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Devwudfw

Wklv sdshu h{dplqhv d ghflvlrq0pdnlqj sureohp ri udwlrqdo djhqwv zlwk ulvn
dyhuvh xwlolwlhv lq wkh �qdqfldo pdunhw erwk lq vwdwlfv dqg lq g|qdplfv1 Lq wkh
�qdqfldo pdunhw wkhuh duh wzr vhfxulwlhv/ rqh ulvn| vhfxulw| dqg rqh ulvnohvv erqg/
dqg d frqwlqxxp ri lqyhvwruv zlwk khwhurjhqhrxv suhihuhqfhv/ hqgrzphqwv/ dqg
eholhiv1 Jlyhq wkdw lqyhvwruv* eholhiv duh ghvfulehg e| Jdppd glvwulexwlrq zlwk
gl�huhqw sdudphwhuv/ suhglfwlrqv duh pdgh derxw frpshwlwlyh htxloleulxp dvvhw
sulfhv dqg wkh vl}hv ri jurxsv ri wudghuv dqg ri wkhlu srvlwlrqv lq wkh pdunhw1 Wkh
g|qdplf h{whqvlrq ri wkh prgho vkrzv krz wudghuv* eholhiv fdq eh xsgdwhg e|
Ed|hv* uxoh1 Wklv udwlrqdo xsgdwlqj ghwhuplqhv wkh qh{w shulrg lqyhvwruv* eholhiv
dqg suhglfwv ixwxuh htxloleulxp dvvhw sulfhv dqg wkh srvlwlrqv ri wudghuv lq wkh
pdunhw1

MHO Fodvvl�fdwlrq= J44/ J45
Nh|zrugv= Dvvhw Sulflqj> Khwhurjhqhrxv Djhqwv> Sruwirolr Fkrlfh>

4Wklv sdshu zdv sduwo| zulwwhq dw wkh Zlooldp Gdylgvrq Lqvwlwxwh ri wkh Xqlyhuvlw| ri Plfkl0
jdq Exvlqhvv Vfkrro zkhuh L zdv d ylvlwlqj vfkrodu gxulqj Idoo 4<<:1 Wkh sdshu ehqh�whg iurp
ehlqj suhvhqwhg dw wkh Vhfrqg Lqwhuqdwlrqdo Frqihuhqfh lq Hfrqrplfv/ Dqndud/ Wxunh|/ Vhswhp0
ehu 4<<;1 Hvshfldoo|/ L zrxog olnh wr wkdqn p| vxshuylvru/ Dvvrfldwh Surihvvru Plodq Kruqldfhn/
iru khosixo dqg hqfrxudjlqj frpphqwv1



41 Lqwurgxfwlrq

Prgholqj ghflvlrq0pdnlqj sureohpv xqghu xqfhuwdlqw| hqulfkhv wkh wkhruhwlf wuhdw0
phqw ri uhdolw| dqg eulqjv xv forvhu wr wkh lghdo prgho ri vrfldo0hfrqrplf duudqjh0
phqwv lq vrflhw|1 Lq sduwlfxodu/ wkh ixqfwlrqlqj ri prghuq �qdqfldo pdunhwv fdq
eh xqghuvwrrg dqg lpsuryhg xsrq rqo| e| lqfrusrudwlqj hohphqwv ri udqgrpqhvv/
khwhurjhqhlw|/ dqg dv|pphwu| ri lqirupdwlrq lqwr wkh djhqwv* ghflvlrq sureohp1
Wkh prgho lq wklv sdshu ghdov zlwk wkhvh dvshfwv ri xqfhuwdlqw| wr suhglfw erwk
lqyhvwruv* srvlwlrqv lq wkh pdunhw dqg dvvhw sulfhv1

Lq jhqhudo/ wkh prgho lv edvhg rq wkh iroorzlqj vhwwlqjv1 D frqwlqxxp ri wudghuv
zkr kdyh gl�huhqw suhihuhqfhv/ gl�huhqw hqgrzphqwv/ dqg gl�huhqw lqirupdwlrq
derxw rwkhu lqyhvwruv fkdudfwhulvwlfv* wudgh lq wkh �qdqfldo pdunhw1 Gl�huhqfhv
lq lqirupdwlrq fdxvh lqyhvwruv wr irup gl�huhqw h{shfwdwlrqv derxw ixwxuh dvvhw
sulfhv1 Wkh dvvxpswlrq ri wkh djhqwv* khwhurjhqhlw| kdv qrw ehhq ixoo| wkhruhw0
lfdoo| h{soruhg dqg dw wkh vdph wlph kdv dozd|v ehhq hpslulfdoo| wudfwdeoh +vhh
iru h{dpsoh/ Vplwk/ Vxfkdqhn/ Zlooldpv ^55`,1

Hdfk lqyhvwru*v �qdqfldo ghflvlrq rq rswlpdo sruwirolr kroglqjv lv pdgh xqghu
xqfhuwdlqw| derxw wrpruurz*v vhfxulw| sulfhv1 Li dq lqyhvwru sxufkdvhv d ulvn|
dvvhw ru d ulvnohvv erqg/ erwk ri zklfk duh wudghg lq wkh pdunhw/ wkhq dq rwkhu
lqyhvwru vhoov wkhp1 Erwk lqyhvwruv pdnh ghflvlrqv lq d udwlrqdo pdqqhu1 Shukdsv/
wkh ex|hu2vhoohu wklqnv wkdw wkhuh lv d kljk2orz suredelolw| wkdw wkh sulfhv ri
vkduhv zloo jr xs1 Wkxv/ rqh glvwlqjxlvkhv wkuhh pdlq uhdvrqv iru wudglqj= gl�hu0
hqw h{shfwdwlrqv/ gl�huhqw ulvn dyhuvlrq/ dqg gl�huhqw hqgrzphqwv1 Zlwk lqlwldo
hqgrzphqwv jlyhq dqg lqlwldo eholhiv h{rjhqrxvo| suhghwhuplqhg/ dvvhw sulfhv lq
wkh wzr pdunhwv dqg lqyhvwruv* lqfrph duh vlpxowdqhrxvo| hqgrjhqrxvo| ghwhu0
plqhg1 Wklv prgho h{sodlqv wkh vkruw0uxq ehkdylru ri dvvhw sulfhv zkhq dvvhw
uhwxuqv dqg frqvhtxhqwo| lqyhvwruv* lqfrph frph rqo| iurp fdslwdo jdlqv dqg qrw
iurp glylghqgv1 Wudghuv lq wkh pdunhwv pdnh ghflvlrqv e| orrnlqj lq dgydqfh rqo|
wr wkh qh{w shulrg/ dqg hdfk lqyhvwru lv lqwhuhvwhg rqo| lq wkh ydoxh ri klv rzq
sruwirolr1

Lq frqwudvw/ Oxfdv ^54` vkrzv wkdw wkh vwuhdp ri ixwxuh glvfrxqwhg uhdo glyl0
ghqgv ghwhuplqhv wkh dvvhw sulfh1 Wkh nh| wr klv uhvxow lv wkdw kh frqvlghuv dq
lq�qlwho| olyhg uhsuhvhqwdwlyh djhqw zkr lv frqfhuqhg rqo| derxw uhdo glylghqgv
dqg wkdw wkh vwdwh surfhvvhv duh nqrzq wr wkh uhsuhvhqwdwlyh djhqw1 Krzhyhu/
lq uhdolw| wkh dvvxpswlrq ri krprjhqhlw| lv yhu| uhvwulfwlyh> dqg wkh vkruw0uxq
jdlqv2orvvhv iurp uhdo glylghqgv duh lqfrpsdudeo| orzhu wkdq wkh vkruw0uxq srvvl0
eoh jdlqv2orvvhv iurp fkdqjhv lq dvvhw sulfhv1 Qrw vxusulvlqjo|/ Oxfdv* prgho glg
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qrw �qg pxfk hpslulfdo vxssruw1 +Vhh/ iru h{dpsoh/ Phkud dqg Suhvfrww ^4;`,1
P| zrun lv uhodwhg wr wkdw ri Juhhq ^49`/ Judqgprqw ^46`/ dqg Zhuqhu ^57` lq

wkh vhqvh wkdw lqglylgxdo eholhiv gl�hu dfurvv lqyhvwruv1 Lq p| prgho/ lqglylgxdo
eholhiv kdyh wkh vdph vxssruw zkloh wklv dvvxpswlrq lv qrw qhfhvvdu| lq wkh prghov
ri Juhhq/ Judqgprqw/ dqgZhuqhu1 Jlyhq wkh dvvxpswlrq wkdw djhqwv lq p|prgho
kdyh ryhuodsslqj h{shfwdwlrqv/ L fdq frqfhqwudwh rq lqglylgxdo eholhiv dv wkh pdmru
ghwhuplqdqw ri htxloleulxp dvvhw sulfhv lq wkh vkruw0uxq1

Wkh sdshu lv rujdql}hg dv iroorzv1 Wkh �uvw vhfwlrq frqvlghuv d sdudphwulf
hfrqrplf prgho zklfk vshfl�hv sduwlfxodu ixqfwlrqdo irupv iru lqyhvwruv* xwlolw|
dqg wkhlu suredelolw| eholhiv derxw wkh qh{w shulrg sulfh1 L ghulyh wkh rswlpdo gh0
flvlrq uxoh iru d udwlrqdo djhqw zkr fkrrvhv rswlpdo kroglqjv ri ulvn| dqg ulvnohvv
vhfxulwlhv1 Lw lv dvvxphg wkdw lqyhvwruv kdyh d frqvwdqw devroxwh ulvn dyhuvlrq xwlo0
lw| ixqfwlrq dqg wudghuv* suredelolw| eholhiv derxw qh{w shulrg sulfhv lv ghvfulehg
e| d Jdppd glvwulexwlrq zlwk gl�huhqw sdudphwhuv iru hdfk djhqw1

Lq wkh vhfrqg vhfwlrq/ L pdnh dgglwlrqdo dvvxpswlrqv derxw wkh glvwulexwlrqv
ri lqglylgxdo suredelolw| eholhiv dqg lqlwldo sruwirolr kroglqjv dfurvv lqyhvwruv dqg
suhglfw wkh qh{w shulrg sruwirolr kroglqjv dfurvv lqyhvwruv dqg htxloleulxp dvvhw
sulfh1

Lq wkh wklug vhfwlrq/ L h{whqg wkh vwdwlf prgho wr d g|qdplf fdvh1 Xvlqj wkh
uxohv iru wkh Ed|hvldq xsgdwlqj ri suredelolw| eholhiv/ lw lv srvvleoh wr ghwhuplqh
wkh sdudphwhuv ri wkh glvwulexwlrq ri suredelolw| eholhiv dw dq| prphqw lq wlph
diwhu hvwlpdwlqj wkh sdudphwhuv ri wkh lqlwldo suredelolw| eholhiv dqg revhuylqj wkh
zkroh sulfh klvwru|1 L vshfli| wkh Ed|hvldq xsgdwlqj phfkdqlvp iru lqglylgxdo
eholhiv dqg ghulyh dq dvvhw sulflqj irupxod iru hdfk glvfuhwh shulrg ri wlph1 Rqh
ri wkh suhglfwlrqv lq wklv vhfwlrq lv wkdw wkhuh zloo eh d srvlwlyh dxwrfruuhodwlrq lq
wkh dvvhw sulflqj surfhvv1

Ilqdoo|/ L pdnh frqfoxglqj uhpdunv dqg lghqwli| gluhfwlrqv iru ixwxuh uhvhdufk1

51 Wkh Hfrqrplf Prgho

Ohw xv frqvlghu d �qdqfldo pdunhw zlwk dq lq�qlwho| olyhg ulvnohvv erqg dqg ulvn|
vhfxulw|1 D frqwlqxxp ri ulvn dyhuvh lqyhvwruv wudgh lq wkh pdunhw dqg pdnh
ghflvlrqv derxw rswlpdo sruwirolr kroglqjv orrnlqj rqo| rqh shulrg dkhdg1 Hdfk
lqyhvwru lv hqgrzhg zlwk dq lqlwldo sruwirolr dqg kdv h{shfwdwlrqv derxw wkh qh{w
shulrg*v ulvn| dvvhw sulfh1 Wkh lqyhvwruv* lqlwldo h{shfwdwlrqv derxw wkh qh{w shulrg
sulfh dqg wkh lqlwldo kroglqjv ri erqgv dqg ulvn| dvvhwv gl�hu dfurvv lqyhvwruv
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dqg duh h{rjhqrxv1 Wkh frpshwlwlyh htxloleulxp prgho lq wkh �qdqfldo pdunhw
frqvlghuhg ehorz vkrzv wkdw eholhiv derxw wkh qh{w shulrg sulfh d�hfw wrgd|*v
frpshwlwlyh htxloleulxp sulfh1

Wkh lqyhvwruv duh dvvxphg wr kdyh qrq0krprjhqhrxv eholhiv derxw wkh qh{w
shulrg sulfhv ehfdxvh ri gl�huhqfhv lq wkhlu lqirupdwlrq1 Wkh djhqwv* eholhiv duh
uhsuhvhqwhg e| d suredelolw| glvwulexwlrq ryhu wkh qh{w shulrg sulfh1 Wkhuh duh
wzr zd|v wr vshfli| wkh glvwulexwlrq ri lqyhvwruv* eholhiv1 Rqh lv wr dvvxph wkdw
hdfk djhqw*v eholhi lv jlyhq qrq0sdudphwulfdoo| dqg wr lqwurgxfh d sulru2srvwhulrul
glvwulexwlrq rq wkh vsdfh ri suredelolw| phdvxuhv zklfk ghvfulehv wkh glvwulexwlrq
ri ehiruh 0 wudgh2diwhu 0 wudgh eholhiv lq wkh pdunhw1 Wklv dssurdfk lv yhu| jhqhudo/
dqg lw uhtxluhv Ed|hvldq xsgdwlqj lq d qrq0sdudphwulfdoo| vshfl�hg ixqfwlrqdo
vsdfh1 +Vhh Gxelqv ^;` dqg Ihujxvrq ^43` iru pruh ghwdlov,1 Wkh vhfrqg zd| lv wr
dvvxph wkdw hdfk djhqw*v suredelolw| glvwulexwlrq ehorqjv wr d jlyhq sdudphwulf
idplo| ri glvwulexwlrqv dqg hdfk djhqw*v eholhi lv ghvfulehg e| wkh sdudphwhuv ri
wklv glvwulexwlrq1 Wkhq zh kdyh wr frqvwuxfw wkh sulru dqg srvwhulrul glvwulexwlrqv
ryhu wkh sdudphwhu vsdfh zklfk ghvfuleh wkh ehiruh dqg diwhu 0 wudgh glvwulexwlrq
ri lqyhvwruv* eholhiv lq wkh hfrqrp|1 Lq zkdw iroorzv/ wkh vhfrqg zd| kdv ehhq
dgrswhg iru vlpsolflw|1

Vxssrvh wkh phdvxuh vsdfh EUcCc >� lv wkh lqyhvwruv* vsdfh/ dqg > lv dq dwrpohvv
suredelolw| phdvxuh rq wkh lqyhvwruv* vsdfh1 Hdfk lqyhvwru lq wkh vsdfh lv ghvfulehg
e| wkuhh gl�huhqw fkdudfwhulvwlfv1 Hdfk djhqw � 5 U kdv d frqvwdqw devroxwh ulvn
dyhuvh xwlolw| ixqfwlrq=

�� E�� ' �� e3@��c

zkhuh @� : f uhsuhvhqwv d frh!flhqw ri devroxwh ulvn dyhuvlrq/ dqg � lv wkh qh{w
shulrg zhdowk/ zklfk lv wkh pdunhw sulfh ri wkh qh{w shulrg sruwirolr1 Zlwkrxw
dq| orvv ri jhqhudolw|/ wkh sulfh ri wkh ulvnohvv erqg lv qrupdol}hg wr xqlw|1 Wkh
wudghu*v remhfwlyh lv wr pd{lpl}h wkh h{shfwhg xwlolw| ri wkh qh{w shulrg zhdowk1

Hdfk lqyhvwru*v eholhiv derxw wkh qh{w shulrg ulvn| dvvhw/ R/ lv uhsuhvhqwhg e|
d Jdppd glvwulexwlrq zlwk sdudphwhuv k dqg q�c zkhuh k lv wkh vkdsh sdudphwhu
dqg lv frpprq iru doo lqyhvwruv dqg q� lv wkh vfdoh sdudphwhu zklfk ghvfulehv
wkh djhqw*v eholhiv dqg gl�huv dfurvv lqyhvwruv1 Jlyhq wkdw dq lqyhvwru*v eholhi lv
ghvfulehg e| d jdppd glvwulexwlrq/ wkh h{shfwhg qh{w shulrg sulfh . ER� c dqg
h{shfwhg yrodwlolw| T ER� duh jlyhq dv iroorzv= . ER� ' k

q�
/ dqg T ER� ' k

q2�
1 Pdq|

hpslulfdo vwxglhv +vhh/ iru h{dpsoh/ D1 Or dqg D1 PdfNlqod| ^4<`/^53`, vxssruw
wkh lghd wkdw wkh glvwulexwlrq ri dvvhw sulfhv kdv khdy| wdohv1 Wkhuhiruh/ lw lv
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dssursuldwh wr fkrrvh wkh Jdppd glvwulexwlrq iru prghoolqj dvvhw sulfhv1 5 Wkh
lqyhvwru*v exgjhw vhw fdq eh vshfl�hg dv iroorzv=

��

�
RWc %�c K �

�
'
q
E%�c K�� 5 -2

n m RW%� n K� ' RW %� n K �

r
c

zkhuh RW : f ghqrwhv wrgd|*v dfwxdo sulfh ri wkh ulvn| dvvhw> %� dqg K� ghqrwh wkh
ihdvleoh dprxqwv ri wkh ulvn| dvvhw dqg wkh ulvnohvv erqg/ uhvshfwlyho|/ iru lqyhvwru
�> %� ghqrwhv lqyhvwru �*v lqlwldo kroglqjv ri wkh ulvn| dvvhw> K � ghqrwhv lqyhvwru �*v
lqlwldo kroglqjv ri wkh ulvnohvv erqg> dqg RW %� n K � lv htxdo wr wkh lqyhvwru*v
lqlwldo zhdowk/ �� �

Jlyhq wkhvh dvvxpswlrqv/ wkh vsdfh ri lqyhvwruv* fkdudfwhulvwlfv lv d irxu0
glphqvlrqdo Hxfolghdq vsdfh zlwk wkh iroorzlqj hohphqwv=

�
@�c q�c %�c K�

�
c iru � 5 U1

Lqyhvwru �*v pd{lpl}dwlrq sureohp fdq eh zulwwhq dv=

4@ 

"]
f

�
�� e3@�ER%�nK��

�
} ER m k/ q��

r�|� %�c K� 5 ��

�
RWc %�c K �

�
c

zkhuh } ER m k/ q�� lv wkh Jdppd ghqvlw| ixqfwlrq1
Wkh pd{lpl}dwlrq |lhogv lqyhvwru �*v rswlpdo ghpdqg iru wkh ulvn| dqg ulvn0

ohvv vhfxulwlhv jlyhq lq htxdwlrqv +414,0+416,1 Li wkh lqglylgxdo fkdudfwhulvwlfv duh
vxfk wkdw wkh frh!flhqw ghvfulelqj wkh djhqw*v eholhiv/ q�/ ehorqjv wr wkh lqwhuydo�

k
RW
( n4

�
/ wkhq wkh djhqw*v ghpdqg lv htxdo wr

%� ' fc K� ' RW %� n K � li
k

RW
	 q�� +414,

Htxdwlrq +414, vkrzv wkdw wkh wrwdo djhqw*v zhdowk lv lqyhvwhg rqo| lq wkh ulvnohvv
erqg1 Wkh frqglwlrq

k

RW
	 q� / . ER� '

k

q�

	 RW

vwdwhv wkdw li wkh lqyhvwru*v h{shfwhg qh{w shulrg sulfh ri wkh ulvn| dvvhw lv ohvv
wkdq wrgd|*v sulfh/ RW/ wkh lqyhvwru suhihuv qrw wr ex| wkh ulvn| dvvhw dqg wr
lqyhvw doo klv fxuuhqw zhdowk lq wkh ulvnohvv vhfxulw|/ qr pdwwhu zkdw wkh frh!flhqw
ri devroxwh ulvn dyhuvlrq lv1 Doo lqyhvwruv zkrvh eholhiv ehorqj wr wkh lqwhuydo

5Vhh Krjj/ Fudlj ^4:` iru pruh ghwdlov derxw wkh surshuwlhv ri wklv glvwulexwlrq1
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�
k
RW
( n4

�
ehfrph qhw vxssolhuv ri wkh ulvn| dvvhw dqg vhoo doo ri wkh ulvn| dvvhwv

wkdw wkh| krog wr lqyhvw wkhlu wrwdo zhdowk lq wkh ulvnohvv erqg1
Li wkh lqyhvwruv* fkdudfwhulvwlfv duh vxfk wkdw wkh frh!flhqw ghvfulelqj djhqw

eholhiv/ q�/ ehorqjv wr wkh lqwhuydo
�

k
RW
� @ %� �@ K �

RW
( k
RW

l
/ wkhq wkh djhqw*v ghpdqg

lv htxdo wr

%� '
k

@�RW
� q�

@�
/ K� ' RW %� n K � �k

@�
n RW

q�

@�
+415,

li
k

RW
� @� %� �@� K �

RW
	 q� �

k

R� �

Htxdwlrq +415, vkrzv wkdw wkh wrwdo zhdowk lv lqyhvwhg lq erwk vhfxulwlhv1 Wkh
vhfrqg frqglwlrq fdq eh glylghg lqwr wzr sduwv=

+D, k
RW
� @� %�	 q� � k

RW
dqg +E, k

RW
� @� %� �@� K �

RW
	 q� � k

RW
� @� %� �

Li lqhtxdolw| +D, lv vdwlv�hg/ wkhq wkh ohiw0kdqg vlgh ri +D, lpsolhv wkdw

%�� %�'
k

@�R� �
q�

@�
� %�'

�

@�

�
k

R� � @� %� �q�

�
	 f�

Wkh whup lq eudfnhwv lv qhjdwlyh ehfdxvh k
RW
� @� %�	 q�� Dw wkh vdph wlph/ wkh

ohiw0kdqg vlgh ri frqglwlrq +D, lpsolhv wkdw

K�� K �' RW %� �k

@�
n RW

q�

@�
'

RW

@�

�
� k

R� n @� %� nq�

�
: f�

Wkhvh/ wrjhwkhu zlwk q� � k
RW
c phdqv wkdw lqyhvwruv zlwk wkh fkdudfwhulvwlfv jlyhq

e| frqglwlrq +D, krog wkh wrwdo zhdowk lq erwk vhfxulwlhv/ dqg wkh| duh wkh qhw
vxssolhuv ri wkh ulvn| dvvhw dqg wkh qhw ghpdqghuv ri ulvnohvv erqg lq wkh pdunhw�

Lq wkh fdvh zkhq lqhtxdolw| +E, lv vdwlv�hg/ wkhq wkh iroorzlqj wzr lqhtxdolwlhv
krog=

%�� %� '
k

@�RW
� q�

@�
� %�'

�

@�

�
k

RW
� @� %� �q�

�
� fc

K�� K � ' RW %� �k

@�
n RW

q�

@�
'

RW

@�

�
� k

RW
n @� %� nq�

�
� f�
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Wklv phdqv wkdw wkh lqyhvwruv zlwk fkdudfwhulvwlfv vdwlvi|lqj wkh uljkw0kdqg vlgh
ri frqglwlrq +E, lv d ghpdqghu ri wkh ulvn| dvvhw dqg d vxssolhu ri wkh ulvn| erqg1
Wkh ohiw0kdqg vlgh ri frqglwlrq +E, phdqv wkdw lqyhvwruv zkrvh fkdudfwhulvwlfv
vdwlvi| wkh lqhtxdolw| q� :

k
RW
� @ %� �@ K �

RW
glyhuvli| wkhlu zhdowk ehwzhhq erwk

vhfxulwlhv dydlodeoh lq wkh pdunhw1
Li wkh lqyhvwruv* fkdudfwhulvwlfv duh vxfk wkdw wkh frh!flhqw ghvfulelqj wkh

djhqw*v eholhiv/ q�/ ehorqjv wr wkh lqwhuydo
�
fc k

RW
� @ %� �@ K �

RW

l
/ wkhq wkh djhqw*v

ghpdqg iru d ulvn| dvvhw dqg ulvnohvv erqg lv htxdo wr

%� '%� n
K �
R� c K� ' f li q� �

k

R� � @� %� �@� K �
R� +416,

Htxdwlrq +416, vkrzv wkdw wkh wrwdo zhdowk lv lqyhvwhg lq wkh ulvn| dvvhw1 Wkh
frqglwlrq q� � k

RW
� @ %� �@ K �

RW
c ghulyhg iurp wkh lqyhvwru*v rswlpl}dwlrq sureohp/

lpsolhv wkdw wkrvh lqyhvwruv zkrvh fkdudfwhulvwlfv vdwlvi| wklv frqglwlrq duh wkh
vxssolhuv ri doo wkh erqg kroglqjv dqg wkh ghpdqghuv ri wkh ulvn| dvvhw1 Wkhvh
lqyhvwruv lqyhvw doo ri wkhlu zhdowk wrwdoo| lq wkh ulvn| dvvhw1 +Iru d ixoo ghulydwlrq
vhh Dsshqgl{ 41,

Wkh fdvh zkhq %�' K �' f lv uxohg rxw lq wkh prgho1 +Li %�' K �' fc wkh djhqw
fdq qrw sduwlflsdwh lq wudglqj ehfdxvh ri d vkruw vdohv uhvwulfwlrq1,

Wkh deryh uhvxow vkrzv wkdw wkh djhqw*v fkdudfwhulvwlfv
�
@�c q�c %�c K �

�
c zklfk

gl�hu dfurvv lqyhvwruv/ ghwhuplqh wkh rswlpdo ghpdqg dqg vxsso| ri ulvn| dqg
ulvnohvv vhfxulwlhv1 Irxu fdvhv duh srvvleoh=

4, Lq wkh �uvw fdvh/ lqyhvwru � h{shfwv wkdw wrpruurz*v ulvn| dvvhw sulfh zloo jr
grzq1 Dv d uhvxow/ kh suhihuv wr vhoo klv kroglqjv ri wkh ulvn| dvvhw dqg nhhs doo
klv zhdowk lq wkh ulvnohvv erqg1

5, Lq wkh vhfrqg fdvh/ lqyhvwru � vhoov d sduw ri klv ulvn| dvvhw kroglqjv dqg
lqyhvwv klv zhdowk lq wkh ulvnohvv erqg1

6, Lq wkh wklug fdvh/ lqyhvwru � vhoov d sduw ri klv erqg kroglqjv dqg lqyhvwv klv
zhdowk lq wkh ulvn| vhfxulwlhv1

7, Lq wkh iruwk fdvh/ lqyhvwru � vhoov klv erqg kroglqjv dqg lqyhvwv klv wrwdo
zhdowk lq wkh ulvn| vhfxulw|1

:



61 Frpsdudwlyh Vwdwlfv

Wklv vhfwlrq frqvlghuv wkh frpsdudwlyh vwdwlfv ri wkh prgho/ l1h1/ lw vkrzv krz
wkh h{rjhqrxv yduldeohv ri wkh prgho 0 kc @c 6c ?c oc rc ,c & 0 d�hfw hqgrjhqrxv
yduldeohv vxfk dv=

4, wkh vl}h ri lqyhvwru jurxsv zkrvh sruwirolr frqwdlq hlwkhu rqo| ulvnohvv erqgv/
ru rqo| ulvn| dvvhwv ru erwk ulvn| dqg ulvnohvv vhfxulwlhv>

5, wkh vl}h ri lqyhvwru jurxsv zkr duh vxssolhuv ri ulvn| dvvhwv ru vxssolhuv ri
erqgv> dqg

6, wkh htxloleulxp sulfh iru ulvn| dvvhw1
Dvvxph wkdw d suredelolw| phdvxuh rq wkh vsdfh ri lqyhvwru fkdudfwhulvwlfv�

@�c q�c %�c K �

�
5 -e

n 0 lv ghvfulehg dv iroorzv=

4, q� / lqyhvwru �*v eholhi derxw wkh qh{w shulrg sulfh/ kdv wkh Jdppd glvwule0
xwlrq zlwk sdudphwhuv 6 dqg ?/ l1h1/ q� q K E6c?� (

5, %�c wkh lqlwldo kroglqjv ri wkh ulvn| dvvhw e| lqyhvwru � / kdv wkh Jdppd
glvwulexwlrq zlwk sdudphwhuv o dqg r/ l1h1/ %�q K Eoc r� (

6, K �c wkh lqlwldo kroglqjv ri wkh ulvnohvv erqg e| lqyhvwru � / kdv wkh Jdppd
glvwulexwlrq zlwk sdudphwhuv , dqg &/ l1h1/ K �q K E,c &� (

7, @� / wkh frh!flhqw ri lqyhvwru*v devroxwh ulvn dyhuvlrq/ lv frqvwdqw dfurvv
lqyhvwruv dqg @� ' @ iru doo � 5 U1

Wkh udwlr ri wkh glvwulexwlrq sdudphwhuv 6
?
lqglfdwhv wkh dyhudjh eholhi derxw

wkh txdqwlw| .R

T R
( +zkhuh .R

T R
uhsuhvhqwv wkh udwlr ri wkh qh{w shulrg dyhudjh sulfh

wr lwv yrodwlolw|, dqg 6
?2

lqglfdwhv wkh glvshuvlrq ri eholhiv dfurvv lqyhvwruv1 Wkh
udwlrv ri wkh glvwulexwlrq sdudphwhuv o

r
/ dqg ,

&
ghvfuleh wkh dyhudjh kroglqjv ri wkh

ulvn| dvvhw dqg ulvnohvv erqg dfurvv lqyhvwruv1

Sursrvlwlrq 514
Wkh vl}h ri wkh jurxs ri lqyhvwruv zkrvh zhdowk lv doorfdwhg lq wkh ulvnohvv erqg

rqo| lq wkh hqg ri wkh shulrg ghfuhdvhv +lqfuhdvhv, li hlwkhu ri k ru & lqfuhdvhv
+hlwkhu 6 ru @ lqfuhdvhv, dqg grhv qrw ghshqg rq o dqg ,1

Surri=
Lq wklv surri/ wkh surshuw| ri dq lqfrpsohwh jdppd ixqfwlrq lv xvhg wr uhzulwh

wkh irupxod ghwhuplqlqj wkh vl}h ri wkh jurxs ri lqyhvwruv zkr lqyhvw wkhlu zhdowk
rqo| lq wkh ulvnohvv erqg dv iroorzv6=

6Wkh vl}h ri wkh jurxs ri lqyhvwruv zkr lq wkh hqg ri wkh shulrg kdyh doo wkhlu zhdowk lqyhvwhg

;
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' �� &6

K E6�
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|63�e3&|_| ' ���
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6c &c

k

@

�
�

+514,

Uhfdoo iurp wkh lqyhvwru*v rswlpl}dwlrq sureohp wkdw wkh frqglwlrq
�
q� :

k
RW

�
phdqv wkdw RW : .� ER�1 Wkrvh lqyhvwruv zkr idoo lq wkh fdwhjru| zlwk vxfk
h{shfwdwlrqv derxw wkh qh{w shulrg sulfh vhoo doo ri wkhlu ulvn| dvvhw kroglqjv wr
lqyhvw doo ri wkhlu zhdowk lq wkh ulvnohvv erqg1 Qrwh wkdw wklv kdsshqv luuhvshfwlyh ri
wkhlu rwkhu fkdudfwhulvwlfv lqfoxglqj wkh frh!flhqw ri wkh devroxwh ulvn dyhuvlrq/ @/
lqlwldo dvvhw kroglqjv %�c dqg erqg kroglqjv K � � Dv gh�qhg deryh/ wkh suredelolw|
lqfoxghv qhlwkhu wkh dyhudjh ulvn| dvvhw kroglqjv/ %/ qru wkh dyhudjh erqg kroglqjv/
K1 Khqfh/ wkh vl}h ri wklv jurxs lv qrw d�hfwhg e| h{rjhqrxvo| ghwhuplqhg dyhudjh
ulvn| dvvhw kroglqjv ru e| wkh dyhudjh ulvnohvv erqg kroglqjv1

Wkh whup &6

KE6�

k
@U
f

|63�e3&|_| lv wkh lqfrpsohwh jdppd ixqfwlrq/ �
�
6c &c k

@

�
/

zlwk sdudphwhuv 6c &c k
@
1 Iurp wkh surshuwlhv ri wkh lqfrpsohwh jdppd ixqfwlrq

lw lv hdv| wr yhuli| wkdw wkh vl}h ri wklv jurxs/ �h
�
q� :

k
RW

�
c ghfuhdvhv li hlwkhu k

ru & jrhv xs> wkh vl}h ri jurxs �h
�
q� :

k
RW

�
lqfuhdvhv li hlwkhu 6 ru @ lqfuhdvhv1

+Wkh surshuwlhv ri wkh lqfrpsohwh jdppd ixqfwlrq duh jlyhq lq pruh ghwdlo lq
Dsshqgl{ 51, T1H1G1

Sursrvlwlrq 515
Wkh vl}h ri wkh jurxs ri lqyhvwruv zkr krog erwk w|shv ri vhfxulwlhv dw wkh hqg

ri wkh shulrg lqfuhdvhv li &c 6c oc ru , lqfuhdvhv1

Surri=
Wklv surri iroorzv gluhfwo| iurp wkh ydolglw| ri wkh wzr suhylrxv sursrvlwlrqv1

Uhfdoo iurp wkh lqyhvwru*v rswlpl}dwlrq sureohp wkdw wkh vl}h ri wkh jurxs ri lq0
yhvwruv/ zkrvh hqg ri shulrg sruwirolr kroglqjv frqwdlq erwk wkh ulvnohvv erqg dqg
wkh ulvn| dvvhw/ lv ghwhuplqhg e| wkh vl}h ri wkh lqyhvwruv* fkdudfwhulvwlfv vdwlvi|lqj

lq wkh ulvnohvv erqg lv ghwhuplqhg e| wkh vl}h ri wkh lqyhvwruv* fkdudfwhulvwlfv jlyhq e| wkh
lqhtxdolw|= �l A

�
s�
=

<



wkh iroorzlqj frqglwlrq=
�
k
@
	 RWq�

@
n RW %� n K �� k

@
n RW %� n K �

�
� Iurp wklv lw

iroorzv wkdw wkh vl}h ri wklv jurxs ri lqyhvwruv ghshqgv rq wkh suredelolw| phdvxuh
gh�qhg rq wkh vsdfh ri lqyhvwruv* fkdudfwhulvwlfv1

�2 ' �h

�
k

@
	

RWq�

@
n RW %� n K �� k

@
n RW %� n K �

�
' +515,

' �h

�
RWq�

@
n RW %� n K �� k

@
n RW %� n K �

�
� �h

�
RWq�

@
n RW %� n K �� k

@

�
'

' �h

�
RWq�

@
� k

@

�
� �h

�
RWq�

@
n RW %� n K �� k

@

�
c

zkhuh �h
�
RWq�
@
� k

@

�
lqglfdwhv wkh vl}h ri wkh jurxs ri lqyhvwruv zkrvh hqg ri

shulrg sruwirolr frqwdlqv hlwkhu rqo| ulvn| dvvhwv ru erwk ulvn| dqg ulvnohvv vhfxul0
wlhv1 Wkh h{suhvvlrq �h

�
RWq�
@

n RW %� n K �� k
@

�
lv wkh vl}h ri wkh jurxs ri lqyhvwruv

zkrvh hqg ri shulrg sruwirolr frqwdlqv rqo| ulvn| dvvhwv1 Wkh deryh h{suhvvlrq
fdq eh uhzulwwhq lq whupv ri wkh suredelolwlhv ghwhuplqhg lq Sursrvlwlrqv 4 dqg 5=

�h

�
RWq�

@
� k

@

�
� �h

�
RWq�

@
n RW %� n K �� k

@

�
'

' ��
�
�h

�
RWq�

@
:

k

@

�
n �h

�
RWq�

@
n RW %� n K �� k

@

��
� +516,

Htxdwlrq +516, fdq eh hydoxdwhg iurp wkh uhvxowv ri Sursrvlwlrqv 4 dqg 61 Wkh
whup lq eudfnhwv ghfuhdvhv li &/ 6c o/ ru , lqfuhdvhv> frqvhtxhqwo|/ wkh ydoxh ri
h{suhvvlrq +516, lqfuhdvhv li &/ 6c o/ ru , lqfuhdvhv1 T1H1G1

Sursrvlwlrq 516
Wkh vl}h ri wkh lqglylgxdo jurxsv zkr fkrrvh rqo| ulvn| vhfxulwlhv lq wudglqj

lqfuhdvhv li k lqfuhdvhv/ dqg ghfuhdvhv li 6c oc ,c ?c ru @ lqfuhdvhv1

Surri=
Iurp wkh suhylrxv vhfwlrq +zkhuh wkh rswlpdo kroglqjv zhuh ghwhuplqhg,/ lw

iroorzv wkdw li wkh frqglwlrq

q� �
k

RW
� @ %� �@ K �

RW

43



lv vdwlv�hg derxw d wudghu*v fkdudfwhulvwlfv wkhq d jlyhq wudghu zloo vhoo ri doo erqgv
dqg krog rqo| ulvn| vhfxulwlhv1

lv vdwlv�hg1 Wklv frqglwlrq fdq eh uhzulwwhq dv
RWq�

@
n RW %� n K �� k



k jrhv xs/ zkloh lw ghfuhdvhv li 6c oc ,c & ru @ jrhv xs1 Ghwdlov ri wkh ghulydwlrq ri
wklv sursrvlwlrq duh ghprqvwudwhg lq Dsshqgl{ 51 T1H1G1

Sursrvlwlrq 517
Wkh vl}h ri wkh jurxs ri lqyhvwruv zkr duh wkh qhw vxssolhuv ri wkh ulvn| dvvhwv

lq wkh pdunhw lqfuhdvhv +ghfuhdvhv, li oc 6c &c ru @ lqfuhdvhv +k lqfuhdvhv,1

Surri=
Dq lqyhvwru vhoov doo ulvn| dvvhwv li klv eholhi vdwlv�hv wkh lqhtxdolw| q� :

k
RW
1

Wklv lqhtxdolw| phdqv wkdw wkh h{shfwhg qh{w shulrg sulfh ri d vhfxulw|/ k
q�
c lv

ohvv wkdq wrgd|*v sulfh RW1 Wkh lqyhvwru lv wkh vhoohu ri d sduw ri klv rzq ulvn|
dvvhwv li klv fkdudfwhulvwlfv vdwlvi| wkh lqhtxdolw| k

RW
� @ %�	 q� � k

RW
1 Iurp wkhvh

wzr h{suhvvlrqv/ lw iroorzv wkdw wkh lqyhvwru lv wkh qhw vxssolhu ri wkh ulvn| dvvhwv
li wkh iroorzlqj lqhtxdolw| lv vdwlv�hg= RWq�

@
n RW %�:

k
@
� Jlyhq wkdw q� dqg %�

duh udqgrp yduldeohv zlwk d Jdppd glvwulexwlrq/ wkhq wkh vxp RWq�
@

n RW %� lv
d udqgrp yduldeoh zklfk kdv d Jdppd glvwulexwlrq zlwk sdudphwhuv 6 n o dqg
&� Wkhuhiruh/ wkh vl}h ri wkh jurxs ri lqyhvwruv zkr duh qhw vxssolhuv ri wkh ulvn|
dvvhw lv

�h

�
RWq�

@
n RW %�:

k

@

�
'

&6no

K E6n o�

"]
k

@

|6no3�e3&|� +518,

Iurp wkh surshuwlhv ri wkh Jdppd ixqfwlrq +ghvfulehg lq ghwdlo lq Dsshqgl{
5,/ lw iroorzv wkdw wkh suredelolw| gh�qhg lq h{suhvvlrq +518, lqfuhdvhv2ghfuhdvhv
li 6c o/ &c ru @ lqfuhdvhv2k lqfuhdvhv� Wkxv/ Sursrvlwlrq 7 krogv1 T1H1G1

Sursrvlwlrq 518
Wkh vl}h ri wkh jurxs ri lqyhvwruv zkr duh qhw vxssolhuv ri wkh ulvnohvv erqg

ghfuhdvhv +lqfuhdvhv, li oc 6c &c ru @ lqfuhdvhv +k lqfuhdvhv,1

Surri=
Dq lqyhvwru vhoov d sduw ri klv ulvnohvv erqgv dqg ghpdqgv wkh ulvn| vhfxulwlhv li

klv fkdudfwhulvwlfv vdwlvi| wkh lqhtxdolw| k
RW
�@ %� �@ K �

RW
	 q� � k

RW
�@ %� � D pruh

frqyhqlhqw zd| wr uhzulwh wklv lqhtxdolw| lv k
RW
	 q�n@ %� n

@ K �
RW
� k

RW
n @ K �

RW
� Rq wkh

rwkhu kdqg/ wkh lqyhvwru vhoov doo klv lqlwldo kroglqjv ri erqgv li klv fkdudfwhulvwlfv
vdwlvi| wkh lqhtxdolw| q� n @ %� n

@ K �
RW
� k

RW
�

45



Frpelqlqj wkh odvw wzr lqhtxdolwlhv/ lw lv reylrxv wkdw wkh vl}h ri wkh jurxs ri
lqyhvwruv zkr duh h{fhvv vxssolhuv ri wkh ulvnohvv erqg lv ghwhuplqhg e| wkh sure0
delolw| phdvxuh ri wkh vhw ri lqyhvwru fkdudfwhulvwlfv zklfk vdwlvi| wkh lqhtxdolw|

q� n @ %� n
@ K �
RW

� k

RW
n
@ K �
RW

� +519,

Xvlqj wkh idfw wkdw q�n@ %� kdv d Jdppd glvwulexwlrq zlwk sdudphwhuv6n%
dqg &/ wkh vl}h ri wkh jurxs ri lqyhvwruv zkr duh qhw vxssolhuv ri wkh ulvnohvv erqg
lv htxdo wr

�h

�
RWq�

@
n RW %�� k

@

�
'

&6no

K E6n o�

k
@]
f

|6no3�e3&|� +51:,

Fohduo|/ iurp wklv h{suhvvlrq lw iroorzv wkdw wklv suredelolw| ghfuhdvhv +lq0
fuhdvhv, li hlwkhu 6c ru oc ru &c ru @ lqfuhdvhv +k lqfuhdvhv,1 T1H1G1

Sursrvlwlrq 519
Wkh frpshwlwlyh htxloleulxp sulfh ri wkh ulvn| dvvhw
4, lqfuhdvhv li wkh h{shfwdwlrq derxw wkh qh{w shulrg lqfuhdvhv +k lqfuhdvhv,>
5, ghfuhdvhv li wkh dyhudjh q� dfurvv lqyhvwruv lqfuhdvhv +zklfk phdqv wkdw 6

?

lqfuhdvhv,>
6, ghfuhdvhv li wkh dyhudjh lqlwldo dvvhw kroglqjv lqfuhdvh +zklfk phdqv wkdw o

r

lqfuhdvhv,>
7, lqfuhdvhv li wkh dyhudjh lqlwldo erqg kroglqjv lqfuhdvh +zklfk phdqv wkdw ,

&

lqfuhdvhv,>
8, ghfuhdvhv li wkh frh!flhqw ri wkh devroxwh ulvn dyhuvlrq/ @/ lqfuhdvhv1

Surri=
Uhfdoo iurp Vhfwlrq 4 ri wklv sdshu wkdw wkh rswlpdo ghpdqgv iru wkh ulvn|

dvvhw dqg wkh ulvnohvv erqg iru lqyhvwru � duh jlyhq e|
4, %� ' f K� ' RW %� n K � li k

RW
	 q�(

5, %� ' k
@RW
� q�

@
K� ' RW %� n K � �k

@
n RW q�

@
li k

RW
� @ %� �@ K �

RW
	

q� � k
RW
(

6, %� '%� n K �
RW

K� ' f q� � k
RW
� @ %� �@ K �

RW
�

Iurp wkh dvvxpswlrq derxw wkh glvwulexwlrq ri lqyhvwru fkdudfwhulvwlfv lw iro0
orzv wkdw dyhudjh eholhi dqg wkh dyhudjh lqlwldo dvvhw dqg erqg kroglqjv duh jlyhq
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Wkh odvw htxdwlrq jlyhv wkh phdq ghpdqg iru wkh ulvn| dvvhw1 Wkh phdq h{fhvv
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Wr ghwhuplqh wkh frpshwlwlyh htxloleulxp dvvhw sulfh/ wkh phdq h{fhvv gh0
pdqgv iru wkh ulvn| vhfxulw| vkrxog eh vhw htxdo wr }hur=�
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Wkh vroxwlrq wr wkhvh htxdwlrqv � wkh frpshwlwlyh htxloleulxp sulfh/ RW� lv jlyhq
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Lw lv vwudljkwiruzdug wr yhuli| iurp wklv h{suhvvlrq wkdw Sursrvlwlrq 9 lv wuxh1
T1H1G1
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71 Wkh G|qdplf Prgho

Wkh g|qdplf prgho lv dq h{whqvlrq ri wkh vwdwlf prgho ghvfulehg deryh1 Vlqfh
zh kdyh frqvlghuhg lq�qlwho| orqj 0 olyhg vhfxulwlhv lq wkh �qdqfldo pdunhw/ d
vkruw 0 uxq g|qdplf prgho lv d �qlwh vhtxhqfh ri ryhuodsslqj wzr 0 shulrg prghov
dqg wkh g|qdplfv ri wkh vhfxulw| sulfh lv d vhtxhqfh ri whpsrudu| htxloleulxp
sulfhv1 Lq wklv vhfwlrq zh dovr frqvlghu fkdqjhv lq lqyhvwru eholhiv ryhu wlph gxh
wr lqirupdwlrq dftxlvlwlrq1 Wkh pdlq lvvxh ri wkh g|qdplf prgho lv wkh h�hfw
ri wkh uhdol}dwlrq ri wkh frpshwlwlyh htxloleulxp sulfh rq lqyhvwruv* eholhiv1 Lq
sduwlfxodu diwhu revhuylqj fxuuhqw vhfxulw| sulfh wudghuv xsgdwh wkhlu sulru| eholhiv
dqg wkh kljk uhdol}dwlrq ri fxuuhqw sulfh ohdgv wkdw lqyhvwruv lq wkh pdunhw kdyh
vwrfkdvwlfdoo| kljk eholhiv1 Lq wkh g|qdplf yhuvlrq ri wkh prgho/ wkh glvwulexwlrq
ri srvwhulru eholhiv derxw wkh qh{w shulrg sulfh dfurvv lqyhvwruv kdv wkh vdph
ixqfwlrqdo irup dv wkh glvwulexwlrq ri sulru eholhiv lq wkh pdunhw1

Sursrvlwlrq 614
Li lqyhvwruv* sulru eholhiv/ q�c kdyh d Jdppd glvwulexwlrq/ wkhq wkhlu srvwhulru

eholhiv zloo djdlq kdyh d Jdppd glvwulexwlrq zlwk gl�huhqw sdudphwhuv1

Surri=
Lq wkh g|qdplf vhwwlqj/ wkh diwhu0wudgh glvwulexwlrq ri lqyhvwru eholhiv q� diwhu

revhuylqj wkh uhdol}dwlrq ri wkh vhfxulw| sulfh ri wkh ulvn| dvvhw lv

} Eq� m R� '
C@ ER m kc q��C@ Eq� m 6c?�

"U
f

C@ ER m kc q��C@ Eq� m 6c?� _q�

� +614,

Xvlqj wkh surshuw| ri d jdppd glvwulexwlrq rqh fdq rewdlq

"]
f

C@ ER m kc q��C@ Eq� m 6c?� _q� '

"]
f

qk
�

K Ek�
Rk3�e3q�R

?6

K E6�
q63�
� e3q�?_q� '

+615,

'
Rk3�

K Ek�

?6

K E6�

"]
f

qk
� e
3q�Rq63�

� e3q�?_q� '
Rk3�

K Ek�

?6

K E6�

"]
f

qkn63�
� e3q�ERn?�_q� '

'
Rk3�

K Ek�

?6

K E6�

K Ek n6�

ERn ?�kn6
�
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Li zh vxevwlwxwh H{suhvvlrq +615, lq wkh H{suhvvlrq +614,/ rqh fdq jhw/

} Eq� m R� '
C@ ER m kc q��C@ Eq� m 6c?�

"U
f

C@ ER m kc q��C@ Eq� m 6c?� _q�

'

'

qk�
KEk�

Rk3�e3q�R ?6

KE6�
q63�
� e3q�?

Rk3�

KEk�
?6

KE6�
KEkn6�

E?nR�E6nk�

'
E? n R�6nk

K E6n k�
q6nk3�
� e3q�ERn?�� +616,

wklv h{suhvvlrq +616, lqglfdwhv wkdw wkh diwhu0wudgh eholhiv dovr kdyh d Jdppd
glvwulexwlrq zlwk sdudphwhuv 6n k dqg ?n R�

Qrz lw ehfrphv fohdu wkdw wkh prgho fdq eh xvhg wr pdnh suhglfwlrqv derxw wkh
qh{w shulrg*v dvvhw sulfh1 Lq sduwlfxodu/ li sdudphwhuv6|/ ?|c o|c r|c ,|c &|c ��|c �2|c ��|

dqg k duh hvwlpdwhg dffruglqj wr wkh surfhgxuh ghvfulehg lq Dsshqgl{ 6 ri wklv
sdshu/ rqh fdq xvh wkhp wrjhwkhu zlwk wkh frpshwlwlyh htxloleulxp sulfh revhuyhg
lq wkh pdunhw wr suhglfw wkh qh{w shulrg*v qhz sdudphwhuv ri wkh glvwulexwlrq ri
lqyhvwru eholhiv1

\

6|n�'
\

6| n
\

k dqg
\

?|n�'
\

?| nR| +617,

iru dq| | ' �c 2���A 1 Frqvhtxhqwo| rqh fdq suhglfw wkh qh{w shulrg*v frpshwl0
wlyh htxloleulxp sulfh� Iurp wklv lw iroorzv wkdw wrgd|*v sulfh kdv dq h�hfw rq
wrpruurz*v h{shfwdwlrqv derxw wkh qh{w shulrg sulfh1 Zkhq wrgd|*v frpshwlwlyh
htxloleulxp ulvn| dvvhw sulfh/ R|c lv kljk/ wkhq ?|n� lqfuhdvhv1 Wklv ohdgv wr d vwr0
fkdvwlf vkliw lq lqyhvwruv* eholhiv1 Xvlqj irupxodv +5143, dqg +617,/ rqh fdq hdvlo|
yhuli| wkdw wkh sulfh R|n� lqfuhdvhv1 Wklv phdqv wkdw wrgd|*v kljk sulfh ohdgv wr
wrpruurz*v vwrfkdvwlfdoo| kljk eholhiv/ dqg frqvhtxhqwo|/ d kljk sulfh1 Wklv suh0
glfwlrq lv frqvlvwhqw zlwk wkh hpslulfdo uhvhdufk/ zklfk vxssruwv wkh �qglqj wkdw
wkhuh h{lvwv d srvlwlyh fruuhodwlrq ehwzhhq dvvhw sulfhv1 Lq sduwlfxodu/ wkh hpslulfdo
vwxglhv ri Or dqg PdfNlqod| ^4<`/ ^53`/ dqg GhErqgw dqg Wkdohu ^9`/ ^:`/ vkrz wkdw
lq wkh vkruw 0 uxq +l1h1/ gdlo| ru zhhno|, dvvhw sulfhv duh srvlwlyho| dxwrfruuhodwhg1
+Lq frqwudvw/ hpslulfdo hylghqfh kdv ehhq irxqg/ iru h{dpsoh e| Idpd dqg Iuhqfk
^<`/ lqglfdwlqj wkdw dvvhw sulfhv duh vljql�fdqwo| qhjdwlyho| vhuldoo| fruuhodwhg lq
wkh orqj 0 uxq1,

Lq wkh g|qdplf prgho/ wkh frpshwlwlyh htxloleulxp dvvhw sulfh lv d vhtxhqfh
ri wkh vwdwlf vroxwlrqv1 Iru dq| wlph shulrg/ |/ wkh vroxwlrq lv

RW| '
k
@
�2| n

,|
&|
��|

o|
r|
E��| n �2|� n

6|

@?|
�2|

� +618,
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Wklv irupxod dvvxphv wkdw sdudphwhuv k dqg @ duh frqvwdqwv lq wkh vkruw0uxq/ dqg
?| dqg 6| duh ghwhuplqhg iurp +617, dv iroorzv= ?| ' ?|3� n R|3� dqg 6|@6|3� n
k1 Htxdwlrq +618,/ ghwhuplqlqj wkh g|qdplf frpshwlwlyh htxloleulxp dvvhw sulfh/
vkrzv wkdw wkh fxuuhqw sulfh ri wkh ulvn| dvvhw lv h{sodlqhg e| lwv suhylrxv sulfh>
d kljk sulfh dw shulrg E|� �� lpsolhv d kljk ydoxh ri wkh fxuuhqw sulfh1 Wkhuh lv d
srvlwlyh vhuldo dxwrfruuhodwlrq lq wkh sulfh surfhvv1

81 Frqfoxglqj Uhpdunv dqg Gluhfwlrqv iru wkh Ixwxuh Uh0
vhdufk

Wkh pdlq jrdov ri wklv sdshu zhuh wr frqvlghu d sdudphwul}hg hfrqrp| lq rughu
wr vwxg| dqg ghulyh rswlpdo vroxwlrqv iru wkh sruwirolr kroglqj sureohp1 Lq wklv
sdshu h{rjhqrxv yduldeohv vxfk dv eholhiv dqg lqlwldo sruwirolr kroglqjv duh vkrzq
wr d�hfw htxloleulxp sulfh1

Wkh sduwlfxodu ixqfwlrqdo vshfl�fdwlrqv ri lqyhvwru xwlolwlhv/ eholhiv/ dorqj zlwk
wkh vshfl�fdwlrq ri wkh glvwulexwlrq ixqfwlrqv rq wkh vsdfh ri lqyhvwru fkdudfwhu0
lvwlfv pdnh lw srvvleoh wr vroyh wkh prgho dqg ghulyh wkh forvhg 0 irup vroxwlrq iru
wkh htxloleulxp sulfh1 Dsduw iurp wklv/ whvwdeoh suhglfwlrqv derxw wkh h�hfwv ri
wkh h{rjhqrxv sdudphwhuv ri wkh prgho +wkh frh!flhqw ri devroxwh ulvn dyhuvlrq/
wkh dyhudjh eholhi/ wkh dyhudjh dvvhw kroglqj/ dqg wkh dyhudjh erqg kroglqj, rq
wkh vl}hv ri wkh jurxsv ri lqyhvwruv zkr kdyh gl�huhqw sruwirolr kroglqjv dqg rq
wkh htxloleulxp dvvhw sulfh zhuh pdgh1

Lq wkh g|qdplf h{whqvlrq ri wkh prgho/ lqglylgxdo eholhiv fkdqjh ryhu wlph>
wkhuhiruh/ wkh kljk uhdol}dwlrq ri fxuuhqw sulfh lpsolhv vwrfkdvwlfdoo| kljk lqyhvwru
eholhiv1 Lq wklv vhwwlqj/ lw lv hqrxjk wr nqrz wkh lqlwldo glvwulexwlrq ri eholhiv dqg
wkh fxuuhqw frpshwlwlyh htxloleulxp dvvhw sulfh wr pdnh suhglfwlrqv derxw wkh qh{w
shulrg frpshwlwlyh htxloleulxp dvvhw sulfh1 Wkh g|qdplf h{whqvlrq ri wkh prgho
uhyhdov wkh h{lvwhqfh ri d srvlwlyh dxwrfruuhodwlrq sdwwhuq lq wkh sulfh surfhvv1

Srvvleoh gluhfwlrqv iru ixwxuh wkhruhwlfdo uhvhdufk zrxog eh wr frqvlghu wkh
prgho lq frqwlqxrxv wlph wr frpelqh lqwr wkh prgho idfwruv h{sodlqlqj wkh pryh0
phqwv ri dvvhw sulfhv lq wkh vkruw0uxq zlwk wkh ixqgdphqwdov o|lqj ehklqg wkh
orqj0uxq ehkdylru ri dvvhw sulfhv dqg wr phdvxuh whpsrudu| ghyldwlrqv ri vwrfn
sulfhv iurp wkhlu ixqgdphqwdo ydoxhv1
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91 Dsshqglfhv

Dsshqgl{ 41
Wudghu �*v pd{lpl}dwlrq sureohp fdq eh zulwwhq dv=

4@ 
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f

�
�� e3@�ER%�nK��

�
} ER m k/ q�� _R

r�|�%�c K� 5 ��

�
RWc %�c K�

�
c

zkhuh

} ER m k/ q�� '
qk
�

K Ek�
Rk3�e3q�o�

Wkh �uvw rughu frqglwlrq iru rswlpl}dwlrq lv
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Wklv htxdwlrq fdq eh zulwwhq dv
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f
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Lqwhjudwlqj vhsdudwho| wkh ohiw dqg uljkw lqwhjudov/ lw iroorzv

U� '

"]
f

e3@�R%�R Rk3�e3q�R_R '

"]
f

e3RE@�%�nq��Rk_R�
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K Ek n ��

E@�%� n q��
kn� �

Dqdorjrxvo| lqwhjudwlqj wkh uljkw sduw ri wkh htxdwlrq/ rqh rewdlqv

U2 ' RW
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e3@�R%�Rk3�e3q�R_R ' RW
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e3RE@�%�nq�� Rk3�_R�

Diwhu fkdqjlqj wkh yduldeoh R E@�%� n q�� ' +c rqh rewdlqv
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Wkh �uvw rughu frqglwlrq ehfrphv
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E@�%� n q��
kn� ' RW
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k �

Xvlqj wkh surshuw| ri d Jdppd ixqfwlrq K Ek n �� ' kK Ek� c rqh rewdlqv

k

@�%� n q�

' RW�

Iurp wkh odvw htxdwlrq/ lw iroorzv wkdw wkh rswlpdo ghpdqg iru wkh ulvn| dvvhw
dqg iru wkh ulvnohvv erqg iru lqyhvwru � lv
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Dsshqgl{ 51
Wkh lqfrpsohwh jdppd ixqfwlrqv fdq eh zulwwhq dv
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� E@c %� '
%U
f

|@3�e3|_| iru E@c % : f� c dqg

K E@c %� '
"U
%

|@3�e3|_| iru E@c % � f� �

Fohduo| � E@c %� ' K E@�� K E@c %� �
Iru pruh ghwdlov derxw wkh lqfrpsohwh Jdppd ixqfwlrq/ vhh Jdxwvfkl ^;`/ ^<`1

Ohw xv ghqrwh C E@c %� ' �
KE@�

%U
f

|@3�e3|_| dqg CW E@c %� ' �
KE@�

"U
%

|@3�e3|_|�

Li wkh ixqfwlrq e3| lv h{sdqghg/ lw fdq eh hdvlo| yhul�hg wkdw
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wklv vhulhv frqyhujhv udslgo| li % lv vpdoo1 Lqwhjudwlrq e| sduw ohdgv wr
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Iurp wklv htxdwlrq/ lw iroorzv wkdw

CW E@c %� ' CW E@� �c %� n
e3%%@3�

K E@�
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Xvlqj wkh odvw h{suhvvlrq/ lw lv hdv| wr vhh wkdw CW E@c %� lv dq lqfuhdvlqj ixqf0

wlrq zlwk uhvshfw wr @� Lq wkh prgho/ CW E6ck� ' �h
�
q� :

k
RW

�
dqg lv dq lqfuhdv0

lqj ixqfwlrq ri 6� Wkh vhfrqg uhodwlrqvkls fdq eh hdvlo| yhul�hg e| dq yduldeoh
wudqvirupdwlrq=
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K E6�
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K E6�
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Wkh ydoxh ri wkh odvw lqwhjudo fohduo| ghfuhdvhv li & lqfuhdvhv� T1H1G1

Dsshqgl{ 61
Wklv dsshqgl{ vxppdul}hv +vhh wkh wdeoh ehorz, wkh h�hfwv wkdw wkh h{rjhqrxv

yduldeohv lq wkh prgho Ekc @c6c ?c oc rc ,c &� kdyh rq wkh hqgrjhqrxv yduldeohv +wkh
vl}hv ri wkh jurxsv ri lqyhvwruv zlwk gl�huhqw kroglqjv ri pdunhw vhfxulwlhv/ dqg
rq wkh htxloleulxp ulvn| dvvhw sulfh,1 Wkh vljqv lqglfdwhg lq wkh wdeoh vkrz wkh
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gluhfwlrq ri wkhvh h�hfwv1 Wkhvh frpsdudwlyh vwdwlfv frqvwlwxwh wkh pdlq whvwdeoh
suhglfwlrqv ri wkh prgho frqvlghuhg lq wkh �uvw wzr vhfwlrqv ri wklv sdshu1 Wr
whvw wkhvh suhglfwlrqv lw lv qhfhvvdu| wr nqrz wkh ydoxhv ri wkh h{rjhqrxv dqg
hqgrjhqrxv yduldeohv1 Zkloh wkh hqgrjhqrxv yduldeohv duh revhuydeoh/ wkh ydoxhv
ri wkh h{rjhqrxv sdudphwhuv kdyh wr eh vwdwlvwlfdoo| hvwlpdwhg e| phdqv ri wkh
olnholkrrg ixqfwlrq whfkqltxh1 Wklv dsshqgl{ sursrvhv hfrqrphwulf whfkqltxhv wr
hvwlpdwh sdudphwhu ydoxhv ri wkh prgho1 Lw lv vwudljkwiruzdug wr hvwlpdwh ydoxhv
ri o/ r/ ,/ & diwhu revhuylqj lqlwldo sruwirolr kroglqjv1 Krzhyhu/ wkh hvwlpdwlrq ri
sdudphwhuv k/ @/6/ dqg ?/ ri wkh glvwulexwlrq ri lqyhvwru lqlwldo eholhiv q� uhtxluhv
vshfl�f hfrqrphwulf whfkqltxhv ehfdxvh q� lv qrw gluhfwo| revhuydeoh1

Wdeoh 4:

Sdudphwhuv
������������������������������
Hqgrjhqrxv Yduldeohv k @ 6 ? o r , &
4,Wkh vl}h ri wkh lqglylgxdo
jurxsv zkr krog rqo|
ulvn| dvvhwv

. � � � � � � �

5,Wkh vl}h ri wkh lqglylgxdo
jurxsv zkr krog rqo|
ulvnohvv erqgv

� . . � - � - �

6,Wkh vl}h ri wkh lqglylgxdo
jurxsv zkr krog erwk
ulvn| dqg ulvnohvv vhfxulwlhv

- - - . - . - .

7,Wkh vl}h ri wkh lqglylgxdo
jurxsv zkr duh h{fhvv
vxssolhuv ri wkh ulvn| dvvhw

� . . . . . - .

8,Wkh vl}h ri wkh lqglylgxdo
jurxsv zkr duh h{fhvv
vxssolhuv ri wkh ulvnohvv erqg

. � � � � � - �

9,Wkh sulfh ri wkh ulvn| vhfxulw| . � � . � . . �

Iluvwo|/ frqvlghu d phwkrg ri hvwlpdwlqj wkh h{rjhqrxv sdudphwhuv oc rc ,c & e|

:Wkh vljq . ru 0 lqglfdwhv wkh gluhfwlrq ri fkdqjhv ri wkh hqgrjhqhrxv yduldeoh li wkh h{rjhqrxv
yduldeoh lqfuhdvhv1 Wkh vljq - lqglfdwhv wkdw wkhuh lv qr uhodwlrqvkls ehwzhhq h{rjhqrxv dqg
hqgrjhqrxv yduldeohv1
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revhuylqj wkh lqlwldo sruwirolr kroglqjv1 Dffruglqj wr dvvxpswlrqv +5, dqg +6,
vwdwhg lq Vhfwlrq 5/ %�c dqg K � kdyh d Jdppd glvwulexwlrq

%�� K Eoc r� c K�� K E,c &� �

Wklv surshuw| ri wkh lqlwldo sruwirolr kroglqjv lv xvhg wr frqvwuxfw wkh Pd{lpxp
Olnholkrrg Hvwlpdwruv +POH, iru wkh vkdsh sdudphwhu/ oc dqg wkh vfdoh sdudphwhu/
r� Wkh surfhgxuh iru hvwlpdwlqj sdudphwhuv ,c dqg & lv dqdorjrxv1

Ehorz wkh hvwlpdwhv wkdw zloo pd{lpl}h wkh olnholkrrg ixqfwlrq ri d udqgrp
vdpsoh duh ghwhuplqhg1 Xvlqj wkh ghqvlw| ixqfwlrq ri d Jdppd glvwulexwlrq iru
d udqgrp vdpsoh E%�c %2c ����� %?� c wkh olnholkrrg ixqfwlrq fdq eh zulwwhq dv
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Diwhu wdnlqj wkh orjdulwkplf wudqvirupdwlrq/ rqh rewdlqv
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Wkh �uvw rughu frqglwlrqv iru wkh rswlpdo sdudphwhuv/ o dqg r/ duh

Y *?u
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� +D1617,

Iurp wkh vhfrqg htxdwlrq/ wkh PO hvwlpdwruv ri wkh sdudphwhuv % dqg r vkrxog
vdwlvi| wkh htxdwlrq
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%� � +D1618,

Wkh orjdulwplf wudqvirupdwlrq ri htxdwlrq +D1618, ohdgv wr

*?
\

r' *?
\

o � *?�c +D1619,

zkhuh � ' �
?

?S
�'�

%� ghqrwhv wkh dulwkphwlf phdq ri wkh revhuyhg dvvhw kroglqjv

dfurvv lqyhvwruv1 Xvlqj �uvw rughu frqglwlrqv +D1616, +D1617,/ wkh PO hvwlpdwru
iru wkh sdudphwhu o vdwlv�hv
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o � *?�� _ *? K Eo�
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n *??

s
%�%2 ����� %? ' f +D161:,

Wklv htxdwlrq fdq eh vlpsol�hg e| ghqrwlqj wkh jhrphwulf phdq ri wkh lqlwldo
dvvhw kroglqjv/ ?

s
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