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ABSTRACT

The Structure of Corporate ownership in Privatized Utilities*

The purpose of this Paper is to study the determinants of the concentration of
ownership in a privatized, regulated firm. The discussion illustrates some
aspects of the costs and benefits of different corporate systems. Privatized
utilities are large firms with professional management: there is a separation
between ownership and control. The agency costs of this separation interact
with the regulation of the product market. The main issue to be addressed
here is how the degree to which regulators weigh investor profits when setting
prices (the ‘regulatory climate’) affects the structure of corporate ownership,
and more specifically the degree of shareholder concentration. Another,
related issue, to be addressed is how deregulation affects corporate structure.

In the benchmark case where the government maximizes privatization
proceeds, it is shown that the optimal level of concentration increases with a
tougher regulatory climate for investors. A more lenient regulatory regime
increases the value of the commitment not to interfere implicit in a more
dispersed ownership structure. Deregulation (through increasing monitoring
costs) also pushes corporate structure in the direction of more ownership
concentration. When political objectives are added to the analysis, it is shown
that lobbying with managers induces levels of shareholder dispersion that are
higher than in the benchmark case. Collusion with large shareholders,
however, may yield higher concentration levels than in the benchmark. In the
case of managerial lobbying, the leniency of the regulatory climate does not
have any impact on the equilibrium stake of the blockholder, and has a
negative impact on the difference between the political and the benchmark
outcomes.
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v|vwhpv1 Sulydwl}hg xwlolwlhv duh odujh �upv zlwk surihvvlrqdo pdqdjh0
phqw= wkhuh lv d vhsdudwlrq ehwzhhq rzqhuvkls dqg frqwuro1 Wkh djhqf|
frvwv ri wklv vhsdudwlrq lqwhudfw zlwk wkh uhjxodwlrq ri wkh surgxfw pdu0
nhw1 Wkh pdlq lvvxh wr eh dgguhvvhg khuh lv krz wkh ghjuhh wr zklfk
uhjxodwruv zhljk lqyhvwru sur�wv zkhq vhwwlqj sulfhv +wkh �uhjxodwru|
folpdwh�, d�hfwv wkh vwuxfwxuh ri frusrudwh rzqhuvkls/ dqg pruh vshfli0
lfdoo| wkh ghjuhh ri vkduhkroghu frqfhqwudwlrq1 Dqrwkhu/ uhodwhg lvvxh/
wr eh dgguhvvhg lv krz ghuhjxodwlrq d�hfwv frusrudwh vwuxfwxuh1 � Wkh
hqkdqfhg glvfuhwlrq surylghg e| ghuhjxodwlrq surirxqgo| fkdqjhv wkh
uroh ri pdqdjhuv1 Lq �upv lq wkh hqhuj|/ whohfrppxqlfdwlrqv ru zdwhu
vhfwruv/ vrph ghjuhh ri ghuhjxodwlrq +ri hqwu| uhvwulfwlrqv/ iru h{dpsoh,
frh{lvwv zlwk sulfh uhjxodwlrq1

Lq pdq| frxqwulhv/ sulydwl}dwlrq dqg ghuhjxodwlrq ru uhjxodwru| uh0
irup kdyh wdnhq sodfh vlpxowdqhrxvo| lq wkh odvw 43 ru 48 |hduv1 Sulyd0
wl}dwlrq ghflvlrqv ghwhuplqh wr d juhdw h{whqw wkh frusrudwh jryhuqdqfh
frqglwlrqv ri wkh �upv1 Lw pd| eh dujxhg wkdw wkh zd| d frpsdq| lv sul0
ydwl}hg ghshqgv rq wkh frqglwlrqv ri wkh �qdqfldo pdunhwv ri wkh frxqwu|
lq zklfk lw rshudwhv1 Exw wkh irup ri �qdqfldo pdunhwv lv dovr vkdshg
e| wkh zd| odujh �upv duh sulydwl}hg1 Sxeolf r�huv lq wkh irup ri
vkduh lvvxh sulydwl}dwlrqv dlp dw lqyroylqj vpdoo vkduhkroghuv dqg whq0

ghuv ru dvvhw vdohv dlp dw lqyroylqj odujh vkduhkroghuv/ dowkrxjk pdq|
sulydwl}dwlrqv frpelqh gl�huhqw whfkqltxhv1 L zloo irfxv khuh rq krz
sulydwl}dwlrq ri xwlolwlhv vkdshv �qdqfldo pdunhwv dqg frqwuro v|vwhpv1

Lq wkh vhwwlqj suhvhqwhg ehorz wkhuh duh wkuhh vwdjhv1 Iluvw/ dw sulyd0
wl}dwlrq/ wkh jryhuqphqw ghflghv wkh sursruwlrq ri vkduhv wr eh doorfdwhg
wr wkh odujhvw vkduhkroghu1 Lw grhv vr wr frqvwudlq wkh ixwxuh dfwlrqv ri
wkh �up dqg wkh uhjxodwru/

�
dqwlflsdwlqj wkhlu htxloleulxp ehkdylrxu1

Iroorzlqj wkh uhfhqw hpslulfdo olwhudwxuh rq sulydwl}dwlrq +vhh Phjjlq0
vrq dqg Qhwwhu/ 5334,/ wkh jryhuqphqw fkrrvhv wkh whupv ri wkh vdoh ri
sxeolf �upv wdnlqj lqwr dffrxqw erwk srolwlfdo dqg hfrqrplf hqgv1 Lq
sduwlfxodu/ khuh jryhuqphqwv wudgh r� sulydwl}dwlrq surfhhgv zlwk wkh
pd{lpl}dwlrq ri wkh h{shfwhg yrwh1 Iru h{dpsoh/ lq wkh fdvh ri wkh sul0
ydwl}dwlrq surjudpph ri wkh Wkdwfkhu jryhuqphqw lq wkh XN/ Qhzehu|

� � � � � � � 	 	 � 
 � �  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �   � � ! � � � � � � �  " � � � � � � �
� � � ! � � ! � � �  # � � � � �  $ $ ! � � � � � �  � � � � $ � � � � � � � � % ! � � � � � � � � � � � � � � � � � � # � � � % # �  $
� � � ! � � �  � � �  � � �  � � � � � � � & ' ( ' � � % � � �  ! � �  ! � � � � )  � � % ' �

* + , - . / 0 1 2 3 0 4 5 6 7 8 6 9 : ; < = < 7 > ? 8 : @ = A 8 > : ; @ = 5 : 5 < B 8 = < 9 5 C D E D F G D F G H G H D I J D E D K L J D
M N O D P Q G I R D P P R H G J G J D S T I D N U T F H F O D V D F O D F G E D W X P T G N E R H G J T O X G Y G N G T Z D H F G NT S S N X F G [ N G J S N F I X M D E I \ ] ^ _ ` a b _ c d e a f \ g ^ h e a e f h f i j k e a e l c m ] h b a n ] o ] m f b p e ]
f c ` a ] ^ ] h g b ^ ] m ] c h k b a g h o i q ^ h k e r c a b ` e ] ^ s ^ g b ^ t u k g m e h k e ^ ] h g b ^ ] m l b v e a ^ n e ^ h f
_ e d g _ e b ^ ` a g v ] h g w ] h g b ^ t n ] ^ o a e l c m ] h b a o g f f c e f _ e ` e ^ _ b ^ ` b m g d g e f ` a b n b h e _ p o h k e
r c a b ` e ] ^ ] c h k b a g h g e f i j k g f g f h k e d ] f e t x b a e y z { | } ~ � � � } � � ~ � z } � � z � � � � | � } � � � ~ � � �
� ~ } ~ � � { { � � � � z � � � � � z � � ~ } ~ � � � � � � � � �

5



+5333, dujxhv=
�Wkh �vfdo frqvwudlqwv idflqj wkh qhz jryhuqphqw zhuh vhyhuh lq wkh

h{wuhph 0khdy| gh�flwv/ d zruog uhfhvvlrq/ dqg pdqlihvwr frpplwphqwv
wr lqfuhdvh vshqglqj rq ghihqvh/ shqvlrqv/ wkh srolfh/ dqg qrw wr fxw
vshqglqj lq wkh QKV1 Dw wklv srlqw sulydwl}dwlrq hphujhg dv dq dsshdolqj
vroxwlrq iurp wkh �vfdo dv zhoo dv wkh lghrorjlfdo shuvshfwlyh1�

Vhfrqg/ wkh odujhvw vkduhkroghu dqg wkh �up*v pdqdjhu fkrrvh vlpxo0
wdqhrxvo| d prqlwrulqj � dqg dq h�ruw ohyho/ uhvshfwlyho|1 Wkh prghoolqj
ri wklv vwdjh lv edvhg rq Exunduw hw do1 +4<<:,1 Wkhuh duh wzr pdlq
gl�huhqfhv ehwzhhq wkh prghoolqj ri wklv vwdjh dqg wkh vwuxfwxuh ri wkhlu
prgho1 Iluvw/ khuh wkh sur�wv wkdw wkh vkduhkroghuv pd| rewdlq duh gh0
whuplqhg e| wkh uhjxodwlrq ri wkh surgxfw pdunhw/ zkhuhdv lq Exunduw
hw do1 +4<<:, wkh| duh h{rjhqrxv1 Vhfrqg/ khuh pdqdjhuldo h�ruw lv dq
dfwlrq wkdw pd| lpsuryh wkh txdolw| ri wkh uhjxodwhg surgxfw/ zkhuhdv lq
wkhlu vhwwlqj pdqdjhuldo h�ruw lv d vhdufk h�ruw wr �qg wkh uhdo sd|0r�v
ri d vhtxhqfh ri srvvleoh surmhfwv1

Dqg/ wklug/ d uhjxodwru vhwv wkh sulfh ri wkh surgxfw ru vhuylfh sur0
ylghg e| wkh �up1 Lw grhv vr wdnlqj lqwr dffrxqw wkh lqwhuhvwv ri lqyhvwruv
dqg frqvxphuv/ lq d sursruwlrq wkdw ghshqgv rq wkh uhjxodwru| folpdwh1

Lq wkh ehqfkpdun fdvh zkhuh wkh jryhuqphqw pd{lpl}hv sulydwl}dwlrq
surfhhgv/ lw lv vkrzq wkdw wkh rswlpdo ohyho ri frqfhqwudwlrq lqfuhdvhv
zlwk d wrxjkhu uhjxodwru| folpdwh iru lqyhvwruv1 D pruh ohqlhqw uhj0
xodwru| uhjlph lqfuhdvhv wkh ydoxh ri wkh frpplwphqw qrw wr lqwhuihuh
lpsolflw lq d pruh glvshuvhg rzqhuvkls vwuxfwxuh1 Ghuhjxodwlrq +wkurxjk
lqfuhdvlqj prqlwrulqj frvwv, dovr sxvkhv frusrudwh vwuxfwxuh lq wkh gl0
uhfwlrq ri pruh rzqhuvkls frqfhqwudwlrq1 Zkhq srolwlfdo remhfwlyhv duh
dgghg wr wkh dqdo|vlv/ lw lv vkrzq wkdw oree|lqj zlwk pdqdjhuv lqgxfhv
ohyhov ri vkduhkroghu glvshuvlrq wkdw duh kljkhu wkdq lq wkh ehqfkpdun
fdvh1 Frooxvlrq zlwk odujh vkduhkroghuv/ krzhyhu/ pd| |lhog kljkhu frq0
fhqwudwlrq ohyhov wkdq lq wkh ehqfkpdun1 Lq wkh fdvh ri pdqdjhuldo ore0
e|lqj/ wkh ohqlhqf| ri wkh uhjxodwru| folpdwh grhv qrw kdyh dq| lpsdfw
rq wkh htxloleulxp vwdnh ri wkh eorfnkroghu/ dqg kdv d qhjdwlyh lpsdfw
rq wkh gl�huhqfh ehwzhhq wkh srolwlfdo dqg wkh ehqfkpdun rxwfrphv1

Wkh olwhudwxuh rq wkh lpsolfdwlrqv ri d gl�xvh rzqhuvkls ri htxlw|
jrhv edfn wr Ehuoh dqg Phdqv +4<66,1 Wkh fkrlfh ehwzhhq d glvshuvhg

rzqhuvkls edvhg rq wkh vwrfn pdunhw dqg d odujh vkduhkroghuv v|v0
whp kdv ehhq zhoo vwxglhg erwk iurp hfrqrplf

�
dqg srolwlfdo shuvshf0
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wlyhv1 � Wkh hpslulfdo zrun rq wkh lqwhudfwlrq ehwzhhq uhjxodwlrq dqg
wkh uhodwlrqvkls ehwzhhq vkduhkroghuv dqg pdqdjhuv vkrzv wkdw uhjx0
odwhg �upv kdyh vljql�fdqwo| gl�huhqw frusrudwh jryhuqdqfh wkdq �upv
lq rwkhu vhfwruv1

�
Pruh lqirupdwlrq iurp wkh uhjxodwru| djhqf| kdv wkh

h�hfw ri vxevlgl}lqj prqlwrulqj1 Wklv fuhdwhv vfrsh iru pruh glvshuvhg
vkduhkroglqj dqg2ru fdxvhv ohvv qhhg iru shuirupdqfh uhodwhg frpshqvd0
wlrq iru pdqdjhuv1 Ghpvhw} dqg Ohkq +4<;8, dujxh wkdw d ehwwhu �uhj0
xodwru| folpdwh/� l1h1 dq dwwlwxgh e| uhjxodwruv idyrxudeoh wr surgxfhuv/
lqfuhdvhv wkh frqwuro srwhqwldo +wkh pdujlqdo surgxfw ri prqlwrulqj, iru
eorfnkroghuv dqg khqfh ghulyhv lqwr pruh frqfhqwudwhg rzqhuvkls vwuxf0
wxuhv1 Wklv dujxphqw +zklfk L fkdoohqjh ehorz,/ krzhyhu/ rqfh hpslul0
fdoo| whvwhg/ lv qrw urexvw wr gl�huhqw vshfl�fdwlrqv ri wkh hfrqrphwulf
prgho1

Wkh hpslulfdo zrun hpskdvl}hv wkh ehqh�wv ri rzqhuvkls frqfhqwud0
wlrq/ zkhuhdv pruh uhfhqw wkhruhwlfdo zrun irfxvhv dv zhoo rq lwv frvwv/
eh|rqg wkrvh ghulyhg iurp lqh!flhqw ulvn doorfdwlrq1 Rqh ri wkhvh frvwv
lv wkdw kljkhu frqfhqwudwlrq uhgxfhv wkh urrp ri pdqrhxyuh iru wkh pdq0
djhu dqg khqfh klv lqlwldwlyh1 Exunduw hw do1 +4<<:, exlog rq wkh gl�hu0
hqfh ehwzhhq irupdo dqg uhdo dxwkrulw| vxjjhvwhg e| Djklrq dqg Wluroh
+4<<:,/ wr vkrz wkdw rzqhuvkls glvshuvlrq pd| eh d frpplwphqw ghylfh
wkdw hqfrxudjhv pdqdjhphqw wr wdnh lqlwldwlyhv1

�
Wkh rswlpdo rzqhu0

vkls vwuxfwxuh wudghv r� wklv �lqlwldwlyh h�hfw� zlwk wkh �frqwuro h�hfw�
ri pdnlqj vxuh wkdw pdqdjhuv vhohfw surmhfwv wkdw surgxfh srvlwlyh fdvk
 rzv iru vkduhkroghuv1 Wkh lqflghqfh ri uhjxodwlrq rq wkh lqlwldwlyh h�hfw
uhpdlqv xqh{soruhg/ dqg rqh ri wkh jrdov ri wklv sdshu lv wr vkrz wkdw dv
zhoo dv uhjxodwlrq ghwhuplqhv wkh �frqwuro srwhqwldo�/ lw dovr ghwhuplqhv
wkh �lqlwldwlyh srwhqwldo1�

�
Wkh uhpdlqghu ri wkh sdshu lv rujdql}hg dv iroorzv1 Lq Vhfwlrq 5

L suhvhqw wkh prgho1 Vhfwlrq 6 vroyhv wkh vxejdph wkdw dqdo|}hv wkh
lqwhudfwlrq ehwzhhq uhjxodwruv dqg wkh �up*v djhqwv1 Vhfwlrq 7 suhvhqwv
d ehqfkpdun lq zklfk wkh jryhuqphqw pd{lpl}hv sulydwl}dwlrq surfhhgv1
Vhfwlrq 8 dggv srolwlfdo frqvlghudwlrqv wr wkh dqdo|vlv ri wkh htxloleulxp/
dqg ghulyhv lpsolfdwlrqv uhodwhg wr wkh uroh ri pdqdjhu*v ru eorfnkroghu*v
oree|lqj1 Dqg Vhfwlrq 9 frqfoxghv1

� � � � � � 	 
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5 Wkh Prgho

D �up lq wkh sxeolf vhfwru lv wr eh vrog wr sulydwh rzqhuv1 Wklv �up
surgxfhv d jrrg zlwk lqhodvwlf xqlw ghpdqg1 Ohw e � f ghqrwh dq h�ruw
ohyho fkrvhq e| wkh �up*v pdqdjhu/ dqg R � f ghqrwh wkh uhjxodwhg
sulfh ri wkh jrrg surgxfhg e| wkh �up1 Frqvxphuv rewdlq wkh iroorzlqj
vxusoxv=

�7ERc e� ' LEe� � R/ +4,

zkhuh LEe� ' e1 Wkh gluhfw xwlolw| wkdw frqvxphuv ghulyh iurp wkh
�up*v surgxfw ru vhuylfh ghshqgv rqo| rq wkh txdolw| hqkdqflqj h�ruw
xqghuwdnhq e| wkh �up*v pdqdjhu1 Wklv vlpsol�hv wkh dqdo|vlv lq d zd|
wkdw lv vwdqgdug lq wkh olwhudwxuh1 Vhh iru h{dpsoh Fkdnudyruwl dqg
Vslhjho +4<<8,1

Wkh h�ruw lv qrw yhul�deoh1 �
Wkh uhohydqw sur�wv dw wkh uhjxodwru| vwdjh +wkh h{0srvw sur�wv, wkdw

wkh �up*v vkduhkroghuv pd| fdswxuh duh=

�ER� ' R/ +5,

zkhuh wkh rshudwlqj frvwv duh dvvxphg wr eh luuhohydqw1 Wklv pdnhv
lw srvvleoh wr irfxv wkh dwwhqwlrq rq wkh pdqdjhuldo h�ruw dqg wkh vkduh0
kroghuv* prqlwrulqj1

514 Sulydwl}dwlrq

Wkh jryhuqphqw ghflghv wkh whupv ri wkh sulydwl}dwlrq1 Lq sduwlfxodu/ lw
fkrrvhv wkh ohyho ri vkduhkroghu frqfhqwudwlrq1 Lw fdswxuhv dq h{rjhqrxv
iudfwlrq E� � 5� ri wkh vxusoxv wkdw sulydwh rzqhuv h{shfw wr h{wudfw
iurp wkh �up1 Ohw @ ghqrwh wkh prqlwrulqj h�ruw dqg ohw k : f ghqrwh d
sdudphwhu wkdw uh hfwv wkh h{rjhqrxv frvw ri prqlwrulqj1 Wkh h{rjhqrxv
frvw ri prqlwrulqj pd| ghshqg rq wkh lqgxvwu|*v hqylurqphqw1

� �
Wkh

� � � � � � 	 
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h{shfwhg ehqh�wv iru doo vkduhkroghuv/ T / duh htxdo wr wkh h{shfwhg sur�wv
ri wkh �up/ .E�ER��/ plqxv wkh sulydwh frvwv ri prqlwrulqj/ �E@�/ zkhuh
�E@� ' k �

�
�

Wkh h{shfwhg sur�wv zloo ghshqg rq wkh sdudphwhuv ri wkh lqwhudfwlrq
ehwzhhq vkduhkroghuv dqg pdqdjhuv/ lq d pdqqhu wkdw zloo eh vshfl�hg
ehorz1

Wkh h{dfw phdvxuh ri glvshuvlrq ru frqfhqwudwlrq xvhg khuh lv wkh
vwdnh ri wkh odujhvw vkduhkroghu/ j/ f � j � �1

Wkh �up rqfh sulydwl}hg kdv wzr w|shv ri vkduhkroghuv1 Rqh odujh
vkduhkroghu zkr krogv d sursruwlrq j ri wkh �up*v vkduhv/ dqg d frqwlq0
xxp ri lq�qlwhvlpdo vkduhkroghuv zkr krog d sursruwlrq E� � j�1 Prql0
wrulqj kdv wkh fkdudfwhulvwlfv ri d sxeolf jrrg dprqj vkduhkroghuv1 Rqfh
vxssolhg/ doo ri wkhp fdq ehqh�w iurp lw= wkhuh lv d iuhh0ulghu sureohp/
dqg wkhuhiruh wkh odujh vkduhkroghu lv wkh rqo| rqh wkdw prqlwruv wkh
pdqdjhu1 Wkh h{shfwhg ydoxh ri lqyhvwlqj lq wkh �up iru wkh odujh vkduh0
kroghu lv T � ' j.E�ER��� �E@�1 Dqg wkh h{shfwhg ydoxh ri lqyhvwlqj lq
wkh �up iru wkh vpdoo vkduhkroghuv lv T � ' E�� j�.E�ER��1 Wkh ydoxh ri
wkh �up iru doo wkh vkduhkroghuv lv ghqrwhg e|=

T ' T � n T � +6,

Wkh jryhuqphqw fkrrvhv wkh vwdnh ri wkh odujhvw vkduhkroghu wr pd{0
lpl}h d zhljkwhg vxp ri wkh h{shfwhg yrwh iru wkh sduw| lq jryhuqphqw
lq wkh qh{w hohfwlrq dqg sulydwl}dwlrq surfhhgv1

� �
Ohw PE�� ghqrwh wkh

h{shfwhg yrwh wkdw wkh sduw| lq wkh jryhuqphqw zloo rewdlq lq wkh qh{w
hohfwlrq1

Irupdoo|/ wkh jryhuqphqw fkrrvhv j wr pd{lpl}h

#PE�� n E� � 5�T E��

Wkh sdudphwhu # lv wkh zhljkw rq hohfwrudo frqfhuqv uhodwlyh wr sulyd0
wl}dwlrq surfhhgv1

� 	
Wkh uhodwlrqvkls ehwzhhq vkduhkroghu frqfhqwudwlrq/

phdvxuhg e| wkh vwdnh ri wkh odujhvw vkduhkroghu/ dqg wkh h{shfwhg yrwh/
lv prghoohg dv iroorzv1
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Wkhuh duh wzr srolwlfdo sduwlhv1 Dvvxph wkdw wkh lqfxpehqw sulydwl}0
lqj jryhuqphqw ehorqjv wr sduw| - dqg wkh rssrvlwlrq ehorqjv wr sduw|
u1 Wkhuh duh wkuhh fodvvhv ri flwl}hqv= wkh ulfk/ wkh phgldq fodvv/ dqg wkh
srru1 Wkh ulfk dozd|v yrwh iru sduw| -/ wkh srru dozd|v yrwh iru sduw|
u/ dqg wkhuh duh wkh vdph qxpehu ri flwl}hqv lq wkh ulfk fodvv dqg lq wkh
srru fodvv1 Wkhuh lv qr devwhqwlrq/ dqg khqfh wkh hohfwlrqv duh ghflghg
e| wkh phgldq fodvv1

Ohw w � ghqrwh dq h{0dqwh eldv ri d phgldq fodvv flwl}hq iru sduw| u1
Wklv eldv/ zklfk lv h{0dqwh xqnqrzq wr wkh sduwlhv/ ghwhuplqhv wkh yrwlqj
ehkdylrxu ri wkh phgldq fodvv flwl}hqv1 Wklv sduw| eldv lv glvwulexwhg
dffruglqj wr d xqlirup glvwulexwlrq lq wkh lqwhuydo

�
�
�

2
� +E� � �c �

2
� +E� � �

�

Wkh ixqfwlrq +E� � � uh hfwv dq d sulrul dgydqwdjh iru sduw| -/ zkhuh
� � lv d frqwulexwlrq wr sduw| - iurp d oree| wkdw kdv d vwdnh lq wkh
sulydwl}dwlrq srolf| +oree|lqj zloo eh ixuwkhu ghyhorshg ehorz/ lq Vhfwlrq
8,1 Lw lv dvvxphg wkdw

� �� � � : f1

Wkh ixqfwlrq +E�� fdq eh ixuwkhu udwlrqdol}hg dv iroorzv1 Frqwulex0
wlrqv iurp oree| jurxsv duh dq lqsxw lq wkh jryhuqphqw*v sduw| fdpsdljq
wr vzd| phgldq fodvv yrwhuv1 Wkh frqwulexwlrqv kdyh d gluhfw h�hfw rq
wkh eldv ri yrwhuv iru wkh sduw|1

Wkh xwlolw| ri d phgldq fodvv yrwhu lv gh�qhg dv

L
�
' BE��w

	
/ BE�� ' � li � ' u dqg BE�� ' f li � ' -�

Wkhq d phgldq fodvv flwl}hq � suhihuv sduw| - li w



	 f1 Wklv gh�qhv

d fulwlfdo ydoxh iw �
dv=

iw �
' f

Wkhq doo phgldq fodvv flwl}hqv zlwk ydoxhv ri w
�
ohvv wkdq wkh fulwlfdo

ydoxh zloo yrwh iru sduw| -/ dqg doo wkh uhvw iru sduw| u1
Wkxv/ iurp wkh sduwlhv srlqw ri ylhz wkhuh lv d suredelolw| 8 Ef� wkdw

d phgldq fodvv flwl}hq yrwhv iru sduw| -/ zkhuh 8 E�� lv wkh fxpxodwlyh
glvwulexwlrq ixqfwlrq ri w

�
1 Wkxv/ wkh h{shfwhg sursruwlrq ri wkh phgldq

fodvv wkdw yrwhv iru sduw| - lv 8 Ef� ' +E�  � n
�� 1 � �

� � � � � � � � � � � � � � � � � � � �  � ! " � � � " � � # � # � $ �  � � % � � � � � & ' � ( � $  )  � � * � �   � � � � (
+ � # � $ $ � � � , - . . . / 0

:



Khqfh/ wkh sulydwl}lqj jryhuqphqw fkrrvhv wkh rswlpdo vwdnh ri wkh
odujhvw vkduhkroghu wr pd{lpl}h

#

�
+E� � � n �

2

�
n E� � 5�T Ej� +7,

515 Pdqdjhu dqg Vkduhkroghuv

Lq wkh �up/ wkhuh lv d vhsdudwlrq ehwzhhq rzqhuvkls dqg frqwuro1 Wkh
pdqdjhu ri wkh �up fkrrvhv wkh h�ruw ohyho e/ zklfk kdv d gluhfw h�hfw
rq frqvxphu vxusoxv/ dv vkrzq deryh1

Wkh pdqdjhu dqg wkh vkduhkroghuv kdyh rssrvhg lqwhuhvwv1 Wkhlu uh0
vshfwlyh sd|r�v ghshqg rq wkh prqlwrulqj dfwlylwlhv ri wkh odujh vkduh0
kroghu1 Wklv odujh vkduhkroghu lqyhvwv @/ f 	 @ 	 �/ lq prqlwrulqj
dfwlylwlhv1 Wkhq/ zlwk suredelolw| @=

+l, Wkh vkduhkroghuv fdswxuh wkh �up*v sur�wv dqg rewdlq d sd|r� ri
� dREe�o +wkurxjk wkh uhjxodwhg sulfh/ zklfk lq htxloleulxp ghshqgv rq
pdqdjhuldo h�ruw wkurxjk wkh frqvxphuv* xwlolw|/ e d�hfwv vkduhkroghuv*
sur�wv/ dv lv vkrzq ehorz,/ dqg

+ll, Wkh pdqdjhu rewdlqv f1
Zlwk suredelolw| E� � @�/ wkh h�ruw uhvxowv lq=
+l, D sd|r� ri KEe� ' 1e iru wkh pdqdjhu/ zlwk 1 : f/ dqg
+ll, D sd|r� ri f iru wkh vkduhkroghuv1
Wkh rqo| zd| iru wkh pdqdjhu wr hqmr| sulydwh frqwuro ehqh�wv lv wr

fdswxuh wkh sur�wv ri wkh �up1 Gxh wr vrph wudqvdfwlrq frvwv/ kh fdqqrw
dssursuldwh wkh zkroh sur�wv/ exw kh grhv fdswxuh dq dprxqw KEe�1

� �

Wkh pdqdjhu dqg wkh odujh vkduhkroghu ghflgh vlpxowdqhrxvo| rq
h�ruw dqg prqlwrulqj/ uhvshfwlyho|1

Wdeoh 4 vxppdul}hv wkh sd|r�v lq hdfk fdvh=

� � � � � �
Suredelolw| Pdqdjhu*v sd|r� Vkduhkroghuv* sd|r�

Prqlwrulqj Xqvxffhvvixo E� � @� KEe� f
Prqlwrulqj Vxffhvvixo @ f � dREe�o
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Wkh odujh vkduhkroghu*v remhfwlyh ixqfwlrq lv

T � ' @j�ER� � k
@

�

2
1 +8,

Wkh pdqdjhu*v remhfwlyh ixqfwlrq lv

T � ' E� � @�KEe� � q
e

�

2
/ +9,

zkhuh q
� �� lv wkh sulydwh frvw ri wkh lqyhvwphqw iru wkh pdqdjhu/

dqg q : f lv d sdudphwhu wkdw ghqrwhv h{rjhqrxv idfwruv uhodwhg wr
wklv frvw/ uh hfwlqj wkh pdqdjhu*v edfnjurxqg/ klv vnloov ru whfkqrorjlfdo
ghyhorsphqw1 Pdqdjhu dqg vkduhkroghuv duh ulvn qhxwudo1

� �

516 Uhjxodwlrq

Wkh uhjxodwru fkrrvhv R wr pd{lpl}h

` ERc e� ' d�7ERc e�o
	 
 �

d�ER�o
�

+:,

zkhuh �/ f � � � �/ lv dq h{rjhqrxv zhljkw wkdw uh hfwv wkh uhj0
xodwru| folpdwh1

� 
Wklv dssurdfk prghov wkh udwh0vhwwlqj surfhvv dv d

edujdlqlqj sureohp ehwzhhq frqvxphuv dqg lqyhvwruv/ zkhuh wkh uhjx0
odwru dfwv dv dq duelwudwru1 Lw fdq dovr eh lqwhusuhwhg dv wkh uhjxodwru
pd{lpl}lqj khu rzq Free0Grxjodv xwlolw| ixqfwlrq1 Wkh sdudphwhu �
phdvxuhv wkh ghjuhh wr zklfk wkh uhjxodwru fduhv derxw wkh h{ srvw suri0
lwv ri wkh �up uhodwlyh wr frqvxphu vxusoxv1 Wkh uhvxowlqj uhjxodwhg
sulfh doorfdwhv wkh h{shfwhg vrfldo vxusoxv dffruglqj wr wkh dv|pphwulf
Qdvk edujdlqlqj vroxwlrq iru wkh uhjxodwru| surfhvv1 Wkh glvdjuhhphqw
sd|r�v ri erwk frqvxphuv dqg lqyhvwruv duh vhw wr }hur1

Lq �7ERc e� ' LEe� � R/ LEe� ' e fdq eh ylhzhg dv frqvxphuv* zloo0
lqjqhvv wr sd| iru wkh �up*v rxwsxw/ ryhu dqg deryh wkhlu qh{w ehvw
dowhuqdwlyh1 Vlploduo|/ wkh �up*v glvdjuhhphqw sd|r� fdq eh vhw htxdo
wr }hur vlqfh prqlwrulqj frvwv ru pdqdjhuldo h�ruw frvwv duh frpsohwho|
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vxqn dqg fodlpkroghuv duh surwhfwhg e| olplwhg oldelolw| +wkhq wkhlu glv0
djuhhphqw sd|r� fdqqrw eh qhjdwlyh,1

Wklv ixqfwlrqdo irup lv dsshdolqj ehfdxvh wkh sulfh wkdw pd{lpl}hv
wkh uhjxodwru*v remhfwlyh ixqfwlrq lv d frqyh{ frpelqdwlrq ri wkh prqrsro|
sulfh dqg wkh }hur0sur�w sulfh/ zkhuh � lv wkh zhljkw rq wkh prqrsro|
sulfh1

517 Wlph Vhtxhqfh

Wr vxppdul}h wkh vhtxhqfh ri hyhqwv/ �uvw wkh jryhuqphqw dqqrxqfhv
wkh vwdnh ri wkh odujhvw vkduhkroghu lq d sulydwl}dwlrq vfkhph ghvljqhg
wr pd{lpl}h d zhljkwhg vxp ri wkh h{shfwhg yrwh dqg sulydwl}dwlrq sur0
fhhgv1 Hohfwlrqv duh khog dqg li wkh lqfxpehqw sduw| zlqv djdlq/ wkh
srolf| lv lpsohphqwhg1 Li wkh rssrvlwlrq sduw| zlqv/ wkhuh lv qr sulyd0
wl}dwlrq1 Vhfrqg/ wkh pdqdjhu ri wkh �up dqg wkh odujhvw vkduhkroghu
vlpxowdqhrxvo| fkrrvh d txdolw| lpsurylqj h�ruw dqg d prqlwrulqj ohyho1
Dqg/ �qdoo|/ wkh uhjxodwru vhwv wkh sulfh ri wkh uhjxodwhg surgxfw ru vhu0
ylfh/ zlwk wkh remhfwlyh ri pd{lpl}lqj dq remhfwlyh ixqfwlrq wkdw lv wkh
uhvxow ri wkh uhjxodwru| folpdwh/ dv fdswxuhg e| wkh sdudphwhu �1 � �

6 Wkh Lqwhudfwlrq ehwzhhq Wkh Uhjxodwru dqg Wkh

Ilup

Wklv vhfwlrq vwduwv wkh dqdo|vlv ri wkh prgho*v htxloleulxp1 Wkh jdph
lv vroyhg dv xvxdo e| edfnzdugv lqgxfwlrq1 Iluvw/ wkh vroxwlrq ri wkh
uhjxodwru| vwdjh lv suhvhqwhg1 Vhfrqg/ wkh vxe0jdph dw wkh �up*v ohyho
lv dqdo|}hg/ dqwlflsdwlqj wkh uhjxodwru| rxwfrph1 Wkh sulydwl}dwlrq gh0
flvlrq lv dgguhvvhg lq Vhfwlrqv 7 dqg 81

614 Wkh Uhjxodwhg Sulfh

Pd{lpl}lqj +:,/ wkh remhfwlyh ixqfwlrq ri wkh uhjxodwru/ lv htxlydohqw wr
pd{lpl}lqj

E� � �� *? ELEe� � R� n � *?ER�

Wkh �uvw rughu frqglwlrq lv

�
E� � ��

LEe� � R
n

�

R
' f
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Khqfh/ vlqfh wkh remhfwlyh ixqfwlrq lv frqfdyh lq R/ wkh rswlpdo sulfh
dv d ixqfwlrq ri wkh lqyhvwphqw ohyho lv

REe� ' �LEe� ' �e +;,

Wkh sulfh �{hg e| wkh uhjxodwru lqfuhdvhv zlwk wkh h�ruw ohyho1 Wkh
lqwxlwlrq iru wklv lv wkdw wkh uhjxodwru frpshqvdwhv wkh �up rqo| iru wkh
h�hfwv ri h�ruw dw wkh uhjxodwru| vwdjh1

615 H�ruw dqg Prqlwrulqj

Wkh odujh vkduhkroghu dqg wkh pdqdjhu fkrrvh vlpxowdqhrxvo| d prq0
lwrulqj ohyho dqg dq h�ruw ohyho wkdw ghwhuplqh wkh shuirupdqfh ri wkh
�up1

Iurp +8,/ wkh odujh vkduhkroghu*v �uvw rughu frqglwlrq lv=

j�ER� � k@ ' f +<,

Wkh vhfrqg rughu frqglwlrq krogv ehfdxvh/ e| dvvxpswlrq/ k : f1
Wkxv wkh rswlpdo ydoxh ri @ lv

@ '
j�ER�

k
+43,

Vxevwlwxwlqj wkh vroxwlrq ri wkh uhjxodwru| vwdjh |lhogv wkh uhdfwlrq
ixqfwlrq ri wkh odujh vkduhkroghu=

@ '
j�e

k
+44,

Khqfh/ wkh prqlwrulqj ohyho e| wkh odujh vkduhkroghu lqfuhdvhv zlwk
khu vwdnh lq wkh �up dqg zlwk wkh zhljkw ri lqyhvwruv lq wkh uhjxod0
wru| surfhvv1 Frqyhuvho|/ wkh prqlwrulqj ohyho e| wkh odujh vkduhkroghu
ghfuhdvhv zlwk wkh frvwv ri prqlwrulqj1

Iurp +9,/ wkh �uvw rughu frqglwlrq ri wkh pdqdjhu*v sureohp lv

E� � @�1 � qe ' f +45,

Wkh vhfrqg rughu frqglwlrq krogv vlqfh q : f1
Khqfh/ wkh uhdfwlrq ixqfwlrq lv

e '
E� � @�1

q
+46,
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Iurp wklv h{suhvvlrq/ lw fdq eh vhhq wkdw wkh kljkhu wkh prqlwrulqj
e| wkh odujh vkduhkroghu/ wkh orzhu wkh pdqdjhuldo h�ruw1 Krzhyhu/ wkh
odujh vkduhkroghu kdv wr prqlwru/ ehfdxvh rwkhuzlvh vkh pd| �qg khuvhoi
lq d vlwxdwlrq zkhuh vkh grhv qrw fdswxuh dq| sur�w1 Khqfh wkhuh h{lvwv
d wudgh0r� ehwzhhq lqlwldwlyh dqg frqwuro1

Wkh iroorzlqj sursrvlwlrq ghulyhv dq lpsruwdqw frqfoxvlrq iurp wkh
htxloleulxp lq wkh �up*v vxe0jdph1

Sursrvlwlrq 4 Lq wkh htxloleulxp ri wkh vxe0jdph ehwzhhq pdqdjhu
dqg vkduhkroghuv/ pdqdjhuldo h�ruw ghfuhdvhv zlwk wkh vwdnh ri wkh odujh
vkduhkroghu

Surri1 Vxevwlwxwlqj +44,/ wkh uhdfwlrq ixqfwlrq ri wkh odujh vkduhkroghu
lqwr +45,/ wkh �uvw rughu frqglwlrq ri wkh pdqdjhu*v sureohp/ |lhogv=

E� �
j d�ELEe��o

k
�K � Ee� � qe ' f

Iurp wklv/

e ' 1
k

1j� n qk

Ilqdoo|/

_e

_j
'

�
�1

�
k�

E1j� n qk�
�
�

	 f

Khqfh/ wkh odujhu wkh vwdnh ri wkh odujh vkduhkroghu/ wkh orzhu wkh
pdqdjhuldo h�ruw1 Krzhyhu/ wklv grhv qrw phdq wkdw wkh rswlpdo ohyho
ri frqfhqwudwlrq lv }hur/ ehfdxvh wklv zrxog lpso| qr prqlwrulqj dw doo/
dqg khqfh wkh vkduhkroghuv zrxog fdswxuh qr sur�wv1 Lw fdq eh vkrzq
e| d vlplodu dujxphqw wkdw

� �
� � : f/ l1h1/ wkdw wkh rswlpdo prqlwrulqj

ohyho lqfuhdvhv zlwk wkh vwdnh ri wkh odujhvw vkduhkroghu/ dqg khqfh wkh
rswlpdo ohyho ri j zloo vwulnh d frpsurplvh ehwzhhq wkhvh wzr h�hfwv1

Wkh jryhuqphqw*v sulydwl}dwlrq ghflvlrq lv suhflvho| derxw fkrrvlqj
wkh vwdnh ri wkh odujhvw vkduhkroghu1 E| dssursuldwho| ghvljqlqj wkh
sulydwl}dwlrq surfhvv/ j fdq eh fkrvhq wr lqgxfh mxvw wkh ohyho ri pdq0
djhuldo lqlwldwlyh wkdw pd{lpl}hv wkh sulydwl}lqj jryhuqphqw*v remhfwlyh
ixqfwlrq1
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7 D Ehqfkpdun= Rswlpdo Rzqhuvkls Frqfhqwud0

wlrq Zkhq Wkh Jryhuqphqw Pd{lpl}hv Sulydwl0

}dwlrq Surfhhgv

Lq wklv vhfwlrq/ lw lv dvvxphg wkdw # ' 5 ' f1 Wkh jryhuqphqw sodfhv
qr zhljkw rq uhhohfwlrq frqvlghudwlrqv zkhq lw fkrrvhv wkh sulydwl}dwlrq
srolf|/ dqg fdswxuhv doo vkduhkroghuv* ydoxh1 Wkh sulydwl}lqj jryhuqphqw
fkrrvhv wkh vwdnh ri wkh odujhvw vkduhkroghu wr pd{lpl}h T =

T ' d�ELEeEj��o � �E@Ej��

Wkh �uvw rughu frqglwlrq ri wklv sureohp lv=

YT

Yj
'

Ye

Yj
d�L

�

@Ej�o n
Y@

Yj
d�ELEeEj��� � �

�

o ' f�

Wkh �uvw whup ri wklv h{suhvvlrq ghshqgv rq wkh h�hfw ri wkh vwdnh ri
wkh odujhvw vkduhkroghu rq pdqdjhuldo h�ruw1 Wkh vhfrqg whup ghshqgv
rq wkh h�hfw ri wkh vwdnh ri wkh odujhvw vkduhkroghu rq prqlwrulqj1 D
qhfhvvdu| frqglwlrq iru dq lqwhulru rswlpdo vwdnh ri wkh odujh vkduhkroghu
lv wkdw wkhvh wzr h�hfwv frpshqvdwh hdfk rwkhu lq d zd| wkdw ghshqgv
rq wkh sdudphwhuv ri wkh prgho1

Dv lw fdq eh vhhq lq wkh suhylrxv �uvw rughu frqglwlrq/ wkh uhjxodwru|
folpdwh/ dv fdswxuhg e| �/ sod|v d fuxfldo uroh lq wkh ghwhuplqdwlrq ri
wkh rswlpdo ohyho ri vkduhkroghu*v frqfhqwudwlrq1

Sursrvlwlrq 5 Li wkh jryhuqphqw pd{lpl}hv sulydwl}dwlrq surfhhgv/ wkh
htxloleulxp lv fkdudfwhul}hg e|

j
�

'
qk

1� n qk
+47,

@
�

'
1�

M
+48,

e
�

'
g

qM
+49,

R
�

' �
g

qM
+4:,

zkhuh M ' 21� n qk dqg g ' 1� n qk
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Surri1 Iurp wkh vroxwlrq ri wkh uhjxodwru| vwdjh/ � ' �e/ dqg

T � ' @j�e � k
@

�

2
+4;,

Xvlqj wkh Iluvw Rughu Frqglwlrq/ wkh uhdfwlrq ixqfwlrq lv

@ '
j�e

k
+4<,

Wkh pdqdjhu pd{lpl}hv

T � ' E� � @�1e � q
e

�

2
+53,

Xvlqj wkh Iluvw Rughu Frqglwlrq/ wkh uhdfwlrq ixqfwlrq lv

e '
E� � @�1

q
+54,

Lq wkh Qdvk Htxloleulxp/ wkh odujh vkduhkroghu*v rswlpdo prqlwrulqj
ohyho dqg wkh pdqdjhu*v rswlpdo h�ruw duh dv iroorzv=

@Ej� '
1j�

qk n j�1
+55,

eEj� '
1k

qk n j�1
+56,

Qrwh wkdw wkh rswlpdo prqlwrulqj ohyho lqfuhdvhv zlwk wkh vwdnh ri
wkh odujh vkduhkroghu dqg wkh rswlpdo pdqdjhuldo h�ruw ohyho ghfuhdvhv
zlwk wkh vwdnh ri wkh odujh vkduhkroghu=

_@

_j
'

�
1�q

k

Eqk n j�1�
�

�
: f

_e

_j
'

�
�1

�
k�

Eqk n j�1�
�

�
	 f

Wkh jryhuqphqw fkrrvhv wkh vwdnh ri wkh odujhvw vkduhkroghu zlwk wkh
remhfwlyh ri pd{lpl}lqj T 1 Dw wklv vwdjh/ doo vkduhkroghuv zloo sd| dv
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pxfk dv wkh| zloo jhw iurp wkhlu ixwxuh fdvk0 rz uljkwv lq wkh �up/ dqg/
dprqj wkhp/ wkh odujh vkduhkroghu dqwlflsdwhv wkh sulydwh prqlwrulqj
frvw ri frqwuroolqj wkh pdqdjhu1 Khqfh/ wkh jryhuqphqw fkrrvhv j wr
pd{lpl}h

T ' E@Ej���eEj� � k
@Ej�

�

2
+57,

Wkh iroorzlqj lv rewdlqhg e| uhsodflqj e lq T e| lwv h{suhvvlrq lq @
jlyhq e| wkh IRF/

T ' @�
E� � @�1

q
� k

@
�

2
1

Wklv h{suhvvlrq lv pd{lpl}hg iru wkh iroorzlqj ydoxh ri @=

@
�
' 1�

�

21� n qk
1

Ilqdoo|/ j
�
lv rewdlqhg e| htxdwlqj @

�
' @Ej�/ dqg lvrodwlqj j�

Wkh htxloleulxp h{suhvvlrqv iru sulfh dqg h�ruw duh rewdlqhg e| vxe0
vwlwxwlqj wkh htxloleulxp ydoxh ri j lq +;, dqg +56,/ wdnlqj lqwr dffrxqw
wkh dvvxpswlrqv pdgh1

Wkh htxloleulxp ohyho ri vkduhkroghu frqfhqwudwlrq lv ghulyhg iurp wkh
rswlpdo ohyho ri prqlwrulqj/ zklfk vwulnhv d edodqfh ehwzhhq pdqdjhuldo
lqlwldwlyh dqg vkduhkroghu frqwuro1 Wklv lv wkh frqfhqwudwlrq wkdw zrxog
eh fkrvhq e| d jryhuqphqw wkdw pd{lpl}hv sulydwl}dwlrq uhyhqxhv1

� �

Wkh iroorzlqj fruroodu| ghulyhv wkh h�hfwv ri fkdqjhv lq wkh sdudph0
whuv ri wkh prgho rq wkh rswlpdo ohyho ri vkduhkroghu frqfhqwudwlrq=

Fruroodu| 6 Wkh rswlpdo vwdnh ri wkh odujh vkduhkroghu lv
l, ghfuhdvlqj lq wkh zhljkw ri surgxfhuv lq uhjxodwlrq/ �1
ll, lqfuhdvlqj zlwk prqlwrulqj frvwv/ k/ dqg zlwk wkh h{rjhqrxv sul0

ydwh frvwv ri h�ruw iru wkh pdqdjhu/ q1
lll, ghfuhdvlqj zlwk wkh h�hfw ri h�ruw rq wkh pdqdjhu*v sulydwh frq0

wuro ehqh�wv/ 11
� � � � � 	 
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Surri1 Wr vlpsoli|/ wkh iroorzlqj qrwdwlrq lv xvhg= - ' d1� n qko � /
l,

� � �� � '
� � � 	
 	 f

ll,
� � � � '

� � �

 : f>� � �� � ' �

� �
� : f

lll,
� � �� � ' �

�
�

�
� 	 f

Khqfh/ wkh pruh ohqlhqw wkh uhjxodwru| surfhvv/ wkh orzhu wkh rswl0
pdo ohyho ri rzqhuvkls frqfhqwudwlrq1 Wklv lv frqwudu| wr Ghpvhw}

dqg Ohkq*v suhglfwlrqv +vhh lqwurgxfwlrq deryh,1 Wkh uhdvrq lv wkdw
wkh| rqo| wdnh lqwr dffrxqw wkh frqwuro h�hfw/ dqg wkhlu glvfxvvlrq ghdov
h{foxvlyho| zlwk wkh +h{rjhqrxv, frvwv dqg ehqh�wv ri frqwuro1 Lq wkhlu
dujxphqw/ d ehwwhu uhjxodwru| folpdwh mxvw lqfuhdvhv wkh frqwuro srwhq0
wldo1 Wkh| gr qrw dwwdfk dq| ydoxh0hqkdqflqj surshuwlhv wr glvshuvlrq lq
wkhlu lqirupdo suhvhqwdwlrq ri wkh k|srwkhvhv/ dqg khqfh wkh �lqlwldwlyh
h�hfw� vwuhvvhg khuh lv qrw dgguhvvhg lq wkhlu vwxg|1 Lq p| prgho/ d
ehwwhu uhjxodwru| folpdwh lqfuhdvhv wkh frpplwphqw ydoxh ri glvshuvlrq1

Wkh lqwxlwlrq ehklqg wklv uhvxow lv dv iroorzv1 Jlyhq d kljk ohyho ri
frqfhqwudwlrq/ wkh odujh vkduhkroghu rewdlqv d yhu| kljk sd|r� li vkh
fdq h{wudfw d kljk ohyho ri h�ruw iurp wkh pdqdjhu1 Krzhyhu/ pdqdjh0
uldo h�ruw lv qrw frqwudfwleoh/ dqg wkh pdqdjhu dqwlflsdwhv wkdw zlwk kljk
frqfhqwudwlrq/ prqlwrulqj lv dovr kljk dqg klv sd|r� iurp xqghuwdnlqj
h�ruw lv orz1 Wkh odujh vkduhkroghu fdqqrw frpplw qrw wr prqlwru dw wklv
vwdjh ri wkh jdph/ ehfdxvh zlwk d kljk vwdnh wkh jdlqv iurp d pdujlqdo
lqfuhdvh lq wkh prqlwrulqj h�ruw duh kljk1 Khqfh/ lq htxloleulxp wkh
pdqdjhu vhwwohv iru d orz h�ruw ohyho1 Zlwk orz ohyhov ri frqfhqwudwlrq/
krzhyhu/ vlqfh wkh jdlqv iurp prqlwrulqj iru wkh odujh vkduhkroghu duh
orzhu/ wkh pdqdjhu vhwwohv iru d kljkhu h�ruw ohyho ehfdxvh kh dqwlflsdwhv
d orzhu ohyho ri prqlwrulqj1 Wkhuhiruh/ li wkh vkduhkroghuv duh yhu| nhhq
rq kljk h�ruw ohyhov iurp wkh pdqdjhu/ wkh| pd| eh lqwhuhvwhg h{0dqwh lq
frpplwwlqj wr d orz ohyho ri frqfhqwudwlrq/ zklfk fdq eh grqh wkurxjk
dq dssursuldwh sulydwl}dwlrq vfkhph ghvljqhg e| d jryhuqphqw lqwhuhvwhg
lq pd{lpl}lqj sulydwl}dwlrq uhyhqxh1 Exw wklv lqwhuhvw lq d orz rzqhu0
vkls frqfhqwudwlrq ghshqgv rq wkh ghjuhh wr zklfk d kljk h�ruw ohyho
wudqvodwhv lqwr kljk sur�wv iru wkh vkduhkroghuv1 Dqg wklv uhodwlrqvkls
ehwzhhq pdqdjhuldo h�ruw dqg vkduhkroghuv* sur�wv lq wklv frqwh{w gh0
shqgv rq uhjxodwlrq1 Wkurxjk d ohqlhqw uhjxodwru| uhjlph +l1h1/ wkurxjk
d kljk � lq wkh uhjxodwru*v remhfwlyh ixqfwlrq,/ kljk h�ruw wudqvodwhv lqwr
kljk sur�wv dqg khqfh pdnhv wkh ehqh�wv ri glvshuvlrq pruh ydoxdeoh iru
wkh htxlw| kroghuv1 Prqlwrulqj dovr ehfrphv pruh ydoxdeoh +wkh frqwuro
h�hfw,/ exw wkh lqlwldwlyh h�hfw grplqdwhv ehfdxvh h�ruw lv qrw erxqghg
ehorz rqh/ dqg khqfh lw kdv dq xqerxqghg h�hfw rq sur�wv1

Wkh iroorzlqj h{sodqdwlrqv ghyhors wkh udwlrqdoh iru wkh h�hfw ri wkh
rwkhu h{rjhqrxv yduldeohv rq wkh rswlpdo vkduhkroghu frqfhqwudwlrq=
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k= wkh kljkhu wkh h{rjhqrxv prqlwrulqj frvwv/ wkh orzhu wkh ohyho ri
prqlwrulqj iru d jlyhq vwdnh ri wkh odujh vkduhkroghu1 Wkdw sxvkhv wkh
rswlpdo vwdnh wr kljkhu ydoxhv/ lq rughu wr pdnh vxuh wkdw wkh rswlpdo
ohyho ri prqlwrulqj lv dfklhyhg1 Wklv �wv zhoo zlwk wkh suhglfwlrq pdgh
e| Ohkq +5335,= �Lqvridu dv ghuhjxodwlrq lqfuhdvhv prqlwrulqj frvwv/
rzqhuvkls vwuxfwxuhv vkrxog ehfrph pruh frqfhqwudwhg diwhu ghuhjxod0
wlrq lq rughu wr hqfrxudjh vrfldoo| ydoxdeoh prqlwrulqj1�

� �
Wkh h{lvwhqfh

ri vwdwxwru| uhjxodwru| djhqflhv wkdw froohfw lqirupdwlrq derxw wkh �up
lv d vxevlg| wr wkh prqlwrulqj h�ruwv e| vkduhkroghuv1 Li ghuhjxodwlrq
lqyroyhv wkdw wkhvh djhqflhv glvdsshdu ru wkhlu uroh lv glplqlvkhg/ wklv
vxevlg| ehfrphv orzhu dqg wkh prqlwrulqj frvwv lqfuhdvh djdlq1

q= wkh kljkhu wkh sulydwh frvw ri h�ruw iru wkh pdqdjhu/ wkh ohvv
h�ruw kh xqghuwdnhv hyhq lq wkh fdvh ri orz vkduhkroghu frqfhqwudwlrq/
dqg khqfh wkh orzhu wkh frpplwphqw ydoxh ri glvshuvlrq1 Wkh pdujlqdo
ehqh�w ri lqlwldwlyh uhodwlyh wr wkh pdujlqdo ehqh�w ri frqwuro ghfuhdvhv1

� �

Wklv sxvkhv wkh rswlpdo vwdnh xszdugv1
� �

1= wkh hdvlhu h�ruw wudqvodwhv lqwr kljkhu sulydwh ehqh�wv +shukdsv
ehfdxvh wudqvdfwlrq frvwv ri vwhdolqj sur�wv duh orz gxh wr edg frusr0
udwh jryhuqdqfh vwdqgdugv,/ wkh kljkhu wkh rswlpdo h�ruw ohyho iru wkh
pdqdjhu dqg khqfh wkh kljkhu wkh frpplwphqw ydoxh ri glvshuvlrq1 Wklv
sxvkhv wkh rswlpdo vwdnh grzqzdugv1

Ghuhjxodwlrq pd| eh dovr dvvrfldwhg zlwk d ohvv ohqlhqw uhjxodwru|
folpdwh iru lqfxpehqwv1 Lqfxpehqwv duh vwloo uhjxodwhg/ exw hqwu| rffxuv
+vrphwlphv iru whfkqrorjlfdo uhdvrqv ru gxh wr vxsudqdwlrqdo ghflvlrqv
eh|rqg wkh frqwuro ri qdwlrqdo uhjxodwru| dxwkrulwlhv, dqg uhgxfhv wkh
ohyho ru wkh vwdelolw| ri wkh lqfxpehqw*v sur�wv1 Hqwu| dovr uhgxfhv wkh
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edujdlqlqj srzhu ri wkh lqfxpehqw lq wkh srolf| pdnlqj jdph/ uhvxow0
lqj iru h{dpsoh lq dv|pphwulf uhjxodwlrqv wkdw sxqlvk wkh lqfxpehqwv
uhodwlyh wr hqwudqwv1

Ghuhjxodwlrq dqg d wrxjkhu uhjxodwru| folpdwh iru lqfxpehqwv wlow wkh
edodqfh ri sulydwl}dwlrq whfkqltxhv lq idyrxu ri frqfhqwudwhg rzqhuvkls/
li wkh jryhuqphqw lv lqwhuhvwhg lq pd{lpl}lqj uhyhqxhv1

8 Sulydwl}dwlrq zlwk Srolwlfdo Remhfwlyhv

Lq jhqhudo/ jryhuqphqwv wdnh lqwr dffrxqw qrw rqo| sulydwl}dwlrq sur0
fhhgv/ exw dovr srolwlfdo frqvlghudwlrqv/ dv vkrzq lq wkh pruh jhqhudo
vhw0xs suhvhqwhg deryh/ lq Vxevhfwlrq 5141 Krz grhv srolwlfv fkdqjh wkh
rswlpdo srolf| iurp wkh srlqw ri ylhz ri wkh sulydwl}lqj jryhuqphqwB Wr
+lqghhg sduwldoo|/ vlqfh srolwlfv pd| rshudwh lq pdq| rwkhu zd|v, dq0
vzhu wklv txhvwlrq/ dvvxph qrz # : f dqg 5 ' �� 1 � �

Wklv phdqv wkdw
wkh sulydwl}lqj jryhuqphqw dwwdfkhv d srvlwlyh zhljkw wr wkh h{shfwhg
yrwh uhodwlyh wr sulydwl}dwlrq surfhhgv/ dqg wkdw wkh edujdlqlqj srzhu ri
sulydwh lqyhvwruv dw sulydwl}dwlrq lv dovr srvlwlyh1

Wkhuh duh wzr reylrxv fdqglgdwhv wr ehkdyh dv oreelhv lq wklv prgho=
wkh pdqdjhu dqg wkh odujh vkduhkroghu1 Erwk ghulyh uhqwv iurp wkh sul0
ydwl}dwlrq srolf|/ zklfk wkh| fdq xvh dv uhvrxufhv wr sxw suhvvxuh rq wkh
sulydwl}lqj srolwlfldqv/ lq wkh irup ri �vxssruw� ru �fdpsdljq ixqgv� wr
kdyh dq lq xhqfh lq wkh eldv ri phgldq fodvv yrwhuv1

� �
Erwk fdvhv fdq

eh prwlydwhg zlwk uhdo zruog h{dpsohv1 Lq wkh fdvh ri Uxvvldq sulyd0
wl}dwlrq/ wkh fr0rswdwlrq ri lqvlghuv zdv nh| wr pdnh wkh sulydwl}dwlrq
vwudwhj| srolwlfdoo| ihdvleoh1

� �
Lq wkh sulydwl}dwlrq ri whohfrppxqlfdwlrqv

lq Ph{lfr/ frooxvlrq ehwzhhq Fduorv Volp/ wkh odujhvw vkduhkroghu lq wkh
sulydwl}hg Whoph{/ dqg wkh wkhq uxolqj sduw|/ SUL/ zdv qrw d vhfuhw1

� �
Lq vrph rwkhu ghyhorslqj ru wudqvlwlrq frxqwulhv/ sulydwl}dwlrq kdv ehhq
wdlqwhg e| fruuxswlrq vfdqgdov zkhuh jryhuqphqw djhqwv zhuh vxvshfw ri
idyrulwlvp wrzdugv wkh djhqwv lq frqwuro ri wkh sulydwl}hg �upv1

Khuh L gr qrw prgho oree| jurxs irupdwlrq1 Ohdylqj pruh frpsoh{
lqwhuhvw jurxs vwuxfwxuhv iru ixwxuh uhvhdufk/ L frqvlghu khuh wzr vhsdudwh
fdvhv= hlwkhu wkh sulydwl}lqj jryhuqphqw lv oreelhg e| wkh pdqdjhu ru lw
lv oreelhg e| wkh eorfnkroghu1

Wkh lghrorjlfdo eldv wdnhv wkh irup + ' �� � / zlwk � : f/ zkhuh
� � 	 
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, ' 6c u1 � � duh wkh frqwulexwlrqv wkdw hlwkhu wkh pdqdjhu ru wkh eorfn0
kroghu sd| wr wkh sduw| lq jryhuqphqw wr fdpsdljq lq rughu wr lq xhqfh
wkh lghrorjlfdo eldv ri phgldq fodvv yrwhuv1 Wkhq/ wkh sulydwl}lqj jry0
huqphqw pd{lpl}hv #E

�
� n �� � � n E� � 5�T Ej�/ , ' 6c u1 Wkh wlplqj ri

wkh oree|lqj jdph lv dv iroorzv1 Iluvw/ wkh oree| +hlwkhu wkh pdqdjhu ru
wkh eorfnkroghu/ ghshqglqj rq wkh fdvh, r�huv wkh sduw| lq jryhuqphqw
d frqwulexwlrq vfkhgxoh= dq dprxqw wr vxssruw wkh sduw|*v fdpsdljq/ lq
h{fkdqjh iru hdfk ohyho ri vkduhkroghu glvshuvlrq wkdw wkh jryhuqphqw ds0
suryhv dw sulydwl}dwlrq1 Vhfrqg/ wkh sduw| lq jryhuqphqw hlwkhu dffhswv
wkh r�hu pdgh e| wkh oree| dqg fkrrvhv d ohyho ri glvshuvlrq dffruglqjo|/
ru uhmhfwv lw dqg fkrrvhv wkh ohyho ri glvshuvlrq zlwkrxw ixqgv wr lq xhqfh
wkh eldv ri phgldq fodvv yrwhuv +htxlydohqwo|/ lw fkrrvhv wkh ohyho ri glv0
shuvlrq wr pd{lpl}h sulydwl}dwlrq surfhhgv,1 Wkh oree| dqwlflsdwhv wkdw
wkh lqfxpehqw sduw| zloo lpsohphqw lwv fkrvhq srolf| zlwk suredelolw|
)EP

�
�=

)EP
�
� '

�
� li P

�
:

�
��

� rwkhuzlvh

P
�
lv wkh h{shfwdwlrq wkdw wkh oree| irupv derxw wkh sursruwlrq ri

yrwhv wkdw wkh lqfxpehqw sduw| rewdlqv lq wkh hohfwlrq1 Wklv h{shfwdwlrq
pxvw eh wuxh lq htxloleulxp1 Wkhuhiruh/ li wkh oree|lqj frqwulexwlrqv duh
srvlwlyh lq htxloleulxp/ wkh oree| dqwlflsdwhv wkdw wkh sduw| zloo lpsoh0
phqw lwv fkrvhq srolf| diwhu wkh hohfwlrqv zlwk suredelolw| 41 Wr vlpsoli|/
wkh iroorzlqj qrwdwlrq lv lqwurgxfhg= ^ '

�
� 	 
 1 Wkhq ^ lv dq lqyhuvh phd0

vxuh ri wkh forxw ri wkh suhvvxuh jurxs dw sulydwl}dwlrq1 Wklv forxw ri wkh
suhvvxuh jurxs lv srvlwlyho| uhodwhg wr wkh zhljkw ri hohfwrudo frqfhuqv
uhodwlyh wr sulydwl}dwlrq surfhhgv/ #/ dqg wr wkh lpsdfw ri fdpsdljq
frqwulexwlrqv rq wkh hohfwrudwh/ �1

Sursrvlwlrq 7 Li wkh forxw ri wkh pdqdjhu dw sulydwl}dwlrq lv qrw wrr
orz/ l1h1 li ^ lv qrw wrr kljk/ wkh pdqdjhu oreelhv wkh lqfxpehqw srolwl0
fldqv dqg frooxvlrq zlwk wkh pdqdjhu |lhogv wkh pd{lpxp srvvleoh ohyho
ri glvshuvlrq1

Surri1 Wkh pdqdjhu pd{lpl}hv )EP
�
�T � � � � / zkhuh T � ' E� �

@Ej��KEeEj�� � q
 � � � �� 1 Wkh sd|r� ri wkh jryhuqphqw li lw uhmhfwv wkh ri0

ihu lv # �� n E� � 5�T Ej � � zkhuh j � lv wkh vwdnh ri wkh eorfnkroghu wkdw
pd{lpl}hv wkh jryhuqphqw*v remhfwlyh ixqfwlrq lq wkh devhqfh ri oree|0
lqj frqwulexwlrqv/ ru/ htxlydohqwo|/ wkh vwdnh wkdw pd{lpl}hv sulydwl}d0
wlrq surfhhgv1 Wkh sd|r� ri wkh jryhuqphqw li lw dffhswv wkh r�hu lv
#E �� �� � � n E� � 5�T Ej�1 Khqfh/ wkh frqglwlrq iru dffhswlqj wkh r�hu lv
#E �� n �� � � n �� T Ej� � # �� n �� T Ej � �1 Ru/ htxlydohqwo|/
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� � � ^ dT Ej
�
� � T Ej�o

Wklv frqvwudlqw lv vdwlv�hg zlwk htxdolw| ehfdxvh rqfh oree|lqj frq0
wulexwlrqv duh srvlwlyh/ wkhlu h�hfw rq wkh suredelolw| wkdw wkh lqfxpehqw
sduw| zloo lpsohphqw lwv srolf| uhpdlqv xqfkdqjhg +wklv suredelolw| lv
dozd|v � dv orqj dv frqwulexwlrqv duh srvlwlyh,1 Khqfh/ wkh pdujlqdo
ehqh�w ri dq lqfuhdvh lq wkh frqwulexwlrq eh|rqg wkdw qhhghg wr lq x0
hqfh wkh srolf| ri wkh lqfxpehqw sduw| lv f/ zkhuhdv wkh pdujlqdo frvw
lv �1 Ohw ej ghqrwh wkh htxloleulxp ohyho ri wkh eorfnkroghu*v vwdnh zkhq
wkh jryhuqphqw dffhswv wkh frqwulexwlrq iurp wkh pdqdjhu1 Wkhq/ li
wkh frqwulexwlrq lv srvlwlyh/ uhsodflqj wkh frqwulexwlrq lq wkh remhfwlyh
ixqfwlrq ri wkh pdqdjhu e| lwv h{suhvvlrq lq wkh frqvwudlqw=

@h}4@ � T � Ej� n ^T Ej� ' qk
�^� � 1

^� d�1 n qko

Vlqfh wklv h{suhvvlrq lv qhjdwlyh/ lw wxuqv rxw wkdw/ li frqwulexwlrqv
duh srvlwlyh/ wkh htxloleulxp ohyho ri wkh eorfnkroghu*v vwdnh lv f1 Li wkh
pdqdjhu ghflghv qrw wr oree| wkh jryhuqphqw +� � ' f, wkhq )EP

�
� '

�
�

dqg vkh rewdlqv
�

� T � Ej �
�1 Khqfh/ wkh frqglwlrq iru wkh frqwulexwlrq ehlqj

srvlwlyh lv wkhq T � Ef� � ^ dT Ej
�
� � T Ef�o �
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�1 Wkhq/ � � : f li
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Fruroodu| 8 Lq wkh fdvh ri frooxvlrq zlwk pdqdjhuv=
l, Wkh htxloleulxp ohyho ri glvshuvlrq lv qrw d�hfwhg e| wkh uhjxodwru|

folpdwh1
ll, Wkh gl�huhqfh ehwzhhq wkh htxloleulxp ohyho ri glvshuvlrq dqg wkh

ehqfkpdun ghfuhdvhv zlwk wkh ohqlhqf| ri wkh uhjxodwru| folpdwh1

Surri1 Vlqfh @h}4@  Y� Ej� n ^T Ej� 	 f lqghshqghqwo| ri wkh ydoxh ri

�/ �� iroorzv1 Vlqfh wkh htxloleulxp ohyho ri wkh eorfnkroghu*v vwdnh zkhq
wkh pdqdjhu grhv oree| lv f/ wkh gl�huhqfh ehwzhhq wkh ehqfkpdun fdvh
dqg wklv htxloleulxp ohyho lv j

�
1 Dqg e| fruroodu| �/

� � �
� � 	 f1

Lw lv frpprq wr uhihu wr sulydwl}dwlrq vwudwhjlhv vxfk dv pdvv sulyd0
wl}dwlrq dv d phfkdqlvp wr lq xhqfh wkh yrwlqj ehkdylrxu ri wkh srsx0
odwlrq lq wkh ixwxuh1 Wkh frqyhqwlrqdo zlvgrp suhydlov wkdw vkduh rzq0
huvkls e| d kljk qxpehu ri yrwhuv zloo frqvwudlq ixwxuh jryhuqphqwv wr
lqyhvwphqw iulhqgo| srolflhv1

� �
Krzhyhu/ wkh sursrvlwlrq vkrzv wkh srv0

vlelolw| ri d gl�huhqw fkdqqho iru wkh rxwfrph wkdw pdvv sulydwl}dwlrq
� � � � � � � � � � � � �  ! " � #  �  � $ $ % &  # ' ( � ) � � * + % # � " & ( $ � # � , � $ " , ( � ( ! % $ � # " � � #  � " � �

' � - (  � ( ' ! � � � & � � - � # � . � # � ( � � � # � � � � � # � ( � " , ( � ( ! � " � / 0 " " 1 � � � � � � * 2 " � ( # # � 3 4 5 5 4 6
� � * 0 , � ! � * # 3 7 8 8 9 6 /
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lv srolwlfdoo| ghvludeoh1 Lw pd| eh qrw vr pxfk wkh gluhfw xwlolw| ri lq0
glylgxdo flwl}hqv/ exw wkh oree|lqj ehkdylrxu ri pdqdjhuv wkdw sxvkhv
jryhuqphqwv wr sulydwl}h zlwk d yhu| kljk ohyho ri vkduhkroghu glvshu0
vlrq1 Pdvvlyh vkduh rzqhuvkls pd| eh wkh rxwfrph iru uhdvrqv rwkhu
wkdq frqvwudlqlqj wkh uhjxodwru wr lqyhvwphqw0iulhqgo| srolflhv1 Wklv lv
frqvlvwhqw zlwk wkh surolihudwlrq ri jroghq vkduhv/ srlvrq sloov ru frq0
vwudlqwv wr srolwlfdo uljkwv ri vkduhkroghuv/ lq wkh sulydwl}hg xwlolwlhv ri
frxqwulhv vxfk dv Vsdlq/ Lwdo| ru Iudqfh1 � �

Wkh ohyho ri vkduhkroghu glvshuvlrq rewdlqhg xqghu frooxvlrq zlwk
pdqdjhuv lv qrw vhqvlwlyh wr wkh uhjxodwru| folpdwh1 Lq wklv fdvh/ srolwl0
fldqv fdqqrw �qh wxqh wkh vwuxfwxuh ri frusrudwh rzqhuvkls wr wkh uhdol0
wlhv ri uhjxodwlrq lq wkh surgxfw pdunhw1

Wkh uhjxodwru| folpdwh kdv dq lpsdfw rq wkh ghyldwlrq iurp wkh
ehqfkpdun fdvh1 Wkh ehwwhu wkh uhjxodwru| folpdwh iru wkh lqyhvwruv/
wkh orzhu wkh ghyldwlrq iurp wkh ehqfkpdun1 D pruh ohqlhqw uhjxod0
wru| folpdwh/ e| lqfuhdvlqj wkh vl}h ri wkh sur�wv/ doorzv iru pruh glv0
shuvlrq dqg qduurzv wkh jds ehwzhhq wkh oree|lqj rxwfrph dqg wkh
ehqfkpdun zkhuh wkh jryhuqphqw pd{lpl}hv sulydwl}dwlrq surfhhgv1 D
wrxjkhu uhjxodwru| folpdwh iru lqyhvwruv pdnhv frqfhqwudwlrq pruh ydox0
deoh iru vkduhkroghuv exw qrw iru pdqdjhuv/ dqg khqfh lqfuhdvhv wkh gh0
yldwlrq/ |lhoglqj vkduhkroglqj vwuxfwxuhv lq wkh srolwlfdo htxloleulxp wkdw
duh iduwkhu dzd| iurp wkh vkduhkroghu ydoxh pd{lpl}lqj rqhv1

Krzhyhu/ oree|lqj e| wkh pdqdjhuv lv qrw wkh rqo| srvvleoh vrxufh
ri hvshfldo lqwhuhvw srolwlfv1 Li lqvwhdg lw lv wkh odujh vkduhkroghu zkr
oreelhv wkh jryhuqphqw/ wkhq wkh ohyho ri vkduhkroghu frqfhqwudwlrq lv
sxvkhg xszdugv1 Lq wklv fdvh/ wkh srolwlfdo vxuylydo ri wkh jryhuqphqw
hqfrxudjhv kljk frqfhqwudwlrq ohyhov1 Wkh iroorzlqj sursrvlwlrq ghyhorsv
wklv fdvh1

Sursrvlwlrq 9 Li wkh forxw ri wkh eorfnkroghu dw sulydwl}dwlrq lv qrw wrr
orz/ l1h1 li ^ lv qrw wrr kljk/ wkhq wkh eorfnkroghu oreelhv wkh lqfxpehqw
srolwlfldqv1 Lq wklv fdvh/ li wkh uhjxodwru| folpdwh lv ohqlhqw hqrxjk/ l1h1
li � lv qrw wrr orz/ wkh htxloleulxp ohyho ri vkduhkroghu glvshuvlrq lv
orzhu wkdq wkh ehqfkpdun zkhuh wkh jryhuqphqw pd{lpl}hv sulydwl}dwlrq
surfhhgv1

Surri1 Wkh odujh vkduhkroghu pd{lpl}hv )EP
�
�5T � � � � / zkhuh T � '

E@Ej��j�ER� � k
� � � � �	 1 Wkh sd|r� ri wkh jryhuqphqw li lw uhmhfwv wkh

r�hu lv # 
	 E� � 5�T Ej � �/ zkhuh j � lv wkh vwdnh ri wkh eorfnkroghu wkdw
�  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  � � � � � � ! " # # " $ %  �

& � � ' � � � � � ( � � � � � � � ) � � � � � � � � � � � � � � � � � � � � � � � � � * � + � � � � � � � � � � ( � � � � � � � � � + � � � , � -
� � � � � � � � � � � �  � � � � � � � ! . / / / $ %
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pd{lpl}hv wkh jryhuqphqw*v remhfwlyh ixqfwlrq lq wkh devhqfh ri oree|lqj
frqwulexwlrqv1 Wkh sd|r� ri wkh jryhuqphqw li lw dffhswv wkh r�hu lv
#E �� n �� � � n E� � 5�T Ej�1 Khqfh/ wkh frqglwlrq iru dffhswlqj wkh r�hu
lv #E �� n �� � � n �� T Ej� � # �� n �� T Ej

�
�1 Ru/ htxlydohqwo|/

� � � ^ dT Ej
�
� � T Ej�o

Wklv frqvwudlqw lv vdwlv�hg zlwk htxdolw| ehfdxvh rqfh oree|lqj frq0
wulexwlrqv duh srvlwlyh/ wkhlu h�hfw rq wkh suredelolw| wkdw wkh lqfxpehqw
sduw| zloo lpsohphqw lwv srolf| uhpdlqv xqfkdqjhg +wklv suredelolw| lv
dozd|v � dv orqj dv frqwulexwlrqv duh srvlwlyh,1 Khqfh/ wkh pdujlqdo ehq0
h�w ri dq lqfuhdvh lq wkh frqwulexwlrq eh|rqg wkdw qhhghg wr lq xhqfh
wkh srolf| ri wkh lqfxpehqw sduw| lv f/ zkhuhdv wkh pdujlqdo frvw lv �1

Ohw eej ghqrwh wkh htxloleulxp ohyho ri wkh eorfnkroghu*v vwdnh zkhq wkh
srolwlfldqv dffhsw wkh frqwulexwlrq1 Wkxv/ li wkh frqwulexwlrq lv srvlwlyh/
uhsodflqj wkh frqwulexwlrq lq wkh remhfwlyh ixqfwlrq ri wkh eorfnkroghu
e| lwv h{suhvvlrq lq wkh frqvwudlqw/

eej ' @h}4@ �
�

5T � Ej� n � � 5

#�
T Ej�

�

eej '
qk

qk n 1� � #�qk

Li wkh eorfnkroghu ghflghv qrw wr oree| wkh jryhuqphqw +� � ' f, wkhq
)EP

�
� '

�� dqg vkh rewdlqv
�� 5T � Ej 	

�1 Khqfh/ wkh frqglwlrq iru wkh frq0

wulexwlrq ehlqj srvlwlyh lv wkhq T � Eeej� � ^
k
T Ej
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Qh{w/ L frpsduh wkh htxloleulxp ohyho ri glvshuvlrq zlwk wkh ehqfk0
pdun ohyho ri glvshuvlrq=

j
�

� eej '
� �� � � � � �

� �� � � � � � � � � �
Li f 	 eej 	 �/ wkhq eej : j  1 Iru eej wr eh dq lqwhulru vroxwlrq/ lw pxvw

eh wkh fdvh wkdw qk n 1� : #�qk/ l1h1 wkdw � :
� � � � � � �� 1

Li wkh eorfnkroghu kdv vx!flhqw forxw dw sulydwl}dwlrq/ oree|lqj e| wkh
eorfnkroghu kdsshqv lq htxloleulxp dqg pd| |lhog d kljkhu ohyho ri vkduh0
kroghu frqfhqwudwlrq wkdq wkh ehqfkpdun1 D vx!flhqw frqglwlrq iru wklv
lv wkdw wkh uhjxodwru| folpdwh eh vx!flhqwo| ehqljq iru sulydwh lqyhvwruv/
vr wkdw wkh sur�wv wr eh ghulyhg iurp d odujhu vwdnh duh kljk hqrxjk1
Wkh gl�huhqfh lq wkh lqwhuhvwv ri wkh eorfnkroghu dqg vkduhkroghu ydoxh
dv d zkroh lv wzrirog= rq wkh rqh kdqg/ wkh eorfnkroghu gluhfwo| lqfuhdvhv
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khu uhqwv dv khu vwdnh lqfuhdvhv> rq wkh rwkhu kdqg/ rqo| wkh eorfnkroghu
prqlwruv1 Lq htxloleulxp/ wkh gluhfw h�hfw iru wkh eorfnkroghu ri d odujhu
vwdnh grplqdwhv wkh frvwv lq whupv ri orzhu pdqdjhuldo h�ruw1 Wkhq wkh
uhqwv ri wkh eorfnkroghu lqfuhdvh zkhq khu vwdnh lv odujhu wkdq wkh rqh
wkdw pd{lpl}hv vkduhkroghu surfhhgv1 Dqg wkh lqfhqwlyhv iru oree|lqj
lqfuhdvh zlwk wkh sur�wdelolw| ri wkh lqyhvwphqw/ zklfk ghshqgv rq wkh
uhjxodwru| folpdwh1 Qrwlfh krzhyhu wkdw wkh fdvh ri eorfnkroghu oree|lqj
grhv qrw |lhog d fruqhu vroxwlrq= wkh odujh vkduhkroghu lv qrw lqwhuhvwhg
lq ixoo frqfhqwudwlrq/ ehfdxvh wkhuh duh vwloo ehqh�wv wr eh rewdlqhg iurp
frpplwwlqj qrw wr prqlwru wrr pxfk1

Qrwlfh wkdw wkh ghjuhh ri ghyldwlrq iurp wkh ehqfkpdun ghshqgv
rq sdudphwhuv # dqg �1 Iluvw/ wkh htxloleulxp ohyho ri glvshuvlrq zloo eh
forvhu wr wkh ehqfkpdun dv wkh zhljkw rq srolwlfdo frqvlghudwlrqv uhodwlyh
wr sulydwl}dwlrq surfhhgv glplqlvkhv1 Wklv uh hfwv wkdw li wkh sulrulw|
lv wr rewdlq uhyhqxhv/ wkh srolwlfldqv zloo eh ohvv lqwhuhvwhg lq oree|lqj
frqwulexwlrqv wr rewdlq srolwlfdo dgydqwdjh1 Vhfrqg/ wkh htxloleulxp ohyho
ri glvshuvlrq zloo eh forvhu wr wkh ehqfkpdun li wkh h�hfw ri frqwulexwlrqv
rq wkh lghrorjlfdo eldv ri phgldq fodvv yrwhuv lv orz1 Wkh lqwxlwlrq iru
wklv lv wkdw li phgldq fodvv yrwhuv duh qrw yhu| uhvsrqvlyh wr prqh| vshqw
rq frqylqflqj wkhp/ wkhq wkh srolwlfdo ydoxh ri wklv prqh| ghfuhdvhv1

9 Frqfoxvlrq

Sulydwl}lqj jryhuqphqwv pd| ydoxh vkduhkroghu glvshuvlrq iru d qxpehu
ri uhdvrqv1 Rqh ri wkhp lv wkdw d eurdgo| khog frpsdq| pd| kdyh d
srvlwlyh h�hfw rq pdqdjhuldo lqlwldwlyh1 Wklv lv ehfdxvh/ gxh wr wkh iuhh
ulghu sureohp dprqj vpdoo vkduhkroghuv/ d eurdgo| khog rzqhuvkls pd|
eh d frpplwphqw ghylfh qrw wr lqwhuihuh wrr pxfk zlwk pdqdjhuldo uhqwv/
zklfk pd| hqfrxudjh pdqdjhuldo h�ruw1 Wkh h{whqw wr zklfk glvshuvlrq
lv h{ dqwh dq h!flhqw frpplwphqw ghylfh wkdw lqfuhdvhv wkh ydoxh ri wkh
�up iru lqyhvwruv ghshqgv rq h{rjhqrxv sdudphwhuv wkdw pd| eh uhodwhg
wr wkh uhjxodwru| folpdwh idfhg e| lqyhvwruv dqg wr wkh vwdwh ri ghuhjx0
odwlrq1 D wrxjkhu uhjxodwru| folpdwh pd| uhgxfh wkh frpplwphqw ydoxh
ri glvshuvlrq1 Ghuhjxodwlrq pdnhv rzqhuvkls frqfhqwudwlrq pruh ghvlu0
deoh wkurxjk lqfuhdvlqj prqlwrulqj frvwv/ ehfdxvh dfklhylqj wkh rswlpdo
ghjuhh ri prqlwrulqj ehfrphv pruh h{shqvlyh1

� �

Srolwlfdo remhfwlyhv pd| |lhog pruh ru ohvv vkduhkroghu glvshuvlrq
wkdq wkh ehqfkpdun zkhuh wkh jryhuqphqw pd{lpl}hv vkduhkroghu sur0
fhhgv1 Pruh glvshuvlrq pd| eh fdxvhg e| frooxvlrq ehwzhhq srolwlfldqv
dqg pdqdjhuv1 Ohvv glvshuvlrq pd| eh fdxvhg e| frooxvlrq ehwzhhq
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srolwlfldqv dqg eorfnkroghuv1 Wkh uhjxodwru| folpdwh lv dq lpsruwdqw
ghwhuplqdqw ri wkh srolwlfdo htxloleulxp lq vrph ri wkhvh fdvhv dv zhoo1
Krzhyhu/ li srolwlfldqv frooxgh zlwk pdqdjhuv/ lq htxloleulxp wkh| pd|
qrw kdyh lqfhqwlyhv wr �qh wxqh wkh rzqhuvkls vwuxfwxuh wr wkh uhdolwlhv
ri surgxfw pdunhw uhjxodwlrq1

� �

Vlqfh ixoo glvshuvlrq lv uduho| rswlpdo/ lw lv zruwk wdnlqj lqwr dffrxqw
wkdw wkhuh duh dydlodeoh rswlrqv rwkhu wkdq ixoo sulydwl}dwlrq wkurxjk
sxeolf r�huv/ vxfk dv vhoolqj wkh �up wr vwudwhjlf lqyhvwruv> nhhslqj wkh
�up whpsrudulo| lq wkh sxeolf vhfwru> ru euhdnlqj lw xs dqg sulydwl}0
lqj hdfk vhjphqw gl�huhqwo|1

� �
Ixuwkhu uhvhdufk pd| h{soruh frvwv dqg

ehqh�wv ri wkhvh dowhuqdwlyh srvvlelolwlhv1

Uhihuhqfhv

^4` Dfhprjox/ Gdurq/ 4<<71 Frusrudwh Frqwuro dqg Edodqfh ri Srzhuv/
PLW Zrunlqj Sdshu <70551

^5` Djklrq/ Sklolssh> Wluroh/ Mhdq/ 4<<:1 Uhdo dqg Irupdo Dxwkrulw| lq
Rujdql}dwlrqv1 Mrxuqdo ri Srolwlfdo Hfrqrp|/ FY= 405<1

^6` Doohq/ Iudqnolq/ 4<<61 Vwrfn Pdunhwv dqg Uhvrxufh Doorfdwlrq/ lq
Frolq Pd|hu dqg [dylhu Ylyhv/ hgv1/ Fdslwdo Pdunhwv dqg Ilqdqfldo
Lqwhuphgldwlrq/ Fdpeulgjh= F1X1S1

^7` Ehuoh/ Dgroi D1> Phdqv/ Jduglqhu F1/ 4<661 Wkh Prghuq Frusrudwlrq
dqg Sulydwh Surshuw|1 Qhz \run= Pdfploodq1

^8` Eldlv/ Euxqr> Shurwwl/ Hqulfr/ 53351 Pdfkldyhooldq Sulydwl}dwlrq/
Dphulfdq Hfrqrplf Uhylhz/ <5 +4,= 573057;

^9` Erowrq/ Sdwulfn> Yrq Wkdgghq/ Huqvw0Oxgzlj/ 4<<;1 Eorfnv/ Olt0
xlglw| dqg Frusrudwh Frqwuro/ Wkh Mrxuqdo ri Ilqdqfh/ OLLL +4,=
40581

^:` Eùvv/ Glhwhu> Kdupv/ Sklolss/ 4<<91 Pdvv Sulydwl}dwlrq/ Pdqdjh0
phqw Frqwuro dqg H!flhqf|/ Glvfxvvlrq Sdshu D07:8/ Erqq Xql0
yhuvlw|1

^;` Exunduw/ Plnh> Jurpe/ Ghqlv> Sdqxq}l/ Idxvwr/ 4<<:1 Odujh Vkduh0
kroghuv/ Prqlwrulqj dqg wkh Ydoxh ri wkh Ilup/ Wkh Txduwhuo| Mrxu0
qdo ri Hfrqrplfv/ 9<60:5;1

^<` Fdqwloor/ Pljxho/ 4<<;1 Wkh Ulvh dqg Idoo ri Edqn Frqwuro lq
wkh Xqlwhg Vwdwhv= 4;<304<6</ Dphulfdq Hfrqrplf Uhylhz/ ;;+8,=
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43::0<61
^43` Fkdnudyruwl/ Ekdvndu> Vslhjho/ \rvvhi/ 4<<81 Wkh Srolwlfdo Hfrq0

rp| ri Hqwu| Lqwr Orfdo H{fkdqjh Pdunhwv1 Lq Ohku/ Zlooldp
+Hg1,/ Txdolw| dqg Uholdelolw| ri Whohfrppxqlfdwlrqv Lqiudvwuxfwxuh1
Odzuhqfh Huoedxp Dvvrfldwhv1

^44` Ghpvhw}/ Kdurog> Ohkq/ Nhqqhwk/ 4<;81 Wkh Vwuxfwxuh ri Frusrudwh
Rzqhuvkls= Fdxvhv dqg Frqvhtxhqfhv/ Mrxuqdo ri Srolwlfdo Hfrq0
rp|/ <6 +9,= 44880::1

^45` Grz/ Mdphv> Jruwrq/ Jdu|/ 4<<:1 Vwrfn Pdunhw H!flhqf| dqg Hfr0
qrplf H!flhqf|= lv Wkhuh d FrqqhfwlrqB/ Wkh Mrxuqdo ri Ilqdqfh/
OLL +6,= 43;:0445<1

^46` Jhgghv/ Ulfkdug U1/ 4<<:1 Rzqhuvkls/ Uhjxodwlrq/ dqg Pdqdjhuldo
Prqlwrulqj lq wkh Hohfwulf Xwlolw| Lqgxvwu|/ Mrxuqdo ri Odz dqg
Hfrqrplfv/ [O= 59405;;1

^47` Kropvwurp/ Ehqjw> Wluroh/ Mhdq/ 4<<61 Pdunhw Oltxlglw| dqg Shuiru0
pdqfh Prqlwrulqj/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ 434+7,= 9:;0:3<1

^48` Mrvnrz/ Sdxo O1> Urvh/ Qdqf| O1> Vkhsdug/ Dqguhd/ 4<<61 Uhjx0
odwru| Frqvwudlqwv rq FHR Frpshqvdwlrq1 Eurrnlqjv Sdshuv= Pl0
furhfrqrplfv/ ss1 40:51

^49` Mrvnrz/ Sdxo O1> Vfkpdohqvhh/ Ulfkdug/ 4<<81 Sulydwl}dwlrq lq Uxv0
vld= Zkdw Vkrxog Eh d IlupB Lqwhuqdwlrqdo Mrxuqdo ri wkh Hfr0
qrplfv ri Exvlqhvv/ 5+5,= 5<:065:1

^4:` Od�rqw/ Mhdq0Mdftxhv/ 53331 Lqfhqwlyhv dqg Srolwlfdo Hfrqrp|1 R{0
irug Xqlyhuvlw| Suhvv1

^4;` Ohkq/ Nhqqhwk/ 53351 Frusrudwh Jryhuqdqfh lq wkh Ghuhjxodwhg
Whohfrppxqlfdwlrqv Lqgxvwu|= Ohvvrqv iurp wkh Dluolqh Lqgxvwu|/
Whohfrppxqlfdwlrqv Srolf|/ 59+809,= 55805751

^4<` Phjjlqvrq/ Zlooldp O1> Qhwwhu/ Mh�u| P1/ 53341 Iurp Vwdwh wr Pdu0
nhw= d Vxuyh| ri Hpslulfdo Vwxglhv rq Sulydwl}dwlrq/ Mrxuqdo ri Hfr0
qrplf Olwhudwxuh/ 6<+5,= 6540;<1

^53` P|huv/ Vwhzduw F1/ 4<<;1 Rxwvlgh Htxlw| Ilqdqflqj/ QEHUZrunlqj
Sdshu 98941

^54` Qhzehu|/ Gdylg P1/ 53331 Sulydwl}dwlrq/ Uhvwuxfwxulqj/ dqg Uhjx0
odwlrq ri Qhwzrun Xwlolwlhv/ Wkh PLW Suhvv1

^55` Qlfnhoo/ Vwhskhq/ 4<<81 Wkh Shuirupdqfh ri Frpsdqlhv1 Wkh Uh0
odwlrqvkls ehwzhhq H{whuqdo Hqylurqphqw/ Pdqdjhphqw Vwudwhjlhv
dqg Frusrudwh Shuirupdqfh1 Eodfnzhoo1

^56` Rsshqkhlphu/ Dqguìv/ 4<<;1 Erughulqj rq Fkdrv= Ph{lfr*v Uroohu0
Frdvwhu Mrxuqh| wr Survshulw|/ Olwwoh Eurzq ) Fr1

^57` Sdjdqr/ Pdufr> Uùhoo/ Dlovd/ 4<<;1 Wkh Fkrlfh ri Vwrfn Rzqhuvkls
Vwuxfwxuh= Djhqf| Frvwv/ Prqlwrulqj/ dqg wkh Ghflvlrq wr jr Sxeolf/
Wkh Txduwhuo| Mrxuqdo ri Hfrqrplfv/ Iheuxdu|/ ss1 4;:05581
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^58` Shuvvrq/ Wruvwhq> Wdehoolql/ Jxlgr/ 53331 Srolwlfdo Hfrqrplfv1 H{0
sodlqlqj Hfrqrplf Srolf|1 Wkh PLW Suhvv1

^59` Udmdq/ Udjkxudp/ 4<<51 Lqvlghuv dqg Rxwvlghuv= Wkh Fkrlfh eh0
wzhhq Lqiruphg dqg Dup*v0Ohqjwk Ghew/ Wkh Mrxuqdo ri Ilqdqfh/
[OYLL= 44540731

^5:` Urh/ Pdun M1/ 4<<71 Vwurqj Pdqdjhuv/ Zhdn Rzqhuv= Wkh Srolwlfdo
Urrwv ri Dphulfdq Frusrudwh Ilqdqfh1 Sulqfhwrq/ Q1M1= Sulqfhwrq
Xqlyhuvlw| Suhvv1

^5;` Urhphu/ Mrkq/ 4<<:1 Olplwhg Sulydwl}dwlrq lq wkh Suhvhqfh ri Sxeolf
Edgv/ lq M1H1 Urhphu/ Hg1/ Lqfhqwlyhv dqg Zhoiduh/ Lqwhuqdwlrqdo
Hfrqrplf Dvvrfldwlrq1

^5<` Vdodv Ixpäv/ Ylfhqwh/ 4<<51 Lqfhqwlyrv | Vxshuylvlöq hq ho Frqwuro
Lqwhuqr gh od Hpsuhvd1 Fxdghuqrv Hfrqöplfrv gho L1F1H 1/ 85= 45:0
4781

^63` Vfdusd/ Fduor/ 4<<71 Uhjxodwlrq dv d Edujdlqlqj Surfhvv= Qhjrwld0
wlrq ryhu Sulfh dqg Frvw0Uhgxflqj Lqyhvwphqwv/ R{irug Hfrqrplf
Sdshuv 79= 68:06981

^64` Vfkplgw/ Nodxv/ 4<<:1 Wkh Srolwlfdo Hfrqrp| ri Pdvv Sulydwl}dwlrq
dqg wkh Ulvn ri H{sursuldwlrq/ FHSU Glvfxvvlrq Sdshu Qr1 48751

^65` Vkohlihu/ Dqguhl> Wuhlvpdq/ Gdqlho/ V1/ 53331 Zlwkrxw d Pds1 Srolw0
lfdo Wdfwlfv dqg Hfrqrplf Uhirup lq Uxvvld/ Wkh PLW Suhvv1

^66` Vslhjho/ \rvvhi> Vsxoehu/ Gdqlho I1/ 4<<71 Wkh Fdslwdo Vwuxfwxuh ri
d Uhjxodwhg Ilup/ UDQG Mrxuqdo ri Hfrqrplfv/ 58+6,= 75707731

^67` Wkrpsvrq/ Vwhyh/ 4<<<1 Lqfuhdvlqjo| Pdujlqdo Xwlolwlhv= Glyhuvl�fd0
wlrq dqg Iuhh Fdvk0Iorz lq Qhzo| Sulydwl}hg XN Xwlolwlhv1 Uhylhz
ri Lqgxvwuldo Rujdql}dwlrq/ 48+4,= 580751

^68` Wluroh/ Mhdq/ 4<<41 Sulydwl}dwlrq lq Hdvwhuq Hxursh= Lqfhqwlyhv dqg
wkh Hfrqrplfv ri Wudqvlwlrq/ lq Eodqfkdug/ Rolylhu0Mhdq dqg Ilv0
fkhu/ Vwdqoh|/ hgv/ QEHU Pdfurhfrqrplfv Dqqxdo1 Fdpeulgjh dqg
Orqgrq= PLW Suhvv/ ss1 55408<1

^69` Wuloodv/ Iudqfhvf/ 53351 Phujhuv/ Dftxlvlwlrqv dqg Frqwuro ri
Whohfrppxqlfdwlrqv Ilupv lq Hxursh/ Whohfrppxqlfdwlrqv Srolf|/
59+809,= 59<05;91

^6:` Ylfnhuv/ Mrkq/ 4<<61 Sulydwl}dwlrq dqg wkh Ulvn ri H{sursuldwlrq/
lq Pdulr Edogdvvdul hw do1/ Hgv1/ Sulydwl}dwlrq Surfhvvhv lq Hdvwhuq
Hxursh/ Qhz \run= Vw1 Pduwlq*v Suhvv/ 44804791
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