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Devwudfw

Wklv sdshu h{dplqhv wkh ghflvlrq wr fuhdwh eduulhuv wr duelwudjh iru d

�up vhoolqj rq wzr qdwlrqdo pdunhwv1 Vxqn frvwv ri pdunhw vhjphqwdwlrq0

lpso| wkdw wkh rswlrq wr vhjphqw pdunhwv lv pruh ydoxdeoh wkh juhdwhu

wkh yduldelolw| ri sxufkdvlqj srzhu ehwzhhq pdunhwv1 Rqh uhvxow lv wkdw

d prqhwdu| xqlrq pd| ohdg wr pdunhw lqwhjudwlrq zkhq d �{hg h{fkdqjh

udwh glg qrw1 H{whqvlrqv h{dplqh k|vwhulvlv/ wudqvsruw frvwv dqg jhqhudo

htxloleulxp prgholqj1

Nh|zrugv= H{fkdqjh udwh sdvv0wurxjk/ odz ri rqh sulfh/ HPX/ sulfh

glvfulplqdwlrq/ uhdo rswlrqv1

MHO= I46/ I48/ I74/ O731

4 Lqwurgxfwlrq

Zk| grhv duelwudjh h{huw vr zhdn htxdol}lqj suhvvxuh rq sulfhv dfurvv qdwlrqdo
erughuvB Odujh ghyldwlrqv iurp wkh odz ri rqh sulfh +ORS, iru wudghg jrrgv
duh shuydvlyh dqg pdq| �upv duh deoh wr uhdfw wr h{fkdqjh udwh yduldelolw| e|
�Sulflqj0wr0pdunhw�/ vwdelol}lqj sulfhv lq wkh frqvxphu*v fxuuhqf| +vhh Hqjho
dqg Urjhuv/ 4<<9/ 4<<< dqg Jrogehuj dqg Nqhwwhu/ 4<<:,1 Xqghuvwdqglqj wkh
eduulhuv wkdw vhjphqw pdunhwv lv fhqwudo wr d odujh qxpehu ri lvvxhv rq lqwhu0
qdwlrqdo hfrqrplfv 0 iru suhglfwlqj wkh sulfh h�hfwv ri lqvwlwxwlrqdo fkdqjhv/ iru
h{sodlqlqj wkh kljk fruuhodwlrq ehwzhhq uhdo dqg qrplqdo h{fkdqjh udwhv +vhh
Hqjho/ 4<<<, dqg iru wkh vwxg| ri wudgh xqghu lpshuihfw frpshwlwlrq +pdunhw

WL wkdqn Pdufxv Dvsoxqg/ Ndm Pduwhqvhq/ Plfkdho Prruh/ dqg vhplqdu sduwlflsdqwv dw XF

Ehunhoh|/ XF Gdylv/ Xqlyhuvlw| ri Ruhjrq dqg wkh Vwrfnkrop Vfkrro ri Hfrqrplfv iru ydoxdeoh
frpphqwv dqg glvfxvvlrqv1 Ilqdqfldo vxssruw iurp Wkh Zdoodqghu dqg Khgholxv Irxqgdwlrq
dqg wkh Vzhglvk Frpshwlwlrq Dxwkrulw| lv judwhixoo| dfnqrzohgjhg1

_Vwrfnkrop Vfkrro ri Hfrqrplfv/ SR Er{ 9834/ VH0446 ;6 Vwrfnkrop Vzh0
ghq1 H0pdlo= qhuiCkkv1vh1 Skrqh= .790;0:69 <333/ id{= .790;064 653:1 Xuo=
kwws=22zzz1kkv1vh2shuvrqdo2iulehuj1
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vhjphqwdwlrq lv d nh| dvvxpswlrq lq iru lqvwdqfh Eudqghu dqg Nuxjpdq/ 4<;6
dqg pxfk vxevhtxhqw zrun,1

Rqh sdwk wr wu| xqghuvwdqglqj zk| wkh erughu pdwwhuv vr pxfk iru sulfhv
lv wr wkhruhwlfdoo| prgho dqg hpslulfdoo| vwxg| ydulrxv iulfwlrqv wkdw vhjphqw
pdunhwv 0 gl�huhqw fxowxuhv/ odqjxdjhv/ gl!fxowlhv lq hqiruflqj frqwudfwv dqg lq0
irupdwlrqdo dv|pphwulhv duh exw vrph slfnlqjv iurp d yhu| orqj olvw ri srwhqwldo
iulfwlrqv1

Wklv sdshu h{soruhv dqrwkhu sdwk1 Zh h{dplqh wkh ghflvlrq wr fuhdwh iulf0
wlrqv1 Wr d frqvlghudeoh ghjuhh wkh phfkdqlvpv zklfk vhjphqw pdunhwv duh
lq xhqfhg e| �upv* rzq ghflvlrqv dqg wkh phfkdqlvpv duh olnho| wr eh frvwo| wr
hvwdeolvk dqg pdlqwdlq1 E| lwv frqwuro ri glvwulexwlrq/ pdunhwlqj dqg surgxfw
ghvljq d �up pd| lqfuhdvh wkh sulfh gl�huhqwldo qhhghg wr pdnh duelwudjh dw0
wudfwlyh1 Ydulrxv irupv ri yhuwlfdo frqvwudlqwv/ kdylqj gl�huhqw eudqg qdphv lq
gl�huhqw orfdwlrqv dqg exqgolqj zlwk qrq0wudghg jrrgv duh h{dpsohv ri sudfwlfhv
wkdw idflolwdwh +wklug ghjuhh, sulfh glvfulplqdwlrq14 Wkhvh duh doo phfkdqlvpv
wkdw duh olnho| wr eh dvvrfldwhg zlwk vrph frvwv iru wkh �up15 Lq d rqh sh0
ulrg sureohp wkh �up zloo fkrrvh wr vhjphqw pdunhwv li wkh jdlq lq sur�w iurp
vhjphqwlqj rxwzhljkv wkh frvw1 Ixuwkhupruh/ wkhuh lv d vwurqj  dyru ri luuh0
yhuvlelolw| dvvrfldwhg zlwk pdq| ri wkh phfkdqlvpv dqg lw lv riwhq uhdolvwlf wr
wklqn ri wkh frvwv iru wkhvh klqghuv wr duelwudjh dv vxqn1 Iru h{dpsoh dvvxph
wkdw d �up kdv exlow d vhsdudwh eudqg qdph lq d frxqwu| 0 wkh uhvrxufhv gh0
yrwhg wr wklv duh w|slfdoo| qrw uhfrxsdeoh vkrxog lw ghflgh wr lqwhjudwh dqg xvh
wkh vdph eudqg qdph dv lq rwkhu frxqwulhv1 E| vhjphqwlqj wrgd| wkh �up wkhq
ex|v dq rswlrq wr vhjphqw wrpruurz dw d orzhu frvw 0 dq rswlrq wkdw lqfuhdvhv
wkh ydoxh ri vhjphqwlqj wrgd|1

Rqh prwlydwlrq iru wklv sdshu lv wr h{soruh li gl�huhqw fxuuhqflhv fdq frq0
wulexwh wr rxu xqghuvwdqglqj ri iulfwlrqv wkdw vhjphqw pdunhwv1 Wzr w|shv
ri phfkdqlvpv kdyh ehhq glvfxvvhg suhylrxvo|= Iluvwo|/ hyhq li ORS khog rq
dyhudjh/ vwlfn| sulfhv dqg yrodwloh h{fkdqjh udwhv zrxog fuhdwh wkh kljkhu ydul0
delolw| ri uhodwlyh sulfhv dfurvv erughuv grfxphqwhg e| Hqjho dqg Urjhuv +4<<9/
4<<<,1 Vhfrqgo|/ lw lv fodlphg e| pdq| wkdw li sulfhv duh h{suhvvhg lq wkh vdph
fxuuhqf|/ lqfuhdvhg sulfh wudqvsduhqf| irufhv ORS wr krog wr d pxfk juhdwhu h{0
whqw1 Lqghhg/ dq h{solflw sxusrvh ri wkh Hfrqrplf dqg Prqhwdu| Xqlrq +HPX,
lq Hxursh lv wr lqfuhdvh pdunhw lqwhjudwlrq1 Lq wklv sdshu zh suhvhqw dqrwkhu
phfkdqlvp e| zklfk d prqhwdu| xqlrq zrxog lpso| juhdwhu pdunhw lqwhjudwlrq1
Wkh phfkdqlvp zrxog qrw eh lqfuhdvhg sulfh wudqvsduhqf|/ exw wkh yhu| orz
suredelolw| ri ixwxuh h{fkdqjh udwh yduldelolw|1 Wkh hvwlpdwhg kdoi0olyhv ri ghyl0
dwlrqv iurp sxufkdvlqj srzhu sdulw| duh w|slfdoo| rq wkh pdjqlwxgh ri vhyhudo
|hduv +vhh iru lqvwdqfh Urjr�/ 4<<9, dqg pdq| ri wkh  xfwxdwlrqv lq sxufkdvlqj

4Jrxog +4<::, dqdo|}hv sulfh glvfulplqdwlrq dv d prwlydwlrq iru yhuwlfdo frqwuro1 Lq dq
lqwhuqdwlrqdo frqwh{w Kruq dqg Vk| +4<<9, dqdo|}h exqgolqj ri wudghg jrrgv zlwk qrq0wudghg
jrrgv dqg uhvxowlqj ghyldwlrqv iurp ORS1 Vrphzkdw uhodwhg lv dovr Pdoxhj dqg Vfkzduw}
+4<<7, zkr dqdo|}h zhoiduh h�hfwv ri pdunhw vhjphqwdwlrq dqg duelwudjh1

5 Lq dgglwlrq wr wkh gluhfw h�hfwv rq frvwv iurp wkh deryh phdvxuhv +iru lqvwdqfh e| iruh0
jrlqj hfrqrplhv ri vfdoh lq pdunhwlqj, wkhuh lv riwhq d ulvn ri lqwhuyhqwlrq e| frpshwlwlyh
dxwkrulwlhv +vhh iru lqvwdqfh Vfkhuhu dqg Urvv/ 4<<3/ iru d glvfxvvlrq rq wkh ohjdo srvlwlrq rq
sulfh glvfulplqdwlrq,1
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srzhu duh dvvrfldwhg zlwk qrplqdo h{fkdqjh udwh  xfwxdwlrqv1 Wkh nh| lqvljkw
lv wkdw li wkhuh duh ohvv  xfwxdwlrqv lq sxufkdvlqj srzhu ehwzhhq wzr vlplodu
pdunhwv/ wkh ehqh�wv ri pdunhw vhjphqwdwlrq zloo eh orzhu16

Wkh uhdvrqlqj fdq eh dssolhg wr pdq| vlwxdwlrqv zkhuh d �up frqwhpsodwhv
wklug ghjuhh sulfh glvfulplqdwlrq zlwk +srwhqwldo iru,  xfwxdwlrqv lq wkh vhqvl0
wlylw| ri ghpdqg ehwzhhq jurxsv ri frqvxphuv1 Wkh phfkdqlvpv lq wkh fxuuhqw
sdshu iru lqvwdqfh lpso| wkdw wkhuh lv dq rswlrq ydoxh dvvrfldwhg zlwk pdu0
nhw vhjphqwdwlrq dv orqj dv vdohv wd{hv fdq gl�hu ehwzhhq orfdwlrqv1 Jlyhq
wkh yhu| kljk yrodwlolw| ri uhdo dqg qrplqdo h{fkdqjh udwhv lq frpsdulvrq zlwk
rwkhu ghpdqg vkliwhuv lw lv qhyhuwkhohvv wkh shukdsv prvw qdwxudo vhwwlqj iru wkh
dqdo|vlv1

Forvh lq vslulw wr wkh dqdo|vlv duh Edogzlq +4<;;,/ Edogzlq dqg Nuxjpdq
+4<;<, dqg Gl{lw +4<;<, zkr ylhz wkh ghflvlrq wr eh suhvhqw rq d iruhljq pdunhw
dv d vxqn frvw exw ljqruh wkh Krph pdunhw17 Uhodwhg lv dovr Euroo dqg Hfnzhuw
+4<<<, zkr vkrz wkdw iru d sulfh wdnlqj �up dfwlyh rq wzr vhjphqwhg pdunhwv
lqfuhdvlqj h{fkdqjh udwh yrodwlolw| lqfuhdvhv wkh ydoxh ri wkh rswlrq wr h{sruw1

Wkh qh{w vhfwlrq suhvhqwv wkh prgho1 Zh surfhhg zlwk dq looxvwudwlrq xvlqj
vlpsoh ixqfwlrqdo irupv ehiruh wdfnolqj wkh lvvxh ri zkhwkhu wr vhjphqw pdunhwv
ru qrw1 Wkh �qdo Vhfwlrq h{whqgv wkh dqdo|vlv dqg glvfxvvhv k|vwhulvlv/ wudqvsruw
frvwv dqg jhqhudo htxloleulxp lpsolfdwlrqv1

5 Wkh prgho

H{dplqh wkh pd{lpl}dwlrq sureohp idflqj d �up zklfk surgxfhv d jrrg zklfk
lw vhoov rq wzr pdunhwv zklfk zh fdoo Krph dqg Iruhljq1 Ohw wkhuh eh wzr shulrgv
l @ 4> 51 Hdfk shulrg kdv wkh iroorzlqj vhtxhqfh ri hyhqwv= �uvw wkh h{fkdqjh
udwh/ h> iru shulrg l lv revhuyhg/ wkh �up wkhq ghflghv zkhwkhu wr vhsdudwh ru
lqwhjudwh pdunhwv lq shulrg l/ vhwv sulfh+v, iru shulrg l/ dqg shulrg l sur�wv duh
uhdol}hg1 Ohw h ghqrwh wkh xqlwv ri wkh �up*v krph fxuuhqf| qhhghg wr ex| rqh
xqlw ri wkh Iruhljq fxuuhqf|1 Wkh h{fkdqjh udwh lq shulrg 5/ h5> lv dvvxphg wr
eh d udqgrp yduldeoh zlwk d frqwlqxrxv suredelolw| ghqvlw| ixqfwlrq i+h5,1

Li pdunhwv duh vhjphqwhg/ rshudwlqj sur�wv duh jlyhq e| � dqg li pdunhwv
duh lqwhjudwhg rshudwlqj sur�wv duh jlyhq e| �= Zh dvvxph wkdw li pdunhwv duh
vhjphqwhg/ ghpdqg lq hdfk orfdwlrq lv lqghshqghqw ri sulfh lq wkh rwkhu orfdwlrq

6Jrogehuj dqg Yhueryhq +4<<;, vkrz zlgh sulfh gl�huhqfhv +xs wr 63 shufhqw, ehwzhhq �yh
Hxurshdq fdu pdunhwv ehwzhhq 4<;3 dqg 4<<61 Lq nhhslqj zlwk wkh fodlp lq wklv sdshu wkh|
qrwh wkdw +s15, fdu pdqxidfwxuhuv dfwlyho| vhhn wr nhhs Hxurshdq pdunhwv jhrjudsklfdoo| vhj0
phqwhg e| iru lqvwdqfh pdlqwdlqlqj wkh vhohfwlylw| ri wkh glvwulexwlrq v|vwhp1 H{fkdqjh udwh
 xfwxdwlrqv kdyh ehhq lpsruwdqw lq gulylqj wkh sulfh gl�huhqwldov1 Lq 4<<3 Xqlwhg Nlqjgrp
dqg Lwdo| zhuh wkh prvw h{shqvlyh +suh0wd{ khgrqlf sulfhv, frxqwulhv dqg e| 4<<9 wkh| zhuh
wkh fkhdshvw 0 �wkh pdmru h{fkdqjh udwh uhdoljqphqwv vhhp wr kdyh sod|hg dq lpsruwdqw uroh
lq wklv uhyhuvdo� +s1 8,1 Wkh h{fkdqjh udwh wkxv dsshduv wr sod| dq lpsruwdqw uroh lq d vwru|
ri sulfh glvfulplqdwlrq rq Hxurshdq fdu pdunhwv/ dqg wkhuhiruh iru wkh lqfhqwlyhv wr vhjphqw
pdunhwv1

7Wkh| irfxv rq k|vwhulvlv lq sulfhv dqg wkh h{fkdqjh udwh1 Vlqfh odujh h{fkdqjh udwh fkdqjhv
lqgxfh hqwu| dqg h{lw ri �upv/ sulfhv dqg txdqwlwlhv zloo qrw uhwxuq wr suh0vkrfn ydoxhv mxvw
ehfdxvh wkh h{fkdqjh udwh uhwxuqv wr lwv ruljlqdo ydoxh1
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zkhuhdv xqghu lqwhjudwhg pdunhwv sulfh lv vhw vr wkdw ORS krogv1 Ghpdqg lq
hdfk orfdwlrq ghshqgv rq wkh sulfh ri wkh �up*v surgxfw lq wkdw orfdwlrq +s
dqg s� uhvshfwlyho|, dqg rq wkh jhqhudo sulfh ohyho lq hdfk frxqwu|/ jlyhq e| S
dqg S�1 Dvvxph wkdw S@S� ydulhv ohvv wkdq shuihfwo| zlwk h> vxfk wkdw wkhuh
lv d srvlwlyh fruuhodwlrq ehwzhhq uhdo dqg qrplqdo h{fkdqjh udwhv1 Frvwv ri
surgxfwlrq duh jlyhq e| F+t> t�, zkhuh t dqg t� duh txdqwlwlhv vrog lq Krph
dqg Iruhljq/ uhvshfwlyho|= Wkh shu shulrg sur�w pd{lpl}dwlrq sureohpv duh
jlyhq e| +wlph lqgh{ vxssuhvvhg,=

� � pd{
s>s�

st+s> S , . hs�t�+s�> S �,� F+t> t�, +4,

� � pd{
s>s�

st+s> S , . hs�t�+s�> S �,� F+t> t�, v1w1 s @ hs�

Rqo| yhu| zhdn dvvxpswlrqv duh qhhghg rq wkh sur�w ixqfwlrq wr hvwdeolvk uhvxowv
+zh dvvxph wkdw rshudwlqj sur�wv duh kljkhu xqghu sulfh glvfulplqdwlrq wkdq
zlwkrxw dqg wkdw wkh orvv ri qrw ehlqj deoh wr sulfh glvfulplqdwh lv lqfuhdvlqj
lq wkh gl�huhqfh lq sxufkdvlqj srzhu ehwzhhq jurxsv,18

Dvvxpswlrqv D= l, Lq hdfk shulrg wkhuh lv d xqltxh h{fkdqjh udwh zklfk

plqlpl}hv �� �> ghqrwhg hplq= ll, 4 A
g+���,
gmh�hplqm

A 3=

Iru vlpsolflw| ohw wkh glvfrxqw udwh htxdo 41 Wkh �up idfhv d ghflvlrq ri
zkhwkhu wr vhjphqw wkh wzr qdwlrqdo pdunhwv1 Dvvxph wkdw vhjphqwlqj pdunhwv
lv dvvrfldwhg zlwk d frvw P li pdunhwv zhuh vhjphqwhg lq wkh odvw shulrg dqg d
frvw Q rwkhuzlvh/ zlwk Q AP 1

Zh zloo frqvlghu wkh ghflvlrq sureohp idfhg e| d �up dw wkh ehjlqqlqj
ri shulrg 4 zklfk hqwhuv wkdw shulrg zlwk vhjphqwhg pdunhwv1 Wkh �up zloo
vhjphqw lq shulrg 4 li wkh jdlq iurp vhjphqwlqj lv kljkhu wkdq wkh jdlq iurp
lqwhjudwlqj1 Iluvw zh wxuq wr d vlpsoh h{dpsoh wr hvwdeolvk vrph lqwxlwlrq1

6 Dq looxvwudwlrq

Dvvxph wkhuh duh frqvwdqw pdujlqdo frvwv ri surgxfwlrq +f, dqg wkdw wkh �up
idfhv ghpdqg wkdw lv olqhdu lq sulfh lq hdfk frxqwu| +4� s, dqg +d� s�, uhvshf0
wlyho|/ zkhuh d ghqrwhv wkh lqwhufhsw ri wkh Iruhljq ghpdqg fxuyh1 Dvvxph wkdw
h4 @ H^h5` @ 4= Wkh olqhdu fdvh lv dwwudfwlyh qrw rqo| ehfdxvh lw |lhogv wudqv0
sduhqw h{suhvvlrqv/ exw dovr ehfdxvh wkh suhglfwlrqv iurp wklv vlpsoh prgho
pdwfkhv revhuyhg sdvv0wkurxjk ehkdylru zhoo19 Zh �uvw h{dplqh wkh shu shulrg

8Wkh dvvxpswlrqv duh lpsolhg e| wkh OhFkdwholhu sulqflsoh 0 lq wkh zrugv ri Gl{lw +4<<3/
s1 446, 0 �wkh ihzhu yduldeohv duh khog �{hg/ wkh pruh frqyh{ vkrxog wkh pd{lpxp ydoxh
ixqfwlrq eh�1 Sur�wv zkhuh wkh uhodwlyh sulfh lv iuhh wr ydu| vkrxog wkxv eh pruh frqyh{ wkdq
sur�wv zkhuh wkh uhodwlyh sulfh R

eR�
' �� Wkxv/ dvvxpswlrq D zloo krog xqghu vrph uhjxodulw|

frqglwlrqv/ zh kdyh qrw sxuvxhg wkh h{dfw qdwxuh ri wkrvh uhjxodulw| frqglwlrqv +vhh Plojurp
dqg Urehuwv/ 4<<9 ru Urehuwv/ 4<<</ iru d glvfxvvlrq ri vxfk frqglwlrqv,1 Lpsruwdqwo| zh
pdnh qr dvvxpswlrqv dv wr frpshwlwlyh vwuxfwxuh +h{fhsw wkdw wkh gl�huhqfh lq sur�wv vkrxog
eh gl�huhqwldeoh/ dqg wkhuhe| frqwlqxrxv,1

9Sdvv0wkurxjk ri dq h{fkdqjh udwh fkdqjh rqwr lpsruw sulfhv htxdov rqh kdoi lq wklv prgho/
dq hvwlpdwh wkdw lv forvh wr wkh phgldq hvwlpdwh ri sdvv0wkurxjk rq vklsphqwv wr wkh XV
+Jrogehuj dqg Nqhwwhu/ 4<<:,1
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sur�w pd{lpl}dwlrq ehiruh surfhhglqj wr wkh pdunhw vhjphqwdwlrq ghflvlrq1

614 Vhjphqwhg pdunhwv

Lq hdfk shulrg wkh pd{lpl}dwlrq sureohp zlwk uhvshfw wr sulfhv xqghu vhjphqwhg
pdunhwv lv jlyhq e|

pd{
s>s�

+s� f, +4� s, . +hs� � f, +d� s�,

Vroylqj iru wkh rswlpdo sulfhv |lhogv

s @
4 . f

5
+5,

s� @
d. f@h

5
+6,

Zkhq d @ h @ 4 wkh rswlpdo sulfh zloo eh wkh vdph rq erwk pdunhwv/ rwkhuzlvh
wkh| gl�hu1 Wkh sur�wv iurp vdohv dw wkh rswlpdo sulfhv duh jlyhq e|

� @
+4� f,5

7
.
h +d� f@h,5

7

Iljxuh 4 looxvwudwhv wkh h�hfw rq sulfh dqg sur�wv ri d ghsuhfldwlrq ri wkh Krph
fxuuhqf| +d pryh lq h wr h3,1 Vlqfh pdujlqdo frvwv duh frqvwdqw dqg pdunhwv duh
vhjphqwhg wkh rswlpdo sulfh rq wkh Krph pdunhw lv xqd�hfwhg e| wkh ghsuhfld0
wlrq1 Rq wkh Iruhljq pdunhw wkh ghsuhfldwlrq lv htxlydohqw wr d ghfuhdvh lq wkh
pdujlqdo frvwv iru wkh �up dqg wklv lqgxfhv d ghfuhdvh lq wkh iruhljq fxuuhqf|
sulfh ri wkh jrrg1 Iruhljq fxuuhqf| hduqlqjv lqfuhdvh e| wkh duhd pdunhg zlwk
gldjrqdo olqhv dqg ghfuhdvh e| wkh duhd pdunhg zlwk yhuwlfdo olqhv 0 lpso|lqj dq
lqfuhdvh lq sur�wv1

Iljxuh 4 derxw khuh

615 Lqwhjudwhg pdunhwv

Zkhq pdunhwv duh lqwhjudwhg wkh pd{lpl}dwlrq sureohp lv jlyhq e| +xvlqj s wr
ghqrwh wkh sulfh,

pd{
s

+s� f, +4� s, . +s� f, +d� s@h,

|lhoglqj wkh rswlpdo sulfh

s @
+4 . d,

5

h

4 . h
.
f

5

dqg sur�wv

� @

�
+4 . d,h

5+4 . h,
�

f

5

��
4 . d

5
�

f+4 . h,

h

�
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Wkh h�hfw ri qrw ehlqj deoh wr vhjphqw pdunhwv lv wkdw wkh rswlpdo sulfh iru wkh
lqwhjudwhg pdunhwv zloo qrw eh rswlpdo iru dq| rqh ri wkh pdunhwv lqglylgxdoo|1
D ghsuhfldwlrq ri wkh krph fxuuhqf| vwloo |lhogv dq lqfuhdvh lq sur�wv/ exw wkh
srvlwlyh h�hfw lv whpshuhg e| wkdw wkh rswlpdo sulfh zloo eh �wrr kljk� rq wkh
krph pdunhw dqg �wrr orz� rq wkh iruhljq pdunhw frpsduhg wr zkdw zrxog
kdyh ehhq wkh fdvh xqghu vhsdudwhg pdunhwv1

616 Pdunhw vhjphqwdwlrq

Wr h{dplqh wkh fkrlfh ri zkhwkhu wr vhjphqw pdunhwv ehjlq e| �qglqj wkh
wkuhvkrog ydoxhv ri h5 dw zklfk d �up wkdw vhjphqwhg lq shulrg 4 zloo frqwlqxh
wr vhjphqw lq shulrg 51 Wkh �up zloo frqwlqxh wr vhjphqw li �+h5,��+h5, �P
ru vshfl�fdoo| li

�+h5,� �+h5, @
4

7+4 . h5,
+4 . h5d+h5d� 5,, �P +7,

Uhzulwh +7, dv d txdgudwlf htxdwlrq lq h5 dqg vroyh iru wkh wzr urrwv dw
zklfk +7, krogv zlwk htxdolw| wr hvwdeolvk wkh wzr wkuhvkrogv

h
p

@ 4@d. 5P � 5
s
d5@7� 4@7 .P+5 .P,

hp @ 4@d. 5P . 5
s
d5@7� 4@7 .P+5 .P,

zkhuh fohduo| hp A h
p
= Lq wkh vdph pdqqhu zh fdofxodwh wkh fulwlfdo ydoxhv ri

wkh h{fkdqjh udwh dw zklfk d �up zklfk glg qrw vhjphqw lq shulrg 4 zloo fkrrvh
wr vhjphqw lq shulrg 5/ wkh wzr ohyhov ri h5 zkhuh �+h5,� �+h5, @ Q 1 Iljxuh
5 looxvwudwhv wkh fdvh zkhuh d @ 4=5> P @ 3=35 dqg Q @ 3=36 dqg f @ 3=41

Iljxuh 5 derxw khuh
Zkhq h5 @ 4 wkh pdunhwv duh lq wklv fdvh vlplodu hqrxjk wkdw wkh �up

fkrrvhv qrw wr vhjphqw wkhp1 Wkh Krph pdunhw lv vpdoohu wkdq wkh Iruhljq
dqg wkh rswlpdo sulfh rq wkh Krph pdunhw lv orzhu wkdq wkh rswlpdo sulfh rq
wkh Iruhljq pdunhw zkhq h @ 41 Dq dssuhfldwlrq ri wkh Krph h{fkdqjh udwh
lqfuhdvhv wkh sxufkdvlqj srzhu ri Krph pdunhw uhodwlyh wr wkh Iruhljq/ dqg iru
d vx!flhqwo| dssuhfldwhg h{fkdqjh udwh wkhuh lv qr gl�huhqfh lq sur�wv ehwzhhq
wkh lqwhjudwhg dqg vhjphqwhg pdunhwv fdvhv1 Dv h dssuhfldwhv hyhq pruh sulfhv
djdlq glyhujh/ wkh rswlpdo sulfh rq wkh krph pdunhw lv qrz juhdwhu wkdq sulfh
rq wkh iruhljq pdunhw1 Zh vhh wkdw �� � lv frqyh{ lq h> wkh iduwkhu iurp wkh
plqlpxp gl�huhqfh wkdw h lv/ wkh juhdwhu lv wkh gl�huhqfh lq rshudwlqj sur�wv
ehwzhhq vhjphqwhg dqg lqwhjudwhg pdunhwv1 Wklv hqvxuhv wkdw wkhuh duh rqo|
wzr ydoxhv zkhuh wkh gl�huhqfh lq sur�wv htxdov P dqg rqo| wzr zkhuh lw htxdov
Q 1

Iru shulrg 5 ohyhov ri wkh h{fkdqjh udwh ehwzhhq h
p

dqg hp wkh �up zloo
lqwhjudwh pdunhwv vlqfh wkh gl�huhqfh lq rshudwlqj sur�wv ehwzhhq lqwhjudwhg
dqg vhjphqwhg pdunhwv lv wrr vpdoo wr prwlydwh vhjphqwdwlrq1 Iru hp ? h5 ?
hq d �up wkdw vhjphqwhg lq shulrg 4 zloo frqwlqxh wr gr vr dqg jdlq kljkhu sur�wv
wkdq d �up wkdw lqwhjudwhg lq shulrg 4 +zklfk zloo frqwlqxh wr lqwhjudwh vlqfh
Q A P,1 Li wkh h{fkdqjh udwh lv pruh ghsuhfldwhg wkdq hq d �up zloo vhjphqw

9



qr pdwwhu zkdw lw glg lq shulrg 4/ exw wkh frvw ri grlqj vr zloo ghshqg rq lwv
klvwru|1 Vr wkh ghflvlrq lq shulrg 4/ ri zkhwkhu wr lqwhjudwh pdunhwv ru qrw/ zloo
klqjh rq wkh suredelolwlhv ri zkhuh wkh shulrg 5 h{fkdqjh udwh zloo eh lq uhodwlrq
wr wkh wkuhvkrogv1 Li wkh h{fkdqjh udwh suredelolw| ixqfwlrq kdv vx!flhqw pdvv
lq wkh wdlov lw zloo sd| wr vhjphqw pdunhwv lq shulrg 41 Zh h{dplqh wklv lghd
irupdoo| lq wkh qh{w vhfwlrq lq wkh jhqhudo vhwwlqj1

7 Wkh ghflvlrq wr vhjphqw pdunhwv

714 Shulrg 5

Dv lq wkh Looxvwudwlrq wkh �uvw vwhs lq wkh dqdo|vlv lv wr �qg wkh wkuhvkrog ydo0
xhv lq shulrg 5 dw zklfk wkh �up zloo glvfrqwlqxh vhjphqwlqj pdunhwv dqg wkh
wkuhvkrogv dw zklfk lw zloo frpphqfh pdunhw vhjphqwdwlrq1 Lq shulrg 5 d �up
wkdw vhjphqwhg pdunhwv lq shulrg 4 zloo fkrrvh wr frqwlqxh vhjphqwlqj li

�+h5,�P � �+h5, +8,

Dvvxpswlrq D dvvxuhv wkdw +8, |lhogv wzr wkuhvkrogv/ hp dqg h
p

zlwk hp A
h
p
= Wr pdnh wkh dqdo|vlv lqwhuhvwlqj zh zdqw wkh h{fkdqjh udwh dw zklfk ���

uhdfkhv lwv plqlpxp wr eh vx!flhqwo| forvh wr wkh h{shfwhg h{fkdqjh udwh=
Dvvxpswlrq E= h

p
? H+h5, ? hp=

Vlploduo|

�+h5,�Q � �+h5,

|lhogv wzr wkuhvkrogv dw zklfk d �up wkdw lqwhjudwhg lq shulrg 4 zloo fkrrvh wr
vhjphqw lq shulrg 5/ hq dqg h

q
zkhuh hqA h

q
= Wkh udqnlqj ri wkh wkuhvkrogv lv

vxfk wkdw h
q
? h

p
? H+h5, ? hp ? hq=

715 Shulrg 4

Lq shulrg 4 wkh �up zloo nhhs vhjphqwlqj pdunhwv li wkh ehqh�w iurp vhjphqwlqj
h{fhhgv wkh ehqh�w ri lqwhjudwlqj/ wkdw lv li

�+h4,�P .

hp]

h
p

�+h5,i+h5,gh5 .

h
p]

3

^�+h5,�P ` i+h5,gh5 .

4]

hp

^�+h5,�P ` i+h5,gh5

� �+h4, .

hq]

h
q

�+h5,i+h5,gh5 .

h
q]

3

^�+h5,�Q ` i+h5,gh5 .

4]

hq

^�+h5,�Q ` i+h5,gh5 +9,

Wkh �uvw olqh ri +9, lv wkh ydoxh ri vhjphqwlqj pdunhwv lq shulrg 41 Shulrg 4
sur�wv duh wkhq jlyhq e| rshudwlqj sur�wv zkhq pdunhwv duh vhjphqwhg +�+h4,,
plqxv wkh frvw ri vhjphqwlqj pdunhwv/ P 1 Li wkh shulrg 5 h{fkdqjh udwh/ h5 olhv
ehwzhhq h

p
dqg hp wkh �up zloo lqwhjudwh lq shulrg 5 dqg jdlq sur�wv �+h5,1

:



Wklv lv wkh wklug whup1 Li h5 lv orzhu wkdq h
p

wkh �up zloo frqwlqxh vhjphqwlqj
pdunhwv jdlqlqj rshudwlqj sur�wv �+h5, dqg sd|lqj wkh frvw ri frqwlqxlqj wr
vhjphqw/P= Wklv lv wkh irxuwk whup/ wkh �iwk lv wkh htxlydohqw iru zkhq h5 A h

p
=

Wkh vhfrqg olqh lq Htxdwlrq +9, lv wkh ydoxh ri lqwhjudwlqj pdunhwv lq shulrg 41
Uhzulwlqj +9, hvwdeolvkhv

Sursrvlwlrq 4 Xqghu dvvxpswlrqv D dqg E wkh �up zloo vhjphqw pdunhwv lq

shulrg 4 li dqg rqo| li �P.+�+h4,� �+h4,,.+Q�P,

#
h
qU
3

i+h5,gh5 .
4U
hq

i+h5,gh5

$

.

h
pU
h
q

^+�+h5,� �+h5,,�P ` i+h5,gh5 .
hqU
hp

^+�+h5,� �+h5,,,�P ` i+h5,gh5 �

3=

Lw zloo eh sur�wdeoh iru wkh �up wr frqwlqxh vhjphqwlqj pdunhwv li wkh frvw
ri grlqj vr +P lq wkh �uvw shulrg, lv orzhu wkdq wkh jdlq1 Wkh jdlq frqvlvwv ri
wkh gl�huhqfh lq rshudwlqj sur�wv lq shulrg 4 +�+h4,� �+h4,, soxv wkh h{shfwhg
ydoxh ri hqwhulqj wkh qh{w shulrg zlwk vhjphqwhg pdunhwv1 Wkhuh duh wzr sduwv
wr wklv h{shfwhg ydoxh/ li h5 ? h

q
ru h5 A hq wkh �up zloo vhjphqw lq shulrg

5 qr pdwwhu zkdw lw glg lq shulrg 41 Wkh odujhu wkh gl�huhqfh ehwzhhq Q dqg
P wkh pruh lpsruwdqw zloo wklv whup eh1 Iru h{fkdqjh udwhv wkdw duh ehwzhhq
wkuhvkrogv/ h

q
? h5 ? h

p
+dqg frqyhuvho| iru d ghsuhfldwhg h{fkdqjh udwh,

wkh �up zloo rshudwh zlwk vhjphqwhg pdunhwv rqo| li lw vhjphqwhg lq shulrg 41
Doo whupv h{fhsw wkh �uvw duh qrq0qhjdwlyh dqg zloo eh srvlwlyh li vrph ri wkh
suredelolw| pdvv ri wkh h{fkdqjh udwh glvwulexwlrq idoov rxwvlgh wkh wkuhvkrogv1
Wklv ohdgv xv wr wkh iroorzlqj fruroodu|=

Fruroodu| 5 Li h5 lv fhuwdlq zlwk h
p

? h5 ? hp> wkh �up zloo vhjphqw lq

shulrg 4 li dqg rqo| li �P .�+h4,� �+h4, A 3= Ohwwlqj h5 eh udqgrp zlwk Su
^h ? h

p
` A 3 dqg2ru Su ^h A hp` A 3 lqfuhdvhv wkh ydoxh ri vhjphqwlqj lq shulrg

41

Yduldelolw| vwuhqjwkhqv wkh lqfhqwlyh iru vhjphqwlqj1 Iru d �up vxfk dv wklv

wkhuh lv d ixqgdphqwdo gl�huhqfh ehwzhhq d �{hg h{fkdqjh udwh dqg d prqhwdu|

xqlrq1 D �{hg h{fkdqjh udwh hqwdlov wkh srvvlelolw| ri ixwxuh h{fkdqjh udwh

fkdqjhv 0 pdnlqj wkh rswlrq wr vhjphqw dw d orzhu frvw ydoxdeoh1

Prvw vwduno| wkh lqwxlwlrq lv eurxjkw rxw li zh dvvxph wkdw �+h4,��+h4, @ 31
Iru vx!flhqwo| kljk suredelolw| ri ixwxuh h{fkdqjh udwh fkdqjhv wkh �up zloo

sd| wkh frvw ri vhjphqwlqj hyhq wkrxjk lw jdlqv qrwklqj lq fxuuhqw rshudwlqj

sur�wv iurp grlqj vr1 Pxfk ri wkh �uhdo rswlrqv� olwhudwxuh kdv irfxvhg rq wkh

htxlydohqw ri d fdoo rswlrq= lq rxu prgho wklv zrxog eh wkh w|sh ri vhwxs liP @ 3
dqg zh rqo| h{dplqh h{fkdqjh udwh fkdqjhv lq rqh gluhfwlrq1: Wkh �qdqfldo

rswlrq htxlydohqw wr rxu uhdo rswlrq lv zkdw lv srsxoduo| fdoohg d �vwudqjoh�= d

frpelqdwlrq ri dq rxw0ri0wkh0prqh| fdoo rswlrq dqg dq rxw0ri0wkh0prqh| sxw

rswlrq1 Lq dqdorj| zlwk wkh uhdo rswlrq lq wklv sdshu/ wkh orqj vwudqjoh zloo

:Vhh iru lqvwdqfh Gl{lw dqg Slqg|fn +4<<7,/ Odqghu dqg Slqfkhv +4<<;,1

;



eh ydoxdeoh zkhq wkh sulfh ri wkh xqghuo|lqj dvvhw pryhv vx!flhqwo| lq hlwkhu

gluhfwlrq1

Iru wkh sxusrvh ri wkh dqdo|vlv wdnh dv uhihuhqfh d �up iru zklfk wkh frq0

glwlrq lq Sursrvlwlrq 4 krogv zlwk htxdolw|1 Ghqrwh wkh gl�huhqfh lq sur�wv lq

shulrg 4 iru zklfk Htxdwlrq +9, krogv zlwk htxdolw| e| �fulw @ �+h4,��+h4, iru
d jlyhq glvwulexwlrq ri h5= Lw wxuqv rxw wr eh frqyhqlhqw wr fhqwhu d glvfxvvlrq
durxqg krz �fulw lv d�hfwhg e| fkdqjhv lq wkh xqghuo|lqj sdudphwhuv1

Fruroodu| 6 Wkh pruh zhljkw lq wkh wdlov ri wkh suredelolw| ghqvlw| ixqfwlrq iru

wkh h{fkdqjh udwh/ wkh orzhu lv �fulw

Surri1 Vhh dsshqgl{ D
Lqfuhdvlqj ulvn lqfuhdvhv wkh ydoxh ri vhjphqwlqj lq wkh �uvw shulrg1 Wkh txlwh

jhqhudo qdwxuh ri wkh Fruroodu| ghvhuyhv wr eh hpskdvl}hg1 Doo wkdw lv uhtxluhg
iru uhvxowv wr krog lv wkdw rshudwlqj sur�wv duh kljkhu xqghu sulfh glvfulplqdwlrq
wkdq zlwkrxw/ wkdw wkh pruh ghpdqg ri wkh jurxsv gl�hu/ wkh juhdwhu lv wkh
gl�huhqfh lq rshudwlqj sur�wv dqg wkdw sur�wv lq shulrg 5 duh d ghwhuplqlvwlf
ixqfwlrq ri wkh h{fkdqjh udwh1 Wkh �up grhv qrw nqrz wkh uhdol}dwlrq ri wkh
h{fkdqjh udwh lq shulrg 5/ lw nqrzv krzhyhu iru hyhu| srvvleoh uhdol}dwlrq zkdw
sur�wv lw zrxog dfklhyh 0 li wklv zhuh qrw wkh fdvh wkh wkuhvkrogv zrxog dovr eh
vwrfkdvwlf1

Lq wkh frqwh{w ri sulfh htxdol}dwlrq lq Hxursh lw vkrxog eh qrwhg wkdw d
frpprq fxuuhqf| frphv dw wkh vdph wlph dv rwkhu pryhv wr fuhdwh d frpprq
pdunhw duh wdnhq1 Kdughu hqirufhphqw ri frpshwlwlyh uxohv dqg holplqdwlrq ri
erughu frqwurov fdq eh vhhq dv pdnlqj wkh pdlqwhqdqfh frvw ri vhjphqwlqj odujhu
0 vrphwklqj wkdw dovr surprwhv pdunhw lqwhjudwlrq1;

Fruroodu| 7 �fulw lv lqfuhdvlqj lq P=

Surri1 vhh Dsshqgl{ E1
Wkhuh lv d wulyldo h�hfw vlqfh lqfuhdvlqjP lqfuhdvhv wkh frvw ri vhjphqwlqj lq

shulrg 41 Lq dgglwlrq wkh ydoxh ri hqwhulqj shulrg 5 zlwk vhjphqwhg pdunhwv lv
orzhu zkhq wkh frvw ri pdlqwdlqlqj vhjphqwdwlrq lv kljk1 Wkhuh duh wzr vrxufhv
ri wklv odwwhu h�hfw= �uvwo| wkh orzhu wkh gl�huhqfh ehwzhhq Q dqg P wkh ohvv
zloo lw eh zruwk wr vhjphqw dw d orzhu frvw +wkh wklug whup lq Sursrvlwlrq 4,1
Vhfrqgo|/ hp zloo ghfuhdvh dqg hp zloo lqfuhdvh zklfk wrjhwkhu zlwk kljkhu P
pdnh wkh odvw wzr whupv orzhu1

Krzhyhu/ lw vkrxog eh qrwhg wkdw phdvxuhv zklfk lqfuhdvh wkh pdlqwhqdqfh
frvw ri vhjphqwlqj duh olnho| wr lqfuhdvh wkh frvw ri vwduwlqj wr vhjphqw dv zhoo1
Wkh pruh lw frvwv wr vwduw vhjphqwlqj lq wkh ixwxuh/ wkh pruh zloo lw eh zruwk
wr frqwlqxh vhjphqwlqj lq shulrg 41

Fruroodu| 8 �fulw lv ghfuhdvlqj lq Q=

;Yronvzdjhq iru lqvwdqfh zhuh �qhg pruh wkdq 433 ploolrq Hfx lq 4<<: iru +wkuhdwv ri,
uhyrnlqj olfhqfhv ri Lwdoldq ghdohuv wkdw vrog wr Dxvwuldq ru Jhupdq fxvwrphuv1

<



Surri1 Jlyhq lq Dsshqgl{ F1

D frpshwlwlyh dxwkrulw| wkdw iru vrph uhdvrq zdqwhg wr lqfuhdvh pdunhw
lqwhjudwlrq zrxog wkhuhiruh vwulyh iru udlvlqj wkh pdlqwhqdqfh frvw ri vhjphqwlqj
dqg ghfuhdvlqj wkh frvw ri vwduwlqj wr vhjphqw 0 lq wkh olplwlqj fdvh zkhuh
Q @ P wkh rswlrq ydoxh ri vhjphqwlqj glvdsshduv +vlqfh vhjphqwlqj lq wklv
shulrg grhv qrw d�hfw wkh frvw ri vhjphqwlqj lq ixwxuh shulrgv,1 Wr doorz sulfh
glvfulplqdwlrq zkhq wkh uhdo h{fkdqjh udwh lv dw h{fhswlrqdo ohyhov frxog wkxv
eh d phdqv ri vwlpxodwlqj pdunhw lqwhjudwlrq lq pruh qrupdo wlphv1 Wkh dw
�uvw vrphzkdw frxqwhulqwxlwlyh fruroodu| wkdw d frpshwlwlyh dxwkrulw| zklfk
vwulyhv diwhu pdunhw lqwhjudwlrq vkrxog ghfuhdvh wkh frvwv ri vwduwlqj wr vhjphqw
pdunhwv/ lv sxw vrphzkdw lq shuvshfwlyh e| wkh iroorzlqj=

Fruroodu| 9 Zkhq erwk Q dqgP fkdqjh e| wkh vdph dprxqw/ �fulw lv lqfuhdv0

lqj/ dv orqj dv wkhuh lv vx!flhqwo| orz suredelolw| pdvv rq h5 5 ^hq3 > hq`> ^hq> hq3 `1

Surri1 Jlyhq lq Dsshqgl{ G1
Xqohvv wkhuh lv yhu| pxfk suredelolw| pdvv ehwzhhq wkh �rog� dqg �qhz�

wkuhvkrogv iru vwduwlqj vhjphqwdwlrq/ phdvxuhv wkdw pdnh vhjphqwdwlrq kdughu
zloo lqghhg ohdg d �up wr lqwhjudwh pdunhwv wkdw zrxog rwkhuzlvh kdyh vhj0
phqwhg1 Lq rwkhu zrugv/ udlvlqj wkh erwk wkh pdlqwhqdqfh dqg vwduw0xs frvwv ri
vhjphqwlqj surprwhv pdunhw lqwhjudwlrq1

8 H{whqvlrqv

814 K|vwhulvlv

Wkh dqdo|vlv vr idu kdv xvhg rqo| wzr shulrgv/ h{whqglqj wkh dqdo|vlv wr pruh
shulrgv grhv qrw fkdqjh wkh wkuxvw ri uhvxowv1 Suhylrxv dqdo|vlv ri vxqn frvwv lq
frqmxqfwlrq zlwk h{fkdqjh udwhv kdv irfxvhg rq k|vwhulvlv 0 ghshqghqw yduldeohv
wkdw gr qrw uhwxuq wr suh0vkrfn ydoxhv diwhu d odujh vkrfn1 Wkh  dyru ri wkdw
w|sh ri dqdo|vlv fdq eh vhhq e| d vlpsoh h{dpsoh zklfk iroorzv Edogzlq dqg
Nuxjpdq +4<;<, forvho|= Dvvxph wkdw wkh h{fkdqjh udwh iru shulrg w lv jlyhq
e| hw @ 4 . %w zlwk %w � Q+3> �5,=< Vlqfh wkh h{fkdqjh udwh lv frqvwdqw soxv
qrlvh/ h{shfwhg suhvhqw ydoxh ri wkh �up zloo eh frqvwdqw dqg rqo| ghshqghqw rq
zkhwkhu wkh �up vhjphqwhg lq wkh suhylrxv shulrg ru qrw1 Ghqrwh YL wkh ydoxh
ri kdylqj lqwhjudwhg pdunhwv dqg YV wkh ydoxh ri kdylqj vhjphqwhg pdunhwv dqg
ohw wkh glvfrxqw udwh eh jlyhq e| �= Wkh vdph qrwdwlrq dv suhylrxvo| lv xvhg +exw

<Wkh phdq uhyhuvlrq ri wkh +uhdo, h{fkdqjh udwh lv lpsruwdqw iru uhdolvp +wkh vwdqgdug
dvvxpswlrq lq wkh rswlrqv olwhudwxuh wkdw wkh xqghuo|lqj yduldeoh iroorzv d Eurzqldq prwlrq
zlwkrxw phdq uhyhuvlrq zrxog lpso| wkdw wkh uhodwlyh sxufkdvlqj srzhu frxog jurz zlwkrxw
erxqgv,1 Krzhyhu li zh zhuh wr prgho wkh h{fkdqjh udwh dv d phdq uhyhuwlqj Eurzqldq
prwlrq wklv zrxog lq doo olnho|krrg irufh wkh xvh ri vshfl�f ixqfwlrqdo irupv dqg uhvruwlqj wr
fdoleudwlrq +vhh Gl{lw dqg Slqg|fn/ 4<<7,1 Zh kdyh lqvwhdg rswhg iru dv vlpsoh d iudphzrun
dv srvvleoh1
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qrwh wkdw wkh wkuhvkrog ohyhov ri wkh h{fkdqjh udwh zloo eh gl�huhqw,1 Wkhq zh
kdyh

YL @

h
q]

3

^�+h,�Q . �YV ` i+h,gh.

4]

h
q

^�+h,�Q . �YV ` i+h,gh.

hq]

h
q

^�+h5, . �YL ` i+h,gh

YV @

h
p]

3

^�+h,�P . �YV ` i+h,gh.

4]

h
p

^�+h,�P . �YV ` i+h,gh

hp]

h
p

^�+h5, . �YL ` i+h,gh

Wkh wkuhvkrogv zkhuh wkh �up ghflghv wr frpphqfh vhjphqwlqj duh jlyhq e|
+irfxvlqj rq wkh fdvh zkhuh h A hplq> wkh dujxphqw lv dqdorjrxv iru h ? hplq,

�+hq,� �+hq,�Q . �YV @ �YL +:,

dqg wkh wkuhvkrogv iru frqwlqxlqj wr vhjphqw e|

�+hp,� �+hp,�P . �YV @ �YL +;,

Khuh wkh gl�huhqfh lq rshudwlqj sur�wv plqxv wkh frvw ri vhjphqwlqj/ soxv wkh
glvfrxqwhg ydoxh ri hqwhulqj wkh qh{w shulrg zlwk vhjphqwhg pdunhwv htxdov wkh
ydoxh ri hqwhulqj wkh qh{w shulrg zlwk lqwhjudwhg pdunhwv1 Frpelqlqj +:, dqg
+;, hvwdeolvkhv wkdw

�+hq,� �+hq,� +�+hp,� �+hp,, @ Q �P A 3

zklfk lpsolhv wkdw hq A hp vlqfh wkh gl�huhqfh lq rshudwlqj sur�wv lv lqfuhdvlqj
lq wkh ghyldwlrq ri h iurp hplq= Wkh ohyho ri wkh h{fkdqjh udwh zklfk ohdgv d �up
wr vwduw vhjphqwlqj pdunhwv lv pruh ghsuhfldwhg wkdq wkh ohyho vx!flhqw iru lw
wr frqwlqxh vhjphqwlqj1 Wkh lpsolfdwlrq lv wkdw wkh prgho h{klelwv k|vwhulvlv=
zkhwkhu wkh �up vhjphqwv ru qrw zloo ghshqg rq klvwru|1 Vd| d �up vwduwv zlwk
lqwhjudwhg pdunhwv dqg hw 5 ^hp> hq,1 Wkhq lq w . 4 lw lv vxemhfwhg wr d odujh
h{fkdqjh udwh vkrfn zklfk ohdgv lw wr vhjphqw/ li wkh h{fkdqjh udwh uhwxuqv vr
wkdw hw.5 @ hw lw zloo vhjphqw lq shulrg w.5 hyhq wkrxjk lw suhylrxvo| lqwhjudwhg
dw wkh vdph h{fkdqjh udwh1

815 Duelwudjh
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Wkh suhylrxv dqdo|vlv uhvwhg rq wkh dvvxpswlrq wkdw wkh ixuwkhu wkh h{fkdqjh
udwh ghyldwhg iurp hplq/ wkh juhdwhu zdv wkh jdlq ri vhjphqwlqj pdunhwv1 Wklv
lv d vlpsol�fdwlrq 0 wkh pruh sulfhv glyhujh/ wkh pruh frqvxphuv zloo hyhqwxdoo|
ex| lq wkh fkhdshu orfdwlrq1 Iru lqvwdqfh wkh vwurqj groodu ri wkh plg 4<;3v dqg
wkh uhvxowlqj sulfh gl�huhqwldov rq Hxurshdq fduv vsdunhg vxevwdqwldo sdudooho
lpsruwv1 D ixuwkhu vlpsol�fdwlrq zdv wr dvvxph wkdw xqghu lqwhjudwhg pdunhwv
sulfh pxvw eh vhw vr wkdw ORS krogv1 W|slfdoo| wkhuh zloo eh wudqvsruw frvwv
vxfk wkdw furvv0sulfh h�hfwv duh }hur iru vrph ydoxhv ri wkh h{fkdqjh udwh forvh
hqrxjk wr hplq=

Lq wklv vhfwlrq zh eulh | h{soruh wkh lpsolfdwlrqv ri wkhvh srvvlelolwlhv1 Dv0
vxph wkdw wkhuh lv vrph h{rjhqrxv wudqvsruw frvw ri w iru frqvxphuv dqg wkdw
wkh �up pd| lqfuhdvh wklv wudqvsruw frvw e| dq dprxqw I e| lqyhvwlqj P 1
Sur�w pd{lpl}dwlrq sureohpv duh wkhq jlyhq e|

� � pd{
s>s�

st+s> S , . hs�t�+s�> S �,� F+t> t�, v1w1 ms� hs�m � w. I +<,

� � pd{
s>s�

st+s> S , . hs�t�+s�> S�,� F+t> t�, v1w1 ms� hs�m � w

Iru ydoxhv ri h vx!flhqwo| forvh wr hplq wudqvsruw frvwv zloo suhyhqw duelwudjh1
Li frqvxphuv lq hdfk frxqwu| idfh wkh vdph wudqvsruw frvw wkhq doo zloo ex| lq
wkh fkhdshu frxqwu| rqfh wkh ghyldwlrq iurp ORS lv odujhu wkdq w= Wkxv iru wkh
�up wkdw kdv qrw wdnhq wkh vhjphqwdwlrq frvw ri P wkh frqvwudlqw zloo ehfrph
elqglqj zkhq ms� hs�m @ w= E| sd|lqj d frvw ri vhjphqwdwlrq P> wkh �up zloo
vkliw wkh srlqwv dw zklfk sur�w pd{lpl}dwlrq lv vxemhfw wr d elqglqj frqvwudlqw
rxwzdugv wkxv jdlqlqj d kljkhu rshudwlqj sur�w dv looxvwudwhg lq Iljxuh 61

Iljxuh 6 derxw khuh
Iru vx!flhqwo| kljk +orz, ohyhov ri wkh h{fkdqjh udwh erwk frqvwudlqwv duh

elqglqj dqg wkh gl�huhqfh ehwzhhq rshudwlqj sur�wv pd| eh ghfolqlqj dv h lq0
fuhdvhv ru ghfuhdvhv143 Wkhuh zloo qrz eh irxu wkuhvkrogv wkdw duh ri lqwhuhvw/
ghqrwh wkhvh h

p4/ hp5/ hp6 dqg hp7 +kdylqj vhw Q @ 4,= Iroorzlqj wkh vdph
orjlf dv suhylrxvo| zh hvwdeolvk wkdw wkh �up zloo vhjphqw lq shulrg 4 li dqg
rqo| li

�P . +�+h4,� �+h4,, .

h
p5]

h
p4

^�+h5,� �+h5,�P ` i+h5,gh5

.

hp7]

hp6

^�+h5,� �+h5,�P ` i+h5,gh5

� 3=

43Dq h{wuhph h{dpsoh zrxog eh zkhuh wkh fxuuhqf| ri wkh iruhljq frxqwu| ghsuhfldwhv vr
pxfk +lq uhdo whupv, wkdw iruhljq ghpdqg jrhv wr }hur/ hyhq li sulfh zhuh vhw dw pdujlqdo frvw1
Wkhq wkh gl�huhqfh lq sur�wv ehwzhhq wkh �lqwhjudwhg� dqg wkh �vhjphqwhg� fdvh zrxog eh 31
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Wkh vljq ri wklv h{suhvvlrq zloo klqjh rq zkhuh wkh suredelolw| pdvv olhv iru
wkh h{fkdqjh udwh1 Vx!flhqw zhljkw idu rxw lq wkh wdlov zloo ohdg wkh �up wr
lqwhjudwh li lw lv lqghhg wkh fdvh wkdw wkh gl�huhqfh lq sur�wv ehwzhhq wkh lqwh0
judwhg dqg vhjphqwhg fdvhv glplqlvkhv dv wkh h{fkdqjh udwh pryhv vx!flhqwo|
idu1 Li wkh �up eholhyhv wkdw wkhuh lv d kljk suredelolw| ri prghudwh h{fkdqjh
udwh yduldelolw| exw d orz suredelolw| ri h{wuhph yduldelolw| wkhq wkh �up zloo
frqwlqxh wr vhjphqw1

Dv ehiruh kljkhu frvwv ri vhjphqwlqj/ P> pdnhv vhjphqwlqj ohvv dwwudfwlyh1
Wkhuh lv d gluhfw h�hfw wkurxjk kljkhu frvwv ri vhjphqwlqj wrgd|/ dqg d ixu0
wkhu lpsdfw wurxjk pdnlqj lw ohvv ydoxdeoh wr hqwhu wkh qh{w shulrg zlwk vhj0
phqwhg pdunhwv1 Kljkhu h{rjhqrxv wudqvsruw frvwv pdnh lw pruh olnho| wkdw
�+h4, � �+h4, htxdov 3> wkhuhe| ghfuhdvlqj wkh ydoxh ri lqyhvwlqj lq ixuwkhu
vhjphqwdwlrq +dqg frqyhuvho|/ orzhu wudqvsruw frvwv lqfuhdvh wkh ydoxh ri vhj0
phqwlqj,1 Wkxv doorzlqj iru wudqvsruw frvwv dqg duelwudjh rssruwxqlwlhv grhv
qrw fkdqjh wkh ixqgdphqwdo uhvxowv wkdw yduldelolw| fuhdwhv dq rswlrq ydoxh ri
pdunhw vhjphqwdwlrq dqg wkdw wkh ydoxh ri wklv rswlrq lv ghfuhdvlqj lq wkh frvw
ri pdlqwdlqlqj vhjphqwdwlrq144

Olwwoh dwwhqwlrq kdv suhylrxvo| ehhq sdlg wr sulfh glvfulplqdwlrq zkhq vhj0
phqwdwlrq lv lpshuihfw1 Dqghuvrq dqg Jlqvexujk +4<<<, dsshdu wr eh wkh �uvw
wr wkhruhwlfdoo| h{dplqh sulfh vhwwlqj zlwk lpshuihfw ohdndjh lq dq lqwhuqdwlrqdo
vhwwlqj1 Wkh| h{dplqh wkh fdvh zkhuh frqvxphuv gl�hu lq wkhlu wudqvsruw frvwv
dqg wkxv frpelqh wklug dqg vhfrqg ghjuhh sulfh glvfulplqdwlrq1 Iru vrph fdvhv
lq wkhlu vhwxs kljkhu wudqvsruw frvwv iru frqvxphuv pd| dfwxdoo| ghfuhdvh suri0
lwv1 Frqvlghu wkh fdvh zkhuh wkhuh lv rqo| vhfrqg ghjuhh sulfh glvfulplqdwlrq 0
vpdoo ohyhov ri wudqvsruw frvwv fdq wkhq eh dq h!flhqw lqvwuxphqw iru vhjphqw0
lqj fxvwrphuv/ dq lqvwuxphqw zklfk wkh �up zrxog orvh li wudqvsruw frvwv urvh
wr pxfk1 Wkh| h{dplqh wkh fdvh zkhq wkhuh lv erwk vhfrqg dqg wklug ghjuhh
sulfh glvfulplqdwlrq rqo| xqghu d fhuwdlq sdudphwhul}dwlrq/ �qglqj wkdw kljkhu
wudqvsruw frvwv |lhogv kljkhu sur�wv145

816 Jhqhudo htxloleulxp

D �up*v sulfh dgmxvwphqw zloo eh ghshqghqw rq li lw kdv fkrvhq wr vhjphqw pdu0
nhwv ru qrw1 Sulfh dgmxvwphqw lq wxuq d�hfwv wkh fruuhodwlrq ehwzhhq wkh qrplqdo
dqg wkh uhdo h{fkdqjh udwhv 0 dqg wkhuhe| wkh lqfhqwlyhv iru vhjphqwdwlrq idflqj
rwkhu �upv1

Dw d �uvw jodqfh wkh �qhz rshq hfrqrp| pdfurhfrqrplfv� +vhh h1j1 Revwihog
dqg Urjr�/ 4<<8/ 4<<</ Ehwwv dqg Ghyhuhx{/ 4<<9 ru Ghyhuhx{ dqg Hqjho/ 4<<;,
dsshduv wr r�hu dq r� wkh vkhoi iudphzrun lq zklfk wr h{dplqh wkh fxuuhqw
lvvxhv 0 wkhuh lv prqrsrolvwlf frpshwlwlrq dqg wzr frxqwulhv wkdw duh htxdo lq

44Uhvxowv zrxog orrn pxfk wkh vdph li zh lqvwhdg ri prgholqj wudqvsruw frvwv dv �{hg xvhg
dq �lfhehuj� +d vkduh ri wkh jrrg phowv lq wudqvsruw, vshfl�fdwlrq 0 wkhq pd{lpl}dwlrq zrxog
eh vxemhfw wr �*| $ R*eRW $ |�

45Vxusulvlqjo|/ wkhlu dqdo|vlv kdv yhu| ihz suhfxuvruv lq jhqhudo/ rqh h{fhswlrq lv Orzhoo dqg
Zhuw} +4<;4,1
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htxloleulxp +zklfk pdgh wkh frqfoxvlrqv lq Sursrvlwlrq 4 sduwlfxoduo| vwdun,146

Hvshfldoo| Revwihog dqg Urjr� +4<<<, duh forvh wr wkh vhwxs lq wkh suhvhqw sdshu
vlqfh wkh| doorz +oderu, frvwv wr eh uljlg exw ohw sulfhv eh vhw diwhu xqfhuwdlqw|
lv uhvroyhg1

Krzhyhu/ wklv olwhudwxuh hpsor|v frqvwdqw hodvwlf ghpdqg zklfk lv wkh vdph
rq erwk qdwlrqdo pdunhwv dqg dvvxphv frqvwdqw pdujlqdo frvwv1 Rswlpdo sulfhv
xqghu vhjphqwhg pdunhwv rq wkh wzr pdunhwv duh wkhq jlyhq e| +zlwk � ghqrwlqj
wkh frqvwdqw ghpdqg hodvwlflw| dqg f pdujlqdo frvw,

s @ hs
�

@

�
�

�� 4

�
f ;h

Wkh sdvv0wkurxjk hodvwlflw| ri dq h{fkdqjh udwh fkdqjh lv shuihfw +gs
�

gh
h
s�

@ �4, 0
rswlpdo sulfhv rq wkh wzr pdunhwv zloo dozd|v eh htxdo vlqfh ghpdqg hodvwlflwlhv
duh htxdo dqg pdunhw lqwhjudwlrq srvhv qr uhvwulfwlrq rq sur�wv1

E| dvvxplqj gl�huhqfhv lq frvwv ru gl�huhqw ghpdqg hodvwlflwlhv iru wkh uh0
vshfwlyh frxqwulhv zh zrxog fuhdwh lqfhqwlyhv iru vhjphqwlqj/ exw vxfk h{whq0
vlrqv duh eh|rqg wkh vfrsh ri wkh suhvhqw sdshu1 Ehujlq dqg Ihhqvwud +4<<<,
h{whqg d prgho ri wkh Revwihog0Urjr� w|sh wr d ghpdqg ixqfwlrq |lhoglqj ohvv
wkdq ixoo sdvv0wkurxjk1 Wklv frxog suryh d ydoxdeoh vwduwlqj srlqw iru dqdo|vlv
ri hqgrjhqrxv vhjphqwdwlrq lq d jhqhudo htxloleulxp vhwwlqj1 Krzhyhu wkh| uho|
rq olqhdul}dwlrqv wr kdqgoh wkh prgho zklfk dovr lv sureohpdwlf iru rxu sxusrvhv
vlqfh wkh juhdwhu fxuydwxuh ri sur�wv lq wkh h{fkdqjh udwh xqghu vhjphqwhg
pdunhwv lv gulylqj wkh lqfhqwlyhv iru vhjphqwlqj1

9 Frqfoxvlrqv

Vr/ zk| grhv duelwudjh h{huw vr zhdn htxdol}lqj suhvvxuh rq sulfhv dfurvv qd0
wlrqdo erughuvB Wkh dqvzhu h{soruhg lq wklv sdshu lv wkdw lw lv ehfdxvh �upv
fkrrvh wr vhjphqw pdunhwv1 Kljkhu frvwv ri pdlqwdlqlqj vhjphqwdwlrq surprwhg
lqwhjudwlrq exw kljkhu frvwv ri vwduwlqj wr vhjphqw lq wkh ixwxuh dqg kljkhu ix0
wxuh h{fkdqjh udwh yduldelolw| whqghg wr ghwhu lqwhjudwlrq lq wkh suhvhqw shulrg1
Rqh lpsolfdwlrq ri wkh prgho lv wkdw d prqhwdu| xqlrq vkrxog surprwh pdunhw
lqwhjudwlrq1 Krzhyhu/ lw vkrxog eh vwuhvvhg wkdw wkh suhvhqw sdshu kdv qrw wulhg
wr pdnh d zhoiduh dqdo|vlv ri prqhwdu| xqlrq147 Udwkhu zh zdqwhg wr h{soruh li
wkhuh frxog eh d edvlv iru eholhiv wkdw prqhwdu| xqlrq frxog lpso| jrrgv pdunhw
lqwhjudwlrq dqg wr xqghuvwdqg d srwhqwldo phfkdqlvp1

D qxpehu ri h{whqvlrqv suhvhqw wkhpvhoyhv 0 lw vkrxog lq pdq| fdvhv eh
vwudljkwiruzdug wr h{whqg wkh dqdo|vlv wr h{solflwo| h{dplqh roljrsrolvwlf frp0
shwlwlrq dqg lvvxhv ri pdunhw vhjphqwdwlrq dv vwudwhjlf frpplwphqw1 Jhqhudo
htxloleulxp dqdo|vlv vkrxog eh yhu| iuxlwixo exw kdv vrph slwidoov dv qrwhg1

46Ehwwv dqg Ghyhuhx{ +4<<9, dprqjvw rwkhuv lqghhg h{dplqh krz wkh prgho ehkdyhv xqghu
wkh dvvxpswlrq wkdw d vkduh ri �upv vhjphqw pdunhwv dqg vhw sulfhv lq wkh lpsruwhuv* fxuuhqf|1

47Iru d glvfxvvlrq dqg dqdo|vlv ri zhoiduh h�hfwv ri lqwhuqdwlrqdo sulfh glvfulplqdwlrq vhh
Pdoxhj dqg Vfkzduw} +4<<7,1
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Wkh wkhrulhv dovr ohqg wkhpvhoyhv zhoo wr hpslulfdo h{dplqdwlrq1 Ixuwkhu
vwxglhv ri ghyldwlrqv iurp ORS dqg SSS xqghu ydulrxv lqvwlwxwlrqdo duudqjh0
phqwv vkrxog eh ydoxdeoh148 Wkh gl�huhqfh lq wkh prgho ehwzhhq kdylqj �{hg
h{fkdqjh udwhv dqg d prqhwdu| xqlrq vtxduhv zhoo zlwk wkh hpslulfdo hylghqfh
suhvhqwhg e| Urvh +4<<<, 0 xvlqj d judylw| prgho kh �qgv d odujh srvlwlyh h�hfw
ri d prqhwdu| xqlrq rq wudgh/ exw rqo| vpdoo h�hfwv ri orzhulqj h{fkdqjh udwh
yrodwlolw|1 Whqwdwlyho| rqh frxog dovr vhh vrph frqqhfwlrq ehwzhhq k|vwhulvlv lq
d prgho ri wkh suhvhqw w|sh dqg wkh dpd}lqjo| orqj wlph wkdw wkh zruog hfrq0
rp| uhpdlqhg pruh vhjphqwhg diwhu Zruog Zdu 4 wkdq ehiruh1 Prvw qrwdeo| lw
zloo eh h{flwlqj wr revhuyh krz sulfh gl�huhqwldov ghyhors zlwklq wkh HPX1 Wkh
phfkdqlvpv h{soruhg lq wklv sdshu vkrxog vkrz xs qrw rqo| lq sulfh gl�huhqwldov
exw dovr lq lvvxhv dv li surgxfwv gl�hu ehwzhhq pdunhwv 0 lv wkh vdph surgxfw
qdph hpsor|hgB Grhv sdfndjlqj kdyh wh{w lq vhyhudo odqjxdjhvB Zkhuh lv d
zduudqw| krqruhgB Zkdw lv wkh h{whqw ri yhuwlfdo lqwhjudwlrqB

Uhihuhqfhv

Dqghuvrq/ Vlprq S dqg Ylfwru D Jlqvexujk/ 4<<</ Lqwhuqdwlrqdo sulflqj
zlwk frvwo| frqvxphu duelwudjh/ Uhylhz ri Lqwhuqdwlrqdo Hfrqrplfv :/ 459046<1

Edogzlq/ Ulfkdug/ 4<;;/ K|vwhulvlv lq lpsruw sulfhv= Wkh ehdfkkhdg h�hfw/
Wkh Dphulfdq Hfrqrplf Uhylhz/ :;/ ::60:;81

Edogzlq/ Ulfkdug dqg Sdxo Nuxjpdq/ 4<;</ Shuvlvwhqw wudgh h�hfwv ri odujh
h{fkdqjh udwh vkrfnv/ Wkh Txduwhuo| Mrxuqdo ri Hfrqrplfv FLY/ 96809871

Ehujlq/ Sdxo dqg Urehuw Ihhqvwud/ 4<<</ Sulflqj wr pdunhw/ vwdjjhuhg frq0
wudfwv/ dqg uhdo h{fkdqjh udwh shuvlvwhqfh1 QEHU Zrunlqj Sdshu Qr1 :3591

Ehwwv/ Fdurolqh dqg Plfkdho E1 Ghyhuhx{/ 4<<9/ Wkh h{fkdqjh udwh lq d
prgho ri sulflqj0wr0pdunhw/ Hxurshdq Hfrqrplf Uhylhz 73/ 433:043541

Eudqghu/ Mdphv dqg Sdxo Nuxjpdq/ 4<;6/ D *uhflsurfdo gxpslqj* prgho ri
lqwhuqdwlrqdo wudgh/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv 48/ 64606541

Euroo/ Xgr dqg Ehuqkdug Hfnzhuw/ 4<<</ H{fkdqjh udwh yrodwlolw| dqg lqwhu0
qdwlrqdo wudgh/ Vrxwkhuq Hfrqrplf Mrxuqdo 99/ 4:;04;81

Ghyhuhx{/ Plfkdho dqg Fkduohv Hqjho/ 4<<;/ Il{hg yhuvxv  rdwlqj h{fkdqjh
udwhv= Krz sulfh vhwwlqj d�hfwv wkh rswlpdo fkrlfh ri h{fkdqjh0udwh uhjlph/
QEHU Zrunlqj Sdshu 9;9:1

Gl{lw/ Dylqdvk/ 4<;</ K|vwhulvlv/ lpsruw shqhwudwlrq dqg h{fkdqjh udwh sdvv0
wkurxjk/ Wkh Txduwhuo| Mrxuqdo ri Hfrqrplfv FLY/ 538055:1

Gl{lw/ Dylqdvk/ 4<<3/ Rswlpl}dwlrq lq Hfrqrplf Wkhru|/ Vhfrqg Hglwlrq/
+R{irug Xqlyhuvlw| Suhvv/ R{irug,1

Gl{lw/ Dylqdvk N dqg Urehuw Slqg|fn/ 4<<7/ Lqyhvwphqw xqghu xqfhuwdlqw|/
+PLW Suhvv/ Fdpeulgjh PD,1

Hqjho/ Fkduohv dqg Mrkq Urjhuv/ 4<<9/ Krz zlgh lv wkh erughuB/ Wkh Dphu0
lfdq Hfrqrplf Uhylhz ;9/ 4445044591

Hqjho/ Fkduohv dqg Mrkq Urjhuv/ 4<<</ Ghyldwlrqv iurp wkh odz ri rqh sulfh=
Vrxufhv dqg zhoiduh frvwv/ pdqxvfulsw/ Xqlyhuvlw| ri Zdvklqjwrq1

48Wkh h{lvwlqj rqhv srlqw dw uhpdundeo| vwdeoh uhodwlrqvklsv lq ghyldwlrqv iurp ORS/ vhh
iru lqvwdqfh Iurrw/ Nlp dqg Urjr� +4<<8,1
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Hqjho/ Fkduohv/ 4<<</ Dffrxqwlqj iru X1V1 uhdo h{fkdqjh udwh fkdqjhv/ Mrxu0
qdo ri Srolwlfdo Hfrqrp| 43:/ 83:086<1

Iurrw/ Nhqqhwk/ Nlp/ P1 dqg Nhqqhwk Urjr�/4<<8/ Wkh odz ri rqh sulfh
ryhu :33 |hduv/ QEHU Zrunlqj Sdshu Qr 84651

Jrogehuj/ Shqhorsl N1 dqg Plfkdho P1 Nqhwwhu/ 4<<:/ Jrrgv sulfhv dqg
h{fkdqjh udwhv= Zkdw kdyh zh ohduqhgB/ Mrxuqdo ri Hfrqrplf Olwhudwxuh [[[Y/
4576045:51

Jrogehuj/ Shqhorsl N1 dqg Iudqn Yhueryhq/ 4<<;/ Wkh hyroxwlrq ri sulfh
glvshuvlrq lq wkh Hxurshdq fdu pdunhw/ QEHU Zrunlqj Sdshu Qr 9;4;1

Jrxog/ M1U1/ 4<::/ Sulfh glvfulplqdwlrq dqg yhuwlfdo frqwuro= D qrwh/ Mrxuqdo
ri Srolwlfdo Hfrqrp| ;8/ 4396043:41

Kruq/ Khquln dqg R} Vk|/ 4<<9/ Exqgolqj dqg lqwhuqdwlrqdo pdunhw vhjphq0
wdwlrq/ Lqwhuqdwlrqdo Hfrqrplf Uhylhz 6:/ 8409<1

Odqghu/ Gldqh P dqg Jhrujh H Slqfkhv/ 4<<;/ Fkdoohqjhv wr wkh sudfwlfdo
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