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Lqwhuqhw Sruwdov dv Sruwirolrv ri Hqwu| Rswlrqv�

Suholplqdu| Gudiw

Hqulfr Shurwwl
Xqlyhuvlw| ri Dpvwhugdp dqg FHSU

Vloyld Urvvhwwr
Xqlyhuvlw| ri Dpvwhugdp

Qryhpehu ;/ 5333

WZh zrxog olnh wr wkdqn Iudqn Gh Mrqj iru klv frpphqwv dqg hqfrxudjhphqw1 Zh duh

dovr judwhixo wr Mhdq Wluroh dqg Euxqr Eldlv iru yhu| khosixo lqvljkwv1 Zh wkdqn vhplqdu

sduwlflsdqwv dw wkh Wlqehujhq Lqvwlwxwh ri Dpvwhugdp/ wkh WPU 5333 phhwlqj lq Edufhorqd

dqg wkh HID33 phhwlqj1 Wkh vhfrqg dxwkru dfnqrzohgjhv �qdqfldo vxssruw iurp Vfxrod

Vxshulruh V1Dqqd1 Zh uhwdlq vroh uhvsrqvlelolw| iru doo uhpdlqlqj huuruv1 Dgguhvv iru fruuh0

vsrqghqfh= Vloyld Urvvhwwr/ Wlqehujhq Lqvwlwxwh/ Nhl}huvjudfkw 7;5/ QO0434: HJ Dpvwhugdp/

Wkh Qhwkhuodqgv1 h0pdlo= urvvhwwrCwlqehujhq1qo
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Devwudfw

Zh lqyhvwljdwh wkh ydoxdwlrq ri sodwirup lqyhvwphqw/ vxfk dv d vriwzduh

rshudwlqj v|vwhp ru dq lqwhuqhw sruwdo zhesdjh1 Sodwirup lqyhvwphqw lv

wkh fuhdwlrq ri dq lqqrydwlyh glvwulexwlrq dqg surgxfwlrq lqiudvwuxfwxuh

zklfk lqfuhdvhv dffhvv wr fxvwrphuv> dv d uhvxow lw uhgxfhv hqwu| frvwv lq

uhodwhg surgxfwv1 Uhodwlyh wr frqyhqwlrqdo surgxfhuv/ �upv exlow durxqg

sodwirupv hqmr| hqkdqfhg hqwu| rswlrqv lq xqfhuwdlq pdunhw vhjphqwv/ wr

eh h{huflvhg dw wkh rswlpdo vwudwhjlf wlplqj1 Zkhq wkh sodwirup judqwv

d vwurqj vwudwhjlf dgydqwdjh/ wkh lqqrydwru �up fdq rswlpdoo| fkrrvh wkh

wlplqj ri hqwu| zkhq lwv vwudwhjlf jdlq h{fhhgv wkh ydoxh ri wkh zdlwlqj

rswlrq> lq fdvh ri zhdnhu dgydqwdjh/ wkh sodwirup �up hqwhuv mxvw ehiruh

lwv frpshwlwru zrxog1 Lq d frqwh{w ri lqfuhdvhg xqfhuwdlqw|/ wkh uhodwlyh

ydoxh ri sodwirup wr wudglwlrqdo vwudwhjlhv lqfuhdvhv> wkh ydoxh ri zdlwlqj wr

lqyhvw ulvhv/ exw wkh ydoxh ri sodwirupv lqfuhdvhv hyhq pruh1 Lq vrph fdvhv/

sodwirup fdq uhgxfh hqwu| e| pdnlqj sdudooho prqrsro| vxvwdlqdeoh1
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L Lqwurgxfwlrq

Wklv sdshu vhhnv wr xqghuvwdqg wkh srvvleoh irxqgdwlrqv ri qrwlrq ri sodwirup

lqyhvwphqw/ d frqfhsw zklfk kdv dfklhyhg pdlqvwuhdp lqwhuhvw lq pdqdjhphqw

vflhqfh +iru d vxuyh| vhh Nrjxw dqg Nxodwlodnd +4<<7,, dqg uhodwh lw wr wkh

vwudwhjlf uhdo rswlrq olwhudwxuh/ d phwkrgrorj| wr sulfh jurzwk rssruwxqlwlhv1

Sodwirup lqyhvwphqw uhihuv wr wkh hvwdeolvkphqw ri d eurdg orjlvwlf lqiudvwuxf0

wxuh zklfk doorzv hdvlhu hqwu| lq uhodwhg surgxfw vhjphqw dqg lpsuryh pdunhw

uhvsrqvlyhqhvv1 Wkhuh duh zhoo0grfxphqwhg h{dpsohv ri sodwirup lqyhvwphqw

zklfk kdyh uhvxowhg lq vljql�fdqw pdunhw dgydqwdjhv iru wkh lqyhvwlqj �upv1

Krzhyhu/ wr gdwh wkhuh duh kdugo| dq| wkhruhwlfdo wuhdwphqw ri wkh lpsolhg

vwudwhjlf dqg ydoxdwlrq lvvxhv1

Dq h{dpsoh ri d sodwirup lv d frpsxwhu rshudwlqj v|vwhp1 Wkh h{sorvlrq

ri wkh SF pdunhw zdv edvhg rq vwdqgdugl}hg vriwzduh dssolfdwlrqv/ zklfk zhuh

pdgh rq frpsdwleoh wkdqnv wr wkh h{wuhph gl�xvlrq ri wkh GRV0Zlqgrzv rs0

hudwlqj v|vwhp1 Wkh frpsdq| zklfk frqwurov wkh rshudwlqj v|vwhp lv lq dq

dgydqwdjhrxv srvlwlrq wr ghyhors vxevhtxhqw vriwzduh dssolfdwlrqv frpsdwleoh

zlwk wkh sodwirup/ dqg hqmr| dq lpphgldwh dgydqwdjh zlwk xvhuv14

Qrzdgd|v dq hyhq pruh fhqwudo uroh lv sod|hg e| lqwhuqhw/ d zhe ri lq0

whufrqqhfwhg frpsxwhuv zklfk doorzv zrunhuv wr shuirup frpsoh{ frruglqdwhg

wdvnv dqg h{fkdqjlqj lqirupdwlrq lq uhdo wlph1 Dv Lqwhuqhw lv d joredo qhwzrun/

rzqhuv ri iuhtxhqwo| ylvlwhg vlwhv +dv kxehv/ ru �sruwdov�, hqmr| d wuhphqgrxv

glvwulexwlrqdo fdsdflw| iru lqirupdwlrq/ vhuylfhv dqg surgxfw vdohv1

Vxfk krul}rqwdo lqwhuqhw sruwdov/ hlwkhu lq forvhg v|vwhpv +vxfk dv DRO, ru

4Wkhuh duh rwkhu h{dpsohv ri sodwirup lqyhvwphqw1 Uhqrzqhg fdvhv duh Erhlqj*v lqyhvwphqw

lq lqirupdwlrq whfkqrorj| dqg frppxqlfdwlrqv qhwzrun surfhvvhv wkdw lqwhjudwh vxssolhuv dqg

pdqxidfwxulqj sodqwv zlwk ghvljqhuv/ frqvlghudeo| idflolwdwlqj qhz surgxfw ghyhorsphqw1 Wklv

sdwwhuq kdv ehhq pxfk dgrswhg lq wkh fdu lqgxvwu|= wkh qxpehu ri wkhlu vxefrqwudfwruv kdv

ehhq vljql�fdqwo| uhgxfhg exw wkh surgxfwlyh surfhvv kdv ehfrph forvho| lqwhjudwhg yld d

frpprq frppxqlfdwlrq dqg surgxfwlyh sodwirup1 Dqrwkhu fodvvlf h{dpsoh lv wkh lqirupdwlrq

dqg glvwulexwlrq lqiudvwuxfwxuh exlow e| Zdo0Pduw/ wdujhwhg dw udslg froohfwlrq ri lqirupdwlrq

rq fxvwrphu sxufkdvhv dw lqglylgxdo vkrsv frqqhfwhg zlwk d udslg0uhvsrqvh uhwdlo glvwulexwlrq

v|vwhp +Nkdqqd dqg Wlfh +5333,,1 Wkh udslg lqwhjudwlrq lq wkh frppxqlfdwlrq dqg �qdqfldo

vhuylfh lqgxvwulhv kdyh ehhq suhglfdwhg rq wkh suhvhqfh ri vwurqj v|qhujlhv lq glvwulexwlrq/

doorzlqj hdvlhu hqwu| lq qhz surgxfwv1 Wkxv sodwirup lqyhvwphqw frqfhuqv wkh fuhdwlrq ri

lqwhuphgldwh lqiudvwuxfwxuh frpprq wr vhyhudo w|shv ri ixwxuh surgxfwlyh dfwlylwlhv> wklv or0

jlvwlf lqiudvwuxfwxuh lv qrw rqo| lqfrusrudwhg lq sk|vlfdo dvvhwv exw dovr lq pdunhw nqrzohgjh/

fxvwrphu lqirupdwlrq dqg dffhvv1
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rshq dffhvv +vxfk dv vhdufk hqjlqhv vxfk dv \dkrr ru jhqhudo uhwdlo rxwohwv vxfk

dv Dpd}rq, duh rwkhu h{dpsoh zklfk �wv wkh frqfhsw ri sodwirup lqyhvwphqw15

Wkhvh frpsdqlhv kdyh jdlqhg d sulpdu| srvlwlrq dv d irfdo srlqw lq d qhwzrun

e| r�hulqj d ghvludeoh vhuylfh dqg exloglqj d vwurqj eudqg qdph rq lqwhuqhw/

zkloh ohduqlqj pxfk derxw wkhlu fxvwrphuv* fkdudfwhulvwlfv1 Wklv �lqiruphg

folhqw gdwdedvh� dqg qdph uhfrjqlwlrq kdv fuhdwhg d edvlv iru gudpdwlf srwhqwldo

h{sdqvlrq lq r�hulqj pruh vhuylfhv yld wkh qhw1 D sruwdo fdq eh vhhq dv d kxe

lq wkh qhwzrun/ d srlqw ri hqwu| frqqhfwhg zlwk uhohydqw lqirupdwlrq ru dffhvv

wr surgxfwv1 Lw orzhuv wkh frvw ri uhdfklqj fxvwrphuv dqg wkxv wkh frvw ri hqwu|

lq qhz pdunhw vhjphqwv1

Wklv sdshu exlogv d prgho ri wkh ydoxh ri wkh dvvrfldwhg vwudwhjlf dgydqwdjhv

zklfk doorzv xv wr frpsduh wkh uhodwlyh ydoxdwlrq ri vxfk �sodwirup vwrfnv�

yhuvxv frqyhqwlrqdo surgxfhuv1 Lq sduwlfxodu/ wkh dqdo|vlv doorzv wr vwxg| wkh

lpsdfw ri ghpdqg xqfhuwdlqw|/ rq vwudwhj| dqg ydoxdwlrq1 Xqolnh wkh vwurqj

uhvxowv ri wkh qhwzrun h{whuqdolwlhv dqg vzlwfklqj frvw olwhudwxuh +vhh Nohpshuhu

+4<<8, iru d uhylhz, lq rxu prgho wkh lqqrydwru0hduo| pryhu grhv qrw fdswxuh

wkh pdunhw frpsohwho|1

Wkh vwudwhjlf lpsolfdwlrqv ri sodwirup lqyhvwphqw sodfh lwv dqdo|vlv lq wkh

frqwh{w ri wkh olwhudwxuh rq vwudwhjlf jurzwk rswlrqv/ zklfk h{dplqhv wkh lpsdfw

ri lqyhvwphqw wr jdlq frpsdudwlyh dgydqwdjhv ylv0ã0ylv frpshwlwruv1 Wkh frp0

plwphqw ri luuhyhuvleoh lqyhvwphqw pd| frqihu vwudwhjlf dgydqwdjhv dv d uhvxow

ri orzhu fdsdflw| frvwv +Gl{lw +4<;3,,/ rshudwlqj frvwv +Nxodwlodnd dqg Shurwwl

+4<<;,, ru idvwhu wlplqj0wr0pdunhw +Nxodwlodnd dqg Shurwwl +iruwkfrplqj 5333,,1

Lq doo ri wkhvh prghov/ vwudwhjlf lqyhvwphqw lqfuhdvhv pdunhw vkduh dqg sur�w

jurzwk dw wkh h{shqvh ri frpshwlwruv> wkh lqyhvwlqj �up vwuhqjwkhqv lwv srvw0

hqwu| srvlwlrq/ jdlqlqj pdunhw vkduh/ dqg pd| glvfrxudjh hqwu| e| frpshwlwruv

+Gl{lw +4<;3, dqg Odpeuhfkw dqg Shuudxglq +4<<:,,1 Lq rxu dssurdfk zh frq0

wudvw sodwirup lqyhvwphqw wr d wudglwlrqdo lqyhvwphqw lq surgxfwlyh fdsdflw|1

Wklv doorzv xv wr frpsduh wkh ydoxdwlrq ri sodwirup �upv uhodwlyh wr wkh ydoxh

ri hvwdeolvkhg surgxfhuv +rog hfrqrp|,16 Zh wkhuhiruh h{solflwo| wuhdw hqwu| lq

5Yhuwlfdo sruwdov duh zhesdjhv zlwk yhu| irfxvhg pdunhw frqwhqw/ vxfk dv p| rzhuv1frp1

Dpd}rq lv dq h{dpsoh ri dq ruljlqdoo| yhuwlfdo sruwdo vshfldol}hg lq errn vdohv zklfk kdv

h{whqghg lwvhoi lqwr d eurdg sodwirup +d krul}rqwdo sruwdo,/ vhoolqj yld lqwhuqhw doo vruwv ri

surgxfwv1
6 Lq uhodwhg zrun zh duh vwxg|lqj zk| vwudwhjlf dqdo|vlv doorzv xv wr vxjjhvw wkdw hvwdeolvkhg

�upv pd| uhvlvw hqwu| lq qhz surgxfwv ehfdxvh ri wkh furvv0h�hfw zlwk wkhlu wudglwlrqdo surgxfw
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uhodwhg vhjphqw/ zklfk uhtxluh xv wr frqvlghu furvv h�hfwv1

Zh prgho wkh dgydqwdjh jdlqhg e| d sodwirup lqyhvwphqw dv d juhdwhu hdvh

ri hqwu| +orzhu �{hg frvwv, lq pdunhwv iru uhodwhg surgxfwv1 Wkh frqvwuxfwlrq ri

d orjlvwlf sodwirup fdq wkxv eh ghvfulehg dv wkh dftxlvlwlrq ri d vhw ri vwudwhjlf

hqwu| rswlrqv17 Dqrwkhu srvvleoh dgydqwdjh ri d sodwirup lv wkh orzhu frvwv ri

dffhvv wr fxvwrphuv/ dqg wkxv d orzhu pdujlqdo frvw1 Rxu irfxv rq �{hg frvw

doorzv xv wr frqfhqwudwh pruh rq wkh wlplqj ri hqwu| udwkhu wkdq pdunhw vkduh1

Wkh edvlf prgho zh ghyhors lv dv iroorzv1 D �up frqvlghuv d sodwirup lq0

yhvwphqw lq d vhfwru lq zklfk wkhuh lv dovr d wudglwlrqdo lqfxpehqw1 Ghpdqg

lv xqfhuwdlq dqg hyroyhv vwrfkdvwlfdoo| ryhu wlph1 Vxssrvh wkdw wkh qhz �up

kdv wkh rssruwxqlw| wr pdnh d sodwirup lqyhvwphqw/ zklfk ohdgv wr surgxfh d

gl�huhqwldwhg surgxfw exw dovr r�huv wkh rswlrq wr hqwhu odwhu dw d uhgxfhg frvw

lq d uhodwhg pdunhw vhjphqw1

Wkh dssurdfk xvhg khuh lv uhodwhg wr wkh rqh xvhg lq Vphwv +4<<4,= zkhq

pdunhw ghpdqg lv orz/ �upv suhihu wr zdlw wr hqwhu +wkh rswlrq ri zdlwlqj wr

lqyhvw lv pruh ydoxdeoh wkdq wkh kljkhu sur�wv jdlqhg,/ dowkrxjk wklv fduulhv wkh

ulvn wr hqg xs ehlqj d iroorzhu1 Dv wkh pdunhw h{sdqgv/ wkh dwwudfwlyhqhvv ri

ehlqj �uvw lqfuhdvhv/ xqwlo dw d fhuwdlq srlqw wkh �up ghflghv wr hqwhu1 +Vhh dovr

Juhqdglhu +4<<9, iru dq dssolfdwlrq wr wkh uhdo hvwdwh lqgxvwu|,1 Xqghuwdnlqj

dq lqyhvwphqw xqghu xqfhuwdlqw| ryhu ixwxuh ghpdqg lqfxuv wkh rssruwxqlw|

frvw ri lqyhvwlqj sulru wr rewdlqlqj pruh lqirupdwlrq +PfGrqdog dqg Vlhjho

+4<;9,,> wkxv wkh vwudwhjlf ydoxh ri hduo| lqyhvwphqw pxvw eh frpsduhg zlwk wkh

lqyhvwphqw frvw soxv wkh rswlrq ydoxh ri zdlwlqj +Nxodwlodnd dqg Shurwwl +4<<;,,1

Krzhyhu/ wkh dssurdfk lq wklv sdshu rxu prgho lv pruh frpsoh{ ehfdxvh ri furvv

h�hfw ri ghpdqg gxh wr uhodwhg surgxfwv1

Zh vkrz wkdw ghshqglqj rq wkh ghjuhh ri vwudwhjlf dgydqwdjh wkdw wkh sodw0

irup r�huv/ wkh lqqrydwru ghflghv iru wzr gl�huhqw hqwu| vwudwhjlhv1 Li wkh gli0

ihuhqfh ehwzhhq wkh lqyhvwphqw frvwv lv qrw odujh/ wkh sodwirup �up hqwhuv mxvw

ehiruh wkh frpshwlwru zrxog/ lqgxflqj klp wr srvwsrqh lwv furvv0hqwu|1 Lq wklv

fdvh zh vd| wkdw wkh sodwirup �up �rzqv� wkh rswlrq wr hqwhu dv ohdghu ryhu d

fhuwdlq udqjh ri ghpdqg ohyhov/ exw lw lv irufhg wr h{huflvh lw ehiruh lwv rswlpdo

wlplqj lq rughu wr suh0hpsw lwv frpshwlwru1 Li wkh lqyhvwphqw frvw gl�huhqfh lv

olqh1 Wklv udlvhv wkh lvvxhv zkhwkhu lqwhuqhw �upv vkrxog eh lqghshqghqw ri h{lvwlqj eudqg

qdph surgxfhuv1
7Wklv qrwlrq lv uhodwhg wr wkh frqfhsw ri d fruh fdsdelolw| ru d sodwirup lqyhvwphqw +vhh

Edogzlq dqg Fodun +5333, dqg Nrjxw dqg Nxodwlodnd +4<<7,,1
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vljql�fdqw/ wkh sodwirup �up nqrzv wkdw wkh wudglwlrqdo �up zrxog qrw hqwhu

dv ohdghu ehfdxvh wkh shulrg ri wlph lq zklfk lw fdq kdyh d ohdghu srvlwlrq lv

qrw hqrxjk orqj wr frpshqvdwh iru lwv kljk lqyhvwphqw frvw1 Lq wklv fdvh wkh

sodwirup �up kdv d gh idfwr �prqrsro|� rq wkh rswlrq wr hqwhu/ lq wkh vhqvh

wkdw lw fdq zdlw xqwlo wkh rswlpdo hqwu| wlplqj zlwkrxw ihdulqj suh0hpswlrq1 Lwv

rswlpdo hqwu| wlplqj wudghv r� wkh ydoxh ri wkh zdlwlqj0wr0lqyhvw rswlrq djdlqvw

wkh kljkhu sur�wv iurp furvv0hqwu|/ wdnlqj lqwr dffrxqw wkh suhhpswlrq h�hfw1

Lq wkh frpsdudwlyh vwdwlfv zh irfxv rq wkh h�hfwv ri xqfhuwdlqw| +zklfk sur0

gxfhv wkh juhdwhvw gl�huhqfh ehwzhhq rswlrq0edvhg dqg QSY0edvhg prghov ri

ydoxdwlrq,1 Wkh h�hfw ri xqfhuwdlqw| rq wkh vwudwhjlf dgydqwdjh dqg wkxv ri wkh

sodwirup ydoxh lv dpeljxrxv/ ghshqglqj rq zklfk ri wzr hohphqwv suhydlov= wkh

kljkhu wkh xqfhuwdlqw| wkh kljkhu wkh ydoxh wr zdlw/ exw dw wkh vdph wlph wkh

kljkhu wkh h{shfwhg sur�wv lq fdvh ri lpphgldwh furvv hqwu|1 Wklv odvw h�hfw

lv gxh wr wzr idfwruv1 Iluvw/ kljk xqfhuwdlqw| lqfuhdvhv wkh ydoxh ri wkh vwudwh0

jlf hqwu| rswlrq pruh wkdq wkh rswlrq ydoxh ri qrw lqyhvwlqj1 Dv lq Nxodwlodnd

dqg Shurwwl +4<<;,/ wklv lv ehfdxvh lq dq roljrsrolvwlf pdunhw vwuxfwxuh sulfhv

lqfuhdvh zlwk ghpdqg> wkhuhiruh/ sur�wv duh hqgrjhqrxvo| frqyh{ lq ghpdqg dv

�up udlvh wkhlu pdujlq1 Ehfdxvh ri wklv frqyh{lw|/ d phdq0suhvhuylqj lqfuhdvh

lq xqfhuwdlqw| idyruv lqyhvwphqw lq wkh vwudwhjlf jurzwk rswlrq ryhu wkh zdlwlqj

rswlrq18 Vhfrqg/ lw lqfuhdvhv wkh wlph shulrg lq zklfk wkh �up dfwv dv prqrs0

rolvw lq wkh hqwu| ghflvlrqv zlwkrxw idflqj dq| ulvn ri hqwu| e| wkh frpshwlwru1

Krzhyhu/ wkh jhqhudo uhvxow lv xqdpeljxrxv= juhdwhu xqfhuwdlqw| lqfuhdvhv wkh

vwudwhjlf dgydqwdjh ri wkh sodwirup dqg lqfuhdvhv wkh ydoxh ri wkh sodwirup uho0

dwlyh wr wudglwlrqdo lqyhvwphqw1 Dovr lq devroxwh whupv zh vkrz wkdw wkh kljkhu

lv xqfhuwdlqw|/ wkh kljkhu lv wkh sodwirup ydoxh1

Wkh qh{w vhfwlrq suhvhqwv wkh pdunhw htxloleulxp xqghu Frxuqrw frpshwl0

wlrq19 Lq wkh wklug vhfwlrq zh ghwhuplqh wkh hqwu| vwudwhjlhv ri wkh sodwirup �up

zkhq lw hqwhuv lq wkh frpshwlwru*v surgxfw vhjphqw1 Vhfwlrq irxuwk dqdo|}hv wkh

8Wklv uhvxow fdqqrw eh gluhfwo| frpsduhg wr wkh dssduhqwo| frqwudu| lpsolfdwlrqv rq wkh

uhodwlyh ydoxh ri wkh zdlwlqj0wr0lqyhvw rswlrq PfGrqdog dqg Vlhjho +4<;9,1 Lq wkh frqwh{w

ri lpshuihfw frpshwlwlrq/ lqyhvwphqw kdv dq lpsdfw rq pdunhw vwuxfwxuh dqg pdujlqdo suri0

lwdelolw| +Nxodwlodnd dqg Shurwwl +4<<;,/ Juhqdglhu +4<<9,,/ fuhdwlqj d vwurqj lqfhqwlyh iru

hduo| lqyhvwphqw/ zkloh lq wkh wudglwlrqdo olwhudwxuh uhdo rswlrq wkh xqghuo|lqj pdunhw lv qrw

d�hfwhg e| wkh lqyhvwphqw1
9Sulfh frpshwlwlrq grhv qrw uhvxow dq lqwhuhvwlqj lvvxh vlqfh lq wklv fdvh qhlwkhu d sodwirup

�up qru d wudglwlrqdo �up hyhu furvv0hqwhuv lq hdfk rwkhu*v pdunhw vhjphqw/ vr wkh sodwirup

kdv qr ydoxh1

9



yrodwlolw| h�hfw rq wkh hqwu| vwudwhj| ri wkh sodwirup1 Lq vhfwlrq 8 zh frpsxwh

wkh hqwu| vwudwhj|1 Zh r�hu dw wkh hqg vrph frqfoxglqj wkrxjkwv dqg lghdv iru

ixuwkhu zrun1

LL Wkh edvlf prgho

Zh frqvlghu wzr �upv l dqg m frpshwlqj lq uhdo wlph1 Wkh �uvw rqh lv dq lqfxp0

ehqw zklfk kdv lqyhvwhg lq d wudglwlrqdo/ vshfldol}hg lqyhvwphqw +W,> wkh rwkhu

rqh/ wkh lqqrydwru/ frqvlghu wkh srvvlelolw| wr lqyhvw lq d sodwirup lqiudvwuxfwxuh

+L,1 Zkloh d sodwirup pd| fryhu vhyhudo pdunhw vhjphqwv/ zh vhw wklv qxpehu

wr rqh iru vlpsolflw|/ wr rewdlq d orzhu erxqg ydoxdwlrq iru d sodwirup ylv0d0ylv

d wudglwlrqdo surgxfhu1 Pruh jhqhudoo| sodwirup pd| judqwv hqwu| rswlrqv lq

pxowlsoh pdunhw vhjphqwv

Zh dvvxph wkdw �upv kdyh frpsohwh lqirupdwlrq derxw wkh pdunhw dqg wkh

frvw vwuxfwxuhv1: Zh dovr dvvxph wkdw wkhuh duh rqo| wzr gl�huhqwldwhg surgxfwv/

lqgh{hg e| 4 dqg 51 Wkh lqyhuvh pdunhw ghpdqg ixqfwlrqv iru wkh wzr surgxfwv

duh=

s4 @ � � +t4l . t4m,� d+t5l . t5m, +4,

s5 @ � � d+t4l . t4m,� +t5l . t5m, +5,

Qrwh wkdw wkh wzr surgxfw duh sduwldo vwudwhjlf vxevwlwxwhv +vhh B iru d

gh�qlwlrq ri vwudwhjlf vxevwlwxwhv,> wkh sdudphwhu d uhsuhvhqwv wkh lqwhqvlw| ri

vxevwlwxwlrq/ dqg udqjhv iurp 3 +qr vxevwlwxwdelolw|, wr 4 +lghqwlfdo surgxfwv,1

Vshfldol}hg hqwu| lq dq| pdunhw uhtxluhv wkh lqyhvwphqw ri dq dprxqw L>

lqyhvwphqw lq d sodwirup frvwv N= Lq dgglwlrq/ d sodwirup �up zrxog sd| LS

dv wkh lqfuhphqwdo lqyhvwphqw wr hqwhu lq dq| pdunhw vhjphqw/ zlwk LS ? L ?

LS .N1 Wkxv wkhuh lv dq h{wud frvw wr exlog d sodwirup/ exw wklv doorzv hdvlhu

furvv0hqwu| wkhuhdiwhu1;

Ilupv wkdw frpshwh lq wkh vdph pdunhw hqjdjh lq Frxuqrw frpshwlwlrq1

Zkhq hdfk �up surgxfhv d gl�huhqwldwhg surgxfw/ wkh| dfw dv prqrsrolvwv lq

:Rqh h{dpsoh ri vwudwhjlf hqwu| xqghu lpshuihfw lqirupdwlrq lv dqdo|}hg lq Odpeuhfkw dqg

Shuudxglq +4<<<,1
;Wklv dvvxpswlrq vhwv rxu dqdo|vlv dsduw iurp prvw ri wkh olwhudwxuh rq hqwu| lq vwudwhjlf

hqwu| vxfk dv Vphwv +4<<4,/ Gl{lw +4<;3, dqg Kxlvpdq dqg Nruw +4<<<,1

:



wkhlu rzq pdunhw/ wkrxjk wkhlu pdujlqv duh lq xhqfhg e| wkh vxevwlwxwlrq h�hfw

dprqj surgxfwv1

Wkh lqwhufhsw ri wkh ghpdqg ixqfwlrq/ �> uhsuhvhqwv wkh vl}h ri pdunhw gh0

pdqg1 Ghpdqg vl}h lv xqfhuwdlq dqg hyroyhv vwrfkdvwlfdoo| ryhu wlph1 Zh

dvvxph wkdw lw iroorzv d Jhrphwulf Eurzqldq Prwlrq=

g�

�
@

4

5

�
�� 4

5
�5

�
gw.

4

5
�g} +6,

Lq wkh vshfl�fdwlrq/ � dsshduv dv sdudphwhu erwk lq wkh yrodwlolw| dqg lq

wkh guliw whup ri wkh ghpdqg surfhvv/ lq rughu wr lvrodwh wkh h�hfw ri ghpdqg

xqfhuwdlqw| iurp lwv guliw1 Lq frpsdudwlyh vwdwlvwlf zh zloo zh fduu| rxw d phdq0

suhvhuylqj0vsuhdg dqdo|vlv lq wkh vhqvh ri Urwvfklog dqg Vwljolw} +4<:3,1 Wr wklv

jrdo/ zh gh�qh � @ 5���5

5 vr wkdw zh fdq uhzulwh wkh pdunhw surfhvv/ +6,/ dv=

g�

�
@

4

5
�gw.

4

5

s
5 +�� �,g} +7,

Wklv irupxodwlrq doorzv xv wr shuirup d phdq suhvhuylqj vsuhdg rq wkh

glvwulexwlrq ri ghpdqg e| ydu|lqj lwv ghpdqg yrodwlolw| zkloh dgmxvwlqj wkh

guliw vr wkdw wkhuh lv qr fkdqjh lq h{shfwhg ghpdqg1

Roljrsrolvwlf sur�wv xqghu Frxuqrw frpshwlwlrq duh frqyh{ lq ghpdqg1 Zh

wkxv gh�qh �5 � �1 Zh fdq h{suhvv wkh hyroxwlrq ri � wkurxjk Lwr*v Ohppd dv

d Jhrphwulf Eurzqldq prwlrq=

g�

�
@ �gw. �g} +8,

Zh vhh odwhu wkdw � lv olqhduo| uhodwhg wr �up sur�wv/ dqg � lv forvho| uhodwhg

wr wkhlu yrodwlolw|1

Wr hqvxuh �qlwh ydoxdwlrqv/ zh dvvxph wkdw � ? u> zkhuh u lv wkh glvfrxqw

idfwru1 Zh dovr dvvxph wkdw � ? �+? u, wr hqvxuh �5 A 3=

Zh �uvw hydoxdwh wkh ydoxh ri d �sodwirup� �up dqg wkhq frpsduh lw zlwk

wkh ydoxh ri wkh wudglwlrqdo �up1<

<Dv wkh pdunhw vfrsh lv mxvw glphqvlrqdo/ wkh sodwirup zloo fryhu rqo| d olqh1 D odwhu

yhuvlrq zloo frqvlghu d eurdghu gh�qlwlrq ri d sodwirup1

;



LL14 Surgxfw Pdunhw Lqwhudfwlrqv

Lqlwldoo| wkh sodwirup �up rshudwhv lq d gl�huhqw surgxfw vhjphqw iurp wkh

frpshwlwru1 Wklv ohdgv wr d sdudooho gl�huhqwldwhg prqrsro|1 Wkh dvvrfldwhg

sur�w  rz +vhh wkh Dsshqgl{ D1414, lv=

\
l>w

@
\

m>w
@

4

+d. 5,5
�w � P�w +9,

dqg lwv dvvrfldwhg ydoxdwlrq ri wkh �up lv=

H

�]
4

3

P�wh
�uwgw

�
@

P

u � �
�w +:,

Wklv lv wkh glvfrxqwhg vwuhdp ri h{shfwhg sur�wv zkhq wkh xqghuo|lqj h{0

shfwhg sur�w jurzwk lv htxdo wr � dqg wkhuh lv qr fkdqjh lq pdunhw vwuxfwxuh=

Erwk �upv kdyh wkh srvvlelolw| wr hqwhu lq wkh frpshwlwru*v pdunhw vhjphqw=

iru wkh wudglwlrqdo �up wkh furvv hqwu| zloo frvw L> zkloh iru wkh sodwirup �up

wkh frvw zloo eh LS +zlwk LS ? L,1 Li erwk �upv furvv0hqwhuv lq hdfk rwkhu*v

pdunhw +sdudooho gxrsro|,/ wkh sur�w  rz dqg wkh h{shfwhg suhvhqw ydoxh duh

+vhh Dsshqgl{ D1414,=

\
l>w

@
\

m>w
@

5

<

4

d. 4
�w � G�w +;,

H
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4

3

G�wh
�uwgw

�
@

G

u � �
�w +<,

Zkhq d �up furvv0hqwhuv dv �uvw +zh whup wklv vlwxdwlrq dq �dv|pphwulf

gxrsro|�,/ wkh ulydo pd| suhihu dw �uvw wr zdlw wr hqwhu/ li wkh zdlwlqj wr lqyhvw

rswlrq lv pruh ydoxdeoh wkdq wkh kljkhu sur�wv iurp v|pphwulf gxrsro|143 Lq

wklv fdvh wkh �uvw �up wr furvv0hqwhu hqmr|v kljkhu dv|pphwulf sur�wv +ehlqj d

prqrsrolvw lq wkhlu rzq vhjphqw dqg d gxrsrolvw lq wkh vhfrqg,1 Wkhvh h{wud

sur�wv duh mxvw whpsrudu|= dv ghpdqg lqfuhdvhv wkh rwkhu �up zloo �qg frq0

yhqlhqw wr h{huflvh wkh rswlrq wr hqwhu/ dqg wkh pdunhw rxwfrph zloo eh lq d
43 Lq d vwdwlf iudphzrun/ vlqfh sur�wv duh kljkhu xqghu sdudooho prqrsro| +� : (,/ erwk

�upv zrxog suhihu wr pdlqwdlq d frooxvlyh duudqjhphqw dyrlglqj hqwu| xqghu d wkuhdw ri dq

lpphgldwh furvv0hqwu| lq fdvh wkh frpshwlwruv hqwhuv dv �uvw1 Krzhyhu/ lq rxu g|qdplf iudph0

zrun wklv lv qrw fuhgleoh1

<



sdudooho gxrsro| lq erwk surgxfw1 Krzhyhu/ wkh rswlrq wr hqwhu dv �uvw lv fohduo|

ydoxdeoh1 Dv zh zloo vhh/ wklv lv rqh ri wkh dgydqwdjhv ri exloglqj d sodwirup1

Zh gh�qh dv dv|pphwulf gxrsro| wkh fdvh lq zklfk rqh �up rshudwhv lq erwk

vhjphqwv dqg wkh rwkhu lq mxvw rqh,1 Wkh sur�wv  rz dqg lwv h{shfwhg suhvhqw

ydoxh iru wkh �up suhvhqw lq erwk pdunhwv duh +vhh Dsshqgl{ D1415,=

\
l>w

@
4

69

46� 8d

4 . d
�w � O�w +43,

H
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O�wh
�uwgw
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u � �
�w +44,

zkloh wkh rwkhu �up hduqv=

\
l>w

@
4

<
�w � I�w +45,

zlwk dq h{shfwhg suhvhqw ydoxh ri=

H

�]
4

3

I�wh
�uwgw

�
@

I

u � �
�w +46,

Qrwh wkdw wkhvh sur�wv duh htxdo wr sur�wv xqghu Frxuqrw frpshwlwlrq/ dv

wkh hqwudqw surgxfhv ohvv lq lwv ruljlqdo pdunhw iru wkh lqfuhdvhg furvv0h�hfw1

Ehfdxvh 3 ? d ? 4/ d �up dozd|v suhihuv wr eh lq erwk pdunhw vhjphqwv li

lwv wkh frpshwlwru surgxfhv mxvw lq rqh/ zkloh lw zrxog suhihu wr eh prqrsrolvw

lq mxvw rqh pdunhw wkdq ehlqj gxrsrolvw lq erwk1 Krzhyhu/ wkh rswlrq wr furvv0

hqwhu dv �uvw judqwv whpsrudulo| kljkhu uhwxuqv144 Wklv fdq eh vxppdul}hg zlwk

wkh iroorzlqj uhodwlrqv= I � G � P � O1

Qrwlfh wkdw vlqfh 3 ? d ? 4/ O�P dqg G � I duh ghfuhdvlqj ixqfwlrqv ri

d= Pruhryhu/ O �P ? G � I = wkh sur�w lqfuhphqw dv d uhvxow ri furvv0hqwu|

lv qhyhu odujhu wkdq wkh sur�w lqfuhphqw ri d iroorzhu furvv0hqwudqw145 Dqrwkhu

44Xqghu vrph sdudphwhuv ydoxhv/ wklv fuhdwhv d vruw ri sulvrqhu*v glohppd lq hqwu| vwudwhj|1

Ilupv zrxog olnh wr eh deoh wr pxwxdoo| frpplw qrw wr hqwhu lq hdfk rwkhu*v pdunhw/ exw vxfk

d frpplwphqw lv qrw fuhgleoh= wkhuh lv d whpswdwlrq wr hqwhu1
45Wklv gl�huhqfh dw �uvw lqfuhdvhv dv @ ulvhv +glplqlvklqj wkh gl�huhqwldwlrq, dqg vxevh0

txhqwo| lw glplqlvkhv/ ydqlvklqj zkhq @ ' � +qr surgxfw gl�huhqwldwlrq,1 Wklv uhodwlrq zloo eh

xvhixo odwhu iru rxu frqfoxvlrqv1

43



uhvxow lv wkdw P ? O�P = hqwhulqj wkh vhfrqg pdunhw ohdgv wr ohvv wkdq grxeoh

prqrsro| sur�wv1 Ilqdoo| O�P�I ? 3 = hqwhulqj dv ohdghu ohdgv wr dq lqfuhdvh

lq sur�wv orzhu wkdq sur�wv wkh iroorzhu wkdw uhpdlqv lq rqo| rqh pdunhw1

LLL Wkh g|qdplf jdph

Lq rughu wr hydoxdwh wkh sodwirup �up zh �uvw dqdo|}h wkh rswlpdo hqwu| vwudwh0

jlhv ri wkh wzr �upv1 Zh fdq wkhq frpsxwh wkh ydoxh ri wkh sodwirup dqg

wudglwlrqdo lqyhvwphqw wkhq wkh �upv ydoxhv1

Iru orz ohyhov ri ghpdqg/ wkhuh lv qr lqfhqwlyh iru lpphgldwh furvv hqwu|

lq wkh rwkhu surgxfw/ vr erwk �upv uhpdlq dv prqrsrolvwv lq wkhlu rzq pdu0

nhw vhjphqw +dowkrxjk wkhlu sur�wv duh lq xhqfhg e| wkh vxevwlwxwlrq dprqj

surgxfwv,1

Krzhyhu/ dv ghpdqg ulvhv/ wkh dwwudfwlyhqhvv ri hqwu| lq wkh vhfrqg vhjphqw

lqfuhdvhv1 Vlqfh wkh lqqrydwlqj �up frqwurov d sodwirup/ lw fdq hqwhu lq wkh �uvw

surgxfw zlwk d orzhu lqfuhphqwdo frvw wkdq wkh wudglwlrqdo surgxfhu1 Lqwxlwlyho|/

lw zloo kdyh d orzhu wkuhvkrog iru hqwu|1

Zh vkrz odwhu wkdw lq htxloleulxp wkh wudglwlrqdo �up lv dozd|v d iroorzhu

lq wkh hqwu| jdph1 Dv d uhvxow/ wkh sodwirup �up hqmr|v iru d fhuwdlq wlph

lqwhuydo d vruw ri prqrsro| rq wkh rswlrq wr hqwhu dv ohdghu/ nqrzlqj wkdw wkh

frpshwlwru zrxog qrw pryh �uvw1 Wklv lv wkh fuxfldo vwudwhjlf hqwu| dgydqwdjh

iru wkh sodwirup �up1

Zh gh�qh wkh hqwu| wkuhvkrog ri wkh sodwirup �up dv ��L = Dw wklv wkuhvkrog

wkh sur�wv  rz ri wkh lqqrydwru zloo eh e| wkh vxp ri sur�wv lq wkh vkduhg

pdunhw soxv prqrsro| sur�wv lq lwv pdunhw vhjphqw +vhh htxdwlrq +44,,/ zkloh

wkh wudglwlrqdo surgxfhu hduqv gxrsrolvwlf sur�wv lq lwv vhjphqw+46,1

Dovr wkh wudglwlrqdo �up zloo furvv0hqwhuv +vhh htxdwlrq +;,, dv ghpdqg ulvhv

hqrxjk1 Zh gh�qh wklv vxevhtxhqw hqwu| wkuhvkrog dv ���W = Wklv ydoxh d�hfwv wkh

ydoxh ri wkh vwudwhjlf hqwu| rswlrq e| wkh sodwirup �up/ zklfk lv d ixqfwlrq ri

wkh h{shfwhg wlph ri iroorzhu hqwu|1 Zh zloo vhh wkdw wklv h{shfwhg hqwu| wlph

lv qrw wulyldo wr frpsxwh1

44



LLL14 Hqwu| ri wkh wudglwlrqdo �up

Zh vroyh wkh jdph edfnzdug1 Zh �uvw dvvxph wkdw wkh lqqrydwru +wkh sodwirup,

kdv douhdg| furvv0hqwhuhg/ dqg frpsxwh zkhq wkh wudglwlrqdo �upzrxog iroorz146

Vxevhtxhqwo|/ zh fkhfn wkdw wkh hqwu| vwudwhj| iru wkh lqqrydwru ohdgv lw wr hqwhu

dv �uvw1

Ohw � @ ���W eh wkh wkuhvkrog ohyho ri ghpdqg vxfk wkdw zkhq � � ���W wkh

wudglwlrqdo �up lv zloolqj wr furvv0hqwhu dv �uvw lq wkh rwkhu pdunhw1 Dw wkdw

srlqw wkh suhvhqw ydoxh ri wkh wudglwlrqdo �up lv zruwk G
u��

� � L/ zkhuh L lv

lwv rzq frvw ri hqwu|1 Iru � ? ���W > wudglwlrqdo �up zdlwv xqwlo wkh �uvw sdvvdjh

lq wlph ri wkh wkuhvkrog ydoxh> gxulqj wklv lqwhuydo lw hduqv I
u��

�1 Wkxv wkh

h{shfwhg suhvhqw ydoxh ri lwv furvv0hqwu| lqyhvwphqw lv jlyhq e|=

H

%] W��
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h�uwI�wgw
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h�uW
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l � G
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���W � L

�
+47,

zkhuh W �� lv wkh h{shfwhg wlph wr uhdfk wkh srlqw ���W vwduwlqj iurp �1 Iro0

orzlqj Gl{lw dqg Slqg|fn +4<<7, dqg Kduulvrq +4<;8,/ zh vroyh wklv rswlpdo

vwrsslqj sureohp= W �� htxdov=

W ��W +�w, @ ��

u
oq

�w
���W

+48,
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�5
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A 4= � lv wkxv qhjdwlyho| uhodwhg wr

pdunhw dqg sur�w yrodwlolw|= pruh suhflvho| zkhq yrodwlolw| whqgv wr 3/ � whqgv

wr lq�qlw| zkloh zkhq yrodwlolw| whqgv wr lq�qlw|/ � whqgv wr 41 Dv � lqyhuvho|

uhodwhg erwk � dqg � +uhvshfwlyho| sur�w dqg ghpdqg xqfhuwdlqw|,/ lq pdq|

fdvhv zh zloo xvh 4@� dv d qdwxudo phwulf iru xqfhuwdlqw|1

Wkh h{shfwhg ydoxh ri wkh vhfrqg �up lv=
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+49,

zkloh wkh rswlpdo � dw zklfk wkh wudglwlrqdo �up zloo hqwhu lv jlyhq e|=

46Zh zloo vkrz odwhu wkdw wklv lv dodzd|v wkh fdvh lq dq| htxloleulxp zlwk hqwu|/ gxh wr wkh

hqwu| frvw gl�huhqfh1

45



���W @
�

� � 4

L
G�O
u��

@
�

� � 4

L
4�d

<+4.d,+u��,

+4:,

LLL15 Hqwu| ri wkh sodwirup �up

Wkh qh{w vwhs lv wr ghwhuplqh wkh furvv0hqwu| srlqw iru wkh sodwirup �up1 Wklv

dssurdfk iroorzv Vphwv +4<<4, dqg Juhqdglhu +4<<9,/ lq zklfk d gxrsro| d �up

zrxog hqwhu dv vrrq dv kh suhihuv wr eh d ohdghu udwkhu wkhq d iroorzhu1

Lq vxfk dq hqwu| jdph zlwk v|pphwulf �upv/ wkhuh lv dq dpeljxlw| dv wr

zklfk �up zloo hqwhu dv �uvw1 Lq rxu fdvh/ gxh wr wkh gl�huhqw lqyhvwphqw frvwv/

wkh sodwirup �up hqmr|v d shulrg ri prqrsro| rq wkh fkrlfh wr furvv0hqwhu dv

ohdghu/ vlqfh lw nqrzv wkdw wkh wudglwlrqdo �up zrxog qrw |hw �qg lw sur�wdeoh

wr hqwhu1 Lq wklv shulrg ri d �prqrsro| rq wkh rswlrq wr hqwhu dv ohdghu� wkh

lqqrydwru h{huflvhv rswlpdoo| wklv hqwu| rswlrq dv ohdghu e| frpsdulqj wkh ydoxh

ri zdlwlqj wr hqwhu +dqg wkxv dyrlglqj orvvhv, wr wkh kljkhu sur�wv diwhu hqwu|1

Qrwh wkh dqdorj| lq wklv fdvh zlwk wkh fodvvlf �prqrsrolvwlf� uhdo rswlrq ri

PfGrqdog dqg Vlhjho +4<;9,1 D gl�huhqfh khuh lv wkdw hqwu| h�hfwv sulfhv dqg

pdunhw vkduhv1

Zh �uvw vwxg| wkh fdvh ri d sxuh prqrsro| rq wkh rswlrq wr hqwhu dv ohdghu/

vxevhtxhqwo| zh fkhfn wkh h�hfw ri srvvleoh hqwu| e| wkh frpshwlwru1

Sursrvlwlrq 4 Li wkh lqqrydwru �up kdg d sxuh prqrsro| rq wkh rswlrq wr

furvv0hqwhu dv �uvw/ lw zrxog hqwhu zkhq

LS
L

?

�
4

�

O�P

O�G

� 4

��4 O�P

G� I
+4;,

dw ��p @ �
��4

LS +u��,
O�P

=

Surri1 Vhh Dsshqgl{ D16 iru d ghprqvwudwlrq1

Lq fdvh ri sxuh prqrsro| rq wkh rswlrq wr furvv0hqwhu dv �uvw/ wkh sodwirup

�up furvv0hqwhuv rqo| zkhq wkh sd|r� ri hqwhulqj lv vxshulru wr wkh rqh ri

uhpdlqlqj lq d sdudooho prqrsro|1 Wklv wuxh rqo| zkhq frqglwlrq +4;, lv yhul�hg1

Zkhq wklv frqglwlrq lv yhul�hg lq wkh lqwhuydo 3 � � ? ��p wkh lqqrydwru �up

zrxog suhihu wr zdlw1 Krzhyhu/ lq jhqhudo wkh lqqrydwru �up kdv qr prqrsro|

rq wkh uljkw wr hqwhu/ vr lw kdv wr wdnh lqwr frqvlghudwlrq d srvvleoh hqwu| e|

frpshwlwruv1
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Wr ghwhuplqh wkh shulrg ryhu zklfk wkh sodwirup �up suhihuv wr zdlw/ zh

orrn xqghu zkdw frqglwlrq wkh hqwu| wkuhvkrog lq fdvh ri hqwu| prqrsro| lv

kljkhu wkdq wkh hqwu| wkuhvkrog iru wkh frpshwlqj wudglwlrqdo �up1

Wklv hqwu| wkuhvkrog lv ghwhuplqhg frpsdulqj wkh sd|r� ri wkh wudglwlrqdo

�up lq fdvh lw hqwhuv dv ohdghu +zklfk ghshqgv rq wkh h{shfwhg hqwu| wkuhvkrog

iru lwv frpshwlwru, dqg lq fdvh lw hqwhuv dv iroorzhu1 Zh gh�qh dv �W +�, wkh

gl�huhqfh ri wklv wzr sd|r�v1

Sursrvlwlrq 5 Li

LS
L

�
�
8

7

<���

7�� � <��

� 4

��4

+4<,

d wudglwlrqdo �up zrxog furvv0hqwhu dv �uvw dv vrrq dv ghpdqg uhdfkhv
s
��W /

wkh vpdoohvw vroxwlrq ri �W +�, @ 3=

Surri1 D wudglwlrqdo �up zrxog hqwhu lq wkh rwkhu vhjphqw dv �uvw/ dv vrrq

dv wkh sd|r� ri ehlqj d ohdghu lv kljkhu wkdq wkh sd|r� ri ehlqj d iroorzhu/ wkdw

lv zkhq=

O�w
u��

�
4�

�
�w
���
S

���4�
.
�

�
���
S

��
G
u��

���S � L �
I�w
u��

�
4�

�
�w
���
W

���4�
.
�
�w
���
W

�� �
G
u��

���W � L
� +53,

zkhuh=

���S @
�

� � 4

L +u � �,

G� O
+54,

zklfk lv wkh hqwu| wkuhvkrog ri wkh sodwirup �up dv iroorzhu1 Wkh h{suhvvlrq

iru ���S gl�huv iurp +4:, rqo| e| wkh gl�huhqw lqyhvwphqw frvwv1

Uhduudqjlqj zh rewdlq=

�W @ +O� I , �w �
�
O�G

���
��4

S

.
G� I

����
��4

W

�
��w � L +u � �, � 3 +55,
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�W lv d frqfdyh ixqfwlrq47/ lv qhjdwlyh zkhq � @ 3 dqg kdv d pd{lpxp

iru srvlwlyh ydoxhv ri �= Khqfh/ wkh ohyho ri ghpdqg dw zklfk d wudglwlrqdo �up

suhihuv wr eh d ohdghu udwkhu wkdq iroorzhu lv jlyhq e| wkh � wkdw vroyhv�W +�, @ 3

dqg iru zklfk C�
C�

A 3=

Wklv htxdwlrq fdqqrw eh vroyhg h{solflwo|1 Krzhyhu/ zh fdq gh�qh vrph

ihdwxuhv ri �W +�, @ 3= �W +�, @ 3 kdv vroxwlrqv zkhq lwv pd{lpxp lv srvlwlyh/

zklfk uhtxluhv wkdw=

LS
L

A

�
8

7

<���

7�� � <��

� 4

��4

+56,

Vlqfh �W +�, lv frqfdyh/ li wkh deryh frqglwlrq lv vdwlv�hg/ �W +�, @ 3 kdv

wzr uhdo urrwv> wkh vpdoohvw rqh lv wkh rqh iru zklfk C�
C�

A 31 Zh lqglfdwh wklv

� dv ��W =

Zkhq wklv frqglwlrq lv qrw vdwlv�hg �W +�, lv qhjdwlyh= wkh wudglwlrqdo �up

suhihuv wr eh d iroorzhu udwkhu wkdq d ohdghu iru dq| ghpdqg ydoxhv1

Wkh hfrqrplf lpsolfdwlrq lv wkdw li wkh lqyhvwphqw frvw gl�huhqfh lv odujh

wkh wudglwlrqdo hqwu| �up kdv qr lqfhqwlyh hyhu wr furvv0hqwhu dv ohdghu ehfdxvh

wkh sodwirup zrxog vxevhtxhqwo| furvv0hqwhu wrr hduo| wr eh deoh wr uhfrqyhuw

wkh hqwu| frvw1

Fruroodu| 6 Wkh sd|r� wr wkh sodwirup �up ri ehlqj d ohdghu uhodwlyh wr ehlqj

d iroorzhu/ lv dozd|v kljkhu wkdq wklv sd|r� iru wkh wudglwlrqdo �up1 Khqfh/ wkh

sodwirup suhihuv wr eh d ohdghu udwkhu wkdq d iroorzhu ehiruh wkh wudglwlrqdo �up1

Surri1 Wklv lv d gluhfw frqvhtxhqfh ri wkh lqyhvwphqw frvw gl�huhqwldo1

Zh gh�qh wkh frqglwlrq +4<, dv ghwhuplqlqj zkhwkhu wkh sodwirup judqwv

d Vwurqj Vwudwhjlf Dgydqwdjh ru d Zhdn Vwudwhjlf Dgydqwdjh1 Zh zloo qh{w

vkrz wkdw lq wkh iruphu fdvh wkh sodwirup judqwv d gh idfwr prqrsro| rq wkh

hqwu|0dv0ohdghu rswlrq ryhu wkh udqjh ri rswlpdo h{huflvh/ lq wkh odwwhu lw qhhgv

wr furvv0hqwhu ehiruh lw zrxog eh rswlpdo lq rughu wr suh0hpsw wkh wudglwlrqdo

�up1

Sursrvlwlrq 7 +Vwurqj vwudwhjlf dgydqwdjh zlwk hqwu|, Zkhq
LS
L

?
�
4
�
O�P
O�G

� 4

��4 O�P
G�I

dqg LS
L

?
�
8
7

<���
<���7��

� 4

��4

/ wkh sodwirup �up fdq

47Wkh frqfdylw| lv gxh wr wkh idfw wkdw wkh dgydqwdjh fuhdwhg e| wkh sodwirup ohdgv wr

whpsrudu| pdunhw grplqdqfh1 Qrwh wkdw lq rxu prgho/ wkh sodwirup grhv qrw fuhdwh hwhuqdo

prqrsro|1
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ehkdyh gh idfwr dv d prqrsrolvw rq wkh hqwu| dv ohdghu rswlrq/ dqg hqwhuv dw

��p @ �
��4

LS +u��,
O�P

=

Surri1 Zkhq LS
L

?
�
4
�
O�P
O�G

� 4

��4 O�P
G�I

> wkh frqvwdqw whup ri wkh rswlrq lv

srvlwlyh wkxv wkh sodwirup �up �qgv frqyhqlhqw wr furvv0hqwhu ehfdxvh lwv sd|r�

lv kljkhu wkdq wkh sd|r� ri uhpdlqlqj lq d sdudooho prqrsro|1

Zkhq LS
L

?
�
8
7

<���
7���<��

� 4

��4

wkh sodwirup �up fdq ehkdyh gh idfwr dv d

prqrsrolvw rq wkh hqwu| rswlrq ehfdxvh iru wkh wudglwlrqdo �up hqwu| dv ohdghu

lv qrw frqyhqlhqw1

Khqfh wkh sodwirup �up hqwhu dw ��p @ �
��4

LS +u��,
O�P

=

Lqwxlwlyho|/ wkh wudglwlrqdo �up zdqwv wr hqwhu zkhq wkh sd|r� ri ehlqj d

ohdghu lv kljkhu wkdq ri ehlqj d iroorzhu/ wkdw lv zkhq �W +�, A 31 Krzhyhu

zkhq wkh lqyhvwphqw gl�huhqfh lv odujh/ lw qhyhu jhwv wkh fkdqfh wr eh d ohdghu/

ehfdxvh iru dq| ghpdqg ohyhov �W +�, ? 3> wkh wudglwlrqdo �up zrxog hqmr|

dv|pphwulf sur�wv dv ohdghu iru wrr vkruw d wlph ru qr wlph dw doo jlyhq wkh

vxevhtxhqw hqwu| e| wkh sodwirup �up1

Dv ghslfwhg lq Ilj14/ d wudglwlrqdo �up zrxog qhyhu furvv0hqwhu xqghu wkh

wkuhdw ri d vxevhtxhqw hqwu| ri wkh sodwirup dv iroorzhu= klv sd|r� ri ehlqj d

ohdghu udwkhu wkdq d iroorzhu +OS , lv dozd|v qhjdwlyh1

Zkhq xqfhuwdlqw| lv qrw kljk +wkdw lv/ xqghu frqglwlrq +4;,,/ dv wkh sd|r� ri

furvv0hqwhulqj lv kljkhu wkdq wkdw ri d sdudooho prqrsro|/ wkh sodwirup �up kdv

d ydoxdeoh rswlrq wr furvv0hqwhu1 Lw h{huflvhv klv rswlrq wr furvv0hqwhu rswlpdoo|

dw wkh srlqw P / zkloh wkh wudglwlrqdo �up zloo furvv0hqwhu dv iroorzhu dw wkh

srlqw I 1

Dv d uhvxow/ xqghu vwurqj vwudwhjlf dgydqwdjh wkh sodwirup �up nqrzv wkdw

wkh wkuhdw ri wkh wudglwlrqdo �up wr furvv hqwhu dv �uvw lv lqh{lvwhqw/ dqg vr iru

d fhuwdlq lqwhuydo ri ghpdqg ydoxhv lw fdq ehkdyh gh idfwr dv d prqrsrolvw rq

wkh rswlrq1

Sursrvlwlrq 8 +Vwurqj Vwudwhjlf Dgydqwdjh zlwk qr hqwu|, Zkhq LS
L

A�
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O�P
O�G

� 4

��4 O�P
G�I

dqg LS
L

?
�
8
7

<���
7���<��

� 4

��4

> wkh sodwirup �up/ zklfk fdq eh0

kdyh gh idfwr dv d prqrsrolvw rq wkh hqwu| dv ohdghu/ suhihuv qrw wr hqwhu1 Dv d

uhvxow/ wkh pdunhw uhpdlqv lq d sdudooho prqrsro|1

Surri1 Xqghu LS
L

?
�
8
7

<���
7���<��

� 4

��4

> wkh sodwirup �up fdq ehkdyh gh idfwr
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dv d prqrsrolvw1 Exw zkhq LS
L

A
�
4
�
O�P
O�G

� 4

��4 O�P
G�I

lw grhv qrw �qg frqyhqlhqw

wr furvv0hqwhuv1

Dw wkh vdph wlph hqwu| e| wkh wudglwlrqdo �up zrxog dovr eh qrw frqyhqlhqw

dv lw zrxog ohdg wr dq hduo| furvv0hqwu| e| wkh sodwirup �up/ iru zklfk qrz

hqwu| lv d grplqdwlqj vwudwhj|1

Lw iroorzv wkdw wkh sodwirup grhv qrw hqwhu dqg erwk �up suhihuv wr uhpdlq

lq sdudooho prqrsro|1

Zkhq xqfhuwdlqw| lv kljk dqg wkh lqyhvwphqw frvw udwlr lv uhodwlyho| vpdoo/

wkh sodwirup �up fdq vwloo gh idfwr ehkdyh dv d prqrsrolvw/ exw dw wkh vdph

wlph dv qr lqfhqwlyh wr lqyhvw lq wkh rwkhu pdunhw ehfdxvh wkh h{shfwhg sur�wv

zrxog eh orzhu wkdq lq wkh fdvh ri sdudooho prqrsro|1 Khqfh wkh sodwirup fdq

eh vhhq dv d wrro wr dyrlg djjuhvvlyh furvv/ dv htxloleulxp zklfk lv ohvv ghvludeoh

lq vrph fdvhv wkdq sdudooho prqrsro|1

Sursrvlwlrq 9 +Zhdn vwudwhjlf dgydqwdjh, Zkhq LS
L

A
�
8
7

<���
7���<��

� 4

��4

>

wkh sodwirup �up hqwhuv mxvw dw wkh uljkw wlph wr suh0hpsw wkh wudglwlrqdo �up/

wkdw lv/ ehiruh wkh wudglwlrqdo �up zrxog furvv0hqwhu dv �uvw1 Wklv lv iru wkh

orzhvw ghpdqg ohyho � wkdw vroyhv �W +�, @ 31

Surri1 Zkhq LS
L

A
�
8
7

<���
7���<��

� 4

��4

> wkh wudglwlrqdo �up zrxog hqwhu dv

vrrq dv � A ��W vxfk wkdw �+��W , @ 3=

Wr ghprqvwudwh wkdw wkh sodwirup �up zrxog furvv0hqwhu dw ��W zh kdyh wr

wdnh lqwr frqvlghudwlrq wkh iroorzlqj hohphqwv=

� gxh wr wkh orzhu lqihulru lqyhvwphqw frvw/ d sodwirup �up suhihuv douhdg|

wr eh d ohdghu udwkhu wkdq d iroorzhu +vhh Fruroodu| 6,1

� zkhq wkh wudglwlrqdo �up furvv0hqwhuv dv ohdghu/ lw pxvw hqmr| dv|pphwulf

sur�wv iru d fhuwdlq shulrg/ wkdw lv ��W ? ���S rwkhuzlvh wkh wudglwlrqdo �up

zrxog qrw furvv hqwhu> vlqfh wkh sodwirup �up zrxog lpphgldwho| iroorz1

� jlyhq O�P ? G � I / ���S ? ��p=

Lw iroorzv wkdw ��W ? ��p> wkdw lv/ wkh wudglwlrqdo �up zrxog hqwhu ehiruh lw

lv rswlpdo iru wkh sodwirup �up wr furvv0hqwhu dv d prqrsrolvw1 Khqfh sodwirup

�up lv irufhg wr furvv0hqwhu dw ��W / d ohyho ri ghpdqg dw zklfk lw zrxog suhihu wr

uhwdlq wkh rswlrq wr zdlw wr lqyhvw d elw orqjhu=

4:



Xqghu zhdn vwudwhjlf dgydqwdjh/ iru ghpdqg ydoxhv lpphgldwho| ehorz ��W >

wkh sd|r� ri ehlqj d ohdghu iru wkh sodwirup �up lv kljkhu wkdq wkh sd|r� ri

ehlqj d iroorzhu/ exw qrw kljkhu wkdq wkh ydoxh ri wkh zdlwlqj0wr0hqwhu rswlrq1 Lq

wklv lqwhuydo/ wkh sodwirup �up fdq vwloo fkrrvh wr zdlw ehfdxvh wkh wkuhdw ri wkh

frpshwlwru*v furvv0hqwu| lv qrw fuhgleoh1 Krzhyhu/ ehfdxvh dw ��W wkh wudglwlrqdo

�up zrxog fhuwdlqo| furvv0hqwhu/ wkh sodwirup �up zloo furvv hqwhu mxvw ehiruh

��W / vlqfh lw suhihuv wr eh d ohdghu udwkhu wkdq d iroorzhu= Lq Ilj1 5/ wkh wudglwlrqdo

�up iru vrph ghpdqg ydoxhv kdv d srvlwlyh sd|r� ehlqj d ohdghu uhodwlyho| wr

ehlqj d iroorzhu= lw zrxog hqwhu dw W> wkh srlqw zkhuh wkh sd|r� ri ehlqj ohdghu

+OS, furvvhv wkh sd|r� ri ehlqj d iroorzhu +IR,1 Wkh sodwirup �up/ li lw frxog

fkrrvh/ zrxog hqwhu dw P zkhuh wkh sd|r� ri ehlqj d ohdghu +SS, phhwv wkh

zdlwlqj wr hqwhu rswlrq1 Krzhyhu/ vlqfh W ? P / wkh sodwirup �up zrxog suhihu

wr suh0hpsw dw W dqg wkh wudglwlrqdo zloo iroorz furvv0hqwhulqj dw I=48

Lq frqfoxvlrq/ zlwk sodwirup lqyhvwphqw zh fdq kdyh 6 htxloleuld=

� Vwurqj Vwudwhjlf Dgydqwdjh zlwk hqwu|= zkhq wkh lqyhvwphqw frvw gl�hu0

hqfh lv odujh hqrxjk dqg xqfhuwdlqw| lv orz/ wkh sodwirup �up jdlqv wkh

rswlrq wr ehkdyh dv d prqrsrolvw rq wkh furvv0hqwu| rswlrq dqg lw fdq

glvuhjdug wkh ulvn ri dq hqwu| dv ohdghu e| wkh frpshwlwru1 Khqfh wkh

sodwirup �up furvv0hqwhuv dw ��p dqg wkh wudglwlrqdo �up dw ���W 1

� Vwurqj Vwudwhjlf Dgydqwdjh zlwk qr hqwu|= wkh sodwirup �up kdv wkh

rswlrq wr ehkdyh wr ehkdyh dv d prqrsrolvw rq hqwu|/ exw dw wkh vdph

wlph kdv qr lqfhqwlyh wr furvv0hqwhu ehfdxvh wkh sd|r� lv qrw kljk hqrxjk1

Wkh rxwfrph lv d sdudooho prqrsro| zlwk qr hqwu|

� Zhdn Vwudwhjlf Dgydqwdjh= zkhq wkh lqyhvwphqw frvw gl�huhqfh lv qrw

vr odujh/ wkh sodwirup �up idfhv d furvv0hqwu| wkuhdw ri wkh wudglwlrqdo

�up ehiruh lwv rswlpdo wlplqj ri hqwu|/ ��P 1 Khqfh/ wkh sodwirup �up

hqwhu pxfk hduolhu wkdq lw zrxog olnh= lw hqwhuv mxvw ehiruh � uhdfkhv ��W >

lqgxflqj d odwhu furvv0hqwu| e| wkh frpshwlwru dw ���W 1

48Qrwh wkdw jlyhq wkh g|qdplf vhwwlqj dqg wkh dv|pphwulf lqyhvwphqw frvw/ zh kdyh rqo| wklv

htxloleulxp= wkrxjk wkh sd|r� ri suhhpswlqj lv orzhu wkdq uhpdlqlqj lq sdudooho prqrsro|/

wkh srzhu ri wkh sodwirup �up uxohv rxw dq| nlqg ri grxewv rq dq| rwkhu htxloleuld dv lw lv

lqvwhdg lq wkh vwdwlf vhwwlqj ri Ixghqehuj dqg Wluroh +4<;8,1
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LY Yrodwlolw| dqdo|vlv

Zh qrz lqyhvwljdwh wkh lpsdfw ri ghpdqg yrodwlolw| rq wkh ydoxh ri wkh sodwirup

dw wkh srlqw ri hqwu|1 Qrwh wkdw ehfdxvh ri frqyh{lw| ri sur�wv lq ghpdqg/

h{shfwhg sur�wv lqfuhdvhv zlwk ghpdqg xqfhuwdlqw|1 Wklv hqfrxudjhv hqwu|/

zklfk surgxfhv dgglwlrqdo frqyh{ sd|r�v iurp wkh fdswxuh ri pdunhw vkduh lq

wkh rwkhu vhjphqw1 Krzhyhu/ dovr wkh ydoxh ri wkh zdlwlqj wr lqyhvw rswlrq

lqfuhdvhv zlwk xqfhuwdlqw|1

Zh dqdo|}h �uvw wkh lpsdfw ri pdunhw yrodwlolw| rq wkh frqglwlrq +4<, wkdw

glvwlqjxlvkhv ehwzhhq Vwurqj +zlwk dqg zlwkrxw hqwu|, dqg Zhdn Vwudwhjlf Dg0

ydqwdjh1 Zh qh{w dqdo|}h lwv lpsdfw rq wkh h{shfwhg sur�wv lq fdvh ri Vwurqj

Vwudwhjlf Dgydqwdjh zlwk hqwu|/ zlwk qr hqwu| dqg lq fdvh ri Zhdn Vwudwhjlf

Dgydqwdjh1 Odwhu zh vroyh iru wkh ydoxh ri wkh sodwirup lqyhvwphqw dqg wkh

lpsdfw ri xqfhuwdlqw|1

Wkh frqglwlrq wkdw glvwlqjxlvkhv ehwzhhq wkh Vwurqj Vwudwhjlf Dgydqwdjh

dqg wkh Zhdn Vwudwhjlf Dgydqwdjh kdv d prqrwrqlf ehkdylru lq uhvshfw wr pdu0

nhw yrodwlolw|1 Dq lqfuhdvh lq ghpdqg yrodwlolw| lqfuhdvhv wkh vwudwhjlf dgydqwdjh

ri wkh sodwirup= zlwk kljkhu yrodwlolw|/ wkh sodwirup �up fdq ehkdyh pruh ri0

whq dv d gh idfwr prqrsrolvw rq hqwu| ehfdxvh wkh lqfhqwlyh wr suhhpsw iru wkh

wudglwlrqdo �up whqgv wr glplqlvk ru ydqlvk zlwk kljkhu wkh ghpdqg yrodwlolw|149

Frqfhuqlqj wkh frqglwlrq wkdw glvwlqjxlvk ehwzhhq hqwu| dqg qr hqwu| lq

fdvh ri Vwurqj Vwudwhjlf Dgydqwdjh wkh kljkhu wkh ghpdqg xqfhuwdlqw| wkh ohvv

wkh sodwirup �up kdv dq lqfhqwlyh wr furvv hqwhu dqg suhihuv wr uhpdlq lq d

sdudooho prqrsro|1

Wkhvh wzr frqglwlrqv duh uhsuhvhqwhg lq Iljxuh 6

Lq fdvh ri Vwurqj Vwudwhjlf Dgydqwdjh/ zh vkrz wkdw dq lqfuhdvh lq ghpdqg

yrodwlolw| lqgxfhv sodwirup �up wr srvwsrqh furvv0hqwu| dv lw fdq ehkdyh gh idfwr

dv d prqrsrolvw1 Irupdoo|=

Sursrvlwlrq : Dq lqfuhdvh lq ghpdqg xqfhuwdlqw| +gh�qhg dv dq lqfuhdvh lq

lqfuhdvh lq � kroglqj wkh pdunhw guliw frqvwdqw, ohdgv wr d orqjhu ghod| wr hqwu|

rq wkh sodwirup �up1

49Wkh rqo| ydoxhv ri wkh lqyhvwphqw udwlr iru zklfk wkhuh fdq eh d vzlwfk ehwzhhq Vwurqj

dqg Zhdn Vwudwhjlf Dgydqwdjh duh ehwzhhq 3177 dqg 3196> iru lqyhvwphqw frvw udwlr kljkhu

wkdq 3196 sodwirup �up kdv Zhdn Vwudwhjlf Dgydqwdjh> rwkhuzlvh lw kdv Vwurqj Vwudwhjlf

Dgydqwdjh1
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zklfk fdq eh vhhq diwhu vrph whglrxv fdofxodwlrqv wr eh dozd|v srvlwlyh1

Wklv lv dovr ydolg lq wkh fdvh ri wkh rswlpdo wlplqj ri hqwu| dv d iroorzhu e|

wkh wudglwlrqdo �up hqwu|1

Lw iroorzv dovr wkdw wkh sd|r� ri wkh sodwirup �up wr furvv0hqwhu lv dovr

srvlwlyho| uhodwhg wr xqfhuwdlqw|14:

Wkh lpsdfw ri pdunhw xqfhuwdlqw| rq furvv0hqwu| wkuhvkrogv dqg wkh suhvhqw

ydoxh ri wkh h{shfwhg sur�wv lv vkrzq lq Ilj171

XqghuZhdn Vwudwhjlf Dgydqwdjh/ d fkdqjh lq sur�w yrodwlolw| fdq kdyh hlwkhu

d srvlwlyh ru qhjdwlyh h�hfw rq wkh furvv0hqwu| wkuhvkrog1

Wkhuh duh wkuhh hohphqwv wkdw h�hfwv furvv0hqwu| lq gl�huhqw zd|1 Wkh kljkhu

wkh xqfhuwdlqw|/ wkh kljkhu lv wkh rswlrq ydoxh wr eh d iroorzhu> dw wkh vdph wlph/

dovr wkh sd|r� wr eh d ohdghu lv kljkhu gxh wr wkh hqgrjhqrxv frqyh{lw| ri wkh

sur�wv1 Wkh wklug hohphqw lv wkh ehkdylru ri wkh frpshwlwru dv iroorzhu= wkh

kljkhu wkh xqfhuwdlqw|/ wkh kljkhu wkh hqwu| wkuhvkrog ri wkh iroorzhu/ zklfk

doorzv wkh sodwirup wr hqmr| dv|pphwulf sur�wv iru d orqjhu wlph +l1h1 xqwlo d

kljkhu ghpdqg ohyhov lv uhdfkhg,1

Wkh wrwdo h�hfw ri xqfhuwdlqw| rq �W fdqqrw eh vwxglhg dqdo|wlfdoo|1 Krz0

hyhu vlpxodwlrqv vkrzv wkdw wkh h�hfw ri xqfhuwdlqw| rq �W +l1h1 rq wkh ghpdqg

wkuhvkrog ri hqwu| dqg wkh suhvhqw ydoxh ri wkh sur�wv ri wkh sodwirup �up, lv

qrw prqrwrqlf1 Lq sduwlfxodu/ wkh h�hfw ghshqgv rq wkh gl�huhqw lqyhvwphqw frvw

udwlr/ rxu phdvxuh ri wkh vwudwhjlf dgydqwdjh jdlqhg e| wkh sodwirup lqyhvwphqw1

Wkh uhvxowv duh vxppdul}hg lq Iljxuh 8/ :/ ; dqg 9 1

Wkh hfrqrplf lqwhusuhwdwlrq ri wkhvh �jxuhv lv edvhg rq wkh idfw wkdw xqghu

zhdn vwudwhjlf dgydqwdjh/ wkh ehkdylru ri wkh sodwirup �up lv gulyhq e| wkh

frqfuhwh wkuhdw ri hqwu| ri wkh wudglwlrqdo �up1

Zkhq wkh vwudwhjlf dgydqwdjh lv qrw yhu| kljk/ wkh wkuhdw ri suhhpswlrq ri

wkh wudglwlrqdo �up lv prqrwrqlf lq uhvshfw wr ghpdqg yrodwlolw|= wkh kljkhu wkh
4:Wkh sd|r� ri wkh sodwirup �up wr furvv0hqwhu lv frqvwlwxwhg e| wkh suhvhqw ydoxh ri wkh

h{shfwhg sur�wv lq sdudooho prqrsro| soxv wkh rswlrq wr hqwhu lq wkh pdunhw ri wkh lqfxpehqw1

Wkh suhvhqw ydoxh ri wkh �uvw sur�wv vwuhdp lv srvlwlyho| uhodwhg wr xqfhuwdlqw|1 Lw fdq eh

vkrzq lqvwhdg wkdw wkh hqwu| rswlrq lv lq jhqhudo srvlwlyho| uhodwhg wr xqfhuwdlqw|/ h{fhsw iru

yhu| kljk xqfhuwdlqw| ydoxhv iru zklfk wkh rswlrq ydoxh lv qhjdwlyho| uhodwhg1 Wkh wrwdo h�hfw

ri wkhvh wzr frpsrqhqwv rq wkh suhvhqw ydoxh ri wkh h{shfwhg sur�w lv srvlwlyh1
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xqfhuwdlqw| wkh hduolhu wkh sodwirup �up lv irufhg wr h{huflvh lwv hqwu| rswlrq1

Wklv lv ehfdxvh ri wkh kljkhu h{shfwhg sur�w iurp hqwu|/ vlqfh wkh srwhqwldo

orvvhv dyrlghg e| zdlwlqj wr lqyhvw duh ohvv frqyh{ wkdq wkh srwhqwldo kljkhu jdlqv

xqghu hqwu|1 E| Mhqvhq*v lqhtxdolw|/ d phdq0suhvhuylqj lqfuhdvh lq xqfhuwdlqw|

idyruv lqyhvwphqw lq wkh vwudwhjlf jurzwk rswlrq ryhu wkh zdlwlqj rswlrq1 Wklv

ehkdylru uhfdoov wkh uhvxowv lq d vwdwlf vhwwlqj= wkh kljkhu sur�w frqyh{lw| ohdgv

wr d juhdwhu lqfuhdvh lq wkh ydoxh ri wkh hqwu| rswlrq uhodwlyh wr wkh zdlwlqj wr

lqyhvw rswlrq +Nxodwlodnd dqg Shurwwl +4<<;,,1

Zkhq lqvwhdg wkh lqyhvwphqw udwlr lv vrphzkdw orzhu l1h1 xqghuZhdn Vwudwh0

jlf Dgydqwdjh,/ hqwu| ehkdylru lv qrw prqrwrqlf1 Zkhq xqfhuwdlqw| lv orz/ dv

xqfhuwdlqw| lqfuhdvhv/ wkh uhodwlyh vwdelolw| ri wkh ghpdqg ohyho lqgxfhv wkh wud0

glwlrqdo �up wr zdlw orqjhu wr hqwhu lq h{fkdqjh ri kljkhu ghpdqg ohyhov1 Iru

kljk xqfhuwdlqw| ohyhov/ wkh wudglwlrqdo �up jlyhv pruh zhljkw rq wkh wlph lq0

whuydo lq zklfk hqmr|v dv|pphwulf sur�wv udwkhu wkdq rq wkh ghpdqg ohyho= lq

wklv fdvh wkh h{shfwhg shulrg wlph lqfuhdvhv/ ehfdxvh wkh iroorzhu zdlwv orqjhu

ehiruh furvv hqwhulqj dqg ehfdxvh wkh wudglwlrqdo �up hqwhuv hduolhu +vhh Ilj18

dqg 9,1

Wklv uhdvrqlqj fdq dovr h{sodlq wkh qrq0prqrwrqlflw| ri wkh suhvhqw ydoxh

ri wkh sur�wv zlwk uhvshfw wr ghpdqg yrodwlolw|= iru orz xqfhuwdlqw| ohyhov wkh

suhvhqw ydoxh lqfuhdvhv zkloh lw ghfuhdvhv iru kljk xqfhuwdlqw|1 Iljxuh : vkrzv

wkh sodwirup ydoxh iru gl�huhqw lqyhvwphqw frvw udwlrv1 Wkh vkdsh ri wkh fxuyhv lv

d gluhfw frqvhtxhqfh ri wkh h{shfwhg wlph ri dv|pphwulf sur�wv iru wkh sodwirup1

Wklv fdq eh vhhq frpsdulqj Iljxuh : dqg ;1

Qrwh wkdw dv d gluhfw frqvhtxhqfh ri wkh hqwu| vwudwhj| ri wkh wudglwlrqdo

�up/ wkh h{shfwhg shulrg ri dv|pphwulf sur�w iru wkh sodwirup �up lv frqvwdqw

lq uhvshfw wr wkh lqyhvwphqw udwlr1

Wkh odvw vwhs ri wkh yrodwlolw| dqdo|vlv lv wkh dqdo|vlv ri wkh frqglwlrq wkdw

glvwlqjxlvkhv ehwzhhq wkh Vwurqj Vwudwhjlf Dgydqwdjh dqg wkh Zhdn Vwudwhjlf

Dgydqwdjh1 Dv lw fdq eh vhhq iurp Iljxuh BB/ dq lqfuhdvh lq ghpdqg yrodwlolw|

lqfuhdvhv wkh vwudwhjlf dgydqwdjh ri wkh sodwirup= zlwk kljkhu yrodwlolw|/ wkh

sodwirup �up fdq ehkdyh pruh riwhq dv d gh idfwr prqrsrolvw rq hqwu| ehfdxvh

wkh lqfhqwlyh wr suhhpsw iru wkh wudglwlrqdo �up whqgv wr glplqlvk ru ydqlvk

zlwk kljkhu wkh ghpdqg yrodwlolw|14;

4;Wkh rqo| ydoxhv ri wkh lqyhvwphqw udwlr iru zklfk wkhuh fdq eh d vzlwfk ehwzhhq Vwurqj

dqg Zhdn Vwudwhjlf Dgydqwdjh duh ehwzhhq 3177 dqg 3196> iru lqyhvwphqw frvw udwlr kljkhu
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Y Wkh Ydoxh ri wkh Sodwirup

Xqwlo qrz zh kdyh dvvxphg wkdw wkh lqfxpehqw kdv d wudglwlrqdo whfkqrorj|/

zklfk wkh sodwirup lv ghyhorshg e| dq lqqrydwlqj �up1

Exw zkdw lv wkh h{0dqwh ydoxh ri d sodwirupB Zkhq zrxog lw eh frqyhqlhqw

wr exlog iru dq lqqrydwlyh �up d sodwirup udwkhu wkdq pdnlqj d frqyhqwlrqdo

hqwu|B

Zh �uvw frpsxwh wkh ydoxh ri wkh rswlrq wr dftxluh wkh sodwirup +l1h1 wkh

ydoxh ri wkh xqghuo|lqj whfkqrorj|, dqg odwhu zh frpsxwh iru zklfk sodwirup

frvw wkh lqqrydwlyh �up �qgv frqyhqlhqw wr ex| wkh sodwirup +l1h1 wkh uljkw wr

surgxfh zlwk wkh sodwirup,1 Ilqdoo|/ zh frqvlghu zkhq lw zrxog vwduw surgxfwlrq

lpphgldwho|/ ru zdlw iru d odwhu rswlpdo wlph wr vwduw wkh surgxfwlrq1

Y14 Vwurqj Vwudwhjlf Dgydqwdjh

Zh dqdo|}h zkdw ghpdqg ydoxh d qhz �up zlwk d sodwirup zrxog hqwhu lq wkh

�uvw pdunhw vhjphqw/ dqg vxevhtxhqwo| zkhq lw zrxog dftxluh d sodwirup1 Dv

wkh wudglwlrqdo �up lv dq lqfxpehqw lq rqh pdunhw vhjphqw/ wkh sodwirup �up

�qgv frqyhqlhqw wr dyrlg gluhfw frpshwlwlrq dqg zloo hqwhu lqlwldoo| rq wkh rwkhu

pdunhw vhjphqw dydlodeoh14<

Zh �uvw frpsxwh wkh sodwirup ydoxh lq fdvh ri vwurqj vwudwhjlf dgydqwdjh

zlwk hqwu| dqg odwhu lq fdvh ri qr hqwu|1

Lq fdvh ri vwurqj vwudwhjlf dgydqwdjh zlwk hqwu| frpsxwlqj wkh sodwirup

ydoxh dqg zkhq wkh lqqrydwlyh �up zrxog hqwhu lq wkh �uvw pdunhw vhjphqw

phdqv frpsxwlqj wkh ydoxh ri dq Dphulfdq frpsrxqg rswlrq dqg lwv h{huflvh

wkuhvkrog1 Wkh fdofxodwlrqv ri wklv iroorzv wkh vlplodu vwhsv ri Dsshqgl{ D161

Wkh frpsrxqg rswlrq ydoxh lv ri wkh w|sh=

YV @ R4>V�
� +58,

wkdq 3196 sodwirup �up kdv Zhdn Vwudwhjlf Dgydqwdjh> rwkhuzlvh lw kdv Vwurqj Vwudwhjlf

Dgydqwdjh1
4< Lw fdq eh ghprqvwudwhg wkdw hlwkhu lq vwurqj ru zhdn vwudwhjlf dgydqwdjh wkh sodwirup

�up zrxog qhyhu suhihu wr hqwhu dw �uvw lq wkh vdph pdunhw zkhuh wkh lqfxpehqw lv/ wkrxjk

wklv zrxog doorz wr hqmr| dv|pphwulf sur�wv iru orqjhu wlph1 Krzhyhu/ wklv orqjhu shulrg ri

dv|pphwulf sur�w gr qrw frpshqvdwh iru wkh orzhu sur�w  rz gxulqj wkh �uvw sduw ri wkh jdph

zkhq wkh wzr �upv frpshwh lq wkh vdph pdunhw1
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Wkh frqvwdqw whup/ R4>V/ lv jlyhq e|=

R4>V @ RP . ���.44>V

P

� +u � �,
@ RP . ���4>V

LS
� � 4

+59,

zkhuh RP lv jlyhq e| +vhh Dsshqgl{ D16 iru wkh uhodwlyh fdofxodwlrqv,=

RP @
O�P

����4p � +u � �,
� O�G

���
��4

W +u � �,
+5:,

Lw iroorzv wkdw rswlpdo hqwu| wkuhvkrog zloo eh lq fruuhvsrqghqfh ri wkh iro0

orzlqj �> wkdw zh gh�qh �4>V =

�4>V @
LS +u � �,

P

�

� � 4
+5;,

Lw lv qrz srvvleoh wr fdofxodwh wkh ghpdqg wkuhvkrog wr dftxluh d sodwirup1

Zh dvvxph wkdw d sodwirup fdq eh exlow rqo| e| rqh �up1 Zh gr qrw ghvfuleh

wklv lqlwldo �udfh wr wkh sodwirup�1 Zh dovr uxoh rxw wkh srvvlelolw| wkdw wkh

lqfxpehqw �up lv fdsdeoh wr exlog wkh sodwirup1 Dq lqirupdo dujxphqw lv wkdw

d wudglwlrqdo �up zrxog qrw exlog d sodwirup mxvw wr hqwhu lq wkh vhfrqg pdunhw/

dv lw kdv wr lqfxu kljkhu ryhudoo lqyhvwphqw frvwv1 D qhz �up zrxog ex| d

sodwirup dv d whfkqrorj| wr surgxfh erwk surgxfwv/ vr lw �qgv frqyhqlhqw wr

lqyhvw lq wkh sodwirup iru orzhu ghpdqg ydoxhv wkdq wkh lqfxpehqw �up1

Wklv lv d gl�huhqw vlwxdwlrq wkdq lq d fodvvlfdo uhdo rswlrq lqyhvwphqw hqyl0

urqphqw= wkhuh duh pdq| �upv wkdw kdyh wkh rssruwxqlw| wr lqyhvw dqg khqfh doo

�upv frpshwh xqghu shuihfw frpshwlwlrq wr ex| wkh uljkw +wkh xqltxh whfkqro0

rj|, wr exlog wkh sodwirup1 Wkh rswlrq wr dftxluh wkh sodwirup zloo eh h{huflvhg

dv vrrq dv wkh h{shfwhg sur�wv duh deryh wkh lqyhvwphqw frvwv/ wkdw lv zkhq �

uhdfkhv �3>V =

�3>V @

�
N

R4>V

� 4

�

+5<,

zkhuh N lv wkh lqyhvwphqw frvwv ri wkh sodwirup153

53 Lqyhuwlqj htxdwlrq +5<,/ lw fdq eh dovr ghwhuplqhg krz pxfk dq lqqrydwlyh �up zrxog

lqyhvw lq d sodwirup iru hdfk ghpdqg ohyho1
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Wkh lqqrydwlyh �up zloo dftxluh wkh sodwirup dv vrrq dv wkh lqlwldo pdunhw gh0

pdqg uhdfkhv d wkuhvkrog �3>V +zklfk lv vpdoohu wkdq �4>V,> vxfk wkh lqyhvwphqw

frvw lv ohvv wkdq wkh sodwirup ydoxh=

N ? RP��4>V .
LS

� � 4
+63,

Dw wklv srlqw wkh �up zloo �qg frqyhqlhqw wr lqyhvw lq wkh sodwirup/ dowkrxjk

qrw qhfhvvdu| |hw wr hqwhu lq wkh �uvw pdunhw1

Zkhq ghpdqg sdudphwhuv +h1j1 orz guliw/ orz xqfhuwdlqw|/ kljk glvfrxqw

udwh/ orz surgxfw gl�huhqwldwlrq, duh vxfk wkdw frqglwlrq +63, lv qrw yhul�hg

+l1h1 N A RP��4>V .
LS
��4,/ d qhz �up zloo lqyhvw lq wkh sodwirup dqg lq wkh �uvw

surgxfw vlpxowdqhrxvo|1

Dv zh fdq vhh/ wkh kljkhu lv wkh ghpdqg yrodwlolw|/ wkh ohvv vwulqjhqw lv

wklv frqglwlrq1 Lq d kljko| yrodwloh pdunhw wkh �up suhihuv wr jxdudqwhh iru

lwvhoi d vwudwhjlf dgydqwdjh e| dftxlulqj wkh sodwirup/ dqg dw wkh vdph wlph lw

zdlwv orqjhu iru d ehwwhu pdunhw vlwxdwlrq wr ehfrph dfwlyh lq wkh pdunhw1 Wkh

lpsdfw ri xqfhuwdlqw| rq wkh sodwirup ydoxh +phdvxuhg e| wkh uhflsurfdo ri �,

lv xqdpeljxrxvo| srvlwlyh1

Lq fdvh ri Vwurqj Vwudwhjlf Dgydqwdjh zlwk qr hqwu|/ wkh sodwirup ydoxh lv

jlyhq e| wkh suhvhqw ydoxh ri wkh sur�w lq sdudooho prqrsro|= P
u��

=

Y15 Zhdn Vwudwhjlf Dgydqwdjh

Lq fdvh ri zhdn vwudwhjlf dgydqwdjh/ wkh hqwu| frvw gl�huhqfh ehwzhhq wkh wud0

glwlrqdo dqg wkh sodwirup �up lv qrw vr odujh1 Iroorzlqj wkh vdph vwhsv iru wkh

rwkhu fdvh lw fdq eh vkrzq wkdw wkh sodwirup ydoxh fdq eh frpsxwhg dqg lv jlyhq

e|=

YZ @ R4>V�
� +64,

zkhuh54 =

54Wklv frqvwdqw lv srvlwlyh zkhq US
U
	

�
�
u3(

�

q

� 4

��4 �
(38

� Wklv lv dozd|v wuxh vlqfh � 	
�

�
u3(

�

q

� 4

��4 �
(38

dqg jlyhq wkh dvvxpswlrq rq wkh lqyhvwphqw frvwv1
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Wkh hqwu| wkuhvkrog wr hqwhu lq wkh �uvw surgxfw iru d �up zklfk kdv douhdg|

dftxluhg wkh sodwirup lv=

�4>Z @
LS +u � �,

P

�

� � 4
+66,

wkdw lv dw wkh vdph ghpdqg wkuhvkrog dv �4>V +vhh htxdwlrq +59,=

Zh fdq qrz fdofxodwh zkhq lw lv frqyhqlhqw wr lqyhvw lq wkh sodwirup1 Wkh �

ydoxh iru zklfk lw lv frqyhqlhqw wr hqwhu lv jlyhq e|=

�3>Z @

�
N

R4>Z

� 4

�

+67,

Wkh sodwirup �up zloo lqyhvw lq wkh sodwirup ehiruh hqwhulqj lq wkh �uvw

pdunhw vhjphqw/ zkhq �3>V lv vpdoohu wkdq �4>V > wkdw lv zkhq=

N ?
LS

� � 4
.

�
�3>Z
��W
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O�P
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� O�G
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���4
+68,

rwkhuzlvh lw zloo lqyhvw lq wkh sodwirup dqg lq wkh �uvw surgxfw vlpxowdqh0

rxvo|155

Wklv frqglwlrq lv pruh vwulqjhqw wkdq wkh rqh ri wkh Vwurqj Vwudwhjlf Dg0

ydqwdjh1

Diwhu whglrxv fdofxodwlrqv/ lw fdq eh vkrzq wkdw wkh kljkhu lv wkh yrodwlolw|/

wkh kljkhu lv wkh ydoxh ri wkh sodwirup1 Wkh pruh ghpdqg lv yrodwloh/ wkh pruh

wkh �up whqgv wr zdlw wr lqyhvw lq wkh sodwirup/ zkloh dw wkh vdph wlph lw

ehfrph pruh dwwudfwlyh wr vhfxuh frqwuro ri wkh sodwirup iru lwvhoi hyhq zlwkrxw

wkh lpphgldwh sur�wv ri wkh �uvw surgxfw1 Zh sodq lq ixwxuh wr zrun wr dqdo|}h

wkh fdvh ri frpshwlwlrq dfurvv sodwirupv1

55Zh devwudfw khuh iurp kh srvvlelolw| ri wkh wudglwlrqdo �up hqwhulqj erwk pdunhw vhjphqwv

lq rughu wr suh0hpsw hqwu|1
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YL Frqfoxvlrqv

Zh kdyh frqvlghuhg d vwudwhjlf orjlvwlf lqyhvwphqw xqghu g|qdplf xqfhuwdlqw|

rq ixwxuh frqvxphu ghpdqg1 Dq lqqrydwlyh �up dftxluhv d surgxfwlyh dqg

glvwulexwlyh sodwirup wr jdlq vxshulru hqwu| dgydqwdjhv1 Zh vwxg| wkh vxevh0

txhqw hqwu| ghflvlrq lq vshfl�f surgxfwv dqg frpsxwh wkh ydoxh ri wkh rswlrq wr

zdlw wr lqyhvw djdlqvw wkh +whpsrudulo|, kljkhu sur�wv ri lpphgldwh hqwu|1 Zh

fdq udwlrqdol}h d pxfk juhdwhu ydoxh iru sodwirup �upv uhodwlyh wr wudglwlrqdo

surgxfhuv/ hvshfldoo| ryhu pdunhw vl}h1

Lqyhvwlqj lq d sodwirup phdqv dftxlulqj d �vwudwhjlf furvv0hqwu| rswlrq�/ d

frqfhsw uhodwhg wr wkh �vwudwhjlf jurzwk rswlrq� +Nxodwlodnd dqg Shurwwl +4<<;,,1

Rq wkh rwkhu kdqg/ sodwirup lqyhvwphqw lqyroyhv devruelqj vljql�fdqw ghpdqg

xqfhuwdlqw|1 Wkhuhiruh/ wkh ydoxh ri qrw frpplwwlqj ixqgv wr sodwirup lqyhvw0

phqw lqfuhdvhv zlwk ghpdqg xqfhuwdlqw|1 Wkh prvw vwulnlqj uhvxow zh rewdlq

lv wkdw lq jhqhudo/ lq d uhjlph ri kljkhu yrodwlolw| ri ghpdqg/ sodwirup vwudwhjlf

dgydqwdjh lqfuhdvhv1 Lq idfw sodwirup �up pd| hqgv xs �frqwuroolqj� wkh hqwu|

rswlrqv/ dqg ehkdylqj pruh dv d gh idfwr prqrsrolvw1 Lq rxu frqwh{w/ juhdwhu

xqfhuwdlqw| phdqv juhdwhu ulvn exw dovr juhdwhu rssruwxqlwlhv wkdqnv wr wkh hduo|

+furvv0,hqwu| dgydqwdjh jdlqhg e| dftxlulqj wkh sodwirup1

Sodwirup lqyhvwphqw wxuqv rxw wr kdyh vhyhudo vwudwhjlf h�hfwv1 Lw pd| judqw

d frpshwlwlyh dgydqwdjh wr hqwhu hduolhu lq frpshwlwruv* pdunhw vhjphqwv> exw

lw dovr holplqdwhv wkh srvvlelolw| ri vlpxowdqhrxv hqwu| dqg pd| khos dyrlglqj

xqghvludeoh �h{fhvvlyh� frpshwlwlrq htxloleuld1

Rxu vxusulvlqj uhvxowv lq wkh srvlwlyh h�hfw ri xqfhuwdlqw| rq wkh ydoxh ri

lqyhvwphqw duh gulyhq e| wkh roljrsrolvwlf pdunhw vwuxfwxuh1 Ilupv zlwk pdunhw

srzhu uhvsrqg wr kljkhu ghpdqg e| lqfuhdvlqj erwk rxwsxw dqg sulfhv> wkhuhiruh/

sur�wv duh hqgrjhqrxvo| frqyh{ lq ghpdqg1 Kljk yrodwlolw| jlyhv pruh zhljkw wr

srwhqwldo kljk sur�wv wkdq wr wkh srvvlelolw| wr vx�hu orvvhv gxh wr orz ghpdqg1

Vlqfh wkh srwhqwldo orvvhv dyrlghg e| zdlwlqj wr lqyhvw duh ohvv frqyh{ wkdq wkh

srwhqwldo jdlqv iurp hqwu|/ pruh xqfhuwdlqw| +lq wkh vhqvh ri d phdq0suhvhuylqj

vsuhdg lq ghpdqg, uhgxfhv wkh wkuhvkrog ri h{shfwhg ixwxuh ghpdqg dw zklfk

wkh �up �qgv dwwudfwlyh wr hqwhu/ dqg lqfuhdvhv wkh ydoxh ri wkh hqwu| rswlrqv

uhodwlyh wr wkh zdlwlqj wr lqyhvw rswlrq

D fxuuhqw gudzedfn lv wkh yhu| vlpsol�hg qrwlrq ri sodwirup zh kdyh dgrswhg1

Lq wkh qh{w yhuvlrq zh zlvk wr prgho erwk d pxowlglphqvlrqdo sodwirup dv zhoo

59



dv wkh lqlwldo ghflvlrq rq wkh vl}h ri wkh sodwirup1 Pruhryhu/ d eurdghu sodw0

irup pd| doorz hqwudqfh lq xquhodwhg pdunhw vhjphqwv zlwkrxw furvv0h�hfwv1 Lq

fdvh ri lqwhuqhw zhevlwhv/ wkh dqdo|vlv ri dq krul}rqwdo sruwdo lpso| d juhdwhu

glphqvlrqdolw| ri wkh vhw ri vwudwhjlf hqwu| rswlrqv dqg wkxv d fruuhvsrqglqjo|

kljkhu ydoxh iru d sodwirup �up uhodwlyho| wr d wudglwlrqdo surgxfhu1 Zh sodq

wr ghyhors d pruh vshfl�f lqwhusuhwdwlrq iru lqwhuqhw sruwdov lq ixwxuh zrun1

Lqwxlwlyho|/ wkh rswlpdo sodwirup vl}h +zklfk lv uhodwhg wr wkh srwhqwldo udqjh

ri gl�huhqwldwhg surgxfwv, ghshqgv rq wkh idfw wkdw wkh juhdwhu lv wkh lqlwldo

gl�huhqwldwlrq/ wkh zhdnhu duh wkh furvv0sulfh h�hfwv1 Wkh �up lq fkdujh ri

wkh sodwirup pd| ehfrph grplqdqw lq vrph surgxfwv dv odwhu Lqqrydwruv idfh

hlwkhu kljkhu hqwu| frvwv ru d wlph glvdgydqwdjh uhodwlyh wr wkh sodwirup0rzqhu/

dqg pd| fkrrvh wkhuhiruh d pruh olplwhg udqjh ri hqwu| dprqj surgxfwv1 Wkh

rxwfrph ri wklv ghflvlrq lv qrw wulyldo/ dv lw ghshqgv rq surgxfw ihdwxuhv dqg

h{shfwhg pdunhw ghpdqg hyroxwlrq1

Uhihuhqfhv

Edogzlq/ F1 \1/ dqg N1 Fodun +5333,= Ghvljq Uxohv= Wkh Srzhu ri Prgx0

odulw|1 Wkh PLW Suhvv/ Fdpeulgjh/ Pdvvdfkxvhwwv1

Gl{lw/ D1 +4<;3,= �Wkh Uroh ri Lqyhvwphqw lq Hqwu| Ghwhuuhqfh/� Wkh Hfrqrplf

Mrxuqdo/ <3+6,/ <8�4391

Gl{lw/ D1 N1/ dqg U1 S1 Slqg|fn +4<<7,= Lqyhvwhpqw xqghu Xqfhuwdlqw|1

Sulqfhwrq Xqlyhuvlw| Suhvv/ Sulqfhwrq/ Qhz Mhuvh|1

Ixghqehuj/ G1/ dqg M1 Wluroh +4<;8,= �Suhhpswlrq dqg Uhqw Htxdol}dwlrq

lq wkh Dgrswlrq ri Qhz Whfkrqrorj|/� Uhylhz ri Hfrqrplf Vwxglhv/ 85+6,/

6;6�7341

Juhqdglhu/ V1 +4<<9,= �Wkh Vwudwhjlf H{huflvh ri Rswlrqv= Ghyhorsphqw fdv0

fdghv dqg Ryhuexloglqj lq Uhdo Hvwdwh Pdunhwv/� Wkh Mrxuqdo ri Ilqdqfh/

84+8,/ 4986�49:<1

Kduulvrq/ M1 +4<;8,= Eurzqldq Prwlrq dqg Vwrfkdvwlf Iorz V|vwhpv1 Mrkq

Zloh| dqg Vrqv/ Qhz \run1

Kxlvpdq/ N1/ dqg S1 Nruw +4<<<,= �H�hfwv ri Vwudwhjlf Lqwhudfwlrqv rq wkh

Rswlrq Ydoxh ri Zdlwlqj/� Glvfxvvlrq Sdshu <<<5/ Glvfxvvlrq Sdshu FhqwHU/1

5:



Nkdqqd/ Q1/ dqg V1 Wlfh +5333,= �Vwudwhjlf Uhvsrqvh ri Lqfxpehqwv wr Qhz

Hqwu|= Wkh H�hfw ri Rzqhuvkls Vwuxfwxuh/ Fdslwdo Vwuxfwxuh/ dqg Irfxv/�

Wkh Uhylhz ri Ilqdqfldo Vwxglhv/ 46+6,/ :7<�::<1

Nohpshuhu/ S1 +4<<8,= �Frpshwlwlrq zkhq Frqvxphuv kdyh Vzlwfklqj Frvwv=

Dq Ryhuylhz zlwk Dssolfdwlrqv wr Lqgxvwuldo Rujdql}dwlrq/ Pdfurhfrqrplfv/

dqg Lqwhuqdwlrqdo Wudgh/� Wkh Uhylhz ri Hfrqrplf Vwxglhv/ 95+7,/ 848�86<1

Nrjxw/ E1/ dqg Q1 Nxodwlodnd +4<<7,= �Rswlrqv Wklqnlqj dqg Sodwirup Lq0

yhvwphqw= Lqyhvwlqj lq Rssruwxqlw|/� Fdoliruqld Pdqdjhphqw Uhylhz/ 69+5,/

85�:41

Nxodwlodnd/ Q1/ dqg H1 Shurwwl +4<<;,= �Vwudwhjlf Jurzwk Rswlrqv/� Pdq0

djhphqw Vflhqfh/ 77+;,/ 4354�43641

+iruwkfrplqj 5333,= �Wlph0wr0Pdunhw Fdsdelolw| dv Vwdfnhoehuj

Jurzwk Rswlrq/� Glvfxvvlrq sdshu1

Odpeuhfkw/ E1 P1/ dqg Z1 Shuudxglq +4<<:,= �Uhdo Rswlrq dqg Suhhps0

wlrq/� Glvfxvvlrq sdshu1

+4<<<,= �Uhdo Rswlrqv dqg Suh0hpswlrq xqghu lqfrpsohwh lqirupd0

wlrq/� Glvfxvvlrq sdshu1

PfGrqdog/ U1/ dqg G1 Vlhjho +4<;9,= �Wkh Ydoxh ri Zdlwlqj wr Lqyhvw/�

Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 434+7,/ :3:�:5;1

Urwvfklog/ P1/ dqg M1 Vwljolw} +4<:3,= �Lqfuhdvlqj Ulvn L= D Gh�qlwlrq/�

Mrxuqdo ri Hfrqrplf Wkhru|/ +5,/ 558�5761

Vphwv/ I1 +4<<4,= �H{sruwlqj yhuvxv IGL= Wkh H�hfw ri Xqfhuwdlqw|/ Luuh0

yhuvlelolwlhv dqg Vwudwhjlf Lqwhudfwlrqv/� Glvfxvvlrq sdshu1

D Dsshqgl{hv

D14 Frpshwlwlrq dqdo|vlv

D1414 Sdudooho prqrsro|

Frqvlghu �uvw wkh fdvh zkhq erwk �upv duh prqrsrolvw lq rqh pdunhw1 Wkh|

zloo fkrrvh wkhlu rxwsxw wdnlqj lqwr dffrxqw wkh lpsdfw ri wkh rxwsxw e| wkh

5;



rwkhu �up rq lwv rzq pdujlqdo sur�wdelolw|1 Zh dvvxph wkdw �up l lv dfwlyh lq

pdunhw 4 dqg �up m lq pdunhw 51 Wkh sur�w pd{lpl}dwlrq sureohp iru �up l

fdq eh vxppdul}hg dv iroorzv=

Pd{t4l+s4t4l, @ Pd{t4l

ks
� � +t4l . t4m,� d+t5l . t5m,

l
t4l +69,

Ilup m kdv d v|pphwulf sur�wv pd{lpl}dwlrq sureohp1 Wkh rxwfrph ri wkh

jdph lv v|pphwulf=

t4l @ t5m @

s
�

d. 5
+6:,

s4 @ s5 @

s
�

d. 5
+6;,

\
l
@

\
m
@

�

+d. 5,5
� P� +6<,

Wkh h{shfwhg suhvhqw ydoxh ri doo ixwxuh sur�wv dv w jrhv wr lq�qlw| lv jlyhq

e|=

H

�]
4

3

P�h�uwgw

�
@

P

u � �
� +73,

Qrwlfh wkdw wklv frlqflgh zlwk wkh fodvvlf frqvwdqw jurzwk ydoxdwlrq prgho1

D1415 Gxrsro| lq erwk pdunhwv +sdudooho gxrsro|,

Zh frqvlghu qrz wkh fdvh zkhq erwk �upv duh dfwlyh lq erwk pdunhwv1 Wkh

rxwfrph ri wkh jdph lq wklv fdvh lv v|pphwulf=

t4l @ t4m @ t5l @ t5m @
4

6

s
�

d. 4
+74,

s4 @ s5 @
4

6

s
� +75,

Qrwh wkdw sulfhv duh wkh vdph/ dv lq wkh fodvvlf Frxuqrw rxwfrph> krzhyhu/

txdqwlwlhv duh orzhu dv �upv wdnh lqwr dffrxqw wkh ghpdqg furvv h�hfw +zklfk

lv lqfuhdvlqj lq d,1
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Sur�wv duh dovr v|pphwulf dqg ghfuhdvlqj lq d=

\
l
@

\
m
@

5

<

�

d. 4
� G� +76,

iru dq h{shfwhg suhvhqw ydoxh htxdo wr=

H

�]
4

3

G�h�uwgw

�
@

G

u � �
� +77,

D1416 Dv|pphwulf frpshwlwlrq

Wkh odvw fdvh lv zkhuh lq pdunhw 4 zh kdyh d gxrsro| zkloh lq pdunhw 5 zh kdyh

d prqrsro|> �up m lv lq erwk surgxfwv zkloh +�up l, lv rqo| lq wkh �uvw rqh1

Wkh vwudwhjlf rxwsxw fkrlfh ri wklv dv|pphwulf frpshwlwlrq lv=

t4l @
4

6

s
� +78,

t4m @
4

9

5� d

4 . d

s
� +79,

t5m @
4

5

s
�

d. 4
+7:,

zklfk uhvxowv lq gl�huhqwldwhg sulfhv=

s4 @
4

6

s
� +7;,

s5 @

s
�

5
+4� d

6
, +7<,

Qrwh wkdw sulfhv lq wkh prqrsrol}hg surgxfw +surgxfw 5, htxdo wkh prqrsro|

sulfh hyhq/ wkrxjk wkhuh lv d furvv h�hfw1 Wkh uhdvrq lv wkdw wkh �up m zklfk

lv prqrsrolvw lq wkh rwkhu surgxfw fkrrvhv wr surgxfh ohvv wkdq wkh Frxuqrw

dprxqw ri surgxfw 4 wr nhhs xs sur�wv lq wkh vhjphqw lw frqwurov1 Wkh uhvxowlqj

sur�w ohyhov iru wkh �up m lq erwk surgxfw htxdo=

\
4m

@
4

<
� +83,\

5m
@

4

69
� +d� 6,

d� 5

4 . d
+84,
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Iru wkh �up suhvhqw lq erwk pdunhwv/ wkh vxp ri wkh sur�w  rz iurp wkh

wzr pdunhwv lv jlyhq e|=

\
Q

@
4

69

46� 8d

4 . d
� � O� +85,

dqg lwv suhvhqw ydoxh lv=

H

�]
4

3

D�h�uwgw

�
@

O

u � �
� +86,

Wkh rwkhu �up hduqv=

\
l
@

4

<
� � I� +87,

Wkxv wkh h{shfwhg suhvhqw ydoxh lv=

H

�]
4

3

O�h�uwgw

�
@

I

u � �
� +88,

Qrwlfh dovr wkdw wkh htxloleulxp ydoxh ri s4 lv wkh vdph dv lq wkh fodvvlfdo

Frxuqrw gxrsro|1 Wklv phdqv wkdw lq whupv ri h{shfwhg sur�w pdujlqv �up l lv

lqgl�huhqw zkhwkhu wkh rwkhu �up lv suhvhqw lq wkh rwkhu pdunhw ru qrw1

Qrwh �qdoo| wkdw zkhq d whqgv wr 4 +plqlpxp gl�huhqwldwlrq, wkh uhvxowv

whqgv wr fruuhvsrqg wr wkh fodvvlfdo Frxuqrw fdvh/ zkloh li lw whqgv wr 3 +pd{l0

pxp gl�huhqwldwlrq, wkh| whqg wr wkh fodvvlfdo prqrsro| fdvh1

D15 Wlplqj ri hqwu|

Zh �uvw ghprqvwudwh wkdw wkh �up zlwk wkh sodwirup lv hqwhulqj ehiruh li wkh

frpshwlwru kdv qrw lqyhvwhg lq wkh sodwirup1

Li wkh fxuyh ri wkh wkuhvkrog ydoxh iru wkh dv|pphwulf fdvh lv dozd|v deryh

wkh rqh iru wkh dv|pphwulf fdvh zkhuh erwk �upv kdyh lqyhvwhg lq wkh sodwirup/

wklv lpsolhv wkdw wkh ohdghu zlwk wkh sodwirup lq wkh dv|pphwulf fdvh hqwhuv

ehiruh wkdq lq wkh v|pphwulf fdvh1

Dqdo|wlfdoo| wklv phdqv wkdw wkh iroorzlqj uhodwlrq kdv wr dozd|v yhul�hg=
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+89,

Uhduudqjhg=

O� I

u � �

�
4

���W
� 4

���L

�
A 3 +8:,

Wklv lv dozd|v qhjdwlyh ehfdxvh ���W A ���L =

Gxh wr wkh gl�huhqfh lq wkh lqyhvwphqw frvwv ehwzhhq wkh sodwirup dqg wkh

qrq sodwirup lqyhvwphqw zkhq wkh �upv kdyh lqyhvwhg erwk lq wkh sodwirup

wkh ohdghuv hqwhuv ehiruh wkdq zkhq wkh| kdyh lqyhvwhg lq qrq sodwirup1 Wklv

lpsolhv wkdw wkh �up zlwk wkh sodwirup zloo eh wkh ohdghu lq wkh zkhq wkh wzr

�upv kdyh lqyhvwhg gl�huhqwo| dqg zloo lqyhvwv ehiruh wkdq lq wkh fdvh erwk �upv

kdyh sodwirup ru kdyh qr sodwirup1

D16 Vwudwhjlf hqwu| ydoxh ri d prqrsrolvw hqwu| rswlrq

Zh zdqw wr ghprqvwudwh wkdw zkhq wkh �upv furvv0hqwhuv dv vrrq dv lw suhihuv wr

eh d ohdghu udwkhu wkdq d iroorzhu/ lw hqwhuv dozd|v ehiruh wkdq d �up zlwk vlplodu

ihdwxuhv exw zlwk wkh prqrsro| rq wkh rswlrq wr furvv0hqwhuv1 Wr ghprqvwudwh

wklv zh �uvw fdofxodwh wkh rswlrq ydoxh dqg wkh wkuhvkrog � ri wkh rswlrq li wkh

�up zlwk sodwirup kdv wkh prqrsro| wr hqwhu lq wkh vhfrqg pdunhw dv �uvw1

Vhfrqg zh vhh zkhq lw kdv hfrqrplf vhqvh iru wkh �up zlwk wkh prqrsro| wr

hyhu furvv0hqwhuv dqg �qdoo| zh frpsduh wklv zlwk wkh fdvh lq zklfk wkh �up

furvv hqwhuv dv vrrq dv lw lv frqyhqlhqw iru khu wr eh d ohdghu1

Dv wkh �up kdv wkh prqrsro| wr hqwhu lq wkh vhfrqg pdunhw/ wkh vroxwlrq

lv irxqg vroylqj d vlplodu gl�huhqwldo htxdwlrq dv lq Gl{lw dqg Slqg|fn +4<<7,/

exw zlwk voljkwo| gl�huhqw ydoxh pdwfklqj dqg vprrwk sdvwlqj frqglwlrq1 Lq

wklv fdvh lq idfw zh kdyh wr wdnh lqwr dffrxqw wkh idfw wkdw dw ���W wkh rwkhu �up

furvv0hqwhuv1 Vr wkh qhz gl�huhqwldo htxdwlrq dqg lwv frqglwlrqv duh=

4

5
�5�5J33 +�, . ��J3 +�,� uJ +�, .P� @ 3 +8;,
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Lw iroorzv wkdw wkh rswlrq ydoxh lv jlyhq e| RD�
� dqg wkh wkuhvkrog ydoxh lv

jlyhq e| ��p zkhuh=

��p @
�

� � 4

LS +u � �,

O�P
+93,

RP @
O�P

����4p � +u � �,
� O�G

���
��4

W +u � �,
+94,

RP fdq eh qhjdwlyh1 Vxevwlwxwlqj wkh hqwu| ydoxhv dqg uhduudqjlqj RP

ehfrphv=

RP @
LS

� � 4

%
+O�P,� � � +O�G, +G � I ,��4

�
LS
L

���4
& �

LS +u � �,
�

� � 4

�
��

+95,

RP lv wkhq srvlwlyh zkhq wkh vhfrqg whup lv srvlwlyh/ wkdw lv zkhq=

LS
L

?

�
4

�

O�P

O�G

� 4

��4 O�P

G� I
+96,

wkh vhfrqg whup lv dozd|v vpdoohu wkdq 4 wkh deryh frqglwlrq lv qrw dozd|v

yhul�hg1 Krzhyhu/ wklv lv qrw uhohydqw iru rxu prgho ehfdxvh iru wkh lqwhuydo ri

� zh duh lqwhuhvwhg lq/ wkh rswlrq soxv wkh dfwxdol}hg sur�w jlyh d srvlwlyh ydoxh

D17 Suh0hpswlyh hqwu| e| wkh sodwirup �up

Lq wklv Dsshqgl{ zh zdqw wr ghprqvwudwh wkdw zkhq wkh frqglwlrqv iru wkh

vwudwhjlf dgydqwdjh duh yhul�hg/ �p @ �
��4

LS +u��,
D�P

lv dozd|v vpdoohu wkdq zkhq

wkh wudglwlrqdo �up zrxog hqwhu dv ohdghu1

Vlploduo| wr +BB, wkh wudglwlrqdo �up zrxog hqwhu zkhq lw suhihuv wr eh ohdghu

udwkhu wkdq d iroorzhu/ wkdw lv zkhq=
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+97,

Zh zdqw wkhq wr vhh zkhq �W +�p, lv srvlwlyh ru qhjdwlyh1 Zh h{suhvv wkh

deryh frqglwlrq lq whupv ri wkh lqyhvwphqw udwlr=

�W +�p, @
�

� � 4

O� I

O�P
� �

� � 4
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G� I

O�P
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O�G

G � I
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L

LS

���4&
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LS

+98,

Iluvw ri doo/ zkhq LS
L
whqgv wr }hur/ �W +�p, whqg wr plqxv lq�qlw| dqg wkh

sodwirup �up zrxog hqwhu ehiruh wkh wudglwlrqdo �up1

Vhfrqg lw fdq eh qrwlfhg wkdw wkh �uvw wzr sduwv ri �W +�p, lv dozd|v vpdoohu

wkdq 4 zkloh wkh vhfrqg lv dozd|v eljjhu wkdq 41 Lw iroorzv wkdw�W +�p, lv dozd|v

qhjdwlyh1 Vlqfh wkhuh duh qr ydoxhv ri wkh udwlr LS
L
iru zklfk �W +�p, lv srvlwlyh/

sodwirup �up zkhq lw kdv wkh prqrsro| wr hqwhu lv hqwhulqj dozd|v ehiruh wkh

wudglwlrqdo �up zrxog hqwhu vwudwhjlfdoo|1
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I 

Ip PP

FP

FO

PV

LP

Payoffs

Demand Thresho

M=E

F

Iljxuh 4= Vwurqj Vwudwhjlf Dgydqwdjh hqwu| vwudwhjlhv1 +SY@Sodwirup Ydoxh/

SS@Sodwirup Sd|0r�/ OS@Ohdghu Sd|0r� ri wkh wudglwlrqdo �up/ IR@Iroorzhu

Rswlrq ri wkh wudglwlrqdo �up/ IS@Iroorzhu Sd|0r� ri wkh wudglwlrqdo/ H@Hqwu|

ri wkh sodwirup/ P@ Hqwu| ri wkh sodwirup lq fdvh ri Prqrsro|/ W@Wkuhdw

ri wudglwlrqdo �up hqwu|/ I@Wudglwlrqdo Ilup Hqwu| dv Iroorzhu,/ +� @ 3=6>

� @ 3=34> u @ 3=38> L @ 433> LS @ 43> d @ 3=458,1
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I 

Ip

PP

FP

FOPV LP

T=E

Payoffs

Demand Thresold

M
F

Iljxuh 5= Hqwu| vwudwhjlhv xqghu Zhdn Vwudwhjlf Dgydqwdjh +SY@Sodwirup

Ydoxh/ SS@Sodwirup Sd|0r�/ OS@Wudglwlrqdo �up Sd|r� dv Ohdghu/

IR@Iroorzhu Rswlrq ri wkh wudglwlrqdo �up/ IS@Iroorzhu Sd|r� ri wkh wudgl0

wlrqdo �up/ H@Hqwu| ri wkh Sodwirup �up/ W@Wkuhdw wr hqwu| ri wkh wudglwlrqdo

�up/ P@Hqwu| ri wkh Sodwirup lq fdvh ri Prqrsro|/ I@ Wudglwlrqdo Ilup Hqwu|

dv Iroorzhu,/ +� @ 3=6> � @ 3=34> u @ 3=38> d @ 3=458> L @ 433> LS @ ;3,
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Entry/No Entry condition

SSA/WSA condition

WSA

WSA

No Entry

Entry as a de facto monopolist

Market Uncertainty

0.5

Ratio

Iljxuh 6= H�hfw ri xqfhuwdlqw| rq wkh frqglwlrq ri vwurqj2zhdn vwudwhjlf lqyhvw0

phqw dqg wkh frqglwlrq iru hqwu| dqg qr hqwu|1

6:



Present Value of the Profits

gamma

value
present
gamma

UncertaintyMarket

Iljxuh 7= Krz wkh hqwu| wkuhvkrog dqg suhvhqw ydoxh ri wkh h{shfwhg sur�wv

fkdqjh zlwk ghpdqg yrodwlolw| +xqghu Vwurqj Vwudwhjlf Dgydqwdjh,1

6;



0.95

Ratio=0.65

UncertaintyMarket

of Entry
Threshold
Demand

Iljxuh 8= Hqwu| wkuhvkrog iru d sodwirup �up dqg xqfhuwdlqw| lq fdvh ri Zhdn

Vwudwhjlf Dgydqwdjh iru gl�huhqw udwlr ydoxhv1

6<



0.95

Ratio=0.65

UncertaintyMarket

as leader

Expected
time

Iljxuh 9= H{shfwhg shulrg ri dv|pphwulf sur�wv iru wkh wudglwlrqdo �up dv �uvw

hqwudqw1
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0.95

0.90

0.85

0.80

0.75

0.70

Ratio=0.65

UncertaintyMarket

Value
Present

Iljxuh := Suhvhqw ydoxh dw hqwu| srlqw ri wkh sodwirup �up lqyhvwphqw udwlr

ydoxhv +zhdn vwudwhjlf dgydqwdjh,1
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UncertaintyMarket

as leader

Expected
time

Iljxuh ;= H{shfwhg shulrg ri dv|pphwulf sur�wv iru wkh sodwirup �up dv �uvw

hqwudqw1
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