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Abstract

This paper introduces directed search into the sequential search model of Diamond (1971) by allowing buyers to
observe the distribution of prices charged by two (or more) distinct subgroups of firms in the market. This
enables buyers to direct their searches towards the most desirable group of firms. Search within groups remains
random since price information about each of the groups is imperfect, as in a standard setup. I find that
competitive pricing is then the unique equilibrium outcome. This holds even when different buyers observe very
different groups of firms and face different and strictly positive levels of search costs. Considering an explicit
learning scheme the paper shows that convergence of prices to competitive equilibrium depends crucially on the
level of search costs and the number of groups observed by buyers. Lower search costs and a higher number of
observed groups generate a higher price elasticity of demand and thereby favor the emergence of competitive
prices.
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4 Lqwurgxfwlrq

Zlwk wkh dsshdudqfh ri wkh Lqwhuqhw dqg lwv lqfuhdvlqj lpsruwdqfh lq frru0
glqdwlqj hfrqrplf wudqvdfwlrqv/ hfrqrplvwv kdyh vkrzq d uhqhzhg lqwhuhvw
lq wkh hfrqrplf wkhru| ri vhdufk +h1j1 Deudpv hw1 do1 +5333,/ Fdvrq dqg
Iulhgpdq +4<<<,/ +5333,,1 Vhdufk prghov vhhp sduwlfxoduo| xvhixo wr dqdo|}h
wkh hfrqrplf frqvhtxhqfhv ri wkh qhz lqirupdwlrq whfkqrorjlhv vlqfh wkhvh
prghov wdnh wkh vhdufk dqg lqirupdwlrq iulfwlrqv dv wkhlu sulplwlyhv1

Wkhruhwlfdo vhdufk prghov/ zklfk fdq eh xvhg wr dqdo|}h wkh hfrqrplf
lpsolfdwlrqv ri uhgxfhg vhdufk frvwv/ vhhp wr lpso| wkdw vhdufk iulfwlrqv duh d
udwkhu vwurqj lpshglphqw wr pdunhw h!flhqf|/ lqghshqghqw iurp wkhlu ohyho1
Pdq| vhdufk prghov zkhuh ex|huv vhdufk vhtxhqwldoo| iru orz0sulfhg r�huv
urexvwo| jhqhudwh prqrsro| sulfh htxloleuld iru dq| srvlwlyh ohyho ri vhdufk
iulfwlrqv +Gldprqg +4<:4,/ Exwwhuv +4<::,/ Ure +4<;8,,1 Pruhryhu/ prghov
zklfk dovr jhqhudwh sulfh glvshuvlrq +h1j1 Exughww dqg Mxgg +4<;6,, idfh wkh
sureohp wkdw wkh glvshuvhg htxloleulxp lv qrw vwdeoh xqghu dgdswlyh ohduqlqj
vfkhphv zkloh wkh prqrsro| sulfh htxloleulxp lv lqghhg vr +Krsnlqv dqg
Vh|prxu +4<<<,,1

Wkh suhvhqw sdshu vkrzv wkdw vhdufk iulfwlrqv pljkw qrw kdyh wkh vhyhuh
dgyhuvh h�hfwv rq htxloleulxp sulfhv suhylrxvo| dwwulexwhg wr wkhp dqg wkdw
pdunhw sulfhv fdq eh dw wkh frpshwlwlyh ohyho ghvslwh wkh suhvhqfh ri frqvlg0
hudeoh vhdufk dqg lqirupdwlrq iulfwlrqv1 Lq sduwlfxodu/ lw lv vkrzq wkdw lq d
vwdqgdug vhdufk prgho zlwk vhtxhqwldoo| vhdufklqj ex|huv/ dv wkh rqh xvhg
e| Gldprqg +4<:4,/ frpshwlwlyh sulfhv duh wkh xqltxh htxloleulxp rxwfrph
rqfh rqh uhod{hv wkh dvvxpswlrq wkdw ex|huv vhdufk ixoo| udqgrpo| iru sulfh
r�huv dqg doorzv iru gluhfwhg vhdufk1

Ixuwkhupruh/ lw lv vkrzq wkdw vhoohuv zkr ohduq iurp sdvw h{shulhqfh fdq
frruglqdwh rq +doprvw, frpshwlwlyh sulfhv zkhq ex|huv gluhfw wkhlu vhdufkhv
exw zloo frruglqdwh rq prqrsro| sulfhv zkhq ex|huv* vhdufk lv ixoo| udqgrp1
Frqyhujhqfh wr frpshwlwlyh htxloleulxp/ krzhyhu/ lv irxqg wr ghshqg fux0
fldoo| rq wkh ohyho ri vhdufk frvwv dqg wkh ghjuhh wr zklfk ex|huv fdq gluhfw
wkhlu vhdufkhv1 Wklv lqglfdwhv d qhz uroh iru vhdufk frvwv dqg lqirupdwlrq
iulfwlrqv wkdw lv uhodwhg wr wkh ohduqdelolw| ri htxloleuld zkhuhdv wkh olwhudwxuh
kdv ehhq prvwo| rffxslhg zlwk wkh h�hfw ri wkhvh yduldeohv lq vkdslqj wkh
htxloleulxp rxwfrphv1

Wr prgho gluhfwhg vhdufk L doorz ex|huv wr rewdlq wzr +ru pruh, lpshuihfw
sulfh vljqdov derxw wkh sulfhv fkdujhg e| wzr +ru pruh, vxevhwv ri �upv lq
wkh pdunhw/ zklfk lpsolhv wkdw ex|huv fdq gluhfw wkhlu vhdufk h�ruwv wrzdugv
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wkh vxevhw ri �upv zkhuh vhdufk lv prvw surplvlqj1 L wkhuhe| h{whqg wkh
vhwwlqjv frqvlghuhg lq wkh vhdufk olwhudwxuh zkhuh ex|huv uhfhlyhg mxvw d vlqjoh
lpshuihfw vljqdo derxw wkh sulfhv fkdujhg e| doo �upv lq wkh pdunhw/ zklfk
lpsolhg wkdw ex|huv* vhdufk zdv xqgluhfwhg ru udqgrp1

Dowkrxjk ex|huv fdq gluhfw wkhlu vhdufkhv/ wkhlu delolw| gr vr lv idu iurp
shuihfw1 Vlqfh wkh sulfh vljqdov gr qrw uhyhdo zklfk ri wkh �upv lq d jlyhq
vxevhw fkdujhv zklfk sulfh/ ex|huv pxvw vwloo hqjdjh lq frvwo| +udqgrp, vhdufk
zlwklq dq| ri wkh vxevhwv1

Dw wkh vdph wlph/ wkh lqirupdwlrq vwuxfwxuh lv  h{leoh hqrxjk wr eulgjh
wkh jds doo wkh zd| wr wkh shuihfw lqirupdwlrq vwuxfwxuh ri d Zdoudvldq pdu0
nhw1 E| lqfuhdvlqj wkh qxpehu ri vxevhwv rqh zloo hqdeoh ex|huv wr lqfuhdv0
lqjo| gluhfw wkhlu vhdufkhv dqg wkhuhe| uhgxfh wkh ghjuhh ri lqirupdwlrq lp0
shuihfwlrq lq wkh hfrqrp|1 Wkh olplwlqj fdvh zkhuh ex|huv revhuyh dv pdq|
vxevhwv dv wkhuh duh �upv lq wkh pdunhw zloo jhqhudwh wkh Zdoudvldq lqirupd0
wlrq vwuxfwxuh1

D qdwxudo lqwhusuhwdwlrq ri wkh *pruh0wkdq0rqh0sulfh0vljqdo* vhwxs lv wkdw
ex|huv srvvhvv lpshuihfw sulfh lqirupdwlrq wkdw doorzv wkhp wr glvwlqjxlvk
ehwzhhq wkh �upv ri gl�huhqw qhljkerukrrgv ru gl�huhqw orfdo pdunhwv1 Dowhu0
qdwlyho|/ ex|huv pljkw uhfhlyh dq dgglwlrqdo sulfh vljqdo iurp d iulhqg olylqj
hovhzkhuh zkr lv lpshuihfwo| lqiruphg derxw wkh sulfhv ri d gl�huhqw vhw ri
�upv1 Iru wkh fdvh ri vhdufk lq wkh Lqwhuqhw rqh pljkw wklqn ri gl�huhqw
vljqdov dv ex|huv* nqrzohgjh derxw sulfhv fkdujhg lq gl�huhqw yluwxdo pdunhw
sodfhv1

Wkh �uvw sduw ri wkh sdshu ghwhuplqhv wkh htxloleulxp ri wkh prgho1 Wkh
pdlq uhvxow lv dv iroorzv= zkhq hdfk ex|hu revhuyhv wkh glvwulexwlrq ri sulfhv
iurp wzr ru pruh glvwlqfw jurxsv ri �upv lq wkh pdunhw dqg vhdufkhv vhtxhq0
wldoo|/ wkhq wkh xqltxh htxloleulxp lv fkdudfwhul}hg e| frpshwlwlyh sulflqj1
Wkh vhwv ri �upv gl�huhqw ex|huv revhuyh pd| wkhuhe| ryhuods lq duelwudu|
zd|v1 Pruhryhu/ gl�huhqw ex|huv pd| idfh gl�huhqw frvwv iru ylvlwlqj �upv1

Iru wkh vshfldo fdvh wkdw wkh vxevhwv ri �upv iurp zklfk ex|huv uhfhlyh
sulfh lqirupdwlrq frqwdlq mxvw d vlqjoh �up/ wkh uhvxow uhsurgxfhv wkh rqh
rewdlqhg e| Exughww dqg Mxgg +4<;6, zkr vkrzhg wkdw frpshwlwlyh sulflqj
lv wkh xqltxh htxloleulxp rxwfrph zkhq doo frqvxphuv revhuyh wkh dfwxdo
sulfhv fkdujhg e| wzr +ru pruh, vkrsv14

4Qrwh wkdw wklv sduwlfxodu fdvh lpsolhv d vshfldo surshuw| wkdw grhv qrw vkrz xs lq
wkh pruh jhqhudo vhwxs= zkhq ex|huv revhuyh dfwxdo sulfhv ri vhoohuv/ wkh| zloo ex| iurp
wkh fkhdshvw vwruh wkh| revhuyh/ lqghshqghqwo| iurp wkh ohyho ri vhdufk frvwv1 \hw/ zkhq
revhuylqj lpshuihfw sulfh vljqdov/ ex|huv* zloo vhwwoh iru kljkhu sulfhv wkh kljkhu wkh ohyho
ri vhdufk frvwv1
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Lw pd| qrw eh vxusulvlqj wkdw frpshwlwlyh sulflqj lv lqghhg dq htxloleulxp
rxwfrph1 Wkh pdlq gl!fxow| olhv lq vkrzlqj wkdw lw lv wkh xqltxh htxloleulxp1

Wkh lqwxlwlrq xqghuo|lqj wkh uhvxow lv urxjko| dv iroorzv1 Zkhq ex|huv
uhfhlyh pruh wkdq rqh sulfh vljqdo/ vhoohuv duh frqiurqwhg zlwk dq lqfuhdvh
lq wkh sulfh hodvwlflw| ri ghpdqg zkhq frpsduhg wr wkh fdvh zkhuh ex|huv
vdpsoh frpsohwho| udqgrpo|1 Wkh lqfuhdvhg hodvwlflw| lv jhqhudwhg e| wkh idfw
wkdw ex|huv fdq dyrlg ex|lqj dw kljk sulfhv e| h{foxglqj h{shqvlyh vhoohuv
iurp ehlqj vhdufkhg dqg gluhfw wkhlu vhdufkhv wr rwkhu jurxsv ri vhoohuv1 Wklv
sxwv zkroh jurxsv ri vhoohuv lqwr vrph nlqg ri froohfwlyh Ehwudqg frpshwlwlrq
dqg ohdyhv frpshwlwlyh sulfhv dv wkh xqltxh htxloleulxp rxwfrph1

Wkh vhfrqg sduw ri wkh sdshu frqvlghuv wkh lvvxh ri frqyhujhqfh wr htxl0
oleulxp zkhq �upv ehkdyh dv dgdswlyh sulfh vhwwhuv zkr ohduq iurp sdvw
h{shulhqfh dqg zkr rffdvlrqdoo| h{shulphqw zlwk qhz sulfhv1

L �qg wkdw wkh ohyho ri vhdufk frvwv dqg wkh qxpehu ri sulfh vljqdov wkdw
ex|huv revhuyh d�hfw wkh sulfh0hodvwlflw| ri ghpdqg rxw ri htxloleulxp dqg
wkhuhe| lq xhqfh zkhwkhu sulfhv frqyhujh wr wkh frpshwlwlyh htxloleulxp
ru qrw1 Iru orz wr phglxp ohyhov ri vhdufk frvwv sulfhv frqyhujh forvh wr
wkh frpshwlwlyh htxloleulxp1 Krzhyhu/ zkhq vhdufk frvwv lqfuhdvh eh|rqg
d fhuwdlq wkuhvkrog sulfhv vxgghqo| mxps iurp dq +doprvw, frpshwlwlyh wr
dq +doprvw, prqrsrolvwlf ohyho1 Wkh glvfrqwlqxlw| dulvhv iurp wkh idfw wkdw
vhdufk frvwv d�hfw wkh sulfh hodvwlflw| lq d glvfrqwlqxrxv zd|1

Wklv vxjjhvwv wkdw wkh lqwurgxfwlrq ri whfkqrorjlhv wkdw uhgxfh vhdufk
frvwv iurp kljk wr prghudwh ohyhov fdq kdyh d udwkhu glvfrqwlqxrxv h�hfw rq
wkh sulfh ohyho dqg h!flhqf| ri wkh hfrqrp|1 Dw wkh vdph wlph/ lw vxjjhvwv
wkdw dgglwlrqdo vhdufk frvw uhgxfwlrqv gr qrw jhqhudwh vljql�fdqw ixuwkhu
zhoiduh jdlqv eh|rqg wkh vdylqjv lq vhdufk frvw h{shqglwxuh1 Lw lv xs wr
wkh uhdghu wr mxgjh zkhwkhu wkh vhdufk frvw uhgxfwlrqv fdxvhg e| wkh qhz
lqirupdwlrq whfkqrorjlhv duh udwkhu ri wkh �uvw ru ri wkh vhfrqg w|sh15

Dowkrxjk wkh prgho suhglfwv xqlirupo| frpshwlwlyh sulfhv/ wklv uhvxow
vkrxog qrw eh wdnhq wrr olwhudoo|1 Sulfh glvshuvlrq lv d idfw ri olih/ hyhq lq wkh
djh ri wkh Lqwhuqhw/ dqg wkh lqdelolw| ri wkh suhvhqw prgho wr dffrxqw iru lw
lv fohduo| d vkruwfrplqj16 H{shulphqwdo uhvhdufk/ krzhyhu/ kdv vkrzq wkdw
prghov wkdw suhglfw xqlirup sulfhv fdq qhyhuwkhohvv r�hu jrrg suhglfwlrqv

5Ri frxuvh/ wkhuh duh pdq| rwkhu fkdqqhov wkurxjk zklfk wkh qhz lqirupdwlrq whfk0
qrorjlhv pljkw +dovr, lqfuhdvh h!flhqf|/ h1j1 e| surylglqj frqvxphuv dffhvv wr suhylrxvo|
xqdffhvvleoh pdunhw sodfhv +Ed|h dqg Prujdq +5333,,1

6Fkhfn zzz1fqhw1frp iru uhdo0wlph sulfh glvshuvlrq dqg vhh wdeohv 4 lq Vwljohu +4<94,
ru Sudww hw1 do1 +4<:<, iru vrph pruh klvwrulf hylghqfh1
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Firms Buyer

p1

p2              (p2,p4,p3,p1)

p3

p4

Iljxuh 4= Vwljohu Lqirupdwlrq Vhwwlqj

iru wkh sulfhv wkdw hphujh lq wkh oderudwru| hyhq zkhq wkhvh glvsod| vrph
glvshuvlrq +Juhwkhu/ Vfkzduw}/ dqg Zlogh +4<;;,,17

Wkh sdshu vwduwv rxw zlwk d suholplqdu| dqdo|vlv zklfk pdlqo| uhfrqvlg0
huv wkh lqwxlwlrq xqghuo|lqj wkh prqrsro| sulflqj uhvxow hphujlqj lq d vhwwlqj
zlwk udqgrp vhtxhqwldo vhdufk/ dv �uvw vkrzq e| Gldprqg +4<:4,1 Vhfwlrq
6 wkhq suhvhqwv d vhdufk prgho wkdw doorzv iru ydulrxv ghjuhhv ri gluhfwhg
vhdufk1 Vhfwlrq 7 ghulyhv wkh htxloleulxp/ zklfk lv glvfxvvhg lq wkh iroorz0
lqj vhfwlrq1 Ilqdoo|/ Vhfwlrq 9 vwxglhv wkh frqyhujhqfh wr htxloleulxp1 D
vkruw frqfoxvlrq vxppdul}hv wkh �qglqjv1 Prvw surriv fdq eh irxqg lq wkh
dsshqgl{1

5 Suholplqdu| Frqvlghudwlrqv

Wkh irxqgdwlrq vwrqh ri wkh hfrqrplfv ri vhdufk zdv odlg e| Jhrujh Vwljohu
edfn lq 4<94 zkhq kh suhvhqwhg d prgho zkhuh frqvxphuv zhuh lpshuihfwo|
lqiruphg derxw sulfhv1 Vwljohu*v vhwwlqj lv looxvwudwhg lq �jxuh 41 Lqvwhdg ri
revhuylqj wkh sulfhv fkdujhg e| hdfk �up/ ex|huv revhuyh mxvw d olvw ri sulfhv
zlwkrxw nqrzlqj zklfk �up fkdujhv zklfk sulfh/ zklfk lpsolhv wkdw ex|huv
kdyh wr hqjdjh lq +frvwo|, vhdufk iru orz0sulfhg r�huv1

Gldprqg +4<:4, dqdo|}hg wkh lpsolfdwlrqv ri vxfk dq lqirupdwlrq vfhqdulr

7Sulfh glvshuvlrq pd| dovr hphujh dv d uhvxow ri surgxfw khwhurjhqhlw|/ idluqhvv pr0
wlydwhg ghpdqg0zlwkkroglqj +Ux"h +5333,,/ ru ohvv0wkdq0udwlrqdo sxqlvkphqw ehkdylru
+Gdylv dqg Krow +4<<9,,1 Wkh suhvhqw prgho devwudfwv iurp doo ri wkhvh idfwruv1
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Firms Buyer

q1

q2 (q3,q1,q2)

q3

q4

q5

(q6,q7,q5,q4)
q6

q7

Iljxuh 5= Wzr Sulfh Vljqdov

iru wkh sulfh vhwwlqj lqfhqwlyhv ri vhoohuv dqg fdph xs zlwk d sdudgr{lfdo uhvxow
wkdw uhdsshduhg wkurxjkrxw wkh iroorzlqj olwhudwxuh +h1j1 Exwwhuv +4<::,/
Exughww dqg Mxgg +4<;6,/ Ure +4<;8,/ Krsnlqv dqg Vh|prxu +4<<<,,1 Zkhq
ex|huv vhdufk vhtxhqwldoo| dqg udqgrpo| iru sulfh r�huv dqg zkhq hdfk ex|hu
idfhv srvlwlyh vhdufk frvwv/ wkhq doo �upv zloo hyhqwxdoo| fkdujh wkh prqrsro|
sulfh18

Wkh dujxphqw xqghuo|lqj wkh uhvxow lv vlpsoh= Wkh �up zkr fkdujhv wkh
orzhvw sulfh fdq h{sorlw wkh idfw wkdw ex|huv kdyh wr sd| vrph frvwv wr jhw
dqrwkhu sulfh txrwh dqg lqfuhdvh lwv sulfh voljkwo| zlwkrxw orrvlqj dq| ex|huv
wkdw vkrz xs dw lwv grru1 Wkh rqo| sulfh zkhuh �upv gr qrw zdqw wr udlvh
sulfhv dq| ixuwkhu lv wkh prqrsro| sulfh1

Wkh orjlf wkdw doorzv �upv wr h{sorlw wkh h{lvwhqfh ri vhdufk frvwv lq vxfk
dq xqfrqvwudlqhg zd| uholhv/ krzhyhu/ rq wkh vrphzkdw xqlqwxlwlyh ihdwxuh
wkdw wkh qxpehu ri fxvwrphuv duulylqj dw d �up*v grru lq wkh �uvw sodfh lv
lqghshqghqw iurp wkh sulfh lw fkdujhv1 Wklv sulfh lqhodvwlflw| ri duulydo udwhv
lv gxh wr wkh sduwlfxodu lqirupdwlrq vwuxfwxuh lqwurgxfhg e| Vwljohu1 Vlqfh
ex|huv kdyh qr lghd derxw zklfk sulfh lv fkdujhg e| zklfk �up dqg wkhuhiruh
vdpsoh udqgrpo|/ wkh h{shfwhg frvwv ri �qglqj d �up zkr orzhuv lwv sulfh
zrxog eh yhu| kljk/ hvshfldoo| zkhq pdq| �upv duh suhvhqw lq wkh pdunhw1
Ilupv wkdw orzhu sulfhv/ wkhuhiruh/ gr qrw dwwudfw pruh ex|huv exw zloo rqo|

8Zlwkrxw glvfrxqwlqj ehwzhhq gl�huhqw vhdufk vwhsv dqg zlwk frqvwdqw pdujlqdo frvwv
iru vhdufklqj �upv/ vhtxhqwldo vhdufk lv wkh rswlpdo vhdufk vwudwhj| iru ex|huv1 Dovr/ lq
wkh oljkw ri wkh lqirupdwlrq vwuxfwxuh/ vhdufklqj udqgrpo| dprqj �upv lv dv jrrg dv dq|
qrq0udqgrp vhdufk rughu1
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Iljxuh 6= Lvodqg Hfrqrp| zlwk Khwhurjhqrxv Lqirupdwlrq Vwuxfwxuh

pdnh orzhu sur�wv shu duulylqj ex|hu19

Iljxuh 5 vkrzv d gl�huhqw lqirupdwlrq vwuxfwxuh zkhuh ex|huv uhfhlyh
pruh wkdq rqh lpshuihfw sulfh vljqdo1 Rqh pd| lqwhusuhw wklv dv d olvw ri
sulfhv iurp wzr gl�huhqw vkrsslqj pdoov/ h1j1 wkh �Zhvw0Wrzq Pdoo� dqg
wkh �Hdvw0Wrzq Pdoo�1 Ex|huv fdq qrz gluhfw wkhlu vhdufk wr wkh pdoo wkdw
vhhpv prvw dwwudfwlyh wr wkhp/ zklfk lpsolhv wkdw vhdufk ghflvlrqv d�hfw
�upv* duulydo udwhv1

Fohduo|/ lw fdqqrw eh dq htxloleulxp wkdw �upv lq erwk pdoov fkdujh wkh
prqrsro| sulfh1 D sulfh fxw e| d �up lq rqh ri wkh pdoov zrxog ohdg wr
d ehwwhu sulfh vljqdo dqg fdxvh ex|huv wr gluhfw wkhlu vhdufkhv wrzdugv wklv
pdoo= wkhuh lv d srvlwlyh suredelolw| ri dfflghqwdoo| �qglqj wkh ghyldwlqj �up
dqg ex|lqj dw d orzhu sulfh1 Dowkrxjk wkh �up zloo fdswxuh rqo| sduw ri wkh
lqfuhdvhg ghpdqg +vhdufk zlwklq hdfk pdoo lv udqgrp,/ lw zloo eh hqrxjk wr
frpshqvdwh lw iru wkh orvv lw lqfxuv e| fxwwlqj sulfhv/ jlyhq wkdw wkh fxw lv
vpdoo hqrxjk1

Dv rqh fdq lpphgldwho| revhuyh/ wkh wzr orfdo pdunhwv duh lq vrph nlqg
ri Ehuwudqg sulfh frpshwlwlrq zlwk hdfk rwkhu dqg wkh lqfhqwlyhv duh vxfk
wkdw dq lqglylgxdo �up lv zloolqj wr r�hu wkh *foxe jrrg* wr lwv orfdo pdunhw
wr orzhu wkh sulfh dqg wr dwwudfw pruh ex|huv1 Dv d uhvxow/ wkhuh lv d xqltxh

9Dv wkh qxpehu ri �upv ghfuhdvhv/ ex|huv* h{shfwhg vhdufk ohqjwk iru d ghyldwlqj
orz0sulfh �up ghfuhdvhv1 Wkh srzhu ri wkh vhdufk whfkqrorj| wkhuhe| lqfuhdvhv dqg wkh
prqrsro| sulfh htxloleulxp hyhqwxdoo| euhdnv grzq/ vhh Vwljolw} +4<;:,1

9



htxloleulxp zkhuh doo �upv fkdujh wkh frpshwlwlyh sulfh1

Fohduo|/ wkh vlwxdwlrq ghslfwhg lq �jxuh 5 lv udwkhu vshfldo ehfdxvh doo
djhqwv duh dvvxphg wr revhuyh wkh vdph vhw ri �upv1 Iljxuh 6 ghslfwv d
vlwxdwlrq zlwk d khwhurjhqrxv lqirupdwlrq vwuxfwxuh1 Lw vkrzv lvodqgv wkdw
duh srsxodwhg e| �upv dqg frqvxphuv zkr qdyljdwh wkurxjk wkh rfhdq dqg
vhdufk iru orz sulfhv1 Hdfk frqvxphu kdv lqirupdwlrq derxw wkh sulfhv ri
qhljkerulqj jurxsv ri lvodqgv1 Gxh wr wkh vsdwldo vwuxfwxuh/ gl�huhqw frq0
vxphuv revhuyh gl�huhqw lvodqgv1 Dovr/ qrwh wkdw frqvxphuv revhuyh mxvw d
vxevhw ri �upv lq wkh pdunhw1

Fohduo|/ zkhq doo �upv fkdujh frpshwlwlyh sulfhv/ lw lv vwloo wkh fdvh wkdw
qr �up kdv dq lqfhqwlyh wr lqfuhdvh lwv sulfh ehfdxvh frqvxphuv frxog vlpso|
uhgluhfw wkhlu vhdufkhv wr rwkhu jurxsv ri lvodqgv1 Wkhuhiruh/ frpshwlwlyh
sulflqj lv dq htxloleulxp rxwfrph1 Wkh gl!fxow| olhv lq vkrzlqj wkdw lw lv
dovr wkh xqltxh htxloleulxp1

6 Dq Htxloleulxp Vhdufk Prgho zlwk d Jhq0

hudo Lqirupdwlrq Vwuxfwxuh

Wkhuh duh a � 2 �upv lqgh{hg e| �1 Ilupv pd{lpl}h h{shfwhg sur�wv dqg
vhoo d krprjhqhrxv surgxfw wkdw wkh| fdq surgxfh dw frqvwdqw pdujlqdo frvwv
zklfk duh qrupdol}hg wr }hur1 Hdfk �up � vlpxowdqhrxvo| zlwk doo rwkhu �upv
dqqrxqfhv d sulfh R� 5 ? dw zklfk lw lv zloolqj wr vhoo wkh surgxfw1 Ilupv
pljkw xvh pl{hg vwudwhjlhv zkhuh pl{lqj lv ehwzhhq dq duelwudulo| odujh exw
�qlwh qxpehu ri sulfhv1: Doorzlqj iru pl{hg vwudwhjlhv lv qrw lpsruwdqw
iru wkh uhvxowv dqg rqh frxog hdvlo| uhvwulfw frqvlghudwlrq wr sxuh sulflqj
vwudwhjlhv1 Ohw _�ER� ghqrwh wkh suredelolw| zlwk zklfk vhoohu � dqqrxqfhv
sulfh R1

Wkhuh duh U � � ex|huv lqgh{hg e| �1 Diwhu vhoohuv kdyh vhw wkhlu sulfhv/
ex|huv uhfhlyh +lpshuihfw, lqirupdwlrq derxw wkh dfwxdo sulfhv txrwhg e|
vhoohuv1 Wkh ghwdlov zloo eh ghvfulehg ehorz1

Ex|huv pd{lpl}h h{shfwhg xwlolw| dqg ex|hu � zkr lv sxufkdvlqj dw d sulfh
R wkdw kdv ehhq irxqg diwhu r vhdufkhv ghulyhv +lqgluhfw, xwlolw|

��ERc r� ' �ER�� S� � r

zkhuh S� : f lv wkh glvxwlolw| wkdw hdfk vhdufk fdxvhv wr �1 �E�� lv dvvxphg wr
eh vwulfwo| ghfuhdvlqj dqg frqwlqxrxvo| gl�huhqwldeoh lq R1 Qrwh wkdw ex|huv

:Wr p| nqrzohgjh wkhuh h{lvwv qr udqgrpl}dwlrq ghylfh wkdw pl{hv lq �qlwh wlph eh0
wzhhq lq�qlwho| pdq| sulfhv1

:



duh krprjhqhrxv zlwk uhvshfw wr wkh xwlolw| wkh| ghulyh iurp ex|lqj dw d
sduwlfxodu sulfh exw pljkw gl�hu lq vhdufk frvwv1

Zh dvvxph wkdw wkh deryh vshfl�fdwlrq jlyhv ulvh wr d ghpdqg ixqfwlrq
%ER� wkdw grhv qrw ghshqg rq S� ru r1 Wklv lpsolhv wkdw vhdufk frvwv kdyh qr
lqfrph h�hfw rq wkh ghpdqg iru wkh surgxfw1 Hlwkhu wkh exgjhw frqvwudlqw
lv xqd�hfwhg e| vhdufk frvwv/ h1j1 li wkh| uhsuhvhqw sv|fkrorjlfdo glvxwlolw|
ru wkh rssruwxqlw| frvw ri hqmr|lqj ohlvxuh/ ru xwlolw| lv txdvl0olqhdu zlwk wkh
olqhdulw| vrphzkhuh lq wkh edvnhw ri uhpdlqlqj jrrgv1

614 Ex|huv* Sulfh Lqirupdwlrq

Hdfk ex|hu � kdv sulfh lqirupdwlrq derxw wkh jurxs ri �upv C� � i�c � � � c aj1
Iru wkh fdvh wkdw C� grhv qrw frqwdlq doo h{lvwlqj �upv/ zh dvvxph wkdw �
vlpso| ljqruhv wkh h{lvwhqfh ri �upv wkdw duh qrw frqwdlqhg lq C�1

Wkh revhuyhg jurxs ri �upv C� lv sduwlwlrqhg lqwr ?� vxejurxsv wkdw
duh ghqrwhg e| C�

? E? ' �c � � � c ?��1 Wkh vxejurxsv duh pxwxdoo| h{foxvlyh/
qrq0hpsw|/ dqg wkhlu xqlrq lv htxdo wr C�� Ixuwkhupruh/ ex|hu � uhfhlyhv d
vhsdudwh olvw zlwk wkh dfwxdo sulfhv fkdujhg e| �upv lq hdfk vxejurxs C�

?1
;

Wkh sulfh lqirupdwlrq derxw d vxejurxs ri �upv lv lpshuihfw lq wkh vhqvh
wkdw wkh sulfh olvw grhv qrw uhyhdo zklfk �up lq wkh jurxs fkdujhv zklfk
sulfh1 Wklv doorzv ex|huv wr glvwlqjxlvk �upv ehiruh vhdufk vwduwv ehfdxvh
�upv wkdw ehorqj wr gl�huhqw jurxsv gl�hu dffruglqj wr wkh olnholkrrg zlwk
zklfk wkh| fkdujh fhuwdlq sulfhv1 Dw wkh vdph wlph/ �upv iurp wkh vdph
vxejurxs orrn lghqwlfdo dw wkh ehjlqqlqj ri vhdufk1

Wkh froohfwlrq ri doo vxejurxsv ri doo ex|huv lv ghqrwhg e|

C ' iC�
?j

�'�c��� cU
?'�c��� c?� +4,

Iru reylrxv uhdvrqv L uhtxluh wkdw C lv vxfk wkdw hdfk �up � lv sduw ri dw
ohdvw rqh vhw C�

?1 Pruhryhu/ �upv duh dvvxphg wr nqrz C vxfk wkdw wkh
rqo| vrxufh ri lqirupdwlrq lpshuihfwlrq lq wkh prgho frqvlvwv ri ex|huv ehlqj
lpshuihfwo| lqiruphg derxw wkh orfdwlrq ri sulfhv1<

;Qrwh wkdw wkh sulfh olvw uhvroyhv wkh xqfhuwdlqw| iurp wkh pl{hg sulflqj vwudwhjlhv ri
�upv1 Rqh pd| lqwhusuhw wklv dv hdfk �up uhsuhvhqwlqj d w|sh zlwk dfwxdoo| pdq| vhoohuv
ri wklv w|sh ehlqj suhvhqw1 Nqrzohgjh derxw wkh w|sh*v sulflqj vwudwhj| wkhq lpsolhv
nqrzohgjh derxw wkh sulfh uhdol}dwlrq1

<Vhfwlrq 9 zloo frqvlghu wkh fdvh zkhuh �upv kdyh qr lqirupdwlrq derxw J1

;



Wkh lqirupdwlrq vwuxfwxuh rxwolqhg deryh kdv vlpsoh dqg lqwhuhvwlqj olp0
lwlqj fdvhv= Li hdfk ex|hu revhuyhv mxvw d vlqjoh jurxs +?� ' � iru doo �,/ zklfk
frqwdlqv doo h{lvwlqj �upv/ wkhq C jhqhudwhv wkh lqirupdwlrq vwuxfwxuh ri wkh
vwdqgdug udqgrp vhdufk prgho dv lqwurgxfhg e| Vwljohu +4<94,1

Dv wkh qxpehu ri vxejurxsv lqfuhdvhv/ vd| wr ?� ' 2/ ex|huv vwduw wr
glvwlqjxlvk �upv wkdw ehorqj wr gl�huhqw vxevhwv dffruglqj wr wkh olnholkrrg
zlwk zklfk wkh| fkdujh gl�huhqw sulfhv1 Zkhq wkh qxpehu ri vhwv ?� lqfuhdvhv
hyhq ixuwkhu/ ex|huv* lqirupdwlrq jhwv �qhu dqg �qhu1 Lq wkh olplwlqj fdvh
?� ' a/ hdfk jurxs frqwdlqv rqo| rqh �up dqg C jhqhudwhv wkh lqirupdwlrq
vwuxfwxuh ri wkh Zdoudvldq pdunhw prgho zkhuh ex|huv nqrz wkh sulfhv ri doo
�upv1

Wkxv/ e| ydu|lqj wkh qxpehu ri jurxsv ?� rqh fdq jhqhudwh gl�huhqw
ghjuhhv ri lqirupdwlrq lpshuihfwlrq lq wkh hfrqrp| wkdw vsdq wkh zkroh
udqjh iurp Vwljohu*v udqgrp vhdufk hqylurqphqw wr wkh shuihfw lqirupdwlrq
hqylurqphqw ri d Zdoudvldq pdunhw prgho1

615 Ex|huv* Rswlpdo Vhdufk Ehkdylru

Wklv vhfwlrq ghvfulehv ex|huv* rswlpdo vhdufk ehkdylru iru wkh lqirupdwlrq
vwuxfwxuhv lqwurgxfhg lq wkh suhylrxv vhfwlrq1 Wkh uhvxow lv gxh wr Zhlw}pdq
+4<:<,1

Hdfk ex|hu fdofxodwhv d uhvhuydwlrq xwlolw| -�
? iru hdfk ri wkh vxejurxsv

C�
? iurp zklfk vkh uhfhlyhv sulfh lqirupdwlrq1 Wkh uhvhuydwlrq xwlolwlhv udqn

wkh jurxsv lq whupv ri wkhlu dwwudfwlyhqhvv dqg ixoo| fkdudfwhul}h wkh rswlpdo
vhdufk vwudwhj|1 Ohw -�

4@ ' 4@ ?-�
? ghqrwh wkh kljkhvw ri ex|hu �*v uhvhu0

ydwlrq xwlolwlhv1 Ex|huv vhdufk rqo| lq wkh jurxs+v, wkdw dfklhyh uhvhuydwlrq
xwlolw| -�

4@ dqg vwrs vhdufklqj li wkh| jhw dq r�hu R zklfk jhqhudwhv xwlolw|
�ER� deryh ru htxdo wr -�

4@ 1
Iru wkh fdvh wkdw wkhuh duh vhyhudo jurxsv wkdw dfklhyh pd{lpxp uhvhuyd0

wlrqv/ ex|huv duh dvvxphg wr udqgrpl}h zlwk htxdo olnholkrrg ehwzhhq wkhvh
jurxsv143

Wkh uhvhuydwlrq xwlolw| -�
? iru jurxs C�

? lv lpsolflwo| gh�qhg e|

S� �
[
�MC�

?

�
4@ 

�
fc �ER�� �-�

?

�
�

�
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�
+5,

43Wkh uhvxowv gr qrw ghshqg rq wklv dvvxpswlrq dv orqj dv wkhuh lv vrph srvlwlyh sure0
delolw| zlwk zklfk hdfk jurxs lv vhdufkhg lq wkh fdvh ri d gudz1
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Wkh uhvhuydwlrq xwlolw| lv wkh ydoxh ri d sulfh r�hu dw zklfk wkh frvwv ri dq
dgglwlrqdo vhdufk vwhs +wkh ohiw0kdqg vlgh ri +5,, h{dfwo| edodqfh wkh h{shfwhg
jdlqv iurp dq dgglwlrqdo vhdufk vwhs +wkh uljkw0kdqg vlgh ri +5,,1 Wklv lpsolhv
wkdw zlwk srvlwlyh vhdufk frvwv ex|huv zloo vhwwoh iru sulfhv wkdw duh kljkhu
wkdq wkh orzhvw sulfh lq wkh jurxs/ d ihdwxuh wkdw zloo wxuq rxw wr eh lpsruwdqw
odwhu rq1

Wkh deryh vdpsolqj uxoh lv d jhqhudol}dwlrq ri wkh rswlpdo fkrlfh uxoh ri
vlpsohu ghflvlrq sureohpv1

Iru d Zdoudvldq lqirupdwlrq vwuxfwxuh zkhuh hdfk jurxs C�
? frqwdlqv mxvw

d vlqjoh �up �/ wkh uhvhuydwlrq xwlolw| lv jlyhq e| -�
? ' �ER�� � S�1 Wkh

vdpsolqj uxoh/ wkxv/ suhvfulehv wr ex| iurp wkh �up r�hulqj wkh orzhvw sulfh1
Vlploduo|/ iru wkh fdvh wkdw vhdufk frvwv duh }hur/ htxdwlrq +5, lpsolhv wkdw

wkh uhvhuydwlrq xwlolw| lv htxdo wr wkh ydoxh ri wkh ehvw r�hu lq wkh jurxs1 Wkh
vdpsolqj uxoh/ wkxv/ suhvfulehv vhdufklqj lq wkh jurxs frqwdlqlqj wkh orzhvw
sulfh xqwlo wklv orzhvw sulfh kdv ehhq irxqg1

616 Ilupv

Wklv vhfwlrq ghwhuplqhv �upv* h{shfwhg sur�wv wdnlqj lqwr dffrxqw ex|huv*
rswlpdo vhdufk ehkdylru1

Ilupv* h{shfwhg sur�wv fdq eh h{suhvvhg dv wkh surgxfw ri wkh h{shfwhg
qxpehu ri vdohv wlphv wkh sur�wv shu vdoh1

Sur�wv shu vdoh duh jlyhq e| %ER�R1 Lq olqh zlwk Gldprqg +4<:4,/ L dvvxph
wkdw %ER�R lv frqwlqxrxv dqg vwulfwo| txdvl0frqfdyh zlwk d pd{lpxp dw d
�qlwh sulfh RW1 Wkdw lv

%ER�R lqfuhdvhv iru R 	 RW

ghfuhdvhv iru R : RW

Wklv lqvxuhv wkdw sur�wv shu vdoh vwulfwo| lqfuhdvh dv wkh sulfh lqfuhdvhv iurp
wkh frpshwlwlyh +R ' f, wr wkh prqrsrolvwlf ohyho +R ' RW,1

Wkh h{shfwhg qxpehu ri fxvwrphuv lv d olwwoh kdughu wr ghwhuplqh1 Frq0
vlghu �up � fkdujlqj sulfh R�1 Rswlpdo vhdufk ehkdylru ri ex|huv lpsolhv wkdw
wkh iroorzlqj frqglwlrqv duh qhfhvvdu| rqhv iru ex|hu � wr ex| iurp �up �=

� Frqglwlrq F4= Wkh jurxs C�
?E�� pxvw dfklhyh pd{lpxp uhvhuydwlrq

xwlolw| +zkhuh ?E�� ghqrwhv wkh jurxs lqgh{ wkdw frqwdlqv �up �,1
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� Frqglwlrq F5= Wkh lqgluhfw xwlolw| �ER�� jhqhudwhg e| �*v r�hu pxvw
eh odujhu ru htxdo wr �*v pd{lpxp uhvhuydwlrq xwlolw| -�

4@ 1

Li �� idlohg wr krog/ wkhq ex|hu � zrxog suhihu wr vhdufk d gl�huhqw jurxs
ri �upv1 Vlploduo|/ li �2 idlohg wr krog/ wkhq � zrxog suhihu wr vhdufk iru d
ehwwhu r�hu zkhqhyhu �qglqj �up �1

Vlqfh �� dqg �2 duh rqo| qhfhvvdu| frqglwlrqv/ wkh| gr qrw lqvxuh wkdw
� dfwxdoo| ex|v iurp �=

Iluvw/ ex|hu �pljkw vhh khuvhoi frqiurqwhg zlwk vhyhudo jurxsv wkdw dfklhyh
pd{lpxp uhvhuydwlrq1 Wkhq vkh pljkw rswlpdoo| fkrrvh wr vhdufk lq dqrwkhu
jurxs ri �upv1 Ghqrwlqj e| 6� wkh qxpehu ri jurxsv ri ex|hu � wkdw dfklhyh
pd{lpxp uhvhuydwlrq/ wkh suredelolw| ri vhoohu �*v jurxs ehlqj fkrvhq lv jlyhq
e| �

6� 1
Vhfrqg/ wkhuh pljkw eh vhyhudo �upv wkdw r�hu deryh �*v uhvhuydwlrq xwlolw|

lq C�
?E��1 Zkhq ex|hu � �uvw �qgv rqh ri wkhvh rwkhu �upv/ vkh zloo eh ex|lqj

wkhuh1 Ohw o�c�ghqrwh wkh qxpehu ri �upv wkdw r�hu deryh �*v uhvhuydwlrq
xwlolw| lq wkh jurxs frqwdlqlqj �up �1 Vlqfh � vhdufkhv udqgrpo| iru r�huv
zlwklq hdfk jurxs/ wkh suredelolw| ri � dfwxdoo| vhoolqj wr � lv jlyhq e| �

o�c�
lq

wklv fdvh1

Wkh frpelqhg suredelolw| ri � dfwxdoo| vhoolqj wr � zkhq frqglwlrq ��
dqg �2 krog lv jlyhq �

6� �
�

o�c�
1 Wklv lpsolhv wkdw h{shfwhg sur�wv ri �up �

wkdw fkdujhv sulfh R fdq eh h{suhvvhg dv

.
�
��ER�

�
'

U[
�'�

.

�
Ut��E�c���Ut�2E�c���

�

6�

�

o�c�
%ER�R

�
+6,

zkhuh Ut��E�c��� +Ut�2E�c���, lv dq lqglfdwru ixqfwlrq wkdw lv htxdo wr rqh li
frqglwlrq �� +�2, krogv iru ex|hu � dqg �up � dqg wkdw lv }hur rwkhuzlvh144

Wkh whup Ut��E�����
�
6� lq wkh remhfwlyh ixqfwlrq glvwlqjxlvkhv wkh fdvh zkhuh

ex|huv fdq gluhfw wkhlu vhdufkhv iurp wkh fdvh ri udqgrp vhdufk1 Zlwk udq0
grp vhdufk wklv whup lv wulyldoo| htxdo wr rqh/ zkloh zlwk gluhfwhg vhdufk lwv
ydoxh ghshqgv rq wkh sulfhv fkdujhg e| �upv lq wkh uhvshfwlyh jurxsv1 Wklv
xowlpdwho| jhqhudwhv dq lqfuhdvhg sulfh hodvwlflw| ri ghpdqg1

44Wkh h{shfwdwlrqv rshudwru vwloo dsshduv lq +6, vlqfh rwkhu vhoohuv pljkw xvh pl{hg
sulflqj vwudwhjlhv zklfk lqgxfhv d suredelolw| glvwulexwlrq ryhu wkh hyhqwv rq wkh uljkw0
kdqg vlgh ri wkh htxdwlrq1
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7 Htxloleulxp

Wklv vhfwlrq lqwurgxfhv wkh htxloleulxp frqfhsw dqg ghwhuplqhv wkh htxloleuld
ri wkh prgho1

Wkh htxloleulxp frqfhsw lv vwdqgdug iru lpshuihfw lqirupdwlrq prghov xs
wr wkh uhtxluhphqw wkdw �upv kdyh wr kdyh srvlwlyh h{shfwhg vdohv/ zklfk
khosv wr jhw ulg ri xqlqwhuhvwlqj htxloleuld zkhuh vrph �upv fkdujh qrq0
frpshwlwlyh sulfhv exw duh qhlwkhu vhdufkhg qru vhoolqj145

Gh�qlwlrq Jlyhq a �upv/ U ex|huv/ dqg d jurxs vwuxfwxuh C/ dq htxloleulxp
lv d froohfwlrq ri sulflqj vwudwhjlhv _�ER� iru hdfk �up � zkhuh

41 Wkh �upv dqwlflsdwh wkh ex|huv* vhdufk ehkdylru1 Hdfk �up*v sulf0
lqj vwudwhj| lv d ehvw uhso| wr wkh sulflqj vwudwhj| ri rwkhu �upv/
l1h1

_�ER� : f, .
�
��ER�

�
' � dqg � � .

�
��ER�

�
iru doo R

dqg hdfk sulfh wkdw lv fkdujhg zlwk srvlwlyh suredelolw| pdnhv
srvlwlyh h{shfwhg vdohv1

51 Wkh ex|huv* vhdufkhv duh rswlpdo jlyhq wkh lqirupdwlrq wkh| srv0
vhvv1

Iru wkh fdvh wkdw ex|huv fdqqrw gluhfw wkhlu vhdufk h�ruwv dqg revhuyh
mxvw d vlqjoh sulfh vljqdo/ wkh suhvhqw prgho uhsurgxfhv wkh prqrsro| sulfh
htxloleulxp1 Wkh lqwxlwlrq xqghuo|lqj wkh prqrsro| sulflqj uhvxow kdv ehhq
glvfxvvhg lq vhfwlrq 51

Wkhruhp 4 Li ?� ' � iru doo ex|huv �/ wkhq lq wkh xqltxh htxloleulxp doo
�upv fkdujh wkh prqrsro| sulfh1

Surri = vhh Gldprqg +4<:4,1

Qh{w frqvlghu wkh fdvh zkhuh doo djhqwv uhfhlyh pruh wkdq rqh sulfh vljqdo
dqg fdq gluhfw wkhlu vhdufkhv wr gl�huhqw vxejurxsv ri �upv1 Wkh iroorzlqj
ohppd uhvwulfwv wkh udqjh ri sulfhv �upv rswlpdoo| zdqw wr fkdujh1

45Wr vhh wkh srlqw dvvxph wkdw wkhuh duh wkuhh vhoohuv zlwk wkh �uvw wzr fkdujlqj wkh
frpshwlwlyh sulfh dqg wkh wklug fkdujlqj vrph kljkhu sulfh1 Wkhvh sulfhv frqvwlwxwh dq
htxloleulxp sulfh glvwulexwlrq hyhq zlwk shuihfw lqirupdwlrq1 Krzhyhu/ doo wudqvdfwlrqv
zloo wdnh sodfh dw wkh frpshwlwlyh sulfh1 Uhtxlulqj srvlwlyh vdohv holplqdwhv wkhvh nlqg ri
htxloleuld1
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Ohppd 4 Lq htxloleulxp qr �up zdqwv wr fkdujh d sulfh ehorz wkh frpshw0
lwlyh sulfh ru deryh wkh prqrsro| sulfh1

Surri= Li vhoohu � fkdujhv R 	 f/ wkhq . d��ER�o 	 f dqg e| fkdujlqj R ' f
wkh vhoohu rewdlqv . d��Ef�o ' f1 Li R : RW wkhq e| fkdujlqj RW wkh
vhoohu frxog pdnh d vwulfwo| kljkhu sur�w shu vdoh1 Dw wkh vdph wlph/
wkh �up grhv qrw orrvh dq| fxvwrphuv e| ghfuhdvlqj lwv sulfh/ zklfk
lpsolhv . d��ERW�o : . d��ER�o1�

Lq wkh qh{w wkhruhp L hvwdeolvk wkh vxusulvlqj uhvxow wkdw d �up wkdw
fkdujhv d sulfh deryh wkh frpshwlwlyh sulfh zloo qrw pdnh dq| vdohv lq htxl0
oleulxp iru wkh fdvh wkdw ex|huv fdq gluhfw wkhlu vhdufkhv1 Wkh surri fdq eh
irxqg lq wkh dsshqgl{1

Wkhruhp 5 Li ?� � 2 iru doo ex|huv �/ wkhq lq htxloleulxp qr �up fkdujlqj
d sulfh deryh wkh frpshwlwlyh sulfh pdnhv dq| vdohv1

Wkh surri vkrzv wkdw li vrph �up zdv vhoolqj dw d qrq0frpshwlwlyh sulfh
wkdq wkhuh zrxog h{lvw d �up wkdw zrxog qrw pd{lpl}h h{shfwhg sur�wv1 Wkh
dujxphqwv duh urxjko| dv iroorzv1 Vxssrvh/ iru frqwudglfwlrq/ wkdw d �up zkr
fkdujhv d qrq0frpshwlwlyh sulfh lv vhoolqj1

Zkhq wkh �up kdv fxvwrphuv zkr duh lqgl�huhqw ehwzhhq vhyhudo jurxsv
ri �upv dqg zkr/ frqvhtxhqwo|/ udqgrpl}h ehwzhhq wkhvh jurxsv/ lw sd|v wr
wkh �up wr fxw lwv sulfh voljkwo| wr lqgxfh d vwulfw suhihuhqfh iru lwv rzq jurxs/
dv lq vlpsoh Ehuwudqg frpshwlwlrq1

Rq wkh rwkhu kdqg/ li hdfk fxvwrphu vwulfwo| suhihuv wkh �up*v jurxs/ wkhq
wkh �up frxog h{sorlw wklv vwulfw suhihuhqfh dqg lqfuhdvh sulfhv d olwwoh elw
zlwkrxw d�hfwlqj wkh fxvwrphuv* rughulqj ri jurxsv1 Krzhyhu/ wzr vxewohwlhv
dulvh= Iluvw/ zkhq wkh �up douhdg| fkdujhv wkh prqrsro| sulfh/ d ixuwkhu
sulfh lqfuhdvh uhgxfhv sur�wv shu vdoh1 Vhfrqg/ li wkh �up kdv fxvwrphuv zkr
duh mxvw lqgl�huhqw ehwzhhq ex|lqj dw wkh r�huhg sulfh dqg frqwlqxlqj wr
vhdufk/ wkhq wkh sulfh lqfuhdvh ohdgv wr d orvv ri fxvwrphuv dqg srwhqwldoo| wr
d ghfuhdvh lq sur�wv1

Wkh �uvw fdvh lv hdvlo| wdnhq fduh ri1 Vlqfh fxvwrphuv vwulfwo| suhihu wkh
�up*v jurxs wkhuh pxvw eh dqrwkhu �up lq wkh jurxs zkr fkdujhv ehorz wkh
prqrsrolvwlf sulfh146 Wkhq mxvw pdnh doo dujxphqwv iru wklv �up dqg qrwh
wkdw wkh suhvhqw fdvh fdqqrw dsso| dq|pruh1

Lq wkh vhfrqg fdvh/ wkh dujxphqw lv dv iroorzv1 Zkhq d fxvwrphu lv
lqgl�huhqw ehwzhhq ex|lqj dqg frqwlqxlqj wr vhdufk/ wkhuh pxvw eh dqrwkhu

46Uhphpehu wkdw �upv lq rwkhu jurxsv fkdujh dw prvw wkh prqrsrolvwlf sulfh1
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Iljxuh 7= Sulflqj Uhvxowv

�up lq wkh vdph jurxs zkr fkdujhv d sulfh wkdw lv dw ohdvw vrph B : f orzhu
wkdq wkh sulfh ri wkh frqvlghuhg �up1 Wklv iroorzv iurp wkh rswlpdolw| ri
uhvhuydwlrqv sulfhv/ vlqfh rwkhuzlvh lqyhvwlqj lq pruh vhdufk frvwv frxog qrw
eh rswlpdo1 Wkhq pdnh wkh vdph dujxphqwv iru wkh �up wkdw fkdujhv wkh B
orzhu sulfh1 Rqh hlwkhu uhdfkhv d frqwudglfwlrq zlwk wklv �up ru wkh suhvhqw
fdvh dssolhv djdlq1 Qrz qrwh wkdw uhshdwhg rffxuuhqfh ri wkh suhvhqw fdvh
zloo ohdg/ diwhu d �qlwh qxpehu ri vwhsv/ wr d �up wkdw pxvw fkdujh ehorz wkh
frpshwlwlyh sulfh/ zklfk fdqqrw eh rswlpdo/ vhh ohppd 41

Edvhg rq wkhruhp 5 lw lv hdv| wr hvwdeolvk wkh iroorzlqj uhvxow1

Fruroodu| 4 Li ?� � 2 iru doo ex|huv �/ wkhq lq wkh xqltxh htxloleulxp doo
�upv fkdujh frpshwlwlyh sulfhv1

Surri = Wkh rqo| srwhqwldo htxloleulxp lv fkdudfwhul}hg e| doo �upv fkdujlqj
wkh frpshwlwlyh sulfh/ vhh wkhruhp 51 Ghyldwlrqv wr orzhu sulfhv gr qrw
kdyh wr eh frqvlghuhg/ vhh ohppd 41 Ghyldwlrqv wr kljkhu sulfhv ohdg wr
d orvv ri doo fxvwrphuv dqg dovr jhqhudwhv }hur sur�wv/ zklfk hvwdeolvkhv
wkh fodlp1�
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8 Glvfxvvlrq

Wkh lpsruwdqw ihdwxuh wkdw lv lqwurgxfhg e| ex|huv* delolw| wr gluhfw vhdufk
h�ruwv lv wkdw wkh duulydo udwh ri ex|huv ghshqgv rq wkh sulfhv fkdujhg e|
�upv1 Wklv ihdwxuh suhyhqwv vhoohuv iurp ehkdylqj olnh orfdo prqrsrolvwv wkdw
ixoo| h{sorlw wkh idfw wkdw dq duulylqj ex|huv kdv wr lqyhvw lq dgglwlrqdo vhdufk
frvwv wr jhw dqrwkhu sulfh txrwh1 D voljkw sulfh lqfuhdvh/ hyhq ri wkh �up
fkdujlqj wkh orzhvw sulfh lq wkh pdunhw/ pljkw qrz fdxvh d vwurqj ghfuhdvh
lq wkh duulydo suredelolw| ri ex|huv/ vlqfh gl�huhqw jurxsv ri �upv duh qrz
frpshwlqj iru ex|huv1

Wkh frpshwlwlyh rxwfrph sxwv wkh Gldprqg +4<:4, sdudgr{ vrphzkdw
lqwr shuvshfwlyh1 Zkloh Gldprqg vkrzv wkdw wkhuh lv d glvfrqwlqxlw| lq wkh
pdunhw rxwfrph zkhq jrlqj iurp }hur vhdufk frvwv wr 0 : f vhdufk frvwv/ wkh
suhvhqw uhvxow vkrzv wkdw wkhuh lv dq htxdoo| odujh glvfrqwlqxlw| zkhq prylqj
iurp dq lpshuihfw lqirupdwlrq hqylurqphqw zlwk udqgrp vhdufk +?� ' �, wr
rqh zlwk gluhfwhg vhdufk E?� � 2�c qdpho| rqh pryhv edfn iurp prqrsrolvwlf
sulfhv uljkw dzd| wr frpshwlwlyh sulfhv1 Iljxuh 7 looxvwudwhv wklv vlwxdwlrq1
Wkh {0d{lv lv frxqwlqj wkh qxpehu ri sulfh vljqdov zlwk wkh idu ohiw lqglfdwlqj d
udqgrp vhdufk hqylurqphqw/ dqg wkh idu uljkw lqglfdwlqj d shuihfw lqirupdwlrq
hqylurqphqw1 Wkh |0d{lv glvsod|v wkh ohyho ri vhdufk frvwv1 Frpshwlwlyh sulfhv
hphujh doo wkh zd| iurp ?� ' a +shuihfw lqirupdwlrq, wr ?� ' 2�

Jlyhq wkh uhyhuvdo lq htxloleulxp sulfhv/ wkhuh lv d qdwxudo txhvwlrq wr dvn=
zkdw zrxog kdsshq lq d vlwxdwlrq lq zklfk vrph ex|huv duh deoh wr gluhfw
wkhlu vhdufkhv zkloh rwkhuv duh qrwB Xqghu wkh dvvxpswlrq wkdw hdfk �up lv
revhuyhg e| dw ohdvw rqh ex|hu zkr fdq gluhfw vhdufk/ wkh uhvxowv ri wkhruhp
5 jr wkurxjk1 Wklv h{foxghv qrq0frpshwlwlyh sulfhv lq htxloleulxp1 Dw wkh
vdph wlph/ d vlwxdwlrq zlwk frpshwlwlyh sulfhv fdqqrw eh dq htxloleulxp
hlwkhu1 Ilupv fdq h{sorlw ex|huv wkdw fdqqrw gluhfw wkhlu vhdufkhv e| voljkwo|
lqfuhdvlqj wkhlu sulfhv1 Dv d uhvxow/ qr htxloleulxp sulfh glvwulexwlrq h{lvwv
iru wkhvh fdvhv1

Dqrwkhu lqwhuhvwlqj txhvwlrq frqfhuqv wkh urexvwqhvv ri wkh uhvxow zlwk
uhvshfw wr �upv wkdw gl�hu lq wkhlu pdujlqdo frvw ri surgxfwlrq1 Iru vlpsolflw|
vxssrvh wkdw wkhuh duh mxvw wzr w|shv ri �upv= orz0frvw dqg kljk0frvw �upv1
Zkhq djhqwv revhuyh dw ohdvw wzr jurxsv wkdw frqvlvw vroho| ri orz0frvw �upv/
wkhq frpshwlwlrq ehwzhhq wkh orz0frvw jurxsv zloo lqvxuh wkdw wkh| fkdujh
pdujlqdo frvwv1 Wklv lpsolhv wkdw kljk0frvw �upv zloo eh sulfhg rxw ri wkh
pdunhw/ dq hyhq vwurqjhu h!flhqf| uhvxow1 Rq wkh rwkhu kdqg/ zkhq jurxsv
frqvlvw ri �upv zlwk gl�huhqw pdujlqdo frvwv dqg jurxsv duh frpsrvhg ri
wkh vdph sursruwlrqv ri wkh uhvshfwlyh frvw0w|shv/ wkhq doo �upv fkdujlqj
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pdujlqdo frvw lv djdlq wkh xqltxh htxloleulxp1 Krzhyhu/ kljk0frvw w|sh �upv
pljkw qrz vxuylyh zkhq ex|huv idfh vx!flhqwo| kljk vhdufk frvwv vxfk wkdw
wkh| ex| dovr iurp �upv wkdw r�hu kljk pdujlqdo frvw sulfhv1

Dqrwkhu srlqw zruwk wr eh glvfxvvhg frqfhuqv wkh udwkhu vwurqj dvvxps0
wlrq wkdw �upv nqrz wkh lqirupdwlrq vwuxfwxuh C lq wkh hfrqrp|1 Rqh pljkw
frqmhfwxuh wkdw vxfk d ghwdlohg nqrzohgjh derxw ex|huv* sulfh lqirupdwlrq
pljkw jhqhudwh lqfhqwlyhv iru sulfh glvfulplqdwlrq e| vhoohuv1 Krzhyhu/ wklv
lv qrw wkh fdvh1 D prgho zkhuh �upv fdq fkdujh gl�huhqw sulfhv wr gl�hu0
hqw ex|huv fdq eh lqwhusuhwhg olnh pdq| wlphv wkh prgho suhvhqwhg deryh
zlwk mxvw d vlqjoh ex|hu lq hdfk prgho1 Dv wkh pdlq uhvxow ri wklv sdshu
wkhq vkrzv/ ex|huv zrxog eh fkdujhg frpshwlwlyh sulfhv hyhq li zh doorz iru
shuihfw sulfh glvfulplqdwlrq147

9 Ohduqlqj Htxloleulxp Sulfhv

Wklv vhfwlrq frqvlghuv wkh txhvwlrq zkhwkhu vhoohuv* sulfhv zrxog frqyhujh
ryhu wlph wr wkh frpshwlwlyh ru prqrsrolvwlf htxloleulxp ghshqglqj rq zkhwkhu
ex|huv fdq gluhfw vhdufk h�ruwv ru qrw1 Wklv lv qrw d wulyldo txhvwlrq vlqfh/
dv wkh surri ri wkhruhp 5 vkrzv/ rxw0ri0htxloleulxp lqfhqwlyhv gr qrw do0
zd|v srlqw lqwr wkh gluhfwlrq ri wkh htxloleulxp1 Pruhryhu/ wkh dujxphqwv
wkdw kdyh wr pdgh wr h{foxgh qrq0frpshwlwlyh htxloleuld duh vx!flhqwo| frp0
solfdwhg wr txhvwlrq djhqwv* delolw| wr frruglqdwh *wkurxjk uhdvrqlqj* rq wkh
frpshwlwlyh htxloleulxp dqg mxvwli| wkh frqvlghudwlrq ri ohduqlqj phfkdqlvpv1

Wr vwxg| frqyhujhqfh dqg ohduqlqj ryhu wlph/ L frqvlghu wkh iroorzlqj
g|qdplf yhuvlrq ri wkh prgho1 Ohw wlph eh glylghg lqwr glvfuhwh shulrgv
| ' �c 2c � � � zklfk duh fdoohg gd|v1 Lq wkh pruqlqj ri hdfk gd| |/ doo a �upv
vlpxowdqhrxvo| frpplw wr d sulfh1 Wkhuhdiwhu/ d frkruw ri U qhz ex|huv hqwhuv
wkh hfrqrp|1 Ex|huv uhfhlyh lqirupdwlrq derxw wkh sulfhv srvwhg e| vhoohuv
lq wkh pruqlqj dqg vhdufk rswlpdoo| iru d orz0sulfhg r�hu gxulqj wkh gd|1
Dw wkh hqg ri wkh gd| doo ex|huv sxufkdvh dqg wkhq ohdyh wkh hfrqrp|1

Lw lv dvvxphg wkdw ex|huv lqhodvwlfdoo| ghpdqg rqh xqlw ri wkh surgxfw xs
wr d uhvhuydwlrq sulfh ri RW 5 C� Sulfh0lqhodvwlf ghpdqg pdnhv sulfh lqfuhdvhv
sduwlfxoduo| dwwudfwlyh dqg/ wkxv/ jlyhv frpshwlwlyh sulfhv wkh orzhvw fkdqfh1

Vhoohuv duh dvvxphg wr fkrrvh wkhlu sulfhv iurp d �qlwh sulfh julg ifc �c 2c ����c RWj
dffruglqj wr d vlpsoh ohduqlqj uxoh zklfk glvsod|v hohphqwv ri dgdswdwlrq/
h{shulphqwdwlrq/ dqg lqhuwld +Pdulprq dqg PfJudwwdq +4<<8,,=

47Wkh vdph krogv ri frxuvh zkhq glvfulplqdwlrq lv uhvwulfwhg ehwzhhq gl�huhqw jurxsv
ri ex|huv1
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� zlwk suredelolw| 0� wkh vhoohu uhpdlqv lqhuw dqg mxvw fkdujhv wkh sulfh
ri wkh suhylrxv gd|

� zlwk suredelolw| E�� 0�� wkh vhoohu fkdqjhv lwv sulfh dv iroorzv=

� zlwk suredelolw| 0� kh h{shulphqwv dqg fkrrvhv zlwk xqlirup olnh0
olkrrg rqh ri wkh sulfhv iurp wkh sulfh julg1

� zlwk suredelolw| E�� 0�� wkh vhoohu fkrrvhv wkh sulfh zklfk jhqhu0
dwhg wkh kljkhvw zhljkwhg dyhudjh sur�w lq wkh sdvw/ zkhuh sur�wv
wkdw kdyh ehhq pdgh � shulrgv djr hqwhu zlwk zhljkw q� lqwr wkh
dyhudjh1

Qrwh wkdw doo wkdw vhoohuv pxvw revhuyh wr lpsohphqw wklv uxoh lv wkhlu rzq
klvwru| ri sulfhv dqg dvvrfldwhg sur�wv1 Lq sduwlfxodu/ wkh| qhlwkhu kdyh wr
nqrz wkh jurxs vwuxfwxuh C qru ex|huv* ghpdqg ixqfwlrqv/ dv dvvxphg lq
wkh suhylrxv vhfwlrq1

Vlpxodwlrqv zhuh uxq iru ?� ' � dqg ?� ' 2 zlwk wkh sdudphwhu ydoxhv
vkrzq lq wdeoh 41 Wkhuh duh pdq| pruh ex|huv wkdq vhoohuv wr lqvxuh wkdw df0
wxdo sur�wv duh urxjko| lq olqh zlwk h{shfwhg sur�wv1 Zkhq ?� ' 2/ wkhuh duh
8 �upv lq hdfk jurxs1 Wkh doorfdwlrq ri vhoohuv wr jurxsv lv fkrvhq udqgrpo|
iru hdfk ex|hu148 Vhoohuv duh lqhuw lq �fI ri wkh fdvhv dqg h{shulphqw zlwk
sulfhv lq DI ri wkh wlphv/ jlyhq wkdw wkh| duh qrw lqhuw1 Kljkhu ohyhov ri lqhu0
wld mxvw vorz grzq wkh vshhg ri frqyhujhqfh zlwkrxw dowhulqj wkh uhvxowv1 Wkh
h{shulphqwdwlrq udwh ri DI lv uhodwlyho| kljk dqg zloo dfw dv h{rjhqrxv qrlvh
wkdw lpshghv frpsohwh frqyhujhqfh wr wkh wkhruhwlfdoo| suhglfwhg htxloleuld/
zklfk vhhpv d jrrg whvw iru wkh urexvwqhvv ri rxu suhglfwlrqv1 Ixuwkhupruh/
zh ohw vhoohuv glvfrxqw sdvw revhuydwlrqv dw udwh f�b wr doorz wkhp wr wudfn
fkdqjlqj hqylurqphqwv dqg wr lqfuhdvh wkh vshhg ri frqyhujhqfh1 Ilqdoo|/
wkh prqrsro| sulfh lv vhw wr RW ' Dfcvhdufk frvwv duh vhw htxdo wr S ' �f/ dqg
xwlolw| lv vlpso| olqhdu lq sulfhv1

48Krzhyhu/ wkh udqgrp dvvljqphqw ri vhoohuv wr jurxsv lv grqh rqfh dw wkh ehjlqlqj ri
wkh vlpxodwlrq dqg wkhq nhsw xqfkdqjhg gxulqj wkh frxuvh ri hdfk vlpxodwlrq1
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Iljxuh 8= Vlpxodwlrq Uhvxowv

a ' �f
U ' 2Df
0� ' �fI
0e ' DI
q ' f�b
RW ' Df
��ERc r� ' �R� S � r
S ' �f

Wdeoh4= Sdudphwhu Ydoxhv iru Vlpxodwlrq

Wkh sdqho rq wkh uljkw ri �jxuh 8 vkrzv wkh hyroxwlrq ri wkh dyhudjh sulfh
fkdujhg e| �upv iru d w|slfdo vlpxodwlrq rxwfrph iru wkh fdvh wkdw ex|huv
vhdufk udqgrpo| iru sulfh r�huv +?� ' � iru doo �,1 Lq shulrg 4 sulfhv duh
forvh wr 58/ wkh phdq ri wkh sulfh udqjh/ ehfdxvh vhoohuv lqlwldoo| fkrrvh d
udqgrp sulfh1 Lq wkh shulrgv lpphgldwho| iroorzlqj/ sulfhv vhhp wr ghfuhdvh
uhodwlyho| idvw exw wkhq ehfrph vwdwlrqdu|/ uhyhuw gluhfwlrq dqg vorzo| vwduw
wr folpe xs xqwlo wkh| duh forvh wr wkh prqrsro| sulfh1 Rqfh sulfhv duh forvh
wr wkh prqrsro| ohyho/ wkh| uhpdlq wkhuh1

Wkh uhdvrq iru wkh revhuyhg sulfh vzlqj lv uhdglo| h{sodlqhg1 Lq shulrg 4
sulfh glvshuvlrq lv olnho| wr eh odujh gxh wr wkh udqgrpqhvv ri lqlwldo sulfhv1
Vlqfh vhdufk frvwv duh txlwh vpdoo uhodwlyh wr wkh sulfh udqjh/ wkh uhvhuydwlrq
sulfh ri ex|huv lv uhodwlyho| orz vxfk wkdw pdq| kljk0sulfh vhoohuv duh r�hulqj
deryh ex|huv* uhvhuydwlrq sulfh dqg gr qrw pdnh dq| vdohv1 Zkhq h{shul0
phqwlqj zlwk qhz sulfhv wkhvh vhoohuv txlfno| �qg rxw wkdw orzhu sulfhv |lhog
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srvlwlyh vdohv dqg khqfh srvlwlyh sur�wv1 Wkhuhiruh/ sulfhv ghfuhdvh lqlwldoo|1
Rqfh sulfhv duh vxfk wkdw doo �upv duh vhoolqj/ h{shulphqwdwlrq e| orz0sulfh
�upv uhyhdov wr wkhp wkdw wkh| fdq udlvh sulfhv voljkwo| zlwkrxw orrvlqj fxv0
wrphuv1 Sulfhv wkhuhiruh vorzo| vwduw wr folpe xs lq wkh pdqqhu ghvfulehg
e| Gldprqg +4<:4,1 H{rjhqrxv h{shulphqwdwlrq suhyhqwv ixoo frqyhujhqfh
wr wkh prqrsro| sulfh ohyho1

Wkh sdqho rq wkh ohiw0kdqg vlgh ri �jxuh 8 vkrzv wkh hyroxwlrq ri wkh
dyhudjh sulfh iru d w|slfdo vlpxodwlrq rxwfrph zkhq ex|huv fdq gluhfw vhdufk
h�ruwv +?� ' 2 iru doo �,1 Sulfhv vwduw forvh wr wkh phdq ri wkh sulfh udqjh dqg
wkhq gurs udwkhu idvw wr d orzhu ohyho1 Wkh uhdvrq iru wkh sulfh gurs lv wkh
vdph dv lq wkh udqgrp vhdufk fdvh1 \hw/ sulfhv frqwlqxh wr ghfuhdvh1 Vhoohuv
zkr h{shulphqw zlwk sulfhv �qg rxw wkdw e| orzhulqj wkh sulfh wkh| fdq
dwwudfw pruh fxvwrphuv dqg pdnh kljkhu sur�wv ghvslwh wkh sulfh fxw1 Sulfhv
ghfuhdvh xqwlo wkh| uhdfk dq dyhudjh ohyho wkdw dssur{lpdwhv wkh frpshwlwlyh
sulfh149 Rffdvlrqdo sulfh lqfuhdvhv duh jhqhudwhg e| wkh idfw wkdw vrph �upv
+h{rjhqrxvo|, h{shulphqw zlwk kljkhu sulfhv1 Wklv doorzv rwkhu �upv wr
iroorz dqg wr lqfuhdvh wkhlu sulfhv dv zhoo zlwkrxw uhgxflqj wkh qxpehu ri
fxvwrphuv1 Wklv lq wxuq vljqdov wr wkh �uvw �upv wkdw wkh ghyldwlrq kdv ehhq
sur�wdeoh1 Wklv surfhvv jrhv rq iru d zkloh xqwlo h{shulphqwdwlrq zlwk orzhu
sulfhv vwduwv wr nlfn lq djdlq1

Fkhfnlqj iru wkh urexvwqhvv ri wkh vlpxodwlrq uhvxowv/ rqh �qgv wkdw wkh
ohyho ri vhdufk frvwv d�hfwv wkh sulflqj rxwfrph lq dq lqwhuhvwlqj zd| iru
wkh fdvh wkdw djhqwv fdq gluhfw wkhlu vhdufkhv14: Dw prghudwho| kljkhu ohyhov
ri vhdufk frvwv/ sulfhv lqfuhdvh vrphzkdw vlqfh wkh sulfh f|fohv wkdw douhdg|
vkrz xs lq �jxuh 8 ehfrph pruh surqrxqfhg1 Krzhyhu/ sulfhv dozd|v uhwxuq
wr ohyhov forvh wr wkh frpshwlwlyh sulfh1 Vxusulvlqjo|/ zkhq lqfuhdvlqj wkh
vhdufk frvwv hyhq pruh wkh olplw sulfh vxgghqo| vzlwfkhv wr wkh prqrsro|
ohyho1 Iru wkh sdudphwhu ydoxhv vkrzq lq �jxuh 4 wklv kdsshqv dw S ' 2f1
Lqfuhdvlqj wkh qxpehu ri jurxsv wkdw ex|huv revhuyh eulqjv edfn sulfhv wr
wkh prqrsro| uhvxow1

49Ixoo frqyhujhqfh lv suhyhqwhg ehfdxvh ri wzr uhdvrqv= rqh lv h{rjhqrxv h{shulphqwd0
wlrq zlwk sulfhv/ wkh rwkhu lv wkh glvfuhwhqhvv ri wkh sulfh julg= Vxssrvh doo vhoohuv fkdujh d
sulfh ri 51 Vrph vhoohu zkr orzhuv lwv sulfh wr 4 grxeohv wkh h{shfwhg qxpehu ri fxvwrphuv
+hdfk ex|hu revhuyhv dw prvw wzr jurxsv ri �upv,1 Wkh vhoohu lv wkhuhiruh dw ehvw lqgl�hu0
hqw ehwzhhq d sulfh ri 5 dqg d sulfh ri 41 Frqyhujhqfh wr d sulfh ohyho ehorz 5/ wkhuhiruh/
fdqqrw eh h{shfwhg zlwk wkh fkrvhq sulfh julg1

4:Wkh prqrsro| sulflqj uhvxow zlwk udqgrp vhdufk lv xqd�hfwhg e| wkh ohyho ri vhdufk
frvwv dv orqj dv wkh vwhs vl}h ri wkh sulfh julg lv vx!hqwo| vpdoo frpsduhg wr wkh ohyho ri
vhdufk frvwv1
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Iljxuh 9= Vlpxodwlrq Uhvxowv zlwk Dgdswlyh Sulfh Vhwwhuv
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                     Competitive Outcome

Wkh uhodwlrqvkls ehwzhhq wkh ohyho ri vhdufk frvwv/ wkh qxpehu ri sulfh
vljqdov/ dqg wkh sulflqj rxwfrph lv looxvwudwhg lq �jxuh 914;

Wkh uhvxowv ri �jxuh 9 lqglfdwh d uroh iru wkh ohyho ri vhdufk frvwv dqg wkh
qxpehu ri jurxsv wkdw kdv qrw ehhq fdswxuhg e| wkh htxloleulxp dqdo|vlv lq
vhfwlrq 71 Vhdufk frvwv dqg wkh qxpehu ri jurxsv pdwwhu iru zkhwkhu rqh
revhuyhv frqyhujhqfh wr htxloleulxp ru qrw1 Wkh uhdvrq iru wklv uhvxow lv wkdw
wkhvh yduldeohv lq xhqfh wkh sulfh0hodvwlflw| ri duulydo udwhv ri ex|huv rxw ri
htxloleulxp1

Frqvlghu d �up zkr uhgxfhv lwv sulfh/ h1j1 gxh wr h{rjhqrxv h{shulphq0
wdwlrq1 Wkh sulfh fxw zloo orzhu wkh ex|huv*v uhvhuydwlrq sulfhv dqg jhqhudwh
dgglwlrqdo ghpdqg iru wkh �up*v jurxs1 Zkhq vhdufk frvwv duh vpdoo/ wkh
ex|huv* uhvhuydwlrq xwlolwlhv iroorz udwkhu forvho| wkh xwlolw| r�huhg e| wkh
sulfh0fxwwlqj �up1 Wklv lpsolhv wkdw wkh sulfh fxw pd| fdxvh vrph ri wkh
rwkhu �upv lq wkh vdph jurxs wr r�hu dw sulfhv wkdw duh qrz wrr kljk iru
ex|huv wr sxufkdvh1 Wklv jhqhudwhv dgglwlrqdo ghpdqg iru wkh sulfh0fxwwlqj
�up1 Zkhq vhdufk frvwv duh vx!flhqwo| kljk wklv h�hfw grhv qrw vkrz xs1
Wkhq hdfk vhoohu lq wkh jurxs sur�wv htxdoo| iurp wkh sulfh fxw/ zklfk lpsolhv
d orzhu sulfh0hodvwlflw| ri duulydo udwhv ri ex|huv dqg ohvv lqfhqwlyhv iru sulfh
uhgxfwlrqv1

4;Sulfhv rqo| dssur{lpdwh frpshwlwlyh sulfhv lq wkh oljkw0vkdghv duhd/ vlplodu wr wkh
ohiw0kdqg vlgh sdqho ri �jxuh 8=
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Vlploduo|/ zkhq ex|huv revhuyh pruh jurxsv/ wkh qxpehu ri �upv shu
jurxs ghfuhdvhv1 Wklv lpsolhv wkdw ex|huv* uhvhuydwlrq xwlolwlhv iroorz pxfk
forvhu wkh xwlolw| r�huhg e| d sulfh0fxwwlqj �up1 Lqfuhdvlqj wkh qxpehu ri
jurxsv kdv wkhuhiruh wkh vdph h�hfw dv ghfuhdvlqj wkh ohyho ri vhdufk frvwv1

Wkh deryh dujxphqwv dovr h{sodlq zk| sulfhv udwkhu glvfrqwlqxrxvo| vzlwfk
wr prqrsro| sulfhv= Dgglwlrqdo ghpdqg iru d sulfh0fxwwlqj �up zloo rqo| eh
jhqhudwhg ehorz d fulwlfdo ohyho ri vhdufk frvwv ru qxpehu ri �upv lq wkh
jurxs1 Deryh wklv fulwlfdo ohyho wkh hodvwlflw| ri duulydo udwhv zloo eh htxdoo|
orz/ lqghshqghqw iurp krz pxfk wkhvh yduldeohv h{fhhg wkh fulwlfdo ohyho1

Dowkrxjk wkh ohyho ri vhdufk frvwv dqg wkh qxpehu ri jurxsv wkdw ex|huv
revhuyh gr qrw kdyh dq h�hfw rq wkh sulfh htxloleulxp/ dv orqj dv hdfk ex|hu
revhuyhv dw ohdvw wzr jurxsv/ wkhvh yduldeohv lq xhqfh zkhwkhu rqh rewdlqv
frqyhujhqfh wr htxloleulxp ru qrw1 Wklv lqglfdwhv d qhz dqg lpsruwdqw uroh
iru wkhvh yduldeohv wkdw lv plvvhg e| d sxuh htxloleulxp dqdo|vlv1

: Frqfoxvlrqv

Zkhq ex|huv uhfhlyh d vlqjoh lpshuihfw lqirupdwlrq vljqdo wkdw uhyhdov wkh
glvwulexwlrq ri sulfhv fkdujhg e| �upv lq wkh pdunhw dqg zkhq ex|huv vhdufk
vhtxhqwldoo|/ wkhq wkh xqltxh htxloleulxp rxwfrph lv jlyhq e| doo �upv fkduj0
lqj wkh prqrsro| sulfh1

L vkrzhg wkdw wklv uhvxow euhdnv grzq zkhq ex|huv duh hqgrzhg zlwk
voljkwo| pruh lqirupdwlrq dqg fdq gluhfw wkhlu vhdufk h�ruwv wrzdugv gl�huhqw
vxejurxsv ri �upv1 Frqyhujhqfh wr htxloleulxp ghshqgv rq wkh ohyho ri vhdufk
frvwv dqg wkh ghjuhh ri lqirupdwlrq lpshuihfwlrq lq wkh hfrqrp|1 Iru orz
wr prghudwh ohyhov ri vhdufk frvwv/ vhoohuv fdq ohduq wr fkdujh sulfhv wkdw
dssur{lpdwh wkh frpshwlwlyh htxloleulxp1

Lq ixwxuh zrun L zloo fkhfn zkhwkhu wkh ohduqlqj prgho*v suhglfwlrq derxw
wkh uhodwlrq ehwzhhq vhdufk frvwv/ lqirupdwlrq iulfwlrqv/ dqg wkh frqyhujhqfh
wr frpshwlwlyh htxloleulxp uhfhlyhv vxssruw lq wkh h{shulphqwdo oderudwru|
zkhuh kxpdq vxemhfwv sod| wkh uroh ri ex|huv dqg vhoohuv1
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; Dsshqgl{

Ohppd 5 Wkh uhvhuydwlrq xwlolw| -�
? lv d frqwlqxrxv ixqfwlrq ri wkh sulfhv

r�huhg e| wkh �upv lq C�
?1

Surri= Vlqfh xwlolwlhv �ER�� duh frqwlqxrxv dqg vwulfwo| ghfuhdvlqj lq sulfhv/
L frqvlghu fkdqjhv lq xwlolwlhv lqvwhdg ri fkdqjhv lq sulfhv1 Gh�qlqj
�� ' �ER�� L fdq uhzulwh wkh uljkw0kdqg vlgh ri +5, dv

S� � CE-�
?c
�
��
�
�MC�

?
� +7,

Vlqfh CE�c �� lv frqwlqxrxv/ wkh judsk ri ydoxhv E-�
Rc i�

�j
��R�E��'R

� ixo�oo0

lqj +7, lv forvhg1 Vlqfh -�
? lv xqltxh iru S

� : f dqg jlyhq i��j
�MC�

?
/ vhh

Zhlw}pdq +4<:<,/ wklv hvwdeolvkhv wkh fodlp1�

Surri ri wkhruhp 5= Vxssrvh/ iru frqwudglfwlrq/ wkdw �up � fkdujhv d sulfh
R� : f dqg lv vhoolqj1 Fdoo ex|hu � d srwhqwldo fxvwrphu ri � zkhqhyhu

Ut��E�c���Ut�2E�c��� ' � +8,

Vlqfh +8, lv d qhfhvvdu| frqglwlrq iru vhoolqj/ L nqrz wkdw wkhuh lv dw
ohdvw rqh srwhqwldo fxvwrphu1 Qrz frqvlghu wkh iroorzlqj h{kdxvwlyh
olvw ri fdvhv dqg vxefdvhv=

41 Dw ohdvw rqh srwhqwldo fxvwrphuv ri �up � lv lqgl�huhqw ehwzhhq wkh
jurxs �up � lv sduw ri dqg rwkhu jurxsv ri �upv1

+d, � fkdujhv deryh wkh frpshwlwlyh sulfh

+e, � fkdujhv wkh frpshwlwlyh sulfh

51 Doo srwhqwldo fxvwrphuv ri � kdyh d vwulfw suhihuhqfh iru wkh jurxs ri
�up �1

+d, Wkhuh lv qr srwhqwldo fxvwrphu iru zklfk -�
4@ ' �ER��1

l1 � fkdujhv ehorz wkh prqrsro| sulfh

ll1 � fkdujhv wkh prqrsro| sulfh

+e, Wkhuh lv d srwhqwldo fxvwrphu iru zklfk -�
4@ ' �ER��
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Vxssrvh fdvh 40d krogv= Ilup � fdq lqfuhdvh lwv sur�wv e| voljkwo| orzhulqj
lwv sulfh1 Fxvwrphuv wkdw zhuh iruphuo| lqgl�huhqw ehwzhhq gl�huhqw jurxsv
zloo wkhq vwulfwo| suhihu wkh jurxs ri �up �1 Wklv lqfuhdvhv �up �*v ghpdqg
dqg sur�wv e| d glvfuhwh dprxqw1 Dw wkh vdph wlph wkh orvv shu vdoh iurp
wkh sulfh uhgxfwlrq fdq eh pdgh duelwudulo| vpdoo e| fkrrvlqj d vx!flhqwo|
vpdoo sulfh fxw1

Fdvh 40e fdqqrw dsso| wr �up � exw zloo eh xvhixo lq wkh odwwhu sduw ri
wkh surri1

Qh{w/ vxssrvh fdvh 50d0l krogv= D vx!flhqwo| vpdoo sulfh lqfuhdvh ri �up
� zloo lqfuhdvh lwv sur�wv1 Vlqfh ex|huv* uhvhuydwlrq xwlolwlhv duh frqwlqxrxv
lq vhoohuv sulfhv +vhh ohppd 5 lq wkh dsshqgl{, dqg uhvhuydwlrq xwlolwlhv duh
glvfuhwh udqgrp yduldeohv zklfk wdnh rq d �qlwh qxpehu ri ydoxhv/ d vpdoo
hqrxjk sulfh lqfuhdvh zloo qrw d�hfw wkh vwulfw suhihuhqfh ri wkh srwhqwldo
fxvwrphuv iru �*v jurxs/ irupdoo|= frqglwlrq ��E�c �� zloo krog dqg 6� ' � iru
hyhu| srwhqwldo fxvwrphu � hyhq diwhu d vx!flhqwo| vpdoo sulfh lqfuhdvh ri �up
�1 E| wkh yhu| vdph orjlf/ frqglwlrq �2E�c �� zloo frqwlqxh wr krog iru hyhu|
srwhqwldo fxvwrphu iru d vx!flhqwo| vpdoo sulfh lqfuhdvh1 Ixuwkhupruh/ wkh
qxpehu ri �upv wkdw r�hu deryh �*v uhvhuydwlrq sulfhv/ o�c� / vwd|v xqfkdqjhg
iru d vpdoo hqrxjk sulfh lqfuhdvh1 Dv d uhvxow/ wkh sulfh lqfuhdvh grhv qrw ohdg
wr d orvv ri srwhqwldo fxvwrphuv ru wr d ghfuhdvh lq wkhlu duulydo suredelolwlhv1
Dw wkh vdph wlph/ lw vwulfwo| lqfuhdvhv sur�wv shu vdoh dqg wkhuhe| h{shfwhg
sur�wv1

Fdvhv 50d0l dqg 50e gr qrw ohdg wr d gluhfw frqwudglfwlrq1 Wkh uhdvrq lv
wkdw d vpdoo sulfh lqfuhdvh hlwkhu uhgxfhv sur�wv shu vdoh +fdvh 50d0l, ru ohdgv
wr d orvv ri srwhqwldo fxvwrphuv +fdvh 50e,1 Dv wkh iroorzlqj dujxphqwv vkrz/
erwk fdvhv lpso| wkdw wkhuh h{lvwv d �up & fkdujlqj d sulfh R& 	 R� wkdw lv
dovr vhoolqj lq htxloleulxp14< Pruhryhu/ iru wkh fdvh 50e zh dovr kdyh wkdw
R& 	 R� � B iru vrph B : f=

� Frqvlghu fdvh 50d0l= vlqfh �upv lq rwkhu jurxsv fkdujh dw prvw wkh
prqrsro| sulfh +ohppd 4, dqg �*v jurxs lv vwulfwo| suhihuuhg e| wkh
srwhqwldo fxvwrphuv ri �/ wkh h{lvwhqfh ri �up & iroorzv1

� Qh{w/ frqvlghu fdvh 50e= Iurp wkh uhvhuydwlrq sulfh irupxod +5, dqg
-�

4@ ' �ER�� iru vrph srwhqwldo fxvwrphu � lw iroorzv wkdw wkhuh pxvw
eh dqrwkhu �up & lq wkh vdph jurxs dv � wkdw fkdujhv d sulfh iru zklfk

4<Pruh suhflvho|/ wkhuh lv d �up n fkdujlqj d sulfh tn ? tm dqg wkhuh h{lvwv d sulfh
uhdol}dwlrq iru wkh pl{hg vwudwhjlhv ri rwkhu �up vxfk wkdw n lv pdnlqj srvlwlyh h{shfwhg
vdohv1
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�ER&� � �ER�� n S�1 Vlqfh S� : f iru doo � ' �c � � � c U dqg vlqfh �E�� lv
frqwlqxrxvo| gl�huhqwldeoh rq dfc RWo/ wklv lpsolhv wkdw R& � R� � B iru
vrph B : f wkdw grhv qrw ghshqg rq � ru �1 Wkh lqwxlwlrq lv fohdu= vlqfh
ex|huv idfh vwulfwo| srvlwlyh vhdufk frvwv wkhuh pxvw eh d vwulfwo| ehwwhu
sulfh rxw wkhuh zkhq ex|huv rswlpdoo| uhmhfw vrph sulfh1

Iru �up & zh fdq glvwlqjxlvk wkh vdph olvw ri fdvhv dqg vxefdvhv dv iru
�up � deryh1 Rqh �qgv wkdw

� Fdvh 40d= Ilup & fdq lqfuhdvh sur�wv e| fkdujlqj d voljkwo| orzhu sulfh
e| wkh vdph dujxphqwv dv sxw iruzdug iru �up � lq Fdvh 40d deryh1

� Fdvh 40e= Ilup & fdq pdnh vwulfwo| srvlwlyh h{shfwhg sur�wv e| lqfuhdv0
lqj lwv sulfh voljkwo| deryh wkh frpshwlwlyh ohyho1 Wkhuh lv dw ohdvw rqh
srwhqwldo fxvwrphu ri & zkr vwulfwo| suhihuv wkh jurxs ri �up & wr rwkhu
jurxsv +wklv lv wkh vdph ex|hu zkr vwulfwo| suhihuuhg wkh jurxs ri �up
� lq fdvh 5 deryh,1 Pruhryhu/ wklv srwhqwldo fxvwrphu kdv d uhvhuydwlrq
xwlolw| vwulfwo| ehorz �ER&� +gxh wr wkh idfw wkdw �ER�� 	 �ER&�,1 E| wkh
vdph dujxphqwv dv sxw iruzdug iru �up � lq fdvh 50d0l deryh/ & fdq
h{sorlw wklv ex|hu*v vwulfw suhihuhqfh dqg fkdujh d vx!flhqwo| vpdoo exw
vwulfwo| srvlwlyh sulfh zlwkrxw orrvlqj wkh fxvwrphu1

� Fdvh 50d0l= fdqqrw dsso| dq|pruh

� Fdvh 50d0ll= Ilup & fdq lqfuhdvh sur�wv e| fkdujlqj d voljkwo| kljkhu
sulfh e| wkh vdph dujxphqwv dv sxw iruzdug iru �up � lq fdvh 50d0ll
deryh1

Wkh rqo| fdvh wkdw grhv qrw ohdg wr d gluhfw frqwudglfwlrq lv fdvh 50e1
Krzhyhu/ dv ehiruh/ 50e lpsolhv wkdw wkhuh h{lvwv d vhoohu , zlwk R, 	 R& � B

iru zklfk wkh vdph dujxphqwv fdq eh pdgh dv iru &1 Uhshdwhg rffxuuhqfh ri
fdvh 50e zloo ohdg wr d �up pxvw fkdujh ehorz wkh frpshwlwlyh sulfh/ zklfk
frqwudglfwv htxloleulxp/ vhh ohppd 41�
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Uhihuhqfhv

Deudpv/ H1/ P1 Vhiwrq/ dqg D1 \dydv +5333,= �Dq H{shulphqwdo Frp0
sdulvrq ri Wzr Vhdufk Prghov/� Hfrqrplf Wkhru|/ 49/ :68�:7<1

Dgdp/ N1 +5333,= �Ohduqlqj Zkloh Vhdufklqj iru wkh Ehvw Dowhuqdwlyh/�
Mrxuqdo ri Hfrqrplf Wkhru| +iruwkfrplqj,1

Ed|h/ P1/ dqg M1 Prujdq +5333,= �Lqirupdwlrq Jdwhnhhshuv dqg wkh
Frpshwlwlyhqhvv ri Krprjhqrxv Surgxfw Pdunhwv/� Dphufldq Hfrqrplf
Uhylhz +iruwkfrplqj,1

Exughww/ N1/ dqg N1 O1 Mxgg +4<;6,= �Htxloleulxp Sulfh Glvshuvlrq/�
Hfrqrphwulfd/ 84/ <88�<9<1

Exwwhuv/ J1 U1 +4<::,= �Pdunhw Doorfdwlrq wurxjk Vhdufk= Htxloleulxp
Dgmxvwphqw dqg Sulfh Glvshuvlrq= Frpphqw/� Mrxuqdo ri Hfrqrplf Wkh0
ru|/ 48/ 558�55:1

Fdvrq/ W1/ dqg G1 Iulhgpdq +4<<<,= �Fxvwrphu Vhdufk dqg Pdunhw
Srzhu= Vrph Oderudwru| Hylghqfh/� lq Dgydqfhv lq Dssolhg Plfurhfr0
qrplfv/ hg1 e| P1 Ed|h/ ss1 :4�<<1 Vwdqirug/ FW=MDL Suhvv1

+5333,= �Ex|hu Vhdufk dqg Sulfh Glvshuvlrq= D Oderudwru| Vwxg|/�
Sxugxh dqg XFOD plphr1

Gdylv/ G1 G1/ dqg F1 D1 Krow +4<<9,= �Frqvxphu Vhdufk Frvwv dqg Pdunhw
Shuirupdqfh/� Hfrqrplf Lqtxlu|/ 67/ 466�4841

Gldprqg/ S1 D1 +4<:4,= �D Prgho ri Sulfh Dgmxvwphqw/� Mrxuqdo ri Hfr0
qrplf Wkhru|/ 6/ 489�49;1

Juhwkhu/ G1 P1/ D1 Vfkzduw}/ dqg O1 O1 Zlogh +4<;;,= �Xqfhuwdlqw|
dqg Vkrsslqj Ehkdylru= Dq H{shulphqwdo Dqdo|vlv/� Uhylhz ri Hfrqrplf
Vwxglhv/ 88/ 656�6751

Krsnlqv/ H1/ dqg U1 P1 Vh|prxu +4<<<,= �Wkh Vwdelolw| ri Sulfh Glv0
shuvlrq xqghu Vhoohu dqg Frqvxphu Ohduqlqj/� Xqlyhuvlw| ri Hglqjexujk/
Ghsduwphqw ri Hfrqrplfv/ Glvfxvvlrq Sdshu <<0391

Pdulprq/ U1/ dqg H1 PfJudwwdq +4<<8,= �Rq Dgdswlyh Ohduqlqj lq
Vwudwhjlf Jdphv/� lq Ohduqlqj dqg Udwlrqdolw| lq Hfrqrplfv/ hg1 e|
P1 Vdoprq/ dqg D1 Nlupdq/ ss1 98�4341 Eodfnzhoo/ R{irug/ XN1
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Sudww/ M1 Z1/ G1 D1 Zlvh/ dqg U1 ]hfnkdxvhu +4<:<,= �Sulfh Gl�hu0
hqfhv lq Doprvw Frpshwlwlyh Pdunhwv/� Txduwhuo| Mrxuqdo ri Hfrqrplfv/
<6/ 4;<�5441

Ure/ U1 +4<;8,= �Htxloleulxp Sulfh Glvwulexwlrqv/� Uhylhz ri Hfrqrplf
Vwxglhv/ 85/ 7;:�8371
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Vwljohu/ M1 +4<94,= �Wkh Hfrqrplfv ri Lqirupdwlrq/� Mrxuqdo ri Srolwlfdo
Hfrqrp|/ 98/ 546�5581

Vwljolw}/ M1 H1 +4<;:,= �Frpshwlwlrq dqg wkh Qxpehu ri Ilupv lq wkh Pdu0
nhw= Duh Gxrsrolhv Pruh Frpshwlwlyh wkdq Dwrplvwlf PdunhwvB/� Mrxuqdo
ri Srolwlfdo Hfrqrp|/ <8/ 4374�43941

Zhlw}pdq/ P1 O1 +4<:<,= �Rswlpdo Vhdufk iru wkh Ehvw Dowhuqdwlyh/�
Hfrqrphwulfd/ 7:/ 974�9871
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