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Devwudfw

Zh suhvhqw uhvxowv rq h{shfwdwlrq irupdwlrq lq d frqwuroohg h{0

shulphqwdo hqylurqphqw1 Lq hdfk shulrg vxemhfwv duh dvnhg wr suhglfw

wkh qh{w sulfh lq d vwdqgdug dvvhw sulflqj prgho1 Lq prvw h{shulphqwv

exeeohv hphujh hqgrjhqrxvo|1 Wkhvh exeeohv duh lqfrqvlvwhqw zlwk ud0

wlrqdo h{shfwdwlrqv dqg vhhp wr eh gulyhq e| wuhqg fkdvlqj ehkdylru

ru srvlwlyh ihhgedfn h{shfwdwlrqv ri wkh sduwlflsdqwv1 Zh dovr dqdo|vh

lqglylgxdo suhglfwlrqv ri sduwlflsdqwv dqg �qg wkdw sduwlflsdqwv zlwklq

d jurxs whqg wr frruglqdwh rq d frpprq suhglfwlrq vwudwhj|1

Nh|zrugv= h{shulphqwdo hfrqrplfv/ h{shfwdwlrqv/ dvvhw sulflqj/ vshfxodwlyh

exeeohv

MHO fodvvl�fdwlrq frgh= F<4/ F<5/ G;7/ J45/ J47

4 Lqwurgxfwlrq

Wkh h{xehudqw ulvh dqg idoo lq vwrfn sulfhv lq uhfhqw |hduv kdv gudzq uh0
qhzhg dwwhqwlrq wr wkh srvvleoh h{lvwhqfh ri vr0fdoohg vshfxodwlyh sulfh exe0
eohv1 Vxfk d exeeoh/ zkhuh d vwrfn lv wudghg dw sulfhv vljql�fdqwo| kljkhu
wkdq +dqg vhhplqjo| xquhodwhg wr, wkh ixqgdphqwdo ydoxh ri wkh vwrfn/ lv

�Ghsduwphqw ri Txdqwlwdwlyh Hfrqrplfv dqg FhQGHI/ Xqlyhuvlw| ri Dpvwhugdp/
Urhwhuvvwuddw 44/ 434; ZE Dpvwhugdp1 krpphvCihh1xyd1qo/ wxlqvwudCihh1xyd1qo/
yhoghqkCihh1xyd1qo

|Ghsduwphqw ri Hfrqrplfv/ FUHHG dqg FhQGHI/ Xqlyhuvlw| ri Dpvwhugdp/
Urhwhuvvwuddw 44/ 434; ZE Dpvwhugdp1 mrhsvCihh1xyd1qo
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forvho| uhodwhg wr wudghuv* +rswlplvwlf, h{shfwdwlrqv derxw wkh ixwxuh sulfh
ri wkh vwrfn1 Wudghuv ex| dq dvvhw wkdw lv douhdg| cryhusulfhg* ehfdxvh wkh|
h{shfw wkh sulfh ri wklv dvvhw wr lqfuhdvh hyhq pruh dqg wkh| zdqw wr ehqh�w
iurp wkh shufhlyhg fdslwdo jdlqv ri wklv ixuwkhu sulfh lqfuhdvh1

Wkhuh kdyh ehhq pdq| hpslulfdo vwxglhv rq wkh txhvwlrq zkhwkhu sduw ri
wkh  xfwxdwlrqv lq vwrfn sulfhv fdq eh dwwulexwhg wr vshfxodwlyh sulfh exeeohv
ru qrw +vhh iru h{dpsoh Iorrg dqg Jduehu +4<;3,/ Zhvw +4<;:, dqg Iurrw dqg
Revwihog +4<<4,,1 Jduehu +4<<3,/ iru h{dpsoh/ dujxhv wkdw hyhq wkh zlgho|
dfnqrzohgjhg �fodvvlfdo� exeeohv nqrzq dv wkh Gxwfk Wxolspdqld +49670
496:,/ wkh Plvvlvvlsl Exeeoh +4:4<04:53, dqg wkh Vrxwk Vhd Exeeoh +4:53,
fdq eh h{sodlqhg/ wr d odujh h{whqw/ e| fkdqjhv lq pdunhw ixqgdphqwdov1
Wkhuh duh dovr vrph wkhruhwlfdo sdshuv rq wkh srvvlelolw| ri udwlrqdo exeeohv/
l1h1 vshfxodwlyh sulfh exeeohv frqvlvwhqw zlwk udwlrqdo h{shfwdwlrqv1 Wluroh
+4<;5, fodlpv wkdw lq d prgho zlwk d �qlwh qxpehu ri lq�qlwho| olyhg wudghuv/
frpprq nqrzohgjh ri udwlrqdolw| lqklelwv wkh srvvlelolw| ri wudgh djdlqvw
sulfhv gl�huhqw iurp wkh pdunhw ixqgdphqwdo1 Wudgh djdlqvw qrqixqgdphqwdo
sulfhv fdq rffxu li wudghuv gr qrw kdyh d frpprq sulru derxw wkh glvwulexwlrq
ri sulydwh vljqdov derxw wkh ixqgdphqwdo ydoxh1 Wluroh +4<;8, vkrzv wkdw
udwlrqdo exeeohv duh srvvleoh lq dq ryhuodsslqj jhqhudwlrqv prgho zlwk �qlwho|
olyhg wudghuv/ surylghg wkdw wkh jurzwk udwh ri wkh hfrqrp| lv odujhu wkdq
wkh uhwxuq rq wkh vwrfn1 Gled dqg Jurvvpdq +4<;;, xvh wkh qrqqhjdwlylw| ri
vwrfn sulfhv wr uxoh rxw wkh h{lvwhqfh ri udwlrqdo exeeohv1

Wkdw sulfh exeeohv fdq rffxu lq h{shulphqwdo dvvhw pdunhwv lv ohvv frq0
wuryhuvldo1 Wkh srvvlelolw| ri h{shulphqwdo exeeohv zdv iru wkh �uvw wlph
uhfrjql}hg lq dq lqwuljxlqj sdshu e| Vplwk/ Vxfkdqhn dqg Zlooldpv +4<;;,1
Wkh| lqyhvwljdwh dq h{shulphqwdo dvvhw pdunhw zkhuh dq dvvhw lv wudghg wkdw
sd|v +xqfhuwdlq, glylghqgv iru 48 frqvhfxwlyh shulrgv1 Sduwlflsdqwv gl�hu
rqo| lq wkhlu hqgrzphqwv ri wkh qxpehu ri vwrfnv dqg wkh dprxqw ri prqh|/
exw wkhuh lv qr dv|pphwulf lqirupdwlrq1 Exeeohv/ zkhuh wkh dvvhw lv wudghg
iru sulfhv deryh wkh ixqgdphqwdo ydoxh/ hphujh lq prvw ri wkh h{shulphqwv1
Wklv uhpdundeoh �qglqj kdv ehhq fruurerudwhg lq pdq| rwkhu dvvhw pdunhw
h{shulphqwv/ zlwk ydu|lqj ghvljqv +h1j1 Nlqj/ Vplwk/ Zlooldpv dqg ydq Erhq0
lqj +4<<6,/ Sruwhu dqg Vplwk +4<<8,/ Qrxvvdlu/ Urelq dqg Ux!hx{ +4<<;,
dqg Vplwk/ ydq Erhqlqj dqg Zhooirug +5333,,1

Pdq| ri wkhvh h{shulphqwhuv eholhyh wkdw h{shfwdwlrqv sod| dq lpsruwdqw
uroh1 Uhihuulqj wr wkh wkhruhwlfdo uhvxow e| Wluroh +4<;5,/ Vplwk/ Vxfkdqhn
dqg Zlooldpv +4<;;, frqmhfwxuh wkdw lw lv d odfn ri frpprq h{shfwdwlrqv +l1h1
d odfn ri d frpprq sulru, wkdw gulyhv wkh hphujhqfh ri exeeohv1 Wkdw lv/
dowkrxjk hyhu| sduwlflsdqw kdv wkh vdph lqirupdwlrq/ d sduwlflsdqw hqjdjhv
lq wudgh dw d sulfh kljkhu wkdq wkh lqwulqvlf ydoxh ri wkh vwrfn/ ehfdxvh kh
ru vkh vshfxodwhv wr eh deoh wr vhoo lw wr vrpherg| odwhu rq1 Krzhyhu/ lq d
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uhfhqw h{shulphqwdo sdshu Ohl/ Qrxvvdlu dqg Sorww +5334, vkrz wkdw/ hyhq
li vshfxodwlrq lv surklelwhg +wkdw lv/ d vxemhfw fdq rqo| ex| ru rqo| vhoo wkh
dvvhw/ exw vxemhfwv duh qrw deoh wr gr erwk lq rughu wr uhds wkh fdslwdo jdlqv,/
exeeohv rffxu1 Wkh| fodlp wkdw wklv srlqwv dw luudwlrqdolw| ri sduwlflsdqwv
lqvwhdg ri dw d odfn ri frpprq h{shfwdwlrqv1

Dowkrxjk wkhlu pdlq lqwhuhvw olhv zlwk wkh wudglqj ghflvlrqv ri sduwlfl0
sdqwv/ Vplwk/ Vxfkdqhn dqg Zlooldpv +4<;;, dovr wu| wr rewdlq h{solflw lq0
irupdwlrq rq wkh h{shfwdwlrqv ri wkh sduwlflsdqwv ri wkh h{shulphqw1 Lq vrph
ri wkhlu h{shulphqwv hdfk sduwlflsdqw lv dvnhg wr jlyh d iruhfdvw iru wkh phdq
wudglqj sulfh1 Wkh sduwlflsdqw zlwk wkh orzhvw phdq iruhfdvw huuru ryhu wkh
frxuvh ri wkh h{shulphqw hduqv dq dgglwlrqdo '41331 Zlooldpv +4<;;, xvhv
wkh vdph phwkrg wr vwxg| h{shfwdwlrq irupdwlrq lq dq h{shulphqwdo grx0
eoh dxfwlrq pdunhw1 Krzhyhu/ lq erwk nlqgv ri h{shulphqwv revhuydwlrqv rq
h{shfwdwlrq irupdwlrq iroorz dv d e|0surgxfw ri wkh h{shulphqw dqg pljkw
wkhuhiruh qrw eh yhu| dffxudwh14

Lq wkh suhvhqw sdshu zh suhvhqw dq h{shulphqw zklfk irfxvvhv h{solflwo|
rq h{shfwdwlrq irupdwlrq ri sduwlflsdqwv1 Zh frqvlghu d vwdqgdug dvvhw sulf0
lqj prgho/ zkhuh wkh rqo| wdvn iru wkh sduwlflsdqwv lv wr suhglfw wkh dvvhw
sulfh iru wkh qh{w shulrg1 Wkh| gr qrw kdyh nqrzohgjh ri wkh xqghuo|lqj
pdunhw htxloleulxp htxdwlrq/ exw wkh| nqrz doo sdvw uhdol}hg sulfhv dqg/ ri
frxuvh/ wkhlu rzq suhglfwlrqv1 Wkhlu hduqlqjv duh lqyhuvho| uhodwhg wr wkh dy0
hudjh suhglfwlrq huuru wkh| pdnh1 Jlyhq wkh sulfh iruhfdvw ri d sduwlflsdqw/
d frpsxwhu surjudp frpsxwhv wkh dvvrfldwhg rswlpdo wudglqj ghflvlrq dqg
vxevhtxhqwo| wkh pdunhw htxloleulxp sulfh1 Fohduo|/ wkh uhdol}hg sulfh lv d
ixqfwlrq ri wkh lqglylgxdo iruhfdvwv1 Wklv h{shfwdwlrqv ihhgedfn lv dq lpsru0
wdqw ihdwxuh ri hfrqrplf g|qdplf v|vwhpv lq jhqhudo dqg �qdqfldo pdunhwv
lq sduwlfxodu1 Rxu h{shulphqw lv ghvljqhg vxfk wkdw zh rewdlq h{solflw lqiru0
pdwlrq derxw h{shfwdwlrqv ri sduwlflsdqwv lq vxfk d frqwuroohg h{shfwdwlrqv
ihhgedfn hqylurqphqw1

Rxu pdlq uhvxow lv wkdw/ hyhq lq wklv vlpsoh vhwxs/ sulfh exeeohv hphujh1
Zh frqmhfwxuh wkdw wklv lv gxh wr vr0fdoohg srvlwlyh ihhgedfn h{shfwdwlrqv/ wkdw
lv/ sduwlflsdqwv vhhp wr h{wudsrodwh wuhqgv lq uhdolvhg dvvhw sulfhv lqwr wkh
ixwxuh1 Li wkh dvvhw sulfh lqfuhdvhv +ghfuhdvhv,/ sduwlflsdqwv h{shfw d ixuwkhu
lqfuhdvh +ghfuhdvh,1 Wklv h{shfwhg sulfh lqfuhdvh +ghfuhdvh, lv vho�xo�oolqj
dqg ohdgv wr d ixuwkhu sulfh lqfuhdvh +ghfuhdvh,1 Zh dovr dqdo|}h lqglylgxdo
suhglfwlrqv dqg �qg wkdw wkh| duh yhu| vlplodu iru sduwlflsdqwv lq wkh vdph
jurxs1 Zh wkhuhiruh kdyh frruglqdwlrq rq d frpprq suhglfwlrq vwudwhj|/

4Wklv lv dovr dujxhg lq Kh| +4<<7, zkr srlqwv rxw wkdw +s1563,= �Lq wkhvh vwxglhv/ wkh
txhvwlrq ri h{shfwdwlrqv irupdwlrq kdv whqghg wr eh ri udwkhu shulskhudo frqfhuq/ zlwk
wkh gdwd rq h{shfwdwlrqv holflwhg lq d vrphzkdw xqvdwlvidfwru| dqg rqo| sduwldo prwlydwhg
pdqqhu1�
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zklfk frqwudvwv zlwk wkh frqmhfwxuh ri odfn ri frpprq h{shfwdwlrqv e| Vplwk/
Vxfkdqhn dqg Zlooldpv +4<;;,1

Wkhuh lv vxevwdqwldo hylghqfh wkdw pdq| shrsoh/ pxfk olnh wkh sduwlf0
lsdqwv wr rxu h{shulphqw/ wu| wr h{wudsrodwh wuhqgv zkhq iruhfdvwlqj wkh
sulfh ri d vwrfn1 Wklv lpsolhv wkdw wkhvh shrsoh zloo ex| +vhoo, wkh vwrfn li lwv
sulfh kdv lqfuhdvhg +ghfuhdvhg, lq dqwlflsdwlrq ri d ixuwkhu sulfh lqfuhdvh +gh0
fuhdvh,1 Gh Orqj/ Vkohlihu/ Vxpphuv dqg Zdogpdqq +4<<3, fdoo vxfk wudghuv
srvlwlyh ihhgedfn wudghuv1 Pdq| wudglqj vwudwhjlhv xvhg e| surihvvlrqdo lq0
yhvwruv vhdufk iru wuhqgv lq wkh gdwd dqg jlyh ex| ru vhoo vljqdov rq wkh edvlv
ri dq h{wudsrodwlrq ri vxfk wuhqgv1 Wkhuh lv dovr h{shulphqwdo dqg hpslu0
lfdo hylghqfh rq h{wudsrodwlyh h{shfwdwlrqv dqg srvlwlyh ihhgedfn wudglqj1
Lq Dqguhdvvhq dqg Nudxv +4<<3, vhyhudo h{shulphqwdo vwxglhv duh ghvfulehg
zkhuh sduwlflsdqwv duh frqiurqwhg zlwk d klvwrulfdo vwrfn sulfh vhulhv dqg duh
dvnhg wr wudgh vwrfnv dw wkhvh sulfhv lq rughu wr pd{lpl}h wkhlu zhdowk1 Diwhu
wkh| kdyh pdgh d wudglqj ghflvlrq wkh qh{w sulfh/ zklfk lv lqghshqghqw ri
wkhlu wudglqj ghflvlrq/ lv uhyhdohg1 Dssduhqwo| sduwlflsdqwv whqg wr ex| zkhq
sulfhv duh orz dqg vhoo zkhq sulfhv duh kljk/ zklfk lv frqvlvwhqw zlwk frqyhq0
wlrqdo hfrqrplf zlvgrp1 Krzhyhu/ zkhq wkh vdolhqf| ri wuhqgv lq wkh sulfhv
lv kljk/ wkdw lv/ zkhq sulfh fkdqjhv rffxu riwhq/ wkhlu yduldqfh lv orz ru wkhlu
phdq devroxwh ydoxh lv odujh/ sduwlflsdqwv whqg wr xvh sulfh fkdqjhv lqvwhdg
ri sulfh ohyhov/ iru pdnlqj d wudglqj ghflvlrq1 Lq wkdw fdvh wkh| duh pruh
olnho| wr ex| +vhoo, vwrfn zkhq wkh sulfh kdv ehhq ulvlqj +idoolqj,1 Gh Erqgw
+4<<6, suhvhqwv ixuwkhu hylghqfh iurp h{shulphqwv dqg vxuyh|v wkdw shrsoh
whqg wr h{wudsrodwh wuhqgv zkhq suhglfwlqj vwrfn sulfhv1 Ilqdoo|/ Iudqnho
dqg Iurrw +4<;;, lqyhvwljdwh vxuyh| gdwd rq h{fkdqjh udwhv dqg �qg wkdw/ lq
wkh vkruw uxq/ wudghuv h{shfw wkh h{fkdqjh udwh wr ghsuhfldwh ixuwkhu diwhu d
ghsuhfldwlrq1

Dq lpsruwdqw prwlydwlrq iru rxu uhvhdufk kdv ehhq wr rewdlq lqirupdwlrq
derxw krz djhqwv irup h{shfwdwlrqv lq h{shfwdwlrqv ihhgedfn v|vwhpv vxfk
dv �qdqfldo pdunhwv1 Wkh h{shulphqwdo dssurdfk vhhpv yhu| vxlwdeoh iru
vwxg|lqj wkhvh lvvxhv/ vlqfh lw surylghv h{solflw revhuydwlrqv rq h{shfwdwlrqv
lq d frqwuroohg hqylurqphqw/ zklfk lv dq dgydqwdjh ryhu xvlqj vxuyh| gdwd
derxw h{shfwdwlrqv +dv lv grqh/ iru h{dpsoh/ e| Iudqnho dqg Iurrw +4<;:/
4<;;, dqg Vkloohu +4<<3,,1 Wkhuh kdyh ehhq d qxpehu ri rwkhu h{shulphqwv
ghvljqhg wr vwxg| h{shfwdwlrq irupdwlrq lq d wlph vhulhv frqwh{w/ lq sdu0
wlfxodu Vfkpdohqvhh +4<:9,/ Gz|hu/ Zlooldpv/ Edwwdolr dqg Pdvrq +4<<6,
dqg Kh| +4<<7,1 Wkh gudzedfn ri wkhvh h{shulphqwv lv wkdw wkh| glvuhjdug
wkh h{shfwdwlrqv ihhgedfn/ zklfk lv vr uhohydqw iru g|qdplf hfrqrplf prg0
hov dqg zklfk zh zdqw wr dffrxqw iru h{solflwo|1 Lq Krpphv/ Vrqqhpdqv/
Wxlqvwud dqg ydq gh Yhoghq +4<<<, zh xvhg wkh h{shulphqwdo dssurdfk iru
lqyhvwljdwlqj h{shfwdwlrq irupdwlrq lq d vlpsoh frpprglw| pdunhw zlwk d
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frezhe vwuxfwxuh1 Wkhuh lw zdv vkrzq wkdw/ iru dq xqvwdeoh frezhe prgho/
wkh khwhurjhqhlw| ri h{shfwdwlrqv ohdgv wr h{fhvv yrodwlolw| ri uhdol}hg sulfhv1
Pdulprq/ Vshdu dqg Vxqghu +4<<6, hpsor| d vlplodu phwkrg/ zkhuh suhglf0
wlrqv ri sduwlflsdqwv duh vroolflwhg lq dq ryhuodsslqj jhqhudwlrqv iudphzrun
dqg wkh frpsxwhu surjudp wkhq frpsxwhv wkh dvvrfldwhg rswlpdo ghpdqg1

Wkh sdshu lv rujdql}hg dv iroorzv1 Lq Vhfwlrq 5 zh glvfxvv wkh dvvhw
sulflqj prgho zh xvh lq wkh h{shulphqw1 Vhfwlrq 6 ghvfulehv wkh ghvljq ri
wkh h{shulphqw1 Vhfwlrq 7 suhvhqwv dq dqdo|vlv ri wkh h{shulphqwdo uhvxowv1
Frqfoxglqj uhpdunv duh jlyhq lq Vhfwlrq 81 Wkh dsshqgl{ frqwdlqv vrph
dx{loldu| lqirupdwlrq1

5 Dvvhw Sulfhv dqg H{shfwdwlrqv

514 Wkh dvvhw sulflqj prgho

Frqvlghu dq dvvhw pdunhw zlwk M wudghuv/ lqgh{hg e| �1 D wudghu fdq lqyhvw
klv prqh| lq d ulvn iuhh dvvhw +h1j1 d vdylqjv ghsrvlw, zlwk d ulvn iuhh jurvv
udwh ri uhwxuq - ' � n o/ zkhuh o lv wkh uhdo lqwhuhvw udwh/ ru kh fdq lqyhvw
klv prqh| lq vkduhv ri dq lq�qlwho| olyhg ulvn| dvvhw1 Wkh sulfh ri wklv ulvn|
dvvhw lq shulrg | lv R|1 Ixuwkhupruh/ iru hdfk vkduh glylghqgv +| duh sdlg rxw
lq shulrg |1 Zh dvvxph wkhvh glylghqgv wr eh lqghshqghqwo| dqg lghqwlfdoo|
glvwulexwhg zlwk phdq + dqg yduldqfh j2+1 Ghqrwh e| 5�| wkh qxpehu ri vkduhv
ri wkh ulvn| dvvhw sxufkdvhg e| wudghu � lq shulrg |1 Wkh wudghu*v uhdol}hg
zhdowk lq shulrg |n � wkhq lv

`�c|n� ' -`�c| n ER|n� n +|n� �-R|� 5�|�

Wudghuv vxemhfwlyh eholhiv derxw wkh hyroxwlrq ri zhdowk duh fkdudfwhul}hg
e| wkhlu vxemhfwlyh frqglwlrqdo phdq .�| dqg wkhlu vxemhfwlyh frqglwlrqdo
yduldqfh T�|1 Wudghuv duh phdq0yduldqfh rswlpl}huv/ wkdw lv/ wkhlu ghpdqg
iru vkduhv fruuhvsrqgv wr wkh vroxwlrq wr
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zkhuh @ phdvxuhv wkh ghjuhh ri ulvn dyhuvlrq +dvvxphg wr eh wkh vdph iru doo
wudghuv,1 Zh dvvxph T�| ER|n� n +|n� � -R|� ' j2/ iru doo �/ wkdw lv/ wudghuv
eholhyh wkdw wkh frqglwlrqdo yduldqfh ri h{fhvv uhwxuqv lv frqvwdqw +dqg wkh
vdph iru doo wudghuv,1 Wkhuh lv qr kdup lq wklv dvvxpswlrq vlqfh wkh suhvhqw

8



sdshu ghdov rqo| zlwk srlqw suhglfwlrqv ri wudghuv dqg qrw zlwk wudghuv eholhiv
derxw wkh glvwulexwlrq ri uhwxuqv1 Wkh vroxwlrq lv jlyhq e|

5�| '
.�| ER|n� n +|n� � -R|�

@j2
� +4,

Qrwlfh wkdw wudghu � zloo vxsso| wkh dvvhw li khqvkh h{shfwv d +odujh, ghfuhdvh
lq lwv sulfh1 Dvvxplqj wkdw wkhuh lv qr rxwvlgh vxsso| ri vkduhv/ wkh pdunhw
htxloleulxp frqglwlrq ehfrphv

M[
�'�

5�| '
�

@j2

M[
�'�

.�| ER|n� n +|n� � -R|� ' fc

zklfk fdq eh zulwwhq dv

-R| '
�

M

M[
�'�

.�| ER|n� n +|n�� � +5,

Frqglwlrq +5, vd|v wkdw wrgd|*v dvvhw sulfh lv ghwhuplqhg e| eholhiv derxw
wrpruurz*v dvvhw sulfh dqg glylghqg1 Khqfh/ zkhq wudghuv kdyh wr pdnh d
suhglfwlrq iru wkh sulfh lq shulrg |n � wkh| gr qrw nqrz wkh sulfh lq shulrg
| |hw/ dqg wkh| fdq rqo| xvh lqirupdwlrq xs wloo wlph |� �1

Dq lpsruwdqw ihdwxuh ri wkh dvvhw sulflqj prgho lv lwv vhoi0frq�uplqj
qdwxuh= li doo wudghuv kdyh d kljk +orz, suhglfwlrq wkh uhdol}hg sulfh zloo dovr
eh kljk +orz,1 Wklv lpsruwdqw ihdwxuh lv fkdudfwhulvwlf iru d vshfxodwlyh dvvhw
pdunhw= li wudghuv h{shfw d kljk sulfh/ wkh ghpdqg iru wkh ulvn| dvvhw zloo eh
kljk/ dqg dv d frqvhtxhqfh wkh uhdol}hg pdunhw sulfh zloo eh kljk/ dvvxplqj
wkdw wkh vxsso| lv �{hg1

515 Wkh ixqgdphqwdo vroxwlrq dqg udwlrqdo exeeohv

Wkh edvlf htxdwlrq ri wkh dvvhw sulflqj prgho lv htxdwlrq +5,1 Wkh ghyho0
rsphqw ri wkh dvvhw sulfh ghshqgv xsrq wkh +vxemhfwlyh, h{shfwdwlrqv ri wkh
wudghuv1 Zh zloo qrz eulh | frqvlghu wkh g|qdplfv ri wkh dvvhw sulflqj prgho
xqghu udwlrqdo h{shfwdwlrqv +UH,1 Lq wkh qh{w vhfwlrq zh zloo glvfxvv wkh
g|qdplfv ri wkh dvvhw sulflqj prgho xqghu erxqghgo| udwlrqdo suhglfwlrq
vwudwhjlhv1

Xqghu udwlrqdo h{shfwdwlrqv wkh vxemhfwlyh h{shfwdwlrq .�| ri wudghu �
lv htxdo wr wkh remhfwlyh pdwkhpdwlfdo frqglwlrqdo h{shfwdwlrq .|/ iru doo �1
Htxdwlrq +5, wkhq uhgxfhv wr

-R| ' .| ER|n� n +|n�� �
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Diwhu g vwhsv ri uhshdwhg vxevwlwxwlrq zh �qg
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zkhuh zh kdyh xvhg .|.|n& E�� ' .| E�� iru & : f1 Wkhuh duh wzr w|shv ri
vroxwlrqv1 Vrphwlphv wkh vroxwlrq sdwkv duh uhtxluhg wr vdwlvi| wkh qr0exeeohv
frqglwlrq *�4g<"

.|ER|ng�
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' f1 Jlyhq wklv frqglwlrq zh kdyh
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zklfk htxdov wkh suhvhqw glvfrxqwhg ydoxh ri wkh h{shfwhg ixwxuh glylghqgv1
Wklv vroxwlrq zloo eh ghqrwhg wkh ixqgdphqwdo sulfh Rs 1 Iru wkh LLG glylghqg
surfhvv wkdw zh kdyh vshfl�hg/ wklv ixqgdphqwdo sulfh lv

Rs '
+

-� �
'
+

o
�

Dffruglqj wr wkh h!flhqw pdunhw k|srwkhvlv wkh sulfh vkrxog eh htxdo wr
R| ' Rs 1 Krzhyhu/ wkhuh lv d sulrul qr frqylqflqj uhdvrq zk| wkh qr0exeeohv
frqglwlrq vkrxog krog1 Lq idfw/ lw fdq hdvlo| eh fkhfnhg wkdw xqghu udwlrqdo
h{shfwdwlrqv dq| vroxwlrq ri wkh irup

RK| ' -|Sn Rs ' -|Sn
+

o
c S � f

lv dq UH vroxwlrq vdwlvi|lqj +5,1 Wkhvh vroxwlrqv duh fdoohg udwlrqdo exeeohv1
Wkh| jurz zlwk d udwh - dqg d vroxwlrq h{lvwv iru hdfk S � f1 Khqfh/ xqghu
udwlrqdo h{shfwdwlrqv wkhuh lv d frqwlqxxp ri +h{sorglqj, vroxwlrq ruelwv1
Wkhvh exeeoh vroxwlrqv duh riwhq ljqruhg dqg dwwhqwlrq lv jlyhq sulpdulo| wr
wkh ixqgdphqwdo vroxwlrq Rs / exw iru qr rwkhu uhdvrq wkdq frqyhqlhqfh1

:



Iljxuh �= udwlrqdo exeeohv lq wkh dvvhw sulflqj prgho1

Iljxuh � vkrzv irxu srvvleoh exeeoh vroxwlrqv1 Wkh ydoxhv ri wkh sdudph0
whuv + dqg o fruuhvsrqg wr wkh sdudphwhu ydoxhv lq rxu h{shulphqwdo ghvljq1
Dq lpsruwdqw txhvwlrq zh wu| wr dqvzhu lq wklv sdshu lv zkhwkhu wkh sduwlf0
lsdqwv lq wkh h{shulphqwdo dvvhw pdunhw zloo frruglqdwh rq wkh ixqgdphqwdo
vroxwlrq/ ru rq rqh ri wkh udwlrqdo exeeohv vroxwlrqv1

516 Erxqghgo| udwlrqdo suhglfwlrq vwudwhjlhv

Wkh udwlrqdo h{shfwdwlrqv k|srwkhvlv lv txlwh ghpdqglqj1 Lw uhtxluhv wkdw
wudghuv nqrz wkh xqghuo|lqj dvvhw sulflqj prgho dqg xvh wklv wr frpsxwh
wkh frqglwlrqdo h{shfwdwlrq iru wkh ixwxuh sulfh dqg wkdw wkh| gr qrw pdnh
vwuxfwxudo iruhfdvw huuruv1 Lq sduwlfxodu/ lq d khwhurjhqhrxv zruog UH uhtxluhv
nqrzohgjh derxw wkh eholhiv ri doo rwkhu wudghuv1 D UH vroxwlrq zloo rqo|
suhydlo zkhq wudghuv duh deoh wr frruglqdwh rq rqh ri wkh srvvleoh udwlrqdo
h{shfwdwlrqv htxloleuld1 Lq wklv vhfwlrq zh lqyhvwljdwh wkh sulfh ehkdylru
zkhq wkh djhqwv lq wkh prgho xvh vlpsoh iruhfdvwlqj uxohv1 Wkh| gr qrw
kdyh +h{dfw, nqrzohgjh ri wkh xqghuo|lqj prgho/ exw kdyh wkhlu rzq eholhiv
derxw wkh ghyhorsphqw ri dvvhw sulfhv dqg xvh wklv eholhi dqg wkh dydlodeoh
wlph vhulhv revhuydwlrqv wr suhglfw wkh sulfh1 Wkh eholhiv ri wkh wudghuv duh
vrphwlphv fdoohg wkh shufhlyhg odzv ri prwlrq1 Jlyhq wkrvh shufhlyhg odzv ri
prwlrq wkh xqghuo|lqj prgho +5, lv wkhq uhihuuhg wr dv wkh lpsolhg dfwxdo odz
ri prwlrq1 Dq lpsruwdqw remhfwlyh ri wklv sdshu lv wr jhw vrph lqvljkwv lqwr
wkh qdwxuh ri wkh shufhlyhg odzv ri prwlrq shrsoh dfwxdoo| xvh1 Zh dvvxph
wkdw/ zkhq wudghuv kdyh wr suhglfw d sulfh iru wlph | n �/ wkh| nqrz wkh
lqwhuhvw udwh o +zklfk lv frqvwdqw ryhu wlph,/ wkh uhdol}hg sulfhv xs wr wlph

;



|� � dqg wkhlu rzq sulfh suhglfwlrqv xs wr wlph |1 Zh dvvxph wkdw wkh LLG
glylghqg surfhvv +| ' + n B| lv frpprq nqrzohgjh dqg .�|+| ' + iru doo �1
Wkh pdunhw htxloleulxp sulfh lq +5, wkhq vlpsol�hv wr
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D jhqhudo irup ri d wudghu*v iruhfdvwlqj uxoh ru suhglfwlrq vwudwhj| lv
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zkhuh s� fdq eh dq| +srvvleo| wlph0ydu|lqj, ixqfwlrq1 Wkhuh duh qr uhvwulf0
wlrqv rq wkh vshfl�fdwlrq s� dqg wkh srvvlelolwlhv duh wkhuhiruh xqerxqghg15

Jlyhq wudghuv iruhfdvwlqj uxohv +6,/ wkh lpsolhg dfwxdo odz ri prwlrq ehfrphv
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Wkh dfwxdo g|qdplfv ri sulfhv lv wr d juhdw h{whqw fkdudfwhul}hg e| wkh suh0
glfwlrq vwudwhjlhv xvhg e| wkh wudghuv1 Ghshqglqj rq wkh suhglfwlrq vwudwhjlhv
xvhg e| wkh djhqwv +zklfk pd|/ iru h{dpsoh/ eh qrqolqhdu ru glvfrqwlqxrxv,
doprvw dq| w|sh ri sulfh ehkdylru fdq rffxu xqghu erxqghgo| udwlrqdo suhglf0
wlrq vwudwhjlhv1 Qrwklqj pxfk fdq eh vdlg derxw wkhvh suhglfwlrq vwudwhjlhv
d sulrul/ exw lq wklv sdshu zh zloo wu| wr �qg rxw zkdw suhglfwlrq vwudwhjlhv
shrsoh w|slfdoo| xvh lq vxfk dq g|qdplf hfrqrplf hqylurqphqw zlwk h{shf0
wdwlrqv ihhgedfn1

Wkhuh duh wzr rwkhu lpsruwdqw srlqwv zh zdqw wr dgguhvv khuh1 Iluvw/ ohw
xv eulh | frqvlghu wkrvh suhglfwlrq vwudwhjlhv wkdw jlyh wkh fruuhfw h{shfwd0
wlrqv1 Lw lv hdv| wr vhh wkdw wkhuh duh wzr w|shv ri wkhvh shuihfw iruhvljkw
vroxwlrqv1 Wkh �uvw dulvhv zkhq doo wudghuv suhglfw wkh ixqgdphqwdo sulfh

Re|n� ' Rs � +8,

Jlyhq wkh ixqgdphqwdo iruhfdvw +8, wkh uhdol}hg pdunhw sulfh +7, ehfrphv

R| ' Rs '
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Wkh vhfrqg shuihfw iruhvljkw vroxwlrq rffxuv zkhq doo wudghuv eholhyh wkdw wkh
sulfh ghyldwlrq iurp wkh ixqgdphqwdo jurzv e| wkh jurvv udwh ri uhwxuq hdfk
shulrg/ l1h1

Re|n� ' Rs n E� n o�2
�
R|3� � Rs

�
� +9,

5Qrwlfh wkdw wudghuv kdyh doo qhfhvvdu| lqirupdwlrq +wkh ulvn iuhh udwh ri uhwxuq u dqg
wkh phdq glylghqg |, wr fdofxodwh wkh ixqgdphqwdo sulfh s

i @ |
u
dqg xvh wklv dv wkhlu

iruhfdvw1
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Li djhqwv eholhyh lq h{sorglqj sulfhv/ +9,/ wkh lpsolhg dfwxdo odz ri prwlrq
+7, ehfrphv

R| � Rs ' E� n o�
�
R|3� � Rs

�
�

Wkdw lv/ li djhqwv h{shfw wkh sulfh ghyldwlrq iurp wkh ixqgdphqwdo wr jurz
hdfk shulrg zlwk wkh jurvv udwh ri uhwxuq/ wkh sulfh zloo jurz zlwk wkh jurvv
udwh ri uhwxuq dqg wklv eholhi lv vhoi0ixo�oolqj1 Khqfh/ erwk wkhvh shuihfw
iruhvljkw vroxwlrqv duh vhoi0ixo�oolqj lq wkh vhqvh wkdw zkdw wkh| h{shfw zloo
eh uhdol}hg1

Wkh vhfrqg lpsruwdqw ihdwxuh ri rxu dvvhw sulflqj prgho lv wkdw lw lv vwdeoh
lq wkh vhqvh wkdw li wudghuv +rq dyhudjh, gr qrw h{shfw sulfhv wr glyhujh wrr
idvw wkh dvvhw sulfh zloo frqyhujh wr d vwhdg| vwdwh1 Frqvlghu/ iru h{dpsoh/
wkh fdvh zkhuh wudghuv kdyh qdlyh ru vwdwlf h{shfwdwlrqv/ zkhuh

Re�c|n� ' R|3�c

wkdw lv/ wkhlu suhglfwlrq iru wkh qh{w sulfh fruuhvsrqgv wr wkh odvw revhuyhg
dvvhw sulfh1 Xqghu wkh dvvxpswlrq wkdw doo wudghuv kdyh qdlyh h{shfwdwlrqv
wkh sulfh g|qdplfv uhgxfhv wr d olqhdu gl�huhqfh htxdwlrq zlwk vwhdg| vwdwh
Rs dqg vorsh �

�no
/

R| '
�

� n o

�
R|3� n oRs

�
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Vlqfh wkh vorsh olhv ehwzhhq f dqg � sulfhv frqyhujh prqrwrqlfdoo| wr wkh
vwhdg| vwdwh1 Wkh dvvhw sulflqj prgho lv vwdeoh xqghu qdlyh h{shfwdwlrqv dqg
wkhuh lv +vorz dqg prqrwrqlf, frqyhujhqfh wr wkh vwhdg| vwdwh ehfdxvh wkh
vorsh lv forvh wr �1 Wkdw wklv vwdelolw| surshuw| lv d pruh jhqhudo fkdudfwhulvwlf
ri wkh prgho fdq eh vhhq e| uhzulwlqj +5, dv
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zkhuh Re|n� ' �
M

SM

�'� R
e
�c|n� lv wkh dyhudjh suhglfwlrq iru shulrg | n �1 Lw

iroorzv wkdw wkh uhdol}hg sulfh zloo dozd|v olh ehwzhhq wkh dyhudjh sulfh suh0
glfwlrq Re|n� dqg wkh ixqgdphqwdo sulfh Rs ' +

o
1 Qrz vxssrvh wkdw wudghuv

xvh iruhfdvw huuruv wr xsgdwh wkhlu suhglfwlrq/ wkdw lv/ wkhlu fxuuhqw suhglfwlrq
lv wkhlu suhylrxv suhglfwlrq dgdswhg lq wkh gluhfwlrq ri wkh odvw revhuydwlrq1
Dq h{dpsoh ri vxfk d suhglfwlrq vwudwhj| lv dgdswlyh h{shfwdwlrqv/ zkhuh
Re�c|n� ' Re�| n � ER|3� � Re�|� zlwk f 	 � � � +qrwlfh wkdw � ' � fruuhvsrqgv
wr qdlyh h{shfwdwlrqv,1 Li wkh sulfh olhv deryh +ehorz, wkh ixqgdphqwdo ydoxh/
wkh suhglfwlrqv duh deryh +ehorz, wkh sulfh dqg rq dyhudjh wkh djhqwv zloo
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dgmxvw wkhlu suhglfwlrqv grzqzdug +xszdug,1 Iru wklv w|sh ri suhglfwlrq
vwudwhj| wkh sulfh zloo prqrwrqlfdoo| frqyhujh wr wkh ixqgdphqwdo sulfh1 Lq0
wxlwlyho|/ suhglfwlrq vwudwhjlhv zkhuh shrsoh wu| wr ohduq wkh htxloleulxp sulfh/
iru h{dpsoh e| vrph nlqg ri uhfxuvlyh ohdvw vtxduhv ohduqlqj surfhvv/ zloo dovr
frqyhujh prqrwrqlfdoo| wr wkh ixqgdphqwdo sulfh1

Lw vkrxog wkhuhiruh eh fohdu wkdw exeeohv fdq rqo| rffxu lq wklv iudphzrun
li wudghuv h{shfw wkhp wr rffxu1 Iru h{dpsoh/ li wudghuv eholhyh wkdw

Re�c|n� ' qR|3�c q : -

sulfhv jurz zlwk udwh q

-
: � dqg d vshfxodwlyh exeeoh hphujhv1 Dv qrwhg

ehiruh/ wkh dvvhw sulflqj prgho kdv d vhoi0frq�uplqj qdwxuh= li wudghuv h{shfw
sulfhv wr h{sorgh/ lw lv olnho| wkdw sulfhv zloo lqghhg h{sorgh1

Dqrwkhu lpsruwdqw fodvv ri suhglfwlrq vwudwhjlhv duh wkrvh zlwk 2 odjv/
wkdw lv

Re�c|n� ' k� n q��R|3� n q�2R|32� +;,

Li doo wudghuv xvh vxfk d suhglfwlrq vwudwhj|/ wkh lpsolhg dfwxdo odz ri prwlrq
+5, ehfrphv

R| '
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Ekn q�R|3� n q2R|32� n
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zkhuh k ' �
M

SM

�'� k� dqg q, '
�
M

SM

�'� q�,1 Ghshqglqj rq wkh ydoxhv ri q�
dqg q2 rqh fdq kdyh gl�huhqw w|shv ri g|qdplfv1 Lq sduwlfxodu/ iru q�nq2 :

-/ d vshfxodwlyh exeeoh rffxuv1 Suhglfwlrq vwudwhj| +;, fdq eh uhzulwwhq dv

Re�c|n� ' kn qR|3� n B ER|3� � R|32� c

zkhuh q � q� n q2 dqg B � �q21 H{suhvvhg lq wklv zd| lw surylghv d qlfh
lqwxlwlrq1 Sduwlflsdqwv eholhyh wkdw wkh sulfh zloo eh ghwhuplqhg e| wkh odvw
revhuydwlrq +wkh �uvw wzr whupv rq wkh uljkw0kdqg vlgh, exw wkh| dovr wu| wr
iroorz wkh wuhqg lq wkh sulfhv +h{suhvvhg lq wkh wklug whup,= li B : f wkh|
eholhyh wkdw dq xszdug pryhphqw lq sulfhv zloo frqwlqxh wkh qh{w shulrg/
zkhuhdv li B 	 f wkh| eholhyh dq xszdug pryhphqw lq wkh sulfhv zloo eh
+sduwldoo|, r�vhw e| d grzqzdug pryhphqw lq sulfhv lq wkh qh{w shulrg1 Wkh
iruphu fruuhvsrqg wr srvlwlyh ihhgedfn wudghuv/ zkhuhdv wkh odwwhu fruuhvsrqg
wr vr0fdoohg frqwuduldqv1
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6 H{shulphqwdo ghvljq

Zh frqvlghu dq h{shulphqwdo dvvhw sulflqj prgho frqvlvwlqj ri S sduwlflsdqwv
dqg odvwlqj iru Df shulrgv1 Lq wrwdo �S vxemhfwv +S jurxsv, sduwlflsdwhg lq
wklv h{shulphqw1 Vxemhfwv +prvwo| xqghujudgxdwhv lq hfrqrplfv/ fkhplvwu|
dqg sv|fkrorj|, zhuh uhfuxlwhg e| phdqv ri dqqrxqfhphqwv rq lqirupdwlrq
erdugv lq xqlyhuvlw| exloglqjv1 Wkh frpsxwhul}hg h{shulphqw zdv frqgxfwhg
lq wkh FUHHG oderudwru|1 Lw odvwhg iru dssur{lpdwho| ��D krxuv dqg dyhudjh
hduqlqjv duh 2��S� Gxwfk jxloghuv +� b�H� HXUR,1

Lq �qdqfldo pdunhwv wudghuv duh lqyroyhg lq wzr uhodwhg dfwlylwlhv= suhglf0
wlrq dqg wudgh1 Wkh| pdnh d suhglfwlrq frqfhuqlqj wkh ixwxuh sulfh ri wkh
vwrfn/ dqg jlyhq wklv suhglfwlrq/ wkh| pdnh d wudglqj ghflvlrq1 Wkh h{shul0
phqw lv dlphg dw lqyhvwljdwlqj wkh zd| vxemhfwv irup suhglfwlrqv1 Jlyhq wkh
suhglfwlrqv pdgh e| vxemhfwv wkh frpsxwhu ghulyhv lqglylgxdo ghpdqg iurp
phdq0yduldqfh pd{lpl}dwlrq dv jlyhq e| wkh rswlpdo ghpdqg ixqfwlrq +4,1
Hdfk vxemhfw wkhuhiruh dfwv dv dq dgylvru ru d surihvvlrqdo iruhfdvwhu dqg lv
sdluhg zlwk rqh wudghu/ zklfk pd| eh wkrxjkw ri dv d odujh shqvlrq ixqg1 Wkh
vxemhfw kdv wr pdnh wkh prvw dffxudwh suhglfwlrq iru wklv wudghu dqg wkhq
wkh wudghu +l1h1 wkh frpsxwhu, ghflghv krz pxfk wr wudgh1 Wkh hduqlqjv ri
wkh vxemhfwv lq wkh h{shulphqw duh ghwhuplqhg e| wkhlu suhglfwlrq dffxudf|1

Wkh h{shulphqw lv suhvhqwhg wr wkh sduwlflsdqwv dv iroorzv1 Wkh sduwlf0
lsdqwv duh wrog wkdw wkh| duh dq dgylvru wr d shqvlrq ixqg dqg wkdw wklv
shqvlrq ixqg fdq lqyhvw lwv prqh| lq d ulvn| dvvhw +wkh vwrfn pdunhw, ru lq
d ulvn iuhh dvvhw +d edqn dffrxqw,1 Wkh wdvn ri wkh dgylvru +l1h1 wkh sduwlf0
lsdqw, lv wr suhglfw wkh sulfh ri wkh ulvn| dvvhw1 Sduwlflsdqwv nqrz wkdw wkh
sulfh ri wkh dvvhw lv ghwhuplqhg e| pdunhw htxloleulxp ehwzhhq ghpdqg dqg
vxsso| ri wkh dvvhw1 Dowkrxjk wkh| gr qrw nqrz wkh h{dfw xqghuo|lqj pdunhw
htxloleulxp htxdwlrq wkh| duh lqiruphg wkdw wkh kljkhu wkhlu iruhfdvw lv/ wkh
odujhu zloo eh wkh iudfwlrq ri prqh| lqyhvwhg lq wkh ulvn| dvvhw dqg wkh odujhu
zloo eh wkh ghpdqg iru vwrfnv1 Wkh| gr qrw nqrz wkh lqyhvwphqw vwudwhj|
ri wkh shqvlrq ixqg wkh| duh dgylvlqj dqg wkh lqyhvwphqw vwudwhjlhv ri wkh
rwkhu shqvlrq ixqgv exw wkh| gr nqrz krz pdq| shqvlrq ixqgv duh lq wklv
pdunhw1 Wkh sduwlflsdqwv duh qrw h{solflwo| lqiruphg derxw wkh idfw wkdw wkh
sulfh ri wkh dvvhw ghshqgv rq wkhlu suhglfwlrq dqg wkh suhglfwlrq ri wkh rwkhu
sduwlflsdqwv1 Wkh| dovr gr qrw nqrz wkh lghqwlw| ri wkh rwkhu phpehuv ri
wkh jurxs1

Wkh lqirupdwlrq iru wkh sduwlflsdqwv lv jlyhq lq frpsxwhul}hg lqvwuxfwlrqv1
Frpsuhkhqvlrq ri wkh lqvwuxfwlrqv lv fkhfnhg e| wzr frqwuro txhvwlrqv1 Dw
wkh ehjlqqlqj ri wkh h{shulphqw wkh sduwlflsdqwv duh jlyhq wzr vkhhwv ri sdshu
zlwk d vxppdu| ri doo qhfhvvdu| lqirupdwlrq/ jhqhudo lqirupdwlrq/ lqirupd0
wlrq derxw wkh vwrfn pdunhw/ lqirupdwlrq derxw wkh lqyhvwphqw vwudwhjlhv
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ri wkh shqvlrq ixqgv/ iruhfdvwlqj wdvn ri wkh �qdqfldo dgylvru dqg lqirupd0
wlrq derxw wkh hduqlqjv1 Wkh lqirupdwlrq rq wkh kdqgrxw vxppdul}hv wkh
frpsxwhul}hg lqvwuxfwlrqv1 Wkh kdqgrxw dovr frqwdlqv lqirupdwlrq derxw wkh
�qdqfldo sdudphwhuv +phdq glylghqg dqg ulvn iuhh udwh ri uhwxuq, zlwk zklfk
dq dffxudwh suhglfwlrq ri wkh ixqgdphqwdo sulfh fdq eh pdgh1 Ilqdoo| wkh|
duh jlyhq d wdeoh iurp zklfk wkh| fdq uhdg/ iru d jlyhq iruhfdvw huuru/ wkhlu
hduqlqjv +vhh Dsshqgl{ �,1 Dsshqgl{ � frqwdlqv dq Hqjolvk wudqvodwlrq ri
wkh lqirupdwlrq jlyhq wr wkh sduwlflsdqwv1

Lq hyhu| shulrg | lq wkh h{shulphqw wkh wdvn ri wkh sduwlflsdqwv lv wr suh0
glfw wkh sulfh ri wkh ulvn| dvvhw lq shulrg |n�/ jlyhq wkh dydlodeoh lqirupdwlrq1
Wklv lqirupdwlrq frqvlvwv ri sdvw sulfhv ri wkh ulvn| dvvhw R|3�c R|32c � � � c R�
dqg sdvw lqglylgxdo suhglfwlrqv Re�|c R

e
�c|3�c � � � c R

e
��1 Sduwlflsdqwv dovr nqrz

wkh lqwhuhvw udwh o dqg wkh phdq + ri wkh LLG glylghqg surfhvv1 Lq shulrgv
� dqg 2 qr lqirupdwlrq derxw sdvw sulfhv lv dydlodeoh exw wkh vxemhfwv duh
wrog wkdw wkhlu sulfh iruhfdvw kdv wr eh ehwzhhq f dqg �ff1 Ixuwkhupruh/
wkh surjudp grhv qrw dffhsw suhglfwlrqv deryh �fff lq dq| shulrg/ exw wkh
sduwlflsdqwv duh qrw lqiruphg derxw wklv lq dgydqfh1 Li/ lq d fhuwdlq shulrg/ d
sduwlflsdqw suhglfwv d sulfh kljkhu wkdq �fff/ wkh frpsxwhu vfuhhq zloo qrwli|
klp wkdw suhglfwlrqv deryh �fff duh qrw dffhswhg dqg wkdw wkh sduwlflsdqw
kdv wr vxeplw d qhz dqg orzhu suhglfwlrq1 Dw wkh hqg ri shulrg |/ zkhq
doo suhglfwlrqv iru shulrg | n � kdyh ehhq vxeplwwhg/ wkh sduwlflsdqwv duh
lqiruphg derxw wkh uhdol}hg pdunhw sulfh lq shulrg | dqg hduqlqjv iru wkdw
shulrg duh uhyhdohg1 Iljxuh 2 vkrzv dq Hqjolvk wudqvodwlrq ri wkh frpsxwhu
vfuhhq wkh sduwlflsdqwv duh idflqj gxulqj wkh h{shulphqw1 Rq wkh vfuhhq wkh
vxemhfwv duh lqiruphg derxw wkhlu hduqlqjv lq wkh suhylrxv shulrg/ wrwdo hduq0
lqjv/ d wdeoh ri wkh odvw wzhqw| sulfhv dqg wkh fruuhvsrqglqj suhglfwlrqv dqg
d wlph vhulhv ri wkh sulfhv dqg wkh suhglfwlrqv1

Iljxuh 5= Frpsxwhuvfuhhq dv vhhq e| wkh sduwlflsdqwv1

Uhfdoo wkdw wkh pdunhw htxloleulxp sulfh lv jlyhq e|
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zkhuh M ' S lv wkh qxpehu ri sduwlflsdqwv1 Wkh ulvn iuhh udwh ri uhwxuq/
o/ lv htxdo wr f�fD dqg + lv htxdo wr � vr wkdw Rs ' +

o
' Sf1 Wkh hduqlqjv

ri wkh sduwlflsdqwv frqvlvw ri d �vkrz0xs� ihh ri �f Gxwfk jxloghuv +� Gxwfk
jxloghu lv dssur{lpdwho| f�eD HXUR, dqg ri wkh hduqlqjv iurp wkh h{shulphqw
zklfk ghshqghg xsrq wkhlu iruhfdvwlqj huuruv1 Wkh qxpehu ri srlqwv hduqhg
lq shulrg | e| sduwlflsdqw � lv jlyhq e| wkh txdgudwlf vfrulqj uxoh e�| '
4@ 

�
��ff� ��ff

eb
ER| � Re�|�

2
c f
�
/ zkhuh ��ff srlqwv lv htxlydohqw wr � Gxwfk

jxloghu1 Qrwlfh wkdw hduqlqjv duh }hur lq shulrg | zkhq mR| � Re�|m : .1

7 Wkh uhvxowv

Lq wklv vhfwlrq zh glvfxvv wkh h{shulphqwdo uhvxowv1 Qrwlfh wkdw lq wkhru| ud0
wlrqdo exeeohv duh h{foxghg li lw lv sxeolf lqirupdwlrq wkdw dvvhw sulfhv fdqqrw
h{fhhg �fff1 Qrwlfh dovr wkdw wkh xsshu erxqg ri �fff lv dssur{lpdwho| �S
wlphv wkh UH ixqgdphqwdo sulfh Rs ' Sf1 Lq Vhfwlrq 714 wkh ehkdylru ri wkh
uhdol}hg dvvhw sulfhv lv glvfxvvhg/ dqg lq Vhfwlrq 715 wkh lqglylgxdo suhglfwlrq
vwudwhjlhv ri wkh sduwlflsdqwv duh dqdo|}hg1

714 Ehkdylru ri wkh dvvhw sulfhv

Iljxuh � jlyhv wkh uhdol}hg sulfhv iru wkh vl{ gl�huhqw vhvvlrqv1 Wkh prvw
vwulnlqj ihdwxuh lv wkdw lq D ri wkh S jurxsv wkh uhdol}hg sulfh dssurdfkhv
�fff dqg vxevhtxhqwo| gursv/ dqg khqfh d exeeoh vhhpv wr rffxu lq wkhvh
jurxsv1 Lq e ri wkhvh D jurxsv wkh exeeoh vhhpv wr �exuvw� ehfdxvh sulfh
iruhfdvwv duh uhvwulfwhg wr eh ehorz �fff1 Lq jurxs S/ krzhyhu/ wkh exeeoh
exuvwv hduolhu +wkh pd{lpxp ydoxh ri wkh dvvhw sulfh lq wkdw jurxs lv .eb�S2
lq shulrg 2b, zklfk fdq/ prvw olnho|/ qrw eh dwwulexwhg wr wkh h{lvwhqfh ri wkh
xsshu olplw16 Lq jurxs � wkh xsshu erxqg lv qrw uhdfkhg/ exw wkh pd{lpxp
uhdol}hg dvvhw sulfh lv vwloo d idfwru � ru e odujhu wkdq wkh ixqgdphqwdo sulfh1

6Lq hdfk ri wkh jurxsv 5 wr 8 wkhuh duh dw ohdvw 7 sduwlflsdqwv zlwk d kljkhvw suhglfwlrq
ri <<< ru 4333/ zkhuhdv wkh kljkhvw suhglfwlrq lq jurxs 9 lv <391
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Iljxuh 6= uhdol}hg sulfhv lq wkh h{shulphqw

Ohw xv qrz ghvfuleh vrph rwkhu jhqhudo ihdwxuhv ri wkh hyroxwlrq ri dvvhw
sulfhv1 Iluvw frqvlghu wkh cdw|slfdo* jurxs �/ zkhuh qr exeeoh rffxuv1 Lq
wklv jurxs wkhuh duh vrph vxgghq mxpsv lq wkh dvvhw sulfh1 Wkhvh mxpsv duh
gxh wr yhu| kljk suhglfwlrqv ri lqglylgxdo sduwlflsdqwv17 Dsduw iurp wkhvh
mxpsv/ wkh wlph vhulhv ri wkh uhdol}hg sulfhv pryhv wrzdugv wkh ixqgdphqwdo
sulfh ri Sf lq dq rvfloodwru| idvklrq1 Dovr iru jurxsv D dqg S sulfhv vhhp wr
vhwwoh grzq lq wkh �uvw 2f shulrgv/ diwhu zklfk wkh hphujhqfh ri wkh exeeoh
lv �wuljjhuhg�1 Qrz ohw xv wxuq wr jurxsv 2 wr S dqg frqvlghu zkdw kdsshqv
zkhq sulfhv dssurdfk �fff1 Vlqfh wkhuh lv dq xsshu erxqg rq suhglfwlrqv/
wkh uhdol}hg sulfh zloo hyhqwxdoo| vwrs lqfuhdvlqj18 Suhglfwlrqv zloo ghfuhdvh/

7Iru shulrg : sduwlflsdqw 9 suhglfwv d sulfh ri 77;=:3/ iru shulrg 44 sduwlflsdqw 4 suhglfwv
d sulfh ri 4333 dqg iru shulrg 5< sduwlflsdqw 9 suhglfwv d sulfh ri <3;=;31 D vlplodu vxgghq
mxps rffxuv lq shulrg 47 lq jurxs 8/ zkhuh sduwlflsdqw 6 suhglfwv d sulfh ri 4333 iru shulrg
481

8Dfwxdoo|/ wkh pd{lpxp ydoxh ri wkh uhdol}hg sulfh lv spd{ @
53

54
+4333 . 6, @ <88 8

54
1 Lq

jurxsv 5/ 6/ 7 dqg 8 wkh sulfh dfwxdoo| frphv forvh wr wklv pd{lpxp sulfh +<67=87/ <64=44/
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zklfk zloo eh iroorzhg e| d ghfuhdvh lq uhdol}hg sulfhv1 Iru doo jurxsv +h{fhsw
jurxs S, wkh sulfh vxevhtxhqwo| idoov wr wkh orzhvw ydoxh vlqfh wkh vwduw ri
wkh h{shulphqw19 Diwhu wklv plqlpxp wkh sulfh lqfuhdvhv djdlq dqg uhdfkhv
dqrwkhu shdn +h{fhsw iru jurxs D,/ zklfk lv w|slfdoo| udwkhu kljk exw qrw
dv kljk dv wkh �uvw shdn1 Vxevhtxhqwo| wkh sulfh ghfuhdvhv djdlq +iroorzhg
e| |hw dqrwkhu shdn lq jurxs e,1 Wklv vxjjhvw wkdw wkh g|qdplfv lq prvw
ri wkh jurxsv lv gulyhq e| wkh lqwhudfwlrq ehwzhhq sduwlflsdqwv wu|lqj wr
h{wudsrodwh wuhqgv dqg wkh uhvwulfwlrqv rq wkh sulfh suhglfwlrqv ri f dqg �fff1
Dovr/ vlqfh wkh khljkw ri wkh uhvshfwlyh �errpv� ghfuhdvhv ryhu wlph dqg
wkh iuhtxhqf| zlwk zklfk wkhvh errpv rffxu lqfuhdvhv rqh pljkw frqmhfwxuh
wkdw wkh uhdol}hg sulfhv zloo hyhqwxdoo| frqyhujh wr wkh qhljkerukrrg ri wkh
ixqgdphqwdo sulfh1

Zh dqdo|}h wkh ehkdylru ri wkh dvvhw sulfhv ixuwkhu e| frqvlghulqj wkh
iroorzlqj wzr txhvwlrqv= l, gr wkh revhuyhg exeeohv fruuhvsrqg wr udwlrqdo
exeeohvB ll, lv wkh h{shulphqwdo dvvhw pdunhw h!flhqwB

71414 Wkh qdwxuh ri wkh h{shulphqwdo exeeohv

Dorqj d udwlrqdo exeeoh zh kdyh R| ' Rs n -|S/ l1h1 sulfhv jurz zlwk d
frqvwdqw udwh/ wkh ulvn iuhh jurvv udwh ri uhwxuq - ' �n o1 Qrz frqvlghu wkh
vhulhv ^| ' *?

�
R| � Rs

�
1 Li sulfhv hyroyh dffruglqj wr d udwlrqdo exeeoh zh

kdyh ^| ' *? S n | *?- dqg ^|n� � ^| ' *?-1 Iljxuh e sorwv ^|n� � ^| djdlqvw
| iru jurxsv 2 � S1 D ihz uhpdunv rq wkh gdwd zh xvh duh lq rughu1 Vlqfh
wkh xsshu erxqg rq sulfh suhglfwlrqv  dwwhqv wkh odvw sduw ri wkh exeeoh/ wkh
odvw revhuydwlrq zh wdnh lqwr dffrxqw lv wkh odvw rqh wkdw vdwlv�hv R|� R|3� :

R|3� � R|321 Rq wkh rwkhu kdqg/ ^| rqo| h{lvwv zkhq wkh sulfh lv deryh wkh
ixqgdphqwdo ydoxh dqg vlqfh lq doo h{shulphqwv wkh sulfh vwduwv rxw ehorz wkh
ixqgdphqwdo ydoxh zh glvfdug wkh �uvw revhuydwlrqv1 Zh dovr zdqw wr doorz
iru vrph frruglqdwlrq dqg ohduqlqj1 Wkhuhiruh zh xvh revhuydwlrqv vwduwlqj
dw shulrg | ' ./ h{fhsw iru jurxsv D dqg S zkhuh d exeeoh vhwv lq diwhu txlwh
vrph wlph1 Wkh qxpehu ri revhuydwlrqv iru wkh odvw wzr jurxsv lv suhww|
vpdoo1

<87=:8/ <73=49/ zlwk lpsolhg dyhudjhv suhglfwlrqv ri <:;=5:/ <:7=9:/ <<<=7< dqg <;7=4:/
uhvshfwlyho|, dqg lq jurxs 9 wkh kljkhvw uhdol}hg sulfh lv :7<=95/ +zlwk dq lpsolhg dyhudjh
sulfh ri :;7=4, zklfk lv dovr pruh wkdq 45 wlphv wkh ixqgdphqwdo sulfh1

9Wkh vxevhtxhqw plqlpxp sulfhv iru jurxsv 5� 9 duh jlyhq e| 69=<8/ <=9;/ <=54/ 45=89
dqg 5:=5</ uhvshfwlyho|1
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Iljxuh 7= Sorwv ri ^|n� � ^| djdlqvw | iru jurxsv 2� S1

Iurp Iljxuh e lw iroorzv wkdw/ dowkrxjk ryhu vrph lqwhuydov ^|n� � ^| vhhpv
wr eh dssur{lpdwho| frqvwdqw/ lwv ydoxh lv pxfk kljkhu wkdq *?- � f�feHH1
Iurp wklv zh frqfoxgh wkdw wkh exeeohv revhuyhg lq wkh h{shulphqw gr qrw
fruuhvsrqg wr udwlrqdo exeeohv/ exw vhhp wr eh vshfxodwlyh exeeohv gulyhq e|
wkh +erxqghgo| udwlrqdo, suhglfwlrq vwudwhjlhv ri wkh sduwlflsdqwv1: Wdeoh 4
vkrzv/ iru hdfk jurxs/ wkh dyhudjh ydoxh ri ^|n� � ^| dorqj wkh exeeoh/ wkh
lpsolhg jurzwk udwh e- dqg wkh wkhruhwlfdo jurzwk udwh - ri d udwlrqdo exeeoh1
Lq doo jurxsv/ h{fhsw iru jurxs D/ wkh phdq ydoxh ri ^|n� � ^| lv vljql�fdqwo|
gl�huhqw iurp *?- � f�feHH dw wkh DI vljql�fdqfh ohyho1

Ohw xv frqfoxgh wklv glvfxvvlrq derxw wkh exeeohv zlwk wzr revhuydwlrqv1
Iluvw/ vlqfh wkhuh lv qr h{rjhqrxv xqfhuwdlqw| lq wkh prgho udwlrqdo djhqwv

:Wkh xvh ri wkh zrug �vshfxodwlyh� grhv qrw phdq wkdw sduwlflsdqwv fdq hqwhu lqwr vshf0
xodwlyh wudghv e| ex|lqj dqg vhoolqj wkh dvvhw/ exw uhihuv wr wkh vshfxodwlyh ru h{wudsrodwlyh
h{shfwdwlrqv sduwlflsdqwv hqwhuwdlq1

4:



jurxs ^|n� � ^| e- - vdpsoh

5 31555 4157; 41383 :059
6 315<5 4166< 41383 :05<
7 31643 41696 41383 :054
8 3155: 41588 41383 5<075
9 315:4 41644 41383 5605<

Wdeoh 4= Whvw ri wkh udwlrqdo exeeohv k|srwkhvlv

zrxog pdnh qr iruhfdvw huuruv dorqj wkh exeeoh dqg khqfh kdyh kljk hduqlqjv1
Vlqfh wkh dyhudjh hduqlqjv +vhh Dsshqgl{ �, duh idluo| orz wklv lv qrw wkh
fdvh lq wkh h{shulphqw1 Vhfrqgo|/ jlyhq wkdw wkh �uvw sulfh lv ehorz �ff dqg
iru d udwlrqdo exeeoh wkh jurzwk udwh htxdov -/ dorqj d udwlrqdo exeeoh wkh
sulfh dssurdfkhv �fff qrw vrrqhu wkdq dw | ' eH +vlqfh �ff� ��fDe. � bb�,1

Iurp wklv dqdo|vlv zh frqfoxgh wkdw rxu oderudwru| dvvhw sulflqj h{shu0
lphqwv h{klelw hqgrjhqrxv vshfxodwlyh exeeohv1 Dq h{sodqdwlrq iru wklv lv
wkdw sduwlflsdqwv wu| wr h{wudsrodwh wuhqgv1 Li/ e| dfflghqw/ sulfhv lqfuhdvh
d olwwoh dqg djhqwv slfn wklv xs/ wkh| whqg wr h{wudsrodwh wklv wuhqg1 Wklv lv
dovr frqvlvwhqw zlwk wkh uhvxowv lq jurxsv D dqg S1 Wkhuh lw vhhpv wkdw wkh
dvvhw sulfh lv uhodwlyho| vwdeoh iru txlwh vrph wlph xqwlo lw vwduwv wr lqfuhdvh
d olwwoh1 Wklv lqfuhdvh lq wkh sulfh lv shufhlyhg e| wkh sduwlflsdqwv dv dq xs0
zdug wuhqg/ zklfk wkh| vxevhtxhqwo| h{wudsrodwh/ ohdglqj wr wkh h{sorvlrq ri
sulfhv1 Iroorzlqj wkh olwhudwxuh rq srvlwlyh ihhgedfn wudglqj +vhh iru h{dpsoh
Gh Orqj/ Vkohlihu/ Vxpphuv dqg Zdogpdqq +4<<3,, zh uhihu wr wklv wuhqg
fkdvlqj ehkdylru dv srvlwlyh ihhgedfn h{shfwdwlrqv1 Xqiruwxqdwho|/ wklv w|sh
ri ehkdylru idlov wr h{sodlq zk| wkh exeeohv lq jurxsv D dqg S gr qrw rffxu
hduolhu dqg zk| wkh exeeoh lq jurxs S exuvwv suhpdwxuho|1

71415 H!flhqf| dqg suhglfwdelolw|

D fhoheudwhg uhvxow iurp wkh wkhru| rq �qdqfldo pdunhwv lv wkh vr0fdoohg
h!flhqw pdunhw k|srwkhvlv1 Wklv k|srwkhvlv fodlpv wkdw doo lqirupdwlrq rq dq
dvvhw lv lqfrusrudwhg lq lwv sulfh dqg lw lpsolhv wkdw rqh fdqqrw rewdlq deryh
�qrupdo� sur�wv e| wudglqj rq d �qdqfldo pdunhw1 D whvwdeoh lpsolfdwlrq ri
wklv k|srwkhvlv lv wkdw wkh h{fhvv uhwxuqv %| ' *? R|� *? R|3� duh xqfruuhodwhg
zlwk sdvw lqirupdwlrq1 Lq sduwlfxodu/ wkh h{fhvv uhwxuqv vkrxog qrw vkrz
vhuldo fruuhodwlrq/ rwkhuzlvh wudghuv fdq lpsuryh wkhlu suhglfwlrq ri wkh h{fhvv
uhwxuq e| xvlqj lwv sdvw ydoxhv1 Iljxuh D vkrzv wkh h{fhvv uhwxuqv iru wkh
sulfhv lq wkh vl{ gl�huhqw jurxsv1

4;



Iljxuh 8= h{fhvv uhwxuqv ri uhdol}hg dvvhw sulfhv

Iru jurxsv 2 wr S/ wkhuh dsshduv wr eh vhuldo fruuhodwlrq lq wkh h{fhvv uhwxuqv
ryhu wkh ixoo vdpsoh ri Df shulrgv1 Krzhyhu/ wklv vhuldo fruuhodwlrq lq uhwxuqv
lv pdlqo| gxh wr wkh odujh dpsolwxgh  xfwxdwlrqv lq wkh odvw sduw ri wkh uhwxuq
vhulhv/ diwhu wkh sulfh vhulhv uhdfkhv lwv xsshu erxqg1 Vlqfh wkh xsshu erxqg
�fff lv lq idfw dq duwlidfw ri rxu h{shulphqwdo vhwxs wr vwrs dq h{sorglqj dvvhw
sulfh/ lw lv pruh lqwhuhvwlqj wr lqyhvwljdwh lqirupdwlrqdo +lq,h!flhqf| ehiruh
wkh exeeoh uhdfkhv lwv xsshu erxqg1 Ixuwkhupruh/ li zh rqo| frqvlghu wkh
�uvw 2�/ 2S/ �H/ 2. dqg 2H revhuydwlrqv lq jurxsv 2/ �/ e/ D dqg S uhvshfwlyho|/
zh �qg doprvw qr vljql�fdqw dxwrfruuhodwlrq1 Iljxuh S vkrzv wkh �uvw �f
odjv ri wkh dxwrfruuhodwlrq ixqfwlrq zkhuh rqo| revhuydwlrqv dorqj wkh �uvw
exeeoh duh xvhg1 Gxulqj wkh �uvw sduw ri wkh exeeoh wkh pdunhw vhhpv wr eh
dssru{lpdwho| h!flhqw/ dffruglqj wr rxu dxwrfruuhodwlrq whvw1

4<



Iljxuh 9= Dxwrfruuhodwlrq ri h{fhvv uhwxuqv iru jurxsv 2� S1

Qrwlfh wkdw zkhq iruhfdvwlqj wkh sulfh ru uhwxuq dw gdwh |/ rqo| sdvw sulfhv
ru uhwxuqv xs wr gdwh | � 2 duh lq wkh lqirupdwlrq vhw/ vr wkdw d vljql�fdqw
�uvw rughu dxwrfruuhodwlrq frh!flhqw fdq qrw eh h{sorlwhg1 Khqfh jurxs S/
zkhuh doo dxwrfruuhodwlrq frh!flhqwv ri odjv 2� �f duh qrw vljql�fdqw lv dovr
lqirupdwlrqdoo| h!flhqw1 Rqo| jurxs � lv qrw ixoo| lqirupdwlrqdoo| h!flhqw/
vlqfh lw kdv d vljql�fdqw vhfrqg rughu dxwrfruuhodwlrq frh!flhqw1 Pruhryhu/
wkh pdunhwv vhhp forvh wr ehlqj lqirupdwlrqdo h!flhqw xqwlo wkh �uvw exeeoh/
diwhu wklv exeeoh wkh pdunhw lv qrw lqirupdwlrqdoo| h!flhqw dq|pruh1 Pdunhw
h!flhqf| lv vrphwlphv dovr gh�qhg lq whupv ri zkhwkhu sulfhv uh hfw hfrqrplf
ixqgdphqwdov1 Vlqfh lq D rxw ri wkh S jurxsv sulfhv vkrz odujh ghyldwlrqv iurp
wkh UH ixqgdphqwdo sulfh/ rxu dvvhw sulflqj h{shulphqwv duh qrw h!flhqw lq
wklv vhqvh1
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715 Lqglylgxdo suhglfwlrq vwudwhjlhv

Zh qrz wxuq wr wkh lqglylgxdo suhglfwlrq vwudwhjlhv ri wkh sduwlflsdqwv lq rxu
dvvhw sulflqj h{shulphqw1 Iljxuh . vkrzv/ shu jurxs/ wkh suhglfwlrqv ri doo
sduwlflsdqwv1 W|slfdoo|/ wkh gl�huhqfhv ehwzhhq suhglfwlrq vwudwhjlhv zlwklq
jurxsv duh vpdoo1 Wklv vxjjhvwv wkdw wkh gl�huhqw sduwlflsdqwv lq d jurxs
frruglqdwh rq vrph frpprq suhglfwlrq vwudwhj|1

Pruhryhu/ wkh lqglylgxdo suhglfwlrqv ri prvw ri wkh sduwlflsdqwv ohdg wkh
uhdol}hg sulfh/ l1h1 Re�c|n� lv forvh wr R|1 Wkhvh wzr ihdwxuhv +frruglqdwlrq rq
d frpprq suhglfwlrq vwudwhj| dqg suhglfwlrqv ohdglqj uhdol}hg sulfhv, duh
rewdlqhg lq doo jurxsv1 Wdeoh 5 vkrzv ydoxhv ri vrph phdvxuhv wkdw txdqwli|
wkhvh ihdwxuhv1

jurxs �iruhfdvw huuru� �ohdg� �frruglqdwlrq�

4 65159 571:9 57196
5 <5144 661;3 5;194
6 <418: 7<18: 7:178
7 484144 :61:< 9;1;;
8 9;16; 7416< 6<19<
9 :<1<: 76147 741<:

Wdeoh 5= Gl�huhqw phdvxuhv iru wkh lqglylgxdo suhglfwlrq vwudwhjlhv
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duh phdvxuhv ri wkh +dyhudjh, glvwdqfh ehwzhhq Re�| dqg R| dqg Re| / zkhuh
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rughu wr devwudfw iurp yduldwlrqv lq suhglfwlrqv dqg sulfhv lq wkh ehjlqqlqj
ri wkh h{shulphqw wkdw duh gxh wr sduwlflsdqwv wu|lqj wr ohduq krz wr suhglfw
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sulfhv dffxudwho|1 Wkh �uvw phdvxuh/ _ ERe�|c R|�/ jlyhv/ iru hdfk jurxs/ wkh
devroxwh ydoxh ri wkh iruhfdvw huuru/ dyhudjhg ryhu wlph dqg sduwlflsdqwv1 Wkh
vhfrqg phdvxuh/ _

�
Re�c|n�c R|

�
/ jlyhv/ iru hdfk jurxs/ wkh glvwdqfh +dyhudjhg

ryhu wlph dqg ryhu sduwlflsdqwv, ehwzhhq wkh lqglylgxdo suhglfwlrq iru wlph
| n �/ Re�c|n� dqg wkh uhdol}hg sulfh dw wlph |/ R|1 Wklv �ohdg� glvwdqfh lv d
phdvxuh iru wkh ghjuhh lq zklfk suhglfwlrqv ohdg wkh uhdol}hg sulfhv1 Wkh wklug
phdvxuh/ _ ERe�|c R

e
|�/ jlyhv/ iru hdfk jurxs/ wkh glvwdqfh ehwzhhq wkh lqglylgxdo

suhglfwlrq dqg wkh dyhudjh suhglfwlrq Re| zlwklq wkh jurxs/ dyhudjhg ryhu
wlph dqg sduwlflsdqwv1 Wklv glvwdqfh phdvxuhv glvshuvlrq ehwzhhq lqglylgxdo
suhglfwlrqv= _ ERe�|c R

e
|� htxdov f li dqg rqo| li doo sduwlflsdqwv xvh h{dfwo| wkh

vdph suhglfwlrq vwudwhj|1 Khqfh/ wklv glvwdqfh phdvxuhv frruglqdwlrq rq d
frpprq suhglfwlrq vwudwhj|1

Iurp lqvshfwlrq ri wkh wdeoh lw lv fohdu wkdw/ iru doo jurxsv/ wkh wkuhh
phdvxuhv duh ghfuhdvlqj lq pdjqlwxgh1 Vhyhudo ihdwxuhv vwdqg rxw1 Iluvw/ iru
doo jurxsv zh kdyh

�iruhfdvw huuru� :: �frruglqdwlrq�c

wkdw lv/ wkh glvshuvlrq ri suhglfwlrq vwudwhjlhv lv pxfk vpdoohu wkdq wkh dy0
hudjh iruhfdvw huuru sduwlflsdqwv pdnh1 Uhfdoo wkdw wkh| kdyh dq lqfhqwlyh
wr plqlpl}h wkh iruhfdvw huuru1 Khqfh sduwlflsdqwv frruglqdwh rq d frpprq
suhglfwlrq vwudwhj|1 Doo sduwlflsdqwv pdnh vljql�fdqw iruhfdvwlqj huuruv/ exw
wkh| duh dolnh lq wkh zd| wkdw wkh| pdnh wkhvh iruhfdvwlqj huuruv1

Wkh rwkhu uhodwlrqvkls wkdw vwdqgv rxw lv

�iruhfdvw huuru� :: �ohdg�1
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Iljxuh := Sduwlflsdqwv* lqglylgxdo suhglfwlrqv

Wkh �ohdg� glvwdqfh lv vpdoo ehfdxvh wkh lqglylgxdo suhglfwlrqv iru wlph
|n� ghwhuplqh wkh uhdol}hg sulfh dw wlph |1 Pruhryhu/ wkh rqo| ghwhuplqdqw
ri R| +rxwvlgh h{rjhqrxv yduldeohv vxfk dv o dqg +, lv wkh dyhudjh suhglfwlrq
iru wkh qh{w shulrg/ Re|n�/ dqg lqghhg wkh glvwdqfh ehwzhhq R

e
|n� dqg R| lv yhu|

vpdoo iru doo jurxsv1 Wkh lqhtxdolw| deryh vd|v wkdw wkh lqglylgxdo suhglfwlrqv
iru wlph | n � jlyh pxfk pruh dffxudwh suhglfwlrqv iru wlph | wkdq iru wlph
| n �1 Wkdw lv/ lq wu|lqj wr suhglfw R|n�/ sduwlflsdqwv duh yhu| vxffhvixoo lq
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suhglfwlqj R|1 Krzhyhu/ wkh| gr qrw vhhp wr xvh wklv uhodwlrqvkls wr lpsuryh
wkhlu suhglfwlrqv1

Wkh dqdo|vlv ri Wdeoh 2 vxjjhvwv wkdw sduwlflsdqwv pdnh vwuxfwxudo iruhfdvw
huuruv1 Krzhyhu/ li sduwlflsdqwv duh udwlrqdo wkhlu iruhfdvw huuru vkrxog eh
xqfruuhodwhg zlwk dydlodeoh lqirupdwlrq1 Wr whvw zkhwkhu sduwlflsdqwv duh
udwlrqdo lq wklv vhqvh/ zh frpsxwhg/ iru hdfk sduwlflsdqw/ wkh �uvw �f odjv ri
wkh dxwrfruuhodwlrq ixqfwlrq ri wkh wlph vhulhv ri iruhfdvw huuruv R|�R

e
�|/ zkhuh

zh rqo| xvhg wkh odvw ef revhuydwlrqv1 Wkh vljql�fdqw odjv duh suhvhqwhg lq
Wdeoh 61

jurxs 4 jurxs 5 jurxs 6 jurxs 7 jurxs 8 jurxs 9

sduw1 4 � 40708 � 40607043 4 �
sduw1 5 � 40809 4 40607043 4 40<043
sduw1 6 � 407 4 4 4 405
sduw1 7 4 40708 � 40607 � 4050<
sduw1 8 � 407 405 40607043 4 40<043
sduw1 9 � 405080< 4 7 4 40<043

Wdeoh 6= Dxwrfruuhodwlrq vwuxfwxuh ri lqglylgxdo iruhfdvw huuruv

Qrwlfh wkdw wkh dxwrfruuhodwlrq ixqfwlrq ri wkh iruhfdvw huuruv lv vljqli0
lfdqw dw wkh �uvw odj iru pdq| sduwlflsdqwv1 Krzhyhu/ sduwlflsdqwv gr qrw
kdyh R| lq wkhlu lqirupdwlrq vhw/ zkhq suhglfwlqj R|n�1 Khqfh/ wkh| duh qrw
deoh wr h{sorlw wkh �uvw rughu dxwrfruuhodwlrq vwuxfwxuh lq wkh iruhfdvw hu0
uruv wr lpsuryh wkhlu suhglfwlrqv1 Wkhuhiruh zh vkrxog irfxv rq kljkhu rughu
odjv ri wkh dxwrfruuhodwlrq ixqfwlrq1 Zh wkxv �qg wkdw iru derxw kdoi ri wkh
sduwlflsdqwv wkhuh lv qr h{sorlwdeoh vwuxfwxuh lq wkh iruhfdvw huuruv1 Qrwlfh
wkdw wkh gl�huhqfhv ehwzhhq dxwrfruuhodwlrq sdwwhuqv ri sduwlflsdqwv zlwklq
jurxsv lv pxfk vpdoohu wkdq wkh gl�huhqfhv ri wkh dxwrfruuhodwlrq sdwwhuqv
ehwzhhq jurxsv1 Sduwlflsdqwv lq jurxs � kdyh doprvw qr vwuxfwxuh lq wkhlu
iruhfdvw huuruv/ zkhuhdv prvw sduwlflsdqwv lq jurxsv � dqg D rqo| kdyh vljql�0
fdqw dxwrfruuhodwlrq dw wkh �uvw odj/ zklfk lv lqqrfxrxv1 Wkhuh lv pxfk pruh
vwuxfwxuh lq wkh iruhfdvw huuruv ri wkh sduwlflsdqwv iurp wkh rwkhu jurxsv1
Kdoi ri wkh sduwlflsdqwv gr qrw h{sorlw doo vwuxfwxuh lq wkh iruhfdvw huuruv1
Iru wkhvh sduwlflsdqwv lw pljkw eh wkh fdvh wkdw wkh| duh vwloo lq wkh sur0
fhvv ri h{sorlwlqj wklv vwuxfwxuh e| dgdswlqj wkhlu suhglfwlrq vwudwhjlhv1 Wkh
dqdo|vlv ri wkh lqglylgxdo suhglfwlrq vwudwhjlhv ohdgv xv wr wkh frqfoxvlrq wkdw
sduwlflsdqwv pdnh vwuxfwxudo iruhfdvwlqj huuruv dqg ghyldwh iurp udwlrqdolw|/
exw wkh| whqg wr ghyldwh iurp udwlrqdolw| lq d frpprq zd|1 Krzhyhu/ lw lv
pruh lqwhuhvwlqj wr wr rqo| frqvlghu wkh revhuydwlrqv dorqj wkh �uvw exeeohv
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+wkh �uvw 2�/ 2S/ �H/ 2. dqg 2H revhuydwlrqv iru jurxsv 2/ �/ e/ D dqg S,1 Zh
qrz �qg vljql�fdqw odjv ri wkh dxwrfruuhodwlrq ixqfwlrq ri wkh iruhfdvw huuruv
iru rqo| H sduwlflsdqwv1 Wkdw lv/ d ydvw pdmrulw| ri wkh sduwlflsdqwv gr qrw
pdnh vwuxfwxudo iruhfdvw huuruv xqwlo wkh sulfh kdv uhdfkhg lwv xsshu erxqg1

8 Frqfoxglqj Uhpdunv

Lq wklv sdshu zh lqyhvwljdwhg h{shfwdwlrq irupdwlrq lq dq h{shulphqwdo dvvhw
sulflqj prgho1 Lq 8 ri wkh 9 h{shulphqwv d exeeoh hphujhv hqgrjhqrxvo|1 Wkh
jurzwk udwhv ri wkhvh h{shulphqwdo exeeohv duh lqfrqvlvwhqw zlwk udwlrqdo
h{shfwdwlrqv1 Pruhryhu/ gxh wr wkh uhvwulfwlrq ri dq xsshu erxqg ri �fff
uhfxuulqj exeeohv dqg fudvkhv dsshdu lq prvw ri wkh h{shulphqwv1 Dssduhqwo|/
sduwlflsdqwv duh qrw deoh wr frruglqdwh rq wkh ixqgdphqwdo sulfh hyhq li wkh|
nqrz wkdw sulfhv fdqqrw nhhs rq jurzlqj iruhyhu dqg kdyh wr fudvk hyhqwxdoo|1
Wkhvh uhfxuulqj exeeohv dqg fudvkhv duh vlplodu wr wkh shulrglfdoo| froodsvlqj
exeeohv vwxglhg e| Hydqv +4<<4,1 Wkhvh +udwlrqdo, exeeohv froodsvh zlwk d
fhuwdlq suredelolw| hdfk shulrg/ dqg uhvwduw djdlq zkhq wkh| gr1 Zkhq wkh|
gr qrw froodsvh wkh| kdyh wr jurz idvwhu wkdq d cuhjxodu* udwlrqdo exeeoh1 Wkh
exeeohv revhuyhg lq rxu h{shulphqw vhhp wr eh wuljjhuhg e| wkh wuhqg fkdvlqj
ehkdylru ri sduwlflsdqwv= zkhq revhuylqj d vpdoo sulfh lqfuhdvh/ wkh| suhglfw
wkh sulfh wr lqfuhdvh hyhq ixuwkhu/ diwhu zklfk wklv sulfh lqfuhdvh ehfrphv
vhoi0ixo�oolqj1 Wkhvh srvlwlyh ihhgedfn h{shfwdwlrqv vhhp wr gulyh pxfk ri wkh
g|qdplfv1 Dowkrxjk wkh h{shulphqwdo exeeohv gr qrw fruuhvsrqg wr udwlrqdo
exeeohv wkh h{fhvv uhwxuqv ri wkh dvvhw dorqj wklv �uvw exeeoh grhv/ lq jhqhudo/
qrw h{klelw d vljql�fdqw dxwrfruuhodwlrq vwuxfwxuh1 Lq wklv vhqvh wkh pdunhw
lv lqirupdwlrqdoo| h!flhqw1 Dw dq lqglylgxdo ohyho/ wkh dqdo|vlv lq Vhfwlrq 715
kdv uhyhdohg wkdw sduwlflsdqwv vhhp wr frruglqdwh rq d frpprq suhglfwlrq
vwudwhj| dqg wkdw wkhlu suhglfwlrqv whqg wr ohdg wkh uhdol}hg sulfh1

Lq d uhodwhg sdshu +Krpphv/ Vrqqhpdqv/ Wxlqvwud dqg ydq gh Yhoghq
+5335,, zh suhvhqw uhvxowv rq dq h{shulphqw zlwk dq dvvhw sulflqj prgho/
zklfk lv dgdswhg vxfk wkdw vshfxodwlyh exeeohv duh lpsrvvleoh1 Lq wkhvh h{0
shulphqwv zh revhuyh rvfloodwlqj dvvhw sulfhv lq vrph jurxsv dqg frqyhujhqfh
wr wkh ixqgdphqwdo sulfh lq rwkhuv1 Wkh rvfloodwlrqv lq wkhvh h{shulphqwv
duh uhplqlvfhqw ri wkh rvfloodwlrqv lq wkh dw|slfdo jurxs � lq wkh h{shulphqw
ghvfulehg lq wklv sdshu1 Zlwk uhvshfw wr wkh lqglylgxdo suhglfwlrq vwudwhjlhv
zh �qg vlplodu uhvxowv dv lq wkh suhvhqw vwxg|1 Sduwlflsdqwv zlwklq rqh jurxs
whqg wr frruglqdwh rq d frpprq suhglfwlrq vwudwhj| wkdw ohdgv wkh uhdol}hg
sulfh1 Lq idfw/ suhglfwlrq vwudwhjlhv fdq eh hvwlpdwhg suhww| dffxudwho|1 Lw lv
irxqg wkdw pdq| sduwlflsdqwv frruglqdwh rq xvlqj vlpsoh olqhdu suhglfwlrqv
vwudwhjlhv1 Wkh frruglqdwlrq rq d frpprq dqg vlpsoh suhglfwlrq vwudwhj|
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vhhpv wr eh d urexvw ihdwxuh lq wklv w|sh ri h{shulphqw1

Uhihuhqfhv

^4` Dqguhdvvhq/ S1E1 dqg V1M1 Nudxv +4<<3,= �Mxgjhphqwdo H{wudsr0
odwlrq dqg wkh Vdolhqfh ri Fkdqjh/� Mrxuqdo ri Iruhfdvwlqj/ </ 67:06:51

^5` Gh Erqgw/ Z1I1P1 +4<<6,= �Ehwwlqj rq Wuhqgv= Lqwxlwlyh Iruhfdvwv
ri Ilqdqfldo Ulvn dqg Uhwxuq/� Lqwhuqdwlrqdo Mrxuqdo ri Iruhfdvwlqj/ </
68806:41

^6` Gh Orqj/ M1E1/ D1 Vkohlihu/ O1K1 Vxpphuv dqg U1M1 Zdogpdqq
+4<<3,= �Srvlwlyh Ihhgedfn Lqyhvwphqw Vwudwhjlhv dqg Ghvwdelol}lqj Ud0
wlrqdo Vshfxodwlrq/� Mrxuqdo ri Ilqdqfh/ 78/ 6:<06<91

^7` Gled/ E1W1 dqg K1L1 Jurvvpdq +4<;;,= �Wkh Wkhru| ri Udwlrqdo
Exeeohv lq Vwrfn Sulfhv/� Hfrqrplf Mrxuqdo/ <;/ :790:871

^8` Gz|hu/ J1S1/ D1Z1 Zlooldpv/ U1F1 Edwwdolr dqg W1L1 Pdvrq

+4<<6,= �Whvwv ri Udwlrqdo H{shfwdwlrqv lq d Vwdun Vhwwlqj/� Hfrqrplf
Mrxuqdo/ 436/ 8;909341

^9` Hydqv/ J1Z1 +4<<4,= �Slwidoov lq Whvwlqj iru H{sorvlyh Exeeohv lq Dvvhw
Sulfhv/� Dphulfdq Hfrqrplf Uhylhz/ ;4/ <550<631

^:` Iorrg/ U1S1 dqg S1P1 Jduehu +4<;3,= �Pdunhw Ixqgdphqwdov yhu0
vxv Sulfh Exeeohv= Wkh Iluvw Whvwv/� Mrxuqdo ri Srolwlfdo Hfrqrp|/ ;;/
:780::31

^;` Iudqnho/ M1D1 dqg N1D1 Iurrw +4<;:,= �Xvlqj Vxuyh| Gdwd wr Whvw
Vwdqgdug Sursrvlwlrqv Uhjduglqj H{fkdqjh Udwh H{shfwdwlrqv/� Dphu0
lfdq Hfrqrplf Uhylhz/ ::/ 46604861

^<` Iudqnho/ M1D1 dqg N1D1 Iurrw +4<;;,= �Fkduwlvwv/ Ixqgdphqwdolvwv
dqg wkh Ghpdqg iru Grooduv/� Juhhn Hfrqrplf Uhylhz/ 43/ 7<�4351

^43` Iurrw/ N1D1 dqg P1 Revwihog +4<<4,= �Lqwulqvlf Exeeohv= Wkh Fdvh
ri Vwrfn Sulfhv/� Dphulfdq Hfrqrplf Uhylhz/ ;4/ 44;<045471

^44` Jduehu/ S1P1 +4<<3,= �Idprxv Iluvw Exeeohv/� Mrxuqdo ri Hfrqrplf
Shuvshfwlyhv/ 7/ 680871
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^45` Krpphv/ F1K1/ M1 Vrqqhpdqv/ M1 Wxlqvwud dqg K1 ydq gh

Yhoghq +4<<<,= �H{shfwdwlrqv Gulyhq Sulyh Yrodwlolw| lq dq H{shul0
phqwdo Frezhe Hfrqrp|/� FhQGHI Zrunlqj Sdshu <<03:1

^46` Krpphv/ F1K1/ M1 Vrqqhpdqv/ M1 Wxlqvwud dqg K1 ydq gh

Yhoghq +5335,= �Frruglqdwlrq ri H{shfwdwlrqv lq dq H{shulphqwdo Dv0
vhw Sulflqj Prgho/� FhQGHI Zrunlqj Sdshu1

^47` Nlqj/ U1U1/ Y1O1 Vplwk/ D1Z1 Zlooldpv dqg P1 ydq Erhqlqj

+4<<6,= �Wkh Urexvwqhvv ri Exeeohv dqg Fudvkhv lq H{shulphqwdo Vwrfn
Pdunhwv/� lq Qrqolqhdu G|qdplfv dqg Hyroxwlrqdu| Hfrqrplfv/ hg1 e|
L1 Suljrjlqh/ U1 Gd| dqg S1 Fkhq1 R{irug= R{irug Xqlyhuvlw| Suhvv1

^48` Ohl/ Y1/ F1Q1 Qrxvvdlu dqg F1U1 Sorww +5334,= �Qrqvshfxodwlyh
Exeeohv lq H{shulphqwdo Dvvhw Pdunhwv= Odfn ri Frpprq Nqrzohgjh
ri Udwlrqdolw| yv1 Dfwxdo Luudwlrqdolw|/� Hfrqrphwulfd/ 9</ ;640;8<1

^49` Pdulprq/ U1/ V1H1 Vshdu dqg V1 Vxqghu +4<<6,= �H{shfwdwlrqdoo|
Gulyhq Pdunhw Yrodwlolw|= Dq H{shulphqwdo Vwxg|/� Mrxuqdo ri Hfr0
qrplf Wkhru|/ ;4/ :7�4361

^4:` Qrxvvdlu/ F1Q1/ V1 Urelq dqg E1 Uxiilhx{ +5333,= �Sulfh Exe0
eohv lq Oderudwru| Dvvhw Pdunhwv zlwk Frqvwdqw Ixqgdphqwdo Ydoxhv/�
Plphr1

^4;` Sruwhu/ G1S/ Y1O Vplwk +4<<8,= �Ixwxuhv Frqwudfwlqj dqg Glylghqg
Xqfhuwdlqw| lq H{shulphqwdo Dvvhw Pdunhwv/� Mrxuqdo ri Exvlqhvv/ 9;/
83<08741

^4<` Vfkpdohqvhh/ U1 +4<:9,= �Dq H{shulphqwdo Vwxg| ri H{shfwdwlrq
Irupdwlrq/� Hfrqrphwulfd/ 77/ 4:�741

^53` Vkloohu/ U1M1 +4<<3,= �Vshfxodwlyh Sulfhv dqg Srsxodu Prghov/� Mrxu0
qdo ri Hfrqrplf Shuvshfwlyhv/ 7/ 88�981

^54` Vplwk/ Y1O1/ J1O1 Vxfkdqhn dqg D1Z1 Zlooldpv +4<;;,= �Exe0
eohv/ Fudvkhv dqg Hqgrjhqrxv H{shfwdwlrqv lq H{shulphqwdo Vsrw Dvvhw
Pdunhwv/� Hfrqrphwulfd/ 89/ 444<044841

^55` Vplwk/ Y1O1/ P1 ydq Erhqlqj dqg F1S1 Zhooirug +5333,= �Gly0
lghqg Wlplqj dqg Ehkdylru lq Oderudwru| Dvvhw Pdunhwv/� Hfrqrplf
Wkhru|/ 49/ 89:08;61

^56` Wluroh/ M1 +4<;5,= �Rq wkh Srvvlelolw| ri Vshfxodwlrq xqghu Udwlrqdo
H{shfwdwlrqv/� Hfrqrphwulfd/ 83/ 4496044;41
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^57` Wluroh/ M1 +4<;8,= �Dvvhw Exeeohv dqg Ryhuodsslqj Jhqhudwlrqv/�
Hfrqrphwulfd/ 86/ 47<<0485;1

^58` Zhvw/ N1G1 +4<;8,= �D Vshfl�fdwlrq Whvw iru Vshfxodwlyh Exeeohv/�
Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 435/ 88608;31

^59` Zlooldpv/ D1Z1 +4<;:,= �Wkh Irupdwlrq ri Sulfh Iruhfdvwv lq H{shu0
lphqwdo Pdunhwv/� Mrxuqdo> ri Prqh|/ Fuhglw dqg Edqnlqj/ 4</ 404;1

D Lqirupdwlrq iru Sduwlflsdqwv

Jhqhudo lqirupdwlrq

\rx duh d �qdqfldo dgylvru wr d shqvlrq ixqg wkdw zdqwv wr rswlpdoo| lqyhvw
d odujh dprxqw ri prqh|1 Wkh shqvlrq ixqg kdv wzr lqyhvwphqw rswlrqv=
d ulvn iuhh lqyhvwphqw dqg d ulvn| lqyhvwphqw1 Wkh ulvn iuhh lqyhvwphqw
lv sxwwlqj doo prqh| rq d edqn dffrxqw sd|lqj d �{hg lqwhuhvw udwh1 Wkh
dowhuqdwlyh ulvn| lqyhvwphqw lv dq lqyhvwphqw lq wkh vwrfn pdunhw1 Lq hdfk
wlph shulrg wkh shqvlrq ixqg kdv wr ghflgh zklfk iudfwlrq ri wkhlu prqh|
wr sxw rq wkh edqn dffrxqw dqg zklfk iudfwlrq ri wkh prqh| wr vshqg rq
ex|lqj vwrfnv1 Lq rughu wr pdnh dq rswlpdo lqyhvwphqw ghflvlrq wkh shqvlrq
ixqg qhhgv dq dffxudwh suhglfwlrq ri wkh sulfh R| ri vwrfnv1 Dv wkhlu �qdqfldo
dgylvru/ |rx kdyh wr suhglfw wkh vwrfn pdunhw sulfh R| +lq jxloghu, gxulqj D�
vxevhtxhqw wlph shulrgv1 \rxu hduqlqjv gxulqj wkh h{shulphqw ghshqg xsrq
|rxu iruhfdvwlqj dffxudf|1 Wkh vpdoohu |rxu iruhfdvwlqj huuruv lq hdfk shulrg/
wkh kljkhu |rxu wrwdo hduqlqjv1

Lqirupdwlrq derxw wkh vwrfn pdunhw

Wkh vwrfn pdunhw sulfh R| lv ghwhuplqhg e| htxloleulxp ehwzhhq ghpdqg
dqg vxsso| ri vwrfnv1 Wkh vxsso| ri vwrfnv lv �{hg gxulqj wkh h{shulphqw1
Wkh ghpdqg iru vwrfnv lv pdlqo| ghwhuplqhg e| wkh djjuhjdwh ghpdqg ri S
gl�huhqw shqvlrq ixqgv dfwlyh lq wkh vwrfn pdunhw1 Wkh sulfh R| ri wkh vwrfnv
lv ghwhuplqhg e| pdunhw htxloleulxp/ wkdw lv/ wkh vwrfn pdunhw sulfh R| lq
shulrg | zloo eh wkh sulfh iru zklfk djjuhjdwh ghpdqg htxdov vxsso|1

Lqirupdwlrq derxw wkh lqyhvwphqw vwudwhjlhv ri wkh shqvlrq ixqgv

Wkh suhflvh lqyhvwphqw vwudwhj| ri wkh shqvlrq ixqg wkdw |rx duh dgylvlqj
dqg wkh lqyhvwphqw vwudwhjlhv ri wkh rwkhu shqvlrq ixqgv duh xqnqrzq1 Wkh
edqn dffrxqw ri wkh ulvn iuhh lqyhvwphqw sd|v d �{hg lqwhuhvw udwh ri DI shu
wlph shulrg1 Wkh kroghu ri wkh vwrfnv uhfhlyhv dq xqfhuwdlq glylghqg sd|phqw
lq hdfk wlph shulrg1 Wkhvh glylghqg sd|phqwv duh xqfhuwdlq krzhyhu dqg
ydu| ryhu wlph1 Hfrqrplf h{shuwv ri wkh shqvlrq ixqgv kdyh frpsxwhg wkdw
wkh dyhudjh glylghqg sd|phqwv duh � jxloghu shu wlph shulrg1 Wkh uhwxuq ri
wkh vwrfn pdunhw shu wlph shulrg lv xqfhuwdlq dqg ghshqgv xsrq +xqnqrzq,
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glylghqg sd|phqwv dv zhoo dv xsrq sulfh fkdqjhv ri wkh vwrfn1 Dv wkh �0
qdqfldo dgylvru ri d shqvlrq ixqg |rx duh qrw dvnhg wr iruhfdvw glylghqgv/
exw |rx duh rqo| dvnhg wr iruhfdvw wkh sulfh ri wkh vwrfn lq hdfk wlph shulrg1
Edvhg xsrq |rxu vwrfn pdunhw sulfh iruhfdvw/ |rxu shqvlrq ixqg zloo pdnh dq
rswlpdo lqyhvwphqw ghflvlrq1 Wkh kljkhu |rxu sulfh iruhfdvw wkh odujhu zloo
eh wkh iudfwlrq ri prqh| lqyhvwhg e| |rxu shqvlrq ixqg lq wkh vwrfn pdunhw/
vr wkh odujhu zloo eh wkhlu ghpdqg iru vwrfnv1

Iruhfdvwlqj wdvn ri wkh �qdqfldo dgylvru

Wkh rqo| wdvn ri wkh �qdqfldo dgylvruv lq wklv h{shulphqw lv wr iruhfdvw wkh
vwrfn pdunhw lqgh{ R| lq hdfk wlph shulrg dv dffxudwh dv srvvleoh1 Wkh sulfh
R| ri wkh vwrfn zloo dozd|v eh ehwzhhq f dqg �ff jxloghu1 Wkh vwrfn sulfh kdv
wr eh suhglfwhg wzr wlph shulrgv dkhdg1 Dw wkh ehjlqqlqj ri wkh h{shulphqw
ehjlqv/ |rx kdyh wr suhglfw wkh vwrfn sulfh lq wkh �uvw wzr shulrgv/ wkdw lv/
|rx kdyh wr jlyh suhglfwlrqv Re� dqg Re2 iru wlph shulrgv � dqg 21 Diwhu doo
sduwlflsdqwv kdyh jlyhq wkhlu suhglfwlrqv iru wkh �uvw wzr shulrgv/ wkh vwrfn
pdunhw sulfh R� lq wkh �uvw shulrg zloo eh uhyhdohg dqg edvhg xsrq |rxu
iruhfdvwlqj huuru R� � Re� |rxu hduqlqjv iru shulrg � zloo eh jlyhq1 Diwhu wkdw
|rx kdyh wr jlyh |rxu suhglfwlrq Re� iru wkh vwrfn pdunhw lqgh{ lq wkh wklug
shulrg1 Diwhu doo sduwlflsdqwv kdyh jlyhq wkhlu suhglfwlrqv iru shulrg �/ wkh
vwrfn pdunhw lqgh{ R2 lq wkh vhfrqg shulrg zloo eh uhyhdohg dqg/ edvhg xsrq
|rxu iruhfdvwlqj huuru R2 � Re2 |rxu hduqlqjv iru shulrg 2 zloo eh jlyhq1 Wklv
surfhvv frqwlqxhv iru D� wlph shulrgv1

Wr iruhfdvw wkh vwrfn sulfh R| lq shulrg |/ wkh dydlodeoh lqirupdwlrq wkxv
frqvlvwv ri

Vxppdu| ri lqirupdwlrq

� sdvw sulfhv xs wr shulrg |� 2 iR|32c R|32c � � � c R�j

� sdvw suhglfwlrqv xs wr shulrg |� � iRe|3�c R
e
|32c � � � c R

e
�j

� sdvw hduqlqjv xs wr shulrg |� 2

Hduqlqjv

Hduqlqjv zloo ghshqg xsrq iruhfdvwlqj dffxudf| rqo|1 Wkh ehwwhu |rx suhglfw
wkh vwrfn pdunhw sulfh lq hdfk shulrg/ wkh kljkhu |rxu djjuhjdwh hduqlqjv1

Hduqlqjv zloo eh dffruglqj wr wkh iroorzlqj hduqlqjv wdeoh1

E Hduqlqjv Wdeoh

Lqvhuw Sd|r� Wdeoh
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Sd|r� wdeoh

4633 srlqwv htxdo 4 jxloghu

huuru srlqwv huuru srlqwv huuru srlqwv huuru srlqwv huuru srlqwv
314 4633 418 4573 6 4394 717 :;9 81; 73;
3148 45<< 4188 4569 6138 4386 7178 ::8 81;8 6<5
315 45<< 419 4565 614 4378 718 :96 81< 6:9
3158 45<; 4198 455; 6148 436: 7188 :84 81<8 694
316 45<; 41: 4556 615 435; 719 :6< 9 678
3168 45<: 41:8 454< 6158 4353 7198 :59 9138 65<
317 45<9 41; 4547 616 4344 71: :47 914 646
3178 45<8 41;8 453< 6168 4335 71:8 :34 9148 5<:
318 45<6 41< 4537 617 <<6 71; 9;< 915 5;3
3188 45<5 41<8 44<< 6178 <;7 71;8 9:9 9158 597
319 45<3 5 44<7 618 <:8 71< 996 916 57:
3198 45;< 5138 44;< 6188 <99 71<8 983 9168 563
31: 45;: 514 44;6 619 <89 8 96: 917 546
31:8 45;8 5148 44:: 6198 <7: 8138 956 9178 4<9
31; 45;6 515 44:5 61: <6: 814 943 918 4:<
31;8 45;4 5158 4499 61:8 <5: 8148 8<9 9188 495
31< 45:< 516 4493 61; <4: 815 8;6 919 477
31<8 45:9 5168 4486 61;8 <3: 8158 89< 9198 45:
4 45:6 517 447: 61< ;<9 816 888 91: 43<

4138 45:4 5178 4474 61<8 ;;9 8168 874 91:8 <4
414 459; 519 4454 7 ;:9 817 859 91; :6
4148 4598 5198 4447 7138 ;98 8178 845 91;8 88
415 4595 51: 443: 714 ;87 818 7<: 91< 6:
4158 458< 51:8 43<< 7148 ;76 8188 7;6 91<8 4<
416 4588 51; 43<5 715 ;65 819 79; huuru � : 3
4168 4585 51;8 43;8 7158 ;54 8198 786
417 457; 51< 43:: 716 ;3< 81: 76;
4178 4577 51<8 439< 7168 :<; 81:8 756

F Hduqlqjv

Wkh h{shulphqw zdv frqgxfwhg lq wkh FUHHG oderudwru| ri wkh Xqlyhuvlw|
ri Dpvwhugdp lq Iheuxdul 5334 dqg frqvlvwhg ri S jurxsv ri S sduwlflsdqwv1

Wdeoh 7 jlyhv dyhudjhv dqg yduldqfhv ri wkh hduqlqjv lq srlqwv iru wkh wzr
gl�huhqw wuhdwphqwv1 Wkh wdeoh dovr vsolwv wkh zkroh wlph lqwhuydo lq wzr
vxelqwhuydov +shulrgv �� 2D dqg shulrgv 2S� Df ED��,/ wr vhh li lw wkhuh lv d
ohduqlqj ru frruglqdwlrq h�hfw ryhu wlph1

Wdeoh 8 jlyhv lqglylgxdo hduqlqjv ri sduwlflsdqwv lq wkh gl�huhqw jurxsv1
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Hduqlqjv dyhudjh vw1ghy1

4083 +84, 46;48 :39:
4058 <77; 98;8

59083 +84, 769: 5669

Wdeoh 7= Djjuhjdwh hduqlqjv

Lqglylgxdo Hduqlqjv
lq Gxwfk jxloghuv

jurxs sduw1 sduw1 sduw1 sduw1 sduw1 sduw1 vdpsoh vdpsoh
4 5 6 7 8 9 dyhudjh yduldqfh

jurxs 4 <1;6 44187 471:7 45178 46199 :137 44187 5187
jurxs 5 ;188 ;1<4 ;179 <197 ;1<3 <1:: <137 3183
jurxs 6 5514: 4<1:6 53185 581<9 4;17; 5313< 54149 5174
jurxs 7 61<4 7194 <15: 71:5 8133 8133 8175 41:9
jurxs 8 4418< 471;; ;18: 471;3 491;8 481:5 461:6 51;4
jurxs 9 71<7 <1:< 441<; <188 9186 43175 ;1;: 5173

Wdeoh 8= Lqglylgxdo hduqlqjv
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