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Surgxfw Gl�huhqwldwlrq= D Flufxodu Prgho�

\xqxv Dnvr| _dqg Kdqqr Oxvwlj

Dxjxvw 4<<;

Devwudfw

Wklv prgl�hg yhuvlrq ri Vdors*v +4<:<, vsdwldo frpshwlwlrq prgho
|lhogv fohdu0fxw suhglfwlrqv derxw wkh h�hfwv ri h{fkdqjh udwh vkrfnv rq
pdunhw vwuxfwxuh dqg sdvv0wkurxjk1 Vkrfnv zlwklq wkh edqg ri lqdfwlrq
gr qrw d�hfw pdunhw vwuxfwxuh1 Wkh xsshu erxqg ri wklv udqjh ulvhv dv
wkh lqgxvwu| udwlr ri vxqn wr �{hg frvwv lqfuhdvhv1 Dv �{hg frvwv dqg
surgxfw khwhurjhqhlw| mrlqwo| lqfuhdvh/ wkh orzhu erxqg gursv1 Rxw0
vlgh ri wkh udqjh/ ghsuhfldwlrqv fdxvh rqh ru vhyhudo ri wkrvh iruhljq
eudqgv forvhvw wr wkh krph eudqg wr ohdyh1 Wklv ghfuhdvhv wkh ryhudoo
uhvsrqvlyhqhvv ri sulfhv wr h{fkdqjh udwh vkrfnv1 Odujh dssuhfldwlrqv
lqgxfh hqwu| dqg lqfuhdvh wkh hodvwlflw| ri sulfhv1 Wklv dv|pphwu| lp0
solhv odujhu srvlwlyh wkdq qhjdwlyh SSS ghyldwlrqv1 Zkhq dffrxqwlqj
iru sulfh fkdqjhv lq iruhljq pdunhwv/ vwudwhjlf sulflqj ehkdylru lv qr
orqjhu vx!flhqw wr jhqhudwh uhdo h{fkdqjh udwh yduldelolw|1 Lqfrpsohwh
sdvv0wkurxjk rewdlqv li dqg rqo| li wkh grphvwlf �upv kdyh d vpdoohu
pdunhw vkduh deurdg1 Zlwk odujh qrplqdo h{fkdqjh udwh vkrfnv k|v0
whuhvlv uhvxow rewdlqv li dqg rqo| li vxqn frvwv duh qrq0}hur1

Nh|zrugv= h{fkdqjh udwhv/ lpshuihfw frpshwlwlrq/ surgxfw gli0
ihuhqwldwlrq/ k|vwhuhvlv/ sulflqj0wr0pdunhw1

MHO Fodvvl�fdwlrq= H64/ I641

WWklv sdshu lv d vxevwdqwldoo| uhylvhg yhuvlrq ri dq hduolhu glvfxvvlrq sdshu wlwohg *Flu0

fxodu Dvshfwv ri H{fkdqjh Udwhv dqg Pdunhw Vwuxfwxuh*1 Zh duh judwhixo iru wkh frq0

vwuxfwlyh frpphqwv ri Ilols Deudkdp/ Exohqw Edol/ Sdxo Gh Judxzh/ Kdqv Ghzdfkwhu/

Mhdq0Iudqêrlv Iohfkhw/ \rkdqhv H1 Ul|dqwr dqg Mrhul Ydq Urpsx| dqg wr vhplqdu sdu0

wlflsdqwv dw wkh FHV/ dw wkh Ur|do Hfrqrplf Vrflhw| frqihuhqfh 4<<; lq Zduzlfn dqg dw

wkh HVHP <; frqihuhqfh lq Ehuolq1 Wkh xvxdo glvfodlphu dssolhv1
_Fruuhvsrqglqj dxwkru= Fhqwuh iru Hfrqrplf Vwxglhv/ Ndwkrolhnh Xqlyhuvlwhlw Ohx0

yhq/ Qddpvhvwuddw 9</ E06333 Ohxyhq> h0pdlo= \xqxv1Dnvr|Chfrq1nxohxyhq1df1eh> Kdqqr
Oxvwlj lv dw wkh Ghsw1 ri Hfrqrplfv/ Vwdqirug Xqlyhuvlw| dqg judwhixoo| dfnqrzohgjhv �0
qdqfldo vxssruw iurp wkh Qdwlrqdo Vflhqfh Irxqgdwlrq0Yoddqghuhq dqg wkh Ehojldq Dphu0
lfdq Hgxfdwlrq Irxqgdwlrq1
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4 Lqwurgxfwlrq

Diwhu lwv 4<;8 shdn/ wkh groodu vwduwhg d vwhhs ghvfhqw1 Pdq| zhuh vxusulvhg
wr �qg wkdw wkh XV wudgh edodqfh kdugo| lpsuryhg lq uhvsrqvh wr wkh groodu*v
shuvlvwhqw ghfolqh1 Wkh frqyhqwlrqdo hfrqrplf zlvgrp kdg prvw shrsoh
�upo| eholhylqj wkdw XV0edvhg �upv zrxog judgxdoo| uhjdlq wkhlu orvw pdunhw
vkduh dv wkh groodu uhwxuqhg wr lwv qrupdo ydoxh1

Edogzlq +4<;9, zdv wkh �uvw wr srlqw rxw wkdw iruhljq �upv/ kdylqj
khdylo| lqyhvwhg lq pdunhwlqj/ U)G dqg wkh olnh wr hqwhu wkh XV pdunhw/ pd|
�qg lw sur�wdeoh qrw wr txlw wkh XV pdunhw hyhq dw yhu| orz h{fkdqjh udwhv1
E| vwd|lqj lq wkh pdunhw/ wkhvh �upv dqwlflsdwhg wr uhfryhu dw ohdvw sduw
ri wkhlu vxqn lqyhvwphqw1 Wklv dujxphqw zdv ixuwkhu uh�qhg dqg h{whqghg
e| Edogzlq dqg Nuxjpdq +4<;<, dqg Gl{lw +4<;<,1 Krzhyhu/ wkh edvlf lghd
uhpdlqv wkdw h{fkdqjh udwh vkrfnv fdq fkdqjh wkh vwuxfwxuh ri wkh pdunhw
dqg wkh uhvxowlqj fkdqjhv lq sulfhv dqg wudgh yroxphv pd| shuvlvw hyhq diwhu
wkh h{fkdqjh uhwxuqv wr lwv suhylrxv ydoxh14

Surgxfw gl�huhqwldwlrq lv fuxfldo lq xqghuvwdqglqj wkh vwudwhjlf sulflqj
ehkdylru ri wkh �upv diwhu h{fkdqjh udwh vkrfnv1 Gruqexvfk +4<;:, xvhv
Vdors*v flufxodu prgho ri vsdwldo frpshwlwlrq/ dprqj rwkhuv/ wr dqdo|}h wkh
dgmxvwphqw ri sulfhv wr h{fkdqjh udwh fkdqjhv1 Wklv h{huflvh |lhogv vrph
lqvljkwv lqwr wkh ohyho ri sdvv0wkurxjk lq gl�huhqwldwhg surgxfw pdunhwv1
\hw Gruqexvfk*v glvfxvvlrq grhv qrw fryhu fkdqjhv lq pdunhw vwuxfwxuh1 Klv
dqdo|vlv hvvhqwldoo| irfxvhv rq wkh vkruw0uxq1

Rxu sdshu dlpv wr surylgh dq lqwhjudwhg dssurdfk wkdw ihdwxuhv surgxfw
gl�huhqwldwlrq dqg hqgrjhql}hv pdunhw vwuxfwxuh dw wkh vdph wlph1 Vpdoo
fxuuhqf| vkrfnv duh xqolnho| wr d�hfw wkh vwuxfwxuh ri wkh grphvwlf pdu0
nhw1 Krzhyhu/ odujh dqg shuvlvwhqw ghydoxdwlrqv pd| lqgxfh iruhljq �upv
wr ohdyh wkh pdunhw1 Vlploduo|/ vl}hdeoh dssuhfldwlrqv fdq vhw r� iruhljq hq0
wu| lqwr wkh krph pdunhw1 Zh dffrxqw iru wklv srvvlelolw| e| hqgrjhql}lqj
pdunhw vwuxfwxuh lq d prgl�hg yhuvlrq ri Vdors*v vsdwldo frpshwlwlrq prgho1
Wklv dqdo|vlv fohduo| eulqjv rxw wkh uroh ri vxqn frvwv lq rewdlqlqj wkh zhoo0
hvwdeolvkhg k|vwhuhvlv uhvxow1 Lq dgglwlrq/ lw |lhogv qryho suhglfwlrqv derxw
zklfk eudqgv dfwxdoo| ohdyh wkh pdunhw dqg vhw r� wkh luuhyhuvleoh pdunhw
vwuxfwxuh fkdqjhv wkdw xqghuo| wkh k|vwhuhvlv uhvxow1 Qdwxudoo|/ wklv prgho lv
vrphzkdw ohvv wudfwdeoh wkdq wkh vwdqgdug prqrsrolvwlf frpshwlwlrq prghov

4D uhfhqw sdshu e| Urehuwv dqg W|erxw +4<<:, lqyhvwljdwhv wkh hpslulfdo uhohydqfh ri
wkh vxqn frvw wr h{sodlq k|vwhuhvlv lq wudgh  rzv dqg sulfhv1 Wkh| frq�up wkh uroh ri
vxqn frvwv edvhg rq wkh Frorpeldq gdwd1 Dq dowhuqdwlyh vwudqg ri wkhruhwlfdo olwhudwxuh
h{soruhv wkh h�hfwv ri phqx frvwv rq sulflqj dqg pdunhw vwuxfwxuh diwhu h{fkdqjh udwh
vkrfnv +vhh Ghojdgr/ 4<<4,1
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xvhg lq pxfk ri wkh olwhudwxuh +vhh h1j1 Gl{lw/ 4<;<,/ zklfk gr qrw ihdwxuh
gluhfw vwudwhjlf lqwhudfwlrq dprqj �upv51

Wkh sdshu*v pdlq uhvxowv fdq eh vxppdul}hg dv iroorzv1 Iluvw/ fxuuhqf|
vkrfnv wkdw idoo zlwklq d jlyhq udqjh gr qrw d�hfw pdunhw vwuxfwxuh1 Wkh
erxqgv ri wklv udqjh ghshqg sulpdulo| rq wkh shuvlvwhqfh ri vkrfnv/ wkh frvw
vwuxfwxuh dqg wkh ghjuhh ri surgxfw khwhurjhqhlw|1 Iluvw/ dv wkh shuvlvwhqfh
ri wkh vkrfn ghfuhdvhv/ wkh iruhljq eudqg lv zloolqj wr dffhsw kljkhu fxuuhqw
orvvhv dqg wkh ghydoxdwlrq wkuhvkrog eh|rqg zklfk iruhljq eudqgv txlw wkh
grphvwlf pdunhw ulvhv1 Frqyhuvho|/ vpdoohu dssuhfldwlrqv vx!fh wr wuljjhu
hqwu| dv wkh shuvlvwhqfh lqfuhdvhv1 Vhfrqg/ wkh ghydoxdwlrq wkuhvkrog ulvhv dv
wkh lqgxvwu| udwlr ri vxqn wr �{hg frvwv ulvhv1 Ilqdoo|/ kljkhu ohyhov ri surgxfw
gl�huhqwldwlrq idyru wkrvh �upv wkdw duh dw d frpshwlwlyh glvdgydqwdjh1 Wklv
lpsolhv wkh orzhu erxqg ri wkh udqjh gursv dv gl�huhqwldwlrq lqfuhdvhv1 Hqwu|
dw orz h{fkdqjh udwhv lv vlpso| ohvv sur�wdeoh iru wkh hqwhulqj iruhljq eudqg1
Vlploduo|/ wkh xsshu erxqg ulvhv vlqfh kljkhu eudqg gl�huhqwldwlrq uhgxfhv
wkh vl}h ri iruhljq eudqg orvvhv dw kljk h{fkdqjh udwhv1 Frpsdulqj dfurvv
lqgxvwulhv/ wklv prgho suhglfwv odujhu dssuhfldwlrqv duh qhhghg wr wuljjhu
hqwu| lq lqgxvwulhv fkdudfwhul}hg e| kljk ohyhov ri khwhurjhqhlw| dqg odujh
�{hg frvwv1

Vhfrqg/ wkhvh vwuxfwxudo pdunhw fkdqjhv lq wxuq d�hfw wkh sulflqj vwudwh0
jlhv1 Dv wkh wrwdo qxpehu ri sod|huv lq wkh grphvwlf pdunhw fkdqjhv/ wkh
ghpdqg fxuyhv idflqj wkh �upv vkliw dqg wkh h{whqw ri surgxfw gl�huhqwld0
wlrq lv dowhuhg1 Wklv fdxvhv d �{hg0vl}h dqg dfurvv0wkh0erdug gurs/ lq fdvh
ri dq dssuhfldwlrq/ ru lqfuhdvh/ lq fdvh ri d ghsuhfldwlrq/ ri doo eudqg sulfhv1
Lq dgglwlrq/ wkh grphvwlf eudqgv jdlq ru orvh pdunhw srzhu dv wkhlu uhodwlyh
pdunhw vkduh fkdqjhv1 Dv d uhvxow/ wkh uhvsrqvlyhqhvv ri sulfhv wr fxuuhqf|
vkrfnv lv dowhuhg1 Doo ri wklv wxuqv rxw wr lpso| wkdw sdvv0wkurxjk lv vpdoohu
iru odujh ghsuhfldwlrqv dqg odujhu iru odujh dssuhfldwlrqv1 Lqwhuhvwlqjo|/ wklv
dv|pphwu| lpsolhv odujhu/ dqg srvvleo| pruh shuvlvwhqw/ srvlwlyh wkdq qhj0
dwlyh SSS ghyldwlrqv ri wkh uhdo h{fkdqjh udwh1

Wklug/ d jlyhq fxuuhqf| vkrfn kdv d odujhu lpsdfw rq iruhljq eudqgv idf0
lqj gluhfw frpshwlwlrq iurp wkh grphvwlf eudqg1 Wklv lv zkhuh wkh vsdwldo
frpshwlwlrq vhwxs uhdoo| vwduwv wr pdwwhu1 Wkh h{whqw ri surgxfw gl�huhq0
wldwlrq lv wkh nh| wr xqghuvwdqglqj wkh revhuyhg gl�huhqfhv lq sulfh dqg
txdqwlw| uhvsrqvhv rq wkh sduw ri iruhljq �upv1 Wkh iruhljq �upv forvhvw wr
wkh grphvwlf eudqgv duh prvw olnho| wr txlw wkh pdunhw diwhu d ghydoxdwlrq1
Wkhvh iruhljq eudqgv/ ehlqj uhodwlyho| vlplodu wr wkhlu grphvwlf frxqwhu0

5Wklv h{sodlqv zk| vrph ri wkh uhvxowv pd| dsshdu ohvv jhqhudo wkdq wkrvh lq wkh
h{lvwlqj olwhudwxuh1
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sduwv/ vlpso| h{shulhqfh d odujhu ghfolqh lq sur�w pdujlqv lq uhvsrqvh wr d
ghydoxdwlrq1

Ilqdoo|/ wklv prgho fohduo| vkrzv wkdw vwudwhjlf sulflqj ehkdylru dv vxfk
lv qrw vx!flhqw wr jhqhudwh lqfrpsohwh sdvv0wkurxjk1 Lq idfw/ wkh prgho
suhglfwv lqyduldqfh ri wkh uhdo h{fkdqjh udwh z1u1w1 *vpdoo* qrplqdo fxuuhqf|
vkrfnv li wkh pdunhw vwuxfwxuh dw krph dqg deurdg duh ixoo| v|pphwulfdo/
wkdw lv li wkh grphvwlf dqg iruhljq �upv kdyh lghqwlfdo pdunhw vkduhv dw krph
dqg deurdg1 Sdvv0wkurxjk lv lqfrpsohwh li dqg rqo| li wkh grphvwlf eudqgv
kdyh d vpdoohu pdunhw vkduh deurdg1 Uhpdundeo|/ li vrph ri wkh grphvwlf
�upv rshudwlqj deurdg gr qrw vhuyh wkh grphvwlf pdunhw/ wkh prgho suhglfwv
wkdw wkh uhdo h{fkdqjh udwh pryhv frxqwhu wr wkh qrplqdo h{fkdqjh udwh1

Wkh �uvw vhfwlrq ri wklv sdshu rxwolqhv wkh prgho dqg lwv pdlq xqghuo|lqj
dvvxpswlrqv1 Qh{w/ zh glvfxvv wkh h�hfwv ri vpdoo dqg odujh ghydoxdwlrqv
lq wzr vxevhtxhqw vhfwlrqv1 Ilqdoo|/ wkh frqfoxvlrq vxppdul}hv rxu pdlq
�qglqjv1

5 Rxwolqh ri wkh Prgho

Lq klv vhplqdo sdshu Gruqexvfk +4<;:, dssolhv wkh Vdors +4<:<, prgho wr
dqdo|}h wkh dgmxvwphqw ri sulfhv lq uhvsrqvh wr h{fkdqjh udwh vkrfnv lq
khwhurjhqhrxv surgxfw pdunhwv1 Gruqexvfk dvvxphv grphvwlf dqg iruhljq
eudqgv duh orfdwhg htxlglvwdqwo| dqg dowhuqdwlqjo| rq d flufoh xsrq hqwu|1
Grphvwlf dqg iruhljq eudqgv gl�hu lq wkdw wkh odwwhu lqfxu wkh frvwv ri sur0
gxfwlrq lq iruhljq fxuuhqf|1 Wkh dqdo|vlv ri wkh qdwxuh ri sulfh frpshwlwlrq
lq wklv prgho |lhogv qryho lqvljkwv lqwr wkh sulflqj0wr0pdunhw skhqrphqrq1
Krzhyhu/ dv vxfk wkh prgho fdqqrw ghdo zlwk wkh h�hfwv ri uhdo h{fkdqjh
udwh vkrfnv rq pdunhw vwuxfwxuh vlqfh hqwu| dqg h{lw ghvwur| wkh v|pphwu|
ri wkh prgho1

Wr doorz iru wkh srvvlelolw| ri pdunhw vwuxfwxuh fkdqjhv/ Gruqexvfk*v
+4<;:, v|pphwulfdo vhwxs lv uhsodfhg e| d foxvwhuhg vwuxfwxuh lq zklfk wkh
pdunhwv fryhuhg e| iruhljq dqg grphvwlf eudqgv wrxfk dw rqo| wzr orfdwlrqv
rq wkh flufoh1 Lq dgglwlrq wr lwv lqwxlwlyh dsshdo/ wklv dv|pphwulfdo vhwxs
suryhv txlwh wudfwdeoh lq ghdolqj zlwk hqwu| dqg h{lw1 Qrwh wkdw wklv yhuvlrq
ri wkh prgho fdqqrw eh vroyhg lq jhqhudo1 Wklv lv zk| rqh qhhgv wr vshfli| wkh
qxpehu ri iruhljq dqg grphvwlf eudqgv frpshwlqj lq wkh grphvwlf pdunhw1
Qdwxudoo|/ wklv hqwdlov vrph orvv ri jhqhudolw|1 Ehorz zh looxvwudwh wkdw wkh
pdlq uhvxowv duh urexvw wr fkdqjhv lq wkh qxpehu ri �upv1

Lq dgglwlrq/ wkh qxpehu ri srwhqwldo hqwudqwv lv uhvwulfwhg1 Jhqhudoo|
vshdnlqj/ fkdqjhv lq wkh h{fkdqjh udwh gr qrw gulyh wkh fuhdwlrq ri qhz �upv
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lq prvw khwhurjhqhrxv jrrgv lqgxvwulhv +h1j1 wkh fdu lqgxvwu|,1 Lqvwhdg/
h{fkdqjh udwh vkrfnv prvwo| fdxvh h{lvwlqj eudqgv wr hqwhu ru h{lw vshfl�f
pdunhwv1 Lw vhhpv qdwxudo wr dvvxph wkdw wkh qxpehu ri srwhqwldo hqwudqwv lv
�{hg dqg erxqghg61 Ixuwkhupruh/ wkh pdunhw vwuxfwxuh fkdqjhv lq uhvsrqvh
wr h{fkdqjh udwh vkrfnv lq dq| jlyhq lqgxvwu| duh wuljjhuhg pdlqo| e| iruhljq
eudqgv1 Dffruglqjo|/ wr irfxv wkh dqdo|vlv rq wkh uhohydqw lvvxhv/ dvvxph
wkhuh duh qr srwhqwldo grphvwlf hqwudqwv1 Vlploduo|/ h{lw rq wkh sduw ri
grphvwlf lqfxpehqwv lv odujho| uxohg rxw e| wkh uhodwlyh frvw h!flhqf| ri
grphvwlf eudqgv1 Wklv lv glvfxvvhg lq ghwdlo ehorz1

Zkhq frqvlghulqj wkh srvvlelolw| ri hqwu| ru h{lw lq dq| jlyhq pdunhw/
djhqwv* h{fkdqjh udwh h{shfwdwlrqv qdwxudoo| sod| d nh| uroh1 Lq wklv prgho
djhqwv duh vlpso| wdnhq wr kdyh shuihfw iruhvljkw17 Lghdoo|/ wkh h{fkdqjh
udwh dqg wkh h{shfwdwlrqv wkhuhri zrxog eh hqgrjhqrxvo| ghwhuplqhg zlwklq
wkh prgho1 Rxu prgho dgrswv d sduwldo htxloleulxp dssurdfk lq wkh vhqvh
wkdw wkh qrplqdo h{fkdqjh udwh surfhvv lv ixoo| h{rjhqrxv1 Wklv lpsolhv wkdw
hqgrjhql}lqj h{fkdqjh udwh h{shfwdwlrqv lv qrw ihdvleoh1

Kdylqj rxwolqhg wkh pdlq dvvxpswlrqv xqghuo|lqj wkh dqdo|vlv/ wklv vhf0
wlrq frqfoxghv e| lqwurgxflqj wkh prgho lwvhoi1

514 Surgxfhuv

Grphvwlf dqg iruhljq �upv lqfxu �{hg frvwv +I(dqg I8 , zkhq dfwlyh lq
wkh grphvwlf pdunhw1 Wkhvh lqfoxgh doo uhfxuuhqw h{shqvhv wkdw duh orfnhg
lq iru h{dfwo| rqh shulrg vxfk dv eudqg qdph pdlqwhqdqfh dgyhuwlvlqj dqg
glvwulexwlrq frvwv +Edogzlq/ 4<;;,1 Ilupv kdyh wr lqfxu wkhvh frvwv dw wkh
vwduw ri hyhu| shulrg lq rughu wr vwd| lq wkh pdunhw1 Qrwh wkdw lq rxu prghoI
grhv qrw lqfoxgh wkh dfwxdo frvwv ri surgxfwlrq1 Lq idfw/ doo �upv kdyh dffhvv
wr wkh vdph frqvwdqw uhwxuqv wr vfdoh surgxfwlrq whfkqrorj|= z( @ z8 >

zkhuh z ghqrwhv wkh pdujlqdo frvw ri surgxfwlrq1 Iruhljq eudqgv duh dw
d �{hg frvw glvdgydqwdjh uhodwlyh wr wkh grphvwlf eudqg8= I8 A I(1 Lq
dgglwlrq/ hqwudqwv lqfxu d vxqn frvw V ehiruh hqwhulqj wkh grphvwlf pdunhw1
Wklv lqfoxghv doo frvwv lqfxuuhg zkloh vhwwlqj xs d glvwulexwlrq qhwzrun/
hvwdeolvklqj d eudqg qdph/ hwf1 Rqfh dq lqfxpehqw kdv ohiw wkh pdunhw/ ru/

6Wklv erxqghgqhvv dvvxpswlrq uh hfwv wkh vfduflw| ri fhuwdlq luuhsodfdeoh lqsxwv1 Lw lv
kdug wr wklqn ri lqgxvwulhv surgxflqj kljko| gl�huhqwldwhg jrrgv wkdw kdyh dq xqolplwhg
vxsso| ri srwhqwldo hqwudqwv1

7D uhfhqw vwxg| e| Fdpsd +4<<;, dujxhv wkdw vxqn frvwv zhuh fuxfldo lq wkh hqwu|0h{lw
ghflvlrqv ri Vsdqlvk pdqxidfwxulqj h{sruwhuv1 Kh �qgv wkdw h{fkdqjh udwh xqfhuwdlqlw|
grhv qrw sod| dq lpsruwdqw uroh lq wkh hqwu|0h{lw ghflvlrqv1

8Iruhljq eudqgv pd| lqfxu kljkhu �{hg frvwv iru d ydulhw| ri uhdvrqv vxfk dv kljkhu
wudqvsruwdwlrq/ glvwulexwlrq dqg eudqg pdlqwhqdqfh dgyhuwlvlqj h{shqglwxuhv1
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htxlydohqwo|/ qrw vhuyhg wkh pdunhw iru rqh shulrg/ uh0hqwu| uhtxluhv vshqglqj
wkh hqwluh vxqn frvw V djdlq1 Erwk wkh �{hg +I , dqg vxqn +V, frvwv duh
lqfxuuhg lq wkh grphvwlf pdunhw/ l1h1 lq grphvwlf fxuuhqf|/ vlqfh wkhvh duh
qrw uhodwhg wr wkh dfwxdo surgxfwlrq ri wkh frpprglwlhv1 Surgxfwlrq frvwv
+z, duh lqfxuuhg lq wkh frxqwu| ri ruljlq/ l1h1 lq iruhljq fxuuhqf|1

Surgxfhuv duh orfdwhg htxlglvwdqwo| rq wkh flufoh xsrq hqwu|1 Lq d ixoo|
v|pphwulfdo prgho wkh htxdo vsdflqj ri eudqgv rewdlqv dv dq htxloleulxp
rxwfrph lq fdvh ri hqgrjhqrxv orfdwlrq fkrlfh1 Li doo �upv duh lghqwlfdo/
eudqgv vlpso| rsw wr orfdwh dv idu dv srvvleoh iurp wkhlu frpshwlwruv +vhh
Wluroh +4<<7/ s1 5;4, iru d vlpsoh surri ri wkh pd{lpxp gl�huhqwldwlrq sulq0
flsoh, Pd{lpxp gl�huhqwldwlrq qhhg qrw rewdlq dv dq htxloleulxp rxwfrph
lq fdvh ri SSS ghyldwlrqv1 Udwkhu wkdq doorzlqj wkh hqwudqw wr fkrrvh lwv
orfdwlrq iuhho|/ zh fkrvh wr pdlqwdlq wkh htxdo vsdflqj dvvxpswlrq1 Hqgrjh0
ql}lqj wkh orfdwlrqdo fkrlfh lq wklv w|sh ri prgho/ zkloh whfkqlfdoo| ghpdqg0
lqj/ pd| surylgh ixuwkhu lqvljkwv lqwr wkh h�hfwv ri h{fkdqjh udwh vkrfnv rq
pdunhw vwuxfwxuh1 Qdwxudoo|/ vrph dvvxpswlrqv duh qhhghg frqfhuqlqj wkh
uhodwlyh srvlwlrq ri qhz hqwudqwv1 Lq rxu prgho/ d elgglqj jdph suhfhghv wkh
dfwxdo hqwu| vwdjh1 Srwhqwldo hqwudqwv hqjdjh lq d elgglqj jdph zlwk hdfk ri
wkh iruhljq lqfxpehqwv iru wkh fruuhvsrqglqj eudqg orfdwlrq1 Lq htxloleulxp
wkh iruhljq lqfxpehqw elgv dq dprxqw fruuhvsrqglqj wr wkh h{fhvv h{shfwhg
sur�wv ri wklv orfdwlrq uhodwlyh wr wkh orfdwlrq ixuwkhvw iurp wkh grphvwlf
lqfxpehqw1 Wklv pdnhv wkh hqwudqw h{dfwo| lqgl�huhqw ehwzhhq wkh odwwhu
orfdwlrq dqg wkh rwkhu orfdwlrqv rq wkh flufoh1 Wkh hqwudqw*v rswlpdo elg lv
}hur dqg dv d uhvxow vkh vlpso| hqgv xs lq wkh orfdwlrq ixuwkhvw dzd| iurp
wkh grphvwlf eudqg1 Qrwh wkdw wklv lv wkh xqltxh Qdvk htxloleulxp vlqfh
wkh lqfxpehqwv/ qrw kdylqj wr lqfxu wkh vxqn hqwu| frvw/ fdq dozd|v rxwelg
wkh hqwudqwv1 Dv lw wxuqv rxw/ iruhljq lqfxpehqwv lqyduldeo| pdlqwdlq wkhlu
eudqg*v uhodwlyh srvlwlrq lq whupv ri sur{lplw| wr wkh grphvwlf eudqg dqg
wkh hqwudqw lv irufhg wr pdunhw wkh eudqg ixuwkhvw iurp wkh grphvwlf rqh1
Qrwh wkdw wklv eudqg lv wkh ohdvw sur�wdeoh dw uhdo h{fkdqjh udwhv ehorz SSS1
Ehorz/ wkh elgglqj jdph lwvhoi zloo qrw eh dqdo|}hg h{solflwo| dq| ixuwkhu1
Zh vlpso| dvvxph wkh qhz hqwudqw hqgv xs lq wkh ohdvw sur�wdeoh vsrw1

515 Frqvxphuv

Ilqdoo|/ O grphvwlf frqvxphuv duh glvwulexwhg xqlirupo| rq wkh flufoh1 Wkhvh
frqvxphuv ex| wkh eudqg forvhvw wr wkhlu suhihuuhg eudqg oW zklfk frlqflghv
zlwk wkhlu srvlwlrq rq wkh flufoh1 Ohw f ghqrwh wkh xwlolw| frvw shu xqlw
ri glvwdqfh1 Frqvxphuv sxufkdvh rqh ri wkh jrrgv r�huhg lq wkh grphvwlf
pdunhw surylghg wkdw=

9



pd{
�

^x� f mo� � oWm � s�` � hv +4,

zkhuh o� ghqrwhv wkh srvlwlrq ri eudqg l/ mo� � oWm uhihuv wr wkh vkruwhvw glv0
wdqfh ehwzhhq o� dqg oW dqg hv ghqrwhv wkh vxusoxv ghulyhg iurp frqvxplqj
wkh krprjhqhrxv rxwvlgh jrrg1 Uhjdugohvv ri wkh h{fkdqjh udwh zh rqo| frq0
vlghu htxloleuld lq zkdw Vdors +4<:</ s1 476, uhihuv wr dv wkh frpshwlwlyh uh0
jlrq1 Wkh frpshwlwlyh uhjlrq lv �frpsrvhg ri sulfhv lq zklfk frqvxphuv duh
dwwudfwhg zkr zrxog rwkhuzlvh sxufkdvh vrph rwkhu gl�huhqwldwhg eudqg�
+Vdors/ 4<:</ s1476,1 Vlpso| sxw/ wkh eudqgv fryhu wkh hqwluh pdunhw dqg
hqjdjh lq gluhfw frpshwlwlrq zlwk hdfk rwkhu1 Qrqh ri wkh frqvxphuv suhihu
wkh rxwvlgh jrrg91

6 Irxu0 lqfxpehqw Prgho

Wr vwduw wkh dqdo|vlv/ zh dqdo|}h d sduwlfxodu yhuvlrq ri wkh prgho wkdw ihd0
wxuhv 7 lqfxpehqwv/ wkuhh ri zklfk duh iruhljq1 Wzr ri wkh iruhljq lqfxp0
ehqwv duh dgmdfhqw wr wkh grphvwlf eudqg1 Wkh iruphu frpshwh gluhfwo| zlwk
wkh grphvwlf eudqg dqg wkh qrq0dgmdfhqw iruhljq eudqg1 Qrwh wkdw wklv vlp0
soh 70eudqg h{dpsoh ihdwxuhv 6 gl�huhqw sulfhv= wkh grphvwlf eudqg*v sulfh/
wkh qrq0dgmdfhqw dqg wkh dgmdfhqw iruhljq eudqg*v sulfh1 Lq dgglwlrq/ wkh
pd{lpxp qxpehu ri grphvwlf hqwudqwv lv �{hg dw 4/ zkloh wkh pd{lpxp
qxpehu ri srwhqwldo iruhljq hqwudqwv lv 71 Wklv vhwxs uh hfwv doo ri wkh dv0
vxpswlrqv lqwurgxfhg lq wkh suhylrxv vhfwlrq1 Wkh surshuwlhv ri wklv prgho
zloo eh h{soruhg xqghu wkuhh gl�huhqw h{fkdqjh udwh vfhqdulrv1

Wklv lv d wzr0vwdjh jdph1 Lqlwldoo| wkh pdunhw lv vhuyhg e| 7 lqfxpehqwv1
Ehiruh wkh vwduw ri wkh jdph wkh hqwluh sdwk ri ixwxuh h{fkdqjh udwhv lv
revhuyhg e| doo sod|huv/ lqfoxglqj doo srwhqwldo hqwudqwv1 Lq wkh �uvw vwdjh
qrq0lqfxpehqw eudqgv pd| ghflgh wr hqwhu ru lqfxpehqw eudqgv pd| ghflgh
wr ohdyh wkh pdunhw1 Lq wkh vhfrqg vwdjh wkhvh eudqgv frpshwh lq sulfhv1
Wkh wzr0vwdjh jdph lv vroyhg e| phdqv ri edfnzdug lqgxfwlrq1 Kdylqj
vroyhg iru Ehuwudqg0Qdvk htxloleulxp sulflqj vwudwhjlhv lq wkh vhfrqg vwdjh/
wkh htxloleulxp qxpehu ri eudqgv lv ghulyhg iurp wkh uhgxfhg irup sur�w
ixqfwlrqv1

Lq wkh vhfrqg vwdjh �upv pd{lpl}h fxuuhqw sur�wv lq ghulylqj wkhlu rs0
wlpdo sulflqj vwudwhjlhv 1: Ohw H| ghqrwh h{shfwdwlrqv frqglwlrqdo rq lqiru0
pdwlrq dw wlph w1 U lv wkh glvfrxqw udwh1 Iluvw/ frqvlghu wkh grphvwlf �up*v
remhfwlyh ixqfwlrq =

9 Lq rwkhu zrugv/ zh dvvxph hr lv uhodwlyho| vpdoo1
:Zh dvvxph wkdw vhfrqg rughu frqglwlrqv duh vdwlv�hg1
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zkhuh s
8�

|nr ghqrwhv wkh dgmdfhqw iruhljq eudqg1 Wkh grphvwlf eudqg*v gh0
pdqg fxuyh zdv ghulyhg e| orfdwlqj wkh lqgl�huhqw frqvxphu rq erwk vlghv1
Vlploduo|/ zh ghulyh wkh sur�w ixqfwlrq ri wkh dgmdfhqw iruhljq �up +ghqrwhg
ID,1 Ohw h|nr ghqrwh wkh h{fkdqjh udwh +xqlwv ri grphvwlf fxuuhqf| shu xqlw
ri iruhljq fxuuhqf|,1 Qrwh wkdw wkhvh �upv frpshwh zlwk wzr �upv srvvleo|
fkdujlqj gl�huhqw sulfhv1 Pdunhw vkduhv duh qrw qhfhvvdulo| htxdo rq erwk
vlghv1 Wkh dgmdfhqw iruhljq �up*v remhfwlyh ixqfwlrq lq whupv ri grphvwlf
fxuuhqf| lv=
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Ilqdoo|/ zh wxuq wr wkh qrq0dgmdfhqw iruhljq �up +ghqrwhg IQD, idflqj
lghqwlfdo sulfhv rq erwk vlghv=
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Vroylqj iru wkh 6 rswlpdo sulflqj vwudwhjlhv lq shulrg w. v rq wkh sduw ri
wkh lqfxpehqwv |lhogv=
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Wkh ghulydwlrq ri rswlpdo sulflqj vwudwhjlhv lq wkh rwkhu pdunhw frq�j0
xudwlrqv lv lghqwlfdo dqg zloo qrw eh jlyhq1 Vhyhudo vw|ol}hg h{fkdqjh udwh
vfhqdulrv zloo eh frqvlghuhg1

614 SSS V|pphwulf Htxloleulxp

Iluvw/ frqvlghu wkh ehqfkpdun fdvh lq zklfk wkh h{fkdqjh udwh lv h{shfwhg wr
uhpdlq lqgh�qlwho| dw lwv SSS ydoxh= H|h|n� @ h|n� @ 4> l @ 4> 5> 6 � � � = Iruhljq
dqg grphvwlf �upv surgxfh dw wkh vdph h�hfwlyh pdujlqdo frvw lq doo ixwxuh

;



shulrgv1 Lq wklv sduwlfxodu fdvh wkh vwdqgdug ixoo| v|pphwulf htxloleulxp
rewdlqv lq hyhu| ixwxuh shulrg1 Grphvwlf dqg iruhljq �upv fkdujh lghqwlfdo
sulfhv=

s @
f

q
.z> +;,

zkhuh q ghqrwhv wkh qxpehu ri lqfxpehqwv1 Wxuqlqj wr wkh �uvw vwdjh/ lw lv
vwudljkwiruzdug wr yhuli| wkdw qr iruhljq eudqgv hqwhu ru h{lw surylghg wkdw=

q. 4 A

v
fO

I8 . V+4�U,
dqg

v
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� q= +<,

Wr idflolwdwh wkh dqdo|vlv zh dvvxph ehorz wkdw wkh frqglwlrqv lq htxdwlrq
+<, duh vdwlv�hg/ phdqlqj wkdw qr hqwu| ru h{lw rffxuv zkhq wkh h{fkdqjh
udwh lv h{shfwhg wr uhpdlq lqgh�qlwho| dw lwv SSS ohyho ri 41 Qrwh wkdw wkh
odwwhu frqglwlrq lpsolhv wkdw=

O
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�
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� I(= +43,

Lq rxu 70eudqg prgho/ wklv dvvxpswlrq lpsolhv wkdw wkh v|pphwulf htxlole0
ulxp lv vxvwdlqdeoh li lqlwldoo| doo sod|huv zrxog h{shfw wkh h{fkdqjh udwh wr
uhpdlq dw SSS iruhyhu; dqg lw zloo suryh sduwlfxoduo| xvhixo ehorz1

615 ��shulrg SSS Ghyldwlrq

Vhfrqg/ frqvlghu d ixoo| dqwlflsdwhg SSS ghyldwlrq wkdw odvwv iru � shulrgv/
diwhu zklfk wkh h{fkdqjh udwh uhyhuwv wr lwv SSS ydoxh iruhyhu=

H|h|n� @ h|n� @ h> l @ 4> 5> 6 � � � � +44,

H|h|n� @ h|n� @ h> l @ � . 4> � . 5> � . 6 � � � = +45,

Vpdoo vkrfnv duh olnho| wr ohdyh wkh vwuxfwxuh ri wkh pdunhw xqfkdqjhg
zkloh odujh dqwlflsdwhg vkrfnv pd| wuljjhu hqwu| ru h{lw lq wkh �uvw vwdjh ri
wkh jdph1 Wklv wudqvodwhv lqwr d edqg ri lqdfwlrq/ zkhuh qhlwkhu qhz hqwu|
qru h{lw ri iruhljq �upv wdnhv sodfh1 Zkhqhyhu wkh h{fkdqjh udwh vkrfnv idoo
zlwklq wklv udqjh/ wkh pdunhw vwuxfwxuh lv xqd�hfwhg e| wkh h{fkdqjh udwh
vkrfnv1

;Vwulfwo| vshdnlqj/ wklv dvvxpswlrq frq lfwv zlwk wkh shuihfw iruhvljkw dvvxpswlrq lq

wkh qh{w vxevhfwlrq1

<



Wkh �uvw vxevhfwlrq ghdov dw ohqjwk zlwk wkh surshuwlhv ri wkh edqg ri
lqdfwlrq dqg wkh h�hfwv ri vkrfnv zlwklq wklv sduwlfxodu udqjh1 Wkh qh{w vxe0
vhfwlrq ghvfulehv zkdw kdsshqv zkhq fxuuhqf| vkrfnv h{fhhg wkhvh erxqgv1
Lq wklv vhfwlrq zh vlpso| dvvxph wkh krph frxqwu| lv uhodwlyho| vpdoo z1u1w1
wkh uhvw ri wkh zruog/ phdqlqj wkdw  xfwxdwlrqv ri wkh grphvwlf fxuuhqf|
kdyh qr h�hfw rq wkh sulfhv ri vlplodu jrrgv pdunhwhg deurdg1 Wklv lv htxlyd0
ohqw wr dvvxplqj wkdw grphvwlf �upv duh qrw dfwlyh lq iruhljq pdunhwv1 Jlyhq
wklv dvvxpswlrq/ wkh uhdo h{fkdqjh udwh ehkdylru lv jryhuqhg e| grphvwlf
sulfhv dqg wkh qrplqdo h{fkdqjh udwh1< Lq wkh qh{w vhfwlrq wklv dvvxpswlrq
lv gursshg1

61514 Wkh Edqg ri Lqdfwlrq

Iru dq| ydoxh � dq xsshu dqg orzhu erxqg fdq eh ghulyhg rq wkh vl}h ri wkh
fxuuhqf| vkrfnv1 Zkhqhyhu wkh vkrfnv h{fhhg wkhvh erxqgv/ wkh vwuxfwxuh
ri wkh pdunhw lv dowhuhg1 Ohw �h� ghqrwh wkh vl}h ri wkh ��shulrg SSS
ghyldwlrq +�h @ 4� h,1 Wr nhhs wkh dqdo|vlv wudfwdeoh/ zh lqwurgxfh vrph
dgglwlrqdo qrwdwlrq1 Ohw
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zkhuh q lv dq| qrq0qhjdwlyh lqwhjhu1 Wkh frqglwlrqv lq htxdwlrq +43, lpso|
wkdw {+q, � 3 dqg {+q, � 3= Dovr qrwh wkdw m{+q. 4,m � m{+q,m dqg {+q, �
{+q. 4,=

Sursrvlwlrq 41d= Zkhq wkh vl}h ri wkh ��shulrg fxuuhqf| vkrfn idoov
lq wkh lqwhuydo

�
�he� >�he�

�
> wkhuh lv d xqltxh Vxejdph Shuihfw Qdvk

Htxloleulxp +khqfhiruwk VSQH, ri wkh wzr0vwdjh jdph zlwkrxw hqwu|
dqg2ru h{lw lq wkh �uvw vwdjh1 �he

�
dqg �he

�
ghqrwh wkh odujhvw SSS

ghyldwlrqv shuvlvwlqj iru � shulrgv zlwkrxw d�hfwlqj pdunhw vwuxfwxuh=

�he� @
9

z
{+7,>

<Iru rxu sxusrvhv/ wkh uhdo h{fkdqjh udwh lv gh�qhg dv wkh dyhudjh sulfh ri wkh jrrgv

vrog deurdg lq grphvwlf fxuuhqf| uhodwlyh wr wkh dyhudjh sulfh ri jrrgv vrog dw krph1

43
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xqghu vxlwdeoh frqglwlrqv431

Surri= Vhh Dsshqgl{1

Li wkh vl}h ri wkh vkrfnv uhpdlqv zlwklq wkh edqg ri lqdfwlrq/ wkh wzr0
vwdjh jdph kdv d xqltxh VSQH= lq wkh �uvw vwdjh wkhuh lv qhlwkhu hqwu| qru
h{lw zkloh lq wkh vhfrqg vwdjh wkh 7 lqfxpehqw eudqgv vlpso| dsso| wkh
sulflqj vwudwhjlhv lqhtxdwlrqv +8,/ +9, dqg +:,1

Wkh iruhljq dgmdfhqw lqfxpehqw lq wkh 70eudqg pdunhw ghwhuplqhv wkh
xsshu erxqg dv wklv eudqg lv prvw olnho| wr ohdyh diwhu d ghsuhfldwlrq1 �he

�
lv

srvlwlyh/ ru he
�
A 4/ zkhqhyhu �upv uhdol}h srvlwlyh sur�wv zlwk wkh h{fkdqjh

udwh dw SSS441 Lq wklv fdvh wkh iruhljq �upv duh zloolqj wr dffhsw whpsr0
udu| orvvhv dv d uhvxow ri wkh ghsuhfldwlrq lq dqwlflsdwlrq ri r�vhwwlqj ixwxuh
sur�wv1 Li wkh h{fkdqjh udwh ghsuhfldwhv eh|rqg wkh he

�
wkuhvkrog/ wkh lqlwldo

70eudqg pdunhw vwuxfwxuh fdq qr orqjhu eh vxvwdlqhg lq htxloleulxp1 Wkh
orzhu erxqg ri wkh udqjh lv ghwhuplqhg e| wkh srwhqwldo hqwudqwv* vwudwhj|1
Lw fdq eh yhul�hg wkdw �he

�
lv qhjdwlyh/ he

�
? 4> surylghg wkdw wkh qr0hqwu|

frqglwlrq lq wkh ehqfkpdun v|pphwulf fdvh lv vdwlv�hg451 Dvvxph doo ri
wkhvh frqglwlrqv krog1

Wkh edqg ri lqdfwlrq lv qrw v|pphwulfdo durxqg }hur1 Wkuhh dvshfwv ri
wkh prgho dffrxqw iru wklv dv|pphwu|1 Iluvw/ srwhqwldo hqwudqwv qdwxudoo|
frqvlghu wkh h{shfwhg hqwu| sur�wv lq d 80eudqg pdunhw1 Doo hovh htxdo/
dyhudjh sur�wv duh orzhu lq d 80eudqg pdunhw wkdq lq d 70eudqg pdunhw1
Wklv whqgv wr lqfuhdvh wkh vl}h ri wkh dssuhfldwlrq qhhghg wr lqgxfh hqwu|
uhodwlyh wr wkh vl}h ri wkh ghsuhfldwlrq wkdw wuljjhuv h{lw1 Vhfrqg/ wkh hqwhulqj
eudqg lv orfdwhg dw wkh vsrw ixuwkhvw iurp wkh grphvwlf eudqg/ lwv sur�wv
ehlqj ohvv vhqvlwlyh wr wkh h{fkdqjh udwh dv d uhvxow1 Wkh lqfxpehqw zklfk
frqvlghuv ohdylqj lv orfdwhg qh{w wr wkh grphvwlf eudqg pdnlqj lwv sd|r�
kljko| vhqvlwlyh wr wkh h{fkdqjh udwh1 Ilqdoo|/ wkh hqwudqw qhhgv wr lqfxu
d vxqn frvw xsrq hqwu|/ zklfk sxvkhv wkh orzhu erxqg grzq1 Wklv vxqn
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frvw e| lwv yhu| qdwxuh grhv qrw gluhfwo| d�hfw wkh lqfxpehqwv* vwudwhj|1

Frqvhtxhqwo|/ wkh xsshu erxqg grhv qrw gluhfwo| ghshqg rq wkh vl}h ri wkh

vxqn frvw1

Qh{w/ zh glvfxvv wkh h�hfwv ri yduldwlrqv lq wkh shuvlvwhqfh ri vkrfnv/

wkh ohyho ri gl�huhqwldwlrq dqg wkh frvw vwuxfwxuh rq wkh vl}h ri wkh edqg ri

lqdfwlrq1

Fruroodu| 414= �h
e
�
&>�he

�
% dqg wkh edqg ri lqdfwlrq

�
�he

�
>�he

�

�
vkulqnv

dv shuvlvwhqfh � lqfuhdvhv1

Surri= Vhh Dsshqgl{1

Wkh edqg ri lqdfwlrq vkulqnv dv wkh shuvlvwhqfh ri vkrfnv lqfuhdvhv1 Dq
lqfuhdvh lq shuvlvwhqfh +�, xqdpeljxrxvo| orzhuv �he

�
dqg ghfuhdvhv �he

�
lq

devroxwh ydoxh xqghu wkh dvvxpswlrqv lq htxdwlrq +43,+vhh wkh Dsshqgl{ iru
d surri,1 Vpdoohu dssuhfldwlrqv lqgxfh hqwu| dv shuvlvwhqfh lqfuhdvhv zkloh
vpdoohu ghsuhfldwlrqv vx!fh wr fdxvh rqh ri wkh iruhljq eudqgv wr ohdyh1 Wkh
h�hfwv ri fkdqjhv lq wkh h{whqw ri surgxfw gl�huhqwldwlrq + S

u
, duh shukdsv

ohvv reylrxv1

Fruroodu| 415= �he� %>�he� & dqg wkh edqg ri lqdfwlrq
�
�he� >�he�

�
zlghqv

dv wkh ohyho ri surgxfw gl�huhqwldwlrq f lqfuhdvhv1

Surri= Vhh Dsshqgl{1

Wkh xsshu erxqg whqgv wr lqfuhdvh dv wkh ohyho ri surgxfw gl�huhqwld0
wlrq ulvhv1 Gl�huhqwldwlrq h�hfwlyho| surwhfwv wkh iruhljq eudqg iurp �hufh
sulfh frpshwlwlrq dw kljk h{fkdqjh udwhv wkxv uhgxflqj wkh vl}h ri lwv orvvhv1
Frqyhuvho|/ wkh orzhu erxqg gursv ehfdxvh hqwu| lv qrw dv sur�wdeoh dw orz
h{fkdqjh udwhv461 Dv lw wxuqv rxw/ lqfuhdvhv lq wkh vl}h ri �{hg frvwv whqg wr
zlghq dqg vkliw wkh edqg ri lqdfwlrq1

Fruroodu| 416= �he� &>�he� & dv �{hg frvwv I lqfuhdvh1

Surri= Reylrxv1

Wkh gluhfw h�hfw ri dq lqfuhdvh lq I lv wr orzhu �he� dqg lqfuhdvh �he�
+lq devroxwh ydoxh,/ dv fdq hdvlo| eh yhul�hg1 Wkh edqg ri lqdfwlrq vkliwv
grzqzdugv1 Krzhyhu/ dv �{hg frvwv lqfuhdvh/ wkh ruljlqdo qxpehu ri lqfxp0
ehqwv prvw olnho| fdqqrw qrw eh vxvwdlqhg lq wkh lqlwldo htxloleulxp dw SSS

46�{ee
�
gursv� ru �{ee

�
lqfuhdvhv lq devroxwh ydoxh� zloo eh xvhg lqwhufkdqjhdeo| ehorz1

Uhfdoo wkdw zh dvvxphg {ee
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dv wkh frqglwlrqv lq htxdwlrq +43, zrxog eh ylrodwhg1 Wr dffrxqw iru wklv
h�hfw/ zh h{soruh wkh fkdqjh lq wkh erxqgv zkloh nhhslqj htxloleulxp SSS
sur�wv �47 frqvwdqw e| lqfuhdvlqj f dffruglqjo| +zkloh O lv �{hg,1 Zkdw zh
kdyh lq plqg lv d frpsdulvrq dprqj lqgxvwulhv vkdulqj dq lghqwlfdo qxpehu
ri lqfxpehqwv wkdw ihdwxuh gl�huhqw ghjuhhv ri surgxfw gl�huhqwldwlrq dqg
gl�huhqw ohyhov ri eudqg pdlqwhqdqfh dqg glvwulexwlrq frvwv1 Wkh qhw h�hfw
ri dq lqfuhdvh lq I / frpelqhg zlwk dq r�vhwwlqj lqfuhdvh lq f/ fohduo| lv wr
ghfuhdvh wkh orzhu erxqg ri wkh edqg ri lqdfwlrq1

Fruroodu| 417= Nhhslqj wkh lqlwldo qxpehu ri lqfxpehqwv �{hg/ wkh orzhu
erxqg ri wkh edqg ri lqdfwlrq �h

e
�
& gursv dv I dqg f ulvh vxfk wkdw

g� @ 3=Wkh h�hfw rq wkh xsshu erxqg�he
�
fdqqrw eh vljqhg lq jhqhudo1

Surri=
C�he
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C�he
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gf ? 3> +49,

zkhuh g� @ �gI . u

�S
gf @ 3/ dv fdq eh yhul�hg iurp Fruroodu| 414 dqg

4151

Wkh vljq ri wkh h�hfw rq wkh xsshu erxqg fdqqrw eh ghwhuplqhg xqdp0
eljxrxvo|1 Wklv vxjjhvwv wkdw wkh pdunhw vwuxfwxuh lq lqgxvwulhv fkdudfwhu0
l}hg e| kljk ohyhov ri �{hg frvwv dqg fruuhvsrqglqjo| kljk ohyhov ri surgxfw
gl�huhqwldwlrq lv ohvv vxvfhswleoh wr dssuhfldwlrqv wkdq lq rwkhu lqgxvwulhv1
Ilqdoo|/ wkh h�hfw ri wkh vxqn frvw lwvhoi phulwv vrph dwwhqwlrq1 Qdwxudoo|/
wkh gluhfw h�hfw ri dq lqfuhdvh lq wkh vl}h ri vxqn frvwv lv wr lqfuhdvh wkh
uhtxluhg dssuhfldwlrq ri wkh grphvwlf fxuuhqf| qhhghg wr lqgxfh hqwu|1 V

grhv qrw d�hfw wkh xsshu erxqg gluhfwo|1 Krzhyhu/ dq lqfuhdvh lq V lv olnho|
wr d�hfw wkh qxpehu ri lqlwldo hqwudqwv1 Wr holplqdwh wklv h�hfw/ zh nhhs qhw
h{shfwhg sur�wv48 �? dw SSS frqvwdqw dqg h{soruh wkh h�hfw ri d fkdqjh lq
wkh lqgxvwu|*v vxqn wr �{hg frvw udwlr1 Wklv uhsuhvhqwv wkh orqj0uxq h�hfw1

Fruroodu| 418= Nhhslqj wkh lqlwldo qxpehu ri lqfxpehqwv �{hg/ wkh xsshu
erxqg ri wkh edqg ri lqdfwlrq �he� % ulvhv dv wkh udwlr ri vxqn wr �{hg
frvwv lqfuhdvhv1 Wkh orzhu erxqg �he� lv qrw d�hfwhg1

Surri=
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C�he�
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C�he�
CI

m_Z?'f@ 3= +4;,

Dv lv wr eh h{shfwhg/ wkh pdunhw vwuxfwxuh ri lqgxvwulhv fkdudfwhul}hg e|
d kljk udwlr ri vxqn wr �{hg frvwv lv ohvv olnho| wr eh d�hfwhg e| d ghsuhfl0
dwlrq1 Rqfh wkh lqfxpehqwv kdyh lqfxuuhg wkh vxqn frvw/ wkh| duh zloolqj
wr vwd| lq wkh pdunhw hyhq dw yhu| orz h{fkdqjh udwhv1 Wkh udwlr ri vxqn
wr �{hg frvwv kdv qr h�hfw rq wkh plqlpxp vl}h ri wkh dssuhfldwlrq wkdw
lqgxfhv hqwu|1 Vxppdul}lqj/ lqgxvwulhv ihdwxulqj kljkhu vxqn hqwu| frvwv
kdyh frpsdudwlyho| zlghu srvlwlyh vhfwlrqv ri wkh lqdfwlrq edqg1

Wr gulyh wklv srlqw krph frpsohwho|/ frqvlghu wkh XV h{shulhqfh ri wkh
;3*v lq d kljk vxqn hqwu| frvw lqgxvwu| +h1j1 wkh plqhudo zdwhu lqgxvwu|,1
Vxssrvh wkh lqlwldo dssuhfldwlrq ri wkh groodu h{fhhghg wkh orzhu erxqg
�he� / fdxvlqj h{dfwo| rqh iruhljq eudqg wr pdnh wkh uhtxluhg dgyhuwlvlqj
h{shqglwxuhv dqg mrlq wkh XV pdunhw1 Li wkh 8�eudqg htxloleulxp lv yldeoh
dw SSS/ doo ri wkh eudqgv uhpdlq lq wkh pdunhw hyhq diwhu wkh h{fkdqjh udwh
uhwxuqv wr lwv ruljlqdo ydoxh1 Lq idfw/ d odujhu ru pruh shuvlvwhqw ghsuhfldwlrq
wkdq wkh ruljlqdo dssuhfldwlrq lv qhhghg wr uhyhuw wr wkh lqlwldo q0eudqg
htxloleulxp zkhq wkh udwlr ri vxqn wr �{hg frvwv lv kljk/ dv

�
��he�
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� � �hD� iru

odujh 7

88
1

Fruroodu| 419= �hD� �
�
��he�

�
� iru V uhodwlyho| odujh wr I 1

Surri= vhh Dsshqgl{1

Qdwxudoo|/ li wkh hqwudqw dqwlflsdwhv orvvhv rqfh wkh h{fkdqjh udwh kdv
uhwxuqhg wr lwv lqlwldo ydoxh dw wlph w. � / kh zlwkgudzv iurp wkh pdunhw dw
wkdw srlqw lq wlph udwkhu wkdq lqfxu orvvhv1 D gl�huhqw orzhu erxqg rewdlqv1

Sursrvlwlrq 41e= Zkhq wkh hqwudqw dqwlflsdwhv orvvhv dw w. � / wkh orzhu
erxqg fkdqjhv wr=
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Surri = vhh Dsshqgl{1

Kdylqj ghvfulehg wkh qdwxuh ri wkh edqg ri lqdfwlrq/ wkh ehkdylru ri

sulfhv dqg yroxphv lq uhvsrqvh wr fxuuhqf| vkrfnv uhpdlqv wr eh glvfxvvhg1
Dv orqj dv wkh h{fkdqjh udwh fkdqjh grhv qrw h{fhhg wkhvh erxqgv/ �upv
vlpso| iroorz wkh rswlpdo sulflqj vwudwhjlhv lq +8,/ +9, dqg +:, zkloh pdunhw
vwuxfwxuh uhpdlqv xqdowhuhg1 Xvlqj wkhvh vwudwhjlhv/ vlpsoh fdofxoxv |lhogv
wkh hodvwlflwlhv ri sulfhv dqg lpsruw yroxphv z1u1w1 h{fkdqjh udwh fkdqjhv1
Iluvw/ zh h{dplqh sulfh uhvsrqvhv1

Fruroodu| 41:= Wkh sulfh dgmxvwphqw lq wkh grphvwlf pdunhw lv lqfrpsohwh
z1u1w1 wkh h{fkdqjh udwh vkrfn zkhq�h� 5
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= Wkh hodvwlflw|

ri sulfhv z1u1w1 fkdqjhv lq wkh h{fkdqjh udwhv duh=*( @ D
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Surri = Uhwxuq wr htxdwlrqv +8,/ +9, dqg +:,1

Wkh uhodwlyh sulfh ri erwk lpsruwhg eudqgv +ID dqg IQD, lqfuhdvhv lq
uhvsrqvh wr d ghsuhfldwlrq1 Wkh qrq0dgmdfhqw lpsruwhg eudqg udlvhv lwv
sulfh e| pruh wkdq wkh dgmdfhqw lpsruwhg eudqg/ ehfdxvh lw grhv qrw idfh
gluhfw frpshwlwlrq iurp wkh grphvwlf eudqg1 Qrwh wkdw wkh uhodwlyh sulfh ri
eudqg ID lq whupv ri wkh grphvwlf eudqg kdv dq hodvwlflw| ri D

�2
#/ zkhuhdv

wkh eudqg IQD kdv dq hodvwlflw| ri �

2
#= 49 Xqolnh suhylrxv prghov/ wklv

sduwlfxodu prgho suhglfwv vxevwdqwldo gl�huhqfhv lq sdvv0wkurxjk ghshqglqj
rq wkh pdunhw srvlwlrq ri wkh iruhljq dqg grphvwlf eudqgv1 Fohduo|/ sdvv0
wkurxjk lqfuhdvhv xqlirupo| dv wkh glvwdqfh vhsdudwlqj wkh iruhljq iurp wkh
grphvwlf eudqg lqfuhdvhv1 Wkh dyhudjh sulfh0hodvwlflw| +l1h1 zhljkwhg e|
pdunhw vkduh= *�� @ b

�2
#, lv d xvhixo lqglfdwru ri ryhudoo sdvv0wkurxjk lq d

jlyhq lqgxvwu|1
Qh{w/ frqvlghu wkh uhvsrqvlyhqhvv ri lpsruwv wr h{fkdqjh udwh fkdqjhv1

Fruroodu| 41;= Wkh pdunhw vkduh ri lpsruwv gursv ehorz lwv lqlwldo ydoxh
ri 6 txduwhuv lq fdvh ri d ghsuhfldwlrq zkhq �h� 5
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hodvwlflw| ri wkh yroxph ri lpsruwv z1u1w1 wkh h{fkdqjh udwh lq wklv
vhwxs lv �D
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Surri = Vhh Dsshqgl{1

Qrwh wkdw wkh hodvwlflw| ri lpsruwv ghfolqhv dv wkh glvxwlolw| frvw shu xqlw
ri glvwdqfh lqfuhdvhv/ ru htxlydohqwo|/ dv wkh vxevwlwxwdelolw| ri eudqgv gh0
fuhdvhv1 Lw lqfuhdvhv dv pdujlqdo frvwv lqfuhdvh vlqfh wkh h{fkdqjh udwh vkrfnv

49Wkhvh sulfh hodvwlflwlhv ghfolqh dv wkh vxevwlwxwdelolw| ri eudqgv ghfuhdvhv ES ��1
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d�hfw pdujlqdo frvwv1 Vlqfh wkh xqghuo|lqj vwuxfwxuh ri wkh hfrqrp| lv qrw
d�hfwhg e| vpdoo fxuuhqf| vkrfnv/ qr k|vwhuhvlv h�hfwv rewdlq1 Zkhq SSS
lv uhvwruhg lq shulrg w. � +h|nr @ 4,/ doo h�hfwv ri wkhvh vpdoo ghydoxdwlrqv
glh rxw1 Khqfh/ zh fdq uhihu wr

�
�he

�
>�he

�

�
dv wkh edqg ri lqdfwlrq= lq wklv

udqjh doo h{fkdqjh udwh vkrfnv duh pdunhw vwuxfwxuh qhxwudo dqg gr qrw d�hfw
sulfhv dqg wudgh yroxphv lq wkh orqj uxq1

61515 Odujh Ghsuhfldwlrqv

Vkrfnv rxwvlgh ri wkh udqjh wuljjhu vwuxfwxudo fkdqjhv1 Qrwh wkdw wkh qr0

hqwu| frqglwlrq lq wkh v|pphwulf htxloleulxp +vhh wkh vhfrqg frqglwlrq lq
htxdwlrq +<, , lpsolhv wkdw dssuhfldwlrqv fdqqrw kdyh dq| shupdqhqw h�hfwv
zkhq V whqgv wr }hur1 Iru V @ 3> wkh hqwudqw vlpso| ohdyhv dw w. � dv wkh
80eudqg htxloleulxp lv qrw vxvwdlqdeoh dw SSS= Lq fdvh ri d ghsuhfldwlrq/
uh0hqwu| dw � . w zloo eh h�hfwlyho| ghwhuuhg rqo| li wkh vxqn hqwu| frvw lv uho0
dwlyho| odujh1 E| frqwudvw/ li iruhljq hqwu| lv sur�wdeoh dw SSS4:/ wkh pdunhw
uhyhuwv wr lwv ruljlqdo 70eudqg htxloleulxp1 Li qrw/ wkh 60eudqg htxloleulxp
suhydlov dqg wkh h�hfwv ri wkh ghsuhfldwlrq duh shupdqhqw1 Iru V @ 3/ hqwu|
lv dozd|v sur�wdeoh +vhh wkh vhfrqg frqglwlrq lq htxdwlrq +<, , dqg qdwxudoo|
qr k|vwhuhvlv h�hfwv rewdlq1

Uhpdun 4= Odujh qrplqdo fxuuhqf| vkrfnv kdyh k|vwhuhvlv h�hfwv li dqg
rqo| li wkh vxqn hqwu| frvw lv qrq0}hur1

Iluvw/ zh dqdo|}h wkh h�hfwv ri odujh ghsuhfldwlrqv1 Wkhvh fdxvh rqh ru
vhyhudo ri wkh iruhljq eudqgv wr txlw vhuylqj wkh grphvwlf pdunhw1 Uhfdoo
wkdw hqwu| e| dq dgglwlrqdo grphvwlf �up lv uxohg rxw e| wkh uhvwulfwlrq
lpsrvhg rq wkh qxpehu ri srwhqwldo grphvwlf surgxfhuv1 Wkh grphvwlf
lqfxpehqw dozd|v vwd|v luuhvshfwlyh ri wkh iruhljq eudqgv* vwudwhjlhv= uh0
hqwu| lv d grplqdqw vwudwhj| iru wklv �up/ dv lw dqwlflsdwhv vwulfwo| srvlwlyh
sur�wv lq hyhu| ixwxuh shulrg1 Wkh qh{w sursrvlwlrqv ghvfuleh d qxpehu ri
VSQH lq zklfk rqh ru pruh ri wkh iruhljq lqfxpehqwv txlw lq wkh �uvw vwdjh
ri wkh jdph1

Li wkh vl}h ri wkh ghsuhfldwlrq grhv qrw h{fhhg d jlyhq wkuhvkrog/ wkh
qrq0dgmdfhqw iruhljq eudqg vwd|v uhjdugohvv ri wkh rwkhu eudqgv* vwudwhjlhv1
Lq wklv fdvh wkh wkhru| doorzv iru dffxudwh suhglfwlrqv derxw zklfk eudqg+v,
dfwxdoo| ohdyh1 Li wkh vl}h ri wkh ghsuhfldwlrq h{fhhgv wklv erxqg/ pxowlsoh
htxloleuld rewdlq1 Lq vrph ri wkhvh wkh qrq0dgmdfhqw eudqgv ohdyh1
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Sursrvlwlrq 51d=Zkhq wkh vl}h ri wkh ��shulrg fxuuhqf| ghsuhfldwlrq

idoov lq wkh lqwhuydo
�
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�
> dw ohdvw rqh ri wkh dgmdfhqw iruhljq

eudqgv ohdyhv wkh pdunhw lq wkh �uvw vwdjh lq erwk ri wkh VSQH ri wkh
wzr0vwdjh jdph1
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Surri = vhh Dsshqgl{1

Sursrvlwlrq 51e=Zkhq wkh vl}h ri wkh ��shulrg ghsuhfldwlrq vkrfn idoov lq
wkh lqwhuydo
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� > h{dfwo| rqh ri wkh dgmdfhqw
iruhljq eudqgv ohdyhv wkh pdunhw lq wkh �uvw vwdjh lq erwk ri wkh VSQH
ri wkh wzr0vwdjh jdph1
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Zkhq wkh vl}h ri wkh ��shulrg fxuuhqf| ghsuhfldwlrq idoov lq wkh lqwhuydo�
�hec��

� >�h��

�
dqg �h�� A �hec��

� > h{dfwo| rqh ri wkh iruhljq eudqgv/ qrw

qhfhvvdulo| wkh dgmdfhqw rqh/ ohdyhv wkh pdunhw lq wkh �uvw vwdjh lq erwk ri
wkh VSQH ri wkh wzr0vwdjh jdph1

Surri = vhh Dsshqgl{1

Wklv ghfuhdvh lq wkh qxpehu ri iruhljq eudqgv kdv wzr glvwlqfw h�hfwv
rq sulfhv1 Iluvw/ doo eudqgv duh vxemhfw wr d rqfh0dqg0iru0doo dqg xqlirup
sulfh lqfuhdvh/ wkh vl}h ri zklfk grhv qrw ydu| zlwk wkh vl}h ri wkh h{fkdqjh
udwh fkdqjh1 Wkh lqfuhdvhg h{whqw ri surgxfw gl�huhqwldwlrq gxh wr wkh
ghfuhdvh lq wkh wrwdo qxpehu ri eudqgv rqo| d�hfwv devroxwh sulfh ohyhov= doo
eudqgv fkdujh d xqlirupo| kljkhu sulfh dv d uhvxow ri wkh ghfuhdvh lq wkh
wrwdo qxpehu ri eudqgv1 Frqvxphuv hqg xs zlwk d orzhu vxusoxv1 Vhfrqg/
dqg pruh lpsruwdqwo|/ wkh uhodwlyh qxpehu ri iruhljq eudqgv kdv ghfuhdvhg1
Dv d uhvxow/ iruhljq �upv idfh wrxjkhu sulfh frpshwlwlrq iurp wkh grphvwlf
eudqg zkhq wkh uhdo h{fkdqjh udwh idoov ehorz SSS1 Frqvhtxhqwo|/ wkh|
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fdqqrw udlvh wkhlu sulfhv e| dv pxfk zkhq wkh h{fkdqjh udwh ulvhv4;1 Wkh
sulfh hodvwlflwlhv duh vpdoohu wkdq wkh rqhv lq wkh vpdoo ghydoxdwlrq fdvh1
Wkh shufhqwdjh lqfuhdvh lq grphvwlf dqg lpsruwhg eudqg*v devroxwh sulfhv
pd| eh hlwkhu odujhu ru vpdoohu wkdq lq wkh 70eudqg fdvh/ ghshqglqj rq wkh
uhodwlyh vl}h ri wkhvh wzr h�hfwv1

Fruroodu| 514= Zkhq �h� 5
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/ doo sulfhv duh vxemhfw wr d xql0

irup sulfh lqfuhdvh +ri 426,1 Lq dgglwlrq/ �upv sulfh wr wkh pdu0
nhw dqg wkh hodvwlflw| ri sulfhv z1u1w1 fkdqjhv lq wkh h{fkdqjh udwhv
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Surri = Iurp htxdwlrqv +55, dqg +56,1

Wkh shufhqwdjh lqfuhdvh lq wkh uhodwlyh sulfh ri lpsruwhg jrrgv lv xqdp0
eljxrxvo| orzhu lq wkh odujh ghydoxdwlrq fdvh= 2

D
= Wkh uhodwlyh sulfh hodvwlf0

lw| lv hqwluho| ghwhuplqhg e| wkh vhfrqg h�hfw1 Odujh ghydoxdwlrqv wuljjhu
vpdoohu uhodwlyh lpsruw sulfh lqfuhdvhv1 Wkh dyhudjh sulfh hodvwlflw| gursv
iurp �
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> fohduo| lqglfdwlqj dq ryhudoo ghfuhdvh lq sdvv0wkurxjk

gxh wr wkh ghfuhdvh lq iruhljq eudqg pdunhw srzhu1
Qh{w/ zh wxuq wr wudgh yroxphv1 Wzr pxwxdoo| vwuhqjwkhqlqj h�hfwv gh0

whuplqh wkh uhvsrqvh ri lpsruw yroxphv wr wkh h{fkdqjh udwh fkdqjh1 Iluvw/
wkhuh lv d oxps0vl}hg pdunhw vwuxfwxuh h�hfw= wkh gurs lq wkh qxpehu ri
iruhljq �upv fdxvhv wkh pdunhw vkduh ri lpsruwv wr gurs e| d jlyhq shufhqw0
djh zkhqhyhu wkh fxuuhqf| ghydoxdwlrq h{fhhgv wkh xsshu erxqg +�he� ,=

4<

Vhfrqg/ wkhuh lv wkh gluhfw h�hfw ri wkh uhdo h{fkdqjh udwh fkdqjh rq lpsruw
yroxphv1 Wkh odwwhu wxuqv rxw wr eh odujhu wkdq wkh shufhqwdjh fkdqjh lq
uhvsrqvh wr vpdoo h{fkdqjh udwh fkdqjhv +yhuli| e| uhwxuqlqj wr Fruroodu|
415,1 Wklv phdqv wkh shufhqwdjh ghfolqh lq lpsruwv lv xqdpeljxrxvo| odujhu
lq uhvsrqvh wr odujh h{fkdqjh udwh fkdqjhv1

4; Lq d 60eudqg pdunhw wkh rswlpdo sulflqj vwudwhjlhv iru grphvwlf dqg iruhljq eudqgv

duh=
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dqg

R
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D
E�( n ee�8 �� +56,

4< Lq rxu qxphulfdo h{dpsoh wkh oxps0vl}hg shufhqwdjh lqfuhdvh lq wkh yroxph ri lpsruwv
htxdov 9(1
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Fruroodu| 515= Odujh h{fkdqjh udwh ghydoxdwlrqv kdyh sursruwlrqdwho|

odujhu h�hfwv rq lpsruwv wkdq vpdoo ghydoxdwlrqv1 Zkhq�h� 5

�
�h

e
�
>�h�

�

�
>

wkh hodvwlflw| ri wkh yroxph ri lpsruwv z1u1w1 wkh h{fkdqjh udwh lv��

D

�

S
=

Odujh ghydoxdwlrqv kdyh vwurqjhu lpsdfw rq lpsruwv wkdq vpdoo ghydoxd0

wlrqv ehfdxvh wkh uhvxowlqj ghfuhdvh lq wkh uhodwlyh qxpehu ri iruhljq �upv

wrxjkhqv sulfh frpshwlwlrq zkhq wkh uhdo h{fkdqjh udwh gursv ehorz SSS1

Ilqdoo|/ zh h{dplqh zkdw kdsshqv zkhq wkh h{fkdqjh udwh uhwxuqv wr lwv

ruljlqdo ydoxh1 Uhfdoo wkdw qrq0lqfxpehqwv lqfxu d vxqn frvw V1 Uh0hqwu|

zloo rqo| eh ghwhuuhg zkhq wklv vxqn frvw lv uhodwlyho| odujh1

Fruroodu| 516= Zkhq �h� 5
�
�he

�
>�h�

�

�
wkh 60eudqg pdunhw vwuxfwxuh lv

suhvhuyhg dw wlph w . � zkhq SSS lv uhvwruhg lq doo ri wkh VSQH ri

wkh jdph li dqg rqo| li

7 A

v
fO

I8 . V+4�U,
+57,

Surri = Frqvlghu wkh h{shfwhg sur�wv dw SSS wr ghulyh wklv frqglwlrq1

Odujh whpsrudu| h{fkdqjh udwh fkdqjhv fdq kdyh odvwlqj h�hfwv rq sulfhv
dqg wudgh yroxphv li hqwudqwv lqfxu d vx!flhqwo| odujh vxqn frvw1 Li vr/ doo
eudqgv fkdujh d xqlirupo| kljkhu sulfh +s @ S

�
.z, iurp w. � dqg lpsruwv

rqo| dffrxqw iru 99( ri wrwdo vdohv lq wkh grphvwlf pdunhw/ dv rssrvhg wr
:8( ehiruh wkh ghsuhfldwlrq1

Wklv vxevhfwlrq frqfoxghv e| eulh | frqvlghulqj wkh h�hfwv ri dq hyhq
odujhu ghsuhfldwlrq1

Sursrvlwlrq 51f=Zkhq wkh vl}h ri wkh ��shulrg fxuuhqf| ghsuhfldwlrq idoov
lq wkh lqwhuydo

�
�h�� >�h

2
�

�
dqg �h2� � �hec��� > erwk ri wkh dgmdfhqw

iruhljq eudqgv ohdyh wkh pdunhw lq wkh �uvw vwdjh lq erwk ri wkh VSQH
ri wkh wzr0vwdjh jdph1
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iru 88 S
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Zkhq wkh vl}h ri wkh ��shulrg fxuuhqf| vkrfn idoov lq wkh lqwhuydo
�
�hec��� >�h2�

�
dqg �h2� A �hec��� / h{dfwo| rqh ri wkh iruhljq eudqgv/ qrw qhfhvvdulo| wkh
dgmdfhqw rqh/ ohdyhv wkh pdunhw lq wkh �uvw vwdjh lq erwk ri wkh VSQH ri wkh
wzr0vwdjh jdph1
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Surri = vhh Dsshqgl{1

Fruroodu| 517= Zkhq �h� 5
�
�h�� >�h

2
�

�
> doo sulfhv duh vxemhfw wr d xql0

irup sulfh lqfuhdvh +ri 425,1 Lq dgglwlrq/ �upv sulfh wr wkh pdunhw
dqg wkh hodvwlflwlhv ri sulfhv z1u1w1 fkdqjhv lq wkh h{fkdqjh udwhv
duh=*( @ �

�
h#>*8 @ 2

�
h# dqg *�� @ �

2
h# zkhuh h# @ �

�n
S
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1

Surri = Iurp htxdwlrqv +55, dqg +56,1

Wkh uhodwlyh sulfh hodvwlflw| ri lpsruwhg jrrgv
�
�

�

�
lv hyhq orzhu lq wklv fdvh1

Odujh ghydoxdwlrqv wuljjhu vpdoohu uhodwlyh lpsruw sulfh lqfuhdvhv1 Dffrug0
lqjo| zh fdq zulwh/

Fruroodu| 518= Lpsruw yroxphv duh pruh uhvsrqvlyh wr hyhq odujhu fxu0
uhqf| vkrfnv1 Zkhq �h� 5
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�h�� >�h
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> wkh hodvwlflw| ri wkh yroxph

ri lpsruwv z1u1w1 wkh h{fkdqjh udwh lv �2

�

�
S
1

61516 Odujh Dssuhfldwlrqv

Odujh dssuhfldwlrqv fdxvh rqh ru vhyhudo ri wkh qrq0lqfxpehqw iruhljq eudqgv
wr hqwhu wkh pdunhw1 Lq dgglwlrq/ wkh grphvwlf lqfxpehqw pd| frqvlghu
ohdylqj lwv krph pdunhw li lw dqwlflsdwhv kljk orvvhv dv d uhvxow ri wkh ds0
suhfldwlrq1 Fdvxdo revhuydwlrq vxjjhvwv wkh pdlq gulylqj irufh ehklqg wkh
pdunhw vwuxfwxuh h�hfwv ri h{fkdqjh udwh vkrfnv duh hqwu| dqg h{lw rq wkh
sduw ri iruhljq �upv1 Grphvwlf eudqgv jhqhudoo| gr qrw txlw vhuylqj wkhlu
krph pdunhwv lq wkh idfh ri orz uhdo h{fkdqjh udwhv1 Wklv pd| eh gxh wr wkh
uhodwlyh �{hg frvw h!flhqf| ri grphvwlf eudqgv1 Lq rxu prgho iruhljq eudqgv
lqfxu kljkhu �{hg frvwv zkloh vhuylqj wkh krph pdunhw +l1h1 I( ? I8 ,=

Sursrvlwlrq 61d= Wkh krph eudqg lqyduldeo| ohdyhv wkh pdunhw lq wkh
�uvw vwdjh ri wkh wzr vwdjh jdph li wkh dssuhfldwlrq h{fhhgv �hec(� =
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e
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� 8(S

u
dqg {(+7, @ {+7, zkhuh I lv dgmxvwhg

dffruglqjo|=

Surri= vhh ghulydwlrq ri Sursrvlwlrq 51d1

Qdwxudoo|/ li wkh grphvwlf eudqg ohdyhv/ sdvv0wkurxjk lv frpsohwh vlqfh
wkh uhpdlqlqj q iruhljq eudqgv sulfh dffruglqj wr=

53
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Qrwh wkdw wkh grphvwlf eudqg qhyhu ohdyhv uhjdugohvv ri wkh vl}h ri wkh
dssuhfldwlrq surylghg wkdw 8(S

u
� U�

�
S
e

�2
= Lq rughu wr frqfhqwudwh rq iru0

hljq hqwu| dqg h{lw/ vlpso| dvvxph wklv frqglwlrq krogv iru doo vkrfnv �h�
frqvlghuhg lq wklv odvw vhfwlrq531

Sursrvlwlrq 61e= Zkhq wkh vl}h ri wkh ��shulrg fxuuhqf| dssuhfldwlrq
idoov lq wkh lqwhuydo
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�hD� >�h
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�
> rqh iruhljq eudqg hqwhuv wkh pdunhw

lq wkh �uvw vwdjh ri wkh VSQH ri wkh wzr0vwdjh jdph1
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Li wkh 80eudqg frq�jxudwlrq lv qrw vxvwdlqdeoh dw SSS54/ wkh hqwhulqj
�up*v rswlpdo vwudwhj| lv wr ohdyh dw w. � = Khqfh/ d qhz erxqg rewdlqv=
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�4D = +5<,

Li wkh dssuhfldwlrq h{fhhgv �hD
�
/ 5 iruhljq eudqgv zloo hqwhu1 Uhfdoo wkdw

wkh wrwdo qxpehu ri srwhqwldo iruhljq eudqgv vhuylqj wkh grphvwlf pdunhw
zdv �{hg dw �yh1 Qr dgglwlrqdo hqwu| lv ihdvleoh1

Sursrvlwlrq 61f=Zkhq wkh vl}h ri wkh ��shulrg fxuuhqf| dssuhfldwlrq
h{fhhgv �hD

�
> wzr iruhljq eudqgv hqwhu wkh pdunhw lq wkh �uvw vwdjh ri

wkh VSQH ri wkh wzr0vwdjh jdph1

Surri = vhh Dsshqgl{1

Dv ehiruh/ wklv fkdqjh lq wkh qxpehu ri iruhljq ri eudqgv kdv wzr glvwlqfw
h�hfwv rq sulfhv1 Iluvw/ wkh wrwdo qxpehu ri eudqgv kdv lqfuhdvhg1 Wkh sulfh
pdun0xsv duh vxemhfw wr d rqfh0dqg0iru0doo dqg xqlirup fxw/ lqghshqghqw ri
wkh vl}h ri wkh h{fkdqjh udwh dssuhfldwlrq1 Vhfrqg/ wkh uhodwlyh qxpehu ri
grphvwlf eudqgv kdv ghfuhdvhg1 Dv d uhvxow/ iruhljq �upv gr qrw idfh dv
pxfk sulfh frpshwlwlrq iurp wkh grphvwlf eudqg1
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Fruroodu| 614= Zkhq �h� 5
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�
> doo sulfhv duh vxemhfw wr d xql0

irup sulfh ghfuhdvh1 Lq dgglwlrq/ �upv sulfh wr wkh pdunhw dqg wkh
hodvwlflw| ri sulfhv z1u1w1 fkdqjhv lq wkh h{fkdqjh udwhv duh=*( @
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h#>*8�� @ �S

�b
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Surri = Iurp htxdwlrqv +55, dqg +56,1

Wkh dfurvv0wkh0erdug sulfh fxw ri doo sulfhv dprxqwv wr 53(= Vhfrqg/
wkh dyhudjh sulfh hodvwlflw| lqfuhdvhv wr e

D

�

�n
S

D�

> zklfk uh hfwv wkh iruhljq

eudqgv* uhodwlyh lqfuhdvh lq pdunhw vkduh srzhu551 Dv d uhvxow/ sdvv0wkurxjk
lv fohduo| odujhu lq uhvsrqvh wr odujh dssuhfldwlrqv1 Wklv uhvxow frqwlqxhv
wr krog pruh jhqhudoo|1 Lw grhv qrw ghshqg rq rxu dvvxpswlrq derxw wkh
frvw vwuxfwxuh ri grphvwlf dqg iruhljq �upv dqg wkh uhvxowlqj whqghqf| ri
wkh grphvwlf lqfxpehqw qrw wr txlw hyhq dw uhodwlyho| orz h{fkdqjh udwhv1
Lq idfw/ li wkh grphvwlf eudqg ohdyhv lq uhvsrqvh wr dq dssuhfldwlrq/ sdvv0
wkurxjk lv frpsohwh1
Qh{w/ zh wxuq wr wudgh yroxphv1 Wzr pxwxdoo| vwuhqjwkhqlqj h�hfwv ghwhu0
plqh wkh uhvsrqvh ri lpsruw yroxphv wr wkh h{fkdqjh udwh fkdqjh1 Iluvw/
wkhuh lv d oxps0vl}hg pdunhw vwuxfwxuh h�hfw= wkh lqfuhdvh lq wkh qxpehu ri
iruhljq �upv fdxvhv wkh pdunhw vkduh ri lpsruwv wr ulvh e| d jlyhq shufhqw0
djh zkhqhyhu wkh fxuuhqf| dssuhfldwlrq h{fhhgv wkh orzhu erxqg +�h

e
�
,=56

Vhfrqg/ wkhuh lv wkh gluhfw h�hfw ri wkh uhdo h{fkdqjh udwh fkdqjh rq lpsruw
yroxphv1 Odujh h{fkdqjh udwh dssuhfldwlrqv kdyh sursruwlrqdwho| vpdoohu
gluhfw h�hfwv +derxw d 63( gurs, rq lpsruwv wkdq vpdoo rqhv ehfdxvh wkh
uhvxowlqj lqfuhdvh lq wkh uhodwlyh qxpehu ri iruhljq �upv pdnhv sulfhv pruh
uhvsrqvlyh wr h{fkdqjh udwh fkdqjhv zkhq wkh uhdo h{fkdqjh udwh gursv eh0
orz SSS1 Wkh wrwdo shufhqwdjh lqfuhdvh lq lpsruwv uh hfwv wkh frpelqhg
lpsdfw ri erwk ri wkh deryh dqg fdqqrw eh xqdpeljxrxvo| ghwhuplqhg1

Fruroodu| 615= Yroxph ri lpsruwv lqfuhdvhv sursruwlrqdoo| kljkhu zlwk
odujh dssuhfldwlrqv wkdq zlwk vpdoo dssuhfldwlrqv1 Zkhq�h� 5
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wkh hodvwlflw| ri wkh yroxph ri lpsruwv z1u1w1 wkh h{fkdqjh udwh lv
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Vpdoo dqg odujh dssuhfldwlrqv kdyh vljql�fdqwo| gl�huhqw h�hfwv rq sulfhv
lq wklv yhuvlrq ri wkh prgho1 Sdvv0wkurxjk lv odujhu lq uhvsrqvh wr odujh

55Qrwh wkdw wkh uhodwlyh lpsruw sulfh hodvwlflhv iru wkh dgmdfhqw eudqgv + H

�b
iru wkh 8�

eudqg dqg �f

�b
iru wkh 8�� eudqg,, duh voljkwo| kljkhu wkdq wkh fruuhvsrqglqj uhodwlyh

sulfh hodvwlflwlhv lq wkh fdvh ri vpdoo dssuhfldwlrqv + D
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iru wkh 8� eudqg dqg S

�2
iru wkh

8�� eudqg,1
56 Lq rxu qxphulfdo h{dpsoh wkh oxps0vl}hg shufhqwdjh ghfuhdvh lq wkh yroxph ri lpsruwv

htxdov 45(1
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dssuhfldwlrqv1 Iru jlyhq iruhljq sulfhv/ wklv lpsolhv wkdw uhdo h{fkdqjh udwh

ghyldwlrqv duh odujhu lq uhvsrqvh wr odujh qhjdwlyh vkrfnv wkdq lq uhvsrqvh

wr odujh srvlwlyh vkrfnv1 Lq frqwudvw/ wkh uhvsrqvhv wr vpdoo vkrfnv duh

v|pphwulfdo1

Uhpdun 5= Sdvv0wkurxjk lv vpdoohu iru �h� A �h
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vkrfnv wkdq iru �h� 5�

�he
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= Sdvv0wkurxjk lv odujhu iru �h� ? �he
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Wkh h{whqw ri sdvv0wkurxjk lqfuhdvhv hyhq ixuwkhu dv dq dgglwlrqdo iruhljq

eudqg hqwhuv1 Wkh dyhudjh sulfh hodvwlflw| lqfuhdvhv wr D

S
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�n
S

S�

= Lq dgglwlrq/

wkh pdunhw vwuxfwxuh h�hfw ri hqwu| rq wkh sduw ri wkhvh wzr eudqgv lqfuhdvhv

wkh yroxph ri lpsruwv e| derxw 83(1 Rq wkh rwkhu kdqg/ wkh yroxph ri

lpsruwv ehfrphv ohvv uhvsrqvlyh wr h{fkdqjh udwh fkdqjhv dv d uhvxow ri wkh

iruhljq eudqg*v lqfuhdvhg pdunhw vkduh1

Fruroodu| 616= Zkhq �h� � �h
D
�
> doo sulfhv duh vxemhfw wr d xqlirup sulfh

ghfuhdvh1 Lq dgglwlrq/ �upv sulfh wr wkh pdunhw dqg wkh hodvwlflw| ri

sulfhv z1u1w1 fkdqjhv lq wkh h{fkdqjh udwhv duh=*( @ �b
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Fruroodu| 617= Zkhq �h� � �h
D
� > wkh hodvwlflw| ri wkh yroxph ri lpsruwv

z1u1w1 wkh h{fkdqjh udwh lv ��H
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616 Dxwrfruuhodwlrq

Wr looxvwudwh wkh pruh jhqhudo vfrsh ri wkh deryh uhvxowv/ zh h{soruh wkh

lpsdfw ri d vkrfn wkdw glhv rxw judgxdoo|1 Wkh prgho dqg doo wkh dvvxpswlrqv

lqwurgxfhg lq wkh suhylrxv vhfwlrq duh pdlqwdlqhg xqohvv lqglfdwhg rwkhuzlvh1

Prvw lpsruwdqwo|/ doo ri wkh djhqwv djdlq kdyh shuihfw iruhvljkw1 Dv ehiruh/

dq xsshu dqg orzhu erxqg fdq eh ghulyhg1 Vkrfnv zlwklq wklv edqg ri
lqdfwlrq gr qrw d�hfw pdunhw vwuxfwxuh1 Wkh vl}h ri wklv udqjh ghshqgv rq
wkh vshfl�fv ri wkh wlph vhulhv surfhvv1

Ohw xv frqvlghu dq DU+4,0surfhvv=
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Zh fdq zulwh wkh xsshu dqg orzhu erxqgv ri lqdfwlrq dv=
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zkhuh q lv dq| qrq0qhjdwlyh lqwhjhu1 Jlyhq wklv gh�qlwlrq ri {
4+q, dqg

{
4+q,/ doo ri wkh deryh uhvxowv fduu| ryhu wr wklv dgmxvwhg yhuvlrq ri wkh

prgho1 Iru wkh vdnh ri euhylw|/ zh rqo| phqwlrq wkh 4vw sursrvlwlrq djdlq
iru 7 �upv vhw0xs1

Sursrvlwlrq 7 Zkhq wkh vl}h ri wkh ��shulrg fxuuhqf| vkrfn idoov lq wkh
lqwhuydo
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� >�h
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> wkhuh lv d xqltxh VSQH ri wkh wzr0vwdjh jdph

zlwkrxw hqwu| dqg2ru h{lw lq wkh �uvw vwdjh/ zkhuh�h
e
� dqg�h

e
� ghqrwh

wkh odujhvw SSS ghyldwlrqv shuvlvwlqj iru � shulrgv zlwkrxw d�hfwlqj
pdunhw vwuxfwxuh=
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dvvxplqj wkh 80eudqg0htxloleulxp lv sur�wdeoh= u
S
+ S
D
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Surri = Dqdorjrxv wr suhylrxv ghulydwlrqv1

617 Wkh XV h{shulhqfh

Wkh vdph h{huflvh fdq eh fduulhg rxw iru pruh jhqhudo wlph vhulhv surfhvvhv1
Rqh frxog hdvlo| lqwurgxfh d vhfrqg0rughu dxwruhjuhvvlyh surfhvv

h| @ +4� ��O� �2O
2,3�%|> +67,

wr ghvfuleh wkh kxps0vkdshg wlph sdwwhuq 0odujh ulvh dqg vxevhtxhqw idoo0 ri
wkh XV groodu fhqwhuhg durxqg 4<;8 dqg/ dv zdv grqh iru wkh DU+4,/ ghulyh
wkh erxqgv ri wkh edqg ri lqdfwlrq1 Dv lw wxuqv rxw/ wkh jhqhudo suhglfwlrqv
ri wkh prgho duh hqwluho| frqvlvwhqw zlwk wkh XV h{shulhqfh lq wkh plg0;3*v1
Frqvlghu dq lqlwldo vkrfn �h wr wkh XV groodu wkdw idoov ehorz wkh dssursul0
dwho| gh�qhg orzhu erxqg �h?> zkhuh q ghqrwhv wkh qxpehu ri lqfxpehqwv
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lq wkh lqgxvwu|= Wklv wuljjhuv hqwu| e| rqh ru vhyhudo ri wkh iruhljq eudqgv1
Doo grphvwlf XV sulfhv ghfuhdvh e| d jlyhq shufhqwdjh +ghshqglqj rq wkh h{0
dfw qxpehu ri �upv lq wkh lqgxvwu|, dv d uhvxow ri wkh ghfuhdvhg pdun0xs1 Lq
dgglwlrq/ wkh dssuhfldwlrq kdv d odujhu gluhfw lpsdfw rq eudqg sulfhv ehfdxvh
ri wkh lqfuhdvhg hodvwlflw| ri XV sulfhv z1u1w1 wkh groodu +vhh Fruroodu| 615
dqg Uhpdun 4,1 Dv wkh groodu ghsuhfldwhv edfn wr lwv ruljlqdo ydoxh +h @ 4,>
vrph ri wkhp iruhljq hqwudqwv uhpdlq lq wkh XV pdunhw dqg XV �upv gr qrw
uhjdlq doo ri wkhlu orvw pdunhw vkduhv1 Lq idfw/ li wkh q.p0eudqg v|pphwulf

htxloleulxp lv sur�wdeoh
�
u
S
+ S
?n6

,2 � I � 3
�
> qrqh ri wkh hqwudqwv ohdyh1

Dv wkh qxpehu ri �upv grhv qrw fkdqjh/ wkh ghsuhfldwlrq kdv qr pdun0xs
h�hfw rq XV sulfhv1 Wkhuh lv rqo| d gluhfw h{fkdqjh udwh h�hfw1 Hyhq li
d qxpehu ri wkh p hqwudqwv ohdyh diwhu wkh h{fkdqjh udwh kdv uhwxuqhg wr
lwv ruljlqdo ydoxh/ wkh pdun0xs h�hfw zrxog vwloo eh vpdoohu wkdq wkh h�hfw
ri wkh dssuhfldwlrq/ xqohvv doo p ohiw1 Lq dgglwlrq/ dv iruhljq eudqgv ohdyh/
dyhudjh sdvv0wkurxjk ghfolqhv dqg wkh gluhfw h�hfw ghfuhdvhv 1 Khqfh/ wkh
prgho suhglfwv XV sulfhv gr qrw ulvh e| dv pxfk gxulqj wkh ghsuhfldwlrq
dv wkh| ihoo gxulqj wkh dssuhfldwlrq/ zklfk lv h{dfwo| zkdw kdsshqhg +vhh
Edogzlq/ 4<;;,1

7 Krph dqg Deurdg

Vridu/ lq dqdo|}lqj sdvv0wkurxjk/ zh kdyh pdlqwdlqhg wkh vpdoo frxqwu|
dvvxpswlrq1 Grphvwlf fxuuhqf| vkrfnv zhuh qrw doorzhg wr d�hfw wkh iruhljq
sulfhv ri wkh vdph frpprglw|1 Wklv vhfwlrq sxwv lw doo wrjhwkhu1 Lw lqwurgxfhv
wkh iruhljq pdunhw lqwr wkh dqdo|vlv dqg h{dplqhv wkh frpelqhg h�hfw ri
sulflqj uhvsrqvhv dw krph dqg deurdg rq wkh uhdo h{fkdqjh udwh1 Frplqj
edfn wr wkh XV h{shulhqfh ri wkh ;3*v/ wkh groodu ulvh dqg vxevhtxhqw idoo
lv olnho| wr kdyh d�hfwhg Hxurshdq dqg Mdsdqhvh sulfhv dv zhoo lq prvw
lqgxvwulhv/ jlyhq wkh vwurqj suhvhqfh ri XV hqwhusulvhv deurdg1 Vhfrqg/ wkh
h{dfw qxphulfdo uhvxowv lq wkh suhylrxv vhfwlrqv qdwxudoo| ghshqg rq wkh
uhodwlyh qxpehu ri grphvwlf ylv0d0ylv iruhljq lqfxpehqwv dqg wkh devroxwh
qxpehu ri eudqgv lq wkh pdunhw157 Wklv vhfwlrq*v qxphulfdo h{dpsohv vhuyh
wr looxvwudwh wkh pruh jhqhudo vfrsh ri wkh deryh uhvxowv1

Iluvw/ wkh edvlf uhvxowv glvfxvvhg deryh duh vkrzq wr uhsurgxfh wkhp0
vhoyhv lq voljkwo| gl�huhqw pdunhw vhwwlqjv1 Wdeoh 4 vxppdul}hv wkh h�hfwv ri
yduldwlrqv lq wkh uhodwlyh qxpehu ri iruhljq yhuvxv grphvwlf pdunhw sod|huv1
Doo ri wkh edvlf dvvxpswlrqv ri wkh prgho deryh frqwlqxh wr krog1 Uhfdoo
wkdw grphvwlf dqg iruhljq eudqgv duh foxvwhuhg1

57Vhh dovr Gruqexvfk +4<;:,1
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Frqvlghu wkh sulfh dqg lpsruw hodvwlflwlhv uhsruwhg lq Wdeoh 4 dqg qrwlfh krz
wkh sulfh hodvwlflwlhv ghfolqh dv wkh uhodwlyh qxpehu ri grphvwlf pdunhw sod|0
huv lqfuhdvhv/ zkloh wkh lpsruw yroxph hodvwlflwlhv lqfuhdvh1 Wkh hodvwlflw| ri
lpsruw sulfhv whqgv wr xqlw| dv wkh qxpehu ri iruhljq �upv lqfuhdvhv uhodwlyh
wr wkh qxpehu ri grphvwlf �upv158 Orjlfdoo|/ kljkhu ohyhov ri sdvv0wkurxjk
suhydlo lq iruhljq grplqdwhg pdunhwv1 Lq idfw/ lw lv reylrxv iurp Wdeoh 4 dqg
5 wkdw wkh dyhudjh sulfh hodvwlflw| vlpso| htxdov wr wkh sursruwlrq ri iruhljq
eudqgv rshudwlqj lq wkh pdunhw +wlphv d frqvwdqw zklfk lqfuhdvhv xqlirupo|
lq wkh devroxwh qxpehu ri eudqgv,159

Uhpdun 6= Wkh dyhudjh hodvwlflw| ri sulfhv z1u1w1 h{fkdqjh udwhv htxdov wkh
pdunhw vkduh ri iruhljq eudqgv wlphv d frqvwdqw #> zkhuh # @ �

�n
S

?�

1

Wkh forvhvw qhljkerulqj iruhljq eudqgv ri wkh grphvwlf eudqg lqyduldqwo|
kdyh orzhu devroxwh dqg uhodwlyh lpsruw sulfh hodvwlflwlhv1 Dv grphvwlf eudqg
frqfhqwudwlrq lqfuhdvhv/ lpsruw yroxphv ehfrph pruh uhvsrqvlyh wr ghydox0
dwlrqv/ zkloh wkh sulfh0frvw pdujlqv ri iruhljq eudqgv duh vxemhfw wr d odujhu
gurs iru d jlyhq vl}h ri wkh ghydoxdwlrq1 Dv d uhvxow ri wklv/ iruhljq eudqgv
ohdyh wkh pdunhw dw lqfuhdvlqjo| orzhu ohyhov ri wkh h{fkdqjh udwh= wkh xs0
shu erxqg ghfuhdvhv dqg wkh edqg ri lqdfwlrq vkulqnv1 Qrwh iurp Wdeoh 4
wkdw wkh udqjh lq wkh 6G04I vhwxs lv derxw rqh wklug ri wkh 4G06I udqjh1 D
vlplodu ghfuhdvh rewdlqv lq wkh 9 eudqg fdvh1 Frqyhuvho|/ wkh orzhu erxqg
ulvhv +l1h1 ghfuhdvhv lq devroxwh ydoxh, dv grphvwlf frqfhqwudwlrq lqfuhdvhv1
Wklv doorzv wkh hqwhulqj iruhljq eudqg wr uhdol}h odujhu sur�wv lq fdvh ri dq
dssuhfldwlrq dv wkh krph eudqgv* sulfhv uhvsrqg yhu| olwwoh wr wkh dssuhfl0
dwlrq1 Vxppdul}lqj/ dv grphvwlf frqfhqwudwlrq ulvhv/ wkh edqg ri lqdfwlrq
vkulqnv dqg xowlpdwho| glvdsshduv dowrjhwkhu1
Lw lv hdv| wr yhuli| wkdw wkh edvlf uhvxowv ghulyhg lq Sursrvlwlrqv 4/5 dqg 6
dqg wkh Fruroodulhv frqwlqxh wr krog dv wkh uhodwlyh qxpehu ri iruhljq dqg
grphvwlf eudqgv fkdqjhv1

Uhpdun 7= Wkh edqg ri lqdfwlrq vkulqnv xqlirupo| dv grphvwlf frqfhq0
wudwlrq lqfuhdvhv1 Lw doo exw glvdsshduv dv wkh grphvwlf eudqgv* pdunhw
vkduh whqgv wr xqlw|1

58Krzhyhu/ uhodwlyh lpsruw sulfh hodvwlflwlhv +lpsruw sulfhv lq whupv ri grphvwlfdoo|
pdqxidfwxuhg frpprglwlhv, duh qhduo| lqyduldqw wr fkdqjhv lq wkh uhodwlyh qxpehu ri
grphvwlf yv1 iruhljq eudqgv1 Ohw % ghqrwh wkh lqlwldo qxpehu ri grphvwlf eudqgv/ zkloh
+ lv wkh qxpehu ri iruhljq eudqgv1 Vzlwfklqj iurp d %G0+I wr d +G0%I pdunhw grhv qrw
fkdqjh wkh uhodwlyh lpsruw sulfh hodvwlflwlhv/ dv fdq uhdglo| revhuyhg lq Wdeohv 4 dqg 51 1

59Wklv uhvxow wxuqv rxw qrw wr ghshqg rq wkh foxvwhulqj ri grphvwlf dqg iruhljq eudqgv1
Lq idfw/ Gruqexvfk *v +4<;:, dowhuqdwlqj2v|pphwulf vhwxs |lhogv dq dyhudjh sulfh hodvwlflw|
ri �*2 �/ zklfk lv h{dfwo| wkh pdunhw vkduh ri iruhljq �upv1
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Qh{w/ zh gurs wkh vpdoo frxqwu| dvvxpswlrq1 Iluvw/ frqvlghu vpdoo
vkrfnv/ l1h1 wkrvh wkdw idoo zlwklq wkh edqg ri lqdfwlrq1 Frqvlghu d zruog
frqvlvwlqj ri wzr frxqwulhv/ krph dqg iruhljq1 Iurp Wdeoh 4 dqg 5/ lw lv
hdv| wr yhuli| wkdw wkh uhdo h{fkdqjh udwh lv qrw d�hfwhg e| vpdoo qrplqdo
vkrfnv li grphvwlf �upv dqg iruhljq �upv kdyh lghqwlfdo pdunhw vkduhv dw
krph dqg deurdg1 Li grphvwlf �upv kdyh d kljkhu pdunhw vkduh dw krph
wkdq deurdg/ wkhq sdvv0wkurxjk lv ohvv wkdq frpsohwh dqg wkh uhdo h{fkdqjh
udwh wudfnv wkh qrplqdo h{fkdqjh udwh/ doehlw ohvv wkdq rqh0iru0rqh1 Ilqdoo|/
sdvv0wkurxjk h{fhhgv 433( zkhqhyhu grphvwlf �upv mrlqwo| kdyh d kljkhu
pdunhw vkduh deurdg wkdq dw krph1 Jlyhq wkdw lqwud0lqgxvwu| wudgh dffrxqwv
iru dq lqfuhdvlqj sruwlrq ri wkh wrwdo wudgh yroxph/ wklv txdol�fdwlrq ri rxu
suhylrxv uhvxow lv txlwh lpsruwdqw1

Frqvlghu h1j1 wkh fdvh zkhuh 4 grphvwlf dqg 6 iruhljq eudqgv frpshwh
erwk dw krph dqg deurdg1 Lq uhvsrqvh wr d *vpdoo* 4( ghsuhfldwlrq/ wkh
dyhudjh grphvwlf sulfh lqfuhdvhv e| 1:8( dqg wkh dyhudjh iruhljq sulfh gh0
fuhdvhv e| 158(/ ohdylqj wkh uhdo h{fkdqjh udwh xqfkdqjhg1 E| frqwudvw/
li wkh grphvwlf �up lv qrw dfwlyh deurdg/ wkh uhdo h{fkdqjh ghsuhfldwhv e|
158( lq uhvsrqvh wr d 4( qrplqdo ghsuhfldwlrq1 Ilqdoo|/ lq wkh xqolnho| fdvh
5 grphvwlf �upv rshudwh deurdg +lq d 70eudqg pdunhw,/ wkh uhdo h{fkdqjh
udwh dssuhfldwhv e| 158 (1

Uhpdun 8= Wkh uhdo h{fkdqjh udwh lv lqyduldqw z1u1w1 vpdoo qrplqdo vkrfnv
li wkh pdunhw vwuxfwxuhv dw krph dqg deurdg duh ixoo| v|pphwulfdo1 Li
wkh grphvwlf eudqgv kdyh d vpdoohu pdunhw vkduh deurdg wkdq dw krph/
sdvv0wkurxjk lv lqfrpsohwh1 Uhdo h{fkdqjh udwh yduldelolw| lqfuhdvhv
dv wkh gl�huhqfh ehwzhhq wkh grphvwlf dqg iruhljq pdunhw vkduhv lq0
fuhdvhv1 Li wkh grphvwlf eudqgv kdyh d odujhu pdunhw vkduh deurdg
wkdq dw krph/ wkh uhdo h{fkdqjh udwh pryhv frxqwhu wr wkh qrplqdo
h{fkdqjh udwh1

Wr frqfoxgh/ zh eulh | frqvlghu zkdw wklv lpsolhv iru HPX1 Li wkh yro0
xph ri lqwud0lqgxvwu| wudgh zlwklq Hxursh jurzv dqg pdunhw vwuxfwxuhv lq
gl�huhqw Hxurshdq frxqwulhv vorzo| ehfrph pruh dolnh dv d uhvxow ri wkh hfr0
qrplf lqwhjudwlrq surfhvv/ qrplqdo fxuuhqf| vkrfnv duh ohvv olnho| wr kdyh
vljql�fdqw h�hfwv rq wkh uhdo h{fkdqjh udwh1 Lq idfw/ lq wkh olplwlqj fdvh lq
zklfk wkh pdunhw vwuxfwxuhv lq gl�huhqw Hxurshdq frxqwulhv duh frpsohwho|
lghqwlfdo/ erwk wkh uhdo h{fkdqjh udwh dqg wkh fxuuhqw dffrxqw duh lqyduldqw
z1u1w1 qrplqdo vkrfnv1 Wklv zrxog fohduo| uhgxfh wkh lpsruwdqfh ri wkh
h{fkdqjh udwh dv d wrro ri pdfurhfrqrplf srolf|1 Rq wkh rwkhu kdqg/ li wkh
surfhvv ri hfrqrplf lqwhjudwlrq idyruv uhjlrqdo frqfhqwudwlrq/ wkh rssrvlwh
uhvxow rewdlqv dqg wkh orvv ri prqhwdu| dxwrqrp| pd| eh txlwh frvwo|1
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8 Frqfoxvlrq

Wklv sdshu dqdo|}hv wkh h�hfwv ri qrplqdo fxuuhqf| vkrfnv rq sulfhv dqg
pdunhw vwuxfwxuh lq gl�huhqwldwhg jrrgv pdunhwv vhuyhg e| grphvwlf dqg
iruhljq eudqgv1 Qrplqdo vkrfnv wkdw idoo zlwklq d jlyhq udqjh gr qrw d�hfw
pdunhw vwuxfwxuh dqg kdyh qr k|vwhuhvlv h�hfwv1 Wkh erxqgv ri wklv udqjh
ghshqg pdlqo| rq shuvlvwhqfh ri wkh h{fkdqjh udwh vkrfn/ wkh qdwxuh ri
surgxfw khwhurjhqhlw| dqg wkh uhodwlyh vl}h ri wkh vxqn hqwu| frvw1 Pruh
khwhurjhqhlw| idyruv wkh eudqgv wkdw duh dw d frpshwlwlyh glvdgydqwdjh1 Dv d
uhvxow/ lw glvfrxudjhv hqwu| ri iruhljq eudqgv dw orz h{fkdqjh udwhv1 Vlploduo|/
lw pdnhv iruhljq eudqgv ohvv olnho| wr ohdyh dw kljk h{fkdqjh udwhv1 Wklv
lpsolhv wkh edqg ri lqdfwlrq zlghqv dv wkh ohyho ri surgxfw gl�huhqwldwlrq
lqfuhdvhv1 Rq wkh rwkhu kdqg/ vxqn frvwv lqyduldeo| surwhfw wkh lqfxpehqwv1
Li vxqn frvwv duh uhodwlyho| odujh/ iruhljq lqfxpehqwv pd| vwd| lq wkh pdunhw
hyhq dw orz h{fkdqjh udwhv1 Dv wkh udwlr ri vxqn wr �{hg frvwv lqfuhdvhv/
wkh xsshu erxqg ri wkh edqg ri lqdfwlrq ulvhv1 Kljk vxqn frvw lqgxvwulhv
duh ohvv vxvfhswleoh wr odujh ghsuhfldwlrqv1 Ilqdoo|/ wklv udqjh vkulqnv dv wkh
grphvwlf eudqgv* pdunhw vkduh ulvhv1

Rxwvlgh ri wklv udqjh/ vkrfnv wuljjhu hqwu| ru h{lw1 Wkh lqgxvwu|*v sulflqj
dqg sdvv0wkurxjk sdudphwhuv duh shupdqhqwo| dowhuhg1 Sdvv0wkurxjk wxuqv
rxw wr jurz odujhu zkhq dssuhfldwlrqv idoo ehorz wkh orzhu erxqg1 Lw gh0
fuhdvhv zkhq ghsuhfldwlrqv h{fhhg wkh xsshu erxqg1 Wdnlqj iruhljq sulfhv
dv jlyhq/ wklv dv|pphwulfdo uhvsrqvh lpsolhv odujhu srvlwlyh wkdq qhjdwlyh
uhdo h{fkdqjh udwh ghyldwlrqv1 Rq wkh rwkhu kdqg zh dujxh wkdw k|vwhuhvlv

uhvxow fdq rewdlq li dqg rqo| li zkhq vxqn frvwv duh qrq0}hur1
Zkhq dffrxqwlqj iru wkh fkdqjh lq iruhljq sulfhv/ vwudwhjlf sulflqj eh0

5;



Vhwxs Sulfh Hodvwlflw| Dyhudjh Sulfh Ho1 Lpsruw Hodvwlflw|

q @ 9

4G)8I

*(� @ �b

eD
#

*8�� @ �H

eD
#

*8�2 @ e�

eD
#

*8�� @ ee

eD
#

D

S
# �

�H�

.DS

5G ) 7I

*(� @ e

�D
#

*8�� @ �2

�D
#

*8�2 @ �e

�D
#

e

S
# �

e�

DS

6G ) 6I

*(�� @ �

b
#

*(� @ 2

b
#

*8� @ .

b
#

*8�� @ H

b
#

�

S
# �

�f�

bS

7G ) 5I

*(�� @ �

�D
#

*(�2 @ �

�D
#

*8� @ ��

�D
#

2

S
# �

H�

DS

8G ) 4I

*8 @ 2S

eD
#

*(�� @ .

eD
#

*(�2 @ 2

eD
#

*(�� @ �

eD
#

�

S
# �

�H�

�DS

Wdeoh 5= Vl{ Eudqgv= Grphvwlf dqg Iruhljq eudqgv Foxvwhuhg

5<



kdylru dv vxfk lv qrw dozd|v vx!flhqw wr jhqhudwh uhdo h{fkdqjh udwh  xfwx0
dwlrqv1 Lq idfw/ li iruhljq dqg grphvwlf eudqgv kdyh lghqwlfdo pdunhw vkduhv
lq erwk pdunhwv/ sdvv0wkurxjk lv frpsohwh dqg wkh uhdo h{fkdqjh udwh lv
lqyduldqw z1u1w1 vpdoo qrplqdo vkrfnv1 Pruh jhqhudoo|/ sulflqj0wr0pdunhw
|lhogv vxevwdqwldo yduldelolw| ri wkh lqgxvwu| uhdo h{fkdqjh udwh li dqg rqo|
li wkh grphvwlf eudqg*v iruhljq pdunhw vkduhv idoo vkruw frqvlghudeo| ri wkhlu
grphvwlf pdunhw vkduhv1 Wklv vxjjhvwv wkdw lq lqgxvwulhv fkdudfwhul}hg e|
vxevwdqwldo lqwhu0lqgxvwu| wudgh/ sulflqj0wr0pdunhw pd| qrw vx!fh dv dq h{0
sodqdwlrq ri revhuyhg uhdo h{fkdqjh udwh ehkdylru1
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9 Dsshqgl{

Surri ri Sursrvlwlrq 4= Iluvw/ wkh xsshu erxqg rq wkh h{fkdqjh udwh lv
ghulyhg iurp wkh remhfwlyh ixqfwlrq ri wkh dgmdfhqw iruhljq eudqg lq htxdwlrq
+6, e| lqvhuwlqj wkh ydoxhv ri doo ixwxuh h{fkdqjh udwhv1 Wkh iruhljq dgmdfhqw
�up rswv wr ohdyh wkh pdunhw li lwv h{shfwhg sd|r� lv qhjdwlyh/ l1h1 li=
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Vroylqj wklv htxdwlrq iru wkh urrw ri h rq wkh srvlwlyh vhfwlrq ri wkh ghpdqg
fxuyh |lhogv=

he� @ 4 .
9

z

3
Cf

7
�

4

4�U�

yxxw+4�U� ,

#
I8 f

O
�U�

�
f

7

�2$4D > +6:,

iru
�
8
8
S

u
�U�

�
S

e

�2�
� 3= Li

�
8
8
S

u
�U�

�
S

e

�2�
? 3 wkh iruhljq eudqg qhyhu
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+vhh htxdwlrq 43,= Dvvxph wkhvh frqglwlrqv

duh vdwlv�hg1
Vhfrqg/ lq fdvh ri dq dssuhfldwlrq +h ? 4, dq dgglwlrqdo iruhljq �up

ghflghv wr hqwhu li lwv h{shfwhg sd|r�/ ghulyhg e| soxjjlqj wkh ixwxuh h{0
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Li wklv sd|r� lv vwulfwo| srvlwlyh/ rqh ri wkh iruhljq dgmdfhqw eudqgv vwd|v
jlyhq wkdw wkh rwkhu eudqg ohdyhv1

Uhihuhqfhv

^4` Dnvr|/ \1 dqg K1 Oxvwlj/ �Flufxodu Dvshfwv ri H{fkdqjh Udwhv dqg
Pdunhw Vwuxfwxuh�/ FHV Glvfxvvlrq Sdshu Vhulhv/ 4<<;/ Qr1 <;139/ Ohx0
yhq1

^5` Edogzlq/ U1/ �K|vwhuhvlv lq Lpsruw Sulfhv= Wkh Ehdfkkhdg H�hfw�/
Dphulfdq Hfrqrplf Uhylhz/ Vhsw1 4<;;/ yro1 :;/ ss1 ::60:;81

^6` Edogzlq/ U1 dqg S1 Nuxjpdq/ �Shuvlvwhqw Wudgh H�hfwv ri Odujh H{0
fkdqjh Udwh Vkrfnv�/Txduwhuo| Mrxuqdo ri Hfrqrplfv/ Qryhpehu 4<;</
yro1 437/ ss1 96909871

^7` Edogzlq/ U1 dqg U1 O|rqv/ �H{fkdqjh Udwh K|vwhuhvlvB Odujh yhuvxv
Vpdoo Srolf| Plvdoljqphqwv�/ Hxurshdq Hfrqrplf Uhylhz/ 4<<7/ yro1
6;/ ss140551

^8` Fdpsd/ M1P1/ �H{fkdqjh Udwhv dqg Wudgh= Krz Lpsruwdqw lv K|vwhuh0
vlv lq WudghB�/4<<;/ sdshu suhvhqwhg dw wkh HVHP 4<<; frqihuhqfh lq
Ehuolq1

^9` g*Dvsuhprqw/ F1/ M1 Jdev}hzlf} dqg M10I1 Wklvvh/ �Rq Krwhoolqj*v Vwd0
elolw| lq Frpshwlwlrq/� Hfrqrphwulfd/ 4<:</ yro1 4:/ ss1 4478044841
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^:` Ghojdgr/ I1 D1/ �K|vwhuhvlv/ Phqx Frvwv/ dqg Sulflqj zlwk Udqgrp H{0
fkdqjh Udwhv�/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 4<<4/ yro1 5;/ ss17940
7;71

^;` Gl{lw/ D1/ � K|vwhuhvlv/ Lpsruw Shqhwudwlrq dqg H{fkdqjh Udwh Sdvv0
Wkurxjk�/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ Pd| 4<;</ yro1 437/ ss1
539055:1

^<` Gl{lw/ D1 dqg U1 V1 Slqg|fn/ Lqyhvwphqw xqghu Xqfhuwdlqw|/ Sulqfhwrq
Xqlyhuvlw| Suhvv/ Sulqfhwrq +Q1M1,/ 4<<7/ 79; s1

^43` Gruqexvfk/ U1/ �H{fkdqjh Udwhv dqg Sulfhv�/ Dphulfdq Hfrqrplf Uh0

ylhz/ Pdufk 4<;:/ yro1 ::/ ss1 <604391

^44` Jrogehuj/ S1 N1 dqg P1 P1 Nqhwwhu/ �Jrrgv Sulfhv dqg H{fkdqjh
Udwhv= Zkdw Kdyh Zh OhduqhgB�/ Mrxuqdo ri Hfrqrplf Olwhudwxuh/
Vhswhpehu 4<<:/ yro1 68/ ss1 4576045:51

^45` Phqrq/ M1/ �H{fkdqjh Udwh Sdvv0Wkurxjk�/ Mrxuqdo ri Hfrqrplf Vxu0
yh|v�/ 4<<8/ yro1</ ss1 4<:05641

^46` Urehuwv/ P1M1 dqg M1U1 W|erxw/ �Wkh Ghflvlrq wr H{sruw lq Frorpeld=
Dq Hpslulfdo Prgho ri Hqwu| zlwk Vxqn Frvwv�/ Dphulfdq Hfrqrplf

Uhylhz/ Vhswhpehu 4<<:/ yro1 ;:/ ss187808971

^47` Vdors/ V1/ �Prqrsrolvwlf Frpshwlwlrq zlwk Rxwvlgh Jrrgv�/ Ehoo Mrxu0
qdo ri Hfrqrplfv/ Vsulqj 4<:</ yro1 43/ ss1 47404891

^48` Wluroh/ M1/ Wkh Wkhru| ri Lqgxvwuldo Rujdqlvdwlrq/ PLW Suhvv/ :wk hg1
+Fdpeulgjh/ Pvv1,/ 4<<7/ 7:< s1

^49` Yhueryhq/ I1 �Lqwhuqdwlrqdo Sulfh Glvfulplqdwlrq lq wkh Hxurshdq Fdu
Pdunhw�/ UDQG Mrxuqdo ri Hfrqrplfv/ Vxpphu 4<<9/ yro1 5:25/ ss1
573059;1
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