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4 Lqwurgxfwlrq

Wkh ydoxh ri d surmhfw iroorzv qrw rqo| iurp lwv glvfrxqwhg fdvk  rz exw vkrxog lq0

foxgh qhz rswlrqv dqg ixwxuh rssruwxqlwlhv1 Wkxv/ d surmhfw pljkw eh wkrxjkw ri dv d

frpsrxqg uhdo rswlrq1 Lw lv qrw xqfrpprq wkdw d ghflvlrq0pdnhu pd| kdyh wr ghflgh

ehwzhhq frpshwlqj surmhfwv dqg/ pruhryhu/ prvw lqyhvwphqw ghflvlrqv hperg| rshudw0

lqj  h{lelolwlhv zklfk pxvw eh hqgrjhql}hg zkhq dvvhvvlqj surmhfwv1 Wkhvh rshudwlqj

rswlrqv frqihu srvvlelolwlhv ri ixwxuh dgmxvwphqwv lq uhvsrqvh wr fkdqjhv lq hfrqrplf

frqglwlrqv1 Wkh �up lv d frpelqdwlrq ri dvvhwv dqg rswlrqv/ dqg pd| eh ylhzhg dv d

sruwirolr ri surmhfwv dqg fxuuhqw uhdo dvvhwv/ r�hulqj pdqdjhuv wkh delolw| wr g|qdplfdoo|

rswlpl}h wklv sruwirolr e| h{sorlwlqj lqwhudfwlrqv ehwzhhq rswlrqv + h{leoh, dqg h{lvwlqj

dvvhwv +luuhyhuvleo| khog,1

Pdq| sdshuv lq wkh olwhudwxuh rq uhdo rswlrqv frqvlghu sruwirolrv ri uhdo rswlrqv lq dq

lpsolflw pdqqhu1 Wuljhrujlv +4<<6, wuhdwv ydoxdwlrq ri lqyhvwphqwv zlwk pxowlsoh rswlrqv

dqg vkrzv wkh qhfhvvlw| ri vlpxowdqhrxv hydoxdwlrq gxh wr rswlrqv lqwhudfwlrqv dqg qrq0

dgglwlylw| ri wkhlu ydoxhv1 Nxodwlodnd +4<<8, lqyhvwljdwhv wkh h�hfw ri lqwhughshqghqflhv

ehwzhhq rswlrqv rq wkh ydoxdwlrq dqg rshudwlqj uxohv iru d pxowlsoh rswlrqv surmhfw1

Fklogv/ Rww dqg Wuldqwlv +4<<;, dqdo|}hv lqwhudfwlrq ehwzhhq wzr surmhfwv dqg wkh fkrlfh

ri d ghyhorsphqw vwudwhj| +sdudooho ru vhtxhqwldo, nqrzlqj wkdw rqo| rqh surmhfw fdq

eh lpsohphqwhg1 Kh dqg Slqg|fn +4<<5, h{dplqhv lqyhvwphqwv lq  h{leoh surgxfwlrq

fdsdflw|1 Wkh sureohp frqvlghuhg lv zkhwkhu wr ex|  h{leoh ru qrq0 h{leoh htxlsphqw

dqg krz pxfk fdsdflw| wr lqyhvw lq1 Hsdxodug dqg Jdoorq +5334, dqdo|}h wkh ghflvlrq

wr lqyhvw lq dq Hxurshdq Suhvvxulvhg0zdwhu Uhdfwru surwrw|sh wkdw zrxog hqdeoh wkh

ghflvlrq pdnhu wr kdyh wkh fkrlfh ehwzhhq qxfohdu srzhu sodqwv dqg jdv0�uhg sodqwv

zkhq frphv wkh wlph ri uhsodflqj wkh h{lvwlqj qxfohdu srzhu vwdwlrqv lq Iudqfh1

Eurvfk +5334, ghdov zlwk sruwirolr dvshfwv ri uhdo rswlrqv1 Kh srlqwv rxw wkuhh uho0

hydqw dvshfwv= �uvw/ wkh gluhfw txdolwdwlyh lqwhudfwlrqv ehwzhhq h{lvwlqj surmhfwv dqg

srwhqwldo rqhv +qrq0vwrfkdvwlf uhodwlrqvklsv uhvxowlqj iurp sk|vlfdo surshuwlhv= vxevwl0

wxwh/ frpsohphqw,> vhfrqg/ rswlrqv lqwhudfwlrqv uhvxowlqj iurp wkh idfw wkdw wkh| d�hfw



wkh xqghuo|lqj dvvhwv> dqg wklug/ fruuhodwlrq/ zklfk lv ri lpsruwdqfh rqo| li surmhfwv h{0

klelw lqwhudfwlrq dqg kdyh wr eh sulfhg vlpxowdqhrxvo|1 Dv Eurvfk +5334,/ zh hpskdvl}h

wkdw glyhuvl�fdwlrq ri d sruwirolr ri uhdo rswlrqv pxvw qrw eh ylhzhg lq d fodvvlfdo zd|=

rqh idlov wr lghqwli| wkh dgglwlrqdo ydoxh fuhdwhg e| d uhdo rswlrqv sruwirolr li rqh rqo|

frqvlghuv wkh vwrfkdvwlf uhodwlrqvkls +fruuhodwlrq, ehwzhhq wkh pdunhw ydoxhv ri vhsdudwh

surmhfwv/ zkloh glvuhjduglqj rshudwlqj rswlrqv1

Lq wklv sdshu/ zh dgrsw d sruwirolr dqdo|vlv lq d uhdo rswlrqv iudphzrun> pruh suh0

flvho|/ zh vwxg| dq lqyhvwphqw sureohp zkhq frpshwlqj whfkqrorjlhv duh deoh wr dfklhyh

d vshfl�f surgxfwlrq remhfwlyh zkloh kdylqj wkh srwhqwldo wr jhqhudwh rshudwlqj rswlrqv1

Zh suhvhqw d prgho zkhuh d �up kdv dq h{foxvlyh rssruwxqlw| wr dftxluh surgxfwlrq

xqlwv ri d jlyhq fdsdflw|1 Wzr whfkqrorjlhv duh dydlodeoh1 Wkhvh whfkqrorjlhv kdyh gl�hu0

hqw ulvn fkdudfwhulvwlfv ehfdxvh +vd|, wkh| uho| rq gl�huhqw lqsxwv zlwk gl�huhqw sulfhv

yrodwlolwlhv1 Ehvlghv wkh fkrlfh ehwzhhq wkh wzr frpshwlqj whfkqrorjlhv/ wkh lqyhvwru kdv

wr ghflgh krz pdq| fdsdflw| xqlwv wr lqvwdoo +jurzwk rswlrqv, zlwk qr frqvwudlqwv rq

whfkqrorjlfdo xqliruplw| ru wlplqj1 Wkxv wkh �up pd| ghflgh wr krog }hur xqlwv/ rqh

xqlw ri hlwkhu w|sh/ wzr xqlwv ri rqh w|sh/ wzr xqlwv ri wkh dowhuqdwlyh w|sh/ rqh xqlw ri

hdfk w|sh/ hwf1 Zh olplw wkh dqdo|vlv wr wzr xqlwv/ exw wkh phwkrgrorj| fdq eh h{whqghg

wr pdq| xqlwv1

Fkdqjhv lq wkh surgxfwlrq vfdoh ri dq| xqlw ri fdsdflw| duh frvwohvv> wklv jlyhv d

whfkqrorjlfdoo| glyhuvl�hg �up d fhuwdlq rshudwlqj  h{lelolw| wr dgmxvw wr  xfwxdwlrqv

lq lqsxw sulfhv1 Wklv rshudwlqj  h{lelolw| lv vlplodu wr d vzlwfk rswlrq exw gl�huv lq

wzr lpsruwdqw zd|v= �uvw dq| frpelqdwlrq ri surgxfwlrq ehwzhhq wzr xqlwv lv srvvleoh/

vxemhfw wr wkh fdsdflw| ri hdfk xqlw> vhfrqg wkh rshudwlqj  h{lelolw| rswlrq pd| eh

dftxluhg dv d rqh vkrw sxufkdvh ri wzr fdsdflw| xqlwv/ ru dv d ghflvlrq wr h{whqg fdsdflw|

e| fkrrvlqj d gl�huhqw whfkqrorj| dw wkh vhfrqg dftxlvlwlrq1 Wklv dssduhqwo| ehqljq

ihdwxuh lq wkh dftxlvlwlrq surfhvv ri d whfkqrorj| wkdw/ h{ srvw/ pd| eh frqvlghuhg d

 h{leoh xqlw/ wxuqv rxw wr pdnh pd| wdnh sodfh lq wzr vwhsv

Lq wkh prgho ghvfulehg deryh/ zlwk lwv pxowlsoh xqghuo|lqj rswlrqv/ zh dqdo|}h wkh

rshudwlrqdo dqg lqyhvwphqw ghflvlrq surfhvvhv dqg vkrz krz dqg xqghu zklfk frqglwlrqv
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sruwirolr rswlpl}dwlrq ohdgv wr d whfkqrorjlfdoo| glyhuvl�hg/ ru d vshfldol}hg/ sruwirolr1

Wkh dqdo|vlv hpskdvl}hv wkdw surmhfw hydoxdwlrq lv �up dqg klvwru| vshfl�f lq vxfk d

frqwh{w1

5 Wkh prgho=

D �up idfhv d pd{lpxp ghpdqg ri ' ' � zklfk lv frqvwdqw ryhu wlph1 Lw pd| vdwlvi|

rqo| sduw/ ru wkh wrwdolw|/ ri wkdw ghpdqg li lw zlvkhv wr dqg li lw krogv wkh uhtxluhg

fdsdflw|1 Wr vwuls wkh sureohp ri dq| qrq fuxfldo frpsolfdwlrq/ zh ixuwkhu dvvxph wkdw

wkh xqlw sulfh � lv h{rjhqrxv wr wkh �up1 Wklv dvvxpswlrq lv qrw fuxfldo exw doorzv

xv wr devwudfw iurp vxfk lvvxhv dv fdqledolvp ru vwudwhjlf ehkdylru/ dqg wr frpsduh

whfkqrorjlhv rq wkhlu rzq vdnh1 Wkh �up krogv wkh rssruwxqlw| ri lqyhvwlqj lq glvfuhwh

xqlwv ri surgxfwlrq ri �{hg fdsdflw| b' zlwk �

2
	 b 	 �> wkxv lw zloo kdyh wr exlog dw

ohdvw wzr sodqwv dqg qr pruh wkdq wzr sodqwv li lw �qgv lw rswlpdo wr surgxfh dqg vhoo

d txdqwlw| ' ' �1 Lw pd| dovr devwdlq iurp exloglqj dq| fdsdflw| ru dftxluh rqo| rqh

xqlw dqg vdwlvi| rqo| sduw ri wkh ghpdqg1

Wzr gl�huhqw whfkqrorjlhv duh dydlodeoh> wkh| gr qrw ghsuhfldwh dqg odvw iruhyhu rqfh

lq sodfh1 Rshudwlqj d sodqw zlwk wkh �uvw rqh/ uhihuuhg wr dv Whfkqrorj| D/ hqwdlov d

frqvwdqw frvw � shu xqlw ri rxwsxw1 Zh dvvxph wkdw � lv dozd|v orzhu wkdq � E|�1 Rqh

fdq wklqn ri Whfkqrorj| D dv fhuwdlq lq wkdw qhlwkhu wkh sulfh ri lwv lqsxwv qru wkh

surgxfwlrq surfhvv lwvhoi duh vxemhfw wr  xfwxdwlrqv1 Wkh vhfrqg dydlodeoh surgxfwlrq

surfhvv/ uhihuuhg wr dv Whfkqrorj| E/ uholhv rq d vshfl�f lqsxw zkrvh sulfh ydulhv vwr0

fkdvwlfdoo|/ ru lv vxemhfw wr whfkqrorjlfdo xqfhuwdlqw|/ vr wkdw lwv xqlw surgxfwlrq frvw 7

iroorzv d jhrphwulf Eurzqldq prwlrq zlwk }hur guliw1

_7

7
' j_5 +4,

Wkh �up revhuyhv wkh fxuuhqw ydoxh 7E|�/ dqg nqrzv wkdw 7 hyroyhv ryhu wlph zlwk d

yrodwlolw| j phdvxuhg e| j1

Wkh frvw U ri dftxlulqj dqg lqvwdoolqj d surgxfwlrq xqlw +ri fdsdflw| b, lv wkh vdph
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zkdwhyhu whfkqrorj| lv fkrvhq dqg lv luuhfryhudeoh1 Wkh �up kdv wkh srvvlelolw| ri

lqyhvwlqj lq d pd{lpxp ri wzr surgxfwlrq xqlwv4 zlwk qr frqvwudlqwv rq wkh wlplqj ru

wkh vhtxhqfh ri lqyhvwphqw/ qru rq wkh fkrlfh ri whfkqrorj|1 Dw dq| wlph/ wkh ydoxh ri

wkh �up lv htxdo wr wkh ydoxh ri lwv lqvwdoohg fdsdflw| soxv wkh ydoxh ri lwv rswlrqv vwloo

dolyh1

Zh dvvxph wkdw
� � �

o
E� � b� : U +5,

Wklv dvvxuhv wkdw ex|lqj Whfkqrorj| D lv d sur�w pdnlqj dowhuqdwlyh/ qrw rqo| dv d �uvw

exw dovr dv d vhfrqg/ lqyhvwphqw/ zkhuh wkh vhfrqg xqlw ri surgxfwlrq zrxog eh xvhg lw

dw d udwh �3b

b
ri lwv fdsdflw|/ lq vxfk d zd| dv wr vxsso| wkh hqwluh ghpdqg zkloh xvlqj

wkh �uvw xqlw dw ixoo fdsdflw|1 Dv zloo eh vhhq/ wklv grhv qrw uxoh rxw zdlwlqj wr lqyhvw/

ru fkrrvlqj Whfkqrorj| E/ dv udwlrqdo dowhuqdwlyhv> wklv dvvxpswlrq rqo| hqvxuhv wkdw

zh gr qrw vwxg| d ghjhqhudwh sureohp zkhuh lqyhvwlqj lq d vhfrqg xqlw ri Whfkqrorj|

D zrxog eh uxohg rxw e| wkh fkrlfh ri sdudphwhuv1

E| fkrrvlqj ehwzhhq Whfkqrorj| D dqg Whfkqrorj| E/ wkh �up fkrrvhv wkh whfkqr0

orjlfdo frpsrvlwlrq ri lwv dvvhwv/ dqg wkxv/ wkh ghjuhh ri ulvn dw zklfk fkdudfwhul}lqj lwv

ixwxuh fdvk  rzv1

Li wkh �up krogv wzr xqlwv ri surgxfwlrq/ lwv wrwdo fdsdflw| ri 2b h{fhhgv ghpdqg1

Dvvxplqj wkdw ydu|lqj wkh udwh ri rxwsxw surgxfwlrq ri d sodqw lv frvwohvv/ wklv phdqv

wkdw ehlqj whfkqrorjlfdoo| glyhuvl�hg lv htxlydohqw wr srvvhvvlqj d  h{leoh surgxfwlrq

v|vwhp zlwk d srwhqwldo iru g|qdplf pdqdjhphqw1 Lqghhg/ vxfk d �up lv deoh wr rujdql}h

surgxfwlrq lq vxfk d zd| wkdw wkh orzhvw frvw whfkqrorj| surgxfhv dw ixoo fdsdflw|/

dfrxqwlqj iru d odujhu sursruwlrq b' ri wrwdo rxwsxw zkloh wkh vhfrqg sodqw surylghv

wkh uhpdlqlqj txdqwlw| E� � b�1 Lq wkdw fdvh/ surgxfwlrq ghflvlrqv duh prghohg dv d

4Wklv dvvxpswlrq uhgxfhv wkh vl}h ri wkh sureohp zlwkrxw uhprylqj dq| lqwhuhvwlqj fkdudfwhulvwlfv1

Zlwkrxw wkdw dvvxpswlrq lw zrxog eh frqfhlydeoh/ dqg rswlpdo lq vrph sdudphwhu frq�jxudwlrqv dqg

ohyhov ri V> wkdw wkh �up dftxluh d pd{lpxp ri wzr fdsdflw| xqlwv ri hdfk whfkqrorj|1 Wkh phwkrgrorj|

suhvhqwhg khuh fdq hdvlo| eh dgdswhg wr fryhu wkhvh srvvlelolwlhv/ dv lw frxog dovr eh dgdswhg wr frqvwdqw

udwh ghsuhfldwlrq1
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frqwlqxrxv vhtxhqfh ri elqdu| fkrlfhv edvhg rq wkh hyroxwlrq ri wkh vwrfkdvwlf frvw 7>

wklv lv ghvfulehg lq ghwdlo lq wkh qh{w vhfwlrq1

Ehiruh dqdo|vlqj wkh ydulrxv ghflvlrqv idfhg e| d �up lq vxfk d frqwh{w/ lw lv xvhixo

wr h{dplqh wkh vshfldo fdvh zkhuh 7 lv nqrzq� Wkh �up dftxluhv wzr lghqwlfdo fdsdflw|

xqlwv vlpxowdqrxvo| dw wkh ehjlqqlqj ri wkh shulrg1 Wkhuh lv qr qhhg iru whfkqrorjlfdo

glyhuvl�fdwlrq qru iru vsuhdglqj wkh lqyhvwphqwv1 Lqghhg/ shuihfw fhuwdlqw| lpsolhv wkdw

wkh fxuuhqw vlwxdwlrq zloo qrw fkdqjh1 Wkxv/ li dq| dfwlrq lv wr eh wdnhq/ lw pxvw eh

wdnhq lpphgldwho| lq rughu qrw wr srvwsrqh sur�wv1 Vlqfh Whfkqrorj| D lv sur�wdeoh e|

dvvxpswlrq E2� erwk dv d �uvw dqg dv d vhfrqg xqlw/ wkh rqo| frqvlghudwlrq lv zkhwkhu

Whfkqrorj| D lv vxshulru wr E ru ylfh yhuvd1 Wkxv li 7 : �/ wzr xqlwv ri D duh dftxluhg

lpphgldwho|> lq wkh dssrvlwh fdvh/ wzr xqlwv ri Whfkqrorj| E duh dftxluhg lpphgldwho|1

Glyhuvl�fdwlrq pd| eh frqvlghuhg lq wkh olplwlqj fdvh zkhuh frvwv duh lghqwlfdo> wkhq/ lw

lv ri qr frqvhtxhqfh dv lw grhv qrw d�hfw wkh ydoxh ri wkh �up1

Wkh ghflvlrq surfhvv lv pxfk pruh frpsoh{ xqghu xqfhuwdlqw|1 Lq sduwlfxodu dq|

ghflvlrq frqfhuqlqj wkh fhuwdlq Whfkqrorj| D lv frqwdplqdwhg e| wkh xqfhuwdlqw| vxu0

urxqglqj Whfkqrorj| E> dovr/ erwk wkh fkrlfhv ehwzhhq whfkqrorjlhv dqg wkh wlplqj ri

lqyhvwphqwv gl�hu dffruglqj wr wkh �up*v h{lvwlqj dvvhwv1 Wklv lv wkh sruwirolr glphqvlrq

ri wkh dqdo|vlv1 Zh �qg=

� Dowkrxjk surgxfwlrq lv sur�wdeoh/ zdlwlqj pd| eh rswlpdo

� D wulyldo/ fhuwdlq/ surmhfw uhtxluhv d gl�huhqw hydoxdwlrq li lw lv lq frpshwlwlrq zlwk

dqrwkhu/ xqfhuwdlq/ surmhfw>

� Surmhfw hydoxdwlrq ghshqgv rq wkh flufxpvwdqfhv ri wkh �up1

� Lq frqwudvw zlwk �qdqfldo sruwirolrv zkrvh frpsrvlwlrq pxvw phhw uhvwulfwlrqv

vwhpplqj iurp fxuuhqw lqirupdwlrq rqo|/ uhdo sruwirolrv +Whfkqlfdo xqlwv khog e| d

�up, duh ghwhuplqhg dqg frqvwudlqhg e| wkh sdvw1
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6 Hydoxdwlqj �qdo �whfkqrorjlfdo sruwirolrv�

Ohw T��E7� ghqrwh wkh ydoxh ri wkh zkhq lw krogv rqh xqlw ri Whfkqrorj| l dqg rqh xqlw

ri Whfkqrorj| m/ zkhuh �c � ' �c�� Zkhq wkh �up krogv lwv pd{lpxp wrwdo fdsdflw| ri

wzr xqlwv/ lwv uhdo sruwirolr fdq eh whfkqrorjlfdo| vshfldol}hg> lwv ydoxh lv wkhq T�� E7�

ru T�� E7� � Ru wkh uhdo sruwirolr pd| eh glyhuvl�hg> lwv ydoxh lv wkhq T�� E7�1

614 Ydoxhv ri whfkqrorjlfdoo| vshfldol}hg sruwirolrv

Wkh �up*v ydoxh pd{lpl}lqj fkrlfh ri whfkqrorj| dqg fdsdflw| fdq hyhqwxdoo| ohdg wr

Sruwirolr DD frpsrvhg ri wzr xqlwv ri surgxfwlrq/ erwk xvlqj Whfkqrorj| D/ ru wr

Sruwirolr EE frqvlvwlqj ri wzr sodqwv rshudwlqj zlwk Whfkqrorj| E1 Vlqfh Whfkqrorj| D

lv dozd|v sur�wdeoh/ wkh xqlwv zloo dozd|v eh lq rshudwlrq dqg zloo qhyhu eh vkxw grzq

rqfh wkh �up kdv dftxluhg wkhp1 Frqvhtxhqwo|/ wkh ydoxh ri Sruwirolr DD lv

T��E7� '
� � �

o
+6,

Li wkh �up krogv wzr xqlwv ri Whfkqrorj| E/ lw lv srvvleoh iru 7 wr h{fhhg wkh sulfh

dw vrph gdwhv/ lq zklfk fdvh lw lv rswlpdo qrw wr rshudwh wkh xqlwv xqwlo wkh| ehfrphv

sur�wdeoh djdlq/ zkhq 7 E|� � �� Lq wkh �uvw lqvwdqfh wkh lqvwdqw sur�w lv }hur/ zkloh lw

lv � � 7 lq wkh vhfrqg lqvwdqfh1 Wklv lv d yhuvlrq ri wkh zhoo nqrzq sureohp ri d �up

zlwk wkh rswlrq wr vkxw grzq �uvw vroyhg e| PfGrqdog dqg Vlhjho +4<;8,1 Wkh ydoxh ri

wkh �up kroglqj Sruwirolr EE lv

T��E7 E|�� '

;?
=

E� � 7 E|�� _|n e3o_|.|T��E7E|n _|��/ 7 E|� � �

e3o_|.|T��E7E|n _|��/ 7 E|� : �

Dv vkrzq lq wkh Dsshqgl{ +{{qrw dydlodeoh lq wklv yhuvlrq,/ wkh Ehoopdq htxdwlrq

wkdw pxvw eh vdwlv�hg e| wkh ixqfwlrq T��E�� lv

j2

2
S
2

�
T

��

��
E7� n k7T

�

��
E7�� oT��E7� n � � 7 ' f li � � 7

j2

2
S
2

�
T

��

��
E7� n k7T

�

��
E7�� oT��E7� ' f li � 	 7
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Dffruglqj wkh fxuuhqw vwdwh 7 wkdw htxdwlrq dgplwv wkh iroorzlqj vroxwlrqv=

T��E7E|�� � T��E7E|�( rq� ' �7q� n
� � 7E|�

o
/ li � � 7 +8,

T��E7E|�� � T��E7E|�( r�� ' �7q2/ li � 	 7 +9,

zkhuh � dqg � duh srvlwlyh frqvwdqwv wr eh ghwhuplqhg/ dqg

q� ' f�D�
k

j2
n

u
E
k

j2
� f�D�2 n

2o

j2
: � +:,

q2 ' f�D �
k

j2
�

u
E
k

j2
� f�D�2 n

2o

j2
	 f +;,

Wkh �uvw whupv lq +8, dqg lq +9, uhsuhvhqw wkh ydoxh ri wkh  h{lelolw| surylghg e| wkh

rssruwxqlw| wr vzlwfk edfn dqg iruwk iurp rshudwlqj wr ehlqj lqdfwlyh dv pdq| wlphv

dv qhfhvvdu|> wkh �uvw vzlwfk/ li dq|/ lv iurp rshudwlqj wr ehlqj lqdfwlyh/ lq wkh fdvh ri

Htxdwlrq ED�/ dqg wkh rwkhu zd| durxqg lq wkh fdvh ri Htxdwlrq ES� � Wkh vhfrqg whup

lq +8, uh hfw wkh h{shfwhg qhw suhvhqw ydoxh ri vwlfnlqj wr wkh fxuuhqw prgh ri rshudwlrq

iruhyhu/ qhyhu xvlqj wkh rswlrq wr vzlwfk> lwv frxqwhusduw lq ES� lv }hur dv wkh fxuuhqw

prgh grhv qrw |lhog dq| sur�w1

Zkhuh wkh wzr uhjlrqv phhw/ wkh wzr irupv pxvw frqqhfw lq d frqwlqxrxv dqg vprrwk

zd|/ l1h1 wkh| pxvw kdyh wkh vdph ydoxh dqg htxdo ghulydwlyhv dw 7 ' � 51

T��E� ( rq� ' T��E� ( r�� +<,

T �

��
E� ( rq� ' T �

��
E� ( r�� +43,

Frqglwlrqv +<, dqg +43, {{ ghwhuplqh wkh frqvwdqwv � dqg �> erwk duh vwulfwo| srvlwlyh1

� '
�

oEq� � q2�
� E�3q��

� '
�

oEq� � q2�
� E�3q2�

5Vhh Gl{lw dqg Slqg|fn +4<<7,/ s 4;;1

:



615 Ydoxh ri wkh whfkqrorjlfdoo| glyhuvl�hg sruwirolr

Rzqlqj erwk whfkqrorjlhv jlyhv wkh �up dq rshudwlqj rswlrq hqdeolqj lw wr frpelqh lwv

wzr surgxfwlrq xqlwv lq vxfk d zd| dv wr plqlpl}h lwv xqlw frvw jlyhq wkh frvw 7E|�1 Wzr

prghv ri rshudwlrq pd| eh rswlpdo dffruglqj wr wkh ydoxh ri 7=

� prgh De= xqlw D uxqv dw ixoo fdsdflw|/ surgxflqj b> xqlw E vxssolhv E�� b�� Wkh

lqvwdqw sur�w lv

Z�KE7E|�� ' d� � Eb� n E� � b�7�o +44,

� prgh Ed= xqlw E uxqv dw ixoo fdsdflw|/ surgxflqj b> xqlw D vxssolhv E� � b�1 Wkh

lqvwdqw sur�w lv

Z�@E7E|�� ' d� � EE� � b�� n b7�o +45,

Dw dq| wlph/ wkh �up*v lqvwdqw sur�w lv ZE7E|�� ' 4@ iZ�KE7E|��c Z�@E7E|��jc l1h1=

ZE7E|�� '

;?
=

Z�KE7E|�� li 7E|� : �

Z�@E7E|�� li 7E|� 	 �
+46,

Wr ghwhuplqh wkh ydoxh ri Sruwirolr DE/ zh surfhhg dv deryh zlwk Sruwirolr EE1 Wkh

ydoxh ri d �up uxqqlqj lq prgh 6 dqg kroglqj wkh rswlrq wr vzlwfk wr prgh 63� +h1j1

uxqqlqj lq prgh De zlwk wkh rswlrq ri vzlwfklqj wr prgh Ed, lv=

T��E7E|�(6� ' 4@ 
�
T��E7E|�(6

3�� > +47,

ZE7E|��_|n e
3o_|

.|T��E7E|n _|�(6� vxemhfw wr +4,
�

Wkh Ehoopdq htxdwlrq wkdw pxvw eh vdwlv�hg e| wkh ixqfwlrq T��E�� lv

j2

2
S
2

�T
��

��E7(6� n k7T
�

��E7(6�� oT��E7(6� n ZE7(6� ' f +48,

Dffruglqj wr wkh fxuuhqw vwdwh 7 dqg wkh fruuhvsrqglqj prgh ri rshudwlrq/ wkh ydoxh

ixqfwlrq wdnhv wzr dowhuqdwlyh irupv/ hdfk fruuhvsrqglqj wr wkh wzr dowhuqdwlyh vroxwlrqv

wr htxdwlrq 48=

T��E7� � T��E7E|�(�K� ' g7
q2 n��KE7E|�� li 7E|� : � +49,

T��E7� � T��E7E|�(�@� ' M7
q� n��@E7E|�� li 7E|� 	 � +4:,

;



zlwk

��KE7E|�� '

�
� � b�

o
�

E� � b�7

o

�
+4;,

��@E7E|�� '

�
� � E�� b��

o
�

b7

o

�
+4<,

Wkh �uvw whupv lq +49, dqg lq +4:, uhsuhvhqw wkh ydoxh ri wkh  h{lelolw| surylghg e|

whfkqrorjlfdo glyhuvl�fdwlrq/ l1h1 wkh ydoxh ri wkh rswlrq wr vzlwfk dv pdq| wlphv dv

uhtxluhg iurp prgh De wr prgh Ed li 7 idoov ehorz � +49, dqg iurp prgh Ed wr prgh

De li 7 lqfuhdvhv eh|rqg �1 Wkh irup +49, fryhuv vlwxdwlrqv zkhuh wkh �uvw vzlwfk/ li

dq|/ lv iurp prgh De wr prgh Ed/ dqg ylfh yhuvd iru +4:,1 Wkh vhfrqg whupv lq +49, dqg

+4:, uh hfw wkh h{shfwhg qhw suhvhqw ydoxh ri nhhslqj wr wkh fxuuhqw prgh ri rshudwlrq

iruhyhu/ qhyhu xvlqj wkh rswlrq wr vzlwfk1

Dw wkh iurqwlhu ehwzhhq wkh wzr rshudwlqj uhjlrqv/ wkh wzr irupv ri wkh ydoxh ixqfwlrq

pxvw frqqhfw lq d frqwlqxrxv dqg vprrwk zd|/ l1h1 wkh| pxvw kdyh wkh vdph ydoxh dqg

htxdo ghulydwlyhv dw 7 ' � +Gl{lw dqg Slqg|fn/ 4<<7/ s 4;;,=

T��E�(�K� ' T��E��(�@� +53,

T �

��E�(�K� ' T �

��E��(�@� +54,

Frqglwlrqv +53, dqg +54, ghwhuplqh wkh frqvwdqwv g dqg M> lw vkrzq lq wkh Dsshqgl{

wkdw wkh| duh vwulfwo| srvlwlyh1

g '
2b � �

oEq� � q2�
�E�3q2�

M '
2b � �

oEq� � q2�
�E�3q��

Iljxuh 4 vkrzv wkh ydoxh ri Sruwirolr DE zlwk dqg zlwkrxw wkh rswlrq wr dfwlyho|

pdqdjh surgxfwlrq lq rughu wr dgmxvw wr fkdqjhv lq uhodwlyh surgxfwlrq frvwv � dqg 71

Wkh ydoxh ri wkh  h{leoh sruwirolr lv dozd|v kljkhu wkdq li hlwkhu prgh ri rshudwlrq zdv

lpsrvhg1 Pruh xqfhuwdlqw| ryhu ixwxuh ydoxhv ri 7 lqfuhdvhv wkh ydoxh wkh rshudwlqj

rswlrq dqg wkxv wkh ydoxh ri wkh whfkqrorjlfdoo| glyhuvl�hg Sruwirolr DE1 Wkh ydoxhv ri

<



0
S*

Unit production cost: C , S

VAB(1,1,S)

/ (S,a)

/ (S,b)

Portfolio AB with operating option:  VAB(1,1,S)

Portfolio AB without 
operating option, 
mode a:  / (S,,a)

Portfolio AB without 
operating option, 
mode b:  / (S,,b)

Iljxuh 4= Wkh Ydoxh ri wkh  h{lelolw| ri d whfkqrorjlfdoo| glyhuvl�hg sruwirolr

wkh wkuhh �qdo sruwirolrv DD/ EE/ dqg DE duh looxvwudwhg lq Iljxuh 51 {{fruuljhu od

qrwdwlrq gx 5ëph judskh

{{fruuljhu ohv qrpv ghv sruwhihxloohv= DD hw EE/ Y��c Y��� Hdfk ri wkh wkuhh

srvvleoh �qdo sruwirolrv grplqdwh wkh rwkhu wzr ryhu vrph udqjh ri 7 ydoxhv1 Zklfk rqh

vkrxog eh khog e| wkh �upB Wkh dqvzhu grhv qrw ghshqg dv pxfk rq wkh fxuuhqw ydoxh

ri 7 dv rq lwv sdvw wudmhfwru|1 Zkloh wkh �up vwduwv zlwk d vhw ri wkuhh srvvleoh �qdo

sruwirolrv/ wkh srvvleoh rxwfrphv ri wkh lqyhvwphqw surfhvv zloo eh uhgxfhg wr rqo| wzr

srvvlelolwlhv rqfh wkh �uvw lqyhvwphqw lv xqghuwdnhq dqg rqh whfkqrorj| lv fkrvhq1
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0

Unit production cost: C , S

S*

VAB(1,1,S)

VA(2,0;S)

VB(0,2,S)

Portfolio AB :  VAB(1,1,S)

Portfolio B :  VB(0,2,S)

Portfolio A :  VA(2,0;S)

Iljxuh 5= Ydoxhv ri wkh wkuhh srvvleoh �qdo sruwirolrv
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7 Hydoxdwlrq ri lqwhuphgldwh sruwirolrv

E| lqvwdoolqj d �uvw xqlw ri surgxfwlrq wkh �up wudghv lwv lqlwldo sruwirolr/ frqvlvwlqj

h{foxvlyho| ri rswlrqv iru dq lqwhuphgldu| sruwirolr frpsrvhg ri d uhdo dvvhw +xqlw D ru

xqlw E, dqg d jurzwk rswlrq frpsrxqghg zlwk d whfkqrorj| fkrlfh rswlrq dqg/ srvvleo|/

dq rshudwlqj rswlrq1 Dffruglqj wr wkh whfkqrorj| fkrvhq iru wkh �uvw xqlw ri fdsdflw|

wkh �up pd| krog rqh ri wkh iroorzlqj lqwhuphgldwh sruwirolrv=

� Sruwirolr D= rqh xqlw ri Whfkqrorj| D lq rshudwlrq/ dqg wkh rswlrq wr dgg d vhfrqg

xqlw ri hlwkhu whfkqrorj|1 Dw wkh hqg ri lqyhvwphqw surfhvv wkh �up pd| hqg xs

zlwk Sruwirolr DD ru Sruwirolr DE1

� Sruwirolr E = rqh xqlw ri Whfkqrorj| E lq rshudwlrq/ dqg wkh rswlrq wr dgg d vhfrqg

xqlw ri hlwkhu whfkqrorj|1 Dw wkh hqg ri lqyhvwphqw surfhvv wkh �up pd| hqg xs

zlwk Sruwirolr EE ru Sruwirolr DE1

714 Ydoxlqj lqwhuphgldwh sruwirolr D

Ohw T�E7� eh wkh ydoxh ri d �up zklfk kdv douhdg| dftxluhg d xqlw D dqg surgxfhv

d txdqwlw| b dw d xqlw frvw � zkloh kroglqj wkh rswlrq wr lqfuhdvh lwv fdsdflw| lq

wkh ixwxuh e| lqyhvwlqj dq dprxqw U lq d vhfrqg xqlw ri surgxfwlrq1 Wkh fkrlfh ri

whfkqrorj| iru wkh odwwhu �{hv wkh whfkqrorjlfdo frpsrvlwlrq ri wkh �qdo sruwirolr1 Wkh

odvw lqyhvwphqw vwhs pd| uhvxow lq d vshfldol}hg Sruwirolr DD/ zruwk T��E7�/ ru lq d

glyhuvl�hg Sruwirolr DE/ zruwk T��E7�1

Pd{lpl}lqj wkh �up*v ydoxh T�E7�/ uhtxluhv �qglqj wkh ghflvlrq uxoh iru wkh odvw

lqyhvwphqw1 Wklv uxoh lqyroyhv wzr wkuhvkrog ydoxhv qrwhg 7�� zkhuh � uhihuv wr wkh

whfkqrorj| fxuuhqwo| lqvwdoohg zkloh � lqglfdwhv wkh whfkqrorj| lq zklfk lw lv rswlpdo wr

lqyhvw zkhq 7 olhv lq wkh dssursuldwh uhjlrq/ gholplwhg e| 7��� Suhflvho|=

� 7�� G wuljjhu frvw 7 deryh zklfk lw lv rswlpdo iru wkh �up rzqlqj d xqlw ri Whfk0

qrorj| D wr rsw iru whfkqrorjlfdo vshfldol}dwlrq e| lqyhvwlqj lq d vhfrqg xqlw ri

Whfkqrorj| D>
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� 7�� G wuljjhu frvw 7 ehorz zklfk lw lv rswlpdo iru wkh �up rzqlqj d xqlw ri

Whfkqrorj| D wr fkrrvh glyhuvl�fdwlrq e| lqyhvwlqj lq d xqlw ri Whfkqrorj| E1

Wkh ydoxh ri Sruwirolr D lv

T�E7E|�� ' 4@ i4@ iT��E7E|��� U c T��E7E|��� Uj ( +55,

E� � ��b_|n e3o_|.| dT�E7E|n _|��o vxemhfw wr +4,
�

Iru wklv rswlpdo frqwuro sureohp dqg iru hdfk whfkqrorj| +dvvhw,/ zh fdq vkrz wkdw d

sduwlfxodu ydoxh 7 vhsdudwlqj d frqwlqxdwlrq uhjlrq +zdlwlqj/ vwdwxv txr, iurp d vwrsslqj

uhjlrq +lqyhvwlqj,/ h{lwv1 Zh dovr vkrz wkdw 7�� dqg 7�� duh uhvshfwlyho| dq xsshu

erxqgdu| dqg d orzhu erxqgdu| ri d udqjh ri ydoxhv ri 71

Wkh �uvw whup rq wkh uljkw0kdqg vlgh ri +55, lv wkh whuplqdwlrq sd|r� wkdw wkh �up

jhwv li wkh rswlpxp ghflvlrq lv wr lqyhvw lq d vhfrqg xqlw lpphgldwho|1 Wkh vhfrqg

whup lv wkh vxp ri wkh lqvwdqwdqhrxv sur�w hduqhg iurp rshudwlqj wkh h{lvwlqj fdsdflw|

xqlw6 dqg wkh h{shfwhg ydoxh ri wkh fxuuhqw sruwirolr dw wkh hqg ri d wlph lqwhuydo _|/

frqglwlrqdo rq wkh ydoxh ri 7 dw |1

Wkh Ehoopdq htxdwlrq fruuhvsrqglqj wr wkh frqwlqxdwlrq uhjlrq iru wkh sureohp +55,

lv
j2

2
7
2
T

��

�
n k7T

�

�
� oT� n E� ���b ' f +56,

dqg dgplwv d frpsohwh vroxwlrq

T�E7� ' (�7
q� n(27

q2 n
� � �

o
b +57,

zkhuh (� dqg (2 duh wzr srvlwlyh frqvwdqwv wr eh ghwhuplqhg1

Wkh �uvw wzr whupv ri wkh vroxwlrq +57, uh hfw wkh ydoxh ri wkh rswlrq wr dgg fdsdflw|1

Dv 7 lqfuhdvhv/ Whfkqrorj| D jdlqv jurxqg ryhu Whfkqrorj| E dqg lw ehfrphv pruh olnho|

wkdw wkh iruphu zrxog eh fkrvhq li dq h{sdqvlrq zdv ghflghg1 Frqvhtxhqwo|/ wkh ydoxh

ri wkh rswlrq wr lqyhvw lq d vhfrqg xqlw D ulvhv> wkh whup (�7
q�fruuhvsrqgv wr wkdw

rswlrq1 D ghfuhdvh lq 7 zrxog surgxfh wkh uhyhuvh h�hfw/ lq idyrxu ri Whfkqrorj| E> wkh

6Vlqfh Whfkqrorj| D lv dozd|v sur�wdeoh lw lv fhuwdlq wkdw wkh �up rshudwhv wkh �uvw xqlw1
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whup (27
q2� fruuhvsrqgv wr wkdw rswlrq1 Wkh odvw whup lv wkh suhvhqw h{shfwhg ydoxh ri

pdlqwdlqlqj wkh fxuuhqw vwdwxv txr iruhyhu1

Wkh erxqgdulhv 7�� dqg 7�� gh�qh dq lqwhuydo ryhu zklfk htxdwlrq +56, pxvw eh

vdwlv�hg dqg ryhu zklfk lwv vroxwlrq +57, dssolhv1

71414 H{huflvlqj wkh rswlrq ri vshfldol}dwlrq ru glyhuvl�fdwlrq

Iru ydoxhv ri 7 h{fhhglqj wkh wkuhvkrog 7��/ lw lv rswlpdo wr fduu| rxw wkh vhfrqg

lqyhvwphqw e| dftxlulqj d vhfrqg ri Whfkqrorj| D/ wkhuhe| hqgrzlqj wkh �up zlwk d

vshfldol}hg sruwirolr1 Dw vxfk kljk ohyhov ri 7c Whfkqrorj| D kdv vxfk dq dgydqwdjh

wkdw d uhyhuvdo lq idyrxu ri Whfkqrorj| E lv wrr xqolnho| wr mxvwli| zdlwlqj iru vxfk dq

rffxuhqfh zkloh iruhjrlqj sur�wv1 Zkhq 7 ryhuwdnhv 7�� iurp ehorz/ wkh xvxdo ydoxh

pdwfklqj dqg vprrwk0sdvwlqj frqglwlrqv pxvw krog=

T�E7��� ' T��E7���� U +58,

T
�

�
E7��� ' T

�

��
E7��� +59,

zkhuh T��E7��� lv gh�qhg e| E�� �

Iru ydoxhv ri 7 vpdoohu wkdq wkh wkuhvkrog 7��/ Whfkqrorj| E kdv vxfk dq dgydqwdjh

wkdw h{huflvlqj wkh jurzwk rswlrq e| glyhuvli|lqj lv rswlpdo1 Dw wkh wkuhvkrog srlqw 7��/

wkh ydoxh pdwfklqj dqg vprrwk0sdvwlqj frqglwlrqv duh=

T�E7��� ' T��E7���� U +5:,

T
�

�
E7��� ' T

�

��
E7��� +5;,

zkhuh T��E7� pd| eh gh�qhg e| +49, ru e| +4:, ghshqglqj rq wkh uhodwlyh ydoxhv ri 7��

dqg �c wkh iurqwlhu ehwzhhq wkh wzr srvvleoh dowhuqdwlyh irupv wdnhq e| T��� Lqwxlwlyho|/

rqh zrxog h{shfw 7�� 	 �c l1h1 Whfkqrorj| E wr grplqdwh Whfkqrorj| D lq fxuuhqw

rshudwlrq dw wkh wlph ri wkh lqyhvwphqw1 Krzhyhu/ li wkh dgydqwdjh ri glyhuvl�fdwlrq lv

kljk hqrxjk/ lw gh�qhv d suhplxp lq idyrxu ri Whfkqrorj| E dv d vhfrqg lqyhvwphqw

wkdw pd| h{fhhg wkh frvw ri orrvlqj  h{lelolw|> lq wkdw fdvh 7�� : ��

47



Htxdwlrqv +58,/ +59,/ +5:, dqg +5:, jlyh wkh frqvwdqwv (� dqg (2 dqg wkh fulwlfdo

ydoxhv 7�� dqg 7�� / jlyhq wkh prgho*v sdudphwhuv1 Zh vkrz wkdw (� : f dqg (2 : f

dqg 7�� 	 7�� lq wkh Dsshqgl{{{pdnh dsshqgl{1 Dw wkh lqyhvwphqw*v wkuhvkrog/

zkdwhyhu wkh fkrlfh ri whfkqrorj|/ wkh ydoxh ri wkh uhfhlyhg sruwirolr lv d  rz ri h{shfwhg

uhyhqxhv> lq fdvh ri glyhuvl�fdwlrq wkh h{shfwdwlrq wdnhv dffrxqw ri dq| ixwxuh rshudwlqj

rswlrq1 Wklv h{shfwhg uhyhqxh  rz pxvw r�vhw wkh gluhfw frvw U/ soxv wkh ydoxh ri wkh

rswlrq wr srvwsrqh wkh lqyhvwphqw/ soxv wkh ydoxh ri wkh iruhjrqh rswlrq wr dftxluh wkh

frpshwlqj whfkqrorj|1

715 Ydoxlqj lqwhuphgldwh sruwirolr E

Zh fdoo T�E7� wkh ydoxh ri d �up rzqlqj d surgxfwlrq xqlw E dqg kroglqj wkh rssruwxqlw|

wr h{sdqg fdsdflw| e| fkrrvlqj hlwkhu Whfkqrorj| D ru Whfkqrorj| E1 Wkh ghflvlrq wr

lqyhvw lv uxohg e| wzr fulwlfdo ydoxhv 7�� dqg 7��> uhvshfwlyho| wkh orzhu dqg wkh xsshu

erxqgdu| ri d uhjlrq zkhuh wkh vwdwxv txr lv rswlpdo=

� 7�� G wuljjhu frvw 7 ehorz zklfk lw lv rswlpdo iru d �up rzqlqj d xqlw E wr rsw

iru whfkqrorjlfdo vshfldol}dwlrq e| lqyhvwlqj lq d vhfrqg xqlw E1

� 7�� G wuljjhu frvw 7 deryh zklfk lw lv rswlpdo wr fkrrvh glyhuvl�fdwlrq e| lqyhvwlqj

lq d xqlw D1

Dq lpsruwdqw gl�huhqfh ehwzhhq kroglqj d xqlw ri Whfkqrorj| E dqg d xqlw ri D lv

wkdw/ lq wkh iruphu lqvwdqfh/ wkh �up kdv wkh rswlrq wr devwdlq iurp surgxflqj li 7 � � 1

Krzhyhu lw fdqqrw eh rswlpxp wr lqyhvw lq dq| surgxfwlrq xqlw li wkh odwwhu lv qrw wr

eh sxw lq rshudwlrq lpphgldwho|= lq wkh rssrvlwh fdvh/ wkh vdph uhyhqxh  rz frxog eh

dfklhyhg e| qrw lqyhvwlqj/ zkloh srvwsrqlqj wkh sxufkdvh h{shqglwxuh1 Wkxv lq d uhjlrq

zkhuh wkh �up lv frqvlghulqj lqyhvwlqj lq d vhfrqg xqlw ri Whfkqrorj| E/ lw lv fhuwdlq

wkdw wkh �uvw xqlw lv lq rshudwlrq1 Ryhu vxfk d uhjlrq/ wkh ydoxh ri wkh �up lv wkhq

T�E7E|�� ' 4@ i4@ iT��E7E|��� U c T��E7E|��� Uj ( +5<,

E� � 7�b'_|n e3o_|.| dT�E7E|n _|�� m 7E|�o
�
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vxemhfw wr surfhvv +4,

Vlplodu vwhsv dv iru sureohp +55, ohdg wr d vroxwlrq iru T�E7� zklfk krogv dv orqj dv qr

lqyhvwphqw lv pdgh1

T�E7� ' C�7
q� nC27

q2 n
� � 7

o
b +63,

C� dqg C2 duh srvlwlyh frqvwdqwv wr eh ghwhuplqhg zlwk wkh wkuhvkrogv 7�� dqg 7��1

71514 H{huflvlqj wkh rswlrq ri vshfldol}dwlrq

Iru doo 7 vpdoohu wkdq 7�� lqyhvwlqj lq d surgxfwlrq xqlw E lv rswlpdo1 7�� lv vxfk dv

ydoxh0pdwfklqj dqg vprrwk sdvwlqj frqglwlrqv krog

T�E7��� ' T��E7���� U +64,

T
�

�
E7��� ' T

�

��
7��� +65,

71515 H{huflvlqj wkh rswlrq ri glyhuvl�fdwlrq

Zkhq ydoxhv ri 7 jr xs dqg ryhuwdnh 7�� iurp ehorz/ wkh rswlpdo ghflvlrq lv wr rsw

iru d whfkqrorjlfdoo| glyhuvl�hg �qdo sruwirolr lpphgldwho|1 Dw 7�� ydoxh0pdwfklqj dqg

vprrwk sdvwlqj frqglwlrqv duh

T�E7��� ' T��E7���� U +66,

T
�

�
E7��� ' T

�

��
E7��� +67,

Wkh vdph glvfxvvlrq/ dv iru wkh fulwlfdo ydoxh 7�� / lv ydolg iru wkh frpsdudwlyh srvlwlrq

ri 7�� dqg 7W rq rqh kdqg/ dqg 7�� dqg � lq wkh rwkhu kdqg1

+li wkh �up uhtxluhv wkdw Whfkqrorj| D r�huv d vpdoohu h{shfwhg suhvhqw frvw +�
o
	

7��

o
, zh zloo kdyh 7�� : 7W / hovh li qr vxfk dgydqwdjh lv uhtxluhg wr fkrrvh Whfkqrorj|
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D zh fdq kdyh 7�� 	 7W,

Lq dsshqgl{/ zh yhuli| wkdw C� dqg C2 duh srvlwlyh dqg wkdw 7�� 	 7��1

8 Hydoxdwlrq ri wkh lqlwldo sruwirolr

Wkh }hur fdsdflw| �up lv zruwk T E7� wkh ydoxh ri lwv vhw ri lqyhvwphqw rswlrqv1 Pdqdjlqj

wklv sruwirolr frqvlvwv lq ghflglqj zkhwkhu dq rswlrq kdv frph wr pdwxulw|/ dw hdfk wlph

|1 Wkhvh rswlrqv frxog eh h{huflvhg vlpxowdqhrxvo| ru lq d vwulfw vhtxhqwldo idvklrq/

lpphgldwho| ru diwhu d zdlwlqj shulrg1

Li dw wkh yhu| ehjlqqlqj/ wkh �up revhuyh wkdw 7 kdv douhdg| jrqh eh|rqg wkh kljk

ohyho 7�� ru xqghu wkh orz ohyho 7��/ wkh ehvw dfwlrq lv wr lqvwdoo wzr lghqwlfdo xqlwv ri

surgxfwlrq +wrwdo fdsdflw| 2b', lpphgldwho|1 Frqyhuvho| li 7 od|v ehwzhhq wkhvh wzr

fulwlfdo ydoxhv/ wkh �up idfhv d vhw ri irxu srvvleoh dfwlrqv= zdlw/ lqyhvw lq rqh xqlw D/

lqyhvw lq rqh xqlw E ru/ dftxluh Sruwirolr DE lpphgldwho|1

Dffruglqj wr wkh prgho sdudphwhuv zh fdq phhw zlwk wzr vlwxdwlrqv zkhq fkrrvlqj

d glyhuvl�hg sruwirolr=

� ydoxh ri wkh  h{lelolw| fuhdwhg e| wkh rshudwlqj rswlrq lv vx!flhqwo| kljk wr mxvwli|

d whfkqrorjlfdo fkrlfh qrw qhfhvvdulo| lqyroylqj wkh fkhdshvw surgxfwlrq v|vwhp lq

whupv ri h{shfwhg suhvhqw frvw shu xqlw ri surgxfwlrq= 7�� 	 7
W 	 7��1

� wkh dftxluhg whfkqrorj| pxvw r�hu wkh orzhvw h{shfwhg suhvhqw frvw wr surgxfh d

xqlw ri rxwsxw= 7�� 	 7W 	 7��1

Wkh lqyhvwphqw surfhvv dqg wkh lqlwldo vhw ri dydlodeoh dfwlrqv zloo ghshqg rq wkh

suhydlolqj vlwxdwlrq1

814 Fdvh zkhuh 7DE 	 7� 	 7ED

Lq wkh suhvhqw fdvh/ d Sruwirolr DE zloo qhyhu eh dftxluhg lq rqh lqyhvphqw ri 2U= wr

lqvwdoo d �uvw xqlw D/ 7 pxvw eh kljkhu wkdq 7W1 Vlqfh 7�� 	 7W/ d qrq0}hur dprxqw

4:



ri wlph lv qhfhvvdu| wr doorz frvw 7 wr idoo dqg uhdfk 7��1 D vlplodu dujxphqw lv ydolg

zkhq zh frqvlghu d �uvw lqyhvwphqw lq d xqlw E +7� 	 7W 	 7��,1

Wkhuhiruh/ zh fdq ghwhuplqh wzr fulwlfdo ydoxhv 7� dqg 7� vxfk dv/ wkh �up dftxluhv

rqh xqlw E iru 7� � 0 � 7 � 7�/ zdlwv iru 7� 	 7 	 7� dqg/ dftxluhv d xqlw D iru

7� � 7 � 7� n 0� zkhuh 0 dqg 0 duh vrph srvlwlyh qxpehuv1

Lq wkh Dsshqgl{/ zh suryh wkdw d zdlwlqj uhjlrq h{lvwv= 7� 	 7�> dvvxph wkdw

7 dqg uhfdoo wkdw zh duh lqwhuhvwhg lq wkh lqwhuydo o7��c 7��d/ wkh sureohp ri wkh �up lv

wr ghflgh zkhwkhu wr pdlqwdlq wkh lqlwldo sruwirolr T E7� ru/ wr vshqg U lq h{fkdqjhiru

dq lqwhuphgldwh sruwirolr frqwdlqlqj rqh xqlw ri hlwkhu Whfkqrorj| D ru Whfkqrorj|

E

T E7E|�� ' 4@ i4@ iT�E7E|��� U c T�E7E|��� Uj ( +68,

e3o_|.| dT E7E|n _|��o vxemhfw wr +4,
�

D frpsohwh vroxwlrq wdnhv wkh irup

T E7� ' u�7
q� n u27

q2 +69,

frqvwdqwv u� dqg u2 dqg wkuhvkrogv 7� dqg 7� duh ghwhuplqhg e| wkh erxqgdu| frqgl0

wlrqv7

T E7�� ' T�E7��� U +6:,

T
�E7�� ' T

�

�
E7�� +6;,

T E7�� ' T�E7��� U +6<,

T
�E7�� ' T

�

�
E7�� +73,

7Surri wkdw O4 dqg O5 duh srvlwlyh lq dsshqgl{ B
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SAASBB SABSBA
S*

Portfolio AB Portfolio AintermPortfolio BintermPortfolio B Portfolio A0
S(t)

Iljxuh 6= Lqyhvwphqw ghflvlrq zkhq lqdfwlylw| lv qhyhu rswlpdo

815 Fdvh zkhuh 7ED 	 7� 	 7DE

Li d zdlwlqj uhjlrq ehiruh surfhhglqj wr �uvw lqyhvwphqw h{lvwv= 7� 	 7 	 7�/ qhfhvvdulo|

zh kdyh 7� 	 7W 	 7�1 Wkhuhiruh/ zh zrxog kdyh= 7� 	 7�� dqg 7� : 7��/ phdqlqj

wkdw wkh fulwhulrq wr fkrvh d whfkqrorj| lv pruh vhyhuh zkhq ghdolqj zlwk d �uvw xqlw ri

surgxfwlrq wkdq d vhfrqg xqlw dqg/ wkdw iru hdfk whfkqrorj|1

Krzhyhu/ zh nqrz wkdw d xqlw D +ru E, jhqhudwhv pruh sur�w dv d �uvw xqlw wkdq

dv d vhfrqg xqlw dqg dovr wkdw d �uvw xqlw D +ru E, fuhdwhv wzr rswlrqv +vshfldol}dwlrq>

glyhuvl�fdwlrq, zkhuhdv d vhfrqg xqlw D +ru E, frqvxphv dq rswlrq ri vshfldol}dwlrq1

Frqvhtxhqwo|/ wkh �up pxvw eh pruh �suxghqw� zlwk d ghflvlrq wr dftxluh d vhfrqg xqlw

ri d jlyhq whfkqrorj|1 Li wkdw whfkqrorj| lv E/ lw uhtxluhv d orzhu wuljjhu iru wkh vhfrqg

xqlw wkdq iru wkh �uvw rqh= 7�� 	 7� 1 Li wkdw whfkqrorj| lv D/ lw uhtxluhv d kljkhu wuljjhu

iru wkh vhfrqg xqlw wkdq iru wkh �uvw rqh= 7�� : 7�1 Wklv lv lq frqwudglfwlrq zlwk wkh

dvvxpswlrq ri wkh h{lvwhqfh ri d zdlwlqj uhjlrq1

Wkxv/ zh fdq frqfoxgh wkdw wkh rswlpdo ghflvlrq lv dq lpphgldwh dftxlvlwlrq ri

Sruwirolr DE iru doo frvwv 7/ 7�� 	 7 	 7�� 1

Sruwirolr D iru 7�� 	 7 	 7��/ Sruwirolr E iru 7�� 	 7 	 7�� dqg d vshfldol}hg

sruwirolr iru 7 ehorz 7�� ru deryh 7���

4<
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