




3Wkh frqfhuq ryhu frpshwlwlyh ghydoxdwlrqv uh hfwhg lq wkh Ixqg*v
fkduwhu/ dqg wkh v|vwhp0zlgh lpsolfdwlrqv ri fkdqjhv lq h{fkdqjh
udwhv/ vwloo prwlydwh Ixqg srolf| uhfrpphqgdwlrqv1 D pdmru Ixqg
frqfhuq lq wkh Dvldq fulvlv kdv ehhq wkh ihdu wkdw Dvldq fxuuhq0
flhv zrxog ehfrph vr xqghuydoxhg dqg fxuuhqw dffrxqw vxusoxvhv
vr odujh dv wr gdpdjh wkh hfrqrplhv ri rwkhu frxqwulhv/ ghyhors0
lqj frxqwulhv lqfoxghg1 Wklv lv rqh uhdvrq wkh Ixqg kdv vwuhvvhg
wkh qhhg ?uvw wr vwdelol}h dqg wkhq wr vwuhqjwkhq h{fkdqjh udwhv
lq wkh Dvldq frxqwulhv qrz lq fulvlv 9 dqg iru wklv sxusrvh/ qrw
wr fxw lqwhuhvw udwhv xqwlo wkh fxuuhqf| vwdelol}hv dqg ehjlqv wr ds0
suhfldwh14 Vwdqoh| Ilvfkhu/ 3Wkh LPI dqg wkh Dvldq Fulvlv4/ Orv
Dqjhohv/ Pdufk 53/ 4<<;1

4 Lqwurgxfwlrq
Wkh xvh ri h{fkdqjh udwh srolf| wr jdlq frpshwlwlyh dgydqwdjh ryhu d frxq0
wu|*v wudglqj sduwqhuv kdv orqj ehhq uhfrjql}hg dv d pdmru wkuhdw wr wkh vwd0
elolw| ri wkh lqwhuqdwlrqdo prqhwdu| v|vwhp1 Vlqfh Euhwwrq Zrrgv/ frqfhuqv
ryhu cfrpshwlwlyh ghydoxdwlrqv* kdyh prwlydwhg wkh ghvljq ri lqvwlwxwlrqv dqg
uxohv wr suhyhqw frxqwulhv iurp dgrswlqj ehjjdu0wk|0qhljkeru h{fkdqjh udwh
srolflhv dqg vwduwlqj ghydoxdwlrq vsludov1 Vxfk frqfhuqv 9 dv wkh hsljudsk
kljkoljkwv 9 kdyh uhpdlqhg vwurqj gxulqj wkh prvw uhfhqw hyhqwv lq Dvld/
sod|lqj d nh| uroh lq vkdslqj fulvlv pdqdjhphqw vwudwhjlhv dqg srolf| suh0
vfulswlrqv lq wkh uhjlrq1

Ghvslwh wkh remhfwlyh uhohydqfh ri wkh qrwlrq ri frpshwlwlyh ghydoxdwlrq
lq srolf| dqdo|vlv dqg ghvljq/ wkh dqdo|wlfdo olwhudwxuh kdv ghyrwhg uhodwlyho|
olwwoh dwwhqwlrq wr wkh orjlfdo vwuxfwxuh ri wkh dujxphqw1 Lw lv dfwxdoo| gl!fxow
wr ?qg lq wkh olwhudwxuh dq|wklqj pruh wkdq dq lqwxlwlyh h{srvlwlrq ri wkh
edvlf lghd/ dqg d frpsdudwlyh vwxg| ri h{lvwlqj frqwulexwlrqv udlvhv d qxpehu
ri lvvxhv1 Iru lqvwdqfh/ vrph dqdo|vhv irfxv h{foxvlyho| rq wkh h>hfwv ri d
ghydoxdwlrq rq wkh h{sruw shuirupdqfh ri wkh ghydoxlqj frxqwu| ylv0ã0ylv lwv
frpshwlwruv lq d wklug pdunhw> rwkhu dqdo|vhv rqo| orrn dw lwv h>hfwv rq wkh
elodwhudo wudgh  rzv ehwzhhq wkh ghydoxlqj frxqwu| dqg lwv sduwqhuv1

Lq dgglwlrq/ wkh olwhudwxuh w|slfdoo| txdol?hv d ghydoxdwlrq dv ehjjdu0wk|0
qhljkeru rqo| lqvridu dv d zhdnhu fxuuhqf| vsxuv rxwsxw jurzwk dqg hpsor|0
phqw grphvwlfdoo| dw wkh h{shqvh ri rxwsxw jurzwk dqg hpsor|phqw deurdg14

4Wkh vwdqgdug uhihuhqfh lv Udjqdu Qxunvh*v dqdo|vlv ri wkh ghydoxdwlrqv wkdw wrrn
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Exw fohduo| wkhvh duh qrw wkh rqo| hohphqwv wkdw duh uhohydqw lq dvvhvvlqj wkh
zhoiduh lpsdfw ri h{fkdqjh udwh srolflhv1 Xqiruwxqdwho|/ wkh dqdo|wlfv ri d
frpshwlwlyh ghydoxdwlrq5 lv jhqhudoo| ghulyhg iurp vrph yhuvlrq ri wkh fodvvlf
Pxqghoo0Iohplqj0Gruqexvfk prgho/ zklfk odfnv h{solflw plfur0irxqgdwlrqv
dqg grhv qrw surylgh d frqvlvwhqw zhoiduh fulwhulrq iru srolf| dvvhvvphqw1 Lq
idfw/ czhoiduh* dqdo|vlv lq wkh wudglwlrqdo vfkhph lv w|slfdoo| edvhg rq dg0krf
remhfwlyh ixqfwlrqv uhsuhvhqwlqj vrph duelwudulo| zhljkwhg dyhudjhv ri fxuuhqw
dffrxqw/ sulfh dqg hpsor|phqw h>hfwv1

Gudzlqj rq uhfhqw ghyhorsphqwv lq rshq0hfrqrp| pdfurhfrqrplfv/6 wklv
sdshu vwxglhv wkh orjlf ri frpshwlwlyh ghydoxdwlrqv xvlqj d wkhruhwlfdo ds0
sdudwxv wkdw lv dsw dw fduu|lqj rxw zhoiduh dqdo|vlv1 Lq dqdorj| zlwk wkh
wudglwlrqdo prghov ri lqwhuqdwlrqdo wudqvplvvlrq ri h{fkdqjh udwh vkrfnv/ rxu
frqvwuxfwlrq doorzv iru vkruw0uxq qrplqdo uljlglwlhv dqg kljkoljkwv wkh uroh ri
orvvhv lq frvw0frpshwlwlyhqhvv h{shulhqfhg e| wudglqj sduwqhuv zkhq d frxq0
wu| ghydoxhv1 Lq frqwudvw wr wkh wudglwlrqdo dqdo|vhv/ krzhyhu/ zh dvvhvv
ehjjdu0wk|0qhljkeru h>hfwv +ru wkh devhqfh wkhuhri, zlwklq d fkrlfh0wkhruhwlf
iudphzrun1

Wkh qhhg iru wkrurxjko| uhylvlwlqj wkh orjlf ri frpshwlwlyh ghydoxdwlrqv lv
sduwlfxoduo| hylghqw lq oljkw ri wkh uhfhqw surolihudwlrq ri vwxglhv rq fxuuhqf|
dqg ?qdqfldo cfrqwdjlrq*1 Edvhg rq wkh h{shulhqfh ri Zhvwhuq Hxursh lq
4<<50<6/ Odwlq Dphulfd lq 4<<70<8/ dqg Vrxwkhdvw Dvld lq 4<<:0<;/ v|vwhp0
zlgh vxujhv lq lqwhuhvw udwh dqg h{fkdqjh udwh yrodwlolw| kdyh uhsuhvhqwhg
d uhfxuulqj sdwwhuq lq wkh fulvhv ri wkh 4<<3v17 Vrph wkhruhwlfdo frqwul0
exwlrqv kdyh vxjjhvwhg wkdw d fxuuhqf| fulvlv lq rqh frxqwu| pd| zruvhq
pdunhw sduwlflsdqwv* shufhswlrq ri wkh hfrqrplf rxworrn lq frxqwulhv zlwk

sodfh lq wkh lqwhuzdu shulrg= 3lq frqwhpsrudu| glvfxvvlrqv pxfk vwuhvv zdv odlg rq wkh
frpshwlwlyh dvshfwv ri fxuuhqf| ghydoxdwlrq1 Lq pdq| txduwhuv ghydoxdwlrq zdv uhjdughg
sulpdulo| dv d phdqv ri lpsurylqj d frxqwu|*v iruhljq wudgh edodqfh dqg khqfh lwv yroxph
ri grphvwlf hpsor|phqw 9 dq h>hfwlyh phdqv exw rqh wkdw rshudwhg qhfhvvdulo| dw wkh
h{shqvh ri rwkhu frxqwulhv dqg lqylwhg uhwdoldwlrq4 +Qxunvh +4<77,/ s145<,1

5Iru d frpsuhkhqvlyh vxuyh| vhh Nhqhq +4<;8,1
6Vhh dprqj rwkhuv Revwihog dqg Urjr> +4<<8/ 4<<9 fk143/ 4<<;,/ Fruvhwwl dqg Shvhqwl

+4<<:,/ Wlooh +4<<;,/ Ghyhuhx{ dqg Hqjho +4<<;,1
7Dprqj uhfhqw vwxglhv irfxvlqj rq wkh odujh0vfdoh vshfxodwlyh hslvrghv lq wkh 4<<3v/

vhh h1j1 Hlfkhqjuhhq dqg Z|sorv} +4<<6, dqg Exlwhu/ Fruvhwwl dqg Shvhqwl +4<<;d/ e,
rq wkh Hxurshdq Prqhwdu| V|vwhp fulvlv ri 4<<50<6/ Vdfkv/ Wruqhoo dqg Yhodvfr +4<<9,
rq wkh Ph{lfdq shvr fulvlv ri 4<<7/ dqg LPI +4<<:/ 4<<;d/e, dqg Fruvhwwl/ Shvhqwl dqg
Urxelql +4<<;, rq wkh Dvldq fulvlv vlqfh 4<<:1 Iru uhfhqw dqdo|vhv ri furvv0erughu ?qdqfldo
frqwdjlrq vhh h1j1 Edlj dqg Jrogidmq +4<<;, dqg Iruehv dqg Uljrerq +4<<;,1
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vlplodu fkdudfwhulvwlfv/ wuljjhulqj d grplqr h>hfw18 Rwkhu frqwulexwlrqv kdyh
dujxhg wkdw/ zkhq pxowlsoh lqvwdqwdqhrxv htxloleuld fdq rffxu dv udwlrqdo
skhqrphqd/ zkdw gulyhv frqwdjlrq duh sdudooho vkliwv lq ?qdqfldo pdunhwv*
h{shfwdwlrqv d>hfwlqj pruh wkdq rqh fxuuhqf| vlpxowdqhrxvo|19

Fxuuhqf| lqvwdelolw| dovr vsuhdgv/ krzhyhu/ yld vwuxfwxudo olqnv dfurvv
frxqwulhv= d ghydoxdwlrq e| rqh frxqwu| d>hfwv wkh vwdwh ri hfrqrplf ixq0
gdphqwdov dqg pd| wkhuhiruh lqgxfh fxuuhqf| lqvwdelolw| hovhzkhuh lq wkh
zruog hfrqrp|1 Zkloh wkh phfkdqlvp ri wudqvplvvlrq fdq lqyroyh ?qdqfldo
ru pdfurhfrqrplf olqnv/ wudgh olqnv kdyh uhfhlyhg e| idu wkh odujhvw vkduh ri
dwwhqwlrq lq wkh olwhudwxuh1: Ehfdxvh ri wudgh olqnv/ d frxqwu|0vshfl?f fxu0
uhqf| fulvlv lqfuhdvhv wkh lqfhqwlyh wr ghydoxh iru d odujhu vhw ri frxqwulhv/ dqg
zlwk lw wkh olnholkrrg dqg vfrsh ri vshfxodwlyh dwwdfnv lq iruhljq h{fkdqjh
pdunhwv1 Lq rwkhu zrugv/ cfrpshwlwlyh* ghydoxdwlrqv kdyh ehhq uhfhqwo| ehhq
uh0lqwhusuhwhg dv cfrqwdjlrxv* ghydoxdwlrqv1;

Rxu phwkrgrorj| wdnhv wkh lqlwldo ghydoxdwlrq lq rqh frxqwu| dv dq h{0
rjhqrxv vkrfn +zlwkrxw prgholqj zkdw fdxvhv vxfk ghydoxdwlrq lq wkh ?uvw
sodfh,/ dqg irfxvhv rq wkh zhoiduh uhshufxvvlrqv ri wklv vkrfn rq wkh hfrqrplhv
ri wkh wudglqj sduwqhuv ru frpshwlwruv1 Wr wkh h{whqw wkdw wkh odwwhu duh ehw0
whu r> e| uhwdoldwlqj dqg ghydoxlqj wkhlu h{fkdqjh udwhv lq uhvsrqvh wr wkh
lqlwldo ghydoxdwlrq/ lqwhuqdwlrqdo grplqr h>hfwv fdq eh xqghuvwrrg dv udwlr0
qdo skhqrphqd edvhg rq wkh dvvhvvphqw ri vrfldo zhoiduh frvwv dqg ehqh?wv1
Iurp wklv ydqwdjh srlqw/ d v|vwhpdwlf vwxg| ri wkh qdwxuh ri frpshwlwlyh

8Vhh h1j1 Fdoyr dqg Phqgr}d +4<<:, dqg Gud}hq +4<<;,1
9Vhh h1j1 Pdvvrq +4<<;,1
:Lq vxssruw wr wklv dssurdfk wr fxuuhqf| frqwdjlrq duh wkh ?qglqjv ri uhfhqw hfrqr0

phwulf uhvhdufk/ zklfk hpskdvl}h wkdw h{sodqdwlrqv ri wkh lqwhuqdwlrqdo wudqvplvvlrq ri
fxuuhqf| fulvhv edvhg rq wudgh olqnv dfurvv frxqwulhv shuirup hpslulfdoo| ehwwhu wkdq h{0
sodqdwlrqv edvhg rq vlplodulwlhv lq wkh pdfurhfrqrplf fkdudfwhulvwlfv ri wkh hfrqrplhv
frqfhuqhg1 Vhh h1j1 Hlfkhqjuhhq/ Urvh dqg Z|sorv} +4<<9, dqg Jolfn dqg Urvh +4<<;,1
Ndplqvn| dqg Uhlqkduw +4<<;, frpsduh dowhuqdwlyh dssurdfkhv wr frqwdjlrq1

;Wklv lqwhusuhwdwlrq vhhpv wr surylgh wkh wkhruhwlfdo xqghuslqqlqjv ri wkh uhfhqw LPI
suhvfulswlrqv lq Dvld1 Txrwlqj rqfh djdlq iurp wkh vshhfk e| Vwdqoh| Ilvfkhu phqwlrqhg
lq wkh hsljudsk/ 3iurp wkh ylhzsrlqw ri wkh lqwhuqdwlrqdo v|vwhp/ wkh ghydoxdwlrqv lq Dvld
zloo ohdg wr odujh fxuuhqw dffrxqw vxusoxvhv lq wkrvh frxqwulhv/ gdpdjlqj wkh frpshwlwlyh
srvlwlrqv ri rwkhu frxqwulhv dqg uhtxlulqj wkhp wr uxq fxuuhqw dffrxqw gh?flwv1 Dowkrxjk
qrw e| wkh lqwhqwlrq ri wkh dxwkrulwlhv lq wkh fulvlv frxqwulhv/ wkhvh duh h{fhvvlyh frpshwlwlyh
ghydoxdwlrqv/ qrw jrrg iru wkh v|vwhp/ qrw jrrg iru rwkhu frxqwulhv/ lqghhg d zd| ri
vsuhdglqj wkh fulvlv 9 suhflvho| wkh w|sh ri ghydoxdwlrq wkh LPI kdv wkh reoljdwlrq wr
vhhn wr suhyhqw4 +rxu lwdolfv,1 Rq wkh lvvxh ri frpshwlwlyh ghydoxdwlrqv lq Dvld vhh dovr
Olx/ Qrodqg/ Urelqvrq dqg Zdqj +4<<;, dqg Ihuqdog/ Hglvrq dqg Orxqjdql +4<<;,1
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ghydoxdwlrqv fdq frqwulexwh wr lghqwli|lqj wkh ixqgdphqwdo lpsxovhv dw wkh
urrw ri wkh frqwdjlrxv ghwhulrudwlrq ri pdunhw vhqwlphqw uhjduglqj h{fkdqjh
udwh vwdelolw|1<

Wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 uhylvlwv wkh orjlf dqg phfk0
dqlvp ri d frpshwlwlyh ghydoxdwlrq zlwklq wkh iudphzrun ri d vlpsoh prgho
zkhuh wzr frxqwulhv +wkh Shulskhu|, frpshwh lq d wklug frxqwu| pdunhw +wkh
Fhqwhu,1 Li wkh odz ri rqh sulfh krogv lqwhuqdwlrqdoo|/ wkh vlpsoh prgho fru0
urerudwhv wkh wudglwlrqdo ylhz= d ghydoxdwlrq e| rqh frxqwu| +ø, fdxvhv
frqvxpswlrq dqg rxwsxw wr idoo lq wkh rwkhu Shulskhu| frxqwu| +î,/ dv wklv
frxqwu| orvhv frvw0frpshwlwlyhqhvv lq wkh pdunhw ri frxqwu| ä1 Frxqwu| î
lv ehwwhu r> e| pdwfklqj frxqwu| ø*v ghydoxdwlrq1 Krzhyhu/ wkh ehjjdu0wk|0
qhljkeru h>hfw yld frvw0frpshwlwlyhqhvv lq d wklug0pdunhw pd| glvdsshdu li
wkh odz ri rqh sulfh idlov wr krog1

Wkh dqdo|vlv ri frpshwlwlyh ghydoxdwlrqv lv frpsohwhg dqg uh?qhg lq wkh
ixoo0 hgjhg lqwhuwhpsrudo prgho suhvhqwhg lq Vhfwlrq 61 Xqghu wkh odz ri rqh
sulfh/ wkhuh lv qrz d odujh udqjh ri sdudphwhuv* ydoxhv iru zklfk frxqwu| î lv
ehwwhu r> e| qrw pdwfklqj frxqwu| ø*v ghydoxdwlrq1 Wklv lv hvshfldoo| wuxh
zkhq frxqwu| î lv odujh dqg wkh Shulskhu| dv d zkroh lv vpdoo uhodwlyh wr wkh
Fhqwhu1 Li wkh odz ri rqh sulfh grhv qrw krog/ wkh prgho vkhgv oljkw rq d gli0
ihuhqw phfkdqlvp wkurxjk zklfk ø*v ghydoxdwlrq pd| eh ehjjdu0wk|0qhljkeru/
yld d ghwhulrudwlrq ri frxqwu| î*v whupv ri wudgh ehwzhhq frqvxpswlrq dqg
ohlvxuh= wkh zhoiduh lpsdfw lq frxqwu| î pd| eh grplqdwhg e| wkh glvxwlolw|
ri kljkhu oderu h>ruwv uhtxluhg wr vxvwdlq dq| jlyhq ohyho ri frqvxpswlrq1
Vhfwlrq 7 frqfoxghv1

5 Wkh orjlf ri frpshwlwlyh ghydoxdwlrqv
Wkurxjkrxw wkh sdshu/ rxu wkhruhwlfdo iudphzrun frqvlvwv ri d 60frxqwu|/
Fhqwhu0Shulskhu| prgho1 Frxqwulhv ø dqg î uhsuhvhqw wkh cShulskhu|* ri
wkh v|vwhp/ zkloh frxqwu| ä lv wkh cFhqwhu*1 Hdfk frxqwu| lv vshfldol}hg
lq wkh surgxfwlrq ri d wudghg jrrg1 Grphvwlf surgxfhuv rqo| xvh grphvwlf
oderu lqsxwv/ dqg jrrgv pdunhwv duh lpshuihfwo| frpshwlwlyh1 Wkh Shulskhu|

<Wr wklv nlqg ri lpsxovhv uhihu wkh r!fldo LPI sxeolfdwlrqv lq vwdwhphqwv olnh 3wkh
 rdwlqj ri wkh edkw hqjhqghuhg dprqj pdunhw sduwlflsdqwv wkh shufhswlrq ri d qhhg iru
frpshwlwlyh ghydoxdwlrqv dprqj fxuuhqflhv lq wkh uhjlrq/ dqg fdxvhg lqyhvwruv wr wdnh
d forvhu orrn dw wkh vlplodu ?qdqfldo vhfwru sureohpv/ doehlw wr gl>huhqw ghjuhhv/ lq wkh
uhjlrq14 Vhh LPI +4<<;e/ s17;,1
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frxqwulhv duh gluhfw frpshwlwruv lq wkh pdunhw ri wkh Fhqwhu frxqwu|/ lq wkh
vhqvh wkdw wkh jrrgv h{sruwhg e| frxqwulhv ø dqg î duh kljko| vxevwlwxwdeoh
iurp wkh ydqwdjh srlqw ri frxqwu| ä*v frqvxphuv143

Ehiruh ghoylqj lqwr d frpsohwh g|qdplf vshfl?fdwlrq ri wkh prgho/ lw
lv xvhixo wr jdlq lqvljkwv xvlqj d vlpsol?hg vwdwlf vhwxs1 Zh prphqwdulo|
devwudfw iurp lqwhu0whpsrudo wudgh dv zhoo dv iurp lqwud0Shulskhu| wudgh/
l1h1 zh dvvxph wkdw frxqwulhv ø dqg î wudgh wkhlu jrrgv h{foxvlyho| zlwk
wkh Fhqwhu dqg elodwhudo wudgh edodqfhv duh }hur1 Wkhvh kljko| uhvwulfwlyh
dvvxpswlrqv zloo eh uhod{hg lq wkh qh{w vhfwlrq/ lq zklfk zh rqo| pdlqwdlq
wkdw wkh hodvwlflw| ri vxevwlwxwlrq dprqj Shulskhu| jrrgv lv odujhu wkdq wkh
hodvwlflw| ri vxevwlwxwlrq ehwzhhq Shulskhu| jrrgv dqg wkh Fhqwhu jrrg1 Zh
uhihu wr wkh vhwxs lq wklv vhfwlrq dv dq ch{wuhph* Fhqwhu0Shulskhu| prgho/ dv
wkh htxloleulxp doorfdwlrq hqwdlov fruqhu vroxwlrqv1

514 Dq ch{wuhph* Fhqwhu0Shulskhu| prgho

Wkh vshfl?fdwlrq ri wkh hfrqrp| lv dv iroorzv1 Wkh xwlolw| ixqfwlrqv ri wkh
uhsuhvhqwdwlyh djhqwv lq wkh wkuhh frxqwulhv duh=44
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Wkurxjkrxw wkh prgho/ wkh vxshuvfulswv ri wkh frqvxpswlrq lqgh{hv ghqrwh
wkh frxqwu| ri wkh frqvxphu dqg wkh vxevfulswv ghqrwh wkh frxqwu| ri wkh
surgxfhu1 Iru lqvwdqfh/ ääø ghqrwhv frqvxpswlrq ri jrrg ø e| wkh uhvlghqwv
ri frxqwu| ä1

43D ghwdlohg jdph0wkhruhwlfdo Fhqwhu0Shulskhu| prgho zlwk vlplodu fkdudfwhulvwlfv 9
dowkrxjk zlwkrxw plfur0irxqgdwlrqv 9 lv dgrswhg e| Exlwhu/ Fruvhwwl dqg Shvhqwl +4<<;
d/e, lq wkhlu dqdo|vlv ri wkh Hxurshdq Prqhwdu| V|vwhp fulvlv1

44Wr idflolwdwh wkh frpsdulvrq zlwk wkh olwhudwxuh/ zkhuh srvvleoh zh dgrsw wkh vdph
qrwdwlrq dqg sdudphwhul}dwlrq ri wkh Revwihog dqg Urjr> +4<<9, wh{werrn1
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Dffruglqj wr wkh h{suhvvlrqv +5, deryh/ hdfk Shulskhu| frxqwu| frqvxphv
lwv rzq jrrg dqg wkh Fhqwhu jrrg/ zlwk xqlw hodvwlflw| ri vxevwlwxwlrq1 Vlp0
loduo|/ wkh Fhqwhu frqvxphv erwk lwv rzq jrrgv dqg lpsruwhg jrrgv dqg wkh
hodvwlflw| ri vxevwlwxwlrq ehwzhhq Fhqwhu dqg Shulskhu| jrrgv lv 41 Krzhyhu/
wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq wkh wzr Shulskhu| jrrgv/ ääø dqg ääî /
lv lq?qlwh= frxqwu| ä*v frqvxphuv frqvlghu lpsruwv iurp ø dqg î dv shuihfw
vxevwlwxwhv1

Lq doo frxqwulhv/ t ghqrwhv rxwsxw/ dqg wkh txdgudwlf h{suhvvlrqv rq wkh
uljkw kdqg vlghv ri +4, uh hfw wkh kljkhu oderu h>ruw +wkxv/ wkh glvxwlolw|,
dvvrfldwhg zlwk kljkhu ohyhov ri hfrqrplf dfwlylw|1 Wkh uhvrxufh frqvwudlqwv
duh

t ø ' äøø n ä
ä
ø

t î ' äîî n ä
ä
î

t ä ' äøä n ä
î
ä n ä

ä
ä

Ghqrwlqj zlwk � wkh vwrfn ri prqh| vxsso|/ dqg dvvxplqj wkdw doo frq0
vxpswlrq h{fkdqjhv zlwklq d frxqwu| duh ?qdqfhg zlwk qdwlrqdo prqh| edo0
dqfhv/ wkh htxloleulxp frqglwlrqv lq wkh wkuhh qdwlrqdo prqh| pdunhwv duh

�ø ' åøøä
ø
ø n å

ø
ää

ø
ä

�î ' åîîä
î
î n å

î
ä ä

î
ä +6,

�ä ' åäøä
ä
ø n å

ä
îä

ä
î n å

ä
ä ä

ä
ä

zkhuh jrrgv sulfhv duh ghqrwhg e| å 1 Wkh prgho lv forvhg e| wkh htxloleulxp
wudgh edodqfh uhodwlrqv=

åøää
ø
ä ' .øåäøä

ä
ø

åîä ä
î
ä ' .îåäîä

ä
î

zkhuh .ø dqg .î ghqrwh wkh qrplqdo h{fkdqjh udwhv ri wkh Shulskhu| frxq0
wulhv ylv0ã0ylv wkh Fhqwhu1

515 Rswlpl}dwlrq dqg htxloleulxp

Lq frxqwu| ø/ rswlpl}lqj djhqwv fkrrvh wkhlu frqvxpswlrq ohyhov e| pd{l0
pl}lqj Lø vxemhfw wr wkh frqvwudlqw +6,1 Wklv |lhogv

�ø ' 2åøøä
ø
ø ' 2å

ø
ää

ø
ä é

9



E| gh?qlqj wkh +xwlolw|0edvhg, frqvxpswlrq sulfh lqgh{45 åø dv

åø ì 2 ýåøø ü �2 ýåøä ü �2 c
zh fdq uhzulwh wkh deryh htxloleulxp frqglwlrq dv �ø ' åøäø1 Vlplodu
uhodwlrqv krog lq frxqwu| î146

Wr fkdudfwhul}h wkh frqvxpswlrq sdwwhuq ri frxqwu| ä*v uhvlghqwv/ zh ?uvw
gh?qh wkh Fhqwhu*v frqvxpswlrq ri Shulskhu| jrrgv dv

ääå ì ääø n ääî
zkhuh wkh å vxevfulsw vwdqgv iru cShulskhu|*1 Jlyhq rxu h{wuhph dvvxpswlrq
ri lq?qlwh hodvwlflw| ri vxevwlwxwlrq ehwzhhq wkh wzr Shulskhu| jrrgv/ qrwh
wkdw li åäø ÷ åäî / wkh Fhqwhu frqvxphv rqo| frxqwu| ø*v jrrgv/ vr wkdw
ääå ' ä

ä
ø 1 Frqyhuvho|/ li å

ä
ø : å

ä
î / wkh Fhqwhu frqvxphv rqo| frxqwu| î*v

jrrgv/ vr wkdw ääå ' ä
ä
î 1

Li åäø ' åäî / wkh Fhqwhu lv lqgl>huhqw ehwzhhq lpsruwlqj iurp ø ru îé
Lq wklv fdvh/ zh zloo dvvxph wkdw ä zloo lpsruw dq htxdo dprxqw iurp hdfk
frxqwu|1 Lw iroorzv wkdw wkh sulfh ri wkh jrrgv lpsruwhg iurp wkh Shulskhu|
dv d zkroh/ ghqrwhg zlwk åäå c zloo eh htxdo wr

åäå ' 4ð?
õ
åäø c å

ä
î

ô
é

Xvlqj wklv lqgh{/ zh fdq zulwh wkh htxloleulxp frqglwlrqv ri wkh Fhqwhu frxq0
wu| lq dqdorj| zlwk wkh Shulskhu| frqglwlrqv=

�ä ' åäå ä
ä
å n å

ä
ä ä

ä
ä ' 2å

ä
å ä

ä
å ' 2å

ä
ä ä

ä
ä ' å

äää

zkhuh åä ' 2
ý
åäå
ü �
2
ý
åää
ü �
2 1

Wkh wkuhh hfrqrplhv duh fkdudfwhul}hg e| qrplqdo uljlglwlhv= ryhu wkh
wlph krul}rq uhohydqw iru wkh dqdo|vlv sulfhv duh suhghwhuplqhg dqg surgxfhuv

45Wkh frqvxpswlrq0edvhg sulfh lqgh{ SD lv gh?qhg dv wkh plqlpxp h{shqglwxuh wkdw
lv qhfhvvdu| wr ex| rqh xqlw ri wkh frpsrvlwh jrrg FD/ jlyhq wkh sulfhv ri wkh wzr jrrgv
SDD dqg SDF 1 Iru ghwdlov rq wkh frqvwuxfwlrq ri frqvxpswlrq0edvhg sulfh lqgh{hv dqg wkh
rswlpl}dwlrq surfhvv/ wkh uhdghu lv uhihuuhg wr Revwihog dqg Urjr> +4<<9,1

46Gh?qlqj wkh frqvxpswlrq sulfh lqgh{ SE dv SE ì 5 ýSEE ü 45 ýSEF ü 45 / zh rewdlqPE @
5SEEF

E
E @ 5S

E
F F

E
F @ S

EFE1

:



duh zloolqj wr dffrpprgdwh dq| lqfuhdvh lq ghpdqg dw jlyhq sulfhv147 Zh
?uvw frqvlghu wkh fdvh lq zklfk sulfhv duh suhghwhuplqhg lq whupv ri wkh
vhoohuv* fxuuhqf|/ wkhq wkh fdvh lq zklfk sulfhv duh suhghwhuplqhg lq wkh
ex|huv* fxuuhqf|1 Lq wkh ?uvw fdvh/ grphvwlf ?upv gr qrw prgli| wkh qrplqdo
sulfhv ri wkhlu surgxfwv lq wkh qdwlrqdo pdunhwv +åøø / å

î
î dqg åää duh ?{hg,

dqg wkh odz ri rqh sulfh krogv= lqwhuqdwlrqdo duelwudjhxuv ex| fkhds dqg vhoo
ghdu dfurvv pdunhwv/ xqwlo sulfhv h{suhvvhg lq whupv ri d frpprq fxuuhqf|
duh htxdol}hg zruogzlgh +vr wkdw/ iru lqvwdqfh/ åøä ' .

øåää ,1 Lq wkh vhfrqg
fdvh/ pdunhwv duh vhjphqwhg dqg wkh odz ri rqh sulfh grhv qrw krog= å ðæ duh
frqvwdqw iru doo ðc æ ' øcîcä1

Wkh hfrqrp| vwduwv dw dq lqlwldo htxloleulxp lq zklfk wkh sulfh ri hdfk
ri wkhvh jrrgv lv htxdol}hg dfurvv frxqwulhv +åøø *.

ø ' åîî *.
î,/ dqg wkh

prqhwdu| dxwkrulwlhv ri wkh Shulskhu| frxqwulhv shj wkhlu fxuuhqflhv djdlqvw
wkh Fhqwhu1

516 Krz duh ghydoxdwlrq vkrfnv wudqvplwwhg dfurvv frxq0
wulhvB

Wkh pdlq jrdo ri rxu dqdo|vlv lv wr vwxg| wkh h>hfwv ri dq xqdqwlflsdwhg gh0
ydoxdwlrq e| frxqwu| ø rq wkh htxloleulxp doorfdwlrq dqg zhoiduh lq wkh rwkhu
wzr frxqwulhv1 Wkurxjkrxw wkh dqdo|vlv/ wkh Fhqwhu lv dvvxphg wr pdlqwdlq lwv
prqhwdu| vwdqfh xqfkdqjhg/ uhjdugohvv ri h{whuqdo ghyhorsphqwv1 Frxqwu|
î +wkh cqhljkeru* ri frxqwu| ø,/ lqvwhdg/ pd| ghflgh wr ghydoxh lq uhvsrqvh
wr frxqwu| ø*v ghydoxdwlrq1

51614 Edvholqh vfhqdulr= wkh odz ri rqh sulfh krogv

Lq wkh edvholqh fdvh/ sulfhv duh ?{hg lq wkh vhoohu*v fxuuhqf|/ dqg wkh odz ri
rqh sulfh krogv1 Lq wklv fdvh/ zkhq frxqwu| ø ghydoxhv lwv fxuuhqf| djdlqvw
wkh Fhqwhu +.ø lqfuhdvhv,/ wkh sulfh ri lwv h{sruwv wr wkh Fhqwhu idoov ehorz
lwv frpshwlwru*v +åäø ÷ å

ä
î ,1 Li frxqwu| î dwwhpswv wr pdlqwdlq lwv xqlodwhudo

shj/ wkh ghpdqg iru wkh Shulskhu| jrrgv e| wkh Fhqwhu idoov h{foxvlyho| rq

47D zrug ri fdxwlrq lv zduudqwhg khuh1 Frqvlvwhqwo| zlwk wkh fxuuhqw pdfur olwhudwxuh/
wkh dqdo|vlv deryh wdnhv sulfh uljlglwlhv dv d gdwxp/ l1h1 grhv qrw dwwhpsw wr ghyhors plfur0
hfrqrplf irxqgdwlrqv iru hlwkhu sulfh vwlfnlqhvv ru sulflqj wr pdunhw1 Wklv phdqv wkdw/ e|
frqvwuxfwlrq/ wkh dqdo|vlv h{foxghv d sulfh uhvsrqvh e| ?upv wr srolf| dqg ixqgdphqwdo
vkrfnv1 Dovr/ zlwk lpshuihfwo| frpshwlwlyh jrrgv pdunhwv dqg qrplqdo uljlglwlhv rxwsxw
lv ghpdqg ghwhuplqhg rqo| lqvridu dv sulfhv uhpdlq deryh pdujlqdo frvwv1

;



h{sruwv iurp frxqwu| ø/ vr wkdw ääî gursv wr }hur1 Vlqfh xqghu wkh odz ri
rqh sulfh wkh wudgh edodqfh lv

.îåää ä
î
ä ' å

î
îä

ä
î

iru jlyhq .î/ åää dqg åîî / wkh idoo lq h{sruwv ääî wudqvodwhv lqwr d idoo lq
lpsruwv äîä 1

Qrz/ wkh rswlpdo frqvxpswlrq doorfdwlrq iru wkh frqvxphuv lq frxqwu| î

�î ' 2åîä ä
î
ä ' 2.

îåää ä
î
ä c

vkrzv wkdw/ iru jlyhq grphvwlf sulfhv/ prqh| ghpdqg pryhv rqh0wr0rqh zlwk
lpsruw1 Wkxv/ wr dyrlg d ghydoxdwlrq/ prqhwdu| dxwkrulwlhv lq frxqwu| î
pxvw frqwudfw�î dv pxfk dv äîä idoov148 Vlqfh äîî '�

î*åîî / wkh prqhwdu|
frqwudfwlrq lpsolhv d gudpdwlf idoo lq grphvwlf frqvxpswlrq dqg rxwsxw1 Wr
vxp xs/ dq dwwhpsw e| frxqwu| î wr pdlqwdlq wkh shj hqwdlov d yhu| odujh
zhoiduh frvw= wkh frxqwu| orvhv lwv h{sruw pdunhw dqg froodsvhv xqghu d surfhvv
ri udslg ghprqhwl}dwlrq ri wkh hfrqrp|149

Frqyhuvho|/ wkh ghpdqg ri lpsruwv iurp wkh Shulskhu| jrrgv e| wkh Fhq0
whu frxqwu| lqfuhdvhv diwhu d ghydoxdwlrq e| ø1 Qdpho|/ vlqfh

ääå '
�ä

2åäå
'
�ä.ø

2åøø

wkh Fhqwhu*v rswlpdo frqvxpswlrq ri Shulskhu| jrrgv ulvhv dw wkh vdph udwh
dv .ø1 Zlwk surgxfhuv lq î ehlqj gulyhq rxw ri wkh pdunhw/ frxqwu| ø
wkhuhiruh h{shulhqfhv d uhfrug lqfuhdvh ri lwv h{sruwv wr wkh Fhqwhu/ htxdo wr
{ääø ' ä

ä
î n{ä

ä
å 1 Lq shufhqwdjh whupv/ wklv fruuhvsrqgv wr d jurzwk udwh

ri h{sruwv h{fhhglqj 433( e| wzlfh wkh vl}h ri wkh ghydoxdwlrq +{ääø*ä
ä
ø '

� n 2{.ø*.ø,1
Ghvslwh wkh dgyhuvh pryhphqwv ri wkh whupv ri wudgh/ vxfk dq h{sruw

errp doorzv wkh uhvlghqwv lq ø wr lqfuhdvh wkhlu frqvxpswlrq ri wkh Fhqwhu

48Lq rxu h{wuhph vfhqdulr/ wklv wudqvodwhv lqwr wkh frpsohwh ghprqhwl}dwlrq ri wkh hfrq0
rp|$

49Rqfh djdlq/ lw lv zruwk hpskdvl}lqj wkdw wkhvh fruqhu vroxwlrqv iru wkh uhdo dqg prq0
hwdu| htxloleulxp ri frxqwu| E duh wkh frqvhtxhqfh ri wkh ruljlqdo dvvxpswlrq wkdw jrrgv
ri frxqwu| D dqg E duh shuihfwo| vxevwlwxwdeoh iurp wkh ydqwdjh srlqw ri frxqwu| F
frqvxphuv1 Uhod{lqj vxfk dvvxpswlrq ri shuihfw vxevwlwxwdelolw| ohdgv wr ohvv h{wuhph
frqvhtxhqfhv zlwkrxw prgli|lqj wkh nh| phvvdjh ri wkh prgho= vhh vhfwlrq 61
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jrrg/ äøä 1 Wr vkrz wklv/ zh uhzulwh wkh wudgh edodqfh frqglwlrq dv

äøä '
åøø
åää

ääå
.ø

ääø
ääå

dqg frpsduh wkh htxloleulxp rxwfrphv ehiruh dqg diwhu frxqwu| ø*v ghydox0
dwlrq1 Uhfdoolqj wkdw sulfhv duh vwlfn| lq wkh vhoohu*v fxuuhqf| dqg wkdw wkh
lqfuhdvh lq wkh Fhqwhu*v lpsruw iurp wkh Shulskhu| lv sursruwlrqdo wr wkh
fkdqjhv lq .ø/ wkh lqfuhdvh ri frxqwu| ø*v frqvxpswlrq ri wkh Fhqwhu*v jrrg
lv htxdo wr

{äøä '

ë
{ääø
ääø

ý {ä
ä
å

ääå

ê
äøä '

ë
� n

{.ø

.ø

ê
äøä

Frqvxpswlrq ri wkh Fhqwhu jrrgv lq frxqwu| ø pruh wkdq grxeohv1 Xvlqj
wklv uhvxow wrjhwkhu zlwk wkh htxloleulxp frqglwlrqv iru frxqwu| ø*v djhqwv
zh vhh wkdw/ lq htxloleulxp/ wkh jurzwk udwh ri prqh| vxsso| �ø h{fhhgv
wkh ghydoxdwlrq udwh1 Jlyhq åøø / wklv lpsolhv wkdw frqvxpswlrq ri orfdo jrrgv
äøø pxvw lqfuhdvh dv zhoo1

Vlqfh wkh Fhqwhu frxqwu| lv dvvxphg wr nhhs lwv prqh| vxsso| ?{hg/ wkh
frqvxpswlrq ri grphvwlfdoo| surgxfhg jrrgv äää grhv qrw fkdqjh ylv0ã0ylv
wkh lqfuhdvlqj lpsruw iurp wkh Shulskhu|1 Qrqhwkhohvv/ surgxfwlrq ri wkh
grphvwlf jrrg tä pxvw qrz ulvh wr pdwfk wkh kljkhu h{whuqdo ghpdqg14:

Wkh frqvhtxhqfhv ri wkh ghydoxdwlrq lq frxqwu| ø duh vxppdul}hg lq
Wdeoh 41 Wkh vxevfulsw SHJ phdqv wkdw doo wkh h>hfwv duh frqwlqjhqw rq
frxqwu| î dwwhpswlqj wr pdlqwdlq wkh shj1 Wkh ghihqvh ri wkh ?{hg h{fkdqjh
udwh irufhv wkh prqhwdu| dxwkrulwlhv ri frxqwu| î wr ohdq djdlqvw d ylwdo
dgmxvwphqw lq uhodwlyh sulfhv/ dqg lpsrvhv d vkdus frqwudfwlrq lq grphvwlf
hfrqrplf dfwlylw|/ frqvxpswlrq dqg zhoiduh1 Frxqwu| î vx>huv d orvv lq
frvw0frpshwlwlyhqhvv dqg/ dv d frqvhtxhqfh ri wkh grphvwlf oltxlglw| fuxqfk/
wkh ghpdqg iru frxqwu| î*v surgxfwv froodsvhv1 Frxqwu| ø*v ghydoxdwlrq lv
xqdpeljxrxvo| ehjjdu0wk|0qhljkeru é

Wkh vfhqdulr fkdqjhv udglfdoo| li frxqwu| î ghflghv wr iroorz frxqwu| ø
lq ghydoxlqj lwv fxuuhqf|1 E| grlqj vr/ frxqwu| î lv deoh wr uhvwruh lwv corvw
frpshwlwlyhqhvv* dqg suhyhqw wkh soxqjh lq wkh ohyho ri hfrqrplf dfwlylw| dqg
frqvxpswlrq1 Wkh uhvxowlqj sdwwhuq ri pdfurhfrqrplf h>hfwv lq wkh zruog
hfrqrp| lv vxppdul}hg lq Wdeoh 5/ zkhuh GHY lqgh{hv wkh ohyhov ri wkh
yduldeohv frqwlqjhqw rq frxqwu| î*v ghydoxdwlrq1

4:Qrwh wkdw wkh lqfuhdvh lq FDF pruh wkdq r>vhwv wkh idoo lq FEF dqg FFF uhpdlqv xq0
fkdqjhg/ vr wkdw \F ulvhv1

43



Wdeoh 4= Wkh ch{wuhph* prgho xqghu wkh SHJ uhjlph

äøøcè,B % äøäcè,B % t øè,B %

äîîcè,B & äîäcè,B & t îè,B &

ääøcè,B % ääîcè,B &� ~} �
ý

äääcè,B ' t äè,B %

Wdeoh 5= Wkh ch{wuhph* prgho xqghu wkh GHY uhjlph

äøøc#,V % äøäc#,V ' t ø#,V %

äîîc#,V % äîäc#,V ' t î#,V %

ääøc#,V % ääîc#,V %� ~} �
ý

äääc#,V ' t ä#,V '
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Qrwh wkdw wkhuh lv dq reylrxv olqn ehwzhhq rxu dqdo|vlv dqg cvhfrqg0
jhqhudwlrq* prghov ri fxuuhqf| fulvhv/ lq zklfk wkh ghflvlrq zkhwkhu wr ?{
ru  rdw d fxuuhqf| lv uhodwhg wr d udwlrqdo dvvhvvphqw ri wkh vrfldo frvwv dqg
ehqh?wv iurp hdfk srolf| dowhuqdwlyh1 Jlyhq d ghydoxdwlrq e| ø/ wkh frvwv iru
frxqwu| î wr pdlqwdlq wkh shj duh wrr kljk= frxqwu| î fdqqrw exw ghydoxh
lwv fxuuhqf| e| wkh vdph shufhqwdjh dv øé

51615 Wkh uroh ri ghyldwlrqv iurp wkh odz ri rqh sulfh

Sulflqj ehkdylru e| ?upv kdv fuxfldo lpsolfdwlrqv iru rxu uhvxowv1 Zh zloo
qrz uh0ylvlw rxu dqdo|vlv iru wkh fdvh lq zklfk sulfhv duh suhghwhuplqhg lq
whupv ri wkh ex|hu*v fxuuhqf|/ dqg wkh odz ri rqh sulfh grhv qrw krog dfurvv
qdwlrqdo pdunhwv14; Xqghu vxfk dq dvvxpswlrq/ wkh prgho vlpsol?hv vljql?0
fdqwo| uhodwlyh wr wkh edvholqh vfhqdulr1 Iurp wkh prqh| pdunhw htxloleulxp
frqglwlrqv/ zh fdq vhh wkdw djjuhjdwh frqvxpswlrq pryhv lq sdudooho wr wkh
prqh| vxsso|=

äð 2� ð ð ' øcîcäc

zkhuh 2 ghqrwhv csursruwlrqdo wr*1 Lq dgglwlrq/ dq| fkdqjh lq wkh ohyho ri
frqvxpswlrq lv hyhqo| vsuhdg dfurvv doo jrrgv/ dv wkhuh duh qr fkdqjhv lq wkh
uhodwlyh sulfhv idfhg e| frqvxphuv=

äðæ 2 äð/ æ ' øcîcä

Lq wkh Fhqwhu frxqwu|/ ehfdxvh ri d ?{hg prqh| vxsso| �ä c wkh frq0
vxpswlrq ri grphvwlfdoo| surgxfhg dqg lpsruwhg jrrgv lv qrw d>hfwhg e|
ghydoxdwlrqv lq wkh Shulskhu|1 Wkxv/ wkh edodqfhg wudgh frqglwlrqv lpso|=

äøä 2 .ø/ äîä 2 .î

Lq rwkhu zrugv/ iru d Shulskhu| frxqwu|/ d ghydoxdwlrq udlvhv wkh uhyhqxh iurp
h{sruwv lq grphvwlf fxuuhqf|1 Diwhu d ghydoxdwlrq/ grphvwlf frqvxphuv fdq
d>rug wr frqvxph pruh ri doo jrrgv1 Erwk h{fkdqjh udwhv dqg frqvxpswlrq
pryh wrjhwkhu zlwk wkh vwrfn ri prqh| vxsso| zlwk xqlw hodvwlflw|1

Vr/ zkhq ø ghydoxhv/ frxqwu| ä lv zruvh r> dv lwv uhvlghqwv gr qrw frq0
vxph pruh exw vxsso| pruh oderu wr phhw wkh lqfuhdvhg ghpdqg iurp frxqwu|
ø1 Frqyhuvho|/ wkhuh duh qhlwkhu zhoiduh jdlqv qru orvvhv iru wkh uhvlghqwv lq

4;Dv d uhplqghu/ S ml duh suhghwhuplqhg iru doo l> m @ D>E>F1
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frxqwu| î1 Wklv lv ehfdxvh frxqwu| î fdq pdlqwdlq lwv fxuuhqf| shj zlwk0
rxw lpsohphqwlqj dq| prqhwdu| frqwudfwlrq1 Dv frqvxpswlrq lq î dqg ä
lv xqd>hfwhg e| d ghydoxdwlrq ri fxuuhqf| ø/ zruog ghpdqg iru wkh jrrgv
surgxfhg e| frxqwu| î lv dovr frqvwdqw1

Ri frxuvh/ lw lv srvvleoh wkdw wkh odz ri rqh sulfh krogv iru vrph jrrgv/
zkloh idlov wr krog iru rwkhuv1 D sduwlfxoduo| uhdolvwlf dvvxpswlrq lv wkdw wkh
odz ri rqh sulfh krogv iru wkh jrrgv surgxfhg lq wkh Fhqwhu/ exw qrw iru wkh
jrrgv surgxfhg lq wkh Shulskhu| dqg vrog lq wkh Fhqwhu1 Wkh sulfhv ri wkh
odwwhu jrrgv duh dvvxphg wr eh vhw lq wkh Fhqwhu*v fxuuhqf|1

Li wklv lv wkh uhohydqw vfhqdulr/ wkh Fhqwhu lv frpsohwho| lqvxodwhg iurp
d ghydoxdwlrq ri wkh Shulskhu|1 Wkh uhdvrq lv wkdw grphvwlf uhodwlyh sulfhv
lq ä duh lqghshqghqw ri h{fkdqjh udwh pryhphqwv/ zkloh frqvxpswlrq dqg
rxwsxw rqo| uhvsrqg wr frxqwu| ä*v rzq prqh| vxsso| +wkdw zh krog ?{hg
e| dvvxpswlrq,1 Lw iroorzv wkdw lpsruwv iurp wkh Shulskhu|/ äøä dqg äîä dovr
uhpdlq frqvwdqw14<

Wxuqlqj wr wkh Shulskhu|/ zh fdq zulwh=

äøä '
�ø

2.øåää
/ äîä '

�î

2.îåää

Xvlqj rxu suhylrxv uhvxowv/ lw lv hdv| wr vhh wkdw wkh h{fkdqjh udwhv .ø dqg
.î pryh rqh0wr0rqh zlwk wkh prqh| vxssolhv�ø dqg�î1 Wklv lpsolhv wkdw
d prqhwdu| h{sdqvlrq lq frxqwu| ø udlvhv wkh frqvxpswlrq ri wkh grphvwlf
jrrgv dqg wkh sulfh ri wkh lpsruwhg jrrg/ exw ohdyhv lpsruwv dw wkhlu lqlwldo
ohyho1 Lq rwkhu zrugv/ wkh h{fkdqjh udwh vkrfn lq frxqwu| ø grhv qrw d>hfw
frxqwu| î htxloleulxp dw doo= wkhuh lv qr zhoiduh0lqfhqwlyh iru frxqwu| î wr
dedqgrq lwv shj djdlqvw wkh Fhqwhu dqg pdwfk frxqwu| ø*v ghydoxdwlrq1

6 Pdfurhfrqrplf dqg zhoiduh h>hfwv ri d gh0
ydoxdwlrq

Rxu ch{wuhph* prgho lq vhfwlrq 5 |lhogv vwurqj frqfoxvlrqv lq wkh dqdo|vlv ri
frpshwlwlyh ghydoxdwlrqv1 Li wkh odz ri rqh sulfh krogv/ d ghydoxdwlrq e| rqh
frxqwu| +ø, lv ehjjdu0wk|0qhljkeru uhodwlyh wr dqrwkhu frxqwu| +î, pdlqo|
wkurxjk lwv h>hfwv rq frvw0frpshwlwlyhqhvv lq d wklug pdunhw +ä,1 Li wkh odz

4<Iurp wkh edodqfhg wudgh frqglwlrqv zh rewdlq SDFF
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ri rqh sulfh grhv qrw krog/ vxfk ehjjdu0wk|0qhljkeru h>hfw glvdsshduv/ dqg
wkhuh lv qr udwlrqdoh iru frpshwlwlyh ghydoxdwlrqv1

Wkhvh uhvxowv klqjh xsrq wkh dvvxpswlrq ri shuihfw vxevwlwxwdelolw| dprqj
Shulskhu| jrrgv dqg 9 pruh fuxfldoo| 9 wkh idfw wkdw Shulskhu| frxqwulhv
frpshwh djdlqvw hdfk rwkhu lq wkh Fhqwhu pdunhw rqo|1 Wr xqghuvwdqg lq0
wxlwlyho| wkh lpsolfdwlrqv ri wkh odwwhu dvvxpswlrq/ frqvlghu wkh h>hfwv ri
rshqlqj xs wudgh zlwklq wkh Shulskhu|1 Lq rxu edvholqh vfhqdulr +lq zklfk
wkh odz ri rqh sulfh krogv,/ li frxqwulhv ø dqg î zhuh wr wudgh gluhfwo| zlwk
hdfk rwkhu/ wkh ghydoxdwlrq ri frxqwu| ø zrxog lpsuryh frxqwu| î*v whupv
ri wudgh dqg sxufkdvlqj srzhu1 Zlwk lpshuihfw vxevwlwxwdelolw| dfurvv Sh0
ulskhu| jrrgv/ wkh suhvhqfh ri lqwud0Shulskhu| wudgh zrxog wkhq udlvh wkh
srvvlelolw| wkdw d ghydoxdwlrq e| frxqwu| ø lqfuhdvhv zhoiduh lq frxqwu| î1

Zhuh î wr wudgh zlwk ø lq wkh dowhuqdwlyh vfhqdulr zlwkrxw wkh odz ri rqh
sulfh/ krzhyhu/ lwv rxwsxw zrxog kdyh wr udlvh wr phhw ø*v lqfuhdvlqj ghpdqg1
Wklv dgglwlrqdo h>hfw zrxog fohduo| uhgxfh zhoiduh lq frxqwu| î= lwv uhvlghqwv
zrxog qhhg wr zrun dqg surgxfh pruh dw dq xqfkdqjhg frqvxpswlrq ohyho1
Lqwhuhvwlqjo|/ lq wklv fdvh wkh qhjdwlyh vslooryhu rq frxqwu| î*v zhoiduh zrxog
vwhp iurp kljkhu glvxwlolw| ri oderu shu xqlw ri frqvxpswlrq/ dv rssrvhg wr
wkh froodsvh ri frqvxpswlrq wkdw rffxuv xqghu wkh odz ri rqh sulfh1

Lq rwkhu zrugv/ zkhq wkh odz ri rqh sulfh krogv wkh frvw0frpshwlwlyhqhvv
h>hfw ri d ghydoxdwlrq e| ø +klwwlqj surgxfhuv lq î, frh{lvwv zlwk d whupv
ri wudgh h>hfw +idyrulqj frqvxphuv lq î,1 Vlqfh wkh iruphu h>hfw ghfuhdvhv/
zkloh wkh odwwhu lqfuhdvhv zhoiduh lq frxqwu| î/ gluhfw lqwud0Shulskhu| wudgh
pdnhv wkh ryhudoo lpsdfw ri d ghydoxdwlrq e| frxqwu| ø srwhqwldoo| dpeljx0
rxv1 Zkhq wkh odz ri rqh sulfh grhv qrw krog/ lqvwhdg/ gluhfw lqwud0Shulskhu|
wudgh ehwzhhq ø dqg î ehfrphv wkh rqo| fkdqqho wkurxjk zklfk frxqwu| ø*v
ghydoxdwlrq fdq kxuw wkh uhvw ri wkh Shulskhu|1

Wr lqvshfw wkhvh lvvxhv pruh wkrurxjko|/ zh qrz lqwurgxfh d ixoo0 hgjhg
lqwhuwhpsrudo prgho zklfk doorzv iru lqwud0Shulskhu| wudgh/ dv|pphwulhv lq
frxqwu| vl}h dqg ?qlwh hodvwlflw| ri vxevwlwxwlrq dprqj Shulskhu| jrrgv lq
wkh Fhqwhu pdunhw1 Vxfk d iudphzrun zloo doorz xv wr dqdo|}h lq ghwdlo
wkh gl>huhqw urohv sod|hg e| elodwhudo wudgh yv1 wudgh zlwk d wklug frxqwu|
lq wudqvplwwlqj ehjjdu0wk|0qhljkeru srolf| vkrfnv1 Lw zloo dovr doorz xv wr
dqdo|}h wkh lpsdfw ri d ghydoxdwlrq rq wkh fxuuhqw dffrxqw edodqfhv ri wkh
wudglqj sduwqhuv/ xqghu dowhuqdwlyh k|srwkhvhv rq wkhlu srolf| uhdfwlrqv wr
wkh ghydoxdwlrq1
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614 Wkh vhwxs

Wkh remhfwlyh ixqfwlrq ri frxqwu| ð*v uhsuhvhqwdwlyh frqvxphu/ zlwk ð '
øcîcä/ lv qrz jlyhq e|=
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zkhuh wkh frqvxpswlrq lqgh{hv duh gh?qhg ehorz/ q lv wkh glvfrxqw udwh/
dqg ã lv d srvlwlyh frqvwdqw1 Wkh dydlodeoh dvvhwv duh grphvwlf uhdo edodqfhv/
�*å / dqg d qrplqdo erqg ghqrplqdwhg lq wkh Fhqwhu*v fxuuhqf| dqg gh0
qrwhg e| î1 Uhdo edodqfhv surylgh oltxlglw| vhuylfhv zklfk hqwhu wkh xwlolw|
ixqfwlrq1 Wkh erqg lv lq }hur0qhw vxsso| zruogzlgh> lwv qrplqdo |lhog lv gh0
qrwhg ð|1 Wkh exgjhw frqvwudlqwv ri wkh uhsuhvhqwdwlyh djhqwv lq wkh wkuhh
hfrqrplhv duh=
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zkhuh .ä ' � dqg A ghqrwhv qhw wd{hv/ ghqrplqdwhg lq xqlwv ri wkh orfdo
frqvxpswlrq lqgh{1

Wkh frqvxpswlrq edvnhw lq frxqwu| ð lv qrz jlyhq e| d FHV lqgh{=

äð '

é
ò
�
4

å

ý
äðå
ü 43�

4 n E�ý òå ä
�
4
ý
äðä
ü 43�

4

è 4
43�

zkhuh òå dqg �ýòå duh wkh zhljkwv ri wkh Shulskhu| dqg wkh Fhqwhu uhvshf0
wlyho|/ dqg 4 lv wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq Fhqwhu dqg Shulskhu|1

Lq wxuq/ wkh frqvxpswlrq lqgh{ iru wkh Shulskhu| lv gh?qhg dv=
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zkhuh òø dqg �ýòø duh wkh zhljkwv ri hdfk Shulskhu| frxqwu| lq wkh edvnhw
ri jrrgv surgxfhg lq wkh Shulskhu|/ dqg ú lv wkh hodvwlflw| ri vxevwlwxwlrq
ehwzhhq wkh wzr Shulskhu| frqvxpswlrq lqgh{hv153 Frqvlvwhqwo| zlwk wkh

53Wkh prgho fdq eh xqghuvwrrg dv d frpelqdwlrq ri wzr0frxqwu| prghov rq wzr ohyhov=
wkh Fhqwhu0Shulskhu| vhwxs/ dqg wkh zlwklq0Shulskhu| vhwxs1 Lq rxu dqdo|vlv zh rqo| irfxv
rq wkh dvshfwv ri wkh prgho gluhfwo| uhodwhg wr wkh lvvxh ri frpshwlyh ghydoxdwlrqv1 Iru
ixuwkhu ghwdlov rq wkh vwuxfwxuh dqg wkh vroxwlrq ri wkh prgho wkh uhdghu lv uhihuuhg wr wkh
wzr0frxqwu| prghov dqdo|}hg lq Fruvhwwl dqg Shvhqwl +4<<:, dqg Wlooh +4<<;,1
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ch{wuhph* prgho/ wkh pdlqwdlqhg dvvxpswlrq lv wkdw wkh hodvwlflw| ri vxevwl0
wxwlrq dprqj Shulskhu| jrrgv lv kljkhu wkdq wkdw ehwzhhq Shulskhu| dqg
Fhqwhu jrrgv/ qdpho| 4 ÷ ú154

Wkh frqvxpswlrq lqgh{hv iru hdfk frxqwu|/ äðæ/ duh vxppdul}hg lq Wd0
eoh 6/ wrjhwkhu zlwk wkh uhvshfwlyh xwlolw|0edvhg sulfh lqgh{hv1 Hdfk frxqwu|
surgxfhv d frqwlqxxp ri jrrgv lqgh{hg e| 51 Hdfk xqlw ri d jrrg 5 lv
surgxfhg zlwk rqh xqlw ri oderu surylghg e| d frxqwu| uhvlghqw1 Wr plql0
pl}h dojheudlf frpsoh{lwlhv zh dgrsw wkh qrupdol}dwlrq vxjjhvwhg e| Revw0
ihog dqg Urjr> +4<<;,/ vhwwlqj wkh zruog vl}h wr xqlw| dqg wkh qxpehuv ri
frqvxphu0surgxfhuv lq frxqwu| ø/ î dqg ä wr òøòå / E�ý òøä òå dqg �ýòå
uhvshfwlyho|155 Frxqwu| ø wkxv surgxfhv jrrgv 5 5 dfc òøòå ä/ frxqwu| î
surgxfhv jrrgv 5 5 dòøòå c òå ä/ dqg wkh Fhqwhu surgxfhv jrrgv 5 5 dòå c �o1
Zlwklq hdfk frxqwu|/ wkh jrrgv duh qrw shuihfwo| krprjhqhrxv> wkh hodvwlflw|
ri vxevwlwxwlrq dfurvv jrrgv lq dq| frxqwu| lv ghqrwhg w : �/ vr wkdw wkhuh
lv prqrsrolvwlf frpshwlwlrq dprqj grphvwlf surgxfhuv1

Wkh odz ri rqh sulfh lv dvvxphg wr krog +zh prgli| wklv dvvxpswlrq lq d
vhfwlrq ehorz,/ zkloh sulfhv zklfk duh vhw lq wkh vhoohu*v fxuuhqf| fdq h{klelw
qrplqdo uljlglwlhv1 Wkh htxloleulxp frqglwlrqv duh wkhq vxppdul}hg e| wkh
iroorzlqj Hxohu dqg prqh| ghpdqg htxdwlrqv=56
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54Lq wkh vlpsoh prgho ri wkh suhylrxv vhfwlrq/ wkh sdudphwhuv duh ðF @ ðS @ 4@5/ ã @ 4/
# @ 41 Qrwh krzhyhu wkdw wkh wzr prghov duh qrw qhvwhg= lq wkh vlpsoh prgho zh kdyh
uxohg rxw lqwud0Shulskhu| wudgh/ vr wkdw ðD @ 4 lq wkh frqvxpswlrq lqgh{ ri frxqwu| D/
ðD @ 3 lq wkh frqvxpswlrq lqgh{ ri frxqwu| E/ dqg ðD @ 4@5 lq wkh frqvxpswlrq lqgh{
ri frxqwu| F1 Lq wkh h{whqghg prgho ri wklv vhfwlrq/ ðD lv v|pphwulf dfurvv frxqwulhv1
Vlplodu frqvlghudwlrqv krog iru ðE1

55Rxu txdolwdwlyh uhvxowv jr wkurxjk hyhq li srsxodwlrq vl}h dqg suhihuhqfh sdudphwhuv
duh nhsw vhsdudwhg1

56Dv uhyhqxhv iurp vhljqlrudjh duh uhedwhg wr wkh sxeolf wkurxjk d oxps0vxp wudqvihu W /
xqghu wkh odz ri rqh sulfh dqg SSS wkh fxuuhqw dffrxqw lghqwlwlhv duh jlyhq e|= HlwE
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Wdeoh 6= Frqvxpswlrq dqg sulfh lqgh{hv

Frqvxpswlrq lqgh{hv
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zkloh/ zkhq sulfhv duh vwlfn|/ jrrgv vxsso| dgmxvwv wr phhw fkdqjhv lq gh0
pdqg157

Zh fdq qrz ghoyh lqwr wkh dqdo|vlv ri wkh h>hfwv ri xqdqwlflsdwhg/ shu0
pdqhqw prqhwdu| vkrfnv dqg ghydoxdwlrqv/ dvvxplqj wkdw lq wkh vkruw0uxq
sulfhv duh suhghwhuplqhg 9 dqg vhw dw wkhlu suh0vkrfn htxloleulxp ohyhov 9
zkloh wkh| ixoo| dgmxvw wr wkhlu qhz htxloleulxp ohyhov lq wkh orqj uxq1 Dv
lq Revwihog dqg Urjr> +4<<8, wkh dgmxvwphqw lv dvvxphg wr wdnh rqh shulrg
rqo|1 Zh ghqrwh orqj0uxq +vwhdg|0vwdwh/  h{0sulfh, yduldeohv zlwk xsshueduv/
wr glvwlqjxlvk wkhp iurp vkruw0uxq yduldeohv1

Wkh dojheudlf frpsoh{lw| ri rxu vhwxs pdnhv lw lpsrvvleoh wr dqdo|}h
wkh lpsdfw ri glvfuhwh vkrfnv zlwkrxw uhvruwlqj wr qxphulfdo vlpxodwlrqv1 Lq
zkdw iroorzv/ zh fkrrvh lqvwhdg wr irfxv rq wkh lpsdfw ri cvpdoo* prqhwdu|
vkrfnv dqg uhirupxodwh wkh prgho lq whupv ri orj0ghyldwlrqv iurp dq lqlwldo
v|pphwulf htxloleulxp1 Dv d jhqhudo uxoh/ ghqrwlqj e| ff wkh ohyho ri d
yduldeoh lq wkh lqlwldo htxloleulxp dqg e| f wkh qhz ohyho ri wkh yduldeoh/
orzhufdvh ohwwhuv ghqrwh orj0olqhdu dssur{lpdwlrqv=

% ä f ýff
ff

Ghwdlov ri wkh vroxwlrq duh irxqg lq wkh Dsshqgl{1

615 Srolf| uhdfwlrqv wr d ghydoxdwlrq= d frpsdulvrq ri
pdfurhfrqrplf rxworrnv

Wkh hfrqrp| lv lqlwldoo| lq d v|pphwulf htxloleulxp/ zkhuh doo sulfhv lq d
jlyhq frxqwu| duh lghqwlfdo58 dqg wkh qhw0dvvhw srvlwlrqv dfurvv frxqwulhv duh
doo htxdo wr }hur159 Dv lq wkh ch{wuhph* prgho/ zh vwxg| wkh frqvhtxhqfhv ri d
shupdqhqw prqhwdu| h{sdqvlrq lq frxqwu| ø dvvrfldwhg zlwk d ghydoxdwlrq

57Qrwh wkdw wkh pdunxsv duh lqghshqghqw ri erwk hodvwlflwlhv ri vxevwlwxwlrq dfurvv
frxqwulhv +l1h1/ ã dqg #,> rqo| wkh lqwud0frxqwu| hodvwlflw| ri vxevwlwxwlrq ë hqwhuv htxdwlrq
+7,1 Lq idfw/ wkh glvxwlolw| ri h>ruw lq whupv ri frqvxpswlrq ghshqgv rq ë/ zkhuhdv ã dqg
# ghwhuplqh wkh udwh dw zklfk h{sruwv/ wr wkh Fhqwhu dqg wkh rwkhu Shulskhu| frxqwu|
uhvshfwlyho|/ duh wudqviruphg lqwr frqvxpswlrq1

58Sulfhv duh vhw h{ dqwh/ zkhq qr vkrfnv duh h{shfwhg1 Iroorzlqj wkh xvxdo vwhsv/ hdfk
surgxfhuv fkdujhv d srvlwlyh pdunxs ryhu pdujlqdo frvw/ uh hfwlqj wkh hodvwlflw| ri wkh
ghpdqg vkh idfhv1

59Zh ohdyh wr ixwxuh frqwulexwlrqv wkh irupdo dqdo|vlv ri frpshwlwlyh ghydoxdwlrqv xqghu
vfhqdulrv lq zklfk frxqwu| E lv d qhw ghewru lq wkh lqlwldo htxloleulxp dqg lwv ghew lv
ghqrplqdwhg lq iruhljq fxuuhqf|1 Lqwxlwlyho|/ vxfk flufxpvwdqfhv zrxog lqfuhdvh wkh zhoiduh
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ri lwv fxuuhqf| djdlqvw wkh Fhqwhu + 76ø : f/ lpso|lqj 7eø : f, zkloh wkh
Fhqwhu nhhsv lwv prqh| vxsso| xqfkdqjhg + 76ä ' f,1

Rxu irfxv lv rq wkh lpsolfdwlrqv ri wkuhh srvvleoh srolf| uhdfwlrqv lq frxq0
wu| î= d srolf| ri prqhwdu| vwdelol}dwlrq + 76î ' f,/ khuhlqdiwhu uhihuuhg wr
dvPVW> wkh ghihqvh ri wkh h{fkdqjh udwh shj ylv0ã0ylv wkh Fhqwhu +7eî ' f,/
uhihuuhg wr dv SHJ> dqg d ghydoxdwlrq ri wkh h{fkdqjh udwh lq rughu wr pdlq0
wdlq xqdowhuhg frxqwu| î*v pdunhw vkduh lq wkh Fhqwhu +7eî ' 7eø,/ uhihuuhg wr
dv GHY1

Lq Wdeoh 7 zh rxwolqh wkh nh| lpsolfdwlrqv ri wkh wkuhh srolf| uhjlphv1
Xqghu wkhPVW uhjlph/ wkh h{fkdqjh udwh ri frxqwu| î ghsuhfldwhv djdlqvw
wkh Fhqwhu/ pdnlqj lpsruwv pruh h{shqvlyh/ exw dssuhfldwhv djdlqvw frxqwu|
ø1 Xqghu wkh SHJ uhjlph frxqwu| î pxvw frqwudfw lwv prqh| vxsso| lq
uhvsrqvh wr frxqwu| ø*v prqhwdu| h{sdqvlrq dqg h{fkdqjh udwh ghydoxdwlrq>
qrwh krzhyhu wkdw wkh idoo lq 76î grhv qrw r>vhw wkh lqfuhdvh lq 76ø/ vr wkdw
wkh qhw h>hfw lv d Shulskhu|0zlgh prqhwdu| h{sdqvlrq1 Jlyhq 76ø/ wkhuhiruh/
wkh htxloleulxp ghydoxdwlrq ri ø lv orzhu xqghu SHJ wkdq xqghu wkhPVW
vfhqdulr/ lq zklfk prqhwdu| dxwkrulwlhv ri frxqwu| î gr qrw frqwudfw 76î

dqg ohw wkh fxuuhqf| ghsuhfldwh1 Ilqdoo|/ xqghu wkh GHY uhjlph wkh ghsuh0
fldwlrq ri 7eø#,V 9 iru d jlyhq 76ø 9 lv odujhu wkdq xqghu wkhPVW uhjlph1
Xqghu doo wkhvh srolf| vfhqdulrv/ wkh Shulskhu|0zlgh prqhwdu| vwdqfh lv qhyhu
frqwudfwlrqdu| + 76å ì òø 76ø n E�ý òøä 76î : f,1

Wkh deryh uhvxowv vkhg oljkw rq dq lpsruwdqw ihdwxuh ri h{fkdqjh udwh
frqwdjlrq dfurvv frxqwulhv/ qdpho|/ wkh ihhgedfn h>hfwv ri d ghydoxdwlrq lq
frxqwu| î rq wkh htxloleulxp ghsuhfldwlrq ri wkh h{fkdqjh udwh ri frxqwu|
ø/ wkh frxqwu| iurp zklfk wkh vkrfn lwvhoi ruljlqdwhv1 Lq idfw/ iru d jlyhq
prqhwdu| h{sdqvlrq lq frxqwu| ø/ wkh vl}h ri wkh lpsolhg h{fkdqjh udwh
ghsuhfldwlrq lq frxqwu| ø lv d ixqfwlrq ri wkh srolf| uhvsrqvh lq frxqwu| îé Lq
jhqhudo/ iru d jlyhq prqhwdu| vkrfn lq frxqwu| ø/ wkh odujhu wkh ghsuhfldwlrq
ri frxqwu| î/ wkh odujhu wkh ghsuhfldwlrq ri frxqwu| ø lq htxloleulxp1

Frqvlghu qrz wkh uhvsrqvh ri wkh fxuuhqw dffrxqw edodqfhv wr wkh ghydo0
xdwlrq vkrfn1 Iru wkh Shulskhu| dv d zkroh zh kdyh=

7Kå

�ý òå
ì 7Kå ý 7Kä ' 2q E4ý �ä

� n q n 4 E�ý qä 76
å

Wkh vljq ri wkh deryh h{suhvvlrq ghshqgv rq wkh vl}h ri 41 Dv orqj dv 4 : �
+wkdw lv/ zkhq wkh Pduvkdoo0Ohuqhu0Urelqvrq frqglwlrqv krog,/ wkh Shulskhu|

frvwv ri d ghydoxdwlrq vlqfh d idoo lq wkh sulfh ri iruhljq fxuuhqf| udlvhv wkh uhdo exughq ri
frxqwu| E*v h{whuqdo ghew1
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Wdeoh 7= Lqwhuqdwlrqdo h>hfwv ri frxqwu| ø*v ghydoxdwlrq

PVW uhjlph

7eø�5A ' dòøá E4ä n E�ý òøäá Eúäo 76ø : f
7eî�5A ' dá E4äý áEúäo òø 76ø : f
7eø�5A ý 7eî�5A ' áEúä 76

ø : f
7Kå�5A

�ý òå
'

2q E4ý �ä
� n q n 4 E�ý qäòø 76

ø/ 7Kø�5A ý 7Kî�5A : f

SHJ uhjlph

76î
è,B ' ý

á E4äý á Eúä
òøá Eúä n E�ý òøäá E4ä

òø 76
ø ÷ f

7eøè,B '
áEúä
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á E4ä 76ø
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'
2q E4ý �ä

� n q n 4 E�ý qä
á Eúä

òøá Eúä n E�ý òøäá E4ä
òø 76

ø/ 7Køè,B ý 7Kîè,B : f

GHY uhjlph

76î
#,V ' 76ø : f

7eø#,V ' 7e
î
#,V ' áE4ä 76

ø

7Kå#,V
�ý òå

'
2q E4ý �ä

� n q n 4 E�ý qä 76
ø/ 7Kø#,V '

7Kî#,V

Qrwhv = Wkh ixqfwlrq ø lv gh?qhg dv=

ø+{, @
4

{

4ý ñ . { +4 . ñ,
4 . ñ . { +4ý ñ, A 3

Revhuyh wkdw ø+ã, A ø+#, li ã ? #1
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dv d zkroh uxqv d fxuuhqw dffrxqw vxusoxv ylv0ã0ylv wkh Fhqwhu zkhq frxqwu|
ø ghydoxhv1 Wkh odujhu lv wkh prqhwdu| h{sdqvlrq lq wkh Shulskhu|/ wkh odujhu
lv lwv fxuuhqw dffrxqw vxusoxv1 Wkhuhiruh/ dv vkrzq lq Wdeoh 7/ zkhq 4 : � wkh
fxuuhqw dffrxqw edodqfh ri wkh Shulskhu| lv odujhu xqghu wkh GHY uhjlph/
dqg vpdoohu xqghu wkh SHJ uhjlph1 Rssrvlwh uhvxowv krog iru 4 é �1

Krz lv wkh Shulskhu| fxuuhqw dffrxqw vxusoxv doorfdwhg ehwzhhq frxqwulhv
ø dqg îB Irupdoo| zh kdyh=

7Kø ý 7Kå
�ý òø

ì 7Kø ý 7Kî ' 2q Eú ý �ä
� n q n E�ý qäú

ý
76ø ý 76î

ü
Vlqfh ú : �/ lw lv qhyhu wkh fdvh wkdw wkh fxuuhqw dffrxqw ri frxqwu| ø
lqfuhdvhv e| ohvv wkdq wkh fxuuhqw dffrxqw ri frxqwu| î1 Xqghu wkh GHY
uhjlph erwk Shulskhu| frxqwulhv lqfuhdvh v|pphwulfdoo| wkhlu qhw dvvhw srvl0
wlrqv djdlqvw wkh Fhqwhu1 Xqghu erwk wkh PVW dqg wkh SHJ uhjlphv wkh
fxuuhqw dffrxqw h>hfw lv vwurqjhu iru frxqwu| ø wkdq iru frxqwu| î1

Irfxvlqj rq wkh fdvh 4 : �/ grhv d fxuuhqw dffrxqw gh?flw lq wkh Fhqwhu
lpso| wkdw wkh Fhqwhu lv h{shulhqflqj d zhoiduh orvv zkhq frxqwu|ø ghydoxhvB
Wkh dqvzhu lv qr/ xqghu uhdvrqdeoh sdudphwhu dvvxpswlrqv1 Frpsxwlqj
lqwhuwhpsrudo zhoiduh ohyhov/5: zh ?qg wkdw wkh Fhqwhu frxqwu| ehqh?wv iurp
wkh prqhwdu| h{sdqvlrq lq wkh Shulskhu| lq hyhu| uhjlph surylghg wkdw wkh
iroorzlqj lqhtxdolw| krogv=

üä '
�

w

é
�ý 4ý w

4

� n 4

� n q n 4 E�ý qä
è
òå 76

å : f

D vx!flhqw frqglwlrq iru wkh h{suhvvlrq lq vtxduh eudfnhwv wr eh srvlwlyh lv
wkdw 4 é w/ wkdw lv/ wkdw jrrgv duh pruh vxevwlwxwdeoh zlwklq d frxqwu| wkdq
ehwzhhq Fhqwhu dqg Shulskhu|15; Lqwxlwlyho|/ lq wkh vkruw uxq wkh prqhwdu|
h{sdqvlrq ri wkh Shulskhu| lqfuhdvhv wkh dydlodelolw| ri Shulskhu| jrrgv wr
wkh Fhqwhu dqg frqwhpsrudqhrxvo| lpsuryhv wkh sxufkdvlqj srzhu ri wkh
Fhqwhu*v frqvxphuv1 Wr wdnh ixoo dgydqwdjh ri wkh vkruw0whup lpsuryhphqwv

5:Dv fxvwrpdu| lq wkh olwhudwxuh/ wkurxjkrxw wkh sdshu zh rqo| uhihu wr zhoiduh h>hfwv
xquhodwhg wr oltxlglw| vhuylfhv/ lpsolflwo| dvvxplqj wkdw " lv uhodwlyho| vpdoo1

5;Wkh dvvxpswlrq wkdw ã é ë lpsolhv wkdw e| h{sdqglqj lwv rxwsxw wkh Shulskhu| lv
qrw ehwwhu r> uhodwlyho| wr wkh Fhqwhu/ ehfdxvh wkh dgglwlrqdo frqvxpswlrq ?qdqfhg e|
wkh dgglwlrqdo vdohv uhyhqxh lv qrw odujh hqrxjk wr rxwvwuls wkh dgglwlrqdo frvw ri h>ruw1
Revwihog dqg Urjr> +4<<8, frqvlghu wkh fdvh ã @ ë1 Fruvhwwl dqg Shvhqwl +4<<:, frqvlghu
wkh fdvh 4 @ ã ? ë1 Wlooh +4<<;, vwxglhv wkh jhqhudo fdvh1

54



lq wkhlu whupv ri wudgh/ li 4 : � frxqwu| ä*v djhqwv eruurz iurp wkh Shulskhu|
wr ?qdqfh d kljkhu frqvxpswlrq ohyho15<

Lqvwhdg/ lw lv wkh Shulskhu| lwvhoi wkdw fdq jdlq ru orvh dffruglqj wr wkh
sduwlfxodu ydoxhv ri wkh hodvwlflwlhv= hydoxdwlqj üå / wkh zhljkwhg dyhudjh ri
zhoiduh ohyhov lq frxqwulhv ø dqg î/ zh rewdlq

üå : f li òå :
w ý 4

4
í
� n q �34

�n4

ì
n w ý 4

Wkh lpsruwdqw uhvxow wkdw/ lq dq rshq hfrqrp|/ d prqhwdu| h{sdqvlrq fdq
kdyh d ehjjdu0wk|vhoi h>hfw udwkhu wkdq d ehjjdu0wk|0qhljkeru rqh kdv ehhq
hpskdvl}hg lq wkh prghov ri Fruvhwwl dqg Shvhqwl +4<<:, dqg Wlooh +4<<;,1
Lq wkh vkruw uxq dq lq dwlrqdu| vkrfn ohdgv Shulskhu| djhqwv wr vxsso| pruh
oderu dqg surgxfh pruh jrrgv/ exw wkh lqgxfhg whupv ri wudgh ghwhulrudwlrq
uhgxfhv wkh sxufkdvlqj srzhu ri wkhlu lqfrphv= wkh ehqh?wv iurp kljkhu
frqvxpswlrq dffuxh sulqflsdoo| wr wkh uhvw ri wkh zruog/ zkloh wkh frvwv iurp
dgglwlrqdo oderu h>ruwv duh frqfhqwudwhg lq wkh Shulskhu|1

Lq wkh frqwh{w ri rxu dqdo|vlv/ wkh srvvlelolw| ri d ehjjdu0wk|vhoi ghydox0
dwlrq dulvhv zkhq òå lv uhodwlyho| vpdoo +wkdw lv/ wkh h>hfwlyh hfrqrplf cvl}h*
ri wkh Shulskhu| dv phdvxuhg e| wkh vkduh ri Shulskhu| jrrgv lq zruog frq0
vxpswlrq lv qhjoljleoh,/ zkhq w lv uhodwlyho| odujh +wkdw lv/ wkh Shulskhu|
hfrqrp| lv vx!flhqwo| forvh wr lwv frpshwlwlyh ohyho/ vr wkdw xqdqwlflsdwhg
prqhwdu| h{sdqvlrqv fdxvh wkh whupv ri wudgh wr ghwhulrudwh zlwk olwwoh lp0
suryhphqw lq h!flhqf|,/ dqg zkhq 4 lv vx!flhqwo| vpdoo +wkdw lv/ wkhuh lv
olwwoh vxevwlwxwdelolw| ehwzhhq Fhqwhu dqg Shulskhu|/ vr wkdw d ghydoxdwlrq
e| wkh Shulskhu| lqfuhdvhv wkh uhodwlyh sulfh ri lpsruwv lq wkh Shulskhu| lwvhoi
exw kdv d olplwhg lpsdfw rq wkh Fhqwhu*v ghpdqg iru Shulskhu| jrrgv,1

616 Ehjjdu0wk|0qhljkeru yv1 ehjjdu0wk|vhoi srolflhv= d
zhoiduh udqnlqj

Dv lq wkh vlpsoh prgho ri vhfwlrq 5/ wkh pdlq irfxv ri rxu dqdo|vlv lv wkh
frqglwlrqv xqghu zklfk d ghydoxdwlrq e| ø ghwhulrudwhv qdwlrqdo zhoiduh lq
î/ dqg SHJ lv wkh zruvw rswlrq lq frxqwu| î*v zhoiduh udqnlqj ri wkh wkuhh
srolf| dowhuqdwlyhv1 Diwhu vrph dojheud/ zh fdq vkrz wkdw frxqwu| î suhihuv

5<Vlplodu frqvlghudwlrqv krog li ã é 4/ qrwlqj wkdw lq wklv fdvh wkh Fhqwhu fdq dfklhyh d
kljkhu ohyho ri frqvxpswlrq zlwkrxw ehfrplqj d qhw eruurzhu1
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d uhjlph [ ryhu d uhjlph ] li wkh iroorzlqj frqglwlrq krogv=ã
E�ý òøä

é
òå n E�ý òå ä

4ý w
4

� n 4

� n q n 4 E�ý qä
è
n

nòø
ú ý w
ú

� n ú

� n q n E�ý qäú
âý

76î
c ý 76î

|
ü
: f +8,

Wkhuhiruh/ li wkh h{suhvvlrq lq fxuo| eudfnhwv lv srvlwlyh/ frxqwu| î dozd|v
suhihuv wkh uhjlph lqyroylqj wkh odujhvw prqhwdu| h{sdqvlrq/ zklfk lv GHY1
Li wkh lqhtxdolw| vljq lv uhyhuvhg/ wkh ehvw rswlrq iru î lv lqvwhdg wr pdlqwdlq
wkh shj zlwk wkh Fhqwhu1 Qrw vxusulvlqjo|/ grlqj qrwklqj +PVW, lv dozd|v
grplqdwhg/ e| hlwkhu SHJ ru GHY1

Wr lqwhusuhw wkh lqhtxdolw| deryh/ ?uvw revhuyh wkdw wkh vljq ri h{suhvvlrq
lq vtxduh eudfnhwv lv wkh vdph vljq ri üå / dv dqdo|}hg lq wkh suhylrxv sdud0
judsk1 Li üå è f dqg ú : w9 l1h1/ li Shulskhu| jrrgv duh pruh vxevwlwxwdeoh
ehwzhhq frxqwulhv wkdq zlwklq frxqwulhv9 frxqwu| î*v ehvw rswlrq lv wr gh0
ydoxh= üî#,V : ü

î
�5A : ü

î
è,B1 Wklv lv ehfdxvh wkh Shulskhu| ehjjdu0wk|vhoi

h>hfw uhodwlyh wr wkh Fhqwhu +üå ý üä é f, lv r>vhw e| wkh ehqh?fldo h>hfw
ri d prqhwdu| h{sdqvlrq zruogzlgh +üç : f, dqg e| wkh lqwud0Shulskhu|
ehjjdu0wk|0qhljkeru h>hfw +üø ý üî : f,163

Li lqvwhdg üå ÷ f/ d ghydoxdwlrq pd| qrw eh d jrrg lghd iru frxqwu| î1
Wklv lv wkh fdvh zkhq òø lv vpdoo dqg frxqwu| î lv uhodwlyho| codujh* lq whupv
ri wkh zhljkw ri lwv jrrgv lq zruog frqvxpswlrq +vr wkdw wkh ehjjdu0wk|vhoi
h>hfw üå ÷ f idoov doprvw h{foxvlyho| rq frxqwu| î,/ ru zkhq w lv uhodwlyho|
odujh +vr wkdw wkh zruog hfrqrp| lv douhdg| forvh wr lwv h!flhqw ohyho dqg d
prqhwdu| h{sdqvlrq lq wkh Shulskhu| kdv olwwoh lpsdfw rq zruog rxwsxw dqg
frqvxpswlrq,1

Zh frqfoxgh wkdw dffrxqwlqj iru wkh lqwud0Shulskhu| h>hfwv ri d ghydoxd0
wlrq wkhuh lv d qrq0qhjoljleoh udqjh ri hodvwlflw| ydoxhv iru zklfk frxqwu| ø*v
ghydoxdwlrq qhhg qrw ohdg wr d frpshwlwlyh 9 dqg frqwdjlrxv 9 cuhwdoldwlrq*
e| frxqwu| î1

63Qrwh wkdw d prqhwdu| h{sdqvlrq e| wkh Shulskhu| dozd|v lqfuhdvhv zruog zhoiduh=
xz ì ðSxS . +4ý ðS ,xF @ +ðS @ë, çpS A 3=
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617 Wkh uroh ri ghyldwlrqv iurp wkh odz ri rqh sulfh
uhylvlwhg

Wkh g|qdplf prgho fdq dovr eh vroyhg iru wkh fdvh lq zklfk sulfhv duh vhw lq
wkh ex|hu*v fxuuhqf|/ udwkhu wkdq wkh vhoohu*v fxuuhqf|1 Lq wklv fdvh frxqwu|
î kdv dozd|v dq lqfhqwlyh wr dedqgrq lwv shj wr wkh Fhqwhu lq uhvsrqvh wr
frxqwu| ø*v ghydoxdwlrq/ dv lwv frqvxpswlrq xwlolw| grhv qrw fkdqjh exw lwv
oderu h>ruw glvxwlolw| zruvhqv1

Iroorzlqj wkh vwhsv suhvhqwhg lq wkh Dsshqgl{/ zh fdq vkrz wkdw wkhuh
duh qr h>hfwv lq wkh orqj uxq164 Vlqfh wkhuh duh qr uhodwlyh sulfh h>hfwv/ lq
wkh vkruw uxq grphvwlf frqvxpswlrq pryhv lq wdqghp zlwk grphvwlf prqh|
vxsso|/ zkloh d prqhwdu| vkrfn dq|zkhuh lq wkh zruog hfrqrp| d>hfwv vkruw0
uxq rxwsxw v|pphwulfdoo| lq hdfk frxqwu|=

Sð ' 76ð +ð ' +ç ' 76ç ð ' øcîcä

Wkh zhoiduh h>hfw lv wkhq/ vlpso|/

üð ' 76ð ý w ý �
w

76ç

Li doo frxqwulhv h{sdqg wkhlu prqh| vxsso| e| wkh vdph h{whqw/ wkh| doo ehqh?w
e| dq dprxqw 76ç*w1 Li d frxqwu| grhv qrw h{sdqg lwv prqh| vxsso| dorqj
zlwk wkh rwkhuv/ wkdw frxqwu| lv xqdpeljxrxvo| zruvh r>/ dv lwv uhvlghqwv
zrun pruh dqg frqvxph ohvv1

Zh fdq vkrz wkdw xqghu doo uhjlphv=

eð ' 76ð

Wkh PVW dqg SHJ uhjlphv duh wkhq lghqwlfdo/ dqg li frxqwu| î sxuvxhv
hlwkhu ri wkhvh srolf| rswlrqv lw lv xqdpeljxrxvo| zruvh0r>=

üî�5A/ è,B ' ý
w ý �
w
òøòå 76

ø ÷ f

64Irupdoo|/ çeD @ çeE @ çeF @ 3/ çfS ý çfF @ çsSS ý çsFF ý çhS @ ç|S ý ç|F @ 3/
çfD ý çfE @ çsDD ý çsEE ý

ý
çhD ý çhEü @ ç|D ý ç|E @ 31 Lw lv zruwk hpskdvl}lqj wkdw wklv

uhvxow lv d frqvhtxhqfh ri rxu dvvxpswlrq ri d orjdulwkplf xwlolw| iru frqvxpswlrq1 Wr0
jhwkhu zlwk vhyhudo rwkhu jhqhudol}dwlrqv/ wkh h{whqvlrq ri rxu iudphzrun wr dq hodvwlflw|
ri lqwhuwhpsrudo vxevwlwxwlrq gl>huhqw iurp xqlw| lv ohiw wr ixwxuh frqwulexwlrqv1
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E| frqwudvw/ wkh rswlrq GHY + 76ø ' 76î, lv dozd|v suhihuuhg e| frxqwu| î=

üî#,V ' 76ø ý w ý �
w
òå 76

ø :
�

w
76ø : f

Lqwxlwlyho|/ wkh frqvxpswlrq jdlqv iurp d ghydoxdwlrq dffuxh h{foxvlyho|
wr wkh frxqwu| wkdw ghydoxhv +ehfdxvh ri wkh lqfuhdvh lq wkh uhdo ydoxh ri lwv
h{sruw uhyhqxhv,/ zkloh wkh frvwv ri d ghydoxdwlrq lq whupv ri lqfuhdvhg oderu
h>ruw duh vsuhdg zruogzlgh1 Frxqwu| ø*v ghydoxdwlrq lv ehjjdu0wk|0qhljkeru
dv lw uhgxfhv uhyhqxhv dqg sur?wv ri surgxfhuv deurdg1 Wkh qrq0ghydoxlqj
frxqwulhv zkrvh h{sruw uhyhqxhv idoo duh uhtxluhg wr zrun pruh wr vxvwdlq
wkh lqlwldo ohyho ri frqvxpswlrq1 Wkh frqfoxvlrqv duh pruh vwulnlqj wkdq wkh
rqhv ghulyhg xqghu wkh odz ri rqh sulfh= wkh rswlpdo uhvsrqvh iru frxqwu| î
lv dozd|v wr ghydoxh/ dqg erwk Shulskhu| frxqwulhv lqfuhdvh wkhlu zhoiduh dw
wkh h{shqvh ri wkh Fhqwhu165

7 Frqfoxvlrqv
Wklv sdshu kdv vwxglhg wkh phfkdqlvp ri lqwhuqdwlrqdo wudqvplvvlrq ri h{0
fkdqjh udwh vkrfnv/ surylglqj d frkhvlyh fkrlfh0wkhruhwlf iudphzrun iru wkh
srolf| dqdo|vlv dqg hpslulfdo dvvhvvphqw ri frpshwlwlyh ghydoxdwlrqv1 Zh
vxppdul}h khuh rxu pdlq uhvxowv1

Li wkh odz ri rqh sulfh krogv lqwhuqdwlrqdoo|/ d ghydoxdwlrq e| rqh frxqwu|
+ø, lv ehjjdu0wk|0qhljkeru uhodwlyh wr dqrwkhu frxqwu| +î, pdlqo| wkurxjk lwv
h>hfwv rq frvw0frpshwlwlyhqhvv lq d wklug pdunhw +ä,1 Wkh pdqlihvwdwlrq ri
vxfk ehjjdu0wk|0qhljkeru fkdqqho lv d idoo lq frqvxpswlrq lq frxqwu| î1

Lq wkh suhvhqfh ri lqwud0Shulskhu| wudgh/ krzhyhu/ wkhuh lv d odujh udqjh
ri hodvwlflw| ydoxhv iru zklfk frxqwu| î lv ehwwhu r> e| pdlqwdlqlqj d shj
lq uhvsrqvh wr frxqwu| ø*v ghydoxdwlrq/ hvshfldoo| zkhq frxqwu| î lv odujh
dqg wkh Shulskhu| +frxqwu| ø dqg î wrjhwkhu, dv d zkroh lv vpdoo uhodwlyh
wr frxqwu| ä1

65Dv lq wkh ch{wuhph* prgho deryh/ zh frxog dovr frqvlghu wkh fdvh zkhuh wkh odz ri rqh
sulfh krogv/ h{fhsw iru jrrgv surgxfhg lq wkh Shulskhu| dqg vrog lq wkh Fhqwhu/ wkh sulfh
ri zklfk lv vhw lq wkh Fhqwhu*v fxuuhqf|1 Wkh dqdo|vlv ri wkh g|qdplf prgho xqghu wkhvh
dvvxpswlrqv lv udwkhu frpsoh{1 Irfxvlqj rq d vwdwlf vhwxs zlwk edodqfhg wudgh +ñ @ 3,/
lw fdq eh vkrzq wkdw wkh Fhqwhu lv frpsohwho| lqvxodwhg iurp wkh Shulskhu|*v prqhwdu|
srolf|/ dqg wkdw wkh Shulskhu| dv d zkroh lv dozd|v ehwwhu r>/ dv wkhuh lv qr ehjjdu0wk|vhoi
sureohp ylv0ã0ylv wkh Fhqwhu dq|pruh1 Lq uhvsrqvh wr frxqwu| D*v ghydoxdwlrq/ frxqwu| E
dozd|v fkrrvhv wkh uhjlph zlwk wkh odujhvw prqhwdu| h{sdqvlrq/ zklfk lv GHY1
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Li wkh odz ri rqh sulfh grhv qrw krog/ wkh lqwud0Shulskhu| ehjjdu0wk|0
qhljkeru h>hfw edvhg rq frpshwlwlrq lq d wklug pdunhw glvdsshduv1 Krzhyhu/
wkhuh lv d gl>huhqw lqwud0Shulskhu| ehjjdu0wk|0qhljkeru h>hfw yld d ghwhulrud0
wlrq ri frxqwu| î*v whupv ri wudgh1 Wkh pdqlihvwdwlrq ri wkh odwwhu ehjjdu0
wk|0qhljkeru fkdqqho lv wkh lqfuhdvh lq glvxwlolw| iurp kljkhu oderu h>ruw lq
frxqwu| î iru dq| ohyho ri frqvxpswlrq1

Wkxv/ li ghyldwlrqv iurp wkh odz ri rqh sulfh duh wr eh frqvlghuhg wkh
grplqdqw hpslulfdo sdudgljp/ wkhq gluhfw elodwhudo wudgh olqnv pd| sod| d
pruh lpsruwdqw uroh wkdq frpshwlwlrq lq wkh zruog pdunhw lq ghwhuplqlqj
wkh zhoiduh h>hfwv ri h{fkdqjh udwh vkrfnv1 Qrqhwkhohvv/ li uhodwlyh sulfhv dqg
whupv ri wudgh h{klelw vrph  h{lelolw| frqiruplqj wr wkh odz ri rqh sulfh/ d
kljk vkduh ri elodwhudo wudgh zlwklq d uhjlrq fdq dfwxdoo| olplw wkh h{whqw ri
ehjjdu0wk|0qhljkeru srolflhv1
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Dsshqgl{= Vroxwlrq ri wkh g|qdplf prgho
Wkh prgho lv olqhdul}hg durxqg d v|pphwulf vwhdg| vwdwh zkhuh îø ' îî '
îå ' îä ' f1

Orqj0uxq htxloleulxp Rqfh sulfhv kdyh dgmxvwhg/ wkh hfrqrp| uhdfkhv
d qhz vwhdg| vwdwh wkdw fdq eh fkdudfwhul}hg lq whupv ri orj0ghyldwlrqv iurp
wkh lqlwldo v|pphwulf htxloleulxp1 Iurp wkh Hxohu htxdwlrqv/ wkh prqh|
pdunhw htxloleulxp frqglwlrqv dqg wkh orqj uxq frqvxpswlrq0h>ruw wudgh0r>
frqglwlrqv zh rewdlq q E� n ðä ' � dqg

76ð ý 7Rð ' 7Sð

7Rðð ý 7Rð ' 7Sð n 7+ð

Wkh rxwsxw ghpdqg idfhg e| d uhsuhvhqwdwlyh ?up lq hdfk frxqwu| lv
rewdlqhg e| djjuhjdwlqj wkh uhohydqw frqvxpswlrq doorfdwlrq htxdwlrqv dfurvv
frqvxphuv zruogzlgh1 Wkh uhvxowlqj h{suhvvlrq fdq eh olqhdul}hg dv=

7+ø ' ýú ý7Røø ý 7Røå ün 7+å / 7+î ' ýú ý7Rîî ý 7Rîå ün 7+å
7+å ' ý4 ý7Räå ý 7Räün 7Sç/ 7+ä ' ý4 ý7Rää ý 7Räün 7Sç

Wkh fxuuhqw dffrxqw htxdwlrqv duh olqhdul}hg dv=

f '
�ý q
q

7Kø ý 7Sø n 7Røø ý 7Rø n 7+ø

f '
�ý q
q

7Kî ý 7Sî n 7Rîî ý 7Rî n 7+î

f '
�ý q
q

7Kä ý 7Sä n 7Rää ý 7Rä n 7+ä

f ' òøòå7K
ø n òîòå7K

î n òä7K
ä ' òå7K

å n òä7K
ä

zkhuh = 7Kð ' _îð*äðåä1 Wkh orqj uxq htxloleulxp lv vroyhg e| frpelqlqj wkh
fxuuhqw dffrxqw htxdwlrqv/ wkh rxwsxw ghpdqgv dqg wkh frqvxpswlrq0h>ruw
wudgh0r> frqglwlrqv1
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Fhqwhu yv1 Shulskhu| Vrph dojheud ohdgv wr=

7Så ý 7Sä '
� n 4

24

�ý q
q

7Kå

�ý òå
7Råå ý 7Rää ý 7eå '

�

24

�ý q
q

7Kå

�ý òå
7+å ý 7+ä ' ý�

2

�ý q
q

7Kå

�ý òå
dqg wkh zruogzlgh h>hfwv duh=

7Sç ' 7+ç ' f

zkhuh d zruogzlgh ydoxh lv gh?qhg dv= %ç ' òå%
å n òä%

ä 1

Lqwud0Shulskhu| Zh fdq ghulyh=

7Sø ý 7Sî '
� n ú

2ú

�ý q
q

7Kø ý 7Kå
�ý òø

7Røø ý 7Rîî ý
ý
7eø ý 7eîü '

�

2ú

�ý q
q

7Kø ý 7Kå
�ý òø

7+ø ý 7+î ' ý�
2

�ý q
q

7Kø ý 7Kå
�ý òø

zkhuh wkh Shulskhu| yduldeohv duh jlyhq e|=

%å ' òø%
ø n òî%

î

Vkruw0uxq htxloleulxp Zh qrz wxuq wr wkh htxloleulxp lq wkh vkruw uxq/
zkhq sulfhv gr qrw dgmxvw1 Iurp wkh Hxohu htxdwlrqv dqg prqh| pdunhw
htxloleulxp frqglwlrqv lw lv srvvleoh wr vkrz wkdw wkhuh lv qr h{fkdqjh udwh
xqghu0 ru ryhu0vkrrwlqj/ dqg wkhuh fdqqrw eh dqwlflsdwhg fkdqjhv lq uhodwlyh
frqvxpswlrq=

eø ' 7eø/ eî ' 7eî

7Så ý 7Sä ' Så ý Sä
7Sø ý 7Sî ' Sø ý Sî
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Dv sulfhv duh suhvhw/ wkh vkruw0uxq fxuuhqw dffrxqw htxdwlrqv duh zulwwhq dv=

7Kø n Sø ' +ø ý Rø
7Kî n Sî ' +î ý Rî
7Kä n Sä ' +ä ý Rä

Wkh vkruw uxq vroxwlrq lv rewdlqhg e| frpelqlqj wkh prqh| pdunhw htxl0
oleulxp frqglwlrqv/ wkh rxwsxw ghpdqgv dqg wkh fxuuhqw dffrxqw htxdwlrqv
dorqj zlwk wkh orqj0uxq htxloleulxp1

Fhqwhu yv1 Shulskhu| Diwhu vrph dojheud/ zh fdq hvwdeolvk=

7Så ý 7Sä '
4ý �
4

E�ý qä E� n 4ä
� n q n 4 E�ý qä

ý
76å ý 76ä

ü
7eå '

�

4

�ý q n 4 E� n qä
� n q n 4 E�ý qä

ý
76å ý 76ä

ü
+å ý +ä '

�ý q n 4 E� n qä
� n q n 4 E�ý qä

ý
76å ý 76ä

ü
7Kå

�ý òå
'

2q E4ý �ä
� n q n 4 E�ý qä

ý
76å ý 76ä

ü
zkhuh wkh zruogzlgh h>hfwv duh=

Sç ' +ç ' 76ç

Lqwud0Shulskhu| Zh fdq vlploduo| ghulyh=

7Sø ý 7Sî '
ú ý �
ú

E�ý qä E� n úä
� n q n E�ý qäú

ý
76ø ý 76î

ü
7eø ý 7eî '

�

ú

�ý q n ú E� n qä
� n q n E�ý qäú

ý
76ø ý 76î

ü
+ø ý +î '

�ý q n ú E� n qä
� n q n E�ý qäú

ý
76ø ý 76î

ü
7Kø ý 7Kå
�ý òø

'
2q Eú ý �ä

� n q n E�ý qäú
ý
76ø ý 76î

ü
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Ryhudoo h>hfwv Zh gh?qh wkh ryhudoo +qhw suhvhqw ydoxh, h>hfw ri prqhwdu|
vkrfnv dv %?Rñ ' %n

q
�3q 7%1 Wkh Fhqwhu yv1 Shulskhu| h>hfwv duh=

Så?Rñ ý Sä?Rñ '
4ý �
4

� n 4

� n q n 4 E�ý qä
ý
76å ý 76ä

ü
+å?Rñ ý +ä?Rñ '

� n 4

� n q n 4 E�ý qä
ý
76å ý 76ä

ü
dqg dw wkh zruogzlgh ohyho zh kdyh=

Sç?Rñ ' +
ç
?Rñ ' 76ç

zkloh wkh lqwud0Shulskhu| h>hfwv duh=

Sø?Rñ ý Sî?Rñ '
ú ý �
ú

� n ú

� n q n E�ý qäú
ý
76ø ý 76î

ü
+ø?Rñ ý +î?Rñ '

� n ú

� n q n E�ý qäú
ý
76ø ý 76î

ü
Zhoiduh h>hfwv Wkh zhoiduh h>hfw iru frxqwu| ð lv jlyhq e|=

üð ' Sð?Rñ ý
w ý �
w
+ð?Rñ

Frpelqlqj wklv h{suhvvlrq zlwk rxu uhvxowv/ zh fdq hdvlo| vkrz wkdw=

üç '
�

w
76ç

üå ý üä '
4ý w
4w

ý
+å?Rñ ý +ä?Rñ

ü
üø ý üî '

ú ý w
úw

ý
+ø?Rñ ý +î?Rñ

ü
Ghyldwlrqv iurp wkh odz ri rqh sulfh Wkh prgho fdq dovr eh vroyhg
iru wkh fdvh zkhuh sulfhv duh vhw lq wkh ex|hu*v fxuuhqf| dqg wkh odz ri rqh
sulfh grhv qrw qhfhvvdulo| krog1 Dv sulfhv duh  h{leoh lq wkh orqj uxq/ wkh
vwhdg|0vwdwh h>hfwv +dv ixqfwlrqv ri 7Kå dqg 7Kø ý 7Kå , duh dv ehiruh1 Wkhuh lv
dovr qr uhdo zruogzlgh h>hfw lq wkh orqj uxq= 7Sç ' 7+ç ' f1

Lq wkh vkruw uxq/ wkh Hxohu htxdwlrqv dqg wkh prqh| pdunhw htxloleulxp
frqglwlrqv lpso| wkdw wkh qrplqdo h{fkdqjh udwh lpphgldwho| uhdfkhv lwv orqj
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uxq ydoxh= eð ' 7eð1 Dv wkh sxufkdvlqj srzhu sdulw| frqglwlrq grhv qrw krog
lq wkh vkruw uxq/ wkh frqvxpswlrq gl>huhqwldov dfurvv frxqwulhv duh qr orqjhu
frqvwdqw=

7Sø ý 7Sä '
ý
Sø ý Säüý 7eø

7Sî ý 7Sä '
ý
Sî ý Säüý 7eî

Frqvxphu sulfhv ehlqj ?{hg/ wkh vkruw0uxq rxwsxw h>hfw h{dfwo| uh hfwv wkh
zruogzlgh rxwsxw h{sdqvlrq lq hdfk frxqwu|=

+ð ' +ç ' 76ç

Frqvlghulqj wkh qhw dvvhw srvlwlrq ri wkh Shulskhu| ylv0ã0ylv wkh Fhqwhu/
wkh fxuuhqw dffrxqw uhodwlrqv lq wkh vkruw uxq lpso| wkdw=

�

�ý òå
7Kå ' ý ý7Så ý 7Säü

Frpelqlqj wklv h{suhvvlrq zlwk wkh orqj0uxq uhvxowv/ zh vhh wkdw 7Kå ' f dqg
wkhuh duh qr orqj uxq h>hfwv= 7Så ý 7Sä ' 7Råå ý 7Rää ý 7eå ' 7+å ý 7+ä ' f1 D
ghydoxdwlrq wkhq kdv h{foxvlyho| vkruw uxq h>hfwv=

Så ý Sä ' 7eå ' 76å ý 76ä

Vlploduo|/ zh fdq vkrz wkdw wkh h>hfwv rq wkh lqwud0Shulskhu| gl>huhqwldov
duh olplwhg wr wkh vkruw uxq=

Sø ý Sî ' 7eø ý 7eî ' 76ø ý 76î

7Kø ý 7Kå
�ý òø

' 7Sø ý 7Sî ' 7Røø ý 7Rîî ý
ý
7eø ý 7eîü ' 7+ø ý 7+î ' f
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Uhihuhqfhv
^4` Edlj/ Wdlpxu/ dqg Lodq Jrogidmq +4<<;, 3Ilqdqfldo pdunhw frqwdjlrq lq

wkh Dvldq fulvlv4/ LPI Zrunlqj Sdshu Vhulhv/ Lqwhuqdwlrqdo Prqhwdu|
Ixqg/ iruwkfrplqj1

^5` Exlwhu/ Zloohp/ Jldqfduor Fruvhwwl dqg Sdror Shvhqwl +4<<; d,1 Ilqdq0
fldo pdunhwv dqg Hxurshdq prqhwdu| frrshudwlrq1 Wkh ohvvrqv ri wkh
4<<50<6 H{fkdqjh Udwh Phfkdqlvp fulvlv1 Fdpeulgjh/ XN= Fdpeulgjh
Xqlyhuvlw| Suhvv1

^6` Exlwhu/ Zloohp/ Jldqfduor Fruvhwwl dqg Sdror Shvhqwl +4<<; e,1 3Lqwhu0
suhwlqj wkh HUP fulvlv= frxqwu|0vshfl?f dqg v|vwhplf lvvxhv14 Sulqfhwrq
Vwxglhv lq Lqwhuqdwlrqdo Ilqdqfh Qr1;7/ Lqwhuqdwlrqdo Ilqdqfh Vhfwlrq/
Sulqfhwrq Xqlyhuvlw|/ Pdufk1

^7` Fdoyr/ Jxloohupr/ dqg Hqultxh Phqgr}d +4<<:,1 3Udwlrqdo frqwdjlrq
dqg wkh joredol}dwlrq ri vhfxulwlhv pdunhwv/4 plphr/ Rfwrehu1

^8` Fruvhwwl/ Jldqfduor/ dqg Sdror Shvhqwl +4<<:,1 3Zhoiduh dqg pdfurhfr0
qrplf lqwhughshqghqfh14 Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk Zrun0
lqj Sdshu Qr1963:/ Ghfhpehu1

^9` Fruvhwwl/ Jldqfduor/ Sdror Shvhqwl/ dqg Qrxulho Urxelql +4<<; d,1 3Zkdw
fdxvhg wkh Dvldq fxuuhqf| dqg ?qdqfldo fulvlvB/4 sdshu suhvhqwhg dw wkh
FHSU2Zruog Edqn frqihuhqfh 3Ilqdqfldo fulvhv= frqwdjlrq dqg pdunhw
yrodwlolw|/4 Orqgrq/ ;0< Pd|1

^:` Fruvhwwl/ Jldqfduor/ Sdror Shvhqwl/ dqg Qrxulho Urxelql +4<<; e,1 3Sdshu
wljhuvB D prgho ri wkh Dvldq fulvlv14 Qdwlrqdo Exuhdx ri Hfrqrplf
Uhvhdufk Zrunlqj Sdshu Qr19:;6/ Qryhpehu1

^;` Ghyhuhx{/ Plfkdho/ dqg Fkduohv Hqjho +4<<;,1 3Il{hg yv1  rdwlqj h{0
fkdqjh udwhv= krz sulfh vhwwlqj d>hfwv wkh rswlpdo fkrlfh ri h{fkdqjh0
udwh uhjlph/4 Xqlyhuvlw| ri Zdvklqjwrq/ plphr1

^<` Gud}hq/ Doodq +4<<;,1 3Srolwlfdo frqwdjlrq lq fxuuhqf| fulvhv/4 Xqlyhuvlw|
ri Pdu|odqg/ plphr1

^43` Hlfkhqjuhhq/ Eduu|/ DqguhzN1 Urvh dqg Fkduohv Z|sorv} +4<<9,1 3Frq0
wdjlrxv fxuuhqf| fulvhv14 Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk Zrun0
lqj Sdshu Qr189;4/ Mxo|1
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^44` Hlfkhqjuhhq/ Eduu|/ dqg Fkduohv Z|sorv} +4<<6,1 3Wkh xqvwdeoh HPV14
Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlylw| 4/ ss18404761

^45` Ihuqdog/ Mrkq/ Kdol Hglvrq dqg Sudndvk Orxqjdql +4<<;,1 3Zdv Fklqd
wkh ?uvw grplqrB Dvvhvvlqj olqnv ehwzhhq Fklqd dqg wkh uhvw ri hphujlqj
Dvld14 Ihghudo Uhvhuyh Erdug/ Lqwhuqdwlrqdo Ilqdqfh Glvfxvvlrq Sdshu
Qr1937/ Pdufk1

^46` Iruehv/ Nulvwlq/ dqg Urehuwr Uljrerq +4<<;,1 3Phdvxulqj vwrfn pdunhw
frqwdjlrq= frqfhswxdo lvvxhv dqg hpslulfdo whvwv/4 PLW/ plphr

^47` Jolfn/ Uhxyhq/ dqg Dqguhz N1 Urvh +4<<;, 3Frqwdjlrq dqg wudgh= zk|
duh fxuuhqf| fulvhv uhjlrqdoB4 Fhqwuh iru Hfrqrplf Srolf| Uhvhdufk
Glvfxvvlrq Sdshu Qr14<7:1

^48` Lqwhuqdwlrqdo Prqhwdu| Ixqg +4<<:,1 Zruog hfrqrplf rxworrn1 Lqwhulp
dvvhvvphqw1 Zdvklqjwrq/ GF= Lqwhuqdwlrqdo Prqhwdu| Ixqg/ Ghfhpehu1

^49` Lqwhuqdwlrqdo Prqhwdu| Ixqg +4<<;d,1 Zruog hfrqrplf rxworrn1 Zdvk0
lqjwrq/ GF= Lqwhuqdwlrqdo Prqhwdu| Ixqg/ Pd|1

^4:` Lqwhuqdwlrqdo Prqhwdu| Ixqg +4<<;e,1 Lqwhuqdwlrqdo fdslwdo pdunhwv1
Zdvklqjwrq/ GF= Lqwhuqdwlrqdo Prqhwdu| Ixqg/ Vhswhpehu1

^4;` Ndplqvn|/ Judflhod dqg Fduphq P1 Uhlqkduw +4<<:,1 3Wkh wzlq fulvhv=
wkh fdxvhv ri edqnlqj dqg edodqfh0ri0sd|phqwv sureohpv/4 plphr/ Ihg0
hudo Uhvhuyh Erdug1

^4<` Ndplqvn|/ Judflhod dqg Fduphq P1 Uhlqkduw +4<<;,1 3Rq fulvhv/ frq0
wdjlrq/ dqg frqixvlrq/4 plphr/ Xqlyhuvlw| ri Pdu|odqg1

^53` Nhqhq/ Shwhu E1 +4<;8,1 3Pdfurhfrqrplf wkhru| dqg srolf|= krz wkh
forvhg hfrqrp| zdv rshqhg/4 lq Urqdog Z1 Mrqhv dqg Shwhu E1 Nhqhq
+hgv1,/ Kdqgerrn ri lqwhuqdwlrqdo hfrqrplfv/ Yro1LL/ Dpvwhugdp= Qruwk0
Kroodqg/ ss195809:;1

^54` Olx/ Oljdqj/ Pdufxv Qrodqg/ Vkhupdq Urelqvrq/ dqg ]kl Zdqj +4<<;,1
3Dvldq frpshwlwlyh ghydoxdwlrqv14 Lqvwlwxwh iru Lqwhuqdwlrqdo Hfrqrplfv
Zrunlqj Sdshu <;051
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^55` Pdvvrq/ Sdxo +4<<;,1 3Frqwdjlrq= prqvrrqdo h>hfwv/ vslooryhuv dqg
mxpsv ehwzhhq pxowlsoh htxloleuld/4 Lqwhuqdwlrqdo Prqhwdu| Ixqg/
plphr1

^56` Qxunvh/ Udjqdu +4<77,1 Lqwhuqdwlrqdo fxuuhqf| h{shulhqfh1 Ohvvrqv ri
wkh lqwhu0zdu shulrg1 Jhqhyd= Ohdjxh ri Qdwlrqv1

^57` Revwihog/ Pdxulfh/ dqg Nhqqhwk Urjr> +4<<8,1 3H{fkdqjh udwh g|qdp0
lfv uhgx{14 Mrxuqdo ri Srolwlfdo Hfrqrp| 436/ ss195709931

^58` Revwihog/ Pdxulfh dqg Nhqqhwk Urjr> +4<<9,1 Irxqgdwlrqv ri lqwhuqd0
wlrqdo pdfurhfrqrplfv1 Fdpeulgjh/ PD= PLW Suhvv1

^59` Revwihog/ Pdxulfh dqg Nhqqhwk Urjr> +4<<;,1 3Ulvn dqg h{fkdqjh
udwhv4/ Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk Zrunlqj Sdshu Qr1 99<7/
Dxjxvw1

^5:` Vdfkv/ Mh>uh|/ Ddurq Wruqhoo dqg Dqguhv Yhodvfr +4<<9,1 3Ilqdqfldo
fulvhv lq hphujlqj pdunhwv= wkh ohvvrqv ri 4<<814 Eurrnlqjv Sdshuv rq
Hfrqrplf Dfwlylw| Qr14/ 47:054:1

^5;` Wlooh/ Fhgulf +4<<;,1 3Wkh uroh ri frqvxpswlrq vxevwlwxwdelolw| lq wkh lq0
whuqdwlrqdo wudqvplvvlrq ri vkrfnv/4 Ihghudo Uhvhuyh Edqn ri Qhz \run/
plphr1
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