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Abstract

This paper shows how informed financial intermediaries can reduce their trading competit
designing optimal incentive compatible contracts for the sale of information. With fund manag
contracts—indirect sale of information—banks can credibly commit to collaborate and add
into prices. This is a way to circumvent the Grossman and Stiglitz (1980) paradox: when inform
is costly, by committing to add noise, the banks can recover the cost of collecting informatio
enter the market. By contrast, when information is costless, even with a large number of se
information entering the market prices are not fully informative.
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1. Introduction

Financial intermediaries such as commercial banks, investment banks, securities
and rating agencies all invest in the collection of information. In fact, producing info
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tion and selling it is considered a raison d’etre for financial intermediation (seeAllen, 1990,
andRamakrishnan and Thakor, 1984). Another purpose of information generation is tra
ing. In particular, intermediaries use information

(i) for their proprietary trading activities,
(ii) for managing funds on behalf of their clients (indirect sale of information), and

(iii) for giving trading recommendations (direct sale of information).1

We know quite a bit about when information collection will be profitable and when it
not. In the classical literature on competition and aggregation of information,Kyle (1984)
andAdmati and Pfleiderer (1988)have shown that in the case of imperfect competit
prices become efficient as the number of traders goes to infinity.Grossman and Stiglit
(1980)have shown that when a large number of perfectly competitive agents trade
market, prices fully reveal their private information. Hence, no profit can be earne
collecting costly information, unless prices represent a noisy signal of the informat
the informed agents.

Financial institutions collect information, and some are simultaneously engaged i
prietary trading activities and in indirect sales of information. This duality in the use o
information inside the firm could tempt financial intermediaries to add noise to the s
they sell in order to enhance the profitability of their own trades. A potential confli
interest thus arises between the bank and the client who delegates his money to t
manager.2

Competition among intermediaries may temper these incentives, but it is not cle
it will eliminate them. The interesting question this raises is: what kinds of contracts
emerge to resolve this conflict of interest in a competitive financial intermediation ma

In this paper we address this question by considering competitive financial inter
aries who trade at the same time for their own account and for their clients. This
contrast toBiais and Germain (2002)who consider contracts in the case of a monopoli
information seller. The intended contribution of this paper is to show that fund manag
contracts3 allow financial intermediaries to collude and commit to add noise into pric
increase their profits. We show then how bankers can diminish competition betwee
trading divisions via fund management contracts.

There are not many empirical papers documenting collusion in finance.Marsh (1994,
1998) gives empirical evidence of implicit collusion between investment banks fo
underwriting of new issues. He shows that this financial service is overpriced and

1 The latter two cases constitute sales of information.Admati and Pfleiderer (1986)have defined two ways o
buying information: by subscribing to newsletters or bulletins (direct sale of information), or by signing a co
with a financial institution which manages an investment fund on behalf of its client (indirect sale of informa

2 Indeed, recent financial scandals have shown how financial intermediaries can use information in a
way, for example when financial analysts issued systematically bullish recommendations on stocks of co
that are clients of the banks:Michaely and Womack (1999)provide empirical evidence of such a type of confli

3 In this paper we assume that contracts are public information. It is indeed the case that contracts pro
bankers to the clients for fund management are observable. Fund management contracts are usually sta
and the type of contract proposed by fund managers or hedge funds are in most cases known by the ma

information is usually not private.
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underwriting investors make excess profits. As in fund management activities, con
are public information.4 Christie and Schultz (1994)also document collusion but betwe
the market makers on the NASDAQ. We show that in the case of fund manageme
introduction of public contracts allows the banks to collude and to reduce compe
and diminish the informativeness of prices. The banking industry is then able to cre
endogenous noise in the market in addition to the exogenous noise of the liquidity tr

In particular, we show that there is a set of contracts which:

(i) allow financial institutions to commit to add an optimal level of noise in the mark
(ii) increase the profitability of the combined trades of the proprietary trading an

funds managed, and
(iii) address the competition problem between these institutions by increasing their

gate profit.

In this model, without sales of information, prices are fully revealing as soon as two
petitors are trading in the market, which makes their individual expected profits ze
this case, as inGrossman and Stiglitz (1980), prices fully reveal the private information
and if collection of information is costly nobody will do it; this is the same result as
Grossman and Stiglitz (1980)paradox but with imperfectly competitive agents. Introduc
the possibility of indirectly selling information is a way to circumvent the paradox bec
financial institutions can now credibly commit to add noise. Pareto optimality is res
due to the contracts used, and banks can collect costly information. Selling informa
thus a way to strategically endogenize the amount of noise in the market.

Different papers are related to this study.Fishman and Hagerty (1995)have analyzed
competition if information is sold directly, not through a fund like in this paper. They s
that by selling information the informed agent can commit to trade aggressively an
tract a larger part of the profit.Admati and Pfleiderer (1986)analyze also direct sales
information and show that the informed party adds noise to the signals he sells in
to reduce the sensitivity of prices to trades. They assume that the precision of the
is contractible, and analyze contracts whereby the fees paid to the seller of inform
are a function of this precision. This is different from this paper where the remune
of the information seller is contingent on the profits of the fund.Allen (1990)studies the
reliability problem when information is sold. He shows how this creates an opportuni
intermediation as inLeland and Pyle (1977). In this paper we do not address the reliabi
problem as the ability to collect information and the ability to use it are assumed to b
same for the banks.Ramakrishnan and Thakor (1984)analyze the sufficiency condition
for coalitions for information producers to arise endogenously in a competitive eq
rium. Our paper is similar toRamakrishnan and Thakor (1984)in that we also conside
situations in which it is optimal to collaborate and sell information. The difference is
unlike Ramakrishnan and Thakor (1984), we also consider proprietary trading by inte
mediaries. In a different setupZurita (2004)shows that the existence of intermediaries

4 These arguments have been taken seriously by the Office of Fair Trading and the Monopolies and

Commission in the UK, see Research Paper 6, Office of Fair Trading.
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financial markets is necessary to overcome adverse selection problems when utility
and speculators trade in the market.

In Section2 we study the competition betweenN banks and derive the optimal co
tracts. In Section3 we study competition when the number of banks is large and info
tion is costless. In Section4 we endogenize the amount of noise and the number of b
when information is costly. In Section5 we study the robustness of our model. Finally
Section6 we derive some concluding remarks. All proofs are inAppendix A.

2. Competition among N sellers

2.1. The model

There is one risky asset̃v and one riskless asset normalized to zero. There are
equiprobable states of the world,u = v̄ + ε and d = v̄ − ε, whereε is a positive rea
number. There are three types of agents in the market:

• N risk neutral informed traders, perfectly informed, who submit an orderXj(ṽ) = ωj ,
j = 1,2, . . . ,N ,

• noise traders who transmit equiprobable ordersωl = (L,0,−L),
• competitive risk neutral market makers, who observe the ordersω = (ω1, . . . ,ωN,ωl),

where orders are anonymous.5 Because of anonymity the market-makers cannot as
tain the origin of the different orders they receive. Market-makers quote:

P(ω) = E(ṽ|ω).

The microstructure is different fromKyle (1985). Indeed, the market makers do n
observe the sum of all the orders but the different orders coming from the informe
the uninformed traders. This approach is similar to that ofDow and Gorton (1997)where
market makers observe orders stemming from the informed and uninformed hedger
structure is different fromGlosten and Milgrom (1985)because the informed and the u
informed traders are simultaneously present in the market.6

2.2. Equilibrium without sales of information

2.2.1. Pure strategies equilibrium
We analyze Perfect Bayesian Equilibria. In equilibrium, given the rational beliefs o

market makers, and the corresponding price function, each insider choosesXj to maximize
his expected profits:

5 One could modify the structure of the model considering that the banks could transmit non-anonym
ders. In this case we could assume that the banks transmit non informative orders (brokerage)wli

and informative
orderswi (Germain et al., 2003study this type of microstructure in an another context). This would lead to
same type of result.

6 It can be shown that qualitatively similar results are obtained in theGlosten and Milgrom (1985)setup when

the informed trader and the liquidity trader are not simultaneously present in the market.
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Xj(v) ∈ Argmax
xj

E
[(

ṽ − P(ω1,ω2, . . . ,ωN,ωl)
)
xj |v

]
.

To avoid being spotted, the insider choosesXj(v) in (L,0,−L). The choice is straight
forward: in stateu he buysL, and sells−L in stated . Because there are more th
two informed agents, market makers observe either(L,L, . . . ,L), (L,L, . . . ,0) or
(L, . . . ,L,−L) in stateu, and(−L,−L, . . . ,−L,L), (−L,−L, . . . ,0) or (−L,−L, . . . ,

−L,−L) in stated . Therefore, the price isu = v̄ + ε in stateu andd = v̄ − ε in stated .
The expected profit of each informed agent is 0 because market makers can alw
fer the presence of an informed trader in the market. Out-of-equilibrium beliefs, w
support this equilibrium, are that market makers quoteu if they observe a positive orde
different fromL andd if they observe a negative order different from−L. This leads to
the following proposition:

Proposition 1. There is no Perfect Bayesian Equilibrium with pure strategies in the g
with costly collection of information and with at least two traders who collect informa
and trade in the financial market.

This proposition asserts that it is not worth collecting costly information. This re
is similar to the one obtained byGrossman and Stiglitz (1980), except for the fact that
in this case, traders are not competitive but strategic, as inKyle (1985). This leads to
the Grossman and Stiglitz (1980)paradox: if information is costly, prices are no long
informative because no informed trader wishes to trade.7 We show that the introduction o
contracts can circumvent this paradox.

2.2.2. Adding noise and collaboration
How can theGrossman and Stiglitz (1980)paradox be overcome? One natural way to

it would be to increase the level of noise in the market. However, because the level o
is exogenous and constant, this is not feasible. Another way would be for the informj

to trade randomly and commit ex ante to a certain strategy. More precisely, in stateu with
probabilityαj (N) theN insiders trade 0 and with probability 1−αj (N), they tradeL (it is
symmetric in stated). In doing so, the insiders mimic the noise traders and add noise
prices. We mention this case only to highlight the benefits derived from adding noise
not plausible in practice that a large informed trader can commit to add noise. AsLaffont
and Maskin (1990)point out:

“ . . . it is difficult to see how the large trader can commit himself to a pricing stra
beforehand. To begin with there is no “beforehand.” Often, a trader is in the marke
because he has acquired private information. Before obtaining this information, h
not foresee his participation and so cannot contemplate what his strategy will be.

The following proposition shows that without any coordination it is not optimal to
noise.

7 In this model, because the number of liquidity traders is constant and equal to one, there is not enou
to hide the informed demand and make profits. A constant number of liquidity traders is equivalent to a c

amount of exogenous noise.
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Proposition 2. If the informed tradersj = 1,2, . . . ,N could commit to a trading strat
egyαj (N) to play 0 with probability αj (N) in the statesu and d , and L (or −L) with
probability 1− αj (N) > 0 in stateu (or d). At the equilibrium, they would set:

αj (N) = 0.

If the informed trader could commit ex ante to a symmetric trading strategy w
αj (N) = α(N), the aggregated expected profit is:

NE(πj ) = 1/3α(N)N−1(1− α(N)
)4α(N) + N(1− α(N))

N(1− α(N)) + 2α(N)
Lε,

each of the N informed traders playsα∗(N), the unique solution in[0,1] of the following
cubic equation:

α3(−n3 + 3n2 + n − 3
) + α2(3n3 − 4n2 − 5n − 6

)
(1)+ α

(−3n3 − n2 + 3n + 1
) + (

n3 + 2n2 + n
) = 0

wheren = N − 1.

In the presence of competition, informed traders never wish to randomize their t
So, it is not optimal to add noise. Indeed, if any trader plays 0 the others would fre
in the noise added by the randomization. Again, we face theGrossman and Stiglitz (1980
paradox because prices fully reveal the private information of the two traders. The
of this proposition contrasts withBiais and Germain (2002)where ex ante the monopoli
informed trader wishes to add noise; there exists anα∗ > 0 that maximizes the expecte
profit of the monopolistic trader. This is due to the competition effect which drives
competitors to play the pure strategy of choosingL with probability 1.8 Nevertheless, in
the next proposition, we show that each trader would be better off if traders coul
laborate. As in a prisoner’s dilemma, the best outcome would be the collaborative o
that case, we would have an implicit collusion or complicity between financial institu
which would maximize the joint profit of the banking industry. Assuming that the firms
symmetric and enter the market, we derive the optimal symmetric randomization st
for each of them.

When informed traders could commit ex ante to a trading strategy, playing 0 inv
camouflage because market makers do not know if the null trade stems from an infor
a noise trader. Thus, they create an endogenous noise effect which can be measure
probability to play 0, which is the probability to mimic liquidity trades and to strategic
decrease the reaction to the private information. Moreover, this manipulation is co
and the noise added is the maximum camouflage for the oligopoly in the financial ma9

As a consequence, if the traders were able to collaborate by committing to this co
noisy strategy, then it would be optimal for them to playα∗, which maximizes the profi
of the coalition. But even if they could collaborate, it is not ex post optimal to play 0.
mixed strategy is not an equilibrium because:

8 Playing 0 with probability 1, which is equivalent to not entering the market is an equilibrium too.
9 Biais and Germain (2002)show that it is never optimal to trade−L in stateu because this way of addin
noise is costly. The trader playing inu as if he were ind gives him good prices but this manoeuvre is too costly.
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(i) informed traders are not indifferent between playing 0 orL in stateu, or playing 0 or
−L in stated ; and

(ii) there is no credible commitment.

The only way to give rise to optimal mixed strategy and to credible commitment
introduce contracts for the sale of information. In the presence of competition, we
show that the banks can use public contracts signed with their clients to commit to a c
strategy.

2.3. Sale of information

2.3.1. The contract
Now we consider the possibility of selling information. There areN sellers of infor-

mation who manageN different funds. Each client delegates his money to a mana
Each fund manager makes a take-it-or-leave-it offer and afterwards receives a
information. The trading information collected by the fund managers is short-live
renegotiation of the contract after having received the information is physically imp
ble.10 Moreover, the contracts are public, so each competitor can observe his comp
contract at zero cost. In the model, all the banks are symmetric:

(i) their ability to collect information is the same,
(ii) they have access to clients who go randomly to fund managers.11

There areN informed sellers of information. The contract specifies:

(i) the trading volume of each fundj , yj , authorized by the client on the risky asset; a
(ii) the compensation of the seller of information,t(π

f
j ), contingent on fund’s profit

whereπ
f
j are eachj fund’s profits andt (·) the function which maps the profits o

the funds into transfers.

Each client receives:

π
f
j − t

(
π

f
j

)
and the individual rationality condition of the client is:

(2)E
(
π

f
j − t

(
π

f
j

)) = k.

In this model we suppose that the client accepts the offer if it gives rise to expect
profits greater than his (known) reservation levelk. As in Biais and Germain (2002), k can
be interpreted as reflecting the bargaining power of the customer in her negotiatio
the informed agent.

10 Nevertheless,Caillaud et al. (1995)andDewatripont (1988)show precommitment effects with public co
tracts even in the case of a secret renegotiation.

11 Note that in this model, all the managers have the same ability to collect perfect information. Mor

there are no reputation effects. SeeBenabou and Laroque (1992)for a reputation-building model.
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2.3.2. The trading game
We consider now that fund managers trade also for their own account (proprietar

ing) and transmit to risk neutral competitive market-makers the sum of their own o
Xj and those on behalf of their clientsYj equal toωj :

(ω1,ω2, . . . ,ωN) = (X1 + Y1,X2 + Y2, . . . ,XN + YN).

As we know fromProposition 2, the strategies are symmetric, and it is optimal to pla
with probability α∗(N), andL with probability 1− α∗(N) in stateu, they play 0 with
probabilityα∗(N) and−L with probability 1− α∗(N) in stated .

Market makers observe the order flowω = (ω1,ω2, . . . ,ωN,ωl), whereωl is the volume
transmitted by the noise traders and equal toL with probability 1/3, 0 with probability 1/3
and−L with probability 1/3. Orders are anonymous. Market makers quote:

P = E(ṽ|ω).

The profits of the funds are:

π
f
j = Yj (ṽ − P) for j = 1,2, . . . ,N.

The profits of the proprietary trading activities are:

πi
j = Xj(ṽ − P) for j = 1,2, . . . ,N.

2.3.3. Equilibrium strategy
Anonymity of orders guarantees that market makers do not know who is tradin

order to avoid being discovered by the market makers, financial institutionsj send orders
L = Xj + Yj or 0= Xj + Yj in stateu.

Therefore, each bankj follows the strategy(αj

1, α
j

2) to randomize its trades, where:

• α
j

1 is the probability that the informed in stateu buysYj = yj for the fund andXj =
L − yj for his own account.

• α
j

2 is the probability that the informed trader buysYj = −yj for the fund andXj = yj

for his own account.
• (1 − α

j

1 − α
j

2) is the probability that the informed buysYj = −yj for the fund and
Xj = L + yj for his own account.12

2.3.4. The optimal contract
The financial institutions can adopt a collaborative behavior and offer the contract

maximizes the profit of the coalition of the banks. There are multiple equilibria an
focus on the symmetric case, which gives rise to the optimalα∗(N) = α∗

2. In this subsection

12 In Biais and Germain (2002), the banker can report any trade for the client ex post. Without loss of gene
we consider here, as is usually the case in practice, that the bank account of the client is separated from
account of the proprietary trading. Therefore, there is no problem of misreporting and no need to conside

deviations as the profits or the losses of the client are deduced from what is actually traded.
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we derive the optimal symmetric contract:

∀j = 1,2, . . . ,N we have,

Xj = X, Yj = Y, π
f
j = πf , πi

j = πi and
(
α

j

1, α
j

2

) = (α1, α2).

The expected profits of the client are:

(3)E
(
πf

) = k + E
(
t
(
πf

))
.

The seller’s expected profit is:

(4)E
(
πi + t

(
πf

))
.

Substituting (2.3) in (2.4), the seller’s expected profit is:

E
(
πi + πf

) − k.

The program maximized by each of theN coalitions of informed traders and the
clients is (where−j characterizes the strategies of all agents butj ):

(5)Max
t (·)

E
(
(Xj + Yj )

(
ṽ − P(Xj + Yj ,X−j + Y−j ,ωl)

))
with

(6)(Xj ,Yj ) ∈ Argmax
Xj ,Yj

E
(
Xj

(
ṽ − P(Xj + Yj ,X−j + Y−j ,ωl) + t

(
π

f
j

)|v))
subject to:

(7)E
(
πf − t

(
πf

)) = k.

This program seeks a compensation functiont (·) for the information seller (bank) tha
maximizes the total profit of the coalition (client and fund management), as expr
in (5), subject to the incentive compatibility constraint(6) that the bank will choose
(Xj ,Yj ) to maximize the expected profit from proprietary trading, and the client’s
dividual rationality (participation) constraint(7). Xj represents the quantity traded by t
fund manager on behalf of the client andYj represents the quantity traded by the bank,
X−j andY−j represent all the quantities traded by all the funds and the banks exce
fund j and the bankj .

The optimal contract gives the set of transferst (·) which make the fund manager indi
ferent between the different states of the world. The contract specifies:

(i) a set of transferst (·) from the funds to the banks, and
(ii) y the quantity traded on behalf of the clients.

Moreover, the optimal contract gives rise to the optimal level of noise for the duopoly

α∗
2(N).
The profits of this game are presented inTable 1.
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Table 1
Profits in stateu if N sellers of information play the strategyα1, α2

Y i Xi ω−N L Profits

y L − y if L ∈ ω−j L,0,−L 0
y L − y ω−j = (0, . . . ,0) L 0

y L − y ω−j = (0, . . . ,0) 0 2α2
N(1−α2)+2α2

ε

y L − y ω−j = (0, . . . ,0) −L ε

−y y ifL ∈ ω−j L 0
−y y if (L,L) ∈ ω−j 0,−L 0
−y y ω−j = (L,0, . . . ,0) L 0

−y y ω−j = (L,0, . . . ,0) 0 2α2
N(1−α2)+2α2

ε

−y y ω−j = (L,0, . . . ,0) −L ε

−y y ω−j = (0, . . . ,0) L
2α2

N(1−α2)+2α2
ε

−y y ω−j = (0, . . . ,0) 0 ε

−y y ω−j = (0, . . . ,0) −L
2N(1−α2)+2α2
N(1−α2)+2α2

ε

−y L + y L ∈ ω−j L,0 0
−y L + y (L,L) ∈ ω−j −L 0
−y L + y (0, . . . ,0) = ω−j L 0

−y L + y (0, . . . ,0) = ω−j 0 2α2
N(1−α2)+2α2

ε

−y L + y (0, . . . ,0) = ω−j −L
2N(1−α2)+2α2
N(1−α2)+2α2

ε

Notes. Profits of the sellers of information. The table gives the profits ofN banks in stateu when they playy for
the fund andL − y for their own account with probabilityα1, −y for the fund andy for their own account with
probabilityα2, and−y for the fund andL + y for their own account with probability 1− α1 − α2.

Proposition 3. The optimal contract is characterized by a set of transferst1, t2, t3 which
make the fund manager indifferent to trade in the following three states:

• buyingy for the fund andL − y for proprietary trading,
• buying−y for the fund andy for proprietary trading,
• buying−y for the fund andL + y for proprietary trading.

The quantityy traded on behalf on the clients is:

y = Lα∗
2((3− n)α∗

2 + n + 1)

(α2
2(n2 − 6n + n) + α∗

2(−2n2 + 4n + 2) + n2 + n)
.

The transfers are defined as follows:

∀πf � 0, t (πf ) = −t1 � 0.

If πf = yε
2α∗

2
2α∗

2+(n+1)(1−α∗
2)

thent (πf ) = t2.

If πf � yε thent (π
j
f ) = t3.

The optimal contract can be implemented by the following appropriate option: selling
K bullish vertical spreads whereK is the number of options necessary to get the po

(0, t1) and(0, t2) aligned.
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• The fund manager buys a call option with a zero exercise price and a premium
to t1 ( paid by the informed to the client when the fund’s profit are received).

• The fund manager sells a call with an exercise price equal to
2α∗

2yε

N(1−α∗
2)+2α∗

2
and a pre-

mium equal to zero.

This proposition shows that it is possible to derive optimal incentive-compatible
tracts for the sale of information in the presence of competition. The optimal contr
a function of the number of sellers of information. Like in a prisoner’s dilemma, wit
collaboration (in this model commitment), the competitors would make zero profits. B
able to collaborate by proposing fund management contracts to their clients, financ
stitutions can make profits. In the prisoner’s dilemma, there is no way for the two pris
to collaborate because of the competition between them and the divergence betw
individual interest and the collective one. In this model, the banks face the same dile
However, they can commit ex ante to another strategy through their fund managem
tivities. Moreover, this circumvents theGrossman and Stiglitz (1980)paradox because th
traders can create some additional noise to recover the cost of collecting informatio
features of this optimal contract are the following:

• For negative profits of the fund, the manager is not punished too much, which c
incentives to fund managers to add the optimal level of noise.

• For profits in the range
[
0, yε

2α∗
2

2α∗
2+(n+1)(1−α∗

2)

]
, the fund manager’s compensation

creases with the profits of the fund. This gives incentives to the fund manager to
his private information to his client.

• For higher profits, the fund manager’s remuneration remains constant in order t
into account a limited liability constraint (the manager cannot take more money
the fund than the fund’s profits).

It is worth noting that linear contracts are not optimal in this setting.13 Moreover, there
is an infinite number of incentive compatible contracts—we focus on this one becau
easy to implement in practice.

In this model we assume that the financial institution can bundle its proprietary t
with the trades for its clients. This netting is legal in the NYSE (see NYSE rule 390
SEC Rule 19c 3) and customary on the NASDAQ.14

13 Indeed, inBiais and Germain (2002), the bank account of the fund management and the proprietary tra
activities are not separated. As a consequence, there is a problem of misreporting the client’s trade
which creates additional constraints and leads to an optimal linear contract. Of course, we can show tha
contracts are also linear in the case where the banker could report ex post any trade.

14 However, if the Chinese walls in those financial institutions are too thick, say because the trades
parts of the banks cannot be coordinated, we can show that the model is still robust. Indeed, in that case
rise to the optimal trading strategy of trading 0 with probabilityα∗(N), the financial institution just sets up a fun
(indirect sale of information) and draws up a contract stipulating that the manager of the fund can comm

trade with probabilityα∗(N).
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3. The case where information is costless

The following proposition defines the characteristics of the market, where a large
ber of financial intermediaries collect information at zero cost.

Proposition 4. When the number of financial intermediariesN increases, the optima
amount of endogenous strategic noiseα∗(N) strictly increases(seeFig. 1) and goes to
unity. The aggregate profitNE(πi + πf )(α∗(N)) decreases withN (seeFig. 2)15 and is
equal at the limit to:

1

3

4+ c

2+ c
e−cLε > 0

where c is a constant defined in the proof.

The interpretation of this proposition is as follows. When a very large number of s
of information enter the market they can endogenize the amount of noise in such
that they still not reveal their private information. This suggests that fund manageme

Fig. 1. Probability of trade as a function of the number of informed traders.Note. The figure showsα the proba-
bility to trade zero as a function ofn = N − 1 whereN is the number of informed traders.
15 In all the figures,ε = L = 1.
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Fig. 2. Expected aggregate profit as a function of the number informed traders.Note. The figure shows the
expected aggregate profit as a function ofn = N − 1 whereN is the number of informed traders andk, the
reservation level of the client, is equal to 0.

tivities create an endogenous noise on top of the noise stemming from the liquidity t
Usually, as inKyle (1984)andAdmati and Pfleiderer (1988), the informativeness of price
is an increasing function of the number of informed traders, which implies that the a
gate profit is decreasing.16 In this model, the aggregate profit is slightly decreasing
Fig. 2).17

In an oligopoly à la Cournot, like inKyle (1984)or Admati and Pfleiderer (1988), the
aggregate profit is decreasing and always smaller than the monopolistic trader’s
This result holds in this model too. But in the limit, contrary toKyle (1984)or Admati
and Pfleiderer (1988), the aggregate profit is not going to zero and prices do not reve
the private information. Indeed, in the limit, the competition effect and the commit
effect have the same magnitude. Even with an infinite number of sellers of informatio
financial market is not efficient.

In the following lemma we characterize the optimal contract in the limit.

16 In those two models, in the limit, the aggregate profit goes to 0 and prices are fully revealing.
17 In Fig. 2, we see clearly that the aggregate profit is decreasing very slowly to become almost consta
highlights the fact that the informativeness of prices reaches a limit very fast.
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Fig. 3. Quantity traded by the financial intermediary on behalf of clients as a function of the number of inf
traders.Note. The figure shows the quantityy traded on behalf on the clients as a function ofn = N − 1 where
N is the number of informed traders andk, the reservation level of the client, is equal to 0.

Lemma 1. If the number of sellers of information goes to infinity, the optimal contract g
to:

y∞ = 4+ c

c2 + 6c + 2
L (seeFig. 3),

t1∞ = k + y∞
1

3
e−c c2 + 7c + 6

c + 2
(seeFig. 4),

t2∞ = t3∞ = y∞ − t1∞ (seeFig. 5),

wherec is the real solution of the following cubic equation:

c3 + 5c2 + 4c − 8= 0.

In fact, the more informed sellers there are, the larger are the quantities traded on
of their clients as well as the transfers to the fund managers.

4. The case where information is costly

When information is costly, informed traders do not enter the market freely, bu

C to observeu or d . They do so if and only if the benefits of being an informed trader
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Fig. 4. The negative transfer function paid by the clients to the banks in case of losses of the funds.Note. The
figure shows the transfert1 as a function ofn = N − 1 whereN is the number of informed traders andk, the
reservation level of the client, is equal to 0.

selling his information are at least equal to the cost of being informed. Hence, there
equilibrium number of sellers of information corresponding to the case where the eq
holds. The following proposition characterizes the number of sellers at the equilibriu

Proposition 5. If C is the information cost then there is only one numberN∗ of sellers
such that:

(8)3
C

L
= αN∗−1(1− α)

4α + N(1− α)

N(1− α) + 2α
Lε.

SeeFig. 2 for the monotonicity of the aggregate profit.

The cheaper the information, the more prices are informative and the more peop
lect information. With costly collection of information, there is a finite number of selle

information who can enter the market and prices partially reveal their private information.



194 L. Germain / Journal of Financial Intermediation 14 (2005) 179–209

ur as-
ant to
he fol-
trades,

zation
ness of

odel
five
in-
fits by

ontract
f the
Fig. 5. The positive transfer functions paid by the clients to the banks in case of profits of the funds.Note. The
figure shows the transfert2 = t3 as a function ofn = N − 1 whereN is the number of informed traders andk,
the reservation level of the client, is equal to 0.

5. Robustness

5.1. Robustness to assumptions on the distribution of liquidity trades

One might question to what extent our results reflect the highly stylized nature of o
sumptions regarding the distribution of the liquidity trades. The economic point we w
make, and which we believe is robust to variations in the parametric assumptions, is t
lowing: commitment enables the informed trader to reduce the aggressiveness of his
and thus to increase his trading profits by reducing information revelation. Randomi
in the trading strategy of the informed agent is a way to thus reduce the aggressive
his trades.

To shed some light on this issue, we now consider a generalization of our m
whereby the liquidity trades can take, with equal probability, one of the following
values:{−2L,−L,0,L,2L}. In this slightly more general context, we show that it is
deed still the case that commitment enables informed traders to enhance their pro
reducing their responsiveness to their signals. Moreover, we show that the optimal c
is such that the quantityy traded on behalf of the client depends on the structure o

liquidity trading and can take different values.
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Lemma 2. Consider the case where there areN informed agents and one liquidity trade
sending their orders to the market makers. If the informed agents can commit to a tr
strategy, then in stateu it is optimal for them to give a positive probability to the thr
non-negative trades: 0,L and 2L. Moreover, there exists, as in the previous case, an
timal incentive compatible contract wherey0 is the quantity traded by the fund when t
bank transmits an order of the size0, y1 is the quantity traded by the fund when the ba
transmits an order of the sizeL, andy2 is the quantity traded by the fund when the ba
transmits an order of the size2L. The optimal contract can be implemented by sel
K bullish vertical spreads also.

It is worth noting that in a continuous framework, more complex contracts would
to be designed and there would be a continuum of possible trades:[−y, y] where−y and
+y can be interpreted as the maximum risky positions that the fund manager is allow
take. Such bounds are actually observed in practice. However, this proposition sho
we can obtain more complex and realistic contracts with a richer set of liquidity trade

5.2. Generalization of the structure of information

We have maintained the assumption that an informed trader is always informed
trading. In this subsection, we relax this assumption by assuming that the informed
receives a perfect signal with probabilityπ and has no information with the complementa
probability.

First of all, we show that above a certain probabilityπ∗ it is always optimal to add som
noise in the market:

Lemma 3. Let α∗(N) be the former value computed for a game with perfect informa
and which maximizes the profits of the coalition. Letπ be the probability for an informed
agent to be informed andα∗∗(N) the new probability which maximizes the expected pro:

• for π > 1− α∗(N), there exists anα∗∗(N) in (0,1) (mixed strategy) which maximizes
the profits of the coalition,

• for π < 1− α∗(N), α∗∗(N) = 1.

This lemma shows that forπ large enough it is still optimal to commit to add noise
in Proposition 2.

Now let us consider the possibility for informed traders to sell their information.
lowing the same methodology used in the previous case, it can be shown that there
optimal contracts allowing the possibility to play 0 in the case in which there is no i
mation.

Lemma 4. The optimal contracts are formally the same as the ones described in the

of perfect information.
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6. Conclusion

We have addressed the broad question of competition between informed financia
tutions and shown that public contracts permit banks to commit to trade less aggre
and recover part of their cost of collection of information. In fact, optimal contracts:

(i) give rise to optimal mixed strategies, and
(ii) are public, which makes credible the competitors’ commitment.

Those contracts are incentive compatible because:

(i) they allow the banks to generate the optimal level of noise for the banking ind
and

(ii) they respect the individual rationality constraint of the clients.

Optimal contracts restore Pareto optimality. In particular, competitors can enter the
ket with costly information and partially reveal their private information which avoids
Grossman and Stiglitz (1980)paradox.

There are very few empirical studies investigating the impact of fund management
ities on stock prices. It would be interesting, for example, to test the informational co
of fund management trades versus the informational content of proprietary trading
ties. One empirical prediction of this model is that proprietary trading activities are
profitable than fund management activities.Declerk (2003)shows that expected profi
of proprietary trading activities are higher than expected profits of agents’orders
management activities and retail customers). Moreover, she shows that proprietary
orders obtain better execution and are more aggressive. It would be also interestin
to disentangle the orders stemming from fund managers from those coming from
orders to measure their informational content and test part of the empirical implica
of our model. Another empirical prediction is that the level of noise observed in pric
in part stemming from fund management activities and also that an increase in th
competition level does not diminish the level of noise in the prices.
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Appendix A

Proof of Propositions 1 and 2. N informed sellersj = (1, . . . ,N) transmit an order o
size 0 with probabilityαj (N) and of sizeL with probability 1− αj (N). Probabilities are
computed by market makers using Bayes’ rule. Market makers observe the anonymo
umesω = (ω1,ω2, . . . ,ωN,ωl) whereωl is L, 0 or −L with probability (1/3,1/3,1/3).
Conditional probabilities for each observed volume in stateu are:

p(u|L,L, . . .) = 1,

p(u|L,0, . . . ,0) = 1+ ∑N
i=1

(1−αi)
αi

2+ ∑N
i=1

(1−αi)
αi

,

p(u| − L,0, . . . ,0) = 1− p(u|L,0, . . . ,0),

p(u|0, . . . ,0) = 1

2
,

p(u|L,−L,0, . . . ,0) = 1

2
.

Probabilities in stated are straightforward asp(u|ω) + p(d|ω) = 1. The profit of the
informedj is:

(u − d)
(
1− p(u|ωj ,ω−j ,ωl)

)
whereω−j characterizes all the volumes transmitted by the traders except for thej th in-
formed. Letαi(N) = αi . The expected profit of each agent is:

πi(α) = 1/3(1− αi)

[∏
j �=i

αj

](
3− 2([∏j �=i αj ] + ∑N

j=1(1− αj )[∏j �=i αj ])
2[∏j �=i αj ] + ∑N

j=1(1− αj )[∏j �=i αj ]
)

εL.

This is equivalent to:

πi(α) = 1/3(1− αi)

[∏
j �=i

αj

]( 4+ ∑N
j=1

1−αj

αj

2+ ∑N
j=1

(1−αj )

αj

)
εL.

Indeed, theith agent makes profits when he playsL with probability 1− αj and the
other agents play 0 with probabilityαj . In that case the profits are(u − d)p(u|ω), i.e.
(2ε)[1/3](0+ 1+ [1− p(u|L,0, . . . ,0)]) where 0, 1/3 and 1/3(1− p(u|L,0, . . . ,0)) are
the expected profits for each state of the world.

We consider the one-to-one change in variable:

(0,1) → (0,∞),

αi → βi = 1− αi

αi

.

Defineβ = (β1, β2, . . . , βN)′.

πi(β) = 1/3βi

N∏ 1 4+ ∑N
j=1 βj∑ .
j=1
1+ βj 2+ N

j=1 βj
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The program of each agent is now equivalent to maximizing the trading profit:

max
βi

πi(β),

which is equivalent to:

Max ln(πi(β)) = − ln3+ lnβi −
N∑

j=1

ln(1+ βj ) + ln

(
4+

N∑
j=1

βj

)
− ln

(
2+

N∑
j=1

βj

)
.

The first-order condition (FOC) associated with theith agent program is∀i = 1, . . . ,N :

1

βi

− 1

1+ βi

+ 1

4+ ∑N
j=1 βj

− 1

2+ ∑N
j=1 βj

= 0.

This is equivalent fori �= j to:

βi(1+ βi) = βj (1+ βj ).

This implies either∀i = 1, . . . ,N βi = βj or βi + βj + 1 = 0. But this is impossible
sinceβi > 0.

Let β∗ be this common value. We have:

2β∗(1+ β∗) = (2+ Nβ∗)(4+ Nβ∗).

Theβ solutions of the former equation are:

β1 = −(3N − 1) − √
(N2 − 6N + 17)

N2 − 2
,

β2 = −(3N − 1) + √
(N2 − 6N + 17)

N2 − 2
.

If we look at the condition under whichβ∗ > 0, we have
√

N2 − 6N + 17> 3N − 1,
which implies thatN < 1. Therefore, there is no local extremum in the interior.

Hence,πi(αi) = 0 for αi = 1 or αi = 0. This proves that the maximum profit is 0 a
reached either forαi = 0 or αi = 1. Therefore, it is not optimal to add noise for two
more traders engaged in Nash competition. Moreover, if information is costly, they c
recover the cost of collection of information.

Maximizing the aggregate profit without imposing the constraint that each agent p
ipate obviously leads to the monopolistic trader case. We turn to the following prog
where theN traders collaborate and maximize their joint profit:

Max
β

∑
i=1

Nπi(β)

with β = b(1,1, . . . ,1)′.

MaxN/3b

(
1

)N 4+ Nb
.

β 1+ b 2+ Nb
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The FOC is:

N2(N − 1)b3 + b2N(5N − 4) + 4b(N − 2) − 8= 0.

We will now show the existence forb > 0 of a maximumα ∈ [0,1].
Defineg(N,b) = N2(N −1)b3+N(5N −4)b2+4b(N −2)−8 then,g(N,0) = −8<

0, and limb→∞ g = ∞ (for N > 1).
Sinceg is continuous, there exists a solution to the equationg(N,b) = 0 such that for

b > 0, there exists aα ∈ (0,1) which maximizes:

Max
N∑

i=1

πi(α)

s.t. α = α(1, . . . ,1)′.

The uniqueness follows from:

dG

dB
= 3N2(N − 1)b2 + 2N(5N − 4)b + 4(N − 2).

Because 3N2(N − 1)b2 + 2N(5N − 4)b + 4(N − 2) = 0 has two negative roots fo
N � 2, the sign of dg/db > 0, ∀b > 0.

This proves the uniqueness forN � 2.
Expressing the probabilities and expected profit when the traders maximize the p

the coalition as a function ofN andα(N) leads to:

p(u|L,L, . . .) = 1,

p(u|L,0, . . . ,0) = N(1− α) + α(N)

N(1− α(N)) + 2α(N)
,

p(u| − L,0, . . . ,0) = α(N)

N(1− α(N)) + 2α(N)
,

p(u|0, . . . ,0) = 1

2
,

p(u|L,−L,0, . . . ,0) = 1

2
.

The expected profit of the informedj is:

(u − d)
(
1− p(u|ωj ,ω−j ,ωl)

)
whereω−j are the quantities transmitted by informed traders exceptj . It is equal to:

(u − d)
(
1− p(u|ωj ,ω−j ,ωl)

) = 1

3
αN−1(1− α)

4α + N(1− α)

N(1− α) + 2α
εL.

Expressing the FOC withn = N − 1 leads to:

α3(−n3 + 3n2 + n − 3
) + α2(3n3 − 4n2 − 5n − 6

) + α
(−3n3 − n2 + 3n + 1

)

+ n3 + 2n2 + n = 0.
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We have proved that this equation admits only one real solution in[0,1] which is a maxi-
mum. �
Proof of Proposition 3.

Incentive compatibility condition of the informed agent
To randomize the informed has to be indifferent between:

• buyingy for the fund andL − y for proprietary trading,
• buying−y for the fund andy for proprietary trading,
• buying−y for the fund andL + y for proprietary trading.

Expected profits in these three cases are:

(A.1)Eπi
0 = 1

3
αn

2
α2(3− n) + n + 1

α2(1− n) + n + 1
(L − y)ε + 1

3
αn

2(t2 + t3 + 2t1) − t1,

(A.2)Eπi
1 = 1

3

[
n(1− α2)α

n−1
2

α2(3− n) + n + 1

α2(1− n) + n + 1
+ αn

2

]
εy − t1,

(A.3)Eπi
2 = 1

3
αn

2
α2(3− n) + n + 1

α2(1− n) + n + 1
ε(y + L) − t1.

(A.4)(A.2) = (A.3) ⇔ y = L
α2(α2(3− n) + n + 1)

α2
2(n2 − 5n) + α2(2+ 4n − 2n2) + n + n2

.

(A.5)(A.1) = (A.3) ⇔ t2 + t3 + 2t1 = 2y

(
α2(3− n) + n + 1

α2(1− n) + n + 1

)
εL.

Individual rationality condition of the buyer:

α1

[
1

3
αn

2
α2(3− n) + n + 1

α2(1− n) + n + 1
yε + t1 − 1

3
αn

2(t2 + t3 + 2t1)

]
,

−α2

[
1

3

α2(3− n) + n + 1

α2(1− n) + n + 1
n
(
1− α2α

n−1
2 + αn

2

)
yε − t1

]
,

(A.6)−(1− α1 − α2)

[
1

3
αn

2
α2(3− n) + n + 1

α2(1− n) + n + 1
yε − t1

]
= k.

Note thatk cannot be arbitrarily large because the expected profit of an agent is po
Thus,k must have an upper bound. In fact, the agent and the client have to shar
common profits in the coalition. Therefore, the maximum value ofk decreases rapidly t
zero with 1/N whenN goes to infinity (seeProposition 4).

Substituting(A.4) and(A.5) in (A.6) we have:

t1 = k + −1/3yε

α2(1− n) + n + 1
α∗n

2

[
α2

2

(
(3− n)(1+ n) − 3(1− n)

)
(A.7)+ α2(n + 1)(2n − 5) − (1+ n)2].

Equations(A.4), (A.5) and (A.7)define the optimal contract for allN . α2 = α∗(N) is

the solution of Eq.(1) which gives the optimal level of noise for a given number of banks.
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We now argue that the optimal contract is stable. If the agents observe that a
competitor is not engaged in fund management activities, they retaliate by not sig
contract either. In this case the expected profit of the all agents is zero. Therefore, th
no incentives to be out of the coalition. In fact, the presence of public contracts allow
competitors to check any deviations.

The bullish vertical spread
To characterize the bullish vertical spread we substitutet2 = t3 in (A.5):

(A.8)t1 + t2 = y
α2(3− n) + n + 1

α2(1− n) + n + 1
.

Substituting(A.7) in (A.8) one findst2.
Let K be the scope of the line for the points(0,−t1), (y(u − P(L,0, . . . ,0)), t2) to be

aligned:

(A.9)t2 + t1 = K
2α2yε

(n + 1)(1− α2) + 2α2
.

Substituting(A.8) in (A.9) one finds that:

(A.10)K =
yα2(3−n)+n+1
α2(1−n)+n+1

2α2yε
(n+1)(1−α2)+2α2

.

K is the number of options to be sold and bought by the fund manager.y(u −
P(L,0, . . . ,0)) = 2α2y

(n+1)(1−α2)+2α2
ε is the exercise price of the option.

The optimal contract
For eachα2 we define a contract which makes the banker indifferent between pla

0 andL in stateu or 0 and−L in stated . To get the contract optimal, we showed
Proposition 2that it is sufficient to replaceα2 by α∗

2 in the above equations.�
Proof of Proposition 4. We first compute an equivalent ofα∗(n) whenn goes to∞.

Sinceα(n) is solution of the cubic equation(1), we expandα∗(n) in the following
polynomial form in 1/n:

α∗(n) = 1− c

nδ
+ o

(
1

nδ

)
wherec is a positive real number andδ an integer.

Plugging this form into(1) we obtain:

c3

n3δ
+ o

(
1

n3δ

)
+ 5

c2

n2δ+1
+ o

(
1

n2δ+1

)
+ 4

c

nδ+2
+ o

(
1

nδ+2

)
− 8

n3

+ o

(
1

nδ+2

)
= 0.

This impliesδ = 1, and
c3 + 5c2 + 4c − 8= 0,
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which admits a unique solution in[0,1]. Indeed, it is easy to show that ifδ �= 1, then
the equality cannot hold. With no loss of generality, suppose thatδ < 1. Multiplying the
left-hand and the right-hand sides byn3, we have:

c3 + εn = 0

where limn→∞ εn = 0. This implies thatc = 0, which is impossible.
Moreover,

(1) ⇔ (−α∗33+ 3α∗22− 3α∗ + 1
) + 1

n

(
3α∗3 − 4α∗2 − α∗ + 2

)
+ 1

n2

(
α∗33− 5α∗2 + 3α∗ + 1

) + α∗ 1

n3

(−3α∗2 − 6α∗ + 1
) = 0

⇔ Pn(α
∗) = (1− α∗)3 + (1− α∗)2

n
(3α∗ + 2)

+ (α∗ − 1)

n2

(
α∗2 − 4α∗ − 1

) + α∗

n3(−3α∗2 − 6α∗ + 1)
= 0.

Becauseα is in [0,1], whenn → ∞ one shows thatPn(α) → (1− α)3, and soα → 1.
To obtain the limit of the aggregated profit, substituteα∗(n) by α∗(n) = 1 − c/n +

o(1/n2) in the aggregate profit, which is equal to:

1

3
Nα∗(N)N−1(1− α∗(N)

)4α∗(N) + N(1− α∗(N))

N(1− α∗(N)) + 2α∗(N)
Lε.

We find the limit of the expected profit:

1

3
c

4+ c

2+ c

[(
1− c

n

)n]
Lε = 1

3
c

4+ c

2+ c
e−cLε

because limn→∞(1− c/n)n = e−c.
The aggregate profit, a function ofα∗, is a decreasing function ofn. This result is

characterized graphically inFig. 2. Consequently, the informativeness of prices increa
and also goes to a finite limit.�
Proof of Lemma 1. Replacingα∗ by 1−c/n+o(1/n2) one findsy∞, t1∞, t2∞ + t3∞. �
Proof of Proposition 5. The aggregate profit is strictly decreasing withα∗(N), so there is
only oneα∗ for a level of aggregate profit. Moreover,α∗(N) is strictly increasing withN ,
so there is only oneN∗ for oneα∗. �
Proof of Lemma 2. Consider the case where in stateu the insider trades 0 with probabilit
α0, L with probabilityα1 and 2L with probabilityα2. In stated the insider trades 0 with
probabilityα0, −L with probabilityα1 and−2L with probabilityα2. One can easily se
that sales in stateu or purchases ind are not optimal. First we show that there exi

(α∗

1, α∗
2) which maximizes the expected profits of the informed. In this context, the updated
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probabilities for the market makers are the following:

p(u|2L,0, . . . ,0) = nα2 + α0

nα2 + 2α0
,

p(u|2L,0, . . . ,−L) = α2

α2 + α1
,

p(u|2L,0, . . . ,−2L) = 1

2
,

p(u|L,0, . . . ,0) = nα1 + α0

nα1 + 2α0
,

p(u|L,0, . . . ,−L) = 1

2
,

p(u|L,0, . . . ,−2L) = α1

α2 + α1
.

In stateu, his expected profit if he trades 2L is:

E(π2) = 2ε

(
2

5

αN
0

Nα2 + 2α0
+ 2

5

αN−1
0 α1

α1 + α2
+ 1

5
αN−1

0

)
,

while his expected profit from tradingL is:

E(π1) = 2ε

(
1

5

αN
0

Nα1 + 2α0
+ 1

5

αN−1
0 α2

α2 + α1
+ 1

10
αN−1

0

)
.

Therefore, his total expected profit is:

Eπ =
(

1

5
(1− α1 − α2)

n2ε
1− α1 − α2

2− 2α1 − 2α2 + (n + 1)α2

+ 1

5
(1− α1 − α2)

n2ε
α1

α1 + α2
+ 1

5
(1− α1 − α2)

nε

)
α22L

+
(

1

5
(1− α1 − α2)

n2ε
1− α1 − α2

2− 2α1 − 2α2 + (n + 1)α1

+ 1

5
(1− α1 − α2)

n2ε
α2

α1 + α2
+ 1

5
(1− α1 − α2)

nε

)
Lα1.

We definef such that:

f (x) =
{

0 for x = (0,0),

Eπ for x ∈ ([01] × [01]) ∩ {(α1, α2)/α1 + α2 � 1} − (0,0).

This function of two variables(α1, α2) is defined on the compact:([0,1] × [0,1]) ∩ {
(α1, α2)/α1 + α2 � 1

}
.

Eπ(·) is a continuous function because it is a sum of rational functions with denom
tors different from zero on its domain of definition. Moreover, the limit ofEπ(·) whenα1
andα2 go to zero is equal to zero. In conclusion,f is continuous. Because the conside
domain is a compact, applying Heine’s theorem,f has got a maximum and it is reach

on its domain. Two cases are possible:
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Fig. 6. Expected aggregate profits as a function of the number of informed traders when the banks can tr
tiple positive quantities.Note. The figure shows the expected aggregate profit as a function of:α1 the probability
that the informed in stateu buysy for the fund andL−y for his own account,α2 the probability that the informed
trader buys−y for the fund andy for his own account, and 1− α1 − α2.

• α∗
1, α∗

2 are inside the domain,
• the maximum is reached on one of the frontiers.

We will prove that the second assertion is not possible. We will check the casesα∗
1 = 0 or

α∗
2 = 0. Forα1 + α2 = 1 whenN � 2 the market maker will immediately deduce from t

trades the true state of the world.
Let show that on the frontierα1 = 0 the maximum is not reached.
Note thatf is a continuously differentiable function on the domain([01] × [01]) ∩

{(α1, α2)/α1 + α2 � 1} − (0,0). For a givenα′
2 on the considered frontier we consider t

mixed strategies(α1, α2) such thatα1 +α2 = α′
2. The differential ofEπ(·) in (0, α′

2) along
the line defined by the equationα1 + α2 = α′

2 is equal to:

1

5
ε(1− A)n

(
2

2A

2(1− A) + (n + 1)α2
+ A

)

+ 2α2

(
− 2(n + 1)A∆(α2)

(2(1− A) + (n + 1)α2)2
+ 2∆(α1)

A

)
+ 2A

2(1+ A)
+ 2α2

A
+ A

with A = (1− α1 − α2)
n, with ∆(α1) > 0 and∆(α2) < 0.

Note that all the terms are positive. Therefore, the differential is also positive. We

clude thatα1 = 0 is not a maximum.
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The same proof on the frontierα2 = 0 leads to the same conclusion.
We conclude that the global maximum(s) off is (are) reached inside the domain, a

therefore that the possible strategies maximizing the profits are mixed strategies. N
cally it can be shown that this maximum is unique (seeFig. 6).

The optimal contract. Incentive compatibility condition of the informed agent To ra
domize the informed has to be indifferent between:

• Buy y2 for the fund and 2L − y2 for proprietary trading (with a probabilityα4).
• Buy −y2 for the fund and 2L+ y2 for proprietary trading (with a probabilityα2 −α4).
• Buy y1 for the fund andL − y1 for proprietary trading (with a probabilityα3).
• Buy −y1 for the fund andL + y1 for proprietary trading (with a probabilityα1 − α3).
• Buy −y3 for the fund andy3 for proprietary trading (with a probability 1− α2 − α1).

Expected profits in these cases are:

Eπi
21 =

(
1

5
(1− α1 − α2)

n2ε
1− α1 − α2

2− 2α1 − 2α2 + (n + 1)α2

+ 1

5
(1− α1 − α2)

n2ε
α1

α1 + α2
+ 1

5
(1− α1 − α2)

nε

)
(2L − y2)

(A.11)+ 1

5
(1− α1 − α2)

n(t22 + t32 + t42) − t1

(
1− 3

5
(1− α1 − α2)

n

)
,

Eπi
22 =

(
1

5
(1− α1 − α2)

n2ε
1− α1 − α2

2− 2α1 − 2α2 + (n + 1)α2

(A.12)

+ 1

5
(1− α1 − α2)

n2ε
α1

α1 + α2
+ 1

5
(1− α1 − α2)

nε

)
(2L + y2) − t1,

Eπi
0 = n

1

5
(1− αT )(n−1)α22ε

1− αT

2(1− αT ) + (n + 1)α2

+ n
1

5
(1− αT )(n−1)α22ε

α1

α1 + α2
+ n

1

5
(1− αT )(n−1)α22ε

+ n
1

5
(1− αT )(n−1)α12ε

1− αT

2(1− αT ) + (n + 1)α∗
1

+ n
1

5
(1− αT )(n−1)α∗

12ε
α2

α∗
1 + α2

+ n
1

5
(1− αT )(n−1)α12ε

+ 1

5
(1− αT )n

(1− αT ) + (n + 1)α1

2(1− αT ) + (n + 1)α1

(A.13)+ 1

5
(1− αT )n

(1− αT ) + (n + 1)α2

2(1− αT ) + (n + 1)α2
+ 1

5

(
1− αn

T ε
)
(y3) − t1,

Eπi
11 =

(
1

5
(1− α1 − α2)

n2ε
1− α1 − α2

2− 2α1 − 2α2 + (n + 1)α1

1 n α2 1 n

)

+

5
(1− α1 − α2) 2ε

α1 + α2
+

5
(1− α1 − α2) ε (L − y1)
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(A.14)+ 1

5
(1− α1 − α2)

n(t21 + t31 + t41) − t1

(
1− 3

5
(1− α1 − α2)

n

)
,

Eπi
12 =

(
1

5
(1− α1 − α2)

n2ε
1− α1 − α2

2− 2α1 − 2α2 + (n + 1)α1

(A.15)+ 1

5
(1− α1 − α2)

n2ε
α2

α1 + α2
+ 1

5
(1− α1 − α2)

nε

)
(L + y1) − t1.

The individual rationality of the client is given by the following equation:

α4

(
2

5

(1− α1 − α2)
nε(1− α1 − α2)

2− 2α1 − 2α2 + (n + 1)α2
+ 2

5

(1− α1 − α2)
nεα1

α1 + α2

+ 1

5
(1− α1 − α2)

nε

)
y2 − 1

5
(t24 + t23 + t24)(1− α1 − α2)

n

+ t1

(
1− 3

5
(1− α1 − α2)

n

)

+ (α2 − α4)

(
t1 − y2

(
2

5

(1− α1 − α2)
nε(1− α1 − α2)

2− 2α1 − 2α2 + (n + 1)α2

+ 2

5

(1− α1 − α2)
nεα1

α1 + α2
+ 1

5
(1− α1 − α2)

nε

))

+ (α1 − α3)

(
t1 − y1

(
2

5

(1− α1 − α2)
(n+1)ε

2− 2α1 − 2α2 + (n + 1)α1
+ 2

5

(1− α1 − α2)
nεα2

α1 + α2

+ 1

5
(1− α1 − α2)

nε

))

+ α3

((
2

5

(1− α1 − α2)
(n+1)ε

2− 2α1 − 2α2 + (n + 1)α1
+ 2

5

(1− α1 − α2)
nεα2

α1 + α2

+ 1

5
(1− α1 − α2)

nε

)
y1 − 1

5
(t12 + t13 + t14)(1− α1 − α2)

n

+ t1

(
1− 3

5
(1− α1 − α2)

n

))

+ (1− α1 − α2)

(
t1 − y3ε

1

5
n(1− α1 − α2)

(n−1)(α2 + α1) + 1

5
(1− α1 − α2)

n

)

+ 4
n(1− α1 − α2)

(n−1)(α1)α2

α1 + α2
+ 1

5
n(1− α1 − α2)

(n−1)(α2 + α1)

+ 2

5

n(1− α1 − α2)
nα1

2(1− α1 − α2) + (n + 1)α1

+ 1

5

(1− α1 − α2)
n((1− α1 − α2) + (n + 1)α2)

2(1− α1 − α2) + (n + 1)α2

+ 1 ((1− α1 − α2) + (n + 1)α1)(1− α1 − α2)
n

= k.

5 2(1− α1 − α2) + (n + 1)α1
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To define a bullish vertical spread we need only to fix two transfers as the oth
defined by the form of the contract. We have to findy1, y2, y3 as well the two transferstij .
We have five equations for five unknown values. After cumbersome computations, w
find solutions withy1 �= y2 �= y3.

Tables A.1 and A.2give numerical values for the optimal contract as a function on

(computed withε = 1 andL = 1):

Table A.1

n α1 α2 y1 y2 y3

2 0.2 0.13 11.84 8.66 6.49
10 0.055 0.035 11.65 8.49 6.51
50 0.015 0.01 11.16 8.24 5.36

100 0.0075 0.005 11.12 8.2 5.39
500 0.002 0.002 −0.82 11.51 16.02

Table A.2

n α1 α2 tmin tmax K

2 0.2 0.13 −1.18 17.7 26.98
10 0.055 0.035 −2.09 17.88 26.88
50 0.015 0.01 −1.91 17.32 25.60

100 0.0075 0.005 −1.80 17.27 25.53
500 0.002 0.002 −0.82 11.51 16.02

The same form of the contract can be achieved in this case as well.�
Proof of Lemma 3. It is straightforward that the game with a probability of being
formed is strictly equivalent to the former one by replacing the probabilityα by the
probability 1− π(1 − α). For a game with perfect information, we show that there
ists a singleα∗ in (0, 1) such that the aggregate profits of the coalition increase on (0α∗)
and decrease on (α∗, 1). Therefore, there are two cases depending on the value ofπ :

• for π > 1−α∗ there existsα∗∗ in (0,1) (mixed strategy) such thatα∗∗ = 1−π(1−α∗)
and maximizes the expected profits of the coalition,

• for π < 1− α∗ we haveα∗ < 1− π(1− α) < 1. In a game with perfect information
the aggregate profits decreases on(α∗,1) with α. Therefore 1− π(1 − α) has to be
the smallest possible (the closest fromα∗) to maximize the aggregate profits. As t
functionα �→ 1− π(1− α) increases on(0,1), the expected profit is maximized fo
α∗∗ = 0.
Note that in both cases this maximum is unique.�
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Proof of Lemma 4. With probability 1− π , the agents have no information. In this ca
it is straightforward that the informed will not send an aggregate order different from
It is worth noticing that contracts where the banks do not trade are not robust. Inde
this case banks could pretend not to be informed and trade alone for their own ac
Therefore, at the equilibrium banks have to be indifferent between trading quantitiea or
−a.

In this case, as the banks have no information, they have to be indifferent be
buyingy′ = a or selling−y′ = a for the fund buyingy = −a or selling−y = −a for their
own account whatever the state of the world. As a consequence we obtain the fol
system of equations:

(A.16)Eπi
0 = 1

3
αn

2
α2(3− n) + n + 1

α2(1− n) + n + 1
(L − y)ε + 1

3
αn

2(t2 + t3 + 2t1) − t1,

(A.17)Eπi
1 = 1

3

[
n(1− α2)α

n−1
2

α2(3− n) + n + 1

α2(1− n) + n + 1
+ αn

2

]
εy − t1,

Eπ ′ i
1 = −1

3

[
n(1− α2)α

n−1
2

α∗
2(3− n) + n + 1

α2(1− n) + n + 1
+ αn

2

]
εy′

(A.18)+ 1

3

(
αn

2(t2+ 2t3) + n(1− α2)α
n−1
2 (t2+ t3− t1)

)
,

(A.19)Eπi
2 = 1

3
αn

2
α2(3− n) + n + 1

α2(1− n) + n + 1
ε(y + L) − t1.

And the rationality condition of the buyer is:

α1

[
1

3
αn

2
α2(3− n) + n + 1

α2(1− n) + n + 1
yε + t1 − 1

3
αn

2(t2 + t3 + 2t1)

]

− α2

[
1

2

(
1

3

(
α2(3− n) + n + 1

α2(1− n) + n + 1
n(1− α∗

2)αn−1
2 + αn

2

)
y′ε − t1

)

+ 1

2

(
−1

3

)[
n(1− α2)α

n−1
2

α2(3− n) + n + 1

α2(1− n) + n + 1
+ αn

2

]
εy′

+ 1

3

(
αn

2(t2+ 2t3) + n(1− α2)α
n−1
2 (t2+ t3− t1)

)]

(A.20)− (1− α1 − α2)

[
1

3
αn

2
α2(3− n) + n + 1

α2(1− n) + n + 1
yε − t1

]
= k.

After solving this system, we find thaty = y′ with y defined by the following equation

(A.21)y = y′ = α2(−3α2 + α2n − n − 1)L

(2α2
2 − 3n(1− α2)α2 + n2(1− α2)α2 − n2(1− α2) − n(1− α2))

.

In conclusion, we obtain the same type of contract as the one computed with p

information. �
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