo,1 Wklv lv sduw ri wkh sursrvdo iru edqn0

73Qrwh wkdw vlqfh djhqwv duh ulvn qhxwudo lq wkh prgho/ wklv w|sh ri uhvhuyh uhtxluhphqw fdqqrw eh
ehqh?fldo lq wklv hfrqrp|1

74Wklv lv vr rqo| xqghu fhuwdlq frqglwlrqv1 Lq idfw/ lqfuhdvlqj wkh qxpehu ri edqnv zlwk frpsohwho|
glyhuvl?hg sruwirolrv xqghu srvlwlyh uhvhuyh uhtxluhphqwv kdv wzr rssrvlqj h>hfwv1 Rq rqh kdqg/ lw
lqfuhdvhv wkh frvwv ri glyhuvl?fdwlrq ehfdxvh lw glplqlvkhv wkh gl>xvlrq ri ?{hg0frvw h>hfw1 Rq wkh
rwkhu kdqg/ lw eulqjv qhz fkhdshu ixqgv +qrw vxemhfw wr wkh uhvhuyh uhtxluhphqw, wr wkh glyhuvl?hg
lqvwlwxwlrqv1 Lw fdq eh vkrzq wkdw iru wkh sdudphwhu ydoxhv rq wkh h{dpsoh/ wkh ?uvw h>hfw lv dozd|v
vwurqjhu wkdq wkh vhfrqg dqg wkhuhiruh/ glyhuvl?fdwlrq wdnhv sodfh xqghu frpsohwh frqfhqwudwlrq ri
ghsrvlwv lq d xqltxh lqvwlwxwlrq1
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lqj uhirup sxw iruwk e| wkh XV Wuhdvxu| lq 4<<4 +vhh Plvknlq/ 4<<5,1 Lq rxu prgho
wklv zloo lpso| dq lqfuhdvh lq wkh sursruwlrq ri surmhfwv ehlqj kdqgohg e| wkh glyhu0
vl?hg edqn +l1h1/ kljkhu _|c vhh Iljxuh 7, vrphwklqj wkdw frxog eh frqvlghu d 3jrrg4
rxwfrph vlqfh lw uhgxfhv wkh sursruwlrq ri wkh hfrqrp| vxemhfw wr edqn idloxuhv175

Dv d ?qdo frpphqw/ qrwlfh wkdw zkhq wkh htxloleulxp lqwhuhvw udwh ò| lv dovr sdlg
rq pdqgdwru| ghsrvlwv lq wkh FE +?qdqfhg e| hduqlqjv rq d FE sruwirolr uhlqyhvwhg
lq wkh hfrqrp|, wkh v|vwhp ri uhvhuyh uhtxluhphqw kdv qr h>hfw rq wkh htxloleulxp
rxwfrphv1 Iru d glvfxvvlrq rq wkh wudglwlrqdo ylhzv rq wklv lvvxh vhh Vdujhqw dqg
Zdoodfh +4<;8,1

9 Frqfoxvlrq
Wkh sdshu lqwurgxfhv d jhqhudo htxloleulxp ryhuodsslqj jhqhudwlrqv prgho wkdw jhq0
hudwhv wkh iroorzlqj lqwhuhvwlqj pdfurhfrqrplf0?qdqfldo v|vwhp idfwv1 Xqghu fhuwdlq
frqglwlrqv/ zh pd| revhuyh wzr w|shv ri edqnv lq htxloleulxp= rq rqh vlgh/ d kljko|
glyhuvl?hg odujh ?qdqfldo lqwhuphgldu| zlwk zlghvsuhdg exvlqhvv dfurvv wkh hfrqrp|
+eudqfklqj, dqg zlwk dq lqyhvwphqw sruwirolr vkrzlqj kljk ohyhudjh udwlrv +orz edqn
htxlw| fdslwdo,> rq wkh rwkhu vlgh/ d odujh qxpehu ri vpdoo ?qdqfldo lqvwlwxwlrqv/ uh0
vwulfwlqj wkhlu rshudwlrq wr d sduwlfxodu jhrjudsklfdo duhd ri wkh djjuhjdwh hfrqrp|/
kroglqj qrw yhu| glyhuvl?hg sruwirolrv dqg orz ohyhudjh udwlrv1 Kljkhu ohyhov ri wrwdo
surgxfwlrq duh revhuyhg zkhq glyhuvl?hg lqvwlwxwlrqv sod| d uroh lq wkh prgho hfrq0
rp|1 Dgglwlrqdoo|/ dfurvv wkh erdug uhvhuyh uhtxluhphqwv dqg fhuwdlq w|shv ri ghsrvlw
lqvxudqfh whqg wr glvfrxudjh glyhuvl?fdwlrq dqg lqfuhdvh wkh fkdqfhv ri cxqlw edqnlqj*
lq wkh v|vwhp1

Er|g dqg Jhuwohu +4<<6, surylgh hylghqfh vxjjhvwlqj wkdw lq wkh XV frpphufldo
edqnlqj v|vwhp vhyhudo ri wkhvh ihdwxuhv duh frpprqo| revhuyhg1 Iru h{dpsoh/ wkh|
fdofxodwh wkh fdslwdo2dvvhw udwlrv iru wkh shulrg 4<;:04<<4 +dyhudjhv, iru wkh gl>huhqw
vl}hv ri edqnv dqg vkrz d vwurqj qhjdwlyh fruuhodwlrq ehwzhhq wkh wzr yduldeohv +vhh
Wdeoh D4 lq Dsshqgl{ 6,1 Dovr/ wkh| vkrz wkdw prvw ri wkh edqn idloxuhv +dowkrxjk
qrw wkh prvw lpsruwdqw dffruglqj wr wkhlu dujxphqw, ryhu wkh shulrg 4<;304<<4 duh
dvvrfldwhg zlwk uhjlrqdo hfrqrplf gl!fxowlhv dqg kdyh ehhq frqfhqwudwhg lq qxpehu
rq wkh vpdoo0vl}h fdwhjru| ri edqnv +vhh Wdeoh D5 lq Dsshqgl{ 6,176 Wkh prgho
lqwurgxfhg lq wklv sdshu surylghv lqwhuhvwlqj lqvljkwv rq wkhruhwlfdo h{sodqdwlrqv ri
wkhvh hpslulfdo idfwv1

Wkh pdlq prwlydwlrq iru wkh h{lvwhqfh ri wkh edqnlqj v|vwhp lq wklv sdshu kdv
ehhq lwv delolw| wr prqlwru wkh ehkdylru ri lqyhvwruv zlwk ?qdqfldo qhhgv1 Vhyhudo rwkhu
srvvleoh ixqfwlrqv wkdw edqnv frxog shuirup lq dq hfrqrp| duh qrw ixqgdphqwdo lq wkh
prgho +prelol}huv ri ixqgv/ ulvn0vkdulqj/ hwf1,1 Wkh uhfhqw wuhqgv lq ghyhorsphqw ri

75Qrwh krzhyhu wkdw lq wkh prgho dv lw vwdqgv/ edqn idloxuhv duh qrw uhdoo| d 3sureohp14
76Wkh rlo vwdwhv/ sulqflsdoo| Wh{dv/ dffrxqwhg iru qhduo| :33 idloxuhv gxulqj wkh shulrg 4<;904<<3/

zkhq rlo dqg uhdo vwdwh sulfhv froodsvhg lq wklv uhjlrq1 Wkh djulfxowxudo vwdwhv gxulqj wkh plg04<;3v
h{shulhqfhg juhdw gl!fxowlhv dqg dovr kdg qhduo| 533 edqn idloxuhv1
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prghuq ?qdqfldo v|vwhp vhhp wr vxjjhvw vrph sodxvlelolw| iru wklv nlqg ri dvvxpswlrq1
Vfkplgw/ Kdfnhwkdo/ dqg W|uhoo +4<<<,/ iru h{dpsoh/ suhvhqw d ghwdlohg hpslulfdo
vwxg| ri wkh uhfhqw hyroxwlrq ri ?qdqfldo lqvwlwxwlrqv lq wkh X1N1/ Jhupdq| dqg
Iudqfh1 Rqh ri wkhlu pdlq ?qglqjv lv wkdw ri d fkdqjh lq urohv iru edqnv lq wkrvh
hfrqrplhv= wrzdugv 3ohqglqj vshfldolvw4 wkdw prqlwru eruurzhuv dqg dzd| iurp wkh
vdylqjv prelol}lqj w|sh ri lqvwlwxwlrqv1

Dqrwkhu lpsruwdqw ihdwxuh ri wkh prgho suhvhqwhg khuh lv wkh vshfl?f ?qdqfldo
vwuxfwxuh uhtxluhg iru ?upv wr rshudwh lq wkh lqirupdwlrq lqwhqvlyh vhfwru +fdslwdo
jrrgv surgxfwlrq,1 Lq sduwlfxodu/ wkh ohyhudjh udwlr lv uhvwulfwhg e| wkh h>hfw ri
lqirupdwlrqdo dv|pphwulhv1 Wkh ?qdqfldo uhvwulfwlrqv fdq eh lghqwl?hg dfurvv ?upv
dqg dfurvv wlph1 Wkh khwhurjhqhlw| ri surmhfwv0rzqhuv ghwhuplqhv wkh dprxqw ri
lqwhuqdo ixqgv wkdw hdfk ri wkhp kdv dydlodeoh wr ?qdqfh wkhlu lqyhvwphqw surmhfw1
Vrph ri wkhvh lqyhvwruv zloo qrw eh deoh wr dwwudfw ohqghuv lq htxloleulxp dqg wkhuhiruh
zloo qrw fduu| rxw wkhlu surmhfw1 Rwkhuv/ vkrzlqj orz ohyhov ri lqwhuqdo ?qdqflqj/ zloo
whqg wr eh lqwhuphgldwhg dqg zloo eh wkh rqhv gursslqj lqyhvwphqw rssruwxqlwlhv lq
uhvsrqvh wr djjuhjdwh vkrfnv1 Ilqdoo|/ wkhuh lv d jurxs ri zhdowk| lqyhvwruv wkdw duh
deoh wr pdlqwdlq kljk ohyhov ri lqwhuqdo ?qdqflqj dqg khqfh rewdlq ixqgv lq wkh pdunhw
zlwkrxw wkh dvvlvwdqfh ri dq lqwhuphgldu|1

Idfwruv jhqhudwlqj djjuhjdwh fkdqjhv rq wkh vrxufhv ri lqwhuqdo ixqgv lq wkh hfrq0
rp| zloo fkdqjh wkh frpsrvlwlrq ri wkh srsxodwlrq dprqj wkh wkuhh jurxsv1 Wklv/ lq
wxuq/ jhqhudwhv  xfwxdwlrqv lq wkh djjuhjdwh ohyho ri lqyhvwphqw dv d frqvhtxhqfh ri
wkh vwuhqjwkhqlqj ru zhdnhqlqj ri wkh djhqf| sureohpv xqghuo|lqj wkh surgxfwlrq ri
fdslwdo jrrgv1

Wkhuh h{lvwv dq h{whqvlyh hpslulfdo olwhudwxuh uhsruwlqj krz pryhphqwv lq lqwhuqdo
?qdqfh vljql?fdqwo| ghwhuplqh lqyhvwphqw vshqglqj lq prghuq hfrqrplhv +vhh Ohylqh
+4<<:,/ Vhfwlrq LLL H/ iru d eulhi ryhuylhz,1 Wzr ?qglqjv duh zruwk qrwlflqj dv
ehlqj frqvlvwhqw zlwk wkh suhvhqw sdshu1 Iluvw/ odujh pdqxidfwxulqj ?upv lq wkh XV
xvlqj wkh frusrudwh erqgv pdunhw whqg wr ehkdyh dv li wkh| zhuh qrw d>hfwhg e|
lqirupdwlrqdo dv|pphwulhv +vhh Zklwhg +4<<5,,1 Lq wkh prgho suhvhqwhg deryh/ ?upv
zlwk hqrxjk lqwhuqdo ?qdqfh dovr frpsohwho| vroyh wkh lqirupdwlrq sureohp dqg kdyh
dffhvv wr wkh gluhfw sulydwh ordqv pdunhw +zlwk qr lqwhuphgldulhv,1 Vhfrqg/ zrunlqj
zlwk d odujh vdpsoh ri uhodwlyho| vpdoo XV ?upv +÷ Dff hpsor|hhv, Shwhuvhq dqg
Udmdq +4<<7, irxqg wkdw forvh wlhv wr ?qdqfldo lqvwlwxwlrqv uhgxfh wkh iulfwlrqv lq wkh
 rz ri ixqgv wrzdugv wkh eruurzlqj ?upv1 D yhuvlrq ri wklv uhvxow fdq eh irxqg lq wkh
prgho ghyhorshg khuh1 Ilqdqfldo lqwhuphgldulhv/ wkurxjk prqlwrulqj ri pdqdjhuldo0
surgxfwlyh dfwlylwlhv wkdw lqfuhdvh wkh suredelolw| ri d vxffhvvixo hqwhusulvh/ lpsuryh
wkh dydlodelolw| ri h{whuqdo ixqgv iru ?upv wkdw rwkhuzlvh zrxog eh fuhglw frqvwudlqhg1

Ilqdoo|/ ohw ph phqwlrq vrph lpsruwdqw idfwruv wkdw whqg wr riwhq dsshdu lq wkh
hpslulfdo dqg wkhruhwlfdo vwxglhv dqg wkdw duh qrw sduw ri wkh prgho lq wklv sdshu1
Iluvw/ wkh vl}h ri wkh ?upv kdv orqj ehhq uhfrjql}hg dv d ghwhuplqlqj idfwru ri ?qdqfldo
duudqjhphqwv= vpdoo ?upv whqg wr vkrz lqyhvwphqw ehkdylru vwurqjo| frqglwlrqhg e|
?qdqfldo frqvlghudwlrqv/ exw wklv lv qrw wuxh iru odujh ?upv +vhh iru h{dpsoh Shwhuvhq
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dqg Udmdq +4<<7,,1 Vl}h sod|v qr uroh lq wkh prgho suhvhqwhg khuh1 Vhfrqg/ orqj
odvwlqj uhodwlrqvklsv dqg uhsxwdwlrq kdyh dovr ehhq uhfrjql}hg dv lpsruwdqw idfwruv
lq vkdslqj wkh ?qdqfldo uhodwlrqvklsv dprqj wkh gl>huhqw sduwlflsdqwv lq wkh hfrqrp|1
Wklv lv qrw frqvlghuhg lq wkh suhvhqw sdshu1 Wkhvh wzr hohphqwv frqvwlwxwh srwhqwldoo|
lqwhuhvwlqj h{whqvlrqv zruwk ixuwkhu dqdo|vlv1
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^65` Vwljolw}/ M1 dqg D1 Zhlvv +4<;4,/ Fuhglw Udwlrqlqj lq Pdunhwv zlwk Lpshuihfw
Lqirupdwlrq/ Dphulfdq Hfrqrplf Uhylhz :4/ 6<607431

^66` Wrzqvhqg/ U1 +4<:;,/ Lqwhuphgldwlrq zlwk Frvwo| Elodwhudo H{fkdqjh/ Uhylhz ri
Hfrqrplf Vwxglhv 78/ 74:07581

^67` Wrzqvhqg/ U1 +4<:<,/ Rswlpdo Frqwudfwv dqg Frpshwlwlyh Pdunhwv zlwk Frvwo|
Vwdwh Yhul?fdwlrq/ Mrxuqdo ri Hfrqrplf Wkhru| 54/ 59805<61

^68` Zdoodfh/ Q1 +4<;3,/ Wkh Ryhuodsslqj Jhqhudwlrqv Prgho ri Ildw Prqh|/ lq Prg0
hov ri Prqhwdu| Hfrqrplfv/ hgv1 M1 Nduhnhq dqg Q1 Zdoodfh/ I1U1E ri Pqso/
7<0;51

^69` Zdoodfh/ Q1 +4<;;,/ D Vxjjhvwlrq iru Ryhuvlpsoli|lqj wkh Wkhru| ri Prqh|/ Wkh
Hfrqrplf Mrxuqdo <;/ 580691

^6:` Zklwhg/ W1 +4<<5,/ Ghew/ Oltxlglw| Frqvwudlqwv/ dqg Frusrudwh Lqyhvwphqw= Hy0
lghqfh iurp Sdqho Gdwd/ Mrxuqdo ri Ilqdqfh 7:/ 4758047931

^6;` Zlooldpvrq/ V1 +4<;9,/ Frvwo| Prqlwrulqj/ Ilqdqfldo Lqwhuphgldwlrq/ dqg Htxl0
oleulxp Fuhglw Udwlrqlqj/ Mrxuqdo ri Prqhwdu| Hfrqrplfv 4;/ 48<04:<1

^6<` Zlooldpvrq/ V1 +4<;:d,/ Frvwo| Prqlwrulqj/ Ordq Frqwudfwv dqg Htxloleulxp
Fuhglw Udwlrqlqj/ Txduwhuo| Mrxuqdo ri Hfrqrplfv 435/ 46804791

^73` Zlooldpvrq/ V1 +4<;:e,/ Ilqdqfldo Lqwhuphgldwlrq/ Exvlqhvv Idloxuhv/ dqg Uhdo
Exvlqhvv F|fohv/ Mrxuqdo ri Srolwlfdo Hfrqrp| <8/ 44<9045491
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î Dsshqgl{ 4

Frqvlghu wkh hfrqrp| zlwk qr prqh|/ dqg orrn dw htxloleuld zkhuh wkh lqirupdwlrq
sureohp lv uhohydqw1 Iru wklv/ uhvwulfwlrq +4, lq wkh wh{w qhhgv wr eh dgdswhg dv iroorzv/

Ru E^|n�-ý oü|Uä ÷ f ÷ RM E^|n�-ý oü|Uäýîé

Qrz htxloleulxp lv jlyhq e| wkh iroorzlqj v|vwhp ri gl>huhqfh htxdwlrqv/

v/E&|äý &|n�U
RM-

' f +6<,

wE&|n�äý �

ûv/E&|ä

é
U ý �

oü|

ë
v^E&|n�ä-ý î

{R

êè
' fé

Qrwh wkdw wkh Lqdgd frqglwlrqv dvvxphg iru wkh surgxfwlrq ixqfwlrq ri frqvxps0
wlrq jrrgv jxdudqwhh wkdw d vwhdg| vwdwh vroxwlrq iru +6<, h{lvwv1 Wklv htxdwlrq
frpsohwho| ghwhuplqhv wkh htxloleulxp sdwk iru &| wkdw vwurqjo| uhvhpeohv wkh xvxdo
Vrorz Prgho g|qdplfv1

î Dsshqgl{ 5

Ohppd 45 Zkhqhyhu û ÷ >*E�ý käc Câ E&rrä ÷ f iru dq| vwhdg| vwdwh fdslwdo &rr1

Surri1 Iurp htxdwlrq +46, zh kdyh

CâE&ä ' dRM>v-ý ûvwE&ä&o s ââE&äý ûv/E&ä

E�ý käRM-é

Fohduo|/ CâE&ä ÷ f li RM>v- ý ûvwE&ä& : fé Qrz/ vlqfh & ÷ E� ý käRM- lq vwhdg|
vwdwh dqg f é wE&ä é �c zh kdyh/

RM>v-ý ûvwE&ä& : d>ý ûE�ý käo RM-é

Khqfh/ li >ý ûE�ý kä : f wkhq zh nqrz wkdw CâE&ä ÷ fé
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î Dsshqgl{ 6

Wdeoh D4= Edqn Htxlw| Fdslwdo dv d Shufhqwdjh ri Wrwdo Dvvhwv
E| Edqn Dvvhw Vl}h +Dyhudjhv ryhu wkh shulrg 4<;:04<<4,

Vpdoo +'30'633 plo1, ;16(
Phglxp +'6330'8 elo1, 91:(
Odujh +' 8 elo1, 818(
43 Odujhvw Edqnv 71:(
Doo 915(

+Gdwd irup Er|g dqg Jhuwohu +4<<6,,

Wdeoh D5= Edqn Idloxuhv1 E| Edqn Dvvhw Vl}h +4<;904<<3,
Dvvhw Vl}h Qxpehu ri idlohg edqnv Shufhqw ri wrwdo idloxuhv
Ohvv wkdq '833 plo1 <45 <919 (
'833 plo10'4 elo1 4< 513 (
'4 elo10' 8 elo1 43 414 (
Pruh wkdq '8 elo1 6 316 (

+Gdwd irup Er|g dqg Jhuwohu +4<<6,,
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